IIpeaucnosue

Brenenue

I'nasa I

TEMIIEPATYPA

§ 1. Temnepatypa u
TEPMOIUHAMHYECKOE PaBHOBECUE
§ 2. Tepmockom u
TEMIIEPATYPHBIC TOUKH

§ 3. DMmnupuueckue
TEMIIEPATYPHBIC MITKAITBI

§ 4. UneanpHO-Ta30Bas IIKaia
TEMIEpaTyp

§ 5. Bunsl TepmomeTpoB

§ 6. MexaynapoaHas
MpaKTUIeCKasi TeMIIepaTypHas
IIKaxa

§ 7. 3aK0OHBI UCATBHBIX Ta30B

§ 8. YpaBHEHHE COCTOSIHUS U €r0
CIIECTBUS UL OECKOHEYHO
MAaJTBIX MTPOIIECCOB

§ 9. Makpockonuieckue
napaMeTpsl

I'nasa I

IMEPBOE HAYAJIO
TEPMOJIUHAMUKHA

§ 10. Beenenue

§ 11. KBa3zucraTuueckue
TIPOIECCHI

§ 12. Makpockomnuueckasi pabota
§ 13. [lepBoe Hauamno
TEPMOJTUHAMUKH JIJIS CUCTEMBI B
aanadbaTudeckoi 000JI0UKe

§ 14. BHyTpeHHsIs 3Heprus

§ 15. KoamgecTBo Teria.
MatemaTtruueckasi popMyIUpOBKa
MIEPBOr0 HAaYaJla TePMOTHHAMUKH
§ 16. Korma MoKHO MOJTb30BaThCS
MIPEJICTABICHHEM O KOJIMICCTBE

J.B.CuByxuH
OBIIUM KYPC ®U3UKHU
TEPMOJUHAMMKA U MOJIEKYJISIPHASI ®U3UKA

OT'JIABJIEHUE
7 TEIIa, COAEPKAIIEMCS B TEJE
9 § 17. 3akon I'ecca
§ 18. TermmoemMKkoCTh
§ 19. BuyTpenHsist aHeprus
14 UJeanbHOro raza. 3akoH [xoyis
§ 20. YpaBuenue Pobepra
18 Maiiepa
§ 21. AnuabaTudeckuii mmpoiiecc.
20 VYpasuenue [lyaccona
§ 22. Onpenenenne Cp/Cy
23 metonoM Kiemana u Jlezopma
§ 23. CkopocTsb 3ByKa B ra3ax
28 § 24. 3amedaHuss OTHOCUTEIIHLHO
33 HKCIIEPUMEHTAIBHBIX METO0B
onpenenenus C, n Cy 1s razon
§ 25. YpaBuenue bepuynnu
35 § 26. CkopocCTh UCTEUEHHS Tra3a
37 U3 OTBEPCTHUS
I'nasa I11
BTOPOE HAYAJIO
41 TEPMOJIUHAMUKHA
§ 27. O6mme 3amedaHus o
NIEpPBOM U BTOPOM HadaJiax
TEPMOJIUHAMUKHI
§ 28. Paznuunble popMynHpoOBKU
44 OCHOBHOTO TOCTYyJIaTa,
45 BBIPaXKaIoIIero BTOPOE Havajo
TEPMOJINHAMUKHI
46 § 29. OOpaTtumble 1 HEOOpaTUMbIE
51 MPOLIECCHI
§ 30. Huxn Kap HO 1 Teopema
Kap HO
>4 § 31. TepmoauHaMuueckas mmKaza
58 TEMIIepaTyp
§ 32. ToxkIeCTBEHHOCTD
62 TEPMOIMHAMHYECKON TIKAITBI

TeMIepaTyp cO IMIKAJION

66
67
69
73
75

78

80
82

83
85

88

89

94

97

99

104



UJeabHO-Ta30BOr0 TEPMOMETpPaA
§ 33. [IpuBenenue nIKasbl
razoBOro TEpMOMETpPa K
TEPMOJIMHAMHUYECKOM IIKaJIe

§ 34. Ilpumepsl Ha IPUMEHEHHE
teopemsl KapHo

§ 35. Pa3zHocTh Mex Iy
TeroemkocTsimu C, n Cy

§ 36. [IpuHIMIHATBHBINA cIOCO0
IpagyHpOBKH TEPMOMETpA B
abCOIIIOTHOM MIKase

§ 37. HepaBenctBo Kiaysnyca
(17151 YaCTHOTO CITydast)

§ 38. HepasenctBo Knaysuyca B
o011eM BUIE

§ 39. IlpuHuMn AMHAMUYECKOTO
OTOTICHUS

§ 40. PaBenctBo Knay3uyca.
OHTponus

§ 41. 3akoH Bo3pacTaHus
SHTPOIUHU

§ 42. O6001IEeHNE TTOHATHS
HHTPOIUU Ha HEPABHOBECHBIE
COCTOSTHUS

§ 43. Bo3pacranue 3HTpONMH NIpU
muddysuu razos. [Tapagokc
I'n606ca

§ 44. Pa3nuuHble TOHUMAaHUS
BTOPOI0 Hauajla TepMOJUHAMUKH
§ 45. TepmouHamuveckue
byHKITII

§ 46. TepmoauHaMuueckas
teopust 3¢ dexra Koy —
Tomcona

§ 47. O0mue 3aMeuyaHus 0 METOJIC
TEPMOIMHAMHUYECKUX (DYHKIIUH.
ITpumepsl

§ 48. MakcumanbHas pabota u
CcBOOO/THAS SHEPTHS

§ 49. DnexTpoaBHKyILIas CUIa
rajlbBaHMYECKOT0 JIEMEHTa

§ 50, O6uue kpuTepun

106

108

111

114

114

119

124

126

131

133

136

139

139

143

146

149

151

153

TEPMOJIMHAMUYECKOI
YCTOWYUBOCTH

§ 51. [Ipunnun Jle-lllaTense —
bpayHa n ycTOWYMBOCTB
TEPMOJIMHAMUYECKOTO
paBHOBECHS

I'masa IV
TEINJIONMPOBOAHOCTb

§ 52. YpaBHeHue
TEIIONPOBOAHOCTH

§ 53. [Ipocreiimue
CTalllOHapHbIE 3a7]auu Ha
TEIUIONPOBOJHOCTh

§ 54. HecranmoHnapHsble 3a1a4.
Teopema eTMHCTBEHHOCTH

§ 55. IlpuHuun cyneprno3uimuu
temMriepatryp. TemneparypHsie
BOJTHBI

§ 56. 3aymaya 00 OCTHIBAaHUHU
MOJTyTIPOCTPAHCTBA

§ 57. BHemHss
TEIIONPOBOJHOCTh

I'maBa V

IMPOCTEWIIHUE BOITPOCHI
MOJIEKYJIAPHO-
KHWHETHYECKOW TEOPUU
BEIIECTBA

§ 58. Benenue

§ 59. JlaBnenue raza ¢ TOUKH
3pEHUs1 MOJIEKYJIIPHO-
KMHETUYECKON TEOpUH

§ 60. CxopocTH TEII0BOro
JIBIKEHUSI Ta30BBIX MOJICKYJT

§ 61. [laBnenue ¢GOTOHHOTO raza
§ 62. MonexymnsipHo-
KUHETHYECKUI CMBICIT
TeMIiepatypsl. PaBHomepHOe
pacnpenesieHne KHHETUYECKOM
SHEPTUU TETIOBOTO JABUKEHUS 10
MOCTYTATEIbHBIM CTETICHSIM
CBOOOIBI

§ 63. PaBHOMEpHOE
pacnpenesieHue KHHETUYECKOM

155

164

169

171

176

180

182

185
188

193

196
197

202



SHEPTrHUH M0 CTETNEHSIM CBOOO/IbI
§ 64. bpoyHOBCKOE TBU)KEHUE

§ 65. BpamarensHoe
OpOYHOBCKOE JIBUKCHHUE

§ 66. Knnaccuueckast Teopust
TETUTIOEMKOCTH HUJICATbHBIX Ta30B
§ 67. AqnabaTudeckoe
HarpeBaHue 1 OXJIAXKJACHHE ra3a C
TOYKH 3PEHUS MOJIEKYIISIPHO-
KMHETUYECKON TEOpUHU

§ 68. Knnaccuueckast Teopust
TEIIOEMKOCTH TBEPABIX TEJ
(KpUCTaAIIIOB)

§ 69. HegoctaTouHOCTH
KJIACCUYECKON TEOPUH
termoemMkocTen. [lonsatue o
KBaHTOBOM TEOpUU
(KauecTBEHHOE PacCCMOTPEHHUE)
I'masa VI
CTATUCTUYECKHUE
PACITPEJAEJEHUS

§ 70. DneMeHTapHBIC CBEICHUS U3
TEOPHUH BEPOATHOCTEN

§ 71. Pacnipenenenue ckopocreit
MoJsekyn ra3a. [locranoBka
3a/1a4u

§ 72. 3aKoH pacnpeaeneHus
cKopocteid MakcBemna

§ 73. Pacnipenenenue MoJeKys o
a0COIOTHBIM 3HAYEHUSIM
ckopocTtu. CpetHue CKOpOCTH
MOJIEKYJT

§ 74. [lpyroe noka3areiabCTBO
3aKOHa pacnpezeseHus
ckopocrert Makcseina. [IpuHImn
JI€TaJIbHOTO paBHOBECUS

§ 75. CpenHee unciao MOJIEKyII,
CTAJIKMBAIOIIUXCA CO CTEHKOU
cocyna

§ 76. OnbITHAs NpoOBEpKa 3aKOHA
pacnpenesieHus: CKOpocTen
Makcsemia

§ 77. 3akoH pacnpeaeneHus

209
214

216

220

224

226

233

244

250

256

259

265

270

274

bonprimMana

§ 78. Pabots! [leppena no
OTpe/ieNIeHuI0 yKciia ABOraapo

§ 79. Pacnipenenenue bonbimana
U aTMoc(epsl IUTaHET

§ 80. DHTpONUS U BEPOSATHOCTH

§ 81. Meron Haubosee
BEPOSITHOTO pacrpe/ie]ICHNs B
craTuctuke boipnmana

§ 82. Cratuctuxku depmu —
Hupaxka u boze — DiiHmTeliHA

§ 83. TepmonuHaMuueCKuit
CMBICJI XHMUYECKOTO TIOTEHIIHAIa
§ 84. Teopema Hepucra

§ 85. KBanToBas Teopus
TeIUI0EMKOCTe DiHIITEeHHA
I'masa VII

ABJIEHUSA IIEPEHOCA B
F'A3AX

§ 86. Cpennsst nmuHa CBOOOIHOTO
npobera

§ 87. DddexTuBHOE CeueHme

§ 88. Pacnipenenenue Mosexys o
JUTMHAM CBOOOJTHOTO TIpodera

§ 89. Bayrpennee Tpenue u
TETUTOTIPOBOHOCTH T'a30B

§ 90. Camonuddysus B razax

§ 91. CBa3b k03P punuenTa

T dy3uu ¢ MOABUKHOCTHIO
YaCTHUIIBI

§ 92. KoHueHTparonHas
muddys3us B razax

§ 93. bpoyHOBCKOE TBUKEHHE KaK
npotiecc nuddy3un

§ 94. Tepmuueckas ntudPysus B
razax

§ 95. SIBnenus B pa3peKEHHbIX
razax

§ 96. MonexynspHoe TeueHue
yIABTpapa3pekeHHOT0 Ta3a yepe3
MPSIMOJIMHENHYIO TpyOy

I'masa VIII

PEAJIBHBIE I'A3bI

280

284

290

301

307

314

316
321

326

332
336

338

347

349

350

352

354

356

363



§ 97. MonexkynsipHbI€ CUITBI U 371 aAMILTUTY/TbI

OTCTYIUIEHUS OT 3aKOHOB I'masa X

WJICATTbHBIX Ta30B ®A30BbIE PABHOBECHUSA N

§ 98. YpaBuenue Ban-nep- 374 ®A30BBIE TIPEBPALIEHUS
Baansca § 111. ®a3b1 u pazoBbie 443
§ 99. [lpyroit meTo/] BBEACHUS 380 IpEeBpaICHUS

MONPABKHU HA CUJIbI IPUTSKEHUS
MEXY MOJIEKYJIaMH. Y paBHEHHE

§ 112. Ycnosue paBHoBecus a3 446
XUMHUYCCKHU OAHOPOJHOIO

Jurepnun BEILIECTBA
§ 100. U3oTtepmsl raza Ban-nep- 383 § 113. Ypauenue Knanetipona— 449
Baanbsca Kitaysnyca. Ucnapenune n

§ 101. U3oTepmsl peansHOTrO raza. 387 KoHsieHcanus. [InaBnenue u

IIpaBuno Makcsemna. KPUCTAJUIU3ALMS

HenpepriBHOCTE Ta3000pa3HOro u § 114. 3aBucumocTh AaBlIeHUS 455
KUJKOTO COCTOSIHUN BelecTBa HaCBILIEHHOT'O ITapa OT

§ 102. CpoiicTBa BeliecTBa B 393 TEeMITepaTyphl

KPUTHYECKOM COCTOSTHUH. § 115. TeruioeMKOCTb 459
Omnpenenenne KpUTHIECKUX HaCBIIIEHHOIO Mapa

rapamMeTpoB § 116. TpoiiHble TOUKH. 461

§ 103. Buyrpennss sHeprusi raza 399
Ban-nep-Baanbca

JnarpaMMbl COCTOSIHUS
§ 117. Kunenne u neperpeBanue 465

§ 104. ODddext xoynst— 401 KUIKOCTH

Tomcona s raza Ban-gep- § 118. 3aBucuMoCTh AaBlIeHUS 467
Baansca HaCBILIIEHHOI'O MTapa OT KPUBHU3HBI

§ 105. MeToibI OSTydeHuUs 408 MOBEPXHOCTHU KUJIKOCTH

HU3KHUX TEMIIEPATyp U CHKMKECHUS § 119. MetactrabunbHble 472
ra3oB COCTOSTHUS

Inasa IX § 120. ®a3oBbIec MpeBpaleHUs 476
MNOBEPXHOCTHOE BTOPOTO poja

HATSKEHUE § 121. KonBekTuBHAs 480
§ 106. [ToBepxHOCTHOE 414 YCTOMYMBOCTB KUJIKOCTEH U razoB
HATSDKEHUE U HEKOTOPHIE I'nasa XI

SIBJICHUSI, C HUM CBSI3aHHBIC PACTBOPBI

§ 107. TepmoauHamMuka 421 § 122. O6mue cBeaeHus 485
MOBEPXHOCTHOT'O HATSKCHUS § 123. PacTBOpUMOCTH TEI 486
§ 108. KpaeBbie yribl. 423 § 124. Ocmoc 1 OCMOTHYECKOE 491
CmauuBaHue 1 HECMauyBaHUE JTaBJICHHE

§ 109. PazHocTh aBieHui 1Mo 426 § 125. 3akon Paymns 495
pa3HbIe CTOPOHBI U30IHYTON § 126. [1oBbllIEHNE TOUKU 496

MOBEPXHOCTHU KHUJIKOCTHU.
®opmyina Jlannaca

§ 110. Kanunnsipuo-
TpaBUTAalMOHHBIC BOJIHbBI MaJIoi

439

KHUTICHUS U TIOHUKEHUE TOUKHU
3aMep3aHus pacTBopa

§ 127. IlpaBuno a3

§ 128. JIluarpammbl COCTOSTHUS

498
502



OMHapHBIX cMecei

KJ1aCChI

I'nasa XII § 133. MunnepoBckue UHIEKCH 1 528
CUMMETPUSA U CTPOEHHUE WHJIEKCBI HaIlpaBJICHUHN
KPUCTAJIJIOB § 134. PermeTkn XuMHUYECKHUX 531
§ 129. Cummerpus Ten 509 AJIEMEHTOB U COEIMHEHUN
§ 130. Kpucrammueckue 514 § 135. JledexTo B kpucTamiax 535
peleTKu HmenHoM yka3aTenb 542
§ 131. Kpucrannuueckue 519 IIpeameTHBIN yKa3aTeb 544
CHCTEMBI
§ 132. [IpocTpaHcTBEHHbIE 524
TPYIIIBl U KPUCTATHIECKUE

UMEHHOM YKA3ATEJIb

Asenapuyc 397

Asoranpo 35, 36, 186, 200, 201, 210,
214,215, 280, 281, 283, 322

Apxumen 424

AdanacreBa-Opendect 139

bepnymu 83—87, 185, 440

beptio 382

boze 307—310, 312, 314—316, 319

Boiins 23, 35, 72, 80, 185, 249, 379,
382, 385, 386, 388

bonsnman 186, 200, 201, 208,210, 214,
215, 251, 274—276, 278, 279, 281,
283—286, 292, 294—296, 300,
301, 304, 306, 308, 309, 312—314,
320, 321, 338, 380, 381, 457

bopman 337, 338

bopun 323, 337, 338

Bpage 514, 520, 522—524, 528

Bpayn 155, 156, 159, 161, 162, 487

Bpoyn 209

Broprepc 537

Ban-nep-Baansc 143, 372—374, 378,
379, 381—387, 392, 399—406,
447,454, 466, 472, 532, 533

Ban Mapym 388

Bant I'odd 494

Bunbcon 473

Bpoo6nesckuii 412

laitzenGepr 248, 303

l'aneTon 247, 255, 257

laycc 248, 255, 300, 301

I'eii-JIroccak 27, 35, 70, 186

I'enemroneir 44, 89, 140, 141, 150—
153

I'enpu 488

I'ecc 66, 67

I'n606c 136, 138, 140, 141, 150, 151,
307, 501, 503

I'nezep 474

INomuxk 395

I'yn 395

Jamambep 236

HanmsTon 36, 186, 193, 209

Hapaunr 419

JleGaii 323, 324

He-bpoitnb 249

Hezopm 76, 78, 81

Jlxonc 373

Jlxoynb 44, 51—54, 58, 69—72, 74,
75, 85,89, 110, 132, 143, 144, 146,
162, 225, 226,401—412

Hukens 356

Hupak 271, 307—310, 312, 313, 315,
319

Hutepuun 380—382, 408

Hytcon 355

Heroap 15, 346, 412

Hromonr 224, 225

HNodde 540

Kanpere 411, 412



Kamepnunr-Onnec 382, 412

Kanbsp ge nsa Typ 393, 394

Kanuna 411, 478

Kanmuep 215

Kapman 323

Kapno 10, 88—90, 97—100, 102—104,
106, 108, 109, 114, 117, 119—121,
125, 131, 200, 422, 452

KenbBun (Bunesam Tomcon) 25, 71, 72,
85, 89, 91—94, 99, 100, 102, 116,
120, 124, 139, 143, 144, 146, 153,
162, 180—182, 401—412, 462,
469, 472

Kupxrog 457

Kaiinepon 36, 37, 70, 72, 77, 97, 110,
200, 201, 347, 371, 375, 402, 406,
449, 451, 452, 454—456, 460, 462,
479, 483, 497, 498

Kunaysuyc 89, 92—94, 99, 114—116,
118,119, 121, 123—127, 129—
131, 136, 139, 149, 186, 295, 326,
327, 382, 389, 392, 393, 449, 451,
452,462,479, 483, 497, 498

Kneman 76, 78, 81

Kimonx 409, 411

Kiy3uyc 356

Kuunmuar 514

Knyncen 359, 363

Konosanos 503

Komm 225, 226

Kpykc 363

Kyk 411

Kymr 272, 273

Kropu 477, 478

Jlarpanx 305

Jlammept 271, 273

Jlangay 528

Jlarumac 80, 81, 426—428, 430, 441,
469

Jlay» 514

JleGenen 163

Jlennapn 373

Jleniy 155

JIuune 409

JInyBumib 264

JlomoHOCOB 185

Jlopenn 279

Jlommvupar 338

Jlykpenuii 210

Maiiep 44, 73, 74, 77, 83, 89,97, 112,
403, 456

Makcsemn 142, 162, 186, 208, 245, 250,
251, 255, 258, 259, 270—272, 276,
278,279, 284, 285, 306, 328, 329,
345, 346, 355, 366, 387

Mapwortt 23, 35, 72, 80, 185, 379, 388

Mennenees 36, 393

Menne 436

Munnep 272, 273

Hanexaua 387

Heprcer 316—320, 323, 324, 423, 455

Heroton 80, 81, 182, 183, 185, 187,
361, 381

OmnbmeBckuii 411, 412

OctBanpn 90

[Tactep 513

[leppen 209, 213, 214, 280—283, 353

[Tupcon 411

ITmank 91—94, 99, 116, 120, 139, 229,
294, 296, 316, 469

IInato 418, 419

Ilons 559

ITtu 224, 225

[Tyazeiins 347, 363

[Tyaccon 75, 220, 222, 254, 300

IMdeddep 492—494

Paynp 495, 496

Pebunnep 540

Peneit 411, 418, 439

Puuapncon 270

Cézepnienn 333, 334, 346

Cumenc 409

Cumon 411

CxotT 476

CmonyxoBckwuit 211

Crupmunr 300, 305, 311



Crokc 211

Tomcon Bunbsam, cMm. KensBua
Yurcron 30

®dapaneii 153, 388, 412

denopoB 526

®epmu 271, 307—310, 312, 313, 315,
319

®uzo 271

®duk 348, 349

®uxtenronsi 305

®penkens 262, 539

Opunpux 514

dypre 63, 164

Xemricon 409

Haprtman 272, 273

Lenbcuii 26, 462

Yenmen 344, 355

IlIumanckas 395

[Mrepn 195, 196, 271, 273

Oiiken 345

Diinep 177, 208, 428, 441, 442

Onnmredin 138, 211, 213, 307—310,
312,314—316, 319, 321—324,
338, 349, 350—352

Onapumxk 271, 273

DHupaproc 388, 392—394

Ouckor 355

Opendect 479, 480

NPEIMETHBINA YKA3ATEJIb

AOcoIoTHasI TEPMOIMHAMUYECKAsT
temneparypa 101

AOCOIIOTHBIN HYJb TEMIIEpaTyphl 24,
25,103

Arperatnble cocTosHus 444

Anmnabara 75

— BHaxkHas 483

— cyxas 483

AmmnabaTtnueckas IIOCTOSIHHAA 75

Annabatnueckuii 222, 223

— WMHBapuaHT 223

— npouecc 75

— TeMIepaTypHsbli rpagueHt 481, 483

AzeotponHas cmech 504

Anunzorponus 527

baszuc pemerku 515

basuchsle (ocHOBHBIE) BEKTOPHI 515

basucHslil (OCHOBHOM) Napasuienaenune
515

Bbapomerpuueckas hopmymna 275

bnvoxuauit nopsinok 514

bo3e-3MHIITeHHOBCKAsT KOHIEHCALUs
314

bozonsr 308

Bbpoynosckoe nsuxenue 209, 352

— — BpamarensHoe 214

— —, ¢popmyna DiHmITelHa 213

Bakyywm 356

— BbICOKMII (ri1yOokuit) 357

— HU3Ku# 356

— cpenuuii 356

Bapuantaocts 502

Bexrop broprepca 537

— TpaHcasauuu 515

BepositTHoCTHBIE 3aKOHOMEpHOCTH 233

BepositnocTs 234—236, 240, 241

— arnpuopHas 236

— MaremaTtuueckas 296

— paccesiaus 336

—, Teopema cioxeHus 236

—, — ymMHOXeHwus 238, 239

— TepMoAuHamuueckas 296

BeposiTHOCTB, ycI0BHE HOPMUPOBKH
238, 244

— ycioBHas 238

Bupuanbusie koagdpuiuents: 106, 382

BHyTpeHnHee (MONEKyIIsIpHOE) TaBICHUE
377

— tpenue 338, 342

Bosronka 444

Bonna ne-bpoiins 249

Bpewms paccesnust atmochepst 285

— — — OECKOHEYHO pa3pexeHHo 287

— penakcauyu 17



Bripoxnenue nonxoe 313

I'a3 Ban-nep-Baannca 378

— u map 390

I"a3b1 BbIpOXKIeHHBIE 249, 319

— uaeaibHble 35

— —, naBienue 193

— peainbHbIe 35

lNanpBanmyecknii anemeHt 151

— —, DJIEKTPOJIBIXKYIIas cuna 152

I'unpats 486

I'paBuTanmonusle BoJaHbI 441

['paButarnmonnsiii 3pdext 395

I'pagyc 22

I'pynna cummerpun 510

— — npocTtpaHcTBeHHas 510

— — ToueyHas 510

JanbHuii nopsaok 514

Herannaep 409

JledeKThl KpUCTATUTMYECKON PelIeTKH
535

— — —, BakaHcuu 536

— — —, BHezpeHus 536

— — — Makpockonuyeckue 535

— — — MUKpocKonuyeckue 535

— — — TEepPMOANHAMHUYECKU
paBHOBeCHbIE 536

— — — ToueYHBIe 535

Hedopmanus miiactuueckas 539

— ympyras 539

Jlxoyns 61

Juarpamma coctostHust 462, 463, 489,
502

Huametp monekynsl 374

Jlunamuueckue 3aKoHbI 234

Junamuueckoe otorienue 124

— cocrosinue 41

Hucnokaruu 536

— BUHTOBBIC 536

— KpaeBble 536

JuddepenunanbHelii neHcutomeTp 387

Jud¢y3nonnslil notok 348

Huddysus 326
— B3aumHag 347

— KoHIeHTparmonHas 347, 350, 352

—, opmyna Ditamreitna 530

Jlocka I'anmbToHa 247

HpoccenupoBanue raza 85, 144

EctectBennble rpanu kpucramia 529

Kunkwnit rennii [ 478

— — 11478

Kunkocts nmeperperast 389

— nepeoxyaxaeHHas 474

3akanka 541

3akon ABorazapo 35, 186, 200

— boitns — Mapwuorra 23, 35

— Banr I'odda 494

— BO3pacTaHus 3HTponuu 132

— T'eii-JIroccaka 27, 35, 186

— l'enpu 488

— I'ecca 66

— JlanpToHa 36

— Jxoyns 72

— KpaTHBIX OTHOIIEHUH 185

— KyOoB Jlebas 324

— MOCTOSIHCTBA cocTaBa 185

— pacmipeaenenus 488

— — bonbimana 275

— — ckopocteit MakcBema 255, 266

— Payns 496

— PalMOHATBHOCTH I'paHeH KpUCTalIa
530

— COOTBETCTBEHHBIX COCTOSIHUN 386

— @uka 348

3anac Teruia 63

3arBepaeBanue 444

3epkanbpHas uzomepus 513

3epkanbHble n30Mepsl 513

Nzobapa 46

NzoOpasxkaroriee npoctpancTBo 502

Nzobpaxkaronue Touku 502

Nzotepma 46

— Kputuyeckas 383

N3otepmsl raza Ban-nep-Baanbca 383

— peanpHOTO Ta3a 387

N3zoxopa 46

WNuBepcus 509



Nuterpan [lyaccona 254

WNuTencuBHOCTH Mmyuka 333

Ucnapenue 444, 465

Ucneiranue 234

Kanopumerp 58

Kanopumerpuueckoe teno 58

Kanopus 6onbmas (kunoxanopusi) 61

— Masas (rpaMM-Kaiopus) 61

— MeXIyHapoaHas 61

Kamepa Bunbcona 473

KanmumnsipHO-rpaBUTaIIMOHHBIE BOJIHBI
439

— —, (dazoBas ckopocTh 441

Kanunnsipusie Boinb 441

Kapno mammmna 98

— teopema 98

— — BTOopas 117

— 1k 97

Karenonn 437

KBazunentpanpHsiii 371

KBazupaBHoBecHbI1 nporiecc 45

KBasucraruueckuit mpouecc 45

KenbBun (enunauIa remmneparypsi) 25,
102

Kunomorns 35

Kunenue 465

Kucnoponnas mxkana pusuueckas 36

— — xuMHu4eckas 36

Konnuectso tenna 59

— —, 3aKOH coXpaHeHus 63

— —TpuBeaeHHoe 127

Komnnamnc oprannueckux kinerok 495

KomnieHcupyromue mpoieccot
(xomnencauun) 93

Kommonent 486, 499

KonBektuBHas ycroitunoctb 480

Konsekums 480

Konpaencamnusa 444

— obparnas 506

KonnencupoBanusie Tena 444

Kontyp broprepca 537

Konnentpamus 486

— BecoBas 486

— MoJsipHas 486

— o0beMHas 486

Koa¢pdunnent BHyTpeHHETO TpeHUS
342

— nmuddys3un 348, 351

— 00beMHoro pacmupenus 27, 39

— noJsie3Horo aeiictaus 90

Koadpdunuent paccesnus 336

— TEMIIEPaTypONpPOBOIHOCTH 166

— TeruionpoBoAgHocTH 165, 344

— — BHemHeil 183

— — BHyTpeHHeil 183

— tepmoaudyzun 355

KpatHocTb ypoBHS (BbIpoxkaeHus) 303

Kpusas Bozronku 461

— xuakoctu 503

— ucnapenus 450

— KpucTtayuizanuu 444

— mapa 503

— naBieHus 461

Kpucrannuueckue knaccel 527

— 1I0cKocTu 529

— cuctemsl 520

Kpucrannorpaguueckue cuctemsl
KoopauHaT 528

Kpucranner atomusie 531

— noHHbIe 531

— Mertauindyeckue 531

— MoueKyIsipHble 531

Kpurepnn tepmonnHaMudeckoi
ycroitunBoctu 154, 155

Kpurnueckas Touka 384, 393, 505

Kputnueckuit koapdpuuent 385

— obbem 384

Kputnueckoe nasnenue 384

— cocTosHue 384

Ky6 Bbpase 520

JlamuHapHoOe agrabaTH4ecKoe TeUeHue
84

JlerupoBanue 541

JIuHMs BUHTOBOM auciokanuu 537

— KpaeBoil nuciokaruu 537

Maxkpockonuueckue napamerpsl 41



— — BHemHue 43

— — BHyTpeHHHe 43

Maxkpococtosiaue 41, 297

Macmrabnsiii pakrop 540

MaremaTnueckas Teopus
TETUTONPOBOTHOCTH 63

MaremaTudeckoe oxuganue 241, 244

MexayHapoiHas mpakTHYecKas IIKasia
temneparyp 33

Menuck 394

MeracrabunbHbie cocTosiHUS 389

MertactabuinbHbIM 466

Mertona agnabaTHYECKOro
pa3zmaranuvBanus 412

— Knemana u Jlesopma 78

— Kiona 409

Meroa TepMOAMHAMUYECKUX (DYHKITHI
(morennuanon) 142, 146

— nukJioB 108, 142

MexaHn4eCKuil SKBUBAJICHT TEIJIOThI
74

MunnepoBckue HHIEKCH 529

Murens 333

MonekynsapHas ¢puzuka 9

MonexynsapHO-KUHETHYECKast Teopus 9

Mous 35

MounokpucTanisl 532

Harpesarens 89

HaubGonee nminotHas ynakoBka 534

Haknen 541

Hauvano tepmoaunamuku Bropoe 88

— — —, OCHOBHOM mtocTynat 91

— — —, popmynupoBka Kiaysuyca
92,93

— — —, — IInmanka 91—93

— — —, — Tomcona 91—93

— — oOmree 16

— — niepBoe 44

— — 1petbe 316, 317

HemnpepsIBHOCTD KUIKOTO U
razoo00pa3Horo coctossHui 392,
451

HepasenctBo Kiaysuyca 114, 119

HepasnoBecHblii npouecc 45

Hynessie konebanus 229

ObecuennBanue sHeprun 118, 125

O60061eHHbIe KoopanHaTHL 206

— cwibl 50

— ckopoctu 206

O0onouka agradaruueckas 15, 52

— TerIoHenpoBoasamas 15

— Temtonposoasmas 17

OO6mrast Teopust TEMIOTHI 9

OmnopoaHocts 527

OnossHHas yyma 475

Onepanuu cummetpuu 509

OceBble eTMHUIIBI JUTHHBI 528

OcmowmeTp 493

Ocmoc 492

OcMmoTnueckuit mok 495

Ocmotunueckoe naBienue 492

OcHoBHble niepuoibl 515

Ocb cummerpuu 510

— — BuHTOBasA 525

— — 3epKanpHO-1oBopoTHast 510, 511

— —n-ro nopsiaka 510

OTKIIOHEHHE OT CPEJTHEr0 3HAUYCHUS
242

OTtHocuTenbpHas yactota coObITust 240

OTtpaxenue B ruiockoctu 509

— — touke 509

Ommmbxka 242

—, KpuBas ["aycca 248

Ommbka, HopMabHbIN 3ak0H ["aycca
248

— cucrtemaruueckas 242

— ciydaiiHas 242

— CpeaHsist KBaJI[paTU4IHAsI OTIACITEHOTO
u3MepeHus 242

— — — cpenHero pe3ynbTaTa 243

[Tap HaceieHHBIN 448

— —, naBienue 455

— —, TEIUIOEMKOCTE 459

— HEHaChILEHHBIN (TIeperpeTslii) 445

— nepechIeHHbI 389, 445

[Tapagoxc I'n66ca 138



[Tapannenenunen bpase 530

— npuBeAeHHBIN 517

[TapannensHslil neperoc 509

[TapooGpazoBanue 444

[TapuuansHoe naBieHue 36

[lepneryym mo6uie Broporo poaa 90

— — nepBoro poxaa 61, 90

[Tupomertp 32

[1naBnenue 444

[1na3ma 56

[Inactunuatoe cocrosiaue 415

[110CKOCTh 3€pKaIbHOTO CKOIBXKEHHUS
525

— cummMmerpuu 510, 511

— — 3€pKaJIbHO-NIOBOpOTHAs 511

[InotHOCTH BeposiTHOCTH 244

— QUCIOKAui 538

— [OTOKa Teria 164

ITneBMaTmueckoe oramBo 51, 75

[ToBepXHOCTHO-aKTHBHBIC BEIIECTBA
420

[ToBepxHocTHOE HaTskeHue 414—416

[ToBopot 509

[Tonesas wactuua 332

[Tonukpucranisr 532

[Tonumopdusm 444

[Tonumopduslie npeBpaiienus 445

[Tonutpona 76

—, TIOKa3aTelb 76

[Tonynponunaemsle neperopoaku 137,
492

[TonsapHbie Monekynbl 372

[Tocrosinnas bonbumana 200

— [lnanxka 229

— Cézepnenpa 334

[Torennman Jlennapna — JIxonca 373

[Ipasuio xoynsa u Konma 225

— Hrononra u IItu 224, 225

— Makcsemna 389, 449

— poraara 391, 489

— a3z 501

[Ipenen ynpyroctu (Texydyectu) 539

[Ipeobpa3zoBanue cummerpun 509

[Ipeobpa3zoBanue ToxkaecTtBeHHOE 509
[IpuBenennas tremmneparypa 385
[IpuBenennoe napnenue 385
[IpuBenennslil 00bem 385
[IpuHnun neranbHOro paBHoBecus 261
— Jle llarenbe — bpayna 155
— cymnepno3uiuu remmeparyp 176
[IpunensHoe paccrosnue 334
[Ipo6Has yactuna 332
[IpocTpanctBo ckopocreii 245
[Ipomniecc anuabatuyeckuii 75
— Jlxoyns— Tomcona 71

— n300apHbIii 46

— H30TepMHUECKUil 46

— H30XOpHBIN 46

— KBa3WpaBHOBECHBIN 45

— KBa3uCTaTU4ECKUil 45

— Knaysuyca 93

— Kpyrosoii 50

— — (umkn) Kapno 97

— HeoOpaTtumbli 94

— oOpaTumblii 94

— — B y3KOM cMbIciie 94

— — — HIMPOKOM cMbIciie 94
— MOJINTPOTIUYECKUH 76

— paBHOBECHBIHN 64

— Tomcona — Ilnanka 92
[TpounocTs Ha pa3psiB 540
[ly3sippKOBas kamepa 474
[Tyyox 332

Pabora makpockonuyeckas 46, 51
— MakcumanpHas 150

— MHUKpockonuueckas 59

— nosie3Hast 150

— aneMeHTapHas 46

Pa6ouee teno 89

PaBenctBo Knaysuyca 126
PaBHOBecue nuHamuyeckoe 16
— Mmexanndeckoe 17, 443

— teriosoe 14, 17

— Tepmuueckoe 14, 17

— TepMoJuHamuueckoe 14, 15
— (¢azoBoe 444



— xumuueckoe 17

Panuomerp Kpykca 363

Pannomerpuueckue cumist 362

Panunomerpuueckuii apdext 362

Pa3znenenue 356

— H30TOIOB 356, 359, 363

PaznenurensHas konoHka 356

Pacnpenenenune boze — DitHmTeitna
312

— boneimana 275, 312

— ['n66c¢ca xkanonnueckoe 307

— Makcsemta — bonbsimana 279, 306

Pacnpenenenne ®epmu — J{upaka 312

PaccreknoBbiBanue 475

PactBop 485

— KOHLIEHTpUPOBaHHBIN 485

— Kpenkuii 485

— HACBHIIIECHHBIN 487

— HEHACHIIEHHbIHN 487

— MepeCHIIIECHHbIHN 487

— ca0bl1ii (pa3baBieHHbI) 485

— TBepbIi 491

— — Ttuna BHeapeHus 491

— — — 3amenieHus 491

PactBopennoe BemecTBo 485

PactBopumocTts 487

PactBopurens 485

Peaknus sx3oTepmuueckas 66

— JHJIOTEpMHUYECKas 66

Pextudukanus 504

Penakcanus 16

Penepubie Touku 22

— — BTOpUYHBIE 34

— — niepBuuHsbIe 33, 34

Pemrerka 6azonenrpupoBanHas 523

— bpase 515

— IrpaHeleHTpupoBaHHas 516

— Kpucramnudeckas 514

— obpartHas 518

— 00bEeMHOIIEHTpUpOBaHHas 516

— npuMuTHBHAA 515

— npocras 520

— MpocTpaHCcTBeHHas 514

— cioxHas 515

Camonuddysus 347

CaepxBricokue Temnepatypsl 201

CaepxmnpoBoauMocTh 478

Caepxrtexydectb 478

Cas13b roMeonossipHas (KOBaJeHTHas)
532

— voHHas 531

— MeTaudeckas 523

Cxmxenue razoB 408

«Cwurapay» 503

Cuutbl BanieHTHBIE 371

— Ban-nep-Baanbsca 372, 532

— JnanpHOACHCTBYIOIIHE 376

— JIUTIOJLHO-OPUEHTAIMOHHBIE 372

— JIUCTIEpCUOHHBIC 372

— MoueKysipHbie 371

— oTTankuBaHus 373

— npuUTsDKEeHus 372

— xumu4aeckue 372

Cummerpus 509

— toueuHas 520

Cucrema agmnabaTudecKn
M30JIMpoBaHHas 52

Cucrema Ounapnas 499

— B Tepmoctate 307

— JIByXKOMIIOHEHTHas 499

— nuBapuaHTHas (OuBapuanTHas) 502

— 3aMKHyTas 15

— W30JIMpOBaHHaA 15

— WMHBapuaHTHas (HoHBapuaHTHas) 502

— MOHOBapuaHTHas (YHUBapHaHTHas)
502

— oaHoKoMnoHeHTHas 499

— nosiuBapuaHTHas 502

— npocras 50

CkopocTHble (M300pa)aroliie) TOYKH
245

CxopocThb 3ByKa JariacoBa 81

— — HBIOTOHOBA 81

— Monekyn 194

— — "aubomee BeposTHas 257

— — cpenHssa apupmernueckas 194



— — — KkBazparuuHas 194

— yOeranus 285

CMmaunBaHue M HecMadyuBanue 425

CoOniTue 234

— nocToBepHOe 234

— HEBO3MOXKHOE 234

— ciyudaiiHoe 234

CoObITHS €IUHCTBEHHO BO3MOJKHEIC
235

— He3aBHCHUMEBIE 239

— HECOBMECTHUMEIC 235

—, pou3sBeaeHue 235

— MPOTHUBOMNOJIOKHbIE 238

— PaBHOBO3MOXHBIC
(paBHOBEpPOATHBIE) 235

—, cymma 235

ConnBathel 486

CoOTBETCTBEHHBIE COCTOSHHS 386

CooTHoIIIeHHE HEOTPEIeIEHHOCTEN
l"aitzenbepra 303

Cootnomenust Iperdecra 479, 480

CocrosHue quHaMudeckoe 296

— TepMoJuHamMuueckoe 88

Cocyn Iproapa 15

Cnaii u3mepuTtenbHblil 31

— cpaBHeHus 31

Cpennee 3nauenue 241

Cpennsist 1imuHa cBoOOIHOTO npodera
327,328, 330

— KpUBH3HA MOBEPXHOCTH 428

Cratuctuka bosze — Dinmreiina 308,
312

— bonemana 304

— ®epmu — Jupaka 308, 312

CrarucTrueckas MexaHuka 12

— cymma 321

CraTHCTUYECKUE BEIUYMHEI 233

— 3aKOHOMEpHOCTH 233

Cratuctuueckui Bec 296, 298

Cranuonapusie coctosinus 303

Crenenu cBoboan1 206

— — 3aMOpOXKEHHBbIE 228

Crenenp nucconyanuu 43

— yoHn3auuu 43

Crepeounsomepst 513

CronknoBenus 188

— obparabie 260

— napHble 375

— npsimble 259

Cyb6numanus 444

Cymma coctosamii 321

Cdepa monekynspHoro aeicteus 374

— orpaxaenus 327

Temnepatypa 14, 15

— abcomtoTHas 25

— — otpuuarensHas 104

— abcomtoTHOro KuneHus 393

— boitns 379

— BBIpOX/IeHus 249

— kuHetnueckas 200

— kunenus 465

— kputudeckas 383, 385, 393

— omnopHas 31

— cmerienus 489

— — BepxHsist 490

— — "mxHIA 490

— sMmupuyeckas 23

— sHepreTryeckas 200

Temnepatypnast mkana 20

— — sMnupuyeckas 23

Temnepatypuble BosHbl 177—179

— —, K03 dunueHT 3aTyxanus 178

— —, ckopocTh 178

— touku 20

TemnepaTypHblit KO3PPUIUEHT
COMPOTHUBIIEHUS 29

Teopema Menbe 436

— o 3Hakax 159, 162

— — paBHOMEPHOM pacIpe/ieIeHu!
KuHeTH4eckoi anepruun 206, 208,
263

— Diinepa 428

Teopus BeposiTHOCTEH 234

— TETIOEMKOCTH KBaHTOBAsI TBEP/IBIX
Ten 226, 321



————— , hopmyia DiiHIITEeHA
323

— — KJIaccu4deckas ra3on 216

— — — TBepAbIX Ten 224

TennoBas cmepTh Beenennoit 136, 295

— teopema Heprcra 316

— ¢ynxkuus 65, 140

TemnoBoe nBrkenue 188

— cKosbxeHue 361

TemnoBoii pezepByap 63

TennoBoii 3¢ ekt peakuuu 66, 485

Tennoemkocts 67

— aTtoMmHas 224

— MouspHas 67, 225

— IIpH MOCTOSIHHOM JaBJIEHUU 68

— — — o0Beme 68

— yaenbHas 67

Tennoobmen 58

Tennmooomennuk 410

TennonpoBonHocTs 164, 343

— BHemHss 182

— BHyTpeHHss 182

—, TeopemMa €IMHCTBEHHOCTH 171

Temnopon 13

Tennocoaepxkanue 65, 140

Tennora Bo3ronku 451

— ucnapenus 451

— obpa3oBanus 66

— — MOBEPXHOCTHU IIEHKH 421

— ruiaBnieHus 451

— pactBopenus 485

— (pazoBoro npeBparieHus 451

Tepmucropsr 30

Tepmuueckas nuddyzus
(tepmonucdysus) 354

Tepmuueckuit KO3PGUIUEHT 1aBICHUSI
27,39

Tepmoaunamuka 9

— akcuomarudeckas 12

— CHCTEM C MIEPEMEHHBIM YUCIIOM
yactun 314

— cTaTucThdeckas 12

— texHuueckas 10

— (peHOMEHOJIOTHYeCKast
(popmanbhast) 12

— (pusmueckas 10

TepmoauHaMuueckas mmKana
temneparyp 99, 102

TepmoanHaMuyeckue BEITUUNHBI
WHTEHCHUBHBIC 314

— — DKCTEHCUBHBIE 314

— COOTHOILIEHUS 88

Tepmonunamuueckuit morenmuan 140,
142

Tepmoauddpy3nonnoe otTHoueHue 355

Tepmomerp 21

— BTOPUYHBIN 28

— Ta3o0BEIH 23, 24, 28

— JKUJIKOCTHBIH 28, 29

— MEepBUYHbIN 28

— IUIATUHOBBIN 29

— MOJIyIPOBOTHUKOBBIH 30

— comnpotuBieHus 28, 29

— TepmornapHsii 28, 30

Tepmomerpuueckas BennurHa 21

Tepmomerpuueckoe Teno 21

Tepmomnapa 19

Tepmomnapa ruiatuHOpoareBas 32

Tepmoc 15

Tepmockomn 19

Tepmocrar 307

Tepmoonnexktpuueckuii Tox 19

Tepmooanexkrponnas smuccus 270

Tepmosinepubie peakiuu 202

Teuenne Knyncena 363

— MOJIEKYIsipHOE 363

Touka Kropu 477

Tpaucnsuonnas cummetpus 514

Tpaucmsus 509

Tpotinas Touka 20, 461, 463

VYo6eratoiue MoaeKybl 285

VYrnepoanas mkana 36

VY3noBble muHUU 529

— 1IockocTu 529

V311B1 KpUCTANIMYeCKON pemieTku 514



YHuBepcalibHas ra30Bast MOCTOSTHHAS
36, 62

VYpaBuenue aguadatsl [lyaccona 75,
222

— beptio 382

— Ban-gep-Baanbca 378

— I'n66ca — I'eapmroabna 141, 150,
151

— Murepuun 381

— Kamepnunra-Onneca 382

— Knaneiipona 36

— Kuaneiipona — Kunaysuyca 451

— Knaysuyca 382

— Maiiepa 73

— MenneneeBa — Kuaneiipona 36

— cocrtosuus 35, 37

— — Kajiopuieckoe 69

— — kaHoHuueckoe 140

— — 000061eHHOoe 43

— — npuBeieHHoe 385

— — TepMuyeckoe 69

— TEIUIONPOBOAHOCTHU 166

Ypouu sHepruu 303

—— — KpaTHble (BeIpokaeHHbIe) 303

— — npocThle (HeBbIpokaeHHbIE) 303

daza 388, 443

—, yclioBue paBHOBecus 446

dazoBoe mpoctpancTBo 302

— paBHoBecue 20

dazoBble npeBpatieHus 444

— — BTOpOTO pojia 476

— — nepBoro poxaa 477

— touku 302

®a3oBb1ii 00beM 302

®epmuons 308

@O¢én 483

®dusnueckas KUHETHKA 12

Onykryanuu 42, 291

@nykTyaninoHHas runores3a boisnmana

295
®opmyna boisimana 294, 296
— Kuyzacena 366

— Jlammaca (TOBepXHOCTHOE
HaTsokeHue) 427

— — (cxopocTs 3ByKa) 81

— HeroToHa (ckopocTh 3ByKa) 80

— [nanka 322

— Ilyazeiinsa 347

— Cézepnenpa 334

— Crupnusnra 305

— Crokca 211

— Tomcona (KenbBuna) 469

— DifHITelHA (TOABMKHOCTh
ygacTuiel) 350

®dotoHHbIH Ta3 196

— —, naBsienune 196

OyHKINUU cocTOsIHUA 48

@yHKIMS pacnpeneseHus 1o
ckopocTsim 246, 250

XapakTepucTuyeckas TeMIeparypa
230, 231

Xumuueckuit noteHuan 313—316

XonoauapHas MamuHa 93

XonoaunbHUK 89

HenTp cummerpuu 510, 512

Huxn 50

Uwucno Asoraapo 201

— creneHeii cBodonas! 206, 502

— Dapages 153

Mapux ITnato 419

[xamna remmeparyp 20

— — uaeanLHo-TazoBas 23, 32

— — MEXIyHapOIHAas TPaKTHUECKas
33

— — tepmoanHamuueckas (KeiabBuHa)
22,28,99

— — llenscus 26

OBTrekTHka 508

OBTekTHueckas Touka 507

DKcnaHcuOHHBIN MeTox 411

DnexTpuueckas nonspuzanus 372

OnexktpoHBOIHT 201, 202

OnemenTtsl cummeTpuu 510

OHaHnTHOMOpdU3M 525

OHeprus BHyTpeHH:s 44, 54, 55



Dneprus Hynesas 25, 229, 322

— MOBEpXHOCTHas 57

— cBobOomguas 140, 142

— cBs3aHHas 150

— TemIoBast 44, 62

OHTanenus 65, 142

Ontponus 127, 133, 294

— abcomtotHas 317

— W BEpOATHOCTH 294

Dddext xoyns—Tomcona 71, 143,
294

— — — muddepenunanbupiii 143, 401

— — — —, KpuBasa uaBepcuu 404

— — — —, TeMmIepaTypa HHBEPCUU
403

— — — —, — — BepxHag 405

Dddext Jxoyns — Tomcona
nudeHmaIbHbIi, TeMIepaTypa
UHBepCcUU HIKHSAS 405

— — — uHTerpanbHbii 144, 405

— — — —, KpuBas u"Bepcuu 407

— — — —, TeMIiepaTypa HUHBEpPCHH
407

— — — oTpunaTeabHbii 402

— — — MOJIOKUTENbHBIN 402

OddexTuBHoe ceuenue 332, 333

D¢ dy3noHHBIN MOTOK 358

Dddy3usa nzorepmuyeckas 361

— pa3pexeHHoro raza 357

— temioBas 359

SBnenus nepenoca 338

Sluelika npumuTUBHAS 515

— cyoxHas 515

— ¢azoBas 302

— anemMeHTapHas 515
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NPEAACJ/IOBHUE

* %

Bropo#i ToM mpensaraeMoro Kypca H3MKH, TaK Ke KaK H MepBhii,
HATNIMCAH Ha OCHOBE JIEKUHH, YUTABLIMXCS AaBTOPOM HA NDPOTSKEHHH
MHOTHX JIET (HayHHas ¢ BeCeHHero cemecrpa 1957 ropa) Aast cTyIeHTOB
nepBoro Kypca MOCKOBCKOrO (PUSHKO-TEXHHYECKOTrOo HHCTHTYTa. Ilo-
3TOMY BCE CKa3aHHOE B IPEAHC/IOBHU K NEPBOMY TOMY OTHOCHTCH H KO
BropoMy. [lo cpaBHEHHIO ¢ JIEKUHOHHBIM KyPCOM KHHTa, €CTECTBEHHO,
oxBarbiBaeT GoJiee IIHPOKHH Kpyr Bonpocos. Ilpu Bribope marepuaJa
u crnocoba U3JNOKEHHsI aBTOP CTPEMHJICS K TOMY, 4TOGBI BCE U3J/I0XKEH-
HOe He BBLIXOJUJIO 3a NpeAeabl TOro, 4YTO CNocobeH YCBOHTh CTYHAEHT
nepsoro Kypca. OIHaKO aBTOp HaJEeTCsl, YTO €r0 KHHUI'a MOMKET 0Kd3aTh
N0Ab3y M A CTYJAeHTOB OoJiee CTapIIHX KYPCOB, a TaKXe s BceX
JIML, M3yYaKIuX U npenojanonnx ¢usnky. Hekoropeie BONpockl MoJte-
KyJAspHOH (H3UKH, B OCOOEHHOCTH OTHOCHIHecs K (DH3HKE TBEPAOro
TeJ1a, He BKJOUEHbl B KHHTY, TaK KaK CTYAeHTHl I€PBOT0 Kypca elle He
HOATOTOBJIEHBl JJIsT HX H3YYeHHsl. DTH BONPOCH! NPEIIONAaraeTcs HaJjo-
XUTh B NOCJENYIOLIHX TOMAax Kypca.

[Ipu BEIGOpE BONPOCOB aBTOP HE CTPEMHJICH K SHIHUKJONEIHUYHOCTH
usnoxenus. Leab o6yueHHs u3MKe 3aKMO4aeTCi HE B TOM, YTOOBI
JaTb oOyvamLleMycsl «Bce», a B TOM, YTOObl Hay4UTb €ro INIaBHOMY —
VMEHHIO CAMOCTOSTENbHO CTABHTH H pellaTh (PU3HYECKHe BOMPOCHI.
B cooTBeTcTBHH ¢ 3THM pasbop KaxKIOro BONPOCa, BKJIOUEHHOTO B KYPC,
Bejercsi NOAPOOHO, 4TOObl BCE MPHUHLHUIMAJAbHOE M CYLIECTBEHHOE He
LPOIIJIO MHMO BHUMAaHHS H3Y4aloIIero.

JIeKUHOHHBIE [IEMOHCTPAIMH MO TEPMOJAHHAMHKE H MOJIEKYJSIpHOH
(du3uKe OCYLIECTBJSANNCh JeKIHOHHBIMH accHcrentamu JI. [, Kyaps-
wesoit, B. A. Kysneuoso#i, M. M. Makaaxosem u I'. H. ®peiibeprom.
Vinen muorux 3ajau, BKJIOYEHHBIX B KypC, NPHHAJMEKAT IIPENoAaBa-
TeasiM (QH3HKH MOCKOBCKOTO (DH3HKO-TeXHHYeCKOro HHCTHTyTa. [lepe-
YHCJAHTb HX BCeX 3aTPYAHHTENBHO.



8 NPEAMCIOBUE

BTopoii Tom 3TOro Kypca H3jaBajicsl Ha porampuHTe MOCKOBCKOTO
(bU3HKO-TeXHHUEeCKOr0 HHCTHUTYTAa B JABYX uacTsax B 1972—1973 rr.
OpraHu3auva poTanpHHTHOTO u3NaHus sBAgercs 3acayroft H. M. Tle-
TepumoBoil. [lo cpaBHEHHIO ¢ POTANPUHTHLIM H3AaHHEM HacTrosilee
M3JaHHEe HECKONBKO WMCIPAaB/AEHO W JNONOJHEHO TJaBaMu O PAacTBOpax,
CUMMETPUH H CTPOEHHH KPHCTAJJIOB.

Pyxonuch BToporo ToMa Obl1a 4acTHYHO NMPOCMOTPEHA aKaJleMHKaMH
B. JI. Tuns6yprom u M. A. JleoutoBuuem, npodeccopamu . M. Paw-
Goit m 0. V. lumanckum u jpouentom WM. ®@. Kiaccen. Tlpodeccop
M. A. SIxoBneB B3sa Ha ce6s TPyl peleH3HpoBaHUst pykonucd. Pyko-
IHCh TIOJIBePIach TaKkxKe BHUMaTesbHOMY PeLeH3HPOBaHHIO Ha Kadelpe
3KcIepUMeHTaNbHOH du3nki KneBckoro rocynapcTBeHHOTO YHHBEpCH-
Tera, Bo3rsasasiemoil npodeccopom M. C. I'opGanem. Beem sTum Juuam,
a tTakxke npodeccopam A. 3. Tonnky u A. M. @enopueHKo, ¢ KOTOPBIMU
koHcyapTHpoBanca M. C. TopGanp npu peneHsHpoBaHWH DPYKOINCH,
aBTOp BhIpaxkaeT IyOoKyw OnarogapHocTb. VX KpurHueckue szameua-
HHSl HEMaJO CHOCOGCTBOBA/IH YJYYLIEHHIO PYKOIHCH.

. B. Cusyxun



BBEJAEHHE

* ¥

1. TepmoOuHAMUKG W MOAEKYAAPHAR (PUBUKA, KOTOPHIM MOCBSIIEH
HACTOSIIHA TOM HAILEro Kypca, H3y4aloT OAUH H TOT XKe KPYT sBJEHUM,
a 1IMEHHO MAKPOCKONU4ecKue NPOLeCChl B Teax, T. €. TaKue SABJEHHS,
KOTOpBIE€ CBSA3AHbLI C KOJIOCCAJNBHBIM KOJIHYECTBOM COJIEPKAIMXCA B Te-
Jax aToMoB H MoJieKyJad. Ho 3Tu paspensl ¢m3uku, B3aHMHO IONOJHSS
Ap\VT IpYyra, OTJIHYAITCA Pas3/IuYHBIM TIOAXONOM K H3y4yaeMbIM SfIBJe-
HIIIM.

TepmoaMHAMHKa HJAM 00lasi TeOpHUsl TEIVIOTH SIBJAETCS aQKCUOMA-
muueckeoti HaykoH. OHa He BBOAMT HHKaKUX CIELHANBHBIX THIOTE3 U
KOHKPEeTHBIX DIPEACTaBJICHHH O CTPOGHHHM BellecTBa M (pu3HyecKol mpu-
poAbl TenoThl. Ee BEIBOAB OCHOBaHHBI Ha OGIUMX ApUHyUAAX WU HAYA-
Aqx, SBJISIOMHUXCA 0000HIeHHeM ONBITHBIX (hakToB. OHA paccMaTpHBaeT
TEIJIOTY KaK POJ KaKOIO-TO BHYTPEHHEIO ABMKEHUS, HO He IIhiTaeTcs
KOHK[ETH3HMPOBaTh, YTO 3TO 3a JBHKEHHE,

MonexkynsapHas Qu3uKa, HaPOTHB, UCXOIMT U3 NpeACTaBjeHUst 00
QIMOMHO-MOAKYAAPHOM CTPOEHHH BellleCTBA W PaccMaTpuUBaeT TEIVIOTY
KakK GecriopsiioyHOe [BMXKEHHEe aTOMOB M MoJeKyJs. MoJsekynspHas
thi31Ka B ILNIHPOKOM CMBIC/IE CJIOBA H3yuaeT He TOJBKO MAaKPOCKOIIUUECKUE
sserna. OHa paccMaTpUBaeT Takake CBOHCTBA U CTPOEHHE OTIESbHBIX
MOJeKYJ U aToMOB. Ho 3TH BOHpOCH MBI 3/ieCh 3aTparuBaTh He GyleM.
Onn GyAyT paccMOTpPeHH! B APYIOM pasjejie, a UMEHHO B aTOMHOM (-
31ike. MoseKy/AsApHYIO (PH3HKY YaCTO HA3BIBAIOT TaKkKe MOAEKYAAPHO-
Kunemuyeckol meopueri CTpOeHUs BellecTBa.

B 19 Beke, Korja CyLIECTBOBaHME ATOMOB U MOJIEKYJ CTABUJIOCH IOA
COMHEHlie, TMIIOTETHYeCKHe MeTO[bl MOJEKYAAPHO-KNHETHYECKOH Teo-
PHH He HAXOXMJHU COYYBCTBUSA CPelH TeX (M3HKOB, KOTODHE OTpUHA-
TE1bHC OTHOCHJINCH KO BCSIKHM THIIOTE3aM M OCHOBAHHBIM Ha HHX TeO-
PeTIYECKHM HOCTPOEHHSIM. B 3THX yC/JOBHAX CTpPOroe pasrpaHuyeHHe
MEKNY TePMOJMHAMHKOH M MOJIEKYJspPHO-KMHEeTHYecKo# Teopuel OblIO
OllpaBjaHO; HaA0 OBUIO OTAEIHTb JAOCTOBEPHBIE (GAKTBl OT TUIOTE3,
X0Ts 6bl W B BBHICIUEH cTeneHM mpaBionofoOHeIX. Ho mBaauaTeiii Bek
IipilHeC OKOHYaTe/bHBIE HEONIPOBEP:KUMBIE J0Ka3aTe/JbCTBA PeajbHOCTH
4TOMCB W MOJeKyJ1. MoJseKy/nsipHO-KMHEeTHYeCKask Teopus B OCHOBHOM
yipaTina rHNOTeTHYECKHH XapakTep, KOTOpHiHl Gbll TIpHCYLL eff B Ha-
Y2IbHbIH [EPUOJ, CBOETO pPasBUTHA. | NTMOTETHUECKUH 3JeMeHT B MoJe-
K\JI5pPHO-KHHETHYECKOH TEOpHH COXPAaHW/ICA JHUIb IHOCTOJBbKY, IIO-
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CKOJbKY el MPUXOAUTCS MOJb30BaThCS YIPOIIEHHBIMH Haeanyu3upoBaH-
HBIMH MOJIEKYJISSPHBIMM MOJIeJISIMH, KOTOpPBie He TOJHOCTbIO, 4 JHIIb
YacTHYHO TepefaroT CBOHCTBA peanbHBIX Teld. [IpHMeHATb TakHe Mo-
Iend Heo6XOoAMMO JHOO H3-3a HEJOCTaTOYHOCTH HAIUMX 3HaHUU MoJe-
KYJ4pHOH CTPYKTYpH Tea, JnH00 A48 CXeMaTH3alUuH H YIPOIIeHHH
ABNeHUH, 6e3 KOTOPBIX TeopeTuyeckoe HayueHHe WX OO0 Obl BoOOILE
HeBo3MOXkHo. IloaToMy oTnasa Heo6XOLWMOCTb B TOM pe3KOM pasrpa-
HUYEHHH MEXJAY TePMOJIHHAMHKOH W MOJeEKYJSPHO-KUHETHUECKOH Teo-
pHell, KOoTopoe TaK CTPOro NPOBOAW/IOCh HA paHHEH CTaJAuH pasBUTHSH
3TUX pasjesoB ¢usukH., Ham Kypc MBI HauHeM ¢ aKCHOMAaTHYeCKoH Tep-
MOJVHAMHKH, HO NIPH €€ H3JIOXKEeHHH C camoro Hauana GyleM MpuBJe-
KaTb ¥ MOJIEKYJASIpHbIE NPEACTaBJAeHH .

TepMoinHaMuKa fBAsieTC OJHOH U3 BaKHEHIIHX vacTell (PH3MKH.
Ee BHIBOABI IOCTOBEpPHBI B TOH e Mepe, B KaKOH JOCTOBEPHBl aKCHOMEI,
Ha KOTOPHIX OHa NOCTPOE€Ha. JTH BBIBOALI MCHOJL3YIOTC BO BCeX Pas-
JleflaX MaKpOCKONHYeCKOH (U3HKH: THAPOAMHAMHKE, TEOPHH VIpY-
FOCTH, a5pOJUHAMUKe, YUeHUU 00 3/JeKTPHUUYECKUX M MAarHHUTHLIX fiBJe-
HHUSAX, ONTHKe u Up. ITorpaHnyHble INCUMIUIMHEL — (PU3NUECKasa XUMUS
U XMMHYecKasi (QU3UKa — B 3HAYHTENbHOH CBOEH YacTH 3aHUMAIOTCS
NPUJIOKEHUAMH TEPMOAHHAMUKHN K XUMHUYECKUM SIBIEHHSIM.

2. TepmonyHaMHKa BO3HHKJA B mepBoil mosoBrHe 19 BeKa Kax Teo-
peTHyecKas OCHOBA HayaBlUEH PAa3BHBAThCS B TO BpeMs TENJNOTEXHHKH.
Ee nepeonauasnbHag 3anada cBOAMNIACH K M3YUEHWIO 33KOHOMepHoOCTed
TpeBpalleHus Tervla B MeXaHH4ecKylo paGoTy B TeMJIOBBIX JBHUTaTeNsix
U HCCJIe[JoBaHHIO YCIOBHH, NMPH KOTOPHIX TAKOE NpeBpalleHne ABIAeTCH
Hanbosee ONTHMA/IbHBIM. VIMEHHO TaKyio mesb npecienoBan (paHilys-
ckuil uHxkeHep ¥ ¢usnk Cagn KapHo (1796—1832) B counnenuu «O jnpu-
XYIIeH CcHJe OrHf H O MalliyHax, COocOOHBIX pas3BHBATh 3Ty CHJY»
(1824 1.), B KOTOPOM BIiepBhIe GLIIH 3a/10KeHbl HAYaTKH TepMOAHHAMHKH,
XOTS M COXPaHWJIHCh CTaphle OIUMOOUHBIE BO33pPEeHHS Ha TEIVIOTY Kak
Ha KaKoe-TO HEBeCOMOEe BelleCTBO, KOTOpOe He MOXKeT ObiTb HH CO3/1aHO,
HH YHHUYTOKeHO. B naspHefilleM TepMoJMHAMHKA JJaleKO BBHILLIA 3a TIpe-
JeJiel YKa3aHHOH TeXHHYecKoH 3ajauu. LleHTp TsKecTH nepeMecTH/ICH
B CTOPOHY H3YyueHHs (pu3HUECKHX BomnpocoB. OCHOBHBIM COJEPKAHLEM
COBDEMEHHOHN (hu3uueckoll mepMoOUHaAMUKY SBJSIETCST M3yYEHHe 3aKOo-
HOMEPHOCTeH menaosoti ghopmer Osuscenua mamepuy 1 CBA3aHHBIX C HeH
¢busnyeckux fApjgeHHH. [IpuoXKeHHS K TEIJIOBHLIM JBHIaTe/lsIM, XOJO-
JUJAbHBIM YCTAaHOBKaM U HPOUYHM BONIPOCAM TEIVIOTEXHHKH BBIIENUIUCH
B CaMOCTOSITENILHLIH pasfies, Ha3bIBaeMBIH MEXHUMECKOl mepmoouHa-
mukoti. B Hamiem Kypce BOTIPOCH! TEXHUMECKON TEPMOAMHAMUKH Tpak-
THYCCKH OYAYT NPUBJEKATLCH JHMLb A5 WIMIOCTPAIHH o0mux dusnye-
CKHX 3aKOHOB,

3. TensnoBasi Gopma [BUKEHHS MaTepHH —— 3TO XAOMUYECKOE OBl-
oeHue aTOMOB H MOJIEKYJ MakpocKomuueckuX Test., Ee crnenuduvnocts
CBfA3aHa ¢ HeoObYaHHOH KOJI0CCATBbHOCTBIO YHCEd MOJIEKY/J] H aTOMOB
BO BCAKOM MAaKpOCKONHYECKOM TeJsie. Tak, B OAHOM KyOHUYECKOM CaHTH-
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MeTpe BO3AyXa IPH HOPMANBLHBIX YCJIOBUSIX COREPIKHTCA OKOJMO 2,7 X
x 10 monexys. Ilpu TensioBoM IBMKEHHH MOJEKYJBI CTAJKUBAIOTCA
Mmex 1y co0OH M CO CTEeHKaMHM cocyla, B KOTOPHIH 3ak/roueHa CHCTeMa.
CTOJIKHOBEHHUSI COMPOBOXKAAIOTCA PE3KUMH H3MEHEHHSAMH BEJHUHHBI U
HanpaBJeHusl ckopocTelf Mosekys. B pesy/nbTaTe BO3HHKaeT BIOJIHE
GecnopsilouHoe ABHKEHHe, B KOTOPOM C PABHBIMH BEPOSTHOCTAMY Hpe-
CTaBjeHbl BCE HAMNpaBJAeHHS CKOPOCTeH MOJIEKY/, a caMH CKOPOCTH
MEHAITC B LIMPOKUX Npejesaax OT OYeHb MajblX J0 OYeHb GOJBIIHX
3HauYeHHH,

Urobpl TIOJAYYHTE MpeJIBApUTENbHOE IPEACTaBACHUE O XapakTepe
JBUKEHHSI MOJIEKYJI Ta3a, IpUBEJeM HEKOTOpHIE pe3yJIbTaThl KHHeTHUe-
CKOH TeopuHM rasos.

CpezHsAsi CKOPOCTb TEMJIOBOTO [BHKEHHS T'a30BBIX MOJIEKYJ BecbMa
penuKa. JHaa Monekysal Bo3jyXa OHA COCTABJASeT MPH KOMHATHOH
temieparype nourd 500 M/c, Bo3pacras ¢ NOBLIIIEHUEM Temiepa-
Typel. CTONKHOBEHHSI MEX[y MOJEeKy/JaMH Tras3a MPOHUCXOJAT upes-
BelaPHO uvacro. Hanpumep, MoJekyaa BO3AyXa INpPU HOPMaJabHOH
[UVIOTHOCTH yCIIeBaeT B cpelHeM TpoHTH Bcero okono 107° oM
OT OJHOIO CTOJKHOBEHHS O cJeaymoouero. 3Has CPEHIO CKOPOCTb
MOJIeKYJIbl, HETPYAHO NMOJCYHTATH, YTO IPHU HOPMANBHHIX TeMIepartype
W TJOTHOCTH MOJeKyJa BO3AyXa 3a ONHY CEKYHAY HCIBITHIBAET O
5000 MMJIHOHOB CTOMKHOBEHHH, NpHYEM YHCIO CTOJKHOBEHHH Bo3pa-
CTaeT ¢ yBeqHYeHHeM TeMNepaTypsl H IVIOTHOCTH rasa. Eiie uarmie crani-
KHUBAIOTCA MOJIEKYJIB BHYTPH KHUIKOCTEl, TaK KaK OHU pacupejeseHbl
B TIPOCTpPaHCTBE 3HAYHTEIbHO 0GoJiee TeCHO, YeM MoJsieKyJ/nl rasa. llo-
MHMO TIOCTYIAaTeNbHOI'O ABHXKEHHS COBeplIalTcsi OecrnopsiiouHble Bpa-
IIeHUS MOJIEeKYJ, a TAKXKe BHYTPeHHUEe KoJebaHHs aTOMOB, U3 KOTOPHIX
OHU cocTosAT. Bce 3TO co3jaeT KapTUHY Ype3BHUAHHO XAOTHYECKOTO
COCTOSIHUA, B KOTOPOM HaXOJUTCS COBOKYIIHOCTBL I'POMAaJHOTO YHC/IA MO-
JIeKyJ rasoB, a TaKiKe XKHUAKHX ¥ TBepAblX Teld. TakoBa npupoja Tel-
JIOTbl € TOUKH 3peHHs1 MOJeKYJSPHO-KHHeTUYECKOH TEOpPHH CTPOEHUS
BelllecTBa.

O TensioBOM JBHMKEHHH MOXKHO TOBOPHTB TOJBKO B TeX CJIyyafx,
KOTAa paccMaTpuBaeMasi guanueckas CUCTeMa SIBASIETCA MAKPOCKONUYE-
ckoil. He nMeeT cMbIcia TOBOPHTE O TEIIOBOM JBHKEHHH, KOTJa CUCTEMA
COCTOHT W3 OJHOI'O WM HECKOJbKHX aTOMOB.

4. TepmonuHaMHKa WM3yd4aeT TOJBKO MepMOOUHAMUMECKI [OBHOBEC-
Hble COCMOARUS TR Y MEOACHHbIE NPOYECCsl, KOTOPbIE MOTYT paccMaTpH-
BaTbCsl KaK MPaKTHYECKH DABHOBECHbIE COCTOSIHHSA, HENPEPHIBHO cClle-
Aytoue apyr 3a apyrom ¥). (IToHsiTue TepMOAMHAMHYECKOTO paBHOBe-
cus naetcs B § 1.) Oua uayuaer Takxke obujue 3aKOHOMEPHOCTIU NEpexoon
CHCTEM B COCTOSIHHSI TePMOAMHAMUUYECKOTO paBHoBecus. Kpyr sanau
MOJ/IeKYJIAPHO-KHHETHYECKOA TeOpHH 3HauHTesbHO luupe. OHa M3yuaer

*) B navase 30-X rofoB BO3SHHKJA U CTaNa PA3BHBATHCS MEDMOOUHAMUKE Hepag-
Hosecrblx npoyeccos. OpHAKO 3TOT pa3fes (U3UKH MBI 3JeChb pPacCMaTpUBaTh He GyxeM.
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He TOJBKO TePMOJAMHAMHUECKH DaBHOBECHBIE COCTOSTHUSA TeJs, HO H 7po-
yeccot 8 meaax, UAYWINE C KOHeunuimu ckopocmsamu. Ta 4acTb MOJIEKY-
JISIPHO-KHHETHYECKOH TeopHH, KOoTopas H3yuyaeT CBOHCTBAa BellecTBa
B COCTOSIHMH DaBHOBECHS, HA3LIBAETCH CMQMUCMUNECKOL mepmoduna-
Muxol uau cmamucmudeckol mexanuxoti. Ta ke 4acTb, B KOTOPOH H3Yy-
4alTCcs MPOUECCH B Telax, HAyUlHe ¢ KOHEYHLIMH CKOPOCTSIMH, Ha3bl-
BaeTc ¢husuueckoll Kuremukoll. AxcuoMmatuueckas TepMOAMHAMUKA
Ha3bIBAETCA TaKkKe (heHoMeHOoA0euuecKol UIH GopmaseHol. JIOCTOHHCT-
BOM TePMOJUHAMHKU SBJSIETCS TO, YTO ee BBLIBOJBI XaPaKTePH3YIOTCA
Gosbliloft OBIIHOCTBIO, TAK KAK OHH OGBIYHO TOJAYYAKOTCSl 6€3 HCIOJIb-
30BaHHA YIPOLIEHHBIX MoJesel, 6e3 uero He MoKeT OOOHTHCH MOJIEKY-
JSIPHO-KHMHeTHUYecKast Teopusi. OfHAKo mnocieHsis, 1O KpaliHedl Mepe
B TNpHHLHINE, NO3BOJsieT pellaTb M TaKHe BOMPOCHl, TeopeTHyeckoe
pPAcCMOTpEHHE KOTOPHIX HEBO3MOXKHO MeTORaMM OJHOH TOJIbKO aKCHO-
MaTHdecKol TepMmonauHaMuku. Ciola OTHOCATCH, HalpHMep, BBIBOJBI
TEPMHYECKOTO H KAaJOPUUYECKOTO YPAaBHEHHH COCTOSIHHS BeulecTsa.
3HaHWe TaKuX ypaBHEHWH Heo6XoAuMo, 4ToGbl MPHMAATH OOLIMM BbIBO-
JaM TepMOJHHAMHKHM 3aKOHYeHHbIfi KOHKPETHBI XapakTep. AKcHOMa-
THYeCKasi TEPMOJMHAMHKA 3aHMCTBYET 3TH YPaBHEHHS K3 ombiTa. Kpome
TOTG, ONBITH, NOCTABNCHHLIE B CBA3U C PA3AWUYHBIMA NpodaeMamu MoJe-
KyJaapHo# (H3HMKH, MOKa3aldd, YTO UPHHLHUIL AKCHOMATHYECKOH Tep-
MOJMHAMHKH He B TAKOH CTeleHH He3bl6sieMbl U YHUBEPCANDbHBI, KaK 3TO
CYMTA/IH ee OCHOBOTOJIOXKHHKH. Kak H 1/1s1 GosIbINMHCTBA 3aKOHOB (H-
3MKH, 00/7aCTh UX IPUMEHMMOCTH orpaHuueHa. Tak, akcHoMaTHYeCKas
TEePMOJIMHAMHKA OCTABJIsAET B CTOPOHE CaMONPOM3BOJIbHBLIC HAPYUICHHA
COCTOAIHHH TepMOJHHAMUYECKOTO PaBHOBeCHSI WU (aykmyatuu, KOTO-
pble TIPOSIB/ISIIOTCS TeM OTYeT/HBee, YeM MeHblIe pPa3Mepbl CHCTEMb.
CraTtvcTHyecKasi TepMOJAMHAMHKA OXBATLIBAeT H 3TOT KPYTr SIBJIEHMH,
yCTaHaB/IMBAsl T€M CaMbIM TPaHHLbl IPHMEHUMOCTH (POpMa/bHON Tep-
MOJIMHAMHKH.

5. Mpl n3ydaeM MoJeKyAspHYIO (HU3UKY TOCIe KIacCHYeCKOH Me-
XaHHKH. B 3TOM cozep XHTcs M3BeCTHAs HayuHO-neJarorHyeckas Tpya-
HOCTb. Monexysisipaasa ¢u3uMKa JA0/KHA OCHOBBIBATHCA Ha 3aKOHAX,
KOTOPBIM MOJUHHSIIOTCSI aTOMBl H MOJEKYJBL. IT0 3aKOHBI KBAHMOBOL
MexaruKu, KoTopele GYAYT u3ydaTbcsd HaMH nosjiHee. bes sHanua 3TuX
3aKOHOB IIOJIHOE H CTPOI'Oe H3J0XKEHHe COBpPeMEHHOH MOJeKyaspHOH
(M3MKH HEeBO3MOXKHO, TeM He MeHee, Mbl H3jaraeM MOJEKYASPHYIO
$U3NKY TOCTe KIacCHYeCKo# MeXannku, u BoT noyemy. Inpoxkuit kpyr
MaKpOCKONMHUUYECKUX $IBJIEHHUH 0OYC/NOBJEH HE CTOJBKO JETAJNfAMH CTpoe-
HUfA aTOMOB M XapaKTepoM YIpaBJAAIOUMX HMH 3aKOHOB, CKOJbKO He-
00b11atiHO 6OABLUUM HUCAOM CAMHX aTOMOB B MaKPOCKOIHYECKHX CHCTe-
Max. Ilpu u3yueHHH TaKOTO pojia sIBJIeHH I 3HaHHe KBAHTOBOH MeXaHHKH
He Bcerja o6gsartensto. I1pasaa, monekynapuas Gusuka, MOCTPOCHHAs
Ha OCHOBE KJacCHUYeCcKOH MeXaHHWKH, OXBaThlBaeT He BECh JialasoH
3KCIepuMeHTaMpHBIX (dakToB, KBaHToBas npuposa aTOMOB H MOJEKYJ
PaHoO WM TMO3AHO JacT o cefe 3HAThH, HanpuUMep, B BONPOCAX O TelLI0-
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eMKOCTH TeJ1 UJH B sIBJeHHAX BOIH3H abCOJIOTHOTO HYJISI TeMIepaTyphl.
Ho B aTuX cayyasx, no KpadHeli Mepe I/s1 NOHHMaHMsi CAMOTO OCHOB-
HOTO H CYIIECTBEHHOTO, JOCTATOYHO HeGO/IbUINX Npe/BAPUTENbHLIX CBe-
JeHHH 13 KBAHTOBOH (PU3HKH, KOTOPHIE MOXKHO COOOIIMTBL B XOJ€ H3JI0-
xkenud., CHcTeMaTHUECKOE Ke U3JI0XkKEeHHE KBAHTOBOM MeXaHWKH, XOT$
Obl W B 3JeMeHTapHOH (opMe, HelocpejCTBEHHO MOoC/e KJacCHYeCKOH
MeXaHUKH Tlelaroruyecku He onpapjaHo. HauwHarommuil josken osHa-
KOMHUTBCSI C LIHPOKHM KPYTOM 3SKCIepHMEHTANbHHIX (PAKTOB, KOTOPHIE
OJIHH TOJIbKO MOTYT IO-HACTOAILIEMY YOeIUThb €ro B HeJOCTATOYHOCTH
KJ1aCCHUECKHX MpeJCTaBAeHHI H HeoOXOAUMOCTH BBeJleHUs MpejiCcTaBJe-
HHII KBAHTOBBIX.

6. ManoxkeHuto ¢eHOMEHOJIOTHYECKOH TepMOJMHAMUKH HEeoGX0JuMO
npeanocaaTh ciaefyoiee saMeuanne. ®@usuku 18-ro M oryactn neppoit
NoJIOBHHBE!L 19-TO BeKa paccMaTpHBa/d TENJIOTY KaK 0co6oe HeBecoMoe
BeUlecTBO, cofepiKamieecss B Teqax. OHO He MOKeT GHITb HH CO31aHO,
HH YHHYTOXKEHO. 3TO THMIIOTETHYECKOE BEIUeCTBO Ha3biBaJOCh 1Menaopo-
dom. Harpepanue Tes OOBACHANOCH YBeJHUEHHEM, & OXJaKAeHHE —
yMeHblIeHHeM coJiepXkalllerocsi BHYTPH HuX Temiopojaa. Teopus temn-
Jopoja HecocToaTesbHa, OHa He MoXKeT OOBSACHUTH NpoOCTeHllle sBJe-
HUSI, HaNpuMep, HarpeBaHue TeJq nupu TpeHuu. Her neo6xopmumoctH
paccMaTpuBaTh 3Ty TeopHio. MBI YIOMSAHYAH O HEll TOJBKO MOTOMY, HTO
TePMHHOJIOTHSA, yNOTpeb/siollascss B YIeHHH O TemJoTe, HCTOPHUYeCKH
CJIOKHUJIACh TOA BJAUAHUEM TeopUHU Temyopoja. OCHOBHBIM NOHATHEM
TEOPHH TemIopoja OrIo Koauuecmso menaomel. C TOUKH 3peHUS 5TOH
TeOpHUN OHO caMo coGOH MOHATHO M HE HYKAAJIOCh B ONpeleeHHH.
DTUM TIOHATHEM TNOJB3VIOTCA H TENepb, XOTs OHO HEYJAYHO, TaK KakK
¢ HUM acCOUMHpYeTCsl HelpaBHJbHOE IIpeNcTaBieHHe o (uaHyeckod
IpUposie Ter1oTel. TepMHHOJOTHS BcerAa Gouee KHByua, ueMm (uisiiye-
CKHUe MpelcTaBJeHUsl, CMEHsolue Apyr Apyra. PusukaMm cmiouib H
PSALOM NPHUXOAUTCSA TIOAB30BATLCSA HE BIOJIHE PALUOHANBHOH HCTOpIYE-
CKU ¢JI0xKUBIUeHCs TepMuHogaorueil. Occ6o 6oablicll Geawsl B 3TOM HET,
€C/IM TONBKO KaxKABlH TEPMUH TIOHUMATb B CMbiC/1e JAHHOTO €My TOUHOTO
OnpefeseHUs U He CBfA3BIBATb C HUM HUKAKHX MPeJCTaBAeHHI, KOTOphe
He BHITEKAIOT U3 3TOrO ONpejieIeHUst. B yueHHH O TerioTe HET HUYETO
00oJ1ee ONACHOTO, KAK OTHECTH KOJHMYECTBO Telja K YHCAY IepBOHAYa/b-
HBIX TIOHSITHI, He TPeOVIOMUX ompefeseHus, TepMUHOM «KOJHUeCTBO
TENJIOTBlY MOXKHO NOJb30BATbCS TOAbKO TPH YCJIOBHM, YTO €My IaHO
SICHOE U YeTKoe onpefiesieHre, HHKAK He CBA3aHHOE ¢ TPEJACTAB/EHH IMH
TEeOpHH Temiopoia. To ke OTHOCHTCS K TaKHM MOHATHAM, KaK menao-
EMKOCHIb, CKPuImMas menaoma H 1p., KOTopble HayKa NoJyuuja B Hacjael-
CTBO TakKxke OT TEOPHUH TemJopoja.
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§ 1. Temnepatypa M TepPMOIHHAMHYECKOE paBHOBeCHe

1. Tloustne memnepamyps: BBOJUTCS J1JIs XapaKTEPUCTHKH pas-
JIUUHOH cmenenu Haepemocmu mea. lIpeAcTaBieHne o Temmeparype,
Kax ¥ TIpe/icCTaB/AeHNe O CHJie, BOIIO B HAYKY Yepe3 MOCPeICTBO HAIUUX
YyBCTBEHHBIX BocnpuaTuit. Halm ouryimesus no3BoJsoT pa3iHyaTh Ka-
YecTBeHHble TPAJAlMH HAarPeTOCTH: menabil, X0A00HbL, eopaYuil u np.
OnHako KoJMyecTBeHHAsl Mepa CTeleHH HarpeToCTH, NPUroJHasA IJd Ha-
VKU, He MOKeT ObITb YCTaHOBJIEHa C IOMOUIBIO YyBCTBEHHLIX BOCIPHATHI.
OuyileHnsi cyObeKTUBHBL. B 3aBHCHMOCTH OT COCTOSIHUSI PYKH OJHO
U TO 3Ke TeJI0 Ha OUlyNb MOXKET Ka3aTbhcs JIHG0 TEJIbIM, JUGO XOJ0HBIM.
TlorpysuM, Hanpumep, OJHY PYKY B Iropauyio, a APYryK B XOJOZHYIO
BOJY M NOJEPHHUM HX TaM B TeueHHe HEKOTOPOIo BpeMeHHU. 3arteM 00e
PYKH ONyCTHM B BOAY C KOMHaTHOH TeMnepatypoll. Toraa nepeasi pyka
HOYYBCTBYET XOJIOZA, @ BTOpasi Temno. Bce HCHBITEIBANH HeNpUsTHOE
OWyIIeHHE XOJOAa NPH MeNJeHHOM BXOXKJCHHH B XOJOJHYIO BOAY BO
BpeMsl KyinaHH#, OBICTPO Hcuesawollee ¥ cMeHslouleecss 4yBCTBOM 6OJ-
POCTH ¥ YJIOBOJBCTBHS IOC/]E TOTO, KaK B pe3yabTaTe MOJHOTO HOTPY-
JKeHus B BOAY TeJO KyNawllerocsd HEMHOro oxsaaurcs. UyBcTBeHHas
OlleHKa TeMIepaTyphl CHJABHO 3aBHCHT OT mMenaonposodHocmu TeJja,
Hanpumep, npu olleHKe Ha OLLyNb MeTa/VIHUeCKHe Npe/iMeThl B KOMHATE
Ka)yTcsl XOJ0fHee JiepeBAHHbIX. Ec/N Ke UX HarpeTb 70 OAHON U TOMH
JKe TeMIepaTypbl, TPeBBIUAIOLIEN TeMepaTypy PyKH, TO COOTHOLIEHHE
Oyzer oGpaTHpiM. UyBCcTBeHHAs OLlEHKA TEMIIEPATyphl IPUMEHHMA TOJIBKO
B BecbMa Y3KOM TeMIepaTypHOM uHTepBaje. OHAa He TOIHTCS B CIy-
Yyae OYeHb TOPAUNX H OUeHb XOJOAHBIX Tesl. Huuero Xopoiero He nosay-
4HTCS TPH TONLITKE ONpele HTh Ha OlYNb CTeNEHb HArpeToCcTH pac-
IVIABJEHHOTO Keje3a HAM KUJKOTO BO3AYXa.

2. B OCHOBY KOJIHUECTBEHHOTO ONpE/EJAeHHS TeMIepaTyphl U MOCT-
poeHHst TOUHOH TeMnepaTypHOH IIKa/bl AOMAKHEI ObITh NOJ0XEHb! 06BEK-
THBHBIC (DU3HUECKHE ABJEHMsi U (DaKTHl, CBOOOAHEBIE OT cyOBHEKTHBH3MA
YYBCTBEHHHIX BocnpusiTuii, K NMOHATHIO TeMIepaTyphi MOXKHO NOJAXOJUTh
€ PA3/JIHYHBIX TOUEK 3peHHs. B (eHOMEHOJOrNYeCKOM YUYeHHH O TelioTe
TemnepaTypa BBOJMTCSI yepe3 MOHSATHE Mmenaceoe0 WU MepMUudecKozo
pasrogecus. Dosee oOUIMM SIBJISIETCS TIOHSITHE MEPMOOUHAMULECKO20 PAs-
Hosecus. Kak To, Tak M Jpyroe TPYAHO IOAAAIOTCS JIOTHYECKOMY OTpe-
IJenennio, K HUM NpHXOAAT B pe3yJbTaTe pacCMOTPEHUA KOHKPETHHIX
NpUMEpPOB M HOC/JeAylolero o6o0weHHs.
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Ecan npa Tena, TemMnepaTypbl KOTOPHIX IIpH OHEHKe C I[IOMOIIBIO
HAlllMX OPraHOB UYBCTB CHJIBHO OTJHMYAIOTCS APYT OT Apyra (Hanpumep
pacKa/leHHBIH MeTajll H XOJOZHYIO BOJAY) HPHBECTH B CONPHKOCHOBeE-
HKe JpYT ¢ APYTOM, TO ONBIT NOKA3LIBaeT, YTo ofHO Teno OyjeT Harpe-
BaThCA, a JPYroe OXJa’KJIaTbCsl, IOKA He NPEKPaTATCS B cUCTeMe Bcs-
KHe MaKpOCKONHuecKue HaMeHeHus. (Mwl mpenmosaraemM, YTo COMpH-
Kacapoumuecs TeJa XMMHYeCKH He pearupyioT npyr ¢ apyrom.) Torza,
OpUMeHsAs TePMHUHOJIOTHIO, 3aMMCTBOBAHHYIO M3 MeXaHHKM, roBopAr,
yTO 3TH JIBa TeJa HAXOAATCSH B MepMOOUHAMUMECKOM DASHOBecUu IIPYT
C IPYTOM H HMeIT 00uxaxosvie memnepamypel. TepmoauHaMHyeckoe
paBHOBeCHe, Kak TOKas3hbiBaeT OIILT, B KOHIE KOHIOB HACTyIaeT He
TOJIbKO B ¢Jydae CONPUKOCHOBEHUS ABYX, HO H B cjlyyae COTNPHKOCHOBe-
HHs CKONBKHX YrofiHo Teda. Eciu conpuxkacamomuecs Teja XHMHYeCKH
pearHpylor Apyr ¢ ApyroM, TO B pe3yabTaTe XHMHYECKHX peaKIHi Mo-
XeT MPOUCXOJMTb AOTOJNHHTENbHOE HarpeBaHue HJIH oxJaxjesue. Ho
nocje NpeKpalleHust XUMHYeCKdX PeaklHil B KOHIE KOHIIOB YCTaHaBJH-
BaeTcA TePMOAMHAMHUECKOe DaBHOBecHe, NPH KOTOPOM HHKaKHX Mak-
POCKOTIHYECKHX NPONECCOB YKe He NPOHCXOMHT.

3. OrmeuenHble akThl JonyckaioT oGoGuienue. HasoseM usoaupo-
BAHHOLL UNY 3amxHymotl cucmemoil cucTeMy TeJ, KOTOphe He MOTyT 06-
MEHHBAThCSl 3Hepryefl ¢ OKPYXKaIOWUMH Telamu. Takas cucTeMa ecTb
wileaqnsannsa U B JeHCTBUTENBLHOCTH TOYHO HHKOTAA He peatH3yercs.
Jaxe B Tex ciaydasix, Korna BOIHM3H CONPHKACAIOUIUXCS Tesl HHKaKUX
APYTHX TeJ HE HMeeTcsl, Tesa Bee ke He 06pa3yioT 3aMKHYTYIO CHCTEMY,
TaK KaK OHHM HENPEPBLIBHO HCIYCKAKT JYUNCTYIO HEPTHIO H MOTVIOUWIAIOT
H3jJyueHue, MCXOJfllee OT APYTUX yJaldeHHLX Tesa. OIHAKO HCKycCCT-
BeHHBIMH IIPHEMaMH MOXKHO CO3/1aTh Takue YCJI0OBHs, KOTUAa ofMeH
3HEPTHEHA CHCTEMEl € APYIMMH TeJaMH CTaHeT NpeHeOpeXHMO MAabM.
JTOro MOXKHO JOCTHTHYTH MNyTeM 3aK/IIOYEHHS] CHCTeMBl B TBEPAYIO
menaoHenpogo0suyro  win  aduabamuueckyro 060404KY, T. €. TaKylo
000/104KY, YTO COCTOSIHHE CHCTEMBbl, NOMELICHHOH BHYTDH Hee, He Me-
HACTCA NpPU HArpeBaHMM MM OXJKAEHUH Ted, HAXOAALUXCS BHE
obosouru (noppobHee cMm. § 13). Axnabatuueckas o60J0UKa ABJAseTCA
(usuueckoil aberpakuunefi. Takux o6o/oueK B [efiCTBUTENbHOCTH He
CYIIECTBYeT, HO MOXKHO CO37aTh 0GOJOYKH, TI0 CBOMM CBOHCTBAM MpH-
O/mkatolpecsl X aauafarudecknM. HauGosee coBeplueHHBIMH aauaba-
THYECKUMH 000/I0YKaMU B COBpeMEHHOH (U3HKe H TeXHHKE SBAAITCA
CTeHKHU cocydos Jleroapa WIH mepmocos. D10 CTEK/SIHHbIE HJIN MeTa/lIH-
uyeckne OaslJIOHBl C JIBORHBIMH CTEHKaMH, MEXKAY KOTOPBIMH CO37al
BLICOKHH BakyyM. OHM XOpOINO NpeNOXpaHsioT NOMellaeMbple B HHX
TeJa OT BO3JEHCTBHS TeMmepatyp BHelHuX Ted. Maeannsupys noao6-
Hble NPHOOPH!, MBI IPUXOAUM B Npejese K NpeiICTaBICHUIO 06 Hiea/db-
HOH anauaGaThueckoit obosouke. Teno, 3akiaouenHoe B anHabaTHUECK IO
060.10YKY C TBepAbIMH CTEHKAMH, MPU YCJIOBHH, YTO BHEIUHHE CHJIOBHIC
TOJISl OJUePKUBAIOTCH TOCTOSTHHBIMY, FOJHOCTBIO 3AUIHIIEHO OT BHEMI-
HMX BO3JICHCTBHH, T. €. ABJAAETCH H30JHPOBAaHHOH cHCTeMOH.
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O6o6uieHne, O KOTOPOM TOBOPUJIOCH Bbile, 3aKJAI0Yaercs B Cie-
ayiotieM, Kakoso Obr HU 66110 HAAABHOE COCMOARUE MEA U30AUPOBAH-
HOUI cucmembpl, 8 Hell 8 KOHUE KOHYO08 YCIAaHO08UMCS MepMOOUHAMUMECKOR
PaBHOBECUE, 8 KOMOPOM NPEKPAmAMCa 6Ce MAKPOCKOnUYECKUe npoyeccol,
D710 MOJIOKEHUE UrpaeT BaXXHYW pOJib B TepMOJMHAMHKE H IIPHHH-
MaeTcss B Hefi 3a MOCTYJAT, WHOTJA HAa3bIBAEMBIH 00u4UM HA4AAOM mep-
MOOUHAMUKU.

4. TlpuBeseM elle HeCKONbKO MPHMEPOB Ha yCTaHOBJAEHUE TEPMOAH-
HaMmiyeckoro pasHoBecus. JlonmycrumM, YTO KecT¥as TemJOHENpPOBOLA-
was oGo/o4Ka pasfeneHa TAaKkKe TENVIOHENPOBOAAIEH neperopoikoi
Ha jABe 4acTH. B onHol H3 uacTefl HaXOAUTCS KHUJKOCTh, B APYro
€0371aH BaKyyM. DricTpo yaaaum neperopoixy. JKuAKOCTb 3aKHIMT.
B npocrpanctBe, orpaHHdeHHOM 0GOJA0YKOH, BOBHHKHET CJI0XKHOE IBH-
JKeHHe KUAKOCTH U ee napa. Ho B KOHIe KOHUOB OHO, a TakKxKe Jajb-
Heliillee lCTapeHHe KUAKOCTH Inpekparsarcs. [lonyuyurcs auGo TOMbKO
OJIMH map (ecJH XUAKOCTH BHAYaJje ObWIO MaJo), HGO CUCTEMA, COCTORA-
Iasi U3 JKUAKOCTH U HACBIUIEHHOTo tapa. B ofoux ciayuasix KOHEYHOe
COCTOAHUE TEPMOJAMHAMHYECKH PpaBHOBECHO. DTO He €CTb COCTOsIHHE
a0Co/HOTHOTO TIOKOSI, B KOTOPOM HpPeKpamanTcsl Bee 6e3 HCK/IIOUeHH S
npoueccsl. PaccmarpuBaeMoe € MOJIEKY/AAPHON TOUKM 3pEHMs, OHO
XapaKTepHu3yercsl HempephLiBHLIM H HUHTEHCHBHBIM OOMEHOM MOJEKYJIAMH
MexAy KRAKOCTbIO H NapoM. DTO 3HAUMT, YTO HENpepLlBHO HAET MNpo-

ecc McnmapeHHsl XWAKOCTH H OOpaTHHIH eMy IIPOLece KOHAeHCAaUHH
napa B kuJkoctb. OIHAKO B COCTOSSHHH TEPMOJHHAMHYECKOrO paBHO-
BeCHf 3TH /BA NPOlecca B CpefHeM KakK Gbl KOMIEHCHPYIOT APVT Apyra:
cpeiiHee YHCMO MCHApSOMMXCa MOJNEKYJ PaBHO CpelHeMy YMCIY MoJie-
KyA, BO3Bpamlalouinxcsa oO6paTHO U3 napa B XKHJAKOCTb. TepMoAMHAMU-
YecKoe paBHOBECHE, TaKHM 00pasoM, MOKeT OblTh 0XapaKTepH30BaHo Kak
Ouramuyeckoe pasHosecue, KOTLA BeCbMa WHTEHCHBHO MAYT IIPOLECCHL
MOJIEKVAISIPHOTO MaciuTaba, HO BCe MAKPOCKOIUUeCKHE IPOLECCH! IpeKpa-
WAf0TCsA. DTO OTHOCHTCH KO BCAKOMY TePMOJAHHAMUYECKOMY PABHOBECHIO,
a He TOJbKO K PABHOBECHIO, PACCMOTPEHHOMY B IIPUBEACHHOM LipHMepe.

Ecan B crakal ¢ BOXOH GPOCUTH KYCOK caxapa, TO HayajbHOE CO-
CTOSIHHE CHCTeMBl OYIeT TepMOAMHAMMYECKH HEPABHOBECHBIM — caxap
HayHeT pacTBOPSTbCA B KUAKOCTH. OHAKO 10 NPOILECTBHH HEKOTOPOro
BpeMeHH, KOIjJa IPOUECC PACTBOPEHHS! IPEKPAaTHTCH, BOZHUKHET Tep-
MOAHHAMHUECKH PaBHOBECHO€ COCTOAHUE, B KOTOPOM MNOAyunTCst Jubo
OZHODPOJAHBIA pacTBOp, JAuG0 HEOAHOpPOAHAA CHCTeMa, COCTOSILAs U3
KyCcKa caxapa y OKpYsKalOlllero ero HachlUeHHOro pacrsopa. B mocaen-
HeM coyuae JHHaMHUecKHil XxapakTep PaBHOBECHOTO COCTOSIHHS IpPOsIB-
JsIeTCsl B TOM, UTO TIPOIECC PacTBOPRHUS Caxapa, ey ero paceMarpu-
BaTh C MOJIEKYJ/SIPHOH TOUKH 3peHHs, HHKOTAA He IpeKpaluaercs.
O1Hako B COCTOSIHHHM paBHOBECHS OH KOMIEHCHpPYeTCs OOpaTHBIM Npo-
IleccOM KpHCTa/IM3allHH caxapa H3 pacrsopa.

5. CaMonpon3BOJIbHBIH [IPOIECC [epPeXoja CHUCTeMbl B COCTOSHHE
TepMOJHHAMHUECKOIO DPABHOBECHS Ha3LiBaeTcsi pesaxcayuedi, a Bpems,
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3aTpauyyiBaeMce Ha TaKOH IIepexoA, — spemeHem peaaxcayuu. Bpems
pesaKcallii OTHOCHTCS K YHCJY HEYETKO onpejeneHHbIX nonatui. Ilpu
€ro WU3MepeHHH HHKOIJA He MOXKUJAITCA MOMEHTa, KOorja HacTynaer
0JTHOE TEPMOHHAMHUeCKOe paBHOBecHe, BMecTo 31010 H3MepsIoT BpeM,
[0 UCTeUeHHH KOTOPOTO CHCTeMa NepeXoJUT B KaKoe-TO HepaBHOBECHOe
COCTOsIHHE, KOTOPOE, OJHAKO, € TpefyeMOH TOUHOCTbIO MOXKeT OhiTh
NPHHATO 34 PABHOBECHOE. 3TO BPeMs ¥ IPUHHMAIOT 32 BpeMs pesakca-
nun. Takum o0pasoM, BoO BCeX CyyasiXx peub HJET HE O TOUHOM OIlpe-
JleJIeHHH BPEMEHH peJaKCcalli, a 0 ero npubIuKeHHBIX OUEHKaX.

6. TepmoJnHaMHuecKoe paBHOBecHe INpejnoJaraer, 4ro Tena, NpH-
BOJAMMbIE B KOHTAKT, HAXOAATCA TaKXKe B MEXQHUHECKOM W XUMUHECKOM
pPaBHOBECHH APYL ¢ APYIOM. JTO O3HAYaeT, B YaCTHOCTH, YTO JaBJEHHSA
B 00OHX T€/JaX OJHH U Te XKe, ¥ Tesla NIPH KOHTAKTe XMMHYeCKU He pea-
THPYIOT Mexay coboit. Ecau 310 He Tak, TO Tesa MOXKHO OT/IENIHTb OLHO
0T Apyroro aGCOMIOTHO KECTKOH TemJonpoBoAsieil 0GOJOUKOH, XHMH-
YeCKH HE pearupyiolleidl HM ¢ OJHHUM H3 paccMaTpHBaeMbix Tes. ITpume-
POM TEnJIONpoBOAALIEH OCOJNOYKH MOXKET CJYXKUTb TOHKast (oJjbra 3
XMMHYeCKH HeHTpaJbHOro Metasja. Takas ofosouka, BBHUAY ee TOH-
KOCTH, He BJMAET CYLIECTBEHHO Ha (H3nyecKoe cocrosinye Tea. OnHako
OHA He NpPenATCTBYeT OOMEHY SHEeprusiMH MexK1y KOHTaKTHP YIOLIHMH
TesdaMy. Ilo3TomMy INpH KoHTaxkTe Tea uepe3 pasfeNsollyl0 HX abco-
JIIOTHO KECTKYIO TEIJIONPOBOJSILYI0 IeperopofKy B KOHIE KOHLOB
JIOIKHO HACTYIIUTL PaBHOBeCHe, NIPH KOTOPOM OOMeH 3HepTHell MeXAy
TeslaMH npekpataercd. IIpyu 5ToM B OTCYTCTBHE 11eperopoiKH MexaHHge-
CKOTO M XMMHYECKOTO PaBHOBECHS MEXJY TejJaMH MOxKeT M He GBITb.
B sToM ciyuae roBopfT, uTo Tesa HAXOAATCS B MENA080M WIH mepmu-
4ECKOM PasHOoBecty MEXKIy COO0H HJIH MMEIOT 00UHAKO8bIE MEeMNEParnypbl.

Taxum oO6pasoM, MO onpejeNeH o, Ba TeJa HaXOAsITCA B TEIVIOBOM
paBHOBeCHM JPYT C APYIrOM MWJIH HMeIOT OJMHAKOBLIE TeMIlepaTyphl,
€C/1H TIPU TIPUBEJIEHHH HUX B TEIJIOBOH KOHTAKT uepe3 pasfieqsiiollyio
aBCOJIOTHO KeCTKYIO TeNmJONPOBOAsAILYI0 000JOYKY paBHOBECHe He Ha-
pyizaerca. (O60704Ka He HYyKHA, €CAH Tesla HAXOASATCA B MeXaHHUe-
CKOM M XHMHYECKOM DaBHOBeCHH APYT c jApyrom). Ecau xe Temsosoro
paBHOBecHs ITIPH KOHTaKTe He MOJYyYaeTcs U [JJisl ero JOCTUIKEeHH:A
TpedyeTcs BpeMsi, TO TOBOPSAT, YTO TEMIIEpATypPhl Tel 0 KOHTaKTa GhuId
pa3Hupie. D10 oOmpejeeHde OCBOOOXKIAeT TMOHATHE TeMnepaTypel OT
cy6beKTUBH3MA, CBONCTBEHHOTO TeMmIepaType, BBOJMMOH € JIOMOULIbIO
Hawux ouwiyuleHud, IloguepkHeM, uTo TemnepaTypa OTHOCHTCS K BeJH-
YHHAM, KOTOpHI€ 3aBHCAT TOJBKO OT GHYMPEHHE20 COCHIOAHUA MeAq.

Bo BceMm nasbHeillleM noapasyMeBaercsl, YTO IPHUBOJHMMBIE B KOH-
TaKT Teja, eClM OHH XUMHUYeCKH pearupywoT JAPYr C APYIoM, 3aKiio-
YeHBl B TOHKHE TeIIONpOoBOAsALIHe O00J0UKY, MPeNsiTCTBYIOLIME 3THM
XUMHYECKHUM peaKuusaM.

7. TemmepaTypa ecTb OJIHA M3 MAKPOCKONUMECKUX XAPAKMEPUCHIUK
COCTOAHUSA Te/d. DTO MOHATHE He HMEeT CMbICIA U1 CUCTEM, COCTOSIUIHX
U3 071HOTO MJ/TH HEeGOJIbLIOTO YHCJIA aTOMOB U MOJeKyJ. XOTS OHO CTPOro
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OPHUMEHUMO TOJBKO /s CHCTEM, HaXOAAIMXCS B TEPMOIXHHAMHYECKOM
paBHOBeCHH, OJHAKO HM IOCTOSIHHO MOJb3YIOTCHl TaKKe H B TeX Cly-
yasix, Koria TOJHOTO TePMOJMHAMHYECKOTO pABHOBECHS ellle HeT.
ToBopsT, HANpUMeP, 0 HEPABHOMEPHO HATPETHIX TenaX, pasHble TOUYKH
KOTOPBIX HMEIOT pasHble TeMmeparyphl. ITO BO3MOXKHO MOTOMY, 4YTO
BpeMs pesaKcalu¥l YMEeHbIaeTCcs ¢ yMeHblIeHHEeM Pa3MepoB CHCTEMSL.
Pa3o6beM MBICJICHHO HEPAaBHOBECHYIO CHCTEMY Ha [0CTATOUHO Masble
MakKpOCKOMYeCKHe JacTH. BBUAY MalocTH BpeMeH pesnakcaiiy TAKHX
yacTedl KaxJad U3 HUX OBICTPO NPHAET NPAKTHYECKH B COCTOsIHUE Tep-
MOJMHAMHYECKOTO PAaBHOBeCHs. IJTO 3HAYWT, YTO €CJM TaKyilo Majlylo
YacTb MTHOBEHHO 3aKJIOUMTh B TBePAYIO ajHabaTHueckylo oG0J0YKY,
TO €€ COCTOSIHHE NPAKTHYECKH OKaxeTcs PaBHOBECHLIM W He GyleT Me-
HATBCS C TeyeHHeM BpeMmeHH. [Jo3TOMY M MOMKHO TOBOPHUTH O TeMrepa-
Typax TakMX Ma/jplX uyacreil. CucreMa B LEJNOM NIPH 3TOM He HAXOMUTCS
B TepMOJYHAMHYECKOM PAaBHOBECHH — MPOMCXOJUT Me[JIeHHBIH npouece
BHIPABHUBAHHUS TeMIepaTyp ee pasiHuHblXx 4acreii. Ho Moryr GBITBH
W TaKue CUJbHO HEPABHOBECHBIE COCTOAHHS, YTO pasfesieHue CHCTeMbi
Ha MaJjible MaKPOCKOTIHYECKHe YacTH, NPAKTUUeCKH SBJASIOIHeCs PaBHO-
BECHBIMH, HeBO3MOXHO. K TakMM COCTOSHMAM MOHATHE TeMIepaTypbl
He TPUMEHHMO.

§ 2. Tepmockon M TeMmepaTypHble TOYKH

1. Jlas cyKaeHus 06 0HHAKOBOCTH MJIHM Pa3iTHuYNH TeMIepaTyp ABYX
Ten A u B HeT HeOGXOAUMOCTH O63aTEIbHO NPUBOJANTE UX B TEIUIOBOH
KOHTAaKT APYr C ApYyroM. MoxKHO BOCIONbL3OBaThC MR 3TOH Uenu
TpeTbUM TesIoM C, NPUBOAMMEIM II0CJe0BaTe/IbHO B KOHTAKT ¢ TesiaMu A
u B. J1oT cnocob uMeeT TO MPEeUMYLIECTBO, YTO OH MO3BOJSET CPaBHU-
BaTh TeMIepaTypel H B TOM ciydyae, Korza Tena A W B pearupyior
APYT € APYTOM XHMHUYECKH, HE MCHOJb3Ys NPH 3TOM TEINONPOBOASIINX
neperopofiok. B ocHOBe ero JeXuT CAeAyIOUIMA ONBITHLIA (aKT.

Ecan teso C HaxopuTcs B TEILIOBOM paBHOBecHH ¢ Tefdamu A # B,
To Tela A U B, npuBeleHHbIe B KOHTAKT APYT C APYTOM, Takxe GylyT
HAaXOJIUTbCA B TEIJIOBOM paBHoBecud. MHEIMH cnoBamm, ecnm TeMie-
parypa Tesia C papHa Temmeparypam Ten A u B, 1o tena A u B umeior
OIHY H Ty K€ TeMOepaTypy, PaBHYIO TIO OIpejejeHHIo Temreparype
tena C.

HonycraMm Tenepb, 4To Tesio C HACTOJBKO Majo, YTC MpU NpHBEIe-
HHU B KOHTAKT ¢ Tefamu A ¥ B OHO He MEHSeT 3aMeTHO TeMnepatyphl
5THX TeJ, XOTs N3MEHEeHHUs TeMiepaTypsl caMoro teia C ¥ MOryT ObITh
3HauuTenpHbIMU. Takoe Teno C MOMKET CIYXKHTb «IPOOCHEIM TEJOM»,
C MOMOHIBIO KOTOPOTO MOXKHO KOHCTaTHPOBATh OAMHAKOBOCTL WM Das-
anuve Temnepatyp Tes A u B. Ilpusenem teso C B KOHTaxT ¢ TejioM A
U TOZOXKJAEM, TIOKA He HACTYNMUT TelJOBOe PaBHOBeCHE MeXKAY HHMH.
Teno C npumet Temneparypy Tena A, Toria kak TeMmieparypa moc/en-
Hero npakTHYeCKH OCTaHeTcsl HeMsMeHHOH. 3aTem mnpuselem Teno C
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B KOHTAKT ¢ TesioM B. Ecan okaxercs, 4To npu 3ToM Temnepatypa tesa C
He H3MeHMJach, To Tea A M B HMEIOT OJHY H Ty ke TeMIeparypy;
B NPOTUBHOM CJy4yde HX TeMNepaTypbl pasHble.

Hoctatouno masoe teno C, clyxkailee Ajsi KOHCTATAlHM OJAMHAKO-
BOCTH HJH Pa3juuyus TeMnepaTyp ABYX WM HeCKOJbKHX TeJ, Ha3hl-
BaeTcs mepmockonom. Majsocte Tea C cyulecTBeHHa. B npoTHBHOM
cyuae TEPMOCKOII 3aMETHO HCKa-
ka1 Gbl TEMIEPaTypy UCIHLITHIBae-

MOFO TeJa.

2. O NOCTORHCTBE HJIM H3MeHe- A g
HUH  TeMOoepaTypsl TepMocKona
MOXKHO CYAWTb 10 H3MEHEHHIO
pPas/MYHBIX BEJHYHH, XapaKTepu-
3YIOIIUX €ro (¢u3HYeckyue CcBoil-
crBa. OnbIT 1I0Ka3biBaeT, 4TO Puc. 1.

PAaKTUYECKH Bce  (pusnueckue

CBOIICTBA Tel HU3MEHAIOTCS € HW3MeHeHHeM TeMreparypbl. Tak, mnpu
HarpeBaHHH GOJBIIMHCTBO TeJd PACIIHPAETCH, T. €. YBeJIUYHBAETCH HX
o0beM. SJIeKTpUUecKoe CONPOTHB/IEHHE METa/JIOB BO3pacraeT ¢ II0-
BHIIEHHEM TEMIIEPATypbl, a HOJYIPOBOAHUKOB — yOniBaer. Eciu e
IIPOBOJIOKH W3 Pa3HOPOAHBIX META/JIOB CIafATbh CBOMMH KOHIAMH H
BKJIIOYHTDb I'a/ibBaHOMETP, KaK I0Ka3aHo Ha puc. 1, to npubop ne oGHa-

PYKHT 2JeKTPHIECKOTO TOKa, €C/id BCe MeCTa COefMHEHHH PasHOPOAHBIX
MEeTa/JIOB UMEIOT OJHY U Ty ke TeMmneparypy. Ecium xe Harpers WiH
OXJIanTh ONWH crail, To B [N’ BO3HUKHET SJAEKTPHUECKHH TOK, HA3BI-
BaeMblil mepmossexmpuueckum mokom. COBOKYIIHOCTb Pa3HOPOJHBIX NIPO-
BOJIOK, CHNAsIHHBIX, KAK YKAa3aHO Bhblllle, COCTABJNET TaK HA3LIBAEMYIO
MepMOINEKMPULECKYI0 napy WIH, Kopoue, mepmonapy.

Bce nogo6Hble gBjeHHsI MOTYT GbITb HCIOJAb30BaHbl /15l TIOCTPOEHHUS
TepMockora. IlpumepoM MoKeT CAYXKUTb BO3AYIIHBIA TEPMOCKOII,
npejCTaBJeHHBII Ha pHC. 2 B JBYX pasauuyHslx Bapuanrax. llpu
CONPHKOCHOBEHUH MapHKa TEePMOCKOIA C HCCAeLyeMbIM TEIOM MEHSeT-
cs1 o0beM cojeprKallerocss BHYTPH Hero Bo3lyxa. Mamenenue oObema
BO3AyXa KOHCTaTHPYeTCSl C NOMOLUbIO KULKOCTHOTO MaHOMETpa HJIH
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TO TepeMeleHNIo CTOJIOMKA KUAKOCTH B TpyOKe, COeIMHEHHOH C
11apHKOM.

3. C noMotbIO TepMOCKONA MOXKHO YCTAaHOBHTb Dsil NOCTOSHHBIX
MEMNEPAMYPHOLX MO4eK, T. €. HeH3MEHHBIX, XOPOIO BOCHPOU3BOAUMBIX
TempepaTyp. OHM HCHOMB3VIOTCA TPH TIOCTPOEHUH MeMNepamypHbix
wirxar. OTMeTuM HanGojiee BaxKHBIE M3 TAKMX TOYEK.

Ecau TBepnoe Teno v XUAKOCTH, COCTOSINHE H3 OJHOTO W TOTO XKe
BelleCTBa, HAXOAATCA B KOHTaKTe, TO, B 3aBHCHMOCTH OT TeMIepaTypsl,
TBEpAoe Tesio OyAeT MIaBuThCs WM, HA000POT, MKHIAKOCTh 3aTBEepAeBaTh.
Tlpn stoM npeanosaraercs, YTO J@BjieHHE B CHCTEME NOANEPAKHBAETCA
NOCTOSHHBIM., JIWMlIL mnpu BHOJHE oONpefefeHHOH Temneparype, Kak
NOKaspiBaeT OMNBIT, 00a Npolecca — IVIaBJeHHe H 3aTBepieBaHHe —
B3aHMHO KOMIIEHCHPYIOT ApYyT Apyra. B sToMm ciyyae macchl HAKOH H
TBEPAOH (ha3 ocTaroTcsi HeM3MeHHBIMH. Torja roBOpAT, YTO KHAKOCTh
U TBepAOe TeJI0 HAXOUATCA WM COCYLIECTBYIOT B (ha3080M pasHoSecUlU.
TeMmneparypa, mpu KoTopol TBepras U xuikas ¢assl OZHOTO U TOTO
K€ BellleCcTBa COCYLIECTBYIOT B ()a30BOM PaBHOBECUM NPH HOPMAJBHOM
atMocthepHoM naBienun (101325 H/m?), HaswiBaeTCH HOPMAALHOL Moy~
Kol naaeierus paccmatpuBaeMoro BemiecTBa (cokpauienno HTIT).

AHanorvuHbie ONpejeNeHust BBOASATCA AR TIPOLECCOB KUNPHUSL W
80320HKU (BO3TOHKON HasbIBaeTCsl mpeBpaiieHHe TBepiaoll (assl He-
NOCPECTBEHHO B Ta3c00pasHyio, MHHYS IPOMEXYTOUHYIO — KUA-
Kylo — ¢azy). Temnepatrypa, NpH KOTOPOH MKHAKOCTb COCYLIECTBVET
B (a3s0BOM DABHOBECHH CO CBOMM NapoM NPH HODMaJIbHOM aTMmocdep-
HOM JABJIEHUH, Ha3BLIBAETCH HOPMAALHOL mMOuKoll KuneHus (COKpa-
meHHo HTK). AnanornuHo onpeensieTcsi HOpMarbHas mouKQ 80320HKU
(coxpawenno HTB). INpumepom BelectBa, KOTOPOe MPH HOPMAJIBHOM
JaBJI€HHH He IVIaBHTCS, 8 BO3TOHAETCS, MOXKET CJYXKHTb TBepjas yr.e-
kucaora {cM. § 104, nyukt 4).

Haxonen, mMoryTt cocymecteoBats B $a3oBoM pPaBHOBECHH TPH (asn
OJHOTO W TOfO Ke BelecTBa — TBepjas, Kulkast M raszoobpasHas.
OnHako MIst 3TOT0 TpeGyeTcsi HE TOJBKO BIIOJHE ONpeJieJeHHast TeMe-
paTypa, HO ¥ BIIOJIHE onpefesneHHoe JaBieHue. Ilast Boawl, HANpuMep,
JaBJieHue JOJIKHO cocTaBAATh 4,58 MM pr. cr. Temmepatypa, npu
KOTOPOH COCYIIECTBYIOT B (Da30BOM paBHOBECHH TBepjas, KHAKAH
M Tasoobpa3snas (asbl OHOTO M TOTO K€ BellecTBa, Ha3biBaeTCs mpoli-
Hoil moukoii 3TOro BeulecTBa (cokpamenuno TT).

§ 3. OMnupHUecKHe TeMOePaTypHbie IIKaJbl

1. Mpt omycaiu Jullis €cnocol, no3Boasiomuii yoeanThesi B pasel-
CTBE WJIH Pa3JiHuuK TeMmnepaTyp AByX Tea. Ho Mbl eile He onpenenuin
TEMIIEPATYDY KoAudecrmger+o. Pellienne 3TOTo BOIpoca CBOAHTCA K yCTa-
HOBJIEHUIO MeMNepamypHoll wKasl, T. €. K NPUHITHIO CHCTEMH Tpa-
BUJ, C TIOMOIIbIO KOTOPHIX KaxJas TeMreparypa MOKeT ObTb oXapak-
TePH30BAHA ONpEJeJeHHBIM YucaoM. Iloka Mel HE pacnojaraeM KoJid-
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yeCTBEHHBIM ONpeJe/ieHHeM TeMIepaTyphl, B BHIGOpPE 3THX TIPaBHA
pMeeTcs IMPOKUH npou3Boa. Heo6xoaumo ToNbKO, YTOGK COOTBETCTBHE
MeXKJAy TeMIepaTypaMH H YHCIaMH ObUI0 B3aHMHO OJ[HO3HAYHEIM,

TemneparypHasi IIKala MOXeT ObITb YCTAHOBJEHA C TIOMOLLBIO
moboro Tepmockona. [IporpasynpoBanHslil no onpeeseHHOMY TIPABUIY
TEPMOCKOI NpeBpauiaeTcs B mepmomemp, T. €. npubop, nperHasHaueH-
HbIH VIS U3MepeHHs! TeMnepaTyp. BakHeiMu TpeGoBaHHAMH, IpeLbSB-
JISIEMBIMH K TEPMOMETDY, ABJSIIOTCS €r0 4YBCMSUNIEABHOCMb, MOYHOCHb
usmepenuti U HX eocnpousgodumocms. JIpyruM I0JIE3HBIM CBOHCTBOM
TepMOMeTpa siBJsIeTCs Ovicmpoma nepexoda e€ro B COCTOSIHHE TenJo-
BOTO DABHOBECHA C TeJIOM, TeMmepaTypa KOTOPOTO HOMJEXUT H3Me-
pEeHHIO.

OcHoBHOH 4aCTbl0 OGOJBIUMHCTBA TEPMOMETPOB SIBJAETCS MEpPMO-
Mempuyeckoe meao, NPHBOJUMOE B TEIVIOBOH KOHTAKT C TEJIOM, TeMIle-
paTypy KOTOpOTo Hajo H3MepuTb. PH3nuecKas BedHYMHA, CIyKaIlast
MHJMKATOPOM TEMIIEDATYPL!, HA3LIBAETCS MePMOMEMPUHECKOL eeautu-
noi. Tak, B KHJKOCTHBIX TEPMOMETPaxX TEPMOMETPHYECKHM TEJIOM CIy-
JKHT XKAKOCTb (HalmpuMep, PTYTh) B pe3epByape TepMOMeTpa, a TepMo-
MeTpPHUYECKOH BeJIMUHHOH — ee oObeM. B TepMomeTpax cOnpoTUBJEHUA
TEpMOMETPHUECKUMH TeJaMH SBJSIOTCS MeTalJHuecKHe TPOBOJOKH HJH
TONTYIIPOBOAHUKH, TEPMOMETPHYECKHMH BeJHYHHAMH — UX 3JEKTPH-
UecKHe CONPOTHB/ICHHA. B TepMmomapHBIX TepMOMeTpax TepMoMeTpHue-
CKUM TeJIOM $BJIAETCA TepMmorapa, TepMOMETpHUECKOH BeJMUYMHOH —
3/JIEKTPOABHKYIIAA CHJIA, BO3HUKAWOHIAS NMPH HAJHYUHM PA3HOCTH TeM-
nepatyp MeXAy cnasgMH TepMOomaphl.

2. BosbMeM IIpOHM3BOJNLHEIA TepMOMETp M 0603HauuM OYKBOH a
TEPMOMETPHUUECKYIO BEJHYHHY (06BEM KUJKOCTH, 3JEKTPUYECKOe CO-
NPOTHBJACHHE, 3MEKTPOJBHXKYIMYIO cwiy H T.1.). Ilpm HarpeBanuu
BeJUYHHA @ JOJI)KHA MEHATbCH MOHOMOHHO. VIHaue MeXLy a U Temne-
patypoii T He GyleT B3aNMHO OJHO3HAYHOTO COOTBeTCTBHS. Tak, of6weM
OIpeJie/IeHHOH Macchl BOJbl He TOAMTCA B KadecTBe TePMOMETpPHYeCKOH
BeJUUYUHB], TaK KAaK NPH HArpeBaHHM OH NPOXOAUT uepe3 MHHHMYM
(oxono 4 °C). TTo caMoMy CMBICY BEIWUHHBI @ MEXAY Heil U TeMriepary-
poil T umeercsl QYHKUMOHANbHAS CBA3b:

T =[(a).

Opmnako Bup QyHKOMM [ (@) ompenenuTh HeMb3d, INOKa He BhIGpaHa
Ta MM MHasl TeMnepaTypHasl WKaJja. BoJsee Toro, caMo BBeieHHe TeM-
nepaTypHOH IIKaJIbl IPHHIHIINAJIBHO CBOAUTCS K BRIGODY ONpese eHHOR
dyukuun f (o). Hano ycrnoButhbest B KauecTBe [ (@) B3STh Kakyio-aH6Go
IIPOH3BOJIBHYIO MOHOMOKKYIO QYHKYU0 BeMHuuHbl @. TakuMm obpasom,
C TIOMOIIBIO OJIHOTO H TOTO K€ TePMOMETPa MOXKHO NOCTPOHTh {ecKOHeU-
HOe MHOXKeCTBO TEMIIEPATYDPHEIX IIKaJ, OTJIHYAIOMHKXCA APYT OT Apyra
BeiGopoM ¢yHKUME [ (@). HeT HHKakuX TpUHIMIHAIBHBIX coofpake-
HUl, 32 UCKJIOUEHHEeM TpeGoBaHUH NPOCTOTH, KOTOPHE 3aCTAaBHJIU OBl
NpeArnoyecTb Kakylo-HOO OJHY H3 3THX WIKaa nepex apyrumu. [Ipo-
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cTefilmi crioco® COCTOMT B TOM, 4ToGbl B KauecTBe [ (@) B3ATb Aunel-
HYW 00HOPOOHYO (YHKYUO, T. €. TOJ0KHTb

T = Aa. @3.1)

Hocrosnnyro A MokHO BLIGpATH NPOH3BOJIbHO. BhiGopoM 3T0# 110-
CTOSIHHOH OHO3HAUHO ONpeleNuTCs W efuHHNa TeMIepaTypsl — epa-
Oyc. OaHaKo B JEHCTBUTEIBHOCTH NOCTYHAIOT WHA4Ye, A WMEHHO, MOCTo-
SHHY1I0 A BBIYHCAAIOT, TIPHIMCHIBAS KAKOH-JHB0 TEMIEpATYpPHOH TOUKe
ONpeleseHHYI0 TeMIepaTypy HJH JBYM TEMIEPATyPHbIM TOYKAM —
OTIPEJie/IeHHYIO Pa3HOCTh TeMIepaTyp. TakHe TeMIepaTypHble TOYKH
HasniBatorcs penepromu. o 1954 r. TeMmnepatrypHas IIKaja CTPOMAACDh
1O 08yMm penepHbiM MmMoyKam — HOPMAJbHOH TOUKE KHIMEHHS Boabl T
¥ HOpMaJIbHOH TOuKe mJaBjieHus jpaa T,,. (IloJ nocnegHell nOHUMAIOT
PaBHOBECHYI) TEMIEPATypy YHCTOrO JbJa M HACHILEHHOH BO3AYXOM
Bo/u.) IlpuHuMajoch, IO ONpeJeJeHHIO, YTO PAa3HOCTb TeMIepatyp
3THX Touek Ty — Ty, paBHa 100°, ITocae storo mocrosiiHas A Bbiyuc-
Jsjgach No 04eBHIHOH Gopmyae

To—Toa 100

Qg —Qyy A ~— A,

A= , 3.2
Tie a, H Q,, — 3HAUeHHs] TEPMOMETPHYECKOH BeJHUYHHBl ¢ B COOTBET-
CTBYIOUIMX DeNepHLIX TOYKaXx.

DKcnepUMeHTaAbHbIE HCCAEI0BAHUS TI0Ka3aJ/li, OHAKO, YTO TPOHHAs
Toyka Boabl (7T',,) obnajaer Jyumieli BOCHPOM3BOJAMMOCTBIO, YEM HOP-
MaJbHBle TOYKH IIaBJEeHUS JbJa M KHleHus Bojipl [lostomy Gelio npu-
HSITO MEXAYHAPOJHOEe CcOTJallleHHe CTPOHTh TeMIIepaTypPHYIO LKAy 1o
00HOU peneproli mouxe — TPOHHOH Touke Boibl. B Tak HasniBaemoit
aBCOMOMHOLE  MepMOOUHAMUHECKOLL  LIKaAe meMnepamyp WA  wKase
Keav6una npuHIMaeTCs 0 OMPeNeNeHHI0, YTO TEMIIEPATypa 3TOH TOYKH
pasHa touno 273,16 rpanycos. IlocrosiHHas A NpH TaKOM HOCTPOEHHH
TeMrepaTypHOH INKa/Bl [OJXKHA BBIYHCIATECH 1O QopMmyJie

A Trp _ 273,16. 3.3)

Qrp Arp

Taxoli BrIGOpP YHC/IEHHOIO SHAYEHHsI TeMNepaTypbl TPOHHOH TOUKH
BOAbI CfiesiaH IJd TOTO, YTOOBI HPOMEXKYTOK MEKAY HOPMAJIbHBIMH TOY-
KaMmH TiIaB/ieHHMs JibAa M KUIIEHHS BOJK C MakKCHAMAJbHO BO3MOMKHOM
TOYHOCTBIO cocraBasan 100 rpagycoB, ecTH 1OJb30BATLCS T'a30BLIM Tep-
MOMETPOM C HJIea]bHBIM rasoM. TeMm caMblM ycCTaHaBAMBAETCH MpeeM-
CTBEHHOCTb IKadbl KenbBHHAa ¢ paHee NpUMeHSBIIEHCH INKAJOH C
ZIBYMSl penepHLIMH TOYKaMH. VismepeHus mokasasn, uto TeMmmepaTypsl
HOPMAJIbHBIX TOYeK INJABJEHUS NbAa ¥ KuleH#s BOAbl B ONUCAHHOH
LikaJe paBHB! npuOMkenHo 273,15 u 373,15 rpajlycoB COOTBETCTBEHHO.

3. OnucaHHLIH cloco® NOCTPOEHHs TeMmiepaTypHOH LIKa/Jbl, pPaBHO
KaK M 3HaueHHs TeMmnepaTypel 1', 3aBHCHT OT TOro, KaKas BeJHYHHA a
OPHHATA B KayecTBe MHJAUKaTtopa Temnepatypbl. Temneparypa T,
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OTCUMTHIBAEMASt TIO KaKOMY-JuGO TEpPMOMETPY, HAa3BIBAeTCSl 3MAUpUUe-
cKotl memnepamypoli, a COOTBeTCTBYIOIAs IIKala TeMiepaTyp — aMnu-
puueckoti memnepamyproil wkasoti. Takum o6pasoM, B 3aBHCHMOCTH
0T BHIOOpa TePMOMETPHYECKOH BeNHYHHBI 4, MOXKHO OCYLIeCTBUTL Oec-
KOHEYHOe MHOXKECTBO SMIIHPHUECKHX TeMIepaTypHuIX mKaa. OHu 6yayT
COBIIaJaTh MexAY co60i, BooOIe ToBOpst, TOJBKO B OCHOBHBIX PenepHbIX
TOYKaX, NPHHATEIX [OPH MOCTPOEHHH TeMIepaTypHOH mKagasel (T. e.
B TPOHHOH TOYKe BOJbl, KOTAA ILUKala CTPOMTCA IO OJHOH pernepHOR
TOUKe, WM B HOPMAJbHBIX TOUKAX IJIaBJE€HUS JbJa W KHNEeHHS BOAHL,
ec/H 1IKa/la CTPOUTCA MO ABYM perepHBIM TouKaM). Bo Bcex oCTajbHBIX
TOYKaX, KaK npaBHJIO, LUKa/bl COBNAfaTh He OYAYT. 2TC 03HA4aeT, U4To
pasJuyHble TEpMOMETPHI, HANpuMep PTYTHBHIA M CHUPTOBHIA WIH Tep-
MOMETDB! CONPOTHBJEHHUS C 2KeJe3HOH U MeHOH NPOBOJIOKOH, IPH H3Me-
PEHMH TeMIlepaTyph! OJHOTO U TOro Xe Tena 6yAyT JaBaTbh, KaK NPaBUIo,
pasHble nokasaHus. g ycTpaHeHHs BO3HHKIIEH HEOIHO3HAUHOCTH
MOXKHO GBLIO 6Bl YCJIOBHO HPUHSITh KAKOH-AM60 OnpefefeHHBIH TepMO-
MeTp 32 OCHOBHOH M IO HEMy TpajyHpoBarb BCe OCTaJbHbLIE TEPMO-
MeTpel. Ho Kakoifl TepmMoMeTp ciefyeT NPHHATL 32 OCHOBHOH?

§ 4. HpeanbHo-razoBasi iIKaJja TeMmmepatyp

1. Tlpu npenBapuTeqbHOM pellleHHA NOCTaBJAEHHOTO BOMPOCA MOXKHO
BOCIIOJIb30BATBECA T€M 0OCTOSTENNBCTBOM, UTO JOCTATOUYHO Pa3peKeHHbIE,
TaK Has3bBaeMble udeasvroie 2aspl ¢ GOJBLION TOYHOCTBIO MOAYHHAIOTCA
3akoHy Dofina — MapuorTa: npoussederue obvema V dannoil maccot
easa Ha ezo Jasaerue P 3asucum moasko om memnepamypsi. 310 MPOU3-
BeJleHHE MOXKHO NPHHSTDH 32 TEPMOMETPHYECKYIO BeJIHUMHY @, 4 CAMBIA
ras -— 3a TepMOMeTpUUecKoe Tejo. TakuM IyTeM NPUXOAAT K udeaivHo-
easoeotl wixase memnepamyp. VineanabHo-rasoBasl TeMmmeparypa — 3T0
TeMIleparypa, OTCUUTHIBAEMAasl 110 Fa30BOMY TEPMOMETPY, HANOJHEHHOMY
CHJIBHO pas3pekeHHbIM TrasoM. Temneparypy 1O MIeanbHO-TasoBOR
wkaJse 6yaeM oGo3Hauath Goabinoil 6yksoit 7. [Ipu stom dopmyaa (3.1)

NepPeXOoiuT B PV =CT, 4.1

rne C — mocTosiHHAf, 3aBHCSIAS TOJBKO OT Macchl H XHMHYECKOH
MIPHPOABL Tasa.

ITpenmyuiecTBO HAealbHO-Ta30BOH IIKAJB! TEMIEPATyp Nepej BCeMH
NPOYUMH IMITHPUYECKUMH TeMIepaTypHBIMH INKaJaMy COCTOHT B TOM,
uto, KaK I0Ka3biBaeT ONHIT, TemrepaTrypa 71, onpejeneHHas mo ¢op-
myJie (4.1), ouenpb c1aGo 3aBUCHT OT XMMHYECKOH NMPUPOAH! rasa, KOTo-
PBIM HAINOJIHEH pe3epByap rasoBoro tepmomerpa. Ilokasanus pasany-
HbIX T'a30BHIX TEpMOMETPOB MpPH H3MEPEeHWH TeMIepaTyphl OZHOTO H
TOTO 3Ke Teja OueHb MaJo OTJIWYaloTesl Apyr oT Apyra. [loatoMy, BIpenb
1o GoJsiee coBepLIeHHOTO onipesienenus (M. § 31), Ml 6yeM TOHHMATh NOA
Temnepatypoit T BeJUUMHY, M3MEPSAEMYIO C IIOMOIIbIO HIea]bHO-Ta30-
BOTO TepMOMeTpa.
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IlpakTHyecKy ra3oBblH TepMOMETD MOXKHO Peau30BaThb ABYMS CIIO-
cobamu. B oaHoM criocobe o6beM rasa V nopjepKuUBaeTcs IoCTOSIHHEIM,
UH/HMKATOPOM TeMIepaTypsl CIyXKUT faBjenue P. Bo BropoMm cnocoGe
NIOJJIepKHUBACTCA TIOCTOSIHHOE JdBJEHHe rasa, U3MepeHHe TeMmepaTyphl
CBOANTCA K M3Mepenuto oObema V. Ilpunnunuansno oba crnocoba pas-
HonpaBHbl. Ho mepBeifl croco6 Gosee yaoGeH, a mo3ToMy OH W IPH-
MeHfeTCsi Ha IpaKTHKe.

2. TlpuHUuun ycTpoHCTBA ra3oBOro TEPMOMETPa MOXKHO THOHSTH H3
CXEMaTH4YeCcKoro pHc, 3. YpoBeHb PTYTH B JIeBOM KOJeHe MaHOMeTpa
NpH H3MepeHHAX JOBOAUTCS
A0 TOCTOAHHOH oTMeTkH O,
4yro0bl 06ecneYuTh IOCTOSH-
CTBO oObeMa rasa B faJsio-
He A. B aeiicTBUTENbHOCTH
rasoBLll TepMOMeTp TpeA-
craBjser  cofofi  Becbhbma
CJIOXKHOE YCTpOHCTBO, @ HU3-
MEpeHHe  TeMIepaTypbl ¢
HOMOUIPKD 3TOTO TEPMOMET-
pa — HeJerkyi sKcrnepHuMeH-
TaAbHYK TIPONENypY, Tpe-
Gyroulyto 6oJibLIOH TIIATE/b-
Hoctn. He ocranaBinBasich
Ha 3TUX BONpOCAx, OTPaHU-
yuMcs OBIIMM 3aMeyaHUeM,
YTO TasoBeld  TepMOMETP
NpelcTaBJsieT CcoOOH  CTeK-
JSIHHBIH, KBapuUeBbld HJIH

Puc. 3. MeTasyiMiecKuil OaJijioH He-

H3MEHHOro o6nema, 3aroJ-

HEeHHBIA DeaJbHbIM T'a30M H COEJMHEHHBIH ¢ MaHOMETPOM IPH INOMOILH
Kanuaiapa. B kauecTBe TepMOoMeTDHUECKOTO rasa panblie ynorpeb-
Jsica BofopoA. B HacTosimiee BpeMsi IpuMeHAETCA T'eJHH U a30T (0O-
c1elHu# B 06/7acTH BBICOKHX TeMIepaTyp, IAe TeJHH He TOAUTCHA, TaK
KakK OH IPOXOAHT CKBO3b CTeHKH OaJjoHa). llaBneHne rasa H3Mme-
psleTc MaHOMETpPOM, HaXOASUMMCS IIpd CTaHAapTHOH Temmneparype.
Ilo naBnenuio rasa BoIUMCASIETCS H3MEpsieMasi TEMIEPATypa C YYeToM
NONpaBOK HA M3MeHeHHe obbeMa OajlyIoOHA, HeHJAEAJBHOCTH rasa M Inp.

3. Ilpu T = 0 ypasuenue (4.1) naer PV = 0. Ha sToM ocHoBaHuH
3aKJI0YalOT, YTO NPH Takod Temmepatype P = (, Tak Kaxk obvem V
B HYJb o0pauiathcst He Moxet, [lajiee, TOBOPSAT, YTO 9TO ecTh HauboJ/ee
HU3Kan W3 BCEX BO3MOXKHBIX TeMIepaTyp, HasniBaeMas abcoMOmHoIM
Hyaem memnepamypel. XOTS IT0 3aK/I0UeHHE H NPABHIbHO, OJHAKO
npuBejleHHAas apryMeHTallls OCHOBAHA Ha SKCTPANOJALMH M He UMeeT
JlokasatenbHolt cuanl. Ilo Mepe npubsamxeHnsi K abCOMOTHOMY HYJIO
Habaronaotcsl Bece Gosiee M Gojiee 3aMeTHble OTCTYILIEHHS OT 3aKOHOB




§ 4l WUIEAJIbHO-TA30BASI IIKAJIA TEMIIEPATYP 25

ujeanbHbIX T'a30B. Bce rassl HAYMHAIOT KOHAEHCHPOBAThLCH elmie 0 Jo-
cTizkeHUsl abcosoTHoro Hyssi. Crporoe JoKasaTenbCTBO CYIECTBOBA-
nusi aGCOJIOTHOTO HYJSl TeMIepaTypbl OCHOBAaHO Ha GMOpoM Ha4aAe
mepmoduramuxy (cm. § 31).

Kiaccuueckast pusHka noJiarazna, 4rto Npu abCoMOTHOM HYJIe aTOMHO-
MOJIEKYJISIPHOE JBIXKEHHe NpeKkpainaercs. B nefictBuTesnbHOCTH 3TO
re Tak. [Ipeanosoxenye 0 N0JHOM IOKOE aTOMOB H MOJIEKYJ HPOTHBO-
peuHT npumyuny neonpedeaennocmu Iatizenbepea. Ilpu a6comoTHOM
HyJIe OCTaeTcs ellle BecbMa WHTEHCHBHOE ABH:KEHHE YacTHI[, U3 KOTO-
poIX cocToUT Teso. EMy cOOTBeTCTByeT MHHMMasbHasi 3HEPTHS, KOTO-
pas OT Tea yKe He MOXkKeT GObITb OTHSITa (€CJH OCTAITCs NOCTOSTHHLIMU
00beM U MpOouHe BHEIIHHe napaMeTpsl, CNpeaessolHe COCTOSTHHE Tena).
Ho 310 nBHKkeHHEe yKe He sB/AseTcsl TemIoBeIM. CooTBeTCTBYIOLIAS
eMy SHepTHS HasbBaeTcsl Hyaesoll sxepeued. HannuueM HymeBoil sHep-
THH OODBACHSIOTCA MHOTHE sIBJeHHs. TakK, Hy/JeBast SHEPTUs XKHAKOTO
reJius CToJMb BeJIMKa (B TPH pa3a Goviblile, YeM TerIoTa UCIapeHHs ), uTo
KPHCTAJJ TeJusi, HaXoAAWuiics Moj, AaBJeHHeM COGCTBEHHBIX HaChIIeH-
HBIX [12pOB, CTAHOBUTCS HECTaGM/ILHBIM ¥ TIEPEXOJHT B KHUJAKOE COCTOS-
HYe, 3aTBepleBaHHe IeJiHs BO3MOMHO JIMIIL MPH IOBBLILIEHHOM jaB/je-
Hud. [loj BAHAHHMEM JaBJAEHHS AaTOMBl TeMHs COMMAKAKTCH, H CHJBL
MOJIEKYJAPHOTO TNPUTSKEHHS BO3pacTaloT. IT0 OOCTOSITEAbCTBO H
IenaeT BO3MOXKHBIM TNepexoj] Tequs B TBEPJOe COCTOSHUE,

Taxum oGpasoM, abcoaromusili Hysb moxcem Ooimb OnpeoeseH Kax
maxaa memnepamypa, Npu KOMOPOL 8 mene Npexpaliaemcs meniosoe
Jgudicerie W OCIMAEMCs MOALKO OBUNCEHUE HacmuY,, CEI3AHHOE C HYAeBoL
arepeueli. AGCONIOTHBEI HYJb fBJAsETCA caMoil HU3KOH U «XOJORHOMY
W3 BCeX BO3MOXKHBIX TeMmmepaTyp. Temneparypa, OTCUHTHIBaeMast OT
abCOMTIOTHOTO HYJISl, HaswiBaeTcs abcoaromuoil memnepamypoti. o He-
JIABHEr0 BPEMEHH €JMHHLA TeMNepaTypbl B HAeaNbHO-ra30BOH aGCcosoT-
HOHl IKase HasblBalach epadycom Keavsuna B 4YeCTb aHIVIHACKOrO
¢usuka jgopaa KensBuna (1824—1907), npensioxuBuIero TepMOAHHAMU-
UecKyio HIKaly TeMrepaTyp, TOXKAeCTBEHHYIO C MJeanbHO-Ta3oBo# HIKa-
Joi. HenapHo, B 1e/11X COKpallleHHst, TAKYIO €IMHHUILY CTaJH Ha3bBaTh
poCTo Keavsur (cokpameHHo K). Dra eauHuna ofHO3HAYHO ofIpeje-
gasercs TpeboBaHUeM, YTOOBl TemilepaTypa TPOHHOH TOYUKH BOXbl OblIa
paBHa 273,16 K.

4. Myl elle He JaJlM TOYHBLIX ONpejeseHUuil NMoHATUAM «boJee XOJC -
HBI» U «GoJsiee ropsiunity. Ilosaratbesi Ha YyBCTBEHHBIE BOCIPHATHSA,
NPUBOJSIIIME K TAKOTO POMa MpPEACTaBJAEHHSM, HETb3s MO NpHYHHAM,
0 KOTOPHIX CKa3aHo Bbille. Toynoe omnpejiesieHHe HCNOJb3YeT MOHATHE
suepruu. Teqo A HaswiBaeTcss Gosee 2opasum WU Goaee Hazpembim,
ueM Tesio B, ecy NpH NpHUBEJEHUH 5THX TeJ B TelJIOBOH KOHTAaKT 3HEp-
TUst IEPEXOJUT OT Tes1a A K Teny B; Teso ke B B 5TOM ciyuae Ha3biBaeTcs
0o0nee XON00HbIM VIV MEHEe HAZDembiM.

5. TlockonbKy o6e Bequuuuel P V 19 HAealbHEIX Fa30B HE MOTYT
ObiTh OTpHIIATENLHBIMH, abcoJoTHas TeMmnepaTypa 7T, ompenenseMas



26 TEMIIEPATYPA ra. 1

coorHoilertem (4.1), Moxker ObITh JHGO TONHKO MOJOKATEALHOR, JIHGO
TONLKO oTpuuarensHoi. [lepBulli ciyuall peanusyercsd, Korja B Ka-
yectBe noctosiHHoil C B3siTa MNOJIOXKHTe/bHAs BeJHYHHA, BTOPOH —
KOrjJa 3Ta MoCTosiHHas oTpuuarejpHa. Tak Kak YCAOBHJINCH TeMnepa-
TYpPy TPOHHOH TOYKH BOABI CUHTATh MOJIOXKHTENbHOH, TO NPU TAKOM
COIJIalleHHH BTOpOH cJayual ornafaer. (Moxuo OblIo 6Bl INOCTYOATh
HaoGopoT, TorAa Bece aGCOMOTHBIE TeMmnepaTyphl ObIM Obl OTpHLIATENb-
HbiMH.) Takum oOpasoM, abCo/iOTHas TeMmriepatypa, OnpeeseHHas!
C MOMOLIBIO HJEeaJbHO-Ta30BOI'0 TEPMOMETDPA, MOXET OblThb MOAbKO HO-
A00cumeavHoti. Bonee HarpeThM TeaM COOTBETCTBYIOT 0oJiee BBICOKHUE,
a MeHee HarperbiMm — Gojlee HU3KHE TEMIepaTyphl.

6. CyllecTBoBaHHe aOCOJIOTHOIO HyJsl, KakK TeMIeparypbl, HHKe
KOTOpOH TeN0 OXJafuTh HeNb3d, KOHEUHO, He 3aBHUCHT HH OT KaKHX
onpepenenud. OpHake TO OOCTOATENBCTBO, YTO TAKOH TeMIieparype
NPHIHUCBIBAETCS 3HAUeHHe HYJIb TPAfyCoB, SBJASIETCS BCETO JIHLUbL MPO-
H3BOJIBLHBIM corJiamieHHeM. MoxkHO Obl1o Obl TeMmIleparypy OHpenelNHTb
Tak, uToObi abcoMIOTHOMY HYJIO COOTBETCTBOBaJO Jioboe, Hamepen
BRIOpaHHOE YHCJAO0 rpanycoB. [leHCTBHTENbHO, TEMIEPATYpOll MOXKHO
Obl10 Obl Ha3BaTh He 0053aTe/IbHO BeJHUYHHY 7', ONpenessieMyld CooT-
Hotuenvem (4.1), a mobyo QyHKOMIO 310i Benuyusnl. Hanpumep, 3a
TEMIIepaTypy MOKHO Owliio Obl npuHsATh Jorapugm T. Torga temnepa-
Typa aGCOJIIOTHOTO HYJsl BhIpaxkajach Obl YHCJIOM — 00, a TeMmiepa-
TypHas lIKaJa 3anojHsiia Obl Bechb GECKOHEUHBIH HHTEPBAJ OT —00
10 + oo. OJHAKO HeT OCHOBAHUH OTCTYODaTh OT TPAAMIMOHHOIO omnpe-
JeJIeHHs.

7. Hapsny ¢ abcosmorHoli TeMiiepatypHoO# 1Ka/loH B (GH3HKe ynoT-
pebasiercst takxke wikara Heavcus (1701—1744), crposimasica uspect-
HBIM CNOCOOOM IO ABYM OCHOBHBIM PelepHBIM TOYKAM — HOPMAJbHOH
TOUKe NJIaBJEHUS JbJa ¥ HOPManbHOH TouKe KumeHus Boju. Ixana
Ienascust oTnuvaercs or aOCOMOTHOA IUKaJjbl IOJOXKEHHEM HYJIsl.
Ecian ¢ — remnmeparypa B rpaaycax Lleascuss, a T — aGcomornas
TeMrnepaTrypa B KeJlbBHHAX, TO NPHOMHKEHHO

t=T—273,15°C. (4.2)

[Tonb3ysick 5THM BhipaxkeHHeM, ypaBHeHHe (4.1), BhIpaxaroluee 3aKOH
Dolinsi — Mapuorra, MOXKHO 3amucarb B BHJe

PV =PV, (1 +at), (4.3)

rie Py u V, — naBnenue u obbeM rasa npu rtemuneparype f = 0 °C,
a 0 — NOCTOSIHHBIH KO3()(UUHEHT, YHCJAEHHOS 3HAYECHUe KOTOPOTO NmpH-

OJHKEeHHO pPaBHO
1 oy
“=TEE O
O1oMy KO3(DHUMEHTY MOXKHO JaTh ABOsIKOE (H3HUYECKOe TOJKOBAHME.
Ecan JaBneHHe rasa MOJAEPKHBATL NOCTOSHHBIM, TO (opmynaa (4.3)
nepexoduT B V == V, (I + af) u nokasnlBaer, uTo o €CTb K0appuyuer
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00BeMH020 pacuiuperus easa. HaoGopoT, eciy noanep:kuBaTh MOCTOSIH-
HbiM 00beM rasa, 10 P = P, (1 + af). Orcioja BHAHO, UTO @ eCTb INpH-
pallenyie JaBjeHHd raza P — P;, OTHeCeHHOE K eIMHMIE NpHpalleHus
TeMIIepaTypel ¢ — f,, Korja B KauecTBe WCXOJHOH B3fTa TemmepaTypa
ly = 0°C. Tax omnpegmensieMasi BeJWYMHA HA3LIBAETCH MEPMULECKUM
KO3(bpuytenmom 0asrenus 2a3a. Mpl BUIMM, UTO IS HJ€aTbHBEIX Fa30B
kos(puLmeAT OOBEMHOTO PpacIHPeHMA H TePMHUYCCKHH KO3bdUIHeHT
JaBJIEHUS] COBNAJAIOT.

®opmyast (4.3) 1 (4.1), ycraHaBauBaIOIINe JUHEAHYIO CBSI3b MEXTY
npousBelieHueM PV u TemneparypoH, He BHIPaxKaioT Kakoro-Ju6o pusu-
4ecKOTo 3aKoHa, a ABJAAKTCA JHUIIbL CJIeJCTBHSIMU BBHIOpAHHOTO criocoba
TNIOCTPOCHHS TeMrepaTypHo# nikanbl. OOBeKTUBHHIN (U3NUECKHH 3aKOH
COCTOMT B TOM, YTO JJifl BCEX HA€AJbHBIX Ta30B KO3(DHIHEHT o OJUH
H TOT 3Ke€. DTOT 3aKOH HasblBaercs 3akonom [eid-Jlwccaka (1778—1850).
HanuuvieM Takoro sakona, Kaxk y»Ke 0TMeYasnoch Bblille, U 0ObACHACTCA
npefnouTeHHe, OTAABaeMoe UealbHO-ra30BOH 1lIKaje TeMIeparyp nepes
BCEMH NPOYHMMH 3MAMPUYECKUMH TEMIIEPATYPHBIMH IIKAJAMH.

8. MpeanbHo-rasoBasi 1IKaja TeMIepatyp Bce »Ke He MOxeT OblTh
NpA3HaHa BIOJIHE YAOBJETBOPHTENbHOH. MjeanbHbIX rasoB B CTPOroM
CMbIC/Ie CTIOBa He cyllecTByeT. B moBefeHun peanbHBIX rasos HaGIio-
JAloTCs OTCTYIJIeHUs OT 3akoHOB Doira — Mapuorrta u lesi-Jlioccaka,
M TIPDHTOM He OJMHAKOBLIE A1 Pa3lHUHBIX TraszoB. [losTomy rasoBsie
TEPMOMETPHl, HATIOJHEHHLIE PAa3/IMUHBIMU Ta3aMu, AAlT, XOTd U Oau3-
KHe, HO BCe K€ He BIOJHe coBnajawuive moxasanud. IIpasaa, pacxo-
KACHHA MEXAY HUMH CTPEMATCS K HYJIO N0 Mepe yBeJHUYeHHs CTereHH
paspexenus rasoB. OJHAKO 3TO HMeeT MeCTo He A5 BCeX TeMmeparyp.
Ilpn TemmepaTypax mopsfika TBICSIYM H HECKOJbKHX THICAY TPaiycoB
MHOTOATOMHBIE Ta3bl HAUMHAIOT RUCCOUMUPOBATH, T. €. MX MOJEKYJIbI
pacnanaroTcsa Ha atoMsl. [Ipu eme Gostee BEICOKHX TeMIepaTypax aToMbl
HOHH3YIOTCSA, T. €. PaclajaloTcs Ha 3JeKTPOHbl U NOJOKUTENBHO 3aps-
>KeHHBble HOHBI. Diarofaps 3ToMy rasbl nepecTaroT TOAYHHATBHCH 3aKO-
HaMm bo#ns — MapuotTa, naxe ecid MX CTeneHb paspexkeHHsl CKO.1b
YTOZHO BeJHKAa. DTO NMOKA3bIBAET, YTO Ta30Bhil TEPMOMETp He NMPUTOJeH
JUISL YCTAHOBJIEHUSI TeMIlepaTypHOH IIKalbl B 06/1aCTH OY€Hb BBICOKHX
TemnepaTtyp. ['asoBrle TepMOMETpPEl HE TPHTOAHBI M AJA H3MepeHHs
O4YeHb HU3KUX TeMOepaTyp — NPH NOHMXKEHUH TeMIepaTypsl Bce pe-
aJpHbIE rashl B KOHIlE KOHIOB KOHJeHCHpYioTcsl. Camasi HM3Kas TeM-
neparypa, KoTtopasi MoxkeT ObITb H3MepeHa C MOMOILIBIO T'a30BOTO Tep-
MOMeTpa, cocTaBasieT npuMepHo 1 K npu ycioBuM, 9TO TepMOMeTp
HANOJIHEH TesJHeM IIPH HU3KOM JaBJieHHH.

PanuonaneHas TeMmnepaTypHas miKajga He [0JKHA 3aBHCETh OT
MHAMBHAYaJbHBEIX CBOACTB TepMoMeTpuueckoro BemecrBa. OHa JO/IKHA
CTPOUTLCSA TaK, UYTOGhl B TNPHHIMIE MOXKHO ObUI0 H3MEPATL JoOble
TEMIEPaTYPhHl, KaK Gbl BLHICOKH WAM HM3KY OHUM HU GblIM. ITUM TpeGoBa-
HUMAM YIOBJIETBODPSiET abCOMOMHAL MEPMOOUHAMUHECKAR KAAL Memne-
pamyp, TIOCTPOEHHAsl HAa OCHOBE 8Mopo20 Hauara mepmoduramuxu. Fe
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Has3bBAIOT Takxe wKaol Keaveuna. KesbBUH BrepBLie NPEIIOKHI 3TY
wkany B 1848 r. C et Mbt noapo6HO no3HakomHMest B § 31.

Ao6comoTHas TepMOAMHAMHYECKas IIKaja SIBJSIETCH OCHOBHOU Mem-
nepamyproti wkasoti B ¢usHke. TaM, Tle NPUrOJEH rasoBblil TEpPMO-
MeTp, 3Ta LIKa/ja NMPaKTHYECKH He OTJIMYAeTcs OT HMALaJbHO-ra3opoft
wkaJel remneparyp. Ilostomy B unteprane or 4 go 1338 K (rouka sar-
BepleBaHHUs 30JI0Ta) a0COMIOTHAS TEPMOAMHAMUYECKAd 1IKaja NpaKTH-
YeCKH OCYLLECTBJAAETCS ¢ MOMOMIbIO T'a30BOr0 TEPMOMETpA.

3ANAUYA

Ta30BBIl TepMOMETD MOCTOSIHHOrO O0BEMa HAMOJMHEH HEeHAeabHBIM Ta3oM, ypas-
HeHHe cocTOgHHA KoToporo umeeT BUA P+ a (Vy=¢o (W T, rae n (V) n ¢ (V) —
nipousso/bHEIe GYHKUMH o6beMa, a T — Temuepatypa no [UKaJje UFeaibHO-Ta30BOro
TepmomeTpa. TepMmoMeTp rpaayHpyercst OGLIUHWIM CrIocOGOM 1O HBYM penepHbiM
TOYKaAM. HOKa3aTb, YTO €ro INoKd3aHud 6leyT COBIIaJaTh C NOKAa3aHUAMH TaKoro xKe
TepMOMeTPa, HAMOJHEHHOTO HACaJBHBIM Ta30M, ecJH TOJAbKO TeMIEePATYPHl PenepHuix
TOo4YeK B OGOHX C/yuasx BhIGpaHbl OXMHAKOBRIMH,

§ 5. Buan Tepmomerposn

1. Cpenu pasyiMUHBIX TEPMOMETPOB BHE KOHKYPEHIMH NO YYBCTBH-
TEJbHOCTH, TOYHOCTH M3MepeHHH H BOCHPOU3BOAMMOCTH CTOHT 2a308bill
mepmomMemp, B KOTOPOM HHAHKATOPOM TEMIIEPATYPHI SABJAETCSH OasleHue
eas3a IPH NOCTOSHHOM ofbeMme pesepByapa repmomerpa. Hlkana razosoro
TEePMOMETPA NOUTH TOYHO coBrajaer ¢ abCOMIOTHOH TEPMOAHHAMHYECKOi
wxanoi Kenppuna, uyro siBjsercs GoJibIlHM JOCTOHHCTBOM TEPMOMETPA.
OaHako YCTPOHCTBO T'a3oBOro TepMoMerpa M pafora ¢ HHM JOBOJILHO
CNIOXKHBl — TEPMOMETPHI HMEIOT GOJbINe PasMeph!, TPOMO3JAKH H Mel-
JIEHHO TIPHXOAAT B COCTOSIHHE TEMJIOBOrO paBHoBecHd. [lo atum npuuu-
HaM U1 TeXHHYECKUX Liesiell ra30Bele TepMOMETPH! TPUMEHSIOTCS PeNKo.
OHH JOBOJILHO PEAKO HCMOJAL3YIOTCA U B PH3NUECKHX HCCJAEAOBAHUSAX,
rje ¢ HX NOMOWbIO HHOT A H3MEPSIOTCS HU3KHe TeMeparypbl. OCHOBHOE
Ha3HayeHHe Ta30BLIX TEPMOMETPOB COCTOHT B TOM, YTO 110 HUM Trpany-
UpyoICcs JApyrHe tepMmoMerpol. B 3TOH CBsi3uw rasoBble TepMOMETDHL
Ha3bIBAIOTCS NepBUYHbIMU, A TPAAyUPOBAHHLIE O HHUM TP MOMETPHS,
NPHMEHSIIOLIHECS MPU NPaKTHYECKHX U3MEpPeHHaX, — smopudnbimy. He
KaxJIbld BTOPUUYHBI TEPMOMETP JIOJKEH TPajyHpoOBaThbCsl HENPEMEHHO
IO rasoBoMy TepMoMerpy. l'asoBbie TepMOMeTpH HCIHOJB3YIOTCS Jis
rPaiyupoOBKH IVIaBHBIM 00pasoM B OlOpO CTaHAAPTOB, METPOJOrHYe-
CKHX HHCTHTYTAX M B HEKOTOPHIX HCCJENOBATENBCKHX JabopaTopHdax.
OO0bIYHO K€ 15 TPAJyHPOBKH TEPMOMETPOB NPHMEHSIOTCH JOCTATOYHO
TOUHBIE BTOPHYHBIE TEPMOMETPLI, Ve NporpajynpoBaHHbIC 11O raso-
BOMY.

W3 BropUYHBIX TepMOMETPOB HauboJabliiee 3HAYEHHE HMEIOT Hud-
Kocmuble (TJIaBHBIM 00pa3oM PTYTHBIE) MepMOMEMpPol, Hepmomernpol
CONPOMUBAEHUL U MEPMOINCMERITLEL,
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2. YCIpoBCTBO KUAKOCTHBIX TEPMOMETPOB OOGLIEH3BECTHO, M HET
HeCOXOJAUMOCTH TIOAPOGHO OCTAHABJIMBATBCA HA 3TOM Bompoce. YKua-
KOCTHBIE TEpPMOMETPHL He OTJAMYaoTcs Goblioil TodHocThio. [lo stoll u
psily APYTHX NPHYHH OHH HE BCErJa IPHTOJHBI 1A (U3HYECKHX HCCJe-
dopannii. O6nacTb MX NPYMEHEHMSI OTpPaHMYEHA €O CTOPOHBI HM3KHX
TeMiiepaTyp CBOMCTBAMH KHIKOCTeH, a CO CTOPOHBI BBICOKHX Temiepa-
TYp — CBOHCTBAMM CT€KJa: IPH MNOHHXEHHH TeMmnepaTypsl BCe KUJ-
KOCTH 3aMep3aloT, NP BHICOKHX TeMIeparypax CTEKJIO Pa3MAryaercs.
Bce e KHAKOCTHBEIE TePMOMETPHl MOT'YT HDHMEHSATHCH B JIOBOJIBHO
1i¥POKO# ofacTu Temiieparyp — npumepuo or —200 °C no 4600 °C.
HauGonee ynoTpeOUTEbHBIMH KHUJIKOCTSIMU, TIPHMEHAEMBIMY B IKHA-
KOCTHHIX TepMOMeTpax, fABJfAloTcs: 1) neHtaH (o6jacTb TeMmueparyp
ot —200 no 420 °C), 2) srunosuit cnupr (o1 —110 5o 450 °C), 3) To-
ayoa (ot —70 mo +100 °C), 4) pryts (o —38,86 10 600 °C). CambiMu
PACTIPOCTPAHEHHBIMH ABJSIOTCS. PTYTHBIE TepMoMeTpnl. Temneparypa
KHMEeHHUd PTYTH IIPH HOPMAaJbHOM arMoc(epHOM JaBJEHWW paBHa
357 °C. Ilpu moBBILEHHH JAABJEHHA OHA HOBbIaeTcs (NIPH JABJEHHH
B 4 ar™ jmo 450 °C, a nmpu paBaenun B 30 at™ — g0 500 “C). ITostomy
sl uaMmepenus Temneparyp Bbite 357 °C Heo6x0IuMO, YTOGH PTYTH
B Kamuuisipe TepMOMeTpa HaXoAw1ach NOJ AaBjieHHeM Bhilile aTMocdep-
toro. C 3T0il Leablo KanWasap 3anoJHST rasoMm. [laBieHue rasa mo-
2KeT goxoautb 10 70 atM. UrToObl Bbiep:KaTh Takoe HaBjeHHe, CTEHKH
Kanuaasapa AoJMXKHb ObTh ToscThiMH, lllkana HaHoCHTCS Ha CTeHKax
€aMOro Kanuajspa nyreMm Tpapjenus. pyrue XUIKOCTH, TpUMeHse-
MBEle B TEpMOMETpax, OTVIMYAIOTCS OT PTYTH IIpexKIe BCEro TEM, UTO OHH
CMaunBalOT CTEHKH Kamwaaspa. B Takux tepmoMerpax JJs IpeloTBpa-
LIEHHA pasphiBa CTOICHKA MKHIKOCTH KANMWJIAP JOKEH HAMOJHAThCS
rasoM BCerja, a He TOAbKO IJIsl U3MepPeHHsl BLICOKUX TeMIeparyp.

3. B mepmomempax conpomusieHus TEPMOMETPHUYECKUM TEJIOM SIB-
JIeTCS NPOBOJOKA OOLIUHO H3 YHCTOTO MeTajina, a HHOTAA CIUIaBa,
TEPMOMETPUYECKON BEJHYHHOH CAYIKHT €€ 3AeKMpuyeckoe Conpomusie-
Hue. DJeKTpHUECKOe COTIPOTHBJEHUE METa/JIOB BO3PacTaeT ¢ MOBiiLe-
HlieM TeMmnepaTypbl. OTHoOWICHHE YyBeJIHYEHHsl COLPOTHBJEHHSI TpH
HarpeBaHUH Ha OJMH rpaayc K conporusienuio npu 0 “C HasbiBaercs
memnepamyprsim  Kosppuyuenmom conpomussenus. s GoabHIMH-
CTBa YHCTBIX MeTa/IOB (BOJIM3H KOMHATHOH TeMIEpaTyphl) 3TOT KO3(¢-
cdunment pasex npumepuo 0,4%. Jlunefinas 3aBHCHMOCTb COTPOTHBJIE-
HHSt METAJJIOB OT TeMnepaTypel COGMIONAeTCH TOMBKO NpHOIHKEHHO,
OtcTynsieHHsi OT Hee OCOOEHHO OTYETJIHBO IIPOSBJAAKTCH MPUH HU3KHX
tTeMneparypax. 11o3ToMy TepMOMETpPHL CONPOTUBICHUA KMEKIOT HEJIHHEH-
HYIO 1IKaJy U HYXKJAIOTCSl B I'PajyHpPOBKE MO Ia30BOMY TEPMOMETPY.

Hantonee ynorpeburenbHbIMY MeTas1aMy ISl TEPMOMETPOB COMpO-
THBJEHNS SIB/AIOTCA YUCTHIE IIATHHA U Melb. [laamuHnoseli mepmomemp
NpHMEHSIETCSl B HHTepBaJje TemnepaTyp npumepso ot 10 go 1100 °C,
MEOHBUl — OT TEMNEepaTyp JKUAKOrO BOAOPOAA HNPHOAH3HTENBHO JO
120 “C. ToYHOCTb TepMOMETPOB CONPOTHBJICHHSI B Pa3/iMYHBIX TeMIle-
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paTypHbIX MHTepBajax pasuas. 15 MAATHHOBOTO TepMOMeTpa (B HH-
TepBajte Temneparyp ot 20 no 70 K) ona cocrasnser okomo 0,01 K,
a Npy u3MepeHuu MaJblx pasHocredl Temnepatyp — 0,001 K. TounocTs
M3MEPEeHH TeMIepaTyp MeJHbIM TEPMOMETPOM NPHUMEPHO Ha MOpPANOK
MeHblile, B TepMOMeTpax CONPOTHBJEHHS NPUMEHSIOTCH U IPYTHe Ma-
TepuaJbl, HAIpHMEP HUKeab (Huxe Touku Kiopu, T. e. 376 °C), a Takxe
criIaB xejesa ¢ HukegeM (okono 70% uukens v 30% xenesa) — HuKe
0° mo 600 °C. JL1s1 u3MepeHus HU3KUX Temmepatyp (oT 3,4 mo 273 K)
MOZKET HCIIOJTh30BATBCS TEPMOMETD CONMPOTHBJIEHHS M3 YHCTOTO WHIMS,

KoHeTpyKuus TepMoMeTpa CONPOTUBJIEHHS MOXKeT ObIThb BecbMa
pa3HooGpasHoil B 3aBHCHMOCTH OT ero npefHasHaueHHd. [lnaTuHoBLIN
TEPMOMETP OOGBLIMHO H3TOTOBJSIETCH W3 TOHKOH MIaTHHOBOH TNPOBOJIOKH
(nuamerpom 0,05—0,1 MM ¢ compoTHB/IEHHEM NpM KOMHATHOMH Temrie-
patype 10—100 Ow), 3akpemnseMoil Ha H30JISLUKHOHHOM Kapkace U3
cmoikt (B TEXHHUYECKHX TepMomerpax), dapdopa wan ksapua. Konimsl
NPOBOJIOKH COEAHHSIIOTCS MEIHBIMU TPOBOJAAMU C H3MEPUTETLHOH CXe-
MOH COMNPOTHBJIEHHSA, HANpUMEp C MOCTHKOM YuTcroHa (1802—1875).

4. Oco6rIM BHAOM TEPMOMETPOB CONPOTUBJEHHS ABJISIOTCH 10AY-
NpPoBOOHUKOBbIe MEPMOMEMPE!, HA3BIBAEMBIE TaKIKE MepMOCOn pomuse-
HUSMU WIN mepmucmopamy. B HAX TEPMOMETPUYECKHM TEJOM CITYKHT
HOJYNIPOBOHUK, HANPUMED YroJb WIH KPUCTANIUK TepMaHUs. ¥YTrosb-
Hble U TepMaHHEBble TEPMOMETPHl CONPOTHBJIEHHS TIPHMEHSIOTCS IpH
Temnepatypax mixke 20 K. ConporupiieHne noJynpoBOJHUKOB YOLIBaeT
C MOBLILIEHWEM TeMmmepaTypsl. VIX ynennHoe conpoTHBIEHHE B IeCATKH
U COTHU pa3 6oJjblle, yeM y MeTansoB. TemmepaTypHblHl Ko3(ULHEHT
CONpPOTHBJIEHUS TpuMepHo Takxke B 10 pas Goablue. Biarozaps stomy
TIOTYIIPOBOTHUKOBEIE TEPMOMETPEL CONPOTHBJIEHHA NMPH GOJBIIOH 4yB-
CTBHTETHHOCTH MOTYT MUMeTb HCK/IOUHTETBHO Majhie pasMepbl. Takumu
TEpMOMETPAMH MOXKHO HAaJEXKHO H3MepATh H3MeHEHUS TeMIepaTyphl
B THICAYHBIE JOJH Tpajnyca.

5. MHorue MeTaJlVIbl U CIIaBBI BOJH3H aGCOMOTHOTO HYAS NepeXoaaT
U3 HOPMQABHO20 B C6EPXNPOBO0suiee COCTOSIHUE, B KOTOPOM HX 3JEKTpH-
Yeckoe CONpoTHBJeHHe ofpamaercs B HyJdb., IDTOT NepeXoj, ONHAKO,
MPOKUCXOJUT HACTOJBKO KPYTO, YTO JEJIAeT HEBO3MOMKHBIM HCIOJb30BA-
HHYEe COOTBETCTBYIOIIMX MAaTepHasNoB A1 YCTPOHCTBA TEPMOMETPOB CO-
NpPOTHBJEHUA. HeKoTopoe pacnpocTpaHeHHe B HH3KOTEMIEpaTypHOH
TEPMOMETPHH TOJYYHJI TEPMOMETP CONpPOTHBAeHUH U3 (ocdopucToi
OpOH3EI, cojieprKalllell B KayecTBe NMPHMECH HECKOJIbKO COTHIX MPOIEHTA
CBUHIA. 37ech Tepexoi W3 HOPMaJbHOIO B CBEPXMPOBOJSLIEE COCTOSI-
HHE CHJIBHO pacTaHyT. ConpoTHB/IEHHWe HaJaeT IOYTH JUHEHHO B TeM-
nepatypuoM untepsane ot 7 jgo 1 K.

6. O npuHuMnIe YCTPOHCTBA TEPMONAPHHIX TEPMOMETPOB ViKe TOBO-
punoce Beie, TepMoOmapHBIH TepMOMETP COCTOMT W3 ABYX HPOBOJOK A
U B, U3TOTOBJIEHHBIX U3 PA3HOPOAHBIX MAaTEPHANIOB M CBAPEHHBIX CBOUMHU
KoHuamu {(cM. puc. 1). Ecan cnam umeior pashble TemmepaTypsl, TO
B LeNny TepMomaphl BO3HHMKaeT 3jieKTpuueckuil Tox. OIMH M3 cnaes,
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Ha3LIBAEMBIH crnaem CpasHerus, TMOJLJEPKUBAETCS MPU MOCTOAHHOH TeM-
peparype, Hanpumep, NoOrpyKaeTcsl B TAOWMH Jejq. Jra Temmeparypa
Ha3bIBAETCS ONOpHoi memnepamypoti. JIpyro# cnal, Ha3plBaeMblil uame-
purmenbHoim, TIPUBOLUTCH B TEINIOBOM KOHTAKT C TeJIOM, TEMIEparypy
KOTOPOTO HaJo U3MepHTb. B Henb TepMonaphl BKIIOUAETCH MUAAUBOALM-
Memp IAsi u3MEpeHHA BO3HUKaweid 3. A. ¢. [lo Beaudune 3. A. c. cy-
JST O TeMmmeparype paccMaTpuBaeMoro Tesda. I'pajyHpoBKa MOKET
ObITh BHIIOJIHEHA, HallpAMep, C MOMOIIBIO rasoBoro TepMomerpa. Ilpu
Masoil PA3HOCTH TEMIIEPATYP MEXAY ClasgMH TepMo- 3. . C. IPONOPIHO-
HaJibHa 3TOH Pa3HOCTH.

[lpuHIMNHanbHAA cXeMa BKJIOUEHHS TepMomapsl IoKa3aHa Ha
puc. 4. PasHopopasble npoBosoku Tepmonapsl A u B unso0paxeHsl
KUPHOHA M ABOHHBIMU JHHUAMH, MefHble NpoBoja C, UAYLIHE K MHJLIH-

—@— =
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Puc. 4. Puc. 5.
BOJLTMETPY, — TOHKHMH JHUHUAMH. JlioOo#t U3 cnaeB / uad 2 MOXKeT

ObiTh UCHOJIb30BaH B KauecTBe H3MEpUTE/bHOTO WM CIasi CPaBHEHHSL.
HeoGxoaumo, utofel cnad npoBoyiok A U B ¢ KOHDAMH Me[HBIX TIPO-
Bo70B C, a Takxe MecTa COeJHHEHHA MOCAEAHHX C MH/VIHBOJLTMETPOM
HMeJIH G UHAKOBbIE TEMINEPATYpPbl, TAK KAaK B IPOTHBHOM CJIyYyae B LeNH
MOKET IOfIBUTbLCSI JOTOJHHTEIbHBIH TepMO3JEKTPHUECKHI TOK, HCKa-
JKarolllui rnoxasanus npubopos. Ha puc. 5 npuBeseHa Gosee coBeplleH-
Haf cxeMa BKJ/WYeHUs TepMonapHoro tepmomerpa. Cnall cpaBHenusd 2,2
B CYLIHOCTH COCTOMT H3 JABYX CilaeB: MeTa/ljla A ¢ Melplo U Meranana B
¢ MeAblo. DTH JBa Clasl NOANEPKHBAIOTCS INpH JI000H KejgaeMofl io-
CTOSiHHOH TeMIepaType.

Tepmonapsl M3roTOBJSIOTCA KaK M3 061aropoiHblX, TaK H He(jaro-
POIHBIX MeTaIT0B., K mOC/AeHHUM OTHOCHTCS:

1) meap-KOHCTaHTaHOBas Tepmoiiapa (IPUMEHSeTCS MNPHMEPHO OT
—200 no +-350 °C);

2) KesesaoKoHcTaHTaHoBasi Tepmorniapa (ot O mpumepHo o 750 °C);

3) xpoMenb-amoMeneBas Tepmomapa (ot —200 mo 1100 °C);

4) Xpomesb-koHCTaHTaHoBad Tepmonapa (ot 20 K po 1000 °C).
(CninaB xpomedb coepxkat 90% Ni u 10% Cr; amomens — okoo 94 %
Ni, 3% Mn, 2% Al u 1% Si).
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K TtepMonapam u3 GaropOAHBIX METAJI0B OTHOCHATCA:

1) nnatvHopolineBast TepmMonapa (no 1400—1600 °C);

2) nnarunoupuzueBas Tepmonapa (mo 1500 °C);

3) upuaufipoaneBas TepMomapa (no 2200 °C).

OcolerHo Ba)KHOe 3HAUeHHe HMeeT TJATHHOPOJLMEBas TepMmomnapa.
B asroii TepMonape ofuMH M3 NPOBOJHHMKOB HM3TOTOBJSETCS U3 YMUCTOH
TJIaTHHBI, a Apyrod — u3 ciiaBa 90% mnatuas u 10% poauda. [lpu-
MEeHSIOTCA TaKXKe TepMonapsl, 062 NPOBOAHHKA KOTOPHIX M3TOTOBJIEHEL
U3 YKa3aHHOIO CIVIaBa, HO C PA3JHYHBIM cOJepKaHueM TJaTHHBI U PO-
anst. [lns u3sMepeHus oueHb BBICOKUX Temmepatyp (1o 2600—3000 “C)
npHMeHseTcs BoJbdpaMopeHueBas TepMonapa.

Ilpu cooTBeTcTBYylOLIEM BHIOOpE MatepHaja TepMolaphl MOTYT obec-
TeYNTh U3MEpPEeHHUS B MIKPOKOM JMarasoHe TeMINeparyp (Ha4YMHas MpH-
6nusutenbHo oT 4 u noutd go 3000 K) ¢ BhICOKOH TOYHOCTHIO (B HEKO-
Topeix cayuasix go ==0,01 °C) ¥ BHICOKOH YYBCTBHTENBHOCTHIO (1O
100 MxB/°C nnsa merannuvueckux u Heckoabknx MB/°C pas nmoaynpo-
BOIHHKOBBIX TepMonap). OHH SIBASIOTCS HA€AJbHBIMH MpHOOpaMu 111
H3MepeHHUs] OTHOCHTENBHO HeGOJIBIINX Pa3sHOCTEH TeMmepaTyp, KOTOpble
B OTJIENbHBIX CAIYYasiX MOTYT ObITh HalifieHH! ¢ TouHOCThIO 10 == 0,001 °C.
Cpenn npouux NOCTOMHCTB TEPMONapel HalO OTMETHTb NPOCTOTY H3ro-
TOBJIEHHS, MaJyiO TEIVIOEMKOCTb H Majloe BPeMsl YCTAaHOBJEHHS TemIle-
parypHoro pasHopecusi. IefoctaTkoM TepMoNlapbl siBJAsieTCsl Manast
BeJHYHHA TepMO-3. A. C. NpH HH3KHX TeMmeparypax. Tepmo-3. 1. c.
yMeHbIIAeTCs C MOHHKeHUEeM TeMIepaTypsl H obpawaerca B HY/Ib NDH
abconoTHOM HyJsie. BMecTe ¢ Hefl yMeHbIIAeTcst U YYBCTBUTENBHOCTb
TEePMONApHOTO TepMoMeTpa. Tak, HampuMep, YyBCTBHTEJbHOCTb HAaH-
GoJlee yacTo MpHMeHseMOH B HH3KOTeMIepaTypHOH o6JacTH Mejb-
KOHCTAHTAHOBOH TepMOIApEL COCTABJSET NPH KOMHATHOH TeMIilepaType
okoiio 40, npu 90 K — okono 17, a npu 20 K — Bcero 5 MHKPOBOJIBT
Ha KeJbBHH. :

7. Usmepenue oueHb BBICOKHX TEMIIepaTyp — THICAYM TPAAycoB H
BBIllIE — HATAJKHBAETC HA Ty OYEBHMIHYIO TPYAHOCTb, YTO HE CYLIECT-
BYET TYTONJIABKUX TePMOMETPOB, BLIIEPXKUBAIIHX TAKHE TEMIIRPATY PhI.
Ipu pocratouHo BHICOKHX TeMIepatypax Bce Tesa miapsrcs. O remne-
paType Tel B 3THX CJyYasiX CYJAAT 110 HCIYCKAeMOMY UMH H3JYy4YeHHIO.
Ponb TepMOMETpHUECKOTO Tejla MI'pPaeT CaMo H3aydaioliee Telo, a Tep-
MOMETPHUECKOH BESHUHHBL ~— UHMEHCUBHOCIT UCRYCKAEMO20 UMU U3AY-
yeru 5. Tlpubopsl, pabotaolyie Ha 3TOM HPHHIMIE, HA3LIBAKOTCA AUpPO-
mempamu. VX ycTpoHCTBO OCHOBaHO, TaKuM o00pa3oM, Ha 3aKOHAX
AYdeucnycKaru st HaTpeTulX TeJl, DTH 3aKOHBI GYAyT H3/J0XKEHH B OTAECNE
ONTHKH HaUlero Kypca.

8. Vamepenne oueb HU3KKX Temnepatyp (Huxke 1 K) Taxxke Hatan-
KuBaercsl Ha GoJbllHe TPYAHOCTH. B 3THX CIyuasix TeN/IOBOH KOHTaKT
TepMOMETPa € OXJaXJAeMbiM TEJIOM AJIMTEIbHOE BpeMs He TIPUBOAHT
K YCTAaHOBJIEHHIO TEMJIOBOTO PAaBHOBeCHs MeXA1y HUMH. Kpome Toro,
MHOTHE TepMOMeTpHYeCKHEe BeJIHYHHBl, ynoTpeb/sieMble IIPH H3MepeHHH
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OGBLIYHBIX TEMIepaTyp, CTAHOBATCH HENpPUTOAHBIMH B 0GJ1acTH OUYEHb
HH3KHX TeMIepaTyp: AaBJeHHe ra3a CTaHOBHUTCS HEH3MEpPHMO MaJbIM,
CONPOTHBJIEHHE TlepecTaeT 3aBHCeTb OT TeMIepatypsl u T. 1. [lostomy
37lech O TeMIlepaType OXJaXkJaeMoro Teja CyAST IO U3MeHEeHHUIo Gu3H-
YeCKHX CBOHCTB CaMOTro Tesla, HanmpuMep MarHMTHbIX. OfHAKO HA 3TOM
NYTH BO3HHKAIOT CEpbe3Hble H ellle He COBCEM IIPeoJlosieHHbie TPYAHO-
CTH, CBfI3aHHBIE C COIVJacOBaHHeM M3MepsieMOH TaKHM o6pasoM TemIle-
parypel ¢ TepMOAHHAMHYECKOH MIKanoli Temmeparyp.

§ 6. MexayHaponHasi npakTHYeckas TeMnepaTypHasl LUKaja

DKcnepUMeHTaNbHbIE TPYIHOCTH H3MEpEHHs TeMIepaTyphl o abco-
JIIOTHOH TEPMOJHHAMHYECKOH IIKaje TNpPHBENH K HeoGXOIMMOCTH BBe-
nenusi  MexwOynapoOnot — npaxmudeckoil —memnepamypHotl — WwKaibt
(MIITIL). Tlpu stoM npecnenoBajach LeJNb CO3[aHHS TaKoH Temrepa-
TYpHOH 1K/, KOTOPYIO JIEFKO 1 BBICTPO MOXKHO OBII0 GBI HCIIOAb30BATH
IJsl KaJuOGPOBKH HAaYYHBIX M TEXHHYECKUX IPHOOPOB U KOTOpasi B TO
JKe BpeM#A BOCIIPOU3BOAHNA GBI TepMOLNHAMHUECKYIO 1IKaNy ¢ HaubGosb-
e BO3MOXHOH TOUHOCTBIO, JIONMYCKaeMoH COBpeMeHHOH TeXHUKOH H3-
Mepenuii. EIMHHIAMY TeMIlepaTypsl B 3TOH I1lIKaJe SIBJSIOTCS KeJbBWH
u rpanyc Llenbcust B 3aBHCHMOCTH OT BEIOOpa Hayasa oTcUeTa TeMmepa-
typhl. llIkana neckosnbko pas ytouHsinach. llocsennuii pas sto Gbuio
caenano B 1968 r.

Mexnynaponnas npakthueckas TemmepaTrypHas mikana 1968 r.
(MITTI-68) ocHOBaHAa Ha OXMHHAMIATH XOPOIIO BOCTPOU3BOZHMBIX
TeMIepaTypHLIX TOYKaX, KOTOPBIM HPUIIHCAHB! ONpeleNeHHble 3HaYeHHs
TeMIIEPaTyphl (nepsuunsie penepHoie mouku). TeMaepaTypsl EPBHUHBIX
perepHbIX TOUeK NpHBeNeHbl B Taba. |. Mex1y NepBiuHBIMH penepHbIMU
TOYKaMi TeMmepaTypHas IIKaja yCTAaHABIHBAETCS C IIOMOLIbIO UHMmep-
NQASUUOHHBLX (hopMYA, NAOIHX COOTHOIEHHA MEXKNY TeMIepaTypoH H
AOKa3aHUAMH CTAHAAPTHBIX TEpMOMETPOB (IJIATHHOBLIl TEpMOMETP,
IVIATHHOPONMeBAsl TepMomapa, ONTHUECKHH NUPOMeTp), TpaayHpoBaH-
HBIX 110 3THM ToYKaM. Best o6aacTb Temnepartyp, oXBatuiBaemasi Mexnay-
HapoOJHOH mpaKTHYecKo# 1uKajJoH — 68, neauTcs Ha psiji HHTEPBAJOB,
B Ka)kKJIOM M3 KOTOPHIX PEKOMEHJYIOTCSI CBOH METOJbI BOCHPOH3BELEHHUSA
TEMIepaTyp ¥ CBOH MHTEpPIHOJSALMOHHBE (DOPMYJBL.

B unrepsane or 13,81 K (rpoiinast Touka Bonoposna) ao 630,74 °C
(Touka 3aTBepiAeBAHHS CYPbMBI) CTAHAAPTHRIM TPUGOPOM SIBJSIETCS
NJIATHHOBBIH TEpMOMETP CONpOTHBJeHHs. Becb sToT HHTepBanm pas-
6uBaeTCs Ha msATh Gosiee MEJKHX HHTEPBAJOB, B KaxJIOM H3 KOTOPBIX
A TIIATHHOBOTO TEPMOMETpA MPHMEHSIIOTCS CBOH HHTEPHOJSIUOHHBIE
¢opmysnl. (Mbl He NPHBOAHM HX, TaK KaK OHH 3aHHMAIOT JOBOJBHO
MHOTO MecCTa.)

Buune rtemneparypst 630,74 °C o TemmepaTyphl 3aTBepjeBaHMs
sonota (1064 °C) MexnyuapogHasi TpakTHYecKas TeMnepaTypHas
WKaJjJa ycTaHaBJAUBAETCH ¢ TOMOHILIO IJIATHHODPOAMEBOH TepMonaphl
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[ria. t

Ta6nuua I

Penepuobie Toukn MITTII-68

Temneparypa

K °C
Onophras | Tpoitnas toyka Hy0O 213,16 0,01
Tpo#inan touka H, ¥) 1381 —259,34
Touxa kunesuss H,*) mpu 25/76 amv 17.042 —256,108
Touka xunmesus H, *) 20,28 —252,87
g Tpotinas Touka O, 54,361 | —218,789
z Touxka kunennst Oa 90,188 —182,962
S Touka kunenus H,0 373,15 100
o Touku 2arsepieBanust
= Sn 505,118! 231,9681
Zn 692,73 419,58
Ag 1235,08 961,93
Ay 1337,58 1064,43
Touka kuneunus 4He 4215 —268,935
Tpoithas Touka N, 63,148 —210,002
Touxa KumeHHs N, 77,348 —195,802
Touka cybaumauuu CO, 194,674 —178,476
Touxa satsepaeBanus Hg 234,288 —38,862
Touka samepsanua Hy,O 273,15 0
Tpoiinaa Touka deuokcibeH3una 300,02 26,87
ToukH 3aTBepjeBaHus
In 429,784 156,634
Bi 544,592 271,442
@ Cd 594,258 321,108
2 Pb 600,652 327,502
Z Touxku Kunewws
S Hg 629,81 356,66
N N 717,824 444,674
Touku 3arBepieBaHust 3BTeKTHKH Cu—Al 821,38 548,23
Sb 903,89 630,74
Al 933,52 660,37
Cu 13576 1084,5
Ni 1728 1455
Co 1767 1494
Pd 1827 1554
Pt 2045 1772
Rk 2236 1963
Ir 2720 2447
w 3660 3387

*) PaBHOBeCHas CMeCb OpTO- M [1apaBoOIOPOIA.

[TpumeuaHue 3a HCKIIOUCHHEM TeMOepaTyp TPOIHLIX TOUEK W Temiepa-
Typsl 17,042 K npuBefeHHble B 35TOH TaOMMUe 3HAUEHHA OTHOCATCA K [ABJeHHIO
B OfNy CTaHAapTHyw aTMocdepy.
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Pt10 Rh/Pt. Eciu ozun cnail TepMonapel HaXOJHTCA APH TeMreparype

0 °C, To temneparypa ¢ APYroro cnas cBf3aHa C 3JEKTPOABHKYLieH
cuyiofl &€ TepMonaphl COOTHOLIEHHEM

E=a-1bl--ct?,

rlie TOCTOSIHHBIE @, b, ¢ BEIUHCAAIOTCS H3 H3MEpeHHH 3. A. C. B TOYKAX
3aTBepJeBaHHS CypbMbl, cepebpa H 30J0Ta.

B penepHuiX toukax MexJyHapomHasi npakTHuecKas Temneparyp-
Hast 1IKaJa COTIAcyeTcsl O4eHb TOUHO C TEPMOAHHAMHYECKOH WIKaJOH.
B NpoMeXyTKax MeXAY BHUMH PacXoXIeHHsS € TePMOAMHAMMUECKOI
[IKaJIOH HACTOJIBKO MaJibl, YTO HMH B GOJIBIIMHCTBE TPAKTHYECKHUX H3-
Mepennit MOXHO Tpenebpeub.

Brie Temnepatyphl 3atBepleBaHUs] 30JI0Ta NMPHMEHSETCSH ONTH-
yecKHil NHPOMETP, NIPOrPaAyHPOBAHHbIH C IOMOLIBIO 3aKOHOB TEMJIOBOTO
H3NyYEeHUs TeJ.

Jlais1 ycraHOBJIeHH s TemTiepaTypHOIl iKassl B auanasone 0,8 — 5 K,
KaK NpPaBUJIO, HCNIOJb3YIOT H3MEDEHHs JIaBJICHHS! HACHILEHHBIX NapoB
reais. Huxe 0,8 K temnepartypa obbluHO onpenensiercst nyTeM H3Me-
peHnfi 6o zaBJeHus napoB peikoro usorona *He (no 0,4 K), mu6o

MarHMTHOH BOCNPHHMYHBOCTH HEKOTOPBIX MNapaMarHHTHBIX  CoJiel
(~ mo 107 K).

§ 7. 3axonsl npeaNbHBIX Ta30B

1. HOeaavtbimu Ha3bI6QI0MER 2a3bl, CHLPO20 NOOUUHAIOWUECH SAKOKAM
botiaa—Mapuomma u Ieti-Jlicccaka. DTH 3aKOHBI BHIPAXKAKOTCS ypaBHe-
nsnyy (4.1) ¥ (4.3) npu DONOJHUTENTBHOM YCJAOBHH, YTO TIOCTOSIHHAS o
OJINHAaKOBa JJIs1 BceX HieasibHBEIX ra3oB. Bce npoune raswi HasbiBalOTCS
PearbHbIMU.

¥Ypasnenue (4.1), cBsispiBaolilee TeMOepatypy, laBleHHe H 0GbeM
Nlea/bHOTO Fa3a B COCTOSIHMH TeNJIOBOIO PABHOBECHS, HA3LIBAETCS
€ro ypasHeruem cocmosnus. Bxoasimas B 310 ypaBHeHHe nocrosiiHas C
NPONOPLHYOHANbHA Macce M 3aBHCHT OT XHUMHYECKOH IIpHpOJBL rasa.
BBeneM A/151 H3MepeHHs KOJIHYECTBA BELECTBA HOBYIO €IMHHUILLY — MOAb,
macca KOTOpOH pa3jnuHa JJIsi PasjauuHbiX BeileeTB. MoJieM Kakoro-
JU00 BelllecTBA HA3BIBAETCH KOJMHUECTBC 3TOTO RBeLECTBA, COfiepiKaliee
CTOJIbKO MOJIEKYJI, CKOJIBKO aTOMCB COJep2KHTCSl B 12 T M3oTona yrae-
pona C™2. Tricsiua MoJsieli Ha3biBaeTCs KuAomotem. Takum o6pas3om, no
OlpefiesieHHIo, B OJHOM MOJIE PasJHYHBIX BeLIECTB COZEPIKUTCS ORHO
¥ TO JKe 4}CJI0 MOJIEKYJI. B kiHeTHuecKol Teopuu ra3os OyzeT noKasaHo,
4TO JIsi MJeaJbHBIX TasoB copaBennuB saxon Aeoeadpo. CorJaacHo
3TOMY 338KOHY 8 00UHQKO0BbX 00DeMax UOLQAbHbIX 2A306 NPU 00UHAKOBbLX
Mmemnepamype 1 Oa6AEHUL COOePHCLMCE 00HO U MO Hce HUCAD MOACKYA.
Orcloza caenyer, 4To NPH ONHHAKOBHIX TEMNEpaTypax NpoH3BelleHHe
PV pna opnoro moJisi pasiiHYHBIX HIEaJbHBIX T'a30B HMeeT OJHO M TO
xe 3Havenne. Ha 3ToM OCHOBaHO H3mepeHHe abCOJIIOTHOH BeJIMUMHBI
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MOJI B IPamMMax, a TakK¥ke MOJIEKYJIAPHBIX MacC ra3sos. HaﬁIlEHO, YyT1o
MOJIb KHCJIOPOJa COAepsKHT npubIn3uTesNbHO 32 T, Mosib a3ota — 28 T,
MOJIb Bojopoaa — 2,016 r M T. A. DTH 4HCIA B TO 2Ke BpeMd JaioT
SHAUYCHHUA MOACKYAAPHOIX macCc COOTBETCTBYIOLIHX BELIECTB.
Ho 1961 r. onpenenenne Moas H MOJEKYJISPHBIX MacC OCHOBBIBAJIOCH Ha KUCAO-
goauod wrare. CymecTBOBaJO JiBe KHCJIOPOXHBIX INKAJBL (PU3U4eckas W XUMU4ECKAA.
¢bu3LYecKOl IKa/Je OCHOBHOMY H30Tony Kuciopoaa O mpamuceiBanach aTomHast
Macca ToyHo 16. B xuMuuecKoH WKa/ie MPHHMMAJOCh, 4YTO CPefHss aTOMHAasl Macca
eCTeCTBeHHOH CMecH H30TOMOB KHCJopoaa paBHa Touno 16. Ogpnako npu Macc-
CIEKTPOMETPHUECCKHX H3MepeHHsX GoJsee yI06HA yeazpodHas wikasa, TaK KaK yriaepoi
Jaet ropasfio GoJbule PasJHYHBIX COeJUHEHHH, YeM KHCJIOPOA. YTJepofHas iuKajia
4 Gbl1a npunsTa B 1961 r. MexAyHapoJXHbIM COIO30M MO YHCTOH M NMPHKJIAAHOH XHMHH,
B »sToft wKane uszotony yriaepoga C!? mpuAMChiBaeTcst aTomMHas Macca TO4HO 12.
YriepoAHas IIKajJa OYeHb Masio OTJHYaeTcs OT (GH3HYECKOH KHCAOPOLHOI ILIKAibl.

ILHH OJHOI'O MOJIA HJIH ONHOI'O KHJAOMOJA HA€aJbHOrO rasa ypabHe-
HHE COCTOsIHHs 3aNHLIETCA B BHAL

pV =RT, (7.1)

rle nocrofiuHaa R, BBUAY 3akoHa ABOrajpo, HMeeT OJHO U TO XKe
3HayeHue AJs Bcex rasoB. Ho sto 610 ykaszaHo 1. M. MeHjeneeBbim
(1834—1907). ¥YpaBuenue (7.1) o6bluHO HA3LIBAKOT YypasHeruem Kaaned-
pora (1799—1864) wnu Mendesceea — KaaneidipoHa, a NOCTOSIHHYIO
R — ynusepcarvrot easoeol nocmoantoi. Ee uucJeHHOe 3HaueHHe
MOKHO HAHTH, U3MEPHB 00beM V MOJIsL HASATbHOTO rasa npH HOpMaJb-
HOM naBienuu (P = 1,01325-10%° nuu/cm®) u npu temmepatype 0 °C
(T = 273,15 K). Tlo coBpemeHHbnM JaHHBIM V = (22413,6 =
=+ 0,9) cm®/Mons. Hcenonbsyst 3T0 3HayeHHe, HETPYIAHO TMOJYYHTb
R = (8,3143¢ =+ 0,00035)-107 spr/(K-momp) = (8,31434 ==
=+ 0,00035) d:x/(K -moab) = 0,0821 n-arm/(K -Moib).

Ecnu ras copepxur v Mmouseil, To ypaBHenHe Kmaneiipona npumer

BUJ
PV =+RT. (7.2)

2, HaiigeM Tenepn ypaBHeHHe COCTOSIHMSI JJIsl CMECH HJeaJbHBIX
ra3oB. L9 3TOr0 BOCHOJbL3YyeMCs SMITHPHYECKH YCTAHOBJEHHLIM 3aK0-
Hom Taremona (1766—1844). ITycte B pa3/iHuHbIX COCYAaX OAHHAKOBOTO
obberia V' 3aKJIOUeHBl pas3sInyHbe HicasbHble Ta3bl, NOAAEPKHBaeMble
npH ofHOM U ToH ke reMneparype T. O603HaYMM JaBJIeHHA ITHX ra3oB
yepe3s P, P,, P,, ... Kakoe naBsenne P yCTaHOBHTCs, €C/IH BCe raspl
CMellaTh B TOM Ke o0beMe H MOJJIEP:KHUBATh MPEXKHIO:0 TeMIeparypy
cMecd T? 3axkon [anproHa yTBEPXKJAET, UTO

P=P,+Py+Py+... (7.3)

Hasjienust Py, P,, ... Ha3bIBAIOTCS NAPUUAAbHOIMU OQBICHUAMY TA30B,
BXOAsIHUX B cMechb. TakuM o6pasom, no 3akony [lajbToHa dasrenue cme-
Cu UOeaAbHbIX 2a308 PABHO CYMMe NApUUaIshbiX OasieHutl Imux 2a3os.
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Myctb v; — uucno Mosedt i-ro rasa. Torna P;V = v,RT. Iloatomy,
ymHoKast 06e yacTi cooTHowenus (7.3) Ha V, noayyum:

PV =vRT,

rae v — ofllee 4HCJIO MOJIelt B CMECH, T. €. BeTHUHHAV = v, + vy +-...
VpaBHeHHE COCTOSIHHSI CMECH HIea/bHbIX TIa30B, TAaKHM ofpasoM,
pMeeT TakoH e BUA, KAK U YPABHEHHE COCTOSHUS XUMHYECKH OfHO-
pOJIHOTO Mjea/ibHOro rasa. IlostoMy Ha OCHOBaHMM ypaBHEHHsi COCTO-
SHUA HAeaJbHOIO Ia3a Helb3s PelllNTb, HMeeM JIX MBI JIeJI0 ¢ XUMHYECKH
OIHOPOJHBIM Ta30M MJ/IM C MEXaHHYECKOH CMeChIO TaKHX TasoB.

§ 8. YpaBHeHHMe COCTOSIHMSI M €ro CJeACTBHS
st GeCKOHEeHHO MalbiX MPOLEccoB

1. OneIT NOKAa3bIBA€T, UTO B COCTOSIHHH TEPMOAMHAMHYECKOTO PaBHO~
pecs obbvem V, naBienne P H temneparypa T HaxoasTcs B (PyHKIHO-
HaJbHOM 3aBUCHMOCTH HE TOJbKO 1Sl HAeaJbHBIX, HO M JJiS peaJbHbIX
rasoB, a Takxe Afst JI00bIX QU3HUECKH OJHOPOIHLIX U H30TPONHBIX Tell,
Oty OYHKUHOHAJIBHYIO 3aBHCHMOCTb MOXKHO BbIPA3uUTb ypaBHeHHEM

fP, v, 7)=0. 8.1)

Bux ¢yuxunu f (P, V, T) pasmuuen nna pasanusbix ted. CooTHOEH e
(8.1) naswiBaeTca ypasHernuem cocmosnus meaa. s waeanbHbIX rasos
ypaBHEHHUeM COCTOsIHUS sBJasieTcs ypaHeHue Kianefipona (7.1). Peanb-
Hble Tasbl JHIOb NpHOJMIXKEHHO CJAeAyIOT ypaBHeHuro Kaamefipoua.
K Hemy HeoOX0AUMO BBECTH HONPaBKH, KOTOpble OYAYT PaccMOTpEeHB
B ra. VIIIL

¥YpaBHeHHe COCTOSHUSA NPUHALICKHUT K UHCJY BaXKHEHIIMX Xapakre-
PHMCTHK MAaKDOCKOITHYECKMX CBOHCTB ()M3UUeCKM OZHOPOIHBIX Tel.
Kak yxe orMeyanoch Bo BBeLEHHH, €IO HeJb3sl BBHIBECTH TEOPETHUECKU
u3 OOUIMX NPHHINNOB TepMoAMHaMHKH. TepMonuHamMHKa 3aUMCTBYeT
ypaBHEHHS COCTOAHUS JUGO U3 ONbITa, JHOO U3 CTATUCTHYECKOH PH3UKH,
TAe OHH MOTrYT OBbITh BBIBEAEHBI TEOPETHYECKH.

2. Beuzy HanuyHMs YypaBHEHUS COCTOSHHSL H3MEHEHHS BeJHUHH
P, V, T npu tepMOAHUHAMHYECKOM DABHOBECHH He HE3aBHCHMBI, @ CBA-
3aHBl OHpefesieHHBIM COOTHOLIeHHeM. EciM H3MeHeHHs COCTOSIHHUS
OECKOHEUHO MaJfbl, TO 3TO COOTHOILeHHEe MOMKeT ObIThb YCTaHOBJIEHO 6e3
3HaHHg KoHKpetHoro Buja ¢yuxuut f (P, V, T). C stoit uensio paspe-
UM ypapHeHue (8.1) OTHOCHTENBHO OJHOTO M3 IIepeMeHHbIX, HalpUMep
V, 1. e. npeacrasum o6bem V B Bue QYHKIIHH OCTANbHBIX ABYX NepeMeH-
HeX PuT: V = V (P, T). Ecau nofjep1Bath TeMneparypy nocTosH-
HOHM, a JaBjeHHe HM3MeHHTb Ha OECKOHEYHO Malyi BeauuuHy dP, To
obbem V monyyur Takke GECKOHEYHO MaJsloe NpHpaileHHe, Ompesessi-

€MO€  BbIpaXKeHHEM
oV
opP

d1V=< >T dp.
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OP

uHposanuy V no P renneparypa T JI0J2KH2 OCTaBaTbC MOCTOSTHHOI.
Tlpousponnsie, nosyyaemule AiddepeHH poBaHHeM KaKok-160 GyHKUUH
IBYX WM HECKOJIbKHX apryMEHTOB 110 ONHOMY M3 HUX B IPEANONCKEHHH,
Y4TO BCE€ OCTAJbHBIE APTYMEHTHl OCTAIOTCH IOCTOSHHBLIMHM, HA3BIBAIOTCH

B MAateMaTHKe 4acmueimu npoussodnvimu. Taxkum oOpasoM, BeqHUMHA

3nauor T y mpou3BoAHOH ( §l/>r yKa3biBaeT Ha To, 9To npn Auddepex-

av
(aﬁ>T €CTb 4YaCTHad npou3BojHas obbemMa Mo JaBJIEHHIO NPH NOCTOSIH-

Ho#i Temneparype. [1ycTb Teneps faBjeHne P nofiepKUBaeTCs TOCTOSH-
HEIM, @ Temneparypa T moJjyyaeT GecKOHeYHO MaJjioe npupamenue dT.
Torpa cooTBeTCTBYIOIEe TNpupailjenne obbeMa V  npeacTaBHTCH BhI-

pajkeHuem v
&V (5, dT.

Ecnu, naxonein, u3Menalorca n nasaeHre P u temneparypa 7', T0O € T0OY-
HOCTBIO JI0 GECKOHEUHO MaJblX BRHICLIETO NoOPAAKA NpHpaileHHe ofbema
npeacrasutcs cymmodl dV = 4V 4 d,V, wm

v = (55 ), aP+(GF), aT. (8.2)

310 COOTHOMEHNE ¥ pellaeT NOCTABJEHHYIO 3a7auy.

CootHoluenne (8.2) cnpaBefiMBO HpH JHOOHIX GECKOHEUHO MaJbIX
npupamenusix dP u dT. Ilpupamenns dP u dT MoryT nosTomy paccmar-
pHBaTbCsl KakK HesaBHCHMBle IepeMenHble. Ho dopmyaa (8.2) ocranerca
B CHJIe H B TOM CJjly4yae, KOTJa Ha usMeHeHus P H T HanoxeHo Kakoe-
Janbo orpanudenre. [lonycTum, HanpuMep, 4TO TeI0 yyacTBYeT B Hpo-
uecce, IIpPH KOTOPOM HaBjeHHe P ssjsiercsi omnpefenentoll dyHkuuedh
temnepatypel 7. Torma senuuunsl dP u dT nepectanyT GblTb He3aBH-
cuMbIMH. Hanpnmep, s nponecca npu nocrosinaom ooseme dV = 0,
1 cooTHoinenue (8.2) nepexoiuT B

ov av
(55 ), 4P+ (55, 4T =0.
P
EcJii pa3pemHTh 3T0 ypaBHEHHE OTHOCHTENHHO % ,
((?P
ofpa3soM BeJHYKMHA Jact YacTHYIO NPOH3BOAHYIO \aF )0 Tax Kax dP n
dT o3navaloT NpHpalleHHs JaBJeHHS H TEMIEPATYpPhi HPH HOCTOS HHOM
obpveme. TakuM o6pasom,
o)
. aT jp

(o ==y

TONIOJdy4YeHHas! TAKHM

BBuay oYeBHIHOIO COOTHOHIEHWSH

AN
oP Jr— [oP !
<0V>T
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oc/ieAHee TOXKIECTBO MOXKET ObiTh 34MHCAHO B BUAE

(5)y == (5 (5 (8.3)

(57 )2 (57 ) (57 =— 1. (8.4)

\

a TaK¥Ke B BilAe

3. He nuume npegocrepeds uutaredst OT HCKYIUIEHHS COKPATHTD
BbipaXKeHue B Jeo#t yactu (8.4) ua dP, 0V 1 0T. B pe3ysabrate Takoro
«COKpAllleBHs» Toay4uics ©bl HeNpaBW/bHBIA pe3yibrat -+-1 BMecTo
npasuabioro —1. Cokpaienue Hesb3st IPOU3BOJUTD NOTOMY, YTO BeJIH-
yunpl 0P, 0V u 0T B uncaurese UMEIOT HHOH CMBIC/, YeM aHaJIorMuHble
penylHbl B 3HaMeHartese. Hanpumep, 0V B 3HameHaTene ecTb npupa-
plenHe obbema, MCHbITHIBAEMOE UM IIPH YBEJIMYCHHH AaBJAEHUS Ha OP,
woraa remueparypa T ocraercs noctosiHHOH. Bennuuna xke 0V B uuciu-
Tesle O3HauYaeT NpHpalleHHe TOro XKe oObeMa NpH NOBHILEHHH Temrepa-
Typbl Ha 0T HpH YCJIOBHM, YTO IOCTOSAHHBIM OCTaercs AapJjeHue. Takum
06pa3oM, peub HAET O COBEPLIEHHO Pas/MYHBIX NpHpalleHusix ofbema,
BBHIY Yero M HeJib3si coKpailath Ha dV. Ho gopmyaa (8.4) nokasuinaer,
4TO (POPMAIbHO MOKHO NTPOU3BOIHTH TAKOE «COKpAllleHHe» TIPH YCJIOBHH,
YTO OHO CONpPOBOXKIAETCSl HM3MeHEeHHeM 3HaKa paccMaTpPUBaeMOro Bbi-
paxeuus. 1o AaeT ynoOHOe MNpPaBH/IO ISl 3allOMHHAHHMA TOXIECT-
Ba (8.4).

Cootnoulenne (8.3) HamoMmHHaeT npaBuso AuddepeHHHpPOBAHHA
¢yukuud or ¢yHKuuH. OHO OT/JIMYAGTCA OT STOrO IIPaBUJA 3HAKOM
MHHYC B 1IpaBOf 4acTd. IDTO IO-TpeKHeMY OObACHAETCH TeM, UTO BeJH-
yuHbl 0V B 3HaMeHaTeJse U YHCJAHTE/Te COOTHOLIEeHUS (8.3) HMEIOT pasHbIi
CMBICJI, VKasaHHbIH Bbile.

4. Toxnectso (8.3) unu (8.4) mo3BossieT yCTAHOBUTH CBA3b MEKAY
KO3G(hHLHEHTOM TEIJIOBOTO pPACLUHPEHHS, TepMHUYeCKUM Ko3(hdUIH-
€HTOM JaBJEHHS H MOJAYJEeM BCECTOPOHHEro CKaTHA (H3UYECKH OJNHO-
POAHOTO M H30TPOITHOIO BEHIECTBA.

Kosppuyuenmom menaogoeo pacuiuperus o. Ha3blBaeTcs OTHOILIEHHE
npupameHust o6beMa Tena npu HarpeBaHuu Ha 1 °C k ero ofnemy V,
npu O °C npu yc/I0BHH, 4TO AaBjenite P NOjep:KUBAETCs] NOCTOSHHBIM.
Takum o6pasoMm, N0 ompeneeHHId MOXHO HANHCATh

o= —Vit,oi (P = const).
OGbemM, Kak NMpaBH/IO, OTHOCHTENBHO MEJIEHHO H3MEHSIeTCsl ¢ TeMmepa-
TypoH. Ilostomy npusenenHoe onpeenenne NPaKTHYECKH HE OTIHYAETCS
OT TeoperHyeckH 0GoJiee COBEPILEHHOTO OlpejeleHus

1 oV
a—y (W)p (8.5)

Tepuuueckum kosghpuyuenmonm Oasrenus  Ha3bBIBAGTCH OTHOLIEHHE
YBeIHUEHHs1 JaB/aeHHs Teda npH Harpesanud Ha 1 °C k jasienHio P,
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npu 0 °C npu ycoBHH, YTO 06bEM Tella NOMIePIKUBACTCS TTOCTOSHHEIM.
Ilepexonsi CHOBa OT OTHOLIEHH ] KOHEUHBIX NPHPAINEHUH K IPOH3BOAHBIM,
MOXKeM HamucaTth

P= 7}; <%I;T>V : (8.6)

Hakonen, modysem (Tounee, usomepmudeckum modyaes) 6CecmopoH-
Heeo cacamusn seulecmga K HaswpiBaercsl OTHOWEHHEe GeCKOHEYHO Majoro
NPHpANeHNst JaBJeHHs K BHI3BAHHOMY MM OTHOCHTEJBLHOMY CIKAaTHIO
BEI|ECTBA NIPH NMOCTOSIHHON TeMmmneparype:

K:ap:<_ EVV—)T — —-V(S—ﬁ)T. 8.7)

Beuny toxzectea (8.4) mexxay BeqMYHHAMH &, P H K JOJKHO Cyiie-
CTBOBATb COOTHOILEHHE

V ak
P()OV B = 1. (8.8)

Onuir moATBepsKAAeT CNpaBelJHBOCTh TAKOTO COOTHOLIEHNS, a C HHM
H HaJnyHe (yHKIHOHAJbHOH CBSI3W Mexpy BeamudHamu P, V u T.

Bospmem m1st npumepa pryTh npd O °C ¥ armMocepHOM AaBJIEHUH.
Kosdduiuent pacinpenusi paBeH

a=1,8.10-4 °C-1,
M30TEPMHYECKHII MOAYJb BCECTODOHHEIO CXKATHS
K=2,56-10% atMm.

CnepoBaTesbho,

_ K 45 -1

=p, = 46 °C-L.
Orciona caemyer, 4r0o AN COXPaHEHHs MOCTOSHHBIM o0beMa DTYTH
npu HarpeBanus ot 0 o 1 “CTpe6yercs yBeJMYCHHE NaBJACHHUS ITPHOIIH-
3UTENBHO Ha 46 atMocdep.

5. Jas cupaseanuBocTH Toxects (8.3) 1 (8.4) coBeplueHHO He CyIe-
CTBEHHO, KaKoM (PH3HUYECKHH CMbica WMetoT BesqnuuHbl P, V u T. Oun
SABJSIOTCS YHCTO MAaTeMaTHYeCKHMH TOXIECTBAaMH, BBIPaAXKAIOIHMH
B nuddepenuuanspHoll opMe HaiHuve QYHKUIHOHAJIBHOH CBSI3H MeXIY
pennunnamu P, V u T. Kakosbl 661 HH GBLTH BEJIHUKHEL X, I/, 2, CBSI3aHHEIE
(YHKUHOHANBHOM 3aBHCHMOCTBIO f (X, y, 2) = 0, MeXIy HX YacTHBIMH
IIPOU3BOAHBIMH CYIIECTBYET COOTHOLIEHHE

(5)= (%), (&) 9
('«%) (—S—Z) (%L =—L (8.10)

DTH MaTeMaTHuYe€CKHe TOXIECTBa IIHPOKO HCOOJL3YIOTCS B TEPMOAHHA-
MHKe.

HnInu
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§ 9. MakpockonuueckHe napameTpol

1. B kJsacciyeckod MEXaHHKE MTHOBEHHOE COCTOSIHHE MeXaHHYeCKoH
CHCTEMbl ONPLAIACTCSE KOOPOUHAMamMy Y CKOPOCMAMY YACTHIL, H3 KOTO-
pBIX COCTOHT CHCTeMa. B mosekynsaproit dusnke OyKBajabHoe mpHMEHE-
HHUe TAKOTO CIIoco0a ONHCAHUS COCTOSIHUE PU3HUECKUX CHCTEM CBOIMJIOCH
6bl K ONpeIe/eHHIO B KX MOMEHT BDEMEHH KOOPJHHAT U CKOPOCTEN
BCEX MOJIEKYJI 1f 2TOMOB, 4 TAKXKE 3JICKTPOHOB, aTOMHBIX SIAEp U NpPOYHX
yactTull, M3 KOTOPbIX MocTpoeHbl Tesa. COCTOfiHUE, OMHCAHHOE CTOJID
NeTaJbHO, HA3BIBACTCH OURAMUMECKUM COCMOAHUECM WITH MUKPOCOCMO-
anuem. KBaHTOBAsl MeXaHWKA JAaeT HHOH CIocob OMHCaHUS MHKPOCOCTO-
sHMH, HA KOTOPOM 37lech HET HeoOXOIMMOCTH OCTAHABJIMBATLCHA. BaxkHo
3aMETHTh TObKO, YTO NOA00GHOE JeTaNbHOe OMHCAHNe COCTOSIHUH MaK po-
CKOITHYECKHX CHCTEM, BBHAY KOJOCCAJBHOCTH YHCJA YacTHIL B HHX,
HE TOJBKO HEBO3MOXKHO OCYILECTBUTh (DaKTHUECKH, HO OHO caMo 1o cebe
He IpeJICTaBJ/IsIeT HUKaKoro HaTepeca. ITonsiTHe MHKPOCOCTOSIHUSA B KJIac-
CHYECKOM HJIH KBAHTOBOM CMBICJIE NIOJIE3HO JTHHLIb ITOCTONBKY, TIOCKOJIbKY
OHO MOXKeT OLITb CBSI3AHO C MAKPOCKONMUHECKUMU C80LcmSamu eeulecmea
H MOXKeT CJIY:KHTb J/1sl oNpefiesieHusi nocjefHux. B Tepmonnnamuke pag-
HOBECHBIE COCTOSIHHS MaKPOCKOIHYECKHX CHCTEM ONUCHIBAIOTCS HECpaB-
HeHHo Oosee Tpy6o — C NOMOLLbI0 HeOOJBIIOrO 4YHC/A2 pPasIHYHBIX
MaKpocronureckux napamempos. K HIM OTHOCATCSA, HanpHMep, AaBJieHHe,
NJIOTHOCTb, TEMIEPATypa, KOHUEHTpalHs, o6beM CHUCTEMbl, HaIpSXKeH-
HOCTb 3JIEKTPHYECKOr0 H MarHuTHOro noJjet u T. A. CocrosiHue, ONHCaH-
HOE C IIOMOLIbI0O MAKPOCKONHYECKHX NApaMeTPOB, HA3BIBAETCH MQKpO-
CKONUHECKUM COCIMOSKUeM WIH MaKpococmoarues. VIMeHHO B 5TOM CMbicie
noHATHe COCTOSHHUA yrorpebisercss B TepMoiuHamuke. TepmoauHamu-
YecKy PABHOBECHOE COCTOSTHHE Ta3a, HampHMep, B OTCYTCTBHE BHEIUHHX
CHJIOBBIX MOJeH IOJHOCTBIO OIpEAeNAeTca €ro Maccoi, XHMHYecKoH
npupono#, Nasienuem U Temneparypoil. Oowem V, B KOTOPOM 3aK/ioueH
ras, He sIBJIsieTCsl HE3aBUCHMBIM TTapaMeTpoM, a MO:KeT ObITh BLIYMCI/IEH
H3 YpaBHEHHS COCTOSIHHA.

2. UroGsl BBISICHHTb CMBICA MaKPOCKONHMYECKHX [apaMeTpoB C
MOJIEK y/ISIPHOH TOYKU 3pEHHs, PACCMOTPUM B KadecTBe IIPUMEpa NJIOT-
HOCTH ra3006pasHoro, }XHAKOro HJH TBEPAOTO Tesa. BuliennM MbICIEHHO
B NPOCTPAHCTBE Majlyl0 HeH3MeHHYI0 obJacTb ¢ obopemoM V. Ilycts
M — macca cogepxaiierocst B Hefl seiectsa. [lnoTHocTeio BelecTsa
BHYTpH oGbeMa V HaspiBaercsi oTHoutenue p = M/V. Beuny tenjoBoro
IBHKEHUST YUCJIO MOJIEKYJ HJIM aToMOB B obveme V, a ¢ HHUM U Macca M
HenpepLIBHO U GecropsiioMHO MEHSAIOTCA C TeUCHHEM BpeMeHH. ITO BeleT
K GecriopsiiouHOMY H3MeHeHHI0 H IJIoTHocTH p. Takue GecnopsloyHbie
H3MeneHHs [IJIOTHOCTH WJIM APYIHX (PH3HYECKUX BEJHUMH Ha3bIBAIOTCSA
daykmyayuamy. OGo3HAUUM 4epe3 O,, Qg ..., O, 3HAUEHHS BeJIHU-
YHHBl 0 B PABHOOTCTOSILHE MOMEHTbl BpeMeHH &, &, ..., ¢,. X cpexn-

1
Hee apuHMeTHYeCKoe [0 ONPeJeNeHHIO PaBHO —-(p1+pP2+ ... +Pn)-
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OnbIT NoKaspIBaeT, YTO NPH HEH3MEHHBIX BHELIHHX yCJOBHSAX 3Ta BEJH-
YdHa npuOIHKaeTcs K olIpelleleHHOMY Npeae]y 9, Korjia 4Yucio #,
a Takxe ofmlee BpeMsa HalawoneHus f, — #, CTAHOBATCH JAOCTATOYHO
Gonpminmy. Beanyuna p NOpH MakPOCKONHMYECKOM ONMCAHMH M TIpH-
HHMaeTcsi 3a IIOTHOCTb Tesna. Ecan B obbeme V  comep:kutcs
OJHA HJH HeOOJbLIOE YHCJIO MOJIEKYJ, TO OTKJAOHEHHA MIHOBEHHBIX
3HAueHHH BEJHYHMHBI O OT €€ CpelHero 3HaueHHs P OUEHb BEJIUKH —
OHH CPaBHUMbI ¢ CaMO# IJIoTHoCThIO P. [lpu yBennuennu obwvema V
OTKJICHEHH I CTAHOBAITCS BCE MeHble 11 MeHbile. st 60ab1IHX 06BEMOB,
COZlep XaluX T'POMAJHOE KOJNYECTBO MOJNEKYJ, PJAYKTYalHH TJIOTHOCTH
MaJIo 3aMeTHbl. ®eHoMeHoJorHueckasi TepMOAHHAMHKA OT (GJIyKTyanni
OTBJIEKAETCSI.

INonobro nuoTHOCTH BeAyT cefs U ApYyrue MakpoCKOIMYecKHe napa-
METpHl, HanmpHMep NasJjeHHe rasa. [laBnenue rasza Ha CTEHKY cocyna
€CTb Pe3yJAbTaT YAapoB O CTEHKY MOJIeKyJ, 6ecrnopsafiodHO ABHKYIHXCA
C TEIJIOBLIMH CKOPOCTSIMH. BozbMem Masblfl yu4acToK CTEHKH C IJIOIAABIO
S. Ilycrp F 03Ha4aeT MTHOBEHHOE 3HAUEHHE CHJIBI, C KOTOPOH JeHCTRYIOT
Ha 3TOT YYacTOK yjapsiouiHe mojeKynanl. CHsa, OTHeCeHHas K eIHHHILE
naomany, pagia P = £/S. Beanuuna P, Kax ¥ 1JI0THOCTh, OECTIOP S HOYHO
$ayKTYHpYyeT Bo BpeMeHH. B repMoAHHAMHKe HMEIOT J1e/10 He C MIHOBEH-
HBIMH, A CO CPEJHUMH 3HAUEHNAMH BEJIHNUHHE! P 32 00/bLIHE TPOMEKYTKH
BpEMEHH — o4YeHb GoJIblllHe 1O CPABHEHHWIO C JJIUTENBHOCTBIO OXHOTO
yRapa, ¢ LJIUTENbHOCTBIO IPOMEXKYTKA BPEMEHU MEXIY ABYMS MOC/eNo-
BaTeJBHHIMH yAapaMH MJH ADYTHMH XapaKTepHBIMH BpeMeHaMH. 2ty

CPEeHIOI BeJIHUMHY P IIpH MaKPOCKONHYECKOM pacCMOTPEHHH H MpUHH-
MaIoT 32 JaBJeHHue rasa. To o6cToATenbCTBO, UTO AABJICHHE ra3a BOCHpH-
HHMAercsl HalWHUMH rpyOBIMH H3MepHTeNbHBIME NPHOOpPaMH Kak CHAa,
HempepLiBHAS BO BPEMEHH H HEeNMpepLiBHO pacupesieieHHast no rniowani,
Ha KOTOPYIO OHA JieHcTBYeT, 06bACHAETCS KOJI0CCaSbHOCTRIO YHCAA MO~
KyJs, OoMGapavpyIolmMX 3Ty NJOWAAb, @ TakKe HCK/IOUATETbHOH Ma-
JIOCTBIO 3THX YacTHil. IlpH NOBBLIEHMH YyBCTBHTENBHOCTH NPHGOPOB
PErucTpUpPYIOTCA M CAMONPOH3BOJIbHLIE Oecriopsfousble KojdeGaHus NaB-
JIEHHA — TenJoBblE QPIYKTyalHuH.

M3 3THX NpUMEpOB BUJHO, UYTO MAKPOCKONMHYECKHE TepMOAHHAMH-
YyecKHe mapaMerphl HMeIOT CMBICH cpednux snaderudi (3a Goabluofl npo-
MEXKYTOK BpeMEHM) KaKHX-TO (YHKUMH, XapaKTepH3YIOLHX JHHAMUYe-
CKOe COCTOsiHWe CHCTeMBl. ToJIbKO € MOJOOHBIMH CPEeJHHMU H HMeeT
Jejo ¢eHoMeHoJIOTHYECKAsA TepMoaHaMHKa. Mx mbl Oynem ofo3nadyath
nocpeacrsom p, P, V, ..., T.e. OyleM onyckatb 4epry HjiH moboi
Jpyrof 3HaK yCpeAHeHus.

3. MaxkpocKonHyecKue NapaMerphl, ONpefessiollie coCTogHHe ClC-
TeMbl 1 €e OTHOLIEHHE K OKPY2KaIOUIHM TeJIaM, PasAeasioTcs Ha BHYymper-
Hue W eHewHue. BHYTpeHHUe NapaMeTpbl ONPEENAIOT BHYMPEHHee
coemosinue cucmemel. BHEIIHHMY NapaMeTpaMH XapaKTepH3YIOTCs GHeL-
Hue meaa M CUA0BbIe NOAsA, Bo3JelicTByloliHe Ha cHcremy. Ilpusenem
NPUMEPbl BHYTPEHHUX H BHEUIHHX N1apaMeTpoB.
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[TycTh ras 3ak/oueH B COCyAe ¢ TBepiabMu creHkamH. OGbem cocy-
Ja ONPEAEISeTCsl NOJNOXKEHHEM BHEIUHHX Tel — CTeHOK. D10 BHEIUHHH
napameTp. [laBjeHue, okaspiBaemoe ra3oM Ha CTEHKY COCYJa, 3aBHCHT
OT CKOpOCTeH TelJIOBOro JABHXKEHHS ero MoseKya. OHo ABJSeTCS BHYT-
peHHuM mapamerpoM. Ecsii ras asyx- MM MHOrOaTOMHBIH, TO IIPH €ro
HATPEBAHUH MOJIEKYJbI AUCCOLMHPYIOT, T. €. PacnajarTcs Ha aToMbi
win Tpynnel atomoB. Ilpu panbHefiineM HarpeBaHHH aTOMBI I'a33a MOHM-
3yloTCA — DACUICTIAIOTC HA 3aPSXKEHHBIC HOHBL WJIH  3JEKTPOHBL.
OTHOUIGHHE YHCJAa JAHCCOLUHUPOBABIIMXCA MOJIEKYJ K oflieMy uHCTy
HX HA3BIBAETCS CMenesvio duccoyuayui MOJdeKy/ rasa. AHa/JoTHYHO
onpele/IsieTCs Cimenens LOHU3aY UL ero, KaK OTHOIIEHHE YHC/Ia HOHH30BaB-
LIKXCsL aTOMOB K oOleMy 4yHcay HX. CTereHb AHCCOLHMALMH H CTEIEeHb
MOHH3aLHUH Ta3a — BHYTPEHHHe NapamMerphl. B ajeKTpHuecKoM Iose
raz HoJspHsyercst, a B MarHHTHOM — HaMarHMYMBaeTcsl, BO3HHKAIOT
3/IeKTPHYECKHI ¥ MArHUTHBIM MOMEHTHI I'a3a. DTH BEJHUYMHBI SBAAIOTCH
BHYTPEHHUMH napamerpamd. HanpsikeHHOCTH Ke BHEIIHMX 3J€KTpHYe-
CKOTO H MAarHUTHOTO TOJIeH, B KOTOPLIX MOMENleH a3, ABJAAITCA Mapa-
MeTPaMH BHELIHUMH,

LlonycTuM Tenmepb, YTO ras 3aK/IOUeH B UWJIHHIpDE IO INOpIUHEM,
KOTOpBIH MoOXKeT cBoGoAHO nepememarbcsi. IlycTs Ha mopmiHe J€XKHT
rpys Beca Q. Ecau nuowazns nopiuHs paBHa S, To rpy3  OKasbBaer
nasaenHe P = (/S Ha xaxyio efHHUIly niomany nopind. Jlasiesue P
B TAKOM CMBbIC/Ie OyeT BHEeLIHHM apaMeTpPoM, TaK KaK OHO Ol peAesasieTca
BECOM BHELLIHEro Tena — rpysa Q. Obbem rasa V onpepesnsiercs nosio-
JKEHHeM HOJIBHXKHON CTCHKH cocyfa — nopiunsi. OfHAKO Tenepb obbeM
V CTaHOBUTCA BHYTPEHHUM HapamerpoM, TaK Kak TOJIOKEHHe MOPILHSA
C TPy3OM 34BHCHT OT BHYTPEHHETO JAaBJIEHHS, OKa3blBaeMOIO Ta30M
Ha TNOpILEHb.

B cocmosruu mepmoOURaMULECKO20 PABHOBECUSL KAXCObLLL 8HYMPeHH UL
napamemp s8Afemcs OOHOSHQUHOU (hyHKYuell BHEUHUX napamempos
u memnepamypol cucmemol. JTO yTBEp:KIeHHE SIBASETCS Pe3yJabTaTOM
00001LIeHHs1 ONbITHBIX (hakToB. IlpHMEpOM MOXKeT C/YyKHTb ypaBHeHHe
coctosinun. BHyTpennu#i napamerp — pabjenue rasa P — 3jech ojHO-
3HAYHO OIpeje/sieTcss TeMIepaTypoli ra3a U BHEIUHHM [lapaMeTpoM —
ofvemoM cocyaa V, B koropoM 3akmioder ras. Chopmyanpopanuoe
oflee noJIoXKeH e ABJSeTCS OHAM U3 BaXKHEeHILIHX 0CTYJ/IaTOB aKCHOMA-
THYECKOH TepMOJHHAMUKH. Y paBHEHHe, BhpaKaiouiee )y HKIUOHAAbHYIO
CBA3b MeXKIY BHYTDPCHHUMH U BHEIIHUMH NapaMeTpaMHi CHCTEMBI B COCTO-
SIHUM  TePMOJMHAMHMYECKOrO PpABHOBECHS, Ha3bIBaeTCsl 0000WjeHHbLA
UPABHEHUEM COCTOAKUA  CUCMEeMmbL.
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§ 10. BBenenne

Ilepsoe nauaro mepmoduramuky BbIpaXkaeT TPHHLHIN COXpaHEHHs
SHEPTHH JAIsl TeX MAKPOCKONMYeCKHX SIBJIEHMI, B KOTOPLIX OIHUM H3
CYLLECTBEHHBIX NAPAMETPOB, ONpeledlouHX COCTOSHHE TeJs, SIBJIAETCA
TeMrnepatypa. Ero OTKpbITHe OTHOCHTCS K COPOKOBBIM ronaMm 19 Beka,
Korja OblJIO YCTAaHOBJEHO, 4TO TeIlJIOTa — He BElleCTBO, 4 KaKoe-To
SHYyMpPeHHee OsudxceHue TeJa.

B MexaHuke 3HepPTHA CKJIANLBACTCH W3 KWHETHUECKOH 3SHEpPTuH
MAKPOCKOIIHUECKOr0 JIBHXKEHHS] H NOTEHIHaJbHOH 3HepruH MaKpOCKO-
ITHYeCKUX Tesl BO BHCILHUX CHJIOBHIX NoJsX. B MexaHuke nokassiBaercs,
YTO 27151 N30JMPOBAHHO} CHCTEMBI 110/1HAs MEXAHHUECKAs JHeprHs coXpa-
HSIeTCsl, T. €. ee KOJIHYECTBO ocTaercsi HeMameHHbM. Ho 310 cmpapen-
JIMBO He BCerja, a TOJBKO B TeX ¢/1yuasX, KOTJa BCe AEHCTBYWOULHE B
cHCTEME CHJbI ABAAIOTCA KoHcepsamusHoimy. T1pH HANMHYHE JHCCHITATHB-
HBIX CHJI — CHJI TPeHHA — MeXaHHYeCKasl SHEprHsa 3aMKHYTOH CHCTeMb
ymenbiaercsi. OfHAKO ONLITH NOKa3aiH, uTo pabora JMCCHIATHBHBIX
CHJ BCETAA CONPOBOXKAAETCA BBeneHHeM Temna. OKasasoch, YTo MpHH-
LI COXpAHEHHst 3HEPTUH OCTAETCSA CIIpaBeJIUBLIM U TPH HAJIMUUH IHCCH-
NaTUBHBIX CHJI, €CJIH TOJBKO PACHIMPHTH MOHSITHE 3HEPTUH BBeAeHHUEM
HOBOH (OpMBI €e, 8 HMEHHO GHYMpPeHKell 3Hepelill, HA3biBAEMOU TaKxXe
(ne coBceM YRauHQ) menaogoll repeueti. 1o ObIO cienano P. Maiepom
(1814—1878), Hxoyaem (1818—1889), Tenvmronbuem (1821—1894)
U JADYTHMH YyYeHbIMH, C HMMeHaMH KOTOPHIX CBSI3BIBAIOT OTKPBHITHE
NpHALKIA COXpaHEHHA 3HEPIHMH B €ro ofmedu3HueckoM CMEICIE.

C aTOMHCTHYECKOH TOUKH 3peHHs HAapyIUeHHs] MEXaHHUECKOro 3aKOHa
COXpAaHEeHHUs! SHEPTHH OOBACHFITCH TeM, YTO MAKPOCKOTHYeCKas Mexa-
HHKA YUHTBIBaeT He BCE JBHKEHUs H CHJIOBble B3ammojeHcieus. M3 ee
NOJST 3DEHHSI YCKOJDB3AKT GHYMpeHHUe O8UMCEHUS amoM08 U MOACKYA,
a TaKxKe CHMJIL B3aUMOAEHCTBHA MEXAY HHUMH. JIUCCHNATHBHBIE CHJIBI
TOAATCA TOJBKO A/ OIUCAHUA MAKPOCKOMHUECKUX ABHXKenu#l. B mupe
4TOMOB M MOJIEKYJ HHKAaKHX INHCCHIATHBHBIX CHJI HE CYILleCTBYET, BCE
CUJBl KOHCEPBATHBHBIE H THPOCKoNuueckue, Begkoe teno ¢ aTomucrnye-
CKOH TOYKH 3peHHs ABJSETCS KOHCEPBATHBHOH CHCTEMOH KOJ10CCanbHOTO
4uCNia 4acTHIl — aTOMOB H MOJeKyJ. JJif TaKo#l cucTeMbl MeXaHHYeCKHi
3aKOH COXpaHEHWs 3HEPTHH CIPaBEAIUB, HO TOJBKO IPH HelpeMeHHOM
YCJIOBHH, 4TO K 3HEPIHH MAaKPCCKONHUYECKOro ABHXKeHHS 100aBagercs
aHepeus 6ecnopAJOHHOZ0 QMOMHO-MOAEKYAAPHO20 08UNEH IS, DTO MOCIE]
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Hee JBIDKEHNE M ecTh Temora. OnHako mocjiefoBatesnbiasg (peHOMEHo-
JIOTHYECKas TepMOAMHAMHKa JIOJKHA BBOAHTH paclilipeHHOe MOHATHe
MeXaHH4eCKOH 3HeprHH, He obpamasch K aTOMHCTHUECKHM MpPeNCTaB-
JICHHSIM, PYKOBOACTBYACH ONHHMHM TOJIbKO OOUIMMM NpUHIMNAMH, SBJS-
JOULHMHUCS O60OIECHUSIMH ONBITHBIX (pAKTOB. Diivkaliedi Haliel Lesbio
§ SIBJSIETCS BBEJEHHE 3TOTO TIOHATHS.

§ 11. Ksa3uctaTuueckue npoLecchl

1. B Teopernyeckux METoaX TEPMOAHHAMUKH IHPOKO HCIOIB3 YIOTCS
TaK Ha3bIBAEMble Kea3ucmamutieckue WIN Kea3UpAa8HOBECHblE TIPOIECCHI,
T. €. HICATH3UPOBAHHBIEC NPOLECCH!, COCTOALIHE M3 HEHPePhIBHO CJeNy-
IOIHX APYT 3a APYTOM COCTOSIHHH PaBHOBECHSI.

B KauecTtBe NpHMepa BO3bMeM UHJMHAP C MOPIIHEM, KOTOPBIA MOXKeT
cBOOOJHO NepemellaTbcs B HeM 6e3 TpeHus. IlycTh B UMJIMHIApe HaXo-
JUTCS Ta3, ¥ MOpIUEHb yAepKHUBAETCA B IONOKEHHH PABHOBECUS JIekKa-
1M Ha Hem rpy3oM @ (pHc. 6). Ecay cHAT yacTh rpysa WIH 106aBUTH
HOBHIH, TO paBHOBecHe HADYIUHTCH. BO3HUKHET Jo-
BOJIBHO CJIOXKHOE JBHKeHYe rasza ¥ KoseGaHus MopluHs
¢ rpysom. Ho B KOHLEe KOHIIOB BCe 3TH ABHIKEHHS
3aTYXHYT, H pacCMaTpHBaemas CHUCTeMa BHOBb HpPHIET
B cocTosiHHe paBHoBecHs. IlonoGHble HepaBHOBeCHBIE
NpoIecchl OYeHb CJOMKHBIL. KBasHucTATHYECKHE TpoO-
Iecchl  ABJSIOTCA HECPABHEHHO (oJiee IIPOCTHIMH.
Yrobel 3acTaBUTh T'a3 B UWJIHHIPE DPaCIIHPSTHLCA HIH
CKMMaTbCsl KBA3HCTaTHYECKH, IOMYCTHM, YTO pas-
rpy3ka WJIH Harpyska nopiiHsi Hier GeCKOHeYHO Ma-
JBIMH TopuusaMH. JIia HarasgHOCTH MOXKHO BooOpa-
3UTh, YTO TIOPLIEHb Harpy:KeH MeJKHM IIeCKOM.
CuumeM uan J100aBuM oiHy Tecyunky. OT 3T1OTO Prue. 6.
paBHOBecHe HapyluTes 6eckoHewHo Maso. Korzma oo
BOCCTaHOBHTCS, CHHMEM MM 100aBUM BTOpYIO NecyuHKY. IloBTopus
3Ty OMEpalHI0 MHOTO pa3, MOXKHO B KOHIle KOHLOB CHATb BeCh Ipys
W HM3MEHHTL €ro Ha Jilo0yl0 KOHEeuHyIo BeJIHUHHY. Bmecre ¢ rpy-
30M H3MEHWUTCS Ha KOHEUHYIO BEJMUMHY H 00BeM rasza. JToT Ipoilecc
COCTOHT M3 TIOCJE]0BaTeNbHOCTH OGECKOHEYHO MaJbIX NpoHeccoB, Kaxk-
Ablit M3 KOTOPBIX JIHIIb HHYTOXKHO Majio HapyllaeT COCTOSIHWE paBHO-
specusi. B mnpenene, Korma Macca KaKAOH TIECUHHKH CTPEMHTCT K
1YJI0, @ TNOJHOE YHCJIO MECUYHMHOK — K OGeCKOHEUHOCTH, TNOJIyYHTCH
GeCKOHEYHO MeJJIeHHBIH IIpoLece, COCTOSIIME M3 I0C/He0BaTeIbEOCTH
PaBHOBECHBIX cocTossHHH. TakoR npelelbHBIH HpolecCc Ha3bIBAETCA
pasHosecHoim. JIOTHUECKH PpABHOBECHBIH IIpolecc Hajlo OTJIMYaTh OT
KBa3WPaBHOBECHOrO WJHM KBasHcraTHdeckoro mnpoiecca. OQHAKO HAJIO
IIMeTh B BMJY, YTO CTPOrO PaBHOBECHBIH IIPOLECC HUKOT[A He peasH-
3yercsi B npupofe. Ilostomy B GoJbIUMHCTBE PACCYKICHHH KBa3H-
PABHOBECHBIA TpoOLEeCC HAasblBalOT INPOCTO PABHOBECHBIM, ONycKad
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IIPUCTABKY «KBa3H». JTO GyZem nenarb W M, KOTAa TaKoe COKparle-
HHe He BLI3BIBACT HeJOpa3yMeHHI.

2. 3HayenHe KBA3UCTATHUECKHX I[IPOLECCOB COCTOUT B TOM, 4TO
OHH CHJIBHO YIIPOIIAIOT TePMOAHHAMHYECKHE HCCIENOBAHUSA. ITO 06bAC-
HSIeTCS TeM, YTO I/ MTHOBEHHOTO OMHCAHHA COCTOSIHHSL CHCTEMB!,
coBepiuaiollell KBA3HCTATHUECKHI Tmpouecc, TPeOyercst cmoavko ke
napamempos, CKOAbKO 1 048 ONUCAHUSR PABHOBECHO20 COCMOARUS. B cay-
uae rasa TaKUX NapaMerpoB JBa, Hampumep ofbeM M TeMIepartypa.
st Golee COXKHBIX CHCTEM YHCJO NapaMETpoB MOXKET OBITb JApYTIHM,
HO, €CJIX MPOIlecC KBa3UCTATHYeCKHH, OHO, KaK MNpPaBHJIO, HEBETHKO.
Hanporus, AJsl onUCaHHsI COCTOSIHUSI CHCTEMbl, COBeplIaloled KaKoM-
AK6o cAOKHKH HeKBasucTaTHYeCKHI mpolecc, HapUMep TypOyJaeHTHOe
JBUIKEHHE XUAKOCTH WAM ra3a, Tpedyercs, BooOLie TOBOPS, GeckonedHoe
MHOMECMB0 TIAPAMETPOB.

KsasucraTHuecKkue 1pouecchl B CTporoM CMBIC/IE 3TOTO CJI0BA HUKOTAa
He peasnusyworcsi B npupofe. Onu siBasitoTest aberpakunsivi. Ho k num
MOXKHO NOMOHTH CKOJib yIoAHO 6iusko. OdeHb MHOrHe peasibHBIE MPO-
IIeCChl, HAYIIHE C KOHEYHBIMH CKOPOCTSIMH, YacTO MOT'YT CUHTATbCH
npHGAU3UTENBHO KBA3WCTaTHUECKUMHU. TaKOBBI, HampuMep, NpPOLEecCh
paclHpeHHs ra30B B UHJHHAPAX TENJIOBBIX ABHraTet el HJIH KOMIPecco-
poB. O6pasoBanue cryiuennii u paspexenuii Bo3yXa B 3BYKOBOH BOJIHE
TAKXKE MOXET DacCMaTPUBAThCH KaK NPHOJM3HTENBHO KBa3ucTaTHYEC-
Kuit npoirecc.

3. B rtepmoIMHAMMKE YyacTO BCTPEYAfOTCH CJIEAYIOIHE KBa3HCTATH-
yeckie Ipouecchl: 1) usoxopweid npoyecc — npouece, NPOUCXONAIIUHA
npu nocrosaHoM obwveme (V = const); 2) usobapreui npoyecc — npo-
Hecc, B KOTOPOM AaB/JeHHe ocTaercs MoCcTosHHBIM (P =const); 3) uso-
MepmMuUdecKuLl  npoyecc — NPOIeCC, MPOUCXOASUMH MPH  NOCTOSTHHON
remneparype (7 = const). Kak H Bce KBasuCTaTHUeCKHE NIPOILECCHI,
YKa3aHHbLIE POLECCHl MOKHO rpaduueckd H300pasUTL HENPEPHIBHBIMU
AURuAMH (e, caexyromnfl  naparpad). CoorBercTBVIOUME KpHBBIE
HaswBaroress  ugoxopoti (V = const), usobapoii (P = const) u usomep-
moil (T = const).

§ 12. Maxkpockonuueckas paGota

1. PaccMOTpHM CHOBa ra3 B UMJINHApe ¢ nopluHem (pHc. 7). Borunc-
JIUM GeCKOHEYHO MaJIyIo HJH daemenmapryro pabomy 8A, coBepiuaeMyro
rasom npu GecKOHEYHO MaJsIOM KBa3HCTATHYECKOM PACUIMpPeHUH, B KOTO-
poM ero o6bem yBenuunsaercst Ha dV. Cu/a 1aB/jeHus rasa Ha NOpLIEHb
pasua F = PS, rge § — wiowans nopumsa. Ecau nopuiens nepemec-
THTCsI HA PACCTOSIHHE dX, TO Tas coBepWHT pabory 84 = Fdx = PS dx
WK

SA=PdV, (12.1)

TaK KaK npupauienue obvema pasHo dV = Sdx.
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Buipaxenne (12.1) cnpasensuso ¥ B o0uieM cjydyae KBasucraTnyec-
KOro H3MeHeHHst o0bema J000ro Teja, HaXOAMMIErocs Mo MOCTOSHHbIM
BHEIIHHM JaBienneM. JIonycTHM, HanpHMep, YTO ra3 3akJioueH B MSAT-
KYIO 3J1aCTHUHYI0 OGONIOYKY H 3Ta 000JI0UKA KBa3HCTATHYECKH pacllH-
psiercs (puc. 8). Pabora, coBepuiaemasi Ta3oM NpH [EPeMeLIEHUH 3Jie-
MeHTa IJIoWanH dS 060N0UKH Ha paccTosinue dn BIOJAb HOPMaJH, paBHa
P dS dn,unn P dV, raedV = dS dn — snementapublil obbeM, 3alITpH-
xopanHbll Ha puc. 8. Hrobwl HaliTu 3jeMeHTapHylo pabory 64 npu nepe-
MEIeHHH BCEX 3JIeMeHTOB 000JI0YKH, Hallo Bepaxkenne P dV npouurerpu-
poBaTh 10 00beMy CJIOsi MeX/ly ABYMSA I0CJIe0BaTe/JbHEIMH GeCKOHeYHO
6AH3KUMH NOJIOKeRuaMH ob6ooukd. Tak Kak nasieHue P ofHO U TO XKe
no Bceft 000JIOUKe, TO €r0 MOXKHO BBIHECTH H3-TI0J 3HAKA HHTErpaJa.

TakuM 1yTeM nosayuutesi 64 =P S dV=PAV, rie AV — obbem

/’—-—_~~\

\~~—_—

Pue. 7. Puc. 8.

BHILIEYKA3aHHOTO CJl0d, PaBHBI NpHpauleHuio ofheMa ra3a B paccMaTpH-
BaeMoM npouecce. Beeasn 415 Hero npexHee obo3nauenne dV, Mel cHOBa
npugeM K dopmyae (12.1). s npuMEHHMOCTH BHIBOJIA HECYIIECTBEHHO,
uTO B 000/I04Ke NoMelleH Ta3. BeiBog cripaBeaayB 4 J1060TO BeLeCTBa,
HaXOAAIIETOCA O], NOCTOSIHHBIM JaBJjeHueM. HecyllecTBeHHO TakxKe
HasuyMe obosnouxy. Ee posb MOXKeT Urparb NOBepXHOCTb TeJa.

B cayuae KBa3HCTAaTHUECKHX TIPOLIECCOB BHYTpeHHee naBieHue P
rasa B Npefiesie BCerJa PABHO BHEUIHEMY JIABJEHHIO HA NOPIUEHDb P ep.
Toapko Torsa BHyTpeHHee COCTOsIHHE ra3a MOXKeT OBITh OXapaKTepH-
30BaHO JBYMA NapameTpamu P 1 V 1 ToJbKO Torna mpolecc MoxKer ObTh
PABHOBECHBIM H MATH OecKoHeuHo MelJieHHo. B mnpoTHBHOM caydae
BO3HHKHET yCKOPEHHOE MAKPOCKOIIHYECKOe JABHKEeHHEe MOPIIHS U YacTel
rasa ¢ KOHEUHBIMH CKOPOCTSIMM, H JI151 ONHCAHHSA BHYTPEHHETO COCTOSI-
HHA rasa norpebyercs 6eCKOHeUHOE MHOXecTBO napamerpos. Ecau npo-
llecc HEKBA3HCTATHUECKHIl, HO BHEIIHee JaBJeHHe N0 Bcell OBepXHOCTH
CHCTEMBI OJJHO H TO Ke, TO paboTa BHEHIHHX CHJ NpPEJCTABHTCSH BbIpaxke-

HieM 8440 = — Popery dV. (12.2)

Jnsa kBasucraTHYECKX NPoueccoB Py, = P, a notomy 84 . = —064.
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B cayuae HepaBHOBECHLIX NIPOLECCOB, NPOUCXOASIMX € YCKO-
peHHeM, 3T0, Boolule TOBOPSA, HeCHpaBeliHBO, H /sl pabOThl CHCTEMbI
HeJIb35 HAIMCATh HUKAKOTO NPOCTOro Bbipaxenus. Takum oGpasom,
tdopmyna (12.1) oTHOCHTCA TONBKO K CAY4als KBA3HCTATHYECKUX TIPO-
neccos. B srom naparpade npeanoaaraercs, 4rto Bce IIPOLECCH — KBa-
3UCTATHUCCKHE.

2. Uto6kt ot a71eMenTaprO# paboTei 84 nepeliTh K pabore 415 KoHey-
HOTO Ipolecca, HAaAo BHLUUCAHTb UHTErpaJ

A={Pav. (12.3)

OnHako Takoe BLIYHC/JIEHHE BO3MOXKHO TOJNBKO TOTJA, KOTAA AaBjeHue
sIBJAsiETCsT onpefeneHHol dyHkuue#d obvema V. Mexny Ttem, corsacHo
YPABHEHHIO COCPOsIHUS, P 3aBHCHT He TOIbKO OT V, HO H or T. Medas
B XOJe Npolecca Pa3iuyHBIM o6pa3oM TEeMIePATypy CHCTEMBI, MOXKHO
nepeBecTH €e U3 HayalbHOTO COCTOSIHHSI B KOHeyHoe OecuHc/IeHHLIM
MHOXECTBOM cnocoboB. KaxkaoMy H3 3THX CIOCOG0OB COOTBETCTBYET
cBost pyHkuus P = P (V) u cBoe 3HayeHue uHTeTpasa s gopmyae (12.3).
Takum ofpasom, paboma A He onpedeasemcs 3a0aHUEM HAMANBHO2O U
KOHEUH020 cocmosanull cucmemsl. Ee geauquna sasucum maxoice om cnoco-
6a uau <nymuy nepexooq CUCMemsl U3 HAYANbHOSO COCMOAHUA 8 KOHEHHOR.
IIpo BenuunHEBI TAKOrO pOJla FOBOPST, YTO OHU HE AGALOMCA PYHKYUIMU
cocmoanus. Hanpotus, BeqUYMHBI, HMEIOWMME BNOJHE ONpefeNeHHbe
3HaUeHUsI B KAXKJIOM COCTOSIHHH CHCTEMEl, Ha3BIBAKOTCA QYHKUUAMU
cocmoanus. TakoBa, HanpuMep, TeMmuepaTypa CHCTeMBI B COCTOSIHMH
TEPMOJHHAMHUECKOIO pPABHOBECHS.

3. Pasobparbcs B cyluecTse Jesa NPOILE BCero ¢ NOMOLLbIO Tpadiye-
ckoro meroja. OH uCIOAB3yeT TO OOGCTOATENBCTBO, YTO PaBHOBECHOE
COCTOSIHUE (PU3HUECKH ONHOPOAHOTO H H30TPOHHOIO Tejla IMOJHOCTBIO
onpezesnseTcd 3ajaHueM JABYX napamerpos, Hanpumep V u P. Tewmne-
parypa T moxer Owith HajigeHa To HMUM H3 YpaBHenus cocrosuusa 1 =
= T (V, P). CocroaHue Teja 3ajaercs TOUKOH Ha KOOPAHHATHOH mjoc-
KOCTH, IIpHYEM II0 TOPH30HTANBHOA OCH OTKJIajAbBaercsl o6veM V, a no
BepTHKaJbHOH — JaBienue P, Takast miIocKocTe A1s1 KPaTKOCTH HA3BI-
BaeTcsl IIIockKocTelo VP. Korja cucrema cOBepuIaeT KBa3HCTaTHUECKH
apouece, TouKa, H300paKaiomas ee COCTOAHHE, OUChIBAET HA IVIOCKOCTH
VP nenpepuBHYIO auHuio. TakuM 0o6pa3oM, KBA3HCTATHUECKHE TIpoO-
Hecchl H300paKalTCAd HeNpephiBHLIME KPUBBIMH. BMecTo nepemeHHBIX
V, P wmoxHo mnosbsoBatbest nepemennniMu T, V, wian T, P. Opuaxko
Ins1 rpaduyeckoro npejcraBieHus paborbl Haubosee yROOHBI Tiepe-
MenHble V, P. HepaBHOBecHbie COCTOSIHHSA H HEDABHOBECHBIE IIPO-
Hecchl HeMb3sl H300pa)kaTh TOYKAMH H KPHBBIMH Ha TUTOCKOCTH, TaK
KaK JJs 3aJaHAA HEepaBHOBECHOIO COCTOSIHHA JBYX IapaMeTpoB
Hegocratouto. HepaBroBecHBIe COCTOSHHA XapaKTepU3VIOTCH, Booluie
roBopf, 6ECKOHEYHLIM MHOMKECTBOM NapameTposB.

IlycTs cHcreMa KBa3HUCTATHYECKH NEPEXONHT H3 COCTOSIHHS M
B cocrosinue N Bpoaws kpuBolt MIN (puc. 9). dra kpusas onpeaenser
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napjedne P Kak BnosHe onpenedennyio ¢yukuuio obvema V. Tlocae
310r0 pabora cucreMbl A onpegenutcs ofHO3HayHO. OHA UYHCJIEHHO
paBHa IIOWAJAH «KpUBOJMHEHHOH Tpameunn» M MINN,M;. Ecnu
CHCTEMY 3aCTaBHThb EePeXOAHTh H3 TOI'O Ke HAYAABHOTO B TO K€ KOHEYHOE
COCTOsIHHE BJIOJB JAPYroil KpuBO# P
M2N, To cooTBeTcTByIOIWAast pado-
ta A, usobpasurcs apyroil mio- =
waaplo M{M2NN M,. Boobue
roopst, A; %= A.

BeruucenuM, Hanpumep, pato- M
TY, COBEpIIAEMYIO OJHUM MOJeM
HICANLHOrO ra3a IpU H30TepMH-
UeCKOM pacliMpeHuH (T. €. IpH
TAKOM pacLiMpeHHUH, Korja TeMIe-
patypa rasa IHOJIEPKUBAETCA MO~ o v
crofigHOH). JLas  HarJisHOCTH 1
npejcraBuM cebe ras, 3akKJ/IOYeH- Puc. 9.
HBIl B LWIHHAD C NOpIIHEM, Ha
KOTODOM HaxoAuTcs rpys. Byaem GeckoHeuHo MelsieHHO H HENpPepLIBHO
YMEHBIUATh HArPy3Ky Ha MOPIIEHp H B TO e BpemMs MOJOTPeBaTb
ras, 4ro0p! 06eCNeUHTb NOCTOSHCTBO ero TeMIepaTypnl Bo BpeMs pac-
wupenus. I'paduyecku npolece pacinupeHUs ra3a u300pasuTcs Ha WI0C-

KocTH VP runepbosioli PV = RT =
B = const (puc. 10). Pa6ora, cosep-
UleHHasl rasoM, paBHa

<

o e e e o e o e e o e

RS
-

—
=

» V,
PdV =RT g 4y —

1 Vi

=RT1n%. (12.4)

A:

A

}
: MoxHo mepesectH ras u3 Ha-
i YaJbHOIO cocrositust / B KOHeYHoe
7 V; V cocTosiHHe 2 GeCYMCICHHBIM MHOZKe-
CTBOM APYTHX crnocobos. Hanpuwmep,
Puc. 10. MOXKHO, COXpaHsif JaBJCHHE rasa
IOCTOSIHHBIM (T. €. He H3MeHsst Ha-
TPY3KYy Ha NOPIUEHb), HarpeTb ras, JOBeld ero o6neM [0 3HAYeHHs
V = V,. 3ror npouecc Ha puc. 10 u306paken TOPU3OHTANBHON NP AMOil
I—3; mpu stoM ras coepuut pabory A, = P, (V, — V,). 3artem,
8aKpeNuB HENOJBHXXHO IOPILEHb H OXJaXKJafl a3, MOXKHO JOBECTH €T0
AaBJleHHe N0 3HAYEHHS P,. DTOT MPOLECC NPOUCXOAUT Ge3 COBEpPIUeHHS
paGorn; Ha puc. 10 oH u306paxen BepTHKaNbHOH npaAMOil 3—2. B
pesyspraTe cucreMa mepeHieT B TO jKe KOHEYHOE COCTOsiHHE 2, coBep-
wus paGory 4; = P, (V, — V) > A. [puseseHHpiit npuMep HAarIAAHO
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NOKaskBaeT, YT0 pafoTa 3aBUCHT He TOJNBKO OT HAYaJbHOTO H KOHEY-
HOFO COCTOSHME, HO M OT crnocofa (MU NYTU) Tepexofa CHCTEeMBl U3
OIHOTO COCTOSIHMSA B apyroe. 3HauuT, pabota He eCcTb (YHKUHA CO-
CTOSTHHA. .

4. Ecaun B pesy/ibTaTe H3MEHEHHH CHCTEMa BepHYyJach B HCXOAHOe
COCTOsIHHE, TO TOBOPST, YTO OHA COBEPLIUA KPYeosoli npoyece Wil YuKA.
p Tako#t npouecc, ecid OH KBa3UCTATH-

yecKuil, Ha puarpamme VP nsobpa-
XKaercst samxHymoit Kpueod (puc. 11),
Patora, coBepiueHHast CHCTEMOH B KpY-
rOBOM TIpoIlecce, YHCAEHHO PaBHA IJIO-
Wwafd HUKJAa, 3alUTPUXOBaHHOH Ha
puc. 11. Ilpu stom, eciu Touka, H30-
Opax<atomasi COCTOSIHHE CHCTEMBI, OIH-
ChIBAa€T LHWKJ [0 YacOBOH CTpesiKe, TO
Y  paboTa cHCTeMHl TNOJ0XKHUTeNbHA. Eciu
e UUKI TNPOXOAUTCA B HANPABJICHUH
Puc. 11. IIPOTHB 4acoBO# CTPeJKH, TO OHa OTPHU-

naTesibHa.

5. Mbl HalwIH BbIpaKeHHE IS 3JeMEHTApHOH paGOThl H BLISICHUIH
CBOHCTBA 3TOH BeJTHUHHBI Ha IPHMepe ra3a HilH H30TPONHOTO OJHOPOJHOTG
Tesla, HaXOAsmerocd Noj NOCTOSHHBIM BHEIUHHM AaBjieHueMm. Buyrper-
Hee COCTOSTHHE TAKHX CHCTEM OHpele/eTcs JIBYMs apaMeTpaMi, HanmpH-
mep P u V. TlosatoMy HX MOMKHO Ha3BaTb NPOCMbIMIL CUCTHEMAML HJIH
cucmemamy ¢ 08YMS CHENEHAMU CBO-
600e;. MOryT OHITH CHCTEMBI CO MHO- l
THMU CTENeHsIMH CBOGOHLI, BHYTPeH-

Hee COCTOfIHME HX onpefiefsercd
Temnepatypoid T U KakKUMH-TO BHelI-
HUMH TapameTpaMu ay, Qs ..., Qp-
B 3TOM ciyyae paGoTa Mo-mpexHEMY e | .
3aBHCHT OT MYTUH NEepexola, OfHAKo
Bvecto  (Qopmyasl  (12.1) caeayet Jainly’siniainintuinde iy
nucaThb /

64 :Al dal+A2 dag+ PN +A,1 dan,
(12.5)

rre A, A,, ... — dyHknun napa-
METPOB &, Q,, ... ¥ Temneparypsl T,
HashiBaeMble 0600teHHbMU cutamy. PaccMOTpuM, Hanpumep, npsamo-
YTOJBbHBIH napaJjiesienune] H3 OJHOPOAHOIO H3O0TPOTIHOTO BeLecTBa
{puc. 12). Ecoin Ha ero rpaHd AeHCTBYIOT HOpMaJbHEE 1aBjeHus Py,
P,, Py, 1O siaemeHrapHas paGora, coBepiiaeMas CHCTeMOH, npeacra-
BHTCSl BblparKeHHEM

64 = P]S] [!'xl “}— P_)S_] LZXg + PgSg dX3,

NSV R
0
.E/)
1

Puc. 12.
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rae dxg, dx,, dxs — yaauHesust peGep napainenenunesa, a Sy, S,
S, — IUIOWAAH COOTBETCTBYWOMHUX rpaHeit. OG00uEHHbBE CHIIbI OTPene-
asiorcs BoipazkenusiMu A, = P, S, A, = P,S,, A3 = P4S;.

§ 13. IlepBoe HauaNO TepMOJHHAMHKH
Mist CHCTeMbl B afuadaTHYecKoi 000Jouke

1. Tlyctp TepMoiMHAMHYecKast CHCTeMa 3aK/Jl04eHa B KAKYIO-TO
060/104KY, OTACHSIOLYIO € OT APYTUX Teld. Pasnnunble yacTy 060/MI0YKH
MOTYT nepenmelarbes. IIpuMepoM MOKeT C/1yKHTb LMIHHAP C HOPLIHEM,
B KOTOPOM Haxopautcsi ra3. M3meHATb cocTosHHe CHcTeMsl BHYTpHU 000-
JIOUKH MOXKHO Pa3THyHBIMU croco6amu. OIMH U3 HUX COCTOUT B MEXQHU-
yeckom nepemewienuy wacmel 060404Ku WK, BOOOIIE, B UBMEHEHUW BHell-
HUX napamempos, ONpeesionuX HAPANY ¢ TeMIepaTypoil BHyTpeHHee
COCTOSIHHE CHCTeMBI. 3TOT ¢nocob, Kak MpPaBU/IO, COMPOBOXKIAETCH
IPOU3BOACTBOM MeXaHHueckoi paborbl. Pabota BHEIIHMX CHJ, CBA3aH-
Hasi ¢ nepeMeleHHeM 0600YKH UM C U3MEHEHHEM BHEIIHHX TapaMeTpos,
Ha3LIBAETCA Maxkpockonuueckod padomod, TPOU3BOLHMON HAJ CHCTEMO.
I1y BeMMUYMHY Mbl 0003HauaeM GYKBOH A,.., B OTJiHYHe OT paGoThl,
IPOU3BOAUMOH caMOH CHCTeMOH, KoTopas o6o3Hauaercsi uepes A.
B npexpiiyuieM naparpage npUBOAHAXCE (GOPMYJBI LIS BBIYHCIEHHS
pabotel A unu A, NPH KBA3HCTATHUECKUX Mpotieccax. B stoMm ciydae
Beeria A = —A, - 1€0€pb paccMaTpuBaerca GoJiee oOWUH Cayuail,
KOra rnpouecc He 00s3aTesbHO KBasucratuyeckufl. s takoro mpo-
uecca, BooOuie roBopsi, A 5= A,uem.

He nano pymarp, uTO NPOM3BOACTBO paBoThl 06si3aTesbHO CBS3aHO
¢ u3MeHeHHeM ofbeMa cucTeMnl. Tak, B 06men3BecTHHX onbitax [dxoyas
110 OripeneseH 0 MeEXaHHUECKOTO SKBUBAJIEHTA TellJla JONACTH MellanKH
SIBJSIIOTCS] COCTABHBIMH HACTSIMH OOOJIOYKH, B KOTOPYIO 3aKJIOYEHA CHC-
TeMa, Hanpumep Boxa. lIpu BpameHHM Meluajku Haja CHUCTEMOH coBep-
waercsd MexaHuueckass pabora. OHa NPOSIBASETCA B HATPEBAHHI BOABL
B KaJopumerpe.

ITpuBeseM Jpyroll mpumep, B KOTOPOM BHYTpEHHEE COCTOHHE
CHCTEMBI MEHSIeTCSi B pe3yqbTaTe MPOH3BOJACTBA MEXaHHUYECKOH paboTh
Haz Heil. Bo3bMeM TOJICTOCTEHHYIO TPYOKY U3 HJEXCHTJIaca, B KOTOPYIO
BXOJWT IJIOTHO MOJOTHAHHBIA nopiedb. K HUMKHEA YacTu NOPUIHS [pH-
KpernHM KyCoueK ITHPOKCHJIMHOBOH Barhl. [Ipu O6picTpoM BABHTAHHU
NOPIIHA BO3AYX B TpYOKe HarpeBaeTCsi HACTOJNBKO CHJIBHO, 4YTO NMUPO-
KCHJIUH BOCIJIaMeHsieTcs (IHeBMAaTHUeCKoe WU BO3JAYIIHOE OTHUBO).

Ho cocrosinue tea B 000/I0UKE MOXKHO H3MEHSTH U 6e3 MexaHuyec-
KOTO mnepemeileHuss ee CTeHok. Tak, Boay B Kajopumerpe Jlxoyas
WIH BO3AYX B TPYOKe HMpPeAbIAVIIero ONbiTa MOXKHO HArpeTh Ha rasopofl
ropesike A0 TOH e TeMreparypsl, AO KOTOpOH OHHM ObUIH HOBEICHBI
PaHee mnyTeM MeXaHWUUYECKOro HepeMeleHUs CTeHOK o0onoukd. B
pe3y/ibTare 3TH TeJa OKAXKYTCHA B TeX Ke CaMblX KOHEUHBIX COCTOSHHAX.
Cocrosinue Te1 B 060/ I0UKE MOKHO TaK:e MEHSIThb, BO3JEACTBYS HA HUX
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W3BHE DPa3JNYHLIMH CHJIOBBIMH HOJISIMH, HalpHMep, SJEKTPHYECKHM H
MaTHHTHBIM:- BooGue, coctosnue cucreMbl B 00OJIOUKE MOXKHO MEHATH
nyTeM M3MeHEeHHS BHELIHHX NapaMeTpoB H TEMIEPATYPhl OKPYXKaio-
IHX TeJ.

2. B § 1 ais yactHbX caydaeB ObLIO BBEJIEHO INOHATHE ajuabaTHye-
CKOIl 060JOYKH 1 NpUBENEHBI TpUMEPb 000J04eK, ABISIOIMXCA NPHOIH-
3UTeJdbHO ajpnabaTudeckuMu. JlaanMm Tenephb obillee onpejeneHUe ajua-
6atnueckolt obosioukn. O60/I0UKa HaswiBaeTcss aduabamuueckol, KOria
COCTOMHHE 3aK/IOUeHHOH B Hell CHCTEMBI OCTaeTCsl HeH3MeHHEIM HpH
AO0LIX H3MEHEHMSIX TEMMAEpATyphl OKDYXKAWIKX Tel, €CIH TOJbKO
3HayEHHA BHEIIHHX NapaMeTpoB NOAACPKHUBAIOTCH MOCTONHHBIMY. TaKiM
0o6pa3oM, H3MEHHTb COCTOSIHHE CHCTeMBl B aiHabaTHuecKoil 060/104Ke
MOMKHO TOJBKO NyTEM H3MeHEHHS BHEIWIHHX mNapamerpoB. CucTema,
3aKJIIOMEHHAs B aanadaThyeckylo OOOJIOUKY, HasbiBaercst aduabamii-
HECKU  U3DAUPOBAHHOU .

3. OcHOBHOE 10JI0KEHHE, C TIOMOLIbID KOTOPOTO B TePMOJLHHAMHKE
MOKHO pacIUHPHTb NOHATHE SHEPTHH, COCTOUT B caenyouieM. Ecau cuc-
mema rea aduabamudecKu U30AUposana, mo paboma SHeLUHUX cul HOO
SMOtE CUCMEMOLl 3a8UCUIT MOALKO OM ee HAYAAbHO20 U KOHEYH020 COCIOsl-
HUL, HO COBCEM He 3aBUCUIM O CROCOBA Ul RYMU, KAKUM OCYUECIMBASEMCS
i1epexo0 CUCHIEMbL U3 HAHAALHO0 COCIIOAHUA 8 KOHeYHOe, DTO He NMPOTHBO-
PEYHT BHICKAa3aHHOMY B § 12 yTBepKAeHHIO O 3aBHCHMOCTH pPaGOTHl OT
nyTH nepexoza. Jeno B ToMm, uTo cefiuac MBI paccMaTpHBAeM He BCe
BO3MOXKHEIE TepeXoflpl, @ TOALKO TakHe, NPH KOTOPHIX COXPaHSETCs
afuabaTtHuecKkasi H30JfLHA CHCTEMBI.

ChopMyaHpoBaHHOE ITOJIOKEHNE MBI MPUMEM 32 NOCTYJaT, BhIPakKa-
ol (0feprkaHile NepBOTO Hayala TePMOAUHAaMUKH. Ero crnpapeiss-
BOCTB YCTAHABJHBACTCA ONLITOM. lIDSIMBIMM ONBITaMH, TIOATBEpPKAA-
IOMHMH  3TOT IIOCTY.J1aT, MOTYT CJAY:KHTb, Halpumep, KJIacCHUeCKue
onBITH J2K0YJ15 IO OTIPEReNCHHIC MEXQHUMECKO20 IKGUGRACHITIA MENAOINBL.
Onu obuieH3BeCcTHR, H HET HaJOOHOCTH OCTAHABJANBATLCS HA MX ONHCA-
uun. HeoGxoanmo, onHako, uerko chOpMy/JIHPOBATH, UTC 5TH ONBITHL
noKaseBaror. CTeHKH Kalopumerpa B onbitaX JKoyas ¢ XOpOIiHMM
NPpHOTHKEHHEM  SIBJISIIOTCS  aaHabaTHYeCKOH OBOJOUKOH, B KOTOpOH
3aKJI0UeHa BOJA WIH APYras KHIKOCTh. COCTOSIHHE XKHUJIKOCTH B KaJo-
puMeTpe, ec/i OHA HAXOAUTCS B MOKOe, ONpejendercs ABYyM$ mapamer-
paMH, BanpuMmep, AaB/jeHueM M Temnepatypo#. [JamneHue B onblTax
JLKoyast ocTaBanoch NOCTOSIHHGBIM. EJIMHCTBEHHEBIM TNMepeMeHHBIM fapa-
METPCM, HOJHOCTBIO ONPeAeSIoUMM COCTOSTHHE TTOKOSLIEHCS XKHAKOCTH,
6etna  Temnepatrypa. CocTosiHMe KHAKOCTH B KajoOpHUMETpe MOXKHO
MEHATH Pa3UYHBIME cnocoGaMu. MOXKHO NpUMEHATh MEIIAJIKH U 1epe-
FOPOJKH B KaJIOpUMETpe pa3auuroil GOpMEl, H3TOTOBAATL WX H3 pasiny-
HBIX MaTepHajoB, MEHSITb HX YHCJIO H PacHo/IOXKeHHe, KOpode, MOXHO
K4K YroJHO BapbHpOBaThb YCTPOHCTBO KajopHMerpa. MoxHO Bpamarts
MeIanKy OHCTPO WIH MeAJCHHO, DAaBHOMEPHO WM HEPABHOMEPHO.
JKHIKOCTD B MPOMEKYTOUHBIX COCTOSIHHAX MOMKET COBEPILATh CNOKOM-
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Hoe JaMIlHapHOE IBHKEHHe, WJH €€ IBH:KeHHe MOxeT ObiTh GypHHIM
i TypOyJeHTHEIM. Bee 3T0 oTpaxkaerca Ha Xope H CKOPOCTH Hpolecca.
Ho onbitel JIKoyadsi noxasanH, 4To MeXaHuueckas pabora, KOTOPYiO
BeoOXOAIMO 3aTPATHTb JJS I€PEBOJIA CHCTEMbI H3 OJHOTO CTPOTO GUKCH-
POBaHHOTO COCTOSIHMSI B APYTO€ TaK¥ke CTPOro (uKCHpOBaHHOE COCTO-
sHie, HE 3aBHCHUT OT crmocoba nepeBofia CHCTEMbI H3 HAYAABHOTO COCTO-
AHHA B KOHEUHoe. K 3TOMy Ipexie BCerO H CBOASTCR Pe3yJbTaThl
onuiToB  JIxkoyasi. JIpyrofi pesyibTar oONBITCB J1:KOyJds  COCTOHT
B YCTGHOBJEHHH YMC/JICHHOTO 3HayeHHsi MEXaHHYECKOr0 3KBHBaJsieHTa
Tenna.

Ho cnpaBepuBOCTh NOCTYJaTa NEPBOr0 Havasla TePMOJUHAMHKH
JI0Ka3blBaeTCsl He TOIbKO NPSAMBIMH ONBITAMH THNA ONbITOB [xoyas.
IocTyaaT no3BosiSieT, He BAABasiCh B PACCMOTPEHME MEXaHU3Ma ABJEHHH,
[0.1y49aTh MHOTOYHC/IEHHbIE CJEACTBHSA H KOJHUECTBEHHBIE COOTHOLIEHUS,
B stoM ero rpoMajHoe nosHaBaTesbHoe 3HaueHue. lloiTBep:kiaeMbie
OIBITOM TaKHe CJeJCTBHA H COOTHOLUEHHS 1al0T HeCpaBEEHHO Gosee TOY-
HOE H HaIeXKHOE JI0KA3aTeabCTBO CAMOTO HOCTY/NATa, YeM TP sIMBIE OIbITHL.

4. CrenaeM enle OJHO CYIIECTBEHHOE 3aMedalle, HA KOTOpOe MEL
GyleM onuparbes B caeiayiouleM naparpade. Ilpu Bpamennu Memanku
Boja B KaJopuMmeTpe Jlxoyasi ¢ aanabaTHUeCKHMH CTEHKaMH gceeda
Haepesaemcs, HO Hukoeda He oxaaxcOaemcs. TlosTomy BpalneHueM
MelIaJKH HEBO3MOXKHO aiuabaTHYeCKH BePHYTb BOJAY H3 KOHEUHOTO
B NpekHee HayaJbHOe COCTOfHHe. B jasbHedIieM Ha OCHOBE BTOPOTO
Hayajaa TepMOAMHAMHKH OyjeT II0Ka3aHo, YTO 9TO HEBO3MOXKHO CAENaTh
HIKaKHMH cnocob6aMi, €C/IH TOABKO BOJa OCTaeTcsd aiHabaTHyecku H30-
JupoBaHHO#. To ke OTHOCHTCS K JIIO0OH TepMOAMHAMHUECKOIH CHCTEME,
Ecau anuabaTHyecKH H30JMPOBAHHAA CHCTEMA TIEPEXOAMT 13 COCTOSIHHA
1 B cocrosiHue 2, 1o 06paTHbY annabatuyecknil nepexol B coctogHue 1
MOXKeT 0Ka3aTbCsl HEBO3MOXKHBIM. TaKuM 00pa3scM, He BCerja BO3MOXKHO
agiabaTuyecKy NepeBecTH CHCTEMY M3 KaKoro-1160 coctosiHus B Jpyroe,
IIPOH3BOJILHO 3aflaHHoe cocTosiHie. OJHAKO, KaKOBbI Okl HU GBWIH CGCTO-
AHNA | B 2, onBIT IOKa3bIBaerT, YTO gceeda 60340XceH OJMH H3 UBYX
ajnabaTHyeCKUX IiepexofioB: JHO0 H3 cocTosnusl 1 B cocrosiHue 2,
Jau60 oOpaTHHIl nepexof H3 cocTosiHusl 2 B cocTosnHe 1 *). OpHako
OJHHX KBa3HCTATHYECKHX NIPOLECCOB JJAs OCYUIeCTBAEHHA TaKHX Tepe-
X0J0B HEAOCTaTO4HO, MJIs 3TOTO TPeOYIOTCH TaK:Ke HepaBHOBECHbIe
aznabaTuyeckue Ipoileccsl. PaccMOTpPHUM, HanpHMmep, JABa COCTOSHHS
BOAbl B Kaslopumerpe JL:koyasi: cocrosinue 1 npu temneparype 20 °C
11 coctosnue 2 npu temneparype 30 ‘C. ITockosbKy naBaeHHe B KaJjo-
PHMETpe NOMAEPIKHUBACTCA NOCTOAHHEIM, COCTOSHHE BOAbl TNOJHOCTBIO

*) 3aberasl Bmepefl, YKaKeM, 4TO BTOPOE Hauajo TePMOARHAMHKH BBOAMT QYHK-
13110 COCTOSIHUSA CHCTEMbl — 3HMPONUK, C TOMOLIBIO KOTOPOH MOKHO C(pOPMYJIMPOBATD
00wl KpUTepHH BO3MOKHOCTH HJH HEBO3MOMKHOCTM TOrO HAH MWHOTO Nipolecca.
CorviacHO 3TOMY KPHTePHIO B ajiHabaTHyeCKM H30JMPOBAHHCH CHCTEMe BO3MOMKHEI
TOJILKO TAKHE DPOLECCH, B KOTODHX 3HTPOMHA JHGO BO3pacTaerT, Jaub0 0OCTaeTes
HCI3MCHHOH.
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dukcHpyeTcs sananHoll BesnunHON Temnepartypwl. Henbss anpuabaru-
YeCKU ePEeBecTH BOAY U3 GoJlee HArPeTOra COCTORHUA 2 B MeHee Harpe-
toe coctosinue 1. Ho o6parhbiil agradartudeckuit nepexon 1 B 2 Bosmo-
MEH H (PaKTHUSCKH OCYUIECTB/seTCA B ONBITaX [LKOyJf.

§ 14. Buayrpeunna sueprus

t. TloHsATHe BHYTPEeHHEH sHEPTHH OTHOCHTCS TOJIbKO K PaBHOBECHBIM
COCTOSIHHSIM TepMojaHHamuueckux crlcreM. [lostomy mbl OyseM 31ech
npearonaraTb, 4yTo Haya/lbHOE U KOHEYHOe COCTOSIHHA CHCTeMbl PaBHO-
peckbl. OJHaKO TPOUECCH, HEPEBOARIIHE CHCTEMY U3 OJIHOIQ COCTOSIHIS
B JpYyroe, a CJejoBaTeNbHO, H NpPOMEXKYTOUHBIE COCTOSHHS, BOOOHIE
FOBOPS, MOTYT ObIThb ¥ HEPABHOBECHBLIMH.

Brympenned anepeueti cucmemor U rHa3visaemca yrKEyus cocmoaHus,
npupauienue Komopot 60 BCAKOM Npouecce, COBepUIaeMOM  Cucmemoll
6 aduabamuueckold 06040uKe, PasHo padome GHetiHUX cun HaO cucmemol
npu nepexode €2 U3 HA4AALHO20 COCHOAHUA € KoHeyHoe. BO3MOKHOCTH
BBelgHHA TakoH (YHKIMH COCTOAHHA OCHOBAHA Ha TOM, uro pabora
HaJ CHCTeMOH B ajHabaTHYeCKOH 000/I0UKe 3aBHCHT TOJABKO OT Hayadb-
HOTO ¥ KOHEUHOIO COCTOSHUI CHCTeMBI, HO He 3aBHCHT OT ciiocofa nepe-
xona. Hauaabuoe cocTosiHue Mbl OyaeM 0603Ha4aTh HHIeKCOM 1, KoHey-
Hoe — uHJexcoM 2. Taxum o6pa3soM, ec/li CHCTeMa IOMelleHa B ajHa-
Gartuyeckyle o060/104KY, TO

Up—Up= A7, (14.1)

rae U; u U, — BHYTpeHHHE IHEpTHH CHCTEMBl B COCTOSIHUSIX 1 u 2,
a Atyew — paboTa, NPOM3BOAUMAS HAJ CHCTeMOH BHEUIHHMH CHJIaMU
HpH Tepexone ee u3 coctosHun | B cocrosiHue 2 no awbomy nymu.
Pa3zymeercst, CROBO «npupauielide» Halo NOHUMATb He B apudmeruue-
_CKOM, 2 B alre0paHyeckoM CMBICIe. BHyTpeHHSA 3HEPTHA CHCTeMBI
MOXeT KaK BO3pacTarh, Tak W yOwiBath, a pafora ABHeM moxer Obith
U [OJOXHTEILHOH, H OTPHIIATENbHOU.,

MozkeT ¢1y4uHTbCs, YT0 anHabaTH4ecKUH Tlepex0/] CHCTeMbl B3 COCTOs-
Hua 1 B coctoAHue 2 HeBo3moxkeH. Torna onpejgerncuue (14.1) tepser
cMpicl. Ho B Takux cayyasx, Kak NOZYEPKHBAJIOCH B IPEABIAVILEM
naparpagde, Bo3MOeH oOpaTHBIH afnabatuyeckuil nepexon H3 CoCTodA-
HiA 2 B cocrosinne 1. MM u HaZo BOCMO/B30BATBCA AAA ONpeAeneHist
U3MEeHEeHUS. BHyTPeHHell suepruy, T. e, BMecto Qopmyast (14.1) caenyer

IICcaTh Uy — Uy = AZie™, (14.2)

Takum ofpasomM, ncrmoas3ysd aubo azmabatuyecKudl mepexog 1 —» 2,
Aubo obpaThbift anuabartiueckuil nepexoq 2 — 1, Bceraa MOXHO omje-
IeUTH PAa3HOCTh BHYTPeHHUX SHEpTHil B JI00bIX cOCTOAHHUSX 1 u 2.

2. Kak n BcAKas sHeprilsl, BHYTDEHHSNS 3HepPrUsl onpeneseHa e
OJHO3HAYHO, & C TOYHOCTBIO KO NPCH3BOILHON a00umusHOE NOCMOARKHOL.
Takasi HEOIHO3HAYHOCTD HE MONET OTPA3HTHCH HA DeasNbHOM COAepria-
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Bl GH3HUECKHX BBIBOIOB. PealbHBIH CMBICJ HMEIOT He CaMH 3Hepruu,
a MX pasHOCMy B Pa3NNYHBIX COCTOAHUAX, 3HAUEHUS KOTOPHIX OT BhiGopa
NpON3BOJIBHON MocTosiHHOH He 3apucaT. OnHO M3 coctosiHuii, Gespas-
JHYHO KaKoe, MOXHO TIPHHSTE 32 HYJEBOE M YCJAOBHTBCH CYHTATh, 4TO
BHYTPEHHSAA 3HEPTHA CHCTEMBI B 3TOM COCTOSIHIM paBHa Hy/o. Torpa
BHYTPEHHSIsl 3Heprus B JOGOM JADYIOM COCTOSIHHH ONPEeTHTCs yiKe
caHosHayHo. Takum 06pasom, MOMKHO JaTh CReNVIOUIee OlpefeaeHHe
BHYTPEeHHeH sHepruu. BuympenHed suepeuell cucmemvt 6 KaKOM-aubo
(pQBHOBECHOM)  COCMOAHUL  HA3biGaeMes  paboma, Komopyio 00A%cHbL
COREPULULMb 6HEUIHUE CUAbl, 411006t M10D6IM B0SMONCHBIN QOUQOAMUMECKUM
NYMem Nepesec CUCHIeMY U3 HYAE6020 COCMOARUA & PaccMampusaemoe.
Ecan annabaTnyeckuil Npoliece B TaKOM HalpaBJeHHH HeBO3MOMKEH, TO
H2]0 BOCNOJNB30BATbCH 0O-
paTHBIM IIPOLIECCOM H 3ame-  J & ——— o] g e <——-¢of
HITb HPHBEJEHHOE ompeie-
JeHHe caenyomuM. Buym-
penHell aHepeuell cucmeis: 8
kaxom-aubo  (pasHosecron) ' 0 e
COCIMOAHUL HA3bIeaemcst 631-
mas ¢ NPOMUEONOAOHCHBIM
sHakom  paboma, KOMOpYw
COANCHOL NPOUIBECINUL BHELIH UE
cuabt, 4mobet ao0doim aduaba-
IUNECKILM NYmeM nepesecmu o o oe
cucCmemMy U3 paccmampusae- 8)
MO20 COCMOAHUS 6 Hy.aesoe.

3. Ecim 32 HyseBoe npH- Pre. 13.
HSTb JPYroe COCTOSIHHE, TO
3HAUEHHsI BHYTPEHHEH 3HEPTHH BO BCeX OCTANBHBIX COCTOAHHMAX H3MEHAT-
¢s1 HA OQHY M Ty Xe noctosuuyo. JefictentennHo, nycers 0, O' n 1 —1pu
NPOH3BOJIbHBIE COCTOSIHItS TEPMOLHHAMUYECKOIT CHCTEMBI, H3 KOTOpHIX O
11 0’ npuHUMAlOTCA 32 HyJseBsle. BHyTpeHHIIe sHePIHH CHCTEMBI B COCTOSA-
HI1 ] OTHOCHTENBHO HYJEBHIX cocToaunil O u G Oyaem c6o3HauaTh COOT-
BetctBeHHO Uy 1 Uf. Taxk kak Bcerja BO3MOXKeH B TOM HJH HHOM Hallpas-
JieHHH afinabaTuuecKuil nepexo 13 OJHOTO TIPOH3BOJILHOTG COCTOSHMHSA
B ADYTO€ NPOH3BOJBHOE COCTCSHHE, TGO MOTYT HPEjICTaBHTBCH TOJBKO
ueThipe pasjiMUHBIX Cydasi, nzobpaxennsle Ha puc. 13. Crpeskn o3Ha-
YalO0T HalipaBJ/eHHsi, B KOTOPHIX BO3MOXHBL aniiabartiyecKHue nepexojsl.
B cayuae a 1s1s onpenenenns sneprun Uj n3bepenm agiabaTHuecKui nepe-
xon us O° B I uyepe3 npomerkyTouHoe cocrogHue O, T. e. nepe-
xon 0'01. Tlo onpeneiennio BHYTpeHHE:l 3HEPTHH

Ui :AO'O+‘4OIJ
Ui=A01, Uoo=4Aovo.

Ui — Uy = Ugor. (14.3)

2)

[Tostomy
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To e camoe COCTHOUIEHHE CIIPaBe]yIHBO H BO BCeX OCTAJBHBIX Cy4asix.
JleHCcTBUTENBHO, B CJIy4yae e MPUMEHUMO YIKe PacCMOTDeHHOe paccyxie-
HUe, HO AJs ofpatHoro aguadatudeckoro nepexoza 100°. B _caydae 6 6
MOTYT ObITb /B& BO3MOXKHOCTH, B 3aBHCHMOCTH OT TOTO, KaKoH U3 JBYX
anrabaTHueckHx nepexonoB 0" — [ uau I — O’ Bo3moxken. Jocrarouo
0o , paccMOoTpeTb OAHY H3 3THX BO3MOXKHOCTEH, Ha-
, e LIPHMEP, MepBYyIo {puc. 14). CoepwiuB ajau-
. abatnyeckuil nepexon u3 O B O yepe3 mpo-
MEKYTOYHOe COCTOsiHHe [, MOMKHO Hamnucatb

Uoor = Ao+ A1o=U; - U,,

g'e T. €. Mbl CHOBAa [PHXOJHM K COOTHOMIE-

Pruc. 14. Huo (14.3). OHO nmokazbiBaer, 4TO PAa3sHOCTH

Ui — U, He 3aBUCHT OT BbIGOpa cocTOsHHS ],

a TosbKo or cocrosinuit O u O'. Tem cambiM Halle yTBepKJeHHE J0Ka-
sano. Cnyuafi g coBepLIEHHO AHANOTHYEH CJay4Yamo 6.

4. [lna  KBasdCcTaTHYeCKUX npoleccoB As#en — 4. B stom
cayuae Bmecto (14.1) moxHO Hamucathb
U,—-U,=A4, (14.9

T. €. paGora CHCTeMBI HpH aaHabaTHYeCKHX mpoUeccax CoBepliaeTcd
3a cuer yOblJIH BHYTPEHHeHd 3HeprHd.

5. OrMeTdm oAHY TPYAHOCTb, KOTOpAs BCTPEYaeTCs IPH ONUCAHHOM crocofe BBefe-
HUS TOHATHS BHyTpesHeld sHeprud. [Ipd oucHb BHICOKHX TeMIepaTypax BCE BewecTBa
NMepPexoAsaT B COCTOSTHHE [IOJHOCTBIO HJH YAaCTHYHO HOHH3OBAHHOIO a3a, HA3LIBAEMOro
nsta3moli. He cymecTByeT MaTepHa1oB, H3 KOTOPBEIX MOXKHO ObIO 6bl H3rOTOBUTH
000JI0YKY JUist YAepKAHUS BelecTsa B TAKOM COCTOSIHHH *).

Takum o6pasoM, He BCerAa BO3MOMKHO faxe MPUOIHKEHHO OCYUIECTBUTL afHa-
6aTHUeCKyI0 H30JgAL0HI0 CHCTeMbl. B 3THX yc10BHAX moHsTHE agHabaTHYeCKOH 06O-
JIOYKH IpeBpauaercs B aGCTPAKUHIO, JHIIEHHYIO PealbHoro cogepxanusa. CraHoBurca
GeccoflepkaTe bHBIM M OMpefeseHKke BHyTpeHHeH 3HePrHH C MOMOWbIO afHabaTHye-
ckoii  obostoukn. CyinecTByer, [NO-BHAUMOMY, €IMHCTBEHHBIl INyTb, KaKHM MOXeT
GsITb npeofoaerd 5Ta TpyaHocTs. Ou aeTcs 1a OCHOBe NMpeJCcTaBJeHUd MoneKyIapHo-
KHHETHYeCKOH TeopHil. B 3Tom Ciyvae BHYTPEHHsSI SHEPrHS Tesa onpefefisiercs Kax
CyMMa KHHETHUECKOI 3Hepriud BHYTPEHHHX JABHKEHHH COCTAB/ISIOLLUX €r0 YaCTHi{
{MOJIEKYJI, ATOMOB, JEKTPOHOB U T. I1.) H NOTEHLHAJIbHOH 3HEPTUH CHJIOBBIX nc.jer,
C IIOMOLIBI0 KOTOPBIX OCYWEeCTBJASIETCS B3aUMOAEHCTBHE MEXKAY STHMH YaCTHUAMH.
OnHako, ecaH TeMnepatypbl He OYeHb BLICOKH, ONpefeseHHe BHYTpedHedl 3IHepruw,
HCIIOMIB3YIoNIee NIPEACTaBIeHHe 00 ajAHabaTHuecKoH 000.104Ke, BIIOJHE BO3MOKHO H
Oosiee COOTBETCTBYET AYXY AKCHOMATHUYecKoll TePMOAHHAMHKH,

*) Yzaepxauue nia3Mbl Mo:KeT ObITh OCYIMIECTBJCHO TOALKO CHJIOBBIMH INOJSMI.
B 3Be3fax OHO OCYLUECTBJISETCH HOJAAMH TATOTeHUA. B 3eMHHX YCIOBHSX npoSiema
yaep:kaHHsl Topsidel miIasMel BO3HHEK/IA B CBA3H C MONLITKOH OCYIMECTBJICHHS ylpatb-
JieMoi TepMostaepHoll peakiuy. [11a3My MblTAIOTCS YASPKUBATEH C IOMOIbIO CHIbHBIX
MaCHAUTHBIX [0.1€H, BO3ISHCTBYIOIIHX Ha 3apfrKeHHLIE YacTHIpl, M3 KOTOPLIX oOua
coctoHT. Ho TakuM nyTen He MoxkeT GbITh JOCTHTHYTA TOJMHAS afHabaTuuecKasi H30J -
LU CHCTEMBI, XOTsi Obl yiKe MOTOMY, YTO II;1a3Ma, HarpeTas A0 BeCbMa BEICOKHX TeM-
nepaTyp, HHTEHCHBHO TepsieT 3HEPIHI0 Ha 5JeKTPOMArsuTHOe Haayuenue. Kpome
TOro, CHJOBBIE 11015, YAeP:KABAIOWKe J1a3My, OKA3hIBAIOT BAHSIHKE HA €€ COCTOsHHe,
H CJIeoBATe1bHO, MEHST 3arac 3Hepr{u B Hed,
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6. Caenyer noiYepKHYTh, YTC I'CBOPS O BHYTPEHHe# SHEePTHH, OTBJE-
KalwTCsl OT MAaKPOCKONHYECKHX IBHIKEHHH CHCTeMbl M OT BO3AeHCTBUH
Ha Hee BHEILUHUX CHJIOBLIX NoJiel. BHYTpeHHsq sHepris 3aBUCHT TOJIbLKO
0T NapaMerpoB, XapaKTepU3YIOUX BHYTPEHHEE COCTOSIHHE Tejla, HO
He MOXET fABHO 3aBHCETb OT €r0 MaKpPOCKONHYeCKOro ABUIKEHHS M OT
BHEIUHHX CHJI, JeHCTBYIOWHX Ha Teso. IloHATHe BHYyTpeHHEH 3Hepruu,
CTPOTO TOBOPS, OTHOCHTCS K TeslaM, HaXORSIIHMCSA B COCTOSIHUH TEPMO-
JMHaMHUYEeCcKOro paBHoOBecHsl. Ha HepaBHOBecHbIe COCTOSIHHS OHO MOXKeET
GblTh PacIpOCTPAHEHO B TeX Cly4asaX, KOrja paccMatpHBaeMasi CHCTeMa
Te1 MOXeT ObITh pasfeneHa Ha JACCTATOYHO Majkle MaKpPOCKONHUECKHE
YACTH, KAXK/asi U3 KOTOPBIX B PaCCMATPHBACMBIHi MOMEHT BPeMEHH MpaKTH-
yeCKH HaXOJMTCSi B PABHOBECHOM cOoCTOAEHH. B Takoll cucreMe paznnd-
Hble MaJIble MAaKPOCKONMYECKHe YaCTH MOTYT IBHTaThCS € PAa3/IHUHBIMH
CKODOCTSAIMH, HAaXOJMThCH MOX Pa3HBIMM JaBJEHHAMH H HMeThb pasHble
TeMnepatrypel. B 3TuX ciyuasix mojiHasg sHeprus CHCTeMBbI CKJAbIBACTCA
13: 1) KHHeTHYeCKOH 3HepTHH NBUIKEHHS €€ MaKPOCKONHYECKHX Jacrei,
2) noTeHUHaNbHOH SHEPTHH CHCTEMEI B NOJ1e BHEMIHUX CHJ 1 3) BHYTpeH-
Heji SHEpTHH. ,

BHyTpenHss1 3HepTHA B CBOIO OUepeb COCTOUT H3 CYMMbI BHYTPEHHHX
5HeprHi MaKpOCKOIHUYECKHX HOACKCTEM, Ha KOTOPhlE MBICJIEHHO MOXKHO
PaszesINThb BCIO CHCTEMY, a TaKyke SHEPTHH B3aUMOJAEHCTBUHA 3THX MNMOJ-
cucreM. BaauMopeiicTBHe MeXKAY TNOACHCTEMAMH  OCYIIECTBJISETCS
NOCPEACTBOM MOJAEKYAAPHBIX cua, JREHCTBHE KOTOPBIX INIPOCTHpPaeTCs
Ha Majble paccrosiius nopsitka 10—1077 cM. BBuay storo sHeprus
B3aUMOJICHCTBHS MaKPOCKOITHYECKHX NOJICHCTEM NPONOpLHOHaNbHA IVIO-
IIaJH NIOBEPXHOCTH, BIOJb KOTOPOH OHH CONpHKacaroTcsl MeXKAy coboH.
Ona HasbiBaeTcsi NO3TOMY MOBEPXHOCMHOL 3Hepeued. B GoablipHcTBe
CJly4yaeB IOBEPXHOCTHOH 3Hepruel npenebperaroT, Tak Kax €10 06/1a1aiT
TOJBKO MOJIEKYJIBI TOHKOTO NOTPaHHYHOTO €105, 00beM KOTOpOTo mpe-
HeGPEKHUMO MaJl 110 CPABHEHHIO ¢ o6beMaMi CaMHX nopachcieM. B Takom
NpPHOJMKKEHUH BHYTPEHHAS 3HePTHs o0aaaeT CBORCTBOM addumusHocmu,
T. €. BHYTPEHHss 3Heprusl CHCTeMbl paBHA CyMMe BHYTPEHHHX 3HEpTHt
HOJCHCTEM, U3 KOTOPLIX oHa coctouT. Ho npenebperaTs noBepXHOCTHON
SHepruell MOXKHO He Bcerja. Hanpuwmep, 3Toro Heab3s jeaTh NpH pac-
CMOTPEHHH SIBJIEHHH 1N0BEPXHOCIMHOS0 HAMANMEHUA, TaK KaK caMH 3TH
ABJeHHsT 06YCNIOBIeHEl UMEHHO Ha/JNuHeM NMOBEPXHOCTHOH 3HEpTHH.

Ecan agnabatuueckast o60/0uKa, B KOTOPYIO 3aKJ/IOUeHA CHCTEMA,
JKeCTKas, TO NpH BcexX npoileccax paboTa cucreMbl paBHa Hydo. [lpu
OTCYTCTBHH BHEINHHX CHJIOBBIX ITOJIEH TaKasl CHCTEMa SIBJSIETCA M30JH-
poBaHHOM BAY 3aMKHYTON. Ee BHYTpEeHHNA 5HePrHa npH J100bIX H3MeHe-
HHSIX COXPAHAETCH MOCTOSIHHOH.

7. TlpuBeznenHOe Bhillie TEPMOAHHAMHYECKOE ONTPejle/IeHHe BHYTPeHHeH
SHEPTHM YKAa3pBaeT NMPUHIUIIHAJILHLIA cnoco6 H3MepeHHs 3TOH BelH-~
YHHHL. [IJf 3TOTO Teso Hano anuabaTHYeCKd H30JHPOBaTb H H3MEPHTh
pabory, NPOH3BOAHMYIC Hajl HHM BHELIHHMH CHJIAMH, KOTJAa TeJo nepe-
XOART nO J6OMY NYTH H3 HYJEBOIO COCTOSIHMA B paccMarpu-
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Baemoe uJH 06paTHO. TakuM MyTeM MOMHO HaHTH BHYTPEHHIOKW SHEPTHIO
Tesa KaK PYHKLUHIO MaKPOCKONHYECKHX NapaMeTpoB, XapaKTepU3YOUHX
ero CocTosiHue .

B pesyabtare Tero OyeT «3HEpreTHYeCKH MNPOTPaiyHPOBAHO»,
T. €. KQXK/IOMY COCTOSIHUIO €70 BY/AeT COMOCTAB/ICHO BIO/IHE OIpeieIeHHOe
3HayeHUe BHYTPeHHell sHepTHH. Takoe Te10 MoxeT ObiTh HCI0/b30BAaHO
B KayecTse Ka/IOpHMeTpa A/1A H3MepEeHHs BHYTPEHHEeN 3HeprHH ApYrux
Tesa. Beakuil KaJopumeTp, B CYIRHOCTH, NpeiacTaB/iseT coboH Telo,
NOMeLeHHOE B KECTKY0 aiHabaTHuecKyo 000M0UKY U NPOrpasyypoBaH-
HOe Mo BHYTpPeHHeH sHeprud. Takce Teo Ha3BIBAOT RKaiopumemputec-
Kum meaom. B Ty e 000JOUKY MOTYT NOMELIaThLCs ApYyrue Te1a, BHYT-
PEHHIOI 3HEePTHIO KOTOPBIX TpedyeTcs H3MepHTb. KalopumerpudecKuM
TEJIOM MOXKET C/JYAHTh, HanipHMEpP, onpeje/ieHHas Macca BOAH HJH APY-
roff XHAKOCTH. BHYTpeHHAs SHepPrus XKUIKOCTH NPAKTHYECKH 3aBHUCHT
TOJABKO OT TeMilepaTyphl, TdK KaK AaB/eHue CObYHO MONepIKHBACTCH
MOCTOSIHHBIM IJIH MeHsieTcsl Maqo. Masiple e H3MeHeHusi NaBJeHHS,
BBHAY MAaJOi CAHMAEMOCTH XKUIKOCTH, NMPAKTHYCCKH He CKa3blBAKOTCH
Ha ee BHYTpeHHeTi 3HepTHH. Vi3mepeHne BHYTpPeHHeH 3HEPTHH TeJsa B Ka-
JopHMeTpe cBoauTca K OoJiee yA00HOH MaHUOYJASLHH — H3MEPEHHIO
TeMneparypsi. Ecii Temneparypa Tesaa, NOrpy:KeHHOTO B KaJOPHMETD,
OT/IMUYALTCA OT TeMIEPATYPhbl KAJOPHMETPA, TO HAUHETCsA NPOLECC BLIPAB-
HUBaHHUS TemriepaTyp. BHyTpeHHHe 3Heprun tesa M Kanlopimerpa Hady-
HYT MeHATbCH, MOKAa B CHCTeMe He YCTaHOBHTCH obulas TeMmiiepaTypa.
BuyTpeHusin sHeprusi, norepsiHHas TeqoM, OyeT paBHa BHYTpeHHeH
3HEepriH, NCJYYeHHOH KaJOpHMETPOM, TaK KaK TeJOo W KaJOpUMeTp
00pa3yIoT 3aMKHYTY!O CHCTEMY, SHEPTHA KOTOPOH MEHATHCS He MOXKeT.
Takum 00paszom, 10 H3MEHEHHIO BHYTPEHHEH 3HEPrHH KaJopHMeTrpa
MOXHO CYAHTb 00 H3MEHEHHH BHYTPEHHel 3HEePTUM paccMaTpHBAEMOTO
tesa. C H3J102KEHHOM 3/1ech TOUKH 3peHHs Kaacchueckue padorst Jxoyns
[0 OMpefe/eH 0 MEXaHHYeCKOT0 3KBHBA/EHTa Tenvid CBOAATCA K rpay-
HPOBKE BOJSIHOTO KaJIODHMETPA B MEXAHHUYECKHX €IUHHUAX SHEepruu.

§ 15. Koauuectso Tenaa. Matematuueckas GopMyauposka
NepBoro Hadajaa TePMOAHHAMMKH

1. Ecan cucrema nomeileHa B aaHabaTHYeCcKyo 060A0YKY, TO e[iH-
CTBEHHLIM CNIOCO00M H3MEHHThb €€ BHYTDEHHIOI SHEPIHIO ABAAETCH Npo-
H3BOACTBO Hal Hed MaKpOCKONH4YecKoH paboTbl, YTO AOCTHraerc:d
nyTeM H3MeHeHUA BHelHUX mnapamerpoB. OjaHako, ecid apuabaTi-
YECKOM H30JISIUKH HeT, TO H3MEHEHHE BHYTPEHHeHd 5HePrUH BO3MOXKHO
H 0e3 MpOH3BOJCTBA MaKPOCKONIHYECKO# paboThl. Tak, NpH COMNPHKOCHO-
BEHHH TOpSiYero H XOJIOAHOIO TeJ BHYTPEHHsIs1 3HEPIHA NEPEXOAHT
OT ropsyero TeMa K XOJ0AHOMY, XOTA NPH 3TOM MAaKpOCKOMHYeCcKas
pabora M He COBepLIAETCH.

fIpodecc obmeHa eHympeHHUMI 3HepeUAMU CONPUKACAIOWUXCA mea,
He  COnposoNcOoujuics npousseocmsomn MaxKpockonuveckod  pabomisi,
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HQSHIBAEMC MENA00GMEHOM. IFHepeus, nepelaHHas mery OKPYMCaroulet
cpedol 8 pesyavmame menio0OMena, Ha3bIBAemcs KOAUMECmEoM menaa,
WAL LPOCIO MENAOM, NOAYHEHHBIM MEAOM @ MAKOM NPOUecce.

J13MeHeHHe BHYTpeHHell 5HepriH TesJa BO BpeMs TelnjJoobMeHa,
B CYLIHOCTH, OOYCNOBJeHO Tak:e pabOTOH KaKHX-TO BHEIUHHX CHJI.
Ho 3T0 He ecTb MaKpOCKONMH4YecKas paboTa, CBs3aHHAs C H3MEHeHHEM
BHEIIHMX MakKpocKonuueckux napametpoB. OHa siBasercss Muxpo-
ckonudeckoli pabomod, T.e. CKnajapiBaercsi M3 paboT, NPOH3BOIHMBIX
MOJIEKYJASIPHBIMH CHJIaMH, C KOTODBIMM Ha MOJIEKYJBl ¥ aTOMBbI Tesa
JEHCTBYIOT MOJIEKYJBI H aTOMbl OKpyxkatomeil cpeawt. Tak, npu npu-
BeJIEHHH Tejla B KOHTAKT C rOpsiYMM Ta3oM lepeiaya sHEPTHM OT rasa
K TeJly OCYLIECTBJISIETCS NOCPeACTBOM CTOJK-
HOBEHHH MOJIEKYJ rasa ¢ MOJEKYJaMH Teja.

2. ChopMysnupyeM MaTeMaTH4eCKH IepBoe
Ha4yalo0 TepMOLHHAMHKH € YYeToM TemnJo-
obmena. Ilycrs MHTEpecyiomass Hac TepMOoau-
Hamiueckas cucrema / (puc. 15) Haxoaurcd
B TEIJIOBOM KOHTAKTe ¢ KaKOil-TO cuCTe-
moii /1. Bes cucrema I -+ 11 3akmouena B
agnabaTHyecKyio o60J0YKYy, OJHAaKO IpaHuua
AB Mexny cHuCTeMaMH $BASI€TCS TEIJONpo-
Bogsmer. [lpu aTHx ycnoBusix cucrema [ -
Il He moxkeT 0OMEHHMBATBCSl TENIOM € CKpY-
JKafolel cpejlof, OlHaKo TenacobMeH MekAy
cucreMamu [ u I moxer npoucxoautb. Ho-
nycTHuM jajee, 4YTo 000JIOYKa, B KOTOPYIO Pnc. 15.
3akialoueHa cucrema [/, xecrtkas, TaK YTo
HIKaKoH pabGoTel cucteMma /I mpousBoinTb ne Moxet. Cucrema /, Ha-
NPOTHB, MOXKeT COBepllaTb padoTy Hah okpyxKatoumleii cpenoii. Ha
CXeMaTHYecKOM pHc. 15 cucreMa / n3obpaxkeHa B BHAE LUJIHHApPE C 101~
BIDKHBLIM TEIVIOHENPOBOASIINM nopiuHeM. CTeHKH WHAHHApa — ajuaba-
TiYeckHe, a 140 AB MOxeT NpoBOAMTH Tenjo. AnuabaTHuecKHe CTeHKH
H4a pHCYHKe H300paKeHHl JABOHHBIMH JIMHHAMH, NPOBOASIAA TNEPETO-
ponka AB — ciomHO# JMHHEH.

ITyers cucrema I +- /1 mepemsia u3 npou3BOJBHOTG COCTOSiHUA |
B ADYroe CocTosiHMe 2, B pesyJbTaTe uerc copeplieHa pabora A,, Han
BHELIHUMH TeslaMH. ITy paboTy coBepluana ToabKo cucreMa /. Tak xak
cocraBHas cucreMa [ + /1 agnabarnueckH H3071MPOBaHa, TO

4412:(U1+UI)—(U2+U;)»

rne U — BHyTpeHHsasi sueprus cucremu J, a U’ — cucremmt [1.
[ockobky Hac uHTepecyeT NOBeAeHHE TOAbKO CHCTeMHI /, mepenuiueM
3TO COOTHOLIEHHE TaK:

A12:U1“U-2+(UI—U-’2)-
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Y6buib BHYTPeHHei 3Hepruu cucteMmsl [/ ecTb, no ONpefeeHHIo, KOH-
yecTBO TeMm/a, NOJYYeHHOe CHCTeMOH [ B paccMaTpMBaeMOM Npo-
uecce. OGo3nauum 31y Beauunny Q. Toraa no onpeaeneduro

Q=U;—U;=—AU", (15.1)
H npeu,bmyulee COOTHOLUCHUHE TMDUMET BHI
Q:UQ—U1+A12- (15-2)

Aro ypaBHeHHe U [aeT MaTeMaTHYECKYIO GOPMYIHPOBKY NepBOTO Hauada
TepMOAHHAMHKH. OHO yTBEepXKJaeT, UTo menio Q, noayusernoe cucmemoi,
udem Ha npupawierue ee sHympernetl anepeuu AU = U, — Uy u Ha
npoussoocmso sHewireld pabomet.

3. st ysacHeHWs MNOHSATHHA KOJAMYECTBA TeIJia MNOJE3HO 06paTHThb
BHHMAHHe Ha caeiymwilee o6crosaTeqabctBo. CorvacHo onpefeaeHuio
0 geautune Q caedyem cyoume no USMEREHU) COCMOAHUA He camoll cuc-
mesot [, a cucmemor [, ¢ komopoti ona o6mernusaemca menaom. Ynave
cooTtHowenue (15.2) Gbl10 Gbi He U3MYECKUM 3aKOHOM, a MPOCTBIM OIl-
peaesneHHeM noHATHA Tenaa Q. Eciu Xe mo onpeneneHuio BeauuHny Q
HaxOAUTb N0 H3MEeHEHHIO BHYTPEHHeH sHepruu cucremsl [/, TO coOT-
HowleHue (15.2) craHoBUTCS HU3HIECKUM YTBepPKAEHUEM, NONYCKAIOUIUM
3KCIEPUMEHTANBHYIO NPOBEpPKY. [eHCTBUTe/NbHO, BCe TPH BEJHYHHBL
U, — Uy, Ay, u Q, BXoasiue B cooTHolueHue (15.2), mMoryr OuiTh H3Me-
peHbl HE3aBHCHMO, a IIOTOMY MOXKHO 3KCIIEPHMEHTaJbHO NPOBEPHTD,
YIOBJIETBOPSIIOT OHM COOTHOLeHHIO (15.2), HAM He YIOBIETBOPAIOT.
Vicropuueckn noHATHE O TellsioTeé KAaK O KOJHYECTBEHHOH BeHUHHE
BO3HHKJIO H3 Ka/OPHMETPHUECKHX H3MepeHHil. B 3THX u3MepeHUAX O
KOJIHYECTBE Teivid, COOSLIEHHOro TeTy, CYAAT [10 H3MEHEHHIO TeMmiepa-
Typbl K&JIOpUMeTpa, C KOTOpbIM Tedo oOMeHuBaercs TemioM. Bee 310
corjacyercss ¢ ornpeje/eHHeM BeJUYHHBL (, 1aBaeMbIM COOTHOUICHHEM
(15.1): cucrema I1 urpaer ponp KalopuMeTpa.

4. CootHoluenue (15.2) ocraercsi cnpaBeivBpIM U B 06iieM caydae,
T. €. IPH JIOGBIX H3MEHEHHUSIX COCTOSHUA chcTeMul /. OHAKO BhIpaKeHue
(15.1) nopnexxkut o6obuwienuio. JlomycTuM, HampuMmep, YTO COCTaBHAs
cucrema [ + /] 3akmioyeHa B agnabaTuyecKyo 060JI0UKY, HO 060/104Ka,
oKkpyxKatomasi cucreMy /I, He sBiserca kecTtkofl. B atux ycaoBusax
cucreMa /1 moser coepuarb pabory. Eciu A, — NonHas paboTa
cocraBHO# cuctembl [ + [/, To

AHOJIH = Ul - U2 _l" (UI - U;)-

[Tonnas pabota cnaraercs u3 paGotel A;, cucreMsl I u paGotsl Ajf,
cucremel [1: Ay, = A + Al [osToMy mpegsinyiiee COOTHOLIEHHE
no-NpPeXKHEMY MOXHO 3amucaTh B BuAe (15.2), ecau Beln4yuHy @ ompe-
Ie/IHTb BHIpaXKeHueM

Q=Ui—U;— 4. (15.3)
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5. JI1si GECKOHEYHO MaJIOTO HJIM 3JeMEHTapHOT0 KBa3HCTaTHYECKOro
npouecca ypasHeHue (15.2) npuHHUMaeT BHA

8Q=dU + 84 (15.4)
Q=dU~+PdV. (15.5)

Ecnu npouecc KpyroBoi, T. €. B pe3y/ibTaTe Hero CUCTeMa BO3Bpa-
jaercss B UCXOAHOe cocTosinue, To U, = U,, H cjiejoBarteqnbHo, Q =
= A. B xpyrosom npouecce BCe TENJ10, [0JYy4eHHOE CHCTEMOH, H/ET Ha
NpOH3BOJACTBO BHEIIHEH PaboThl.

Eciu Uy = U, u Q =0, 10 A = 0. Imo 3nauum, 4mo Heso3momxcer
npouecc, eOUHCMBEHHbIM PE3YALMAMOM KOMOpoo ABAAENICA NPOU3S00Ciso
pabomot 6e3 Kaxux 66t mo Hu 66140 usmerenuti 6 dpyeux mesax. Mexanusm,
B KOTOPOM OCYIUECTBJSIETCH TAKOH INpolecc, HasblBaeTCA nepnemyym
Mmobu.ze (seuroim dsueamenem). Takum o6pasom, U3 NEPBOro Hayasa TepMo-
JIHHAMHKH CJI€lyeT HEBO3MOXKHOCTL nepreTyyMm Mobuie. HeckoHuaembie
MONBITKH [OCTPOUTh TaKOH JBHraTe/b, C HaCTOHYHBOCTBIO MpEIPHHH-
MaBIldecs B TIpeKHHe BeKa, Ja HHOrjAa BCTpevaroluecs H Tenepb
(KOHEeuHO, Cpein HerpaMOTHBIX B (PH3HKE JIIOAeH), HEeM3MEHHO OKaHYUBA-
JuCh Heyjauedl. JTO MPUBENO K TOMY, YTO HEBO3MOXKHOCTL NEPHETYYM
MoOuse Gblia BO3BeleHa B MPHHLIUI, [0 CBOEMY COJEPKAHHIO SKBHBA-
JIEHTHbIH TPHHHUNY COXPAHEHHS SHEPTHH.

6. SlcHo, uyTOo enMHMIBI PaGOTHl U SHEPTHH MOTYT CJAYXKHTb TaKKe
eMHHLAMH KOJIHYECTBA TeIl1a, XOTH HCTOpHYeCKH Obuio He Tak. Iloka
He Obl1a yCTAHOBJIEHA KHHETHUECKas NpHpoJa Tema, AJIA 9THX BEeJHYI(H
HOJb30BAJHCh PA3JAHUHBIMH efHHHOAMH. Mcnoap3oBaHHe OOHHUX H Tex
e eIUHHL, yAOOHO He TOJBKO B TEOPETHYECKHX HCC/AEIOBaHHAX, HO
H Ha NpakKTHKe, TaK KakK NpPH 3TOM BO BCeX COOTHOLUEHUAX BBIMAAAlOT
YHCJICHHBIE MHOXKUTE/H, fIBISIOLIHECS KoaddHUHeHTAMY [1epeBoa KOJIH-
YeCTBA TENJIa M3 TelJIOBbIX eIHHHUIL B MeXaHHYecKHe Win o6patHo. B cuc-
teme CH ennnuueil xonuuecTBa Temsa sBJjseTcs 0xoyab, B CHCTeMe
CI'C — ape. Oxnako Bo BpeMeHa TEOPHH TEIVIOPOAA 151 H3MEPEHHU St KOJTH-
yecTBa Telvia Oblia BBeleHa ocobas eluHULa — Kaaopus. Maaas karopus
UAU epaMM-KAAOPUSL eCMb KOAUMECBO MENAd, Komopoe Hado coobujurrs
00HOMY epammy 4ucmol 600e:, 4mobbl NOGbICUMb ee memnepamypy Ha
00un epadyc Leavcus. TeicAda rpamMM-KagopHH COCTaBASIET 60AbULYI0
Karopuro Wil Kuaoxasopuro. st Gospluel onpeleleHHOCTH pasiHdany
HyJeByI0 KaJlopHio, 15-rpanycHyio, 20-rpafycHyio H ApYTHe KajlOpHH.
Hanpumep, 20-rpaaycnas kajsopusi onpegensiach Kak KOJHYECTBO
Tenna, norpebHoe A HarpeBanust 1 r yucroft Bogst or 19,5 no 20,5 °C.

HacTosiee BpeMs Hafo6HOCTh B 0co60i e[HHHUILe 1151 H3MEDEHHSA KOJIH-
4ecTBa Teria ornaja. Kagopus He BXOIUT B UHC/IO equHHL cHcTeMbl CH
win cucremsl CI'C. Ona siBnsiercs euecucmemnoii eQuruyeti. OnHaxo,
BBHy NPUBBLIMHOCTH H HAIJISIHOCTH 3TOH e[JHHHLbI, HMEET CMbIC]
B OTAEJBHBIX CAYyYasix MOJL30BaThCA €. B Hacrosiee BpeMsl IpHMe-
HACTCSL MenmdyHapoOHas Kuaokasopus, COAepHauias IO ONpefeeHHI0

HJIH
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4,1868 runomxoyneii. Teicsunylo HOMIO 3TOH BEJHUYHHBI MBI GyjeM
HasLlBaTh NPOCTo Kasopuet. Ilojie3HO 3aMeTHTh, YT0 yHHBepcalbHas
rasoBasi NOCTOfIHHAsE R, BHIPaXXeHHasi B KaJOPHSX, paBHa

R =1,9858 xan/(K-moab) =2 xan/(K -mMoub).

§ 16. Korna MOXHO noJb30BaThCA TIPEACTaBJIEHHEM
0 KOJHYeCTBe Tenja, CojepialieMcst B Tede

1. Koauuecmseo menaa, noayueHHoe meaom, He sgasemcs pyuxyued
COCMOAHUA. D10 HenocpeJCTBeHHO BHAHO M3 ypaBHenus (15.3). Heficr-
BHTENbHO, pasnoctb U, — U, 3a8BHCHT TOJBKO OT HAYaJbHOTO H KOHEY-
HOTO COCTOAHUH CHCTeMBI, TOTa KaK pabora A;, 3aBHCHT ellie OT NYTH
nepexona. Iosromy 1 kosuuectso tenna Q@ = U, — U, + Ay, Takxke
3aBUCHT OT NyTH NMEPEXOAA, T. €. OT cHocoba, KaKUM cHcTema Obljia NpH-
BejleHa B pPacCMaTpUBaeMOe COCTOsHHE. DTO W 3HAYMT, 4TO BeJHuHHa Q
He eCcTh (YHKIHA COCTOSHHS CHCTEMEL. [lepeBecTH cucremy B paccmaTpH-
BaeMoOe COCTOSIHWE MOKHO OeCyucJIeHHBIM MHOXeCTBOM CIOCOOOB.
Bo Bcex atux crnocobax cucreme cooOLIaeTcs OfiHa H Ta XKe BHYTPeHH s
SHeprys, HO pa3jiesieHue 5T0H BeJIWYUHBE Ha paboTy U COOOHIEHHOE TenJo
B pasHbIX cnocobax Oyner pasHbeiM. Ec/H 337aHO cOCTOSIHHE CHCTEMHI,
HO He YKa3aH Npolecc, KaKHM 3T0 COCTOsSIHHE GbIIO NOCTHTHYTO, TO HHYETro
HeJb3Sl CKa3aThb O KOJIMYECTBE TeNJa, 3allaCeHHOM CUCTEMOH mpH nepe-
X0Je B paccMaTpuBaeMoe coctosiHne. B 3TOM cMbIc/e Hesb3sl TOBOPUTH
O XOJIHuYecTBe TellJla, COJAepKalleMcsl WJH 3anaceHHoM B Ttene. Ho
BCErlla MOXKHO TOBOPHTb O 3amace BHYTPEHHEH SHEpPrHuH, Tak KaK OH
He 3aBHCHT OT cnocofa IPHBEJEHH T CHCTEMBI B PaCCMATPHBaeMoe COCTOSi-
HHe. O KoJHuecTBe ke TemnJja, COOOLEeHHOM TNy, HMeeT CMEBIC/ TOROPUTh
JHIWb B TOM CJyuYae, KOTAd yKasarn npoyecc, KaKUM cHCTeMa nepexoana
B paccMarpHBaeMOe COCTOSHHUE.

Crepyromasi asa’orus MoKeT pa3biCHHTb CyTb JAena. IomycTHM, uTo 03epo
noToaHAeTCa BOJOH 3a CueT A0S U 33 CUeT BOAbI BTeKawlleil B Hero pexkd. limeer
CMBIC]T TOBOPHTb O KOJHYECTBE BOABI, KOTOPOE TNonajaeT B 03ep0o 33 CYTKH H3 PeKH,
a TaxKe O KOJIMYeCTBE BOJbI, BhMajaiollell B HETo 3a To xKe BpeMsi B BuJe A0k Is. Ho
JIHILEHO CMbICJIa YTBEpPXKIEHHe, YTO B 03epe, PacCMaTPHBAEMOM GE30THOCHTENbHO
K NPOLECCAM €r0 HANOJAHEHRHS, COAEPKUTCH CTOJIbKO-TO KYOHUECKHX METPOB AOKACBOI
H CTOJIbKO-TO KYOHYECKHX MeTPOB PeyHoil BoAul. B o3epe ecTh efMHas Boxa, M oHa
MOTJla ToNacTh Tyla pa3/MuHeMH crniocoGamH. Tak ¥ o BHYTpeHHe SHEPIHH, coiep-
Kaulefics B Tesle, He HMEET CMBIC/Ia TOBOPHTh, UTO OHA COCTOUT M3 CTOJIbKHX-TO €XHHHIL
paGoThl ¥ CTOIBKHX-TO €AMHHL Tenja. Be30THOCHTENBHO K npoleccaM, KaKHMH Tefio

NOJYYaso BHYTPEHHIO 3HEPTHIO, ee pa3jieieHie Ha paGoTy H TEnJo JHILEHO BCAKOTO
coleprKaHns.

2. Ouenb pacnpocTpaHeH TEPMHH «TelJioBas 3Heprus». Ero uu
B KOeM CJydYae He cJeiyerT TNOHHMATh B CMBICJE KOJMYECTBA TEIlIa,
3anaceHHOro TeJoM B npouecce tenjooOmena. oz Te€nsoBoll sHepruei
creryeT NOHHMaTh BHYTPEHHIOW SHepTHIO Tesa. [1oaTomy HeT HafoGHOCTH
B 0COGOM TEPMHHE «TenJoBasi 3HepTHsi». Ho npy npaBuibHOM NOHUMaHHH
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ero MOXKHO ¥ COXPAHHTb, YTOOBI HAOMHHTb O CBSI3H CTPOTO HaYYHOIO
[IOHSITHA BHYTpeHHeH sHepruu c CyObeKTHBHBLIMH OLLYUIEHHSIMH Tem/a
{ X0J1071a, U3 KOTOPBIX OHO BO3HHK/IO. KpoMe TOro, TepMHHOM «Tern/oBast
sHeprHs» ¢ 0CO0OH BHIPA3HTENLHOCTBIO MOAYEPKHBAETCS, YTO Pedb HIET
06 3HEpPIUH, CBA3AHHOH C BHYTPEHHUM XAOTHUYECKHM ABHXKEHHEM aToMOB
u moJexys. Teqo, obnafaoiee 3anacoM TenvioBol (BHYTpeHHei) sHep-
rUH, B TEPMOAHHAMHKE Ha3bIBACTCS mMenA06biM pe3epsyapos.

Ilpo TennoBoit pesepByap TOBOPAT TAKXKE, YTO OH COEPKHT onpese-
JenHsil 3anac menaa. Ho B 3TOM cilyyae noj TeNJIoM NOHHMAIOT BHYTPEH-
HIOIO 3HEPTHIO, a He KOJHYeCTBO TelJa, MOoJydeHHOe TEIOM B Mpolecce
tensoo0MeHa. Bce sTH HecoBepUICHCTBA TEPMHHOJIOTHH, KAK M CaMBblil
TepMHIH «KOJIMUECTBO TeJia», HayKa MOJYyYn/a B HAC/JEACTBO OT TEOPHH
trenjiopoaa. llocieqnsas paccMaTpHBasda TENVIOTY KaK THIIOTETHYECKY D
HEBECOMYIO KHJIKOCTb, COJAepKalyiocsl B TesaX, KOTOpas He MOXKeT
6bITb CO3/laHa HAH YHUUTOKeHa. ['0BOpHIIH 0 3aKoHe COXpaHeHH s TellJIO-
poia, aHaJOTHYHOM 3aKOHY COXpPaHeHHs OOBIKHOBEHHOIO BeIecTBa.
C 37Ol TOYKH 3PEHHs €CTeCTBEHHO GbLI0 TOBOPHTH O 3allace Temla HId
TEn0pojia B Tesjle Ge30THOCHTEIBHO K cHoco0y, KaKHM Teslo ObiIo NpH-
BeJIeHO B paccMaTpHBaeMoe COCTOSTHHE. DTH BO33peHHs!, He NpeicTaB/s-
e cefiuac HMKAKOTO HHTepeca, AOBOJIBHO JI0JT0 YEpXKHBAIUCh
B Hayke. IIpuyHHa 3TOro B TOM, YTO OHHU IIOATBEPKAANHUCH KAJOPUMETPU-
YeCKHMH H3MEpPEeHHAMH H HEKOTOPBHIMH JAPYTUMH SIBJEHHUSIMH MPHPO/bL.
U cefluac B KaJOPUMETPHHU YaCTO PACCYKAAIOT TaK, KaK ecau Obl OblI
CnpaBefIMB «3aKOH COXPAHEHHS KOJHYECTBA TEmJOThbly. Tak HOCTy-
nawT, HanpuMep, NPH BLIYMCACHHH TeMmrepaTyphl CMeCH ABYX KHJIKOC-
Tell WIY TEIVIOBMKOCTH TeJI IIPH KaJOPHMETPHUECKUX H3MepeHHsX.
Tak xe nocrymaloT W B MaTeMaTHYECKOH TeOpHH TemJIONpPOBOLHOCTH.
OcHoBol moc/eaHeil OblIM  3a/0XKeHbl (PaHIY3CKUM MAaTeMATHKOM
Gypoe (1768—1830) B neproit yerBepTd 19 Beka u NOJHOCTHIO COXpa-
HHJIH CBOe 3Ha4yeHHe B HacTosiee BpeMs. MartemaThueckas TeOpHs
TEILIONPOBOAHOCTH (B TBePABIX H KHUIKUX Te/1aX) HCXOJUT H3 HPeIrno-
JIOXEHHSA, YTO NPH BCeX Npoueccax TemjIo He BO3HHKaeT H He yHHYTO-
KaeTCd, a MOXKET TOJbKO IePeMellaTbCsi U3 OJHHX MeCT NPOCTPaHCTBa
B aipyrue. Takoe npejactaBaenne, KOHEYHO, IPOTHBOPEYHT MEXaHHUECKOI
Teopuu TervioThl. ONHAKO NpPH BHINOJHEHHH HEKOTOPHIX YC/IOBUH sB/e-
HH$ IPOTEKAIOT TaK, KaK ec/iH Obl 3TO peAcTaBaeHue Oblio BepHo. Boisc-
HEHHe 3THX YCAOBHH MPEACTABASIET HE TOILKO HCTOPHYECKHH HHTepec,
HO ¥ HeOoGXOAMMO MO CYHIECTBY.

3. IlpencraBienue 0 KosuM4eCcTBe TemJa Kak of onpelle/]eHHOH Belu-
UHHe, cosiep:Kalelca B Tese, H O COXPaHEHHHU 3TOH BEJIHYHHBI BO3HUKIIO
Ha OCHOBE TAaKHX OINBITOB, B KOTOPBIX HA M3MEHEHHS CHUCTEMbI TeJl Hajo-
KEHbI Olpefe/eHHbe orpanuuenus. JlonycTam, HanmpyMep, YTo cHCTema
3aksioueHa B aguabaTHueckyio 06os0uKy. PacceueM ee MpICJeHHO Ha jBe
Noxcucremst B u C, conpHxacamliecs Ipyr ¢ ApyroM BAOJIb HEKOTOPOM
NoBepxuocrn. Kaxaas U3 3TUX MOACHCTEM YiKe He OyJeT aguabaTH4YeCKH
H3oinpoBana. Ecau mpouecc, NpoucXoifiidil B 0Ho/M0YKe, fBIAETCA
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KBA3HCTaTHYECKHM, TO HAa OCHOBAHUH IEPBOro Haydajgaa TePMOAHHAMHKH
AJasi 3THX TNOACHCTEM MOXKHO HallHCaTb

B B B B
Q :Ug - U] —}_A ’
c c c
Q =Us —Ur + 4%
rae QB u Q° — TennioTH, noJlyyeHHble mnoichcreMamu B u C, a AB n
A€ — nipousBejieHHble uMu paGorel. [lpexmonarasi, 4ro BHYTpeHHSs

SHEprusi BCef CHCTEMB! PaBHA CyMMe BHYTPEHHMX sHEpIHil NOACHCTEM
U = UB + UC, n ckjaanpBas NpeibAyIiHe PABEHCTBA, NMOJYUHM
QB+ Q¢ = (Uy — Uy) -+ (A8 + AC).

Pa6ora AP, coBeplieHHad nojcucteMod B, COCTOMT H3 IBYX dacTei:
pa6oThl HAJ BHEIIHUMH TeJlaMH ¥ paGoTsl HaJ mojcHcTeMoli C. AHasorny-
HOEe yTBepKIeHHe CpaBel/IiBO U 15 nojcHctembl C. BBuay paBeHcTBa
LeficTBHSA H NPOTHBOAEHCTBUS paGoTa noAcucTeMul B Haj noacucremoil C
paBHa M TNPOTHBOIOJOXKHA Mo 3HaKy pabore noacucteMbl C Hajx NMOACHC-
temoil B. Ilostemy u3 cymmer A% 4+ A€ 3TH paGoTel BBLINANAOT, H Mbl
noayyaem A% 4 AC = A, rae A — pabora Beell cHCTEeMB HaJl BHELIH MY

. Hrak

TesamH. Hraxk, QB4 Q¢ =U,— U+ A.

Ho ana apnaGaTuuecku wusoauposauuod cucremm U; — U, = A,
a NoToMYy QB"“QC:O-

KonuuecTBo Temja, nolyueHHoe nojpcucteMoit B, paBHO M npoTHBO-
MOJIOXKHO MO 3HAKy KOJHYeCcTBY Telsa, MoJyueHHOMYy nojcucreMoil C.
3TO 3HAYHT, YTO SIBJIE€HHS B aAnabaTHYeCKH H3OJHPOBAHHOH CHCTEME
DPOUCXOANAT TaK, Kak ecaH Obl BHIIOJHSIICSH «3aKOH COXpaHEHUsS KOJAH-
4ecTBa TEIJIOThID.

Tlonyuennnlit pesysnbrar 6e3 TpyHa pacmpocTpaHsieTcst Ha 6oJice
obwuil cayyait. JormycTHM, 4To TepMOJIHHAMMYECKAs CHCTEMA, 3aKJlo-
ueHHasg B afnabaTHdeckyio 000JIOYKY, COCTOMT K3 i He TepeMemnBa-
IOWHXCA NMOJACHCTEM, XMMHYECKH HE Dearupymoiux Apyr ¢ APYrom H
1IMEIOI KX Pa3sHbe TeMIepaTypbl. Mexky noacHcTeMaMy MOXKET IPOHCXO-
JUTh TONBKO TenyiooOMen. Ecnu Q; — Tenso, moayuennoe i-# nojcwuc-

TeMOH, TO n
Z Q,=0.

i==1

4. PaccMoTpuM, jajee, sIBJ€HHSI, NPOUCXOASIIHE B CHCTEME TIPH
NOcTOAHREOM ofbeMe WAH TIPH TNOCTOSIHHOM JiaBjieHuH. MMeHHo Takue
ABJCHHUS NPUBEJH K NIPEJCTABJEHHIO O «3aKOHe COXPaHeHHs KOJHUECTBA
TeNas, TaK KaK BCce KaJOPHMETpHYECKHE ONBITHI NPOH3BOAMIHCH JHG0
IIPH TIOCTOSTHHOM oObeMe, JH0O TNpH NOCTOSIHHOM JaBjeHHH. To ke
caMoe OTHOCHTCH K SBJCHHAM TEIIONpoBoAHOCTH. Ecian ofweM mocro-
sined, To patora A;, paBHa HyJi0, H dopmyaa (15.2) nepexoaut B

Q:UZ—‘UleU (V:COHSt). (161)
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Ecau ke TOCTOSHHO JaBaeHne, 10 Ay = P (V, — V) = A (PV),
H MBl TOJyYaeM

Q=AU LA (PV).

BBGI{E‘M HOBYIO BCIHYHITY
[=U-PV. (16.2)

Ona, ouyeBHIHO, €CTh (PYHKIHS COCTOSINIS, TaK KaK Beauunns U, P,
V' caMu sBJIsI0TCS BYHKILHSAME cocTostHHs. Toraa

Q=1y—I,= Al (P==const). (16.3)

@OyukiMsg [ Urpaer paxiylo poab B TepMoauHaMiuke. OHa HasbBaercs
sHmaapnuet WIH menaoeod ynrkyuerd. HHorja ee HasblBalOT TakKe
menaocodepocanuem. Ho >5TOT mnocsefHHIl TepMHH HeyjaueH, U Mol
HM OJB30BAThCs He OY1eM. IHMAAbNIUI0 MOKCHO Onpedeaums Kak ¢hyHi-
HUIO COCMOAHUS, NPUpauerue Komopotl npu usobaputeckom npouyecce
daem menao, NOAYUEHHOE CUCMEMOU.

Takum obpasoMm, ecan oObeM CHCTEMBI OCTAeTCSi NMOCTOSHHBIM, TO
TETio (Q paBHO NPHPAILEHHIO BHYTPEHHCH 3HCPTHH CHCTeMEL. Eciau ke
NOCTOSIHHO AaBJeHHe, TO OHO BHIPAKAETCS! NPHpPAIEHHEM 3SHTAJBIIHH.
B ofonx ciyuasix BeJMYHHA () He 3aBUCHT OT NYTH Nepexoja, a TOJLKO
CT HAYaAbHOTO H KOHEYHOTO COCTOsHUIT cHeTeMnl. [TosToMy Ha ocHOBaHHH
ONBITOB TIPH TIOCTOSTHHOM OObeMe WJIH IPH NOCTOSHHOM JIABJACHHUH H
MOIVIO CJOXKHTBCS TIpe/icTaBleHHe O KaKoH-TO BeJHYHHE Q, comepia-
weficss B Tesle M He 3aBucAmed OT criocoba NpUBeeHHsT ero U3 HyJle-
BOTO COCTOfIHHSl B paccMmaTpuBaemoe. Besanuumna @ HMeeT pas/jiHUHBII
CMBIC/I B 3aBHCHMOCTH OT TOTO, YTO OCTaETCS NOCTOSHHBEIM: 00BeM HJH
nasaenue. B mepsom c1yuae noj Q cieayer NOHHMATh BHYTPEHHIOW sHEp-
THIO, BO BTOPOM — 3HTAdbNHIO. Ho B panHuX onbiTax 3T0 pas/iudme
YCKOJB3aJI0 OT HabMI0EH I, TAK KaK ONBITE IPOH3BOJWINCEH C TBEP/IBIMH
H KHIKHMH TeJaMH, AJAd KCOTOPHIX OHO He3HayHTeIbHO Oaarojaps
MAJIOCTH KO3(HIHEHTOB TETIOBOrC PACIIHpeHHs TBEPABIX H KHAKHX
Te/1. B ofoux caydasix uMeeT MeCTO COXpPaHeHHe BEJHUHHBI (J, HO OHO
CBOAHTCA K 32KOHY COXPAaHEHHS SHEPTHH.

5. B cBsA3u ¢ Tem, uTo Tems1oTa U padoTa He ABAAITCH QYHKIHUAMU
COCTOSIHUSA, AT OeCKOHEUHO MajblX KOJHYEeCTB TENJIOThl U PaboThl MBI
viiorpe6siem o6o3Havennsi 6Q u 8A, HO He nosmb3yeMcsl 0603HAUEHHAMH
dQ 1 dA. ITHM MBI XOTHM NIOAYEPKHYTh, YTO BesiHUHHBI 6Q 1 6A He moryT
paccMaTpHBaTBCA KaK NOJHBIE AH(GEpEeHIHANE, T. €. He BCerAa MOTyT
ObITh mpencTaBieHbl KaK GECKOHEYHO MaJjible NpHpanieHHs KaKHX-TO
yuxuui cocrosnnga. Takoe npejcTaBieHHe BO3MOXKHO JHIIb B YaCTHLIX
C1yyasnx, Hanpumep, s 0Q B ciryuae NpoLeccoB NPH MOCTOSHHOM 00beMe
nin nasaenun. Koamuuecrsa 8Q u 0A sBIsIOTCA KaKHMH-TO OCKOHEYHO
MaJIbIMH BeIHUHHAMH, HO He NPHPALCHUAMH ONpefeeHHLIX (YHKIHH.
Hanporus, 6eckoneyHo MaJible H3MEHEHHS! BHYTPEHHEH SHEPTHH, SHTANb-
Iy, paBJeHusi, ofbeMma, TeMOepaTypbl H I1p. Mbl 0003HayaeM CHM-
Bonamu dU, di, dP, dV, dT, ... 91uM MBI XOTHM yKa3aTb, YTO TakKHe
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BEJHUMHBI SABJSIOTCH noAteimu Ouggeperyuasamu, T. e. BO Bcex 0e3
HCKJIOYEHHs CIydasgX MOTYT paccMaTpHBAaTbcsl Kak (GeCKOHEYHO
Majple npupamieHus ¢yHkuui cocrosmus U, I, P, V, T, ... Ecan
3a6eITh, 4TO BesnupHbl THna 8Q u 8A B ofueM cayyae He SBJISIOTCH
npupaileHHaMH GYHKIUHA COCTOSIHUA H 00pallaThCs ¢ HUMH Kak C 1oJ-
HBIMH JH(xpepeHIHaJaMl, TO MOXKHO INpPHATH K rpyObiM owHOKaM.
OauH npuMep Takoro poja 6yjeT npuseseH B § 47.

§ 17. 3akon lecca

1. Npumennm ypasuennst (16.1) u (16.3) x xumMuueckuM peaxkunsm. B tepmoxu-
MEH MENAIUM 3DPEKmom peaxyisl HA3bIBAEMC KOAUMECMBO MEenad, 6ul0eAouieecs
8 gmoi reaxyuu. Tennopofl 3@dexT peaklun HaszbiBaeTcsd Takke menaomoil oOpaso-
8arus, €CJ1H B pe3yJbTare PeakLHH NoJayuaeTcs Kakoe-Ju60 oNpeleleHHOe XHMHUECKOe
coefuHenne. Peakuus HasbBaeTCs 3K30MepMU4eCKOl, €CJIH OHA CONPOBOXKAAETCS BHI-
feJleHneM TeNJa, H 3HO0MepMUecKol, ecJin OHa HIET ¢ MOTJOolieHHeM Ten/1a. B nepeoM
caydae TemnoBofl 3dpdeKT CUHTAETCA MOJOMKHTENbHBIM, BO BTOPOM — OTPHIaTeJIbHBIM.
O6o3nauas Temyosoif sddexr peakiun Gyksofi W, MoxkHO namucath W= — Q
Ecnu peakuus uper npu noctosiHHoM ofbeMe, TO B CHANY ypaBHeuus (16.1)

W, =U,—U,=— AU. (17.1)

Huzeke V ykasbiBaeT Ha NOCTOSAHCTBO 00bEMa CHCTEMBI BO Bpems peakunu. AHamo-
T'MYHO, IIPH NOCTOSIHHOM JiaBJeHHH M3 ypaBHehHud ([16.3) ncayuaem

Wp=1,—1I,=—Al (17.2)

W3 ypaenennit (17.1) u (17.2) HenmocpeACcTBEHHO CJEAYeT, UTO MenAosoii agpgexmn
peaxyuu 3asucum AUl om npupodbl U (UIUYECKO20 COCMOAHUA UCXOOHbIX 6eljecme
U KOHe4HblX NPOOYKIMOE, HO He 3Q8UCUM OM NPOMENYMOUHbX cmaduil peakyuu. D10
noJloxKeHHue OblI0 YCTAHOBJIEHO 3SMNHPHYecKH B 1840 rogy pYyCCKHM aKalleMHKOM
I'. K. Teccom (1802—-1850) eme 0 OTKPBITHS MepBOro Havana TepMOAMHAMHKH, Clek-
cTBHeM KoToporo oHo sasjsiercsi. OHo HaswiBaetcsi npasusosm wian saxonom [ecca.
Slcno, uro npapuio I'ecca oTHocHTes JHGO K peakuMaM, HAYUIHM NPH TNOCTOSTHHOM
JaBJeHHH, JHG0 K PeakLHsM MpH NOCTOSHHOM o6beme.

2. Ecan HayaibHble H KOHEYHble MPOAYKTHI peaklMH BCE HAXOAATCA B TBEDIAOM
HJIH KHJKOM COCTOAHHAX, TO 06e BeAHuHHBl W), n Wp MpakTHuecKH He OTHKYAKOTCA

ofisia oT Apyroi, 310 CBA3aHO C TeM, 4TO OGBeM CHCTEMBl TPAKTUYECKH OCTAETCS HEH3-
MEHHBIM, & ToToMy pa6oTa, TNPOH3BOAHMAst CHCTeMOfl NPOTHB BHELUIHEro jaBjeHHs,
npene6pexumo Mana. He Tak o6CTOHT Aeso B TeX cyyasX, KOTa CpefH HCXORHBIX HJIH
KOHeUHBIX IIPOAYKTOB PeaKIHH BCTpeyawTcs rasoobpasHelie. Torja paboTa CHCTEMBI
NPOTHB BHELIHHX CHJl CPABHEMA C H3MCHEHHeM BHYTDeHHell SHepTHH BO BpeMsl peak-
uuH, H TerioBele sbdpektsl W, n W, CTaHOBATCA CYIECTBEHHO pasbMH. B stHx

cayuasx TenoBoH spdeKT OGbIMHO PAacCMATPHBAIOT NPH NOCTOSIHHOM AaBjeHHH. [1pH
3a/lanHOM TeMneparype Tenosofl adpdexr peakunn W, odenb c1afo 3aBACHT, 4 B ClIy-
yae HAeaJbLHBIX ra3oB COBCEM He 3aBHCHT OT BeJIHUMHBI BHELUHero jAasjieHHs (pasy-
MeeTCs, TOANepXKHBAeMOro nocTosHHbIM). Ecan TemsoBo#t addexr onpefeder npH
25 °C 1 760 MM PT. CT., TO OH Ha3bIBaeTC A cmandapmubii. 3HayeH e TenioBoro addekTa
yKasbiBaercs B BHJe C/1araemMoro B NMpaBoil 4acTH ypaBHEeHHs COOTBETCTBYHOmeH XHMH-
4ecKo#l peakuuH. Tak, ypasHeHHe

Ho+ _é O, = (Hy0) + 287 kllx

O3Hauaer, 4TO0 MPH CrOPaHHH OJHOTO Mo/ raszoo6pasHoro Bogopoaa (mpu 25 °C u
760 MM pT. cT.) ¢ o6pa3UBaHHMeM OJHOIO MOJS KHAKOH BOAH Bhidensercs 287 kx
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tenaa. Xumudeckue cumBoanl H,, Op 1 HyO B ypaBHenusax Taxkoro Tma yKasbBaioT
ge TOJIbKO XHMHYECKHH COCTaB W KOJHYECTBO COOTBETCTBYIOIMX BeIlleCTB, HO H 06o-
3HAYAT HX SHTAJbIHH (MM BHYTPEHHHE SHEPrHH, KOTAA peaKUMaA BAET NMpH MOCTOSH-
nom obweme). Tlpenvinylllee ypaBHeHHe O3HAayaeT, HanpHMep, 4TO CyMMa SHTa/blHil
ra3oo6pasHbiX BOJOPOJA U KHcJsopoa Gogblie HTAAbNUM 0GPa30BaBIEHCA KULKOH
poian Ha 287 kuaonxkoyJed. as Goablied onpefesieHHOCTH NPHHATO 3aKJ0uaTb
XHEMHUECKHUIl CHMBOJ TBEpJOrO BellleCTBA B KBajpaTHLIE, XHIKOIO — B KPYIJbie H
rasoobpasnoro — B ¢urypusle ckobku. Tax, [H,01, (H,0) u {H,0} o3navaior sutasp-
NHH COOTBETCTBEHHO MOJIsI JIbJa, *KHAKOH BOAB M BOAsHOrO napa. B stux oGosnaye-
gusX Tpelblyliee ypaBHeHHE 3arnnumercs Tak:

{Ha} + 5 {Oa} = (H40) +-287 x[T.

3. C ypaBHeHHSMH TaKOro TUIa MOXKHO 06pallaTeCs Kak ¢ OOLIYHBIMH anreGpaH-
yeck¥MH ypasHerusmy. OHY oueHb yROGHE NPH TEPMOXWMHUECKHX pacuerax. Bsuay
sakoHa [ecca OHH TIO3BOJSIIOT, HalpHMep, PAcCYMTHIBATH TeMIoBble 3D(EKTH TaKHX
peaklUHil, KOTOphIe TPYNHO HJIH HEBO3MOXKHO OCYLIECTBHTh B uMcTOM Buge. Tak, Ten-
JoTa 06pa3oBaHy s ra3oo6pasHoll OKHCH YIVIEpoJa K3 TBEPLOTO yI/Iepola H KHCJIOpOoia
He MOWeT GbiTh HEMOCPENCTBEHHO H3MepeHna Mo Tofl 1NpocTofi MPHYHHE, YTO YIVIEpOn
HUKOTZA HE CropaeT UEJUKOM B OKHCh YIepoia, a BCeria ¢ o6pa3oBaHiueM HeKoToporo
Ko/1HUeCTBa ABYOKHcH. JIyIs1 ee onpefiesieHHst H3MePSIOT, BO-NEPBEIX, TENJOTY MOJHOTO
cropaHisl TBEPROro YI/Iepofa H NOJy4aioT

[C]-- {O;} = {CO,} 4-394 k[Ix.

Bo-BTOpEIX, H3MEPAT TEMJIOTY CTOPAHUSA OKHCH YIJIePOJIa B JIBYOKHCH:
1 (
{CO} + -5 {Og} = {COs} 4-283 [l

BriuliTas neppoe ypaBHeHHMe H3 BTOPOrO, HaxXOHM HCKOMYIO TemIoTy o6pa3oBaHHs
OKMCH yriepoja:

[Cl+ 5 {05} = {CO} + 111 xTTx.

§ 18, TennoeMxkocTh

1. Tenacemrxocmero meaa C HQ3b6aemcs OMHoWeHUe 6GECKOHEUHO
Ma.1020 Koaudecmaa menaa 8Q, NoAYHEHHO20 MEAOM, K COOMBeMCMBYIOWemYy
npupatyernuio dT eco memnepamypo::

8Q
C=—r. (18.1)
Korza macca Tesa paBHa eIHHHIIE, TEMIOEMKOCTE HA3BIBAIOT YOeAbHOE —
ee Mol Oyjaem ofo3nauaTe Manoi OykBoit ¢. Dosee ynobHa moaspras
menicemrocms. Tak HasbIBAIOT TENJIOEMKOCTb OJHOTO MOJIS BEILECTBA.
A1y BeauuuHy Mbl GyneM oGoziauath Gousiloi GykBoii C.

Ilpupawmenue temnepatypu dT He onpeiesnsier euie MOJHOCTHIO
TOro 0ecKOHEYHO OJH3KOTO COCTOSIHHSI, B KOTOPOE MepPeXOiHT CHCTeMa
U3 3ajzaHHOro coctosiuus. Paccmorpum, Hampumep, (U3NYecKH OJHO-
poiitioe Tes10, COCTOSIHAE KOTOPOTO TOJHOCTBIO ONPEesIeTcs AByMsI napa-
MeTpaMH, B KauecTBe KOTOPHLIX MOXKHO B3sTb OOBEM U TeMneparypy.
Tycth Hexopnoe cocrosisue usobpaxaercs toukoit M (V, T) (puc. 16).
Ilposenem npsmyio RS, mapasienbHyio oCH 06BEMOB H OTCTOAMLYIO



68 MEPBOE HAUYAJIO TEPMOJUHAMUKH [rn. 11

or Toyki M Ha Bemuunuy d7. Bee Touku stoff mpsamoll usobpaxkaror
cocTosHIs ¢ opHol u Toil xxe temneparypolt T - dT, Ho ¢ pa3nuynBIMH
ofbemamu, CucreMa U3 cocTostHust M MOXKeT epeiTH B pa3jinyHble ecko-
Heudo 67H3KHE cocrosiHua R, N, S, ..., Jexamue Ha 3TOH NpPAMOH.
BceM aTHM NepexoaaM COOTBETCTBYET OLHO U TO K€ IIOBpIIICHHE TeMIIepa-
TYpEI, HO, BoOOLle TOBOPs, Pa3jHYHbLIE

T KosuyectBa Temaa 8Q. Bynyt pasabimu
U TEIJOEMKOCTH CHCTEMBI NPH TaKHX

niepexonax. llosToMy  TEMI0EMKOCTh

R N & €CTb XapaKTepHCTHKa He OLHOTO KaKo-

N | THIT  o-mnbo  cocTosTHILS CHCTEMBI, a IBYX
GecKOHeUHO OJH3KHUX COCTOSIHMH ee, H3

T KOTOPHIX OJHO SIBJSIETCS HAYaJbHBLIM, A

MV,7) Apyroe KoueuHnM. Bmecto aByx Gec-

KOHEYHO OJH3KHX COCTOSIHUN MO0

. 3aJarTh OJHO M3 HHUX U HaNpasjeiue

Y nyrH nepexoma CHCTEMLI B GECKOHEH1IO

Puc. 16. 6auskoe cocrosiHue. TakuM o6pazoM,

TEN/JA0EMKOCTh He eCTh (YHKIHS COCTOos-

HUA TeJa, a ABJASeTCAd XapaKTepHCTHKOH OeckoHeuHo mMaioeo npoueccd,

COBEPLIAEMOTO TEJIOM.

2. TlpumanuM 3TUM PacCyXKICHHAM KOJAMUYECTBeHHYIO ¢opmy. Ha

ocHoBauuu ¢opmysa (18.1) u (15.5) mMoxHO Hanucarb

O dU+PAYV
= T .
Tak kak au au
dU = (E:>V(1T+<W'>Tdvv
To /U / oU 1dv
C:‘\W>V+ UW>T+P]ZT (18.2

OGbeM V 3aBHCHT HE TOJNLKO OT Temiiepatypst T, HO u OT jaBienus P.
ZY- MOKET
NpUHHATL JMoboe 3Hauenne. UtoOwl npuaate Boipaxkenuio (18.2) opuo-
3HAYHDL CMBICJI, HA 10 PUKCHPOBATH 3HAUCHHE 3TOTO OTHOMIEH s, MHbIME
CJI0BaMH, Ha/JO yKa3arth B IocKocTy VT Hanpas/eHue NyTH, 0 KOTOPO-
MYy cHcTeMa nepexoant B GecKoHewuHo OJu3Koe cocTosinye. Tax Kak 310
HalPaBJICHHC MOXKET ObITh JI00KIM, TO TeIIceMKOCTh C, BooOie ropops,
MOKET NPHHHMATDL JIoGpie 3HayeHHa 0T — oo 70 -+ oo. B yacriocri,
AJdst u3oTepMuyeckoro npouecca C = T 0o, TaK KaK B 3TOM Cjydae
dT =0, 6Q % 0. Jna anmabatudeckoro npotecca 8Q = 0, C = 0.

Oco6oe 3HAueHHE KMEIOT TEIIOEMKOCTH HPYU MOCTOAHHOM ofbeme
Y NCCTOSIHHOM JlaBJieHlH, oGo3nagaeMuie cuMBoJiamit Cy u Cp. Ecuil o6bem
ocTaercsl nocTosiHHLIM, 10 dV = 0, u cjenoBaTeIbHO,

CV—:@%)V. (18.3)

B 3aBuciMocTH OT TOro, Kaxk MEHdAETCd JaBJdaeHue, OTHOLUeHHe
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dv
Ecnn e NoCTOAHHO aBJjeHue, TO OTHOLICHUE T NepexoJuT B HaCTHYIO

/
npoH3BOJHYIO (ng B stom cayuae ¢opmyaa (18.2) naer

o), [ |8 s
Jlasa passoctu Temoemrocteii Cp — Cy noaydaeM
cr-com|(3), 4P| () e

MoKHO Hamucath Apyroe BeipazieHue 15t Cp, KOTOPBIM YACTO TOJb-
aytorcsd. Ecau npouecc npoTekaeT NpH MOCTOSHNIOM AaBMEHHH, TO HA
OCHOBaHUH onpeneiexus sHtanbnuu 0Q = df. Iostomy

Co= (- (18.6)

3. Dopmyanr (18.3) u (18.6) Mo3BONAIOT YCTAHOBHTH 3aBHCHMOCTH
TenyioBoro adexTa peakuuu or temneparypel. C 3710#i uLenblo mpo-
andxpepenunpyem ypasuenus (17.1) n (17.2) no temiieparype u UCHOMb-
syem dopmyanl (18.3) u (18.6). B pesyawbrare npuieMm K CAeYHOUHM
COOTHOILICHU AM:

aw
—7= (C1—(C1)y, (18.7)
dw
ar (CP)I — (CP)Z- (188)

3aech GykBoit C ¢ COOTBETCTBYIONIHMH HHAEKCAMH 0GO3HAYEHB TEmo-
eMKOCTH BCeH CHCTEMBI /10 H HOc/Ae PeaKuMH.

§ 19. BuyTpeHHsIst anHepTHs MjeasbHOrO rasa.
3axon [Lxoyns

1. Utofer 13 oOiMX TePMOAHHAMHUECKHX COOTHOHIEHHH, YCTaHOB-
JEHHBIX B npeAblyilHX naparpadax, MoxcHO ObLIO NOJYYHTB KOHKpET-
Hble De3y/ibTaThl, H&A0 3HATh, BO-NEPBHX, YPABHEHIE COCTOSHUSA

f(P, V, T)=0. (19.1)

Bo-Broprix, Hano suarh BHYTPEHHIOW 3HEPLHIO Tena KaK (yHKIUIO
NapaMeTpoB, ONPeAeIsoliX ero CocTosiHue, HarmpHMep

U=U(V, T). (19.2)

3aBlcumocTs  THIA (19.2) HasHBAETCS KQIOPUHECKUM  YPQABHEHUEM
Cocmosarus, B oTandue oT 3aBucuMocti THia (19.1), naswiBaemoii mepmu-
vecKuM ypasreruem cocmoanus. OGa 3TH ypaBHEHHs] HE MOTYT OvITb
TOMyYeHbl TEOPETHYECKH MeTOAaMu (popMaibHOil TepMOAUHAMUKY, Pop-
MalbHasn TepMOJAMHAMHKA 3aHMCTBYET HX H3 OIIBITa.
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2. PaCCMOTpHM Npezae BCEro MpHJIOKEHUS NepBOro Hadajsa TepMO-
JUHAMYKY X HIeaJbHbIM Ta3aM. TepMI/I‘IeCKI’IM YpaBBHEHHEM COCTOAHUSA
TaKHX Ta30B sBJAsETCs YpaBHEHUE KJIaHEﬁpOHa. ,ZlJIﬁ OJAHOI'0 MOJIS
rasa OHO HUMEET BHJ PV =RT.

Hr1o6el NONYUUTh KaJOPHUECKOE YDaBHEHHE COCTOSHHSA, HCCAENYEM
cHadasa, KaK 3aBHCUT BHYTpeHHAs sHeprus U oT obbema rasa V.

[lepBuifi ONBIT, TO3BOJAKUIUA B [PHHIHNE AaTh NPHOAHKEHHBIHT
OTBET Ha 3TOT Bonpoc, 61 nocrasaen [eii-JlroccakoMm, xota cam [edr-
Jlioccax He VSICHW €ro 3HaueHHe W HE Cfiesial U3 Hero Hajjexalinx
BHIBOAOB. [IBa Menanoix cocyna A u B ofuHaKOBHIX 06beMoOB (puc. 17)
Gulu coemuHensl TpyGKoii ¢ xpaHoMm C. Cocyn A OblI HamosHeH BO3LY-

xoM, cocyl B — orkauad. [lpu oTKpmITHH

Ly kpana C Bo3nyx u3 A yerpemnassics B B.
Teii-Jlioccax Habaronad, 4To TeMmneparypa
c Bo3lyXa B A HECKO/JbKO IOHMXKanach, a B

B — noBsrinanacs. Takoe usmeneHue Temre-

paTypHl OOBSACHSIETCS TEM, YTO BO3AyX B A npu

pacliHpeHHU coBepiiai paboTy U Ha 3TO 3a-

A g TpauyuBaJd 4acTb CBOell BHYTPEHHeH 3HeprHu.

[Ipn [OCTHXKEHHM TeIJIOBOTO PaBHOBECHH

Mexay cocyiamd A u B B HHX ycTaHaBiu-

Bajach OJlHA M Ta 2Ke TeMIeparypa, paB-

Pre. 17. Hasl TepBOHAYaNbHOH TeMmepaType BO3AyXa

B cocyne A. Kaxoil BeBOj caejyer cjienats

H3 pe3yabTata onuTa? Beck BO3AyX OB 3aK/IOUEH B KeCTKYIO 080-

JIOUKY, COCTOSIYIO 13 CTEHOK cocyioB A H B U COelMHHTEIbHOH

TpyGku. BHeunss pabora me mpoussopmsack. Temno us oxpyxaoniefi

cpellbl, €CIH M MOABOJNIOCh, TO 33 BPEMS oflbITa ObLIO NpeHeGpexR1nMO

mano. IlosToMy BHYTpEHHSIS 3HEPTUS BO3AYyXa B CHCTEME H3MEHHTHCA

He MorJa. OmneIT 10Ka3a’, 9To TeMneparypa rasa He H3MeHHJach, TOTA4

kKak oObeM ero yasouacs. OTciofa MOXKHO CAeslaTh BBIBOA, 4TO NpPH

HeU3MEeHHOH TeMIepaType BHYTPEBHSIA 3HEPTHS ra3a He 3aBHCUT OT ero

o6bema. OneIT B H3MeHeHNoOM BHIe Obl1 nopropeH [Ixoyiem. B onnom

13 COCYNOB HAaXOJWJICH BO31YyX TNOA AaBjenueM 22 aT, Apyro#l cocyn

Opt1 orkadyan. O0a cocyla HOTpyXaluch B BOAY, NepeMeNIHBaeMYIo

BO BpeMsi ONbITa, YTO0B! TeMIIEpaTypa ee BO BCeX YacTsiX Obla OfHOH H

tofi 2Ke. Ilpu orTxpoiBaunu kpana C Bo3ayX NEpeTeKkast H3 OIHOTO CO-

cyaa B apyroifl. OpHaKO HHKAKOTO H3MEHEHHs TeMIepaTypnl OKpY-
»atoimeli BOAB He Hah/101al0Ch.

3. Onwitet Teil-Jlicccaka n Ixoyas He objajaii JAOCTATOYHOH
YYBCTBHTENbHOCTbI0. 1IpHUHia Masofi TOUHOCTH 3THX ONBLITOB COCTOMT,
rJIaBHbIM 00pa3oM, B TOM, YTO TOIIOCMKOCTh BO3AyXa Obla Maja Mo
CPABHEHUIO C TEIJIOEMKOCTBIO COCYIOB U BOIBI B Kanopumerpe. Beaen-
CTBHE 3TOTO MaJible H3MECHEHHS TeMlepaTyphl ObIC TPYLHO O6HAD Y2KUTh.
Besynpeunsie sKcnepHMEHTalbHble HCCAEAOBAHUS ObWIM  BHIIOJHEHE
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copmectHo [xxoyiaem u B. TomcoHom B Teuenne jpecsitusierns 1852—
1862 rr. DTH KJACCHYECKHE HCCTeJ0BAHH A II03BOTH/IHN OTBETUTh He TOIBKO
Ha BOIPOC O 3aBHCHMOCTH BHYTpPeHHe#d SHePTrHH rasa oT of0bema. Mx
gnHayeHye MHOIO LiHpe. Dei1o OTKPHITO BaKHOe (H3HYECKoe siBJEHHe,
nonyudBlliee HasBaHue agpexma ocoyaa — Tomcowa.

B onwmrax Jlxkoyas u Tomcona Gpatach UuAHHApHYECcKas TpyOKa,
OKpYAeHHas TEMJIOH30AHPYIOWHM MaTepuasoM. B cepeanne TpyOKu
MEKAY ABYMsA MeTaaandeckumu cerkamn MN u M'N’ (puc. 18) nome-
wanach npobKa H3 IJIOTHOH BaThl HJH OuYecoB luedka. KMccaepyemsiél
ra3 10oj JAcHCTBHEM pAa3HOCTH JAaBJEHHA MeJJIEeHHO IpOTeKan uepes
npoGky. Baaroaapsi Hainuuio npoOKH Teuenune rasa ObLIO CHIOKOHHLIM,
T. €. He BO3HHKAJNO HHKAaKHX TypOyneHTHBIX ABMxKeHHH. Kpome Toro,
npoGka obecrneyrBaia MeJeHHOCTb TeUeH S, TP KOTOPOM KHHEeTHYECKO
sHeprifell ra3a Kak BeJTHYHHOI, NPONOPLUHOHANBHOM KBAZPaTy CKOPOCTH,
MOKIIO OBIO TMOJHOCTBIO NpeHebpedb. B 3THX YCAOBHAX B KamKAblf
MOMEHT BPeMeHH T'a3 1o ofe cTopo- ,

Hbl NIPOOKH HAXOAUJCS B TePMOJLH - g N_N g

: -

HaMiuecKH PaBHOBECHBIX COCTOSi- o ! v y ) 5

Husix. [Hanudue TemyioBol 3aiuTbl 71 7 2 R

Jenajo npouecc TedeHus aguada- 1 - L
MM A’

tTHueckuM. JlaB/eHus rasa no pas- A

Hble CcTOpoHBl NpoGKH P, u P, Puc. 18.

TMOAIeDKHBAIHCh  IIOCTOSIHHLIMIL.

I[Tpobka 1 ras Bo BpeMs npoliecca OOMEHHBATHCh MeXKAY COGOH TeIJIoM.
Ho korza npotiecc cTaHOBHJICS CTALHOHAPHBIM, TEMJI0OGMEH NpeKpaiias-
csl, (H2119ecKoe COCTOSIHHE NTPOOKH, a MOTOMY U ee BHYTPEeHHSIS sHepIrus
ocTapasiich HeH3MeHHBIMH. Ilpu cranuoHapHOM TeyeHHH MO OJHY CTO-
pony npobGKH ycTaHaBJAHBa/Iach MOCTOSHHAA TeMreparypa rasa T4, a mo
APYryio — [OCTOsSHHAS Temmeparypa T,. 3TH Temmeparypol H H3Meps-
Juck B onbite. CTalHOHAPHOE TeueHlle rasa yepes NpoOKY Ha3bIBaeTCsl
npoyeccom Hocoyas — Tomcora, a U3MeHeHye TeMIeparypsl rasa mnpu
TaKOM TeueHHU — aghghexmom [ocoyan — Tomcona.

4. Bpie1IM MBICJIEHHO IO JIEBYIO CTODOHY NpoOKU oObeM rasa V;,
3aHumatommii  mpocrpadcTBo ABNM. locie mnpoxoxaenus uepes
Npobky BbiieeHHAS MOPHUs Taza 3alimer mpoctpancteo M'N'B'A’
¢ o6wvemom V,. TlpuMeHum K Hell mepBoe Hayano tepMoiHHaMuku. ['pa-
tnua AB nepexoaut B nosoxenne MN. Ilpu s3toM Haj rasoM npousBo-
Autcs pa6ora P,-S-AM = P;V, (S — njowmaib NONEPEYHOro ceye-
HuA TpyOku). I'panuna ke M’'N’ nepexonut B nosoxenue A'B’, u ras
fNipousgoauT BHewHiol pabory P,-S-M'A" = P,V,. llonnas pabora,
CoBepuleHHast rasoM, pasHa A = P,V, — P,V,. Tema ras He noJay-
Yan, Tak Kaxk CTeHKH TpyOKH — apuabatuveckue. dusnyeckoe cocros-
HHe npoGku U ee BHYTPCHHSSI 3HEPrusl ocTa/lich HensMeHHbIMH. [lo-
STOMYy, of03Hayass BHYTPEHHIOIO 3HEPTHIO BBIJEJEHHOH Macchl rasa
Hepes {/, MOXKHO HalldcaTb

U2 - U1 + A = O
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HITH
Ui+ P Vy=Us-+ PV,

ITo onpepenenuro suramenuu [ = U 4 PV. Ilostomy nocrennee
PaBeHCTBO O3Hauaer, uTo ¢ npouecce Howcoyas — Tomcora snmaronus |
2a3a He MeHAemcs:

5. CneacTBHs U3 3TOrO COOTHOHIEHHA, SBJIAIOWErOCA OCHOBHBIM
B Teopnd apdexra [xoyas — Tomcona, MOTyT GLITh BbIBEECHBI TOJBLKO
¢ HOMOII[BIO BTOPOTO Havaja TepMogHnaMHKi, OHH GyAyT pacCMOTpeHEI
B §§ 46 u 104. Cefiuac xxe Mbl orpaHH4umMcs GosJee CKPOMHOH IE/BIO.
Vicnonb3yst pesyabraTtsl onbiToB JKoy.as ~— Tomcona, Haiifiem 3aBHCH-
MOCTb BHYTpeHHeH 3HePruH HieaJpHOro rasa oT ero obbema.

Ha onvite namepsinch TeMnepatypel ra3a no ofe CTOpPOHEI NPOOKH
IpH cTalloOHapHOM TeueHuu ero. [koyab u ToMcOH HaulIH, 4TO TeM-
neparypa BCeX HCCJICAYEMBIX Ta30B HEMHOTO IIGHHKaJlacCh, 3a HCKJIIOYe-
HHUEeM BOJOpOja, [Uisl KOTOPOro OHA HECKOJBLKO MOBHIAAach. Pa3HocThb
Temneparyp T, — 7; Obwia TeM MeHblIe, d4eMm Jydlle BLINOJIHSJIOCH
ypaBHenne Kuanefipcua PV = R7T, T.e. uem Oauxke ras cieiosal
3aKOHAaM uleanbHbIX Ia3oB. OTCI0Aa MOXKHO 3aK/I0YHTD, YTO AV1S HAea/lb-
HbIX rasos 77 = T,. A Tak xak 1o 3akony Bofing — Mapuorra P,V, =
= P,V,, To ypaBHerue (19.2) paer U; = U, uin

U(T, V)=U(T, Va). (19.4)

TaknM 00pasoM, HYMPpPEHHAS IHEPUL UOLAALHO20 2a3a NpuU Heus-
MeHHOU memnepamype He sasucum om ez20 o6vema. VIHbIMH cioBaMH,
042 uleaavroeo easa U ecmy (hyHKuuAa moabKD memnepamypsl. STOT
OMLITHHIL PaKT HasbBaeTcH saxoHom [owoyaq. B panbrefiem (cMm. § 34)
6yJleT NOKa3aHOo, YTO C IOMOIIbID BTOPOTO .HAYa/la TePMOJHHAMHKH
3akOH JI2KOYJ/ISl MOXKHO BBEIBECTH TEOPeTHYECKH M3 ypaBHeHHs Kuaanei-
pora. Ozxnako BHA (PYyHKIUU

U=U(T) (19.5)

He MOXeT OBITb YCTaHOBJEH MeToAaMH (bOpMaJbHOH TePMOJMHAMHKH.
Ora GyHKIHsA MOMeT ObiTh TCJBKO BbIparkeHa uepe3 TeruioeMkocTb Cy
HjeajsHoro rasa. B camom pieste, j1a aroboro tena BesndnHa Cy onpe-
neasiercst BhipaxkenueM (18.3). A tak Kak st ngeasnbHoro rasa U ot V
He 34BHCHT, TO B 5TOM C/ayuae
dU
_— 19.6
CV aTr ( )
Otcioga cnenyer, uTo cama mensoemkocns Cy udearoHoeo 2asq He 3a-
sucum om 00vena, a A8AAEMCA (DYHKyUel MOAbKO MeMnepamypoL.
[Mostomy nuist upeasibHOrO rasa

U={Cy(T)dT. (19.7)
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OnblT TNOKa3LBaeT, YTO BO MHOTHX caydasx Cy B INMPOKUX TeMIe-
paTyPHEIX HHTEDBAJIaX OCTAETCs MOUTH NOCTOAHHOM. DTO MMEET MECTO
I TAKHX [a30B, KaK BOJOPOJA, Tesuil, aprod, HeOH, a30T, KHCJIOPOJ
u 11p., HauUMHad ¢ Temneparyp nopsaxa 100 K o remneparyp nopsaka
1000 K. Ecsax coBceM mnpeHeGpeub 3aBHCHMOCTBIO Cy OT TeMneparypsl,
1o BMecTo (19.7) MoKHO Hanucate GoJjee MpocTyo GopMy.ay

U=C,T. (19.8)

Kax 1noxa3piBaeT ONBIT U MOJEKYJ/ISIPHO-KHHETHYECKAs TEOPUsT, AJs
optoatoMuslXx rasoB Cy = 3 kan/(K-Mouab), niaa asyxaromusix Cy =~

~5 kan/(K-moae), aas muoroaromupix Cy =~ 6 kan/(K-mons).

3AJAYH

1. Jloka3aTh, YTO SHTAJIBNHS HAEAJTLHOTO rasa He 3aBUCHT OT LaBJCHHS, a SB-
asercs (pyHuKuUHefi TOJIbKO ero TeMIepaTyphl.

2. Ecau naualbible M KOHeUHBIC TPOAYKTLI PEAKIHU SBJAAIOTCH HIAeabHBIMH
raxawu, To Tcn/10Boll aipexT peakunn W, He 3aBHCHT OT 00beMOB razoB,a W, —

OT UX JaBJEHHH J0 U mocJe peakKitu. Ofe 3TH BeJUUMHBI 3@BUCST TOJIBKO OT TeMnepa-
Typ ra3oB J0 H NOCJE PCAKLHH. ﬂOKHSL]Tb.
3. noKaBaTb, UTO BUHYTPCHHsISE 3HEPTHA BO3AYXa B TNMOMEWEHHHN HE 3aBUCHT OT

TeMIIepaTypsel, €CJH LaBJcHHEe HapyXKHOTo BO3AyXd OCTAaCTCsg MOCTOSTHHBIM, BOS}IyX
CUHTATE HACANBHBIM Ta30M.

Yxaszauue. [IpeicTaBuTs BHYTPEHHIOIO 3HEPTHIO B BHAE

PV
U=Cvx

§ 20. ¥YpasHenne PoGepra Maiiepa

1. Tlpumenum dopmyay (18.5) k wujpeanbHoMmy rasy. Ilo saxkony

o (9U ; <ﬂ> -

ﬂ}xom;{\av T_O, u3 ypasnenns Kuamneiipona cienyer T =
= R/P. Iloyromy yxazanHast GopmMyJa Aaer

Cp—Cy=R. (20.1)

ITo BakHOE COOTHOILIEHHe HasbiBaeTcs ypasuenues Pobepma Maiepa.

ITpusenem eme omnn BhiBoA ypaBHenusi (20.1). Ilycrs oann mMoab
HReaNLHOTO Ta3a HAXOAHTCSE B LMJHHAPE C HOPHIHEM. 3akpeluB nop-
lleHb, MOBLICUM Temrepatypy rasa Ha d7. Tak xax o6veM rasa ocraerca
NOCTOSIHHBIM, TO KOJMHYECTBO TelJa, HeoBXOAHMOC JUIsi TAKOrQ Harpe-
Banust, paBHo O8yQ = CypdT. A Tak Kak HPH 5TOM He TPOU3IBOJUTCS
patora, To 3TO TEMJO PABHO TMPUPALLEHNIO BHYTPEHHEH SHEPTHHU rasa:

CydT =dU. (20.9)

ITpoussegem tTeneps ¢ TeM e razom apyroit onwit. [1ycTh HavadbHOE
coctosiHye (7, V) Gyzer TeM ke caMbIM, YTO M B NpeibIAYieM OIBITE,
HO noplieHh He 3aKperJieH, & MOYKeT CBOOOJHO MepeMellaThcs MoJ I10-
CTOSHHBIM BHeIUHHM JAaBneHueM P. [lo onpeeneHuio tennoemkoctd Cp
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JIUTST TIOBBLILIEHHST TeMmeparyphbl raza Ha dT norpebyercst Tenno 6pQ =
= CpdT. Tlpu sTOoM rasom Gyner coepiieHa pabora 84 = PdV. Tak
KaK JaBJieHHe TOCTOSIHHO, TO 3Ty BEJHYHHY MOXKHO 3alHcaTh B BHIE
84 = d (PV) = d (RT) = RdT. A tax Kak BHYTPEHHSS 3SHeprus
rasa 3aBHCHT TOJbLKO OT TEMIepaTypsl, TO OHA H3MEHHTCS HAa CTOJNLKO
e, Ha CKOJIbKO M B mpeasijyiieM onerre. Takim o6pasoM, BO BTOpOM
oneITe
CpdT =dU+4RdT.

ToacraBus BMecto dU Boipaxkenue (20.2), Mbl cHoBa mpujaem kK ¢op-
myJae (20.1).

Iocneanuit BEIBOJ 0COGEHHO SICHO MOKA3bIBAET, YTO PA3JqHUUE MEXKIY
Cp u Cy B caydyae HjeaJpHOro raza oOyCJOBJIEHO TOJILKO paboToil,
KOTOPYIO COBEpIIAET ra3 NpH PacllupeHHH NPOTHB NMOCTOSIHHOTO BHEMI-
Hero JAasJjeHusl. BaKHO NMOJAYEPKHYTH, YTO BLIBOJ, HCIOJb3yeT 3aKOH
JI:koyssa 0 He3aBHCHMOCTH BHyTpeHHeH >Hepruy HieajJbHOTro rasa ot
3aHHMaeMoro MM obbema.

2. HMamepus tenyoemkoctd Cp 1 Cy rasa, MOXKHO BBIUHCAUTH Mexa-
HUudecKull aKeueareHm meniomel. JIJIS 3TOr0 MOXHO BOCMOJNb30BaThCSH
ypaBHeHneM PoGepra Maiiepa (20.1). Mamepsis konuuecTBO Tenna
B KaJOpHSAX, MOXKHO Ha onbite Hafith pasuoctb Cp — Cy B TeNJOBBIX
exnanuax. C Apyrofi CTOPOHBI, ra30BYIO MOCTOAHHYIO R MOXKHO H3MEPHTD
B MeXaHHYeCKHX eAMHHIAX. Ecau nogas3oBatbes 20-rpaaycHofl Kasno-
pHuell, TO H3MEpPEHHA AAIOT

Cp—Cy=1,986 xan/(K -mo0.b),
R =8,314-107 spr/(K - Moab).
IMpupaBHHBas 3TH [Be BEJHYHHBL, MOJy4aeM
1 kan=4,18.107 s3pr=4,18 Ixk.

Mmvenno takum nyrem B 1842 r. MexaHu4ecKHil 3KBHBAJEHT TENJOTHI
ObI1 BLIYUCJIEH TeOpeTHUeCKH HemelKHM BpayoMm PoGeprom Maitepom —
0/{HHM H3 OCHOBOIOJIOKHHKOB MEXaHHUeCKOH TeOPHH TENJOThl U IePBOTo
Hayaja TepMoANHaMHKH. IIpaBna, HalileHHOe HM 3HaueHHe MeXaHHUe-
CKOTO 9KBHBaJIeHTa OBbIJIO 3aMETHO MeHblIle HCTHHHOTO, YTO 00BbsACHseTCH
HETOUHBIMU 3HaUeHHAMH TelioemMKocTelt Bo3niyxa Cp u Cy, KOTOPHIMH
OH pacroJjiarasn. Brepsble 1ocTaToOYHO TOYHOE 3HAYeHHe MEXaHHYECKOro
5KBHBAJIEHTa TENJIOTH ObIO OMNpEAeJNeHO B KJaCCHYECKHUX ONBITaX
Jlxoyas, HayateiX B 1847 rojy. D11 onblThl O6LIEH3BECTHBL, U HET HEOO-
XOZMMOCTH OCTaHaBJHBAaThCA Ha uX onucanuu. [locaenyiomue u3mepe-
uust yroununy sHauends Cp v Cy g rasos. Iloib3ysice 3TUMH 3Ha-
yeHUsIMH, OBbLJIO NOKasaHo, uro meror P. Meiftepa, meron [Ixkoyjs d
IpPYTHe TPSMBIE METOABI, aHaJOrHuHble Metopy J[l»Koyuasi, npuUBoasT
K OANHAKOBLIM 3HAYeHHsIM MEXaHMUeCKOro 3KBHBaJIeHTa TEIJIOTHL. ITO
ObLTO OBl He Tak, ec/H Obl SHepPIHs 1JeaJbHOIO Ta3a, NOMHMO €ro TeM-
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mepaTyprl, 3aBlCHJa eume oT ofbema. [Tostomy orMeucHHOE coBIa-
feHHE MOAKCT CJAY/KHTb OAHHM H3 3KCHEPHMEHTANLHBIX NOJATBEPKIACHHUI
3aKoHa JLKOVJAA O HE3aBHCHMOCTH BHYTpPEHHeH 3HepPTHH HealbHOTO
rasa or ero o6nema.

§ 21. ApmaGatuueckuit npouecc. YpasHenue Iyaccona

1. [pouece, npoucxodauuil 6e3 nodsoda u omsoda menaq, HO36I8aEMCA
aduabamuyeckum. PaccMOTPHM, Kak CBSI3aHbl Me:KAY coBoii napameTph,
onpeje]AIOMHe COCTOSIHHE HJAEaJbHOTO rasa, Korjga ras coBepuLiaer
KBasHCTATHUECKHH ajanabatudeckuit npouecc. [losarag B ypaBHeHHH
(15.5) 6Q = 0, dU = CdT, nonyunm

CydT-+PdV==0.
Vs ypasHeHus Kianefipona
AT — 4(PV) _PdV4 VAP PdV4VdP

R R Cp—Cy
Uckarouast dT, nosyuum

CpP dV +C,V dP=0.

Brenem o6GosHauenle

C
— Cf; (21.1)
Toraa yPdV +V dP=0. (21.2)

TakoBo audpepeHuHaIbHOE ypaBHeHHE KBa3HCTATHUECKOro aanabarth-
yecKoro mpoiecca A8 HieanpHoro rasa. TemtoeMmkoctH Cp u Cy aas
HieaJbHBIX Ta30B MOTYT 3aBHCETb OT Temnepartypel. Ho BO MHOTHX
Cydasx OHH OCTAlOTCA IIPaKTHUECKH [OCTOSHHBIMH B LIHPOKHX TeMIIe-
paTypHBIX HHTepBastax. Ecin 3T0 Tak, TO NOCTOSHHO TaKXe H HX OTHO-
wenue y. Toraa ypasuenue (21.2) nerxo unTerpupyercss u jaer

PVY¥=const. (21.3)

310 ypasuenue HasuiBaeTcss ypasHenuem ITyaccona (1781—1840).
Ono apasiercs ypaBHeHHeM aduabamer, T. €. KPUBOIl, rpadudecKn naco-
paxkaromell KBasHCTaTHYeCKHH ajuabaTHuyecKuit npouecc. Beamunna y
HasuBaercs aduabamuueckoi nocmosinno. Ilockonbky PV = RT,
ypaBHeHye afuabaTel MOXKHO 3allHCaTh elle B ABYX BHAAX:

TV¥-1=const, (21.4)
ﬁ;%l— = const. (21.5)

Tax kak y> 1, 10 n3 (21.4) caenyer, uto npu annabaTHIeCKOM
Charnu ras marpepacTes, a NpH  ajiHadaTHUECKOM paclUHpenuu —
Oxiaxkpaercsi. Ha 5ToM OCHOBAHO $IB/IEHHE NHEBMAMUHUECKO20 O02HUBA
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(cM. § 13). 210 sABMEHHe HAXOANT NPHMEHEHHE B IH3eJIsIX, I/ie BOCIIaMe-
HeHNe ropIodeil cMecH OCYIIeCTBAIETCs HyTeM ainabaTHueckoro CxaTHs.
Harpepanne raza npu aguabatiieckoM CKATHH OOBSICHSIETCS TeM, 4TO
BO BpeMsfl C:KaTHf Haj Ta30M NPON3BoAuTces padoTa, KOTOpas HALT Ha
yBeJHUEHNE CI'0 BHYTPeHINeH sHepruy. A TaK KaK BHYTPEHHS 31eprus
HJIeaJbHOTO I'a3a 3aBHCHT TOJBKO OT TEMNEPATypbl, TO 3TO yBeJHUYeHHe
BHYTpDEHHEH 3SHEPrHH NPOABJASETCS B IOBBILEHHH €r0 TeMiepaTyphl
Ananornyno oGbsicHfieTCs] M OXJAK/AeHHe rasa npu aaHabaTH4ecKoM
pacHupeHuy.

2. ¥Ypapuenust aguaGatwt (21.3), (21.4) u (21.5) orHOCSTCS TOJBKO
K KBasHuCTaTHuecKoMy ajasabatuycckoMy npoiteccy. Jlig HexBaszucratu-
YeCKHX aAnabaTHYeCKHX NPOLECCOB 3TH yPaBHEHHS HE HPHMEHHMEL
PaccmorpuM, HanpuMep, UWIHHAP C alinabaTHUeCKHMH CTeHKaMH,
pasjesieHHEBIN Ha jBe DABHHIE NMOJOBHHBL a1Ha6aTHYECKO/ IEPEropoOaKOil.
Ilycrs ras pHavase 3auMast OAHY W3 5THX NOJMOBHH. Ecau BHe3amHO
y6paTe nmeperopoAKy, TO NPOM30HAET aanabaTHYeCKHH NpOLECe paclluH-
peHust rasa B NyCTOTYy. TOT Npollecc He KBasucraTHyeckuid. CHauaJsa
BO3HUKHET PE3KO HePABHOBECHOE COCTOANE, CONPOBAKAAIOIEECS BeCEMA
OYpPHBIMH H CJIOXHBIMH MaKPOCKOMHYECKHMH JIBHXKEHHSIMH rasza. 3areMm
3TH MaKPOCKONHYECKHe ABHKEHHS 3aTYXHYT H3-32 BHYTPEHHETO TPEHUH,
HX KHMHeTHYecKasi 3HepTHsI Nepefi/ieT BO BHYTPEHHIOWO sHeprulo. B koHue
KOHLOB YCTaHOBHTCS DPaBHOBECHOE COCTOsSHHE, B KOTOpoM ra3 Oyjer
3aHHMaTh Bechb o0beM LHJAMHIpPA NPH NMOCTOSHHOH IIOTHOCTH H TeMrle-
parype. B xoze mpouecca ras He coBeplUM/J HHKakKoi paGoOTH, TelIo
K HEeMYy He IOABOJMJIOCH, & IOTOMY BHYTPEHHSIsI 3HePI'Hs rasa ocTajgachk
6e3 u3MeHenus. OTCIOZa HA OCHOBaHUH 3aKOHA JI2KOY.JI51 MOXKHO 3aKJIIO-
YKThb, YTO B KOHEUHOM COCTOAHMH TeMlepaTypa rasa Oyjer TakoH ke,
KaK B HauaJle npolecca. bolio 6b olIHGOUHEIM NPHMEHATE K Ha4albHOMY
1 KOHEYHOMY COCTOSIHMSIM Fa3a ypaBHeHue annabatsl, Hanpumep (21.4).
Ecqu aro cuenatb, T0 Mbl NPHIWIH Obl K OLIHGOYHOMY BBHIBOAY, YTO
B ONUCAHHOM ajguabaTHYCCKOM IIPOIECCE Ta3 JOJKeH OXJaxkKAaThCs.

Pasymeercs, eciu OTCTyIJIEHMS OT HepPaBHOBECHOCTH HEBEJIHKH, TO
MOKHO IIOJIb30BaTbCsl ypaBHEHHEM ajguabaThl H J/15 HE BIOJHE PaBHO-
BeCHBIX mporeccoB. Takue yca0Bue BLIIOMHAIOTCS, HATIPUMEp, B OMBITAX
Knemana u Jlesopma (cM. § 22) no ompene/ieHuio aanaGaTHueckoit
HOCTOAHHOH Ta3a ¥, a Takxke B OOBIYHBIX 3BYKOBBLIX BOJIHaX, pacripo-
CTPaHSIOUIHXCH B rasax.

SALAYH
1. TTpouecc, mpoHcXoAsuuf NPK MOCTOAHHON TEMIOEMKOCTH, HAsHBAGTCH noau-
mponuvecsum, a KpHBas, SBASIOWAsCS cro rpaQHuYccKUM H300pameHueM, — noau-

mponoii. HaliTH ypapHeHne NOJHTPONLI A HIEaNLHOTO asa, eclH MOJSpHAs Terio-
eMKOCTb €ro B NOJIHTPONMHYECKOM mpouecce papiia C.
Orper. TVrl= const unu PV" = const;

_C=C
c—¢c,
TocTosinuas n HaswiBaeTcsl noxasumenem noaumponst.
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2. TIpn Kak#X 3LAYeHHAX NOKa3aTe/s HMOMHTPONEL MACAJLHEII ra3 Harpebaercs
npH CKATHH, @ IPH KAKUX OXMAXKAALTCSI?

O tre T Harpesacrest npu n > 1, oxaampasetcs npu n < 1.

3. HarpepaeTcst HAH OXJamKAacTCs WJeadbHblf ra3, ecjqd OH PacHIHpsieTcsl NpH
NOCTOSITIOM AABJICHHE?

4. Brerpeants paGoTy OJIOTO MOJAsI HICZJLIIOIO T'a3a B MOJIHTPONHUYECKOM NpO-
gecce, eI 6OLEM Tasa UIMCISICTCS OT HAavasIbloro 3HAuenHs Vj 0 KOHEYHOro V.

Orpet

_ PV

P,V
T 1—n

l—n

A= L rmn i) = D2V iy,

5. ITyTeM npefenplioro mepexoja n — 1 nonyunTbh H3 mpefsiaymei GopMyJant
BuIpa:KeHHE JUIs1 PafOTLI HJICAJLIIOTO a3a TPH H30TEPMHUECKOM IIpoLecce.

6. Ha mmarpamme PV (pue. 19) uepes NMpPOH3BOJBHYIO TOUKY IHpOBeJeHa H30-
tepma TT ¥ apuaGata SS s HACAJIBHOTO rasa, TemsoemkocTs Cy, KOTOPOro He 3a-
BHCHT OT TeMnepaTyprl. IlokazaTs, 4To moJHTpone,
npoxojisileil yepes Ty XKe TOUKY H Jexaned B 3a- P s
IITPHXOBAKIION 06JACTH, COOTBETCTBYET OTPHIIATEIb-

Hag TeMJIOCMKOCTb, a TIOJIMTpONe B HE3aITpHXo- T
BaHHoN 06/JaCTH — MOJ0MUTebHAS,

7. HaeanapHBIl Tas HaXOAHTCA B SJaCTHUHOLL
ajuabatnueckoil  o0ogouke TOA JaB/JeHHeM P,
umest Temuepatypy Tj. OmpefesuTs TemmepaTypy
rasa Ty, KOTOpass YCTAaHOBUTCH IOCJE TOro, Kak
BHellllce JaBJeHHE Ha ra3 CKaykoo6pasHo H3Me- 7
HUTCS 10 BenuHHB Py, CpaBHHTb H3MGHEHHe TeM-
nepaTypsl B 3TOM npollecce ¢ H3MeHEHHEM, KOTopoe
nojyuHjoce Obl, ecan Obl anuabaTHUeCKHH Ipouecc S
NPOXOAHJ KBa3HCTaTHUECKH. v

Pewenne. Ilpn mepexofe U3 HaYagAbHOIO p 19
cocTosiig (o6beM Vy, Temnepatypa 74) B KOHeuHoe He. 19
(o6Bem V,, Temnepatypa T,) BHelIHee JAaBjenue
coBepuIaeT Haj rasoM pa6oTy Agpew = Po (Vi — Vy), KoTopas HAET Ha npHpalleHue
BuyTpenseit sneprunt Uy — Uy = Cy, (To — T4). Ilpumenss ypaBrenne Kaanefipona
PV == RT, a Taxke coornowenne Pobepra Maitepa CP — CV = R, mociie HeCioxK=
HLIX Npeo0pasoBaHHi IOJYUNM

_ﬁ/ y—1 Py—Py
e T)Tl.

ITpu xBa3HCTATHYECKOM ajilaGaTHYECKOM mpoliecce, Kax ciaelyer 3 (21.5),

y—1

P %
ree=n(pr) 7

B nepnon cayuae T, Mensietcss anneiino, a Bo BTOPOM 110 CTEIICHHOMY 3aKOHY ¢ H3MeHe-
HueM P,, npuuenm B GeCKOHEUHO MAI0(T OKPECTHOCTH TOUKH Py 06a HiMEHeHHs UJIyT OfH-

) —1
Haxoso OplcTpo. A Tak Kak 0 <Y——— << 1, 1o Beerga THK°®T < Ts. 3HAuHT, NOBLI-

UeHKe TeMnmepaTypel IpH BHe3aNMHOM aiHabaTHYeCKOM cxkaThh GoJblue, a ee IIOHH-
KCHHe 1pH BHE3ANHOM ajHaGaTHUeCKOM DACIIHPEHHH MeHblie, 4eM NpPH KBasHcTa-
THUYeCKOM aiMabaTHUeCKOM [polecce.

8. B jineHOfi BepTHKaMbHOH UMJHHADHYECKOH TpyOKe, 3aKpPHITOH C HUMKHErO
KoHna, MoxeT X0aHTs 6e3 TpeHHs MopiieHb, Macca M KOTOPOro BeJMKA MO CPABHEHHIO
€ Maccoit rasa, 3aK/IIO4EHHOrO BHYTPH TPYOKIl. B moso:xennn pasiopecus paccTosiHHe
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MEXKIY MOpHIHEM M AHOM TpyOKH paeHo /. Onpenenuts MepHOL MaabIX KoleGawwii,
KOTOpbIe BOZHHKHYT NPH OTKJ/IOHCHHH MOPLUIHA W3 MOJIOKEHHA PaBHOBECHsI, B Npenno-
JIOJKEHUH, UTO OHU ABAJIOTCA H3OTepMHYeCKHMH, a ras3 ujeartnusM. [lnomians nome-
peuHoro ceuenust TpyGKy paBHa S, HopManbHoe atMocgepHoe pasaeHue Py. Pacemot-
peTh NpelefbHbIf cayual, Korga P, = 0.
Ml
Oteer. T=2 e

Mg+ PyS .

/ .
B npefentcHom ciayuae, Korpa Py = 0, T=2n] ﬁ-, T. e. mepHoJ  KoJjeGanu#

COBIafaeT ¢ NepHOAOM MaTeMaTHUECKOTO MadATHHKA AJTHHLL [y,

9. PewnTb npeibiayllylo 3ajady B NpPelfloNOKEHHH, YTO KoJeGaHHA — anua-
GaThuecKne. Dyler Jn cKasblBaTECH Ha pesyJbTare 3aBHCHMOCTb aAHaGaTHUeCKOH
NMOCTOSHHOH Tr'asa y OT TeMneparyph?

Orser.T=2n L—ﬂi’——— Q®opMysia BepHa H B TOM CJyuae, Koraa y

. - . 4
v Mg+ P,S

3aBHCHT OT TEMIIEPaTYpPbI, TaK KakK A4 ee NOJYYCHHA HCMOMb3yeTCs ypaBHeHHE ajHa-
6atel B AnddepernuanvHoll dopme. B mnpegenvnom  cayuae, korga Py =0,

T=2n Ll—o
Y g

§ 22. Onpepenenne Cp/Cy MeTopom Kaemana u [lezopma

Kneman (ym. 1841) n Hesopm (1777 — 1862) B 1819 roay npeano-
JKHJIHM H OCYHIECTBHJIH CAEAYIOMHE MeTo/l H3MepeHHs OTHOLIeHHS TenJo-
emrocreit y=Cp/Cy an4a raszoB. Crek/AsHHbI 0ajIoOH BMeCTHMOCTBIO
B HECKOJNBKO JIHTPOB (pHc.20) HanojHAeTCS HCCACAYeMbIM TasoM NpH
aTMocepHOM JaB/1eHHH. C MOMOLIbIO
Hacoca B 6a/JIOH JONOJHHTENBHO Ha-

li% KaunBaercs He6o/bllasA NOPUHSA TOFO
——-» Ke rasa, 3ateM KpaH K, 3akpbl-
Y A wacocy

Baercsd. Cnycra KOpOTKoe Bpems
TeMnepaTypa rasa B GasjoHe cpas-
HACTCA C TemmepaTypol OKpyKato-
uiero Bosayxa. I'locae 5Toro BoAsHBIM
MaHOMETPOM H3MepsIoT JaBjIeHUe ra-
3a B OGannone. OGo3HAUUM 5TO 1aB-
Jenne P,, a Temneparypy rasa 7Ty.
3ateM Ha KOPOTKOE BpeMsI OTKPBIBAIOT
kpan K,. Tlpu orkpeitom kpaHe K,
yacTh rasa BHjer H3 06aJ/JloHa, H
ero jaeneHue P, cpaBHsieTcA C aTMO-
ceprbiM. Ilpu sTOM ras, ocraBimics
B Ga/oHe, agnabaTHUecKH pacIlHPHUTCS, COBEpPIIMB paboTy NPOTHB 1aB-
JIEeHHsl OKPYKaIoIero Bo3ayxa. Beaencrsue storo ero temnepatypa no-
HH3NUTCS JI0 HekoToporo 3HaueHHsi 1. Bo Bce Bpems 3TOro KpaTKoBpe-
MeHHOro npoiiecca kKpaH K, OTKpuT. 3arem KpaH K, ObICTpPO 3aKpHI-
BAeTCH, U I'a3 HaUHHAaeT MeJJIeHHO HarpeBaThCsl, NOKa €ro TeMmieparypa
He cpaBHsieTcsl ¢ TeMneparypod 7T, okpyxaloiero Bosgyxa. ITycte

Pue. 20.
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naBleHHe Tas3a B 3TOT MOMeHT paBHO P,. Ilo nu3MepeHHEBIM 1aBAECHUAM
Py, P,, Py MOXHO BbIYHCJHTH OTHOLIEHHE TemoeMKocted v = Cp/Cy.

J1J151 3TOrO MBICJIEHHO BBLIENHM BHYTPH Halllero 6a/ioHa NpoH3BOJIb-
Hy!0 NODLHIO Td3a, OrPaHUYEHHYIO 3aMKHYTOH MOBEPXHOCTbIO. IJTa
nopepXHocTb Ha puc. 20 usobpaxenHa nyHKTHpoM. OHa HIpaeT pob
060/I0UKH, B KOTOPYIO 3aKJIOUeHa paccMaTpHBaeMasl TODUHSA rasa.
B pasiuuHbIX Ipoleccax ras, 3ak/IoUeHHBb B 3Ty «060J0UKY», Oyjer
paclIPATBCS M CXKHMATbCH, coBepliasi paboTy NPOTHB JaBJeHHS
OK]Y7Kalollero rasa 4 oOMeHHBasACh ¢ HUM TelIoM. IT0CKOJIbKY KHHETH-
yecKast SHEPrHs BO3HHKAIOUIErO0 MAKPOCKONHUYECKOTO JIBUXKEHHS HeBe-
JIHKa, 3TH TPOLECCH MOTYT pPaccMaTpHBATLC KaK KBAa3HCTATHYECKHE.
B MOMEHTBI OTCYeTa J@BJEHHS NapaMeTphl, XapaKTepPU3YIOIHE COCTOS-
HIe I'da3a BHYTpU «0GOI0YKHY, HMEIOT CAeAVIOHE 3HAYEHHS:

1 cocrosume: P, Ty V4,
2 coctoanue: P, T Vs,

3 coctossnue: Py, Ty V.

PasHoctu naBaenuit Py — Py 1 P, — P; B COTHH M ThICAYH pa3s
Meiibllle aTMOCEPHOTO IaBAeHNs Py, a NOTOMY A YIPOILEHHS BHIYHC-
JeHHH ¢ 3THMH pA3HOCTAMH MOMKHO 06paliaThcsl KaK ¢ GeCKOHeYHO
MadbiME aHpdepennnanami. To Ke OTHOCHTCA H K COOTBETCTBYIOL[HM
nsMeHeHusiM o6bveMa BhijeseHHOH nopuun rasda. [lepexon rasa us co-
crosudg 1| B cocrosinne 2 coBepliaercsl anuabaTHuYeCcKH, a IOTOMY
COOTBETCTBYIOLIHE H3MEHEHHUS JHaBJeHUs ¥ o0beMa CBSI3aHBl yDaBHEHHEM
amyiabater (21.2). Ilomaras B Hem dV =V, — Vy, dP = Py — Py,
MOXKHO HaIlkcarTh

YP (Vs — V) +V (P — Py)=0.

B cocroanusx :xke 1 u 3 TeMneparypet rasa OLHHAKOBH, a NOTOMY
B 3THX COCTOSIHMSIX npousseneHue PV onHo H 1o ke. Cile10oBaTe/IbHO,
COOTBETCTBYIOIIHE H3MEHEHUS JABIeHHs H 00beMd CBsI3aHBl COOTHOILE-
nueM PdV 4+ VdP = 0, uau

P(Vz—vl)+V(Pz_P1)=0-

M3 s71oro cooTHOmEHHST COBMECTHO C NpPEABIAYIIMM I0JIy4aeM

P,—P,

V=R

(22.1)

B 31y dopmyay BxoauT oTHOLIeHHe pas3HocTell AaBJeHHH, a NOTOMY
Oe3pasinuHO, B KaKHX ENHHHUAX H3MEpATb }M3MEHeHHd [aBJeHHS.
Hpoine Bcero pasHocty naBJeHHH U3MepsiTh B MH/HMETPAX BOASHOTO
cTonfa ¢ NOMOLLbIO MaHOMEeTpa, Kak 3T0o nokasaHo Ha puc. 20.
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3ALAYA

npenno.ﬂal‘aﬂ, qTo aﬂ”aéaTH‘{eCKaﬂ TIOCTOSIHHAA Y HE 3ABHCHT OT TeMIICpAaTypHhI,
0600LHTH (I)OPMyJIy (22.1), He BBOAA HPCANOJI0NECHI O MaJIOCTH PASHOCTH JAaBJeHIH
Pl — Py u — P
9 1 2°

OTBeT. V=—7%""
11’1'F1‘

2

Ipu BeIBofe Bopmyasr (22.1) ucmonb3oBanock ypaBHEHHe anuabatsl B audxbepen-
nuagaeHoit dopme (21.2), a notomy QopMyna cnpaBeluBa He TOJbKO B TOM CJayuae,
KOTJla OTHOLIeHHE P HOCTOSIHHO, HO H B TeX caydadx, KOTAa 0#O MelldeTCsl [P H3Me-
HeHUH TeMmnepaTypul. [lo 3Tolt mpuurHe Mul M OT[AJaU NIPeAROUTCHUE YPABICHHIO ajua-
GaTe! B Jubdepennnanpnoil GopMe M HE MOIb30BAINCL NPH BHIBOJE yPaBHCHHEM ee
B uuTerpajpHod Qopme (21.3), npeano.araiomedl NOCTOSHCTBO OTHOUICHHS Y.

§ 23. CxopocTh 3ByKka B raszax

1. B mexanuxe (cM. 1. I, § 85) BeBopuTCcs caepyiomast gopmyaa g
CKOPOCTH pPAaclpocTpaHeHHs 3ByKa B rasax:

P
c=1/gg, (23.1)

r1e P — NJOTHOCTh rasa. Ho jaBienue P 3aBHCHT HE TOJBKO OT (),
a TaKxe H oT TeMneparypsl 7. IlostomMy Hafo ykasaTh, B KAKOM CMLIC/IE
nouumMaetcsi ipousBoanas dP/dp. HeloToH cuuTal, 4To aB/ieHHe CBSI3aHO
C TNIOTHOCTBIO 3aKkoHOM bBofins — Mapuorra: P/p == const. 910 coOT-
BeTCTBYET NPeANOJNOKEHHIO, YTO PAa3HOCTH TeMIlepaTyp MeXJy Crylie-
HHSIMH U Pa3psKEHHSIMH BO3lyXa B 3BYKOBOH BOJIHE MI'HOBEHHO BEIPaB-
HHBAIOTCH, TaK YTO pacnpocTpaHeHHe 3BYKa eCTh H30TepMHUECKHH
npouecc. Ecau BepHo 3TO npeanosoxkenue, to nox dP/dp caexyer

TIOHHMAaTb YaCTHYIO IPOU3BOJIHYIO <0—P . Torpa ¢opmyaa (23.1) nepeii-

ap >T
IeT- B opmyay. Heiomona

2 RT
cx ]/ =V AL (23.2)

Toe | — MOJIeKYJASPHKIA Bec raza, a UHjexc N yKaswlBaeT, UTO Cy —
CKOPOCTb 3ByKa, Bbiuuc/ienHas no ¢opmyse Hblotona. Ilosaraa mas
Bogayxa p = 28,8, T = 273 K, noayuaem no dopmyne(23.2) cy =
= 280 m/c, Torza xax oublT gaer ¢ = 330 m/c.

2. Pacxoxpenne Obuto ycerpaneno Jlansmacom (1749—1827). On
VKa3aJs, 470 Kosebaiisl MJIOTHOCTH H CBf3aHHbBE ¢ HHMH KoseOauus
TeMIIepaTypHl B 3BYKOBOH BOJIHE IPOHCXOJAT HACTOMLKO OBICTDO, a Teil-
JIOTPOBOAHOCThL BO3J[YXa HACTOJABKO Maja, YTO AJIS TAKHX IPOLECCOB
TenJo00MeH He HrpaeT HUKAKOH ponu. PA3HOCTH TemmepaTryp MExKAY
CTYILIEHHSMH H Pa3pe:KeHHsIMH BO3AyXa B 3BYKOBOH BOJIHE He yCIEBaioT
BHIDABHHBATBbCSl, T4K YTO PACIPOCTPAHeHHE 3BYyKa MOXHO CUUTATh
agunabarHyeckdM INPOHEeCCOM. B TakoM ciydae Hajo [0Jb30BaThCH HE
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ypaBHEHHEM M30TepMbl, a ypaBHenneMm anmabatul (21.2). Ecan B 310
ypanHentic BMECTO odbeMa V BBeCTH MJIOTHOCTL 0 ~ 1/V, To omo me-
peiyer B

yP dp —p dP==0, (23.3)
0TKY/d A5 am{a6amqecxoro npouecca
dP oP P oP
B =9 )= 5 =" <*ap‘>r' (23.4)

[Tostory BMecTo opuyasl Hpiotona (23.2) nomyuaercs ¢hopmyaa

Jlanacca L
P —
o Vy ?:C‘VV’V. (23.5)

Ona 7aeT 19 CKOPOCTI 3ByKa Beanunry BV y pas Goaburyio, uem
gopmyaa Helotona. Hamepennst vy g Bo31yXa NpHBeTH K PE3yJabTatTy
v == 1,4. Tlostemy coraacuo dopmyne Jlannaca npu 7 = 273 K cko-
pocTb 3BYKa B BO31yXe JOJAHA OLITh

c=28011,4 =330 wm/c,

YTC HAXONUTCS B MPEBOCXOJHOM COTVIACHH C ONBITOM.

3. Ha dopmynax Heiotona u Jlamnaca ocroBan BTopo#l yaoGHEIA
MCTO1 9KCMEPHMEHTAMLHOTO H3MEPEHHS! OTHOIIEHHA TEMJIOeMKOCTel v,
npesocxonsmuil no tounoctu Merof Ksemana u [lesopma. Dxcrepu-
MCHTAJTHHO 1BMEPSIETCA CKOPOCTh 3ByKa ¢ B HcoaeayemoM rase. Beau-
yHHAa Y BBMHCASIETCA 1O (opMylie
v={7
K\CN/ ’
THC £n —— TAK HA3RIBACMAs HbIOMOHO3Q CKOPOCL 38YKa, T. €. BEeJUUIiHa,
onpevigeMas popmydaoll (23.2). Beandnna xe, onpeaensemast popmy-
Jol1 {23.5), HA3LIBACTCA AanAacosotl CKOPOCHIbIO 38YKd.

(23.6)

3AJAYA

lMoxasars, uyro coorvoutenue (23.5) Mex1y CKOPOCTRW 3BYKE, PACCYHTAHHON
no gopMyre Jlamnaca (ajmaSatuueckoil) #u Helorona (MsoTepmuueckoii), crpa-
BeLIRo 445 A10Garo GHINTCCKI OXHOPOLOTO M30TPOITHOTO BCILCCTBA.

Pewmenue Jlas aimabaruueckoro npotiecca du + Pdo =0, rie u u v —
YIeaplule 3HaueHud BHYTpeubell dsueprun u ofbeMa BeulccTBa. Base 3a He3asHCHMEE
Acpesennpte P U v, nodyuaeMm

ou \
9PN <—@_17)P+P
du ax - _ael_ '
().

Ecan o6men v NOLICPHHURACTCS TIOCTOAHHLIM, TO OCT2@TCS TOJILKO OJHA He3aBHCUMAS
Mepesiennasn, oT KOTOPOH 34BUCAT BCe OCTAbHLIC BeHylHbl. Taxopoil ApageTca AUHO0



82 NEPBOE HAYAJO TEPMOAUWHAMHUKHU [rJj. 11

P, au6o T. Paccmarpusan u (P) Kak caoxuyto oynxkuuwio &[T (P)] u gudpdepennnu-

pyd, MOJNYUHM
)=o), [57)
0P Jy \OT J,\dP /,’

HIH ucnonb3ys cooTHouwienust (8.4) u (18.3), —

(@_5 . <ar\ (20

P ), o Jp\ 9P Jr*

ﬂoc-rynaﬂ dHAJIOTHYHO, HAXO0JUM

du _fOu [oT _[/0ou ary (r)T‘\l
Gl P57 o (5 o P 5ot P (37 ) (55 = (5
Toce coOTBETCTBYIOMIGH NOJCTAHOBKH MOJYUMM
oP cp [ 9P
_ ) =P
< do /an Cy \\ ov /T (23.7)

CootHouwieHHs (23.4) u (23.5) sBasorcA CaeACTBHAMH GopMyan (23.7), ecan BBeCcTH
NJOTHOCT p = 1/v.

§ 24. 3aMeuanus OTHOCHTENbHO 3KCMCPUMEHTANbHLIX METOACE
onpegenennna Cp U Cy nasa rasos

Hns ujpeanbHbIX ra30B 3HAYeHHEM BeHYUHB Y =Cp/Cy 01HO3HAYHO
onpeneastorcs HX temaceMKocTH Cp 11 Cy, TaK Kak B CIyuae njaeasibHuX
rasoB 3TH TEMJIOEMKOCTH CBSI3aHbl JOTIOJHHTENABHEIM COOTHOLIEHHEM

Cp—Cyp=R. (24.1)
Paspelwas stu ypaBHeHHA oTHocuTeqbHO Cp U Cy, Haxogum
R YR
CV:-——Y~1 , CPZ—_’V—I . (24.2)

[eranpHoe onHcaHHe MeETONOB H3MEpeHHs TeIlJIOeMKOCTell rasoB
Cp n Cy He BXOJMT B 3ajayH Hallero pykoBoactBa. [Tostomy orpami-
YHMCSl TOJIBKO OZHHM 3ameuaHueMm. HemnocpencTBeHHOe H3MepeHHe Ha
onbite BeandnHBl Cy 3aTpyNHHTEIBHO, TaK Kax IIpH NOCTOSHHOM V
Macca rasa, a cJ1e/loBaTelbHO H €ro TelVIOeMKOCTb, BCErAa MaJjibl 10
CpaBHEHHIO C COOTBETCTBYIOHIHMH BeJMYMHAMH¥ IL1s Kajopumerpa. Ha
onblTe yaoOHee H3MepATb BeMuuMHY Cp M anHadaTHUYECKYIO [IOCTOSH-

1
HYIO y, a TeloeMKocTb Cy BBIUHCIAATE o dopmy.te C V:T’Cp.

s n3mepenus Cp ucciaelyeMbld ras, HarpeTHlil JO onpeneseHHol
TeMilepaTyphl, 3aCTaB/ISIOT MPOTEKATh 4Yepe3 CMHPAIbHYI0 MeTaljiHye-
CKYIO TpYOKY (3MeeBHK), ONYILEHHYIO B BOAY Kadophmerpa (puc. 21).
Ha oxnoM xoHIie 3MeeBliKa IOAAEPKUBAIOTCS [IOCTOSHHBIMH JaBJaeHue P,
u temneparypa 7y rasa. Ha Boixosie 3MeeBHKa NOAJAEpPKHUBAETCS AapJe-
uiue P, U uaMepdaerca Temmeparypa rasa 7,. Osa HHke T, Tak Kag
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Npy TIPOXOXKJCHHHU Uepe3 3MeeBHK ra3 OTAaeT Telso BOJe KaJopHMeTpa.
OGBLIMHO [IPH NPOXOKACHHH UYepe3 3MeeBHK ras ycIeBaeT OXJIaIHTbCSs
H MpHHATb TeMlepaTypy BOAbl B KaJOpHMeETpe.

Uepes 3MEEBHK MOXKHO NPONYCTHTb GOJBLIYIO Mac- /7~
cy rasa ¥ 3aMeTHO HarpeTb BOJY B KaJOpHMeTpe.

BJarofapst 3TOMY OTIaJaeT OTMeueHHas Bhlile TpyA-
HOCTb, BCTPEYAIOUIAACH NPH NPAMBIX H3MEPeHHAX
rennoeMkoct#t Cy. [lo moBelleHUI0 TeMmeparyphl
BOAbl B KaJOPHMETPe MOXKHO OIpEIeNHTh KOJH-
yecTBO TeIlJa, MOJyyeHHoe Kasopumerpom. OGo3-
HAuHM 3TO KOJHYECTBO Tersia Q. DTa ke BeJHUHHA,
B3ATasl C TIPOTHBOIOJOKHEIM 3HAKOM, 18€T KOJH-
HeCTBO TelJ/a, MOJNY4eHHOe Ta3oM, IPOLIeAIIHM
yepes 3MeeBHK. JIs yNpOUIEHHs1 pacyeTa Mpef-
[OJIOKHM, YTO Yepe3 3MEeEBHK TpPOLIe] OJHH MOJb
rasa. CunTas ras HieaJbHbIM, BHIUHCAHM paboty A,
coepuleHHyl0o uM. OhHa paBHa A = PV, — Prc. 21.

— PV, =R (T, — T,). llpupaiienue BHyTpeHHef

suepruu rasa U, — U, = Cy (T, — T,). TlogcraBasis 3TH BeJHUYHHBI
B ypaBHenne — Q = U, — U, 4 A, monyuum

Q=(Cv+R)(T1—Ty),
HJTH Ha OCHOBaHHH ypaBHeHusi PoGepra Maiiepa (24.1)
Q=Cp(T1—Ty).

Y pitay

000

T

Otcrofa JIErKo BBEIYHC/IHTE HCKOMYIO TellJIoeMKoCTb Cp.

§ 25. ¥YpaBuenue BepHyum

1. ¥Ypasueuwe DBepuynau Gvuio BuiBeseHo B § 94 mepsoro Toma
Hamero Kypca. OfHAKO TaM Mbl MOTVIM PACCMOTPETH JBHKEHHE TOJBKO
HeC:KHMaeMbIX KHAKOCTeH. McenenoBaHie ABHKEHHH C2KUMAaeMbIX KHI-
KocTell M ra30B CYLIECTBEHHO OIHPAeTcsl HA 3aKOHBl TePMOJMHAMMKH.
Hoaromy Mol fonoHUM MaTepuas MepBoro ToMa TePMOAHHAMUUECKHMH
Coo0paykeHH M.

YpasHenne DepHy/J/iH OTHOCHTCSt K JIAMUHAPHOMY CTallHOHAPHOMY
TEUEHHIO MeaNbHOH »KUAKOCTH. YKHIKOCTHL IOHUMaeTcst 3/ech B 06006-
WEHHOM CMbIC/JIE — I'a3 CUHTAETCA UYACTHBHIM CJIy4aeM CxHMaeMoH
KUIKOCTH. HMeaqbHOCTh KUAKOCTH MOHHMAETCH B 2UOPOOUHAMULECKOM
CMbiCAe. DTO 3HAYMT, YTO, KAKOBO Obl HH OBLIO JBHIKEHUE XKHUAKOCTH,
B nefl HuKOrja HE BO3HHKAIOT TaHTeHIHAJIbHLIE CHJALI BHYTPEHHEro
TPeHHsT; B3aHMOAEHCTBHE MEKNY COMPHKACAIOUIHMUCS 3/1EMEHTaMH XKHJL-
KOCTH ocyLIecTBASIETCS HCKIIOUHTENBHO ¢ MOMOIIBIO HOPMAJBHBIX CHJI
AaBicHus. Kpome TOro, Msl coseplLIEHHO NpeHeOperkeM TerI000MeHOM
Mex1y pasiH4HBIMH HacTSAMH JKMAKOCTH, cuHTasi ero MaibM. [lo oTHo-
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HICHHIO K /110001 ABHKYLICHCS YaCTH XKHUJIKOCTH OKpPY:KAIOU[ast XKHAKOCTh
urpaer poJb ainabatiueckoi obogoukn. Halle mccaejgopanie OTHO-
CHTCSl IOSTOMY K a0uabamuMeckomy AQMUHAPHOMY MEUeHUo UdeaivHol
cocumaenold acudxocmu.

2. JBmxywascs KIJIKOCTh, KOHEUHO, He $BJseTCS pPaBHOBeCHOH
TepMoAHHAMHYECKO cucTeMol. OJlHAKO, eCcaH CKOPOCTh MaKpOCKOIHIe-
CKOTO JIBHKEHHS KHAKOCTH He OUeHb OGBICTPO MEHSIETCS] B MPOCTPAHCTBE
1 BO BPEMEHH, TO JKHJIKOCTb MOYKHO MEICIEHHO Pa3OHTh Ha JOCTaTOUHO
MaJjbie MaKPOCKOIIMYECKHE UacTH, Kaxaasi U3 KOTOPHX, Kak mesoc,
LBHIKETCS] ¢ OTpeNieleHHON MaKPOCKOTIMYECKO! CKOPOCTBIO U H BHYTPEH-
Hee COCTOsiHHEe KOTOPOH MOXKeT GhITh 0XapaKTepH30BAHO TEMH 2Ke llapa-
MeTpaMH, 9TO W B COCTOSTHHH TePMOIHHAMHYECKOTO DPABHOBECHS, -—
TeMnepaTypoi, JapJeHHeM M TJIOTHOCTBIO. ITH Napamerphl CBSI3aHbl
mMexKay cobolt ypasnennem coctosinust f (T, P, p) = 0. Kpowme Toro,
MeXJYy HHMH CYIIECTBYET JONOJHHTEIbHast CBsI3b, BhIpaxkawonias
a71nabaTHYHOCTE TeueHHdA. B caydae uueannHOTO rasa, Hanpumep, srta
CBsI3b BhIpa)kaercsl cooTHouleHueM (21.2) uid mpu MOCTOSIHHOM 7§ -—
cooTHoweHueM P = const pV. B apyrux ciayuasx ycaosue annabaTuu-
HOCTH TeUeHHsI He MOxKeT OBITh 3amHca’o B CTOMb INpocToit dopme.
Ho Bo Beex cayuasx npu aguabarnieckoM TeYeHHH, BBUAY HalUIHA
ypaBHEHHUS COCTOSIHWS, U3 TpexX mnapamerpoB 1, P, p HE3aBHCHMBIM
OCTaeTCs TOJABKO OJHH, HalpHMep IIOTHOCTD.

3. YpaBHenne DepHynau yTBep:KjaeT, 4YTO IPH CTALMOHAPHOM
JIAMHHADHOM TEYeHHH HJiealbHON JKUAKOCTH BeJIHUKNHA & -+ P/ p ocTaercs
NOCTOSIHHOA BAOJIb JIMHMH TOKa:

e+ 5 = const. (25.1)

Her HeoGXOQHMOCTH MNOBTOPATH BHIBOJ 3TOTO YPABHEHHS, TaK Kak
B II€DBOM TOME OHO GbLIO NOJTY4eHO 6e3 UCIIONB30BAHHS P0G KCHH A
O IIOCTOSIHCTBE IIOTHOCTH . ENHHCTBEHHOE, YTO HYXKHO CIeJaTh 3/16Ch, —
3TO PACKPBITH CMBIC [1OJIHOH SHEPTHM &, YYHTHIBAS NPH STOM CHKHMAE-
MOCTb KHAKOCTH. BesidHHa € eCTb [OJIHAs 3HePTHA CRHHHULI Macchl
xuaxocti. OHa ciaraeTcs M3 TpexX yacTefl: KHHETHYECKON “SHEpriil
v?/2 MaKpOCKOMHYECKOTO [BHIKEHHS, [OTEHIHAJLHOH 3HEPrHH ¢ BO
BHEIIHEM CHJIOBOM N10/1e U BHYTpeHHe# sHepruu u. Eciin BHCUIHUM nToJIeM
SIBJISJeTCH OJHOPOJHOE TOJe TSKeCTH, TO ¢ = gh, rae /i — BLICOTY,
OTCHHTHIBAEMAs] OT HEKOTOPOTrO NPOU3BOJBHOIO ypoBHs. B stoM cayuae
ypaBHeHue (25.1) npuHuMaer BHA

P v?
u—[—?—l—gh—{— »-2~=const, (25.2)

T. €. BeINYHHA, CTOAWAS CJeBa, NOCTOSIHHA BJOJb JHHHH TOKA.
Benuunna 1/p paBHa yjenibHOMY oObeMY KHAKOCTH, a TOTOMY
u + P/p ectb yOeabHas SHMAAbAUA, T. €. SHTAIBIHA €JUHHIBL MacChl
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sukoetH. Obosnauasi ee OYKBOH {, MOMKHO 3amHcaTh YypaBHEHHe
Bepuyaian B Qopme .
i-+gh+ 5 == const. (25.3)

Ec/au TedeHHe MPOHCXOJUT B TOPH30HTAJILHOM HaNpaBJeHHH, TO
BeJHUMHA gh ocTaeTcs nocrosnHoil. B stux caydasax

i} ‘)2 == const. (25.4)

[Tpu GOJBIIHX CKOPOCTSAX ¥ COOTHOLIeHHeM (25.4) MOKHO HO/b30BAaThCS
1 TOTJa, KOorja TEYeHHe He TOPH3OHTANbHO, TaK KaK B 3THX C1ydasx
H3MEHEHH MU ITOTERIUAAbHON 9HEPTHH gh ¢ BLICOTOH MOXKHO IpeHebpeyb.
ViHpIMH  CJIOBAMH, MOXHO IIOJTHOCTBIO OTBJIEULCS OT HaJHUMA CHJBL
TsKecTH. VIMEHHO ¢ TaKHMH c/IydyasMH Mbl H OyieM HMeTh 1e/10 B Aajb-
HefLeM.

Ilpn MepneHHBIX TeUeHHSIX MOXKHO IpeHeOpeub KHHETHYECKOH
sHepruedd. Torna i —const, (25.5)

T. €. 9HTAJbIHA BJ0OJb JHHHH TOKa OCTAETCS NMOCTOAHHOH. DTOT pe3y/b-
TaT ObUI NMOJIYYEH Takxke mpH paccMorpennu onbita JLkoyias — Towm-
COHa.

4. Texnuuecku sbdert xoyna — ToMcoHa MoxeT OHITb OCYLIECT-
BIeH 0e3 Hcnoab3oBaHHs npobku. ['a3, Haxoasnuiicss Noj BBICOKHM
JaBjeHHeM ([opsAjKa COTeH aTMoctep), 3acTaB/sIoT NepeTeKarb B Ipo-
CTPaHCTBO C HM3KHUM JaBJEHHEM (ropflKa aTMOC(epHOro) uepes BeH-
THIb WIN y3Koe oTBepcrue. TakoH mpouecc HaseBaeTest 0pocceauposa-
Huem eqaa. OH aHaJOTHYEH TEYeHHUIO rasa 1o HPOKOH TpyOe, B KOTOPOi
HMeeTcsl O4eHb Y3KOe OTBEpCTHe, 32 KOTOpEIM Tpy0a HeorpaHH4eHHO pac-
wHpsieTcs. B 3ToM ciydae K HauaJLHOMY ¥ KOHEUHOMY COCTOSTHHAM
rasa Tak:ke NPUMEHUMO COOTHOIUeHHE (25.5). [leACTBUTENBHO, TPUMEHHM
ypaBHenne Bepnyanu (25.4) K JIMHEM TOKa, Haua/l0 M KOHEL KOTOPOH
HaXOAATCA NEPEA H 32 Y3KUM OTBEPCTHEM, Yepe3 KOTOpOe NIPOTeKaeT ras.
BriGepeM aTH TOUKH B HIHPOKUX ydacTKax TPYOE!, I/le CKOPOCTb TeUEHHS
oueHp Masa. Toraa B ypaBHeHuU (25.4) KHHETHYECKOH 3HEpTHeH MOXKHO
NOJIHOCTBIO NTpeHeGpeub, H Mbl CHOBA HPUXOIHM K COOTHOMIEHHIO (25.5).
Takum oGpasom, mpouecc Jlxoyas — TomcoHa, He3aBHCHMO OT TOTO,
OCYIIeCTBJsIeTCS JIH OH NPOJAABIMBAaHNEM Ta3a 4epes MOPHCTYIO IPOOKY
HJIH NyTEM APOCCEIHPOBAHUA Yepe3 BeHTHJIb, MOXKeT OblTb OXapaKTrepH-
30BaH KaK TakoH INpoilecc, NpH KOTOPOM 3HTa/NLIHSA Tra3a B Haua/lbHOM
H KOHEUHOM COCTOSIHHAX OZHA M Ta XKe.

§ 26. CKopocTb HMCTeueHHS Trasa H3 OTBEpPCTHS

1. BoiuucauM CKOpPOCTb HCTEYeHHs CKATOTO rasa u3 0a/ljoHa uyepes
MaJ10€ OTBepCTHE WK comio (puc. 22). Cunrasl TeyeHHe JIAMHHADHBIM U
YCTaHOBUBLUMMCS, BO3bMeM IIPOU3BOJIBHYIO JIHHHIO TOKa, OJMH KOHEL|
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KoTopoil (2) HaxonauTcsl cHapyxu GanjoHa BOJIH3H OTBEPCTHS, a ApY-
roft (/) — BHyTpH Oa/ioHa, Tle CKOPOCTb rasa v; NpeHeSpeKHMO MaJja.
ITpumenum ypaBHenne bepnyanu (25.4)
K ToukaM / M 2 JIHHHUH TOKa, TOTAA
\ moxyun™m »

S i '21‘ =I+ '2; .

Y

Beanunnoit v, MoxHO npeHe(peds.
Y ckopoctH v, HHAEKC omycTHM. Toraa
H3 [pelbliyllero YpaBHEHHSI NoJydaeM

Puc. 22. v=V"2(i; — 13). (26.1)

Ora ¢dopMy/aa NpPHMEHHMA Kak [Jif HIAEalbHBIX, TaK H Vs peabHbIX
rasos. JonycTuM Tenepb, 4TO ra3 — HjeaJbHbIH H YTO 3aBHCHMOCTLIO
teryioeMKkocTH Cy OT TeMIepaTyphl MOXHO npeHefpeub. Torpa

i=u+—§ - iMcVTJr—:;RT,

Han Ha ocHoBauu# (20.1)
i:% C,T. (26.2)
CnepnoBare/bHO,

v=]/»§r Cp (T, —T,). (26.3)

B TakoMm BHje, OJHAKO, 3Ta QopMy./a HENPHTOHA [J151 BHIYHCJEHHH,
TAK Kak He u3BecTHa Temnepatypa T, CTPYH Tasa npH €e BbIXOJe H3
otBepcTHd. M3BecTHul gaBseHne P, u temneparypa T, rasa B Gasiowe,
a Takxe HapyxHoe aasiaeHne P,. Temnepatrypy T, MoxHO HaiTH H3
ypaBHeHHS afuabaThi

—1 —1
Pyt py
Ty
Ouo paer
y—1
P\ 7y
Te=Ta(3) T

[Toce noncraHoBku B Gopmyay (26.3) nosyyaem

v— ‘/—fl-cpn[l —<§f>v_;l']. (26.4)

MakcuMabHas CKOPOCTh JOCTHraeTcs NMPH HCTedeHHH B BakyyM. Oua
paBHa

2 )
P ]/ 26T (26.5)
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(Unzaekc 1y remmeparyper T mel onyctuau.) Hoacrasasia BMecto Cp
ee sHaveHue M3 dopMmyasl (24.2), nomyunm
-1 2 2
Upax = W= RT . (26.6)
Jlaa MoJeKyJasipHoro Boaopoaa npu Temmepatype T = 1000 K 3rta
¢opMyJia jpaer
1

Vo= o 8,314 - 107 10° =5400 w/e.

2. TlonyyeHue GoJbHIHX CKOPOCTeH MHCTEYEHHSI Tas30B SIBJASETCS
oaHoli H3 BaxHefiHX npobieM paxkeTHOH TexHHKH. Dopmyaa (26.6)
NOKA3BIBAeT, YTO CKOPOCTb HCTEYEHHS NPOMOPLHOHAJNBHA KBaJApaTHOMY
KOPHIO H3 abCOJIIOTHOH TeMIeparypbl M OOpaTHO IPONOPLHOHAJbHA
KBaJpaTHOMY KOpHIO M3 MOJIEKY/IpHOTO Beca rasa. IlosTomy B paker-
HOIl TeXHHKE BLIFOJHO NpPHMEHATb Ioployee C MajbiM MOJEKYAAPHEIM
BecoM, obmajaroulee BLICOKOH KaJopHHHOCTBIO (4ToOhl TeMnepatypa T
Obl71a BO3MOXHO BBIILIE).

CpaBHenne ¢opMmyanl (26.5) ¢ dopmyaoit (26.3) moxaseiBaer, uToO
npi HcredeHHH B BakyyM T, = 0, T. e. 123 oxJaxnaercsa 10 aGCOJMIOT-
voro nyns. He ciaenyer npunaBath 5ToMy BBIBOAY 60JBLIOrO 3HAYEHHS.
Ou mosydyeH B MpelNoJIOXKEHHH JIaMHHAPHOCTH TeYeHHs, TOTJa Kak
peasbHOE MCTEYEHHe ra3a B BaKkyyM Bceria TypOyJentHoe. Kpome
TOrO, HCIOJb30BaHA HE3aKOHHAasl 3KCTPANOMASLUs — ra3 CUHTaeTcs
H1ea/JpHBLIM BIVIOTh O abGCOJIOTHOrOG HyJs, a ero TemnoeMkoctd Cp u
Cy NpH HCTEYeHHH COXPAHAIOT IOCTOSIHHBIE 3HAUEHHS, He 3aBUCALLNE
0T TeMNepaTypHl.

3A0AYA

Teno (HampuMep, KocMHUecKHH KopaG/ib) JABHXKETCS B HIEaJbHOM rase CO CKO-
pocthio v. B kakoil Touke Tesa TeMmeparypa rasa GyzeT MakcumadasHo#? Onpenenuts
3Ty TeMIepaTypy, €Cl¥ TeMIepaTypa okpy:aiollero rasa pasua 7T.

PemeH ¥ e. TlepefiteM B cHCTeMy 0TCYeTa, B KOTOPOH Teno noxourcs. Cuutas
TeueHUe rasa B 3TOH CHCTeME CTALHOHAPHBIM, TPHMEHHM K HeMYy ypaBHeHHe DepHymiu
(25.4). B paccMatpuBaeMom cayuae ono umeer Bua cpT + 07/2 = const. Temneparypa

6yleT MakCHMa/lbHa B TOuKe, rfie v == 0, T. e. B KpHTH4ecKoil Touke. Tak B ruapoas-
HaMHKe Ha3blBAIOT TOUKY Ha MOBEPXHOCTH Te/d, B KOTOPOH CKOpOCTh HaTeKawoulei
Ku1KocTH ofpaiaercs B HyAb. B xpurthueckoil touke i = ¢pT a notomy

o2
Tmaxc =T <1 +—_2TCP> R

MaKc?

Uy
M2 (y—1
Tyaxe=T [1 +"_‘(%—)] ’

4

rie M = v/c—uncno Maxa (¢ — CKOpoCTb 3BYKa).



TJTABA I
BTOPOE HAYAJI0O TEPMOAMHAMHKH
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§ 27. O0mue 3amMeyaHHs O MEPBOM W BTOPOM Hauajmax
TePMOIHHAMUKH

1. Ilepoe Hauamo TepMOAMHAMHKH He JjaeT HUKAKHX YKa3aHHH
OTHOCHTEJILHO HallpaBJeHMsi, B KOTOPOM MOTYT IIPOHCXOAMTH NPOIECCh
B npupoge. i H30/MpOBAHHOI CUCTEMBI, HaIpuMep, Iepsoe Hayajlo
Tpebyer TONbKO, 4TOOLI NPH BCeX IIpolEeccdX IHEPTUS CHCTEMBI OCTa-
Bajach nocrosiHHoit, Ecam | m 2 — 1Ba cocrosiHusd Tako# CHCTEMbl,
TO MepBOe HayaJo HUYEero He MOoyKeT CKasathb, OyJeT M CHCcTeMa Nepexo-
JITh H3 COCTOsIHMst | B COCTOsIHME 2, HJIH U3 COCTOsIHIS 2 B cocTOAHMEe 1.
Boofie, Ha ocHOBaHMM TIEPBOrO Haua/la HEJB3S BBIICHUTB, OYAYT JH
B H30/IMPOBAHHOH CHCTEME IMPOUCXOJHTH KakKHE-JIHOO IMPOIECcCHl.

Ilycrs agnabarnuecky H30JHPOBaHHAS CHCTEMA COCTOMT U3 ABYX Te,
B3aHMOJCHCTBYIOMNX MeXAy cofoH, HO HE B3aUMOJCHCTBYIOMUX C APY-
ruMy TesaMu. Torga, kak Onlo moxasaso B § 16, Temsoobmed Mexay
HUMH TOAuuHsieTcs ycaoBulo Q = — Q. Temwio @, nosydenHoe
OJIHHM T€JIOM, PaBHO Ten1y — Q,, OTAAHHOMY JAPYI'HM TeJoM. B KakoM
HampagiaeHuu OYHeT MepexoiuTh TEMJIO — Ha 3TOT BONPOC TepBOe
Hayaj0 TepMOAMHAMHKH OTBETHTL He MoxeT. IlepBoMy Hayaay He npo-
THBOpeuus Obl, HANPUMeD, IIPOLeCC, B KOTOPOM TCIIO CAMOIIPCH3BO/IBHO
nepexoquT OT Tesla MEHee HarpeToro K Teny oJlee HarperoMy. Bompoc
0 KOJHMYECTBEHHOM Mepe TeMIepaTyphl UYXK[1 HepBOMY Haualy TepMo-
JMHaMHKH. DTO NpOSIBAAETCSI B TOM, YTO NePBOe HAyajlo He NPUBE/IO HH
K KakoH palHOHAJIBHOH IIKaJje TeMmieparyp. ‘

Bropoe Hauano TepMOAMHAMHKYH, HA0GOPOT, TO3BOJASCT CYAUTh
0 HAnpasaeHuy Apoyeccos, KOTOPLIe MOTYT IIPOUCXOAHTL B leHCTBUTE ] b-
HoctH. Ho 3TuM 3HaueHHe BTOPOTO Hayasa He HcuepnuiBaercsi. Bropoe
Haya/ao NO3BOJISAET BIOJIHE YAOBJAETBOPUTENBLHO PEHINTL BOIPOC O KOJIH-
4eCTBEHHOI Mepe TeMmepaTyphl ¥ NOCTPOHTL palMOHAIBHYIO TeMiepa-
TYPHYIO IIKaly, He 3aBHCSIUIYI0 OT MPOH3BoJaa BbIGOpA TepMOMETpHUE-
CKOro Tena M ycrpoiierea Tepmomerpa. OHO, COBMECTHO € IEPBbHIM
HavaJIoM, IO3BOJISIET TAKKE YCTAHOBUTL MHOXKECTBO TOYHBIX KOJHYECT-
BEHHBIX COOTHOLICHHH MC(Y PasjHYHBIMH MaKpPOCKONHUECKHMH Hapa-
METDAMH TeI B COCTOSHHHU TEpMOJHHAMHYECKOTOo paBHOBecus. Bce
TaKHe TOUHBIE COOTHOLICHHUS! NOMYYNIN obluee Ha3BAHHE mepMOOURaMU-
HECKUX COOMHOWEHUL.

2. OcHOBONOJIOXKHHKOM BTOPOTO Hayasla TePMOAMHAMHKH CUHTAETCSH
dpannysckuii umxenep H ¢usuxk Canu Kapuo. B ceoeM counHeHHU
«O nBuXKylmeH cuae OrHA H O Mauunax, CHOCOOHLIX pa3BUBATL 3ITY
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cHAY», BbllieAtieM B 1824 r. (T. e. 3HAUNTeJbHO PaHee OTKPHLITUS IEPBOTO
nadana P. Maitepom, [xoyaem u eapmronsuem), Caan Kapho ncede-
7I0BaJ YCI0BHS TIpeBpatielns TensoTel B pabory. Oxnako Torna Kapro
CTOSVT HA TOUKE 3peHHs TEOPUH Terjopoja (Mo3JHee OH OT Hee OTKa-
3aJ1C5), a TMOTOMY eMy He YaJoch J4Th SICHYIO H YeTKYIo (popMyJIH-
pOBKY BTOPOTO Hauana TepMOAHHAMUKH. 370 OLIIO CAEIAHO TOJbKO
g 1850—51 rr. He3aBHCHMO PYT OT jApyra HeMelKHM QH3MKOM Pynomb-
dom Kaaysnycom u mwomnanackum ¢usukoM Buibsmom TomconoM
(noprom  Kespsrmom). Oun copMyAnpoBai OCHOBHOM TOCTYJIAT,
BRIpAzKaIOLLEL BTOpOC HAYa/Io TEPMOZIMHAMIKH, 1 BLIBEMH U3 HETO IIaB-
HelfilHe caeAcTBH.

§ 28. Pa3znnuhble dopMynUpeBKH OCHOBHOTO NOCTYAATa,
BbIpaKaoLUEero BTOpoe HAYaJo TePMOAMHAMHUKH

1. Uro6sl npuiiTi K GOpMyAHPOBKE NOCTYJaTa BTOPOTO HAayasaa Tep-
MOJAMHAMHKH, CJAefys HCTOPHYECKOMY XOAY HAefl, pacCMOTPHM cXeMa-
THIECKH paBoTy TenaoBoH MawuHB. B nwiuHApe Maumnubt (puc. 23)
NIOMEIaeTcsl Ta3 WIH Kakoe-TH0o JIpyroe BEmECTBO, HaswBaeMoe pabo-
yum meaom. st onpenesieHHOCTH OyIeM CUHTaTh, YTO PaGOUYHM TeslOM
sisaserca ra3. I1yctb Ha gnarpamme VP HadanbHoe cOcTOsiHME paboyero

P 2

Puc. 23.

Tes1a u3o6paxaercs Toykoil /. IlpuBeneM AHO INIHHADA B TeIIOBOH
KOHTaKT C Haepesamesem, T. €. TeJOM, TeMmieparypa KOTOPOTO BEHILIe
TeMnepatypel rasa B UuauHigpe. ['as 6yleT HarpeBaThbcsd W Paclid-
pATbes — 3TOT Ipouece H3obpaxen Kpusol la2. Palouee BermiecTBO
IOJTYYUT OT Harpepatesisi Tems10 @, U COBEPIIUT MOJNOKHTEIbHYIO padoTy
A,. To nepBomy Hauany

Q=U— Ui+ As. (28.1)

Tenepp mazo BepHYTH NMOpIIEHb B JCXOJHOE TOJIOXKeHHe, T. €. CXKarbh
ras. 1o HaA0 CAeaTh Tak, 4yToOb padora A,, 3aTpayeHHas Ha CxKaTHe,
Obiia Menbiie A,. C 3T0H 1enbi0 NpUBEAEM N0 HMJHHAPA B TEIIOBOL
KOHTaKT C X0A00UAbHUKOM, T. €. TejoM, TeMHOePaTypa KOTODOTO HHKe
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TeMIepaTyphl rasa B HUJIHHApPE, H COXMeM ras no nyt 2b1. B peayis-
TaTe ra3 BepHeTcs B HCXOJLHOe coctosinue /. [1pu 3ToM oH oThact XoJo-
IHJABHUKY Temso Q. Ilo nmepBoMy Hauany

—Q=U;—U;~ 4,. (28.2)
Otctona B KoMGHHaLHu ¢ (28.1)
Qi —Q:=A;— A4,. (28.3)

Takum o6pa3oM, TenoBasi MallliHa COBepIUMJAa KPYTOBOH Mpolecc,
B pe3yJbrate KOTOPOro Harpepatesb OTAad Temao @, XOJOAHJIbLHHK
noayuua Temio @, Temno @ = Q, — @, NOLIO Ha NPOH3BCACTBO patoTel
A, — A,. OrHouleHue

A G-
=g =g (28.4)

HA3LIBAETCH KOIDPUYUEHMOM HIH SKOHOMUHECKUM KO3(duyuermom no-
AE3H020 Oeticmsust TENJIOBOH MallHHLL.

2. Bo3sHHKaeT Bompoc, HeJb3f JIH NMOCTPOHTh NEPHOAHYECKH JAeHCT-
BYIOILYIO TETJIOBYIO MallMHy 0e3 XOJOAWJIBbHNKA, T. €. JOOHTbCS TOTO,
uyrobul @, = 0, U ciaepoBaresnbHo, 1 = 1? Takas mamuHa Morsa Obt
npeBpailaTh B padoTy BCIO TENMJIOTY, 3aHMCTBOBAHHYIO OT OJHOTO TENJO-
BOro pesepByapa. Bo03MOXKHOCTL e€e MOCTPOEHHMS He IPOTHBOPEUHT
3aKOHY coxpaHeHusi sHepruu. Ilo cBoemy npaKTHUECKOMY 3HaueHHIO
OHa MOYTH He ycTymaJa Obl mepnerTyyM MoOHJe, Tak KaK C ee [MOMOLbIo
MOXKHO Obl10 Obl NPOH3BOAUTH pafoTy 3a CueT NpPAKTHYECKH HeHcuep-
rnaeMblX 3aIacoB BHYTPEHHell sHepPTHH, COAEp:KallHXCs B BOJE OKeaHOB
¥ Mopeil, BO3AyLIHOH aTMocdepe H Heapax 3eMmad. Takyio MauHy Busb-
reasM OctBaabl (1853—1932) Hassan nepnemyym mobuae emopozo pooa
B OTVIH4HE OT nepnemyym mobuse nepeoeo poda, T. €. BEUHOrO [BHra-
TeJidl, IPOH3BOASIEr0 paboTy M3 HHYEro, BO3MOXKHOCTb KOTOPOrO OT-
pHIlaeTcs 3aKOHOM COXDaHEHHS 3HEepPrHH.

Ho yxe Caan KapHo noHsn, 9ro Takas MallWHAa NPHHOHIIHAABHO
HeBo3MoXkHa. Pa6oTy TenmsoBhiXx JBUraresell OH cpaBHHBaJ ¢ paboToi
ABuratesedl BoAsiHeIX. [Ipou3BojcTBO paGoThl B MOCAEIHHX ABHraTessiX
CB5I3aHO € MajeHHeM BOJbI ¢ 6oJiee BEICOKOTO Ha 6osee HH3KHHA ypOBeHb.
Tak u BO3MOXKHOCTb IIPOH3BOACTBA PalOTHl TEIJIOBBIMH JBHIATENSMH
obyciosieHa no KapHo nepexozom Temja OT Tesa Gosee HarpeToro
K Tely MeHee HarperoMmy. Mcxoxs u3 stoii aHasnorud, KapHo BrBen
PAA NpaBUJIbHBIX NIOJOXEHHI, C KOTOPBIMU MBI O3HAKOMHMCS B JajbHel-
meM. Omn6ka KapHo coctosina JHILB B TOM, YTO OH BMeCTe CO CBOMMH
COBPeMEHHHKAaMH CYHTaJ, YTO BO BCeX Ipolleccax TemioTa He MoXeT
€037aBaThC M YHHUTOMKATHCS.

OnbiTHble ()aKThl TOBOPAT MPOTHB BO3MOXKHOCTH IIOCTPOEHUS Tep-
neTyyMm mobGuse BToporo pona. [loaTomy HeBO3MOXKHOCTB NOCTPOEHHSA
TAKOTro nepneTyyM MoOH/Ie Obliia Bo3BejeHa B nocTyaar. OH HasblBaeTcs
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NOCMYAQMOM BMOPO20 HAAAR MePMOCUHamuKy U ABIseTcH 06o6IIeHHEM
ONBITHBIX (paKTOB. J0Ka3aTeNbCTBOM 3TOTO NOCTYJaTa sBJASIETCS COrva-
cHe BCeX BHITEKAIOMUX M3 HEro C/IeACTBHH c onelitoM. [lo cux mop,
npHMeHsIs 3TOT TOCTYJaT K MaKPOCKONMHYECKHM CHCTeMaM, pPasMephl
KOTOPBIX HE OuYeHb MaJjbl, (PU3NMKa HHTAE He HAaTONKHYJach HAa NPOTHBO-
pednsi. [losToMy mocTynat BTOpOro Hauasna TePMOAHHAMHKH NOKOHUTCA
Ha HaJeXHOU 5KcreprHMeHTaJbHOH ocHoBe. IlpuBeneM Tpu TOUHBIX ¢op-
MYJIHPOBKH HOCTyJaTa.

3. BuabaMm Tomcon (nosyuuBIUMH TIO3/Hee 3a HayuyHblE 3acAyrH
TuTya JopAa Kenbeuna) B 1851 r. nan takyio GopMyJIHpOBKY nocTyJaTa
BTOPOTO Hadaja TePMOJHHAMUKH: <«Heso3momcen Kpyeoeol npoyecc,
eOUHCIMBEHHbIM PE3YALMAmoM Komopoao bbutao Gel npoussodcmeo pabomot
30 CHem OXAQICOeHUS Mena0oes pesepsyapas.

HamoMunM, uto mop TemsoBBIM pe3epByapoM NOHMMAIOT TelI0 HJIH
CHCTEMY TeJs, HaXOJSILYIOCH B COCTOSIHMUM TepMOJHHAMHYECKOTO PaBHO-
BeCcHs1 H ob/ajaiomyr 3amacoM BHYTpeHHefl sHepruu. Ho Tensioso#
pesepByap ¢aM MakKpOCKOMHYeCKo#l pabGOTHl He COBepllaeT, a MOMKeT
TOJILKO NepefaBaTh BHYTPEHHIOW 3HEPTHIO IPYTOMY TelMy HIH CHCTeME
teq. Ecan nociennssi cucreMa npoM3BOAUT paboTy 3a cyeT BHYTPeHHeH
3HEPTHH TEIJIOBOTO pe3epByapa, TO OHA HA3BIBACTCH B TEPMOAMHAMHKE
pabouum meaom. Takum oOpasoM, COIVIACHO TOMCOHY, HEB03MONCEH
Kpyeo60tl npouecc, eGUHCMBEHHbIM pe3yibmamom Komopoeo 6bi10 Obt
11pOU3BO0CMBO PAbONIbL 30 CHEN YMEHOUEHUS BHYMPERHEL JHepaUuLL menao-
6020 pesepsyapa.

4. MOXXHO KOHKPETH3HpPOBATb, B 4YeM JIOJ/KHO BBIPAXKATbCA NMPOH3-
BOJCTBO BHEIUHEH paloThl, H TAKHM NYTEM MOJYYHTh MHOXKECTBO pa3-
HooOpasHBIX (OPMYJHPOBOK OCHOBHOro mocryfiara. OzHa H3 HHX
npuHapnexur Ilnanky (1858—1947). Ona cocroutr B c/IeAyIOLIEM:
«Hesoamoxcro nocmpoums nepuoduiecku Oelicmsyouyro Mauny, eun-
CIMBEHHBIM pe3yabmamom Komopou 6110 Obl nOOHAMUE epysa 3a cdermn
0XAa0C0eHUS MEeNn080e0 pesepsyapay.

YKa3zaHHe Ha IepHOAHYHOCThL JefiCTBHA MallWHB B (OPMYJAHPOBKE
Ilnanka cywecrsenHo. TouHo Tak Ke B opmynnposke ToMcoHa cyile-
CTBCHHO, 4TO IIpollecc Jo/KeH GbITh KpyrobbiM. [lelicTBHTe/bHO, BO3-
MOKEH TIpoLecC (HO He KPYroBOH), €IMHCTBEHHBLIM Pe3yJbTaToM KOTO-
poro 6bWio 6bl NONHATHE I'PY3a 3a CUET BHYTPeHHE! sHEPTHH, 3@HMCTBO-
BAHHOH OT TeIJIOBOro pesepByapa. IliaHK NpHBOUUT ClIeAylOlMI NpH-
Mep. donmycTHM, 4TO B HM/JIMHZApPE C NOPIIHEM (CM. pHC. 7) HaXCAUTCA
jeanpHbil ra3. Ha nopiine siexur rpys P. IlpuBeseM aHO UMJAHHApA
B TeIVIOBOH KOHTAKT C JOCTaTOYHO GOJBLIMM TETVIOBHLIM pe3epByapoM,
TeMriepaTypa KOTOPOro IpeBhHIlaeT TeMiepaTypy rasa Ha GecKOHe4HO
Maayl BeMHYHHY. 3ateM OyJeM OGCKOHEYHO MaJ/biMH MOPLHAMH pas-
rpy>kaTb moplleHb. Torga ra3 OyZeT H30TePMHUYECKHM pPacHIMpATLCA,
npousBons pabory A no noamsartuio rpysa. Ilo nepsomy Hadany

Q:UZ_U1+A.
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Tak kak BHYTpeHHSA 3HEPTHS HAeaNbHOro raza U 3aBHCHT TOJMBKO OT
TemMneparypel, KOTOpas B OMUCAHHOM TNpolecce He MeHseTcs, TO
U, — U, = 0, u crenoBaresbHo

Q=A.

Takum o6pasoM, Tem1oTa (), 3aUMCTBOBAHHAst Y TEINIOBOTO pe3ep-
Byapa, NOJHOCTBIO Nepelia B paGoTy MOAHATHA IPpy3a. D10 He NPOTH-
BOPEUYHUT MOCTYJATY BTOPOTO Hauasla TepMOJUHAMUKH, TaK KaK ONHCAH-
HBEIH DpOLleCC He KpPYrosoil, T. e. MalllUHA HE fABJAAETCS NEPHOAHUYECKH
nefictyloweil. Bot eciint 65! ya10ch KaKUM YFOZHO coco6oM, 0CTaB/ss
Tpy3 B NOAHATOM MOJOXEHHH, CXaThb ras, IpUBeAs €ro B HauajlbHoe
COCTOsIHHE, U BePHYTb MOPIIEHb B UCXOJHOE MOJI0XKEHHEe TAKUM 00pasoM,
uyTo0Bl BO BCEX OCTAJbHBIX TeNaxX (3a MCKIIOYEHHEM TEmJIOBOTO pesep-
Byapa, YacTb BHYTpPeHHEH 3HepTMH KOTOPOIo HOIVIa Ha NPOH3BOJACTBO
paboThl) HE NPOU3OUIAD HUKAKUX usMeHenutf, TO TOTJAa NOJAYYHJIoCh Obl
NPOTHBOpEYHe ¢ MOCTYJAaTOM BTOPOTO Hauasla TepMOAUHAMHKH, HOGO
NOCTyJIaT BTOPOTO Hauasla TePpMOJMHAMHKU YTBEpPIKA4eT, 4TO CAesath
9TO HEBO3MOXKHO HHKAKHMH coco0aMH.

©opmyauposka [lnanka oraunuaercs oT (GopMyaHPOBKH TomcoHa
Jauib 1o ¢opme. s ynoberBa ycsoBHMCS HasblBaTbh npouyeccosm Tom-
cona — Ilaanka BooGpaxaeMbll KpYroBoH npolecc, eIHHCTBEHHBLIM
pe3yabTaToM KOTOPOTO $IBJISIETCST NMPOHU3BOACTBO paboThl 338 CueT oX/a-
JKJIEHHS TEMJIOBOrO pe3epByapa. Torja NHocTyJaT CEBOAWTCA K YTBEp-
XKueHnlo, uro npoyecc Tomcona — Ilaanka Hegosmosncen. -

5. Knaysuyc (1822-—1888) B 1850 r. pan cyuiecTBeHHO HHYIO (op-
MYJHPOBKY OCHOBHOTO mMocTysata. OH BBUBHHYJ CJAEAYIONIEE MOJOXKe-
Hue: «TennoTa He MOXKET CaMONPOH3BOJALHO NEPEXOJHTL OT TeJNa MEHEe
Harpetoro x teqy Gonee HarperoMys. [lon temsoroll 3ech HAgO MOHH-
MaTh BHYTPEHHIOI 3Hepruio Tena. [locrynar Kaaysuyca nukoum obpa-
30M HE CBOAMTCA K YTBEPKACHUIO, UTO TIPH HEHOCPECTBEHHOM TEIIOBOM
KOHTaKTe ABYX Te/ TEIIOTA BCer/d NMepexofHT ot Tesia Gosee HArpeToro
K TeJy MeHee HarperoMy. JTO YTBepXKIeHHe BooOllle He COCTaBJseT
cojiep:KaHUs (PU3NUECKOTO 32KOHA, a SIBJASETCA MPOCTO OlpejeneHHeM
TOTO, KaKkce M3 JABYX TeJ YCJIOBHJIMCH HA3hIBATH 0oJiee, a KaKkoe MeHee
narpethiM (cM. § 4, 1. 4). Ilepenauy Tenna (Tounee, BHyTpeHHel 3Hep-
I'MH) MOXHC OCYIHECTBHTL He TOJALKO TENJOBHIM KOHTAKTOM, HO H Oec-
YHC/JICHHBIM MHOXKeCTBOM JPYTUX croco6oB. Hanpumep, Bce Tesa usmy-
YAI0T H JIOTVIOWAIOT BHANMBIE HJIH HEBHAHMBIE JYUH (3JEKTPOMATHUTHLIE
BOJIHLI). Ml3iyuenue onHOro Tes1a MOXKHO C NOMOLIBIO JTHH3BL HIH cepu-
YeCKOr0 3epKasia CKOHLEHTPHPOBATL Ha JAPYIOM TeJe W TAKHM IyTeM
nepenate emy Ttemio. OjHako He BcsiIKas nepejava BoaMmoxHa. Conep-
waHue noctyaTta Kiaysnuyca Kak pa3 H COCTOHT B TOM, UTO HEBO3ZMOXKHO
rakum 6ot mo Hu ObLa0 cnocobom 3a6parth TEIIO OT Tejna MeHee Harpe-
TOro, WHEIHKOM Mepefartb ero Teay OoJee HarpeToMy M MPHTOM Tak,
ytofibl B IpHPOAe O0bllle He MPOU30LIIO HUKAKHX H3MeneHuH. JIwoGo#
BocOpaxkaeMblil polece, B KOTOPOM OCYHIECTBJsIETCS TaKas nepeaaya
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tenia, HaswiBaercs npoyeccom Kaaysuyca. Takum obpasoM, mocryiar
VIBCPKIAET, uTo napoyecc Kaaysuyca wesosmodrces.

Ho nocrynar Knaysuyca He yTBep:Kiaer, uTo Hepejada Temia or
Tesla MEHee HArpeToro K Tesy Gojiee HarperoMy BooGie HEBO3MOXHA.
Oua HEBO3MOXKHA IIPH YCJIOBHH, YTO BO BCEX OCTaJbHBIX Te1aX HUKAKUX
usmMererutl He Q0ancHO npousotimu. B 5TOM CMBICJ CJOBA «CAMONPOU3-
604610, YNOTpebJeHHOro npu (GOpMYJHPOBKE BTOPOTO Hadajaa TepMo-
JHHAMHUKH. EcTu 2Ke JONYCTHTH JPYrue MPOLEecchl, TO Nepejada Terja
OT TeJla MEeHee HarpeToro K Teqy 6oJiee HarpeToMy CTaHOBHTCH BO3MOXK-
noft. Takue mnpouecchl Ha3bIBAOTCH KOMACHCUPYOWUML NPOYEccamul
11, Kopoue, Komnexcayuamu. Tak, B XOJAOJUJALHEIX MallHHAX TEMJIO,
3a1MCTBOBAHHOE OT MEHEe HarpeToro Tesa, nepenaercs 6ojiee HarpeTomy
Tey. D10 He NpoTHBOpeuuT nocTynary Kiaysuyca, Tak Kak TaKo#
IIePexo] MPOHCXOAUT 37leCh HE CaMONPOM3BOJBHO, a CONPOBOMKIAETCSI
paGoTON 3/I€KTPUUECKOTO MOTOPA. DJEKTPUYECKUH XOJOAHNBHUK Iepe-
CTaeT JeHCTBOBATH, €CJIM BHIKJAIOUHTL nuTarouwnil ero Tox. pocrefinas
TCIIOBAsl MALINHA, O KOTOpOH FOBOPIJIOCH B HayaJjle 3TOro naparpada
(eMm. puc. 23), moxer paboraTh Kak xoao0uasnas mawuna. Jast storo
pacmupenue pabouero BellecTBA cJeayeT IPOH3BOJHTL IO KPHBOIL
152, a cxarue — o kpusofl 2al, nexauwed Boie. CoBepiuasi paciiy-
peune 102, mammua GyleT 3aHMCTBOBATb OT XOJOAMJBHHKA TEIJO Q)
npH eKaTuy no kpusoh 2al oHa nepejact HarpeBaTesIo TeNIo Q; = Q,.
Tlpn »roM Haj mawHHON OyieT Npou3BeAeHa NOJOKHTeNbHas pabora
A" = Q, — Q,. IlpoussomcTBo 310l PaGOTHI U SIBJASIETCS 3/1eCh KOMIIEH-
CHPYIOIHM TPOLECCOM.

6. 113 HeBoamoxkHOCTH npouniecca Tomcona — Ilnanka cienyer me-
Le3MOXKHOCTD nipontecca Kiaysuyca.

JIst IOoKazaTesibCTBA NPEATIONOKHM ITPOTHBHOE, T. €. UTO NPOLECC
Krayauyca BosmoxeH. Bsgas npocrefiinyio TenyoByio MauiHy, npous-
Be/leM KPYTOBOH mpolecc, B pe3ysbraTe KOTOPOro MaliiiHa OTHHMET Of
Harpesareas Temo Q, nepenact XOJOAWIbHHKY Tero @, H coBepIuut
NOJ0XKUTENbHYI0 paGory A = Q; — Q,. 3areM ¢ NOMOIBIO Tpoliecca
Knaysnyca tenio @, BEepHEM OT XOJOAWJIbHHKA K Harpesatento. Toraa
NOJNYYHTCS KPYroBoil Npolece, eNHHCTBCHHEIM DPe3yJbTaToOM KOTOPOTO
ABJIsieTCsl TIPOU3BO/ICTBO paGoThl A 3a CUET SKBUBAJIEHTHOTO €M KOMH-
yectsa Temiia @ — ,, OTHSITOrO OT HArpeBate/s; HUKAKHX APYTHX
U3MeHeHHIl B npupoje He npounsoiifer. Ho ato ects npouecc Tomcona —
Haanka, a oH no mpenonoXkeHuio Hepoamoxen. [TosyunBeecs NpoTH-
BOpeyHe U JIOKaspiBaeT Hallle YTBeDIKAeHHE.

7. ObpaTno, H3 HERO3MOXKHOCTH Tipouecca Kiaysnyca BoiTeKaer
LeBoaMoxkHOCTh H npoliecca Tomcona — Ilnanka. Jiisi noxkasarenncTBa
NPeAnoJoKUM MPOTHBHOE, T. €. yTo nponecc Tomcona — Ilnanka Bos-
MozkeH. Torza, nosib3ysich 3THM KP yIOBBIM NTPOLLECCOM, OTHHMEM OT MeHee
HATpeToro TeJa Tervio () 1 3a CUeT 3TOro Ter/ia NpOM3BefeM MeXaHude-
CKylo paGoTy, Hanpumep, NOJHAB rpy3. 3aTeM HCHOAb3yeM 3HeprHIo
IOAHATOrO Fpy3a A/ HarpeBaHHs, HalpuMep IIyTeM TpeHud, Oonee
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Harperoro Tena. B pesynbrare Temio Q mnepeiineT oT MeHee HarpeToro
Tesa K Teay Gojiee HarpetoMy, M HHKaKHX JIPYTHX H3MEHEHUH He mpo-
usoiiger. Ho 310 ects mpouecc Knaysuyca, a on HeBoamoxkeH. Ilogy-
yyBlleecs NPOTHBOPeUHe M JOKAa3biBaeT BBICKA3aHHOE YTBEPKIAEHHE.
IIpu noxasaTenbCTBE Mbl HCNOAbL3OBAJU He TosabKo mocrynar Kaay-
3Hyca, HO BOCIOJb30Ba/IUCh TAK:XKE YTBEPKAEHHEM, UTO NOTEHIHAILHAS
3HEprusi IOIHSTOTO rpy3a MOKeT OHITh LeJNKOM IIpeBpaieHa B TemJIo.
310 yTBEpKIEHHE fBAAETCS CJEJICTBHEM IOBCEJHEBHLIX HabMIONeHHH,
KOTOpble NIOKA3kIBAIOT, YTO NMPH CTOJKHOBEHHH NaJaI0NIEero rpysa ¢ npe-
NATCTBHEM OH B KOHIIE KOHIOB OCTaHaBJuBaeTCsi. IloTeHUMaIbHAN
SHEpPTHS Fpysa npomnajaer, 3aTo nossasercs Temio, Ilo nepsomy npun-
UMY TePMOAUHAMHKH KOJIHYECTBO 3TOTO TEIJIa TOYHO PaBHO MOTepsiH-
HOH NOTeHUHAJbHOH 3HEPTHH Ipy3a.

Takum obpaszoM, nocmyaame Kaaysuyca u Tomcona — Ilranka
3KBUBANEHIMHYL.

§ 29. OGpaTuMble M HeoOpaTHMble NPOLECCHI

1. Ecin B pesyaprtate Kakoro-auGo nporecca cHcTeMa IepexopHT
U3 cocrofHus A B apyroe coctosiHue B U eC/H BO3MOXKHO BepHYTH ee
XoTs1 Gbl OJHHM CHOCOGOM B HCXOLHOe coCcTosiHHE A M NPUTOM Tax,
yTOGBEl BO BCEX OCT2JIBLHBIX Te/laX He NPOH3OLMIO HHKAaKHX H3MEHEHHH,
TO 3TOT NpOLECC Ha3kBaeTcs obpamumem. ECIn e 3T0 cienath HEBO3-
MOXKHO, TO Ipolecc HaswBaercs neobpamumowm. Ipnmepom ueoGpatu-
MOTO TIPOLECCa MOXKET CJYKUTh Nepexojl Teria oT 6oJee HaTpeToro Tena
K TeJy MeHee HarpeToMy IPH TenJIOBOM KOHTakKTe 3THX Tes1. HeoGpatu-
MOCTb TaKOFO NpoOLlecca HEeNOCPEACTBEHHO cienyeT H3 noctyaarta Kaay-
3uyca. HeobpaTuMbiM sBJIsleTCA TIpoilecC MOJYYEHHA TeIa IIyTeM
TpeHus. Ero HeoOpaTHMOCTb fIBJISIETCS] HENOCPEACTBEHHLIM CJIeICTBHEM
nocryJnara Tomcona — Ilnanka.

EcaH cHcTeMy M3 KOHEUHOTO COCTOSIHMSL B MOXKHO BEpHYTh B HCXO1-
Hoe cocrosiHue A Oeapasauuno Kakum cnocoSom, He Tpebysi, uTGOb OHA
06s13aTe/IbHO NPOXOAMJIA YePes TY ke INOC/IeA0BaTe/bHOCTh COCTOsAHUH,
YTO M B NpsiMoM npouecce A -> B, To Takoif npouecc HaswBaloOT 06pa-
MUMbIM 8 WUPOKOM cmbicae caosa. Ecnu ke Bo3MoxeH o6paTHBIA mpo-
necc B — A, nepeBoisiuui CUCTEMY B HCXOAHOE COCTOsiHMe A uepes
Ty K€ NOC/Ae0BaTe/ILHOCTD COCTOAHUI, Yepe3 KOTOpYIO Mpoliia cicTeMa
B npsMoM npouecce A — B, 1o npouecc A — B nasbBaercs oOpami-
MbM 8 Y3KoM cmbicae caosa. Bcesaxuil mponecc, obpaTHMBIE B Y3KOM
CMBICJIE, OYEBHJIHO, 0OpPaTHM U B IUMPOKOM CMBICJE CJIOBA.

2. Bce ksasucmamuueckue npoyeccel 00pamumol W NPUMOM 8 Y3KOM
carbicae caoea. B camom nesie, KBa3HCTAaTHUECKHH TpOLECC €CTh GecKo-
HeYHO MeJJIEHHBIH NPolecc, COCToALLN H3 TOCAEA0BATe/ILHOCTH COCTOSA -
KNl PaBHOBECHS, TOUHEE, COCTOSIHUIT, GECKOHEUHO MaJO OTVIHYAKOIHXCS
OT paBHOBECHBIX. Eciu B3ATL Kaxoe-1160 paBHOBECHGE COCTOAINNE, TO
II0 CaMOMy OIpejejeHHI0O PABHOBECHS] B OTCYTCTBHE BHCIUHHNX Bo3jeH-
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cTBHH OHO OYJeT COXPaHATbCA HeOrpPaHHYeHHO Ao0/ro. UToOml Havascs
IPOLLECC, HAJ0 C MOMOIUbIO BHEUIHHX BO3JEHCTBHH HapyLIHTb PaBHO-
BecHe, T. €. MEHSIThb BHelLUHHe NapaMeTpel U TeMInepaTypy OKpyKaoed
cpeabl. JlJA KBasHCTaTHYHOCTH Ipolecca HeoOXoauMo, 4ToObl 3TH
H3MEHeHHS COBEpILa/NHCh HACTOMIbLKO MeJJieHHO, 4TOOhl B KaxKAblH
MOMCHT BPEMEHH CHCTeMa HaXOjuJjach JJHOO B paBHORECHOM COCTOSIHHH,
10 B COCTOAHHHM, KaK YFOQHO Majo OTVIHYAIOLEMCA OT PaBHOBECHOIO.
B npenene moayunTcs HAeaJH3HPOBAHHBIA npouecc, uaymui ¢ Gecko-
HEYHO MaJIOH CKOPOCTBIO H COCTOALHA H3 NOC/Ie0BaTeNLHBIX COCTOSRHHA
paBHoBecHda. C MOMOUIbIO TAKHX MPOLECCOB MOKHO NEpeBeCcTH CHCTeMY
H3 HayaJbHOroO cocTosiHisl A B KoHeyHoe cocTosinue B, orcrosigee OT
HAUATBHOTO KaK YrOjIHO Aajieko; A1s1 3TOro TpeGyercsi TOJBKO JOCTa-
TOUHO GoJblioe BpeMst. Eciy H3MCHHTH 3HAKH OeCKOHEYHO MaslblX MpH-
paileHul BHEINHHX apaMeTPoB H TeMNeparyphbl Ha NPOTHBOIOJOXKHEIE,
TO CHCTEMA CHOBA BepHETCS B HCXOJHOE cocTosiie A, mpoxoast B o0part-
HOM MOpfJKe uepe3 COCTOAHHSA, GECKOHEYHO MaJjo OTIHYatoulHecs OT
COCTOSIHHI, Yepe3 KOTOphIE OHA npoxoausa paHee. B mpepese, koraa
npsiMoli M oOpaTHsIl IPOLECCH CAEIAOTCA CTPOTO PaBHOBECHBIMH,
HcuesHeT U 3TO OGecKOHeYHO Majsoe pasnuune. ITpu sTom B pesyabrate
npsiMOro B o6paTHOrO Hpolecca B OKPYKAIOUHX TeJax He IPOM30HjeT
HHKAKHX H3MEHeHHH, NOCKOJbKY BHELIHHe NapaMeTPel U TeMIeparypa
CKpy»KawleHd cpeipl BePHYTCA B TOYHOCTH K CBOHM HCXOJHBIM 3Ha-
yenuaM. Takum o0pa3oM, KBa3HCTaTHYECKHH IIpoLecc He TOJbKO ofpa-
THM BooOine, HO o6paTHM B y3KOM CMBIC/IE €/I0BA. ITO YTBEPIKAEHHE
NOCTOSIHHO HCIIOJIb3YeTcs B TepMOAMHAMHKe. B  wacTHocTH, ecaxull
KBA3UCTNAMUHECKULL KPY20B80l NPOLEC MOXcem npoucxodums Kuk & nps-
MUM, MAK U 6 00paImHoM HANpasAeHuu.

3. B kauecTBe npuMmepa, WIJIIOCTPHDYIOLWErO NPHBEJEHHBE PAaCCYXIAEHHS, pac-
CMOTPHM aXHaBaTHUeCKH H30JMHPOBAHHYIO CHCTeMY — ras B LUWJAWHIDE C MOPLIHEM,
KOTODBIA MOMKET B HeM CBOGOJHO Mepemellatscsi. BHeluHee nasjenne P MoxHO ocy-
WECTBHTD, IIOJIOXKHB Ha TOPIIeHDb
rpy3. [lag TOro utoGel Tpy3 MOXHO | pP
6L10 YBEJMUHBATbL HJIH YMEHbLIATh
MAJbIMH TMOPUHSAMH, TPELNOJOKHM,
YTO TIOpUIeHb HATPYKeH MeJKHM Tec-
koM. [lycTh ra3 aamabarHdeckH pac-
LWHPSETCS, NePexXois H3 HauaJbHOTO
PaBHOBecHOTO cocTOsIHUSt M B KOHed-
Hoe paBHOBecHoe coctosinne N (pHC.
24). D10T MpOLECC MOXKHO OCYHIeCT-
BUTb, CHHMas C IODIIHS NEeCYHHKY
3a necynHkoii. CHHUMeM cHayana OfHY
NecyHHKY. BHelliHee jiaBjieHHe YMeHb- \Y
WHTCS, ¥ Ta3 pacmupurcs. Jrto pac-
UIHpeHHe OUeHb Maljo, M ero TpyiHo Prc. 24
3ametHTh. Ho mo cyiuectry ono mpej- i
CTap/isfieT co60H HepaBHOBECHKI Mpo-
llece, COTIPOBOKAIOUMACH BECHMA CAOKHEIMA MaKPOCKONHYECKHMH ABHIKEHHAMHA rasa.
O:1HaKo B KOHLe KOHIOB ra3 NMpHAET B COCTOSHHE PAaBHOBECHS, H 3TO COCTOAHHe H300pa-
3uTcA Ha rpabuke Toukoit /. CHSB BTOPYIO MeCUHHKY, 3aCTaBHM a3 COBEPUIHTh BTOPOH
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HepABHOBECHBI Tpolecc, NepeBOASNIMII ero B pasnopechoe coctosinue 2. [TorTopHB
9Ty ONCPALMIo 7 pas, MepeBeileM a3 B KOHIC KONIOB B papliopecnoe coctoguue N,
HPOHIST NPH 3TOM Uepe3 KoNewHoe yHcao (1 — ) papnoBecHuix coctostiit 7, 2, ...,
(n — 1). Kaxpgoe U3 3THX cocTosnuil MoayuaeTca 03 NPCABLIYIIETO TMYTeM MaJoro, 1o
HCPABHOBECHOrO TIipolecca, Tak uto npoiece M — N B 1e/0M SIB/ASICTCA HePABHO-
BECHBIM.

TlonuitacMest Tenepb BEpHYTb Taz B HCXoAuoe cocrosune M, TocaeioBaTe nbHo
Harpy#&as nopiuens Mo o410k necuunke. [1pn 310M MBI IPOHACM UYCPe3 TY 7Ke KOHCUNYIO
NOCTeIOBATCABHOCTb PABHOBECHBIX cocTosnnit (n — 1), (n — 2), ... , M, uto u b npsi-
MoM nportecce. OjI1aKo NMPOMEKYTOUHBIE MaJble HEPaBHOBCCHBIC MPOHECCH OYVAYT YiKe
HHBIMH. Hanpumep, B ofGparnom npouecce N — (n — 1) ras C:KHMaercst npH He-
CKOMBLKO GoJbiieM AABJACHHH (UMC/JAO NCCUMHOK Ha mopiunce GOJblUC HA OfHY), ueM
B NipsAMoM fporecce (7 — 1) — N. [Tostomy npr oGpatioM mporecce Haj rasoM Hajo
COBEPILNTH HECKOJLKO 6OJbINYI0 paboTy, ueM B mpsMoMm mponecce. [Tponece M — N,
COCTOSIIINIl U3 KOHEUHOIO UMCJIA PABHOBECHLIX COCTOSHHH, B Ie/IOM siBJsfeTCs HeoGpa-
THMBIM.

Honyctum Temepb, 4TO BeC MECUHHKH HeOTPAaHMYCHHO YMCHblIdeTcs, a ofilee
YNCJIO MEeCYHHOK HCOTPAHMUEHHO PACTeT, ORHAKO Tak, 4TO OOMiil Rec mecka ocraercs
HensMmeHHBM. Torja B npegese HepaBHOBecHBHl nporece M — N nepefiter B Kpasu-
CTaTHUecKuil rpouecc U H3oGpasutcst HenpepuiBHoil aunueit MN. Toit xe nunucit, Ho
NPOXOJHMOH B IPOTHUBOIOJOXKHOM Hanpas/JeHHH, U300pasuTcs W oOpatibii npouecc.
Pa6ora, copepliaeMasi Ta3oM KakK B IPAMOM, Tak W B o6paTHOM MNpolecce, YHCICHHO
0jJHa M Ta Xe U n3o6paxKaeTcs INIOLLAAbI0 KPUBOJIHHCHHOMN Tpaneluy, orpaHuueHol
cBepxy kpueoii MAN. [ns mpHBeleHHs Taza B HCXOAHOE COCTOSIHHE JO.KHA OBITh
3arpauena Takas e paboTa, KaKyr COBepPIIMJ €aM ra3 npH paciuupennu. Slcno
MO3TOMY, YTO KBa3HCTATHYECKOe pacllHpeHHe rasa, KOTOpPOe MBI DacCMOTPesH, eCTb
npouecc o6paTUMbIl X HPHTOM B Y3KOM CMbIC/IE CJIOBA.

SAJdAYH

1. Moxanb ueanbHOTO ra3a ¢ NOCTOSTHHOH TeI/I0eMKOCTBIO CV 3aKJI049CH B NHJIHHIP

¢ aiHaaTHyecKUMH CTEHKAMH A MOPIIHEM, KOTODHIH MOKeT NepeMelllaThest B LHIAHIIpe
Ge3 tpenus. [Topiuenb HAXOAWTCS NOJ NOCTOAHHHM BHEWHTM JaBieHucM Pp. B nexo-
TOPHIl MOMEHT BpeMelH DHellHce JapBleHRe CKauKooGDAsHO YMCHLIUAXOT HIH YBCJH-
4HBAIOT 10 Py. (ATOTO MOKHO AOCTHIHYTH, CHHMAsI UacTh rpysa ¢ NOPINHS Hi# Jo6as-
A HOBBIH rpys.) B pesyaprare ras agnaGaTHUCCKH H3MeHSET Crofi ofbem. Brlauc-
JHTb TeMIEpPATYPY H 06beM rasa IHocje TOr0 KakK YCTAHOBHTCH TEPMOJMHAMHUECKOE
paBHOBecHe.

P eme 1 ue. Tenio, nosyyeHHOe Ta30M NPH a1HaGaTHUECKOM PacliMpeHHd H/IH
cKatvu, pasHo HYJI0. Pabora, cosepumenHas rasom, A = P,AV, nostomy AU -+
+ PAV = 0. Tag kak U = CVT, 10 OTCIOZA HaXOAHM

Cy(Ty—TH)+P, (V2—~V1)=0,

WM
Cy (T, T)) +RTy =P,V
CaesloBareisHO
’ c,T,+P)V
= V 1+ 271 (29_1)
Cp !
Vz:l;f_?. (29.2)

2. B npeaniaylteit sanaue nocse Toro Kax yCTanoBHJIOCH COCTOSIHUE PABHOBECHH,
JaBJieHHe Ta3a CHOBA MEHSIOT CKAuKoOOpAa3HO A0 MEPBONAYAIBHOTO 3HayeHHsi Pj.
Boiuucaurs okonuaresbHylo temnepatypy 7's M OKoHuarteapubiil o6beM raza Vs, Korja
OH ONATBL IPHJET B COCTOSAHHE TePMOJHHAMHYECKOTO paBHOBECHA.
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Pewe e Hcrmodwsys pelienne mpefHAyLlell 2anaui, HAXOAHM
CyTy+P,V, . RT,
3= ~ —, ! 3= "p -
Cp P

(29.3)
1

C nomouleld ypaeuenns Koaneifipona PV = RT n cootHowerna Pofepra Maiiepa
(,‘P — CV = R Boipamense 5ag 13 HETPYAHO NpeobpAzoBaTb K BHIY
Cp Vi (Py—P)?

To=Tit o

& = (29.4)

2
Orciona BHAHO, 4TO B pe3yabTaTe 0GOHX afHabaTHUCCKHX TIPOIECCO8 TeMneparypa,
a ¢ neit 1 ofbeM rasza scerga Bo3pactaior. Ecan gasicine MensieTcst GeCKOHEUHO Majo,
T0 13 (29.4) caenyer, uto Temmeparypa M oGbeM MCHSIOTCS Ha GCCKOHEUHO Masble
BCTHUHHEL 8110p020 nopsdka. B nepBoM Dopsifike OHH OCTAIOTCST HeH3MeHHBIME. OT1ci0ia
CaCLYeT, UTO eCJIM anuabaTHUeCKH paciIupsaTh ras, NocJaeloBaTe/LHO CHHMAS C NOPIIHA
Gec KOHEUHO MaJbie TPY3bi, 4 3aTCM CHOBA NOJOXKHTL 3TH IPY3Ll HA NOplueHb B ofpar-
HOM TIOPSIIKE, TO TeMIeparypa # o6beM ra3za B KOHeUHOM COCTOSTHHE OYIYT OTAHUATHC i
OT HX 3HAUCHHIT B HCXOANOM COCTOSTHNH GecKoHeuHo Masto. B npesene, xorna Besanunnel
TI0C/ICIOBATe/IBHO CHUMAEMBIX TPY30B CTPEMATCA K HYJK, a HX UHCJIO K GecKoHey-
ROCTH, Ta3 COBEPIINT KOHeYHHIl Mpolecc, NPoHAS NpH cXKatHH B 06PaTHOM MOpAAKe
yepes TY e TOCJTEROBATETLHOCTL PaBHOBECHEIX COCTOSIHHH, Yepe3 KOTOpPble OH Npo-
XOAHI NPH pacliHpeHHH.

§ 30. Lukn KapHo u teopema Kapuo

1. V3 pasauuneIX KpVYIOBBIX IpoHeccoB ocoboe 3HAUeHNE B TEPMO-
LITHAMHKE HMeeT Kpyeoeoli npouecc HIH yuxa Kapuo. 310 KBasuctaTh-
YeCKHH mnpolecc, B KOTOPOM CHCTEMY MOMKHO IPUBOZHTb B TEIIOBOH
KOHT2KT C JIBYMS TETJIOBBIMH pe3ep-
BYapaMH, HMEIOIHMH TOCTOSHHEBIE P
temnepatypsl 77 1 7y, B panpHefi- ¥
mem npepnonaraercs, yro 7, > T,. \
TenmoBoit pesepByap ¢ 0oJee BHICO-
Koft TemmepaTypodi 7T; HasbBaercs
nHaepesamenem, a ¢ 0onee HHU3KOH
Temiepatypoil Ty — X0400UAbHUKOM.
[lukn KapHo sakmouaercs B cie-
IyromeM. CrHavana cHcteMa, HMes
Temnepatrypy T,, npuBogUTCA B Tell-
JOBOH KOHTAaKT C HarpeBaTeseM.
3ateM, GECKOHEUHO MEJICHHO YMeHb- 14
llast BHEIUHee JAaB/JeHHe, €e 3acTaB-
JAOT KBA3MCTATHYECKH paclIHPATH-
en ro wusorepme 12 (puc. 25). Ilpu
3TOM OHA 3aHMCTBYET TenJjo () OT HarpesaTes s I IPOH3BOANT paboty Ay,
npotye BHemHero japiennd. Ilocie storo cucreMy ajpHaGaTHueckH
H30MHPYIOT U 3aCTaBJASIIOT KBA3HCTATHUECKH PACIIHPATLCS 110 afHabate
23, oka ee TemmepaTypa He JOCTHTHET TeMnepaTyphl XOJ0AuAbHHKA T,.
Ipn agnabaruyeckoM pacuiupennH CHCTEMA TAKIKE COBEPHIAET HEKOTOP VIO
patory A,; npoTHB BHeWIHero faBjeHHsi. B cocTosHMH S cucTeMy npu-

72

o4

Pnc. 25.
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BOJST B TEMNJI0BOH KOHTAKT C XOJMOAUJILHHKOM H HEPEPLIBHRIM yBeNHye-
HHeM JIaBJIEHH 1 M30TePMHUECKH CHKHMAIOT ee JI0 HEKOTOPOTO COCTOSHH S 4,
Ilpu srom mHapm cucremodl npousBogurcs padora (T. e. cama CHCTeMa
COBepIIaeT OTPHUATENbHYIO pabory Agy), B OHA OTAAET XOJOAUIBHHKY
HeKoTopoe KoJHYecTBO Tenda Q,. Cocrosiue 4 BhIGUpaeTcst Tak, YTOOLL
MOXKHO OblJIO KBA3HCTATHYECKHM cxkartdem no amuaGare 4/ BepHyTb
cucreMy B HMcxopHoe cocroande /. [lns atore Hago, pasymeercsi, Haj
CHCTEMOH coBepiuHTh paboTy (T. €. caMa CHCTeMa JOJI:KHA IPOU3IBECTH
orpHiareasHyio paboty A,). B pesyabrare kpyrosoro nporecca Kapuo
BHYTPEHHSIE SHEPTHsI CHCTEMbI He H3MEHHTCH, a IIOTOMY NPOH3BEJEH-
Hast efo pabora pasua A =A,, + Ay + A3y + Ay = @ — Q. Koap-
(MLHEHT NoJie3Horo JeHcTBHs 1 UnkJaa KapHo ompejensiercsi COOTHO-
uieHHeM (28.4), U3 KOTOPOTO CAeAyeT

Q=1=mQ,. (30.1)

2. JlokameM sHameHnTylo Teopemy Kapuo: roapduyuenm noaes-
Ho20 Oelicmeus menaosoll Mawurb, pabomawowed no yukay Kapro,
sasucum moavko om memnepamyp Ty u Ty Haepesameas u xoro0uiab-
HUKQ, HO He 3asucum oM ycmpolicmsa MauiuHbl, a Makice om euda
ucnoAb3yemozo pabouezo setyecmea.

Jna poxasarenbcTBa paccMOTpUM JABe MamlHHBL KapHo, umeronde
ofwuil HarpeBaTesp NpH Temneparype 7y H oOWHA XOJOAUJIBHHK MpPH
remneparype T,. ITycThb K. 1. A. mepBoil MalUMHBE paBeH 1), a BTOPo# 1.
Honyctum, uro 1 > ', U IOKa)eM, YTO 3T0 IONYLIEHHE MPHBOJUT
K IPOTHBOPEYHIO C NOCTYJ/1aTOM BTOPOTO Hayasaa TePMOAMHAMHUKH, IIuK
Kapno — kBasucraTHueckKHH, a IOTOMY OH MOXET COBEpIUAThCH KakK
B IIPSIMOM, TaK H B 06pATHOM HanpaB/eHHH. 3aCTaBHM NMEPBYIO MAIlIHHY
NPOHTH WHKJI B NPAMOM HAINPaBJEHUH, T. €. NPOH3BOAHTH palory.
Ilycte B pesyJsibrate m LHKJIOB OHA OoTOepeT OT Harpesareas Temio @,
TepenacT XoMOHIbHUKY TemIo Q, H npousseser paboty A = Q, — Qs,
HanpuMep, moAHuMeT rpy3. OCTaHOBHM MOCJE 3TOTO MEPBYI0 MAUIHHY
H HCIOJb3yeM MNOTEHNMAJbHYIO0 3HEPrHio NOJHATOrO TIpy3a, YTOGHI
NPHUBECTH B JleficTBHE BTOPYIO MAalIMHY B OOpPaTHOM HanpaBJIeHHH.
Bropass mamuna Kapho Gyjger, cjenosarenbHo, paGoTaTh Kak XOJO-
ausbHas mawnHa. [Tycrs B pesysbrare m' MKIIOB oHa 3a6eper Tenuo Q3
OT XOJONMUJbLHHKA W NepelacT Temjo ([ HarpeBaTesio; NMPH 3TOM HAaj
Ma&LIHHOH Gy et copepiieHa padora A’ = Qf — Q3. Peayabrar gelicteus
1 UHKJIOB mepBofi M m’ UMKJIOB BTOPOH MalUHHBI NPeACTaBUTCS cCJe-
Aymolen cxemom:

HarpeBartesib otjan renyo (Q; — Q1);

XOJNOAUNBHEK OTAa] TemIo (Q7 — @,);

MauiiHa coBepiuuia paory A — A’ =
14 ’ 14
= (Q — Q) — (Q — Q) =nQ, — QL.
JanpHelni Xo Z0Ka3aTeabCTBa 3aBUCHT OT TOrO, KAKOH I0CTy1atT
BTOPOTO Hayajia TepMOXMHAMHKH IIOJIOXKHTb B OCHOBY: mocTysar Towm-
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cona — Tlnanka wau mocrynar Kiaysuyca. Ecan HexonauTs u3 nocty-
nata TomcoHa — Ilnanka, To JOKa3aTeJqbCTBO CJENYET BECTH TakK.
BrioepeM Liedbie unesaa m 1 m' Tak, 4robsl Q; — Qf = 0. dtoro Bceraa
MOKHO JOCTHTHYTb. [leficTBHUTeNBHO, @y = mgy, Q@ = m'q, ThHe g3 —
KOJIMUECTBO TeIlia, IOJYydYeHHOEe NEPBOH MaIMHOA OT HarpeBatTe/s
B pe3yabraTe OJHOIO ILHMKJA4, a ¢; — KOJIMYECTBO Teivla, OTAAaHHOE
TOMY 2K€ HarpeBaTesl0 BTOPOH MAallHHOH TakxKe B Pe3ysbTaTe OJHOTO
nixaa. Ec/ii BesTMuUHEL g5 M ¢ COM3MEPUMBI, TO BCEI'Ad MOXKHO NOA06PAaTh
nelple Yucaa m u m' Tak, urobn mg, — m'g; = 0, 1.e. @ — Q7 =0
Ec/iit 2Ke 3TH BeJIU9HHBI HE COH3MEPHMEI, TO He/Ibie YHCAA /m U #t' MOXKHO
BLIOpaTb HACTOJBKO OOJBIINMH, YTOOBI 3TO DPABEHCTBO BHIIOJHSIOCH
¢ KaKoifl YroJHO 3apaHee 3ajJlaHHOH TO4HOCTbIO. [losTomy duanuecku
BCer/ia BO3MOXKHO BbIOpATh LleJIble YHC/a /1 U m1’ Tak, YyToO @y — Qf = 0.
Toraa pesysabTaT KpYToBOIO IIpOUECCa INIPEACTABHICS B CAEYIONEM
BlLlE:

Cocrosinue HarpeBaTensi He H3MEHUIOCD.

XoAoAUABHUK OoTAald TemIo (Qz—Q.)=(M-—1n")Q,> 0.

Mamuna cosepumaa padory nQy —1/'Qi={n—1n")Q@ > 0.

TaxuM 06pas3oM, eIHHCTBEHHLIM Pe3y/IbTATOM KPYIOBOTO IIporecca
6y1CT IPOU3BOACTBO paboTsl (N — m') Q; = 0 3a cueT KBHBAJIEHTHOIO
KOJIHYeCTBa Telljla, 3aHMCTBOBAHHCTO OT XOJIOAHJIbHHKA. 3TO Ipolecc
Tomcona — Ilnanka, BO3MOXKHOCTh KOTOPOIO NPOTHBOPEYHT HOCTYJAATY
BTOPOrO Hadaja TepMopuHaMuku. [lostoMy npennonoxenue 1> v/
HeBepHo. TowHO Tak Ke HEBEPHO npeanosaoxerue 1’ = 1. Yrtobnl yoe-
JUITHCA B 3TOM, HAJO 3aCTaBHTL BTOPYK MalHHY npoitu uuka Kapuo
B NPSIMOM, @ NepBYIO — B O0OpPaTHOM HanpasJeHHH W IOBTOPHUTL Halle
paccyxgenue, CoenobartenbHo, 1 = 1, u TeopeMa KapHo nokasana.

3. IMoyunrensso nmonyuuTh HepaseHcTBo (37.2) M3 moctynarta Kmaysuyca.

Ecam B ocnoBy 0kasarenbersa nosoxuts nocrysar Kiaysuyca, To paceyapenne
HOMIOTO H3MeHHTCS. BriGepem nesbte yucaa m v m’ 1ax, yTo6bl pa6oTa, BLITOJHERHAS
00CHMH MalIHHaME, papHsiach Hymo: NQ; — 1 Q7 = 0. Toraa peayabTar KpyroBoro
npoiecca NPEACTaBHTCSH B BHJE!

—n
Harpesateis HoAyuna Tenao Q[ —Qp= nn, L >0,

XONOZHABHAK oTAad Temo Q) —Qe=(1—n)Q—(1—m) =Q;—Q,>0.

Huxaxux apyrux nsmenenufi e npousomnto. EAMHCTBEHHBIM PE3yJNbTATOM Mpolecca
NOJIVYWICS TIepexojl TEMad OT Tejla MeHee Harperoro X Tejy Gojee Harperomy. 9to
nportHBopeunt nocrydary Kaaysmyca, uto M jokassisact tcopemy Kapro.

§ 31. TepmopuuaMuueckasi WIKaJa TeMnepatyp

B 1848 r. Buabsm Tomcon (mopa KenbBun) yxasan, uto Teope-
Moit Kapro MoxHO BOCTONB30BATHCSI JVIs IIOCTPOEHHA pPalHOHAIBLHOI
TeMIEpaTyPHON [IKAJBL, COBEpIICNHO He 3aBHCAWECH OT MHIHBHIVAJb-
HLIX 0COOEHHOCTE! TEPMOMETPHYECKOro BEIECTBA 1 yCTpoiicTBa Tep-
MOMCTpa.
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M3 Teopemnt KapHo cienyer, uto K. m. A. uukaa Kapro Moxer
34BUCETh TOJBKO OT TeMIepaTyp Harpeparteds M XoJoiulbHHKA. (O0o0-
3HaunM OyKBaMH #; W f, SMIHPHUYECKHE TeMIlepatypbl HarpepaTelsl H
XOJNOAMIbHHKA, MH3MepeHHBe KaKuM-THO0 TepMoMeTpoM (HampHMep,
Fa30BbIM, PTYTHBIM, TEPMOMETPOM CONPOTHUBJACHUSA M T. n.). Toraa

n= L f, 1), @1.1)

rne [ (f, 1) — yHusepcarbtaa QYHKQUA GoIBPAHHbIX IMIUPULECKILX
memnepamyp ¢, u f,. Ee BUJ COBEPLUCHHO He 3aBHUCHT OT YCTPOUCTBA
p MalHHbl KapHo M OT pona HCHoJb-
3yeMoro pafouero BemecTBa. ITHM
0OCTOATENIBCTBOM H BOCIIOJIb30BAICH
Buneam TowmcoH, mnpemnoxusluii
npUMeHUTh, NIHKI Kapuo a1 1o-
CTPOEHHS TeMmIepaTypHOH INKafbl.

2. Urolul MOCTPOUTHL mepmodu-
HAMUYECKYIO  WKAAY — MeMnepamyp,
BBeJieM GoJlee MpOCTYIO YHHBEpCasb-
HYI0 QYHKLHIO TeMIeparyp #; u iy:

D=g(t, b).  (31.2)

Puc. 26. 3ta (YHKUHS JIerKO BHIPAXKaercs

yepes npexHiow GYHKUHIO [ (f, 1,).

Onpezneanm obuuit B GyHKUNY @ {#;, ). C 3T0i UeAblO BO3bMEM TPH

TeNVIOBBIX pe3epByapa, TEMIEpAaTyphl KOTOPHIX MOAJEPKUBAIOTCS [IO-

CTOSTHHBIMH. DMIIHMDHUYECKHE TeMnepaTypel 3THX pe3epByapeB 00o3Ha-

YHM ?;, %), {3 COOTBETCTBEHHO. Mcnoabaysa ux B KauecTBe Harpepatesell

U XOJOIMJLHHKOB, NpoBepeM TpH UHkAa KapHo, H300paxeHHEe Ha
puc. 26. Husa unkiaos Kapuo 1234 u 4356 mMOXKHO HalNcaTh

-SL_ (tly t‘})y
=0t b).
Uckniouns orcioza tenio Q,, HOTY4lM

Lty B9 (b, ).

Ho stu 1Ba unk.ia, obveniHeHHble BMecTe 10 cxeme puc. 26, 3xpHBa-
JeHTHel onHoMy uukay Kapuo 1256, 3to mnortomy, uro usorepMa 43
NPOXOAHTCA JBAXKABI B IPOTHBOTIOJIOMKHBIX HanpaBlieHUsSX U MOMET
OBITb HCKJIOYeHa M3 paccMmoTpenusi. ChefoBartesbHo,

= (b 1),
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CpaBHHBaﬂ 9TO COOTHOLUEHHE C NpeAbIAYILHM, MMOJYYHM

(P(tl; ZZ)(P(tZ’ ZS):(PUD t3)’ (313)
CTKVAa
¢y L) =iy (31.4)
B
.QL — @ (41, t3)
Q: Pty 1) (31.5)

Takce cooTHOleHHME CNpaBelIHBO INpH JIOGOM 3HAYEHUH apry-
MeHTa fy. JIeBasi yacTbh ero He 3aBHCHT OT 3HAYEHHS TEMNEpaTypbl fy.
[losToMy M OTHOLIEHHE B NIPAaBOI YaCTH He MOXKeT MEHAThCS ¢ H3MeHe-
HieM Z3. MOXHO QUKCHPOBATh /5, HE MeHsISl 3HAYEHHUS CAMOTO OTHOLIE-
nug. Ho rtorma ymciuresn B npasoit wactd dopmyast (31.5) Gymer
GyHRUHER ofHCero ToAbKC aprymenta f. OO603HAUHM 3Ty GYHKUHIO
uepes O (4;). SuameHaTeqb OyleT Takoi xe (GyHKLIMeil, HO OT apry-
veHra ¢, Mrak,

Q __6@)
G AL (31.6)
Taxum o6pasoM, ¢ (¢, f,) eCTb OTHOILEHHE 3HAYEHHIT 00HOL U moil e
yrkyuu © (f) npu t = ¢, u t = t,. Tak Kak Beauuuna O (f) saBucHT
[0bKO OT TeMrepaTypbl, TO OH& CaMa MOXKET ObTh HDUHSTA 32 MepYy
teMmeparypsl Tena. Beawuuny O (f) u naswBawT abcosromuoll mepmo-
dunamudeckoil memnepamypotl. OTHOWEHNHE ABYX TePMOJHHAMUYECKUX
TeMneparyp ©, = 0 (f;) u 0, = O ({,) onpene/nsercss COOTHOLIEHHEM

0, _Q

3. OtHowenne O,/0, B NpuHIHNEe MOXKET GHITh HANNEHO 3KCNepH-
NeliTadbHo. JL19 3TOro Haao H3MEpuTh TemoTel Q) ¥ Q,. OaHaxo 3Ha-
ueillieM 3TOTO OTHOLIEHHs caMi TemnepaTypsl ©; u ©, ewe He onpe-
A0 SII0TCH 0 HO3HAUHO. DTO BHIHO TaKMKe U3 TOro, 410 QyHKuusa O (f) =
= ¢ (¢, ;) 3aBHCUT OT Napamerpa fy, KOTOPOMY MOKHO NPHAATb NPOU3-
BOIbHOE 3HayeHHe. Benuuuna otHomenns (31.7) He saBHCUT OT 3Haue-
st napamerpa #;. OnHAKO caMy TepMOJHHAMH4YeCKHe TeMmIeparyphi
GVAYT UMeTh pasHbe SHAUeHWsI LpH pasjfddyHOM BBIGOpE 3TOrO na-
paverpa. Bmecto ¢yuxuuu O (f) moxHO 6b110 6L, HaNpUMep, B Kaue-
Cige TepMOAMHAMHUECKOH TeMIepaTypbl NPHHATH BeIHUHHY O (f) =
= (2) © (8), Tae P (£5) — npousBosibHasl pyukuud. OT 310r0 3Haue-
ire ornowerust (31.7) He Hamenniock 6ul. Ho, npuiasas napamerpy fy
pasinuHble 3HAYEHHS, Mbl OJYUHIH Obl GECKOHEHHOE MHONCECINGO Memne-
PeingpHeLE WKAA, OTIHYAIOINIXCS APYT OT Apyra MaclurabaMu equHHILb]
reMneparyprl.  Utobnl OJHO3HAUHO OMpPEelealTh TEPMOAHHAMHYECKYIO
feMnepaTypy ©, MOXKHO MOCTYNHTBL JABOAKO.

Be-nepBrIX, MOXKHO B35ITh KaKHe-THO0 dse HOCHIOAHHbIE MeMiepaniyp-
HUle [MOYKY, HALpUMep, HOPMAJIbHYIO TOUKY ILI4B/JIEHMs Jbla H HOp-
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MaJbHYIO TOYKY KHNeHHs Boabl. O603HAaYHM TepMOANHAMHYECKHE TeM-
neparypel STHX ToueK O, u O, a COOTBeTCTBYIOIIHE HM KOJHUECTBA
Tenaa B uukiae Kapro — @, n Q. Puxcupyem najiece 3HauyeHHe paa-
Hoctn ©, — O_, Hanpumep, npuMeM, uto oHa pasHa 100 rpanycam.
Torpa TeMIepaTypHbIH HHTCPBAT MEXKAY HOPMAJIBHLIMH TOUKAMH I1J1aB-
JIEHHA JbJla M KINEHHsT BOAb pasfenntces Ha 100 paBHbIX yacreli,
Kazkjast M3 KOTOPBIX patiee HasblBasaack epadycom Keavsuna, a tenepb —
npoCcTo Keavsunom. V3 aByx ypabuenuf

'@;:_"1 ®}('—'®.:100 (318)

MOKHO B OTAENBHOCTH BBMHCAWTL O, u O,. [ast 310ro Hajlo H3MepuThb
orHoluene Q/Q,. X0Tsl HU B OJHOM peasibHOM OHLITE 3TO He JeJ1aoch,
HO NYTEM KOCBEHHBIX M3MepeHI Gbulo HalijeHo

0,~ 273,15 K, ©,~ 373,15 K. (31.9)

TepuMoTHHAMIYECKYIO TeMIlepaTypy © JI000ro TejJa MOXKHO BEIMHCIHTS,
Hanpumep, no gopmyae

°© _Q
6y Qi

eCcJH TpeaBapuTeAbHO IpoBecTH LHKA KapHO Mexay JaHHBIM TesoM
I TAMUM JbJAOM I H3MEDHTb COOTBETCTBYIOILHE KOJHUECTBA Telia Q
1 Q,. Ilocrpoennas takuM o6pas3oM TeMiepaTypHas UIKajna Ha3biBAeTca
abcosiomAHOt mepMOOUHAMUHECKOL WIKAAOL memnepamyp.

Bo-BTOpBIX, MOXKHO YCJOBHO NPUNHCATH Kakoi-1M0O0 MOCTOSTHIOH
TeMNEepaTyPHON TOYKe ONpeeJIeHHOe 3HaueHHe BesJHUHHBI O, a sateM
no ¢opmyae tuna (31.10) BeuMCAATD TeMIepaTypy JOO0r0 APYIoro
Tesa. 3a NOCTOSHHYIO TeMIIePaTyPHYIO TOUKY MOXKHO, HalpHMep, npu-
HATH TOYKY IJIaBJACHHs] JbAa H VCJIOBHTLCS, UTO IS 3TOH TOYKU
0, = 273,15 K. Toraa Mel npugeM x abcoJIIOTHON TepMOLHHAMUYECKOH
uiKasie TeMrepaTyp, CoBlajaomed B npenenax ownboK H3MEpeHHil co
WKaJoH, nocTpoeruoll nepsuiM cnocoGom. Temmeparypa RpoiHO TOUKH
BOjIBl, KaK NOKa3aJsii H3MePeHHsl, B 3T0fl TeMrmepaTypHOH ILKaJle paBHa
npubansurensuo 273,16 K.

4. Taxum o6pasoM, B IepBoM crnocofe IPH TOCTPOEHHH aGCcoMIOTHOH
TCPMOJAMHAMHYECKOI [IKaAbl TeMepaTyp HCHOIb3YIOTCA dée IOCTOSIH-
Hble pelepHble TOYKH, & BO BTOPOM — 00Ha. Teopernuecku oba criocoBa
5KBUBAJIEHTHLL. ONIIAKO NMPaKTHYECKH HEOGXO0MHMO CHHTATLCS € TIOIPELL-
HOCTSIMH, € KOTOPBIMH MOIYT ObITh BOCIIPOM3BEICHBLI PENEpPHLIC TOUKM.
IMorpemHocTh BOCIPOH3BEICHUS HOPMAABHOH TOUKH KMIEHHSI BOJbL
cocrasaser 0,002—0,01 °C, a nopmanbuio# Touku Tastusg asza 0,0002—
0,001 °C. Mexay Tem TPOHHAs] TOUKA BOJABL MOXeT ObiTh BOCHPOM3Be-
JleHa B ClIE[HAJbIbIX NPHO0PAX ¢ NOrPelHocTbio He 6oJbiie 0,0001 °C.
Yuureman 1o, Jlecaras I'enepaneuas KoHdepenins 1o MepaM I Becam
(1954 r.) yTBepAu/ia INOCTPOEHHE abCOJICTHOH TepMOAUHAMUYECKOH

(31.10)
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HIKaNBl TEMOEPATYD 110 00HOL penepHoll mourxe, a HMEHHO TPOHHOH TOYKE
BOABL, U IpHIHcaiaa el Temneparypy 273,16 K Touno. Taknm oGpasom,
B COBDEMEHHOH TepMOJNIHAMHYCCKOH IUKaJe TeMreparyp pasHoCThb
MCALY TeMliepaTypaMi HOPMaJjbUDiX TOYEK KHIICHHS BOAbl H ILIaBJe-
jtid apja pasa 1007 auius npubmikerno. HpHOanKkeHHLIMH ABASIOTCH
11 3HAYEHHST CAMHX TemrepaTtyp ofeHX 3THX TOYeK, a HMmeHHo 273,15 K
u 373,15 K. Temneparypa ke tpoiiHoi Toukm 273,16 K sBaserca
TOUHOH O ONpeAeNeHHIO.

5. AGco/loTHast TepMOJHHAMHYECKas TeMIepaTypa He MOXKeT Me-
HATL CBOGFO 3Haka. A Tak Kak alco/IOTHYIO TeMiepaTypy penepHoR
TOYKH, IOJOXKEHHOH B OCHOBY ITOCTPOEHNSI TeMIepaTypHOH LIKaJkl,
YCJOBHJHCH CUMTATh [OJIOKHTEAbHOH, TO aOcoM0mnas mepmoouramuse-
CRQA MEMNepamypa He MOJCermn NPUHUMANb OMPULAMeAbHbX SHAYEeHUL .
JloKaxeM 370 yTBepIKJEHHE.

Jna jokasatenncTBa AOMYCTHUM, YTO CYIECTBYET Teso, abco/ioTHas
Temnepatypa ©, koroporo orpunarenbna: O, << 0. HMcroabsyem sTo
TCJI0 B KauecTBe XOJIOAN/IbHHKA B TeloBoi MamuHe Kapro. B kauectse
HarpeBartessi BO3bMeM Jpyroe Tejo, alcofioTHas Temmeparypa ©,
KOTOpOro moJioxkutenbHa: @, > 0 (mo kpafinelt Mepe oJHO Takoe TeJO
CYHIECTBYET, TaK XaK MO onpeieJeHHio abcoJioTHas TeMiepaTrypa
OCHOBHOII pernepHoii TOUKH NoJdoxkutensHa). Ilyers B nponecce Kapuo
Harpesarte/b OTAal KoJaHuecTBo Temna @y > 0. Torma XonoaudbHUK

0, <]
NOJIYUYUT TeI1o Q2=@' Q;. Tak Kak 1O NpPEeANOCJIOIKEHHIO @2<0, TO
1 1
Q, << 0. D10 3HayuT, UTO B AEHCTBUTEJIBHOCTH XOJOAWJIbHHUK HE MOJY-
4, a oTaaad Temio — @, = | @y |. B pesyabraTe nuxja npoussejeHa

noaoxute sHas paGora A = @ — Q, = Q; + ] Q,|. Dynem pac-
CMaTpUBATh HAarpeparelb W XOJOAWIBHHK KaxK OAMH TelJOBOH pesep-
Byap. EAMHCTBEHHBIH pe3yJnTaT KpyroBoro mpouecca KapHo cocTomt
B TOM, YTO TaKOH TemIoBOH pesepByap orial Temio Q,-+|@,|, 3a cuer
KOTOPOTO IPOM3BefeHa 3KBlBaleHTHast padora A = Q4| Qy.. Ito —
npouecc Tomcona — [lnaHka, BO3MOMKHOCTb KOTOPOTO NPOTHROPEUHT
NoCTy/IaTy BTOPOro Hauajta TepmoauHaMuki. [lostomy npeamosioxe-
Hue 0, <0 — HenpaBu/bHOe: abcOMIOTHaA TEPMOAHHAMHYECKAST TeM-
nepatypa He MOXKeT GhiTh OTpHIATeAbHON. CaMas HH3Kas TeMIlepaTypa,
JIOTIyCKaeMasi TNOCTYJ4aTOM BTOPOTO Hayaja TePMOAMHAMHKH, €CTh
O = 0. Jra TeMnepaTypa HASLIBACTCS AOCOAOMHBIM HYACM MEMNEPAmyp.
AGcontothbtit Hyap Jexut Ha 273,16 K Hmke Temneparypsl TpoiiHOMH
TOukM BoJrl. Takum o6pa3oM, U3 BTOPOTO Hadaja TePMOJHHAMHKH CTPOTO
caejyeT cymiecTeoBanue abeosioTHoro Hyasi. KoHeuno, mropoe Hawaso
TCPMOAHHAMHKH HE MOXKET OTBETHTH Ha BONPOC, AOCTHIKHM HJIH He Jo-
CTHXKUM a0CoNoTHEI HyAL Temnepatyp. OHO NMO3BOASIET JHIUbL yTBEp-
HKJAATh, UTO 0XAadume meao Husce aOCOAIOMMHO20 HYASL HEBOZMONCHO.

Yro Kacaercs NpUBEJIEHHOTO BhIIe pacCyzKIeHH, To, KaK y2e oTMe-
Ya10Ch BHILE, OHO JOKA3LIBAET JIHILb, UTO abCOJMIOTHAs TepMOANHAMIYe-
CKas TEMIIEPATYpa eCThb GeAUtUHa 00H0e0 3HaKa. AGCOMIOTHBIE TeMIlepa-
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TYPBl ABYX TeJ He MOTYT OT/HuaTecsl 2HakaMu. Kaxoifl 3nak ciaeayer
B35ITb — [OJOXHTENbHBIA WIH OTPHUATEJNBHLI — 9TO BOMPOC COrVIa-
HleHHst. ¥ CIOBHIHChL TeMIIepaTypy OCHOBHOU perepHOil Touki, a ¢ Hef
u Bce alCOJIIOTHLIE TeMOEPaTyphl CUHTATh IOJAOKHTeNbHBLIME. MouHO
Oel10 Obl mocTyrHuTh HaoBopoT. Torpa Bce abcosIOTHBIE TEMIEPATYpHI
cTanu Obl OTpPHIATEIBHBEIM.

6. B kBaHTOBOI craTHCcTHYeCKOH (pU3UKe BBOAMTCA 0000IIeHHE TIOHS -
THR TeMmllepaTypul. HeKoTopbie KBAHTOBEIE CHCTEMBI MOTYT HAXOAHTLCA
B COCTOSIHMAX, KOTOpHe (QOpPMaNbHO XapaKTepPH3VIOTCH KaK COCTOSHUA
C OMPUUAMebHUIMU AOCOMOMAHbIMI MEMNEPAMypamy. STO He IPOTHBO-
peyuT TepMOAHMHAMHKEe, TaK KaK MOCACAHAS ONPEAeIsiecT TeMIEparypy
JHIIb A MepMOCUHAMUHECKI PABHOseCHbIX cocmoanul. COCTOAHNS e
C OTpHIATETbHBIMH abCOMIOTHBIMH TeMIepaTypamMH, paccMaTpHBaeMble
B CTaTHCTHYECKOH (u3HKe, mepmodurianudecku HepasHosecusl. K HHM
OOLIYHOe TepPMOAHMHAMHYECKOe IIOHATHE TeMIepaTypsl HENnpHMEeHHMO.

§ 32. ToxpmecTBEHHOCTh TePMOAMHAMHUECKOIN LKAJBI TeMIepaTyp
€O 1UKaJOil HAeaJbHO-Ta30BOI0 TepMOMeTpa

JloraxkeM Tenepb, uTO abCOAIOMHAL MEPMOOUHAMUHECKAS KA
memnepamyp moxoecmeeHHa ¢ abcomomuold WKaAol 1OeaAbHO-2A308020
mepmomempa. (Temnepatypy 1o LiKalde TAKOTO TepMOMeTpa MO-TIpex-
Hemy 6yneM obosHauaTh O6ykeoil 7.) 151 n0KazaTenbeTBa OCYIIECTBUM
uukn KapHo, B3dB B KadectBe paGouero Tela upeadbuoiii ras. Jlng
npocToTel OYyJAeM Mpeanoaratb, 4To KOJHYECTBG Ta3a PaBHO OAHOMY
Mouio. Bomiucanm cnagana temiao @, oTaaHHOEe HarpeparesieM Ha H30-
TepMe 12 (puc. 25). Ilo mepBomy Hauany 86Q = dU -+ PdV. Tak kaxk
IJ1st HA€aJBbHOTO rasa BHYTpeHHAS sHeprHsa U 3aBICHT TOJIBKO OT TeM-
nepatypsl, To Ha usotepme dU == 0, a ciepoBarensto, 0Q = PdV =

= RT, %/ HHTerpupysa »To Bhlpa)ieHue, HaXOAHM
@=RT,

Ilpu apnabaTnueckoM pacIHpeHHH N0 NYTH 23 ra3 Tenia He NoJyJaer.
Ilostomy BesinynHEAa Q) eCTb NMOJTHOE KOJMYECTBC Tela, OTAIHHOe Harpe-
BaTeJeM 3a OJMH IHK/. AHAJOTHYHO BLIUHCASETCS TeIIO Q,, MOJMyYyeH-
HOEe XOJIOAWJIBHHKOM 32 TOT ke LHKI. OHO paBHO

Q=RT,lIn-*
CienosartesabHo, v,

JlorapndMugecknil MHOXNATENb B NPAROH YaCTH 5TOTO COOTHONIEHIS
papen exunnue. HeficteutenbHo, ecan BesnuuHa y = Cp/Cy He 3aBH-
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CHT OT TEMIepaTypbl, TO B 5TOM MNpOILE BCEro YGeIUThCA C IOMOLLbIO
vpaBHeHHA aguabaTel B gopme TVV'™! == const. Ilpumenns s1o ypasue-
e X aguadaram 23 u 14 (cMm. puc. 25), noayyum

Tlvg—l —__TQ‘/?;—_l,
T]_VY—IZTQVI—I-

_ V v

Ilousennoe neqeHne NPHBOAUT K COOTHOLICHHIO 172:73' 3TUM cooT-
1 4

HOILIEHHEeM Halle yTBep:KAeHHe AoKasano. Ho npuBeneHHoe cooTHO-

ILCHHE CHPABEITHBO 1f A TaKUX MJCATbHbIX Ta30B, Y KOTOPHIX BeJH-

yllHa Y 3aBHUCHT OT TeMrepatyprl. s IoKaszatenbCcTBa 3aMeyaeM, uTo

upi annabariyeckoM paciiupenun wau cxkatiuu 6Q==CydT + PdV =0,
wtit CydT +RTY) =0, Orciona
dv C, dr

VT T R T
TertoeMKocTb Cyr HAAJbHOIO rasa 3aBlCHT TOJIBKO OT TeMIEPaTyPHL.
HosToMy 0PI MHTErpHUpOBaHUU HOC/AEJHero ypaBHeHUs BAOJb ajHabar
230 14 I01y4aTcs OLHHAKOBBLIE PE3YJbTaThl:

Vs Vi
(; A% \ A%
AR g V>
Va 1y
111
Vs V,
in F,;—ln 7
Orcrol1a

4TO H JOKAa3bIBAET Hallle YTBepKICHUE. CJIEIIOBaTeJ'IbHO,

=2 (32.1)
CpaBHiiBast 310 cooTHolleHle ¢ (31.7), noaydaem
% - g,f, (32.2)

13 storo cooTHoleHHA clenyeT, YTo afco/oTHAs TePMOJHHaMHUeCcKas
WKal1a TeMilepatyp CTaHeT TOXKIECTBEHHOH C COOTBETCTBYIOWIEH Temne-
paTypuoii WKa/Jdol HAeaJIbHO-Ta30BOI0 TEepPMOMeTpa, €clIM B O000HX
CI1ydasix Temreparype OCHOBHOH penepHofl TOUKH (HJIH PA3HOCTH TeM-
NepaTyp ABYX OCHOBHLIX PEeNEPHBIX TOueK) NPHIUCATh 00HO U MO e
srauerue. TIoCKOJbKY TaK H NIOCTYNAlOT Ha NpaKTHKE, TOKIECTBEHHOCTh
oCeux TemmepaTypHbIX IKan Jokasana: I = 0. [losTomy B na/ibHel-
ieM  abCoJIOTHYIO TePMOJHHAMHUYECKYIO0 U HealbHO-Fa3oBYHO TeMrle-
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paTypbi Mbl OyneM o6o3Hauath oflHOH u Tol e 6ykBo#t T. Iloquepkuem
eme pas, UYTO TOXK/ECTBEHHOCTH OOCHX TeMepaTypHBIX HIKaJ HMeeT
MECTO JUIsT JIIOOLIX HIeaNbHBLIX I'a30B, HE3aBHCIMO OT TOTO, 3aBHCHT HJIU
HE 3aBUCHT HX TelloeMKocTh Cy OT TeMnepaTyphbl.

§ 33. llpuBenenne NIKaNbl ra3oBOFo TepMoMeTpa
K TepMOJHHAMHYECKON LiKaje

1. Mamyusa Kapuo no3goJisieT Juiile NPHHIKITHAALHO MOCTPOHTL TEMIEPaTyPHYIO
wkany. Jna npakTHuecKHX WaMepeHuil TeMneparypsl oda Henpuroauna. Ha npakruke
BCErJa U3BMEPSICTCS IMAUPUYECKAS MeMNepamypa C MOMOILBI0 KAKHX-1MGO pealbHBIX
TePMOMETPOB. 3alaua 3aK/Ai0yaercd B TOM, 4TOObl B NMOKa3allHsl TAKHX TepPMOMEeTpOB
BBECTH NOAPASKIL ¥ TAKUM 06pa30M MPHBECTH 3TH NOKAa3aHHS! K aGCoJIOTHOH TepMo-
Aunamudeckoll wkaine. Kax nokasano B npeawiaynieM naparpade, B c1yuae uieanbio-
rasoBOro TePMOMETPA TaKHe HONPaBKH BBOAUTH He Tpefyercst. Ho crporo nieansuex
rasos He cyuectsyer. Pealpuble rasnl o6HapyXHBAIOT OTCTYIIEHHS OT HAEANLUBIX,
0CofCIIHO CYIIEeCTBEINbE IPH Ouelb HU3KHX H OUEHL BLICOKHX Temnceparypax. Pac-
CMOTPMM, KaK MOTYT ObITb HalleHbl IONPaBKM K NOKa3alusIM TCPMOMCTPA, HCIOJbL»
3YIOLCTO B KAUCCTBE TEPMOMETPHUCCKOTO TCMd PeadsHblil ea3 (yuuic BCEro — Tejuil).

2. Ypasnenue COCTOSIHMsL BCSIKOTO BEHIECTBA MOKUO 3anucarts B BHie P ==
= P (T, V), wiu nocne ymuoxenus ua V: PV = VP (T, V)= [ (T, V). Bmecto
ofteMa VoBBeeM B KauectBe apryMeuta moruocts p ~ 1/V. Toraa PV = [ (T, p).
Tlpeanoadrasi, 4To BEILECTBOM SIBJIACICA KAKOI-TO peanbliblil ras, pasioxuM QyHKIHIO
F (T, p) no crencasm p:

- oF (T, 0) 1 o*F (T, 0) ,

[epeiit unen srtoro pasnowenust F (T, 0) naer 3unaueuue npouseefenns PV mpu
P — 0, T. €. IIpU GecKOHEUHOM pa3pexkeHuu raza, Korga O CTaHOBUTCA HAEANbHBIM.
TMosromy, ecan ras g3sar B xoauvectse oguoro moust, F (T, 0) = RT. Ocranbuble xoad-
HIMEeHTH sIBASIIOTCsT PyHKIusaMU ojnofi Tosibko Temneparypel. Ecau sMecto mior-
HOCTH CHOBA BBECTH 0GbeM V ~ 1/, T0 pas/okelHe npejCcTaBHICA B BUe

PV=RT {14 Ba -+ VBEE~+... (33.H
v vz '
rie By, B;, ... — onpedeneHHble GYHKUNH TeMIEPaTYphl, HA3LIBAEMEIE SUPUAILHBIMIL

roagppuyuenmant (By — Bropoft Bupuaneubll xoapduuuent, By — Tpetult ¥ T. 1.,
HepBLlil BUPHAALHBI KOPQUIHEHRT eCTh ¢AHHUIA), ECaAM MIOTHOCTb Ta3a HeBeauka,
TO MOXKHO OrPaHHUYHTECS TOJALKO BTOPHIM BHPHANBHEIM KOIDHLHCHTOM, T. €. HANIUCATD

PV:RT<I—|— 5*) (33.2)

(1uzexc 2 paiM KPaTKOCTH ofyiien).

3. BoanmeM Temeps peaibHblil resenutii repMoMerp. O6ber raza B repmomerpe Vg
JOMKCH OCTABATLCH TOCTOSULIM. B HopMannioM reamnesoM tepmoMerpe ofbem Vi
BLIOHPACTCA TAKHM, yToOL npu ¢ == 0 °C napiaenne rasa cocrasssano 1000 mm pr. cT.
OMIHPHUCCKAsT TCMICPATYPa olpeAeisercs o 1aBlennio rasa B tepmomerpe. O6o-
sHauuM ec Gyxpoil 7. llo ofipeJeciiuio IMIKPHYCCKOI TeMICpaTypol

PV =Ar, (33.3)

ric A — nocrosinuasn. C gpyroi cropont, 3 (33.2) naxoxnum
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[lyTeM CpaBHeHHA MOJYUACM
By A

\1 I—T()/ T{T.

CyiiectBeino, uTo sl H3Mepenust noctosinbx A 1 R ne Tpefyercs mpejisapH-
TEABIOTO TOCTPOCHHS TCPMOIHIAMHYCCKON THKaIL Temneparyp. Jlasa storo jlocra-
TOUHO INMAHIST YHCICHIIOO Anauennst teMreparyp T w T B octoenoil pencprolt Tonke,
T.¢. TPOitHOM Touke BoABL Jlag Roaw no  onpeedenmio Ty = Tpp = 273,16 K.
Havepns papaenne rasa Pyp npu teMnepatype Tpolinoit Touky, Haliaem no gopmyne
(33.3)

(33.4)

Pvl-p [/0
Tip

[octoAnkylo R MOAKHO OnpenenuTs, CCAH APH T == Ty, = T, N3MEPHTL TIPOH3EE-
denue PV npn GeckoneunoM paspemennn raza (V -» o0). Tlo dopmy.ae (33.2)

(PV),
=7

™

Tarum o6pasoM, koadbuuueratsl A u R B hopmysie (33.4) MOTyT CUMTATECS H3BECTHLIMH.
3HaueHHs QYHKUHH B (T) MOryT ObITh TakkKe H3MepeHbl 3KCIepPHMEeHTATbHO A

Tabanma 2

T, K AT T, K AT T, K AT
3 0,045 140 0,011 300 —0,001
10 44 150 10 320 —1
20 40 160 9 350 —1
30 37 170 7 370 0
40 34 180 6 400 1
50 3 190 5 420 3
€0 28 200 4 450 5
70 25 210 4 470 8
80 22 220 3 500 0,011
a0 20 230 2 520 14
100 18 240 2 550 17
110 16 250 1 570 20
120 15 260 0 620 25
13 13 270 0 670 31
1 280 0 !

JAKGOTO 3HaueHMst apryMenTa T. JIJist 3T0T0 JOCTATOUHO MAMEPHTH NPH TeMmepartype T
LapjyieHns rasa Py u Py Ana JAByx 3xauenuii ooveMa Vyu V,. Torna no gopmyae (33.2)

P1V1~RT[1+ B(:)],

Png—-RT[l_I— B(T)])
H CleloBaresibHO,
PyVy— PV, =RTB (1) <_— - J-).



108 BTOPOE HAYATO TEPMOAHHAMHKHN [rJL 111

Bauay toro, uto pasiocts AT == T — T Apaderca Malol monpaskoil, B N1paeoh 4actu
NoCJACAHeTrO paBencTra renneparypy 7' B paMRax NPUHATOH TOUNOCTH PACUETa MOAHO

3amenuTs Ha T. Toraa PV, P,V
B (1) =
Rt{~ —
-t (‘\ VQ Vl )

C Toll we TouHOCTBLIO Bestnuuuy BT B jeBoil wacTi cooTHOWEHHs (33.4) MOXKHO 3aMe-
HHTL Ha BT. B pesyawrate nogyuurcs

[ A B\
T=I2 . 33
“\R 1,0)17, (33.5)
a pas nonpaBKu A7
[ A--R B
= P o= S 33.6
AT =T-—-1 TR Vo> T (33.6)

3nauenns nonpasok AT 174 reiunesoro TepMoMeTpa, BulYHCJeHHEIe No (opMyae
tuna (33.6), npHeegeHbl B Tada. 2.

§ 34. llpumepbl Ha npHMeHeHHe TeopeMbl Kapho

C nomouwpio TeopeMbl KapHo MOMXKHO NOJYYHThL MHOTO BaKHBIX
COOTHOMIEHHIT Me:KAY (U3HYeCKHMH BeJIHUHHAMH, XapaKTepH3YIHOULHMH
CHCTEMY B COCTOSIHHH TePMOJHHAMHUECKOTO paBHoBecHs. Jas artoro
HaJ0 3aCTABHTL CHCTEMY HajlexaliiM o6pasoM OCYIIeCTBHTh LHKA
KapHo u npumennts K Hemy teopemy KapHo. STOT meToj HasbiBaercd
memodom yuraoe. TlosicHuMm ero Ha npuMepax.

] mpuwmep. PaccmorpuM ¢usuuecki OJHOPOJHOE TeJNO, COCTOA-
HHe KOTOpPOTrO XapakTepH3yeTcs JABYMsA IapaMeTpaMH, HampHMep,
T 1 V. BHyTperHSsisT 3HEPIrHA TAKOTO Tesa eCcTb OfHO3HAyHas (QYHKIHA
tex e mapamerpoB: U = U (T, V). Ecan H3BecTHO TepMHUeCKoe
ypaeHenue cocrostaus f (P, V, T) = 0, To teopema KapHo mosBonger
B o0lleM BHJE PellUTh BONPOC O 3aBHCHMOCTH BHYTpeHHell sHeprun U
oT o6beMa. JTOT BONPOC Ml ¥ PACCMOTPUM.

bynem n3o0pa)atbh COCTOSIHHE Tejla TOYKOH Ha auarpamme V, P.
Paccmorpum B miockoctu V, P ceMelicTBO H30TEpM H ceMeHcTBO aanabar.
OHu pa3buBalOT 3Ty ITOCKOCTh HAa KJETKH, HMemue GopMy KpPHBCIH-
HeHHBbIX YeTBIPeXYTroNbHHKOB (pHc. 27, a). Eciu usotepmsl u aanabaTsl
NpPOBECTH JOCTATOYHO I'YCTO, TO KJIeTKH 6YAYT CKOJb YTOAHO MAJO OTAHU-
YaTbCA OT INapasnie’orpaMmMoB. BosbMeM OAHH H3 TaKHX GeCKOHeuHO
MaJbIX TapaJaenorpaMMoB 1234, uszobpa:keHHB Ha pHCYyHKe 27, O
B yBelHdeHHOM Maciurabe. Llukn 1234 ects nuka Kapuo. O6o3nauum
abCcoMIOTHYIO TeMmneparypy Ha usotepme [2 uepes T, a Ha H30-
tepme 34 —uepez T,. Tak Kak 3TH TeMmneparypsl OECKOHEUHO
MaJjo OTJHYAIoTCs APYT OT Apyra, To HHAeKch / H 2 GyJeM OnycKaTth
BO BCEX COOTHOLUeHHSX, B KoTopnie T; u T, BXOAAT B BHJAE MHOMKH-
Tesell Tpu GecKOHEYHO MasbiX BeJuuHHaX. To Ke OTHOCHTCA H K JpYy-
I'HM BeJIHUHHAM, Hanpumep Py, P,, V4, V, u 1. n. Pabora A, npousse-
JICHHAS CHCTEMOH B pe3ysbTaTe HHK/a [234, yHC/AeHHO paBHa WJIOLAAH
napaJjienorpamma [/234. UrtoGel BLIYHCJAHTL ee, IPOBEAEM NpsAMble
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16 w 25, mapaianejbHble ocH AaBaeHHil. $IcHO, 4TO HCKOMas TIOWIAdhL
papHa IVIOWAAH Tapajsienorpamma /256. Beicotra srtoro napasieno-
rpamMma YHCJAEeHHO paBHa npupauennto V, — V, obbema npH H30TepMHU-
yeckoM Iponecce 2. OcHoeanue ke 61 naer npnpaiieHie JaBJeHus
npH NOBBILIEHHH TeMnepatypsl Ha T — T, Korjaa ofweM CHCTeMbl 101~

apP
J1eprkHBaeTCs MocTosiHHLIM., OHO paBHO (*)V(TI—TQ). i pabotsl

0T
LHKJ4, KOTOpas YHCIEHHO paBHaA €ro Iviomaiu, InojaydaeMm
aP
A= <—O7I,—)V(T1 - Tg) (V2 — Vl)'

BbluncIHM Tenepe KoJaH4eCTBO Temia Q, OTJaHHOe HarpeBaTesem
na uzorepme /2. Tlo nepBomy Havany Q; = U, — U, + P (V, — V).

P P

1
g

Vv

o) 1))
Puc. 27.

=
oSS

&/

Tak kak Ha wusorepMe 12 Temmeparypa mnoctosHHa, To U, — Uy =

- 0U>T(Vz— V1), uto Aaer

aV
" au
Q=|(57 )+ P|(a= V.
Ilo Teopeme Kapto
A T,—T,

AT 34.1
0T (34.1)
[MoactaBnsis ciona sHauenud A u Q, HaiijeHHble BBIE, TIOJYYHM
oU [ OP \
(W)T.*TQO—T)V—P. (34.2)

Sta dopMyaa n pemaeT NOCTaBJEHHYIO 3ajauy.

2 npuwmep. dopmyny, anazoruynyio dopmyie (34.2), MOKHO
BLIBECTH H AJId 3HTAaAbNHH. DHTanAblHio [ 6yleM paccMaTpPHBaTh Kak
dynkio Temnepatypnl 7 M pasienns P. IlpeoGpasyeM BblpakeHHs
1151 KojimdecTsa Temia Q, u pabortnl A. OueBHAHO

dl=d(U+PV)y=(dU -+ PdV)+ VdP,
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OTKYyJla HA OCHOBAaHUH NnepBoro Ha4aJja
dl =8Q -+ VdP,
IH 8Q=dl — VdP. (34.3)

CootHotnenne (34.3) TakiKe BbIpazkaer NnepBoe HAYaIO TEPMOAHHAMHKH,
Ho B HHOH Qopme. Tloabsysach uM, ais temna @, nojyyaem

Qu=1s— 11— V(PZ"‘PI)'
Tax xak nHa unsorepme [2 Temnepatypa mnocTosinHa, TO [, — I; =
(91 Py —P,). Takum ofpasom,

(
\dP/T (/01\ y ,
Ql’:‘[\ap/r“ J(Pz— 1)

[TpeoGpasyem Tenepb Buipaxkenue Aist paGotel A. C 310H Leibio Boc-
NoJIb3yeMCsl ToxJecTBoM (8.3):

<%IT1>VM (g;i) <gf7>r'

4 Takm¥e COOTHOIUCHHEM
oP
(57)r Vam V) =Ps— Py

A=— (50, (Ta=T) (P2 — Py).

HMopcrapass Beanuunsl Q; 1 A B ¢opmyny (34.1), HaxonuM HCKomoe
COOTHOLIEHHE: ol oV
<_,> —T (W);: + V. (34.4)

Torga mosyyum

oP T
[Mpumenum ypasuenue (34.2) K ujeajbHOMy rasy. B stoMm ciyuae

T
Pzﬁv—, H CJIelOBATeNBHO,

oP RT
T(ar) v
Iocne nojcraHOBKH 3TuX 3HaueHHA B dopmyay (34.2) nonyuaem
ou
<W>T=O° (34.5)

Orctona c1eiyeT, 4To BHYTPEHHAS 3HePTHA HIEANbHOTO ra3a He 3aBHCHT

oT obeMa, a SIBIAETCA (PyHKIUHEH TOJbKO TeMIepaTypsl. DT0 — 3aKOH

JIXKO0ysIsl, KOTOPBHIf HCNOJB30BAICA HAMH paHee KaK 3SMIUPHYECKHIl

¢akT. MbI BUAHM, YTO OH ABJISETCA CJEACTBHEM ypaBHeHus Knanefipona
ouU

H BTOPOTo HayaJjla TepMojutaMikH. aJee, H3 cooTHOweHuA Cy = ((ﬁ) v

noJyuaeM

0. (34.6)

a, o U
(av )T:WW:
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3uaunt, menaocemxocme Cy udearvroco easa we 3asucum om o6wema,
. MOICENt 3asucettib 1HoA6Ko Ot memneparnifpol.

Ananoruuyele COOTHOUIEHUS TNOJAY4YaloTesi M3 ypasHenus (34.4).
1MeHHo,

<;}§>T —0, (34.7)
(%%P)T:o. (34.8)

OT1cro1a BUIHO, YTO JHMALbRUA UJeaIbHO020 2a3a U e2o menaoemrocme Cp
AGAAOMES. PYHRYUAME OOHOW IMOALKO MeMnepamypeol.

3 npuMep. Ypaenenue (34.2) MoxHO 0006lMTL Ha Cayvail
IIPOH3BOABHONA TePMOAHHAMHYECKOH CHCTEMBI, COCTOSTHHE KOTOpO# omnpe-
leasAeTcs 3ajiaHieM KakHX-TO BHELUHHX NapameTpoB dy, 4, ..., A, H TEM-
neparypsl 7. B 3ToM cayyae snemMeHtapHas pafora npeiCcTaBasieTCs
BhIDazKeHHEM

6A:A1da1+...—l—/1,,dan,

npuyeM BeAHYHHB A; (@4, Ao, .., Ay, T) HTPAIOT POAD 0GOGUEHHBIX CUA.
Ecau (n — 1) napameTrpos a;, 3a HCKJIOYEHHEM OJHOTO @;, MOIICPIKii-
BaTh NOCTOSHHBIMH, TO OCTaHETCs TOJABKO OJHH CBODOMHBIIN NapamMeT) a;.
Toraa moxHO 6€3 BCHKHX H3MEHEHUH INOBTOPHTb PacCyKAEHHSI, Hpl-
Be/lIHe Hac K ¢opmyite (34.2). Poas o6bema V Gyzer urpathb napaMerp a;,
po.b jaBjeHus — oB6obuwenHas cuia A;. B pesyabrate mnosyuutcs

ou 04,

T =T %2 — A, 4.9

oa; T(ar >a A; (34.9)
AuanornuHo MoxHO 0000mHTE dopMmyay (34.4). Ecnu Beecti 06o3Ha-
YeHH A

]:U—|~A1a1+142a2—}—...—|—/1,la,z, (34.10)
TO NOJYYHTCA : s
d / a;
aﬁ';: ai—T(ﬁ>A. (3411)

dopmyast (34.9) u (34.11) uMeloT MHOTOUHCIEHHEIE NPUMEHEHNUs.

§ 35. Pasnocth Mexpy TenaoemkocTsiME Cp u Cy

1. B § 18 u3 nepBoro Hayajsa TepMOJMHAMUKYH Oblla BhiBeaeHa ¢op-
MyJa

Cp—Cy =[(%’§)T+P] (%)I (35.1)

Hro6wt no 31oft opmyae Brgucauts Cp — Cy, Hao 3HAThb TepMHYeCKoe
it KaJopuyeckoe YpaBHeHHSI cocTosiHns. Bropoe mnadalio TepMOAnHa-
MIKH TO3BOJISAET PCLINTB TY Ke 3ajauy 0e3 ucnoas3osanus Kaiopu-
4eckoeo  ypasHerus. cocmoanus. OHO nNpuBOIMT K Qopmyne (34.2),
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C TIOMOIBIO KOTOpOH H3 coorHolleHHs (35.1) MOKHO HCKJ/IOYHTB NpO-

al/
H3BOJHYIO K%)r 310 Aaer

opP 1% =
Co—Cv=T (57, (57 ), (35.2)
C nomompio toxaectea (8.4) 3ty dopmMyay MoKHO NpeodpasoBathb

K BiAy
{ aP

HENRTAVARY -
\Ff)v Vom ) (85.9)

3Has TepMHUSCKOe ypasHeHHe COCTOSIHHS, MOXKHO N0 J0J0il U3 3THX
Gopmyn BHYHCIATE pasHocTe Cp — Cy. B 4acTHOCTH, AM1st U/1€a/IbHOTO
raza PV = RT. B stom cayuae dopmyssl (35.2) u (35.3) npusoaar
K coorHowendio Pofepra Matiepa Cp — Cy = R.

Ecin BBeCTH KO3)PHLHEHT TElJOBOrO paciliipeHus

— L[
@= Vo \W>P

CP_CV____T<6V>2<(7P\ - T

9T o\ =

H H30T€pMH‘I€CKHf{ MOIyJ/b BCECTOPOHHEIO CHATHA

[ OP
K=—V \W)T’

TO U3 nepBoit fopmy sl (35.3) nonyunTes

C[) —_ CV = TC/.2K —YV?—'. (35 4)

Tak kak K > 0, 10 43 37100 QOPMYJLL CJACAVET, UTO JAA BCEX BellleTs
Cp> Cy. Bonee crporoe n0KkasaTenbCTBO 3TOTO HEPABEHCTBa Oy ier
naHo B § 51.

2. JIn9 TBepAbIX H XKHAKHUX TeJ pasnuueit o6vemoB V, u V 0Bnluno
MOXKHO npeHeOpeub. Ecau tpefyeTcs noayuuThb pPasHOCTb ¢p — €,
yIeJbHBIX TEMNJOEMKOCTEl, TO MOJsPHEI ofbeM V' CJleayer 3aMeHHTDb
Ha yZenblbll o0beM v == 1/p, Tae p — NJOTHOCTHL BetiecTBa. Taxum
o0pasoM, AJIs TBEPIBIX H KHAKHX TeJ NpHEAHKeHHO

Cp—Cy= —Kp— Te2, (35.5)

Ias Boiwl npd =0 °C (T =273,15 K)o = — 6,10-10% °C7,
K =2-10° H/m3, p = 10® kr/M®, u ¢opmysa (35.5) naer cp — ¢, =
=2 JIx/(gr-°C) =5-10" xxan/(xkr-°C). Croip HHUYTOXKHAA pa3-
HHL@ YHeJbHBIX TeMJIOeMKOCTeH cp U ¢, AJs1 BOAbl OOBsICHsETCs Ma-
JIOCTBIO KO3(bhHIeHTa TENNOBOTO PACIIHPEHHS ¢, Ta MAJIOCTh B CBOIO
oyepesb o0ycaoBJIeHa TeM, 4To KoapduuueHt o npu { = 4 °C, rie Boja
HMeeT HaHGOMbLIVIO MJIOTHOCTb, 00pPallaeTcst B HyJlb,
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3. B kayecrtBe BTOPOIrO npHMepa BBIYHCIHM YIEJbHYIO TEMJI0eM-
KOCTb ¢, pryTH 1pH ¢ = (0 “C. Bocronbayemcs c/aeayiOUIUME IKCHepu-
MEHTaJbHBIMH JAaHHBIMHI

T=273 K, ¢z =140 Ox/(xr-K), p=13,6-10% gr/m?,
K=2,6-10° H/™?, o«=1,81.10"% K-1,
ITocsie moacranoBki B Qopmyay (35.5) noayyHrcs
cp— €, =17 Hdw/(xr-K),
=125 ﬂm/(1<r-K)~0,0292 kxan/(kr- K),
Cv =1,13,

3nech pasHHLa MeXNy cp H ¢, — BeJN4YHHA, BIOJHE 3ameTHad. 1o
E OCHOBHOM OOBACHSETCS 3HAYHTEALHO OOJBIIHM KO3(DPHIHEHTOM Tell-
JIOBOTO paciipenust prytu npu £ = 0 °C, yeM BOJbL IPH TOIl Ke TeM-
neparype.

4., BroisicHUM TpPHYHHY DAa3Juudsl MEXIY TEIJIOEMKOCTAMH ¢p H ¢,
g KUAKHX H TBepAblX Ted. C 5TOH LeJblo BOCMOJb3yencs (opMyaoil
(35.1) ¥ mpeACTaBHM Pa3HOLTb Cp — C, B BHJE

omerm[[ ), 471 33 = 12, 4

\ovjr

Otciona

(‘9“\ +P =" (cp—cy). (35.6)

du 1
Iocne NOACTAHOBKH YHUCJIEHHBLIX JAHHBIX MMoJyyaem IJs BOIbL
< du ) +Par—0,33-10% H/m2as —0,33-10° at™,
a JJs PTYTH
(f’“ \ 4 PA1,28-10° Hjm2ac 1,3-10% am,

CnefoBaTe/ibHO, NpH OOBIUHBIX YCJOBHSIX BeJHUHHA (-g—/ B THICAUN
I JeCATKH THICSAY pa3 npeBocxoiuT armocdepHoe aasienue. Orciona
BEITEKAeT, YTO I KHIAKHX H TBepABIX TeJ Pa3HOCThb Cp — ¢, OBYCIOB-
JeHa TJaBHBIM o6pasoM padorofi, KoTopas HIeT Ha H3MeHeHHe BHY-
TpeHHel SHePTHH TeJsa [PH ero pacllHpeHHH HJM CKATHH MPH MOCTO-
SIHHOM JaBJieHHH. Pafora NpPOTHB BHELIHEro JNABJEHHS NPAaKTHYeCKH
ye urpaer Hukako#l posau. [ns rasoB, KaK Mbl BHAENYH, NOJOXKEHUE
obparHoe: 31eCh pa3HOCTb Cp — C, OOYCJOBJEHA MOYTH HCKUHTEIbHO
paboroil MPOTHE MOCTOSIHHOIO BHELUHEro JaBseHust P.

Ecan kosduuredT TensoBOro pacIlupeHdss o NOJNOXKUTENIeH (Kak
B IIpHMEpPe CO PTYTbIO), TO INPH TEIJIOBOM pACIIMPEHHH TeNa HAjo
2aTPATUTh NOJOKUTENIbHYI0 PAaOTy NPOTUB MOJIEKYAPHBIX cun. Ecay
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KoadpHUHEHT TeNVIOBOrO pacCliMpeHHs OoTpuuarejeH (Kak B IpHMepe
¢ BOZOH), TO MpPU HATrpeBaHHU TeJNO CXKHUMAeTcsl, HO NpH 3ToM paboTa
MPOTHB MOJIEKYJISIPHBIX CHJI TAKIKe N0JOXKHTeAbHA. DTHM H OOBbsCHSETCS,
nouemy B 0GOMX C/ydasiX pasHOCTb Cp — €, NOJIOXKHTE/IbHA.

§ 36. IlpuHuMNHaNbHBIA cnocOG rpaiyHPOBKH TepMoMeTpa
B a0COMOTHON WKaje

Maumsa Kapro Teopetdyecku MoxeT OBITh HCNOAb3OBAHA AJIS TPagyHPOBKH
TepMOMeTpa B TCPMOAHHaMH4ecKoll wixase Temnepatyp. Jias Tofi e uenu MomHO
BOCTIOIB30BATLCH JIOGEIM TOUHLIM TEPMOAMHAMHUCCKHM COOTHOWEHHEM, B KOTOpoOe,
NOMHMO aGCOJIIOTHOT TeMnepatypsl 7, BXOASAT TOAbKO IKCMEPUMEHTANBHO H3MEPHMbIE
enuunHbl. [lpuMepoM MOMKeT C/AYKATb cooTHowlenue (34.2). TlokakeMm, Kak oHO
MokKeT OBITb HCMOJB30BAHO ANiA ykaszanHo# uenu. O6oanauuM GyKBofl T Kakylo-iuGo
IMIHPUUCCKYIO TCMIIEPATYPY, OTCUHTHBAEMYIO 1O HIKAJe NPAKTHUECKOTO TePMOMETpa.
Ouesuano, T = T (1), u 3anaua cocrouT B HaxoxAenun ¢yuruwu T (). Tak kax

. ou oU’
noctosiicTBo T Baewer 3a cOGOH TOCTOSHCTBO T H HaoGOpOT, TO <5V)T = <aw\ .
T
[Nostomy gopmyay (34.2) MoxkHO mepenucarh B BHje
ou opP dr
(57 )=r (5 ), a—>
Orcrona < P
dar at Jy
— = de,
A oU \
(57 )P
HIH TOC/1e MHTETPUPOBAHUA op
¢ (o)
T=Tyexp S LA (36.1)
o
T \9V )y

YacTHas npou3BOAHA <6?>v MOKeT ObiTh Hafilena W3 ypaBHEEHS COCTOAHMA P =

ou .
= P (1, V). Beqnuuny xe <5V -+ P MOKHO HaliTH, H3MepsAs KOJIHUYeCTBO Telia,
: T
/
KOTOPOE TeJMO NOJYYdeT NPH H30TePMUUECKOM KBa3HCTATHYECKOM DPaclIMPCHHH HIH
OTAaeT NPU H30TEPMHUECKOM KBASHCTATHUECKOM CXKATHH. B camoMm lene, nopenus o6e
yacTH pasetctsa 0Q = dU + PdV usa dV u npeanosaras, 4To TeMueparypa octaeics

NMOCTOAHHOH, NOJYYHM
(52 — (%) 4
4V = \ov )

Taxum 06pasoM, Bce BeJHUHHBI, CTOSIIME NO] 3HAKOM wHTerpana B dopmyie (36.1),
MOTYT OBITh IKCHEPHMCHTATBHO H3MepPeHBl NMPH BCeX 3HAUCHHSX SMIHPHUECKOH TeM-
neparyphl T. [loc/ie atoro camulil unterpal MomeT ObiTh BLIUHCTCH YMcaeHHO. Tem
campiM GyjeT Haiiiena TepMoiunamuucckas Temnepatypa T kak (QYHKUHA 3MOMPHU-
“eCKOH TeMmeparypst T.

§ 37. HepasenctBo Kuayauyca (sl 4acTHOro cjydas)

1. U3 paccyxpenu#, npusefesHnix B § 30 maa mokasatelnbcTsa
Teopemsl KapHo, MOXKHO H3BJCUb JPYroe MHTepecHoe ciejicTBue. Pac-
CMOTPUM IPOH3BOJIBHYIO TEPMOAMHAMHYECKYIO CHCTEMY (HA30BEM ee
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cuctemoit 1), KoTopast MOKET OOMEHHBATHLCS TEIJIOM ¢ IBYMS T€HJOBRIMH
pesepByapamMu R, u R,. TemuepaTypsl aTHX pe3sepsyapoB 00603HAUHM
uyepes Ty u T,, coorBercTBeHHO. Temepb Mbl He OyjleM pasjinuarh,
KaKoH pedepByap ABIseTCs HarperateseM, a Kakoll ~—— X0J0AHILHHKOM.
KoaudecTBo Tema, OTZaHHOE TEIVIOBLIM Pe3epBYapoM (T. €. 0JyYeHHoe
cHeTeMol 1), yeloBHMCS CHHTATD HOIOKHUTEAbHLIM. B npoTHBONON0KHOM
cydae Teso CUMTaeTcsl OTpHIATe/NbHLIM. Diaarogaps stoMy oxoHnua-
TeJbHBIE Pe3yJAbTATEL (QOPMYJIHPYIOTCH CHUMMETPUYHO OTHOCHTEILHO
000X pe3epByapoB.

Iycrs cucrema [ coBepiumia NpPOM3BOJIBHEIE KPYroBoH Ipoiecc —
00paTHMBIH MM HeoOpaTHMbIH, B KOTODOM OHA MOJAYYWIA Telio @, OT
pesepByapa R; u temno Q, oT pesepByapa R,. Tax kak cHcrema Bep-
HYJIachb B HCXOJHOE COCTOSIHHE, TO NOJHOe TemIo Q) -+ Q,, nonydeHHoe
€10, OyzneT paBHO paboTe, KOTOPYIO OHa IpoH3Be/la. Bo3bMeM Tenepb
oOpaTumMyio MamiMHy KapHo H 3actaBHM ee paboTaTh MEXIY TEMH XKe
TeIJIOBBIMH pe3epByapamu R; U R,. JIjis TOoro yToGu HaJluyhe MALIHHBL
KapHo HUKaK He 0TPa3WjIoCh Ha KOJHYeCTBax Temla Q, U Q,, NOMyyeH-
HBIX CHCTEMO# OT TEIVIOBBIX pe3epBYyapoB BO BPEMS KPYToBOTo mpolecca,
MOXKHO IpHCOeIHHHTb MalnHy KapHo yxe nocae moeo, KakK Kpyrosoft
npouecc B cucreMe | 3akonumaca. Ecau ¢ 3TOro MoMeHTa TENJIOH30H-
poBaTb cHcTeMy I, To TemsoBble pesepByapnl R; U R, HauHyT oOMeHH-
BaThbCsl TEMJIOM TONLKO ¢ MalinHo# Kapho. Hasnuue nocnenHedl Hukax
He CKaxkeTCs Ha X0/Je MHTepecylomero Hac KpyroBoro mpouecca B CH-
creMe [, MOCKOIBKY 3TOT MpPOLECC SBAAETCs COOLITHEM nNpouUiAbim TIO
OTHOLIEHHIO K MOMEHTY HpHcoelMHeHHs malubel Kapno. IlycTe cama
mamuHa KapHo coBepiuuaa KpyroBoil Ipollecc, B X0Je KOTOpPOro OHa
3aHMCTBOBAJA Temio Q) oT pesepsyapa R, u Temno Q; — OT pesepByapa
R,. ns panpHefilnero cyimecTBeHHO, 4TO MalunHa KapHo obparuma.
Ee Mo)HO 3acTaBuTh paGoTaTh H KaK JABHIaTe]b, H KaK XOJOAHJIBHHK.
Kpome toro, nszorepma 72 (cm. puc. 25) B uuk/ie KapHo MoxeT ObITb
B3ATa CKOJIb YroAHO KopoTKoi. CienoBarenbHo, U paboTa, coBepliaeMas
mawnHo# KapHo B ofHOM uUMKJIe, MOXKeT ObiTb KaK YrOJHO MaJofi.
MoKHO NONYYHTD U CKOJIb YTOAHO 6OMBLIYIO PaboTy, 3aCTaBUB MAIHHY
Kapno coBepiidth MHOTO OJMHAaKOBEIX H/IHM Das/IHYHBIX IHKJIOB. Ta-
KUM o6pasoM, mamnia KapHo no3possieT nojiyuarb Kak NOJOKHTEIb-
HYIO, TAK U OTPHUATENbHYIO PaGOTy 410601 Haneped 3a0aHHOU 8eAULUHYL.
310 06CTOATENBCTEO Jie/1aeT BO3MOXKHBIM MO TIPOH3BOJAY PaclHopsiguThCH
oaHoH M3 BesqtuuH Q] man Q. Bcerma MOXXHO ZOCTHTHYTE, YTOOBI OfHA
H3 3THX BeJIHYHH NPHHAMA IPOU3BOJIbHOE 3HAaUeHHE, KaK OJ0XKHTEJbHOE,
TaK U OTPHLATeJSbHOE.

Ha ocHoBanuu teopemsl KapHo H onpeje/ieHus aGCONIOTHOH TeM-
nepaTypel MOXKHO HaIHcaTth

L%, 37.1)

O6penunnm Mamuny Kapao u cucreMy I B OfHY CJIOKHYIO CHCTEMY.
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Kpyroeuie mporecchl, nocaefoBaTe/bHO COBepUIeHHLIe CcHCTeMOH |
H MaluHOA KapHo, o4eBHIHO, TaKKe MOKHO OOBEHHHTL B OJHH OBUHI
Kpyrosoi#l npouecc. B sToM mpotlecce cokHada cHeTeMma

noayuuia oT pesepByapa R, temio @+ Qf,
noayynaa or pesepsyapa R, Temio Q,-+Q3,
cosepimiia padory A=Q;+ Qi+ Q.+ Q5.

Jlanbphedimne pacCyxKIeHHsA 3aBHCAT OT TOIO, KaKOoH [ocTyJaaT BTO-
poOro Hayda/la TepMOJHHAMHKH MNOJIOXKHTb B HX OCHOBY. Ecau Bocmosib-
30BaTbCd  IOCTYJaTOM Tomcona — HﬂaHKa, TO HaJlo paccyxiath

crepyomiM obpasoM. IloiBepem Ttemto Q) Tak, utobel Q; = — Q.
Torpa BBUAY cooTHOIueHHs (37.1)
G=T: 7

B pesynbrare kpyrosoro npouecca COCTOfHHe pesepByapa R; He H3-
menntcsl. TensoBofl pesepyap R, OTILaCT Teio

Q:+Q:=0Q:+ T2 ""‘_ T, < % + ?Z) .

3a cuer sroro Temja OyneT nponssezxena sKBUBaJeHTHass paloTa
A = Q, + Q. Ecau 661 372 pabora Ghiia NOJ0KHTENBHA, TO NI0IYYHICH
OBl npotecc Tomcona — Ilnanka, yto HeBoamoxHO. [losToMy J0MKHO
ObiTe A =< 0. Tax kax aGComoTHaﬂ Temneparypa 7', cyiiecTBeHHO I10J0-
JKHTeJbHA, TO 3TO NMPHBOAHT K HEPABEHCTBY

Q Q
7!1—+T—22<0. (37.2)

37O HepaBEHCTBO ABJSIETCS YACTHBIM CTydaeM Gosiee oBIIero HepaseHcmsa
K.iaysuyca, Kotopoe Mbl pacCMOTpHM B CJIeAyIomieM naparpade.

2. CoorHoileHue (37.2) MOXKHO, KOHEUHO, NOJYYHTB U u3 nocrynara Kaay-
anyca. [las arcro BeiGepeM BesnuuHy Qf tak, uto6nl A = Q) + Q[ + Q-+Q;=0
win (Q; + Q) =—(Q; -+ Qf). Torna epMHCTBEHHBIM pPe3Yy/JbTATOM KPYIOBOTO NpPO-
riecca Gyjier nepefaua tensa (Qp -+ Qf) or pesepByapa R; Kk pesepsyapy R,.
Tenao Q) mMomxHo HaliTh u3 yejgoua A = 0, ecnd BOCMOJNL30BAThHCH COOTHOMIEHHEM
(37.1). Dro paer

’ T ’
Q+Q+Q—5Q=0.
1
Onpepenne orcioga Qf, HaxXoAUM Aanblie

Q-Q)= T‘T; /\% n Q“)

Ecan Ty > T, 70 coraiacho noctyiary Kaayamyca jokuo 6uth Q + Qf == 0.
Ecan e Ty <7 Ta, T0 0M310 GBITh Q) + Q7 =< 0. Tak xak aGcoIoTHBIC TeMaepaTy phl
CYIIECTBEHHO TIOMOKHTEAbHEL, TO B OOOHX CJIyuasX Mbl MPHXOAHM K HEPABEHCTRY

+Q2 <0
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3. IMpunanaum nepasenctBy Knayanyea (37.2) apyryio ¢hopMy, B KOTO-
poil OTUET/IHBEE BLISBIACTCA €T0 CBSI3b C TeXHHYECKHMH NpobJeMaMH.
BepHeMcst K NperkHHM 0003HAYeHHSAM, KOTOPLIMH MBI [0J530BaJHCh
B § 30. Ilycts T, — Temneparypa HarpeBatesd, a T, — XOJOAHJIBHHKA,
Tenno ,, Kak 1 paHee B § 30, OyleM CUHTAThL NOJOAHTEAbHBIM, €CIH
XOJOIWJIBHHK €10 noayuaet. Ilpu Takom Brifope 3HAKOB

.Q,IV — ,Q,f{ =<0
T Ty,
Orcoga JIETKO MoJYYHTh
Qi—0Qs Ty—T, -
= = 37.3
G T (37.3)

(CieBa CTOHT Kos(xpHIIMEHT NOJe3HOro AeHCTBHA TeNJIOBOH MALIMHBI,
ofo3HauaBluuiicss paHee 6yKBOH 7). B pesysbTaTe Mbl JOKasalH ClIeylo-
wylo (8mopyio) Teopemy, npuHatexamyo Kapuo. Koagguyuenm noaes-
H020 Oericmsus 6CAKOU MenA0soli MQUIUMbL He MOXcenm npesocxodums
KoaghburueHm noaestoeo Oelicmeus udeavHol Mauiumst, pabomarouiedi
no yuxay Kapro c memu sce camoimu memnepamypamy Haepesameis u
X0A00UNBHUKA.

3ra TeopeMa TO3BOJSET, TAKHM 0OGpPA30M, OUEHHTDb 8epxHull npedea
K. 1. . TeIVIOBOM Mailinibi. Bo3bMem, HanpuMep, NapoBYIO MALUMHY.
[TycTs MakcluManpHasi TeMieparypa napa B Koride #; = 150 °C, Temne-
patypa xosjoaunapHuka f, = 20 “C. B aGcomoTHOll 1IKajle COOTBETCT-
pyiouye Temneparypel 6yayr 7, = 423 K, T, = 293 K. K. 1. a. Takoi
MalUMHBl HE MOXKET NPEBOCXOIHTh

Ty—Ts 130
—‘———Tl = FS = 30% .

B neficTBHTEILHOCTH K. I. . MapOBBIX MAallMH 3HAYHTeJbHO MeHBbIIle,

Bropasi Teopema KapHO scHO mokasbiBaeT, 4TO SHEPTHA JOJKHA
XapaKTepH30BaTbCsi HE TOJABKO KOJHUECTBEHHO, HO H KQHECHGEHHO.
[Toa xayecTBOM sHEpTHHU MBI MOHUMAaeM ee CMOCOOHOCTH IIPeBpaIlaThCs
B ApPyrde BUALI SHEPTHH NPH 33JaHHBIX BHEIIHHX ycaoBHAX. KoHedHo,
€U Ha crnocoObl MPEBpAIeHH ST He HaKAablBaTh HUKAKHX OTpaHHYeHHH,
TO BHYTpEHHSS (TensoBasi) 3HEPTHS MOXKeT ObITh LETUKOM 3aTpayeHa Ha
NPOU3BOACTBO paboThl. B 3ToM cMblc/e TensioTa # paboTa SKBHBAJIEHTHbI
MexxAy coboit. OnHaKo, ec/il Ha BHELIHKE YCJIOBUS, B KOTOPBLIX HAXOANTCS
TesI0, HAJIOKHUTh ONpe/ieNleHHbIe OTPaHHYeHUs, TO IOJHOE MpeBpalleHHe
Tenja B paloTy MOXKeT cTaTb HEBO3MOMKHEIM. Hampumep, HeBO3MOXKHO
IIOJIHOCTBIO UPEBPAaTUTH Tero B paloTy NpH NOMOIMH [epHOLHYECKH
JleiicTBylomieH TemnyioBoit MallMHEL. 19 5TOro Hago ObLIo OB pacnoJiaraTh
XOJOAHNTBHAKOM, TeMmrepaTypa KOTOPOTO paBHa abCOIOTHOMY HYJIIO.
[TockobKY TaKoOro XOJOAHNBHHKA HET, NMEePHOJHYECKH NeficTBYyloimasn
MallHHa MOXKeT NPeBpaTHTh B paboTy TOJNBKO YacTh TeNJIOBOH (BHYTPEH-
Hel) sHepruu Tesa. Yem Bhllle Temrepatypa Teja, TeM SbILIE KAXECHeo
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3anaceHHOll B HEM TeNJIOBOH sHEPrHH. BCsIKHE ecTeCTBEHHO HAYINH
HeoGpaTHMBL TIPOLECC NPUBOAUT K 0bectjeHeHuio 3Hepeul B YKa3saHHOM
Bhllie cMuicie. O6paTHbIA npouecc, B KOTOPOM KauecTBO 3HEPTHH NOBbI-
11aeTcs, BO3MOXKEH TOJBKO NMPH HAaJHYHH LPYTOro mpolecca, B KOTOPOM
sneprug obecleHuBaercsi. 10T japyrofi nponecc Kaaysuyc Haszsan
KOMAEHCUPYIOWUM 1poyeccom WIH, Kopode, komnedcayued. Hanpumep,
MOXKHO OTHSITh TEIJIO OT XOJOAH/JbHHKA H MepeiaTb €ro HarpeBaTesio.
Ho nns sroro HeoOxoauM KOMIEHCHPYIOIWME Iponecc, cKaxeM, Ipo-
H3BOJACTBO PalOTHL.

B3A0AYH

1. Kakylo MakcuManpHyl0 paGoTy MOKHIO TNOJNYUHTb H3 CHCTEMBl JBYX Ted,
HarpeTex A0 pasubix abcosnotHuX teMieparyp Ty 8 Toy (T > Toy), €CaH 3TH Teda
HCTIOAB3YIOTCH B KayecTBe Harpepartest M XOJOJAMJbHHKA B TelsoBoii Mamuue? Tern-
JoeMkoct Tell Cy n Cy CUMTATL He 3aBHCAIIUME OT TeMreparypsl. Haittn okonuare/s-
nyio temneparypy 7, xotopyio OyAyT HMETb Tesa, KOrJA YCTAaHOBHTCA TEMJOBOC pas-
HOBeCHe MEX/1Y HHMH.

Pemwenue Makcumanbnas pa6ora moayuuTtest Torxa, Koria TemjoBas Ma-
IHHa paboTaeT NOCIe0OBATEJILHO MOBTOPSIOLMMHCSI GeCKOHEUHO MaJbIMH LHKJIAMH
Kapuo. [1ycTh B pesysbraTte ONHOTO U3 TaKHX LMKJIOB HepBOe T&JO OTAAIO TEMJOTY

8Q; = — CydTy, a Bropoe 8Q, = — CodTy (Ty u T, 03HAUAOT NEpPeMCHHBIE TeM-
neparypel ten). IlpousBepennass pabora pasna 8A = 8Qq -8Q;, npuuem
8Q , 6Qy
Tt =0 (37.4)
HJTH
ary | ~ dTy _
C, A ,Cg—i,?—o.

HHterpupys 310 COOTHOLIEHHE C YYeTOM Haua/lbHLIX YCJOBHH, DOAYUHM
TETS =T8T, (37.5)

OxoHuatesbHas Temneparypa T Haliflercst u3 ycaoeusa Ty = Ty, = T. Ono aaer

TC+Co  CipGs, (37.6)

MakcHmanpHas paGOTa, KOTOPYIO MOXKET COBEPWHTL CHCTEMA,
T T
A={8A=—(, ]S dT—C, 75 dT = (C; Ty +CyT) —(C1+Co) T.  (37.7)
1 2

Ona paBHa yOLLIH BHYTPeHHeH 3HeprUH CHCTEMEL.

2. Paccmotpers npefenbHbI ciydail npeiblayiiell 3ajauM, KOTAa TEMmIOEMKOCThb
xosopunpiKka Cy GeCKoHeuno Benuka. (Harpetoe Teno, TorpyxeHHoe B GECKOHEURYIO
cpely, TeMneparypa xotopo# Ty, nopiep:KUBaercs NOCTOSHHOM.)

Pewemnue Temneparypa T naxoautcsi u3 (37.6) npefe/bHEIM NEPeXoAoM
C, — oo, xotopeifi naer T == Ty, 270T pe3ysbTarT HEMOCPEACTBEHHO OUYEBHAEH.
[penenbublii Nepexol B OKOHYATeNbHOM BBIpaKeHuH (37.7) BHINOJHHTL 3aTpyIHH-
TeNbHO, TaK KakK OHO NPHBOJHT K HeOMpeNeNeHHOCTH BHJA 00 — 0. YAoGHee BBINOJ-
BHTH Npeje/bHLIA NCPeXol B BHIpakeHHH A aneMenTapliofl paGorsl 84 = 8Q; + 6Qy.



§ 38] HEPABEHCTBO KJAY3UYCA B OBHIEM BH/E 119

Boipasus 8Q, uwepes 8Q; mo dopmyae (37.4) u yura, uto Ty = Ty, = const,
104 yuHM
Ty

6A = 6Q1 — *7*;1— 6Q1 - CldTl + CIT'ZO

ATy
T
(37.8)

A=(C (Tm—Tzo—Tzo In ,71:10>.

20

Patora A Menbie y6butH BHYTPeHHell sueprun Harperoro tena Cy (Tyy — Top). Yacte
pHyTpeHHeH 3HePruu Teqo mepedaeT okpysKawilell cpefe B BHIe Temsa {cp. § 48).

§ 38. HepasenctBo Kmaysuyca B oGluem BHae

1. O606muM Tenepr HepapeHCTBO (37.2) Ha cayyail NPOU3BOJIBHOTO
41{CJ1a TEIVIOBBIX pe3epByapoB Ry, R, ..., R,. PesepByaph 101K Hbt OBITH
10CTaTOYHO BeJIHKH (B npefiesie 6eCKOHEUHO BeNHKIT), YTOOLL B X0JIe Telio-
o0MeHa WX Temnepartypel 717y,

T,, ..., T, octaBanuch npakruue-
cKH mocTosiHHBIMH. [lycTh Kakast-
1100 TepMOIHHAMUUecKas CHCTeMA
(HazoBeM ee IO-IpeKkHeMy CHCTe-
MOH 1) coBeplidsia mpOU3BOJIBHBI

KPYroBo# Ipoiiecc — o6paTHMBIH
HJIH HEOOpaTHMBIH, B XOJAe KOTO- & &n
pOro OHA 3aMMCTBOBa/a OT TeIIo- )

Ry Rz

BHIX pe3epByapoB TeIOTHl @,
5y -+, @n U 33 UX CUET IPOU3Besa

3KBUBAJeHTHYI0 paboty Q; + T T, T
4+ Qy + ... + Q, (puc. 28).

ITocsie TOro Kak yKa3aHHBI Q. 2 q.
KPYToBOH HPOLECC 3aKOHYHIICS, 1 z &
TeriousonnpyeM cucreMy I. Boss-

MEM BCIIOMOraTe/ibHBIH TeryIoBOH
pesepByap R, HacTOJbKO O0/b-
1IOH, 4TO B Ipollecce TemoobmMeHa

ero temreparypa 7, NpakTHUECKH
He MeHsercs. BosbMeM, Kpome Qs @2 5

TOro, 7 WieanbHLX MaiinH KapHo
U BKJIOYHM HX MeXJAy BCIOMora-
TeJIbHBIM pesepByapoM R, H pe-
sepsyapamu Ry, R, ..., R,. Ta-
KM o6pa3oM, i-g Malu#a Oyper Puc. 28.

copepiiaTh LUK/ Kapro mexny

pesepByapaMH R, 0 R; (i = 1,2, ..., n). He umeer 3naueHusi, coep-
LLAKTCST 1M BCE 3TH 71 IIHKJI0B KapHo oiHOBpeMEHHO, IIOCIe10BaTebHO,
I ¢ IIPOU3BOJILHBIM HaslOKeHHeM Apyr Ha apyra. Ilycers B pesyiib-
raTe CBOero uMKJa (-1 Mamuna Kapuo sabupaer or pesepsyapa R,

By
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tensio Q,, a OT pesepByapa R; — Temno ;. Ha ocHoBaHiild TeopeMbl
Kapuo 1 onpejesenusi abco/IOTHOI TeMOeparypel

QOL Ql .
7+ 7 =0. (38.1)

Cympupys no i, Haxolns ofliee KoJHYecTBO Tenla. (Qy, OTAaHHOE BCIIO-
MOraTeIbHbIM pe3epBYapoM:
n ’

Q=Y Qi=—T, 5

Bce n uukiaos KapHO MOXKHO OOBEIHHHTB C KPYTOBBHIM IIPOIECCOM,
paHee coBEpLUEHHLIM cHcTeMoll 1, B 0JUH CIOKHBII KPYroBoiH npouecc.
B pesyabTare Takoro npouecca

pesepsyap R, orian tenio Q;

pesepsyap R1 oTHaJd TelJo Ql—i Ql,
. .. . . . (38.2)
pesepsyap R,, OTAaMd Telmj1o Qn {—Q,,,

coBepuiena padora A=Qp+ (Q1+ Qi) +...+(Q. 1 Qn).

Hanpuedilnne pacCy:KIA€HUSA IOCTPOMM Ha mnocrysaare TomcoHa —

HJIaHKa Bb16epeM BeJuuunbl Qf, @3, ... Tak, urobul (@ +Q7) == ...
= (Q, + Q) = 0. Dro Bcerza BO3MOXKHO, TaK KakK TEIJIOBLIE pe3ep-
Byapbl R,, R,, ..., R, npeanojarawnrcs JICCTAdTOUYHO OOJbINIMHI.

B pesyabrare Bce TEIVIOBBIE Pe3epByapbl BEPHYTCA B CBOH HCXOAHBIE
cocroanus. BenomorareabHell pesepsyap R, oTaact Temio

{2

Q=To 3 3&. (38.3)

A= i

i==1
[Toayunacs Kpyroeok npollecc, copeplueHHblil ccremcii I u n MamHamu
KapHo, B pesy.braTe KOTOPOIO

pesepByap R, ornan Temno Qq,
coBepllieHa 3KBUBajeHTHast pabora A =Q,.

Boablie HHKakHX u3MeHeHull He npousowsio. [lponssenennas
pabora A = Q, He MOXeT ObIThb NOJIOXKHTRJIbLHOH, TaK KaK B MPOTHBO-
OJIOAKHOM C/y4ae Iosyduiaoch Obl NPOTHBODEYHe ¢ nocryJgartom Towm-
cona — [l1auka. Takum o6pasoM, LOMHHO ObiTh Q, =<2 0, wiit, YUHTH-
Bas (38.3) U NOJIOKHTENbHOCTL aBcosOTHOH TeMnepatypsl 7,

U o, (38.4)

© 2T

o

.
—
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TG HEPABEHCTBO Mbl N XOTeNH jlokKazaTb. KpyKok y 3Haka cymMul
OaHauaeT, uTo coorHolucHue (38.4) OTHOCHTCA K KPYrOBOMY MIPO-
ueccy. Mmeercsi B BHAY KpYromoil npollecc, BBINOJIHEHHBIl caMoit
cucremolt 1. Benomoratenbisie npucnocoGiaenns -— Mawiiuel KapHo u
TeryioBOil pesepByap R, — HCMOJB30BaIHCh TONBKO ISl AOKA3aTeb-
ctBa. MxX Hannune HMKaK He MOXKET OTPA3HTbCA Ha ClpaBeiTHBOCTH
cooTHOLIeHNSA {38.4). 310 scHO X0TA OBl y3Ke U3 TOTO, YTO BCIIOMOTATENb-
neie nplcnoco6ennst ObUIH DPHBJAEUEHBl TOIBKO NOCAE TOr0, KakK Mpo-
1130116/ KPYyroBoil npoilecc, K KOTOPOMY OTHOCSTCS BeanuiHel Q; u 7.

2. Ilpu jokazaTenbCTBE NPEANONaranoch, YTo Kaxabiil H3 TEMJTOBbIX
pe3epByapcB R; MoxkeT 0OMEHHBATLCA TENJIOM TOMLKO C paccMaTphBae-
voli cretemolt 1. O6MeH TenvIoM MexK 1y CAMHMH TETJIOBBIMY pe3epByapaMH,
4 TAKIKe MEXJY pe3ePByapaMi H OCTaNbHBIMH TedaMH HE YUHTBIBAJCS.
Ho Takoro poga TemnocOMeH He nrpaer poau. Hepapencrso (38.4)
GCTAHETCS CNpaBefJIMBBIM H NPH ero Haju4yuH. [leficTBHTCAbHO, BCerja
MCIKHO BBECTH aauabaTHYeCKHe TeperopoaKH, HCKIIoUalomue YKa3aHHbIi
tenocCMeH I B TO Ke BpeMs He MeHsiouHe (H3HUecKoe cocTosHNe
TeNJA0BBIX Pe3ePBYapoB H He BAHAIINE HA HX Ten1000MeH ¢ paccMaTpH-
BaeMOH CHCTeMOH.

3. Ianee, nokazaTejbCTBO INpeANONAarajo, 4YTO TeIIOBHE pe3ep-
syapnl Ry, R,, ..., R, Aoctaroyro BeanKy. Takoe rnpeanosoxeHue Heob-
XOAHMMO, 4TCOBI TeMnepaTypsl T; MOTVIH CHHTATBCSH OCTOAHHBIMH, KaKOBBL
Obl HH OLIIM KOJHYECTBA Tellsia, noJAYYaeMble HJIH OTAaBaeMble TeHJo-
BeIMH pesepByapami. OOt ciyuail, Korja pesepByapbl KOHEUHHI, a HX
TeMIepaTyphsl NPOU3BOJAbHO MEHSIOTCS BC BPEMEHH, CBOAHMTCH K pasol-
PaHHOMY dacTuoMy cayuaio. JleficTBuTesibHO, nycTh Temnepatypa T;
pesepByapa R; MeHsercsi Bo BpemenH. [Iponecc TensnooOmena, B pe3yib-
TaTe KOTOPOro pesepsyap R; otaaer cucteme | Temo Q;, MOXKHO pa3bHTh
Ha CKOJIb yrogHo Goablice yic1o N GecKOHEYHO MaflblX IPOLECCOB,
I KOTOPBLIX pe3depByap R; oTAaeT 0eCKOHEYHO Manble KOJHuecTsa Tellia
8Q:u, ..., 0Qix. B KaxkJIOM M3 TaKHX TPOIECCOB TEMIEPATYPY pe3ep-
Byapa R; MOXHO CUHTATb NOCTOSIHHOH. A 5TO 03HaYaeT, YTO 110 OTHOLIe-
HHIO K 3THM npoueccaMm pesepyap R; BemeT cefs1 Kak GeCKOHEYHO
Gonbwoll. OauH pesepByap R; ¢ mepeMeHHOH TemnepaTypoil Kak Obl
SKBHBAMeHTEH N MocJefoBaTe/]bHO BKJIOUAEMBLIM pe3epByapam ¢ IO-
CTOSTHHBIMH, HO Pa3HLIMH TEMIEpaTypaMmi; B Te4eHHe KOPOTKOTO BpeMeHH
nepBHIt pesepByap oTaaer cucreme | Temiio 8Q);;, a B ocTajJbHOE BpeMs
KDYroBOIro Ipolecca OH TemJ0H30/HPOBaH; B TeHeHHe CJEAYIOWEro
KOPOTKOTO BpeMeHH BTOPOH pesepByap OTHaeT Tensao 8Q;,, ocTaBasch
TEMNJIOH30/IHPOBAHHEIM B OCTaJbHOE BpeMs, M T. 1. SICHO NosTOMy, UTO
& ofueM clyuyae HepaBeHCTBO (38.4) cienyeT 3anucaThb B BHE

. 0Q — 28 i
(5,\ T == 0. ("8"))

210 ¢VHIAMEHTaTBbHOE COOTHOWIEHHE HA3LIBACTCH HEPaBeHCMIBOM
Kaaysuyca.
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4. Tlpn okonuatennbHON GOPMY/JIMPOBKE HepaBeHCTBA (38.5) HeT He-
06X0HMOCTH BBOJHTL KaKHE-TO TENJoBLle pesepByaphl Ry, R, ..., R,,
C KOTOPBLIMH cHcTeMa | ofMeHHBaeTcsl TelJoM. JIyulle HOMb30BaTbCs
npeacTaBAeHHeM o Ten1ooGMeHe Mexxay cucreMoil 1 u oxpyacaowed cpe-
dod. Torpa Bennunna T OypeT o3HayaTb memnepamypy smol cpedvt U
MOJKET MeHSIThCsl KaK B IIPOCTPAHCTBe, TaK H BO BpemeHH. Hano Mbic-
JIEHHO NPeJiCTaBUTh cele, U4TO OKPYIKAIomas cpefia pasjieleHa Ha Masbe
obJsacTH, KazKjas U3 KOTOPLIX XapaKTepH3yeTcs OnpesieeHHol, Boobie
ropops, nepeMeHHoi TeMueparypoil. Cumoa 0@ o3HauaeT GECKOHEYHO
MaJioe KOJHYeCTBO TemJja, IepefaHHoe cHcTeMe | ofHON WM HeCKoJb-
KHMH H3 TakHX obaactefl npu Temrneparype 7. Kpyxok y 3naka nnrer-
pasna ROJKEH HANOMHHATh, YTO HEPaBEHCTBO (38.5) OTHOCHTCST K Kpy-
TOBOMY NPOIECCY, COBEpIICHHOMY paccMaTpuBaeMod cucreMoHd .

5. OTMetuM ellie, nouYeMy INIPH JOKa3aTeJbCTBe ObWI BBCAEH BCIOMOTaTesbHEI
Tenosoil pesepeyap Ry. D10 GBlIO CACJNAHO JAJIS1 TOYO, YTOOLI HMETh B PacnOpPAKEHHU
HEOTpaHNYeRHBl HCTOYHHK BHYTDERHCH 3HEpTHH, H3 KOTOPOTO MOXHO OHlo OBl
Y4eprnarb HJAH KOTOPOMY MOXKHO Obl1o Obi NepeaBaTb HUYEM HE OIPaHHYEHHOC KOJH-
yectBO Teria. Ecnin 6B OJMH M3 TENVIOBHX pe3epByapoE Ry, R, ..., HaupHMep nep-
Bulll, 06/3/la/l HeOTPAaHHYEHHLIM 3a1acOM EBHYTpPCHHEH 3HEPTHH, TO HanoOHOCTH BO
BCMOMOTaTeJbHOM pesepsyape Ry He 6b1o 6bl. Ero ¢pyHxunn mMokro 6uu1o 66l BO3JO-
AHTb Ha pesepByap R;. Ilockosbky B ofuieM cayuae aeso o6CTONT He TakK, TO H NoTpe-
Gopascsi pesepByap R,. Takum o6pazoM, 1js JOKA3aTeIbCTBA CYLIECTBCHHO, YTOGH!
pesepByap R, 6bl1 Geckoneuno GoablunM. BriGop pesepeyapa Ry He MOMKET CKa3athCs
Ha OKOHYaTeJbHOM peayJabTare, B KOTOPHIA pe3epByap R, He BXOAHT BooGiie.

6. ITpumennm HepaBeHCTBO (38.5) K yTOUHEHHIO BOIPOCA O BepXHEM
npejese KoaQpUINEHTa MNOJE3HOTO AEHCTBHS TENJIOBBIX MaIIMH, KOTO-
peIfl yxKe pasOHpascsl B KoHLe mpeAbyiyilero naparpacga. Kak o tawm,
yio0HO BepHYTLCA K [PEKHEMY MPABHAY 3HAKOB. DJAeMEHTapHOe KOJH-
YeCcTBO TelsIa YC/JI0BHMcH 0003HauaTh CHMBOJIOM §Q);, €cjH MallHHA €ro
nosydaer. dneMeHTapHOE 2Ke KOJKUeCTBO TemJa, OT/aBaeMoe ManifHoi,
Oyzem o6o3HauaTh CHMBOJIOM 0(Q,. Takum o6pasoMm, IO onpejeseHHIO
BenudHHb 6@ ¥ 8@, CYLIeCTREHHO [ONOKHUTENBHEL B 5THX 0603HaYEHHAX
HepaBeHcTBO Kuaysuyca sanuuercs B BHIE

V- §e=o

3pecy T, — TeMrepaTypa TOfl 4acTH OKDYKAIIEH CPejisl, OT KCTOPOH
MallHuHa MoJy4aeT Temio 6(); — 3Ta 4acThb Cpejbl HIPAeT pPoJb Harpe-
Barens. Benuunua T, ecth TemnepaTypa «XOJOAHIBHHKAY, T. €. YACTH
OKpYyKamwLiel cpefpl, KOTOpoli MallHHa otaaer Temno 6@Q,. B ornmune
OT cjlydad, pa3o0paHHOrO B NpeAbIAYHIEM naparpadge, Tenepp npearno-
Jlaraercs, UTo TeMIepaTyphl HATpeBaTe s H XO/M0NHABHHKA He OCTAIOTCS
TIOCTOSIHHBIMH, a MeHSI0TCA B Xojie npouecca. ITyerb Tyie H Toyy O3HA-
4al0T COOTBETCTBEHHO MAKCHMAIbHYIO TEMIEPAaTY Py HATpeBaTedsi H MiHHH-
MaJIbHYIO TeMIepaTypy xonoiuashuka. [Tpeaviyiiee nepaBencetso Oyaer
TOJBKO ycHJIeHO, ecaH BeanyuHel Iy u T, sameHuTb Ha Ty B Toupy.



§ 38] HEPABEHCTBO KJIAV3UVYCA B OBIIEM BUJIE 123

CnenoBarte/bpHO,
80, S 8Q;
: — = 0.
S YIMBKC T‘Z MHH
Orciona
L T ¢ =0
Tl MaKC T2 MHH 7

riue Q1 — MOJHOE TeI10, NOoAYYCHHOE MalluHOH OT Harpeeate/is 3a BpeMA
KPYroBoro mnpouecca, a Q.z — II0JIHO€ TeIVIO, OTJaHHOE XOJOAWIbHHKY.
HepenucaB [1oc¢JjeHee HepaBeHCTBO B BHIE

Q‘Z TZ MUH
T, & P 3.1 L
Ql o Tl MaKc !

a 3arteMm HpH6aBHB K 06eHM yYacTsM Io CAHHHLE, NOJYYUM

—_— Ql_'Qz — TlMﬂKc_T‘zwum
n == Ql T .

(38.6)

JTHM HepaBEeHCTBOM H OlIpejle1 AeTCs BepXHUH npejen 415 KospduiuneHTa
110JIe3HOT0 AEHCTBUST TelVIOBOH MAaIlHHBL 1).

Tl MaKe

SATAYA

Jlokasars HepasercTBo Kuaysumyca ¢ nomombio nocryniara Kiaysuyca.

JoxkxasareasbcTBo. Jo coorHomwennii (38.2) BKIIOUHTESBHO paccyxie-
HHA OCTAIOTCS MPEKHUMH, A Jajblie JOJKHB GbITh H3MEHEHH! C/IEAYIOMUM 06PasoM.
Hanoxum jononnurenbubie yeaosus @+ Q== ... = Q, + Q,=0u A= @, +

U+t .+ Qe+ Q)=0, unn Q= — (@ + Q). Torna monyuurca
Kpyroeoli Ipouecc, B pe3ybTare KOTOPOro

pesepyap R, oTian Temio Qg

pesepsyap R, mojyuna Tero -—(Ql—[—Ql’)=QO_

Hukaknx Ipyrux uamenenuii He mpousownio. Halinem cHauana nepenansoe remio Qp.
Ipu { == 1 u3 cootnowexrnii (38.1) noayuaem

_@_ Qn‘l‘Qi‘
TO B Tl ’
anpn i=2,3,...,n
Qu _ &
Ty Ty°

CkaazibiBasi 314 PaBeHCTBA, HAXOINM

% _0, Vo
ﬂ‘n*én'

Orcio1a
n
Ty, v Q:
O P

i==1
Fcau Ty > Ty, 10 fosxkuo 6uith Q, == 0. Ecan e Ty << Ty, 10 nao6opoT, 0, = 0.

Huaue rnosayuniocs 61 npoTusopeuue ¢ nocrynarom Kaaysuyca. B ofoux Caydanx
Mbl IPHXOAMM K HepabeHCTBY (38.4).
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§ 39. MNpuHuYn pQHHAMHYECKOTO OTOIJEHHS

1. TlpuMeunrM mHepasencTso Kiayswyca K npo6ieMe OTONJIeHHS NOMELIEHH.
[Mpyu o6blunbIX cnocofax OTONMJEHHS Tenmio, MNoJayyarolleecsi B TONKE OT CropaHus
TONJMBA, HENOCPEACTBEHHO MOCTYIAET B OTANIHBaeMoe TNoMellieHnye. 3HAUNTENbHAS
JoJ151 Teria, YHOCMMas HarpeThiMM raszami, Gecrosiesno pacxoayercs Ha oforpepaHue
oxpy:Katoweit atmochepnl. Vmelotcda B apyrue notepu tervia. Ho Mbl oTBAetdeMcs OT
HHX H GYAeM UMeThb B BHAY HACaJbHYIO OTONHTEABHYIO CHCTeMy, KOrjJa BCe Tenjo,
NOJIyyeHHOe B TOTIKE, MOCTynaeT Ha oborpepanue nomelenud. Buabvsam TomcoH npepn-
JIOKHJ APYTYI0 CXeMy OTOIVIEHHs, Ha3BaHHYIO Junamuueckusm omonieruem. Teope-
THYECKH 3TOT CIIOCO6 OTOIICHHS 6GoJsiee BHIrojeH, ueM OObluHBIH. XOTSA AHHaMHYyeCKoe
OTOTJIEHHE MO TEXHHYECKUM MPHYHHAM H He MOJYUHJIO NPaKTHIECKOTO OCYIIeCTBAEHUS,
pasfop ero NMPHHLHMIA NPEACTABMAsICT HHTEpEC KaK JIOOOMLITHEI NPUMeD NPHMEHEHHA
32KOHOB TepMojiuHaMHkH. Kpome Toro, He HCK/IOUEHO, 4TO MO Mepe AadbHelineit
UEHTPATU3AUHH OTOTJICHUS HJesl AHHAMHYECKOrO OTOIJIEHHS HalleT H NpaKTHuYeCKoe
BOILIOLIEHHE.

2. Tlpy puHaMUYECKOM OTOMJIEHHH TOJIBKO YaCTh TENJa, NOJMYYaeMOro B TOINKe,
nacrynaer B o6orpeBaeMoe nomentente. OcranibHas yacTh 3aTpaynBaercst Ha pagory,
NPOU3BOANMYIO TemJopoll MawuHofl (aBuraresem). Harpeparenem B ABMraresne cay-
JKUT TONKA, a8 XOJOAHJLHMKOM — OTalIMBaeMoe NoMelleHHe. 3ta pabora HCHOJIb-
3yercs /s NpUBeileHHs B LeHCTBHE XOJOJAM/IbHON MAIMHLI, BKIIOYEHHON MeXY OKpy-
JKawoleit cpefoift M nomereHneM. XoJoAuJIbHA# MallKHa OTOHpaeT Telo OT OKpy-
XKatolleHl cpefsl M nepefaeT erc MOMEUICHHIO.

TakuMm o6pa3oM, HOMeleHHe HOJAY4YaeT TEIUIO H OT ropAvefl TONKH M OT XOJOK-
Holt oxpyxamwoiell cpeapl. Obliee KOJMYECTBO TEIa MOXKET NIPEB3OHTH TEILIO, HOJY-
YEHHOE OT TONKH IpPH OGLIYHOM crocofe OToIIEHHA. B 3TOM H COCTOMT BHIroAa JAHHA-
MHYeCKOTO criocofa OTOMVIEHHS.

Ilycte Ty, T2, T3 — TeMmepaTypel TOTNKH, OTAN/HBAEMOTO IOMELIEHHS H OKpy-
}awoulell cpeibl COOTBETCTBEHHO. [1yCTh TONKA OTAAna ABHrate1io temio Q. I3 storo
Temaa yactTh Q, MOCTYNHJA Ha oTolieHHe noMemenus. J{Buraresnn nmpousses paGoty

= @ — Q. XoJopunbHas Mamwuea oto6paja Temno Qs OT OKPYIKAOUCH CpelH,
nepejana nomenlenuo rensio Qf. Ha ato 3arpauena pabora A’ = Qf — Q5. Ecaut o6e
MalHUL — npgeanbHble, To BCS paGoTa ABHraTesst TPaTHICA Ha NMpUBEJEHUE B AeliCTBHE
XOMOAUNBHON MalMHEL B s1oM HieanpuoM cayuae A = A', 1. e. Q) — Q. = Q) — Q.
B peanpnulx MalWlMHEaX ecTh NOTEPH Ha TPeHHe N npoune norepu. B arom cayuae
A> A, 1.e. Q— Q> Q; — Q3. Takum o6pasom, Bceria Q; — Q, == Q — Qs,
i Qs = Qo + Q5 — Q1.

Jlpuraresip 4 XOJIOAWJIbHYIO MAIMHY BMECTe MOXKHO PacCMaTpUBATh KaK OIHY
TePMOAHMHAMHYECKYIO CHCTEMY, COBEpLIMBIIYIO Kpyrosoii mpouecc. B stom xpyropou
Ipolecce CHCTeMA T0JayuyHla:

Telo @ OT TONKH Mpi Temmeparype 775;
Tenio — Qs+ Q%) ot momeutenis npu Temnepartype T

Tenao Qg oT OKpy:arouleil cpean! npu Temmeparype Tg.
Ha ocuopanun nepasencrBa Kiaysuyca

Q Q1 Q, Qs _
7o T, =0

Hexnouast @, ¢ noMOLIBE HepaseHCTBA

Q= Q-+ Q) —
N0y 4HM
/

(Q l Qh:’ L_ L\\ —Q <~],__ ,I,«\‘ =0
o ""\Tg ) i T, Tl)\N .
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[TpunuMas Bo BHHManue, uto Tj > Ty > Ty, oTciopa HaXoAHM

, T T
+Q= ‘13——11* Q1. (39.1)
TS T,

Beauunna g = Q, + Q) ecTb Temao, NOCTylaloWlee B OTAlAHBAeMOe MOMeIleHHe.
B niealbHOM ciyuae, Korja BCe NPOLECCHl KBAa3HCTATHUYECKHE,

1 1
T, Ty

g=—F— Q (39.2)
Ty Ty

1 1 1 1

Tak xagk Ty > Ty, TO T T > T 7o
puc. 29 mpeicTaBsieHa 3aBHCHMOCTH BEJWUYMHB! ¢/Qq OT TeMmeparypsl nomelleus 7Ty
IpH  (DHKCHPOBAHHBIX TeMIepaTypax «Ha-
rpesareasty Ty H «xoJofuabHUKay T,. Ecau
npolecchl — He KBasHCTaTHUeCKHe, TO Tell-
JI0, TIOJIyUeHHOe ToMellleHHeM, Gyier MeHb-
me. OgHAKO H B 3TOM C/Iyyae MOKHO OCY-
IIeCTBUTL TaKHe YCJOBHS, UYTO ¢ O6yzer
Goablwe Qp, TaK KaK Ha Ko3bpUUHEHTH no-
Je3Horo JeHCTBHSI TeNJIOBHIX MallHH Teope-
THYECKH He HAaJOXKeHO HHKAaKMX OrpaHu-
UeHHil, NMOMHMMO OTDaHHUYEHHS, HaK/ajblBae-
moro BTopoil Teopemoit Kapho.

3. JluHaMMYecKoe OTOIIEHHE MOXer
CIYXKHTb NPHMEpPOM IIpoliecca, B KOTOPOM
TeIlo OT GoJiee XOJIOAHOTO Teda (OKpYyalo-
uas cpeja) TMepexofUT K GoJee TeIIoOMY Puc. 29
Tesy (oransiuBaeMoMmy nomemenuio). Opnua- HC. 22,

KO Takoif mpolecc He NPOTHBOPEYHT NOCTY-

aary Kuaysuyca, Tak Kak oH conposoxkznaercst koMmneHcauuefi. Komnencauus coctout
B TOM, YTO OJHOBPEMEHHO TeILIO NMepeXOoAuT OT Gojlee HArperoro Tesa (TOMKa) K MeHee
HarpetoMy (HOMelIeHHIO).

To o6cTosTesbCTBO, YTO MPH AMHAMHYECKOM CIlocofe OTOIJIEHHS OTamJHBaeMoe
NOMelleHHe MOXKeT MOJY4uTh GoJblIe Telsa, ueM Telso, pa3BHBAIOLIeecs B TONKe, Ha
nepeell B3rasi Kaxkercst mapagoxcadbHbiM. OfHako B OCHOBE TaKOIO «IapajoKcar
JIeXUT NPeiCTaBJeHHe TCOPHH TellJIOPOAa, KOTOpoe MBl HHTYHTHBHO NpPUMeEHsieM, OHITh
MOJKET, NOMHMO cBoeil BoaH. B jelicTBHTENBHOCTH HHKakoro ofliero 3akona coxpa-
feHUsT KOJIHYeCTBA TElJla He CYLIECTBYET, a NOTOMY AJIsl CYLIeCTBOBAHHS paccMaTpH-
BAEMOrO «NapajoKca» HeT HHKaKHX ocHoBanuil. [loyuntenbHo, 0AHAKO, NOCMOTPETh
Ha NPHHLUMI JMHAMHYECKOTO OTONJIEHHS C TOYKH 3pPeHHs IpeAcTaB/eHus o6 obecyenu-
BAHUIL MENA0EOL 3Hepall B eCTCCTBEHHBIX HeOOPATHMBIX NPOLECCax, O KOTOPOM TOBO-
puaocs B § 37. Ipu o6blunoM criocofe OTOMJIEHHS! TEMJIO OT TONKH () TpH TeMiepa-
Type Ty nepexoguT K NOMeLleHHIO B BUJE TAKOTO ke KOJUYecTBa TCNaa, HO NpH GoJee
HH3kell TeMiieparype Ta. 310 ecThb npollece KauecmserHoeo obecyenuganus menaa. I1pu
JAHHAMHUECKOM OTOINICHHH, H B 3TOM ero NMpeMMyIIeCTBO, B HICAILHOM Ciayuae, KOria
BCE NPOLeCCHl KBasHCTaTHYECKHe, Takoro ofeclueHHsanust rtenvsia Her. Ha scex cra-
JIHAX TPOLECCA IHepeus COXPAHACMCA He MOALKO KOAUYECINBEHHO, HO U KAYeCmeeHHo.
Tax, tenio Q; mpm Temneparype T; KBHBAJIEHTHO KOJMYECTBEHHO H KAYCCTBEHHO
MeHbIlIeMY KOJHuccTBY Temaa Q, mpu temneparype 7, u sanacenno# patore A. Touno
TAK ke, TCmto Q, 3aMMCTBOBAHHOE OT XOJOAWJbHMKA npu Temneparype Ty, moJ-
HOCTLIO IKBHBAJIGHTHO CyMMe MEHBIUEro KoJiHuecTBA Temsla Q) mpu Temmeparype

u dopmyaa (39.2) naerg > Q;. Ha
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nometiennsl Ty H 3anaca paborsl A. TlepBHlii NPHHIHII TEDPMOAUHAMHKHE TPEGVET BhI-
noaenus pascHeTBa Qp — QF) == A, HO oIl He HAKAAIBIBAET MHKAKHX OrpaHHyeHuis
Ha pesuunny Q). Orpanuuennsi HAKA&IHBAOTCA BTOPLIM HAYANOM, KOTOpOe E Cay-
4ae KBa3uCTaTHYECKHX Mpoueccop Tpedyer

Q _ Q&
T3 rz ’
H CJIe10BaTe/1bHo,
Q= A
T ¢
Ty

Koraa Ty — T3, Q} — oo,

§ 40. PaBenctso Knaysmyca. Jutponus

1. [omycTuM, YTO KpyroBoH INpoluecc, copepllaeMblil CHCTEMOH, —
keasucmamuseckud. Hepapencreo Kuaysiyca

8Q _
% (40.1)

cnpapelIMBO M 118 Takoro npouecca. Toabko mojg T Temepb MOXKHO
NOHMMATh TEMIEPaTypy camoi cucmemsl, a He OKpyxKaloumeHl cpensl,
NOCKOMIBKY 00e TeMnepaTyphl OfHHAKOBHI.

Keasucratuuecknit npouecc ofpaTuM ¥ OPUTOM B Y3KOM CMbic/e
cacBa. OH MOXKET MATH B IIPOTHBOMNOJOMNHOM HampasieHud. [las o6-
paTHOTO mnpollecca TakkKe CHpaBejyiHBO HepaseHcTBo Kiaysuyca:

6/
4§)—Tgé0, rie §'Q o6o3HayaloT 3/eMEHTapHBIE KOJHUeCTBa Tella,

noJTyyaeMple CHCTEMOJT Ha OTAENBHLIX YYaCTKaX Takoro o6paTtHOro mpo-
necca. Tak Kak 1pH 3TOM CHCTEMA MPOXOLHT YepEe3 Te XKe paBHOBECHHIE

COCTOSIHHS, YTO W B NPsIMOM liporecce, 10 6'Q = — 8Q, a noromy
6
—79/>0. 3T0 COOTHOILEHHE COBMECTHMO € CcooTHomeHuem (40.1)

3

TOJIBKO B TOM cJy4ae, KOTJia B3sT 3HAK papeHcTBa. Takum ofpasom,
044 Ksasucmamuieckoeo npoecca Hepasencniso Kaaysuyca nepexooum
8 PaseHcmso

§ S (40.2)

KBCT

Ha stoM paBencTBE OCHOBZHO BBeJeHHE (YyHIAMEHTANbHOIO B TePMOIH-
HAMUKE IOHSTHS JHMPONUU.

2, Ilycrp cucTemMa MOMET NepPeXOjlTh M3 HAYAJBHOTO COCTOSHHS
I (puc. 30) B KoHeuHoe cocrosinue 2 HECKOJIbKHMH CrnocobaMu, Kambii
43 KOTOPHIX SBJAAETCA KBa3HCTATHUECKHMM IIpoileccoM. Bosbmem aBa
w3 Hux — I u 11, 31U npoueccr MOKHO OGLEIIHUTEL B OJIIH KBa3KCTa-
THdeckuii kpyrosoit npounecc /12117, Ilpumeninm K HEMY pPaBeHCTBO

Knaysuyca: ¢80, ¢ &

12 i1
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HWJIH

H/HL, HaKOoHeL,
- , (40.3)

Kosiyectso Tensa, moJydeHHOE CHCTEMOIH, feleHHOoe Ha abcolioT-
Hyto Temneparypy 7, UpH KOTOPOHl OHO OBLIO [IOJYYEHO, HHOTAZ Halbl-
BIIOT APUCLOCHHOIM Koiuectisom menaq. Beanunna 8Q/T ecTb 3neMenTap-
Hoe NpHBeJieHHOe KOJMHYECTBO Tersia, Mojiy4eHHoe B GECKOHEUHO MaJIoM
nporecce, a HHTErpals \ %Q
MPHBEJIEHHLIM KOJAHYECTBOM TeIl1a, MOJyHeH-

HbIM B KoHeuHoM mnpouecce. [lonp3ysice 1ol

TepMHHOJIOTHeH, paBencTtBy Knaysuyca (40.3)

MOXKHO JaThb CHeAyIomyo ¢GopMyaHpoBKY:

Il pusederroe Koautecmso menaq, HOAYHEHHOE 7
cucmemorl npu aoGom Keasucmamudeckom kpy- 7

2080M npoyecce, PAsHO HYAw. JKBUBANCHTHOMN Pre. 30.
aBageTcs caeayiowas gopmyanposka: Ilpuse-

OeHHOE KOAUHECIBO MEeNAd, K8ASUCTIAMUMECKU NOAYHeHHOe CUCHIEMOL,
He sasucum om nymu nepexoda, a Onpedeisemcs Aullb HAHAAbHOIM U
KOHEUHbIM COCHIOSHUSMIL CUCIEMbL. STOT BaKHLIH pe3yJbTaT HO3BOJAET
BBECTH HOBYIO (PYHKLMIO COCTOSIHHA, HA3bBAEMYIO 3HTPONHEH.

IHMPONUS CUCMEMbL €CMb (PYHKULL ee COCHOAHUSA, OnpedeneHHAs
¢ moyHocmblo 00 NPOuU3BOALHOL NOCMOAHHOW. PasHocmey aumponui 8
08YX PABHOSECHBLX COCMOANUAX 2 W 1, 1o onpedeserHulo, pasHa npueeded-
HOMY KOoAudecmsy menaq, Komopoe Haoto coobuume cuctneme, wmobel
nepesecmu ee u3 cocmosnus 1 ¢ cocmosinue 2 no a06omy KEASUCMAMUYECKO-
sy nymu. Takum o6paszoM, ec/iH 3HTPOIHH B cOCTOSIHUAX I U 2 0603Ha-
YHTH NOCPEACTBOM S; M S,, TO HO OmpeleseHHIo

S:=Si= | F (40.4)

A
12

MOXKHO Ha3BATh 2:
7

3HaueHHe 1POU3BOABLHOI TOCTOSTHHOI, ¢ KOTOPO# onpeeneHa SHTPOMHS,
He MrpaeT poJu. B 3TOM OTHOLIEHHH C Olpeie/eHueM SHTPONHH 480
00CTOHT TaK Ke, KaK ¢ onpejeienieM 3Heprud. PH3HUECKHI CMBICH
HMeeT He caMa 3HTPONUS, a JHLIb PASHOCHL IHmponud. ¥ CIOBHO 3HTPO-
IIHI0 CHCTEMBl B KakoM-J1HOO OIpee/]eHHOM COCTOSIHHH MOMKHO NPHHSATD
3a Hyab. Torpa onpepennTcs H 3HAUEHHE ITPOH3BOJBHOH IIOCTOSIHHOH

B BBIDAXKECHHI 5 3HTPOIHH.

3. Mrak, mo onpesne/nenuio
s—\ X, (40.5)

KBCT
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rae uHTerpan Gepercd A8 TNPOH3BOJBLHOTG KBa3HCTATHUECKOTO TIpO-

necca, NePeBOASILETO CHCTEMY B paccMaTpHBaeMoe COCTOSHIE 13 JIpY-

roro COCTOSIHNSA, YCJOBHO NPHHATOTO 3a HauadbHoe. ns anddepen-
uvaita QyHKIHH S nMeeM s

s

Q ~

dS = KT\ (40.6)

Kak yike HeoqHOKpATHO NojUepKHBAJIOCh, Bedndina SQ He aBasercs

anddepennnalom Kaxofi 6l To HH Gewio dyHkuHu., Ofanaxo dopmyna

(40.6) noxasniBaet, uTO ecau 6Q ecme 3semenmapHoe KOAUHECIBO menaa,

K8Q3UCMAMUYECKIL NOAY1eHHoe cucmemor, mo nocae desenua Ha T OHO

nepexodum 8 noanelll Oupgeperyuas GYHKIUU COCMOIHIUS— SHMPONUU.

4. B KauecTBe mpuMepa BBIMHCJAHM SHTPONHIO S OJHOr0O MOJS Hje-

ajlbHOro rasa. [ljsi BCAKOro GeCKOHeYHO Masoro KBa3HCTATHYECKOTO

npouecca ¢ HeaJbHBIM a3oM

6Q=CydT 4 P dV=Cy (T) dT 4+ RT 4.
Orcroga 5
ar dVv
dS=3 =Cr (1) -+ R,

S=SCV(T)—dTl+R1nV.

Ecan tennoeMkocThb C[ He 3aBHCHT OT TeMNepaTyphl, TO HHTErpa.t
JErKo GepeTcs{, H MBI [I0JYy4YaeM

S=CyInT-+RInV -+ const. (40.7)
Ecan ras cogepxur v modefl, To
S—=vCpInT-4vERIn V- const.

Hapno, oanako, 1MeTb B BHYy, UYTO 3TO Bbipa:KeHHe ObLIO INOJYHEHO
B NPEITNONOKEHHH, YTO YHCJAO MOJEKYJ B rase ocTaeTcsl MOCTOSHHBIM.
TostoMy addumuseHas NOCMOAHHAA 8 8bIPAYeHUI 048 SHMPONUU MOJKEN
3q8ucemy oM HUCAQ 4acmuy 8 2ase. 3TY NOCTOAHHYIO Ce[VeT ONpPefenThb
TaK, uroOwl sHTponus S Obl1a NMpPONOpHHOHAIbHA YHCAY HacTHL, rasa
HJH, U4TO TO e caMoe, YHCay Mojell v. 2TOMYy YCJIOBHIO YAOBJIETBOPSeT
BBIpa:KeHHe

S=v<cV1nT+R1n%+const), (40.8)
HJau

J /
Sr::—-—!\

- CyInT 4 Rin y +const). (40.9)

Ar A
B o6oux BrIpameHnAX alANTHBHASA NOCTOAHHAA B CKOOKAX YyiKe He 3aBH-
cuT orT ukeaa uactuy rasa. ®opmydaw (40.8) n (40.9) npumMeHuMbl K
HJleadbHBIM Ia3aM He TOJIbKO C IOCTOAHHLBIM, HO H C IePEMEHHBIM YHCAOM
YacTHI.
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5. Ecau KpasucTaTHuecKHI nporlece — anuaBatiueckuil, 1o 6Q = 0,
a caejosareasno, dS = 0, S = const. Taxum o6pasom, BCSKHE KBa-
3HCTATHYECKHH aHabaTHUeCKHil NpoLiece ecTb NPOilece, NPOHCXOAAILHH
npH nocToanHoH suTponud. [lostoMy ero MCKHO TaK:KC HA3BATb U3IH-
MPONUHECKUM RPOLECCOM.

SAOJAYH

1. Tloxasare, 4o Aast AIOGOTO BENIECTBA NOJAUTPONA MOKET TIEPECEKATH H30TEPMY
ne 6oJee ueM B ORHON TOUKe.

JdoxaszarteabcTBOo. JONVCTHE NPOTHBOMOMOKHOE, NDEATOJIOKAM, 4TO
A n B — jige cOCeIHHe TOYKH, B KOTOPHIX NOJHTPOTIA TIEPECEeXaBTCst ¢ H30TEPMOil
(prc. 31). Ilpumenuw k uukny ACBDA pasenctso Kaaysuyca. Ha noautpone
ADB  tenapemkocte € NOCTOAHHA, & NOTOMY

Tp A
8Q ¢ dT
\ F=c| F=o
ADB T4
(Ilarerpan ofpamaercss B Hyap, Tak Kag T, = 4
= Ty, mockoanky toukn A w B sewar na usorep-
me.) Ha mnsorepme ACB 7 B
6 1 Q
S T T S Q=
Puc. 31.

Takum ofpasom, pasencrso Kiaysuyca cognTes
Kk Q = 0, rae Q — Tenso, NOJYUEHHOE CHCTEMOI.
Ho aaa kpyrosoro npotlecca Q = A. 3nauur, nnowais unuxia ACBDA pasHa
HYJIO, 4TO MOZKET GBITh TOTNA@ H TOJABLKO TOTAa, Korjda Mewiy toukamu A n B nosut-
polla ¥ H30TepMa NepecekaioTesl Mexzy coboii. DTo NPOTHBODPEYAT TIPEANOJIOKEHHIO,
yto A ¥ B — cocefliie TOYKH TepeceyeHHs MOJUTPOTIBL
)= C H30TEePMOH.
2. llokasars, uto ajas1 Joforo peulecTBa anxaara
MOKeCT Tepecekarb H3oTepMy He 6ojzee ueM B OJHOI TouKe.
3. 1IuKJ COCTOMT H3 ABYX H30XOD M. ABYX -H300ap
(puc. 32). Tlokasarh, 4TO AAS AOGOTO BEIECTBA C TO-
cTostHbIMU TennoemkocTaMu Cy, u Cp Temnepatypul T,
Ty, T3, T, cBsusanst cootHouwennem 7175 = ToTy.
Peéuedue. [pHMenHs K paccMaTpHBaeMOMY UHK-
Jay pasenctso Kaaysuyca, mosyuum

Ty
TWTs

(CP—CV) In 0,

Puc. 32.
OTEYAA W cuaenyer TpefyeMoe COOTHOWIEHHE, TdK Kak
S

Cp—C, £0.
4. Uurn coctont n3 uzobapel 12, nzoxopsl 23 n axuabarsl 31 (puc. 33). [Nokasars,
YTO [Ad Ai000r0 BELECTBA ¢ NOCTOSIHHLIMK TelVioeMKOcTAME C, n Cp TeMneparypel

Ty, Ty, T3 cBsi3anbl COOTHOLHHEM

rae ¥y = C,/Cy
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5. Onpenenuts paGoTy LMK/, COBEPIIAEMOTO JIOGHIM BELIECTBOM H COCTOAINEro
M3 H30TepMBt 12, noautponel 23 u aanabarwl 3/ (puc. 34). HapectHo, €to TensoeM-
KOCTE Tesa Ha noantpone 23 pasta C, a TeMrepaTypsl HA H30Tepme /2 M B COCTOSHIH
3 pasubi cootercteHHo Ty u Ty,

T
Orger. A:C[Tl In 'T: — (71— Ty .
6. 1luka cocTonT Wz ABYX H3otepM 12, 34 c Ttemmepatypamiu Tp u Ty w 1BYX
uzoxop 23, 41 (puc. 35). Ha nzotepme ¢ Temneparypoit Ty nonyueno tenao ¢;. Onpe-

P
P F

3
\'% ' v "
Puc. 33. Puc. 34. Puc. 35.

1enHTh paGoTy LHK/A, ecsH Tem/oeMKoCTh pafodero BeilecTsa CV 3aBHCHT TOJILKO
OT ero FeMOepaTtyphl, HO He 3aBHCHT OT ofbema.

Otser. A=—L£Q1.
T,
7. IlpoussoabHas TepmMoAHHAMHYECKAs CHCTEMA KBA3HCTATHUECKH NCPEXOAHT H3
PABHOBECHOTO COCTOSHHSI | B paBHOBeCHOE cocTosiHHe 2 IBYMA criocobamit.
B neprom cnocofe cucteMa ajnafaTHYECKH 0X.14-
7 Khaercss o temneparypbt T,, 3arcM H30TepMH-
YeCKH TOJYYaeT TemIo H, HakoHel, aguaGaTHyecKH
nepexoaHT B coctosnue 2. Bo BtopoM cnocole
nepexo]  OCYIECTBASCTCA MO NPOHIBOJILHOMY
NyTH, CAHAKO TAK, YTO HA KAKJIOM YHacTKe 37070
NyTH CHCTEMA MOJAYYaeT TEIIO, 4 ee TeMMeparypa
octaetcsi poiie Ty Tlokasarh, 410 B mepsow
cnocoBe 115 mepeBoja CHCTeMBl H3 COCTONHHSA [
B COCTOSHHe 2 TpeGyeTcsl MeHbllas 3atpara TemJa,
4eM BO BTODOM.
4 Pemenne. [TycTs 1342 cxemaTHueCKH H30-
6paxaer nepBRl nepexoi, a /52 — propoit
Pne. 36. (puc. 36). TlpumensAs k wum pasenctso Kuay-

7o

3MyCca M YUNTEIBAs, 4TO Ha ajnabarax /3 H 42 cucTeMa Teflla He NoJyyaeT, HanHIem

\’9_‘2__ \'QQ__.Qo_
N7 YT 57,0
152 1342

rie Q, — Temo, noayuennoe Ha uzotepMe 34. [lo yeacsuo T > Ty u §Q >0, a

NMOTOMY S ASQ _ § ‘§AQ . WQiA
[ T h o TU - TO ’
152 152

rie Q — Tenqo, noayvensoe Ha nyrtd [52. KomBHHHPYS noclelHee HepaBeHCTBO
¢ MpelLilyiiHM PaBeHCTBOM, moydaem @ > Q.
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8. Tlokasatb, YTO Pa3HOCTbL SHTPOMHI CHCTeMBl B COCTOSHMAX 2 H I (mpH ycao-
pul, uto Sy > §;) MokKeT ObiThb OMNpejleseHa KaK HAHWMEHbllee KOJHYECTBO Temaa,
kaTopoe Tpe6yercs COOBWHTh CHCTeMe, uYTOGbl KBAa3HCTATHHECKH NIepPeBeCTH e H3
COCTOSIHHS | B COCTOSIHME 2 H TIPUTOM TaK, YTOGL! [IPH [IepeXojie TeMNepaTypa CHCTEMB
He ONYyCKanach HHiKe OJHOTO KeJbBHHA.

9. Ecin Bo Bcex TOUKAX HM30TePMbI KOI(QHUHEHT TeIJIOBOTO PacluMpeHusl paseH
HyJ0, TO TaKas H30TepMa coBlajaer ¢ ajuabaroil. Jlokasars.

[ oV
Pewenuec. Ilycth Bo BCCX Touxax H3otepmbl |, —— | =0. Torza us (8.3)

T Jp

3\
ciglyeT, 4ro <g—¢—/}v———-0. Ha wusotepme BBHAY cooTHOlleHus (34.2)
U= [ (gi) —P]dV:-_PdV,

a notomy 0Q = dU -+ PdV = 0. 3nauut, u3orepMa 8o BCeX TOUKAX JOJKHA COBIA-
jarp ¢ agxabaroii.

10. B wikae Kapuo B KauectBe Xoq0AuAbHuKa BLbGpaHa poga npu 4 °C. Tax
KdK KOYpUMUMeHT TEIJIOBOTO paciluupeliHs NpH 3TOft TeMuepaTtype paBeH Hyal0, 10
191 ocymecTsiedns uukiaa Kapuo He #ajo coofarse Temio XOJOLHABHUKY (CM. mpe-
ALLIVILYIO 3a1auy), T. €. K. [I. I. LHKJa paBed efHuuile. B uem owHBOUHOCTB 3TOTO
paccyKiAeHUs?

Orser. 1) Ecnu 60 KoadhHLEeHT TeNI0OBOTO paclI¥peHus oGpallancs B HY/b
1 BCEM NPOTSIAKEHHH H30TepMbl, T0 OHA coBnagasna Obl ¢ aguabaroit, 1 wuka Kapho
wonty Temneparypoil 4 °C B Kakoit-nu6o Apyroft TeMneparypoil ocylleCTBHTL GHIIO
6r1 neapid. 2) Ha camom zene A5 Boabl KO3hdHIIMEHT TeNJ0BOIo pacllipeHns oGpa-
4etcsl B HYJib TOJIBKO B OZHOH TOUKe U30TEpMBbL.

§ 41. 3axoH Bo3pacTaHHS 3HTPOMHH

1. IlomycTHM, YTO CHCTEMa NepeXOiHT H3 PAaBHOBECHOTO COCTOSHHA [
B [3BHOBECHOE COCTOsIHHE 2 (puc. 37), HO NpoLecC nepexoja ABJISETCS
HeoOpaTHMbIM — Ha DPHCYHKE OH H300pakeH NYHKTHPHOH JuHHeh .
Iiepuem cucreMy M3 cocTosiHHA 2 B HCXOIHOE COCTOsIHIIE | KBasncTari-
uecKl 110 KakoMy-aubo nytu [/. Ha ocHoBaHui HepaBeHcTBa Kaay-
31ycd MOKHO HAlHcaTtb

T ==§ %Q‘+ %‘““\0

v . 3

1 11

Tak kak npouecc /] — KBasucraTiueckiii, To

\ F=5,-5.

~

[Mostomy HepaBeHcTBo Knaysuyca npuHdMaeT BHA

S — Sy = g A, (41.1)
12

Szech nox 7 clegyer NMOHMMATh TeMnepaTypy OKpyxKaioweil cpes,
Ipli KoTopo#l oHa oTAaer cucreme Temio 6Q.
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Ecau ciereMa aguabatiiuecki n3omiposana, 1o 6Q = 0, i Huterpan
B (41.1) obpawmaercs B Hyab. Toria

S, S, (41.2)

TaknMm o6pasoM, umponus aduabamuuecku US0AUPOBAHHOU CUCHIeMbL
He modcem yOwsams; ona aubo eoapacmaent, b0 0CMACMCA NOCIOAHHOL.
3T0 — 3aKOH  603pACMAHUS  SHMPOnULU.
z Ecan S, > §;, 1o nepexon aguabaTHUeCKH
H30/1MPOBAHHOI CHCTEMBl U3 COCTOSAHHA 2
B COCTOSIHUe | HEBO3MOXKEH, TaK KaK OH
CONpoBOXK1a/ca Obl yORIBAHUEM SHTPOINHH.
Hao6opor, aguabaTudecKHH nepexop CH-
CTeMbl H3 COCTOSIHHS C MeHbIUeH 3HTpO-
nuefi / B cocrosinne ¢ Gosbluell 3UTPO-
nuefi 2 He TPOTHBOPEUHT TNOCTYJIATY
Puc. 37. BTOPOTO Hayajla TePMOJHHAMHKH U B 3TOM
CMbIC/IE SBISETCS BO3MOXKHBIM. BTopoe Ha-
4ajgo, TAKHM 06pa3oM, MO3BOJISET CYIUTh O HANPASACHUU NPOULCCOs,
KOTOPEI® MOTYT NMPOHCXOJHTb B IPHPOJE.
2. B kauvecTBe HJJIIOCTPAllHH DPacCMOTPUM c/epyioumii npumep.
ITycTb oAMH MO/Ib HICANBHOrO rasa 3ax/aioueH B IINVIMHAD C TBepALIMH
annabatnyecknmu creHkamu (puc. 38). Ilununap

pasjesien Ha JBe 4acTH TBepLol neperopoaxoit AB.

CHawana ras 3aHHMaeT OJHY H3 3TMX uyacTeil ¢

o6vemoM Vi 'Bo BTOpo#l uacTi — BakyyMm. 3atem Baryyr
neperopojika ybupaercst WM B Hell JlesiaeTcs OTBep-

crie. I'as HaunHaer neperekaTb BO BTOPYIO 4acTb 4 8
UMIHHAPA, NOKAa He BBIPABHAIOTCS JIaBJEHHSI H

TeMIepatypsl B 06enx 4actax. SIBasiercsi Jin onu- V;
caHHbIl mpouecc o6patuMeM? [liaa oTBera Ha 3TOT a3
BONPOC BLIUHCAUM H3MEHEHHe SHTPONUH Trasa.

B pesyabrate onHcaHHOTO mnpolecca BHYTPEHHAS —_—
SHEPTHs Tasa He MEHAETCS, TAK KaK OH 3aKJIodel Puc. 33.

B JKECTKYIO ajuabatuueckylo obosnouky. He wMe-

HsleTCs M TeMrepaTypa rasa, IIOCKOJABKY OHa OJHOZHAYHO ~onpee-
JseTcsa ero BHyTpeHned sueprueii (saxon Maoyas). O00o3HauHM
yepes T ofuiyio TeMiepaTypy B Hauale M KOHIlE Ipollecca, uepes
V, — HauaneHelfl, a uepes V, — xoueuubii 06beMbl rasa. YUrobwu
BHIUHC/INTD  H3MEHEHHC - 9HTPOLMH Ta3a, .Hajo--HePeBeeEH ere K3
HAYaJbHOTO COCTOSIHHS B KOHEUHOE KBAZUCMAMUYECKU. JTO MOMHO
clenathb, MpHUBeIA ras B TeMIOBOH KOHTAKT ¢ HarpeBaTeseM, HMeKOLHUM
TeMitepaTypy 7. DeckoHeuHO MejieHHO yMeHbINas AaBIeHNe Ha ras,
MOKHO €0 H30TepMHUYECKH NePEBeCTH B KOHEUHOE COCTOSIHHE ¢ 00beMOM
V,. Tlpu- sToM Ta3 Oyser 3aHMCTBOBAThL TEMJO QT HArpeBaTess 0.1peBpa-
IaTh €ro B 3KBHBAIEHTHYIO paboTy;
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Has H30TEPMHUYECKOIro npoliecca

§Q—=P dV —RT 2V

dav dv
V> v

_%Q
dS= =R .

T
Orcroaa y

o d‘/ .

vy
Dutponust Bo3pocna. I[lostomy apuabaTiueckoe paciiipeHue rasa
B NIYCTOTY ~— HeoOGpaTuUMBIH mpollecc.

O6patuM BHHMaHHe Ha CIEIVIOUWYIO TPHBHAALHYIO, HO JOBOJBHO
pacnpocTpaHeHHylo omnbKy. ['0BOpsAT, 4TO B PacCMOTPEHHOM TIpHMEpe
TeIioTa He NOABOAUTCA, T. €. 6Q = 0, a notomy Takxe dS = 8Q/T = 0.
Orcioga 3aka1oo4arnT, 4to S == const, 7. €. 3HTPONHs B HAYaJlsHOM
H KOHEYHOM COCTOSHMSIX oOJHa H Ta xe. Owubka COCTOUT B TOM,
4TO paBeHCTBOM dS == 0Q/T B NPHBEACHNOM IIplIMEPE T0Jb30BATHCHA
Heb3sl. OHO OTHOCHTCH MO0.4bKO K KA3UpPASHOGECHHIM npoyeccar. s
HEPABHOBECHBIX IIPOLECCOB 3TO PaBEHCTBO He HmeeT mecra. Ilo camomy
onpejesieHHIO 3HTPONUH, JaBaemomy uHTerpaiom (40.5), uurerpan
AoJKeH ObITh B3AT AJs1 POH3BOIBLHOTO, HO 06A3aTesbHO Keasucmamu-
HeCK020 npouecca, TNMEePeBOAAUIErO CHCTEMY H3 HAYa/JbHOIO COCTOSAHNSA
B KOHEYHOe.

§ 42. OGobuicHie NOHATHS SHTPONUU
HAa HEPABHOBECHBIE COCTOSIHHS

1. TloHsiTHe 3HTPONNN, KaK OHO BBEJIEHO BB, OTHOCHTCH TOJBKO
K P4BHOBECHBIM cocTosiHiAM. OAHAKO OHO MOXKeT ObiTh cO00MEHO 1 Ha
HEepPABHOBECHBI® COCTOsAHNA. PaceMoTpim 310 ofobienye Jiisi Toro cay-
yag, KOrJia cHCTeMa, HaXOAAIHasca B HepAaBHOBECHOM COCTOSIHHH, MOKET
OLIThL MBICJIEHHO pa30HTa Ha OTARMBHBIC MAKPOCKOIHUECKIe TOACHCTEME,
Ka)Knas H3 KOTOPBIX NPaKTUYeCKH HaXOAMTCSl B DaBLOBECHH, TaK 4TO
ee BHYTPEHHee COCTOSIHHE MOXKHO XapaKTepl30BaTb, HANPHMED, ABYMS
napametrpami 1 u P. BooGuie roBopsi, 110ACHCTeMbl MOTYT COBE[PLIATD
Magpockolnyecke ABHKeHUdA. [lapamerprl, Xapaxkrepu3ylomte BHYT-
‘peHHee COCTOSIHHE IOJCHCTEM U HX MAKPOCKCHMYECKoe JBHIKEHUe,
MOTYT IJIABHO MEHATBCH OT MOJCHCTEMB K IIOACHCTeMe. B 3ToM ciyuae
TOBOPHT, YTO HMEET MECTO A0KQA6HOE THEPMOOUHAMUNCCKOE PasHOsecUe.
TIpuMepPOM MOKET CAYHTB XHJIKOCTb WU Ta3 B COCTOSIHHH MaKpocKo-
MHYECKOTO JIBHXKEHHA, KAK OHO MOHHMAeTCs B THAPOJAHHAMHKE 1l a3po-
AuHaMHKe. MOXKHO TOBOPHTb 006 3HTpONHH §; KaxKJI0H M3 IOACHCTEM
B TOM CMBIC/I€, B KAKOM 5TO IOHATHE OBLIO BBE/CHO B NPEABILYILCM Napa-
rpade. Torna sHTPONUIO BCefl CHCTEMbI MOZKHO ONPEeNUTh KaK CyMMYy
SHTPOIMH TAKHX MOACHCTEM:

S=XS,. (42.1)
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Maxpockonuueckie IOACHCTEMbI, Ha KOTOPbIe MBICJIEHHO pa3fuBaeTcs
BCA CHCTEMA, AOMIKHBI OBITh BHIOPAHbI HACTOJIBKO Ma/bIMi, YTOOH CyMMa
(42.1) yxe He MeHsach NpU JajbHefieM ApoGieHny cHcTeMbl. Mol He
VTBepPKAdeM, YTO ITO MOXKHO cJiesiaTh Bcera. Mul nnoluepKHBaeM ToaIbKO,
UTO Hallle PACUIMPEHHOE HMOHSATHE IHTPONMH NMOKa YTO OTHOCHTCS JIMIb
K TEM CJAyuyasiM, KOria 3TO ClenaTh MOXKHO.

2. Tlpu TaxoM 0GOOUICHHOM MOHHMAHUU SHTPONHH TeOpeMa O ee BO3-
pacrauun ocraercs B cuie. [[19 10Kas3aTe.1bCTBA PacCMOTPHM CHauaga
anHabaTHYeCKH H30JHPOBAHHYIO CHCTEMY, 3aK/IIOUEHHVIO B JKECTKYIO
000/04YKY M COCTOSIILYIO U3 1 mojickcteM ¢ Temneparypamu Ty, T, Ty,
..., T,. Tlpeanonoxum cHayaaa, 4To Bee NOACHCTEMBI HAXOASITCA B [I0KOE,
XHMHUECKH HE pearupyior M He TepeMellHBaloTcs APYr C APYroM (Ha-
npHuMep, B peayabTare AHGMGY3HH), MeXKLY HHMH MOXET NMPOUCXOJAHTH
TOIbKO TersoodMed. Eciau 8Q; — snementapnoe KOJMHYECTBO Telllad,
nosyueHHoe i-ii nojcHCcTeMOll B pe3yibTare TenjiocOMeHa, To, Kak Oblio
noxasaHo B § 16, n
> 0Q;=0. (42.2)

{==1

B rmpouecce TtenmoobMmeHa clicTeMa, NOCKOJBKY OHa H30JIUPOBAHA,
CTPEMHTCS K BIOJHE ONpefeseHHOMY PABHOBECHOMY COCTOsIHHIO. B s1oM
npolecce OAHH IOACHCTEMbI HATPEBAlOTCs, MHOJYyUAs IOJOXKHTEIbHBIE
Kosau4ecTBa Tenaa 8Q;, ApyrHe NOJCHCTEMb! OXJIAMAAIOTCS — 11 HIX
BeunHbl 0Q; orpruarenpib. Ha ocHeBanun HepapenctBa Kiaysuyca
MOXKHO HamHcath A {-H 110JCHCTeMBI

AS, = \ —‘}‘:’lf—,

a C/1e10BaTe/bHO, IAA BCEH CHCTEMBI
n

s (42.3)

o e Tl
i=1

Paso6peM Bce mojcucTeMmsl Ha ase rpymndl: 6ojdee ropauyio rpynny [
(c Homepamu mozcHcTeM oT | f0 m), A5 KoTopoil Bediyiune 8Q; oTpH-
nateabHbl, H Gosee xonoauyto rpynmy 11 (c Homepamu or m -+~ 1 jo n),
I/151 KOTOpOH BeaH4HHBl 0Q; IOJ0XKIUTEIbHBLL. 3anuileM HepaBeHCTBO
(423) B BHJIE m n

- y 0Q; v 6
AS?% ZWT—]_ 2, T;

[y

AS

W

(=1 i=m-1

HepBaﬂ CyMMa OTDHUATCJIBHA, BTOpAd — I10J0XKHTeJbHA. O‘-IeBH}lHO,
3TH CYMMBbI MOXKHO IIPCACTABHTBL B BIije

v 0 1 50, 80, {;1 8Q, ! i 50 8Q,,
T Ty i 0T am Ty Ty e Ty
i=1 i=1 i=m-+1 i=m-—+1
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3aech 8Qp — MOJNHOE KOJIMUECTBO TelJla, TMOJYUEHHOE B 3JIeMeHTAPHOM
nipouecce neppoil, a 6Q; — BTOpoO# rpynmeit noacnerem, Ty u 1y —
HajaexauHM o0pa3oM  yCpeiHeHHble TeMIOepaTyphbl NOACHCTEM 3THX
rpymit. Ouesuano, uro 171> T1. Kpome toro, 8Q; -+ 8Qi = 0,
0@ << 0. Tlocaennue Jpa HepaBEHCTBA BLIPAXKalT TOT (aKT, YTO
B npouecce Tenjoo0MeHa Goslee Teice Tesio BCer 1a OXJIaX1aeTcs], a Menee
TeIioe — HarpeBaeTcs. ZTOT (akT sBAAETCH CeICTBHEM IOCTyJaTa
Kaaysuyca, Bolpamatcuiero ETopce HauaJo TePMOJAHHAMHKH. Takum
obpasom,

AS =

00 Q- Cyo1 !
b e = e — ) 8 0,
3 VT +TII/ S J\TII T1> Qu>

T. €. B Pe3yJbTate Tena0o0MeHa SHTPONHUSI BCeH CHCTeMbl BO3PacTdeT.

3. Jlonyctum Termepb, 4TO MOACHCTEMBI HE TOJBKO OOMEHHBAIOTCH
Ten/JoM, HO H COBepUIAIOT MaKpOCKollyecKoe jBuxkeHHe. Ecan cucrema
H30JHPOBaHa, To O6jarojaps BHYTPEHHHM I1poleccaM TPeHHA MaKPOCKo-
IHYECKOe JABHKeHUe B KOHIUE KOHLOB NPeKPATHTCS, & er0 KHHETHYeCKas
sHeprus nepeifiger B Terio. HepapeHcTBo (42.3) cCOXpaHseT CHAY H B 3TOM
cayyae. Oxnako Tenepb Bce BeqHUNHBI 0Q; BO3pacTyT, a ¢ HUMH Bo3pac-
TeT # BeJHUYHHa, CTosiasA B [TpaBoil yacTH HepaBeHcTBa (42.3). IosTomy
HepaBeHCTBO AS == 0 TONBKO YCHJIHTCH.

4. OcBoGoanmMcsi Temepb OT OTpaHuueHHs, 4TO anHabaTHdecKad
obosouKa, B KOTOP VIO 3aKJ/JI04eHa clcreMa, — kectkas. Ilycrb agnada-
THYecKast 000J10uKa 3JacTHYHA. TOr/la NpH ee pPacTAKEHHAX H CHATHAX
HaJ cHCTeMOH Oy/eT MpoH3BOANTLCA MeXaHH4YecKas paboTa, H B cHcTeMe
BO3HHKHET MaKpocKonndeckoe asiuketie. CaMo Mo cefe BO3HHKHOBEHHE
MaKpOCKOIHUECKOTO ABHXKEHHUS HelOCPeICTBeHHO He BJHAeT Ha SHTPO-
JIMIO CHCTEMbI, MOCKOJILKY OHO He COMPOBOKaeTCs COOOLIEHHEM HJIH
OTHSITHEeM Tellsia. Ero BausiHne ckasbiBaeTcsi KOCBEHHO — uepes fpe-
BpallleHlle B TesIo KHHETHYeCKOH 3HEeprHH MaKpOCKOIHYECKOIo JBH-
JKeHHs. A Takoe MpeBpallenye, KaKk Mbl BHAEIH, BejleT JHIIb K BO3pacTa-
HHIO 3HTpONHH. [lo3TOMy Her HeOoOXOJUMOCTH INpeAloJaraTth, uto obo-
JouKa ecTkas. JlocTaTouHo, yToObl OHa JMIIb aavabaTHUECKH H304H-
poBasia CHCTEMY.

5. Cayyau, Kora B cCHCTeMe NPOHCXOANAT XIMUYeCKHe peakUuuy HiIH
npolecchl NepeMelinBaHus, B o0lIEM BujJe Mbl pa3buparh He OyjaeMm.
Yactrplil ciiyuait cMelieHHs JBYX ra3oB 6yleT pa3obpaH B CIAYIOEM
naparpage. 3jech ke orpaHHYHMCH CAeAyIOWHM 3ameuanueM. [lokasa-
TeJbCTBO HepaBeHcTBa (41.2) Obllio NpoBesieHo B 00IEM BHAE A/ 100X
IIPOIIECCOB, TNPOUCXOASIMHX B cHcTeme. EJMHCTBEHHOe OrpaHudeHHe
COCTOHT B TOM, 4YTO HA4a/JbHOE H KOHEUHOE COCTOSIHHS CHCTEMbI JOJIKHBI
ObITL paBHOBecHBIMH. EcTecTBeHHO OXHJATb, YTO BO3PACTAHHE SHTPO-
MHH B HePaBHOBECHOM ITpolLecce, NePeBoIsiieM CUCTEMY U3 PABHOBECHOTO
cocTosiHMA [ B paBHOBECHOE COCTOSHHE 2, BCerja NPOHCXONUT MOHOTOH-
Ho. Ecau a1o Tak, To HepapeHcTBO (41.2) cnpaBenyuBo TakxKe A5 JH00LIX
HepABHOBECHBIX COCTOSIHHI I U 2, M3 KOTOPHIX NepBOe IPeAIIeCTBYeT
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BTOpOMY. JI7151 J0KA3aTe bCTBA NOCTATOUHO COCTOAHHS [ H 2 paccMaTpH-
BATb KaK [1POME:KYTOUHLIC HEPABHOBECHLIE COCTOSIHUSA B alafaTHiecKoM
npouecce, NepeBo;IsileM CHCTeMY H3 PaBHOBECHOI'O COCTOAHHS 3 B paB-
HOBecHoe e coctoaxue 4.

6. Ecau cocrosiHie CHCTEMBl TaKOBO, UTO ee€ HeJb3s pas0HTb Ha
MaKpOCKOMHYECKHE YACTH, HAXOASUHCCSA B JOKAJBLHOM TEPMOAHHAMH-
YeCKOM .paBHOBECHH, TO NpPHBEJCHHOe 000OIeHHe MOHSTHS SHTPOIHU
TepsieT cMblca. ONHAKO cTaTHCTHYeCKAs (pH3UKa [I03BOJIseT pacnpoctpa-
HUTb NOHATHE SHTPOIHYU Il 3aKOH ee Bospacm}ma H Ha TAKHEe COCTOAHHA
(cm. § 80).

7. Knaysuyc, paccmaTpuBas Bcro BceeneHHyl0 Kak 3aMKHYTYIO CH-
cTeMy, CBeJ COjeps:KaHue BTOPOrO 3aKOHA TePMOJAHHAMHKH K yTBEpiK-
JeHHI0: «DHTponusi BeenenHoil crpeMurcss kK mMakcumymy». Koraa stor
MakcuMyM OyleT AOCTHTHYT, BO BcesieHHO npekpatarcsi Kakue Obl TO
HH Obl10 npoueccsl. JledcTBHTENBHO, KaxAblii npollecc NPHBOAWI Bkl
K BO3pacCTaHUIO 3HTPOIHH, a 3TO HEBO3MOMKHO, TAK KAaK 3HTDOIHS YiKe
JOCTHIVIA CBOETC MpejesibHOr0 ~— MaKCHMaslbHOTO — 3HaueHHst. Takum
o6pasom, corgaacHo Kiaysuycy, Bo BeesleiHON B KOHIe KOHILOB JOJKHO
HacTyNUuTh abCo/IOTHO PABHOBECHOE COCTOSIHME, B KOTOPOM HHKaKie
NPOLIECCHl y2Ke HeBO3MOXKHLI. Takoe cocTosiHie 6bl/I0 Ha3BAHO Menaosol
cmepmoto Beeaennoti. CoOCTBEHHO T'OBOpS, AJISl TAKOTO BBIBOJA COBCEM
He TpebyeTcst MpHUBJEKATh NOHATHE SHTPOIMU H 3aKOH ee BO3pacTaHHS.
JleficTBUTENBHO, 3TOT BHIBOJ €CTh He UTO HHOe, Kak oflee Hayalo Tep-
MOAMHAMHKH, paclpocTpaHeHHoe Ha Bcio Beenennyo. OnHako u ofuiee
Hayajgo TepPMOAHHAMHKY M 3aKOH BO3DACTAHHS SHTPONHH IMOJYyUYeHH
nyteM oGOOlIIeHHS] OMBITHBIX (PaKTOB, OTHOCHALIHXCA K 02PaHUHEHHbIM
cucrmemam. PacnpocTpaneHne UX Ha BCIO BCeseHHYIO €CTb 3KCTpanoss-
uMs, A5l KOTopo#l Her ocHoBaHHi. BceseHHas B 1esoM MOXKET 3BOJIO-
IIFIOHHPOBATD HENIPEPHIBHO H MOHOTOHHO, HUKOT/Ia He NIPHXOASl B COCTOHA-
HUe TePMOJHHAMHUECKOTO PABHOBeCHS. TaKast BO3MOKHOCTE AONMyCKaer-
cs1, HanpuMep, obuieit Teopueil OTHOCHTEABHOCTH: OJIarofaps HajJHYHIO
IPaBUTALHOHHEIX TOJMEH T'MTaHTCKHe KOCMOJIOTHYECKHE CHCTeMBl MOTYT
HelpephBHO 3BOJIIOLLHOHHPOBATL B CTOPOHY BO3PAaCTaHUSA SHTPOIHH,
HUKOT/J2, OJHAKO, He NMPHXOJAS B COCTOSIHHE C MaKCHMYMOM 3HTPONHH,
TAK KaK TaKOro COCTOsSTHHS BooOule He cyuiecTByeT. Jlpyras KpHTHKA
KOHUeNMUHH TenaoBofi cMmepTH Bceesnennoli 6wia jgaHa bBoabumanom
(cM. § 80, nyHKT 6).

§ 43. Bospactanue 3uTponnu npu puddysun rasos.
ITapapokc I'ndoea

1. Ilycts gBa uaeanwpHBIX Ta3a [ 1 2 3aK/II04EHB B 3aKPHITOM COCYIe
C TBePALIMH aHAGAaTUYECKHMH CTCHKAMH, TakK 4To o6beM cocyia V
OCTAaeTCsl HeH3MeHHbIM. B HAYAAbLHLIA MOMEHT Iashl OT[eJeHBl OJHH OT
JAPYTOro HelpoOHHUAEMOH Neperopoikoil i UMeroT obilyio Temnepatypy T
3areM neperopojka yGupaeTcs, W HayuHaeTcsi HeoOPaTUMBIH Mpolecc



§ 43] BO3PACTAHUE SHTPONHH MPH OUOPY3HUH FA30B 137

cMetlieHdsl Fa3oB. B KoHile KOHIOB OH [PEKpaIlaercs, 1 CHCTeMa nepe-
XOJAHT B PaBHOBECHOe COCTOsIHHe, B Koropom o0a rasa paBHOMEPHO
nepeMewiansl. Temreparypa B KolediloM COCTOSHUH Oyaer Takas e,
yro H B HauYaJLHOM COCTOSHIM, TaK KaK clicreMa 130JHpoBaHa, a
rasbl — HacanbHble. Kak H3MEHWICS 3HTPOIS CHCTEMBbl IIOC/E CMe-
WeHHA?

[Tpu TepMOAHHAMHUYECKOM ONpeaesIeHHH 3HTPOINH 3ajaya CBOAUTCSH

s

K BbIUHCJICHHIO MHTErpasa \ 6—7(,2~11JIH npouecca, 1epeBoAsUIEro CHCTEMY
113 HAYAJBIOTO COCTOSIHHS B KOHEUHoe. DTot npoliecc MoxKer ObiTh JItO-
ObIM, HO 00513aTe/IbHO KBa3HeTaTiyec KM, JlefiCcTBHTebHO HHPOUCXOASLILUA
1npolecc cCMelleHHs, BO3HHKAOUNA Tocde yIaleHHSA [EePEeropojkH, He
TrOJIHTCSI, TAaK Kak OH He KBasucrarHueckiidl, OaHako
TIPHHIHTIHAABHO BO3MOKHO CMelllaTh ofa rasa Ksasi-
CTaTHYeCKH, €eCJH TOJILKO Tra3bl He TOXJeCTBEHHLI.

310 MOXKHO CclleslaTh, Halpumep, CJAeAylolWHM 006- !

pasom. 1 a
JonycTiM, YTO HEperopojka, pasiensoulast rassl

B HAYaJbHOM COCTOSIHHH, COCTOHT H3 JBYX Hjealb- [~~~ =~ =~" b

HBIX MOJYNPOHHIAEMBIX [EPEropojoK a H b, CloXKeH-
HbiX BMecte (pHc. 39). Ileperoposka a Gecnpensiter-
BEHHO IIponycKaer ras /, Ho aGcoJIFoTHO HeNpoHHIlaema
aasi rasa 2. Ileperopoaka b, Hanporus, npomyc-
Kaer ras 2, HO HenpoHHLaema aas rasza /. Mpeans- Puc. 39.
Hble TOJIYNPOHHIGeMble MEPEropoAKH B JAEHCTBHTE/b-

HOCTH HE CYIIECTBYIOT, HO OHH JIONYCTHMBI B PacCy2KAeHH X, MPHMEH A0~
IWHXCS B MBICTEHHBIX 3KCIepHMeHTax *).

CJ10:KHasl IEPEropoiKa, CoCTosIIAs U3 NEePeropoickK a H b, oueBHIHO,
HeNpPOHHIAEMA H AJist Taza [ ¥ Juis ra3a 2. YcorpaHus ajnadaTHUECcKylo
H30JIALHIO CHCTEMBI, TPUBEAEM €€ B TEMJIOBOH KOHTAKT C TePMOCTATOM,
TEMIIEPATYPa KOTOPOro MOAJEPKHBAeTCsl MOCTOSiHHOH W paBHofl 7.
3areMm nepemellleHHeM NeperopoAkd b 3acraBuM ra3 / KBa3HCTaTHYCCKH
paciiHpsThCs OT MepBoHauaaLHoro obbema V, 1o xoneunoro obbema V.
Ilpu Takom pacwumpennu ras / copepluaer padorty, H JJis HOALEPKaHUA
TEeMIIEpaTyphl OCTOSTHHON K HEMY HaJ0 OAROMHTH Temio. [Ipupamenue
suTpomnu rasa / mwafinerca no gopmyde (40.7). I'lockonbKky Temneparypa
0CTaeTCsA MOCTOSIHHOI, OHO PaBHO

14
Alszle 1n—vr)

™

rle vy — uncesao Moseit nepeoro raza. Coctosinye rasa 2 npH 5ToM MeHATh-
cst He 6yner. Teneps Gyiem TaKHM 2Ke 00PA30M HEPEMEILATh IOy TPOHH -
[aeMyI0 MEePeropojiky a, 4robbl raz 2 KBasHCTATHUECKH 3aMOJHUM BeCh

* 5
),HJIH BOIOPOJA HAUJIYUYILIHM H3BECTHBIM ﬂ})Mﬁ;’IH)KEHHGM K HIeaJbHOHI IOoay-

npoHKHaeMOH neperopoaKe ABJAACTCA ropAavas naJdsagreBad (1)0.'11:1‘3, npomnyckawomas
3TOT ras,



138 BTOPOE HAYAJIO TEPMOJUHAMHKHU [rJ. 111

o6beM cocyaa. CocTosinne rasa / npH 3TOM He H3MEHHTCH, a SHTPONHA
rasa 2 MoMy4HT mphpauieHie

AzS - VQR 1n T‘//—)

rie v, — 4HcJAo Mosefi rasa 2, a V, — ero HayaJdbHbl 06beM. B pesyib-
TaTe cHCTEMa NpPHIET B TO ¥Ke KOHeYHOe COCTOSIHHE, UTO H B OMNHCAHHOM
BhIIII® peaJbHOM mpouecce cMeluenus. Ilpupamenue sHTponuy Beell

CHUCTEMBbI PABHO / 1% Vo .
AS:R:\VI]H T-‘}—Vglﬂ T"/l. (431)
\ 1 2

Ono mosoxuTeNbHO, Tak Kak Vi << V u V, < V. Durpomus Bospocia.
ITo HOKas3biBAaeT, YTC CaMONPCH3BOJDLHBIH TIpoilecc CMelUeHHs! ras3oB
B ajuabaTtudeckoil ofosouke, ONMCAHHEBIN B Hauaje 3Toro naparpada,
J1eHCTBHTEJNBHO HeoOpaTHM.

2. ®opmyaa (43.1) npuBoANT K IapafoKCaJbHOMY BLIBOLY, Ha3bl-
saeMoMy napadokcom 'ubbea (1839-—1903). Homycerim, uro rasst 1 1 2
ToxaectBeHdsl. Torga no dopmyse (43.1) Bozpacranue satponnn AS
no-npexHemMy ocraercs. Hanpumep, ecin neperopoixa jAesuT OLIH U
TOT e Td3 B KOJIYeCTBe v MoJiell Ha JBe PaBHBIE YaCTH, TO vy = V, =
=1, V, =V, =1,V, u ¢opmyaa (43.1) naer

AS=vR In2.

Ox1Hako, KOHEYHOE COCTOSHIE CHCTeMBl MaKDOCKONHYECKH HHYeM He
OTAHYAETCS OT HAYaJbHOrO. DHTPOMHA BO3POCIA, @ COCTOAHHE CHCTEMBI
He H3MeHWJoCh. B 3Tom H cocToHT napajickc ['nbbca.

s moHumanust napagokca I'nb6ca CyIIECTBEHHO 3aMETHTb, 4YTO
ctopmyaa (43.1) nokazaHa HaMH TOJILKO AJ151 cJydyas, KCrja CMeLIHBato-
nHecsd ras3wl I U 2 cyuiecmeeHHo pasaudmsl. Jas TOXKACCTBEHHEBIX ra3oB
HAllM PacCyXKIeHHA He IpPHMEeHHMbL [lepercpoiakl, nmpoHHLAeMmble HIH
HenpoHHLAeMble A5 ra3a I, OCTaHYTCSl TAKOBLIMH Ke M 175 raza 2,
TOKJECTBEHHOr0 ¢ HHM. JIpHHIUNHAJBHO HECBO3MOXHO MepeMellaTh
TCXKIECTBEHHBIE Tas3bl KBA3HCTATHYECKHM CHOCOGCM, OMHCAHHBIM BBIILE.

Ana Toxuecrsennnx rasoB AS = 0, u dopmy.ia (43.1) Henpumenu-
ma. Ho 310t GopMyacit MOXKHO NOJAB30BATLCA BCETAA, KCTAA aTOMBI AL
MCJEKYJbl CMELIHBAIOIIUXCS Fa3CB PasJW4Hbl, XOTs OB 3TO pasfaiyle
11 6BUIO CKOJb VYIOAHO MadAblM. TeopeTHueckH MONMYCTUM NpejerbHbIH
nepexos, B KOTOPOM CBOICTBA 4TOMOB OJHOTO rasa HeOrPaHHYeHHO
npubamKawTes K CBOHCTBAM aTOMOB Jpyroro rasa. Bospacraune
HTPONHY AOMKHO Obli10 OBl COXPAHHTLCS H NPH TaKoM NpeAeabHOM
nepexoje. JfHwTeliH (1879--1955) Bunes B 3TOM onmpejeneHHYIO TP yI-
HOCTb, CBOHCTBEHHYIO KJACCHUCCKGMY OIHCAHHIO SIBJEHUH NPHPOIHL.
Taxcii TPYAHOCTH He CYIIECTBYeT B KBAHTOBOH (DU3HKe, Ile COCTOAHHA
GU3UUECKHK CHCTEM -— JHCKDETHBl. B 4acTHOCTH, YHCIO PAa3THUHBLIX
TLIIIOB ATOMOB KOHEYHC, a NOTCMY HeJdbasl BHIICIHUTBL TaKOH Ipeuelsb-
Hbl repexoj, B KoTopoM Obl CBORCTBA 0JJHOTO aTOMa HEHPEPLIBHO nepe-
XOAIJIH B CBOHCTBA APYIOIO, ' '
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§ 44. PaziuuHble NMOHUMAHHA
BTOPOro Hauyaja T2PMOAHHAMHKH

TepMuH «BTCpPOe Hayalo TepMOAMHAMKKH» yrnoTpeGasietcss B dusuke ywie Gosee
cTa get. OAHAKO AC CHX (0P PasHBbIE dBTOPLI BKAALBIBAKOT B HETO PA3IHUHOE ColepKa-
Hie. XoTa 3TOT BONPOC H YHCTO TePMHIOJIOTHUECKHI, UMERT CMBICJ KOPOTKO OCTAHO-
BHTBCH HA HeM,

Han6oaee 70rMyno nocTynaoT Te aBTOPBI, KOTOPHIE MOHHMAOT MON BTOPBIM
HAYaJOM OCHOBHOW nocTyaaT: nocTy.1aT Tomcona — [lnanka, nocryaar Kaaysuyca
HJIH SKBHBAJCHTHBIC HM YTBEDKIECHHUA.

Jpyrue aBTOpbl CBOAAT cojeprKaHHe BTOPOTO Hauasla TepMOANHAMHKHY K ABYM
NONOKEHHIM, SBJAAIOINMCS CACACTBHAME OCHOBHOIO NOCTyJjaTa: 1) CyLecTBOBAaHHIO
SHTPONMH S KakK QYyHKLUHH COCTOSHHS CHCTeMBL; 2) NPHHIIMNY BO3PACTAHHS SHTPOIHH.
OTH JBa nojOKenHsd, Kak Bnepsule otMetwsa T. A. AdanacbeBa-Dpendect (1876—
1964), nornuecku He3aBHCHMBI APYT OT Apyra. B camom aede, cyuecTBoBanHe (yHK-
LUHH S coBepLIEHHO He 3aBHCHT OT HeoGPAaTHMOCTH ecTeCTBEHHBIX MPOLECCOB, OTpa-
AKEeHHOH B (OpMYy/HPOBKE OCHOBHOTO MOCTY.1aTa. DT0 BHIHO Yi&Ke H3 TOTO, uTo
B OCHOBY JI0Ka3aTeJbCTBa CYIIECTBOBAHUS 3IHTPOMHH S MOKHO ObL10 Obl 110J0KHTH
npsSMO NPOTHBOMOJIOKHBIH TOCTYJaT, Hanpuep, Takofi: «HesBo3moxen Kpyrosoft
npolecc, eAMHCTBEHHBIM De3yJbTaTOM KOTOPOTro ObIO Obl Harpesanue TeNJI0BOro
pezepByapa 3a cueT Mexanuueckofl paGoTer». JloKasaTelbCcTBO :Ke BO3pacTaHHA
SHTPOMHMH CYIIECTBEHHO ONHPAETCS HMEHHO Ha OCHOBHOH TOCTyJAaT, a4 He Ha o6paTHoe
eMy yTBepxjente. Ecau €u Obl10 c1paBelInBO o6paTHoe yTBep:KIACHHR, TO SHTPONHS
a/iHa0aTHUeCKH H30./THPOBAHHON CHCTeMBbl He Bo3pacTana Obl, a yOnlBana.

Haxkonew, Muorve asTopel To npuMepy AdanackeBoii-DpeHdecT NoHUMAOT
[OA BTOPHIM HAYAJOM TEPMOAUHAMUKH TOJbKO OLHO CJCACTBHE OCHOBHOTO NOCTY.aTd,
a4 HMEHHO CYIUECTBOBAHHE SHTPOINHH KaK QyHKIHH cocTosiHHa cucTeMbl. OcHOBaHHeM
JJ4 TAKOTO NOHWMAHHA MOXKeT CAY/KUTh 3ameuaHue, yTo BCe COOTHOLIeHHS, UMeloIHe
XapaKTep paBeHCTB, BbIBOAHMBIE H3 BTOPOTO Hauaja TEePMOAMHAMUKH, HCIObB3YIOT
JHIIb OJHO CBOHCTBO 3HTPONHH — ee OECKOHEUHO Majioe INIpHpauleHHe sb./lAeTca
N0JHEIM JHdgepeHIHaIoM.

§ 45. TepmoanHamuueckue (bYHKUMH

1. Hapsaay ¢ sarponyefi MOKHO TI07Ib30BaThC MHOKECTBOM JAPYTHUXK,
CBA3AHHBIX ¢ Hell QyHKUHUH cocroanus. PaccMorpuM TJaBHeliune H3
HHX.

Ecnn npouece — KBasucrarnueck#it, to 6Q = 7dS. ns taxoro
npollecca ypaBHeHHe NEpBOTO HAyasa

Q=dU+PdV (45.1)
MOXKHO TepenucaTtb B BHIe
dll=TdS-—-PdV. (45.2)

Ecau BeectH sHTanenuw [ = U 4+ PV, to MOXHO HCK/IouHTL U H
NOJYYHTH

dl =T dS -V dP. (45.3)

Tax kak TdS = 8Q, To npu nocrosuuom aaegaennu dl = 06Q. Orcrona
BHJHO, UTO JHMAAGNUL eCMb MaKas PYHKYUS COCIOSHUA, NPUPaiieHue
ROMopoll 6 Keasucmamuyeckom npouyecce Npu HOCMOAHHOM OagaeHull
daem Koauvecmso menia Q, noayuenroe cucmemoi. Ilo 3tofl npuunHe
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SHTAJBIIMIO HA3LIBAIOT TAKKe meniosol (ynkyued wiu menaocodepica-
Huem.

OcobeHHo BazKHoe 3HayeHHe B TEPMOAMHAMHKE HUMEIOT JBe (PYHKIHH
cocrosihus: ceobudHas anepeus W, BBemenHas lenbMrosbueM, H mep-
moOunamudeckutl nomenyuas D, BBefeHHbl ['mG6coM. ITH GYHKUHH
COCTOSIHHS ONpeje/IsSIorcd BRIPaXKeHHAMH

Y=U-TS, (45.4)
Q=Y +PV=U~TS+PV. (45.5)
Iaa ux audepepeHIHAIOB Jerko MOMYYHTh
AV =—8SdT —PdV, (45.6)
dD=-—8dT+V dP. (45.7)
ITpn usorepmuueckoM npouecce d7 = 0, a notomy d¥ = — PdV =

= — 8A. Orcioga A = ¥, — W¥,. CnenoBatenbHo, c80000HAS 3Hepeus
ecmb YHKUUA COCMOSHUA cucmemsl, Yybbiab KOMOPOU 8 Keasucmamu-
HECKOM UBOMepMULeckom npouecce Oaemn pabomy, Npousee0ernyro cucmz-
MolL.

Cootnomennst (45.2), (45.3), (45.6) u (45.7) HaBOJAT Ha MBICIL
paccMaTpHMBaTh BHYTpeHHIO sHepruio U Kak (YHKUHIO apryMeHTOB
S u V, snrtanpnuo [ — xak ¢yHkunio S u P, ceobonnyo sHepruo ¥—
Kak ¢yHkunwo 7 u V, repmoauHamiuecknil noteHuuas @ — Kak QyHK-

LUK ,1‘ H P: U:U(S, V),
I=1(S, P), N
YW (T, V), (45.8)
D—D (T, P).

Takoro poma COOTHOILIEHHS HA3HIBAIOTCS KAHOHUYECKUMU YPABHEHUAMUL
cocmoanus eeujecmea. OHY OBLIH CHCTEMATHYeCKH BBeJICHBI B TEPMOIHHA-
muxy I'u66com. ['u66c ormMeTu/1, 4TO KaxAoe H3 KAaHOHHUECKHX ypaBHe-
HU{l COCTOSIHIIS aeT GoJiee GoraTyro HHGOpPMAaLHUIO 0 CBOACTBAX BELIeCTBa,
yeM TepPMHUECKCE HJIH KaJOopHYeCKOe YpPaBHEHHS COCTOSHHS B OTAENb-
HOCTH. KaHOHUHECKOe IpasHeHue COCIMOAHUA, 8 KAKoU Obl U3 Hembipex
gopm (45.8) ono Hu Gvir0 63amo, codepacum NoAHbie C8e0eHUS O MepMu-
yeCKux U Kaiopuveckux ceotcmeax eewjecmsq. JleHCTBHTENBHO, H3 ypas-
seHnit (45.8) mesyuaem

=5, a5+ (] v
af

di—(55 ), 4S + (35 ), 4P,
4% — (OT/VdT+<g—‘5>TdV,
4D — (%%)P T -+ /\‘j—f)z dp.
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CpaBHeHue 3THX COOTHOIUeHHH ¢ coorHouieHisMH (45.2), (45.3), (45.6)
i (45.7) paer
(U /U

T="35v =—lar)s (459
P V-l o

:_<_‘3_7‘§L‘)V, p:_<%>r, (45.11)
S=— (%‘)P’ V= <%%\>T.' (15.12)

OrmeTHM /Ba- CACLCTBHS BLIBEJCHHLIX ypasHenui. M3 onpenenenus
dynrkunit ¥ O caeqyer U =V 3+ T8, I.=® + TS. Iloacrasus
CHa BBIPAXKCHHA 15 sHTponHH U3 Gopmya (45.11) u (45.12), nomyuum

/0w
U:‘F—T‘\Eﬂv’ (45.13)

. o
o722 (45.14)

It ypaBHEHUS Ha3wBalOTC ypasHenuamu ubbca — eavmeosvya.
Cpasy MOKHO OTMETHTD T110/1b3Y, KOTOP Y0 MOZKHO H3BJIeUb H3 3THX ypaB-
nennit.. Hacto GriBaer qerko Halitu ceoGopnyio suepru ¥ ¢ TouHOCTBIO
J0 CJaraeMoro, 3aBHCSALIEIO TOJBKO OT TEMIepaTypel. DTO MOXKHO cle-
JaTh, BLIYUC/MB H30TEPMHUYCCKYIO paboTy, . coBepllaeMyld CHCTeMOi.
Torna popmyaa (45.13) nossonser ¢ Toit e HeonpejleJIeHHOCTbIO HAHTH
H BHYTPEHHIOK SHEpIii0 CHCTEMEL.

Ecan ussectHa ¢pyukunsa U= U(S, V), To auddepeHupoBaHneM ee
no S u V mMoxkHO HallTH TeMueparypy H JaBJeHHe CHCTEMEl, T. e. IOJY-
YiTh TMOJIHBIE CBEJEHHS O ee TepMHUecKHX cBofictBax. 3aTeM no ¢op-
syJe (45.1) moxuO HafiTH 0Q H COOTBETCTBYION(HE TEIJIOEMKOCTH, T. €,
NOJAYUNTL TIOJHblE CBElEHHS TakKkKe M O KaJGpHYecKUX CBOHCTBAX
creteMbl. To 2Ke caMoe MOKHO CJies1aTh ¢ IOMOLLbIO JIIOGOT0 H3 OCTABIIHX-
¢l TpeX KAHOHHUYECKHX YpaBHeHHH COCTOSIHHS. .

2. Jlanee, BTOpHUHBIM AH(hepeHIHPOBaHUEM H3 COOTHOILEHHH (45.9)
HaXOHM

(), =2, (22 v
oV /s 9SS av >’ a5 jv ovas -’

Otcrona Ha OCHOBaHHH H3BECTHOI TEOPEMELI 4HAJIH3a O NiepeMeHe TIopAnKa
AnddepeHUEpoBalns caeyer

5=~ o
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Awnanorununo, .
5= (%), 1o
(ﬁr - (3};‘1 (45.17)
(5p ) = = (%), (45.18)

311 # nofo0Hble UM COOTHOWICHHS HA3LIBAIOTCH COOMHOWEHUAMU 630~
umHocrnu Han coomuoenuanu Marcseara. OHH TIGCTOSHHO HCNOJb-
3yIOTCSl AJ5 BbIBOJA PAa3/HUHLIX COOTHOLUEHH MeX1y BeJHYHHaMH,
XapaKTepH3YIOWIMH TepMOJIHHAMHYECKH DPaBHOBECHBIE COCTOAHHSA CH-
cTeMbl. Takoil METOA BHIBOJA Ha3bBACTCH MEmMOOOM mepMOOuHaMu-
HeCKUX (PYHKYUL WIH mepmMOOUHAMUHECKUX NOMeH|Uai08, B OTIHYHE OT
Memoda yuraoe, o KoTopoM ropopuiock B § 34. Ilosichum ero Ha AByx
npHumepax. _ A
I[Tpuwmepl. PaccmoTpum GecKOHeYHO MaJblil KBa3HCTaTHUYECKHH
H3oTepMHUeckHi npolecc. Ilogenne coorTHolenne (45.2) Ha dV, Haiigem

U\ [0S
o= Tl Py

HJIH Ha OCHOBaHHH cooTHolleHHA (45.17)
(U . [OP, -
(57)r=T(57), — P- (45.19)

ITpumep 2. Jlaa Takoro ke nporecca jfeJenneM Ha dP 13 dopmy-
npl (45.3) nonyuaem

a1 /08
(W>T: T \oP 1 +V,

HJIH Ha OCHOBaHHH cooTnomenHs (45.18)

/01 3 /OVA
— ) =V =T i
\oP/T |

(57 )pe (45.20)

CootHommernns (45.19) u (45.20) 611 noayuens B § 34 METOAOM IHK/IOB,
dopManbpHO METO/ TEPMOAHHAMIYECKHX (DYHKIHE NPoLue MeToAa IHKJIOB.

3. Tepmoannamuueckue Gyuxiuu /, ¥ n O 6pu1n BBefeHb HAMU /151
CHCTEM € Jeyms crmeneHamu co6odel, T. €. TAKHUX CHCTEM, BHYTpeHHee
COCTOSIHNE KOTOPBIX ONpejensieTcs AByMs napamerpami. Bece cxaszanHoe
HeTp yJIHO OBOOLIHTD H Ha CUCMEMbL CO MHO2UMU crmenenamu ca00600s.. Hano
TOJIbKO BO BCEX COOTHOLIEHMAX BBIpaKEHHe [JIA 3/1eMeHTapHOH paGoThl
8A = PdV 3amenuth BuipasieHnem (12.5). B pesysibrare noayuatorcs
cAelyIoUHe onpejeeHus:

[==U+4N Aia; (3uTaabnus), (45.21)
Y--U—-TS (cBOBoaHas IHEpTHS), (45.22)

Q=Y+ ¥ Ajq; (TepmopnHamMuuecKHH NoTeHmuan). (45.23)
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s audpepennnalop cooTBeTCTBYIOILIX GVYHKIH Nosayuaem
dU=TdS — X A, du;, (45.24)
dl=TdS-+ XY a dA,;, (45.25)
d¥=—SdT — ¥ A;da;, (45.26)
AP =—SdT+ > a;dA,. (45.27)

§ 46. TepmoauHaMHuecKasi Teopus
atpdekra Jdxoyns — Tomcona

1. O6 sppexte Ixoynss — Tomcona met ropopuau B § 19. Pacemot-
PHM TeNepb TePMOAHHAMHUECKYIO TEOpHIO 3TOro sipieHus. Ilycrth Mo
pasHble CTOPOHbl Npobku B onbite [[oyass — Tomcona (cM. puc. 18)
110/l iepKHBaeTCsl Majtas pasHocTh AasieHuil AP. CooTBercTBymIAs
efi pasHocts Temneparyp A7 usmepserca B oneite. TeueHne rasza npexa-
llogaraercst yCTaHOBMBIIMMCA. 3ajaya TeOPHH COCTOHT B TOM, 4TOObI,
sHast AP 1 ypaBHeHHe cOoCTOsIHHS ra3a, Buiuucantb AT. Kak Obl10 noxa-
3ano B § 15, npn NpOXOXIAeHIIN Yepe3 IIpoOKy »HTadbLIs rasza [ He
meHsercs: Al = 0. IlpeneGperast BesanuuHaMil BbICLIEIO IOPSAKAE
MaJ10CTH, MOXKHO HaIHCaTb

/o -
Al = 'a;"/p AT+ \ AP =0.
Tak Kak o =C a(/a,\ onpejenAeTca BelpaxenueM (45.20), To
oK ‘r')T"P— Py \C7P/T p p e . ,
OTCI0d HAXO0AUM
- r /dV\ -V
a7 \ 9T (46.1)
APjp Cp : :

3unavok [ B JeBOH YacTH, KakK Bcerjia, YKa3plBdeT, YTO B Xoje Mpoiecca

SHTAJABIIHA ] He MeHfAeTcHd.
RT 0]’

Ecry ras — ugeanbhbiil, 10 V== 0, T |55 ==V a [oTOMYy
AT == 0. Takum oOpa3oM, 0.1 udeaibHoix caaos aqbtf)ehm Hwoyas —
Icmoua He umeerm mecma. Ho ansl peaibHbIX rasoB, BOOGLIE roOBOpH,
NPCHCXOAHT JHOGO HarpeBaHue, Jub0 oXJaxIeHHe. IJTOT BOIPOC Mbl
noiapo6Ho pastepem B § 104 nocse TOro, xak B HallleM PACIOpP2KEHUH
Gyier npuOIHKeHHOe YpaBHEHHE COCTOSHMHS peasbHbIX ra3oB (ypas-
neHye BaHn-nep-Baasabca).

2. TloBblweniie HWJIH NOHUMKEHHE TeMrepaTypbl pPeasbHOro rasa rpu
CTallHOHAPHOM TeyeHHH ero uepes npoOKy HasplBaeTcs dugpgpeperiiii-
a.bneim  agermom  Hocoyas — Tomcona. STUM  Ha3BaHUEM  XOTAT
NoIYepKHYTh, 4ro BetHuuHel AT u AP, Bxonsuge B dopmyay (46.1),
AB1IOTCH MAJBIMH, TaK YTO X OTHOLIEHHE MOMKHO 3aMEHHTb YacTHOH

0T
IPOH3BOJLHOI ‘ap/ Hapsiay ¢ aupdepenunaibipiM sdpekToM pasiu-
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HAIOT TaKKe uHmeepassroi ahgdexm Ioncoyrs — Tomcona. B stom cay-
yae pas3HOCTh JABJIEHHH, NPOXOAUMAas TEKYILHM rasoM, Beluka (00bUHO
JeCATKH W Ja)ke COTHH artMmoctep). MsmeHeHHs TeMmilepaTypnl Takike
3HaunTesnbHLL. [TosToMy HHTEerpaabHbI 3hheKT IpUMCHSETCS B TeXItie
IJIs TIoJyuyeHHs] HU3KHX Temmnepatyp (cm. § 105).

Hurterpanbuslil 3pPeKT OCYIIECTBASETC NYTeM 0pocceauposeHus
easa, T.e. MPOTEKAHUEM ero depe3 BEHTILIL (MaJoe OTBepcCTiie), 1O
pasHbie CTOPOHLI KOTOPOIo NnojjepxuBaercsl Gosbliuast pasHOCTh [14B-
Jenud (cMm. § 25). B sTom caydae TakkKe COXpaHMeTCs 3HTAJBMIN, KAK
370 6b10 MoKasaHo B §25. JIpoccennpoBanue He ABISIETCS PABHOBECHBIM
npoueccoM., OHAKO HaYalbHOE 1 KOHEYHOE COCTOSIHUS ra3a sBsiores
paBHOBECHEIMH. OHH TIOJTHOCTBIO ONPE/eJIAIOTCA 3a1aHueM SHTalbHU i
nasiaenusi. I1pu BblUHCIEHHM H3MEHEHNS TeMIepaTyphl peadbHblil mpo:
Iecc MOXKHO 3aMEHHTb KBA3HCTATHUECKHM IMPOLECCOM, NPOHCXOASIIM
IIPU MOCTOSTHHOH 3HTAMBIIHH, T. €. PAcCYXKJaTb TaK, Kak eci Owi HuTe-
rpanbhblil adext Jxoyas — TomcoHa coCTOsT U3 HenpepouiBHOI Mo-
ceioBaTebHOCTH AHGpepeHLHadbHbIX 3¢derToB. Takum nytem moay-
4yaeM BblpaxKeHue oy

P, P, o
[T ~
ey S (46.2)

Ty— Tl_\( de:S

op)
1 1

Pasymeercs, Takas 3aMeHa peajJbHOTO NPOLecca: KBa3uCTaTHUCCKIM

FOMTCS TOJBKO JJIsl BHIUMCTEHHS TapaMeTPOB ra3a B KOHEYHOM COCTOS -

HUU. Pe3ysbTar nosyvaeTcs Npapu/IbHBIM He MOTOMY, YTo 06a npotlecca

TOXKJECTBEHHBI, @ IIOTOMY, YTO OHU NPHBOLSIT K OOHOMY U MOMY KHe

KOHEYHOMY COCTOSTHHIO.

3. Buabsm Tomcon menoabsosan aubdepenmanbunit sfdexkr Tmoyas — Ton-
COHA AMSl TPAAYNPOBKH TepMOMeTpa B abCOMIOTHON TCPMOAHHAMHYCCKOI 1IKAjC,
Honyctum, yto mnposoautca onbit Jlkoyast — Tomcona ¢ KakKuM-JIMG0 Peabiibing
razom. TemilepaTypa raza H3MepsCTCs C NOMOULLIO [POH3BOJBHOTO TEPMOMETPA —
3TY 3MITHPHUYECKYIO TeMllepaTypy 6yicM oGo3nauarb OYKBOH - T. 3azaya CBOAHTICS
K HaxoxaeHHIO @yuxuun T = T (1). Oucpuauo

AT _ AT At
AP = At AP’

HJIH, 3aMeHASd KOHedYHble NpHpallenHsa ,!lHC’p(pL‘pCHIJ.HHJIBMH,
AT _dT Av
AP = dv AP"

Hanee, <gv) _[ovy
aT.jp —\dt jp 4T’
<6Q\ <6Q\ dr —C dt
Co={4r e~ \dv/pdr =P dr
rie Cp — TenioeMKoCTb MPH TMOCTOSHIOM 7ABACHHH, H3MEPCHHAN B SMIUPHUECKOH
TeMneparypHofl uixaie, T. e.
/ \\
Ch=| bQ

\dv )P
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Gopmyaa (45.1) nepexogur B
vy dr
di' Av " dc 'pdl
dv AP T —

OTKYJa

HJIH NOCJAe HHTerpupoBanus

e d. (46.9)

31ecy Ty U T, — TeMmepaTyphbl Kakoii-u6o o1uoi pencpHoil ToukH no aGceniorHoilt u
INIHPUUECKOIT TOMIEPATYPHBIM LIKATAM COOTBCTCTBEIHO. Bee BeHuMHb, crosiiue
B Npapoil 4acTH NOA 3HAKOM HWHTCIPATA, MOTYT ObITE M3MEPEHBl JKCMEPHMCHTATBHO,
TAK KaK J71% 3T0r0 TPeSyCTe HAMEPATH TCMOEePaTypy JHIIb M0 IMITHPHIECKOIl 1iKane.
[Tos1oMYy HHTErpaI MOKET OBITL BHIUNCCH KaK (Y HKIIHS SMIHPHUCCKON TCMITepaTypht T.
Tem cambmiM 6yier yeranosicua Gynxunosansnas cesizs T = T (7).

Y 106110 B Ka4eCTRC IMIHPHUCCKOTO TCPMOMETPA B3ATL 430Bblii TEPMOMCTP, HANOI-
HOHHBIT TeM JKe rasoM, ¢ KOTOphIM npoussojwrcst onbit JIxoyns — Tomcona. B stom
ciayuyac no onpejesenuto rasopoit abcomoTHoll Temmepatypel PV = AT, rae A —

)% A 1 Cp At
. \\ 0t_>p =5y =" Kpome roro, Beauuuna VAP
Mata Mo cnasHeluio ¢ eIUHuell, TaK UTO KBAIpaToM ee MOXKHO Ipenebpeus. B srom
npubJIvACLHHE HYTCrpana, BXoAsuuil B dopmyay (46.3), nepexoaur B

noctosuitad. Ciej0BaTeabHo

T T
[ Cp At\de T PC, At
e —=1In — — \ 4 — dt.
S VTV AP/ T T, Aw AP
To To
Huterpan p npasoil wacti apasgeTcd Matoil nonpasxoii. B mpunartom namu npubau-
AMEHHH TOCTOSIHAYIO A, CTOSMIYIO MO 31HAKOM 3TOTO HHIerpana, MOIKHO 3aMEeHHTb Ha
YHHBEPCAAbHYIO ra3o0Bylo NOCTOAHHYI0 R. D10 paer

. CPC At
=% T exp S e AP dr.
To

Bxoasmuii cio1a uuTerpan TaKKe Maj 1Mo CPaBHCHHIG C eMHUICH, a NOTOMY TpHGIU-
JKEHIO
3

T, | Q PCt AT

T— - o
T K J Rtz AP dr|.
To n

(16.4)
ITp_JH BBIUMCJICHHAX 110 3TOH (OPMY.Ie 32 HCXOAHYIO CJACAYET B3ATH TeMIepaTypy Tpoii-
HOU TOUKK Boawl T, = 1, == 273,16 K. Tlocae =ztoro mo ¢opmyie (16.4) momuo
BLIMHCANTE NONPABKY K IOKa3alidsiM razosoro tepyMoMerpa iaf 0ol TeMnepaTypr T,
[pu s1oM Ana reanst B WHPOKOM TeMIepaTypHOM MHTEpBANE Cp/R =5,3=1,67.



146 BTOPOE HAYAJIO TEPMOJUHAMUHKHU fra. 1

3AJAYH

1. Tloxka3zats, 4to B npouecce JIxoyaa — ToMcOHa SHTPOIINA ra3a yBeNTHUHBAETCH.
Peuedue. [lag BoluuC/AeHHS H3MEHEHHS SHTPONHH ra3a 3aMCHUM peallpHblil
npouece JIxkoyis — ToMcoHa KBA3HCTATHYCCKHM HIIHTAIBLIIHYCCKHM  NPOLECCOM,
nepeBoLALIMM CHCTEMY B TO »Ke KOHeuHoe coctosude. Jas takoro npouecca df ==
= TdS + VdP == 0, a notomy
((95 v
oP)1 T
Vyuteipad, uto Aasjedne B npoiecce JLkoyns — ToMcoHa NMOHHAKAETCH, 3aKI04aeM
OTCI0jd, UTO IHTPONHR S BO3pacTaer.

2. Cocyl ¢ TBep/ibiMH ainabarvueCKHMH CTeHKaMH pasjesie Ha JiBe YacTH TBep-
aofi aguaGaruyeckoll neperopokoil. [lo 0AHY CTOPOHY NeperopoAkH HAXORHTCH ras,
No APYryio — BakyyM. BbBectu ofULyI0 TepMOAHHAMHYeCKYIO (GopMyay ijas TeMe-
paTypel rasa, Kotopas YyCTAHOBUTCS B HeM I0C/Ie YNaleHHs neperopoikd. [IpuMenuts
NOJIYYeHHYIO OPMYAY K MiCATbHOMY a3y M 10Ka3aTb, YTO B ITOM CJ1yuac H3MEHEeHHS
TeMieparypsl He npousoiier.

Peuwe s e Tak Kak Hajl rasoM He NPoH3BOAUTCH paboTa H TENJO He NOLBO-
JWICS, TO TOC/e YAaJeHMs TepPeropoiKH U YCTAHOBJIEHHA DABHOBECHS BHYTPEHHAS
SHEpTHS ra3d He uUaMeHUTCHA. PeailpHblii npouecc, copepliaeMblil rasoM, SBJISCTCH
HePaBHOBECHBIM H OYedb CA0KHBM. ONHAKO HauadbHO® H KOHCUHOE COCTOSIHMS PaBHO-
BOCHBI, @ TEMIeparypa raca B PAaBHOBECHOM COCTOSTHHY OflpefcdsieTcss ABYMST napa-
MCTPAMH, 33 KOTopble VI0GHO B35iTb BHYTPCHHIOW 3HEPIHIO M ofbeM rasa. [Ipu shl-
YHCJACHHH M3MEHEUHA TEMIEPaTyphl PeabHBIH NPOLECC MOKHO 3a8MEHHTH KBA3UCTATH-
HECKMM IIPCUECCOM NPH NOCTOAHHOK Buyrpeuueﬁ sHeprud. [JasA Taxoro npouecca

< 0.

Ty — Ty \ (‘)LT,\ dv. (46.5)
v,
19 BHIYUCIEHHA YaCTHOH NMpPoH3BOIHOM, BXodsulell B 3TOT HHTErpas, Halo Iupdpepen-
IER
/r7U oU
I i
aU= (T, dr+ ax\ dv
NOJOXKKTL pasHbiM HY/10. Ecau ewe BocnoabsoBarscda dopmyaamu (18.3) u (34.2),
TO NOJIYHHTCA aP\
P—Ti -
<0_T\ _arly (46.6)
al'ju Cy :
OxoHuate/1bHO ‘5
Vep . T{’;—’;\,V
Ty—T)= \ v (46.7)

[as uaealbHOro rasza 3ta gopmyaa gaer Ty — T = 0.

§ 47. OGwue 3ameuaHus o Metone
TepMoauHaMuueckux ynkuuit. Mpumepnr

Meton TepMoanHaMiuecKuX (YRKUHI, B CYILHOCTH, GCHOBAH Ha TOM,
YTO ec/1i HEKOTopasi BeJUUHHA [, XapaKTepH3YIOMWAs COCTONHIE CHCTEMBL
P TepMOAHHAMHYECKOM DaBHOBECHH, €CTb (YHKUHS AL YIHX BETUYHH
X H y, a ee auddepeHuHas 1peACTaBIeH B BUle

df =X (x, y)dx+Y (x, y) dy,
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TO
— / Gj — f’/%\‘
Xﬁ\\ax,\y' ’ Ty’
H CJeh0oBaTe/ibHO,
oY /aX\
(—07/\!/ - {\\ :’35! /}X. (47])

3 coornoitenuii Tna {(47.1) ¥ BHIBOASTCA paznuyHble TEPMOJAHHAMH-
qecklie paBeHcTBa. MMeHHO Tak GblLAM NoJydeHul COOTHOLEHHS (45.19)
n (45.20).

Ipumenss 1ot Merox, HeOOXOAHMO, OJHAKO, yYOeIHTbCS, UTO BhIpa-
#enue Xdx -+ Ydy asngerca nMmeHHo AudxpepeHunanoM (IoJHbIM AHD-
depenunaiom) GYHKUHH COCTOSHHA [ (x, y), a He NPOCTO KaKoH-70
GeckoHeyHo Masofl BeaHunHoH. FHaue MOXHO NpHHATH K OMIHGOYHBM
BeIBOAAM. [lpuBeieM oIMH IpUMep HeNpaBHJABLHOTO pacCyKIeHHd
Tarkoro poia. HonycTHM, 4TO 3/1eMEHTapHOe KOMHYecTBO Temna 6 Mbl
CTaJgH PaccMATPHBATH Kak AHQdepeHunHaT HEKOTOPOH (hyHKUHE COCTOSA-
tua Q@ = Q (T, P). llo mepsomy Hauany 10T Auddeperunan paBeH

dQ=dU +P dV =dl —V dP,
i

(ol N ol
aQ =5, dT+[w 5P — v] 4p.

[TpuMeHsst K 3TOMY BHIpaxieHHIO cooTHOILeRHe (47.1), noayuum
021 o J/ol
= l" \ VJ s

o7 0P — oT|\.0P/r
OTKY/1a
v
Lot 0

Orcroaa 3ak/aouaeM, 4YTO TElVIOBOE paclUHpeHHe Tel HeBO3MOXKHO,
a 3TO HAaXOAHTCA B Pe3HOM MpOTHBOpedHH ¢ onuiToM. [IpoTuBopeune
NOJAYYHAOCH TIOTOMY, 4TO TemJio @ MBI HenpasuabHO paccMaTpuBani
KaK GYHKUUIO COCTOSIHHS CHCTeMbl, a Beauunny 6Q — Kax audxpepen-
uHat stoll pyHkuuu. Ha camoM fnene Takoii pyHKUHU He CYLIECTBYeT.
g Toro utobbl mpejoctepeub 4dHTATeAs OT OWIHOOK TAKOrO poja,
OeCKOHEYHO MaJsble BeJHYHHBI Mbl 0003HAYaJ M 3HAKOM O, ecay OHil He
Oul1M nodHbIMH AuddepeduanamMi GYHKIHA COCTOAHHA. 3HAK XKe d
€OXpaHeH TOJbKO 1 0603HAUEHHA TaKHX GeCKONEUHO MaJBIX BeJTHYHH,
KOTopble ABIAIOTCA NMOMHBIMH AubdepeHInasaMH.

B sak.ioucnne npuBefteM ellie HECKOJAbKO NPHMEPOB Ha NpHMEHeHHe MeTola Tep-
MOAHHAMUHYECKHX YHKUKIL

1. Hafizem cBsab Mexay anHabaTHUeCKHMH H H30TEPMHUECKHMH MOTV/ISMH BCe-
croponiero cKaths K¢ B K QH3HYECKH OIHODPOJHOTO ¥ H3OTPOTIHOTO BellecTRa.
Mo onpeseienno aTHX Moaydeil
OP\ 1P

Ks==Vigr)s K== Vigp)
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d
TIpeoGpazyem npon3BoiHYIO \af/)> Beanunnnl P, V, T cBA3auBl ypaBHEHHCM COCTOS-

uua. Kpome Toro, B paccMaTpHpacMOM C/Iyuae MEKIY HHMH €CTL elle OlHO COOTHO-
WeKre, BLIpa:Kalollee aiHadaTHYHOCTDL Npoliecca. B aguabatnueckoMm nponecce mepe-
MeHHbie P, V, T, S Moryt paccmarpHBaThCs Kak QyHKUMH OfHON H3 HHX. Bo3sbmeM
B Kaue€CTBe He3aBHCUMOIl mepemennofi temneparypy T. Terza

<'%>s - (\g_];)s (gws

Beuay ypaesuenust coctosiHHS Mexxay Beanunnamu P, T, S B j11060M COCTOSIHNY Cylne-
cryer GyHKUHOHAILHASA 3aBHcHMOCTh. To #ie. oThHocuics K Beamuusam T, V, S.

ITosromy op P 10S oT 5 aS
<07 \s - <ﬁ\\’r (ﬁ_)P’ (W)s = <(%>V <5V1)T
vl =1lon)s (as b L Gs) (G0 )

IlpaByi uyacTe mpeo6pasyeM ¢ MOMOLLBIO COOTHOILEHHH

(S} <6Q\) c

H Jajee

<(§\\ /ﬂ‘\ __\dT:p _\dT/p _ “p
oT;P\dS )y T <Q§ - <§Q\ ~c,
OT) dT/v
oP\ (08
OS/T ov,r OV/T
B pesyabraTe NoJydHM
OP\ . [OP
av)s~Viav,r
HJIH
Kg=vKr, (47.2)

rie Y= CP/CV, Taxkum ofpasoM, agnaGaTHUeCKHit MOIYJIb BCECTODOHHEro CiKaTHA

B ¥ pa3 GoJblle H30TEPMHUECKOTO MOAYJA. DTOT Pe3ynpTar Obld yiKe HOJTyYeH HHBIM
cnocofoM B § 23 (cM. 3apauy K § 23).

2. Beieesem eme pas ¢opmyay A1 Pa3sHOCTH TeMJAOeMKOCTed CP —Cy,. Tlo
OTIPe/IeJIEHHIO SHTPONHH H Ten/oeMKOCTH

[0S\ .

Cp=Tl 57| p- (17.3)

Pacemarpueas sHTPONHIO S Kak (QYHKUHIO TeMIleparyphl M 06beMa, MOMiCM Hanucars
d8~<g§, dT+<gf/\ dv.

Orciona

( Jp (\0T>V+<as> (0T>P F( > <0T>P

Takum ofpazom,

/OP av (47.4)
Cp—Cy=T \ar) <a7 )p'
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HpHBeZleM ele . 6e3. UOﬂpOﬁHbIX AOKA3aTeIbCTB HECKOJLKO MNOJE3HLIX TePpMOLH-
HAMHYECKHX COOTHOLIEHHH:

(5)e=7 (a7, w79
'aCp (/-a‘:‘v )
<\aT>r =T \Er—z>p' (47.6)
au S [oV av 151%
(aﬁ)z- =T (ap>T—P \516) -7 (B'T-) P 0P>r “7.7)
(5= (50 )V (o0 =T Gy Y o w9
<w> =Cp— @ Jp (47.9)
<ar Jy=CvtV @?)v (47.10)
oT AR T /9S\ .
(a7)s = {3 v (3w )r =~ ¢, v (47.11)
aT oT\ [3S\ T /88 \
<(TD>5 < > (ap/T —c, \\5’p>r, (47.1%
oV dS aT\) Cp [OT Cp ar\j v _
<Z}T)P < >T = <0T)P ((3_P/S =7 <(ﬁ5> = T 5 <5V/S <ap>s, (47.13)
v v\ [T Ryl vy oV 1% T 10V 2
(6P>s < > < ) <0P> /GP/T+ < > <aS/p \5ﬁ>7 aa Cp L\a'f>p
(47.14)
3 /3P T (0P
< V)S > C{,<B’T>?/' (47.15)

§ 48. MakcHmMajibHaa padoTa M cBOOOAHAA 3SHEPrus

1. PaccmorpuM Kakywo-gH60 TepMOAHHAMHYECKYIO CHCTEMY B NpO-
H3BOJIBHOM, B0OOIZE roBOps, HepaBHoBecHOM cocTosiHuu. IlycTb oHa
rpaHUYuT co cpejcH, Temneparypa T, KoTopoll nojiep:kuBaercs Io-
cTosiHHO#. CHcTeMa MOKeT OOMEHMBATLCS TeIJIOM TOIbKO C 3TOH cpeloH.
C ocraapHBIMH TejiaMd TemsooOMeHa HeT. Yrto Kacaercsi paGoThl, Ipo-
H3BOIUMOL cHCTEMO#H, TO B 00leM clydae OHa claraeTcs H3 ABYX yacTed:
u3 paboTel Haj paccMaTpuBaeMoH cpeflofl M HajJ BCeMH OCTaJIbHBIMH
TeslaMu. Ty obuyio paboTy, Kak o6eYHO, OyaeM o60o3Hayath GykBoi A.
[ycthb cucrema nepexoaut u3 cocrosHus 1 B coctosinue 2. B cootBetct-
BHU C IE€PBLIM Haya/aoM TepMoguHaMuku A = U; — U, -+ Q. Pabora 4
H KOJIMYecTBO cOOOIEHHOro Tensa Q 3aBHCST OT BHjA Npolecca, mepe-
BOJAILETO CHCTEMY U3 cocTostHusl | B cocrosinie 2. Bropoe Hauajo Tep-
MOAMHAMHKH MO3BOJISIET YKA3aTh BePXHHH npefen A1 pabotsl A. Corna-
CHO HepaBeHcTBY Kuaysuyca

SZ - Sl > S STQ— ’
0

1-2
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HIN BBHAY TNPEANIOAAraeMOro NOCTOAHCTBA TEMIIEPATYPH TO

S Si= g
IMoacrapus cloga Q = A — U, + U, u Beeaa oBo3HaueHkne
YV=U-—T,S, (48.1)
NoaYUHM
A T }/'1 b Y’g. (482)

3HaK pameHcTBa OTHOCHTCA K 0OpaTHMBIM rpoLieccaM. Takum o6pasom,
paboTa, KOTOPYIO MOMET COBEPLUHTb CHCTEMa, He MOMKET NpeB30HTH
yvouln pyakuny Y == U — TS.

B uactHocTH, Korja temnepatypa cHcTeMbl 1 Bee BpeMms DaBHA TeM-
riepatype okpy:xatwiuesi cpeasl 7y, GyHKUESA Y nepexoant B ¢BOOOAHY IO
sHepri cucreMel V=W =U —TS. B stom cayuae A, = ¥, — ¥,.
3H4K paBeHCTBA OTHOCHTCA K oOpaTHMBIM npoueccaM. Taxkum ofpasom,
1A obpatumoro npouecca T = T,

Ao =T — W, (48.3)

Ecan Bocnoabsopatbes ypasHeHneMm ['nG6ca — Iepmrossua (45.13),
TO BhIpaeHHe (48.3) Jerko npeoGpaz0BaTh K BIAY

(Y, =Y,
AMBKC U" + T (}T ) v
HJIH
Auae =Ur— U + T (25525] . (48.4)

Sra ¢opmyaa HasbBaeTca ypasHenuem {ubbca — eavmzoavia 0aa
Marcumaibrold  paboms. OHa WMEET MHOTOUHC/JEHHBIE NDHMEHEHHS.

2. VI3 u310:4€HHOT0 CTAHOBSITCS SICHBIMH MOTHBEI, KOTOPHIMH Py KO-
BOJCTBOBaJcH [enbMrosibi, Ha3BaBUIHH BeJHUYUHY ‘[f = U — TS cBo-
60HOH sHeprHel cucrembl. Benandnna U ecTb BHYTPEHHAS HJH NOJHAdA
sHeprus cucreMbl. Ho ecan cHcTeMa HaXoJWTCs B TeILIOBOM KOHTaxTe
€O cpejoii, Temnepatypa Kotopolt T mnoaiep:KuBaeTcss NOCTOAHHOI,
TO TOJBLKO YacTb 3T0f sHepruu, a umenno U — TS, MoxkeT ObITh HCNOMb-
20BaHa A5 noaydenns paGoTel. B 3ToM cMEIcIe OHA U sABJdeTcs cBOOO-
Ho#i. OcTaBllascs 4acTh NPH CCXPAHEHHH HEH3MEHHOH TeMIeparypbi
CpelBl, C KOTOPOil yCTaHOBJEH TEIVIOBOH KOHTaKT, B paboTy npespalleHa
6eiTh He MoxkeT. OHa HasbiBaeTcsl ¢823aHHOU sHepeuel. B npeneibHoM
ciayuae T — 0 pasiuuue Mexay BHYyTpeHHell U cBOGOAHOH sHEPTHAMH
nponajaer.

3. Hapsny c nonkoii paGoroit A B TepMOJIHHAMIIKE YaCTO PAacCMaTpH-
BAlOT TaK Ha3LIBAEMYIO 104e3t Y10 pabomy. XOTA 3TO NOHATHE 475 PU3H-
yecKHX NPHJAOMKEHU H He HeoOXO1HMO, NPIHBEICM HYKHDIe PazbAcHe-
uua. [lousitHe nosesnoit paboTel BBOJANTCS B TeX CJ1ydadx, KOTJAa pac-
cMaTpHBaeMas (Boobule TOBOpsA, HepaBHOBECHAs) TepMOAHHAMIYECKAs
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ci{CTeMA MOMEMIeHa B cpely, HAaXOIsULYIOCsd B PaBHOBECHH H MOAJEpHli-
BaeMyI0 IIPH NocTosiHHON TemmnepaType T U NOCTOSTHHOM JaBieHHD P.
[peanonaraercsi, 4To CHCTEMA MOXKET NpPOHU3BOAHTE PabOTy HE TOJIbLKO
NpOTHB JaBJeHHs cpeisl Py, HO U HaL AP yTHMH Te1aMu. 3Ta NocaefHsIs,
coctaBHasi yacTb paboTsl M HasblBaeTCst Iode3Holl pabortoit. Pabora,
NpOU3BOJAKMMAsA NPOTHB IaBJEHHS cpe/ibl P,, npejacTaB/sieTcs BbIpae-
HieMm Py (V, — Vy). DTy 4acTb HYXKHC BBIUECTb M3 NOJHOH paboTh A,
yroBul MOAYUITh MOJe3HYI0 pabory A meresH Jlaa Hee u3 dopmyast
(48.2) noayuaem

Anoaesy Z1 — 7, (485)
rie
Z=Y +PV=U-—T,S+P,V. (48.9)

B uacthHocTH, Koraa TemmepaTypa U aB/jeHHe cpelbl PaBHBI TeMepa-
TVpe H 13BJEHITI0 caMofl cucTeMbl, (PVHKUHA Z NepexoinT B TepMOjHHA-
MigeckHil moteHunan Z = @ = U — TS 4 PV. B s10M cnyuae

Anoness .~ CDI — @,. (487)

MakcimaapHas nmojesHas pabora nosyuaercd npH oBpaTHMOM 1po-
necce 1 papHa AN = @, — @,. li1a 370l paboTHl NC aHaOrHH
¢ opmy.oit (48.4) notyuaem smopyrw Gopmyay I'ubdca — ['easmeorsya

dAmoaesH,
e (48.8)

n0aE3H
MaKc :[1—12+T

Koraa tepmoanHaMHueckas CHCTEMAa COCTOUT TOJIbKC H3 TBepiblX
HOKIIKHX Ted, li3MeHeHHeM ee o0bema NpH BCEX mpoueccax, Kak npa-
BIJIC, MOXHC npeHebpeub. B 3Tnx cayuasx passuude MexITy MOJHOI
padotoit A u padoroli A'emeH pponanger. s razoo0pasHelX cucTeM,
HATIPOTHB, 3TC paaiiuie MOKeT OBbITb CYLleCTBEHHLIM.

SADTAYA

Heroab3ya pesyasratel 3Toro maparpada, Jars 1pyroe pewedue saiauu 2 § 37.

§ 49. JueKTPOABUKYILAS CHJIA TafibBAHHYECKOIO 3JEeMeHTa

1. B kauecrse TIpHMEpd MpUMCHEeHHA TePMOIHHAMUKH K 3JICKTPHUECKHM ABJeHUAM
paccMOTPUM BOIIPOC 00 SJICKTPOJBI/I)K}'LHL‘PUI CHJle TaJbBAHUYLCKOTO 3JIeMCHTA.

Pa3ymeercn, TCPMOJAHHAMHKA HE MOMET OTBETUTE Ha BOMPOC, K4K H TOHeMY
B ras1bBanuueCKoOM 3JeMEeHTC BO3HHKACT 3JI€KTPHLI€CKH1'/VI TOK. OHHpaﬂCb Ha OIblT, Olia
ROHCTATUPYET WL, YTO rajibBalMuecKui 3JeMeHT eCThb HEpaBHOBeCHAsA TepMOIUHA-
MHyeCKad CHCTeMad, ﬂpH()ﬂH}KﬂlOUl'dﬂCﬂ K COCTOSIHHIO DABHOBeCHSI ¢ BO3HHKHOBeHHEM
JTSKTPHUYCCKOIO TOKA. IT0ro 0KasbiBaeICsi AOCTATOMHO A TOLO, 4TOGBI TePpMOXHiTd-
AYECKMMH CPCACTBAMH YCTAHOBUTL KOJHYCCTBCHHOC COOTHOUICHHEC MEXKAV 3J€KTpO-
;me\'ymeﬁ CUJOH TI'a/IbBaHUUECKOTO 3JeMeHTd U HEKOTOPBLIMH APYIFUMH €ro Xapakre-
PHCTHKAMH.

By,'XGM CUUTATh, UTO MNpollece HPHﬁJlH)KGIIHH K COCTOSIHHIO PABHOBECHST TPOUCXOAHUT
Keusucmamuyecki. Kak v BCAKuil KBas3HcraTnuecKui fpoucee, 3ToT Npouece siBjisercd
"‘li'lp'cll‘l/l{\dbll\l B Y3KOM CMBbICJC CJOBA. HanmeHeHue HanpapJeHus IIPOTeKalowero 1oKa
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BHI3LIBAET XHUMHYECKHC peaKLHM, IPOTHBONOJOKHBIE TeM, KOTOPhle IIPOHCXOIZAT
B 3JCMEHTC IIPH HOPMaJibHOM HAMpaB/ICHHM TOKAa. EC/M 3TO yCJIOBHE BHIIOJHEHO, TO
rapBAHUYeCKUll 3JeMeHT Ha3bBalOT obpamumsir. Takoll 3JeMeHT Bcerfa MOXKHO.
MPHUBECTH K HAa4a/JIbHOMY COCTOSIHHIO, H3MEHHB B HeM HarpabJieHHe TOKa Ha ofpaThoc.

Jliast o6paTHMOCTH TajbBAaHMYECKOTO 3JeMCHTA HEOGXOAWMO, UTOoObl IKOYJIEBO
TeN1o, BHAEJAsOMeecs] B HeM, GbUIO npeHefpexxuMo majo. [lostoMy B Aadbheliluem
HpeAnoaaraeTcs, yro ToX /, NpoTeKalomuii uepes 3JeMCHT, CKOJIb YTOZHO Mal, T. €.
TIOJIHOE COTIPOTUBJICHHE LENMH GeCKOHCYHO BEJHKO. IJTO He HAKJIAJBIBAeT HUKAKHX
OTpayHuYeHHIl Ha BeJIHYMHY IPOXOIAINETO 3apsjia ¢, Tak Kak BPeMs MPOXOXKIERHS
3JEKTPHUCCKOTO TOKa MOXKET OHITb CKOJb yrogno Goabiwum. Ilpu Taxkux ycraoBmax
MOKHO TIOJHOCTBIO Mpesedpeidb JHKOYICBBIM TCIJIOM MO CPpaBHEHHUIO ¢ paboTol, coep-
1acMofi 3MeKTpoaBIKYilell cuaoft & saementa. JlelicTBHTeNbHO, PabOTA 3ACKTPOIBH-
KYIell CHIBL B TeucHKe Bpemenn f papna €14, Tor1a Kak JuKOYJeBO TCIWIO, BhIA/ISNIO-
HeCCs BHYTPH JICMEHTA 32 TO ZKe BpeMst, pasnio R;[%f, rie R;— BHYTpelHee CONPOTHR-
JeHHe 3J1€MeHTa, T. €. BeJAHYHHA Kokeunas. Ecau cuay ToKa paccMaTrpuBath Kax
6eCKOHEYNO Manylo NMCPBOro Nopsiaka, To pabora aieMcHTa OyAeT TakiKe MePROTO
nopAnKa MAlOCTH, TOrja KakK [KOyJeBO Telllo — BTOPOro nopsjgka matoctd. flcuo
nostomy, uto Ipu [ — 0 1KOyJeBLIM TeIIOM IO CPABHEHHIO C PaGoTOH MOXKHO mpe-
Hebpeys. .

2. TepMOIHHAMHMYECKVYIO TCOPHIO TalLBAaHHUECKOTO B3J1€MEHTA MOMKHO CTPOHUTH
C TIOMOIIBIO Pa3THUNBIX TePMOAHHAMHUCCKHX cooTHOWweNnii. Mbl 6yAeM mpeirnosarars,
UTO 3JCMCHT — 346KMIPOAUMUYECKUL, T. C. COCTOHT M3 OJHHX TOJbLKO TEEPAHX U
HKUAKHX Tedt. T azopble a7eMeHTHl paceMaTpuBath He OyaeM. TakuM ofpasom, Hauia
CHCTEMa MEXAHHUCCKOM PaBOThl B OGLIMHOM CMBICJIC ITOTO CJIOBA, T. €. PaboTbl N0 nepe-
MeUleHHI0 MaKPOCKONHYeCKHX Tes, He coepliaer. Besi paora cucTeMmbl CBOAHTCH
K paBoTe 3MEKTPOIBUKYIIEH CHAB 3/1eMeHTa, NOALEPIKUBAIOCH B LeMH 3J1eKTpHYe-
cKuit ToK. TIpH TPpOoX0xKIeHAH 4Yepe3 LeNb 3apsja dg ralpBaHHYeCKull s/1eMeHT coBep-
uraet 3eKTpHueckylo pagory 84 = &dg. Daement npexcrasasier CoBol TepMOIHHA-
MHUYECKYIO CUCTEMY C 00HOU emcnersio c60600b!, B KOTOPOH posib 0606iieHHON KOOp -
HaThl @; UrpacT 3apsil q, a 0606UIEeHHOl CHIB — 3aeKTpoisrKymas cuna &. [ostomy,
4T0GB! NPHATH K UCKOMOMY COOTHOIMIEHHIO, JOCTATOYHO B ypaBHeHHH (34.9) nomoxurs
a;==q, A; = &. TIpu 3TOM MOXHO CYHTATb, UTO JIGKTPONBHIKYIIAS CHAA & MOKeT
3aBHCETH JHIIbL OT TCMNICPATYPh! 3JAEKTPOJUTA, TAK KaK B OGBIUHBIX YCJIOBUAX BHEUIHee
laBneHHe W OOBEM 3JEeKTPOJIHTA B 3JIEMEHTE HPAKTUYECKH OCTAIOTCS NOCTOSIHHBIMAH.
Hmes 310 B BHAY, MOXKHO HamNuCatb

oU d€

a_q_ﬁrﬁ_g, 9.1
Bin <
dé

E—T=u (49.9)

rae u = — 0U/0q ecTb yMeHblleHHe BHYTPeHHell SHEPTHH /IEMEHTA TPH IPOXOKIe-

HUH Bepes Hero elMHMUBI KOJUYECTBA SMeKTpHYccTBa. ¥ pasHenne (49.2), ycTanosacn-
Hoe 'esibMrosbiem B 1882 1., M peluaer NoCTaBlekHYIO 3a5auy. Ero MoxHo nepenmcars

B BHAe
.d (&
T (S =—u. (49.3)

OTC!Oﬂa HHTErpHpoBaHHEM HAXO0ZHM

a
ET)=—T \ “g) AT -1 & (Ty). (49.4)
7o

dra (bopmyna TNO3BOJAECT BLIYHCIUTH SMEKTPOIBHAKYULYIO CHY TrajJbBaHHYECKOIO 3ne-

Metra ripu ni060ii remneparype T, €C/IH H3BECTHO ee 3HAYEHHE npH Kakoii-1860 o1HoH
Temueparype T,
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3. Buawam Tomcon B 1851 r. man uuyo GopMyay AIg MCKTPOABHKYIICH CHILI
oOPaTHMOrO TAJLBAHHUCCKOTO 3/JCMEHTA. PacCyaieHnsi ero OCHOBBLIBAJIHCD 1a 3aKOHe
coxpaHenusa sucprian. [lpu npoxosaeHun eIHHHIHOTO 3apsla ralbBAHUUCCKHUE aic-
MCHT coBepmiaer pa6ety €. PaGora copepliactes sa cuer YOLUIN BHYTPOHEEH SHEPIHH
saemMeHTa. 370 npuponnT K opmyac Tomcona & = u. Cpasnenne ¢ gopmyaoit Fesapm-
roqbia (49.2) nokaammaer, yto Gopmyaa Tomcona naeT BepIbIH Pe3yabTaT TOJLKO
£ TOM CJlyuac, KOTAA SICKTPOABHAKYLIAs cnia € lie 3aBHCHT OT TeMilepaTypsl. B obienm
¢avuae paBeHcTBO & = ¢ HC HMeEeT MecTa. BLlCHHM, B ueM HeI0CTATOMHOCTH
puceykpennfi Tomcona, u nonyTHo AaauM HOBbI BEBOA popmyan leapMmroasua
(49.2). DnemenTtaprasi paGoTa ralbBAHHYECKOTO 3JEMEHTA NPH NPOXOMKACHHH GECKO-
HEUHO MAJIoro 3apsaaa dg mceria faercst pelpakennem €dg. Ho ecau uepes saemenrt
NPOKOAMT KOHEUHbL 3ap A ¢ (Hanpumep, ¢ = 1), 10 pabora MOKeT ObITh [1PeACTaBiena
fiponsselienneM €g TONLKO B TOM cayuae, Korda seanunna & noddepacueaemca no-
emoartod. Mockoasky & saucHT 07 T, IJIst 57010 HEOGXOAHMO NOLICHKUBATL TeM-
neparypy F nocTosiHROM, T. e. MOABOAHTH HJW OTBOAUTL TEMJO. DTO TEMJIO U He G0
yuteno Tomconom. S

bByxem nomnepxusare Temneparypy 7' mocrosgnuoil. Toraa pabora npn npoxox-
ACHUM elMHHYHOrO 3apsna Gyjer pasHa &. C apyroii cTopoHsl, B 0OPATHMOM H30Tep-
MHUECKOM TIpoliecce Ta ke paGoTa paBHa yOblin CBOGOAHON SHepruH cHcreMbl. B coot-
pereTBUM ¢ GopMyaoit (49.3) a10 osHauaer, 90 € = Ayyee, H PopMyaa (49.2) nosy-
untcst M3 opMyasl (48.4), ecan B nocaeanell NoJOKHTb Ayyxe =&, Uy — U, = u.

4. Ypasnenye (49.2) MOKHO 3aNuCaTh B JPYyroM BHIe, OTHeCH YMeHblIeHHEe BHYT-
pensell SHepPTHH He K e[WMHHLE NPOILUEAUICTO 3JMEKTPHYECTBA, a K OXHOMY MOJIO Be-
CCTBA, BBIAEMHBLIETOCH HA OAHOM M3 3/eKTpofoB. OBG03HAYHM 3TO YMeHbUleHHe
BHVTpeHHell snepruu nocpepcTeom - . CBA3L MEKAY U1 # yosb JIETKO YCTAHOBHTD
¢ HOMOUBIO 3aK0Ha 3aekmpoausa Papudes (1791—1867). CoriacHo 3TOMY 3aKOHY
4lCa0 MOJell BelleCcTBa, BbIAEJIHBLIETSCH Ha OLHOM H3 3JeKTPOJOB MPH NPOXOKICHHH
3apsfja ¢, ONpejesifieTcss BLIpaKeHHeM

ye= T (49.5)

e F =96 500 kyqoH-moab ! — yHHBepcanwHas nocrosHaas (uucao dapagen),
a n — BanenTHocTh. Otclofa ciefyer, 4T0 eIMHHUYHHI 3apsl ¢ == | Bblgedaser Ha
siextpofe 1, nf mogeilt. BuyTpeHHas 3Hepris APH 3TOM yMeHbliaercsd Ha u. Tlozromy
DK BBIIEJICHHH OIHOTO MOJA BELIECTBA YMeHblICHHE BHYTpenHell sueprum 6yier
& nF pas GoJcle, T.e. u = naFu. CnoMowpio 37010 COOTHOLIEHHS YypapHeHne
(49.2) npeoGpasyercs B )
A éE—-T dé ! u

- o T i UMOodTb,

aT  nf

MOJIb

(49.6)

§ 50. O0wwKe KpUTEPHH TEPMOJMHAMHHULCKOW YCTOWUHBOCTH

Honycrum, uto ajnaGaTHYeCKH H30JHPOBAHHAS CHCTEMa HAaXOJHTCS
B TepMOAMHAMHUECKOM PABHOBECHH, TIPHUEM ee SHTPoNuA S B paccMaTpH-
B4€MOM COCTOSTHHH MakCHMaJbHA, T. €. 60J/iblle SHTPONHI BCeX BO3MOIK-
HulX GecKOHeYHO GJIN3KHX COCTOSIHHH, B KOTOpPbIe CHCTEMa MOXKET nepef-
TH €e3 MoABOAA HJH OTBoja Tenusa. Toraa MOKHO yTBep:KAaThb, IO
CaMONPOH3BOMBHLIH afnalaTHUECKHIl NepeXxol CHCTEMB! BO BCE 3TH CO-
CTOIHHA HEBO3MOXKEH, T. €. CHCTeMa HaXORHTCA B ycmoduueom mepmo-
Junamuseckom pasrosecuit. JIeHCTBHTENBHO, ecil Obl Takoil mepexos
ObLT BO3MOKEH, TO SHTPOIHH HadyagbHOTo | H KOHEUHOro 2 COCTOSHMIT
Obip 6bl CcBSI3aHBl COOTHOLWIEHHEM S; => §,;. Ho 270 cooTHeMIeHHe- HaXO-
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JHTCS B MPOGTHROPESII ¢ IIPIHILIION BO2PACTAHHS SHTPONNH, COIVIACHO
KOTOPOMY NpH aaua0aTHUCCKIE  MEPEX0Aax Jommic GuTh Sy - S,
Taxim cOpa3oM, MU HPHXOMHM K (IeayoWeMy KpHTep HIC TepMOgHHA-
MHYECKOI yeTOHUHBOCTIL.

Ecau cucmena aduafamusechu uscaipesana u ee 3HMPonud ¢ He-
KOTLOPOM  PASHGEPCHOM  COCIMOSHUIL MUKCUMUADHQ, 1O 3IM0 COCTROSHLE
ASENICD HePHCOUAUTUNECKU YCMOMUEbIM . STC 3HAYHT, YTO CHCTEMA,
OCTEBAACE a20ATHECCKH H30AHPUBGHNON, He MOMET CAMONPOHABOIBIO
nepefiTi HH B K#KCe ApYroe CocTosiHie.

B npuiomeHnsix 1¢pMOANHAMHKYE K KOHKDETHLIM BONpPCCaM HacTo
GeIBaET yA00HO BMECTO aaHabaTiveckofl U0 AUHH CHCTeMbl HAK/1a1LIBATD
1ia ee MOBeAeHHe JpYyrue orpanudenns. Toria KpHTEPI TePMOLHHAMH-
yeckoll yetofiunBocTH HameHsTes. OcofenHO VIOOHBL JIBA KPHTEPHS.

[TycTk cheTeMa OKpyiKeHa cpejloil, TemnepaTypa KeTepell noa-
JepkiBaeTces noecroanHoil. Kpome toro, ofbem cheTeMbl Vo takke noi-
LEPIHBAETCS NOCTOAHHBIM, HAMPHMED, CHCTEMA 3aKIIOUEHA B JKECTKY O
ofioaoury. B atHx yesckngax pabota cueTemel A Bcerja paBHa HYJLO,
U ccoTHoweHwe (48.2) nepexoaut B Y, — V¥, = 0. CrlefioBaTebHO,
bvHKUNS Y = U — T S momeT TONbKG YMEHbIIATBCA HIH OCTaBaTbCH
HenamenHoil. OTciofa, paccyKaas, Kak H paHblle, NOAYYaeM CAelyio-
WHiT KpUTepHil TePMOAHHAMHYECKOH \'LToflanOCTu

Ecau memnepamypa oxpyscarowei cpeCor Ty 1 c0vem cucmemer 'V
1000epHUBAIOMCA  NOCMOAHHBIMI U 6 PACCMAMPUBAEMOM  COCHIOAHUL
Punkyug Y = U — TS Mmunumaisna, mo cocrmoanue cucmems: mepmo-
Juramuyecku yemotinueo. B wacmuocmu, ecau memnepamype  cpedsl
PUBHU MEMNEPAIYPE CLCTLEMDBL, peab dynkyun Y ebinoansemn ceo0o0Ha
aH€[72ll}7 VY=U-—TS

2. /lonycTuM Teneps, UTC CHCTEMA €O BCeX CTOPOH OKpyskeHa cpesofl,
Temnepatypa 7' H AaBienne P, KOTopek DOAAepAKHBAIOTCS NOCTOANHEIMI.
Huxakoit paGotbl, noMume paGoTbl NPOTHB BHELIHEro AaBJieHns P,
cHCTeMa coBepllaTb He MoxKeT. HHBIMH CJoBaMH, nogaesHass paGoTa
CHCTEMBI BCET/1a PaBHA HYJIG, TAK UTO COOTHOLUenue (48.5) naet 7, == Z,.
Bce camonponsBoibHLIE TPOIECCHl B CHCTEMe MOTYT MATH TOJABKO €
ymeHblleHHeM GyHKUKM Z =Y -+ PV, Tlostomy, ecau ¢gynnyua Z
8 HEKOMOPOM DABHOBECHOM COCMOSHUU 00CHIURAQ MURUMYMA, MO pas-
Hosecue dydem yemousdusom. B uacmnocmu, koedu P == Py, amo ymsepoe-
derue OMHOCUMCA K MEePMOOUHAMULECKOMY HOMeRyuay cuctesor @ =
= F + PV.

IlpuBenem ewe 1Ba, MeHee ynoTpeGHTeNbHbIE, VCJAOBHA TePMCIHHA-
MHYeCKOH ycroitunocTd. B HHX poab NOTeHLIAJIBHBIX (Y HKLHEH BbI-
NOMHSAIOT BHYTPEHHAS 3Heprud U u sHTabnHS [.

3. Ilepenuiuem HepamenctBo Kaaysuyca (41.1) B Buie

S5y | WD

e

nyCTb IHTPONHA H 06BEM CHCTEMEL NOJASPXKHBAOTCA NOCTOAHHBIMH.
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Toraa S, — 8 =0 u 84 = PdV = 0, nostomy npeielyliee Hepa-
BEHCTBO [JaeT S W
‘T = O.

Tax kak 7 >0, 1o orciona caeayer, uto dU = 0. Ecan o6bvem u
SHTPOIIIO CHCTEMBI TIOJEPHKIBATD NOCTOSIHHBIMH, TO CaMOINPON3BOJb-
HLIC [POLECCHl B Hell MOTYT IJITH JIHIIb € YMEHbIUEHHeM BHVTpeHHeH
suepruy. Ec/u BHYTDEHHsA 3HEPIHA CHCTeMbl JAOCTHIVIA MHHIMYMa, TO
JaJbHeHINe TIPOHeCChl B CHCTEME CTAaHOBSATCA HEBO3MOMKHBLIMH. 3TO
IPUBOAUT K CJEAYIOIEMY KDPHTEPHIO TepMOAHHAMHYECKOH YCTOHYH-
BOCTH.

Ecau 06vem u snmponus cucmemst neo0epICHeaIomest NOCIOAHHbIMU
U cucmemMa 6 HeKOmopOM PAasHOBECHOM COCIOSAHUU OOCIMUSAQ MUHUMYMA
EHYMpeHnetl anepeuu, mo pPaGHOBECUe MEPMOOUHAMULECKIL  OMOLMUBO.

4, Ecau Oasaerue 1 IHMPORUS cLcmemsl NOGOEPHCUBQICICS HOCOSH -
HOLMIL W CUCMEMA 8 HeKOMOPOM PABHOBECHOM COCIOSHUL COCmueia MUuHU-
MuAMQ FHIMQABAUU, MO pasHoeecue MEePMOCUHAMUMCCKU YCOUYUBO.

Jast loKasaTeabeTBa 3TOTO IMOJOMEHHS ciejyel NepelHcartb Hepa-
pencTeo Kaaysuyca B Bije

dU -1 dp
7v

H NOBTOPHTH MPEAbLIYIIHE pacCyKIAeHHsd.

§ 51. Npununn Jle-llatense — Bpayua
H YCTOHYHBOCTb TEPMOIHHAMHUYECKOTO PABHOBECHS

1. B 3akarodeHne 310l IVIaBEl PAcCMOTPHM IpHHLHM, chopMyau-
poBaHHbI dpaHny3ckuM yuenoM Jle-Ilarense (1850—1936) 8 1884 r.
i, B pacliHpeHHOM BMie, HemelkHM ¢usnkoMm EpaynHom (1850—1918)
B 1887 r. 3TOT NpHHUNN NO3BOJACT NPeABIETb HANPABACHIE INeueHUs
npoyecca B CHCTEME, KOrjJa OHA BbIBEJEHA BHEIHHM BO3AEHCTBIEM 113
COCTOSIHUA yerofiuuBoro paBHopecHst. [punyun Jle-lUlamease — Bpay-
Hu He SABJSETCS CTOb BCeoGBeMIIOUIHM, KaK BTOpOe Hayalo TepMolu-
H4aMHKH. B YacTHOCTH, OH He 1O03BOJIAET BBICKA3bIBATH HHKAKHX KOJH-
UeCTBEHHBIX 32KJIOUeHHH O ToBeleHUHM clcTeMbl. Heobxomimbim ycno-
Bitem  npuMeHuMocTli npuHunna Jle-lllatenbe — BpayHa sBasercs
HATHUHE Yemotdueocmu paeHosectsl, U3 KOTOPOTO CHCTEMAa BHIBOAHTCSA
EHelnHHM BozaeicTBHeM. OH He NPHMEHHM K ITIpOIeccaM, NepeBOASILLHM
clcTeMy B Gosee YCTORUHBOE COCTOSIHIE, HalpHmep, K B3puiBaM. [piu-
uin Jle-Illarenbe — BpayHa Gewvi copMyalipoBa kax obobuieHnue 3Ha-
MEHHUTOrO H BCEM XOPOLIO H3BECTHOTC 3JEKTPOJHHAMHUECKOTO 1pasuid
Jlenya (1804—1865), onpejeasiolerc HanpaelieHHe HHAYKLUOHHOTO
Toka. OH TJacHr:

Ecau cucmema HaxoOumces 6 YCmoauusom pasHosecut, mo scaKutl npo-
uece, GLIBBAHHOIL 6 Hell 6HelHUM 6030elicmeues tau Opyeus NepeuiHowm
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NPOKECcoM, 6ceeda Goisaernt HanpasaeH maKum 00pasom, HImo OH CIPemumcs
YHUHMONM UMb USMEHCHUSA, NPOUSBEOEHHDBIC BHEWHUM Go30eticmauem uau
NePBUYHBIN 1 POLECCOM.

Jle-IHartenve u BpayH npumeHsaqan riaBHbIM 06pa3soM HHIYKTHBHbI
METOJ, PACCMOTPER GOJLIIoe YHCI0 IIPHMEPOB, KOTOPhIE, N0 HX MHEHHIO,
SIBJSIOTCH YACTHBIMY CTyYasiMi ¢(hOPMYAHPOBAHHOrO HMH 0OLIeT0 NpaBl-
na. JlagHas umu QopmyauposKa Obia, 0HAKO, CTO/Ib TYMaHHOH, UTo He
JolycKasla B Kax/JIOM KOHKDETHOM CJyyae OJHO3HAYHOIO IIPHMEHeHHS:
npasuna. HeolnpenenenynocTb MOMKHO YCTPAHHTh M IIOJAYYHTb TOYHBIE
MateMaTHueckHe (opMyJbl, Bhipakatoumue npunuun Jle-llarenbe —
Bpayua, ecnu kK paccMaTpuBzeMoit npob/eme npuBJIeYb KPHTEPHH
YCTOHYHBOCTH TePMOJIMHEMHYECKOT0 paBHOBecHs, chopMyJilpoBaHHbie
B npeipliylieM naparpade.

2. Tlocaenyoume pesyabTathl OCHORAHE HA TOM, UTO YCTOHUHBOCTL PaBHOBECHS
cHCTeMBI POPMYTHPYETCS KAK YCAOBNE MUHUAYMA LAl MAKCUMYMA RCKOTOPOIT GyHKIHY
COCTOSIHMS, KOTOPYIO MBI Oyfem B HasbileiiieM ofoznauarb ucpesd f. drw peayib-
TATHl NPUMEHHMBl TIOFTOMY HC TOJBKO K 11po6IeMaM TePMOIHHAMHUKM, HO H K mpofie-
MaM ‘MeXaHHKH WY 3JeKTPOJHHAMHKH, B KOTOPHIX yCTOH4HBOCTL DABHOBCCHI TaKie
CBA3BIBACTCST ¢ MUHHMYMOM /I MAKCHMYMOM HekotophiX byukuuii. Ilpu arom Beerna
MOWKHO TOADb30BATLCH JHO0 TOJBLKO YCJAOBHEM MHHHMYMA, JAu00 TOJLKO YCJOBHEM
Maxciumyma. JeficTBHTe/IbHO, ecal B HONOKeHUH PaBHOBecHS PYHKIHS [ MaKCHMabUa,
TO BMECTO Hee MOXKIO B3fTh (DYHKUNIO — f, Koropast 6yaer YyiKe MHHHMAAbHA. Ycio-
BHMCST BCeTAA TaK BHOUpaTL GyuRUKMIO f, 4r00b B NMOMOMKEHHH PABHOBCCHA oA Gblia
munumarsia. PynRUMA [ 1oaK1a 3aBUCCTL OT BHYTPEHHUX NapaMeTpoB, Olpeflesisiio-
X cocrosiHue cucTembl. Yacth M3 3THX NMapaMeTpoB MoxeT ObiTh GUKcupopata,
T. ¢, He jodkuHa MeHsruesd. Ocraabiipie MapameTpLl MOTYT MCHHATBCA B pe3yabrare
BHCUINHX NPOLECCOB. DTH TapaMeTpsl mbl GylieM HasbBaTh c60000ubAL B 00031 auaTh
NOCPCIACTBOM X, ¥, 2, ... B Kadectse HYHKUHH [ MOXKHO B3ATh, HanpHMep, BCITHUHHY
Z, onpeleaseMyio phipamenued (48.6). Ecaun paccmarpupaemas cucreMa (pH3MUeCKH
0HOPOHA M U30TPOIHA, TO CBOGOAHLIX napamMerpos 6y/er ABa. B Kaucerpe aTux napa-
MeTFOB MOXKHO B357h, HanpuMep, S 0 V. Ho ecniy cHCreMa COHOPOAHA, TO €€ BHYT-
pentsisg sneprust U MoKeT 3aBuceTh He TOJNBKO oT S ¥ V, HO H OT JIPYrHX MapaMerpos.
Hanpumep, ecad cucreMa cOCTOHT U3 ABYX (has: JKUIKOCTH M €e Tlapa, To NapaMmerpos
6yacr tpu. B kadectBe TpeTHEro NapaMeTpa MOMHO B3ATh, HANPHUMCDP, Maccy napa Win
MAcCy KUAKOCTH. )

3. 3akpenum sce cbOBOIHBIE NApaMeTPH, 32 HCKJIOYCHUEM ABYX X M g/, KOTOPHIM
TIPEIOCTABUM BO3MOMKHOCTD HaMelsThesl. TorAa f MOMET paccMaTpHBaTLCs Kak QYHK-
HHA TONBKO JABYX apryMenTos X H y. PazyMeercd, B 1010KEHHH PaBHOBECHS oHa Gyler
TaKKe MUHHMAALHA, Kak @ ¢yHkuus [ (x, y, 2, ...) BceX CBOGOAHBIX NapaMeTpos.
[To3ToMY B 3TOM [OAOMKEHMH ¢e YaCTHLIC NPOU3BOAILE NEPBOTO NOPAIKA S0/ ¥ Hbl 06-
pamarsed B hyan. OBosnauus ux ucpes X (v, y) u Y (X, y), MOXKeM HANKUCATh B NOJIO-

KeHHH pAdBHOBeCUsd a}'\
(L) =6 p=0
)X//!/ (51‘1)
(q\ =Y (x, y)=0.
ay/“x

Beawaunsr X 1 Y urpator ponv 0dobuenHsix cua, jelicTpylominx B cuereme. Ilpe stom
0. CBOMCTRY YaCTHBIX NPOU3BOAHBIX MMCET MECTC COOTHOMIEHHE

axy aY\
Ay Jx = \ox )y’
BBINONHAIONICCH TIPH JIIOOKIX 3HAYCHUAX X U y.
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4. Cooruotttenust (51.1) aBasiorcst Heobxodumvimu ycroauamy pasrosecus. Oanako
TIPH HX BUIIOJMHCHHH PABIOBECHC MOACT ObIThb K HeYCToituHBBIM. Oud MoryT cobiako-
1aTeC U B TOUKE MAKCHMYMa. YC208uem Femoduueocni A848emes MUHUMY M yHKyul f.
3nauur, B TOUKE pABHOBCCHSI BTopol auddepenuuan

f /19X 2 _X\ faY A 9
. O0x > dt 2, oy )x dlv{iy%_\ @,}x du

f I
}2~a———d ¥ dy F()L - iy

df~,

JoJ7KeH ObITh T0TOKUTEbUBIM, KAKOBLI 06l 1 GbIIH GeCKOeyHo Masble NpUpalieHus
aprymentoB dx ¥ dy. Ilns 37010 B n0JOMKCHHM PABHOBOCHS ROJZKHBI BHIIONHSATHCS
yCJIOBHS

X
(*ax)ﬁo' ®1.3)
Y\
((a—y)x>o, (651.4)
(axy - (ax)
\ Ox }J KO‘/ A

<?X_ ) <6Y I
Ay jx \dy /J)C

Sti Tpit yeaorusa He nesasucHMbl. Kawoe U3 mepBLIX ABYX veaoBuil Anasercd
CACICTBHCM APVIroro o fiocaeanero yoaosnii. Buxy coortnowenna (51.2) nocaeauemy
YCAOBHIO MOMHO IpHiath caenyiouiyio, Gosee CHMMETPHUHYIO dOpMY:

5, &)

\ dx A Jx

%), ()
\'h’ v \Oy )

Paznenns o6e waétu 371010 HEPABEHCTRA 1A CYUCCTRCHHO TMOJOMHTOTBHYIO BEJTHUNRHY

=

== Ve

g9X
<_r} M PACKpDIB NETEPMUHAHT, NPUAALHM €My BHA
Y

i N .

oY oY\ (()x (0‘( 0

oy s ~\ox )y \ox ), \ 3y [ =0
O6aBuennas cuna X asasercst Gynxiucii mapaneTpos X 0y, T. €. BOIHTHER X, X, y
GYHKUHORANBHO CBA3aNbLL [I09TOMY K IHM NPEMEHHMO ToxlecTBo (8.9), KoTOpoe daeT

<(}‘x> /0’(> . <£9§‘\
Xy \ oy dy/x’
avy | jovy fox,  _
(6 )+ (3), @ )s o =0

Caesa cront uactiias Npou3sofiudl seJuunnsl ¥ noy npw noctoanuom X (Tounee,
npu X =0, 10cKOJLKY COOTHOWEHHE OTHOCHTC 5t K ToHKe paruosecHst). JelictButenbno,

(51.5)

paccMarpuBad Y cuauana K4k GYNKLHIO X, y, 4 33TeM Kak byukuno X, gy, MoKeM
Hamucarb

104 ay\ Y\ /(?Y\

dy =/ dx- .

dx) det {)uJ & = (GX) aX -+ By x dy
Togaras szecs X == const, dX = 0 1t nodcaus o6e YacTH paBeicTsa Ua dy, NoayuuM
TOMAECTBO

/(ﬂ/\ /(?Y rr)Y /Or

\ag)x = \ay ). T3/, \ag)x (1.6)



158 BTOPOE HAYAJIO TEPMOIMHAMUKH Lra. i

CJ]E}IOBETQJH:HO, TpeTbe YCJOBHE NPUHHMAECT BUJ

)4

9l =0. 51.7

<0y>x.—_0/0 G171
Ananoruuno

aX\ -

<ax)Y:0¢o. (51.8)

5. Cpappum Temeps 3HaueHHA npouspoinnix (51.7) u (51.8) ¢ anavenusinu npo-
/9

ussoaublX (51.4) u (51.3). Ioacrasus B (51 .6) 3Hauenne npou3BOIHOH {\;3;»,\’ n3 (51.9),

NONYYHM
(2 ~(2) (%) (&) ()
ay)x T \ay )« T \ax ), \9X )y \ Ty )’
WIK Ha OCHOBaHWH cooTHOWeHHs (51.2)
9X\2
CANCI i
% )5 =3 2
\ax)y

Yncautess nocnefdell ApobH, Kak BCSKHI KBanpar, He MOXKeT SGHITb OTPHIATE/bHEIM.
3HameHaTe b, BBHILY cooTHOWeHHs (51.3), cylieCTBEHHO NMOJOKUTEIeH. 3HAUMT, CaMa
Apo6b He OTpHIATE1bHE, @ NOTOMY AOJAHO HMETb MECTO HepPaBeHCTBO

oY\ Y
<a—y/x=oé<a—y>x-

aX 9X
<$>y=o$ (\&L. (51.10)

6. Bocrmoabsyemcs nepasenctsamu (51.3), (51.4), (51.7) u (51.8) ans sbiBOAA
HEKOTODBIX COOTHOILEHHUH, B KOTOPHIX peyb HIET O CPABHEHHH 3HAKOB Pa3/HYHbLIX
uU3HUECKHX BEJIHYHH B COCTOSIHHH YCTOHUMBOTO paBHOBecHsl. Mbl HCXOIMM H3 COOT-
Hoillenus B3auMuoctd (51.2). Beanunna X ects ¢pynkuus X 4 y. Oavako MoxHO He
KOHKPETH3HPOBATh HE3AaBHCHMBIC MepeMeHHble, a CKa3aTh TOJbKO, Y70 BeNHuMHH X,
X, y BaXoasTCA B (DyHKUUOHA/IbHON cBA3M Mexay coboll. Orcrofa cieiyer, uyto umeer

MECTO TOXKAECTBO
() = (2 (2)
Ay jx  \ox )y <0L//X'

M3 uethipex eawuuu X, ¥V, X, y TONbKO A8e MOTYT MeHAThCA HezaBHcHMo. Ho ecan
B npolecce gedninHa X NOAICPAMBACTCA NCCTOSHHOMN, TO U3 OCTABUIMXCA TPeX BEJH-
uuH Y, X, Y HE3ABHCHMO MOXKET MeHATbCA TOJbKO 01Ha. Bosbmem B kauecree Takopoii
peauunny Y. Torna, npumenas npasuao Auddeperuupopadns yuxUuY 0T QYHKUHH,
MOZKeM Halucarb

(51.9)
Ananoruyso

/ox\ [dxy [V
(ﬂy/x TV )x \9y x”

B pesyabrare noayuum
<‘Z ~._<‘1\ <<ZX\ ~~<<?_é’\ <‘?,x,‘\ (oY
dy)x~~ v Jy \au)x = \ax )y lovx 3y x°

AL TR AN
dx Jy \dy jx \9¥) v \3y jx \0X )y \x Jv"

AHnanoruuso
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((EX\‘ /OV\ ,
N B HMeIOT OIHHAKOBLIE 3HAKH, TAK KaK B CHAY COOTHO-
\Oy Jx 0% /g
wenus (51.2) onu pasusi MexkAY coBolt. B coctosthin yetoflunporo pasroBecHd, Kax
wille, 0 ble | = 3 (oY [oX [9Y

N0KA3aHO Bhillle, NPON3BOAHbIE )y oy fer Lax ooy lx
wuTenbibl. B pedyanrate mosydaercs caelylOulHfl pesynnTaT, KOTopHfl Mbl HazoBeM
meopesoli 0 3naxax *).

B cocmosnuu yemoduuso2o pasHosecus Coenadaiom  3MaKt CALOYIOWUX  uecmu

NPOU3ICOTHbIX:
9X > - ( 9x - < o,
oy /x’ \Oy/Xx =0" ay/x’

oY ' Ou 9
(%), ~(Bymor —(5%)y-

IMpon3poanbic

CYLLeCTBEHHO 1010~

G1.11)

7. IlokazanHast TeopeMa HMeeT npsiMoe oTHOWeHHe K npuuunny Jle-llareave —
Bpayna. JonycTHM, uTo HApYMMIOCH COCTOARHE DABHOBECHT CHCTEMBI, B peayibrare
KOTOPOIG NapamMerp x No/iyyn GecKOHeUHO Manoe npupallesne A x, Toraa Kak napa-
METp y OCTA/ICH HeH3MeHHbIM. DTO BHI30BET U3MeHeHHe 0GOGLIEHHON CHIIEL Ha BE/IHYMHY

ay’
AY 2‘—(&)’/ A]x.

Ho uameHenve cuntbl Y Ha AY BOH3M cocTosiHHA paHoBecus BfedeT 3a coGol n3Me-
HeHHe TOTO e Mapamerpa X Ha BeTHUMHY

Ox Ox oY\
(% [ or
Aat <0Y)X=0AY <8Y)X=o\0r/‘y

(ax \
\dY /x =0
a TOTOMY MpPOTHBOTIOJOXKHB! H 3HAKH GeCKOHEYHO MajbiX npHpaitieHHit Ay n Aqx.
Takum o6pa3om, H3MeHeHHE NapaMeTpa X BJIedeT 3a co60i TaKHe MpOllecCH, KoTophe
NpensITCTBYIOT 3TOMY H3MeHeHMI0. 31oro u Tpebyer npunuun Je-[arense — Bpayua.

Hepagenctea (51.9) u (51.10) BMecTe ¢ YCIOBHSMH [100KHTENBHOCTH BXORAIUIMX
8 HHX [POH3BOAHBIX TaKKe MOCYT GbiTh HCTOJKOBaHH B CMuicje ApHuunna Jle-Jlla-
Tesive — Bpayna. JleficTBHTeIbHO, PAacCMOTPHM TaKoe HapylUleHHe PABHOBECHA, MPH
KOTOPOM TapaMeTp X MoAyyHs GecKOHeuHO Majoe TIpHpailieHHe Ax, TOT1a Kak napaMerp
y octancs HeHaMmeHHBIM. [IpH TakoMm HapyweHHH pasHoBecHs o6o6ulenHas cuaa X
No/yYHT MpHpAIleHHe

X

A1X=<5; >y Ax.

Alx.

J
Mo Teopeme 0 3HAKaX 3HAKH [POH3BOAHEIX <a£> TPOTHRONOMOIKHEL,
Yy

310, BoO6lIe FOEOPA, HAPYLIHT YCJIOBHe pagHoBecHst ¥ = 0. JI14 Toro 4to6ul OHO He
Hapyuanoch, o6oblleRHas casia X NpH ToM Ke camoM Ax NoJ/kHA Gulia G5l NOAYYHTD

fipHpallesHe )
X
AgX = <B;>y-_—o Ax,

Sro npupatenue, cornacko cootHomennio (51.10), no aGeoniotHol BestnunHe Menbille
npupauesud A X. TlosToMy 218 BOCCTAHOBJIEHHS  DaBHOBCCHS B CHCTeMe
NOJKHB CYUICCTBOBATH [POLECCHl, MpenaTcTBYIOMHe HapacTaHHKW abeogtotHoll Be-
JHUHHBE AX.

*) IMo cBoeit Gopme TeopeMa O 3HAKAX HMEET XapaKTep HepPaBEHCTBA, MOCKOAbKY
coBnafileHHe 3HAKOB Be/MIHYHH @ H b MOXKHO 3anHcats B BHe a'b > 0.
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8. TIpuMeHHM Temepb HOJYUEHNBIC DCRYILTATH K BOTPOCAM TCPMOAHHAMHKH,
JL1s 3TOro Hajlo KOHKPETH3HPOBaTh MoTeRUHAILHYIO gyukmmo f. Orpapnuunmes pac-
CcMOTpeHHeM QH3HUCCKH OMHOPOABIX H H30Tponnux Te1. [loaxoaaueil notenunaysioi
dynxumel MokeT cayknte Z = U — TS + PV, B kotapoli Ty u P, — Tomnepa-
TYPa U AaBJAEHHC CPEilbl, OKPYAKAIOMEH paceMaTpHBacMoe Teo. ITa GYHKIHA MuiLH-
MaIbHA B MOJOKENHH PABHOBECHS H COJCPUT ABA CBOCOANBIX NapaMeTpa, 33 KOTopLle
MORHO OPHEATL suTponnio S w ofmem V. Tlpoune dyikunn U, I, F, O, Y 115 vaunx
ne el He roAaTes, Tak Kak OHM HC HMEIOT HY/KHOTO 4gHcaa cBOGOIILIX NapaMerpoB.
Hanpumep, yeaosne paBHoBecHs, (QOPMYTHPYEMOE 'C° MOMOIRBIO [OTEHIHAILHOH
dbynruun U (S, V), TpeOyeT MuHuMyMa 3Toit GyHKIMHE npu noctoanibix S u ¥V Ho
excn S # V Gukenposausl, T0y QyHKIMH {J HE OCTAeTCA HU OJHOTO CBOGUAHOTO tapa-
metpa. To xe otnocnres x dyakuuam [, F, @, Oynxuust ¥ = J — T,S umeer ofun
cBoGoAUBIT napametp. BeeMH 3THMH QYHKIHSIME MOKHO IIOJTB30BATBCS, KOTMa UHCIO
LapaMeTPoB, ONPCAESSIOIHX BHYTPeHHee COCTOsiHe CHCTeMBl, NpeshilaeT apd.

Podb «paccMatpHBaeMoro Teda» MoKeT NIpaTh KaKas-jubo NPOH3ROILID  Bhi-
Opannas Majas yacTe camoro Teta. OCTalILHYIO 4acTb MOAKHO DAcCMaTpHBAalhL Kak
«OKPYKAWOILYIO CPeLy».

Ecast nodoxiite f= Z (S, V), 10 ofobimeHnbiMi KoopanHaTami Oyayr x = §,
y =V, a o0o0lieHHbBIMH CHJIAMH —

AN
X= 'fISr v .08 /\‘y =T
Y =| ' o
WM BBUILY CCOTHOWeEHHIT (45.9)
X=T—-~Ty, Y=P,—~P. (51.12)

HeoGxonumpie yeaosusi pasrorecHss (51.1) tpebyior T — Ty =0, P — P;==0,
Tlpw pasrosecun messepamypa U OasaeHue MEAQ Paskol MEMNEPQIype U OUBALHIUID
OKpYHaoWet Cpedsi.

Hepasenctsa (51.3), (51.4), (51.7) u (51.8) ncpexouar B

oT [ OT
[5s), >0 (o5 ),>0
/an _
(v ) <0 (51.13)
op
<7)V>T <0. G1.14)

Gu3nUecKHH. CMBICT TOCJEAHUX JABYX. Hepasencts ouesdfed. OHM 1OKa3bBAIOT,
YTO 00DEM MEAL YMEHLINAPMCA KOK NPU Q0UADAMUYeCROM, MUK ( NPU U30HIEPD MUYECKOM
nossiwierut Jusacrust. [lepBee Ba HepaBencTBa TaK:Ke HMEIOT NPOCTON dH3aHueCKHH
embrear, [l kBasucTaTHYeckux nponeccos 6Q = T dS. I[losToMy yiOMAHYTele He-
paBeRcTBa MOMKHOQ IlepenucaTh B BHIE

500 _ o [8Q)\ .
<ET/»’/ ' ‘\TT‘"/P >0,
HiH
C.=0, (51.15)

Cp=>0, (51.16)
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Hepasencraa (51.9) u (51.10) nepexoasT e

(0P . [9P) 5
(G0 )r==5rs LD
(ar\ _[or,
68 /p TS v
H.TH
Cpz=Cy, (51.18)

B ciyuae naeanbHHX [ajoB MOC/ENHee HEPABEHCTRBO OObACHACTCS TEM, 4TO MpH
HarpeRalky raza MpH NoCTOAHNIOM AaBIACHWH OH PACUIHPACTCH, U YACTh MOJAYYaeMoro
Tenna 3arpaunBaercs Ha pafoTy NPOTHB BHelllHero AarjenHs. OxHako Takoe o0bsACHe-
HHC He FOAWTCA JJ1s Tes, o6beM KOTODBIX MPH HarpeBaHHH YMeHbillaeTcsd, HAMPHMeED,
aas poast Mexay 0 u 4 °C. B 1o xe ppems uepasenctso (51.18) cnpasexnnBo B o6onx
cavuasx. Orcroa caelyer, 4To IpH Harpepannu npd nocrosiuoM P sarpaunBaercs
60.abwas padoTa MPOTHE MOJACKYJMSPHBIX CHJ, UCM MPH HATPCBAHUI NPH NIOCTOAHHOM V.

9. Hepagencrsa (51.13) — (51.18) ssastorcs HeoGXOAUMBIMU YCJAOBHSIMH YCTOH-
YHBOCTH TEPMOAKHAMHYCCKOrO pARHOBCCHA. JOMYCTHM, HalpHMep, 4T0 A HEKOTO-
poro (PpU3HUCCKU OAHOPOJAHOIO M H3OTPOIHOIO BCUICCTBA HAPYWIEHO OAHO HJH o06a
yeaoeus (51.13) u (51.14). 3aknouuM BelleCTBO B UWJHHAP, 3aKPBITBIH NOPUIHEM,
KOTOPLIt MOKeT B HeM cBo0oAHO Nepememiarbed. [Tos10:KHM Ha noplledb TPy3, Co3jam0-
Ml roCTOsIHHOE BHellHee AaBieHue P,. B cocrosnuH papHOBecHs 3T0 LaBIeHHe
J0J/KHO YDABHOBEIIWBATLCS BHYTPeHHMM NasnenueM P: P = P,. Bceio cucremy rno-
MecTHM J#60 B TepMocTar, TeMmIeparypa KOTOPOTO NOJAEP:KHBAeTCsl TNOCTOSIHHOM,
aubo agnabaTHuecKu M3oaupyeM. JonyCcTHM, 4TO NOpPHIEHb HEMHOTO CMECTHJIH BBEpX,
TaK 4r0 00beM ten1a V HeCKOJABKO YBEJAMYHJICHA. D10 NMOBEAeT K YBEJTHUCHHIO BHYTPeH-
Nerc jJaeideHusl P, tak Kak N0 HalWeMy npeinojoxkeHuio dP/dV > 0. Bosnukner
pasHocTh Aaiennit P — Pj, KoTopas 3acTaBMT NOPlUeHb elle GoJblile CMECTHTHCHA
BBCPX. D70 BBI3OBET JalbHelillee Bo3pacTatie pasHocTH Nasienuil P — Py, n nopenn
gce ¢ GOJbIHM K GOMBIIMM ycKopeHHeM OyaeT ABMraThesl BBepX. Paccy:kinas anaso-
THUHO, NPHAEM K 3aKJIOUeHHI0, YTO CMellielte NOPLIHS BHU3 TaK:Ke NoBeleT K NossJe-
HHIO DA3HOCTH JABJEHHI, KOTOpas 3acTaBHT BELIECTBO CXKHMAThCH, NMOKa He 6yjer
napyueHo yciosue OP/0V 2> 0. Takum o6pa3oM, paBHOBECHBIX COCTOAHHH, AnA Ko-
Tophix yeaosust (51.13) u (51.14) ue cobalopatotesi, cylllecTBoBaThL He MoxkeT. Takue
cocTosiHMs OblIK Obl aGcontoTHo Heyetoftunsbt, He To Gyaer, ecau dP/0V < 0, xax ato
HMeeT MeCcTO B PeasbHBIX YCAOBHSX. Toria mpu CMeileHHH TOPIUHS M3 NOJOXKeHHS
PaBHOBECHH BCErAa BO3HHKaeT Pa3HOCTb NaBJeHHH, NpenfATcTpyloulas TakoMy cMe-
WeHnlo. D10 MOXKHO paccMaTpuBarbh KaK MpHMep, NOATBEPKAAIOMHA NPHHLHI
Jle-lartenne — Bpayna.

10. [locMoTpuM Temepb. YTO HOJAYUHJIOCH GBI, eciH Obl TelJOeMKOCTH BelllecTsa
Cy 1 Cp GbliH OTPHILATEbHEL [IOMECTHM TaKoe BEWIECTBO B TEIOMPOBOAALLYIO ofo-

JOUKY, OKPYKEHHYIO cpejoll, Temneparypa T KoTopoil NoAlep:KHBAETCS NOCTOSHHOIN.
O6oaouka foakHa ObiTh JAu60 aGCOMIOTHO KecTKOM, ofecTeunsaiouieil MOCTOSIHCTBO
o6bema Teqa, A0 371aCTHYHOH, He OKAa3bBalOIledl HHKAKOTO CONPOTHBJEHHS pac-
LIHPEHHIO H CIKATHIo Tena. B mocsefHeM cyuae jaBjeHue OKpysKaiuleil cpebl A0KHO
NOJLe PKUBATEC ST TOCTOSHEBIM, B cocTosiHUY paBHoBecus TeMnepatypa tena T A0aKHa
paeHATbCSH TeMnepartype cpeasl T, Jonmycrum, uro no Kaxko#-auGo NpHUHHe Temmepa-
TYDa Teda HEMHOTO TOHH3WJACh. 1€NJ0 CaMONMPOU3BOJILIO TepeXOAHT BCeTAa OT Tela
c Gojice BBLICOKOH TeMmmeparypoit K Tedy ¢ MeHee BbicOKOH TeMmeparypoil. Ilosromy
IPH NOHUKEHHHA TeMIeparyphl Tesia uacth Tensia 0Q mepeiifler or cpesl K teay. dro
BLI3OBCT Jaibuciilllee H3MeHeHHC Temnepatypsl teda #a dT. Bemuuwna dT nonxkHa
GbITb OTPUUATCABHON, TaK KakK MO HALCMY NPEeAIOICIKEHHIO TemoeMkoeth 8Q/dT
oTpuliarenbna. Taknm o6pasoM, TeMIeparypa Tena elile Gojlee MONU3HTCA. JT0 BhI3OBET
AajbieHIHi epexo] TellJia OT Cpe/ibl K Tedy W HOBOE HOHHIKEHHE ero TeMIepaTyphl.
B pesyabrate Temneparypa Tena OyAeT mneorpaHuHuyeHHo nounmarecd. Paccymaas
aHaloTHuHo, HafifeM, YTo BCHKoe CaydalHoe NOBHILIEHHe TeMAepaTyphl Te/1a NpUBeAET
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K HEOrPaHUYEHHOMY Harpepauuio ero. CjeJoBaTesbHO, NMPH OTPHHATENbHBIX TETMIOEM-
xoctsix €y, u Cp, yCTOlUMBOE TeN0BOC pABHOBECHE Tenla ¢ OKpYXKawiielt cpenoft 1e-

BO3MOKHO. Hanpotus, Korja yKasaHnbe TelIOeMKOCTH NOJIOKHUTENbHLI, KAK 370 HMeeT
MeCTo B JIefICTRHTENbHOCTH, BCAKOC M3MCHEHHe -TEMIEpPATYpPEl Tesla BLI3LIBAET TakHe
NOTOKH Ten/1a, TPH KOTOPBLIX BORHHUKIUHE PA3HOCTH TeMIIePaTyp CTJaKHBAIOTCH, T. e.
paBHOBeCHe poccTaHaBauBaeTcs. Dtoro u Tpedyer npuuunn Jle-llarease — Bpayna.

11. Ocraerca NpHMeHATh K paccMaTpPHBAEMOMY HaMi BOTIPOCY TEOPEMY O 3HaKuX.
Pan npousponubix (51.11) Tenepb nepexoiurt B

(?T> oS\ [0S P (0V> (ov
<GV,3’ —<5V/T’ ‘\aP>r’ _<as/w BRGAYX \a'r>p°

A /

OTH BeNHUMHBl MOTYT GLITh KaK I0JI0KHTEe/IbHEIMH, TaK H OTpHUATelbHHIMH. Ho Bce
OHH HETPeMeHHO JOJIKHBI UMeTh OlHHAKOBble 3HaKH. EcJIM NpHHATL BO BHHMaHHE COOT-
HoleHnsT Makceesina (45.15)—(45.18), 70 K yKa3aHHEIM [1eCTH IPOM3BOAHEIM MOXKHO

106aBuTh emie JBe:
oT " oP
\OP /s oT /v’
KOTOphIe JIOJKHBI MMETH Te Ke CaMble 3HAKH,
Yurem rteneps, uto M5 o6parimeix npoueccos 8Q = TdS. Torxa reopemy o 3Ha-

Kax Jast GH3HUECKH OAHOPOIHOTIO Tesla MOKHO CHOPMYIHPOBATh CAEAYIOLIHM 06pa3oM.
Bocems seauuun

CATNU SR
_\\al/)s' <0T/v’ 0T>P’ <0P/S’

B~ e (5

sce20a UMerom 00UHAKOBble 3HAKU.

(51.19)

oV oT . !
Cosnajienue 3HaKoB <57‘>P H <5ﬁ>s (usndeckn o3HayaeT caeayiomee. Ecau ko3

guyuenm pacliuperus meaq NOAOXCUMeseH, mo npu aduabamu4eckom Cxamuu o
memnepamypa Gydem nosvtiamecsi. Ecau we on ompuyamenen, mo npu aduabamudec-
KoM cocamuu memnepamypa Gydem nOHUNKAMbCS.

AHAJIOTHYHO, ecAu  Mepmuteckud  Koagpuyuenm OGBAeHUA  NOAOKUMENLH.
apP
(o
awameca, @ npu a0uabamU4ecKOM CHQAMUL — NOBLILIAMBCA.

>v >0, mo npu aduabamuyeckom paciuupenuy mexnepamypa meaa 6ydem nouu-

'8
" Benuunner ( —Q\ H Q\ HA3BIBAIOTCS CKPBLMbIMU MENAOMAMU U3MEHeHUS 06~
oV)r \oPr

emMa i usmeHeHus 0asAeHUS. IMU 8eAUHUMOl 6Ce200 UMEION NPOMUEONOAOICHbE 3HAKU.
8Q
oP
HHX HasBaHWH. MX 3HaKM Bcerza ogHHaKOBHI.

12, OcTasoBHMCH B 3aKJIOUeHHe elle Ha OJHOM JIIOGONLITHOM fABJIEHHH, TeOPeTH-
yecKn npefckaszanHom B. ToMconoM M sKcnepuMeHTaNbHO NOATBEPKACHHOM LKoY aem.
ITocnensnit skcrnepuMeHTanbHO OGHAPYXKHJ, YTO DPE3HHOBLIH JKIYT HArpeBaeTcs,
ecan ero 6blctpo (aguaGaTtHyeckh) pactsnyTh. Orcroga Tomcon clesan BHBOA, YTO
fIPpH HarpeBaHHH HATSHYTOTO PE3HHOBOTO KryTa (IIPH MOCTOSHHOM HATSKCHHM) €ro
AJHHA JOJKHA COKpamarbes. DTOT BHBOA H Obll npoepeH Ha omwite [lKoyaem.

Teopus 51010 SIRNEHHS COAEPEKUTCH B OGLIKX NOJIOKEHHSIX, H3/I0KCHHBIX B HACTOSA-
mem naparpade. DieMeHTapHad paGoTa NpH pacillipeHHH KIYTa MpelcTaB/sieTcst
sruipaxkerHueM 04 =— 1 di. Ponb o6bema V nrpaer gauna ®ryta /, poib AaB/ieHHs —
HaTAXKeHHe T, B3ATOe C IPOTHBOMOJIOXKHHM 3HaKoM. [losToMy $iCHO, u4TO BMeCTO

" 8
®usnyecKUi CMBICJ BeJHYHH < >V H <a% p SICeH, HO OHH He TNOJYYHJ/IH cChnelHaab-
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vk Z = U — TS + P,V wano nonesosatbcst Qyukumeit U — T8 — 1l
Toraa mo TeopeMe 0 3HAKAX BOCEMb BeJIHUHH

_(‘?@ _ (,‘.97 <E7’. (T
'al>s’ JT J1° oT /¢’ ot /s?

<%%>T’ <??$>r’ - (22)1’ <§<‘?[>r

6}']IYT Bcerza HMMeTb OJHMHAKOBLIE 3HAKH. Corsacno omnbiTam ﬂ)KOyﬂﬂ npousBoOHas
/0T\

{\ (?[ Is NOJOKNATEC/IbHA. n()aTOMy AJIST pE3HHBL 1OJKHO GBITh ( <0 Astou 3HaAUHuT,
A /

oT Jx
YTO €CJM HaTSKEHHE T NMOMJep:UBATh MOCTOSHHBEIM, TO IIPH HarpeBaKHH PE3HHOBOrO
ACYTa ero AJHHA JO/IMKHA YMEHbUIAThCH. DOJBIIHHCTBO Tes BejerceGs HHAave — ApH
narpeBaHuN Tesla 06bI4HO pacwupAwTcs. Taxue Te1a npu aAna6ATHICCKOM PACTSKEHHH
JOJIKHBE OXJIAKAaThC A,

3amerum, uto onbrramu 1. H. Jle6enesa (1866—1912) 6nuto noxasaso, uto kosd-
(ULHCHT 00BEMHOTO PAaCIIHPEHHS HATHHYTOH peauHnl nosnoxuTesed. Orciona caenyer,
YTO TMPH HarpeBaHHH HATAHYTOrO PE3HHOBOIO XKI'YTa NoMNepeulble pasMephl ero ypeu-
unpaiorest. Harstnyrast pesusa, Taxum oGpasoM, ecTb TC/10 aHu30TponHoe. Kosdiu-
ILHEHT JHMHEHHOTO paclinpelHs €c B HaNpasJ/ieHHN HATHKEHHA OTpPHIATE/eH, a B nep-
TeHAUKYAAPHOM Hanpas/eHHH — IOJOKHTeel.
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§ 52. VYpasHeHHe TemJONPOBOAHOCTH

1. B 3710l raBe OyayT pPaccCMOTpeHBl 3JAEMEHTHl Mamemamuieckot
meopuu menaonposodrocmu. OCHOBBI 3TOH TeopuH OblIM  3a70KEHBI
tpanny3ckim MareMaTukoM ®ypee (1768—1830) B nepmoii uerBepTH
19 Bexa. EctectBenno, uro ®ypbe HCX0Ua H3 NPeICTaBAeHUH TeOpUH
TENIOpPOAa, KOTOPOU TOTAA NBITANHCh OOBSICHHTE BCE TEMJIOBLIE SIBJAEHHS.
3tu npencrasneHuss HeBepHol. Ho wmbl Bujean (cm. § 16), 4to, ecau
06BeM CHCTEMBI WM JlaBJeHHE NOAJAEeP:KUBAIOTCS NOCTOAHHLIMU, TO SIBJe-
HHMSl NPOTEKAlOT Tak, Kak ecIM Obl Tenyo ObLIO KaKHM-TO BEILECTBOM,
KOTOpO€ MOXKeT TOJBKO IepeMeLlaTbCfl B IPOCTPAHCTBE, HO He MOXKEeT
C037aBaTbCA WM YHHUTOMKAThes. Eciu nocTosiHeH ofbeM CHCTeMBI, TO
KOJIHYECTBO TeMJa cJeayeT OTOXKIECTBUTb C BHYTPEHHEH 3Hepruem,
a ecaH NOCTOSIHHO JaBJjeHHe, TO — C sHTajdbnuefl cucrteMnl. B obGoux
cnyyasx MareMaTHYecKHe OCHOBHI TeopHuH Temsonepenaun dypoe octa-
IOTCS1 BEPHBIMH, XOTH WX (u3nyeckoe OGOCHOBAHWE HE WMEET HHYEro
ofl1ero ¢ npejicTaB/AeHHAMH, U3 KOTOPBIX HCXOAMI caM Dypoe.

B janbHefimieM npeanosaraercsl, 4To nepejaya Tersa OCYLIeCTB.If-
eTcsl HCKJAIUHTENBHO NyTeM TensooOmena. [lpeamonaraercs, uto Ko-
BEKIUH HeT. B TBepabix Teslax 3To ocyuiecTaseTcs camo coboit. B xunko-
CTAX 2Ke 1 Ia3ax HaJlo 1o3aboTHThCS, YTOOhl KOHBEKIH s GblIa YCTPaHeHa,
HarpuMep, HarpeBaTh 3TH Tesa cBepXy. TOYHO Tak ke Npeano/araercs,
YTO NOTEPAMH Temja Ha JydeHcnycKaHue MOXKHO npeHeGpeus. Kpowme
Toro, 6yJeM npeanosaaraTb, 4To 06beM CHCTEMbl OCTAETCS TOCTOSIHHLIM,
TaK YTO HUKAKHX NepeMelleHHll BelllecTBa B IIpollecce Iepenaud Temsaa
He BO3HHKaeT. OrpaHHYUMCSl, HAKOHel, PACCMOTPEHHEeM TOJbKO OIHO-
MEpHBIX 3344, KOrja TeMrnepatypa Teja, IIOMHMO BPEMEHH, 3dBHCHT
TOJIBbKO OT OJHOH NPOCTPAHCTBEHHOH KOOpAMHATHI.

2. B matemaTHuyeckofl TEOPHMH TEIVIONPOBOAHOCTH pacrmpoCcTpaHeHue
Tenla paccMaTpuBaercsl NOJAOGHO TEUeHHIO KUAKOCTH. [1a0mHOcmblo
NOMOKA MENAG HA3bIBAEMCA 6eKMOp J, €06nadaiowyull 1no HanpasieHuro
€ HanpasaeHuem pacnpocmpaHen s menal u YUCAeHHO PABHbILL KOAUECTBY
menaq, npoxooaLemy 6 00HY ceKyHOY Yepes nAoWadKy 6 00UH Keadpammblil
CaHMUMEMp, NePReHOUKYAAPHYID K HAAPAGACHUIO HOMOKQ MEeniq.
Halizem nuddepennnanpHoe ypaBHeHHe, KOTOPOMY VJIOBJETBOPSiET
BEKTOp J B OJHOMEpHBLIX 3ajayax.

[Tycth nMeercst HeorpaHWuYeHHasi cpepa, B KOTOPOH NPOHCXOIHT
NOTOK TeIvla B HampaBJeHHH, napasjensHoM ocH X. B ofuwem cayuae
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¢BOHCTBA CPeAB! MOTYT MEHATHCA B TOM Xe Hanpas/eHunu. Kpome Ttoro,
OHII MOTYT MEHAThbecs BO BpeMmenu. [103ToOMYy NAOTHOCTB HOTOKa Temsa J
cielyeT paccMaTpHBaTb KakK (DYHKLUHIO KOOpPAHHATBl X H BpeMeHH [
J = J{(x,1). Bpuiesum MbicleHHO B cpejie 6eCKOHEUHO NIHHHYIO TIPU3MY
1 LHAHEAD ¢ o6pasyionMi, napagienbHsMi oclt X, I paccMOTpUM
OCCKOHEUHO Masblil YYacTOK Takoro uumauuzapa AB ¢ wmnolt dx (puc.
40). Ilycts S — muommaae mnoliepeqyHoro ceueHus UuauHApa. Koau-
yeCTBO TelJa, Berynattuiee B uanuap AB 3a BpeMst df yepe3 ocHOBaHHe
A ¢ Koopauuato#d x, paBHO j (x) S df. Kosmuuectso Tenja, yxomsiiee
34 TO Ke BpeMsi uepe3 ocHoBaHule B, OyzeT j (x -+ dx) Sdf. Tak xakx
uepe3 GOKOBYIO IIOBEPXHOCTb LHJIHHAPA TerJ0 He II0CTYNaeT, TO MOJHOe
KOJHYECTBO TelJa, BCTYyINaloliee 3a Bpe-

Msl df B paccMaTpuBaeMblil  yyacTOK A B
LUWIHHAPA, pPaBHO

. . oi 7@ Jix+dr)
i () —j(x+dx) Sdi=—5Sdxat. > v
Ho 3TO TeENJO MOZKHO npeACTaBUTbL B Puc. 40.

Buge dM-c dT, rae dM = pSdx—

Macca nuanHIpa AB, ¢, — yaeabHas TemnoeMkoctb, dT — HOBbILLIEHYE
temnepartyphl. IlpupaBHuBas o0a BbIpa:KeHHst i TIPOM3BOAS COKpallle-
HHe, [OJYYHM

T aj
pCy v R (521)

3. Temepbp Hal0 YCTaHOBHTbL CBA3b MEXKJy I[LIOTHOCTBLIO NOTOKA
Tenvia H TeMmnepaTypol cpeabl 7. ONEIT HOKA3bIBAET, YTO NOTOK Tea
1IMeeT MeCTO TOJIbKO TOrja, KOria TeMIepaTrypa cpelnl MeHseTcs oT
TOUKH K TouKe. Ten/Jo TeyeT BCerja B HaNpaBJ/eHUI OT BhICLIEH TeMIlepa-
Typbl K HH3well. ITpocteiiunm sBasieTcs caydalt GeCKOHEUHOH OLHOPOL-
HOH NJ1aCTHHKH ToJWHEEL /. EC1M Ha 0HOH CTOpOHE MTACTHHKH II0/11ep-
JKlBaeTcs Temmeparypa Ty, a Ha Apyrof — Temneparypa T,, npuuem
Ty>T,, TO ONHLIT INOKAa3bIBaeT, YTO MOMOK Menaq nponopyuoHaiIeH
pasrocmu memnepamyp Ty — T, u 06pamiHo nponopuUOHaIeH MOALUHE
naacmunky [ MatemMaTtideckH 3TO MOXKHO NpelcTaBUTb B BHJE

i=%T‘—'[ﬂ, (52.2)

rie ¥ — NOJOKHUTEe/NbHAA MOCTOSHHAS, 3aBHCALIAS TOJBKO OT MatepHana
MJIACTHHKA H ero (PH3HYECKOTO COCTOSHHSA. 3Ta NOCTOSHHAA Ha3blBaeTcs
KOSOUUUEHMOM MenA0NPOBOOHOCTU.

Honyerum, uro nuacTnHKa GecKoHeuHo ToHkasd. Ecan ock X Ha-
NpapjieHa B CTOPOHY NMCHHMXKEHHSA TeMnepatyphl, 1o [ = dx, T, = T(x),
T, =T (x + dx),

Ty—T, _ T(x+d)—T(x _oT

{ dx dx '
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H ¢opmyaa (52.1) mepexoaur B
. oT
j=—%7- (52.3)

Bripaxenue (52.3) ocraercsl BepHLIM H B TOM cJayyae, KOTAA och X
HanpapJeHa B CTOPOHY IOBBILIEHHS TEeMIePaTypbl, TdK KdK B 3TOM CJlYy-
yae | = —dx, Ty =T (x + dx), T, = T (x). OHO TakxXe cnpaBel-
JHBO ¥ B 00mEeM c/ydyae HEeOJHOPOLHOH Cpeibl ¢ COBEPILCHHO MPOH3-
BOJIbHLIM pacrpejej]eHieM TeMmraepaTyphl, U IPHTOM He TOJbKO CJAOH-
croif cpespl, HO U Takoil, CBOHCTBA M TeMIepaTypa KOTOPOH ABISIOTCA
GYHKIHAME BceX TpeX IpOCTPAHCTBEHHBIX KOOPAMHAT X, y, 2. Jlocra-
TOYHO B paccMaTpHBaeMOH TOUKe NpPOCTPAHCTBA HANpaBUTL OChb X
B CTOPOHY MAKCHMaJibHOTO NOHHKEHUS W/ HOBBLILEHHS TEMIePaTyphl
H paccMoTpeTb GeCKOHEYHO TOHKHH CJIOH, MepHeHAHKYIAPHBIH K 3TOMY
HalipaBneHHo. TaKOH cl0#l MOXKeT CUMTaTbhCSl OIHOPOJAHBIM, H K HEMY
npiMennma ¢opmyna  (52.3).  Kosdduuuenr TenaonpoBoAHOCTHE ¥
OyneT hyHKIHeH BCeX TPeX NPOCTPaHCTBEHHBIX KOOPAMHAT X, Y, 2
B Hawei oxHOMepHoﬁ 3ajaue OH OYyJeT 3aBHCETb TOJBKO OT OJHOMH
IPOCTPAHCTBEHHON KOODAHHATH X: % == % (X).

Ecau Bolpaxcenue (52.3) noacraButh B opmyay (52.1), To noayuurcs

ar a< ar>

PCu 9¢ = 9\ ® ox (62.4)
3710 ypaBHeHUe HA3BIBAETCS YpasHeHueM menaonposodrocmu. B wactHoM
caydae, Korja cpelia CAHOpoJHa | KOE)(IJ(pHUJlQHT # HE 3dBUCHUT OT TeMIle-
parypbl, OHO IIplHHHMAaET BHI

Jr T

pcvww?{ ox2? (52'5)
HJIH
oT 0T
= 9
o~ Kaxo (62.6)
rje BeejeHO oBo3HaueHHe
H
=i (52.7)

TocTonnuas { HasHIBACTCH KOIGGhuULLeHTOM meMne patnyponpocooHocy
cpedol.

B cpese Moryr oxasatbes ucmouruxu menia. Hanpumep, Tensio
MOZKET . BBIIGAATLCS. B . Pe3yJbTaTe [IPOX0XK/ICHHSI 3JIEKTPHUECKOTO TOKa
WJIH. PajHO4KTHBHOIO -pacnana. Taxie HCTOUHHKH Mbl He NPHHHMATH
Bo BunManue. Yrolbl HX yyecTh, BBEACM BEJNHYHHY ¢, PABHYIO KOJH-
YeCTBY Tena, BBIIEASEMOMY HCTOYHUKAMHU B CAHHUIE oObeMa cpe/bl
B oiHy ceKyHay. Torma Bmecro ypapuenus (52.1) ciepyer mnucath

oT of
pCy 5 = — 0—]x—}—q. (52.8)

B cootsercrBill © 3THM H3MEHATCA H OCTaJbHbBIC YpaBHOHHA,
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4. B ofwmem cayyae, KOrja CBOHCTBA H TeMIepaTypa Cpeibl 3aBHCAT
OT BCEX TPeX NPOCTPAHCTBEHHLIX KOOPJAMHAT X, If, 2, YpaBileHne Teno-
[POBOJHOCTH, Bhipaxatiee GanaHc Tenjia B-Teje, HMEET BHJ

T e (% Lta (52.9)

9%
pcvﬁ = \Ox + J +

Oxnako peilleHHs TAKOTO ypaBHEHHs AHAJHTHYECKH MOXKHO MOJYYHTh
TOJbKO B IIpOCTeRmNX caydanx. Hanbosee BaxKHBIMH SBASIOTCH CJIyYaH,
KOT/Ia cpefia u pacnpejieiclue TeMneparypsl B Hell obnajaior cgepu-
weckotl WM yuAuHOpuueckol cummempued. Tlostomy Mbl He GyaeM BhI-
BOAMTL ypasieHue (52.5), a orpaHuyuMcsi caydasiMH chepuueckod H
LHJIHHAPHYECKOl cHMMeTpuH. B 3THX cayuasx, BMECTO NP sMOYro/bHOM
CHCTEMBl KOOpJAHHAT, GoJjee yno0-
HBIMH ABISIIOTCA  cghepudeckas u
HUAUHOpUdecKaa — KOOPOUHQMHbIE
cucmembt.

Paccmorpum cHavasa ciayuail
cthepuueckoit cuMMerpuu. Bekrop
IJIOTHOCTH HIOTOKA Teria j Hanpas-
JIeH BJI0JIb pajuyca, IpHYeM BesH-
4HHa j, TIOMHMO BpEMeHH, 3aBH-
CHT TOJIBKO OT r. OmnullieM BOKPYT
LeHTpa CUMMETpUH JBe KOHUEH-
TpUYeCcKHe cdepsl ¢ pajuycamu r
u r -+ dr (puc. 41). Koaunuecrso
Tensa, BCTymamwulee 3a BpeMmsi df
B IIPOCTPAHCTBO MeXJYy 3THMH Puc. 41.
cepamy dHepes NepBYHO H3  HHX,
paBHO | (r) 4mr®d¢. KosmuecTBo Telljla, BHITEKAIOUEE 32 TO e BpeMsd
yepes BTOpylo. cepy, 6yaer j (r -+ dr) -4m (r + dr)’dt. 3tu 1Ba Koau-
yecTBa yA06HO mucarth B Buue 4w (jr?),dt u 4w (jr®),rq-dt, uToGH IIOA-
YePKHYTh, Y4TO Pedb HIET 00 ORHOMH W TOH e QYHKUHH jr*, HO NpH pas-
HBIX 3HAUEHHSIX apryMeHTa: 7 U r + dr. Pa3sHOCTh Mexay HUMH

Todr)

4 (i), — 72 rear] dt =—4m0 - (%) dr dt

JaeT KOJHYECTBO TenJsa, BTeKawolliee 3a BpeMf df B paccMaTpHBaeMsil
cepuuecKuii c10#l u3 OKpyXKamoomero npocrpanctsa. Ilpu Hannuuu
UCTOYHHKOB ClOjla Hajo N00aBHUTb KOJIMYECTBO Tellla

dngr® dr dt,

nocraeJjsieMoe McTouHHKaMu. Ho u3MeHeHue KosauyeciBa Temja B CJIoe
MOXKHO NpeicTaBuTh B Buue p -4aridr-c,dT. Tlostomy ypaBhenue Ga-

JiaHca Temna Oyaer

aT
PCo 5 = ,a ar 0 %)+ (52.10)
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oT

Bmecto cooTHowenns (52.3) ciefyer mmcatk j=-—x -, TaK 4TO
oT 1 9 OT
pe. o T 72 [3,( ? \_Jf_q (5211)

Anasornutple paccy:KIeHHs NPOBOAATCH H B Cayvae LHIHHIPHYEC-
Kol ciimMmerphy. TloHlMas Tenepe Noj r paccTosiHue 10 OCH CHMMETpPHH,
0Ty YHM

or

e: 5 = =7 3 )+, (2.19
or 1.9/ aT)

OC 5 =7 or or \ ( ar /) q. (52.13)

5. K ypaBHeHHIO TenmJONPOBOIHOCTH Hajo A0GABHTL OOLiee COOTHO-
1IeHHe, KOTOpoe ROJTAHO BBHIIOJIHATHCA HA TpaHile pasjesa ABYX Tpo-
H3BOJIBHBIX CPe/l. 3TO epaHuUHoe YcA08ue COCTOUT B TOM, YTo Ho obe cTo-
POHBl YKaszaHHON TpaHulbl ACIKHLI OBITh OAHHAKOBBIE HOPMAJbHbIE

coctapasiioiue Bektopa J. [eficT-

2 n BUTeNbHO, 1NycTh AB — rpasuua

pasgena cpel, a #— e AMHHYHBIH BeK-

pp— ‘ I 5 TOp HOpMalH K Hejl, NpOBeAEHHBIH

HampuMep, OT NepBoil cpeibl KO BTO-

1 poit (puc. 42). BelpexeMm MbiC/eHHO

Puc. 42, OeCKOHEUHO MaJabii IUJHMHApP ¢ 00-

PasyoOWUMH, TNepAeHANKYIAPHBIMU

K IpaHHile pasiena, 4 OCHOBaHHAMH IO pa3Hble CTOPOHLI OT Hee. BricoTa

uuaHHApa h jo/kHa OblTh OeCKOHEUHO MaJsoH BRICIIEro NOpHAAKa M0

CpaBHEHHIO C JHWHEHHBIMH pa3MepaMH OCHOBaHu{. Toria NOTOKOM

Temja udepe3 GOKOBYIO MOBEPXHOCTbL LIIHHAPA MOXKHO mnpeHeOpeub.

Eciu S — nnomans ocHOBaHHSA LUAMKH/PA, TO KOJHYECTBO Temjia, BCTYy-
nawilee B Hero B 1 cekyHay, 6yZer pasHO

i —i#1s.

Ho sta BeTHYHHA, KaK M KOJHYECTBO TeNJa, cojleprkaileecst B MINTHHpE,
JOJ/2KHA ObiTh NPOMOpIMOHANbHA ero obbemy Sh, T. e. B mpejieqe IpH
kh — 0 poyxHa obpawateca B Hyab., Takum obpasomM, B npejeje, Korja
ofa OCHOBaHHS LMAHHAPA CJAMBAIOTCA APYL ¢ APYroM Ha rpanuie AB,
JOJMKHO OBITh

jn'=in" (52.14)

3T0 3HAUHT, UTO Ha 41000 eparule HOPMAALHAR COCMABAIOUAS 6eKMOpa
nOmMoKQ tnenaa Henpepuigna. JoKasaTeqbCTBO TpejrnosaraeT, YTo Ha
rpaHnue pasgena cpej HeT HCTOYHHKOB Tela ¢ KOHeYHOIl NMOBepXHOCT-
HOH TVIOTHOCTBIO. T1pl HaaWuui TAKOBLIX HCPMasbHas COCTaB/flOLLAs
BEKTOpa J MOKeT IIpeTepreBaTh Pa3pbiB.
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§ 53. MpocTeiilune cTauMOHApHble 3a1ayH
Ha TemJoNPOBOJHOCTb

Bce 3anaull Ha TemonpoBOAHOCTb MOT'YT SHITb pasieseHbl Ha cma-
yuoHapHele U HecmayuoHaprole. CayuoHapHOIMU HA36IBAIOMCS Makue
3adauu, ¢ komopoix memnepamype T ne menserics 60 épemeru. OHa 5IB-
Jasercst GYHKLHEH TOJibKO NpOCTPAHCTBEHHBIX KoopanHaT. B stom cay-
yae 07/0t = 0. B onsomepHbIX 3aiayax T 3aBHCHT TOJIBKO OT OLHOI Npo-
CTPaHCTBEHHOH KOOPAMHATHI, TaK YTO OTHIJ4eT HajJ00HOCTb B CHMBOJIE
JJ151 YACTHBIX NPOH3BOAHBIX. PaccMOTpuM mpocTeiIiMe CTallHOHAPHLIE
OJIHOMEpPHbIE 3a/aui.

1. Crauyuonapnoe pacnpejeneHne TemMnepaTypbl B GeCKOHEUHON mJoc-
KonapaanieJpHOil nnactuuke. JlomycTuM, uTO HMMeeTcs GeckKoHeuHas
NJ1acTHHKA TOJUIHHBL /, MOBEPXHOCTH KOTOPON MOAAEPKHBAIOTCA TNpH
nocrosHubIX Temneparypax 7, W T,. Tpebyetca HaliTiH pacnpene’teHne
TeMnepaTyphl 7 BHYTpH Takoll naactuuki. [lpumem 3a ocb X npsimyio,
NepNeHAHKY/AAPHYIO K IljacTnake. Hauano KoopAHHAT HOMECTHM Ha
IMIOCKOCTE 1, orpaunuuBaicmesl naactnnxy. Koagduuuent tenaonpo-
BO/IHOCTH % MOXKET 3aBIiCETh OT KCOPAMHATHI x. ¥YparHeHie (52.4) nepe-
XOJHT B

13 wero caeayer, uto ® d7'dx == const, uau, Beuiy (52.3), j = const.
[TocToaHCTBO ILIOTHOCTH IOTOKA Tes1a CIIPaBEe1HBO HE3aBUCIIMO OT TOTO,
O/\HOPOIIHA IL14CTHHKA Wil HeT. PaceMoTpHM  Telnepb  HpOCTEHIIHH
cayuail 00Hopedrol naacmunku. B 3toM caydae KoappHLHEeHT % NocTos-
Het, a noromy d7/dx = const. O6o3nauas nocrosunyo G6yksod A u
HHTerpHPY S, MOJYUHM

T=Ax+ B,

rjie B — BTopas nmocTosAHHAA HHTErpupoBaHis. TeMnepatypa monepex
IIACTIHHKY MEHsIeTCs ¢ KOOpAHHATOH X 1o JnHeliHoMy 3akoHy. TocTostu-
Hbie A 11 B cOBepIIEHHO He 3aBHCSAT OT KO3(pillLIieHTa TCNIONPOBOIHOCTH.
Onn ONPEAEIIOTCs 113 I PAHHMHbIX yeaosHi. Tlpu x = 0 nosxuo OblTh
T =171, anpu x=17T = 7T,. 210 N1PUBOAHT K CHCTeMEe YyDaBHEHUH

T,==B, T.--Al-LB.

OnpezesiuB u3 Hee nocTosinnbie A 1 B, HafileM pacnpeleseHlie TeMnepa-
TYDBL:

To—Ty
T=—7F—x+4T. (53.1)
2. CrauuoHapHoe pacnpejeseHHe TeMmepaTypbl MEXAy ABYMS KOH-
ueHTprueckumu cepamu. O60311a4uM paanyc BHyTpeHHell chepsl rq,
a BHemuHell — r,. IlpocTpancTBo MeKLy cdepaMy 3ano/HEHO CpPeioH,
KO3(p(PUILHEHT TeIVIONPOBOJAHOCTH KOTOPOH MOXKeT 3aBHCETbL OT r. M3
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(52.11) caenyer, 4ro npH OTCYTCTBHU B CPelle HCTOMHHKOB Teria pac-
npejieJieHHe TeMIepaTyphl ONHCHIBAETCS ypaBHEHHEM

d / dT \

—d—r— (\%I’z -(7) = 0.
Ono paer »2dT /dr = const. Takum 05pa3oM, HA0MHOCTE NOMOKA MeNAd
j = —x dT/dr mernsenics 06 pamHo nPponoPUYUOHAALHO KBAOPQiNY paccmos-
Hus r. Tak M J0JMKHO ObiTh, TAaK KaK NOTOK TeIlJa 4epes chepy paauycar
paBen 4117%j, a 3TOT NOTOK JOJKEH ObITh OJIHHM H TeM ke JUIst BeeX cpep.
JlonycTim Tenepb, uTo cpeja MexKay cepavid 0dHopodua. Toraa koapdn-
WwHenT % Oyaer nocrosimen, a norouy r* d7T/dr = const. O6oznauas
nocroaunyio — A, noayunm d7T/dr = —A/r*, wau mocne HHTErpH-
poBaHHs

A
— 1B

[Tocrosinupie wuterpuponanua A 0 B onpepesaarcs U3 3HAYRHHUM, KOTO-
pole npuunmaer temneparypa T Ha rpaHiLax cipepHYCCKOIo ¢JIos. J710
NPHUBOJHT K CHCTEMe ypaBHeHHII:

A A
le’rl”—["B, T:':r;—!‘B

Onpeenis 113 Hee NOCTOSHHBIE A 1 B, HAX0AHM paclpe/ie/ieHue TeMnepa-
TYypbl Mexay cdepami:

T:

raTe—nTy riry (Ti—Ty)
ra—7ry + re—n

< (53.2)

3. Craumonaproe pacnpejie/ieHHe TEMAEPATYPH MEKAY ABYMSI KOH-
HEHTPHYECKUMH OECKOHEYHO RJMHHLIMH LMJMHApAMH. Paaiyc BHyTpeH-
HEro LWJIHHAPA 0003HAulM ry, BHEIIHEro — r,. Temneparypst UX noi-
Jep:KUBAOTCH NPH TocToanuelX 3HaueHnsax 1) u T, Cranuonapuoe
pacnpesiesicHIle TeMIEepPaTyphl MEKLY HAUHADAMH HAXOIHTCH TaK Ke,
KaK H B npeiplayiieM ciydae. Ecau cpefa Mexay WHJIHHAPAMH 00HO-
POOHA, TO NOJYYAETCs

7 Tiln rzfrTz Inry -+ To=Toin (03.3)
In ~& In -2
181 r
BAAYHU

1. ¥Ypauosuiit wap pammyca R = 10 cm, nomemenunlft B cocya ¢ Bololf, ofay-
HaCTC PaBHOMEPHBIM TOTOKOM HedTponos. B pesyabrate peaxunil Zeacuus sgep
ypaHa B wape Buiaessietes sueprist ¢ == 100 Br/ew®. Temuepatypa soaw T = 373 K,
TeIIOMPOBOANIOCTL ypana % == 400 Br/(m-K-c). Haiitn cranwmonapuoe pacnpe-
ACICHHC TCMNCPATYPLI B WIape, a4 TAKKe TeMiIepaTypy B ¢ro LeHTpe.

ewenne. B crannonapuon eayuae 9T/9f = 0. B stom cayuae nocie oo
KpaTHOTo uuTerpuposauns ypastuenus (52.11) (g - const) noayunn
daT q

C
ar T T T
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[Moctoannas unrerpuposanus C AOJUKIIA paBudTLCA HYIH0, TaK Kak B IIPOTHBHOM
Iy 2

eJAviae B UGHTPES Wapa MBI NOAYUMAK Obl Geckoneunoe 3yaycHie Is 1TPOUSBOAHOM
dT/dr. Vnterpupys BTOPHUHO ¢ yMeTOM rpauuuroro yeiaopsua T = Ty npu r = R,
nafizem p
T==TyI -2 (R —12).
l)‘{ 6%( )
Texneparypa B LeNTpe wwapa

R .
Tpm=Ty - %}{.—_ 790 K.

2. ITo 0IHOPOIHOMY HHIHHIPHUECKOMY fPOROILY GC3 M30/ALHHE TEUET TNOCTOSH-
HBlL 3dcKTpuueckull tox. Onpeesith CTalHonapHoe pacipeieseHiHe TeMIepaTyphl
B IIPOKO{e, eclid o NoBePXHOCTL NOAAep KUBALTCS IPH NOCTOSIHHOM TeMIteparype Tg.

2
-0 5 oy
Orser. T= T"-}_F&’I{?_ﬂ'y (R*—1r%), rne [ — cuna toka, p — yjeabloe co-

npoTHRJEHHC npoBojga, R — pajuyc npoeoa, r — paccrtoshue jJo ero ocu. Bce Be-
JHUVHBL BblpazkaloTed B edununax cueremsl CIC.

§ 54. Hecrauuonapusie safauu. TeopeMa eTHHCTBEHHOCTH

1. ByzeMm npeanonararh, 4TO cpena, B KOTOpoH pacnpocrpaHsercs
TCN0, 00KHOPOOHA, . e. BCe MapaMeTpul Cpellbl %, [, Cy 1e 3dBHCAT OT
KOcpAnHaT. Dy/JeM culTaTh Takzke, UTO OHH HE 3aBHCHT OT BPEMGHH H
TeMNepaTypel, T. e. ABAsoTCs nocmosaunuimu. Korja temmeparypa T
3aBUCHT TOJALKG OT OJHOH NMPOCTPANCTBENHOI KOOPIHHATE X H BpeMeHH,
ypaBHelHe TenIONPOBOAHOCTH NPH HAJAHYHH HCTOYHHKCB Telljla HMeeT
BuA (52.8), wiu ¢ yuerom (52.3)

T T
pcz,%—i:u(a?—Jrq(x, 1. (54.1)

«[1TO0THOCTH MOIIHOCTH® HCTOYHUKGB Terja ¢ NOJKHA CYHTAThCH 3a-
Jaunol ¢ynxuneli koopanHarel u Bpemenn. Ho 3azanuem nerounikon
pelmende ypasHeHns (564.1) eie He onpenenasieTcs ofHO3HAuHO. K HeMmy
Heo0XOAHMO 100aBUTE TaK HA3BIBAEMDIC HAUOADHBIE U 2PAHUHHBIE YCAOBUS.
TunnyHble HavaAbHBIE H I'PAHHUHLIE YCJIOBHST COCTOSIT B CJIEJYIOHIEM.

Hayanpnoe yc/J0BHE OlipefeasieT TeMNepaTypy BO BCEM TeJe B Ka-
KOH-TO CJIMH MOMEHT BpeMeHH, KOTODBU{ YACOHO TPHHATL 32 Hauajlo
OTCueTa BpeMeHH. 3TO yCJIOBHE MOYKHO 3alHCaTth B BHe

Tio=F (%), (54.2)

rre [ (x) — sajanmast GYHKOHST KOOpAMHATH x. ['paHuynble yCIoBUS
ONMpesieAI0T TeMnepaTtypy TeJla Ha TPaHHIE Telda BO BCe MOMEHTHI
BpeMeHH. B ojlHoMepHOM cJlydae Tesio HMeeT BH TIACCKonapaieaniol
IJ1aCTHHKH, OrpaHuueBHOH muiockoceTsiMd x = 0 U x = [. Tlostomy
IPAHHYHBEE YCJIOBHS 3AMUIIYTCA B BHJEC

Tio=p:1 (),
T.':——-l = (PZ (1),
rie @; () ¥ @, (/) — sanausple QyHKIUH BpeMEHH.

(54.3)
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2. EAVHCTBEHHOCTL petlleHHd cGopMYIHPOBAHHON KPaeBOH 3ajauu
obyclioBaeHa TeM, 4To Ko3dbHilHeHT TeMnepaTyponpoBOAHOCTH Y, €CTh
BeJTHUHHA CYIECTIBEHHO NoAoMCUmeAsHaa. JIJs JoKasaTenncTBa eHH-
CTBEHHOCTH pelIeHHst JONYCTHM, 4To YypasHeHMe (54.1) nmeer JaBa
pewenus: 7y (v, ) u T, (x, ), VIOBIeTBOPSIOULle HAYaIbHOMY
yenoeuwo (54.2) n kpaeBwim ycaoBHaM (54.3). Toraa

oT oT 0T
o= mzl +qlpe, i =15zt aqlec.

Boiunraa nouneHHo u BBoAs ofo3HaueHne © = Ty, — T, mosyuum

00 0°0
S =X (54.4)

T. e. yHKUHA O (x, ) VIOBJAETBOpSET ypaBHEHHIO TEMJIONPOBCIHOCTH
Ge3 HcTouHHKOB. KpoMme Toro, ficHo, 4TO 3Ta GOYHKUHA YIOBJETBOPSET
«HYyJIeBLIM® HayajbHBIM H TPaHHYHBIM YCJOBHSIM:

O, o=0 npu mMoO6HIX ¥, (54.5)

Or0 =0, H JI06BIX ¢ 54.6
np J . 4,

6.“([ =0 P DRI ( )

{
Pacemorpum unterpan I (f) ::g(-)? dx. $lcHo, 4TO OH He MCKeT ObITh

0
orpunarensHeiM. Kpome toro, BBuay (54.5), / (0) = 0. Haiizem npcus-
BOAHYI0 HHTerpana [ (¢) no BpeMeHH:

dI :
:2§@

VnTerprpya no 4acTsiM, MOJYyYHM

00 "0

I
M—QySOaaM.

[1]

% S(ig/zdx
0

ITepBoe cnaraemoe B TMpaBoil yacTi ofpaiiaeTcsi B HYJIb BBHAY IpaHHU-
HBIX yeaoBuit (54.6). Bropoe ciaraemoe OTpHUATETBHO HIH HYJDb,

dl
tak kKak ¥ >=>0. Takum oGpasom, zﬁgo. C TeuyeHueM BpeMeHU HHTe-

rpas [ MoxeT TOJIbKO yObIBaTb HJH OCTaBaThCdl MOCTOSHHBIM. [lepBoe
HEBO3MOXKHO, TaK KaK J0mxkHO Obith [ (0) = 0, [ () == 0. Ocraerca
eIIHCTBEHHAS BO3MOKHOCTb df 'di = 0, T. e. [ (f) = const = T (0) =
ST0 BO3MOXKHO TOT/IA H TOIBKO TOTAE, Koraa 0 (x, ) =0, 1. e. Ty (x, ) =
=T, (x, ). EnnHCTBEeHHOCTE peIUeHHst J0Ka3aHa.

Paccyxaan rax ke, Jerko nokasaThk, UTO TeOpeMa elHHCTBEHHOCTH
CpaBeiMBA U A5 33424 cO cepHYeCKOH WM UWIHHAPHYECKCH CHM-

dl 00 |l
a#=20 5|,
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vetpHedl. OHa ocTaeTcs crpaBeqHRON H IS T€ MPOH3BOABHON QOPMEL,
xorna T 3aBHCHT OT BCEX TPEX TNPOCTPAHCTBEHHBIX Koopauxat. [loka-
34TCALCTBO NMPOBOJAHTCS TAK JKe, TGJAbKO BMECTO NPOCTHIX HHTErPaJsoB
HAJ0 T10Jib30BaThbesi OGLEMHBIMHI 1 TIOBEPXHOCTHBIMH HHTErpasaMH.
210 JIOKazaresibCTBO BLIXOJMT 3a Npejiesbl Halllero Kypca.

Fean xasum-an€o cnocoCoM yjaercs HafiTH WJAH yrajaaTh pellenude
VDaBUEHHST TENJIONPOBOJHOCTH, VAOBMETBOpAOUee TpebyeMbiM Ha-
YaJdbHBIM H TPaHHUYHBIM YCJAOBHSAM, TO TeOpeMa eAHHCTBEHHOCTH 03«
£OJMeT YTREPIKAATh, YTO 3TO H OyJeT HCKOMbBIM pellleHHeM 3a]auH.
IIpumepbl Ha HCHOJB30BaHHe 5TOTO Meroga OyIyT TpHBeleHH B § 506.

3. MoryT GuiTh H TaKHe 3a1a4H, B KOTOPBEIX AHHCTBEHHOCTh PelleHHs 00y 10B.1eHa
ApPYTUME nprundaMi. B kauecTBe NpHMepa PACCMOTRHM CISAYOWYR 3alady.

JIBa Tenaow:0.IHpoBalHLIX Teda | H 2 ¢ pa3HBIMH TeMrepaTypaMH coelHHeHE
MeAdy  co0oil  OHOPOIHBIM  TETVIONPOBOAANINM  cTepikHeM, OOKOBafi TOBEPXHOCTb
KOTOPOroO Tak:ke Tenionse npoBana. Havanbuble TemrnepaTyphl Teol PaBHBEI COOTBET-
cTeeHHO Thg B Tgg. TpefyeTca HalTH 3aKOH H3MEHEHHA TeMMepaTyphl 3THX Te.1 BO Bpe-
MEHH.

B Takoit GopmysinpoBke 3ajlaua COAEPIRNT ellle CIHIIKOM MHOTO HeonpefeJeHHOro,
7114 yerpaHeHHUs] BEOTpe]eeHHOCTH NPEANONOKHM Tpexkie BCero, uTo TermIonpo-
BOAHOCTL OBOMX TeJ oueHL BeJaHKa (mateMaTHueckH — Geckoneuno sednka). Torna
BLIDABIIIBAHHE TCMIEPaTyp MCKAY PazIHTULIMIL UACTAMH Ted OyAeT NPOHCXOAHTH
IipaKkTHueckH Mruopenno. ITo3ToMy B Kakiniii MOMEHT BpeMenH f MOJKHO BBECTH Ofipe-
jes1eHnble TemiepaType Ty (f) u Ts (), xapakTephayiollHe Teja | H 2 B ueJoM.
Ho sToro enie nefoctatoulio, uToful 3ajaua €148 TOJHOCTBIO onpefeterHol. Heo6-
XOJAMMO eilie¢ BBeCTH JIOMOJHHTEJBHO HCKOTODHIE MPEANOJIOKEHHS OTHOCHTEJBHO
cTep:kHsi, TIoTOK Tensa yepes romepeurioe ccueHHe cTepHs OGyAeT 3aBHCeTh OT Ha-
uabHOTO pacnpeflesieHHs! TeMnepaTyprl B HeM. Ecayu RauanbHas TeMrepaTypa cTepiKHA
paBHa Ty, TO Ha [PaHKIE C TesJoM | B cTep:KHE B Haya 1bHBEIl MOMEHT BpeMeHH He OyzeT
HHK2KOro TenJoBOTo NoToKa, TOTAa KaK Ha TpaHMle C TeJoM 2 NMoToK Temaa Gyier
MaXCHMaJbHEIM. Ecin cTepikenb MMeJ NPOMEXYTOYHYIO TeMmepatypy Mexly Ty,
n Ty, TO HauaJbHbI MOTOK Tenmaa GyjeT KaK-To MEHATHCS BAOJbL CTEPKHS OT CeUeHHsd
K ceuennto. [omycTuM, OAHAKO, UTO TENJIOEMKOCTb CTep:KHA Tpene0pe:xuMo MaJa
10 CpaBHEHHIO ¢ TeryoeMKocTssMH Tea €y # C,. [To HeTeueHHH HEKOTOPOTO BpeMeHH
B CTep;KHE BO3HHMKaeT paBHOMepHOe MajciHe TeMOepaTyphl, IpH KOTOPOM MOTOK Temia
e OyJeT U3MeHSATLCS BAOJL CTEPXKHA. 3a 3TO BpeMst TemnepaTypw Teda | u 2, BBHAY
GoNbIIKMX 3HAUEHHH HX TeMJOeMKOocTeH, MpakTHYecKH He uamensartcs. [Tostomy ot npo-
1ecca ycTaloBJEHHST NMOTOKA TeIlla B CTep:KHE MOXKHO OTBJICYBCH H CYUTATh, UTO
C CaMoro HauaJa IOTOK Tern.1a BAOJb CTEDAKHS OAHH H TOT :XKe BO BCeX €ro CeYeHHsx,
Torza sapaua cTaHoBHTCSt MaTeMaTHUeCKH ofpellefeHHoil, T.e. ofHO3Haunol. [o-
NyCTHM A1 onpefiecHnoctd, yto Ty > Ty, IloTok Teilla BIoOIL CTep:KHSA OT Tesa |
K Te1y 2 paged

%S _Tl_lz?__’
rpe S — oAb MOMepeyHoro CeYeHus CTepkHs, [ — ero AaHHA2, DTOT NOTOK UHC-
JCHHO paBel CKOPocTH yOwBanus — dQ,/d! Tenaa B Tede | man CKOPOCTH npHpalie-
nng —-dQu/dt rensa B Tede 2. CuuTas TemI0eMKOCTH C, 1 C, MOCTOSAHHBIMH, MOMKHG
nanucate Qp = Ty, Qo= C,Ty. ITO NPHBOAHT K YpABHEHHHM

o %_‘ - ll:l_Tr ,
(54.7)
(32& mns =Ty

dt l :
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INousenHoe ciomenue ypabHenni (54.7) gaer

dT dT
vt G =0

win nocae uurerpuposaus C,\T, -+ C,Ty = const. Jro ypaBHeHHe BhIpakaer co-
XpaHenue ofUlero Ko.anuecTBa Temsia, colepxamerocs B Teaax | W 2. B Havaibubif
momedT Ty = Ty, Ty = Ty, a notomy

C\T1++CoTy=CT1y+CoTaq. (54.8)

DT0ro ypaBlHeHHS HeNOCTATOUHO s onpefenedus Heu3perTHuIX T v Ty, JLig Haxox-
yp bi p 1 2

JeHHsl HEJOCTAIONEro YPABHEHHs pazpelldM ypaBHeHHs (3%.7) OTHOIMTRIbHO NMpPOH3-
soasbix dT/dt B dTy/dt W BruTeM NOWIieHHO M3 OAHOTO ypaBhedHs Apyroe. Toraa
HOJYUHM

C

d(T\—Ty) T,—T,
— 54.
dt T ’ (54.9)
rje BBejeHO of03HaueHHe
1 wS /1 1y
— - —_ 541
< G + o) (54.10)

[TocTosHuas T HMeeT pa3MepHOCTs BpevenH, Hurterpupys ypasuenue (54.9), noayuum
t

T —To—Ae °.

PasnocTs Temniepatyp 7y — Ty yGuiBaeT BO BpeMeHH MO 3KCIOHEHIHAIBHOMY 33aKOHY.
3a Bpema T 3Ta pasHocTsb yOuBaet B ¢ pa3. [Tostomy T xapakTepHsyer BpeMmsi ycTaHoB-
JIEHUs! TEIJIOBOTO PaBHOBECHS MexAy Tea1aMi | u 2. OHO HA3BIBACTCS gpeserem p2aak-
Cayul UAU 8PeMeHen 6bIPABHUBAHUA M2Mnepamyp paccMaTpuBaeMbix Ted. Tloctosinnad
HHTerpHpOBaHHA A HafigeTca M3 HauadbHeX yeaosuii: Ty = Ty, Tp = To npu
t= 0. Jr0 paer

¢

Ty —Ty=(T1y—Ty) e v (6411
Pewas Tenepb cHcTeMy ypabuesuii (54.8) n (54.11), naitzem
t
CiTi+CpTo G, Tt
Ty=—"mm—+ 77 (Tw—Ty)e *,
c
CI+C2 1+('2 , (5412)
_ CiTy+C,Ty Gy _ 1
T2 - _—bl +C2 - Cl + Cz (TIO T20) e .

Ilpu ¢>> T 3KCIOHEHUHMAIbHBle UJi€HBl B 3THX BEIPAKEHHSX IPeHeGpPeKHMO Mabl,
n dopmyasr (54.12) nepexodst B o6uleH3BeCTHOE BhIpAKeHHe, orpefedillee «Ted-
nepaTypy CMecH».

3AOAYH

1. OnpesesuTh TOMUKHY Jbla, ofpasyiouerocss B TedeHHe 3aJaHHOTO BPEMEHH
Ha CNoKOfiHOH noBepxHocTH o3epa. CuHTaTh, uTo TemMnepatypa 7 OKPYKalOILero BO3-
Jlyxa Bce BpEMs INOCTOSIHHA H PaBHA TeMmepaType Hapy:KHOH MNOBEPXHOCTH ahAa
(T < T, rae Ty, — Temmepatypa nJasJeHns Jbja). -

Pemenne. Obo3naunm OyKBoil Xx ToamiHHY ofpa3oBaBulerocst €J0fl JAbja
K MOMeHTy BpemenH f. Ecau aaMepsanse HJeT He odelb ObICTPO, KaK 3T0 B JeiicTsA-
TeTbHOCTH UMEET MECTO B eCTeCTBEHHBIX YCJOBHAX, TO B CJ0e JibAd YCTAHOBHTCH
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JuneiiHoe najeune Temnepatypwl ot T, Ao T. B stom cayuae Temio, yxonsugee
HapyAKy OT efHHHILI NOBEPXHOCTH Jbja 3a BpeMs df, NpPeACTaBHTCS BHIpAXKEHHEM

y Toi—T
X

dt.

Ho Ty ke BeJHUMHY MOXKHO NpPeICTaBHTb B BUle ¢ pdx, Tle dy — TOJUHHA €108
awaa, obpasoBaBlierocss 3a BpeMsa df, p — MJIOTHOCTb (1A, ¢ — YJAeIbHAs TENJOTa
n1aBJeHAst JbAa. JTO NPHBOAHT K ypaBHEHHIO

% :Il"—‘—‘x_—T dt = gp dx.

YMHOKAA HA X U HHTETPUPYHA, [OJYUHM
1
(T —T)t= 5 qox2-+ A.

IpumeM 3a naval1o oTcueTa BPCMEHH MOMEHT, Korja ofpa3oBaHHe abJa Ha I1OBEpX-
HOCTH BOJABI TO.1bKO 4TO Hauadock. Toraa x == 0 npuy ¢£= 0, a motomy A = 0.

B pesyattate mogyuHM L e
K (T T)1
xx]/—»—g‘(T”ﬂ——T) . (54.13)
40

JL1a abaa x = 2,22-105 spr/(c-em-K), g == 3,35-10° spr/r, p= 0,9 r/emd. Ho-
nycTHM, YTo TemilepaTypa okpy:Kawero soziyxa pasia —I10 “C. [Toibaysich 3Tumu
AaHHBIMH, HETPYAHO BHIUHC/MTB, UTO 32 cyTKH (£ = 86 400 c) obpasyercs caoi qbaa
TosmuHol x =~ 11,3 cm.

2. Coepuueckuit Kycox Jbla (C HavadbHbIM pamdycoM Ry, = 1 cM) morpyuen
B Goabliyio Maccy Boabt ¢ TeMnepatypolt 10 “C. Ilpeano.iaras, uto Tengonepenaua
B XKHIAKOCTH CBSI3aHa TOJLKO C ee TelJIONPOBOLHOCTHIO, ONPeleTUTh BPeMs T, B Teue-
HHUe KOTOPOTO Jiejl IoJAHOCThIO pacTaeT, TenaonpoBoAHoCTs BoA x == G- 1073 B1/(cm- K),
yiedblas TemioTa naaBIeHust Asda g = 330 ILxk/r.

Pewenue. Ecau tasude Jabla HAeT He ouelb OLICTPO, TO MPHOBEHHOE pac-
npefie/eHie TeMilepaTypsl B OKpyaiolieil Bole OyaeT TaKHM iKe, YTO H B CTallHOHAD-
HOM Cjyyae npH Tex ke FPaHMUHBIX 3Hauvenusix TemnepaTypel. Coraacho (53.2) omo
B PaccMaTpHBAEMOM CJydae HMeeT BH]

R
T= Too_'_ r (T()m TO?)’

rie R -— MTHOBGHHOE 3HaueHHe paamyca Kycka apiaa, To # T — NOCTOSIHHEIC TeM-

nepaTypbi BOABI Ha TMOBEPXHOCTH wiapa H B GeCKOHEUHOCTH (10 yCJIOBHIO 3aiadvH
T_. — Ty = 10 K). KosuuecTBo Tenua, nocTynawilee K IIapy OT OKpYyXKaiouleH

BOALI 38 BpeMs df, paBlo

. dT
4nrin ar dt =4nxR (Tw — TO) dt.

3To Terio HACT Ha PacnJIaB.JeHHe JdbJa U MOTOMY MoxKeT OblTh TAKKE NMPEACTABJISHO
BEIDAZKEHIteM

— qdm=-—41R%,q dR.
TlpupaBHuBast 06a BhpaKeHHs, NO.TyuHM
% (TCO-— To) dt ==—p gR dR.

OTC}OLIa HHTErDHPOBAHUEM HaXOJAUM HCKOMOE BpeMmsl TadHHA 1bla

PaqR; ;
T= O = 2480 ¢ == 40 MuH.
2% (Too—— TO)
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§ 55. lpuHUMN cynepno3MUUN TSMOepaTyp.
Temnepatyphble BoAHbI

1. ¥YpaBuenHe TemaonpoBoAHocTH (52.6) auuelivo W 0dnopoddn. CielcTBHEM
3TOr0 SIBISAETCA BaMKHOE CBOMCTBO €10 PeileHNH, HA3BIBAEMOS NPUAWILNON ClY pansi-
yuu temneparypHbix Bosmywennii. ITyete Ty (x, §) u Ty (v, ) — Kaxue-1u60 184 pe-
weHus ypaBuenus (52.6), T. e.

ar,  o:T, aT, PT,

of —FToe Tab T ATaw
Ecan nouiesHo CA0KHTL 3TH COOTHOIICHU A, TO NOJYUUTCA

AT+ Ty 3T Ty
ot =% 0x2 :

Orciofa BugHo, uto cymma T = Ty + Ty Takie $BI9eTCH peUICHHEM YpaBHEHU
(52.6). Boobuie, cysmma npoussoasHoeo 4uciq petusHl YPasHeHUS MeAIonposodHocmi
CaMA ABARLMCA PELIEHUEM 1020 Ko YpasHeHUA. DTa MaTeMaTHYecKasl TeopeMa BhlpaxaeT

cTenyto i pHanueckuit Gpaxt. fycme Ty (x, 1), Ty (x, §), ... — Kakue-aubo 803n0dcC-
Hble  MPOU3R0AbHble — pacnpedesenus  memnepamypot ¢ cpede. Tozda  ux cysma
T = Tylx, -+ Ty (x, &+~ ... Ouern makoce neKoMopoe G03N0ICHOE pacupedeactie

Mmemnepamypel 6 moil e cpede. D10 TOJIOKEHHE W HA3LIBAETCS NPHHLIHNOM Cyiep-
MO3HUMK (HaNOKEHHS) TeMICPATyPHBIX BO3MYIIEHHI,

Jl1st npaBUJBHOTO MOHMMAaHHA W NPUMEHCHHST NMPHHUIHIA CYNEPIO3HIIMU TeMiic-
paTyp HCOOXOAUMO MMeTh B BHJY, UTO CBOHCTBA peasbHbIX cpell, B TOM YHCJAC H KO3D-
duLMeHT TeMIepaTypoNnpPOBOAHOCTH ¥, MEHANTCS ¢ TeMmepaTypoii. DToro npu loka-
3aTe1bCTBe Mbl He VuHThiBaaH. Temnepatypa T = Ty T, ... MOXKET 0Ka3aTsCs,
HanpuMep, HACTOJLKO BHICOKOH, UTO TBepAOe TeIO PACIVIABHTCS HJIM MCIIAPHTCS.
Torpa pemenne T == T, Ty ... norepsier Beakui cumbica. Taxum ofpason,
CBOHCTBA JIMHCHHOCTH M OJHOPOXHOCTH YpPaBHEHHE TEILIONPOBOAHOCTH COXpaHsicT
JTHUIE IPHOIHKEHHO B KAKOM-TO TeMICpaTyPiloM HuTepBalIe, B KOTOPOM KOIpgHuHeUT
TeMICcpaTyPonpoBOAHOCTH nocTosiken. lllupuna HHTCPBAId 3aBHCHT OT CaMOH Cpelbl,
a TakwxKe OT CTeNCHH TOYHOCTH, IpednbsaBiscMolt K pacuery. Ilpunuun cynepnosuitvu
COXpaHsCT CHIY TOJBKO TOTJA, Korda Bce Temnepatypwl Ty, T, ..., 8 TaKke HX cyMMa
He BLIXOAST 3a Npejesbl 3TOr0 HuTepBaaa. BHe 3THX npeeoB NPUHUMII CYNeprozH-
uMH HecripaBeAduB. OCHOBHOe 3HaueHHe NIPHHLMNA CYIEPNO3HIIHY COCTOUT B TOM, UTO
OH TIO3BOJISIET 10 M3BECTHBIM PELIeHHAM YPABHEHHS TCIIONPOBOJHOCTH «KOHCTPYHPO-
BaTb» HOBHiE DeIIeHHS.

2. Teopema, ofpaTHas TOJBKO UTO JOK43dHHOI, KOHCYHO, HeClpaBeLilBa.
Cymma T = T, Ty MomeT ObiTb pellicHHeM ypAaBlCHUS TelLIoNPOBOAHOCTH (5.20),
Ho caaraemsie 7y 0 T, MOTYT M He GHITh TakoBbIMH. OMHAKO (POPMAIbHO MaTEMATHUCCKH
MOXHO BBeCTH Komuaexkcroie peterus. [lyete T — KoMIleKcHas GyHKLUUS, YAOBACTBO-
psowas ypasueunio (52.6). Pasofpem ce Ha BellleCTBCHHYIO H MHMMYio vacTu: T —=
= Ty -+ iT,, rac Ty u Ty — Beauuunsl Bewectsennsie, [oacrasass 3To Bhlpamenie
B ypaBHeHde (52.6) M OTAC/IAS BEUlECTBEHHYIO UacTb OT MHUMOI, MOJIyuHM

< aTy T {dT, 02T, ‘\\

-
OT T\, /0Ty
e, Tl TR
HO KOMILIEKCHOe YHUCTO TOorAd U TOJBKO TOrja paBHO Hy.'lio, Kor'ia B OTJAEJIbHOCTH
paBHbl HY110 ero peuleCTBeHHasas U MHUMMAag 4acTH, T. e.
T FT_ OTy 0T,
a tow =Y T T e

=0.

== 0.

3uavuT, ccoi KomnaekcHas dynxuna T = T+ (T, ssaseTca pemleHHeM ypaBHeHun
TeIIONPOBOAHOCTH, To BeluecTaeiybe hynkund Ty 1 T, TaxiKe SIBJASIOTCS PelleisaMu
Toro xe ypabHerust, CnpaBelIMBOCTh 3TOTO YTBepKJCHHA CBSI3aHA C TCM, YT mepe-
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MEHHBIe X U £, @ TaKKe KOIDDULHEHT ¥, — seaudunsl gewyecmseritisie. OHO OCTaeTCs B e
714 JIOOLIX JHHeHHbIX 04HOPOAHBIX AHbDepeHLMATbHBIX YPABHEHHUI ¢ BELUECTBEHHBIMU
K03(pDHUIHEeHTaMH H yacTo AaeT yJOGHBIH METOJ OTBICKAHHSF BELICCTBEHHHIX pelleHH
TakuxX ypasHeumnil. [IpomsmocTpupyem 3TO Ha mpHMepe TaK Has3blBaeMHIX memnepa-
MypHoLX BOJH. ITOT BONPOC MOKHO OBUIO OBl PAcCMOTpPETh H HE BHIXOAA 3a INpejes!
KJacca BelleCTBeHHBIX (QyHKUuil, HO Takofi MeTol 6blL1 G5l TPOMO3JAKAM H IIPOTHBO-
€CTeCTBEHHbBIM.

3. Ecan B xakoM-iufio mMecTe cpelbl TeMileparypa MepHOJHYECKHM MeHfeTcst 8O
BPeMEHH, TO 3TO MPUBeJeT K NMEepHONAMUYCCKUM H3MEHEeHHSIM TeMIiepaTyphl H BO BCeX
ocTa/lbHBIX TOYKax cpefsl. Pacemorpum npocteiimuii cayuail, Koraa cpeja oJHopojHa
¥ 3300/HSeT NOJYIPOCTPAHCTBO, orpannienHoe naockocrsio ¥ = 0. Oce X nampa-
BUM BHYTDb CDelHl NepleHAHKYJIAPHO K 2e rpanuue. [lycte Temmeparypa Ha nosepx-
HOCTH Cpelbl MeHsleTcst BO BPEMEeHH MO CHHYCOMAaJqbHOMY HJIK KOCHHYCOHAAJIBLHOMY
3aKOHY, KOJIEGHsCh BOKPYI HEKOTOPOI'O CPeAHEero 3Hayesus. IT0 cpejHee 3HAYeHHe
MOKHO MPHHATH PABHBEIM HYJIIO, €C/IH YCIOBHTLCS OT HEro OTCUMTHIBATH TEMIEparypy.
Tak mbl ¥ nocrynuM. Tlpu OTBHICKAHHH NePHOJHYECKHX pelIeHHH YPaBHEHHS Teluio-
1POBOJHOCTH BMECTO CHHYCA HJIH KOCHHYyca ylaofHee MOJIb3OBATHCH KOMIJIEKCHOH HO-
Kasare/TbHOH QyHKIUeH, 2 3aTeM C [IOMOLIBIO H3BecTHOH hopMyJabl Diliepa (1707—1783)

el ==cos o, 4- 7 sin ¢t (55.1)

nepeiiT™® K BewlecTBeHHOH GopMe pelweHusi. PaccMOTPUM KOMIVIEKCHYIO (YHKUHIO
T-= Toei uut—kx), (55.2)

rae Ty, © ¥ kB — noctoguusie. [TocMOTPHM, NP KAKAX 3HAYEHHSX ITHX [OCTOSHHBIX

¢dyukuua (55.2) Gyser pewleHHeM ypaBHeHUsi TentonpoBofsoctd. [duddepeniu-
poBaHHe naeT

or . / .
5= iwToet O kS — @]
"
g}; — k:]‘oei of~kx) —__ BT,
[MoacTapnast 5T¥ BHIpakeHKs B ypasHende (52.6) ¥ cokpaiast, 0OAy4HM

W= — k2 (55.3)

Ecnu srinosueno s1o yesios#e, 1o GyHKUUA (55.2) Gyner peweHHeM ypaBHeHus (52.6),
KakoBa Gbl HH 6buta noctosuHas T,. IloctosHHylo @ MH BHIfEpeM BelIECTBEHHOH H
nosoxutenstoil. Torna mocrosHast k£ GyleT KOMIJIEKCHOH ¥ MOXKeT UMeThb JABa 3Ha-

YeHud. s
k___l/_,iivz_t]/_?l [—i). 5.4
z 5 (1= (5.4

B pesyabrare uipaxenue (55.2) npeofpasyercd B

T == TOeI Vgxei <m * V‘g x> . (55.5)

3nech coflepikates 184, a He YeThIPE PelIeHHs], TaK KaK BepXHHH 3HaK NOJKeH KOMOK-

HUPOBATHCS C BEPXHUM, a HHKHHI — ¢ HuxuuM. M3 3THX 1BYX peuleHWd ofHO Halo

oT6pocHTh 110 ¢usnueckum coofpaxenuam. KoneGauuda TteMmmepaTypbl HaUMHAKT

BO30YKAATbCSA 1A MOBEPXHOCTH Cpelbl H Tepenaircs BHYTPL Hee. EcTecTBeHHO, uTO

3TH RKoJIe0aHHA NOJIKHBL 3aMyXants, a He HAPACTATh MO Mepe YIa/ieHHs 0T NOBePXHOCTH

cpeasl. Meway TeMm 3uary nmoc B Gopmyae (55.5) cooTsercTBYeT 3KCHMOHEHLHANIDHO
(0]

- — X

o 2 o :
PacTywu MHOKUT2IL ¢ X . CTpeMSIUIHHCAH K 6eCKOHSYHOCTH OpH X —- 0o, Sror
3HAK HC YIOBNCTBOPSCT YC/JAOBHAM 3did4ud, W 1410 COXpaHHTh TOJILKO 3HAaK MUHYC.
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Jlanee, HeOBXOIUMO TIepeTH K BellecTBEHHOH (opMe peumenus, TaK Kak TONLKO TakHe
pelwends UMEIT pu3nueckiil cmpica. Kax moxasawo Bblule, BCSKOC KOMILICKCHDE pe-
LeHHe YKBHBAJEHTHO NBYM BelCCTBEHHLIM peleHHaM. M3 KOoMIIeKkcHOTO pellleHus
(55.5) OMUCAHHEIM BhiIle CII0COGOM M0TyYaloTCsl IBA PelIeHHs B BellecTBeHHOM (opme:

© —
- V X / [0}
T=T =Ty ftmmm—v ﬁ, 55.6)

A 2,
s Ty=T, —V;;éx in | wf o ) 55.7
T=Ty=T sin | wf — 27x/ (55.7)

Moxno 6bU1c 6Bl YOSIHTLCA HENOCPEACTBEHHON NMOACTAHOBKOR, uTO - HaliieHHhe
BbIpaKeHHs ABIHOTCS pelicHuAMU ypasienus (52.6). Torna ornasia 6b HCOGXOIUMOCTH
B TIOJYYEHHH BCUOMOTATC/IBHOIC PeuleuHsl B Kommaexchofl dopme (55.5). Ho takoii
crocoB, KaK YKE OTMCUAIOCh, CJOKCH H TIPOTHBOECTECTBEH.

4. BuiscuuM Tenepb (MH3MYECKHH CcMbic/ mosyuenHblX peuexnil. O6a pewcunds
(55.6) 1 (55.7) OAHOTHMHBLL — CHHYC BCEra MOMKHC TPeobpa3opaTh B KOCHHYC ryreM
H3MeHelins Hauajga oTcuera ppemenu. [fo3ToMy 10CTATOUHO OTrpaHMUUTLCH HCC/AEAO-
BaHueM ofHoro ux Hux. OcramoBuMCs, Hampumep, Ha pewrenun (55.6).

Ecan ¢pukcuposats X, To RHINO, UTC B KaKI0H TOUKC NPOCTPARCTRA TCMTIEpaTypa
T cosepuiaeT BO BPEMEHH FapMOHHUEGCKHE KO.1e0aHufA C OJAHUM H TeM XKe NepHoaoM

2
T= -, ®a3a stux KosjcGaHuii MeHsercs OT Touxkd K Touke. [loepxHocTb pasuoil

(O]
w —Vg X——C()”St (k))8
e Az.: A )

ecTb MAOCKOCTh, MapanIcjgbHad MOBCPXHOCTH cpelnl. OHAa He OCTaeTCA HAa Mecte,
a mepeMellaeTCs B HAMPaRACHMH ocH X ¢ onpeaeseHHofl ckopocTsio ¢. [lostomy eoz-
MVIIEHHUs, ouuchiBaeMble pelteHHeM (55.0), Ha3BIBAOT  mM2mMAepamypHOl  604HOL,
4 NOCTOAHHYIO U — (ha3os0u CROPOTMbIO AN NPOCTO CKOPOCLLIo 3moil s0ars. CKOPOCTh U
JIerKo Hautu audrbepeHudpopanuem ypasucuus (55.8). dro naer

dx e
ves =) 2yo=2 ]/—if. (53.9)

Jdnnua temueparypHofi BOMNBL A €CTh DPACCTORNHE, MPOXOAMMOS €I 33 TepHol T
Ona pasna i

aspr

h=o01=2n i/qﬁ (5H.10)

AMnantyza A teMneparypuoil 80JHb, KAK BHAHO H3 dopmyast (55.6), zaryxact
B HanMpaB/ICHAU PaCIpOCTPAHEHHS 10 SKCNOHEHIHATLHOMY 3aKOHY:

A =Te0x, 5.11)

) ]/E 2
o= — = = 22 29=4
o 5 i (55.12)

IMoctosiunasn & uaspipactes Koapuyuenmon Samyxanus memnepamyprod soaun. Ha
TNPOTAKEHUN TJIUHLI /== I

rae

o "o AMNJIMTYAE BOJHBI YObIBAeT B ¢ pas.

pemes}{'“g]?ggoﬁ)naamn, K4KHM HaUa/dbHBIM H TDAHMYHBIM YCTIOBHAM YIOBJIETBOpAET

X0, 24 saren i” YCHQB”H noayuarcsi, eciu B popmyae (55.6) noJA0KHTL CHayana
> d.3ateM £ = 0, TaruM myTteM HaxomuM

Ty o= Ty cos wf, (55.13)

Ve, =
Ty o=Toe V—’x cos ]/;jx (55.14)
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Ha ocHoBanuH TeopeMm ciaukertseliHOCTH (§ 54) JenaeM BBEIBOA, HTO €AUHCTBEHHEIM
pelieUeM, YIOBJACTBOP AIOMINM ITHM yc.nonmxm, siBasietcs pewenue (55.6). B nporuso-
NMOJOKHOCTL FPauRIHOMy yesaosno (55.13) HavanpHoe veaoshe (55.14) umeer BecbMa
HCKYCCTBEHHBINL XapaKTep, ¥ peainiag (U3HUECKAs 323aua JOJ7KHA CTABATLCA HHAUE,
Bo3MozkHa, Hanpumep, cJelyiollas MocTawoBka. lHa mopepXxnocTh cpejibl B MOMEHT
ppeMenn 1 = 0 Bo3OYKIaeTcs, a 3areM NONAEP/KHBAIOTCS HEOTPAHHUEHHO JOJATD
rapMOHHUECKHC KoJleBaHMsl, TpelcTasscMble Bupakeruem (55.13). Huxaxux Hcrou-
HUKOB Ten/1a BHYTDH CPC/ibl HET, HAUAILHOS PACHPCICACHHE TeMNIEPATY Pbl MOKCT GbITh
KAKHM YTO1HO. Tpelyertcst ONnpeieinTh, Kakue KoaeGalus TeMneparypul yCTanoBATCs
i Cpeie [0 NPOHICCTBUH JOCTAT0UHO AANDHOTO NpoMeKyTKa speMenu. O1seT gaet gop-
myia (55.6). JlefleTBUTCABHO, TO NPOMICCTEHA OUCHD JTHHHOIO TIPOMENKYTKA BPEMEHH
BCe KOACOAHHSI TEMICPATYPL B CPCAC 3aTYXHYT, 3@ HCKIIOUCHHCM BLIHYKIACHHBIX
KOJIeGanuit, NOJACPKHUBAEMBIX BHCUIHHMH HCTOURMKAMM, [PHYEM 3TH BLIHY/KICHHbIE
KoJeGaHusT 40K ubl 06;141aTh TOH 2Ke NCPHOAMYHOCTLIO BO BPEMEeHH, uTo M Kojefa-
HUS TeMneparyphl Ha 10BCPXHOCTH CPEIHL
6. TlpuMenuM BBIBCASHHLI . PE3YJIBTATHI K TETLAOBBIM BOJHAM, BO30YAKIAEMLIM
& TIOBCPXHOCTHOM Cjloe 3CMJH CYTOUHLIMH M TOAOBLIMM KOJeGannsaMM TeMIepaTypol
ce NnoBepXHocTH. [L1s npocTerht 6y1eM CUHTATE, UTO KOjeGaHHs SIBAAIOTCH TaPMOHH-
YeZKUMH. Peallbiibie Kone6amm, KOHCUHO, 1le rapMoHuyeckue. Ho 310 mMano cyuecr-
venno. Jeso 8 tom, uto Jo6oc meprOANHECKOe KodeaHHe MOJKHO NPeACTABHTL B BHAE
HAJIOMKEHH T TaPMOHHYSCKUX KOJeOaHHH KPATHBIX NEpHOIOB, NTPUUCM OCHOBHOC 3haue-
HHE UMCIOT HH3KOYaCTOTHLIE KoJe0anns, NOCKo.IbKY KO(pMHLUHCHT 3aTyXalHsd pacteT
MPOTOPHAOHANBLIIO KBAIPATHOMY KOPHIO H3 vactotel. [lepHogamu TakuX HM3KOYacTOT-
HBIX KogeGainil B HawRil 3a7ave SIBISIIOTCS COOTBETCTREHNO rojd M cyTkU. [ay6nnu
HPOUHKHOBEIHSA CYFOUIBE H-TO0BLIX TCMIICPATY PHBIX BOAN, coraacto dopmyde (35.12),
A0KHLL GBITH CBA3AHLI COOTHOLUCITHCM

) s,
Tc_\'T

Zc_v'r

I gefictenTeapHO, 3KCTepUMeHTATbHO GbLIO HalicHO, uTO KoJMeGaHus TCMNepa-
TYDHI, BLI3BIBAEMBIC HALDEBAHUCM 3CMHON MOBCPXHOCTH JHeM M OXJAaiKACHHCM HOULIO,
He BAMSAIOT HA TeMmeparypy 3emiH yixe Ha rayGune ~ 1 M. ['onoBuie xe roefanud
3¢MHOfl NOBEPXHOCTH, CBSI3aHHBIE C HATpeBaHHEM €€ JIeTOM H OXJaxJeHHeM 3UMOH,
népecraot Hab.donatees Ha riayeiaHe ~ 20 m. [ay6xe Temneparypa 3emian copep-
LIeHHO He 3aBUCHT OT TeMIIePATYPHBIX KodebGaHull ec noepxHocTH. Bee sto Haxoantea
B TTOJTHOM COOTBCTCTBHH € TCOPETHUECKON OlEHKOIl, mpusejeHnofl Buiure. Bmecrte ¢ teM
MLl BMIMM, 4TO r1yOHHA NPOHHKHOBEHHS TCMNEPATYDHBIX BO.IH fIpCHCOPeKUMO Mala
110 CpeBHEHHIO ¢ paiuycoM 3emu. BoT moueMy NpH BbIUHCAEHHSX MOXKHO OblIO
coBceM mpenebpedh cheprUUHOCThIO 3eMAH H CUMTATh €€ IJIOCKOil.

Apyroe noirsepxieHHe TCOPHH Jal0T HAOJIOACHHS 1O CKOPOCTH pacnpocTpane-
HHA TCTHIOBLIX BOJIH BOJM3H 3eMHO#l nofepxsoctd. HaGuioenns nokasanu, 4to cKo-
POCTH pacpoCTpaneHist TCIVIOBBIX BOJH C TEPHOAOM B OIlIH CYTKH Ueyy COCTABASAET
oKoJO | M. CYTKH, a CKOPOCTH BOJIH C TOAHUHBIM IEPHOLOM Tpog =~ 0,046 M/CyTKH.
Orhowenne 3THX CKopocTef

Ueyr 1
—_—— R ————— R 22,
Urox 0,046
TOTAd KaK 10 TEOPHH OHO IOJKHO OBITH
Yeyr Trox
BALLJENY VAo VR )
Urox Tcyr

[losvioro coraacug 0XKH

AaTb TPYIHO X0TA OBl NOTOMY, YTO 3emds He dBJAfeTCs OaHO-
poanoit cpegoii, pyd 6 ¥, Hro A

KdK 3710 npegioaaraer TeopHi.
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§ 56. 3ajnaua 00 OCTHLIBAHWH MOJAYHPOCTPAHCTBA

1. Tlyete onHopoasasa cpesa 3anofHaeT neayipocTpancTso, OrpannyeHHoe mIo-
ckoctrio x -+ 0. B Havasapublil MoMeHT Bpemenn [ == 0 TeMmneparypa cpeibl BCHO1Y
onnHakera u pasua Ty, Tesneparypa Ha fOBePXHOSTH Cpelul BCE BPeMs NOLICPIKH-
Baetcsi noctoAnHol U paepna Ty =£ T, Taknm o6pasoM, B HadadbHBIT MOMEHT Ha Tpa-
HHLE Cpelbl TeMmeparypa HCOblTuiBaeT ¢Kauok, TpebGyercs naliTh pacnpefenerne
temueparypel T (x, 1) B cpeie BO BCe MOCA2IVIOIIME MOMCHTH BpeMenu. Drta zanlaua
Gi1a nocrapdacia u peieria B. Tomconom. Ona gpasercs THITHUHOIN Kpaesoii 3ajave,
K KOTOPOSI TPHMECHEMA TeopeMa e1HHCTBCIAOCTH, loKazanuad B § 4.

Hanpasam oc, X BHYTPB Cpefbl Mepreninkyaapio K ee rpanuie. Pacnpeiede-
HHe TeMIepaTypel ONHCLIBAETCS vpaBHeHHeM Temonposogtoceti (52.6). Hrtobul Halitk
ero  PeICHHe, YIOBJCTBOPSIONCS TpeGveMbiM HAYAALHBIM H KPACBBHIM YCJOBHAM,
EOCTIO B3V OMIS CHaua1a MeTOIOM PA3MEPROCTH. 33,1444 COCTOHT B HAXOXKIACHHH CBA3H
mesxny nepemennwvi T, x, 7w napaverpavn T, Ty, v. Kax Bnano u3 ypasnenns
(562.6), KOSDOHIKENT TEMTEPATY POMPOBOHOCTI Y HMEET Pa3MePHOCTL KBATPATA JTHHEI,
AeJeRBOTO HA BpeMA. YUHTBIBAd 3TO, HeTPYILHO CTAHIAAPTHBIM crnocofoM MNOKasaTh,
uto w3 weeth Beanunu T, x, £, Ty, Ty,  MOWHO COCTABHTL TOALKO TPH He3apHcu-

T x
Mble feapazmepiible KOMOHH ALY, HampuMep, Fo, 7‘1’ ) _l//_—f Cormacho npasuay paa-

MEPHOCTH pacnpelejeHie TeMieparyphl B cpejfe MOXKeT OblTh 3aMHCaHo B8 BHAE PYHK-
LHOHATLHOI CBA3H MeKAY THMH Ge3pasmvepHeiMu KoMOHHaumnaMi. Ho Bropasg u3 mux
T/ T, €2TL IPOCTO AOCTOAHHOE YHCTO, H CJACTI0BaTebHO, MOKET He VUHTBIBATLSS TIPH
HAMUCAHUN MCKOMOH dyHRIMORaTbHoR caasn. Taxum ofpasoM, J0MKHO OHTb

T .0 x
Ty /Z /
Hin
T=} @ (56.1)
rie epegeHo 08o3HayeHye
E= . 56.2)

SIBHEI BHI GYHKINK [ MOKHO ONpele/THTL H3 YpaBHeHHA TenonpoeoirocT (52.6).
HnddepenunposanueM HaxXoAHM:

or _dfoe _df 1 _
dx  dEdx  dE2) yf’
or _af 1 08 _ 4F 1

oxt 4z 2V qf Ox  dE2 4yt’

o _drdk__ 1d_x
ot dz ot 4 ozt
[loncrapasia 5T anavenna B ypapseune (52.6), noayupM nocje COKparteHHs
a2 . df
S e — 28 96.:
gz S (56.3)

Q6osnauvas andbepeHunHpoBanie no & (ITPHXOM N pasfeisis NepeMeHHBle, 3arHienM
370 ypaBHeHHe B BHIe

HTH
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Iuaterpuposanute jaet:
— &2
Jr=Ae"=.

HuTerpupysi BTOpHYHO ¥ MMed B BHY, 4io [ = T, noJyuum
X
2V g2

T=A4 \ e ¥di4B.
B

Ocraetcs naiiti nocroannule nuTerpupobandss A u B. loaaras x = 0, 7 == 0, nony-
naem T = B. Taxum oGpasoMm, nocTosnnast B jaeT TeMneparypy NOBEPXHOCTH Cpeisl
k0 BCe MoMeHTHl Bpemennt ¢ = 0. Ilo yciosHio 3ajaun oHa noctosinta # pasua 7.
Jast onmpejeleHnsl NOCTOAHHOH A BoCmoawb3yeMcs HaualbHbIM yedosrem: T = T,
npu ¢t = 0. D10 aaer

-8

B HHTETPAJLHOM HCUHCIACHHH J0KAa3blBaetTcs, HTO BXONALHA Cr01a HHTErpasJg papeH

| A,
3 }"n. Takum o6pasom, Ty, = 5 } 7t - Ty. OKOHuaTe BHOE pellleHye 3aaud HMeeT
BUI x
2¥ yt
\ eTEAE LT (56.4)
0

Ha stoft dopmynl AnbdepeniHpoBaHHeM MO ¥ N0JYyYaeM 3HAYEHHE TeMMepaTypHoro
rpajHeHTa

O  To—T, — o
= 1, /.’. 56.5
Ox | 572 ‘ (06.5)
B uacTHOCTH, Ha MOBEPXHOCTH Cpefbl, T. e. NMpH x = 0
9T _To—Th (36.6)
Ox V gt

Ecan no gopmyie (55.9) BRecTH CIOAA CKOPOCTH PaclpocTpaHeHHs TEMAOBBIX BOJH ©
C TIepPHOJOM T, TO TIONYUYHTCH
oT  To—T,

=2 —. (56.7)
Ox o) ot

2. ®dopmyna (56.7) uuTCpecHa B TOM OTHOIICHHM, 4YTO C €€ MOMOULLIO
Tomcon ebuncana sospact 3emian. B 1o Bpems cuntalocs, uto nepronauaibio 3emas
HaX0/M1aCh B OFHEHHO-KHIAKOM COCTOARMU, B Heapax 3eMiH NPOMCXOAHAN HHTSHCHE-
11ble POLleCCH! NepeMeliBaHus, NPHBOJHBLIME K BbipaBHUBAHHIO TeMneparyp. Ilpu-
OJIMMKEHHO MOKHO OBLI0O CYHTATh TeMepatypy 3eM/H OAHOH n Toil :Ke BO BCEX ee TOU-
kax. [Tostomy 3a1aua 06 ocTeiBaHHHM 3eMJaH aHAJIOTHYHA PAcCMOTPEHHON HaMu 3ajaue
06 ocThiBaHHK NoJaynpocrpadceTsa. ChepHIHOCTL 3eMJIH HE MOXKET HIPaTh CYLICCTBEH-
HOH POJIN, CCJIM HAaC HHTepecyeT TeMOEPATYPHBIH IpajHeHT BHYTPH TOHKOIO MoBepx-
HoCTHOTO c/1os 3emau. B 310M ciyuae MOKHO BOCRoJb30oBarhest gopmysoit (56.7)
0e3 BcsIKMX HaMeHenuii, [To mepe ocrtbiaiusa 3eMin oGpasoBEBasach TBepAas 3eM-
tast kopa. Hauaso storo mpomnccca v npHHHMaeTcsl 3a MOMCHT BpPCMelid, OT KOTODPOTO
OTCUHTHIBACTCH BO3pacT 3eMaH. TOMCOR MPeNnonokui, uto KosgguinneHt Temnepary-
POMPOBOJHOCTH 3CMAH BCe BpeMs OCTABa/JCH MOCTOSIHHBIM, W AJIS BBIYHC/ICHHS BO3-
pacta 3eman { Bocrnoas3opaicsa dopmysaoi (56.7). Kak Mbl y:Ke roBopsin, Ha
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rayGune 20 v Goslee METPOR HA TEMNCPatypy 3eMIH yike 11¢ OKa3LIBAOT BJAHIHHA Tewm-
nepATypHBIC  kodelanus oxpymaouicl  arvocdepu. HMawepenust nokasanu, 4ro na
TAKUX [AYOMHAX TeMieparypa NOosulillae1cs fpubid3nuTenio na 17 npn yrayGaenuu
Ha xaxane 25 M. [lanee; -Tomcon yesioBHO NPUHAL, UTO TEMIEPATyPa fOBEPXHOCTH
3eman Ty pasna 0 °C, a B xayectse 7, B3 TeMINeparypy 3aTBCPACBAHHA TOPHLIX
nopoa: 7, = 4000 “C. Ecau 32 nepuod T B3sITL OAHH CYTKM, TO, KaK Mbl BHICIH,
Ha0 1GieHHs JawoT ve== 1 meyrku. lloacrasngs 3ti 3uadenus B gopmyday (56.7),
N0JYUHM

_ 4(Ty—T)? _ 4. 40002 cyTor = 108 er.

ol TLY
N \()x) 25

¢

[Mpuseaennas -oUeHKa 1aeT CHALHO 3aHI/KEHHOe 3HAUCHHE IS BO3pAcTa 3eMH.
D16 W nousaTHO. TOMCOI He YYHTBIBAJL ¥ HC MOT YUMTLIBATH HHTEHCHBHOC BHHIEJCHHE
Tensa B Helpax 3CMiH B pesyJbrare NMPOHCXOASIRHX B HOH PRIHOAKTHBHBIX HpoLec-
cos. Kpome Toro, Moeib OrHeHHO-KUAKOH 3eMAH He Coraacyeres co MHOTHMH PaKkTaMu
H B HACTOANILR BPEMISL O CYATACTCs! NPABMALHON. B vacToflliee speMs ne cyliecTayer
cOLIRHPUIHANNOH TeOPHHM NPOUCXOKICHHA 3oMiaH. A §e3 TaKoH TEODHH TPYIHO IOBO-
pHTL o6 onpeiesennoM porpacte 3eMan.

§ 57. BHewHsis TenJoOnPoBORHOCTD

1. $Gopmyna (52.3), onpenednsgioiias NJIOTHOCTH TNOTOKA Tenaa j,
OTHCCHTCA K CAYy4alo, KOILJa pacnpeieienue Temueparypnl B cpele He-
NEepLBHO, a Ko3hpHUHEHT TENJIONPOBOAHOCTH % TaKime SIBISeTcs
HenpepblBRON QyuKiHell KOOpAUHAT. B 9TOM caydae TOBOPSIT O GHyMm-
perHeri menaonposooHocmy. B CYIHOCTH, pacnpenesenne TeMneparypol
B NpOCTPaHCTBe Beerja HempephiBHO. OJHAKO A5 YIIPOUIEHHA MaTema-
THYECKHX pacyeToR HHOTAA OhiBaeT uesecoobpa3Ho BBECTH HACATH3H-
poBaulice NPeiCTaBaelile O CKa4se memnepaniyp Ha TpaHpUe pasjena
JIBYX pa3HYHBIX Tejl, HE HaXOAAWUXCS B TEIIOBOM PaBHOBECHH APYT
¢ apyrom. Monycrum, Hanpumep, u4TO HATrpeToé MeTalJHueckoe Teno
OXJ2/1A€TCH TIOTCKOM BOJRBL HJH BO3AyXa. Beuay Goabiio#l Temionpo-
BOJHOCTH METaJJIGB NPOHCXOANT OLICTPOE BblpaBHHBaHHE TEMIEPaTyp
MEXKAY PasIHuHBIMH YACTAMH MRTAJNIHYECKOTO Teda. Maeannsupysa
33]1auy, MOXKHO NPHHSITb, YTO B KaK/blil MOMEHT BpeMeHH TEJ0 HMeeT
OJIHY H Ty Ke TemMneparypy. TOUHO Tak e okpyzKawilell cpejie, BBHAY
NPOHCXOAAX B Hefl NPOLIECCOB NepeMellnBalilsl, MOKHO MPHIHCATD
B KaAbli MOMEHT BpeMeHH OAHY H Ty Ke TeMueparypy, OnIHUHYIO,
OlIHAKO, OT TeMIepaTyphbl CaMoro Tela.

Baarcaaps npoileccam Tensoo6MeHa BO3HHMKAeT TeIVIOBOH IIOTOK
yepes rpaHuIy Tes, 0o0GYyCJOBJAEHHBIH CKAauKoM TemnepaTyphl Ha 3TCH
rparune. Hopmaabhasa cocraBasiomas 3TOro noTokKa 3aBHCHT OT MaTe-
puana ofenx cpei, a Takxke or ux temueparyp. Ilpocrefiniee npenrno-
JIo¥KeHHe, BBeJieHHoe HbIOTOHOM, COCTOHT B TOM, UTC 8eAuduna j, nponop-
LUOHAAbHA pasHocmu memnepamyp mea Ha epatiiije. OOBIUKRO Mpearno-
Jlaraercsl, 4TO OJHO H3 Te/J LEeJHKOM OKpy:KaeT Apyroe Teso. Ero mbl
Oyi1eM HasmBatbh oOkpyocarowel cpedod. Takum ofpasoM, COIIAacHO

Heortony, .
Ja=a(T —Ty), (67.1)
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rne T — Temmeparypa Tesa, a Ty, — TeMrepaTypad OKpy»aroinefi cpesl.
Hopmans n nposejeHa ot tena K cpese. IlocrosnHasi o HasbBaeTcs
reappuyuernmom sHetunell menaonposoorocmu. llpn o = oo Temnepa-
Typa Ha rpanuue Bcerja HenpephiBHa, T. €. T = Ty npu a = 0 1es0
a,\uabaTHyeckKd HM30JHPOBAHO.

OnwlThl TOKa3aau, uto 3akod Hrlotona (57.1) suinosusiercs mpub/an-
KEHHO U IPUTOM JIHIUL IPH Be6oIbliHX pa3HOCTsX TeMnepatyp. [Tostomy
KO3(POHIIHEHT BHEWIHeH TelvONPOBOAHOCTH HE HMEET TaKOoro ke
BaXKHOTO 3HAueHHs, Kakoe HMeeT Kos(pgpULUeHT BHYTPeHHeH Ter-
aonpoBoaHoctu.  KoadiduuuenTt BHemuel TensonpoBOLHOCTH fB/IAETCA
cyryfo sMmiupuuecKHM  Kos(QdUIIIEHTOM, KOTOPBIM MOXKHO II0/1b30-
BAThCsl TOJABKO B IPyObIX pacyeTax.

2. JlonycTuM Tenepb, UTO TeNO MMeeT (GOpMY TCHKOIO GECKOHEeUHO
JJIHHOTO CTEp2KHSl, OpHeHTHpoBaHlioro B Hanpaslenun oci X. Ilo-
nepeyHoe CCUeHHe CTePKHSA MOKeT GhITh KAKHM VIOJAHO, OAHAKO OLHHM
11 TeM Ke npu J1100bX x. KoadpuunesT TenaonpoBoAHOCTH MaTtepHala
CTEPAKHSA % HO1KEeH OLITh JOCTATCUHO GOJBIINM, a CaM CTEPKEHb TCHKIM,
yTofbl ero Temneparypa 1 He MeHsiilach ¢ KoopaunaTaMmi y H z. OHa
MOMKCT 3aBHCETb TOJBKO OT BpeMeHH f{ M KoopauHatel x. OT Tex xe
apTyMeHTOB MOXKET 3aBliceTh U Temnepatypa T, oKpyxatoulelt cpenul
Ha TOBEPXHOCTH CTEPIKHS.

B s1MX mnpeinosoxeHUsix BblBeJeM ypaBHeHeE TEIIONPOBOLHOCTH
C y4YeToM BHeUIHEH TeIJIONPOBOIHOCTH. ’ '

Paccy:xnennst OyaAyT TaKHMM e, 4YTO W NPH BHIBOJE YpPaBHEHHS
(62.4). Tonbko B Gatauce Teria HEOGXOIHMO YUECTb AOMNOJHHTENbHbIN
TENJIOBOH MOTOK Yepe3 GOKOBYO IOBEPXHOCTb cTepxkHsA. [las Oecko-
Heuno Masnoro snementa AB crepxkus (puc. 40) 3TOT AONOMHHTED-
HHIfl TEIVIOBOIl NMOTOK, HANpAaBJCHHBIA K OKpyskKawouleill cpeie, paseH
ap (T'— T,) dx, rie p — nepuMETp NOTEPEUHOTO CEYEHHsI CTCPKHA.
[Tostomy Bmecto ypasuenus (52.4) moayuutcs

or J or
eS8 =S 5 (w00 ) —ap (T —1Ty), (57.2)

rie S—HJIOUJ,BILI: TonepeyHoro CEeUCHHA CTepKHA. Hpexnonaraﬂ bt
TIOCTOAHHBIM U BBOAsS 0003HaueHUE

br—2P

=g (57.3)
11071 y4uM
or ;T
o =g — b2 (T — Ty). (57.4)
3A0AUYH

1. HaliTh crannoHapuoe pacnpeiciacHHC TCMICPATYPH B TOHKOM OTHOPO,THOM
CTEPIKHE, KOHUB KOTOPOIO MOALEPAUBAOTCH NPU [OCTORHEBIX TeMueparypax 7, u T,
4 Temneparypa okpymawoueii cpelsl T, Taxkme HNOCTOSHHA. ! >
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Pewenue VYio6Ho 2a HYIb TeMueparvpel NpHAATL Temneparypy 7, okpy-
Kawwell cpeapl. B rakom cayvae ypasucure (57.4) nepexoaur B

*T

ox?

— B2T =0, (57.5)
rie [)'——nono;KmeanaH NoCTOSIHHAST, Onpeie/igeMan BbipdXKeHUeM

(57.6)

O6ulee peleHHe ypaBHeHHs (57.9) ecTb
' T = Aebx 4 Bo B, (37.7)

[Moctosinuble uuTerpuposanus A u B onpeleidrcs 3 rpaHuuHbix veaosuil: T = T,
npu x = 0, T = T, npu x == [. (Jluuna crep:kusa ofosyadena /, Ha4yano KOopauHAaT
NOMeLIeHO Ha TMepBoM KoHue crepauxus.) [locae semMeHTAPUbIX BHIYHCJACHHI 10JaYUnM

:Tlsh p(—x)4Tysh Pe

T sh Bl :

(57.8)

2. Myere Ty, Ta, Ty, Ty, ... — TEMICPATYPBI NOCALIORATEAbHBIX PABHOOTCTOAUIRX
TOUYEK CTEPHHS B CTALHOHAPHOM COCTOSHUM. TeMneparypa oKpyKaoweil cpeisl npu-
HATA 34 HYAb (CM. Ipeablayiyio 3axauy). [lokasars, 4o 3TH TeMIepaTyphl yiosdaet-
BOPSIOT COOTHOLUCHUIO

Iy +7y Tt T, 7713‘4‘7"37 ot o ol
— = =...=const=e¢
T, T, T,

M e PAY, (57.9)

rie Ax — paccToAHHe MeXKly JAByMaA COCeIHHMH TOUYKAMH paccMmarpisaenMorc psid
PaBHOOTCTOAILNX TOYEK.
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NPOCTEHWKUE BOMPOCHI MOJIEKYJISPHO-KWUHETHYECKGH
TEOPHUH BEUIECTBA

® Ok

§ 58. BBenenue

1. Maea o6 aToMHOM CTPOEHHII BEIleCTBA BC3NHHUKJA B IMYOOKGH ApeB-
nocTil. OHa B pasandHoil GopMe BHICKa3blBa1ach i pa3BUBAIaCh MHOTHMHU
jlccaedoBaTe I IMH Ha MPOTsKeHHH BekoB. OjHaKo Jo Havanda 20 Beka
4TOMHAsi THIIOTe3a ocTaBajach JHUIb FeHHANbHOHR JOrajgko#, He HMeB-
1miefl MpAMBIX SKCIepHMeHTaTbHbIX JoKasaTeabcTB. o cepenntnl 19 Beka
KOHKPeTHBIC TIpejcTaBieHusi o6 aToMax M MoJeKy/Jax, a Takxe (QH3H-
4eCKHe TEOPHHM, CO37aBaBIIMeCsl Ha HX OCHOBe, ObLIM JOBCJILHO HaMB-
HLIMH H OTHOCHJICE cKOpee K o6aacTi (anTasHy, 4eM K Hayke. ATOMEI
NpeAcTaRasI ceGe, HampuMep, KaK INapHKH € KPIOYUKaMH, HOCpei-
CTBOM KOTOPBIX OHH CUEMJISIIOTCS APYL ¢ APYLOM, HJH Kak IecTepeHKH
¢ 3y0laMH, ¢ NOMOILBIO KOTOPHIX Mepejaercsl BpalmleHue 0T OJHOTO
aToMa K JApyromy. 3akoHbl MexaHuKH HbloTOHA 10 cyiiecTBY He HCNOJb-
30Ba/HCh. Bee paccy:kiaeHna HOCHIH KauecTBEHHLIH XapakTep H OCHO-
BLIBAHCh Ha COMHHTEJNbHBIX NpPeRNnoiokeHHAX. MckaioueHuem Obia
pabora Jlaunnaa Bepuynau (1738 r.), nasilero He TOJBKO Ka4ecTBEH-
Hoe, HO H KoJH4ecTBeHHoe o0bfiCHeHHe AaBJeHHS rasa, Mo CYUEeCTBY
He OTIHYAIOIEECs] OT COBPEMEHHOTO. [ CpsunM CTOPOHHHKOM H NPO-
naraHjHCTOM MOJIeKYspPHO-KMHeTHUECKOl TeOpHH BeliecTBa  Obl1
M. B. Jlomonocop (1711—1765). Ha ocHoBe 310fl Teopnu Jlocmonocos
npejcKasal cyliecTBoBaHHe albCOMIOTHOrO HYJAS TeMrneparypbl; yKa-
3a71, 4To 3aKoH Bofinis—Mapuorta He MoKeT ObITh aGCOJIOTHO TOYHBIM
32KOHOM — OT HETo NpH JOCTATOYHO GOJBLIHX CHKATHAX TasoB AOJAKHEL
HabJa01aThCA OTCTYIVIEHHS.

2, B nauane 19-ro Beka aTOMHO-MOJEKY/I4pHAA HIIOTE3a MOJYYHIa
y6enuTesNibHOE MOATBEpZKJAeHHe B XHMHH B De3yJbTaTe OTKPHITHSA 3d-
KOHQ NOCMOSHCINGQ COCMABA U 3AKOHA KpantHoix omrowequtl. CorjiacHo
NepBOMY H3 3THX 3aKOHOB 6€C086e KOAUHECINBA XUMUHECKUX IAEMEHITNO8,
13 KOMOPBIX COCHIOU MO UAU UHOe XUMUNECKOe COeOUHeHuUe, Haxo0amcsa
50 BNOAKE ONpeOeseHHOM OmHoweHuu. Tak, ONHH TrpaMMm BOJOPOAA,
yToGLl 06pa3oBatTh BOAY, JAOJIXKEH COeAHHHTbCH ¢ 8 rpaMMaMH KHCJIO-
pona. Ecau oTHomieHHe BeCOBBIX KOJHYECTB BOAOPOJA H KHcJIopoJa He
paBuo 1 : 8, TO H3AHIIEK OJHOrO H3 3THX XHMHUYECKHX 3/eMEeHTOB B
peakiuio He BCTYMaer.

3aKOH KpPAaTHLIX OTHOUIEHHH OTHCCHTCS K TaKHM peakLHsM, B Ko-
TOPBIX JIBA XHMHYECKHX 3nemedta A 1 B MOTYT 06pasoBbBaTh ApyT
C APYrOM He OAHO0, 4 HeCKOJNLKO XHMHYecKHX ccennnennil. O yTBepiK-
JaeT, UTO 8ecossie Koauuecmsea dsemenma B, scmynaowue 6 xumudeckue
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COCOUHCHUSA ¢ OOHUM U MeM e 8eCO8bIM KOAUYECBom 3aemenma A, Ha-
X00ANCs ¢ omHowieruy neboaviuux yeavx qucea. Tak, BOJAOPCA NpH Co-
eMMHeHHH ¢ KHCJICPOAOM MOKeT oOpa3cBbBaThH He Toabko Boay H,0,
HO W TepekHch Bojopoia H,O,. BecoBble KoaudecTna KHCJIOPOIA,
NPHXOJAULHECS HA CGJHO H TO JKe KOJHYECTBC BOOPOAA B 3THX IBYX
CoeMHEeHHAX, OTHocaTca Kak 1 : 2. Ewe ayumyio naiinoctpauuio
33KCHA KPATHBIX CTHCILEHHH JAIOT COEAHHEHHS a30Td C KHCJIOPOIOM:

Cewmb rpaMMoB asora, CoeiHHAsACh C

4 r gucaopona,obpasyior 11 r 3akucu asora N,O,

8r » » 15 r okucu asora NO,

12r » » 19 r asorucroro auruapnga N,O,,
16 r » » 23 r nByokucH azota NO,,

20r » » 27 r asorHoro auruapuaa N,O;.

BecoBble KosHuecTBa KHCICPOJA, MNPHXONAMHECS HA OJHO H TO XKe
KOJIHYeCTBO a3oTa (7 r), B 3THX COCAHHEHHAX OTHOCATCA KakK
4:8:12:16:20=1:2:3:4:5.

Bpsin s BO3MOXKHO 0GBSCHHTL 3TH 32KCHOMEPHOCTH, He MOJbL3YACh
npejcraBiendeM o0 aromMax BelitecTBa. OObsicHEHHe, JaHHOe AHIVIME-
CKUM XuMuKoM [anbToHoM (1766—1844), cocTouT B TOM, YTO B XHMH-
YeCKHX peaklUsX AaToMbl pasiUyHbBIX BeHieCcTB COeJUHSAIOTCS APYT
c apyroM B GoJee c/oxHLIE O6pasoBaHHS — MOJIEKYJB, NPHYEM Bce
MOJIEKYJbI XHMHUECKH UYUCTOIO BelieCTBA NOCTPOEHL! COBEPHIEHHO OJH-
HakoBo. Borpoc o gucse aToMOB B MOJICKY/1aX Pas/JHUHbIX XHMHUECKHX
COeHHEeHHH YAa10Ch YACBJIETBOPHTENLHO PEIIMTh HAa OCHOBE 3MIHPH-
uecKH HafijenHoro 3akcna [eii-Jlioccaka M npeanoxeHHOH s ero
oObsICHEHHST PHIICTE3Ll, NOJydYnBliell NI03JHee Ha3BaHHe 3aKoHa ABo-
raxpo. CornacHo 3akony lefi-Jlioccaka 06semst easos (npu o0uHakosex
Ousrenusix U IMeMREPamypax), GCMynarlyue 6 XUMUdecKue peaxuyu
Opye ¢ Opyeom, a maxoce 00veMbl HOAYHQIOUUXCA XUMULECKUX coeduHe-
Huti 8 2a3006pa3HOM cocrmosHuu (npu mex owe 0asaeHUsAX U memnepamy-
pax) omHocames mexoy coboll Kak yeavle u npumom HebobUIUe HUCAQ.
Jas obbsicHenusi 3TOTO 3aKOHA ABOTajipo BLIABHHYJ THIOTE3Y, MO
KOTOPOH pasHeie 06zeMbl pASAUMHOIX 24308 NP 00UHAKOBHX OGBAEHUAX
u memnepamypax codepscarn 60HO u mo owe qucao morexys. Ha srtoil
I'HIIOTe3€ OCHOBAaHLl B XUMHH METOJBI OTpENeNeHHS] QMIOMHbIX U MO.le-
KyaapHoix eecos. Ee cTporoe 0KasaTelbCTBO No3aHee OLLIO AaHO B KH-
HETHYECKOH TEOpHH ra3oB. 3HAYEHHE aTOMHO-MOJEKYJ/sPHOM THIIOTe3Hl
B XHMUH TPY/HO NEPEOUCHNT. bes nee Obt 661 HEBO3MOXKEH OBICTpHIH
nporpecc 3T0fi Hayki B 19-M Beke.

3. B ¢usuke crpora HayuHoe DasBHTHE MOJIEKYAAPHGH TeopHH
HAYaJI0Ch NPHMEPHO €O BTOPOI 10J0BuHbl 19-ro Beka, riaBHbM o6pa-
3oM Graronaps TpyaaM Kaaysuyca, Makcsesna (18317—1879) 1 Bonbi-
maHa (1844-—1906), B KOTOPBIX GbLIH 32/10:KEHBl OCHOBBI KWHEMU4ECKOU
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meopuu easoe. O BHYTpeHHEM CTPOEHHH aTOMOB H MOJIEKYJ, a TdKikKe
0 CIJIaX, ¢ KOTOPBIMH OHH B3aHMOJCHCTBYIOT MeXAY COO0H, B TO BpeMs
Hiyero He Obwio U3BecTHO. OCHOBONOMOKHHKH KHHETHYECKOH Teopuu
I'a30B TNOJb30BATHCH VIPOUICHHBIMH, H1€a1H3HPOBAHHBIMH MOJEJ SIMH
3THX 4acTHIL. MoJseky/isl H aTOMbl OHH paccMaTpPHBAJH KaK HiealbHO
TBep/ible WApHKH HAH KaK MaTepHa/ibLbHble TOYKH, B3aHMOJEHCTBYIONIME
JAPYT € APYroM HEeHTPaJbHBIMH CHJIAMI. YCNeXH TeopHH OblIM CBS3aHbI
1C C 3THMH HJea H311POBaHHBIMH MOASASAMH, UMEIOIIHMH OTPaHHUEeHH YI0
00,4CTh TPUMECHHMOCTH, 4 ¢ Te€M, YTO TeOPHUFl CTPOUJACh HA OCHORE 06-
IHX NPHHIHIIOR MeXaHWKH HbloToHa: 3aKOHAaX COXPaHeHHS HMIYJbca
1l 3HEepPTHH, ONpaBlaBIIHX ce0sl He TOALKO A1 MaKpPOCKOIHYECKHX Tel,
HO M JJIs1 MHKPOCKOTIHYECKHX OOBEKTOB, HOAYMHSIOMHXCST KBAHTOBOH
mexaHuke. HlHpoko ucnonb3oBa/ich MaTeMaTHYeCKIe METOJBI, B YacT-
HOCTH, METOABI Mamemamuueckol meopuu geposmrocmi. CyleCTBeHHO
TakyKe, YTO TeOpPHS Pa3BHBaIACh NOJ MOCTOSIHHBLIM KOHTPOJEM ONbITA.
Takxast Teopust BBHITOJAHO OTJAHYAJNACh OT HAHBHBIX YMO3PUTEJNLHBLIX IIO-
CTPOGHHH NpeiliecTBOBABIINX aTOMHCTOB.

4. Jlo 20-ro cTOJETHS HA ATOMB! CMOTPEJH KaK Ha MeJbualiline
HCAeqMblE YaCTHIbl BELIECTBA. 3TO MNpeAcTaB/AcHHe 0Ka3aloch HeBep-
HBIM. ATOM SIBJSIETCST CIOMKHOI CHCTEMOH, cOCTosIlel U3 siipa 1 OKpY-
JKakoueit ero aeKTpoHHOH 060.10UKH. ATOMH3M NpOSIBISIETCS] HE B TOM,
UTO ATOMBI HeeMHMbL, & B TOM, YTO BCe aTOMBI, PABHO KaK W BCe Npoc-
Tefiliie (TaK HAa3BIBAEMBIC 2JCMEHTAPHBIC) YACTHLBL PACCMATPUBAEMOTO
BHJA BCOAOMHO MONOeCmGeR bl  XapAaKTePH3YIOTCS 61104He onpede-
ACHHOINU APUSHAKAMI — MQCCOU, 3apa00M S0pQ, UBAMAeMbIM CHEKNIPOM
u np. Tlopo6ucit ToxKAeCTBEHHOCTH B 06JaCTH MakpoMmHpa He CyliecT-
ByeT — B MaKpoOMHpe HeT JABYX abCOMOTHO OJNHAKOBHIX Ted. ATOMH3M
NPORABASETCA TAKAKE B TOM, YTO BHYTPEHHHCE COCTOAHHS aTOMOB HE Henpe:
DLIBHDI, a JucCKpeniHor, JHepTHs aToMa, Hanplmep, MoxKeT NPHHHUMATH
HC HerpepeIBHBIL, a Jllb JICKPeTHH psi 3nHaueHuit. JluckperHble
3HAYEHHS 3HCPTHH aTOMa HA3LIBAIOTCA €T0 IHEPIerMUHECKUMU [ POSHAMIL.
OG6bIYHO aTOM HaXOANTCsl B TaK HA3LIBAEMOM HOPMAAGHOM COCHIOSHUY,
B KOTOPOM €ro 3HepTHsi MUHIIMaIbHA. J[1g Tore utoGbl mepeBecTH aToM
B OamKafiliiee 6o30yxmderHoe cocmodarue, TpedyeTcss BHelliHee BO3feH-
CTBHe M 3aTpata sHepruu. Eciil 5Tol 9HepTHH HEOCTATOUHO, TO NHOCTE
npekpamesuss BO3AEHCTBHS BIYTpeHliee COCTOSHHE aToMa OKaykeTcs
B TOUHOCTH TaKHM »Ke, KaKUM CHO Obiio 10 BozfeficTBHsI. JlHcKpet-
HOCTb BO3MOMHBLIX COCTOSIHMEl @TCMHBIX CHCTEM I siBAsieTcsl Toil (usu-
YECKOH, XOTSl pailee M He OCO3HaBaBLICHCS HPHYHHOH, KOTOpad NO3-
BOJAHJAZ XHMHKaM DNPHATH K IPEICTABACHHIO O HEAGJTHMOCTH dTOMOB
U JlajJa BO3MOXHOCTB (PU3HKaM B KHIETHYECKOH TeopHH Ta3cB paccma-
TPUBATh ATOMEI H MOJIEKYJbl KaK HeU3MCHSEeMble MaTepuajbHbEe TOUKH
WIH WAeaqbHO TBepibie 1apiky. (OAHAKD NpH VYBEIUYEHHH 3HepTHH
BHELIHHX BO3JEHCTBHI, HanpHMEP, [PH MOBHIIEHHH TeMNepaTyphl
rasa, TaKue INpeJICTaBACHHS! CTaHOBATCH HeleACTBHTCAbHBIMU. Tak,
npu Temneparypax nopagka 1000—3000 K wmosexyipl HauuHAOT
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Juccoyuuposany, T.e. pacnanatbCi Ha aTtoMmbl. llpH TemmepaTypax
nopsagka 10 000 K i Boille HauMHAETCS WOHUBAYUS, T. €. Paclajl aTOMOB
Ha HOHBI U 3JexTpoubl. Ilpy TemnepaTypax nopsjka AeCsiTKOB H COTeH
MHJJHOHOB KeJIbBUHOB HaUHHAIOTCS mepmosdepHole peukyui, T. €. npo-
Lecchl CAHSIHUA 1T pachaja atoMHbIX fjep. Mbl UHPOKO OyAeM 10/b30-
BATHC S KJIACCHUECKHMH MOLEJISIMII KITHETHYECKON TeopiH rasoB. OAH4Ko
HpH 3TOM HeOOXOANMO HUMEeTh B BUJY TPAaHIUiBl IPHMEHHMCCTH TAKHX
MojleJIeH.
§ 59. JaBaenue rasa c TOUKH 3peHHS
MOJIEKYASPHO- KHHETHUYECKOH TeopHH

1. Mostexyiibl B3aHMOZEHCTBYIOT JPVT C JIPYIOM NOCPEACTBOM Mo.e-
KYJIpHbIX ¢, Ha Janekux pacCTOSHHAX — 3TO CHJIBI IPHTSXKEHHS,
yOBIBAIOLLHE C YBEJHUEHHEM PACCTOSIHHS, Ha GJH3KHX — CHJIBL OTTAJ-
KHBaHH$, OBICTPO BO3pacTalolye npu cOnmxeHHrd Moseky1. Pacctosanue
MeXcJly LeHTpaMH CO/IH3UBIIMXCH MOJIEKYJ, Ha KOTOPOM CHJIbl NPHTSAHe-
HHS 11€PeXOASIT B CHJIbl OTT&JKHBAHUS, IPHHHMACTCA 3a AHAMeTp MoJe-
KVJabl. B razax npu HOpMaJdbHbLIX YCIOBHAX CPeHHE PACCTOSTHHST MEXKY
MOJIEKYJaMU ellle BeJMKH NO CPaBHEHHIO ¢ UX AuameTpamu. Ha Ttaknx
PacCcTOsHUAX MOJIEKYJSIDHBIE CHJbl OueHb ¢1albl U He HIpaloT CVILecT-
BeHHOH poJH. MoJleKysipHBle CHJIBl DPOSABJSIOTCH JHIL Ha GIH3KHX
paccTosiHusAX INopAAka JuameTpoB Moaekya. Ilox nefictBuem sTHX
CH/ CKODOCTH COJII3HBIUKXCS MOJEKYJ TpeTepreBaloT 3HAUHTesNbHbIE
H3MeHeHUs Kak 10 BeJHUlHe, TAK W 110 HanpapieHH0. B3anmonelictus
MOJIEKYJ1 Ha OJH3KUX PACCTOSHIUNAX HA3BIBAIOT CAOAKHOGCHUAMU. Mex iy
IBYMS 110C/1€10BaTe/ILHEIMI CTOAKHOBEHHSIMH MOJeKYyJa I'a3a JABHXKETCH
NpaxkTHUeCKH C¢BOGOAHO, T.e. NpsMOJHHEHHO u paBHOMepHO. [Ipu
KdXK10M CTOJNKHOBEHHH MOJEKYJa ra3a T0YTH MTHOBEHHO MeHsieT
HalpaBjeHHe CBOero JABHXKeHIHs, 4 3aTeM JABHKeTCs ¢ HOBOI CKOPOCTHIO
onATh NPAMOMHHERHO 1l PABHOMEPHO, IIOKa HE HPOH30HIET Cielyloliee
CToJKHOEeHHe. Ecay Tras B LesqOM HAaXOAMTCA B IOKoe (HalpHMep,
3aK/JI0UeH B 3aKPHITOM COCYAL), TO B pe3yapTaTe CTOJIKHOBEHHH ycTa-
HaB/HBAETCS Xd4OTHYECKOe [IBHXKEHHe, B KOTOPOM BCe HalpaB/JeHHA
IBHXKEHHS MOJEeKyd paBHoBepoATHB. OHO HasblBaeTCs  IMenA0s6im
deudiceruem. Yem Gosee paspemeH ras, TeM JJIHHHEe CPelHHI NyTb,
NPOXOAHMEI MONEKYJ/IOH MeXIY JIByMfA [OC/AeI0BATE/IbHBIMH CTOJKHO-
BeHHsAMH. /151 JOCTaTO4YHO Pa3peKEeHHOro rasa, 3ak/JH04eHHOTO B COCY/,
MOXHO B IepBOM NPHOIHKEHHH NpeHeOpeub pasMepaMH MOJEKYJa U
CTOJKHOBEHHAMH HX APYT ¢ ApyroM. Hano y4ecTs TONBKO CTOJNKHOBEHHSA
MOJIeKYJ €O CTeHKaMH COCyla, B KOTOpLIH ra3 3akJjioueH. B stom mpu-
O/1HM4eHHH MOJIEKY/Ibl I'a3a MOI'YT PAacCMaTPUBATLCS KaK MaTepHaJbHbIE
TOUKH, He B3aUMOACHCTBYIOUHE MeKIY COO0H M JIBHKYLLHECSH IIPsAMOJH-
HelHO i PaBHOMEPHO MEXKAY KaKIAbIMH ABYMS N10C/1€10BaTeNbHbIMH CTOMK-
HOBEHHSIMH €O CTeHKaMH cocyaa. Takas npocrefiuas Moje/lb NPHBOIHT K
3aKOHaM MAeajbHbIX I'a30B. HUToOH N0Ka3aTh 3TO, HAJO BBIICHHTL MoJe-
KYJADHBIT CMBICJ JaBJCHMS, TeMIepaTypbl M BAYTPeHHEH SHePIHH rasa.
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2. JlaBneHne rasa Ha CTEHKY COCyJa e€CTh Pe3yJbTaT yiapoB MoJje-
Ky.1 raza ob a1y creHKy. llpi KaxaoMm yaape ModaeKkyna rasa aeHcrsyer
Ha CTCHKY ¢ onpefeneHHOH (C MaKpOCKOMHYCCKOH TOMKH 3peHMst Gec-
KOHEUHO MaJjol) cunoii. O6partHo HanpaBJeHHasi CHJIa, ¢ KOTOPO# neil-
CTBYET Ha MOJEKYJY CTEHKa COCY/la, 34CTaB/ISIECT MOJEKYAY OTPaxKarbs
or cTedku. Ecan 6l B cocyle coiep:kanoch BCETO HECKOILKO MOJEK VI,
TO HX YAapbl ciefoBadan Obl JPYr 3a JIPYTOM pelako H GeclnopsilouHo,
11 HeJb3d Obl10 Obl TOBOPHTBL 1IH O KaKOH peryaspHe#l cuje AaBJIeHUS,
JeHCTBYIONIEH Ha CTeHKV. Mbl nMesau 6kl 76710 ¢ OTJe/IbHBIMU TIPAKTH-
YeCKH MIHOBEHHBIMH GeCKOHEYHO MaJjbiMH TOJYKAMH, KOTOPHIM BpeMsi
OT BpeMeHH TojBeprajach Obl cteHKa. Ecau xe duciac Mojexysa B co-
CVile CUeHb BeJUKO, To OYAeT BeJMKO H HIC/IC YAAPOB UX O CTEHKY COCYAa.
Yiaapel CTaHVT cJe0BaThb HenpepbiBHO JPYr 3a X
ApyroMm. OnHOBpEMEHHO O CTeHKY cocyna Oyner
V1apATbes IpoMajHoe KOJIHYeCTBO MOJeKy.. Dec-
KOHEUHO MaJ/lble CHJbl OTAJIBHLIX YIAaPOB CKJAJLI-
B2IOTCSl B KOHEYHYIO H [IOYTH NOCTCAHHYIO CHJY, 0
IEHCTBYIOYIO Ha CTEHKY. 3Ta CHJa, ycpejHeHHasd
110 BpEMEHH, H €CTb jaB/leHHe rasa, ¢ KCTOpPHIM
HMeeT Jes0 MakKpockonnueckas u3uka.

3. BpiuncauM jaBjeHde rasa Ha CTEHKY COCYJA.
[Ivers ras 3akiaioyeH B 3aKpBITBIH cOCYN, H Bee
MOJIEK VBl GAHHAKOBHL. Boobine roBopsi, CHH JABH-
AYTCA C Pa3aHUHBIMIL CKOPOCTSAMH, OTJHUAOU-
MICSL APYD Or apyra Kak 10 BelliuHHe, Tak Puc. 43.
I o HanpapJjeHuio. Pa3lelnM Bce MoJeKyJbl Ha
IPYMIB T4k, 4yToBpl MOJEKYJbl OIHOH H TOH K€ Tpynmbl B pac-
CMaTpHBaeMblll MOMEHT BPEMEHH HMeAH NPHOJIHZHTeJbHO OJHHAKOBLIE
[0 BeJHUHHE H HalpaBleHHIO cKopocTl. CKOpocib Moslekyda i-H Ipyr-
nbl 0603HAYHM ©;, & YHCJIO TakKHX MOJEKVJ B eliHHLe ofbeMa —
;. BosbMem Ha cTeHKe cocyla Madyio niculaiky o (puc. 43). Ecan
MOJICK VALl JABHAYTCHA N0 HANPABIEHHIO K ILIOLIAJKE O, TO OHH MOTYT
CTOJIKHYTBCH € Hefi. Ecin 2Ke OHH JBHAKYTCS OT IWICULIAJKH, TO CTOJIKHO-
Bedni He Oyger. Ilpeanosoxum, uTo MosteKyJbl {-H TPYNIBl ABHAKYTCS
110 HanpaB/leHHI K NJoWaAKe ¢, ¥ HOACUHTAEM YHCJIO 2; MOJeKYJ
TaKo# TPYNMBl, yAapsAoWHXcs 06 3Ty IJICMAAKY 3a Majoe Bpems df.
[NoctpodmM Ha maomanxe o, Kak Ha OCHOBAHUM, Kocof WHAHHAD ¢ obpa-
3VIOLIMMI 9;df, pacrosoKeHHbIl BHYTpH cocyiaa. BcesAkas mosexyaa
- rpyNNB], HAXOASAINAACH B 3TOM UHJIMHApe, 38 BpeMs df ycneer no-
CTUTHYTh NJICIAAKH ¢ 1 Viaputbes o Hee. Ilostomy uucno yaapos z;
Oyier paBHO YHCY MOJEKYJ i-f IPYNNbl BHYTPH NTOCTPOSHHOTO LHJ/IHH-
apa, T. e. z; = n;dV, rae dV — obvem umauuapa. HanpaBum Koopau-
HaTHVI0 och X BJOJbL BHelIHEH HopManu K micmaike o. Toraa Beicora
unauHapa 6yaer paBra v;,d?, a ero o6bvem dV = av;,di. ClelcBaTelbHO,

2; =0n;v;, dt.
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Hanprefilnuil X0l BoluMcJeHuH 3aBHCUT OT XapaKTepa B3aMMOJCIH-
CTBHSI YJApSIOIMXCH MOJieKy/ co creHKoil. OGbIYHO NIPH BblYUCAEHHAX
CUHTAIOT, YTO CTEHKa IJ1aJ1Kasl, a MOJEeKYJabl NpH yAape oTpa)alorcs
OT Hee 3epKasbHo, T. €. [0 3aKOHaM YyJapa HAeasibHo YIPYTHX LIAPOB:
abco/lloTHAsE BeJHYHHA CKODOCTH TNPH OTPaxKeHWH He H3MeHseTcs,
VIO NajieHdsl paBeH YIVIY OTpaykeHHsi. 3aTeM JAOKa3blBAaeTCs, UTO 3TH
NPEANONOMKEHHA He SIBASAIOTCH cylecTBenHbiMu. OJHaxko B JeficTBH-
TeJBHOCTH CTeHKAa cocyjda s ylapdiomefcs MONEKYabl He MOMKeT
ObITH HJACAJTbHBIM 3€PKaJoM — Bejlb OHA CaMa COCTOHT U3 MOJEKY.J.
baaronapss 3ToMy MOJEKyabl (- TPYNNpl Nocae oTpaxkeHusg GyayT
HM€eTh, Boclllle roBOps, caMble Pa3HOCOpasHble MO BEJAHYHHE U HAnpaB-
JICHHIO CKOpPOCTH, HAlPaBJ/ICHHBIC OT CTCHKH, W paClpefeysiTcs 00 pas-
JUYHBIM CKOPOCTHBIM Trpynnam. IloaTomy Mel npoBejem jajbHefiinue
BBIUICAEHHS, HE BBOAA RIKAKHX CHCIHAJBHBIX NPeNONOKeHNH oTHO-
CUTE/JbHO 3aKOHOB OTPaXKEHHA MOJEKYJ OT CTeHKH cocyja. EauicTBeH-
HOE DpeilIoJoKeHHe, KOTopee OyJeT 1 1ieJbL30BAHO B BHIYHCIAEHHSX,
COCTOUT B TOM, UTO ApU OMPUNEHUL 0N CHCHEU MOACKYAQ 6 CPEOHeM
He mepsem u He npuobpemaem KuHemudeckyio snepewo. B nanpuelimem
OVET N0KA3aHO, YTO 3TO NMPENCJOKEHHE 03HAYACT, UTO meMnepamypa
ea3a JoasHa Ovune paska memnepamype cmesku. Jas uenefl oiuycsde-
HIISl [IPOILECC B3aHMOJCHCTBHS MOJIEKY.IE! CO CTeHKOH YA0OHO MbICJEHHO
pasbuThb Ha aBa stana. Ha nepeom sTane Moseky/aa sameiisieTcss U
OCT4H4BAHMBaeTCs, KaK Obl npusunas K cTenke. Ha BTopom stame moJe-
KyJa OTTaJKUBAeTCsl CTEHKOMH, YCKOpsieTcss M OTCKAKHBaeT OT Hee.
BrunesanM cHavana custy £y, Kotopas JeficTsoasa 6bl Ha TJIOWIANKY O
CO CTOpPOHBI Tasza, ec/H Obl Bech NpOUECC B3aUMOJACHCTBHSI MOJIEKY.J]
rasa co CTeHKOH OTpaHMHuIIBaJICs TOJbLKO [€PBBLIM 3TANOM, T. €. B mpel-
NOJIOKEHUY, UTO MNOCJAe VAAPOB MOJEKVABl raza Kaxk Obl NPHIHIAIOT
K crenke. Mosekyapl (- rpynuobl, YyIapHBIIHECS O IIOIMAJAKY O
3a epema df, po viapa cbmajain KoJHYECTBCM JABHMKEHHS 2;p; ==
= 0n,0;P:dl, TAe pP; — KOJUYECTBO JABIKEHHSA OLHOH MOJIEKYJHL.
Utobbl OCTAHOBUTH 3TH MOJEKYJbl, CTEHKa JOJIKHA JieficTBOBATL HA

HUX ¢ cuaolt f;, uMNyabe KoTopol paben fidl==— onu; p;df. Viamenus
HalpapJeHie BeKTopa Jf/ Ha INPOTHBOIIOIOXKHOE, Mbl HaljeM CHAY
fi = — fi = onp,p;, ¢ KOTOPOI IeficTBYIOT Ha MIOUAAKY G MOJIEKYJIBI

i-ii rpynnel Ha nepBoM atane. Cuaa f;, 1eHCTBYIONIAA HA 3TV NJIOMAAKY
€O CTODCHBI BCETO ra3a, HaBIeTCsl CYMMHPOBaHMEM 3THX BhipakKeHHH
110 BCEM FPpYNNAM MOJIEKYJ, JeTsIUHX 110 HanpaBieHHIO K CTeHKe (id
Hux o;,. > 0), 1. e.

-
Fy = >_J onvspi.
v, >0
Ly
K custe Fy caenyer npubautsh cuiy F., Kotopas neficTByeT Ha IJo-
WAanKy o Ha BTopoM 37ane. Cuna F, BHOJMHE aHajJorHuHa cuile OTAauH,
HCTIBITBIBACMOT OPYIJCM TpH BblcTpeste. Po/ib cHapsia UIPAKOT MOJC-
KYJIBl, JETSAIHe OF IVIOMAIKH O, T. €. MOJEKYJbl, A5 KOTOPHX Uy < 0.
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Cuna F, paBHa
5
Fy— ) onw.p;.

Pasnenenne BsanmojelicTBHS Ha JBa 3Tand, KOHEUHO, SABJSETCS
TOJBKO HCKYCCTBEHHBIM BHIUHCIHTEJAbHEM npHeMoM. Ha camem Jene
cuanl £, v F, 1eHCTBYIOT 0AHOBPEMEHHO M CKJAAJLBAIOTCA B CAHY pe-
3yJAbTHPYIOUYIO CHIY

F=Fi+F,=06 Y nu.p.

31eck CYMMHPOBaHHE NPOH3BOAHTCH YyiKe 10 BCEM TIPYIIIaM MOJEKYI,
JIETSHIHM KaK K CTeHKe, TaK H OT hee.

Cunana F nanpapjeHa HOPMAJbHO K IVIOIAJAKE 0. 2T0 sIBASieTCs
CJIEJCTBHEM XAOTHUHOCTH TeIJIOBOTO JABMkeHHST MoJekyna. J[eficTBu-
TeJbHO, COoCTaBasiomas cuiapl F B HampabjdeHHH ocH Y paBHa

-
Fy=ac Z_‘ nUisPiy.

Beiay XaoTHYHOCTH TEIVIOBOTO JABHMKEHHS CpeJll C/1araeMblX BXOAS-
Liefl ClOfla CyMMBl BCTPETHTCS NPHMEPHO CTONBKO Ke TMOJOMKHTEIbHBIX
Y/EeHOB, CKOJIBKO H OTpHIATEIbHBbIX. B cpenHeM 1oJOKHTeJbHbIE
caaraeMele OyayT CKOMIEHCHPOBAaHbBl OTPHIATE]BHbIMU, TaK YTO CyMMa
ofpaTutcss B HyAb. 1O ke COPaBeINBO W Ads cocTapasiomied F .
Storo He OyjAeT TONBKO AJA HOPMaJbHON cocrasistiomed F,, npeacTas-
JaseMOH CyMMOR

Fx: o Znivixpix,
BCe YJIEHDLI KOTOpOﬁ CVILECTBEHHO TMOJOXKHUTENbHLI, TAK KaK 3HakH

npoeKUuit ¢, H p,;, BCErAa OAHHAKOBHL. Pasjenns caarawmyw F,
Ha mJowafb o, MOJY4YHM JaB/eHHe ra3a Ha CTeHKy cocyjla:

5
P = n0ipix.

310 BRLIPAXKEHHE MOXHO YHPOCTHTb, €CJAH BBeCTH Cpejinee 3HayeHne

npousBelleHHs v,p,. CyMMa TakHX NPOU3BEAeHHH IJ151 MOJEKY. rasa,

Haxo[suxca B eliHulle o0bemMa, paBHA Z 1V xPix JT0CH HARTH Cpej-

Hee, HANO 3Ty CYMMY pasiesHTb Ha oblee YHCAO MOJMCKYJ f B eAHHHLUE
obbeMa. 710 Jaer

(Oapa) = ,11 En,‘vmpu (39.1)

(yrsioBsie cKOOKY O3HAYAKOT YCPEeAHEHHS M0 COBOKYIIHOCTH BCEX MOJe-
kya). Jlapjenne P Tenepb MOXKHO NIPeICTABHTb B BHJE

P=n{v.p.,). (59.2)
[Mo onpenesenuio Ckaasipuoro NpciH3BeeHHs
P =UsPst UyPy + v.Pee
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Ycpennasa 3T0 COOTHOLIEHHE, ITOJYUHM
<‘U}’7> = (v F <pr!/> -+ <U:,D;>.

[Tpu XaoTHUeCKOM JIBHXKEHHH, KaKOBBIM SIBJISETCS TeIJIOBOE IBHMKEHHe
MOJIEKY Ta3a, Bce HanpabBJdeHHs CKopocTefi MoJeKy. paBHOBEpPOSATHHEI,
a TIoTOMY

1
<U.cpx> = <Uupy> = <U:pz> == £} <’0p> (593)
3rto paer

1
P=-n {vp). (69.4)

Ecan o6beM cocyia, B KOTOPOM 3aKJrUeH ras, pasen V, a mogaHce
UICI0 MOJEKY B 3TOM oGbeme paBHo N, ton = N/V. Tloacrasasa sto
3HAYEHHe B Npeabayllylo GopMy.1y, NOMYyuHM

PV =1 N (zp). (59.5)

4. Tpu BuiBose dopmyd (59.4) 11 59.5) He yUHTHIBATHCh CTOJIKHOBE-
HHA MOJIERYJT APYr ¢ ApyroM. M1 He C/HIIKOM IVIOTHBIX Ta3cB MeK-
MOJIEKYJsipHblE CTONKHOBEHHS NMDAKTHYECKH He BJHSIOT Ha OKOHYa-
TebHBIH pe3yabTatr. IIpH CTONKHOBEHHSX MOJEKYJbl NepeXoidaT JHILb
H3 OJIHOH CKOpOCTHOR rpynmnel B Apyryto. CocTaB KaxAOH CKOPOCTHOR
TPVIMbI OITOMY OBICTPO M HenpephiBHO MeHsercs. Ho Ans1 BeuHcaeHns
JaBlennst P HeCyleCcTBeHHO, KakKHe HMEHHO MHAHBHAYaJbHLIE Mo.1e-
KyJbl BXOAAT B KakKAYI0 CKOPOCTHYIO rpynny. CyllecTBeHHbI JHIIb
cpedHue wucaa Mogdekya B rpynnax. Ecaum cocrosinne rasa — yeraso-
BHBIIEECs, YTO JOMKHO NpeanosaraTbCsi mpu BuiBojge dopmya (59.4)
1 (59.5), To cpejaHee 4HMCA0 MOJEKYJI B KaxJAOH H3 CKOPGCTHHRIK FpYM
ocTaeTcst HeHameHHHIM. OcTaeTcsd B CpeiHeM HEH3MEHHOH M cymma

N ni(v,p;), a ¢ neit u fapnenne rasa P.

O1Hako CTOIKHOBEHMsI BHOCAT KauyeCTBEHHble H3MeHeHHA B GH3H-
yeckyio uHTeprperauuio nasiennst P. [loka He Obl10 CTOJIKHOBEHHI,
MOJIEKVIBl Ta3a COBEpLIEHHO He B3aHMOJEHACTBOBAIH JADYT C APYIOM.
Bennuuna P uMenda TOJBKO OJMH CMBICJI: OHa JaBaja JasieHue eqsa
Ha cmeuky cocyda. TIpM HaTUUMKM CTONKHOBEHHH MOABASETCH CHJIOBOE
B3aUMOJIEHCTBHE MEXIY MakPOCKOMHYEeCKHUMH 4acTsaMH rasa. Posb crel-
KU A8 Ja1000f MakpoCKONHUeCKOH YacTH rasa MOXKeT HrpaTh rpaHi-
uaias ¢ Hell Apyras MakpocKolHdeckas yacTb TOTO ke rasa. B stux
VCAOBUAX BeTHUHHA P HMeeT TakiKe CMbICT GHYMIPEHHE20 OasaeHis,
NOCPEICTBOM KOTOPOTO OCYLIECTBIAETCS CHIOBOE B3aHMOIEHCTRIE MEKAY
IMPHMBIKAIOMHMHE APYDT K JIPYTY MakKpOCKONMHYECKIIMH YaCTAMH Trasd.
IMeHNHG Takoll CMBICT HMeeT JaBjeHHe P B THIPOJHHAMEKE H A3POAH-
HaMHKe.

5. ®opmyanl (59.4) u (59.5) npHMEHHMB! KAK K HEPEJSITHBHCTCKHM,
TAK H K PeISTHBHCTCKHM JIBIIKeHHAM Mosekya. B caydae nepeasrtu-
BHCTCKHX [IBHAKEHHI Macca MOJEKYJIB! 771 MOKET CYMTaThCS IOCTOAHHOH.
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INonarag B dopmynax (69.4) u (59.5) p = mv, nonayuyum Ajd 3Toro
c1ydad

= 4 nm (2, (59.6)

PV =1 Nm (2. (59.7)

Ilpu BhiBose »THX ¢IOPMYJl MOJEKYJbl PacCMAaTPHBANHCh Kak 6ec-
cmpykmypHste mamepuaibrse moyxy. He mpuHHManoch Bo BHHMaHHe
BpalleHHe MOJEKYJ, a TaKike BHYTPHUMOJEKYJAsipHoe ABHxeHue. [lpu
CTOJTKHOBEHHSX MOI'YT MEHATBCH CKOPOCTH BpallleHHs] MoJeKkyna. Moge-
KyJa MoxeT nepeiiTH B Bo3CGyxXKJIeHHOe COCTOSIHHE, HWJIH U3 BO3GYKIeH-
HOTO COCTOSIHISA BepHYThCS B HopMmajbHoe. Ho Bce 3t mpoueccer
He HTpaloT pOJH, KOrjJa peub HJIeT O BLIYHCAEHHH [aBJeHHS rasa.
CyInecTBeHNO TOABKO H3MEHEHHe HOCMYnameabHoz0 Koaudecmea O6L-
HEHUS MOAEKYAbL IPH CTOJIKHOBEHHSIX ee co cTeHKoi. OHo paBHO Macce
MOJIEKYJIE], YMHOXEHHO[l Ha H3MeHeHHe CKOPOCTH ee IleHTpa Macc.
ITosromy Qopmynst (89.6) u (59.7) ocratorcss B cuie. Hano Tosibko
NOHHMATbL MOJ ¥ CKOPOCTb TMOCTYNATENBHOrO JIBHIKEHHS ~ MOJIEK YJIbl
(Tounee, ee wnentpa Macc). Takum oGpasom, dopmyne (59.7) MOXKHO
NPUIATE BHJ

2
PV == 3‘ <Enocx>y (598)

rie (E,..) — CpelHee 3HaueHHe CYMMBl KHHETHUECKHMX 3HEpPTHH Mo-
CTYMATeJBLHOTO JBIKEHHA BCeX MoJseky/a rasa. Ilpu cronkHoBeHHAX
SHEPTHH BpALLATeNbHOr0 ¥ BHYTPHMOJEKYJASPHOTO JABH:KEHUH MOTYT
TePeXO/iUTh B 3HEPTHIO TMOCTYNATeNbHOTO JBHMEHHS H HaoGOpOT.
O/HaKO B YCTAHOBHBILNEMCH COCTOSIHMH CpejiHee 3HauyeHHe BeJHUHHEL
E ,c; OCTaeTCst HEH3MEHHEIM.

Gopwmyaa (89.8), Kak 4CHO M3 ee BHBOJA, ClIpaBe/IUBa He TOJBKO
IS OJHOPOJHOrO rasa, HO M LISl CMEeCH pasjHYHbIX rasoB. B 3Tom
cayuae nof E, o, MO-IpexHEMy cJleayeT MOHHMaTbh CYMMY KHHeTHue-
CKHX SHepPrHil NOCTYNaTeJbHOTO JABHXKEHUSA MOJEeKYJ BceX TrasoB,
colepxKaiuxcsad B cocyie. VI3 BhBoja SICHO Takxke, 4TO /ISl Halleh
MOJeJH Tasa, COCTOSIleH K3 HeB3aHMOREHCTBYIOLIUX MOJEKyJ, crpa-
BelJIUB 3aKOH llanbpToHa: Oasienue cmecu 2a3o8 pasHo cymme napuyu-
QAbHbIX O08ACHULL 3MuxX 2a308.

§ 60. CkopocTH TemJcBOro ABHMEHHS Ta3oBbIX MOJEKYJ

1. BuBesileHHBIe GOPMYALI TTO3BOJSIOT COCTABHTH MpejcTaB/AeHHE
0 CKOpOCTAX TENJIOBOTO JABH:KeHHs MosieKys rasa. He Bce MomeKydisl
rasa JBHKYTCHA C OJHHAKOBBIMH CKOpOCTAMH. BeTpeuaiorcsi MemsieHHbIe
MOJIEKYJIbl, CKOPOCTH KOTOpBbIX OJH3KH K HyJio. BeTpeuatores ouens
OLICTPBIE MOJEKYJBl, CKOPOCTH KOTOPHIX BO MHOTO pa3 NPEBOCXOAST
CpelHHe CKOPOCTH MOJEKYJSPHOro ABHMKeHHA. Mexay 3THMH mpefe-
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JIAMH CKOPOCTH MOJIEKYJ C Pa3fNuHOH CTCIEHbIO BEPOATHOCTH TIPUHH-
MAIOT BCeBO3MOXKHLIE 3HaueHus. S2KOH pacupeleneHHst CROpocTell
Fa30BLIX Mosekya €yner pacemorped B § 72. [aa rpyGoro npejacras-
JEHHA O CKOPOCTRX MOJACKYJ ra2a MOTYT CAYKHTb HEKOTCpHIE cpefHHe
BeJINUHHD], BHIYHCASCMBlE [10 ONPCAEJCHHBIM TPaBHiaM. PaceMoTphM
Npexue BCEro cpedHIon readpamuuHyio ckopocms. Tak HasbiBaercd

BCJIHUYHHA —
Ten =1 (0%, (60.1)

T. €. KBaJpaTHLIl KODEHb M3 CpelHero 3HAueHHs KBajpaTa CKOPOCTH
NOCTYNATE/ILHOTO ABIKEHHST MoseKyJ bl HanmoMmuum, yto A1s1 BhIYHC-
JdenHs (v°) Hajo CKOPOCTb KamjOH MOJEKYJIbl BO3BECTH B KBaipar,
CJIOXKHTh TOJyYeHHLIE 3HAYEHHS M CYMMY pasfenuTh Ha ofllee 4uc/Io
Mostekya. Or cpeHefl KBajpaTHUHOH CKODOCTH HAA0 OTJIHYaThb cped-
HIOW apugpyemuueckyro UK, KOpode, NPOCTO CPeOHIi0 CKOPOCtb MoJle-
Kyabl U. OHa ompejensercs Kak cyMMma alCOMIOTHBIX CKOpOCTell Bcex
MOJIEKYJl rasa, AejieHHas Ha HX ofmee duciao. Kak OyjAeT NCKa3aHO
B § 73, BeIMUUHBL Ty U U OTJIHYAKOTCS APYT OT APYra TONbKO YHCJIEHHBIM
MHOXXHTeJieM NOpsAKa exunuusl. Hasa 0., dopmyna (59.6) naer

p
B = ]/345. (60.2)

CxopeceTs 9, TOTO e TOpsKa, YTO H CKCPOCTh 3BYKa B rase ¢ =

P
= l/y?;. OGe CcKOpOCTH CBfi3aHbI COOTHOILIEHHEM

T =0 ]/% (60.3)

CoOoTHOLIEHHA HMEHHO TAKOrO THIA W CJejoBajo oxuiath. Ilepenaua
BO3MYIIEHHH B 3BYKOBOH BOJIHE OCYIIECTBJSIETCS MOJCKYJAaMH, ABH-
KYHUIUMHCS C TEIVIOBBLIME cKopocTaMH. IlosTomy ckopocTb 3ByKa 1o
NOPAAKY BeIWYHHB! JOJKHA COBIIAJATh CO CPeAHeH CKOPOCTbIO TEIIOo-
BOTO JIBH2KEHH ST MOJIEKYJ/LL. TO 3Ke OTHOCHTCS H K CKOPOCTH HCTEUEHHA
rasa B BaKyyM, BoIpaxkeHue J/1si KOTOpOH Oblio nosydeHo B § 26.

2. 3nast P u p npu KakoH-iuGO TemIleparype, JIE'KO BBIMHC/IHTD
CPeJiHIO KBajpaTHYHYIO CKOpPOCTH Uy, NpPH TOH e TeMmmeparype.
Opnaxo g yao6Gerea BeluHcAeRHH ¢opMyay (60.2) myuime npeoGpa-

1
30BaTh C NOMOWILIO YpaBHECHUA COCTOAHUA HJCAJbHBIX I'a30oB B—=E RT.

BRYe
vm,*]/ <L (60.4)

Tak, ans MoaekyaspHoro Bofopoza (u = 2-:1,008) npu Temneparype
0° C sta dopmyna naer

0=/ TEIRIT I 183800 cuje—1838 wre.

Torpa noayuurcst

21,008



§ 601 CKOPOCTH TEIJIOBOIO OBUKEHUS TA30BBIX MOJIEKYJ 195

Ananornuso, nis asora ¥, = 493 M/c, 11 KHcaAOpona Ty, = 461 M/c
HT. .

3. CKOpOCTH TOTO :Ke MOpSJKA IOJYYEHBl B ONBITAX C MOJIEKYJIsP-
HBIMH H aTOMHBIMH Ryukamu. CpelHsAs JIHHa CBOGOJHOIO IpoGera
MOJIEKY/IBI B Tras3ax, T. €. CpelHee paccTosiHie, NPOXOAHMOe €l OT
O/IHOTO CTOJIKHOBEHHS N0 CJelYIONero, NpH HOPMaJbHOM JaBJeHHH
nopanka 107 cm. Ilpu naBnenuu B 1 MM PT. CT. 3Ta BeJIHUYMHA MOPSiaKa
1072 cM; npu napaenuu B 1076 MM prT. cT. — mopsanka 10* cm = 100 M
{(cM. § 86). B BRICOKOM BakyyMe MOJIEKYJIBI I'a3a JABHKYTCS NMPAKTHYECKH
0e3 CTOJKHOBeHHH Mexny cobofi. OHU CTATKHBAIOTCS JHIL CO CTEH-
KaMH cocyla. ITHM U TOJb3YIOTCSA YISl NOJAYYeHHs] MOJNEKYJASPHBIX U
aTOMHBLIX NyYykoB. Ilyukn mosyuyaiorcsi HcrlapeHHeM METa/JIOB H APYTHX
BELIECTB B BHICOKOM BaKyyMe.

[lpsimoe u3MepeHue cKopocTeil aroMOB B aTOMHOM TYYKEe BIEPBbLIE
6ew10 Bomoaueno O. Ireprom (1888—1970) B 1920 r. Ynpouenuas cxe-
Ma €ero OrbiTa, CTaBllero KJAaCcCHYeCKHM, H30-

Opaxkena Ha puc. 44. TlnatunoBas Huth A,

NOKpHITasl CHapy»XH TOHKHM cJoeM cepebpa, [ ,
pacnosnaranacb BAosab ocu uuaunapa C. Ilpo- Vj
CTPAHCTBO BHYTPH UWJIMHIADA OTKAuHBaJOCh bl

HenpepheIBHO paboTalolUM HacocoM 10 aBJIEeHH

nopsanka 10°—10%¢ mm pr. cr. Ilpu nponye-

KaHUM 2JeKTPUUECKOrO TOKAa 4epe3 IJIaTHHOBYIO

NPOBOJOKY OHa pasorpeBasack O TeMrepary- /
pHl Bhillle TOYKM NaBnenus cepepa (961,9 °C).

Cepefpo MHTEHCHBHO HCHApsa0Cch, M €ro aTo- Pue. 4.

MBl JIeTeJTH TNpSMOJMHEHHO H pPaBHOMEPHO OT

HuTH A K BHyTpeHHeH noBepxHocTH umannapa C. CTeHKH nocrejnHero
OXJTaXKAATHCh, UTOOBl aToMbl cepebpa Jydllle KOHAEHCHPOBadHCh Ha
HuX. Ha nyTu jersiunx atoMoB nmomemasics 3KpaH ¢ y3Kofl menbio B,
BbIpe3aBlliell yskuH atomubilt nydok. Ilyyox KoHmeHcupoBasics Ha
NpHHHUMAIOME! TIACTHHKE, IPUKpeNIeHHOH K BHYTPEeHHel I10BepXHOCTH
nuavHapa (mocseausia Ha puc. 44 He u3obpaxeHa). Lluauniap Bmecte
C 3KPaHOM H HHTBIO MOXKHO OhUIO NPHBOAHTB B GLICTpOE BpalleHHe
¢ yraoBoil ckopocthio nopsiaka 2500—2700 o6/MuH. Koraa Bca cucrema
OblTa HeloJBMIKHA, aToMbl cepefpa, Npoijas yepe3 weab B, nonapanu
HA NPHHUMAIOUYIO IJIACTHHKY U, KOHAEHCHPYSCh Ha HeH, AaBaliu pes-
Koe nzobpaxeHue weau B B Buje nosocky D, paciosoKeHHOH B 0JHOH
IVIOCKOCTH ¢ HUTbIO A M measio B. 3aTeM cucreMa IPHBOAMIACH BO
Bpaienue. B pesynbrare usobpaxkeHue mwenu cMemanocs B D', O6o3-
HauuM GYKBO# § paccTosinue Mexk1y nzobpaxenusmu D u D', usmepen-
HOoe BOJIb BOTHYTOH MOBEPXHOCTH npHHUMatomeHd nnacTHHKU. OHo,
OueBHJHO, paBHO § = V71, rae V = wR — nuHelinas cKOpocTh TOYEK
NORePXHOCTH Bpallalolerocs UHJIHHAPA, R — ero pajguye, o — YIjo-
Basi CKOPOCTh BpaieHus. BenluuuHa t ecTh BpeMs NPOXOXKAEHHS arTo-
Mamu cepebpa paccrosinua BD. OGosHauum 310 pacctosinne OyKBoi /.
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Torna t = I/v, rie v — cKopocTb aToMoB cepefpa. Takum o6pasoM,
s = wR!/v, oTkyna RI
v =22 (60.5)

B onwitax lltepna wusobpaxkenune D nosyyanoch pes3kuM, TOrAa
Kak usoGpaxenue D’ ObWIo Bcerna pasMbITHIM. JTO YKas3biBaeT Ha
TO, U4TO aTOMBI cepefpa B NMyuYKe ABHXKYTCH € PA3JHUHBIMH CKOPOCTSMH.
®opmyna (60.5) naeT HEKOTOPYIO CPeRHIOID CKOPOCTb, €CaH Ioj S Iio-
HHUMaTb pacCTOSTHHEe MeXAy LeHTpaMH Hojgocok D u D', uamepeHHoe
BIOJTb AYTH COOTBETCTBYIOWIEro Kpyra. Ilpakruuecku st usaMmepeHHs
TakoH CKOpPOCTH yaoOGHee mpuBecTH NpuHOOp BO BpallleHHe cHAyajda
B OIHOM HANpaB/leHHH, a 3aTeM B [POTHBONOJIOXKHOM, H H3MEPHUTb
. paccrosiHue MeXJy LEeHTPaMH NOJYYMBINHXCS H3o0paxKeHud meaun B.
MakcumasnpHass Temneparypa HutH B onbitax IlrepHa cocrasisiia
okoso 1200 °C. [ins v nomyuanuck sHavenus ot 560 go 640 m/c, 6aus-
KHe K cpelHell KBaipaTHYHOH cKopocTH 584 M/c, BbIUHCAEHHON no ¢op-
myJae (60.4), uTo HaxoAUTCA B KayeCTBEHHOM COIVIACHH € BBIBOJAMH
KUHETHYeCKOH TEeOpHH Tra3oB.

§ 61. JdaBienne toToHHOro rasa

®opmyasl (59.6) u (59.7) ABNAIOTCA CYLIECTBEHHO HEPesSITHBHUCT-
CKHMH, T. €. NPHUMEHHMbl TOIBKO B TeX C/1y4YasX, KOrja CpeiHHe CKO-
POCTH TEIIOBOIO IBHKEHHS MOJIEKYJ IpeHeGpexHMO Majbl 10 CpaB-
HEHHIO €O CKOpocThblo cBera. Hamporus, npumenumocts dopmys (69.4)
u (59.5) ne cBA3aHa ¢ 3THM orpanuuenueM. Korza ckopocTs uactui
rasa CpaBHUMAa CO CKOPOCTBIO CBETA, I'a3 HA3bIBAETCH PeAMUBLUCICKUM.
B 3eMHBIX yc/IOBHAX TaKOH ciayya#l OCYHIECTBJSIETCS TOMBKO 15 ¢ho-
MOHHO20 ea3a, T. €. rasa, COCTOSUIero H3 (OTOHOB, XaOTHUYECKH JBHXKY-
IHXCSA BO BCEBO3MOXKHBIX HallpaBleHusX. PomonHbul easd eceeda peis-
rmusucmekud, TOCKOJAbKY (JOTOHBI BCersia ABHAKYTCS CO CKOPOEThIO CBeTa.
JomycTyM, YTO HMeeTcsi NOJOCTb, CTEHKH KOTOPOH H3TOTOBJIEHBI
H3 NPOU3BOJBHOIO MaTepHaja M TNOJAAEPKHBAIOTCA IIPH INOCTOSIHHOM
temneparype. CTEHKH H3/1YYalOT H TOIVIOHIAIOT (OTOHH, B pe3yJbTare
4ero B MoJOCTH H o6pasyercss ¢oronubill ras. Kaxawlil doron, norio-
masch CTEHKOH HJIM OTPaxkasich OT Hee, TepesiaeT eil HEKOTOPHIH HMITYJIbC.
Tlpn usnyuennu ¢OTOHA CTEHKA MCOHITHIBAET OTHauy. B pesysbrate
3THX TIPOLIECCOB BO3HHKAET jaBjeHHe (DOTOHHOTO Ta3a Ha CTEHKH Iio-
JoctH. Tak Kak (OTOHHBIH Tra3 TNpeAnoJaraercst H3OTPOIHBIM, T. €.
BCe HanpapjleHUsl IBH:KeHHS (OTOHOB B HeM NpeJCTaB/eHBl C PaBHOH
BEpOSITHOCTBIO, TO Vsl BLIUHCJAEHHs [JaBJeHHsT (OTOHHOro rasza Ha
CTEHKY C€OCyJa MOXKHO BOCNOJb30BaTbesi obmed ¢opmydaoit (59.5).
Sueprus GOTOHA €& CBA3aHA C €ro HMNYJBCOM COOTHOLIEHHEM p = €/c,
cKopocTb (POTOHA ¥ = ¢, TJe ¢ — CKopocTh cBera. [loatomy dopmyia

(89.5) maer
PV:1/3<N8>—_—1/3E, (61.1)
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rie N — obmee uucao ¢oToHOB B nojocTH, a E — cpenussi sHeprus
Bcero ¢oTonHOro rasa. [asaenue (pomonHo20 easa pasHo o0HOU mpemu
naomuocmu aHepauu usayserus 8 nosocmu. dopmyaa (61.1) awuano-
ruyHa dopmyse (59.8), Ho orimuaercsi ot Hee KoaduuuenToM. Pas-
Huua o6yc/0BaeHa Pa3iHULEM COOTHOLIEHU I MeX1y SHEepruel H HMIYJib-
COM IJ/11 HEPeJATHBUCTCKOH 4acTHUB W Ias (OTOHA.

B orinune oT oOpiuHOrO rasa, B KOTOPOM MOJEKYJIH HE MOTYT BO3-
HUKaTb M YHHUYTOXKATbCH, YHCI0 GOTOHOB N B NOJOCTH — BeJdHUHHA
HenocTOsIHHAs. POTOHBI MOT'YT H3/JY4aThCsl M TOMMIOMATBCA CTEHKaMH
nosioctd. TlosToMy Nnst cpeiHel 5HEPrUN H3JNYUYEHHS B NOJOCTH HENb3S

micatb E = Ne, a caenyer nucath E = (Ne), KaK 3T0 H cJeJaHO
B ¢opmyae (61.1).

Koadbuunent !/; nonyuusics noromy, YT0 H3JAyuyeHHe B IIONOCTH
npeanosaranoch usomponroim. Kak pacnpeseneHa sHeprusi H3JyuyeHHsT
TI0 CIEKTPY YacTOT — 3TO HE HMeeT HHKakoro 3HaueHus. CylecTBeHHa
TOJIBKO U30TPONHA H3JydeRHusi. Ecau uaaydeHHe He H30TPONHO, TO
¢dopmyna (61.1) coxparuT cBOH Bui, HO Koa(buuueHT /3 3aMeHHTCs
apyruMm. Hanpumep, ec/M HsiydeHHe NajaeT Ha CTEHKY HOPMaJIbHO
H OTpaKaeTcsi OT Hee TaKxke HopMaiabHo, To PV = E.

dopmyna (61.1) urpaer BaxKHyIO pPojib B TEOPUH TEIVIOBOTO H3JY-
YeHHs.

§ 62. MoaexkynapHo-KMHETHHECKHH CMBIC TeMMepaTypehl.
PaBHOMepHOE pacnpenelieHHe KHHETHYeCKOH SHEPTHH
TENJIOBOTO JBHXEHHS MO MOCTYNATENbHBIM CTENEHAM CBOGOABI

1. Boisichum ¢usnuecKHil CMBICJA TeMnepaTypel B MOJEKYJSPHO-
KuHeTHYecKoH Teopuu. [lsst 3TOro Bo3bMeM UMJMHAP ¢ nopuiHeM AB
(puc. 45), Koropbii MOkKeT cBoOGogHo Ge3 TpeHHS NepeMelaThes
Brosib IHANHApa. [To pasHble CTOPOHBI MOPILHSA HAXOAATCH OXHHAKOBLIE
WIH pas3JiyHble HAeaJbHLIE Tashl.
Bennunusl, XapakTepH3ylolue
nepsbiil ras, GygeM OTMeYaTh HH-
1ekcoM 1, xapakTepHaylouilie BTO-
poii ra3 — nHAeKcoM 2. [Ins Mexa-
HUYECKOTO paBHOBECHS NOPIUHA
Heo6X0AHMO, uTOOb! AaBJjeHHs ra-
30B GbliH OJHHAKOBHL: P, = P, unu
Vo nymvi = Yenemovi. Ho npas
TOro yroGBl paBHOBCCHE COXpaHd-
JIOCh AJMUTENbHO, HeOOXOAHMO ellie paBeHCTBO TeMnepaTtyp o6OHX Ta3os:
Ty = T,. B camom pnene, nomyctum, uro 7y > T7,. Torma HauHetcs
npoliecc BhIPABHIIBAHHS TeMIEpaTyp, B pe3yJbTaTe KOTOPOTO IepBHIH
raz OyneT oxJaxkpaTbcs, a BTopoil — HarpepaThcsl. [laBiaeHne Ha
IopilleHb CJ1eBa CTaHeT IOHMXKATbCsl, & ClipaBa — IOBHIUATLCS, H
noplieHb NpUJeT B JABHXCHHE clpaBa HaleBo. B nmpouecce TensoobmeHa

My,
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MOJIEKYJIBL Ta30B OOMEHHBAIOTCH APYT C JIPYTOM KHHETHUECKHMHM 3Hep-
riamy. DU3HYeCKHH CMBLICA MakKpOCKONHYECKOTO NapaMerpa — TeM-
nepaTypel — MOXKHO YCTAHOBHTb, PAacCMOTPEB IIpollecc Tena000MeHa
C MOJIEKYJISIDHOH TOUKH 3pEHHA.

2. CKOpocTh H JPyTHe XapaKTepPHCTHKH TemI000MeHa MEeHSIOTCS
C M3MeHeHHEM MaTepHata W pasMepoB NOpIIHS. Ho KOHEUHBIH pesyJib-
TaT Tenmoo0MeHa, KOTOpHI cefiyac Hac TOJBKO U HHTEPECYET, OT 5TOTO
COBeplLIeHHO He 3aBHCHT. [lo3TOMYy B He/siX YNPOLIEHHS BHIYHCJICHUH
MOXKHO HJea/M3HpoBatTh 3a1auy, COBEPIICHHO OTBJCKAACh OT MoJe-
KyJasipHoro crpoenns nopiuas. Ilopumienp Mbl OyzneM paccMatpHBAaTh
KAaK CINIOIIHOE MJeANbHO IVIAAKOE TeJO, C KOTOPBHIM MOJIEKYJLI Ta3oB
MOTYT IpeTepneBaTbh YNpyrude CTOJKHOBEHHS. ¥ Japhl CO CTOPOHbBL
MOJIEKYJI, KOTODBIM MOJABEPTaeTcsl NOpPIIEHb c/eBa ¥ chpaBa, B cpell-
HeM ypaBHOBeLIHBawT Ipyr Apyra. Ho B XaxJAblHf MOMEHT BpeMeHH
MFHOBEHHBIE CHJBl YAapoB, BOOOIHIE TOBOPS, HE ypPaBHOBEIIHBANOTCH.
B pesyjbrare NOpuicHb HENPEPHIBHO coBepuiaer OeclopsiouHoe Tem-
JIoBoe JBMKeHHe TyAa H ofpartHo. C 3THM sIBJCHHEM B paccMarplpbae-
MOH HJeaJu3HPOBAHHOI MOJEJM H CBSI3aHA BO3MOXKHOCTH OOMeHa
KHHOTHUECKHMH SHEPTHSIMH TeIlJIOBOTO J{BHKEHHS I'a30B.

Ilpeanosoxkum, uTo rasnl o o0e CTOPOHBI NOPIIHA HACTONBKO
paspexeHsl, YTO B KaXK/bIH MOMEHT BPeMEHH C IOPLIHEM CTaJKHBAeTcs
BCEro JIHIIb OfHA MoJiekyaa. IIpoueccel, B KOTOPHIX € IOpIIHEM OX-
HOBDEMEHHO CTaJKHBAIOTCH JIBE HJIH HECKOJBbKO MOJIEKYJ], HACTOJbKO
PeAKH, YTO HMH MOXKHO MOJHOCTBIO npeHeOpeus. OKOHUaTE/bHLIE
pe3yJ/braThl, K KOTOPBIM Mbl IIPHIEM, HE CBA3aHBl C 3THM OrpaHuue-
niem. B caenyomem naparpade Mbel OT HEro ocBOGOIHMES.

PaccmorpiM cTOJIKHOBeHHE Kakofi-AHOO MOJIEKYJIbl MEPBOTO rasa
¢ ABMKymMMCsl nopiuHeM. IloplueHnr MoXKeT ABHrarbCsi TOJMbKO BJOJbL
OCH UMJMHAPA, KOTOPYtO MBI npHMeM 3a ocb X. Ilyctb u — ckopocth
NopIuHs 1o yrapa, 4’ — nocnae yaapa. CooTBeTCTBYIOLIHE KOMIIOHEHTHI
CKOPOCTH MOJIeKYJbt 0603HAYHM NOCPEACTBOM Uy, H Ui,. Maccy nopmns
oGosnaunm M. Ilpu ynape cobmopaercs 3aKOH COXpaHEHHS MMITYJbCa,
a Tak KaK ylap YupyruH, TO UMEeT MECTO TaKXKe H COXPaHEHHe KMHeTH-
YeCKOH 3Hepruu:

mlv”—}—Muzmlv{x—l—Mu’,

My e M e
U1x+ lt = ’21 Uix +*’2‘ u'.

DTO B TOYHOCTH TAKHE Ke yPABHEHHS, KAKHE HCIOJIb3YI0TCH B MEXaHUKE
NpH pelIeHHH 3aJayd O CTOJKHOBEHHH NJAealbHO YNPYrHX 1Iapos.
Ms nux naxozgum . 2Mu—(M— m) o,

M4 my !

1x =
a JJs1 KUHeTHYeCcKOH SHEPTHH ABUKCHHS MOJEKYJbI BOJbL OCH X mnocne
yAapa

mote  my AM22— 4M (M —my) uv, g (M —my)? ot
7 T2 (M Em)e
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HanuieMm Takoe cooTHOIIEHNE A KaXAok M3 MOJEKYJ NEpBOTO rasa,
CTAJIKHBAIOUIEHCS ¢ HOPIIHEM, NPOCYMMHPYEM IO BCEM CTOJKHOBEHHIM
1 pasjesiM Ha uHcIo croJxpoBeHHd., Kopoue roBops, NpoussesieM
yCpeJiHEHHE 10 BCeM CTOJKHOBeHUsiM. Eciu cocrostHue Bceill cHCTeMEBI
YCTaHOBHJIOCh, T. €. MaKPOCKOMHYECKHH mnpouece Tern1oofMeHa 3aKoH-
YUJICs, TO CPeAHSISl CKOPOCTh MOPHIHS papHa Hy/o. [lopilenn cosep-
waer OeclopaJOUHBIE APOKAHHI OKOJO MOJIOKEHHS PABHOBECHH, €T0
CKOPOCTb # C OJHMHAKOBOH BePOSITHOCTLIO NPHHHMAET TOJOXKHTEeNbHEIE
H oTpHLATe/qbHBIe 3HaueHHs. [JosTomy B peayJbrare ycpeJHEHHsS MpPo-
H3BeJEHHS UU;, MOJYYHTCS HYJb, H JIs CPelHell KHHeTHYeCKOH 3Hep-
I'HH MOJIEKYJIBL TIOCJ/Ie CTOJMKHOBEHHSI MOKHO HANHCATh

—@l@'z my AM? (1) + (M — my)? <v;x>
ix/="g" (M F-my)?
TenmooGmeHa mexxAy rasamu He Oyller, KOTJa CpelHsisi KHHeTHuecKas
SHEPTHS MOJIEKYJIBl B Pe3yJ/bTare OTPa:KeHHs OT HOPUIHA HE MEHSercs.

ITosToMy B ycTaHOBHBIIEMCST COCTOSIHHH HAaMHCAHHOE BbIpayKeHHe J0JIK-
HO ORITH PABHO cpejHeil KHHEeTHYeCKOH SHeprHH MOJIEKYJHl JO yAapa

m <le> dro paer

AM2 (u2) (M — my) (vle)
(M +my)? 1 <U x>

Ortcioga nocse 371eMeHTapHbIX npeofpa3oBaHUuil HAXOAUM

my {ole) M (u2)
e e (62.1)

[Npusenennoe paccyxjieHHe, pasymeercs, IPHMEHHIMO U KO BTOPOMY
razy. CrenoBare/bHO,

2 (v M (u?
m <20z ) — <2” ) , (62.2)
a noToMy

oty (Vix) =1/ymy (Vi) (62.3)

BBPIJIY Xa0THYHOCTH TEIIJIOBOI'O [BHXKEHHA MOJECKYJ rada B HEM Her
HHKaKHX H36paHHbIX HaHpaBJIeHHﬁ ABHIKEHH S — BGE HaAllpaBJCHUS
OJUHAaKOBO BE€DOATHLIL. HOSTOMy

(v3) = (vp) = (vz),

Y amy (V1) =1/9m, (05). (62.4)

Mul nokasanu, uTo 8 COCMosHUL Mena08020 PasHosecus cpeOHue KUuHemu-
YecKkue 3Hepelll 6eex MOAeKYA 2a3a 00UHAKOGHL.

3. CpejiHAs KHHETHUECKAs SHEPTHS E;,., MOCTYNATEIbHOIO JIBHIKE-
HHsS MOJIEKYJ/bl T'a3a, TakuM o6pasoM, OOJAafaer OCHOSHbIM CE0UCIEOM
memnepamyps. — B COCTOSIHHU TEIJIOBOIO PABHOBECHsI OHA OJAMHaKOBa

AJ1s1 BCeX MOJIEKYJI I'a30B, HAXOAAILHXCA B TEIIJIOBOM KOHTAKTE, a TakxkKe

a CJIeloBaTeJbHO,



200 MOJIEKYJISPHO-KMHETHYECKAS TEOPUS BEI[ECTBA (ra. v

ISl Pa3/HYHBIX MOJEKYJ ra3oBoil cMecu. OHa He 3aBHCHT OT MacChl
H BHYTpeHHeil CTPYKTypbl MoJeKyJabt. IlosToMy BeaHUMHY Enocr, HIH
JII06YI0 MOHOTOHHYIO DYHKIIHIO ee MOXKHO NIPHHATDH 32 Mepy Temmnepary-
PHI rasa, a Take TeJa, HaXOAAIMErocs ¢ HUM B TElJIOBOM PaBHOBECHH.
Y1o6HO 3a Mepy TeMrepaTypbl B3ATh BETHYHHY

622/3§n051. (62.5)

Ipeumyuiecteo Takoro Beibopa 3ak/iouaeTcs B TOM, 4To Torja gopmyJaa
(59.8) npiuHuMaeT BHA

PV =2Ntyoe; = NO, (62.6)

HanomuHawomui ypasnenne Kianefipona PV = RT.

W3 MoseKyIpHO-KHHETHUECKOTO TOJKOBAHHA TEMIepaTypH MOXKHO
BbiBECTH 3aKOH ABoraapo. Bosbmem aBa npeannHsix rasa | u 2. [laa
HUX MOXHO HamHcaTh

P1V1:N1®1, P2V2=N2@2.

Ecnu P, = P, Vi =V, 0, = 0, To 3 3THX ypaBHeHHH caeqyeT
N, = N,. B paBubix o0veMax HIealbHBIX Ta30B NPH OXHHAKOBHIX
JaBJIeHUSX H TeMIIepaTypax COAePXKHTCH OAHHAKOBOE UHCIO MOJIEKYJI.
Jro M ecth 3akoH ABOrajipo.

Besnnuyuna ©, onpenensiemasi Qopmynoh (62.5), HasuBaeTcsi 3Hep-
eemuueckol UM Kunemudeckod memnepamypoti. OHa HamepsieTcs B Tex
e eAHHHIAX, YTO W 3Heprus, HanpHMep, B IKOYJAsfX u sprax. s
YCTAHOBMEHHS CBSI3H MEX/Y KHHeTHYecKol TeMnepatypoil © u abeo-
JIIOTHOH TepMOAMHAMHUECKOH TeMmnepaTypoil 7T MOXKHO BOCHOAB30-
BaThCA UUKJAOM KapHO ¢ MAealbHEIM OAHOATOMHBIM Ta3oM. BHyTpeH-
Hss 3Heprus U Takoro rasa COCTOHT TOMBKO H3 KHHETHYECKOIl 3HEPTHH
NOCTYNaTeNBHOTO JABHKEHHA ero Mosekya. Ona paBHa U = Ng, ., =
= 3/,NO®, T. e. 3aBHCHT TONbKO OT Temneparypul ©. [lostomy moxuO
HOBTOPUTL 6e3 BCAKHX HM3MEHEHHH pacCy:k/JeHHA, NpuBeleHHLE B § 32
NpH YCTAHOBJIEHHH CBS3H MeXIAYy TepMOJHHAMHYECKOH H HJeabHO-
rasoBofl IKajJaMu Temrnepatyp. B pe3yabTare Mbl NPHAEM K COOTHO-
IIEeHHIO

CnenoBatenbHo, oTHOIWEHHe ©/T ecTh yHHBepCa/bHAA NOCTOAHHAS, 3a-
BUCSINAA TOJNBKO OT Bbiopa ennuuil ais © u 7. Ona naswiBaercs
nocmoannod boasymana N sBJASeTCS OAHOH M3 BakHelUMX (yHAaMeH-
TaNbHBEIX TTOCTOSIHHBIX (DM3UKH. DTy MNOCTOSIHHYI0 NPHHATO 0G03HAYATH
6ykBoii £. Takum o0pa3oM, No onpeaeneHHIO

O = £T. (62.7)

HE‘KOTOpre H3 METOJ0B 3KCNEPUMECHTA/ILHOTO OMNpeIeJeHHs TNOCTOAH-
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neft Bonbumana Oynyr usnoxensl B AanbHefimeM. ITo coBpeMeHHBIM
JaHHBIM
k= (1,380622 =+ 0,000059) - 10-2 [Ix-K-1=

= (1,380622 -+ 0,000059) - 10-%¢ spr- K-,

4. O6o3Haunm OykBoii N uHCJI0 MOJEKYJ B OJHOM MoJje. ITa yHH-
BepcaJbHas NOCTOsSIHHAs HaswiBaeTcs wuciom Asoeadpo. BosbMeMm omuH
MOJb HJIeaJIbHOTO rasa. Toraa, ¢ 0JHOH CTOPOHBI, HMEET MECTO COOTHO-
wenue (62.6), xotopoe ¢ yueroM (opmysbl (62.7) MOXKHO IepenHcarb
B BHJe

PV =NET. (62.8)

C npyro#i ctoposnl, no ypasHeHuwo Kianefipona PV = RT. Cpasuu-
Bas 3TH JIBa YpaBHEHHS, MOJYUNAM

R=NE. (62.9)

JTO COOTHOIIEHHE TII03BOJISET ONPENeNHTb NOCTOSIHHYIO BoJbliMana
kR Kak YyHueepcaabHyio Q308410 NOCHOSHHYI, OMHECEHHYID K O00HOL
Moaexyae eada. Ecau U3BeCTHH 3HauyeHust R u &, 10 1o ¢opmyse (62.9)
MOKHO BBIYMCJANTb 4HciIo Aporaapo. [lo coBpeMeHHBIM JaHHBEIM N =
= R/k = (6,022169 =- 0,000040) -10** wmoan™.

5. JuepreTHveckas LIKaJa TeMIeparyp, B KOTOpoil 3a TeMmepa-
TYypy TNpHHIIMaeTCsl BeIM4HHA O, TeopeTHuecKu sBJsieTcsi Haubosee
COBeplUeHHOH TeMrnepaTypHOH 1kaJdoll. OHa OTINYAeTCA OT TepPMOAN-
HaMHYeCcKO! 1UKaNb TOMbKO Pa3MepPHOCTBIO H eJHHHUEH TeMIepaTyphl.
Temueparypa B 3HepreTHUecKoil 11Kale H3MEPAETCS TEMH K€ €IHHHU-
uami, uto u aHeprusi. To o6CTOATEJBCTBO, YTO IJISI TEMIEPAaTYpHI
BBeJeHa ocobasi eAHHHIA — Irpafyc, oObACHAETCS HCTOPHYECKHMH TIpi-
uHamu. Kpome TOro, sHepreTHiecKHe €IHHHLB! TEMIEPATyPHI ~— 3pr
WIH JUKOVJb — ISl H3MEDEHs OOBIYHO BCTPEYAIOIHXCSA TeMIepartyp
CJILIKCM BeJIMKH. Bnpouem, 1715 H3MepeHHs CBePXBBICOKHX TeMIIepaTyp
OueHb YaoOHA eNHHUIla 3HEPTHH — 32eKmponsossm. Kak yxke ropo-
puaochk, npu TeMnepartypax nopsaka 1000—3000 K mosexyanl rasa
ancconnupyior. Tlpu remneparypax nopsiaka 10 000 K u Brine npo-
HCXOAHT MOHH3aUUs aToMoB. [100 csepxssicokumi memnepamypamu
HOOPGARYMEBAIOMCA MeMNepamypsl, Ko20a npoyeccel UOHU3AUUU CMAHO-
BAMCS CYUECIMBEHHbIMI . DHEPTHIO HOHH3AIHH TIPUHSATO H3MEPATh B 371€K-
TPOHBOJILTAX. SAEKMPOHBOABIN ECIb HEPeUs, NPUOOPeMAemMas 3AeKmpo-
HOM npU NPoXOXcOeHUW PA3HOCMU ROMEHLUAA08 6 O00ur eoasm. Ilns
aToMa BOIOpOZA 3Heprus HoHM3auuu paBHa 13,56 3B. [as mpyrux
aTOMOB OHa TOro 2Ke nopaika. Hanbosbulell sHepruelf HoHU3aLKK 06Ja-
N410T atoMpt 6,1aropoiHbIX ra3oB, a HaHMeHbUIel ~— aToMbl HMIEMIOYHBIX
MeTa/MIcB. TaknM 006pas3oM, 3HEPrHST HOHU3AUUHM INOPAAKA Jecarka
3J1eKTPOHBOJIBT. Il03TOMY 3/1€KTPOHBOIBLT ABJAETCA YAOOHOH eNUHH-
Lefi IJjsi H3MepeHHs CBePXBLICOKMX Temmeparyp. Tak Kak 3apsj
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anextpoHa e =1,60-107"1° Ka, 10 1 3B=1,6-10" [k = 1,6 -107? 3pr.
Hcnonb3ys sHadvenne nocrosHHoii DosbliMana, orcioga mnosdydaem

1,6 . 10712

1B =351 m

=1,16.10* K.

Tricsiua 3JIeKTPOHBOJABLT HA3BIBACTCA KUA0INEKIMPOHBOAbIOM. TeM-
nepaTypel, pa3BHBAIOIHECS B MOMEHT B3phIBA aTOMHBIX H BOJOPOXHEIX
om0, nopsaka 10 ksB =~ 10® rpagycos. IlpuMepHo 10 TakHX XKe TeM-
nepatyp Hajo Harperb IJaasMy, T.e. IPOBOASHIMH HOHH30BAHHLIHA
ras, yrobul B Hell Havanuch mepmoadeprsie pearyuu. TakK Ha3bBaOICA
MpoUeCcCH CAMSIHUST WIH pacrajga aTeMHBIX sifiep, o6yc/OBJAEHHLIE HX
B3aHMHBIMH CTOJIKHOBEHHSIMH TIPH CBEPXBBICOKHX TeMmIeparypax.

SATAYH

1. CKROJNIBKO MOJIEKYJT HAXOJIUTCS B OJHOM IpaMMe BOAHI?

OTtserT. 3,34-102%,

2. CkOJBKO MOJIEKYJl HAXOJMTCS B OFHOM KyOHYECKOM CaHTHMETPe BO3ZyXa IpH
HOPMAJbHOM JaBleHHH M Temmeparype O °C?

OtBer. 2,7-1019,

3. JlonycTuM, YTO BCE MOJIEKYJB BOAHI B CTAKaHe KakK-To oTMedeHsl. Ioce storo
BoJa 6bula BBUINTA B BOJAOMPOBOJHBIL cTOK. Ilo mpoulecTBHH A/NHTENBHOTO BpeMeHH
BLUIATAs BOJA PaBHOMEPHO IepCcMelaach €O Bcell BOAoil, HMelouleiics Ha 3emae.
Kakoe KOJHUCCTBO OTMEUEHHBIX MOJIEKYJ OKaxeTCA B CTakaHe, €CJH €ro BHOBbL Ha-
MOJIHHTbL BOJOIPOBOAHOH BOJOH?

Orser. ~ 104

§ 63. PaBHoMepHOe pachpejeleHHe KMHETHUECKOH 3HEpruu
Mo CTemeHsIM CBOOObI

1. ®opmyan (62.1), (62.2) n (62.3) 10Ka3LIBAIOT, YTO B COCTOAHHU
TEIJIOBOIO pPaBHOBeCHUS! CpejHsIsl KHHeTHUecKasi 3HEepTHsl [BIRKEeHHS
MOPLIHS BAGJAb OCH IIIHHApA paBHA cpefHell KUHETHYEeCKO#l 3Hepruu
JBHXKEHHS] MOJIEKYJLI rasa B TOM e HanpasieHuu. [lopiuenn, ecan
OTBJIEULCS OT €r0 MOJIEKYJISIPHOTO CTPOCHHS, SIBJSETCS MeXaHHYeCKoil
cyucTeMOfl ¢ OJHOH CTeleHbio CBOOOAL — ero INoJIoKeHHe OnpeaesieTcst
ofHofl KoopauHartoil x. MoJlekyJia, ec/l TaKkKe OTB/JEYLCs OT ee BHY-
TPEeHHEro CTPOeHHs, UMEET Mpu HOCIYNAMeAbHbIX cmenerl co600er —
ee T0JI0KeHHe B NPOCTPAHCTBE MOXKHO 3a1aTh TPeMsl KOOpAHHATAMH X,
Y, 2. BBULY Xa0THYHOCTH TEIIOBOTO JBIKEHHS BCE HANPABJEHHS CKO-
POCTH MOJIEKYJLI PaBHOBEpOATHLI. KHHeTHUecKue 3HeprHH ABHIKEHMS
MOJIEKYJ/IBl BIOJIb KOOPAHHATHLIX ocell X, Y, Z B cpejHeM OJMHAKOBHL.
Takum o6pa3oM, B COCTOSIHHH TEIJIOBOTO PABHOBECHS HA KaXKAyio
HOCTYNATeJNbHYIO CTENEHb CBOGOABI MOJIEKYJIBI H MOPHIHA NPHXOAHTCS
OlHA M Ta Ke cpejHsisi KuHeTHdecKasi sHeprus. Ee serko HaliTh, 3a-
METHB, UTO NOJHAas KKHeTHUecKasl Heprusi MOJeKYJ/ibl, coraacHo ¢op-
myse (62.5), ectb €, = 3/,0 = 3/,kT. 3rta sHeprus paBHOMEPHO
pacrpefesnisieTcsl mo TPeM cTeneHAM cBOGOAbl MOJEKYJbL llosTomy
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Ha O0HY NOCMynamesvHyro cmenerb c600006r MOAEKYAbL 8 cPeOHeM npu-
X00UMCS KUHEMUMeCKAsA FHePeUs Egn = 1,0 = Y kT.

2. Ilpu BmiBoZe mpeanosiaraloch, 4TO IMOpLIEHb MOXKET ABHTAThbCS
BAOJNb OCH IWJMHApA CoBepuleHHO cBoboxHo. OnHaKo M/ OKOHYA-
TeJBLHOTO pe3yJbTara 3TO HecyiecTBeHHo. MoxHo npepcraBuTh cebe,
HalpHMep, UYTO NOpIIeHb YAEPIKHBAETCsl B HOJOKEHHH PaBHOBECHs
NpYXHHOHA. B COCTOSTHHM TEmJIOBOTO PaBHOBECHST CPEAHAS KHHETHUe-
cKasl SHePTHS NOPIUIHs To-npexHeMmy Oymer pasua /,kT. HeifictBu-
TeJbHO, cOOCTBEHHBIH TlepHoj| KoJieOaHHI NOPIUHS Ha HPY;KHHE OUCHD
BeJIMK 1O CPABHEHHIO C JUIHTeJBHOCTbIO CTOJIKHOBEHHSI MOJIEKYJ/IBI
¢ nopuHeM. [lostoMy Hasuuue NpyXHHB HMKAaK HE BAUACT HA axT
CTOJIKHOBEHHSI MOJIEKYJIBl C TNOPLIHEM — MOcAeAHHH BeleT cebsl Tak,
Kax ecqu Obl oH 6wl cBoGosHBM. OfHAKO MPH HAMHYHH IDYXKHUHEL IIOp-
eHb OyjeT o6Ia%aTh TAKKe NOMEHLUQAbHOL dHepaueli, UCTIEITHBAOMEH
OLICTpBIE H HeperyJ/sipHble H3MeHEeHHUs NOJ, IeHCTBUEM YapoB OKpyzKato-
wux Monekysa. Ilpexnonoxum, uto cuia — KBasuynpyras, T. e. IIpo-
HOPHHOHATbHA CMEIEHHIO OPILHS U3 NOJIOXKeHus paBHoBecuda. Halnem
VSl 3TOTO cy4as cpefifiee 3HaueHHe MMOTEHIHAJbHOI 3HEPTHH NOPLUHSA
npu  TemIoBoM paBHoBecud. Ilyete o — kosduuueHT ynpyrocru
npyxuHpl. Cpofojinbie Xo/aefaHNs noplins OyAyT TapMOHHYECKHMH!
x = acos (of -+ 8) ¢ xpyropoit yacrotoit =}/ a/M. [TotenuuanpHas
SHEPTHS IOPIIHA

Eqor = Yo0x%=1/,00% c0Os? (0f - 6),

KHHETHYeCKas
Eoun = YoM E? =1/,Ma%0? sin? (wf + 6) = 1/,aa? sin? (of - ).

3anuuieM 3TH BHIPaXKE€HHA B BHAE

Enor = 1/4(1(12 [1 + cos 2 ((l)l( + 6)])

& = Y4202 [1 — cos 2 (of 4 6)].
KocuHyc ¢ papBHOH BepOSITHOCTBIO NMPHHHMAET KAK IOJOMKHTEJNbHLIE,
TaxK M OTpHIlaTe/IbHble 3HAYCHHS H IPH ycpeJHeHHH o0paniaeTcs B HYb.
Iloatomy

Ehor == Exup = 1/405&5' (63 1)

Orciona (&,4,) = Y/,kT. Takum o6pa3oM, cpedrue SHAUEHUA KuHemu-
weckoll U nomenyuarbHoll anepeull odunakosel. Ecan cunia, yaepxuBaw-
mast MopileHb, He KBasuynpyrad, TO 3TOT pe3yJbTaT, Boobiue roBops,
HeBepeH.

3. Haluuue mOpIIHS He MOXKeT CKasaThCsl HA OKOHYATe/IBHOM
pachpeje/ieHHH SHEPTHH MeXJAY rasaMH, HaXOASUUMHCA O pasHble
CTOPOHBI OT Hero. Ecin y6partek nopiueHb, To 06MeH SHEPTUAMH MeXKLY
HUMH OyJieT OCYIUECTBAATHCS NyTeM HEIOCPeACTBeHHLIX CTOJKHOBEHHH
MOJIeKYJ raza ! ¢ Mosekynamu rasa 2. SIBjieHune oc/oxHsieTCs IepeMe-
muBaHHeM (Audpysuedi) rasos. Ho cpennme KuHeTHYeCKHE 3SHepIHH
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MOCTYTIATEBHOTO JBKKEHHsI MoJeKyl o60HX I'a30B B COCTOSHHE Tero-
BOrO PaBHOBECHSI OCTAHYTCH OAHHAKOBbIMH. To ke CHpPaBeAlHBO H
AJdS  CMeCH IIPOM3BOIBHOTO 4YHCIA PasjiHYHBIX Tas30B.

4. Yurem, HaKOHel, MOJEKYJSPHYIO CTPYKTYpYy NOPLIEA H onpee-
JUM CPeJHIOND KHHETHUeCKYI0 3HEPTHIO MOCTYIATeNbHOTO IBHMKEHHA
ero Mojekysa. EcaH u — cKopocTh LeHTpa Macc NOpIUHA, TO

AN
u—/‘ﬁ‘d m;iy,

rjle m; — Macca, a U; — CKOPOCTb MOJeKYyJbl INOPIUHS B Harpab/e-
Huu ocn X. (Bmecro u; Obi10 OBl JOTHUHEE NMHCATh U;y, HO MBI ONycKaem
HHIeKC x, uTo0bl He 3arpomoxjaath Qopmysanl.) Bossens B kBagpar,
MO Y4UM

1
1/g/Wllz = 5im 2 nym;ti;u;.

Ycepepnum 3TO COOTHOLIeHHe 1o BpeMeHH. BBHAY XaoTHYHOCTH TelIo-
BOTO JIBHXKEHHS MOJIEKYJ nopwHa (uu;) = 0 npu i =+ j. B npeapiay-
el cymMMme HaJlo YUHTHIBATH TOJIBKO ciaraeMsle ¢ [ = j. B pesyanrate
NOJTYYHUTC A

1 2
Ya Mty — g Ymi (ud). (63.2)
INo npoxasanHoMmy Bbllle '/, M (u*) = 1/,kT, crenoBaTenbHO,
1
mEm (uf) ="/,kT. (63.3)
JlonycTuM Tenepb, YTO BCe MOJEKYJbl MOPILIHSA, & NOTCMY M Bce Macchl
m;, onuHakoBbl. Torma Y mf{ul) =Nmji (uf), rae =—% — ofuee
YHCJIO MOJIEKYN nopiuHf. B pesynbraTe Haxoaum
Yomy (uiy =1/,RT. (63.4)

Takum oGpasoMm, H AJS% MOJEKYJ MOPHUIHA HMMEeT MECTO PaBHOMepHOe
pacnpefeneHe KHHETHYECKOH SHEPTHH IO cTeneHsM cBOOOALI: Ha Kax-
JIYIO TIOCTYIaTeNIbHYI0 CTeleHb CBOOOALI MPHXOAHTCA B CpeiHeM KuHe-
THueckast sHeprusa /,kT. Pasymeercs, 3TO cIpaBeJJIHBO He TOJBKO
JUISl SHEPTUH [IBHXKEHHS BAOJb OCH UWJIMHJpA, HO, BBHAY XaOTHYHOCTH
TEIWIOBOTO JBIXKEHHS, TaKxe U JUIst SHEPrHH JBHXKEHHS MOJEKYJbl
B JIo0OM HanpaB/jeHuHM. BBejeHHOe NpH BBIBOZie NpeanoJiokeHHe 00
OJMHAKOBOCTH MOJIEKYJ NOPIIHS He UrpaeT pofH.

5. IlpuBenennoe paccy:kjeHye TNo3BOJsieT CHATb OTpaHHUeHHe, Ha-
JIOKEHHOe B TNpefblAylleM naparpage Ha IIOTHOCTH rasoB. JleiicTBH-
TeJbHO, BO3bBMEM B KauecTBe IIOPLIHS CKOJb YIOJAHO MJIOTHBI ras,
3aKJIIOUEHHHIH MeXKIY HBYMS TBepAbIMH CcTeHKaMH. K MoJeky/sam rasa
npuMeHuM peayiabraT (63.4). 2T0 MOKaspiBaeT, 4TO WISl CHpaBeiH-
BOCTH TeopeMbl O paBHOMepHOM pacnpelesieHuH KHHEeTHYECKOH SHepTHH
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MO CTeneHAM CBOCOILI IMPEANOJOKEeHHe O MaJOCTH MJIOTHOCTH Ta30B
COBEPIIEHHO HE CYIIECTEEHHO.

6. Hecymecteenso Takxe U TO 00CTOSITENLCTBO, YTO TEAOM, K KO-
TOPOMY OTHOCHJIOCH NPMBEJCHHOE paccyXIeHle, SBJAAETCA MNOpIeHb.
s nroboro Tena, ecaim OHO HAXOAHTCA B COCTOSTHHH TEIVIOBOTO PABHO-
BECHS, Ha Ka)KAYI0 NOCTYIATeJbHYIO CTeneHb CBOOOALI IPHXOJHTCH
B CpeJIHeM OJlHa I Ta JKe KHHeTuueckas sneprus '/,kT. Hcneonbsys sty
TeopeMy M INpOBOAA pacCysKIeHHA, npusejune Hac K dopmyne (63.2),
B 00paTHOM NOPsAKe, MOXKHO NOJYUNTb HOBHIH CYIIECTBEHHBIH pes3y/ib-
taT. IlycTe nponsBosibHOE MAKpPOCKOMHMYECKOe TeJMO HAXORHTCH
B JKHJKOM Wiu rasoo0pasHoil cpeje, B KOTOPOH OHO MOXeT CBOGOAHO
JIBUraThcsi B Jf00OM HanpabBleHHH. MoXHO NpeanosioXuTb, YTO CHJIA
TSDHECTH H Jpyrue CH/IOBBIE NOJA OTCYTCTBYIOT. MOXHO Takke mpej-
TIOJIOKHTD, YTO TeJIO yAEPKUBAeTCA B NOJOXKEHHH PABHOBECHS KAKHMH-
An60 CcHIaMH, HanpHMep apXHMeJOBOil MOABEeMHOI CHJOH, ymnpyrof
cuiIofl IpyXKuHH H T. . Bo Becex 3THX cayyasx UEHTp Macc Tesa
JOIKeH coBeplliaTh GecropsjiouHbie TelvIOBbie ABHKEHHS, /IS CKOPO-
ctH V KOTOpBIX MOXKHO HAIlHCaTb

YoM (V2 = 515 ¥ mi (v}

B mpuBelleHHOM paHee pacCyXKIEHHM CUHTa1achb H3BeCTHOM JeBas
YacTh 9TOTO paBeHcTBa. lenepb, HaoGOpPOT, M3BECTHA NpaBasl YacTb
H HYXHO HaiiTH JieByto. Tak Kak MoJeKy/a HMeeT TPH NOCTynaTesibHbIX
cteneHu cBoGoiwl, To Y/ym; (vi) = 3/,kT, a notomy

1
5ii S (0D =1,kT EL = 9T
Sro paer
YoM (VE) =3/5kT. (63.5)

Taxkum ofpa3oMm, #Ha nocmynaredbHoe OguiceHue UPHMpa  mMace
MAKPOCKONUMECK020 MeAq 8 CpedHem npuxodumcss ma xe suepeus */kT,
Yno u Ha nocmynameasHoe Osuserue 00HOU MmoaeKkyasl. B 3ToM oTHO-
LIEHHH BCSIKOE MaKpOCKONHUeckKoe Teso BefeT ceGf KaK THraHTCKas
MOJIeKyJ1a.

Buaxo, Yto H Ha BpallieHHe Tesa KakK LeJOro BOKPYI HeNOABHAKHOM
OCH NPH TerJIGBOM PABHOBECHH NPHXOJAUTCS B CpelHeM KHHETHUeCKad
sHepTHA Y/,kT. UToOH 5T0 J0Ka3aTh, AOCTATOYHO 3aMeTHThb, YTO YIJIO-
Basi CKOPOCTh BpaleHus Teja €2 BOKDYT HeNOJBHXKHOH OCH paBHa
MOMEHTY KOJIHYeCTBA /IBUMEHHS Teja, AeJCHHOMY Ha el'0 MOMEHT HHep-
uuy / OTHOCHTEJBHO TOH e OCH, T. €.

Q— Ymyriu;
d==—g,

rze u; — cocramJdrolas CKOpoCTH i-it MOQJIEKYJIbl, NEPNEHANKYJIApHas
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K OCH Bpallienusii K paguycy-sekropy 7;. Ilo ananoruu ¢ ¢opmymnoi
(63.2) nostyuaem
1 Q00,0
Yol (QB =55 Y miri (Ui,
OTKY/a

1 Yyr?
/2] <QZ> = 1/2kT '1—‘ = ]/ng.

7. TlpuBesieHHBe paccy:kAeHUsT MOTYT pacCMaTpHBaThbcs Kak yOe-
JUTeJIbHbE apIyMeHTLI, AOKAa3bLIBAIOWIHE KAQCCUMECKYIO MEOpesy O pas-
HOMEPHOM pacnpedefeHul KuHemuueckoti Hepeud no Cmenemsm  ceo-
6006t W pasbACHAION(HE ee CMBIC B YacTHBIX ciayuasnx. Ilpusemem Te-
nepb Ge3 jioKasaTelbCTBA 0OmIYyI0 (OPMYJHPOBKY 3TOH TEOpPEMLI.
IlpeaBapuTeibHO HANOMHUM HEKOTOPHIE CBEACHHA H3 KJAcCHYeCKOH
MeXaHHKH.

B xnaccHueckoH TeopHH aTOMbl paccMaTpHBAIOTCH KaK MaTepu-
ajbHble TCUKH, & BCSKOE MaKpDOCKONHUYeCKce TeJo — KaK CHCTeMa
MaTepHaJbHBIX TOueK. Eciau uycio MaTepHalbHBIX TOYEK B CHCTeMe
paBEo N ¥ Ha cHCTEMY He HaJOXKeHbl HHKaKHe JONOJNHHTeJNbHEIE CBA3H,
orpaHuynBaoniye csofoiy ee IBHKeHHS, To Tpebyercss 3N Koopau-
HaT, YyToObl OJIHC3HAYHO 33JaTh NOJIOXKEHHe BceX Touek cucTeMel. Kiac-
cHuecKasi TeopUd, OJHAKO, [OJb3yeTcss H TaKHMH MeXaHMUeCKHMH
MOJESIMH, B KOTOPLIX Ha JBHXKEHHE MaTeDHAbHBIX TOUYEK HaJOXeIIbi
onpejie/ieHHble OrpaHyyenus — cBsisd. llpH Hajanuuu cBdAsell uucao
He3aBHCHMBIX KOOPAVHAT, 3afaHieM KOTOPBIX OJHO3HAUHO OnNpee/seTcs
KOH(UTypanus, T. e. NOJOXKeHHE BceX TOYeK CHCTEMBI, yMeHbILZeTcs.
B kauecTBe TAaKHX HE3aBHCHMBLIX KOOPJAMHAT MOXKHO B3AThb Te NpPAMOY-
ICJAbHBIE KOOPAHHATH MaTepHaJbHBEIX TOUYEK, Yepe3 KOTOpble BhIpaXka-
I0TC BCE OCTaJbHBIE KOOpAUHATEL. YHCI0 3THX HE3aBHCHMEIX KOOD-
JMHAT [ HasbiBaeTCsl 4ucaom cmenetell c60600bt cucmemot. He oba3arenbHo
NOMB30BATECS NMPSAMOYTOJBHBEIMU KOOpAHHaTaMu. MoxKHO B3siTh [ Jlo-
OBIX APYTHX BeJIHYMH §y, (g, ..., {7, ONHO3HAYHO ONpPEEJNSIOUINX KOH-
durypaunto cucreMsl. OHH Ha3bIBAIOTCH 0600UEHHbIMU KOOPOUHAmMAMU,
a HX IPOM3BOJAHLIC IO BPeMEHH §y, §i, ..., {5 — OO0OUEHHOIMU CKOPOC-
mand.

Panuychl-BeKTCpEl #; MaTepHaJbHBIX TOYEK CHCTEMBI SBJAIOTCSH
GyHKUHAMH 0GOOMEHHBIX KOOpJAHHAT:

ri:ri(qu oy oy qf)

CaeoBaTteipHO,
v=Fi= GGt G ot g
ogqy 11T 0g, 72U o 1

T. e. OObIYHBIE CKOPOCTH ¥; MaTepUaNbHBEIX TOUEK CHCTEMBl ABJSIOTCA
JIHHEHHBIMH OJHOPOAHBIMH (YHKUMAMH OCOOGLIEHHBIX CKOPOCTEH gy,
Gay -+, 5. KoapuumeHTs!, BXOAALINE B 3TH QYHKUNH, 3aBHCAT, BoOOLIE
roeopsl, OT BceX OCOCLIGHHBIX KOOPAMHAT MEXaHHYECKOH CHCTEMEL
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Hcnonbsys nosyyeHHOe BHIpaXKeHHE, I8 KHUHETHUECKO! 3HEPTHH
CHCTEMbl HaXOJIHM

KHH‘_' /22,; mzvt = /2 Z L atquQk- (636)

i=1 i=1 k=1

KuHeTHyeckasi sHeprusi NpeacTaBifeTcd KBaapaTHuHofl dopmoil 0600-
IUeHHBIX cKopocTel §;. Koaddunnents 310 QopMul a;,, BOOOLIE TOBOPS,
3aBUCAT OT OGOGIIEHHBIX KOOPAHHAT Gy, Gy, ...

B ofwewm cnyuae B cymmy (63.6) BXOAST WiIeHB! ¢ MOMAPHLIMI IIPO-
H3BCICHHAMH pasauuHblXx 00oOmeHHbsIX ckopocteil. [lo atofi npuunHe
cJlaraeMele yKa3auHoil cyMMEl, Booflle roBops, He MOTYT GeITh HHTEp-
NPeTUPOBAHE KAK KUHeTUYeCKHe 3Heprull, IPHXOJsiHecs] Ha COOTBeT-
cTBylolHe cTeneHn cpobonnl cucrembl. OfHako 0600ieHHBlE KOOpPIH-
HaTkl BCEr/la MOXKHO BHIGpaTh Tak, yToObl Takas HHTeplipeTalus clena-
Jlacb BO3MOXKHOH. [leficTBHTeNLHO, B MareMaruKe NOKasblBaeTcs, 4TO
HazeXauM BEIGOpoM oGOOIIEHHEIX KOOPANHHAT KBaapaTuuHylo GopMy
(63.6) Bcerza MOXKHO NPHBECTH K TaK Ha3bIBAEMOMY OUGROHAALHOMY
6udy, T. e. K TAKOMY BHJY, B KOTOPOM OHa COJIEPKHT TOJNBKO KBajapa-
THYHLIE YWICHBI H HE CONEPIKHT WICHOB C HOMAPHBLIMU NPOU3BEIEHUAMI
0600weHHBX cKopocrteil. ITpu TakoM Brifope 060GLICHHBIX KOOpAHMHAT

f
EKHHZI/EE az(]'i?', (637)

i=1

rae KoshhHUHenTsl @; SBASIOTCA QYHKIHAMUH 0600UWEHHEIX KOOPAHHAT.
Eciu Bo30y:KJeHa TOMALKO OfiHA i-1 CTelleHb CBOOO/BI, TO cymMa (63.7)
CBOAUTCS K OfHOMY c/laTaeMoMy 1/,a;4i. DT0 ciiaraemMoe o3TOMY MOMKHO
HHTEPNPETHPOBATh KAK KHHETHUECKYIO 3HEPTHIO, TIPHXOASALLYIOCS Ha
i-10 crenedb cBoboaul. Takum o0pasom, NpH yKa3auHoOM Beifope 06006-
LIEHHBIX KOOPAHHAT NOJMHAS KUHETHYECKAsT SHEPTHS CHCTEMBL IIPEACTaB-
JISICTCS B BHJE CYyMMbl KHHETHUECKHX 3HCPIHIH, NPHXOAAIIHMXCS Ha OT-
JeJbHBIE CTeneHy cBoGoAbl. Tak, eciu 3a KOOPAHHATHBIE OCH BHIOpPATh
[VIABHBIE OCH BpallleHHsi TBEPAOTO TeJa, TO ero KHHCTHUECKasl JHepTHsA
B J11060H MOMEHT BpeMeHl MOXeT ObITh HPEACTanjeHa B BHJE

Moo e L e s
Exin =g~ (8492 +2%) + 5 (L3 145+ 143,

rie M — macca Tesa, x, Y, 2 — NPAMOYIOJABHLICE KOOPAHHATHL €ro
ueurpa wmace, I, [, [,— MOMEHTH HHEDUHH TeJa OTHOCHTEILHO
KOODAHHATHBIX oced, ¢, ¢, ¢, — YIVIOBbIE CKODOCTH BPAaLeHHHA
TeJla OTHOCHTE/IBHO TeX Ke ocefl,

B panpHefilueM npu H3JCHKEHHH TEOPUH TEIJICEMKCCTH NpejroJa-
raeTcs, 4To 0OOOIIEHHBIE KOOPAHHATHI BBIOpaHbl Tak, 4TO KHHETHYe-
cKas HEPTHS NPECTAB/AsIeTcs BupaXeHneM Tuna (63.7), T. e. B Buae
CYyMMBl KBaJpDaTHUHBIX Y/JIEHOB.
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8. Tak Kak MexJy 4acTHUAMH CHCTEMbL €CThb CHJIOBOE B3aUMOJEHCT-
BHe, TO IIPH TEIJIOBOM IBHXKEHHH 3SHEPTHs KaXKIOH 4acTHIBl ObICTPO
U 6ecropsiIoyHO MeHsIeTCS BO BpeMeHH. DecropsilouHo MeHSIIOTC BO
BpeMeHU H caaraemple cyMmnl (63.7). B MoJeky.sipHO-KHHeTHUeCKOH
TeOpHH HpeAcTaBisieT GONblUOH HHTEpec 3HAHHE CPeJHHX 3HaueHHH
Takux caaraemeix. OcHoBHasi TeopeMa, NpHMEHHMash K KJaCCHYECKHM
CHCTEMAM, COCTOHT B TOM, UTO 8 COCMOSHUW MENA08020 PASHOBECUS HA
KQoOy10 cmenens ceo60o0bt NPUXoOUMcs 8 cpedHem 00Ha U M Je KUHemu-
ueckasl aHepeus. ITO TIONOKEHNE HA3BLIBACTCS MeopemMol 0 PasHOMEPHOM
pacnpedeseruu  KuHemu4eckol dHepeuw no cmeneHam c6obodst. Ero
nepBOHAuaJbHbIE JI0Ka3aTeNbCTBa JAJAsI YACTHBIX CJAydyaeB ObUIH JaHbl
Magcpemiiom u Bossumanom. O6iee A0Ka3aTenbCTBO JaeTCAd B CTaTH-
CTHYECKOH MeXaHHKe, OJlHAKO OHO BBIXOAMT 33 PaMKH Halllero Kypca,
W MBl OTPaHHYHUMCS JIHIb 3aMEUaHUEM, UTO € OCHOse OOKA3QMeAbCnea
AEHCUIM NPednonoHeHue 0 NPUMEHUMOCIU 3GKOH08 KAACCUdeckoll mexa-
HUKW K QMOMHO-MOAEKYAAPHbIM cucmemanm, a TakK:Ke ofHo odiiee npen-
NOJIOXKEHHE BEPOSITHOCTHOTO Xapakrepa (Tak HasbiBaeMasi apeoduve-
CKas eunomesa), NPHHATL KOTOPOe HeOOXOAHMO /7151 COTrJacoBaHUs cra-
THCTHYECKOH H3HKH C aKCHOMaTHYeCKOH TepMOAHHAMHKOHM.

Cpednas KuHemuMecKas 3Hepeus, npuxoOaascs npu  menio6om
pasHosecuuw Ha O0HY cmenens c8oBo0bl 10006 AMOMHO-MONEKYAAPHOL
cucmenmet, pasia ‘/,kT. B 3TOM Jerko yGeluTbCS, €ClIH NPEeNCTaBUTH,
4TO paccMaTpHBaeMas CIICTeMa HaXOAUTCSl B TEIJIOBOM KOHTaKTe C OJ-
HOQTOMHLIM Ta30M TO# Ke TEMIIEPATYPHL. TaK Kak JJs rasa 3Ta Hepris
paBua 1/,kT, To 1o TeopeMe O PABHOMEPHOM pachpeleseHHH TO ke Oyaer
U 1ast 110008 creneHu cBOGOABI PACCMATPHBAEMOH CHCTEMBL.

Korna o6o0lieHHble KOOPAHHATH BLIOPAHB! TaK, YTO B BBIpaxeHHe
(63.6) BXOIST TaK:xe IOMapHEIE IPOU3BeNeHHS 0600UIeHHEIX CKOpOCTeli,
TO FOBOPHTb O paclpejeJeHUH KHHETHYeCKOH 3HEPTHH N0 CTEeleHsM
cBofoibl He HMeeT cMeIcIa. B 3ToM ciyuae Teopema O paBHOMEpPHOM
pacnpefieleHMH KHHETHUECKOH 3IHEPTHH MO CTeneHAM CcBOGOABl 0606-
maercs. Tax kak E,,, siBasercss onHoponHol dyHKuMeH 0GOOIIEHHEIX
CKopocTell BTOpOH cTeleHH, TO IO TeopeMe Dijlepa

Y2 g =2E s (63.8)

L

B craTicTHuecKofi MexaHHKe JI0OKa3blBaeTcsl, YTO NMPH TepMOAHMHaMHUe-
CKOM DaBHOBECHH CpeJHHE 3HaueHHs BceX CJaraeMblx B JIeBOH YacTu
OZMHAKOBEL. 3JTO INPUBOJHT K pe3yJabTaTy

OE
1 KIH .
/2 <_0—f]z_ ’]z> = 1/3kT, (63.9)
ABaAwUIEMycs 0606ileHHeM TeopeMbl O PaBHOMEPHOM pachpeleneHlil
KHHETIYECKOH 3HEPTHU IO CTeNeHAM CBOGOJBL.

9. Eciu cmewarth 1Ba XHMHYECKH He PearHpyIOmHX HIeadbHbIX
a3a ¢ OJUHAKOBLIMH TeMNEpaTypaMH, TO NPH 3TOM CPEIHHE KHHRTH-
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uecKHe 3HePTHH NOCTYNaTeJbHOTO ABHMKEHHS MOJIEKYJ Ka)KIOro rasa
He H3MeHATCA. HHbIMU ciloBaMii, B pe3yspTaTe CMELUEHHS HE H3MEHATCH
TEMIEPATYPHl Ta30B. ITO YTBEPKIEHUE JJIST MHOTOATOMHBIX I'a30B COB-
ceM He TpHBHaNbHO. OHO fABJIsIeTCA CJIeACTBHEM TeOPEMbl O PABHOMEPHOM
pacnpeje]eHHs KHHETHYCCKOH 3HEPTHH IO creneHsaM cBoboabt. [leii-
CTBUTEJIBHO, TEMIEPaTypa Tasa ONpEeRenfieTcsl CpefHell KHHEeTHUECKOH
IHepTHell TOCTYNaTeJbHOIO JBHXKEHUS ero Moaexkya. Ecau ras —
MHOTOaTOMHBIH, TO BHYTPCHHSSI SHEPIHs BIOJIHE ONpelesCHHBLIM o0pa-
30M paclpenensercs MeXKAY KUHEeTHUeCKOH sHeprueil mocTynaTteAbHOro
NBHKEHHS, SHEpruedl BpallleHHst i BHYTPEHHETO NBHIKEHHS! MOJEKYJbI.
HeusmeHHOCTb TeMIlepaTyphl O3HAuaeT, YTO B pe3y/bTaTe CMeLleHHs
TAKOE paclpejieleHUe OCTAETCH HEH3MEHHBIM IJIsl KaX0ro rasa. A sto
HEIOCPEeCTBEHHO BLITEKAeT H3 TeopeMbl O PaBHOMEDHOM paclipejeseHin
KHHETHYECKOH 3HEPTHU IO CTeneHsAM CBOGOJLL.

JloxaaaTeJIbCTBo 3akoHa JlanbToHa 1T MHOTOATOMHEIX I'a30B TaKxKe
OCHOBAHO Ha TOH ke TeopeMe. PaccMOTpHM JiBa XHMHYCCKH He pear-
pyiomnx rasa. I1yctb Ejpoer H Eqpoer — CPELHIE KHHETHYECKHE SHEPTHH
NOCTYNaTeNbHOTO JBHMKEHHS BceX MoJekya 3TuX rasos. [lycte no
i TI0CJIe CMEIIEHHs Ta3bl 3aHUMaJH OfHH H ToT Ke obbveM V. Torma no
cmettenust PyV = 2/3F oo, PV = 2/3F 0. ECH 2O cMellleHHs TeM-
neparypbl ra3oB GbLIM OJHHAKOBH, TO NOC/TE CMEIUeHHS 3HePTHH Ljjeer
1 Eqnocr He u3MensTcs. [TosToMy naBiense cMecH rasos P 6yjer omnpe-
IeNSITbCSl COOTHOLHEeHHEM

PV = 2/3Enocr = 2/',3(E1no:1' + E‘.]n')t‘l’) = (Pl + P:) |4

Orciona P = P, + P,, T. e. 1aBjleHHe CMeCH HaeaJbHLIX I'a30B PABHO
CyMMe NapUHa/bHEIX IaejieHHH 3THX Ta3oB.

§ 64. BpoyHoBckoe aBHMeHHe

1. PeayabTaThl, H3JMOXKCHHBIE B IpejbliylieM naparpage, Hauwu
61ecTsiiee 3KCIepHMEHTalbHOe INOATBEepKIeHle B SIBICHHU OpoyHog-
cKoeo Osumenus. D10 fBJeHHe ObL10 OTKPHITO B 1827 r. aHriauiickum
GotanukoM Bpoysom (1773—1858) Bo BpeMst HCHBITAHHA TOMABKO UTO
BOIIEAIINX TOTAA B ynoTpe(/JeHHe axpoOMarH4yecKHX oObeKTHBOB. OHO
3aKJ/I0Yaercst B TOM, 4TO BCe MeJbYalliiye YacTHilbl, B3BEIICHHBIE B KU~
KOCTH, Haxo[ATCA B HENPEepPEIBHOM JPOXKaHHU. DTO ABHKEHHE HMKOIIA
He npekpaiaercs. B KioeTe, 3aKphITOH €O BceX CTOPOH (BO H30erkaHue
HCIapeHHs), €ro MOXKHO Habalonath IHSAMM, Mecsuamu, rogamu. Owno
oOHapyxHBaeTcst B XKMAKHX BKJIOYEHHSX KBaplla, KOTOPHIM HaCUHTHI-
BaeTcs THICSIYH JeT. [IBuKeHHe BEeYHO M CaMONPOM3BOJBHO.

BpoyHoBCcKOe JBHKEHHE B XUIKOCTH T€M OXHBJIEHHee, UeM MeHbllle
BSI3KOCTb KUAKOCTH. Ero esfBa ynaercsd NOAMETHTb B IVIMUEpHHE, a B
rasax OHO, HampOTHB, uYpe3BhuailHO nHTeHcHBHO. Ileppeny ynasoch
HabntofaTb OGPOYHOBCKOE IBHXKEHHE Kame/eK, JeXKamlHX Ha «4epHbIX
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NATHAX® MBUIBHBIX My3bIped (T. €. Ha CaMBIX TOHKHX YYacTKaX MbLIb-
HoOH neHku). Jnamerp stux Kanejexk B 100—1000 pas Gosbiue TOJI-
IIHHBl MBIIBHOH IIEHKH. DPOYHOBCKHM JBMKEeHHeM NepreHAuKYIsSPHO
K TIJIEHKE MOXKHO IpeHe6pedb, HO B IVIOCKOCTH CaMoOil TIJIEHKH OHO Npo-
HCXOJUT Ype3BbIYaiHO HHTEHCHBHO (IOYTH TaK e, KakK B rase). B oxHo#
U TOH e XKHIKOCTH OPOYHOBCKOE JBHKEHHE NMPOUCXOLUT TeM HUHTEHCHB-
Hee, YeM MeHbIIE pa3Mepbl GPOYHOBCKUX YacTHI. VHTeHCHBHOCTEL HBH-
JKEHHUSl YBEJNHUMBAETCSI C IOBBIIEHHEM TeMrepaTyphol KHIKOCTH. Ot
Mmarepuasja caMmiX yacTHIL OPOYHOBCKOEe JBIKEHHE COBCEM HE 3aBHCHT.
JlBe uyacTHUH JBMXKYTCA B OLHOH H TOM 2Ke XKUAKOCTH COBEPIIEHHO
OJIHHAKOBO, eCJH OJMHAKOBE UX pasMepnl U Gopma: HH BelIeCTBO Ya-
CTHI, HH €ro IJIOTHOCTb He HIPAIOT 3/1eChb HUKaKof podu.

JIBuKennst GPOYHOBCKHX HacCTHIl, PACHOJOMEHHBIX JlaXKe BecbMa
OJH3KO JIPYT K APYTY, COBEPIICHHO HE3aBHCHMEI, TaK YTO O KaKHX-T100
TEYeHMsIX, T. €. KOHBEKTHBHOM MNPOHCXOKJEHUH IBHUMKEHUS, HE MOXKeT
ObiTb peud. DpOYHOBCKOe IBHXKEHHE BBI3BIBAETCS TONYKAMH, HCIHBITHI-
BaeMbIMH B3BEIIIEHHBIMH YaCTHIAMU CO CTOPOHBI OKPYKAIOMHX MOJIEKYJI,
COBEPUIAONIMX TenJIoBoe ABHKeHHe. ToJMYKH HMKOTJA B TOYHOCTH He
YPABHOBEIIMBAIOT APYr Apyra. B Kaxkaulll MOMEHT BpPeMEHH YacTHLA
IBHIKETCSl B ONpefeeHHOM HanparieHHH. Cnycrsi KOPOTKOe BpeMms
HanpapJeHHe paBHOAEHCTBYIONIEH CHJIBI YAapOB €O CTOPOHBI OKpYKato-
HIMX MOJIEKYJ MEHSeTcs, H YacTHIA HauyyHaeT ABMIaTbCsl B JAPYroM
Hanpapiaennd. Takum o6pa3oM, NOJ BAUSHUEM VAADOB MCJEKYJa OKpY-
)Kalolmel cpefs! CKOPOCTb GPOYHOBCKOI UacTuIlbl HENPEpBIBHO U Gecrio-
PSIZIOYHO MeHfeTCs 110 BeJTHYHHE M HanpaBieH:o. IT0 H ecTb OPOyHOB-
cKoe BH:KeHHe. JIIOOONBITHO OTMETHTD, 4To JIyKperuil (B noame «O npu-
poe Belllel») MpeABHICA U ONUCAT 3TO SIBAEHIE, HO, KOHEUHO, He MMel
BO3MOXHOCTH €I'o HabJIIoaaTh.

2. ®opmyaa (63.5) JeKUT B OCHOBE KOJHUECTBEHHOH Teopuu O6poy-
HOBCKoOro jBukeHHA. Ecan 6bl MoxkHO Gbl10 M3MEpUTh MTHOBEHHYIO
CKOpOCTb GPOYHOBCKON YacTHIEI, TO JI0 3T0d GopMylie MOXKHO Gbuio Obl
BBIYUCIHTD NocToAHHylo Boabumana %, a no meit u uncio Aporaapo

R .
N = e TTonbiTKH Takux H3MEDEHHH NpeANnPHHUMATNHCh, HO HCH3MEHHO

NPUBOAMIM K NIPOTHBOPEUHBHIM peaysabTatam. [lesio B TOM, UTO Npak-
THYeCKH HEBO3MOXKHO TOYHO H3MEPHTb MrHOBEHHYIO CKOPOCTb Ya-
cruupl V. EcIH H3MEPHTb pacCTOsiHMe MeKay JIBYMSI HOJOXKEeHHAMHU
6pOyHOBCKOH 4acTHUB H pas3jefiiTb ero Ha BpeMs T, KOTOPOE OHa 3a-
TpaYUBaeT Ha MPOXOKJACHHE H3 OJHOTO NOJOKCHUS B APYroe, TO TaKHM
IyTeM NOJNYUUTCS CKODOCTh MOPsIAKA HECKOJbKHX MHKDOMETPOB B Ce-
KYHAy. 310 RaeT AJs1 KHHETHUECKOH 3HEpPruy JBHKEeHUsi GPOYHOBCKOMH
YacTHOB! BeJIUYHHY, NpHMepHO B [(° pas meHblIylo, ueM claenyer.
Kak 6t mas HH Obl1 NPOMEXKYTOK BpeMeHH T, NMyTh OpOYHOBCKOH ua-
CTHLB! MEXKJY PaccMaTpHBACMbIMH INOJOXMEHHIMH HE IpAMOJHHEEH,
a oueHb 3amyTad. OH COCTOMT M3 TPOMAJHOIO MHOKECTBA 3HI34roB,
HenmpepeiBHO ¥ 0eCNopAJ0YHO CASAYIONUX OAUH 3a JAPYTHM.
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[TpoBepka MOJEKY/AsIPHO-KHHETHYECKOTO OOBLSACHEHUS GpOYHOB-
CKOTO JBIDKEHHSI H BLIUKC/JEHHE W3 3TOr0 SIBAEHUS IOCTOSIHHLIX B 1
N cranu BO3MOXKHEIMH JHIIb TIOcae Toro, Kak B 1905 r. S#fnmreiin
paspaboTan MareMaTHuecKylo TeOpHIO GPOYHOBCKOTO JIBHXKEHUS, B KO-
TOPYIO MTHOBEHHAS CKOpocTh OPOYHOBCKOI yacTHIB He BXoauT. Bmecrto
Hee BXOJUT JUTMHA TP SMOJIHHEHHOrO OTpe3Ka, COeNHHSIONEro HOJOoXKe-
HHe YacTHLB B BA pasjHYHble MOMENTA BpeMeHH, — BejluyHHa, JO-
CTYIHAsA H3MePeHHio Ha onwlte. JIOOONBITHO OTMETHTH, YTO NPH pas-
paboTKe cBoeli TeopuM DiHiNTellH HHUEro He 3HAJ O CYHIECTBOBAHHH
GpoynoBckoro apuxkenus. OH NpeAcKaszas 3TO siBICHHE U TMOCTPOHT
Ero IOJNHYIO KoJivecTBeHHyio Teophio. Ilonbekuil ¢duzuk Mapuan
CwvonyxoBckuil (1872—1917) B 1506 r. Hezamucumo oT JiiHiuTeiiHa
TAK¥XKe TNOCTPOWT KOJTHUECTBEHHYIO TEOpHIO GPOYHOBCKOTO JIBUMKEHHS,
XOTs1 €ro OKoHuaTelbHas ¢opMyJa M aBJsercss HPpHOANKeHHOH —
OHa oTHuaercss oT GopMyJbl JUHIITeHA YHCJIEHHBIM KOMpDHIHEHTOM
nopaaka exuHunsl. [lpuBeneM 37eck ynpouieHHBIH BEIBOJ (QOPMYJIH
Sfinwrefina. B § 93 6yzer npuBejeH Apyroil BLBOA, OMH3KHA K BLIBOAY
caMoro JHHmTeHHA.

3. ByzeMm cuurarh, yto GpoyHOBCKas yacTha uMeeT GopMy HMIapHKa
pazuyca a. PaccMoTpuM IBH:KeHHe ee B xKuUAKOCTH. Ecau HeGosibuio#
map paauyca @ paBHOMEPHO JBMAKETCS B 2KUAKOCTH CO CKOPOCThIO V),
TO, KaK IOKasblBAIOT ONLIT U TEOpHs, Ha Hero JefcTByeT CHJla COIpo-
TuBJdenus F, nponopuuoHaabHasa cxopoctd V. KoadpdunueHT nponop-
IIHOHAJILHOCTH B (opMyJie

V=BF (64.1)

Ha3HIBAETCH no0suscHocmyro yacmuyst. Jas mapooGpasfofl YacTHILE
NOJABHKHOCTL GblTa TeopeTHYecKH BbluncieHa CrokcoM (1819—1903),
KOTOpBIH Halmesa i

B=— (64.2)

6nna’

rie 1 — Koa(pHuIHeHT BHYTPEHHETO TPeHHs KUAKOCTH. TakuMm ofpa-
30M, HOABHAKHOCTHL chepuuecKoHl 4acTHIL 0OpaTHO IPONOPLHOHAJILHA
ce paguycy. OHa MoxeT ObITh H3MEPeHa IO CKOPOCTH yCT@HOBHBILUEroCA
IBHXKEHHUST YacTHLB TOJ JeHCTBHEM CHJLI TS2KeCTH (TouHee, Ioy AeH-
CTBHEM DPA3SHOCTH CHJIBI TSKECTH M apXHMeLOBOH MNOABEMHOH CHJIBL).
JlocTaToOYHO H3MEPHTL MOABMKHOCTB I/ KaKOH-I1100 OJHOH KPYyHmHOH
yacTHLEL. Eciu pagnyc ee paBeH ag, 8 HOABUMKHOCTL B, TO IOJABHAKHOCTD

o a
4acTHLEl pajuyca a Halifiercs no dopmyne B =~ai B,.
YpaBHenne JBHKeHHA OpOYHOBCKOH UacTHIBl B HampaBieHHH
ocH X HMeeT BHJ . 1.
Mi=—g2+X.

IlepBoe cnaraemoe B NpaBOH HacTH eCTb peeysApHAfL CUAQ MpeHus,
o0ycJ/IOB/I€HHAaA ABHXKEHHEM ODOYHOBCKOH YacTHLBI CO CKOPOCTBIO X,
Bropoe ciiaraemMoe X yuuThBaeT OecnopadouHo Oelicmsytoujie MmoadKiL,
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KOTOpBIM TOjIBepraetcss GPOYHOBCKAs HacTHIA CO CTOPOHBI OKPYiKalo-
IWHX MoJdexya. B cyuiHocr#, W nepBoe claraemoe — CHla TPeHHS —
TaKxke 0GYC/OBIECHO TOIYKaMH Modaeky.. OJHako, ecyly dacTHla yxe
IBHIKETCS, TO B CpelHeM TOJYKH, JAefiCTBYIOLIHE MPOTHB JIBHXKEHHS,
CHJTbHEe TOJUKOB, JeHCTBYIONHX B Hanpae/deHUH ABHKeHHA. IT10 00CTO-
ATEJLCTBO H YUHThIBaeTcs caaraemeiM —X/B. Cnaraemoe e X ecTb
CHJa TOMYKOB, KoTopas AeficTBoBasa Obl HA UacTHLY, ec/1H Obl oHa Oulia
HenozasnxkHa. Cpellnee 3HaueHHe TAKOH CHJIbI PaBHO HYJIIO.

YMHOXKIM TIpe/iblAyiiee ypaBHeHHe HAa x H npeobpasyeM ero, noJb-
3ysch CIEAYIOUIMHE TOXKIECTBaMH:

ad—tx2=2xx'; :ﬂ =2X%4 2xX.

Ionyunm

—}—B dtx —2M?=2Xx,

ByneM oTCYMTBIBATH KOOPAMHATY ¥ OT NOJOXKEHHS YacCTHIH, KOTOpOe
OHa 3aHNUMaja B MomeHT Bpemedu ! = 0. Hanuiuem npeasinyiiee ypas-
HeHue 178 KaXIoH K3 MHOXKeCTBA TOXKJECTBEHHBIX OPOYHOBCKHX
4ACTHII, CJIOKHM H pasfesquM Ha 4yucao Bcex uacthi. Kopoue rosops,
yCpeIHHM TNpeABAYIee YpaBHeHHe Mo BceM dacTHLaMm. BBuay XaoTHy-
HOCTH MoJeKyJspHoro asmkenuss (Xx) = 0. [lanee, corsacHo ¢op-
myse (63.5), (Mi%) = kT. HoaTomy

t2< X%+ - 7 4 (y2 — OpT =0, (64.3)

4. Het Heo6X0QMMOCTH pelllaTh 3TO ypaBHeHue B oflieM Bujge. Jlo-
rH4YHee MOHTH 10 6ojee KOPOTKOMY nyTH. [loka)keM, 4YTO CpeiHHi
KBaJpaT cMelleHHst OpPOYHOBCKOM uacTHUwl (x?) mponopuuoHaneH
BpeMeHH {. [lnd aToro 3ameTHM, 4YTO BCe NOJOXKeHHs OGPOYHOBCKOH
YacTHILI M BCce MOMEHTH! BpeMeHM COBepleHHO paBHonpaBHhul. OTciofa
clefyeT, YTO cMellieHye 6POYHOBCKOH YacTHIH! 32 BpeMs f, — f; Mexay
JABYMA MOMEHTaMH BpeMeHM #; H f, eCTb cayqalinas QyHKYUA TOJBLKO
Pa3HOCTH f, — f;, He 3aBUCAILASA HH OT #;, HU OT f,. CJI0BO «cyyuailnas»
O3HauyaeT, YyTo 3Ta (YHKUMSA elle He onpejessieTcsl 3HaYeHHEM apTy-
MeHTa f, — ?,. Ilpn ogHOM W TOM »Ke 3HAYeHMH f, — f; CMelleHHe ya-
CTHIIBI MOXKET NPHHHUMATh J1o0bie 3HaueHHs, HO C pasiu4HOH BEPOSAT-
HOCTbIO. ApPTYMEHTOM f, — f; ONIPEAENSIOTCS He CaMH CMelLieHHs, a HX
geposmrocmu. CselleHnss Mbl OyieM o003HauaTh Xy, T. €. OymeM
nucaTh aprymeHT f, — #; B BHJE HHJEKca. SlcHO, YTO cyMMa CMellleHHH
YaCTHIBI 3a JBa NocjeloBaTe/lbHbE INPOMEXyTKa BpemeHH — ot 0
Hofuorifpaot - tv— paBHa cMelienyio ee 3a Bpemsior 0 10 £ 4 1, 1. e.

Xprr = X+ Xqo

BosBesieM 310 cOOTHOIIEHHe B KBaJpaT, YCPeAHHM H IPHMEM BO BHHMa-
Hue, 4To {x,x;) = 0. Toraa nonyunm

Kitw) = (xi) + (¥,
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YcpenHeHHas BeHYMHA (Xi) eCTb, OUYeBHIHO, oOLMHAsl pery/isgpHas
(QyHKUMS apryMeHTa f, OJIHO3HAYHO ONpejensouaacs 3HaueHueM 3TOro
aprymenTa. O6o3nauas ee [ (f), sanuweMm npeablayllee COOTHOIUEHHE

p A F+T) =]+ (x).

H3 3T0ro byHKUHOHAMLHOTO ypaBHeHHs cleiyeT, uTo f (#), T. e. (xf),
eCcTh JIHHEfHAd OJHOpOAHAasl (YHKIHS BpeMeHH f, 4uTOo H TpeCoBanoch
Joxasatb. JloKasaHHOe, OYeBHAHO, CHPaBeINBO AT OGPOYHOBCKHX
yacTull J1060# GopMel, a He TONbKO chepHueckux. Mrak, f0mKHO GBITh
(x*) = At. Tlocrosingas A onpeequTCsi NMOACTAHOBKOH 3TOrO BhIpa-
XeHHA B ypaBHeHue (64.3). B pesyabrate nonyuutes

(x = 2kTBt. (64.4)

210 H ecTb gopmysa Sddnwimedina *). B Hell x o3Hauaer cMelleHHe
YACTHLBL TONBKO B O/HOM H30paHHOM Hanpab/leHUH (IPHHATOM HaMH
3a HanpabJeHHe ocH X), T. e. x eCTb NPOEKIIHS NOJHOrO CMeLleHus 7
Ha 3T0 HanpasieHue. OueBugHo r* = x® 4 y* + 2%, VYcpenusia u
NpHHUMAs BO BHuUMaHHe, 4T0 (x*) = (y*) = (2*), nonyuum (r%) =
= 3(x*). TlosTomy opmyny SiiHITeHHA MOXKHO TaKyKe 3alHCaTh B BH/E

(r*) = 6kTBL. (64.5)

5. ®opmyna (64.4) Obwia co Beeft BO3MOKHOH TIIATENBHOCTBIO
NOATBEPIKAEHA SKclepHMeHTalbHO ppaHny3ckuM dhu3ukoM )Kanom Ilep-
peHom (1870-—1942) B psje pabot, Hauathix B 1908 r. [leppen orMeuan
yepe3 paBHble NPOMeXYTKH BpeMeHH (f = 30 c) mMocJjejoBaTe/bHLIE
NoJIOKeHHs: OAHOH KaKoi-1ubo onpeleseHHOH GpOYHOBCKOH YacTHILHI
B IOJie 3peHHS MHKPOCKONA H COeNHHSJI 5TH HOJNIOXKEeHHS NpAMOJHHeH-
HBIMH OTpe3KaMH. Mbl BOCIIpOH3BOAUM OJHMH M3 OpPHTHHAJbHBIX PHCYH-
KoB [leppeHa (cM. puc. 46). Ha nem omucaHHBIM ¢nocoGoM 3adHKCHPO-
BaHbl NYyTH Tpex OpoyHOBCKHX uacTul. [lnnua 16 KJeTok pHCyHKa
cocrasasieT 50 MKM, AnaMeTp OpoyHOBcKo# uacTuusl paBer 0,53 MKM.
KoHeyHo, nNpuBefieHHBIH PHCYHOK J[aeT TOAbKO OTHANEHHBIH HaMek
Ha NPUYYIJHBLIE H3JOMBI ZeHCTBHTE/NLHOH TpaeKTOpHH YacTuUpl. Ecuu
Obl, HanpHMep, HAaHECTH IIOJIOXKEHHS YaCTHIBl Yepe3 NPOMeKYTKH Bpe-
MenH, B 100 pas Gosjee Mesikue, TO Kakjiblil NMpsIMOJHHEHHBIA OTpPe30K
Ha pHUCYHKe 3aMeHMJICSI Obl COOTBeTCTBYIOEH 3uraaroo0pasHofl Jioma-
HOH, KoTopas Gewia Gbl CTOMB 2Ke CI0KHa, KaK H Bech pHcyHOK. Orciona
fICHO, HaCKOJBKO Ge3Hafie?KHO HaHTH HCTHHHYIO CKOPOCTb GPOYHOBCKOH
YacTUUBl IO JJIHHE NPSAMOJHHEUHOTO OTPe3Ka, HPOXOAHMOro eio 34
ONpejieIeHHbIl, Jdxe OUYeHb KOPOTKUE, NpoMexyTok BpeMeHH. Ha
DHCYHKe JIETKO H3MEPHTb NPOEKIHH paccMaTpHBaeMbIX IepeMeilleHH#H

*) 3amernM, uto dopmynaa, BeisenenHas CMOJYXOBCKHM, OT/aHYaeTcH OT Gop-
Myabl DiiHwrefina (64.4) TOJNBLKO TeM, YTO BMECTO MHOXKHTENA 2 CTOHT MHOXH-
Teab 64/27,
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OpOYHOBCKOH 4YacTHUBI Ha KaKoe-THGo HampaB/ieHue, HaInpHUMep, Ha
FOPH30HTAbHYIO CCb KOOPAMHATHOU ceTKH. [loc/ie 3TOro MOXKHO Bbl-
YHCJAHMTh 3HAYeHHe CpejHero Kpajparta cMmeluenusa (x*) u no gopmy.e
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(64.4) nafitn nocrosunyio bonbumana k u uucio Asoragpo N. Ileppen
NOJYUHJ A1 9THX TOCTOSIHHBIX 3HA4eHHS, COIVIACYIOLHeCcs B Ipejeiax
OlIKHOOK U3MepeHUH ¢ APYTHMH METOAAMH.

§ 65. Bpamarenbnoe GPOYHOBCKOE ABHKEHHE

BpamarensHoe GpOYyHOBCKOe ABHMKEHHE B TEOPETHYECKOM OTHOLIe-
HUH IIPOILe TOCTYNAaTeNLHOre H Jerde MHOJANAeTCs ONBITHOMY HCC/ie-
AoBanHuo. OnbIT CTaBATCA CJAEAYIOWHM 06pasoM.

Ha oueHb TOHKOH KBapLEeBOM HHTH INOJBEIIHBAETCSA MajeHbKOe 3ep-
Kanplie. Ilon pneficTBHeM yJapoB MOJIEKY/I OKpYKaloulero rasa sep-
Kalblg coBepilaeT OecropAAouyHble KpYTWJibHbIE KOJeOaHHA OKOGJO
NOJIOKEHHS] PABHOBECUS. DTO H ecmb 8pawjamerbrHoe OpoyHoscKoe Oeudice-
Hue. ns ero naG/lIOJeHHS Ha 3epKajblle HAlpaBisieTcs CBETOBOMH
ay4. Ilocne orpaxeHnusi oT 3epkaiablia Jy4 najaeT Ha wkaiay. Ilo no-
JIOXKEHHIO CBETOBOTO 3aiuuKa Ha IKaje MOXHO ONpeAeSHTb YIVIOBOE
noJioxenue 3epkajiplia. [Ipu moBopoTe 3epkanblia Ha HEKOTODHIA yrou
Ha TakKoH Xe YroJ 3aKpyuyHBaeTcsi HHTb. 3aKpyueHHas HUTh oGaajaer
noTeHUuaNpHoH suepruedl /,fQ?, rae [ — MoAyab KpyueHHs HUTH,
a p — yroJ IoBOpOTa 3epKaJjbia H3 NOJNOXKeHHsT paBHOBecHs. Eciu 6wl
He OblIO HUKAKHX IPYTHX CWJ, TO MOJ JeHCTBHEM 3aKPYYeHHOH HUTH
3epKasblie coBepllao Obl FapMOHHYECKHe KPYTH/bHbE KoJeGaHHs.
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IIpn rapmoHHuYecKUX KoJeOaHHSIX CPefHNE 3HAYeHHS MOTEHLHAJb-
HOH W KUHeTHYecKofl sHepruit paBuul '/,kT. Sr0 npUBOAUT K dopMmyJie
[ {¢*> = kT, us Kortopoit caenyer

k=L (g% (65.1)

C nomolib1o 3108 GopMyJ/Ibl MOXKHO BBIYHCJIATE NTOCTOSIHHYIO DBosbiy-
mana k. CnopaBa CrosiT BEJUUYHMHBEI, KOTOPBIE MOMKHO H3MEpPHTb 3KCIIe-
pumMeHTanbHO. Bennuuny {(@*) MOXKHO HAHTH, €CJIH OTMEYATD MOJNOKEHHSI
CBCTOBOTO 3allyMKa Ha IUK4Je 4epe3 paBHbE NPOMEKYTKH BPSMEHH.
Ilo 3THM NONIOXKEHHAM ONPEIRNSTCS YIVIOBHIE KOOPJAHHATH 3epKajbua,
T. €. YIJIBI Oy, O, ..., O, OOPa3yeMble MIOCKOCTBIO 3epKablld ¢ HEKO-
TOpOil (PHKCHPOBAHHOH BePTHKANbHOH IJIOCKOCTBIO. [IpH J0OCTATOUHO
OoJbLIOM YHCJAE £ YIJIOBasi KOOpAHHATA O, IJIOCKOCTH 3epKasbia
B IIOJIOXKEHHH paBHOBeCHs HaHlercsl Kak cpejHee apHQpMeTHueckoe
VIJIOB Qq, Uy, ..., G, [lOCJIE 3TOTO HalAYTCH YTJIOBBIE CMELIEHHS 3ep-
KaJblla H3 MOJOKEHHS PABHOBECHS: Py == Oy — Oby, ..., Qp = 0L, — Clg,
a 3aTeM H BeJlHMYHHA

o Oite3A . ey
(9% = - :

Jlns onpefenenust MOAYJsl KPY4eHHs1 HMTH f MOBOpauHBaior 3ep-
KaJblie H3 TNOAOXKEHHS PABHOBECHSI Ha yroJ, GOJBILOH 10 CpaBHEHHIO
¢ V (¢?). B pesyabrate 3epKajblie HauHeT COBEPIIATh NPaBHJbHbIE
KPYTHJABHBIE KoJeGaHdsd, HAa KOTOphle HAKJIAALIBAETCS OpOYHOBCKOE
Jpoxanue. VMamepup mepHoJ 3THX KPYTHJBHLIX KoseGaHHil T, Hafjem
f o dopmyne

v=2nV I/},

rae ] — moment uMHepupH 3epkadgeua. Ilocsennuil e Bxomur B ¢op-
myay (65.1). TeopeTHuecKH 3epxa/ble MOXKHO B35ITb CKOJb YTOLHO
GoJILINNM, €ro Macca, pasMepbl H GopMa COBceM He BJIHAIOT HAa BeJH-
unny {@*). Macca sepkajbla OrpaHHYeHa JHUIb NMPOYHOCTHIO HUTH,
Ha KOTOpPOH OHO nozselieHo. Kpome Toro, 4JIsi cnpaBelyIHBOCTH TEOPUH
Heo6X0AMMO, YToObl Macca HHUTH OblIa NpeHeGpe:kHMo MaJja o cpaBHe-
HHIO ¢ Maccol 3epkanibua. Onbit 6611 nocraBjaed Kannsepom 8 1932 r.
[TpuBesieM pe3ysbTarThi OJHOIO M3 €ro ONBLITOB:

T=287 K, f=9,43-10-* H.-m=9,43-10-? gquu-cwu,
(p?) =4,18-10-5,
ITonb3ysich HMH, HaXOAHM

s 943.10716.418.10-¢
k= (9% = 287 =

=1,38-10-2% /K =1,3810-1 spr/K.

Jro aaer uas uucsaa Asoragpo N :% = 6,02 102 mosp~L.
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§ 66. KaaccHueckass TeOpHSl TeMJOEMKOCTH
HleajbHbIX Ira3oB

1. Kaaceudeckas meopus menicemMKocmiu OCHOBAHA HA Rpednono-
MOHUU, MO K QMOMHO-MOAEKYAAPHOIM CUCEMAM NPUMEHUMbL S0KOHbL
KAQCCUqeckoti HbromoHo60l Mexaruku. B 1NefcTBHTENBHOCTH TIPUMEHH-
MOCTb HBLIOTOHOBOM MEXaHWKH K AaTOMHO-MOJEKYJSPHBIM CHCTEMaM
orpannuena. Ylo 3Toli OpuuMHe KJaccuuyeckas TeOpPHs He CMor/a 1aTh
FIOJIHOTO YJOBJETBOPHTEJNBHOTO DeIleHHs] NpPoOJaeMbl TEINIOEMKOCTH H
Oblna 3ameHeHa Gonee obmed keanmosod meopueti. OAHAKO BO MHOTHX
clydasix KjaccHyeckas TeopHsi NPHBOAWIA K YAHBUTENBHO XOpOLUEMY
cornacuio ¢ onelToM. IIpHunHa 3TOro B TOM, 4TO KJlacCHuYecKasi TEOpHUs
ABAseTcA NpuOGAHKEHHBIM NpelejbHBIM CJlyyaeM KBAaHTOBOH H, cieno-
BaTeJbHO, MMEET OlpeleneHHyl0 o6iacTb NpUMeHHMOCTH. B npenenax
3104 06nacTH BBIBOABI KJIacCHUECKOH TEOpUH NPaKTHYECKH HE OTJH-
'YalOTCH OT BHIBOJIOB KBaHTOBOH. Mbl HauWHaeM H3J0KeHHE C KJaCCH-
yeckofl Teopuu. OHa npome kBaHTOBOH. IlpH TaxoMm nopsiike uaioxe-
HHSl OTYETJHBEE BBIABATCA NPUHUMIIHAJIbLHBIC 3aTPYAHEHUS KJIacCH-
ueckol (H3HKH, NpeojoseHHe KOTOPHIX NpHBEIO K 3aMeHe KJjaccHye-
CKHX TIpeJCTaBleHHH KBAaHTOBLIMHU.

JJis KJaccHYecKHX CHUCTeM CIIpaBefMBa TeOpeMa O PaBHOMEPHOM
pacnpejieleHHH KHHETHYeCKO# 3HepruHd Io creneHsaMm csoboawl. Ha
OCHOBe 3TOH TeopeMbl MOXKHO NOCTPOUTh KJACCHYECKYI0 TEOpHIO Tell-
JIOBMKOCTEH TIa30B M TBepablx Tesl. HauHeM ¢ TemJIOeMKOCTH rasos.
B § 24 6bwio nokasaHo, 4To A5 HAEAIbHLIX ra3oB

Cp=yp 2. (66.1)

CV: Y———l

R
=1
Orciofa BuHO, 4TO afnabartHyeckaa IOCTOSIHHAS Yy OIHOS8HAYHO oOIpe-
nexsier obe Ttemnoemkoctu Cp u Cy njeanpHoro rasa. [lostomy aas
COTOCTABJIeHH sl TEOPHH C OIBITOM JOCTAaTOYHO CPABHHBATH MKy COBOIl
ONBITHBIE H TEOpPEeTHYECKHe 3HA4YeHHs TOJNbKO aaHabaTHYeCKOH MOCTOSH-
HOH 7.

BHyTpeHHs 3HepPrHsi rasa COCTOHT M3 KHHETHYECKOI 3Hepruu
NOCTYyIaTebHOTO, BPallaTelbHOTO H BHYTPEHHETO JBIHKEHHS MOJEKYJ
1 aTOMOB, a TaKXe U3 IOTeHLHaJbHOH 3HeprHH UX B3aUMOIEHCTBHSA.
1 upealbHBIX Ta30B, KOTa MOJIEKYJISipHBIE CHJIBI TNpeHeGPEeKHMO
MaJsbl, NOTeHUHATbHOH 3Hepruefl B3aUMOJEHCTBHS MOJIEKY/] MOXHO
npenebpeys.

2. TennoeMKOCTb OJHOATOMHB X Ia3oB. bynem
paccMaTpHBaTh MOJIEKYJhl OZHOATOMHOTO rasa Kak MaTepHajbHble
ToukH. OHM MOIYT COBeplIaThb TOJIBKO IIOCTYNAaTe/lbHbie JBHXKEHHS.
Bca BHyTpeHHSISI 3HEPIHMsl rasa CBOAHTCS K KHHETHUECKOH 3Hepruu
NOCTYNAaTeIbHOTO JiBHXKeHHsI atoMoB. CpelHssl KHHETHUECKAas SHeprus,
IpHXOAAIIAsACA HA ONMH aToM, paBHA */,0 = 3/,kT. [15 BHyTpeHHel
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9H€pI‘HH OJHCI'0 MOJig rasa noJgydaem
U=N-3,kT =3,RT, (66.2)

rae N — uncsio Aeoragpo. Otciona HaxXCIUM MOJSPHYH TETIOEMKOCTE
NPH NOCTOSIHHOM COBEME:

Cy=dU/dT =*,R ~ 12,5 [Ix/(K - monp) ~= 3 kann/(K - mosib) (66.3)
H TIPH TIOCTOAHHOM JaBJeHHH:
Cp=Cy+ R ="5,R ~ 20,8 Ix/(K - moab) ~= 5 kan/(K - mosb). (66.4)
Tlokazatens apuabathl
y=Cp/Cy=73/3=1,67, (66.5)

JInsi OHOATCMHBIX Ta20B SKCIIepHMEHTAJIbHBIC 3HAUCHHA Y IIPHBEJEHB!
B 1aGa. 3. CorlacHe ¢ SKCOEPHMEHTOM OUE€HBb XOpollee.

Tabnuua 3
Tas T, K .
Hg 527 1,666
o R
Ne 292 1,64
N O B S A

3. TennoeMKkocTbh ABYXAaTOMHBX rasos. B xka-
YeCTBe MOJe/IH MOJIEeKYJEl ABYXaTOMHOTO Tasa IPHHHMAIOT JBe MaTepH-
a/lbHble TOYKH | M 2, }KeCTKO CBA3aHHbIe APYr ¢ ApyroMm (puc. 47).
Takas Mopenp HanoMmuHaeT rantenb. 1 onpeleneHus ee MOJOXKEHHS
B DIPOCTPAHCTBE JOCTATOYHO 33/aTh MATb HE3aBHCHMBIX KOODJMHAT.
JlelictBUTeNIBHO, MOJIOXKEHHE NEPBOfl MaTepHANbHOH TOUYKH MOXKHO
3aJaTh €e MpPSAMOYTOJIbHLIMH KOOPAHHATAMH Xy, YY,, 2y; NOJOKEHHE BTO-
poil — IpAMOYTOJIbHBIMH KOOPAHHATAMH X,, Yy, Zp. STH 1IECTh BEJIHUMH,
OJHaKO, He He3aBHCHMB, a CBR3aHbl COOTHOLIEHHEM

(e — Xx1)2+ (Y2 — Y1)+ (22 — 21)? = [j; =const,

KOTOpOe O3HayaeT, YTo paccTosHHe [;, MeXKAy ToukaMmu [ u 2 ocraercs
HeuaMeHHbIM. [lonyuaercsi, TakuM 006pa3oM, NATb HE3aBHCHMBIX KOOp-
IMHAT. 3HAYMT, Hallla MOAEJAb JBYXATOMHOH MOJMEKyJbl HMeeT NSiTh
creneHell ¢BoOOJLL

B xrnaccuueckoit Teopuu HeT HeoOXOAHMOCTH KOHKPETH3HPOBATH
KOOpAVHATH, ofipefensitomiie KoHpuUrypauuoo Mmojeryanl. Hajo 3nath
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TOJBKO CPEJHIOI KHHETHYECKYIO SHEPTHIO BCEHl MoJeKyaul. A A1s ee
BBIUHCJICHHST MOXKHO BOCHOAb3CBaThes obmumu dopmynamn (63.8) n
(63.9). OHu mnokaswBaIOT, YTO CpeHAsT KMHETHUeCKasd SHeprHs MoJe-
Kyaul paBHa Y/,fkT, rne f— uncio cTeneHeli cBOGOALI MOJEKYJBE
(mns mByxatomuofi Mosexyawl [ = 5). Jlas ueseft KBAHTOBOH TeopHH
TenjoeMKocTell HeOGXOANMO, OJHAKO, PACIpeiesuTh IOJAHYI0 KHHETH-
YeCKYI0O SHEPTHI0 MOJEKYJbl IO BIOJIHE ONpefes]CHHLIM CTelleliaM
cBoGozibl. Y 106HO B KauecTBe 0B0CIIEHHBIX KOOPAHHAT B3ATbL TpH Nps-
MOYrOJIbHBIE KOODPJAMHATHL LIEHTpAa MacC JABYXaTOMHOH MOJIEKYJIbl

W JBa yIja, Oonpejesionue Ha-

4 npasnenue ocu 12. Kunernueckas
X SHEpPTHsl MOJIEKYJBl cJaraercsi H3
p 7 KUHeTHYECKOH 3HEpTHH INOCTyma-
™ ® TeJBHOTO  JIBHKEHUs ee  LEHTpa
Y 0 Y MacC M KHHETHYECKOH SHepPruHu
BpAIlEHHA BOKPYT HEro:
X p E =1 ymv? + Yl 02,

3necb [ — MOMEHT HHEPLIHH MO-
JIEKYJBl OTHOCHTEJNBHO OCH, NpO-
xozsauielt yepes 0 neprneHARK YD~
HO K mpsamolt /2. Paznaras © M @ Ha HMX KOMIOHEHTHI, TPEICTABHM
E .z B BHJe CYMMBl IISITH YJ€HOB:

E v =1smu} Y omuoy 4 Yfomos + Yol j0f + Y2l 0}

Puc. 47.

Ora dopmyna naer pasnoxeHue BeqHYHHH E.,, Ha KHHETHUECKHe
SHEPIHH, COOTBETCTBYIOLIHE TPeM IIOCTYMATeIbELIM H JBYM Bpainaresb-
HeIM cTeneHAM cBoGoael. Ha Kaxayrmo u3 sTHX creneHeld cBOGOABL IpH-
XOOUTCA B CpeJHeM KHHeTudeckas sHeprus /,kT, H MBl HNPHXOIHM
K IpexHeMy pesyabTarty E,, = %/,kT. BHYTpeHHAS sHeprus Mojs
IBYXaTOMHOIO ras3a MO KJAacCHYeCKOH TeOPHH OIPENe/feTCS BEIpaXe-

HHEM
U=N - 5,kT —=5/,RT. (66.6)
Orcoia HaxonuMm

Cy=dU/dT =5/,R ~ 20,8 1x/(K - Mmosib) ~= 5 xan/(K - Moab), (66.7)

Cp=Cy+R="/:R ~ 29,1 Ix/(K-Mosb) ~=7 kan/(K -mosp), (66.8)

v=Cp/Cy="/3=1,4. (66.9)

B tabn. 4 npuBejieHEl 3KCIIepHMEHTATbLHEE 3HAUSHHS Y AT HEKOTOPLIX
IBYXaTOMHBIX Ta30B.

4. TennoeMXO0CTh MHOTFOaTOMHE X FasoB. Ecn

MOJIEKYJly PaccMaTpHBaTbh KakK TBEpJOe Tesio, TO Takas MOAe]b Oyner
06/1ajaTe ILECTBIO CTeNeHSIMH CBOGOABI: TPeMS HOCTYHATeJbHLIMH H
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TpEMst BpamaTeJbHbIMH. Ee cpefHsisl KHMHETHUeCKas 3HEPTHSl pABHA
6_13;2153: = 3kT. Tlosromy nns MHoroatoMubix raszoB U = N.3kT =
’ =3R ~ 24,9 JTIxx/(K - Mosib) ~ 6 kan/(K - MoJsib),
Cp==4R ~ 33,3 JLxk/(K - Mos1b) ~~ 8 ka1/(K - MoJb),
y=Cp/Cy="1/3=1,33.
OHbITl SSST npu Temneparype 292 K miaa CH, y = 1,320, mna SO,
v = 1,260.

(66.10)

Ta6auua 4

Tas T, K v
H, 280 1,407
N 293 1,398
2 92 1,419
203 1,398
O, 197 1,411
92 1,404

JlomycTuM Ternepb, UTO MoJeKy/ada HMeeT f creneHeil cBoGOAbI U BCA
sHeprusi ee — KuHeruyeckasi. Torna

— L rrv=LRT,
cv=LR, co=1L12R, (66.11)
j+2
Lo

Kuunéryueckas SHEprua ImnoCTynaTeJbHOro JABHXKEHUSA BCEX MOJIEKYJI

<EIIOCT> =N 3/2kT:‘?' U.

ITostomy
PV =; (Evosy =7 U=RT. (66.12)

SADAYA

BuUHCAUTE MO KJIACCHUECKOH TEOPHH YIEe/bHbIE TeMJOEMKOCTH ¢, H Cp CMECH
HIealbHLIX T'a30B, COCTOAMEN M3 V; MOJeH OJXHOATOMHOro, v, MoJefl ABYXaTOMHOTO
M vy Mosielf MHOTOATOMHOTO rasoB. MoJieky/isipHble Beca rasoB paBHbl COOTBETCTBEHHO
My, My, My

OTrBerT.

3vy+ 5By 6vg
2(V1M1+V2M2+V3M3)

Bvy +7v, -+ 8vs
r=3 (ViMy+veM g+ vaMy)

R,
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§ 67. AguabGaTHyecKoe HarpeBaHMe H OXJaX[IeHHe rasa
€ TOYKH 3PEHHS MOJIEKYJSPHO-KHHETHUECKOH Teopuu

1. TlpumeHHM MOJyYEeHHBIE Pe3YJIbTATH K a1Ha0aTHYECKOMY C2KaTHIO
H pacHIMPeHHIO HJeaNbHOTO rasa. 3To siBjeHHe ObIO y»Ke pPacCMOTPEHO
C TOYKH 3peHus ¢opManbHoi TepMoinHamukH (cM. § 21), u 6pi10 noKa-
3aHO, YTO NpH aauabaTHYECKOM CKATHM ras Harpepaercs, a NpH agua-
6aTHyecKOM pacluypeHHH — OXJa)knaercs. PackpritHe (H3HUECKOTrO
MEXaHH3Ma 5TOTO, KaK U BCAKOTO APYIOTo, fABJACHUSA HAXOAHTCS BHE
KOMIIETEHLIHH (POpMaibHOH TepMOAWHAMHKHM. ITO HeN0 MOJEKYJsApHO-
KHHeTHYeCKOH Teopuu. UToObl pazobpaTbcs B MeXaHH3Me SIBJEHHA,
JONYCTHM, 4TO aauabaTHYECKOe CKaThe WM pacliipeHHe OCYILECT-
BJISETCA TNEpeMelleHHeM IOPIIHA B IUVIHHIPE, B KOTOPOM 3aKJ/ioueH
ras. Eciu Gbl noplieHs OCTaBajCsl HENOABHKHBIM, TO MOJIEKYJbI Tasa
OTpaxkaJuch OBl OT HEro B CPEIHEM C TAKHMH K€ I10 BeJHYHHE CKOpO-
CTAMH, KaKHMHU OHH 06/aja/lu 10 oTpaxeHus. [las IBHKYyLIErocs Nopiu-
HA TOro yxe He Oyler. MoseKkyabl, oTpaKeHHblE OT IBHKYLIErocs
nopluHA, OYAYT COXPAHATb BEJHYHHY CPeAHEH CKOPOCTH TOJBKO B CH-
cTeMe OTCYeTa, B KOTOPOH moplieHb  nokourcs. CpelHHe CKOPOCTH
MOJIEKY/J OTHOCHTENIbHO HENOABMMKHBLIX CTEHOK [WIHMHApPA U3MEHSTCS.
Ecsiu nopiuels BABHTraeTcs B LUJIXHHIP, TO NPH OTPAKEHUH OT HETO Cpej-
HHe CKODOCTH MOJIEKYJ YBeJHUYHMBAIOTCS — ra3 HarpeBaercs. Ecau xe
NOpILLEeHb BBIABHTaeTCs U3 LWIHHAPA, TO OHU YMEHbIIalTCs — ras3
oXJaxjaeTcs. SIBAeHHE AHAJOTMYHO H3MEHEHUIO CKOPOCTH MARAJbLHO
YOPYroro Msya Npu OTPAXKEHUH OT ABMAKYLIeHCH CTeHKH. Eciu cTeHKa
U MAY JBIDKYTCS HAaBCTpewy APYT APYry, TO HPH OTPAXKEHHH CKOPOCThb
Mf4a YBEJHYUBAETCS; eC/IH 2Ke OHH JBHXKYTCS B OJHY CTOPOHY, TO CKO-
pOCTb MsiYa NPH OTPaKeHUH YyMeHbllaercs. TaK NPOCTO W HarJsiiHO
MOJIEK Y/ SIDHO-KHHETHYECKAsl TeOpHS OObSICHSIeT HarpeBaHHe H OXJawxK-
lleHue rasa npu aanabaTHyeckoM C2KaTHH H PaclLIpeHHH.

‘2, Herpynuo o6seub 3TH KauecTBeHHLIE pacCy:KeHHsT B KOJHYe-
CTBEHHYI0O (POPMY H TakHM IIyTeM TIOJYYHTb YypaBHeHHe aaHabaThi
Ilyaccona. Eciu nopiueHb BABUraeTCsl WM BbUIBHIAeTCsl OuY€Hb Obl-
CTpO, TO TepMOJAMHAMHUYECKoe paBHoBecHe rasa Hapywaercs. [lpu
yaape O TOpLIeHb 3aMeTHO MEHSETCsl KHHEeTHYecKast 3HePTUsi TOJNbKO
NOCTyNaTebHOIO ABHXKEHHS] MOJEKYJbl; BpalllaTeJbHas SHEPTHSA 1 3Hep-
THSl BHYTPHMOJIEKY/JIAPHBIX HJIH BHYTPHATOMHBIX JBIZKEHHH B CpPeJHEM
ocraercs 6e3 uaMmeneHus. Iloatomy 1pu GbICTPOM IBHKEHHH HOPLUHS
B ra3e BO3HHKdeT MaKpOCKONUYeCKoe [BHKEHHe — INpH BABHUIAHHU
HOPUIHA Ha JOJI0 IOCTYnartespHOH creneHu cBofoabl OyneT IpHXO-
INTbCSL B CpefHeM OO/blIasl KIHETHYECKAs 3IHEPUHs, 4eM Ha JoJi0
BpailaTelbHOH uau KosebarteqbHOIl- cTemen ¢BOOOJIb, a NMPH BLIIBHIa-
HUM — MeHbllast. PaBHOMepHOe paciipeje/selne KHUHETHYECKOH 3Hep-
THH NO CTeneHsiM CBOOOAbl Hapyluaetcsi. EC/AH OCTAHOBHTL NOPILIEHD,
TO B pe3y/JbTaTe CTOJKHOBEHHI Mexy MOJeKyJaMH HauHercs Mnpo-
uecc npHOMMMKEHHH ra3a K COCTOSHHIO TePMOAMHAMHYECKOTO PaBHO-
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BecHd. [IpH 3TOM NMPOMCXOAMT mepepacrnpenie/ieHHe KHHETHYECKOH 3Hep-
THH MeX]JY Pas3/HYHBLIMHM CTeNeHAMH CBOOOALI, NOKa He OYIeT NOCTHr-
HYTO paBHOMepHoe pacnpefeneHue. OHaKo, Korja NMOplIeHb ABHKETCS
MeJlJIEHHO (B Mpejiesie 6eCKOHEUHO MeIJIeHHO), 3TOT NpolLecc nepepacrpe-
JleIeHHST MOXKHO CUMTaTh 3aKOHYMBIUMMCS B KakAblil MOMEHT BpEeMeHH.
WnbpiMu cioBamu, B 11060l MOMEHT BpEMEHH COCTOSIHHE Ias3a MOMKET
CUUTAThCA PABHOBECHBIM, a NPOHUCXOASIIKHE C HHUM IIpoLecc — KBasu-
CTaTHYECKHM.

3. Wrak, monycTHM, YTO NOpIUEHb JABHKETCS B LUJIHHIpEe GecKo-
HEUHO MeVIEeHHO cO cKopocThlo ¢ (puc. 48). na mpoctoThl Gynem
CUHTATh MOPIIEHb HeajJbHO IVIAJKHM, a8 OTpaKeHHe MOJIEKYJ/ OT Herg —
3epKaiabHbIM. [1ycTh MoseKyna nojjieTaeT K MOPIIHIO CO CKOPOCThIO ¥;.
OTHOCHTEIbHO NOPILHS ee CKOPOCTb OVHeT ?; oy = ¥y — €. HopMmanb-
Hasi COCTaBJAIONAs OTHOCHTEJIBHOH CKODOCTH paBHa
(Vi orw)x = Uiy — €. OO03HAYUM ¥} 4y CKOPOCTh (-
MOJIEKY/Ib OTHOCHTE/BHO INOPILUHA NOCJKE OTPaKeHHS.
Kacare/sbHas cocraBasiomas OTHOCHTENBHOH CKOpO-
CTH B pe3y/bTaTe OTPaKeHHs He H3MEHHTCH, a HOp-
MaJbHasg H3MEHWT 3HakK, TaK 4YTO

(dom)x = (Uiom)x =—U; .

X

Ofo3HayuM jajee ¥; CKOPOCTb MOJEKYJbl OTHOCH-
TeJIbHO HENOJBHXKHBIX CTEHOK LHU/JIHHApA MOcTe OTpa-
»keHnsi. Ee HopManbHasi cocTaBafwlias pPaBHA Uf, =
= (U] oru)s + ¢ = — U;y + 2¢, a KacaTelbHasg COCTaB- Puc. 48.
JSI0IIAS TaKas e, YTO H Y CKOPOCTH ¥;. B peayabrare

OTpa)KeHHs OT MOPIUHS KHHETHYECKAas 3SHepPTrHs MOJEKY/JIbl MOJYYHT
npupauieHue

Yom (— vy + 20)% — Vomui, = — 2mcev;, -+ 2mc?.

CnaraeMbM 2mc? MoxHO npeHeGpeub, KaKk BeJHYHHOI BTOPOro mopsjika
MasoetH 1o ¢. OB03HAYHM f; YHCAO MOJeKYJ B eluHulle o6bema, CKo-
pOCTH KOTOPHIX PaBHBI WH, Jyylle, NpUOJH3UTEILHO paBHel ¥;. Hucio
yZapoB TaKHX MOJEKYJ O NOpIIeHb 3a BpeMs df paBHO 2; = Sn; (Ve —
— ¢) dt, rne S -— nyouanp NopuiHd. 31ech TAKKe MOXHO NpeHeOpeub
CKOPOCTBIO ¢, KaK BeJHYHHOH, 6eCKOHEUHO MaJsoil TI0 CPaBHEHHIO C Uiy,
T. €. TIOJIOXKUTh 2; = Snw;df. B pe3yabrate KuHeTHUECKas 3HepTHS
MOJIEKYJ/I paccMaTpHBaEMOfl TPYNIEl 32 BpeMs df HOAYUNT NpHpaleHHe

— 2micv; 2= — 2mnvi Sc dt = — 2mn;vi, dV,

rae dV = Scdf — npupaulenue o6veMa rasa 3a 1o xe Bpems. Ilpupa-
LIeHHEe KHHETHYECKOH 3Hepruy Bcero rasa

dEgn=dU=—dV Y 2mnu},.

L‘.x>0
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37ecb CYMMHDOBAHHE BeJIETCA TOJMBKO IO TeM TPYOIaM MOJEKYJH,
KOTOpPbiE JIBHXKYTCS MO Hamnpa/enuio K nopiunio. Ecan xe cymmupo-
BaTb MO BCEM TpYHNaM MOJEKYJ, ABHKYHIHMC Kak K NOpPLIHIO, TaK
U OT HEro, ToO CyMMy HaJO pasjenuThb nonojam. [IpH TakomM noHuMaHHU
CYMMHPOBaHHS

dU=—dV ¥, mnvt.

B § 59 6n1o moxkasano, UTO BXOAALIAS CHOAA CyMMa papHA JAaBJeHHIO
rasa P. llostomy
dU 4P dV=0.

INoncraBus ciona sxHauenue U u3s dopmyant (66.12), nonyyum
o i —
<,§A+ 1>PdV+7VdP_O,
WJIH Ha OCHOBAHHM INOCJeAHero u3 coorHouueHuil (66.11)

YPdV + VdP=0.

310 — Ougbpepernyuarvrioe ypasHerue anuadatel, nojdyueHHoe B § 21
YHCTO TepMOAHHAMHUYECKH. TaK KaK Mo K/1acCHYecKoll TEOPHH Terl1oeM-
KOCTH y — BeJMUMHA IOCTOSIHHAS, TO HHTerPHPOBAHHEM 3TOIO ypas-
HeHMsT TNoJyyaercsi ypaBHeHue Ilyaccona

PVY¥=const.

4. Tlpu GeCKOHeUHO MeJieHHOM JBHXKEHHH TOPUIHA KaXKkl1oe oTpa-
JKEHHe MOJIEKYJILL CONPOBOXK/AeTCsl OeCKOHEUHO MaJblM H3MeHeHHEM
ee CKOpocTH. BosnukaeT Bompoc, KakuM o0pa3oM B 3THX YCJOBHAX
MOXKET TOJTYYHTBCSH KOHEYHOe U3MeHeHHe Temmeparypw rasa. Ha srtor
BOIIPOC JIETKO OTBETHTH. /lel0 B TOM, YTO ueM MeJJIeHHee JBHIKEeTCs
ropienb, TeM OGoJjiblie Tpebyercss BpeMeHH, uToObl 0OBEM raza HaMme-
HWICS Ha 3aJaHHYI0 BeJHUMHY. 3a 3TO BpeMs INpon3oiferT 60abliee
YHCJI0 YAAPOB MOJMEKYJ O NMOPIIeHb, YeM Ipu 6oJiee GHICTPOM JIBHXKEHUH.
IMpu KaxIOM OTpazKeHUH H3MeHeHHe SHEPTHH MOJEKYJbl TeM MeHBINe,
ueM MeJJIeHHee JBHKETCS TopiueHb. (OHAKO IPCOH3BEJCHUE YHCHAA
yIapoB Ha cpeiHee H3MEHEHHE 3HEPTHU MOJEKYJsl IIPH OJHOM OTparKe-
HHMH OT CKOPOCTH JIBH:KEHHS NOPIIHS He 3aBUCHT (€CJIH TOJBLKO Ipolece
MOXKeT CuyuTaTbCi KBasucratuyeckuMm). OHO onpeaensercss TOJNBKO
BeJTHYHHAMH Ha4a/lbHOTO M KOHeuHoro obbemoB rasa. Ilostomy u npu-
palleHHe KMHETHYeCKOH 3HeprHu TenJIOBOTO JBWKEHHS rasa onpefend-
eTcs TONbKO NPUPALICHHEM ero ofbeMa U COBEpPLIEHHO HE 3aBHUCHT OT
TOro, OBICTPO MJIH MEAJAEHHO ABUTA/CH NOPIIEHb (IPH YCIOBHM, 4TO
NpOIeCC — KBA3UCTaTHUECKHUI).

5. Tepmun «apubatuueckuils npuMeHsieTcs B GH3UKE B [IBYX CMBICIaX.
B TtepMojuHamMiKe aaunabaTUYeCKHM HA3LIBAIOT IIPOUECC, IPOHCXO.s-
muit Ges rofBoga U OoTBOJA Tema. OH MKeT OHITh KaK PaBHOBECHLIM,
TaK H HepaBHOBECHBIM. B mexanuxe nod aduabamuseckum o30eticmeuem
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HQ cucmemy NOHUMQIOM makoe 8030elicmsue, npu Komopom ee eHeulHue
napamempor MEHAIOMCA GeCKOHEHHO #edAeHHO. PaccMOTpHM, Hampumep,
MaTeMaTHUYeCKHH MasITHHK — ILAPHK, NOABEIIEeHHLI Ha HepacTsKUMO
HHTH, HepPeKHHYTOl Uepe3 TI'BO3/b. BHEWHHMH mapaMeTpaMu TaKoH
CHCTEMB! SIBJISIOTCA JYIHHA HUTH [ U yCKoperHe ciibl Tskecru g. Ilors-
HYB PYKOH 3a cBOOOJHBII KOHEL HUTH, MOKHO MeHATb [. MOXKHO Takke
MEeHATL BeJHUHHY g, NepeMelas MasiTHUK BBEPX WAH BHH3. Ecau 3Tn
H3MeHEeHHSl NMPOU3BOASTCS AOCTATOUHO MENJEHHO, TO BO3felicTBHA HA
MasTHUK OyayT aanalatHuyecKuUMHu. DyHKuuu OUHAMUHECKUX NEPEMEH-
HbLX CUCMEMbL, OCHIQIOWUECS NOCHIOSHHOMU NPpU aduadamutecKux 603-
Jelicmeusx Ha Hee, Ha3vIBAIOMCS a0UADGMUMECKUMU  UHBAPUAHMAMU.
B stom cmbicsie Bemunna PVY sipasiercs aanaGaTHYeCKHM HHBApHAH-
TOM TeMVIOH30JHPOBAHHOA CHCTEMBI, COCTOSINEH H3 HJIEATLHOIO rasa.
Ecan ras B HuHHAPE TENJIOU30JANPOBAH, HO NIOPHUIEHE ABHKETCS OLICTPO,
To BelHunpHa PVY B xoze mpouecca, BooGlie ropopsi, He OyjeT ocra-
BaTbCH NOCTOSHHON. Bosee TOro, NOCKOJALKY IPH OLICTPHIX JABHKEHHAX
NOPINHA npolecc OyleT HEPARHOBECHHIM, Ta3y B II€/JIOM Heslb3sl IIPHIK-
caTh Kakoe-1uGo onpeneneHHoe jAaBieHue P. Ecau ocraHoBuThR INOp-
LIeHb M NOAOXKAATb, YTOOBL Ia3 MPHILEJ B COCTOSIHHE PAaBHOBECHH, TO
Jaxe B 3TOM ciaydae BeauuuHa PVY, Boobuie rosopsi, uamenurcs. o-
MyCTHM, HampuMepP, YTO IOPLIEHb BBABHTAETCS CO CKOPOCThIO, B He-
CKOJIbKO Pa3 NIPEBLINAIOmEH CPeLHIO CKOPOCTb TEIVIOBOIO JBHAKCHHA
MojieKy/1. Toria mopaBisomas MoJsi MOJNEKYJ He CMOXKET «JIOrHAThb»
nopileHb U oTpasuThes or Hero. Ilpomecc 6yaeT npoUCXOANTL TaK XKe,
KaK pacllupeHHe rasza B mycTOTy. IIpH 3TOM coXpaHHTCH NOCTOSTHHOH
BHYTPEHHSIS1 3HepTUd rasa, a ¢ Hed W npousBenende PV. Bennunna
ke PVY usmenuTCS.

6. 13 mpuBefieHHOrO PacCyKAEHHUS SICHO, UTO npl 0OHOM U MOM Oie
YBeAUHEHUL 00BEMA NOHUMNMCEHUE memnepamypbl easa 6yoem HauboAbUM,
Koe0a pacuuperue npoussodumcs Keasucmamutecku., C  (dopMaabHO
TepMOJAMHAMHYECKOH TOUKH 3DEHHs IOHIKEeHHe TeMIepaTypsl rasa
oObsicHseTcss paboTol, KOTOPYIO OH BBHIHYXKJEH COBEpLIATh NMPH PacilH-
peHHH. B TexHuke KBaszucraTHueckoe aguabaTnyeckoe pacilipeHue rasa
C NpPOM3BOACTBOM BHelllHeH paboThl UCMONb3yeTcs A5 MOJdYyYeHHS HH3-
kux Temmepatyp (cMm. § 105). B orHomennu artoro crnocoba HeoOXOAMMO
3aMeTUTb, YTO NG Mepe MNOHMKEHUWS TeMIepaTyphl Ta3a ero JaBlle-
HHe YMEeHbLUaeTC U MOMeT OKa3aThCs HeNOCTATOYHBIM IJIS Hpeojo-
JIeHHsl BHelIHHX CHJA. Kasagoce Obl, 4YTO JafibHeliliiee IIOHHXKeHHe
TeMIepaTyphl YKA3aHHLIM METOJOM CTAHOBHTCA HEBO3MOXKHLIM. ITO
HeBepHo. /151 mpeojosenysi BHEIIHHX CHJI BOBCe He 0653aTeIbHO HCIOMb-
30BaTh JaBjeHHe CAMOTro Tra3a. BajkHo ToIBKO 3acTaBUTh Ta3 pacild-
pAThCHA, TNpHBEAS B JBHKEHHE OJHY H3 CTEHOK cocyZa (TOpIleHb),
B KOTOPOM OH 3aKJIueH. A ]ISl 3TOFO0 MOXKHO BOCIO/b30BAThCHA Ka-
KuM-Tu60 npuratenem. Ilpu oTpaskeHum oT ABHKYIEHCS CTEHKH, Kak
SICHO W3 MOJEKYJaspHO-KMHETHUYECKOTO PacCMOTPEHMs], IPHBEJCHHOTO
Bhllle, Fa3 6y/eT Ipoao/KaTh oOXJaxaaTecd. U 310 oxaaxaeHye B NPUH-
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1HIIe MOKEeT NPOJ0/KAThCA L0 TEX Mop, NOKa ra3 He mepefier B XK1JKoe
coctosinie. KoHeuHo, M B 3TOM cJay4yae OXJaxKAeHHe MPOHCXOIHT 3a
cueT paGoThl, Npou3BoAuMOil rasoM. Ho 310 ecth gornyxicdennas paboma,
BO3MOXHAs TOJNLKO MOTOMY, YTO JIBHratreib IPHBOAHT B JABHKeHHe
TNopIIEHb, OT KOTOPOTO OTPaXawTcd MoJeKyJIsl Tasa. B orcyrcrBie agi-
ratelis paspekeHHbIl ra3 He cMor Obl NpousBecTH paboTy, Tak Kax
ero JaBjeHue HeJOCTATOYHO AJsI NPeoJOJeHHs BHEWHEro JABJeHHs H
Pa3MHYHOrO poja BpPeRHBIX CONPOTHBJIEHHH,

SAJAYA

OueHuTb MOPAJOK BEJHUHHBEI MaKCHMasbHOIl CKOPOCTH, C KOTOPOIl apTH.IIepHil-
CKHIl CHapsi/l MOXKeT BELIETAaThb H3 cTBOJa opyAHsa. Kakne TpeGoBaHHA Halo Npefbas-
JATh K NOPOXY, uTOOGbl 3Ta CKOPOCTb ObLTa BO3MOKHO Gojblueii?

Pewmenue. Koria cnapsj ABHKeTCs B CTBOJE OPY/HS CO CKOPOCTHIO, MpeBbl-
mwaoulefl CKOPOCTb TENVIOBOTO ABHKEHHs MOJEKy/ TNOPOXOBBIX [a3joB, NOCJeAHHe
NOYTH TepecTaroT OKa3blBaThb AaB/eHHe Ha JAHO CHapsjia H ycKopaTh ero. Otciona
CleayeT, YTO MaKCHMalbHO JOCTH)KHMas CKOPOCTbL CHapfja NMpH BhuleTe H3 CTBoJja
opyaus GyjeT Nopsiaka cpefiiell CKOPOCTH TelJioBOTO ABHIKEHHS MOJAEeKYJ MOPOXOBhIX
raaoB. Ona Tem Oo.iblue, 4YeM Bbitle TeMmepaTypa IOPOXOBLHIX Ta3oB H YeM MeHblle
HX MOJEKYJsPHbIfl Bec,

§ 68. Kaaccusueckaa Teopusa
TEMJIOEMKOCTH TBePALIX Ted (KPUCTAJIOoB)

1. ITpocreiiieit MoieabI0 KpHCTadia sIBISETCS NPABHALHO MOCT-
poeHHast KpHCTaJJHyecKasi pellieTka, B y3JaX KOTOPOH MOMelaoTcs
ATOMbI, NMPHHHMaeMble 33 MaTepHasbHbBiE TOYKH. ATOMBI COBEPILAIOT
TeNJIOBLIe KoJeGaHusl OKOJO NoJoxeHuii paBHoBecHst. Ecau xoge6a-
HHS Mansl, TO OHH OYIYT rapMOHHY4ECKHMH. DHEPTHS KaKIOro aroMa
cnaraetcs M3 KHHeTHueckoii H norteHuuannroil. Ha kaxkayio crenens
cBoGo/B! TIPUXOMHTCS B cpeAHeM KHHeTHueckasi snepTHs '/okT. Kak
Obio nokasaHo B § 63, mpH rapMoHHYecKHX Kose0aHHSIX Ha OJAHY
crerneHb cBOGOABI NPHXOJUTCA B CPeAHEM Takas ke MOTEHIHadbHad
sHeprus, 1. e. 1/,kT. Taxum obpasoM, cpenHee 3HadeHue NoJaHOH 3Hep-
THH, NPUXOIALIEHcS Ha OAHY KoJebaTeNbHYIO CTeneHb CBOGOABI, PABHO

Exon = Exun +Epor = RT. (68 ])

Temneps Jlerko paccyuTaTh TEJIOEMKOCTb KPHCTAMIHYECKOH PEIleTKH.
Jlns nmpocrotel 6yleM cuHTarh, YTO BCe aTOMBl OAHHAKOBHL. Kaxawii
atoM oOsajaer Tpemsi KoJieGaTesNbHBIMH CTeneHsAMH CBOGOABI, a MOTOMY
Ha Hero NPUXOAHTCSA CpefHsis 5Heprus 3k7T. YMHOXKHB 3Ty BeJTHYHHY
Ha uHcao ABorajpo N, HaifileM BHYTPEHHIOIO IHEPTHIO MOJsI TBep-
Joro tena U = N-3kT = 3RT. Orciofa 115 MOJSPHOH TENA0EMKOCTH
TBEPJOro Teja Toayuaem

Cy=dUydt =3R ~= 24,9 Ix/(K -monb) ~6 kan/(K-moap). (68.2)

Ewme B 1819 r. Hionour (1785—1838) u Ilru (1791—1820) ycraHo-
BIJIH 3MMHDHYECKOe NTPABUJO, COIJIACHO KOTOPOMY npousgedeHue ydeas-
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HOU Meni0emKoCmy XUMUHECK020 2AeMeHMA & Meeplom COCMOSHUY Ha
020 aMOMHYIO Maccy npubIUSUMEeNsHO 00UHAKOS0 OAfL GCEX IACMEHMOs 1
cocmagasem oK0a0 6 kaa/(K - moas). Mul BHanM, uto npasuio Jdomnonra
1 Ity Haxoxut npocroe oObscHeHHe B KJacCHUeCKoll TeOPUH TenJoeM-
kocrell. BoiBog noxaseiBaer, yto B npashie Jiosonra u [Tt peun uger
O MOJISIPHOH TEIJIOEMKOCTH IIPH NOCTOSIHHOM oOpneme. B Ttaba. b mpu-
BeJeHLl MOJIAPHBIE TEMJIOBMKOCTH HEKOTOPHIX 3JIeMEHTOB B TBEPAOM
COCTOSIHHH B TeMmmeparypHoM HHtepBase or 15 no 100 °C.

TaGauma b

i cy, Cy,
DireMeHT Kan/(K-mob) SnemenT kaJa/ (K. mo/b)

C 1,44 Pt 6,11

B 2,44 Au 599

Al 5,51 Pb 594

Ca 5,60 U 6,47

Ag 6,11

2. Ilycte Temepn TBepioe TeNO SIBIAAETCSI XHMHUECKHM COe/UHe-
HueMm, Hanpumep, NaCl. Ero kpucransnuyeckass peleTka MOCTpoeHA
M3 aroMOB pa3aH4YHbIX THIOB. QueBHIHO, MOJIeKyJ/spHAsi Macca XH-
MHUYECKOTO COeJHHEHHs paBHa CyMMe ATOMHBIX MacC BCEX aTOMOB, H3
KOTOPEIX COCTOHT MOJIEKYJid 3TOrO COeAMHeHHs. [l NpHMeHHMO-
CTH TEOpeMbl O PaBHOMEPHOM pacnpefeseHHH SHEPTHH IO CTENeHAM
cBOOOAbL HE HMEeT 3HAUYeHHs, OJHHAKOBBL HJM pPAa3jHYHEL aTOMEL
Kaxaplit arom obnagaer TpeMd KojebaTeNbHBIMH CTENEeHAMH CBOGOMI,
H Ha Hero B cpefiHeM NPUXOAHTCA 3Heprusa 3kT. Ecau B MoJekyle
1 aroMOB, TO HA MOJEKYJy Opujercs B cpefueM sueprusi 3nk7T. Mo-
JspHad TemnoeMkocrb Oyler 3nkN = 3nR, T.e. oHa B n pa3 6oib-
llle, 4eM Y TOTO Ke BellecTBa, ecsiH Obl ero MOoJIeKyJbl OBLIH OJHOaTOM-
Hbl. VIHBIMH ClOBaMH, MOAsApHas Menaocemkocnls  mgepdoec  coe-
OUHEHUR PABHA CYMME MOAAPHBIX MENACEMKOCMEL  3AeMEHMo8, U3
KOMmopetx OHO cocrioum. DTO NpaBHo OblIO HAHJEHO SMIHpHYe-
CKM M HaspiBaercss sakoHoM Jlxoyns u Komma. JLKoynb BbicKa-
3as ero B 1844 r. Ho tosipko B 1864 r. 3aKoH Obl/1 OKOHUATENBHO Cop-
MmyJjupoBaH Kornmom # NOATBEpPKAEH TPOMaTHBIM MHOXKECTBOM (akK-
TOB, NOJy4YeHHBIX camHM Kommom. 3amerum, 4ro 3akoH [Ikoynas —
Konna B mnpusenenHo#t Bbiule ¢QopMmyauposxe: «Mogasphas Teno-
eMKOCTh TBEpPAOIQ COeJHHEHHA NpHUOJAM3HTETbHO pPaBHA CyMMe MO-
JSPHBIX TENJIOEMKOCTEH 37eMEHTOB, M3 KOTOPBIX OHO COCTOHT» —
obnafaer Gogbiiel obuiHOCTRIO, YeM npasuso ososnra u Iru. [lpasu-
Jio Jdiononra u IITH MOXKeT Hapylarbes, T. €. MOJISPHbBIE TEIIOEMKOCTH



226 MOJEKYJAPHO-KUHETUUECKAS TEOPHY BEIECTBA [ty v

XHMHYECKHX 3JIeMEHTOB, BXOASLINX B COeJHHEHHE, MOTYT OTIHYATBECS
APYT OT jApyra, HO TeM He Mesee 3akoH Jlxoyas u Konna moxer ocra-
BaThCA CNpapeJyiuBbIM. meHnno 310 U OelI0 ycTanoBaeHo Konmow.

§ 69. HenpocTaTo4HOCTh KJACCHYECKOH TEODHH TeMJIOEMKOCTE.
lNonsathe o kBaHTOBOH TeopHH (KaueCTBEHHOE PACCMOTpEHHE)

1. CpaBHeHne KJ1acCHYeCKOil TEOPHH TeNJIOeMKOCTH C OITLITOM IO-
KasblBaeT, YTO OHA B OCHOBHOM IIPaBWJIbHO ONMKCLIBAeT OMpejiesleHHblH
Kpyr Apienyit. OJHaKo MHOTHE $SIBNeHHSs! OHA He oObscHseT. Pan onbit-
HEIX (DAKTOB HAaXOAHTCS B PE3KOM NPOTHBOPeuHH ¢ 3TOfl TeopHei.

[Tpexae Bcero, kaaccuueckas meopus we Oaem o6BACHEHUA 306UCU-
MOCIIU TMENACEMKOCIIU meA om memnepamypsi. B taba. 6 npuseneHb

TaGauna 6

C Ve CV,

7. K kanj(K + MoJjb) K kaa/(K « Monb)
35 2,98 1200 5,49
100 3,10 1600 5,76
290 4,90 1800 592
600 5,08 2000 6,06
800 5,22 2500 6,40

1000 5,36

IJs mpuMepa MOJIspHBIE TelJIOEMKOCTH ra3000pasHoro BoAOpOAa NpH
PasNHuHLIX TeMmreparypax.

MoikHo 6bln0 Obl GONBITATECS OOBACHHTb 3ABHCHMOCTb TEILIOEM-
HOCTH OT TeMnepaTypbl HerapMOHHYHOCTBIO KoseGaTesbHBIX cTeneHefi
cBoGoAEl MpH GOJBILHX aMIVIHTyAaX KoJjeGanud. Hanpuwmep, B ciyuae
MOJIeKYJIBl BOAOPOAA B3aHMOAefiCTBHE aTOMOB NPHBOAHT K HX KoJjeba-
HHAM BAoAb oci YY (puc. 47). [ns nerapMoHuueckHxX KosebaHHI
cpelHAsl KHUHETHuYecKas »5HePrHs, NpHNOAfllascAd Ha OJHY CTeleHb
cBOGOAEI, y:e He DaBHA COOTBeTCTBYMOWieH cpejHell NOTeHUHa/bHOHU
snepruu. CoOTHOILLEHNHE MeXKAy HHMH 3aBHCHT OT aMIVIMTYAHl Kojeba-
HHH, T. e. B HOHIle HOHLIOB OT TeMrepaTypbl raza. [Ipu BEHICOKHX TeM-
neparypax yder HojieGaHHil yayullaeT e/, NOCKOMBbKY TeIJIOEMKOCTb,
cBA3aHHad ¢ HojebaTeNbHOH CTeneHbio CBOOOJBI, MeHfeTcsl ¢ H3MeHe-
HueM TeMiieparypel. OAHAKO 5TH coo0paeHHs TePSIOT CHAY NpPH HH3-
KHX TeMiepaTypax, Iie PAacXOXIEeHHA KJIacCHYeCKO# TeOpPHH C OMBITOM
nposBasiiorcs 0co6eHHO pesko. Ilpu HU3KHX TeMmneparypax, CORJIACHO
TNIpeACTAB/IEHHAM KJAaCCHYECHOH TEOPHH, aMIVIHTYAB! KoJeGaHHH MaJlbl,
a NOTOMY caMH KosieOGaHUf MOTYT CYHTAThCSl rapMOHHUeCcKHMH. B sToM
cayuae aag TenoeMKocTH Cy N0 KJIacCHYECKOH TeOpHH Mbl IOJYy-
yuan  Oel 7 Kaa/(K-Mo/b) BMecTo SHCIEpHMEHTAbHOTO 3HaueHHS
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3 kan/(K-monb). Onuer nokaseBaet, uto Huxe 100 K Bogopon Hauu-
HaeT BecTH ce6fA Kak onHoaToMHEI ras. K atomy cremyer jno6aButh
9KCNIePUMEHTAJBHO YCTaHOBJEHHEIH (PakT, YTO NPH NpHOMHKEHHH K ab-
COJIIOTHOMY HyaIo TemoeMKocTH Cy 1 Cp BceX Tesl cTpeMATcs K HYJIO.

2. Kunaccuueckas Teopust HenocjenopatesnpHa. Ilo Teopeme o pas-
HOMEPHOM pacnpejie/leHUH KHHETHYEeCKOH 3Heprud BCe CTENEHH CBO-
Gozpt pasHonpaBHel. Ilostomy TpefyeTca JIMIIbL IOACYMTATH HO.IHOE
4ucao cTeneHed cBoGo bl COBCeM He obpallasi BHUMAHH A Ha UX NPHPOLRY.
Mexny TeM KJaccuyeckast TeOpHs IO KAKHM-TO HENOHATHBIM IPHYHHAM
YUMTBIBAeT OHH ¥ OTOpachiBaeT pyrue creneHu cBoboinl. Tak, atom
O/IHOATOMHOIO Trasa KJacCHuecKas TeOpHs paccMaTpHBaeT Kak Mare-
PHANBHYIO TOYKY C TpeMsl CTeneHsAiMH CBOOOABI M 3THM JOCTUTaer W3-
BECTHOTO corviacus ¢ oneiToM. Ho atoM — He Touka. Ecsiu ero npuHATh
3a TBepJOe Teso, TO INOJYYHUTCH 1IeCTb CTeleHeHl cBOGOILI — TPH HO-
cTynarte/pHble U TPH BpamaresabHble. Teoperuueckas TennoeMKocTs Cy
OJIHOaTOMHOTO rasza Bo3pacteT jo 6 kana/(K -Mosp). AtoMm He sBaseTcs
TAKIKEe TBEpJbIM TeJOM, a HMMeeT BHYTPEHHIO cTpYKTypy. Hucio cre-
neHeii cBoOOABl ero MHOro GoJbiue mmect. [lostoMy npu nocienosa-
TeJIbHOM PacCMOTPEeHUHU Tel1oeMKocTb C 'y 0IHOATOMHOTO ra3a 1o KJaccH-
yecKoft TeopuH NOKHA Gblia Gbl GbiTh MHOTO GoJibiue 6 Kas/(K -Moub),
a 3T0 NPOTHBOPEYUT (paKTaM.

BosbMmewm, pasee, aByxatoMHyio Mosekyany. Kiaccuueckas Teopus
VUYHTBIBAET BpalleHusi ee BOKpyr ocell XX u ZZ (cMm. puc. 47), Ho He
IIpUHHMaeT BO BHHMaHue Bpamende Bokpyr oci YY. Ilocnennee B xaac-
CHYECKOH TeOpHH HCKII04aeTcst Ha TOM OCHOBAHHMI, YTO HE HMeeT CMbIC/Ia
TOBOPHUTB O BpallleHHH MaTepHa/JbHbIX Todek / U 2 BOKPYT coefnHstome
npsamoii /2. Ho Takas aprymenTanust opmasnbHa H HeyGeuTeabHa, TaK
KaK aToMbl He SIBISIOTCA MaTepHaibHBIMH ToukKaMmu. Ecan atomsr /i 2
paccMaTpnBaTh KakK TBEpPAble Teja, TO KaKAbli U3 HHX GyieT HMeTb 6,
a Bcsl MoJIeKyJia — 12 creneHelt cBoGoabl. MM cOOTBETCTBYET B CpeiHEM
KuHetHueckas sHeprus 6k7T. K sToll snepruu cienyer npubaBuTb elle
CPelHIOn IOTEHLUHANbHYIO 3HEPrHI0 KoJeOMIMHXCA aTOMOB BAOMb
npsiMo#t 12, Koropast paBHa !/,kT. Bcero Mul nosyyaem, cie0BaTe/bHO,
18/,kT, a motomy TemtoeMkocts Cy A Takol MOIEeNH JABYXaTOMHOTO
rasa nojxHa 6bith paBHa 13 kan/(K-moap). Tlpn ydere BHyTpeHHeft
CTPYKTYpPBI aTOMOB 3TO 3HaueHHe elile Go/blie BO3pacTer.

3. OnpenenexHoe coryiacHe C OIBITOM JOCTHUTAeTCH B KJaccHye-
CKOll Teopuu Gsarofiaps MCIO/b30BAHHIO MeXaHHYeCKHX Mojeneil ¢ Ha-
JIOXKEHHBIMH CBSI3IMH, OTpaHHYMBAlOMUMH cBoGoiy nBuxkeHHs. Mies
CBfi3ell 3aHMCTBOBAHA H3 TEOPETHYECKOH MeXaHHKH. 1aM OHa CJYXKHT
HCKYCCTBEHHBIM NPHEMOM JJ15 PelleHHsl pas3JUyHbIX 3ajad O PaBHOBe-
CHM U JBHKEHHH HJeaJU3HPOBAHHLIX MAaKDOCKOHHYECKMX MeXaHuue-
CKHX cHucTeM. B 1eHCTBHTEJBHOCTH B MAaKPOCKOMHYECKHX TejJax HH-
KaKHX cBfi3ell He cyulectByeT. Tem Gosee HX He CYILEeCTBYeT B aToM-
HbIX cucreMax. [IByxaToMmHasi MoJleKy/a, Hanpumep, 4acTo paccma-
TPHBAeTCsl KakK HEH3MEHseMas CUCTeMa JBYX MaTepHajbHBIX TOYeK,
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CKpeNnJIeHHBIX JHECTKHM HeBecOMBIM cTepxkHeM. Ha camoMm nene 3To,
KOHEUHO, He TaK — HHKAKHX JKECTKHX CTepXKHeH, CKpenasdioumux
aTOMbI B MOJIeKyJax, 1er. Peub uzer o6 HiealH3HPOBaHHOH MAKPOCKO-
NHYeCKO Mojesn artoMmuofl cucreMbl. JIIs MaKpPOCKONHUYECKHX CHCTEM
(pH3HKaA B COCTOSIHMU PacKPHITh (DH3MUECKYyl0 NPHPOAY CBsdell H ycTa-
HOBHTb, KOI'Jla MOXKHO TI0JB30BaThcs TaKol upeanuzauuei. Ho xnacen-
yecKast (PH3HKA He MOXKET OTBETHTb Ha BOIIPOC, IIOYEMY B ONPEe/ICHHOM
o0JIacTH SIBJEHU{l ATOMHLIE CHCTeMBl NPHOIHKEHHO BeayT celsl Kak
MAKPOCKOMHYECKHC MOJEIH C HaJIOKEHHLIMH CBA3SIMH.

4. PaccMoTpHM, HakoHell, TelJIOeMKOCTb MeTaslJioB. Meraai co-
CTOUT U3 MOJIOKHUTENbHO 3apSHEHHBIX HOHOB, COBEpILAIHX TeIJIOBbie
KoneGaHusi BOKPYT Y3JOB KPUCTAAJUYeCKOH pemeTku. Mexay Humu
IBHXYTCA TaK Ha3biBaeMble CBOOOAHBIE MTEKTPOHEI, T. €. 3JEKTPOHBI,
CPaBHUTEIBHO CJab0o CBsI3aHHLIe ¢ HOoHaMu pemierkd. OHH BepyT cebs
NOOOHO 3JeKTPOHHOMY rasy. HannuneM cBoGOIHBIX 3J1€KTPOHOB COB-
SICHSIETCS BBICOKAsi 3JeKTPONPOBOAHOCTL MeTalioB. Ilo 3HaueHuio
5/IEKTPONPOBOJHOCTH MOMXKHO OHEHHTh KOHUEHTPAIHIO CBOGOLHEBIX 3JIeK-
TponoB. OHA 0KA3a/aach TOTO e IOPSIKa, YTO U KOHUEHTPALUs HOHOB,
o0pasyolllix KpHcTalanyecKylo pelerky. Kiaccuyeckas Teopus Ten-
JIOEMKOCTH OTBJIEKAETCSl OT HaJAM4Hsl 3/1eKTpoHHOro rasa. OHa Y4YUTH-
BaeT TeIJIOBLIE KoJebaHHs ONHHX TOJNBKO HOHOB M 6iaroiaps 3TOMy
OPUXOAUT K MpaBWJIBHOMY 3HAa4eHHI0 1A TemyloeMkoctH Cy =
= 6 kan/(K -monp) (npaeuio Hiononra u Ilty). Mexay TeM C/Ie0Bas0
Obl YueCTb TaKXe BKJaJ B TEIJIOEMKOCTh, BHOCHMBIH 3J€KTPOHAMHU.
Ecstil 31eKTPORB! IPUHSTE 3@ MaTepuaibHble TOUKY, TO Ha KauAu# CBO-
GonHbLIl 371€KTPOH GyJAeT NMPHXOAUThCH CPelHsIst KHHEeTHUeCcKas sHEepTiist
3/,kT. TlosToMy 1O KJaccuueckodl TEOpHH TEIVIOEMKOCTb 3/J1eKTPOHHOrO
rasa no/kHa Obwia Obl OBITL CPABHMMOH C TEIVIOEMKOCTBIO PEIIeTKH.
OubT 1MoKa3hiBaeT, OJHAKO, YTO CBOOOJHBLIE 3JEKTPOHBI IIPAKTHYECKH
HE BHOCAT HHKAKOTO BKJaJa B TEIJIOEMKOCTb MeTaJloB.

5. Takum o6pazoM, ONBITHEIE (DAKTHI HPHBOASAT K 3aK/IOUCHUIO,
YTO BCerja SIBJCHHS [POTEKAlOT TaK, YTO apdexmusHoul 6K100 ¢ menio-
eMKOCMb BHOCAIM He 6Ce, 4 MOAbKO Hexomopele cmeneru ceobodst. Tlpu
MOHHIKCHHH TEMIePATyphl HEKOTOPLIE CTeleHH CBOOOJBI CTAHOBATCS
Ma103(peKTHBHBEIMH 1, HAKOHell, COBCEM BbIMajaroT u3 urpel. llpo
TaKne CTeNeHH CBOGOJALI FOBOPSIT, YTO OHU «3aMopoxkeHb. Haobopor,
NPH HNOBBILEHHH TeMHepaTypbl HAUHHAIOT NPOSABJASITLCS BCE HOBBIE H
HOBLIC CTeTeHH CBOOOJBI, KOTOPHIE paHee GuLAM JuGo Man0aheKTHBHLL,
Ju6o coBceM 3aMOPOXKeHBl. JTO 3HAUUT, YTO KJAACCHUECKHH 3aKOH pPaB-
HOMEPHOTO pacnpele/IeHusl KHHeTHY4eCKOfl sHepTHM [0 CTEIEHsIM CBO-
Gozbl He cripaBeianB 1 TpedyeT yTounenust. Ilapanokcanbho, yTo yenexu
CaMOH KJ1accHYeCKOH TeOPHH CBA3aHH C TeM, YTO OHAa B NpUMeHEHHH
K KOHKDCTHLIM CHCTEMaM (PAKTHYECKH OTKashiBaslach OT 3TOrO 3aKOHA.
Ona nckaouana HeKOTOpLIE cTenehn CBOGOAB NyTeM HaJsloKeHHd Ha
CHCTEMY HJealbHO JKeCTKHX cBsidefl. (PakTHUECKH 3TO 5KBHBaJIEHTHO
TOMY, YTO Takue CTeleHU CBOOOABI CUMTAIOTCH 3aMOPOKEHHEIMH.
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6. TpyaHoctH Takoro pona OubUIH NPeOONEHBEl IOCNE TOro, Kak
TeOpHA TenJI0eMKOCTH Gplla IOCTpoeHa Ha xsarnmosoll ocqose. He Bna-
Basick B JIeTAJH, OrPAHHUHMCH 31eCh HEMHOTMMH KayeCTBE€HHBIMH
ykasaHusiMu. B § 58 yxke roBopu/ioch, uTo BHYTpeHHsISl SHEPTHS aTOM-
HLIX CHCTEM MOXKET NMPHHUMATDL JHIUIb OUcKpemHsle 3rauenus. TlpuBeneM
B KauecTBe NpHMEpa TapMOHHYECKHH OCHH/IATOP, T. €. YaCTHUILY,
KOTOPas MO KJaCCHYECKHM IpEICTABIEHHSAM MOMKET COBEpIIaTb rap-
MOHHUecKHe KoJeGaHH# NMoA AeficTBUeM KBA3HYNPYTo# CHJBL — CHJIBL,
MPOTIOPLUHOHAIBHON OTKJIOHEHHIO YACTHUBI U3 TOJNOMKCHUST paBHOBECHUS.
JlByxaToMHasi MOJIEKYJia, KOTAa peub HAET O MajbiX KoJeOaHHAX ee
4TOMOB OTHOCHTEJIBHO JIPYT IPYTra, MOMKET paccMaTpHBaTbCsl Kak rap-
MoHHYecKHH ocuuansaTop. Kak pokasbiBaeTcss B KBAHTOBOI MeXaHUKe,
BO3MOMHEIE 3HAUeHHUSl KoJebaTe/bHOH 3HEPTUH TakKoH CcUCTeMEl npej-
cTaBaATca hopMyaoi

£a=(n-41/2) hv, (69.1)

rle v — 4YacTota OCHWIIATOpa, # — IeJ0e YHCJAO, KOTOPOe MOXKeT
npuHUMaTh 3HaueHus 1, 2, 3, ..., A — yHHUBepcaJbHAs IOCTOSHHAS,
HaspiBaeMasi noctosinHo# Ilnanka. Ilo coBpemeHHEIM JaHHBIM

h=(6,626186 == 0,000057) - 10-3¢ [k - ¢ =
= (6,626186 == 0,000057) - 1027 5pr - c.

Takum ofpaszoM, sHepreTHUeCKHil CHeKTP TrapMOHHYECKOrO OCLHJISA-
TOpa COCTOHT M3 GECKOHEYHOTrO MHOMKECTBA PaBHOOTCTOSAIIUX YPOBHEL.
Paccrofinne Mexk/ly COCeIHUMH YPOBHSIMH paBHO fiv. CaMOMy HH3KOMY
YPOBHIO COOTBETCTBYET 3Heprus g, = '/,hv. OHa HasbBaercs Hy4e60l
aHepeueti. Hanuuue HyJeBOH 3HepTHH O3HAYaeT, YTO AaKe B COCTOSHHH
C HauMeHbleH 3Hepruell KoneGaHHUA OCHWLIATOpPA HE NPEKPallalTcs.
Takne KoneGaHHS HA3BIBAIOTCA Hyiesbimu. BosaeficTBYsT Ha oclu/IA-
TOp, €ro MOIKHO BO3OYANTH, T. €. NEPEBECTH HA OAHH H3 BO3MOMKHBIX
Godsiee BHICOKUX YpOBHeH sHepruu. bumxafdimmum ABASETCH 3HEPTETH-
UeCKHH YpoBeHb € n = 1 u sHeprueil &; = %/,hv.

7. HomycrtuM Tenepb, 4To ra3 COCTGUT W3 TapMOHUYECKHX OCLHJI-
JISTOPOB, HampuMep, ABYXAaTOMHBIX MoJekyJa. [Ipeanonoxus, 4ro Tem-
mepatypa rasa HacTtolbko Hu3ka, uto kT < hv. Cpennusist 3HepPTHS
TEIJIOBOTO JIBHIKEHHS MOJeKyabl nopsjaxa k7. Taxoil sHepruu Hejo-
CTaTo4HO, 4TOOBl BO3OYAUTL OCHW/ISNTOP, T. €. NEPEBeCTH €ro ¢ HyJe-
BOTO YPOBHSI Ha OJIDKAALIUA — NepBeli — 3ilepreTHYeCKHH ypOBEHb.
Bo30ysxeHHe MOKeT IPOUCXOAHTb TOJABKO IIPH CTOJKHOBEHHSX C MO-
JIEKYJIaMH, SHEPrHsl KOTOPHIX 3HauuTes bHO Godblue cpepueil. OnHako
TaKHX MOJIEKYJ OTHOCHTEJNBHO MaJso, TaK YTO IMPaKTHUYECKH BCE OCLHJI-
JISITOPBl OCTAHYTCS Ha HIDKHEM 3HEpPTreTHYecKOM ypoBHe. JTa KapTHHA
COXpPAHUTCA TIpH JajbHeHlueM MNOBBLIIEHHH TeMmIepaTyphl rasa, MOKa
cobnonaercst  yciaosue kT < hv. Ilpu BbINOHEHHH 3TOrO yCJOBHUS
KosicOaTeIbHASl 3HEPIHsT OCLMJIATOPOB NPAKTHYeCKH HE 3aBHCHT OT
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TEMIepaTypel U No 3TOH NPHYHHE HE BJHMAET Ha TEIVIOEMKOCTh rasa.
Bor noueMy npu ycioBun kT < hv B TEOPHH TeIJOEMKOCTH IBYX-
aTOMHBIX I'a30B MOXKHO He YUYUTHIBaTL KosebaHus atomoB / u 2 (cM.
puc. 47) BAoab coepuHstomed ux npsamoi. Ominune KBaHTOBOH oT Qop-
MaJqbHOH KJACCHYECKOH TEOPHH COCTOHT 3JleCb B TOM, YTO COIVIACHO
KBAHTOBOH TEOPUM JIOJKHBI DPOHCXOAUTH HYJeBEHe KoseGaHHs, TOrAa
Kak QopMajbHas KJaccHuecKast TEOPUS COBCEM HCKJIIOYaeT HX, CUHTasi
MOJIEKYJIB abCOMIOTHO KeCTKHMH. OJHaKO 3T0 pa3juuie He MOKeT
CKa3aTbCsl Ha BeJHMYHHE TeNNOeMKOCTH, TaK KaK 3Hepeus HYyaeebix
KoaeGanull He sasucum om memnepanypsl. Molenplo KecTKod JBYX-
ATOMHOH MOJEKYJbl B TEOPHH TEIJIOEMKOCTH MOJKHO IIOJb30BAThCSH
Jnmb npu  cobmopenun  yeaosns kT < hv. Ecau 370 ycioBue He
co6I0RaeTCsl, TO KJaCcCHUeCKasi MOJeJab CTAHOBUTCSI HeIpHMEHHMOH.
Tlpu noBHILIEHHI TeMAePaTyphHl, Koraa sejnunna kT craHoBHTCS CpaBHH-
MOl ¢ hv, HauuHaer BO30OYKAATLCS INEDPBLIH, a 3aTeM 1 Gojee BLICO-
Kue KosefaTelbHbie YPOBHH JABYXaTOMHOH MOJEKYJAwl Temmneparypa

Tv:";zl (69'2)

HasbIBaeTCs xapaxmepucmuveckol memnepamypoii. Ilpu T > T, Kone-
0aHHsA CYIIECTBEHHO BJIMHIOT Ha TENJIOEMKOCTb [BYXaTOMHOIFO rasa.
Mpu T <& T, nponcxoAsaT TOALKO HyJeBbie KolebaHusi, He CKasblBaio-
mpecss Ha Temjoemkoctd. Jns Bogopona T, ~ 6000 K.

8. CoBepliieHHO aHAJOTHUHO BJHAET HAa TEMJAOEMKOCTh TIa3oB H
BpallieHile MoJeKys. DHepriis BpalleHHs TakxkKe KBaHTyeTcs. Ee B0o3-
MOXKHbI€ 3HAUEHHS 110 KBaHTOBOII MeXaHHKe onpeiensiorcs dopmysoit

B2

rae I — MOMEHT HHepIHMH MOJeKYJB, a [ — [estoe 4YHCIOo, KOoTopoe
MozKeT TpuHuMarh 3Hauenus 0, 1, 2, 3, ... PacCTOSHUA MeXKNY YPOBHAMH
SHePTHH He MOCTOSIHHBI, a BO3PACTaloT B apHMeTHUecKoll Iporpecciy.
B coctostHuu ¢ nanmeHbiueft sueprueft | = 0 BpaieHna He BO36GYKACHH!.
B cocrosuun ¢ [ = | sHeprus BpalieHHsl paBHa

h2

Slzm.

(69.4)

Ecmi kT <L &y, T0 cpenneit TersioBOH 3HEPrHH MOJEKYJbl HENOCTa-
TOYHO A5 BO3GYKIEHHsS BpameHHH. B 3ToM ciydae npu BelUHCAEHHU
TeNJOeMKOCTH BpallieHHs1 MOMKHO He YUHTHIBaTb. B NpOTHBONOJOKHOM
ciyuae, Korpa kT >> e, B030yKIaeTCsl MHOIO BPalaTe/bHBIX YPOBHEH,
Torza IHCKpeTHOCTh 3HepreTHYeCKuX YpOBHeH c¢n1aGo cKasbiBaeTcs
Ha TemoeMKocTd. Il BpalneHHH CTaHOBUTCA NPHOMHIKEHHO HpHMe-
HMMOH KJaccHyeckKas TeoOpeMa O PaBHOMEDHOM pachpeesieHHH KHHeTH-
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YeCKOH 3HEePTHH T0 CTeNneHsaM cBoGoel. XapaKTepucTHUecKas TemMrepa-
Typa LIS BpalleHHs MOJeKyJ onpefensercs Gopmynoi

h2

e (69.5)

T,=t=
Ipu T > T, cnpasennuBa Kaaccuueckaa rteopus, npun T < T, Bpa-
LIeHHA He BO20YKJAeHBl H He OKAa3LIBAIOT BJIISIHHS Ha TElJIOEMKOCTh.
Jln1a BojopoAa npH BpalleHHH MOJeKyJa BOKpyr oceil XX u ZZ (cm.
puc. 47) xapakrepuctuueckasr temneparypa 1, ~ 175 K. Bpamenus
BOKpPYr ocH XX He Bo30yXAGHBI H3-3a MaJOCTH COOTBETCTBYIOULETO
moMeHTa HHepuiid. [lo ToH xe npuyuHe He BO30YXKJACHBI BPaLICHH S
aTOMOB OJIHOATOMHLIX [a30B.

9. ManoxeHHvle coo0pa)KeHHsl MPUMEHHMBI He TOJBKO K KoJeba-
HISIM TapMOHHUYECKHX OCUHJJISTOPOB H BPAIEHUSAM 2KECTKHX MOJEKY.JT,
HO H K JIOObIM KBaHTOBBIM cHcremaM. OHH NOKAa3BIBAIOT, UTO Juckper-
HOCMY 3Hepeermudeckux YposHel He COBMECIUMA ¢ KAACCUYECKOU meope-
MOl O PaBHOMEPHOM pacnpedeseHuu 3Hepeul HO CcHenenam ceo6oobl.
Tonbko Ttoraa, Korja cpejHsisi 9HEPTHsl TeNJOBOro ABHxenus kT
BeJIHKA T10 CPaBHEHHIO C PA3HOCTSIMH MY BEICUIUMH SHePTreTHUECKHIMH
YPOBHSIMH H HaHHH3LIHM H3 HHEX, BO36Y3KAAETCs MHOTO SHEPreTHUECKHX
ypoBrefi. Ilpu TakoM YCJOBHH JAHCKPETHOCTh YDOBHEHl CTaHOBHTCS
MaJIOCyIeCTBEHHOH, M aTOMHasi cHcreMa Beller ce0si Kak KJjaccuue-
CKasi, B KOTOpPOH 3Heprus MeHsercd HernpepbiBHO. Orciofia crexyer,
UTO HeM Gbilile MeMNepamypa, mem Ay4uie onpasobisaemes KAQCCUMECKas
Meopesa 0 pasHoOMepHOM pacnpedeseHuu sHepeuu no creneHam ceobodel.

10. Mbl He paccmarpHBaeM 3/leChb KBAHTOBYIO TEOPHIO TEIJIOEMKO-
CTH C KOJHMYeCTBeHHOH cTopoHbl. O6 stoM Oyjaer MATH peusb B ria. VI.
Onnako yxKe KauecTBeHHOE PACCMOTPeHHE [OKa3kiBaer, 4YTO OJHOIO
TNpeAcTaB/IeHHsl 0 AHCKPETHOCTH SHEPTeTHUeCKHX YPOBHeH AOCTaTouHo,
uyToOBl BEISICHHTB, B KaKHX CAydYasiX MOXKHO H B KaKHX HeJb3d MOJb-
30BaTBCS KJacCHUECKOH TeopHell TeNJIOBMKOCTH H ee rpyObIMH Mexa-
HHYeCKHMH MoJeJssMH. B kauectBe nepBoro mnpumepa OUEHHM Mo-
JIAPHYIO TEMJI0eMKOCTh KHC/I0POAa, Harperoro 1o temnepatypsl 1000 3B
u Boiwe. Ilpu KomHarHOI TeMmepaTrype BCe aTOMBl HaXOAsTCS B OC-
HOBHOM —— HH3LIeM — COCTOSIHHH, 3JIeKTPOHHBIE YPOBHH He BO30yK-
genwl. He B030yxkaeHBI Takke KojeOaHHS aTOMOB B MoJIeKyJe —
‘MOJIeKYJIa KHCJIOPOZA BeJeT cebst KaK XKecTKas AByXaToOMHas MOJIeKyJia.
Ilpu HarpeBanuH MoJieKyJBl KHCJIOPOJA CHA4aja IAHCCOLUHMPYIOT, T. €.
pacnajalTcs Ha ABa aroMa. 3areM HauHHaercst Npouecc HOHH3alMH,
T. €. OTPLIB 3JEKTPOHOB OT aToMoB. CHaua/sa OTOpPBYTCA BHELIHHe 3JIeK-
TPOHEBI, HalIMEeHee NMPOYHO CBSI3aHHBIE ¢ ATOMHBIMH siipamu. IIpH najb-
HefillleM HarpeBaHHH HAYHETCS OTPHIB U BHYTPEHHHX 3JEKTPOHOB.
Jlns orpeiBa nNoc/JelHero s/7eKTPoHa TpeOyercs 3SHEPTHsa NOpAAKa
870 3B. Ilpu temneparypax 1000 sB n Brillle MpakTHYECKH BCe 3JIEK-
TPOHEBI OKAXKYTCs OTOPBAHHBIMH OT aTOMHEIX sifiep. Belectno nepejer
B COCTOSIHHE [IOJIHOCTBIO HOHH30BAHHOH IJIa3Mbl, COCTOALIEH H3 3J1€K-



232 MOJERYJSIPHO-KMHETHUECKAS TEOPHS BEHNIECTBA [rJa. v

TPOHOB M «TOJBIX» aToMHBIX sifiep. M3 kamnaoro aroma obpasyercs
9 yacrun: gApo U 8 3/EKTPOHOB; M3 Ka)KAoH MoJeKyJanl — 18 yacrHum:
IgBa siapa H 16 saextponoB. Ecan npenebpeup moTeHUHAJBHOH 3HED-
rvell B3aUMOJENCTBHS YacTHI, TO BCsSt BHYTPEHHSsT SHEPTHS CBEHETCH
K KHHETHYECKOI 3HEPTHH TEIJIOBOTO ABHZKEHUS 3JEKTPOHOE U aTOMHEBIX
snep. Cpenusist sHeprust ofiHoi yacThiw 2/,kT, cpeinsis SHePrus 4acTHIL,
00pasoBaBIUNXCst U3 MOJEKYJbl, 18-3/,kT == 27kT, BHyTpEHHSAS 3HEp-
rust opuoro mossa U = 27TNET = 27RT, a MojspHas TemnjoeMKOCThb
Cy = 27TR =~ 54 xan/(K -moin).

11. B kayectBe BTOPOro HpHMepa BO3bMeM BpallarejpHoe Opoy-
HOBCKOE JABH:KEHHe, paccMorpeHHoe B § 65. BrisicHuMm, npumeHHMa
JIH K TaKOMy IBHXEHHIO KJacCHYecKas TeopeMa O PaBHOMEpPHOM pac-
npejieleHHH KHHETHUECKOH 3Heprud no crerneHsaMm cBOGOABL. 3epKanblie
MOXHO paccMaTpUBaTh KaK FapMOHUYECKHH OCHHJISATOP C COGCTBEH-
HOH 4acToTOd

1 f
v :2_31;- I
Ecnu B3ste I ~ 0,01 r-cM?, 10 moayuurcss v ~ 1,5-10% ¢, Ay ~
~ 1073 3pr, TOTJA KaK CpefHAd SHEPTHS TEMJIOBROrQ ABHKeHUA RT ~
~ 4.10 spr. Takum oGpa3om, %‘f ~ 2,5.-1018, 1. e. ¢ rpoMagHbIM
sanacoM £T >> hv. [IpUMEHHMOCTE TEOpPEMbI O PABHOMEPHOM pacrpejie-
JIEHHH SHEPTHH 3JleCh He BEI3bIBAET COMHEHHI.



FrJTABA VI
CTATUCTUYECKHE PACIHPEJAEJIEHUA
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§ 70. DneMeHTapHble CBEJEHHS M3 TEOPHU BEPOATHOCTEIH

1. C MonekynspHO# TOYKM 3peHusl (U3HYeCKHe BETHYHHBI, BCTpe-
yajoluecss B TepMOJMHAMHKe, KaK M B JIOOOM IPYroM OTIeJe MaKpo-
CKONIHYEeCKOH (PM3HKY, UMEIOT CMBICH CPeOHUX 3HA4eHu, KOTOpPbie NpHu-
HHMAIOT TIPH ONpeJieJIeHHBIX YCJIOBHAX KakHe-TO (YHKUHM MHKPOCO-
cTosAiHHA cHcTeMbl (eM. § 9). Tlpo BenuunHBE! TAKOFO poja rOBOPAT, HTO
OHH HMEIOT crnarmucmuseckutl xapakmep WIH SBIAIOTCA cmamuctiude-
ckumu. TIpuMepE TaKHX BeJMUHI (JaBleHHe, TJIOTHOCTh, TEMIEpATypa,
cpeAHHH KBajpaT CMeIEHHs YacTHilbl TNPH OPOYHOBCKOM IBHIKEHUH
H 1p.) H crnocobel MX BLIUHCAEHHS ObUIN NpHBEICHH B IpeAslaylied
raase. To 06CTOATENBCTBO, YTO 3TH BEJHUHHEL IORUUHSIIOTCS ONpeie/ieH-
HBIM 3aKOHOMEPHOCTSIM, HE CBOUCTBEHHBIM OT/J€AbHLIM aToMaM H MoJie-
KyJaM, CBA3aHO C KOJIOCCAJbHBIM KOJHYECTBOM TaKHX YacCTHIl B MaKpo-
CKOMHYECKHX Tenax. 1akHe 3aKOHOMEpPHOCTH, DABHO KakK M JIOOble
3aKOHOMEPHOCTH, OOYC/JOBJIEHHBIE MAacCOBOCTbIO YYaCTBYIOIIHX B HX
BO3HHKHOBEHHH WHIPEIHEHTOB, HA3BLIBAIOTCS CIMAMUCTUYECKUMIL WIIH
8CPOSMHOCIHbIMU.  3AKOHOMEPHOCITAMU.,

Honyctum, Hanpumep, urto Gpocaercss Mosera. Uro Bhmazer B pe-
3yJbTaTe 6pocanusi — rep0 HaIM PelllKa — 3TO NPEJICKAa3aTs HEBO3MOXKHO.
XoTsl ABHXKCHHE MOHETBl U CTPOTO NOAYHHSAETCH 3aKOHAM MeXaHHKH,
HO Ha 3TO JBH2KEHHe, a TakKKe Ha HayaJbHBIC YCJAOBHS BAHAET MHOXKe-
CTBO CJYYaHHBIX H HEKOHTPOJNHPYEMBIX (HaKTODOB, KOTOpHIE JeaioT
pesyabraT OpocaHusi HenpenckasyeMmeiM. OjnHako, ecau OpocaHHH
NPOH3BEJCHO OYEHb MHOrO, TO YHCJA BBHIIABLIHX repOoB H pellieK OKa-
JKYTCH TIOYTH paBHBIMH. M 3To paBeHcTBO OyleT BBHIOJIHATBCH TeM
TOYyHee, YeM GoJibllle IPOH3Be/cHO OpocaHuil. B npuBe/eHHOM mpuMepe
U TIPOsBJSIETCS CTATHCTHYECKAsi 3aKOHOMepHOCTh. Ha ToM xe mpumepe
BHZHO, YTO TNIPeACKasaHHsd, KOTOphle AeNalOTCsl Ha OCHOBEe CTAaTHCTHYe-
CKHX 3aKOHOB, He SBJASIOTCA abCOMIOTHO JOCTOBEPHBIMH, & HOCAT
XapakTep NPOTHO30B, KOTOPHIE MOTYT 1 He omnpasibiBaThesl. Iloutn Bee
3aKOHBI MAKPOCKONHUECKOH (pH3NKHU — cTaTHcTHYecKHe. OfHAKO KOJoC-
CaNbHOCTb KOJHYECTBA MOJCKYJ H aTOMOB B MaKPOCKONHUYECKHX TeJax
npeBpamaeT CraTUCTHYECKHE 3aKOHB! (PU3MKH W OCHOBAHHBIC HA HHX
ITpeJICKa3aHusl B HPaKTHYCCKH abCOJIIOTHO JOCTOBEpHLIC.

Knaccuyeckas ¢usnka cuuTtana, 4YTo 3a CTATHCTHYCCKHMH WM
BEPOSITHOCTHBIMH 33KOHAMH, YNPaBJASIOMHMH IIOBEJEHHEM MaKpOCKO-
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ITHUECKHX CHUCTEM, CTOSIT TOUHBIE OUHAMUYECKUE 3AKOHbI, KOTODLIM MHOA-
YHHSIOTCS OTACJABHBEIE 2TOMBI, MOJIEKYJ/Ibl H COCTABJASIOULHE 11X YaCTHILbI.
KeanTtoBas ¢usuka uzer naspine. OH4 yTBEp:KIaeT, YTO U 3JeMeHTap-
Hble 3aKOHBI MHKPOMHpa SBJSIOTCST TAKMKe 38KOHAMH CTAaTHCTHYECKIIMIL.
C ee TOYyKH 3peHHS He CYIECTBYeT CTPOTO AHHAMHYECKHX 33KOHOB —
BCE 3aKOHBI cTarucTHYeckue. OJHAKO 31eChb HET HeoOXOAMMOCTH Bja-
BaThbCsi B 06CYXKAeHIe 3THX BofipocoB. [lns HaluMX neaed moka jaocra-
TOYHA KJaccudeckas TOYKa 3peHusd.

C yHcTo MaTeMaTHyecKoHl TOUKH 3DEHMS, OTBJAEKAIOWEHCA OT KOH-
KDETHOTO CMbIC/ja paccMaTpHBaeMblX BeJAMYHH, CTATHCTHYECKHE 3aK0-
HOMEPHOCTH H3Y4aloTcsl meopueli eeposarnnocmeti. Hike nprpoaarcs
CaMble 3J1eMeHTapHLIe CBeieHH S U3 TCOPHH BEePOSITHOCTCH, HEOOXOAIMbIe
V1A AaJbHeHILEero H3JI0XKeHHs.

2. CoBpeMeHHasi MaTeMaTH4yecKas TeOpHs BePOATHOCTEH CTPOMTCA
Kak abCTpakTHasi akcuomartuyeckas Hayka. Iloa BeposiTHOCTAMH no-
HHMAlOT HEKOTOpBle YHC/Ia, MOAYHHSIONINECSH OMpPeIEJNCHHOH cHCTeMe
aKCHOM, H3 KOTOpHLIX (hOpMaNbHO JIOTHUECKH BBLIBOAHTCSl BCE OCTasbHOE.
Botipoc 0 KoHkpeTHOM cmbicie BeposiTHOCTEl B aOGCTPaKkTHON Teopud
He craButca. OH peliaercsi oTAebHO B KOHKPETHBHIX C/lyuasx, KOraa
OT TeOpHH NepeXOAsT K ee MpujokKeHHaAM. B ¢usnke, Kak H Do Bcex
NPUKJAIHLIX Bompocax, Gosee NpeiloYTHTE/eH IPYrod HOAXOL K Teo-
pUH BEpOATHOCTEH, B KOTOPOM BepOATHOCTb OPrAaHHYECKH CBsi3aHa
C ee KOHKpeTHOil uHTepnperauueil. Takoil monxos XapakTepeH A1fl
BCell TeOpHU BEpOSITHOCTEH, KaKOH OHA CVIIECTBOBAJda NPHMEPHO HO
20-X rojoB TEKYIEIO CTOJeTHs. STOT IOAXOJ BCTPETHJ CePbe3HbIe
H 06OCHOBaHHBIE BO3DaKeHHs CO CTOPOHHI MaTeMaTukoB. OLHAKO HpH
nepBOHAYA/JbHOM 3HAKOMCTBE C 3JeMeHTaMH TeOpPHH BeposTHoCTell Bes-
Kull HHOU nmoAxXoJ HelesecoofpaseH.

3. Coboimuamu uaw cayuasmu 6 meopui 6epoAmHecHmell Ha3viBarom
8CAKUE SBACHUA, OMHOCUMENAbHO KOMOPbIX UMEEM CMbICA CINasums 60-
npoc, Moeym oHu npoucxooums uau Hemt. ONBIT HIM COBOKYIIHOCTH
YCJIOBHY, B pe3yJbTaTe KOTOPLIX NOSIBISCTCA TO H/AH HHOe coOBITIE,
B TEODHH BEPOSATHOCTEH HA3BIBAECTCH UCHbIMAHUEM.

Ecau npu manHBIX ycaoBusX coOblTHE 0053aTEIbHO IPOU3OIILET,
TO OHO HaablBaeTcsl JocmosepHeim. ECIH Ke OHO NPOH3OHTH HE MOKET,
TO €0 Ha3bIBAIOT HES0IMOMCHbIM. JIOTTyCTHM, HApHUMEp, YTO MEl YePTHM
TpeyroJapHuK Ha Oymare. CoGHITHe, COCTOsiliee B TOM, YTO NPH 3TOM
NIOJYYUTCSE TPEYTOJbHUK, Y KOTOPOTrO KaKias CTOpPOHA KOpoue CYMMBbI
IBYX IPYIHX CTOPOH, €CTh JOCTOBepHOe cobwiTre. [losiBIeHNE TpeyToJIb-
HHK3, Y KOTOPOTO OJIHA H3 CTOPOH JJHHHEE CYMMHl JABYX JPYT'HX, €CTh
TaKKe cobblTHe, XOTH H HEBO3MOXKHOE.

Cobuimue HA3bIBAEIMCA CAYLALHOIN, €CAU 8 pe3yabimame UCHbMaHus
OHO MOmcem Kaxk npousodmu, maxk u He npousotmu. Hanpumep, npu
urpe B OpJASIHKY MOKET BbliacTb Ju60 rep6, nubo peiuka. 10 — cay-
uaiinple coOuitus. IloMoxuM B ypHY HECKONBKO 3aHYMEPOBAHHLIX CO-
CePLEHHO OJHHAKOBBIX IHApOB M TLIATEILHO NepeMellaeM uxX. Ecan
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Hayraj BHHYTb OJMH LIap, TO NOSABJEHHE IIapa C onpejeseHHbIM HOMe-
poM OyleT TakXe caydafiHBIM COOBITHEM.

4. Cymmoui dsyx cobuimuti A u B nasvsaemca cobounue, cocmosuee
8 noseaeHuu aubo cobeimus A, aubo cobeimus B (0e3 ykasanus, Kakozo
umenrno). Taxk, ecin B ypHe JeKaT KpacHbIfl, 3eeHEelfl n Geqniil mapel,
TO NOfIBJIEHHe NPH BbIHUMAHHH LIBETHOIO 11apa ecTh CyMMa ABYX COGHI-
THi: 1) mosiBAeHHs KpacHOTro Ilapa H 2) MOsIBAE€HHS 3eJeHOTO liapa.
Cymma cobuituit A u B o6o3navaercst A + B. [lpoussederuem coboumuil
A u B Haswsaemcs cobuimue, cocmosiuee 8 nossaeHuu kax cobounus A,
max u cobemus B. Tax, ecnu MoHeta OpocaeTcd JiBa pasa, TO NosiBJleHHe
npu nepBoM GpocaHuu repba, a IpH BTOPOM PELIKH €CTh NPOH3BEfieHHE
AByX cobwiTHil: 1) nosBaeHud npu nepBoM 6pocaHuu repba u 2) mosiB-
JieHHS] IpH BTOpPOM OpocaHuH pewkH. IlpousBenenne cobuituiit A u B
o6o3Hauaercsi AB.

Coboimus Ay, A,, ..., A, HasewBaOMES OUHCIMBEHHO GOBMONHLIMU,
ecal npu OQHHOM UCHOIMAHUW O0HO U3 HUX (HO HEUssecmHo — Kakoe)
obasameavro doasicro npousoidmu. OUEeBHHO, CyMMa BCEX eJHHCTBEHHO
BO3MOXKHEIX COORITHH eCTh cobuiTHe foctoBepHoe. Cobbinui Ay, A,, ..., A,
HQ3bIBAIOMCA HECOBMECTIUMbBIMU, €CAU NOABAEHUE 00H020 U3 HUX UCKAIO-
vaem nosaeaeHue a0boeo u3 ocmaavrolx. O4eBHAHO, TPOH3BEAEHHE BCEX
HEeCOBMECTHMBIX COOBITHH ecThb cOObiITHE HeBO3MOXSKHoe. Jlsa cayqatinbLX
CODbIMUA HASLIBAIONICS PABHOBOIMONCHOINUL UAL PABHOBEPOSIMHBIMU, €CAU
Hem HUKQKUX OCHOBAHUL OxCuUdamsp, 4mo NPu UCNbmMaHUusLy 00HO U3 HUX
6ydem nosgasmsca wauje Opyeceo. Hanpumep, Brinaaenue repGa # peliku
npi 6pocaHUM MOHETH— PaBHOBO3MOXKHbIE COOLITH . Heckoabko cobbimull
HA36I6QI0MCA PABHOBO3MONCHBIMUL, eCAU KAXCObie 080 U3 HUX PABHOBOBMONCHDL.

5. Bepoamrocme cayuaiinoco cobbimusi ecnio KOAUMECTIBEHHAS Mepa
oocudaemotl 803MOMHOCMY 20 nossreHus. [las BBefleHHs 3TOH Mephi
paccMOTpuUM cHayala f €JAHHCTBEHHO BO3MOXKHBIX, HECOBMECTHMBHIX H
PABHOBO3MOXKHBIX coOuiTHil Ay, A,, ..., A,. BeposaTHOCTBIO KaXa0ro
N3 HHX HasbBaloT Apols /n. Hanpumep, eciu B ypHe aexar 100 Tma-
TeJLHO TMepeMellaHHBIX OAHHAKOBHIX 3aHYMEPOBAHHBIX INApOB, TO
EePOSITHOCTb BHIHYTH Hayraj 1ap ¢ HomepoM 1 paBHa 1/ig.

PacnipoctpanuM Tenepb MOHATHC BEPOSITHOCTH HAa ciyuall, Korja
eIMHCTBEHHO BO3MOXKHbIE H HeCOBMeCTHMble coOuiTHs Aq, A,, ..., A,
He PaBHOBO3MOXKHBI, HO MOTYT OLITb INPeJCTaBAEHBI B BHAE CYMMbl paB-
HOBO3MOXKHBIX COOBITHH, TNPE/ICTaBAAIONMX HX YacTHeie ciiydad. Ilycts,
Hanpumep, cobbitie A; pa3JoKeHo Ha 11; €AHHCTBEHHO BO3MOXKHBIX HECOB-
MECTHMBIX H PaBHOBO3MOMKHBIX COOBITHH Ay, A, ..oy Aimi. QOueBuaHo,

Bce COOBITHA Ay, Agg, oooy Anry Angys oy Apm, OYAYT €IMHCTBEHHO BO3-

MOXKHbI, HECOBMECTHMEI H DaBHOBO3MOXKHLI. BepositTHocThI0 coObTHA A,
HazblBaloT Apolb

P(A)= o (70.1y

my-me-. . my

Ycnoumesi HaswBaTe cobbitus Ay, A, ..., A,-mi, NpH  KOTOPHIX
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HacTyrnaer cobbitne A;, 6aqeonpusmueimu caywasmu 0as A;. Toraa
onpeleseHHe BEPOSTHOCTH, JaHHOE Bbllle, MOXHO (OPMYJIHPOBaTh
cieayiomuM o0pasoM. Beposmuocmsio cobuimus HA3616aeMcs OMHOue-
HUE HUCAA PABHOBO3MONCHBIX CAYdaes, GAQCONPUSIIMHbIX Imomy cobbimuro,
K YUCAY 6CeX DABHOBOBMONCHBIX CAYHGe8, KOMOpble MOSYM BCHPemurnses
npu UCRbImManHuu.

HoctosepHoe u HEBO3MOXKHOE COGHLITHSI MOXKHO pacCcMaTpHBaTh Kak
npefesbHBe CIY4Yan CIYYaliHbIX COBLITHH. BeposTHOCTH J1OCTOBEPHOIO
cOOLITHST paBHA €JAHHHLE, BEPOATHOCTE HEBO3MOMKHOIO CODBITHS —
HYJIIO.

ITpumep 1. B ypue sgexar 100 TimarensHO HepeMeManHBIX MAPOB, OTJIKYAI0-
IHXCH APYT OT APYTa ToAbKO npetom: 30 Gennix, 25 Kpacubix u 45 sesennpix. Kakosa
BEPOSAITHOCTb BBINYTh Genniil map? Uncjo paBHOBO3MOXKHEIX C/YydaeB, KOTODbIE MOLYT
BCTPETHTBECS NPH HCNbITaHHH, pasuo 30 - 25 -+ 45 = 100. Uncjao paBHOBO3MOXKHBIX
ciydaes, 61aronpHATHLHX BHHMMaHKO Gesoro wiapa, ectb 30. [ToaToMy BepoOATHOCTB
BEIHYTb Gedblit wap 6yaeT Pgq,= 30/100 = 3/10. Ananoruyso, AJAsS KPaCHHIX H 3eje-
HEX Wapo Pyp == 25/100 = 1/4, Pge, = 45/100 = 9/20.

6. Omnpenenenne BepostHoctd (70.1) mpexamosiaraer, uro eime 10
HCHBITAHHS MMEIOTCH KaKHe-TO OCHOBaHHS (HanpuMep, cOocOparkeHHs
CHMMETpPUH, OAHOPOJHOCTH H Ip.) OLEHUBATH PaBHOBO3MOMKHOCTL CO-
ObITHH, a TaK:Ke NMPeJCTaBisiTh COObITUS B BUJE CYMM PaBHOBO3MOXKHBIX
cobbituil. TlosToMy Tak ompefeseHHYH BEPOSITHOCTh HA3LIBAKOT anpu-
OpHOL 8ePOAMHOCMbIO, T. €. TAKOH BePOSTHOCTBIO, O KOTOPOH Mbl CYAHM
1o onbita. CyAUTb O PaBHOBO3MOXKHOCTH COOBITHE, Jae B HPOCTeHLIHX
cyyasx, He TaK Jerko, Kak 3TO MOXKET I10Ka3aTbCs Ha HepBhIH B3N,
IlpusesemM npumep.

Ilpumep 2. Mosera Gpocaerca jBa pasa. KarkoBa BeposiTHOCTb TOTO, 4TO
IpH ABYX GpPOCaAHHAX IO KpalHeil Mepe OAMH pa3 BhIIafaeT rep6? PaBHOBO3MOMKHLIX
cyyaes, KOTOPEE MOTYT NPEACTABHTLCHA IPH TAKOM HCIBITAHHMH (T. . NPH ABYX 6po-
CaHHAX), YeTHpe, a HMEHHO:

1) rep6 rep6,

2) rep6 pellka, (A)
3) pemka rep6,

4) pelika pellKa.

V3 nux nepsoie TPH GJAronpHATHH pacCMaTpHBaeMOMY COGHITHIO — MOSIBJICHHIO
rep6a no kpaiineil Mepe oiun pas. Ilostomy uckomasi sBepostrHocTs 3/4. Ilamambep
(1717—1783) ocriapupast 3ToT pesyaprar. OH nucal, 4TO €CJIH NPH NePBOM 6pocaHHU
BHIaN rep6, T0 BTopoe GpoCaHHe CTAHOBHTCSI HEHYKHEIM, TAK KaK H 6@3 TOro fCHO,
4TO MBI HMeeM 7eJio ¢ 61aronpusTHEIM cayyaeM. [TosToMy BMeCTO YeThipeX pasjHyHbIX
BO3MOXKHOCTEH, NepeuHc/eHHuX Bole, [Hanambep Geper ToNbKO TPH, a HMEHHO:

1) rep6,
2) pewka, rep6, (A)
3) pewka, pelnka.

M3 nux GraronmpHATHRIX [Ba, H HCKOMas BepostTHOCTh, no JlanamBepy, paBHa 2/,.
Ananoruyno jeno oG6CTOMT H HpH Tpex Gpocanusix. KakoBa BepOSTHOCTB TOTO, 4YTO
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npH Tpex GpocaHHsX MOHeTHl nosABUTCA rep6, no KpaiiHeil Mepe ofun pas? Pasno-
BO3MOAKHBIX CJIy4aeB BCErO BOCEMb:

1) rep6 rep6 repd,

2) rep6 repl peuixa,

3) rep6 petnka repG,

4) rep6  pemika peuxa, (B)

5) pemka Tepb repb,

6) pemmka rep6  peuka,

7) peluka pewka rep0,

8) peuwika peluka peuxa.

BrnaronpuarHLIX caydaeB ceMb, M HCKoMast Bepositocts pasua */g. Tlo HanamGepy
JKe nosilienye rep6a geaer AalpHeiiuiie GPOCAnMs YKE NCIUYKIBIMI, a TOTOMY OH
[epPeyHc/IfdeT TONLKO YETBIPE PasHUHBIX CIYUas, a HMEHHO:

1) rep6,

2) pewka rep0, (B")

3) pemika pelka rep6,

4) pemwka peluKka peulka.

M3 HEX GJarompHsITHBEIX TPH, W HCKOMas BeposiTioCTh, no JanamGepy, pasHa 3/,.
Ownbka HdanamGepa COCTOMT B ToM, uto caydaum (A’), a Takxe (B') oH NpHEAI
38 PaBHOBO3MOIKHBIC, TOTAA Kak B JeHCTBUTENBHOCTH OHH He SABJISIOTCS TaKOBLIMH.

7. Ecau nosb30BaThCA OFHHM TOJNBKO onpejeseHHeM BepOATHOCTH
(70.1), TO BLUMCJIEHHE BEPOSTHOCTH B KAXKJIOM KOHKDETHOM Ciyyae
TpeGyeT pasjoxeHHs cOOHITHH Ha paBHOBO3MO:KHEE. HeoOxoaumocTs
3TOTO YCTpPaHSAETCA OCHOBHLIMH TEOpEMaMH TEOpPHH BePOSITHOCTEH,
H3BECTHLIMH [0J] HA3BAHUEM HeEopembl CAOMEHUS ¥ MEOPeMbl YMHONEHUA
seposmuocmet.

Teopema cioKeHHs1 BepOSITHOCTEH. Bepoamuocmy CyMMbL Hecos-
mecmumpix cobumull pasHa cymme eepoamuocmeti smux coboumull.

JeficTBHTENIBHO, PA3JIOKHM €IUHCTBEHHO BO3MOXKHEIE ¥ HECOBMECTH-
Mbie coObtusi A,, A,, ..., A, Ha PaBHOBO3MOXKHbBIE, KaK 3TO [e1ajioch
npH BBefeHuH onpefeaerud (70.1). Ilycrs cobuitue B sBasieTcs cyMMo#
cOBBITHH A, U A,, T. €. COCTOMT B NOsIBACHHH 160 cobuitua A;, nubo
cobbiTusl A, (Ge3pasnnuHo, Kakoro). Tak xak cobeitus A; u A, Hecos-
MECTHMBI, TO YHCJIO PaBHOBO3MOXKHBIX CJydaeB, GJarONpHATHBHIX CO-
ObrTui0 B, GyZeT paBHO CyMMe PaBHOBO3MOXKHLIX c/ydaeB, G/1aronpHusT-
Hplx cobertusam A, u A,, T. e. my; + m,. Beposraocts ke cobeitus B
Oyner

my-+m
P (B)= my - m;—f—...z—i—m,, =P (4)+P (Ao).

TakuM o6pasomM, ecan coboitus A, u A, HECOBMECTHML, TO
P (A1+A42)=P (A1) + P (Ay). (70.2)

MMpumep 3. BeposarnocTs BRIHYTh Kpacublil wap B npumepe 1 pasna Py, =
= 25/100, BepOSTHOCTb BHIHYTbL 3e/eHBfi Py, = 45/100, BeposATHOCTL BbUIYThb
UBeTHOH Iap 051 45 - .

54 .
Pyg —T.OO——PKp‘I‘Psen 100" 10°
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Mpramep 4. B npumepe 2 sepostiiocts coGuitast 1) 3 rpynns (A') pasHa
1/2, a BeposiTHOCTH co6eiTHil 2) 1 3) H3 Tolt ke rpynmbl pasibl 1/4. eificTBHTONBHO,
coburtie 1) H3 rpynnul (A’) ecTb CyMMa HeCOBMECTHMBIX PAaBHOBO3MOMKHBIX COGLITHH
1y 1 2) a3 rpynnel (A4). Nostomy 115t BeposTHOCTH (IIpH ABYX OPOCAHHSAX) NOABJICHHS
rep6a XoTs Obl OZMH pa3 Mel NOJyYaeM Ha OCHOBAHHH TeOpPeMBl CJIOXKeHHS BepPOSTHO-
cTel

1 1 3
P=s+7=7.

T. e. BepHHIl pe3ynbTaT. AHATOPHYHO pasbupaercs ciyyail Tpex Gpocannii. Beposar-
HoCTH CcOBLITHH H3 rpynnel (B') paBHH COOTBETCTBEHHO Y,, 1y, 174, 1/, H A4 Be-
POSITHOCTH, O KOTOPOH HAET peub B NMpHMepe 2, HAXOAUM

1 1 1 7
P=gt3ts=%

T. €. CHOBa BepHHIN DesyJbTaT.

Cymma sepoamrocmeli 6cex eQUHCIBEHHO BO3MOJCHYIX U HecoemMecmu-
moix cobounuli pasna eduruye:

P,+P,+...+P,=1. (70.3)

3To yTBep:KIeHHe SfBASETCS HENOCPeACTBEHHHIM CJEICTBHEM TeopeMsbl
c/loKeHHs1 BeposiTHocTefi. JleficTBUTENBHO, TaK Kak COOLITHSI eQHH-
CTBEHHO BO3MOJKHEI, TO NOfBJE€HHE OJHOrO H3 HUX (06e3pasiHyHo, Ka-
KOro) ectb cobpiTHe J0cTOBepHOe. BeposTHOCTb TaKOro COOBITHS paBHa
ennuue. C Apyroii CTOpOHBl, MO TeopeMe CJAOXKEHHA BeposTHOCTeH
BEPOATHOCTb TOrO 2Ke COOLITHS MOKeT OBRITh IpeACTaB/ieHa CyMMOH
P, 4+ P, + ...+P,. B pesyaprare u nonydaercs cootHouenue (70.3).

Coorromtenne (70.3) yacTto HasbIBAlOT YCAOBUEM HOPMUPOBKU 6epo-
amrocmu. BeposTHOCT B NpPHHIMME MOXKHO Gbio Obl ONpefesalTh He
BulpaxkeHueMm (70.1), a BripaxkeHHeM, eMy TpPONOPUHOHAJBHEIM, T. e.
TeM K€ BHIPaXKEHHEM, YMHOXEeHHBIM Ha TPOH3BOJLHLI NOCTOSHHBIH
yncaenHsblil Kosdduiuent k. Toraa cootHomenue (70.3) He nmeso Obt
mecta. Toapko npu k& = 1 ycJoBHe HOPMHPOBKH NPHBOAHTCS K BHAY
(70.3).

Ecau uucao  eQuHCMBeHHO B03MONMCHBIX HECOBMECTUMbIX  CODbIMUL
pasHo Osym, Mo cobbIMUA HASLIBAIOMCA NPOMUEON0AoKHHEMU. Kaxaomy
COGBITHIO COOTBETCTBYET IIPOTHBOIO/IOMKHOR, COCTOSLECE B TOM, 4TO
nepsoe coOwiTHe He npou3ofaer. OueBuaHO, CyMMa BepOSITHOCTEH
NPOTHBOIOJOKHBIX COOBITHH paBHA efHHULE.

8. Teopema ymHOXKEHHs BeposiTHocTed. DBeposmruocms npousse-
Oenus Osyx cobumuti A u B pasna npoussedenuro eepoamrnocmu 00H020
ua Hux P (A) Ha sepoamnocmsb Opyeoeo, SLIMUCIEHHYIO 8 NPeOnOAONEH UL,
umo nepsoe cobelmue nPOUSOULAO.

[Mocnennioo BepOSITHOCTB, O KOTOPOH IOBOPHTCH B TeopeMe, Ha3bl-
BAIOT YCA0BHOLL sepoammuoctnbto cobbimus B npu ycaosuu, umo cobsimue A
npousousso, n ofosnaualor P (B/A). Takum oGpasom,

P (AB)=P (A) P (B/4). (70.4)
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Ilns noKasatesbCTBA AOTMYCTHM, 4YTO H3 /1 €JHHCTBCHHO BO3MOXKHBIX,
HeCOBMECTHMBIX H PAaBHOBO3MOXKHBIX CJdyuaeB

Clv C2v°~-9 CI) Cl:,lv---» Cmv Cm+17'-" Cn

cobbITHIO A 61aronpHATCTBYIOT NEPBLIE #1 C1YYaeB, OCTA/IbHBIE KE eMY
ve Gaaronpusrtcreyor. I1yTe, namnee, U3 m ciyuyaes

Cls C‘.h---: Cl’ Cl+1:~'-s Cm

nepBbie [ cy4yaeB O1aronpuATCIBYIOT COOBITHIO 3, OCTalbHBlE XKe eMy
He 6J1aronpHATCTBYIOT. 3HAUUT, YHCIO CiyuaeB, OAaronpHATCTBYIO-
wux 1 A, u B, pasHo [/, a notomy P (AB) = [/n. Jlanee, oueBniHo
P (A) = m/n. Haxonen, ecnu cobeitve A npou30LWIO, TO caydau
Cmn+1y «»-, Cn CTAHOBSITCS HEBO3MOXKHBIMI, @ BCE OCTAaJbHBIE CJydYal
Cy, Csy ..., Cp, Cppyy ..., Cp MO-NpEKHEMY TIPONOJIKAIOT OCTABATLCHA
paBHoBo3MOXHbIMH. [lostomy P (B/A) = l/m. Taxum ob6pasom,

gy mtb_
P(A)P(B/A) =" —=—=P(AB),
4yTO U J0OKa3bIB4AeT Teopemy.
Pacnonaras npu nokasartenbctse cobeitusi 4 U B B o6paTHOM mo-
psillke, MOJYYHM TakKkKe

P (AB)=P (B) P (4/B). (70.5)

OTMeTHM BakHBII YACTHBIA cayyall TeOpeMsl YMHOKEHH ST BEPOSTHO-
creli. JlonmycTHM, YTO BEPOSITHOCTh KaXKJOTo H3 JABYX coOeituii A u B
He 3aBHCHUT OT TOTO, IPOH3OLLIO BTOpoe COObITHE MM He NPOU3OLLIO.
B stoM ciyuae coBuiTHs A M B Ha3BIBAIOTCH HE3a8UCUMbIMU WIH CIAmiL-
crmudecky Hesasucumoimu. JIaa He3aBHCHMBIX COOBITHH

P (AB)=P (A) P (B), (70.6)

T. €. 6EPOAMHOCTI NpOUdeederuss O8yx Hesagucumolx cobeimud pasHa
npoussedenuo Ux eeposmHocmel.

MMpumep 5. B ypue.exar yeTblpe ONHHAKORLIX lfapa, 3aHYMEPOBAHHEIX 1HD-
pamu 1, 2, 3, 4. KakxoBa BeposATHOCTb TOTO, YTO TPH NOCJIEJOBATEILHOM BHIEHMAHHH
ABYX LIAPOB OHH OKaXKyTCH ¢ HOMepamu | u 2? Boinem opud wap. BeposrHocTs TOrO,
4TO OH OKaXKeTcs ¢ HoMepoM Jiu6o 1, aubo 2 (cobbiTHe A), paBHa Mo TeopeMe CJI0KEeHH
BepositHocteit P (A) = Yy -+ 1/y = 1/,. Ecam co6pitie A mpousourio, 1o B ypHe
OCTaHeTCsl TPH Wapa, OfUH H3 KOTOpHIX 6yler UMeTh in6o Homep 1, qubo 2. Bepost-
HOCTb BEIHYTb IUp C TAaKUM HoMepoM (coGutne B) pasna P (B/A) = /3. Hckomas
BEPOSITHOCTB [0 TEOpPeMe YMHOMKeHUsl BepofTHocTell paBHa P (AB) = 1/,-1/3 =1/

ITpoBepum peiueiiye HEMOCPEACTBEHHLIM IMOACYETOM DPAaBHOBO3MOMKHBIX C€/1y4aes.
EaAMHCTBEHHO BO3MOKHbIE, HECOBMECTHMble H DABHOBO3MOMKHBIE COOLITHA B paccMat-
puBaeMoM npumepe H3o0pasum tabaHuel

[LEEE )
13 23 32 42
14 24 34 43
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3neck nepBas Ludpa 03HAYaeT HOMED 1apa NpH NCepBOM BHIHMMAHHH, & BTODasl — IIPH
BTOPOM. HHC/IO BCeX PABHOBO3MOJKHLIX CIyYaeB ABEHanuath. M3 mux GrarcrpHaTHbIX
HCKOMOMY COGBITHIO — fiBa, a uMedHo 12 u 21 (3TH ciyyan nojguepkuyThl). Mckomast
BEPOSITHOCThL €CThb 2/yy = 1/g.

V3MeHnM Temeph IOCTAHOBKY 3afaud. BLIHYB Iap M ONpejesds €ro HOMep, Mo-
JIOYKHM €ro o6paTHo B YPHY M BCe LapLl TIIATebHO mepemeruaeM. Bropoe peinuMaHue
IIPOU3BOJUM, C/IEIOBATENbHO, IPH TAKHX JKC YCJIOBHAX, T. C. IIPH TOM ¥Ke KOJIHYECTBe
1apoB B ypHe, uto # nepsoe. Tenepp cobbitus A ¥ B cTaHOBATCS HE3aBHCHMBIMH.
Bepoarnocts P (A) ocranercs npesxsed, 1. ¢. papnoit Y, Hafizem P (B). Ecau npu
NEpBOM BBLIHUMAHMHK I05BUACS map ¢ HoMepoM | (2), To cofwitne B COCTOHT B TOM,
YTO TIPH BTOPOM BLINMMAHMH JOJIKEN MOSBHTHCA wWwap ¢ HoMepom 2 (1). Bepostrocts
storo cobuitust P (B) = 1/,. TakuM 06pasoM, 1O TeopeMe YMHOMXEHHS BEPOSITHOCTEH
P(AB)= P (A) P(B)=1/,-1/y = 1/5. B npaBusbHOCTH pe3ysnbTaTa HETPYAHO
yOeAHTHCA TAKKE, HAMKHCAB BCS PABHOBO3MOXKHBIE CJlydaH, KOTOPble MOTYT BCTPETHTLCA,

a MMCHHO: 11 21 31 41
12 22 32 42

13 23 33 43
14 24 34 44

BaaronpusitHble cIyyan MogYepKHYTHL.

9. Onpenenenue anpHopHOH BEPOSITHOCTH MOMKET BCTPETHTL H
OpHHIHNHAAbHBE TPpyAHOcTH. J[lonmycrum, Hanpumep, uTo Gpocaercs
urpanbHast KoCcTb, TpaHM KOTODOH 3aHyMepoBaHbl Uuppamu 1, 2, 3,
4, 5, 6. Ecoin KOCTh COBEPIIEHHO OJHOPOAHA U UMeeT GopMY HACATLHO
IPaBHIBHOTO Kyba, TO NOSBJAEHHSA BCEX 3THUX HiecTH nudp npu Opoca-
HHH OyZyT paBHOBO3MOKHEIMH cOOHITHAMH. Ho eciu KocTh HeoHOpO1HA
HJH He SIBJIfICTCS NPaBWJILHLIM KyOoM, TO atoro yxe He Oyner. Torza
XOTsl NOHATHE BEPOSATHOCTH M COXPAaHsET CMBICH, OJHAKO TPYAHO nIpel-
CTaBUTE cebe, Kak B 3TOM cJydyae Pas/vuHBE COOLITHSI MOXKHO Pasfo-
JKHTb HA paBHOBO3MOXKHBIE. Hazno ykasarts Kakoii-ro apyro#l crocof,
C TIOMOMIBIO KOTOPOIo MOZKHO ObI10 OBbI, XOTS ObI NPUHIHITHATBLHO, HAHTH
BEPOATHOCTb H B yKasaHHOM ciydae. OjHH H3 cnocoBOB COCTOHT B cie-
LyIoLeM.

HonycTiiM, 4To HrpajibHast KocTh Gpocaerest 71 pa3 i mpH 5TOM Tpatb
¢ HoMepoM 1 BrImafia 1y pas. OTHOUIeHHe Vy = f1;/1 HA3LIBAETCS OMHOCU-
meavrod wacmomotl NOABACHHA paccMaTpliBaeMoro coOsitus. OneiT
TOKa3LlBaeT, U B 3TOM IPOSIBJAAETCA CTaTHCTHYECKast 3aKOHOMEPHOCTh,
YTO TIPH HEOrPaHMYEHHOM BO3PAcTAHHHM /1 OTHOCHTeJIbHAf 4acToTa v,
CTPEMHTCST K BIIOJTHE OlIpelle/IeHHOMY Tpefedy. AnpHopH sicHo, 4TO
B Cjyyae HAE€aJbHOH HrpalbHOH KOCTH ITOT Npeaest JoJXKeH ObiTh pa-
BeH /g, T. €. BCPOSITHOCTH PACCMAaTpUBAEMOro COOLITHSA, KaK oHa Obiia
onpenescHa Bolile. [TosTOMy NpeacTaB/iseTcs eCTeCTBEHHEIM U B OfeM
CJIyuae OIpPEeJEeJINTL BepPOATHOCTL COOBITUA € NMOMOIIBIO COOTHOLLEHHS

Py= lim v; = lim %, (70.7)

n—wo 0>
Koneuno, npHMEHHMOCThL 3TOTO ONpejiesicHist He OrPaHMYHBAETCS Cay-
gaem Opocanua urpannbuoll xoctu. OHo pacupocTpansiercs: 6es BCAKHX
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HU3MeHeHWH Ha Bce ¢/1yyaW, Korla B pe3y/bTare HCNBITaHHil IoJgyva-
€Tcs KOHEYHOE YMC/JIO Pa3JuYHBIX BO3MOMHOCTENL.

10. CyulecTByeT emie 0[HAd HHTePHpeTallHsl BEPOSITHOCTH, IpHMe-
Hsitomasicss B ¢usnke, BrnosiHe auajtoruuuada (70.7). [loacnuM ee ua
npocreiinieM npumepe. ITycThb B 3aKpHITOM cocyle HMeeTcsl OgHa MoJle-
kyna. CralxkuBasich €O CTEHKAMHM (MMEIOMMMHU MOJEKYASIPHYIO CTPYK-
TYpy), MoJekyJa npetepreBaerT OeclopsOuHBE OTpaXKeHHS OT HHX,
ciaenymwomne Apyr 3a japyrom. Hpn 3ToM ona noOblBaeT B pasiHuUHLIX
MecTax cocyna. BeuiesuM MBICJTEHHO B COCYAE KAKOH-THOG0 HEMOABHXK-
HBI 00beM v. Kak onpejieluTb BEPOATHOCTL HAXOMKIEHHS MOJEKYJIb
B 2ToM oObeMe? C 3Tofi nenbio 6yaeM Hadl00aTh 32 MOJEKYJI0d B Teye-
Hie anaurtensHoro Bpemenn 1. IlycTs yacTe BpeMmeHH f MoJekyJa npo-
BOIHT B oObeMe v. OtHomeHne ¢/T HA3BIBAETCH OTHOCUTENBHBIM Bpe-
MeHeM npeGhiBaHHS MOJEKYab B obbeme v. Ilpefen storo oTHOLIeHHs

P= lim .. (70.8)
T->c0
i €CTh BEPOATHOCTb HAXOMKAEHHA MOJEKYAbl B 00beme v. CTaTHCTHYE-
CKasi 3aKOHOMEPHOCTb INIPOSIBJASETCS ONfITb B TOM, uTo npenen (70.8)
CYLIEeCTBYET, KaK 3TO TNOKa3bIBACT ONLIT.

11. BaxHpIMH NOHSATHSIMH B TEODHH BePOATHOCTEH H ee TPHIO-
JKEHHAX SIBASIOTCA TOHATHS CPeOHEe0 SHAMEHUA U MAMEMAMUHEcKo20
oocudarus. Pa3bsaCHUM 3TH NOHATHS Ha KOHKpeTHoM npumepe. [lycTs
npou3BefeHo N OJHOTHIHBIX H3Mepelinll ONHOH H TOH e BeJHUHHEH @
NpH HeH3MeHHHX ycjaoBusix. [lycTh B 7, caydasx uaMepeHHOE 3Haue-
HHe BeJHYHHBE @ 0Ka3a/l0Ch PABHBIM @, B fly CAYUAHX — @y, ..., B fy
cayuasx — &, (g + fs +... +n, = N). Cpeiee 3Hauenue usMe-
pAeMOfl BeSMUUHBL ONpeAesfeTCst BhiparKeHueM

<a> _ niay +n2a2j\/_-”—{_ Ninlm =V + . + Vil (709)

JonycTHM A5 [POCTOTEl, YTO HHKAKHX JAPYTHX pPe3y/bTaTos,
KPOME @y, Us, ..., Qp, OPHU H3MEPEHHAX NOSBHTBCH HE MOIKET, TaK UYTO
3TH pesyJbTarThl SIBAAIOTCS €TMHCTBEHHO BO3MOXKHBIMH M HECOBMECTH-
meivi. Torza, ecad HeOrpaHHYEHHO YBeJHYHBAThL YHCJIO H3MepeHH# N,

TO YaCTOTHL Vi, Vs, ..., Vy HEPEHAYT B CBOH Npeje/bHbEE 3HaueHUs P,
Py, ..., P, — BepOATHOCTH MNOABJIEHUA [PU UIMEPEHHUSX 3HAYEHUH a,,
oy -+, Q. Bulpaxenne (70.9) mpu 3TOM nEpexoguT B

Mox g = Plal + Pﬁag + N "}' Pmam. (70. 10)

Cymma (70.10) Ha3bBaeTCH MAMEMAMULECKUM OMCUOQHUEM BEAUHLHGL Q.

McrunHoe 3HaueHHe H3MepseMod BeJaHUHHBl @, KaK IPABUJIO, Onpe-
JIeJUTh HEBO3MOXKHO, TaK KaK H3MepeHHs, CKOJb Obl TOYHBLI OHH HH
ObL1H, CONPOBOXKAAIOTCS OWHNOKaMHU. (MICK/IIOUEHH ST HMEIOT MeCTO TOJBKO
npH cyeTe KOHEUHOro uHc/Ia npeaMeToB. Hanpumep, uucio xuredeft
B JIOM€ MJIH YHCJIO JIepeBbeB B CaJy MOXKHO COCYUHTATL aBCOJIOTHO TOYHO.)
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CucreMatnyeckne oyHOKH MOTYT ObITh HCKIIOUEHB! MyTeM TIIATe/BHOTO
u3yueHuss npuGopoB u MeToioB Hamepenus. Ho caydafinpie omn6ku
Bcerga ocraotcd. BuusiHue HX yMEHBIUAIOT NYTeM MHOTOKPATHOTO o8-
TOpeHHsl u3MepeHiil. Mneanbhoil 1esiblo, K KOTOpOH cJeaoBaio Gbl
CTPEMHTBCSI HA 3TOM MYTH, SBJASCTCA HaXomjeHie MaTeMaTHueCcKoro
OXKHAaHUS u3MepsieMoll BeiuuuHnl. OHO H NpencTaBAsI0 Obl OKOHUA-
TeJbHBIH pe3yabTaT [13MEPeHHS, BbllaBaeMblH 3KCIePHMEHTATOPOM 34
HCTHHHOE 3Haueniie HaMepsieMoi BeuHHbL. Ho HaxoxneHne mateMarti-
yeckoro oxHpanus TpeGoBaio Obl GECHOHEUHOIO MOBTOPEHHS H3Me-
peHu#f, a NOTOMY Ha IPaKTHKe BMECTO HEr0 MPHXOAHTCS HOBOMbLCTBO-
BATbCS CPEJHHM 3Ha4eHHeM, NOJYUYeHHbIM B DPe3ysbrare KaKk MOAHO
GOJTBILIEr0 YHCIA U3MEPEHUH.

MokHO CKasaTb, YTO MaTeMaTHuyeckoe OXHJaRie fBJfeTcs npee-
JIOM, K KOTOPOMY CTPEMHTCS CpejiHee 3HaueHHe (@) IIPH HeorpaHiyeH-
HOM BO3pacTanui uucia N. PasnnuaTh 3TH NOHATHS Kpaiine HeobGXo-
MO, Xorjaa rtpebyeTcss TOYHOCTb B paccykpeHhsX. OaHako, Koraa
Takoli HeoOGXONHMOCTH HeT, TEePMHHOM «MaTeMaTH4ecKoe OXKHlaHHe»
06HIYHO He MONB3YIOTCS H HA3LIBAIOT CPeSHHM 3HAUeHeM KaK BeJHYHHY
(70.9), Tak u Beauyuny (70.10).

12. 3aTpoHeM MONYTHO cO BCefl BO3MOXKHONR KPATKOCTBIO HEKOTOPHIE BOMPOCH
TeOpHU OUWIKGOK. XOTSl HENMOCPEICTBEHHO LJIA HALIETO Kypca OHM He HYXKHbI, HO BOI-
poc 06 olu6KaX H3MepeHHi sBJSETCS OCHOBHBIM IIPH CTaTHCTHYeCKOH ofpaboTke
pe3ynbTaToB Jio6bix H3MepeHHuit. [To3ToMy MMeeT CMBIC/ Ha HeM OCTaHOBHTHLCS. 31ech
peub NOHIET TOMBLKO O CAydQiHbIX OwUOKaX.

Ouuubroli HazwBReMca pPasHOCMG MENCOY LIMEPEHHBIM W UCHUHHbIM 3HAUeHUIMU
usstepsemod geatyunvt. Ecnu B pesysnbrare N OJHOTHIHBIX u3Mepenii noayueno N
3Hauel il U3MEPSEMOH BEJIHYUHE! @), Gy ... , Oy, TO OWKOKK 3THX OTAEJLHBIX H3Me-

pennfi 6yayT si=aq,—a (i=1,2,..., N). (70.11)

IIns XapakTepUCTHKH CpelHeli CTeMeHH TOYHOCTH NPHGOPA M METON3 H3MepeHHs npH-
MEHAIOT OGLIYHO TaK Ha3biBAEMYIO CPEOHION KBAIPAMULHYIO OWUBKY OMIeAbHO20 UBME~
perus. DTO eCTb KBAIPATHBIE KopeHp M3 CpeNHero KBaipara OWHGKH OTIENLHOIO
H3MepeHHs, T. €. BEJHYHHA

A=V T =) A8 (70.12)

ToyHoe BLIYHC/IEHHE OLIHBOK X{, X, ... , @ C HEMH H BEJIHUMHB A,, HEBO3MOMKHO, TAK
KaK HCTHHHOE 3HayeHHe U3MepseMoll BeTHUHHBI @ HEH3BeCTHO, BMecTo TOUHOrO BHIUH-
CJIeHUST TPHXOAKTCH JOBOJIBCTBOBATLCSH BEPOSITHOCTHON ONEHKOH BeNUUHHBL Ag.
C 3701l LebI0 BBEJIEM NOHATHE OMKAOHEHUS PE3YAbMAMOs OMIeabHoLY UIMEPEHUL O
cpedrezo 3raqents (ay, T.e. BeJHYHHHI

yi:ai—‘<a> (i:l,Q,..., N). (70.13)
D14 OTKIOHEHHS YIOBIETBOPAOT TOKIECTBY
=0, (70.14)

KOTOpoe HEMOCPeACTBEHHO CJeAYeT M3 ONpefeseHHs cpegHero apHdMerHieckoro
{a). TloxuepkHeM 31ech, ¥TO A5 OWHMGOK x; 1I0106HOE PABEHCTBO MECTa He HMeeT.

Ucrnunoe anavenye cymmsl oupGoR D,x;, KOHeuHo, HeMasecTHo. OHAKO ec pac-
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CMATPHBAEMYIO CepHIO M3 N H3MepeHHiT NOBTOPATh MHOTOKPATHO, YCTPEMJIsIA UYHCJO
TaKHX MOBTOPEHHH K GeCKOHEYHOCTH, TO MOMKHO YTREeDXKIAaTh, UTO MarteMaTHueckoe
OXHJlaHHEe YKA3aHHOH CyMMpl GYJeT PABHO HYJIO:

Mox ¥ x; =0. (70.15)

B stom nposimasterc cayuaitHeil xapakrep omnGoK.

M3 (70.11) n (70.13) crenayer, uto x;=y; + O, rae 8 — nocrosinnas: 6 =
= (a) — a. CHa HMeeT CMbIC] OLIMGKH cpefHero pesynbrara. Ee TouHoe BhidHCae-
JleHHe, KOHEYHO, HeBO3MOXKHO. Ho MOXKHO aTh BEePOSTHOCTHYIO OLEHKY aGCOMIOTHOTO

3HAYEHHS BEJIMUHHLL § Hiin, Myuule, ce Kpanpara. Benuunna 8, =) (82) naspmaercs
cpedrel keadpamu4noti owubron cpedreco peayasmama. Ee priunciende H ABjafercs
[JIABHOM Liesbio TeopuH oltnbok. Bosseas pasencTso x; = y; + 6 B xBaapar # npocym-
MHPOBaB N[O BCEM I, NOJYYHM BBUAY cooTHouehus {(70.14)

Sxt=Ly3+5 6

RAR
N (x2)=Eg; + NE2,
N anee,
_Lfa , E@-—a Ix
=T e==F— =
OTKy4a
1 Y 1
N62=WZXE+W22x,x/.
i£]

[lepBoe cnaraemoe B npaeoil yacTd CyLWeCTBEHHO MOJOkHTeNpHO M pasHo (x%). Uto
KacaeTcs ABOfIHOI CyMMBI, TO O ee 3HAYEHHH CKa3aTb HHYero Hedn3d. MoxHO yTBEpK-
A4Tb TOJIBKO, UTO €CJIH PACCMaTPHBaeMYIo CepHIO H3 N H3MepeHHil NOBTOPAThL Heorpa-
HHY€HHO, TO ABOMHAS CyMMa C PaBHOH BepOSITHOCTBLIO OYACT NPHHAMATDL KaK MOJOKH-
TesIbHBIE, TAK H OTpALATE LKL 3HaueHns. Ee MaTemaTHuecKoe oxujanue Gyler papHo
HYJI0, Nojo6HO MarteMaTHuecKoMy oxkupaHuwo (70.15). Ind BepOATHOCTHOM OUEHKH
cpennero kpagpara (8?) samenum fBofinyio cymmy ¥ ¥ X;X; ee MareMaTAueCKHM OXH-
Aannem. Takum nyrem noayuum N (8%) = (x%), a moromy

N () =T yi+ (%)

Orcoga ——
S Ly -
AKBzV(x‘z)___]/-A—/___Ll , (70.16)
6 — /@z Ty (70.17)
“ ] N l N(N—1) VN

B npasuie 4acTH 3THX QOPMYJ BXOIAT TOJNLKO H3BECTHBIE BEJHYHHBI — OTKJACHEHHA
Pe3yJIbTaToB OTAE/JbHBIX M3MepeHHH 0T cpepsero 3uauenus (a). [losromy (70.16) u
(70.17) moryT cayxuTb Ana (AaKTHYECKOTO BHIUMC/JEHHSI CPEAHHX KBALPaTHUHBIX
OWHOOK Ay H 8yp MJH, JyUilie, HX BEPOATHOCTHEIX OLEHOK.

OxkoHuaTte/LHEI pe3ysibTaT H3MeDeHHs NMPHHATO 3anHCLIBATL B BHAE

a=(a) & Oyz.
Bennunna 6KB onpenesigerT YHCAO0 JOCTOBCPHBIX ACCATUYHBIX 3HAKOB, C KOTOPBIMH MO-

KeT GEITh NOJTYYeHO 3HaueHne H3MepseMofi BeHuHHEl. Beananna Agy OT uncIa H3Mepe-
HHl He 3aBHCHT. YBeJHUHBAf uMCJIO H3MepeHHMil, Mbl TOJLKO YTOUHSEM 3HaueHHe

1
VN
Tara Ha OJHH HOpﬂ)IOK, OCTaBJ/JIAd TOYHOCTE OTACABHLIX HSMepeHHﬁ HeH3MEHHOH, Halo

sroit penuynHbl, [lostomy &xp ~ . st roro 4ToGL! NOBKHICHTL TOYHOCTS Pe3yJib-
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YBEJIMUHTD YHCJIO H3Mepenuil B 100 pas. TloprliicHne TOUHOCTH Ha [Ba NnopsjaKa norpe-
6oBano Ol yBeJuueHHs umcia mamepennit B 10 000 pas. Orcioga BHIHO, UTO METOX
MHOTOKPAaTHOTO NOBTOPELHs H3MepeRHil a(pQeKTHBeH MRIIb IIPH CPaBHATEALHO HEGO/b-
WHX 3HaYeHUAX N.

13. TloHsiTie BepOATHOCTH MBI Pa3bCHHIH NPHMEHATETBHO K CIY-
4asM, KOIa MHOMKECTBO pas3JHuYHbIX COOBITHI, KOTOpble MOTYT IOfi-
BUTBCH NP HCHBITAHUM, KOHe4Ho. o MoryT OHITH H TakHe c/yyaH,
KOT/la 9TO MHOMECTBO OeCcKOHedHo W jaxke HenpepeisHo. C TaKUMH CIly-
YyasgMH Mbl BCTpeyaeMcsl, Hanpumep, NPH H3MepenHd BeJWYHH, MOTY-
IMX NPHHUMATbL HENPEPLIBHBIA pAjA 3HaYeHHH. MoxXHO, Hampumep,
BBECTH BEpOSATHOCTh dP TOTrO, YTO UHC/JIEHHCE 3HAYeHWwe H3MepseMoi
BeJIMYMHE, TIOJYYCHHOE B pe3yJbTaTe H3MepeHust, OyfeT 3aKJIOUeHo
B Ipefieiax OT a 10 a -+ da. BenuuuHa 3TOH BepOSITHOCTH NPONOPIHO-
HaJbHAa MHUpHHe OeCKOHEUHO Y3HOTO HHTepBa/da da, TAaK 4TO OHa MOKeT
ObITb NpejcTaBlieHa B BHIE

dP =p (e) da,

npuyeM KoxppHIHEHT NpOonopIHOHANBHOCTH 0, BooOLUle TOBOpS, 3aBH-
cut or a. QPyHKUHA p (a) HasLBACTCH MAOMHOCAILIO 6€POAMHOCTLU.
Yenosue HopMHPOBKH (70.3) nmpuHMMAaeT BHA

{o@da=1, (70.18)
a gopmyaa (70.10) aaa mMateMaTHYeCKOro OXKHAAHUS TEPEXOJHT B
Mox a = { ap (a) da. (70.19)

Unrerpanst GepyTcss NO BceM 3HAYEHHSIM, KOTODLIE MOMET TPHHH-
Math a. OJHaKoO BO BceX c/aydasX B KauecTBe INpefieJlOB HHTeIPHpO-
BaHHSI MOXKHO IIOCTABHTb — ©0 M -+ 00, CUHTAsA, YTO BHE OBJACTH H3Me-
HEHHS @ IVIOTHOCTb BEPOSTHOCTH p (@) paBHa HYyJIIO.

§ 71. Pacnpepenenne ckopoCTeH MOJIeKyJ rasa.
IlocTanoBka 3ajauu

1. B coCTOSHHHM CTATHCTHYECKOTO DAaBHOBECHS BCe HaNpaBJeHHA
CKOpOCTel MOJIEKYyJ Ta3a IpH TeIIOBOM [BHMKEHHUH PaBHOBEPOATHBL
Ecau 6b1 370 6110 He Tak, TO TEIJIOBOE ABHKEHHE rasa He ObLIG 6bl
BIOJHe GecrnopsifouHbM. AGCOMIOTHBIE BEJMYUHBI BCEX CKOpOCTEHd MO-
JIEKYJ B TOM K€ COCTOSIHHH TakxKe He MOTYT OhITh OJHHAKOBHIMH. Jlaxe
ecaH GObl c1y4aHHO OHM M OKa3aluChb OJHHAKOBBIMH B KaKOH-TO MOMEHT
BpeMeHd, TO B JajbHeHIIeM Takoe COCTOsIHHe OBICTPO HapyUIHIOCH Obl
H3-3a CTOJKHOBEHHH MOJIeKyJa Mex]y coGofi. PaccMorpum, Hampuwmep,
NPOCTeHIIYIO MOZeIb I'a3a, COCTOSILLYIO U3 HAeaJbHO YyNPYrUX M IJaj-
KHX IIapUKOB, B3aHMOJEHCTBYIOIUX MeXay coGOH JIHIUb B MOMEHTHI
CTO/IKHOBeHHH. JlONyCTHUM, UTO CTOJTKHYJIUCE MOIEKYJH [ U 2, CKOPOCTH
KOTOPBEIX JO CTOJIKHOBEHHS] ¥; H U, OBUIH B3aHMHO NEPHEHAHKYJAPHBI
(puc. 49). ITlepsas Mosieky/aa ABHrajZach BROJb JHHUM LEHTPOB 12,
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BTOpas — MepneHAMKyAapHo K Hell. Tak kak mapel — aGCOMHOTHO
raajkue, TO KacaTeJbHBie COCTaB/SIONIHE HX CKOPOCTeH B pesyJibTaTe
CTOJIKHOBEHMS He H3MeHsiTcA. OHAKO LIApE!, KAK H3BECTHO H3 3JIeMEeH-
TAPHOH TeOpUU yJapa, LOJNKHBI OOMEHATbCH HOPMAJBHBIMH CKOPOCTS-
mil. Ilocne cToNKHOBeHHS NMepBLI I1ap OCTAHOBUTCSH, CKOPOCTb BTOPOTO
NOVIYYHT NpupalieHde A9, = 9], T. €. ofpaTHTCH B 03 = ¥, + ©;. Ona
1300pasuTCca QHArcHalbIO Mapa/siesiorpaMma, HOCTPOEHHOTO Ha Bek-

) vz

4o yiepe Toene yowoe
Puc. 49.

Topax @, 1 U,. Ecn v, = v,, 100} =0, )/ 2. D10T NpHMep NOKA3LIBAET,
YTO IPH CTOJNIKHOBEHHSIX MEHSIOTCS He TOJIbKO HANPABJNEHHS JBHAEHHHA
MoJeKys, HO H abco/IoTHBIE 3HaUeHHs HX cKopocreil. PaccMorpernoe
CTOJIKHOBEHHe SIBJISIETCS TOJABKO OJHHM H3 BO3MOXKHBIX. Ha camom
leJle CTONKHOBeHHs GecKOHeYHO pa3HoobpasHul. OHM CONPOBOXKAAIOTCA
BCEBO3MOKHEIMH H3MEHEHHSMH CKOPOCTEll M NPUBOAAT B KOHLE KOHILOB
K BIIONHE ONpEJIe/IeRHOMY CTATHCTHYECKOMY g
pacnpeneseHHI0 MOJIEKYJ HO CKOPOCTSM.

2. 3ajgaya o pacnperesieHHH MOJEKYJI
rasa Io cKopoctaM Obula HocTaBJeHa H pe-
imeHa MaxcpessioM B 1859 r. YsicHuM cHaua-
Jla NOCTaHOBKY 3afaud. Jlomyctum, 4TO B 3a-
KPBITOM COCYZle COIepKHTCsl odeHb GoJ/ibLioe
ypcso N MOTeKyad rasa U YT0 BHEMIHHX Y
CHJIOBHIX MoJel, NeHCTBYIOUMX Ha ras, HeT. Puc. 50.
IlpuMeM NpOM3BONABHYIO TOYKY IIPOCTPaH-
crpa O 3a Hayano Koopausat (puc. 50). OT/710:KUM OT Hee B KaKOH-TO
MOMEHT BpeMeHH { BeKTOPH CKOpOCTefl BCeX MOJIeKYJ rasa: ¥;, @, ...,
Uy. KoHIB 5THX BeKTOPOB HAa3SHIBAIOTCH CKOPOCIHbIMU UIIH UB00paKar-
wumu  mouxamu. COBOKYIHOCTL BCEX CKOPOCTHBIX ToueK oOpasyer
TpeXMepHOe MpPOCTPAHCTBO, HA3LIBAEMOE NPOCHIPAHCIGOM CKOPOCHel.
B nem MoxkHO BBecTH npsiMoyrosibHele ocd. KoopanHaTamu CKOPOCTHOM
TOYKH SBASIKOTCA NPOEKIHHU Uy, Uy, U, BEKTOPA ¥ HA 5TH OCH. 3ajlaHHe
CKOpOCTeft BceX MOJIEKY. ra3a 5KBHBAJIEHTHO 33JIaHHIO NOJOXKeHHS HX
CKOPOCTHBIX TOYEK B NPOCTPaHCTBE cKopocTell. C UHCTO AMHAMUYECKOH
TOYKH 3peHHd 3ajjaya O paclpeleNeHUH CKOPOCTeil MOJIEKYJ CBOLUTCS
K ONpejeseHUI0 TOJIOXKEHHS CKOPOCTHBIX TOYEK B NPOCTPAHCTBE CKO-
pocteil B soGol MoMeHT BpeMeHH. Ho, Kak yxe yKasmbiBajock B § 9,
LJIs1 CHCTEM C KOJIOCCaJbHBIM YHMCJIOM MOJEKYJ B TaKOH AMHAMHYECKOH

Us
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NOCTAHOBKE 3ajlaua He paspeniiMa W He NpeAcTaBafeT HHTepeca. Pac-
npejlefieHie MOJeKyJl TI0 CKOPOCTSAM JOJKHO paccMaTpHBaThCd Kak cTa-
THCTHUECKAA 3ajaua. Ee MoxHO GopMyanpoBaTh caeayiomiM o6pasom.

3. BosbMem B 1npocTpaHcTBe cKopocTelt ¢uandeckH OGecKOHEUHO
MaJblil anieMeHT o6beMa, HMelomHi, HanpuMep, GOpMy NPAMOYTOJABHOTO
napansenenunesa ¢ peGpamu duy, dov,, du, ¥ C UEHTPOM B TOUKE U,
v,, U,. O6bem 3T0TO Napasnenenunejia paseH do = dv, dv, dv,, 4ncio
CKOPOCTHBIX TOYeK B HeM o6o3HauuM dN. [3-3a B3aumogelicTBus MoO-
JIEKYJ MEHSI0TCST HX CKOpPOCTH. Ha reomeTpHuYecKoM sA3biKe 3TO 03Ha-
yaeT, YTO CKOPOCTHLIE TOYKH OLHHX MOJEKYJ YXOAAT H3 3JeMeHTa
ofbeMa d, CKOPOCTHBIE TOUKH APYIHX MOJIeKYJ — BCTYNANOT B HEro.
Unceto ckopocTHeIX TodeK dN BHYTpH ofbeMa do, Takum obpasom,
He COXPaHseTcs MOCTOAHHBIM. EC/H aeMeHT dw BHOpATL OYeHb MaJkiM,
TO B HeM OKaxeTcsl Majio CKOPCCTHBIX ToueK. MokeT cuyunTbes, Ha-
NpHMEP, YTO B OJHH MOMEHTHI BpeMeHH B o0beMe dm OKaMercs ofiHa
HJIM JIBé CKOPOCTHBIX TOYKH, a B ApYrHe MOMEeHThl — HH ofHoil. YUucao
CKOPOCTHHIX TodeK dN, Takum ob6pa3om, OyJeT Pe3KO H HeperyJasipHo
MeHATBCS OT OJHOFO MOMEHTa BpeMeHH K Apyromy. Bo usbexxauiue storo
Hajio o0beM dw BbIGPATh JOCTATOUHO GOJBLIHM, 4TOCH B HEM HAXOAHI0Ch
elle OYeHb MHOTO CKOPOCTHEIX ToYeK. Torja B yCTaHOBHBHIEMCS COCTOSI-
HUM uucna dN 6yoyT MeHSATbCH OTHOCHTENBHO MaJjo, Koaebasch BO-
KPYT HEKOTOpOro cpexsero 3HaueHus (dN), a ToOBejeHHe CaMHX Cpej-
HHX 3HaueHH# (dN) OyneT NMOAYHHATBCH ONPEAEJEHHBIM CTATHCTHYE-
CKHM 3aKOHOMEepDHOCTSIM, KOTOpBble Mbl H JO/LKHBL YCTaHOBUThH., Ho
0o61eM dw B TO ke BPEeMsi JOJIKeH OblTh HACTONBKO MaJIbiM, YTOGh pacnpe-
Jle/leHie CKOPOCTHBIX TOYEK B NPOCTPaHCTBE CKOpOCTedl OBLIO OIMCAHO
JIOCTATOYHO JieTaJbHO, H HACTOJBKO MaJibiM, 4TOOLI ¢ BelHYHHAMH du,,
dv,, dv,, a Takxke do H dN M0O:KHO OblT0 00pailaThes Kak ¢ GeCKOHEUHO
MalbiMH  AnddeperunanamMn. OOoHM TpeGoBaHHAM yJaeTcsl YJOBJIET-
BODHTb NIpaKTH4eCKH Bcerja 0Jaroiaps KoJOCCAJbHOCTH YHCEJ MoJie-
KyJ, CcojepKaliuxci B rasax.

“{dN} .

4. Ornomenue Nf (7’)2%— HMeeT CMBICJ cpeliHeil KOHLEHTPaluH
CKOPOCTHBIX TOYEK B NPOCTpaHCTBE CKOPOCTeH M BIIOJIHE aHAJIOTHYHO
KOHUEHTPALHH YaCTHIL B OOLUHOM (KOODAMHATHOM) IPOCTpPAHCTEE.
Bénnunna f(v) HaswBaeTcs ¢ynKyued pacnpedesenus MoaeKya no
ckopocmam. OHa MOXKeT ObITb HHTEPIPETHPOBAHA KaK IJIOTHOCTb BEPOST-
HOCTH paclpefieieHHsl CKOPOCTHBIX TOUEK MOJEKYJ B NPOCTPAHCTBE
cxopocteit. K onpesenennio ¢byHKIOUY [ (U) H CBOIHTCS CTATHCTHYECKAS
3aja4a O pacmpeesieHu# cxopocTe#t mosekya. Ecau senwunny dN
unn (dN) npoHHTerpHpOBaTb O BCEMY CKOPOCTHOMY HpOCTPAHCTBY,
TO B pe3yJbTaTe, OYEBHAHO, MOJYUYHTCS TOJHOE YHCIO MOJEKYa N.
Orcrofa caeayet yc/oBHe HOPMHDPOBKH

{f(@) do=1, (71.1)
KOTODOMY JOJ:KHa YAOBJETBOPHTh GhyHKuuA [ ().
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B nanpuefitieM Mbl GyeM HMETb JIe/10 TOJIBKO CO CPeIHHMH YHCTaMit
(dN), a He ¢ MruosennbMi s3naveHuamMi dN. [TosToMy Ast cokpaierus
nucbMa 3Hak ycpeauenus ( ) obbluHO GyneT onyckaTbes. WHbMI
cJIoBaMH, B JajbHeiilieM Bclofy IOE dN O6yaeT NOHUMATbCs cpepHee
171 BepOSATHOE 3HAUcHHe 3TOro uyucaa, T.e. (dN).

Ilo cmblicy dyukuuu pacnpejeneHns BeJlHYHHA

dN = Nf (v) do = Nf (v, vy, v;) dv, du, dv, (71.2)

1aeT CpejHee YHCJI0 MOJEKYJ, KOMIIOHEHTBl CKOPOCTEH KOTOPBIX JekKat
MeXAY Ue H Uy - duy, v, 1 v, + du,, U, H U, + dv, COOTBETCTBEHHO.
dyuxuua pacnpesieseHus f () MeHseTCs HelpepbBHO H IWIABHO C H3-
MEHeHHeM CKopocTH ©. OHa OIHCHIBAEeT He IICTHHHOE, a TOJIBKO CAQHCeH-
HOe, CpeOHee UJH 6eposmMoe pacripejiesieHiHe MOJEKYJ TI0 CKOPOCTSM.
DTO BHAHO H3 TOTO, YTO HCTHHHOE YHCJIO CKOPOCTHBIX TOYCK B JIIOOOM
37eMeHTe d® CKOPOCTHOFO NPOCTPAHCTBA MOMKET OBITh TOJNBKO LEJBIM.
Beanunna xe dN, onpenensiemas BulpaxeHuem (71.2), Moxer npu-
HHMaTh J100ble BellleCTBeHHbIe 3HAYEHHS.

Tlpu crarucruyeckoil NOCTAHOBKe 3a/laud He HMeeT TaKyKe CMbICIa
CrpallliBaTb, CKOJBKO MOJIEKYJ ra3a HMeOT BIIOJIHe ONpefeeHHYIo
CKOPOCTb ¥ C KOMIIOHEHTAMH Uy, Uy, U, Peub MOXKET HATH TOJIBKO O cpel-
HeM uuciae dN MoJiekyda B s/eMeHTe 00beMa CKOPOCTHOTO IPOCTPaHCTBa
do = dvdv,dv,. Tlpu crpemaennu do K HYJAI0 CTpeMHTCH K HYJIIO H
yiicso dN. Takum o6pasoM, cpeHee YHCJIO MOJEKYJ CO CTPOrO ompeje-
JIEHHOH CKOPOCTBIO ¥ PaBHO HYJIO. DTO CTAaHET OUCBHIHEIM, €C/H 3aMe-
THTb, YTO MHOMECTBO BCEX BEKTOPOB ¥, T. €. BCEX TOYEK CKOPOCTHOrO
NpoCTpaHcTBa GeCKOHEYHO, TOTa KAaK IOJHOe YHCJIO MoJeKysa rasa N
koHeyHo. Ilo Tofl e nMpuYHHE paBHO HYJIO CPeLHee YHCJAO MOJeKydl
CO CTPOrO Onpejie/leHHbIM HANpaB/JeHHEM BEKTOPa CKCPOCTH.

5. Jlag nyullero yscHeHHs CTATHCTHYECKOTO XapakTepa 3ajayH O pacnpeieseHHH
cKOpocTefl MOJIEKYJ MOXKeT CJYKHTb JeMOHCTPAlHOHHLIH NpHGODP, Ha3bBaeMblil
Oockoti I'arvmona. ITo — JOCKA, C MepefHell CTOPOHBI NPUKPHTAA CTCKJIOM, B KOTO-
PYIO B 1IAaXMaTHOM NOPSIAKE JOCTATOYHO YacTo BOUTH rso3fau (puc. 51). Buuay noz
rBO3ISIMH YCTAHOBJIEHEl PABHOOTCTOSILIHE BEPTHKATbHBIE TNEPErOPOIKH H3 MeTalliH-
YyecKHX miacTHHOK. OHH JeqsiT IPOCTPAaKCTBO MeXKAY AOCKOH M CTEKJAOM Ha paBHBIS
06beMbl, HasblBaeMbie HHKE VA KPaTKOCTH s4edrxamu. BeepXy Hax rBo3isMH B cpel-
Heil YacTH JIOCKH NOMelieHa BOPOHKA, B KOTOPYIO MOXHO ChINaTh NMeCOK, 3epHa IleHa,
KW apyrue yacTHlsl. Ecan 6pocHTh B BOPOHKY OAHY HACTHMIY, TO NPH NaJeHHH BHU3
OHa HCOBITAET MHOTO CTOJKHOBEHHIl C TBO3ASIMH H B KOHLE KOHLOB IIONAIET B OJHY
13 aveek. B kakyio Aueiiky nofiager yacTHia — 3TO NMPEACKa3aTb HEBO3MOMKHO H3-3a
MHOJKECTBA CJ/yYafiHblX (DAKTOPOB, BJMAIOIIKMX Ha ee JBHXKeHHe. Mo:KHO roBOpHTB
JHWb O BEePOATHOCTH NONALAHUST YacTHUB! B Ty AN Apyryio fuefiky. EcTecTsenHo
0XKUJaTh, YTO MONAaZaHHe YacTHUIH B HEHTpalbHBIC fUEliKH Gosee BepPOATHO, ueM
B kpafiune. M JeiicreutenbHO, €C/M Yepe3 BODOHKY YaCTHIbL! CHIIATh HelpephIBHO,
TO OKaskBaeTCA, YTO B LeEHTpajdbHble fYelikH, HaXoAsluecs INOA OTBEPCTHEM
BOPOHKH, IONAafaeT 4acTHI GoJblue BCeTo, a B Kpaftnue — MeHbile seero. flpu ouenn
60JILILIONM KOJIMYECTBE YacTHIl, NPOLIEALUIHX Yepe3 BOPOHKY, BHIPHCOBBLIBAGTCH BIIOJIHE
onpefeJeHHAs CTATHCTHYeCKas 3aKOHOMEPHOCTb PacHpefefieHHs HX Mo  syelikam.
ATy 3aKOKOMEPHOCTL MOXKHO Jia:Ke MPEeACTABHTD B Mpejlee anaquTHueckoll Gopmy.ioi.
C s10fl LeIBLI0 COEIHIMM IVIABHOI KPHBOH BEePLIHHBI CTONGHKOB, KOTOpLle 06pa3ylor
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yacTHUH B siuelikaX. OxasplBaercsi, YTO NPH OYeHb GOJbIUOM YHC/E YacTHL[ KpHBas
aCHMNTOTHYECKH MPUONHZKAETCA K KPUBOH BHIA

y=0 (x) = de~*, (71.3)

rie A ¥ o — nosioXKHTeAbHEEe noctosiHHbe. M3 HEX MOCTOSIHHAA O 3a8BHCHT TOJIBKO
OT mapaMeTpoB TipuGopa, HO HE 3aBHCHT OT uHcaa yactuu. Ilocrosivnas A npornop-
UHOHAIBEHA YUCJY YacTHll H CBSI-
3aHa C TOCTOSIHHOH O YCJIOBHEM
HOPMHPOBKH.

6. dopmyana (71.3) Berpaxaer
TAK  Ha3LIBaeMBI  HOpMaAtHbL
sarxon owubox [aycca (1777—
1855), a cooTBercTByOWIAst eil
KpHBAs HA3BIBACTCS KPueol oulu-

® 0 0066809800000 0EssEAS 60’€ raycca' BeJ‘II/I‘{l/IHa (P(x)dx
T E e JlaeT BCPOSITHOCThL TOTO, 4TO TIPH
Prse0 00 e st essesss e u3Mepennn Oyjer ciesnaHa owwmb-
$es0s 0000000000000 Ka, 3aKJIOUeHHast B Npejesiax oOT X

® &0 00% 38000 L2 L B B BN B BN B B 4
L B N B BB B R BN BN BN BN BN BRI NE NN WY R N BN NN ]
L I I R BB B B I B Y B BN R I B N A

no x -+ dx. Koueuno, npu raxoit
MHTEPIIpeTalMd  IJIOTHOCTE  Be-

® 0 08 50 % 6000 s e pOHTHOCTH (P(x) ZIOJIA(Ha ﬁbITb
et sr s 000000000 HOPMHpOBaHa YCJOBHEM
}’ +‘oo
V o) dr=
-0

+o
=A S T dr=1,
—o

(71.4)

C TNOMONIBI0 KOTOPOTO MOCTOSTH-

HY10 A ‘MOXKHO BBIPA3HTbL uYepes

NOCTOAHHYIO o (cM. 3ajauy 2 K

0 & § 72). Uem Goabineo, 1eMm OoJee

Puc. Bl. OCTPHIM GY/IeT MAKCHMYM Ha KpH-

BOfl OWIMGOK, TeM TOYHEe H3Mepe-

nuda. IostoMy nocrosiHHas o JOJKHA GBITh CBA3aHA CO CpeAHell KBafApaTHUHOH HAK

cpeaseil apudmeriyeckoll oWHOKAaMH, XapaKTepPU3YIOUMMH TOYHOCTb M3MepeHHs (CM.

3ajzauy 3 x § 72). Uro xacaercs AoxazaresncTsa 3axona oumnbox laycea (71.3), 10 ono

MOXKeT GbiTh INPOBEJECHO aHAJIOTHYHO TOMY, KaK B cleAylomeM naparpade JoKassl-
BAeTCSl 3aKOH pacnpejesieHHs cKopocTell Maxcseasa.

7. 3ajaua o pacnpejeJeHHH MOJEKYJ rasa 1o CKOpocTsiM, KaK oHa
chopMyNUPOBAHA BbIE, a TAKXKE METOALI pelueHUs ee, NPHBOJHMBIE
Janblie, SBISIOTCT YHCTO Kaaccudeckumu. T1o3ToMy HEO6XOAHMO Npexie
BCEr0 BBLIACHUTH T'DAHHIE! NPHMEHHMOCTH TaKOro KJacCHYeckKoro pac-
cMoTpenus. Ecan He ofpamiath BHHMaHHUS HA MaJjoCyIECTBEHHbLIE YHC-
JieHHble KO3(BQHIUeHTHl NOPSIKA eIHHHIIb, TO OTBET MOXKHO IIOJYYUTh
U3 HanIsIHBIX cOo0OpaXKeHUH, XoTsi Obl C MOMOULBIO NPUHUUNA Heofpe-
Oenennocmu atisenbepea (pon. 1901). Beulesum B Traze MaseHbpKHH
KyGUK CO CTOPOHAMH X, Y, 2, Ha KOTOPLIH B cpeJHeM NPUXOAUTCA OfHA
yactuua. Ec/u BhINOJIHEHB! YCJIOBUS

xpe>h, ypy>h, zp.>h,
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TO [BHXKEHHe YaCTHIB B 3TOM KyOHKe MOXKHO paccMaTpHBaTh KJjac-
cuyeckd. JIefICTBUTENBHO, CONIACHO IPHHUHIY HEONpPeAeJ eHHOCTH
laiizenGepra, IpoH3Be/leHHe KBAHTOBLIX HeEOIpeJe]eHHOCTEH KOOp -
HATHL I HMITYJ/IbCHI YaCTHUBI MOPAAKA A, a TOTOMY NIPH COBMIONEHHH yKa-
3a4HHBIX YCJOBHI 3TH HEONPE/Ie/IeHHOCTH CYLIECTBEHHON POJIH HE HTPAIOT.
IlepeMHOXKHB 3TH TPH HEpPaBeHCTBA, MOMKHO 34MEHHTb HX OJHHM:
Vp? > k3, rre V = xyz — o0beM KyOGHKA, a p — HEKOTOPBIA CpelHuil
HMITYJIBC, XapaKTepH3YIOUMI JBHKEeH e YacTHl rasa. Eciu n — uuceio
yacTHL B elHHHUe ofbeMa, To Va = 1, Tak 4TO nHpeiblAyLiee COOTHO-
lleHHe npurHuMaer BuA # (A/p)* < 1. Beaunuuna

— L2 (71.5)

UMeeT pasMmepHocTb AAHHBL OHa HaswiBaeTcst 0AuHOb ot Oe-B potiia
(pon. 1892) u urpaeT HCKJKUYHTENBHO BaXKHYIO POJb B KBAHTOBOH MeXa-
Huxe. C BBeleHHEM A YyCJOBHE NPHMEHHMOCTH KJIaCCHYECKOTO PaccMo-
TPEHHs ra3a NpPHHUMAeT BHA

a1, (71.6)

OHO 03HayaeT, YTO CpefHee YHCJAO YacTHI[ rasza B obGbeme A® JO/KHO
OLITb MaJIO MO CPABHEHHUIO C €AUHHLEeH.

s oueHKH NOpsJKa BEIHUHHEI A BOCHOJAb3yeMcsi KakKoH-1H00
cpelHel CKOpPOCTbIO, XapaKTepHU3YIOLed TelJIOBOe ABHKEHHEe MOJEKyJ
rasa. Iloka B HameM pacnopsKeHHH eCTb TOJIbKO OJJHA H3 TAKHX CKOpPO-

cTefl, a IMEHHO CPEeJHAfi KBaJApaTHUHAA CKOPOCTb Uy, =} 3RT/m (cM.
§ 60). Fcnoawp3ysa ee, npuzaium ycaosHio (71.6) Bug

T T,, (71.7)

h2 o,
::gEzflh.
Bennuuna T, HasvlBaeTcsi memnepamypoli 6oiposicOerusn rasa. Takum
06pasoM, KAACCUHeCKUll cnocob pPacCMOMPEHUs. NPUMEHUM npu memne-
PAMYpPax, SBHAUUMEALHO NPECLUUAIOWUX MEMNEPamypy  BolpOsCOHUSA.
[lpu Gojee cTporOM paccMOTPeHHH 3a TeMIepaTypy BHIPOXKIEHHUS
NPUHUMAIOT BeJHYHHY

rjle BBeJIeHO 0603HaueHue
Tg

= %km \8x

T, = (3—”)’ (71.8)

Ona npuMepHO BTpOe MeHblie NpPeABIAVILEro BhlpaxeHus. ['asel HHxke
TEMIIEPATYPhLl BLIPOXKAEHHS! HA3BIBAIOTCA 6b/poodenHemu. K HUM Kiac-
CHUeCKHH Croco6 paccMOTPeHHs] He NPHMEHHM.

BeiuscauM TeMnepatypy BHIPOKIEHHA A5 ABYX KpalHHX ClydaeB.
ILnsi snekTpoHHOro rasza B cepebpe # ~=6-10* cM™®, macca 5JeKTpoHa
m=9,11.10% r. Ilo dopmyne (71.8) nonyuaeMm pisi 371€KTPOHHOTO
raza B cepebpe Ty ~ 6,510 K. Ilogo6nble xe 3HaUeHHA MOJTYYalOTCA
IJIsl BCEX APYIHX XOPOLIO MPOBOASAUMX MeTasloB. IIpu TakUX BBICOKHX
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TeMIleparypaX HH OZHH MeTa/Js B TBEPJOM COCTOAHHH CYLIECTBOBAThL
He MoxeT. OTClofa c/leflyeT, 4To 3/1eKTPOHHBIA ras B XOPOLIO NPOBOJASA-
IIHX MeTa/jax BCerja MNOJHOCTBIO BhIpoXKIeH. BozbmeM Teneph Apyro#
KpaliHuil ciaydaii — rénmii. Macca atoma requs m = 6,6-107 T,
a KOHIEHTpauUWsi NpPH HOPMaJbHBEIX YCIOBHSX n = 2,7-101 oM.
Bruncnenne no dopmyne (71.8) naer Ty = 0,05 K. ¥V Bcex ocrajbHBIX
razoB (3a HCKJIIOUeHHEM BOJOPOJA) Macca aTOMOB elle GoJ/blie, a caejo-
BaTeJqbHO, T, HHIKe, 4eM y TeqHsl (KOHHIEHTPAlHA A NPH HOPMaJbHBIX
VCAOBHAX OJIHA M Ta Xe A/ BceX HiealbHHX rasos). [Ipu cronb Hus-
KHUX TeMIleparypax HH OJIHO BelleCTBO HE MOXKeT HaXOAHTbcA B Taso-
o6pasHoM cocroanuu. [lostoMy Bce Mo/eKy/sipHEIe Tasel HOCTaTOUHO
Ja7€KH OT BBIPOXKJEHHS, H HX He TOJIBKO MOXHO, HO H C/elyeT paccMma-
TPHBaTh KaK KJacCHYeCKHe CHCTEMEL.

§ 72. 3akoH pacnpepeneHHs ckopocteit Makceena

1. Msnoxum Tenepp paccyxieHns MakcBesnsa, KOTOpble NPHBETH
ero B 1859 r. K OTKpPWITHIO 3aKOHa pacnpejleeHus MoJeKyJ rasa Io
ckopoctsaM. IlycTe ras cocront u3 oueHb GoJblIOro 4Hcia N TOXKIECT-
BEHHBIX MOJEKyJ, HaxOoAsIIHXCcS B COCTOSIHHM GecropsjoyHoro Ten-
JIOBOTO JIBHXKEHHA NpH onpejeneHHoH TeMneparype. Ilpeanosaraercs,
4TO CHJIOBBIE MOA#A, JeHACTBYIOLULHE Ha ras3, oTcyTcTBYioT. Kakora Beposr-
HOCTb TOTrO, YTO X-COCTAB/ISKOUAS CKOPOCTH MOJEKYJBI JIEHKUT MEXAY
Uy U U, - du,, a OCTalbHBIE [Be COCTABJAIOIME MOTYT OLITb KaKHMH
YroAHO? $lcHO, 4YTO 3Ta BEPOSATHOCTH AOJKHA OBITH NPOMOPIUOHAIbHA
LIMpHHE paccMaTpyiBaeMOI0 CKOPOCTHOTO HHTepBada du,, a Koadu-
IUeHT NPOMOPLUUOHAJBLHOCTH 3aBHCHT OT BeNHYUHBL U,. OO603HauMM
3Ty BepoATHOCTH @ (v,) dv,. Bennunna ¢ (v,) Takxke HaspBaeTcs
pynkyueti pacnpedeserusa. OJHaKO OHa XapaKTepHayeT pacrpejieseHHe
MOJIEKYJ He TI0 IOJTHOI CKOpOCTH ¥, a TOJNBKO IO ee NpOoeKUHH U, Ha
ock X. Beanuuna f () uMeer cMblcs 063eMHOI HIH mpexmepHoll pyrKkyuu
pacnpedeseHus B TPOCTPAHCTBEe CKOpocTell, BesuuHHa ¢ (V) — OOHO-
MepHOL WIN AUHELHOU (hyHKkyuy pacnpedeacHus B TOM XKe IPOCTPAaHCTBE.

Ananorudso, BenuduHa ¢ (v,) dv, OyAeT BepOSTHOCTBIO TOro, 4TO
y-cOCTaBJAI0Iad CKOPOCTH MOJIEK Y 3aKAI04eHa MeXAY U, 1 U, + duy,
a cocraB/sionie vy H U, MOryT OBITh KaKHMH YTOJHO. BBHAY NOJHOrO
paBHOIIpaBUs BceX HanpasjeHHH ckopocTe#l GyHKUuUA ¢ OyjeT ToH ke
camof, YTO H B TIpejbLAYLIEM CJydyae, HO OT APYroro apryMeHta ov,.
Haxkoneln, ¢ (v;) dv, ecTb BEPOATHOCTb TOTO, 4TO 2-COCTABJIAIOMIAA CKO-
POCTH MOJIEKYJbl JIEKUT MeXAYy U, W U, -+ dv,, NpuYeM OCTa/JbHBIE
COCTABJIAIOLIHE Uy U Uy MOTYT OLITH KAKHMH YTIOJHO.

2. HazoBeM pajy KpPaTKOCTH MONANAHHA MOJEKYJLI B CKOPOCTHLIE
uHTepBaNE (Vy, Uy + dvy), (v, v, + dv,), (v, v, -+ dv,), O KOTOpBIX
waa peup Bwime, cobmitusiMu A, B, € coorsercteenno. Onpefennm
BePOAITHOCTL [ (9) dw TOro, 4To MoJeKyJa fofajaeT B ajeMeHT ofbema
CKOPOCTHOrO MpoCTpaHcTBa dw = du, dv, dv,. Takoe nonajaHue ecTb
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c/I0}KHOe coOwiTHe, sBJsIolleecs npouspeieHueM cobuituit A, B, C.
Ero BeposiTHOCTL MOXKHO ONPENIeIHTb N0 TeopeMe YMHOXKEHHSI BEpOSiT-
nocreft. JIsg 3TOro Hajlo BEPOATHOCTb COOLITHA A YMHOXKHTB Ha YCJIOB-
HY10 BEPOATHOCTL COBBITHSI B nipu yea10BHH, YTO coBpiTHe A NMpousoniio,
a 3aTeM pe3yJbTaT YMHOXKHUTb Ha YCJAOBHYIO BEPOSITHOCTh coObTHs C
NPI YCJAOBHH, YTO Npousoliu cobutus A 1 B. MakcBens BBes npearo-
Jokenue, uto codwitiis A, B, C Hesasucumer. Torjna ykasanie yCJIoBHil
Opll KOTOPBIX AOMKHB! BBIUHCASITLCST BeposiTHocTH cobuithit B u C,
CTAHOBUTCS He HYXKHBIM, U TeOpeMy YMHOXKEHHsI BepOATHOCTeHl MOMKHO
IPHMEHATL B ee mpocrefiiell GopMe, Kakylo OHa IIpHHHMAeET JJs He3a-
BHCHMBIX COOBITHH. 3TO NMpeAnoaoxKeHue, a ¢ HHM if MepBLHI BLIBOJ 3a-
KOHA paclpejeseHust CKOpocted, jaHHBII MaKCBeIJOM, TOABEPIIUCH
KPHTHKE CO CTOPOHBI HEKOTOPBIX MATEMATHKOB M (h1311KOB. ¥ Ka3hlBaJ0Ch,
B YaCTHOCTH, YTO CKOPOCTH MOJICKYJ I[IOC/J€ CTOJKHOBEHHSI HEe MOryT
ObITh HC3aBUCIIMBIMIIL OT HX CKOpOCTeHl JI0 CTONKHOBEHS, TOCKOJbKY
TH CKOPOCTH CBfI3aHLI Mexay co0oil 3aKOoHaM{ COXpPaHEeHHs 3HeprHu
1 uMnyanca. OJHaKo najgpHelne HccaenoBaHdst camoro Makcsesaa,
BonpuMmana H JApYruX yueHBIX NOKA3a/i, 4YTO NpenrojoxeHne Mak-
CBeJlJIa NIPAaBWIIbHO, XOTSA U HYXKAaetrcsi B 060CHOBaHHI. MBI IPHMEM ero
noka 6e3 o6ocHosaunui. [lo cpaBHeHHIO C APYIUMH J0Ka3aTelbCTBaMH,
JaHHBIMH caMHM MakcBessioM, a 3ateM boabiiMaHoM, nepBoe [oKa-
3aTe/IbcTBO MaxcBessia 06JajiaeT TeM NPeuMyIecTBOM, UTO OHO He BBO-
ONT HUKAKHX CHelHalbHBIX HpeAcTaBieHHH OTHOCHTENBHO CTPYKTYpPHI
MOJIEKYJI H CHJ B3aUMOJIeHicTBI S MexXAy HuMH. [loaToMy OHO npHMeHUMO
He TOABKO K ra3aM, HO I K KIJIKOCTSM Il K TBepibiM TesaM. Tpebyercs
TOJIBKO BHIIOJMHEHHe ycaoBust (71.7), utobel 3ajady O paclpeleneHHH
CKOpOCTEll MOJIEKYJ MOXHO ObLIO TPAKTOBaTh KJIACCHUECKH.

Mtak, MBl npHHHMaeM, 4YTO BEPOATHOCTb TOIO, YTO CKOPOCTHas
TOUKA MOJIEKYJ/bl O[HOBPEMEHHO OKakKeTcs BHYTPU TpeX HHTepBa/oB
(vy, vy + duvy), (v, v, + dvy), (v, v, -+ dv,), KoNxKHA BHpaxaTbcs
npol3BeieHUEM

9 (vy) ¢ (v,) @ (vs) dv, do, do..

Ho 1717 Toft e BepoaTHOCTY Ml nucand [ (9) do, rae do = dv, dv, dv,.
CpaBHuBas o0a BBIpAXKeHHS, HAXOAUM, 4TO ()YHKUMS pacrpejeseHHs
f (0) momxHa UMeTb BHJ

[(0) = (vs) @ (vy) @ (02). (72.1)

3. ITonoxuTenbHble M OTpULATeNbHEIE Hanpas/eHHA KOOPAMHAT-
HBIX ocell B rase cOBeplIEHHO 3KBHBasIeHTHH. [loaToMy HOMKHO ObITh
¢ (vy) = ¢ (— v,). 3Hauut, QyHKIHUSA ¢ MOXKET 3aBHUCETL TOJBKO OT
MO1YJsl WJIH, YTO TO 2Ke CaMoe, OT KBaApara CKOPOCTH U,. TOUHO TaK e,
BBUJY M30TPONHU raza QpyHKIHUs [ MOKeT 3aBHCETb TOJAbKO OT KBaapaTa
NOJHOH CKOPOCTH ©, HO He OT ee HalpaB/JeHHs. BMeCTo KBaipaToB
cKopocTeli yao6Hee B3fiTb B KauecTBe apryMeHTOB COOTBETCTBYIOIiHE
KHHETHUYECKHe SHEpruu: e, = Ymui, e, = Ymuy, e, = 1/ymus,
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g = YYym® = e, + ¢, 4 e,. Ilpn mepexone K HOBEIM apryMeHTam
camMi (YHKIHH YCAOBHMcs 0003HA4aTh INpexHHMH OyKBamu ¢ H f,
XOTsl 3TO — AHAJUTHYECKH COBceM Apyrue QyHKUuH. ¥YpaBheHue (72.1)
3anuIleTCs B BHIE

@ (ex) @ (&) ¢ (&) = [ (e -+, 1 ¢2), (72.2)

TIPHYEM OHO CIPABENTHBO, KAaKOBBl Obl HHM ObUIM (NOJIOXKHTE/IbHBIE)
3HAYEHHUS] aPTYMEHTOB €,, &y, E,.

4. OyHKUHOHAABHLIM ypaBHeHHeM (72.2) u onpefenutca BUJ
GYHKUMI @, a ¢ Hell u dyukuuu f. [{eficTBUTENBHO, PACCMOTPUM TaKie
M3MeHeHHS apryMeHTOoB €, &,, &,, KOTOPLIC YAOBJIETBOPSIOT JBYM YCJIO-
pusam: 1) e, = const, 2) e, -+ e, = const. Ilpu Takux ycrosuax ypas-
Henye (72.2) Bce eule ocraercsi BepHuiM. M3 Hero cienyer, 4ro

¢ (e+) ¢ (gy) = const
IIpU YCIOBHA
&+ &, =const.

Jlorapugmupys, a 3arem quddepeHIHpY s iepBoe COOTHOUICHUE, TIOJ1YYHM

@ (ey) p(u

oEn ety 2y =0

DpH YCJIOBUH
dey+de, =0.
Orcioza
@ (ex) ¢ (ey)
¢ (Ex) @ (ey) °
Ilpu BBIBOAE mpeanonaranoch, YTO H3MEHEHHSI apTyMEHTOB €, H g,
cBA3aHHL yc/IoBueM &, -+ &, == C = const. OgHaKko 3Hayelusi NOCTOSH-
sofi C, a ¢ nefi ¥ apryMeHTOB &, H &, MOTYT ObITb KAaKMMH YTOJHO.
Tlostomy ycaoBue e, - &, = const (akThyeckH He HAK/IAALIBAET HH-
KAaKHX OrpaHuyeHHil Ha 3HAYeHHs, KOTOpble MOTYT IIpUHHMATh apry-
MeHTHI €4 H €,. 3HAYUT, B IIPE/BLILYLIEM COOTHOILEHUH £, U &, MOT'YT He3a-
BHCHMO NPHUHHUMATh JO0be 3HaueHusl. Ho cieBa CrouT QYHKIHA TOJNBKO
€y, @ CIIpaBa — TOJNBKO &,. PaBeHCTBO MEXKNY HHMH BO3MOXKHO TOTJA
¢’ (ex) ! (SJ)
— U
P @)
TOH XKe noctosiHHOH. O603HAYNB 3Ty noaommyro — o, TIOJyUHM
O G
CR A CH)

@ (ey)

U TOJBKO TOrja, KOrjaa OTHOLICHHUS paBHEbI OAHOH H

WM
— a de,.
Unterpupopanne paer
@ (e0) =g “x, @ () =A™, @ (e) =A%, (72.3)
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rie A, — HOBasl MOCTOSIHHAS, 3HAYeHHe KOTOpPOH GYAeT omnpelefeHo
mixke. UTo KacaeTcst MOCTOSIHHOM ¢, TO OHA JIOJIKHA OBITh HOJOKHTE/b-
HOH, TaK KaK B IPOTHBHOM cJayyae @ (g,) HeoTpaHHYeHHO BO3pacrasa Oul
NpH HEOrPaHHYEHHOM BO3DACTAHHM KHHETHYECKOH 3HEPIHH &, YTO
($H3UUECKH HEBO3MOMKHO.

5. Jasi dyuknuu pacnpesencHus f (e) = f (e, + &, + €,) us (72.3)

nosyuaem f(e)= Ae—o=, (72.4)

npuueM A = Aj}. Dra dopmyaa, omInvalOmAACT HCKIOUUTENBHOH NPo-
CTOTOH, ¥ BhIPAXKaeT MAKCBEJIOBCKHIT 3aKOH pacrpeie/leHsi CKOPOCTefi.
Jlnst Toro uTOOB! NMPHAATH €MY OKOHYATENbHLIA BUJ, HEOGXONMMO ele
onpeieuTh NocTosiHNble A 1 cr. 15t 3T0r0 npoie HauyaTh He ¢ GYyHKUHH
f, a ¢ dynkuuu @. [Mocaen-

HAA QYHKIHA B 3aBUCHMOCTH P(ta)

OT CKOPOCTH U, NpeJCTaBJe-
Ha Ha puc. 52. Ona Toxect-
BEHHAa ¢ rayccoBOH KpUBOH
omnbok. Ilroman, anemer-
TapHOH NOJIOCKH, 3aIUTPHXO-
BaHHOH HAa pUCYHKE, pacT

BEpPOSATHOCTb TOTO, YTO X — 0 U Uptdog U
COCTaBJSIIOMAA  CKOPOCTH
MOJIEKYJIBl JICKHT BHYTPH Puc. 52.

uHTepBana (v,, v, + dv,), a

YMHOXKeHHast Ha N, oHa JaeT BepOsITHOE YHCJIO MOJEKYJA CO CKOpO-
CTSAMH B TOM e HHTepBaje. Pynxuus @ (v,) NOMKHA OBITb HOPMH-
poBaHa YCJIOBHEM

+o0 too ¥k
S (P(Ux)deEAlS e ? du,=1. (72.5)

HuTerpuposanue B npeesax oT — oo JI0 -+ oo He 03HAyaeT, YTo B rase
€CTb MOJIEKYJBl C 6ECKOHEUHO BGOMBIINMH CKOPOCTsMH. B neiicTBuTE /B~
HOCTH TIpH AOCTATOYHO GOJBIIMX CKOpocTsiX ¢opmyasl (72.3) u (72.4)
CTAHOBATCSA HElPpHMEHHMbiMH. KHHeTHYecKass 3HepPrHs MOJEKYJIBl €
He MOXKeT ITPEBOCXOHTL KIIleTHUeCKol slleprun Beero rasa K. Ilostomy
npu & > K ¢opmyaa (72.4) sabejoMo He umeeT cmpicaa. Ho owna cra-
HOBHUTCSl HENPUMENIMON yKe DU MIOrO MEHBIIUX 3HAYCHUAX &, KOTAa
NepPecTaloT BHIIOAHATLCS YCJA0BHS, HaK/IaAblBaeMble Ha 3/1eMEeHTH 06beMa
CKOPOCTHOIO IIPOCTpaHcTBa dw, HeoOXCoAlMbie a5 BBEACHHHA CAMOro
rousiTist QyHKIMY pacnpesesnenust (cMm. § 71, nyuxkt 3). Murterpuposa-
Hile B OGECKOHECUHBIX IpejenaX CJeAyeT paccMaTpHuBaTb TOJBKO Kak
BLIUHCAUTENBHBI npueM. OH BO3MOXEH IIOTOMY, UTO MOJIEKYJ €O CKO-
pOCTSIMH, VAOBJETBOPSIIOIIHMH YCJAOBHIO omui > 1, OdeHb Majo, H
TaKHe MOJCKYJB NMPAaKTHYeCKH HC BHOCAT HHKAKOLO BKJIaja B HOPMH-
poBouHbll HHTerpas (72.0). 3HauyeHuUe 5TOro HHTErpajda IPaKTHUECKH
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He H3MEHMTCH, eC/IM HCTHHHOe pacripefeseHle MOJEKYJ [0 CKOPOCTAM
3aMEHUTb 3KCIIOHEHIHaMbHBIM (72.3) He TOJAbKO B 06/1aCTH ero npume-
HHMOCTH, HO H NpH GOJbIUKHX CKOPOCTAIX, TAe OHO He AeHCTBHTEbHO.
310 u caenavo B dopmyie (72.9).

BeeneM B kauectBe mepeMEHHOH HHTETPHPOBAHUSA BeJAHYHHY & =

=1 "am/2 v,. Toraa ycnosue (72.5) npuMer BHA

All/a"j—n_g: -8 dE =1, (72.6)

Bxonsminii ciona WHTerpas HaswiBaetcs uaterpasoM Ilyaccona. B kypcax
MAaTeMaTHYECKOro aHa/lM3a J0Ka3blBaeTcs, uTo

+ »
S e-¥di=1n. (72.7)
C HCnoJIb30BaHHEM 3TOrO pesyJ/JibTdTa I1oJydyaem
4=y 2 (72.8)

6. 3ajaua cBesack K BBIYHC/JAEHHIO OJHOH TOJILKO TOCTOSHHOH ¢.
Ilas sToro 3ameuaeM, 4TO CpelHsisl KHHETHYECKAf 3HepPTHA (&,) Temao-
BOTO JBHKEHIs BJ0OSb ocH X BhbIpaxaercsl yepe3 (DYHKIUIO pacnpenese-
HHA ¢ COOTHOLIEHHEeM

+ oo
<6x>= S exp (x) duy,
-— o0
i Gojee noApoGHO
+ o mo? amv’
(es) = A, S e T du,.
—co
BpedeM mpexHiol nepemeHHyio HHTerpupoBanus &. Torza mnosyuum
— Foo
A 3 \
- — —— -Ez z
(8x) =7 amg E%—¥ dt.
—
UuTerpupoBatieM Mo YacTsM HaXOIHM
+ o teo 4
§ B ¥dE=—1,[ee-¥] " +Y, | e¥d.
—_00 -

[Tepsoe craraemoe B mpaBoii 4acTH o6pallaeTcs B HYJb, TaK KaK TpH
£ — oo nokasaTenbHas QyHKLHs e~ & CTPEMHTCSA K HYJIO BpICTpee, ueM
CTpeMHTCA K GeCKOHEUHOCTH J1100as cTeneHb §. B pesysibprare nosyuaem

A4/ T
— 1 il —§?
(ex) = 200 Vor,m S e¥ds,

—Co
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Wi yunaTeBad (72.6), (e, = Y,a. (3ameTnH™, 4TO A1S TOAY4YeHHS
3TOTO pesyabTaTa 3HaHus unterpana [lyaccona (72.7) ne Tpebyercs.)
Ho no onpeje/ednio KHHeTHYECKOH TeMniepaTyphl (e.) = 1/,0 = 1/ kT
21O Jaer

o m _( m e -5
Al‘]/anT' A=l5w7) - (72.10)

B pesyabrate gis QyHKUHMIH pacnpejenenus ¢ (v,) U f (v) okoOHYaTeIBHO
noTydaem

90 =57 e 2 (72.11)
f ()= (Qﬂ”;r)s/ze'?;“, (72.12)
nH Gosee noApo6HO .
¢ @) =g e BT (72.13)
o) =557 e 2 (72.14)

910 ¥ eCTb OKOHuaTeslbHas (GopMyJa, BhIpaxaiouias MaKCBeJJIOBCKHH
3aKOH pacmpejenenius ckopoctefi. OHa npUMeHHMa He TOJBKO K rasam,
HO H K JKHJKOCTSM M K TBepALIM TeJaM BO BceX CJy4asix, KOTAa ere
MOMKHO TIOJIB30BAThCSl KJAACCHYECKHM CrMoco0oM OMHCAaHHSA JIBHKEHHA.

SAdAYHU

1. Tlpnmenss metogq MaKcsesna, ¢ MOMOLIBIO KOTOPOro GLLTH BHBEJEHBl HOPMY.IH
(72.3), noayuste dopmyay (71.3), onpeaensiomyo pacipeieleHHe qacTl Ao syeit-
KaM B JeMOHCTpaUHOHHOM ofbiTe ¢ Aockofi anptoHa. C 3TOfl LEABI0 paccMOTpeThb
AByxXMepHYI0 pocky lanpToHa ¢ suefikaMH, HMeIOUUMH GOPMY MPSIMOYTOJBHBIX
napanjesienuneloB, 60KOBEe TPAHH KOTOPBIX NMapaielbHbl KOODAHMHATHBIM MJIOCKO-
criv XZ 1 YZ. AHaJIOTHYHBIM NyTeM NOJYYHTL 3aKOH owuGok Iaycca.

2. B 3akoHe owHGok aycca (71.4) BHpasHTh NOCTOAHHYIO A Yepes NOCTORHHYIO &.

OrBer.

A=V ajm.

3. BrlpasuTb Yepes @ CDeAHIO H CpPelHIOR KBAAPAaTHYHYIO OWIHOKH IIPH rayc-
COBOM 3akOHe pacnpeje/edHs owHOoK. HafiTh cBA3p Mewy 3THMH olmMGKaMy.
Orper

(%] y=1/Vaa, Aw=V{x)=12a,
A=V 12(|x}). (72.15)

Henocpeacrsensoe BhluHcaeRHe (x?) OBOJIbHO KPOMOTIHBO # TpebGyer GoJbluoil 3a-
Tpatht Bpementl. [Tociiennas dopMyna CBOAKRT BbIYHC/IEHHE 3TO{ BEIHUHHLL K BHIYHCIE-
Hulo (| x| ), uto 3HauuTeabHO mpouwle. Takoit npueM uenecooGpasHo TMPHMEHSTH,
HanpHMep, npH o0paGoTke pe3yanTaToB Hal/lIOjeHHA OPOYHOBCKOTO JIBHXKEHHS
(cm. § 64).
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§ 73. PacnpenesieHne MoJeKya 1o aGcoOMOTHBIM
3HAYeHHSIM cKopocTH. CpegHHe CKOPOCTH MOJIEKYJ

1. Oyrruus [ () UMeeT CMBICT 00BEMHOLL NAOHIHOCHIUL 62POAMMHOCTIL,
€ KaKOH CKOPOCTHbBIE TOUKH MOJIEKYJ Ta3a pacnpefesiCHnt 110 NpoCcTpaH-
CTBY CKOpOCTeil. YMHOXKeHHas Ha NIOJHOe YHCAo Mosekya N, oHa jpaer
cpeiHee WJAK BeDOATHOE YHCJIO CKOPOCTHHIX ToueK B eAnHHue ofbeMa
CKOPOCTHOTO IIPOCTPAHCTBA.

Haiigem tencps pacnpedeserue mosexys easa no adCoMOmMHbIM 3HA-
ueruam ux ckopocmedi. Hanpasiennsi ckopocteil Hac Oosplue He HHTepe-
cytor. Hano naliTu BeposiTHOCTE TOTO, YTO abcosroTHOE 3HaueHHe CKOo-
POCTH MOJIEKYJIbl 3aKAIOUEHO MEXKIY U U U -+ dv. DTy BepOATHOCTD OyneM
o6o3Hauats F (v) dv. YMHOMKeHHas Ha N, oHa JAeT BEPOATHOE YHCJIO
Mosiekysl dN ¢ TakuMu ckopoctsimu. Hopas QyHKuUuA pacnpepeseHus
F (v) npocro cBsizasa ¢ paHee BBelenHoft ¢pyukuuyeii f (¢). Bynem orxna-
ABIBaTh OT OfHOH M TOH ke ToUuKH 0 BEKTOPHI CKOPOCTeH BCEX MOJEKYJ
rasa. 13 Hux orfepeM BeKTOpH ¢ JJIMHAMH, 3aK/JIIOUCHHBIMH MEXKAY U
1 v 4 dv. COOTBETCTBYIOIIME CKOPOCTHBIE TOYKH JiexKar BHYTpH OecKo-
HEUHO TOHKOTO ILAPOBOTO CJI0SI CO CPeHUM PaliycoM U U TOJLIHHOA dv.
Ob6vem storo ciost do = 4nv? dv. OOGbeMHast TWIOTHOCTh [ (8) BHYTpHU
I1APOBOT'O CJIOS IOCTOSHHA, TAK KaK OHa 3aBUCHT TO/MBKO OT a0CO/IOTHOTO
3HaUeHUs CKOPOCTH U, HO He OT ee HampaB/leHUd. YMHOXKHB ee Ha
06beM c10s1 dw, HAXOMHM HCKOMYIO BepOSATHOCTD [ (€) dw = 4nd*f (g) dv.
Ho nasa To#t ke BepoaTHOCTH paHee Mbl mucanu F (v) dv. CpaBHuBas
0062 BRIpaXKEHHA, NOAYyyYaeM

F (v) = 4av?f (¢), (73.1)
WK
m s , =i
F(vy=4n <—2?17€7_> v *T, (73.2)
3uauyr,
m \*/2 -2
dN = 4aN (mﬂ vie T (. (73.3)
Slcno, uro ¢ymkuus F (v) yaoBJAeTBOPSET YCJIOBUIO HOPMHPOBKH
{Fv)dv=1. (73.4)

Itumi GopMysNaMH U pellflaeTcs TNOCTaBJeHHas 3ajaya.

2. I'paduk dyskuun F (v) npexcrapiaed Ha puc. 53. Kpusas F (v)
acHMMETPHUYHA H IPOXOJHT Hepe3 Hy/b B Hayasle KoopAuHaT. Hanporus,
KpuBas @ (v,), KaK Mbl BHAEIH, CHMMETPHYHA ¥ B Hayaje KOOPAHHAT
HPOXOAHT Yepe3 MaKCHMYM. JIerko Bujetb, B 4eM NPHYHHA 3TOTO pas-
Januud. Bripaxenue @ (vy) du, 1aeT BEPOATHOCTD MONAJAHUS MOJIEKYJILL
B 0ECKOHEYHO TOHKHH IJIOCKHH CJI0H CKOPOCTHOrO IPOCTPAHCTBA MEXKILY
IIOCKOCTAMHU Uy ==const u v, du, = const. Beipaxenue F (v) dv ectb
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TAKZKE BEPOSITHOCTD MOMAJAHUS MOJEKY/Ibl B 6eCKOHEUHO TOHKHi CJIOH,
He cepudecKuil,3aKI04eHHBIH MEXKAY NBYMs KOHUIEHTPHYECKHMH  cde-
pami v = const 11 v -~ dv == const. Ecau ¢urcuposarn TOMUUHY du,,
TO BCE MJIOCKHE ¢10H OYyT OJANHAKOBBLIMH, KAKOBO 6pl HH ObLIO 3Haue-
nue v, EcrcerBeHio, uto Bblpame- Fo)

uue ¢ (v,) duy, a ¢ HUM U GYHKLUSA
© (v,) MAKCHMaJbHBl B ILEHTpE, T. €.
npu v, = 0. Hanporus, npu ¢ux-
CHPOBaHHCH ToMmuHE chepHuecKnx
c10eB dv 1uX oObeMbl BO3paCTarOT
¢ BO3pacTtaHileM v 6jarojapst Haju-
U0 MHOHTEAS 470® B BhIpaxe-
nun do = 4nv*f (v) dv. Beuay storo
MOJICKEeHNHe MaKCHMyMa Ha KpPHBOH
F (v)=4nv*[ (v) onpegensiercst npo-
H3BEJEHHEM KOHKYDPHPYIOIHX MHOKHTEJEeH: MOHOTOHHO YOBIBAIOULEro
f (v) 1 MOHOTOHHO Bo3pacraioliero v*.

§__—_—_—_—_~_—
]

Puc. 53.

Creayowast avaJordst noJe3na A4s YICHOHAS YKa3aHHoTo Pas/IuuHs Mexay
dyuxuuavu @ (o) 1 F (v). JlonyctaM, 4TO NPOU3BOAMTCS CTpesbba Mo MHIIEHSM.
Ilonazauue NV B TO WAX HIIOC MCCTO MHHIEHH €CTb CiyuaiiHoe coCLIThe, & MOTOMY

pacrnpeacacHue TPoGOUH B MHILCHH NOJ-

T upHseTCs 3aKOoHaM cayuad. LFean -
T T T uICHb PAsACAHTL HA OMMHAKOBHE BEpTH-
AT R KaaLHBIe TNoJocKh (pHc. 54), TO, Kak H
4 LAY B onslte ¢ jgockoii [amsToRa, pacmpe-
T ACJICHHC BEPOSITHOCTH TOMNARAHHA B HHX
VA e WIS MpPCACTABHTCS  CHMMETpHUHOII  KpHBOil
o T - ¢ (x). Ecan JKC MRIICIDL PA3IeuTh Ha
/I, oD [N L KOJIBIA DPABHOM TOJILMIE, TO MJIOLLALH
. RIRIRCA T RIRIE I X OyiyT BO3pacTaTh C BO3pacTaHHeM
NN NS LY Y pammyca, a pacnpejegeHHe BepOSTHOCTH
g, NOTALAHHS B KOJIbUA NPEACTABHTCA ACHM-
N T MeTpHUNO# KPUBOit, HanoMuHaiolieil KpH-
LT BY1O puc. 53.
SUnmaPd
A 3. Beanuuna CKOpOCTH, mpH
N T % y
~N T T L KoTopoil dyuxkunsa F (v) Makcu-
MasibHa, HA3bIBACTCA Hauboiee se-
Pruc. 54

posmHot ckopocmeio. Bynem o6o3-
HauaTh ee Up,. 15 HaXOXKAEHUS Uy,
pesinuiEy F ayuille paceMaTpHBaTh Kak (yHKIMIO aprymenta v®. JIng-
depenuupyst (73.2) o yxkasaHHOMY apryMeHTY H TpHpaBHUBas pe-
3yJ1bTaT HYJI0, MOJAYYHM

muy?” mu?

d '?_——J va oL
T :[ ]e %T ),

dov?

T%T

OTKY A -
2

v=u, =) 2L, (73.5)
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Cpenxsst HIH cpelHsas apHMeTHYeCKas CKOPOCTb MOJIEKYJIBI Onpe-
Jeasercst o0buHOA GopMyJoi

<v>:71v-gde:C\?vF(v)dv.

[H

IoacraBnss ciona aHavenne F (v) n HHTETPHPYS, NOJAYYHM

(v) = ]/S_A— Um l/ ! = 1,130, (73.6)

Hobasum crofia elle CPeIHIo KBaJpaTHUIIYIO CKOPOCTh, OripeJIeIstoIyio
CPENHIO KHHETHUECKYIO SHEPIHIO MOJeKYJbl */,m (v y = Ymui, =
= 3/L,RT (cM. § 62). Ira ckopocthb pasia

v = | L~ 1,220, (73.7)

STH TPH CKOPOCTH OTJHYAIOTCA APYT OT JIpyra YHCJAEHHBIMH MHOXKHTE-
JISIMH HOPSIK @ @HHHIEL, IPHYEM U, > (v) > v,,. [TosroMy Kamaas n3
HHX MOKeT ObITh HCNIOJIB30BaHa jvlst OOLLEero NPeACTaBAeHHS O CKOPOCT X
TEMJAOBOTO JABHXKEHHA MOJEKYJI,

3A0AUYMN

1. Hanucats BEIpAaKCHHE LIS CpefHero 4ync/ia dN MOJICKY.J rasa, KHHeTHUYEeCKHE
SHEPTHH KOTOPBIX 34K/MOUECHB MeKAYy & U ¢ -|-de,
.
—3 — T BT
OTBET AN =2aN (hTy~ 72 Ve e *T de.
. Haritu (‘pCllHCO 3Ha4CHne 06[)(1"1 HOT BeJTHUMHEL C}\OpOCTI‘I MO 'IGK\ JERI B rase,

om

Orser.' . ;= /

T T m /1\

3. Haiims cpezmee YHCJI0 MOJCKY.T, KOMIOHEHTHI CKOPOCTH KOTOPBIX, Mapatiaets-
HBIE HEKOTOPOH OCH, Jexar B uaTepBase (v, v - dv ), a abCoTIOTHBIC aHauenus
nepreHANKYIAPHON COCTABIAIONIEH CKOPOCTH akioueis Mexay v UL-F dv,.

P eu e nue. HMcxkomoe gucio moaekys dN PABHO CPeAHEeMY YHC/Y CKOPOCTHBIX

TOYeK B deMEHTE O0beMa POCTPAHCTBA CKOPOCTEH, 3aKIIIOYEHHOM MEKAy AByMS
KOAKCHATbHBIMH LH/IMHAPAME C PajuycaMk v, H U + dv, W BRICOTOH dv, . O6bem

3TOro JeMeHTa paBeH do = QHUJ_dULdU‘(, a CPCJHGC YHCJIO CKOPOCTHBIX TO‘ICK B HCM

m
d/\/—fdu)MQﬂ\2 T v, dv, du

4. B aunose 37eKTpoHbI, IMUTHpyeMble HAKAJCHHBIM KaTOIOM, MONajaloT B 3aiaep-
KuUBaiollee noje asoja. Jlo aHoaa ZoXomaT JHilb A0CTATOUHO ObICTPEIC 3J€KTPOHHL.
Cuutasi, 4To TeILIOBBIE CKODOCTH SMHTHDYEMbLIX 3JCKTPOHOB (BBILCAMIHX H3 KaTo/a)
pacnpefeneHsl no sakony Maxcseasa ¢ rtemneparypodt T = 1150 K, onpeseinTts
J0J10 5JCKTPOHOB O, MPEOJO.IeBAOWHX 3ajepkuBatoniii notesnnan: 1y V = 0,2 B;
2) V= 0,4 B. Karogom si1sieTcss ToHKasi npsiMOJIHHelHAS HWTb, HaTAHYTasd MO OCH
LIHJIHMHAPHUECKOTO aHOja.

/ o1

OTBET.(‘/.ZGXI)( T

) o= 135%, 2 a= 1,8%.

£
>/2 T RT

) rie e —3apal 3J1eKTpoHa (110 abeo/oTHOH Be1nuHHe),
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§ 74. Jipyroe noKasaTeJbCTBO 3aKOHA pacrpepneseHHs
ckopocTeit MakcBessia. TlpuHUMN AeTaAbHOTO pPaBHOBEcHS

1. ITycTp B OTCYTCTBHE CHJIOBBIX IOJI€fl ra3 HaXOIUTCS B 3aKPHITOM
cocyzie, CTEHKH KOTOPOTO NOJJIEP:KHBAIOTCS IPH TOCTOSIHHON TeMIepa-
type. Ecinm B Kakofi-iufo MOMEHT BpeMeHH B rase co3/aTh Kakoe
VIOJIHO pacnpefiesienne CKOPOCTell MeX Yy MOJEKYIaMi, TO B pe3yJbTare
CTOJKHOBEHHH MOJIEKY/ Mex/y cofoil M CO CTEHKaMu COCy/la YCTaHo-
BHTCH TaKoe CTAaTHCTHYECKOEe pachpefeleHne MOJEKYJ MO CKOPOCTAM,
KoTopoe yxe He OyjfeT MeHSThCS MNP JAAAbHEHAINHX CTONKHOBEHHSX.
Ha 3ToM oOCHOBaHO BTOpOEe J0Ka3aTeJbCTBO 33aKOHA paclpelesieHus
ckopocrefi, nanHoe MaxcBensnoM. OHO CYIIECTBEHHO OTJIHYAETCS OT
MepBOTO J0KA3aTeJbCTBA, NPUBEAECHHOrO HaMu B § 72, B KOTOpOM mpex-
CTaB/IeHHe O CTOJIKHOBEHHSIX COBCEM He HCHOJAb3yeTcsi. Mul IpHBOLHM
BTOpOE JIOKA3aTeqbeTBO Makcsenna riaBHeIM 06pa3oM IOTOMY, YTO
B OCHOBE €ro JIeXHT NPUHiUn OemaibHO20 pasHosecus — MOJTOXKeHHe,
JIMEIOIIEE CaMOCTOSATEbHOE 3HAayeHHe M Hrpamiiee GOJbLIVIO POJb
B pa3quuHbIX pasfenaXx Quauku. ByjeMm cuuTaTh, 4TO MOJEKY.Ibl NpH
CTOJKHOBEHHSX BEAYT ce0sl KaK HjeaJbHO TBEpAble I YIPYTHe Mapsl.
Takoe npennojiodeHue CHJIbHO YNPOI2ET NOKa3aTenbCTBO, XOTS OHO
H He sBJseTCS 0053aTeJbHbIM.

2, PaccMOTpPUM JIBe TPYINbl MOJEKY.T, CKOPOCTHBIE TOUKH KOTOPLIX
JexkaT B /JeMeHTax ofbeMa do U dw; MPOCTPAHCTBA CKOPOCTEH ¢ ILeHT-
pamM# B TOUKaX ¥ H ©; cooTBeTcTBeHHO. Eca N — ofliee uncIo MoJeKy.1
B COCyZle, TO CpelHMe HHCJHA MOJEeKysa B PacCMaTPHBAEMBIX TPYyMNax
oyayr dN = Nf (v) do u dN; = Nf (2,) do;. PaccmoTpum cronkHoBe-
HHsI MOJIEKYJI NepPBOt IPYINLI C MOJEKYJdaMH BTOPOH I'PYNILI H NPUTOM
TaKkHe, Y KOTOPHIX JIHHHS LUEHTPOB (T. €. NpAMasi, COeAHHSIOMAs LEHTPHI
IIAPOB B MOMEHT CTOJKHOBEHHS) HMeeT Kakoe-TO (UKCUPOBaHHOE Ha-
npapieHne B NPOCTPAHCTBE, TOUHee, JEKHT B Mpefiesax GecKoHEUHO
Majioro TejecHoro yraa dQ ¢ GUKCHPOBAHHBIM HANpaBieHUeM ero ocH.
CpezHee YUC/I0 TAKUX «<PAMBLXY CTOJIKHOBEHHE OYET NPONOPIHOHAILHO
npouspesiennio dN dN;, a ¢ vuM u npoussenesuio f (o) f (vy) do do,.

B pesyabrare KamAoro «upsMOro» CTOJKHOBEHHA CKOPOCTH ¥ H ¥
CTAJKHBAIOIHXCSA MONEKYT U3MEHAIOTCH H IePexXoisiT B ¥ H 0] COOTBeT-
cTBeHHO. CKOPOCTHHIE TOYKH MOJICKYJ INCPBOH TPYHIBL NepeldayT H3
31eMeHTa 00beMa do B 3JeMeHT ofbeMa d®’ CKOPOCTHOrO NpocTpaHcTBa
C {eHTPOM B TOYKE ?'; CKOPOCTHBIE TOUKH MOJICKYJ BTOPOH IPyribl
nepefijlyT COOTBETCTBEHHO B 31eMeltT obbeMa do; ¢ HeNTPOM B TOYKE ¥].
Ipit croskHOBEHUH MOJEKYJbl OOMEHHBAIOTCS! LOPMAJILHBIMH CKOPOC-
TAMH, T. €. CKOPOCTSIMif, TAPAMISAHLIMI JHHHH LCHTPOB; HX Kacate/b-
Hble CKOPOCTH, T. €. CKOPOCTH, TePrneHiHKyaAspHble K JHHHH UEHTPOB,
ocratoTes Ge3 13MeHeHus. Ecau JHHHMIO UEHTPOB NPHHATH 33 och X,
TO Uy = Uy, U;y = Uy. Orcionda duvy = dvy,, doje == dv,, a mnoTomy
dv; dvj, = dv, dvye. MBl BUAHM, UTO B pe3ysbTaTe CTOJNKHOBEHHA Mpo-
uspenenue dv, dvy, OCTaeTcs HEMSMEHHBIM, XOT# duy W dv;, Moryr
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H3MeHATbCA. A TaK Kak mollepeuHbie pa3Mmepsl 06neMoB do M dw, He
MEHSIOTCS, TO mnpou3BefeHue do do; TaKIKe OCTAETCA HEH3MEHHbLIM:

do dwy = do’ doy. (74.1)

3. HasoBem oépamﬂbmu TaKHe CTOJKHOBECHHHA, KOTOPBIM COOTBET-
CTBYET TO Ke caMOe HanpasJ/JicHHe JHHHUH LEeHTPOB H KOTOPbIE NIEPEBOAAT
CKOPOCTHbIE TOUKH CTAJKHBAIOWIHXCA MOJIEKYJ] H3 3/1eMEHTOB ofbeMa

llpsmsie cmonnHobenus

a) Ao cmonkHoBerus g) Nocne emonsnobenus

Jbpammeie cmonwyoberus

&) Ao cmonrrobenus 2) flocne cmonkHoBerus
Puc. 55.

do’ 1 doj B UcXo/iHble 31eMeHTh do U dw; COOTBeTCTBeHHO. HeTpynHo
HalTH 10 3alaHHBIM [IPSIMLIM CTOJKHOBeHHsIM oOpaTtHble. Ha puc. 55, a
1 6 usobpaKeHb! CKOPOCTH MoJieKysa [ M 2 10 1 noc/e CTONKHOBEHHS.
DTH cTONKHOBeHHA GyleM paccMaTpHBaTh Kak npsmMeie. CKOpocTH MoJe-
KYJI 1I0C/le CTOJKHOBEHUS JIETKO HalTH, eC/U BCe CKOPOCTH Pa3JIONKHThL
Ha HOPMAJIbHBIE W KacarelbHble KOMIOHeHTHl. lepecraBuM Teneph Mec-
TaMH MOJIEKYJbl / M 2 Y IONYCTHM, 4TO Nepejl CTOJTKHOBEeHHeM OHH UMeJTH
ckopoct @ 1 ©; (puc. 55, 6). Teneps Moslekysa 2 cTaHOBUTCS yAapSAI0-
e, a Moslekyna ! — ynapsemoil. Iloetpous ckopocTn nocie CToJaKHO-
BeHHsl (puc. 5D, &), HalJeM, YTO OHM NPUMYT HCXOIHLIE 3HAUEHHS T
u ©,. TakuMm o0pazoM, CTONKHOBeHHA DD, ¢ SBIAIOTCA OOpaTHBIMHU IO
OTHOILIEHHIO K CTOJKHOBEHMAM 5D, @ 1 HaoGOpOT.

Uncno o6paTHEIX EPexoioB CKOPOCTHLIX TOUEK U3 3JeMeHTOB 00beMa
d®’ 1 dwoj CKOPOCTHOro NIPOCTPAHCTBA B 3JeMeHTH do H dw; TOro e
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npocTpancTsa nponopuHonansHo [ (9') f (0;) do” deo] win BBHLY cooT-
nowenust (74.1) f (¥') [ (o}) do do,. Y3 coobpakeHnil cHMMeTpHH cle-
Ayer, 4To KO3(QHIHEeHT NPONOPUHONANLHOCTH OJHH 1 TOT ke AIA nps-
MbIX H OOpaTHLIX nepexojoB. Kasaoe mpsaMoe CTOMKHOBEHHE YBOJIHT
CKOPOCTHYIO TOUKY U3 3JieMenTa oGbeMa CKOPOCTHOTO NpocTpaHeTsa do,
Kazx10e 06paTHOE CTOJKHOBEHHE BBOJAMT B TOT e 00beM KaKYIO-TO
APYCYIO CKOPOCTHYIO TOUKY. ¥YBeJHYEHHE CPECAHEro YHCIA CKOPOCTHBIX
TOueK B 37eMeHTe d® B TeueHue KAKOrO-TO IIPOMEXYTKa BpeMeHM
B pesyJabraTe NPAMBIX W OOpaTHBIX CTOJKHOBEHH} paccMaTpUBaeMOrc
TUHA IPONOPIHOHAILHO

dZ ~[[ (@) [ (@) — [ (@) f (v1)] do doy. (74.2)

Ipexjie yeM HATH Jajblie, 3aMeTHM, YTO ISt J0KA3aTe/1bCTBa
cooTHotueHHs (74.2) MOXKHO ObIVIO Obl H He N0JL30BATLCS MOAE/BIO TBEp-
ABX yOpyrux iiapoB. Bmecro 3Toro mMoxHO Obl10 ObI NOCTPOUTH JOKA-
3aTesbCTBO Ha OCHOBE 061X CBOHCTB CHMMETPHH, KOTOpblE CBOACTBEHHbI
3aKoHaM MeXaHHKH. ITosToMy nasibHefilne paccyx/€HHS He 3aBHCAT OT
COELHANBLHBIX IIPETOJNOKEHHH OTHOCHTEILHO (POPMEL MOJIEKYJIbl H CHJI,
JAeHCTBYIOMIHX MEXIY HHMH.

4. llotpe6yem Tenepb, uTOOBI CpejlHee YHUCAO CKOPOCTHHIX TOYEK
B 3JeMeHTe 00beMa CKOPOCTHOI'O NPOCTPAHCTBA d® He M3MEHSIOCh
C TeueHUEeM BPEMeHH, HECMOTpPS Ha CTOJKHOBeHHsl. B Boipaxenuu (74.2)
CKOPOCTh @ C/eAyeT CHHTATh (PMKCHPOBAHHOH (TOYHee, KOHel| BeKTopa ¥
JOJKeH JexaTh B npefenax dw). Hanporus, ckopocTH 9, W HanpasJe-
HHSA JHHHE UEHTPOB MOTYT 6bITh KaKUMH yrofHo. CKopoctu 9, ©; opuo-
3HAYHO ONpejessioTcs 3ajaHyueM ©; H HanpaBJeHHs JHHHU LEHTPOB.
CpezHee mpHpalleHHe YHca1a CKOPOCTHLIX TOYeK B 3/eMeHTe do 3a pac-
CMATPHBAEMBIH NPOMEKYTOK BpeMeHH HaHJeTCA CyMMHPOBAHHEM Bbipa-
xeHusa (74.2) no BceM BO3MOXHbIM 3HAUCHUSIM CKOPOCTH @ M BCEM
BO3MOXKHBIM HaIlpaBJelusM JHHHH 1eHTpoB. YTobul cpennee uucio
CKOPOCTHBLIX TOYeK B d® He H3MEHSJIOCh B pe3yJbTaTe CTOJKHOBEHMH,
1e0OXOIMO H OCTATOUHO, 4TOOs! YKa3aHHaA CyMMa 00palianach B Hy b,
(0Haxo B COCTOSTHHH Xaoca, KOTOPLIM XapaKTepH3YeTcs TEIJIOBOe ABH-
JKeHHe MoJieKy.l, Halo 1oTpeboBaTek Ooqbniero. Hapno, yro6n obGpaia-
Jack B HyJb lie TOABKO CyMMa B LeJOM, HO M Kaxjoe caaraemoe (74.2)
B OTJeqBHOCTH, CMRICA 9TOTO TpeOOBaHMS COCTOMT B TOM, YTO 4 2a3e
8 COCMNAKUU XQOMUHECKO20 OQBUNMEHUS OOMMCHbL KOMNEHcupoeame 0pye
dpyea 6caKkue 06a NPOMUBONOAONCHO HunpasaeHusle npovecca. Cropocmu
MAKUXx NPOMUBONOAOINCHO HANPABACHHOIX NPOUEccos 00A%CHoL Obims 00U~
HaKoBoIMUL. DTO IIOJOXEHHE HA3bIBACTCS APURIUNOM OCMAAbHOZ0 PAGHO-
vecust. Ecau Gbl OHO He BbIIOJAHANOCH, TO TEIJIOBOE JABHKEHHE MOJEKYJI
B KakKoii-To mMepe yTpaTu/ao Gbi GecriopalouHblii XapakTep ¥ npuobpesno
Obl uepThl, CBOHCTBEHHBlE YNOPSAAOUEHHOMY JBM:KeHHio. [lpuuunnD
AeTaNbHOTO PABHOBECHS, pasyMeeTcs, CipaBejyiuB He TOMbKO AJ15 Ia3os,
HO U 024 M0b6ix CUCHEM 6 COCHIOARIY NOAH02O Xa0Ca.
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5. Crnenywomuil npuMep, npunagiexamnit 1. M. dpenrenro (1894—1952), ysc-
HS€T, TOYEeMY YCTAHOBHBILEECS! XaOTHUYECKOE COCTOSIHHE SIBJISETCS HE MPOCTO COCTOSI-
HHEM CTATHCTHUECKOTO pABHOBECHS, 4 COCTOSHHEM OemansHOe0 CMAMUCMuLecko2o
pasrosecus. TIycTh Hacelerne Kakoii-u60 CTPaHbl COCPEIOTOUEHO B FOPOAAX, NONAPHO
CBSI3@HHBIX MeXKJY coGofl :Kese3HbIMH foporamu. JKuTesn ImyTeHmIECTBYIOT 1O 3THM 10-
poraM, nepeesxkasi M3 ropoia B ropoj, NDHUEM CPeJlHee UHCIO XKHTeJel B KamIoM
ropojie OCTaeTcsi HEH3MEHHBIM. MOXKHO JIH Ha OCHOBAaHHH 3TOTO YTBEPMXAaTh, UTO
CpefHee YHCO KHTeNleH, nepee3KalolMX U3 OJHOTO NMPOH3BOJIBHOTO ropoaa A B Apyroii
TIPOU3BOJIBHEI TOPOJL B, PAaBHO CpelHEMY UYHCY XKUTeel, lepee3KaloluX B 06paTHOM
nanpasnenuy us B B A? VnniMu clioBaMu, MOMHO JIM YTBEPXKJaTh, YTO paccMaTpHBae-
MOe CTAaTHCTHYECKOe paBHOBECHe OyjJeT AeTaibHbiM? Her, aToro yreepamaars Henp3s.
Hanpumep, ecn uucao ropojoB Tpu — A, B u C, TO NMOCTOSIHCTBO YHCAA XKUTesel
B KaX/OM K3 HHX MOXHO O6ECreuHTb NyTeM IBHIKeHHS MacCaKHMPOB 10 3aMKHYTOMY
nyti: u3 A B B, 13 BB C, 83 CB A u 1. 4. OnHaxo Takoe HepeMellieHHe HaCeTeHus
HE COBMECTHMO € TPEACTABJICHHEM O XAOTHYHOCTH CTATHCTHUYECKOTO DABHOBECHS,
HCKJIOYamoilell Kakoe Gbl TO HH GbLIO YNOPSIOUEHHOE ABHIKEHHE, B TOM UUCJ€e H KPYyTo-
Boe. Honosusis npumep ®peHkens, JONYCTHM, UTO NYTELUECTBHS KUTe/Iell He ABJSIOTCH
HesleHanpaBJIeHHLIME, a COBepIIeHHO cayyafinpiMu. IlycTh, Hanpumep, KHTCIL TO-
poaa A, oTnpaBasAAch, B MyrellecTsue, Gpocact MoHeTy. Bemagenue rep6a Hiu peUiKy,
pewnT, B8 Kakoll ropox emy exars — 8 B uau C. Tak e noctynacr Kamapiil wurein
ropofoB B u C. Toria HeM3MEHKOCTb CPEJIHErO YHCJIA KUTesell B KaXKIOM H3 FOPOJOB
Gy/leT MOJJEPKHUBAThLCS Yepe3 JeTalbHOe PABHOBECHE: YHC/IO NACCAXKHPOB, NEPEC3KaL0-
LIMX B KaKOM-TH60 HaNpaBJeHKH, B CpeiHeM GyJeT PaBHO YMC/Y I1acCa)KHPOB, eAYIHX
B 0GpaTHOM HanpabJ/eHHH.

6. IloxaxeM Temnepb KaK H3 TIPUHIMIMA JETAJbHOTO paBHOBECHS
BLIBOJUTCSl MAaKCBEJJIOBCKHH 3aKOH pacupefenenusi ckopocrefl. Hamo
notpe6oBaTh, 4TOObl 06paiiasock B HYJAb BbIpaKeHHE B KBaJpPaTHbIX
ckobkax gopmyast (74.2). [lpu 3ToM Hajgo NpUHATH BO BHUMAaHHe, UTO
¢yHKUMS [ (Z) MOXKET 3aBHCeTb He OT caMoll CKOPOCTH ¥, a OT KUHETH-
4eCcKOHl 3HEPrHM €. 3TO NPUBOAMT K YPaBHEHHIO

F(&) [ (&) =F(e) ] (&), (74.3)

HJH

Fe) I
T TE) (74.32)

NpH AONOJHUTEIbHOM YC/JIOBHU
’ ’
ete=¢ +e

KOTOpOE BbIpaXkaeT 3aKOH COXPAHEHMsl 3HEPrHH IpH CTOJNKHOBEHHH.
Hns HaxoxieHHA BHAZ QYHKUMH [ (¢) paccMOTPHM TakKue H3MeHeHHd
apryMeHTOB, IIPH KOTOPBIX & H &, NOCTOSHHBI, a NOTOMY MNOCTOAHHA
u pasHoctb ¢ — e. Torja u3 ypasuenus (74.3) nosnyuaem

fe) X ,
e const (74.4)
NpH yCAOBHH

g — &= =const,

rae nocrosnnas C MoxkeT HMeThb J1o6ble 3HaueHHs. C aHATOrHUHBIM yPaB-
HeHHEeM Mbl CTalKHBaduch B § 72. Toabko BMecto uactnoro [ (g')/f (g)
TaM crosyo mpoussenetne f(e') f(e), a Bmecto pasHocTi & — € —
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cymma & -+ e. Ho ans nmpuMeHHMOCTH MeToja peleHHsi 3To Hecy-
weersento. Tloctynas, kak u paHblie, HAXOAHM

(&) = Ae-ee,

T. €. MAKCBeJJIOBCKHH 3aKOH paclpejeleHis CKOPOCTeH.

7. HeOGonblioe H3MeHeHHe B pacCyXIeHUH NPUBOAHT TaKKe K Teo-
peme O pPaBHOMEDHOM paclpefie/leHHH CPeiHeH KHHETHYECKON SHepruH
MEKIY Pas3JHYHBIMH MOJEKyJaMH rasa. PaccMOTpuM st MPOCTOTLI
¢Mech JIBYX ra3oB. BesanuuHbl, oTHOCSIMECS K OAHOMY U3 rasos, GyjeM
crabxaTh HIDKHHM HHIEKCOM |, BeJMUHHBI, OTHOCAILHECT K APYrOMY
razy — ocTaB/JsTh 0e3 unjexca. /letanbHoe paBHOBeCHE JOJKHO HMEThH
MCCTO TIO OTHOILIEHHIO K JMIOOLIM NpolieccaM, B TOM YHCJAE U K npoleccam
CTOJIKHOBEHHIT MeA(ly OJMHAKOBEIME MoJeKyaaMmi. T1osToMy K KamaoMy
rasy B OTAEJBHOCTH MPHMEHUMBI PACCyK/CHUHA, NPHUBEJEHHbIE BLILIE,
13 Hux cienyer, uto QyHKUHH pacrpesesaeHust Jyisi 0G0UX ra3oB JOJKHbL
UMETb BHA

f(e)=Ae=2®, fi(e) = Aje e, (74.5)

[ToCTOSIHHBIMH @ M @; ONpeleNsIoTC CpeiHNe KHHETHYECKHe 3HEPTHH
Moslexya rasa. IlosToMy Ast LOKa3aTeNIbCTBA TEOPEMLl O PABHOMEPHOM
pacnpejieJieHHH KHHeTHYeCKOH SHePTHH JOCTATOYHO I0Ka3aTh, UTO ¢ =
= ¢t;. C 3TOH LeNIbI0 paCCMOTPHM CTOJKHOBEHHS! MOJEKYJ NepBOro rasa
¢ MOJeKyJaMH BTQPOro rasa H NpHUMEeHUM K HIM MPHHIHI AETalbHOTO
paBHOBecusd. HeTpyaHo nokasath (CM. NYHKT 8 3TOro maparpaga), 4to
cooTHoulenne (74.1) coxpaHseT cul1y M IS TAKMX CTOJKHOBEHHI.
Jajee, Hajo NPHHATH BO BHHMaHHE, UTO OTHOCUTENbHBIE CKOPOCTH
B NPAMBIX H 06paTHHIX CTOIKHOBEHHAX OJAMHAKOBH MO BesauuyuHe. Ha
OCHOBAHHH 3THX JBYX (aKTOB MOXKHO YTBEPKAATb, UTO CPEAHHE UHC/IA
NpAMBIX H OOpaTHBIX CTOJKHOBEHHI NPOLOPUHOHAIbHEI COOTBETCTBEHHO
F(@) [y (9) v [ (@) f (0]) ¢ omHHEM 1 TeM ke KO3bDHUIHEHTOM IPOTIOp-
uHoHaJ pHOCTH. [lo3TOMY NPHHUMN JeTaJbHOTO DaBHOBECHSI TPHBOAHT

K ypaBHEHUIO
[(&) [1(e) =[ (&) 1 (D).
[oacrapnsis ciofa BelpameHus (74.5), moaydum
a(e—e) =an (¢ —e).

C y4eToM 3aKOHA COXPAHeHHS SHepTHH € + & = &’ f e e — ¢ =
== g] — &, OTCIOfi@ HaxOAUM o = a.

8. B s3akJ/ouenHe 0CTAHOBAMCS Ha CMEICJE M J0KA3aTCALCTBE COOTHOMIEHHS (74.1)
J15 CTOJKHOBEHHMS 1HaPOB C Pas/IHUHBIMH MaccaMH m M my. PaccMoTpum cHauada
uacTHBIL CJyuail, KODAa Lapbl ABHKYTCA BJOJIL JHHHH uLenTpoB. Toraa coctosnue
JBY/KCHHSt B KAXIbH MOMEHT BPCMCHM MOIKCT GHITb OXapaKTePH30BAHO HMIYJIbCOM
NEpROTo Wapa p M HMIYJIBCOM BTOPOTO wapa p;. I'eoMCTPHUCCKH Takoe COCTOSAHHE
MOMKHO MpPeACTABHTL HA MJOCKOCTH H3oGpamaiomeil Touxoit A, NpAMOYrobHBIMH
KOODAHHATAME KOTODOI SIBJSAITCS 4YHCAa p M p; cooTseretsento. [locae cronkmose-
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HUS M300paKalomas TOUKa NepeMecTHTCs B HoBoe nojoxenne A’ ¢ KoopiHHaTaMu
p’ n p{. Ha ocHOBaHUN 3aKOHOB COXpalCHHS MMMNY/JbCA H SHEPIHH

p4-pr=p’-+pl, (74.6)

SN S A s W (74.7)
2/71 2ml 2m 21y ’ ’

Orcrona eugso, uto A’ Jexur B Touke repeccucnust npsMoit (74.6), makaoHHOMN Mox

yraom 135° K ocu abeuuce, ¥ 3/1JUNCa ¢ NOAYOCIMH I/QmE U I/QmIE, npuyeM o6e
ITH JIHHHH TIepecekaloTed TaKKe H B Touke A
Y2 (puc. 56). Hcrnoan3yst ato, Jerko HaiiTH rcome-
A TPHUCCKMM HOCTPOCHHEM ROMOMKeHHe TOUKH A',
CCJIH M3BCCTIO 1I0JI0ZKCHHC TOuKKH A.

JonyctHM  refiepn, YT0  UMIYJLCHL  1HAPOB
7O CTOJKIOBEHUS H3MEHEHBI, T. €. H3MEHHJOChH
noJoxeHne msoGpaxawoulell Touku A, HoO Ha-

£ npaesjenne JUHHH LHEHTPOB OCTAAOCH HEH3MeH-

uuiM. Torga uaMeuuTcsl W TOJOIKCHHE H306pa-

A’ Kawouieii Touxkn A’. Ho seerga nosomxenue A’

OJJHO3HAUHO ONPCIENTCS, C/IH H3BECTHO NOJO-

wenne A. Tlyers toukn A MOIYT 3aHHMaTh

Puc. 56. JoGoe NoJOKCHHE B npeiiesax MPOH3BOLHON

o6ractu D. Torga toukn A’ pacmoJoxartcst

B rpelesqax lekotopoit Apyroft ofJacta, Ko-

TOpYIo Mb oGo3naunM D’. JlokakeM, 4to miaowlanu obnacteit D u D' paHbE Merkay

cobofi. D10 yTBEepIKACHHE ABJIASTCH YACTHBIM CAYYaeM BecbMa O0lieH Teopembl aHalIH-

THUECKOH MEXaHUKH, H3BECTHOH TOI Hazsauuem meopesol Jluysuras (1809—1882)

H Wrpapoleil BaXKHY poJab B CTaTHCTHYE-
CKOli MeXaHHKe.

Hocratouno nokazarb Halule YTBCPIKIe-
HHe [as1 OeckoHeudo Majoit objgacth D
NpOU3BOJILHOH (OPMBI, Tax KaKk H3 TakHX
OeCKOHEeYHO Madblx obJdacrell MOKHO cocta-
BHTbL JTI0O0YI0 061acTh KOHeufioro pasmepa.
BosbpmeM gBa Geckoneuso GIH3KHX MOI06-
HLIX 3aaunca tuna (74.7), oTAHYAONIMXCH
ApYr OT Apyra 3Hauenuem suepruu E. Tle-
peceueM HX JABYyMsl GCCKOHeuHO OJIM3KHMH
NPAMLIMH, HAKJOHENHBIMH 10 yraom 1357
K ocH abcuncc. B nepeceuennn oGpasyrorcs
ABa GECKOHCUHO MaJLIX Mapasiesorpamma, Puc. 57
3aIITPUXOBAHHBIX Ha pHuC. 57. O1HH H3 3THX B
NapaliesorpaMmMoB TpHUMeM 3a obaacts D,
aApyroit — 3a o6aacts D’. BpicoThl 3THX NapalieJorpaMMoB, MePHEHAHKYJIAPHbIC
K npsivmoit AA’, GyayT ojkaKoBbl, Kax 370 sICHO M3 nocTpoenust. Byayt pasust takixe
H OCHOBaHU S AA1 1 A’ A{. B 31oM Jerue Bcero yOCIUTBCH, 3AMETHR, UTO HAIIK NOA0G-
Hble 3JLIHICH MOIYT Guirh noJiyuenibl M3 BYX KOUICHTPHYECKHX OKPY:KHOCTEH myTeM
HX PaBHOMEPIOrO PaCTsKCHMs WX CXKATHA BIOJb TOPH3OHTAILHOH MM BePTHKAIb-
Hoif 0CH B 0J(HO 1 TO Ke uncao pas. o nedopmauuu gauns cropod A4, u A’ A Guiau
paBHBI, KaK 3TO CJICAYeT M3 FCOMETPHUYCCKHMX CBOHCTB Kpyra. DTO PaBeHCTBO COXpa-
HHTCS R nocje AedOpMalMH, TaK KaK NPH OZHOPOJHOM OTHOCTODOHHEM pPACTS/KEHHH
H CHKaTHH IJHHBI [1apajljejibHbIX OTPE3KOB H3MEHSIOTCS B ONHHAKOBOE YHC/IO pas.
OTHM JOKA3aHO DABCHCTBO OCHOBAHMH, & C/IEJOBATE/bHO, W MIOWAReH napadseso-
rpammos D u D’. 3amernm, uro opma camux napamienorpammos D u D', BooGlie
roBopst, pasHas.

He npencrasaser tpyna o6o6muTh T0OKA34aHHYIO TeopeMy Ha cayuaii, Korja craj-
KHBAOUHeCs aphl HMEIOT He TOJAbKO COCTABJSIONHE CKOPOCTH BAOMAb JHHUH LEHTPOB,
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HO M NONepeyHble CKOPOCTH, K Hell HepheHAHKy/asipHbie. J0oKasaTeAbCTBO MPUMCHUMO
H B 3TOM cJyuae, TaK Kak [OlCpeylbic CKOPOCTH IIPH CTOJKHOBEHHH He H3Me-
ustiores. ToabKo BMecTo ABYMCPHBIX ofaacrelt D M D' 1OSIBSITCSl COOTBETCTBYIOUIME
06J1aCTH B uiccmumeprom npocmparcimse. TeopeMa COCTOMT B TOM, UTO 0GBCMbl 3THX
HIECTHMEePHHEIX o6aacteil ofuliakosbl. Hakonen, Bce paccyskacHust octanyTcs BepHBIMH,
CCAM HMIYJbCHl p M py 3aMEHHUTb COOTBETCTBYIOUIMMH MM CKOPOCTSAMH.

§ 75. CpeHee uHCJ0 MOJEKYJ, CTAJKHBAIOUUXCH
€O CTEHKO# cocyna

1. Cpensee uMcJIC yAApOB MOJEKYJ O CTEHKY COCYAAa B eAMHHIY

BpeMeHHI MOXKHO OLEHHTb CJIEAYIOIHM 1IPOCTLIM cnocoGoM. Ilyers n —
cpejlHee 4UCAO MOJIeKyJl B eAHHHIE oObeMa. PaccMOTpUM Ha CTEHKE
cocy/la JeMeHTapHYyIo MIOWAAKY dS H BBeAEM NpPSAMOYTONbHYIO KOOp-
JMHaTHYO cHereMy XYZ (puc. 58). Ocb X
HATIPABHM 10 HOPMaJii K TIomiaixe dS, ocd Y Y
U Z pacnojioxuM B MJAOCKOCTH, JICPNEHIHKY-
JspHOH K 3Toil HopManu. Bmenem jusa yipo-
WAIOIHX NpeAnoaoxerusa: 1) cKopocTH Bcex
MOJIEKYJl OJIHHAKOBLI 110 BeJHUYHHE; 2) MoJe-
KYJbl JBHKYTCSA TOJBKO TNapajjiesibHO Koop-
JIMHATHBIM OCSIM, & HMEHHO TakK, 4YTO OJHa
HiecTasi BCeX MOJIEKYJ ABHZKETCHA B TOJOXKH- Puc. 58.
TeJbHOM HarpaB/JeHuH OCH X, OfiHa 1lecTas —
B OTPULIATENBHOM U aHaJorHyHo Jyist oceit Y u Z. Ilpu takux ynpoiie-
HUSIX € IJomaakoll dS 6yAyT CTanKUBATLCST TOAbLKO MOJIEKVIbL, JABH-
KyLiHecss K CTeHKe, T. €. B TOJOMKHTEIbHOM HalpaBieHHH ocH X.
Uucao Takux MoJekys B eauHuue obvema n, = /gn. 3a Bpewms df
¢ 1Ioankol dS CTOJKHYTCS BCE MOJIEKYJIbl paccMar-
pUBAEMOI TPYyIfibl, KOTOPHIE JE€XKAT BHYTPH LIMJAHHI-
pa c ocHosaHueM dS u BeicoToli v df. Uneno monexyn
B 3TOM UWJIHHApe, IBHKYIIMXCS K CTEHKEe, PAaBHO
dz = nwS dt == Y/;nvS df. CpejHee uucio Mojexyd,
CTaNKUBAIOILIXCH B eAMHHILY BPCMEHH C eNHHUYHOMH
IJIoaAKoH, Oyner

) =1/,nv, (75.1)

Pre. 59. 2, Halizem Tenepb TOYHOE BblparKeHHe I Cpea-
Hero 4Mcaa yjaapoB z. B rase B cocrosiniu noxost Bce
Hanpas/eHusi CKopocrell MOJIeKyJl paBHOBEPOATHLI, T. €. PacHpeie/eHsbl
B IpocTpancTse W3oTponHo. Haiizem cpeanee uucao No moaexy.a, Ha-
TIpaBAeHHs CKOPOCTell KOTOPBIX JieKaT B TIpejeax TedecHoro yrJja Q
(puc. 59). Tax Kak TeJeCHBIH yroJ, OXBAThLIBAIOUIMH BCe HaNpaB/eHHs
B IPOCTPAHCTBe, paBeH 471, TO BBUJY YKa3aHHOH H30TPONHH
No="q (75.2)

4 "°?
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rae N — ofuiee uncio Mosekysa. B gacTHocTH, 27151 6eCKOHEYHO Mavsioro
TEECHOro yria N
dN =, dQ. (75.3)

Tloabzysice diopmyaoit (75.3), onpeleduM cpeiHee YlCJ0 MOJCKYJI
dN, ckopocTi KOTCPHIX O0Pa3yloT ¢ HEKOTOPbIM (HKCHPOBAHHBIM Ha-
npasaenuem OA (puc. 60) yrasr, dexantie Mexay ¢ u 9 + d¥. [Las storo

onuiieM chepy pajnyca R ¢ UCHTPOM B TOU-
A Ke O W 10CTPOMM [iBa NPSIMBIX KPYrOBBLIX
Konyca ¢ ofuieifi ocslo OA, obpasylomiue
e R KOTOPHIX COCTABJISIIOT C 3TOH 0Chbt0 yranl &
n ¥ -+ db. Kouycwl BeipekyT Ha ciepe
KOJILIEBYIO TIOJOCKY, 3aIITPHXOBAHIYIO Ha
puc. 60. Tliomane nojockd papHa dS =
= 2nR?sin O d§. Ona Buawa u3z tTouxu O
o[ TeJgecHHIM yrjioM dQ = dS/R? =
= 2nsin® d9. Tloxacrasasis 310 3HaUeHUE
B Qopmyay (75.3), noayuum

dN =" sin ¢ 49, (75.4)

4

Puc. 60. Teneps Jierko HafTH BbIpasKeHue s 2.

BremHiolo HopMaib K CTeHKE NpUMEM 3a
ocb X (puc. 61). ¥Yroam Mexay ocbio X U CKOPOCTbIO MOJEKYabl 0603-
HaguM ¥, CHayasna MpeAnoJoKHUM, YTO CKOPOCTH BCeX MOJIEKYJ OjHHa-
KOBHI 110 BeJIMYHHE, @ HMX HanpaBjaeHHs pacnpeje- ¥
JIeHbl HM30TPONHO. Brigeaum rpynny Moaekysa ¢
X-KOMIIOHEHTAMH CKOPOCTeHl MeX1y Uy U Uy + dus.
Utobbl yaapHTbCS O CTEHKY, MOJEKYJbl AOJIAKHBL 75
JeTetb K Hell, a IOTOMY JROKHO ObITB Uy > 0. ‘
Ilyete dn — umcao TakuxX MoJEKyJd B €AHHHLE ..\\W
ofveMa. Hucsao ynapos O KBajpaTHEIA CaHTHMETD
CTEHKH, MPOU3BOAUMBIX MOJIEKYJ/JaMH BhIIEIEHHOM v df
TPYNNel B ONHY CEKYHAY, pasHo dz = dn v, =
= vcos 0 dn. B 3tOM Jierko yGeanThes, el mpo-
u3BeCcTH eule OGoJiee JAETATbHYHO COPTHPOBKY MO-
JIEKYJl 10 cKopocTsiM. Hajo BbIAETHTD MOJEKYJbl
C OIPE/IeJIeHHBIM HaNlpaBJeHueM CKOPOCTH U Ha IIOo- Pue. 61.
maake dS nocTpouTh Kocol napaJsiiesnenuner ¢ 6o-
KOBOH CTOpPOHOH © df, Kak ykaszaHo Ha puc. 61. Hucno yjpapos Bhblie-
JICHHBIX MOJIEKYJI O IJlowaiky dS 3a ppeMs df Hafjercs, ec/il UX KOH-
HEHTPALUIO YMHOXKHTHL Ha ofbeM nNapasienenuneia dSv, df. 3atem
Halo MPOCYMMHPOBATEL IO BCeM TapasuienenyneqanM, UMEIIHM pasHbie
HanpabJeHust OOKOBBIX CTCPOH, HO 06UV BHICOTY U, df. Pasgenus
pe3y/bTaT Ha df, Mbl U NpUieM K BolpaxeHu dz = v cos ¢ dn. Ilo-
CKOJIbKY MOJICKYJ/IE! U3 UHCAa dA XapaKTepH3YIOTCsH OGUMMH 3HaYeHH SIMU
U H Uy, OHH JBHMKYTCS IOX onpenesenHbM yrioM K ocu X. TouHee, 370
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€CTb MOJIEKYJIB], CKOPOCTH KOTOpBIX o6pa3yoT ¢ HanpapaeHHeM ocH X
yrael Mexay ¢ nw ¢ L+ 49, Tlo dopmyae (75.4) dn = Y sin & d©,
a JIOTOMY

dz = /ynv sin§ cos U d0.

MHTerpHpys 3TO BolpakeHiie N0 BCeM MOJIEKYJaM, JIETAIHM K CTeHKe,
1. e. B npejenax or 8 = 0 go 0 = n/2, nonyunm

z=nv/4.

He cocraBasier Tpyaa o6o0lHTb 3TOT pe3yJbTaT Ha caydal, KOraa
CKOPOCTH MOJIEKYJ HE OHHAKOBLI 110 BeJH4HHe, HO HX HarlpaBjeHHs
no-npexHeMy pacipejescHbl H3oTponHo. PasofbeMm Bce MOJIEKyJabl Ha
TPYNTLL CO CKOPOCTAMH Uy, Uy, ..., Uy 1IYCTb 1y, 11, ..., Ay O3HAYAIOT
yicIa TakuX MOJeKya B efiinuie oobeMa. O4eBHIHO,

z2=1/, ¥ nu,.
[lo anpenenenuio cpegnero
e Yono;
(v) ===,
a NoToMy

z="1/,n"v). (75.5)

[TpH MaKCBeJJMOBCKOM pacripefesieHil ckKopocTtelf aas (v) cjaeayer
BOCHIOIB30BAThCSl Bripaxeniem (73.6). Jto paer

T
=n l 2mm* (75.6)

3. TakuM o6pazoM, oT1iune npudanxeHHod ¢opmyan (75.1) ot
TouHOH (75.5) COCTOMT TOJILKO B TOM, UTO BMecTo Kos(gipunmenrta /g
najgo Oparb kKospduuuest !/, Ha camom aede pasanuue elife MeHbIUe.
efictBuTeNnbHO, YTOOLL 3HAUEHHE KHHETHUECKOH 3Hepruu rasa mnoay-
YHJIOCh NPABHJABHBIM, MO v B dopmy.ae (75.1) cienyer morumarh cpei-
111010 KBAJPaTHYHYIO CKOPOCTh, CBA3AHHYIO ¢ (U) COOTHOUIEHHEM (V) =

= 1,08 (v).

B pacCMOTPEeHHON 3ajade mosydeHHe TOYHOTO BhipaxeHus (75.5)
He mpejcTaBasao Goabluoro Tpyaa. Ho, Kak npasusio, 3ajaud, KOTophle
IIPUXOANTCS CTABUTb H pellaTb B KHHETUYECKOH TeopHM rasos, OueHb
cAOXKHB. MX TOuHBIE H CTPOTHE pellleHHe NOJYUYHTL OYeHb TPYIHO H
uacTo Aaxke HeBo3MoxKHO. IlosTomy oveHb 6oJbllOe 3HAueHHe NPHoOpe-
TAIOT COOTHOLLUEHHSI OLEHOYHOro xapakTtepa. [IpH ux BeIBOje BBOAATCS
VIIpOIaIoiie NPeAnoJoKeHHs, CHABHO ofJjerdamoliie BpUHCICHHS
M B TO Ke BPeMsl He 3aTpParHBalOlllHe CYLIECTBEHHbIE YEPThl SABJCHMH.
OGBIYHO TAKOTO POJIa OLlEHOYHBbIE COOTHOLIEHHS OTIMYAlOTCS OT TOYHBIX
BLIpAXKEHUH Ma/I0CYLIECTBEHHBIMH YHCJIEHHBIMH MHOXKHUTEIAMH NOPAAKA
eMUHHIBL. MeTo/l OLeHOK B JajbHefilleM HaMu OyJeT LIMDPOKO HpHMe-
HSITBCS.
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4. C novowplo Gopmyabl (75.6) MOKHO OUEHHTH CpejiHee HHCJIO
MOJIEKYJI, BLIIETAIOIWUX B OAHY CEKYHAY NPH HCNApEHHH ¢ eTUHHIH
NOBEPXHOCTH 2KHJIKOCTH WJIH TBEPAOTO Tesa, TPaHHYallell ¢ BaKyyMOM.
15 3T0r0 CHaYasa pacCMOTPHM CJ1ydail, KOra TeJso IPAHUYHT CO CBOUM
HacelieHHsIM napom. Ilpn Hannuny napa WJAET He TOJMbLKO HcHapemnmue,
HO W OOpaTHBI npollece KOHAGHCAUHH MOJEKYJ napa, JEeTsuix K Mno-
BEPXHOCTH TeJa. MoJekyJbl, JAeTsduiHe U3 Teja B o6JacTb, 3aHSATYIO
napoM, HJIH 00pATHO, MOTYT MpPEeTepHeTb OTPAXKEHHE HA TpaHyle Tena.
Ho npu ouenxax srum saddexrom mMokHO npenebpeub. Ecau nap Hacsl-
LIIEHHBIH, TO HMEeT MECTO JeTaJbHOe PaBHOBeCHE, NPH KOTOPOM KakKAOMY
MOTOKY HCHAPAIOWUXCS MOJEKYJ OT Teldd COOTBETCTBYeT PaBHBI H
NPOTHBOMOJOXKHO HAMpaBJeHHbI MOTOK MOJeKyJa mapa K teny. Ho
CPeHEE YHCJIO MOJEKYJ Iapa, yUapsiuoUHXcsl O eIUHHLY [oBepX-
HOCTH Tesa, jaercs BhipaxkenueM (75.6). Takoo xe Gyner u cpen-
Hee YHCJIO MOJIEKYJI, BBIIETAIOIHX €XKECEKYHJIHO C eAHHHIbI MOBepX-
HOCTH TeJsia. DTO YHCJAO He H3MEHMTCS, ec/H Bech Iap Haj TeJoM Via-
JIUTb, TAK KaK OHO 33BHCHT TOJALKO OT COCTOSHHS caMoro Teja, a He
OT COCTOSIHHS okpyxatomiel cpeast. llox n B dopmyne (75.6) cae-
JyeT TOHHMarb YHCJIO MOJIEKYJNl HAaCHILEHHOro Hapa B eAdHHIE 00B-
ema. Ha 3ToM ocHOBaH MeTol H3MepEHHA JABACHHS HACBIIIEHHHIX Tla-
poB Tyrom/JaBKHX MeTananoB (cM. 3ajady 10 x stomy mnaparpady).

3AdAUYMH

1. Yncso ynapoB MoAeKyad O KBaJpaTHLII CAaHTHMETP CTEHKH B OJHY CEKYHIY
MOMKHO IIPEACTABHTE HIITCTPATIOM 2 = ngvxq)(vx)dvx, rje MHTErPUPOBAHHE MPOH3BOJAUTCS

Mo BCGM MOJeKyJ1aM, JeTdmuM K ctedke. ([Ipeanonaraercs, 4To cTeHKa nepneHAnKY-
JAgpHa K ocd X.) Y6emHThCs HENOCPEACTBEHHEIM PACUeTOM, HTO MPH MaKCBEMJIOBCKOM
pacnpesieJieHHH CKopocTeil 3TOT HMHTerpaJ NPUBOAHTCA K BripaxenHio (75.6).

2. B TtoHkocTeHHOM cocyle oOnhema V, cTeHKH KOTOPOTO MOAAEPKHBAIOTCS NPH
NOCTOSIHHOM TeMreparype, HaxoAnTcst Mica/bHbil ra3. Cocya nomeien B BakyyM.
Kax 6yneT MeHiTbcA C TeUeHHEM BpeMeHH KOHLEHTPAlLHUst MOJeKyJ n raza BHYTPH
cocyla, ec/H B era CTeHKe CAeIaTh OUCHb MaJoe OTBepCTHe MIomand S *)?

Pemenue. Ecau oTsepcTHe S oueHb Masld, TO pacnpefiesierrie CKopocTefi
HCKA3HTCsL OYeHb Majo, T. e, OCTAHeTCsl H3O0TPOMHBIM M MaxcBe/sioBckuMm. Ilo ¢op-
myJae (75.5) no.ayuaem

d(Vny=— ; Sn (o) dt.
Hnterpupys 510 ypaBHEHHE, MOJSyuaeM
n=ne %, rme T=4V/S (v}

3. OTkauaHHBIT TOHKOCTCHNBIA COCYJA, CTEHKH KOTOPOTO MOJACPKHBAIOTCS NPH
MOCTOSIHHOM TemrepaType, NMOTPYKeH B aTMocdepy HACATIBLHOrO rasa ¢ NOCTOSHHOMN
KOHLEHTpPaLHell MONCKYJI fy, NOALEPIKHBAEMOTO NPH Tolt e Temnepatype. Kak Gyner
MEHSTBCS C TeueHHeM BPeMeHH KOHUEHTPAlMs MOJeKyJ raza BHYTPH cOcyla, ecsH
B €ro CTeHKe CAe/1aTh OUeHb MaJsoe OTBepCTHe?

*} B sapauax 2, 3, 4, 5, 7, 8 npeanonaraeTcs, uTo pa3Meprl OTBEPCTHSI H TOJ-
ILHHA CTHKH MaJbl O CPaBHEHHIO ¢ AJMHON cBoGoaHoro npoGera (cm. §§ 86 u 95).
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Orpert. n=n,(l — e_t/r). O6o3naueHHs TAKHE e, Kak U B npeaslayuiei
3ajase.

4, TlosnocTuio 3BaKYHPOBaHHBIl repMeTHUeCKHH COCYI MOMCIICH B atMocepy,
COCTOSIILYIO M3 CMECH JIBYX T'd30B, MOJEKVIAPHBIC BCCA KOTOPBIX OTHOCATCS Kak 1 : 4,
4 OTHOLICHKC KOHUEHTPAIUN {T. ¢. UHCeT MOJCKYJ B CAHIHIE o6beMa) paeHo oo, CMech
ra3os BHC cocyla TOLICPIKHBACTCST NPH  MOCTOSHHBIX JaBAeHMH H Temneparype.
B crerke cocyiaa oka3anoch Maldoe OTBCPCTHE, uepe3d xoTopoe ofa rada CTafi oYeHb
MeJJIeHHO HaTeKaTh B cocyl. Onpelenntb MaKCHMATbHOE H MHHHMAaJALHOE 3HAYeHHS
OTHOLLCHHS LOUICHTPALKY JIETKOTO K KOILEHTPAUHH TSKEIOTO KOMIOHEHTOB I'a30Bof
CMECH B COCYJC W MOMCHTBI BDCMCHH, KOT/d JOCTHraloTcs 3TH 3HAUEHHS,

Peciweunwue. [loctynas, kax B 3agauax 1 v 2, jis OTHOIICHUSA KOHUEHTpauui
JIELKOTO M TH/KEJOTO KOMIIOHCHTOB BMYTPH COCYIa HaitaeM BblparkeHHe

P el il
| —e— tTe?

riie MHSEKC | OTHOCHTCS K JIerKOMY, 8 MHJEKC 2 — K TsKeJOMy KoMMNoHeHTaM. Bpe-
MCHA T; M Ty CBH3aHBl COOTHOLIGHHEM To/'Ty = 2. YuHuTHIBas €ro, HaflieM, YTO NpoH3-
soauaa dff df obpalwaerca B HY.Ib, Koraa

6“""1"2 ::l'/ mé— 1,

I caetoraredbro, roraa f=o )’ 2. O1Haxo 3ToMy CJYYal0 COOTBETCTBYET HE Mak-
CHMYM H He MHHEMYM Ha kpupoid f3-= f§ (f), a Touka neperu6a. MakcumanbHoe
H MHHHMM3/JbHO® 3HaueHHS BeJIMUHHA [} NMPHHMMACT HA KOHIAX BPEMEHHOrO HHTep-
tana (0, o). Ilpu { = 0 noayuactest MAKCHMYM Pyaxe = & To'T; = 200, 0pH § =
<1 00 — MHHHMYM Py = O

5. [loanoCThIo 38AKYHPOBANNLI TOHKOCTEHHBI IEPMCTHUCCKHIT COCY1 NOMENieH
B atMocepy KHCI0poia, NOLCP/KHBACMOTO NPH MOCTOSHHON TeMfiepatype H HeBbl-
cokoM Aamjdennu P. B cTeitke cocyia okasanoch Majdoe OTBEPCTHC, YCpe3 KOTOpoe
OKPYIKAOIHA{ KHCJOPO cTal HaTexath B cocyA. Uepes wac pae/ieHue rasa B cocyiae
MOBEICHAOCH OT NYJst A0 P/2. Kakoe gapacHuie GBI Gbl B TOM JKe COCYAC uYCpPes TO Ke
BpeMs, ecaTH GHl Toc/IC OTKAuKHM cocyx Gbl1 NOMCUICH B atMochepy BOAOPOAA NPH Tex
Ke JABACHHW M TCMOeparype?

OrBerT 154 P

6. Haiitt noanyio xuuernueckyio suepruio £ MOMCKYJ HACATLHOIO OJHOATOM-
HOTO Tasa, VIapAolMXCA 0 KBAaJpaTHEIl CalTHMETP CTeHKH B eHHHUY BPEMeHH.

Oreert. £==1gmn{(v?). Jlna MakCuc/IJOBCKOIO pPaclipefeCHUS

373 -
Fen -'/ 2k3T _ hma (o).

ma 16
7. B rouxocTennom cocyjc, MOMCLICHHOM B BAKyyMe, HMeercs OU€Hb Manloe OT-
BCPCTHE, HA KOTODPOE M3BHC HANMPAaBJIsicTesi napagje/bHbil NYyYoK OJHOATOMHBIX MO-
JAEKRYJI, JeTAIHK ¢ OZHOH U TOli 7KC CKOPOCTBIO U, MEepPNCHAHKYJAAPHOH K IIOCLLALH
orsepeThsl. KoHleHTpanust MoJleKyJ B nyuke paeHa n, Hafity B ycraHopHBLieMCa
PaBHOBCCHOM COCTOSIHIH CPCHION CKOPOCTHL (U), KOHIEHTPAUKIO MOJIEKYJl 1 H TeM-

neparypy T rasa B cocyhc.

Pem e nue. M3-3a CToAKHOBeHNIT MOMICKYJ CO CTEIKAMH COCYA 1 MEXKLY coBoft
BHYTDH €OCY/Ad VCTAHARJINEAETCHl MAKCBEIJIOBCKOE pactipeieneHye ckopoctefi. Ycio-
BHA COXPAHeHHH UHC/AA YACTHL H KHHCTHUCCKOH 3HEPIrHH rasa B COCyJle HMEIT BHJ

1
oty = 7 n (o),

Vongmod =1/1gnma (v)3.
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Henoawsys ux, a rakxe dopmyay (73.6), sHaxogum

g — my?

8. B romxocTeHHOM cocyie, coAepiKalleM OJHOATOMHEIT LleanbHw ras npu
Temieparype T, WMeeTcs: Ouelb MaleHuLKoe OTBEPCTHE, Yepe3 KOTOPoe MOJeKYJH Bhi-
Jetalor B Bakyym. ONpesc/uTh cpeisice 3naucHue (&) KHHeTHUYeCKOfi 3HePTHM Bbi-
JAeteBlefl MOJICKYJIBL B NIPCATIONOKEHHH, YTO 38 BPCMsl OMBITA H3MEHCHKS ulcJa MoJte-
KyJ M TeMIepPaTyphl ra3a B COCyie NpeHeGPe:KAMO Madbl.

Otser. (&)= 2kT.

9. Oupegenntsb, Kakas 4acTb MOJCKYJ HACATBLHOLO rasa, CTOJKHYBIIHNCA CO
cTeHKolt COCYyAd 34 ONPCACACHHOE BPCMS (HANpHMeD, 34 OJlHY CEeKYHIY), HMEeeT Kiuke-
THYECKYIO 31CPTHIO, INPeLOCXOAALIVIO €.

Orteer. o= l—}-:—'Tj e EIRT

5 /

10. Boaudpamosast HuTh, HCIapsiichb B BEICOKHIT BAKyyM TIpH TeMieparype
T = 2000 K, ymenbiuaetcs B Bece, Kak NOK43a/IH M3MEDeiHs, CO CKOPOCTBIO § —=
= [,14.10°¥ r.c feem™® OuenHTh  J1aBiCHHE HACHIULEHHOTO Napa BojandpaMa npu
yTOfl TeMTeparype.

Peurenue Ha ocHoBanuu H3NOKEHHOFO B NMyHKTe 4 3F0ro naparpada co-
pOCTL Hcmapenust jaercs GopMysioi

g=-4 nm (v),

e 11 — KOHUEHTPAllHd arOMOB HaChIUEHHOTrO napa nonbtppama. Ero AaBJieHHe 6}'}1€T

wy
(®

P ==1j5nm (v) =439 -
Hpﬂ MaKCBeJAJOBCKOM paCHpC}]\CJ’IeHHH
(v7) /[ akT /IRT
@ =3V 1

rae A — atomHblii pPec, papubil Aag Bodanppama 184, OkoHHATETBHO TOJyUTaeM

4/ 2aRT
P:q‘/ 1

IMozcrapup crofa uHCAeHHBIC 3Ha4eHyd, HaliieM JAAsd 1aBJeHHd HACBLUNCHHBIX Tapon
poasbpama npn T = 2000 K: P -= 8,6-10 ¢ qun/em® == 6,4-10 12 mm pr. ct. Beray
MadoCTH 3T0f1 BEAHUHUIIBL €C TPYAHO H3MCPHTL MPSIMLIM MCTOZOM.

’

§ 76. OnbiTHAas npoBepka 3aKOHA pacnpejeneHus
ckopocTein Maxcseana

Ojfna u3 nepBBIX NPOBEPOK 3aKOHA pachpefesieHHst CKOpocTel
Makxkcpenna 6uia ocyecTeiaena Puuapaconom (1879 — 1959) B 1921 r.
Ecnn packasnennas NoBepXHOCTb MeTadsia IPAHHUHT C BaKyyMOM, TO
OHA IICIYCKaeT 3IeKTPOHBl. 3TO SIBJIeHUE HA3bIBAETCS MEPMOINCKINPOHHOU
amuccuedl W UMeeT pasHooOpasHeillliie HayuHO-TeXHHYECKHe NpHMeHe-
Hus. B cocToAHMH CTaTHCTHYECKOrO PABHOBECUSA HAJA NOBEPXHOCTHIO
Metanaa o0pasyeTcs HAacCBIUCHHBIl @ap H3 3JeKTpoHOB. Puuapjicon
II0Ka3aJi 3KCIIEPUMEHTANBHO, 4TO PacipejeleHie CKOPOCTel 3/1EeKTPOHOB
Nnapa NoAYHHAETCS 3aKoHY Makcesensna. 1o oOBACHAETCS TeM, 4YTO
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[IPU MasIoH KOHUEHTPALNY 3eKTPOHOB HaJ MOBEP XHOCTHIO META/Ia 9/ICK-
TPOHHBI TIAP MOKET PACCMATPHBATLCHA K/JIACCHUECKH, TAK KaK TeMmrepa-
Typa BBIpOXKAEHMS, BhluicaeHHas 1o gopmyace (71.8), sHauutesbhO
HIZKE TEMIepaTypbul 3J1eKTPOHIIOrO r'asa (PaBHON TeMmmeparype MeTas-
gda). O6paTHoe cooTHOUleHHe, Kak ObLio rokazaio B § 71, umeer
MECTO IJ5i JACKTPOHOB BHYTPH C€aMol'o MeTamdna. 37eCh JeKTPOHHLIN
ras BBIPOX/IEH H II09TOMY JOJKEH paccMaTpHBaThbCA KakK KBaHTOBas
cicreMa. MakcBesIOBCKoe pacnpejiesieine /151 Hero e CHpapelinBo
I JIOJIZKHO OBITh 3aMeHeno pachnpedeaerues Pepuu — Hupara (em. § 82).

2. Jlas ueJedl Hallero Kypca OCHOBHOH HHTepec [IpeacTaBisier
NPOBCPKA 3aKOHA pacmpejeseHus ckopocrteil Makceedna Wasi MoAeKy-
ASPHBIX U aMOMKbIX 20306, Bce ONBITH, OTHOCsIIHECS CIOfa, OBbLIH Bhi-
TI0JHeHbl € aTOMHBLIMH nyukami. [lnonepom B 3Toil 0baacti Gol1 OT10
Ulteps, Brepsble HU3MEpPHBILUNI CpejHHE CKOPOCTH aTOMOB B TaKHX
nyukax. Kak yxke yxaspBaitoch B § 60, onwrrni Iltepra noxasasu,

Puc. 62.

YTO aTOMBI B My4Ke JeTaT ¢ pasjInuHbIMH CKOpOCcTAMH. B nanbpHefiem
3TH OIBITHL Obl1H CHELHATbHO NPHCNOCOOIeHbl 1 H3YUeHHST pacnpe-
JeJeHHsT aTOMOB 1o cKopocTsaMm. JIvapuaxk  (1927) u  Jlammept
(1926—1929) cxoHCTpyUpOBanu ceseKTophl cKopocTell, pafoTaBuive Ha
npHHUHKIe 3y64aToro KoJeca, ¢ MOMOIIBIO KOTOPOro B CepeluHe IIpoLl-
sjoro cronerust Puso (1819—1896) usmepun cxkopocTb ceera.

CxemMa omnbiTa nokaszana Ha pHc. 62. ATOMBL JIerKONJiaBKOTO
MeTaJslsa, HCnapssch B eyl A, BLIXOAAT HAPYKY Uepe3 Y3KyIo 1eas Sy.
Ha cBoeM myTH OHM BCTpeYaloT BTOPYIO LieJb S,, BRIPE3AMIMYIO Y3KHIT
aToMHBU ny4yok. ITyuok morazaet Ha ripopesu aucka Dy, mpejcrasmasio-
iero coboil nogobue 3ybuaroro KoJeca. Ha ocu 3Toro AHcKa HacaxKeH
BTOPOIl Takoil e AHCK D,, HO npope3d B HeM CMelleHbl OTHOCHTEIbHO
npopesell mepBOro AMCKAa Ha Masbidl yrod a (oxojo 2°). 3a auckom D,
roMelaeTcst TpeThsl Lieb Sy, NPOHAS Yepe3 KOTOpYIo, MYUOK NoNajaer
Ha CTEKJISHHYIO ITACTHHKY P, OXJa)KAaeMYo KIIKHM a30TOM, H KOH-
JeHcupyercsi Ha Hell. [lnacTHHKY MOXHO 6bUI0 HAGIIOAATh C NOMOLILBIO
MHKpockona M. Besa chcrema (3a HCKJIO4EHHEM, KOHEYHO, MHKPOCKONA)
[IOMELILAETCS B BEICOKOM BaKyyMe, TdK YTO aTOMbl [IPOJIETAIOT Yepes Hee
npakrtuyecky 6e3 CTONKHOBEHHH ApYT ¢ ApyroM. Koraa AHcKH nokoAtcd,
TO aTOMsI IyYKa, Npoiis yepes uienu AxcKa D), monajaioT Ha 3yOubl
nucka D, u 3azepxkuBaorcsi UMH. B aToM ciyyae Ha IWIaCTHHKY P OHH
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nonajath He Mmoryt. OjHaKo, ecay MHCKH NPHBECTH BO BpailleHHe,
TO aTOMbl C ONPEJeIeHHBIMH CKOPOCTSAMH MOTYT NPOXOAHTL Uepe3 CHC-
TeMy H OCEJAaTh Ha njacTHake P. MakCHMYM NpOXoskacHHS OY/eT Tora,
KOrja 3a spems npoJsera oT jaucka D, 1o aucka D, pucku nosopavi-
BAlOTCS HA yroJa .. Takum o6pasom, Ipu ONpeneNeHHO CKOPOCTH Bpalile-
HHS CHCTEMa OpONycKaeT aTOMbl TONBKO ONpeleleHHbIX ckopocteit. [lo
CKOPOCTH BpAalieHHs! JHCKOB MOXHO BBIYMCJIHTL CKOPOCTh MPOLLEAIINX
4TOMOB, OCEBIUMX 1A MJacTHHKe P. VIHTeHCUBHOCTB HIPOLIEALIEro MyyKa,
NPONOPUHOHAIBHYIO YHC/IY aTOMOB B HEM, MOXKHO OLEHUTb [10 BPEMEHH,
KOTOpoe. TpeOyercss Ha TO, 4ToObl Ha IIJIaCTHHKE NOSBHJICA OCANOK,
Bmmem B MHKPOCKOIL. Cneunam;ﬂo NOCTABJACHHLIE OIMBITHl TOKA3aJH,
UTO BHAUMBIH OCAJ0K NOSBASETCA MpU BIOJHE ONpe-
JIeJIeHHOM ¥ BCerja OJAMHAKOBOM UHC/JEe OCeBUIMX aTo-
MOB. MOXKHO OmpenesTh OTHOCUTENbHOE UHC/IO OCeB-
IUHX aTOMOB W JAPYrHUMH crocofamii, HApumep 1o
CTENICHH TPO3PauHOCTH IJIACTHHKH P, u3amepseMoil
¢oToMeTpupoBanueM. MeHsq YIVIOBYIO CKOPOCTb Bpa-
HIEHH S, MOXKIO BBLICAATL MYYKH € PasdiuHbIMH CKO-
pOCTAMH H TaKHM INyTeM H3yuYaTb paciipeeneHue
aTtoMoB N0 CKopocTsiM. OOBIYHO YIVIOBble CKOPOCTH
BpalleHHs, NDHMEHABIIHECH B ONLITAX OMHCAHHOIO
THOa, MeHsauch, B lipepenax 10—50 o6/ cex.

3. Onucanubli npubop obaajaeT CIe1yIOMUM He-
aocratkoM. Ecau aromel, HMewowHe Onpeje’eHHyo
CKOPOCTD, NMPOXOASIT Yepe3 Ledun NpH YIJI0BOH CKOpo-
CTH BpaUlCHUA ®, TO OHH MpPOHAYT dYepe3 HUX H
npyu YIJOBbIX CKOpOCTAX 2w, 3w M T. A. 3Hauur,
npudop BHIAEASACT NYUKH HE C OJHOH OmnpelesieHHOH
CKOPOCTBIO, @ C HeCKOJAbKUMH (KPATHBIMH) CKOPOCTSI-
mu. Jlas yerpanenus storo Heaocratka Muaigep u Ky (1955 r.)
3aMEHWIA JUCKU C 3yOLAaMH CIVIOIIHLIM MeTaJMHYeCKHM LHIHHAPOM,
B10Jb GOKOBOH MOBEPXHOCTH KOTOPOTO ObLAH MPOPE3aHbl Y3KHE BHHTO-
Bl KAHABKU NOJI MaJbiM YIJIOMa K o6pasyiomum uuaungiapa. [pu spa-
IEHUY HUJIHHAPA uepe3 KaHaBKH MOTYT NPOHTH TOMBKO T€ aTOMBI, CKO-
pocTh KOTOPHIX U YAOBJETBOPSET yCJoBHIO tg o = wR /v, rae R -— pa-
AUYyC HUIMHApA.

4. Hecxonbko HHOH MeTOA A H3YUEHHS PACHpENeseHHST aTOMOB
[0 CKOpOCTAM npuMeHsicsa B onwmtax llaprmana, npuGop KoToporo
H300paXKeH Ha cxeMaTuyeckoM puc. 63. B azexTpuueckoil meuu nome-
ulaetTcs YHCTHIH Jerkornapkuil metaml. Ilpn HarpeBanun oGpasyiorest
naphl 9TOro Metasuia, KOTopble MOTYT BhIJIETaTDh uepe3 y3Koe otBepctie 0.
[Tpubop nometieH B BHICOKOM BakyyMme. baaronapsa masoctu oreeperust O
MJIOTHOCTH T1apOB MeTa/sa B Nedd JOBOJbHO Bedanka. Tam npoucxousr
MHOTQUHC/JEHHBIE CTOJMKHOBeHHs MexAay aromamu. [lostomMy MoxHO
OXKHJaTh, UTO CKOPOCTH aTOMOB MeTalJa B Ileyd OyAyT pacnpeseseHbt
no 3akoHy Makceeqsna. BHe neun, rie moAep:KUBaeTCAd BHICOKHIT
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BAKYYM, 4TOMbl MeTasjsa JBUKYTCH NPAKTHUECKH 63 CTOJIKHOBEHHH.
OHH IIPOXOAAT Yepes3 ysKue el S; H S, 1 [I01aJdloT BHYTPb Bpamiao-
{1erocs UHJUHAPA B T MOMEHTHI, KOTa 11efb S, pacnoaoKeHa Ha OHOH
upsivoit ¢ measimu Sy ¥ S,. Ecau 661 aToMbl seTeit ¢ 6eCKOHEUHO GoJb-
LIMMH CKOPOCTSIMH, TO OHM rofiajau Oul B TOUKY A 1iuHApa, THaMeT-
paJbHO TIPOTHBONONOKHYIO esn Sy, B reficTsuTensHOCTH HAa nPOXOMK-
JeHHE JuaMmeTpa UuHAHHApa D aTtoM 3aTpauylBaeT KOHeUHOE BPeMS.
Touka nonajaHus cMellaeTcsi [0 MOBEPXHOCTH LMJIHHAPA NMPOTUB Bpa-
IeHU HA PacCTosiHHE

_oDI' D

2 20

Tie v — CKOPOCTb aToMa, m — YIJIOBas CKOPOCTh BpaieHus HHAUHpa.
K BHYTpeHHell CTeHKe LUJHHIApA TPHKpErieHa COrHyTasi B AYIY CTeK-
JsHHas nmactunka AB. Urtofel sgydile 3ajep:KUBaTh aTOMBl MeTajlIa,
IJ1aCTUHKA NpPEJBaPUTEIBHO TIOKPHIBAETCA TOHKHM CJIOEM TOrO 2Ke Me-
Ta/la H TiWaTedbHO (OTOMETpHpYeTCs. 3aTeM UHJAHHAD TIPHBOAAT BO
BpalleHue I BKJIOYaOT Teyb. OnNHIT npofo/kaerca okodo 10 ugacos.
Tlocne sroro naactunka AB ¢ oceBiiHMH Ha Hell aToMaMu MeTasa
BbIHUMaeTCst U cHoBa doToMerpupyercs. llo crenenn nouephenus mJjac-
THHKH MOXKHO OfIPeJIeiNTh IJIOTHOCTH paclpesie/ieHusl MeTasnna, CKOH-
JeHcHpoBaBilerocs Ha Hefl. BO6ansn toukn A pacnpenessitcsi aTOMBL
MeTalla ¢ HauGoABIINMH CKOPOCTsIMH, BOJ3H B — ¢ HaHMEHbIIHMH.
[1pejinonoxuB, YT0 CKOPOCTH aTOMOB B Napax MeTajja BHYTPH MedH
pacripeneseHsl 1o 3aKoHy MakcBesasa, MOXHO 3apaHee pacCcuiTaTh IJI0T-
HOCTb pacnpeje/eHHsi HCCelyeMoro Mertaslja Ha miactuhke AB.

B onbitax 2uapumKa Hcca1ei0Baiuch 1YYKH aTOMOB KajaMusi, B OTbi-
tax Jlammepra — pryrd, B onsitax Mmuiepa u Kyma — kamus u
Tanaus, B onpitax [laptmana — BicMmyTa. Bce 3TH OMBITHL OKA3aduCh
B NPEBOCXOJHOM COIVIACHH C MAKCBeJJIOBCKMM 3aKOHOM pacrpe/ie/eHHsd
cKopocTefi. DTOro M ¢j1€10BajJ0 0XKHAATh B CBA3U C TeM, YTO ObUIO CKa-
3aHo B Kouue § 71.

3AJAYA

B onwoite Ulrepita (cM. puc. 44) Ha moBepxnocTd Bpamawonerocs uuiauuapa C
KOHIEHCHPYIOTCS MOJICKYJIbI cepeGpa ¢ pasuulbMH CKOpocTaMH. Kakum ckopocTam
MOJIEKYJI, HOMALA0IMUX HA NAACTHIKY DD’, cooTBeTcTBYCT ee HanGosblIce NOYCPHE-
nie?

Pewenue Ecag ycTaHoBka HCNOJABHAKHA, TO MOJCKYJB KONJCHCHDYIOTCA
B touke D. Ilpn spaumennu Becell yCTaOBKA MOJCKYJIB CO CKOPOCTSMH U NONAJ3i0T
B D’. Cumcuienne 1o ayre DD’ pasno x = C/v, rae C — nocrostHuasi npubopa. Uucao
Moslekya dN CO CKOPOCTSIMH MEXKLY ¢ H ¥ + dvu, eIKeCeKYHIHO HCIYCKaeMBIX HCTOY-
nukoM A, nponopitHonaibHo of (v)do. Bripaxas dv uepes dx, NPEICTABHM €TO B BHAC
dN = v¥F(v)dx. Orciona BHI(HO, uYTO JHHeilHad IVIOTHOCTL pacnpeie/ieHdsl MOJeKyJ,
CKOHJIEHCHPOBABIUMXCS 11da HOBePXHOCTH LH/JAMHIpa, Tponopuuonanbua viF(v), 1. €.
wexp (— v/vin). d1a MIOTHOCTL MAKCHMANLHA NpH 0 = |/ 5/2 Uy, THe Uy — Hanbodee
BEPOSITHAS CKOPOCTh,
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§ 77. 3axou pacnpeaejenusi bonbumana

B orcyrcrBiie BHEIHHX CHJ CPEIHSISI KOHUEHTpAIHS MOJEKY/I
rasa # B COCTOSHMH paBHOBECH# BCIOAY oaHHaKoBa. Ho storo He 6yaer
IIPH HAJHYHI CHAOBBLIX TI0Ieil. PaceMOTpHM, HanpuMep, HieaJbHbli ras
B OJHODOALOM TOJC TSKECTH, B COCTOSHHH TEINIOBOTO PaBHOBECHSI

temiiepatypa T AoJKHA ObITh OAMHAKOBA 110 BCeH
Py Todine rasa. Muade B rase BO3HHK/IH Obl TOTOKH
Tensaa, HAnpapJelnic B CTOPOHY yOBIBallUs TeMiepa-

TYpbl, U COCTOSIHIE Ta3a He GLLIO Gbl PABHOBECHBIM.
Z+AZ {5 MeXaHHYECKOTO PAaBHOBECHH HCOOXOAHMO, CBEPX

TOro, 4ro0ni KOHNEHTpAllls MOJeKya rasza yOobiBaJa

=
|

-

A 8 ¢ yBeJIlUeHHeM BblcoThl. HanpaBum ocb Z Bepti-
KaJbHO BBEPX U HaljleM 3aKOH H3MeHeHHs] KOHUEHT-

P, panit 2 ¢ KoopInHATOfl 2 B COCTOAHUH TEIIOBOTO U
MEXAHHUYECKOTO pasHOBecHs. Boiienum mpicaeHHo Gec-

Puc. 64. KOHEUHO KOPOTKHH BepTuKalbHbI croa6 rasza ABDC

(puc. 64) c BbicoToit dz. [lyeTh maowans oCHOBaHUA
croaba papha exnuule. Bec cronba nmgdz NodxKel ypagHOBELTHBATHLCH

., apP
pasHOCTbIO JaBileHilt Py— Py=— - dz. 310 OPHUBOJHT K COOTHOLIE-
HUIO dp
g = —nmg. (77.1)

Toacraeass cioga P == nkT v upnaimMas Bo BHUMaHIie, YTO TeMnepaTypa
T 011HAKOBA HA BCEX BLICOTAX, NOJAYUIHM

dn
dez” =— nmg,

tHH]
kTdInn =—mgdz.

JIas cripaBedMBOCTH 3TOTO COOTHOILICHHSI TIPeAIoJoxeHue o6 onHO-
POJHOCTH MO/ THAKECTH, HCMOAb3OBAHHOE NPH BBIBOAE, HECYLIECTBEHHO.
AHaJjoriyHoe COOTHOILEHIIE MOXHO NOJAYYUTb H AJs1 HeOJHOPOAHOIO
noas. Jlas 3Toro Hajo HalllcaTh YCJOBUE MeXaHH4eCKOI'o pPaBHOBECHS
UaCTH rasa, 3anojHsIomel HAcTOIbKO Malylo o0JacTh IIPOCTPAHCTBA,
YyTO B Openesaax 31ofl 06JacTH Moje g MOXKeT CYHTATLCS OJHOPOAHBIM.
VYcaoBHE paBHOBECHSI B 9TOM cjiydae yjpoOHee [HCaTb B BeKTOPHOII
opme:

kTdInn=—m(gdr). (77.2)

duznyeckas nPHpoja CHJIOBOTC N0 & TaKxke He HrpaeT poau. OHO He
06513aTeIbHO IOKHO ObITb TPABHTAIIMOHHEIM, @ MOXKET ObiTb 3JEKTpH-
YyecKHM AU KakuM-a1ubo ApyruMm. Basno Tonbko, 4ro node 0oaxcho
BbiMb NOCMOARKO 1 KOHCEPBamueHo (Roner1uonaabro). B nekorncepsamug-
HolX NOASX PasHosecue Heeo3MONCHO. B 3TOM HeTpyHO yOemuTbCsl, HHTE-
rpHpYsI 1O 3aMKHYTOMY KOHTYpy o0e 4acti cooTHolweHusi (77.2). Ecau
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noJie @ He KOHCePBATHBHO, TO N0 KpaHHefl mepe M1 HEKOTOPHIX KOHTY-
poB nuterpan y g dr Gyzer oranden or Hyas. Murerpan ke or sesoii
yactH (77.2) paBeH HYJI0 1o JMOOOMY 3aMKHYTOMY KOHTYPY BBH-
Jy OAHO3Ha4HOCTH (pyHKUMH 711 (#). Ilonyuusineeca TnpoTHBopeuHe
1 JokasbiBaer lamle yrepaienne. CleayeT, OMNAK0, OTMETHTH, YTO
NOTEHIHAJABHOCTE  (KOHCEDBATHRHOCTDL)  CHJIOBOTO  NOJA  ABJsETCS
TOJILKO HeoOXOAHMBIM, HO HeJOCTaTOYHLIM YCJIOBHEM PABHOBECHS rasa
(em. § 79, nyukr 1).

Ecnn e, — noredunansias 3HeprHa MOJEKYJBl B CHJIOBOM NOJS,
T0 M (g dr) = de,, a notoMy

kT dlnn= —de, (77.2a)

B sTom BHJe B cooTHOWEHHH (77.2a) ViKe He OCTANOCh HIKAKHX MpPH3HA-
KOB OJHOPOJHOCTH 1 (pu3HYecKoil MPHPOAH crJoBoro nodas. Hurerpu-
pyd, nojydaem

v

e JkT
n—nge """,

(77.3)
3T0 BaiKHOE COOTHOIIEHHE HA3LIBACTCHA 3aKOMOM pacnpedeserus Loavy-
MaHa WJIH 1PpOCTo pacipedeieruen boanimana.

IlpHMeHHTEILHO K OXHOPOAHOMY MO0 TSHAKCCTI, €CJIH OT KOHIEH-
TpauHn 1 nepefiTH K gasaenio raza P, dopmyna (77.3) npeobpasyerca B

P =P WRT (77.4)

rae { — MoOJeKyJasphelil Bec rasa, a R -— yHuBepcajdbHasd Trasonas
NIOCTOSIHHAS. ITO — Oapomempuieckaa Gopmyad, ¢ KOTOPOH Mbl HMEJH
Jeso B Mexanuke (cm. 1. I, §92).

2. IlpuBenennnlii BHIBOA pacnpelenedns bonsuvana  gBiasercs
YHCTO eudpochiamuieckum — B HEM Mbl 1O CYILECTBY OTBJIEKAeMCs OT
MOJIEKYJIAPHOR CTPYKTYPLI Tasa, paccMatpHBasi ero KaK CIJIOUIHY 0
cpeny. Dro JOMYyCTHMO ML A5t JOCTATOYHO TJIOTHBEIX T'd30B MpH Ha-
JHYMH GOMbUIOro 4Hcaa crofkHoBeHHH. Tpebyercst, uroObl cpepduit
pofer MOJEKYJbl MEKAY ABYMSI MOCJCAOBATE/IbHBIMH CTOJKHOBEHUSIMH
GBI MaJI IO CPaBHeHHIo ¢ oM HHOl dz ctost ABDC (puc. 64), kotopwiit
paccMarpHBaJICs IPH BeiBOJle pacripeaesenus: boabumana. Tosbko Toraa
HMeeT CMBICJ TOBOPHTBL O JAaBJEHHH, C KOTOPHIM Ha cJoil dz JeficTeyer
OKPY:KalOWMA ra3. B HejocraTtoyHOCTH THAPOCTATHUECKOIO BLIBOJA
MOXKHO y6eIUThCA TAKXKe C IOMOLIBIO CJeAYIOIHUX cooOpaxkeHuit. B ruj-
POCTaTHUYECKOM BBIBOJIE BeTHUHHBI 1 U 11 BXOAAT B QopMyJibl He He3aBH-
CHIMO, a TOJIbKO uepe3 MJIOTHOCTh, T. €. B KoMOuHauun p = nm. Ecad
B [IOJIE TSIKeCTH UMeeTCsl CMeCh Pa3JHUHBIX PABHOMEPHO MNepeMellaHHbiX
HJeaJbHbIX a30B, TO COIVIACHO THAPOCTATHUYECKOMY BLIBOAY TaKoe COo-
CTOsIHHE PaBHOMEPHOTO NepeMelHBaHUs JOJHHC HeOrpaHUYEHHO JOJI0
COXpaHATBhCS U B JlanbHellleM, NpHYeM JaBJeHHe N0JKHO ONPpeleNsThes
Gapomerpuueckoil ¢opmyJoft (77.4), B KOTOPOH MOJ 1 CeAyeT NOHUMATh
cpenHHH MOJIeKYaAsipHBIH Bec cMecH. OHAKO 370 3aKJ/I0UeHHe HaXOAHTCs
B [IPOTHBOpEUYHH C TeM, YTO H3BECTHO O CEOWCTBAX HJealbHBIX Ta3oB.
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IoseOeruie udeaabHo20 easa & MOM UAU UHOM 0OBEME COBEPUIEHHO HE 30-
gucum om moeo, ecmn @ Hem Opyeue udearbHoe eaabl uau Hem. B cocTos-
HHUH TePMOJHHaMHYeCKOro paBHOBECH ST KOHIEHTpalil PasHYHbBIX Fa30B
B CMECH JOJKHDL! yOBIBATL C BBHICOTOH KCMOHEHIHAJIBHO € Pa3IHUHBIMH
SKCIIOHEHTAaMH, ONpeesIsIIOIIHMHCST MOJEKYJASIPHBIMH BecaMil COOTBET-
CTBYIOIHX KOMMAOHEHTOB cMecH. KoHHeHTpalus JerkHX rasos AO/MKHA
yObIBATH C yBEJIHYEHHEM BHICOTBI MEJeHHee, a TsKeAbX — Ouictpee. ITo
Mepe TOJHATHA OTHOCHTe[AbHasl KOHIEHTPAIUs JerkHX rasoB JOJ:KHA
BO3pacTarh. B IeHCTBHTENBHOCTH B IIpe/ie/1ax TPOonocdepsl IToro He npo-
nexoant. o 31o, KoHeuHo, e MOXKeT CaY:KHUTL peaOu/auTaiiell THAPO-
CTAaTHYECKOTO BBIBOJA, MOCKOJIbKY BCE HAIUH PACCy:K/ICHHA OTHOCATCH
TOJBLKO K CJ1VYalo TePMOANHAMAYECKH paBHOBeCHOl aTMocdepsl. B peasn-
HOI ke Tponocdepe NPOUCXOAAT OKUBJACHHbIC ABHIKEHHSA, NPUBOAALLHE
K HHTEHCHBHOMY IEPeMEllINBAHUIO e¢ HUKHUX U BEPXHHX CJIOeB.

3. MoxkHO naTb MOJIEKYJSPHO-KHHETHUeCKHH BBIBOJ 3daKOHa pac-
npejenenus boabliMana, cBOOOAHBII OT HEJOCTATKOB, NPUCYILHX THAPO-
CTATHYECKOMY BHIBOAY. [IpHBeieM BBIBOJ, OCHOBAHHBIl Ha NpHHIHIIE
JetajsbHOTo papHoBecus. O6a 0Ka3aTeJbCTBAa 3aKOHa pacnpejeseHus
ckopocTell Maxcseasia, npuselleHHble Hamu B §§ 72 u 74, moxHO Oe3
BCSIKHX M3MEHEHMH paclpocTpaHHTb Ha CAyyall HaJH4Hs TOTeHIHaIb-
HOTO CHJIOBOrO nojist. [losToMy MOKHO CUHTATh [OKa3aHHBIM, 4YTO
B COCTOSIHHH TEPMOJANHAMHYECKOr0 PABHOBECHS CKOPOCTH MOJIEKYV.
rasa B KaxKAOH TOYKe NPOCTPAHCTBA pacnpejiedensl 1o 3akony Makc-
BesIa ¢ Temneparypoft T, obweft ans Bcero rasa. BudsHpe cuioBoro
MO/l CKa3bIBAETCSA TOJMbKO Ha H3MEHEHHH KOHIIEHTPallMH MOJEKYJ rasa
OT TOUKH K TOYKE. DTO 3HAUHT, 4TO CPeAHsIA KOHLECHTPAUHA dn MOJEKY.1
rasa, cKOpoCTH KOTODPBLIX JIeXKaT B Npejenax s/aeMeHTa obvema do cKo-
POCTHOIO TNpOCTPAHCTBA, OMNPEAENSETCSl BLIpaXKCHHEM BHJA

dn == nf (v) do, (77.5)

rie yuxuus [ (v) onpenessiercd sakoHoM Makcsenmna (72.14), a xou-
LEeHTPALH MOJEKYJ A 3dBHCHT TOJBKO OT KOOpAHHAT: 11 = n (r). Hama
3a]a4a COCTOMT B TOM, YTOObl AOKAa3aTb, UTO 3Ta 3aBHCUMOCTb Ompeje-
agercst gopmyaoit (77.3).

4. Tlpeanonoxum cHavyasna, YTO CHJIOBOE TIOJ€ BO BCEM NPOCTPAHCTBE
HMeeT OJIHO H TO Ke Hanpap/JeHHe, XOTS ero HanpSMKEHHOCTh U MOXKeT
MEHATbCST B 3TOM Hamnpag/ieHuy. PaccMOTpHM JBe OAMHAKOBhE GecKo-
HeyHo Masipie miowaakn A B, 1 AB, nepreHInKy/aspHbe K HanpasJe-
Buio noast. [lycrs npsimeie A4, BB 1 T. 1., cOelHHSIIOWME COOTBET-
CTBeHHBIE TOUKH M/OWIAAOK, Napanaenniel nomo. OTBIeUeMcsi cHauaa
OT CTONIKHOBEHHH Mex1y MoJekyiaamu. Uepes KaKaAYIO TOUKY IIOWALKK
AyB, mnpoBejeM TPaeKTOPHH MOJIEKYJ, TNPOXOAsilHe dYepe3 KOHTYp,
orpaHuuusampuuil BTopylo naomaaky AB. (Ha puc. 65 nposesenst xse
TaKHe TPaeKTOpHH depe3 To4KY A, U ABe — depe3 Touky B,.) Hampas-
JIEHHSI ITUX TpaekTopuil Ha miomanke AgB, o0pasylor TedecHni
yroJi, BeIHYIHHY KOTOPOro Mbl o603HaunM df},. Bwigenum rpynny mo-
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JeKyJ, CKOPOCTM KOTOPHIX N0 BeMHYMHE 3aK/IOUeHsl B HHTepBase
(v9, Uy + dv,), a HanpaBaenus (Ha miomanke A,B,) Aexkar B npegenax
TesecHoro yraa d@,. CKopOCTHbIE TOUKH TAKHX MOJEKYJ 3alojHSIOT
B CKOPOCTHOM mnpoctpanctse obvem MNN'M', penn- A

YHHA KOTOpOTO paBHa do, — 0] dQydv, (puc. 66), -
a UX KONUeHTpauust B oOLUHOM NpocTpancTie 6yper 40 aQ
dng == nof (vy) dQuu! dv,. Acno, uTo eI TakHe MoJie-
KyJbl nepecekyT miomanky AyB,, To oHu npoiayt
1 depe3 niowanky AB. Yiucao Monekya paccMaTpu-
BaeMoli TPYTLL, [POXOAAILIX €KEeCeKYHAHO OT IIO-
wanku  AyB, uepes maomanky AB, Gyler pasHoO 40 70
ANy = dSv,dng, rae dS, — naowans maomanku AqB,. g wo
Uncno Mosexyst, JeTSUiHX 10 TeM Ke TPaeKTOPHSM

B 00paTHOM Hanpap/ieHni OT miowaiku AB u npo- 2
| » AyB,, Byner dN = dSv d ¢ 7

XCAAUIMX yepe3 moinaixky A,B,, Oyaer v dn,

rae dS — mwiowanp niomaiky AB, paBHast no ycao- Puc. 65.

B0 dS,, a dn = nf (v) dQ0* dv. Ecaum coctosinue
YCTAHOBWIOCH, TO NpPHHIMII JIETAIbHOTO paBHOBecus Tpebyer dN =

= dNy, 1. €. v dn = vy dn. (77.6)

Ulpu nBHKeHHW BBepX WM BHH3 MEHsIeTcH BeJHYHHA W HanpaBieHHe
CKOPOCTH MoJIeKyJl. BclencTeie 3T0r0 MeHseTcss M BelMUHHA TeJeCHOTO
yrJa, B npejesaX KOTOPOTO HANPAaBJCHLI KacaTelbHble K TPAEKTOPHSIM
MOJIeK Y paccMarpuBaemolt rpynnbsl. OnHAKO, NOCKOABKY AeHCTBYIOMIAS
CHJIa napaJjnienbHa Hanpaedenuio A,A, BelHUMHA CKOPOCTH MOJIEKYJbl,
NepreHANKYAsIDHAT K TOMY K€ HalpaB/eHHIo,
ocTaeTcsl HEM3MEHHOH. MeHseTcsl TOMBKO HPOJOJb-
Hasi COCTaB/IAIIAH CKOPOCTH, T. €. CKOpOCTb, Na-
pannenbuas AgA. Orciofia HENOCPELCTBEHHO cCJle-
JyeT, 4TO H3MEHEHHe TeJEeCHOro Yrjia B Jyuke
MOJIEKYJ/I [POMCXOAHT MO 3aKOHY

dQ =t (77.7)
a ToToMy 02 dQ = v dQ,. (77.8)
ILaJIee, N0 3aKOHY COXpaHeHHst SHEepPruu
mo? mu:
e 77.9
Puc. 66. 2 i 2 ( )

€CcJH 32 HYJAb NPUHATE NOTEHLHATBHYIO SHEPTHIO
MOJTEKYJIBl HAa VpoBHe miomankid Ay.B,. Bapeupya ckopocts v NpH He-
H3MEHHBIX TNOJOXKeHHsX Iulomanok AgB, u AB (t.e. npu TocTOsAH-

CTBE €,), NOJYYHM v dv = v, do,. (77.10)

[Mopcragum Tenepn B (77.6) Bhipaxenus jis dn 1 dn,. Toraa ¢ yuerom
(77.8) u (77.10) naiinem
nf (v) = nef (Vo). (77.11)
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Ecnin B KauecTBe 4APTYMEHTA BBECTH KHHETHHECKYIO 3HEPTHHK MoJie-
KyJbi, TO 370 COOTHOWICHHE [epennuiercd Tax:

nf (ex) = nof (€), (77.12)

rae & = 1/,/mu; — noaHas 3HEPrHA MOJeRyNo: & = g, + £,. Ho
corslacHo 3axkony Makceenna (77.12)

f(?k) — g"‘sle/kr, f (E) —~ S/kT,

a ToTOM — e T

y n==nge” /. (77.3a)
Ho 3710 1 ecTh 3akKoH pacnpejefienna bBosnbumana. Ecan Buipakenue
(77.3) BReCcTH B (77.5), TO U1OJYUHTCH

- /k']
dn —=nge Eroau

do. (77.13)

D10 BBIpasKelle JaeT CPEHIO KOHLUCHTPAINIO MojdekyJa dn B pac-
CMaTPHBAEMCM  MCCTC  TIPOCTPAHCTBA, CKOPOCTHLIC TOUKH  KOTOPBIX
Jexar B aneMeHTe 00beMa dw CKOPOCTHOTO TPOCTPAHCTRA. Mbl BIAIM,
uro dn onpeiesieTCA TOJNBKO TIOJNHOH 3HepUHEli MOJeKYIbl €, , ==
= ¢ == &, -+ £,. YT00B NOAUCPKHYTL ITO 0GCTOATENBCTBO, MBI CHaG-
JHTH CHMBOJ & HHJAEKCOM «IIOJH», KOTOPBil JOMZKEH HANIOMHHATD, uYTO
pedb HjeT 0 NOJHOI 3Hepruu Mogtexyan. dopmyaa (77.13) HaswiBaercs
pacnpedeseriuem Marceeara—Boavymana.

5. HeoGxoauMo tenepb CHSTL OTPAHNYCHIS, BEeJEHHLIE TIPH MoJe-
KYJApPHO-KHHETHYCCKOM BbiBojle pacnpejieqenns Boasumana. Taxux
orpanuyennil jiga. Bo-nepBrIX, Mbl Ipejnosgaraiy, 4ro cujoBoe 10Je
BCIOjlY HMEeT OJHHAKOBOC Hanpap/eHie, a MMEHHO — napaniejbHoe
nupaMonnneiinoil rpackropnu Ay,A (em. puc. 65). Ot 3toro orpauiye-
HuA Jerko ocBoOOJHTLCA, 3aiHcaB cootHowenne (77.3) B audepen-
nuanpHoll gopme. JleHCTBHTENLHO, CHJIO0BOE ToJe B Ipeaedax Gecko-
HEYHO MasoH o0JIacTH rasza MOMKCET CUHTAaThed oanopoanbiM. K Takomy
NoJI0 MPUMEHMMEI Hallu paccyxkieHud. Ho s Geckoiledyno wmanoii
obaactn ¢opmyaa (77.3) npuuruMaer Bl

de,,

d(Ilnn)=—-r.

Ona cnpaseinyBa ¥ A1s HeogHopoanoro nodas. Ilosromy unterpipys
ee, Mbl CHOBa NPUXOMIM K diopmyJe (77.3), HO yxe Ge3 BCsKHX orpa-
HUYeHHuH.

Bo-BTrophix, Hajlo NpHHATbL BO BHHMaHHe CTOAKHOBeHus. M3 uucaa
dN, MoMeKy/, NPOLAIINX CKBO3b Iowanky A,B, He Bce AOHAYT
no AB u3-3a CTOAKHOBeHUH ¢ ApyrumH Mosekyaamu. OaHako Hapsay
¢ NPAMBIMH CTOJKHOBEHMSMH, BBIBOAAHME MOJCKYJLI U3 paccMarTpH-
BaeMOro Nyuka, CyLUlecTBYIOT 0OpaTHLIE CTONKHOBEHHS, 34 CYeT KOTOPbIX
NYYOK MONQJHACTCA APYrHMH MoJekyJami. I eciu cocrosiHue cratTi-
CTHYeCKH pPaBHOBECHO, TO IO NDHHLHIY AETalbHOTO PaBHOBECHS MoJe-
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KYyJbl, BLIOBIBLIHE H3 I1y4Ka, B cpegHeM Oy 1yT BOCIIOTHEH Bl MOJIeK yJIaMH,
BCTYIHBUIUMH B Hero npu oOpaTHbIX CTOJIKHOBEHHsX. B pesyabprate
CPeAHEeEe YHCJAO MOJEKYJ PaccMaTpHBACMOTO THMA, JOCTUTIIHX TIJIO-
waniku AB, e usmenutest. To ke clpaBefTHBO U JUTsST MOJEKYJ, Tpo-
HeAUX  CKBO3b Ilowmiadky AB u jocturatommx njowaikd  A,B,.
CTOJMKHOBEHHS, TAKHM 00pa3oM, MPHBOJAAT TOJALKO K 3aMeHe OAHNX
MOJIeKY. I APYTHMH, HO He MCHAOT cpejdue 3uaveHus dN, u dN moae-
KyJa B nyukax. CiejoBaTe/bHO, IPH HAJHUNU CTOJKHOBCHHHA I0Ka3a-
TEJABCTBO COXPAHSET CUTY.

6. 3ameTuM clle, 4TO pacnpejenciiie DeablMana Mol HOJIYUWIH
w3 coornomwenua (77.12), cuutas AOKA32HHBIM 3aKOH pacnpeeseHis
ckopocTeit Makcpeas1a. MoOmHO ObI10 OB NOCTYHHTHL HaoOOPOT: Tpei-
nojarast JIOKasaHHbIM 3aKOH pacupejedenust DosawiiMana, Hanpit-
Mep, METOJaMH  THAPOCTaTHKH, u3 dopMmyast (77.12)  10ay4uth
34KOH pacrpejeseHus MoJeKyad mno ckopocTsaMm Makceeaaa. Muol
BIAHM, 4YTO 3aKOHBl pacnpejedenust Maxcgeata u bosbumana
TECHO CBA3aHBL Y B3alHMHO OOYCJIOBAMBAIOT APYF JApyra: M3 OIHOTO
¢ HeoOXoAHMOCTBIO cienyer apyroi. O6a pacnpefederisi 06yC/IOB-
JIeHBl CTOJKHOBEHUSIMH MeX1y MoJekyJaaMH. B wacTHocTu, B 3aKoHe
pacnpefesennss bBosbumana ¢ 0co6od OTYETIIMBOCTBIO MPOABISIOTCH
AB€ TIPOTHBOIIOJIOXHDLIE TeHICHIMH. PeryJspHo AeficTByIolee CHJIO-
Boe mnoJe (cHiaa THAXKECTH) CTPEMHTCsl CKOHIEHTPHDPOBATH BCE MOJe-
KYyJdbl Ha JHe cocyia. DecropsiiouyHble TOTUKH, UCHBITHIBAEMbIE MOJIE-
KyJamMyd [pY  TEMJAOBOM JABHIKEHUH, [penarcTBytor stoMy. OHu
cHAGKAl0T MOJEKY sl ra3a KUHETHUECKOH 3Heprued, npu HaJluuyuu
KOTOPOH MOJIeKYJIbl CIIOCOOHBI NMPEO0AeBaTh CHAY TSKeCTH W IOAHH-
MaTbCsl BBEpX.

7. B saxaioueHne OTMETHM elle GJHH MOMEHT. MosekyJ/sl BO3jyXa
B 3eMHOIl armocdepe ABHKYTCS BBEPX € YMEHbIUAKIIHMHCS CKODO-
CTAMH, 2 JBWXKYILHECS BHU3 YBEIMYHMBAKOT CBOH CKOPOCTH MO Aeii-
crBueM cuabl TsikectH. OfcCooja Jfetanu HelnpaBHdbHBIH BHIBOJ, YTO
cpefHne CKOPOCTH MOJIEKY/I HaBepXy, a ¢ HUMH K TeMnepartypa Bo3ayxa
JoJKHBL OblTh MeHblle, 9eM BHH3y. Ho 3TOT napanokcanbHbil BBIBOJ
HaXOAHTCS B NPOTHBOPEYHH ¢ TepMoauHaMHKOH. [lapanokce Obii pasb-
sicHeH yxKe camum MaxkcBesioM. CyTh jlesla 3aKJI0YAeTCst B TOM, YTO
NpH JBHKEHHH BBEPX MOJEKY.Ibl JIeHCTBUTEIBHO 3aMeJISI0TCs, HO MpH
3ToM Haubogee MeICHHble MOJIEKYJ bl BHIOBIBAIOT N3 nyuka. [1pu aBu-
JKEHUH BHH3, HAo0OPOT, MOJICKVJLI He TOJbKO YCKOPAIOTCs, HO OHO-
BPEMEHHO TIYYOK NONOAHfAeTCA ©Oodee MEIICHHBIMH  MOJCKY/IAMH.
B pesyabTarte cpeiHss CKOPOCTb TEINIOBOIO ABHKEHHS MOJEKYJI OCTa-
ercsi neusMmeHHCH. Cula TAXKECTH, KaK YyMKe OTMEYaJoch B TNYHKTE 3,
MEHSIeT JHIb KOHLUEHTPALHIO MOJEKYJ Ha Pa3HbIX BLICOTAX, HO He
TemrepaTypy rasa. M 3akon usMeneHHs 370H KOHUEHTpALIH KAK Da3
I BBIBOAMTCS M3 TpeOoBaHUsA, 4TOOLI TeMIlepaTypa OCTaBajach OJHOM
u Tofi e Ha BceX BoicoTax. Ciepyloilee CpPaBHEHHe, NpUHALIEKALICE
. A. Jlopenny (1853—1928), Moiker cAyXuTb NI pasbsiCHEHUS
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Bonpoca. Ilycte umeiorcsi jiBa ropojaa A u B, npuueM uucay Kutejel
olpejleJeHHOro Bo3pactda ropojga A COOTBETCTBYET V/ABOEHHOE YHCIO
KuTeieH TOro e Bo3pacra ropoga B. SlcHo, uTo cpeiHuit Bo3pact
XKutesel B 060HX ropofax OyJeT OAMH M TOT XKe.

SALTAYH

1. Tenyon3oaupoBaHHbIA COCYJ C HASATLHBIM I'a30M IIOABCIUIEH HA HUTH B NOJE
TszkectTd. 13-3a ACHCTBHUSL CHMJBI TAMACCTH INIOTHOCTL ['d3a BHU3Y cocyila Godbiue,
ueM Haeepxy. Hutb mepexuraior, n cocya csoGoano nagaer. Ilpeanoaaras, 4to Bo
BpeMs [ajeHHs YCMeBACT YCTAHOBHTLCSI TCPMOJAHIIAMHYMECKOe paBHOBeCHe, OINpefe-
JHTb PAaBHOBCCHYIO TEMICPATypy rasa, KOTopas B HeM YCTAHOBUTCS TIPH NajeHHH.

Pewenue. Temueparypa rasa se uamenurcs. [lpn csoGoinoM najeuuu ras
HAXOAUTCS! B COCTOSIHHM HCRECOMOCTH. HauaibHoc COCTOSIIHE Cro HCPABHOBECHOE —
IMJAOTHOCTDL BBC‘pr MCHDIIC, UCM BHPISy. OJJ,HHK() Cp(‘}lHHH KHuHeTHueckast SHEPFHﬂ
MOJICKYJl BCIOAY ounakopa. [Ipu mepexofge B pasHoBecHOe COCTOSTHHE INIOTHOCTH
BHIPABHSIIOTCSI. HO 1NOJHAS KUHETHUCCKAasl SHEPTHs MOJeKyJ TI'a3a, Onpeiessiionas
ero TEeMIEePATypy, OCTauercs HemsamelHoH. ONbIT aHAJOTHYEH H3BECTHOMY OINBITY
T'eii-Jlioccaka ¢ pacwmpensem rasa s nycroty (cm. § 19).

2. HafiTH CPCIHIOI0 NOTEHIMAIDIYIO IMCPIHI0 {€,% MOJEKYJbl Iasa B 3eMHOIl
atmocdepe, CUUTAs NOCJACIIIO H30TepMHuccKoll (¢ Temneparypod T), a noJe Tsxe-
CTH OJHOPOAULIM. BBIMHCAHTL TCNJIOEMKOCTh T'a3a ¢ NPH 3THX YCJOBHIAX.

OrBer. (&) =RT, c=c,,.

3. Termpusonnposaxmuﬁ IepMeTHUCCKHI UHJAMHAPHUECKHH cocyl BHICOTH H,
HANOJTHEHNbIT Ta30M, MOJBENICH B BCPTHKAALIOM MOJOMXKEHHH B OJHOPOAHOM IOJe
TsKecTH. Temniepatypa rasa B cocyjle Besjle ofiunaxkosa u pasua T. Hafitu cpegHiolo
NOTEHLMAALHYIO SHEPIUI0 MOJeKYJLl rasa (ep).

/ \ *mgH
R AP
Y kT ) LT
OtBer (&)= ngH .
11— (3_ kT

4, B uuanuape upeibl1yILCH 34jaun MOMCUICH MOJb HISANBHOTO rasa ¢ MOJeKy-
JSIPHBIM BecoM . HallTH TenioeMKoCTb 3TOrO ras3a, yUHTHIBAsA BJAUSHHAE NOJS TAKECTH
u npeanodarasi, yro ugl < RT.

R /ngH 2

Orser. C=C To L5

v 12\ RT

5. Unaunap pazuyca R M AMMHLL H, HANONHeHHBII XHMUUECKH OQHOPOAHBEIM
ra30M, PABHOMEPHO BPALLACTCA B OJHOPOJHOM TOJC TSKCCTH BOKPYT CBOeHl reoMerpu-
YeCKo# OcH ¢ yrJIoBOi cKopocThio . Haiith pacnpenescnyie KOHIEHTPAUHUY MOJIEKYJI
rasa BHYTPM UWJHILPA, CCJH €ro OCh Hanpasjcila BepTHKaJbHO.

O 1 Ber. Uneao monekyd dN ¢ KOOPIHHATAME MexLYy r M 7 + dr, z v 2 - d2
PaBHo No [mm\2

S\ er)
( maHy / mo?R*
1

\l—e KT ) g2

ma2r? mgz
e 2T pgroe RT (g,

AN =

rie N — ofilee uucao MOJIEKYJ B COCYAE. Och Z Haripas/cia BepTHKaNbio BBEDX.

§ 78. PaGotu Ileppena no onpesnesenuio uucaa Aporajpo

1. B § 64 yxe rosopusoch o paborax Ileppena no onpenenenuio
uynucaa Aporanpo N M npoBepKe OCHOBHBEIX TIONIOXKEHHH MOJIEKYJApHO-
KHMHETHYeCKOH TeOpHH BellecTBa NyTeM HaOd0eHHs NOCTYNATeJbHOTO
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GpOYHOBCKOTO JBH:KeHHs. [leppeHy iKe NpHHALIEKHUT APYrodl MeTOJ
u3MepeHus uncaa N, Mo CyNIECTBY TaKXKe HCNOJb3YIOUIHE BPOYHOBCKOE
ABHJKEHHE, DTOT BTOPO# METOj] OCHOBAaH Ha 3aKOHe paclpeesieHust
Boabumana (77.3). B rnoje TS:KeCTH 3TOT 3aKOH TIPHHUMAET BHJ

mgz

n==nge T, (78.1)

Ecnn 6p1 OGpl/1a H3BecTHa Macca MOJEKYJbl #1, TO U3MepsAs pacrnpe-
JeNeHue TTOTHOCTH ra3a MO BHICOTE, MOXKHO OLWIo Obl no dopwmyne
(78.1) BouMCAWTbL NocTOsTHHYIO DosbliMana £, a 3ateM H Yucao ABo-
raagpo N = R/k. Ho usMmepuThb Maccy MOJeKYJbl He MeHee TpPYAHO,
4yeM TIOCTOSIHHYIO k. DTy TPYAHOCTb MOXKHO IDEOJOJETb, €CTH 3aMe-
THTb, UTO POJb MOJEKYJ1 MOFYT HI'pPaTh JAOCTATOYHO Ma’ible, HO MakKpo-
CKOMHMYeCKHe YacTHIBl. B moje TsukecTH TakHe THIranTCKHe «Makpo-
MOJIEKYJIbl» HE MOTYT BCe JeKaTb Ha jane cocyla. OHH JOTKHEl COBEp-
1iaTh OPOYHOBCKOE JIBIRKEHHE U BecTH celsi 1010610 HAea]bHOMY rasy
C OUeHb GOJBMIHM MOJEKYJSPHLIM BECOM, KOHLEHTpalHs KOTOPOTO
pacnpejesena no BuicoTe corsacHo dopmysae Bogasumana. «Maxpo-
MOJIEKYJbl» JO/KHBE ObITh OUCHb BEJHKH, UYTOOBI 3KCHEepHMEHTAIbHO
MOKHO OBLIO H3MEeDHTh UX Maccy. [Ho B TakoM caydae HX KOHLEHTpauua
¢ BBICOTOH OyaeT y6nIBaTh HACTOJBLKO OLICTPO, UTO MOJYUHTCS COCTOS-
HHe, NIPAKTHYeCK! He OTJAHUMMOe OT TOrO, KOFja BCe «MaKPOMOJEKYJb»
Jekat Ha JjiHe cocyza. lleppen namesn crnocob npeogoJeHust W 31oft
TpyadocTd. Hajno noMecTHTb 4acTHIBLI-MaKpPOMOJIEKV/B B KHIKOCTD,
TIOTHOCTb KOTOPOH HEMHOTO MeHble [JOTHOCTH BeileCTBa CaMHX
yacTHIl. Torjga noJse TsmxecTH Oyaer CHAbHO oclableHo apXHMeAoBoil
MOALEMHON CHJAOH W BO3NUKHET «atmocdepar M3 MaKpPOMOJEKyJH, pac-
npejesenne KOHUEHTpAUWH B KOTOpoH MoxKeT ObITh H3MepeHo. B ycra-
HOBHBIIIEMCS COCTOSTHUH KOHUEHTPAUHS YacTHI ONpelessieTCs 3aKOHOM
DoabumMana (77.3). Tlpu BblUHMCAEHHH TMOTEHIHAJALHOA 3IHEPTHH HAA0
V4eCTb, YTO TIOJAHATHE YaCTHIBl COTIPOBOKAAETCA ONyCKAHHEM TAKOTO 2XKe
o0beMa KUAKOCTH. Besuunpa e, B paccMaTpHBaeMoM cCjyuae papHa
NOTeHUMAJBHON 3HEPruu YacTHLBl B I0J1€ TSDKECTH 11g2 32 BBIUETOM
NOTeHLUHANLHON JHEPIHH JKUJIKOCTH M,0Z, KOTOPYIO OHA BBITCCHSET,
T. €. &, = (m —my) gz, TAC m — Macca 4YaCTHUbI, a M, — Macca
BLITECHCHHOH €10 xuaxocT. Takim ofpasom,

(m — m?K) gz

n=nee & (78.2)

o

Ecau n, u n, — H3MepeHHble KOHUEHTPALUH HacCTHI, HA BBICOTAX 2y
H 25, TO 1O 3TOH ¢dopMmyJse nonayuaem

_(m—my) (@a—2) g
k= T In (ny/ny) = (78.3)

2. Onna us TpyAHOCTEH COCTOSNA B NOJAYYeHHY R3BEUIEHHBIX YaCTHIL
COBEPLIEHHO OJAHHAKOBOro pasmepa H (opmel. Ileppen mosb3osascs
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YaCTHIIAMH TYMMHIYTa B MAacTHKH. Pactiipas rymmnryt B Bofie, Ileppen
oJ1yuas MYJLCHIO SIPKO-7KeqTOTO 1BeTa, B KOTOPOi npH HaG/IoAeHH
B MHKPOCKOI MOXKHO ObLIO Pa3IHIHTb MHGKECTBO 3€pHbLIUIeK chepi-
yeckoil Qopmbl. Bmecto mexaHmnvieckoro pactpatns Ileppen obpaGa-
THIBAJ TAKZKE T'YMMHTVT HJH  MacTHKY CIHPTOM, DaCTBOPSIOLIHM 3TH
perecTBa. Ilpi pasGaBieHHIl TAKOro pacTsopa GOSLIIHM KOJHYEeCT-
BOM BOJILL NOJAYYAIACH 3MYJbCHA 113 TakUX Ke CepHUeCKHX 3epPHbI-
ek, YTO H TIPH MeXallnuecKoM pactupanni rymmuryra. [as or6opa
3epHbIIIEK COBEPLIEHHO OfHHaKoBoro pasmepa Ileppen mnoasepran
B3BEINEHHBIE B BOJAE YACTHI(BI MHOPOKDATHOMY UEHTPHQYTHPOBAHHIO
il TAKHM TIYTEM HOJIYYasa BCCbMa OJHODOJHYIO 3MYJBCHIO, COCTOSLLYIO
N3 mapoo0pasHbiX YaCTHIL C PaiHyCOM nopsiika Muxpomerpa. O6Gpa-
6oraB 1 Kr rymmuryra, Ileppen moayuis yepes HECKOIBKO MeCsILEB
(hpakuuio, COAEPKABILYIO
HEeCKOJIBKO JeNHIPaMMOB
3epeH JKeJaecMoro pasMepa.
C artoft ¢ppaxkuneid H ObLII
BBIIIOJIHEHBl  ONUCBIBaeMbIe
3/leCh ONKITHl, a TaKXKe Olbl-
Tbl N0 GPOYHOBCKOMY JBH-
JKeHHIO, O KOTOPHIX TOBOPH-
Jaock B § 64.
3. Ilpu usyueHuu smynan-
Puc. 67. CHH HaA0 6bLIO IPOU3BOAUTE
H3MEPEHUS NMPH HUYTOXKHBIX
Pa3HOCTAX BBICOT — BCEr0 B HECKOJIBLKHX COTHIX MHuIuMerpa. [Tostomy
pacrpe/ie/leHHe KOHLGHTPALlHH YacTHIl N0 BHICOTE HCCJIEAOBAJOCH C TO-
MOLLbI0 MHKpocKona. K npeamernomy crekay Mukpockona (puc. 67)
NPHKJIEHBAIOCH OUeHb TOHKOE CTEKJIO C MPOCBEPJeHHbIM B HEM ILH-
POKHM OTEepcTHeM. TakuM NyTeM nojyyanach IJ0CKas BaHHOYKA
(xioBera Ileficca), BhicotTa KOTOpOH Obl1a okoao 100 mxm (0,1 Mum).
B uenTpe BaHHOUKH IOMeINaach KaIlls 3MYyJbCHH, KOTOPas TOTYAC
CIJHOLIHBANACh TIOKPOBHLIM CTEKJOM. HT0oOb H3GeKaTh HCMapeHHs,
Kpast INOKPOBHOTO CTEKJAa MOKPBIBAJAMCH napaduHOM HJIH J1aKOM.
Torna npemapar Mo:kHO ObWIO HaGlIOJATL B TeYEHHE HECKOJIbKHX
JHeH uJM Aamxe Hefenb. Ilpemapar nomelnasncs Ha CTOMMKE MHKDO-
CKOMa, TILATEJbHO YCTAHOBJEHHOIO B TOPH3OHTANLHOM IIOJIOKEHHH,
BosmoxHbl fBa crnoco6a HabmofeHus. B nepsom crmocofe npenapart
MOMEIIAETCS BePTUKAJBLHO, @ MHKPOCKOI — FOPU3OHTANbHO; BO BTO-
poM — npenapar ropu3oHTa/IbHO, a MHKPOCKON BepTHKagbHO. [leppen
10/1b30BAJICSE OOOHMH CHOCOGaMH, HO BCe KOJHYECTBEHHbIE H3MEpPEeHHs
OBbITH BBHITOJIHENB 110 BTOpoMy crnocody. OOGBEKTHB 6blI OYEHbL CH/b-
HOTO YBeJTHUEHMA ¢ Majiof TyOuHOH ¢oKyca, TakK UYTO ONHOBpE-
MEHHO MOXKHO ObIO BHAETb TOJNBKO YaCTHIB, HAXOASAIIHECH BHYTPH
O4YeHb TOHKOTO TOPH3OHTAJLHOrO CJ0S C TOLMIHHOH MOpAAKA MHKPO-
merpa. Yactunsl CcoBeplIanH HHTEHCHBHOEG OPOYHOBCKCC JABHKEHHE.
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PokycHpyd MHUKDOCKON HA OMNpeJe/eHHbIl TOPU3OHTANBHBIE CJOH
SMYJBLCHH, MOXHO OBUIO COCYHTATb UKCJAO YaCTHL, B 3TOM CJO€.
3areM MHKpPOCKON (DOKYCHpOBAJACS Ha APYTOl CJA0H U CHOBA CYMTa-
JIOCh YHCJIO BHIMMBIX OPOYHOBCKHX dYacTHIl. TakHM HyTeM MOXKHO
OblIO ONpeAeTHTh OTHOUICHHE KOHLEHTpalUHi 71;/A, Ha Pa3HBIX BHICG-
Tax. PasHocTh BBICOT H3MEPSJIAch MUKPOMETPHUYECKHM BHHTOM MHKPO-
CKoma.

4. Macca yacTulibl /1 i Macca BHITECHCHHON €10 BOMBL /1, BBIUNC/AA-
JHCh [0 pa3MepaM YacTHII 1 ILIOTHOCTH TYMMHTYTa (MacTHKH).
Pasmeprl uacTHIl Heab3sl OLLIO ONpelequTb IIPAMBIM METOJ0M, pac-
CcMATpHBash OTAEABLHYH UACTHLY B MIKPOCKOI, TaK K4K JHaMeTphl
yacTHU ObLIH HOPSAKA UM MEHbIIe Aaunnl cBeToBoil BoaHbl. [lpi
ITHX YCJAOBHSIX PA3Mepbl H300PazKel s 3aMeTHO yBeJINUHBAOTCH H3-33
andpakiin  csera, OfHAKO B/MsIHIIE ITONO  HCTOYHHKA  OLIHGOK
CHJIBHO YMEHLIUNTCA, eCan H3MepuTh AJAUNY Psa, COCTaBJICHHOTO
H3 H3BECTHOUO H JIOCTATOYHOI'O OO0JbLIOTO UHCJAd 3€pHBIIEK, BIJIOT-
HYIO NPHMBIKAOUHX JApyr K Apyry. lleppen momelias Ha npeaMer-
HOM CTOJIHKE MHKDPOCKONA KalesibKy CHJIBHO Pa3BeieHHOH 3MYJbCHH,
He NOKPBITOIl MOKPOBHBIM cTeksoM. Koraa icnapexHne mouTH KOHYH-
JIOCh, 3epHBILKH cOerajicb 1oL JEHCTBHEM CHJI IIOBEPXHOCTHOTO
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HATSDKEHHA W CoGHPajinCh MecTaMd B JOBOJBLHO TNpaBHJBLHBIE PSAAHL,
KaK 3TO BMJHO u3 puc. 68, 3auMCTBOBaHHOIO M3 pabotbl Ileppena.
Cocunras 4HCI0 3epHBILEK, BHITAHYTHIX BAOAL MPAMON JHHHU H3BECT-
HOU JWIMHBI, W/ UMCJO 3epHBIUEK, COMpUKAcCAIHXca ApPYr ¢ Apy-
roM Ha H3BeCTION MJOHIafH, Jerko BLIYHCAHTb AHAMeTP OTAEAbHOTO
3epHbillika. TakuMm myTeM ¢ Jayuiiell H3 cBOMX 3MyJabcHil [leppen
MoJAyuua st juaverpa 3epubiika okodo 0,37 mxm. Kpome sToro
cnocoba IS H3MepeHHs anamerpa vactull, Ileppen mpumenna eme
ABa criocofa, KOTopble Mbl He onuchiBaeM. Bce oHH npuBenn K corva-
COBalllbIM PE3yJibTaTaM.,

5. Takum o6pasom, Bce BeJHUHHBI, BXOASLLIHE B NPaBYyIO 4HacTb
opmyael (78.3), soryr GblTh H3Mepelbl 3KcIepumMeHTansHO. Ilocae
3TOrO MOMKHO BHIYHCJMTH MOCTOSIHHYI0 BosbumaHa k u uncio Aso-
raapo N. Peaynprarnl [leppeHa oKasaJHCh B COTJIACHH € APYTHMH
MeTolaMU H3MEPeHHA TexX ke NOCTOAHHLX, Onucanupie onbithl [lep-
peHa, KakK H NPUMBIKAIOWHE K HHM ONLITH MO0 OPOYHOBCKOMY JBH-
KeHHI0, NpocThl B niefiHom oTHowenuy. Ho ux dakruueckoe ocyilect-
BJeHHe TpeOyeT rpoMajHoro Tpyia H 6QJBIIOTO 3KCIepHMEHTaAbHOro
MCKYCCTBA. DTH KJACCHUECKUE ONRITHI OhlJH BhimonHeHsl B 1908—1911 rr.
H uMeau OoJblioe 3HayeHHe ANA yTBEpPXKIEHHS HACH aTOMHMCTHKH.

§ 79. Pacnpenenenve Boabumara M atmoctepnl nianet

1. TlpamenuM 3akoH pacrpejenesns BojibliMana K yeluheHHoOH naawerte, okKpy-
xeHHoil rasoBojl armocdepolff. IMocaesHion GyseM cuutaTb H3orepMHucckoil. Kpome
T0r0, GyleM Npeinofarath, Yro BCe MOJCKYJIbl OAHHAKOBRL. D10 NPEANOoKeHHe He
JIMIIaeT HAIUK PacCy:KIeHHs 06UHOCTH, HOCKONLKY KamAhi rag {ecau ero paccMarpH-
BaTb KaK HMIcafbHbI), BXOAAILMHA B cocTap armocdiephl, BeleT ce0fl HE3aBHCHMO OT
OCTAJIbHBIX Ta30B. DyleM cumTaTh, 4T0 Macca atMocephl NMpeHeGpe:KHMO Majla Mo
CPaBHEHMIO C Maccofl nuiaHerbl, Torid NoTcHUMANbHAs 3HEPrUs MOJCKYJBl B No.e
TATOTEHHA IaneTsl Gyjler pasia — GMm/r. JIAsi KOHUeHTpalMH MOJEKYyJ n Ha
pAaCCTOSIHHK 7 OT HEHTpa MJaHeTsl 3akoH bospumana (77.3) naer

GMm
n=npe *77, (79.1)

rie M — Mmacca naaserst, a G — rpasuraugHonlias noctosiupas. Ecan 6bl gopmyna
(79.1) Gru1a IpUMeHUMA HA BCCX PACCTOSHUSX OT IJIAHeThl, TO Ha GeCKOHEUHOCTH ToJy-
4uN0ch Ol KOHCUHOE 3HAUeHHE AJST KOHUCHTPALUH 7, @ HMeHHO n = n,. Ho aro HeBo3-
MOXKHO, TAK KakK o0llee KOJHUECTBO MOJCKYJ B atMocdepe 113HCTh KOHEUHO, A 06heM
NPOCTPANCTBA, OKPYIKAWOIET0 cc, GeCKOHeYHO BeNHK. P4BNOBeCHe BO3MOXKHO TOJBKO
npu n, = 0, T. €. OpU TOJHOM OTCYTCTBUH aTMOCdepsbl.

2. HeBo3MOKHOCTL PaBHOBECHOIO COCTOSIHHS I1ANCTHOR arMocdepnl cBsi3aHa
C TeM, Y4TO UQTeH{Halbllas 3UCPIHs MOJICKYJb!l B NOJE TATOTEHHS NJaHeThl B 6ecKo-
HEYHOCTH ocTacTest xoncunoil. [lpunss ce 3a Hydb, MOXKHO CK434Th, 9T0 MOJICKYJd
IPH OTCYTCTBHH CTOJKHOBENUHH coBepwiana Obl uH(UAUMHOE ABWIKCHHC, cCld Obl ee
nosiHas sHeprus 6blia nodoxurennta (eM. T. 1, § 57). Taxkue moscxy sl (a oHH Beeraa
NOABJSIOICS B Pe3YJabTaTe CTOJKHOBEHHI) HE MOTYT YIACDPKHBATLCS NOJEM TATOTEHHS
nanadeTrl. [logToMy K naaHeTHoll atMocdepe B 1lesoM HenpuMeHHMa GopMynaa Bonbu-
MaHa (77.3), TaKk Kak ee BbBOJ| NpeAnoJaraj, uTo ra3 HaXxoAMTcsd B COCTOAHHH TepMO-
AMHAMHYeCKOTO paBHoBecHs. I1ycTb B HEKOTOPHIi MOME@HT CKOPOCTH MGJEeKYJ B aTMo-
chepe pacnpeiesieRbl no 3akoHy Makceemna. Ecau 6Bl ¢ 3TOro MOMEHTa MOJIEKYJIBI
nepecTaid CTAJKHBaTbCA MeXY CO60H, MCOHITHIBAA JIHIIL YIPYTHe CTOJKHOBEHMS




§ 791 PACIIPEJAEJIEHHE BOJBIIMAHA U ATMOCOEPHI ITJJAHET 285

¢ IOBCPXHOCTBIO ILTAHCTEL, TO BCE MOJCKYJbI, CKOPOCTH KOTOPLIX IIPCBBIMIAIOT BTOPYIO
koCMHueCKy1o (eMm. 1. 1, § 61), narcerga noxuiyuan 611 naanety. OCTaduch 6bl TOJBKO MO-
JACKYJAB CO CKOPOCTSIMU, MCHDILIUMH BTOPOl Koemuuccxoil. Ouu coBepiuaiu 6ul GUHKHT-
HOe JBHKEHHC BOKPYI IUIAHCTHI, 4 UX CKOPOCTH ObIIH Obl paclipelc/eHbl MO 3aKoHy
Makcepeasa, s QUPHTHBLIX CHCTEM BO3MOZKHO TCPMOAHIIAMHYECKOe paBHOBecHe.
Ouo Gyner obsi3aresteno 60JLIMAHOBCKUM, €CJIH CKOPOCTH MOJCKYJ Pachpejc/cHbl
no saxkony Makepseaga. JeficTBHTEIBHO, K 3TOMY CAYUAlD HOJHOCTLIO IPHMENUMO
paccysiCHue, Hagdoxenoe namu s § 77 (nyuxrwt 4, 5). [lag Takoro pacnpenescuus
B TPABUTALHOHIOM Jioje ~ 1/r% Tpefyercst GECKOHCUHOEC MHOMKECTBO MOJCKYJ, H
oHO ycraHapauBaercs GecKoseuno Jodro. Ecau, oinako, H3 Bcex Moaexysa, copep-
LIAOWHX QUHATHOE JBHKeHHe, 0ToOpaTh MOJeKyJul ¢ NONNOH 3Heprucit €, YIOBJICT-
sopsiouleil Hepasenersy € < &, < 0, To, KaxoBo 66l HH 6bLIO 3HAUCHHE &), NOAYUHTCH
GOJALIIMAHOBCKOE paciipeieseilie ¢ KOHEYHLIM YHCJAOM HACTHIL M KOHEUHBIM BpeMeHeM
YCTAHOB/CHHSI.

3. Jns naaders JocTatoulo 60JBIIOH MacChl A0J MOJCKYJA CO CKOPOCTSIMH,
[PEBHILLAIOIAMH BTOPYIO KOCMHYRCKYIO, HHUTOXKHA. BTOopas Kocumuueckass CKOpOCTb
b 1npoGaeMe paccesHHsa aTtMoOC(hepbl HA3BIBACTCH  CKOPOCMbI0  YOeeQHUSL MOAEKYyAbL,
a4 MOJICKYJBl CO CKOPOCTStMH, NPCBBIIAIIIHME 3TY CKOPOCTL, — yleeamouumu moae-
ryaamu. CKOpooTh yOCraHUs MEHSICTCS C PACCTOSIHREM MOJIEKYJTbl 0T HCHTPA fJ1aleTsl.
BBHAY HHUTOKNOH J0IH yOCTaloIMX MOJCKYJ PACIPEACICHHC YACTHIL B arMocdepe
ABJSIETCS KBU3UPUEHOBECHHIM W TIPH TIOCTOSINION TCMIIEPATYPE MOMKCT ObITh ONUCAHO
caenyomuM ob6pasoMm. [logapasiomast 0450 MOJeKya pacrpejeaeia B MpocTpaHCTse
no 3akony bBoasumana. Ha GosbuMaHoBckoe pacipefedcHue Hak/a1biBACTCSl TOTOK
yberaiomwux MoJacKy.I. BOJM3M IJaHETHl OTHOCHTCALHAS KOHUCHTPALMST MOJEKYJ
B TAKOM II0TOKe Huyroxna. [lo mgpe yaanenust o1 mianerhl 3Ta OTHOCHTEdbHAs KQH-
UeHTpauns HenpepuisHo pacteT. Hla GeckoneupoCTd pee MOJACKYARl ABAAOTCA yOe-
raouumu. [loTox y6eramouwmx MoJeKyd HEAPCPHIBHO IIOAOJHSCTCS B peaydbrare
MEKMOJICKYIAPHBIX  CTOMKHOBEHU{l. DTO MPHBOAHT K TOMY, UTO RAAHEMA 8 KOHUE
koHUyos doaxcHa nomepams ammocpepy. Tlouemy xe 3emas, Benepa u apyrue maa-
netol CosiHeunoit cHcrembl UMetoT arMocdeper® [loTomy, 4TO BpeMs T, B TeueHHE KOTO-
poro maauera Tepscr armocdepy, oueHb Bennko. Bpema T uaspisaercs epesexe
paccesiwua amamocghepst. Ero oucHkKoll Mbl v 3aiimemcst.

4. TouHblil pacueT BpeMCHHM paccesiltdsl peaJdabioil arMocdepsl norpefoBan Gl
3HAHUSL TIapamMeTPOR €ePXHUX €006 ammacdepst B yuera NPOUCXOAAMIUX B HUX
npoueccoB. JleficTBUTeNbHO, pacceslide IVIAHCTHLIX aTMOC(ep  HeNOCPeACTBEHHO
olpeledseTcsl TOJALKO YCJAOBHSIMH M IIPOLCCCAMH B BCPXHHMX CJA0SIX  arMocdepsl.
Toullbiit  pacuer, OJHAKO, B HACTOALICC BpeMst BPAXL JUH  BO3MOWKCH, JAaxe €
MCIIOIb30BAHHEM JAHHLIX O BepxXlieli aTMocdepe 3eM/H, NOJYUEHILIX C HOMOUIIO
PAKCT M HCKYCCTBCHHBIX cnyTuukoB. OLCHKA BpeMCHHM paccesiliusl HACANH3HPOBaH-
HOIT M30TCPMHUUECKON aTMOChEpH, KOTOPYIO MLI MPHBOAHMM, MOXKCT 1aTb pPe3yabrat,
OTJHYAKLIHA{ICS 1A NOPAJ0K U jaxke GOJbLIC OT ACHCTBUTEILHOTO BPEMCHH  paccestHus.
OIHaKo OHA BCC XKe JACT HPEACTaBJCHHE O HOPJAKEe BEJIMUMHBL 3TOIO BPEMCHH.
Kpome TOro, 5Ta oueilKa MOXKCT CHAYAHMTb HHTCPECHBIM DNPUMCPOM IIPUMEHEHMS
KHHETHUYECKOH TCOPHH Ta3oB.

OmnuuieM BOKPYI IaHeThl ¢hepy 0, KOLICHTPHUCCKYIO C IOBEPXHOCTLIO JLaHeTHL.
Paauyc rg 371011 chepul BO3LMEM HACTOALKO OOJIBIUKM, YTOOBI CTOAKHOBEHHSIMH MEXLY
MOJIeKyJaMK BHC cepbl O MOZKHO ObIO NOJBOCTLIO TPeHeOpedb, HO 3TOTO Heb3s
Jeaatb B INIPOCTPAHCTBE, OrpalHuucHHOM Cepoit o. Ilpeanosomum, uto Ha cdepe
¢ clpagelnuBo pacnpejenenne Makcpeaaa— hoaslMana Aast peeX Mosexys. B oTHo-
LWeHHH MOJIEKYJ1, COBePWAMNX (HHHTHOC ABHKEHUC, CHPAREIIMBOCTE 3TQrO TpeA-
NOJIOKCHHS He BHI3LiRaeT coMueHH. Ho aas yGeranmux MoseKkys OHO BEPHO TOJILKO
npubawkenHo. Beexem ABe ckopocTd yOeranus: Ha HOBCPXHOCTH IAHETE H HA chepe
0. O6o3HayuM UX COOTBCTCTBCHHO Uy H Ug. LGN/, — Paguyc HJAaHeTH, gy K gy =

= gyrjj 7§ ~—— YCKOPEHHs CHJBI TAXKECTH HA IIOBEPXHOCTH IAHETH M HA cepe 0, T0

Ug== l/?gofo (79.2)
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" S T
vg=V 2g4rs :fn]/&. (79.3)

To
Ja 3eman v, = 11,2 km/c (eM. 1. [, §61). Bennunnn vy H vy cBA3aHbl Mexkay coboit
yPaBHeHHEM 3IHeprHH

Vgmug = 1/ymu%--€p, (79.4)

e €, — Pa3HOCTb NOTEHUHANbHBIX 3HepTHil Ha cdepe ¢ H HA MOBEPXHOCTU IJIAHETH.

aJbHellliMe BBLIYUCICHURA YIOOHO NPOW3BONUTH, MPHHSAB 3a efWHULY Haubosee
BEPOSITHYIO CKOPOCTb Uy, OTpedensieMyto cooTHoliennem (73.5). CKopocTs x = v/vy,
H3MepPeHHYIO B TaKUX eIMHHLAX, OyleM Ha3bBaTb 6e3pasmepHol ckopocmow. B uact-
HOCTH, 6e3pasMepHble CKOPOCTH YOEranHs Ha MOBePXHOCTH NlaleThl i Ha cdepe O paBHbL
Xo = Uy/Um B Xg == Ug/Up. Beuay (79.2) u (79.3) oHu cBs3aHbl COOTHOIIEHHEM

s To o
X == x3. (79.5)
r'o

Cootnowenne (79.4) B Ge3pa3MepHbIX BeAMUMHAX 3alULIETCS

€

'y o 2 -

== X2 — X 79.6
C yuertom cooTnowenus (79.6) u3 saxona pacnpeiesaenus boasumana (77.3) noayuum

P 2
nee O =ne °, (79.7)

rie n; — KOHLEHTpauust MoJexy.a Ha cdepe 0. Haxodeu, ecu No/ab30BaThCs 6e3-
pa3MepHbIMH CKOPOCTSIMH, TO MaKCBe/JIOBCKOE pacnpeieseHHe NPHMET BH

dn = lfl; x2e™* dx. (79.8)
V=

Konueurtpauust yberaiomux MoJekysa Ha cbepe ¢ paBHa

An=4—’,z~
/

9, (79.9)
Vn

rie J o3nauaeT HHTErpan -

J =\ e dx. (79.10)

*o

Cpegusst Ge3pasMepHast CKOPOCTb TAKHX MOJICKYJ Oyier
[ee]
1 { >
e Ly o x3e dx.
c= (X}, , =-;
Fxmxy =7
xO‘

Heterpupya 370 BhIpa:KeHHE MO YaCTIM, NOJYUHM

1, ., —
c:(z—J(xb-H)e ta (79.11)

Hatizem cpenunit notox yGeraiomux yacThy Z, nexofsumil Hapyxy or cepsl 0.
[MockoAbKY pacipeAc/cHHE CKOPOCTell MOIeKYJ H30TPOIHO, MOAKHO BOCMOJNB3OBATHCS
Gopmyaoit (75.5). Cpensisi CKOPOCTb PACCMATPHBACMBIX YACTHIL, BIPAKEHHAST B OObIY-
HBIX ©IHHHLAX, PaBHa CUmy, & notoMy 3t1a dopmyna naer Z = 1/,Scv,An, e
S — 4nri — nopepxnocte cepul 0. llogcrapus crona seipamenua (79.9) u (79.11)
U BOCNOJIb30BaBWIHCE dopmyaamu (79.5) u (79.7), nomyuum

r=rs ! 2 —x2
Z=2})nl Xt 1) Neroogme Y, (79.12)
Vg



§ 791 PACITPEJIEJIEHHE BOJBUMAHA H ATMOC®EPHI TJIAHET 287

D10 BHIPAXKCHHE H RAET YHCIO MOJIeKYJ, TepseMbiX 4TMOCcdepoll B eHHHIY BPEMEHH.
Ero mMoHO MpeiCTaBHTh B BUAE N

Z=—— 79.13
rac N — moJHoe uueiao MOJIeKya B aTtmocdepe.

Konienrpauuio 1, MOxkHO BHpasuTb yepes N. Topasasiomas macca armocgepst
MPUXCANTCS HA TOHKKI CAOf, NMpUMLIKAOUHH K NORCPXHOCTH nianeThl. B npegenax
YTOTO CJIOSI MOJKHO TIpeHefpeub KPHBH3HON FOBCPXHOCTH MJAHCTLI, a TAKKC H3MeHe-
HHCM YCKOPEHHST CHJbLL T5sDKECTH € BLICOTOH, T. €. TOJIOKHTh & — Torna pacnpe-
Aenenne Bonbumana (77.3) nepexoaut B GapoMeTPUUECKYIO Q)opm rn W oMbt noNy-
ugeM

b meez LT
N =4nrin, \e kT dz=4ur? n{,mr
(

§

Orcroga 1 Haiilercs KonueHtpaius n,. Ilogcranias ee B Beipamenne (79.12) u Boc-
NOJAbL30BABILKCE YparHenHeM (79.13), npuiagum noc/egHeMy Buj

dN N _
S T (79.14)
rjie BBejeHo oDo3HadeHHe
— 21 Wrr LT \ o (79.15)
Mgy m (»—L" x2-+1)
Vo /
Murerpupopanne ypasHenns (79.14) paer
¢
-7 (79.16)

N=Ng ".
H3 aroil dopMy/abl BHAHO, UTO NOCTOSIHHAS T HMEET CMBIC] BPEMCHH, 110 HCTCYCHHH
KOTOPOTO UHCJAO MOJEKY.1 B atMocdepe YMeHblnaercs B e pas. [109ToMy T MOMKeT cay-
JKHTb MCPOH BPeMCHHM, B TeueHHe KOTOPOro Il1aHeTa MOJKeT YIepKHBATh CBOK aTMO-
cdepy.

5. @opmyna (79.15) ciue He pewaeT 3a3ady, TAK Kax OHa COACPKUT PALHYC rg,
KOTODBIT MBI Cillc He ompeAcanan. B 0AHOM mpeiedbHOM CAydac pelleHHe OUeBHIHO.
Jro cayuail, Korga naanernast atMochepa — beckoredHo paspemcernad. B el noa-
HOCTBIO OTCYTCTBYIOT CTOJIKHOBEHHSI MEXKIY MOJEKY/AaMi, & pacinpeiederne MOJeKy.
B MPGCTPAHCTBE M M0 CKOPOCTAM YCTAaHABJIMBAeTCsl B PE3YJLTATC CTOJNKHOBEHHM ¢ mo-
BEPXHOCTLIO TulaHeThl. B paccmarpupaemom ciayuae cjelyer NOJOKHTb rg = f,.

A ) N 2&T
Vcnoansyst, KpoMe TOTO, COOTHOUIEHHS gy, = o 1 Am = o= Zrogu, TIOJTy YHM
Quur e At -
= ]/ 0 , (79.17)
8o Xo (*‘ +1)

HJin

T
=V % nEah (79.18)
rae p — CpeLIHHH NJOTHOCTDL IJIAHCTHI. HCHO, YUTO BeJHUHHA T, OHpe[lCHﬂCMaﬂ ATUMHU
GOpMyAaMU, HMCCT CMBIC BPEMCRU DACCEAHIL DECKOHEUHO DUSPENCOHHOU amMOCHEpL.
6. Octactes ONPEEIUTL PALHYC ry, KOTAd at™ocdepa He ABAseTCsl GeCKOHeYHo
paspeskennoii. JIAs 3TOT0 Halo YKa3aTb 3HaueHHEe Kakof-T0 AAMHBL [, 4TOGBI NpH
r > 1 MOJCKYJY MOKHO GblI0 CUMTATL HC NpHHaisieKaulell k atmochepe nJaHeTHL.
Torfa paguyc rg ONPELCANTCs W3 ycaosua A == I, rae A — cpeauss Anuua csoGo-
HOTO TIpo6era MOJIeKYdbl NpH r == ry. B uwacrioctn, atMocdepa MOXKET CYHTATBCH
Beckoleuno Pa3peKCHHON, KOoTAa yenoBue h x| cobalofaeres yixe mpH 7 == 1.
Has yemnnennoll nianeTs neabss sapance (1. €. 6e3 TOUHOTO peHIEHHA 3ajaun)
yKa3aTh HHKaKOH JJIHHBEL, KOTOPYIO MOXKHO GBLIO 611 npHHATL 38 [. EfHHCTBeHHBIM
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NapamMeTpoM PasMepHOCTH JAJTHHLI B 3TOM Ciydae SBAAeTcs PagHyc IUIaHeTs! r,, HO
OH He MMECT OTHOWEHUST K paccesiHuio armochepubi. OfHAKO YeluncHuas mianera
eCTh abeTpaxuus. Peampnas naanera spatiaercst sBokpyr Coanna. A Tak Kax peau-
UHNa rg, BXoAsimas B ¢gopmyay (79.15), kak 6y1er BHANO M3 AajbHeluero, ouenb
HEUYBCTBHTRNIBHA K BLIGOPY JIHILI {, TO B KauecTBe [ MOYKHO B3SATh PATHYC MJIAHETHO
opGutht. [Lsis 060CHOBaHUMS FTOFO 3aMETHM, UTO B CHCTCME OTCUeTa, CpA3aHMOl ¢ mia-
HETOH, Ha MOJCKYJAY JACHCTBYIOT CHJA TPaBHTALHOHHOTO NPHTAKCHHI mJaneTsl Fy,,
cHia rpasuranvonnoro npataxenns Comina Feo,y B CHaa Huepuun Fi,, cBa3anuas
C YCKODEeHHbIM JBHKenHeM HenTpa miancetst k Coanuy (0T 0CCBOTO BPAUIEHHS MIAHETHI
MOMHO OTBJICULCH — OHO He WIrpacT NMPHHUHMHAALION poan). Kax 6s1o noapouo
pazpsicricro B niepsosm ToMe (§§ 65, 69), cuia Fegqy HOTHOCTBIO KOMIICICHPYETCS CHIONH
NHEPIMH £y, CCAM npenebpedn HeoAHopoatocTbio nodst Tsrorenns Coanna. C yue-
TOM YKa3anuoil 1eoHoPOIHOCTH KOMIleHCAUus e GyaeT MoJHoil, H ¢ 3THM CBSI3aHo
ABJACHHC TIDHANBOB B TJIanetnofl atMoc(epe. Ha paccrosumsix mopsyika pajguyca
nIaHeTnofi OpOHTLL U 0 KaKoH KoMieHcauun peud OLith ne mosker. Ha rakux pac-
CTOSIHUAX CHaId £, CTAUOBHTCH MCHbIIE pe3yavTupyrotell el Feo 1 Fypy. Ecan
MOJeKYda yladuaach Tak JadCKe, TO MOMKHO CUHTAThL, UTO K ILIAHCTE OHA YiKe He
BEpPHCTCS.

7. Hrag, 3a [ Mul IPHMCM BEJAHUMHY NOPSIAKA pajuyca rianerHoll opoutu. Kon-
kperno, aast 3emau so3eMeM { - 108 km. [To dopmyae (79.1) naiizem aas pasanu-
HBIX Ta30B 3HAUEHHS pajnyca rg, 1pH KotopoMm A ~= 10% gm. TIpn atoM MBl Tipeano-
JaraeM, 4TO Ha 3eMHOll MOBEPXHOCTH atMocepHOE JABJCHHE HODMAIbHOC (Cpoauss
Aanna cBofoiHoro npoGera A ~ 107% oM pas Beex rasos). [Mogaras r, = 6375 ku,
T == 3€0 K, noayunm Taba. 7.

Tadauua 7

. Moackyanp- KM Bricota Hag 3cmuoll nopepx-
Faz HBIT pec a’ HOCTBIO /1 == r; — ro, KM
No 28 6,78 . 108 400

He 4 1,09 < 164 4 500

H, 2 3,72. 164 28 800

Tabnuna NoKaswiBaeT, uto ecau Obt atmocdepa cocToANa H3 OTHHX TOJBKO To-
KeJIBIX T220B (TsKeJioe Boxopoaa), To chepa o MpakThuyeck coBnanana Obi ¢ NOBEPX-
nocTeic 3eaman. B aToM caywae MoxHno 6ulio Ol Nogb2oBaThes (opmysoil (79.18)
ang GeckoneuHo paspe:xeHnoil atvochepol. [ Boiopoia pajnuyc rg 3HAYATE/LHO
NPCBHIIACT paanyc 3eMAM ry. B cayuac caoxkuoil atmochepsl, cocTodiieil 13 cyecH
PazJMUHBIX Ta30B, BEJAHUHNA 1y ONpeAeaseTcs HaH00JaCC JETKHAM KOMTIOHCHTOM ce
(C yueToMm, KOHKQ'HO, COJICP/KalHsl 3TOro KomIoneHTa B atmochepe). Tak, ecan gt
sennofl amaocdepsl NPHIATL, 4TO coleprkalive Boiopoia coctasyser 1076 or moa-
HOMO uMCJa MoJeKyJa atmocephl (UTO npumepno Bisoe CoJblie gelcTBHTeNbHOrO
yHena), TO MBI HOJyuwHaH Oul ro=1,4- 10 Ky. Ho gaxe Bo Bcex 3THX cayuasx
MOKHO TOJIB30BATLCS (opmydolt aas GecKOHeyHO paape:kenuoil atmocdepnl. Oua
JaeT BROJHC OpHesacMmyio ouenky. JlelficTBHTCNBIO, BO BCeX cayuasx, Mpejicras-
JSAIOWAX HHTEPCC, BeJHYLHA x% ovellb Besuka, M B dopmyse (79.15) moxno npe-

23 4 )
HeGpeub eqHIHNeH M0 CPaBHEHRUIO C —r‘l x3. B sTOM HpHOIIAKEHHH
J

o _la (79.19)
Te 7oy
TAe To M Ty OINAYAIOT BpeMCla paccesiHis, BRUMCIeHHbe no dopmyie aaa Gecko-
Heuno paspemxennoit atvocheper 1 no dopuysae (79.15) coorsercteenHo. Ml BHanM,
ute Qopyivaa Aast fecKoHeuHo paspekcHxoli atmocdepst (79.19) zaBmimraet Bpeva
paccestHUs BCero B HECKOJLKO paz. [losToMy jaapHefllHe UYHCJAEHHBIE DacueThbl
Gya1yT TponaBenensl ¢ MOMOULEI0 (opyyast (79.18).
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8. Opnako ¢ noMomeio ¢GopmyJs (79.18) He Tak Jerko OueHHTh BpeMst pac-
cesinuda armocheptl. Popmysa ouyenb YyBCTBHTeJbHA K Temneparype atmocgepsl T,
BJIHAHHE KOTOPOH CKasblBaeTcsl NpeHMYIIECTBEHHO 4epe3 SKCMNOHCHUHANbHBIH MHO-

AKHTCAL €9, A TaK Kak Ha PasHREIX BBICOTAX TeMneparypa atMocdepel — pa3nasg
W, KpOMEe TOro, TOJBEPIKeHa YacThiM H HeperyJaspHbIM H3MEHEeHHAM, TO HeBO3-
MOJKHO C JI0CTATOMHOH TOYWHOCTBIO OMpeae/its 3HaucHHe T', KoTOpoe cJjepyer nojg-
cTaBAATb B (opmyay. [lostromy mer Bocnosbsyemcs Qopmyaoit (79.18) ana pere-
HUA o0paTHOH 3aja4yll—I10 33JaHIOMY BpEMEHH T HallieM x2, a sarteM H Temlle-
parypy nuasetHoil atMocdepn, NpH KOTOpOil oua pacceHBaeTcs B OKpyKawoulee
npocrpancIBo 3a Bpems T. Bospacr 3eman ~4.109 jger==4.10°.3,156. 107 c,
Tposepem pacuer aas t=1010 ger n t=10% ger. Hus 3eman p=>5,517 r/cms.
IMoxcraBass sto 3dauenne B Gopmyay (79.18) u JsorapudMupys, NpHXOAUM
K ypaBHEHHIO
0,4343x2 = 14,19+ 1g x4 1g (x2-+- 1), (79.20)

B Kotopom 0,4343 ectb MOpyJb mepexoja OT HaTypasbHBIX JIOTapH(MOB K jecs-
TrynbM. Kopens ypasnenns (79.20) Jerko HaXOZHTCS METOZOM I0CJE0BATENbHBIX
npuEAHKCHHH,

Hyanesoe nmpubanxenue B npaboif uacTH ypaBHeuus orGpachiBaeM
oba cnaraeMble, coaepikaimne jorapudmel. IHoayuaem x2=32,68.

Mlepsoe npudauxenne B mpasyio uactb NojcTaBideM 3HayeHHe x,
H3 HYJEeBOro npHOGAHKenHs. 1o jaer x2==37,92. TakKum Ke nyTeM THOCTynaem
B TNOCJACAYIOUHX NpHOIHKEHHSIX H NOJydaeM:

BTOpoe npubaHxeHnHe x2=38,15,

TpeThe ApHGAHXeHHKHe xI=3815.

Takum oGpasoM, yixe BTOpOe NpHGIHKeHHe ofecnedHBaeT TOYHOCTh O Herhl-
pex 3Havallux nHOp.

Urak, aas 1=1010 ner x2=238,15. Anajornunpie Beluncaenus ans 1= 10°® ner
naor x2==33,3¢. Temneparypa T Moxer OblTb BbIYHCIeHA 1o QopMye

x=2Roty_ Rogy
v, kT
HaH
7 — Rogom (79.21)
kx;

9. Pesysabrathl BhuRC/JeHHI MpuBejeHsl B Ta6a. 8. M3 nee BHgHO, yTo Bpems T
oYellb UYBCTBHTEJBHO K H3MeHeHuaM Ttemnepatypbl T'. Tlpu usmerenun T Ha
12—15% 1 mensiercs Ha ABa nopsaka. Orcioga caenyer, 4ro paccesinue armocde-
pPHl AOMKIO CHALHO BO3pacTaTh H3-33a HEPeryJsipHBIX MECTHLIX KoJeGauHii rTemiie-
patypbl. PaccesiHHe CHJBHO BO3pacTaeT TaKKe H3-3a JHCCOLHAMHH JBYXaTOMHBIX
M MHOTOATOMHBIX MOJeKyJ Toi JAefiCTBHEM COJHEYHOro HManydenusa. M3 tabuHisl
BHIHO, YTO HoOJe THIOTeHHS 3eMJH Haje:KHO yJAeP:KHBAeT B TeueHHe TIeOJOTH-
YeCKHX 3I10X BCe rasbl 3eMHOH armocdepbl, 32 HCKJIOUEHHeM BOZOpOAd H reJiHs.
®opmyna (79.21) obbschser, nouemy JlyHa NpakTHYeCKH JiMIeHAa atMocepsl,
a MOIHOe rpaBHTalHOHHOe Ioje IOmuTepa He NO3BOJAET B TeyeHHe reoJorHue-
CKMX 370X PaccesiThCsi CKOJBKO-HHOYAb 3aMeTHO naxe hanbojee JETKOMy rasy—
2TOMapHOMY H MOJIEKYJApHOMY BOjopony. IlowsaTHo Takxke, nodemy JlyHna JmuieHa
armoceptl, a Ha Turane —mectom cnytHuke CarypHa —oGHapy:eHa arMocdepa
n3 wmerada (CH,) u, Bosmoxno, ammuaka (NHj), Xora ckopoctd yGeraHust Ha
o60OHX CNyrHHKaX mo4TH oauHakosnl (2,4 Km/c Ha Jlyne n 2,6 xM/c Ha Turaue).
Jleqo B TOM, uro Temmeparypa nosepxuocrd Turasa (npumepno 70—120 K)
MHOIO HHKEe TeMmeparypbl JYHHOH noeepxuocTH. [IpH Takoii HH3KOH Temiepa-
Type TOJNLKO Hanbojee JIeTKHe Trasbi— BOAOPOA H TeHil— 0b1ajaioT TEeNJ0BLIMH
CKOpOCTSIMH, JOCTATOUHBIMH A/ GLICTPOrO yJAeTyUHBaHHA HX B  OKpyXaiwoulee
NpoCTPAHCTRA.

H3 npaner CosnHewHOH cHcTeMbl Haumelee 6/1aronpHATHbI YCAOBHA A yaep-
KaHHg artMocgepbl Ha Mepkypun. Ckopocrb yGeraHds cC TOBEPXHOCTH Ilia-
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Ta6banua 8

Temneparypa T, K
IlnaneTsl x5
H, He H,0 Ng 0z
3 T=1010 jger 38,15 396 792 3 560 5540 6 340
eMA T=108 ger 3334| 434 908 | 4090| 6360| 7260
Jlvua T==10 jer 37,99 18 36 162 232 288
y T==10% Jer 33,11 20,6 41,2 185 288 330
Manc T=10% jger 37,97 81 162 729 1130 1300
P T=10%8 ner 33,17 93 186 837 1300 1490
Berepa T=1010 jger 38,11 335 670 3010 4 690 5360
P T=108 Jer 33,31 384 768 3 460 5380 6 140
IOnure T=1010 Jer 37,421 12000 | 24 000 | 108 000 | 168 000 | 192 000
P T=108 jer 32,611 13800 | 27600 {124 000 | 193 000 | 221 000

Herbl cocrasaser Bcero 3,8 kM/c. HeGnaronpusitHa Takike KpaiHe BLICOKAs TeM-
repaTypa Ha OCBellieHHOH moBepXHocTH mnJanersl. [losromy Mepkypuit wMoryr
MOKHA4TL JayKe MOJEKYJbl THAXKEJbX rasoB. HaKoHell, MOXET HMEeTb 3HayeHue
ZaBJjenue 3JMeKTPOMarHHTHOIO H KOpNycKyaaphoro uanyuenus CojHma, KoTopoe
Ha MepKypHM [OBOJIHO 3HAuHTEeJNbHO H CNOCOGHO 3aMETHO «CIyBATb» MOJEKYJIBI
razoB u3 atmocthepel Mepkypus, ecan Obl TaKoBasi CyIUecTBOBana.

§ 80. AuTponua U BepOSITHOCTH

1. Cornacno ¢eHOMeHOJOrHUeCKOH TepMOAMHAMHAKE BCE IPONECCh
B 3aMKHYTO{ CHCTeMe NMPOHCXOAST B HaNpaBJeHHH BO3DacTaHUs HTPO-
nuH. B KoHIle KOHIOB CHCTeMa TNepPeXOAHT B paBHOBECHOE COCTOAHHe,
B KOTOPOM HTPONHS JOCTHIaeT MAKCHMyMa, H BCe MpPOLecChl B CHCTeMe
npekpamawnTea. STOT BLIBOJ, ec/1H ero IOHHIMaTh OYKBANbHO, HAXOAUTCS
B NPOTHBOPEYHH C OCHOBHBIMH MpPEACTaBACHUSAMH MOJICKY/PHO-KHHETH-
yecko#l TeopHH. PaccMoTpuM, HanpuUMmep, 3dKPHITHIA cocyl, pasjie/eH-
HB{ neperopoikoit AB Ha e onuHaxoBnle wacth [ u /I (puc. 69).
Tlyctb cHauanta B yactd cocyiga | naxomurcsd N MoJleky. HjeanbHOro
rasa, a B yactu // — uu onHoli. B MomenT Bpemenu { = 0 MI'HOBEHHO
yaanuM neperopoiky AB. 'az Haymer pacluupstbed. Mosekyasl U3
vyact I 6ynyT nepexoautk B yacte //. CnycTsl HeKoTopoe BpeMs BO3-
HUKHET ¥ oOpaTHhIl NOTOK MoJekya u3 uacTd I/ B wacte /, mocse uero
HauHercd M OyjeT NPOJOIKATbCA OOMEH MOJEKyJlaMu Mexny ofeHdMu
vactamu. Koraa uucia monekya Ny u N, B o6enx yactax cocyla, a Takxe
HX [OTOKH TyjAa M 00OpaTHO BBHIPABHHAIOTCS, HACTYNHUT COCTOAHHE paBHo-
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secusa. Ho 3to Oyger nuHaMuyeckoe, a He CTaTHUecKoe paBHOBeCHe.
B coCTOSIHHM JAMHAMHYECKOro paBHOBeCHS paBeHCTBO Ny = N, = N/2
MOYTH HUKOTAA He cob/iofaercs. PaBeHcTBO OTHOCHTCS He K MIHOBeH-
HBIM 3HaueHHsIM Ny u N,, a K HX CpeOHuUM 3HA4eHUAM 33 JINTeNbHBIH
NPOMEXKYTOK BpeMeHH: N, = N, = N/2. Camonpoussoavroe omxioHe-
Hus ducea Ny u N,, a maxouce robolx Opyeux (uauteckux seAudun om
ux cpedHux 3Haverutl, 00YCA08ACHHbIE MENA08bLM OBUNCEHUCM, HA3bIBAIOMCS
paykmyayuamu. DpOyHOBCKOE IBMKEHHE M COOTBETCTBYIOIHEE €My
CTAaTHCTHYECKH paBHOBECHOe pacrpeleseHHe OpPOYHOBCKHX YacTHIL 10
BBHICOTE, ONHChIBaeMoe GapomeTpuuecKod ¢opmyaofl (78.2), NMOCKOMBKY
OHM CBSi3aHbl C HAPYIIEHHAMH CTaTUYECKOTO PABHOBECHS! TaKKe OTHO-
caTcsl K KJaacCy (MYKTYalMOHHLIX sBJAeHUH. B Haiiem IpuMepe
NPUHIUITHAIbHO BO3MOXKHA H TaKas QUIyKTyalus, KOrjga Bce MOJIEeKYJIbl
rasa, JepBOHaYaJbHO pacnpefle/leHHbIE IO BCEMY COCYAY, CaMONpPOM3-
BOBHO cobupaioTcst B OfHOH M3 paBHbIX uwacreft [ uam I1. UtoOwl
y6eiNTbCA B 3TOM, NPEAONOXKHM, YTO MOJIEKYJbl 5

rasza fBJAOTCA MaTepHaJbHbIMI TOUKAMH, a CTEHKH
cocyia abcontoTHO raaikue. Ecan B HeKOTOpPHIH
MOMEHT BpeMeHH { H3MEHHTH Ha NPOTHBOIOJOKHLIE 7 7
CKOpDOCTH BCeX MOJeKYyJd, TO MoJeKyJdbl HauHyT
IBUraTbCA B IIPOTHBOIOJIOMHBIX HaNpaB/leHHAX,
TIPOXOAS B TOUHOCTY Uepe3 Te e IONOXKeHud, ye- A

pe3 KoTopble oHH npoxoauiad pasee. Otcroia cie- Puc. 69.
AYeT, 4To ec/IM B MOMEHT BpeMeHH O BCe MOJIEKYJ/IBI

HaxOoAuAuch B yactd cocyaa [, To OHU CHOBa coGepyTca B TOH e
yactH B MoMeHT 2f. [Touemy e Takue mpoliecchl HUKOrga He Habio-
faworea? OTBeT, JaBaeMblil MOJIEKYJISAPHO-KHMHETHUECKOH Teopuel, co-
CTOHT B TOM, YTO OHM, XOTA M NPHHNUIHMAALHO BO3MOXKHBL, HO NPH
KOJIOCCAIBHOCTH 4HC/a MoJeKyal N xpalHe MaloBepOsiTHHL.

2. PaccudTaeM BepOSITHOCTb TakKuX npoueccoB. Ilycth B cocyre
HaXOJIUTCS BCErC OfHA MoJeKyJaa. Toria, eciu HeT BHEIHHX CHJIOBHIX
nonell, MosieKyJa ¢ paBHOH BepOATHOCTBHIO MOXKET MONACTD JIUGO B 4acTh
I, nu6o B vacte [l. BepositHocTd momajaHus ee B 3TH OJMHAKOBLIE
yacty Py == P;; = 1/,. BeereM B cocyx Bropyio MoJekyay. Taxk Kak
MOJIEKY/Ibl H[€aJbHOIO rasa He B3aHUMOJEHCTBYIOT Mexay coGoi, To
UX IONajaHusi B Ty WIH HHYIO 4acThb cocyja OYAyT He3aBHCHMBIMH
cofnitusiMu. BepositHOCTL TOro, uto ofe OHM OXKaxyTcs B uactd [,
HaljieTcsi IO TeopeMeé YMHOXKEHHUsI BepOsiTHocTelt u OyAer paBHa
P; =1y, =1, Eciu B cocyze N Mojekys, TO, pacCyxjias aHa-
JIOTHYHO, HafijieM, 4TO BepOSITHOCTH MX MONajaHus B uacTh [ Oymer
Pr= ()N, Tlpu N = 10 nonyuaem P; = (*/;)!° = /.., = 0,001.
Ecin B TeueHue NIHTeNBHOTO (B upejiesie GeCKOHEUHO JYIHTENLHOro)
BpeMeHH QoTorpadupoBath pacnpefesNieHHe MOJEKYJ B COCyle udepes
paBHbIE IIPOMEXYTKHM BpeMeHH, To Ha Kaxnwe 1000 kagpos B cpenHeM
npuzercs NprOIM3HTENBHO OLHH Kalp, Ha KOTOPOM GYAYT 3aHKCHPOBA:
Hpl Bee 10 MOMEKyn Toabko B 4actu cocyaa /. To #é MOXKHO ckasath




292 CTATUCTHUYECKHUE PACIIPELEJIEHHSA [ra. Vi

u o vactu I]. Tlo TeopeMe ciioxeHUs] BepOATHOCTeH MOMTYUHTCA B cpel-
HeM 2 Kajpa Ha KaxkIYIO ThICSY4Y C MOJEKYJaMHM, COCpelOTOYEHHBIMH
nu6o Buactu I, nubo Buactu 11 (6e3pasnnyHo Kakoil). Bee 310 He TOABKO
IPUHIHMHAILHO BO3MOXKHO, HO ¥ (PaKTHYECKH AOCTYNHO HaGJIONEHHIO.
Onnako nupu N = 100 mbt nonyyaem P; = (1/,)1° =~ 1073, u npaxru-
YeCKM HET HHKAaKHX IIAHCOB Ha0/i0AaTbh COOTBETCTBYIOUYIO (WMIYKTYya-
uno. Tlpu N == 10%0 m1s1 BeposiTHOCTH P; ToJyyaeTcst 4YAOBHIIHO

Manasi Benuwunna Py = (1/,)0" = 10 310, C rakoro poma BeposTHO-
CTAMH M COOTBETCTBYIOIIUMH MM COOBLITHIMH MOXKHO COBEPLUEHHO He
CUHTATBCH.

O6o6muM Hall pacyeT, Tak Kak 370 0000lieHue MOHANOOUTCS HaM
yxke B atoM naparpade. [lycets V, — ofvem Bcero cocyna, a V —
o6beM Kakoi-1HGo ero 4actH. BeposiTHOCTH TOro, 4TO Kakas-n1160
MosekyJaa nomnafeT B o6weM V, paBHa V/V,, a BeposiTHOCTb TOro, uTO
B o0beMe V okaxyrtcs Bce N MOJIEKYs H[ealbHOTO rasa, IpeicTaBHTCs

BbIp a2K€HHEM V \N
P=(y] (80.1)

3. OrtHocutenbHO OosbilHe (UIVKTyallHd BCTPEYAlOTCH  TOJNBKO
B CHCTEMax C MaJibIM YHCJIOM YacTHIl (CM. 3aKauy 2 K 3ToMy naparpady).
Ecau uncso yacTil B 3aMKHYTOH crHCTeMe OYeHb BeJHKO, TO NOAABJAI0-
llee BpeMsi OHA TIPOBOJMT B COCTOSIHUH, B KOTOPOM BCe BeMYHHBI JIHIUDb
He3HAUUTeJbHO OTIHYAIOTCS OT MX CpPejHMX 3HadeHu#. B cucremax
C OYeHb GOJIBIINM YHCJIOM YaCTHI[ OTHOCHTEJbHO GoJblline QVyKTYallHl
(akTHueckd He BCcTpevaiorcsi. Bcee daykryanun Masibl. PeHOMEHOJIO-
ruueckast TepMOJMHAMHKA HE JIPHHHMAaeT WX BO BHUMaHHe. Takum
00pa3oM, MOMKHO CKasaTh, UTO BLIBOALI TePMOAMHAMHKH BEpHBI, €C/IH
npeHebpeun daykTyauusmMi. B6ausn coctosiHiil paBHOBecHS (UIYK-
TyauuH B Ty ¥ B JpPYIylo CTOpoHy paBHOBeposiTHb. Ho ecan cosxarts
HCKYCCTBEHHO HEPABHOBECHOE COCTOSIHHE, TO B NMO@BJSAOUIEM OOJbILIHH-
CTBE CJIYYaeB CHCTEMa CAMONPOU3BOJIBHO OY/IeT repexoiuTh B COCTOAHHE
¢ Gosblueit BepositHocThio. C Apyroi#l CTOpPOHBI, COrIacHO (eHOMeHO-
JIOrMYeCKoi TePMOJMHAMHKE, BCE CaMOIIPOH3BOJIbHEIE IPOIECCHl B 3aMK-
HYTHIX CHCTEMAX CONPOBOXKAAKOTCH Bo3pacTanueM sHtTponuu. Ilosatomy
MOKHO OXKHJATb, UTO MEXJY IHTpOIHEll CHCTEMbl S B KaXKAOM COCTOS-
HHH M BepOSATHOCTbIO P TOIo K€ COCTOAHMA JIOM2KHA CYLIeCTBOBATH
00Ho3Ha4Has c6s36. Taxas rumoresa, BBeleHHas DBojibuUMaHoM, onpas-
Zajachb ¥ OKa3ajacb BecbMa njojoTBoprofi. Hama 3apaua coctouT
Tenepb B TOM, YTOOLI YCTAHOBHTbL 3Ty CBSI3b.

4. Ha nepBulfl B3rVIsiA Kaxercd, UTO TaKasd 3ajaua HepaspelinMa
U JaxKe He UMeeT CMbiC/la, NMOKa He YCTAHOBJEHO B 0O0lLleM BHAe, KaK
onpefiesiATh BEPOSITHOCTb NPOK3BOJBHOIO COCTOSIHHA JIIOOOH TepMo-
IvHaMH4IecKoH cHcteMbl. B meficTBuTe/IbHOCTH VA pelleHWs 3ajavn
JAOCTATOYHO 3HATH CaMble O6UI‘PI€ CBOf{CTBa, KOTOPbIMH J0JKHA Oﬁ.ﬂaﬂaTb
BepOATHOCTL P npu Jo6oM cnoccGe ee onpenetenns. Hajo Tonbko
YCHIHTh THIIOTE3Y O CBA3H MEXJy SHTPONHE!l U BepOSTHOCTHIO Tpebo-
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BaHueM, 4ToObl 3Ta CBASh Obl1a yHUGEPCAAbHOU, T.e. BhIpaXKalach
dopmysoit S = [ (P), rae dyukunga [ (P) — odna u ma xe Hast BeeX
TeJ, B KaKNX Obi COCTOSHMUSX OHH HH HaXOLWJIHCh.

Haa naxompaenus sija QyHKuuu f (P) paccMOTpHM JiB€ HE3aBHCH-
MbI€ TOJICHCTEMBI B COCTCSIHUSIX C BeposiTHoCTsIMH Py u P,. X 3uTpo-
IIH B 3THX cocrosuuax 6yayt Sy = f (P;) u S, = [ (P,). O6venunnm
che MOACHCTEME! B OAHY CHCTCMY M 0603HAUHM BEPOSITHOCTH ee COCTOf-
HIA 4epe3 [, a 3HTPOINI — Yeped Sy,. [lockonbKy nojcHCTeME He-
3aBHCHMSI, P, = PP, a notoMmy Sp == [ (Py,) = [ (P1P,). C apyroit
CTOPOHEI, TepMOJIHHAMEKA TpebyeT, UTo0Ll SUTPOIA CI0KHONW CHCTEMBI
6bl1a paBHA CYMME 3HTPONUH COCTABJIONNX ee He3aBHCHMLIX IOA-
cuctem. CaepopaTesbiO, AOMKHO ObITh

FAPLP2) = (P1) [ {P2), (80.2)

KAKOBBI Obl HM ObUIH 3ilauenis BeposttHoctedl Py P,.

Jlas pewennya  gyuxpuonaibicro ypasHenus (80.2) mnocrynaewm
Tax e, KaK Mbl OCTyltaqAn npi pemenuny ypasHenus (72.2). Ipemno-
JIGZKIIM, 4TO liepeMelHble Py 1 P, H3MCHSIOTCH TaK, YTO HX IIpOH3Bege-
nie PP, ocTaercs NOCTCAHHBIM, HpHYeM 3HaUeHHe caMoll 1OCTOSTHHOI
B Jouycrimell obAacTi ce U3MOHEHHS MOXKeT OBITb KakHM YIOJHO.
W3 ypapuennsn (£0.2) caenyer

J

f(P1) -+ [ (P.)==const,

PP.==const.

eCJIH

Orcrona audupepesuiiposanieM HaxonnM

df (Pa)==—df (P2)

npi ycaoBi, oro

TMousennce aeacHle NPUBCINT K COOTHOWIEHHIO

diir) _ p APy

P 2 dPy

Cnepa cTouT PVHKUHA TOILEO OT aprymMenta f;, a crnpasa — Ta Ke
GyHKIIS, HO 01 aprymenta P,. 3Hauenus caMuX apryMeHtoe Py i Py
B JONYCTHMBIX 00/14CTAX N3MCHCHISE HX MOIYT OLITh KaKHMIH YFOIHO.

df ("
310 3HauirT, 4To (QYHKLHA P ——{—]113»—) e MeHACTCSI DI M3MEeHeHHH apry-

MeuTa P, 1. e. sipiastercs nocrosinnofi. Ilocroannas no/xHa ObITH YHH-
BepcatbHod, T. e. OJHOII 11 TOH Ke IJsT BCeX TeJs, IOCKOJbKY caMma
dynkung f(P) ynusepcainbna. O603nayas 3Ty MOCTOAHHYIO MOCPEACT-
BOM R, DPUIEM K COOTHOIIEHMIO

df
Pap=F,
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HAH
apP
df: k "ﬁ .
Orciona
f(P)y=EkInP+C.

IMocrosinnas wHTerpHpopaHus C HOMKHA PAaBHATHCA HYJI0. JleHlcTBH-
TeJIbHO, NOJACTAHOBKA HaHJEHHOTO pelleHHHd B HCXOQHOE YpaBHeHHE
(80.2) mpHBOANT K COOTHOLICHHIO

Eln (P1Ps) - C=(kIn Py +C) -+ (k In Py +C),

orkyna C = 0. Urax,
S=kInP. (80.3)

5. Ocrtaercsl onpeesauTh YUCJAEHHOe 3HaudeHHe IOCTosHHOH k. JinA
3TOr0 JOCTaTOYHO HAHTH HE3aBUCHMEIMU CNOCOOaMH, a 33TéM CpPaBHHUTh
7Be BeJMUHHLL Pa3HOCTb FHTPOMUIN KaKOH-IHO0 CHCTEMEI B ABYX NIPOH3-
BOJIbHEIX COCTOSHUAX U JOrapudM OTHOLICHHS ee BeposATHOCTEH B TeX
xe cocrosnufax. Ilpomie Bcero BOCIO/b30BATHCA HIEANBHBIM Ia3oM.
Tlycrs Vi u V, — oOvembr Mosisi ra3a B HadyaJdbHOM H KOHEYHOM COC-
TOSAHHAX, TEMIIEPATYPH KOTOPHIX OAHU U Te xe. OTHOIeHHE BepOfT-
HocTell Haiijercss no ¢opmy.ae (80.1), ecau B Hell MONOXKUTHL CHAdana
V =1V, a satem V = V,. Takum nyreM Haxonum

Sz—Sl—-klﬂi):—kN IHVI .
Ins ToH e BeJIHUMHBEI M3 TepMojuHaMuueckoii dopmyanl (40.7)
noayuaem v
S;— S;=RlIn 7.
1
CpaBHeHHe OGOHMX BBHIp2XKEHHH Aaer
R
k=, (80.4)

T.e. k ecrb nocrosingas DosbuMana. ®yHIaMeHTanbHOE COOTHOLIE-
e (80.3) Mekay SHTpPONHEH U BEPOATHOCTBIO GBLIO YCTaHOBJAEHO
Bonbumanom u HaswiBaercs gopmyaoti  boasymara. TlpusegeHHbIH
BuiBos dopuydel (80.3) npuHamtexur Ilnanky (1858—1947). Ilnankom
ke Gplia BBeleHa M QyHAAMeHTaJdpHas MOCTOsIHHAA A.

6. Tlpy TepMOAMHAMHYECKOM ONpEJiCJeHHU 3HTPONHH Mbl BCTpPETH-
JIUCb € TPYAHOCTHIO PACIPOCTPAHEHHU S 3TOTO NIOHATHSA HA CAy4ail mepmo-
OQuHamudecku HepasHosecHolx cocmosrut (cM. § 42). dopmyaa Boabi-
mana (80.3) faer npUHLMOHANBHBIE Croco6 IpeojoJeHus yKa3aHHOH
Tpyanoctd. Hajfo cMotperb Ha Hee Kak Ha Onpedeicrue sHMIPOAULL.
IlpaBna, Aast TOoro YroObl 2T0 ONpejesNeHHe IMOJYUHIO KOHKPETHOE
cojlep:KaHue, HaA0 NONOJHHTb €ro crnocobaMy BHMUCIEHUS BEpPOAT-
HocTefl coCTOSIHUE BO BeeX TpebyeMblx ciayuasx. Ho u 6e3 storo BuaHo,
UTO NpU MAKOM NOHUMAHUU IHMPORUL 30KOH ee G03PACHAHUA KOpeH-
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Houm 0bpasom mensem csoll xapakmep. OH ympauusaem ceow abcoiom-
HOCMb U NPEBPALIQEINca 8 CHIAMUCIMUYECKUL 3AKOH . FHIMPONUS 3aMKHYMOL
CUCMEMbL MOJCEm He MOAbKO go3pacmams, HO W ybewsams. M ona Oeti-
cmeumenvho Oydem ybosame, ecaw moavko nodoxcdams O00CMAMOYHO
doseo. OpHako rnponece yObiBaHHS CHOBA CMEHHTCSI B JANbHEHINEM
IpoLeccoM BospacTanus. UrTo ke ocTaercsl B TAKOM CIyuae OT BTOPOFQ
Hayajla TepMOJUHAMUKH? B uem cocTout ero ¢usiuyeckoe coiepKaHHe?
A B TOM, 4TO 8a KaKkum-aubo 300aHHbIM COCMIOAHUEM cuciembl Gydym
caedosamo cocmoanus ewje 0oaee GeposmHble, ecAl U He ¢ Heobxo0u-
Mmocmpio, mo 8 nodasasiouwen OGoavuiurcmee caydaes. Ecnn chcrema
fonbias, a HCXOZHOE COCTOSIHHE ee He OueHb OJH3KO K COCTOSIHHIO
PaBHOBECHS, TO TEPEXOABI CHCTEMBI B MEHEE BEPOATHLIE COCTOSHIA
OyAyT HacTOJBbKO MaJlOBEpOSITHBI, YTO Ha NPAKTHKE OHH COBEPLIEHHO
He KMMEIOT HHKAaKOrO 3HaueHHs. Torja 3akKOH BO3PacTaHds SHTPONIHU
OIpaBABIBAECTCA NPAKTHUECKH ¢ a0COIOTHOH JOCTOBEPHOCTBIO.

B § 42 Mbl roBopuan 0 KOHUEMIMH TeNoBOil cMept BcesenHoi,
BuLIBHHYTOR Kaaysnycom. 3nech cieayer 3aMeTHTb, YTO B IIPOTHBO-
MOJIOKHOCTL  3TOH  KOoHUenuuu DoabumaHoM Obula BbiCKa3aHa Tax
HaskBaeMast @ayxkmyayuornas eunomesda. boapiMaH He oTpHLAT
NPHMEHHMOCTL BTOPOTO 3aKOHA TePMOIMHAMHKH K BceeneHHON B uemoM.
OnHako BTOpOe HAuaJ0 TEPMOAMHAMHUKH €CTh CTATHCTHUECKHH 3aKOH,
COMJIACHO KOTOPOMY OTCTYIIEHHS OT TepMOAHHAMHYECKOr0 paBHO-
BeCUs — QAYKTYalUH — He MOAbKO B03MONCHBL, HO U HEeusBescHst.
Bonpuman cuutan, uro HepaBHOBecHOe coctosinie BcesenHo#i, B Koro-
pOM OHa HaXoAuTcf cefiyac, ecTh THraHTCKasl IyKTyauus. Jra Gpayk-
Tyalus JO/KHA HCYe3HYTh. TOrja HACTYIHT COCTOSIHHE TeINWIOBOH
cMepTd Beenennoii. OpHako 310 coctosHie BpeMeHHoe. CAyCTs HEKOTO-
poe BpeMms CHOBa BO3HHKHET aHAJOTMYHAf THTAHTCKAas (WIYKTyallud,
¥ BcesneHHas BbififileT M3 COCTOAHMS TEIIOBOH CMepTH. 3aTeM ONATh
HACTYNHT Tem/joBaf cMepTh U Tak 0e3 KoHUA. EciH coryiacHO KOHLEnN-
unn  Knaysmyca TemsioBasi cMepThb €CTb OKOHUATRJBHOE COCTOSIHHE
Bcesennoii, U3 KOTOPOro oHa HUKOTJA He MOXeT BHIATH, TO 11O THIOTe3e
Bosbumana Beenennasi nepuoanyecku NpUXOAUT B COCTOSIHIE TeNJIOBOH
CMepTH H CaMOTIPOM3BOBHO BLIXOAUT U3 Hero. OJHAKO BpeMeHa MeXIy
IBYMS I10C/IeJOBATebHBIMH M'MIAHTCKHME (UIYKTyalusiMi HeBOOOPa3uMO
BeJIHKH [0 CPaBHEHMIO C BpeMeHeM CVILECTBOBAHMA KakJOH M3 HHX.
[NosTomy MoHO cKa3aTh, 4TO 110 QVIYKTYALHOHHOH rumorese BceseH-
Has J0/I2KHA HAaXOAHThCS B COCTOSIHUHM TeIJIOBOH CMEpPTH «IOYTH BCErjar.
Mgl BHIMM, 4TO (JIYKTY4lHOHHAs THIOTe3a, PajUKa/ibHO OT/IMYascCh
oT KoHuenuun Ksaysuyca B npHHUUNNAIbHOM OTHOINEHHH, NIPHBOJMT
NpakTUYECKH HOYTH K TOMY e OKOHYATeIbHOMY pe3yjabTary.
Henwb3sd skcrpanonumpoBaTh Ha BeesleHHYI B Le10M BTOpPOe Hawalo
TepMOJHHAMUKH, €C/IH Jaxke CMOTPETb Ha HErO KaK Ha CTaTHCTHYECKHi
3aKOH.

7. B TepMoguHaMMKe SHTpONHUS oflpefesieHa TOALKO C TOYHOCTBIO
O TIPOHM3BOJIBHOH aUIMTHBHOH MOCTOAHHOH. (DH3HUECKHH CMBICJ UMEIOT
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He CcaMH SHTPONHH, a WX pasHocTH. Mexay tem ¢opmyaa bBonbu-
maHa (80.3) Boipaxkaer SHTPOIUIO YePe3 BEPOSTHOCTL COCTOSIHHA
BIIOJIHE OJHO3HAYHO. 3TO NPOTHBOPEUHE ABJIACTCS TOJDKO KAXKYILHMCS.
OHO yCTpaHHTCH, €cIH 3aMETHTh, YTO BePOATHOCTH He 00si3aTe/1bHO
onpenensith onHo3HauHo. O0HO3HAUHO Q0A%CHBL OnpedessuCs He camul
GEPOSMHOCIY, ¢ UX OMHOWCHUSL € pasansHbix coctnoanuax. Otciona
CeJIyeT, UTO BePOSITHOCTh MOKET OLITh ONPE/CICHa TOALKO C TOUHOCTHIO
JI0 KakKoTo-TO TPOH3BOABHOrO uHejaeHHoro Muoxureast C. O6 3toMm
y:Ke TOBCPIVIOCH TIPH OOCYXKAGHHH yCJAOBHA HOpMHPOBKH (70.3).
Hannune uucieHHOTO MHOXKHTENS CKakercss B TOM, 4TO B ¢opmy.e
A5t S NosiBUTCH NPOH3BOJbHast ajiHTHBHASA rocTosinHas In C.

Ecnn BepositHoeTh HopMupoBaHa yeaosueM (70.3), 1o oHa Haswl-
BaeTc mamemamuueckoll eeposmnoctoo. TIpH ripumenenusix (popmyist
BosbuMana obeiuHo Goslee yaoGHAa HOPMHPOBKA, npeantoxkeHnas [laan-
KoM. Ee BpiOupalor Tak, yToObl BCe BEPOATHOCTH, €cJH 3TO BO3MOIKHO,
BbIpAXKAJIHCh LeJIbIMH TIOJOXKHTC/IbHBIME 4HCIaMH. HopmupoBannyio
TaK BEPOSITHOCTb HA3BLIBAIOT CAAMUCIMUMECKUM 66COM WM fiepMOOuHa-
Muneckoll seposmuocmeto cocmoanua. CTaTHCTHUECKHH Bec Msl OyneM
o6o3HauaTh G U 3anuceBarh QgopMmyay Doabnmana B Buje

S=#1InG. (80.5)

8. B xauectBe mpyMepa paccMOTPHM CHOBA 3aKphITHIH COCyA 00b-
eMa V, B KOTOpPOM HaXofuTcsi N TOMK/IEeCTBEHHEIX MOJIeKYJ HIeadbHOro
raza. Kamnyio Mosekyny 6yneM paccMaTpHBATb KakK MaTepHalLHYIO
TOUKY, MOAUMHAIONIYIOCH 3aKOHaM KJacCH4eckoH wMexaHuku. Jins
TOro 4TOOBl OTJIHYATH OJHY MOJEKYAY OT JAPYTHX MOJGKYJ, 3aHyMe-
pyeM ux uucaamu I, 2, ... MraoBeHHoe cocTosinMe rasa 6yIeT OMHCAHO
HOJHOCTBIO, €C/IH YKas3aTh NOJIoXKeHHe W CKOPOCTh KaKJIOH MOJEeKYJbl
B paccMaTpyBaeMblii MOMEHT BpeMeHH. TaKoe OIHCAHHE COCTOSHHSA
rasa HaswiBaeTcd Ouramudeckum. OAHAKO NPH CTATHCTHUECKOM H3yde-
HHH rasa JUHaMHYeCKOe ONHCAHHE ero ABJIACTCA CJHINKOM AeTaNbHLIM.
JleficTBHTENIbHO, €clH MTHOBEHHOE COCTOfIHME TIa3a XapaKTepH3oBaTh
YKa3aHHeM TOYHOrO MOJIOIKEHHSI M CKOPOCTH KaXKAOH MOJEKYJbl, TO
BEPOSITHOCTb TAKOTO COCTOSIHHSI Bcerga OyJeT paBHa Hyao (cM. § 71).
HyxHa Gonee rpyfast XapaKTepHCTHKA, YTOOBI Ka)KJIOMYy COCTOSTHHUIO
MOXKHO OBlIO TIPUONCATH OMpeleNeHHYI0 BepOATHOCTb, OTIHIHYIO
orT Hyad. OrsjedeMcs CHadajJa OT MABIXKEHHS MOJeKyJ H pa3obbeM
MBICTIeHHO ofbeM V Ha m JOCTATOUHO MANbIX s4yeek ¢ oGbemamu Vi,
Voo ooy Voo Tlpu rpyBom omucanun cocrostHus rasza GyJeM CHHTATh
MOJIOKEHHEe MOJEKYJLl H3BECTHHIM, €CIH YKa3aHo, B Kakoil oGbemHofl
Agelike ona Haxoauresl. [1py Takoil ToutiocTH onpejenenis NoM0KeHHs
MOJIEKYJIEl COCTOSIHHE Ta3a MOKHO XapaKTepH30BaTh YKA3aHUEM HUced
MOAEKYA W UX HOMepos B Kaxjoil oOvemnoll siuelike. CocTosiHie rasa,
OlIHCaHHOe TaKuM 00pa3soM, HaskIBACTCSI MUKPOCOCHosanues. OQueBHIHO,
4TO TPU TOH TOUHOCTH OMNpPeleseHHsT TOJMOXKEHHUST MOJeKYALl, KoTtopas
NPHHATA [PH OMHCAHHH MHKPGCOCTOSIHHS, BCSKOE NepeMenielliie ee
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B npenenax oaHoll 1 TOH ke oOLeMHOIH fiueliKu He MeHsAeT MHKPOCOCTO-
sinis rasza. [lepexod ke MoJeKyJel U3 OJHOH sUefiKH B JApYrylo npH-
BOJAMT K H3MEHeHHIO MurxpococTosinis. IlycTh p; ecTh MaTeMaTHyecKas
BePOAITHOCTD TOTO, YTO Kakaa-1ubo onpeleneHHast MoJeKysa nonajaer
B [-10 oObeMHYIO siueiiky. OuweBnnuo, p; + py 4- ... -+ pn = 1. Ecin
HeT CHJIOBBLIX MoJeH, neficTBylomux Ha ra3, 10 p; = V;/V. Ha#inem mare-
MATHUYECKYIO BCPOSITHOCTL MHKPOCOCTOSIHHSA, KOrla B sideiike 1 Haxo-
auresl Ny MoJeKya ¢ ompejeleHHLIMH HOMepamu, B sidefike 2 — N,
TAK/KE ONpelesIeHHLIX ModeKkya 1 T. 1. [lo Teopeme yMHOXeHUS Bepost-
o ; /

HoCTel oma pasHa pYiple .. pf\”

Lecan Bee MOJEKYIB ra3a, KAK Mbl IpeinoJiaraeM, TOxIeCTBeHHH,
TO € MaKpOCKOIIHYeCKOH TOUKIH 3PEHHA He HnMeeT 3HadeHld, Kakue
HMEHHO MOJIEKYJIBL HEXOASTCA B TOH Wll HHoll siuedike. [lnst nosHoro
337@HHA COCTORHUA Ta2a HANO YKasaTh TOJNDBKO 06WUe 4UCAQ MOACKYA
B Kaxnoil offbemiioll sueiike, HO He 1X HoMepa. CocTosiiiie rasa, on-
CaHHOe TaKIM 00DasoM, HA3LIBAETCS MAKPOCOCMOAHUEM. LEro MOXKHO
u306pasuTh CJACIYIOULWH cxemoll:

i

s1ucii KU 1 2 ... m (80.6)

uicsto nomekya Ny Na oo N,

B oranune or MHKPOCOCTOHNIM BCAKAs [epecTaHOBKA MoJexkya1 Ges
H3MCHEHHA "ucesa Ny, N, ..., N, He MeHsleT MakpoCoCTOAHNsA, He3a-
BHCIMO OT TOro, MpCH3BOAUICA JIM 3Ta MepecTaHoBKa B npefenax
onnoit obvemitoil siuefiki win B npegenax ofbeMa BCero rasa.

9. OnpezenuM MaTeMaTHYCCKYIO BePOSITHOCTL MakpococTostiHst (80.6)
¢ 33JIaHHBIMH uMciamu uactil Ny, N,, ..., N,. Bo3bMmem Kaxoe-n116o
MHKPOCOCTOSIHHE C TeMH :Ke 4HC/IaMH 4YacTlll B OObeMHBIX suelKax.
IlpencraBum ceGe, 4to Bce N 4acTull B 3TOM MHKPOCCCTOSIHHH 3aKper-
Jenpl Ha cBoux MecTax. [Ipoussesem 3aTeM BCeBO3MOXKHLIE TiepecTa-
HOBKH Bcex N uactnu. [TockoabKy MecTa, B KOTOpPHX OHH MOryT Haxo-
IUTHCS, (PUKCHPOBAHBI, NPH TAKHX NepecTaHOBKax obliee 4uCIO MoJe-
KVJ B Kax ol 00beMHOIl siuefike OCTaHeTCsd HeU3MEeHHBIM. Mbl M0 yuuM
BCEBO3MOKHBIE KOMOWMHAUHUH 4YacTui, ¢ TpebyeMuiMH uuciaamu Ny,
N,, ... B suefikaX, KOTOpPEIM [PEANNCAHO 3aHMMaThb 3aKpelIeHHbe
mecra. Yucno Takux xomOuHaumit paBHo N! . OfBaKO TpH TaKOM
MojcYeTe Mbl CYUTANH pPasIHYHBIMH M TaKHe KOMOHHAIUH, KOTOphe
noJay4armTcesl ApYr H3 Jpyra IepecTaHOBKOH 4acTHIl B Npejenax OJLHOM
1 ToH Xe oObeMHOHN fAuelikil. Takue nepecTAHOBKH K HOBBLIM MHKpO-
COCTOSIHHAM He TPHBOAAT. “HCJA0 TNepecTaHOBOK B INpelnenax. NepBoil
siuefiky paBHo N;!, B mpegesax propoll — N,! u 1. 1. [Tostomy nsas
nonydeHsa uucia G BeeX BO3MOXCHBIX MHKPOCOCTOSIHHH Hano N! pas-
penuth Ha Ny Nyl ... N,! . Hrak,

N1

G:NI!NZI..‘N,,,!'

(30.7)
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UtoOsl TOJMYYHTBL BepoATHOCTb P Makpococtositus (80.6), Hago stH
YHCJAa YMHOXKUTh Ha BEPOSITHOCTb OJHOTO MHKPOCOCTOSIHHA. 3TO LaeT
N1 N, _N N
—_ 1ptia
P=gyyw Pi'Pe P (80.8)

Ho cux nop Ha o6beMpl siueek Vy, V,, ..., V,, Mbl He HakIaiwlBalIU
HUKaKHX orpaHuueHui. Haum paccykjeHns npumeHHMbl H B TeX
c1yyasix, KOTAa ra3 Haxo[iuTCAd B CHJIOBOM TMoje. BepoATHOCTH py,
Pss -~ » Pm B 3THX CJyyasix, BooOlle roBops, pasnuuHel. [omycTum
Tenmeph, YTO CHJIOBHIX IIoJell HeT, a oGbeMbl siueek Vi, V,, ... BolOpansl
OAMHAKOBBLIMU. TOrJa CTAaHYT ONMHAKOBBIMH U BEPOATHOCTH Py, Pay ---

U IPHTOM pPaBHBIMH 1{} Bwmecto ¢opmyanl (80.8) mosyuntes
_g(V\V
P=G (3",

Muoxutens npu G NI0CTOSIHEH, T. €. He 3aBHCUT OT Ny, N,, ... Ha Hero
MOYKHO COKPaTHTh U NPUHAThL 33 BePOATHOCTH MaKPOCOCTOSHHA BeJIH-
yngy G. r1a BeawuwHa G u OyneT CTATHCTHYECKHM BeCOM paccMaTt-
pHBAEMOr0 MaKpOCOCTOAHHS. TakKuM o0pas3oM, cmamucmudeckull éec
MAKPOCOCIMOAHUSL  MONCHO Onpedesums KaK HUCAO PABHOBEPOSMHbLIX
MUKPOCOCMOARUL, KanO0e U3 KOMOopbix peaiusyemm 3mo MaKkpoCoCmOoAHUE.

3AJAYM

1. BripasuTs cpeanuit kpaapat ¢payxryanun Af2 = (f— f)? mnpoussonbHoli bu3y-
yeckoil peauyuHel [ uepes f2 wm f.

Pemenune AR = (f —f)f = F~—§}7—}—72. TaKKaKﬁ= if = 12, 10 oTCIOnA
noJayJyaeMm AR=F_fl. (80.9)
2, Tlyers F — xaxad-auo ajguTHBHAs QU3MYECKas BeJHYHHA, XapaKTepH3yio

mas cucreMy N MOJMEKYJ HAeanpHOTO rasa, Tak yro F:Z f;, r1e Bennuuua f; xapak-

TepH3yeT (-10 MOJEKYyJdy TOrO :XKe rasa. Buipasurtb cpeisuil kBaipaTr (QuyKTYyauHH
BeIMYHHBl F uepe3 cpeAHHH kBanpar QUyKTyalHH BeJHYMHH f;.
Pewmwenue Ha ocHoBasuu onpenenenus

F=>'[;=Nf.

EILVSH ONYCTHAU HHIEKC i npeanoJiarasl, 4YTo BCE MOJIEKYJiBl rasa TO)KJIECTBGHHI:I.)
asznee, -
F=(X 1) =X f+2 3 X ifi=NatN (V—1) 7,
i<j

Fifi= i+ A7) (F+Af)-
Yuurwipas, uto Af; = Af; =0, a Taxm(&?ﬁ =_f] = /2, U3 nocsenHei GopMYIE TIOTY-
yaeM Ti_f/ =2+ Af;Af;. Ho modexy/el HiealbHOTO rasa He3aBHCHMbI, a NOTOMY

AfiAfy = 0. CrnenopateinHo, 7,'7,‘=72. TloacTaB/isia COOTBETCTBYIOUIHE BEJHYHHbL
B ¢opmyay (80.9), moayuum

AFe=N (P—}2) = NAR. (80.10)
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Brauc/HM TakKe OTHOCHTeNbHYIO duykTyanuio selnunHnl F. Ilo ompegenenuio

QHAa paBHa
Vsr_yNVap_ v VAR
F Nf VN F
C ysennuenveM N OTHOCHTeNbHAs QVIYKTyauusl BequuHHel F yGbIRaeT o6paTHO Mpo-

nopuronansto V' N. Tpu Goabunx N oTHOCHTENbHBE GIYKTYaIMH HHUTOKHEL. C 5THM
cBfi3aHa JOCTOBEPHOCTH TEPMOIHHAMHUECKHX BEIBOJOB AJS GOJBIIHX CHCTEM.

3. B sagpeitom cocyne ofvemMa V B OTCYTCTBHE CWJIOBHIX TNOJeH Haxoustes N
MOJIeKyJ Hieatsnoro rasa. OnpeienuTb CpefHee uMCAO MOJEKY] U ero QIYKTyauuu
B OOBEME v, SABJISIIOIIEMCS MaJgofi vacThio obmema V.

Pemewunue IlycTe p — BeposiTHOCTL HaXOMKAeHHS KakoH-IuG0 onpejeseHHON
MOJIeRYJIBl B 00LeMe v, a ¢ = | — p — B ocraBmeMcst ofveMe V — u, QueBHAHO
p=v/V. Tlonaras B dopmyne (80.8) p, = p, py = g, NOMyIHUM

NI _
Py= nl (N =n)! anN ", (80.11)
IpHYeM
\ \ NI
—_— N—-n= N=
2 2 AdWN—n) P (p+9)" =1 (80.12)
n=0 ne0

Beipamenne (80.11) ectn maTeMaTHyecKasi BePOATHOCTb TOro, 4TO B 0G'beMe U Haxo-
IuTesl n MoJeKys (6e3pasanuHo Kakux). s MOJydYeHHS cpeiHero 4mcja MOJeKyJ
B 3TOM ofBeMe anMeHﬁeM dopmyay (70 10) u nonyyaem

) (N — 1)1 ngN—n
n= 2 nPp=Np Z =T = P

n=1

Bsejlem HOBHIft HlfeKC CyMMHpOBaHHA n’ == n—1 (a 3aTeM 3aMeHHM ero CHoBa Ha n,
TaK KaK CyMMa He MOXKeT 3aBHCeTb OT TOro, Kakoii 6YKBoH oGo3HayeH MHAEKC CyM-
mupoeanus). Torga N

—1

e __(1_V;_1)l_ N—1—~

A=Np 2 AN —=T—my 7" i
0

n==
IMocnennsas cymMma paBHa efHHHLE BBHLY cooTHowexud (80.12), a motomy
A=Np. (80.13)
D10r0 M CIEJ0BAN0 OXKHAATh. AHATOTHYHO HAXOZUM

n(n—1) =N (N —1)p,
OTKYyAA _
mt=N (N—1) p?+7. (80.13a)

Ha ochoparun dopmyasr (80.9) Anf = n? — 72, [ToacTasnsas cioxa skadenns (80.13)
n (80.13a), nosnyunm

@Anp=Np(1—p)=7 (1—p). (80.14)
Ecim v <V, 10 p< 1, a noromy
(An)i=17. (80.15)
J1a oTHOCHTeNIBHOH KB2ADPATHYHOH QIYKTyalHH HaXQLHM

Var 1

7 V7°

(80.16)
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B coOTEETCTBHH €O CKa3aHHBIM BHIMM, 4TO B 00BeMax ¢ GOJIBLIHM YHCJIOM YaCTHIL 77
OTHOCHTeNbHEE GQIVKTYalud Manul W TPYAHO xocTynHet Hadmolenuto. Haofopor,
MIPH MaJoM YHCJe YacTHIL 71 OTHOCHTe IbHBIe QUIYKTYAUHH BeNHKH.

4. Ornpesenutb aCHMITTOTHYECKOE BHIpAKEHHE, B KOTOPOS iepexoiant dopmyna
(80.11), xorga N — co npu duxcupoBadHuiX 71 R 7. Taxoe BuipaKkzuue onpelenser
BEPOSITHOCTL TOTO, YTO YHCIO MOIEKY! B OGBEME U PABHO n [IPH YCJAOBHH, UTO 00BEM
U OKPYHKEH OLHOPOLHBIM Ta30M, MPOCTHPAOUHMCA GCCKOHCHHO BO BCEX HanpasJe-
HHAX.

Pemenue 3ameuad, yro p= T =
{(80.11) B Buae

g=1—p, nepermnuieM dopmyay

,_.
=i

P Ayt il — - .
" nl ) | N /
[Nepeiiziem B 3TOM BHIpaRKeHHHN K npefeny N —> co npH PUKCHPOBAHTBIX 7 M n. Tak Kak
NN—n-
a\N—n / i - N n -
lim (1——«A } = lim [1—2" =g ",
N -\ N// N o I)V/
TO TaKHAM NyTeM NOJIYYHM
n —_n -
P,= (n)l e i (80.17)

(¢opmyna ITyaccona).

§. TlpcobpazoraTs Buipamenne (80.17) ¢ momoulsio acuMnroTHYecKoll GOpPMYJIhi
Crupannra (31.5).

Ornmer.

Py (l}"e(”—*ﬁ). (80.18)
Vemn\ny

6. Ecan 71 penuko, To eepostiocTs (20 18) mieer cuenb Peaxilii MaKCHMYM 1Tpu
n = . OTHM MOXKHO BOCHOAL3OBATHKCS A1 Vipoitsind dopyiyiasl (80.18), pasnaras
InP, B pan Tednopa no crenenam (n — n; I 0GpLiBas 9T0 pa3jiokenHe Ha dYJcHe

BTOpGH crenennd. [loayuuts BuIpamenns Ang repoTigoctd Py B 9TOM IPHOTHAKEHHH.
Pemeunne B Bupamennn aaa nponsuo1noi
n--1/2
— (InPy)=Infi—Inn-- 2.1
dn (InPr) n '

MOKHO nperefveus 1/2 o cpagnennto ¢ n. Torna npouseoinasg ofpatntes s Hyab
npu n= . B oston eaywae In P, makcnvanen. Beweans propyio npouseoanyio,
Haiilem B TpeGyeMoM NPUOJIMIKEHHH

InP, ==

(80.19)

(pacnpenenenue Taycca).
7. NMonysurs pacnpegenensie Taycea (80.19) u3 dopmysnl Bossumana (80.3),
HCMOJIB3Ysl TEPMOAMHAMHYCCKOE BRIpaKEHHe KIS 3HTPONUI HieadbHoro rasa (40.9).
Pewenue [o GayxTyauun, xorga coctofuue Bcero rasa GbUIO paBHOBEC-
HBIM, €ro SHTPONHA ONPEENSNAaCh BBEIPAKCHHEM

So=Ney In T+ NeIn -,
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Tle Cy — TENJOEMKOCTD, HpHXOﬂﬂmaHCﬁ Ha OlIHy MOﬂeKyJ‘Iy rasa. I—IOCJ‘Ie ¢ﬂyKTyaHHV'
Korja B ofbeme v crano n 4acTHH, 3HTpOHHﬁ rasa 6ylleT

V—u
N—n

Brlutem orcroga npenblayliee BhIpaskeHHe, NpexeGperas NpH STOM UIEHaMH BTOPO#H
crenesy no v/V u n/N. Tlonyynm npupaiieste SHTPONUK rasa B peayJbraTe QIyKTya-

LHH: _
AS=Fln [(%)” : e"'”].
Ilo dopmyne Boavumana (80.3)
AS=*kIn P ,
Py
H AN ACKOMOR BepOSTHOCTH HAXOLMM
Pn=P0<%>nen_n .

S=Nc,In T+k(N—n)ln

o
+knln o

Tlepexon k pacnpenenennio T'aycca MponsBoOAHTCA Tak Ke, Kak nepexon oT GopMyrH
(80.18) x dopmy.e (80.19). BeinosruB 3TOT Tepexoj, 3ateM MOMXKHO ONpeleNHTb NO-

CTOAHHYIO Py H3 yC/I0BHA HOPMHDPOBKH Z P,=1. lna storo clegyer AanmpoKCHMH-
POBRATE CYMMY HHTErpajoM.

§ 81. Meton HauGonee BEPOSITHOTO pacnpejeneHHs
B ctaTHcTHKe DBojbimana

1. Kak onpenensiTb MUKPO- ¥ MAaKPOCOCTOAHHS CHUCTEMBI, HX BEPOAT-
HOCTH H CTaTHCTHYeCKHe Beca — 3TO Haubojee dyHIameHTa/ bHble H
TpYAHeNLIHe BONPOCh CTATHCTHUECKOH TePMOLHHAMHKIH, K TOMY Ke elle
He HCCAeAOBaHHLIE JIO KOHILA. MBI He nMeeM BO3MOMHOCTH OCBETHTh
3/1eCb 3TH BOIPOCHl € HCUEPHLIBAIOUICH MOMHOTOH, TaK KakK AJfl 3TOrO
notTpeGoBasuchL Obl OCHOBaTE/blible 3HAHWS MATeMaTHKH, aHasuWTUyec-
KOH MeXaHHKH, 3J1eKTPOJHHAMHKH H KBAaHTOBOH MexaHUKH. OcTaHOBHUMC S
TOJMILKO Ha HJAEeHON CTOpoOHe, onycCKas Te BOMIPOCHl H J0Ka3aTe/bCTBa,
LJ5 KOTOpPLIX Takoe 3HaHHe HeoOXOAUuMO.

Pacemotpum cHauana cicreMy N TOXAECTBEHHBIX MOJIEKYJ1, TIOMelleH-
HBIX B 3aKPBITOM COCYJe ¢ KeCTKHMH TerJIOHelpOHHLaeMbIMU CTeHKaMH.
CucreMa MOXKeT HAXOJHTLCSE BO BHEIIHEeM IOCTOSTHHOM MNOTeHIMaJlbHOM
cuJ10BOM noJsie. Ee noJsiHast sHeprua ocraeTcs NocTosHHoH. Mexny Mose-
KyJaMH JOJIKHO MPOHCXOJUTh B3anMojieHcTBHe. Bynem npefdrnogarars,
4TO 3TO B3aHMOJielicTBHe C4aboe. DTO 3HAYUT, UTO SHepPrus B3auMOjeH-
CTBHSA TIpeHeOpeXHMO MaJsla, ¥ UMEEeT CMbiCl FOBOPHTbL 00 SHEPrHH Kax-
JIOH MOJIEKYJIbl B OTAEJABHOCTH, a He TONbKO 00 3HePTHH CUCTEMBI B LIEJIOM.
Tagoe B3anMmojeficTBHe He0OXOJHMMO, TaK KaK TOJbKO Ojarojaps emy
B CHCTEME H MOXKET YCTaHOBHTbCSl ONpeAeJeHHOe CTaTHCTHUeCKoe pac-
npejieeHue.

2. TlopofineM K Bompocy cHadajsa ¢ KJIaCCHUECKOH TOYKH 3peHHd,
TIPUHUMAs MOJEKYJbl 32 MaTepHa/bHbie TOUKH, NOAUUHSIOWHKECH 3aKO-
HaM KJaccH4YecKoH MexaHuku. JIHHaAMHYeCKoe COCTOSIHHE CHCTeMBbl
onpesengercd 3afaHHeM KOODAMHAT X, Y, 2 H COOTBETCTBYIOUIHX HM UM-
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NYJABbCOB Py, Py, P, KAXKIOH MOJIEKYIBL [I/5 YAPOUIEHUS TEPMHHOIOTHH
BBEIeM BoOOpa)Kaemoe IIeCTHMEPHOe TIIPOCTPAHCTBO, Ka)Kias TOYKA
KOTOPOFO XapaKTepu3yercsl IUeCTbI0 KOODAMHATAMU X, Y, 2, Pxr Py»
p.. Takoe NpocTpaHCTBO HA3LIBAETCS (PA306HIM NPOCMPAHCHIGOM MOJe-
KYJbl, & ero TOYKH — ¢hasoguimu mouxamu. TakuMm o6pa3oM, MrHOBEH-
HOe COCTOSIHHE OTHEeNBHOH MOJEKYJbl TOJHOCTBID XapakTepusyercs
nosioxeHueM ee $asoBoii TOUKH B (Ha30BOM IPOCTPAHCTBE, a IAHHAMHYe-
CKOe COCTOSIHHE BceX N MOJIeKYJl — NOJIOKEHHeM (PAa30BBIX TOUEK 3THX
MOJIeKYJ1 B TOM ke (a30oBoM IpocTpancTse. [lepexon X MUHKPO- U Makpo-
COCTOSIHUSIM OCYIUECTBJISIETCS TaK JKe, KaK U B MpeAblAyIeM naparpage.
TosbKO BMeCTO OOLEMHBIX fYeeK NPHXOAUTCS PACCMATPHUBATH (Pasoabie
suetiky, T. e. adeldku 8 asoeom npocmparcemee. HeobxonuMo, OAHAKO,
PasbACHHUTH, KaK ONpelensiTh 1UeCTHMepHble o6beMbl (A30BHIX sueeK U
BoofIle KOHeuHHX obaacteli ¢azosoro mpocrpancrea. as storo pac-
CMOTPHUM TIpe:K/e BCero caydail, korga asopas siyeiika umeeT QopMy
0eCKOHEYHO MaJIoro LIECTHMEePHOro NpSIMOYTOJBLHOrO TapaJijeentnena
B ¢asoBoM mnpocTpaHcTBe. Tax Ha3bBaeTcsi COBOKYNHOCTh (a30BbIX
TOYeK, KOOPAHHATHI KOTODPHIX JiexKaT BHYTPH OECKOHEUHO MasibiX HHTep-
panoB (x, x + dx), ..., {p., p. + dp.). Pa3oBEIM 0GHEMOM TAKOTO 3Je-
MEHTAPHOTO IMIeCTUMEPHOro Napasiesientiefa Ha3plBaeTcs MpoH3Bese-
HHe dx dy ... dp,. CknaapiBasi o0beMbl BCeX 3JeMeHTAPHBLIX NapaJle-
JIeNUNeN0B, 3aNO0THAIOIKX KaKyio-1uGo o6sacTe (asoBOro mpocrpaH-
CTBa, TMOMRYYUM ¢hasoseul obvem amioll obaacmu. PasobbeM Tenepb Bce
(bazoBOe NMPOCTPAHCTBO MOJEKY/JBEl Ha [OCTaTOYHO MaJjible OGJIacTH C
OAMHAKOBREIMH (ha3oBbiMH oObeMamu. Takne OOMACTH W Ha3BIBAOTCH
aszoseimu sqetikamu. Hunciao ¢asoBbix sueek B $asoBOM TPOCTPaHCTBE
MOJIEKYJ/Ibl GECKOHEUHO BeJIHKO, OCKOJIbKY Py, Py, P MOTYT IPHHHUMATh
BCe 3HAYeHHs OT —oo 10 -+oo. 3aHymepyeM (as3oBbie sueifiKH HuC-
aami 1, 2, 3, ... DHepTUIO MOJMEKY/IBl, KOTJa OHA HAXONUTCA B -8 Adeil-
Ke, 0003Ha4HM &;. Jl/si onpeaeneHHOCTH HYMEPALHUIO YCJIOBUMCS POU3-
BOJUTb B TOpPfAKE BO3PACTAHHSA JHEPIHU €, TAK UTO &; << €, << &3 <.
Jng nenefdl cTaTHCTHKH, KaK Mbl BHIENH, OT TNOJHOIO AWHAMHYECKOTO
OINIHCAHHA COCTOAHMUST MOJIEKYJIBl HafQ NePEeHTH K MeHee IOJHOMY H Ipy-
Gomy onucanuio. Mu Oydem cuumame cocmosnue omoeAbHOU MOAEKYAbi
ONUCQHHbIM NOAHOCIILIO, €CAUL YKA3aHO, 6 Kaxoll ¢hasoeod auelixe ona
Haxo0umes.

3. llpuHuunHaNbHLIL HEJOCTATOK TAKOTO ONHCAHHS COCTOTHHSA
MOJIEKYJIbI COCTOHT B TOM, 4TO 00beMbl (pa30BLIX fiueeK He HUKCHPOBAHBLL.
Y Takasi HeonpeleseHHOCTh B IIOCHE0BATEIbHO KIACCHYECKOH TEOpHH
He MOXET OBITE YCTPAHEH3, TaK KaK KJIAcCHYecKas Teopus NOMYCKaeT
TOJIbKO HeNpephIBHBIC H3MEHEHHA COCTOSHUA. (da3oBhle AUeiiKH, KaK Obl
MaJbl OHH HH OBLLIH, MOXHO JApoGUTH GecKOHeyHO Ha GoJiee MeNKue
4acTH, U BCe Xe B KaXKJOH TaKOH 4acTH MOXKET elle MOMECTHThCsi OecKo-
HeyHOe M HenpepbIBHOE MHOXKECTBO (paz0BhIX ToueK. Ho kiaccuueckufi
criocol ONUCaAHUA COCTOSIHN A YACTHILE 3afaHKHeM e¢ KOOPAHHAT 1 UMY Ib-
COB HMeeT NpHHUUIHANLHBIE TPAHHILI NPUMEHHMOCTH, ONpeieadeMble
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COOTHOILUEHHEM HeolipefeneHHOCTH ["afizenGepra. KoopiauHata x ¥ cooT-
BETCTBYIOWHU €/l UMIIY/IbC p; MOTYT GLHITH 33aHBI TOABKO C HEONpee/IeH-
HocTAMH Ox M 8p,, mogunHsiouMHCa yeaosnio Sx -8p, = h. Tostomy
€ecTeCcTBEHHO BRIOpaTh 06beM a30BOH Aueliku paBHbBIM ch®, I'lie ¢ — MocTo-
sIHHAA MOpsAiKa eAUHHLEL. YTOUHEHHE 3HAYEHNS STOH MOCTOSHHON Hecy-
uwectBeHHo. Tak Ha3spiBaeMasl noAyKadccudeckas meopus 1oJarasja
¢ = 1. Kax BBISICHW/IOCH NO3/1Hee, NIPH TAKOM BHIGOPE UHCAO KBAHTOBHIX
COCTOSIHUMI 9aCTHUbl B MOJYK/JIACCHYECKOH TEOPHH COBNAaeT C YHCIOM
COCTOSIHHH ee B TMOC/AeA0BaTe/qbHOH KBAaHTOBOH MeXaHHKe. D10 00CTOA-
TeJBCTBO W JefaeT leaecoo0pasHbM yKa3aHHBI BHIGOD.

TlocnenoBatenbHasi KBaHTOBasi MexaHHKA BooGule OTKasanach
OT ONYICaHUS JMHAMHYECKHX COCTOSTHHH KOOpPAMHATAMH M HUMILYJIbCAMH
yacTHl. 3Aech HeT HeoOXOAMMOCTH BAaBATbCH B NOAPOOGHOCTH, KaK B
KBAHTOBOH MeXaHHKE OMHCHIBAIOTCA COCTOSIHUSA YAaCTUI MJIH HX CHCTEM.
CylecTBeHHO TOJBKO, YTO KBAHTOBAs MeXaHHKa JOMYCKaeT Quckpemmoie
cocmoanus. CucTeMa WIH 4acTHIA HE MOXKET HepeHTH U3 OJHOTO COCTOS-
HUS B COCelHee HeNpephlBHO, TaK KaK TPOMEKYTOYHBIX COCTOSTHHE He
cyiiectByeT. llepexoa cosepluaeTcsi CKaukoM. I'oBOpsS O KBAaHTOBBIX
COCTOSIHUSIX, B JaJibHeilileM Mbl HMCEM B BUIY KBAHTOBBIE COCTOSIHHS
oTaenbHOR Mosiekysbl. IlpH 3TOM MoJexkysa He 06s3aTe/IbHO JO/IKHA
paccMaTpuBaThes KaK TOYeuHas 4acTHIa, 2 MOXKeT UMeTh U BHYTPEHHIOW
CTPYKTYPY. Jlis Hamux uedefl J0CTaTOYHO OrpaHUYUTLCS TaK Ha3blBae-
MBbIMH CIAUUOHAPHLIMU COCIMOAHUAMY, T. €. COCTOSTHUSIMU, He U3MEeHAI0-
muMucst BO Bpemenu. OHH XapakTepU3YIOTCs ompelleseHHbIMH 3HaUeHH -
AMU WIH YPOBHSMH SHEPI'HH MOJIEKYJIbI €y, €5, ... ¥ POBHU SHEPTHH MOI'YT
OLITb RPOCHIIMI U KPAMHbIMU. Y POBEHb SHEPIUH H COOTBETCTBYIOIIEE eMY
KBAHTOBOE COCTOSIHHE HA3bIBAIOTCA KPAMHLIMU WU BolPONCOEHHBIMU,
€CJIH CYIIECTBYET HECKOJIBKO COCTOSHHE MOJIEKYJIBL C TEM e 3HaUeHHeM
SHEPTHH, OTVIMYAIOWMXCH IPYT OT JIpyra 3HaueHUsIMH IPYTUX du3uye-
CKHX BeJHYuH. B NpOTHBHOM c/lyyaeé ypOBeHb H KBAaHTOBOE COCTOSIHHE
HA3LIBAIOTCA NPOCbIMU WIN HegblpoxcOeHHbimy. YUncao noaypoBHel,
13 KOTOPHIX COCTOUT KPaTHLIH YPOBEHD, HAa3LIBACTCS KPAMHOCMbIO Y POSHSL
HIH KpamHocmbro eoiposcdenus. He tepsaga oburHocty, Ml 6yieM c4uTaTh
BCe YPOBHU mpocThiMH. Ecau 310 He Tak, TO AOCTAaTOYHO PasflesuTh
Kax/bifl KPaTHBIH YPOBeHb Ha COOTBETCTBYIOIIHE MPOCThIe MOAYpPOBHHY,
ytoObl CBECTH 3TOT Cjyyal K NpeAbIAyLIeMY.

OnucaHye ¢ IOMOLIBIO KBAHTOBBIX COCTOSIHUE eCTb npedeavHo nodpob-
HOe onucaHue, JOMYyCKaeMoe NPHHIMNAMH KBaHTOBOR MexaHuKu. B sTom
CMBIC/IE OHO COOTBETCTBYET OQUHAMUYECKOMY ONUCAHUID KJIACCHUECKOH
MeXaHUKH. V1 ec/lH KBaHTOBLHIE COCTOSIHUS JIMCKPETHH, TO HDHU nepexoie
OT KBaHTOBO# MEXaHHKH K CTATHCTHKE OTIaJaeT HeOOXOIMMOCTE B 3aMeHe
3THUX COCTOSIHME GoJiee IpyObIMH, 9TO HE0GX0AUMO Je1aTh B KIACCHUECKOH
CTATUCTHKEe. B 3TOM M COCTOHT IpenMyllecTBO KBAaHTOBOH CTAaTUCTHKH
Hepen KJaccHYeCKoH.

4. JlajpHeliline pacCcy:KJeHHA He 3aBHCHAT OT TOrO, KaKaf NPUHSATA
TOUKA 3PEHHS — KBAHTOBAA WJH KJjaccHueckasd. Urolul uX GopMasbHO
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o0ObelHHNTL BMecTe, OyleM [PUMEHSITb KBAaHTOBYI0 TEPMHUHOJOTHIO
U B KJACCHYECKOH TeopHH. ByneM roBopHTE, 4TO K/accHYecKas YacTHIA
HAXOJHUTCA B {-M KBAHTOBOM COCTOSIHUH C 3HEprued g;, eciy OHa Haxo-
AuTCA B i-i Auefike cBoero ¢a3oBoro npocTpaHcTsa. byaem npenmnosnaraTsb
B 3TOM naparpade, YTO YaCTHUbl NPUHUURUAABHO PASAULUMbL, XOTS Obl
OHH H ObIH a6COJIOTHO TOMXKIAECTBEHHBI. DTO TNPEANOJOKEHUE JIEKHT
B OCHOBe TaK HaswBaeMolt cmamucmurku boasymana. Ecnau ero npu-
HATb, TO YACTHIHI MOXXHO 3aHYMepPOBaThb, KaK 3TO JeNanoCh B npefbl-
ayumeM mnaparpade. B mocienoBaTe/bHO KBaHTOBOH TeOPHH MHKPO-
COCTOfIHHME CHCTeMbl COBIIAJAeT ¢ KBAHTOBbIM COCTOSIHHEM ee. 3JecCh
3TH MOHATHS TOXKAECTBEHHB.. MUKPOCOCTOSHHE Tra3a XapaKTepusyercs
YMCMAMM YacTHL B KaXkJIOM KBAaHTOBOM COCTOSIHHH € YKa3aHHEM HX
HoMepoB. [lJIst XapaKTepHCTHKH MaKpPOCOCTOSHUSA HAN0 yKaszaTb TOJIbKO
yycaa yactul Ny, N,, ... B Ka¥10M KBaHTOBOM COCTOSIHUH.

B 3afaHHBIX yCAOBHSX, B KOTOPBIX HAXOMUTCA a3, HE BCE MBICJUMBIE
MHKPOCOCTOSTHHSI BO3MOXKHLI. HanpnMep, eciM CTeHKU cocyla HENPOHHU-
LAeMbl IJTST YACTHIL, A YACTHILI POXKIAATBCA U YHHYTOXKATHCS HE MOTYT, TO
6yjleT HEBO3MOXKHO MHKPOCOCTOSIHME, B KOTOPOM OJHA HJH HECKOAbKO
YACTHIL HAXOAATCA BHE cocyia. Ec/u cucreMa 3aMKHYTa H €€ 3HEprus
paBHa E, TO HEBO3MOKHO MHKDOCOCTOSIHHE C HeprHeH, OTJIHYaouieics
or E. Bce BO3MOXHBIE MHKDOCOCTOSTHHA CHCTEMBI Ha3biBAIOTCS Jonyc-
mumeime. OCHOBHas THUTIOTe3a, NPUHUMaeMasi B CTaTHCTHUECKOH Mexa-
HHKE, COCTOHUT B TOM, UTO 8Ce JONYCMumbie MUKPOCOCOSHUS 3AMKHYMOL
cucmemst pasrogeposmust. Eciii B npelplaymieM naparpage, Koria peub
1IJ1a TOJMBKO O TMOJOXEHUSIX, HO He O CKOPOCTAIX YacTHI, aHaJIOru4yHasi
TUIOTe3a He BhI3biBaJa COMHEHHH W Oblla TIOYTH CAaMOOUEBHAHOH, TO
3lech ee obocHoBaHHe moTpeGOBaio Obl BeCbMa CJOMKHARIX U TOHKUX
paccyxjeHuli. Mpl GyneM cuutaTth, YTO JIOKa3aTeIbCTBOM BBeJEHHOMH
THIIOTE3b! ABJSETCS TO, YTO ee BLIBOJK! MOATBEPKAAI0TCS onbiToM. [locse
BCEr0 H3JO0XKEHHOro #CHO, YTO CTATHCTHYECKHH BeC MaKpOCOCTOSIHUS
U 31ech onpefensierca gopmydon (80.7), T. e.

N1
G=N1!N21...' (81.1)

5. Haiinem Tenepb Takoe pacnpejeneHHe YacTHLl 110 KBAHTOBLIM COCTO-
SHHSM, KOTOPOMY COOTBETCTBYET MaKCHMa/lbHOe 3HaueHWe CTaTHCTHYe-
ckoro Beca (G, a cJeloBaTebHO, H MAKCHMA/IbHOE 3HAUeHHe SHTPONHUH S.
210 U OylNeT COCTOfHHE CTATHCTHYECKOTO PABHOBECHST CHCTEMEI, OKOJIO
KOTOPOTO NIPOMCXOAAT MaJjble paykTyauuu. I1pyu oTeickaHHM MaKCHMyMa
HAA0 YYecTb [Ba JONOJHUTENbHbIX YCIOBUS:

N+ N,+...=N=const, (81.2)
N181+N282+...=E=COHSt. (81.3)

I'Iepsoe U3 HHUX BbIpaxKaetT NOCTOAHCTBO YHHUC/IE YAaCTHU B CHCTEME, BTO-
poe — TIOCTOAHCTBO e€e HOJTHOH SHEPTrHH. Toabko MHKPOCOCTOSIHH A,
YAOBJETBOPAOIHE 3TUM YCJAOBUAM, ABJSAIOTCA AONYCTHMBIMH, H TOABKO
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OHH JIOMKHBI IPHHHUMATRCS BO BHHMaHHe. Bce mpoune MukpococTosiHus
SIBJISIIOTCS] HEBO3MOMKHBIMH.

Dynem mpeanosararb, YTo OYeHb BeIHKO He TOJbKO oOllee YHCIO0
moJsiekysn N B cocyle, HO ¥ uucaa Monekya Ni, N,, ... B K&XXI0M KBaH-
TOBOM coctosiHud. [IpaBna, 37O yc/oBHe He MoxeT OblTh BBINOJHEHO
nis seex N;. [eso B ToM, uro ofuiee YHCAO MOJeKya N, XOTS U O4YeHb
BeJIHKO, HO Bce Ke KoHeuyo. [Tosromy mesnnle uucaa N; npH A0CTATOUHO
(JoJIbLIHX HOMEpaX [ HEU3GEXHO CTAHYT MaJbIMH H Jaxke 06paTATcA
I HYyJAb IIpH JanbHefimieM Bo3pacTanud (. OJHAKO TakHe MOJEKYJbl
COCTaBJSIOT JIMIIb HUYTOXKHYIO OO OT ofliero yucaa Mojaekya1 N,
U HX HaJHuMe HHKAK He CKaxKeTcsl Ha CTaTHCTHYECKOM IOBEAEHHH BCEro
raza. Ecau nenwie uncia N u N; oueHb BeJHKH, TO OHH MOTYT OBITh
annpoKCHMHPOBAHbI HENpepbhBHO MCHAKUIMMHCH aprymedtamu. Jas
BbluHC/IeHHA (AKTOPHAIOB MOXKHO BOCIONbL30BaThcA (opmysoi Crup-

aunra (1692—1770) N e
N!=} 2aN ‘\g) eV (81.4)
rze 0 << § << 1 *). 31y TOuHYIO HOPMYNY Mbl 3aMEHUM NPUOIHKEHHOH
N1'—V 2N (f)’v. (81.5)

OtHocutenbHAA OLIMOKA NPH BLIYUCJIEHHAX TO 3TOi (opMmy/e He mpe-
BOCXOAUT e/(12NY — 1=~ 1/(12N). ¥Yxe npu N =10 oHa MeHbIlie OJHOTO
npouenta. [loacrasasis Buipaxenue (81.5) B dopmyay (81.1) u yuutsl-
Bas coorHomenne (81.2), nmomyunm

cw)

L

rie nocrosgsHHas C MOXKET 3aBUCETh TONBKO OT N. JLasi SHTPONHU Ha#iaeM

Se=— F Z(Ni_i_é) In N; 4+ const.

3zecb MOxKHO npeHeOpeus 1/, no cpaBHenuto ¢ N;. Torxa

S=—*F EN,- In N; - const. (81.7)

Bumecto Toro 4to6bl OTHICKHBATh MAaKCHMYM CTaTHCTHYECKOIO Beca,
ynobHee OTHICKMBAThL MaKCHMYyM 3HTponuH (81.7) mpy AONOIHHTEIbHBIX
yenoBuax (81.2) u (81.3). [pumensin MeTon JlanrpaHika, BapbHpyeM
3TH BbIPaXK€HUA M TIOJIYYAEM B MAKCHMYMe

3InN;-dN;=0, Y dN;=0, Ye dN;=0. (81.8)

*) Cm., nampumep, I'' M. ®uxrtenroasu, Kypc aupdepeHunalbHoro
HHTerpajiibHOro McuHcaedus, 1. 1I, «Hayka» (mo6oe uspanue).
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Orcrona S (InN;+p+ae) dN;=0,

raec U p — jarpaHKeBbl MHOXKUTENH, He 3aBHUCAIINE OT BCEX NepeMeH-
HBlX N;. Ux Boibupaem Tak, urtobbl Kospoduuuertel npu dN, u dN,
obpatuiuch B HyJb. Toraa 6yayT paBHBl HYJMIO H Ko3hdUIHEHTH NpH
BCeX OCTaNbHBIX dN;, TaK Kak rnepeMeHHule Ng, N4, ... MOXKHO NIPUHATH
3a HesaBucuMmue. Mrak,

InN;+pB +ae; =0,
N;=Nge~*%, (81.9)

rie N, = ¢ B — HoBas mnocroaHHas. Yepra wag N, nocraBieHa Aas
TOrO, YTOObI [IOJYEPKHYTh, YTO Peub KIET O CPeAHHX 3HAYEHHAX Yucen N,
TOYHee, 06 UX 3HayeHMAX B Haubosee BEPOSITHOM COCTOSTHMH.

6. s omnpenesnenuss MNOCTOSHHOH « 3aMeHHM ajvabaTHuecKue
CTEHKH COCY/a TEeNJICIPOBOASILIMMH, COXpaHfAs o6beM cocyla HEH3MeH-
HbIM. ['a3 B cocyze nepectaner ObITb H3OJMUPOBAHHOHM CHCTEMOH, HO ero
MaKpPOCKOMHYECKOe COCTOSHUE OCTaHeTCsl TeM e, eclId TOIbKO TeMiiepa-
Typa OKpyxKaloel cpelsi paBHa TemiepaType rasa 1 M IOAJEPXKH-
paerc nocrosHHo#. [losiBATCA AHMub Madple (UIYKTyauuu SHEPrud,
KOTODbIe NIpPY TNMOJHOH H30/SALUU CHCTEMB! ObWIM Obl HeBO3MOXHEL Ho
¢IyKTYanuu He NPHHUMAKOTCS BO BHHMaHHE TPH TePMOAHHAMHYECKOM
OMHCAHHUH cUCTeM. DyjeM Temepb 0eCKOHeUHO MelJIeHHO (KBa3HCTaTH-
YyecKH) M3MeHATb TeMIepaTypy OKpyKaioweH cpeipl. Tak Kax o0bem
rasa coxpaHsieTcsl HeH3MeHHbIM, TO Ia3 He coBepinaeT paboTel, a TONBKO
oOGMeHHBaETCS TEIVIOM ¢ OKpyxatowelt cpejoii. [Tostomy dE = 6Q =
= TdS. DHepruu KBaHTOBBHIX ypPOBHEH €, €, ... B TaKOM Mpollecce
OCTaHyTCsl Hen3MeHHEIMU. OHH 3aBHCAT JIHIIb OT BHYTPEHHEH CTPYKTYPHI
MOJIEKYJ/IB! ¥ OT MOJIOMEHHS CTEHOK COCY/a, KOTOpPoe BO BpeMs Ipolecca
He H3MeHsieTcs. DyJeT NPOHCXOAHTS JIHIUb nepepacnpeeseHue MOAeKYA
MeHOY PasIUdHOIMUL YPOBHAMU, T.e. OyAyT MeHSTbCA CpefHue 4YHCaa
sanosinenus NV;. 1t H3MeHeHus 3HepPruH rasa nonydaeM dE =Y ¢; dN;,
a 175 Uu3MeHeHHs SHTpoONuM, corjacHo dopmyae (81. 7) dS=
=—k¥YInN;dN; = ka Y e;dN,;. Tloacrapisia 5TH 3HAaYeHUS B CO-
orHoweitne dE = TdS, o yyaem

OTKYZa

1

ol = E",

(81.10)

a IoToMy
N;== Noe—e/T, (81.11)

Ato — pacnpedesenue Marceeara — Boavymana. C HU3N0XKEHHOH 31eCh
TOYKH 3peHHT OHO MOXKeT OLITb OXapaKTepH30BAHO KaK Hauboaee
sepoammnoe pacnpedeserue. Kpome Toro nokasado, uTto amo pacnpede-
AEHUE BEPHO HE MOAbKO 8 KAACCUMECKOU, HO U 6 KEAHMOBOL CMAMUCUKe.
Tlocrosinnasa N, HafiIeTcs U3 YCJAOBHS HOPMHUPOBKH

IN =Ny Xe % =, (81.12)
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Ec/iu KBaHTOBLIE YDOBHH MOJIEKY/Tbl BHIPOKIEHHI, TO BMECTO GOPMYJIbL
(81.11), oueBupgHO, ciexnyer mucath

Ni==Nogie™ ST, (81.13)
Tlle g; — KPaTHOCTb {-T0 YPOBHS.

7. Haiiflem eme BulpaxkeHue /I SHTPOMHH HIEaTbHOTO rasa uepes
bYHKUMIO pacnpefe/leHdHsl B KJacCHuecKoi crarucrdake. C 910l 1e/bI0
pasjfieiuM (a3oBoe MNPOCTPAHCTBO MOJNEKYJIbl Ha SiUefKH C paBHBIMH
dasobivu o6bemamu AQ. CpejiHee YMCJ/IO 4acTHI B i-H sigeiike Gyger
N; = N[ (e) AQ. TlogcraBnsas B (81.7) U mpuHUMad BO BHHMaHHe,
uto In AL ecTp BedHYHMHA TIOCTOSIHHAS, NOJYYHM

S=—kN X (&) Inf (g) AQ +const,
H/IH, 3aMeHSSl CYMMY HWHTErpasioM, —

S::—kNSf(s) Inf () dQ -} const. (81.14)

8. 3ameruM, HakoHell, uto dopmyna (81.11) npumennuma gas cratuc-
THYECKOTO ONHUCAHUSl He TONBKO OTHEAbHBIX MOJEKYJ, HO M MaKpOCKO-
nudecKux cucreM. BosbmeM GosbIIyi0 H30THPOBAHHYIO MaKpOCKOMHYe-
CKYIO CHCTEMY X, KOTODYIO MOXKHO MBIC/IEHHO pasjieJiuTh Ha OXMHAKO-
BBle Masble, HO MaKPOCKOMHYeCKHe MOJCHCTEMH ¢, c1abo B3aumoied-
cTBylomue Mexay coGoii. BJarojaps TakoMy B3auMOAeHCTBHIO NOA-
CHCTeMBl MOTYT OOMEHHBATbCS SHepPrHedl ¥ HAXOZUTHCA B PasjHUHBIX
KBAHTOBBLIX COCTOSIHMSAIX C HEpruaMH &;. K noacucremMam npruMeHnMEL Bce
paccyxAeHus, IpOBeJieHHble Bhille LI OTAEbHEIX MoJekyJd. CpenHee
YHCJIO MOJICHCTeM, HaXOASAMXCS B {-M KBAHTOBOM COCTOSHMHU, GyjeT no-
npexHeMmy onpenenstbes dopmysoi (81.11). Ho paBHoBecHoe coctosiie
TIOCHCTEMBI He 3aBHCHT OT TOrO, KaKOH Cpefoil OHa OKpYXKeHa, a 3aBU-
CHT TOMBKO OT TeMreparypbl 370# cpelbl. [TosTomy MOXKHO M3MEHHTB
NOCTaHOBKY Bomnipoca. [1ycTb ¢ — Tpou3sBo/bHAs MaKpOCKOITHUEcKad
CHCTeMa, OKpY:KeHHas Jo0OH TNPOTSKEHHOH cpelol, TeMmmeparypa
KOTOpO#l MojjepxuBaeTcs nocTosiHHoH. Takyio cpeny Has3bIBaIOT mepmo-
cmamom, a 0 6 TOBOPSAT KaK o «cucmenme 8 mepmocmames. Gopmyaa (81.11)
NpHUMEHNMa H K 3TOMY cayyva. Uueao N; onpenesnsieT OTHOCHTENbHYIO
BePOSITHOCTh TOT'O, YTO CHCTEMa ¢ NPH TeDMOJAHHAMHYECKOM PaBHOBECHH
HaXoIUTCs B {-M KBaHTOBOM COCTOSIHMH. [loHUMaeMmast B TAKOM cMBICIe
dopmyna (81.11) nasbiBaercs xauorudeckum pacnpedeseruem Iubbea.
310 pacrpejeseHHe NpelcTap/ser Hanbosee obUlyio H YAOGHYIO OCHOBY
L5 MOCTPOEHHS CTaTHCTHYECKOH MeXaHHUKH.

§ 82. Cratrucruxu Pepmu — Jlupaka n boze — Jiinmreitna

1. CorsiacHO COBpeMeHHOH KBAHTOBOH MeXaHHKe Bce 3/eMeHTapHble
H CJOXKHBIe YaCTHLBI pasjensioTcss Ha ABa KJjacca. K mepeomy kJaccy
GTHOCSATCS 3JIEKTPOHBI, IPOTOHBI, HEHTPOHBI H BCE YACTHILBI C TaK Ha3blBa-
€MEIM HOAYYEAbIM CRUHOM. DTH 4HacTHIBl MOIUUHAIOTC cmamucmure
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Pepmu — Hupaka. Ouu HaspiBatoTes gepmuoramu. Ko BTopomy Kaacey
oTHOCATCS OTOHBI, - H K-Me30HBI H BCE UAaCTHHbL C HEAbIM CRUHOM.
OTH YacTHIEl HaspiBaloT GozoHaMH. HHKaKMX APYrHX BO3MOXKHOCTEH
KBaHTOBaA MeXaHHKa He fonyckaeT. CratHcTHKa DosbliMaHa, Hal0XKeH-
Hasi B npeJbiiyiieM naparpade, fBasieTcss NPHOIHKEHHBIM TTPeAeslbHbIM
c/llyyaeM, ‘B KOTOpBIi NePEXOAAT IIPH ONpele/IeHHBIX YCJIOBHAX CTaTHC-
THKH ®epmu — Jlupaka u bosze — Ditnureiina. Ham noutu He npuserca
B HACTOSINIEM TOME TIPHMEHSATh 3TH KBAHTOBLIE CTAaTHCTHKH. Ho yuuThiBas
HX BAaXKHOCTb B CaMBIX pa3/iMUHbIX pasjesax COBpeMeHHOH (U3HKH,
HeoOXOJ[HMO YaKe 3/1eCb, HACKOJIbKO 3TO BO3MOXKHO, H3JM0XKHTb HX (H3H-
yeckue (TOYHee, CTaTHCTHUECKHE) OCHOBBHI.

2. Bo Bcex Tpex cTaTHCTHKAX JOMYCTUMBIE MHKPOCOCTOSIHHSA TIPUHHU-
MaloTcs paBHOBeposATHbIMH. Ho craTheTnky oTivyaloTes Apyr OT Apyra
TeM, KaK OHH ONpelessiioT MHKPOCOCTOSIHMSI M CTaTHCTHYeCKHe Beca
Makpococrosinuit. CraTicTHKa DosbliMaHa CTOMT Ha TOYKe 3peHHs
NPURHYURUAABHOL pasAuduMocmy acmuy, Aake KOTAa dacTHubl abco-
JIIOTHO TOXAecTBeHHb. Eciu uactuna A HaXoAHTCA B KBAHTOBOM COCTO-
guuu 1, a uvactdia B — B KBanToBOM cocrosiHud II, To mosmyuntcs
HOBOE MHKPOCOCTOSIHHE, KOrjia 3TH YaCTHILLI TIOMEHSIOTCS MecTaMH, T. €.
uyactinua A nepeijier B cocrosiide I, a wactuna B — B cocrosiHue I.
KsanrtoBble crarncrukin Pepmu — dupaka u boze — DitHuireiina,
Hao6oOpOT, MPHHUMAIOT, UYTO NPH TAKOH NepeCcTAHOBKE HUKAKUX U3MEHEe-
Hull He npousodidem — TOMYYHTCS B TOYHOCTH TO K€ MHKPOCOCTOSIHHE.
OGe 3TH CTaTUCTHKH CTOAT HA TOUKE 3PEHUS NPURUUNUQAABHOU Hepasiil-
qumocmu moscdecmsenHoix dacmuy. Pasjinune Mexly CTaTHCTHKaMH
®epmn — Jlupaka u Dose — DfiHlureliHa COCTOMT B C/IEAYIOLIEM.
B cmamucmure depmu — Hupaxka npunumaemcs, 4mo 8 Kamdom Keaw-
MOBOM COCIMOAHUL MOXCEM HAX00UMbCA He boaee 00Hol yacmutel. Cramuc-
muka bose — JiiHwmeidna nodobHoix oepanuteHull He Harxaadolsaem.
Ona donyckaem, 4mo 6 KamOOM KBAHMOBOM COCHOSHUL MOJem Haxo-
dumocs aoboe 4ucao wacmuy. CTONb pa3jiHyHOe MOBeJeHHe GO30HOB
H ¢depMHOHOB OGOCHOBHIBaeTCS B KBAHTOBOH MexaHHKe. 3jlech 00 9TOM
rOBOPHTL TIpeXKAeBpeMeHHO.

151 mosicHeHHA PacCMOTPHM JiBe TOXKJecTBeHHble dacTuiisl A u B,
KOTOpbie TpebyeTcsl pacnpefenuTb MO TpeM KBAHTOBBIM COCTOSIHHSIM,
Cocrosinus OyjleM H300pa)kaTh K/IeTKamu. Bce paBHOBO3MOXKHbBIE CJIY-
uaH, JonycKaeMple ctaTuCTHKON Bosbumana, npeacraeiensl Ha puc. 70,
ciaeBa. BceX MHKPOCOCTOSIHMH JIeBATb, MaTeMaTHYeCKasi BepOsTHOCTb
Kaxjoro u3 Hux '/y. Ilo cratucrukam Bose — ifinurreiina n dGepmu —
Hupaka (puc. 70, B uenTpe u cmpasa), cocrosuus 1) u 2), 3) u 4), 5)
1 6) NPUHIHNIHAIBHO He PasIH4HMebl, ¥ KaxJas napa TaKUX COCTOSIHHI
LOJIZKHA paccMaTpPUBATbCA KaK OJHO cocTosiHHe. YacTuiisl «06e3THYe by,
UX yxKe Helb3s o003HAYaTh pasiuuHbiMH OykBamu A u B, Ha Halueft
cxeMe OHM o0o3HayeHbI TouKaMmu. Eciu yacTuum spasiworces 6030HaMy,
TO YHCJI0 BCeX BO3MOXKHEBIX MHKPOCOCTOSIHHH OyJIeT 11eCcThb, 8 BEPOATHOCTh
KaxJoro u3 HuxX /4. (Ecau 6bl BeposiTHOCTD onpefensiack no Bosbl-
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MaHy, TO Ka:KJIOMY H3 NePBLIX TpeX cOCTOAHHH clefloBano Obl TpHIHCATh
MaTeMaTHYeCKy10 BePOSITHOCTb */y, a Ka)KAOMY H3 NOCAEHMX TpeX '/g.
ToatoMy oueBmjHO, uTO cTaTHCTHKH DosabuMana u Bose — DitHiureliHa,
a Tak:ke Qepmu — Jlupaka NpHHIHMIHAIBHO pas3jn4HbL) s depMHoHOB

AN )| e | @ i) e | e
2] 8 | A 2) o | o 2) o | o
2l |als 5] e o 5[ o .
4) 5| A 4)|e e Pepmu - Hupar
S A B 5) L)
&N B A £) 3 @
- o
7 AR Foae —Furumeldy
8) AB
) AB
Bonsyman Puc. 70.

TIocse/lHHe TPH pacrpejiesienus, NpejcTaBJleHHble B CpejlHeM cToalie,
peann3oBaTbcst He MOTyT. OCTAIOTCH TONBKO TPH MHKPOCOCTOSHUA,
u3opaKeHHbie cnpaBa. BepoaTHOCTb KaXKJIOrO M3 HUX paBHa /3 (7o
BoibiiMany oHa paBHa %/).

3. Ilpexsie uem MATH fajiblle, peLIHM CAeYIOLYO 33834y U3 KOMOH-
HATOpHKHU. Kmeercsi Z KBaHTOBbIX cocTosiHui. TpeGyercs ompejeauthb
YUCI0 CNOcOo0OB, € MOMOLIbI0 KOTOPBIX MO 5THM COCTOSTHHSIM MOXKHO
pacrpeneauTb N TOXKIAECTBEHHBIX 4YacTHIlL. AHaJOroM 3sTOH 3ajauH
MOXKeT CAYXKUTh ciefyioman. Vimeerca Z xBapTup, Tpebyercsi ompe-
JeJUTh yHcao cnocoboB 3acetenus ux N qwoapmu. [1pu sToM npeanona-
raeTcsi, 4yTo JIoAH «o0e3JHYeHbly, TAK YTO He HMeeT 3HaueHHs, KaKoH
[IMEeHHO YeJIOBEK NMOCENHTCS B TOH WJIM MHOH KBapTupe.

Peinm a1y 3ajauy cHauasa Aas ¢epMinoHoB. B sToM ciyuae J0/1KHO
ObiTb Z == N, Taxk Kak npu N > Z ¢epMHOHBI pa3MecTHTb HO KBaHTO-
BLIM COCTOSIHUSIM HeJb3sl, NIOCKOJIbKY B KaXJOM KBAHTOBOM COCTOAHUH
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MOXKeT HaXOo[UThes He Gosiee onnoro dgepMuoHa. Vsobpasum Bce Z KBaH-
TOBLIX COCTOSHUM KiIeTKaMu (puc. 71). B 3anonHeHHOM K/eTKe IOCTaBUM
TOYKY, B CBOGOAHOH — cBeTNbl!l KpYxOK. IlponsBenem sarem BCeBO3-
MOJKHEIE TIepeCTaHOBKH MeXay Z siementamu: N Toukamu M (Z — N)
KpyxXKaMi. B pe3sysprate noaydarcsi BCeBO3MOXKHBIE pacnpefe/leHHs
TOYEK IO KJeTKaM. Uucjo TakHX pac-
npefenenuit 6yaer Z! OnHaK0 3T0 YUCIO
BN BN BN RNORNoRRe) Hajo YMeHbIINTh B N! pa3, TaKk Kak
TIepPeCcTaHOBKH MeXIy TOYKAMM He NpH-
BOIST K HOBBIM pacrnpejeneHHAM. Kpo-
Me TOro, €rc HaJ0 yMeHbLIUTH elile B
(Z — N)! pas, nOCKOJIbKY NePeCTaHOBKU
MeXAY KPYXKKaMHM TaKke He NPHUBOAAT K HOBLIM DaclpeiesieHAsM.
B pesyanrare Aaf uucaa «pacceleHuity N ¢epMHOHOB 10 Z KBaHTO-
BLIM COCTOHHHSAM INOJTyYaeM

Puc. 71.

VA
m. (82.1)

JonycTuM Tenepb, YTO YacTHHAMH #BIAWTCA 6030HBL. B 3TOM ciyuae
COOTHOLIeHHE MeXKAY yucaamMu Z U N MokeT ObiTh KakuM yroaso. CHoea
1306pa3uM KBaHTOBblE COCTOSIHMSA Z KJETKaMH{, pasfie/leHHbIMH JAPYT
or apyra Z — 1 neperopoiakamu (puc. 72). Konnsl KpafHHX KJIeTOK
OCTaBHM CBOGOJHBIMH. Pa3MecTiM B 3THX KJeTKaX COBEpLIEHHO NPOH3-
BOJBHO BCe UacTHIBl — Touku. Iloayunm Z + N — 1 ajemeHTOB:
N wactun u Z — 1 neperopojok. IlpousBejieM BceBO3MOXKHEBIE liepecTa-
HOBKH MeX1y 5THMH siaeMenTaMu. Ilosyuum BceBO3MOXKHEIE pacnpeie-
Jgenust N uactuy mo Z xjerkaM. OJHAKO 3TO YHCJAO Haj0 YMEHBUIHThb
B N! pas, Tak Kak IepecTaHOBKH

MEXJy YaCTUIAME HE NMPUBOAAT K HO- — f e | | o lee
BBIM pacrnpejenenuaM. Kpome Toro, oo M

ero Haj0 YMEHbIINTH eme B (Z— 1)!

pas, NOCKONbKY IepecTaHOBKH Me- Puc. 72.

XKy neperopoikaMu TaKxe He IpH-
BOAAT K HOBBLIM pacnpeleneHusaM. B pesysibrate Ijd yucia pacmpele-
Jeduit N 6030HOB 1O Z KBaHTOBLIM COCTOSIHHAM IIOJYYHM BHIpayKeHHe

(Z+N—1)!
L (82.2)

4, Tlepefinem Tenepb K BuBOAY pacnpeneneHufi ®epmu — Hupaxa
H Bose — DiiHiuTefiHa. MBI UMeeM B BHAY HIEaTbHBIH ras, COCTOAILMH
13 hepMHOHOB WK 0030HOB, NOMELIEHHLI B COCY/le HeH3MeHHOTO ofbeMa
C TBepAbIMH, HENPOHHLAeMLIMH ajnafaTHuyecKHMH cTeHkamu. [Ipexne
BCEro HajJ0 peliuTh, KaK XapaKTepH3oBaTh MaKPOCOCTOSHHE rasa.
C 3Tofi UeJBIO pasienuM BCe KBAHTOBBIE COCTOSIHHS YacTHIB HAa Y3KHe
sHepretHueckre ¢/1od. KaxkAplH CI0H COCTOMT M3 KBAaHTOBHIX COCTOAHHM
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C OAMHAKOBBIMH HJIM OYeHb GJIH3KHMH 3HAYCHHSAMH 3HEPrHH YaCTHLBI.
DHepruM KBAHTOBBLIX COCTOSIHMEA B {-M CJI0€ 3aKJIOUeHbl B HHTepBae
(s, & - Og;). Her HeoGXoauMOCTH TOUHO (DMKCHPOBATH IMPHHLI CJIOEB
de;. ocratouno notpeGoBaTh, YTOOH BHINOMHANOCH ycaoBue Og; < €.
Kpome TOro, 4ucio KBAHTOBBIX COCTOSIHUE Z; B 3HEPTETHYECKOM cCJI0e
JIOJI2KHO GLITh OYEHD BeMHKO. MakpococTosinne rasa Xapakrepusyercs
3ajlaHHeM uuces 4acTHIl N; B Kax/IOM 3HepreTHYecKoM cioe. IToHATHO,
gTo M100as NepPecTaHoBKa YacTHIL B CIOE He MEHACT HY MHKpO-, Hif MaKpO-
cocrostHue. OnpefiequM Tenepb HHCJAO MUKDOCOCTOAHUE, € MOMOLIBIO
KOTOPBIX MOXK€T OBITh OCYLIEeCTB/ICHO PacCMaTPHBAEMOE MaKPOCOCTOSIHYE
rasa ¢ GUKCHPOBAHHBLIMH YucaaMu N, T. €. CTaTUCTHYECKHMH Bec (G 3TOTO
Makpococrossus. Uuejao crocoboB, KOTOPEIMU MOXKHO pachpeeiuts N
YACTHIL N0 Z; KBAHTOBLIM COCTOSIHUSAIM {-TO CJ10f1, GyReT
z;! (Zi--N;— 1)

G =yrzi=vyr W G="grz =
10151 GepMHOHOB H 6030HOB cOOTBeTCTBeHHO. [lepemuoxasn see G;, HafizeM
CTaTHCTHYECKHH Bec paccMaTpUBaeMOTO MAaKPOCOCTOSAHHS BCEro rasa.
Takum obpasom, s (GepMHOHOB

Z}!
G= HN,Z ot (82.3)

(Zi+N;— 1!
G= H T (82.4)

3ajaya coCTOHT B TOM, YTCOBI HaHTH Haubosee BePOSTHEIE PaCTpeieIeHHs
ofpauwaloiiye B MakcuMyM Boipaxenus (82.3) u (82.4) npu pomnosinu-
TesbHBIX yoiaoBuax (81.2) u (81.3). Ilpeanoaaras, 4to BeqHKY He TOBKO
Z;, HO ¥ Bce N;, mocTyIaeM Tak Ke, KaK M B CTAaTHCTHKe Bo/iblimana.
IIpumensas ¢opmyay CTHpJIMHrA, HAXOLUM IHTPOIHIO rasa u3s depMmu-
OHOB H 0030HOB:

Sp=—~k D [N;InN;4(Z;— N;) In(Z; — N;)] + const, (82.5)
i

a i GO30HOB

Ss=kD [(Zi+N;— 1) In(Z;4N;— 1) — N; In N;]+const. (82.6)
W3 ycaoBus MakcuMmyma ¢ yuetoM (81.2) noayuaem

2111 dN =0 (ana depmHOHOB),

Zlnz +N {dN;=0 (ana GosoHoB).

1M COOTHOWIEHHA OTVIHYAIOTCA OT NepBoro cooTHoweHHs (81.8) Toapko
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N; N;
TeM, 4YTO BMecTo In N; B HuX cToAT In Z—n 1 anz+Ni-1' [Tos-
TOMy N0 aHaJdoruu c (81.9) moxHO cpasy Hamucars
_Ni g (nss1 (pepMUOHOB), (82.7)
Z;—N;
N g (m1s 6030HOB), (82.8)
Zi+N;

npuyeM B nocaennell popMyJie Mbl 1peHeOperyau efHHLEl 0 CPaBHeH!IO
¢ Z; + N;. TlocrosinHas oo HAXOOUTCS M3 TEX rKe TePMOJHHAMHUECKHX
coobpaxkeHull, Kak u B cratucTuke Dosbumana. Ona oxasbiBaetcs
paBnoii npexunemy BboipaxkenHio\(81.10). Cpenxee umc/iI0 uacTul 7
NpUXoAsieecs Ha OAHO KBaHTOBJe COCTOsIHME, paBHO V,/Z;, T. e.

ﬁi:—f-l—m— (11 depMHOHOB), (82.9)

i

fly==——— (119 GO30HOB). (82.10)

SAECb BBeJleHa HOBafsl HOCTOHHHBH'}L, CBA3aHHas C A COOTHOUICHIEM
m

A = e*T. 3ro u ectb pacnpesenedns Gepmu — Jlupaka u boze — itn-
wTelHa.

5. Ecu 7i; < 1, 10 B 3nameHaTensix dopmya (82.9) u (82.10) Moo
npeHeOpeub €AMHHLAMH, TOTAA 3TH (HOPMYJLI NEPeXOAdT B

n—eg; g

fi;==e ¥T =const-e #7, (82.11)

T. €. B hopMyJay pacipesenennst boabumana. 3HauuT, pacnpedeseruem
Bonsymara moxcro noas3oeambes auwiv moeda, k020a Maibl «4ucaa
3ANOAHEHUSY KBAHMOBbIX sueeK, m. e. npu ycaosuu A; < 1. O6 3ToM yxe
ropopuiochk B KoHue § 71. Tlepexox craructuk ®epmu — Jlupaxa u
bose — DitHiuTefiHa B cTaTHCTHKY DoJbliMaHa Hafo NOHHMATrbh B TOM
CMbICJIE, YTO NIPY BHIMOMHEHUH YCI0BUSA 71; < 1 dopmyant (82.9) u (82.10)
nepexoAT B 6onbiiMaHOBCKYIO opmysty (82.11). Ilpu sToM cratucTHyec-
Kue Beca (82.3) u (82.4) oTHIO1b He nepexoAAT B GONBLUMAHOBCKOE BhIpa-
»kenue (81.1). OfHaKO peanbHBIH CMBICT HMEIOT He CAMH CTATHCTHYECKHE
Beca, a HX JOorapHmsl, To4Hee, Pa3HOCTH JIOrapHU(HMOB CTATHCTHYECKUX
BECOB B pAa3/MUHBIX COCTOSIHUAX, OIpeje/sioliHe COOTBETCTBYIOLIUE
OpUpAIlleHHSI SHTPOMHUH.
6. IlocroanHasi p onpejensieTcs H3 YCJIOBUS HOPMHPOBKH
Vzm=Y i —=N. (82.12)

i
el +1
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OueBHIHO, OHA 3aBHCHT OT BHEIUHHX I1apaMeTpPoB (B HallleM cJyyae
oT o6beMa V), Temnepatypei raza T u or uncia yactuu N. [locrosnnas p
Ha3bIBACTCH XUMUMECKUM TOMeHYuaom eada. X UMHUYeCKHH MOTeHIHAT P
OIIpeJie/IeH C TOYHOCTBIO 0 TOH 2Ke NPOU3BOJIBLHOA aAHTUBHOH MOCTOSH-
HOH, YTO W 3HEepruH &;. YCJIOBUMCHA 3HEPTHIO €& HAHHH3LIErO YpPOBHSA
CUHTaTh paBHOH Hymlo. Toraa ¢opmynoi (82.2) xuMudyeckuil noTeHUaN
OMpesleNHTCS OfHO3HAUHO.

Cpenuue udcja 3anoJHEeHHS A; 1O CBOEMY CMBICY He MOTYT OHITh
OTpHULATE/bHBIME. JTO HAKJIAJAbLIBAeT OIpejlesieHHble OrpaHHyYeHHs Ha
3HaK | B c/aydae 6o03e-raszoB (T. €. rasoB, COCTOSAIIUX H3 GO30HOB).
HmenHo, u3 mnoJjoxuTenbHOcTH BhipaxkeHHs (82.10) cienyer p =< g
JU14 Beex [. B wactHoctH, npu { = 1, nosnyyaem p =< 0. Jas 6o3e-rasos,
TaKuM 00pasoM, XHMHYecKUH NoTeHual OTPHIaTe/eH WK PaBeH HYJIO.
Hns depmu-ra3oB (T. €. rasop, COCTOAMUX U3 (GepMHOHOB) MoOAOOHOTO

y 17[

1 - y

Puc. 73.

OTPaHNYeHUS He cyinecTByeT. Jjis ra3oB, NOAYHHAIOHMIMXCSA CTATHCTHKE
Bonbumana, Takxke u << 0. HeiicrsurtenbHo, dopmyaa (82.11) nonyckaer
mo6oit 3Hak Aaa w. OaHaxko He Hajfo 3abbBaTh, YTO 3Ta QopMyJsia NpH-
MeHHMa mpu ycaoBuu 7; <€ 1. U3 Hero mpu i = | cHoBa monyuaeMm
p << 0.

7. Ha puc. 73, a cryoiHo# KpHBOH NpeACTaBJleHO paclipefe/ieHue
Qepmu — [upaka npu p > 0. Eciu T - 0, 1o

[ 1, korpa & <p,

= 1
n; — 5 Korjga &=\,

0, Koraa &> p.

3ro 3Hauut, 9ro NpH T = 0 wactuuel ¢epMmH-ra3a 3anoJHAIT BCe
KBaHTOBblE COCTOSIHHA C SHEPrHsIMH & < \u. KBaHTOBble COCTOSIBHSA
¢ GoJiee BLICOKHMH SHEPTHSIMH He 3anoJiHeHsl. ['oBopar, uto npu T = 0
(depMi-Ta3 HaXOAUTCH B COCTOSIHUH NOAH020 6biposcOenus. Kpubad,
H300paXkamiass COOTBETCTBYIOLIee paclpefiesieRne, BLHIPOXKJAAeTCS B
npsiMoyroJbHHK (puc. 73, 6). M3o6paxaTh Ha TOM Ke PHCYHKe paclpe-
JeleHu st GosbLMAHOBCKOrO H 6G0o3e-ra3os He HMeeT CMbIC/Ia, TaK KakK A
stHX rasoB p << 0. CpaBuenue pacupegenenuit Pepmu — [lnpaxa,



314 CTATUCTHUYECKHUE PACIIPELEJIEHUS {ra vi

Bose — Ditnmwreiina ¥ BonbliMaHa NMoKasaHO Ha OTAe/bHOM pHC. T4.
HurepecHblit xapakrep Bupoxjaenus npu T = 0 umeer Goze-raz. Xumu-
yecKkuii noteHnuan Gose-rasza npu T = 0 jposmkeH o6pamarbcs B HYMb.
s 1oKa3aTebCTBA IPeaoNoKiM, 4To TpH ' == () XUMHUYeCKHH NoTeH-
~ u¥an B HyJb He obpamaerca (pu << 0). Torza
i npu T = 0 Mbl nosyunsan Osl no gopmyae (82.10)
OeckoHeuHoe 3HAueHWe AN 7i; (HANOMHUM, YTO
g; = 0). A 3T0 NpH KOHEYHOM uMcie yacTHl N
HEBO3MOMHOQ. DTO U JIoKasuiBaeT, uto npu 7 =0
AojokHO Obite W = 0. Ho Torga, xak BuaHO
u3 dopmyset (82.10), Bce uyucna 3anosHeHHd 7
npu T = 0 obpatarcd B HYJb, 38 UCKJIOUEHHEM
yMcaa f1,. 3HAuuT, npu npubausiceruu K abco-
AomHOMY HYyo Gose-uacmuupl ece Gosee u 6oaee
bydym HaKanAusamvCa HA HUNCHEM KBAHIMOBOM
yposre & = 0 u, HaxoHey, ece OHU OKAXCYMCS
Ha Hem npu T = 0. D10 gBJEHHE NOJYYHJIO Ha-
3BaHue 6ose-atiHuimelinosckoll Kondercayuu. Pasymeercs, Takasd «KOH-
JeHcalHus» He UMeeT HHUero ofiero ¢ KOoHjeHcamued napa B XKHAKOCTb.

Ina npumeHenus pacnpefenenuil (82.9) u (82.10) K KOHKpETHBIM
BOMPOCAM HAJ0 3HATHb BLIDAXKEHHS 1JIsl SHEPrHil &; U COOTBETCTBYIOLIKX
WM 4Mces KBAHTOBBIX COCTOSIHUH Z;. DTO Oy[eT cleqaHO B Hajjlexalux
MecTax Halllero Kypca NpH M3yueHWH KOHKPeTHHIX fBJEHHIL.

§ 83. TepMmopUHAMHUYECKHH CMbICA XHMHYECKOrO MOTeHLMana

1. HayneM cHauana ¢ HEKOTOPHIX OOUIMX COOTHOLUCHHH mepmoOura-
MUKW cucmem C nepemerusim quciom vacmuy. Ecnau uucno gactuy N
B CHCTEME MOKeT H3MeHsThcH, TO B ¢opMmyne (45.2) Hajo 106aBHTH
qa1eH p* dN, yuHTbIBalOWUMH H3MeHeHHe BHYTPeHHeH 3HeprHu rasa sa
CyYeT M3MeHEeHHs 4Yucia udactdi. Bwmecto (45.2) cieayer mucaTh

dU=TdS—PdV4p*dvV. (83.1)

Takoil xe uneH no6aBUTCA B mpaBhix dactTax dopmyn (45.3), (45.6),
(45.7). BenuniHa p* B TepMOMHAMUKE U HA3BIBACTCH XUMUHECKUM NOMEH-
yuaaom. Y13 sToro onpefeneHus caepyer

pe =<g—%>v,s = <3;AI;>T,V = <§>T,P = <§—1<7>P-5' (83.2)

Bcee TepMOJHHAMHUECCKHUE BeJINYMHBI MOXKHO pasie/inTb Ha UHMEH-
CusHble U 3KCMEHCUGHbE. HHMmeHcusHble 6eAUYUHbL — 3110 MAKUE 6eAU-
HUHDLI, KOMOpble 3Q8UCAM MOALKO OHl BHYMpPeHHe20 COCMOSHUA mMmen,
HO He om ux pasmepos. K num OTHOCATCA, HanpuMEp, TEMIleparypa
H JIaBJieHHe. JKCMEeHCUBHbIE BeAUdUHbL — MO BEAUMUHDBL, KOMOpble L3me-
HAOMCA NPONOPYUUOHAALHO MACCe CUCTIEMbL, eCAl npU 3MOM BHYMPEHHEee
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cocmoanue ee He mensemcs. llpuvepaMd TakHMX BeNHUHH ABJIAITCH
BHYTPeHHAA H CBOOOJHAH 3HEPIUA, SHTPONUA, TEPMOAUHAMUUECKUH
notennuan u np. Halnem ofwiil B 3aBHCHMOCTH HEKOTOPHIX H3 3THX
BeJIHUMH OT yucsaa N yactuil B cucTeMe. HauHeM ¢ TepMOAHHAMHUECKOTD
noternnana ®. [ cucreM ¢ nepeMeHHBIM YHC/IOM YaCTHIL OH SBJAGTCH
dbynkuued T, Pu N, 1. e. ® = @ (T, P, N). Coxpansas T u P Heusmen-
HBIMM, YBEeJHYHM 4Hcs0 yacTuil B & pa3. Torga @ Bo3pacTeT B TAKOE kKe
gycio pas, a notomy a® = O (T, P, aN). BuibepeM Tenepb o Tax,
uytobet N = 1, T.e. « = 1/N. Torza

O=NO (T, P, ). (83.3)
Orciona
; oD
“*L‘((ﬁv)T,p:(D(T’ P, ). (83.4)
®=p* (T, P)N. (83.5)

Xumuseckuli nomenyuar u* moxem 6Goins, TAKHM 06pa3OM, UCHOAKOBAH
KK mepmoOUHAMULECKULL NOMEHYUQL, OMHECeHHbIL K 00HOL Hacmuye.

Uepes ocTanbHEBE TePMOAUHAMUHYECKHE PVHKIUN XUMHYECKHH TIOTEH-
IHan He MOXKeT ObIThb HCTOJKOBAH CTOJIb Npocto. Hampumep, aJs cBo-
6oaHOM 3nepruu MoxHo Hanucath ¥ = ¥ (T, V, N). Ilpu yenuuenuu N
B ot pa3 B TaKoe Xe YUCJIO pa3 yBesauyHBaercsl He toabko ¥, HO u V,
T.e. a¥ = ¥ (T, aV, aN). ITonaras cuoBa & = 1/N, nonayyaem

VNV <T, 1 1), (83.6)

Uncno yactul, N CTOHT He TOTBKO B KadecTBe MHOXKHTENS, HO H NOA
A
3HaKoM QyHKuHH ¥ <T, ?‘\/T’ 1>. [Tostomy p* = ((%I;)T,V = ‘I’(T, NV’ 1>.

TepmoavHaMiyecKoe onpeneneHue p* He ogHo3HayHo. Benuunasr U
u S onpeleneHbl C TOYHOCTHIO JI0 NPOU3BOJbHBIX AJIUTHBHEIX IIOCTOSH-
HuX U, u S,, a caenopatenndo, ¥ u @ — ¢ TOUHOCTBIO 10 JHHEHROM
byukunu Temneparypsl Uy — SoT. Ecau 6u1 Uy u S, He 3aBucesy or
yycaa yactuy, N, TO HX Hajluuude HUKAK He CKas3anoch Obl Ha BeJHYHHE
u*. Ho Uy u Sy MoryT 3aBucetrb oT N. B aTOM ciiy4ae B BIpaKeHHU ISl
p* MoSBUTCA B KadecTBe ¢JlaraeMoro NpOU3BoJbHAS JHHEHHAs QYHKUNA
Temilepatypsl. [ ORHO3HAYHOCTH onpeleseHUst Halo (PUKCUPOBaTh
Hayaja oTcyeTa SHEPTHH W SHTPONHH.

2. Tlepexopss k cratucriram ®epmu — upaka u boze — Diin-
uwirefina, OyleM INOJAb30BAThCSl BHIPAXKEHHSMH sl HTponuu (82.5)
u (82.6). Bxoasiine B HUX HOCTOSIHHBIE HE CYLIECTBEHHH!, TAK KaK OHH
He 3aBHCAT OT Yutjia dacTuy N. J1a8 KOHKPETHOCTH BBIYHC/IHM XUMHYe-
CKHH noTeHuuan p* depmu-rasa. YaoOHee BCEro BOCHO/NbL30BATBHCA
esoGoauol sueprueli ¥. ByaeMm uWaMeHHTh 4HCIO YACTHH B cucteme N,
coxpatusn T u V reusmerHbMu. HalineM cooTBeTcTBYIOIEE NPHpAleHHe
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ceobonnoit sHepruu d¥. Tlockonbky o6beM V ocTaeTcsi HeH3MeHHLIM,
a YaCTHUBI MeXAY co00H He B3aMMOJEHCTBYIOT, TO NP H3MeHeHHH N
3HepreTHYecKHe YPOBHH &; H COOTBETCTBYIOUIUE HM uucla Z; MEHAThCA
He OyayT. Bynyr MeHsathes TosbKO uucsaa 3anonuenust N;. Ilostomy
IJd npUpainleHus sHTponuu us (82.5) nonyqaeM

S=—Fk Z In 34 dN..
B cocrosiHiM paBHOBeCHS HMeeT MecTo cooTHouleHue (82.7), U3 KoToporo
N; —e —
caenyer In vl MTTEI (rax Kak A=-¢ ’?T). Tagum obpasowm,
12 I3
_____kZU"BLdN
= ;i

Cymma Y g 4N, naer npupauwenue Buytpensell suepruu dU. Kpome
toro, Y dN;=dX N;=dN. B pesyabrare moiyyum

T dS=—pdN +adU,

HH
d¥=pn dN.
Orciona
‘ o
w* = (5 )y = n (83.7)

To ke cnpaBesIuBO U B cTaTHCTHKe Dose — DfiHuiteiina. Mul 10Kasani,
TakuM ofpa3oM, 4To B pacnpesenennsnx (82.9) u (82.10) seauunna p
€CTb XHMHYECKHH NIOTEHIHAJ B MepMOJUAAMUHECKOM CMBICAE.

§ 84. Teopema Hephcra

1. B 1906 r. TepmoanHamMiKa o6oraTu/a1ach HOBbIM (yHAaMeHTA bHbIM
3aKOHOM, OTKpbITHIM HepHerom (1864—1941) sMnupudeckKHM nyTeM.
3TOT 3aKOH MOJYYWI HasBaHue menaosot meopemor Heprema. Teopema
HepHcra He MoxeT OBITh JIOrMYECKH BbIBeJ€Ha W3 OCTAbHLIX Hauall
TEPMOJIMHAMHKH, & IOTOMY €€ 4YacTo Ha3bBalOT Mpembum Ha4a oM
mepmoduramusy. Mpl He OyleM OCT@HABJIUBATBLCA HA INlepBOHAUYANbLHOH
dopMmyIpoBKe Teopemsl, fadHOi camuM HepueroMm. Ona mnpexcras-
JIleT TOJBKO HCTOpHUYecKMit uHTepec. [lpuBedem cpasy coBpeMeHIyIO
paciupeHHy1o GOpMyIHPOBKY TEOPEMBI, TPHHALICKALLYI0 B - OCHOBHOM
Ilnauky.

CoznepxaHue teopeMbl HepHcra CBOAUTCS K ABYM YTBEPZKASHUSM.
TlepBoe yTBep:KIeHHE COCTOUT B TOM, UTO npu npubiusceruu Kk abcoaom-
HOMY HYA0 SHMPONUS CIMPEMUMCA K ONpeOeNeHHOMY KOHeYHOMY npedeny.
TosToMy ¥MMeeT cMbIC/I TOBOPHTB 00 HmMponuw meaa npu abCoMomHom
nyse memnepamyp. HeTpHBHAJIBHOCTL 3TOrO YTBEPKACHHSA CTaHET
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OUEBUJHOH, eclu OOPATHTbCA K TEPMOAHHAMHYECKOMY OMpPEfeNeHHI0
IHTPONHH T

3_&:8@, 84.1)

(Hanomuuwm, uyto uHTerpasn Gepercs no npou3BOJbHOMY MYTH, KBasH-
CTATHYECKH TIepeBOJSIEMY CHCTEMY W3 HAYaJbHOrO (HYJIEBOIO) COCTO-
SHHS1 B KOHeuHoe.) B moabiHTETpanbHOM BbIpaxKeHWH TeMmieparypa T
CTOHT B 3HaMeHartese. [TosTomy He oueBUAHO, GyNeT HHTErPasl CXOAUTHCHA
nau Het nipu T — 0. Bee 3aBHcHT oT noseaenus 6Q BOAU3YN abCOTIOTHOTO
nynd. Ilepsasi gactb Teopembl HepHcTa Kak pas ¥ COCTOHT B yTBepiK/e-
HUM, YTO UMMeEepas CXOOUMCS.

Bropas uacre TeopeMnl HepHcra yTBepiKjaer, UTO 6ce npouyeccol
npu abCONOMHOM HYAe MeMnepamyp, nepesodsuue CUCMeEMY U3 00HO20
PABHOBECHO20 COCMOAHUA 6 Oplje0e PABHOBECHOE COCMOSIHUE, NPOUCXO0RM
Oe3 usmerenus snmponut. 13 aToro yTBep:KaeHUS CJIeAyeT, 4TO Npeaer,
K KotopoMy cTpemutcst uHterpan (84.1) npu 7 — 0, He 3aBHCHUT OT
TOro, B K&KOM KOHEUHOM COCTOSIHHH OKaKeTCs CHCTeMaA.

O6benunsas obe yacTH BMecTe, MOXHO JlaThb TeopeMe Heprcra cie-
aywowylo dopmyauposky. [lpu npubauscenuu & abCOMOMHOMY HYAO
npupawenue anmponuu S — Sy cmpemumcs K 6noaHe onpedeseHHOMY
KGHEUHOMY npedeny, He 3A8UCALEMY OM 3HAYEHUL, KOMOpble NPUHUMAIOM
8ce napamempel, Xapaxkmepusylouyue coCmosHue cucmems (HampuMep,
oT ob6beMa, AaBJeHHs], arperaTHOro COCTOSIHHSI U Tp.).

Teopema Hepucra oTHOCHTCS TOJBKO K TepMOAHHAMUYECKH paBHOBe-
CHBIM COCTOSIHHAM cHcTeM. K HepaBHOBECHBIM M MeTacTabHIbHbBIM COCTOS-
HHSAM OHa He npuMeHnMa. IlpumMepom MOTyT C/1yKHTb aMOp(dHbIe TBepAble
Tesa, HANpHMEp CTeKJa, NpeAcTaBafiouiie co6oll TepMOAUHAMHYECKH
HepaBHOBecHbIe cHcTeMbl. OfIHAKO OHH TEPEXOMAT B TEPMOAHHAMUUECKH
paBHOBECHOE (KpHCTaN/INYeCKOe) COCTOHHE KpalHe MeVIeHHO — roJiaMy
1 Jaxe B TEUCHUE JEeCATKOB U COTEH JieT. B 3ToM cMbIc/ie OHU U SIBJSIIOTCA
MeTacTabriabHLIME. Koraa roBopsT o HEMPHMEHHMOCTH K HHM TeOpeMbi
Hepucra, To uMetoT B BHAY, 4TO 3TH TeJqa HaxoAdATca B TepMocraTe,
OXJaXJACHHOM JI0 abCOJIIOTHOrO HYyJf, M TPUIWIH B TeMieparypHoe
paBHoBece ¢ HuUM. CTPOro roBopst, K HEpaBHOBECHBIM, B YaCTHOCTH,
MeTacTabll/IbHBIM COCTOAHHAM HOHSITHE TeMmIepaTypbl He NPHMEHHMO.
ITpu abcontoTHOM HyJse HAXOJUTCH TEPMOCTAT, a He caMmo Teno. Eciu 6bl
TeMrneparypa NOHHMAAach TOJLKO B TAKOM CTPOIO TepMOJHHAMHYECKOM
CMbIC/Ie, TO YKa3aHHe Ha HepaBHOBECHOCTb H MeTacTabU/IbHOCTh COCTOS-
HUS npH GopMyaIHpOBKe TeopeMsl HepHera 6b110 6Bl H3JIHIIHHM.

Ecnu ycaosumoca SHTPONHIO BCSAKOH DPaBHOBECHOH CHCTEMBI IIPH
aBCOMIOTHOM HYJIe TeMIIePaTyp CYUTATH PABHOH HYJII0, TO BCSTKas HEOJLHO-
3HAYHOCTb B ONpefeeHHH SHTPOIHH HCYe3HeT. DHTPOIIHS, onpeeseHHas
TakKHM 00pa3oM, HasblBaeTcs abeouonmnoti anmponuedi. Teopema Hepscra
MOKeT ObITb, CJE0BaTeIbHO, CHOPMYJIHPOBAHA CJIEAYIOMIHM 06paszoM.
IIpu npubauxenuu K abcoromHOMy HYMO QOCOMOMHAA IHMPONUA
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CUCMEMb CIMPEMUMCSL MOKJCe K HYAMO HE3ABUCUMO O Mmo20, KaKue 3Ha-
YeHUSL NPUHUMQIOM APU 3MOM 6Ce Napamempsl, Xapaxmepusyoujue
cocmoanue cucmemer. Crenyer, OIHAaKO, NOAYEPKHYThb, YTO, BOMPEKH
pacnpocTpaHeHHOMY MHeHHIO, Takoi BHIOOD aiiHTHBHOH IOCTOSTHHOH
B BHIPAXKEHHH JJIsi SHTPONMH ecTb He 6ojee KakK npousgosvbHoe Co2Aa-
terte. JUTPONIUS MO CBOEH CYLIHOCTH BCErja olpefiesieHa ¢ TOYHOCTBLIO
JI0 NPOM3BOJBHOH aiIUTUBHON nocTofiHHOH. dakTHyeckoe cojlepKaHue
TeopeMbl HepHcTa HHMKAaK He CBfA3aHO C BbIOOPOM 3TOH MOCTOSIHHOH,
a [eJHKOM CBOJIUTCH K TeM IBYM YTBeP:KIEHHUAM, KOTophie OblH chopMmy-
JIAPOBAHH! BHLILIE.

2. AGCOMIOTHBIH HYJb HENOCTHKHM, II03TOMY O CIPaBelIUBOCTH
TensIoBO# Teopembl HepHcTa MOXHO CyIWTb TOJNBKO [0 NOBEAGHHUIO
BerlecTBa BOMU3N aOCOJIIOTHOTO HyJ/s TeMmnepaTtyp. PaccMoTpuMm HEKOTO-
pbie CIeACTBHS TeopeMb! HepHera, moaTBepikiarouiue 3Ty TeopeMmy.

W3 neppoii uacru Teopemsl Hephcra caenyer, 4To npu npub/inKeHHn
K a6comioTHOMY HYJIO TemnoeMKocTd Cp H Cy BCeX Tesl JOMKHBL CTpe-
MHTbCSl K HyJ10. B camoM fene, JomycTuM, HanpHMep, 4TO AaBjeHue
ocraercs nocrosiiabM. Torma 8Q = Cp (T') dT”. Teopema Heprcra
Tpebyer, 4TOOHl HHTerpan

0

cxonunaca. Ho 310 6bi10 661 HeBO3MOXKHO, ecin 6u npu T = 0 Tenso-
eMKocTb Cp He ofpainanach B HyJb. B IpOTHBHOM c/1ydae MOXKHO GHLIO
6l HafTH TeMmnepaTypHbilt uHTepBat 0 << 7' << T, B KOTOpPOM Temjo-
eMkocTb Cp BCIONY OTJIHMYHA OT HYJASi M, CJIeIOBATeNbHO, COXPaHSIET
3nak. Ilyctb C — MHHEMaJbHOE 3HAyeHWe MoAyas Beauuussi Cp
B 35TOM HHTepBaJge. Torja npeiniayuliil HHTErpaa no MOLya Obl1 Gbl
He MeHblle MHTErpana

T
g Sdr=c

[

( a1

L

Ly

KoTophll JorapudMuyecku pacxoautcd. CleloBaTeNbHO, NOMKEH Gbll

Cp .,
Obl PACXOAUTHCA H HCXOAHBIH MHTerpal S 77 dT’', a 3TO NPOTHBOPEUHT

TeopeMe HepHera. Ilonyunsuieecs nporuBopeure W J0Ka3biBaeT Halle
VTBEPKAEHUE OTHOCHTENLHO Cp., AHAMOTHYHO JOKA3LIBAETCS, UTO TEIIO-
eMKocTh Cy JI0JDKHA BecTH celsi Tak Ke.

TonyyeHHble CIEACTBYS JOKA3bIBAIOT, YTO TEMJIOEMKOCTH BELIECTBA
06A3aTesIbHO JOJIKHEBI 33BUCETH OT Temnepatryphl. Kitaccuyeckas Teopus
TelloeMKoeTell NPHBOIMT K NIPOTHBOIOJOXKHOMY BHIBOLY O He3aBUCH-
MOCTH TEIlJIOBMKOCTH OT TéMilepatyprl (cM. §§ 66 1 68). [Tostomy meopema
Heprema He modicem Goimb HCMOAKOBAHE KAGCCUYECKL,
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3. O6paruMcsa Tenmepb K CJAEACTBHSIM M3 BTOPOH HacTH TEOPEMEl
Hepucra. s 3Toro Bocmosnb3yeMmcsl TepMOAHHAMHYECKHMH COQTHOIUE-

HUAMH
o)~ (%), (@) = (2
<07’ T \dT/p* \oV/r — \oT/v’

M3 reopemer Hepuera cnenyer, uto npu aGCcomioTHOM HyJle JIeBhe YacTH
3THX COOTHOIUEHHH o0paumaiorcs B HyJb. JIOMKHEL OBITH PABHEI HYJIO
M TpaBble 4acTH, a IOTOMY

1 /oV 0
Vo <57") p
1 /0P
Py o7y =0

(84.2)

3T0 3HAYUT, UTO Npu NPubAUdCeHUU K QOCOMOMHOMY HYAO OAf 6Cex
men QOANCHYL CIPEMUMBCA K HYAIO KOIPPUYUEHM Meniosoe0 paculupenus
u mepmuseckult koagpuyuenm O0asreHus.

Onnaxko u3 ypaBHeHus Kianefipona cienyer, uto 06a Kosdduiyenta
(84.2) posmxHBL OCTaBaTbCsl TNOCTOSHHLIMH BIMIOTh J0 aGCOTIOTHOIO
HyJs. 3to npoTuBopeunt TeopeMe Hepucra. Otciofa ciefyer, uTo npu
oueHk HH3KHX TeMmIepaTypax ypasHeHHe KiamnefipoHa nepecraeT BLINOJ-
HATbCA JaxKe B TeX CJAy4asaX, KOTAa CHJbL B3aUMOJIEHCTBHA MEXIY MoJje-
KyJlaMH rasa CKoJb YroAHo Majiel [anee, n3 BTOopoil dopmysn (84.2)
BUAHO, 4TO BOGMu3H a(COMIOTHOrO HYJs JaB/eHHE ra3a NpPaKkTHUeCKH
He 3aBHCUT OT TeMIeparyphl, a ABJaseTcs ¢pyHKIUEH OJHOH TOIBKO MJI0T-
HocTH. Ecau 310 nMeeT MecTo, TO TOBOPSAT, YTO 2a3 HAXOOUMCA & COCMOsi-
HUU 6bipOXCOeHUsA, 8 CaMU Tasbl Ha3bIBAIOT 6bposcleHHbimu. Tlpumepom
BBIPOXKEHHOTO I'a3a MOTYT CJYXKUTb CBOGOAHBIE 3JMEKTPOHBI B MeTasllax
yxke npu oObMHBIX Temnepatypax (cM. § 71). Cratucruka Dosbimana
K BHIPOKJEHHEIM rasaM HeNpHMeHHMa. IJTH rasbl NOAYHHATCS JH60
cratuctike $epmu — Jlupaka, nubo cratuctuke Bose — DitHuITeliHa,
B 3aBHCHMOCTH OT TOTO, COCTOAT JU OHM U3 PepMHOHOB Ui GO30HOB.

BHyTpeHHAS SHeprusi rasa B COCTOSIHHK BLIPOXKIEHHA NPakTHYECKH
He 3aBHCHT OT TEeMIEPATYPE!, a TOJABKO OT €0 IJIOTHOCTH. [leficTBHTeNbHO,
COTJIaCcHO TepMOJHHAMHUKE

AR

/
Besuuunnr T u (af crpemstess K Hyawo npu T — 0. [laBrenne P

\6T>V
BBIPOZK/IEHHOTO rasa, KakK Mbl BHIENH, OT TeMIepaTyphl NPaKTHYeCKH

au .
HE 3aBHCHT. HO3TOMy npou3BojHas <W>T , 4 C HCH U BHYTPCHHAA 2HEP-

rust U, craHoBATCA GYHKUHSAMH OZHOH TOJBKO IoTHOCTH. C 3THM H CBS-
3aHO TC OBCTOSTENBCTBO, YTO /1eKTPOHHBIH I'a3 B MeTaslJaX PH OOBYHEIX
TeMmIepaTypax He BHOCHT CKOJBKO-HHOY/b 3aMeTHOro BKJIaja B TenJo-
€MKOCTb.
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4. Teopemy HepHcTa MOXKHO OGBACHHTD, eC/it 06paTHTLCS K BEpOST-
HOCTHOM MHTepPIpEeTauMH 3HTPONHH ¢ NOMOIbI dopMynbi BosbliMana
(80.5). [ln g aTOr0 HafO HANTH CTATHCTHYECKIIH BEC COCTOSIHH I CHCTEMBITPH
aGconoTHOM HyJie. Kiaccnueckufi noixof 3fech He roaurcsi. OH HaBep-
HfIKa npuBea Obl K NMPOTHBOpedHio ¢ TeopeMoil Hepucra. Jro cBA3aHo
C TeM, 4TO KJaccuueckast MeXaHHKa, Jiaxe npu aGCoIOTHOM HyJle TeMile-
paryp, AomnyckaeT HeNPEPLIBHOE MHOMKECTBO JHHAMHYECKHX COCTOSTHMEN
cucrteMsl. HyXken KBaHTOBBEIA noAXoA. Dy/leM NMOHUMATD 110Jl KBAHTOBBIM
COCTOSIHHEM COCTOfIHHE CHCTeMBI B LiesioM. CaMy chcteMy GyaeM mpearno-
JlaraTb 3aMKHYTo#. ITpu aGcomoTHOM HyJle TeMIepaTyp Hepris CHCTEMbI
MHHHMa/lbHa. YHCI0 JONYCTHMBIX KBAHTOBBIX COCTOSIHHE CHCTEMbl NPH
3TOM pPaBHO JHO0 eIHHHILE, eClH YpPOBeHb MHHMMaJBHOM 3HEPrHy He
BBIPOKJIeH, JTHOO KAKOMY-TO HeJIOMY UHC/IY, PaBHOMY KPaTHOCTH BBLIPOXK-
J€HNA, eCcIH 3TOT YPOBEHb BHIPOXKJEH. TeM jKe uiiclIOM BhIpa)kaercst
¥ cTaTHCTHYeCKUH Bec coctosinus. ITostoMy mis suTponuu no dopmyne
Bonbumana (80.5) nosmyuaercsi koneuroe snauerue. TaxoBo obbsicHeHHe
nepBo#t uactu TeopeMsl Hepucra. lagnuM Tenepb oObsicHEHHe BTOPO#
yacTu 3T0oit TeopeMsl. [IpH H3MeHEHHU BHEIIHUX IapaMeTpPOB, HANpUMeEp
o0beMa HIH JaBAeHHS CHCTEMbl, KBAHTOBOE COCTOSTHHE H IHEPTHSA CHCTeMBI
B 3TOM COCTOAHHH H3MeHAI0TcA. KpaTHbele ypOBHU MOTYT YaCTHYHO HJIH
TIOJIHOCTBIO PaciienyIfATbCA Ha NPOCThie YPOBHU. I1pocTEle ypOBHH MOTYT
COeAMHATLCA B OJMH KpaTHbIH ypoBeHb. ONHAKO o6ujee 4ucao npocmolx
yposHetl ocmaenics Heuamennoim. CACTEMA, eCJIH OHA HAaXOJUTCH B TEpMO-
JHHAMHUECKOM paBHOBeCHH, IIpH abCOJIIOTHOM HyJe TeMrnepaTyp 3aHH-
MaeT caMbifi HU3KHH 3HepreTHyeckuil ypoBeHb, BCe NPOUHE YPOBHU NS
Hee HeJIOCTYNHLL. LEc/H npu H3MeHeHHH BHEIIHUX NapaMeTpPoOB KPaTHOCTh
3TOr0 YPOBHSL He HM3MEHSieTCfl, TO OCTAHeTcsl HeU3MeHHBLIM CTaTHCTHYe-
CKHl Bec, a C HUM M SHTPONHSA CUCTEMBI, KaK TOro TpefyeT BTOpas 4acThb
TeopeMbi HepHera. Ecin ke KpaTrHOCTb HYJIEBOrO ypPOBHSI H3MEHHTCH,
TO NPOH3OHJET HEKOTOPOE H3MeHeHHe U SHTponuu. OJHAKO 5TO H3MEHEHHe
HUYTOXKHO, U UM MOXXHO npeHeOpedn. Hanpumep, eciy BMECTO 1{POCTOTO
YPOBHSI NOSIBUTCS ABOHHOH, TO CTATHCTHYECKUH Bec Bo3pacteT B 2 pasa,
a 3HTpOlUA NOJIYYUT npupauieHde AS = k In 2. OHO HUYTOXKHO BBUAY
MaJsiocTH noctostnHod BosbuMana k. Jlaxe ecnu Gl KpaTHOCTb HYJ/1€BOTO
ypoBHst uaMeHusach B 10?° pas, To u3MeHEHHE SHTPONHMU COCTABJSIIO
6bi Bcero AS = 20% In 10 ~ 46k. 10 — TaKKe HUUTOXKHAS BeJUYHHA.
Ilo mepe BO3pacraHHs TeMiepaTyphl CHCTEMAa INIePEXOJUT Ha BhHICIIHE
sHepreTHYeckHe YpPOBHH. CTaTHCTHUYECKHH Bec MaKPOCOCTOSIHHSI Pe3Ko
Bo3pacTaeT. HauuHaer Bo3pacTaTh U IHTPOIHMA.

3A0AYHYA

Hafit cratuctnueckne Beca depMu- u 603e-ra3zoB Npu aGCONIOTHOM HyJE TeMIle-
paryp. YGeauThCs, YTO ITH Ta3nl yjioBJersopsior Teopeme Hepuera.

Pemwenne Ilyers T = 0. B ciyyae pepMu-rasa MOXKHO YKa3aTb SHepreTH-
YecKHi ypoBeHb (C HOMepoM { = 1), 06J1ajal0lHil ClefYIOnUMH cBofcTBAMH. DHepre-
THYECKHE YPOBHH C HOMePaMH i < n 3aNOoJIHEeHHl LieJIHKOM, YPOBHH C HOMEpaMH { > n
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cBOGOAHBL. YPOBEHb C HOMCPOM [ = 71 3anOJIHEH 4YacTHUHO (WUJIM B UACTHOM CJayyae
noHoCTO). NS sanodnednnX yposHeil N; == Z;, pjs HesanonHeHHnX N; = 0.
B ofoux ciyyasdx Bce MHOXKHTESM B nponspelennu (82.3), 3a wckaiOUeHHEM n-ro,
paBHBl elHHHIe., MHOKUTEAL C HOMEPOM A OTAHUCH OT @AMHHLBI, €CJIH COOTBETCTBYIO-
WuH eMy YpoBeHb 3anojuHeH yactuuno. krak,

, _ Zp
o= F,11z, W1 9
Auajsoruuno ansa 6ose-rasa 7N
B C e i V13
Os.—o="Frz, =1 * (%4

Ecan namensietcs o6beM rasza, To MEHSIOTCS 3Heprus sHepreTHyecKux yposHeit. OgHaxo
yneaa Zy, Z,, N, a rakxe obluee uteao qacTul N octatores HensmerHbeMu. Ocranores
FICH3MEHHBIME CTATHCTHYECKHE BECAa W BHTPONHH rasoB. K ToMy iKe 3aK/IIOUEHHIO
MOKHO TIPHITH HENIOCPENCTBEHHO Ha ocHoBanuu dopmya (82.3) u (82.4),He npeobpasys
BX K Buay (84.3) u (84.4). Keautosnlii (H0 He Kjaccuueckuil) GoJbHMAHOBCKME ras
Tak:Ke yaosaersopser teopeMe Hepuera. Onnaxo 310 3ameyaune umeer uucto ¢op-
MaJbHBIH XapasTep, TAK KaK DNpH afCoIOTHOM HyJe TeMIeparyp CTAaTHCTHKA
Bo/buMaHa HenpHMeHHMA.

§ 85. KBaHToBasl TeopHA TemJoeMKOCTed JiinuTelina

1. KBanToBas Teopud B IpHHUHIE YCTPAHWIA TPYAHOCTH, Ha KOTOpBIE
HATOJNKHYJ/IACh KJIACCHUECKAsl TEOPUS B BOMPOCE O TEIUIOEMKOCTH Tes.
KauecTBenHo 3TOT Bonpoc yxke Opil paceMoTpes B §69. Teneps pacemot-
PUM €ro KoJuYyecTBeHHO. DyieM NpeicTaBaaTb Telo Kak cucreMy N
MOJIeKya, ¢1abo B3auMOAEHCTBYIOIUX JpYT ¢ ApyroM. IlpuMeHum K Helt
3aKOH pacnpesienedns boasimana (81.13), npeanonaras, 4To sHEpreTH-
yecKne YPOBHH AucKpeTHbl. CpefHsis sHeprus, NPHXOAMLIASCS HA OJHY
MOJIEKYTV B COCTOSIHHH TePMOAHHAMHYECKOTO PaBHOBECHS, Ofpeje/IsieTcs
BbIpazKe HieM

2 N &;

C yuerom ¢opmyasr (81.13) u ycaoBuA © HOpMHUPOBKH Y N; =
= Ny ¥ ge % = N noay4um

Egie_aai ,
HJIH _ 1 dZ d
E=— =~ (n2), (85.1)

rae BBeleHo o6o3HayeHuHe
&

Z= Y gie “i= Y ge ¢ (85.2)

Buipaxenne (85.2) HaspiBaeTcs crnamucmueckoll cymmol Wau cymmotl
cocrnoaMull 1 UrPaeT BAXKHYIO PObL B CTATHCTHUYECKHX MCCAeJOBAHMAX.

2. B kauecTBe npuMepa pacCMOTPHM CHCTEMY OAHOMEPHBIX FapMOHH-
UECKUX OCIIIIATOPOB. Y POBHHM SHEPTHH IapMOHHYECKOTO OCHHJIATOPA
NpocThie B onpejenstores GopmyJaon

&= (i -+ /a) v (85.3)

[

~3

i1 I. B, Cusyxum, 1, II
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(cM. § 69). Haa cymMel cocTofHHI nonydaeM

e @ _ahy
7 _“’;X | L iahy €
=e €= T v
i=p
a aaqa cpelmefi SHEPTHH OCHUJLIATOPA
_ d hv hv
eleT___I

B nocsenneM ciaraeMoM Mbl 3ameHnnu o Ha 1/(kT).

Cnaraemoe hv/2 ecTb HYAe6a8 IHEpeus FaDMOHHUECKOTO OCUHILISTOPA.
OHa He 3aBHCHT OT TeMIepaTypHl H He HMeeT OTHOLICHHS K TelJIOBOMY
JBHKeHHI0. B TeOpHH TENIOeMKOCTH Tel ee MOXHO OlyCTUTh. Ecau
3TO cfe1aTh, TO NOJNYYHTCH hv

£=T_l\,’_—_. (85.5)
e’ —1
Sra gopmyna Brepsrie 6pia nosydena Ilnankom B 1900 r. B ero uccieno-

BaHUAX MO TeOPUH TeIvioBoro usiyuenus. Ecau hv < kT, uto umeer
hv

hv
MECTO TIPH BHICOKHX TeMIeparypax, 1o et =~z 1- BT B srom npubiu-
:keHuH (85.5) nmepexonur B Kaaccugeckyioo Gopmyny

g—kT. (85.6)

Taxoit pe3ysnbTar JOBOJBLHO OYEBHJEH, Tak Kak npH kT >> Av B0o3Gyx-
JIeHO OYeHb MHOTO SHEPTeTMYeCKHX YPOBHeH, H HX JHCKPETHOCTh CTaHO-
BUTCHA HECYHIeCTBEHHOM.

3. ®opmyaa (85.5) Obina noJioxeHa DUHIUTEHOM B OCHOBY KBAHTOBOMH
TEOPHUHU TEeNJIOEMKOCTH TBepAbX Tesd. OH NOb30BaiCAd TOH Xe MOJEJbIo
TBEPJAOro Tesa, Kakas NpPHMeHsJach B KJIACCHYECKOH TeOpHH. ATOMbI
KPUCTA/JINYECKOH PEIIeTKH PACCMATPUBAIHCH KAK FapMOHUYECKHE OCILHI-
JIATOPBI, COBEpIIAIOILHIE TENIOBblE KOJeOaHHS OKOJIO NOJIOXKEHUH pPaBHO-
BecHsi C OiHOH U TOH K€ yacToTol v. OCUWIIATOPE Opasiuch Tpexmep-
HBIMH, T. €. o6Jajja/ii TpeMs cTeneHsaMu cBoboapl. Ha kKaxnayiwo crenennb
CBOOOJbI MPUXOJUTCS CPEJHAA SHEPrHs TEeIVIOBHIX KoJeGaHud E, a Ha
oftnH aToM 38. BHyTpeHHAA 3HEPTHA OLHOTO MOJIS ONPefeseTCs Bupa-
JKEeHHEeM

U==3Neg=_21v (85.7)
T —1
rae N — uucno Asorazpo. Orciona nosydaeMm Ajst aTOMHOH TeHJIOEM-
KOCTH KPHCTA/INYeCKOH DEIUeTKH TBEPABbIX Tel
3R (hv® hv
dlJ \ET
Cv=y4r= “—< e ))2 ekt (85.8)

#T—1
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A0 ¥ ecTb gopmyra Jiinwumetina. TIpu BHICOKHX TeMmIepaTtypax, Korja
hv
BT < I, oHa NepexoJHuT B KJACCHIECKYIO Jopmyay

CV==3R.

B JIPYFOM npeleqbHOM C/lydae HHU3KHX TeMmnepaTtyp, Korja %> 1’

MOXKHO npeHere% eUHHUEeH B 3HaMeHaTeNne u DOJAY4YUTH

hy
Cy=3R ([ ¢ *T. (85.9)

IMpu T — O Buipaxkenus (85.8) u (85.9) cTpeMsATCA K HYJIO, KaK 3TOro
tpebyer TemsoBas Teopema Hepucra.

4. Bnpouem coryiacie c onbITOM HOCHT TOJBKO KauecTBeHHBIH Xapak-
Tep. Ilo dopmynam (84.8) u (84.9) npu T — 0 rentoeMKocTs Cyy CARITKOM
GLICTPO  CTPEMHTCS K HYJIO — NPHGIM3UTENBHO SKCHOHEHIHANLHO.
OIBIT MOKa3bIBAET, YTO B IEHCTBHTENBHOCTH NPHOJHKEHYE TENI0EMKOCTH
K HYJIIO HIET [0 CTENEHHOMY 3aKOHY, T. €. 6oJjee mepiento. [lpu npyrux
TemnepaTypax ¢opmysa DiiHTeAHa TaKKe HAXOAMTCH TOJBKO B KayecT-
BEHHOM, HO He B KOJM4YeCTBEHHOM corviacui ¢ onulToM. OJHaKo 3TH pac-
XOXKJEHHS CBSI3aHbl HE C CYIIECTBOM KBaHTOBOH TEOPHH, 4 C YHPOLIEHUEM
pacyeTa, B KOTOPOM NPEAMNOJaraerTcs, Yro Bce rapMOHHYECKHe OCIHJIA-
TOPHI KoseGJIIoTCA ¢ 0JHOH 1 TOH e yactoToit. Ha camom Jene kpucrad-
JIMYECKYIO DeIIeTKy CJeAyeT PaccMaTpHBaTb KaK CBS3AHHYIO CHCTEMY
B3aUMOJIEHCTBYIOIMUX YacTul,. Mansle KonebaHHsl TaKOH CHCTEMbl HOJY-
YaloTcsl B pe3y/bTaTe HaJOXKEHHS MHOI'MX TapMOHHYECKHX KoJseGaHuil
¢ pasIVYHBIMH YacTOTaMH. YHCJI0 4acTOT OuYeHb BEJNNKO — IOPSAKA
yucsa creneHedl cBoGoibl cHCTeMHbl. 11pu BRHIMHCIEHHH TEIJIOEMKOCTH
TeJI0 MOKHO PacCMaTpPUBaTh Kak CHCTEMY FapMOHHUECKHX OCHHILISATOPOB,
HO C PasJMYHBIMK YacToTaMu. 3afaua CBOJUTCS K BHIUHCJICHUIO 3THX Yac-
TOT, T. €. K OTHICKAaHHIO TaK HasblBaeMoro cnexmpa wacmom. Ha 3to
OLLTO YKA3aHO YXKe CaMHM DHHIITeHHOM.
~ 3azaua o CneKTpe 4acTOT KPUCTAAIUYeCKON pelieTKH TBEPAOTo Tena
paccMatpuBanachk eGaem (1884—1966), a satem bopuom (1882—1971)
n Kapmanom (1881—1963). Bopn u Kapman mnojgouwin X pelueHuio
33/laul C MOC/IENOBATe/IbHO aTOMHCTHUECKOH TOUKHM 3pEHHSA. IJTO O4eHb
tpygHo. JebGa# cuabHO ynpocTua 3apauy. [Ilpu nruskux memnepa-
mypax OCHOBHOU 6KAQD 6 MEnA0EMKOCIb BHOCAM HUBKO4ACMOMHbIE KOJe-
6anus, KOMOPoIM COOMBENICIMBYIOM MaAble Kéarme: Inepeut. IIpakTHICCKH
TOJILKO TaKHe HHU3KOYaCTOTHhIE TEVIOBHE KaJeOaHHA H BO30YXKIEHI
npH HU3KHX TeMneparypax. Kome6anus ¢ Gojiee BLICOKHMH YacTOTaMH,
KOTOPBIM COOTBETCTBYIOT GOJIbIUNE KBaHTHI HEPTHH, NMPAKTHUECKH He
BosOykneHbl. Ho HH3KOYAacTOTHLIA CIEKTP TEIOoBLIX KoJeGaHHH Toep-
AOFO Tesia MOXKeT OHTh € AOCTAaTOYHOH TOUHOCTBIO PACCUUTAH METOLaMH
MEXAHUKU CRAOUHOL cpedbt, OTBJIEKAACh OT aTOMHCTHYECKOH CTPYKTYpLE
Tena. Torka BLYHCJIEHAS CTAHOBATCA NOBOMBHO MpocThiMU. TakuM nyrem
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He6ait OCTPOMI IPOCTYIO TEOPUIO TEIJIOEMKOCTH TBEDIBIX TeN, 0COGEHHO
XOPOIIIO COMVIACYIOMIYIOCS C OMBITOM NIPH HU3KUX TeMmriepaTypax. CorsacHo
3TOH TEOPHH 664U3U ABCONOMHOZ0 HYAS MENA0EMKOCTbD KPUCHIAAAUMECKOL
pewemxy meepdoco meaa NPONOPUUOHAALHA KYyby abcoaomHotl memne-
pamypel. DTOT Pe3yJbTaT HA3LIBAETCS 3aKOHOM Kyboe [edas. Mol He
MOXeM YrayGasaTbcsi 3lech B jajibHellliee paccMOTpeHHE 3THX BO-
IIPOCOB.

Teopus DiniuTeliHa, paszymeercsl, NMPUMEHHUMa H K K0.126amenbHol
menacemKocmy IByXaTOMHBIX WJIM MHOTOATOMHBIX razoB. CoBepileHHO
AQHAJOTHYHO MOXKeT ObIThb NOCTPOEHA H TEOPHSA 8PAAMEAbHOL menao-
emkocmy. Bbluuc/IeHNs 3[ech HECKOJIBKO CJIOKHee U3-3a 6oJee CI0KHOI
CTPYKTYPBI 3HEPreTHYECKOro CIeKTpa.

5. B mMeransax, NoMHMO KPHCTaJAJHYECKOH peleTKH, MOCTPOEHHOH
13 1IOHOB, HMEIOTCA ellle CR0000Hble aaekmporsl. B mpoctelieli Moaenu
HX PacCMarpuBaloT Kak udeqivHolll aaexmpoxHbui ea3. Jlego B TOM, 4TO
37E€KTPHUECKHE CHJIBI NPUTSAKEHHHA, NEHCTBYIOLUIME HA 3JIEKTPOHBI CO
CTOPOHBI TOJOKHTENBbHO 3apPSKEHHBIX HOHOB, B CpEJHEM KOMIEHCH-
pyloTCA CHIaMH OTTaNKUBaHUsA, NeHCTBYIOHIMMH CO CTODOHBI CaMHX
3JIeKTPOHOB. B 3Toil Mojenyu Bcsl 3HEPrHs 3/7eKTPOHHOTO Taza TOJIBLKO
KHHeTHYecKast. J1o3ToMy I/s HEro MpUMeHNMO ypaBHEHHe KUHETHUeCKO
Teopuu raszos (59.8), T. e.

PV =2/,E. (85.10)

Ho, xax Mbl yxke ykaspBaiu B § 69, 371eKTPOHB NMpaKTHYECKU He
BHOCSIT HHKAKOTO BKJaJa B TEmIOeMKOCTb. dopMmasibHOe 00bsCHEHHE
3T0r0 OBLIO yKe AaHO B § 84 c¢ momomiblo Teopemul Hepsera. Ilpuse-
IeM Tenepb OGonee HOAPOGHOE MOJEKYASIPHO-KHHETHUECKOe (TOuHeE,
CTaTHCTHYECKOoe) OObACHEeHHe. D/eKTPOHHBIN ras B MeTalslaX BCerja
BHIPOXKJIEH, TaK Kak TeMIlepaTyphl BHIPOXKIEHHUS IJIs BCeX MeTasljioB
€OCTaBJASAIOT JeCATKH Thicsty rpanycoB {(cM. § 71). Tlpu abcomoTHoM Hy1e
pacipejiesieHite 31eKTPOHOB 10 KBAHTOBHIM COCTOSTHUSIM TIPE/ICTaB/IAeTC S
NpAMOYTOABHUKOM (CM. puc. 73, 6). DJEKTPOHHI COBEpILAlOT BechMa
MHTEHCHBHOE KBAaHTOBAHHOE JIBHKEHHe, HO COBEepIUeHHO He YYacTBYIOT
B 0eCTIopsAI0YHOM TeIVIOBOM [BHKEHHH. DHepPrusl 3TOr0 KBAaHTOBAHHOIO
aBukeHusi E, 1u jaBieHde P onpejiesiFi0TCs TOJIBKO KOHLEHTpalueH
3J€KTPOHOB. IT10 NPUOIMKEHHO CHpaBefJHBO M B TOM cJyyae, KOTAa
Temrepatrypa 7 oTJinYHa OT HYJAS, TaK Kak JJIs MOAABJASIONEro Go/b-
IIHHCTBA 3JEKTPOHOB pacnpesiesleHde HOCHT TOT JKe XapakTep, YTo I Ha
puc. 73, a. CnenoBaTe/1bHO, 3TH 3JIEKTPOHBI TIO-NIPeKHEMY HE y4acTBYIOT
B TEIJIOBOM JBHKEHHU H He BIMSIOT Ha TemoeMKocTh. «l1psiMoyrosbHoes
pacnpesiesieHHe 3JeKTPOHOB HapYIIAETCH TOJIbKO BHYTPU OUEHb TOHKOIO
SHEPreTHYECKOro 101 BOIM3M IPAHHULLL € = . To/IMHA 3TOFO CJIOS
NOp#JZIKa SHEPTUH TemioBoro ABuxkeHHs: kT . ToJabKo 3TH mpUrpaHHyHbie
3JIEKTPOHBI M YUYACTBYIOT B TENJOBOM JBH:KeHUH. OHH-TO U BHOCAT
JIOTIOHUTENbHBI BKJA4 B 3Hepruio E W gaeseHue P, 3aBHCAMUH OT
TeMIepaTypbl. 3a CUET ITUX IEKTPOHOB U MOSBAAETCH TeIJIOEMKOCTh
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9JIECKTPOHHOrO rasa. Ho Taxk kax TNIOTPaHHYHBEIX 3JIECKTPOHOB OY€Hb MaJlo,
TO 3TOT BKJAaj TaKXKe MaJj. PacueT IIOKasbiBaeT, YTO MenA0eMKOCHb
BAEKMPOHHOS0 easa AUHEUHO 3asucum om memnepamypel, T. €. UMEET
BUL

Cony = YT’

rie Yy — TOCTOsIHHASA.

ABaJIOrHYHO MOXKHO II0Ka3aTh, YTO H TelVIOEMKOCTb Go3e-rasa
B COCTOSIHMH BHIPOXJCHHMS Maja M CTpeMHTCS K HyJdwo npu T — 0.
Oco0eHHOCTb B 3TOM C/y4ae COCTOHT B ToM, uto npu T = (0 Bce yacTHILbE
rasa HaKallMBalOTCS Ha CaMOM HH3KOM YpOBHe C 3Heprueii, paBHOH
nyao. [lostomy npu 7 = 0 He TOIbKO KHHETHYeCKAasl SHEPrus, HO H
JaB/eHue 603e-ra3a o0palaTcs B HYIb.



TIHTABA VII
SIBJIEHHUS NMEPEHOCA B I'A3AX

§ 86. Cpennsis nauHa cBoGouHoro mpobera

1. CpesHAsi CKOPOCTh TEIIOBOTO ABH:KEHHS Fa30BbIX MOJIEKYJ ompe-
nensierca dopmyaoit (73.6). Yxke npd XOMHATHOH TeMmmeparype OHa
NOpsiAKa CKOPOCTH pyxeiiHoit nyau. Hanpumep, npu 0 °C ans mosexy.

BOJOpOAa, asoTa H KHUICPOJAa Be/auYHHA 0 paBHa COOTBETCTBEHHO
1700 m/c, 455 m/c 1 425 m/c. Ha pauHeidl ctaauu pasBUTHA KHHETHYe-
CKOH TEOPHH I'a30B CTOJIb Oo/IbllIHE 3HAYEHU S cxopomeﬁ MOJIEKYJ HEKO-
TOPbIM (I)HSHK&M KasaJiich HeBO3MOMKHBIMH. LEcan CKOPOCTH MOJIEKYJL
IleﬁCTBI/ITeJIbHO TdK BeJUKH, — TFOBOPHU/INH OHH, — TO 3alldX MaXyyero
BeUleCTBa JIOJXKEH OBl OBl pacnpocTpansATbCs OT OAHOI'O KOHILA KOMHATbBI
K APYroMy NpakTHYeCKH MrHOBeHHoO. Ha camom jeJie 1Ipu OTCYTCTBHH
KOHBEKTHBHBIX IOTOKOB BO3/1yXa BpeMdA PaCnpoCTpaHeH!sl 3anaxa na Ta-
KHe pPacCTOAHHS MOXKET COCTapJasAThL MHOTHe MHUHYTbHI U JaxKe Yachbl.
PacnpocrpaHeHHe 3anaxa OCYLICCTBJsCTCsE IOCPEJACTBOM MEQJICHHOro
npoyecca Ouggysuu.

Hasi neMOHCTpauMH MeAJeHHOCTH AH(PY3HM ra30B MOKHO B3SiTh CTEKJISTHHBI
IMJIMHAD, 3aKPBITH CBePXy NPoBOJMOHOI ceTKoil. Baoan ocn mmanuapa nponymena
TOHKas CTEKJSIHHAs naJjodyka Hiau TpyOKa, K KOTOPO{l Ha PaBHBIX PacCTOSHUAX
npuKpervieno oko/o 10 nosocok GuabTpoBanbHO GyMaru, CMOUCHHEIX B (eHos(Ta-
saerne. Ha ceTky cBepXxy kaajercd Bara, CMOUEHHAsl HAWATHIPHLIM CIHPTOM. Boize-
asioumiics aMMuak audbdysaupyer BHu3. duddysusa nabionaercs No NoKpacHEHHIO
NnoJIoCOK (puIAbTPOBaNbHON OyMard. HUepes 1—2 MHHYTH HAYHHAETCA NOKpacHeHHe
Bepxueil mosockn. HuKHAA nojocka HauMeacT xpacHeTh MHHYT uepe3 20. Ammuak
Jierde BO3JLyXa, NO3TOMY €T0 NPOHHKHOBEHHE BHM3 HDOHCXOJHT TOMBKO B pe3y/braTe
auddy3nn. CTekaAHHBIA IIHHAP CIAYXKHT A5 IPEAOTBP allleHHSI BOSHUKHOBEHHS TIOTO-
KOB BO3JlyXa.

3HaYHTEJIbHO MeJAJICHHee NPOHCXOAMT AHDOY3HS B KUAKOCTAX, XOTS CKOPOCTH
TEIJIOBOTO JBMIKCHHUS 3/1eCh TAKHE XK€, YTO U B ra3ax H B TBepAHX Tedax. Ecau ysxuil
W BLICOKHIl CTEK/SIHHBIH LMJMHAD HAaNoJHHMTh JUCTH/JIHDOBAHHOK BOAOI, a 3areM
Ha JHO € NOMOMIBIO CHEUHANBHOH TPYOKH OCTOPOIKHIO ONYCTHTH KPHCTAJJIBE MEIHOLO
Kynopoca, TO HOCJCAHME PacTBOPATCA, d naunercd auddyaus. Urtobel ee 3ameTuts
Ha 17123, HYXKHbBI CYTKH HJH HECKOJILKO CYTOX. A Ji14 TOro 4ioGhl HOMYYHJICT OLHOPOL-
HBlIi PacTBOp MO BCEfi BLICOTE LMJMHAPA, TpeOyeTCsl HeCKOJIbKO Mecsaues. B teepabix
tenax AuQPysHsa NPOUCXOIMT ellle MeAJicHHee, W TPeOYyIOTCs CHCUHANbHbIE METOAHI,
yToOBl €e 0GHAPYKHUTD.

Tax :xe MeiJIeHHO NPOMCXOJHT BLIPABHHBAHHE TEeMIEPaTyD MEKAY Pas/InyuHbLIMH
4acTsIMH HEPABHOMEPHO HArpeToro ra3a NnocpeACTBOM TCIION POBOAHOCTH UK BhIPaBHH-

BalHe CKOpocTell MAKPOCKONHYCCKOTO JABMIKCHHSA [asa MOCPECTBOM CHJ BHYTPCHHETO
TpeHus.

2. Measennocts auddysun n ananoruuHelX efl asjenuit Knaysnyc
OGDBSICHIII CHIDAKHOGEHUAMU MOAEKYA. MosleKyna rasa He Bce BpeMsl JBH-
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Kercs cBoGO/IHO, 4 BpeMs OT BpeMeHH HCILTHIBAeT CTONKHORBEHHS ¢ ApY-
rUMH MOJIeKy.J1amMH. CBOOOJIIO OHa mpoJsieTaeT KOPOTKOe paccrosHve of
OJIHOTO CTOJIKHOBEeHHSt JI0 clefyiomero. B MOMeHT CTONKHOBEHHS CKO-
pPOCTb MOMEKYJbI HCHLITHIBAGT DE3KOE N3MEHeHve KaK Mo BeiHuyiHe,
Tak W N0 Haflpasienuio. B pesyiaprare TpaeKTopHs MOJEKYAul 1oJy-
gdeTcs He npsIMof, a Jomanol JuHue#l ¢ 0oJ1bINM KOJHYeCTBOM 3BEHbEB,
Monexyna GecriopsiiouHo MeteTcs Ty/la U ciofa, 1 ee oliiee NpojiBHKe-
HHe Briepe], NPOHCXOJAMT CPABHHUTENbHO MejseHHOo. JJis KOJHYeCTBeH-
HOTO omnuecanusi sbienuss Kaaysuyc BBes nonsThe cpeduerd Oaumbt
c80600H020 npobeeq, T. €. CPEJIHETo PACCTOSIHIS, KOTOPOE [IpoJieTaeT MoJle-
KyJa OT OJHOIO CTOJKHOBEHHSA JI0 CJIEAYIOIEro.

lnsa Boiuncienus cpefaeit JuHBl CBOGOLHOTO Npolera OyieM HOJb-

30BaTbCs MOJeabio meepduix wiapos. MeKaAy CTOJAKHOBEHHSAMH MOJEKY-
JIbl — 1apbl ABMKYTCS 110 HHEPHUY 1P SIMOMHeiHO 1 paBHoMepHo. B mo-
MEHTB! CTOJKHOBEHHH MeXJy MOJIEKY/aMi Pa3sBHBAIOTCSI O4eHb OOJIbLIie
CWJIBLI OTTA/KUBAHUS, H3MEHSIOUIHE
HX CKODOCTH 1O BeJIUYHHE H Ha-
npasjenunio. Pasymeercss, Ttaxas
rpy6as Monenb IiepejaeT NaneKo
He BCe YepThl SIBACHHH, KOTOpbIe
MPOUCXOANT IPU CTOJIKHOBEHHIX.
Mosekyapl MOTYT pacnafarbes U
COeIMHATBCSI. ATOMBL MOT'YT HOHH-
30BaTbCH, NepeXoidTh B BO30YK-
JIeHHble COCTOSIHUSI H T. 1. Bce 310 Puc. 75.
ocTaBuM cefiyac 0e3 BHHMaHUA.
Mogenn TBepAsIX IUApPOB MoxKeT NPHUOIU3HTENLHO NPABHILHO ONHCATh
TOJIBKO APOUECCH! pacceants MOJICKYJ, B KOTOPLIX IIPOUCXOAAT H3MeHe-
HHSl CKODOCTH M HAanpaB/eHHs JBHKEHHA 3THX 4acTHL, B pe3yJjbnTaTe
CTOJIKHOBEHHH HX MEXKAY CO00H M CO CTeHKaMH cOCyAd, B KOTOPOM
3aKJIIOUeH ras.

[lna ynpoweHuss pacuera MNpPeANoNoKAM, YTO JBHUKETCS TOJIBKO
0JIHa MOJIeKYJ/1a ¢ HOCTOSIHHOM CKOPOCTbIO 0, a Bce OCTAJIbHBIE MOJIEKYJIbl
HeNOJABHXKHBL. DyjleM Ha3bBaTh ABHAKYILIYIOCS MOJIEKYJY MosekyJoh A.
Boo6pasuM, 4To ¢ MOJeKYJI0oid A KecTKo CBSI3aHA KOHIEHTpHYecKas
¢ Hefl TBepjan cdepa S BABoe Gonbinero auaMerpa. Hasosewm sty chepy
cihepoii oepancOerus MosieKyasl A. B MOMEHT CTOJIKHOBEHHUSI pacCTOSIHYE
MeXJy HEHTPAMH CTaJKHUBAIOIHMXCA MOJIEKYJ PaBHO AHaMETpy MoJe-
kyJel d. CrenoBate/IbHO, B 3TOT MOMEHT LIEHTP HEIOABHKHON MOJIEKYIH],
C KOTOPOH CTOJNKHYJIach MOJieKyJa A, OKaxKeTcsi Ha OBEPXHOCTH cephl
orpaxjieHus nocienreit. OueBuaHO, OH He MOXKeT NPOHUKHYTh BHYTPb
aroft chepr. Mexay ABYMS HOCJAENOBATENBHLIME  CTOJKHOBEHUAMH
Mosekyist A ee cepa orpaxieHusi onHCHBAeT IHIMHAD, IJIHHA KOTO-
poro u ectb cBoGonubll npober mMosiekymbt A. M3 TakHX HHUIHHADOB
CKJIapiBaeTcs NIOBEPXHOCTb, ONMCHIBAEMAs C TeueHHEM BpeMeHH cdepofi
orpaxaesus (puc. 75). JIna xparkoctd GyleM Ha3bBaTb 3Ty IOBEpX-
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HOCTb JIOMaHBIM LIJIKHAPOM. Ecau UeHTp ApYyroil MOJEKY/bl JIEXKHT
BHYTPH H/IM Ha OOKOBOH TMOBEPXHOCTH 3TOT0 LMJINHAPA, TO OHA CTOJK-
HeTCs ¢ MoJeky/aoit A. B mpoTHBHOM c/yuyae CTOJIKHOBEHHS He IIpo-
nsojifier. Ilycte V — ofbeM JoMaHoro HUJIMHIPA, OIKCEIBAEMOIO
chepoit S B enuHMIy BpemeHH. CpejlHee YHC/IO 2 CTOJKHOBEHUH ABHXKY-
[ueHicA MOJIEKYJIbl € OCTaJbHBIMU MOJIEKYJIaMH B €IHHUILY BpEMEHH PABHO
cpelHeMy 4HCIy nocielHHX B oOveme V, T.e. z= Vn, rae n — wucio
MOJIeKy/I B eiuHHLe oObeMa. Mel mpednosnaraeM, 4To CpeiHss JIHHA
cBobogHoro mpoGera A oueHb BeJMKA IO CPABHEHHIO C JUAMETPOM
cheprr orpaxienua 2d. Torga MoxHO npeHeOpeYb TeMH YacTsSMH 00b-
eMa V, KOTopele NPUXOAATCS Ha H37IOMbl UUAHHADPA, T. €. IPH BHIYHC-
JeHuu V HWIHHAD MOXKHO CYUHTATh NPSMBIM, a €r0 BBEICOTY PaBHOH CKO-
pOCTH MoJeKyabl v. B stoM npubauxenuu V = ov, rae o = nd® —
IJIOIIAAb TIONEPEYHOro ceyeHHs wouanuapa. ClefoBaTe/bHO,

2=nov. (86.1)

[TyTe, mpoiineHHbId MoJeKyI0H A 3a eIHHHIY BpeMeHH, paBeH v. Pas-
Ie1VB ero Ha cpefiHee YHC/I0 CTOJNKHOBEHHH 2, HafiieM CpefHION ATHHY
cpoGopHoro npo6era MOJIEKYJIBI:
=L, (86.2)
no

W3 BriBoja ciepyer, uTO NpH nosaydenuu gopmya (86.1) u (86.2)
MOXKHO pacCyKAaTh Tak, Kak ec/u Obl Bce MOJIEKYJIbl, C KOTOPBIMH CTajl-
KUBaeTcs MoJekysa A, ObUIH TOUYEUHBIMH, a pafuyc MoJeKkyasl A yBe-
JIMYeH BABOe, T. €. MoJleKyJia A 3aMeneHa ee cdepoit orpaxaenus. Takas
3aMeHa MOXeT paccMaTpPHBATHCS KaK BLIYHCIAUTENbHEIN pHeM sl yueTa
KOHEUHBbIX Pa3MepoB MOJIEKY.1, CTANKHBAIOIHXCA ¢ MoJeKynoil A. D1oT
npuem 6YLeT UCIOAB30BaH B C/e/yIoleM raparpade Npu BBeJJeHHH NOHS-
THA 3(peKTUBHOrO CedyeHHs.

Koneuro, ¢opmynnl (86.1) u (86.2) He TOUHBI, IOCKOJIBKY B OCHOBY
HX BBIBOJA TIOJIOKEHO IPeJoJoKeHHe, YTO ABHKETCA TOMBKO OLHA MoJe-
KyJia, a BCe oCTalbHBle HemoABHKHEL. CTporufi pacuer Obl1 AaH Makc-
BEJIJIOM € YYeTOM MaKCBEJ/JIOBCKOTO paclpejie/ieHus MOJeKy.I 10 CKopoc-
TAM. MakcBe/qsT IOJy4YH.I:

z=)2nov=1,41nov, (86.3)
1 0,707
e —— 1AL .
Vo (86.4)

Bripaxenus (86.3) u (86.4) ortinuaioresi ot npuOJIHKEHHBIX GOPMY i
(86.1) 1 (86.2) TosbKO YHCTEHHBIMI KO3(dUIHeHTaMH, OJH3KHUMH K e1H-
HHLe. JTO HEeCYLIECTBEHHO BO BCEX pacyerax, KOTOphle CAMH MPOBOAATCS
C TOYHOCTBIO [0 YHCJEHHBIX KoabhduiuentoB. Takoe NosoKeHHe HMeeT
MECTO B H3JlaraeMOH HIKE TEOpPHH 96AeHuil nepetoca — Oughdysuu,
BHYMpenHe20 mperus H menaonposodHocmu. BBHAY CJI0XKHOCTH TOYHOH



§ 86] CPEAHSS NJUHA CBOBOLHOTIO MPOBETA 329

TEOPHH 3THX siBJeHUHl IPHXOAUTCS AOBOJBCTBOBATLCS NpPUGIHKEHHBEIMH
pacyeTamu, 4acTo AOBOJILHO I'pyOLIMH. B Takux pacuerax HecyuleCcTBeH-

HO COXPaHATb UHC/IeHHbIe MHOKUTeTH ) 2 1 1/} 2, 4T0 06LIYHO H feaeTcs.
YnpoweHnuse ¢opmyasl (86.1) u (86.2) maior He TONBKO NpaBUJIbLHBIE
TOpSIAKH BeHUYHH, HO, YTO OCOGEHHO BaXKHO, NPHBOAAT K BEpHOH 34BHU-
CHMOCTH 4YHCJIa CTOJKHOBEHHH W JTHWHBI CBOOOAHOrO Ipoera or KOH-
UeHTPAUHH H Pa3MEPOB MOJEKYJI.

3. Cam Maxcsenn nosyuun sepaxenus (86.3) u (86.4) B pesynbrate A0BOJBHO
KPOMOT/IUBLIX H C/IOKHBIX BBIYACACHHH. MeKAy TeM HX MOMKHO TOJNYYHTH U3 DOPMYJ
(86.1) u (86.2) myTeM BeckMa MpPOCTHIX pacCy:XAeHHH MHouTH 6e3 Bblyuc/enuit. [loss-
Jenne muoxutens ) 2 cranoBUTCH NPH 3TOM 0COBEHHO ACHHM. [IpHBEAEM COOTBETCT-
BYIOIHH BBIBOA.

[Tpu paccMoTpPEHHH Mpouecca CTONKHOBEHHA HIPaeT poJib He abCo/II0THAS CKOPOCTD
BBIAE/IEHHON MOJIEKYAB A, a e CKODOCTb OMHOCUMEAbHO MOAEKYABL, C KOMODOL OHG
cmaakusaemes. Bblle MM MBICJIGHHO TPYINMY MOJIEKYJ, KOTOpbE HBHXKYTCS OTHOCH-
TeJILHO MOVIEKYJBl A C OFHOH U TOM K€ OTHOCUTEIbHOH CKOPOCTBIO U; ory. I1yCTh 13 —
YHCJIO TAKHX MOJIEKYJI B elHHHLE 06beMa. UyC/I0 CTOJIKHOBEHHT 2; MOIEKYJIEL A ¢ MoJle-
KyJiaMH BbiJeJeHHOH TPyINbl B ¢fMHHLY BPeMEHH MOXKHO HafiTH no ¢opmyne (86.1),
KoTopas JaeT 2; = mOu; gry. 110JIHOE YHMCJO CTOJKHOBeuuil MoJexkyasl A co BCeMH
OCTa/IbHBIMH MOJIEKYJaMH HaHAeTCsl CyMMHPOBAlMEM 3TOrO BBIPAMKeHUs] [0 BCEM
CKOPOCTHBIM TpyINiaM, T. €. IO BCeM BO3MOXKHBIM 3HauyeHUsIM HHAeKca i:

2= n;00;orxe
Z

Beeast cpesHIO OTHOCHTENLHYIO CKOPOCTh

_ 1
Yoty = e Z 0ot ,

NOJTY UM
T=10Tqry» (86.5)
H C/IeJoBaTelbHO,
g 1
=2 . (86.6)
Uory NO

3anaya cBesgach K BHIYMCJGHHIO cpefHell OTHOCHTENBHON CKOPOCTH Topy KaKOH-IHGO
MOJIEKYJ/IBl OTHOCHTENBLHO BCEX OCTAIBHBIX MOJCKYJ Tra3sa.

4. Ilas pewenns stoll 3afaud JaguM APYIYI0 HHTEPHpETAUHI0 MAKCBEAJIOBCKOIO
3aKOHa pacnpefescHus ckopocteli. B npexueil wuTepnperanvu saxon Makcseisn
Oasan pacnpedeseHue CKOPOCMEL 6CeX MOACKYA 203@ 8 O0UH U MOM e MOMEHIM 8pe-
senu. Ho Ha Hero MOXKHO CMOTPETb KaK Ha 80KOH pacnpedeicHiss cKopocmell 00Hodk
w moi we mosexyast (HanpuMep, MoJeKyJibl A), KOTOpHe Ola TOCHeIOBATENbHO MPH-
HUMaeT B pasjiMyHble MOMEHTH BpeMesH. Bocrosbsyemcs cieayromleii MHTepmpera-
umefl. IlycTe 0y, @y, ..., U, — CKOPOCTH, NMpUHMMaeMble MONEKYJOR A Hemocpesct-

BEHHO 10C/IE HEPBOTO, BTOPOTO M IOCHAEAYVIOWUX CTodKkHOBeHui. Ecan gyucao N crpe-
MHUTCSI K GECKOHEUYHOCTH, TO 9TH CKOPOCTH pacHpejessitcs 1o 3aKkony Makceemia. 210
HENOCPEACTBEHHO CJeAyeT H3 PaBHOIPABHSA BCeX MOJICKYJ M XaOTHYHOCTH MOJEKY-
JISPHOTO TEIJIOBOIO ABHMKEHHSI. B MOMeHTH CToJIKHOBeHMII HA Mojekyay A peficrt-
BYIOT Gecropsilouno MeHsiowuecs cuibl Fy, Fi, ... OHM-TO M NIPHBOAAT X YCTaHOB-
JIEHHIO MAKCBEJIIOBCKOTO pachpejeleHusi cKopoctel MoaeKya1 A B paccMaTpHBaeMble
MoMenThl Bpemend. [1og 4, ¥y, ..., Dy Mbl [IOBHMAEM CKOPOCTH OTHOCKTE/BHO CHCTEMbI

oTcyera, B KOTOpOfI Ta3 Kaxk leJjoe NOKOUTCH. BBe}leM TeIEePb CKOPOCTH MOJICKY/JIb]
A OTHOCHTENHHO OCTAJBHEIX MOJICKYJ/, KOTOPLIMU OHa obnazana B IIPOMEKYTKAX
MEXKAY TNO0CACNOBATECJbHLIMH  CTOJIKHOBCHHAMHU. HYCTb D10y O3HAYACT CKOPOCTb
MOJIEK Y 1Bl A nocse IIEPBOI'C  CTOJIKHOBEHHS OMIHOCUMEABHO MOACKYALl, ¢ lcomopoti
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NpOUBOWIAD SMO  CMOAKHOBEHUE, Dgory — CKOPOCTh MOC/E BTOPOIO CTOJKHOBEHHS
OMHOCUMENLHO MOACKYAbL, C KOMOPOL NPOU3OWIAO 5MO 8MOPOE CMOAKHOSeHUE, H T. JI.
Kak u3pecTHO M3 MEXaHWKH, MPU PacCMOTPEHHMH OTHOCHTEJNBHOTO JABHIKEHHS NBYX
YACTHIL OAHY M3 HHX MOMKHO CUUTaTh HemoABHKHOH. OTHOCHTENbHO® ABHXKEHUE BTOPOH
yacTHubl (HampuMep, yacTHUH A) dopManpHo omuchiBaercs ypasuenueM Hulotona,
Kak B ncnogsuxHoft cucreme. Ilpu atom cuant Fy, Fy, ... 0CTalOTCA NPCKHUMH, HO
Macca yacTHLel A nonxHa OuiThb 3aMcHCHA npusefiesHoit maccoil. Ecau Mosexysist
T T . Takum
m1+mz 2
06pa3oM, NPH OTHOCHTEJLHOM JBHMKEHHH BCE MPOHCXOAHT TAK, KaK ecaH Gbl Macca
MOJEKYJLl YMCHBIIHJIACh B B4 pasa. Tak Kak cuinl Fy, F,, ...  MOMEHTH BpeMeHH
KX JICHCTBUSl OCTa/INCh TPEKHHMH, TO B STH MOMEHTHl OTHOCHTEJNbHBIE YCKOpPEHHS
MOJeKyJsl A GY1yT BABOC NMPEBOCXOANTL ee 3Ke YCKOPEeHHS B Hero'1BHKHOH CHCTeMe
orcuera. OTclojla HENOCPEACTBEHHO CJENYeT, MTO pacnpedeierile OMHOCUMEAbHBIX
ckopocmetl moaexkyast O6ydem marcsearosckum. A Tak kaxk adhdexTHRIAT Macca MoJe-
KYJbl B OTHOCHTEJ]bHOM JBHKCHHH BJBOe MeHblue 11, TO BCE CpeiiHe CKOPOCTH OKa-
yTCs GoJblIe COOTBETCTBYIOUIMX abCOJIOTHBIX CKOPOCTel B l/2 pas. B uactHoCTH,
Torn=V 28, u popmyanl (86.5) n (86.6) nepexonst B (86.3) u (86.4).

5. PaccmorpuM Tenepn GoJjiee BaMKHBIA ciyuail, Koria CTaIKUBAOIKECT MoJe-
Ryasl pazawusbl, Ilycts oama Mosexyna copra | ¢ maccofl my W panuycoMm ry
JBHKETCS B Cpefe MOJEKYJ COpra 2 ¢ MaccaMy M1, PanuycaMd r, K KOHIEHTpa-
uvell n,. Ecan 6ul MoJekyJabl copTa 2 Gbljid  HCTOABHKHELL, TO OCTAJHCh Gbl
cnpaBefiUBLIMH npexxknue gopmyan (86.1) u (86.2). B nwux uago 6uu1o Gul TOALKO
3aMEHHTb 2 HA 249, N — HA Mo, U — HA Ty, O HA Oy = ni(ry -+ r5)% Cdepoit or-
paxjieHust MoJIeKyJbl 1 Tenepn sIBASIETCA KOHUEHTpHUeckast ¢ Helf chepa paguyca
d=ry -+ ry. Yurem Ternepb MAakCBeNJOBCKOE PaclpeiefcHHe CKOpoCcTelf, HCHoJb-
3ys Qopmyanl (86.5) B (86.6). Ha ocHOBaHMH H3JI0KEHHOTO BbIllle CPEAHA OTHOCH-
TeJIbHAsk CKOPOCTb Tgry H CPEAHSAS CKOPOCTb MOJIEKYJIL | Dy 06PATHO IPONOPLUHOHATBHEL
KBaJIpaTHEIM KOPHAM ViuVm, e

3 - ]/ml 5 my -y
ot =1 o =1 .
4 ny

C yueroM COOTHOLIGHHS myTi = m,TU3 3TOT Pe3yJbTaT MOMKHO NPEICTaBHTe B GoJjee
CHMMeTpUUHOH (opme

ONMHAKOBH (mMy = My = m), TO NpHBEACHHAas Macca paBHA

By =V 0] F 0% (86.7)

Ilnst cpeanero uMcna CTOKHOBEHHI 2), TPeTepIIeBAEMEIX MOEKYIOH copTa 1 ¢ Mose-
KynaMy copra 2 B eJHHHLY BDEMCHH, NOJy4aeM

Zyy==n:01, V 01+ 03 (86.8)
a Ja8 cpeaHell AauHB CBOGOQHOTO npoGera MoJexysaw copra 1

1
M= - L (86.9)

AR my
101y ]/1 =+ <;7-f) n0y2 V o
2

pu my = my 374 BEIPAKEHHS NEPEXOAAT B MAKCBe/TOBCKUE GopMyJin! (86.3) 1 (86.4).

6. Hakonerl, paccMOTpUM cjyyall CMeCH IBYX Pas3/JUYHBIX Tasos.
Ilyethb 7y U r, 03HAYAIOT PAAUYCHL MOJICKYJI 3THX Ia3os, 4 #; U fy — HX
KoHUeHTpauuu, Terepb ABHXKYLIAACSH MOMEKY/1a MOXKeT CTAJKHBATHCA
He TOMBKO C MoJIeKyJaMH, cefe MofoOHbIMI, HO U C MOJEKYyJaaMu Apy-
roro tuna. B cooTBeTCTBHM ¢ 3THM C Heft cienyer CBS3aTb 1Be cdephl
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orpaxJieHHsl B 38BHCHMOCTH OT TOro, ¢ MOJIEKYJaMH KaKoro THIIA OHA
crankusaercsl. Beenem uernipe BeJaMUHHDL

O =n Qr2=4nr}, Op=0y="01(r1+7)% OCu==1(2ry)?=4rrs.
Has uncen crosikHoBeHHH B eIHHHIY BPEMEHH MOJEKYJIBIIEPBOro H
MOJIEK Y.1bI BTOPOFO 73303 NOJAyUYaeM COOTBETCTBEHHO (63 yuera MaKcBes-
JIOBCKOrO pacripefesielius CKopocTei):
21=(N1011 + N2013) Ty, 23 == (M1031 + NGy3) Ty, (86.10)
a AJs cpelHHX JIHH cBoOoAHOro mpobera
L | - 1
1 nyon Fngose’ 2 Oy g0

(86.11)
3A0AYH
1. T"a3 cocrtonT H3 MOJIEKYJI ¢ MACCaMH #1y H N, KOHUEHTPAIHH KOTODPBLIX paBHbI

COOTBETCTBEHHO 1y M 7y. HaliTH BLIpasenne s cpenxeil AAHHB! cBoGOAHOTO mpobera
MOJIEKYJH KaXKIOTO rd3a € yUeTOM MAKCBeJJIOBCKOTO paclpe-

JleJieHHst cKopocTel. Upry
OrBer.
M = 1 N
Y my
mou V' 2 +n05, l/l + o
1 (86.12) i
Ay = e . 7 S
m. .
m0gy ]/1 + fﬁf + 10 V' 2 »,

2. Jlnsi npHOMHKEHHOTO BBIYHC/ICHHS cpefneil JJIHHBI CBO-
Gopsoro mpoGera MoJiekyJ bl Kuaysuyc npeanoJioxuia, 4ro Bce Puc. 76.
MOJIEKYJIBl ra3a JBHXYTCA C OXHHAKOBLIMH CKOPOCTSIMH, HaNpas-
JIeHHE KOTOPHIX pacnpejefieHbl B NMPOCTPAHCTBE H30TPONHO. IloJydnTh BbhipaKeHHe
WIS A B 5TOM NPElNIONOMEHHH.

Pemenune. HafizeM cpeiHIOl0 CKOPOCTb MOJIEKYJ] OTHOCHTE/NBHO OJHOH H3
HuX (Hanpumep, npasoi). OrHocHTe/SBHAst CKOPOCTb MOJEKYJB, ABHMKYILEHCA NOX
yrioM ¢ K CKOpOCTH NepBORt MOJIeKYJbl v;, onpeje/sercs BhIpameHHeM

.0
Uory =20 sin 5
(puc. 76). Uuncno moseKys, CKOPOCTH KOTOPLIX o6pa3yioT C HanpasjleHHeM vy YIJIBI
mexgy O u O+ dv, naercs qopmynoft (75.4). Hcnoapsys ee, nosyyaeM
T
0 4
Voru =10 S sin - sin & db =50
0

[ocne atoro no dopmyae (86.6) maxopum
31

S (86.13)

3. Hajith BHIpaxeHue /sl CPeJHEro MOJMHOTO YHC/Ia CTOJNKHOBEHHH V MOJCKYJ
raza B ejHHHUe OGbeMa B eJMHHHIY BPEMEHH.
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Pemende Yncmo CTONKHOBEHHH OAHOM MOJIEKYJBl C OCTAJNbHEIMH JaeTcs
BripaxenneM (86.5). Ias n mosiexya ero Hajo YMHOXKHTL Ha n M Pasae/uTh Ha ABa.
Henenne Ha fBa HEOGXOAHMO TMOTOMY, 4TO MDH HalleM NOACHYETe Kaw/ias MOJEKy.ia
YUMTHIBAETCH JBaKAb: ONMH pa3 Kak yjapAwwad, APYrof — Kak ypapseMas.
B pesyabrare nonyuaem

- ,;_ HOGT gy = = 1267 (86.14)

4. Ta3 cOCTOMT M3 CMECH JIBYX rasoB ¢ KOHUSHTPAUMAMH n, H n,. Haifitu Boipake-
HHe JJIsl CPEHEro TMOJIHOTO YHC/IA CTOJKHOBEHHH Vi MOJIEKYJ OJHOTO Tasa ¢ MOJEKY-
JiaMd JPYroro rasa B eJHHHLe o0beMa B eJAMHHIY BpeMeHH.

OrBerT.

o . m _ m _
Vi2=MM01200rs = l/ I+ —2l NGty == ]/ 1 +”_1‘j M 7y0150,.  (86.15)

§ 87. IddexTuBHOE CeueHHe

1. Ilaowade cewerus cohepbr oepadcOeHus moAeKyabl 1o G0AbUIOMY
Kpyey Hasvibaemcs 3(@eKmusHoim CeHeHueM MOACKYAbl, IMO4YHee, 2a30-
KUReMUUecKuM hPexmueHsim ceHeHem MOAEKYAbl NPU POCCEHULL ee Ha
Opyeux mosexysax. Eciay paccesiHne NPOMCXOLUT HA TAKHUX Ke MOJIEKY-
Jax, To a¢dheKTHBHOE CeueHHe paBHO O = nid?, rae d — jAHamerp MoJje-
KyJaol. Ecan ke Moslekysa papuyca r; pacceHBaercsl Ha MoJekyJax
C pajuycoM r,, T0 3bdeKTHBHOE ceueHHe OYIeT 6 = Oy, = T (r; -+ 79)%.

Tousrie 3pdeKTHBHOrO CeueHHs IIMPOKO HCHOJB3yercss NmpH pac-
CMOTPEHHH DAa3/MYHBIX SIBJACHM{l, BO3HMKAWOIUHX IPH CTOJNKIOBEHHH
yactl. IIpH CTONKHOBEHMM YacTHLA MOXKET H3MEeHHTb HanpaBJieHHe
CBOEro JBHXKEHHd, T. e. paccedarbcd. OHa MOXeT HOTVIOTHTLCH, AHCCO-
HHMHPOBATbL MOJIEKYJly HJIM MOHH30BATb ATOM, C KOTOPBIMM OHA CTa/KH-
Baercd, H T. A. B cooTBeTcTBUM C 5THM TOBOPAT 00 dhdhexmusHox ceue-
HUAX paccesinus, nozaoujeHus, ouccoyuayuu, worusayuu U np. Bo Becex
TaKHMX cJydasX NIPpH BLIYHC/JEHHH CpefHEro YHc/a CTONKHOBEHHH, IIpH-
BOJALIMX K TpeOyeMOMy pe3yJbTaTy, MOXKHO JJd HarJSAHOCTH Ipel-
CTaBHTb, YTO paccMaTpHBaeMasi yactuua (6yaeM Npojosxkath Ha3biBaTh
ee yacTuled A) okpyxXKeHa HeKOTOpOil HelmpoHHIaeMoH «cdepoil orpax-
ZCHHA», 8 YACTHIB, C KOTOPEIMH OHA CTaJIKHBAETCs, SIBJISIIOTCS TOUEUHbI-
MH. Eciv yacTHua A ABH2KeTCS, a NpoYHe YaCTHIB! HEMOABHKHbI, TO OHH
Ha3LIBAIOTCS 10Ae6bIMU Hacmuyami, a yacTina A — npobHoil wacmuyeli.
CpexnHee 4HCJIO CTOJKHOBEHHH NMpPOGHOH YacTHIB! C NOJIEBBIMH ONpefe-
aserca dopmysaot (86.1), rae n — KOHUEHTpAILMs MOJNEBBIX YacTHIL, a
U — CKOpPOCTh IIPOOHOH YacTHIIBI OTHOCHTEJNbHO moJgeBbix. Ha dopmyay
(86.1) ciieayer cMOTpeTb KakK Ha ompele/eHHe NMOHATHS 3¢peKTHBHOro
CeYEHHs1 O COOTBETCTBYIOILLETO IIpoiecca.

B sKkernepuMenTtax 1o CTOJKHOBEHHSIM $JEPHBIX M 3JEMEHTaPHBIX
vactin GoJsiee yjaoGHa JApyras HHTeprperauus dopmydsl (86.1) u ad-
¢exkTUBHOTO CceueHMA. 3jech oObYHO ObIBaeT HENOABHMKHA YACTHLA
A, a mpoure YacTHLBI HaJeTaloT ¥ GoMGapAupyloT ee. B CBA3H ¢ 3THUM
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3TH YACTHIBI, €C/JH OHH ABMXKYTCS Hapasie/bHO, HAa3bIBAIOTCS NYYKOM,
agactina A — muuieHsio, KOTOpyio oHl GomGapaupyvior. Bemnyuna I =
= NU €CTb UHMEHCUSHOCTL NYy4Ka, T. €. YHCJIO YACTHI, HPOXOASAUIHX
yepes eJHHHYHYIO NICLAAKY, NepHeHIHKYAAPHYIO K NVUKY, B eHHHILY
BpemenH. IlpumenutespHO K paccMaTpHBaeMOMy caydaw ¢Gopmyay
(86.1) cnexyer nepenucarb B BHIE
k4 AN
0'——1*:7—. (87.])
Bennunna AN = z o3Hagaer cpejHee YHCIO YacTHL, BHIGBIBIIHNX M3
Ny4YKa B €IHHHILY BPeMeHH B pe3yJbTaTe CTOJKHOBEHHH C dacTHIEH-
muLIeHbo A. TaknM 006pasoM, MOXHO HaTh CJefyIollee ollpefeseHHe
5(b(peKTHBHOTO CeYeHHs YacTHLBI 110 OTHOHIEHHIO K KaKOMY-JHGO Tpo-
neccy. SpgexmusHoin ceueHuem O HASBIBAEMCS OMHOUEHUe CpedHezo
HUCAA HACMUY, BbIOBIBLLUX U3 NYUKA 8 eOUHULY SPEMENI NPU CIMOAKHOGe-
HUAX, npusodsauux Kk mpebyemomy pesyavmamy (paccesiHUIO, MOIVIOLIe-
HHIO, HOHU3AUMH, IPHJINNAHUIO U 11P.), K UHMEHCUBHOCTMU CAMO20 NYUKL.
2. dpdexTHBHOE CEUEHHE TeX UM HHBIX IPOLECCcOB, BOOOIIE TOBOPS,
CHJIBHO 3aBHCHT OT OTHOCHT@/ILHOH CKOPOCTH CTaJKHBAIOUIUXCS YacTHIL,
PaccmorpuM, HanpuMmep, WOHU3QUUIO amomoé TIpH CTOJIKHOBEHHAX.
Ecsu kuHeTHYecKasi SHEPTHS €., OTHOCHTENLHOTO JBHIKEHHS CTAJKH-
BAIOUINXCS ATOMOB MEHbILE JHepeul UOKU3AWUL aToOMa, TO IHOCJenHsis
1ieBo3MoKHA. bdexTHBHOE ceueHHe HOHM3aUMH PABHO B 3TOM CJYy-
uae Hymo. Korma e, paBHa 5HePrHH MOHH3aUMH HJIH [peBOC-
XOIUT ee, HOHM3AIMA CTAHOBUTCH BO3MOXKHOH. SICHO mo3TOMY, 4TO
s(hpeKTHBHOE CeueHHe HOHHM3AUMM [OJKHO 33aBHCETh OT OTHOCHTENLHOM
CKOPOCTH U, CTAJKHBAOMUXCS aToMoB. CHIIbHAS 3aBHCHMOCT 3thdek-
THBHOTO CEUEHHS OT Uy, MMEET MeCTO JJIf TaKHX IIPOLECCOB, KaK IO-
IJIOIIeHHEe HeATPOHOB ATOMHLIMH SIApaMH, JeNeHHe TAXKeJbIX aTOMHBIX
Anep nof AeHcTBHeM HEHTPOHOB, XHMHUYECKHE H TepMOSJEpHble peaKIHU
u np. Pacuer s¢heKTUBHBIX ceyeHUH NOA0GHbIX MPOILECCOB IPOH3BOAHTCS
C TIOMOIIBIO 38KOHOB M BBIYHC/IHTE/IbHEIX METOIOB KBAHTOBOH MEXaHUKH,
B nacrosmefl riaBe peub OyIeT HATH TOJBKO O MPOLECCaX ynpyeoeo
pacceanus MOJTEKyJl H aTOMOB Ha APYTHX MOJeKyJax H atoMax. B atux
cayyasxX BHYTPEHHEE COCTOSIHME CTAJKHBAIOMIMXCS YACTHI[ HE H3MeHs-
ercsl. [lonepeynoe xe ceyeHHe TAKHX IIPOLECCOB OuYeHb €1a00 3aBHCHT
OT OTHOCHTEJIbHOH CKOPOCTH YacTHIl. Bot nouemy asst HX H3y4eHHS MOXK-
HO IOJB30BATHCA MOJEIDbIO TBEPABIX IIADHKOB, B KOTOPOH NolepedHoe
ceueHye ¢ COBCEM HE 3aBHCHT OT OTHOCHTE/bHOH CKOPOCTH.

3. B nefictBuTe/IbHOCTH BaGJI0faeTCsd HEKOTOPOE YMEHbIIEHHE MONEepPeyHoro ceye-
HHS pacCesHHUS MOJIEKYJ C YBeJHYEHHEM OTHOCHTENBLHOH cKopocTH. OO bsICHEHHE 3TOMY
Geuio nawo Césepsengom (1859—1912) B 1893 r. Ou ncrnosib30paid MOLETb TBEPAbIX
YOPYIUX WAPOB, HO YUeJ CHJBI IPATAKEHHS, C KOTOPBHIMH MOJICKYJIbl ACHCTBYIOT APYT
Ha Ipyra B IPOMEKYTKAX MEKAY CTOJKHOBEHHSIMH. CHJIBl [PUTHAKCHHS HECKOJIBKO
COAMIKAIOT MOJICKYJIBI, NIPOJeTaloie MUMO APYr Apyra, H AeJaloT BO3MOIKHBEIMH
HEKOTOPBIC CTOJKHOBEHHH, KOTODHie IPH OTCYTCTBHHM 3THX CHJ HE MOIVIX 6H 1po-
H30HTH. D10 BejeT K yBeJIHUeHHIO 5PPeKTHBHOLO CeueHHS pACCeSdHHA O.
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HccsnenyeM BONpoc € KOJMUeCTBEHHON croponbl. PaccMarpupas OTHOCHTeNbHOC
ABUIKEHHE, MOJIEKYAY A GyJeM CunTaTh HEMOJBHKHON, a MoJeKyny B — npuxkyiuekics
(puc. 77). OTHOCHTEJIBHYIO CKOPOCTb MOJIEKYJbl B Ha GeCKOHECYHOCTH 0603HAUHM Dg.
Ilycts b o3HauaeT npuyenrvroe paccmosHue Meowdy Mmorekyasamu, T.e. JJIHHY Tep-
NeHAMKYIAPA, ONYIICHHOTO W3 LEHTPa MoJIeKyJbt A Ha Hanpap/ieHHe npsaMoii, BROJb
KOTOpOH HampasjieH BEeKTOP Ty. EC/HM MOJEKYJhl He B3aHMOACHCTBYIOT H b > d, T0
CTOJIKHOBEHHE MeXIy HHUMH HCBO3MOXKHO. IIpH HANHuMH Xe CHJI MPHTAXKEHHSA CTOJIK-
1:.0BCHHE MOZKET MPOU30OHTH U B 3TOM CJyuae, KaK 910 BHAHO u3 puc. 77, 6. Ecan b —
MaKCHMaJibHOe 3HaueHHe NPHIEIbHOTO DAacCTOAHHS, NPH KOTOPOM CTOJIKHOBEHHE
elle Tpou3oliaer, To apdeKTUBHOE cedentne Gyner 0 = nb®. SpdeKTHBHOE ceueHue NPH
OTCYTCTBHH CHJI IPHTAXEHHSA Oy = nd? Tak Kak CHAB — LEHTPa/bHbIE, TO JI0 3aKOHY
niotnageft vgb = vd, rae v — CKOpPOCTh MOJIEKYJH B B MOMEHT MaKCHMaJbHOTo COJH-
aenusd ¢ A. Boseens B KBanpar, monyuuM ovj = og?. Beanunna v maliferca us
ypaBHeHHS] SHeprHH 1opo? = louvd +— A, rme A — pafoTa ULEHTPANbHBIX Cull
[PHTSXEHHS [PH NepPeMelleHHH MOJeKyJaE B M3 «GeCKOHEUHOCTH» B MOJOXKEHMHE

- i e e

q) 4)
Puc. 77.

MaKCUMaJIbHOTO COJIMIKEHHS ¢ MoJieKynoft A, a p — npuBefeHHas Macca. Bae-
IeM KHHETHUYECKYI0 B5HEPrHI0 OTHOCHTENBHOTO JBHKEHHS €y = Yapuvi, Toraa

Oty = Oy(€oru -+ A), BB 4
0=0, (l -+ —) .

€orn

Sra gopMysia, KaK fACHO U3 ee BLIBOJAA, IPUMEHHMA B TeX CIydasx, KOIja HMee1cs
BCEro ojHa mapa B3auMoJelicTByrowux Mojiekyl A u B. [IpuMensars ee K Mo/ekyJaM
rasa MOXKHO TOJIbKO NPH YCJOBHH, KOTAa B3aHMOJe{icTBHSA B rase MOI'YT PacCMaTpH-
BaTbCSl KaK naprbie. B 3TOM NpuGIHKEeHHH YUHTHIBAIOTCS CHJIBI NMPHUTSIKEHHSA, AeHCT-
BYIOUIHE HA MOJIeKYJY TOJbKO CO CTOPOHbBI OJHOH MOJIEKYJIbl, AOCTATOYHO COJIK3HB-
wefics ¢ paccMatpuBaeMoli. JleficTBHSL BCEX OCTa/lbHBIX MOJIEKYJ HE YYHTBLIBAIOTCSH,
Tax moOXHO mnoctynarb, KOTJa ras JOCTAaTOYHO DPa3pexeH, a MOJeKY/SAPHbie CHIIH
NPUTSxKEeHUS YOLIBAIOT C YBeJNHUYEHHEM PacCTOSHUSA MeXKILY B3aHMOACHCTBYIOMIMMH
MOJIeKyJIaMH JocTatoyno Omictpo. Ciiyyad, KOTAa B pa3pe:KeHHOM rase cO/HKaorcd
H HAYHHAIOT B3aMMOJeHCTBORATL TPH M GOJIblIle MOJIEKYJIH, MaJOBEPOSITHH H 10 3TOH
OpHYHHE He NPUHHMAIOTCA BO BHHMAHHE.

B cayuae rasa BeJIHUHHA E4py; MOMKET NPHHHAMATH BCEBO3MOXKELIE 3HAYEHHS IDH
nepexofe OT OXHOH Maphl B3aHMOJEHCTBYIOIMX MOJIEKYJ K Apyrum. ITostomy uese-
C006pa3sHO BBECTH HEKOTOPOE cpedHee AhdeKmusHoe Cewenue MOACKYAbI, YCPEJHHB
1/847y MO BCEM OTHOCHTEJBHBIM CKOPOCTAM. BRINONHUB 310 M 0Go3Hauas ycpejHeHHOe
s(peKTHBHOEe CeueHHe NpexHeldl GYKBOH O, OueBHHO, NpuAeM K dopMmyJe BHIA

0=0, (1 + %) 87.2)

rie S — HOBas NOCTOSHHAS, HasbiBaeMas nocmosannod Césepaenda. OHa MMeeT pas-
MepHoCTh TemnepaTypri. Popmyna (87.2) Takie HasmBaercsh gopmysod Césepirenda,
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4. Ecnn sdpeKTHBHOE CeUeHHe ¢ CYIIECTBEHHO 3aBHCHT OT OTHOCHTEb-
HOM CKOPOCTH CTaJKHBAIOWHXCA YacTHIL, To opmyant (86.14) u (86.15)
CJelyeT NHCaTh B BHUJE

i
=5 1% {0Vor), (87.3)
Vig == fl1ly <UUOTH>) (87.4)

TpHYEM YCpelHEHHE JOKHO ObITh IPOHM3BENEHO IO 8cemy cnekmpy
OMHOCUIMEAbHBIX CKOPOCTel 4acmuy ea3qa, B YacTHOCTH 110 MaKcBeJ-
JIOBCKOMY DaclpelesieHnio, €CJAH TAKOBOE YCTAHOBHJIOCh., PopMmyJsl
(87.3) n (87.4) mpuMeHsIlOTCS TIpH pacuere CKopocTell XHMHUECKHX H
TEPMOSIIEPHEIX peaKuuil. B aTHX c/ly4asx ¢ OU€Hb CH/IbHO 3aBHCHUT OT
Uorw- ([I7151 BOCTISIAMEHEHH ST TOpIOYel CMeCH Hajlo HarpeTh ee 10 HeKOTOpo#
MHHHMaJbHO TeMnepatyprl!) ®opmyna (87.3) Raer cpelHee YHCIO
peakiui B eflnHuLEe 06beMa B eAHHHUILY BPeMEHH, KOTAa BCE pearHpyIoLiue
YacTHUBl OJHHAKOBH, a gopmyna (87.4) — Koria peakiuH HPOHCXOAAT
MEXKIY PasHEIMH yacTHiaMH. Ecan B K101 peakuuy BeLIeIsAeTCS SHep-
rust E, 10, O4eBHAHO, 3HEPreTHYeCKas MOLL-
HOCTb «peaKTopas, OTHECEHHAst K efHHHLE
obbema, Gyner

P=vE. (87.5)

3AJAYA

ITokasatp, uT0 B CHCTeMe LIEHTpa Mace pac-
CesiHWe [apoB IPH YNPYIHX CTOJKHOBeHHAX Cde-
PHYECKH CHMMETPHYHO.

Peumwesne. [lycts 9, — cKopocTs nepsoro,
a 9, — CcKopocTs BTOporo wapos (puc. 78). B ca-
CTeMe IEHTPa Macc

myoy+ myv,=0.

Ilpn cronKHOBeHHM WIAapsl B 3TOH CHCTeMe ofMe- Puc. 78.

HHBAIOTCH HODMa/bHBIMM KOMINOHEHTAMH HMIYJ/b-

coB, TOUla KaK KacaTejbHble KOMIOHEHTH HX

ocrawoTcsl HeH3MeHHbIMH. OTCIOAa CllefyeT, YTO CKOPOCTH 1UApOB B CHCTeMe LEHTpPa
MacC He U3MCHSIIOTCH NMO BeJNMYHHE, @ TOIbKO MOBOPAUMBAIOTCA HA OJMH H TOT XKe
yroa O (yeoa pacceanus). Ilycts o — yros, KoTopbli 0Gpa3oBHIBAIH B MOMEHT
yiapa HadalbHble CKOPOCTH 1apoB ¢ JuHHefi weutpos. Torfxa, Kak BHIHO u3

pucynka, 2o -+ 9 =1, T. e 0¢=%~— —g— ITpuuesnbuoe paccrosnue b==d sina =

)

= cos 5. Nycts 0 = nd?, a do = 2nbdb — miowags XKojapla ¢ paguycamu b
u b+ db. Toraa do = 1/,7d? sin 0d0. BeposrHocTs paccesnus B TeMeCHEH yroa
dQ = 2 sin 949 pasua

do _dQ

o 4n
T. e. NPOTMOpPUHOHANbHA BennunHe dQ. Kosdbuuuenr nmponopuxoHaabHOCTH 1/4% He
3aBucut oT ¥. A 5T0 M 3HAyMT, YTO paccesHue CHepPHUECKH CHMMETDPHUHO.
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§ 88. Pacnpenenenne MoJjekya mo JJAHHAM
cBodoHOrO mpoGera

1. JomycTuM, 4TO B rase pacHpOCTPAHSETCS AAPAAIeAbHbIL NYHOK
MOAEKYA. DTO Moxer OBIThb 6HetUHULl TIYUOK, COCTOSIIMHA H3 MOJIEKYJ
Jpyroro rasa. Ho my4yok MoxeT COCTOSATH H H3 MOJIEKYJ M020 Ke 2a3d.
MoxHo npencraButh cefe, HanpuMep, YTO B KaKOH-TO MOMEHT BpeMeHH
B rase OTMEUeHB! MOJIEKYJBl C ONpeAe]eHHBIM HaNpaBJ/JeHHeM CKOPOCTH.
Ilycre J, — HHTEHCHBHOCTb NyUKa, KOT/a Ol llepecekaer miockocts AB,
NepuenfiuKyASpHYIo X Hemy (puc. 79). Hafigem uurencusuocts J TOro

JKe TIyuyKa Ha pACCTOSIHMH X OT IIOCKOCTH

8 AB. BosbMeM O6eCKOHEYHO TOHKMH CJIOM
— rasa ¢ TOMMMHOH dx W IJOWAABIO MOMe-
" peynoro ceyenua S = 1. Uicao Momexys
> rasa B HeM paBHO nSdx = ndx. CorsacHo
o onpezenenuo agdeKkTHBHOrO ceuenus (87.1)

A 2 d! CpelHee YHCJIO YacTHIl, BHIOLIBAIOMIHX U3

TP qyyka H3-3a CTONKHOBEHHH ¢ ofHO# MoJle-
Puc. 79. KyJolt Ta3a, papHo Jo, a 13-32 CTOJIKHO-

Bemuit ¢ 7 dx MoseKyaaMi dN ==Jon dx =
= ~—dx Ha Ttaxyio Be1MuuHy yMeHBIIHTCS HHTEHCHBHOCTEL NYYKA II0C/e

npoxoxmeﬂn;{ ciosl dx, a moTomy

J
dJ =— 3 dx. (88.1)
HurerpupoBaHue 3TOr0 BLIPAXKEHUS JA€T
J:Joe“x/)'. (882)

Ms-3a paccesiHus WHTEHCHBHOCTb Iy4YKa YOBIBAET 3KCMNOHEHIHAJBHO,
B cBsisd ¢ 37UM BeJHulHY 1/A HA3BIBAIOT KOAPPUUUEHMOM PACCEsHUL.
Coraacho dopmy.ae (88.1) Bemuuuna dx/A onpenensier BeposiTHOCTh pac-
cesHHst Ha nyTH dx, a l/A—eepoamruocme pacceanus Ha eduHuue
Oaurbt.

Qopmy.e (88.2) MOXKHO TAKXKe JaTbh CJaedylollee TojgkopaHHe, Ecau
N, —uMcIo 4acTHil, IPOIIEAIHX Yyepe3 niomanky AB, To uHcao vac-
THLL, TPOIIEAILX Ge3 CTOJKHOBEHHS PAacCTOSIHUE X, ONPENe/sIeTcs Bbipa-

JKEHHeM N =Nge—*/*, (88.3)

Uncno uyacTHil, MperepreBIUHX CTOJKHOBeHHe B cioe (v, x -+ dx),
x

1 5= o o o
paBHo ldNI:T Noe * dx. Cpenunii nyrb, NpoHIEHHBIH YacTHUAMH
6e3 CTOJKHOEBCHHH, pabeH

—_l_ _ e
T= S x| dN |= OSxe’“dx A

[ee}

On, Kak M C]el0Baj0 OXMMAATb, COBN3JaeT C J/AHHOI CBOBOAHOrO
npobera A,
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2. Popmysa (88.3) npUMEHHMA TAKXKE K APYroMy Cjydaio, CyIecT-
BEHHOMY JUIsl M3J1araeMod HH:Ke 3/IEMEHTAPHOH TCODHH SIBNEHHH mepe-
Hoca. IlpencrasuM cebe, YTO B HEKOTOPHII MOMEHT BPEMEHH CKOPOCTH
BCEX MOJEKYJ ra3a H3MEeHHJIH HanpaBJCHHsi Ha [POTHBOMNOJIOXKHLIE,
HO COXPaHHJ/IH CBOI 3HAYEHHS IO BeJHYHHe. Takas 3aMeHa He CKaXKeTcs
HAa XAOTHYHOCTH JABIKEHHA MoseKya rasa. OfHako KaXaas MoJjexyna
B TOYHOCTH IIOBTOPHT IpeJUIECTBYOLIeE ABHIKEHUE, HO B OOpaTHOM Ha-
npaejennu. Otcioga nogaydaercst caenyriowuii pesysabrat. [lycrs mio-
wajaky AB nepecexno N, MOJeKyJ, JABHTABIIMXCHA MePICHAHKYIAPHO
¥ Heil. OTMETHM BCe 2TH MoJlekyJibl. Ha paccTosini x nepes mionankoi
AB uicio oTMeueHHBIX Mosiekyl Oyner N = Nye—*/*. ITo Mepe npu6aii-
KeHHSl K Ivlomanake AB oHO Bo3pacTaer H3-3a CTOJAKHOBeHHH. Yuceso
OTMEUEHHBIX MOJIEKYJ, NpeTepreBliHX CTOJIKHOBEHHS MEXKAY X H X -
-+ dx, ounpenensieTcsi INpPEeKHHM BbIpaKe-

uueM |dN | = %: Nye—*/hdx = N dx/A. Ty Ny

3. Ha ¢opmyse (88.2) unu (88.3) ocro- T3——  ———N;
BaH [MpsSMOH METOA H3MEPeHHS JJIHHBI m r
cpofoHoro npobera. 1ot Metof Obia npes- z 2

Joxen u ocylectsnes M. Bopuom (1882— y—  ——l
1970) u E. Bopman B 1921 r.

Wnes ombita coctossia B CJCAYIOMIEM. '
[Tyrem HcnmapeHus mnoJydajcs IIy4yoK
atoMoB cepebpa, pe3KO OrpaHHYeHHBI @
muadpparMamu. Ha nytu nyyka nomelasuch
4 KOaKCHaJbHBIX AHCKA HA pacCTosHUM | cM
npyr ot apyra (puc. 80), B KOTOPBIX OblIH Puc. 80.
BBIPE3aHbl O/[HHAKOBLIE KPYIJIble OTBEPCTHS
C HEeHTpaMH Ha ocH cucteMmbl. Uepes HHX U TPOXOAHIH aTOMbI cepebpa.
Ha xaxaoM aucKe IpUKpeNIscs CTEeK/JISHHB KBaApaHT, BepliHHA KO-
Toporo Jexasna Ha ocd cucreMel. (Ha puc. 80 omun M3 KBagpaHTOB
uzobpaskeH c6oKky.) KpanpaHTbl ObIH NOBEPHYTHL APYT OTHOCHTENBHO
npyra Ha 90°, TaK 4TO Ha Kax/Ibli N3 HHUX HalpaB/ifjlach yeTBepras
yacTh aTOMOB IIyuka. Besi cicreMa nomelnanach B KBaplepoll TpyGke,
NaBJieHHe BO31yXa B KOTODOIl MEHAJIOCHh C MOMOLILbIO HAacoca H H3Mepsi-
JIOCh MaHOMeTpoM. [IHCKH OXJaxKAa/JHCh >KUAKUM azotoM. Ha myrtH or
HCTOYHHMKA aToMbl cepedpa YacTHYHO PacCeUBA/IHMCh MOJIEKYJaMH BO3-
JyXa, a 3aTeM KOHACHCHPOBAJAMChL HA KBaJApaHTaX, CTORIIHX Ha MyTH
nyuka. Ilyere Ny, Ny, Nj, Ny — uncaa aroyop cepebpa, OceBIUUX HA
Kpalpanrax. Torga coriacHo dopmyae (88.3) nomKHO ObITh

Xy — X3
Ny o % f="2%
N, B

: In =
Ng

AnanornuHele COOTHOLEHH T MO2KHO HAITHCATh /14 KaK IO ITapel KBaZpaH-
toB. OtHoureHue N /N, MOXHO OblI0 H3MEPHTh 110 CTENEHH II0YepPHEeH s
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CTEKNAHHBIX KBaJPaHTOB, KOTOpas HAaXOAuJach nyTeM (OTOMETPHpO-
BaHHfA. 3aTeM, 3HAas pPACCTOSIHHE MEXKAY HHCKAMM (X, — X;), MOXKHO
OblI0 HAHTH H CpelHIol JIHHY cBobonHoro npobera A. Halinennsie
TAKUM ITyTeM 3HAYEeHHS A YJIOBJETBOPHTEILHO COIVIACYIOTCS C Pe3yJbra-
TaMH JIpYTHX METOLOB, KOTOPHE Oy/lyT H3MOKEeHb HiKe. Bulio mokazano
TaxKXke, 4TO BeJHWHHa A 06patHo NPoNCPUHOHAILHA AABAEHHIO BO3AyXa
P B Tpy6Ke, Kak storo tpedyer Gopmyaa (86.2).

4. Onptel Bopra n Bopman paror sgdeKTHBHOE CeueHHe pacCesHiis
aTtoMoB cepefpa Ha MoJIeKyJjax Bo3Aayxd. Dosee BaHBIM sBJsiercH
cayva#, KOTjla ¥ IIy4OK, ¥ ra3 COCTOAT U3 odurarosvix Monekys. Torna
cpefHAs AJHHA CBOGOAHOTrO mpobera A ABASEICH Xapakmepucmuroll
camoeo eqsa. 3HAA ee, MOMKHO BBUHCAHTL 3(hEeKTHBHOE momepeyHoe
ceuenye g 10 popmyJae (86.3), a 2aTeM HaHTH H ra30-KUHETHUECKHH pHa-
MeTp MOJIEKYyJbl, CBfA3aHHLIH € O COOTHOWeEHHeM o = md?. HMmenno
TakuM nyrteM Bnepshie Jlommuarom (1821—1895) Oputn onpenesenn
reoMeTpuuecKHe pasMephl MOJIEKYJI.

OcHoBHbIe CBeleHNS 0 JAHHAX cBoBOAHOro npobera GLITH NMoaydeHbl
KOCBeHHLIMH MeTofaMH. OHH ocHOBaHBl HAa H3YUEHHH TaK HA3LIBAEMELX
A6AeHUL NePeHOCca: BHYTPEHHEro TPeHH s, TEIJIONPOBOAHOCT! H N1ddy3HH.
C deHoMeHOJIOTHYECKON TOUKH 3peHUs ABJIEHHEe BHYTPEHHErO TPEeHIIsl Ml
paccMatpuBany B ToMe | B paslesie MeXaHHKH KHJAKOCTell M rasoe, a
TENIONPOBOAHOCTH — B YETBEPTOH raaBe 310ro TOoMa. B cieaymonx
naparpadax Mbl M3/I0XKUM 3TH SBJEHHS, a TaKiKe sBAeHH2 Jnddysun
C MOJIEKYJ/IIPHO-KUHETHYECKOH TOUKH 3peHHs. CTporas MoJeKyJisipHO-
KHHETHYECKAS] TeOpUs IEePEUHCNEHHBIX fBJAeHUH ouenb cioxkua. Ona
CBOAUTCA K NpPUDJIKEHHBIM PellleHH M TaK Has3bIBAEMOTO KUHEMU1ECKO20
ypasrenus boavymana. Tlocnennee aABASieTCS OcHOSHMbiM B KHHETHUC-
CKOH TeopHH rasoB. B npHHUHIIE OHO IO3BOJSET HAHTH (YHKUHIO pac-
npenesielns MOJICKYJ rasa Mo KOOpAUHATAM H CKODOCTSIM He TOJBKO
B COCTOSIHMHM PaBHOBECHS, HO M TOrJd, KOria B rase MPOHCXOIAT pas-
auunbie npotieccel. Onnako ypapuenueM Bosblivana Mbi moJb3oBaThes
He GyzeM. IIpu u3noxeHHH BHYTPEHHETO TPeils H TEIIONPOBOLHOCTH
ra3os Mbl H30epeM 3HauUMTENLHO Oosee MPOCTOl NMyTh, HCMOJBL3YIONHH
TIOHsITHE cpeiHedl JIMHBEI cBoGogHoro npobera. B reopuu nupdysuu me-
ToN cpenuefl JMHHB CBOOOAHOTO Ipobera He seerya yuoGer. ITostomy
NpY H3JI0XKEHUH TeopUH Audihy3!H Ml AOHCIHHM €ro JIPYTHM METOLOM,
OCHOBAHHBLIM Ha coomuoutenuy Jinumeiina (91.3). Ynpomennsie Teo-
PHH OXBATHIBAIOT BCE CYINECTBEHHbIC YePTh ABaenyi nepedoca. Toabko
3HaYeHHs YHCACHHBIX KO3(GpHIHeHTOB B JOpMYyax HOJIYYatOTCs HE COB-
CeM TOYHBIMH,

§ 89. BayTpennee Tpenue M TEMJONPOBOJHOCTb ra3oB

1. Hanuuue enymperreeo mperus B rasax OObYHO HJIIOCTPUDPYIOT
Ha CJenyIoWeM mpuMepe. Mexay AByMS MapajielbHbIMH MIACTHHKAMU
AB u CD (puc. 81, a) Haxoputest Bo3AYX HaH Apyro# ras. [Ipu nsHxke-
HUM maacTuHkH CD nosieisiercs cujia, JefiCTByloUl2s Ha IJIACTHHKY
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AB v HanpasJIeHHas B CTOPOHY ABHMKEHHS. DTa CHJIA H €CTh CUAd GHYM-
perrezo mpexyus. Bripouen, ¢ BHYTPeHHEM TPCHIH MOXKHO [OBOPHTD U
TOTAA4, KOTJa paccTosinke MexAy niactHEKamd AB 1 CD odeHb BeHKO
10 CPABHEHHIO CO CpeaHeil 110l croboanoro npobera MoJexKyJisl rasa.
Torxa orT HaAWYHS TIJIACTMH MOXKHO OTBIEUBCS W TOBOPHTL O CHJAX,
JAefCTBYIOMIUX BHYTPH caMero rasa. Byjem npeacrapaarh ceGe ras He-
OUpPAHHYEHHBIM M JBHXKYIIHMCA CTAllUOHAPHO MJIOCKO-NapaiesbHbIMH
CJIOSIMH B TOPH3OHTa/JbHOM HamnpaBseHHH. CKOPOCTh 3TOrO MaKpOCKO-
[IHYeCKOro JABHIKEHHS ¢ MEHAETCH B HANPABJCHUH, NEPNEHIHKYIHPHOM
K c109M. DTO HalpaBJeHue Mbl npuMmeMm 3a ock X (puc. 81, 6). Taxkum
o6pasoM, MLl IIpeanosaaraeM, 4to u = u(x). Pacceuem MBICJIEHHO ras
Ha JBe IOJIOBUHBI IVIocKocTblo AB, napaanensHod ciosam. omyctum
JVIA OIPEeMIeJIeHHOCTH, YTO CKOPOCTh #(X) BO3DAcTaer C BO3pacTaHHeM X,
Torza BepxHss 10/I0OBUHA ra3a OyJeT AeHCTBOBATh HA HHKHIOIO C CHJIOH,

X
u(r)
—
’ J u —
——
7 A= J
——-
| S————— b
4 8
a} s}
Puc. 8l1.

HAIpaBJEHHON BIIPABO, @ HHXKHAA Ha BEPXHIOIO — C CHJIOH, HAllpaBJIeH-
HOH BJIEBO. DTO U €CTb CHJ/Ibl BHYTPEHHEro TpeHHs.

C MoJeKy IspHOH TOYKH 3PEHHs NPOHCXOXKJeHHe CHJ1 BHYTPEHHEro
TpeHHs oObsicHsIeTCs ciefyomuM obpasoM. Ecau bl ras nokouscs, To
BCE HAMpaBJeHHs CKOPOCTeH €ro MoJiekys Obii bl pPABHOBEPOATHHL.
CpenHsisi CKOPOCTb H CpefiHee KOJHYECTBO ABHXKEHHS KaXKIOH MOJEKYJIbl
66l Obl paBnbl HYJ00. [IpH HaMHUMH yrnopsadoyenHo2o 08ulCeHUs Tasa

. CPeHsis CKOPOCTh MOJEKYJbl He HYJb, a paBHa # = n(x). C 3to#t cKo-
POCTBIO CBSI3aHO KOJHYECTBO IBMKeHUsl & = mu, KOTOpbiM objajaer
paccMatpuBaeMas MoJekysaa. Takoe KoJHYecTBO ABHIKEHHS YCJIOBHUMCS
HasblBATh ynopadoueHroim. Mosekybl, Jexalnine Haj NJ0ocKoceTbio AB,
obJ1afaT 6OJBIINM YIOPSIJOUEHHBIM KOJIHYECTBOM [BHKEHHS, 4eM Mo-
JIeKyJIBl, pacnosoxennble noj HeHl. Ilepexopss u3 mpocTpaHcTBa Haj
MJ0CKOCTBIO AB B mpocTpancTBo Nox Hefl, MOJeKyJBl HepefaloT YacTb
CBOETO YIOPAJNOYEHHOTO KOJIHYEeCTBA ABHKEHUS MOJIEKYJ/IaM, ¢ KOTOPLIMH
OHM CTAJKHBAIOTCS B IPOCTPAHCTBE HHKe milockocTd AB. 310 mposs-
JsieTcs B TOM, YTO Ia3, paclosoKeHHbIA HMXKe 3TOH IVIOCKOCTH, IOA-
Bepraercsi AefiCTBHIO CHJIBI, HAllpaBJIeHHOH B CTODOHY CKOpPOCTH #. AHa-
JIOTHYHO, GoJiee MEJJ/IeHHBIE MOJIEKYJIBI, HONAajasi U3 «HHIXKHEro» IIpo-
CTPAHCTBA B «BEPXHEE», NIPH CTONKHOBEHHAX OTHHMAIOT YacTh ynopsjo-
UeHHOTO KOJH4YeCTBa [BMKECHHS Y MOJIEKYJ, paclOJOXKEHHBIX Haj,
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nsockoctelo AB. B pesysprare ras B BepXHEM IPOCTPAHCTBE HCIBITh-
BaeT TOPMO3ALLYIO CHJTY, HallpaBJeHHYIO IPOTHB CKOPOCTH #. TH CHJIEL
H SIBJIAIOTCA CHJIAMH BHYTPEHHErO TPeHHs.

711 nosicHeHHs BO3HHKHOBEHHSI BHYTDEHHETO TPEHHs IIOJe3Ha
ceAyoas anajdorus. [Iee Ke/e3HOROPOMKHBIE NMIATHOPMBl ABHIKYTCH
NO NapaJsuiesbHbIM PeNbcaM ¢ HECKOJBKO OTIHYAICUIHNMHCH CKOPOCTSIMH.
I'pysunkH, Haxopdmuecss Ha Tardopmax, Hepe0pachlBAlOT MELIKH C
TIeCKOM €O cBOeH MJIaT(opMbl Ha COCefHIOW. $IcHO, 4TO B pesyJbTate
storo OwicTpee ABHxKyHlascs matdgopma OyleT TOPMO3HTbCSA, a Med-
JIeHHee JABHXKYIIAACA — YCKOPAThCS.

2. HccnenyeM Teneph siBJleHHe BHYTPEHHErO TPEHHS KOJIHYECTBEHHO.
Jnst nydinero ysACHeHNS CYLIECTBA JieJla PaCCMOTPUM CHayaJa pejenbHo
YIpPOIIEHHBIA pacuyeT. ByneM cuHTAaThb CKOPOCTH TENJIOBOTO JABHXKEHHS

BCEX MOJIEKYJ/ OfHHAKOBLIMH U PaBHBIMH 0.
X red Kpome toro, npH paccMOTpeHHH TeILIOBOro
"% npuxenns GyleM paccy:XaaTh Tak, Kak
ecsil Gbl BCe MOJEKyJbl OBLIH pasfieseHsl
Ha 1IecTb OAMHAKOBBIX IIOTOKOB, Hapan-
l J l j l JIEIBHEIX KOOPAMHATHEIM ocAM. Takum 006-
PasoM, OflHA IuecTas BceX MoJeKya Gyfer
y  JBHraThCsl CBepXy BHH3, OAHA LieCcTad —
cHu3y BBepX. ToJsbro MOJEKyJBl 3THX
Pac. 90, IBYX IIOTOKOB M YYacTBYIOT B Iiepefaue
KOJIHYecTBa ABHKeHHA. Mosiekypl octasib-
HBIX UeTHIpeX I[OTOKOB JABIIKYTCH mapas-
JeabHo IJockocTH AB. OHH BIHAIOT HA CPEeAHION AJMHHY CBOGOAHOTO
npobera A, HO K Iepejaye KOJHICCTBA ABHKEHHUS NPAMOL0 OTHOILEHHS He
umetor. Ha TensioBoe aBHzKeHHe MoJIEKYJl CBEPXy BHM3 H CHH3Y BBepX
HaKJ/aJLIBAETCH YIIOpsioueHHOe JBHMKEHHE BIIpaBO, HpHYEM CKOPOCTb
3TOTO JBMIKEHUS 1 OXHO3HAYHO ONpeletsiercst HONoKeHUeM MOJeKyJbl,
TOYHee, ee KoopiuHaroft x. Dymem npeinosaratb, YTO H3MEHEHHA
ynopsiioueHHOH CKOPOCTH 4 HA AJIHHe cBOOOLHOrO Ipobera oyeHb Maibl
N0 CPaBHEHHMIO C TEIJIOBOH CKOPOCTBIO ¥. Toraa Mo:KHO BHIOpATh TAKYIO
CHCTEMYy OoTcYyera, B KOTOPOH yHopsiiloueHHast CKOPOCTb 4 B HHTEpecyio-
et Hac yacTy rasa OyJer TAKKe OueHb Masa Mo CPaBHEHUIO ¢ TeNJOBOH
CKOpPOCTBIO v. B najbHeliiem jiBuateHHe pacCMaTpPUBAeTCsl HMEHHO B Ta-
KOH cHcTeMe oTcyera.

BosbmeM Ha niockoctd AB (puc. 82) epunuunyio miaomazky S.
Hauano koopauHaT moMecTHM B ToH ke mjlockoctd. Iloacunraem Koau-
YeCTBO JBHKEHWS, €XKECEKYHAHO NEPEeHOCHMOE MOJIEKYJIaMH rasa uyepes
niaowanky S. HUHcao MosekyJs, HepeceKaiollHX IVIOMAAKYy S CBepXy
BHHU3 B €IMHHULY BpeMeHH, onpefenaserca dopmyJoi (75.1), 1. e. paBHO

0=1/ﬂ nu,

Ilyets N w3 3THX MoJeKyJ IpOLLiM Hepel TIOWAAKofi MyTh X Ges
cronkHoBeHn#. Hueno N onpegensierca dopmy.aoit (88.3). M3 Hee
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HaXOMHM, UTO YHCJIO MOJIEKYJl, IpeTepleBLIHX NOC/AeHee CTOJKHOBEHHE
B €JI0e MEXKAY X H x - dx, paBHO

AN =1 N ¢ dx=17= e“%’d ‘

=7 o 6 X
Ilpn CTONKHOBEHHH B 3TOM CJ10€ MOJEKYyJa MOJy4aeT KOJHYECTBO JBH-
KeHHA g (x) H, ABUrasich janee 6e3 CTOJNKHOBEHHH, MEPEHOCHT 3Ty
BeJIMUHHY uepe3 miowaiaxy S. Ko/HYecTBo IBH:KEHUS, [epeHOCHMOoe
B eUHHIY BPEMEHH uepe3 MJOWaAKY S BceMH N, MOJNEKyJaMmu, omnpe-
Jesisiercsl HHTEerpaJjoM
G,={g(x)aN.

Tak kak Ha AauHe cBOGOAHOrQ NpoGera CKOPOCTBH U MEHSIETCS Maso,
TO QYHKLHIO g (x) MOXKHO Pas3joXHTb IO CTelleHaM x, o6opBaB 3To pas-

. d
JIOKEHHe Ha JHHeHHOM 4YJ/eHe, T. €. g(x):go—{—x(f;—%. B stom
NpHOJIIXEHHH

e o=
G, = g, S AN+ 2%\ e xdr.
0
Berunesup vHTErpadbl, Hafgem
1 1 d
Gr=5nvg++% nvka%. (89.1)

3amMeTHM, YTO 3TO BhlparKeHHe MOXKHO 3anucath B Buje G, = 1/; nug (A).
Orcioia BHAHO, 4TO NpH BHIMHCAEHHH (4 MOXKHO paccyxAaTb TaK, Kax
ecau Gbl 6ce moaeKyavl, semaujue K naoujadke S, npemepnesaru nocaeOnue
CIMOAKHOBEHUSL HA PAcCMOARUL h om 3mot naowalku u 0asee 08UeAAUCH
K Heti Ge3 ¢cmoakrogenull. MOXHO IOJB30BaTBCA [NOKA3aHHBIM I10JI0-
JKeHHeM JJIsl COKpaLleHHs] U3/0KeHHs IPH U3YUeHHH H APYTHX sIBJIeHUH
nepeHoca. OTMETHM TOJMBKO, YTO KOHUEHTpalUs A7 MOXKET MeHSThbCS
B npocrpaHctBe. OfHAaKO 3T0 06CTOATEJNBCTBO HHKAK HE OTPa3HTCS
Ha cnpasefanBocTd dopmylbt (89.1). HelicteuTensno, U3 BblBOJA fACHO,
UTO MOJ 71 CJeJyeT MOHHMATh 3HaueHHe KOHHEHTpAalUHH Ha CaMoH Ijio-
riajke S, HE3aBUCHMO OT TOTO, PAaCCMaTPHBaeTCst IH BepXHUH U/ HHXK-
HHIl OYYKH MOJIeKYJ, Y4acTBYIOWIMX B IlepeHoce BeJHYHHbI g. Bouio Obr
rpy6oi oIMGKOH CYNTATh, YTO KOHIEHTPALHIO 1 HaJo OpaTh Ha paccTos-
HHMH —EA OT IVIOWAJKH S, TJie MOJIEKYJIbl IpeTepnest «I0C/eHHe CTONK-
HoBeHus». Takofl croco0 pacuera HoJ2KeH NPHMEHSATBCS MOALKO K he-
PEHOCUMOUL 8eaudUKe &, HO He K KOHUEeHMpayuy mn.

ITo ananoruu ¢ (89.1) MOKHO yTBEPKIATD, UTO MOJEKYJH, JeTAILIHE
CHH3Y BBepX, IIEPEHOCAT B TOM 2Ke HallpaBJeHHH KOJHYeCTBO JABHKEH!A

1 I d
G_= 5 nvgy — 5 nok & (89.1a)

INonnoe KoMHYECTBO ABHXKEHHS, €KEeCEKYHIHO TIIEPpEHOCHMOE 4epes
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MIoWAAKY S B MOJOKATEJILHOM HATpaBieHuu ocH X (CHH3y BBepx),
Haijgerca poiynranvem (89.1) uz (89.1a). Ono pasno
L 1, dg I g du 0
G= —3 nouk L= TF nmok qr (89.2)

10T neperioc NpOABIAETCS B TOM, YTO BAOMb IVIOCKOCTH AB jeicTyer

BA3KOE KacaTeJbHOL HallpAKCHIEe
du
Txy =1 a; ) (89'3)

rae n=1, nmoh. (89.4)

Mbl nosiyun/n He TOJNBKO HbIOMOHOSCKILL BQKOH SHYMPEHHREZ0 MpPEeHUs
(89.3), HO W HaUWH Guipascerie 0AS8 Koaghpuyuenma

X BHYMPEHHE20 MPeHUsa 1.
3. Ho Bcsaxufi TeH3op HanpsKeHHH JoJKeH
ObITb cummempuutsim. B IPOTHBHOM C/lyyae Hapy-
A 5 maszcss Obl 3aKOH COXpaHEHHsT MOMEHTa KOJHue-
Dy 'JS‘“Y CTBA JABMIKEHHST {CM. T. I,D§ 74). Ilostomy BsA3KHE
Hanpsi’kKeHHsl JOJ/KHBI JeHCTBOBaTb HE TOJBKO B
IVIOCKOCTSIX TeYeHHsl rasa, HO H B INVIOCKOCTHX,
NepreHAnKyISpHbIM K HuM. Heobxoaumo nostomy
BBLISICHHTb, KaK BO3HUKAIOT 3TH HANpPSKEHUs, U
yOeMUThCS, YTO OHH YAOBJETBOPAIOT YCJOBHIO CHM-
Puc. 83, METPHH Ty, = T,y. OpHeHTHpYeM C 5TOH Lenbio Gec-
KOHEUHO Ma/yio IVIOWAAKY dS meprneHiHKyJIspHO K
HanpapJ/eHnio TeueHus rasa (puc. 83). Takum o6pa3om, NO-NpeKHEMY,
npeanoJsiaraeTcsi, UYTO ra3 TeueT napasljiebHO OCH Y H paccMmartpu-
BAIOTCA TPYIIbI MOJIEKYJI, TEMJIOBblE CKOPOCTH KOTODPHIX MapaJjlesbHbl
ocu X. M3-3a Hamuuus MOJEKYJISIPHOTO TeHYEHHs, MOJEKYABl HMEIOT
GOKOBYIO COCTaBJAIOMYI0 CKOpocTH u{x). Baarogaps stomy B paccmar-
pHBaeMOM CJyyae H IIOSIBJISETCS HOTOK MOJIEKYJ, HpPOHU3HIBAIOLIHI
maomagky dS. PaccMoTpuM Ny4oK MOJIEKYJ, HPUXOASLIMX CBepXy.
Ha ocHoBanuM J0KAa3aHHOTO BhILlle MO2KHO PacCyXk/aTh TdK, KaK ec/id Obl
BCE MOJIEKYJIbI TyYKa COBEPLIMJIN MOC/ICIHHE CTONKHOBEHHSI HA PaccTos-
HHH A OT miomaiky dS (#3mepenHoM BoJab oce X). KonnuecTBo Takux
MOJIeKYJI, IPOHH3LIBAIOIWNX IVIOWAAKY dS B €JUHHILy BPEMEHH, PaBHO
/e nu(M)dS. IlepeHocumoe MMM KOJIHYECTBO JABHKeHHs Oyler dG, =
= /g monu (A) dS v nanpasieHo Buu3. IToToK MosIeKyJ, NPHXOAAMMX
cHH3Yy, OylZeT MeHbIUe, a MMeHHO !/gnu (—A)dS. CesisaHHbii ¢ HUMH
HOOTOK KOJIMYecTBA JBMKeHHs paped dG. = /g munu (—A)dS u Ha-
npasjeH BBepX. PasHocth 3THX ABYyX moTokoB dG = dG_—dG, =
= — % mvn?»;—i;-‘ JacT IOJHBbIH OTOK KOJHMYECTBA JBHIKEHHS, [EPeHO-
CHMBIfi dYepe3 IUVIOWAAKY dS BBepX B efMHHLY BpeMeHH. OH mposis-

dv
JAETCA B IIOABJEHHH KacaTeJdbHOT'O HalpaAXKeHud ry,,zﬁmnvk—dT,

KOTOpoOE zxeﬁcmye'r B IIJIOCKOCTAX, NIEPNEHAUKYJAADHHX K HaIllpABJICHHIO
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TeueHHd rasa. Taxkum o6pa3oM, Mbl BHIICHHJIH NPOHUCXOKAEHHE «IIOTIe-

PeYHBIX» KaCATeNbHBIX HANPSKEHUH M JIOKA3alH, YTO Ty, = Ty.

4. MoxHo 6LiI0 6Bl YCOBEPLIEHCTBOBATL PACCYMKIAEHHS, He NPHOErast K HCKyceT-
BEHHOMY pAa3fieJIeHHI0 MOJEKYJl Ha LIeCTb B3aHMHO IeEpNeHfHKYASPHLIX MOTOKOB.
Bynem cuutarh cnauana, 4To CKOPOCTH MOJIEKYJ OJMHAKOBBEI 1O BeJHYMHE, HO pac-
NpeleicHbl MO HanpasJeHHsM H30TpomHo. Paccunmraem kaca-

TeJNbHOE HANPSKEHUE Tyy, AACTBYIOLlCE B IVIOCKOCTAX, Mapal- %
JieJIbHBIX CJIOSIM TeKYilero rasa. Pacuer kacaTe/bHbIX Hanpsd-
AKEHUH B MOEPICHIMKYMAPHBIX IJIOCKOCTAX Ty, TPOUIBOAUTCS

ananoruyno. YUHCIO MOJMEKYsM B eIMHHLE 00bBEMa, CKOPOCTH B
KOTOPHIX Hanpas/eHbl noj yriamu Mexay ¢ 1 ¢ + d% x nop- i
Matu K miouanke S (puc. 84), paercst BeipamenueMm (75.4), T. e.

pasHO /yn sin Od¥. Tlpu noacuere NMepPeHOCHMOrO HMH KoJuye- S

CTBA JBMIKEHHSI MOXKHO pacCynarb TaK, KaKk eciH Obl BCe Puc. 84.

OHHM NpeTeprniedH NOocJefHee CTOJKHOBEHHE Ha PacCTOSAHHH A OT

IVIOMAAKH, €CAH 3TO PAacCTOSIHME H3MepsiThb B HANpaBJeHHH

ABMIKEHHs! MOJIEKYJIE!, HAH Ha PaccTOSHHH A cosid, eCiM ero H3MepATh BAoJAbL ocH X.
PaccmarpuBaeMble MOJIEKY/Bl NEPEHOCST CBepXy BHH3 KOJHYECTBO JIBHKEHHSHA

noh
2
[TonHoe KOJIHYECTBO JBMIKEHHS, NEPEHOCHMOe CBepXy BHH3, HalileTcs MHTerpHpo-
BaHHEM 3TOTO Bblpaxenns mno ¥ B npegesax ot ¥ = 0 go O = n/2. Ouo pasno

dG, = rg_) sin & dbg (A cos &) cos® = '—gfgo sin @ cos O d¢ 4~ %% cos? & sin & d6.

nv nvh dg
G L= g0+——6~ Is Ananoruuto HaXOAMTCA KOAMueCTBO ABWNKerHs G_, nepewo-
cuMoe cHu3y BeepX. s mosHOro motoka osmuectsa gHienus G=G_—G, =
noh d
= ——Ta% NOJyyaeTcss TaKoe e BbIpaXeHHe, Kak H B GoJiee 3/IeMEHTApHOM

pacyere, NMPHBEJEHHOM BHINle, a NI T) — IpexHee BHpawenue (89.4).
Tenepr He npeacTasisier TPyAa yuecTb pazGpoc ckopocrefi. s 3toro wajo
TOJIBKO YCPEAHHTh 110 BCEM CKOPOCTSAM IIPOH3BeleHHe vA, T. e. BMecTo (89.4) Hanucate

n=1/3nm {vd). (89.5)
Ecan ke mnpeHe6peub 3aBHCHMOCTLIC TONEPEYHOrO CEYEHHA G OT CKOPOCTH, TO
Hano pre,‘lﬂﬂTb TOJMBKO U, T. €.

n=1/3 nmAT. (89.6)

5. CoBepileHHO TaK K€ MOKeT ObTb pPacCMOTPeHo sIBJEHHE rmenao-
nposoOHocmu. 3JeCh BMeCTO IICPeHOCa KOJHYeCTBA JBHXKEHHsI pedb
HIET 0 neperoce 3nepeuu. B Toil obnacty temnepatyp, € CnpaBelauBa
KAQccudeckas meopus menioemxocmer, SHEPrHs MOJIeKyJbl IPOHop-
UMOHAJbHA TeMIepaType H MOKeT ObITh NpeJcTaB/ieHa B Bue € = mc, T,
rIe ¢, — yAe/NbHAs TEeN/JI0eMKOCTh Ta3d IIpH IIOCTOSIHHOM obbeme, ITycTs
ra3 HaxoJIHTCSl MEXAY ABYMST OECKOHEYHBIMH NPOBOJSALIMMH IJIOCKOCTS-
MU, MepneHAUKYJ/SIPHBIMH K ocd X, npuueM TemrnepaTypsl Hx T; u T,
MOJIepKUBAIOTCSA NOCTOAHHBIMU. Toraa GyZeT NpoHCXORUTh Hepeaya
TelJa COBEPUIEHHO TakK e, KAK B aHAJOTHYHOM CJydae IIPOHCXOANT
nepefaua KOJHYeCTBA ABMKeHHS. [ BEIUMCJEHHS IOTOKa Telsa ¢
MOMKHO BOCNOJb30BaThes Gopmynofl (89.2), samennB B HeHl HMIyJbC g
Ha sHepruw & = me,T. Torpa noayuurcs

L e, 8T
q==— = NMOACy 4.
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CpasnuBas 3ty dopmyay ¢ (52.3), monyuaem Ans KoaddHIHeHTa Telo-
IIPOBOJHOCTH Tasa
%=1 nmic,h. (89.7)

Heo6xonumMo oTMeTHTH, HYTO KOHLEHTpanus B HepapHOMEpHO Ha-
TPETOM TIOKOAIIEMCSI Ta3e He MOXKET OCTaBaTbCsl BCIOAY OAHHAKOBOH,
[ans npenoTepalieHiss BOSHUKHOBEHHS MAKPOCKOHHYECKHX JIBHIKEHHH
JO/KHO OCTABATBHCS INOCTOSIHHBIM IO BCeMy o06beMy Tasa JAaBJe-
HHe P, a cienoBarenbHO, H npousBenente nT. B HepaBHOMepHO Harpe-
TOM I'a3€ 3T0 BO3MOKHO TOJIbKO TOTA4, KOT/A KOHUEHTPALHS 11 MeHseTcst
OT ToykKd K Touke. Ho 310 o0O6cTOsITENBCTBO, KAaK OBLIO IOKAa-
33aHO B IIYHKTE 2, COBEpILEHHO HECYIeCTBEHHO I/ IPHUMEHHMOCTH (hop-
Myaer (89.2).

6. Cpasuenuem dopmyn (89.6) u (83.7) moayyaeM HHTEPECHOE COOTHOUIEHHE
=y (89.8)

OnkiT B 0CHOBHOM NMOATBEPAH 3TY 3aBHCHMOCTD, HO B HECKOMIBKO GoJee oblieil Gopme

—’% = Acy, (89.9)

rie A — uncieHHbIH KosddHIHeHT nopsaka eiuHuusl. /s pasHbIX rasos od HMeeT
pasiple 3HAUEHUs M C1a60 3aBUCHT OT TeMmmepartypel. B taba. 9 npupenenn snaue-
aust kosdduunenTa A Aas HekoTopslX rasos npu 0 °C. Pacxos/IeHHe MEKLY OINbITOM
U TeopHefl, BBUAY NPHOMHIKEHHOIO XapakTepa IOoCaAefHeH, BIOJHE €CTECTBEHHO.
Crporast, HO OYeHb CHOKHAS TEOPHSN, PasBUTad UenMeHOM, NMOKA3ana, MTO A% BCeX
ceprueckH CUMMETPHUYNLIX HEBpAIlAOIMXCsa MoJIeKya A = 5/, Uncienssle pacyern
Ha CrCLHANbHBIX MOJAENAX MOJeKY/a (Halmpumep, TBepiblX lapax) nokasaau, uto A
JIHb HeMHOTHM Godblue 8/, 3HaueHHA A A1 HHEPTHBIX Fa30B COLJIACYIOTCH C ITHM
pe3y/JIbTaToM.

Tabauna 9
las A las A
Tenufi 2,51 XJ0p 1,79
Heor 2,47 Oxuch yriepona 1,91
Apron 2,53 Oxucp azora 1,86
Kpunron 2,54 JIByOKHCB yTJ/eposa 1,67
Kcenon 2,57 3akuce asora 1,74
Bogopox 2,02 Ammuax 1,41
Asor 1,97 Mecran 1,73
Kucaopoz 1,91 Sruned 1,44

Tpu m310XKeHUN TeOPUH TemsoeMkocreil (cM. § 69) GblI0 noxasaso, U4TO TEMJOBHE
BpallaTeJqbLbHbIC IBHKEHHS MOJCKYJ MpeKpailaloTes, ecau TeMiepaTrypa rasa cra-
HOBHTCSI 3aMeTHO HMXe spauamersHoll xapakmepucmudeckoid mennepamypet. I'as
Beder ce0s kax ognoarominlil. Iloatomy ciepyer oxuiarh, 4To IJsl BCEX Tasos Kosd-
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dunnentT A NPH HU3KMX TeMmepaTypax JOJKeH CTPEMHTBCS K MpefelnbHOMY 3Ha-
YCHHIO By, KAKOE OH HMCeT /sl OAHOATOMHBIX I'a30B. DTOT BBIBOJ Obll NOATBEPIKICH
Oiikeniom (1884—1950) ania pogopopa. Diiken Hamen, uto Ans sojopopa A = 2,25
npu T =381 Ku A = 2,37 npu T = 21 K, roraa kak npu 0 °C 4 = 2,02. (Hanowm-
HHM,UTO BpallatesbHad XapakTepHCTHYeCKasl TeMneparypa Ajlst sogopoaa T, ~ 175 K.)

7. Beens nnortnocTs rasza p = nm, gopmyast (89.6) u (89.7) MoxHO
reperucarb B BHJE

N=1/300h, %=1/300AC,. (89.10)

Taxk xak A o06paTHO IPONOPIHOHANBHA O, TO OTCIOLA CAETYET, UTO KO-
(huiueHMbL BHYMPEHHE20 MPEHUA U MENAORPOSOOHOCU He 308UCAM OM
naomrocmu eqasa. K TakoMy BbIBOLY Bhepsbie npuiuea Maxcsenn, n
5TOT BBIBOJ MOKA3a/Cs eMy napajokcanbHbiM. OfHAKO ONbITH, NOCTAB-
JieHHble caMHM MakcBemyioM H ApYTHMH (GH3MKaMH, HOATBEPAHJIH YKa-
3aHHLIH BBIBOJ.

HesaBucumocts Ko3(phHIHEHTOB BHYTpPEHHErO TpPEHHS H Tenjo-
[IPOBOAHOCTH OT ILIOTHOCTH [a3a UMeeT NpocToe ofbscHeHue. Lcnu
IJIOTHOCTb T'a3a BeJqHKa, TO B [lepeHoce HMIYJ/1bCa M SHEPrUH YYacTBYET
mro20 moaexys. OJHAKO Iepefauya HMITYJIbca U SHEPTHH 3a BpeMs MeXAy
JBYMs IOCJICAOBATE/IbHEIMH CTOJKHOBEHHSIMH IIDOM3BOLHTCS MAAbIMU
nopyuAMY 1 Ha Malble paccmosxus. ECTU XKe NJIOTHOCTh Masia, TO YMeHb-
[IaeTcst U YHCJIO0 MOJEKYJ, Y4acTBYIOIHX B rmepeHoce. Ho 310 ymeHb-
ILIeHHe [I0JJHOCTbI0 KOMIIEHCHPYETCst TeM, YTO Telepb MOJEKYJIbl [IepeHo-
CAT HMNYJBC H 3HEPTHIO Oosee KpynHemu nopyusmu W Ha OGoasbuiue
PaccmoAnus.

8. OnHako Tak GyAeT IIPOMCXOAUTH TOJMBKO O TeX Mop, MOKa IJIOT-
HOCTb rasa O He odeHb Masa. [[onyCcTHM, MO-TIPeKHeMY, YTO pedb HEeT
0 Iepefaue MMIyJbca HJIM TelJa OT OLHOH IIaCTHHKH K JApyrof, el
napaJ/iensHol. Hesasucumocmes koautjienmos 1 u % Om AAOMHOCIAL O
cnpagedausa 0o mex nop, NOKA paccmoanue Mexcoy nAQCmuHKamu d
6eAUKO NO CpasHeruro ¢ 0aurotl c80600H020 npobeea A. B mpoTHBONO/IOXK-
HOM cJyyae, Korga A > d, CTOJKHOBEHUS MEXIY MOJEKYJaMH CaMoro
rasa B SIBJI€HHAX N€PEHOCA MEepecTaloT Mrpatb pogb. CylecTBeHHBIMH
CTAHOBATCS TOJIDKO CTOJKHOBEHUS MOJEKYJ CO CTEHKaMH COCYAa, B Ko-
TOpPOM 3aK/oueH ras. Moseky/na, CTONKHYBIUMCH € rops4Yed CTEHKOH,
noJlyyaeT OT Hee KHHETHYECKYIO SHEPTHIO U IIepeHOCHT ee K Gosee X0J/104-
HOH CTeHKe, He MCIBITHIBASi NPOMEXKYTOUHBIX CTOJKHOBeHHH. To xe
MOKHO CKa3aTb M O IlepeHoce HMNYJbca. SICHO, 4To B TaKoM Ciydae
nepeHoc TemJa HJIM HMIyJabca OylIeT NpPOHUCXONUTL TeM MeJJIeHHee,
uyeM Gosibllle paspexed rasz. Taxofl nepenoc gopMmasbHO MoxKeT ObiTh
ornucal npexuumu opmyndamu (89.3) u (52.3). Tonbko Tenmepb M U x
JIHLIb YCJIOBHO MOXHO Ha3BaThb KO3(p(HIHEHTAMH BHYTPEHHEro TPEHHA U
TenJIonpoBofHocTH. OHHU 3aBHCAT HE TOJBKO OT CBOHCTB CAMOTO rasa,
HO U OT PacCTOSIHUSI MEXKIY IIaCTHHKaMH. VX MOXHO OLEeHHTb Ipex-
nuMH Qopmynamiu (89.6) u (89.7), 3aMeHHB BeNM4UHY A HA paccrosuue d
MeXy niactHHkaMH. Takum o6pasoM, mesasucumocme Kosgguyuermos
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MPeHust 1 menAonposoOHOCILL OM NAORIHOCILL 2030 UMEEN MeCIO AULb
do mex nop, koeda Oauna ceobodHo20 npobeea h Mara no CpasHeHuio ¢
KQKUMU-MO XapaKmepHpimit pasmepamu cocyoa d (Hanpumep, paccros-
HHEM MEXKAY NIPOTHBOMOJIOKHBIMY CTEHKAMH, KOIJld OHH NapaJjilesbHbl).
Koela & u d ctnanossames cpacrusvimg Opye ¢ Opysom, npu yYyMmeHblleHilu
RAOMHOCIU KoIghpuytienmet W) ¢ ® Hauuraom ybeieams. B daabreliviem
amo ybvlearue udem no AUHELHOMY SaKOHY: Kos(guyuenmot v u % cma-
HOBSINCA NPONOPUYUOHAADHOIMI NAOMHOCHY . Ha 3TOM OCHOBAHO YCT-
potictBo cocyda Hoioapa (cm. § 1). IToxa paccroanue d Mexay TBOHHBIMU
CTeHKaMK cocyia [lploapa BesMKO O cpaBHEHHIO C A, OTKayKa rasa H3
IPOCTPAHCTBA MEXKLY 3THMH CTEHKAMH HHYero He JaeT AJs Tel/ousons-
nuu. Ho ona crasoBurest 3deKTHBHOM Mocjie nepexoia yepes Ipome-
JKYTOUHYIO 00/14CTh, B KOTOpOH A ~ d.

9. 3akoH Maxkceenna 0 He3aBHCHMOCTH KO3(XDHUHEHTOB BHYTpDEHHEIO TpPeHHS
K TeNJIONPOBOJAHOCTH OT IJIOTHOCTH JIOJIKCH HapylwatbCs W AJs IJIOTHHIX Tasos,
KOTZa pa3Mepbl MOJIEKYJI YiKe He MOTYT CUHTAThCs NpeHeGpe:kUMO MaJbiMH IO CpaB-
HEHHIO ¢ IJNHHOH cBoGoaHOTrO Npobera. ONBIT OKA3BIBAET, YTO B TAKHX CydastiX KOap-
(ULHEHT BA3KOCTH Tas’oB ¢ MOBLILICHHEM IJIOTHOCTH BO3pacTaeT, 0CoGeHHO OLICTPO
NpH HHM3KHX Temneparypax. Jlis napos, GJIH3KHX K KOHJEHCAlWH, MOMXeT HrpaTh
pPoab H TO OGCTOSITENBCTBO, UTO MOJIEKYJBl TPYNIHPYIOTCSI B arperartwl, COCTOSII(He
H3 HECKOJIbKHX MOJIeKYJI. [1pH OOLIYHEIX NIOTHOCTAX IS GOJIBIIHHCTBA Ia3oB HabJ1o-
JAoNascs 3aBHCHMOCTD 1) OT ILIOTHOCTH €/Ba JIM BBIXOAHT 34 NpeJelibl EePOSTHEIX
omubox uamepenuil. Cnabast e 3aBUCHMOCTb OT FUIOTHOCTH B 3THX CJy4asiX MOXKeT
6biTb 0ObsICHEHA AeHCTBHEM MOJICKYJ/SPHBIX CHJ, KOTOpble B 3/IeMEHTApHOH TEOPHH
IepeHoca He YYHTHIBAIOTCS.

10. B 3akmouenne KpaTKO OCTaHOBHMCS Ha BOLPOCE O 3aBHCHMOCTH Ko3bbHuHeH-
TOB nepexoca M H % ot Temneparypel. C 310oil nesbio nojcrasuM B Qopmyin (89.6)

1 (89.7) suauenue A u3 (86.2). Ilosyunm:

m mey
1];:%'0, K== 35 v.

(89.11)

Ecan cudraTh ¢ He 2aBHCSIIAM OT TeMueparypht, 10 o6a Kospduurenta 1 0 ¥ 6yayT

nporopukonaibHel ¥, T. e. V' T. Ha caMoM fieie OHH PacTyT C yBeNHUEHHEM TeMIe-
parypst Guictpee. Orciofa ciepyer, uro addeKTUBHOR CedeHHe O YOLIBAET C yBeJiuue-
HHeM TeMiIeparypH. 270 MOXKHO OGBSCHHTH ReHCTBHEM MOJIEKYJIAPHBIX cul. Hanpu-
Mep, ec/H BOCHOJB30Barbest (opmynoit Césepaenga (87.2), 10 AJsA BA3KOETH HOJY-

YHUTCH o
n=2YT (89.12)

S

rie A — nocrosinnas. g HEKOTODHIX rasoB 3Ta (OPMyJa XOpoOLIO HepefaeT HaMe-
Henne Koa(pdHuHeHTa 1] C H3MeHelHeM TeMhepaTyphl B AOBOJLHO IIHPOKHX JRHaia-
30Hax TeMneparyp. Tak, HanpuMmep, 3T0 yCTAHOBJEHO Ha onbite A5t Ny (TeMreparyp-
Heiit uuTepait or —76 °C o 250 °C) u CO, (01 —21 °C neo 302 °C). [locrosunue
Césepsienzia AAsT 3THX Ta30B B YKa3aHHBIX TeMCPaTypPHBIX HHTEPBAJNAX DAaBHEL
103 K (s Np) 1 240 K (uast CO,). Ilpu nuskux rtemneparypax ¢opmyaa (89.12)
JaeT CJAMIIKOM Majible 3HaueHHs 1) Aas Bcex rasos. K Bogopoiy u renmio dopmy.ia
(89.12) mpumMenuma naoxo. Tak, Aas rejius sHauenHs S, ofecrneuHBalolye COBMAje-
Hue dopmy.st (89.12) ¢ onbltoM, Bospacraor ot 80 npH QOLIYHBIX TEMIGPATYyPaxX NpH-
MepHo o 200 gas Temmepatyp, OamakHx K 800 °C.
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SAdAYH

1. Onpefennts pacxon Macchl rasa Q mpH  H30TEPMHUYECKOM CTANHOHAPHOM
nyaseilieBOM TeueHHH €ro Bjob NpPSMOAHHENHOH TpyOul AJMHBEL ! C NOCTOSHHBIM
[oTepeyHbIM cedeHneM S.

Pemenue Bospmenm Geckoneuno manpifi yeacTox TpyOut Annuoit dx. Tlpu Te-
UCHHH HA ITOM y4aCTKC Ta3 MOXKHO CUMTATb UECKHMACMBLIM H MPHMCHHTL K HeMy
¢opmyay Ilyaseina (1799—1869) 0S® dP

T dr
rae C— NocTostHHAA, KOTopas Aas Kpyrioli tpy6s pasra C= 1/(8n) (em. 1. 1, § 97).
lekmouas nAOTHOCTE P € MOMOWIBIO ypaBHenus KiameilpoHa, MNOJy4YHM

nse _dP
=—C-%=P-==.
NRT " dx
Pacxos Q npH CTauHOHAPHOM TeYeHHH OJMHAKOB BROJbL Beelt Tpy6ul. Bssrocrs n
33BHCHT TOABKO OT T H NPH K30TEPMUUECKOM TeUeHHH OCTaeTcs NOCToAHHOM. [Tostomy
HHTErPHPOBAHHE 1aeT

Q=—C

2 i1__p2
Q,—_C_FLS“_Pl_EE
SORT 1
2. Haiite craiionapHoe pacnpefieeHe TeMmrneparyp B NJIOCKOMAPANIeNTLHOM
¢J/ioe rasa, Ha I‘pal”ﬂlax KOTOPOI'o MNOJANEPXKHBAKTICA IMOCTOAHHBIE TeMHepaTypr.

Cuntath, uro %~V T+ To me ATA cPEPHUECKOro M LHAHHAPHUECKOTO CJIOEB
(cm. § 53).

Oreer. B ¢opmynax § 53 mago cpesars 3ameny T —- T/, T —~ T‘,/z,
T, — TY2.

(89.13)

§ 90. Camopuddysusi B rasax

1. Jlomyctu™, 4TO 3aKpblTas TOpPH3OHTa/jbHas Tpyba pasienena
Ha JiBe yacTtH neperopokoli. I'lo ofny cTopoHny neperopoixH HaxonuTcs
Kakofi-to ras 1, a no apyryio — ras 2. Ilycte paBJeHHs1 H TemIiepa-
Typel 00QMX ras’oB OJAMHAKOBH. EcaH yJaiHuTb Neperopoiky, TO rashl
HauHyT mnepemelmnBaThes. IlpruMHOH 3TOrO sABJSIETCS XaoTHUECKOE
TelJIOBOe JABH:KEeHHe MoJjekyJd. CIycrsi HeKOoTopoe BpeMs KOHLEHT-
paLiH KOMIIOHEHTOB CMECH CTaHYT OJMHAKOBEIMH 110 00€ CTOPOHBI Nepe-
ropoiku. Takoe NPOHUKHOBEHHE MOJIEKYJI OJIHOTO Iasa B CPeAY MOACKY.T
IPYIOro ra3a Ha3bIBACTCH 83QUMHOL UAL KOHUCHMPAYUORHOU Ougghyaued
easos. Iyt Hab/onenuss Aupdy3Hu TpyO0y MOXKHO pacrosoXHUTh H Bep-
THKaJNbHO. TOJBRKO B 3TOM CJyyae CBepXy NEPeropojfKu JOJKeH HaXo-
InThesl Goslee JIETKMH, a CHHBY — QoJlee TsKeJbll ras.

Ec/n rasel 110 00e CTOPOIB I€PETOPOAKH TOXKAECTBEHHBI, TO 1My~
3us Takxe OyIeT NPONCXOANTR. B 3TOM cjyyae oHA HA3LIBAETCS CaMO~
Jupghysuedi. Maxpockonnyeckd camoAudpdy3uo HabIwoaaTb Hedbad,
TAaK KaK H3-33 TOXKAECTBEHHOCTH MOJIEKYJl OHA HEe MOKET IIPOSBHThCS
HH B KaKOM MaKpOCKOMHYCCKOM siB/IeHHH. L5 HaOmoJleHHs caMoaud-
¢hy3HUH HaJ0 KAK-TO «IOMETHIThY 4acTh MoJIeKyJ rasa. [lpaxTuueck sro
MO2KHO CZ€/1aTh, €CJH BMECTQ OJHOPOAHOTO ras3a B3STh CMeCh ABYX H30-
TOIIOB €r0, OJAHH H3 KOTOPBLIX SIBJISETCS pajHoaKTHBHBIM. Moziio Takxe
B3ATb CMeCh JByX pasHuHbIX rases (Hanpumep, CO u Ny), MOJeKyJIbl
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KOTOPbIX OJHMHAKOBBL IO Macce M INPAKTHYECKH MMEIOT OLHHAKOBbe
pasMepel.

2. JlonycTuM, UTO KOHIEHTpPALMH «MEUEeHBIX» MOJEKYJ 7y U «HeMe-
YeHBIX» A, MEHSIOTCH B HanpasJdeHHH ocu Tpy6wl. ITpumem sTy ocb
3a xoopuuHatuyto ochb X. Ecnn ofmas KoOHIEHTpaUHs yacTul, # =
= n; (x) + ny (x) ¥ TemmepaTypa rasa OCTAOTC HOCTOAHHBIME, TO
OyJieT OCTOSIHHO U JaBJieHue Bo BceM rase. [103ToMy MaKpOoCKONHYECKOe
IBUKEHHEe B rase BO3HHKHYTb He MOXKET, U IiepeMelliiBaHHe MOJIEKYJ
BO3MOXKHO 3a cueT OlHOH ToJbKOo aHddysun. Moseky sl rasa 1 u Mose-
Kyabl rasa 2 6yayT AnddyHINpOBATb B NpPOTHBOIOJIOXKHLIX HaNpas-
JeHHAX — OT MecT GoJibIlell KOHIEHTpaluy K MecTaM MeHblieH KOH-
ueHTpauuH. Jlsis KOJIHYeCTBEHHOI'O ONHCAHHS SIBJEHUS BBENEM IOHATHE
dugpdhyauonroeo nomora. Hugdysuonnem nomoxom I' naseieaemces ko-
AUHECITIB0 MOACKYA PACCHAMPUBACMO0 MUNA, HPOXOdawux npu Ougdysuu
4epe3 eOUHUUHYIO NAOWAOKY, NePHEHOUKYAAPHYIO K ePaOUeHMYy KOHUeH-
mpayuu, 6 eQunuyy epemeru. 3ajada TeopHH AUQQY3UH CBOAMTCH K
BBEIYUCJICHIIO AU(PYSHOHHEIX TOTOKOB,

Haa seiuncaenus noroxos I'y u I'y o6oux rasos npu calvxojln¢<1)y3un
MOKHO BOCIOJIb30BaThCs (hopmyJion (89.2). Posb «mepeHocHMoOll Besu-
YUHBY g B 3TOM CJydde UIPaloT OTHOCHTENbHble KOHIEHTPalHU rasoB
¢, = m/n Uy, = ny/n. INoacrasass ux B (89.2), Haxoxum s Auddy3u-
OHHOTO NOTOKa IepBOrO rasa

. 1 dCI _ 1 . dl’ll
Iy=— nv?» = vh -
AnasnoriuHoe BhIpaxKeHue HamuiieM Jasi raza 2. TakuMm oBpasow,
. (l’Cl N dCz
I‘1-—DIZE;, Ig—-—“"Dfldx. (901)

Tax Kak no/snas KOHUEHTpalHsA n = n; + f, OCTaeTcst OCTOSHHOH,
10 Gopmy.n (90.1) MOXHO TakXKe 3amucaTh B BUIE

dny dng
I'j=—D- e Fy=—D-. (90.2)
Ho ecau BeruynHa 7 He NOCTOSIHHA, a MEHsIeTCA B IPOCTPAHCTBE MOJ
JeficTBHEM KaKOH-JH00 NPHUYHHE! (HallpUMep, CHIOBOTO MOJAS HJAH rpa-
IHeHTa TeMmnepatypsl), To ¢opmy.sl (90.2) cTAHOBATCS HENPUTOAHBLIMH.
B Takux cayuasx Halo Noab30BaTheA Gosiee obiuMU q)opMyﬂaMH (90.1).

W3 nocrosiHcTBa nNOJHOM KOHHEHTpAUHH n = Ill—rfl; caeayer

dn dng
1—}— Tx 2=0, a moromy Ty = —T,. Jduddysuonnse notoku oboux

rasoB OJHHAKOBB! MO BeJHUHHE, HO HANpAaBJEHHl IPOTHBOIOJOMKHO.
Gopmysst (90.1) MOKaswLIBAIOT, YTO OUGHYSUOHHBUL HOMOK RPONOP-
yuonaten epaduenmy Konyenmpayuu. 310 — 3axor Duxa. Benwduna D
HasblBaeTCs1 Koagguyuenmom duppyszuu. B cnydae camonuddysun ona

Onpeje/ifeTCs BEIpAXKEHHEM
D=1/, 0A, (90.3)
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3. 3axon PuKa crnpaBeANuB U 115 B3aUMHOH JudDY3UH pasiUYHLIX
razoB. Ozxnako 3jeck ¢opmynaa (90.3), BooGuie roBops, HeNpUMEHHMA.
E10 MOXKHO NO/Jb30BaThCA TOMIBKO B TeX CIy4asx, KOrfa KOHUEeHTpaius
paccMaTpHBaeMOro rasa OYeHb Majia IO CPaBHEHHIO ¢ KOHIEHTpamuei
apyroro rasa cmecd. IIpu BHINOMHEGHHH 3TOrO YCJOBHS CPelHsAs JJHHA
cBOOOJHOro mpobera MoJIeKy/ pacCMaTpUBAaeMOTO rasa A olpenessiercs
CTOJKHOBEHHSIMH HX TOJBKO C MOJMEKYJaMH APYroro ra3a cMecH. Baaum-
HBIe JKe CTOJKHOBEHHS MEXKIY MOJIEKYJaMH paccMaTpHBaeMOro rasa,
BBUJIY Ma/JOCTH €r0 OTHOCHTEAbHOH KOHIEHTpPAalUM, POJH He HUrpaloT.
AnajlorudHas CHUTyanusl BCTpeyaercss U INpH Jughdysuu Heldmporoe
B rpadute. IDT0 sIBJIeHNE HUCHOb3YyeTcs ISl 3ame0AeHUsn HelimpoHos
B SIIEPHBIX peakTopax. BBuay MajoCTH KOHUEHTpanuH HeHTPOHOB
nocjae e BenyT cebsd KaK MOJEKYJbl HIeaJbHOIO rasa, CrajxkHBaio-
[Hecs BpeMsl OT BPeMeHH C fiapaMH aToMoB rpagurta. duddpysusi neiit-
pOHOB Xoporo onuckiBaercs gopmyaoi (90.3). Hauna cBoSoiHoro mpo-
fera HeHTPOHOB B rpadure ropsijka CaHTHMeTpa.

Korza konuentpauuys 000MX I'a30B B CMeCH OJHOTO IOPSAKa, TO
IPH TNOCTPOEHHH TEOPUH KOHUEHTpAaUHOHHOH nutpdysuu no wmeroay
cpenHell JIMHBI CBOGOJHOTO mpobera Haj0 BBOAUTH JBE CPeAHHE IJNHHBI
cBobonHOTO mpobera: AjaS MOJEKYJd MepBOro MW BTOPOTC ras3oB. ITH
IJIMHB! CBOOOJHOTO Ipofera SIBJASIOTCA XapaKTepUCTHKaMU paccMatpH-
BaeMOH CMecH ra3oB. Teopusi NOJMydaeTCH [OBOJBLHO TPOMO3JAKOH U
IVIOXO COrJiacyeTcst ¢ 3KCNepHMeHTOM. JIydiine pe3yJibTaThl JAIOT T€O-
PHH, B KOTOPHIX NOHSTHE JVIMHBEI CBOOOJHOIO NpoGera He MCNOAb3YeTCs.
Mzt nzsoxum B § 92 oauH 13 BapUAHTOB NPHOJIKEHHBIX TEOPHH TAKOTO
THIA, B OCHOBE KOTOPOTO JeXHuT ghopmysa inwimelina, BHBOIUMAS
B ciefyomeM naparpadge.

§ 91. CBa3p koahduunenta nuddysun
€ NOJBHUKHOCTBLIO YACTHIIbI

1. TouaTneM nodsusicHocmu Mbl y2<e Tonb30BaNich B § 64 npn pac-
CMOTPEHUH TEOPHH OGPOYHOBCKOTO NBHKeHHsI. TaM 3TO MOHsITHE NpH-
MEHSJIOCh K GPOYHOBCKHM UYACTHIAM, ABHKYLUIUMCS B KHIKOCTH TIOJ,
neficTBUeM IOCTOSHHBIX CHJI. [Ho OHO npuMeHHMO U K dacTHIAM MOJIEKy-
JAPHBIX M aTOMHLIX pasMepoB, HampuUMep K HOHaM, ABHXYHIUMCS
B aiekTpoauTe. Ha 3apskeHHBII MOH B NOCTOSIHHOM 3J€KTDHYECKOM
niose IefCTBYeT NOCTOSHHAS cuila F, IPOnopUUOHAABHAS HANIp SXKEeHHOC-
TH 3/€KTpuYecKoro nojid. Kpome Toro, mpH ABWKEHUH HOH HCMLITHIBAET
CTOJIKHOBEHUsI ¢ OKPY2KAIOIMHUMH MOJIEKy/1aMH M HoHamH. [Ipu orcyr-
CTBHM BHeIIHe# cuibl F IBHxKeHHe HOHa ObIo GObl noAHOCHbIO Gechops-
Jdoutiim. Tlpyu HaJUUYUK MOCTOSTHHOH CHJIBI F TIOSIBISIETCH Apeumyuiect-
eenHoe HanpasieHue ckopocmu uona. Ha GecnopsiiouHoe TEIVIOBOE [BHU-
JKEHHE HaKJaJblBAETCS pezyasipHoe Osuscerue B HanpaBJeHHU cuabl F.
CxopocTh 3TOTO PEryJ/IsipHOTO JIBHXKeHHS Mbl ofo3HauuM #. Bextop u
ecTb He 4TO HHOE, KaK CpeJHss CKOPOCTb, C KOTOPOH IepeMEeLIAeTCH HOH;



350 SIBJJEHWU A TIEPEHOCA B TA3AX [ra. vit

u = (o). Ecu aneKkTpuyeckoe noje He OYeHb CHJIbHOE, TO YCTaHOBHB-
LIASICA CKOPOCTh HOHA NPOHOPUHOHAJMbHA NIPUIOKEHHOH X HeMy cude F.
K 3TOoMy cayualo U OTHOCHTCSt MOHATHE MOABUMKHOCTH. [1008uncHOCHbI0
qacmulbl HA3bBAEMCEs KOappuyuenm nponopyuoHasbHocmu B mexcoy
peeyaaprol ckopocmblo @ u cuaod F:

u=BF. (91.1)

HecymectseHHO, YTO YaCTHLIAMH SIBJASIIOTCS HOHEL Bce ckasanHoe crpa-
BeAUBO M JJIsl MOJMEKYJ], H AJs J100bIX JPYIHX YaCTHIL

2. JlonycTHM Tenepb, YTO UMEETCS «ra3» KaKUX-TO YACTHL B MOCTOSH-
HOM H O/IHOPOJIHOM CHJIOBOM ToJIe. «['a3» HaCTO/IBKO paspexxeH, UTO CH-
JlaMH B3aMMOZREHCTBHSA MEXIY ero 4acTHIAMH MOXKHO IIOJHOCTBIO Tipe-
HeGpeub. IlpuMepoM TaKoro «rasas MOKET CAYXKHTb COBOKYIIHOCTh
OpPOYHOBCKHMX YAaCTHIl, B3BCUICHHBIX B JKUAKOCTH. JIpyruM npuMepoM
sIBIsieTcsl OOBIYHBIA HAeaJbHBIR Ta3 B CHIOBOM nose. Ecau F — cuia,
JeHCTBYIOIAS HA YACTHILY «ra3a» B CHJIOBOM II0Jie, TO NOTEHUIHAaJIbHAs
3HEpPTHs ee B 3ToM noJqe 6ynet €, = —Fx. (Ilpeanonaraercs, uyro ocp X
HampaejaeHa B CTOPOHY AeHcTByomielt cunnt.) Ecan cocrosinue cranuo-
HapHO, TO KOHUEHTPAlNA YacTHIl «ra3a» MeHsiercsl B IPOCTPAHCTEE
B cooTtBeTcTBUU ¢ dopmynoii boasumana

i Fx
n=n4e *T=neekT" (91.2)

Ho muxponpoilecchl He IIpeKpauialoTcs Ja)e Torja, KOorja cOCTosiHie
craitoHapHo. IlockosbKy €CTh rpajieHT KOHUIEHTpALUH, B rase mnpo-
ucxomut auddysusa. dngdy3HonHbIT MOTOK B NOIOMHTEILHOM HaNpaR-
nennn ocu X onpenensiercs BuipamenueM Iy, = — Ddn/dx. A Tak
K4K «Ia3» HaXOJHTCSI B CHJIOBOM TT0Ji€, TO CYIIECTBYET TAKXKe U «CHJIOBOH
MOTOK» MOJIEKY.T ¢ mIotHocThio I, = BFn. B cocroanun pasHoBecust

LOJKHO OBITh
n

d
—Dd—;‘-}—BFIl:O.
IMoncraBasia cioga Buipakenue (91.2), nosywaem mocite cokpaiueHis
Ha n D --kTB. (91.3)

370 COOTHOILEHNHE MEKAY KO|LHIHCHTOM Apdy3un N NOIBHAKHGCTHIO
YaCTHIUL! ObIVIO YCTAHOB/ICHO IDHHINTCHIIOM H HOCHT €ro UM,

§ 92. KonuentpanuonHaa aupdysus B rasax

1. PaccMoTpuM TeniePb CMeCh JBYX Pa3JHUHbIX Ta30B C KOHUEHTPAUKAMH 1) H 71y,
H3aMeHsiomnMucs B Hanpasjeunu ocu X. [landenne m rteMmuepatrypa cmecu npej-
NOJAraleTesl MOCTOANHBIME, TaK UTO 06lMas Xouuentpaumus n = ny(x) + fy(x) —
onHa ¥ Ta ke Bo BcoM rase. JuddysHounsle oTOKH ras’oB onpeiessIOTCA BLIPaXKe-

HEAMH
dn dn
Iy=— Dy, *J;’, Py=— Dy “af,
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rae Dy — xoappuyuenm Ouppysun easa 1 6 2az 2, a Dy — rosgpuyuenm Ouchpy-
suu 2asn 2 6 203 1. DBaarojaps nanuunio JudOYySHOHHBIX MOTOKOB 1ia TEHJOBOE [BH-
JKeHHe Ta30B HAKA3[bIBacTCsl YNOpPSIOYeHHOCe JABHKCHWE MX B HanpaejeHHH ocu X.
CKOpOCTH TAKOTO YIMOPSIAOUCHHOTO ABHMIKCIIMS 0003HAYUM #; H Iy, Coryacio CooTHO-
utennio Sitnwreiina (91.3) peiuncaenne kosbpuimentoB 1nddysun Dy, u Doy cBOAUTCS
K BBIUHCJICHHIO MOABHKHOCTCIl MOJCKYJ Ta30s. DTHM METOAOM MDLI H BOCIIOJL3yeMcs.

2, BBUHCAUM NOJBHZKHOCTD [B) MOJEKYJ nepporo rasa. s 3T0ro paccMoTpum
Kaxylo-1400 OJHY MOJeKyJy 3TOro rasa, KOTODYIO 11a30BCM MoJgeKyJoit 1. Pewum
cuauaia cieayiomyio 3apauy. Kakas nocrosiunast cmia Fy Jo/Kna AcfiCTROBaTh HA
MOJICKYJAY 1, UTOGLI MOAAepHBATL CC PEryJaspioe JABH:KeHHe C MOCTOANNOH CKopo-
cTbio #,? Ecou ara cusa Gyaer nafinena, To MoJABUKAOCT, By HallicTcst H3 COOTHOIICHHS
#; = BFy. SlcHo, uto cuna Fy B cpeAtieM 10JKHA YPABHOBCIUMBATECS CHJAMU yia-
poB, ACHCTBYIOMUMH H2 MOJIeKYay | npu crosikHoseHHAX. [1pH e BBIMHC/ICHHM MOKHO
OTBJICULCS OT H3MCHEHH S KOHUGHTPANHN 7y H fly B MPOCTPAHCTBE H CYUTATh 3TH KOHIEH-
TPallUH MOCTOSIHHBIMH. TOra CTOJKHOBEHHS MOJIEKYJBL | ¢ MoJleKysaMu TOro #xe (nep-
BOTO) ra3a MOKHO He IPHHHMATh Bo BHUMaHHe.OHM ABHKYTCS C TO XKe yIOpPAA0UeHHOM
CKODOCTBIO ¥y, a NIOTOMY CTOJIKHOBEHHS C HUMH He BHOCAT HHKAKOTO BKJaja B BeJH-
YHHY HHTepecyioumieii Hac cuiael. Hajgo yyecTb CTOJNKHOBEHHS TOJIBKO C MOJIEKYJaMH
BTOPOTrO rasa.

ITycTe 25 — uMCJO CTONKHOBeHHH, MpereprnepaeMblXx MoJekyJoil 1 B oary ce-
KYi[y C MOJICKYJIaMH BTOpOrO ra3a, a Ap, — U3MeHEHHe ee HMITyJbca HPH OJHOM
cTo/IKHOBEHHH. [losHOe M3MeHeHHe HMMyJibca MOJIEKYABl | B OJHY CCKYHAY B De3yJlb-
TaTe CTOJNKHOBEHHH C MOJIEKyJlaMH BTOPOTo rasa 6yaet zipAp;. Ecan y 3101 BeHUMHLL
H3MEHHTh 3HAK W YCPEAHHTL €€ 10 BCeM CTOJIKHOBEHHSIM, TO MbI M NOJYUHM HHTepe-
cylouyio Hac cuay Fy. CpelHee 3HaueHHe NPOH3BEJCHHS ABYX BeJHUHH, BooOlle
roBops, HeJMb3s 3aMEeHATH NpPOU3BefeHHEM CpeJHHX 3HaYeHHH 3THX BesnuMH. OfHako,
CCIM CAe/IaTh TAKYIo 3aMEHY, TO STO MOXKET CKa3aTbCs TOJIbKO Ha HeCYLIECTBeHHOM
YHC/IeHHOM KO3(DdpuuHeHTe nopsika eRHHHubL. [103TOMy B Nefsix yNpoOILIEHHS BHIYHC-

JeHHit npuMeM Fy = — 25 (Ap;). Cpelnee 4HCIO CTOJNKHOBEHHUIT 2j, [aeTCH BHIpaxe-
nuem (86.8). Urto kacaercs BeJHMYMHB Ap;, TO NpPH YCPEAHCHHH BHINAJET Ta YacTb
ee, KOTOpas CBSI3aHa C TeIVIOBHIM JBHKeHHeM. [lo3ToMy OT TemloBOro ABHKEHHS
MOJIeKYJIH | MOXHO OTBJeuscs M Hanucate (Apy) = my (Auy). TouHO TaK XKe MOKHO
OTBJIEULCST OT TEINTOBOTO ABHIKEHHS MOJEKYJH 2, C KOTOPOH CTalKUBaeTCsl MoJleKyna 1.
Taxkum ofpasom, 3ajaya cBeslaCh K PAacCMOTPEHHIO CTOJKHOBEHHS JBYX MOJIEKYJ
C Maccamu my H my, KoTopble B JaBopatopHoil cHCTeMe oTcyeTa ABHIKYTCH CO CKOpO-
myity =~ Mally
my+my
Ecau monexydsl cudtaTh HAealbHO YNPYTHMH LIapaMH, TO B CHCTeMe LEHTpa Mace
OHH pacceuBaOTcs cepuuecKn CHMMeTpHYHO (cM. 3afauy k § 87). Iro o3Hayaer,
4TO B CHCTEME LEHTPa Macc CpeiHHe CKOPOCTH YHODAJAOYEHHOTO JABMIKEHHS MOJEKYJ
TIoc/ie CTOJKHOBEHHS paBHB HyJIO. 3HAYHT, B J1aGOpaTOpHON chcreMe ofe STH CKO-
poctd 6yayt pasuni V. IToaromy aJjs cpeiHero W3MeHEHHS CKOPOCTH #; IPH CTOJK-
HOBEHHH HOJYYHM

CTAMH Uy U Uy, LleHTp Macc STHX MOJIEKYJ JBHKETCS CO CKOpoCTLio V =

Vg T (u—u,)
Ay =V —u, T Fmg
a noToMy
L omyms (B —u)
Fi=23 _I—NLL—')_—YHH (@1 — uy), ©2.1)

my—+ iy

rie W — NpHBeJeHHas Macca.

3ameTuM, MeKIY NPOUMM, YTO €C/H Obl MBI PacCMATPHBAIH CTOJKHOBEHHSA MOJe-
Kyasl 1 ¢ MoJIeKyJIaMyl Heproro rasa, To MLl NPULLIH Obl K TAKOMY BLIPaMKeHHIO, B KOTO-
POM BMECTO MACChl M1y CTOsia OBl Macca M1y, a BMECTO PASHOCTH Iy — Uy — PA3HOCTD
; — Uy, T. e HyJdb. DT0 JHIWHHH Pa3 joKasbisaer, YTO CTOJKHOBEHHS C MOJIEKYJaMH
NIepPBOro ra3a MOMXKHO He NPUHHMAThb B@ BHHUMAHHe.
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YuteM Teneps, UTO 1yl - nyfty = 0. Ecan 61l 970 66110 He TaK, TO HAPYILHIOCH
6Bl MOCTOAHCTRO MOJIHON KOHUEGHTPANMH YACTHIL A, YTO TPHBEJIO OBl K MakKpPOCKOMH-
HYeCKOMY JBH:KEHHIO Bcere rasa. C yyeToMm 3T0ro

n
Fi=—pznu
1 nz” 1283,

a IOTOMY o

T

1

TogcTapnsis Ciofa 3HaueHHe 2y, U3 (86.8), moayuum
1

1=, 92.2)
wnoy, V o3+ 03
Dopmyaa IitrwTefina (91.3) oronvatensHo Aaer
kT
Dipg=Dy = 92.3)

/=3 ] =

uncy, V 03 +0;

B dopmyay (92.3) He BxomaT HU £y, HU ny. OTCIONA CJeAYeT, UTO K03puyuenm

KOHUYeHMPAayuoHHo OJupdysui 2a3o8 He 3a8uUCUNL 0Nl KOHUEHMPAYUL KOMNOKEHMO8
20308011 cyecu. DTOT BBHIBOJ NOATEEPIKAAETCA OILITOM.

§ 93. BpoyHoBckoe aBHKeHHe Kak mpoliece RUGPYy3nH

1. B § 64 Teopust 6POYHOBCKOTO JBHKEHHS CTPOMJIACH Ha OCHOBE PacCMOTPeHHd
IBHKeHHS 00Hou wacmuypi. Ho K 3TOMY SIBIEHHIO MOMKHO NMOZOHTH ¢ APYroil TOUKH
3peHns. MoHO paccMaTpHBaTh COBOKYITHOCTb OQMHAKOBBIX GPOYHOBCKMX HaCTHIL
B JKHAKOCTH KaK HEeKOTOPBIN «ras», 3anoJHSIOMWUH mpocTpaHcTBo. IIpu HalHuuH
TPajHEeHTOB KOHUEHTPALKH B TAKOM rase M3-3a GPOYHOBCKOTO [BHIKeHHA GyJeT Ipo-
uexoaute Anpdy3us. MokHO BHIpasHTh KO3hdHIMEHT AHD-
¢y3un D uepe3 cpeAHHH KBaigpar cMeLIeHHS GPOYHOBCKO
YACTHIBI, KOTOPOE OHA IpeTepreBaer 3a ONpeje/IeHHOe Bpe-
Mg 7. Ecan B noJyyeHHoe cooTHolLieHMe BMecTo D mnoacra-
BHTb €ro BHIpaxeHde mo ¢opmyne iHmreiina (91.3), o B
pesyabTrate AOJKHA HOJYUYHTHCS OCHOBHAS QOPMyJsa TEOPHH
6poyHoBcKoro aAsHxkenus (64.4). Lenrio Hactosimero napa-
rpaha M ABJASETCA pPAaCCMOTpPEeHHe TEOPHH OGPOYHOBCKOTO
JBHKEHHsS C 3TOH TOUKH 3peHHs.

IlyeTe B OAHODOZHOM KMAKOCTH B OTCYTCTBHE BHEIIHHX
CUJIOBBIX NOJIeH pacnpefesieHbl TOXKASCTBEHHBlE GPOYHOBCKHE
YacTHIB! ¢ KOHUeHTpaumue#l r(x), Menswouleficad To/1bKO B Ha-
npasnedun ocu X. Boumcaum puddysuonsmil notox I' ra-
KHX YaCTHIl 4Yepe3 IPOM3BOJIbHOE CedeHHe, MEePMNeHAHKYJIsAp-

Prc. 85 Hoe K ocH X. Bo3abMeM B 3T0M ceueHHH G€CKOHEUHO Ma/lyio

: wiowaaky dS (puc. 85). Bougenum rpynny 6poyHOBCKHX

YacTHI, KOTOPble 34 BPeMS T CMEINAOTCH Ha OJUH H TOT XKe

BekTOop Ar;. Ilycrs 6yAeT Besimka He TOJILKO IIOJIHAS KOHUEHTPaLHsi GPOYHOBCKHX

YACTHLl 7, HO M KOHIEHTPaLHA HX n;(x) B Kaxaohk rpynmne, Uucao yacTur {-H rpynmsi

dN;, TPOXOASLIAX Yepe3 MIOmagKy dS 3a BpeMs T, 6yJeT paBHO UHCAY HX B KOCOM
unmuaape ABB A’ ¢ ocHoaunem AB n o6pasyioweit Ary, T. e.

dN;={ n; (x) aV.

JIuHefiHBle pasmepnbl MIIOIMAIKH (S MOXKHO BHIGpaTh MaJBIMH MO CPaplieHHIO ¢ Ar;.
Torna anement obvema dV mowno npeicrasnts B BHie dV = dSdx u Hanucars
0

AN;=dS { n; ()dx=dS § ny (x+8) dE,
— Ax,
i
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rfie Xo — KoopauHara nentpa O maomanku dS. BriGpap 7, a caenosatennho, u Ax;
JOCTATOYHO MAJIBIMH, Pa3iiokuM GYHRHIO 1; (X, + £) 10 cTeneHsM & u o6opeeM 3T0
pasJoxeHHe Ha Junefinom uiene. Torga

0 0
. ¢ du;
AN, =rn; (0) dS \ dg+<~a; }x:X ds g £ dt,
— le. ! ’ — Axi
HJAH TIoCJIe HH'I‘erHpOBaHPIH
1 dll,' 5
dNi =4S [niAxi - E‘ 71}* (AX[)'] .

ApryMeHT X, Mbl OIYCTHJIH, NPEANoJaras, YTO KOHIEHTPALMS 7; U €e NPOH3BOAHAS
dn;/dx GepyIcsl B HeHTpe maowWalku dS.

M36b1r0K dN GPOYHOBCKHX UACTHI, NPOXOASIIUX Yepes miomaixy dS B noso-
HKATENILHOM HANpaB/ieHuu ocH X, Haf UMCHOM YACTHL, NPOXOASIMX B NPOTHBOTIO-
JIOXHOM HaNpap/eHHH, HafJeTCss CYMMHDOBAHMEM MPeAbLIIYUICTO BLIPAKEHAS IO
BCEM TPYNNaM YaCTHIL:

4S \ dn;
AN =dS 2 miby — % 2 L (A,
i i

Cpennee sHayenHe mepeoil cyMMbl paBHoO myio. JleifCTBHTELHO, KOHLEHTpalHH
7; OTHOCATCS K HEHTPY IVIOIMAAKH dS, a CMelueHHsT GPOYHOBCKMX YACTHI[ B NOJOKH -
TeJIbHOM H OTPHUATENLHOM HAMpaBIeHUAX PaBHOBepoATHEL [li1s Buiuncienus propoil
CYyMMbI 3aMeTHM, YTO MO ONpPe/eJIEHHIO CPENHEro

n {Ax?) =Z n; (Ax;)2.

Bennununl Ax;, KAK He3aBHCHMEIE TapaMeTpHI, He 3aBucAT o7 x. Cpennnit Ksagpar cme-
weHnst (Ax®) TakKe He MOMKET 3aBHCETb OT X BBHIY OZHOPOLHOCTH MKHAKOCTH H OTCYT-
creud cuioBmX modeidt. Ilostomy anddepeHUHpPOBaHHE NPEABLLIYIIETO COOTHOMICHHS
no x jaer

dn dn;
@) = ¥ Ay

B pesysinrare ans cpefnero 3nauenus dN nosyuaem

T (Ax?) dn
dN = dS—2 dc

Urobel HallTH cpenumit auddysHoHHBIH NOTOK GpoyHOBCKHMX wHactHi I', Hamo
3Ty BeJHUYHHY pasfgequTh Ha dS M T. TakuM nyTeM nojtydaeMm
(Ax%) dn

2t dx’
O1ci0na BHIHO, YTO BHIPABHHBAHHE KOHIEHTPANHil 6DOYHOBCKHX YacTHIL MOXXHO pac-
CMaTPHBATL Kak npoyecc Oupgysuu ¢ xosbpbuunentoM AnPPy3HH

1 (A
2 1 °

F=—

(93.1)

D= (93.2)

2. Tax Kak No cBoeMy cMblcly Koadduunent audxpysun D He MOIKET 3aBHCETb
OT TIPOHM3BOJBHO BHIOPAHHOTO BPEMEHH T, TO y&ke H3 (opmyasl (93.2) BHAHO, YTO
(Ax?) ~ 1. Dra 3aBucuMocTh Obla npopepeHa IleppeHoM B ONbITAX, OMHCAHHBIX
B § 64. Ianee, ncnonnsys ¢opmyay (91.3), moayyaeM

(Ax?) =2kTBr. (93.3)
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D10 — ocHopHast qopMyJa Teopur GpoyHOBCKoro jpuKenHs. Ona oTIRuaercs ot
dopmyet (64.4) Tonbko o6o3navennamu. [Ipasna, B dopmyse (64.4) peus uira o cMe-
IEHHAX 00HOL! (L Mot e wacmuybl B TOCIEIOBaTe/IbHEIE H PABHBIE APYL APYrY Mpo-
MeXYTKH Bpemern. Popmysaa xe (93.3) npeamosaraer, 4TO NMPOHCXOAAT OZHOBpe-
MeHHble CMelleHHs muoxcecmea OpoyHoscxux wacmuy. OIHAKO BBHAY TOXKIECTBEH-
HOCTH GPOYHOBCKHX UACTHL[ M OJHOPOJHOCTH MKHAKOCTH MEKLY STHMH CMeIleHHsMH
MO CYINECTBY HeT PA3HHIEL

Ecnu Bsectd cpeiHmii KBaipaT NOJHOIO CMelleHHsl GPOYHOBCKON YACTHIEL, TO
TIOJTYUHTCH
(Ar%)

Dzﬁt'

(93.4)

3. @opmyasl (93.2) u (93.4), KoHeuHo, crpaBeATHBH H Anst Auddy3nH MOJeKyJI
raza wam xuAkoctH. OfHaKo, TOYHOe BBIUHCJeHHe KodpdHiuuenTa ARPDHY3HH No
9THM GOpPMyJiaM 31eCh NPAaKTHUECKH HeBO3MOXKHO. [s 3Toro Hano Obwio Gbl TOYHO
3HATH CPeAHMIl KBAjpaT CMEIEeHHS MOJeEKYJbl 3a BpeMs T. [IpakTHYeCKH BO3MOYKHEI
Juimb npuGauKenHee oueHkH. Ouennm, Hanpimep, ¢ nomowmplo dopmyant (93.4)
kosbduLyent camopudpysnn Mosnekysa rasa. Ynpoimias pacuer, GyAeM CHHTaTb, YTO
BPEMst MEXAY ABYMS NOCAEJ0BATE/IbHLIMH CTOJIKHOBEHHAMH MOJEKYJIBl OHO H TO e,
BosbMeMm ero B KayectBe T. KpoMe Toro, 6yjeM CHHTaTb, YTO H CMeIiEHHe MOJeKYJibl
MekAy ABYMs TOC/AEeLOBATENbHLIMH CTOJIKHOBEHHAMH OO H TO e M PaBHO A = UT.
Tonctasass B gopmyay (93.4) (Ar®) = A2, noaydum

_m
T 6t 6%

3roT pe3yJbLTAT OTIHYAeTCA OT paHee BHIBeJEHHOH (GOpMYJE (90.3) uncAeHHBIM MHO-
KuTeaeM 1/,

1, _
D =‘6— AD.

§ 94. Tepmuueckaa nuddysnsa B rasax

1. Ecin KoHUB npaMOTHHelHoH TpyObl, 3aNOJHEHHOH OXHOPOIHOMH
CMeChI0 JIBYX pa3JHYHLIX Ta30B, HMEIOT pasHble TeMMepaTyphl, TO
BJlosIb TPYGBl BO3HHKAIOT AHGGY3NOHHBIE NOTOKH 3THX rasoB, Hampas-
JIeHHple B MPOTHBOMOJIOXKHbBIE CTOPOHBI. HanpasieHysi MOTOKOB ompe-
JIeNSII0TCS CAEAYIOUMM NpaBUIOM. Eciu Maccel MOJNEKYJT my; U m, He
CIMIIKOM GJH3KH, TO Gojlee MacCHBHEIE MOJIEKYJ/bl CTPEMATCS NepeiiTH
B Goslee xoJofHEIEe 0G/IAcTH, a MeHee MacCHBHble — B oJlee HarpeTwie.
Ecnu xe m; ¥ my NIOYTH OJUHAKOBE, HO MOJIEKYJ/BI HMEIOT pa3Hbie pas-
MEpHI, TO B XOJIOJIHbIE O0JIACTH YCTpeMasioTcs 6odlee Kp yIHEIE MOTEK YTk,
a B Temjinle — MeHee KpymnHble. ONucaHHOe SBJEHHE HasbIBAeTcs mep-
muueckoti Ougphyaueid wny, xopoue, mepmodughpysueil.

C ¢QeHOMEHONOTHYECKOH TOYKHM 3pEeHHS BO3HUKHOBEHHE IIOTOKA
YacTHI, HOJ BJIUSHHEM TpajHdeHTa TeMIepaTyphl COBEPINEHHO ecTecT-
BeHHO. TepMomudysusa INPH HaIMYHH TeMIepaTypHOTO TrpajHeHTa
BO3HHKAeT BCJEICTBHE CTOJKHOBEHHH MEXIY Da3HOPOJAHLIMH MOJEKY-
aamu. Opaako Gojiee KOHKpeTHOE HATJISAHOE TONKOBAaHHE 3TOTO fBJeE-
HUS BechMa 3aTpyIHHTeJbHO. 2TO, MO-BUIUMOMY, HMeeT myGoKue
ocHoBanusi. Hampapnenue TepMofngpy3HOHHOrO NOTOKA CYIIECTBEHHO
3aBHCHT OT XapaKTepa B3aUMOJeHCTBHIS MeXAY Mosekyaamu. Hanpuwmep,
€clH MOJIEKYJIBl CUHTAaThb CHJIOBBIMH LIEHTPAMH, OTTaJKHBaIOUIHMUCS
IPYT OT Ipyra o 3akoHy F ~ 1/r¥, To, KaK NoKasbBaeT CTporas TeopHs,
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TepMOIH(DY3HOHHBIE IOTOKH MEHSIOT 3HaK IIPH Nepexojie yepe3 v = 5.
[Tpu v = 5 repMonudpysus ucuesaer. KHTepeCHO OTMETHTB, UTO 3aKOH
F ~ 1/ 6uin npuuar MakcBeasoM, Tak Kak B 3TOM CIy4ae BHIUHC-
JIEHHS] CHJIBHO YMNPOIAIOTCS U CTAHOBATCH BBIIOJAHHMEIMH. [TosTomy-TO
TepMOZHDDY3US H OCTanach UM He3aMeueHHOH. DT0 fABJIEHHE TEOPEeTH-
yeCKH GBUIO TPEACKa3aHO He3aBUCHMO JAPYT OT jpyra JHCKOTOM H
Yenmenom B 1917 r. Ha oneire Tepmoauddysus B razax Habronanach
YenmeHoM # LyTCOHOM B TOM ke rojy. CTporue TeopHH TepMoIuddy3Hu
Juckora u YenMena oueHb CNOXKHBEI U 'POMO3JKH. M3naraTh UX MHI He
1MeeM BO3MOKHOCTH. TTONBITKHM Ke 3JeMeHTapHOH TPAKTOBKH SIBJIEHHS
TepMoIudbhY3HH MaNOyIOBIETBOPHTEIbHE!, U HET CMBIC/IA HA HUX OCTa-
HaBAuBaThCs. TepMuueckast 1uddysus B :KUAKOCTAX Gblia 06HApyKeHa
SKCTIEPHMEHTAJbHO B CepelldHe IIPOIVIOro BeKa.

2. B pesysnbrate Tepmoaudpy3Hu NPOUCXOANT YACTHYHOE pasleseHue
ra3oBOfi CMECH U CBSI3aHHOE C HUIM BO3HHKHOBEHHE ['PaIHEHTOB KOHLIEHTpa-
YA Ka)KA0TO U3 KOMIOHEHTOB. DTO BLI3bIBAET KOHUIEHTPALHOHHYIO Au-
(hy3HI0, CTPEMANLYIOCS YCTPAHUTh yKasaHHoe pasfienenne. Ecan xoHuu
TpyOBl NMOANEPKUBAIOTCS IIPH NOCTOSIHHBIX TeMmepaTypax, To B TpyObe
B KOHIIE KOHLOB YCTAHOBUTCS CTAlMOHADHOE COCTOSIHME C BIOJHE Ompe-
JeJIeHHBIM pachpefeseHueM TEMIEPATYPEl U KOHUEHTpaUuH. [Jonycrum,
HalpuMep, 4TO Ha KOHLAX TpyObl, 3aMOJHEHHOH OAHOPONHOH CMechIo,
coctosed u3 50% wmosekya O, u 50% wmosiekyn N,, ToaaepKuBaoTCs
temnepatypsl 0 u 500° C. Torna, Kak NOKa3blBaeT ONbIT, B YCTaHOBHB-
1IeMCsl COCTOSIHUH Y GoJlee HarpeToro koHua 6yzer 50,27% N, u 49,73%
0,, a y Gosaee xoaoxdoro 49,73% N, u 50,27% O,.

ITycTb razoBasi cMech COCTONT U3 ABYX KomioHenToB | u 2. Ilpu namnu-
YUY M TpajHeHTa KOHUEHTPAUUH, U [PafUeHTa TeMllepatyphl HOTOK
YacTHI[ KOMIOHeHTa | samuchlBaeTcsi B BUJIE

de D, dT
Py=—nDy, j;+n- T et (94.1)

rie ¢ = ny/n = ny/(n; + n,) — OTHOCHTENPHAsE KOHUEHTPALHA 3TOrO
KoMnoneHta, D, — koapduauent audepysun, Dr— rosduyuenm
mepmodugpgpysuu. [lotoxk 1} MOKHO TakxKe 3amHcaTb B BHIR

d k,dT
Fl ::—'”DI‘Z ( a r > (94.2)

dx T dx
BemnunHa kr = Dy/Dy, Ha3bBaeTcs mepmoOupdysUoHHoIM OmHOWE-
Huem. B craunoHapHoM cocTosiHWH B 3akpwiToil Tpybe I'y = I, =0,
a NoToMYy

doy _ kral

de T dx”
Ecau k7 cuntaTb MOCTOAHHEBIM, TO MHTErPHPOBAHHE AaeT

T
Cy (T) —C (To) :kT In T(; . (94.3)
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Pasnocts konuenrpanuit ¢; (T) — ¢, (To) npu temneparypax T u T,
HasbBaeTcs pasdesenuem. OOLIYHO kr MOYTH HE 3ABHCHT OT TeMMepa-,
TYDHl, OJHAKO 3aMETHO U3MEHAETCS NPH H3MEHEHHH COCTaBa, a IIOTOMY
dopmyJia (94.3) coxpaHseT CMBICT JHIIL NPH YCJIOBHH, YTO HEOJHOPOJ-
HOCTh COCTaBa B COCYyJ€e He3HAauHTesbHa.

3. Tepmuueckas anddysns (kak H oObMHas KOHIEHTPAalHOHHAas
mpdy3us) B coueTaHUH C TENJNOBOH KOHBeKIMeH HCHmoMb3yercs Ha
npakTURe Js1 pasdeseHus usomonos. Metos 3Tor 6buT
npensioxed u ocymecrsiern Kiaysuycom u duuenem
/-\\ 8 1938 r. Ilpunuun metoaa BecbMa npoct. [IpeacraBum

ce6e 3aKPHITHIH BHICOKHH NpPAMOYTOJBHBIA AIUK, Ha-
HOJHEHHBI CMEChIO JBYX TIa3oB H IIOCTaBJIEHHBIH
BepTHKadbHO (puc. 86). Ilycrs npOTHBOMOJIOKHEIE
CTCHKH SIIHKA ITOJJIePKUBAIOTCA IPU PASHBIX TeMIe-
U parypax. Becnencteue Tepmopudpysuu Gosee Jerkui
raza Oyjer cobHpaTbcsl y ropsuyell CTeHKH, TAKe-
JBII — Y XoJ071HOH. Pa3HOCTb paBHOBECHBIX KOHIIEH-
Puc. 86. Tpauufl KaxkJoro KOMIIOHEHTa Yy ropsiuell U XOJ0xHOH
CTeHOK onpenensiercs (opmyaoit (94.3). OGoraien-
HEI JIerKIM KOMIIOHEHTOM ra3 y ropsiueifl cTeHKH GyleT HOZHHMAThCS
BBepX, a O0OramleHHBI TSKeJBIM KOMIIOHEHTOM -— OINYCKATbCS BHU3
Y XOJIONHOH CTeHKH (TensoBasi KOHBeKIHA). B pesysabraTe 3TOTO BBEpXY
OyIeT NPeHMYIIECTBEHHO KOHIIGHTPUPOBATLCH JIETKHI KOMIIOHEHT CMeCH,
a BHU3y — TsKeqwi. Ha npaxkTuke NpUMEHSIOT BePTHKAJbHBIE IH-
JUHApHYecKUe TPyOKu aiauHo# 5—10 m u auamerpom Ao 10 mm. o ocu
TpyOKH HaTSiruBaeTcd IIAaTHHOBAS NPOBOJIOKA, HalpeBaeMasi 3JEKTPHU-
uecKHM TokoM 10 1000—1700 °C. TlnaTuHOBasi NpoBOJIOKA HIPaeT Pob
ropsiueli, a BHYTPEHHSIl NOBEPXHOCTb TPYOKH — XOJIOAHOH CTEHOK.
M3 Takux TpyO6oK, mocraB/JeHHBIX APYT Haj Apyrom, obpasyercs pas-
Oeaumeavras Koaowka. OOOTalleHHBIR JErKHM KOMIIOHEHTOM a3 W3
KaxJoll TpYOKH 1nocTynaeT B BHIIIECTOSIIYIO TPYOKY U TaM oforauiaercs
Janblie.

Topsuag
Xosmodvast

§ 95. SlBienus B paspemMeHHbIX rasax

1. Ecau cpednss Oauna c60600H0e0 npobesa A mozo se nopadka,
umo u xapakmepruill aunelinouwi pasmep cocyoa d, 8 KOMOpom 3aKa0HeH
2a3, uau 6oavlue, MO COCMOAHUE 2a3a Hasvwaom sakyymom. Bosnyx B
KOMHAaTe, HalpuMmep, py aTMocepHOM JABJEHHH B COCTOSIHHH BaKyyMa
He HaxXOWTCS, TAaK KaK B 3TOM ciaydae A ~ 107 cM. OnHaxo B cocyre,
JIHHelHbIe pa3Mepsl KoToporo Menbiie 107 oM (ropel gepeBa B MHOTHX
APYTHX TOPHCTHIX TE&T), TOT K€ BO3AYX VXK€ HAXOAMTCA B YCAOBUSX
BaKyyMa.

Passuuator Tpu Buza Bakyyma: 1) nuskud, Korja A MeHbille Xapak-
TEpHOIO pasMepa cocyaa d, HO mpubspkaercd K Hemy, 2) cpeduul,
Korja A cpaBHuMa c d, 3) goicokud (WK eaybokuil), KOTRa A 3HAYUTENLHO
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Gonplie d. ['a3 B COCTOAIHMH BLICOKOTO BaKyyMa Ha3bIBAaeTCH yaompa-
PA3PENHCCHHBIM.

B miornbix rasax A < d. B 3THX cayyanx CTOJKHOBEHHS! MeX[Ly
MOJIEKYJIaMH CaMOTO I'a3a HIPaloT OCHOBHYIO POJIb B €r0 IOBEICHMH.
TonbKO TaKHe CAy4al H HMeIHCh B BHAY BO BCEM IPelIeCTBYIOMEM
H3JIOXKEHHU (33 HcKJIoueHneM nyHkTa 8 § 89). B mpyrom npenejibHoM
cjlyyae, KOTJa ra3 CTaHOBHTCS YJbTPApa3peKEHHBIM, CTONKHOBEHHS
MEKJy CaMHMH MOJIEKY/JaMH OTHOCHTEILHO PeIKH M NePecTaroT HrpaTh
3aMeTHYI0 poib. OCHOBHYIO pOJIb B 3TOM C/ydyae HTPAlOT CTOJKHOBEHHS
MOJIEKYJl CO CTeHKaMM cOCyAa. 310 yxke ObUIO IOKa3aHO Ha IpHMepe
3aBHCHMOCTH KO3(()HIHEHTOB TPEHHS1 H TEIJIONPOBOJAHOCTH rasa OT ero
mioTHocTH (cM. § 89, nyHKT 8).

Oxno#t H3 0cOGEHHOCTEH BBICOKOTO BaKyyMa SIB/SETCS HEBO3MOXK-
HOCTh BO3HHKHOBEHHUS B HeM KOHBEKLHOHHBIX NOTOKOB. JTO CBsSI3aHO
C TeM, 4TO B BHICOKOM BaKyyMe MOJIeKYJIbl TPAKTHYECKH HE CTATKHBAIOTCSA
Mexk1y coBoil, a ABUKYTCH OT CTEHKH K CTEHKe COBepIlieHHO He3aBHCHMO.
HaunGosee TpynubuM 1J1s1 TEOPHH ABJAsSETCS cay4yal cpeiHero BakyyMa,
xorjga A ~ d.

2. dddysus paspexennoro raza. ITyctb cocyn pasnesnen neperopos-
Kofi na ase uactu A u B. Hactb A 3anosinena rasoM, B yacty B rasa Her.
BrijilenuM MbIC/IEHHO Ha MOBEPXHOCTH MEPEropoAKH IIoWanky s. Hucao
MOJIEKYJ1, e7KeCeKYHIHO yaapalomuxca o6 sTy IOHIAAKY, OnpeaenseTcs
dopmysoit (75.5) wian (75.6), T. e. paBHO

. kT
N=Lros=ns |/ H__c B (95.1)
4 2nm V mT
- 1
rie C — NOCTOSiHHAS, paBHAast '/m_k [IposiesiaeM Terreph B IePErOpOSKe

OTBEpPCTHE, IJIOLIALb KOTOPOro paBHa S. UeMy paBHO YHCJIO MOJIEKYJI,
IpOJIeTAIOMMX €XKeCeKYHIHO 4Yepe3 310 oTBepctre H3 A B B? Ortger
3aBUCHT OT pa3MepoB OTBEPCTHS, TOJNIUHLL NEPETOPOAKH ¥ CpeaHei
IVIHHBL CBOGOJHOrO npobera A.

IIpu OOLIYHBIX JABIEHHSIX M HE CAHIIKOM MaJOM OTBEDCTHH CPEJIHSASN
JinHa cBoGozHOro npofera OYeHb Majia 1O CPaBHEHHIO C pasMepaMu
orBepcTHd. B sTom cryuae B6MN31 OTBEPCTHS BO3HUKAET YIIOPAA0YEHHOE
KOJIJIEKTHBHOE JIBHXKEHHE Tasa, HanpasJieHHoe K OTBePCTHIO. Ero MoxHO
paccMaTpuBaTh KaK IHAPOAHHAMHYECKOe TedeHue, o6yC0BJEHHOE pas-
HOCTBIO JaBJeHUH B rase. PacnpeseneHnuss KOHUEHTPAHHH U CKOpocTei
MOJIeKYJ ra3a BOMHM3H OTBEPCTHS NpeTepnsiT CyileCTBeHHble U3MEeHeHUs
IO CPAaBHEHHUIO C TeMH, KAKHMH OHU ObIH Gbl IPH OTCYTCTBUH OTBEPCTHS.
®opmyaa (95.1) K paccMaTpuBaeMoOMy C1yd4aio HE IPHMEHHMA, TaK Kak
OHa BbIBeJieHa B MPeNoJ0XKeHHH, YTO MOJISKYJLI I'a3a ABHXYTCS Xa0TH-
uyecku. Ho ecin pasMepnl OTBepCTHS, a TaKyKe TOJIIMHA [1€PETOPOAKHU
MaJibl TI0 CPABHEHHUIO C A, TO CTOJKHOBEHHSI MEXKAY MOJEKYJIaMH Iepe-
CTAIOT UTpaTh podib. Bee onpenessieTcss CTONKHOBEHHSIMH MOJEKYJ CO
CTeHKaMH cocyna. Ecin B neperopogke npozesaTh Maloe OTBEPCTHe,
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TO TJIOLANb CTEHOK, C KOTOPHIMU CTAJKHMBAIOTCA MOJEKYJIB, H3MEHHTCS
npeHefpexuMo Maslo. IT0 HHKAK He CKaxeTcs Ha pachpeleseHHH
KOHLIEHTPALHH H CKOPOCTell MOJIEKYJ BO BCceM COCYJIe, B YaCTHOCTH H
BGJN3H oTBepeTHA. B aTom cayuyae dopmyna (95.1) npHmMeHHMa.

[ToTok MoJIeKy.1 Tasa uepe3 OTBepPCTHE B CTEHKE HasbiBaercst agday-
BUOHHBIM NOMOKOM, €CJIT pa3Mephbl OTBEPCTHST H TOJIMHA CTEHKH MaJibl
[0 CpaBHEHHIO ¢ AJHHOH cBOGoiHOTrO mpobera A.

JlorycTuM Tenepb, YTO IO PasHble CTOPOHBI NEPeropoiKH HaXOAHTCs
OJIMH M TOT K€ Ta3, HO NIPH PasHBIX JaBJeHHsX ¥ Temueparypax. Ecmy
ras HaxXOAUTCsl B COCTOSTHHHU BBICOKOTO BAKYYMa, TO BO3HUKHYT 1Ba atdy-
3UCHHBIX noToka: 13 A B B u u3 B B A. BBHAy OTCYTCTBHS CTONKHOBE-
HUE MeXJy MOJIEKVJIaMH 3TH [Ba MOTOKA COBEpLIEHHO HEe3aBUCHMBI
apyr ot apyra. [To3ToMy KOJUYeCTBO MOJEKYJ, €2KeCeKYHHO NPOXOJsi-
KX Uepes orBepcThe S M3 A B B, onpelenutcs BhlpaxeHueM

Cs [ P P,
=_T__A:——L_) (95.2)

Vi VT, VT,
rne Py, Py, T4, Ty — naBnenus u temneparypsl razas A u B. B co-
CTOSIHHH paBHOBECHS, KOTNa CpefHUe yHcaa MoJerya B A u B ocratwores
HEH3MEHHBIMH, AOJIXKHO ObiTh N == 0, T. e.

P P

A -5, (95.3)

VTsa VTs

Hakonen, paccMoTpHM cayuall, KOTJa MO pasHble CTOPOHEI Tepero-
POJKHM HaxoJsTCs pasHble raswl: B uacth A —ras 1 ¢ Mozexkynamu
Macchl My, B yacTH B — ra3 2 ¢ Mo/leKyJsaMH Macchl m,. B pesyss-
tare 3¢¢ysuu ras | nponukner B B,ras2 — B A. [lyctb Py g u Py g —
napuuanbHele JIaBJeHHS rasa | N0 DasHele CTOPOHBI MEPErOPOJIKH.
Ananoruyusie o6osHaueHuss BBejeM Jis rasa 2. Ilorok raza 1 us A

B B Oyxer
Cs //Pl,A _ P1,B>

N

N]_: = prep— g
Vi | VTa VTp
O6parHblii oTOK rasa 2 u3 B B A:
Cs / P, g P

Nz = ey \ - T 2“_4> .
Vg \Y'Ty T,

B mavanbHuIH MOMEHT, Korxa P, 4, = P 3,

N m. T.P
1 -2 B 95.4)
o) Y <

B YaCTHOCTH, KOrja TeMIlepaTypbl H HauyaJdbHble JaBJeHHSA OAWHAKOBBLI,

Ny msy
N, m’
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DpdysHOHHBIe TTOTOKH TIPH MPOYHX PaBHBIX YCJIOBHAX 0GpaTHO NPOMOP-
11OHAALHLI KBaAPaTHBIM KOPHSIM M3 Macc MojekyJa. Ha stom ocnopan
OJITH M3 MeTOJOB pa3fie/leHdsl H30TonoB. B HeMm ucnoabayercs: adpysust
yepes MeMOpaHy €O MHOMKECTBOM MaJblX OTBEPCTHH.

3. Tennosasi 2>pbysus. Ilycrs 1sa cocyna 1 u 2 coenutennt MexLy

coloi TpyOkoit {puc. 87) H MojiepKHUBAOTCH IPH PA3HBIX TEMIIEpPATypax
T, u T,. Korna nonepeutoe ceyenue TpySKu
O4eHb BEJIHKO TI0 CPaBHEHUIO ¢ JNUHOH CBO- —__]____J———
GeaHoro npo6era, ras MOXHO paccMaTpHBATH AT AT,
KAaK CIJICIIHYIO cPpely. ¥YC/IOBHE pPaBHOBECHS ' [ [
B 3TOM CJyyae HOCHT THAPOAHHAMHYECKHH
XapakTep: AOTKHBI OLITh paBHBL jedenus P,
i P, B ofoux cocyiax. B npoTHBONOAOXK-
HOM cJydae, KOrja AJAMHa CBOOOJHOTO HpO-
6era oueHb BeJHKa 1O CPABHEHHIO C MOLEPEUHLIME PasMepamu TpyOKH,
THJPOJHHAMUYECKUH TOAXOL HeIPUMEHUM. Y CJIOBHE PaBHOBeCHs Tpebyer,
YTOGEI CpejiHee YHC/IO YacTHIL rasa, NPOXOJAIHX yepe3 TpYyOKy B OIHOM
Hanpas/eH:nH, ObIO paBHO CPeiHEMY YHCIY YacCTHIl,
NPOXOAALNX B NPOTHBOIOJOKHOM HANPABJIEHHH.
D710 YCJIOBHE NPHUBOAMT K COOTHOLIGHHIO (95.3) miau
B HOBHIX OOO3HAUEHHNX

a W T (95.5)
VT, VT

CunenoBarteanHo, ecaiu Temueparypsl 7, 1 T, pasnnd-
HBI, TO MPH paBHOBecHH GYAYyT Pas3iH4YHLl H JaBJje-
Hus Py u P,.

HonycTuM Ttenepb, YTO COCYJ pasfiesieH IOpH-
cTOii NIeperopojiKoll Ha ABe YacTH, NOAePKHUBAEMbIE
npu pa3usix TeMneparypax Ty u Ty. ITycTh pasmepet
IIOp Majlbl IO CPaBHEHHIO C AIHHOH €BOGOAHOrO
npobera. (OGLIYHO TMOPHCTHIE NEPErOPOAKH YAOBJie-
TBODSIOT TOMY VCJOBHIO y2Ke IHpPH aTMOCQepHOM
JaBnenur). Toraa X paccMaTPHBAEMOMY CJY4Yard
npuMeHuMo cooTHouenne (95.5). Ecan mneppona-
yajabHBlEe JaBleHuss P, n P, ObUIM paBHBl, TO ra3 HauHeT NepeTeKaTh
B HarnpapjeHuu OT Gojee HU3KOH K GoJiee BHICOKOH TeMmneparype. 1o
sIBJIeHHe Has3bBATCA meniosoll apgysueld niu apgesmom Knydcena
(1871—1949).

Ilons (pox. 1884 r.) mpeiioKua CIEAYIONYIO AEMOHCTPALHIO 5TOTO
siesleHuA. Bepercs nopucThiil crakaH U3 HeoGOKKEeHHOH TJIHHBL, BHYTDH
KOTOPOTO HAXOIWTCS 3/IeKTpHUecKHil Harpesateb (puc. 88). Bosnyx us
COCYJa MOXKET BBIXOAHTH HapyKy uepe3 CTeKJASIHHYIO TPYOKY, HHKHHHA
KOHeL| KOTOpPOH NMOrpy:KeH B BoAy. Tak Kak teMnepaTypa BHYTDH COCyia
BLIlLIE TEMOEPATYPH OKPY:KAIOHmIEro BO3AYXa, TO HapyXKHLIA BO3AYX
HempepBIBHO BCAChIBAaeTCs BHYTPh cocyga. [laBjeHHe B cocyie

Puc. 87.
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HOBHILLIAETCS, H U3NHIIEK BO3AYXa HEMPEPRIBHO BLIXOJUT Yepe3 CTeKaaH-
HYIO TPYOKY B BUJe NY3HIPbKOB.

TennoBaa sddysust urpaer BamHYI DOJb B ABJIEHHAX INPHPOAHL.
JlHeM noBepXHOCTh 3eMJIH HarPeBaeTcs COMHEYHBIMH JydamH. Bospyx
u3 Gosiee I1YGOKUX CJI0€B IIOYBBI BLIXOAUT 10 KANMI/ISpaM Ha IIOBepX-
HOCTb M pacceHBaercst BeTpoMm. Houblo Hapy:KHBIA CJ10H NOYBHI OXJaXK-
JaeTcsl, ¥ BO3HHKaeT 0OpaTHEIA IIOTOK BO3JyXa C NMOBEPXHOCTH B GoJlee
riy6okue cIoH IOYBEL. Tak BO3HHKaeT oOMEH BO3iyXa B I04Be, HEoO-
XOJIUMBIA ISl HOPMAJbHOH JKHU3HH pacTeHuf.

4. VYeiosue (95.5) He Tak npocto o6ocHoBaTh. OHO GBUIO 6Ll OUEBHAHLIM, €CJIH
Obl coeHHMTEbHas Tpybka Onlia Geckoreuno xoporkol. Torxa ee mMoxno Gplio O
paccMaTpHBaTh Kak Masoe OTBepPCTHe B CTeHKe MekAy cocynamu | u 2. Ho ecan coenu-
HHTeJbHad TPYOKa JTHBHAS, TO Je0 O6CTOHT cloxkHee. JIoTyCTUM, 4TO coeluHUTeIbHAS
Tpy6Kka MMeeT HMJIHHApHuYecKyio (opmy. C JeBOTO KOHIA B Hee eeCeKyHJHO BXO-
out Ny = 1/,n;0;s vacrun, YacTe M3 3THX YacTHL OTpaxaercs o6parHo B COoCyA 1,
YacTb NPOXOAHUT B cocyX 2. UHCI0 NpoumwleAmuX YacTHIL MOXHO TPEACTABHUTH B BHJIE
Nys = /41,0505, TAE Ojy — «KOIOOULHEHT NPOXOKIAEHHA» B HAPABJIEHHH OT COCYAA
1 x cocyny 2. B oGpartrom marnpas/ieHHd H3 2 B | npoxogdr Ny = Y/ 4n,0,0; HacTHI,
The Oy — Ko3(pdulHeHT NPOXOxkKAEHHS! B 5TOM HampaBleHHH. B ycTaHoBHBILEMCS
cocTogHHE Nyg = Ny, T. e.
oty U1 == U1 M5Tsg. (95.6)

TpyauocTb BONpOCA COCTOHUT B AOKA3aTENbCTBE COOTHOIICHHS Oljp = Clapj. HUTO 3TO
COOTHOLIEHHE, TO-BHAHMOMY, CHpAaBeJIHBO, NOKA3LIBAIOT CJeAyIOlHe COOGpasKeHHS.
Kosdduunenr npoXo:KAeHHs YJbTPapa3pexKeHHOro rasa depea TPYOKY He MOXKeT
3aBHCETb OT €0 JaBJIEHHS, TaK KaK MOJIEKYJH TAKOro rasa Mexkiny co6ofl IpakTH-
yecKH He CTANKHBAIOTCH, 4 NIPETepIeBalOT CTOJKHOBEHRSA TOJLKO CO CTEHKaMH TPYOKH.
3HauuTe/IbHO TPY/HEe BBUICHHTDL BJAMSHHE TeMIepaTyphl. 3HaueHHs Ko3(pHIHeHTOB
Oy H Olgy 33BHCAT OT XapakTepa B3aHMOACHCTBHSA MOJEKYJ CO CTEHKOH IPH CTOJKHO-
pennsix. JonycruM, 4to MOJIEKYJIBI ra3a NPHXOAAT B TENIOBOE PABHOBECHE CO CTeHKOH
B pe3yJbTaTe YxKe OJHOTO WJIH HEMHOTHX CTOJIKHOBEHRH, NIpHYEM OTpaKeHHEe HX
sBAsercs H30TponHHIM. Ecin 5Ta rHnote3a Cnpapej/nBa, TO OTHOCHTENbHAS JOJS
MOJICKYJI, BHIOLIBAOMMX M3 NYyYKa NIPH OTPa’KEHHH, 3ABUCHT TOJMBLKO OT TEMIEPATypHl
TOYKH, B KOTOPOH NPOH30ULIO CTOJIKHOBEHHE, HO He GYJAeT 3aBHCeTb OT HAaNpaBJeHHH
pacnpoctpanenuss nyuka. OQHH NYYOK PaclpoCTPaHSeTCs B CTOPOHY MOBLILUEHHS,
JIPYroH — B CTODOHY NOHMKEHHs TeMmnepaTypel. TOYKH Ha NOBePXHOCTH TPYOKH,
B KOTOPHIX MOJIEKYJIH OTPaXKaiTCd W BLIOBIBAIOT M3 NYYKOB, MPOXOAATCH NYy4YKaMH
B o6parHO#l nociegopatesbHOCTH. Ho 3T0 06CTOATEJNBCTBO He MOMKET CKa3aThCs Ha
foTepe 4YacTHI[ B pe3yJbTare BCeX OTPamxCeHHH, a HOTOMY Gy = Oy;. Torga (95.6)
CBOJHTCA K

31171 = ﬂg@g, (957)

a 5TO COOTHOLIEHHe yiKe Jerko npusojutcs K Buay (95.5). To o6crosrenscrBo, uTo
3aKkoH (95.5) moATBepKAAETCS Ha ONbBITE, MOMKET PACCMATPHBATHCA KaK SKCHEPHMEH-
TaJlbHO® JOKA3aTeNbCTBO COOTHOIIEHHS Ohp = Clyy.

5. Msorepmuueckas adpy3us yepes nopuctyro meperopoaky. lomy-
CTHM, YTO COCYJ pa3jieseH Ha ABe 4acTH HOpHCToll neperopoakod. Ilycrs
[0 pasHble CTOPOHBI NePeropoJKu HaXOAATCs PasHble ras3wl, a pasMephl
HOp MaJibl 10 CpaBHEHHIO ¢ JIHHOH cBo6GoAHOro npobera. lpeanonoxum,
4TO JaBJEHUSI M TeMOepaTyphl ra3op oluHakoBel. Torga Gyner cnpasef-
JauBo cootHoweHue (95.5). Eciau my > m,y, 10 Ny << N,. 310 3HAUHT,
uto Gosee Jerkuil ras Oyher ObicTpee NPOXOAHTL Yepe3 NMOPHCTYIO
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Neperopoiky, dem Oosee TsXeNbid. SIBIEHHE HA3BIBACTCS USOMEPMU-
yeckoti aghghysueti uepea nopucmyio nepecopodxy.

Bo3sbmem cTakan A M3 NOPHCTOI IVIMHEL, COEAHHEHHBIH Pe3HHOBOMH
Tpy6roit C ¢ U-o6pasuemv BoxsubiM MaHomerpom M (puc. 89). Ceepxy
HajieHeM Ha Hero 6osee mmMpoxiil crekiasiHupil crakan B. ITonsenem
MO/l CTEeKJSIHHBIN CTAKaH pPe3iHOo-
BYIO TpYOKY D, mo xoropoil npo-
nyckaercsi BoJopoA. Bceaencrsue
u3oTepMuueckoll addys3un Bojo-
pon OBICTpee TIOCTYNaeT BHYTPb
NIOPHCTOrO CTaKaHa, 4YeM BO3JyX
BHIXOANT W3 Hero. MaroMerp mno-
KazeT YBeJHUEHHE JABJeHHs! Ta3a
BHYTPH HOPHCTOro cTakaua. Eciu
CHSITb CTeK/SIHHBII CTAKaH, TO Ha-
o6opoT, IaBJeHHE rasa B IOpH-
CTOM CTakaHe HauyHeT NajaTh H
chesaeTcss MeHbllle JiaBjeHHsi Ha-
pPYKHOIO BO3AyXa.

6. Tengosoe ckogbxenue. Jlo-
IYCTHM, YTO HOBEPXHOCTb Te/a Ha-
rpera HepaBHoMepHO. s npocro-
THI IPEANONIOKYM, YTO 3T 10BEpX-
HOCTb INIOCKafl, a TeMmeparypa Bo3pacTaeT B HampaBjeHHH ocH X
(puc. 90). ITpumbIKaOMmMKUA K NMOBEPXHOCTH Tejla ra3 CTAHOBHTCS TaKiKe
HEepaBHOMEDHO HarpethiM. MoJjiekysEl ra3a NpH OTPaXKEHHH OT Tejia

_ . fiepeflaloT eMy He TOJAbKO HOPMaJbHEIHA, HO
T-Ap z Z+Ap W TaHreHUHadbHBIH MMmygabc. Ho Tak kKak

!
1
]
1

B

ASTANELFFUA NSRRI LALIUI]

Puc. 89.

! MOJIEKYJIBI TIDHXOAST cnpaba ¢ GOBIIHMH

1 TENJOBBIMH CKOPOCTSIMH, TO OHY NEePefaroT

H y  Teay GOMbuMil TAHTCHIHAMbHbIA UMITYJIbC,

a7 ‘ yeM MOJIEKYJbl, IPUXO/siHe caeBa. B pe-
—e O

dz 3yJbTaTe BO3HMKAeT TafreHIHanbHas CO-

CTaBJAONAs CHJBI, JeHCTBYIOILAST HA TeJO

Prc. 90. cnpaBa HajeBo. [lo TpetbeMy 3axony

Heiorona na npucTedounslfi ca0H rasa

JOMKHA AelfCTBOBATh PaBHAs M IPOTHBOMOJIMKHO HampaB/eHHas CHJA.

I'as npuzmer B JBHXeHHe B HampapieHuH ocH X, T. €. B CTOPOHY BO3-

pacTaHUs TeMIepaTyphl. IDTO sIBJICHHE HA3LIBACTCS HIENA0BbIM CROAb=

HeeHuem.

-

Hetpynuo oleHUTH CKOPOCTh Tasa ¢, KOTJa IPONECC TCIIOBOTO CKOJbIKEHHST
CTaHeT CTalHOHAPHLIM. ITyCTh T, 0O3HAYACT CPEIHCE 3HAUCHHE MOLYJIA X-COCTaBJsIoLIelt

TEMmJI0BOH CKOPOCTH MOJIEKY/bl Ia3a, a Ay ~— CPeAHee 3HAYCHHE MOAYJS IPOCKIMH
JJIHHBL CBO6OJHOrO mpoGera Ha ock X. PaceMoTpHM Kakyo-nugo 104Ky A na nosepx-
HOCTH Teda ¢ Koopuuuatod x. [Ipu paccMoTperun mepejadn MMIyJnca B Touke A
MOMHO PacCyXAaTh TaK, Kak ecAM OH BCC MOJCKYJbl, NONAJAOUKE B 3TY TOUKY,
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MCIIBITATM TIOCTEAHHE CTOJKHOBEHHSI B IIOCKOCTRX X+ Ay ¥ x — Ay (oM. § 89,
nyakT 2). Ec/iu ras CKo/b3HT CO CKOPOCTBIO i, TO CPeRHHe 3HAYCHUA cxopocw MoJe-

Kyabl BIOb ocH X B 3THX IUIOCKOCTAX GYAYT COOTBETCTBEHHO Ty(X - Ry) —u H

et —Ay) -+ u. Dlpu cTanMOHEPHOM CKOJBMEHMH TE€PeAaya TAHTEHLHAILHOTO
HMIYJILCA OT T'a3a X Teay ¥ ofpaTHo IPexpatuIcsa. 310 SyAeT NpU BOUIOTHCHHR yC/I0-
Bust

Ty (x—}-Kx)——u::T)x (x—2x)+u,

oTKYAa P
— ’Jx
U=Ahgs ——.
*dx
OueBHHO AZ = A2 2 -+ )»" -+ 7»“ = 37»2 He BHOCA cyleCTBeHHON OWMOKH, MOJONKUM

b= AV S ﬂanee mv = kT. Herionp3yst STH COOTHOLICHHS, MOJYHHM

A E_dT ) "k dT
eV FnTdc VFFT’“ dx° (%5.8)

Orcroaa BHIHO, 4TO TEMI0BOEe CKOJIbMKEHHE MOMKET GHITh 3aMeTHEIM JHIUL B Da3pereH-
HBIX Ta3ax, Tax Kak A~ 1/P.

7. Papuomerpuueckuit adpext. Paduomempuyeckudt sggpexm  co-
CMOUM 8 MOM, YMO HEPABHOMEPHO Ha2petmbie Meaq, NOMEUeHHbE 8 pas3-
PeNCEHHbIX 2030X, CAMONDOUSBONLHO NLPUXOOSM 8 OBUNMCEHUE 8 HANPABACHUL
om 6oaee nazpemotli cmopous: Kk menee Haepemoti. HepaBHoMepHoe Ha-
rpeBaHHe OOBIMHO OCYIIECTBASETCH OJHOCTOPOHHHMM OCBEIIeHHEeM Tena,
C yeM H CBsi3aHO HasBauue 3(pekta. Cranl, IPHBOASLINE TEIO B JABHXKeE-
HHE, Ha3blBANTCA paduomempudeckumy. OHU HMEIOT ABOSIKOE INPOHC-
XOXKIeHUe.

[lepBas cuma BosHHKaeT u3-33 TEIVIOBOTO CKOJbLXKEHHS Taza OT
MeHee HarpeTblX Y4acTKOB NOBEPXHOCTH Tesla K Gojee HarperbiM. Bua-
rogapsi BSI3KOCTH B J[BHXKEHME BOBJIEKAeTCS H OCHOBHAA 4acTb rasa
B OKPECTHOCTH Tesa (cM. puc. 91, rae u3o6paxkeHO B paspese TeyeHHe
rasa BOKPYT IJIaCTHHKH. DoJlee Harperas roBepXHOCTb ee 3auepHeHa).
bDoarogaps 3akoHY coXpaHeHHs MMIYJAbCa TesJ0 JOMAKHO MPHATH B ABH-
»KeHie B 0OpaTHOM HanpabJ/JeHHH, T. €. XOJOJAHOH CTOPOHOH BIepen.
3HaYHT, HOSBJAACTCA CHIa, IeHCTBYIOIAs Ha HerO B TOM e HanpaBJieHHH.
Taxoli cuiaol oObsicHseTCs, MEXKAY TIPOYUM, OCeJaHUe NBUIH Ha XOJIOM-
HbIX crenkax BOAM3H GaTapedf IEHTPaJbHOTO OTOIVIEHHS, OHA mepe-
MellaeT B3BELUCHHEIE B BO3AYXe NbVIHEKH B HallpaBJeHHH OT HarperbiX
Tesd K XOJOJHBIM.

BTopas cusa uMeeT cienylomiee NMpoucxoxieHue. Mosekyas! rasa
IpU OTpazkeHHu oT GoJiee HArpeTOl CTOPOHBI TeJ1a COOBIIAIOT eMy (oMb-
mHA UMITY/IbC, YEM MOJIEKYJIbI, OTPazKaMmIiHeCs: OT MeHee HarpeToil cro-
ponnl. TlosToMy M BO3HHKaeT pannoMeTpuyeckKasd CHJIa, HaNpaBjeHHas
or BoJlee HarpeTofl K MeHee HarpeToH CTOpoHe Tena.

[Teppas cuna siBasercst mpeoGiajatouiefi B ¢1a60 paspeeHHbX
rasax. Ona o6paTHO NPONOPUMOHA/IbKA JABJCHHIO, KaK B 3TOM MOXKHQ
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y6e nThCs ¢ nomolbio hopmyast (95.8). Bropas cujia Hrpaer cCHOBHYIO
poab B CWJIBHO paspemeHHblx rasax. OHa NPCHOPLUOHANBbHA [aBje-
HI0. B npoMexyTouHOM 06IaCTH CYIeCTBEHHL! 0be
CHJIBL.

Paanomerpuueckuii sddexT TpH HH3KHMX JaB-
JeHnax yaobuo HabIiogaTb ¢ NOMOMIBIO paduo-
mempa  Kpyrkeca (1832—1919). OcHopHO#l yacTbiO :i
3T0r0 NpHbOpa SBAAIOTCA CJAIOASHbIE KPBUIBIIKH,
MpHKpEeIJIeHHble K KOJI1auKy, HAJeTOMY Ha OCTpHe
uriasl. Takum o06pa3oM, KpPBLUIBIIIKH MOI'YT Bpa- Puc. 91.
LATBCSA BOKPYT BEPTHKAJBHOH OCH INpPaKTHUECKH
Oe3 TpeHHs. KpBUIBIIKYM 3a4epHeHE! ¢ OJHOH CTOPOHBI U HOMEIlEHE!
B CTeK/JAHHOM GaslJIoHe ¢ BBICOKHM BakyymoM. Ilpu ocBemeHHH Kphl-
JIRIIIKH [PHXOAAT BO BpalleHHE CBETJIOH CTOPOHOH Brepes.

3AJAYA

Haorepmuueckaa addyznsa rasa uepes MOPUCTYIO HEPErOPORKY (IOPHE KOTOpoH
Manbl IO CPABHCHHIO € AJWHOH cBOGOAHOrO mnpobera) HCIOJAb3yeTcs ANS pasfiesleHHs
n3otornos. EcrecTBerHas cMeCh H30TONOB TMOMELIAeTCst B COCYA C TNOPHCTBIMH CTeH-
Kamy. ['a3, npowellmnil yepe3 nopbi cocyla B pesyiprare 3pdysnH, oTKaYuBaeTcs
u cofupactcs B crielajibHOM pedepByape. C HHM HPOH3BOJAHTCS BTOPOIH LHKA 3bhby-
3N, 3aTeM TpeTHit M T. J., NoKa ne GyAeT JOCTHTHyTa TpeGyemas CTeleHb pasjese-
HHuA Hsotonos. CKOMBKO UUKJIOB 5dxpy3HH HeOOXOIHMO NMPOM3BECTH, UTOOBl OTHOLUE-
HYe KOHUEHTPaUHi YacTHI JerKoro H TAKEeJIOro H30TOMoB ypeanuyuTb B 10 pas, ecan
MOJICKYJ/ISIPHbIE BeCa HX PaBHBI COOTBETCTBEHHO W H [go?

OTrser. N;————Q—.
1g 22
g}h

§ 96. MonexkyaspHoe TeuyeHHe yAbTPapa3pexeHROTO rasa
yepe3 NPAMOJHHEHRHY0 TpyOy

1. TeueHue yJbTpapasperkeHHOro rasa yepez TpyOy CYUIECTBEHHO
oTyindaercs OT TeueHHs Ilyaselyiss BA3KOH HAKOCTH HJIH IIOTHOTO
rasa. 310 pasauupe oOycJOBJEHO TeM, YTO TeueilHe YJbTpapasperkeH-
HOTO rasa ornpeessietcs HCKIIYHTENBHO CTOAKHOBEHHSAMH €r0 MOJIeKY.I
€O cTeHKaMHu TP yObl. CTOJKHOBEHU S MOJIEK YJT MexK/ly co00# HUKAaKOH po/n
He HIpaioT. Pe3y/ibTatoM 3TOr0 ABJfAETCs CJACAYIoass OCOGeHHOCTh
TeUeHUs YJbTpPapaspekeHHOro rasa. JlpHxKenue MoJeKyJa rasa, BXo-
JISUIYX B TPYOY C OJHOTO KOHIIA, COBEPIICHHO HE 3aBUCHT OT JABHMIKEHHA
MOJIEKYJI, BCTYTIAIOIIKX B Hee ¢ Apyroro KoHua. [osHslil NoTOK Mosiexy st
uepe3 TpyOy MOXKHO NpeACTaBHTb KaK PasHOCTh JBYX HE3aBHCHMBIX
[IGTOKOB, MPOXOASILHX B HPOTHBONOJOXKHBIX HampaBleHHAX. Ecin
3TO YCJIOBHE BHINOJHAETCSH, TO TEYEHUE rasa HasblBaroT MOMCKYAAPHBIM
mevertiem WAH meveruem Krnydcena.

2. PaccMOTpHM CTallOHapHOE MOJIEKYJSIpHOE TedeHHe yepes Tpyoy,
IJUHa KOTopoH [/ oueHp BeJIHMKA 1O CPaBHEHHIO C €€ [IONEPEUHEIM
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pasmepoMm @. (B caydae mmmupapndeckoit TpyObl nom a OyzeM Tno-
HUMaTh ee pajuyc.)

JlomycTuM cHauaja, uTo uepe3 OTBEPCTHE HA OJAHOM KOHHE TPYOHI
BCTYIAET €2KCCEKYHAHO V; MOJICKYJT, & Ha P yTOM KOHIIE [10]1JIepKUBACTCS
NOJHBIH BakyyM. Onperenum uncao MoJdeKya N, KOTOpbie HPOXOAAT
uepes TpyOy M BBIXOAAT H3 BTOporo konua ee. Yucno N cyuiectBeHHO
3aBHCHT OT XapaKTePa OTPaKEeHHsi MOJEKYJ OT CTeHOK TpyOul. Eciu Obr,
HanpuMep, CT¢HKH TpyObl ObUIH abCoJIOTHO TVIajKHMH, a MOJIEKYJIbI
OTpaXKalHCh OT HHX 3€PKa/JbHO, TO BCE MOJEKYJBI, BOlUeAllHe B TPyOy
C OJHOr0 KOHI&, BbILWIM OBl U3 APYroro KoHUA, T. e. 6pwio 6e1 N = N,
Ha camom nene takofl Haeanu3HpOBaHHBIH cllydyail HUKOT/Jd He OCYIEecT-
BJseTca. B peasbHOM onbiTe 3HAYHTEIbHAS A0JA MOJIEKYJ, yIapUBLINX-
CA 0 CTeHKY TpyOul, JeTHT obpatHo. OnpenesutTy BHJ 3aBHCHMOCTH N
oT N; ¥ oT napamMeTpoB TPpyObl MOYKHO H3 COOOpaxKeHUH pasMepHOCTH.
M3 MexaHH3Ma sBJICHHS CJefyeT, YTO JOJKHA CYIIECTBOBaTh (QyHKIHO-
HaJibHas CBA3b Mex1y BennunHaMu N, Ny, a, [. VI3 3TUX BeJTHYHH MOXKHO
COCTaBHTb JIBE He3aBHCIHMbie Ge3pasMepHble KOMOMHAUWH, a8 HMEHHO
N/Nywu a/l. Tlpu Tedyennu no tpyGe ojHA M3 HHX IO/KHA ObiTh QYHK-

nueil apyroi: —N~=f(a/l), TaK 9TO

Ny
N:N,f(%).

a
OyHKIUA f<7) 3aBHCHT OT (pOpMbl [IONEPEYHOro ceueHust TpyOwl, a

TAaKXKe OT XapaKTepa OTPaXKeHHsST MOJIEeKyJ OT ee creHOK. (OueBHAHO
{ (0) = 0, Tak kax npy @ = 0 BIXoAAHUI NOTOK N o0pamaercst B Hy/1b,

a
KakoBO Obl HH Obl710 3HaueHue N. Ilpennonaras, yro yHkuus f <T> pas-

Jlaraercs B CTENEHHOH Psiji, MPOU3BEJIeM 3TO pasjioxKeHHe H 0GopBeM ero
Ha JuHefiHOM wieHe. Torpa nonyuum

N=CN, 7,

rge C — nNOCTOsIHHAA, 3aBHCAAS OT (JOPMBI IONEPEUHOTO CeyeHHs
TPpYOL! M OT XdpaKTepa OTPaKeHHsi MOJIEKYJI OT ee cTeHOK. B uacrHocTH,
OHa MOXKET 3aBHCeTb OT TOTO, KaK MEHsIeTCsl TeMeparypa CTeHKH BAOJb
TPYOBhL. :

[lycTs Tenepb uepes ofWH KoHel B Tpy0Oy BCTyNaeT exkeCeKYHLHO
N, monegya, a uepes jpyroil — N,. Bpuay He3saBucumoctH oGoHX
IIOTOKOB, Yepe3 IonepeyHoe cedeHue TPyObl GyJer OpPOXOJHTH YHCIO
MOJIEKYJ, PaBHOe

N=C-(Ny—Ny). (96.1)

Moskno npefcrasuTb cebe, 4To Tpyba coelHHsieT JiBa cocyna. B oxHom
nojjep:usaercsa Aabjenne P; u temueparypa Ty, B ApyroM — AaBjieHHe
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P, un temneparypa T,. EcJiH KOHILEHTPAIMH MOJEKY B COCYAaX PABHEL
11, H Ny COOTBETCTBEHHO, TO

Ny=1Y,S8n0y, No==1,5n,0,,

rjie S — maoianb HONepeuHoro CeueHHs TPYOHL.

Hcnonb3ysl COOTHOLICHHA U = LILONY = nkT, npeoGpasyem
nm
BepaxkeHne 11 N K Buny
N <P,__ P\ 9.9
AV L (962
rie A — HOBasi IIOCTOSIHHASI:
c S
A= Vo (96.3)

Jl1 Maccel rasa, €KeceKyHAHO IPOTEKAIOWEro yepes IOliepedHoe ce-
ueHue TPYOHI, NoJydaeMm

Q=AVm : Pi). (96.4)

n \VTT VT,

3. Uncnennbie KosdunueHTel C H A MOXKHO OLEHHTH C NOMOLIBIO
CJeIYIOMHUX 3/1eMEHTapHBIX coobpaxkennd. Pacemorpum xpyrayo Tpy6y
u OyjeM mpeanoJaratb, YTO TEMIEPATypa ra3a OfH4 M Ta e [0 BeeH
TpyOCe. IlpoTekanue rasa yepes TpyOy MOXKHO paccMatpuBaTb Kak Ipo-
uecc audpdpysuu. Cnenoateapho, N =-—DS dn/dx, rne D = Y/;05 —
Koshpuuuent aupdysun (ock X HampaBdeHa BAOAL GCH  TPYGH).
s cranuonapHoro npouecca N = const, a notomy dn/dx = const.
3uaunr, dn/dx = (ny — my)/l, n npanee

1, _on—n

Ilpu KHYJCEHOBCKOM TeYEHHH CTONKHOBEHUAMH MEXKIY MOJEKyJIaMH
MOJKHO TOJIHOCTBIO [IpeHebpeyb. [anna ceBoGonHoro npobera HoJHOCTBIO
ONpeessieTCsi CTOJKHOBEHH SIMH MOJIEKYJT CO CTeHKaMu TpyOsl. [lo nopsia-
Ky BeJIHUMHLI OHA paBHa AuaMeTpy TpyO6nl 2a. Ilpunumas sto 3Hayenue,
NOJMYYHM

m—n,

N=1 —_)

HJIH

N ®

ST (Ny—Ny). (96.5)

CpasHenue atol hopMyJibl ¢ (96.1) nokaseBaer, 4To A5 Kpyraoi TpyObl

8 b
C—3,A=§V%P (96.6)

TIpuBeneHHLIH 5/7€MEHTAPHBIH BBIBOJ II0Ka3bBaeT TaKike, 4TO B
clyyae HeH3MeHHOCTH TeMneparypel BAOJb TPyOul BeJdHUYHHE N u Q
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CTPOrO TIPOTIOPUHOHAMBHBI PasHOCTH JAaBjenuii P, — P,. Hanporus,

IpH H3MEHeHHH TeMIepaTypel BIOJIb TPYOH MPONOPLHOHANBHOCTD

MEXJY TEMH K€ BeJHYHHAMH H Da3HOCTBIO <F—T1: — V—_TZ:> —  TOJMBKO
1

npubiuxennasi. OHa crpaBeinBa JHIUb 0 TeX HOP, IMOKAa B pasio-

JKEHHH (QYHKINH f(%) B CTEHeHHOH pfAl MOZKHO OTPAHHUHTBLCA TOJALKO

JHHEHHBLIM YJIEHOM.

Gopmyant (96.2) u (96.3) npH YHCTEHHBIX 3HAYEHHAX NOCTOAHHBIX
C u A (96.6) nasuBarorcs gopmyianu Knydcena.

4. ®opwmyaa (96.4) nokasniBaeT, YTO NpPH HPOYHX PABHBIX YCIOBHSX
pacxod easa Q nponopyuotasen xyby paduyca mpybet. DTO NOJKHO
YUHTBIBATbCS IPH KOHCTPYHPOBAHHH BaKYYMHBIX YCTAHOBOK. JlonmycTum,
UTO MOILHOCTb BBICOKOBAKYYMHOTO Hacoca I[I03BOJIIET OTKAYHBATh
B ceKyHIy V JIHTpOB rasa, a Tpy6a, CoeHHSAIOmAs HACOC C OTKAYHBAEMBIM
6aJioHOM, CIOCOOHAa NPONYCKaThb 3a TO e BpeMsi v JHTPOB. Ecau
v < V, To NpUMeHATh MOIMHBIA Hacoc GecCMBICIEHHO. J1JIsi TPaBHIBHOIO

HCIIO/Ib30BAHUS Hacoca pasMephl COefH-

\ / HUTeNbHOH TPYOHl HajA0 BrIGUPaTh T4K,
4ToO8! GBUIO U ~ V.

a9 a8 5. IlpusenemM Tenepp Gosiee CTpO-

Dl THH MOJIEKY/ASIPHO-KHHETHUECKHH BBIBOJ

nosnyuyeHHEX ¢opmysa. Haubosee cyie-

3 CTBEHHBIM MOMEHTOM HAILIero BHIBOJA Gy-

Puc. 92, JIET TMPEANOJIOKEHHE OTHOCHTEBHO Xa-

paxTepa B3auMOAEHCTBUSA yap SHOIHXCS

MOJIEKYJ1 cO CTeHKamu TpyOGwl, Ilpenro-

JIOXKHM, YTO TIOC/e yjapa O CTeHKY MOJIEKYJIEl OTPaKaiorcs oGpaTHO

TaK, YTO HX CKOPOCTH CTAHOBATCSI pacnpejieJeHHBIMU TI0 3aKoHY

MagcBessia npu Temnepartype, paBHOll Temreparype CTeHKH., JTO MNpef-

T0JI03KEeHe 03HAYaeT, YTO MOJICKYJIb 1a3a BOCIIPHHUMAIOT TeMIepaTypy

CTEHKH, @ UX CKOPOCTH CTAaHOBSTCSI PacrpefeseHHBIMH H30TPOIHC yike

B pesyJbTare OJHOKPATHBIX YJapoB O CTeHKy. XOTf 3TO H He COBCEM

IPaBUJABHO, HO TaKoe MPeLroJNoKeHHe SBJSETCS MPOCTeHINNM H B pac-

CMATPUBAEMOM BOIPOCE NMPHBOJAHT B OCHOBHOM K NPABHJIBHBIM Pe3yJib-

TaTam,

Crporo roBopsi, Ml BHIPasKa/JHChb He cOBceM TO4HO. OTpaxeHHBie
MOJIEKYJIB ABHIKYTCA TOJIBKO OT CTEHKH, CPeli HHX HeT MOJeKyJ, ABU-
Kynuxcs K credke. [1oaToMy 0 MaKcBe/JIOBCKOM pacrpefieleHHH CKOpo-
crefl OTpa)KEHHBIX MOJIEKYJ MOXXHO TOBOPHTH JHIIb YCJIOBHO. CMBICH
HAlIero MpPeJNOJOKEHHS COCTOHT B TOM, YTO €CJH OTpayKeHHble Mo-
JeKYJbl NOTONIHUTE TAKUM 3KE UHCJIOM MOJIEKYJ, JIETSIUINX C TeMH iKe,
HO NPOTHBONOJOMHO HAlpaBJeHHBIMH CKOPOCTSAMH, TO MOJY4HTCS
MaKCBeJIJIOBCKOE pacrpefiesieHHe.

HonycruMm Tenepsb, 4To ¢ eAMHNYHOH IIomAanKo# S B OHY CeKYHAY
crankuBaerca N, Mojekya. Hadigem gono stux Mosiekya dN.;, orpa-
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JKaloINXcs B TeJeCHHH yron dS2, oCb KOTOpOro cocrasiasieT yroa &
¢ HopMaablo K miaomanke S (puc. 92). Tak Kak no Hamemy IPeAnNoJo-
JKEHIIO paclpeseneHle OTPAKEHHBLIX MOJIEKYJ MO YIiaM M CKOPOCTSM
He 3aBHCHT OT CKOpPOCTell H HanpapJeHHs ABYKEHHA NaJaloluX MoJe-
KyJ, TO MOXHO TMPEANO/OXKHTb, dYTO NAJAIOMHE MOJIEKYJbl BMECTe
C OTpaxKeHHbIMH pacrpenesets no 3akony Makcsesaa. [Tycrs n — uncio
BCOX MOJIEKYJ B efuHule o6nema. Torna 4HCJIO MOJEKYJ B TeleCHOM
yrie dQ, najaomux B eUHHIY BpeMeHH Ha miomajaxy S moa yraom O

. dQ
K Hopmas, Oyzer no S cos ¥ .-, Takopo ke OyJer U 4YHCIO MoJe-

Kya dN;, OTPA3HBIUMXCS B CHMMETPUUYHO DACMOJIOKECHHBLIH TeseCHBIH
yToJI 110 ApYryio cropoHy Hopmasu. IlosHoe uncsno najanmux MoJIeKy.a
naercs dopmy.oit (75.5), T. e. N, = /4 nd. Beoada ero, nosyyum,

AN =Y cos 940 (96.7)

6. BepHeMcst K 3ajiaue 0 MOJIEKY/ISPHOM TEUEHHH rasa uepes Tpyoy.
TpyOy OyneM cuuTaTh LHJAHHApUYECKOH, paauyca a. Tak KakK pacxon
rasa (@ oIuH M TOT 2Ke Yyepe3 Bce ceueHHs TPyObl, TO LIS €r0 BHIYHCICHHA
MOZKHO B3sTb ceueHne S, IpoXojsiiee yepes cepeauHy TpyOsl (puc. 93).
[T10cKOCTD ceueHns S MpUMeM 3a KOOPAHHATHYIO MJIOCKoCTh YZ, och X
HarpaBuM IO OJHOI U3 obpasyiomux puiauaapa. I[lycts dS — snemen-
TapHas IJoW@agKka B ceyenuu S. Bo3bMeM Ha OOKOBOH HOBEPXHOCTH

Y
1 dr
1 {
~ ~ ~
NS N
\‘ \
1
NS Lot
g AR g 1'
! aQ =X /’ ’
s =S VA4
. P P4 //
[ T - 45T X
i i
YA
Puc. 93.

umIHHApa GECKOHEYHO KOPOTKHMA MOSICOK IIMPHHBI dx’ H Ha HeM 3Je-
MeHTapHyw niowaiky dS’. M3 cepennssr miomwaiku dS’ niomanka dS
dS cos©
- Uucio Mosekysx dN,
JeTAUHX OT IJOWAaIKH dS’ U npoxoifumux uepes dS B OfHY CEKYHAY,
onpeeNsieTCsl BhIpaKeHHeM
N N ;cos /
AN =Yer o5 97 g = NercosBeos & g ygr.

o nR:

BHIHA TIOJ TeJeCHbIM YIJioM dQ =
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rie R — paccrosinue Mexay miomagkamu, & u 9’ — yriibl Mexny Hop-
MaJIfIMH K HHM H JHHHEH, coequHsomel NeHTPH IVIomAanoK. Beruunna
N OTHOCHTCSI K MeCTy HaXOXKAeHMs ILIOWaAkH dS’ u siBasercs ¢yHk-
el ee KOOpAaHHATH x: N = N (x).

Jas onpenenennst noJHOro yncaa Moaekyd N, HPOXOASHIHX yepes3
ceuenne S B e{UHHILY BPEMEHH, Ha/I0 BhIpaxkeHue J1s dN poHHTETplipo-
BAaTh 110 ceueHHio S ¥ Mo GOKOBO# MOBepXHOCTH HuAMHApa. Ho Tak kak
Bce IVomanku dS’ Ha Nosicke pacho/IOKeHbI COBEPLIEHHO OJHHAKOBO
OTHOCHTENBHO ceueHus S, To dS’ MOKHO Ccpa3y 3aMeHHThH Ha MJIomaAb
nosicka 2na dx. JIas ynpomeHust BelYUCIEHHH BEPLIHHY TEJeCHOTO yriaa
df2 MOKHO TOMECTHTb Ha ocH Y, Kak 3To chenaHo Ha puc. 93. Iycts
Y U z — KOOpAHHATHI NeHTpa nuowaiku dS. Torzna

X ’
cosm‘}mﬁ, cos 9! = R ,

N
N =2 S ydS S Ner () & dx.

[

o] ~

Ecan 66l yucno yaapoB N, 6blI0 OAHHAKOBO IO Beel JJIHHE TPYOH,
T. €. He 3aBHCeJO OT X, TO MNOJbIHTerpajbHoe Bhipamenue N, (x) x/R*
6bu10 OBl HEUeTHOIT (hyHKIHeH x, H HHTErpas mo X o6parusacs Obl B HYJb.
3aMeTHB 3TO M npejnonaras, 4To GpyHKUus N, (x) He CJAUIMIKOM GLICTPO
MEHSeTCs BAOJADb TPYObl, Pa3/IOKHUM ee B DS IO CTeneHsM X U o6opBeM
pasJjoxeHHe Ha KBajJpaTHUHOM YJEHe:

Neo=Ne (O +(82) x5 (),

dx® Jx=0

IIpu MHTCTPHPOBAHUH 1O X TNEPBOE H MOCHEJHee claraeMoe He BHECYT
HHK2KOTO BKJ/4aAa B UHTErpasd, ¥ Mel IOJYUHM
I

g

N2 {yas | % ax.
5

Cauras Tpy6y ATHHHON, 3aMEHHUM B MOCAEAHEM HHTerpaje KOHECUHEBIE
npejesapl GeCKOHeuHbIMI. /[l BBIMHCTeHHS BCEro HHTErpasia BBejieM
B IJIOCKOCTH CRUEHHA S NOJASIPHLIE KOOPAHHATHI 7 H ¢, IOMECTHB Havaso
nompﬂou cucreMsl KoopiuHat B Touky O. Torga y =r cos ¢, R* =
=r*+ x% dS = rdr dp, a noromy

T
dN 2 Zacose L,
9, dVer IS 2 AN
N=2a"% x cos @ do S rdr 5 T dx.
o 0 — 0
2
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Has uurterpana Ino x noaydaem

T 1 +
% x? 1 x x o0 4
\ == dx“<§? aretg - — 5 e ~}—x2> it 2
— O
Buino H1B ocTasbHble HHTErPUPOBAIS, HallzeM
8mnad dN .
Ne=——r. (96.8)

HPH CTAlliOHADHOM TeUeHiH BCAHYHHA N, acHeAn MPOH3BOAHAS

AN
-—— oCTaloTCsl MOCTOAHHBIMI BJAOAbL TPYOsl. Mcnoan3yst 310, a Takxe

dx
Bopaxenue N =1/, ng, 6c3 Tpyna moJy4uM
dNCT _ Nl““N'z

dx na

Ilocse storo dopmyna (96.8) npusonutcst K Buay (96.5). Comnagenne
YHCAEHHBIX 3HAYeHHIT Kos(ppuiventa C B CTPOrCM H OIEHOYHOM BbIBO-
Jax, KOHEUYHO, fIBJAACTCA CJAYYaHHLIM.

3A0AYH

1. CrexasnHBIY cocya ¢ Toaumoli ctenox [ = 5 MM u eMRocThIO V = 1 71 HanoJ-
HEH a30TOM M OKpYyweH BaKkyymom. B crenke cocyna o6pasosasicsi Y3KHH IHAHHADH-
uyeckufl xaHan paunuyca ¢ = 0,1 mM. HauannHoe naB/ieHHe rasa B COCYRE HAaCTOJIbKO
MaJso, 9T0 PaiHyC KaHajga NpeHeOpe:KMMO MaJl 110 CPaBHEHHIO C JUIMHON CBOGOLHOTO
npofera Mojekys rasza. Kax meiisieTcss BO BDEMEHH KOHLEHTPAIHSI MOJIEKYs rasa
B cocyae? Onpenedutb BpeMs T, MO MCTEYEHHH KOTOPOro JaBJeHHe Taza B COCyAe
YMCHBIIHTCA B € pa3, €CJAH TeMieparypa NOAACDXKHBAETCS IOCTOSIHHOM M paBHa
T = 300 K.

! T:ﬂl—;—————S' 103¢c=283,4 muH.
2na*o

2. ToaHOCTBIO 3BAKYMPOBANIBIL CTEKJISHHBIH COCYA C TOJNIMHHOHA CTeHOK [ =
=3 MM H eMxoCTh0 V =1 1 norpy:xeH B atMocdepy yraekucaoro rasza (CO,). B crenke
cocyaa ofpasoBaica Y3KUA QUINNAPHYCCKI kanal anametpa D = 0,1 mM. JlaBaeune
OKPY:KAIOIero rasa HacToAbKO Mado, YTO AuaMeTp KaHala NpeHeGpPeKHMO MaJ 1o
CpPABHCHHIO ¢ JUIHHON CBOGOAHOTO Tpofera MoJIEKYJ rasa. Kak meHsieTcs BO BpeMeHH
KOHIIEHTpAlM MOJIEKYJ rasa B cocyne? OnpenefTs BPEMS T, IO HCTEUEHHH KOTOPOTO
naBaeHHe Ta3a B COCY/c Gyzer cocTapasith (¢ — 1)/e = 0,628 ot nasnenns oxpyxaio-
ilero rasa mpH YCJAOBHH, YTO TCMIIEPAaTypa HOMAEPKHBACTCHA TOCTOSTHHOH H paBHa
T = 300 K.

£
OTBeT. n=ne °

_f_>
Orser. n=my\l—e TJ’

12v1 R
Te= - =3.104c=5. 107 mun=8§,33 uaca.
nD-o
3. Cocyner ¢ ob6veMamu Vi u Vi coernnensl MCx1y co6oil UMAHHAPHYCCKHM Ka-

NHJLISIPOM Paguyca @ H LJIHHbE [, 10 KOTOPOMY NMNONCXOIHT H30TepPMHUYECKoe KHYyJCe-
HOBCKOE IepeTeKaHHe raza M3 OJHOro cocy;a b Apyroil. Kak 6yayr meHsTscs BO
BpEMeHH KOHUEHTPaUUK MOJIeKYJl I'a3a B COCYAaX My il My, €CJIH KX HAuYa/LHbIEC 3HA4YEHHS
OLITH PAaBHBL Mgy B 1ln?
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Pewenue. [leperekanve OMHChIBAETCH CHCTeMOll JndrpepeHIHANbHEIX Ypas-

HeHHR:
dny _ ng—ny  dny  ni—ng

T T T, df T T 1,
Tie
vy L3Vl
1= onads 2T ona’n

Brlupras us OJHOIO ypaBHCHMA JpYyroe, MNoJyduM

d o on—ny,
I’ (’»1'“”:)—-‘——1 ’
T
1 1 1
T T T

HHTerpupys ¥ HCMOAB3Ys HayalbHBlE YC/AOBHS, HajfijeM
¢

Ay —fg= (A —nyp)e .
ToxcTapnisieM 310 3HaueHMe B MCXOJHYIX CHCTeMY ypaBHeHHH M muTerpupyem. B pe-
3yabTare TMOMYYHM

4

N16Tq -+ A2eT T — =
ny = 0 1 M2eTa 2 (o) e T,
T+ T T+ T2 '

4T T ‘
NagTo 1 NigTy1 1 -7
Ny= fog— Nig) € .
2 T + — (f1g9—1110)



rTABA VI
PEAJIGHLIE T'A3bl

* %

§ 97. Morekynsipuble CHABI H OTCTYIJICHUS
0T 3aKOHOB MjeaJLHBbIX ra3os

1. 3aKOHEHI HIEANbHEIX Ta30B — MPUGHHKeHHBIe 3aKOHBL. OTCTymIIe-
HHS OT HHX HOCAT KaK KOJIMYECTBEHHbIH, TAK 1 KayeCTBEHHBIH XapakTep.
Ko/nnuecTBeHHEIE OTCTYINIEHHS IPOABJISIOTCS B TOM, YTO YpaBHEHHe
Knaneiipona PV = RT co6/1mopaercs JJIsi peasibHBEIX Ia30B TOJIbKO
npubaikeHHo. KauecTBeHHble OTCTYIJIEHHSI Hocsit Gosee ryGOKHH
xapakrep. PeasbHBIC Ta3el MOTYT OHITh NlepeBefieHbl B XKHAKOE H TBephoe
COCTOSIHHA. IT0 OBII0 OBl HEBO3MOXKHO, €C/IH OBl ra3bl CTPOTO CJAEJOBAJH
ypaBHeHH10 Knanefipona.

OrcryInieHHs OT 3aKOHOB HJEANBHEIX Ia30B CBS3aHBI C TeM, UTO Me-
KLY MOJIEKYJaMu rasa JeHcTBYIOT CHJIbl, KOTOpEIE B TEOPHH HACAJDHLIX
razoB BO BHHMallie He NPHHHMAIOTCS. STH CHJILI MOTYT IPHBOAUTD K 06-
PAa30BaHUIO XMMHYECKHX coefuHeHUil. Torga oHu Has3wBAOTCHA Xumude-
CRUMU WIH BAACHMAbBING cusamu. ECIY Ke XHMHYECKHe COeJUHEHHs He
00pasyioTcs, TO CHJIbI B3aUMOJICACTBHSA MEXKY MOJMEKY/NdaMH H aTOMaMH
Ha3bIBAIOTCS MOACKYASAPHoMU cuiamu. Mbl OyleM npejnonararb, 4ro
B rase XHMHYeCKHe peaKUuH He NPOHCXOAAT HJH 3aKOHYHJHChH, TaK UYTO
XHMHYECKHe CHJBI Hac WHTepecoBaTh He OyayT. Ecau ras HOHM30BaH,
TO TOSIBJSIOTCH CHJEBL KYAOHOBCKO20 NPUMSANCHUS H OMMQAKUBAHUSA
MEXK1Y HOHAMH, HMEIOIMMHCS B rasze. TakHMH CHJIaM# OIpefessieTcs
IOBCJCHHE 74a3Mbl, T. €, K8Q3UHEUMPOAbHO20 UOHUB08AHH020 2a3d.
(KBasnHe#ATpaibHLIM HasuBaeTcsl TAKOH ras, B KOTOPOM ¢ GOJIBLIOH TOU-
HOCTBIO 3apsifibl MOJIOKUTeNBHBIX HOHOB KOMIICHCHPYIOTCS 3apajiaMu
OTPHLATE/IbHEIX HOHOB.) ®u3HKa n/a3Mbl NPeACTaB/IfeT OCUIMPHEBIH,
OypHO pasBHBaIOUIMiACs pasjen GU3HKH, HMeOmHA MHPOKHe NpHMeHe-
HUS B acTpodH3HKe, TEOPUH pPaAclpOCTPaHeHHsl pafHOBOJH, B IpolJeMe
yIpaB/IseMBIX TepMOSiiepHBIX peakuufi H np. OJHaKo o cBOHCTBaX
IJ1a3Mbl 3/lech T'OBOPHTH mpexjeBpemerHo. O Hell noijer peub mocse
13y4YeHHs APYTHX PasfiesioB GU3HKU (JEKTPUYECTBA, aTOMHOH (PU3HKH).
3zeck Mbl OyleM paccMaTpHBATh TOJBKO Tasbl, COCTOSIINE M3 34eKmpu-
4eCKUL HetimpaAbHoLX MOJIEKYJ WM aToMOB. X HMHYECKHE CHJIBI IIO CBOEH
NpHpPOJe He OTVIMYAIOTCH OT MOJIEKY/SPHHIX cul. Ml Te u ApyrHe CHAH
CBOJATCSI K CHJIAM JAeKMpuULeckux e3aumodelicmeuti MeXay s/eMeHTap-
HBIMH 3apSIlAMH, M3 KOTOPHIX MOCTPOEHLI aTOMBI M MoJeKyJ/b. OnHako
N0JIHOe NMOHUMaHHe IPHPOJL MOJIEKYJ/ISPHBIX ¥ XHMHUECKHX CHJ CTajo
BO3MOXKHBIM TOJNBKO IIOC/I€ BO3HHKHOBEHHMS KBAaHTOBOK MEXaHHKH.
He nMest BO3MOXKHOCTH OCTaHABIHBATBCS HA 3TOM BONIPOCE, OTPAHHIHMCS
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HEKOTOPBLIMH 3aMEUaHHAMH, OCTaBasiCh B PaMKax KJIACCHYECKHX Ipel-
CTaBJICHUH.

2. Ha panekux paccTosHUAX MOJICKYJAAPHEIC CHJIBL ABJSIIOTCA CHJIaMH
DPUTSKEHUS. DTH CHJIB TIPUTSKEHHS1 HA3LBAIOT Takike cusamu Ban-
Oep-Baaavca (1837—1923) no vMeHH rojiIaHiCKOrO YYSHOTO, 3aM0:KHB-
1ICTO GCHOBBLI MOJIEKYJISIPHOM TCOpHH pealbHbiX ra3oB. Ho Kakum ofpa-
30M MOTYT BO3HHKATDL CHJIBI IPUTSZKEHHUS MEHY CAOKHBIMH HACTHIIGMH,
NOCTPOCHHLIMH H3 3JE€MeHTapHBIX 3apsJ0B, €C/H 3TH HacTHIE B LesIOM
5JeKTPHYECKH HEATpasbHL? 15 TOTO YTOOBI 3TO MOHATH, HEOOXOLKMO
NPUHATH BO BHHMaHHe J1Ba 00CTOATENLCTBA. Bo-mepBLIX, 3apaibl Ipo-
THBOIIOJIOXKHOTO 3HaKa BHYTPH YacCTHIEI He COBMELICHE B OLHOH TOUYKeE.
Braropapsi sToMy uX BHellHee JeficTBHe He BIOJHE YHHUTOXKAeTcs —
BOKDYI' BCAKOIO aTOMa WJIH MOJEKYJBl HMEeTCS 3JeKTpHUecKoe moJe,
Gosee MM MeHee ObICTPO YyOblBawoliee C YBeJHYEHHEM pacCTOAHHA.
Bo-BTopEIX, noj JelicTBHEM BHEIIHEro NoJjs I0JIoKeHHe WIH JBHKeHHe
3apsAlI0B BHYTPH MOJIEKYJLl CJIerkKa H3MeHdeTcs TaKHM o0pasoM, HTo
II0JIOXKHUTE/IbHBIE 3apsiibl CMELIAloTC B HANPaBJIeHUH 3JEKTPHYECKOro
nosis, a OTPHIATENTbHBHE — B NPOTHBONIOJNOMSHOM HAanpaB/JeHHH. 3TO
ABJIEHHE Has3bIBacTCs ateKkmpuneckol noaspusayued. I1pencraBum Tenepsb
cebe ABe CJIOXHBIE HeATpa/jpHble yacTHlpl 1 M 2 Ha crosb MaJjioM pac-
CTOSIHHHM IpYyT OT JApYyra, 4to sjekTpudyeckoe noie E,, Bo3OyxIaemoe
IepBOH yacTulleil B MecTe HaXOXKIEHHsA BTOPOH, HMeeT elle 3aMeTHYIO
BeanduHy. Ilon BamsAHHeM sTOro moast yacTHnA 2 noaapusyemcs, W
BO30y:KJaeMoe elo 3jaeKTpHudeckoe nojie £, B MecTe HaxXoxk/eHHs NepBOH
gacTuus! yeusnuted. Ilox peficteueM nons E, nepsasi yacTuua Takxe Io-
JIIPH3YETCsl, YTO MOBeAET K ycmieHuio noas E;, u T. . B pesyibrare
yacTHel OyAayT obpamieHs! APYr K APYry NPOTHBONOJOMKHO 3apd-
JKEeHHBIMM cTOpoHaMu. OHH OYAYT NPHTATHBATbCA NMOAOGHO MarHUTaM,
o6paileHHBIM AP YT K JPYTY IPOTHBOIOJNOXKHEIMY IO I0caMy. PaceMoTpeH-
Hble CHJIBI Ha3bIBAIOTCS ducnepcuortoimu. T1poucxoxaenne 3Toro TepMH-
Ha CBSI3a2HO C TeM, YTO IOJSIPU3YEMOCTBIO MOJIEKY/I ONPEAISIOTCS TAKKe
OUBACKMPULECKAR NPOHUYAEMOCs W NOKA3GMeAb NPeAOMACHUs Tas3a
(onTHYecKas aucrepcus).

IloMuMO RHCHEPCHOHHBIX CHJ MeEXKIy MOJIeKyJaMi rasa MoryT jeH-
CTBOBaTh €llle TAK Ha3nBaeMbie OUNOAbHO-OPUEHMAYUUOHHBIE CUAbL. STO
TOKe CHJIbI IPUTSKEHH S, OOBIYHO MEeHbIINE IUCIEPCHOHHBIX cHI. Kpome
TOTO, AMIOJBHO-OPHEHTALHOHHLIE CHJBL 3aBHCAT OT TeMnepaTypErl rasa.
OHH BO3HHMKAIOT TOTA4, KOTA2 MOJEKYJBl rasa MHoJSIpH30BaHE Yae
B OTCYTCTBHE BHEMIHETO 3JeKTPHYecKOoro rojs. Takue MOJEKYJIBl Ha3bl-
BalOTCA noaspHoimu. TlonsipHbIE MOJIEKYJIBI BO BHEIUHEM JEKTPHUECKOM
IoJle TIOBOPayuBaloTCs NOJOGHO TOMY, KaK HOBOpauyBaeTCcsl MarHuTHas
cTpelkKa B MarHutHom mnoJe. IlpejncraBum ondaThb JBe mnoJsipHbIe MoJe-
KyJbl, B3auMOJeHcTBYIONIE MeXAy coGoH. B anekTpHueckoM moJe
OJHOH MOJIeKYJnl Apyras Oyler mnosopauuBartbesl. Mosekysnl GyayT
CTPEMHTBCH JTIOBEPHYTBbCA TaK, 4TOOBl HX MPOTHBOMOJOMKHEIE KOHIULI
Obl1n oOpalleHEl APYT K ApYry. B pesy/bTaTe BO3HHKAET CHJIA NPHTSXKeE-
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Husi. TaK Kak OpHEHTaNHs MOCTOSIHHO cOHBaeTCs TenJIOBLIM IBHEKEHHEM,
TO SICHO, YTO JAUHOJNBLHO-OPHEHTALMOHHBIE CUJILI AOJKHBEI 33BHCETb OT
TeMneparypsl rasa.

Ecnu paccrosuue Mex1y MOJEKYJIaMH BEJHKO 1O CPaBHEHHIO ¢ HX
pasMepaMy, TO JIETKO N0Ka3aTh, YTO AHCIEPCHOHHBIC H JMIIOJIbHO-OPHEH-
TATIMOHHBIE CUIB! IOMKHEL YOLIBATH 06paTHO NPONOPUHUOHANBHO CebMOM
CTETNEHH PAacCTOSTHUA. 3THM Pe3yJbTatoM HaM HUTAE He NPHAETCS NMOJb-
30BaTbCH, a NOTOMY MBl He NPHBONMM €ro JoKaszartelbCTBa. Yurarenb
caM JIETKO MOXKET IIPOBECTH COOTBETCTBYIOUE pacyeTsl, nocje Toro Kak
OH TNPHCTYIHT K H3YYEHHIO JIeKTpUUYecTBa.

KoHeuHo, nanoxeHHble coo0pazeHHs HeIOCTaTOUHBL. KJaccHdeckas

TeopHusl BOOOIE He CTMOcOBHA NMOCae0BaTEIbHO pellnTb NpobieMy MoJe-
KYJIAPHBIX H XHMHYECKHX CHJI. 3TO BHA-
HO yXKe M3 TOro, 4To OHA He MoxkeT U@
00BbACHUTE CYLIECTBOBAHUE CAMHX 4TO-
MOB H MOJEKYJ, KaK CHCTeM, NOCTPOEH-
HBIX M3 3/IeMEHTapHBIX 3ACKTPUYECKH
3apsKeHHBIX 4acTHU. Takue CHCTeMsl
¢ ee TOYKHM 3PeHHA He MOIVIH OBl OBiTh
YCTOUUNBBIMH.

Ha 6au3KUX paccTOsgHUAX, Korja
3JIEKTPOHHBIE CDOJIOUKH B3aHMOJeHCT-
BYIOIIUX YacTHI B3aMMHO IPOHHKAIOT
APYT B Jpyra, CHABl MOJEKYJ/SPHOTO
IPHTSXKEHHA NepexoisiT B CHJIBL OTTal-
xuBaHus. Teopus, OCHOBaHHAs HA KBaH-
TOBOH MeXaHHKe, ITOKAa3bIBaeT, UTO CHJIBI
OTTaNKUBAHHUS OUEHb BeIHKH, KOT/a pac- Puc. 94.

CTOSIHHE MeXAY B3aHMOAeHCTBYIOUINMH

HacTHLamMy Majo. OHu 0YeHb OBICTPO YORIBAIOT ¢ yBeJHYEHHEM PaccTos-
HusA., Korja paccrosinue mpeBOCXOAUT «AHaMeTp» B3aHMOAEHCTBYIOIHX
YacTHIL, CHJIBI OTTAJKHBAHHUS 5KCIIOHEHIMAIBHO YOBIBAIOT C BO3paCTaHHEM
paccTosiHus.

3. BsaumojelicTBue MoJieKy/1 YyAOGHO XapaKTepHs3oBaTh HOTEH-
UxanpHOH 3Hepruedl BzaumogencTBHA U (x), Kak ¢yHKUUEH paccros-
HHS ¥ MeXIY LeHTpaMu cOMU3UBIINXCA MoJjekys. Ha ocHoBaHHH H3J0-
KeHHoro ¢ynkuua U (x) fonxua uMerh BUJA, rpaduuecKH NpeacTaBieH-
HBIH Ha cXeMaTHyecKoM pHc. 94. OHa UMeeT MUHMMYM, B KOTOPOM CHJIbI
IPUTAXKEHHA YPaBHOBEILMBAIOTCA CHJAMM OTTaJKHBaHMA.

Bo MHOrHX BoONpocax TeOpHH Ta30B K XOPOLIMM Ppe3y/bTaTaM
TIPUBOJUT C/leAylomas annpokcHMmanus gynkuuu U (x):

Uwy=— — %, (97.1)
Tle a; U a, — nocTosiHEble. OHA HaswIBaeTCs nomeryuasom Jlennapoa —
Howonca. TlepBrlil 4leH COOTBETCTBYET CHJaM OTTAIKHBAHHS, BTOPOH —
cHlIaM npHTAXeHUs DBau-mep-Baansca. Cusa npuTdienus yOoiBaer




374 PEAJILHBIE TA3BI [ra. viin

o0paTHO NpPONOPIHOHANBEHO CEeABMOH CTeleHH paccTOfHHA (TaK Kak

= — dU/dx). TloatoMy useH — @,/x8 MOKeT CUHTATBHCA OOOCHOBAH-
HBIM TeopeTHuecKd (npu Goabmiiix x). Urto Kacaercs nepBoro unesa,
TO Ha HeTo cJeayeT CMOTPeThb KaK Ha NPOCTYIO annpoKCHMAaIHIo.

B rteopun ypasHenHa coctosHua Ban-zep-Baanbnca npumensercs
eme Gostee rpy6as annpokcumauud. Taxg kak kpusas U (x) cieBa KpyTo
NOIHNMaeTCo BBEPX, TO 3TOT Y4acTOK KPHBOH 3aMeHseTCs BepPTHKaAbHOI
npsAMOH, Kak 3T0 H3obpaxxkeHo Ha puc. 94 nyukrupom. Ecau d — pac-
CTOSIHHE 3TOH TPSAMOH OT Hayajga KOOpAWHAT, TO LEHTPHL B3auMOjeil-
CTBYIOLINX YaCTHIL He MOTYT COMH3HTBCA HA PACCTOfHHEe, MeHblee d.
PaccmarpuBaemasi anmnpoKCHManusi COOTBETCTBYET IIO3TOMY Modeau
meepOoix ynpyeux 1MapoB, MeKAY KOTOPHIMH AeHCTBYIOT CHJILL MPHTSXKe-
HHUA. DTOH MOAe/blo Mbl H OyIEeM MOJb30BaThecs B AajbHeiimeM. CHbl
OTTANIKHBAHUSA YYHTHIBAIOTCA TeM, YTO pas3Mephl LIAPOB CUHMTAIOTCA
KOHCYHBIMH. DTH CHJIBI TPOABJAIOTCA TOILKO B MOMEHTHI CTOJKHOBEHHH.
Paccroanne d urpaer poib duamempa monekyasl. KOoHeuHO, InaMeTp
MOJIEKYJIbl OTHOCHTCH K YKCJY He BIIOJIHE YeTKO ONpejle/leHHbIX BeJHdHH.,

Lime MeHee ueTKO ompejiesieHHLIM SIBJISIETCS TIOHSTHE chepol MOAEKY-
AAPHO20 Oelicmseus, KOTOpoe HMHOTAA BBOaMTcs. OHO ompenessiercs TeM,
YTO CHJIBl IPUTSAKEHHA MOJEKYJbl NPOHABASIOTCH TOJABKO BHYTPU ce-
PEI MOJIEKYJ/ISIPHOTO JACHCTBHA, a BHE 3TOH cdepbl CYHTAIOTCS PABHEIMU
Hya0. $IcHo, 4TO pajanyc chepbl MOEKYISPHOro HEHCTBHSI HE MOMKET
OBITL yKa3aH COBEPIUEHHO TOYHO, TAK KaK 3TO 3aBHCHT OT CTENEHH TOY-
HOCTH, IpexbsABAAeMOf K pacueTy. OpHeHTHPOBOUHO oH nopsaka 1077 cM.

§ 98. ¥YpasHenue Bau-gep-Baaanca

1. VureM Tenepb BJAHSHHE MOJEKYJASPHBEIX CHJI HA BHJ YpaBHeHHS
COCTOSIHHA Ta30B, NOJL3YSACh MOJAENBI0 TBEPABIX YOPYIHX I[1apoB.
Haynem cHayasa ¢ BAUSTHHS CUA OMMAAKUBAHUA WIH, YTO TO Ke camoe,
C BJIHAHHS KOHEUHBIX PasMepoB MoJIeKYJ. Dyjiem mpeariosnaratb, 4ro
CHJIBI IPUTSKEHHNS MeKIY MOJIEKYJIaMH He JefCTBYIOT. BinsiHue KoHey-
HBEIX pPasMepoB MOJIEKYJ KaueCTBeHHO moHAThL Jerko. [lpu opHix i Tex
e TeMmepaTypax H KOHLEHTPalUHsX YhCJIO YJapoB O CTeHKY OoJblie
B c/Iydae MOJIeKY/l KOHEYHOTO pasMepa, yeM B c/1ydae TOUeYHLIX MOJIEKYJI.
310 00BACHAETCS TEM, YTO Nepejlaya KOJHYeCTBA JBHXKEHHS B rase Io
NPOCTPAHCTBY, HE 3aHSITOMY MOJIEKYJAMHU, NPOUCKOIUT C IMEenossbimu
CKOpOCMAMY, & N0 NMPOCTPAHCTBY, 3aNOMHEHHOMY aGCOMIOTHO TBepIBIMU
MOJIeKyJaMH, — ¢ Oeckoneynoll cxopocmsio. B pesynbrate naBieHHe
rasa BO3pacTaerT.

Mcenenyem Tenepb BONpoOC KOAHMECTBEHHO. ByjeM mpeamnonaratsb,
UTO TJIOTHOCTb Iasa He O4YeHb BesquKa. Torpa ciayuau, Korja OAHOBpe-
MEHHO CTaJIKHBAIOTCS H NMPHXOJASAT BO B3aHMOJeCTBHE TPH MOJIEKYJIbl
miau Gosblie, GYAYT OTHOCHTEJIBHO OUYeHbL peaku. Muoro daie GyAyT
BCTPEYAThCS TaKHe ClydaH, KOTJa CTaJKHBAIOTCS MeXAy cobof TOJIbKO
ABE MOJIEKYJIB], & OCTANbHBIE MOJIEKYJIBl B MOMEHT CTOJKHOBEHHS HA HUX
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ne jeficTByioT. Takue CTONKHOBEHHS HA3LIBAIOTCS HApHuimi. Mbl yuteM
TOJIBKO TIaPHBIE CTOJKHOBEHHS M MCJIHOCTBIO NpenebperkeM BIHSHHEM
TPGIiHBIX, YETBEPHBLIX H NIPOYHX CTOMKHOBeHHH. SICHO, UTO TAKHM ITyTEM
1e1635 NOAYUHTL YpaBHEHHE COCTOAHUA rasa, NPUroAHoe npyu GoJbILuX
IVIOTHOCTAX. MOXHO pacCUMTHIBATB JIHIIBL HA NOJAYYeHHE IONpaBOK
K ypaBHeHuio Knane#pona.

JlonyctuM cHayana, uto B cocyze obbeMa V ¢ raamkuMH CTEHKamy
HAXONATCS [BE OJMHAKOBBIE MOJIEKYAB | H 2, cOBeplUAlOLlHe TeJIOBoE
npmxenne (puc. 95). MovieKyilpl CTAKHBAIOTCA CO CTEHKaMH H MEXKIY
co60ii. M3-3a 3TOro BO3HHKAaeT jaB/eHlie Ha CcTeHKH. Beanunua nasne-
HHUSl ONPENeISCTCH CYMMAPHOU KUHeMUHECKOW aHepaueti 06eHX MOJEKYJ
1 He 3aBHCHUT OT TOrO, XaK 3Ta 3HEPrHs pacipeleseHa MeXIYy MOJeKy-
aamu (cM. § 59). Ilpn BeuHCIeHHU naBie-

HHS MOXHO CYHTaThb, YTO ORHA MOJeKyJa, o -
HANPHMEP 2, BCE BPEMSA OCTaETCA HEMoJ- H
BIKHOM, a Apyras (MoJekyna /) IBUKETCH H N
C YIBOEHHOH KHHETHUYeCKOH 3Hepruei. Pe- voal \

;

3

;

i

t

3y/bTaT pacueTa OT 3TOTO He H3MEHHTCH.
1leHTpHl MOJIEKY/I He MOT'YT CO/IH3UTbCSI Ha
paccTosinne, Menbilee d. OKpyXHM MoJie-
KyJI1Y 2 cgpepoil oepancOenus paguyca d, Kak
570 Mbl Jesaajiu B § 86 npH BHIUHCIEHHH
cpenuei yinHel cBoGoaHoro npobera. JBu-
AKVIYIOCS MOJIEKYY I MOXKHO CYUTATH TO- Puc. 95.

yeqHoli. O4eBUAHO, OHA He MOXKET MPOHHK-

HYTb BHYTPB cepbl Orpark/IeHHS HENOABHAKHOH MOJIEKYJ/ILL. JTO 3HAYHMT,
yto 00beM, JOCTYIHBIA MoJekynae [, 61arofaps nPHCYTCTBHIO MoJje-
KYy/abl 2 yMeHbllaeTcsi Ha o0beM cdepbl OrpaKAeHHA, T. €. HA BeJH-
ypny 4/gmd®. Dra BeqMYHHA pAaBHA YYeTBeDEHHOH CyMme 0OBEMOB
obenx MOJeKyJs.

[Tycre Tenepb B cocyne umeercss N oauHakoBulx Mosekya. Ilpu Bei-
YHC/JeHHH 1aBJeHl S Ha CTeHKY COCcyaa MOXKHO paccyKaaTh TaK, Kak eciu
Obl TI0JIOBKHA M3 HHUX !/,N noxouiack u Obia 3aMeHEHa COOBETCTBYIO-
WHMH cpepaMH orpaxkieHHs, a MOJEeKYJbl APYrofl NOJOBUHBI ObLTH
TOUEYHBIMH H JABHTAJHCH C Y/BOEHHOH KHHeTHYecKOH suepruer. Torga
Mbl HMeJiT Obl Uea bHbIH Ta3 u3 N’ = N/2 ToYeUHBIX MOJIEKY.T C TeMrie-
patypoit 77 = 27. 3tuM Mosiekysam Obli Obl JOCTyneH o0beM cocyaa V
3a HCKJOYeHHeM obbeMa, 3aHuMaemMoro N/2 cdepaMi orpaxieHis
npyrux modekysa. OO003HauuM 3TOT IOCAeRHHE o0beM CUMBOJOM b.
Torna o6beM, ZOCTYNHEIN IBHKYULIMCS MoJleKyaam, Oy et pasen V — b.
JlaB/ienne, oKa3blBaeMoe 3THMH MOJIEKYJaMi Ha CTEHKH COCYZa, PaBHO

’ ’ N, ’ Nk'l‘
P=n"kT" = 7% ET' = Tt
Ecnu B cocyle HaXOJHTCS MOJb rasa, To

P(V—b)=RT, (98.1)

]
i
{
i
i
{
i
1
!
i
i
i
1
2

et

ey,

K
:




376 PEAJBLHEBIE TA3BI [ra. vir

Besnnuuna b, oueBHIHO, paBHa b~~2N— 4; daz%? Nd3, T.e. yuerse-
peHHOMY 00BeMy Bcex N Mojekysa rasa.

2. Ilpu BeIBOZE MbI npeHeGperyiH CAeAYIOINM OOGCTOATENbCTBOM.
DenTp apmkyniefics MoJIEKY/IBI HE MOXKET NOJOUTH K CTCHKE Ha paccTosi-
Hue, MeHbliee d/2. st Hero HelocTylleH 00beM IPHCTEHOYHOTO CJ0A
TosyHel d/2. panulia rakoro cjiosi Ha puc. 95 u3obpaxkeHa NyHKTHPOM.
Ero o6wvem paseH S :d/2, rie S — miomanbs BHYTpeHHEH MOBEPXHOCTH
cocyﬂa Takoit Oé’beM yuTeH He Obl1. ITO MOXKHO JieslaTh, KOraa
S-d2 <L b, T.e. SN Ecan cocyn umeer ¢opmy Liapa pa-
auyca R, TO 3TO ycnom{e CBOJIHTCH K

RLdAVN. (98.2)

JIns omoro Modst npu d ~ 107 cm 310 maer R < 10* cm = 100 m.
Japnenue rasa B mape Takoro paauyca 6oi1o 661 ~ 1079 arm.

3. Tax xak jgapjenue raza P He MoOxeT ObITb OTPHLATEILHBIM, TO
u3 dopmyanl (98.1) cienyer, yro mpu BeexX jAaBienuax V > b. 3naue-
Hue V = b jocruraercs TOJAbKO npu P = oo. 310 3aKJAIOYEHHE Helpa-
BiibHO. IlocTosiHHAast b paBHa ydeTBepeHHOMY OGBEMY BCEX MOJEKYH
raza. Mex/y TeM TBepble LIaphl, KAKOBLIMH B Halllell MOJENH ABJSIOTCH
MOJIEKYJIbI, MOXKHO Pa3MeCTHTh B MeHbllleM o0beMe. MX, KOHeYHO, HeBO3-
MOJKHO Da3MecTUTb B o6beMe b/4, B TOUHOCTH paBHOM cymMMe OGBEMOB
Bcex mapoB. [axke mnpu HaubGosdee TJIOTHOH YIIAKOBKE OCTaHYTCs
IpOMeKYTKH Mexay mapamu. [lpu HauGosee MOTHOR ynaKoBKe (cM.
puc. 175, @) obuuii o6beM Bcex wapoB b/4 cocramisier :ru/(3]/2):
= (,74 o6bemMa Bcero Teqa (cM. § 134). Otciona cienyer, YTo MUHHMA b~
HbIH 06BEM, [0 KOTOPOTO MOXeT ObITh CxKara Hallla MOJie/b rasa, paBeH

3V2 ~——b=0,337 b, a ne b, KaK 3710 GbUIO NONYUYeHO K3 ypaBueHusd (98.1).

Hoquy ke ypaBHeHue (98.1) mpuBeso Hac K HenpasHIbHOMY 3aKJloye-
nuto? [loToMy, YTO MBI BEIBEJIH €r0 B IPEANOJN0KEHHH MapHLIX CTONKHO-
BeHHH, a HCIONB30BaNH TOTAA, KOTAA 3TO YCJIOBHE HE BHIOJIHsETCS.
Ipu BcsiKo# Godee TVIOTHOH YIIaKOBKe Kax/bli I1ap OJHOBPEMEHHO Ka-
caeTcsl HECKOJIbKHX COCEJHWX LIapoB, a TAKHE CJyYal IPH BHIBOAE ObL1H
HCKJIIOUEHBl H3 PacCMOTPEHHS.

4. PaccMOTpHM Teneph BAUSHHUE CUA MOACKYASIPHO20 HPUMANEHUS.
Ilpennonaras, 4YTO CHJI OTTaNKHBaHMUS HeT, H3MEHHM Mojesb Trasa.
Monexyns 6yfieM cuuTaTh TOYKaMH, Mexjly KOTOPBIMH JeHCTBYIOT
CUJBI TNPUTSKEHHS. B oTiMuHe OT CHJI OTTalKHBaHHHA, AeHCTBYIO-
IWHX Ha OJU3KUX PAaCCTOSIHHAX, CHJIBI MOJEKYJAAPHOIO TPHUTSKe-
HUSl SIBIAIOTCA cusamu OaavHodedemsyowumu. Bo B3anMojeAcTBHH
yUYacTBYeT Cpa3y MHOFO MOJIEKYJ, H CXeMa [apHbLIX CTOJNKHOBEHUH cTa-
HOBHUTCA HenpUroJHoi. OKpYXHM KaxAylo MOJEKYJTy chepoit MOJeKy-
JgsipHOro jefictBuda. Ecau 3ta cdepa nenukoM Haxo/UTCsl BHYTPH rasa,
TO CHJBI, JEHCTBYIOMIME Ha PAcCMATPHBAEMYIO MOJEKYJAY CO CTOPOHKI
OKpYXKAIOUHX MOJEKY/1, B CpelHeM ypaBHoBelunuBawoTcsi (puc. 96).
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Ho storo He 6yJeT, KOrja MOJeKyJ/1a HaXOAUTCS BOJAM3U TPaHMIH rasa
co CTeHKOfl. 31ech cepa MOJEKYAAPHOTO AeHCTBHS JIHIb YaCTHUHO
npoxout B rase. [losdBiasieTcst H3GBITOK MOJIEKYJ, TSHYIIMX paccMat-
pHBaEeMYIO MOJIEKY/1y BHYTPb rasa, Hal MOJEKYyJaMmH, TAHYIHMH ee
Hapyxy. Takum ofpasoM, BOAM3U CTEHKH BO3HHKAET NpUCMEHOYHbILL
ca0il easg, TOMUMHA KGTOPOTO paBHA paiuMycy cgepbl MOIEKYJsIPHOTO
peiictBus. Kaxpnas Mosekyna sT0ro ¢J10si B CpejiHEM INOJBEpraercs
JeHCTBHIO CHJbl f, HalpaB/ieHHOA B CTOPOHY rasa. BesnuuHa cuiwr f
MaKCHMaJ/bHa, KOTJla MOJIEKYJIa HAXOMUTCSl y CaMoil CTeHKH, H yObBaeT
NpH ylaJeHHH OT Hee.

Koraa MonekyJia rasa JIETHT K CTeHKE, a 3aTeM OTpaKaercsi OT Hee,
TO MeHsieTcsl ee HMIYJbC. M3MeHeHHe HMIY/IbCa HOJCUMTHIBAETCS CO-
BePILIEHHO TaK e, KaK 370 [eajloch
B § 59 nmpu BblYHC/AEHHH JAaBJEHHA
HleaJpHOro rasa. ExkeceKyHpuHoe
N3MEHeHHe UMIYJbCa BCeX MOJIEKYJI,
NajaloWAX Ha EIHHHLY IVIOWAAH
CTEHKH M OTPAXAIOMUXCS OT Hee,
raBHo /ynm (¥¥). OnHako, B OTH-
Yyhe OT HJEANbHBIX Ta3oB, HMITYJbC
HAJIETAIOIIUX MOJIEKYJ H3MEHSETCS Pue. 96.
He TOJNBKO NOf JeHCTBHEM CHJ AaB-
JIEHHSI CO CTOPOHBI CTEHKH, HO W NOJ JEHCTBHEM CHJI, C KOTOPBIMH HX
TSHYT BHYTPb rasa MOJIEKYJbl NPHCTEHOYHOTO CJI0#A. B 4acTHOCTH, NOA
JefiCTBHEM 3TUX INOCJEAHHX CHJI MOJIEKYJia MOXKET OTPas3HTbCs BHYTPH
HPHCTEHOYHOTO CJI0sl, HE JOJIETEB JI0 CTeHKH. BMecto cni, JeficTBYIOWHX
Ha HaJeTalol(He MOJIEKYJbl, MOXKHO O TperbeMy 3akoHy HplotoHa
BBECTH paBHble HM M IPOTHBOIOJIOXKHO HalpaBJeHHbIe CHIbL, NeACTBYIO-
1[He Ha CTEHKY U Ha MOJIeKyJIbl ipucTeHodHoro cios. Ilyers P — cpen-
Hsist CHJIa JiaBJIeHHsi Ta3a Ha CTeHKY, a P; — cpefuss cunia (OTHeCeHHas
K eJIHHHIe IUIOWaAH), ¢ KOTOPOil MOJNEKY/bl NPHCTEHOYHOTO C/10f BTH-
THBalOTCH BHYTph rasa. Torzaa

P+P;="3nm (v?),
P4 P;=nkT. (98.3)

U3 u310KeHHOIo BHAHO, YTO AaBJeHHe Ha CTeHKY P He 3aBHCHT OT
MaTepHasa cTeHKH. PoJib cTeHKH MoxeT BBIUIOJIHSTL caM ras. Ilposenem
MBICJIEHHO ITIPOU3BOJBLHOE ceyeHue, pasjessiiolllee ra3 Ha JBe YacTd.
JlaBnenne ofHON yacTu Ha ApYrylo OyIeT TaKuM Ke, KakK ecaH Obl 372
Apyrast yacTh Gbuia TBepaoil creHkoll. OHo paBHo P, a He P + P; niu
KaKo#-1160 Apyrofl KoMGHHAUMH 3THX BeTHYHH. FMeHHO 5T0 JaBienue P
BXOJHT B ypaBHEHHe THAPOAHNHAMHKH M Ta30JHMHaMHKH.

Cuna P; HasblBaeTCH SHYMpPeHHUM WIH MOAEKYAADHbIM OGsAeHUeM.
Ee moxHo npexcrasuts B Bufe P; = (N, rie f — cuna, peicteyro-
Las Ha MOJIEKYNY IPHCTEHOYHOT® CJ10A, a N, — YUCI0 MOMEeKYJ

HJIH
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B HeM, OTHeCEeHHoe K eiiHuue mniowand. MoKHO Takxke Hanucathb
Py~ (N ). Obe Bemnununl (N .,y u {f) IporopuuoHaNIbLHEL MACT-
HOCTH HWJH 0o6parHO MnponopuHoHadbHul o0beMy rasa. Ilpeanonaras
Ofl5iTh, YTO a3 B3AT B KOJHYECTBE OJHOTO MOJIfA, MOIKHO MNOJOKHTh

Pi=s, (98.4)

Tlle ¢ — NOCTOAHNAA, XapaKTepHas Ads paccMaTpuBaeMoro rasza. Toraa
(98.3) mepexoaur B

(P+—5E> V=RT. (98.5)

5. Temepr Hajo ydYecTb COBMeCTHOEe NeHCTBHE CHJI TNPHTHKEHHA U
CHJI OTTaNKHBaHuA. 119 HEIVIOTHBIX Ta30B, K KOTOPHIM OTHOCSTCH HalIH
paccyzKaeHHf, NONPABKH Ha CHJIBI IPHTAKEHASA N OTTAJIKHBAHHS MOXKHO
BBOANTL Hesaeucumo. Torga B pesyavrate KoMmOGuHamuu gopmya (98.1)

H (98.5) nonyuutcs
( Va/(V b)=RT. (98.6)

ITo ypaBHEHHE HA3LIBAeTCSH ypasHeHuem Bau-Oep-Baaavca. Bau-nep-
Baanbc nmonyunn ero TeoperuueckH B 1873 r. Teopernueckuil BBHIBOJ
ypaBHeHus (98.6) npuMeHHM NIpH BLUIOIHEHHH YCJOBHH

b<V, 5<P. (98.7)

Kpome Toro, BHIBOJ Tpennofdaraer, YTO MOJEKYJH rasa cgepHyecKH
CHMMETPHUYHEL, TOCKOJBKY OH OTHOCHTCS K MOAeNU TREPABIX YIOPYIHX
wapos. C 3TUM CBA3aHO TO OOCTOSITEIBCTBO, YTO B JeHCTBHTEIBLHOCTH
Aaxke 1/1s HeNJIOTHBIX rasoB BeJ1HUHHBL g M b 3aBHCAT OT TEMNepaTyphl.

s nnotHeix razop ypaBHeHHe Ban-zmep-Baanbca, kak komuuect-
BeHHOe COOTHOLlEHHE, He ToAuTcAa. OfHaKO KaueCTBEHHO OHO NpPaBHJIBHO
nepejaeT NOBefeHMe ¥ Takux rasoB. llostomy anas u3ydeHus kKa-
YeCTBEHHOTO NOBe/ieHHs BellecTBa Mbl OyleM B JajbHeHIleM NpUMEHATh
ypaBHenne BaHn-nep-Baanbca Bo Bcell 0641acTH H3MeHEHHs QaBIeHHI
u temnepatryp. Ho Torna Ha Hero Hajo cMoTperb Kak Ha npubau-
OlceHHOe noaysmnupuyeckoe ypasHerue. Taspl, TOYHO MNORUHHSIOIHECH
ypaBHeHuio Ban-zep-Baasbca, HaswBaioTes easamu Bawn-Oep-Baassca.
SIcHO, YTO OHM fIBIAKTCA HIEANH3ALUAMU.

Herpyano sanucats ypaBHehue BaH-zep-Baanbca s npouseoss-
HOTO umc/ia v Moseft rasa. Ecin ras sanumaer ofveM V, T0 MOASipHEIf
obvem Oyjer V/v. Dr1ofi BenMUMHOH Halo 3aMeHHTb V B ypaBHEHHH
(98.6). B pesysabrare noayunrcs

<P + 3;;) ({’- —b>=RT, (98.8)
o (P+9VVTZ> (V —vb) =vRT. (98.9)
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6. CornacHo 3axoHy boitna — Mapuorra npoussesenune PV s
HaeatbHBIX Ta30B OCTaeTcsl TIOCTORHHBIM, €CJIH TOJBKO TeMIeparypa
nojjep:KuBaercs moctosinyoit. IlocMoTpuM, Kak BesieT ce6sl 3TO npou3Be-
ZeHue 1n4 rasa Ban-nep-Baanbca. JxcrnepuMeHTaNlbHO YI0OGHO Hecaeno-
paTh 3aBucuMoctb PV ot P, ocraBisisi TeMnepaTypy nocrosinHo#. Teo-
peTHYeCKH, OJHAKO, MPOoLle NMOJYYHTh 3aBUCHMOCTL PV OT IIOTHOCTH
rasza 6 = p/V. Ilepenuwem ypasuenue (98.6) B Buze

RT a

P=v—p~ 17"

(98.10)

[Mocne ymHoxennsa Ha V u 3aMeHEHl B npaBofi wactu V wa /6 nomyuum

uRT a

PV=1"% %

6,

rZe | — MOJIEKY/SIpHBIH BeC rasa. /sl OTHICKaQHUS SKCTPEMyMa 5TOTO
BbIpaXKeHH sl HAXOUM ero npou3Boauylo no 8. IlpupasHuBas ee HyJI0 H
VYUTBIBAs, 4To p > DS, HalleM, 4TO SKCTPEMYM HMEEeT MEeCTO Iipu

5:%<1_]/Ea_—75>, (98.11)

HccenenoBanue BTOpoH NpOH3BOAHOH NOKA3bIBAET, Y¥IO 3TO €CTh MHHHU-
myM. Takum o6pasoM, ecTy M30TePMHUYECKH CKHMATh I'a3 H3 COCTOAHUS
GECKOHEUHOTO pa3pexeHHsi, TO CHadala OH OyJeT CXKUMAaThCSl CHIbHEE
HJlea/IbHOTO rasa, a IocJe NPOXOXKAeHUs yepe3 MUHUMYM PV — ciabee.
310 n noHaTHO. [|1A paspekeHHOTO rasa OOJBIIYIO POJMb UIPAIOT CHIbI
OPUTSKEHHS, CIOCOOCTBYIOHINE CIKATHIO, UeM CHJBl OTTaJKHBaHuS,
MpenITCTBYIONIHe cKaTulo. [anporue, An1s MJIOTHEIX ra3oB Gojee cy-
IIeCTBEHHOE BJAHSIHUE HA UX MOBEJIeHHe OKa3bIBAIOT CHIILI OTTANKHUBAHHS.
C noBbllleHHEM TeMIepatypbl MHHHMYM PV cMeumaercs B CTOPOHY
MeHBIIHX 8. DTO CBA3aHO C TeM, YTO C IIOBLIIEHHEM TEMNEpPaTypH yBe-
JIMYHMBAETCS] YUCJAO CTOJKHOBEHHI, a MOTOMY BO3pPaCTaeT POJIb CHJI OT-
tankuanus. Ecan RTb/a = 1, T0 MHHUMYM CMellaeTcsl B Hayaso
koopaunat 6 = 0. Temneparypa, npH KOTOPOH 3TO NPOHUCXOIUT, HA3bl-
Baetcst memnepamypot botiag. OHa paBHa

T,g:—]—;%. (98.12)

Husxe temnepatypsl Dofins npu ckatii rasa npoussejesue PV mpo-
XOAHT yepe3 MHHHMYM. Tak BeleT ce6si IpH KOMHATHLIX TeMliepaTypax
GOJILIIMHCTBO ra3oB. Boiie Temnepatrypbl Dofliis CH/IBI OTTAJKHBAHHA
BCerja NepeBelnBaloT CliIbl IPUTsKEHHSA: ¢ Bo3pacTanneM & Npom3se-
nenue PV pacrer moHoToHHO. IIpH KOMHATHBIX TeMmeparypax Tak
BeAyT ceOs BOMOPOZ il Teui.
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§ 99. Npyroit MeTon BBefeHHS MOMPABKH
HA CHJbI MPUTAMEHHS MEXIY MOJIEKY1aMu.
YpaBuenue JduTepHun

1. BivsiHEe MpPUCTCHOUHOFO MOJEKYJ/SADHOTO CJOS HA YDaBHEHHE COCTOAHHA
MOYKHO YUeCTb APYTHM CIOCOGOM, KOTOpHIE npuBoantcs Huxke. OTBAeueMcs CHayania
OT MOJIEKYJSIPHBIX CHJ TNpPHTSIKEHHS, C KOTOPHMH CTEHKa MOMET AeHCTBOBATh Ha
MoJieKysbl ra3a. DyleM npeanosiaratb, 4TO CTeHKa AeHCTBYET Ha MoOJeKYJBl rasa
TOJBKO TPH CTOJKHOBEHHSX C HHMH. Kak BhlsicHeHO B npelbifyuleM mnaparpade,
MOJEKYJ/Ibl IPHCTEHOYHOTO CJOSA TOABEPralTCcsl JAeHCTBHIO PE3yJNbTHPYIOWER CHIIH,
HanpapJeHHOH BHYTPDb rasa. BeacacTsue 37010 KOHHEHTPAUMS MOJICKYJ B HPHCTEHOY-
HOM CJIoe JOJIKHA YOBIBaTh NPH MPUOIHKEHHH K CTEHKE B COOTBETCTBHH C (PopMyJoil

bonbuMana
U

kT
n=n_e , (99.1)
rae U — norennuanbHas 3HEPTHA MOJEKYJH. DTHM M OGDBACHAETCS YMeHblleHHe
IaBJeHHs Ta3a Ha CTeHKY. Dneprusa U asisierca QyHKIHeH pPacCTOSHAA X MOJEKYJIbl
ot creHkH. OHAa MAaKCHMAJbHA Yy caMofl CTeHKH M OBICTPO yGLIBAET C BO3pacTaHHeM .
Ee ssaueline Ha 6eCKOHEUHOCTH U, yCIORAMCS CUMTATh PaBHLIM HyJ0. (Beckoneunsi-

MM CUHTAIOTCSH PacCTOSHHUS Gonplue paguyca chephl MOMeKyasapHOTO AeficTsus.) [laBne-
HHE HA CTEHKY ONpeAeJseTcs NPHCTeHOuHofl KoHUeHTpanuefl 7y, a He BHYTpeHHeH
Kontentpatuelt n,. Cynutas MOJEKY/bl TOUCYHBIMH, MOMKEM HAMHCaTh, KaK A5 Hie-
anpHOrO rasa:

Us

PenkT=n_kTe *T, (99.2)

rae U, — sHauenye NOTeHLUAIbHOH SHePTHU MOJIEKYJIB Yy CTeHKH cocyAa. Ecau
Uo

U,
prinoHeno yeaosue U, << kT, 10 eF7 = 1—{—»,%70,, a motomy
Ptn Uy=n kT (99.3)

Cuna nputsiKenns, AeHCTBYIOIAA HA NPHCTEHOYHYIO MOJEKYNY, a C Hefl U NOTEHUH-
anpHas sweprusi Uy, MPOMOPUHOHAIbHEL KOHIEHTPANHH MOJeKya rasa n, = N/V.

Iosromy Moxuo Hamucars U, = an, TAe o — NOCTOAHHAA JJIst PACCMATPHBAEMOIO
rasa peanuuna. Ilpeasiaymas gopmyia npeobpasyercd K suay (P + an ) = n kT,
Wi

a
Ve
ecJIH BBECTH HOBYIO TOCTOAHHYIO @ = N2, D1oT pesynbrar coBnazaet ¢ (98.5). 3ame-
THM €l11e, YTO Yepe3 NOCTOAHHYIO @ NOTeHIHANIbHAS 3HepTHa U,y BHIpakaercs popMyJiol

<P+ >V=RT, (99.4)

a

UO:’N—V .

(99.5)

2. Moseky bl MPHCTEHOUHOTO CJIOST TIPUTATHBAIOTCS HE TONbKO MOJIEKYJaMH
rasa, HO H MOJIEKYJaMH CTEHKH. DT0 J0J/KHO TPHBECTH K YIJIOTHEHHIO NPUCTEHOUHOTO
CJIos M K YBeJHUYEHMIO AamjeHisl rasa na crenky. [lojiyduaercsi mapanokCalbHbi
pesy/1bTat: JaBJeHHe rasa Ha CTCHKY H IOCTOsiHHAast @ B ypasnenud Bau-aep-Baannsca
IOJIXKHBI 3aBHCETb OT MaTepHala CTCUKH. DTOT PE3YJIbTaT He COMIACYETCst ¢ OMBITOM,
a BHIBOJ ero HemepeH. PasGepeMmcst B 3TOM BOmpoce.

Cuna F, neficTBylouast Ha eIHHHILY TJIOHAAN CTCHKHM M3-3a Y1apoB HaJeTalolnX
MOJIEKYJ1, NeHCTBHTENbHO BospacTeT. Ho 310 ne epuHcTBeHHas cuja, JefCTBYIOWAA
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na crenky. Crenka npurarmBaer ras. Ilo Tperbemy 3axony HrlotoHa ras nputsi-
TMBAET CTCHKY C papBHOil, HO NDOTHBONOJIOXKHO HanpaejeHHO#l cuaoi. O603HauMM
peadudHy ee Fp. Uro6bl NOJSYuHTH JaBJeHHe rasa Ha CTeHKy, cuay Fj Hamo Bbl-
vecth U3 F. Tlokamem, uTo B mnpefesax TOYHOCTH pacyeTa, NPHHATON NPH BHBOJE
ypaBrerus Ban-gep-Baanbca, pesysnbTaT He GyjieT 3aBHCETb OT MaTepHala CPEHKH.

Tlyers U’ (x) — noTeHunazbHas SHEPTHSt MOJIEKYJbl B [OJE CHA TPHTSKEHH A
crenkd. Qopmyny BosbliMana Temepb Hajo NHCaTh B BHAE

[Toaromy BMmecTo (99.3) MBI TpHIEM K COOTHOLICHHIO
— — 4
F=n kT —n_ (Uy+Up).
Brruucaum Teneps cHay Fy. Crenxa npUTATHBaeT MOJISKYJY ¢ cujoH fj, aGcomorHas

BEJIMMHHA KOTOPOH pasHa fy = dU’/dx. Uncio MosleKya B C/ioe eMHHYHON MJIOIAKH
U ToJlHHH dx ectb ndx. ChefoBartennbHo,

o el 0
dU’
Fi= S nf, dx = S n— dx=\ ndU’.
x ..
14
0 0 4
B npussaTOM MPHGIHIKEHHH 3aBHCHMOCTD KOHIEHTPAIHH 71 OT KOOPAWHATH X YUATLIBATh
He Hago, a notomy Fy = — n_U{. Buluuras sty senuumny ua F, naiizem
P=F—F =n kT —n U,

uto coBnagaert ¢ (99.3). Takum o6pazoM, fHaBienne P He 3aBHCHT OT MaTepHana CTeHKH.
O600ImHUTh 3TO JOKA3aTeNbCTBO Ha CJAydYad NMPOH3BOJNLHO GOJbIIMX INIOTHOCTEH
rasa, TOJIOXKHB B OCHOBY PacCMOTPEeHHC MeXaHH3Ma SIBJIEHHS, NOBOJBHO 3aTpyLHH-
teapHo. OIHAKO B 3TOM M HEeT HeOGXOAMMOCTH. He3aBHCHMOCTL JaBJeHHS rasa Ha
CTEHKY COCYAa OT MaTrepHaNa CTCHKH MOXHO J0Kd3arb
Ha oCHOBe 0o6mHuX cooGpakeHnii. PacCMOTDHM 3aKphbITHI B 1z
LHIHHAPHYECKHH COCYA, HANOJHEHHBI rasoM, NPOTHBO-
TNIOJIOXKHEle ocHoBauus Kotoporo AB u CD crenannt M3
pasnuuHbIX Matepuanos (puc. 97). Homyctum, 4ro ycra- A 7
HOBHJIOCH COCTOSIHHe paBHoBecHsi. EcaM 6l gaBnenust Ha
creikd AB u CD 6bi1m pa3HBIMH, TO COCYH NpHIiuea OHl B Puc. 97
IBHIKCHHE, H PaBHOBeCHE, BOTIPEKH NpPeaNoNokKeHUIO, GbIIO T
6bl HEBO3MOXKHO.
3. Bepuemcs k dopmyse (99.2), Ho He GydeM ANIPOKCHMHPOBAaTh MOKA3arelhb-
Hylo ¢ynkuuio auneiinoft. Toraa ¢ ydetoM coorHoueHus (99.5) nosyuum

a a
_ —r1v _ RT —F®rv
P=n_kTe A4 .
Bpepem crona nompaBky Ha KOHEUHBIE 00beM MOJIEKYJ COBEDIUIEHHO TAaK XKe, Kak
370 Je/anoch B mnpeablayuleM naparpade. Toraa
a

P(V—b)y=RTe RIV, (99.6)

210 ypasenue Jumepuqu. B upenene, korza b <€ V, a @ < RTV, ypasrenne (99.6)
nepexoIHT B ypaeHeune Ban-nep-Baansca. Uro6bl BHINOAHMTE TakoH TNpefesibHbIil
nepexoll, annpokcumupyem B dopmyae (99.6) moxasaTeJbHYIO (QYHKUHIO JHHEHHOM.
[Monyyum b RT a

V—b VWb
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B nocaenHeM ciaraeMoM BeJHUHHON b cienyeT npeHe6peub. D10 NPHBOJHT K OLIHGKe
BTOPOro NOPAAKA N0 MaJbiM NONIpaBKaM @ B b. Besuunnamu xe Takoro mopaaxa npu
BbIBoZe ypaBHeHusi Bau-mep-Baanpca mel mpenebperanu. TakuMm o6pasoM, Mbl CHOBa
Bo3Bpaiuaemcs K ypasHeruwo (98.10).

YpaBHeHue J[lutepHun SIBJIACTCH TAKHM Ke IMOJYSMIHDHYECKHM YDaBHEHHEM,
410 W ypaBuenue Bau-nep-Baaneca. O6a ypaBHEHHSI MOMKHO CUMTATh TEOPETHYECKH
060CHOBaHHBIMHI TOJILKO NPH BBINOJNHEHUH ycaosuit (98.7). Jast yMepeHHBIX JapJeHuil
ypaBuensne [utepuun 3HAUMTENBHO Jyulle ypasHeHHsl Baw-nep-Baanbca, Ho 3arto
COBEpLIEHHO HENMpPHTOJHO [JISl BEICOKHX AaBJCHHH.

4. Kpowme ypasrenus: Ban-gep-Baanbca, 65110 NpefoKeHO MHOTO SMITHPHUECKHX
HJIH NOTY3MIMPUUECKHX YPABHEHHH COCTOSIHMSA pealbHBIX ra3oB. 3a CUET YBeNHUEHHUSs
SMIHPHYECKHX NOCTOSIHHBIX, BXOAALIMX B 3TH ypaBHeHHS, yAaeTcs JOCTHIHYThH JIyd-
LIETO COTVIACHsl C OTMBITOM MO CPABHEHHIO C TeM, 4TO AaeT ypaBHenne Ban-nep-Baassca.
Oznraxo ypaBHeHHe Bau-fep-Baannca 6saromaps coeii mpoctoTe M sicHOMY usu-
YeCKOMY CMBICJIY BXOASIIIMX B Hero MOCTOSHHBIX JO CHUX nop sBJseTcss HauGoJee
pacnpocTpaHeHHHIM YpPaBHEHHEM Jyisl aHA/IN3a KaueCTBEHHOrO TNOBEJIEHUS PEalbHBIX
razoB H xuaxocredl. [TpuBOZHM HEKOTOpble H3 HauGosee WSBECTHBIX YpaBHEHHI cO-
CTOSIHHUS.

Ypasrenue Bepmao:

a
(p+ Tw)(v__b):RT, (99.7)
¥pasrenue Kaaysuyca:

a
(P+-Tm) (V—b)=RT. 99.8)

Ypasrenue Kamepaunea — Onneca:
PV=RT(1+—%«—]—-%~+ >, (99.9)

rie B,, B3, ... Ha3bIBAIOTCA BTOPHIM, TPETHHM M NOCJAEAYIOUIHMH SUPUAALHOIMU KOIG-
puyuernmanu. OHU SIBAAIOTCS OGYHKUHMSMH TeMneparyphl. TakHM ypaBHEHHeM M
yiKe MoJab30BaIuCh B § 33 npu npHBejeHUH WKLl Fa30BOr0O TEPMOMETPA K TEPMOAHHA-
MHueCKoll wwKane. TaMm ke GblIO MOKAa3aHO, YTO YPaBHEHHE COCTOSIHHMS BCAKOTO rasa
MOKeT 6bITh NpuBeaeHo K Buay (99.9). Onnaxo ypasuenne (99.9) nosyuaer KoHKpeTHoe
COfEpKAHKE TOJNBKO TOC/TE TOrO, Kak OYAyT HaiiieHbl BHIDAMEHHMA LS BXOAALIMX
B HEro BUPHAIbHBIX KOIPPHUMEHTOB, KaK (QYHKUHMI TeMilepaTypHl.

VYpasuenust beprio u Kiaysuyca oTnHuaoTcs oT ypasHeHHsi Bau-lep-Baancca
NONPaBKaMH, BBOAUMBIMA YUCTO SMIIHPHUECKH, YpaBHenHe Beptio B6.insu xpuTHue-
CKOM TOUKH (CM. C/IeAyIouHil naparpad) He HMEeT HUKAKHX NPEHMYLIeCTB N0 CPABHEHHUIO
¢ ypaBHenneM Bau-nep-Baanbca. 3ato npu yMepeHHBIX AaB/IeHHAX OHO Jly4lle cOrJia-
cyercsi ¢ omutoM. YpasHeHne Kiaysmyca Tousee ypaeHenHs Bar-nep-Baansca,
TIOCKOJIBKY OHO COMEPYKHUT TPEThIO 3MITHMPHYECKYIO MOCTOSHHYIO ¢. Buarozaps stomy
C TOMOILbI0 ypasHeHust Kiay3uyca MOMKHO yUecTb OTKJ/IOHEHUS OT 3aKOHA COOTBET-
CTBEHHBIX COCTOSIHEH (cM. caeayromuit maparpad).

3AJAYA
Brluncante TeMneparypy Doftna ass rasa, nojumnsoumerocs ypaeHenuwo [u-
TepHyy.
OrBeT.

a

Tp= g (99.10)
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§ 100. Mactepmut rasa Ban-uep-Baannca

1. HanGonee conepxaresibipie pe3ybTaThl NOMYYAIOTCS U3 ypaBHe-
nist Bau-zep-Baanbca nyrem aHanmHia ero H30TepM. YpaBHEHHE H30-
T€PMBbl MOXKHO npejcraButh B BHAe (98.6) mam (98.10), ecau cuurarb
temneparypy 7 mocrosinHoi. IlpH BBICOKHX Temneparypax noc/efHui
unen B dopmyne (98.10) moxuo or6pocurs. Torpa usorepma Gyner
runepGoaol, aCHMITOTaMH KOTOPOH siBjsiorcs Haobapa P = 0 H H30-
xopa V = b. Besikas ppyrast m3obapa P == const Oyzer nepecekarb
TAKYIO H30TEDMY B OAHOH
TOUKe. P

Jns nccseioBaHHST H30-
TepM IpH  JOOHIX 3Hade-
HHAX T yMHOXKHM ypaBHeHUE
(98.6) na V2

Iocne packpeiTHS CKO-
060K YypaBHEHHE H3OTEPMEL
NPUMET BHJ

PV3— (RT + Pb) V2t
+aV —ab=0. (100.1)

D10 ypaBHeHHe  TpeTheH
creneHd no V, B Koropoe
naBjJeHHe P BXOAMT B
kauectBe mnapamerpa. [lo-
CKOJIbKY €ro KO3(pHIHEHTHL
BEllleCTBEHHEI,  YPaBHEHHE
HMeeT JHGO OJHH BellecTBeHHHIH Kopenb, JiH60 TpH KopHA. Kakio-
My KopHio Ha naockoctd (V, P) coorBercrByeT TOUKa, B KOTOPO#
u3obapa P == const nepecexkaer usorepmy. B nepsom ciyuae, Korja
KOpeHb OJIMH, H TOYKa mepeceueHus Oyaer oaHa. Tak Oyler, Kak
MBI BHJEJH, NPH JIOOLIX JaBJEHHSX, €cJH Temneparypa JOCTAaTOYHO
BBICOKa. V30oTepma ¥Meer BUJ MOHOTOHHO omyckamwoulelics KpuBoii MN
(puc. 98). Ilpu GoJsee HU3KHX TeMmeparypax M Haj/lexallX 3Ha4YeHHAX
nasnenus P ypasnense (100.1) umeer 1pu Kopus Vi, V,, V. B Takux
cayyasx usobapa P = const nepecekaer H30TepMy B TPeX TOYKax
L, C, G (puc. 98). Msorepma cofiepkut BoHOOGpasHulit yuactok LBCAG.
Ona cHayala MOHOTOHHO omnyckaercsi BHH3 (yuactok DB), 3arem Ha
ydactke BA MOHOTOHHO mofHHMaercs BBepX, a 3a TOYKOH A cHOBa
MOHOTOHHO onyckaercs. [Ipu nekortopofi npoMexyTouynoii Temnepatype
tpu KopHs Vi, Vs, Vj craHoBsrcs paBubvu. Takas temmeparypa H
COOTBETCTBYIOIIAsl eHf M3oTepMa Ha3bBAIOTCS Kpumudeckumu. Kputu-
yeckast u3otepma FKH BCIoAy MOHOTOHHO ONyCKaercs BHHU3, 32 HCKJIO-
ueHHeM OJHOH TOUYKH K, sBJsiomielcss TOYUKOH mneperu6a H30TEPMEL.
B meit KacarenbHas K H3oTepMe ropHaoHtasibHa. Touka K HasbiBaercs

N o —— e —————— e —— — —
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Kkpumuueckoll mouxod. CoOTBeTCTBYIOUIHE elf napieHHe P,, ofveM V,
u TeMneparypa 7, HaswLBAIOTCS TaKxe Kpumudeckumuy. I'oBopdr, 4to
BELLIECTBO HAXOAUTCS B KPUMUUECKOM COCMOSHUU, eCIH ero o6beM H
JaBieHMe (a cJe/oBaTe/IbHO, U TeMIeparypa) paBHbl KPUTHUECKHM.

Kputnyeckas teMueparypa M KpPHTHHECKO€ COCTOAHHE HHKOUM 006-
pasoM He ABJAIOTCSA MOHSATHAMH, CBS3aHHLIMU HCKJIIOYHTENLHO € ypaBHe-
HueM Ban-zep-Baasbca. Takue noHsitis MOXHO Gbl10 Obl BBECTH AJIA
JIO00TO ypABHEHHSA COCTOSIHMS, H30TEPMBEI KOTOPOI'O HMEIOT BOJHOOG-
pasHBIil XapakTep, a IpH TIOBBILIEHHH TEMIEPATYPLI IEPEXOAAT B MOHO-
TOHHbIE. [1J151 BCero NnocseyIoniero H3aoKeHus CYIIeCTBeH TOIbKO TaKof
X0l H30TepM, a He cnenuduyeckas ¢opMa YpaBHEHHS COCTOSIHHS.
Bosee Toro, BO3MOXKHOCTb CYUIECTBOBAHHA BEHIECTBA B KPHUTHUECKOM
COCTOSIHHH He MOXKeT ObiTh OGOCHOBaHA C [IOMOMHIbIO YpaBHeHudA Bal-
Jep-Baanbca. Dto BuaHO yke M3 TOTO, YTO ypaBHeHHeMm Bau-zep-Ba-
aqbca TPUXOJUTCH TOJAB30BATbCA BHe 0OMACTH €ro INpPHMEHUMOCTH.
K moHATHIO KPUTHYECKOTO COCTOSIHHS MOMKHO NPHHTH IyTeM aHalH32
9KCIepPHMEHTaJbHBIX H30TepM BellecTBa 6e3 HCIOJAB30BaHHA KaKoTo Obl
TO HH OBbIIO «TEOPETHYECKOTO» YPaBHEHUS COCTOSHHSA, KaK 3To U ObLIO
Ha camom jseje. OfHaKo Mbl He BCTAHEeM Ha TAKOH 1yTh YHCTOTO 3MITHPH3-
Ma, a HocTapaeMcs NOKas3aTb, Kakasi CyLIecTBYET CBA3bL MeXAy KPHTH-
YeCKHMH SIBJEHUAMH, YPaBHEHHEM COCTOSIHUA M OOHIMMH YCJAOBHSMHU
TEpPMOJMHAMHUECKOTO paBHOBecHsl. Paj NpOCTOTH MpoOBefeM Bce pac-
CYKJEHHSl TOUTH HCKAIOUMTENBLHO Ha OCHOBE YypaBHeHHA BaH-nep-
Baasnca. Ho ero cienyer paccMaTpuBaTh He KaK HCTHHHOE, 8 KaK «MO-
Ie/IbHOE» ypaBHEHHE COCTOSIHHS BemiectBa. [locse 3Tor0 pasbAcHeHus
MOXKHO He OIIacaTbCsl, YTO Y UHTATeJsi BOHHKHET HellPaBU/bHOE Npea-
CTaBJleHHe, UTO KPHTUUYECKHEe ABJEHHS HeAb3s INOHATbL 6Ge3 ypaBHe-
Husi Bau-nep-Baansca.

2. Jna HaxoxKIeHUs KPUTHUYeCKHX mapaMeTpor P, V,, T, yuteM,
4TO B KPHTHYecKoi Touke ypasuenue (100.1) nepexonur B

kas—(RTk+Pkb) V2+aV—ab=O

TlockosbKy B 3TOM ciyyae Bce TPH KOPHS COBIAJAIOT U paBHHL Vi,
ypaBHeHHE AOJKHO INpPHUBOAUTBCS K BHAY

P, (V—V,.)@=0.
Bossoas B Ky6 u cpaBHHBast Ko3pQHLUEHTH], OAYYUM TPH YPaBHEHUSA:
P,Vi=ab, 3P,Vi=a, 3P,V,=RT,+ P.b.
Pemas ux, bafigeM

a 8a
Vk:Bb, Pk:"g‘ﬂ“ﬁ‘, Tkz'ﬁiéb- (1002)

K tem xe pesyJibrataM MOKHO HpHﬁTH, 3aMETHB, UTO KPHTHUYCCKAA
Touxa K sIBJsETCS TOUKOH nepeméa H30T¢PMBI, KacaTe/bHasd B KOTOpOﬁ
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ropH30HTaNBHA, a NIOTOMY B Touke K JO/LKHBEI cOGNIOAATLCA COOTHOLLE-

i oP P
<37)7=0, (W)T:o. (100.3)
Perrast 5TH ypaBHeHHS COBMECTHO ¢ ypaBHeHHeM H30TepMHI (98.6), cHoBa
npuaeM K cdopmynam (100.2).

_RT,
Oruowenne K= B, v, HasblBaCTCs Kpumuseckum Koaghgpuyienmon.

CorlacHO  ypaBHEHHUIO BaH -nep-Baanbca KpuTHYecKHH KOPGUIUUEHT

paBeH

Ki=ple = 5 =2,67. (100.4)

B jseficTBUTENBHOCTH KpHTHUECKHE KO3(DHLIHEHTS! 15 PealbHBIX Ira3oB
HMEIOT pasJHYHBIe 3HAYeHHsT H Bce OHH Ooublie 8/3, Kak noxasbiBaer

taba. 10.
Ta6auuma 10

Bemectso K kB BemjectBo K E
H, 3,03 SO, 3,60
He 3,13 CgHe 3,76
N, 3,42 H,0 446
0, 3,42 CcO, 4,49

Kpurnueckasi temneparypa, no Bau-zep-Baanbcy, cBasaHa ¢ tem-
nepatypoli Boiiia (98.12) cooTHomenuem

Ty=-4-T4=3,375T}. (100.5)

KauecTBeHHO 3TO COOTHOILELHE COTJIACYeTCAd C ONLITOM. UHCaeHHbIH
Koaepnunent B cootnomenun Mexxny Tp u T, H3MeDEHHLIR HA OMLITE,
oKasajacs paBHLIM Aga reaus 3,5, sojopoja 3,3, asora 2,4.

3. Ilpumem B KauecTBe enHHHI| ofbeMa, JaBIEHHA H TeMIEpPaTypPH
KpHTHUECKHE 3HAUEHHU S STHX Besinyun. OObeM, 1aB/eHye U TeMIepartypa,
H3MepeHHble B TAKUX eQUHUIAX, Ha3bBaoTCH npusedernoimu. OHU onpe-
LeTAIOTCA BhIPAKEHH MU

vV P T

q’_):v—k, j'[_—_—P;’ 1,':—.;-77, (100.6)

Y paBHeHHe COCTOfIHHS, 3alIHCAHHOE B 3THX (e3pa3MepHbIX lepeMeHHBbIX,
Has3bIBAETCA npusedeHHbIM YpasHenuem cocmosanus. ns rasa Bau-mep-
Baanbca wu3 (100.2) naxopum

8a
V=3b(P, P=—/- 27[)’ , szr'

Ilocne mogncranoBKH 3TuX BhpaxeHuil B ypaBHeHue Bau-gep-Baanbca
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OHO TIPHHHMaET BHJ,
(n—}—%ﬁ) <cp—%> = %1:. (100.7)

B sTOoM BHZe ypaBHeHHE COCTOSIHHSI He COACPMUT HHKAKHX HHIHBH-
JyaJNbHBIX KOHCTaHT BewlecTBa. [llpusedennbie ypasHenus cocmoanus
00uHaKo6sL 045 cex getyjecms. STOT BHIBOJ 00J1aziaeT Goubliefi 0OLIHOCTEIO,
yeM ypaBHenue BaHn-nep-Baasbca, u3 Kotoporo oH 6bl1 nosayues. s
CTpaBe[yiMBOCTH BLIBOJA@ KOHKDETHHIH BHJ YDPaBHEHHS COCTOSIHHS He
urpaet pos. CyIIecTBEHHO TOJBKO, UTO OHO COJEPXKHUT mpu NnapaMeTpa:
a, b u R. Bcsakoe ypaBHeHue cocroanus, o61afaomee 5THM CBOHCTBOM,
3a7nMcaHHOoe B Ge3pa3MepHLIX BelHUHHAX @, T, T, QOJKHO OHITH TaKxke
O/IHHAKOBBLIM [IJIsl BCeX BEMIECTB. JTO NOJOXKEHHE HA3BIBAETCH 30KOHOM
coomgemcmeernoix cocmosruli. COOTBETCTBEHHBIMH HAa3bIBAIOTCA TaKue
COCTOSIHUSI Pa3HBIX BELIECTB, KOTOPHIE HMEIOT OJHHAKOBBIE 3HAUYEHHS
npHBeJeHHBIX NapaMeTpoB @, & U 1. VI3 3aKOoHA COOTBETCTBEHHBIX CO-
CTOSIHHH CJIENlyeT, UTO ecAu OAf PA3AUYHBIX Beljecms u3 mpex napa-
Mmempos @, T;, T coenadmIom 3HAUEHUA Kakux-aubo dsyx, mo 6ydym
cosnadams U 3HQUEHUS mpembes0 napamempa, T. €. 3TH BellecTBa Ha-
XOAATCS B COOTBETCTBEHHBIX COCTOSIHHSIX.

BARAYH

1. Hcenenosarh BuA H30TEPM M NOJNYUHTb BEIDAXKEHMS AJIS KPHTHUECKHX mapa-
METPOB [AJst rasa, MOAYHHSIOWerocs ypasHeHHio Jurepuun.
Pewesnne YpabueHueM HiorepMmel spiserca (99.6), rie Ttemmeparypa T

JOJIKHA cuMTathCAd mocrosinHo#. Hailins npoussopHyto BV | I€TEO y6enurhed,

YTO ee 3H4K COBMajaeT CO 3HakoM kpaaparHoro tpexunena f (V)= — RTV? +
~+ a (V — b). B obaactn V =< b Tpexusien 3aBefloMO OTPHILATE/ICH, T. @. B 3Tol o6siac-
TH OH He HMeeT KopHeit. Ecin @ — 4RTb > 0, To Tpexu/ieH umeer gsa xopus Vi H
Ve, npuueM b << Vy < V,. B Toukax V= V; u V= V, Tpexujen, a ¢ HUM H Npous-

BOJHas <W p MCHSIIOT 3HAKH. Orciona caeayer, 410 H30TepMa GyJeT THIIA BOJHHCTON

xpusoit DBAE (cm. puc. 98). Hgg a — 4RTbH < 0 tpexunen f (V) e uMeeT BELECTREH-

HBIX KOpHeﬁ, Npou3BoAHas BCIOAY OTpHILAaTe/]bHA, H30TEPMA NPEACTABASICTCS

oV /r
MOHOTOHHO omycKalowieHcss KpHBoft THna MN. Ycjopne papeHCTBA KOpHeft @ —
— 4RTb = 0 onpejienisieT KpUTHUECKYIO TeMrneparypy. Kpuruyeckuit o6peM Haltgercs
pewenneM ypapHenusi — RT,V? 4 a(V — b) = 0. BHnojnus BHYHC/CHHS, HailieM

a a
Tk:TRb’ V5p=20b, Pk=——~—4b‘~’e‘3' (100.8)

Kputnueckuii xosddHLUHeHT paseH
Ke=RTe _ 2 _35 (100 9)

E=TPeVe 2770
a temneparypa Boina
Ty=A4T}. (100.10)
2. 3anHcaTh npuBefeHHOE YpasHEHMe cocTostHHA JIMTepHuH.

OrBer.

2
alo—t) =l w (100.11)
7)< 2 :
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§ 101. Mzorepmbl peanbnoro rasa. [paBuno Makceeasa.
HenpepbiBHOCTD ra3006pasHOr0 U KHIKOrO
COCTOSIHUH BelllecTBa

1. He Bce cocTosiHU A BenlecTBa, COBMECTHMBIE C YpaBHeHHeM BaH-aep-
Baanbca, MOryT ObiThb peajii30BaHBl B JCHCTBUTeNbHOCTH. s 3TOrO
HEOOXOAIMO elne, 4TOOLI OHH ObLIH MEPpMOOUHAMUMECKI Yomotivuast.
Onno M3 HeOOXOAHMMBIX YCJAOBHH TepMo-
JUIHAMHYeCKOR  yCTOHYHBOCTH  (pU3NUECKH
0HOPOJHOTO BEIeCTBa COCTOHT B BRINOJ-~
HCHIH HepasencTsa (b1.14), 1. e.

(%%)T<o. (101.1)

di3HYecKd OHO O3HAYAET, YTO NpH H30-
TEPMHYECKOM YBeJIYeHHH NaBJeHust 00beM
TeJa JOJKCH yMeHbllaThed. HMHbBIMH cilo-
BaMH, IpH BO3pacTaHHH V Bce H30TepMBI
JOJKHBI MOHOTOHHO OnycKaTtbes. Mexny Puc. 99.

TeM, HHXKE KPUTHUECKOH TeMmnepaTyphsl Ha

nsorepMax Bau-nep-Baanbca umelorcs nmogHHMarouivecs yyacTKH THOA
BCA (puc. 98). ToukH, aexaiiie Ha TaKHX y4acTKaX, COOTBETCTBYIOT
HEYCTOMUHBLIM COCTOSIHHSIM BeHIeCTBAa, KOTOpPhiE MPAKTHYECKH pean-
30BaHB OhiTh He MOryT. Ilpu nepexome K npakTHYeCKUM H30-
TepMaM 3TH y4aCTKH JOJIKHBI ObiTb BBIODOHIEHDBI, KaK 3T0 H CJEJAaHO
Ha puc. 99.

TaxuM o6pasoM, peanbHad H30TepMa pacnajaercs Ha JBe BETBU
EGA u BLD, otnenerHble Apyr OT Apyra. EcTecTBEHHO NPEANIONOXKITE,
YTO 3THM JBYM BETBSIM COOTBETCTBYIOT PAsNHUHLIE arperaTHHIE COCTOSA-
His BewectBa. BerBb EA xapakTepH3yercs OTHOCHTETBHO GOMBINHMY
3HaYeHHAMil o6beMa WIH MajbiMU 3HAYEHWSIMH MJIOTHOCTH; OHA COOT-
BETCTBYET 2a3006pa3Homy cocmoanuw eeujecmea. Hanpotus, setsb BD
XapaKTepu3yeTcsi OTHOCHTEJBHO MaJbIMH 00beMaMi, a Cjiel0BAaTebHO,
GOJBUIEMY  IJIOTHOCTSIMH; OHa COOTBETCTBYET MCUOKOMY COCOSHUIO
BeL{eCHIA.

Mul pacnpocTpansieM, csie0BaTeqbHO, ypaBHenyne Bau-1ep-Baanbca
1 Ha o6/acTb XUIAKOTC CcOCTOsIHHS. TakuM IyTeM yAaeTcs [OJY4YHTb
VJOBJIETBOPHTEJNbHOE KauecTBeHHOE ONHCAHHE SIBJIEHHA Nepexoja rasa
B XKHJKOCTh H 0OpaTHO.

2. BosbMeM JIOCTaTOUHO pa3pexkeHHBbIl ra3 npn TeMIeparype Huxe
kputnueckoii. Mexonnoe cocrosinne ero Ha guarpamme VP usobpaxaercs
Toukoil E (puc. 99). Byzem c:kumaTb ras KBa3ucTaTHUeCKH, MOAICPKHU-
Bast Temnepatypy I nocrosinuofl. Toraa Touka, n3o6pakamomiasi cocTos -
HHe rasa, OyJeT NepeMeIaThes No HaoTepMe BBepX. MoxkHo Gobiio Gl
AyMaTh, YTO OHa JIOCTHTAeT KpaiiHero nosoxieHus A, Tle usoTepMma
obpuiBaercst. B aeiicTBuTEJbHOCTH, OAHaKO, HaYHHAsA C HEKOTOpOH
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Toukn G, 13BJEHHE B CHCTEMe NepecTaeT NOBLHUATBCH, H CHa pacna-
J4eTcs Ha ABe ghusuteck o0HOPOOHbE Yacmu Wiy (pasbl: Tazoobpasuylo
H }I&'lile\'yIO.

ITpotiecc H30TepMUYECKOTO CKATHS TAKOH ABYX(a3HOH CHCTeMb! H30-
6pakaercst yyactkoM GL ropusoHtanbHo# npsimoil. Ilpu atoM Bo Bpems
C2KaTUS [VIOTHOCTH KHAKOCTH H Ia3a OCTAIOTCS HEH3MEHHEIMH H PaBHBIMH
UX 3HayeHHAM B Toukax L u G coorBercTBeHHO. [To Mepe cxkaTs KoJi-
YeCcTBO BellecTBa B radoo6pasHof ¢ase HenpepnlBHO YMeHbILAeTcs,
a B 2KHJIKOH (pa3e — YBeJHYHBAETCH, OKA He OyJeT JOCTHTHYTa ToUKa L,
B KOTOPOH BCE BEILECTBO NepeHIeT B XKHIKOE COCTOSHUE.

Tako#t xof u3oTepM BuepBble Obl1 OGHAPYMXKEH Ha ONBITE B KOHLUE
18 Beka rossaHAcKHM YyueHbIM BaH Mapymom (1750—1837). Bau
Mapym npoBest cepHIO OIBITOB C LEJbI0 IPOBEPKH 3aKoHa Bofisi — Ma-
puorta. OfHUM H3 HCCAENYEeMBIX rasoB Obl1 ammuak. C yBeqnueHHeM
AaBleHuAa oObeM rasa cHagajJa yMeHbIIaJcsi OOpaTHO IPONOPHUO-
HaJBHO JaBJeHHI0, KaK Toro TpefoBan 3axkoH Bo#as — Mapuotra.
Onnako, Korja jaB/jeHHe NOCTHIVIO 7 aTM, OHO HEOXHAAHHO IlepecTalio
pacTu npH JalbHeHIleM CXKATHH, XOTd O0BeM M TPOAOIKAJI yMeHb-
watkesi. Ilpu fnaBieHun 7 aTM TNPOH30LLIO CXKHKEHHE Fa3006pa3HOro
ammHaka. Haunnas ¢ sToro MoMeHTa, CxKaTie BeLIECTBA MPHBOIH/IO
JINIIbL K YBEJIHYEHHIO KOJHYECTBA XKHIKOTO H YMeHbIHEHHMIO razoobpas-
HOTO aMMHaKa.

[Tocne Ban Mapyma nocsieoBa/i MHOTOUHC/IEHHbBIE MOMBITKH MyTeM
CXaTHsl ra3oB NepPeBecTH WX B XKHAKoe coctosHue. OcoGeHHO GOMbIIX
ycrneXoB B 3TOM HampaedeHuu jpocrur ®@apaneft (1791—1867). Oun npu-
MeHs.1 KOMOHHHPOBAHHEIN MeTO[, codueTasi cxKaThe ras3a ¢ ero oxJjaxkje-
nyem. OJIHAKO Bce 3TH HCC/EAOBAHMSA NPOH3BOAWINCE Bejenyw. Octa-
BaJIOCh HESCHO, NOYEMY IIPU CXKATHH OJHHUX Ta30B MPOHCXOAHT CIKHMKe-
HHe, a ApYTHX — HeT. BanfAHNe OX/1aXKAeHUS | caMa BO3MOKHOCTb CKU-
JKeHIsl ra30B He ObL1M sicHH. [losloxeHHe PasbACHUIOCH TIOCTE KIACCH-
yeckHx paboT aHriuickoro ¢usuka Tomaca Suzaploca (1813—1885),
BEINOJIHEHHBIX B Teuenne 1861-—1869 rr. Duppioc cucremaTtHuecki
ucc/leloBal X0/ H3oTepM yrieKHcaoTH (CO,) mpu pasiHyHBIX TeMnepa-
Typax ¥ Ha OCHOBE 3THX HCCJAEIOBAaHHI BBeJ TMOHATHE KPUTHYECKOH
TeMIepaTypel. YI/eKHc1oTa M Obuia BHIOpaHa CO3HATENbHO, TaK KAk
oHa obnajaet KputHueckoi Temnepatypoi (31 °C), Jyilib HE3HAYIITE1bHO
NpeBBILIAIOMeHd KOMHATHYIO, H CDABHHTEJBHO HEBBLICOKHM KPHTHUECKUM
zasnenueM (72,9 atm). Okasasock, uto npu TeMunepatype Bhiie 31 °C
H30TepMBl  YIVIEKHCAOTH MOHOTOHHO ONYCKAIOTCSI BHHU3, T. €. HMEIOT
runepbonuyeckuil BUA. Hizke 3Tofl TemnepaTypsl Ha M30TepMax yrie-
KHCJIOTHI NOABJSIOTCS FOPH3OHTAJbHBIE YUacTKH, HAa KOTOPHIX H30Tep-
MHYECKOe CKaTHe rasa IPHBOAUT K €ro KOHJEHCAlUH, HO He K YBeJuue-
HHIO JasieHist. TakuM nyTeM OblIO YCTAHOBJIGHO, YTO CCQmuem ead
MOOCHO npegpamunie 8 #CUIKOCIb MOALKO M020d, K0eda eco memnepamypa
Huoite Kpumunieckotl. Ho 3mo Heeo3moncHo cOeanme, HUKOKUM NOBBUUEHUEM
Oasaenus, ecau meMnepamypa easq ebile KpumuHeckot.
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3. Tlonoxkenne ropisoHTaNnbHOrO ydacrka lizoTepmel GL  Jierko
CIIpele/IiTh, NOJb3YACh TePMOJIHAMIUECKIM paBeHCTBOM Kiaysuyca

@%?-:0. (101.2)

JJisl 3TOTO 3aMETHM, YTO M3 cocTosHusl G (puc. 98) BeliecTBO MOXKHO
mepeBecTH B cocTosfiHHE [ JABYMS H30TEPMHUECKHMIH I[IPOLECCAMH: [0
usotepMe GCL 1Byx(a3HOTO COCTOSHUSA BEIleCTBA H MO TeOPeTHUECKOH
u3orepme usnueckn oaHopoaHoro peiulectBa GACBL, comepxaueit
Heycrofiunelit yyacrok ACB. Tlpumenum pasencrso Kiaysuyca x kBa-
3UCTATHYECKOMY Kpyrosomy mnpotieccy GCLBCAG. Dro — usorepmu-
YeCKHH Ipouecc, a IOTOMY paBeHCTBO Ksaysuyca NpHHHMaeT BHJ

§6Q = 0. Kpome Toro, 8Q = dU + PdV, @dU:-O, TaKk y4To
§PdV =0, nan
{ Pav+ § Pav=o.

GCL LBCAG
3TO COOTHOIIEHHE MOXKHO nepenucaTb Tak:

{ Pav=§ Pav.

LCG LBCAG

Orciona cllefyer, u4to IJOWAAp NpsaMoyroanpHuka QLGR nosnxHa 6GrITh
paBHa IJIOWaAl KpuBoauHeiiol Gurypst QLBCAGR. 3nauut, npsamyio
GCL Hafo mpoBecTH Tak, 4ToOsl pasHsAAuch maowann GACG u CBLC,
3alUTPUXOBaHHBlE HA pHC. 98. IT0 npaBusIo HA3BIBACTCA MNPABUAOM
Marceeara, B § 112 (nyHKT 2) MBIl IpHBejieM JPYroe LOKa3aTelbCTBO
5TOTO NpaBuJja.

4, Eciu 3a HCX0JHOE COCTOSIHHE BELUECTBa B3ATh KUAKOE (TOuka D
Ha H30TepMe), TO IIPH H30TEPMHYECKOM pacllipeHuH TouKa, n3obpaxKalo-
jas ero CoCTosiHHe, OyJeT nepeMeliaTbCcs BHH3 [0 H30TepMe, NIOKa OHA
He JIOCTHTHET MOJIOKeHHs L, HauMHasi ¢ KOTOpPOro IOSIBUTCA HOBasg —-
rasoobpasuas — asa. [ladcHeflMH H30TepMHUYECKHH mpouecc pac-
1HpeHus AByxdasHoli cucTeMbt NOHAET BA0Jb FOPH30HTANBHOIO Y4acTKa
nsorepMsl LCG. B Touke G Bce BeulecTso nepeiifeT B razoobpasHoe co-
CTOfiHHeE. 3aTeM H30TEpMHYECKOe pacilypelie HAET N0 Y9acTKy H30TepMbl
GE, npuueM BellleCTBO BCe BpeMsl OCTaeTcsl B Fa3oo0pasHOM COCTOSHHH.

[pu crnenuaipHbIX YCJIOBHSX MOTYT ObITb peadiH30BaHbl COCTOSAHMA,
1300paxaeMple yuacTKaMu H3oTepMel GA u BL. DTH COCTOSIHHA Hasbl-
Bawotes Memacnmabuasreimu. Yuactok GA uszobpaxaeT Tak HasblBae-
MBIl nepecoliyernslil nap, ydactok BL — nepeepemyio  scudxocmes.
OGe (a3l 06/1a7a0T OrpaHHYeHHON YCTOHYHBOCTBIO. Kaxpaas u3 Hux
MOKET CYUIeCTBOBAaTb J0 TeX MOpP, NOKa OHa He TPaHUUMT C JpYro,
Gosee ycroiunBo#l ¢asofi. Hanpumep, nepecoinieHHbll nap HepexoauT
B HACBHILEHHLI, ec/ill B Hero BBecTH Karmo ykupkoct. [leperperas
MHAKOCTD 3aKIIAECT, CCJAU B HCE MOM&fdioT HY3biPbKH BO3AYyXa IWIH



390 PEAJIBHBIE TA3bI tra. vin

napa *). INogpoGuee MeractaGH/bHEIE COCTOSTHHA OYAYT PACCMOTPEHBI
B 1. X.

5. Ha puc. 100 cxematuuecku H300paykeHO CceMeliCTBO peanbHBIX
usorepM. JKupuast kpusasi ALKG, coefuHsIONas KOHILI TOPH3OHTAJIb-
HLIX YYacTKOB H30TepM, AeJHT mIocKocTe VP Ha aBe oGnactu. OGmacthb
mexay KpuBoifi ALKG u nsobapoit P = 0 cooTBeTcTBYET 08yxchasHbim
COCMOSHUSM Gewiecmea. DTO 3HAUHT, YTO KaXKaas TOYKa 3TOH ofsactu
H306paxaeT TaKoe COCTOSHHE BEIEeCTBa, B KOTOPOM OHO lie SIBJSETCs
(i3uueCKH OHOPOJIHLIM, @ COCTOMT H3 XKHAKOCTH H €€ HaCHIEeHHOro napa.
Hinke 1306apel P = 0 aByxdasHoe cOCTOAHHE HEBO3MOXKHO, TaK Kak
JaBjieHlie Tnapa He MOXKeT OblTb MeHblle Hyas. O61acTe Hal KpHBOH

g

Puc. 100.

ALKG n Hmxe usobapel P = 0, HanpoTHB, COOTBETCTBYeT 00HOgPa3-
How cocnosnuam. Kaxaas Touka 3Toil 061acTH H3cOpakaer COCTOsIHIHE
(bU3HYECKH OJIHOPOJLHOrO BeUIECTBa. BopoueM, TOYKM ITOA IPAaHHYHON
kpuBoii ALKG, Hapsny ¢ ABYX(a3HBIMH COCTOSIHHSMH BEIIeCTBa, MOTYT
1300paxaTb 1 ofHO(a3HbIe COCTOAHIS, KOTOPEIM COOTBETCTBYIOT TEOpe-
THUeCKHe H30TepMEl, HMEIOLLe BOIHOCOPAa3Hblfl XapakTep. 310, BO-Nep-
BBIX, METacTaBHJIBbHBEIE COCTOSHHS — nepeepemas KHudKocmes W nepe-
coutieHnblld nap. Bo-BTOPBIX, 3TO a0CONIOTHO HEYCTOHUHBLE COCTOSHMA,
KOTOPLIM COOTBETCTBYIOT [OAHUMAION[ECs] YYacTKH TeOpeTHUeCKHX

*) Hapsany ¢ TepmHHOM «ra3» pacnpocTpaueH TakxKe TCPMHH «nap». Drta ABOfi-
CTBEHHAST TEPMHHOJOTHA BO3HHKJAA B TO BPeM$i, KOIZa CUMTANIOCH, YTO Hap MOMKET
6uiTb NpeBpAlleH B XKHAKOCTb, a ra3 ner. [locsle TOro Kak Bce rassl GENIH CKOHIEHCH-
poBanbl, AJA Takol ABONCTBEHHOCTH He ocTaloch ompasfanus. a3 ¥ map — sr0
oano u 1o xe. Koraa roeopsr o nape Kakoli-1nG0 KHIKOCTH, TO 3THM MKENAIOT NOJ-
YePKHYTh, YTO Pedb HAeT O rase, MoJyyalouieMcst Henapennen 31oll kugkoctH. Tolbko
LO TpUBBIYKE Mbl TOBODHM O BOASIHOM [ape, a He O BOLHOM rase, O HacChILCHHOM
nape, a He O HAaCBILCHHOM ras¢ M IIp.
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nzotepM. Takne COCTOSHHS MOTYT HTPATh POJIb TOJIBKO B TEOPETHUECKHX
PaCCY:KAEHHAX, NOAOGHHIX TeM, KOTOphie NPHMEHSIHCH NPH [0Ka3a-
TeJbLCTBe TpaBuaa Maxcpesia.

6. BospMeM B 1ByxdasHOil o61acTH Kakymo-1u6o Touky M
(puc. 100). BemectBo, cocrosiHie KOTOPOro H306pa)aeTcsi STOM TOY-
KOH, COCTONT U3 HAKOCTH U raza. OnpenenuM OTHOCUTENbHOE COAepKa-
Hue 3THX ¢as. Jlaa npoctorel 6yneM mpeanoaarath, 4TO Macca B3ATOTO
BeLIeCTBA paBHa ennHule. Torza ylenbHble OObeMBl JKHIKOCTH U rasa
u3obpassarcsa JUIHHAMH oTpe3koB NL u NG cOOTBEeTCTBeHHO, a 00beM
BCEro BemlecTBa Vy — anuHO# orpeska NM. Ecim macca rasa paBHa
My, @ JKHUAKOCTH — M, TO

Vu=NM=m,NL 4 m.NG.
Tax Kak my + m, = 1, To 3T0 COOTHOIIEHHE MOXKHO NEepenucaTh B BUAE
(Mmx+m)NM=m,NL+mNG.

Orcona
my _ NG—NM
m,  NM—NL '
WIH
my MG
T = LM (101.3)

Taxum obpasoM, Touka M peqaut orpe3ok LG Ha wactu LM u MG,
o6paTHO NPONOPHHOHAIbHBIC MaccaM KUAKOCTH U rasa. 3TOT pe3y/bTar
Ha3bLIBACTCA npasuiom poiaza.

7. Paccmarpusas puc. 100, MoxkHO NpHATH K BaxKHOMY NPHHIHMH-
axbHOMY 3ak/aoueHuo. [1ycTh HauanbHOE cocTosiHYE Ta3a H3obpaxaercs
TouKoil / npu Temnepatype Hixe KpHTHUecKo#d. Bynem nzorepmuueckH
c:KiMath ra3. B Touke (G HauHercsi mnpeBpailleHHE €ro B KHUIKOCTb.
Jror npouecc 3axkoHuuTcs B Touke L. Tlpu nanbHeliiieM cxXaTdd IO
usoTepMe L2 BeliecTBo GyJeT OCTaBaThCsl BCe BpeMsl KUAKHM. MEI rpe-
BPaTH/IH BeIIECTBO H3 ra3000pasHOro COCTOAHHA [/ B XKHAKOe 2 H HMeJH
BO3MOKHOCTb HaGM0[aTh, e0e HAYUHACMCA U KAK npoucxodum smo npe-
epaujerue. Ho MOXKHO TOT e mepexol NpOH3BecTH uHaue. Harpeem
ra3 TNpH NOCTOSHHOM o0BbeMe, 4Tofbl €ro TeMreparypa W JaBjeHHe
crTaju BhILE KPUTHUECKUX (npsMasi [3). 3areM, ocraBisii LaB/eHHe
MOCTOSIHHBIM, OXJIaiNM I'a3 HIXKe KPUTHYECKOH TeMriepaTypsl (ipsimMas 32).
MEI IpHJIEM B TO e COCTOsIHUE 2, T. €. CKOHAEHCHPYEM ra3 B XKHIKOCTb.
Onnako npH 3TOM sewjecmso ece epems bydem 0cmasamecs GusuecKu
00HOPOOHBIM, csoticmea ezo Oydym MeHAmbCA HeNpepuiGHo, U He umeem
CMbICAQ 2080PUMb, HIMO 8 KAKOU-MO MOMEHM NPOUSOWIAL KOHOeHCauus.

HauanbHoe M KoHeuHoe coctosiHusi / W 2 ¢H3U4eCKH OQHOPOAHOIO
BelllecTBa B OfHOGA3HOH O06JACTH MOXKHO BHIGpPATL KAKHMH YTOLHO.
[lepexon u3 OfHOrO COCTOSIHUS B APYTOe MOXKET ObiTh NPOU3BefieH BAOMD
HPOU3BOJILHON KPHBOH, coepuHsAomeil Touku I u 2. Ecau 372 KpHBas
nepecekaeT AByX{a3Hyio ob6mactb, To OyAeT HapyllaThcs (GH3HYECKas
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OJIHOPOJHOCTL BEIeCTBA — BEIIECTBO PA3JENHTCA Ha JKHAKOCTb H ras.
Ipu Brixone 13 aByxdasHoil 061acTH BELIECTBO CHOBA CTaHeT (PH3HUCCKH
OAHOPOZHBIM M OCTAHETCS TAKOBLIM B KOHEUHOM COCTOstHHH 2. Ecin e
KpHBasi nepexoja o6XoauT ABYX(}as3HYI0 06/acTh, TO HUKAKHX CKa4KO-
o0pasHLIX NpeBpallleHdH BelecTBa U3 rasa B XKHAKOCTb MJIM OGpaTHO
HabnopaThed He GyAeT — BeilecTBO BCe BpeMs OYAeT ocTaBaThes H3H-
YeCKH OAHOPOJAHEIM. Takoe moBefeHHe BemecTBa OLLIO YCTaHOBJICHO
DHIPIOCOM MYTEM aHATHM3a SKCNEPHMEHTANbHBIX U30TepM YIVIEKUCJIOTHI.
Korna cocrosnue BemectBa u3o0pasKaeTcst TOUKOH Haj IPAHHYHON KpH-
Boit ALKG, T0, cOryIacHO 2HAPIOCY, pa3IHyHe MEXKAY HKHAKOCTDIO H ra3oM
OyJeT TONbKO KOAUHECMBEHHOIM, HO He KauecmsenHoim. BerecTso
U3 OHOrO COCTOSHUS MOIKHO IEpeBecTH B Jpyroe HempepulBHO. KMeHHo
3TO WMEIOT B BHAY, KOrja, caenys Ban-nep-Baasnscy, roBopar o nenpe-
poisHoCmY  ocudKoeo U 2a3006pasnoeo cocmoarui eeuwjecmsa. Toabko
B o6sactu 1mof rpauuyHoit Kpusoit ALKG, rie BelecTBO pacrnanaercs
Ha JBe (basbl, OT/e/JeHHbE OfHA OT APYro# rpaHuuefl paspesna u obsa-
Jalouie pa3NdHbIMU (PU3HIECKUME CBOFicTBaMU, (U3HUCCKH ONpaBRatu
pasnuyaTh KHAKOE U ra3oo6pa3Hoe COCTOSHHS BeIIECTBa.

8. Teopust Bau-zep-Baanbca, KOTOpYiO Mbl H3Jarajd Bbllle, MpH
BCEH ee MPOCTOTe faeT CTPOHHYIO, KAUECTBEHHO BEPHYIO KapPTHHY ToBe-
JleHHS BEIIeCTBA NMPU €ro NpeppaiieHusaX U3 XKUAKOTO COCTOSHHA B Ia30-
o6pasHoe u oOpaTHo. OHa BhepBble NPHBeJa B CHCTEMY 3alyTaHHLIE
sIBJIeHH#, CBSI3aHHble C TAKHMH HpeBpauieHusiMi. HeBOMbHO HCNLITHIBA-
€lllb YYBCTBO BOCXHIIEHHS Ilepef] NPOCTOTOH U KPacoroil TeopHHu, OXBa-
ThIBaloMle! CTOJIb TPOMafHBI Kpyr fABjenuil. Y1 TeM He MeHee Ml eule
OUeHb JlaJleKH OT NOJHOro (GU3MYeCKOro MOHUMAHUSA 3THX ABJACHHIL.
B nau6onee nHTepecHofl 06/1aCTH CHJIBHO CXKATHIX I'a30B U XKHAKOCIEH,
BKJioyast 00JacTh ABYX(a3HbIX COCTOSIHHI BelilecTBa, ypaBHeHuHe Bas-
Jep-Baanbca He ToIbKO He 0G0CHOBAHO TeOPETHYECKH, HO Jazke NIPHBOANT
K 3HAYUTENbHbIM KOJHMYECTBEHHEIM PACXOXKAEHHAM C ONLITOM. Teopus
Ban-gep-Baanbca MoxeT ObITh OXapaKTepH30BaHA KaK TePMOJAHHAMH-
yeckasi TeOpHsl, OCHOBAHHas Ha YPaBHEHHM COCTOSIHHS, KOTOpoe fB-
JseTcsl pe3y/abTATOM 3KCTPaNOJALUH TeopeTHYeCKUX H 3KCHepHMEeH-
TaNbHEIX JaHHBIX. MeXKAY TeM, BCKas [10c/ieloBaTe/IbHA A MOJieK yJisipHas
TeOpUs HOJKHA Ge3 THpHBJIedeHHUS KAKUX Obl TO HH GbUIO N00aBOYHBIX
coobpaxeHHH JaTh NOJNHYIO KOJHYECTBEHHYIO H KaYeCTBEHHYIO KapTHHY
NOBEIeHUsT BellecTsa ¥, B YaCTHOCTH, ero (pa3’oBBIX NpeBpaileHHi.
Takoi#i ¢usnyeckofl TeOpHH NOKA €lle HeT.

SAdJAYH

1. lpumenuM K xpyrosuiM mpouneccam LBCL u CAGC (puc. 98) paseHcTso
Knaysuyca (101.2). Torga Hafiiem, uro miowagu uukioB LBCL u CAGC pasuul
Hy#10, T. €. KpKBas LBCAG pgoaxua conaiars ¢ npsimoit LCG. B uem npuuxna sT0TO
NPOTHBOPEYU AP

Pewmewnue. et B ToM, uto B AByxbhasHoit 0671aCTH u300paKaOmas TOUKa
oflpeReNtger COCTOsTHHEE BellleCTBA He 0n03HayHo. OHa MOXeT H306paxKarh PABHOBECHOE
COCTOSIHME JIMGO ABYX(a3HOH CHCTeMHl, JHGO PH3NYECKH OAHOPOZHOTO, HO aGCOJIIOTHO
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neyctoiiunBoro seulecTsa. Paccmorpum, manpumep, uuxa LBCL. B touke C mpu
nepexofe ¢ kpusoit BC na npsimyro CL (pu3nuecKu 0AHOPOAHOE BEIECTBO pacnafaetci
HA KHAKOCTb M ras. 210 — neobpatumsit mponiecc. K Hemy paseHcrso Kiaysuyca
penpumennmo. Hano nosp3osarecs nepasexnctsoM (38.5). B pacemarpusaeMom cayuae

OHO CBORUTCS K HEPABEHCTBY @ P dV <0 u osnayaer, YTO IJOmAalb LUKAA
LBCL

LBCL orpuuarensta. 3o geiictsurentio rax. Jas o6parnoro unkia LCBL nrowaas
NOJIOKKTCIbHA, M HepaselicTBo Knaysuyca BHNOJHATHCH He MOMKET., DTO 03Hayaet,
YyTO TAKOH IHKJA HEBO3MOMKEI, T. e. B Touke C BEIECTBO H3 ABYX(A3HOTO COCTOSHHS
He MOXKeT HpeBPATHTLCA B OfHO(asHoe. Anajoruyno o6CTout Aesto ¢ nuxiom GACG.
Ipameit unka GACG TepMOAMHAMHYCCKH BO3MOXel, OGPaTHHIl — HEBO3MOXKEH.

2. Uemy papHa TemaoeMxocTs Cp, BeulecTsa B JByX(a3sHOM COCTOSIHHH, W30Gpa-

:xaeMoM Toukoil moj xpusoit ALKG (puc. 100)?
Oruet Cp= oo. JIoCTATOUHO 3aMETHTh, YTO B YKasanuo#l oGnactu uzoGapl

COBIIAAAIOT C H30TCPMAMH.

§ 102. CpoiicTBa BellleCTBA B KPHTHUECKOM COCTOSIHHH.
OnpepeneHne KPUTHYECKHX NapaMeTPOB

1. TlonsiTHe KPHTHYECKOH TeMIepaTyphl M KPHTHYECKOTO COCTOfA-
Hi$l, KAK yXKe YKa3biBaJoCh BEHIle, OblI0 BBEACHO JHIPIOCOM Ha OCHOBE
LCCTeIOBAHYA 2KCTIEPHMEHTATBHLIX H30TepM yraekucaoTsl (CO,). Hpes-
liecTBeHHHKaMH Jujpioca Opwin Kanwsp ne as Typ (1776—1859) u
H. Y. Meupenees (1834—1907). Kaupnap ne a5 Typ B 1822 r. zame-
TIJI, YTO KBapLEeBLIH HapHK, MOMEIIEHHbIH B 3aNafiHHYIO ¢ 060UX KOHIOB
TOJICTYIO META/IIHYECKYIO TPYOY, 3aN0NHEHHY IO CIIHPTOM, NTepeKaThiBaics
B Heil, TOYTH He BCTpeyasi cONPOTHBJEHUs, Korga Tpyda Obuia Harpera
Bbillle onpeaesneHHoN TemrepaTypbl. C LeJbIO cies1aTh IBJIEHHE BHAHMBIM
Kaubsip fe a5 Typ NMoBTOpPUA OIBIT, 3aMeHHB MCTaJIHYECKYO TpyOy
3anasHHbLIMH TOJCTOCTEHHLIMH CTEKJ/ISTHHBIMH TPYGKaMH, 3aN0JHEHHBIMH
pasTHUHBIME KuakocTaMH. OKasajoch, YTO yKa3aHHOe SBJEHHe HacTy-
[1aeT NpHU TeMIepaType HCUe3HOBEHHS BUAUMOY IPaHHLBI pasfeta MeXay
napoM ¥ xuaroctblo. Ha ocHoBe Takux onsitoB Kaubsp fe a5 Typ npu-
IeJT K 3aKJII0UeHHIO, YTO NS KaxK 0 KUAKOCTH CYIIECTBYET TAKasl TeM-
neparypa, BHlLE KOTOPOH BeIeCTBO MOXKET CYHIECTBOBATb TOJBKO B
ra3ooGpasHoM cocTofHMH. K aHaJOrMyHOMY 3aKJMIOYEHHIO TIPHILES] U
JI. Y. Menpenees B 1861 r. OH 3ametwi1, 4To NpH ONpPesie/IeHHON TeMne-
paType NpeKpamanoch NOAHATHE XKUAKOCTH B KaNWLIsApax, T. €. Mo-
BePXHOCTHOe HaTslKeHHe ofpaianock B Hyab. Ilpu To# ke TeMneparype
obpamiaiach B HYJb CKpHITasl TelsioTa napoobpasosanud. Takyio teM-
neparypy MenjesieeB Haspal memnepamypoli QbCOMOMHO20 KUNEHUS.
Briie 3T0H TeMilepaTyphl, corvlacHO MeHjeneeBy, ras He MOXeT ObITh
CKOHJEHCHPOBAH B XHAKOCTb HHKaKHM yBeJIHYeHHEM [aBJIEHHS.

2. Kpuruueckyo Touky K Mbl onpefesNuiM KaK TOUKY neperuta
KPHTHYECKOH! H30TePMbI, B KOTOpOH KacateJpHas K H30TEpME IOpH30H-
tanpia (cM. § 100, nyskr 1). Ee MoKHO onpe/iennTh TakKe KaK TOYKY,
B KOTOPYIO B Ipefigsie NePeXOAsiT TOPH30HTa/IbHBIE YYACTKH H30TEpM
LIpH NOBBILICHKHH TEMIIEPAaTyphl 10 KpuTHueckol (cm. puc. 100). Ha stom
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OCHOBaH CHoco0 ompeleseHHs] KPUTHUECKUX NapamerpoB P, Vi, T,,
npuHainexamuii Junpiocy. CTpOHTCS CHCTEMA H30TEPM NMPH PA3IHYHBIX
temneparypax. IlpenenbHas H30TepMa, y KOTOPOH TOPH3OHTAJIBLHLIA
yuacToK LG nepexoauT B TOYKY, OyIeT KpHTHYECKOH H30TEpMO#H, a VKa-
3aHHAs TOYKa — KpHTHUYecKOoH Touko#. HenoctaTtok criocoba Juapioca
3aKJI0UETCS B €70 TPOMO3JKOCTH.

3. 3nauyutesnpHo Oosiee NPOCTHIM fABJASETCH METOJ HCUE3HOBEHHS
MEHHCKA, N0 CyIeCcTBY npuHaatexamuil Kanpapy ne na Typy. Beperca
CTEK/IAHHAS WJH KBaplleBas aMIyJsa, 4acTH4HO 3aMOjHeHHAs KHIKO-
crio. Bosfyx M3 aMnyJel yjpaidsercss KHIISYeHHeM, a 3ateM ammyJa
sanauBaercs. [locae sToro amnyJsia Gyzer 3anonHeHa QU3HUECKH HEONHO-
POZHBIM BeIECTBOM, COCTOSIIIUM H3 JXKUAKOCTH M €e HaCHIIEHEOro napa,
OT/leJIeHHBIMH pYT OT Apyra Pe3kKoH BUAUMOH rpaHMIlelf, Ha3blBaeMOH
p MeHuckoM (puc. 101). Has
JIEeMOHCTpPALUUH  MOAXOAs-
IMMH BElIECTBAMH MOTYT
CNYXKMTBb IXKHAKAf yIvie-
kucaora (f,=31°C, P, =
= 72,9 arM) uan sdup
(t,=194°C, P, =35 atm).
3ano/HeHHas ammnyJsa no-
MeljaeTcss B eub M Ha-
rpesaercs. Jas pasHo-
MEepHOCTH HarpeBa BO3LyX

= V B IeYH HHTEHCHBHO Ie-
Puc. 101. Puc. 102. peMeninBaeTcsl. TemioBeM

paclIupeHreM CTEHOK aM-
NYJIBl MOMKHO IIpeHeOpeub, TAK YTO IpOIECC HarpeBaHHS HPOUCKOAUT
NpaKTHYECKH TOPH TNOCTOAHHOM oObeme. JlOMyCTUM, UYTO KOJHYECTBO
BemlecTBa nofoOpaHO Tak, yTo Touka I, n3oOpaxKawmad HauaJbHoe
COCTOSIHHE €T0, JIEXKHT Ha BePTHKAJNbHO# npsiMoll /K, npoxoasieil yepes
kpuTHueckyo Touky K (puc. 102). I'lo Mepe HarpeBanus uzobpaxkaoomas
TOUKA NepeMelaeTcs BBepX, ocTaBasdch Ha npaMoil /K. IToka Temnepa-
Typa HUXE KPUTHUECKOH, MEHHCK BHIeH oTueTuBO. lipu Harpepanuu
MEHHCK OCTaeTCst IPaKTHUeCKH Ha OJHOH u Toil ke Buicote. I1pu npubiiu-
JKEHUH K KDHUTHUYECKOH TeMrepaType KpPHBH3Ha MeHHUCKA HeNmpepHIBHO
yMeHbIIaeTCA H3-338 YMeHbIlUEeHHsI NIOBEPXHOCTHOIO HATSKEHHS Ha rpa-
HHIle MEXKIY KHJKOCTBIO H ee HACHLILIEHHLIM NapOM. MeHHCK CTaHOBHTCSA
NJIOCKUM M, HaKOHell, COBCEM HCUe3aeT, KOTJa TeMIepaTypa AOCTHIHET
Kkputuyeckoro 3HaueHus T,. Hauunasi ¢ 3T0r0 MOMeHTa, BelliecTBO Cra-
HOBHUTCH (U3MUECKU OAHOPOAHBIM H TNPOJAOSKAET OCTABATHCH TAKOBHIM
npu JajbHeimleM HarpeBaHHd. Ilpu o6paTHOM OXNaKIEHHH BEMIECTBO
IPONIOJIKAeT OCTaBaThCSA (PU3HUECKH OJHOPOJHEIM, [TOKA €ro TeMnepaTypa
Boilile KpuTudeckodl. IIpH nmpoxoxIeHUM depe3 KPUTHUECKYIO TOUKY K
CHOBA TIPCHCXOLHT pasjedeHue BemlecTsa Ha Age ¢asul. O6pasyiores
MeJIKHe KaleJbKH TyMaHa, BelleCTBO CTAHOBUTCS MYTHeIM. Kaneapku
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OLICTPO OCEJAlOT, H CHOBA NMOABMISAETCH MEHUCK, Pa3fies A0 KHIKOCTh
W Tap.

4. JJomycTuM Temepb, YTO KHUIKOCTH B aMiyjy Haiauto Gonblie,
«aeM HyxHO». Torza Touka, w3oOpaxaloillasi COCTOSIHME BelIecTBa,
OyZeT NPH HarpeBaHUH MepeMellaThcs U3 HayaJbHOTO MOJOKEHHS 2
B/l0JIb BepTHKaJdbHOH npsamodl 2L (puc. 102). B monoxenuu L, xoraa
TeMIiepatypa elle HiKe KPHUTHUEecKOH, BCe BellecTBO IIPEBPATHTCS
B KHAKoCcTb. [losTOMYy Kasanochk Gol, YTO HHKAKOrO HCHE3HOBEHHA Me-
HHCKA IPH HarpeBaHUH NPOUCXOAXTD He NOJIKHO. MeHHCK OyJIeT mpocTo
MOHOTOHHO TI€peMeaThest BBEPX aMiyJ/ibl. Koria of HOCTHIHeT BepXHero
KOHILA aMIyJbl, NMOCAeNHsIS OKaxKeTcsl LeJHKOM 3ailoJHEHHOH OJHOPOJ-
HOH 3KHAKOCTBIO. AHAJIOrHUHOE sIB/IEHHE JO/KHO GBLIO OBl IPOUCXOAUTD
1 B TOM C/ydae, KOTZAa KHAKOCTH HAJHTO MeHblle, «ueM HyxHo». M3
HCXOIHOTO NOJIOXeHU s 3 H3cOpaxKaiolas ToUKa Ipi HarpeBaHUH JO/KHA
nepeMelaThcs BBEPX BAOIb BepTHKaAbHOH npamoii 3G. B Touke G, T. .
ele J0 JOCTIKeHU KPHTHUECKOH TeMnepaTyphl, BCe BELeCTBO nepeijer
B rasoobpasHoe coctosiine. OnsATh, Ka3anoch Obl, HUKAKOTO HCYE3HO-
BeHHS MCHHCKA Ha TpaHHIe MeX1Y XKHUJIKOCTbIO U mapoM Hab/1ofaThCst
He JOKHO. MeHHCK npocTo No/KeH Obl1 Obl nepemeliaTrbest BHH3 H
HcuesaTh Ha AHe aMIyJibl, KOrja TeMreparypa eme He JOCTHIVIA KPHTH-
yecKofl.

Takum oGpasoM, Kasanoch G, uTo A1 HaGii0leHHs] HCYE3HOBEHHS
MCHICKa B aMOyJy AOJXKHO ObITh HAJHTO CTPOTO ONpefieleHHOe KOJH-
4ecTBO KHAKOCTH. Ecam Gbl 310 GBLIO TaK, TO MeTOJ HCUe3HOBEHHs
MeHHCKa TPaKTHYeCKH Hesb3sl Oblo OBl OCymecTBHTh. B AedcTBHTE/Nb-
HOCTH /10 oOCTOUT cOBceM He Tak. [L/isfi MCue3HOBCHMS MEHHCKa BOBCE
He 00s13aTe/1bHO HANOJHATb aMOyJy CTPOro OnpejeseHHbIM KOJHUecT-
BOM KHAKOCTH. VcuesHoBeHHe MeHHCKa HaGJIofaercs IpH J1000M KOJIH-
YecTBE JKHJKOCTH B aMmyJe, eC/u TOJbKO OHO He OYeHb CHJBHO OTKJO-
HseTCA OT TOTO KOJNHHECTBa, «KoTopoe Tpebyercs». [eno B ToM, UTO
corsiacHo nepBoMmy ypaBHeHuto (100.3) cxxuMaeMOCTb BellecTBa B KpH-
THYECKOH TOYKe OECKOHEUHO BelHKa:

1 [oV
TlosToMy B KPHTHYECKOH TOYKEe M B ee OKPeCTHOCTH BELIeCTBO BHH3Y
aMITyJIBl JOJ’KHO 3aMETHO VIUIOTHSTBCS NOA JeHcTBHEM COOCTBEHHOTO
BeCa, a BBEPXY CTAHOBUTBCS MeHee IIOTHBIM. Ha Tako#l «rpaBHTalHOH-
Hull adperT» 06paTu1 BHAMakue Genbruiickuil pusuk ['yu eme B 1892 1.
OjaHako sKcnepHMeHTalbHOe OOHapykeHHe s(ddeKkTa CAeJaHO CPaBHH-
TeJBbHO HelaBHO. [ Toro uTo6ni MOJYUUTh NPeACTaBJIeHHe O BeJIHUYHHE
sberTa, Mbl IpUBOAKM B Taba. 11 pachpejieneHue N0 BLICOTE IVIOTHOCTH
renrana (C,;Hyg), uamepennoe A. 3. Toauxom u E. T. Hlumancko#t B Ku-
€BCKOM YHHBEPCHTETE (CM. TaKKe 3ajayy K 3ToMy naparpady). B taG-
Jule f, O3HayaeT TeMIepaTypy HUCUe3HOBEHHS MEHHCKa, KOTopasl IpH-
HMMaeTcsl paBHOH KpHTHuyecKoH. Kpuruueckaa mJIOTHOCTh VISl TeNTaHa
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Tatnumuwa 11
PaccrosHne or gHa amnyJisi, cM 0,2 3,8 4,6 38 6.8
HMnorhoets npn =1, r/cm? 0,273 0,235 | 0,205 | 0,185 0,183

Iaotnoers npu t—1,==<1°C, r/ex® | 0,252 | 0,240 0,230 | 0,215 0,200

pasHa 0,2355 r/cM®, kpuTiueckas Temmeparypa 266,8 °C, xputHieckoe
zaeneHue 26,8 atM. M3 TaGauisl BHAHO, UTO NPH M3MEHEHHH BEICOTHI
Bcero Ha 6,6 cM MIOTHOCTL renTana NpH KPHUTHUECKOIl TemiepaType
naMensercs Ha 37%, a mpH TeMnepaType rpajycoM Bhille — Ha 229%,
ecJl KPHTHUECKYIO TIOTHOCTh mpunath 3a 100%. Jlnsd cpaBHeHUs BbI-
YHCANM 110 GapoMeTpuueckoil ¢opMmyse OTHOCHTeJBHOE I3MeHeHHe
IJIOTHOCTH BO3/lyXa € TOf e BeicoToH A = 6,6 cM npu Temnepatype
T = 273 K. Ono paeHoO

% L —0,82:105=0,82- 107,

T. €. IPKMEPHO B NATHAECAT THICAY Pa3 MEHbLIE, UeM JYIsl TelTaHa B OK-
pecTHOCTH KpuTHyecKoH ToukH. Ilpn mHTepnpeTanuy MHOTHX ONBITHBIX
JaHHBIX TPaBUTALUOHHBIA 3(PPeKT He NPUHUMAJICS BO BHHMAaHHE, YTO
MHOT[a NPHBOAMIIO K OMINGOYHBIM BEIBOJAAM. Tenepb CTaHOBHTCSH SICHBIM,
UTO B ONHMCAHHLIX BBIIE ONBITaX BOBCe He 0fsd3aTe/bHO HAMNOJHATD
amnyJy CTpOro omnpefesieHHbIM KOJHYeCTBOM XHAKOCTH. buaaromaps
CHJBHOMY H3MEHEHHIO INIOTHOCTH BELIECTBA C BLICOTOH NPH KPHUTHUECKOH
TeMnepaType B aMIyJie MOXKeT HAaXOAUTLCS B KPHTHYECKOM COCTOSIHHH
(T. €. UMeTH ellle W KPUTHYECKYIO TVIOTHOCTB) TOJBKO GECKOHEUHO TOH-
KHil cioil BemwecTsa. B 3ToM c/ioe 1 IPOHCXOAUT HCUE3HOBEHUE MEHHCKA.
TaxuMm oGpasoM, MmosyuaeTcss COBCEM He KecTKoe TpeGoBaHMe, KOTOpOE
creflyeT NpefbABAATb K KOJHYECTBY HAJIHMTON XKUIAKOCTH. s mpume-
HHMOCTH MeTO/la HCUE3HOBEHUS MEHHCKA Tpebyercs TOJBLKO, 4To0l yro-
MSIHYTBI Bbillle GeCKOHEUHO TOHKHII C/l0H BenlecTBa He BBIXOJUJ 32
Ipeze/ibl aMIyJIbL.

5. MeTon HCuye3HOBeHHS! MeHHMCKa YAoOeH IJfl TOYHBIX HM3MepeHHMH
Kputudeckoil Temneparypnl. Omnpefesns KPHTHUECKYIO TeMIeparypy,
MOKHC 3aTeM CPaBHHTE/IbHO MPOCTO H3MEPHTb KPHTHUECKOe AaBJ/IeHIte.
Haa storo moxHO, HanpuMep, NMOJABEPraTh BELIECTBO H30TEPMHUECKOMY
CXKATHIO M HalO/I0JaTh, KOTAa Ha KPHTHUECKOH H30TepMe MOABHTCSA
Touka nepernba. HauGosblime TPYAHOCTH NpeAcTaB/sfieT H3MepeHHe
KPUTHYECKOH IIIOTHOCTH, TOCKOJbLKY B KPHTHYECKHil TOUKe CXKHMae-
MOCTb BeillecTBa GeCcKOHeuHa. KPHTHYECKYIO MJIOTHOCTB MOXKHO M3Me-
PHTb Ha TOM Ke yCTaHOBKe, Kakas NMpHMEHfAeTCs B MeTOfie HCUe3HOBe-
HHs1 MeHHCKa. s 5TOro Hajio B3ATb MHOTO aMIIy/l M HaluTb B HHX
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JEKHJIKOCTH JTUB0 «CAUTHKOM MHOTOY, JHGO «CJAHIIKOM MaJio», YTOOL! npu
narpeBatini MeHHCK AOCTHIAA BCPIUIMHLI MK JHA aMNyJIbl. B MOMEHTHI,

KOTZa 3TO TPOGHCXOJMHT, aMmy.Ja
OyJleT LEJHKOM 3amnojHeHa Jaubo
TONBKO KHAKOCTBIO, JIHOO TOJNBKO
HACBHIIIEHHBIM f1apoM. Paspenin B
5T MOMEHTBHI MacCy BeIlecTBa Ha
ofbeM aMnyJsl, HafileM IJIOTHOCTD
JKHIKOCTH 0, 1 HACKHIIEHHOTO na-
pa Py NPH COOTBETCTBYIOUIEH TeM-
nepatype. Tloctponm Tenepb KpH-
Bble 33BHCHMOCTH INIOTHOCTH OT
TEMIEPATYPHl S HACHIIIEHHOTO
napa (HHKHAS KpUBas Ha puc. 103)
11 SKMAKOCTH, HaxoAsieficss ¢ HUM
B DEBHOBCCHN (BEPXHAST KPIBAS
pa puc. 103). Kpome roro, mno-
ctpouM Kpusyo AK ana cpenueii

»

Puc. 103.

apudMeTHIeCKOH IUIOTHOCTH JKHAKOCTH H napa, T. €. AJMd BeJHUHHBI
1y (px + pu). ONBIT NOKAasbiBaeT, UTO Ha CaMOM jiesie OHA ¢ Gofb-
I0i TOUHOCTBIO fABJAsAeTcH npaMoH. Touka nepeceueHust sTOl NpAMOR
¢ BepTHKaNbHOH H3otepmoll T==T, 1 OyjeT KPHTHUECKOH TOYKOIl.

6. A. V. Hanexxaun (1858—1886), oxnn 3 yuenukoB npodeccopa
M. T1. Asenapuyca (1835—1895), npumensi s onpejeieHHst KPHTH-
4eCKol TeMmnepaTyphl HeCKOJbKO HHOH MetoA. Ou usobpen npubop,
Ha3BaHHBI UM Oughgbeperyyuanrvioim Oencumempom. Y CTpoiicTso npubopa
nouaTHo H3 puc. 104. Ilycras tpyOka AA ycraHaB/iuBalachb B TOPH-
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30HTAJBHOM NOJOXKEHNHK C TIOMOILIbIO Ipy3uKa F. Ecan Tpy6Ky uactHuHO
3aMOJHUTE XKUAKOCTHIO, TO KHUJIKCCTh COGHPAEeTCs B OHOM H3 €€ KOHIIOB,
U paBHOBecHe Hapymilaerc. OfHAKO [IPH HarpeBaHHH 10 KPHTHYECKO
TeMIepaTypel, KOrja IJIOTHOCTH JKHUIKOCTH H Iapa BLIPaBHHBAIOTCH,
paBHOBeCHE BOCCTAHABIMBAETCS BHOBb. JTOT OCTPOYMHEIM MeTof ofna-
JlaeT TeM JOCTOHHCTBOM, 4TO OH MPUMEHHM H A/15 HENPO3PaYHbLIX BEIeCTB
(6pom, o), KOTJa MEHHCK HEeBHJMM, a TaKxKe B TeX CJ1ydasx, KOraa
BElIeCTBO PasbeslaeT CTeK/Io (BOJa NPH BLHICOKHX TeMrepaTypax). OHaKo
OH MeHee TOYEH, YeM METOJ HCUe3HOBEHHA MEHMCKA, U H3-3a T'PaBHTa-
IHOHHOTO adgdeKTa Bcerfia AaeT 3aBblieHHOE 3HAuYeHHe KPUTHUECKOH
TeMIepaTyphl.

7. OTMeTHM B 3aKJIIOUEeHHe ellle HeKOTOpLle CBOHCTBA BELIECTBA B KPH-
THYeCKOH TOUKe U ee oKpecTHOCTH. M3 dopmyant (35.3), 1. e.

oP\? [0V
Cr—Cvr=—T (5= [55),. (102.2)
cJleflyeT, 4To pasHocTh TemoeMkocTell Cp — Cy B KPUTHUECKOH TOUKe
obpamaercss B GeckoHeuHocTb. JleHCTBHTENBHO, H30TEPMHYECKAS CiKH-

o opP
MaeMoCThb B 3TOil Touke OGECKOHEUHO BejilKa, a Npou3BOoJHANA <W>
P V

HHKaKHX ocoGeHHocTelt He HMeeT. [lostoMy no/mkHa obpamiatecs B Gec-
KOHEYHOCTb M TemIoeMKocTb Cp, TaK Kak AJIsl YCTOHUHBOCTH BellecTRa
Heo6xo/iMo, uTobbl Cy Gblia Goablue Hyas. Takoil pe3ynbTaT npejcras-
JISIeTCS COBEPILIEHHO €eCTeCTBEHHBIM, €C/ill NPHHSTH BO BHHMAHHE, YTO
B ABYX(a3HOM COCTOSIHUM BeleCTBAa TelaoeMKocTh Cp GecKOHeyHo
Belduka (cM. 3afauy 2 K npeapiaymemy naparpady). Ona ocraercs
TaKOBOH H B mpejiesie, KOTJa AByX(a3Hoe COCTOsIHHE NEPeXOAHT B KPH-
Tyeckoe. Hro Kacaercst TemstoeMkoctd Cy, TO TeopeTHuecKHe coobpa-
KEHHA, HA KOTOPHIX Mbl OCTAHAB/AHBATLCA HE MOXEM, TAKXKe NPHBOAAT
K 3aKJIOUeHHIO, 4TO B XPHTHYecKoil Touke Cy == oo. 3TOT BBIBOJ,
NO-BHAMMOMY, TIOATBEPIKAAETCA OHBITOM.

Bosee nntepecnoit 0coGeHHOCTbIO BeLIECTBA B KPUTHYECKOM COCTOS-
HUH SBJASETCH MEO0AEHHOCMb YCHIAHOBAEHUS PABHOBECHO20 COCOAHUA.
Hanpumep, ans rentaHa paBHOBECHOE pacnpeeieHie NJIOTHOCTH Belie-
CTBa B NOJIe TAXKECTH NPH COXPaHEHUH TeMIepaTyphl CTPOro NOCTOAHHOM
ycTaHaBJIMBaeTCs B TeueHHe He MeHee CyTOK. Ecin nmocne ycranosmenus
paBHOBECHS TEMIlepaTypa USMEHMTCsl XOTs Obl Ha COThle JIOJIH rpajyca,
TO Takke Tpebyercsi BpeMsi He MeHee CYTOK, 4TOGbl YCTaHOBHJIOCH
HOBOE paBHOBECHOE cocTosiHMe. C 3TUM CBSA3aHO SIBJIEHUE 2UCmepesuca
naomuocmy. OHO COCTOMT B CAeAyloleM. EciH IJIOTHOCTH BeliecTsa
B aMmyJe H3MepATh B OJHOH U TOH 2Ke TOUKE, MOCTeNeHHO MOBHIIAS TeM-
neparypy, a 3aTeM NOCTENeHHO NOHMXKAs ee, TO NMPH OfHOH H Tofl XKe
TeMIepaType IMOJAy4yaTcsl pa3Hble 3HAUEHHS MJIOTHOCTH B 3aBHCHMOCTH
OT TOrO, KaK JOCTHTHYTa 3Ta TeMIepaTypa — IPH HATPEeBAHHH HJIH
npH oxJaxneHuu. lucrepesnuc MIOTHOCTH (WISt TeNTaHa) MCYe3aeT NpH
temneparype Ha 10—15 °C Bhille KpHTHYECKOH.
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3Ad0AYA

Halitu pacnpeneneHue mIOTHOCTH B HOAe TAXKeCTH (U3HUECKH OJHOPOZHOTO
BelleCcTBa, NOAUYMHSAIOIIErocsl ypaBHeHHI0 Bau-gep-Baannca, B OKpecTHOCTH KpPHTH-
yecKofl TOUKH.

oV ov?
yleH pasyiowenus Telllopa B OKPECTHOCTH 3TOH TOUKHM HMEET BHA

1 /P ., [oP
P—Pu= (57 ), V= Var+ () =T

Brlugc/iMB TPOH3BOAHBIE W3 YypasHeHHs Ban-nep-Baanbca M BOCNO/AL308aBUIHCDH
¢opmysamu (100.2), noryunm

2
Pemenne. B kputuuecko#l Touke < oP >T = < i >T=0. Tostomy nepsbiit

9 RT, ., 3 R
P—Pp=—r = E(V=VpR+—=— (T =Ty
& 6 Vi ( %) 2V, ( &)
Bumecro V Beenem miotHocth p == w/V, rie u — moseky/sapebifl Bec. Mcenosnsosas
elle ypaBHeHMe THAPOCTAaTHKH P — Pp = — ppgh, NOJYYAM B paccMaTpUBaeMOM
I1pHOIHKEHHH
3 3
— ugh+ 5 R(T—Ty)
il 3 =___2_]/6 2 . (102.3)
or 3 RT,,

BbicoTa A OTCUNTHIBAETCS OT TOFO YPOBHSI, TI€ TVIOTHOCTD BEILieCTBA PaBHA KPHTHUCCKOH,
HpHUEM TOJIOKHTEALHBIM CUMTACTCH Hampas/iene BBepxX. B wactaocru, npu T = Ty

_ 3/ Guoh
e—px 24 Dugh (102.4)

[ 3. RTk '

Bpamu or KpHTHqCCKOX:'[ TOYKH Ta3 MOXKHO CUHTATh HAeadbHBIM. B 3toM ciayuae AJd
OTHOCHTEILHOTO H3MEHEHHS NJIOTHOCTH C BBLICOTOH MBI HMeJH 65l

S  ngh
0 = RT (102.5)
ITpu opunaxoBuix TeMIepaTypax H MOJMEKY/SIPHEIX BCCAX 3T BCIHYHHA MEHbLIE
. 2V6 [ RT \2/3
npexbiyel B o= —a— wgh pa3. Insa sosgyxa (u = 28,8, Ty = 132,56 K)

npu Buicote A= 1 cMm o & 8700, (p — pp)/ppr = — 1/100.

§ 103. BayTtpenussn sneprusa rasa Bau-mep-Baaabca

1. Ecan M3BECTHO ypaBHEHHE COCTOSIHHMSA (DU3HUYECKU OJHOPOIHOTO
BEILIECTBA, TG C [OMOIIBI0 OOHWIMX METONOB TEPMOAMHAMHMKH MOMHO
HAWTH BHYTPEHHIOI HEPTHIO €ro KakK QyHKuMo o6beMa V npu mocro-
STHHON TeMmmepartype. [lJs 3TOro HAA0 BOCIIOJNb30BAThCS YPaBHEHUEM
(34.2). I'lpumenum sToT MeTOA K rasy Ban-nep-Baansca, npeamonaras,
YTO ra3 B3fT B KOJHUeCTBe OAHOTO MoJs. [lepenuiieM enie pas ypabHe-
Hue (34.2):

ou

(W>T=T<%§‘—>V_P' (103.1)
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U3 ypapnenus Ban-zep-Baansca nHaxopum
opP RT a
T(57), = vy = P+m.
Taxum obpasom,

<_g%>r =&, (103.2)

MHTterpupoBaHiie BjO/b H30TePMbl AdeT
wx— S+ F(T), (103.3)

rae [ (T) — «IoCTofiHHAST HHTCIPUPOBAHIIA», KOTOpAs MOXKET 3aBHCETh
ot Temnepatypbl 7. Ee MOxKHO BblpasuTb uepes TeIIoeMKOCTb rasa Cy.
Coracho (18.3)

C ~<_0£> . 103.4)

v=\"or )y = ar " (103.

Orciona cnenyer, uto Temnoemkocts Cy raza Bau-nep-Baanbca moxer
3aBHCETh TOJBKO OT TeMmnepatypsl 1. I1oaToMy u3 moc/iejHero cooTHo-
HICHHA noJlyyaeM

f(T)==§{ Cy(T)dT,
U CJIeI0BATE/BHO,

U=\ Cv(1)dr—2-. (103.5)

Ecnu mMox<HO npeHedpeub 3aBHCHMOCTBIO TEIVIOEMKOCTH OT TEMIIEPATY P,
TO 3Ta (QOpMYyJa NepexojutT B Gojiee MpOCTYIO:

U=CyT—-. (103.6)

Ilpu BBIBOJE mpeanoaarafoch, 4TO BemeCTBO sBAseTcd Puanuvecki
onHoponubM. [losToMy mosyueHHBIE PE3yJbTATH CHPABENIHBLI TOJBKO
a5 oaHOMA3HEIX CcOCTOAHMK BemecTBa. s nAByX(asHBIX COCTOSIHHH
OHH HecnpaBelJHBbl. B YacTHOCTH, €C/lH H30TepMa, BIOJb KOTOpPOil
NPOU3BOAMJIOCH HHTerpHpopaHue npH mnoaydeHuu ¢opmyast (103.3),
nepecekaeT AByX(asHywo a1acTb, TO HHTErPUPOBAHHE HAJ0 HPOU3BO-
JNTb He IO peaslbHOiH, a MO TeOPEeTHUECKOH H30TepMe, cojepKalieil
MO/HHMAOWHICA YIaCTOK, COOTBETCTBYIOUHI abCOMOTHO HEYCTOUHBLIM
COCTOSIHHSM BeillecTBa.

2. ®opumyay (103.5) MOXKHO NOJAYUHTH TAKIKE U3 MPOCTHIX MOJICKY-
JIAPHO-KHHETHYCCKUX CcooOpaxkeHUH. BHyTpeHHsst sHepTHS rasa cKJa-
AbIBAETCsl H3 KHHETHYECKOH SHePTHH TeIJIOBOTO JBHAKCHHS €ro MOJIEKY/I
H NOTCHLKANBHOH 3HEPIrUH HX B3auMOJeHcTBUSL. BBUAY TeopeMut 0 pab-
HOMepHOM pacnpefie/leHHl KHHETHYECKOH 3HePIHH 1O CTeNeHsAM CBOOOIL
KMHETHHeCKas IHePTHS TEIVIOBOTO JIBHIKEHUS ORHO3HAUHO ONpeesieTcs]
TeMilepaTypoil Tasa H He 3aBHCHT OT ero oObema. Eciil Temmepatypa
TNO/AEPZKIBACTCS TIOCTOSIHHOM, TO OCTaeTCs [OCTOSTHHOH H KHHETHUYeCKas
sueprus. ECIH no/ib30BaThCH MOJE/bBIO HIeaIbHO TBEPALIX LIapoB,
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TO CHJIaM OTTANKMBAHHS (Pa3BHBAIOIIMMCS TIPH CTOJKHOBEHHSIX IUAPOB)
ye OyIeT COOTBETCTBOBATL HMKAKasl NOTEHIMasJbHas 3Heprud. Bes
joTeHUHANbHASE 3HEPTHS OOYC/IOBJAEHA TOJBKO CHJIAMH TPHTSKEHHA
MEXIY MOJlekysiamu. Ee MOXKHO BHIYHC/TUTb MAKPOCKOIMHYECKH, TaK KaK
CIJIBE TIPUTSDKEHHST MEXKAY MOJIEKYJaMH CBOAATCH K MOJEKYJAApHOMY
papaeniio P; == a/V?, ¢ KOTophM NOBCPXHOCTHRI CJAOH rasa JaBHT
a4 OCTaJbHYI0 Maccy rasza. Pa6ora, KoTopyio Hallo 3aTpaTHTh IIPOTHB
3TOr0 BHYTDEHHEro MNABJEHUS, H AaeT NpHpameHue noTeHHUadbHOl
3HEpriiil NPH H30TePMHYECKOM pacilinpenun rasa. Ilpu paciuupeHiu
or obbvema V, no obwema V 370 nplpauieHHe paBHO

1% v

\Pidve\ Joav——j 4 [ = — - const.

Vi Vi

[pubaBuB cro K KHHETHYCCKOIl 3uepruil TenaoBoro asumenus f(7),
Mbl cHOBa npujeM K dopmyae (103.3).

3A0AYA

Halitn BRpaxenuc ana IUTPOTIHH Ta3a Ban-nep-Baanuca.

08\ [ IS\ .
Pecurcnne, dS——< 14 /r dV+\ a7 ) dT. Ueneapsys dopmyay (45.17)
M ONpEie/eHHe TeNNOEMKOCTH, IOAYUHM

[ 3P\

ds dv Cy
:\\W)v ' TTdT'

Ilanee, nosnpayemcst ypasHenneM Ban-gep-Baanbca u muterpupyenr. Ilast sutponnu
OfHOFO MOJISL ra3a NoJyuyaem

S=RIn(V— w4‘5

dT+ const. (103.7)

Jlas rasa ¢ nepeMeHbiM YHC/JAOM 4acTHLL

3 V—wb C,(T)
S=v|RIn -} 7 dT +-const |, (103.8)
rae v — 4HCJO MoJedl B rase, a aiIMTHBHAS NOCTOSHHAS B KBaAParHblX CKo6Kax or

yHc/ia YacTHU He 3aBUCHT. Ec/aH TenioeMxocTb CV e 34BUCHT OT TeMIePatypul, TO

S=v [R I — —}— Cyln T+c0nst]. (103.9)

§ 104. 3ddext Lxoyna—Tomcona
Jaa rasa Bau-aep-Baanabca

1. B § 46 Onuta usiokeHa ofinasi TepMOJMHAMUYECKAs] TEOpHS
apperta Dxoyna — Tomcona. [las mosyueinsi 13 Hee KOHKDPETHBIX
pPe3y/bTAaTOB HAJ0 3HATh ypaBHeHue cocrosiiis rasa. llpumem, uro
TAKOBLIM SIBJIfIETCA ypaBHenue Ban-jep-Baasbca. Haumem cuauana
¢ aupdepenunanpyoro addexra Lxoyns — Tomcona. B § 46 6uuio
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NOKAa3aHo, YTO eCJIM MO PasHble CTOPOHLI NPOOKH B onwite JKOyas —
ToMcoHa TIOJJEPKUBAETCA Manasi PasHOCTb JaBjeHul Py, — P; = AP,
TO COOTBEICTBYIOMAS el pa3HOCTb TeMmeparyp, BO3HHKawmas MpH
CTAllHOHAPHOM TeYEHHH rasa, ofpefenserca GhopMyoH

av
‘i‘g‘=<%%>,=i<i—%%d' (104.1)

Tax KaK ras TeueT oT Go/blIEr0 1aBJIeHHS K MeHblleMy, T0 Py, — P,
eCTh BeJHYMHA oTpularenpHas. Eciau npu nporekaHwy uyepes MpoOKy

TeMIlepaTypa rasa NoHHKaeTcs <§—;— > O>, 10 addext Lxkoynsa — Tom-
COHa Ha3bIBAETCS NOAOKCUMEAbHbIM. B TDOTHBOIMONOKHOM c/Iyyae, KOrja
TEMIEpaTypa IOBLILIAETCS <%;— < O>, sbdekT HasbBaeTCA ompuya-
MenbHbIM.

BouncasTh IPOU3BOIHYIO <%¥—>P 13 ypaBHeHus Bau-mep-Baanbca

HeyAOGHO, NOCKOJIBbKY OHO SIBJISIETCSI YpaBHEHHeM TpeThbeH CTeleHH
otHOCHTeNbHO V. YJ00Hee BOCHOML30BATHCS TOXKIECTBOM

(\%)P =7 <g—g>r <_g_l;->v - <—gj7;>v/(%€'>r’

# npeofpasosatb QopMyay (104.1) x Bumy

oP oP
AT T<W>V+ V(‘av>r
AP = - P . (1042)
Cp (W)r
B A9 OHN3BOJHBIE 9P H 9P B
BIYHC, np I Ty 37 ), M3 YpapHemus Bau-nep-
Baanbca u mopcraBiss HX 3HaueHHs B 3Ty opMyJay, HOJYydHM
bRT 2a
AT (V=062 vz
P <7V—>r

2. PaccmoTpuM npocrefiiiuil ciyyait paspexkeHHoro rasa. B stom
clydyae YaAEHB, COAepxauye a U b, fBISIOTCH MAJbLIMU TOTPABKAMH,
Mo:KHO OrpaHUUHTbCA JIHHEHHEIM MPUGNHIKEHUEM, OTGPOCHB BCE UYJIEHEI
C BBICHIMMH CTeneHaMH a ¥ b. B stoM npubnuxenuu crepyer V — b

JdP
3aMeHUTb Ha V, a NpPOoH3BOAHYIO (W)r BLIYKCIUTL M3 ypaBHenua Kia-

neiipora. Toraa
2a b
AT _RT —
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2a

AT
Ecnnﬁ —b>0, 10 &P > 0, u ras oxnaxpuaercss. Eciu, Hanpo-

2 AT
THB, 'R% —b<<0, 10 AP <0, ¥ ras HarpeBaercs. B yactHocTH, npH

= 0, a 5= 0 ra3 Bcerga oxsaaxpaercs; npu a = 0, b = 0 — Bcerza
Harpesaercs. [lepBblii pesyJbTaT MOHATEH, TaK KaK NPH pacIHpeHHH
KUHETHYCCKAsi 5HepPTUsl TeIVIOBOTO [IBUXKEHHS rasza pacXofyercsi Ha
paboTy HMPOTHB CHJ MOJEKY/ISIPHOrO NpuTsKeHus. Bropoil pesynabrar
He CTOJ/Ib OYeBHJIeH, TaK KaK 3/eCh IPH pacllHpeHHH MOJIEK yJIsIpHbIe CHIIB
HE NPOU3BOAAT HUKaKoH paboTel. OfHako pesyabrar mpouecca JIxo-
y/151 — ToMcoHa 3aBHCHT He TOJbLKO OT U3MEHEHHS BHYTpPeHHeH 3Hepruu
rasa, Ho H OT BHeIHeH pabOThl, KOTOPYIO OH COBepIuaeT NpPH paciuupe-
nud. Ilpouece Jxkoysis — ToMcoHa ecTh mpouece, NPOUCXOASIIHMH IPH
noctosiHHo# sHTa’Abnuu. Ecan a = 0, To ypaBnenue Bau-nep-Baasnbca
nepexogutr B P (V — b) = RT. TlostoMy sHTajbIHsA rasa paBHa *)

I=U+4PV=(Cy+R) T+ Pb=CpT -+ Pb.
YcaoBue nocTosgHerBa sHTaNbnuK gaet CpAT + bAP = 0, T. e.

AT b
aF =T <0

UTO HAXOZHUTCH B coriacuu ¢ ¢opmynoi (104.4).
Ilpu T = 2a/Rb n3meHeHvVe TeMnepaTypul paBHO HYJII0. TeMneparypa

Ti=723%=?;7*7k=2TB (104.5)

HasLIBaeTCA memnepamypol uHgepcuu Ouggpeperyuarvrioeo sgpgexma
Ioyan — Tomeona. Huxke stoit Temneparyput B onwite Jlxoyaa —
Tomcona ras oxJaxjaeTcsl, Bbillle — HarpeBaercd. s GoJiblIBHCTBa
rasoB TeMreparypa HHBEDCHH JIeXKHT 3HAYHTeJbHO BHILE KOMHATHOH
TemnepaTypbl. Takue rassl B onslte J2Koy/s1 — ToMcoHa oxmaxaaorcs.
Jlia BojiopoJa U TeJusl TeMnepaTypa HHBEPCHH JIEXKHT 3HaUHTeJbHO
HIKe KOMHaTHOH TeMnepaTypul. [laa nux sddext Hxoynsa — Tomcona
OTpHLATe/€eH, T. €. 3TH Tashl HarpeBarTCs.

3. TlepefifeM Temepp K C/jy4aio IVIOTHHIX rasos. [IpuMeHAs K HUM
ypaBHeHue Ban-zep-Baanbca, Mbl TOJYYHM Pe3Y/bTaThl, BEPHBIC JIKIIb
KadectBeHHo. Ho usnaraemele MeTozibl NPHMEHHMEL He TOABKO K ypaBHe-
nuio Ban-nep-Baanbca, HO U K J11000My ypaBHeHHIO coctosHus. [lojo-
’KHB B OCHOBY pacuera Kakoe-1100 GoJiee TOUHOE SMIIMpHYECKOe ypaBHe-
HHE COCTOSIHMSI, MOXKHO TIONIYUHTh W GoJiee TOUHBIE Pe3YJbTATHI.

oP
Tak kak penuunHa Cp TOJOKHTENbHA, a ITPOM3BOAHAS (’67)7
oTpuuarenbHa, To 3HaK sddexra xkoyna — Tomcona Gyaer ompeje-

*) C nomounnto dopmybl (35.2) Jierko y6efurhes, 4To cooTHommenne P. Maliepa
Cp = = C, + R B paccMatpuBaeMoM cilyyae CNPaBejJIHBO.
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AATLCA 3HaKom wicautens B gopmyne (104.3). Dddexr orpuuarenen,
T. €. UMeeT MeCTO HATpeBaHue, ecny

bRT

W >0
i T>72\,‘2—(\V%’“2 (104.6)
[Monoxkurensuslil  addexr, T.e. OXJTaXIAEHHE NOJYYHTCH B clydae
T<PD<‘ l;b) . (104.7)
[Tpu Temneparype ro 2 2 <—*;—b)2 (101.8)

norpaexkyu Bau-1ep-Baadbca @ n b B3aUMHO KOMICHCHPYIOT APYT APYra,
u m{q)qyepeﬂmmqbnbm sbdexr [woyas — ToMcona cranoBuTcst Hy-
JepriM. Ypaghenne (104.8) usobpaxsaer
' Ha wiockoetd VT Kpupylo, HasuiBae-
MYI0 Kpusoli ungepcuu Ougdepenyuans-
noeo  apexma  Howoyaa—Tomcona.
B mipiBefeHHbLIX apaMerpax T H § OHO

HMeeT BHJ |z
7 (P %
r:T(T> . (104.9)

CootBercryiomas KpuBasi HMHBEPCHH
H3obpaxena Ha puc. 105 crmowHol
0 7 2 3 ¢ nunuedt. B objacty, orpannueHHOH 3TOM
Puc. 105, KpUBOH W ocbl0 abcuuce, Aupdepen-
nuanbubil addext Jxkoyns — ToMcoHa
nonoxurened (AT << 0). B obGnactu Haj KpuBOH unBepcuu 3daperr
orpunarerted (A7 > 0). OGnactb ¢ << 1/3 He HMeer (H3HUECKOTO
cMblcaia, Tak Kak s rasa Bax-nep-Baanbca o6beM V He MoxkeT GuiTb
MeHbilie Db, a ciefoBaTenpHo, ¢ > 1/3.

J1n1f mpakTHUeCKHX NPUMEeHeHui ypaBHenue kpusoh unsepenn (104.9)
yRoOHee 3anucaTe B KoopjauHarax T, si. C 3TOH LeTbI0 BOCNONb3yeMCd
NpHBeJleHHBIM ypaBHeHHeM Ban-gep-Baanbca (100.7). Hckiwouyas us
Hero # U3 ypapHeHHs (104.9) oBbveM @, mocje HECTOXKHBIX BLIUNCTEHHI]
NOAIYUUM CJlefyioliee ypaBHenne KpHUBOH MHBEPCHH

77
,//

&

n=24) 31— 12t —27. (104.10)
Pemad 570 ypaBHeHue, HailleM
1 —\2
:3<1i.6~1/9—u) : (104.11)

I'padux 270ii AByx3uaunoil GyHKUHH npusefed Ha puc. 106 (mynxTup-
Had JuHuA). OH MOKa3plBaeT, YTO HPH KaxAOM jaBjleHuH, TOKa OHO
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e TPEBOCXOMHT OfipeJle/leNHoro mpesiesa (<< 9), CyHIECTBYIOT ABe
TOUYKH HHBepCcHI Inddepennnanbuoro sddgexra Jlxoyns — Tomcona.
Sdexr dxoynsa — Tomcona nonoxutenen (AT < 0) Huxe BepxHeil
U BBIE HIZKHEN Toyek nusepeni. [losoXenne Touek HHBEPCHH 3aBHCHT
oT jaaBiexnd. I'lo Mepe noBHIlIleHHS JaBJIeHHS HUAKHAA TOYKA HHBEPCHIH
NOAHUMAETCs, a BEPXHAS ONYyCKAeTCsl, TOKA OHU He COJBIOTCS B oOei
touke A (puc. 106). 2tu npexckazanusi Teopuu Bau-ep-Baasanca xa-
UeCTBEHHO COMVIACYIOTCH € ONLITOM, XOTA H CYIIECTBYIOT 3HAUHTENbHblE
RoJTHuecTBeNHbe pacxoxenns. B kauecTee npumepa, Hapaay ¢ BaH-
JeP-BaaJbCoOBOH KPIHBOIl NHBEPCHH, MBI

-~

NPHBOIIM IKCHEPHMEHTANLHYIO KPHBYIO 77"
nHBepCHH JUd Bojopoja. OHa wnsobpa- 4 [~ AT>0

-~

skena wa pue. 106 cnmomuoill JuHuer.
(Ona Bomopopa T, = 333K, P, =
= 12,8 at™.)

4, TlepefiieM Temepb K paccMoTpe-
HH10 uuTerpanbHoro adpexra J[xkoy-
as — Tomcona. B § 46 yxe roso-
pHJIOCh, UTO UHTErpaibHBIl 3(dgeKT
Jlxxoyns — TomcoHa mosyuaior, 3acras-
Jisisl Ta3 NepeTekaTth uepes BEHTHUJb, [10
pasHble CTOPOHBI KOTOPOFPO MOALEPIKH-
BaeTcsl Oosbpluas pas3sHOCTb [IaBJeHH. Puc. 106.
M3smenense TemMnepaTypsl rasa T, — T4 _
npH MHTerpanbHoM 3ddexTe onpefensercs dopmynon (46.2), Koropyio
Mbl 3/leCh NeperiduleM B BHJE

o) o7
TZ—T1=S<—57D—>IdP=S———C—:———dP. (104.12)

1 1

B 3aBHCHMOCTH OT 3HakKa TMOJBHTEIPA/NBHOIO BHIPAXKEHHS H3MeHe-
Hue TemnepaTtypul T, — T} MoXeT ObTb Kak IMOJIOKUTEAbHBIM, TaK H
OTpHIATeIbHBIM. B 4YacTHOCTH, ec/M BO BCEM JHaNasoHe JaBJeHHH
Iuddepennranipielil sddekt [xKoyas — TomcoHa NOMOKHUTENEH, TO
TaKUM ke OyAeT U HHTerpaabHBIM 3(peKT, T. e. B pesyJbrare gpocce-
JINPOBaHHA Ta3 Jo/KeH oxJjaxjarbes. [Ipu KoMHATHBIX TeMmepaTypax
5TO MUMeeT MeCTo A/ GOJbIIIMHCTBA ra3oB, B YACTHOCTH JJ1s1 BO3AYXa H
VTJIeKUCa0Th. Eciy B3ATL Galion ¢ ra3000pa3Holl YIVIEKUCJIOTOH Toj,
nasjenneM 100—200 at™ u 3actaBuTh ee BhiTekaTh B aTMocdepy uepes
BCHTH/1b, TO IOJYYUTCH HACTOJNBKO 3HAYHTENbHOE OXJa:KIeHHe, UYTO
VIJIeKHcI0Ta nepefier B Teepaoe cocrosuue. CosceM HHade BefieT cebst
Bojiopof. Jis Hero npum KOMHATHBIX TeMrepatypax AudepepeHuHamTb-
Hulif, a CAeJoBaTeNbHO, H MHTerpadpHblil sddert Jxoyas — Tomcona
oTpuiaTe/]eH; TPH APOCCCAHPOBAHHH BOAOPOJ HarpesaeTcs. Takoe
HarpeBaHHe HHOrjJa NPUBOAHJIO K KaracTpodaM, B KOTOPLIX CHJ/BHO
CKaTbll BOJOPOJ CaMONPOH3BOJBHO BOCIVIAMEHSJICHA NPH UCTeYeHHH
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n3 nospexeHHblX TpyO. IlpH BHe3anmHOM pacLIMpEHHU BOLOPOJ, MOKET
OXJ1aXAaThCA JHIIB TOTNA, KOrja ero Temmeparypa Huxe — 80 °C.
Ilpun Gonee BBICOKHX TemmnepaTypax BORODOJ BCerjia HarpeBaeTcs.

B cBsisau ¢ uenodn3opanueM uuterpainhoro sdbexra Mxoyns — Tomcona gas
NOTTY4YeH!Hs HH3KHX TeMIepaTyp JfpeicTaBiaserT HaTepec cieaytommuil eornpoc. ITyers
ras npu vauanwHoii Temneparype 7 pacumpsietcst B mpouecce Jxkoyas — Tomcona
IO HEKOTOPOTO MOCTOSIHHOTO RaBneHud P, (nampumep, armocdepHoro). Kakoe cienyer
B3ATb HaueJbHOE AaBjeHHe P, 4ToObl TNOJNYYHJIOCH MAKCHMAaJIBHOE OXJaxJeHue?
Pasnoctp Temneparyp Ty — T, oupeiensiercs gopmyiol (104.12). Ilpu ¢purcuposan-
HOl Temmeparype 7'; OHa 3aBHCHT TOJBKO OT HadalibHOrO AaBAenusi Py (MOCKOABLKY
KoHeyHoe zxaBneHHe P, raxxe ¢uxcupopano). U3 dopmyast (104.12) nonyuaem

de oT
P (Te=Ti)= —_<'6T)1’P=P,, T=1,"
TpupapHuBas 9Ty IPOM3BOLHYIO HYJIO, HAXOAHM YCJOBHE MAKCHMyMa:
aT
(’a?)fo npy P=P, T=T, (104.13)
Ho ypaenenne <%>1=0 €cTb ypaBHeHHe KpuBoH uupepcuu anddpepenunanbHOro

adexra. Takum o6pazom, YToOsl NOJAYUHTh MAKCHMA/bHOE OXJaXKeHHe, HeoOXOAHMO
B3ThL Hauallbuyl Touky Ty, P; na KpuBo# mnBepcnn Andpepenunansoro sppexra
Hxoyast — Tomcona.

é OIHOM, H TPHTOM HauGoJiee BaXKHOM, CJy4de HHTErpuponasue B popmyJe
(104.12) npocro RoBOAMTCS ZO KOHIA. DTO C/Iyuai, KOIjla ra3 B HCXOXHOM COCTOSIHHK
HaxOJMTCS NOJ BBICOKHM JdBJeHHEM, a noc/e ApocceHpOBaHMs ero AaB/leHHe Majder
HaCTONLKO HH3KO, YTO B KOHCUHOM COCTOSSHHH OH MOJKET PacCMaTpHBaThCs Kak HAealb-
#bift. PacueT npoilie BLIBOJHHTS 1ie 110 GopmyJe (104.12), a HenocpeicTBEHHO € NOMOMULBIO
PaBeHCTRA SHTAABLNN{ rasa B HauaJbHOM M KOHEUHOM COCTOSHHsX. Memoaw3ys Bhpa-
xenne (103.5), pasencreo suTanbnui Aasi rasa Ban-mep-Baanbca moxHO 3anHcaTe

B BHJE
T, T,
. a ‘ a
TS Cy (1) dT =+ PV = T\ Cy (T)dT ==+ Py,
) 0

OGa uHrerpana, BXojdul#e CloAa, Mb OOBEIMHHM B ofiiH. B mpasoil yacTH MoKHO
npenebpeur wieHoM a/Vy H BOCMOJB30BATLCS ypaBHenHeM Kaameifipona P,V, =
= RT,. B sroM npuGnuxenun

Ty
\ Cy (T) dT -2+ P,V,=RT,
, Vi
Ty
Jasnenne P; nexogmm u3 ypassenua Ban-zep-Baanbca. B pesyavrarte noiyuaem

RT! Vi

Cy (=T — 3 + 3k =RTs,

e C—V——cpemmﬂ TEMJIOEMKOCTh T'a3a TMpH IOCTOSIHHOM ofbeMe B TeMOepaTypHOM
unteppane ot Ty go To. M3 nocaepseii Gopmysas HaxoAuMm
Rb 2a
T

R 2
TymTym 2=t~ Vi (104.14)
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Tax xax 3HaMenare/lb — BEJHYMHA CYIIECTBEHHO NOJIOXKATENbHAS, TO 3HAK 2 pdek-

Ta onpenenﬂeTcs;V 'rong,}{o 3HAKOM YHCAHTENIsS. Spdekr monoxuteseH (OxaaxIeHHue)
1™ 2a V1 —b
npr Ti << A u ortpuuarereH (farpesanue) upu Ty> R6 Vv, -
B nanbHefiiem B LiedsX YNPOLIEHUs HamucaHust GopMyJ1 HaualbHble napamerpbi 6yem
o6osnauare npocro T, V, P, onyckas HHjekc l.
Ilpu Temneparype 27
2

r=28 V="t (104.15) 4

<2 L
Rb 'V 5
sthdekT HcuedaeT. Jra TeMnepaTypa HaseBaeTCs
memnepamypoli  UHEEPCUL UHMESPAAbHO20 3-
gexma dacoyrn — Tomcona. OHa BCceraa Bbime 4
COOTBETCTBYIOILEH TeMmepaTyphl AJs AudbhepeH-
unanbHoro sdxpexra. YpasHenue (104.15) ompe-
Je1sieT Ha INVIOCKOCTH KDPHBYIO, HAa3hIBaeMylo 2
KpUSOU  UHEEPCUW — UHMESPAAbHO20  dpexma
Hocoyan — Tomcona. 3anucaHHoe B NpHBefeH-
HBIX MapaMerpax, ypasHenue (104. 15) umeer sun

27 p—1/3 4
A (104.16)

Kpnsasi, H3ofpaxaeMass  yYpaBHEHHEM
(104.16), npusepnesa ua puc. 107 (cmiowmHas
nuHug). Ecin Hexofnas ToYka € NPHBEJEHHLIM
00beMOM @ H IIpHBEJEHHOM TeMneparypolt T,
usobpaxammlas HauaJbHO® COCTOSHWE rasa,
JIEXHUT MexAY Kpusoil uHBepcuu (104.16) 1 ocpio
afcuuce, TO HPH LPOCCENHPOBAHHH ras Gyper
oxgakjaarecs. ECIH XKe OHA NexXHUT Haj KpUBOH
HHBEPCHH HHTErpajJbHOro 3dpeKTa, TO MOTYyIHTCH
narpesanue. Hapuc. 107 nyHKTHpOM H306paxkeHa
TaKXe KpHBas HHBEPCHH JHbdepeHlHalIbHOTO Vi
sdpderta. Oua Bcerga JIEXKHT HOJ KpHBOH HH-
BEPCHH HHTerpaipHOro sddexra. 10 H MOHST-
Ho. [eificTBUTEIbHO, BEHIIIE GBIIO OTMEUEHO, UTO
eCc/H BO BCEM HHTEPBaje H3MEHEHHs JaBJEHHS 7
nudxpepeHuHaIbHEIE adpeXT NOJMOKHTeNeH (OT-
puuareseH), To TeM GoJiee 6yAeT NOJOKHTeJeH Puc. 108.
(orpunarenen) nuterpanbHbiil addexr. O6par-
HO® HeCTPaBeANNBO, TaK KakK AN MONOKHTRNb-
HOCTH MHTerpaJnbHoro sddexra He 06513aTeNbHO, YTOOB! MOABIHTErDANLHOE BLIpAXKEHHE
B dopmyie (104.12) 66110 BCIOAY NOJOKHTENBHO. Ha 0TAENBHBIX YUACTKAX OHO MOKET
GLITh OTPHUATENbHBIM, H TeM He MeHee HHTerpaJbHblit sddekt xoyas — Tomcona
MOXET OCTaThCSH MOJNOKUTENbHBIM. TakuM o6pasoM, o6nacts mwiockoctd VT, B KoTo-
poit nuddepenunanbubil sPQeKT NONOKHTENEH, BCErAa JICHUT BHYTPH 06/acTd, B
KOTOPOil NOJIOKHTeNeH HHTerpalpHbIi 3(pgeKT.

Ypaprerse (104.16), sanncanHoe B NepeMEHHBIX 1T M T, HMeeT BHJ

oy F3

=~

7=3/4 )/ 81—3x. (104.17)

Kpupasi, uso6paxacMasl 3THM ypaBHeHHeM, NpeAcrasicua Ha puc. 108 crnowHod
ausuel. CoOoTBETCTBYIONLAS KPUBASL HHBepCHH A jauddepernuanbioro sbpdekra
uzobpaxkeHa NYHKTHpOM. B oramude ot auddepeHuuanbHoro sppexra HHTErpasb-
upifi abdext xoyas — Tomcona umeer Anas Kamkporo jasienus (7 < 27) jnmn
OfiHY TOYKY HHBEPCHH.
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SALTAMUYA

Haitru Kpupyio Husepcun andedepenuuansuoro »bdexra Hmoyas — Tomcona
AlA rasa, MOJYMHAIOUErOCA YypaBHeHHIO Jurtepuui.
2a 1
OrBer. T=-5-(1—=7+]. B npuseseunsx muapamerpax T=8(1-——-
Rb v pusea P P 2
5 4

Wil f=(8—1)e 2 T.

§ 105. Meroapl nosyuyeHHsi HH3KMX TemnepaTyp
H CHMKEHHS ra3oB

1. B TexHHuKe NpUMEHSIOTCA TPH OCHOBHBLIX METOAA VIS TIOJYUSHUS
HI3KUX TeMmnepatyp: 1) ucnapenue ocudxocmeid, 2) ucnoavsosarue sgh-
(exma Howoyan — Tomcona, 3) obpamumoe aduabamudeckoe pacwiupe-
Hue easa ¢ cosepuleruem erewireld pabomer. TIpUMeHSIOTCS TaKKe pas/any-
Hpie oxaamcdaowue cmecy. Tak, NyTeM CMeleHHS! MOBAPEHHOH coJiH
€O CHEroM MOXKHO MOJIYYHTh TeMnepaTypy Huke Munyc 20 °C, a cMere-
HieM XJopodopMa WM 3¢upa ¢ TBepAOH yIJIeKHcI0Tol — MuHyc 77 °C.
Ilo mpuHIMNY HCHapeHUs XKHUIKOCTedl paboTaloT AOMAailHHE XOJOJHb-
Huki. MeTogn! 2) H 3) OCHOBAaHBl Ha Ta30BLHIX 3aKOHaX. TepMOmHHAMM-
yeckas Teopus MeToja 2) cofiepxkutcs B dopmyie (104.12). Mpen metona
3) no cyulecTBy 3aK/I0ueHa B ypaBHenuH ajuabarte! Ilyaccona B gopme
(21.4). OaHaxo 3TO ypaBHEeHUE CNPABEIJIHBO TOJIBKO I HALAJbHBIX
rasoB. [Ipx HU3KHX TeMriepaTypax, B 0COOEHHOCTH BOIM3H TEMIIEPATY bl
CXKMKEHHA rasa, OHO HecnpaBeAnuBo. IlosToMy HeoGXOAMMO MOAPOG-
Hee OCTaHOBHTbCSI HA TEOPHHM MeTOAa 3), He BBOAS IPEAIOJIOKeHHS
06 ueanbHOCTH rasa.

Tlpu obpaTuMoM aguabaTHYECKOM pPACIIMPEHHH OCTaeTcsl MOCTOSH-
HOH suTponusa rasa S. PaccMatpuBas ee Kak (QyHKIHIO TeMneparyphbl
I JaBJeHlsl, MOXKHO HAnucaTh JUIsi 3JIeMEHTaPHOro O6PaTHMOro npo-
lecca pacilHpeHHs:

AS=< oS

777>PAT+<%>T AP=0.

/

OS\ 1 (TOS) 1 /6Q CP
<57,p=7 T p—"F\W>p:T'

\

OueBHJHO

Kpome Toro, cormacuo ¢dopmyae (45.18)

<%%>r -7 <g_7‘{>P'
TToatomy .
S AT*(\%)p AP =0
Orciona oy
2_;:(%73;)8:@, (105.1)
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Ecnn xos(pduUHeHT TenyioBOTO pacliupeHHst ToJokHTeleH (Kak
y Ta30B), TO NpH aavabaTHUECKOM PACLIHPEHUH TOJydYaeTcs oXJamic-
nye. COOTBETCTBYIOMHI HHTErPaIbHLIH 3deKT onucuBaeTcst QopMyoil

P)z
Ty Ty = \ =
5

1

T /0V

(-O—F)P dP. (105.2)
CpapuuBag ee ¢ gopmyaoit (104.12), BuanM, 94TO NP NPOUYHX PaBHBEIX
VCAOBHAX OXJaxIeHHe NpH oOpaTHMOM aauabaTHUECKOM pacIliHpeHHy
Oyjer Cogblle, ueM NpH ApoccennpoBaHuu. OxaaxkicHue OGYyAeT Ipo-
HCXOAMTL HE TOJNBLKO B C/Aydae peasbHBIX, HO B cjyyae HAEaJbHBIX
ra3oB. 310 00bACHAETCH TeM, 4To paboTa MPOH3BOAUTCS 32 cueT YOBLIH
BHYTDEHHeH 3HEPruM rasa, a NOCJIeRHAS LJs HAeaJbHBIX Ta30B SB-
JgeTcsl MOHOTCHHO Bo3pacratoiiell ¢yHKiueil ofHO# TOJBKO TeMmnepa-
Typel. C MOJEKYJ/SPHO-KUHETHUECKOH TOUYKH 3peHusl siBjieHHe OBLIO
noApo6HO paccMoTpeHo B § 67. Oxsa)kaeHue CBA3aHO C TEM, YTO MoJie-
KyJbl Ta3a BLIHYXKJAIOT OTpaxkaTbCsl OT IBHKyIerocs nopluns. [laB-
JIeHHEe [a3a MoxKeT OBITb HeJOCTATOYHBIM, YTOOEI NPEOO/IeTh BpeLHble
CONPOTHBJEHHS U NIPHBECTH MOpIUeHb B JBHKEHHe. TOTAa ero MOXHO
TNPHBECTH B JBHKeHHe MOTOpoM. Bce paBHO oxsaxienue OyneT mpolc-
X0iuTh. Mcrmosab3ysi MOTOp, Mbl BBIHYMKA3EM MOJEKYJbl rasa orpa-
JKaTbesl OT JBHXKYIeHCA CTeHKM M coBepmiaTh pabory. ekt
Hxoynst — ToMmcoHa B mjeanbHBIX rasax He umeeT Mecta {(cM. § 46),
a NOTOMY € WAealbHBIMU Id3aMy C ero IOMOLIBIO HeNb3sl HOJNYYHTh HH-
KaKOro OXJaXAeHHus.

2. Ha puc. 109 u 110 usofpakeHs NpHHIHTHAABHBIE CXEMBI X0J0-
JHIBLHBIX IHKJ/IOB, paGoTaoIHX N0 IPUHIHNY aanabaTHYecKoro pacii-
penusi U apoccennpoBasnf. LIHKI ¢ npuMeHEHHEM JPOCCENHPOBaHHSA
raza (puc. 110) 6ul1 He3aBUCUMO JApYT OT Apyra npemioxen B 1895 r.
XemiconoM (1840—1900) e Aurainu u Jlunae (1842-—1934) B lepmanuu.
Llnuka ¢ aguabaTuvyecKuM paciunperieM raza (puc. 109) 6s1 daxTinuecKku
sanaredroBad Cumencom (1816—1892) eme B 1857 r. OfHAKO TOJBKO
(dpanysckomy umkenepy Kaony yaasocs B 1902 r. ¢ noMoiibio TaKOTO
HHKJIA MOJYYUTb KHAKHI Bo3ayx. [TosTomy merox mosyuenust HH3KHX
TeMIepaTyp ¥ CKHXKeHHS rasoB C HCIOJb30BaHHEM 3TOTO LHKJa [o-
JyuHJ HasBaHue memoda Kaoda.

Mpl coBepiieHHO He OyeM KacaTbCs KOHCTPYKTHBHBIX JeTased
peasbHBIX XOJOAHABHBIX YCTaHOBOK. OrpaHHYHMCS TOJBKO CXeMaTH-
YeCKHM pAcCMOTPEHHeM NPHHUMNOB UX JelfictBHA. [lopiuenb Kommpec-
copa I cxxumaer ras B uuuaape 2. Ilpu stom ras Harpesaercs. CxaTthiil
M HarpeTolii ras, moKuias WHJIHHADP 2, oxJaxjuaercst Bojoil 6. Jlanee
B ycraHoBkax Tima Kjoga ras mocrymnaer B UWJIMHAD demandopa 4,
T. €. TNOPIUHEBOH MauiMHBI, B KOTOPOfl oOcyuiecTBiaseTca aiuabaTH-
YecKoe pacuIMpeHHe rasa — ras3 [pPOM3BOAUT pabOTy Haj IOpPIIHEM 3.
B ycranoBkax Tuna XewmrcoHa — JIMHIe BMeCTO JETaHAOpa npuMe-
HAETCA Genmutc 3, Uepe3 KOTOPBIfi IPOM3BOAUTCA HPOCCEIHPOBaHHE
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raza. B o0oux cayyasx ras oxsaxkpaerca. OXJaxieHHb ras,
npexie YeM BePHYTHCS B UMIUHAD 2, IPOXORUT Yepe3 BCIIOMOraTebHOe
YCTPOHCTBO 6, Ha3biBaeMoe mens006meHHukom. OGBLILHO TeMIcoOMEHHUK
npejcTasisier coboll ABoHYI0 TPYGy: HapyKHYIO H BCTABJAECHHYIO B Hee
BHYTPeHHIOI0. TpyObl CBepHYTH B BHHTOBYIO cOHpafb (3MmeeBuk). [lo
BHYTpeHHel TpyGe nocTynaer ras B JeTaHAop, HIH B BEHTHb, 1O Ha-
PYKHOH BO3BpallAeTCsl ra3, OXJaXACHHHI B JETaHIOpPEe WK TOCHE
ApOCCeNIMpOBaHHA Yepe3 BeHTH/Ib. OX/akIeH bl [TOTOK rasa B HapyX-
HOH TpyGe ROTOMHHTEBHO OXJaX{aeT HOBYIO MOPLHIO rasa, TEKYLIero

Puc. 110.

eMy HapCTpedy 10 BHYTpeHHel TpyOe K JeTaHAOPY WM BEHTHJO. IT10
OX/NaXKACHHE M fABJSIETCS HasHayeHHeM TemsooOMeHHHKa. Takum 06-
pa3oM, mocie KaXJA0ro Xojla MOpPIUHA B JeTaHJ0p H/IH K BeHTHIIO Oyzer
nocTynarh Bee Gosee XoJonHbi ra3. Hakonen, HacTynaer TaKol MOMEHT,
KOrja MOCTYMNalom# ras 0X/axJaercss HACTOIBKO CWILHO, YTO mocje
ouepeHOro aainabaTHYECKOTO pACIUHDEHHs HJIH JPOCCENTHPOBAHHA OH
HAYHHAaeT CHKHIKATbCA.

3. Tlo cpaBHeHHIO ¢ MeTOJOM anHabaTHYECKOTO OXJIaXAeHHs METOl,
ocHoBaHHbIl Ha sdhdekre JIxoyns — Tomcona, o6najaer Goublueit
npoctoToil. B HeM He BO3HHKaeT NpoGJeMbl CMA3KH, MIOCKO/IBKY HCIOJIb-
syemasi annaparypa He COMepKHT HHKAKHX MOABHXKHBLIX yacreld, pao-
TAIOUMHX NPH HH3KHX TemrepartypaX. OfHaKo 3a 3Ty NPOCTOTY NPHXO-
AMTCS PACIIAYUBATHECA AOPOroft IeHolt — orpomHOM moTeped sdex-
THBHOCTH OXJaXJAE€HHA H HeOGXOAMMOCTbIO DPaboTaTh IIPH BBICOKHX
JlaBJAeHHsAX C MCMOJAb30BaHHeM GOJbLIHX KOJH4YecTB rasza. Oxsaxjienue,
KOTOpPOE MOXKHO MOJIY4HTh ajAHaGaTHH4eCKHM pacIlHpeHHeM, OObMHO
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MHoTO Gonbue Toro, uro faet sddext xoyna — Tomcona. Ho npu
3TOM BCTPEYalOTCs CYLIECTBEHHBIE TPYAHOCTH, CBS3aHHBIE CO CMAasKoil
MOABHKHBIX Y3/0B: NIPH HH3KHX TeMIepaTypax Macjo 3amep3saer.
Koo mpuMeHsl INIPOKJAJKH H3 CYyX0H OOe3XHpeHHOH KOxH. Posb
CMa3K{ Hrpaj caM BO3AyX, mpocaudBawouuiicss B HeGOJBIIOM KOJHYe-
cTBE MeXJy YIJIOTHEHHEM TNOpIUHA M cTeHKamu umaunapa. I1. JI. Ka-
muua (pox. B 1894 r.) B 1934 r. npenyioxui NOPpUMeHNTL B MNOPIUIHEBHIX
JeTaHJ0pax MOpileHb Ge3 YMJIOTHHTENBHBIX KOJEl U3 KOXU. B mnoct-
pOEHHOM IIM JleTaHIope Mexly GOKOBOH MOBEPXHOCTbIO HMAHHApPA H
nopiuHeM umMescs 3asop ~ 0,035 Mm (npu guamerpe nopiuds 30 M),
3aNOJIHGHHLIE ra3oM, KOTOpBIA Hrpas posb cMasku. Urtobul n3bexarsb
«3aKJIMHUBAHMSA TIOPLIHS», HA HeM ObUIM CAENaHbl KOJIbIUEBble KAHABKU
rayGusolt u mmpunofi no 0,25 MM, pacrnoNOXKEHHbE HA PacCTOSTHUH
~ 5 MM Jpyr OT Jpyra, ofecleunBaloliyie BHIPABHHBAHUE [aBJeHHS
raza Ha GOKOBYIO HOBepXHOCTb nopiuHsf. CBo#t Jaeranpop Kanmua yc-
ITeNIHO TIPHMEeHHJ As CxKIDKeHHs renus. [lpenBapurennHoe ox/axkie-
1ile ra3000pasHOro Trejdsl NPOU3BOAMJIOCH KHAKHM asoToM. [pyroe
pellleHHe, CHEMalllee npofieMy CMasKH, COCTOHT B 3aMeHe TOpIiHe-
BOTO JieTaniopa TypOuHOH. ITo GbUI0 npelaoxkeHo eine Peseem (1842—
1919) B 1898 r. Onnako nepBuie paboTalomue rypdodemandopsl, TO-
BHAAMOMY, GbITH H3TOTOBJEHEl TOIbKO B Hauase 30-x ronos B ['epMaHui.
Briepsbie aHanua3 pabots TypOoaeraniopa 6u1 npoussesex 1. JI. Kanu-
uefi. OH BHIABHJ IMpeuMylecTBa TypOOJeTaHIOPOB Mepel paHee IpHMe-
HSABIIMMUCA MOPIUHEBHIME JeTaHpopaMi. COBpEeMEHHBlE MOHIHBIE OXH-
KHATean paboTaloT 1o NpHHUMNY TypOoieTaniopa.

4. 1lug7ael, ONHCAHHBIE BhlUE, MNpeIHA3HAYEHB! JJS HENpepoisHoz0
cacuncerus 2asog. QNHAKO 3HAUHTENBHO MPOLLE NPOA3BOIUTE CXKHKEHUE
nepuoduiecky METOIOM O0OHOKPAmHo20 a0uabamuueckoeo pacuilperis
cxcamozo eada. Tako#l Meton Bnepsble Onll npuMeHeH Kaspere (1832—
1513) B 1877 r. Ans cxxuKeHud Bo3ayxa, a 3ateM OablueBckuM (1846—
1915) B 1887 r. paa cxkmxennsa pojopopa. CkaThill ra3 mojasepraiacs
ciayasna TpelerbHO BO3MOXKHOMY MDeINBapHTENbHOMY OXJ2XKACHHIO,
a 3aTeM ajuabaTHdecKu paciuupsaiacs. [JonsITKH Ha3BaHHBIX YYeHBIX
OXKIDKHTb YKA3aHHEIE I'a3bl JUIIb YACTHYHO YBeHYAIuCh ycnexoM. Kadab-
ere He YJaJoch MOJYUHThb XKUAKHH BO31yX, a OJIbLIEBCKOMY — KUAKHH
Bojopoa. OHU HaGII0JaNH TOJIbKO KpPaTKOBPEMEeHHOe MOSIBJIeHHe TY-
MaHa, COCTOSILEro U3 MeJpUafInX Kane/eK 3THX XKHAKOCTel. ¥YcneliHoe
IpHMEHEeHHe METOAd OJIHOKPATHOTO afHabaTHUeCcKoro paciupesus OTHO-
cutes K 1932 r., Koraa CHMOHY YAANOCh MOJIYYHTD TAKAM NTyTeM KUAKHH
requfi. C TeX nOp 3TOT MeTOJ IUMPOKO IPUMEHAETCs IS NOJYYeHHs He-
GOJIbIINX KOMHYECTB KHAKOTO resius. OH 10 y4iI Ha3BaHHe IKCHAHCUOH -
Hozo memoda. B 1935 r. Cumon, Kyk u ITupcoH nosnyuunn teM ke MeTO0M
KHIKHA BOAOPOX. DKCIaHCHOHHBIA METOJ, NMPHIOAEH TOIBKO B TOM CIY-
uae, KOrja TEIVIOEMKOCTb COCY/a MeHblle TellJJOEMKOCTH HaXoAsllerocs
B HeM rasa. 310 ycJI0BHe BBIIOIHACTCS JIHILb IPH 0Yelb HH3KHX TeMile-
patypax, KOrja TelsioeMKOCTb TBepAniX Ted cuibHo nagaer. [lostomy



412 PEAJIBHBIE I'A3bl {ra. viit

IKCMAHCHOHHBI METOJ MPHMEHAETCH NPAKTHYECKU TOALKO AN CiKHzKe-
HHst BOJOPOJA U Teiisl. DTHM e oObsACHAeTCs Heyaaua onbtos Kasbere
[0 CAHMKEHHIO KHCJIOpOJa.

5. Mmesi B pacrmopsiKeHUH CKIKeHHBIA ra3, MOKHO AOGHTbCA Jafkb-
HEMIIETO TOHMKEHUS] TeMIIEPaTyphl, 3aCTABJIAA XKHAKOCTL KHIETh I0J
NOHIDKEHHBIM JlaBleHHeM. DTHM BOCIOJIb30BAJHUCh MOJbCKHE YUYeHbIe
Bpobaepckuit (1845—1888) u Ouabmesckuit (1820—1883), Bnepshie
nosyyHsilbe XKuAKHH KHcaopod. OHH HCIOJIb30BalH TOT K€ HpPHEM
IJ1sl CAKUKECHHMA TasoB, KOTOPhIM nosb3oBaica Papaneii. boina Basita
TOJICTOCTEHHAsl H30THYTasf CTeKAfHHas TpyOKa C 3anastHHeIM KOHLOM.
3anafHHbI KOHel TPYOKH IIOrpyxKajcsd B KUAKUH 3THJEH, KHISIWHA
N0/l TIOHIKEHHEIM JaBjieHveM npu Temnepatype — 130 °C (. e. Huxe
KpUTHYeCKOH TeMiiepatypel kuciopoga — 118,8 °C). Jipyro#l Kowel
TpYOGKN COeRNHANCH ¢ Ga/lVIOHOM, B KOTOPOM CONEDIKAJCH CHJABHO CxKa-
ThIfi KUCIOpos. [IpyU OTKPEIBAHMH COEAMHHTENBHOTO KpaHa HA CTEHKaXx
TPYOKH TOSBJAINCD KaledbKH KULKOTO KHCIOPOAa, KOTOpHle, CKa-
THIBasCh, COBHpaNHCL Ha JHE TPYOKH.

6. Kunku#t Bogopox 6wl BlepBole noayueH /Ipioapom (1842—1923)
B 1898 r. B Jlongonckom Koposesckom uactutyTe. MM OBlI HCNOJB30-
BaH a¢derT [koyns — Tomcona. CxkaTwlfl 10 BEICOKOTO AaBJjeHHs BO-
JOpofl TIPEABAPHTEIbHO OXJaXKAa/Cs HHXKE TeMrepaTyphl HHBEPCHH
B 3MEEBHKE, NOTPYXKEHHOM B KUAKUH BO31yX, KHUNSMHUA TIOA IOHH-
JKeHHBIM [aBJIeHHeM, a 3aTeM NOABeprajcs apoccenaupoBanulo. [lona-
JOOHJIOCD ellle IeCATS JieT, npexkie ueM Kamepsanr-Onnecy (1853—1926)
I ero COTpyAHHKaM B JlelileHCKOM yHHBEpCHTETE YJAaJoCh MEepeRecTH
B XKujKoe coctosiuue renufl. Cnycrsa enie 15 JetT xuiaxu#l resuit crasu
IPON3BOANTD H B APYTUX Mecrax. B HacToslimee BpeMs KUAKUH reuft
nosiyyaloT B GOJBIIMX KOJIHYECTBAX HE TOJBKO B HayuyHbIX Jadoparto-
pHsiX, HO U Ha 33aBOAaX.

Temneparypa kunenus ofeigHoro reius (He') mpu HopMasnbHOM
paeneunu paeHa 4,2 K. 3acragnsiga He! kunerb noj noHuKEHHLIM J1aB-
JIeHHeM, MOXKHO JOocTHrHYTh Temnepatypsl 0,7—1 K. Jlas noayuerus
Temneparyp Hipke 1 K ynorpebasior BauHs ¢ xugkum He?, kotopwmii
umeeT Gostee HU3KYIO TeMnepatypy kunenust (3,2 K). OrkauuBast BaHHY
¢ xkuakum Hed, ynaerca nonmzute temnepatrypy no 0,3 K. [dasa noay-
yeHHs ewe OoJice HH3KHX TeMIepaTyp NMpHMeHseTCss MeTOR aduabamiu-
4ecko20 pasmaeHutusanys NapaMariiTHEIX codtelt 0 athdeKT oxJaxKieHus
npu pacrBopennn He® B cBepxrexyuem He'. O MeToze aguaGatiueckoro
pasMarHH4YHBaHHS Mbl OyZeM rOBOPHUTb B TpeTbeM TOMe Halllero Kypca.

Haunusimas Temmeparypa, AOCTHTHYTasi TaKMM METOJOM, COCTaBJfeT
0,0014 K.

SAJAY4YA
Tennousonupopanubli cocyll HanoIHeH raseo0pasHLIM refiieM [pH TeMieparype
Ty == 10 K (sbie xputnuecxoit Touxn). [a3 Mei1eHHO BHITEKAET Yepes KalWASPHYIO
TpYGKY A0 TeX mop, Moxd AABJCHHE B COcylle He CTader papHbiM P; == 1 atM, a TeM-

neparypa T = 4,2 K (jouKa Kumeuus rejlust npu uopMmanbioM jasneuuu). Hafira
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auadbHoe JaBjieye raza B cocyne P, ccan B KoHlle npollecca cocyi 0Kasalcs nod-
HOCTBIO 3aNOJHeHHBIM XKHAKHM reqaueM. TennoTa ucnapeuns refust npu 4,2 K pasua
g = 20 xan/monp. Tasoo6pasnmiii resuil CUHTATD HACATLHBIM TaA30M.

Pemwenue. Tlpy MeANeHHOM BHTEKAHHH COCTOSIHHE BCLIECTBA B COCYAE MOMET
CYUTATLCH PABUOBECHBIM. A TaK KakK COCY[ TeMJIOM30JHPOBAH, TO VieapHasl (a, cJe-
JIOBATCAbHO, ¥ MOJSIPHAS) SHTPONHA Tasa B COCYAE JOMKHA OCTABATLCS lICH3MEHHOI.
[lpu o6paTHMOM aIMaGaTHYECKOM pacliiipeHhu C coBepiiendeMm pncuwnell paGoThl
ras oxaaxnaercs. Ilo TOCTHXKEHHH HEKOTOPOH TeMilepaTypwl nanbhcililee NOHMe-
HUe JaBJICHHS rasa COTPOBOXKAACTCS He TOJLKO MNOHMMKCHHMEM TeMOEpaTyphbl, HO H
KOHeHCAHell eT0 B JKHAKOCTb. DTOT NMPOLECC TaKXKe SIB/ISIRTCS PABHOBECHBIM H HJET
Ge3 uaMencHust auTponuu. s H3MeHeHHS 3HTPONMHM MOJS BCUIECTBA IIPH lepexoie
%3 HaualbHOTO (ra3oo6pasHoro) COCTOAHHUA B KOHCUHOC (KUIKOE) COCTOSIHME MOMKHO
HANBCATh

AS—S(C a7  p AV _ 4
ver T ) Ty

[oacrasue crona PdV=RdT—VdP=R dT—-RTiPP— H YYTA COOTHOILIEHHE
Cp= Cy + R, moayunm

T 4 q / Y T P q
=C,In- ! _—Rin=t 1 _RI¥* _Inl_plt ___~1_
AS pIn T, Rln B, T T In 7 In P, RT1>'

IlpupasunBas AS Hy/a0, HaxoZuM



TATABA IX
NOBEPXHOCTHOE HATS)KEHHE
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§ 106. TloBepXHOCTHOE HATIXKEHHE M HEKOTOPbIE ABACHMS,
C HHM CBS3aHHbIE

1. Ha moseryany XKuAKoCTH JEHCTBYIOT CHABl NPHUTSKEHHS CO CTO-
POHbBI OKDYXKAlOMUX MOAeKya. LEcaIM MoJeKysla HaxoaMTCs BHYTPH
KUIKOCTH U YAAJEHA OT ee NOBEPXHOCTH HA PaccTOsIHKe, NpeBhliaoliee
pamuyc chepbl MOJEKYNAPHOTO JAEfCTBHUS, TO, KAaK OBUIO BHIACHEHO
B § 98 (cm. puc. 96), 3TH CHJIBI B CPeIHEM YPaBHOBEIIMBaOTCA. Ecau ke
MOJIEKYJIa HAXOAHTCS B MPHIPaHUYIHOM CJ0€, TOJMIMHA KOTOPOTO pPaBHA
pazuycy cdepbl MOJEKYJASIPHOIrO IeHCTBUS, TO MOABJSETCA pPe3yJbTH-
pylouasi cuaia, Halpap/JeHHas BHYTPb XKHAKOCTH. IlosTtomy ansi u3BJle-
YEeHHS MOJIEKYAbl U3 BHYTPEHHHX YacTel XHAKOCTY Ha ee NMOBEPXHOCTb
tpebyetcs 3atpata pabotot. Paboma, xomopyio Hado sampamume,
4moObl USCHEPMULECKU U  KBAUCMAMUYECKU YBEAUdUMy 1OSePXHOCHIL
HUOKOCTU HQ eQUHULY NPpYU COXPAHCHUU ee 00TDeMa HEUBMEHHbIM, H3bl-
6aemcs  KOIPGUUUERNOM NOBEPXHOCHIHOS0 HAMANEHUSL UAU HPOCHIO
11068 PXHOCIHbIMN  HAMANCEHUEM.

Wsotepmuyeckas pabora, KaK H3BeCTHO, paBHa yObliH cBOOOZHOI
3HEPIIH cHcTeMBl (M. §45). CroGoaHYIO 3HEPTHIO KHIKOCTH, Ha KOTOPYIO
He JeiICTBYIOT BHEHIHNe CUJIH, MOXKHO NPEJCTaBHTb B BHJE

YW1V, ., (106.1)

rie ¥, — obbemHasi cocrapasiomas csobopnofl suepruu, a ¥, —
noBepxuocTHas. llepBas cocraBasiomasi nNponoplHOHAlIbHA ©0OBEMY,
BTOPas ~— NOBEPXHOCTH JKUAKOCTH (NPH YCJIOBUH, YTO NJIOTHOCTH XKHJ-
KOCTH U €e TeMnepaTypa NOALepKHBAIOTCH NOCTOSHHBIME). Pazjennts
NoJAHYI0 CBOGOJHYIO HeprHio ¥ Ha yKa3aHHBE ABEe YaCTH TPHHIHIIH-
aJqbHO MOXKHO caefpyromuMm obpasom. Ilpu yeennueHHd ofbeMa KHAKO-
cTH (KorAa (opma ee ocTaercsl HeH3MEeHHOH) OTHOLIeHHe NIOBEPXHOCTH K
o0beMy yOrIBaeT U B Iipefieie ofpaiaercs B HyAb. Ecn 00beM KUAKOCTH
V JocTaTOYHO BesHK, TO IOBEPXHOCTHOH 4acTblO CBOGOIHOH 3SHEpPruu
MOXKHO TIOJIHOCTBIO IIpeHeGpeyb H BBIMUCIHTL OGBEMHYIO IJIOTHOCTH
cBOGOJHON 3Hepruu no dopmyne Yoq = W/V = W/V. Benuunna 4
He 3aBHCHUT OT 00beMa KHIKOCTH, a TOJAbKO OT ee TWIOTHOCTH U TeMuepa-
Typbl. Ecan xe o6beM XKHAKOCTH He BeJIHK, TO BeM4HHA PV yxe
He Oyjier paBHa Bcefl cBoGoanofi aHepruu xuakocrd Y. Ocrasliascs
yacTb W — P,V 11 gact BenudyuHY NOBEPXHOCTHOH CBOGOAHOH SHEpIHH.

Ha ocnoBaHHI olipejiesieHHs, BBEJEHHOTO Bhlle, MOXHO HANHCAThb

Tnos = OF’
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rie F — n/omagk MOBEPXHOCTH KHUJKOCTH, a ¢ — HOBEPXHOCTHOE
HarTdxkeHHne. TakuM o0pasoM, nHOBEPXHOCMIHOE HQMSKCEHUE MONCHO
maxoie onpedesums Kax c80600HYI0 NOBEPXHOCMHYIO IHEPUID HUOKOCHIU,
npuxo0AUYIOcs Ha eQUHULY ee NOBePXHOCTIL.

B onHoM npesieIbHOM clydae MOXKHO IOJTHOCThIO NpeHeGpeynb 0GbeM-
HOHU 4yacTbi0 CBOOOHON 3HEPTUH. DTO Ciyual, KOTAa KUJIKOCTH CYIeCT-
ByeT B dopMme monkux nienok. IIpaMepoM MOTYT CJAYXKHUTb MBUIBHBIE
IJIEHKU. B 3THX c/1ydasix TOBOPAT, YTO KHIKOCTb HAXOMUTCS B HAQCHILUH -
yamom cocmoanuly. B TAKHX COCTOSHUSIX SIBIEHHUS, CBA3aHHLIE C TI0BEpX-
HOCTHBIM HaTsKeHHEM, BBHICTYNAIOT B HauGoJjiee NPOCTOM H UHCTOM BHJE,
IIOCKOJbKY Ha HHX He HakjaalpBaorcs s¢dexTsl, 06yCIOB/IeHHDIE
00beMHEIMH cBOHCTBaMH TeJl. Mbl 6yieM MPOBOAHTD MHOTHE PACCYKAEHHS
OPHMEHUTENbHO K XKUIKOCTAM B IVIACTHHYATOM COCTOSIHHH, TaK KaK 3TO
ob/1erqaer paccyxpenus. [losnydennsie pe3yabraTsl GYAYT CHpaBefIuBLI
HE TOJIbKO VISl MHMAKUX IVIEHOK, HO H VIS 2KHJIKO-
crefi BooGuwe. Hazo Tosibko Oparb NJEHKH, ToluuHa A B
KOTODBIX He MeHbille AnaMeTpa cepbl MOJIEKYJISPHOro
JefCTBHUA.

2. [louemy e BeIHYHHY O HA3HIBAIOT MOBEPXHOCT- p 7—p
HBEIM HaTshkendeM? s oTsera Ha 3TOT BOHpOC pac- Az
CMOTpUM cjefyiouufl onbiT. Bo3bMeM 1poBOIOYHBI [T T
KapKac, uMelolui popMy npsiMoyrosibHuKa (puc. 111). 26
Croposa CD xapkaca MoxeT cBOGOJHO CKOJDb3HTb
BJIo/Ib Hampasasiiowux nposojok AC w BD. 3ara- Puc. 111.
uem miomwans ABDC muutbHON nieHkoi. [lienka sta
nsoiinasi. Ona mopoGHo JHery OyMard HMeeT [Be CTODOHBI — mepefi-
HIOIO ¥ 34JHIOI — M COCTOUT M3 JABYX OJMHAKOBBIX MNPOCTBIX Ije-
HOK, MeXJ1y KOTOPHIMH HaxXOAHTCH 3KHAKOCTb. ONBIT MNOKa3bIBaeT,
YTO IIJIEHKa CTPEMHTCSI COKpaTuthesi, M mnepeMerika CD  mpHXoAuT
B JiBUKeHHe BBepX. JlJiA yaep:KaHHS B paBHOBecHH nepeMbliku CD
K Helf HaJ0 NPUJIOKHTb OIpeleleHHYIO CHIY, HanpHuMmep MOABECHTb
rpysux. Tar Kax IIJleHKa COCTOMT U3 ABYX TNPOCTHIX IJIEHOK, TO BeJH-
YHHY 3TOA CHJBI YAOGHO 0GO3HAYMTH NOCPEACTBOM 2f, cuuTas, YTO Ha
KaXkAYI0 [POCTYIO IWIeHKY AeficTByer cuia f. HaiineM Benuuuny f. Tloa-
JepxKuBas TeMIepaTypy IIOCTOSIHHOM, yBeqHuuM cHay f Ha Gecko-
HeyHo Mmanyio Benuuuny. TorZa nepemblika CD HauHeT GeCKOHEYHO
MeJJIeHHO nepeMeiatbes BHH3. T1pH cMelleHHH NepeMblYKH Ha paccrosi-
HHe Ax Haj mieHkoit Gymer copepiuena paGota AA = 2f Ax. Ilpu
3TOM ILIOWAjlb MOBEPXHOCTH IVIEHKH yBenuwuntess Ha 2AF = 2a Ax,
e a — JiuHa nepeMbiukd CD, a AF — yBe/ndeHue NOBEPXHOCTH KaxX-
NoH TPOCTOM IVIEHKH, W3 KOTOPBIX COCTOMT JBoiiHas IJjeHka. ITo ompe-
JleJIeHHIO TIOBEPXHOCTHOrO HaTsikeHHs1 paGota AA moxer OuITh Hpei-
crapjieHa B Bujie AA = 20AF = 2¢0a Ax. IlpupaBnuBas 00a BelpaxeHu,
NOJIyYHM

o=1. (106.2)
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OTciofa BMIHO, UTO NJeHKA HAXOJHTCH B cocmosnuu Hamsascerus. B
TAKOM K€ COCTOAHUH HATs:KEHHS HaXOAHTCA BooOllie INOBEPXHOCTh
BCSIKOM JKHAKOCTH. DTO 03HayaeT cleiymoulee. Paspe:ReM MiICAEHHO
TJIGHKY BJOAb OTpe3ka NpsMol JuHMH. Toraa Kaxjasfd H3 HOJOBHH
paspe3aHHOH nuieHKH OyleT NefcTBOBaTh HAa JIHHHIO Paspesa ¢ ompe-
JlefleHHOH CHJIOH, HMeloulell XapakTep HATSIKEHHs, KacaTelbHOH K
TJieHKe U MepIeHMKy/asipHOl K JHHAW paspesa. Cuaa, oTHecen-
Haa K eAuHMIe AJAHHB! JUHUM pa3pesa, U ecTh [OBEPXHOCTHOE HaTA-
JKeHHe o.

Takum o6pa3oM, KUIKOCTb BEJleT cefsd Tak, Kak ecau Gbl OHa Oulaa
noMelleHa B 2JIaCTHYHYIO (Hanpumep, pe3HHOBYIO) mieHKy. OnaHaxo
TaKad aHaoTHA siBJseTcs YHCTO BHeluHed. [Ipu pacts:eHuH pe3spHOBOH
IVIEHKH YBEJIHYHBAIOTCS PACCTOSHUS MEXKIY YACTHIlAMH B Hampas/eHHH
pacTsKeHus, Nd dero TpeGyercsa 3atpara pabGOTH MPOTHB CHJ clemnJe-
HHS, NeHCTBYIOUIMX MEXIY 3THMU vacTHuamu. Hamporus, npu yBeau-
YeHHH [OBEPXHOCTH KHAKOCTH paboTa HAET Ha NepeMelleHHe MOJIeKY
W3 BHYTPEHHUX yacTeft XHAKOCTH B IOBEPXHOCTHBIH ciofi. Kpome Toro,
IJIs pacTsKeHHsl PEe3UHOBOH IVIeHKH TpeOyeTcs TeM GOsblUasn CHAd, YeM
GoJibllie TVIEHKA PacTAHYTa, TOrAA KakK cuna, Tpebyromascs Ha yBeJaude-
HHe TIOBePXHOCTH KMAKOCTH, OT CTENeHH DACTANKEeHHUA MOBEepPXHOCTHOH
IJIeHKH He 3aBHcHT. IIpH pacTsiKeHHH NIOBepXHOCTHOH IJIEHKH YBEJIH-
YUBaeTCA TOJABKO €e NOBEPXHOCTh, B OCTAJNBHOM IWIEHKA OCTaeTCd TaKoH
e, [I0CKOJIbKY OHa HONOJIHAETCH MOJeKyaaMH, NOCTYyNAIOUIUMH H3 BHYT-
PEHHHX CJI0eB MHMIKOCTH.

3. Omnpejiesienne NOBEPXHOCTHOI'O HATsXKEHHS HAJO elle AOMOJHHUTD
yKasaHueM Cpeisl, ¢ KOTOpOH rpaniduT KUAKOCTb. Jlesio B ToM, 4TO Ha
MOJIeKYJIbl IIOBEPXHOCTHOTO CJIOSI JEHCTBYIOT MOJEKY/ASPHBIE CHJb
He TOJBKO CO CTOPOHBI MOJEKYJ paccMaTpuUBaeMoil KUAKOCTH, 1o U
CO CTOPOHBL MOJIEKYJ OKpYxKaioilell cpepsl. Pabora, Koropyio Hajo
3aTPaTHTL A/I5 U3BJEYEeHHs MOJIEKYJ/Isl 3 BHYTPEHHUX CJA0EB KUAKOCTH
Ha ee MOBEPXHOCTb, a CAeJOBaTeAbHO, H MOBEPXHOCTHOE HaTsXKeHHe
3aBHUCAT He TONBKO OT caMoil XKHAKOCTH, HO H om mot cpedsi, ¢ Komopot
OHa eparuyum. B Tabaniax o6LINHO NPUBOAAT 3HAUEHH S TIOBEP XHOCTHOTO
HaTSKeHHS KHAKOCTH Ha rPaHHLE ¢ BO3MYyXOM HIH ¢ ee HACHIICHHBIM
napoMm. Tax, mosepxHocTHOe HaTskKeHue poabl mpu O °C Ha rpaunnue
¢ BO34yXOM paBHO 75,7 nuH/cM, a Ha IpaHHlE C HACHILEHHBIM I1apoM
73,2 pun/cM. MOKHO TOBOPHTH TAKXKE O NOBEPXHOCTHOM HATSKEHHU HA
rpaHuile pasjiesa IBYX He CMEIUHBAOUIUXCA KUAKOCTEH HIN Ha MPaHHLe
pasgesa XHIKOCTH H TBepAOro Teja.

4. OnuuweM HEKOTOpPLHIC ONBITHL M SIBJIEHHS, OOGDBSCHSIONHMECST MOBEPXHOCTHHIM
HaTsXKeHHEM.

BospMeM NpOBOVIOUHBIH KapKac ¢ HATAHYTOH Ha HEro MLLIBHOR ILTIEHKOH, Ha
KOTOPYIO TOJOXKHM MeTAK M3 HHMTKH (puc. 112). Tloxa MblTbHasd mieHKa BHYTPH
NCTVIM eNia, MeTIs MOXKeT NpUHuMaTh J0yio dopmy. Ho ecan nierky BHYTpH netin
IPOKOJAOTh, TAK UTO KHJKas IJIEHKA OCTAHETCSI TOJbKO MEXJAY HHThIO H HAapYXHOH
TIPOBOJIOKOH, TO HHUTb Mo/ JAefiCTBHEM CHJI NMOBEPXHOCTHOTO HaTAMEHHS NpPHHHMaeT
($opMy OXPYXKHOCTH, KaK 370 [0Kas3ano Ha puc. 112 cmpasa.
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Coenunum Bepuinbl A H C 4eTHIPEXYTOJNILHOIO HPOBOJIOYHOTO Kapkaca ABCD
rubKoit HeHaTsAHyTOlH HUTHIO (pHc. 113). Ilnomans kapkaca 3arsiHeM MBUILHOI MJIEHKOH.
Haxonsmascsa Ha maenke Hutb AC npumeT OpMYy HeNpaBHIbHOH KPHUBOH JHHHH,
He OKashlBauefi HHKAKOro COMpOTHBJAGHHA NpH ee JedopMmauun. Ecin, opHaxo,
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Puc. 112, Puc. 113.

YHHUTOXKHTb TPOKOJOM 4acTb INIEHKH 10 OJHY CTOPOHY HHTH, TO NOf JAefcTBHEM
NOBEPXHOCTHOTO HATsKEHHS OCTaBlLuieHCs YaCTH IJIEHKH HHTh ApHMer (QOopMy AYrH
OKPYKHOCTH.

Tlogsecum nanouky AB (puc. 114) Ha ABYX napaaieibHBIX THOKMX HATAX AC
u BD. Huta natanyTel 1 npamoandeiinsl. Ecan miowans ABDC 3arsiHyTh MBUILHOM
IJIEHKOH, TO najouyxka NOJHHMETCH, a HHTH HCKPUBSATCSH, KakK MoKasaHo Ha puc. 114
crnpasa.

Koraa Bosocsinas weTKa norpy:keHa B BOAY, TO BOJOCH IIETKH OK a3bIBAIOTCS

asfleJieHHbIMH. Ec/aH e IMETKY BBIHYTb M3 BOZLbI, TO BOJIOCH CJHIAIOTCST BMECTe.

II)S TIPOMEKYTKaX MemJAYy BOJOCAMH OCTAeTCSi HEMHOTO BOMH, CBOGOAHAs NOBEPXHOCThb
KOTODO# COKpaulaercsi noj JAelicTBHEM NOBEPXHCCTHOTO HATAMKEHHSI # CTATHBAET
BOJIOCHI.

Hactinsiem Ba ceoGofinyl0 TOBEPXHOCTb PTYTH, HaAUTOH B IMpPORKHMNl COCYA,
KaKoi-1u60 MOPOWOK. 3areM NOTPY3HM B Hee BePTHKANBHYIO TOJICTYIHO CTEKJSHHYIO
nanouky. [Topolmok yBnexkaercs B yrayGJjienHe BOKpPYT MajOuKH, KaK GYATO Gbi PTYTh
Gbuta NOKPHITA TJICHKOM, He pasphiBaouieficst NPH MOrPYKEHHH B Hee nanouku. Onbit
yaaeTca W C BOJOH, eC/M NasloYKy NpeIBAPHTENIbHO CJerka CMas’arb KHDOM.

Muorne spjeHns OOBACHSIOTCS TEM, UTO MOBEPXHOCTHOZ HATSIKEHHE Y Pa3sHBIX
Kujpkoctell He opuHakoBo. BoaoMeM, HanpuMep, MaNeHBKYIO MOjesdbh KopaG/iHKa

LU LA L 2220 /

¢ 7 A /)
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Puc. 114.

H3 KECTH, B KOpMe KOTOpOil Clesano HeGo/blioe oTBepctHe. HanneM B Kopabamk
Hemiioro sbupa, 4yToGH ypoBeHb CcpBoGOAHON NOBEPXHOCTH 3pHpa Gbil HECKOIbKO
BhIlIE OTBePCTHA. 32reM MYCTHM KOpaG/HK NJ/aBaTh Ha NOBEPXHOCTH BOJAbL Torna
Ofl HauHeT JABUTATLCS BRepel, T. €. B HANPaBJCHNH OT KOPMbI K Hocy. SIBienne oObsic-
HAETCS TeM, YTO I0BePXHOCTHOE HATsIKeHHe 3(1Ipa MeHblile NOBEP XHOCTHOTO HATKEHAS
BOABI. D(pHP, NMPOCAYHBAIOUIMACA Yepe3 OTBEPCTHE B KOPME, NOKPHLIBAET MOBEPXHOCTh
BOABI C32AM KopaljauKa ToHKHMM cjoeM. [loBepxnocTHoe HaTsKeHne apupa TAmer
kopa6auk Hasag. OfHaKo 3Ta CHJa MeHblle CHJIBI NOBEPXHOCTHOTO HATSIKEHHS BOJABI,
KoTopasi TsiHeT ero Briepel. PesyabTupyloinas 3THX [BYX CHJA Hamnpas/ieHa Brepex
H TIPHBOAMT KOPaGIuK B [ABHKEHHe.
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To xe sABnenne HaGmofaercs, KOTJa MajeHbKHE KYCOUYKH kamdbopsl Gpocaior
Ha NOBEPXHOCTL YHCTOH BOABI. Kamopa Me[IcHHO pacTBOPSETCS B BOJE H yMEHbLIAET
ee TIOBepPXHOCTHoe HarsikeHHe. CKOPOCTb PAaCTBOPEHUS B PA3/IHUHEIX MECTAX KyCOuKa
Kam@opbl He OJIHHAKOBa H 3aBUCHT OT ero Gopmbl. OHa GoJbliue BOAM3H BLICTYMAIOUKUX
OCTPBIX KOHLOB Kycouka. B pesyaprare o6pasyercsi pasHoCTb NOBEPXHOCTHBIX HATS-
JKEHHH, IPHBOASIIAS KycoueK Kampophl B 6eCnopsiIouHOe H HHT@HCHBHOE BpAaraTeJb-
HOe M MOCTynartelbHOe JABMKEHHe. SiBjenne nHaG/oaaercs TONbKO TOrAa, KOrja mo-
BEDPXHOCTb BOABL 0CTATOYHO yHcTasi. TOHKHIL CJIOfl XKHDA YMEHDLLIACT [IOBEPXHOCTHOE
HaTs2KeHHe BOJBI HaCTOIbKO, YTO PAcTBOPeHHe KaM(popb! He MOKET yKe IPOU3BECTH ero
AanbHeiiero ymenblenusi. CoryacHo Peiieto, apHikenne kKaMdopsl mpekparmaercs,
KOT/la TOJLIHHA CJI0St Mac/1a Ha IOBEPXHOCTH BoAbl focturaet 2 - 1077 cm. B atom cityuae
NOBEPXHOCTHOE HATsKEHHE BOAB HAa 2804 meupwe, ueM JAS UHCTOR NOBEPXHOCTH
Boanl. Cjoit macsa rommuuo#l [-1077 ecM H Huxke, coracHO Pesero, npakTHueckH
He 0Ka3blBaeT HUKAKOTO BJMSHMS HA NOBEPXROCTHOE HATSKCHHE BOJIBL

[lnato (1801 —1883) o6uapyxui, 4To Ko/JeGaHHs MAarEMTHOH CTPENKH 3aTyXaioT
3HAUATE/bHO CHJIbHEE, KOPA2 OHA NOoJBelIeHa TaK, YTO JIeKHT Ha TIOBEPXHOCTH BOAHI,
YeM B TOM c/1yyae, KOTAa OHA LEJHKOM IOFPYKeHa B BORY. DTO MOMKHO OGBACHUTEH
TEM, YTO IIOBEPXHOCTh BOALI BCerfa HeMHOro 3arpsisHena xHpoM. Korma crpenxa
JBHKETCS [0 MOBEPXHOCTH BOJBI, KHD COCDEJOTOUHBAeTCS BIICDENH Hee, a C3aiu
MOBEPXHOCTb BOJBl CTaHOBHTCS GoJsiee YHCTOH. B pesyabpraTe BO3HHKAaeT pasHOCTb
CuJl MOBEPXHOCTHOTO HATAMKCHHS, TOPMO3ALLAA NBHIKEHWE CTPEJIKH.

Bosinenne Ha MODe MOXKHO B 3HAYHTE/NbHOHM CTeNMeHH OoClabHTh, BBLIKBAS HA IMO-
BEPXHOCTL BOABI Macao. Berep, AeHCTBYS Ha NMOBEPXHOCTb BOXBI, NMOKPHITYIO MACJIOM,
TOHHT Mac/Io BNepes K OCTaB/IseT 32 co00i 6oJee UHCTYIO NOBEPXHOCTL Bogs!l. [TosiBng-
ercss oBpaTHO HanpasJeHHas CHJAZ IIOBEDXHOCTHOIO HATSKEHHs, CTpeMsiascs
3aTOPMO3HTb HOBEPXHOCTb BOJbl, NMpPHBEJEHHYIO B jBHxeHHe. Jlake KOrfa BOJHHI
y*ke 06pasoBa/MCh, CJIOH Macia CO3AaeT JONOJHHTENBHYIO CHJY, CTPeMSILYIOCS
3aTOPMO3HTb BoJHeHue. C BOMHEHHEM CBfI3aHO VYBeJMUEHHE TOMINMHEL Machsisod
IVIEHKH B OJHHX MeCTaX M yMeHbUIeHHE B COCEJHHX. DTO CO3[aeT Pa3sHOCTh MOBEpX-
HOCTHBIX HATsiKenuii, CTPeMSAIYKCA YMEHbIUHTb BOJIHEHHE.

Hacreinsiem Ha NOBEPXHOCTH BOABI B COCYJE CIOPHI JHKONOAHA. BosbmeM crakas,
HaJbeM B HEro HECKOJ/IbKO Kame/lb 3bHpa, KOTOPHIMH CMOUHMM JHO M CTEHKH CTaKaHa,
a ocratok adHpa BeIbeM. B crakane ocrasmyrcs Tikennle napel adHpa. Bulibem ux
Ha TMOBEPXHOCTb BOABI, NOKPHITOH NMOpowKoM Juxonoius. Ilopowok GEICTpo pacxo-
IMTCSE BO BCE CTOPOHBL OT TOTO MeCTa, Ha KOTopoe mnomaiau napsl sdupa. Hsnenve
BechMa oPhEKTHO, TaK Xax Napbl 3PHpa He BUJAHB, ¥ KaXKeTcs, YTO ONbIT IPOU3BOANTCA
C TYCTHIM CTAKAHOM. SIBjeHHe OGBACHARTCH TeM, YTO Napsl 3PUpa YMEHbINAOT IOBEPX-
HOCTHOE HaTsKEHHe BOAbl. BO3HHKIIAS Pa3HOCTb NMOBEDXHOCTHBIX HATSKEHHH H 3a-
CTaBJseT MOPOWIOK pasberatbest K KpaaMm cocyia. Kanss Boibl, BHCAINAA Y HHAKHETO
KOHI|A BePTHKAJIBbHOM TPYOKH, OTPLIBAETCSI H T14/1aeT, eC/IM BOJAH3H Hee IOMECTUTh ShHp.

5. B coctosnuu pastosecuss cso000Has aHepeus cucmemol 00ANCHA
6bitnb MURUMAALHOL. JlomycTHM, UTO 2KHJKOCTb COBEPIIEHHO CBOGOIHA,
T. €, He OrpaHuueHa CTEHKAMH COCYJla M He TMOJABEpPIKEeHA JIEeHCTBHIO
BHEHIHHX CHJIOBBIX nosefi. Toraa noj AeficTBHEM CHA NOBEPXHOCTHOTO
HaTsDKEHNS OHAa JO/KHA NPHHATH Popmy wiapa, Tak KaK U3 BCeX Ted
3ajlaHHOTO o0beMa I[uap HMeeT HAHMEHBIUYIO MOBEPXHOCTb, a NOTOMY
¥ HaWMEHBUIYIO IOBEPXHOCTHYIO CBOOOAHYIO 3Hepruio. IlosyueHuio
1apoBo# GOPMBI KaIuIi KUAKOCTH MelnaeT cusa Tsxectd. [loTeHnuans-
Hasl SHEPrUsl CHJILI TSIHKECTH IPOIOPLHOHATbHA OOBEMY KHAKOCTH,
TOTAA KAk 3HEPrusl IIOBEPXHOCTHOTO HATSKEHHS HPONOPIHOHANBHA
ee nopepxHoctd. [Joatomy oOTHOCUTeNbHOE BAUSHUE CUHJIBL TSKECTH
[0 CPaBHEHUIO C BJHSIHHEM IIOBEPXHOCTHOIO HATSXKeHHS TeM Goablile,
yem Gosiblie o0beM Kamliay., Madsble Kaniu Bojsl H B 0COGEHHOCTH KAIIH
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PTYTH NPaKTHUeCKH 11apooBpasHul. Ho B ycl10BHAX HeBeCcOMOCTH Karisf
J1000/1 JKHJIKOCTH, HE3aBHCHMO OT ee PasMepoB, HMeeT cdepHuecKyo
¢dopMy. D10 JeHCTBUTENLHO HAGAI01aN0Ch BO BPEMS [10/1eTa KOCMHYeCKHX
Kopabiet. B 3eMHbIX yCIOBHAX MOKHO NOJHOCTBIO HCKJIIOUHTE BJIHSHUE
CHJIBI TSKECTH, MOTPY3UB ONPEJCJIEHHYIO MAcCy XKHIKOCTH B COCYA
¢ APYTo# KHAKOCTBIO, He CMellnBatomeiicst ¢ nepsol. [TnotHocTu o6enx
KHAKOCTEH JOJKHBI OBITb OAHHAKOBEL. TakoH onwkiT Obl1 TOCTaBJIeH
[TraTo. OH B3si1 cMechb CHIHPTAa H BOAbl H B Hee IMOTrPY3ws GOMBUIVIO
KaILTIO OJUBKOBOrO Mac/la. 11moTHoctTH ofenx 2KujiKocTeill OBUIH MOJO-
fpaHbl ONMHAKOBBLIMH, H OJHMBKOBOE Macjo NPHHANO ¢GOpMy Iapa.
Omerr Tl1aTo MOXKHO NIOBTOPHTH M CO MHOTMMH JDYTHMU XKHMAKOCTAMH.
Y0610, HATpUMEpP, B3ATb PACTBOP IOBAPEHHON COJMH B BOjE M TNOJO-
6paTh KOHLEHTPALKIO TaK, YTOOb! IVIOTHOCTb PacTBOpa cllelajiach PaBHOM
IJIOTHOCTH aHWJIMHA. AHW/IMHOBAsA Kaljifl B pacTBope NPUHHMaeT Gopmy
wapa. Tak Kak TPYAHO NOCTHTHYTb TOYHOTO PABEHCTBA IJIOTHOCTEN
ofenXx XUIAKOCTeH, TO AIs IeMOHCTPAUuH SIBNEHUS yIOOHO B pacTBope

- ()

Puc. 115.

CO3/1aTh KOHIIEHTPAIIHIO COH, MeJJIeHHO YyObiBaoLLyto ¢ BuicoTod. Llentp
AHMJIHHOBOH KamnJsH OyJeT HaXOJHThCS B DABHOBECHH Ha TAaKOH BHICOTE,
rjie TJIOTHOCTb PACTBOpa paBHAa IIOTHOCTH aHHW/IMHA.

6. Bucsmas xan/js HaNOMHHAET KUAKOCTb, NOJABELICHHYIO B PE3HHO-
BOM Metouke. OHAKO HATAXKEHYE Pe3NHOBOH IJIEHKM MEHseTCs C H3Me-
HEeHHeM KOJIMUecTBa 3aKJ/IIOUEHHOH B Hefl XKHJIKOCTH, TOrja Kak INCcBepx-
HOCTHOE HaTsiKeHHe OT Pa3MepoB Karuid He 3aBUCHT. C 3THM CBSI3aHO
SABJIEHE ompuisa Kaneav. locsenoBartesbHbie CTaiMu pocTa Karmiy cXema-
THYECKH ToKas3aHb! Ha puc. 115. Koraa xamist jocturaet onpejeenHoro
pasmepa, Ha Heii obpasyercs uielika (cyxenue). [lo mepe yBejnuueHus
pPa3MepoRB Kalwlil OHA CTAHOBUTCS BCE TOHbBIIE H TOHbLIE. B onpefenenHuli
MOMEHT Ha HIelKe MOsIBAfeTcs BTOpPOe CYXKeHHe, M, HaKOHel, Kaluls
paspeiBaeTcs cpasy B ABYX MecTax. BejecTBHe 3TOT0, KOTAa OTPHIBAETCA
GoJibluasi Karuisi, 3a Helt Bcerjaa claejyeT MajeHbKas Kamne/jbka, HasblBa-
eMast wapukom I1aamo, KOTOPHI NepBbHIM NOIMETHI 3TO siB/JeHHe. Boib-
1mas Kamjiss BO BPeMsl CBOEro mnajeHust o0HapyKuBaeT NEePHOLHYECKHE
H3MeHeHns1 (OpMbI, BbI3bIBaeMble NOBEPXHOCTHLIM HarsnKeHueM. Ona
BHauaJjie HMeeT GOPMY BHITAHYTOTO 3JIJHICOM/A BPalileHH A, 3aTeM JI/IHII-
COM/l IepeXOoMHuT B IIap, B CIIOCHYTHIA 3JIMICOUA H T. L.

Hemonctpauus sBfeHus OGpa30oBaHHfA ¥ OTPHIBA Kallesib 3aTpPyAHEHA TeM, UTo
sSIBleHKe NPOMCXOANT oveHb Gbictpo. JlapiHur mpeojosiesl 3T0 3ATPYAHEHHE HMCKYyc-
CTBEHHBIM YMEHDBIIEHHEM CHJIBl TSIAKECTH COBEpUIEHHO TaK ke, Kax nocrynuda Iliaro
B CcBoeM u3BecTHOM onbite. IIpu Temueparypax sbmue 80 °C IIOTHOCTb KHEKOTO
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AHUIHHA MeHbllle, YeM Y BOIbl, A NPH HH3MIMX TeMmeparypax — Gosbwe. Kpome
TOrO, aHWIMH He CMeliBaercst ¢ BOAOH. [lna onbita Geperca 60JblION CTeK/AHHBIH
crakas BbicoToit 20—25 cM u guamerpoM 10—12 oM, HanoJHEHHBI IHCTUNHPOBAHHOR
podoii. B Boay noGapasiércs 80--100 cm® anmnuna. CrakaH CTaBHTCS Ha NeCUaHYIO
6anio, TOAOIPEeBaeMylo rasosoil ropeikoii. HarpeTwlii aHHJIMH BCILIHIBaeT BBepX H
cofupaercss B BHAe Kaneab (IMaMeTpoM 2—3 cM) Y cBoGOAHOH NMOBEPXHOCTH BOAHL.
Tak Kak Temmepatypa BoAbl Ha noBepxHocTd Huxe 80 °C, To HPH OCTBIBAHHM KallJH
aHWIHHA OTPHIBAIOTCA H Me/VIEHHO NajaloT Ha AHO. 31ech OHH CHOBA HArpeBaloTCA
¥ nopuuMatorcs BBepX. Ilpouecc NOBTOPAETCS HEOTPAHUYCHHO JOJTFO, NMOKA MOALep-
KHUBAeTCH HeoGXOAHMAsA DasHOCTb TEMIEPATyP MEkIY JHOM H NOBEPXHOCTHIO BOJABI
B cocyne

7. Tlpunumn MuHuMyMa cBOOOAHOH NOBEPXHOCTHON SHEPTHM KUA-
KOCTH B NMPUMEHEHUHM K pacTBOpaM NPHBOAWT K HOBOMY HHTEPECHOMY
3ak/ioueHHI0. CocTaB NOoBepPXHOCTHOTO CJIOA B PAacTBOpe MOXKeT CYIecr-
BEHHO OTVIHYATbCsl OT COCTABA OCHOBHOH Macchl 3XMIAKOCTH. [lesio B ToM,
UTO pA3JHYHBIE YHCTHIE BEIeCTBA HMEIOT pasiuYHble TOBepXHOCTHLIE
HaTspKeHHs1 ¢. BejquuuHa ¢, a NOTOMY H CBOGOXHAsSl TOBEPXHOCTHAA
IHEPTUS KHUAKOCTH 3aBUCAT OT MEKMOJIEKYJ/ISPHBIX CHJI, KOTOPbIE B CBOIO
ouepeib ONpeAeSIOTCs CTPOCHHEM MoJeKys. MHHHMYM NOBEpXHOCTHOH
IHEPTHHU KUAKOCTH JOCTUIAETCS HE TONIbKO [1YTeM COKPaLieH sl ee NoBepX-
HOCTH, HO W INyTEM YKOMIVIEKTOBAHWS TOBEPXHOCTHOTO CJIOS TaKuMu
MOJIEKyJ1aMH, YTOObI BeiHurHA ¢ Oblia MUHHMalbHOMN. BertecTa, ancop-
6upyrouiyecs Ha NOBEPXHOCTH pasiena ¢ COOTBETCTBYIOUMM HOHH:Ke-
HHeM cBOGOJHON IOBEPXHOCTHOH 3HEePTHH, HA3LIBAIOTCH f08EPXHOCTIHO-
akmugroimu. YIX nobasiaenune 1axe B HeOOJbIIOH KOHIEHTPALHH CYIIECT-
BEHHO YyMeHbIIaeT NOBEpXHOCTHOE HaTsKeHHe. MoJleKysnnl Taknx
BELIEeCTB IperKfe BCEro MOCTYNAIOT B MOBEPXHOCTHLIM CJIOH M Jullb
nocsie TOro, Kak OH OKaxeTcd 3aNoJHEHHBIM HMH JOCTATOYHO IJIOTHO,
IIPOHUKAIOT B OCHOBHOH OOGBEM KHIKOCTH.

K noBepXHOCTHO-aKTHBHBIM BEIleCTBAM OOBLUHO TNPHHALJEKAT MOJe-
KYJIbl OPTaHU4eCKHX BelecTB, HMeIOmte BHTAHYTYIO dopmy. OHH cocTo-
AT U3 nossApHoi rpynnsl (Ranpumep, —OH,—COOH, —NH;), K Koro-
poil NPHUCOEIUHSIETCS] HENOJAPHAS YacThb MOJIEKYJBl (HanpuMep, yrJe-
BOJIOPOAHAS LeNb UAH KoaAbuo). Hoasipuas rpynna obnagaer 60JbiLuM
JHIOJBHBIM MOMEHTOM, KOTOPHIH SIBASIETCSl LEHTPOM CUJIOBOIO TONS
MOJIEKYJ/IEL. JIHHOJbHBI MOMEHT HENOJSIPHOH YacTH MOJIEKYJIB TPaKTH-
YecKH PaBeH HYJIO. B NOBepXHOCTHOM CJoe KHJAKOCTH MOJIEKYJBI MO~
BePXHOCTHO-AKTHBHBIX BeILECTB BHICTPAHBAIOTCH IapaselbHO JpYr
IpYry TNOJAPHBEIMH TPYNIaMH, OOpauieHHBIMH BHYTPb KMAKOCTH, a
HENOJNSIPHBIMH HacTAMH — HapyXy.

HawGosee u3pecTHbIM NPHMEPOM MOBEPXHOCTHO-aKTUBHOIO BEIECTBA
SIBJAETCA MbIIO. C pe3KHUM YyMeHbIlIEHUEM TOBEPXHOCTHOIO HATSIKEHHUS
MBIIBHOTO pacTBopa (a TakXke C yBeJHUYEHHEeM ero BSI3KOCTH) CBsA3aHa
BO3MOXHOCTb BbILYBaThb GOOJIbILHE MbUIBHBIE ITy3BIPH, Yero HHKOTAA
He yJaercst clesaThb C YHCTOH BOAoH. B mocnenseM ciyyae MoJieKyJbl
HA rpaHulax IVICHKH C CHJIOH BTATHBAIOTCSA BHYTPb IIJIeHKH, Grarofapsi
YeMy OHA CTAHOBHTCA C/AHIUKOM TOHKOH U JIONAeTCs.
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CyuiecTByIOT M TakHe BeliectBa (CoJsb, caxap), Zo0aBJeHHe KOTOPHIX
K BOJIe NOBBIIAT €¢ NOBEPXHOCTHOe HarskeHHe. DBuaronapst stomy
rojicaJuBaHHe MBIILHOTO pacTBopa BHITANKHBAeT B I0BEPXHOCTHHIH
cJIoft KHAKOCTH elle GoJIbllie MOJIEKYJT MBLIA, YeM B IPECHOH Boje. 10
HCIOJIB3YeTCA B TeXHHKE MbLJIOBAPEHHUS J/Is BbIAGTEHHS MbLIA U3 pPacT-
BOpa IyTeM ero «BBHICAJHBAHHIY,

§ 107. TepMOaAMHAMHKA MOBEPXHOCTHOrO HATSIKEHHUS

Jlna yBennueHus: NOBEpXHOCTH MMeHKH HA dF Hajx Hell HAJO NMPou3-
BecTH pabory odF. Cama nenxa npH 9ToM coBepiuaer pabory 0A ==
== —0odF. Tlo nepomy Hauany repmoinsamuku 8Q = dU + 0A wunu

8Q =dU — o dF. (107.1)
BBens suTponuio S, mepenuineM 3TO PaBeHCTBO B BHJE
dU=TdS+odF. (107.2)
Cso6ozHasi aHeprist pabHa
¥Y=U-TS, (107.3)
a IoToMy
d¥ =—SdT +adF. (107.4)
Orcioga S = — <%>F, W cJefoBarennio,

V—U4T (%)F (107.5)

[ToncraBum ciona ¥ == oF. [lorepxHocTHOE HATS)KEHNE 3aBUCHT OT TeMIIe-
patypsl IVIeHKH, HO HE 3aBHCHT OT ee nJjowazu. Ilostomy nocne nof-
CTAHOBKH TOJIYYHM

do \

U:(G_T—dT)

\

F. (107.6)

Ecau miaeHka pacluupsietcss H30TEPMHUECKH, TO eH Hajo CooOHTh
TEIJ0
Q=AU —oF =—T -2 4F.
dT

Temno, COO6I.LL€HHO€ €IHHUILE MOBEPXHOCTH NIJIEHKHU NIPH H30TEPMHUYECKOM

pacluMpeHut, PaBHO
do

g=—T . (107.7)
OHO NOJIOXKHUTENBHO, NOTOMY 4YTO, KaK IOKA3BIBAET OILIT, BEJHYHHA G
YMeHBIIAeTCSl C TOBHILIEHHeM TeMmnepaTypbl. Bennuuna g HasbiBaercs
menaomott 00pasosarus eduruyst nogepxrocmy naesku. (JIpyroil BeIBO,

¢opmyanl (107.7) cm. B 3ajave 1 x aromy naparpady.)
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3ALAYM

1. Toayunth coorrowenue (107.7) MeTONOM LMKJIOB.

Pewenue PaccmMoTpuM MJIeHKY XKUAKOCTH U NposeieM ¢ Hell OeckOneuHO
manplit MK Kapho. Byzem oTk/aaplsate N0 FOPH3OHTAJIBHOH OCH IJIOUIANb MJICHKH
F, a no BepTHKanbHOM OCH — noBepXHOCTHOE Katskenue o (puc. 116). [lpu nocroan-
HOH TeMIleparype HOBEPXHOCTHOEe HaTsKeHHe Tax:Ke noctosiHHo. [lostomy Ha Hamef
IHarpaMme HM30TepMBI  H306pa3dTci TOPHUSOHTANbHHIMH  mpsiMeMH. Hauanbnoe
COCTOSIHHE IJIEHKH Xapakrepuayetcss Toukofl I. IlpHBeseM IVIeHKY B TeINIOBOH KOH-
TaKT C HarpeparejeM, TEMIIEPATYpa KOTOPOIO PaBHA TeMiieparype IieHKH B COCTOAHHH
1. 3ateM KxBa3HCTaTHYeCKH PacTsiHeM NUIEHKY 1o cocTosiuus 2. Ha sto nago sarparuts

pabory. Pabora caMoli mJieHKH oTpHuatensbHa u pasia Ay = — o (Ty)AF, rae AF —
IpUpalleHHe MJOULafN TWIEHKH NDPH PACTSKEHHH 1o
G uzorepMe /2. Tlpu u30TEPMUUYECKOM PaCTSKEHMH K

IJIeHKe Hajo NMOABOJHTHL Terio. Beswunna nojseneH-
Horo temia @y = gAF. B cocrosinum 2 msoaupyem
IJIEHKY OT Harpeparte/sl H afHabaTHUeCKH GECKOHEUHO
MaJlo PacTsiHeM ee o COCTOSHMS 3, B KOTOPOM IIeHKa
HpHMeT Temnepatypy xodonuasuuka Te. Ilpexnona-
raercs, uyro Temueparypet Ty ¥ T, oTaMualoTest Apyr
or npyra GeckoHeuHo Majo. B cocrosnuu 3 mpusenem
F TUIGHKY B TEIJIOBOH KOHTAKT € XOJOJAWIBLHHKOM M H30-
TEPMHMUECKH TiepeBefeM ee B coctosinue 4. Tlomepx-
Puc. 116. HOCTb TWIeHKM yMeHopiimrcst ua AF, u oHa copepmmt
noJoXUTeNbHYI0 patoTy A, = 0 (Tp) AF. U3 cocros-
nusi 4 BEpHEM TIEHKY B WCXORHOe coctosuue . Patorofi nnenxw na apmaGarax 23
u 41 MOXHO npeHe6peub, KaK BeJMUHHOH 6oJiee BHICOKOrO nopsaxa ManoctH. [loanas
paora, coBeplieHHAA IVICHKOH BO BpeMsl KPYroBOFO I[Ipongcca, papHa

A=Ayt Ay=[0 (T — 0 (T)) AF =30 (7, T') AF.

Tlo teopeme Kapho
A T—T,
[0 Ty
ToactaBnss ciofa Hafinennvle Bhle Beipamesus aas A u @y, mocne CoxpalteHus
nonyuuM Qopmyay (107.7).
2. OnpeseiuTh M3MEHEHHE TEMIEPATYPHl [ICHKH [PH aiuabaTHyecKoM pacum-

PeHHH.
OTtBeET,

9
dT_--—--C; dF, (107.8)

rje Cp ~— TEMIOEMKOCTh €IHHHUbI NOBEPXHOCTH IVIEHKH [IPH NOCTOSHHOM 3HAYEHHH
F, a q ompenensercs dopmyaoli (107.7). Tlpu apnaGartuyeckoM pacIlMpeHHH IJICHKA
oXJ1aXaerTcs.

3. Muutpas nneska uMeer toimuuy A=10"% MM u Temneparypy T = 300 K.
Bolync/inTs yMeHbIIeHHe TeMnepaTypHl 3TOH IVIEHKH, eCJH ee PacTSIHYTh afguabaru-
YeCKH HacTOAbKO, YTOOH NJOULARb IWICHKHM yjABOMJach. IloBepxHocTHoe HarsKeHue
MBNIBHOTO pacTeopa y6bisaer Ha 0,15 AHH/CM IpH NOBBILUEHHH FeMOepaTypsl Ha 1°

Orser. Cuuras ¢p= cyh (Cy — yAGAbHAS TeMJIOEMKOCTb BOABI), NOAYYHM

AT 2L do

ez,h -ﬁ%—o,02K.

(Kospuuuenr 2 yunThiBaer 10 OSCTOSTENABCTBQ, YTO IMIEHKA — JBYXCTOPOHHSS.)
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4. Tloxasars, yTo BGAM3H aGCOMOTHOTO HYJS MOBEPXHOCTHOE HATAKEHHE KU~
KOCTH MEPECTaeT 3dBUCETb OT TEMNEPAaTypHl, T. e.

lim 42 . (107.9)

T-0dT

(KonxpeTHo peub MoXKeT MATH TOJNBKO O lelHH -— IHHCTBEHHOM BelieCTBE, OCTalo-
meMcsA KHIAKHM ITPH a6CoOMIOTHOM HYJe TeMIeparyphl.)

Pewenue. Ioacrasum B dopmyay (107.7) ¢ = TAS, rre AS — npupamenue
SHTPOIHH IJIEHKH IIPH yBeJHYeHHH ee [OBepXHOCTH Ha eAHHHLY. lToayuum

do

-—d—77=—~AS.

Cornacro Teopeme Hepuera npnm aGcomoTHoM HyJe TEMIEpaTyphl BCE MPOLECCH
uAyT 6e3 H3MeHeHHs 3HTpomHH, T.e. AS = 0. Orcroga u ciaeayer (107.9).

§ 108. Kpaesbie yrani. CMauuBaHue W HecMauMBaHHe

1. JomycTuM, 4TO TPYU IKUAKHX cpeant I, 2, 3 (onHa U3 HHX MOXKeT
ObITh 1a3000pa3HOi) NOAPHO TPAHHYAT MeXKY COO0H BAOJb TPEX MOBEPX-
HOCTell, IlepeceKarwolUXCcA BAOIb HeKoTopod JauHud O (Ha puc. 117
H300paKeHO CceyeHHe pacCMaTPUBAEMOlH CHCTEMBl NIOCKOCTBIO PUCYHKA,
nepneHAUKYJAspHOA K nuHHM O; qususg O He u300pa)keHa, a yKasaHa
TOJILKO TOUKa IlepeceuyeHHs €e ¢ IVIOCKOCTbIO DHCYHKa). Bo3MOXKHO JiH
U NpH KaKuX yCJIOBHAX MEXaHMYeCKoe DPaBHOBECHE MEXIY 3THMH Cpe-

5)

Puc. 117.

namn? TIpu otBeTe Ha 3TOT BOMpOC HAAO MMETh B BHAY, YTO I'DaHUILI
pasnesia MexIy KUIKOCTSIMH SBJSIOTCH He NeOMeTPHUeCKHMH MOBepX-
HOCTSIMH, a TPEJICTAB/AIOT cO00H MepexoiHule CJIOH, B KOTOPHIX H Jeil-
CTBYIOT CUJIBI [IOBEPXHOCTHOTO HaTsKeHUsi. TOJIIMHA STUX CJI0€B OPAl-
Ka pajuyca JeficTBUS MOJeKYJspHEIX cH/1. Bo3bmeM Ha iuuun O oTpe-
30K €JAMHHYHOH JUTHHBI H OKPYXKHM €ro HU/IHHIPHIECKOH 10oBepXHOCTBIO
S, Kax ykasaHo Ha puc. 117, a. ['panuisl IOBepXHOCTHLIX CJI0EB MEXKAY
KHUIKOCTAMHA 0003Ha4YeHB! NYHKTHpoM. [l paBHOBecusi HeoOXOAMMO,
4TO0LI BCE CHJIBI, NeHCTBYIOLIHE Ha XKHAKOCTb BHYTPH UUIHHAPA S, ypaB-
HOBEIIMBAJUCE. DTH CHJBL COCTOST M3 CHJI IOBEPXHOCTHOTO HaTsKe-
HHSA @3, Gy, O3, NEHCTBYIOLINX BIOIb IPaHULl pasiesa Mexay XKHAKOC-
TAME, CHJI THAPOCTATHYECKOrO AABJEHUS HA IOBEPXHOCTb S M CHJIBI
Beca KHAKOCTH, 3aK/IIOYCHHOH BHYTpU oObeMa, OrpaHHueHHOro 3To#
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noeepxHocTbio. [To 3akoHy ApxuMesna pe3yabTHPYIOWAS CHI THAPOCTA-
THYECKOTO JIaBJIeHH S TOTO JKe N0PsiAKA, YTO H BEC XKUJKOCTH B UHIHHApe
S. OOe 3T cHJIBI NIPONOPUHOHAIBHE 0GbeMy IHInHApa. [lo mopsaky
BEJIMYHHEL OHH DPaBHBl [ ~ prr’g, THe O — IJIOTHOCTb JKMAKOCTH, a
r — pajuyc feHcTBus MoJeKyAspHbIX cua. llomaras p ~ 1 r/cm®,
r ~ 1078 cm, noayunm [ ~ 107 quH/cM, TOrA KaK NOBEPXHOCTHOE HATS-
EHHe O COCTaBJAeT AECATKH AMH Ha caHTUMETp. SlcHO mosTOMYy, uTO
CHJIOR Beca M THJPOCTATHUECKOTO JAABJIEHHH MOFKHO MOJHOCTBIO
npeHeGpeyb 1 3anucaTh yCJIOBHE PAaBHOBECHS B BHAE

O13+ O3+ 05, =0. (108.1)

Taxum 06pasoM, Bce MPOUCXOAUT TAK, KAK €C/H Gul peub 1iia o paBHo-
BECHH TPEX CHJl Oy, Gyg, O3y, IPUIOKEHHBIX B ofHOI Touke O (puc. 117, 6).

Teomerpuyecku ycioue (108.1) osnauaer, uto M3 OTPE3KOB C JJIH-
HAMU Oy, Ogg, O3 MOXKHO COCTABUTH 3AMKHYTHIH TPeyrosibHUK. JIJIMHBE

6, 1 CTOPOH TPEYFOJBHHKA  OJHO-
3HAYHO OfIpelefl0T U caM

p. TpeyroabHuK. IlosTomMy yribl,

MO KOTOPBIMH CXOAATCH TO-

515 N BEPXHOCTH pasjiena Ha JUHHU
' o 3 O npu paBHOBecHH, OJHO3HA4Y-
HO OTNPefe/IsIoTCs TOBEPXKHOCT-

Puc. 118. HBIMM HaTSDKEHUAMH Oy, Os3,

0y. Ecaum ojHo u3 3THX 10-
BEPXHOCTHHIX HATSDKeHUHl 0OJbllie CcyMMbl ABYX OCTasibHBIX, TO Tpe-
YTONBHUK TOCTPOUTH HeMb3sl, H PABHOBECHE HEBO3MOXKHO.

2. TIpuMepoM, Korja TPH CPelibl IrpaHHYaT MeKAy co0oil, MOXKeT cay-
JKHTb KaIUIf XKHAKOCTH Ha TIOBEPXHOCTH ApYroil :kuAkocTd. Kamis umeer
dopmy yeueBHIH (puc. 118). B sTOM ciydae BeKTOpHOE YCJIOBUE PABHO-
Becus (108.1) pacnajaercs Ha 1Ba CKaASApPHLIX ypaBHEHHSA:

013-=019 COS '6'1 “{— O93 COS '8‘3,

(108.2)

Oyp Sin 0; = 0,5 sin Yy,

M3 nux nosnyyaem
cos 9 013‘]“612 O35
- 20,50

\ ‘3 12 (108.3)

COS g = 0f;+ 0%, — 0%,

2630

StHMH (POPMYJIaMH OJHO3HAYHO ofpesienstioTcst Yriael ¥, u ¥, PaBHo-
BecHe BO3MOXKHO TOJIBKO B TOM C/1ydae, KOTJad Op3 << Opy - Oa3, KaK 3TO
BUAHO U3 nepeoro ypasHenus (108.2). B sToM cayuae kanaa peficTBu-
TEJIbHO HMeeT (opMy udedyeBHMUBl. Tak Beer cebs, Hanpumep, Kamas
XKHPA HA MOBEPXHOCTH BOARL. Eciu 03 > 0y, -+ 0y3, TO He cywiectyer
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yrnoB Oy u ¥, ynosnersopsomux ycrousm (108.2). Papxopecue
KalId HeBO3MOXKHO, H OHA PACTEKAGTCHA NO NMOBEPXHOCTH JMHUAKOCTH 3,
NIOKpBIBasi ee TOHKOH mueHKo#. IlpuMepoM MoxkerT cayXuTh mjeHKa
GeH3’HA MM KepocuHa Ha TOBEPXHOCTH BOAb. Takue TleHKH OGLIYHO
HMEIOT PAalYyKHYIO OKPacKy, 4To oObsICHsieTCsl HHTepdepeHuel caera.
B paccMaTpHBaeMOM cJydae TOBOPAT, YTO wUOKOCMb 3  NOAHOCHLIO
emaqusaemes ocudrxocmoro 2 (an HaoGopor).

3. AHaslornuHo BefleT ce0st KaIvisi }KMAKOCTH HA TOBEPXHOCTH TBEP-
poro Tena (puc. 119). Pasuuua Tonbko B TOM, YTO MOBEPXHOCTH TBEp-
Jloro TeJia He MOXKeT JedopmupoBartbesd. PaBHoeHCTBYIOMmAS CHIT OBEP X~
HOCTHOTO HATAXKEHHA )y -+ Oy3 - Gy YPABHOBEIINBAETCS CHJIOH HOP-
MaJIbHOTO JaBJEHHS! W/IH HATSKEHUS Ha IPaHHle KUAKOCTH C TBEPIbIM

Gy
72 7
G ? 6y ¢
DI LTI AL, O %)
3 3
a) 6)

Puc. 119.

tesioM. TTostomy BMmecto ycmoBus (108.1) mago TpeGoBaTh JHiL 06pa-
IEHUST B HYJb KacaTeJbHOH COCTABJSIOWIEH PE3yJbTHPYIOWEH CHIbI
O, + Oy - 03, B paccmarpuBaeMoM ciiyyae Yroa 3 paBeH HYJIO,
U [Jis onpeseteHis ofHoro yraa &, = ¥ nocrarodyHo nepsoro ypasue-
pua (108.2). OHo naer

cos & =212 (108.4)

O12

Vron O naswBaerca kpaesoim yeaom. Ero oOblHO BLIOHPAIOT TaK,
qTo6b1 OH BKJIOYad B ce6s 06/1acTb, 3aHATYI0 xujkocTbio 2. Korza

(;:°3>1 T. € Oy3>> Oy, T Oy, ycionue (108.4) ne moxer Ouith

yaoBAeTBOpeHo. Kamis KUAKOCTH 2 He HAXOoAMTCA B PAaBHOBECHH, a
pacTeKaeTcsl 110 IOBEPXHOCTH TBEpAOro Tesa, NOKPLIBAsS ero TOHKOH
nieHKO (HampuMep, KEPOCHH Ha INOBEPXHOCTH JKECTH WM CTeKna).
B astom ciywae roBopfT, 4TO oKUOKOCTMb NOAHOCMbLIO cmattueaem no-

— 0
gepxHocmy meepdoeo mesa. B Ipyrom ciyuae, Korja T2 <]
O12

T. €. Oy >> 013 + O, TaKXKe He CYIUECTBYET HUKAKOro yria 0,
KOTOpHIA OBl yaoBaerBopsin ycnouio (108.4). JKupkocTs crsirnBaercs
B 1HApPOBYIO KaIlIIO, HECKOJBKO CILIIOCHYTYIO cuioii Tsxectd. (Hanpu-
Mep, Kalif PTYTH Ha NOBePXHOCTH CTEK/Ia WM KaIlisl BOJbI HA MOBEPX-
HOCTH mapacduHa.) B aTom caydae roBopsrt, 4TO auOKOCITE ROAHOCHIGIO
He cmadusaem nogepxHocms meep0oeo meaq. B OONBIIUMHCTBE C/yYaes
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UMeeT MecTo yacmuinoe cmodusarue (Koraa 0 << ¢ <%, puc. 119, a),

WK YaCTHYHOe HecMaduBaHue (KOraa % < ¥ < m, puc. 119, 6).

SIBnenwe Kpaesoro yria HaOJIOAaeTcsi Y CTeHOK COCYJOB, KOrja
B HUX Hajguta xujkocth (puc. 120). BennuuHa xpaeBOro yria 3iech
Takye  onpejensiercss  GopMyJoH
(108.4).

4. HecmaunBanueM TBEpIbIX Tesl KHA-
KOCTSIMM OOBSICHAIOTCA MHOTHE  SIBJICHHS.
IlpuBenem wexoTophie ¥3 HEX. Ha nosepx-
HOCTh BOAbl MOXHO INOJOXHTH JHCT allio-
muHusi. OH He yTOHer, JaKe €CJH HAa Hero
NoJOXKUTL  HeGogpiod  rpys. Craasuas
HIoJiKa (B OCOGEHHOCTH €CJM OHA INOKPHITA
TOHKMM cJoeM napapuHa) He TOHET, ecJH
€ OCTODOMKHO TIOJIOXKHTb Ha INOBEPXHOCTD
Boibl. BosbMeM cHTO ¢ MeTalIHYecKoi
cetkolt. Tlorpysum cerky B pacunapieHHUL napaduu, a 3areM BCTpPSXHEM, 4ToOnl
napabHH He 3anoJHAN orBepcTHA B cerxe. Ilocie 3T0T0 NMOIOXHEM HAa RHO CHTA JHCT
6ymMarn H HalbeM B Hero Bojbl. OCTOPOXKHO BHITSIHEM JHCT 6yMarH. Boga ue Gyner
BBVIMBAThCS 4epe3 OTBEPCTHUS CETKH.

BosbMeM apeoMeTp WM HOXOXMit HA Hero npréop, MJaBaroUUil B BEpTHKATLHOM
TOJIOKEHUY HA TIOBEDXHOCTH BOJBI, BWICTYIas HeMHOTO Hapyxky. Ha Bepxnuil koHei
TPYGKH apeoMeTpa HajieHEeM H 3aKpellMM ILTOCKHH KPYXKOK H3 NPOBOJIOUHOH CETKH
M MOTPY3HM Bech IPHGOP B BOAY. ApeoMeTp Hauser BcmIeiBaTh. OpHako, Korja cetka
JOHJET O TOBEDXHOCTH BOABI, TO NPHGODP OCTAHOBHTICS, BCTpeyas y camoli mosepx-
HOCTH CONPOTHBJEHHE HE NpOINyCKamouel ero njeHkH, EcCau c/lerka HaKJIOHUTb npH-
6op, 4T0GE! Kpail CeTKH OTAGJHJICS OT BOABL, TO OH BCIILIBET, H CETKA OKaXeTcs 3Ha-
YHTEJBHO BBIE MOBEPXHOCTH BOAb. MOKHO 3aCTaBHTh 2PeOMETP BCIVILIBATH W He
HakIOHsAs ero. JlJIs 910r0 JOCTATOYHO KAalHYThb HA BOXY HECKOJbKO Kamelb apupa.

Puc. 120.

§ 109. PasnocTh faBieHuil MO pasHbie CTOPOHBI H3OTHYTOM
noBepxHOCTH KuakocTu. Popmyaa Jlanjaca

1. Eciu noBepXHOCTH KHUAKOCTH — KpHBas, TO IIPH PaBHOBECHH
JiaBJeHNsT TIO pasHble CTOPOHBI €e JOJIXKHBI ObIThb Pa3HbIMU. §l1BJeHHe
O6YC/IOBMEHO CHJ/IaMU TIOBEPXHOCTHOTO HaTsDKeHHd. PaccMoTpuM cha-
yasia DpocTeHlIH# caydyad, KoOria MHAKOCTb oOrpaHdueHa OOKOBOH
MOBEPXHOCTHI0 IPSIMOrO Kpyrsoro numiuHipa. llomepednoe ceyenue
WWIAHApa HpeicTrapieHo Ha puc. 121. BuifepeM Ha ero NoBepXHOCTH
GeCKOHeUHO Manpifi y4acToK AB, CTruBaeMblll LEHTPAILHBIM YIVIOM Q.
Ha ero GoxoBbie CTOPOHEI JeHCTBYIOT KacaTeJbHble CHAIH ba, Toe b —
JJHHA LUJHHIpaA. PaBHomeHcTBylomas 3THX CHJ Haflpas/eHa rnapaji-
JenpHo paguycy CO uununapa u paBHa F = 2bo sin —(23, win F = baog,
TaK Kak yroJ ¢ BuGpaH GeckoHeuno MaibiM. IloferaBnsas ciopa ¢ =

= %, rie a — juna Ayru AB, a R — pajguyc UWIHHADA, TONYYHM

e}
=zS. (109.1)
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3nece S = ab — maowans 6eCKOHEYHO MAJIOrO IIPSMOYTOJBHOTO y4yacT-
Ka Ha GOKOBOH MOBEPXHOCTH UMIHHAPA. Pasgenus cuny F Ha mioimazap S,
HalifieM pa3HOCTh JAaBJEHHH BHYTPH M CHapyKH

KHAKOCTH: 4. C B

Py—Py=2.
: TR 46" w ~be

2. O6o6mum Teneps 31y GopMyJay Ha ciaydai, W/
KOTJia KHJIKOCTb OIPaHMueHa IIOBepXHOCThIO Py
ABofiHo#t KpuBH3HEL. C 3TOH LeJbI0 BO3bMEM
Ha MOBEPXHOCTH JKUJIKOCTH YeThlpe TOUKH A,
B, C, D, naxonsumuecs B BeplIHHAX GECKOHEUHO Pue. 121.
Masoro mnpsimoyroabHuka (puc. 122). TIlpose-
Jemuepes A u B, BuC U T. 1. IJIOCKOCTH, NEPIEHANKYISIPHLIE K HOBEpX-
Hoctu xkufAxoctd. (Ha puc. 122 uzobpaxkeHBl TONBKO ABe IJIOCKOCTH,
npoBefenHsle uepes AD u BC. Ouu nepecekaiorcst BIOAbL GeCKOHEUHO
manoro orpeska O0’.) B pesysbrate nosyunrcsi GeCKOHEYHO MaJIbiil
KpuBoJuHenpli npamoyroapink ABCD. Ero croponsl MoryT paccmar-
pHBaThcsl KaK OecKOHedHo Masble ayru okpyxuocredt. Ilyers R, — pa-
anyc xpususHel ayru AB. Pagnyc xpususuel ayru DC otnnuaercs or
R, 6eckoneuno Maso. Ha nporusonosioxHsle croporsl AD u BC geiicr-
BYIOT Kacare/JbHbIE CH/IBI OBEPXHOCTHOTO HATsKeHHs. PesysbTHpYIO-
mas 3THX CHJA HOpPMaJbHa K IIOBEPXHOCTH XHAKOcTH. CorsacHo ¢op-

myne (109.1) ee Bennuwna paBHa F;= 1—% S, rie S — miow@ne npaMo-

yroapHuka ABCD. Paccyxiasa Tak xe, HalieM, YTO pe3yJ/bTHPYIOas
KacaTe/IbHBIX CHJ TTOBEPXHOCTHOTO HATSKEHHs, JEHCTBYIOIIMX HA Mpo-
TUBOMONOXKHLIe cTopoHbl AB u DC, ToxXe HOpMa/ibHA K TIOBEPXHOCTH

KUIKOCTH U paBHa Fy= =S, rae R, — pagnyc KpHBH3HB ayru AD.
P o papuy

(Paguyc kpususHel pyrd BC oTiuuaercsi oT Hero GeCKOHEUHO MaJo.)
Taxkum 06pasoM, pe3yJabTHUpYIOULAs BCEX CHJI
TIOBEPXHOCTHOTO HATSKEHMsi, JeHCTBYIOMMX
Ha rpaHuuax npsmoyroibHuka ABCD, paBHa

F=F1+F2=GS<RI—1+RL2>.

Pa3nennB ee Ha S, moay4uM HCKOMYIO pas-
HOCTb JaBJeHMH:

1
pg—pl=o(1-§; +§;). (109.2)

Puc. 122. dopmyna (109.2) nasviBaercs gopmyaol
Jlanaaca. Bennuunol R, 4 R, CyThb paguychl

KpPHUBH3HBl ABYX B3aHMHO IepPHEHIUKYJIAPHLIX HOPMAJbHBIX CeueHHH
TOBEPXHOCTH KHIKOCTH. Pajuyc KPHBH3HHEI CUHTAeTCA [OJOKHTE/b-
HbIM, €C/IH COOTBETCTBYIOUlee HOPMaJbHOEe CeyeHHe BOTHYTO B CTO-
pOHY XKUAKOCTH. B IpoTuBHOM caydae oH cquTaeTcs OTPHUATE/ILHEIM,
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1 1 . "
Bennuuna 7. T 7, HasBaeTcs cpednell kpususHoti nogepxrocmu. Cpefi-
1 2

HSIsl KPHBH3HA He 3aBHCHT OT BbIGOpa B3aHMHO MepreHIUKYJSPHBIX
HOpMa/bHBIX CEYCHHH IIOBEDXHOCTH KHAKOCTH. B MpPOTHBHOM Cay-
yae OT Takoro Boibopa 3aBiicena Obl ¥ pasHOCTh jAaBaenuii P, — Py,
uro usHdeckn GecembicleHHO. B nudxpepeniiuaabHOl reoMeTpuu Hesa-
BHCHMOCTB cpeiHell KDHBH3HLI JII060H NMOBEpXHOCTH OT BLIGOpAa HOPMaJib-
HBIX CeYeHUH JOKa3bBaeTCsl YHCTO MaTeMaTH4ecKHMH MeTojlaMu Ge3
HCTIONB30BANYNA (H3NIECKNX MM KaKUX-1ubo JpPYyrux cooOpaxKeHuil.
JTa HE3aBUCHUMOCTL COCTABASET CONEPIKAHUE TaK Ha3niBaeMOfl meopembl
Siinepa.

3. Ecau noeepxnocth kuakocTH — cepHueckasi, 70 Ry=R,=R,
u gopmyaa (109.2) nepexogur B

P,—Py=7%. (109.3)
JIsi MBUIBHOTO TY3BIPsi PA3HOCTD JABJEHHMH BO3LyXa BHYTPH M BHe Iy-
3bIpsl BIBOe GOJIble 110 CPaBHEHUIO ¢ TeM, uTo faet dopmyaa (109.3), 1. e.

P2—P1:7§-

310 CBA3aHO ¢ TeM, uTo 000JOYKAa NY3LIPS HMeeT JBe II0BEPXHOCTH:
HapyXHYI0 ¥ BHyTpeHHIOI0. OHa JeficTByeT Kak IJIEHKa ¢ YABOEHHBIM
TIOBEPXHOCTHEIM HaTsXKEHHEM.

Takum ofpasoM, ueM OGoJblle KPUBH3HA TNOBEPXHOCTH NY3BIpS,
TeM GoJ/ibllie JaBjeHHe ra3a B HeM. [lojioxeHue 3/1eCh POTHBONOMOKHO
TOMY, C KOTOPHIM Mbl CTaJKHBaeMmcs, HajyBasf
({yTOONBHBI MAY: ¢ yBeJHYEHHEM Pa3MepPOB Ms4a
yBeJUYUBACTCS M JaBjeHMe rasa BHYTPH HEro.
YKasaHHOe pasz/ju4de CBA3AHO C TeM, 4TO HO-
BepXHOCTHOE HATsKeHHe IVIEHKH My3bepsa  He
3aBUCHT OT €ro pa3MepoB, TOr[da Kak HaTske-
HHue 000JOUKH KaMephl GyTOOJNBHOrO Ms4a BO3-
pAacTaeT [0 Mepe ee HALYBAHUS.

PaccmoTpyuM IBa MBIIBHEIX MYy3BIPS, CO0D-

Puc. 123. Warmmyxca Apyr ¢ ApyroM. Mx MOXKHO HOJYUHTDH

OPH ITIOMOLIM TPOHHMKA, CHaOKeHHOro HeoOXo-

IuMbiMi kpanamu (puc. 123). Cravana xaxaplill Ny3slpb BBIAYBaeTCs

B OTJEJBHOCTH. 3aTeM KpaH K, 3akpuiBaercsi, a KpaHul K, 1 K OTKpbI-

Batotcsi. JlaBjenye B MeHbIleM My3pipe GoJblle, ¥ BO3AYX H3 3TOTO

nyselpsi  Gyler mneperekarb B OOJNBLIMH Ny3blpb. Doabmiuil mysbpb
OyleT pacTh 3a cyeT MEHbBILEro.

4. Ilpumenum ¢opmyny Jlamnaca aiasd pacuera BLICOTHl NOAHSTHSA
KHUAKOCTH B IWJIHHAPHYECKOM Kanmuisipe paauyca a (puc. 124). Ilpe-
HeOpexkeM H3MEHEHHeM JaB/eHHs KHIKOCTH IDH H3MEHEHHH BbICOTHI
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Ha BeJMYUHY MOpSiKa q. B sTOM npuGniKeHWH pasHOCTb JABJIEHHH
P, — P, O6yzer onHoil u TO¥ e BO BCeX TOUKAX MeHucKa. To Ke OTHO-

o 1 1
CHTCA K CpEJHeH KPHBH3HE 5= + -, KaK 3T0 C/leiyeT u3 (opMyJbi
1 2

Jlansiaca (109.2). Kpome Toro, BBUAY CHM-
metpuu R, = R,. Tlostomy B paccMarpuBae-
MOM TNpPHOIHXKEHHH MEHUCK MOXKHO CUMTATh
cheprueckuMm. Ero pamnyc KpuBu3HBE papeH
R=<x5 cosﬁ’
rae O — KpaeBoil yroi. B paccmatpuBaemom
ciaydae P, ectb artMocdepHoe jaBieHHe, a
P, — naBleHHe XHIKOCTH Ha YPOBHe Me-
HHCKa. 2TH JaB/jeHUs CBA3aHB COOTHOIEHHEM

Py — P,=pgh,

rie h — BBICOTA NOJHATHS, & P — IVIOTHOCTD
XKuakoctd. CpaBHUBas 3Ty (bopMyny ¢ ¢opmytaoin (109.3), nonyuum

20
h=22% =2 o9 109.4
pgR pga ( )
Bricota mopHsATHS 00OpaTHO NpPONOPUHOHANBHA pafHycy KaluWLIdpa.
Korpa yrom ¢ — tymo#l, T.e. MeHHCK — BBINYKJbIH, BeqH4YHHA A
OTPHLATEbHE, T. €. UMeeT MeCTO He NOJIHATHe, a ONyCKaHNe XKHIKOCTH
B Kamuiasipe.

l?’ﬁ'c. 124.

SALAYH

1. Kanns soasl ¢ maccoit m = 0,1 r BBefleHa MeKAY ABYMS IVIOCKHMH H mapajl-
JIeJIbHBIMA MEXJy CO60H CTeKJISHHBIMH ILTaCTHHKaMM, CMauHBAaeMBIMH BOJOH, MpHYeM
Kpaeso#l yron ¥ = 0. Kak BesHKa cuia npuTsiKeHHS MeXAy IUIacTHHKaMH F, ecin
OHH HaxoATCS APYr oT Apyra Ha paccrosuud d = 1074 cm? TloepxHocTHOe
HaTsKeHne Boan (npu 18°) o = 73 mun-cMmL.

P ewenue Kanng npumer ¢opMmy Aucka c BoruyTofl mepubepuiiHOH nopepx-
HOCTbI0. KpHBH3HOM ceueHHs 3TOMH NMOBEPXHOCTH IIOCKOCTLIO, Napal/iesbHOM MIaCTHH-
KaM, MOKHO npeHe6peys. Paguyc KpuBH3HHI HOpMaJIbHOI‘O K HeMy cedeHHs r = d/2.

CpeaHss KpHBH3Ha GOKOBOH [IOBEPXHOCTH AHCKA -5~ . HaBnenue Kup-

+
R1 R
KOCTH MekIy AHCKaMH Medbllle atMocdeproro Ha AP = 20/d Hnoma;(b IucKa S ==
= m/(pd), TAe P — IVIOTHOCTb XHAKOCTH. [liacTHHKH GYAyT NpPHKMMATBCA JAPYT
K JApyry C CHJIOM _

2me
F=S§ AP:W = 1,46 10° qun=1,46- 104 H.

2. TpaMy PTYTH NOMeIleH MEXAY ABYMA IVIOCKMMH CTEK/ISHHBIMH IVIACTHHKAMH.
Kakyio cuay F najio NpUAOKHATh K BEPXHEH NJIACTHHKE, YTOGLL PTYTb NpHHAIa hopMy
KPYrJo#l JiellellKH OZHODOAHOH TOJILUMHBEI H paamyca R = 5 cM. [loBepxHOoCTHOE
HaTH}KEHHe pTYTH (npum 15°) 6 = 487 puH-cM™L, KpaeBoil yroJ Mexay PTYTHIO H CTeK-
Jaom © =

OTBGT.F=M
m

n2R4=630 H (m—macca pTyTH).
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3. C Kaxoil cuiolt F npuTAruBaioTcs ABe BepTHKAJNbHLIE H mapajiliesbHble CTeK-
JISIHHBIE NVIaCTHHKH, UACTHYHO TOTPYMKEHHEE B BOAY Tak, 4TO DACCTOSIHHE MEXAY
HuMH paBHo d == 0,1 mm? [llupuna naactaHok [ == 10 cm, ¢ = 73 aun-cML, O = 0.
BricoTa n1acTHHOK TaK0Ba, 4TO NORHMBLIAACH BOAE HE JOXOJHUT JO HX BEpXHHX KpaeB.

2 2

Orsenr. sza: 10 H.

pg d®

4. BeckoneyRo AIUHHAA DPAMOYTOAbHAS TIAaCTHHKA KJAJETCS HA NMOBEDXHOCTh
cMauMBaloieli ee XKHAKOCTH, a 3aTeM cJelKa NpHIOZHHMaeTcd, yBJekasi 3a coGoi
HEKOTOPOe KOAWYeCTBO KuAKocTH (pHc. 125). Halitn ypaBrenue GokoBoH mnoBepx-
HOCTH JKHJKOCTH, YCTaHABJIHBAIOMEHCS NOA BJIHSHHEM KaIHJJISIPHBIX CHAJ H CHJIBL
TAKECTH,

Pemenune. [Ipumem 3a oce X OpPAMYIO, HEPHEHAMKYISAPHYIO K IAJAHHHOR
CTOpOHe MJIACTHHKH H JleKaulyldo Ha TOPH30HTAJbHOH IOBEPXHOCTH XKHAKOCTH, a 3a
och Y — BepTHKANBHYIO NPAMYIO, Kacalomiylocs NpaBoil LMAMHAPHUECKOH IOBepX-
HOCTH KHRKocTH. Ilycte x M y
03HAYalT TeKylHe KOOPAHHATHI
TOYKH, JeXaled Ha HcKomoilt no-
BepxHOocTH. JlaBjeHHe BHYTPH
JKHIKOCTH HA ypoOBHE TOUKH A
(puc. 125) pasuo P = P, — pgy,
rae Py — atMocdepHoe AaBieHHE.
To xe JaBJjenMe MOXHO BEIpa-
3uTh no QopmyJse Jlamjgaca P ==
= P, — oK, rie K — abcomoTHoe
3HaueHHe KPHBU3HbI ITOBEPXHOCTH
KHIKOocTH B Touke A. Cuenosa-
TeJILHO,

- pgy=oK. (109.5)

Puc. 195. TTo onpenenenuio KpUBH3HE K =

3 =—d@/ds, rTAe ds— sueMeHT

IVIHHEL JIyTH, CUNTaeMblii TIONOMKHTETbHBIM, KOTJR OH MPOXONHT B HalpPaB/JeHHH

cHu3y BBepX. OH CBA3aH C dx U dy COOTHOWEHHAMH: dx == ds cos @; dy = ds sin ¢.
Tarum oGpasom,

. POV .
K—-—E;'COSQ)———“E;SIH(P.

[loncrapnas 5Tn Brpaxkenus B (109.5), nonyuum jBa ypasHeHus:

pgy dy -+ o sin p dp=0, (109.6)
pgy dx - o cosq dp=0. (109.7)
Hurterpupys (109.6) npn HayanbHOM yejgoBu# ¢ = ;i npu y = 0, noayun:

y=2 ]/(_:ECOS%' (102.9)

MoxcranoBKa 3Toro Bepamenns B (109.7) NpHBOAHT K yPaBHEHHIO

© ! o do
dx=—V—cos—d =1/ =
TR AR TN
2

HATETPHpOBaHHE KOTOPOro NpH HauanbHOM ycIoBHH x = O mpu ¢ = m/2 paer

- — [+ d)¥T-—1)
x=2 ]/i (—1—:—Sin %>+% ]/ig— In <<1_Sin i;) T (109.9)
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@opmyaer (109.8) u (109.9) BelpaxaioT ypaBHeHHe HCKOMOH NOBEPXHOCTH B fapa-
meTpHaueckoii dopme.

5. Onpeneants B NpefblAyilell 3ajave MAKCHMAJbHO BO3MOXKHYIO BEICOTY MNOJ-
HSITHSA NJACTHHKH HaJl YPOBHEM XHAKOCTH A H TOJILUHY NPHUIOAHSITOrO CTON6a MKUA-
rkoctd D B Haubojee yskoMm mecte MN (puc. 125) npu ToHl e BHICOTE MORHSITHS.
Hafiti taxxe caany F, KOTOPYIO HeOOXOANMO NMPUJIOKHTb K eAHHHLE AJUHBLL [J1aCTHH-
Kd, 4To0bl OTOPBATh MOCJEAHIO OT KMAKOCTH. Bec efvHulBl AIHHL NIACTHHKH
paBeH ¢, ee MIMPHHA Q.

P e e nne. Munumajbhas TomuHa cTo16a kugkocTd D = MN npH maxcu-
MaJbHO BO3MOMHOH BLICOTE MOAHATHH A (puc. 125) onpenenutcst H3 TpeGoBaHus
¢ =0 nopu y = h. lloactasnas B Qopmyay (109.9) ng—l—?@

a2V VI —1n (V3 4 1)]—a— o
D=a—2 o V2= (V2 +1)]=a 1,066]/pg. (109.10)

Ecan a < 1,066 V o/ 0g, TO MHHHMa/bHOe 3HaueHue D paBuo Hy/o. B atom cayuae
npelesbHOE 3HAuYeHUe YIJja @ = 0 He JocTHraercs.

Iycts a > 1,066 V 0/pg. Toria MakCHMaibHO BOSMOMHAS BHICOTA IIOAHSTHS
onpegenutcs U3 gopmyan (109.6), ecau nonoxute @ = 0:

o
=27 Z. (109.11)
rg
Pa3HocTs aTMOChEPHOro M THAPOCTATHUECKOTO RABJACHHI HA IWVIACTHHKY HampaBJeHa
BHU3 ¥ paBHa Ogh. [Tostomy

, =0, nonyyum:

F=gq+ pgha=q - 2a V pgo. (109.12)

PaccMoTpuM Temepb BTopoii caiydait: a <C 1,066 V o/ pg. B stom cayuae
h=2 ]/icosf‘i, (109.13
g 2 ( )

Iie @ OmpefensieTcsi U3 TPAHCLUEHJCHTHOTO ypaBHEHHS

. — LAY .
. = e | = <1—|—sm2>(|/2 1)
Z=2l —[—=—sin-L|+4 — — In — . (109.19)
2 pg \V2 2/ 2 pg <1-—sin %> V2 +1)

Tpu naxoxJenuu F HeoBXOMMMO YUecTh, 4TO B PACCMATPHBAEMOM C/yuae MIACTHHKY

TSHeT BHHU3 JONOJHHTE/NbHAR CHJIAa IOBEPXHOCTHONO HaTsikenHs 20 sin ¢, C yueTom
3TOH CHJB

F=q+2a ) 0go cos- + 20 sin g. (109.15)

Ecnna L Vol pg, TO BTOPEIM 4IEHOM B 3ToH dopMyae MOkHO mpenedpeun, Ilpenet-
perast Takxke B (109,14) unenom a/2, HaxomuMm ¢ = ;/2. Takum ofpasoM, npu

a<< Volpg
F=gq+42% h—l/ﬁ
q ’ pg .

6. Deckoneyno JAWHHAs DNPIMOYTOJbHAs IJIACTHHKA WIMPHHBL @ TOJIOXKEHA
Ha NOBEPXHOCTH HECMauHBAlOWiell ee MMJKOCTH ¢ NOBEPXHOCTHHIM HATIKEHHEM O.
[110THOCTD BelllecTBa MJIACTHHKH Qg GoJiblle MIOTHOCTH KUAKOCTH p. Halith makcu-
MaJibHYIO TOJILHHY TJIACTHHKH A, TIPH KOTOPOH OHa elle He YTOHET.

Pewenue [lpumem 3a och Y BepTHKAIbHYIO NPAMYIO, Kacawowyocst 60koBok
NOBEPXHOCTH KELKOCTH, a 32 0Cb X — FOPH3OHTANbHYIO NIPSMYIO, HICPICHAUKYIAPHYIO
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K IJ¥He IJIaCTHHKH H KacaloWyiocsi TOBePXHOCTH JKMAKOCTH B GeCKOHEYHOCTH
(puc. 126). YpaBHeHHe GOKOBOH MOBEPXHOCTH MUAKOCTH OyjeT:

—/ 1 N <1+°°S$> vz-v
x=2 ‘/-—f;g‘/\ Ve —cos%)*l*‘g ;g-fln (1-—cos§> (]/5-}-1)

y=_2]/'-p‘-’g sin gl (109.17)

Munumanbaoe paccrosude D = MN npw MakcuMalbHO BO3MOKHON Tuy6ude
NOTPYKCHHA IVIACTHUKH | Y |yaxe ONPERCSUTCS M3 TPeOOBaHUS @ = 7, KOTOPOE AaeT

o e = o
D=a-—2]/~p~g—(]/2-ln(]/2 +1))=a—1,065]/}3§. (109.18)

Ecmu a < 1,066 ¥V 0/pg, 10 D = 0, n npefeasuoe anaychue yria ¢ = N He Jo-
CTHraercs,

+ (109.16)

Pyc. 126.

PaccmotpuM cnavana caywait a > 1,066 ¥ o/pg. B stom CTyuae MaKCHMaJb-
nas ray0una NOrPyIKenus BEPXHETO OCHOBAHWS NAACTHRRA ONpPeNe/ HICA H3 (109.17),
€CJIH MOMOKHTL @ = gt OHa PaBHa | ¥ | yaxe = 2 V 0/ pg. Tlpu aToM Ha ocHoBanue
DNACTHHKH OYAeT [eflcTBOBaThb HanpaBleHHash BBePX PasHOCTh AABJACHHE og (h+
+ ¥ |maxc)> KOTOPas AOMKHA 6511‘!3 YPaBHOBEWIECHA BECOM IJaCTHHKH. MakcuManbuas
TONUHHA TJACTHHKH, NPH KOTOpoli ona eilie HE YTOMET, ONPENeNHTCH H3 YCJIOBHS
0g (A~ | ¥ lnaxc) = Pog, KoTOpOE Aaer

2 ap
h= i
Py P (109.19)
Tenepn paccMoTpum cayuail a < 1,066 ¥ o/pg. B stom cayyae
g . P
=2 Zsin P
19 faxe ]/pg sin 7, (109.20)

e @ ONDEAESIETCS U3 YPaBHEHHS

. —_ — I4-cos 2| (V2 ~1)
?=2V5§< 1/1"2‘ s L2P>+§ V};ﬁ g El-—cos—zlg (VT +1) (oe2h
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s MaKCUMAaJIbHOH TOMUIMHB NJIAaCTHHKH noJiyqyaeM:

20 sin @
ga(po—p)°

he—2 1 Psin 2 1

oV s (109.22)

5]
Ecay a<l/—~ TO TCPBEIM UNRHOM CIIpaBa MOKHO npenedpeus. TIpH sTom, Kak

r

puano u3 (109.21), ¢ = n/2, ¥ MB! HaxoauM:
B a2 =gah(py—y) (109.23)
= — = =gaa (Pe—y)s :
ga (po—1)
T. €. BEC ILIaCTHHKH YDaBHOBCITHBACTCA NOBEPXHOCTHBIM HATSXKEHHEM M apXHMeo-
Bofl noxpeMHON CHION.
7. Oapepenuts cuay F, HeoGXOAUMYIO Adsi OTPHIBA KPYTI/OH HEBeCOMOM MJacTHH-
KM pajgHyca r = 8 M, NOJIOXKEHHOH Ha MOBepXHOCTh BOAbL. [ToBepXHocTHOE HaTsxe-
HHe BOAH O = 73 nub-cMm L. Ilnactunka cMauuBaeTcst BOJOM.
O 1 8er. [lpeneSperas KPUBU3HOH OKPYKHOCTH, OTPAHHUUBAIOUICH IIACTHHKY,

MOy 4HM: F == 2nr2 ) pgo = 1,1H.

8. Haiitu BrIcOTY NOZHATHSA A AULKOCTH Y BEPTHKAILHOH GECKOHEYHOH IJ1ACTHH-
KH, cMayhBaeMoii kupkocTeio. Kpaeeoit yron paeen &.
Ykazauue Cu. peumenue 3agaux 4.

20
OtBer. h=l/—— I—sind) .
TB pg( )

9. Onpeneqints rAYGMHY A DPTYTHOM JyXKUIL HA IITOCKOM TOPH3OHTAJLHOM
ctekse. Ilonepevnble pasMepsl JY:XHIH BeJIHKH NO CPaBHEHHIO ¢ ee raiy6uHoil. [To-
BEPXHOCTHOE HaTsXKEHHE DTYTH Ha T'PZHHUE C BO3XYXOM ¢ =490 jux - ey 1, Kpaesoit
yroa Ha crekne O = 140°. [lnoteocts pryrd p = 13,6 r-cM™3,

OrBer. h=2 ]/‘—)%sin~g=3,6 MM.

10. CraapHas Hroika, TOKDHITAS TOHKNM cfioeM mapaduHa Wiy KHpa, MOKer
niaBaTh Ha MoBepXHocTa BoAbl (puc. 127). Hafiry pagmyc wronxs r, WHPHHY 3a30pa
D = MN wmexay OOKOBBIMH TOBEDXHOCTSMH XHAKOCTH B HamGoJiee Y3KOM Mecre,
a TakKe TNyOuMHY norpysxesus H nas pasamunniX suauennit yraa &, oGpasyemoro

Puc. 127.

ofilell KacaTenbHOH K MOBEPXHOCTH HMIOJNKH H KHAKOCTH C FOpH3OHTAABHOH Mioc-
kocThlo. IlnothHocTs cTamu p, == 7,8 r-cM3, NOBEPXHOCTHOE HATSKEHHE BOJABI O ==
= 73 aun-cM L, OnpegenuTs MAaKCHMATbHBIH pajuyC HIOJMKH, TPH KOTOPOM OHa
eme He yToHer. HaliTH MakCHMa/lbHO BO3MOXMHYIO ITyOUHY TIOFPYIKCHASt H COOTBET-
cTBylolMi efi paguyc uroakd. Ilpy pacyere Hro/iky 3aMeHHTb G€CKOHEYHO JJIHH-
HHM BHIHHAPOM.
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Pemenune B touke A (puc. 128) NMoBepXHOCTH KHIKOCTH H HIOJKH TaH-
reHIHalbHO pacxonsarcsi. Ha enwHHLy AJMHEL HIOJKH BBEPX JEHCTBYET CHJIA NMOBEPX-
HOCTHOTO HaTsiKeHust Fy = 20 sin @. Kpowme toro, Ha Hee 1efiCTByeT CHJia THIpOCTa-
THUECKOTO JaBJeHHs, Takke Hanpasaennas ssepx. Ecau 6b1 uacte ACB urosku
Obla 3aMEHEHAa MKHJIKOCTBIO, TO CHJA THAPOCTATHUECKOTO Jap/eHHst Gbula 6hl pasHa

Pac. 128.

Fy= pgh-AB = 2pghrsin®, rae r — pajuyc MroJiKM, a P — IVIOTHOCTb KH[s
KocTd. baaropaps tomy, 4t0 yacTe ACB morpyseHa B KHIKOCTb, HA ULOJKY JOI0]-
HHTENBHO HefCTBYET CHJIA THAPOCTATHYECKODO NaBjeHdst Fi, pasuas BeCY BOMEHL,
BhITecHeHHo#l dactsio ACB, T.e. F3= pgr® (O — sin ¥ cos §). Cymma tpex cua
Fy, Fy u F3 jonxua DaBHATLCS BECY eAHHHUB! JUIHHBL HIOJIKH. D710 JaeT:

20 sin O+ 2pghr sin O 4 pgr (O — sin & cos ) = pogmre.

Mexgay yraoMm O u Bhicotofl A cymecTsyer cooTHomeHHe A= 2 -l//-é sin g- (o

pelrenne 3agauu 6), H Ipexbiiyllee ypaBHEHHe NPHHEMAET BHJ

[npo——p <ﬁ—— % sin 21‘})]r2—4r V‘;‘-’ sin © sin 13- _% Sg‘“ S 0 (09.29)

Hna D u H nonyuaem:

=9 si o/ = 2 1)- s #
D=2r sin -+ ]/pg<2cos2+1ntg 4) 2 Pg(V 1n(V2+1)()10925)

9 5 9
— 2 2 sin
H=2r sin 5 +2 ]/pg sin . (109.26)
[Tocsie NOJACTAHOBKM UHCJCHHHIX 3HAueHui:
[24,5-— <0—% sir121‘)>] r2—1,091 sin ¥ sin % r—0,1488sin =0, (109.27)
: ) O
D =2r sin 1,091 cos 5 + 1,256 1g, tg T 0,291. (109.28)

([Tpeanonarsercs, uTO 8jech MJIMHH BHpaxkawres B cautuMerpax.) [Ipupasas @
pa3/MqHBEIC 3HAYEHHUS, NOJYUMM CHAEAYIOLWIYIO TaGJIHLY.
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9° r, MM H, mm D, MM i F, MM H, um D, MM
0 0 0 — 80 0,955 4,29 —

10 0,328 0,481 — 90 0,990 4,85 1,98
20 0,471 0,975 — 100 1,005 535 1,91
30 0,583 1,49 — 110 1,001 5,82 1,68
40 0,680 2,03 — 120 0,977 6,20 1,24
50 0,763 2,58 — 130 0,922 6,45 0,65
60 0,840 3,15 — 139 0,846 6,59 0,04
70 0,903 3,72 — 1399307 0,842 6,60 0,00

Han6oavwait paguye r nodyuaercst upu & = 100° ¥ pasen npuGIH3UTEABLHO
1 mm. Ecau r > 0,842 MM, To CyLIECTBYIOT JABa NOJIOXKEHHS PAaBHOBECHS HIOJKH:
onuo npu ¥ << 100°, apyroe mpu O > 100°. Ecan e r <C 0,842 MM, To cymecTsyer
TOJLKO OJHO MoJio:keHue pasHoBecHsi ¢ & =T 60°, Tak Kak B 3TOM cJyyae IpH
& = 60° ¢opmysaa (109.28) naer ans D orpuuarenbeoe 3HaueHue. HawmGoabas
ray6una norpyxenus H noayuaercs npH r= 0,842 MM H pasHa npHOGIH3HTENBHO
6,60 mm.

11, Jipe BepTHKANLHBIC NMapaiieNbHbie IACTHHKY YacTHYHO HOrPYXKEHB B XKiJ-
kocTb. Ilokasath, uto MexKAy HuMH OyAeT nab/onaTbCs INPHUTSKEHHe, Korja obe
[UIACTHHKH JIu60 CMAUYMBAIOTCS, JHGO He CMAUMBAIOTCSl MHAKOCTBIO, U OTTAIKHBAHHE,
KOT/la O/lHA TJIACTHHKA CMaUMBAETCs KHAKOCThIO, a Apyras Her.

Pemenue B cayyae cMaydBaHUsS XMIKOCTH MEXAY NI4CTHHKAMH NOXHHMA-
ercst (puc. 129, a). JlasieHne B NOAHSBIUEHCS YACTH JKHAKOCTH CTAHOBUTCS MEHbIIe
NaBJeHHsT OKpyKalomell atMmocdepnl. ATMocdepHoe IaBleHHe CTPEMHTCS NPHKATh
JIaCTHHKH APYT K Apyry. B cayuae necmaunsanus (puc. 129, 6) nasnenue :KHIKOCTH
CHApYKH TIaCTHHOK GoJ/blie [aBJeHAs BO3AyXa MexxAy HuMH. [losiBiserca pasHocTe

Puc. 129.

naBreHuil, cTpeMsasgca cGIH3WTL MIACTHHKU. PaccMoTpuMm Teneps ciyyafl, xoraa
Jlepas IJIacTMHKA CMAauHBAGTCS KHAKOCTBIO, a nmpasas He cMauuBaercs (puc. 129, 6).
Ecnu njacTHHKH PacroJoxeHsl JOCTATOYHO OJHM3KO APYT K ADPYrY, TO NMOBEPXHOCTb
JKHAKOCTH MEXAY HHMH HH B OZHOH TOYKe He CTaHOBHTCH ropusoHTadpHOM. OHa
HMeeT TOYKY MNepernéa rAe-TO Mex1y IJIacTHHKaMH. BejeacTsHe 3Toro XKMAKOCTh
MeX1y IJIaCTHHKAMH MOXHMMETCS HHKe Yy JIeBON IIACTHHKH M ONYCTHTCA MEeHblie
y npaBsoii MJIACTHHKH, 4eM HADyKHas #HAKOCTb. C 3THM O6CTOSATE/NbCTBOM H CBA3aHO
B PACCMATPUBASMOM C/yuae NOsBleHNE OTTAIKUBAHUS MeXKAY nnacTHHKamu. [anaenne
KHAKOCTH MeXJY [JIACTHHKAMH B TOYKe A paBHO J4BJACHHIO HADYXKHOH KHIAKOCTH
P; na Toit xe poicote. [laBienne Bosgyxa P, Godiblie Py, TAK KdK NOBEPXHOCTb XKHJ-
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KOCTH y JIeBOH IJIaCTHHKH oGpaiieHa K BO3AYXY BOrHyTofi cropoo#t. [laBienue Py
yObIR@eT C BLICOTOH, TOrAa Kak P, oCTaeTcst NMPAKTHHECKH MOCTOSHHGLIM. [lostomy
Pa3sHOCTb NABJCHHH CTPEMHTCs NepeMecTATh JMeBYK IIAaCTHHKY Biaeeo. B rtouke B
L4BJE€HHE XUAKOCTH P, Goabwe Py, TaK KAk MOBEPXHOCTH MHAKOCTH B TOH TOUKe
ofpaiiesa X BO3AYXY BRINYKJOH ctoponoit. TeM Gosee 310 cripaBeiiHBo A1 NaBJIEeHHS
HHXKE 3TOH ToukH. B peaysbrare pasHocThb jaeieHuil P, — P, Gyler nepemelyarth
NpaBylo TNACTHHKY BrHpaso. [lelicTBHeM DacCMOTPEHHBIX CHJI OOBACHSETCS KOHUEH-
Tpauss B Kyul NY3bpbKOB BO3AYXa, JIHCThEB, MEJKHX LIENOK H NPOUYHX CMauH-
BaeMblX TeJl, NAaBAIOWIHX HA NOBEPXHOCTH BOABI B CTOSTUUX BOZOEMAX.
12. Croa6HK XHAKOCTH, NOMEUIEHHBII B KOHHYECKYIO TPYOKY, caM JBHIKeTCs
K GoJjlee Y3KOH 4acTH, KOrla OH CMa4MBaeT CTeHKH TPYGKH, H K 6o/ee LIHPOKOH 49acTH,
Koria He cmauupaer. OQOBSACHUTL fBICHEE.
13. Ecau B TpyGKe Haxoautcs paj Kanedb (CTOIGHKOB) KaKOH-IHGO KHIKOCTH,
TO Tpe6yeTcsi 3HayHTeJbHOe AapJieHHe, 4YTOGBl NMPOABHHYThH HX¥ BAOJAb TPYOKH, Hesa-
BHCHMO OT TOTO, CMAUHBAIOT OHY CTEHKM TPYOKM miu He cmauusaior. ConmpoTus/eHHe
CMaunBAOUIAX Kaneib eule GoJiee YBEJIHUHBACTCH, KOTJA KaHAA TPYGKH MOnEPeMEHHO
cyxuBaercss u pacwmpsaercs. Ilpu stom Kanin

Y cobupaloTcss B CYXKEHHBIX YacTiX KaHana.
O6BsCHATL fBJEHHeE.
R 14. Onpezenuth GopMy MbUILHOM NJIEHKH,

Kpas KOTOpOH 3akpen/JeHH Ha JBYX OIHHAKO-

0 BHIX KOJIBLAX PafHyca R, YAaJeHHBIX APYr OT

P X Apyra Ha paccrosuue 2h. LleHTpnl KoJiel Je-

JKar Ha obWeli npsiMoH, NMepneHAHKYJAsSIpHOR K

X TIockocTaM. [INOCKOCTH KoJell He 3ars-
HYTBHl IJIeHKaMH.

Pemwenne. Bpuly cHMMeTPHH IIeHKa
SBJISIeTCA NOBEPXHOCTbIO BpAlleHHs  BOKPYD
NPSAMOH, HA KOTODOH JIEXKAT LEHTPH KOJELL.
IlepeceueM noBepXHOCTb MJEHKH MPOH3BOJBLHOI
TJIOCKOCTHIO, TPOXOAsiiell uepes 5Ty OCb, H TNPUMEM ee 33 KOOPEMHATHYIO MJjoC-
kocts XY (puc. 130). Tak Kak fAaBJeHHs 1O 06e CTOPOHBI ILIEHKH OJHHAKOBHL,

Pnc. 130.

I
T0 ¢ NoOMHas KPHBHHA o +§‘ JOMXKHA PaBHATECA HyMO. Paznyc xpususubt R;
1 2

HOPMAJILHOTO CeUeHUA MVIEHKH, Jeauero s niockoetd XY, onpenensercs popmy.ioi
] ”

———y——a/— (BesinunHa OTpHUATeNbHas). Paguyc KPHBU3HBL [epIeHH-
2

= a2
R,  (1+y") .
KyJSPHOTO K HeMY HODMaJILHOIO CEYeHHS JIETKO ONpelesHTh C MOMOIIBLIO H3BECTHOMH
13 auddepeRuuanbHofi reOMETPHH TeopeMbl Menbe, corylacHO KOTOPOH y == Ry cos &,
Tie & — YTOoJ MexXJy NIOCKOCTbI0 HOPMAJIBHOTO CEYEHHST 1 KOOPAUHATHOH MIOCKOCTLIO

YZ. Tloacrasnsas 3HaueHue cos ¢, NOJYYHM R,=y V1+ y'* (Be/HYHHA  TIOJOIKH-

TenbHast). Takum o6pasoM, auddeperuHalbHOe ypaBHeHHe, onpefessolee GopMy
OCEBOrO CeYeHHs IVIEHKH, NPHHUMaeT BHJ,

1
——=0. (109.29)

Beefiem nozcTanosky y' = sh®. Torma 1 + y'° = ch?@, y=ch G/Z—S Huddepen-

IHPYsl NOC/]elHee COOTHOLUIEHHe M NPHHHMAasi BO BHMMaHHe, 4T0 y' = sh@®, maxomum
d?0/dx?=0, otkypa @ =ax -+ b, e ¢ ¥ b — nocrosuusle. OHU onpenensaTcs H3
rPaHUYHBIX YCIOBHHA: y=R npn x=ct h. Odepuano b=0, Tak KaK BBUAY CHM-
MeTpHH y AOJKHA OhITh ueTHOH dynkumed ot x. OkoHYarTe/MbHO:

1 1 -
y =— ch ax:é; (e3¥ L emax), (109.30)
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rie NOCTOAHHAA @ ONpelac/isieTcs ypaBHCHHEM
aR =ch ah. (109.31)

[ToBepXHOCTb MUIEHKH MoJiyuaercst BpatenneM Kpupoit (109.30) sokpyr ocu X. Ona

Hasbipaercs kamenoudonm. YpasnerHe (109.31) Jerue Bcero MCC/NEROBAaThb H pelaTh

rpaduueckd. TIpumeHAsi 3TOT METON, HETPYAHO NOKa3aTb, YTO OHO HMMEeT DellleHHe
R

TOMBKO TPH YCJOBHH —h—> 1,61, 3uauut, utoGe! MeXAy KOJbLAMH MOTLJa 06paso-

paThCsl NJIEHKA, HEOGXOAHMO, YTOGHl PACCTOSHHC MeXAY HHMH 2/ He RNpEBHIIANO

2
T,STRzl’SgR'

15. Mexny AByMsl KPYIVIBIMH KOJbLIaMH OJMHAKOBOTO pajuyca ofpasoBanach
HMJIHHApHYECKas. MbLIbpHASL IJIeHKa, TNpPHYEM OCHOBAHUSl KOJell TaKke 3aTSHYTH
MBIIBHEIMH TJIEHKaMH, HMEIOIINMH, KaK JIeTKO NoKasarh, cdepudeckyto dopmy. Haitru
COOTHOILEHHE MEXIY paJMycaMH UM/IMHIPHYeCKOH K chepHuecKoH yactel MJEHOK.

O 1Bert. Pamnyc numnnuaipnyeckofl NMIeHKH 7 BABOE MeHbIUe paguyca cdepu-
yecKHX yactell nienkd R.

16. Pemuts 3axauy 14 B IIpefnosioskeHHH, YTO He TOJLKO GOKOBAsl TIOBEPXHOCTE,
HO H IVIOCKOCTH KoJlel, 3aTSHYTHl MBUIBHBLIMH IJIEHKaMH.

Pemenne Popma G0KOBOH NOBEPXHOCTH NJEHKH ONpefeaHTCs H3 TpeGoBa-
HHA, YTOGH! MOJIHAS KPHBH3HA ee pl~+R—l— ocTtaBajacp nocrosiHHo#. (B oTimune
1 2
OT 3ajaun 14 3Ta nocrosHHAas, BOOGIIE FOBOPS, OTJHYHA OT HyJd.) D10 IPHBOAHT

K AudpepeHLHATBHOMY YPaBHEHHIO

1 _ Yy
pV ity® (g

(OGo3nauenus Te Xe, Y10 H B 3ajave 14.) BBoas cHosa mojctaHoBKy y = sh O,

”

= const = 2K, (109.32)

NIOAYURM 4/ 1
" <__Ch 5 £/>=2Ky, (109.33)
oTKysa ) A
ae= K+ (109.34)

rae A — nocTosinHas uaterpupopanusi. Onpenenus orciona sh © ¢ noMomsio hopmyiet
sh? @ == ch® ® — | u BcnoMHHB ofo3navenue y = sh ©, Haiigem:

Ky*+A
= Vo (-

rie B — Bropas nocrosinHas HHTerpuposanud. IlocTosHHble HHTerpHpoBanus A u B
ONpENle/IAIOTC H3 TPAaHMuHBIX YooBHA: y = R npu x ==t k. @opmyaa (109.35)
COBMECTHO C 5THMH TIPaHHYHBIMH YCJIOBHSMH H pellaer 3anauy.

Ecmm A = 0, 10 wHTerpuposanune 8 (109.35) BHIOJHAETCS 3/€MEHTAPHO M JaeT

1
(e tyi=rs,

rne a — noctosinHas uHterpuposanus. [1pn a = 0 nosayyaercs OKpY»KHOCTb pannyca
R = 1/K c uedtpoM B Hauajle KOODJAMHAT. DTO pEWICHHE COOTBETCTBYET CJYYaio,
KOIa panuyc KoJel ofpaumaercss B HyJb. [Ipn ¢ = -+ 1/K nosyuaercss OKpy:KHOCTh
¢ mentpoM ¥ = - 1/K, a npn a = — 1/K — ¢ uenrpom x = — 1/K. O6e okpyx-
HOCTH HMEIOT OJIMH H TOT ke pajuyc R = 1/K u xacawotcs Apyr Apyra B Hayaje Koop-
JUHAT. ITH PELICHHS COOTBETCTBYIOT TAKIKE CJIYYalO, KOIJa PACCTOSHHE MENAY HOMb-
LaMH PaBHO YJABOEGHHOMY pajHycy KoJblLa.
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17. B 3anaue 15 japjexye BO3XyXa BHYTPM TY3HIpsi C/ierKa H3MEHSIETCH, BCJel-
CTBHE Yero INpsIMOJHHEHHEe O6pa3yioline LHAHHAPHYECKOH NOBEpXHOCTH HCKPUB-
astorcst. Tlokasath, 4T0 €M HCKPMBJEHHE Majo, To obpasywuias npumer dopmy
CHHYCOH/EL, TPHYEM ee neprof 6yeT paseH AJMHE OKPYIKHOCTU 277 OCHOBAHKSA HEBOS-
MYLieHHON UMJAMHApHYeCKOH IVIeHKH. [JoJp3ysick 3THM pe3y/anTaToM, AOKAa3aTh,
YTO TIPH YBeJHUYEHHY NaB/JeHHsA BO3AYXa BHYTPH NY3LIPA, KOTAa ero AJHHE MEHbILe Jtr,
nyseIpb GYAET BBHIMYYHBaTHCHA, A NIPH YMEHbLICHHH AaBJeHHS — cyxarecs. Ecan xe
JUIHHA MYy3BIpst GyZXer Gosblie 77, HO MeHblle 27, TO YBeJHYEHHe BHYTPEHHErO /aBJe-
HHS 3aCTABUT GOKOBYIO NMOBEPXHOCTh IJIEHKM CAENAThCS BOTHYTOR, a yMeHbllesne —
BHITYKJIOH.

Pemwenune B ypapnenun (109.32) npenebpemeM KBanpatoM nepeoil Ipous-
BojHo# y'. Torma s KpuBH3HEL GOKOBOH TOBEPXHOCTH IWIEHKH 2K moayuum

1
2K=____ o
7 Yy

Tlonoxum y == r-+ 1, rae 1< r. [peneGperas KBajpatoM 1], MOIKEM Hamnucatsh

2K=%—— Y (109.36)
MockosabKy kpusn3Ha 2K MOCTOSHHA, HHTEPHPOBAHHE ITOTO YPABHEHHA Jaer
n=A4 cos —’:—-}-B sin —’ri—i-C,

rie A B — noctosHuble UHTErPHPOBAHKS, a nocrosuHas C pasna r — 2K7r2. Tlocro-
siHHag B PaBHA HYMO, TaK Kak GYHKUHA 1 (x) Ao/KHa GbiTh ueTHoit. [Ipn x = = &

nonxHo G6biTb M = 0, T. e, A cos 7-+C =0, CnenosarefnHo,

X h
n=A4 (cos—f— — cosT).

Takum ofpaszoM, oSpasyiouas HUAMHIPA NpuHuMaer dopmy cunycowasl. Mg kpu-
BH3HBI GokoBO¥ mnosepxHoctH H3 (109.36) mosnyuaem

1 A h
2K = — 4+ = cos —.
K r + r2 r
Ipn ysenHueHHH IaBJjieHHs BHYTPH NY3hIpS KpuBH3HA 2K NO/MIKHA YBETHUMBATLCS.

b1
Ecan - <, T.e LEna ny3eips 2h MenbLUe 77, TO cos;— > 0. [losromy nocroanHas

A nonxHa GHITE TIOTOKHUTeNLEOR. 3HAUNT, NMPH YBETHYCHHH NaB/ICHHS BHYTPH My3HIpS
h Tt
ero 60K0OBas MOBEPXHOCTL OyHeT BeMyuHBaThcs. Ecau }Ke—r— > 5 » T € AMHHA my-

h
3nips 24 Godpine 5ir, 10 CO8 - << 0. B z1om cniyuae noctrosnuas A oTpuuartesbHa, H

TpY yBeJKYeHHM AapicHHs GOKOBaA NOBEPXHOCTb IY3HIPA Gyler BAABJIUBATHCA.
18. Crpys XMAKOCTH BBITEKaeT Yepe3 TPYGKY B AHe cocyaa (puc. 131). [Monepey-
HOe CeyeHHe TPYOKH HMeeT (opMy J/IHICA, BRITAHYTOIO B TOPH30HTAJILHOM Hampas-
qeuun. Crpys npuruMaer GOPMY HEMH, 3BeHbS KOTOPOH NONEPEMEHHO TO BHITAHYTHI,
TO CIMIIOCHYTHl B TOPH30OHTA/IbHOM HanpasJeHuH. OObACHHTL sipienme. Ilonb3ysace
Coo6paKeHHsIMH Pa3MEPHOCTH, HAHTH 3aBHCHMOCTDL AJIMHBI 3BeHa / B Haya/iAbHOH YacTH
CTPYH OT IVIOTHOCTH XHAKOCTH @, NOBEDPXHOCTHGIO HATAXKEHHS O, DACCTOSHUN A
MeXZy OCHOBaHHeM TPYGKH H YPOBHEM XHIKOCTH, & TAKKe OT YCKODEHHS CHJH TSKe-
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cTH g, €C/iM TIOMepeyHoe ceueHHe TPYOKH oOcTaeTca HeMaMeHHbM. Ha HaGiofeHHH
3TOr0 sIBJIGHUS OCHOBaH MeTof Pesiesi H3MepeHHs MOBEPXHOCTHOTO HATAKEHUS XKUJ-
ROCTeH.

OTBerT. 1~l/-&,
G

19. MBIbHEH TIY3HPb BBIAYT uepes UHAMHAPHYECKYI0 TPYOKY C BHYTPEHHHM
paiuycoM r = 1 MM H AyuHoll [ = 10 cM, B ToT MOMEHT, KOrla pajHyc Nysups JOCTH-
raer sHaueHuss R, = 10 cM, mepecraioT ILyTb, H BO3-
AyX W3 Ny3eIpS HAuMHAET BHIXOJUThL Yepes TPYOKY.
Uepes Kakoe BpeMs, HAuMHAS C ITOrO MOMEHTa, ITy-
3pipb HeueaneT? IToBepXHOCTHOe HaTsKeHHE MBWIBHOTO
pacTBopa @ = 50 JuH/cM, KO3(DOHIMEHT BA3KOCTH
posgyxa 1= 1,8:107% r/(c-cm). Mamenennem niot-
HOCTH BO3JyXa 3a BpeMs npolecca npexeGpedb.

OrBer. Bpemsa / cBA3aHO C paiAMyCOM Ny3HIps

COOTHOWIEHHeM = % (R{—RY). Ilysuipb uHcue3Her

2yl
yepea =F,TR3=7'2' 103 ¢c=2 u.

20. Ha xakyio Bennuuny AT TemmepaTypa B03-
IyXa BHYTDH MBUILHOTO Ny3bIPR JOJMKHA HPEBHIUATDH L—-—-‘\,-\,\__\’_~
TeMnepatTypy OKpyxatomiero Bo3fyxa T, uTo6bl ny-
3RIPb CTaJl NOAHMMAThCA? Paguyc nysnipd paBed r,
[IOBEPXHOCTHOE HATSXKEHHE MBLIbHOH  IIIGHKH O, Puc. 131.
Maccoll mJeHKH MOXHO nOperefpeub. YUecTb, YTO

LaBjieHHe BO2ZyXa BHYTPH Iy3bps MaJjo OT/JIHYaeTCst OT aTMocepHOro JapjeHust P,
40
OtBert. AT >-——.
Pr
21. Utobbl CTPAXHYTb PTYyTb B MEJMUHMHCKOM TepMOMETpe, HYKHO YCKOpenue
a ~ 10g. OueHuTh AHaMeTp NepeTsKKM B KanuLfape TepmoMeTpa. Koabduiuent
TIOBEPXHOCTHOIO HATSKeHWA PTyTH ¢ = 490 aun/cM, AinHA croa6HKA PTYTH Bhiile
nepeTsaKKH: A ~ 5 cM, miotsocTe pTyTH P = 13,6 r/em?,
20 (4
— & ——=21,0. 1072 cM.
aph ~~ bpgh
22, Ha CKOJIbKO H3MEHHTCS 110 CpaBHeHHI0 ¢ Cp, MOISIPHAs TENVIOEMKOCTh HIeasb-
Horo rasza C, ecylM ero HarpeBaTb BHYTPH MEUIBHOTO Iy3bips paadyca r= 1 cm?
TToBepXHOCTHOE HATSKEHHE MBLIBHOTO pacTBopa ¢ = 50 aun/cM. 3aBHCHMOCTHIO O
OT TeMnepaTypnl npeHeGpeus. [aBiaeHHe BHe nysmipa Po= 1 aiM.
40R

OTBer. C—Cpmrgge = 2 R-1074=1,33 107 xan/(K - woms).
[

OTBerT. r=

§ 110. KanuinsapHo-rpaBHTauMOHHLIE BOJHbI
MaJIoil aMIIIUT yiibl

1. Kanuaiapro-spasumayuornsiag  80AHOMIL HO3bIBAIOMCA 60AHSL, Pacnpocmpa-
HAIOWUECR N0 NOSEPXHOCIIL HCUOKOCMU No0 Oelicmsuem CuA NOBEPXHOCMHO20 HAMAxCe-
HUR W Cuabt MAXcecmu.

Jas nonumanns Hacrosuuero naparpada TpeGyercsi 3HaKOMCTBO C HEKOTOPHIMH
MOHATHSIMY, OTHOCAILUMHCS K YUEHHUIO O BOJIHAX, KOTOPHIE GYAYT NOAPOOHO W3NOKEeHE!
B TpeTheM TOMe Hallero Kypca. UuTatenb, He 3HAKOMBIH C 3THMH MOHATHSMH, MOXET
APONyCTHTH 3TOT maparpad Ges yuiep6a Ans NoHAMauus Aanpuedmero, OrpanuynMes
paccMOTPEeHHeM KalHJ/ISPHO-TPABUTAUMOHHBLIX 804K Maiol amnaumydst. Tak Hasel-
BAIOTCS BOJIHBI, aMIJIMTY/A KOTOPEIX MaJia 110 CPaBHEeHHIO ¢ JnHOH BoaHEl. Mui Gyaem
TaK:Ke CYHTAThb XKHAKOCTb eayboxol, T. €. pacCMOTDHUM CJaydad, Koria FayGHHA XKHJ-
KOCTH 3HauHTeJbHO GoJblle AJAUHBL BOJHHL
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HaiineM BhpaxeHHe LIS CKOPOCTH DACIPOCTPAHEHHS KaNW/UISIPHO-I'DaBHTAIUOH-
HEX BOJAH. JTO MOKHO CASNATh OUEHb NPOCTO, €CJIH BOCHOJAbL3OBATHCH CJCAYIONIMM
Pesy/ILTATOM, BHITEKAIOWMM M3 YpaBHEHUH THAPOIMHAMMKH HeCXKHMAaeMOll SKHIKOCTH,
B naockodl Geeyweli cunycoudarorol 60aHe Marol amnaumyosl Kanoas acmuya sud-
Kocmu  O8UOKEMCS hO OKPYICHOCMU, PACNONONEHHOU 6 6epmUKansHOl NAOCKOCmU,
nPoxo0sawell Yepes HanpaesaeHue pacnpocmpanerus s0aHst. Paluyc OKpYKHOCTH 7 Mal
N0 CPAaBHEHHIO C AIMHOR BoaHbl A. OH y6blBaerT SKCNOHEHUMANBHO NpPH YAaleHHH
OT NOBepXHOCTH XKMiAHoCcTH. ONHAKO 3HAHHE KOHKPETHOTO 3aKOHA, MO KOTOPOMY
NPOHCXOMHT TaKoe YOpIBaHHE, A5t MOCJACLYIOLIHX PacCyKaAeHHH He Tpedyercs. Cyecr-
BEHHO TOJILKO PO, YTO Ha NOBEPXHOCTH KHAKOCTH aMIVIMTYAA KoJleGaHuii MaKCHMaNbHa,
a Janeko OT Hee (Ha pacCTOSIHHAX >>A) ofpaliaercss B HYJb.

Ecny TOUKM NOBEPXHOCTH JKUAKOCTH, PAClOJIOXKEHHBIC HA HEKOTOPOH npaAmoi,
3aCTABUTh COBEPUIATH TApMOHHYECKOE KoJeOaTe/bHO® ABMKEHHE, TO BAOJL MoBepX-
HOCTH JKHJAKOCTH NEPIICHAXKYJIAPHO K 3TOH NPAMOH NMOGEKHT KamWJIApPHO-rpaBHTa-
LHOHHAsT BOJIHA, CKOPOCTh PacNpoCTPaHEHHA KOTopol 06o3HAUHM c¢. B Henoasukuo#
CHCTEME OTCYETA, KAK YXKe CKa3aHo, KaXKAasl YaCTHIA KHIKOCTH ABHIKETCH [0 OKPYK-
HOCTH. PaccMOTpuM siBJieHMe B CHCTEME OTCYETa, PABHOMEPHO ABMXKYmielicsa co cxo-
pocthio ¢. B aroit crereme Bosinbl 6yAyT cTosiTh Ha Mecre. [Bmixenne wactuub Gyaer
CJlaratbCsl M3 PaBHOMEPHO-TIOCTYNATESBHOTO CO CKOPOCTHIO € M PaBHOMEPHOrO Bpaile-
HMS 110 OKPYXKHOCTH panuyca r. Tak Kak palnyc r npeAnoJaraercs MajibM 110 CpaBHe-
HUIO C [JJIMHOH BOJHBL A, TO MOXKHO IpereGpeub TOPH3OHTANBHEIMH KOJIeGAHHSIMH
uactHubl. Ecin och X HanpasHTL MO HEBO3MYHIEHHOH NOBepXHOCTH KHIKOCTH B CTO-
POHY pacnpocTpadeHusi BOJHBI, a OCb Z — BEPTHKaJbHO BHH3, TO B YKA32HHOM IIpH-
OJ/IMKCHHH JIBHIKEHHE YACTHIILI Ha NOBEPXHOCTH JKUAKOCTH H300DA3HTCA YDaBHEHUAME

x=ct, z=rsin g%c—t- (110.1)
dopMa TPACRTOPUR HAUACTCH OTCIORA MCK/IOYSHHEM BPeMeHM f, 4ro Aaer
2
2= sin f}fi‘. (110.2)

310 — CHHYCOHMA. YacTHUBl, PacloONIOKEHHbBIC He Ha NOBEPXHOCTH, a B T1y6UHE XKuJ-
KOCTH, TaKme JBHXKYTCSl IO CHHYcOHaM. Ho ans HuX paguyc r MeHbie — oH yOul-
Baer ¢ IVIyGHHOH.

Puc. 132.

2. Ha puc. 132 epxnsis cunycousa ABC npeacrasiser TPaeKTOPHIO YACTHUEL
Ha NOBEPXHOCTH MHAKOCTH, 8 A'B’C’ — GeckoHeuHo GJH3KOM K Helt UaCTHUH B Iy~
6HHe KMAKOCTH. B paccmaTpuBaeMoil CHCTEME OTCUETa TEYCHHE KHAKOCTH CTAIMO-
napuo. Ilpocrpanctso mexay nosepxuoctssMa ABC u A'B’C’ mnpeacrasaser co6oit
Tpy6ry ToKa. [Ipumennm x nefl ypasnenue Depuyaan. Ecan v — ckopocts aBuxkenust
JKHAKOCTH 1O OKPYXKHOCTH, T0 B Touke A, rjie IOCTyrnarteJpHOe H BPALIATe]bHOE
JBHXKEHHS BLIYMTAIOTCH, NOJHASA CKOPOCTb XKHIKOCTH OyleT ¢ — v, a B Touke B, rae
OHM ckaapbiBaotest, ¢ -+ v. PassocTs BhcoT Touek A M B pasHa i = 2r. [Tostomy
no ypaeHenuio BepHy/ann

Py+5 (e—vP+20gr =Pyt -+,
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HJIH
2pcv =2pgr + (P , — Pp). (110.3)
QueBujHO
2nr  2nrc
=—T* =T. (1104)
laBieHus %uAKOCTH B TovkKax A u B no dopmyne Jlannaca paBubl COOTBETCTBEHHO
P,=P,+0oK, Pp=P,—0K, (110.5)

rae K — afcolloTHoe 3HaueHue KPURH3HBI CHHYCOMAH B Touke A unu B. Tlockoapky
B 3THX TOYKaX TepBas Npous3eoiHasn dz/dx paBHa HyMo, AN KpHBU3HE K 1oJaydaeM

ns (110.2): | 2] _ e

M3 (110.3) ¢ yuerom (110.4), (110.5) u (110.6) noaysaem dopmyny A ckopocTH
pacnpocTpaHenus KammlispHO-TPABATAIIHOHHBIX BOJIH:

gk | 2no
c = el | 227 110.7
]/Qn + 37 (110.7)
3aMeTHM, YTO B TEOPHA BOJH BEeJHUHHA € HA3LIBAaeTCH (bas3osoil ckopocmbio, T. e.
CKOPOCThIO, ¢ KOTOPOH pacnpocrpansiercs dhas3a BOJHBL. 374 CKOPOCTh 3aBHCHT OT JJIHHA

BOJIHEL, T. €. KAAUAAADHO-2DAGUIMALUONHYE 80AHbL 0DAadarom ducnepcued.

gh . 2mo . c
. s pouHHBIX BOMIH, KOrAa 2- > T. 6. A> 2R —
3. Ilaa n KorAa 5= o > og’ TN0BePXHOCTHOE

HaTsIKGHHE He Hrpaer poaH, H dopmyna (110.7) nepexoaur B

g
c= ]/ga. (110.8)

B stoM Cay4ae BOJHLI HA3BLIBAKTCH 2pasumay