U.T1.ba3zapos

TEPMO/NHAMUKA



W. I1. Ba3apos

TEPMOJANHAMUKA

H3J1aHHE 4YEeTBEpPTOEL,
nepepaboTaHHOE M JIONOJIHEHHOE

Jonymexo
TocynapcraentbM komuterom CCCP
0 HAPOAHOMY 06PA3OBAHHIO
B KauecTe yyeGHuKa
JUIA CTY[€HTOB YHHBEDCHTCTOB,
00y4aloUMXCS 110 CNCLHAIbHOCTH
«Du3nKa»

MOCKBA «BBbICIIASL IIKOJIA» 1991



BBK 22317
b 17
VK 536.7

Peuensent
. A. M. Gedopuenxo
(3aB. xa eupon TEOPETHYECKOH (PHIUKH
KHeBCKOro rocyjapeTBentoro yuupepcutera . T. I'. llepueno)

Bazapos U. I
B 17  Tepmoaunamuka: Yueb. 11 BY30B.—
¥ pon—M.: Beicn. k., 1991.—376c
ISBN 5-06-000626-3

B yueSimixe ocHoBH ee Meroms
W BaXHEilIHE QHIKIECKHE NPHIOKCHHA C YIETOM TEHAHIHIi PABHTHS COBPEMEHHON
Quoaks. Bhepbue B yaebHOR INTEPATYpe PACCMOTPCHA PETATHBMCTCKAR TEDMO-
IR, TCPMODMIGNIXG CHCTOM P OTPULATETMMLX  TEpMOMIAMILCCKAX
TemnepaTypax, KOk o
xony

4-¢ u3n., nepepab.
ML

MaTepHana M socans BONPOCH  Kypea.
y'ieslmx BBE/ICHHCM B Pa3obpano
BONbIIOE HCIO 3adau.

5 1604110000(4309000000)—103
001(01)—91

—91 BBK 22.317
530.1

VueGnoe usdanue
Basapon Uan TMapsiopna
TepmoHHAMHKA
3an. ponaxei E. C. Tpuscons, Pesacrop T W Hepmamena. M. peascion H. A. Baacoss.
Xysnowecraemnsi peaaxtop B. M. Tonomapemco. Textiuseckut penaktop A. K. Heerepona. Kop-
pextop I . Kocrphkosa
B 8158
ton N OM-938. Cnamo » mabop 24.0490. Toan. b mesars 28.11.90. dopmar 60x 88"/
opc. Ne 2. Tapuurypa raéimc. Ilewats ogmm Obrem 2303 yor mes. x. 23,03

mrp-m'r 23,64 ya-man. Tupax 20000 N'd77. Uewa 1p. 30k
e Remorno aBricutan. sixonw 101430, Mocksa, ICIT-4, Hermmuas ¥, 1. 29/14

Opaena Okt36} Pesomouss  opaena Tpyzosoro Kpacuoro
Srmeenn“MiiG Tleppas_Of T o komntera CCCP
™ 1903, Mockaa. Bontaon 35, 5 Momoboroll tmnorpabi N § Tockomueiarn COCP,
129041, Mocksa, b. llepescnanckas yn., 46. 3ax.821.

ISBN 5-06-000626-3 © WM. T1. Basapos, 1991



OT'JIABJIEHUME

11

Beenenue

OcnoBb
Teopun

aasa nepsas

OcHoBubie TOHNTHS W

§ 1. TepmonMHAMHYECKUE CHCTEMBI, napamerpu u PaBHOBECHE

§2.

§ 3. ToMoreHHble M TETEpOreHHbIE CHCTCMH (Da:«bl W Kowmo-
HCHTBI

§4.P TPOLECCh

§5 BHylpeHmm siiepriia cnerenst, Pabota K ronora

§ 6. H P! P

3uduuu

Trapa sropas

OcHoBHbie 32KOHbI H ypaBheHus TepvmoImHamuky. [lepsoe Hauano Tepvo-
JMHAMHKH

§ 7. VpaBHCHME MEPBOrO HAuaia TEPMOMHHAMMKH

§ 8. T H M TEIIOTHI 0
HHX NIapamMeTpoB

§ 9. OCHOBHbIC TEPMOJMHAMHYECKHE TPOLECCHl M HX YPABHEHHS ..

§ 10. Ceasp Mofyne# ympyrocTd C TEMIOEMKOCTAMH ..

3adauu

Tnasa Tpeths

Bropoe nauano ' Tepwommammicn

§ 11. Obwas M ucxoaHas g BTOPOro Ha-
Haja
§ 12. Obpatimbie H MbI€ IIPOLECCHI

§ 13. Mpununn agmabaTHOM HEAOCTHAMMOCTH H BTOPOE HAYANO A
PABHOBECHBIX NPOLIECCOB. DHTPONHA W TEPMOAMHAMHYECKAS TeM-
Tnepar:

§ 14. MaremaTti4eckoe 0GOCHOBAHHE CYIIECTBOBAHHS SHTPOIMH H Tep-
MOJIMHAMUYECKON TeMNepaTyphl .

§ 15. OcHoBHOe yp: ans nponec-
cos. Cfs Mexty Tep M Kalop:
COCTOSHHS
§ 16. Boruncnenne sutpomnuu. Ilapagokc 'mb6ea ... .
§ 17. Bropoe Hasano ipo-

ans
ueccoB. OCHOBHOE YpaBHEHHE W OCHOBHOE HEPABEHCTBO TEPMO-

§ 18. Lnxn Kapio H TeOpembl Kapio ...

0

49
53

55
58



§ 19. CaMOIPOM3BONIBHbIA NEPEXOAL TEILIOThE

§ 20. TIpededsl NPHMEHMMOCTH BTOPOrO Havaa TepMOJJMHdMMKM
BPEMEHH 82

3adauu 85

Tnasa ueTBepras
Tperbe HAYAN0 TEPMOIMHAMMKH

§ 21. DOPMYUOBKA TDETBErO HAYATA TePMOTMHAMMKM 91
§ 22. Hekotopbie CHEICTBUA TPETHErO Hayajla TEPMOJMHAMHKH 93
3adavu 97
Tnasa naras
MeToas! TepMOIHHAMHKH
§ 23. Metoa uuxnon 99
§ 24. MeTox TEPMOAMHAMMYECKHX MOTEHUMANOB 101

§ 25. Vpasneune ['n66ca - Febmronbua. TepmMoMHaMHYCCKHE TOTEH-
UMbl HAC: 0 rasa 108
§ 26. TepMomnmastriooe NOTeHAAATE CHOMMMN GHOTOM 1 GHeTem

C NEepeMEHHBIM HHCIOM WYaCTHI ... 112
3adauu 117
Caasa wecras
Venosns " i CHCTeM
§ 27. O6IMe YCIOBHA TEPMOAUHAMHYECKOTO PABHOBECHS M YCTO-
HHBOCTH 119
§ 28. Verous i woil crctembl 124
§ 29. Vcnosus i cucTeMbl 126
§ 30, Mpunmum Tl Watebe — Bpayaa ..o, 131
3adauu 134

[aasa ceapmas
T cicrem npu ‘TemnepaTypax

§ 31. CylLiecTBOBaHHE COCTOAHMI C OTPHUATEABHON TEPMOAMHAMHUYEC-
Ko TemuepaTypoit 136
§ 32. Cucrema ¢ OTpHUATENBHOH TEPMOIMHAMMHYECKOH —Temmepa-

Typoit 138
§ 33. TepMoAMHAMMKA CHCTEM C  OTPHUATE/IbHBIMM  TemIepary-

AMM 141
§ 34 g'c:msm H CUCTEM C OT] HBIMH TEMIICpaTy-

pamn 147
3aoauu 148

Tnasa Bochmas
PesTHBRCTCKAA TePMOIHHAMHKA
§ 35. Peasr TemnepaTypa 149

g 36. WNBApHAHTHAS SHTAALIHS 150
37. OcnoBHoe i 152
§ 38, PCaATUBHCICKHE PaboTa M KOAHUCCTBO TeILIOThI 153
§ 39 PeantMBuCTCRHE NpcoGpa3OBaHMA TCMIICPATYphI i

rennothl Lianka # OTTa ... .1ss
§ 40. Mneansaai_ras. P 156
§ 4l # o it pensT Teophit

I 158
Judauu 161




Taasa pessras
Omméke n 3abnykaeHus B TePMOIHMHAMHKE

§ 42. TInaBk O rOJIOHOMHOCTH BBIPAXCHUS JUIA KOJIMYECTBA TENNOTHI ... 162

§ 43. okaszarenscreo B. Hepuerom memoctwxumoctu 0 K. Jlpyrue
olHGOUHbIE 0KA3ATENBCTBA ...

§ 44. DuTponus, HH) o T Cunwnapaa 165

§ 45. CymecTsoBanne (a3oBbiX NEPEXOAOB BTOpOro poja. Jlerkocts
CKOJIBXEHHS KOHBKOB TIO JIbjly. 3HAaK TCPMOAMHAMMUYECKOH TeM-
niepaTyp! 166

§ 46. Mapagokc ['mbGca. M3MeHeHue SHTPONHM NPH HEPABHOBECHBIX

169
§ 47. O NOCTPOEHHH TEPMOJWHAMMKH HA OCHOBE fepBoro Havana .. 171
§ 48. VCTOMYMBBI M COCTOSHHMS C OTDHIATENBHOH TEPMOAMHAMHYEC-
KOH TemnepaTypoi? 173
3adauu 176
Ipumenenus
TePMOIHHAMHKH
Tnasa necsras
Te p @ cucrem
§ 49. T ra X u aMeMeHTOB.
A 0 CpOACTBA 178
§ 50. Oxnaxnenue rasa npu HeoGpaTHMOM M 0BpaTHMOM ajMabaTHBIX 18
§ 51. TepMOIMHAMUKA MHOICKTDAKOB H MATHETHKOB 187
§ 52. PaBHOBCCHE TOMOTEHHOM CHCTEMBI 195
§ 53 Pannoaccua mcporennon cHCTeMbI 202
§ 54. Te 206
§ 55. T nnaIMBL 214
3adauu 220
Tnasa oauumajuatas
TopepxHocTaIe sBACHHS
§ 56. [OBEPXHOCTHBIE HATSXCHHE M JABACHHE 23

§ 57. PapuoBecHas popMa MOHOKpHCTANTA. l'IpuHimn Tu66ca— Kiopu
n Teopema Bymbda 225
§ 58. Poab  IOBEPXHOCTHOTO HATSXEHHA NpH 06pa3oBaHuH HOBOW (a-

3bL. 229
3adavu 232
[naBa asenajuaras
DazoBhic Nepexoibl W KPHTHYCCKHC NBICHMS
§59. K asoBbix Dasosbic nepso-
ro pojga. YpasHenue K. i —-Knaysnyca 233
§ 60. d)dsmme DEPEXOJBI  BTOPOIO  poma.  Ypapxenus — Open-
237
0 mepexoaa 239
§62 Kputuueckue ¥ 3aKpUTHYECKHE SBICHHUS 242
§ 63. TepMoaMHaMuUecKass TCOPHA KPHTHHCCKHX 249

3udusu 254




3

Bsesienne B HepaBHOBECHYIO

TEPMOHHAMHUKY
Taasa Tphmaauaras
§ 64. Jlokanshoe H OCHOBHOE Yp
§ 65. YpaBHeHus GAnaHCa M 3KOHB COXPAHCHHS PA3IHUHBIX BEJMUMH

3adauu

IaaBa dersipragnaras

JIHHEHHBIX

§ 66.
§ 67
§ 68.

§ 69.

§ 70. T

3aoauu

Jlnneiinbiii 3akon. CoOTHOMERHS B3auMHOCTH OHCATepa W NpUH-
uun Kiopu

MBIX TIDO-
1eccoB

Veroit i, npuauun Jle [atenne
u b ynop: B obnacTH Heobpa-
TﬁpMUJ'IEKTpM‘lCCKKe SBJICHUS ..

M MEXaHOKA. it opdexTsr

Taasa nsrsajguaras

Ocuosbl

§ 71

Vimuaepeatuuit Kpureput ovonoun Tencopla —Tlpurox

§ 72 l'lpoc‘rpaﬂcmeﬂﬂbne JIMCCHTIATHBHBIE CTPYKTYpbl. Sueiixu Benapa
§7 TIPOCTPAHCT] JTHCCHNIATHBHbIC
" cTpyKTypL. Peaxnus Benoycosa— KaBGOTHHCKOTO - .
3adava
3akmoyenne

Pemienns 3anay
Tpenvernsiit ykasatens

255
262

281
284

286
287
288
289
374



NPEAUC/IOBUE

Hacrosinas KHMra mpeacTaBiseT co0OH INepBylO 4acTh Kypca
«TepMOI[PlHaMHKa M CTaTHCTHYECKas (bmm(a», YUTAEMOIo Ha d)HBH"IﬁC-
KHX M (H3MKO-MATEMATHYCCKHX (aKyIbTeTax YHHBEPCHTETOB. DTOT
KypC SIBJISIETCS OIHMM M3 OCHOBHBIX KYPCOB TEOPETHYECKOH (H3HKH.
B HEM MaKpOCKONMHYECKHE TeJNa, T. €. CHCTeMbl M3 GONBLIOro 4ucna
YaCTHIl, U3y4alOTCs BHa4YaJie TEPMOJHHAMMYECKMM METOJOM, a NOTOM
METOJaMH CTaTHCTHYECKOH (u3uku. Takas mocienoBaTenbHOCTh 06yc-
JIOBJIEHA TIOCTENEHHBIM NEPEXOJIOM B NPOLECCE H3YYEHHS OT MPOCTOro
x Goiee CJIOXKHOMY METOAYy MO3HAaHHSA. B oTimume OT OCHOBHOTO
Kypca CHeuKypchl IO TEPMOJWHAMHMKE M CTATHCTHYECKOH (H3KKe
MOXHO H3Jaratb B Jo60M TIopsJIKE.

KHira COCTOMT M3 Tpex 4acrell: B NEpBOH YaCTH H3JIAraloTcs
TEOpCTquCKHC OCHOBH TEPMOJHHAMHKHU; BO BTOpOﬁ*CC TIpHJIOXKEHHSA;
B TpeTheld — B Hepa YIO TEPMO, y.

Pa306paHo GObIIOE WACJIO HOBBIX 3ajad. Yacth HX cs3ama
C JIOTOJIHHTELHBIMH BOMPOCAMH, HE BCErJa YHTAEMBIMH B Kypce
M HE BOLUGAIIMMHM B OCHOBHOH TEKCT KHMIH. B 4eTBEpTOM H3MaHUK
HEKOTOpBIC pa3fieyibl KHHIH HAOTOJIHEHbI HJIH H3JI0XEHb! TI0-HOBOMY.
BuepBeie B y4eOHON JIMTEpAaType W3JIAraeTCs DeNISTHBHCTCKas Tep-

H TEpMO, TEOpHs KPUTHYECKHX TOKa3a-
TeNed, a Takke NPUBOAMTCH aHamW3 oOuMGOK W 3abuykmeHui
B TEPMOJIMHAMHKE, BeCbMa HOy‘lHTCJIbHBlﬁ TIpH €€ OCBOCHHH.

YHHBCPCHTCTH, KaKk H BbICIIas IIKOJIa B IEJIOM, peluawT
JABYEJMHYIO 3ajavy — NOATrOTOBKY npo(beccnonanbﬂo BBICOKOKBAJIN-
UIMPOBAHHBIX CNELHANHCTOB M (POPMUPOBAHHME Y HUX AMAJIEKTHKO-
MAaTepHaNUCTHIECKOTO MHPOBO33PEHHS, HMOSTOMY B KHHTE 1O XOXY
H3JIOKEHHS MaTepHaJla pacCMaTpPHBAKOTCA TEOPETUKO-NIO3HABATE/IbHbBIE,
METOJOJIOTHIECKHE BOIPOCH d)umm Tak kak 0Oe3 Lbunococbcxoro
OCMBICJIEHUSA ll)HSH‘{eCI(HX TeOpHH MX 3HaHME HE MOXeT ObITh
TO-HACTOAIIEMY TJIyGOKHM.

ABTOp Gnaromapes akad. H. H. Bozomobosy 3a obcyxaeHne
NPHHIMIHAIBHBIX BONPOCOB COBPEMEHHOM TEPMOJWHAMMKH M CTa-
THCTHYECKOM dzmmm, a TAaKXe YJICHAM METOJOJIOrHYECKOro CeMHHapa
dusmyeckoro dakynsrera MI'V 3a 06CyXAeHHE METOMOJIOTHYECKHX
BOIIPOCOB KHUTH.

Asmop



BBEJEHUE

TTocieoBaTeIbHOCTh PA3/HYHbIX KypCOB Kak OOLUEH, Tak M Te-
OpETUYECKOH (DM3UKH  ONPEENISCTCA MPEKJAC BCETO MOCTENEHHBIM
NEPEXOIOM K M3yuEHHIO Bce Oojiee CIOXKHBIX (OpPM  JIBHKEHHS
COOTBETCTBYIOIUX CTPYKTYPHbIX BHIAOB MAaTEPUH (MakpoTena, Mo-
JIEKYJIBI, ATOMBI, JJIEMEHTAPHbIE YACTHLbI W IOJIS).

Mexannka W3yd4aeT 3aKOHOMEPHOCTH Ipocteiiiell GopMbl JBHKe-
HHSl — OTHOCHTEJILHOTO NEPEMELIEHHS TNl B IPOCTPAHCTBE CO BPEMEHEM.
TepMOIMHAMUKA ¥ CTATHCTHYECKass (DH3MKA PACCMATPUBAIOT SIBJICHHA,
0BYCJIOBJICHHDIE COBOKYITHbIM JIEHCTBHEM OTPOMHOIO YHCJIA HENPEPhIBHO
JBHKYLIAXCA MOJIEKYJ HMJIM JAPYTMX HaCTHI, W3 KOTOPBIX COCTOST
OKpYXKarolIHe Hac Ted. braronaps ouenb 60NbLIIOMY KOTHYECTBY YaCTHIL
GecCnopsIOYHOE MX IBUXKEHHE TIPHOOPETaeT HOBBIE KAYECTBA: MAKPOCKO-
IIH4eCKHE CBOMCTBA CHCTEM M3 GOJBLIOrO YMCIA YaCTHU B OGBIYHBIX
YCJIOBUSIX COBEPILEHHO HE 3aBHCST OT HAYaJIbHOTO NOJIOKEHHS 3THX
4aCTHIL, B TO BPEMsl KaK MEXaHMYECKOE COCTOSIHUE CHCTEMBI CYIIECTBEHHO
3ABHCHT OT HAYAJIbHBIX YCJIOBHIL. ITO OJUH U3 IPUMEPOB JHAJIEKTHUECKO-
TO 33aKOHA TepPexoJa KOJMYECTBEHHbIX W3MEHEHHH B KaueCTBEHHBIE:
BO3PACTAHME KOJIMYECTBA MCXAHMYECKH JIBHXYIIMXCH 4ACTHIl B CHCTE-
Me TIOPOXKJIAET KAYeCTBEHHO HOBbIA BUJl JIBUXKEHUS — TEIJIOBOE JBH-
KEeHHe.

TerioBoe JBWXEHHE MpPEACTABISET COOOH W3MEHEHHS CHCTEMbI,
0BYCIIOB/ICHHBIE €¢ ATOMHCTHYECKMM CTPOCHHEM H HAJIMYHEM OTPOMHOIO
YHCJIA YACTHL]; OHO CBSA3AHO C MOJIEKYJISPHBIM MEXaHHYECKHM [IBIXEHHEM,
HO 3THM HE MCHYEpULIBAETCH €TO CYIHOCTb. «BCsKoe JBHKEHME,— IHCAIl
@. DHresbe, - 3aK/IoHaeT B cede N 0€ JIBIXXCHUE,

GONBIIKX WM MEJbYAiIMX JacTell MaTEpHH; NMO3HATh 3TH MCEXaHHYECKHe
JIBHOKCHMSI SIBJISIETCS /epeoil 3ajavell HAayKW, OJIHAKO JMLIb nepeoil ee
safadeil. Ho 310 MexaHWueckoe /BIXKEHWE HE WCYEPHBIBACT [BHKEHHS
BoOOIIE. J[BIDKEHHE — ITO HE TOJILKO Tiep MecCTa; B Ha,

KHX 00JIACTSX OHO SIBJETCS TAKXKe W M3MEHEeHHeM KadecTBa. OTKpbiTHE,
YTO TEIUIOTa NPEICTABISET CODOK0 HEKOTOPOE MOJICKYJISPHOE JBIDKEHHE,
cocTaBWIO 310Xy B Hayke. Ho eciu s He WMeEIO HHYEro Jpyroro
CKa3aTh O TEIJIOTE KPOME TOTO, YTO OHA NPEACTABIseT CObOi H3BECTHOE
nepemellleHHe MOJIeKyJl, TO JIydlle MHe 3aMOJHaTb»*. Onpesensrolmym
JUIA BO3HMKHOBEHHS TETLIOBOTO He KOe
JIBHOKEHHE OT/IESIbHBIX YaCTHI[ CHCTEMBI, a CYIIECTBOBAHHE KOJUIEKTHBA
Gospioro ymcaa wactuu, JICHCTBHTENBHO, 3aKOHOMEPHOCTH TEILIOBOTO
JIBIOKEHHS TIPOSIBIIIOTCS HE TOJIBKO B ATOMHO-MOJIEKY/ISIPHBIX COBOKYI-

» Jurense ®. [uatcxtaxa mpupoas. M., 1982, C.219.



HOCTSIX, HO M B TakKuWX CHCTEMax, Kak SHEKT]’)OMHFH'MTHOC HU3JIyuCHHE,
3aKJIFOYEHHOE B HEKOTOPOM obbeMe (M. § 5

TepMoaMHAMHKA H CTAaTHCTHYeCKas q)mnka H3y4YaloT TEMIOBYIO
dopmy aeuxenus martepun. MX OCHOBHOE COJepkaHHE COCTaBJISeT
PacCMOTpEHHME 3aKOHOMEPHOCTEH TEIIOBOrO JBHXKEHHS B CHCTEMax,
HaXoJfLIMXCA B TEIJIOBOM paBHOBecHM (cM. § 1), xorma B HHX
OTCYTCTBYIOT MAKPOCKONIMYECKHE IEPEMEILEHHA ONHOH 4acTH OT-
HOCHTEJIbHO JPYTOH, a TaKKe 3aKOHOMEPHOCTelf NPH Nepexone CHCTEM
B PaBHOBECHOE COCTOSHUE*™), O1crona BHIHO, 4TO NPEAMET U3YYeHHS
TEpM M M CTATHCT ¢dusnkn omm u ToT *Ke. Cymiect-
BEHHOE OTJIMYHE WX JIPYT OT PYTA COCTOHT B METOJAX MCCIENOBAHHS,
TO3TOMY OHHM H3NararoTcs pas3/iefibHO.

B 10 Bpems Kak TEPMOJMHAMHKA H3y4aeT CBOHCTBA PABHOBECHBIX
(H3MIECKUX CHCTEM, HCXOMS M3 TPEX OCHOBHBIX 3aKOHOB, Ha3bIBAEMBIX
Havasamu mep.wodwta,umcu, H HE HCNOJB3YET SIBHO npeﬂcrameﬂnﬁ
O MOJIEKY/IAPHOM CTPOEHHH BElIeCTBA, CTATHCTHYECKas (HM3MKa NpH
PacCMOTPEHUH  ITHX CBOWCTB C C€aMoOro Hauana ONHpaeTcs Ha
MOJIEKYJIADHBIE TIPEICTABJICHUSA O CTPOCHHH (H3MYECKHX CHCTEM,
IOHPOKO TPHMEHSs METOMbI MaTeMaTH4eCcKOi TECOpHH BCPDXTHOCTEﬁ.

DeHOMEHOJIOTHYECKHI  XapaKTep TepMOJAMHAMMKM (e€ HECBSi3aH-
HOCTb € MOJIEKYIIPHO-KHHETHYECKOH CYIIHOCTBIO H3YYaeMbIX el
3aKOHOMEPHOCTEN) NMPHBOIHMT, C OIHOM CTOPOHBI, K BAXHBIM Pe3yJib-
TAaTaM B OTHOIUGHHH CBOHCTB (M3MYECKHX CHCTEM, a C ApYroi
CTOPOHbI, OTPAaHHYMBACT TNyOMHY W3YYCHHsS STHX CBOWCTB, TaK Kak
HE TI03BOJSECT BCKPBITh NpPHPOAY Hccienyembix sipienuit. ITo sroit
TPHYMHE HAPAAY C pPasBHTHEM TEPMOJMHAMHKH (OPMHPOBANIACH
H MOJIEKYJISIPHO-KHHETHYECKAsA TEOPHS CBOHCTB (bHBPI‘ICCKHX CHCTEM,
W BCE HCCJIENIOBATENH, MMEHA KOTODBIX CBS3aHBI C TEPMOMHAMHKON,
yAENsM 6oNbIoe BHUMAHUE MOJIEKY/IPHO-KHHETHYECKOMY OGOCHOBa-
HHIO €€ pPe3yJIbTaTOB.

Tepwmo, Ka SIBISCTCH WaroM Ha NMYTH K HM3y4YEHHIO
3aKOHOMEPHOCTEH B GOJIBIIOM KOJIEKTHBE HEMPEPHIBHO JBIKYIUXCS
M manmoueiic‘mylomnx HacTuiy (cmamu(‘muqez‘xux 30KOHOM(’p}{()[‘nl(‘a);
JUIsl BCECTOPOHHETO M Bosee TOJIHOTO PacCCMOTPEHHS 3TUX 3aKOHOMEp-
HOCTel HEOOXOAMMO NPHMEHEHHE CTATHCTHYECKHX METOMOB.

O}lHdKO TCpMO}IHHdMHKd OTHOCHTEJILHO caMocTosiTesibHa. XOTH
B KOHECYHOM HTOre BCC CBOWCTBA Q‘MSWWLLK“X CHCTEM ONpEAC/IAIOTCA
MOJIEKY. M B HHX, TepMO, d  MO3BOJSAET
YCTaAaHOBUTH MHOTHE M3 3THX CBOHCTB, HE ﬂp“sel'aﬂ K NpEeACTABJICHHAM
O MOJIEKYJISiPHOM CTPOEHHH Tenl. JIIf PeIleHns MHOTHX NpPaKTHYeCKH
BAXHBIX 3a/a4 OCTAaTOYHbI METOAbl TEPMOJAMHAMHKH. Bce 3ro
06yCIIOB/IMBAET, C OJIHON CTOPOHBI, Orp: 0CTh TEPMO, M

*) TennioBrIM JBUKCHHCM OONAf3IOT CHCTEMb! M3 GONBLIOTO YHCA YACTHIL,
oTaeBHbC xe HACTAUb! WMCIOT HC TCILIOBOC. @ MCXQHWYCCKOS JIBHXCHHC.
V31’ wacts S pasnosec-
Woil W CoOTBETCTRCHI cmameT I ACOKOn mepsodunamuxoil.




a ¢ Apyro#f CTOPOHBI, HANENAET €6 ONPE/IEsICHHBIMH NPEMMYLIECTBAMH
nepex MOJIEKYJISPHBIMH TEOPHAMH.

B Hacrosee Bpemst Het it ;u1s TIpc peskoit
lpaim MEX/Ty TEPMOIHHAMUKON M CTATHCTHYECKOM (PU3HKOI; TeM HEe MeHee
pH TBO TEPMO, M ¥ OCOOCHHOCTD €€ METOLIOB

IWKTYIOT BAXKHOCTb OT/ETBHOTO H3 TepMo, M C1p

HHEM HEOGXOIMMBIX KaYECTBEHHBIX MOJIEKY IAPHbIX IPEACTAB/ICHHH, OHa
TI03BOJIAET C IOMOIIIBIO CBOMX HAYaJl JIETKO YYHTHIBATH HabJII0IaeMble HA
OINbITE 3aKOHOMEPHOCTH U [I0JTy4aTh U3 HUX QYHIAMEHTA IBHBIE CIIEACTBUS.
HMeHHO Ha 3TOM NyTH B CBOE BPEMs OBLIO NMPEICKA3aHO BBIPOXKICHHE
Ta30B IPH HU3KOH TeMnepaType, pa3BHTa TeOpHs Ha3oBBIX NEPEXOOB
BTOPOTO pojia, HOPMHPYETCS TepPMOARHAMMIECKA S TEOPUS KHHETHIECKHX
xnnelmn B c.bmu'lecmx cucremax (Hepaouoaecnaﬂ mepmodunamuxa uiu

Tepmommamuxa Boanmma w3 norpeﬁﬂocreu TEeIIOTeXHUKH*).
PassuTie NPOM3BOMMTENBHBIX CHJ CTHMYJIMPOBAJO €€ CO3JIaHMe.
Iupoxoe npumenenue B Hayane XIX B. M1apoBOH MalMHbI OCTABHIIO
mepel Hayko# 3ajnavy Teopem\lecxoro u3yyeHus: paGoThl TEMIOBBIX
MalHH C LENbIo Ta IOJIE3HOTO JEHCTBHS.
370 HccnepoBanue 6bLIO nponeneﬂo B 1824 r. dpanuysckuM busMKoM,
uaxerepoM Camum KapHo, N0Ka3aBUIMM TEOPEMbI, ONpENENSIONIHE
HauGoMbIMH KO3pUIHEHT MONE3HOTO AEHCTBHSI TEIIOBBIX MAlIMH.
OTH TeOpeMbl MO3BOJMIM BIOCIEACTBHM CHOPMYJMPOBATL OIMH H3
OCHOBHBIX 3aKOHOB TEPMOJMHAMWKH — BTOpo¢ Hauyano. B 40-x romax
XIX B. B pesyabrate uccnenoBammit Maitepa u  JDxoynas  GObun
YCTaHOBJICH MEXaHWYECKHMH OKBHBAJIEHT TEIJIOTHI M Ha 3TOH OCHOBE
OTKpPHIT 3aKOH COXDAaHCHHS W TPEBPALICHUS OSHEPIUH, HA3bIBAEMBIH
B TEPMOJHHAMHKE €€ NEPBbIM HAYAJIOM. DHTenbC Ha3pan  ero
«BE/IMKHM OCHOBHBIM 3aKOHOM JIBHXEHHS)**),  yCTaHAaBJIMBAIOIMM
OCHOBHBIE ITIOJIOXKCHHS MaTepHau3Ma. 3axkoH COXPAaHEHHS K IIpeBpauie-
HHS JHEPrMM HMEeT KaK KOJMYECTBEHHYIO, TaKk M KayeCTBEHHYIO
cTOopoHBI. KosHYecTBeHHas CTOPOHA 3aKOHA COXPaHEHMs M TpeBpailie-
HHSl SHEPTHU COCTOMT B YTBEPXKICHHH, YTO SHEPTHs CHCTEMBI SBJISETCS
OJHO3HAYHOM (YHKUHMEH ee COCTOSHHMS M NpH JOOBIX mpoueccax
B mo.vmponamloﬁ CHCTEME COXpaHseTCs, NMpeBpaIasch JHIb B CTPOro
ONpE/IEICHHOM KOJIHYECTBEHHOM COOTHOIICHHHM SKBWBAJICHTHOCTH M3

® C. Ha3BaHHE yno! BHE CBA3H C 1O~
ﬂxmeu JIMHAMMKH M ONpEenseT ue Y4EHHE O IBHXEHHH mmom a Hayky
CHIIaX», PBO
rm TEPMOJMHAMMKE TaK M Ila3hlm0€b «Pa3MBILLIEHHA O zwmkyluen CHJIe OrHA
M O MalmMHax, CrocoGHbIX pa3Buath o1y cuiy» (Camu Kapuo, 1824). 3nece moa
«IBMXKYINEH CHION» NOHMMAJIOCh NOJE3HOe AeicTBHe (paboTa), KOTOpOE HBHMraTesh
MOXET JaTh 3a CYeT TemnoThl. Taxum 06pa3oM, TEPMOJMHAMHKA -—HAayKa O 3aKOHAX
TEILIOBOr0 JIBWXEHHS (TEPMO) W €ro TpPEBPAWICHUAX (IMHAMMKa) B ApYrue BB
euxenns. OTCIONA BHAHO, UTO 0 Ha3BAHMH K. i
HE HMEIOT OCHOBaHHIA.

THKOM,
**) Jurennc ®. Antu-Tiopurr. M., 1977. C.9.



O/IHOTO BHJA B APYrO¥; KaueCTBEHHAs CTOPOHA ITOTO 3aKOHA COCTOMT
B HAKOTJa HE YTPayHBaeMOil CIIOCOOHOCTH MaTEpPHAJLHOTO JBHXEHUS
KO BCE HOBBIM H HOBBIM IIPEBPALICHHAM.

XoTs 3aKOH COXpaHeHMs] W NpPEBpAIUeHHs SHEPTHH (KaK H camo
MOHATHE SHEPTHH —Mepbl JBHXKEHHs) TIPUMEHHM TOJNBKO K (H3uyec-
kuM dhopMam ABIDKeHHS (CM. § 2) M HEIPUMEHHM K BBICIHM (opMam
JBHXEHUSI Matepun (OHOJNOTHYECKOE H OOINECTBEHHOE JBHKCHHE),
TEM He MeHee OH HMeeT Bceobmiee 3Havenne. OTo cleayer u3
obmHocTH  dusmyecknx (GHopM ABHXEHHs: BCskas Oonee BbICOKas
dopma IBWKEHHS MaTepUH COepXHT B cebe Qusmyeckue GopMmbl
JBIKCHHS, XOTS M HE CBOJMTCS K HMM. W ecim OpH npeBpalleHun
onHOH (u3mueckod (GOPMBI JBUXEHHS B JAPYTYIO ONHA W3 HHX
HC'ICBECT (4aCTHHHO HJIH TOJNHOCTBIO), a BTOpast KOJIMYECTBEHHO

TCsi (TIpeBf KOrO JIBUXEHUS B TEIJIOBOE,
3nexrpomarnmx—roe " HaoﬁopOT M T.1), TO TPH BO3HHKHOBEHHH
HOBO, - 60siee  BBICOKOH (OpMBbI MAaTepiH TOpOX

¢ pasiHuHbIC (HIMUCCKHE GOPMBI JBIKCHHS HE HCYEIAIOT, a cyne-
CTBYIOT KaK «BbICUIEE HX €IMHCTBOM). Paspymienre 510ro eauicTsa
NPUBOMMT K WCYE3HOBEHHIO (oONee BHICOKOH (OPMBI IBHXeHHs
¥ BBICBOGOX/ICHHIO KaK CaMOCTOSITENbHBIX, TIOPOX/IAIOIIMX €€ pa3-
JIMYHBIX (QH3MYECKHX (OPM JBHXERHS, KOTOphIE HMEIOT CBOEH Mepoi
SHEPIHIO.

Ortciona ciieayer, 4To HEMOCPE/ICTBEHHO 3aKOH COXPAHEHHS H Ipe-
BpAIleHUs OJHEPTMH [PHIOKHM TONBKO K (u3myeckuM dopmam
JBIKCHHSI MaTepid M YCTAHABJIMBACT HCYHHYTOXHMOCTH M B3AMMO-
MPEBPAIAEMOCTh TOJIBKO 3THX (POPM MaTepHaJBHOTO JBHKEHHS, HO
BMECTE C TEM OH OJHOBPEMEHHO SBJSETCS €CTECTBEHHO-HAYYHBIM
BbIpaXxeHHeM oOmedunocopckoif MAEH HECOTBOPHMOCTH M HEyHHMY-
TOXHMOCTH MaTepud M ABMKCHHA. «COBPEMEHHOE €CTeCTBO3HAHHE
BBIHYX/ICHO OBIJIO 3aHMCTBOBATH Y (DHIOCOQHH MONOXKEHHE O HeyHHY-
TOXHMOCTH IBIXKEHHS; 6€3 TOro MOJIOKEHHs eCTeCTBO3HAHHE TENEPh
He _MOXET YXe CyIeCTBOBATb»**).

!B Bune obopMIiEHHOH HaydHOH cucreMu, ucxonnmeﬁ u3 pabor

KapHo u 3aKoHa COXPaHEHHUS H HEPTHH, T

Xa nosuiack B 50-x rogax XIX . B Tpynax Knaysﬂyca u Tomcona
K ), MABIIAX COBP 1e (POpMYJIMPOBKH BTOPOro Hayaia
TEePMO, U H Ba TIOHATHSA SHTPONMH H ab-

COMOTHON TemnepaTypbl. OCHOBHBIM METOJOM HCCJIE/IOBAHHS Tep-
mounamuki XIX B. Ob1 memod Kpy208bix npoyeccos.

Bonbiioe  3HaueHHe JUIS TEPMOJIMHAMMKM MMENH INOSBHBIIMECS
B koHme XIX B. paGothi 'm66ca, B KOTOpbIX ObLI, CO3MaH HOBBIH
MeTOJl TEPMOJMHAMMUYECKHX UCCIICAOBAHUK (Memod mepmodunanuyec-
KuXx nomenyuan0e), yCTAHOBJIEHS! OOIIME YCIOBHS TEPMOJMHAMHUYEC-
KOTO PaBHOBECHS, Pa3BHTAa TeOpHs (a3 W KAIMIUIAPHOCTH.

* Sureanc 0. }lna.ucnuxa npuponst. M., 1982. C.217.
** Tam xe.



B XX B. Tepmo, BBIIIIA 33 TIEPBOHAYaJIbHBIX
TpeGOBAHHIA TEIIOTEXHUKH M CTAJIA W3YuaTh, KAK YKE ObLIO CKA3aHO,
3aKOHOMEPHOCTH TEenJIoBO# (prMH JABHXECHHS MaTepHd B OCHOBHOM
B PaBHOBECHBIX CHCTEMAaX M TIDH TEPEXoJe WX B DABHOBECHOE
COCTOSIHHE.

IMepBoe HaYan0 TEPMOIMHAMUKH BBIPAXAET KOJIMYECTBEHHYIO CTO-
POHY 3aKOHa COXPaHCHHMs W MPEBPAIUEHHS JHEPrHM B IPUMEHEHHH
K TEPMOJMHAMHMYECKHM CHCTEMaM.

Bropoe mauasno TepmonMHAaMuKH mpeicTaBiser coboif 3akoH o6
auTponuu. ITposiBiieHneM NefCTBHS 5TOro 3aKOHa SBJSETCS, HAaNpUMep,
CaMOIIPOM3BOIBHBIN TIEPEXONl TEIIOTBI OT Tela © Bonbiueii Tem-
nepaTypoi X Tely ¢ MeHblleil TeMnepaTypoil IpH CONPHKOCHOBEHHH,
HEBO3MOXHOCTb TPOLIECCOB, €IMHCTBEHHBIM PE3YJIbTATOM KOTOPBIX
Obu10 Obl mpeBpatlienMe TEMIOThI B paboTy, W ap.

Tak Xe XaK W nepBoe Ha¥yajo TEPMOIMHAMMKH, BTOpOE HAYajo
HMEET OKOJIO NECATKA Ppa3/dyHbIX (OpMYIHPOBOK, Gosbluas 4acTh
KOTODbIX SKBMBAJIEHTHA OJIHA APYIOi M BBIPAXAET MOJHOE COAEPKaHHE
camoro 3akoHa. PasHooGpasne (OpMyIMPOBOK 3THX 3aKOHOB CBA3aHO
C HX TNPOSBJICHHEM B TEX MJIM HHBIX KOHKPETHBIX Clly4asix. Ta u3
HOpMYIMPOBOK, KOTOpast BBIPAXAET 3aKOHOMEPHOCTb SIBJICHWS, Ha-
nGosiee GIM3KOTO K HAUIEMY OMNBITY, PAKTHKE, MOXKET OBITh MPHHATA
3a gcxo;myw TIpH YCTAHOBNEHMH M AHANK3e KAXJIOTO M3 3aKOHOB.

6 T. Ha OCHOBE MHOTO X HCC. CBOJCTB

Ten npu Temnepatypax, Gmuskux k O K, Obu1 ycTaHOBNEH HOBBINA
3aKOH TIPUPOJIBI — TPEThe HA4ano TePMOAWHAMUKH. COTNacHO eMy,
npH TeMmmepatypax, crpemsumxcs Kk 0 K, paBHOBecHbie H30TepMmirdcc-
KHE TpPOLECCHl NMPOXOAsT Oe3 M3MeHeHus dHTponuu. TpeThe Hauaio
TEPMOJIMHAMHUKH HMEET 6osbilioe 3HAYEHHE TP HAXOXIEHUH OSHT-
pOﬂﬂﬁHHX ¥ XMMHYECKHX KOHCTAHT, KOTOPBIE OKa3blBANOTCA CYLIECT-
BEHHBIMH TIIDH JII00OH Temreparype.

OcCHOBBIBasICh Ha TPeX HA4ajnax, TEPMOJAMHAMMKA HCCIEIyeT CBOM-
CTBA peaJIbHbIX CUCTEM, COCTOSLIMX W3 Bosbinoro wucaa qacTHI.

HCO“eHHMbIﬁ BKJJAl B Pa3sBUTHE TEPMOJMHAMMKH BHEC/IH HallIH
yuensle. B xomue XIX B. mpodeccop Kmuesckoro ymmBepcuteTa
H. H. llunep nasn HOBYIO GOPMYJIHPOBKY BTOPOrO HAuasia TEPMO-
JIMHAMUKH, KoTopas B 1909 r. 6buta pa3BuTa HEMELKHM MAaTEMaTHKOM
Kapateomopu. B 1928 r. T. A. AdanacbeBa-Dpendect, KpUTHYECKH
anamusupys paborpt lunnepa u Kaparteomopw, BnepBble mokasaia,
4TO BTOpPOE€ HA4ano TEPMOJAWHAMHUKHU COCTOHT M3 JBYX HE3aBUCHMBIX
TIOJIOXNEHUH, ABIAOMMXCS 0600IEHHEM JAaHHBIX OBITA M OTHOCSIIUX-
Csl, C ONHOH CTOPOHBI, K COCTOSIHMSM PAaBHOBECHS, @ C JAPYroif —
HEpPABHOBECHBIM TpOlIECCaM.

BaxHa ponib pYCCKHMX y4eHEIX H B H3yYEHMH KPHTHYECKHX SBICHHH.
CaMO TOHATHE KPHTHYECKOW TEMIepaTypbl MOABHIOCH BIIEpPBbIE

y A. Y. Menneneesa.

Mermeneen YCTaHOBMJI, YTO NpH NPUOIHKEHMM K HEKOTOPOR
TeMnepaType NOBEPXHOCTHOE HATSKEHHE CTPEMMTCS K HYIIO M Ipo-
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mazaeT pasnaHYHe MexXIy OKHAKOoCThio M mapoM. OH HasBan 3Ty
TeMUepaTypy memnepamypoii abcoaomnozo Kunenus. B nanbreimem
H3yYEHHEM KPMTHYECKHX siBieHmii 3ammManuck A. I'. CToneros,
M. I1. Asenapuyc u ap. Yuenoie B. A. Muxenscon u B. b. Tomusia
BHECJ'H 3HAYUTENBHBIA BKJTAA B TEPMOJIMHAMHUKY H3JIy4CHUS. rOJ‘lﬂuHH
NepBbLIM BBEJ MOHATHE TEMIEPATYPhl M3JIYYeNHs, KOTOPOE BOLILIO
B HAayKy M COXPaHHJIOCh 10 HAlMX nHei. IlpumeHeHmem Tepmomm-
Hamukd K usmdeckod xumumm 3ammManuck 1. I1. Komopanos,
H. C. KypnakoB u jp.

Bonbuioi BKJIaag B TEPMOAMHAMHYECKHE H  CTATHCTHYECKHE
ncenenosanus Brecym paborel H. H. Boromofiora no mpobaemam
JMHAMHUYECKOH  TEODMM B CTaTHCTHUECKOil  ¢msuke, paboTel
JI. JI. Jlanpay mo Teopun cBepXTekyuecTH, pabothl M. A. JleonTosuda
0  TEPMOAMHAMMYECKHX  (QYHKUMSX  HEPABHOBECHBIX  COCTOSHMI,
paﬁo-m B. K. Cemeﬂqeuxo 1O TEOPHH PacTBOPOB M KPHUTHYECKHX
ABJICHUA H ]

Jannbiit C TEPMOJMHAMMKHM CTPOMTCS IO TaKOMy ILIaHy:
CHauaja yCTAHABIMBAIOTCA X OOCYX/JAtOTCS OCHOBHBIE TOHSTHS
¥ HCXOOHBIE MOJOXKCHUS TEPMOJWHAMHKH, H3JIAratoTCs Havana Tep-
MOIMHAMUKA U HX OCHOBHbIE CIICACTBHS, a MOTOM PaccMaTpHBAIOTCA
MCTOHH TEPMOJAWHAMHUKH H C HX ITOMOIIBIO pazﬁnpamTcﬂ BaXKHeHIHe
NPUIICKEHHS TEPMOMHAMUKH.

Tlc TJIaBbl TIC OCHOBAM HEPaBHOBECHOH TepMO-

JIUHAMWKH.



OCHOBbI
TEOPUU

TJIABA NEPBAA

OCHOBHBIE TIOHATHUSA
MU UCXOAHBIE TIOJOXEHUSA
TEPMOANMHAMMKH

TepmoguHamuka usyyaem 3aKOHOMepHocmu men-
J10BOr0O [BUXEHUs B paBHOBeCNle cucmemax u npu
(K

unu mepwo, ), a makxe
amu Ha

Hble  cucmems! (uepaenosecnaﬁ mepuoguwauu:(a

unu

3pece p p mepmogu-

Hamuka (ee 06b14HO P
oi B om Hep i mep-

MOJUHaMUKU).

[Ipexge YeM Nepeimu K USMOXEHUIO OCHOBHBIX
3aKOHOB U MemojoB MEePMOJUHaMUKU U U3Y4YeHUulo,
CBOJICMB Pa3NUYHLIX CUCMEM, Packpoem cogepxa-
HUe rnaBHeIX 1. 9mo
u npeg npume-

HUMOCMU mMepMoguHaMuKu.

§ 1. TEPMOJMHAMUYECKHUE CUCTEMBI,
TIAPAMETPbl U PABHOBECUE

Bcesikuii MaTepHabHbI 0OBEKT, BCAKOE TEJIO, COCTOSIIEE M3 GOJBIIOro
YUCJIa YaCTHUL, Ha3bIBaeTCs Makpocxonuuecxaﬁ cucmemou. Pa3Mepu
MAaKpOCKOIIMYECKHX CHCTEM BCET/ia 3HAYMTENHLHO GOJNbIE pa3Mepos
aTOMOB M MoJieKys . Bce MaKpOCKONHYECKHE NPHU3HAKHM, XapaKTepH-
3YIOHME TaKylO CHCTEMy M ee OTHOIICHHE K OKPYXKAIOLIMM Telam,
Ha3blBAKOTCH p p mu. K ux umcny OT-
HOCATCS TakHe, HATIDHMEp, BG]MUHHBI, KaK IUIOTHOCTb, OObE
YOPYroCTh, KOHUEHTpauHs, MOJSPA30BAHHOCTD, HaMal"HH'-leHHOCTb
M T.JI MaKpOCKONHYECKHE NapaMeTphl pasleisoT Ha BHELIHHE
M BHYTPEHHHE.

Benwumnel, onpenensieMble TMONOXEHHEM HE BXOASIIMX B HaIly
CHCTEMY BHEIIHHX TeJl, HAa3BIBAKOTCH GHewHuMu napamempamu a; (i=1,
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, ..), HampuMep oOBeM CHCTeMbl (Tak Kak ONpENeNseTcs pac-
MOJIOXKEHWEM BHEIIHMX TeJ), HANpsKEHHOCTh CHJIOBOTO mons (Tak
KaK 3aBUCHT OT TOJOXEHHS MCTOYHMKOB IOJISi—3apA/0B M TOKOB,
He BXOMAIMX B HAllly CHCTEMY) M T. 1.

CHCI(OBBTCJILHO, BHEIIIHHE NAPAMETPhI ABJIAIOTCH li)yHKlmﬂlel KO-
OpIMHAT BHEUIHHX TeJl. BENMYMHEI, ONpeAeNsieMble COBOKYNHBIM
JIBHXEHHEM H DacnpeleleHHEM B NPOCTPAHCTBE BXOMAUIMX B CHCTEMY
¥aCTHL, Ha3bIBAIOTCA GHympennumu napamempamu b; (j=1, 2, ..),
HanpUMep TUIOTHOCTD, JABJICHHE, SHEPTHS, NOJIAPU3OBAHAOCTb, HAMAr-
HHYECHHOCTL H Jp. ('rax KaK HUX 3HA4YCHUS 3aBHCAT OT JBHXCHUS
H TIOJIOXEHHs HacTHL[ CHCTEMBI M BXOISIUMX B HHX 3apsfiOB).

Tak kak caMo NPOCTPAHCTBEHHOE PaCNOJIOKEHHE BXOAAUIMX B CH-
CTEMY HYAaCTHI—AaTOMOB H MOJIEKYJI—3aBHCHT OT pacClOJIOXKEHHS
BHEIIHUX TeJl, TO, C/IeJIOBATENbHO, BHYTPEHHHE NMAapaMeTphl ONpENeNs-
HOTCA NOJIOXKEHHEM M JIBHKCHUEM I3THX YaCTHU M 3HAYCHUEM BHEIIHMX
napaMeTpoB®.

COBOKY!‘IHDCTB HE3aBHCHMBIX MaKpOCKOIHYECKHX napamMeTpos
ONPpENENSET cocmosaHue cucmemsl, T.e. GopMy ee ObiTHs. Bemmuuuel,
He 3aBUCSIIUE OT NPEIBICTOPHA CHCTEMBI M NIOJTHOCTHIO ONpEeNseMbIe
€€ COCTOSHHEM B JIAHHBIH MOMEHT (T. €. COBOKYNHOCTBIO HE3aBHCHMBIX
NapaMeTpoB), Ha3bIBAIOTCA GyHKYUAMU cocmuxuux

CocrosiaHe Ha3bIBACTCS p PBI CHCTEMBL
C TeUEHWEM BpEMeHH HE W3MEHAIOTCH.

Ecmm, kpomMe TOro, B CHCTEeME HE TOJNBKO BCE MapaMeETPhI
TNOCTOSIHHBI BO BPEMCHH, HO W HET HHKAKHX CTAIMOHAPHBIX MOTOKOB
3a cuUer HeﬂCTBHSl KaKﬂXnﬂHGO BHCIIHUX HCTO‘IHHKOB, TO T'dl(()e
COCTOAHHE CHCTEMbI HA3bIBACTCA p

HAMUYECKO20 P ). Tep KUMU CUC O6bIYHO
HA3BBAIOT HE BCAKHE, @ TONBKO TE MAaKPOCKOITHYECKHE CHCTEMBI,
KOTOpBIE HAXOIATCS B TEPMO oM pa AHanorn4go,

MEPMOOUHAMUYNECKUMY NAPAMEMPAMY HA3BIBAIOTCA TE NapaMeTpl,
KOTOpbIE XapAaKTEPH3YIOT CHCTEMy B €€ TEPMOIMHAMHYECKOM paB-
HOBECHH.

BuyTpeHHHe napaMeTphl CHCTEMBbI pa3fe/IfIoT Ha MHTEHCHBHBIC
¥ SKCTeHCHBHbIE. IlapaMeTpsl, He 3aBHCAIIME OT MAcChl MJIH 4MCNA
YaCTHIl B CHMCTEME, HA3bIBAIOTCH UHMEHCUGHbIMU (NABJIEHUE, TeM-
nepaTypa M JIp.); NapaMeTphl, NPONOPUHOHANLHbIE MAacce HIIM YHCIY

* 3aMeTHM, YTO B 3ABHCHMOCTH OT YCIOBHH, B KOTOPHIX HAXOMMTCH CHCTEMa,
OJIHA H Ta X€ BEJIMYMHEA MOXET ObITh KaX BHEUIHHM, TaK ¥ BHYTPEHHHM NapaMe M.
Tak, npx QHKCHPOBAHHOM TONOXEHHH CTEHOK COCyaa 0ObeM V ABNAETCH BHEHTHHM
NapamMerpoM, a JaB/ICHHE p— BHYTPCHHHM NapAaMETPOM, TAK KaK 3aBHCHT OT KOODJMHAT
M HMIYJTBCOB HaCTHIl CHCTEMbI; B YC/IOBHAX Xe, KOFJa CHCTEMa HAXOHTCA B COCYAE
C TIONBHXHHIM TIOPHIHEM TOJ TIOCTOSHHBIM /IaBJIEHHEM, [aBJIEHHE p OyaeT BHEIIHHM
[apaMeTpoM, 4 00beM V-— BHYTPEHHHM MApaMeTPOM, Tak KaK 3aBHCHT OT NOJIOXEHHS
M JIBIKEHHA uacTHU. BooGlle roBops, pa3iuume MeXy BHEUIHHMH M BHYTPEHHHMH
NapaMeTPaMH 34BHCHT OT TOTO, TJ€ Mbl NPOBOWM TPaHHUY MEXITy CHCTEMOH
M BHCIUHHMH TeJlaMH.
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YacTHIl B CHCTEME, Ha3biBaro1Cs
mu WA 9K IMU
(oHeprusi, SHTponHs H Jp.). K-
CTEHCHBHbIE TIapaMeTPhl XapakTe-
PHU3YIOT CHCTEMY KakK LeJoe, B TO
BpeMs KakKk HHTEHCHBHBIE MOTYT
NPHHKMATh OIIpE/iC/ICHHbIE 3Haue-
HHUA B Ka)l(ll()ﬁ TOYKE CHCTEMBI.
Prc. 1. Cucrema, 3Heprusi KOTOpoi HeJu-
HeliHO 3aBHCMT OT WYHCNA HaCTHU, HE SBJSETCA TEpPMOJMHAMMYE-
CKOM, H €€ H3yuYeHHe METONAMH CYUIECTBYIOIIEH TEePMOIMHAMHKH,
BOOGU.[C TOBOps, BeCbMa ﬂpﬂﬁﬂH)KCHHO WJIM J[axe COBCEM Henpa-
BOMEPHO.
Yro npejcTaBIAIOT COOOH pPaBHOBECHBIE (TEPMOJMHAMITYECKHE)
BHYTPEHHHE NApaMETPbl C MOJIEKYJIAPHOH TOYKW 3peHHs?
JUns BBISCHEHHs 3TOrO PaccMOTPUM mpocTeiimui npumep. Ilycts
B HAYaJIbHBIA MOMEHT BPEMEHH Ta3 HAXOAWTCA B HEPABHOBECHOM
COCTOSHHH, TaK 4TO €ro IUIOTHOCTh B pasHbIX TOYKaX pa3Has.
C ras T OPUXOMMTh B PaBHOBECHOE
COCTOSIHHE (CM. § 2) M €ro IIOTHOCTb P="Mon (Mo — Magcca MOJIEKYJIbL,
n— KOHUEHTPAIHA MOJIEKYJ), M3MEHAACh, NPHOOperaeT HekoTopoe
MAaKpOCKOITHYECKH TIOCTOSIHHOE, PaBHOBECHOE 3HaueHME po (puc. 1).
OHO MOXeT ObITh 0 Kak IUIOTHOCTH
p 3a GosblIOH npome)xy'mk BpEMEHH T
T

po=p= lim ! fp(t)dl'
T
o

AHaJIOTHYHO, DPABHOBECHOE 3HAYEHHE M JIHOOOTO JPYroro BHYT-

PEHHETO MapameTpa NpeCTaBiser Coboil  cpepsee 3a 6GoutbInoi

YyTOK COOTBETC TEleluEH ITOMY TNapameTpy
(YHKUMH KOOPAMHAT W CKOPOCTEH.

CratucTHyecKast GU3NKA, HCXOIS H3 ONpEJIE/ICHHON MOJIEKYJIApHON
MOJE/IH CTPOEHHs BEIlEeCTBA, MO3BOJACT BBIYHCIATE PABHOBECHBIC
3HAYCHHs BHYTPEHHHX 11apameTpoB cucTembl. OHAKO M HE NpoOBOAS
BBIYACJICHHA MOXHO BBISBHTb 3aKOHOMEPHOCTH CHCTEM B paBHO-
BECHOM COCTOSIHMH, HMEs B BHJly, 4YTO BO MHOIHX cCiy4asx 3TH
napaMeTpbl  MOryT ObITE onpeaeneHbl  JKCNEPHMEHTAILHO. 3rot
NEpBbIf 3Tall B TEOPHH PABHOBECHBIX COCTOAHHWH H TpPENCTABISET
TEPMO/INHAMHKA.

OcHoBaHHbIE HA MAaKpOCKOIMYECKOM OIbITe MpEICTaBieHns o6
« DCTAX T KOrO PABHOBECHS KOHEYHBIX CHCTEM

TCA B TepMC B KauecTBE NOCTY/IATOB, ONMPAsCh
Ha KOTOPbIE C NOMOIIBIO OCHOBHBIX 3aKOHOB (HaaJl) TePMOJHMHAMHKH
H3Y4arTCs CBOMCTBA PaBHOBECHBIX CHCTEM H 3aKOHOMEPHOCTH TNpH
HX TIpUOMDKEHUH K PaBHOBECHIO.
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§ 2. MCXOHBIE MOJIOXKEHUS TEPMOJWHAMUKH
M UX OBCYX/IEHMUE

Du3uKa H3yYaeT 3aKOHOMEPHOCTH HauboJiee MpocThix HOpM JIBHXKEHHS
(MexaHHYecKOTo, TEMJIOBOTO, 3NIEKTPOMATHHTHOrO H 1p.) COOTBETCT-
BYIOUIMX CTPYKTYPHBIX BMAOB MaTepud. OOmas Mepa atnx ¢opM

TpH HX Mp M3 OIHOH B JpPYrylo Ha3biBaeTcs
IHepeueil.
Cicrema, He 00! c TeNlaMU HH JHEprHeii,
HU BEIIECTBOM (B TOM WYHCNE M H3JIyYeHHEM), Ha3bIBAeTC wu30-
AUPOSAHHOI.

B TEPMOAMHAMHUKE TOCTYIHPYETCH, HYTO U30AUPOGAHHAA MAK-

potkanuue(‘l«m cucmema ¢ meyeHuem epemenu npzuodum 8 cocmosHue

Ko2o ua u (ﬂM(lnﬂW?Gl)./lbﬂO svliimu

ll3 He2o He MO{)’CGWI (nep«blu unu ()CHOGNOIL nocmyaam  mep-
MOOUHAMUKY).

SBnsisick pe3yJbTaToM 0606ulenun OMBITA, ITO NMEPBOE HCXOIHOE
NIOJIOXEHHE ~ TEPMO, JIMBOE JUIS  M30JIMPOBAHHBIX
CHCTEM, MOXET 6bITH  HA3BAHO DﬁWMM Havyaiom mepModuuaMuku,
TaK Kak SBJIAETCH 'OCHOBOH BCeH TEPMOJNHAMUKH M ONpenensier
PaMKH €€ NPUMEHHMOCTH.

B cratuctiueckoif ¢M3MKe, SBHO YYHTBHIBAIOIUEH IBHXXEHHE YaCTHI
B CHCTEME, CMBIC/T 1IOJIOKEHUS O €€ TEPMO/IMHAMHUYECKOM PaBHOBECHH
COCTOMT B TOM, 4TO Yy BCSKOH (M3y4aeMoi TepMOJAUHAMHKO#)
HBOJWIPOBHHHOﬁ CHUCTEMBI CYILIECTBYET TAKOC ONPENEJICHHOE W €IHH-
CTBEHHOE MaKPOCKOTHYECKOE COCTOSIHHE, KOTOpOE 4allle BCEro Co-
31a€TCA HENPEPLIBHO JIBWXKYIIMMACS YaCTHLAMK. JT0 ecrb Hambosee
BEPOATHOE COCTOSHWE, B KOTOpPOE M NEPEXOAMT H30JIMpOBaHHAs
CHCTEMAa C TEYECHHEM BPEMEHH. OTCK)lla BHAHO, YTO nOCTyJIaT
0 CaMOIPOH3BOJILHOM TEpexose ﬂ30ﬂ“p056"ﬂ0ﬁ CHCTEMBI B PaBHO-
BECHE M HEOTPAHWYEHHO J10JIIoE ee l'lpCSHBBH“C B HEM HE ABJIAIOTCA
abCOMOTHEIM  3aKOHOM MPHPOZBI, @ BbIPAKAlOT JHMIIbL HauGonee
BEPOATHOE [I0BEJICHHE CHCTEMBbI;, HHKOI/1a HE TIPEKPALIAOLICEC JIBHXKE-
HHME YacTHL CHCTEMbl NPUBOJIMT K €€ CIOHTAHHBIM OTKJIOHEHHUSM
(dbsykTyaussM) OT pPaBHOBECHOIO COCTOSIHHS.

BCpOXTH()CTHOe TMOBEACHHE MAKPOCKOMHMYECKHX CHCTEM, COCTOSLIMX
W3 TPOMAJHOrO 4YHCIa MEXaHWYECKH NBMXYIIMXCSH 4aCTHI, ABJSETCH
XapaKTepHOH OCOGEHHOCTBIO TEMJIOBOFO JBHXEHHS, KaYeCTBEHHO OT-

i ero or Kiac o KOrO JIBUXEHHS C TpH-
cyuxeﬁ €MY OIHO3HAYHOCTBIO. Hanuune OrpOMHOIr0 4MCJia 4acTHI
B TEPMOJIMHAMHUYECKHX CHCTEMax OGyCJIOB!“lBaCT BTOPOCTENECHHOCTH
MEXaHHECKUX 3aKOHOMEPHOCTEH JIBHKEHHS OTAC/bHBIX YaCTHI M BO3-
HUKHOBEHHE BHKOHOMB]’JHOCTEF! HX COBOKYIHOI'0O, MaCcCOBOI0 JIBUXCHHSA.
Ipunumas OCHOBHOH (NEPBBINA) MOCTYJAT, TEPMOAMHAMMKA TAKHM
00pa3oM OrpaHH4MBAET ce6sl, HCKJIOYask M3 PAaCCMOTPEHHs CHCTEMB,
JUIS KOTOPBIX PaBHOBECHOE COCTOSIHHE HEBO3MOXHO (HPOUCCCH B TAKHX
CHCTEMAX HE 3aBEPUIAIOTCA HACTYIUICHHEM paBHoBec@ﬂ), a Takxe Bce
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SABJICHHUS, CBAI3AHHBIC C 60. CaMOIIpou: OTKJIOHCHH-
AMH . CHCTEMBI OT PABHOBECHOTO COCTOSIHMS. :

OcHOBaHMEM /11 TIPHHATHS OOWIETO HA¥ana TEPMOJMHAMHKH
ABJIAETCA TO, 4TO, KaK MOKA3biBAIOT ONBIT M CTATHCTHYECKAs (DA3MKA,
OTHOCHTEJIbHBIE CHOHTAHHBIC OTKJIOHEHUS MaKpOCKOﬂH‘ICCKOﬁ CHCTEMBI
OT pPaBHOBECHS NpPH [DPYTHX PaBHBIX YCJIOBHAX TEM MeHbILE, 4eM
Gonbuie wacTHi B cHcTeMe. Tak Kak TepMOIMHAMHYECKHE CHCTEMBI
COCTOST M3 TrpoMajHOro uMcia 4acthy N (N~10%3), 1o daykry-
aIMAMA B GOJILIIMHCTBE CIIy4aeB MOXHO NPEHEOpeyb, 4TO M AeNaeTcs
B TEpMOJWHAMHKE.

B Tex ke ciydasx, rae mexryaunu CYIIECTBEHHBI, Tcpmo}mﬂa-
MUHYECKHH IOIXO/ CTAHOBHTCS MEPHbIM 1 a-
THCTHUECKOE PAacCMOTpeHHe. [IpH 3TOM OGHAPYXHBaeTCS Hecomaco-
BAHHOCTb BbIBOJOB = TEPMONMHAMHKH H. CTaTHCTHYECKOH (bH3HKH
KoTopas 06yCJIOBnHBdCTCﬂ OrpaHWYCHHOCTBIO M OTHOCHTEIBHOCTBIO
TIEPBOrO  MCXOJHOTO TOJNOXKEHHA TEPMOJMHAMHUKH. YACHEHHE ITOTO
obcrosaTenscTBa TIOKa3bIBAET, YTO TEPMOANHAMUYECKOE U CTATUCTHYEC-
KO€ PacCMOTPEHHs MAKPOCKOTIHYECKHX CHCTEM HE HCKIIOHAIoT, a JIo-
HOJIHSIOT ApYr Apyra.

Ilepsblit mocTynat o TepMo KOM pa TIPHBOJUT
HE TOJBKO K HIDKHEMY T[Ipeneny OCTH TEPMO, H
(CHCTEMBI € ManibIM 4HCIOM dactui; N — 1), HO W OTpaHHYMBaET
ee TPUMEHEHHE K PEajbHBIM CHCTEMaM CBEDXY, TaK Kak JUIS CHCTEM
TaJJaKTHYeCKHX pa3MepoB J3TOT IMOCTYJIaT HE HMMEET Mecra: He
Y4HTBIBAEMOE OObIMHO B 3€MHBIX YCJIOBHSIX TpPaBHTAllMOHHOE B3a-
HMOJEHCTBHE MEXIY YaCTHUAMH B Ciy4ae OueHb OOJIBIIMX CHCTEM
TPHBOJMT K KA4eCTBEHHO HOBOMY HX MOBE/ICHHIO — BO3HHKHOBEHHIO
HENMPEPbIBHO CMEHSAIOMMX APYr Apyra Gonblmx ¢aykryauuit. Takxue
CHCTEMBbI OJIHHAKOBO 4aCTO Kak ﬂp“ﬁ.ﬂ")l(aIOTCﬁ K HEKOTOpOMY
CpeaHEMYy paBHOBECHIO, TaK M YHaJfglOTCs OT HEro.

BTopoe HCXOHOE HOJONKEHHE TEPMOAMHAMHKH (BTOpOM nocTyNaT)
CBS3AHO C JIPYTHMH CBOMCTBAMH TEPMO,
kak 0cobOro BUIa TENJIOBOro ABMkeHHs. OnbiT noxa:u,macr, 4TO €CIH
JIB¢ PaBHOBECHBIE CHCTEMbl A M B NPHUBECTH B TEIUIOBOH KOHTAKT, TO
HE3aBUCHMO OT DA3/iWuWsi HJIH PABEHCTBA Y HUX BHEIUHMX NapamMeTpoB
a; OHH MWW OCTAKOTCA TO-NPEXHEMY B COCTOSHUM TEPMOJIMHAMHYECKO-
TO paBHOBECHs, WJM paBHOBECHE B HHX Hapylmiaercs H Cnycrs
HEKOTOpoe Bpems B npouecce TemioobMeHa (oOMeHa sHepruei) obe
CHCTEMBbI TIp T B JIPyroe p cocrosirue. Kpome Toro,
ecau umeiomes mpu pasrosectvle cucmemvl A, B, C u ecau cucmemst
AuB nopo3Hb naxot)}imcq 8 pasnosecuu ¢ cucmewou C mo cucmembul
A u B naxooamen 6 mep u mexcdy coboii
( mp 0 uveckozo

CHSL(OBATEHBHO, COCTOsIHHE TCpMOI[l/lHaMH‘IECKOTO paBHOBCCHH CH-
CTEMBI ONpEE]seTCs He TONLKO ee BHEWHHMH NapamMeTpaMu dj, HO
u ewme O,IXHOH BEJIMYHHOM 1, XapaKTepHU3YIOLIE] it ee BHYTpEHHEE
COCTOsIHME. 3HaYeHust ¢ NpH TEMJIOBOM KOHTAKTE PA3JIMYHBIX PABHOBEC-
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HBIX CHUCTEM B pE3yJbTaTe obmena BHEPFHSﬁ CTAHOBATCA ISl HHUX
ONMHAKOBBIMIf XaK T MPOJIOIKAKUIEMCS TENIOBOM KOHTAKTe, Tak
¥ Noche ero yCTpaHeHHs™

CBOHCTBO TpaHSHTHBHDCTH COCTOSIHUI TEPMOJAUHAMHUYECKOTO paB-
HOBECHs NO3BOJISET CPABHMBATH 3HAYCHWS BEJIMYMHBI [ Yy PasHbIX
CHCTEM, HE MNpUBOJII HX B HENOCPEACTBEHHBIM TEIUIOBOM KOHTAKT
MeXay CcoOOH, a NONb3yACh OJHHM KAKMM-THOO APYTMM TEJOM.
OTa BeNMYMHA, BBIPAXKAIOMIAS COCTOSHHE BHYTPEHHErO MBHKEHHS
PABHOBECHOM CHCTEMBI, MMEIOIIas OJHO M TO Xe 3HAYeHHE y BCEX
YacTeil CII0XKHONH PAaBHOBECHOW CUCTEMBI HE3aBUCUMO OT YHCJIA HACTHIl
B HHMX M omnpefeiseMas BHEUIHUMH NapaMeTpaMH M SHeprueii,
OTHOCAIUMMHCS K KaXIOH TakoW 4acTH, HA3bIBACTCS memnepamypoil.
Byayun HHTEHCHBHBIM NApaMETPOM, TEMIEPATYpa B 3TOM CMBbICIe
ABJISIETCS. MEepOHl WMHTCHCHBHOCTH TEILIOBOIO JBHKCHHS.

U3/10%keHHOE TI0JIOKEHHE O CyLIECTBOBAHMM TEMIIEPATYPhl Kak
0coGoi (YHKIMH COCTOSHHS PABHOBECHOH CHCTEMbI MpPEICTABIIAET
6mopoe  UCXO0HOE — NOAONCEHUE — MEPMOOUHAMUKY. P. ®aynep
u O. I'yrTeHrediM Ha3BalM €ro Hy.degblM HAY4AA0M, TaK KaK OHO,
nojo6HO NMEpBOMY M BTOPOMY HadanaM, ONPEIENSIONIMM CYIIECT-
BOBaHHE HEKOTOPbIX (YHKUMHA COCTOSHHMS, YCTAHABIMBAET CYIIECT-
BOBAHHE TEMIEPATYPhl Y DPABHOBECHOM CHCTEMBI.

Temnepatypa, Kak Mbl BHIMM, SBJSETCH TePMOIMHAMHYECKH
PAaBHOBECHBIM IIapaMETPOM, TaK KakK CYILIECTBYET TOJIBKO Yy TEpMO-
JVUHAMHUYECKH PABHOBECHBIX CHCTEM, NMPUTOM y TAKHX, YAaCTH KOTOPBIX
HE B3aMMOJEHCTBYIOT APYr C JIDyroM (T. €. SHEprus B3aHMOJEHCTBHUS
4acTell MHOro MEHbIE HX COOCTBEHHOH BHYTpeHHelH SHEPIHMH), Tak
YTO 3HEPTHs CHCTEMBI PaBHA CyMMe 3Hepruii ee uactedt. CienoBarens-
HO, COTJIACHO BTOPOMY HCXOAHOMY IIOJIOXKEHHIO TEPMOJAWHAMHUKH,
JHEPrusi TEPMOJUHAMHMYECKUX CHUCTEM SABJIACTCH a}llll/lTHBHOﬁ (byHK'
uuel. BonblMe TpaBUTHPYIOUIME CHCTEMbI HE SBJAIOTCA T03TOMY
TEPMOJMHAMMYECKUMH, TaK KaK JUIS HHX NPHHUMIN a[IATHBHOCTH
JHEPruM HE BBHIMOJHAECTCS BCIEACTBHE AAJIbHOACHCTBYIOLIETO Xapakrepa
TPaBHTAIMOHHBIX CHJI.

Taxum 006pa3oM, BTOpOE MCXOAHOE IOJIOXKEHHE TaKKe OrpaHHYH-
BAaeT NPHMCHEHHC TEPMOJMHAMHMKH K peEaJIbHbIM CHCTEMaM.

TlonoxeHue O CyLIECTBOBAHMM TEMIEPATYphl MOXeT ObITh cop-
MYJIMPOBAHO TaKXe CielylolluM obpaszoM. B § | Mbl ycranoBuiH,
YTO PABHOBECHOE COCTOSIHME TepMOI{HHaMH‘lECKOﬁ CHCTEMBI Xapax-
TEPHU3YETCS BHELUHUMH H BHYTPDEHHHMH NapaMeTpaMH, NMPUYEM BHYT-
PEHHHE TApaMeTphbl 3aBHCAT OT IMOJOXKEHHS W ABHXKCHHS MOJEKYJ
CHCTEMBI W 3HAYEHUH BHEIUHMX napaMeTpoB. ITo/oxeHne xe o CymecT-
BOBAHHM TEMNEPAaTYphl YCTAHABJIMBAET, YTO COCTOSHHE TEPMOMIMHA-
MUECKOTO PABHOBECHS OMPENENAETCS COBOKYNHOCTBIO BHELIHMX Ma-
PaMeTpoB U TEeMIepaTypo**).

‘: DHeprus PasIMYHLIX CHCTEM MPH ITOM, !oone rosopx. PpasnuuHa.
** Tax Kkak




CnenosaTenbHO, BHYTPEHHHE TIAPAMETPbI XOTS M XapaKTepH3yloT
COCTOSIHME CHCTEMBI, HO HC SIBJISAIOTCS HE3aBUCUMBIMHU MapamMeTpaMu
PABHOBECHOH CHCTEMbI.

V!T-’*\K, B8Ce PABHOBECHbIE BHYMPDEHHUe napamempsl Cucmembsbl ABAA-
OMCa (FYHKNUSMU  BHOWHUX napamempos u memnepamypnl (emopoii
HOCMYAGIT MEPMOOUHAMUKY).

Tak xax DICPIUs CHCTEMBI SBIISETCH €€ BHYTPEHHHM NAapaMeTpoM,
TO NpH PAaBHOBECHH OHa OymeT (yHKUWMell OT BHEIIHHX NapamMeTpoB
M TemmepaTypbl. Belpaxkas u3 95To#f QYHKUMH TemnepaTypy 4epe3
SHEPrMI0 M BHEIUHME NAPAMETPhl, BTOPOE HCXOJHOE IOJIOKEHME
TEPMOINHAMUKA MOXHO CHOPMYITHPOBATH TAKKE B CEAYIOIIEM BHIE:
npu 01 Heckom P uu 6ce eHymy nepamempet
cucmembl AGASIOMCS GYHKYUAMU GHEUNUX NAPAMEMpPos u dHepeuu®.

Bropoe MCXONHOE TOJIOKEHHE TEPMOJWHAMHMKH TO3BOJIACT ONpS-
JICJIATE MU3MEHEHHWE TeMIepaTypbl Tejla MO H3MEHEHHIO Kakoro-mbo
€ro BHYTPEHHEIO MapaMmeTpa, Ha YEM OCHOBAHO yCTpOﬁCTBO pas-
JIMYHBIX TEPMOMETPOB.

I[J'ﬂ YCTAHOBJICHUSA TOrO, Kakas TeMmepartypa 60]")!"8, a Kakas —
MPHEUIE, RBOJHTCA [OIOJHUTE/ILHOE YCJIOBHE! CYHTAETCHd, Y“TO NPU
COOSH{SHXHI Teny ONEeprud TMpU TOCTOAHHLIX BHEIIHHX MNapaMmeTpax
€ro Temneparypa NOBBILIACTCA. Taxoe JIOTIOJIHUTENILHOE yCaoBne Ang
YTOUHEHHsl TOHSATHS TEMIEPATYPhl O3HAYAET, YTO JUIN BHYTPEHHEH
JHEPrMH CHCTEMBl MOXHO BbIOpAaTh MOHOTOHHO BO3PACTAIOLIYIO
MYAKUWIO TEeMTIEpaTyphl; 3TO MNCHCTBHTEIBHO BO3MOXHO BCIIEACTBHE
BBITEFIIOMPH B3 OUBITA CIMHCTBEHHOCTH DACTPENENIEHUs 3HAPTHH 110
HaCTAM CHCTEMbI I OJIOBPEMEHHOrO pOCTAa 3WEPruu vactedl mnpu
YBEJIMYCHNM OOIIEH SHEPTMM CHCTEMBI (CM. 3ajauy X

PY  MPAKTHYECKOM  ONPENEICHAHM TEMIIEPaTyphl TNPUXOMETCH
MOJIb30BATHCS KAKOH-TMO0 ONpENeNeHHoN IIKaoi, CBA3aHHOM C TeM
WK HMHBIM BCIIIECTBOM. B kagectBe TEPMOMETPUYECKOr0 NnapamMerpa
OOBIYAO HCTIONB3YETC OOBEM ITOrO BEINECTBA, a IUKAJY BHIOHPAIOT
no Llemscuro: pasHocTh 00LEMOB Tena NP TENIOBOM PAaBIORECHH

TPAMH W Tc\mcpmypou a nunxmc TcMncpnypu (xax wcpm mrenc"nﬂocm
M

TEPMOJIHHAMUHCCKHMU (tbopMaano ux Moxmo pachanunaTb xax -mcnmn cny-mﬁ
ABHA

TEPMOJIMHAMHYECKHX CHCTEM, Y KOTOPBIX TEN10BOro
Hymo). TIOHATHO TO3TOMY, 4TO BBIBOIBI

e KA A . OTo  IiiaBHBIM oﬁpasom nmuuu
cRaaHERE © AMH B T cTeMax
(sreo5paTintocTs, o b eCTRCTREHHBIX TpoleccoR). B cosou ¢ St 30

wbexarnue nexcpaayuemm TIPH  OTPENE/ICENH TeX MM HMHBIX TEPMOMINAMAYCCKHX
ROUSTHH HEOBXOMHMO C CaMOTo ATMIA_ MEXATECCKE CCTEMN We PAECMATDIRLT,
HapaBHe ¢ BHLIBO/IB!
KHM cucvcmam xaxmuu pa3 noule ocoboro obcykaenus, Tak Kak nepcxon ot
(CTATHCTHYECKHM) CBA3AH C KAYCCTBEHHBIM
CKauKoM OT ozmom sm ZBHKEHHS K IPYroMmy.

" PARHOBECHWIE ~CHCTEMBI, Y KOTODBIX BHYTPEHHHE TAPAMETPH  SBISIOTCH
MPME RUSTHUX TADAMETDOB W IHEPIHM, HAIBIBAIOTCH Speoduweckumu. Tepmo-
iKQ, CICIOBATENTHHO, PACCMATPHBACT IPrOJHYECKHE CHCTEMbI.




€ro C KWosuied BONOH NpH HOPMAaJbHOM aTMOCHEPHOM HaBJICHHH
M TalOWKMM JILAOM NPH TOM Xe JABJIEHMH PABHOMEDHO INENAT HA
100; kaXioe MejieHHe COOTBETCTBYET OIIHOMy rpajycy, TemmepaTypa
Tammero nbAa npmmmaercs 3a 0 °C¥.

iputeckoil  me. TeJa Has3bIBAIOT YCTAHOBJICHHYIO
OIBLITHBIM TIyTEM Mepy OTKIIOHeHHS TEPMOIHHAMHUYECKOTO COCTOSHHSA
TeNa OT COCTOSHWS TEIUIOBOTO PABHOBECHS C TAIOUIMM JIBJOM,
HaXOMAUMMCS TOA HOPMAJIbHBIM aTMOCQEPHBIM JaBJICHHEM.

TMoxa3aHus ABYX TEPMOMETPOB C Pa3NIMYHBLIMH TEPMOMETPHYECKHMH
BELIECTBAMH, BOO6IL(€ TOBOpsl, HUKOIrZJa He COBMAaAalT, KPOME KakK IpU
0 1 100 °C, no3TOMY TaKoe Onpe/ie/ieHHE TEMNEPATYPhl, KaK 0ObEKTHBHOMH
MEpbl HHTCHCUBHOCTH TEILUIOBOTO ABUXCHUSA, ABJACTCA IPOU3BOJIBHBIM.

OTa NpOM3BONBLHOCTH OTHACTH YCTPAHAETCH, €CIM B KadecTse
TEPMOIMHAMHMYECKOTO BEIECTBA MCIIOIB30BATh JOCTATOYHO Pa3pexkeH-
Hble (uaeanbHble) rasel. Mx koddduImMEHT TenmnoBOro paciuMpeHHs
o HE 3aBHCHT HHM OT TEMIEPATyphi, HH OT npupoAsl rasa. Ilkama
ra3’oBOro TEPMOMETpa IpaJyMpyeTcs Tak xe, Kak M mkana Llenbcus,
HO 3a HyNb TeMIepaTyphl NpHHHMaercs —l/a rpaaycos Lleascus
(mkana KenbBuna).

OG03HAYAM TEMNEpaTypy, H3MEPEHHYIO C NOMOLIbIO HAEAJIbHOr0
rasa no wkane KenbBuna, GykBoit 7, ouweswmHo, T=I1/a+t, roe
t—remnepatypa no wkaise Ilenbcust (cM. § 14). Tloka3anust Bcex
JAPYTMX TEPMOMETPOB NPHUBOISTCS K ra30BOMY TepMOMETPY**.

Kak 6)’IICT BMOCJIEICTBHM TMOKa3aHO, BTOPOE Ha4an0 TEPMOJAUHAMH-
KM TOJIHOCTBIO YCTDAHSIET INPOM3BOJLHOCTb B ONDENENCHHH TeM-
neparypsel, NO3BOJISIA CTPOTO YCTAHOBHUTH a6conm'mym mKajgy TeM-
nepatyphl (wkasy KenbBHHA), HE 3aBHCAIIYI0 HH OT BBIOPAHHOrO
BEIIECTBA, HH OT TOrO WM HHOTO TEPMOMETPHYECKOTO MapaMerpa.

§ 3. TOMOT'EHHBIE U FETEPOTEHHBIE CUCTEMBI.
®A3bI U KOMITOHEHTBI

Bce MHOXECTBO TEPMOJMHAMHMYECKMX CHCTEM Ppa3JeNfioT Ha /Ba
KJIacCa —TOMOTEHHbIE M TeTepOreHHbIE.

Tomozennvie—3TO Takme CHUCTEMBI, BHYTPH KOTOPBIX CBOWCTBA
M3MEHSIOTCS HENPEPBIBHO NPH NEPEXoJe OT OAHOTO MeCTa K ApYyromy.
YacTHBIM CJ1y4aeM rOMOTEHHBIX CHCTEM ABISIOTCA (DUIHYECKH ONHOPO-
HBIE CHCTEMBI, MMEIOILHE OJIMHAKOBbIE (PM3UYECKHE CBOWCTBA B JIHOOBIX,
NPOM3BOJILHO BLIOPAHHBIX YACTSX, PaBHBIX NO 06bemy. ITpumepamu

*' C 1954r. TepMoumHamuueckas TemnepaTypHas wkana (uikaia Kesbsuwa)
on CNIEIAETCA OHOM PENepHOH T04YKOM — TPOHHOM TOUKOji BO/ILI (OHA BOCNPOH3BOAMTCA
OlblIeli TOYHOCTHIO, HCM TOYKA TASHHA Jba), KOTOPOH TIPHIMCHIBACTCA TeMIICPAaTypa
S7316 K. Townopatypa MAaBIcHA Tba Mo HOPMATMHOM ATMOGGEPHOM  Aasdenmn
no stoi mikane paBHa 273,15 K.
**) T'a30Bbit TepMOMETP BCTCAICTBHC  OTHOCHTEIBHOM  CIOXHOCTH ycTpoiicTBa
HCNIONB3YeTCA JMIIb B KAawecTBE JTAJIOHA.
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TAKUX CHCTEM SBJISIOTCS CMECH PAa3JIMYHEIX Ta30B M pacTBOpBI, Kak
KHJIKHE, TAK ¥ TBEP/bIC. B 31X cucTemMax MOTYT NPOUCXOIAUTL PEaKIMH
MEX/1y COCTABHBIMHU 4aCTAMM CMECH, TUCCOIMAIMSA ra3a WX PaCTBOPEH-
HOTO, BELIECTBA, noAumepusayus -[00pa3’oBaHAe W3 MPOCTHIX MONEKY.]
Soutee c1oxibIx, Hanpumep u3 Tpex Monekya C,H,O oxnoit Mosexy st
(C;H,0); nmim w3 mByx mosnekyn Bomsl H,O ommoit Gonee cioxHOM
modexyist Boasl (H,0),] 1 T. 1. ¥ corvéamayus (OpHEHTAIMS MOJIEKYT
PACTBOPHTEJIs BOKPYT HOHA MWIM JAPYTOH HacTHUBI PacTBOPEHHOTO
BemecTBa). [Ipy paBHOBECHM B TAKHX CHCTEMAaX PeaKLMH MaKpOCKOIH-
YECKH NMPEKpaLlArOTCH. 3ax0noMepnocrn TIPH PaBHOBECHH yCTaHaBJIMBa-
HOTCS C MNOMOILIBIO 3aKOHOB TEPMOJAMHAMHKH.

Temepozennvimu  Ha3bIBAIOTCS CHCTEMBI, KOTOpbIE COCTOST U3
HECKOJIbKMX (M3HYECKH OHOPOMHbIX, HJIH TOMOTEHHBIX, TeJ, TaK 4TO
BH)’TPH CHCTEM HMMEIOTCS Pa3pbiBbl HENPEPBHIBHOCTH B W3MEHCHUM HX
CBOMCTB. DTH CHCTEMBI Il]’)e}:lcl'aBJlﬁlOl' coboit COBOKYNHOCTH HIIM
Pa3IM4HBIX arperaTHeix COCTOSIHUH O/IHOr0 M TOro XK€ BelecTsa
(Jlel{—BOﬂa, BOJa-—map ¥ T. )1.). WK pasJIMYHbIX KPHCTAJTHIECKHX
MombuKamii (cepoe u Oesioe 0JIOBO U Ap.), HIIM PA3JTHYHBIX NPOIYKTOB
B3aHMHOT'O PACTBOPEHHS (BO/IHBIN PACTBOP COJIM — TBEPast COMb — Iiap),
WM TIPOAYKTOB XHMHYECKOTO B3aHMOJEHCTBHS PA3/IMYHBIX BEIIECTB
(KMIKMA CIUIAB M TBEPAOC XHMHYECKOE COCAMHCHHE IBYX METAJUIOB).

ToMoreHHas 4acThb ]'eTEpO]'CHHOﬁ CHCTEMbI, OTIICJICHHAsA OT JIDYTUX
HacTell NMOBEPXHOCTBIO pasfieNia, Ha KOTOPOHM CKAaYKOM H3MEHAIOTCS
xakue-160 CBONCTBA (M COOTBETCTBYIOLIME MM NapaMETpPhI), Ha3biBa-
ercs pazoi. Ecmm cHCTeMa COCTOMT W3 KMAKOCTH M Mnapa, TO
KUOKOCTh NpeacTaBysieT coboit onany dasy, map—apyrywoo. Hemsas
MyTaTh M OTOXIECTBISATb ArperaTHbie COCTOSHHA C (asamu. B To
BpEMs Kak arperaTHbix COCTOSIHMH BCEro YETBIPE — TBEPJOE, KHUAKOE,
raaooﬁpaaﬂoe M IUIa3MEHHOE, Cbi\'l -~ HEOTPAaHMYEHHOE YHCIIO; JdXe
Y OJHOrO M TOIr0 K€ XUMHYECKHM 4YHCTOTO BELIECTBA B TBEPJIOM
arperaTHOM COCTOSIHMM MOXeT OBITh HECKOJbkO (a3 (pomOudeckas
H MOHOKIIMHHas cepa, cepoe M Genoe onoBo u ap.). Ipu HeGosbImX
JIaBJIEHMAX, KOIJla ra3bl MaJi0 OTJIMYAKOTCH OT HIACAJIbHBIX, B ra3006-
PA3HOM COCTOSIHMH MOXeT ObITh TOJBKO OfHA (a3a, Tak Kak NpH
TAKHX YCJIOBHSIX BCE Tra3bl 06!!6}13101' CHOCOBHOCTBIO CMEILIHBATHCS
OpYr ¢ JpyroM B JIOObLIX nponopuusx, obpasys OJXHOPOAHYIO
CHCTSMY*‘ B KHMJIKOM COCTOSIHHM B PAaBHOBECHH MOKET HAXOJUTHCH
HECKOJIbKO (a3, HampuMmep BOMA M Macjo, KePOCHH M BoJa H JAp.

KpoMe (a3bl BaxHOe 3HAYEHWE NPH HCCIIETOBAHHAX DPABHOBECHS
TEPMOJIMHAMHUYECKUX CHCTEM (KaK TETEPOTEHHbIX, TaK H TOMOI’CHHHX)
MUMEET IOHATHE KOMNOHeHm. DTO TaKas 4acTh CHCTEMBI, CONEpKaHue
KOTOpOH HE' 3aBHCHT OT COJEpXaHus Apyrux uacreif. CMech rasos
SABJISAETCH Oﬂ"od)alﬂ(\ﬁ, HO MHOTOKOMIIOHCHTHOH CHCTEMOWH: KOM-
TMOHEHTOB B CMECH XHMMHHYECKH HE pearupyrollux ras3oB CTOJBKO,

® TIpu BBICOKOM [aBiCHHM orp BO it pac-
TBOPUMOCTH Ta30B.
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CKOJIbKO B HEH pa3iMuHbIX ra3oB. Bojma, Jel Takxke SBISIOTCH
onHO(A3HBIMU CHCTEMaMH, HO OJHOKOMIIOHEHTHBIMHM, TaK Kak BO-
JIOPONL M KHCJIOPOJ B HHMX BXOAAT B ONPENENCHHOM OTHOILICHHH:
KOJIMYECTBO OJHOTO 3aBHCHT OT KojuyecTBa apyroro. M Boo6ime,
ecym B (ase umeercst N pa3IHuHbIX BELIECTB (nguqecxux 3JIEMEHTOB),
MEXJTy KOTODHIMH CYIIECTBYET 1 XHMHYECKHX DEakuuil, TO HHCIO
KOMIIOHEHTOB (HE3aBMCHMBIX BEIIECTB) B Takoi dasze N—n.

ACTEMa C JIByM KOMIOHEHTAMH HAa3bIBACTCS 6uuapnou WM
08otiHoii (CMeCh JIBYX Ta30B, KWAKOCTed WM TBEPIBIX Tel W Jp.),
C TpeMs KO TaMH — WA mp M T. I

§ 4. PABHOBECHBIE U HEPABHOBECHBIE ITPOLIECCHI

J1o cHx mop Mbl pacCMaTPHBAJIH CBOHCTBA CHCTEM B TEPMOAMHAMUYeEC-
KM DPAaBHOBECHOM COCTOSHHMM, KOTid HM ONWH TapaMCTp CHCTEMbI
CO BPEMEHEM HE W3MEHAETCS M BHYTPH CHCTEMbl HET HHKAKHX
MAaKPOCKONHYECKHX JBHKCHNH.

Ecnn HeKOTOpBbIE MapaMeTphl CUCTEMbI H3MEHSIOTCH CO BPEMEHEM,
TO Mbl TOBOPHM, H4TO B TAaKOH CHCTEME IIPOHCXOJHMT MNPOLECC.
Hanpumep, npu n3MeHeHUH 06beMa NPOHCXOTUT NMPONECC PACIIMPEHHs
CHCTEMBI; MDY M3MEHEHHHM XapaKTEPHCTHK BHEIUHEro MoJis — Mpomecc
Hamar HITH cucrembl ¥ T. 1. Ecom cucrema
BBIBEJIEHA W3 COCTOSHMS PABHOBECHS H NpeJOCTaBJeHa caMoil cebe,
TO, COIJIACHO TMNEPBOMY HCXOJHOMY IIOJIOXKEHHIO TEPMOIMHAMHKH,
4epe3 HEKOTOPOE BPEMsi OHA CHOBA NpUJET B PABHOBECHOE COCTOSHHE.
OTOT mpouecc Nepexojia CHCTEMbI M3 HEPABHOBECHOTO COCTOSHHS
B DaBHOBECHOE HA3BIBACTCH pedaKcayueil, a NPOMEXYTOK BPEMEHH,
B TEYEHHE KOTOPOTO CHCTEMa BO3BPAIIACTCS B COCTOSHHE PABHOBECHS,
Ha3bIBAETCA 6pemeneM peiaxcayuu®.

IMpongecc nasbiBaeTcs p HbIM WK K8a KUM, €CITH
BCE NMAPAMETPhI CHCTEMBI H3MEHSIOTCS PU3MYECKH GECKOHEYHO MeIeH-
HO, TaK YTO CHCTEMa BCE BPEMS HAXOIHUTCSH B PABHOBECHBIX COCTOSHHSX.

Vkazampe, 4T0 NpH KBACTATHACCX npoucccdx BCE NAPAMETDH (KaK HHTEH-
CHMBHbIE, TdK H MEJUIEHHO, WC-
KJIOYAET BBE/ICHHE HEHYXHOTO wm TepMOﬂHHaMH‘ICCKHX HCCIIE/IOBAHUA  MOHATHS
0 TICCBIOPABHOBECHBIX TpOleccax (PH KOTOPBIX uekmophle MHTEHCHBHbIC NapameTpbl

HCKYCCTBEHHO W’ Ha Kpome Toro, xak BHAHO W3
TIDHBEJICHHOTO ~ ONIPE/CIICHHS, kaa:«ucmrmecme npoucccu HE  TOJNBKO tbuzuqecm
BECKOHEYHO MEJUIeHHbI, HO H era c poro

cocrosHus. ITO HCKIIOYaeT uTOo xon
BCAKHI PABHOBECHBIH IPOLIECC ABJACTCH n;amum MUECKHM, HO He BCSKHI KBA3HCTATHYEC-
kit nponecc (kax (B XauecTae TpHMepa TaKOro

HEPABHOBECHOTO, HO GECKOHEYHO MCILICHHOTO MpOLECCa NPHBOIMTCS OQEIYHO NPOHECC

® Jlns pasHRIX TIPOLECCOB BpeMs pelakcauus pasmauno: or 107'6c  min
YCTAHOB/ICHHS! PABHOBECHOTO /I@BJIEHHS B rase J0 HECKONBbKHX :m mpi. smpanunnannu
KOHUEHTPAUMH B TBEP/IBIX CITABAX. Beperc: BpeMm:
PENIaKCALH, B TeYeHHE KOTOPOro ;uu BCex on
JAHHOH CHCTEMBL.
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TENIOOOMEHa MeX/y TeaMH C pasaMuHbIMA TCMIEPATYPAMH, CKONb YFOAHO 3a-

i MEKIY HHMH Tep! 0 COmpo’ . 3ameuieHHas
TENN00TAAYA MEK/Y TEIaMH C Pa3HBIMH TCMICPATYPAMM HE ABJIACTCS PABHOBECHHIM
NPOLECCOM M, CEOBATENbHO, HCCTATHYHA (XOTH W OECKOHEYHO Me/UIeHHA), TaK
KaK B HAYaNbHBIf MOMEHT TIDH YCTAHOBJEHHHM TEIJIOBOTO KOHTAaKTa MEXIy Tena-
MH 6biI0 HapymieHo pasHoBecwe. HecraTHieH W GecKOHEYHO MeIIEHHBIH npouect
PaCUIMPCHHA Td3a B IYCTOTY M3-3a OTCYTCTBMS DABHOBECHS B HAYANbHbIA MOMEHT
BCNIEACTBHE TNOTOKa rasa.

Pu3nyeckd 6ECKOHEYHO ME/IICHHBIM WJIH PABHOBECHBLIM W3MEHEHH-
€M Kakoro-mubo mapaMeTpa a Ha3bIBAIOT TaKoe €ro M3MEHEHHe CO
BpeMeHeM, Koraa ckopocTh da/df 3HAuYHTENHHO MeHbIIE CpefHei
CKOPOCTH HM3MEHEHHs JTOTO NAapaMeTpa NpH pPEaKCaluuH; TaK, ecid
TIPH peNakCcalMy TMapaMeTp g M3MEHHNICA Ha Aag, a BpeMs pellakcaliy
PaBHO T, TO TPM PABHOBECHBIX Mpolieccax

da __Aa
dr "1

Ecnu u3MeHeHHe Kakoro-anbo mapamerpa a NMPOHCXOAUT 32 BPEMs

1, MeHbllice WIM PABHOC BPEMECHM penakcauuu T(/<T), Tak 4TO

dada

™
TO TaKoH npouecc Ha3bIBAETCH Hep HbIM A KUM.
Cam ABJISETCH, TEJIbHO, HEPABHC

npoueocom

[pencTapjienne O pPaBHOBECHOM IIPOLIECCE M BCE PACCYX/ICHHS,
CBSI3aHHBIC C HHMM, OK43bIBAIOTCA BO3MOXHBIMH JIHIIb HAa OCHOBE
o0lero Hayana TepMc H O CaMC py TH -
HOFO COCTOAHMS. [leliCTBHTEIbHO, HATIPABIICHHE pamionccnoro pouec-
ca OyaeT BNOJHE ONpPENENEHO XapakTepoM BHEIIHHX BO3/CHCTBHM
TOJILKO B TOM Cllyyde, €C/IH HCKJIIOYEHbl CNOHTAHHBIC H3MEHEHHS
TEPMOAWHAMHYECKOTO COCTOSIHMS CHCTEMBI.

H3yueHne paBHOBECHbIX TPOLECCOB BaXHO MOTOMY, 4TO, Kak
okaspiBaetcs (cm. § 17, 18), npu ormx TpONeccax Psia  BaXHBIX

(pabota, k03¢ T [OJIE3HOrO JEHCTBHS MAIUWH H Jp.)

HMeeT MNpefie/ibHbie, MaKCHMalbHO BO3MOXHble 3Hauenus. ITostromy
BBIBOJIbI, NIOJIy44EMbIE TEPMOAHHAMUKON ISl PABHOBECHBIX MPOLECCOB,
WIPAlOT B HeH POJIb CBOErO PO/ MAPEEbHBIX TEOPEM.

§ 5. BHYTPEHHSSI DHEPTUAA CHUCTEMBI.
PABOTA M TEIUIOTA

Besikast TEPMOAHHAMHUYECKAA CHCTEMA COCTOMT H3 OTPOMHOTO 4uCiIa
4acTHI. DHEPIHS STHX HENPEPHIBHO IBHXKYIIMXCS W B3aHMOJEHCT-
BYIOWIMX YaCTHIL Ha3bIBACTCS IHepauell Cucmemsi.

HOIl'Haﬂ OJHEPIUsi CHCTEMBI pAa3fENsACTCs Ha BHEUIHIOW H BHYT-
PeHHIOW, UacTh SHEPIHH, COCTOSNIAS M3 SHEPTMH [BHKCHHS CHCTEMbI
KaK ILEeJoro M NOTEHUHAIbHOH JHEPrUH CHCTEMbI B TOJIE BHEIIHHX
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CUJI, Ha3bIBACTCS eHewHel duepeuel. OcranbHas 4acTb JHEPTHH
CHUCTEMBI HA3bIBACTCSH RHyIYIpL’HHEu 3Hepeueu

B TEPMOJMHAMHKE HE PACCMATPUBAIOTCA [BMXKECHHE CHCTEMbl Kak
LEeNOr0 M W3MEHEHHE €€ TNOTCHIMANLHOH OHEPrMM TpPH  TaKoM
ABIDKEHMH, TIOITOMY OHEpTHedl CHCTeMbl SBIISETCS €€ BHYTPEHHAS
sHeprus®. B cratucruueckoil (u3MKe BHYTPEHHSS SHEPIMsi CHCTEMBbI
COCTOMT M3 OJHEPrHM pa3sHbIX BHIOB JBHXKCHHS M B3aUMOJICHCTBUS
BXO/ISAIIMX B CUCTEMY HaCTHIL: 3HEPrus NOCTYNaTe/JIbHOTO U BpaulaTeib-
HOTO ﬂBH)KeHﬂﬁ MOJIEKYT U KOJ’[CGLITEIIBHO]'O JABHXEHHSA aTOMOB,
JHEPIUsl MOJIEKYJIAPHOTO B3aMMO/ICHCTBHSA, BHYTPHATOMHAS OHEPIUs
3aN0JIHEHHBIX JIEKTPOHHBEIX YPOBHEH, BHYTDHS/IEPHAS OHEPrUs W Jp.

Buyrpennss sHeprus U sBISETCS BHYTPEHHHMM 1apaMeTpoM W,
CJIEIOBATENILHO, IPH PABHOBECHH 3aBHCHT OT BHEIIHHMX IIapaMETPOB
a; v temmepatypsl 1: U=U (ay, ..., a 3

3aBHCHMOCTH BHYTPEHHEH SHEprs.H OT TEMNEepaTypbl MOYTH Y BCEX
BCTPEUAOIIMXCA B OKpPYXKAIOUIEH HAC MPHUPOJE CHCTEM TAKOBA, YTO
C HEOrPaHHYEHHBIM POCTOM TEMNEPATYPbl BHYTPCHHSA SHEPTHS TAKkKe
HEOIpaHHYCHHO pacTeT. 10 TPOMCXOAUT TOTOMY, WHTO Kakaas
MOJIEKYJIA HWJIM KAKOH-THOO APYroil 9JeMCHT «OOBIYHOM» TepMOIH-
HaMHYECKOH CHCTEMBI MOXKET WMETh JIF0OOe CKOJb YrOAHO Oo.ibioe
3HAYEHUE JHEPIHU.

Heckonbko net Haszaja OKCNCPUMEHTAJILHO 6bl10 YCTAHOBJIEHO
CyLICCTBOBAHME M TAKMX CHUCTEM, Yy KOTOPbIX BHYTPEHHSAS 3HEPrus
€ pOCTOM TEMIIEPATypbl ACUMIITOTHYECKH npnGanae‘rcn K KOHCYHOMY
TPaHHYHOMY 3HAYEHHIO, TaK KaK KaXK/blH OJJIEMEHT CHCTeMBI JiM-
MHTHPOBAaH B CBOelf MAaKCHMaJibHO BO3MOXHOH oHepruu. Takumu
«HEOOBIYHBIMK» CHCTEMAMH SIBJISIOTCS COBOKYIIHOCTH $/ICPHBIX CIIHHOB
HEKOTOPbIX KPHCTAJUIOB, T. €. COBOKYINHOCTH 3aKPEIUICHHBIX B y3Jax
PELIETKH ¥ B3aHMOJICHCTBYIOIIAX APYT C APYTOM SNIEPHBIX MATHHTHBIX
MOMEHTOB, KOIld HX SHEPIMs B3aHMONCHCTBHS C pEIUCTKON upes-
BbIYAHHO Majla TIo CPaBHCHHIO C ’)Hepl’ﬂeﬂ CNHH-CIIUHOBBLIX B3a-
HMOZEHCTBII* ).

Mpu B HCTBUH TEPMO, KOH CHCTEMBI C OKpyXa-
JOUIEH CpejIoi MPOHCXOMMT OOMeH Hepruedi. [IpH 3TOM BOIMOXHBI
JIBa Pa3MYHBIX COCODA Nepeayy SHEPIHH OT CHCTEMbl K BHEIHMM
TeJlaM: C | P POB CHCTEMBI H 6e3 u3MeHe-
HHMSl 3THX TapameTpoB.

Tepsoiii cnocod nepenaud SHEPruM, CBA3AHHBIA €. M3MEHEHHEM
BHEIHNX NAapaMeTPOB, HA3bIBACTCS padomoil, BTOPOil crnocob— be3
W3MCHCHHS BHEILHMX N4APAMETPOB, HO C H3MCHEHHEM HOBOTO

*) DHEprHA TONOKCHHA CHCTEMb B MOJC BHEWHWX CHJ BXOTNT B COCTaB €&
BHCIUHCH DHEPIWH NPH YCIOBHH, TO TCPMOAMHAMHYECKOC COCTOAHHC CHCTEMbI NpH
TEPEMEILICHHH B TOME CHI HE M3\ . Ecom ke
npu ee B noJE CHT 0 HACTh MOTEHUHAILHON
IHEPTHH gmc 6yaeT BXOAHTb B COCTAB BHYTPCHHCH OJHEPIHH CHCTEMBbI

HEKOTOPbIX NapajioKCaNbHBIX CBOWCTBAX TAKHX CHCTEM cM. § 32.




TEPMOJWHAMHHYECKOTO TapameTpa (3H1‘pomm27memxomoﬁ, a cam
TPOLECC TEPENayu IHEPrHU — menioobmenom™ .

C MONEKy/IAPHO-KHHETHYECKOH TOYKH 3pEeHHs TeIUloTa CBsi3aHa
C MBMKEHHEM aTOMOB M MOJIEKYJ], M3 KOTOPbIX COCTOST Teja;
oHa mpeicTaBiaseT coboii  MuKpodm3Mueckyro (opMy mepemaudm
JHEPrHM OT OJIHOTO TeNa K MAPYrOMy NyTeM HenoCpPeACTBEHHOro
MOJIEKYJIIPHOTO B3aUMOJIEHCTBHS, T. €. IOCPEACTBOM OOMEHa SHepruei
MEXy XAOTHYECKH JBHKYIMMUCA -yacTHuaMu oboux Ten. Pabora
B OTJIMYME OT TEIIOThI NpeAcTaBjseT cobol MaKpOCKONHHUECKYIO
YNOpsIoueHHYI0 (HOPMY NepeNayn JHEprHH NyTeM B3aHMHOIO Jeli-
CTBHs Tel ApYr Ha Jpyra.

OHeprusi, NepeJaHHAs CHCTEMOH C H3MEHEHHEM ee BHEUIHHX
TapaMeTpoB, TaKXe HasblBaeTC pabomoii W (a He KOJIMYECTBOM
paboThl), a SHeprus, nepefanHHas cuireMe Oe3 U3MEHEHHS ee BHELUHHMX
TIapaMeTpoB,— Koauvecrmeom meniomst Q. Kak BUIHO M3 OmpeleneHus
TEIJIOTHI H paﬁo'nﬂ, 9TH JBa paccMarp X B TEPMO,
PA3MYHBIX COco0a Nepefavd SHEPTMH HE SBJISIOTCS PAaBHOUEHHBIMH.
JlecTBUTENBHO, B TO BpeMs KakK 3aTpauuBaemas pabora W moxer
HETOCPEJICTBEHHO TNOWTH HA YBEJHYEHHE JHOOOro BHEA OHEPrHH
(NEKTPUUECKOH, MATHUTHOMW, YNPYTOH, NOTEHLHMAIbHOW JHEPrHU CH-
CTEMBI B MOJie M T.J1.), KOJHYECTBO TEIIOTHl () HEMOCPENCTBEHHO,
T.€. 0e3 npeaBapuTENLHOTO npeoﬁpaaoaaﬂnu B paboTy, MOXeT
TMOWTH TOJIKO Ha YBEJIUYEHUE BHyTpCHHCﬂ OHEPIrUU CHCTEMBI. 31'0
NPHBOIMT K TOMY, YTO TpH NpeobpasoBaHuH paGoThl B TEILIOTY
MOXHO OrpaHHYMTBCS TOJIBKO J[BYyMs Te€JlaMH, W3 KOTOpPBIX OJHO
Teno (Np¥ HM3MEHEHHWH €ro BHEUIHHX NapaMeTpoB) NepeNaeT Npu
TEIUIOBOM KOHTAaKTE 3JHEPTHI0 JpyroMy (6e3 M3MeEHEHHs ero BHeIl-
HHX TIAPaMeTPOB); MPH NPEBPALICHHH )Ke TEIUIOThi B paGOTy HEOGXOMM-
MO HMETh MO MEHbIEH Mepe TPH Teja: NEepBOe OTAAET SHEPTHIO
B (opMe TemwnoThl (TEIUIONCTOYHUK), BTOPOE IMOJYYAET OHEPTrHIO
B (JOpMe TEIIOTh ¥ OTAAET IHepruio B popMe paboThl (paGouee Teno)
H TpeTbe MOJIyYaeT JHEpruio B (opMme paboThl oT paGouero Teia.

Ecmu cncrema He of TCH C OKpY MH TeJjaMH HH
3Hepmeﬁ, HH BEILIECTBOM, TO OHA, KaK yXe ObLIO CKa3aHO, Ha3bIBACTCA
U30AUPOBAHHOU WM  3AMKHYMOU; €CIM € CHCTeMa WHMeeT TaKoi
o0OMeH, TO OHa Ha3bIBaeTCs omkpvimoi. CucteMa, He oOMEHHBaIOIA-
ACA C JAPYTHMH TeNlaMH BELIECTBOM, HO OOMEHMBaIoIAsCs aHepruei,
Ha3bIBaACTCH mprlmau, a HE OGMCHHBal‘OLﬂaﬂCH 3nepmeu TOJIBKO
B qume TEIIOThI — u30.4Up 208
cucmemotl.

PaGota W u KONM4ECTBO TemwnoThl () HMEIOT DasMEepPHOCTh
OHEpPrHM, a pa6o’ra M TEIIOTA HE SABJISIOTCA BHJAMM JHCPIHH. OHH
TpeJCTaBAIOT co0O0H [Ba pasNMUHbIX Crocoba mepefadyd SHEpruH,
pacemar; B TEPMO, H, TENBHO, Xapak-

* Bropoii Croco Nepeiatn JHErMH Heso3Moxer Tombko np 0 K (em. § 21).
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TEPU3YIOT NpOuECC IHeproobMeHa Mexay cuctemamu. Pabora W u xo-
JIHYECTBO TEIUIOTHI Q OTJIMYHBI OT HYJIs TOJBKO IpH Ipouecce,
KOTOpHﬁ UCHBITBIBAET CHCTEMA; COCTOSIHMIO X€ CUCTEeMbl HE COOT-
BETCTBYET Kakoe-Tubo 3HaveHue W wim Q, u mo3ToMy GeccMBIC/IEHHO
TOBOpHUTH O 3anace TEIJIOThl HIH paSOTH B Teje.

Tpussito cuuTaTh paboTy W NOJOXUTENLHOM, €CNIM OHA COBEp-
aeTcs CHCTeMOM HaJ BHCIIHMMM TEJaMH, a KOJMYECTBO TEIIOThI
Q cuMTaeTCs MOJOXKHTENbHBIM, €CIH OHEPIHs MEPERACTCs CHCTeMe
0e3 M3MEHEHHs e¢ BHENIHMX IapameTpoB®.

TIpu GeCKOHEYHO MaJioM pPABHOBECHOM M3MEHEHHH Tapamerpa
a paboTa, coBepiiaemas CHCTEMOi, paBHA

dW=4 da,

rae A—COmpshkeHRas BHELIHEMY mnapaMeTpy ¢ 06oOuieHHas cuia,
SIBJSIOWIASCS [PH DAaBHOBECHH (YHKIMEH BHEIIHMX NapaMeTpoB
a; v Ttemnepatypbi 7.

IIpr HepaBHOBECHOM OECKOHEYHO MAaJIOM H3MEHEHHH NapaMeTpa
a pabora OW,, coBepiiaeMas CHCTEMOM, TAaKke paBHA

SWop=Aupday,
HO B JTOM ciydae o0oOluieHHas cuna A,, Graromaps HCXOIHBIM
IOJIOKEHHSM TEPMOJMHAMUKH SIBJISCTC QYHKIHMEH BHEIIHMX Napamer-
POB_g;, BHYTPEHHHX NapaMETPOB b; U MX NPOM3BOAHBIX 1O BPEMEHH.
TIpn M3MEHEHHH n BHEIIHHX NapameTpoB paboTa CHCTEMbL

W=y A:da;. (L1

Kak cnemyer w3 onpesenenus paborel W kak Buaso u3 (l.1),
B BBIPAaXCHMC OJJIEMEHTapHOH paboThl He BXOIMT JuddepeHuman
Temnepatypbl (1. e. kosdpduument upu dT paseH Hymo). IT0
OpUBOIMT K TOMY, uTo Jubdepenimansioe Bbipaxenne (1.1) ne
SBAsETCS MOJNHBIM AuddepeHunanoM Kakoi-mbo (yHKIMH Tapamer-
‘poB cocTosHMs chcTeMbl (cMm. 3amavy 1.2). Ilo oro#f mpuumne
J/eMeHTapHyl0 paboty obGosnavator 8W, a we dW.

TlpuBeaeM MNpUMEpbl BBIPAXEHHHA [UIS 3EMEHTApHOW PaboThI,
COBEpLIAEMON CHCTEMOH B HEKOTOPBIX CllydasX.

Tlpu KBAa3MCTATHYECKOM DACIIHPEHMH CHCTEMBI, MO/IBEPXEHHOH
JIeHCTBHIO BCECTOPOHHETO PABHOMEPHOTO JABJIEHHS, d/IeMeHTapHas pabota

dW=pdV (4=p, a=V),

rae p—JaBieHWe rasza wim >Xuakoctd, dV —ysennueHue obbema
CHCTeMBbl, paboTa rasa mNpH pACUIMPEHHH €ro B [YCTOTY paBHA

¥ B B Qu W , Kak ciienyer
M3 TIPEABIYLIEro, He CNIOCOG NEPeNau, a JHCPTHIO, TOMYMCHHYIO CHCTEMOH COOTBET-
CTBYIOIMM CTIOCOGOM; 4acTO HX, OJHAKO, HA3hiBAlOT MPOCTO TeM10TOH W paboToit
M TOBOPAT O MpEBPAINCHHH TEmIOThl B PaboTy U HaobopoT.
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HyJIK0, TaK Kak [pPH 3TOM ra3 HE MNpeoJ0JIeBaeT HHUKAKOro co-
NPOTHBJICHHS.

Pa6ora cun TOBEPXHOCTHOIO HATSXKEHHUS MPU M3MEHEHHM IUIOLANX
nosepxHocTH Ha dX paBHa

dW=—0cdX (a=Z, A=-0),

TH€ G -—NOBEPXHOCTHOE HATSIKEHHE.

l'lonnpmauml JH3ICKTPHUKA B 3JIEKTPHUYECKOM MOJIe CBsi3aHA € Ompe-
JieneHHoi paborodl. B 3aBHCMMOCTH OT Xapakrtepa 3agaun (41O
OnpesieNseT BBIGOpP pA3AMYHBIX HE3ABHCHMBIX TEPEMEHHBIX, Xapak-
TEPU3YIOUIHX COCTOSIHWE JHMIJIEKTPUKA B IJIEKTPHYECKOM TOJie) 3Ta
paﬁora pasHasi 4 JUIS €€ BbIYMCIICHHS HPUXOJHUTCS TM0JIb30BATHCSA
Pa3MYHBIMK BBIDAXKCHHAMH (CM. 1.

OnementapHas paboTa, coBepliaemas eAMHHIEH oObema HHIJIeK-
TPUKA, NPU HW3MEHEHHWH B HEM HAIPSKECHHOCTH E JJIEKTPUYECKOTO
TOJIA BCIENCTBHE JIBMKEHHWS CO3JAIONIMX €O 3apsjioB paBHA

SW== L (E, dD)=— ;‘;(E,de+EydDy+E,dD,)
(He3aBUCHMON - IIEDEMEHHON SBJISETCA B J(AHHOH 3ajave MHIyKLMS
D), Tak ut0 a;=Dy, ay=D,, a3=D,, 4,=—E/(4n), A= —E,/(4n),
As=—E.[(4n).

Jlas usoTponHoro amasnekTpuka, xorga D1TTE, sra pabora
1 . _ __ 1
W=~ L Edp (a—D, a=-1 )
CobcrBennast paGoTa NoJispH3amMd (WM PaGoTa NONSPH3ALMK
B COOCTBEHHOM cMbicie) OW,. ectb paGora OW Ge3 paborsl
—d [E?/(8n)] BO3byk/JeRusi mONs B Bakyyme:
SWc=«SW+d<Q>=—EdP (a=P, A=—E).

OneMentapHasi paboTa NpH W3MEHEHWM HanpsbkenHoctd H B mar-
HETHKE ¢ WHAyKIMeR B pasna

-1 _ b
dW=—_(H d = (deB,+HydB,.+H,de)

(0=Bo a2=B ay=B., ai=— L Ho == LH, Ay== ).

JIns M30TPOTIHOrO MATHETHKA 3T4 paéora paBHa

SW=— L HdB (a:B, A=—L )
4n 4n
CoberBerHas paboTa HaMarHHYHUBAHHS
SW.=—HdJ,

rae a=J— HaMarHHYeRHocTs, A= —H.
2



OnemenTapHas pabota ofHOpoAHOH AedopManuu eHHUIBI 00b-
€Ma TBEPAOro Tejia paBHA

3
14 Z i degj,
i

I¢ O;;-—HOPMaJbHbIE W CIBHIOBbIC KOMIOHEHTbI nanpxxe!um,
€;;— KOMLOHCHTBI JIEQOPMALUK (DACTSKEHHS M C/IBHTH).

aGoTa, CcoBeplIaeMas CHCTEMOH Xpu Hepanuoaemom Tiepexo-
JI€ CHCTEeMbl M3 COCTOSIHHS 1 B 2 BCErja MeEHbIlEe pdGOTbl
“pDHZ{BOHHMOH €0 MpH NEpPEXojie U3 COCTOSHUSA 182 PaBHOBECHBIM
nyTeM:

Wap< W.

OT0 0COGEHHO XOpOIIO BH™O Ha [PHMEPE  PACIIHPEHUs
mad COKkaTus rasa. TIpM HEPaBHOBECHOM PACHIMDEHHH ra3a BHELl-
Hee JIaBJICHME p' MEHBIIE MCXOMHOTO DaBHOBECHOTO JIABJICHUS
p rasza, nostomy p'dV<pdV. Tlpu HepaBHOBECHOM CKAaTHH, HAao-
GopoT, BHelHee JaBjicHue p” OOsbIE PABHOBECHOTO JABJICHHS,
W TaKk Kak pabota B 5TOM cliydae OTPHUATENbHA, TO M 3/eCh
p'dV<pdVv.

B obmiem ciaysae Mis J100Or0 HEePaBHOBECHOrO INpoecca 3Ty
TEOpeMy O MaKCHMajlbHOW paboTe NpH PaBHOBECHBIX NPOLECCAX
MOXHO JI0Ka3aTh JIMIIb Ha OCHOBAaHHM BTOPOTO Hadaja Tep-
MOJMHAMUKH.

HecMOTps Ha TO YTO MeXIy NOHATHAMH PaboThI M KOJMYECTBA
TEIIOThI CYIECTBYET I1yGOKOe Ka4CCTBEHHOE PA3JIHiHe, OHH SBJSIOTCS
POJCTBEHHBIMH: M TO W JPYroe BBIPAXAIOT SHEPTHIO, MEPEA2HHYIO
CHCTCME HJiH C W win 6e3 u BHCIUIHHX NapaMeT-
pos. BJldl‘Oﬂdpﬁ OTOMY POICTBY TEILIOTY 4YacTO HA3bIBAKOT Mep-
Muueckoti paﬂamou DJIeMEHTapHOE KOJIMYECTBO TEIJIOTH 3Q, moyya-
€MO€ CHCTEMOi TIpH PAaBHOBECHBIX MPOLECCAX, MOXKET OBITH 3a14cano,
noJo6HO 31eMERTapHOH paboTe, B BHAE MPOU3BEACHHA oGoncunoﬁ
cunbl T (TeMnepaTyphl) Ha u3MeHeHHe OGOOLIEHHOH KOOPXHHATLY
S (ouTpOnHH):

5Q="TdS.

Opnako cTporoe 00OCHOBAaHHE 3TOrO BBIPAXECHUA C J0Ka3aTelb-
CTBOM OJHO3HAYHOCTH SHTPONMUMH MOXET ObITh JAaHO JMIUL BTOPHIM
HA4Y2JIOM TEPMOAMHAMHUKH.

§ 6. TEPMUYECKME U KAJIOPUYECKOE YPABHEHHS COCTOAMHA

BTOpoe HCXOAHOE MOJIOKEHHE TEPMOAMHAMUKH O TOM, YTO PABHOBEC-
Hbie BHYTPEHHHMC NApaMerphl sBIAIOTCS (YHKLMAMH BHEIUHHX Hapa-
METPOB M TEMIIEPATYphl, NPHBOAUT K CyNIECTBOBAHMIO TEPMUYECKHX
H KaJOPHYECKOTO YPABHEHHil COCTOSHHS CHCTEMBI, T. €. YpaBHEHHH;
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CBSI3BIBAIOIMX TeMiepaTypy 7, BHEIUHHE NApameTpbl a; M KaKOH-1u60
PABHOBCCHBIN BHYTPECHHUH TapaMeTp by:

be=fi(ai, - an T).

0 ypasie:uie
U=Ulay, ..., ay; T)

HA3BIBACTCH  ypasHeHuem Jnepouu  WIK  KAJAOpUYeCcKum  ypasHeHuem
cocmosnus. OHO TaK HA3bIBACICs MOTOMY, YTO C €r0 HOMOLIBIO,
EUL MBI YBHTHM, MOXHO RAXOAATD TENJIOCMKOCTH U ApyTHe llO,’lO6HHC
BCJIMYUHBI, 00bIYHO BbIPAXACMbIC paHee B KaJIOpHAX.

Ec/u BHYTPCHHUM [apaMeTpoM b, SBISETCS CONpSKCHHAs Blie-
wieMy napamerpy « oGolwennas cuia A; (by=A4;), TO ypaBHeRus

Ai=Ailar. o, @ T) (i=1, 2, .., n)

HA3bIBAKOTCH MEPMUYCCKUMU  YDABHEHUAMU COCMOAHUA. D10 Ha3BaHHE
06yc:xomcﬂo TEM, 4YTO € NOMOUIBK 3THX ypunncﬂuﬁ BbIYHCIISAETCS
TEMIICPATYPA.

Obiee 4#CA0 TEPMUUECKHX M KaJOPHYECKOTrO YPABHEHMi COCTO-
SHUS CHCTeMbl DPABHO HHCIY €e cleneHeil CBOOOABI, T.€. HHCIY
HEIABUCHMBbIX IAPAMETPOB, XaPAKTEPU3VIOIMX COCTOSIHUE CHCTEMbI.
Kak 1nokasbiBaer BTOpPO€ HAYajJl0 TEPMOAMHAMUKH, KaJIOpHYECKOe
M KaXJ0e M3 TEPMHUECKHX YPABHCHHIl COCTOSHMS HE SBJISHOTCS
HezaBucuMbiMH.  Onn cBsi3aHbl  AuQQepeHuratbHbM  yPaBHEHUEM
B YACTHBIX NpPOM3BOAHBIX (cM. § 15).

Ecnu KaJIOPpUYECKOe M TEPMHUYECKUE YpPaBHEHHS COCTOSHHSA H3BECT-
Hbl, TO C NOMOIIbIO HAYA] TEPMO. H MOXHO OHp Th
BCE TEPMO/IMHAMMYECCKHE CBOWMCTBa CHCTEMEBI. BbiBecT camu YpaBHEHHs
COCTOSHMSL HA OCHOBE HA4ajl 1€pMOJAMHAMUKHM HEJIb3s, OHH HJIH
YCTaHAB.IMBAKOTCA U3 ONbITA, HIH HAXoAsMTCs METOJAaMH CTATHCTUYEC-
Xoi (u3MkH. DTO eile pa3 yKasblBAET. YTO TEPMOJAMHAMHKA M CTa-
TUCTHYECKas QAHBHKD JOULOJIHAKT APYr Apyra u TOJIHOCTBIO OTACJIUTEH
WX HEBO3MOXKHO. .

Ilpu u3yyeHUH CBOWCTB pABHOBECHBIX CHCTEM TEPMOAHHAMHKA
{IpexAC BCETO pacemaTpHBaeT CBOMCTBA TNIPOCTBIX CUCTEM. ﬂpocrban
H43BIBAIOTCS CHC1e¢Mbl C IIOCTOSHHBIM YMCJIOM YacTHll, COCTOSHHE
KOTOPBIX OMNPEAENSETCS TOJLKO OJHMM BHELIHMM NapaMeTpoM a U TeM-
nepatypoil 7. WHaue roBopsi, IPOCThIE CHCTEMbI-—3TO OAHOMA3HBIE
CHCTEMbI, OINpCACNsEMBIE JABYMS NapaMeTpaMu.

TepMuyeckoe M KajOPHYECKOE YPABHEHHSA COCTOSHHS NPOCTOH
CHCTEMBI HUMCIOT COOTBETCTBEHIO BHA

A=A(a, T), U=Ula, T).

Ecan A=p--1aBreHue |, CleJoBaTesibHO, =V — 006beM CUCTEMBI,
TO ypaBACHUA COCTUSHENA CUCTeMbI

p=p(V. T), U=U(V, T). 1.2
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Jins Tako# MpOCTOH CHCTEMBl, KaK MACANbHBIA Ta3, TEPMHYECKHM
YPaBHEHNEM COCTOSHHS SBJSETCH ypaBHeHHe Knaneupox-lanen-
neneesa®

pV=VRT, (1.3)
e v=m/M —4Hci0 Mone# raza maccoii m, M—MoispHas macca,
R=8314 Ix/(K - MoJb).

Wcnonp3ys 3akon JkOyns O He3aBUCHMOCTH BHYTPEHHEH JHEPIrHM

ra3a OT ero o6beMa NpPH MOCTOAHHON TemiepaType

U
(W),_O’ 14
l'lo!ly‘{aeM Kanopﬂ'lec!(oe ypaBHeHﬂe COCTOSIHMS MEaJIbHOro rasa
U={Cydr,

rae Cy— TemloeMKOCTh Fa3a NpH TOCTOSHHOM oObeMe.
Jins OMHOATOMHOTO H/ICANBHOTO ra3a, Kak IOKa3biBAaeT OINBIT,
TENJIOEMKOCTh CV HE 3aBUCHT OT TEMIIEPATYphbl, MO3ITOMY

U=CyT+Uo.

Vpapuennst (1.3), (1.4) 118 MaeanbHOTo rasa JIerko HOJYYHTh
M3 MOJIEKYJIAPHO-KMHETHYCCKUX TPE/ICTABJICHUH, Jake He mnpuOeras
kK ofumM cratucTHyeckuM MeTomaMm. Tak, 3akon (1.4) menocpenct-
BEHHO CJIEYET M3 TOrO, YTO /Ul CHCTEMBI M3 IICBZSB.HMoﬂCﬁCTH)'EOmHX
HacTHll (WAcaNbHBIH Tra3) BHYTPEHHsSl SHEPrHA paBHA (B CpeaHEM)
CYMME KHHETHYECKHX OHEpPrHM JTHX 4YacCTHL, KOTOpas HE 3aBHCHT
OT 00beMa, 3aHWMAEMOTO Ta3oM NpH JAHHOH TeMmepaType.

Jlns peasbHBIX TIa30B 3MIMPHYECKH YCTaHOBJeHO Gosee 150 Tep-
MUYECKHX YpaBHEHH# coctosHus. Hambosee npocTbIM M3 HMX M KauecT-
BCHHO TIPABHJILHO NEPETAIOMIMM TIOBE/ICHHE PEAibHBIX Ta30B JaXe MpPH
TEPEXOJIE UX B KHAKOCTh SABJAETCS ypaBHeHuwe Baw-nep-Baasmca

(p+a/V?)(V=b)=RT.

D710 ypaBHeHMe OTJIMYaeTCs OT ypaBHeHHs Kuiameiipona -— Men-
JieneeBa JIByMs TONpaBKaMH: Ha obbeM b CaMHX MOJEKYJ H Ha
BHYTpeHHee JaBJieHHe a/V %, onpefensieMoe B3aHMHBIM NPHTSKEHHEM
MoJIeKyJ1 rasa (4 u b——KOHCTAHTH, He 3apcsmme oT T W p, HO
pa3Hbi€ VIS pa3sHbIX ra3oB; B ra3ax c 60.'H:U.IHM a TIpH TNOCTOSHHBIX
T v V naBneHne MeHbiue, a ¢ GomblmM b— Gosbiue).

HeobxomumocTs BBENeHWs NoOnpaBoK Ha o6weM B ypasHennue (1.3)
NpH NPHMEHEHHH €ro K peajJbHOMY ra3sy BICPBbIC 0BOCHOBBIBAJ

* OGuenunss 3akotbi Boitis—Mapuotta  Tcii-Mlioccaka, Kianeitpon s 1834 r.
TOJY4HT YPABHEHHE COCTOSHMA WICANLHOTO rasa pV=cT, rae NOCTOAHHas ¢ Ans
aHHOR MacChl ra3a 3aBHCHT OT €ro npupoanl. Ha OCHOBe Tex ke 3aKOHOB H 3aKOHa
Asoranpo J. K. B 18741 pV=(m/M)RT,
Fhe TMOCTOWHHas R OAA W TA K¢ JUIA BCEX Ta3o0B.
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eme M. B. JIoMOHOCOB, HCXOIs U3 MOJIEKYJIPHO-KMHETHYECKHUX Mpe-
CTaBJIEHUH O TPHUPOJE TEIIOTHI (TEMIOBOTO BHXEHHS).

Bojice TOYHBLIMU TEPMHYECKNMU YDABHEHMSMH COCTOSIHHS Ppeajib-
HOro rasa sasiotcs (oM. 3amaun 1.10; 1.11) nepsoe u emopoe
ypasnenus [{umepuvu

p(V—b)=RTe /&),
(p+%)(V—b)=RT; 1.5)

ypasnenue Bepmao
(r7)(v=t)=R

Kak kanopuyeckoe, Tak M TEPMHYECKOE YPABHEHWS COCTOSHHS
JUTSL peaibHbiX Ta30B MOTYT OBITh TEOPETHHECKH BBIBEJCHBI METOJAMH
CTATHCTHYECKOH (H3UKH.

TepMIYeCKOe YpaBHEHHE COCTOSIHMS Il PEaJibHBIX Ta30B MOXET
ObITh 3aMMCaHO B BHAC pAla NO CTeneHsM mIIoTHOCTH N/V mns
npoussenenus pV (supuasvhas ¢0pMn YPABHEHUR COCMOAHUA):

pV:RT<l+ tts Ot ) (16)

"

vov?

rae B, C, D, ... sBsitoTcss QYyHKUMAMH TeMNEpaTypbl H Ha3bIBAIOTCH
supuanbhbimu KosgPuyuenmamu (COOTBETCTBEHHO BTOPBIM, TPETHHM
u T. 1.). TlepBbiii WieH BUPHAJIBHOTO PSiJd COOTBETCTBYET MCATBHOMY
rasy, B KOTOPOM OTCYTCTBYET B3aHMOJICHCTBHE MEXIY MOJIEKYJIaMH,
BTOPO/ YYMTHIBAET NAPHOE B3aAMMOJEHCTBHE MEXJy MOJIEKYJIaMH,
TPeTHit ——TPOifHOE B3aUMOJNICHCTBHE MOJIEKY H T. 1. Vpasuenne (1.6)
GbUIO TOJNYYEHO B CTATHCTHYECKOW (H3MKE BHAYaje C MOMOIIBIO
TeopeMbl O BHpHAje®; B HACTOSILEE BPEMs yPABHEHHE MOXET OBITH
HENOCPEACTBEHHO YCTAHOBJICHO OJHUM U3 OCHOBHBIX METOAOB CTa-
THCTHYeCKOH (u3uku (Mertomom I'm66ca miam MetomoM Boromo6osa,
SBJISIOLAMCS €r0 JaNIbHEHIIAM Pa3BUTHEM).

Kak BHIHO W3 NPHBEJEHHOrO MOJIEKYISPHOrO CMBIC/IA BUPHAIbHBIX
koo @uupentos, BupnanbHas ¢opma (1.6) BO3MOXKHA TOJBKO JUIS
CHUCTEM C TAKUMH CHIAMH BSBHMOﬂCﬁCTB"ﬁ MEXAYy YacTHLAMH, I
KOTOpBIX JOMYCKAaeTCss CcaMo TNPEACTABJICHHE O TMapHBIX, TpOﬂHle,
YEeTBEPHBIX H T. . B3aMMOJCHCTBMSX 4acTHIl. OTO CHpaBe/UTMBO
TOrJa, KOrja OTHOLIEHHE pajauyca ﬂeﬁCTBHﬂ CHIT B3aﬂMDl‘CﬁCTBHﬂ
K CPEIHEMY DPACCTOSIHHIO MEXJy YaCTMLAMH (OTHOIIEHHE MPOHOPIH-
OHaJIbHO TJIOTHOCTH N/V') siBnsieTcs MajibiM (110 CPaBHEHHMIO C €fH-

* Tcopema O BMpHAJC YCTAHABUBAET CBA3L Mcx(uy cpeniHell  KMHETHYecKoi
HEpTHeli MACTHII CHCTCMB, 06LeM
CHA (KOTOpas HA3BIBACTCA BHPHANOM CHII), JEHCTBYIONIHX HE ITH ‘Iacnmu
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HMIEH) TNapamMeTpoM H II03TOMY [ONYCTHMO CaMO Ppa3JIoXeHHe
BHYTPEHHHX IapaMeTPOB CHCTEMbI NO CTENEHSM 3TOr0 Napamerpa.
B cucTeMax C «IaneKHMW» CHJIAMH B3aMMOJCHCTBHS MEXY 4YacTH-
IaMu (HaNpHMEp, B ILIA3Me), A€ Kax[as 9YacTHNA OIHOBPEMEHHO
B3ﬂ"MOJJeﬂCTByeT c COBOKYNHOCTBIO JAPYIHX 4YaCTHL, BHUpHUAJIbHASA
dopma ypaBHEHHS COCTOSHHS HEBO3MOXHA (cM. § S55).

VuuThIBa KOPOTKONEHCTBYIOLIMHA XapaKkTep CHJI B3aUMOJCHCTBHS
MeXy MOJIeKyJIaMH peajibHOTO rasa, Maiiep u Borosiro60B pasHbMH
METONAMH MOJIYYWIH Ul HETO YPaBHEHHE COCTOSHHS

< B,
m
pV=RT(l+ Y 7)
n=1
Te BHpHaJbHBIE KO3(pQUIMEHTHl B, BBIPaXalOTCS Yepe3 NMOTEeHIHMA
B3aMMOJIEHCTBHS MEX/ly YacTHUAMHM rasa M Temnepatypy. Hampumep,
ecnu MC)I(MOHeKy!IﬂpHHﬁ TMOTEHUHAT ® sBasercs d)ynxunel‘i TOJIBKO

PACCTOSIHHS F MEXIY MOJIEKYJaMH, TO BTOPOH BUPHAJBHBIA KO3(-
¢duuMenT raza u3 N 4YacTHI[ paBeH

P
B(T)=—21N [ ("D —1)r2dr. 7
o

DKclepuMeHTabHO W3Mepsis B(T'), MOKHO ONpE/ENHTh Napamer-
Pbl NOTCHUMATBHOH (YHKUMM B3aHMOJCHCTBHS.

Vxe u3 camoro CYIIECCTBOBAHHSL TEPMHYECKOIrO YpaBHEHHS CO-
CTOSIHMSL MOXHO BBIBECTH BaXHbie CJIEACTBHA. [leHCTBUTENBHO, pac-
CMaTpuBasi TaKue H3MEHEHHMS COCTOSHUSA l'lpOClOﬁ CHCTEMBI, IIpH
KOTOPBIX Q)ukcnpoaaﬂa ONlHa M3 MCPEMCHHEIX, MBI MOJNYACM mpu

[ (p Oasaenun (yn-

(), B==nl5) =alH).

rae Vo B po—obbeM u nasienne cucremsl npu 0 °C.

Cyu.lec‘rsosalme YPaBHEHHS COCTOSIHHS CHCTEMBI IPHBOJMT K TOMY,
4TO 3TH KC Thl HE 1 JIPyr OT Jpyra, a CBSI3aHbI
MEXTY 06Ol COOTHOLIEHUEM (cMm. 3amawy 1.8)

a=poBy,
BAaXHBIM [IpH ONPEACNCHUH 7Y Y TBEPABIX H IKHAKHX TeJ, Tak
KaKk JTH Tejla NPAKTHYECKH HEBO3MOXHO HAIPETh Oe3 H3MEHeHHs
Hx obbema.
IMoao6uo TpeM TEPMHYECKHM KO’idJLbHI.IHEHTaM ynorpebnsoTcs
TaKxXe mpu mep KUX (p {p conea-
mua u Oaeaenus):

VAN @
“’“V(@T),,’ b= V(ﬁ,:),’ "= (ar)

Z 3ax. 827 3

pyeocmu)]




1.8,
1.9.

1.10. H.

L1

112

113,
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Toka3sats, 'no BBITEKAIOUIHE H3 ONBITA €IHHCTBEHHOCTh PACIPEIE/ICHHS SHEPrHH

HacTedl TpH yse:mqenuu Oiel JHEPIHM CHCTEMbl TO3BONSIOT BhIOpaTh AT
BHYTEHHEH OHEPIHH MOHOTOHHO Bospactaiottyio qzyﬂxumo TEMIIEpaTyphI.
Tokasats, 4o THHOK paboTst

SW=Y Ada, He sBiseTCA NOMHMM H(pdEpEHIMATOM KaKofi-THGO QyHKiM

TIapaMETPOB COCTOSHUS CHCTEMBI.

BuluuciuTh paboTy MCMapeHHs MOJA BOAbI TpH nepexojae ee B map npu 100 °C
¥ HOPMAJIbHOM JIaBJieHHH. ONPEIeNHTh TAKXKE KOJIMYECTBO TCILIOTHI, COOBIAEMOE
TpH 3TOM BOJE.

BH‘{HCHWTI: PaboTy, COBEpIIACMYIO 33 IMKJT NICPCMATHWIMBAHMS C/IMHHLbI 06beMaA
CepIIEYHHKA [UIHHHOTO COJICHOWA, €C/IM WIBECTHO, YTO ILIOWb MCT.M KPHBOH
THCTEpe3HCa CepleYHMKa Ha JMarpamme C ociMHM koopmunat H, J pasHa S.
TMoka3aTh, YTO 7eMEHTapHas PabOTa MONAPH3ALMH CAWHHLL OOBEMA W3OTDON-

HOrO audnieKTpuka W= I EdD, a onemenrtapHas paboTa monspH3almm

B COBCTBEHHOM CMBI =—EdP.

Bnons CTpYHBI CIcB HATIPABO PACPOCTPAHAIOTCA MOTICPEUNBIC BOTHBI HACTOTHI
¢ ammidrynodi a. Harwkenwe crpyssl pasno T. Onpenenuts paborty,

npomnouuMym 3a IEPHOJL 9ACTBIO CTPYHBI, PACIIOJIOKCHHOR C/ICBA OT HEKOTOOH

TOYKH Ha CTpYHE, Haj 4acThio, PACMOJOXCHHOW CrpaBa OT STOH TOWKH.

VCTaHOBHTE, q'ro )vu 11060# TIPOCTOH  CHCTEMBI, TIOABEPAKEHHOH JEHCTBHIO

y mapamerpy a), CIpaBeiIHBO
TOXECTBO 6T ﬁ ga) _ 1
e IACIAC )

YeraHoBuTS ‘CB3H MEX/ly TEPMHYECKHMH Kodbduuuentamu o, B o
Mpu wekoTopo#t Temnepatype T=T,, W JaBNeHHH Prp HCHE3ACT paa!mlme
MEKy yAeTbHbIME OGbeMamu V, WV, xumkocti # Taza (Va=V,=Vy,).
Taxoe COCTOSHHE BEIIECTBA HA3BIBACTCA KPUTHYCCKHM, a napaMetpbl Ty, Py,
Vip, NDH KOTOPhIX OHO HACTYNacT,—KPHTHGGCKHMH. BHIDA3HTE KDHTHWCCKHC
mapameTphl Vi, pyp, Typ rasa Ban-, zlep -Baansca yepes nocrosmubie a u b win
noro Tasa W BLNHCTHTS KPHTHUCCKHE xoatmmuuem wl(Pep
KPHTHYECKHX Vips Prps Taps HCXONIA W3 ypAEHeHﬂﬂ
nmcpmu p(V—b)‘RTe alRTV) " BrupciTy | KPHTHYECKHA  KOSpOIHEHT
5=RTyp/(pepVsp) M8 3TOTO ypasHenus u CPABHITY €70 C SKCHEPHMERTATbHbIM
"3 p-Baasbca. IMokasars,
4To mpH GOMBUHX OBBEMAX DHYK TICpEXOTMT B
Ban-nep-Baajibca.
Bulmcnu1l> KPHTHUeCKHH KO>(UUHMEHT § 15 BTOPOro ypasHeHMs JIHTepius

+—‘Vs,: (V—b)=RT »n cpaBHUTh €ro ¢ OIKCMEPHMEHTANLHBIM 3HAYEHHEM

B: p-Baasca.
Eum xpmnqecme TapaMeTphl HCTIONb30BaTh KAk €IMHHMLBI JaBJIeHHs, 006beMa
H TEMIEPATYpH, TO y n=p/Pxp> 9=V[Vip,
t=T/T,,. Vpasienue B 5THX
ypastenuem cocmosnus. Tlonyuuts p-B:
W TpHMBEICHHOE YPaBHEHHE JUIA NEPBOTO ypanu:ﬂmi Hutepuun. Beeraa sm
MOXHO TOJTYIHTh n0_JaHHOMY
cocrosnus? IMokasaTe, YTO BO BCeX CiydasX, Korja obbeM rasa BelHK IO
cpasnenmo < e'r(_o KPHTHYECKHM 0GBEMOM, B: B:

B

I'Ipu HH3KHX TEMNEpaTypax H30TepMa pealbHOTO ra’a Ha jmarpamme p, pV
MMeeT MHHMMYM, Ha3biBacMbilt moukot boiias. C pOCTOM TeMIepaTypbl TOYKa



1.14.
LI

b

Boilin cravana cvemaeTcs B CTOpoHy GOnbluMx fapsienwii, a 3ateM B CTOpOHY
MeHbIIHX JaBieHnil. [Ipu HeKOTOpOH TeMNepaType, Ha3hiBaeMofi memnepamypoit
Boiian, MUEMMYM Ha W3OTEDMe COBMAZA€T C OChiO OpmuHat (p=0). Iloxazath,
4TO MpH TemnepaType Boins BTOpOH BHpHANBHBIA KOIpOHIHEHT peasbHOrO
rasa paBeH HyIO.
I

P HaliTH 3HaueHMs BTOPOTO
H TpETbEl'O nnpnzuumx loatbdmuucﬂron " TeMncparypy Boiina s 310r0 rasa.
3ua; s 1.7), Haitta ero
3ua=|elmc npu naaumuueucrmu MOIEKyNl KaK TBEpABIX Chep AMAMETPOM O

_foo npu r<a,
0(’)‘{0 » r>c

M TpH TOTEHUMANE B3AUMO/CHCTBHS B BHAC NPAMOYrONBHON SMBI:
© npu r>o,

—& » o<r<Ro(R>1),

0 » r>Ro.

ofr)

Bemectso 0 €CITH €ro  yp: co-
CTOSHHA HMEET BHI

J= f(H|T) [f(0)=0],
Tae J-—HamarHuueHHoCTh Tema, H- —Hanpﬂemmcrb BHEIUHEr0 Manmrnoro
nons, T—-Temneparypa,
aakon Kiop 0 TemniepaTypHOf SnncinocTH TapamarHATHOM socnpnumnsocm

x=C/T,
rne C—xoucranta Kiopu.



TJTABA BTOPAA

OCHOBHBIE 3AKOHBI
N YPABHEHUS TEPMOJIWHAMHKH.
IEPBOE HAYAJIO TEPMOJIWHAMMKHU

AeayKi Hayka. Ee ocHoBHbIe
ycnexu Morym Obimb OXapaKmepu3oBaHsl MeM, 4Ymo
oHa nnasonnem NoAy4UMbL MHOXECMBO Pa3NuYHbIX

cocmosHue men onupasice Ha BeckMa ObUUE M-
nupuYecKue 3aKOHbl—Hayana MmepMogUHaMUKU.
O6CyguM cogepxaHue 3mux OCHOBHbIX 3aKOHOB
U COOMBEMCMBYIOWYUX UM OCHOBHbIX yPaBHEHUH
mepMoguUHaMUuKu.

§ 7. YPABHEHHME ITIEPBOIO HAYAJIA TEPMOAWHAMHMKHN

HCpBOC Ha4yajl0 TePMOAHHAMHUKH HBJISETCH MATEMATHYECKMM BBIPpAXKE-
HHEM KOJIMYECTBEHHOM CTOPOHBI 3aKOHAd COXpaHEHHs W IPEBpAIICHUS
JHEPIrUu B K TepMo, UM cucreMaM. OHO 6bLITO
YCTAQHOBJICHO B pe3yJibTaTe OKCNCPHUMEHTAJbHBIX H TEOPETUYECKHX
uccneoBaHuil B o6aacTu qJHZWIKH ¥ XMMHH, 3aBEpIUAIOLIMM 3TanoM
KOTOpBIX SBHJIOCh OTKDBITHE SKBHBAJICHTHOCTH TEIIOTHI M PaboThI,
T.e. OOHAapyXeHHe TOro, 4TO MpPEBPAIIEHHE TEmIoThl B paboty
" paéo'n;l B TCIUIOTY OCYLIECTBISAETCA BCErda B OJAHOM M TOM XK€
CTPOrO NOCTOSIHHOM KOJIHYECTBEHHOM COOTHOLIEHHH.

Vke B XVII B. Gblna 0 BEYHOTO
neuratens (YCTPOHCTBA, C TIOMOIIBIO  KOTOPOro MO)I(HO 6L10 OB TIEPHOMYECKH
NPOU3BOJHTh MEXAHHYECKYI0 paboTy Ge3s BHEIIHEro BO3ACHCTBUA HA HEro).

1748 r. M. B. JloMoHOCOB B THCbMe K DMepy, BbICKA3bIBAs MbICTh O 3aKOHE
COXPaHCHMA BEWIECTBA H PACTIPOCTDAHEHHMS €ro Ha JBIKeHWC MaTcpui, mucar: «Tero,
KOTOpOE CBOMM TOJMKOM BO3OYK/IA4ET APYroe TEJO K JBUXKEHHIO, CTOJbKO Ke TepseT
OT CBOETO JBIKEHMA, CKOBKO CooBMACT ApyroMy». B 1755 1. ®panuysckas AxancMmus
HAYK «pa3 W HABCCTZ@» OOBABIA, WTO HC OYIET GONbIC TPHRHMATH KaKHX-THGO
NPOCKTOB BCYHOTO NBHTATEIS. 40 . T. T. Tecc chOpMyImMpoBai 3akoH ¢ Hedd-
BHCHMOCTH TEMNIOBOTO ((EKTa XMMHYECKHX peAKUM OT TPOMEXYTOUHbIX PEaKimi.
B 1842— 1850 rr. MHOrHe uccaenopatemu (Maiiep, JIK0y1b H JIp.) IPHILTH K OTKPBITHIO
NPUHIATA IKBHBAJIEHTHOCTH TENJIOTHl K paGoThi.

ITHOCTH GBLIO oranom B (op-
MHPOBAHHH KOJIHYECTBCHHOH CTODOHbI 3aKOHA COXPAHEHHS M NPEBPAIICHHS JHEPIUH,
BCEJCTBAE 4YErO [aTa YCTAHOBJICHHS JTOrO MPHHIMIA OOBIYHO OTOXIECTBIACTCA
C JaTOH OTKPBITHA TEPBOTO Hauaia TEPMOIMHAMHKH.

W3 npusefenHOd HCTODHYECKOH CNIPABKH BHAHO, 4TO notpeGoBasics paa JecATHIIE-
THl, 4TOObI HayKa MOIJIa HAWTH NyTh OT NPOCTOro YOEKICHHS O HEBO3IMOKHOCTH BEYHOTO
JBMrateNs [0 COBPEMEHHOH (OPMBI 3aKOHA COXPAHEHHS M NPEBPALUCHUS IHEPrHH.

Ileppoe Havano TEPMOJMHAMUKH YCTAHABJIMBAET: 6HYMPEHHAA
9Hep2uA cuCmeMbl ABAAEMCA OOHO3HAUHOU (PyHKyuell ee COCMOAHUA
U UIMEHAEMCA MOAbKO NO GHEUHUX il i
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Puc. 2. Puc. 3.

B TepMOAMHAMHKE PAacCMAaTPUBAIOTCA JBAa THIA BHEUIHMX BO3-
JEWCTBHI: BO3IEHCTBHUS, C) 1 C I napamer-
poB cucteMbl (cucrema coBepuaetr paboty W), M BO3EHCTBHS, HE
CBS3aHHBIC C H3MEHEHHEM BHELIHHX NAapaMeTpoB H OOYCIOBIEHHbIE
H3MEHEHHEM BHYTPEHHHX T[apaMeTpOB HIM TEMIEpaTyphl (CUCTeMe
cOOBIIAETCS HEKOTOPOE KOJMYECTBO TEMIOTH Q).

(03TOMY, COIJIACHO TEPBOMY Hadally, M3MEHEHHE BHYTDEHHeH
sHepruu U, —U; CHCTEMBI NpH €€ NEpeXOAe NOJ BIIHSAHHEM ITHX
BO3/IEHCTBHIA W3 NIEPBOrO COCTOSIHMS BO BTOPOE PaBHO a/irebpaudeckoi
cymme Q H W, 4TO JUIs KOHEYHOrO MpONECCA 3ANMINETCA B BHAC
ypaaenns U,—U;=Q—W um

Q=U,—U,+W. Q@1
JInst 57eMEHTapHOTO IPOLECCA yPABHeHUe Nepeozo Hauaad TaKoOBO:
30 =dU+8W. 22

IMo nepBoMy Havany, H3MeHEHME BHyTpeHHeid suepruun dU npu
3NIEMEHTAPHOM TMpoLEecCe MNepexojia CUCTEMbl W3 OJHOr0 COCTOAHHS
B GECKOHEYHO GJIM3KOE €CTh NMOJHBLA muddepeHuan u, CIeI0BaTeNbHO,
KOHeuHoe ee u3Menenne U, — U,\OyeT OTHAM ¥ TEM e HE3aBHCHMO OT
TyTH NEPEXO/d CHCTEMbI U3 COCPOsiHMs I B 2 (PHC. 2)— IO IIyTH, YCJIOBHO
obo3navenHomMy a Wi b, Ho Q u W GyayT mpu 3TOM pasHbie. D10
o3Hayaet, yto W u Q B oTimyue oT U He ABIAIOTCH (YHKIHAMH
COCTOSIHHS CHCTEMBI, a XapaKTEPH3YIOT NPOUECC, HCBITHIBAEMBIH
CHCTEMOi, T. €. SBJISIOTCA cj)ynxummn OT JIMHUHM, HIK (YHKIHOHAIAMH.
To ¥TO BLIDAXKCHHE [ 3JIeMeHTapHO# paboThl 3 W He ABNAETCS MOTHBIM

JIOM, yCT TCsl B O6ILEM CITyuae Ha OCHOBE BTOPOTO
ncxouﬂoro NOJIOXKEHUS. TEPMOJUHAMUKH (CM. 3ajiady 1.2), a To0, 4TO
uddeperumanbEOe BhIpaxeHue 1ist 30 He eCTh NOJHBIH Imlb(l)epeﬂuuan,
HENOCPEJICTBEHHO CIIEyeT M3 YpaBHEHHS nepBoro Hadana (2.2).

3aBucumocts @ ¥ W OT NyTH BWAHA HA NpPOCTEHINEM MpHMeEpe
pacuupenus rasa. Paborta, coBeplueHHas CHCTEMOH npH nepexoje
ee u3 cocrosiHust / B 2 (puc. 3) no myTH a, u3006paxaercs IIOMIAABIO,
OrpaHHYeHHOH KOHTYpoM Ala2BA:
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2
Wa= [ p(V, T)dV,
1(a)
a pabora npu mepexoje MO NYyTH b— MIOMAAbIO, OrPAHHYECHHOM
KOHTYpoM AI1b2BA: :

2
Wo= [ p(V, T)dV.
1)

HOCKOJIBKY JaBJICHUE 3aBHCHT HE TOJIBKO OT OsRMa, HO H O:I‘
TEMNepaTypbl, TO TNPH Pa3IMYHBIX H3MEHEHMsSX TeMIepaTyphl Ha
NyTH @ WM b Npu mnepexofe M3 OQHOTO M TOr0 Xe€ HAaYaJIbHOTO
cocrosuns (py, Vi) B OmHO M TO Xe KoHeuHoe (p;, V,) pabora
nostyyaercsi pasHodl. OTCIOfa BHIHO, YTO npu 3amKHYmMoMm npoyecce
(yuxae) la2bl cucmema cosepwaem pabomy, ne pasuylo Hymo. Ha
JTOM OCHOBaHa paboTa BCEX TEIUIOBBIX JBUraTeseH.

W3 nepBoro Havana TEPMOAMHAMMKH CJIEIYET, 4TO paboTra MOXET
COBEpIIATbCH MM 33 CYET M3MCHEHHs BHYTPCHHCH JHEpTdM, WM 3a
cueT COOOIIEHHMsI CHCTEME KONMYECTBA TEMNOTBL. B ciydae ecnm
nponecce prrOBOﬁ, HayaJIbHOC M KOHEYHOE COCTOsIHMS COBNAJAIOT,

,—U;=0 1 W=Q, 1.e. pabota npu KpyroBoM MHpOLECCE MOXET
COBEPIIATBCS TOJNBKO 33 CHYET TOJIyYEHHsI CHCTEMOH TEeIJIOThl OT
BHCUIHHUX TEJI.

To 3Toi mpuyMHE MEpBOE HAYAJO 4YacTO (POPMYJHPYIOT B BHJE
TIOJIOXKCHHSL O HEBO3MONCHOCMU BEYHO20 odsucamena nepgoco poda,
T. €. TaKOro NEPHOJMYECKH NEHCTBYIOWIEro yCTPOHCTBA, KOTOpoe Obi
coBepLIano paboTy, HE 3aMMCTBYS SHEPIMH H3BHE.

Tlonoxenne 0 BEYHOM JABUraTesle IepBOro poJaa AOnyCKaeT
obpaiuenue: pabomy Heav3s Hu cozdamv u3 Huyezo (6e3 3ampamul
JHepauu), Hu npespamumv & Huumo (0e3 6blOeseHUs IHepauu).

VpasHenue nepsoro Hadama B Buie (2.1) wmm (2.2) cnpaBeIHBO
KaK JUIi PaBHOBECHBIX, TaK M JUIS HEPAaBHOBECHBIX IPOIECCOB.

Vuurthias Beipaxenue (1.1) ans W npu paBHOBECHBIX NMPOLECCaX,
ypaBHeHne (2.2) mepBoro Hayaja JUIf 3JIEMEHTapHOrO IIpolecca
NPUHUMAET BHI

3Q=dU+Y Aida; 23)

WM, TIOCKOJBKY COCTOSHHE CHCTEMBI ONPENENSETCH BHELIHWMM Ta-
pamerpamu a; W Temmnepatypoi T,

8Q=(%)a“NﬁndT+2i:[<g[%)avT+A,-]da;, @4

W3 ypaBHenus (2.4) BumHO, 4TO JMddepeRnuanbHOE BhIpaXEHHE
s 8Q mnpeactamiser coboil JmHeiHy!o (opMy B MONHBIX JHp-
(depeHnmanax He3aBUCHMBIX IepeMeHHbIX T, aj, ..., d,, T.e€. (GopMmy
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Tdadda. Cornacuo nepsomy Hauany (2.2) —(2.3), 3Q paBHO cymme
nosHoro mubdepenumana dU u HenonHoro muddepennmana SW m,
cnenoBatenbio, dopma Ilpadda mns 8Q He sBigeTCS NOJHBIM
maddepeHnuanoM Kako#-1M00 (YHKUMM NapaMeTPOB COCTOSHHS CH-
crembl. Mmeer mu 5Ta muddepennmanbhas popma MHTErpHpYIOLIMin
MHOXHTENb M YTO 3TO (H3MYECKH O3HAYACT, PEIIAETCH BTOPBIM
HavajoM TepmojmHamuke. Kax cnemyer m3 (2.1)—(2.3), ypaBHeHHe
NEpBOro Hayajia TMO3BOJISET OMNPCACIMTb BHYTPEHHIOO JHEPrHIO
Ulay, ..., Gn; T) B COCTOSHUM (ay, Ay, ..., Gx; T) TONBKO C TOYHOCTBIO
110 ajumMTHBHOM noctosuuol U(al, ..., af; T°), 3aBucsimeii ot BeGOpa
HavanbHOrO cocrosuus (af, ..., ad; T°). Jlns TepMOAMHAMHKH 3TOTO
BIIOJIHE JIOCTATOYHO, TaK KaK B YCT: €10 COOT!
BXOJAT JIMIIb W3MEHEHHs SHEPTHH.

*PaccMOTpHM  Teneph HEKOTOPbIC CJEACTBHS M NPHUIOKEHHS
[EepBOTO  Hadasa.

§ 8. TENJOEMKOCTH M TEIUIOThI M30TEPMMYECKOI'O M3MEHEHHUSA
BHEWHMX TAPAMETPOB

H3yuaeMbie B TEPMOJWHAMMKE CBOWCTBAa CHCTEM (M COOTBETCTBEHHO
BEJIMYMHDI, XapPaKTEPU3YIOIHE 5TH CBOHCTBA) MOryT OBITH pa3iesieHbl
Ha JIBa KJIacca — TePMUYECKHe ¥ kajopuueckue. Te cBoMcTBa, KOTOphIE
ONPE/IEJISIOTCA TOJIBKO TEPMUYECKHM YPABHEHHEM COCTOSHHS CHCTEMBI,
Ha3bIBAKOTCS €€ MEPMUECKUMU CBOiCMeamu, T€ Ke CBOHCTBA, KOTOpbIE
ONPpENIENAIOTCA WK TONBKO KaJOPHYECKMM YPaBHEHHEM COCTOSHHS,
MIIH COBMECTHO KaJOPHYECKAM M TEPMHUYECKHM YPaBHEHHSMH COCTO-
SHUS, Ha3bIBAIOTCH Kasopuueckumu ceoticmeamu. K kanopuueckum
CBOHCTBAM (BEJMYMHAM) OTHOCATCA NpEXKOE BCETO TEIIOEMKOCTH
M TEIIOThl H30TEPMHYECKOTO HM3MEHEHMS BHELIHMX IIapaMeTpOB.

Tenaoemxocms  onpedeasem Koauwecmso meniomsl, HeobXxodumoe
048 usmenenusn memnepamypel cucmemst ha 1 K, 1. e.

_d%¢
=i
Tak Xak KOJHYECTBO TEeILIOThl 8Q, HEOOXOAMMOE Ul W3MEHEHHs
TeMHepaTyphl CHCTeMbl Ha AT, 3aBUCHT OT XapaKTepa IPOMCXOISILEro
NpH 3TOM MpOLECCA, TO M TEIIOEMKOCTh C CHCTEMBI TaKXe 3aBHCHT
OT YCNIOBHH, mpH KoTOpbix ompexenstercs 6Q/d7. Dro o3Hauaer,
YTO TEMJIOEMKOCTh SBJISETCS He (YHKIMEH COCTOSHHMS CHCTEMBI,
a QynKumed mpouecca: oflHa W Ta K¢ CHCTEMa B 3aBHCHMOCTH OT
NPOMCXONIAIIEr0 B HEW NpH HArpeBaHWM Inpouecca obGmamaer pas-
JIMYHBIMH  TEIUIOEMKOCTSMH. YHMCNEHHO BenMuMHa C  M3MEHSETCH -
B mpeaenax oT —oo A0 +oo. Hambonbiuee mpakTuueckoe 3HaueHHe
HMET TemwioeMkoctd C, u
C onpeneneRMeM TEILIOEMKOCTH TECHO CBS3aHO NOHATHE O Tep-
MOCTaTe, KOTOpPOE ILIMPOKO MCHOJNL3YeTcs B  TEPMOJMHAMHUKE.
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Tepmocmam —Tesio ¢ HACTONBKO GOJBILON TemioemMKkocThio (C— o),
YTO €ro TEeMNepaTypa NpH TemIooOMeHe ¢ KakoH-1ubo cucTemMo#
HE U3MeHseTCs.

Korna roBopsT o CHCTeMe, NIOMEINEHHOH B TEPMOCTAT, TO HMEIOT
B BHAY CHCTEMy, B KOTODOH NpH BCeX TNPOHCXONAUMX B Heif
nponeccax (p Hamar M T.1) TemmepaTypa
LIOJJIEPXHBACTCA TOCTOSHHOM.

Tlepsoe HAuano TEPMOJMHAMHKH MO3BOJSET HAHTH 3HAYCHWs
Pa3JIMYHBIX TEIUIOEMKOCTEH M yCTAHOBUTH CBS3b MEXIY HMMH, €CIH
HU3BECTHBI TEPMHYECKOC M KAJIOPHYECKOC YPABHCHUS COCTOSHHMS CH-
crembl. JIeHCTBHTENBHO, MYCThb JUIS TNPOCTOH CHCTEMBI, COCTOSIHHE
KOTOpOH ONpe/ieNsieTCsl BHEIIHUM NAPAMETPOM @ M TeMINEpaTypoil
T, nanbl ypaHenus cocrosuus A=A(a, T), U=U(a, T). Torma u3
YPaBHEHHsS NEPBOTO HAYaja

30=dU+Ada

WIH
50= ( )dT+[(of)r+A}da

noJiyyaeM

50_(ou v da

ﬁ‘(ﬁ),*[(ﬁ)ﬁ”]ﬁ
OTKyza

U
o=(%), @)

co=(G)H (&) 4)( 5. @6
Ci—Ca= [(Z—f) +A](:;>A

Ecit A=p u a=V, 10

R

W3 5THX BBIPDaXEHWH U1 TEIJIOEMKOCTEH M MX Pa3HOCTH BHJIHO,
4ro juisi onpefeienus Cy HAZO 3HATH JIMIIb OJHO KaJOPHYECKOE
ypaBHenue, s onpegenenus xe C, m C,—Cy Hamo 3HaThL
H TEPMHYECKHE H KaJOPHYECKOE ypaBHeHHﬂ COCTOSIHHS BEIIECTBA.
Bropoe Hauano TEPMOAWHAMMKH, YCTAHABIMBAS CBSA3b MEXJY ITHMH
YPaBHEHHSAMH COCTOSIHWS, J€JAeT HEeHYXHBIM 3HAHHE KaJIOPHYECKOro
ypasHenus mns onpeneserus C,— Cy (em. § 15). Cornacro onpenese-
HUIO TIOHATHs «Bojee BHCOKaﬂ TeMneparypa», B TEPMOJAUHAMHUKE
npunnmaercs Cy=(0U/dT)y>0 [u Boobme C,=(0U/dT),>0].

Jing  wmgeasbHOro ras’a TEPMHYECKHM YPABHEHHEM  COCTOSIHHS
sBysiercs ypasHenue Kutaneiipona— Menneneesa (1.3).
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Kanopn'{ecxoe YpPaBHEHHE COCTOSIHHSI HIEAJIbHOrO rasa MOXHO
YCTaHOBUTH HCXofs W3 ombiToB Ieit-Jlroccaka u JIxoyns — Tomcona.
CorniacHO 9THM ONBITAM, TIPH DACIUHPEHHHM pPa3PeXEHHOro rasa
B mycroTy 6e3 npuroka Temnorhl (8Q=0) ero Temmepatypa He
m3mensiercs. Otciona cenyer saxon Jicoyas: omepeus udearshozo
2a3a, Ha. npu ype, He om
3aHUMAEMO20 UM oébma*’ JlefiCTBHTCIBHO, TOCKOJIBKY NIPH TaKOM
pacmupeﬂuu 80 =0, 3W=0 u, crenoBaTeJbHO, N0 NMEPBOMY Hayaly,

=0, T u d7=0 (cornacHo ombiTam Fen-ﬂmccaxa) W3 ypaBHEHUS
dU (6U/6T) dT+(0U/aV)rdV =0 nonyuaem (0U/8V )r=0. MoaTomy
JUIS WIEATLHOTO Tasa

dU=(3U/0T)ydT=CydT, U=[CydT.

Pe3ynbraThl OmbITAa TOKA3bIBAIOT, YTO y ONHOATOMHBIX TIa30B
TemnoeMkocTb Cy HE 3aBUCHT OT TEMNEpPATyphl, WA IPYrHX Xe
HACAJIbHBIX Ta30B CYHIECTBYET cnabasi 3aBUCHMOCTL TEIIOEMKOCTH
Cy OT TeMNepaTypbl, 4TO HETPYAHO TOHSATH HCXOMIS M3 MOJIEKYISPHBIX
npeﬂc‘raﬁnenuﬁ 0 MHOrOaTOMHBIX WJI€aJIbHBIX Trasax.

Cuurast Cy U MACaNbHBIX (OJHOATOMHBIX) Ta30B IOCTOSIHHOM,
TIOJTY4aeM KaJIOPHYECKOE YPAaBHEHHE COCTOSHHA

U=CyT+U,. 238

Ha ocnopanuyu ypaBrenust Knaneipona —Menzeneea u 3akoHa
JIxoyns s MACABHOTO Ta3a HAXOMHM

C,—Cy=VR,
OTKyAa JUlsi MOJIAPHBIX TemuoeMkocTedt (v=1)
C,—Cy=R
IS yJeNbHBIX TEIIOEMKOCTEH
C,~Cy=R/IM,
JUIS PasHOCTH TEMIOEMKOCTEH Ha OJHYy MOJEKYTy rasa
Cp,—Cy=R/N4=k.
3nech Na=6,022-102% mons~ ! —nocrosnuas ABorazpo;
k=1,38-10"2% /K —nocrosunas Bonbimana.
B ciysae | CIOKHBIX cHCTeM, Korma  As =di(ay, ., an; T)
u U=Ulay, ., ai; T) (i=1, 2, 3, .., n), TEIIOEMKOCTE panna

(o (),

* Ecnu w3 ypaswenns (13) maiitu T W noacrauTh B Bhpakemme (2.8), To
nony4uM U=Cy pV[(VR) +U,, T.e. BHYTDEHHAS SHEPIUs WICANbHOTO rasa OygeT
ynkumeit naBnenns n obkema M, cienoBatensHo, (U/AV),#0.
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U3 a3rtoro BBIp MOXHO Th TEMJIOEMKOCTH BHIA

Cay.oonap CaA,...,A.) CA,.,,A,A,‘ H T. I
TToMHMO TEIIOEMKOCTEH JPYrodl BaXHOH KaJOPHYECKOH Besu-
YHHOW SNBISETCA menioma U30MEPMUUECKO20 UIMEHEHUA Kako2o-1ubo
1p — Ko. menaombl, 1eob:
044 ysenuuen: amozo pa HA eOuHuyy npu nOCMOAHHON
memnepamype u Opyzux eHewnux napamempax:

1,=(50/0a)s,....a 7.
I npH p p OHa paBHA
=(8Q/0V)ay. crai 7

U3 ypaBHeHHS NEPBOro Hauaja TEPMOAMHAMUKH

sp=aU+Tada=()  ar+y[(L)ra)|da

CNIEMYeT, 4YTO TEMIOTa W3MCHEHHA BHEUIHETo napamerpa (Npu
T=const)

1—(0%)“‘.___” AL 25 ), @9
a TEemnoTa HW30TEPMHYECKOTO paCIUUpCHUS

_(au
= (F)ey it

OqCBH)lHO, 4TO INd WACAJIbHOTO rasa TerioTa pacluMpeHus
YHCJICHHO paBHAa JaBJICHHIO!

ly=p.
Hcnomb3ys mosydeHHble BBIPaXCHMA U1 TEIUIoeMKOCTH (2.5)
M TEMJIOTH M3MEHEHWs BHEINHEro napaMerpa (2.9), sanmwem aud-
(epeHnuanbuoe ypaBHeHHe mepBoro Hadana (2.4) B BHme

80=C,,...., AT+ I, da;.

§ 9. OCHOBHBIE TEPMOJAVWHAMHYECKHUE TMPOLECCHI
U MX YPABHEHMS

Bo Bcako#f TepMOAMHAMMUECKOH cHcTeMe (IPOCTOH MIM  CIOXHOM)
BO3MOXHBI TPH Tpouecca: usomepmuueckuii (T=const), aduabamnsiii
(30=0) u noaumponneiii (C=const). UHCIO ¥ XapakTep APYTHX
TIPOLIECCOB 3aBHCAT OT NPHPOIBI CHCTEM.

B mpocroii cucTeMe ¢ BHEIIHHM NapaMETPOM d M CONPSKEHHBIM
€MY CHJIOBBIM p poM A KpoMme Ha IX Tpex OB
MOXHO HabIONATh Takke NpOLECC NPH a=const W NpOLEcc npu
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A=const. B CIOXHBIX CHCTEMax BO3MOXHO Oousbluee 4YHCIO pa3-
JIMYHBIX TIpoleccoB. ECIM BHEIUHMM NapaMeTpoM sBIISETCS 00BeM
cucteMsl (a=V u, cnenoBatenbHo, A=p), To mpouecc HpH V=const
Ha3bIBAETCHA U30XOPHbIM, @ TPH p=const-— uzobapuein. DTH NATH
NPOIECCOB (W30TEPMUYECKHH, aTMabaTHBIH, MOJMTPONHBIH, H30XOPHBIH
M M300apHblif) CYATAIOTCS OCHOBHBLIMM B TEPMOJHMHAMHKE, NpPHYEM
anua6aTHMﬁ TIPOLIECC AABJIAETCHA, OYEBHIHO, HACTHBIM ciay4aeM 1o-
JIMTpONHOro*!

DYHKUMOHAJIbHAS CBS3b, BOHUKAIONIAs B CIIy4ae NPOCTOH CUCTEMBI
mexay nasyms u3 semmuuH T, V, p (1.e. Mexay T u V, T u p,
p W V) OpH TOM HIM HHOM [pOLECCE, HA3bIBAETCS YPABHEHHEM
3TOr0 Mpouecca. YPaBHEHHs H30TEPMHYECKOTO, W30XOPHOTO W H30-
64pHOTO 1IPOLIECCOB HENOCPEACTBEHHO MoJyyaroTcs (Ge3 MCnoib3oBa-
HUS TEPBOrO Hayaja) M3 YPaBHEHHS COCTOSHHS 1060 mnpocToit
CHCTEMBI COOTBETCTBEHHO npu T=const, V'=const u p=const.

Yro KacaeTcsl ypaBHEHHH a}maGaTHom M TIOJIUTPOIIHOTO IPOLEC-
COB, TO WX HeJib3sl HAWTH, NOJIB3YACH JIMIIb TEPMHYECKHM ypaBHEHHEM
COCTOSIHUS. YPABHEHUs! 3THX NMPOLECCOB MOKHO HOJNYYHTh C OMOIIBIO
NepBOro Hayajla TEPMOJAMHAMHKM, HCIOJb3Ys TAKXKe M KaJOpHYECKoe
ypaBHEHHE COCTOSHHS (IIOCKOJIbKY HHM JJIEMEHT KOJMYECTBA TEIIOTHI
Q, Hu TemioeMKocTh C, ONpEAENAIOIME COOTBETCTBEHHO ITH
TpOLECChl, HE BXOAAT B TEPMHYECKOE YPAaBHEHHE COCTOSHHS).

HaiizeM ypaBHEHHE NOJUTPONbI M €rO HaCTHBIA Cilydali — ypaBHe-
HHE a}maéaru st 06Ol POCTOl CHCTEMBI H JUTS MICATBHOTO l‘d3d

ém nosmutponHoM npouecce C=38Q/dT=const u Q=CdT
atHoro mpouecca C=0). Ilo nepsomy mauany 1epMo}1MudMum
)msx npocroii cuctembl 30 =dU4pA da, mosToMy s HOJHTPOMBI

CdT=C,dT+[(0U/da)r+A]da.
Hcnons3ys (2.6), momyyaem

(€-C)

Ecmm C#¢, 10
(2.10)

Aro nud)cbepeﬂuuanbaoe ypaBHEHHE nonmponbl B MEPEMEHHBIX
Hoa nep A uoa JIbHOE
TIOJTHTPOTBI MO)KHO l'lOJ'ly‘lHl'b eciu l/l3 YPaBHECHHUA COCTOHHHS!

T=T(A, a) Haiitu dT= ( A) d4 +( ) da u noacraBuTh B Gopmyy
(2.10). Torma

* QOPMANBHO U HM30TEPMHMYECKHii TpOLECC MOXKHO pacCMaTpuBaTh Kak Mo-
smrponHei# (C=c0).
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or ci-cfory , _
(a)‘dAJrcrc(a)Ada—O.

Orcrona aubdepennuanbHoe ypaBHenne amuabatnt (C=0) mwis
NPOCTOM CHCTEMbl HMEET BHI

() (2)
e y=C4/C,.

JUis MHTErpUpOBaHMs YPaBHEHHH NOJIMTPONBI H aaMabaThl HEOO-
XOIMMO 3HATh KaK TEPMHUYECKOE YPaBHEHHE COCTOSHHS [MpH ompenene-
Hun (0T/0A ), (n T/oa) A] TaK ¥ KaJOPHYECKOE YPaBHEHHE COCTOSHHS
(npu onpenenenmn Cym C,).

Ecnn cucTeMa HAaXOMWTCS MO NEHCTBHEM CHJIBI BCECTOPOHHETO
napnenust (A=p u a=V), T0 ypaBHEHHAMH NONUTPONBL* W amabaTel
COOTBETCTBEHHO OyayT

(%:)vd”q_ (JT) dv=0, @)
(Z) dl’+v( )dV 0. @)

B cnywae wupeambmoro rasa C, u Cp Ha OCHOBAHWH 3aKOHA
JIKOyst 3aBUCAT TOJNBKO OT TeMnepaTypu, TIPHYEM IS OTHOATOMHBIX
razsos y=°/; W He 3aBucHT oT T, a A JBYXaTOMHBIX Ta30B
Y ¢ yseqmuennem T yMeHbIIacTcs M npu KOMHATHOH Temneparype
paBHa 1.4.

Jind OHOATOMHOrO HAEANbHOro rasa, MoAcTaBiss B muddepen
UMaIbHOE ypaBHEHHE MONMTPONLI npon3Boaubie (3T/0p)y u (0T/ BV)
onpenensieMble U3 ypaBHenus Knamelipona —Menneneesa, mnocjie
HMHTETPUPOBAHHs TIOJYYaEM YPAaBHEHHE IOJHMTPOIb

pV"=const,

e n=(C,—C)/(Cy—C)—noxasameso noaumponsi.
Vpasrenne amuabaThl 3TOro rasa

pV¥=const 2.13)
HasbiBaeTcs ypasnenuem ITyaccona. B nep x Vu T yy
anuabarbl MICANLHOTO Ta3a MMeeT BHJI

TV '=const,
a B Ciyyae OJIHOATOMHOIO HJEANbHOTO Trasa

TV 2 =const.

L] o " 0 mpouecca H3

YPaBHEHHsS l’loJlHTpOnbl (2 Il) KaK HETPYAHO yOEIMTBCHA, TMONYYHTb HEMB3S.
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Tak xak JUIs OJHOATOMHOTO
HJIEANbHOTO Ta3a  TEMIOEMKOCTH
Cy u C, HC 3aBUCAT OT TeM-
nepaTypbl M ABJISKOTCS MOCTOSH-
HBIMH, TO JUls Hero (A TOJIBKO
JUISL HETO) M30XOpHBIA M H306ap-
HBI  NIPOLIECCHl  SIBJIAIOTCA  TIOJIA-
TPOIHBIMH.

VpaBHEHHsI PAaBHOBECHBIX IpPO-

LIECCOB MOXXHO H300paxaTh B BHJE
rpaMKoB (AMarpamMm) Ha IUIOCKO-
CTH C COOTBETCTBYIOUIMMH KOOp-
JMHATHBIMA OCsiMH. OIHUMH U3 Puc. 4.
Haubonee ynoTpeGUTENBHBIX B TEPMOAWHAMMKE SBJIAIOTCS paboune
[IMarpamMMel, KOTOpbie H300paXaroTcs Ha IUIOCKOCTH C KOOPIMHAT-
HbIME ocsiMu V' (ochk abeumce) ¥ p (0Ch OPAMHAT). DIIEMEHT IO
Ha 3TOH mIocKocTH u306paxaer pabory.

Uepes KkaxJyio TOYKY HA IUIOCKOCTH V, p MOXHO MPOBECTH
wm3otepMy M amuabary. HakmoH oSTHX KpuBbIX K ocH abcumec
OnpenenseTcs COOTBETCTBEHHO NPOM3BOAHBIME (0p/0V )y 1 (0p/OV )aa,
KOTOpBIE BBIYHCIISAKOTCS M3 TEPMHYECKOrO YpaBHEHHS COCTOSAHHS
W YpaBHEHHS aﬂ"ﬂGaTbl JAaHHOTO BEIIECTBA.

Jnsi m30TepMbl uaeanbhoro rasa (op/dV)r=—p/V, a mis ero
ammabatbl (9p/0V )u=—yp/V, mosTomy

(9p/0V )an=7(0p/0V )r. (2.14)

Tax xax y=C,/Cy > 1, To Ha nnockocTH V, p aqmabara naeasbHOrO

rasa HakjoHeHa K ocu abcuucc Bcerma Kpyde H30TepMbl (puc. 4).

B cnenyiomem naparpade Oyaer moka3saHo, 4To cooTHomenue (2.14)
CrpaBe/UTMBO HE TOJTLKO JUTs HACATLHOTO Ia3a, HO M JUIS JIF0GOTO BelecTBa.

§ 10. CBf3b MOJYJIEH YIIPYTOCTH C TEIUIOEMKOCTSAMH

IlepBoe HaYanO TEPMOAMHAMHKH IIO3BOJISET YCTAHOBHTH CHS3b MEXIY
MOJYJIIMM  yTIPYTOCTH M TEMJIOEMKOCTSMH CHCTEMBI.

Mooyav ynpyeocmu K cucmemsr onpedessem usmenenue Oagaenus
(ynpyzocmu), K WHOMY U3MEHeHulo 0bvema,
u npedcmagisem coboil eeauuny, obpamuylo Kodpduyuenmy cxcu-
Maemocmu:

& b
aviv- T ar

Jns Toro u4ro6bl K GBUIO MONOKMTENBHBIM (JUIS YCTORYMBBIX
COCTOSIHMIA, Kak MBI YBHIMM, dp 1 dV HMeloT pa3Hble 3HAKH), 1OCTABJIEH
3HaK MHMHYC. MOMy/Ib yNpyroCTH ONpENeNsSeTCs 3HAYEHHEM IPOH3BOA-
Hoii dp/dV, 3aBHCSAILER OT YCIIOBHH, IPH KOTOPBIX IPOMCXO/IHT CKATHE.
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Hau6Gounee yﬂOTpeﬁHTeﬂbHHMH MOAYJISMH  YIIPYTOCTH  SBJISIOTCA
i W ad e

—_y( =—v(Z
)

OTHOIWEHHE ITHX Moﬂyﬂeﬁ TaKOBO:
(0p/av)s
(op/aV)r
s bd JIBHOTO amuabarer (2.12) umeeMm

(1) - -t

u

v (@1/ep)y”
a w3 ypasHenus cocrosuns T=T(V, p)
oT oT
ar=(57), 4r+(5), o
u Ui m3oTepMuyeckoro npouecca (d7=0) mosyyaem

<5_p) _ _(emov),

v, @T/ap)y
Toaromy
@p1ov)s _ 2.15
{op/av)e ¥ @15
W, CIeJI0BATE/bHO,
Ks/Kr=1,

T.€. OTHOLIEHHE aaMabaTHOrO M H30TEPMHHYECKOTO MOJYJIEH ym-
PYrocTH Jo6oro BeleCTBa PaBHO OTHOLIEHUIO TemsioemkocTel C,/Cy .
Tak kak v>1 (cM. § 15), To Ks>Kr u (0p/0V )s>(dp/0V)r. Usmepss
9KCIIepUMeHTaNbHO Ks W Ky, MOXHO HaWTH Y.

W3 cootHowenns (2.15) Buaso, 4to OHO coBmajaer ¢ (2.14) mns
M/1eajIbHOTO Ia3a, NpHYeM Ha TUIOCKOCTH V, p H30TepMa HH I KaKoro
BEILIECTBA HE MOXeT ObITh Kpyye aanabaThbl W, CIIEOBATENBLHO, UMETh
C Helt HECKOJILKO OT/EebHBIX oOumx Toyek. Ho oma Moxer mommmo
IIPOCTOrO MEPECEUeHHs KacaThesi aauabaTe¥) ¢ obA3aTe bHBIM Nepece-
YEHMEM, a TakKe COBMNANaTh C Heil HA KOHEYHOM Y4acTKe.

3AJAUM

2.1. Tlons3ysch YPaBHCHHCM TIEPBOTO HAYaNa TCPMOAMKAMHKH, YCTAHOBHTD Mpasuio
Tecca: menosoii sfihexm Xumuueckoii peaxiyut, npomexaiowei wiu npu nocmo-
AHHOM OBveme V, UAU npu MOCMIOANHOM OaseHuu p, He 3a8UCUM Om RPOMENCYMOY-

* Dro Gynser npn y=1, 4To HabmoNaeTCs y BOAbI TPH HOPMAILHOM JABNCHMH
H 4°C (cm. § 15), @ Takke NPH ONPEME/ICHHBIX TEMNIEPATYPaX y KayuyKa i HOHCTOrO
cepebpa.

46



22,

24.

29.
2.10.

211

N

‘@7_,

Puc. 5. Puc. 6.
HoIX  peaxyuil, a
peazupyiomux eewecms. OlMeTnTb aua-ceﬂue npasuna l"eoca B HIHYECKOH XAMHH.
OJIAYECTBO_TEILIOTHI, BOIIBI W3

paBHo Q=287 xJIX/MOIb, a TeMIOTa ucngpemu BOIbI paBHa Q=40 kJIx/Mob.
OnpeJenuTh KONMYECTBO TEMIOTHI, KOTOPOE HEOOXOAMMO IpH 06pa3oBaHUH
BOIIHOTO Mapa W3 JJICMEHTOB.
Tennota  peaKuWH, NPOTEKAIOMICH NpPH NOCTOSHHOM OGBEME MM TpH
HOCTORHHOM JlaBJlcHMH, 3aBHCHT OT TeMmepaTyphl. Onpenemuts (3Q/0T)y
u (8Q/0T),. HaliTH W3IMEHEHHE TEIUIOTHl CTODAaHHA MOJS BOJOPOAA B BOAY
npu noahuuelmn ‘reMncparypu Ha 1°C.
OnHUM H3 CAMBIX TO! cnoco6os OTHOLE-
mus y=C,/Cy ;m-mncu M3MEPEHHEe CKOPOCTH 3BYKa u B H3Y4aEMoM rase.
HaiiTit cBAi3b MEXAY CKOPOCTBIO 3BYKa, OTHOMICHHEM TEIIOEMKOCTEH Y M H30-
TEPMHYCCKHM MOJIYJIEM YNIPYTOCTH, €CITH H3BECTHO, YTO CKOPOCTb 3ByKa B YNpYro#
cpene u=.,/K/p (K—Momynn ynpyrocm M p—TOTHOCTh cpennl). Haditn
CKOpPOCTb 3BYKa B Bo3ayxe mpu 0 °C u ee 3aBHCHMOCTb OT TEMNEPATyphl.
Haiitu passocTb Tenmoemkocteli Cy—C; JUIS MAEANLHOTO NApaMarHeTHKa.
Haiitn ypasncnue Waﬁaru WIeaNbHOTO NapamarHeTHKa.

e ca.nwero ra:la B CIENYIOWEX NpOLECCaX:
a) pV*=const; 6)p’V const a)p/V
(B2 MeTar

mapa, TeMmepaTypy,

PAcroNOXeHbl, Kak TNOKa3aHO Ha puc,S OIMH TOMBEIIEH HA HEPACTHXHMOK

HHTH, JpYrod JEXHT Ha HeCkumaeMoM ochoBamud. Wlapsi ammabateo wW30-

JMPOBAKLI B COOTBETCTBYIOMX TOTREX CONPHKOCHOBEHU G HATLIO M TOPHiOf-

TaNbHBIM UIAPOB W €CITH HET-— KaKas

Gonbme u movemy?

Monb HACATBHOTO ra3a HAXOMMTCS B HEOTpal

TIOMCLICHHOM B OTHOPO/IHOE TOJIE CHUTH! TAXCCTH. BLISHCTHTL TELIOEMKOCTS rasa.

Boanyx B o6veme 5 M* npn naBnennn py =4,052-10° [Ma u ¢, =60 °C nosmTponxo

PAcUIHPSETCA 1O TPEXKpaTHOro obbeMa M naBneHus p,=1,013-10° [Ta. Brramc-

JlHTb ToKa3aTeMb MOMMTPOMb, pabOTy pAaCUIMpEHHS, KOJNHYECTBO TEILTOTHI
H3MEHCHWE BHYTPEHHEH OSHEPrHH TPH JTOM NPOLECCE.

Ha TUIOCKOCTH ¢ KOOPMHATHBIMH ocMH V, p (pHC. 6) 4epe3 HEKOTOPYIO TOUKY
nposenenst uzotepmMa T u ammabara s uneamsHoro rasa. Iloxasats, 4To

_ monATponHee npouecchl (xpusbie DAD’ u EAE’) IPOHCXOAAT PR OTPHIATETLHON

212,

213,

H_MONOXHTETLHOH TETIOEMKOCTH COOTBETCTBEHHO.
OGbACHUTh TMpPHYIWHY TOHMKEHHA TEMWCPAaTypsl TPOMOCHEPhI € BHICOTOH H,
cqm-an BO3/IyX MICANBHBIM ra3oM, BHIYHCIHTH BBICOTHBIA IDAIHCHT TEMNEPATYDhI

I‘Ipu man:mm p 609,2 Ma u TeMnEpaType 1=0,01°C nen, BOja M ec map
oryT B XOZHTBC: b Apyr
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2.14.

B apyra. [Ipu H30TepMHYECKOM CXATHH TaKOH CHCTEMBI JaBJCHHE HE M3MEHACTCH,
HO 49acTb Mapa NEPEXOJHT B KHIAKOCTb, @ BHLACAIOUIAACA NPH ITOM TEIIOTa

MoxeT ObiTh WM

TbJa, WM

Ha

OT/aHA TEPMOCTATy. BMHCIMTL Maccy Jbj1a, KOTOpBI MOJDKEH GBITh pacTUTaBlIeH
npH_Takom ofpaszoBaHuM | r BOABI W3 mapa M JbAa, MUIA TOro 4TobBl 3TOT
1306apHO-H30TEPMUYECKHIT TpollecC CXaTHA ObL1 amuabaTHBIM.

Tonb3ysick cBOWCTBAMH AKOOHAHOB

v

ﬁ(p‘S):(ﬁp) p,5) 3(p, S) 0(x,y)

(v, s)
JlI0Ka3aTe COOTHOIICHHA:

NEARCAY
ov)s c\av )y

G)aluam 2UN_ T(op
avias? \avas)  c\av):

57 (v, S) olx.y) a(V. S

¥



TJIABA TPEThsA

BTOPOE HAYAJIO TEPMOJIMHAMUKHN

lNepsoe Hayano mepmoguHaMuku, KaK Mbl BUZENU,
y BCsiKo# cucme-

Y Y
Mbl 0f hyHKyuu ISl — BHYMpeH-
He#l 3Hepruu, Komopas He U3MEeHSemcs npu om-
y BO3ge# 4 npu  no6bIX

ymp
poe Hayano mepmo y

CylecmsoBaHue y BCSKOH PaBHOBECHOW CUCMEMb!
APYrod OfHO3HAYHOH (YHKLUU COCMOSHUS— 3HM-
ponuu, komopasi, OfHaKo, B OMu4ue Oom BHym-

peHHed aHepruu He y P o0/t
cucmemsl MOMLKO Npu PaBHOBECHLIX Npoyeccax
u Bcerga npu

P HbIX NPOY
cax; aHasioruyHo segem ce6s 3HmMponus U agu-
abamHeix cucmem.

Takum 06pa3oM, ecniu Nepsoe Hayano ecmb 3aKoH
u np aHepruu (ero Konu-

B8 np K mepmog
. ), mo poe Havano npeg-
cmasnsiem co6o# 3akoH 06 3HMponuu.

P

§ 11. OBHIASL XAPAKTEPMCTUKA U MCXOJHASl ®OPMYJIMPOBKA
BTOPOI'O HAYAJIA TEPMOJAMHAMMKH

OTKpBITHE BTOPOrO Hauaja CBS3aHO C AHANM3OM PabOTHI TEIIOBBIX
Malll¥H, Y€M H ONpEJENseTCss €ro MCXOMHas (GopMyIupoBka. Brepsbie
paboTa TEMIOBBIX MalMH OblIA TEOPETHYECKH PACCMOTpeHa B 1824 r.
amu Kapno, koTopelii B cBoeM HccnemoBaHuM «Pasmbiuuienus
O JBHKYIICH CHNE OTHS M O MAlllMHAX, CIOCOOHBIX PA3BUBATH 3TH
cuiIb»®), [0Kasan, ¥TO K.ILA. TEMJIOBbIX MAILHH, paboTarommx 1o
NpeJIOKERHOMY MM MKy (umkiay KapHo), He 3aBHCHT OT mpHpojsi
BELIECTBA,  COBepLIaloliero  9roT  muki. I[losgsee  Kiaysuyc
u B. ToMmcon, nmo-HoBoMy 06GocHOBbIBas 3Ty Teopemy Kapro, moutu
OAHOBPEMEHHO TNOJIOXKHIM OCHOBaHHE TOMY, HYTO TENnepb BXOAMT
B COJCPXKaHME BTOPOTO Hauaja. .
Tak xe KaK M NEpPBOE HAYa0, BTOPOE HAYalO TEPMOIMHAMHKH
SABJIAETCSH OGOGHICHHCM JIAHHBIX OIIBITA. MpHoroneTHss 4esioBeveckas

* Camot S, Réflexions sur la puissance motrice du feu et sur les machines
propres a developper cette puissance. Paris, 1824.
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TIpaKTHKA TIPUBENA K YCTAHC omp MepHOCTEH
NpeBpalleHns TeIoThl B paboTy u pdGOTH B Teum)Ty (kax obmmx
JUIS «OOBIMHBIX» H «HEOOBIYHBIX» CUCTEM (CM. § 5), Tak W cremmpuyec-
KHX JUI TeX W ApYrux). B pesynpraTe aHanu3a 3THX 3aKOHOMEPHOCTEH
# 6bUTO CHOPMYIHPOBAHO BTOPOE HAYAJO B BHJAE 3aKOHA O CyIIECT-
BOBAHMM OHTDOIMM W ee¢ HeyOblBaHHM ©pH JOOBIX Npomeccax
B H30JIHPOBAHHBIX (MJHM TOJBKO aAMabaTHO M3OJIMPOBAHHBIX) CHCTe-
max. JUis Toro 4roObl NPHHTH K TakOMY BRIPAXEHHIO BTOPOTO
Hayaia, TPMMEM 33 HMCXOMHYIO TaKkylo ero (OpMyIHpOBKY, KOTOpas
HETOCPEIICTBEHHO CBS3aHA C OCOOEHHOCTSMH TNPEBPAILIECHHS TEMJIOTBI
B pabory W paborel B TemnoTy. [Ipu 3TOM BCIEACTBHE DPENKOCTH
HEOOBIYHBIX CHCTEM (MMM SBNISIOTCS NOKA TONBKO JIHIIL CHCTEMbI
SIEPHBIX CIHHOB) Mbl 6yueM MCXOIHUThL U3 (OPMYTHPOBKH BTOpOl‘O

Hagana B , Hamboyee pacmpocTp
cacTemam®.

U3 onpeneneHus NOHATHH TemnoTsl ¥ paborel (cM. § 5) cnenyer,
4TO JIBE paccMmat B TEPM ¢dopmbl  mepenauun

OHEPIMM He SBIAIOTCA DaBHOLCHHbIMH: B TO BpeMs Kak pabora
W MOXeT HemocpeJCTBEHHO NOWTH Ha yBeNW4eHHe JoGoro Buma
9HEePIuH, TemioTa @ HEMOCPEACTBEHHO, 6€3 IPeIBaAPHTEBLHOIO NpeBpa-
Ulenns B paboTy, NPUBOMT JHMIIb K YBEIMYEHHIO BHYTPEHHEH SHEPruu
CHCTEMBbI. JTa HEPAaBHOLEHHOCTh TEIUIOTHI M paboTel He Mmena Obl
3HQYEHWA, ecnd Obl MOXHO Obuto 6e3 kakux-mubo TpyaHoCTei
TPEBPaTHTh TEIUIOTY B paboTy. OIHAKO, KaKk MOKA3bIBAET OMBIT, B TO
BpeMs KaK NpPH MpEBPAIICHWH DabOTHI B TEIJIOTY SBIEHHE MOXET
OTPAHHYUTHCA M3MEHECHHEM TEPMOAWHAMHYECKOTO COCTOSHHS OIHOTO
JIRIIb TEMUIONONYYAIOIero Teia (HanpiMep, NipH HarpeBaHHH IOCPe-
CTBOM TpEHWS WIM NpPH O3JEKTPOHArpeBe), NpH npeobpa3oBaHUK
TenwoTel B paboty Hapsmy c OXJIAX/IEHHEM TEILTOOTIAIONIEro Tesa
MPOUCXOUT K KOrO COCTOSHHS APYTHX TeJ,
YYACTBYIOIIMX B 3TOM npouecce i paboYero Tena NpH HE3aMKHYTOM
Tipouecce, WM APYrMX Tel B 3aMKHYTOM KPYroBOM TNpOIECCE, KOorha
9THM TenaM pabodee TeNo HENMPEMEHHO OTJAET ¥acTh MOJYYEHHOMH MM
OT HarpeBaTe)s TEMUIOThL. B KauecTBE TAKMX «IPYTHX Te» B TEMIOBBIX
MallHHaX OOBIYHO CHYKAT XOJNOMWIBHUKH.

Usmenenne cocrosHus pabouero Tesa (eCiM IPOLECC HE3AMKHY-
THI) WIM OTHAYa 9acTH TEIUIOTHI PabOYWM TeloM MIPYTHM TelaM
nu TEPMO, KOTO COCTOSHHS 3THX TEJN NPH KPYrOBOM
TpoLecce NPEBPALLEHHs TEIUIOTH B paboTy Ha3bIBAIOTCH KOMNeHcayuetl.
Pe3y!leaTbl ONBITOB TMNOKa3bIBAKOT, 4YTO 663 KOMIIEHCALlMH HH OIUH
JUKOYAb TEWIOTHI B paboTy NpeBpaTHThL Hemb3s. B To xke camoe
BpeMsi paboTa B TEIIOTY TNpPEBPAINAETCH TNONHOCThIO 6e3 BCAKOH
KOMTICHCALVH.

* B § 32 GyAyT YCTAHOBJEHBI COOTBETCTBYIOIIAN 3aKOHOMEPHOCTb JUIS CTIWHOBBIX
CHCTEM W 3aKOH BO3pacTamus dHTpormmH. Tam xe Gynmer npusenewa u obmas ans
O6BIYHBIX M HeOOBIMHBIX CHCTEM HCXOAHas (OpMYIHPOBKa BTOPOrO Hawana.
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Takas HepaBHONPABHOCTb NpPEBPAIICHHs TEMIOTH B pabory mo
CPaBHEHHIO C MNpeBpalieHHeM paboThl B TEIUIOTY NPHBOAMT K OA-
HOCTOPOHHOCTH €CTECTBEHHBIX TP >B¥: camoIp HbIE TIPO-
mecchl B 3aMKHYTOM CHCTeMe HAyT B HANpPaBJCHWH HCYE3HOBEHHS
NOTEHUMANbHO BO3MOXHOH paGoTel. Hanpumep, B mnpaxTuke He
OGHAPYXKEHO CJly4aeB CAaMONPOH3BOJILHOTO TEPEXofa TEmIOTh OT
XOJIOAHOTO Tena K ropsdemy. IIpu TemsioBOM KOHTAaKTe IBYX Tel
Pa3MYHOil TEMIEpPATYpbl TEIIOTd MEPEXOMHT OT TOpSYEro Tena
K XOJOAHOMY MO TeX 5Op, NOKa HX TEMINEpPaTypsl HE CTaHyT
paBHbiMu. TIpM HaqM4MM Pa3HOCTH TEMNEPATYp JBYX TeJl MMeEETCs
BO3MOXHOCTb (CM. § 18) mosyunth paboTy (IOTEHIMAIBHO BOIMOKHAs
paboTa), CaMONpPOK3BOJILHBIN TIPOLECC NMPH TEIJIOBOM KOHTAKTE TaKHX
TeJ WAeT B HAIPABJERHH ucqesﬂong‘nm 3TOi BO3MOXHOH paboThl.

B npakTuueckoil NesTeNbHOCTH, “TipH KOHCTPYWPOBAHMH TEILIOBBIX
MalllMH, PEAKTUBHBIX JBHTATECH M M3yYeHHH Da3JIMYHBIX NPOLECCOB,
HEO6X0MO YUMTBIBATb ITH 3AKOHbl NPUPOIBI M, ONMPAsCh HA HHX,
TNPOBOJNTL AHAA3 (DH3MUECKHX SBICHHH.

Hd3OBeM YCTPOHCTBO, KOTOpOe Ge3 KOMINEHCALMM MOJHOCTBIO

0 ObI mef ki B paboTy Temioty kakoro-nubo Tena,
seunbim OsuzameAeM emopozo poda. Torma ucxoxHas dsopMmeposka
BTOPOTO Hauasia, BBIPAXAOMIas 3aKOHOMEPHOCTH INPEBPALICHUS Te-
TWIOTH B paﬁory u paboTsl B TEIIOTY (B cllyyae OOBIYHBIX CHCTEM),
6yner cruenyrolleil: Hego3ModCeH 6euHblil 0guzametb 6MOpo2o pood,
npuuem 3mo ymeepicoenue He Oonyckaem oOpaujeHus.

Kak W3BECTHO, TIPEUIOKCHHE O HEBO3MOXHOCTH BEYHOrO [BHMTaTeNs IMepBOro
pona Ota b NPEVIOKEHUs O BEYHOM JBHTaTene
TiepBOTO pona He BKJIIOWAETCA B (DOPMY.IMDOBKY NEpBOTO Hadasla, Tak Kak HE HIpaer
POIIH JUTA YCTAHOBIICHHS CYIUECTBOBANHA BHYTDCHHEH OHEDIMH CHCTEMBI Kak OJIHO3HAY-
HOR P NKIUH 55 COCTORIS, VTO COCTABASCT CONEPRHIE TEPBOTO HAYAa Awazormo,
s Tponmn yT 06-
pAIICHMS TPEJUIOKEHHS O BEYHOM IBMIaTClICH BTOPOTO pona TAKKe HE HYXHO.
OfHaKO TIPH YCTAHOBJICHHH BTOPOTO MOJOKCHHSA B'loporo Havana (MOJIOXKEHHS O POCTe
IHTPONMH) NPHXOMHUTCH NOIB3OBATHCA YTI
NPE/UIOKEHHS O BEYHOM JIBHTaTele BTOPOTO poja. KpoMe TOrO, 3TO yTBEPK/ICHHE,
KaK TCMEpb HW3BECTHO, HE BCErna cnpasewmm Bcc 3TO NPHBOIAT K HEOGXOTHMOCTH
BKITIOYEHHA IAHKOTO YT BTOpOro Hauana (s
OBBIMHEIX CHCTEM).

DTO NMOJIOKEHHE O3HAYAET, YTO, B TO BPEMS KaK TEMJIOTY HENb3s
npeBpaTHTh B PaboTy MONHOCTBIO 63 KOoMmeHcalwy (HEBO3MOXEH
BEYHBbIH JBHraTejb BTOPOro pojaa), paboTy B TEIIOTY MOXHO
NpeBpaTHTL 6e3 BCAKMX KOMIIGHCALMH, Tak Kak He NpEACTaBiseT

* Ecnu Obl mpeBpauleHus TeIoThl B pa6oTy M paboTel B Temiory Gbum
PABHONPABHEI (T. €. IpeBpaLIeHne paboThi B TEMIOTY ObiIO é’u CBA3AHO C KOMIICHCAIHEH
unu HaoGopor, npcnpamcuuc Tem1oTh B paboTy npoucxowu 6Bt Ge3 KOMMEHCAUHH),
Guumo bl B crysae CNHHOBOR
cHcToMs obpatHas b paGoTy B TEIIOTY HeNb3f
npeBpaTHTh 63 H3MEHEHHS B OKPYXAIOUIMX TEJax, B TO BPEMs KaK TelWwloTy B paboTty
MOXHO NIpEBDATHTh 603 TAKOTO HIMEHEHHS (cM. § 32).
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HHKAKHX 3aTPyJIHEHHH NOCTPOHTH MAILHHY, BCA AEATENLHOCTb KOTOPO#
cBoAMNach Obl Kk 3aTpaTe paGOThl M HArpeBaHMIO pe3epByapa
(HeBO3M CTh 06 Tpest O BEYHOM JBHTATENE
BTOpOro poja)*.

Wnaye roBops, ecnn Temigora InpeBpamiaercs B paboTy W 3a
BeCh KPYroBOW mpouecC y Kakoro-nubo Tema i y paznuqﬂblx
Ten 65‘”0 B3SITO TOJIOXKHTEJILHOE KOJUYECTBO TEIUIOTHI Q1—§
(80>0), a cosepuieHHas mnonoxurenbhas pabora pasHa W, TO
Beerna Qg > W, ecm xe gxaGoTa W(W>0) npeppamaercs B Termiory

1, TO Beerma W=Q*

Kak BHOHO W3 NpPUBEACHHBIX (HOPMYN, BTOPOE HAYATIO TEPMO-
JIHAMHKH NPEACTaBisieT COOON COBOKYNHOCTh IBYX HE3aBHCHMBIX
TIOJIOKEHHMIA:

0,3W, W50, @
TMepeoe nonoxenue (Q1> W), xak GyleT nokasaHo, NPUBOAHT

B Cly4ya€ paBHOBECHBIX CHCTEM K YCTAHOBJICHHIO CYLIECTBOBAHUSA
TEPMOWHAMHUYECKOM TEMIEPAaTyphl M HOBOH OJHO3HAYHOH GYHKIMH
COCTOSIHUSA — IHTPOTIHH. COBMCCT!IO TNEpBOE M BTOPOE TMOJIOKEHUS
BTOPOTO Ha4aJla yCTAHABJIMBAIOT OJHOCTOPOHHHIA XapaKTep M3MEHEHHs
SHTPOINMH TIPH ECTECTBEHHBIX MpoLeccax B 3aMKHYTBIX CHCTEMax.

Takum obpazom (em. § 13, 17), emopoe nauaso mepMﬂc)unaMuxu
gvipaxcaem 3AKOH O C)l y 8cAKoll P
cucmemvl u HeybGvieanuu ee npu a06blx npoueccax 8 U30AUPOBAHHBIX
u abuaﬁamuo UB0AUPOBAHHBIX CUCMEMAX.

TlepBoe nonoxeHne BTOPOrO Hayasia ykasbiBaeT HA HEBO3MOXHOCTh
C NOMONIBIO 3aMKHYTOTO KpPYrOBOTO MpOLECca NPEeBPaTHTh TEILIOTY
B pabory 6e3 kom Ionstue xom KaK BHIHO H3
€ro ONpeJc/ICHHs, COJACPXKHUT OTAA4Yy 4HacTH TEILUIOTHI paﬁo‘mM TeJIOM
JPYrUM TelaM M HM3MEHCHHe TEPMOJMHAMMYECKOTO COCTOSIHMS 3THX
JAPYTMX TeN NpPH MNpPEBPAIEHHH TEMJIOTHl B PaboTy B 3aMKHYTOM
KPYroBOM mpouiecce. B ciyqae oGbIMHbIX, HanGoJIee PaCHPOCTPAHEHHBIX
cuctem 00a 5TH 3JIeMEHTa KOMIIEHCAIWM COBNAJAIOT, TaK KaK OTAava
HacTH TEIJIOTBl pPabouMM TeNOM [ApYTMM TelaM NpH KPyroBOoM
npouecce B 3TOM ciyyae 0e3BO3BpATHA M ABTOMATHYECKH BJIEHET
H TEPMO, Oro COCTOSIHUSA STHUX APYTrHX Tel. B ciy-
4ae CNUHOBBIX CHCTEM 3TH OJIEMCHTBHI-KOMIIEHCALMH HE COBMAMAKOT,
BCJIEJICTBHE YEro € MOMOMIBIO CIIMHOBBIX CHCTEM TEILIOTY Kakoro-iu6o
TeNa MOXHO LEJTMKOM MPEBPATHTbL B PaboTy ¢ NOMONIBIO KPYroBOro
npouecca 6e3 H3MEHEHWS TEPMOJAMHAMMYECKOrO COCTOSHHS MAPYTHX
Ten. OfHAKO Takoe MpeBpallleHHe, KaKk W B CIydae OOBIMHBIX CHCTEM,

* Takum 0Gpa3oM, B TO BpeMs KaK TICPBOE HAUANO BEIPAKACT KOJIHMECTBEHHYIO
IKBHBATEHTHOCTh TOIIOTHL Q) M PaboThl W, BTOPOE- - UX KAueCTBEHHYIO HeIKBHBA-
JICHTHOCTb.

*%) CTpeskH yKa3hiBaiOT HAIPABJICHUE MPOLECCA.
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0bs3aTENBLHO COMPOBOXAAETCHA oTnaqeﬁ YaCTH TEIJIOThI paGO‘lHM
TEJNIOM JApYruM TenaM. DTa obinas 3aKOHOMEPHOCTh (oGummif 35eMeHT
KOMIIGHCALMH) NPEBPAILICHHs TEMIOTHl B pPaboTy NPHBOMT K Cy-
IECTBOBAHMIO OJHTPONMM KaK y OOBMMHBIX, TaK M HEOOBIYHBIX
PaBHOBECHBIX CHCTEM.

VYerpoiictBo, B pe3ynbrate JEHCTBHS KOTOPOTO IEPHOIHYECKH
TIPOM3BO/IANIACK GBI MOJIOXHUTEIbHAS PabOTa TONBKO 33 CYET OXJNaXIe-
HHS OIHOrO Tena, 0e3 Kakhx-mubo MNPYTHX HW3MEHEHHWH B Tenax,
Ha3bIBACTCHA BeUHbIM 08“2(1"18/18.»4 8mopo2o po()a Tomcona— Ilaanka.
ITonb3ysich OOBIMHBIMU CHCTEMaMH, HEBO3MOXHO OCYLIECTBHTDH BEYHBIH
ABHraTenh BToporo poia Tomcona—IInaHka, HO npH HAJTHYMH
CNMHOBBIX CHCTEM TakoM JBHraTteshb BHOJHE BO3MoOXeH. OnHako
YCTPOHCTBO, KOTOPOE GBI HEMPEPBIBHO NpEBpAaio B paboTy Temiory
Kakoro-mi6o Tema 6e3 KOMIEHCAIMH — BEYHbIH JBHraTeqh BTOPOTO
poJa, HEBO3MOXHO HM B Ciiyyae OOBIYHBIX, HM B Clyyae CIMHOBBIX
cucrem®. Tlpu sToM eciu juis OGBIMHBIX CHCTEM IpeUlOXKCHHE
O BEYHOM [IBMTaTeNle BTOPOTO poOJa He JOMyckaeT obpamienus, TO
JUIsi_CIIMHOBBIX CHCTEM Takoe oOpalleHue BO3MOXHO (cM. § 32).

JInst NONYYEHHs AHAJMTHYECKOTO BBHIDAXEHHS BTOPOro Hadaja
TepMD}lHHaMHkM PaccMOTPHM B OTAEJBHOCTH BTOPOE Hayalo Tep-

M s IX M HEPABHOBECHBIX IIPOLECCOB.

”CXO}J}I u3 BTOpOrO Havyajla TepMOJAMHAMHKH, paCCMOTpHM npexae
pauenex—me BCEX MPOLECCOB, HCIBITHIBAEMbIX H3OJTHPOBGHHOH CHCTe-
Moit B uejaoM, Ha 06paTHMblC " HCO6p2THMblC M YCTAaHOBHUM
OTHOLIEHHE JTHX NPOLECCOB K DPABHOBECHHIM M HEPABHOBECHBIM.

§ 12. OBPATUMBIE U HEOBPATUMBIE ITPOLIECCHI

Ilo BTOpPOMY Hayamy TepMOJAMHAMUKH B NPUPOJE BO3MOXKHBI MpOIEC-
CBI, TIPM KOTODPBIX MPEBPANICHHE TEMJIOTHL B PAabOTy CBA3AHO C KOM-
TNeHcaluel, ¥ HEBO3MOXHBI TPOLECCH], IPH KOTOPBIX TaKOe MpeBpale-
HHE HE COMPOBOXIACTCH KOM“EI!C&UHE%. 3TO TIPUBOJIUT K JICJICHHIO
BCEX IPOLIECCOB B 3aMKHYTO#H CHCTeMe Ha 0OpaTHMble H HEOOpaTHMBbIE.
Tlpouecc mepexofa CHCTEMbI M3 COCTOSHMS [ B 2 HasblBaeTCs

M, €CJIH BC 3TON CUCTEMBI B HCXOIHOE COCTOSIHHE

u3 2 B ] MOXHO OCYLIECTBUTH 683 Kakux Obl TO HH GBUIO H3MEHEeHHH
B OKpyXalommx BHemHux Tenax. Ilpomecc e rmepexoma CHCTEMBI
U3 CcOCTostHMst | B 2 Ha3bIBACTCA Heobpamumbim, €Cax OOpaTHBIH
mepexoi cucrtemel M3 2 B | HeNb3s OCYIIECTBHTh €3 W3MeHeHmi
B OKpPYXaloLIHX TeJax. O‘IBBMHHO, YTO BCAKHH KBa3HCTaTHYECKHH
npouecc ABIACTCSA OspaTHMb[MA ﬂCﬁCTBHTCHLHO, TIpH KBa3uCTaTH4ec-
KOM TPOLECCE COCTOSIHME CHCTEMbI B KaX/Ibli MOMEHT NOJHOCTBIO
ONPEIENACTCA BHEIIHMMH TlapaMeTpaMd H TeMl‘[epaTypOﬁ, TI03TOMY

* QueBHIHO, 4TO «BCSHBI JBUraTelb BTOPOTO POAA» H «BeuHbil JBMIaTENb
BTOpOTO posia ToMcona —Ilnanka» B clydae OOBIYHBIX CHCTEM COBMNANAKOT.
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[IPH PABHOBECHBIX M3MEHEHHSX JTHX NAPAMETPOB B 0OPATHOM 1IOPSIKE
cucTeMa Takke B OOPATHOM MOpsJKe MPOWJET BCE COCTOSIHHS

IPUIET B HAYAJIBHOE COCTOSHUE, HE BbI3BAB HUKAKOIO H3MEHEHUS
B OKPYXAalOUMX TeNax.

[Mpu npoueccax ¢ TPEHHEM, KAK Mbl OTMeYaM, pabora MOKeT
6BITh 0€3 KOMICHCALMH MpEBpAIlleHa B TEMIOTY; TaK KakK 0OpaTHbi
TIepexo/l CHCTEMbl M3 KOHEYHOTO COCTOSIHMSL B HAYaJIbHOE CBS3aH
C NEpPexojoM TeIloThl B paboTy, a 3TO HEBO3MOKHO OCYIIECTBUTH
6e3 M3MEHEHHsI B OKPYKAIONIMX TeJlaX, TO, C/IEA0BATENbHO, NPOLECCHI
C_TpeHHeM HeoOpAaTHMbl. A TaK KaK BCSKMIi DABHOBECHBIH TNpoliecc
obpatum, To HEOOpATHMBIH MpolCCC ¢ TPEHUEM HepaBHOBECCH™.

Mepoit HeOBPATHMOCTH NpoLecca B 3aMKHYTO# cucreMe (cm. § 17)
SABJISIETCS M3MEHEHHE HOBOM (DYHKUMH COCTOSHMS — IHTPOINMH, CYILECT-
BOBAHHE KOTOPOH Yy pPaBHOBECHOI CHCTEMbI AHABJIMBAET 1IEPBOE
10JI0KEHHE BTOPOTO HAa¥ajd O HEBOIMOKHOCTH BEUHOTO IBHraTess
BTOpOTO poAa. OHO3BHAYHOCTL 3TOH (YHKIMH COCTOSIHHSI HPHBOAUT
K TOMY, UTO 6CAKUE HEOOPAMUMbITL NPOYECC A6.A9eMCA HEPABHOBECHbIM
(cm. § 17). BepHo u oOpaTHOe 3aKIIOUYCHHE: 8CAKUIl HEPUBHOBECHDII
npoyecc neodpamuM, ecau 6 OONOIeHUEe KO 6IMOPOMY HAYALY OCYUecms-
A4eMES QOCHUNCUMOCIb 1106020 COCIMOAHUS HEPUBHOBECHO, KOO OHO
docmuxcumo U3 Qanio20 pasHoéecho [BC COBpPEMEHHasi NpaKTHKaA
TOATBEPXACT BBITIOIHEHUE 3TOrO YCIOBHS; OJHAKO MPOTHBOMOJIOXK-
Hoe yciosue (cM. § 30) BhinosHsieTcs He Bcerfa). JlenaeHue npouecco
Ha OoOpaTHMple ¥ HEOOPATHMBIC OTHOCHTCS ML K TPOIECCaM,
HCTIBITBIBACMbIM H30JMPOBAHHON CHCTEMON B IIEI0M; pa3jeNieHne ke
TPONECCOB HA PABHOBECHBIC M HEPABHOBECHBIE € JITHM HE CBS3AHO.

KAa4eCTBE INPUMEPOB  HEOOPATHMBIX — NPONECCOB  NPHBEIEM
Clleyrolme:

1. TTpouece Tennonepeaaun npu KOHCUHOH Pa3HOCTH TeMIepaTyp
neobpaThHM, Tak Kak oOpaTHbI Nepexoj CBH3AH C  OTHATHEM
OIIPEJIC/IEHHOTO KOJIMYECTBA TEMAOThl Y XOJIOAHOIO Teja, NpeBpalie-
HHEM ero 0e3 KoMIieHcaluu (HEKOMIIEHCHPOBaHHO) B paloTy M 3aTpa-
TOH ee Ha YyBeJMYEHHe OHCPIHM Harpetoro Ttesia. HeoGpaTHmocTsb
9TOTO TIPOLECCa BHIHA TAKXKe M3 TOrO, YTO OH HECTaTHYeH.

2. Pacumpenue rasa B HmyCTOTY HeOOpATHMO, TaK KdK TPH TakOM
PACIIMpEHHH He coBepluaetcs paboTta, a CKaTh Ta3 Tak, 4ToObl He
coeplnTh paboty, Hemb3s. TlponsseieHnas ke npu ckatun paborta
MOET Ha HarpeBanye raza. YTobbl ra3 He HArpeBaCs, HYKHO OTHSTDH
y HEro TEIJIOTY M NpEeBPAaTHTb ee B PaboTy, 4TO HEBO3MOXHO Oe3
KOMIIEHCALIMH.

* JTO HAXOAMTCH B COOTBETCTBHM C NPCICTABICHHEM O MPUPOAE MEXAHHUECKOTO

TpeHms. TpCHHC MCKAY ABYMS CONPHKACAIOUIMMICH TeIaMH MPOMCXOANT BCCACTBHE

TOTO, ¥TO MOBEPXHOCTH ITUX Tea He abCOIIOTHO TIAaIKM, a B DOILLICH MM MeHbiei

CTENCHM 1IEPOXOBATBI A1 TOTO HTOOBI MEPEMECTHTH OHO TEl0 OTHOCHTEIBHO

APYroro. HeOGXOMUMO HEKOTOPOE Ko/eWitoe YCUIUE IS MPEOJIOICHHS CHT, BbI3BAHHBIX
TOCTBIO ITHX ii

54



3. MNpouecc uddysuu HeobpaTum. [leHCTBUTENBHO, €CIH B COCYIE
¢ OByMs pa3 rasamu, pas NEPEropoIKOH, CHATH
Neperoposiky, TO Kax/bli raz Oymer mubQyHAMpOBATHL B APYrOi.
JUis pasgeneHus ra3oB KaX/Ibli W3 HHX HYXKHO CKHMMaTh. YTOOBI
OHM HE HATPEBAJINCh, HEOGXOAMMO OTHATH y HHX TEMIOTY M Mpe-
BpaTHTL €¢ B paboTy, YTO HEBO3MOXKHO 0e3 H3IMEHEHHs B OKpyXKa-
oumx Tenax (cM. 3amady 3.25).

§ 13. IPMHUMI AJIMABATHOW HEJOCTHXUMOCTH
U BTOPOE HAYAJIO JJiI1 PABHOBECHBIX TMPOLIECCOB.
SHTPONMUS U TEPMOAUHAMMUYECKASI TEMIIEPATYPA

Tpumenenne BTOPOro Hauaja TEPMOIMHAMHKH (ero MepBOW ¥acTH
O HEBO3MOXHOCTH BEYHOTO [BHTATe/si BTOPOTO POAa) K PaBHOBECHBIM
npoHeccaM TMO3BOJISIET YCTAHOBHTH, YTO OKOJIO KaXAOrO0 COCTOSHHSA
TEPMHYECKH OJHOPOJIHOM*) CHCTEMbI CYIIECTBYIOT TaKUHE COCTOSHHSA,
KOTOpbIE HEAOCTHKUMBI W3 HEro aHHaGaTHBIM PABHOBECHBIM MYTEM
(npuny ouab il Heo orcusmocmu  Kap pu).

Jle#CTBUTENbHO, TMYCTh M3 COCTOSHMS [ CHCTEMa pPaBHOBECHO
NEPEXO/UT B COCTOSHME 2, TOJydas OT Kakoro-imbo Tema**
go,‘lommenwoe KosMyecTBO TemnoThl (8Q>0) u copepmas pabory
W, Torpa

30=dU+38W. (32

Tpennonaras, 4TO M3 COCTOSHHS 2 CHCTeMa aauabaTHO MOXET
nepeiiti B coctosHHe I, cosepiumB pabory SW,, Haxommm
0=—-dU+8W;. 3.3)
CxnaaeiBast ypashewus (3.2) um (3.3), nosydaem, 4ro 3a BecCh
Kpyropo# npouecc 6bina cosepmena pabora SW+8W, 3a cuer
HEKOMINICHCUPOBAHHOI'O TPEBPAIICHHS TEILTOThI
8Q=8W+3W,>0. (3.4)
Tak xakx, mo BTOpoMy Hauyajldy TepMoauHamukn (3.1), Takol
TIPOLIECC HEBO3MOJKEH, TO, CIENOBATENbHO, COCTOsHME I amMabaTHO
HEIOCTHXKHUMO M3 COCTOSAHHSA
Ecau npu paBROBECHOM NEpPEXO/ie CHCTEMBI W3 cOCTORHMA | B cocTosHMe 2 8Q <0,

TO, TMpeanonaras BOIMOKHBIM anquabaTHoe BO3BpamieHWe cHCTeMbl M3 2 B [, Ans
BCero Kpyroeoro mpoiiecca, nojaobuo ¢opmysne (3.4), monyuaem

® T cucmema , BCE WYACTH KOTOpOH WMeIOT
OMIMHAKORYIO TEMNICPaTypy (T. €. CHCTeMa, B KOTOPOH OTCYTCTBYIOT TEILIOHENPOHMIA-
embie_(anuaGaTheie) neperopokn). s TEPMHYECKH HEOAHOPOIHON CHCTEMBI TIPUHLMI
anuabaTHOW HENOCTHXHMOCTH, BOODWIE rOBOps, He BRMOJHSCTCH (cM. 3ajady 3.5).

** ECIM TeioM, OT KOTOPOTO CHCTEMa MOJIYYaeT TEmoTy, ABJIAETC TEPMOCTAT,
10 mponece /-2 Gyner u3oTepMudeckum. ECH B KauecTBe TAKOTO TeNa WCNIONb3yeTCA
CHCTEMa, KOTOpas 1O pa3MepaM TIopska H3yYacMo#, To mpomecc /—2 Gymer n me
H3OTEPMUYECKHM, M HE anMabaTHbIM.
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3Q=8W+3W,<0.

OTo HepaBCHCTBO YKaskIBAeT HA OT/avy CHCTEMOH 33 IMKJ KONMYECTBA TEILIOTH

3a CYET NpPOM3BE/ICHHONW Hanx Heii paborel. Takoif Kpyrood mpomecc He
TIPOTHBODEYUT BTOPOMY HAYANY ¥, CICTOBATENLHO, BOIMOXKEH TONBKO TIPH HECTATHYCC-
KOM a7MabaTHOM BO3BPALIEHMH CHCTEMbI M3 COCTOsHHs 2 B I. JlelicTBUTENBHO, ecim
651 mpoliecc 2/ GbIT PABHOBECHBIM, TO BECh LHKN OBUI GBI OOPATHMBIM; MPOBOIL
ero B obpaTHOM TopaIKe, moyacw dopmyy (3.4), 4TO NPOTHBOPEYMT BTOpOMY
Havary (CM 3amavy 3.37).

Ou3HYECKHI CMBICT TPUHIMNA aauabaTHOH HEMOCTHXMMOCTH CO-
CTOHT B YTBEPXKIEHHH, YTO Y BCHKOH DPABHOBECHOH CHCTEMBI CyLie-
CTBYeT HEKOTOpAs HOBaA (YHKIHMS COCTOSHHUS G=C(ay, .., dn; 1),
KOTOpasi NpH DPAaBHOBECHBIX aaMabaTHBIX MpPOLECCAX HE W3MEHSeTCS
[o(ai, ..., a»; t)=const npu agmabaTHbIX mpoueccax]. B aToM MoxHO
yOeIMThCA, HCXOAs M3 CHEYIOUMX COOBpaNeHHH,

Jlerko 3aMeTHTh, YTO NOJIOKEHHE O CYNIECTBOBAHMM TEMMEPATYpPbI
t 'y BCAKOM PABHOBECHOH CHCTEMbI MOXHO CHOPMYNMpOBaTh B BHJIE
NPUHIMNA H30TEPMHYECKON HEJOCTHXHUMOCTH: OKOJIO KaXJOro Co-
CTOSHHMS PABHOBECHOH CHCTEMBI CYIIECTBYIOT TaKWe COCTOSIHMS, KO-
TOpbIE HEJIOCTIXHMB! H30TEPMHUYECKH (T. €. TpPU YCIOBUSAX, KOTJd
CHCTEMa BCE BPEMsl HAXOJUTCS B TEIJIOBOM KOHTAKTE C TEPMOCTATOM).
JIeHCTBUTEIILHO, 3 COCTOSHUS CHCTEMbI C TEMIEPATYPOR ¢=1; HENb3si
H30TEPMHYECKH TEPEBECTH CHCTEMY B COCTOSIHHE C TeMmepaTypoil
=t,. AHAJIOTHYHO 3TOMY, HEBO3MOXHOCTh aAHabaTHo (T. €. B YCIOBH-
SX, KOrZa CHCTEeMa TEIUIOM3OJIMPOBAHA) INEPEBECTH PaBHOBECHYIO
CHCTEMy H3 COCTOfHMA I B HEKOTOPOE COCTOSHHE 2 O3HAuaer, 4To
B COCTOSHHM | CHCTEMa MMeCT 3HAuYeHWe HEKOTOPOH dyHKImH
COCTOSHHS G=0;, a B COCTOAHMH 2—G=0,#C;, INpHYEM 5Ta
VHKLHSL TPU_a/MabaTHBIX PAaBHOBECHBIX NMPONECCAX HE W3MEHSETCS
(do=0 npu 8Q=0).

VcranoBneHHe Ha OCHOBAHMM TNPHHUMIA aaHabaTHOHW HETOCTH-
xumocm CyIIECTBOBARMS Tako#f HOBOH (YHKIMH COCTOSHMS

o(a; t) npuBomuT X Tomy, uto ndaddoBa Qopma mis
3neM€HTapHoro KOJIMYECTBA TEIWIOTHI 3(, KOTOpAsi, COTJIACHO NEPBOMY
Haualy, He SBISETCS NOMHBIM juddepenimanom, Bceraa HMeeT
HHTETPHDYIOUIMH MHOXHUTENb, T. €. SBJISETCS TOJOHOMHOM®.

[MeiictButensHo, Tak kak O8Q ¥ do  sBASIOTCH  JIMHEHHBIME
muddepennmanbabME GopMamMi B IONHBIX AubdepeHiMaiax OIHAX
H TeX K& He3aBHCHMbIX NEPEMEHHBIX M OJHOBPEMEHHO obpamaioTcs
B HyJb, TO, CJICJIOBATEIHO, OHM IPOIOPUHOHATIbHbI:

8Q=Ardo.
3meck A B oOIIeM ciyqae 3aBHCHT OT BCEX [APaMETPOB COCTOSIHHS
cuctrembl: A=A(ay, ..., an; t). Toaromy
8Q/r=do,
® 11 dopubi, uHTErp MHOKHTEb, HA3BIBAIOTCA
HE HHTEr U MHOXHTEIS




1. . ndpaddosa dopma 8Q rojsoHOMHa.

MoxHo moka3aTh (cM. § 14), uto
CpPeAM  HHTETPUPYIOLIMX  JICJTHTeNeH
A muddepenmmuanbioii dopmbl 3Q ume-
eTCs JeNMTeNb, 3aBUCSIIAN TONBKO OT
Temuepatypi: A= (), npuueM Bua Qyn-
xuad  @(¢) 3aBHCHT OT BhIGOpa M-
MMPHYECKOH TeMIepaTypbi ! B JTaHHOM
COCTOSIHHH, 2 YHCJIOBOE 3HAYCHHE — HET.
T103TOMY B KaXXIIOM COCTOSHHHM CHCTEMBI
bynxums gu}l) HMEET HeKoTopyio ab-

CONIOTHYIO (HE 3aBHCSILYIO OT BhIOOpa
IMIMPUYECKOH TEMNEPATYphI) BETWYHHY.
IpunnMas 3nauenve QyHKuau ¢(r) 3a Puc. 7.
Mepy TemIepaTypbl M 0bo3Hauas @(r)=7T, moiydaem
8Q/T=dS. 3.5)
OysKIHs S, Onf dbdep JILHBIM YP 3.5),

Ha3bIBACTCS OHMpONueil, a He 3aBHCAIIAA OT BbIOOpa TEPMOMETpH-
4eckOro BellecTBa Temnepatypa T —mepmodunamuyeckoii  memne-
pamypoii.

W3 Broporo Hauana ciedyeT TAakKxke, YTO JHTpONHs S ABISETCS
OnHO3HAYHOM QyHKuMeii cocTosHUs. DTO o3Havaer, uto $3Q/T mns
nH06Oro KpyroBoro pPaBHOBECHOTO Npouecca paBeH Hyiro. Ecim 6u
9TO HE BBLINOJHSIOCH, T. €. eciH Obl SHTpONHA OblIa HEONHO3HAYHOM
dyHKIMEH COCTOAHMS, TO MOXHO OblO ObI OCYIIECTBHTL BEHHBIH
JIBUTaTelb BTOPOTO POJA.

B caMoM Jese, HEOJHO3HAYHOCTh OSHTPOTIMK O3HAYAET, YTO [BE
passHele aamabaThl S; M S, MOTrYT NEpeceKaThCs H, CIEAOBATENbHO,
BO3MOXKEH KpPYroBO# mnpouecc, M300pakXeHHbIH OTPE3KOM H30TEPMBbI
1-—2 u otpeskamu nepecekarouxcs aguabar 2—3 u 3—I (puc. 7).
Ecin Ha ydacTke W30TEPMHYECKOro mporecca /—2 TAaKOro HHMKIA
y TepMmocTata Oepercst Temjiora Q(Q>0), TO, IO TNEpBOMY Hauay,
3a CYET OSTOM TEWIOThl 3a LMK TPOM3BOJMTCA TOJIOXKHUTEbHAS
pabora W=Q=4$8Q u Mbl nMeeM, TakuM o00pasoM, BEHbIH
JBHraTeb BTOPOFO poja.

HeBO3MOXKHOCTb BEYHOrO JIBUTATE/si BTOPOTO POJA NPHBOMHUT
K HEBO3MOXHOCTH TEpeceveHns anuabar, T.e. K O/HO3HAYHOCTH
SHTPOIMH. MaTeMaTH4ecKu 3TO BBLIPAXKACTCH YpPAaBHEHHEM

§dS=0 3.6)
npH JF000M PaBHOBECHOM KPYTOBOM IPOIECCE.
Ecnu pabouee Tesno, coBepluaroliee KpyroBoi NpoLEcc, Bce Bpems

HaXoJMTCH B KOHTAKTE C TEPMOCTATOM, TO 3a TAKOH LHMKJ, COTJIACHO
dopmynam (3.5) u (3.6),

W=0=§50=T§dS=0,



T. €. paboTa NP H30TEPMUYECKOM KPYroBOM IpOLECCE PaBHA HyJio*.

Tonoxenne o CyIIECTBOBAHWM Y BCAKOM TEPMOJWHAMMYECKOH
CHCTEMbI HOBOX OIHO3HAYHOH (YHKUMH COCTOSHHS — SHTPOIHH S,
KoTopas NpH all]laﬁﬂTthX PaBHOBECHBIX IMIPOLIECCaX HE HM3MEHAETCH,
H COCTAaBJISET COJACPXAHME BTOPOro Havaja TECPMOJAMHAMMKH IS
PaBHOBECHBIX MPOIECCOB.

MaremaTHuecku 6mopoe Haua10 mepmoo U 045 P x
npoyeccog 3amMMChIBAETCS YPaBHEHHEM

?—ds, w80 =T4dS. 37

OTo BBIpaXEHHE JUI INEMEHTa KOJMYECTBA TEIJIOTHl HMEET TaKoi
Ke BHJ, KaKk M BeIpaxenue (1.3) mns sneMenTapHoi paGoThI, mpuyem
TeMuepaTtypa T siBisieTCss WHTEHCHBHBIM napaMeTpoM TeEIUionepeaayx
(Tepmuueckas o6oOmIeHHAas CHIA), @ OSHTPONHS S-— 9KCTEHCHBHBIM
nmapaMeTpoM Temionepenayn (o6obuennas koopauHata). CXOACTBO
BbIpaxenuit Juis 8Q ¥ 3W 0DYyCIOBNEHO POACTBEHHOCTBIO MPHPOJbI
JTHX BEJMYMH: M TO M JPYrO€ BBIPAXAET OJHEPTHIO, MOJIyYaeMYIO
cucreMoit (cM. § 5).

MWHTETpaNbHBIM YPaBHEHHEM BTOPOTO Hauana JUIs PaBHOBECHBIX
KPYTOBBIX MNPOLECCOB ABNAETCH pasencmeo Kaaysuyca

(3.8)

§ 14. MATEMATUYECKOE OBOCHOBAHUE CYHMECTBOBAHMS
SHTPONMM U TEPMOAUHAMMYECKON TEMITEPATYPBI

W3 npuamMna aauabaTHOH HEMOCTIKMMOCTH, KaK Mbl BHJICTH, CIEIyeT
TOJIOHOMHOCTb IubdepennuansHoil GopMel 80, T. €. CyLIECTBOBaHHE
Y BBIDAXCHHA JUIA DaBHOBECHOIO 3]€MEHTA TEIIOThl 3(Q MHTer-
pupylomero pemutens A (wm Muoxutens 1/A). TlokaxeM, 4To
CPElM OTHX HMHTETPUPYIOLMX [eJIHTeNeH A\ €cTh Tako#, KOTODbI
3aBHCHT TONBKO OT TeMnepaTypsl [A=¢(t)] u onpenenser suTponuio
E:ds CHCTEMBI, M 4YTO YHMCJOBOE 3HaYeHHe OSTOH GYHKUMU OT
TAaKkoro BHIGOpAa He 3aBHCHT, XOTs BHA GQyHKUMH @(r) cBs3aH
C BLIGOPOM IMNHPHYECKOH TeMIepaTypel f.

CymecTBoBan#e dSHTponHH. IIycThb HMEIOTCH JBE IIOJCHCTEMBI,
HAXOJIAIMECH B TEIIOBOM paBHoBecd. COCTOSHME NEpBOH NOJCH-
CTEMBI ONPE/IEIIACTCS NAPAMETPAMH dy, ..., Gy; !, COCTOSHAE BTOPOH —
napaMeTpanbm by, ..., bm; t, COCTOSIHME BCell CHCTEMBI — NAPAMETPaMI
A1y s Gy D1y ooy O

* Jlis HepaBHOBECHBIX NPOUECCOB paGoTa W 3a WMKT MPH OMHOM TEMUIOMCTOH-
HHKC MOXCT OBITh OTpHHATENbHOH (cM. 3amavy 3.37).
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Iycts mpu HEKOTOPOM PpaBHOBECHOM IIpoliecce Beeif cCHCTeMe
B 1IEJIOM COOOIIAETCS KOJMYECTBO TEIUIOTHI 8, KOTOpoe pacmpenes-
€rcs NmOo MOACHCTEMaM B KosmdecTBe 8Q; H 8Q,, Tak 4TO

80=080;+80,. 3.9

Mo joxa3aHHOMY, BCE 5TH OJJIEMEHTHI TEIUIOTHl TOJOHOMHBI,
[O3TOMY OHH MOTYT OBbITh 3alHCaHbl B BHAE

301 =1doy, 80,=X,do;, 80=Ado, (.10)
e
7~x=7~1(ﬂa» ey Qn} '), 7~2=7~z( 1> vees Do f),
A=MA(a1, o Gn; by ooy b 1) (3.10)

— COOTBETCTBYIOIHE HHTErPUPYIOIIHE NCTUTEH; G; B O, — QyHK-
LMK COCTOSHMS NIEPBOH M BTOPOH CHCTEM.

@yHKIMH Gy H O, MOXHO B3STh B KAueCTBE HE3ABHCHMbIX
IIepeMEHHBIX KaXIOH W3 5THX CHCTeM, HANPHMEP BMECTO NapameTpa
4, TepBOHl CHCTEMBl W napamerpa b; BTOPOH CHCTEMBI, Tak 4TO

?»1:7»1(01; Az eony G T).
lz=7»2(0'2; by, ey b l),
A=M(O1, O35 G2, s Qs bay oy b 1),
s by 1),

do‘—fdf+—d61+ do'z+ Z —da.+ Z wdbk @3.11)

0=6(61,02; Az, oy @ b,

C npyroit cropossl, mnoacraBisis Boipaxenue (3.10) B (3.9),
TOJIy4aeM

dc:%dcl +%dcz4 G312

Cpasuausas Gopmyssi (3.11) u (3.12), Haxogum, 410 36/00; =A, /A,
00/00,=h,/A, a xodbpdummentsl npu dt, da,, ..., da,; db,, ..., db,
paBubl  Hymo. OTCiofa, NPHPABHMBAS CMEUWIAHHBIE MPOU3BO/HBIE,
nonysaembie U3 Gopmyast (3.11), Haxomum:

g(%)ﬂ)’ az(k;)‘o' @3.13)
0i< ) o ai,(k;)‘o' (3.14)
£(%) 0 5(%)=0 (.15)

(i=2, ... n; k=2,3, .., m).



W3 dopmynsr  (3.13) caeayer, 4TO ecau
B Boipaxenns (3.10') BXoaur mnapamerp f, TO
TOJLKO B BHAE OAHOM M TOH Xe QyHKIHH
o(), Tak uro

M=0(1) fi(o1, a2, ., a);
X2=0(t) f2(02, b2y s bu)i  (B.16)
Puc. 8. A= (1) f(61, 02, @z, .., n, b2, ...y by).
Tax kak A, He 3aBHCAT OT by, a A,—OT a;, TO u3 opmyn

(3.14), (3.15) cmemyer, uTo A He 3aBHCHT OT a; M by, A,—oT a;,
a Ay—ort b;. Takum obpa3oM, u3 (3.16) nomyuaem

7~1=¢(1)‘f1(‘51)y 7~2=‘P(’)‘f2(0'z), r=0(t) f(o1, 62). (3.17)

Bxoasuwe cioma dynkumn fi(01), f2(02) u f(o1, 62) sBaskoT-
Csi TPOM3BOJIBHBIMH, IOCKOJNbKY, KaK M3BECTHO M3 MATEeMATHKH,
€CIM MMEETC XOTA Obl OAMH HMHTErPUPYIONWH jaenutens Ay Jud-
depennmanbHoit Gopmel 8Q, Takoi, uto 3Q/A; =do, npousBeseHHE

| Ha TMPOM3BOJIbHYI0 GYHKIMEO /(0 ) Takxke GylAeT MHTErPHPYHOLMM
JACTUTEJIEM.

Orcrona crnefyeT, 4TO Cpeld OEeCKOHEYHOTO MHOXECTBA HHTEr-
PHPYIOIMX JENTeNeN HMEIOTCS M TAKUe, [JIsi KOTOPBIX IPOM3BOJILHbIE
dynkunn fi(01)=/2(c2)=1, T.e. JeauTenH, 3aBHCALIME TOJBLKO OT
TEMIEpaTypsl Ay=A,=@(f); HpU 3TOM HMHTETPHPYIOLIMA MeHTENH
A Takke paBeH q;(ts:

o(t)=h=h=hs. (3.18)

JIeACTBHTENBHO, PACCMOTPUM TPH MOJACHCTEMBI (puc. 8), Haxoms-
uyecs B TEIJIOBOM PAaBHOBECHH, COTJIACHO [AO0K4A3aHHOMY, Ul l(ﬂ)KLlOﬁ
napsl cucteM mMeeM: A=k, =0(1), Aa=h3=0(t), )\.:}\.3:(0}‘) u,
crefoBaTenbHo, A=A =A=¢(r) (A oTHOCHTCH K cHCTeMam I,

[ .
OGynkuns Sy, onpenensemMas yYpaBHEHHEM -WQ—":dS,, Ha3bIBaeTCs

JHmponueil nepgoil cucmemvl, a GyHKUMA S,, onpeacaseMas ypaBHe-
B¢ . "
HHEM %‘:dsz, HA3bIBAETCS IHMPOnueii 6Mopoil Cucmemsl.
®
Paznenus Bbipaxenue (3.9) Ha (3.18), moayyaem

30 _ 45, +dS,=d(S1+5,)=dS,
o(r)
rae S=S;+S,—3HTponHs BCeH CHCTEMBI, paBHas CyMMe SHTPONUA
OTHENBHBIX NOACHCTEM. DHMPONusA, Kak GuUOHO U3 ee onpededeHus,
ABAAEMCA  AOOUMUBHOU  BEAUNUHOU, NPONOPYUOHAALHOU HUCAY HACMUY
cucmemsl.

Takum 06pa3oM, OKA3aHO, YTO CPEM MHTErPUPYIOIMX JeUTENeH
JJIEeMeHTa TEoThl 30 MMeeTcss TaKoi (p(ls), KOTOpBIH 3aBHCHT
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TONBKO OT TEMINEPaTyphl ! M OJMHAKOB JUIS NPOM3BOJIBHBIX CHCTEM,
HAXOJAIUMXCS B TENJIOBOM DaBHOBECHH.

T mKaJja patyp. Mcro: o
CHX IOp SMIMpHYecKasi TEMIepaTypa ! ONpeie/suiach no mmeﬂemm
(HanpuMep, PaCIIMPEHHIO) KAKOTO-JO0 MapaMeTpa TOTO WM HHOTO Tep-
MOMETPHYECKOTO BEIIECTBA (PTYTH, CIMpTa M T. J1.). Kak Mbl yxe oTmeua-
JH, TEPMOMETPbI C DA3JMYHBIMH TEPMOMETPHYECKHMH TeJlaMH, Kpome
OCHOBHBIX TO4YeK 0 M °C, Oyayr mnoka3bBaThb BO BCEX JpPYIHX
YCIOBHSIX PA3HYIO TEMIEPATYpy. ITO OCOOGEHHO SHCHO YKasbiBaeT Ha
TPOM3BOJILHOCTh H HEYIOBJIETBOPHTENLHOCTh TAKOTO OMNpEICIEHHs TeM-
TepaTyphl, Kak 0GBLEKTHBHOMH Mephl HH H TENJIOBOTO

Bropoe Hayajo TEPMOIMHAMHKH YCTPAHSET 3TOT HEIOCTATOK
H TO3BOJISET YCTAHOBHUTH TEPMOJMHAMHMUYECKYIO ILKAJy, TEMIepaTypa
10 KOTOPO! HE 3aBUCHT OT TEPMOMETPHYECKOIO BELIECTBA H NO3TOMY
Ha3bIBAETCs aOCONMOTHOR. B caMoM Jente, OCKONIbKY MHTErPHPYIOMIMH
nemutenb @(f) JUIS SEMeHTa TEMNOTHI ONpENENSeTCS TOJNBKO TeM-
NepaTypoi, OH MOXET CIyXHTh Mepoi TemmepaTypsl. Temnepatypa
T=o(t) n sBusercas mepmodunamuueckoii (abcoaomuoit) memnepa-
mypoil, MOCKOJBbKY, KaK Mbl TIOKaXeM, YHCIOBOE 3HAuCHHE (YHKIMH
@(t) or BhIGOpa MIUPHYECKOH TEMNEPATyphi HE 3aBHCHT, XOTS BHI
9TOH (YHKIWH 33BHCHT OT BbIGOpA SMIMPHYECKOM TEMNEPATYDHI.

HaiizieM CBsi3b  MeXJy TepMO, ot H YECKOH
Temnepatypamu. ITycTh OMIMDHHCCKAS TCMIIEPATYPA CHCTEMBI, W3-
MepsieMasi [0 BEJIHYHHE KaKOro-iubo mapameTpa HEKOTOPOro Tep-
MOMETPHYECKOrO BEIECTBA, paBHA f, a €e TEePMOAMHAMMYECKAs
temnepatypa T=¢(t). COCTOSHHE TEPMOMETPHYECKOIO BEIECTBA
ONpE/IENACTCS BHEUIHHM MapaMeTPOM a M SMITMPHYECKOH Temrepa-
TYpo# ¢ WIH TEPMO, kol TemnepaTypsl T=0(1).
Torma s JTOro BellecTBa no nepBoMy Hauany 6Q=dU+Ada,

B
o BTOpPOMY Havany TQ:dS H, Clea0BaTEeJILHO,

(6U/6T).dT+[(iv/ba)7+:4]da=( )d”( )da,

OTKyJa
s\ _1{au as au
(sr=3(5). (&), 55, +4]

g s _ o
Tak Kak FesT = 3Tda"
TO
af1faU af1ffeu
(5 Jal (), 4
M

r(‘;:).:(%)rm. 3.19)
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Tak xak T=o(t), o t=Y(T) u T( ):; (‘;Z) +4, orxyna
g_w Ioce WHTErpHPOBaHHMS MNOJNyYaeM
T (@U)éa)+ A" PHp! Y

;
nl= (0A4/0t),dt
T, |(@Uja)+4—
'0

Toraa
T=Tye’, (3.20)

rne T u To—TemrepaTypbl MO TEPMOJMHAMHYECKOH IIKaje, COOT-
BETCTBYIOIME SMITMPHYECKHM TEMIepaTypaM ! | fo.

W3 eipaxenus (3.20) BUIHO, 4TO NpPH DPABHOBECHOM IEPEXOfie
CUCTEMBl M3 OJHOTO COCTOSIHHS B Jpyroe TeMnepatypa T He MOXeT
M3MEHUTDb 3HAKA: OHA BCET/JA WJIM NOJIOXKMTEJbHA, HIM OTPHIATEIbHA.
Jloka3ath MOJIOXHTENPHOCTh MM OTPHLATENLHOCTh TEPMOAHHAMMIYEC-
KO# Temnepatypbl Henb3s. Ee 3Hak onpemensiercst AOTMOJIHHTEIbHBIM
YCNOBHEM, CBA3aHHBIM C OIIPE/ICJICHHEM TOro, Kakas TemmepaTypa
Goblie, a Kakas— MCHBIIE; CYATAETCA, YTO B CIIydae PaBHOBECHOTO
COOOIIEHHs! Tely TEIUIOTHl NPH NOCTOSHHBIX BHEIIHHX Mapamerpax
ero Temneparypa ysenmumsaercs, T.e. C,=(8U/0T),>0 (cM. § 2).
Takoe JIOTIOJTHUTEILHOE YCIOBHE NPHBOMMT K IOJIOKUTEIBHOH Tep-
MojuHaMHueckoif Temnepatype (7'>0) (cM. § 28).

Cumras (B COOTBETCTBHM C NDPHHATBIM YCIOBHEM™®, ompeaens-
IOWMM, Kakas TemnepaTypa Gonbine, a Kakas-— MeHbIlE) TeMiepa-
Typy T TOJOXHUTEJLHOH, MbI NPHXOZMM K BBIBOJY, HTO OOBIHbBIE
CHCTEMbl HE MOIryT HMEThb OTpHLA TEPMO, HX
TeMnepaTyp.

®opmyity (3.20) nns  ompeneneHus Temnepatypbl T MOXHO
npeobpa3oBarh. Jlns  OMIMDHYECKOH TemIepaTypbl ¢  TepMo-
nuHaMuYeckass Temnepatypa Ty=Toexpl;, oTKyaa

Ty —To=To(expl;—1), @321)

fy

_ | (@4/ar),d
e 1‘_f(av/eu),+4‘

o

Pasgennm Beipaxenue (3.20) ma (3.21): T T =;;xlp—’|, OTKyZa
T -

T=(Ty—To)exp I/(exp I, — ). 3.22)

* Ir0 }:anOJIIlMTeJIhHOe ycioBHe npusomn X (DOPMYJIHPOBKE BTOPOro Hayana
CHCTEMax B BHIE 3aKOHA

cospacmasun mponint (et § 17).
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BriGepeM TemrnepaTypHyIO kany TakoH, 4ToObl Pa3sHOCTH MEXIy
OCHOBHBIMH TOYKaMH f; —1f=100°C u T;—T,=100 K coorBer-
crBoBaymu Apyr apyry. Torma

(3.23)

Ota ¢dopMyna no3BoaseT HAHTH TEPMO, yIO pa-
Typy T 1O HAHHOH SMNMPHYECKOH TeMIepaType !, ompenenseMoit
N0 KaKOMy-JIHGO CBOWCTBY TOrO WIM MHOTO TEPMOMETPUYECKOTO
BEIIECTBA,

ITokaxem Temepb, 4YTO TepMOAWHAMHMYEcKas Temmepatypa T
B JIaHHOM COCTOSHMH HE 3aBHCHT OT BBIOOpAa TEPMOMETPHYECKOTO
Tena. ITycTh cocTosHME HEKOTOpPOHM CHCTEMBI XapaKTEpH3yeTCsl IO-
MHMO 3MIHPHYECKOH TEMINEpaTypbl ¢ elle APYrod 3MNHpHYECKOH
TemnepaTypoil t=1(t). TepmoiMHamMudeckas Temnepatypa ©, ompe-
JenseMasi C TOMOILIBIO 3MIIMPHYECKOH TemmepaTyphl T (IpH TO#
K¢ pasHocTH ©; —0@,=1,—1o=100 MeXxy OCHOBHbBIMH TOYKaMH),
paBHa

expl,
©=100 2%,

rae

'
L= (6,4/51) dv _ [(04/0r)u(dejde)dr _
*~ | (@U/da), 4 (@Ujda)+4

%o to

<

1=

4

(0U/da).+ 4 (0U/da) +4
%o o
H, ciefoBaTenbHo, @ =7, T. e. TeMnepaTypa 10 TePMOIWHAMHYECKOM
mKaje He 3aBHCHT OT BblGopa TEPMOMETPHUECKOTO Tena.

IMostomy ans T¢ M oit paTypbl
no ¢opmyie (3.23) B KauecTse _TEPMOMETPHYECKOTO  Tella "MOXHO
B3ATh WACANbHbIA a3, HAXOMSALIMHCA NMOJ ACHCTBHEM BCECTOPOHHErO
naBieHus A=p, a= V. s maeambhoro rasa mpu nocrozanom
obbeMe p=po(l+at), rme a=0,003661 K~ ‘1/2731 =
TeMmmepaTypa 1O  IUKaje llenbcnn, (ou/av),=o0. VIHTerpanm
I n I, B 3TOM cily4ae paBHbI:

'
= (t,p/(:‘l)ydl _ adt —In 1+ar I = ln1+«1,
@UIEV)+p Tt 1tae” T Twarg

‘o ‘o

1 Iy
(04/39)uds _ J (04/81),(d/dt)dv _
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1+ar

Honacrasnsas [ u I; B dopmyny (3.23), monysaem T=100—— Sh=n)

M TaK Kak t;—1o=100 °C, TO
T=1/a+1=273,15+1.

Abcomtomubili  Hyab  memnepamypbl no wikate Ileabcus  pasen
—273,15 °C.

Ipn cnenannoM Hamu BeiGope BenuumHbl 100 s pasHOCTH
Temnepatyp T;—Tp, COOTBETCTBYIONIMX OCHOBHBIM TOYKaM, T.e€.
npi nmﬁope rpajyca LlebCus B KauecTBE C/IMHMIbI TEMIEPATYpBI,

ueckaa pamypa ¢ 2a3060t m
mypuu, usmepennoii no wxare Kemsuna®. Ecmu noimb3oBaTbes
rpanycomM Peomiopa, T.e. HOJIOXHTH

ti—1o=80°R u T,—T,=80K,
TO l/a 273,15:80/100=218,4 u T=1+2184.

Hyab  me. pbl no- wkate Peomiopa pasen

~218 4 °R.

§ 15. OCHOBHOE YPABHEHUE TEPMOJIMHAMMKHU
JJIs PABHOBECHBIX MPOLIECCOB. CBf3b MEXAY
TEPMHUYECKUM M KAJIOPUYMECKHMM YPABHEHUSIMU COCTOSIHUS

ITo BTOpOMY Hayajny TEPMOJAMHAMMKHM, JUISl PABHOBECHBIX INPOLECCOB
3Q=TdS. ObbenuHss 3TO BHIpaXeHHE ¢ YPABHEHHEM NEPBOrO Havana
TepmozuHamukn 3Q=dU+Y A;da;, nonydaeM ocnosnoe ypasnenue
mepmod u oan eCHbIX

TdS=dU+Y 4;da;. (3.24)
i

,uJ'lﬂ ﬂpOCTOﬁ CHCTEMBI, HaXOﬂﬁlﬂeﬁCﬂ TOoA BCECTOPOHHMM J1aBJie-
HHEM p, ypaBHenwe (3.24) umeer BUI
TdS=dU+pdV. (3.25)

Vpasuenne (3.24) sBIseTCS HCXOIHBIM NMPH AHAJIA3E BCEX PaBHOBEC-
HBIX TMPOLECCOB B TEPMOAMHAMHUYECKHX CHCTEMaxX C TMOCTOSHHBIM
HHMCJIOM HaCTHIL.

Kak Mbl BHIEIH, NP BBIYUCJIEHHH MHOTHX BEJIMYHH HEOOXOAMMO
3HaTh KakK TEPMHYECKOC, TAK MU KaJIOPUYECKOE YPABHCHHS COCTOSAHHS

* Keavun—1/273,16 TepMOIMHAMHYECKOH TEMIEPATYPbl TPOHHON TOYKH BOBL.
1o onmpenenienwe 6buto nano B pesomorm [ecsTodt Tenepanbholi Kondeperimm
no mepam H Becam (1954). Bmecte ¢ Tem mo MexkayHapoaHO#H npal(Tul(ecKou
TEMNEPaTypHOH INKane /UIS TPOMHOM TOUKM BOJBI MpuHATA Temnepatypa (=0,01° C
TOUHO.

Tostomy ¢opMyna mepexofia OT TNPAaKTHYCCKOH K TEPMOJWHAMHYECKOH Tem-
NepaTypHOR IKane HMeCT BHA

T=1°C+273,15°C.
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CHCTEMBI. HTAJIBHO 3TH MOTYT OBITH MOJY4EHBI
HE3aBHCHMO JPYr OT Apyra. Ypannex—me (3.24) nosBonsieT yCTaHOBHTH
JubbepeHIHanbHyIO CBA3b MEXAY HHMH, KOTOpas AENAET HEHYXHBIM
3HAHHE WM KAJOPHYECKOrO YDABHEHWsS COCTOSHHS, HJIH TOJIBKO
3aBHCHMOCTH BHYTPEHHEH SHEPIMH OT BHEUIHMX napamerpoB. Jleii-
CTBUTE/BHO, W3 OCHOBHOTO YDAaBHEHHs TepMojuHamuku (3.24) Ha-
XOuM

dU+2A da;

o5 HE M) art5](), e
()5, (@)l ]

(i=1, 2, .., n),

oTkyAa, momobHo (3.19), momywaeMm cienyromee muddepeHnMaIbEHOE
yPABHEHHE, CBSI3BIBAIOLIEE TEPMHYECKOE M KaJOPHYECKOE yPABHEHHs

COCTOSIHUSA:
o\ _(ou
T(ﬁ>ai(a—ﬂ‘)r+Ai. (3.26)

JIns npoCTO# CHCTEMBI, N0/IBEPXKEHHOMH JEHCTBUIO CHIILI BCECTOPOH-
Hero Jasnenus A=p, a=V, ypasnenue (3.26) umeer BHI

op ou
T =) =(= . 3.27,
(ar) (av) tp 627
TMpumennm ypapuenne (3.27) ans onpefeneHHs: BHYTPEHHER dHep-
TMM HJeajlbHOro rasa, rasa Ban- nep-BaanLca ¥ JUIs  BBIYHCJICHUSA
Pa3sHOCTH TEIIOEMKOCTeH Pa3IAYHBIX CHCTEM.
JIS  HICANBHOTO rasa TEpPMHYECKHM YPABHCHHEM COCTOSHHMS
ABseTcs ypaBHenwe Kianeipona —Menneneesa
pV=RT.
W3 agoro ypaehenns (3[7/61) =R/V. Tloncrapisis HaieHHOE BbI-
paxerne NMPOH3BOAHOI (Jp/d }/ B dopmyny (3.27), moaydaem 3akon

U
Hoxncoyan v =0, KOTOpBIH, KaK MBI Y€ MOKa3blBaJH, MO3BOJISET
T

HaWTH KaJIOpHYECKOE YpaBHEHHE COCTOSIHHA rasa, €CJId JOINOJHUTEJIbHO
H3BECTHA TEMIIEpAaTypHasi 3aBHCUMOCTb €ro TEILUIOEMKOCTH:

U={CydT.

HIISI OAHOATOMHOIO MICAJILHOI'O ra3a ¢ TOYHOCTBIO 10 aIUIHTHBHOiI
TIOCTOSHHOR HMeeM

U=GyT. (3.28)
3 3ax. 827 65



Ecnn ITHCH i OIHOATOMHOTO
micamsroro rasa Cy=>/,R, To w3 dopmyn (3.27) m (3.28) MOXHO moOAYWHTS
areGpaHteckylo CBS3b MEXIY €ro Tep: W xaop
COCTOSHHA:

PV="15U, (3.29)
=%y, 330

rae u=U/V—NNOTHOCTh JHEPIHH ONHOATOMHOTO HICATLHOTO Trasa.

Kak ycTaHaBIHBAETCA B CTATHCTHYECKOH (u3mKe, CBA3b (3.29) Mexay NaBleHHEM
p u :meprueii U CyLIECTRYCT Hc TONBKO B cny'lae O6BIYHBIX (TIOMYHHAIONIMXCH YPABHEHHIO

IX HACATBHBIX

Ta30B, HO W B Cly4ae lBallTﬂBle xak Bose, -mx 1 DepMH WAEATHHBIX (HEDETATHBHCTKHX)
Ta30B, KOTIa KHHETHYECKAA JHEDIUA ITHX YaCTHII MeHblle HX
3HepruH mc? (c— CKOPOCTb CBeTa). JIAl PEMATHBHCTCKOTO HICAILHOTO KBAHTOBOTO Ia3a,
KOIJd KHHETHYECKas SHEPrHS Cr0 4YaCTHIl CPaBRMMA HIH 3HAYHTEIbHO Goiblue HX
COOCTBEHHOM JHEPIHH, CBA3b MEX/Y YPABHCHHAMH COCTOSHHA p W U umeer BHI

pV="15U, @331

Tak ar0 p=1/3u.
Jins peanbHOro rasa, TEPMHYECKHM YPaBHEHHEM KOTOPOro SB-
RT

nseTcs ypasHenme Bam-mep-Baamsca p=——

_a
v—b V¥
»\ _
aT)y Vb
Toncrasnss 5TH  Beipaxenus B ypaBHemue (3.27), momyyaem
(0U/dV)r=a/V?. Takum obpasoM,

dU= ( )dT+( )dV CrdT+ 547,

nMeeM

=J.CvdT—%. (3.32)

Tak kak Cy peajbHBIX Ta3oB cnabo 3aBHCHT OT TEMIEPATYphl,
T0 ¢opmyny (3.32) MOXHO 3amMcaTh B BHAE

U=CyT—a|V+U,.

Ilepsoe cmaraemoe B ¢opmyne (3.32) mnpencraBaser cobok
CPEIHIOK KHHETHYECKYIO 3HEPrHIO MOJIEKY]l ra3a, a BTOpoe TIOTEH~
LHAJIbHYO JSHEPruio BliaﬂMOﬂEﬂCTBHH MOJIEKYJI, COOTBETCTBYIOLIYIO
BaH-/IEP-BAANIbCOBBIM CHJIAM IIPHTSDKCHHS.

Ileppoe Hawano ans pasHoctu Temnoemkocted C,—Cy, nmaer

U v
soipaxenue (2.7): C,—Cy= W r-+-p ),
C,—C, no dopmyne (2.7) HEOGXOMUMO 3HATh KaK TePMHYECKOE
ypaBHeﬂue cocrostaust p=p (T, V), Tak M KaJOpHYECKOE YpaBHEHHE
cocrosruss U=U(T, V). Bropoe Hayayio, yCTaHABIMBAs CBA3b MEXIY
ITHMH ypaBHEHHﬂMH, no3ponseT HaiTH pasHocts C,— Cy, 3Has
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TONBKO OJIHO TEPMHYECKOE YPABHEHHE COCTOSHMs. JIeHCTBHTENBHO,
menonb3ys (3.27) %, HaxomEMm

) [V
c, cyfr(;T)y(ﬁ)p. (3.33)

BXOHSHJ_!HC Crofla MPOU3BOJHLIE MOXHO OINpEeNe/IMTh, 3Has JIHIIb
TepMHYeCkoe ypaBHeHUE coctostaus p=p (T, V) uim usmepsas Heno-
1 [(ov
CPEeICTBEHHO KOI(GHUIHMEHT 0GBLEMHOTO pacIIMpeHns o= ﬁ) 4 KO-
° 14

1 aV
apuIMenT TepMHUecKoro cxaths P=——(—-

T
W3 toxnectsa (cM. 3amauy 1.7) ( ) (2:) :—i) = —1 u BBIpaxe-
T

HUH JUIs o © B HAXOMM

()=

ToacraBuMm 5Ty mpomsBoauyio B dopmyny (3.33):
C,—Cy=V,To?/B. (3.34)

Tax Kak, COrjlaCHO YCJIOBHIO yCTOﬁ'—IHBOCTH PaBHOBECHOIO CO-
crosuus Beerna (0V/0p);<0 wm, cnemomatensno, B>0, TO M3
ypasuenus (3.34) maxomuM, uto C,>C,. PaBeHCTBO BBLINOJIHSAETCS
npu o.=0. Hanpumep, y Bojs! npu 4 °C ¥ HOpMaJibHOM aTMochepHOM
JIaBJICHUH, KOTJa ee TJIOTHOCTh MAaKCHMaJlbHa M 0 H3MEHSeT 3HaK:

a<0 mpu 0<1<4°C,
a>0 mpu t>4 °C.

Taxoe nopefeHne ko3QhUIMEHTa 06BEMHOrO PACIUMPEHHS Y BOJIBI
NPUBOJMT K TAaKOMY €e aHOMAaJbHOMY CBOWCTBY, 4TO B HHTEpBaJe
Temnepatyp 0<t<4 °C npu aquabaTHOM CXAaTHH OHA HEe HArpeBaeTCs,
KaK Jpyrue S>KMAKOCTH M BCE Tasbl, a oxJjaxmaercs**

§ 16. BHIYMMCJIEHME SHTPOIIMU. MMAPAJIOKC T'MBBECA

CorlacHO OCHOBHOMY YPAaBHEHHIO TEPMOJAMHAMHKM (3.24), H3MeHeHHe
3HTPOIHHU IIPH PAaBHOBECHOM IEPEXO/I€ CHCTEMbI U3 OJHOTO COCTOSHHSA
B JIpyroc paBHO

*' B obmem ciyuae, cornacio (opmymam (2.6) u (3.26),
_c=r( %) (% (3.33)
0T )\ 0T )4
** TemnepaTypa BOAbI C MaKCMMdJIbHOM nnemocrmo paBHas npu HOPMAJILHOM
nasnenuu 4 °C, He ocTaercst
AaBnenus: Ha 2,2 °C mHa kaxabie 9,8 M'[z
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2dU+Y A,da,
8,-8,= J‘ — 339
1

Jnst BeIMCIIEHHs Pa3HOCTH S, — S, 10 popmye (3.35) HeobxoauMO
3HATh KaK TEPMHYECKOE, TAK M KAJOPHIECKOE YPABHEHHS COCTOSHHS:

Ai=4,(ay,...a, T), U=U(ay,...a, T)

@(i=1,2,..,n).
Eciii, 0JHAKO, BOCIOJIB30BAThCA b JIbHBIM ypa
(3.26), cBsi3b M OTH Y COCTOSIHHSA, TO
2
(QUfOT), AT+ [(2U/2a;)y, ,, + 4:]da;
S,— 1:'[. . T

=j ZJ DT (3.36)

OTKy/a BHAHO, 4TO Ui HAXOXJIECHHS W3MEHEHUs SHTpomMuM S,—S;
HYXHO 3HAaTb TOJNBKO TEPMHYECKOE YPABHEHHE COCTOSHHS H 3aBH-
CHMOCTb BHYTDCHHEH OSHEPIHH JMIUb OT TEMIEPATyphl (3HaHHE ee
3aBUCHMOCTH OT BHEINHWX MapameTpoB HC TpedyeTcs).

JInst IPOCTOM CHCTEMBI, IO/ BCECTOP M
JIaBJICHHEM, H3 q)opmym,x (3.36) maxomum
2 2
_ o _|Gar o
S,— 8, = j 4 J(M)Vdv. 3.37)
1

Tak xak JuIs MOJIs MaueanbHoro rasa pV=RT u (3p/dT),=R/V,
To s raza ¢ Cp,=const HaXOMUM

—S1=C,,ln +R1n C,,ln +Rln

TAE v; M v,-—O00BEMBI HAa OJHY HAaCTHUY B HAYaJIbHOM M KOHEYHOM
COCTOSIHMX Ta3a COOTBETCTBEHHO. I[I03TOMy Juisi SHTpONMH MoJS
rasa nojy4um

S=CyInT+RInv+S,, (3.38)

So=S,(Ty, V,)—CyInT, ~ Rlnv,. (3.39)

Onrpomnst v=N/N, MONell HIEAIbHOro rasa, 3aHHMAIOIIETO MpH
Temnepatype T obseM V, pasHa
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S=v[C,InT+RIn(V/N)+S,], (3.40)

rae, cormacHo paseHCTBY (3.39), S, HE 3aBHCHT OT 4YHC/IA YaCTHI
N. Buipaxenue (3.40) ompenensier 3aBucuMmocts S or N, T,

JIH UIMEETCA CMECh Pa3/IMYHBIX HCAJIbHBIX ra3oB, TO C MOMOLIBIO
TOJIYHENPOHHIAEMBIX MEPErOpoIOK (T. €. MePEropoaok, MPOHHIAEMBIX
JUISl OIHOTO Ta3a H HENPOHMIAEMbIX JUIA JIPYroro) MOXHO o6pathmo
Pa3/IeSTh 3Ty CMECh HA COCTABJIAIONIE €€ KOMIIOHEHTBI, KaX/bli U3
KOTOPBbIX HMeeT oﬁwM cMecH, 0e3 COOOLICHHS TEMIOThl M 3aTPaThl

a60Th H, €JIbHO, 633 H 3HTp0ﬂﬂH CHCTEMBI (CM
3amady 326) 3T0 NPUBOMMT K cleiyrouleii meopeme Iubbca 06
SHTPOIIMH Ta30BOM CMECH: IHMPONUA CMeCU UOeAIbHbIX 2A308 DABHA
CymMe SHMpONuUl IMUX 2a308, K020 KAXCObIL U3 HUX 8 OMOeAbHOCmU
3aHumaem npu memnepamype cmecu mom xHee UﬁbeM umo u eca L‘Mecb*)
BbMHCIHM, NOJNB3YSCh STOH TEOPEMOH, YBEJIMYEHHE SHTPOIHH
NpH CMEIIEHHH JIBYX pa3JIMYHBIX Ta30B, Da3fe/ieHHBIX BHauaje
NEPEropoJIKOli, 3aHMMAIOIMX 0o0BeMBI V), M ¥V, H HMEIOIMX OJH-
HakoBylo Temnepatypy T (v, H V,—4HCIO MOJIeH KakI0ro rasa).
OHTpONHSA Ta30B J0 CMEUICHHs

Si=v{[Cy,InT+RIn(Vy/N;)+So1 ]+
+v3[Cy,In T+ RIn (Vo/N;)+ S0 ],
a nocsie CMelleHus, Korjaa KaX/blif ra3 3aHHMaeT BeCh obbeM Vl + VZ’
Su=v {Cy In T+ RIn[(V;+V,)/Ny ]+ So1 } +
+v2{Cy,In T+RIn[(V,+V,)/N,]+So2}. (3.41)
HN3menenne OHTPOINHH CHCTEMbI B PpE3yJbTaTe CMEIICHUS
AS=S8;—S;=v,RIn[(V,+V)/V,]+V,RIn[(V,+ V,)/V,], (3.42)
OTKyZa BHIHO, 4TO H3MEHEHHE OSHTPOIMHM IIPH H30TEPMHYECKOM
CMCIICHHH HJCAJIbHBIX T'a30B OMNPEACSeTCH TOJBKO KOHq)HrypSHHOH'
HOH (3aBHCSIUEH OT 00bEMa) YacTbIO SHTPOIHH
Sy=VRIn(V/N), (3.43)
Apyrde uwieHsl B Qopmyne (3.40) npu 3TOM pOJM HE HIPAIOT.
B wacTHOM cnydae paBHBIX KOJIMYECTB Ta30B (V,=V,=v= NNA)
HaxOJAIMXCA 70 CMEIICHHsS B OJMHAKOBBIX OOBEMAax zV V,=V
JUIS KOHOHIYPAaUMOHHOM YAaCTH SHTPONMM CHCTEMBI MOJIydae
S;=2vRIn(V/N), (3.44)
2vRIn(2V/N). (3.45)

* O6paTHMO pa3IefNUTh CMeCh Fa30B M, C/EOBATEIBHO, JOKA3aTh TEOPEMY
I'n66ca MOXHO W 6e3 HCHONB3OBAHUSA no:rynpoﬂuuaeuux TIEPEropofoK (CM. B KH.:
Jlopenu T. A. Jlexuun 1o Tepmonmnamuke. M., 1941. § 70). Teopemy I'nbbca MOXHO
Takke JOKa3aTh, MCNONb3Ys 3aKOH Hannoﬂa (cm. mnaqy
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HN3menenune SHTPOIMHU MOCJIC CMEIICHHS
AS=2vRIn2=2kNIn2. (3.46)

W3 cootHomennii (3.42), (3.46) BUAHO, YTO BO3PACTAHHE HHTPONHH
NpH CMENICHUH JBYX HICAJNBHBIX TA30B 3aBHCHT TOJBKO OT HHCHA
Mojieif rasoB, HO He 3aBHCHT OT MX TNpHpOAs.. B npenenbHOM
Cllyyae CMEIICHHS JIBYX H/JCHTHYHBIX Ta30B YBEJIMYEHHS OHTPONUH
He NOJDKHO OBITh, Tak Kak IPW 3TOM IOCJE yJaNeHHs pasfesstoilei
TIEPETOPOJIKM HHMKAKOTO TEPMOIMHAMUYECKOTO INpolecca B CHCTEME
He mpoucxoaut. TakuM oOpa3oM, NpH pacyeTe H3MEHEHHs! IHTPOIHA
CMCIIICHHE I[Byx HICHTHYHBIX Ta30B HEJIb3s pacCMaTpUBaTh Kak

ciyyait © JIBYX pa3jIM4HBIX [a30B M, CJIEJOBa-
TCJ'H:HO npu nepexm)e om cMecu CKoab yzodno 6auzkux no ceoum
cgolicmeam u pasde/mezx U3 IMOUl cMecu 2a308 K cmecu 00UHAKOBbIX
2az08 AS u ckauok (nap Tubbcay®.

Jlns BBIYHCICHMS M3MEHEHHsS SHTDOIMM IPH CMELIEHHH JBYX
HOpl.l,Hﬁ OAHOTO H TOrO0 € rasa HaJ0 IOJIb30BATbCAd WM He-
TIOCPEACTBEHHO BbipaxeHHeM (3.40) Juis SHTPONMHM XHMMUECKH OI-
HOPOJHOro rasa (cM. 3amady 3.27), WIH BHIOM3MEHEHHOH TeOopeMOn
Tu66ca, COrnacHO KOTOPOW OSHTPONHs Ta30BOH CMECH JBYX OIMHA-
KOBBIX MOPLMH OMHOTO M TOTO K€ Ta3a paBHa CyMME OSHTPONHR
obeux NOpLMI, KOrja KaxJas M3 HHX B OTACABHOCTH 3aHAMAET
Bech oObeM Oe3 2kNIn2 (cm. 3amady 3.28), mwim ke Y4MTHIBATD
B dopmyne (3.45) jns OHTPONMM CMeCH pasHBIX T[a30B CKauyok
HU3MEHCHUS HX IUIOTHOCTH B NpEeJC/SbHOM Clly4ae CMEILIEHUs TO-
KIECTBEHHBIX Ia30B, T. €. NPU NEPEXOAE K CMEUICHHIO TOXIAECTBEHHBIX
razop Hago B Gopmyne (3.45) 3amemuth IIOTHOCTE N[V Ha
2N/V (cM. 3amauy 3.34).

Pemmte mapamoxc I'mb66ca o3HayaeT ycTaHOBHTHL (hu3HMUECKOe
OCHOBaHHE CKauka BENMYMHBI AS NpH Tepexole OT CMeCH CKOJb
YrOJHO OJM3KHX Tra30B K CMECH OJWHAKOBBIX Ta30B.

B ymrepaType M3BECTHA TOYKA 3pEHHs, COIJIACHO KOTOPOH Ma-
panokc I'nb6ca o pa3peIBHOM NOBesieHHN AS CBA3BIBAETCS C OOBEKTHB-
HOM HEBO3MOXHOCTBIO HENPEPHIBHOTO CONMKEHHs NapaMETPOB, Xapak-
TEPH3YIOLIMX CMEIUMBAIONUIMECS [as3bi, TO NPEANONAracTCs MpH ycTa-
HOBJICHMH Tapafokca I'ub6ca. Och)mel-me 9TOH TOYKH 3pEHHS CM.
B pemenHun 3amaun 3.34.

Du3MyecKHM OCHOBaHHEM mapajokca ['mbbca sBiseTcss HEBO3MOX-
HOCTb Pa3/Ie/ieHHsi Ha NEPBOHAYAJIBHbIE IOPIHH CMECH TOXECTBEHHBIX
ra3oB B OTJIHYHE OT JONYCKAEMOIO TEPMOJIMHAMHKOW pa3leieHus
CMECH CKOJIb YTOTHO MaJio OTJIMYAIOLMXCA JPYr OT Jpyra rasos.

) Iapadokc SBNSETCS MCTHHHBIM YTBEDXK/IEHHEM, KOTOpOE HEOGBIYHO, MpOTH-
BOPEUHT oncnpmmm-vry M PO KOTOPOE XOYETCA CKa3aTh, YTO 3TOTO HE MOXKET OBITH.

UHGOYHOE YTBEPX/ICHHE, BHITJIS/sIICE Ha3bIBacTCHA
mom. TIapasorusm o3uadact B KOTOpOM Ccllenana Joruuec-
kas ommbka.
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B pesynbrate 3TOH OCOGEHHOCTH CMECH TOXAECTBEHHBIX Ta30B IO
CPABHEHMIO CO CMEChIO Pa3HBIX [a30B HMEET MECTO CKAaYOK IMIOTHOCTH
CMEIIMBAEMBIX Ta30B MpPH NEPEXONE OT CMEIICHHS CKOJNb YIOJHO
6IM3KMX Ta30B K CMEIIEHHIO TOX/ECTBEHHBIX ra30B, KOTOpBIH M IpH-
BOJIUT K CKaiyKy HM3MEHCHHS S.

BCJ’KeIICTBHe 9TOoM OCOGSHHOC’I‘H CMECH TOXJECTBECHHBIX TIa30B
B ofueil Qopmyse Ui SHTPONMM CMECH pasHbiX razos [cm. (3.41)]
pasjHuKe MeXy ra3aMH Helb3s CTPEeMHTh K Hymo. JIJisi BHIYHCICHHS
¢ noMompto Qopmyn (3.41) u (3.45) _HTPONIHM CMECH B IPENEILHOM
Ccliydae CMELICHHS TOXACCTBEHHBIX TIa3oB HeOﬁXOllﬂM() HE TOJIBKO
napaMeTp pasJiMuHMs TOJIOXKHTh PAaBHBIM HYJIO, HO ¥ YYeCTh MPOMC-
XONAIMIA TPH 5TOM CKA4OK H3MEHEHHs IUIOTHOCTH CMEIUHBAEMBIX
ra3joB (cM. 3amavy 3.34).

B Ttex e ciyuasx, Korja CMeCh TOXAECTBEHHbIX ra30B He
obnaaeT OTMeYeHHOM (M3UMYECKOH OCOOEHHOCTHIO, T. €. KOrNa ra-
30BYH0O CMECb HEJIb3sl PA3/CJIHTL HE TOJBKO MNPH CMELICHHH OJHHA-
KOBBIX ra3oB, HO M NPH CMELIECHHH TEPMOIMHAMHYECKH pPa3HbIX
ra30B, HUKaKOTO CKa4yKa M3MEHEHMS IUIOTHOCTH CMEIIMBAEMbIX Ia30B
npH TEpeXosie OT CMELIEHHs CKOJIb YIOJHO OJHM3KMX ra3oB K CMelle-
HUIO TOX/ECTBCHHBIX Ta30B He npoucxomut. [Tostomy B dopmyne
A OHTPONMH CMECH pa3HbIX Ta30B B JTHX CJIydYasX NapaMeTpbl
MX pa3sJiMYMs MOXHO CTPEMHTh K HYJI0O M OTOT BTOPOH BHMA
CMCILICHHS HMEaNbHBIX Ta30B HE MMEET OTHOIUCHHs K NapaioKcy
Tu66eca (cm. 3amaun 3.29, 3.30).

O6CcynuM B 3aKJTIOYCHHE BONPOC O (PH3MYECKOM CMBICIIE SHTPOTIHH.
Onno3HauHAst (YHKUMS COCTOSHMS — OHTPOTHS, CyIIECTBOBAaHHE KO-
TOPOH y pPaBHOBECHOH CHCTEMBI YCTAHABIMBAET BTOPOE HAYaJIO
TEPMOJMHAMHMKH, HE SBJISETCA HAIJIAMHOW BENMYMHON: €€ MOXHO
BBLIYMCITHTL HO HEJb3s HENMOCPCACTBEHHO W3MEDHTh, NOJXOOHO TeM-
nepaType HiH 0GbeMy,— IHTPOINHOMETPOB HE CYIUECTBYET.

DU3UYECKHii CMBIC]I SHTPONMH MOXHO BBISICHHTh KaK IPH aHAJIH3e
PaBHOBECHBIX TPOLECCOB, TaK W TpH M3YYEHHWH HEPABHOBECHBIX
TIPOLIECCOB; NpH 3TOM Gonee Triay6OKMH TepMOJMHAMHMYECKHH CMBICT
SHTPOIMM DPACKPHIBACTCH NIPH AHAJIM3E HEPABHOBECHBIX NPOIECCOB.
CMBICTT 9TOT COCTOHT B TOM, 4TO H3MECHEHHE SHTPOIMM SBJIAETCS
Mepoii HeoOpaTHMOCTH NPOLECCOB B 3aMKHYTOH CHCTEME M Xapak-
TEPU3YET HAINPABJICHHE ECTECTBCHHBIX IPOLECCOB B Tako# CHCTEME.

Ipu aHanm3e PaBHOBECHBIX NMPOLECCOB NOHATHE SHTPOIMH MOXET
6bIThb B KaKOW-TO CTENEHH YSCHEHO H3 CIEAYIOLIMX PaCcCy)ICHHH,

X CMBICT Y

SUIEro JI SHTPOIHH.
nepsoe Hayajo ycTaHalmHBaer 4TO JJIEMEHT TemwioTel 80 He
SIBASETCA TOJHBIM JHbdepermuanom (cM. § 7). DusmuecKuit cMbICK
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I 2 3TOTO YTBEPXKIEHHS COCTOMT B TOM,
YTO KOJMYECTBO TEILIOTh, HEOOXOaM-
MOE€ NpH NEPEXOe M3 OJIHOrO COCTO-
L T SHHS B JPYroe, 3aBUCHT OT MyTH (T. €.
YCIIOBHH Mepexona)
7 PaccMOTpUM TEpeXoNl CHCTEMbI M3
h cocrossdst [ B 2 mo mytu I wm II
(puc. 9). Pazobbem 3TH myTH Ha 3ie-
Puc. 9. MEHTBI, Ha KOTOPBIX CHCTEMa MOJy4aeT
COOTBETCTBYIOIIHE KOJIMYECTBAa TemwtoThl Q npu Temnepatype T.
TMosHbIE KONMYECTBA TEIUIOThI, HEOOXONMMEBIC JUIs Tepexoja u3
COCTOSHHMS | B 2 IO 3THM IYTAM, COOTBETCTBEHHO DaBHbI

0= I5Q, On= fSQ,
) n

mpuYeM IO NepBOMY Hauaiy, Boobue rosops, O,#@ OmHako ecnu
KOJIMYECTBO TEIIOTH 8(Q;, TNOJy4yaeMoe CHCTEMOH Ha HEKOTOPOM
JJIeMEHTe KaKoro-imbo myTH, pasienuTh Ha TemmnepaTypy 7T, OpH
KOTOpO#i cOOOIaeTcs 3Ta TEmioTa, ¥ HaWTH CyMMY (MHTErpai) ITHX
(IpHuBeNeHHBIX) TemioT mo BeceMy I u mo Becemy II mytu, TO
(COrIacHO OIBITY WM BTOPOMY Hauajy TEPMOJMHAMHKH JUIS paB-
HOBECHBIX NPOLECCOB) 3TH CYMMBbI (MHTEIpasibl) NMPUBEICHHBIX TETIOT
IS BCEX NyTeH NEepexofa OJIMHAKOBBI:

s0_ (80
212 (3.47)

o o
OTO yKasblBaeT Ha CYIICCTBOBAHME HEKOTOPOH ~OJHO3HAYHOM
¢yHKuﬂH COCTOSIHUS, U3MCHEHUE KOTOpOH ONPE/ICJIAETCA UHTErpaioM
(3.47) u HasweiBaeTCS SHMPponueil:
2
30
§1-8i= f 348)
1
Boitee rayGoKuii CMBIC]I JHTPONHHK PACKPbIBAETCA B CTATHCTHYECKOH
Cbﬂ!ﬂl(e CorjlaCHO KOTOPOH IHTPONHUS S cucreMsl B JIAaHHOM COCTOSTHHH
XapaKTEpU3yeT 6ep 'mb  9Mo20
S=klnW, (3.49)
rae k—mnocrosHHas BosibuMana; W -— TepMOIMHAMUYECKAs BEPOST-
HOCTb COCTOSIHHS, ONpeJeIsieMast YMCIOM MHKPOCOCTOSHHMI, peaju3y-
IOIMX JaHHOe MukpococTosimMe. CoorHowernue (3.49) Bhipaxaer
npunyun Boavymana. OpHOCTOP it xapakTep u IHTPONHUH
B 3aMKHYTOH CHCTEMeE ONpEMEJIAETCS TEPEXOJOM CHCTEMBI M3 MeHee
BEPOATHOTO COCTOSHHS B 0oOJiee BEpOSTHOE.
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Kak 6buto K. i I o cucreme, y

npd HaGJIO/ICHHH 3a CHCTEMOH, CBf3aHa C' npu 370!

BEPORTHOCTH COCTOSHMS CHCTEMbI TAKHM e COOTHOMICHHEM (C TOYHOCTbEO /10 3HaKa),
xak u (3.49). D10 = CXOIICTBO ans

suTponnn S W —1 b it o

TleHHOHY) TIPHBENIO MHOTMX 4BTODOB K HCOGOCHOBAHHOMY OTOXCCTBICHHIO TEDMO-
JMHAMMYECKOH JHTDPONHH C uumj)opmauuouuou IHTPONMEH», XOTH NOCTENHAS HE
SBIAETCA OIHOrO ® TOrO e
TepMHHA (JHTOMHS) JUIN DajTHYHBIX BETHYMH JWIUL BBOZHT B 3aliykienue.

§ 17. BTOPOE HAYAJIO TEPMOAUHAMUKM A HEPABHOBECHBIX
TPOLECCOB. OCHOBHOE YPABHEHUE U OCHOBHOE
HEPABEHCTBO TEPMOJAWHAMMKH

Cymect yp i CHCTEMBI HOBOH OJHO3HAYHOW (yH-
KIMH COCTOSHHA —JHTPOIMA S— BLIDAXACT BTOPOE HAUAIO TEPMO-
JAMHAMHKH U paBHOBECHbIX mnponeccoB. Cdopmyanpyem Tenepsb
BTOPOE Ha¥yajo B Np K He[ IM, HEOOPAaTHMbIM
npoueccam.

Paccmotpum  (puc. 10) mBa  OMM3KMX  COCTOSHMS —PaBHOBECHS
1 u 2 HekoTOpoW cHcTeMbl. IIycTh NpH HEpaBHOBECHOM Tepexoje
U3 OIHOTO COCTOSHUSA B ApYroe* CHCTeMe COOGMIAETCS OT KaKOro-1ubo
Tela KOJHMYECTBO TEmIOThl 3(Q,, M OHa coBepmaetT pabory W,
TaK 4TO TO TNEpPBOMY Hauajy

8Qup=dU+3W,. (3.50)

Ecnu ke cHCTeMa NEPEeXOJMT M3 COCTOstHMs I B 2 paBHOBECHO
H KOJMYECTBO TEIUIOTHI, IOJIy4a€MOE €0 OT TOro e Teja, PaBHO
80, a cosepuennas pabora dW, TO

50=dU+8W. (3.51)

l'[cpnb!ﬁ Nepexoa ABJISETCA HeOﬁpaTﬂMHM, TIO3TOMY BO3BpallleHUE
CHCTEMBI B HAYaJbHOE COCTOsHHE 6e3 KOMIICHCALIMH HEBO3MOXHO,
BTOPOH Nepexo oOpaTHM H CHCTEMY MOXHO BEPHYTb B HMCXOJIHOE
coctosinMe  06€3  BCAKMX  H3MEHEeHWi
B OKpYXarolIMx Tenax. Beluuras u3
ypaBHenus (3.50) ypasrenue (3.51), mo-
JlyqaeM JUIs KPYroBOTO Mpoiecca
3Qup—00=0W,,—0W. (3.52)
OTa pa3HOCTh He MOXET ObITh paB-
HOM HYJIIO, TaK KaK B NPOTHBHOM Cyyae
9TO oO3Ha4ago Obl, 4TO HEOOPATHMBII
TIPOLIECC TIEPEXOfa CUCTEMBbl W3 OHOTO |
COCTOSHMSL B JPYTroe MOXHO OOpaTHTEH
PaBHOBECHO 63  HM3MeHeHMs B Puc. 10.

* Ha puc. 10 HepaBHOBCCHBIH MEPEXO] CHCTEMBI H30ODAKEH YCTOBHO, NOCKOJBKY
TakHe TEPEXo/bl Heb3s M300pa3nTh Ha Kakoi-m6O amarpamme.
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OKPYXAIOUMX TejaXx (OTOAB TEIUIOMCTOYHMKY KOJHYECTBO TEIIOTH
80=8Q,, n npomssens pabory dW=8W,,). Pasmocrn (3.52) me
MOXeT OBbITh TNOJIOXHTE]BHOM, Tak Kak 9TO O3Hayajgo Obl, uTo 3a
KpyroBoM  Ipomecc CHCTeMod  Obuta  npousseneHa  pabora
3W,,—8W>0 Tompko 3a CYeT  TEIIOTHl  TENJIOHCTOYHHKA
80, —80>0 6e3 Bcskod komnencamuu. Pasnocts (3.52) moxer
6bITh OTPHUATENBHOR. ITO COOTBETCTBYET TOMY, YTO NpPH BO3BpaIIe-
HHM CHCTEMbI B HAYaJbHOE COCTOSHHE 4aCTh TEIJIOTHI 5%—5Qa >0
epefaeTcsi TEIUIONCTOYHHKY 3a CHET BHENIHeH paGoTh W—B;V,, "
4TO 10 BTOPOMY Hayamy (BTOpOH €ro 4acTH) BOSMOXHOY:
8Q,,—80=38W,,—8W<0. Orcrona cienyer, 4To

80> 8Qup, (3.53)
SW> W, (3.54)

Tax xak 8Q =745, To u3 (3.53) nonyyaem TdS>8Q,,; npuuuMas
T>0 K, nmeem:

45> 30m, (3.55)
T
2
sz—s,>'[iQT£A (3.56)
1

W3 seipaxenuii (3.55) u (3.56) 3akirovaem:

1. TTepexom cHCTEMbI U3 OJHOIO COCTOSIHMS B JpYroe, COBeplia-
eMblil asmabatHo pasHOBecHO (8Q=T,dS=0), Henb3s OCYLIECTBHTH
aamabatHo HepasHOBecHO (8Q,,=0, dS>0), u HaoGopoT.

IMostoMy, XoTs mnpu ajmaga'mblx npoueccax paboTa CHCTEMBI
Kak MpH pPaBHOBECHOM, TaK H HEPaBHOBECHOM npoueccax paBHa
yObLIM BHYTPEHHEH OSHEPIMM, ONHAKO JaXe NPU OJHOM M _TOM Xe
YMEHbIIEHUH BHYTPEHHEW SHEPrHM NpPH TaKMX mpomeccax pabory §W
npu a/mabaTHOM PaBHOBECHOM TNpOLECCE HENb3s CPaBHMBAThL C pa-
6otoit 3W,, npn anmabaTHOM HEPaBHOBECHOM NPOLECCE, TaK Kak
KOHEYHbIE COCTOSHHS TPH THX afiHaGaTHBIX npoueccax OyIyT pasHbie.
OnHako eciM NpH aauabaTHOM DAaBHOBECHOM IIEPEXOJIE CHCTEMBbI M3
cocrosHust /| B 2 8W=—dU, TO mpH HepaBHOBECHOM, HO yke HE
aguabatHom mepexoge m3 [ B 2 §W,,<—dU [em. (3.54)]

2. Mpu aguabatHoM HepaBHOBecHOM mpouecce (8Qu,=0)

dS>0 u S,—S,>0, (3.57)

* Ecm 6ot o%pennonomcuue O HEBO3IMOXHOCTH BCYHOTO JBHUTaTeNs BTOPOro
poaa jomyckano obpauienue, T.e. ecaM Obl paboTy B TEWIOTY Takke HEMb3A OBUTO
TIpEBPATATL MOJHOCThIO 6€3 KOMICHCALMH, TO pa3HocTe (3.52) me Morna Gbl GwiTh
W OTpHNATENbHOM, TIpH BEIOTHCHWH TEPBOTO YCTOBHA (3.1) 5TO 03HAWRTO bWl 4TO
TIpUBENCHHBIA Ha pHC. 9 3aMKHYTBIH mpomecc HEBO3MOXEH. B HacTosmiee Bpems
MOXHO TIpHBECTH MpHMEp Takoro ciydas (cm. § 31).
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T. €. IIPH 3TOM l'lpOl.lCCCC CHCTCMa nepexo}m’r B cOCTOsiHHE ¢ GoJIbIuei
JHTpONHeH: npu p p 1p
cucmembst ospacmaem.

To, 4To IHTOTHMA TpH pABHOBECHBIX TPONECCAX B @IHAGATHBIX CHCTEMAX
BO3PACTAET, 2 H yObIBAET, CBS3AHO C YCTOBHEM, ONPELCISIONIAM TMOJOXHTEIBHOCT
‘TEPMO/THHAMHYECKOH TeMmepaTypsl. [IpH ApyroM NONOJHATENLHOM ycnnuﬂu. TpHBO-
nseM Kk T<0 K, Mbl umenn 6bi u3 (3.53) wis
ROMMpOBAHHHX  (OGHMHIK) CHOTOMAx HC SAKON. BOSpACTAMHA. 4 SaXOH youpans
IHTPOIIHH.

Takum 06pasoM, 3aKOH BOSPACTAHWA OHTOIMH COJEPKHT B CeBC He TOIBKO
O6BEKTHBHYIO CTODOHY (ONHOCTOPOHHOCTh €CTECTBEHHBIX NDOLECCOB), HO i CyOmek-
THBHBIA MOMEHT — 3HAK TEPMOJHHAMHHYCCKOH TEMNEpaTyphi, KOTOPBI NpHAaeT 0GbeK-
THBHOH CTODOHE JIMIIbL OTIPEJCICHHOE BBIPAXKEHHE, HE MeHss ec cymectsa. Otciona,
MEXTy TIPOUMM, CIICAYET, YTO HENb3s JIOKA3bIBATh TIOJNOKHTENLHOCTh TEPMOHHAMHYEC-
KOil TEMIEpaTyphl, HCXO/I M3 3aKOHA BO3PACTAHWS SHTPOMMH, Tak Kak (POPMYIHpOBKA
BTOPOrO Hauaja Ui HEOGPaTHMBIX MPOLECCOB B aaWaGaTHO 3aMKHYTHIX (OGBIYHBIX)
CHCTEMAX B BHIE 3aKOHA BO3DACTAHHA JHTPONHH YXe NPEMNONAraeT, 4TO TePMOIH-
HAMHYCCKAs TCMICPATYpa MONOKHTETbHA.

3mo no. 0 603p 8 ao: 3a. i
cucmeme npu Hep x X (3al<an 803p

8vlpascaem 6mopoe Hauaio " oan nepaenoeecnbtx npoueccoe OHO
TO3BOJISET XapaKTEPH30BAaTh OHTPONMIO KaK Mepy HeobpaTHMOCTH
TPOLIECCOB B 3aMKHYTOH cHCTeMe. B 3ToM cocTouT (hu3mueckuit
CMBIC] JHTDOTIHH, €CJIM NOMXOMMTh K HEH, yYMThIBAs OCOOGEHHOCTH
HEPABHOBECHBIX IIPOLECCOB.

Tak xak Bce €CTECTBEHHBIE, CAMOINPOH3BOJIBHBIE MNPOLECCH MPO-
XOJIAT C KOHEYHOH CKOPOCTHIO, T. €. HEPABHOBECHBI, TO, CJIEIOBATENb-
HO, NIpH 3THX MpOLECCaXx B 3aMKHYTBIX CHCTEMax JHTPOIMs Bcerja
Bo3pactaer. Takum 06pa3oM, BTOpPoe Hayalo TePMOJMHAMHKH JUISL
HEPAaBHOBECHBIX TIPOLECCOB  YKA3bIBACT HANPABJICHAE ECTCCTBEHHbIX
p 1p bl 6 U30AUD x (wm moavko

0 U304Up x) X NPOX00AM 8 HANPABACHUU POCMA
Hmponuu.

Jlns HepaBHOBECHOTO KpYroBOro Ipouecca u3 dopmyist (3.56)

nony4aeM Hepasencmeo Kaaysuyca

3@2;" <0. (3.58)

OT0 HepaBeHCTBO, Tak ke kak M ¢opmyna (3.56), Bbipaxaer
8mopoe HA4a10 04A HEPAGHOBECHBIX NPOYeccod B aTMabATHO HEM30-
JIMPOBaHHBIX CUCTEMAX [B OT/HYHE OT HepaBeHCTB (3.57), OTHOCAIMXCA
K amuabaTHBIM cHCTEMaM .

Hepasenctsa (3.56) u (3.57) He cnemyeT NOHMMATh B TOM CMBICIE,
9TO NPH HEPABHOBECHOM TMEPEXOJIe CHCTEMBI M3 COCTOSHHS / B 2 W3-
MEHEHHE SHTPONMU GOJIbINE, YeM NpH PABHOBECHOM IEpexoie M3
1B 2. OnTpOmMs €CTh OJHO3HAYHAs (YHKLHMS COCTOSHHS, U B KAXKIOM
COCTOSHHH CHCTEMa HMEET OJHY OmNpenesieHHylo sHTpomuio. Cieno-
BaTeNbHO, Pa3sHOCTh 3HAYEHMH OHTpomuu S,—S; He 3aBUCHT OT
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TOrO, PAaBHC IM WM Hep HBIM TIyTEM CHCTeMa Tepelwia
u3 coctosnus I B 2. 3Hax HepameHcTBa B (opmysie (3.56) ykasbipaer
Ha TO, 4YTO MHTErpa; B TpaBodi 4acTH QOPMyNbl, B3ATHIA MO
HEPABHOBECHOMY IIyTH, HE ONpEJEJISCT Pa3HOCTH BHTponMﬁ KOHEYHOTr o
¥ HauaJbHOrQ COCTOSHHH, a MeHbIlie ee. AHAJOrMYHO, HEPaBEHCTBO
(3.57) BbIpaxaer TO, 4TO anMabaTHAs CHCTEMA MOXET HEPABHOBECHO
HEPEXOUTh B TakHe COCTOAHMSA, B KOTODBIX €€ SHTPONMs GoJblle.
B 5TOM H COCTOMT CMBIC] 3aKOHa BO3DACTaHHs SHTPOIMM B ajM-
abaTHBIX CHCTEMax NpH HEPABHOBECHBIX Npolieccax B Heil. M3 Bcero
9TOTO CJEMYET, YTO JUIS ONpe/esieHHs M3MEHEHHs SHTpOmHH S,—S,
NPU HEPABHOBECHOM MEPEX0/ie CHCTEMBI M3 COCTOSHMSA I B 2 HYXHO
nepeBecTH cucreMy u3 I B 2 paBHoBecHO M 1mo (opmyne (3.35)

B
BBIYHCIHTE S,—S; (cM. 3amauy 3.36). Hepasencrso ds>%,
a cienoBaTenbHo, W HepaBeHCTBO Kimaysmyca %EQT“‘%O CenyoT M3

HepaBeHcTBa 8Q>3Q,, npu noacranoske B Hero 80 =TdS. Camo
ke HepaBeHCTBO OQ>8Q,, NMOJYYEHO M3 YCIOBHS, 4TO TENO NpPH
PaBHOBECHOM M HEPAaBHOBECHOM IIEPEXOJiaX B ONpE/ENCHHOE KOHEUHOE
COCTOSIHHE TIOJIy4aeT TEIIOTY OT OJIHOTO M TOTO Xe€ TEMIOOTAaTYHKA.
8Qu,
T
€CTh TeMIlepaTypa TEIUIOOTAAaTYHKa, a HE Tena.

HepasenctBo (3.54) yke MHCIOAb30BAJOCh B YaCTHOM  Ciydae
paboThl IIPH PaBHOBECHOM H HEPABHOBECHOM DACHIMPEHMH ra3a (cM.
§ 5); 3mECh OHO YCTAHOBIIEHO HA OCHOBAHMM BTOPOrO Hawasja B 0OmEM
cilyyae [l JIFOOBIX HEpPaBHOBECHBIX mpoliecco. M3 dopmyisi (3.54)
BHIHO, YTO €CJId CHCTEMAa PaBHOBECHO TNEpellIa M3 COCTOSHHS
1 B 2 6e3 copepmenns pabotsl (W=0), TO OCYWECTBHTb TEPEXO]
cucTeMbl U3 / B 2 HEpaBHOBECHO Ge3 coBepileHust pabothi (8 Wy, =0)
HEBO3MOXHO. [103TOMY npH Tporeccax nepexojia CHCTEMbl PABHOBECHO
M HePaBHOBECHO M3 OJHOrO COCTOSIHHMS B Apyroe 0e3 COBEpUIECHHs
paboThl 3aTpayMBaeMble IIPH ITOM COOTBETCTBYIOIIME KOJMYECTBA
Tennor 3Q U 3Q,, HeNb3s CPAaBHHBATDH, TAK KaK KOHEYHBIE COCTOSHMS
NpH T4KMX mepexofax OymyT pasHbie. 3abBeHHe 3TOro ClEACTBHS
BTOPOrO Hayaja MOXET IPHBECTH K oummbkaM (cM. 3anavy 3.39).

Bropoe Hawano Juis HEPaBHOBECHBIX MNpPONECCOB MOKa3blBACT
OTHOCUTEJIbHOCTH a}lﬂﬂsﬂ'ﬂloﬁ paBHOB@CHOﬁ HEJIOCTHXHMOCTH U yCTa-
HaBIMBAeT aOCOJIOTHYIO aaMabaTHY!0 HEJOCTHKHMOCTH COCTOSHMIA
¢ snTpommeit S<S,. JleHCTBUTENbHO, NPH aAWabaTHBIX PABHOBECHBIX
npoleccax JMOCTHXHMBI JIMIIb COCTOSHUS C HEU3MEHHOH OSHTpOnHeH
S=S,=const H HEAOCTHXHMMBbI BCE COCTOSIHMS Kak ¢ S>S; Tak
we S< S, C moMoUIbI0 HEPABHOBECHBIX NPOLECCOB MOXHO JOCTHYbL
COCTOSIHUK ¢ §>S,, HO HeNb3sl NOCTHYL COCTOSHMH ¢ S<S,. Takum
06pa3oM, cocTosiHHs ¢ S<S, aOCOTOTHO HETOCTHAKMMBI aauabaTHO
M3 JaHHOTO COCTOSIHMSI C JHTponuei S,.

CnenosatensHo, T B HepaBeHncTe dS> n HepaseHcte Kuaysuyca
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OcHosHoe " 01 KU,
BLIDAXAIONIHE TIEDBOE W BTOPOE Haualia TEPMOJIMHAMHAKH, MOXHO
Terepb 3amucath B BHIC

TdS>dU+Y 4,da, (3.59)

T/ 3HaK DaBeHCTBA OTHOCHTCH K P BIM, a
HEPAaBHOBECHBIM 3JIEMEHTAPHBIM TPOLIECCAM.

€ TPHJIOKCHUSA TEPMOJIHHAMMKH GQBHPY}OTCﬂ Ha €€ OCHOBHBIX
ypaBHeHusix W HepaBeHcTBe (3.59).

P TBA —K

3aMeTHM, 4YTO AHAJOTHYHBIE YP " BO B (u3mke
YEPHBIX TBID THBL y Ten, B pesysbrate
KXoJUIanca MaccHBHBIX 3Be3n ¢ Maccoit Gomee mByx Commn. OTi Guibuime 3Be3jbi,
TOTHOCTBIO  M3DACXOZIOBABILIE CBOC SIEDHOE TODIOYEE, MMEIOT pasmep, pasHblit
TPABHTALMORHOMY pamycy R,=2GM|c* (G —rpapHTauMoHHas nocTosHHas, M —wmacca
3BE3/Ib, ¢~ CKOPOCTh CBETA; rpaBHTauHOHHHH pamuyc ComHua — oxono 3 km). Pob,
AHAJIOTHYHYIO JHTPONMM B TCPMONMHAMHKC, B (M3MKC HEDHBIX JBID BHITOJHSET
TOBEPXHOCTB S HePHOM JBIPHI, 2 POJIb TEPMOTHHAMHMYECKOH TeMNEPATYPhI — BEHYHHA.
X, MPOTIOPIHOHANbHAA MOBEPXHOCTHOH IPAaBHTAIMH, T. €. HANPSXKCHHOCTH CTaTHIECKOTO
onst Ha " qepuoﬁ IbIpsl. YepHbie JBIPE He ofnamaioT
JPYTHMHA XpOM TIDUTATHBATD, TOCKOJBKY
TPABHTAIMOHHOE TOJC YEPHOH JbIDHI Hacranbxo CHJIBHO, UTO JaXe 3a/epXHBACT
ceer. Benencrsue ’YTOTO TIO/HAA (GHTPOMHS CHCTEMBI HEPHBIX ABIP (BETHYMHA,
NbHas CyMM S uepHBIX mmIp) He yObBacT: 5S>0. Dra
W apyrae T:pMonuuaMmocxue AHATOTHH B (H3HKE YEPHBIX JbID OKA3bIBAIOTCA BECHMA
NONE3HBIMH NIPH  PACCMOTDCHHH DA3MYRBIX ABJCHHA C Y4aCTHEM HEPHBIX JIbID,
nojo6HO TOMY, Kak Havala TEPMONHHAMUKH TO3BOISIOT H3y4aTh MHOTHE obume
cBo#icTBA 0 OHH T Ha CBOEOG-
PA3HYIO YHHBEPCANBHOCTh HAYAll TEPMOJMHAMHKH.

Tpexae 4eM NPUCTYNMTL K PEIIEHHIO KOHKPETHBIX (DM3HYECKHX

3aja4, OCHOBBIBasCh HA ypaBHEHHHM TepMoaMHaMHKH (3.59), paccmort-
PHM HEKOTOpBIC CJIEACTBHS BTOPOTO HAyaja.

§ 18. LIUKJ KAPHO M TEOPEMbI KAPHO

Kak yxke 0TMe4a10ch, BTOPOE Ha4asno TEPMOIMHAMHUKH ObLIO YCTAHOB-
JIEHO B De3yJbTaTe aHamM3a paﬁoTu TEILIOBBIX MAILKH.

B nepsoM co Ony6JTHKC M
C. Kapuo B 1824r., Gbma nccranneﬂa M pemeHa npo6neMd BO3-
MOXHOTO N0 KC Ta 0 JeHCTBHS TEMIOBBIX

JBHTATENEH. OTHOCHTCJ“:HO K.ILJ. TENJIOBBIX MAaIlIMH Kapno YCTaHOBHJI
ABE TEOPEMBI, KOTOPbLIE COBMECTHO 3KBHBAJICHTHBI BTOpDOMY Hawajy
TCDMOHHHBMHI(H }IOKB)KCM ITH ‘reopeMu HCXO0/11 H3 BTOPOro Hauaja.

noae3Hozo 7 T TEIUIOBOTO J[BHIaTels
Ha3bIBACTCA OTHOILCHUE pasoru W, ﬂpOHBBO}lHMOH MallHHOH 3a
LMKJI, K KOJHMYECTBY TEIJIOTBI Ql) Iojay4yaeMomMy MaIMHOK  3a
3TOT UMKJ:

n=WwQ,.
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Pc. 11. Prc. 12.

To mepBOMy HAuamy TEPMOJMHAMHKH,
W=§SQ=Q1_Q2>

rae Q,—abCcoMOTHOE 3HAYEHHWe KOJIMYECTBA TEIUIOTHI, OTHABAEMOTO
paboyMM TeloM 3a IHMKJ, TO3TOMY

§Tds
(§7dS)s>0 Q1
rae  wmaTerpan  (§T7dS)ss>o Oepercs N0 yyacTkam IMKia, Ha
xoTopeix dS>0.

Jins rpadmueckoro M300paXeHHs MPOLECCOB BOCIONB3YEMCS OH-
TPONMMAHON JMArpaMMOM Ha IJIOCKOCTH C ocsiMu koopauHaT S, T.
Ha oroit muarpamme semmumsa W=§3Q=§¢TdS pasma mnomam
uMKia, a Q1:(§TdS)ds>n onpejensieT IMIOmMAab, OrPAaHHYCHHYIO
npenesabHbIMA aguabatamu /4 w 3B, ocklo abcuyce M INMEMEHTaMH
makna ¢ dS>0 (wacte kpuBo#t mukna [, 2, 3 Ha puc. 11).

Berucnum k... mukna Kapuo, cocrosimero W3 IByX H30Tep-
MHYECKHX M /IByX aauabaTHblx npoueccoB. Ha muarpamme S, T 510T
mwaKkn u3obpaxen Ha puc. 12. Ha wusorepme [—2 Temnora Q,
GepeTcst OT TEMJIOOTAATYMKA, HA H3oTepMe 3—4 Temiota O, OTAAETCS
TEIUIONIPHEMHHKY. OTH TEIUIOTHI M paboTa 3a UMK PaBHBL

0,=T1($;=5)), Q,=T,(S,—S5,),
W=0,-0,=(T\~T3)($,=S$,)
M, CNeIOBaTeNbHO, K.LA. mkia Kapuo

n=

N=(Q:—2,)/Q,=(T,—T,)/T,. (3.60)
Orciona BUIHO, -rro Kna uuma Kapro ne 3asucum om npupoost
p 1p a onpedessemca moabko

men. u men. (nepsas meope-
Ma Kapuo) I/l3 lbopMynu (3.60) crenyer TaKXKe, 4TO BIMSHAE W3MEHCHHS
Temnepatyp Ty u 7, Ha 3Hauenwe K.aLj. uukna Kapao pasmmuno:
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o T,

oT, T o1,

u 1aK kak Ty >T,, 10 |0n/0T,|<|0n/0T,|. Takum obpa3oM, H3MeHe-
HHE TEMIEPATYypbl TEIUIOOTAATYHKA B MCHBILICH CTENCHH BJIMSCT Ha
M3MCHCHME K.ILA. LHKIA Kapx-lo, YeM H3MEHCHHE TEeMIEpaTyphbl
TEIIONPHEMHHKA. .

Yem Hmxe Temneparypa 7, TEIJIONPHEMHMKA IpH JaHHOH
Temnepatype T, TEIIOOTAAaTYMKA, TeM Bbille K.MJA. 1mkma KapHo.
Opnako ks Kapao ¢ temmeparypoit T, TemonpHeMHHMKa, paBHOH
0 K, ocymwecTBuTh HEBO3MOXHO, TaK KaK 5TO NPOTHBOPEUMIO ObI
BTOPOMY Hauajly TEPMOJMHAMMKH (Temwnota ,, B3ATas y HarpesaTes,
B TAKOM IMKJE NOJIHOCTBIO IpeBpallanack Obl B paboty). HeozMox-
HOCTh MO BTOpOMY Hauajy uukia Kapro ¢ Temnepatypoi Tenjonpu-
emuuka T,=0 K Bbipaxaerca He B ToM, 4to 0 K HepocTwkum (310T
BOIIPOC HE PELIAETCS BTOPHIM HAYAJIOM), 3 B TOM, 4TO TAKOM LMKJI MK
HENMb3S 3aMKHYTh, MM OH BBIPOX/AETCH B COBOKYNMHOCTB JIBYX
coBmafarolMX amuabat # u3oTepM (cM. ri. 9). Takum obpasom,
BTOPOMY Hauaiy He nporusopednT moctikenne 0 K, no maxa Kapuo

p 0i  TErIoNp! T,=0 K HeBoO!
Ilo 5TOM NpHYMHE NOPOYHBI BCE BBHIBONBI M JIOKA3aTENbCTBA,
OCHOBB! Ha  HCIOJIb n ananmse wmkiaa Kapro

¢ T,=0K. Hanpumep, HEBCpHBIM SBJISCTCS BCTPEYAIOIIEECs B He-
KOTOphIX OOmMX KypcaX GM3HKM YTBEpXIEHHE O TOM, 4TO JUIs
OCYIIECTBJICHHS TIOJHOIO NPEBPALICHHs TEIIOTH B pabory ¢ 1momo-
LIBIO MEpPHONMYECKH [IEHCTBYIOMIEH TEIUIOBOH MaIUMHBI Hafo ObuLIO
6l pacnonaraTh XOJNOJMJIBHHKOM, TeMIepaTypa KOTOPOTO paBHa
OK, M 4YTO, TIOCKOJIBKY TaxKoro XOJIOJMJIBHHKA HET, NEPUOOHYECKH
neficT MOXET TNpEBp Th B paboTy TONBKO 4YacTh
TemnoTsl. B )ICﬁCTBHTCﬂbHOCTK K€ JaXe NMPH HAJIMYUH XOJIOJMJIbHUKA
¢ temnepatypoii 0 K BeuHbiif IBMraTenb BTOPOro poJa HEBO3MOXEH,
Tak kak npu 7,=0 K muxn Kapro BmIpoxmaercs.

Kax ycraHaBnmBaeT TpeThe Havano TepMOIMHAMMKH (cM. T 4),
0 K megocTikuM ¥ nostomy ki KapHo ¢ TeMnepaTypoi X0Jnomuis-
mika T,=0 K ocymecTBuTh TeM Goliee HEBO3MOXHO.

3HMBTHM, 4YTO, JOMyCKas BO3MOXHOCTb LHKJIa KapHO C TeM-
nepatypo# xonomunbhuka T,=0 K, MOXHO npuiiTh X HeBEpHOMY
BBHIBOAy O TOM, 4TO YK€ IO BTOPOMY Ha4ajy H30TEPMHYECCKHH
npouecc npu 0 K oxHoBpemeHHO siBisiercst M aanabaTHeIM. B camom
nene, mpemnonaras, uro wukn Kapwo ¢ T,=0 K ocymecrsum, u3
dopmynbl (3.60) momyyaem

0,=T,0,/T,=0,

B TO BpeMs KaK M3 BTOPOrO HadaJia 3TOT BIBOJ Ge3 JOMOJIHATEBHBIX
TIpeNOJIONKEHNH He CIEmyeT.

ﬂeﬁCTBﬂTe!IBHO, TIpH 3JIEMEHTAPHOM H30TEPMUYECKOM H3MEHEHHH
Kakoro-mbo mapaMeTpa x IO BTOPOMY HAualy HMeeM
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(80/5x)r =T (@5/0x)s.

Orcroga BumHo, 4rto ecnm npu T—0 K mpoussoanas (8S/6x)r
u3MeHsieTcss 1Mo 3akoHy (0S/dx)r=c/T, rae c=const, TO H30Tep-
MUYeCKHi ngouecc npu Temnepatype T=0 K ne Gymer ammabaTubiM,
ecnii ke (0S/0x)r_ox—>const, TO H3OTEPMHUECKHH NpOLECC NpH
Temnepatype T=0 K Oymer amuabatneiM. Cka3aTh, KaK H3MEHSETCH
S npu pa3muuEBIX Tponeccax, koraa T—0 K, Bropoe Hauano Hayero
HE MOXET, W MOITOMY HENb3s YTBEPXAaTh, 9TO YXE MO BTOPOMY
Havany Bce nponecchl npu 0 K sBustorcs ammabarasiMu. K Takomy
BBIBOJIY MOXHO TNIPHATH WM B PE3yJIbTaTe HEBEPHOTO NMPEINIONOKEHUS
o Bo3moxnocTh mikna Kapuo ¢ 7, =0 K, wim npu JTOmONHUTETEHOM
TPEIIONIOKEHHH, 4YTO W3MeHeHWe oHTpommu (9S/0x)r upu OK,
KOHEYHO, XOTS M OTIHYHO OT Hyns. B ri. 4 nokasaHo, 4ro, no
TperbeMy Hadany, (0S/0x)r.ox—0, mOITOMY HyneBas H30TepMa
COBNANAET C HYJIEBOH H303HTPOIIOH, a CJIENOBATENBHO, H C aaHabaTOM.

Teopema KapHo yka3biBaeT NyTh MOBBILUEHHS K.ILA. TEILUIOBBIX
ManmH. OHa ChIrpajia  PYKOBONSLIYIO POJb B Pa3BHTHH OCHOB
TEIIOTEXHUKH. XOTSA HH OJHAa NpPUMEHsIEMasi B TEXHHKE TeIioBas
MammHa He paGotaer mo mukay Kapoo, 3Hauenwe 3TOro umKma
COCTOHT B TOM, YTO OH MMEET HauBOJBUMHA K.ILA. MO CPABHEHHIO
C UMKJaMH, pa6om}ou.mmu B TeX K€ TEMIEPATYPHBIX Mpelenax,
¥ SBNSETCS MEpOH K.IILJA. BCeX JPYrMX LHMKI0B (cM. 3amauy 3.20).

Ecii MamMHa TpH 3a/laHHBIX BHENIHHX YCJIOBHAX paboTaer mno
HCI(OTOPOMy LUKy H 1oJy4aeTr npu HeOGpaTHMOM LMKJIE TO X€
KOJIHYECTBO TEIUIOTHI Q;, YTO M NPH OOPAaTHMOM, TO, IIOCKOJBKY [CM.
(3.54)] pabora W,, 3a HeoOpaTMMBI IMKI MeHbIIE pPaGOTHI
W obpaTHMOro 1mMKia, K. 1. 0. Heobpamumoi Mawunbl Nyeosp = Wp/Q,
MeHbue K.n.0. 06pamumoit mawunsl Mos, = W|Q, (6émopas meopema Kapno):

MNreosp < Nosp- 3.61)
§ 19. CAMOITPOU3BOJIbHBIA MEPEXOJ TEIMUIOTHI

Bropoe Hauaso TepMOMHAMUKE Ji/Isi HECTATHYECKUX TIPOLIECCOB YKA3BIBAECT
Ha ONpPEJIC/ICHHOE HANPaBJICHHE €CTCCTBEHHBIX IIPOLIECCOB. BTO OCOﬁeHHO
XOpOLIO BUAHO M3 NPHMEPA CAMOIIPOM3BOJIBHOIO NEPEXOAa TENJIOTHI IPH
TENJIOBOM KOHTAKTe [BYX TeJl C Pa3aMHbIMK Temuepatypamu Ty u 5.

Iycth 1npH 3TOM OT TEPBOTO Tena KO BTOPOMY 33 HEKOTOPOE
Bpemst df mepeiifier KommyecTBO TeruoThl 8Q >0 (Wi HPOCTOTHI
3amucH MBI ynotpebnsem 3zmeck 3Q BMecTo 8Q,,). ITo BTOpOMY
Hayajly SHTPONMA S5TOH CHCTEMbI TeNl HPH TAKOM MPONECCE JAOJKHA
BO3pacTH, 1MO3TOMY (CM. 3amauy 3.38)

dS=dS, +dS;=8Q(1/T,~1/T;)>0, (3.62)

otkyma T,>T,, T.e. Temiora camonpomnonsno NEPEXOAUT OT Tenaa
¢ Gosbluen TCM"CP&TYPO“ K Teny ¢ MeHbILei TeMnepaTypou
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Omp Hamnpas. )CTh, OJHOCTOPOHHOCTbH NEPEXOAd Te-
TUIOTHI NPH TENIOBOM KOHTAaKTe JBYX TeJI C PA3IHYHOMH TeMmmepaTypoi
SBJAETCS OOBEKTHBHBIM 3aKOHOM npupoasl. OJHAKO KOHKPETHOE
BBIPAXCHHE 3TOTO0 3aKOHA 3aBHCHT OT ONPEACJICHUS NOHATHS
«bOablIas WIM MEHBINAS TEMIEpaTypa», WM, 4TO TO K€ CaMoe,
or BeibOpa 3HAKAa TEPMOAWHAMMYECKOH TeMIepaTyphi (JUisi OOBIYHBIX
CHCTEM).

Ecii npHHATH OTPHIATENBHYIO TEPMOAMHAMHYECKYIO TEMIIEPATYDY
(370  COOTBETCTBOBANO Obl TOMY, 4TO NpH COOOIIECHWH TEMIOThI
OOBIYHOMY TeJy NPH MOCTOAHHBIX BHEUIHMX IIAPAMETPax €ro TeM-
mepatypa TOHHXAETCs), TO BTOPOE HAYANO JUIS HECTATHYECKHX
NPOLIECCOB COCTOSIO Obl B YTBEPXK/IEHHH YOBLIH HTPOTHH CHCTEMBI
npu ammabaTHbIX mpoueccax. Toraa BMecto HepaseHcTBa (3.62)
Mbl MMenH Obl

dS=8Q(1/T,—1/T;)<0.

orkyaa Ty <T, T.e. TEIIOTa CAMONPOHU3BOJILHO MEPEXOMUT OT Tena
€ MeHblIeH TeMnepaTypoil K Tedy ¢ Gonbluedi Temuepatypoi.

TpuHsiB TEPMOJWHAMHYECKYIO TEMIEPATYPY IOJIOXKHTENbHOH, MO-
Jly4aeM BbIPaXeHHe OJHOCTOPOHHEr0 XapakTepa CaMOIIPOM3BOJILHOTO
nepexojia TEIUIOTH IPH TEIIOBOM KOHTAakTe IBYX Ten B Buje (3.62),
T. €. NPAXOAMM K (OPMYIHpOBKE BTOPOTO Hayana TEPMOJWHAMHKH
IS HECTAaTUYECKHX TMPOLECCOB B BHJIE YTBEPXICHHUA O CaMONpPOH3-
BOJIBHOM IIepexofie TEIJIOTH OT TeNla C OoJblled TemmepaTypoi
K Tely C MeHbIIEH TeMNepaTypod mNpM HX HENOCPEACTBEHHOM
TEMIOBOM KOHTaKTe®.

B HayuHo#f M y4eGHOM nHMTEpaType 4acTO NPHXOMMTCS BCTpEYaTh
YTBEPXK/EHHE O TOM, 4YTO 3aKOH BO3DPACTAHHS SHTPONMH H 3aKOH
O CYIHECTBOBAHMH JHTPONMH SBJIAIOTCH HE3aBUCHMBIMH TOJIOXCHUAMU
H TOITOMY C TOCHEIHHM BIOJHE COBMECTHMO MPOTHBOIOJIOXHOE
YTBEPXKACHHE «3aKOH YObIBAHHS SHTPOIMHY» WM KaKoe-HHOYIb Apyroe.
Heobxomimo, omHako, 3aMeTHTh clielytomee. Kak Mbl BHjend, ecin
NPUHATH TEPMOJWHAMHIYECKYIO TEMINepatypy (B Ciydasx OOBIYHBIX
CHCTEM) TOJIOXHATEIbHON, TO C 3aKOHOM CyHIECTBOBAHMS JHTPONHHK
COBMECTHM TOJIBKO 3aKOH BO3DACTAaHHS OJHTPONHM M HECOBMECTHM
3aKOH yObiBaHust dHTponuu. Eciu ke CYHTaTh TePMOJWHAMHUYECKYIO
TEMIIEPAaTyPy OTPHLATENLHOM, TO Bee Oyner HaobopoT. BeiBom o ToM,
4TO TEepMOJMHAMHYECKAsi TEMIEPaTypa HE MOXET MEHSTh 3HaKa
(IpM  KBa3WCTATHYECKHX IIPOLECCAX), SBIAETCS CIEACTBHEM CYIIECT-

* U3 BHAHA b 0B Kypeax
u3nku BHIBOAA O TOM, 6 YATO « npH TEIIOBOM
KOHTAKTE IBYX Tea TemwioTa nccma ncpcxomn 01 Tena Gonee Harperoro K Teiy
MeHee HArpeTOMy, He 0 3aKOH3, a SBJISCTCH

TPOCTO ONpEAENCHHEM TOro, Kakoe M3 HBYX Tel ycnosno HasbiBaTh Goree, a Kakoe
MeHee HarpeThiM».
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BOBAHMS SHTPONMM y BCSKOW PAaBHOBECHOW CHCTEMBI, a BLIGOp 3HaKa
3aBHCHT OT ONpENENICHHs NOHATHS «BOMbluas WIM MeHbIUAs TeM-
neparypa».

BTopoe Hauajo TEPMOIMHAMHMKH JIEHCTBUTEIBHO COCTOMT M3 JIBYX
HE3aBUCHMbIX TOJIOKEHHH, KOTOPble BBLIPAXKAIOTCH HIH B BUIE

0:zW n W=0,,

MM Ha S3bIKE SHTPONHH — B CYLUCCTBOBAHMH 3HTPOMNHU ¥ OJHOCTOPOH-
HEM M3MEHCHWM €€ IMIpH HECTATHYECKHX IMpoueccax B annabaTHBIX
H30JIMPOBAHHBIX CHCTEMaXx.

§ 20. MPEAEJNBI MPUMEHUMOCTH BTOPOT'O HAYAJIA
TEPMOJIVWHAMMWKU. HAMPABJIEHUE BPEMEHH

HPHMCHHMOCTB HayaJl TEpPMOAMHAMHUKH OTPAHHYHBAETCS IPEXJEe BCEro
paMKaMH CaMOH TEPMOJMHAMHKH — €€ TpPEIMETOM M HCXOAHBIMK
TIOJIOXKECHHSAMH. HCﬁCTBHTCﬂbHO, TEMJIOBOE NBHXEHHE, 3aKOHOMEPHOCTH
KOTOpPOro H3y4aeT TEPMOJWHAMMKA, CYUIECTBYET JHIIbL B CHCTEMax
u3 Oonpmoro whcia vacTui. ITo3TOMY 3aKOHBI TEPMOIWHAMHUKH
HENMPUMEHMMBI K MHKPOCHCTEMaM, pa3Mepbl KOTOPBIX CPaBHMMBI
¢ pa3MepamMH MoJiekysl. DTO O3HadaeT He TO, YTO B TAKMX CHCTEMax
HapymaeTcsi BTOPOE Hayajo,— BEUHBI [BAraTe]b BTOPOTO PpOJA
OCYIUECTBHTD HEJIb3s C TOMOUIBIO 0BBIX CHCTCM” a To, 4TO
TOBOPHTh O BEYHOM JIBMTATeNe BTOPOrO poja Kak 06 YCTpOHCTBE,
KOTOPOE HEKOMIICHCHMPOBAHHO TNpeBpaliano Obl TEmioty B paboty,
B NPUMEHEHHH K MHKPOCHCTEMAM JIMLIEHO CMBICNA, TOCKOJBKY JUIS
HUX CTHPAeTCsi pa3jiMiHe MEXIy TelIoTod u paboToi.

Takum o6pa3oM, Ui BTOPOro Hayana, Kak W JUis Bceil Tep-
MO/THHAMMKH, CYIIECTBYET HUNCHAA 2pAHuYd €ro TPUMERHMMOCTH: OHO
HENPHMEHAMO K MHKPOCHCTEMAM.

Bepxuss epanuya NpUMEHHMOCTH BTOPOTrO Hadaja CBS3aHa C Orpa-
HUYEHNEM TPUMEHCHHS TEPMOJMHAMUKH K CHCTEMAM TalaKTHYeCKHX

* C nepBoro B3risna MOXeT noxaaancx. ¥TO HAJMYHE TEIUIOBHIX (UIyKTyaumit
naet BEYHOrO JBUTATEjIA BTOPOrO POjia.
Ho s1o He Tak. PaccmoTpum, Hdl‘lpHMEp, qmynyauum MJIOTHOCTH B rase. Moxer
MOKa3aTeCa «1ofMaTh» Pa3sHOCTH [aBJCHHH C MOMOMIBIO
CRICIMATBHBIX KJIaNaHoB W amnapaTos, N0 ¢ oT;
[rakne ycrpoiictea (cymectsa) B. TomMcon Ha3biBan «iemoHamm Makcsemna»], W uc-
TIONBb30BATh MX JUTA COBEpIICHHS PAaGOTHI WM Pa3NesicHus CMeCH ra3oB. OmHako 3To
HE TOJBKO MPAKTHYECKH, HO M TEOPCTHYECKH HEBO3MOXHO. Bee Hamm ammapar
KJanmaHel M T. 1. CaMH COCTOAT M3 Mouexy.u n caMH obnaatoT Hekompumu

oKono

OT Konebanutii MOTHOOTH rasa. IeTACVL PesyTLTAT MONRO OMTO Oni MoTydHTH

B HEKOTOPBIH _OMPCZENCHHSIi{ MOMENT BPCMCIH, HO B CICYIOLUH Ke MOMCHT OH
Ob1 cHOBa anmapata M rasa.
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pPa3MepoB, BCIEACTBHE JajbHOJAEHCTBYIOIErO XapakTepa ONpenes-
Iomed poJM B HMX TIPAaBHTAUMOHHBIX CHJ, KOTOpbIE NPHBOISAT
K HEBBINOJHEHWIO B TaKHX CHCTEMax HCXOIHBIX MOJIOKEHHH Kiac-
cuyeckoi TepMmommHamuku. IloaToMy 6e3 OGOGINEHHs HMCXOMHBIX
il i TEpMO H JUIS KOS HX CHCTEM BTOpOE HAYajo
HEJb3s NPUMEHATh K GonblmiM ywacTkam Beenennoit u teM 6osee
ko BceneHHOH Kak uenoi*).

Mexay TeM HEeKpHTHYECKOe Iep 3aK0! Te# 3eM-
HOI0 MaKpOCKC Oro ombITa Ha B 10 KaK Iesioe Mp 10
K aHTHHAay4YHbIM BBIBOJAM O «TETIOBOM CMBPTH» Bcenennoi.

B 3aKkoHYeHHOM BH/Ie KOHILENIMA «TEIUIOBOH cMepTH» BceneHHoi
Obina chopmymmpoBana Gojee cra JET Hasal Ha OcHOBe paGor
Knaysuyca**), KOTOpBIH, pacnpoCTpaHsis 3aKOHbI TEPMOIMHAMHKH HA
Beenennyio kak menoe, nuca : «JHEprust MEPa OCTAETCs MOCTOSHHOM,
JHTPOIHMS MHpa CTPEMHTCS K MAKCHMyMY». OTO O3HA4aeT, 4TO
Bcenennas paHO WIH TO3JHO NPHIET B COCTOSHHE TEPMOJMHAMMYEC-
KOTO PaBHOBECHSi; TOT/Ia BCE NMPONECCH MPEKPATATCH M MHUp TMOTPY3UT-
Cs B COCTOSIHHE «TEIIOBOH CMEPTH», TeMIEpaTypa BO BCEX Mec-
Tax Beenenno#t Gyner omHOM M TOM ke, ONMHAKOBBIMH OYAyT M BCE
JIDyTHe MHTEHCHBHBIE NapameTphl U Goubitie yxe He Oymer mnpu-
YUH, CHOCOOCTBYIONIMX BO3HHKHOBEHHIO Kakux Obl TO HH 6bUIO
NPOLECCOB.

Konnenmus «rennioBoit cmepTi» BCeJICHHOH —HENOCPEACTBEHHO
BEAET K TMONOBIIHHE.

Omresnbc moxBepr B3risAbl Kiaysuyca peskoil KpHTHKe, MOKa3as,
4TO KOHLEMUHS «TEMIOBOH cMepTH» BeeneHHOM NPOTHBOPEUHT 3aKOHY
COXPaHEHHs W TPEBPAINEHWs SHEPTHH, TAK KaK ITOT 3aKOH, KaK MBI
yXe OTMeYajH, TOBOPHT HE TOJBKO O KOJHYECTBEHHONH HEYHWd-
TOXHMOCTH JIBIXKEHUs! MATEPHH, HO M O HEYTPAYMBAEMOMN CIOCOBHOCTH
K KaueCTBEHHBIM TNPEBPAUICHUSM Da3Tu4HbIX (OPM [BHXKEHHS ONHA
B JpYTyIO.

IlepenoBbie (M3MKM NPOIIIOTO Beka TAKXKE BHICTYNANH IPOTHB
xonuemmu Kiaysuyca.

Bosboe MPOrpeccHBHOE 3HAYCHHE HMENH B 3TOM OTHOLUEHHH
paboThl BBLIAIOIIErocs (u3nKa-mMaTepuanucta Bosbumana.

NPOTHBOBEC ~KOHLEMIMH  «TEMJIOBOH cMepTH» BeenenHoin
BonbuMan  BRIBHHYJ  «(JIYKTYaUHOHHYIO —TMNOTE3y». bBonbiMan
BIEPBbIC YCTAHOBMJI CTaTHCTHYECKYIO NPHPOJAY BTOPOr0 Hadaia

* CicTeMa, 4aCTBIO KOTOpOH sBiseTcs Habopacmas mavu Beenemmas (Me-

TaraJlakTHKa), Ha3elBaeTCA Bceaennoi kak yenoe (B kH.. BeckoHeYHOCTh W BceneHHas.
., 1969).

** C Tex mop 9Ta «Teopus» NONYYHNA NOBOJNHHO MIHPOKOE PACTPOCTpAHEHHE.
Tax, Hanpumep, B ki.: J. Jeans. The Universe around us (Cambridge, University
press, 1930, p. 320) wutaem: «BcelieHHAs HC MOXKET CyIIECTBOBATh BEYHO; PAHO HITH
TO37HO JIOJDKHO HACTYNHTL BPCMS, KOI/Ia e¢ TOCHEJHHH IPr OHEPIHH JIOCTHTHET
HAMBBICUIEH CTYNEHH HA JICCTHWIC NAJAIOWICH NI0/IE3HOCTH, H B OTOT MOMEHT aKTHBHas
Ku3Hb Beenenno# nomkHa Gymer npekpaTHTBCSY.
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TepMouHaMuKki. COCTOSIHHE TEPMOJIMHAMHYECKOTO PABHOBECHS, IO
BonpumaHy, sBisiercss JIMIIb  Haubonee 4acTO  BCTPEYAONIMMCH,
HauGonee BEPOSITHBIM; B DABHOBECHOW CHCTEME BCErNa  CaMo-
TPOM3BOJILHO MOTYT BO3HUKHYTb CKOJIb YrOAHO GoJbIune GIyKTyailu.

Pacnipoctpansis 3TH BBIBOAbI Ha Bcenennyio kak uenoe, bonbuman
TpPUIIE K 3aKJIOYEHHIO, YTO Bcenenﬂax HAXO/MTCs, BOOOLIE roBops,
B COCTOSHMH TEPMO ONHAKO B  Hell
HeH30€XKHO BO3HHKAIOT CKOJIb yro;mo Sobume ‘j)nynyalmu Taxoit
OrpoMHOH (uiykTyaimeit sBisercs Ta 4acTh BceneHHOH, B KOTOpo#
Mbl Haxomumcsi. Bcskas (uykTyauus AOJDKHA MCYE3HYTb, HO CTOJIb
ke Hem3bexHO OyayT BO3HHKAaTh (UIyKTyamMu mnoJoOHOro poja
B apyrux Mecrax Bceenennoit. Takum obpazoMm, mno Bonbnvany,
OJHH MHpHI NOrMbaloT, a ApYrue — BO3HHKAIOT.

TpotuB (nykTyauHoOHHO# TrunoTe3sl BoabuMana Obll BbIIBHHYT
paa BOKpa)KCHHﬁA O}lHﬂM M3 HHX ABJSETCA HCYesaroue majas
BEPOSTHOCTb CKOJIBKO-HHOYAL Gombimx ¢nykryauuit. Hu xonuenums
«TEIJIOBOH CMEpTH», HH «(IIYKTyaUHOHHAs TMIOTE32» HE YYMTBIBATH
cneuuduxu BeenenHo# kak rpaBuTHpylomlei cuctemsl. B To Bpems
KaK JUIs MAEanbHOTO rasa Hanboyiee BEPOSTHBIM SIBISETCS PABHOMED-
HOE pacnpefie/ieHHe YacTHIl B NPOCTPAHCTBE, B CHCTEME TPABHTHPY-
IOLMX YaCTHI OJHOPOJHOE pAcCHpeJe/ieHHE HE COOTBETCTBYET Mak-
cAMabHOM sHTponHH. OOpa3oBaHHe 3BE3J M TaJlaKTHK M3 paBHOMeEp-
HOTO pachpefieieHns BEIeCTBA NMPOHCXOMHMT HE BCIEACTBHE (UIyKTy-
a].lﬂﬁ, a SABNAETCA €CTECTBEHHBIM TMIPOLECCOM, HAYLIHM C pOCTOM
SHTPOIHH.

B HacTosimiee BpeMs BONPOC O «TEIUIOBOH cMepT» BceneHHoit
CTOWT MHaye, 4eM BO Bpemena Kuaysuyca—Bonbumana n HeaBHero
TPOILLIOTO. B COOTBETCTBUH C CO 1 JaHHBIMH Hab.
MeTaranakTuka npeacTaBiseT co6oi PACIIHPAIONIYIOCS CHCTEMY H,
CJIeIOBATENIbHO, SABJISAECTCH HECTduHOHapHOH H03TOMy BOIIPOC O «Te-
IOBOM cMepTH» BeeneHHOM Henb3s Jaxe CTaBHTh (CM. T 8).

Heo6GpatMoe BO3pacTaHWe SHTPONHH B 3aMKHYTBIX CHCTEMax IO
BTOPOMY Hauajly TEPMOJAMHAMHKH OOYCIOBIMBAET OTaM4Me Oyaymmx
coObITHH OT mpomemunx. OTo mpuseno bonbumana k MbiciH 06
MCHIOJIb30BAHHH BTOPOTO Hauajna JUisi ONpE/ENIeHUs POCTa BPEMEHH.
Haue Bpemsi, no Bojbumany, pacteT B TOM HalpaBJIeHHH, B KOTOPOM
BO3pAacTaeT SHTpONMs B oOMTaeMoi Hamu 4yacTu Bcenennoil; B Toi
4acTH BeesleHHOM, B KOTOPO# MPOTEKAOT OTKJIOHEHHS OT PaBHOBECHS
(baykTyauun), BpeMs Te4eT B OOPAaTHYIO CTOPOHY.

paborax 1960—1963 rr. Xoin npemnaran ONpeAensTh MOJO-
KHTETBHOC HANABJICHHE BPEMEHH («CTpesty BPEMEHN») N0 paciupe-
HHIO T.€ 10 Yy PacCTOSIHUSA MEXIY TajakTH-
kaMu. Ecii paHblle rajakTHKH COJMKAIMCh, TO M Bpems, no Xowny,
TEKJIO B IPOTHBOIIOJOXHYIO CTOPOHY 110 CPABHEHMIO C COBPCMEHHHM

M3BecTHa Takke NPUYMHHAS TEOPHS BPEMEHH, COIJIACHO KOTOPOH
BPEMEHHOH MOPSIOK OT MPOULIOro, 4epe3 Hacrosmiee k Oymymemy
XapakTepU3yeTCst NPUYMHHBIM TOPSAJAKOM: OT NPHYHHBI K CJIC/ICTBHIO.
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OnHako, KaK NOKa3blBACT aHAJIW3, IPH 3TOM JONYCKAETCA JIOTHIECKHil
Kpyr: Ui NPHYHHHOIO TMOps/Ka HEABHO HCHOJIb3YETCH MOHATHE
BPEMEHHOTO TOPAJKA, KOTOPOE HEOOXOAHMO BBIBECTH.

Borpoc 06 acHMMETPHH BPEMEHHOTO TOpsiaka (HEOOPATHMOCTH
BPEMEHH) N0 CHX 1Op HE WMMeeT OJHO3HAYHBIX MW OKOHYATEJBHBIX
PpeLICHUH.

Tlo MHeruIO AaBTOpA, HANPABJICHHEC BPEMEHH COJCPXHUTCSH B CAaMOM
ONpE/ICJICHHH  KAaTErOpHH BPEMEHHM Kak (b()prl ObrTHs MaTepuH,
BBIpaXaroliell MpoLecc B3aHMONEPEXONOB MEXIy ObITHEM M HeOBITH-
eM. Pa3miunme Mexay HAaCTOAUIMM, NPOULILIM H OyaymmMm ecth
pas3MuHe MEXIy OCYIIECTB MCSl, OCYLIECT! W TOKa
€Ile He OCYLIECTBMBIUMMCS. BpeMEHHOH acneKT M3MEHEHWs BbIpaXaeT
HMEHHO TIPOLECC CTAHOBJEHHS. AKT CTAHOBJIGHHS, OCYUICCTBJICHHS —
9TO TO BEYHO [BHXYlleecs M BeYyHO npebbiBaroiee COCTOSHHE
MaTepHaIBHOrO MHpa, KOTOPOE H BHIPAXaeTCs B NeHCTBHTENLHOCTHY.

Orciofia  BUIHO, YTO «CTpeNia BPEMEHH» MMeEET OOBEKTHBHOE
HanpaBieHWe B OJHY CTOPOHY —OT HeObITHS K OBITHIO, B CTOPOHY
Pa3BHTHA MPEAMETOB, HX CTAHOBJICHHUS, TIOCTENCHHOTO (OPMHPOBAHHMS
1 ruGenn Kak TakoBbiX. JTa HEOOPaTHMOCTh HANPABJICHUS BPEMEHH
CYILIECTBYET Kak B MHpe Boapam‘alomcu SHTPOIMH, TAK W B MHDe
Guykryanmit Bo. TaKk M B CKHMa-
romeiics Beenennoi. Onpeueneﬂml HaTIDABJICHHS BPEMEHH 110 BOJb-
uMany Wi no Xoily SBISIOTCH IMIMPHYECKMMH, YIOOHBIMH Ut
TPaKTHYECKOTO ONPENC/ICHHs POCTa BPEMERH, HO OHM €CTh CJIE/ICTBHS
0OBEKTHBHOTO HANpABIICHHs BPEMEHH, BHITEKAIOLIETO M3 COMEPXKAHUS
CaMOro NOHATHS BPEMEHH.

3AJIAUH

3.1. Bo3sMokeH JM mpouecc, NPH KOTOPOM TEMNIOTA, B3ATas Y TENJIOHCTOYHHKA,
TONHOCTHIO TIpeBpainaercs B paboty?

3.2. Touemy 0 TOM, 9TO mepexoa

TeNNOTh OT TeMa ¢ GoNbleH K TeNy C MeHbIICH TeMTepaTypoll aHalorHuen

OMYCKaHHIO BECOMOTO TeNa ¢ GOnbleHd BHICOTHI A0 MEHbIUEH?

Ha ropsuyio mecuanyio GaHIO CTAaBHTCS BBICOKHH XHMHYECKHMit CTakaH, Ha JHO

KOTOPOTO HAIMT CIOH QHHIWHA, a CBEPXy NOYTH [0 KpaeB Boja. Yepes

HEKOTOPOE BPEeMA KAILIS AHWIHHA K it u

BOJbI, COBeplias pPaloOTy NPOTHB CHJ TSXKECTH, a NOTOM CHOBA NajaeT

mHO. DTOT mnpouecc Oyaer HOBTOP)ITM:SI JI0 Tex Nop, noka GaHs HarpeBaeTCs.

Kax oBbACHHTS Takoe He p DESHT MM OHO BTOPOMY

Havaly o paboThl NpPH HCMOJb-

30BaHHH TEMIOTHI nm,xo oatoro ucTqum(a"

34. KpacHBylo HarNsiHylo WAMOCTPAIMIO BTOPOrO HAWATA TEDMOTMHAMHKM AaeT
nerckas wurpymka «IIthuka Xorrabeiva» (puc. 13). Ona npeacrasnser coboil
CTEKNARRYIO, narnyxo Jananuuym QHIypHYIO aMIlyly Ha METAILIMYECKOH OCH.
Amnyna B cTBON
TR OTCIONGH Ha | HECKOALKO PajycoB OT BepTHKaiH. [ONOBKZ M KIOB
TOKPBITHI TOHKHM CJOeM BaThl. ECIM HEMHOro YBIaXHWTb TOJIOBKY, ONYCTHB,

33.

S

» G

Ackmu SI. ®. TIpoGema spemern. M., 1966.



35.

Puc. 13.

HanpuMmep, KMOB B CTAaKaHYHK C BOJOW, TO NTHYKa mocne storo Gymer cama
HETPEPBIBHO IHTH» BOJY M3 CTaKauuuka. OGBACHHTL TAKOE MOBEACHHE» MTHUKH.
Ju HIMANILHOE BBIPAXEHHE 3/ICMEHTA TEIUIOTH 80 TOJIOHOMHO TONLKO WIS

TCPMHYECKH OJHOPOIHBIX CHCTeM. I10Ka3aTh, 9TO JUIA TEPMHYCCKH HEOTHOPOIHBIX
cHcTeM 3Q HErONOHOMHO.

36. [loxasath Teopemy [M66ca 06 JHTDONMH CMECH WICATHHLIX Ta3os, HCTIONH3YS
3akon [lambToHa.

3.7. Tloka3aTe, 4TO Pa3HOCTH TEMIE] a'ryﬁ Mexay 1073 m 107° K oKkBHBaneHTHa
pa:mocm ‘l‘eMlledTyp mexay 3 u 300 K, T. e. pasHble TeMnepaTypHbIC HHTEPBAIIb
AT ¢ KenbpuHa He OSKBHBAJICHTHBL.

38. p! P! HMIEATLHOrO 3JIEKTPOHHOIO
rasa cnna.lm cooTHowennem pV=2*/,U. Haittu ans oToro rasa ypasHeHHe
aamaéam B NEPEMEHHBIX p,

39. T 06BeMHOTO "o Bomt npy 4 °C HM3MEHSCT 3HaK,
Gymu npu 0° C<t<4°C permuuHo# oTphuatenbhol. [Noka3ats, 4To B 3TOM
MHTEpBAJNC TEMNEpaTyp BOAa MpPH aaMAOATHOM CKATHH OXJAXJaeTcs, a He
HArPeBAcTCA, KaK APYTHE KAAKOCTH W BCC Ta3bl

3.10. T ¥ npasuno Mak-
cBesIa: na nuarpaMMe V, p mnomanu, oﬁpaaynonmccn NPH  NEpeceuCHHH

‘anbHoli MpAMOF ii — w306apoit
ae (pc. 14), mowetcrnymmeﬂ paEHOBBCHK) xmxoc'rbfnap, OJIMHAKOBBL.

3.11. BeiuHCIHTB SHTpONHIO rasa B: ero aauabarsl.

3.12. Buwcnny passocts Cp—Cy s rasa Bai- epB

3.13. IMoka3aThb, 4TO BHYTPEHHAN 3neprm| BeLIeCTBa C ypasﬂeﬂmm cocrosinus B popme
p=Tf(V) He 3apHcHT oT 0bbeM:

3.14. VCTAHOBHTb, YTO BHYTPEHHSS :mcpmu WIEANbHOTO MAapaMarHETHKA 3aBHCHT
OJIEKO OT TEMNIEPATyphi.

3.15. Buqucnn‘rb pa3nocTh Cg— C, MeX/1y TEIUIOEMKOCTAMH NIPH NOCTOAHHOM HATIPSKe-

MM W TIOCTOSHHOM ued)opmzlmn JUIS TBEPAOTO YNPYIOro CTEPXKHS.

3.16. Buwcnmh paaﬂocn, C, Ci MeXJly TeIIOEMKOCTSMH TIPH TIOCTOAHHOM HATsDKe-
HHH %

KOTOPOrO HMeeT sm: f—CT[I/Io (10/1{ ], HaTskeHue, C=const>0,
I—pmina. TlokasaTe, 4TO BH| HHSIA OHEDIMA TaKOH PE3MHBI. 3aBHCHT TOJNBKO
OT TeMmEpaTypsl M 4TO MpH pacnxcmm OHA HArpeBAcTCA.

3.17. Botumcnuts pasiocts Cp—Cp MKy TEIUIOGMKOCTAMH [HAJCKTPUKA TIPH TOCTO-
AHHOHW HANPAKEHHOCTH E 10N W NPH NOCTOAHHOM CMCIICHHH

3.18. IToxasaTh, YTO [UIS BEUIECTB, y KOTOPEIX JABJIEHHE unnue'rcn nunenﬂon dynxumei
TemmepaTypsi T, TCTIOEMKOCTs Cy HC 3aBHCHT OT 061e

3.19. B KOMHAaTy C yJHIBI BHOCHTCA XOJNOIHOE TEloO. l'[okasarb. 4TO TpPH ITOM

BHYTDEHHA OHCDIMA TeJia YBEJHYMBACTCA 3a CYET JHEPIMH HAPYXKHOIO, a ue
KOMHATHOTO BO3/yXa M YTO NPH OTOIUICHHH BHYTDCHHSS JHEPTHA M JHTPOIIH:
KOMHATHOTO BO3/lyXa YMCHBLIAIOTCA.



3.20.

321

322

323,

3.24.

325,

3.26.

327,

Toxasats, yro muxn Kapro obnanaer p
HauGONBUWAM K. I l. TIO CDABHEHHIO
CO BCEMH IDYTHMH UMKJAMH B TeX
Xe TEMICpATYPHBIX TPCIEaX.
BbIYHCTHTBL K. 1L 1. BO3AYMIHOH Ma-
whHel, pabotatomedr no mukny CrH-
PMHT, COCTOSIEMY M3 [BYX H30-
TepM T=T,; u T=T,, AByX H30X0p
V=V, u V=V,, u cpaBHHTb ero
¢ K. I JI. MalHbl, paboTalome# no
mikny Kapro ¢ Temm xe Temme-
patypamu T; u T;.
PaccmoTpum wakn Kapeo ¢ Bojo#
B kauecTse pabGouero Bemiectsa. Tem-
TEpATYPBl TEIUIOOTAATIHKA H TEIIO-
npucMﬂuxa PaBHBI _COOTBETCTBEHHO Puc. 14.
u 2°C: mpu 6°C Boma namep-
Muqecm pacumpsercsi, a npu 2 °C—wusoTepmmyeckn Ckumaercs. Benemcteue
AHOMAJILHOTO TIOBEJECHHA BOABI NpH (<4 °C npwm obenx Temnepatypax 6Gymer
TIOZIBOZIMTECA TEMIOTA H TOJHOCTBO MPEBPAIMATHCA B PaBOTy, YTO HAXOMHTCSH
B TIPOTHBODEWHH CO BTOpHIM HadanoM. KaX paspemmTh aTo MpOTHBOpEHHE?
BorucmuTh k. M. . mmkna Jlenyapa, COCTOAIIErO M3 HM30XOpHOro I—2, ajm-
abaTtHoro 2—3 u w3obapHoro 3—/ mponeccos (puc. 15). MapamerpoM umkia
SBJIAETCA CTENeHb MOBBIEHHA NABICHHA d=py/p;.
Haiith x. m. . JBHTaTeNs BHYTPEHHETO CropaHus, paboTaiomiero mno uukry
OT1TO, B KOTOPOM CXaTWe H DACUIHDEHHE TOpIOYeH CMECH MpPOM3BOAATCH
anuabaTHO, a ee TOPEHHE TPOHCXOQHT MpH MOCTOAHHOM oObbeme (puc. 16).
TlapameTpoM LMK;a ABJSCTCA CTeNeHb CKaTHs £=V,/V,.
Haiitn k. n. 4. ABMraTens BHYTDEHHETO CrOpaHHS, paﬁorammcro no ImKIy
Jusens, mWarpaMma KOTOpOro H3o0paxeHa Ha PHC. 1—2—anma6aTHoe
CXaTHe aTMoc(epHoro Bosayxa, 2—3
ropioyeii cMecH M ce cropamue), 3—4—ammabaToe pacumpenne, 4—]—
moxopuoe oxnaxnenne. [lapameTpamu IMKNa SBIAIOTCA CTENEHb CXATHS
=V,/V, K CTeneHb TpPeNBAPHTENLHOTO pacumiperus p="Vsi/V,.
Hpouwc nupdy3un gaa}lmﬂux ra3joB HeoGpaTHM. Kak MOXHO OCYLIECTBHTH
cMeucine rason o patuMo? UeMy paBHa OHTDONHA CMECH DA3THYHBIX
HJIeaNbHBIX ra308?
Cocyn ¢ uieambHBIM ra3oM pasjieNieH NEPeropoaxod Ha JBe DPABHBIE YACTH,
B KaXIOH H3 KOTOPBIX B 06beMe V' CONMEPXUTCA MO MOJTIO ra3a MpH Temrepa:
T. DuTponusA raza B mo6oii u3 yacteii papHa S=CyIn T+ RInV+S,, a snTponus

r T

[

Puc. 15. Pac. 16.
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3.30.

331.
332

3.35.

BCErO Ta3a DaBHA CYMMe OSTHX 3HTPO-
nuit obeux vacteit cocyma: S§;=285=
=2CyInT+2RInV+2S,. Tocne yna-
JNeHus meperoponxd obc mopumH rasa,
HAXO/SIIMECS TIDH PABHBIX TCMICPATYpax
H JaBJICHKH, CMEUIHBAIOTCA APYr C ApPY-
TOM M Bech ra3 GyneT 3aHMMaTh oGbeM
2V. DHTponHs Ta3a IOCTE CMEIICHHS
pasua Sp=2Cy InT+2R1n2V+2S,. U3-
MeHeHHe IHTOTHH TIDH CMCUICHHH OyaeT
AS=Sy—S$1=2RIn2. C apyroit cropoHsi,
TaK Kak NPH CHATHH TICPETOPOJKH B CH-

Prc. 17. PACCYX/IEHHS, TIPHBEALIETO K #0.
s 3.28. Cocyn C HMJeaJBHBIM Tra3’oM pasjiciieH
TIEPETOPOAKOH HA JIBE PABHBIE HACTH, KaX/0i M3 KOTOPHIX B obbeMme

p:

V comepxuTcs mo vV Moje# rasa. HOKaazn’ YTO MOC/IE CHATHA TIEPErOpOIKH
JHTPOTHA CHCTEMEI PaBHA CyMME SHTPOIHMH CMCHIHBRIOUIAXCA HacTe rasa,
Kak/jas M3 KOTOPbIX B OTAENbHOCTH 3aHMMAeT 006beM BCCH  CHCTEMBI,
munyc 2vRIn

Haiitn 3urponmo AS cmemerus npu mupdysun aByx nopuni 4 M B ommoro
M TOTO Xe rasa, 1o obbembl V' H TeMnepatypy
T, Ho pasble MaBieHus (T.e. pasHoe uMcio wactuu Ny u Ny ). Oupexetuts
obnacts mimenenns AS npu wimeHenmu N, M N,, HO COXpaHewmu obmiero
uucna vactn Ny +Np=

coboit cMech u3 N 4acTHU MacanbHbiX ra3oB C ¥ D, mpuueMm ra3s A COACPKHT

coctaBa rasoB A W B ¢ COXpAHGHHEM HHCIIA N wacTMIl B KakIOM ra:

3m® NO auddynaupyor B 3m® SO, moa MOCTOSHHBIM OOLIAM ;(zanenum
2020 TTla u Temmepatype 0° C. BLUACTHTS H3MeHCHHE JHTPOIMH.

BbIYMCIHTD M3MeHeHHWe JHTPONHH AS NPH CMELICHHH JBYX DaBHbIX Macc OAHOrO
H TOTO *e 0 rasa, D @JIbHO: a) TIPH

JABEHMH p M pAsTMuHBIX TemmepaTypax Ty M Th; 0) MPH OAMHAKOBO¥
TemmepaType T W pasiMYHbIX J@BJCHWAX p; M py. Onpenenuts obnacTb
wiMcHerus AS B OBOMX Cydasix.

Ha upHMepc BHYTPCHHEH OHEPrMH W SHTAJIbIHM MICANLHOTO ra3a TOKa3aTh,
4TO B OTJIM4ME OT JHTPONMM M3MEHCHHE JTHX AJUIMTHBHBIX (YHKIHH COCTOSHHMA
npn cMeumnuu ra308 He WCHBITHIBACT CKAuka NPH [EPEXOAE OT CMECH PasHbIX
ra3oB K CMECH OJMHAKOBBIX Ta30B.

PaccMOTPeTh WIMeHeHHe TUIOTHOCTH a3d NPH €O M30TEPMHUYECKOM CMELICHHH
C pa3NMUHBIMH TA3aMM M Ha OTOl OCHOBC Da3bACHMTh mapasokc ['nbGca
M TApajokc DHHINTEHHA, WCTIONB3YS BBIDAXEHHS JUI SHTPONHM M auyrpcvmeu
JHEPruH €1a60 BLIPOXIEHHOTO MAEANILHOTO ra3a M3 N aTomoB B ofbveme V mpu
Temnepatype T:

P AL A NkT PO A |
"N R V{wmkT) | 16 VmmkT " |

rae k—mnoctosunas Bonbumana, m-—wmacca aToMoB, h—mnocrosunas MNnanka,
8=—1 ana Boserasa u 8=1 ana depmu-rasa.

BiyTpeHHAS JHCPIHS 160 BHIPOKNEHHOro ra3a i3 N aToMoB B oGbeme V npu
Temmepatype T pasia




3.36.
337

3.3

R4

3.42.

3

vdnir| 108 M
2 16 VwmkT)" |

e k- B h— Tnanka,
8=—1 s Boserasa M 8=1 11s Depmu- rasa. Haiith HoMoncRne TemmepaTypsl
TpY Nepexofe OT a/nabaTHOTO CMEUIEHHA CKOJb YTOAHO GIM3KHX BBIPOXICHHBIX
ra30B K CMCILCHHIO TOXK/ICCTBCHHBIX Ia30B.
Mok WIeaTLHOTO rasa, 3aHuMas o6beM V), ammabaTHO paciuHpseTcs B BaKyyme
10 oBbema V. BHMHCTMTh M3MeHeHHe SHTDOILHH.
IMo BrOpoMy Hauamy paGoTa mpi
npotccee pasea Hymio. IoKa3aTh, 4TO NpH MCTIONL3OBAHHH HEPABHOBCCHBIX
Tpoweccos noameen KpYroBoii Tpouecc ¢ OT/IM4HOA OT Hyis paGoTod npu
OJTHOM  TepM
npu KpaTKoneMeHHoM TEIIOBOM KOHTAKTE MBYX Ten KOTHYCCTBO TEMIOTH!
Nepemuio OT NepBOro Tena C TemnepaTypoit Tj Ko BTOPOMY Tely
¢ 'reMneparypoﬁ T,. BMMCIMTb W3MEHCHME OHTPOMMM STOH CHCTEME Tel.
MOXHO JH CHHTATh, YTO M3MEHEHHE JHTPOTHK TIEPBOro Tena pasko AS, = —Q/ Ty,
BTOPOTO Tenia As,_Q/T,, a W3MCHEHME JHTPONWH BCeil CHCTEMBI TIH TEILIOBOM
koHTakTe AS=AS;+AS; 1/T,— ?
Cucrema anuaﬁa'mo paciuHpsieTCs NepBbii pa3 KBA3HCTATHYECKH, a BTOPOH pa3
HecTaTuueckH. ECim yYOBUTb BHYTpCHHCH JHCDIMH B OGOMX Clydasx OHA M Ta
e, TO MO Nepsomy Hawany SW=0W,,. Kak 5T0 COTlacoBaTh co BTOPHIM
HAYAJIOM, COTNACHO KOTOpoMy W >8W,,?
Tpeanonaras, 4To Mex/y SHTPONHEH S U BEPOATHOCTBIO W COCTOSHHS CHCTEMbI
CcyliecTByeT b (npuHumn B ),
W HCTOAB3YA OBIIE CBOWCTBA IHTONHH 1 BEPOSTHOCTH, YCTAHOBHTH COOTHOIICHHE
Bonbumana S=k In W.
Jlsa Tema c Tevmeparypav 27 u 28°C npusesicHbl B conpuxocﬂoneﬂﬂe 3
HekoTopoe Bpems Tena C GoabwcH TeMncpatypoii K Teny ¢ Mexbuiei
TeMnepaTypoit nepeu.mo KOJIMYECTBO TEILIOTHI, paBHoe 1077 ﬂx OnpenenTs,
BO CKOILKO pa3 BC/EACTBHe OTOFO NEPEXOAd HIMCHHTCH BEPOSTHOCTS COCTOSMA
nMaHHbiX Ten. Yemy paBHa BEpOATHOCTH OBpaTHOro mnepexoma? Kax H3MEHHTCS
Pe3yIbTAT JUIS NICPEXONa KOJHYECTBA TemIOThl, pasHoro 1,2-107 16 Jx?
Tpu naxoxaennu k. 1. & N=(Q,~0,)/Q; wHkna, cocrosuiero u3 asyx u3o6ap
M Byx apuabat (pHc| 18), HCHO!]LZ)/)I B KauecTBe pabOoYEro BEIIECTBA MACATbHBIK
ra3 NpH MaKCHMaIbHOM IABICHWH, B JBA Pa3a TPCBBILAIOMIEM MHHHMAILHOE,
KOJIWYCCTBA TeIIoThl O BBMHCIAUIACH KaK BBIDAXKCHHS Ui PaGoTh
(Ve P1), Oa=p(Vs—V2)
KaK K. I JI. IMKJIa OKa3bIBACTCA BCPHBIM. BBIMHCIHTBL M M OGBACHHTH OMMCAHHBIH
B 3a/a4¢ pE3y.IBTAT.
B XIX B. GbUIH MOCTPOEHBI JBE BEJMKHE JBOJIOIMOHHBIE TeOpHH. IlepBas u3
M

BUHA — ONPEACIIACT IBOJIOLMIO KHBBIX
CHCTEM OT HauMeHee COBEPHICHHBIX
MHKDOOPIaHH3MOB /O BHICOKOOPIaHH-
30BAHHOM CTPYKTYDHI HelOBEHECKOTO
OPraHH3Ma € Cro MbICISIIUM MO3OM.

OKHO JIH HA OCHOBAHMH STHX Te-
OpHii ClIENIaTh BHBOX O HEMOXUHHEHHH
KMBOH NIPHPO/ABI BTOPOMY  Hauajy
TEPMOIMHAMHKH? Puc. 18.
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3.44. B obbeme 2V B TEMHOTe HaxomATcs aBa Mons cMecu—io momo H u Cly.
Peaxuns H;+Cl,=2HCl ocymecTBiusercs AByMA MyTAMH:
a) IpH TOCTOSHHON Temmepatype 7 C TNOMOWIBIO CBETA BBI3HIBACTCS PpEak-
rml B _pesynbrate KOTOPO# BBIICIACTCA TEIIOTA ¢ M SHTPONHA YMEHbIUACTCH
Ha
6) n TeMHOTE cMech pa:nenﬁe'rcn TICPETOPO/IKOH Ha JBE PABHBIC YaCTH H B OJIHO
H3 HHX C peaxuns, B XoTOpO#K
JHTPONHS YMEHBIIAETCH ua q{(2T) 3aTeM B TEMHOTE yﬁupaﬁcx nieperopoaxa —
JHTpONHs BO3pacTeT Ha 2RIn2; nanee ¢ MoMowbIO CBETa CHOBA BHI3BIBAETCS

5, ¥ TaK KaK B [JaHHOM Cly4ae TEIUIOTA PeakiMH He 3aBHCHT OT obbeMa,

JHTPONMA CHCTEMB! ymeHbMTCS Ha ¢/(2T). B wmrore cyMMapHoe H3MEHEHHE
HTPONHH Ha Ile'pr nyTa AS; = —q/T, a Ha BTOpOM myTH A, —q/T+2RIn2,
T.e. AS;>AS,, 9TO NpPOTHBODEYHT CBOWCTBY OHTPOTHH KaK OIHO3HAYHOM
ynxuan coc-romm! Pa3bACHMTL BO3HHKINEE NPOTHBODPEHHE.




TJIABA YETBEPTAS
TPETBE HAYAJIO TEPMOJIUHAMUKHA

B Havane XX B. (1906—1912 rr) B pe3ynsmame
UCC}'IE,qOBaHUﬁ csosicms  men npu HU3KuUx mem-
nepamypax HepHcmom 66110 ycmaHoBNeHo mpemee
Havano mepMmojuHaMuku, KOmopoe nocsie J[onarux
nem OGCy)K,quHH B Hacmosiujee BpeMs mak xXxe
nNpoyYHo 06OCHOBAHO, Kak U nepsble gBa Havana®).
H i o6

mpemsero Hayana sBnSOMCS NPOLECCH NPU HUIKUX
memnepamypax. OfHaKo OHO urpaem CyljeCmBeH-
Hyl0 posib U B 60Jiee WUPOKOM meMnepamypHOM
uHmepBane, mak Kak no3Bofsem ONpejensmob
affumuBHble NOCMOSHHLIE B  BbLIPAXEHUAX NS
Kakum-

ponuu, Hesbas
NU6O [PYruM MEePMOJUHAMUYECKUM NYMeM.
§ 21. ®OPMYJIMPOBKA TPETBETO HAYAJIA TEPMOJUHAMUKU

OTKpBITHE TPETBErO Hayajla TEPMOTMHAMUKM CBA3AHO C HAXOXAECHHEM
XMMHYECKOTO CPOJICTBA — BEJIMYMHBI, XapaKTepu3ylomeil crnoco6HOCTh
PA3NMYHBIX BEINECTB XMMHYECKH DPEArMpoBaTh JPYr C APYyroM. Orta
BEJIMYMHA OTPpeneserTcss paboTod W XHMHYECKMX CHJI NPH PEaKiudH.
ITepBoe M BTOpPOE Hayana TEPMOAWHAMHUKH MO3BOJSIOT BHMHCIHTE
XHMHYECKOE CPOACTBO W TOJIBKO C TOYHOCTBIO JO HEKOTOPOH
Heonpenenennor dyaxuun 1(T) (cM. § 48). UTobbl ompeaenuts oTy
(yHKUMIO, HY)XHBI B JONOJNHEHHE K 0DOMM HayajaM TepPMOTUHAMHKH
HOBBIE ONBITHBIE JaHHBIE O cBoicTBax Ten. IMosromy Hepucrom 6w
NPEINPHHATH IIHPOKHE KCIEPHMEHTANbHbBIC HCCIIEIOBAHUS MTOBEACHUS
BEIIECTB NP HU3KOH TemnepaTtype. B pesynabrate 9THX McCiemoBaHuil
¥ ObIIO CHOPMYIIMPOBAHO Mpembe HAYAA0 MEPMOOUHAMUKU: RO Mepe
npubauncenus poi k 0K 1p 8cAaKoll i
cucmemsl _npu u P KUX Ny X nep om
KaKux-Aubo mepmoOuHaMuueckux napamempos coCmosHus u & npedese
(T=0 K) npunumaem 00ny u my xce 045 6cex cucmem YHUBEPCAAbHYIO
ROCMOAHKYIO GeAUNUIY, KOMOPYIO MOXCHO NPUHAMb PAGHOL HY.aio.
OO6ImHOCTL ITOTO YTBEPX/CHHA COCTOMT B TOM, YTO, BO-NEPBBIX,
OHO OTHOCHTCS K JIO0OH PaBHOBECHON CHCTEME M, BO-BTODbIX, YTO

P

* Bompoc 06 yIOBIECTBOPHTETHHOM CTATHCTHYECKOM OGOCHOBAHMM TpETHEro
HAYANA  SBJSETCA, OjHAKO, JO CMX NOp OTKDBITHIM, @ NONydMBINEE IMPOKOE
pacnpocTpaHcHne 0GO0CHOBAHHE HTOTO 3aKOHA HA OCHOBE HEBBLIPOXKICHHOCTH OCHOBHOTO
YPOBHS CHCTCMBI HEAOCTATOMHO.
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npu T—-0 K 3uTponus He 3aBUCHT OT 3HauyeHMs Jo6Oro mapamerpa
cucteMbl. TakuM 06pa3oM, 1O TPETheMy Hayaiy,

lim [S(T, x2)—S(T, x;)]=0, [C3)]
T-0K
HIIH
. as
lim (%) <o, .
T-{TK(aX)T o @2

rie x—moboil TepMoIMHaMuueckHil mapamerp (a; wm A;)*.

Tpenenbhoe 3HaYeHWe SHTPONMH, NMOCKOJIBKY OHO OJHO M TO Xe
JUIS BCEX CHCTEM, He MMEET KaKoro-iubo (usuyeckoro cmeiciaa
M TI03TOMY NOJIaraeTcs paBHbIM Hymo. Kak nokaseiBaeT craTHcTHYeC-
KOE PacCMOTPEHHE 3TOrO BOMPOCA, JHTPOMHA IO CBOEMY CYIUECTBY
OnpeJiesicHa C TOYHOCTBIO IO NPOHM3BOJbHON IOCTOSHHOM (nogo6HO,

, BJIEKTPOCTAT y NOTEHIMAJly CHCTEMbI 3aps/IOB B Ka-
KOM-M60 Touke mons). Takum 06pPAa3oM, HET CMBICAA BBOJUTH
HEKYIO «aBCONIOTHYIO SHTPOMMION, KaK 3TO jenan IlnaHk H HeKoTOpbie
JIpYTHE YHCHBIE.

Hocrosucrso sutpoman (S—0) mpu_T—0 K, cormacro (4.1),
O3HayaeT, 4TO 3oTepMuyeckuit mpouecc T=0 K spnsercs omHoBpe-
MEHHO M W30JHTDONHMHHBIM, a CJENOBATENbHO, M agHabaTHbIM**).
Takum 00pa3oM, IO TpEeTheMy Haually, HyNeBas W30TEPMa COBMAJaeT
C HYJIEBOH M303HTPONOH M aauabaToif.

CymecTByeT psin BemiecTB (HEKOTOpble CiIaBbl, rmuepuH, CO,
NO u ap.), mns xoropeix AS npu T—0 K crpemutcs K OTJIHYHOR
OT HyJs BEJUYMHE.

Kax noxasan TmartenbHbl# aHaaU3, 3TO KaXyIIEecs NMPOTHBOPEUHE
C TPeTHMM HAyajOM CBS3aHO C «3aMOPAXMBAHHEM)» HEKOTOPBIX
BEIECTB B METACTAOMIILHBIX MJIM HEPABHOBECHBIX COCTOSHHMSAX, B KO-
TOPBIX NMPH HU3KOW TEMIEpAaType 5TH BEIIECTBA MOTYT HAXOIHMThCS
INMTeNbHOE BpeMs (HECKOJNIBKO JIHEH MM Heledb), NpexXAe ueM
NpUAyT B CTaOMJIBHBIC PaBHOBECHbIE cocTOsHHMA. Korma usmepenus
6bu npoBenieHbl ¢ GONBIIMMH NPOMEXYTKAMH BPEMEHH, TO OKa-
3aJI0Ch, 4YTO pa3HOCTh 3HTpomMii AS BO BCeX Clyyasx Hcyesaer
npu T-0 K.

B Hacrosiee BpeMs CHIPaBe/UTMBOCTD TPETHEro Hayasia 060CHOBaHA
JUIS BCEX TEPMOIMHAMHYECKH DPABHOBECHBIX CHCTEM.

3aMETHM, YTO TPETbe HAYANO0 TEPMOAMHAMMKH, ONpENeNss MNpEAe] MpOH3-
BonHbiX (3S/0x)y mpn T—0 K, se onpenenser npenena npoussoansix (0S/6T), npu
T—-0K: ans GonblumHCTBA Ten lim (0S/0T),=0, UIA HEKOTOPBIX Xe TeX 5TOT
npene.u OTJIHYEH OT HYIs (CM. 'm)mqy 5.12).
b I€0BATENLHO, HA OSHTpOMMitHOM fmarpamme npu T=0K och onTpomun
CIHBaeTCA B TOUKY, TOITOMY OTY OChb CICAYeT MPOBOJHTH HA YPOBHE HEKOTOPOH
TemnepaTypst Boiie 0 K.
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§ 22. HEKOTOPBIE CJEJACTBUA TPETBET'O HAYAJIA
TEPMOJAWHAMHUKHA

TpeTbe Ha4vaJI0O MO3BOJIAET CJeJaTbh 3aKJIIOYEHHE O IMOBEACHHH Tep-
MoanHamuyeckux BeamuuH npu T—0 K. PaccMoTpuM HekoTopeie H3
CHEJCTBUI TPETbEro Hayaja.

Hemocrxnmocts 0 K. M3 TpeTbero Hauajma HEnocpeiCTBEHHO
clielyeT HENOCTHXHMOCTL TEMIEPATYpbl .

JleficTBUTENLHO, OXJIaXIEHHE CHCTEMBI OCYHIECTBISETCS HOBTOPE-
HHEM CNENyIONHMX JApYr 3a JIPYroM NpoLeccoB aauabaTHOro pac-
WHpenns (IPH KOTOPOM TIOHMXKAETCA TeMINepaTypa) M H30TepMHMyec-
KOro cxaThsi (IPH KOTOPOM yMeHbinaerTcs sHTponus). ITo Tpetbemy
Hayajy TpH HM3OTEPMUHYECKHX TNPOLECCax, KOTJAa TeMIepaTypa MNpH-
6mmkaerca k 0 K, SHTponMs mnepecTaeT H3MEHATHCS IPH CKATHH.
TostoMmy cocTosEHe ¢ S=0 3a KOHEYHOE YHCIO YKa3aHHBIX MPOLECCOB
HEJIOCTUXUMO, a CJeA0BATCJIbHO, HEAOCTHXUM H OK, TaKk Kak
COTJIACHO TOMy e Hawany cocrostaue ¢ T=0 K cosmajaer ¢ co-
crosuueM S=0. K temneparype 0 K MOXHO JMIIL aCHMIOTOTHYECKH
TPHOIHKATHCS.

DT0 CNEACTBHE TPETHErO HAYaja IO CBOEMY CONEPKAHHIO OK-
BHBAJICHTHO TPETbEMY Hayay, T. €. €CIM TpPETbe Ha4yaJl0 HEBEPHO,
TO MOXHO J0CTHYb TEMIEpaTypbl OK, H €C/IM MOXKHO JOCTHYb
0K, 1o passocts 3HayeHuit dHTponmii npu 0 K jmosmkHa ObiTh
oTMYHa OT Hyias (cM. 3amauy 4.1). ITo 3Tolf mpHYHHE TPETHHM
HavaJIOM TEPMOJHHAMMKH 4YaCTO HA3bIBAIOT NPUHLMUI HEAOCTHKUMO-
ctu 0 K. MMenHo Tax chopmysmposan 3to Hayano HepHeT, KoTopslid
He JIOOMI TNOHATHA OSHTPOIMM W He ynoTpebnsn ero. OnHako
q)OpMyJ'lﬂpOBl(a TPETHEIO0 Hayajga B BHAE 3aKOHA O TIOBEJICHHH
outponuu npu T—0 K Gomee ynobma, Tak Kak HENOCPENCTBEHHO
NPUBOAMT K MaTeMaTH4eckKol 3amucH (4.2).

I KO! roB npi T—0 K. Tepmuteckuii

“7{),

TEPMHUYECKHN KOIDOUIMENHT NaBJIcHUs

-42).

KaK ¥ BOODIUE TEPMO, KHe 0a/dT), n (BA/aT -
HOJDKHBL, N0 TPEThEMY Hauaily, NPHOMIKATECA K HYMO npu T—0
B camoM gefle, BLIMHTAS W3 ODEHX ¥acTed OCHOBHOTO ypaBHEHHS

Tep!
K03hGUUHMEHT pacIIMpeHus

tepmounamuxu dU=TdS—Y A;da; muddeperuman d(TS), nonyuaem
i

d(U-TS)=—SdT-Y Aida,, “3)

93



u Tak kak d(U—TS)—nomwiit mupdepennman, 1o (8S/0a;)r=
=(04:/0T),,.
IMo TperbeMy Hawany (4.2), npu T7—0 K sHTponms nepectaer

)
3aBHCETb OT NMApaMeTPOB COCTOSHUS, T.e. lim ;) =0, mo3romy
T-0 K \%4/1
(o4
lim <~) —0. )
-0k \ 9T /e,

Ecnu k obenm dactsM ypasuenus (4.3) npubauth muddepenuman
dy Aia;, O

d(U— TS+Y, A.-ai)x —8dT+Y a;d4;,
i i

(6.5‘
oTkyma —( —

) =<a—") M, COTJIACHO YypaBHeHuio (4.2),
4;)r 4

aT,
. da,
lim (——) =0
10k \OT /4,

B uacrHoM cimyyae mpu a=V u A=p u3 dopmyn (4.4) u (4.5

noJiry4yaem
lim <5",) = lim (ﬂ’) =0
T-0K voraok\T/s

g

H, CJIEI0BATENILHO, TEPMHYECKHE KO3 THI TEIUIOBOIO Pa pe-
HHS O M JaBieHMs y obpamarorcs B Hyas mpu T—-0 K.

Mpunumass B ¢dopmyne (4.4) B kadectBe OGOOLIEHHBIX CHII
A; MOBEPXHOCTHOE HATSKEHHE O, 3. J. C. IajibBAHMYECKOrO IUIEMEHTA

M T.[A, TOJydaeM, 4TO Bce 3TH BenumuuHsl npu  7T-0 K
nepecTaloT 3aBHCETb OT TEMNEpATypbl H, CJIE€I0BATEIBLHO, TEM-
nepaTypHblif kK03GHUIHEHT NOBEPXHOCTHOrO HATsDKeHUs 06/07T, Tem-
nepaTypHbid Ko3puuuenT 3. 4. ¢. 06 /0T U T. . AOIKHBI 0OpalIAThCS
B Hy1b NpH npuGmxernn temmepatypsl k 0 K. AHanoruyso,
npu a=J, P u 1.4 u3 ¢opMmynsl (4.5) ycraHaBiMBaeMm, 4TO
TEMNEpPaTypHbIH KO3(pHIMEHT HaMarHMYeHHOCTH éﬁ.//&T,, H TeM-
nepaTypHbIi k03b@HUHEHT nonspusosansocTH (0P /0T )g obpamaiotcs
B Hyn» npu T-0 K.

TH BBIBOJBI M3 TPETHETO Hayala OBUIM IOATBEPXKIEHBI OKC-
TIEPUMEHTAJIBHO.

Buiuncienne SHTpONHM M NoBeenHe Temioemkoctedi mpu 70 K.
Tperbe HAYaNO0 TEPMOJMHAMUKH YPE3BBIYANHO YIPOCTHIIO BLIYMCIIEHHE
BCEX TEPMOJMHAMMYECKMX (yHKIMH. JIO YCTAHOBJNEHHS TPETHErO
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Hayaja JUIA BBIYMCIIEHHS OHTPOIMH HE06XOMuMO ObLIO 3HATH TeM-
NEpaTYpHYIO 3aBHCHMOCTb TEILIOEMKOCTH M TEPMHYECKOE ypaBHEHHE
COCTOSIHHSL.

CornacHO Xe TPEThEMYy Hadalyly, JHTPONHIO MOXHO HAXOMHTh,
3Has JIMIIb 3asncuMocn, TEIUIOEMKOCTH OT TEMIIEPaTypsl M He
p yp COCTOSIHHS, KOTOpOE JUIsi
xonnencnponaﬂﬂux TeNl HeM3BEeCTHO. JIEHCTBHTENBLHO, M3 BBIPAXCHMI
JUIS TEMIOEMKOCTEH

Cy=T(6S/3T)y, C,=T(0S/0T),

10 TpeTbeMy Hayaly HHTErPUPOBAHHEM MOJIydaeM

T

T
s(v, T)=f%"dT, s(p, T)=J£;dr 4.6)
0 0

TakuM 06pa3oM, 3a/1a4a BBIMHC/ICHHS JHTPOIHHM CBOAMTCS K ONpe-
JIC/ICHUIO JIMIIb TEMINEPATYPHOH 3aBHCHMOCTH TEIIOEMKOCTH. JTHM
OOBACHAETCA, YTO «HPOGJIEMa TEIUIOEMKOCTH», DEIlieHHeM KOTOpOi
3aHuManuce Oiimmreitn, Jle6ait, Bopn, Kpamepc u np., 3aHsia
Takoe BaXHOEe MecTo B (u3mke Hayana XX B.

IMo TpetheMy Hauaiy, sutpomus npu T=0 K, kak u npu moGoit
JIpyro# TemmepaType, KOHEYHAa, MOYTOMY HHTerpaisl B (opMyiax
(4.6) momxHbI GBITH 5. OTO Bbl TCSl, €CJIH TOJbIH-
Terpaibubie Gyskumn Cy/T u C,/T Ha HWXHEM npelene IpH
T-0 K Bo3pacTaioT MejUIcHHee, yem 1/T: Cy/T=C|T* (C=const,
a<1), moaromy

Cy=CT'"*=CT " (n=1-a>0). [7%))

Torma Cy—0, C,—0 npn T-0K.

3T0 crexcrare TPEThEro Hayaja B OTJMYHE OT BbIBOJA O He-
noctukumoctd 0 K He OKBHBANEHTHO BO BCel MOJNHOTE CamMOMy
TPEThEMY Haualy, TaK KaK OHO IMOJYYAeTCs JMIIb M3 NOMYIUEHHS
0 KOHEYHOCTH SHTponmuH B mpesene 7'=0K u He wuckmodaer npu
9TO# TeMnepaType 3aBHCHMOCTH SHTPONHH OT NapaMeTPOB COCTOSHAS,
He HMMelolell Mecra no Tperbemy Hadany®. Cornaco Qopmyie

* BHIBOA O CTPEMJICHHH TEMJIOEMKOCTEA K Hymo npu T —0 MOXHO MOTYdHTH
M M3 MEPBBIX /IBYX Haua]l TEPMOJMHAMHKH, CCIM CYMTATh, YTO BBITCKAlOWlee M3 ITHX
3aKOHOB ycnoBME ycTofiumBocTH T/Cy>0 coxpamsierca # mpu T=0 K. Opmaxo ato
HE 03HAYACT, YTO TPEThE HAYANO CICAYET M3 NCPBOTO H BTOPOTrO HAYAN, MOCKONBKY
paccma BHIBOX He TeH 10 CBOCMY TpeTheMy Hadany.
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(4.7), npomssonuas (8S/0T), npu T—0 K H3MeHseTcs 1O 3aKOHY

(35

M B mnpefene paBHa wiM Hymo (ecim a<0), WM NOCTOSHHOR
BemmunBe (ecm o=0), M GeckoHeunoctH (ecmu 0<a<1). Takum
OGPHSOM, TPETBE HAYaJIO, KaK YX€ OTMEYaJIoCh, HE ONpEAeIseT
npejiesta npousBomHBIX Buma (0S/0T), npn T=0K.

Boipoxkienne uaeaabHoro rasa. Bripaxende ajis SHTPONMH MOJS
HJIeaNbHOTO rasa

S=CyInT+RIn(V/N)+So,

TOJIy¥eHHOE NIPH MCNIONB30BaHMM ypaBHeHus Knaneiipona —Mennese-
eBa pV=RT ¥ TOJOXEHUS O HE3ABUCHMOCTH TeEMIOEMKOCTH
Cy OIHOATOMHOTO Ta3a OT TeMIEPATYphl, MPOTHBOPEUHT TPEThEMY
Havajgy B JBYX OTHOIUCHHSX: BO-NEPBBIX, U3MEHEHUE SHTPONHH

(AS)y=RIn(V,/V,)

NpH H30TEPMHYECKOM Tpomecce, koraa 7'=0K, He paBHO Hy;IO
M, BO-BTOpBIX, npu T—0 K 3HTpOmHs CTPeMHTCS He K MOCTOSHHOM
BEJIMYMHE, 4 K —00. 3rto yKa3plBa€T Ha TO, 4YTO TMpH HU3KOH
TEMNepaType MIEasbHbIi ra3 JOJDKEH BECTH cebsi HE MO yPaBHEHHIO
Knaneiipona — MenypienneeBa u 3akoHy Cy=const, a uHave. Takoe
OTKJIOHEHHE MJICANILHOTO Ta3a OT KJACCHYECKHX Ta30BBIX 3aKOHOB
(MOTy4aeMbIX M3  KJIACCHYECKOH CTATHCTHKM) HA3BIBACTCS  BbIPO-
JHcOeHueM.

Tperbe Hayano, CNEOBATENLHO, NPEJICKA3BIBAET BBIPOXKICHHE
HUAcalIbHBIX ra30B IpH HHU3KOH TeMmeparype. Kax nokasaio PpasBUTHE
KBaHTOBOH CTaTUCTHKH, TaKO€ BBIPOXKICHHE }.ICﬁCTBPITC!IbHO HUMeeT
MecTo. OHO yKa3biBAaeT HA HEMOCTATOYHOCTb KJIACCHUECKOH MEXaHMKH
M OCHOBAHHOW Ha Helf KJIAacCHYeCKOW CTATHCTHKM B OOJACTH HH3KHX
TEMNEPATYyp. KBaHTOBas CTaTHCTHKA TIOKa3bIBAa€T, YTO TPETHE HA4alo
TEPMOJWHAMUKH SBJISETCS MAKPOCKONHYECKMM MpOSIBJIEHHEM KBaH-
TOBbIX CBOMCTB PEANbHBIX CHCTEM NpH HU3KHX TEMIEpaTypax.

BoIuHc/eHHe IHTPONHIAHOH H XHMHYECKOH MOCTOSHHBIX H/IeaJbHOr0
rasa. BTOPOC HayaJjlo, KaK HM3BECTHO, OCTABJISET OTKPBITHIM BOIPOC
O SIBHOM BHIE 3H1’p0ﬂﬂﬁﬂ0ﬁ ¥ XMMHYECKOH MOCTOSHHBIX HEAJILHOTO
rasa, 3HaHME KOTOPBIX HEOOXOAMMO NMpH PAcCCMOTPEHHH PaBHOBECHS
B pa3siM4YHBIX CHCTEMax (XHMH‘ICCKMC PeaKkuuy, HCnapeHue, TemnoBas
MOHM3aIMs W Ap.). TpeThe HAYano MOXET ObIThb KOCBEHHO HCIOJNb-
30BaHO [Jis peLIEHHsl ITOW 3aJaud, XOTS KJIACCHYECKHil HeasbHbIH
ra3s W He YIOBJETBOPSET TPEThEMY Hauay.

MIIEH BBIYMHCIICHUSA 3HTpOHﬂHHOﬂ TOCTOSHHOH HJeaJIbHOro rasa
C MOMOUIBIO TPETHLEro Havajga COCTOMT B TOM, YTO pacCMaTpHBAETCH
YCIOBHE DaBHOBECHS TIa3a H TBEPAOro Tela OJHOTO M TOTO e
BemecTBa (PaBEHCTBO XMMUYECKHX IOTCHIWANOB BELIECTBA B O6eHX
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($azax), B KOTOPOE BXONAT BBIDANKEHHS JHTPONMM KaK Ta3a, Tak
M TBEPJIOTO Tesia. DHTPONHS TBEPAOrO Tesia ONpeJeNSeTCsi Ha OCHOBE
TPEThEro Hauaja no opmyse (4.6), a SHTPONUS WICAIBHOrO rasa
Boluncasercs mo Qopmyne (3.38), W TakuM 006pa3oM H3 yCIOBHS
@30501’0 PaBHOBECHS OIIPECIAOT 3HTpDﬂﬂﬁl{le TIOCTOSTHHYIO Tasa.
OHTpONUiHAsA MNOCTOSHHAS So CBS3aHAa C XMMHYECKOH NOCTOSHHOM
i rasa. OTH MOCTOSAHHBIE MOXHO BBIYMCIIMTH METOJIAMU CTATHCTHYEC-
xoif ¢usukd. [l OHOATOMHOTO Ta3a OHM PABHbI

FE

rie k—rmnocrosivHas BoibiMana; /1—noctosuHas Ilnanka; m —wmacca
aToMOB rasa; g-— CTATHCTHYECKMH BeC HOPMAJILHOTO  COCTOSIHUS
aTtomMa, 3anucxumﬁ oT €ro OPGHTﬂﬂbHOFO MoMeHTa L U cnuHa
s (nns uHepTHBIX Ta3oB L=s=0 u g=1). Takum obpasomM, suTponus
MOJISi HJIEaJBHOrO Ta3a paBHa

g(ank)J’Zc 2 a2 Ve
N

=]

5,3 A
So—k(§+ilnk+l),

S=CyInT+R ln£+R In

(4.10)
e Cy=>/,R="/,kN,, g=1.

3AJAUM

4.1. [lokasaTh SKBMBATEHTHOCTh CICIYIOUIHX (POPMYITMPOBOK TPETHErO Hauaia: a) Npu
T—0 K ouTponus S IiOGOH PABHOBECHOM CHCTEMBI ICPECTACT 3aBHCCTh OT
1apaMeTpos, OIHO W TO Xe [UlA BCEX CHCTEM

NOCTOSIHHOE 3HaveHue; 0) 0 K HeMOCTHXHM.
4.2. Cepoe OJIOBO NpPH HATPEBAHKH TIepeXOUT B Gesoe npu Ty 7‘)’ K (¥ HOPMATLHOM
TennoThl A =2242 Jlk/mons. Tpu
T<To Getoe 070BO  MeHEE  YCTOIMMBO, mo_eywectayer Rapaly c cspi
M TOITOMY MOXHO w3meputh 3asucumocts Cy(7) xak ceporo. T1ak u C(T)
Gesioro 010Ba BILIOTh 0 TeMNEpaTypbl nepexoaa. [lpu 5ToM B pesy:ibraTe

YHCIOBOTO WHTErPHPOBAHMA MOTy4aCM:

J'C mdr 44,12 Tx/(Monb - K);
%
Ty
fvc‘;”dh 51,54 [lx/(voms - K).
»

IMokasaTs, 4TO TpHBENCHHBIC OKCNEPHMEHTANLHBIE JIAHHBIC JAlOT XOpoluee
TIOTBEPXK/ICHME TPETLErO HAYANA.

43. ToxasaTh, 4TO MO TpeTheMy Hauany TepmoauHamuku sakon Kiopu ais
napamarterukop (y=C/T) HCCNPABEMINB N1% OMCHb HM3KMX TCMICDATYD

4 3ax 827 97



44.

45.

4.6.

47,

Havnenue p u_ BR! HHAS OHeprus U HACANBHOTO mnpoﬂnoro rasa,

3aHHMAIOWET0 06BeM CBA3AHBI pV=2/3U. 11 ITHM,
HaliTH 3aBHCHMOCTH «Hynenoii JHEPrHK» ONEKTPOHHOTO rasa OT KOHUCHTPAUHH
JIEKTPOHOB.

Hcxons ®3 OCHOBHOTO HalTH

s
MIMCHEHHS TCMIIEPATYPHl TIDH M3MCHCHHH [aBieHHS B aiMaGaTHOM mpoiecce
W, TONb3YACh TPETHHM HAYAJIOM, TOKa3aTh, 9YTO HIMCHEHWE JIABJIEHHS p,
HEOOXOMMOE [UIS MIMEHCHHS TEMMCPATYPHl HA KOHEYHYIO BETHYMHY, JOJIKHO
HeorpaHw4eHHO Bo3pactate npk T—-0 K.
Il-a cocya, He-Il. Ecnu cosmams
B COCYy/lax PasHOCTb TemmepaTyp AT=T;—T,, TO 3TO BLI3OBET B HHX Pa3HOCTh
uanueuui yponnen) Ap=p;—p,. OOBSCHHTL 3TO SBJICHHE H YCTAHOBHTH CBS3b
mexay AT u Ap, ocHoBl umcn, Ha ToM, 4to He-II TIPEACTABIET coboit xax
6Bl cMech JIBYX AHOH mei», He
u JHTpOnMeH H mwmug uMc)omcu, 1O TpeTbeMy Hauany, Teunepa'rypy T=0K,
JIpYTO# «HOPMaJbHOM», Besywiel ce6s xak OGBIMHAR KWIKOCTI
CTaTucrmecxoe 06OCHOBAHHE TPETRETO Hauana OGBIMHO csxaunamr € HEBBIPOX-
npu 0 K reno B OZHOM
HOM COCTORHHH. TepMOMHAMHYECKas BEPOSATHOCTh W 3TOr0 COCTOSHHMS paBHa
equHMUE, W Tax Kak oHTporms S=kInW, to npu T=0K outponus S=0.
Tlovemy Takoe 06OCHOBaHWE TpeThero Hayala He SBISETCA JOCTATOMHBIM
H NpaBHIbHEIM]




TJIABA MATAA

METO/JAbI TEPMOJMHAMHKHN

TepmoguHaMu4eckoe uccne,qoeaﬁue hu3uyeckux
Havan
mepmoguHamuku. Camo npuMeMeHue Hadan mep-
MOJUHaMUKU Ans peleHus Gu3udeckux 3agay ocy-
AByMsi B

BUU C 3MuM pasfuyalom gsa Memoga MmepMmofu-
HaMuKu: Memog LuKnos (prrosux npoueccoa}
u memojg (unu
memog xapaKmepucmuvecxux cpynkuuu)

§ 23. METOJl UMKJIOB

Memood yuxa06 3aKiItOYAETCA B TOM, YTO JUIS YCTAHOBJIEHHS OFpe-
JIEJIEHHOM 3aKOHOMEPHOCTH TOTO MJIH MHOTO SIBJICHUS PACCMATPUBAETCS
HOAXOAIMM 00pa3oM noaoGpaHHblii OOpaTHMBbIH IMKJI M K 3TOMY
LWMKJIY OPUMEHSIOTCS YPABHEHHs NEPBOTO W BTOPOTO Hauajl TEPMO-
AUHAMUKH:

§50=W, 6
30 _
§%2-

(5.2)

C nomouikio ypaBHeHuH (5.1) u (5.2) ynaetcsi BCKphITh HCKOMYIO
3aKOHOMEPHOCTD, €CJIH BbIOpaHHBIH LMKJ TAKOB, YTO HMEETCS BO3-
MOXHOCTb BBIMMCIICHHS HEOOXONWMBIX BEJMYHH, BXOJAIMX B 3TH
ypaBHEHHMs [/isi BCEX O3JIEMEHTOB IMKJIa. B GOJBIIMHCTBE Ciydaes
H3y4aeMyro CHCTEMY MBIC/IEHHO 3aCTaBJISIOT COBEPIINTHL uuki KapHro.
Torna ypasHenne (5.2) ucnonb3yercs B BHOe nepBoii Teopembl Kapuo
0 HE3aBHCHMOCTH K.ILJ. 3TOTO LHMKJA OT NPHPO/ILI paboyuero BEmeCTBa.
ITosToMy nojydYeHHOE C MOMOIUBbIO ypaBHeHHs (5.1) BhIpaeHue mis
K.ILA LMKJIa B JIAHHOH KOHKDPETHOH 3a/laye NPUPaBHMBAIOT OTHOLUE-
g0 (T,—T,)/T; ¥ M3 NOJy4eHHOTO DABEHCTBA ONPEIENAOT HEOO-
XOIHUMYIO 3aBHCHMOCTB.

HaiineM memodom Kpyzo8bix npoyeccos 3aKOH M3MEHEHHsS TOBEPX-
HOCTHOTO HATSKCHMS C Temreparypoil. Jlius 3TOro OCymIECTBUM
umnki KapHo ¢ xkumxoii mienko#l B npoBosiodHoil pamke. M3o6pasum
9TOT LMKJl HA ILIOCKOCTH C KOODAMHATHBIMH OCAMH X, ¢ (Z—
TIOBEPXHOCTD ILIEHKH, G — IIOBEPXHOCTHOE HaTsbkenue; puc. 19). Tlycrs
BHA4aje NOBEPXHOCTh IUIEHKH paBHAa X,, HaTshkeHMe O (Touka [).
PacTsiHeM IUIEHKY M30TEPMMHYECKH A0 cocTosHusi 2. IloBepxsocTHOE
HATSKEHHE [PH OTOM HE HM3MEHHTCS, HO TaKk KaK YBEJHYeHHe
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© TIOBEPXHOCTH IUICHKH CBA3aHO C OXJIaXK-
4 T-47- 5 ACHHEeM, TO, ISl TOTO YTOObI npouecc
i e M30TEPMHMYECKH, Ha ywactke [—2
140 Tyienke coobmaercs Temiota @, HpH
2 Temnepatype T. PacTsHeM IUIeHKY aju-
abatHo 10 cocTosHHs 3, NpH 3TOM ee
TeMnepaTypa nommsutcs Ha d7, a mo-
BEPXHOCTHOC HATAXEHHC YBC/IW4YHTCA Ha
I, A >  do. 3aTeM Janum IUIEHKe BO3MUKHOCTb
CHayaja M30TEPMHMYECKH CXKAThCi JO
Puc. 19. cocTosHus 4 (pU 3TOM NpPHIETCA OT-
HATH y Hee KOJIMYECTBO TEMIOTH Q,);

a NOTOM elue aauabaTHO CXKATHCA JO COCTOSHUS [.
Pabora W, copepiuenHas mieHkoii 3a umka, pasHa Q,—Q,
H oTpuuaTe/bHa (MPOM3BOAMTCA HAA mienkoi). Ha miarpamme X,
C 3ra paﬁoTa PpasHa 10 AM NMKJIA 1py obxone UMKJTd TPOTHB
4acoBo#t cTpenku: W= —(Z,—XZ,)dc (M3MeHeHHE G NpH dJIEMEHTap-
HOM anuabaTHOM npouecce paBHO dG mpu HekortopoM X). Ilo
W (Z,-%,)do

OTpEMIENICHHIO, K.ILJA. UMKJIa T , @ TaK Kak IUIeHKa

1 <)
T—(T—dT) dT
— 7 Ilpupapmisas nocnen-
—(2,-%,)do_dT
HHE [Ba BbIPAXEHHSA, [OJIy4aeM T:T,

f
1

A

T) I,-%, T
Ho Q,/(2,—X,)=r—rTemnora H30TepMHUYECKOro 0OOpa30BaHHA €IH-
HHUUBl NOBEPXHOCTH ILICHKH, NOITOMY

(g)x - 53

T. €. TIOBEPXHOCTHOE HATSXCHHUC C MOBBILICHUEM TEMIICPATYpPbl YMEHb-
niaeTcss ¥ OBICTPOTA 3TOr0 yMENbILEHHs OOpPaTHO MPONOPLHMOHAJTBHA
TEPMOIMHAMHAYCCKON  TeMIlepaType.

TonobubIM 06pa3oM MOXHO HAWTH TAKXKE 3ABUCUMOCTb JaBJISHHS
HaCBIIEHHOrO N1apa OT TEMNEPATYphl, 3aBUCHMOCTb 3}[3KTPOHB")K)’U.IBﬁ
CHJIbI 37IEMEHTa OT TeMNepaTypbl H T. A. (cM. 3amadu 5.1,

Pa3oGpanBbiii NPUMED NOKA3bIBAET, KaK B METONE KPYroBbIX
TIPOLIECCOB MCHOJIB3YIOTCS OCHOBHBIC 3KOHBI TEPMOJMHAMUKH H yCTa-
HABJIMBAKOTCH HMCKOMbBIE 3dKOHOMEPHOCTH.

MCTOII LMKJIOB ABJIAETCA OJHHM M3 1IEPBbIX TEPMOAHMHAMHUYCCKHX
uccnenosanuit. Kapuwo, Knaysuyc, HepHCr HCnonb3oBais ToJBKO
3TOT METO..

MeToJ KpyroBbIX INpPONECCOB, C OJHOH CTOPOHBI, MOXET OBITH

JILHO JUISL D moboi 3ajayu, a ¢ Apyro#

cosepimia wiki Kapno, 1o n=

OTKyJa

2
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CTOpDHH OH MMEET TOT GONbIIOH HCIIOCTdTOK, YTO VIS YCTAHOBJIEHHSA
TOH WM MHOH 3aKOHOMEPHOCTM BCAKMA pas npuxoautcs ad hoc
noa6MpaTh MOAXONSIIMHA LMKI: YCTEX DEIIERMs 3aJayd 3aBHCHT OT
BEIOOPA HEOOXOAMMOTO IIMKIA, CAM Xe BEIGOP HHYEM HE ONPEMIeNseTcs.
Kak yxe 6bUI0 CKasaHo, 4allle BCero Hcmoib3yercs umuki KapHo.
B HacTosiee Bpems IIOYTH BO BCEX Clyyasix T€PMOIHIAMHYECKOrO
HCCNIEIOBAHNS IPUMEHAETCS METOM TEPMOINHAMUYECKHX TOTEIIHAIOB.

§ 24. METOA TEPMOJMHAMUWYECKHMX IMOTEHUHAJIOB

Me mepMOOUHAMUYECK: 208, WIM Memod Xxapaxmepu-
cmuyeckux gﬁyﬁkuuu 6bul pasBut I'm66coM. McxoaHsiM B 9TOM
METO/IC SBJISETCA OCHOBHOE YPaBHEHHE TEPMOJUHAMUKH

TdS=dU+Y A4,da, (5.4)

KOTOpPOE, KaK MbI IOKaxeM, HO3BOJIAET U CUCTEMBbI B Pa3HYHBIX
YCIIOBHSIX BBECTH COOTBETCTBYIOIIME (DYHKLHH COCTOSIHHS, Ha3biBAEMbIe

ueckumMu namu. U 3THX (bymuum npu
H3M€H€HHH COCTOSHUSL CHCTEMBI SABJIAECTCA TMOJHBIM Lmd)d)epeﬂundﬂom
MeTon NOTEeHIMA0oB COCTOMT B HCNOJL3OBAHWM CBOKMCTBA MOJIHOTO
muddepenimana BBeJEHHbIX TEPMOJMHAMHYECKHX (YHKLMH, 4YTO MO3-
BOJIAET NOJIYYMTH YPaBHEHHUA, HeOGXO}lﬂMLlC JUIS aHaJiM3a TOro Hiu
HWHOI0 SABJICHHS.

PaccMOTpMM BHayajie NpPOCThie CHCTeMbl. B aToM ciyuae mans
PaBHOBECHBIX TIPOLIECCOB OCHOBHOE YPABHEHHE TEPMOJMHAMHKM HMEET
Bup TdS=dU+Ada wm, ecnu A=p, a=V,

TdS=dU+pdV. (5.5)

D10 ypaBHEHUE CBA3BIBACT NATH GyHKumit cocrosuus: T, S, U, pu V.
CaMo e COCTOSHUE NPOCTON CHCTEMb ONPEENSETCS ABYMsl TapaMeTpa-
MH. H03TOMy, Bmﬁnpan U3 NATH Ha3BaHHBIX BEJIHYHMH [IBC B Ka4eCTBE
HE3aBHCHMBIX TEPEMEHHBIX, MbI I0JIy4deM, YTO OCHOBHOE YPaBHEHHE
CONEPXHUT eIle TPH HeusBeCTHbie QyHkumd. Jis HX omnpeaesneHus
HeoGXOMMO K BRIPAXEHHIO (5.5) N0OABHTS ellie /1Ba ypaBHEHUsl, KOTOPbIMH
MOFYT ObITh TEPMUHYECKOE H KaJOPHYECKOE YPABHEHMS COCTOSHMS

p=p(V, 1), (5.6)
U=UuW,T), 5.7
€CJIM B KaueCTBE HE3aBHCHMBIX NapamerpoB Bbibpanst V n T.

XoTsi BTOpOE Ha¥allo M YCTaHABIHBACT CBA3b Mek1y dyHkuusmu p i U B BHIE

T(@p/eT)y=@U/eV )r+p, 8)
oT0. omuako, He HcKIOwCT 6 (5.5) Bee
KE JIBYX yp ans Tpex by Hkuuﬁ CBA3HL

(5.8) spasercs numcpcmmzzmon W NOIBOTACT N0 ONHOH M3 (YHKUWA ONPEACTHTH
JpYrylo, HCKOMYIO GYHKIMIO B ee 3aBHCUMOCTH JIHIIb OT OJHOTO apryMeHTa
€ TOYHOU1BIO A0 NPOM3BUINLHON (YHKUMH OT apyioro aprymenra. Ilostomy Graromaps
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dopmyae (5.8) Jum onpeneneHus TPEX HEM3BECTHBIX q:ynxuuu B BbIpaxeHuu (5.5)
K HEMy HYXKHO 106aBM1b 16p! (5.6 Pl

He B Buae (5.7), a MMIWb KAk dyHKIHIO TemmepaTypbl T [mauue 3aBucuMocTH U oT
obvema V Gnaromaps ¢opmyne (5.8) e HyxHo]. Takum 0Opasom, HecMOTps Ha
dopmyny (5.8), k BuipaxeHuto (5.5) HyKHO J00aBMTH BCC Xe€ [BA yD4BHCHHS
p=p(V,T) n U=U(T), a He omHo.

OJHAKO TpPH HEKOTOPbIX IPYIMX HE3ABHCHMBIX IEPEMEHHBIX OC-
HOBHOE yPaBHCHME TEPMOJMHAMMKM (5.5) MO3BOJNSET HAMTH BCE TPH
HEM3BECTHBIC (YHKIMHM, €CTM K HeMmy M0o0aBMTh HE NBa, 4 JNIIb
onHO ypaBHeHHe. B camom gene:

1. Ecn me: MBIMH spistoress S u Vo [Bxo-
naumme B ypaBHenue (5.5) NON 3HaKOM mubdepenmanal, To Ans
ONpeie/ieH!s IPYTHX TPeX NEPEMEHHbIX C TNOMOLIbIO ypaBHenus (5.5)
JIOTIOJIHUTEILHO HYKHO 3HATh JIMIIL OJHO YPAaBHEHHE JUIS SHEPrUM
U kak GYHKUMH JTHX TNEPeMEHHbIX:

U=U(S, V). : (5.9

JleficTBUTENIbHO, 3Has BbIpaxeHue (5.9), MOXHO C NOMOLIbIO
ypaBHenus (5.5), KOTOpoe MBI 3amuieM B BHAE

dU=TdS—pdV, (5.10)

Th 00e Apyrue TepMUHuECKHE

pocThiM Tuddep p
TIepeMEHHbIE:

U U
T—(E)V, p=— <ay> 5.11)
Ecu B3sTb Bropele mpowssomubie o1 U(S, V), to (82U/3S?), =
=(0T/2S)y=T/Cy, oTKyna
T @U[aS)y
(@*Ujes™)” (2*Ujes?),”

62U op\ 1 _ (U
(aT)= “(ﬁ)f? Ks Ks= V(a‘f)

VunurpiBas, yto dU-—nosubiil auddepenunan, MOXHO, Haxe: He

3Has sBHOTO BuAa Qyskumu U(V, S), npupaBuHBas CMeEIIaHIbIE
U U

asovoves’

Cy=

TIPOU3BOJHbBIE HOJIYYHTH ypaBHEHHE

(g): (Zg) (5.12)

KOTOPOE CBSA3bIBAET [IBA CBOMCTBA CHCTEMbI — H3MEHEHHE TEMIIEPATYPbI

NpH ee aMabaTHOM pACIIMPCHHH ¥ W3MEHCHHE JIABJICHHS, IIDH

H30XOPHOM COOBILIEHUH TEMIOThI CHCTEME. Y CTAaHOBJICHHE TAKUX CBA3EH

M COCTABJISET COAEPXAHHE METO/1a TEPMOJMHAMUYECKHX IOTEHLHANOB.
Vpapuenne (5.12) MoXHO 3amucaTh B BUIC
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AT, S)_0G, V)

oV, s) aw, sy 613
. OTKyHa, €CjH
(T, S)
A (5.14)

TOJy4aeM PaBEHCTBO EIMHMIE sKOGMaHA Npeobpa3oBaHks mpw rme-
pexone ot p, V- k T, S-mepeMeHHbIM:

(5.15)

Ecnu B xakoM-mubo cocrosHun npousBonHas (07/0V)s obpauia-
ercs B Hyjb, sikobuan npeobpasobamus (5.15) B 3TOM COCTOSAHMH
HE OTpEENeH, HO MOXET ObITh OOTIpe/eNeH NPe/Ie/ibHbIM 3HAYCHHEM,
PAaBHBIM TaKXe CIWHHLE.

Takum ob6pa3oM, BHyTpeHH:s dHeprus U B nepeMenHbIX S # V siB-
NSETCA Xapakmepucmuyeckoil @ynkyueil, TOCKOJILKY B ITOM Ciyyae
Apyrue u p) onp TCs JMdepenimp

no S u V. Wmaue rosops, npoussoameie ot U(S, V) no
XapaKTEPHCTHYECKUM TNEPEMEHHBIM BBIPAXAIOT BCE TEPMOJAMHAMHHUEC-
KHE CBOWCTBA CHCTEMBI: NEPBBIE NPOM3BO/IHBIE ONPEACIAIOT TEPMUYEC~
KME CBOWCTBA, a BTOpbIE — KaJIOPHYECKHE.

BuyTpennsis oneprusi U B mepeMeHHBIX S MV Ha3biBaeTCs TaKKe
MepMOOUHAMUYECKUM NOMEHYUal0m, TIOCKOJIbKY JaBJIEHHe

p=—(@UJoV)s

BBIPAXAETCH 4YEPe3 HEe TaK Xe, KAK CHJIA 4epe3 IOTCHUHAIbHYIO
snepruo V' B Mexamuke (F,=—0V/dx, F,=—0V/|dy, F,=—0V/[iz).
Crenyer otMetuts, uto ¢yuxims U=U(S, V) B KauecTBe TepMOH-
HAMMYECKOTO NOTEHIMANA C TIPAKTHYECKOH TOUKM 3peHHs HeyldoOHa TeM,
9TO O/IHA M3 €€ HE3ABUCHMBIX NEPEMEHHBIX —JHTPOIHAS S — HEenocpe/-
CTBEHHO, NOJ06HO BemuuHaM V, p, T, He MOXeT ObITh H3MepeHa.

. Ecu 2 MBIMH P ABNSIOTC HEe S M
4 Kakue-ubo JIpyrue BETHMYHHBI NPOCTOM CHCTEMbI, TO 9HEPrHs
U oT 3TMX JpYrMX NepeMCHHbIX HE SBISCTCS XapaKTepPUCTHYECKOH
GynKimedt wmn notenumanoMm. OJHAKO OKa3bIBAaeTCsd, 4TO M TpPH
HEKOTOPBIX JIPYIHX HE3aBHCHMBIX NEPEMEHHBIX TAKXE MOXHO BMECTO
nByx ypasuenuit p=p(V, T) u U=U(V, T) bibpats oaHy GyHKUMIO
OT 3THX NEPEMEHHBIX, KOTOpas NpH 3TOM OyaeT XxapakTepHCTHYEcKoM
Gynxuueit, nogobno U B nepemenHsix S u V.

JelcTBUTENBHO, €CM  HE3aBHCHMBIMH  TIEPEMEHHBIMA  IPOCTOl
cactembl apastotca T u ¥V, 1o, mpeobpasys ypasHenue (5.5) Tak™®),
4To6b1 B Hero Bxomumu auddepenumanet d7 w dV  [BoiuMTas u3
obeux vacreil yp (5.5) madpoep n d(TS)], nonydaem

* Takoe a308a RO hopMBI
nuem Jlexcandpa.
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~8dT=d(U-TS)+pdV.
Ob6o3navass U—TS=F, HaxoauM
dF=-8dT—pdV, (5.16)
OTKY/d
S=—(6FJ0T)y, p=—(0F/0V);. (5.17)

Bropoe u3 ypasuennit (5.17) npencraBaser coGoii TepMuuecKoe
ypasHerue coctoanus; 3uas F=F(V, T), MoxHo Haiity u3 hopmysl
A7) ypasstensue p=p (¥, T).

Brophic 1HPOUsBOAnbIe 0T (QYHKUMA F 103BOJSIOT "OUpPEACIHTH
K4JIOPHYECKME BE/IMYMIDI - TerI0eMKocTh Cy H KOIPOULUHEHT CRuma-
eMocTH B (M M30TePMUYECKHIE Moaysib ynpyroctH K= 1/B)

(0F INCLAY 1
B } B’_Z(ﬁ).‘m&, .

A TAKKe I0JYy4HIb ypaBHEHHE

(5.18)

YCTAHABJIMBAKONICE CBSI3b MEXKJY IBYMs CBOHCTBAMH CHCTEMBI— H3-
MEHEHHEM JHTPOIIHH [IPH ee W30TEPMUYECKOM PACIUMPEHHH H H3MeHe-
eV J4BJCHAS NPH H30XOPHOM HATPEBAHHH. DTO ypasﬂeﬂue MOXHO
NOJYYUTHL AAXKE He 3Has sBHOrO BHaa (yskuwu F(V, T

Taxum obpasom, ¢yukuus F B nepeMeHunix V i T spasercs
,\¢7mknupmmuwu\uu d)mmzwu W MepMOOUHAMUECKUM  ROMEHYU-
atom. dra dyskumus F=U—-TS Hamsaerm anepaueti I'eabmzoavya
(ce060dnont onepeuer). Kax caeayer u3 (5.16), HpM H30TEPMUYECKHX
npoueccax  paGoTa  COBEpIIACTCS CHCTEMOH He 3a cuer  yObum
BHYTpeHHeH oneprun U (Kak npn aauabaTHBIX mpoueccax), a 3a
et yobum Qyuximu F. B cavom aene, m3 ¢dopmyawr (5.13) npm
T'=const HaxoanM

pdV=—dF.

Takum  06pa3soM, TpH M30TCPMHYECKHX MPOLECCAX CBOGOMHAS
oHepruss F=U-—TS wurpaer Takyl0o Xe poib, Kak M BHYTPEHHAS
JHeprusi nupH amuabaTHeIX Tpoueccax. Benmumna TS Ha3miBaercs
cs3anHol J)lfp{!{l’ﬁ. (38MCTHM: B TO BpEMs Kak B MCXaHUKE DHEPrHs
CHUCTEMbI COCTOHT M3 KHHETHYECKOH | llO'lCHllHaJ'leOﬁ, B TEPMOJIH-
HAMUKE BHYTPCHHSAS SHEPrs JCAHTCA HA CBOGOMHYIO M CBH38HH}'F0)

Ecn HE3aBUCHMbIE TIEPEMCHHbBIE BLIGPHTL Tu TO
xapakmepucmuueckoli  gynkyueil ﬁyner dyskuns - G( T p)—
=U~TS+pV. JleiictButebHO, nepeiiieM B ypaBHeuHu (5.13) ¢ mo-
MOILbIO peodpa3oBaHus Jlexanapa K nep H .
k obenm vacrsm auddepennnan d(pl), “rorna d(F+p V)-—SdT+
+ Vdp, wmn
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dG=-8dT+Vdp, (5.19) s
rae G=F+pV=U-TS+pV.
W3 ypapuenns (5.19) moayuaem
0G G
) ), e
Bropoe w3 ypapwenmit (5.20) mosponser HaiTH
TEPMHYECKOe ypaBHeHne coctosHus. Takum obGpasom,
ynxums G(T p)=U—-TS+ pV spnserca xapax-

TEPUCTHYECKOH (yHKIHCH B TIEPEMEHHELX TupuHa- ]

3BIBACTCA IHEP Tubbca (mep. no-

mennuaa I'ubbea). Puc. 20.
Bropwie npousBoanele oT G(T, p) AAIOT TEINOCMKOCTH

2°G
=-T(<2),
G (ﬁ T )P
KOOGGHUIUEHT CKHMAEMOCTH

()7
(%f)f ‘(g) (5.21)

CBA3BIBAIOIIEE JIBA COOTBETCTBYIOLMX CBOWCTBA CHCTEMbl, KOTOpOE
MOXHO TOJYYHTh Jaxe He 3Has sBHoro Buaa ¢ymrxuwmu G (T, p).
Tak ke kak yOwbinb oHepruu [enbMrobla TMpH  H3OTEPMHHECKHX
mpoueccax paBHa paGoTe cuctemsl, yObinb oSHeprum ['nb6ca mpm
H30TEPMHUUECKUX Tipolieccax paBHa paboTe 1pu azuabaTHRIX npoueccax
PACWUPEHHOIL CUChmeMbl, COCTOSIIEH, HATIPUMep B CIIyuae rasa B 3aKphi-
TOM NWIMHADE, M3 Ta3a M TODIIHA C TIpy3oM. OHEPrus Tako#
cuctembl (puc. 20) paBHa BHyTpeHHe# omRepraum U ra3a M NOTEHIH-
anbHOW Heprum psh=pV nopmms ¢ rpysom: E=U+pV, otkyma

dE=dU+pdV+Vdp=TdS+Vdp.

Tpn agmabathbix mpoueccax yObUIb JHEPrHH CHCTEMbI paBHA ee
pabore, nosromy —(dE)g=—Vdp u, ciaegosarensHo, pabora pac-
IMPEHHON CHCTEMBI paBHa*

H ypaBHEHWE

3Wpaew=—Vdp. (5.22)
U3 ¢opmyasr (5.19) BUAHO, YTO NpPH H3OTEPMHYECKHX NPOLECCAX
—(dG)y=—Vdp. Torna, yunteiBas coorTHoineHue (5.22), mosmy4aem

* V3 phipaxenus (5.22) BMAHO, STO BHYTDEHRMH NApAMETD H3Y4aeMOH CHCTEMBt
(ra’a) — naBjicHHe p— SBIISETCA BHEINHHM IaPaMETPOM DaclIMpeHHOH cHcTeMbl. Pac-
10 KOHTAKT C BHCUIHHMH TeNlaMH
H3ydaeMas CHCTEMA COBMECTHO C ITHMH TENaMH, Haj y
CHCTeMa MOXET COBEpATh paboTy.
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—(dG )y =W e (5.23)

Ecny Ha CHCTEMY KpOME MEXaHHYECKWX CHJI JeHCTBYIOT M JpyTHe,

HEMEXaHHYECKHE CHJIbI (MEKTPHYECKHE, MATHUTHbIE M T. 1.), TO

MOXHO YCTAHOBHTb M JPYro#i (U3HueCKHH CMBIC] M3MEHEHHs JHEPrHH

I'n66ca G. B camom jene, mycTh Ha CHCTeMY KPOME CHJIBI NaBJICHUS
JIEHCTBYIOT ellle HEMEXaHWYECKHE CHJIBI, TOT/a

TdS=dU+pdV+3W,.

C nomompto npeobpaszoBanns Jlexanapa [npubamiass k obenm
4acTsM Bbipaxenus (5.23) nmblbepenunan d(=TS+pV)] nepexozmm
or mapdepernmanos dS u dV ddep naM  He
nepemennsix I u p. Torma

—SdT+Vdp=d(U—-TS+pV)+Wy,,
dG=—SdT+Vdp—W,y,
OTKyla BHJIHO, 4YTO MPH H30TEPMUYECKH-H300apHBIX mpoueccax
B CJIOXKHBIX CHCTEMaX yObUTb TEPMOIHHAMUYECKOTO MOTEHIHANA PaBHA
paﬁo’re CHUCTEMBI MPOTHB ﬂeﬁCTByK)LlIHX Ha HEe HEMCXAaHHUYECKHX CHJI:
=(dG)py =W (5.24)

Baxuoe 3uavenmne smepruum I'mGbca IS TEPMOAMHAMMKM ClemyeT
M3 TOro, 4YTO B COCTOSIHHH PaBHOBECUSA CNOXHOM CHCTEMBI Xapak-
TEPHCTHYECKHE TNepeMeHHble p M T ONMHAKOBHI BO BCEX HacTAX
CHCTEMBI M II0TOMY SBISIOTCS Hanbosiee yIOGHBIMM.

4. Ecim ne NPOCTOH CHCTEMbl ABJIS-
wTcs S H p, TO xapal('repncanecxon dynxumein Gyner

H(S, p)=U-+pV. (5.25)

JleiicTBATENbHO, eci B ypaﬂuenﬂu (5.5) mepeittu oT ﬂmpqxepeﬂ-
umanos dS u dV x x S
kK obeuM wacTsm ypanﬂelmﬁ (5. 5) uncbq)epeﬂunan d(pV) TO

TdS+Vdp=d(U+pV)
dH=TdS+Vdp. (5.26)

Qyuxkums (5.25) HasblBAeTCs Jmasbhuest W ABISETCS TEPMOIH-
HAMHYECKMM TNOTEHLMAJIOM TPH HE3aBUCHMBIX NEPEMEHHBbIX S W p,
ToCKONIbKY mpousBoausic H(S, p) mo S m p nmaloT

oH
(%),

:(‘L”) , .27)

HIH

apJs

ey (o
os? ), \as )y ¢

_T
=z
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WA
Co T __GHRS),
P (0*H[oSY), (2*HI3SY),

eH\ _(N_ VvV
o' )s \op Js V@ploV)s K

v
(0*H/op*)s

U3 dopmynsr (5.26), naxe He 3Has SBHOTO BHAa (YHKIHM
H(S, p), HaxomuM ypaBHEHHE

(g)f(%) (5.28)

KOTOpOe CBsi3blBaCT [Ba CBOMCTBA CHCTeMbl. YpasoeHne (5.27)
npencraBnseT coboi ypasHenne anuabaThl, Tak 9TO, €C/IW SHTAJBIHA
KaK MOTEHIMAN W3BeCTHa, TO ypaBHeHue (5.27) MO3BOJSET MPOCTHIM
mbdepernuuposarieM H 1o p HaliTH ypaBHeHHe aauadaThl CHCTEMBL.

Du3NYeCKM CMBICT IHTAJIBIHH COCTOMT TIPEXAE BCETO B TOM,
YTO TPH M300apHBIX NPONECCAX WM3MEHEHHE OHTAJBIAM DPAaBHO TO-
ryiomeRHoMy KommvectBy Teruiotsi: (dH ),=(7dS),=(8Q),=C,dT u

oH
=),

o sroit npuynde GyHKIWIO H 4acTo HA3BIBAIOT TAKKE Men1080i
Pynxyueit wu menaocodepucanuem. Kpome Toro, Tak kak sntanemas (5.25)
paBHa SHepriu E paclunpeHHON CHCTEMBbI, a NPy aanabaTHBIX Ipoleccax
yObLIb SHEPTHH paBHA paboTe, TO, OYEBU/IHO, P STHX MPOLECCaX YObLIL
JHTANBIMA CHCTEMBI DaBHa paboTe pPaCUIMPEHHOH CHCTEMBI:

—(dH)s =W ycur-

WVl naxoHel, eciM Ha CHCTeMY JeHCTBYIOT KpPOME MEXaHHYECKOH
CHJIbI JIaBJICHUS] TAKXKe W ApPYr¥e HEMEXaHHYECKHE CHIIBI, TO

TdS=dU+pdV+8Wp,
TdS=d(U+pV)—Vdp+8Wi,,
dH=TdS+Vdp—Wp,

OTKYJa BUJHO, YTO NpH ajuabaTHO-H3006apHBIX Npoleccax B CIOKHON
cucteMe yObuth oHTanbmuu (5.25) paBHa paboTe CHCTEMBbl NMPOTHB
HEMEXaHHYECKHX CHJL:

Kg=—

—(H )5, =Wy

Bce 5TH TepMOIMHAMHUYECKHE MOTEHILHMANB! ABJISIOTCS, BO-TIEPBbIX,
AJUTMTHBHBIMU H OJIHO3HAYHBIMU (DYHKIHMSMH COCTOSHUS H, BO-BTODbIX,
ux yObUIb TPH COOTBETCTBYIOIIMX YCIOBHSX OMNpeNeNsieT pabory
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CHCTeMbl NpPOTHB JeHCTBYIOIIMX Ha Hee cui1. Kpome Toro, ouu
I03BOJISIOT € MOMOIIBIO OCHOBHOTO HEPABEHCTBA TEPMOIMHAMHKH

HECTAaTHYECKHX mpolueccoB (3.59) yCTaHOBMTL OOILME YCIOBHS
TEPMOANHAMHYECKOrO' DABHOBECHS ¥ YCTOMYHBOCTH CHCTEM NpPH
OTPE/ICJICHHBIX YCIOBHAX (CM. TII 6)

§ 25. YPABHEHUE TUBBCA —T'EJBMIOJIBLA.
TEPMOJAUHAMMWYECKUE MOTEHUMAJBI UAEAJIBHOIO TA3A

Pasnuunsre TEPMOJIMHAMHYECKHE NOTCHUMAJILI CBA3AHBI MEXAY coboit
Tak, YTO CCJIM M3BECTHBI OJHM M3 HIX, TO MOXHO HAHTH HApyrue.
IIpn 310M BHYTPEHHSS SHEpris U cesi3ana ¢ sueprueii I'eabmronbua
F TakmM  xe JHHBIM  ypa KaK OHTJBIHS
H c sneprueit Tubbea @. HetictutensHo, u3 F=U—TS U BbIpaxeHus:
(5.17) noayuaem ypasnenus I'ubbca— Ieabseonvya

U=F-T (;) (529

quis omeprun emsMrombia, a u3 G=H—TS u sbipaxenus (5.20)
G
H_G—T<ﬁ)y (5.30)

s oueprun Tub6ca.

B OGU.lCM ciay4ae HPOCTOFI CUCTEMBI, KOTJa €€ COCTOSHUE Ollpenenis-
€TCs TEMICPaTypoil M BHEIUHHM NapaMeTpoM a, ypaBuenne I'm6Gca —
Tenbmroybua juist sHepruu [enbMronbia uMeeT BHI

U=F- T((1 T) (5.31)
Wurerpupys ypaBHeHne (5 29) wm (5.30), MoxHO HaikTH F uim
G cooTsetcTBeHHO No U wm Urobbl ero BHINIOJIHUTL, 3aMETHM,

yto npn 0 K mocnennee cnaraeMoe B ypasHemun (5.29) ormanmaer,
ecm (0F/0T), ocraercs KoHeuHo# wim Bospactaer mnpu 7—0 K
Menientee, 4eM 1/7. Jlenast oTrocuTenbho (6F/0T), OOHO M3 3THX
JIBYX TipeanosioxkeHui, u3 ypasHenus (5.29) npu T=0K umeeM
Fo=U,. Bbluutas 510 ypaBHeHHe U3 ypaBHeHHs (5.29), nomyuaem

F—Fy=
WM

20 (F-Fy

T T( = ) —(U=U,). (5.32)

VpasHenue (5.32) sBiisieTCs JMHEHHBIM HEOHOPOAHBIM VPaBHEHUEM
oTHOCHTENbHO F—F,. COOTBETCTBYIOIIEE OJHOPOAHOE YpABHEHHE
HMeeT BUI
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0 (F~F,
—|——]=0. 5.33
2()-0 &

Obmee  pewienve ypapHewus (5.32) paBHO CyMMe 4aCTHOTO
PEILICHYS  3TOTO  YPABHEHUA M 06‘“Cr0 PpelueHust OAHOPOAHOro
ypapherus (5.33), kotopoe, odeBuano, pasHo F—F,=IT, I=const.
Yacrroe  Petiienike  ypashens (5.32) MoxHO 3anmcaTh  TaK:

F—F,

T

:-JU;U° dT. Taxam oOpa3oM, obLiee peleHHE YypaBHEHHI

Fn66ca—“l"em,monbua (5.29) m (5.30) raxoso:

T
U-U,
F=U,~ TJ Ylodr s, (5.34)
0
T
Tj"r,”"dTHT (5.35)

rae ]7TEPMOJZ[HH8MH'{5CKH HEoMpeeNieHHas NOCTOsAHHAsA, 3aBUCALIAs
or obvema B (5.34) m or gasmenus B (5.35). DTy nocrosHHyIO
HEJIb3s ONpeIeuTh C TMOMOUTBKO MNEPBOTO W BTOPOro Havan Tep-
MOIHIIaMuKn (deM B OGYCIIORNEHo ee Ha3Raume). 3HAHWE MOCTOSHHOI
I Gb1t0 1:1206X0OMMO MpPH  BLITIC/AENHI XHMH'IECKOTO CPOACTBa (O
§49). Pemcuue oToit mpobmemer npuseno HepHera K OTKPBITHIO
TPETHETO Havajla TEPMOJIWHAMUKY, KOTOPOE HEMOCPEACTBEHHO npu-
oaut Kk I=0. [leiictButensno, middepenuupys Bbipaxenue (5.34)
wmi  (5.35) no TemmepaType ¥ nojaras [0 TPEThEMY Hauay
aF oG

(ZT =57 r—S—O npu T=0K, nonysaem [=0.

akuM o0pasom, u3 Beipaxenuii (5.34), (5.35) monywaem:
T T

H-H,
7

F=Uy— TJ—U ;ZU'E dT, G=H,—T dT. (5.36)

o 0

Tepmognuamudeckne notewwanbl U, F, G, H MOXHO NpPEACTaBUTH
rpaHuCCKH B NMPOCTPAHCTBE COOTBETCTBYIOLIMX HE3ABHCHMBIX Mepe-
MEHHBIX B BHJE MTOBCPXHOCTEil, KOTOpbie OOBIYHO CTPOST Ha OCHOBAHHH
OMBITHBIX NAHHBIX. DTH MOBEPXHOCTH, a CJEJOBATEIBHO, H CBOKCTBA
CaMOro BELIECTBA MCCIEAYIOTCH NMOTOM C NMOMOIIBIO auddepentmas-
Hoit reoMeTpuu. [103TOMy reoMeTpHYeCKUe METOMIbl B TEPMOIHHAMHKE
HMET 60JIbLIOE 3HAYEHHE. O}]Ha W3 BaXHbIX TEPMOJIHHAMHUYCCKUX
paGor I'mb6ca Tak u HasbiBaeTcss «MeTOJ F€OMETPHUECKOrO MPENCTAB-
JICHUst TEPMOIMHAMMYECKHX CBOWCTB NPH IOMOIIM TOBEPXHOCTEH».
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Kak BumHo u3 ypaBHenu#t (5.10)—(5.28), 3Hast XxoTst Obi OmMH
U3 TEPMOAMHAMMHYECKMX MOTEHLMAJIOB, MOXHO ONPENEIHTh KaK Tep-
MUYECKHE, TAK U KaJIOpUYEeCKHe cBO#cTBa CHCTEMBI, T. €. NOJYYUTH
TOJHY0 HHGOPMAUMIO O ee TEPMOJMHAMMYECKUX CBOHCTBaX. Kaxwrit
TEPMOJMHAMMYECKHH TOTEHLMAN, CNIE0BATENBHO, CONEPXUT B cebe
TIOJIHOCTBIO BCE XAPAKTEPUCTHKH CHCTEMBI.

Vcranosnenue CYLIECTBOBAHUS TaKHX (byHK].lﬂl‘;l COCTOSIHMS  SIB-
NSeTCs  KPYMHBIM  ycriexoM  TepmojmHamuku. OJHako, o0CTaBasch

paMKaX TEPMOJMHAaMMKHM, 3THM YCIEXOM HE YHAeTCs BOCHOJb-
30BaThCA B TOJIHOH Mepe. [eno B TOM, YTO Hayayia TePMOJMHAMHKH
caMu no cebe He TO3BOJNAIOT HAWTH BBHIPAXEHHS JUIA TEPMO-
JIMHAMMYECKMX TIOTCHIMAJIOB B BHUJIE SABHBIX d)yHK].lﬂﬁ COOTBET-
CTBYIOUIMX XapaKTEPHCTHYECKHX TEPEMEHHbIX. B TepMonuHaMHKe
MeT@il TOTEHIMANOB COCTOMT B HCIOJNb30BaHMM ypaBHeHui (5.12),
(5. (520) w (5.28), KOTOpble YCTAaHABIMBAIOT CBS3M OJHHX
CBOHMCTB CHCTEMBI C JpYTMMHM €€ CBOMCTBaMH. DTH YpaBHEHHS,
KaK Mbl BHAENH, TIOJYYAalOTCS M3 OCHOBHOTO YPAaBHEHHS Tep-
MOJMHAMHKU (5.5) ¥ MO3TOMY 4YacTO CaMH Ha3bIBAIOTCS OCHOBHbIMU
P MU WIH mu Makceenaa.

Tonbko AN IBYX CHCTEM MOXHO BbIYMHCIHTL TEPMOJAWHAMHYECKUE
TOTEHUHaNbl C NMOMOUIBKO Hayajl TEPMONWHAMHUKH: JUIS HUACAJIBHOTO
Ta’a M Ui DABHOBECHOTO M3JIYYEHHs, MOCKOJBKY JUIS HHX
HU3BECTHBI M TEPMHYECKHE, W KaJIOPHYECKHE YPABHCHHS COCTOSTHHS.
}I.ﬂﬂ BCEX K€ [JpYrux CUCTEM TEPMOAUHAMHUYECKUE NOTECHLHABI
HaXOmAT WJM M3 OmnbiTa, HWJIH METOJaMH CTaTUCTHYECKOH q)PBHKH
M TIOTOM C MOMOIIBIO TONyYEHHbIX TEPMOIWHAMHYECKHX COOTHOIIEHHH
ONpENENAIOT YPABHEHMS COCTOSHHS M JIPYIHE TEPMOMHAMHYECKHE
CBOMHCTBA.

U3 aroro BHJ/IHA OpraHu4eckas CBs3b TCPMOHHHEMMKH U CcraTtu-
crudeckoif Gu3ukn. OOe OHM MMEIOT OOWH M TOT XK€ MpeaMeT
HCCIIEIOBAHMS, HO CaMO HCCJIEOBAHHME BEAECTCHA C PA3HBIX HCXOIHBIX
no3uumit. s MOJHOTO M BCECTOPOHHErO M3y4eHWs CBOHCTB (u3muec-
KHX CHCTEM HEOOXOIMMO ONHOBDPEMEHHOE IPHBJICYCHHE M TEPMOIM-
HAMAKH, M CTATHCTHYECKOH (DU3MKH.

JIns ra3oB TEpMOIMHAMMYCCKHE (YHKIHM Hallle BCETO BBIYMCIIS-
KTCA METOAAMH CTATHCTHYECKOH q)lfﬂlf“(l/l, s )KHHKOCTCﬁ XK€ U TBEp-
JIbIX Ted OHM OOBIMHO HAXOAATCH SKCHEPUMEHTANBHO C MOMOMIbIO
KaJIOPHYCCKUX ONPENIEICHUI TENIOeMKOCTH.

Haiinem Beipaxenne BHyTpeHHe#H dHepruu U kak TepMOIMHAMHYEC-
KOTO TOTeHUWasna JUis MAeajbHOro (OAHOATOMHOro) rasa. MssectHo,
4TO JUIA TAaKOTO ra3a BHYTDEHHsii SHEPIHsS PaBHA

U=C, T+ U,

Dt0 BRIpaXeHHe WS U He ABAAETCH, OJHAKO, TEPMOIMHAMUYECKHM
TOTEHUMATIOM; TMOJIb3YSICh HM, HEJIb3si ONpPENC/IUTh HH - TCPMHYECKOe
VPaBHCHHE COCTOSIHUSI HMIEAJIbHOIO rasa, HM JPYrHe€ €ro TEPMHYECKue
CBOiCTBA. BHYTpeHHsis SHeprus Oyner TepMOJMHAMHYECKHM MOTEH-
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HasoM (xapakTepucTHueckod (yHKuHei), eciiM OHa BBIpaXEHa Kak
¢dynxuus nepemennbix S M V. [N MAeaNbHOTO rasa 5TO JIETKO
caenatb, MOCKONbLKY u3BectHo, 4To S=Cy,InT+RInV+S,, orkyma

S—So—Rln¥ 1 S-S,
T=ex %’7) ex( "),
(BT (5

FT exp(s S°)+U

HUcnonpayss 310 BRIpaXEHME Ui BHYTPEHHEH OSHEPIMH KakK Tep-
MO/IMHAMUYECKOT0 TOTEHIMaNa, MOXHO, HaUsOpOT, € TNOMOIIBIO
dopmyn (5.10) u (5.11) HaifTH TepMHuEeCKOe YpaBHEHWE COCTOSHHS
ujeanbHoro rasa pV=RT w ypasuel-mc ero agmabater pV”=const.

B kauectse nepBoii 3anaun, METOJIOM TEPM:

KMX TIOTCHUWAJIOB, NOJYYHM HAJ[ICHHOE YXE METOIOM IHMKJIOB
YPaBHEHHWE JUIS 3aBUCHMOCTH MOBEPXHOCTHOTO HATSKEHHS OT TeM-
mepaTypel, ¢ TeM 4TOObl Ha 3TOM oOueM mnpumepe yGenuTbes
B NPEUMYIIECTBE METO/A TEPMOIMHAMMYECKUX NMOTEHIMAOB. Pesynb-
TaT, KOHeyHo, OyJeT ONHMM M TeM XXe, TAK KaK Ta WIM HHAas
34KOHOMEPHOCTb HE 3aBHCHT OT METO/la M3Y4eHHs, a ONpeiensercs
TIPMPOJIOH SBJICHUA.

bynem ucxomuTh u3 BbipaxeHHs id auddepeHnMana nosepx-
HOCTHO# cBoOOAHOM JHepruu meHkd. Ilycts X—mwiomans nmosepx-
HOCTH IUIEHKH (ee BHelHMH napamerp a). Tak Kak JJieMeHTapHas
paboTa yBenMueHHs NOBEPXHOCTH mienkd Ha dX pasHa §W= —odZ,
IJle G— IOBEPXHOCTHOE Hamxenne TO 06obIIeHHas cHia, co chﬂ—
Has mapamerpy X, Gymer A u_puddepennman snepruu 'enbm-
ronbla /Ui IUIGHKH paBeH dF— —SdT+odZ, orkyma

as do do SQ Jdo r

x)r ar)x‘ oT)y ~  T\3T kT
YTO COBNAfaeT C BhIpaxeHHWeM (5.3), HAMICHHBIM METONOM LHMKJIOB.
IMonyyenne 3TOro BHIPAXEHHS METOJOM TEPMOIMHAMUYECKHX MOTEH-
LUMaNoB CBOJMTCS K HAXOKACHHIO JMUIb AMddepeHunana dHepruu
TenbMronbila MIEHKH M MCINONb30BAHUIO CBOMCTB IOJIHOTO UG-
tepenumana.

B 3ak;ioyeHMe OTMETHM, YTO NPUMEHEHHE TEPMOAMHAMHUKH K pe-
WIEHNIO PA3JIMYHBIX (DM3HYECKHX 3a/iad CUJILHO O6JIeryaeTcss HCNojib-
30BaHMEM CBOHCTB AKOOMaHOB (onpenenuteneit Skobu). 10 CcBS3aHO
C TeM, 4TO OGBIYHbIC HYACTHBIE IPOM3BOJHbIE, 4 OHH BXOMAT BO
MHOTHE Tep HE COOT NPECTABJIAIOTCA B BHE
SKOOMAHOB.

TMpusenem cpoiicTea wacro HCTIONb3YeMbIX AKOGMaHOB BTOPOro
nopsinka (C OBYMS He: P X, V)

U, v)=
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o @), 6, (5,6 G,

Kax cnenyer u3 sroro OnpeneIeHus:

o) _[ o\ .
) FT?)’(“)
2) J(u, v)=—J(v, u).
3) J(ku, v)=J (u, kv)=kJ (u, v);

O v) _ 0fwv) 14
) v k) k(o
) e d) 2.9 _ o) o)
x ) A ) i) a(rns) ex )
4TO TIO3BOSET ONEPUPOBATL € SKOOMaHaMu Kak ¢ JApobamu;
5) J(u, o) (z, y) + (v, 2)J (. ¥) +J (2, 1) I (v, ¥)=0
— TOXAECTBO SIK0OGH.

J (u, [)

§ 26. TEPMOAMHAMMWYECKUE TMOTEHUMABI CJIOKHBIX CUCTEM
" CACTEM C TEPEMEHHBIM 4YUCJIOM YACTULL

Bbiue Mbi HAULIM, KaKkue q)yHl('LlHH TIPU TEX /A HHBIX HE3aBUCHMBIX
TIEPEMEHHBIX llpOCTOﬁ CHCTEMDbI ABJIAIOTCH €€ TEPMO/IMHAMHYECKUMH
NOTEHIMANAaMU. YCTAHOBUM Teneph TCPMOIWHAMHYECKHE MOTEHIHAIbI
CIOXKHO#M CHCTEMBI, HOHBEP)KCHHOI?I }ZleﬂC‘I'BHK) HCCKOJIBKHX BHEIIHUX
CHII, M CHCTEMbI C TIEPEMEHHBIM YUCIOM HaCTHIL.

ByzieM BHAua/IC UCXO/IMTH M3 OCHOBHOTO YPABHEHMS TEPMOJNHAMK-
ki (3.24) jutsi CNOKHOM CHCTEMbI

TdS=dU+ Y Ada;.

M3 9TOr0  ypaBHEHHs HENOCPEJICTBEHHO IONYdaeM, 4TO eCim
COCTOSIHHE CNIOXHON CHCTEMbI ONpPEAENseTCS OGOBIICHHBIMA KOOp-
JuHaTaMM  (BHCIUHAMM napaMeTpaMu a; W OSHTpomneil S), To ee
TEPMOJIMHAMMYECKHM TOTEHUHANOM SBJISETCS BHYTPEHHAS SHEPIUs
U(S, a;), madpdepenuman koropoii dU=TdS— Y A;da;.

i

Ecim COCTOSIHME CHCTEMBbI ONpPENeNseTCs BHEIUHMMH NapaMeTpamMu

a; w TemnepaTypoii 7, TO TEPMOJAMHAMHYECKMM IOTEHLHATIOM
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snsiercss omnepeus Ieavmeoavya F=U~TS, muddepenunan KoTOpoi
dF=—SdT- Y Ada;.

7

Ecnm cocTosHRe cHCTeMBbI onpenessieTcs Temnepatypoit 7 u 0606-
UICHHBIMH CHJIaMH  A;, CONPSKEHHBIMU = BHEIIHHM TapameTpaM a;,
TO TEPMOJMHAMMYECKAM TIOTCHUHAJIOM CHCTEMBI siBJiseTCs (00061eH-
Hasi) suepeun I'ubbca

G=U-TS+ Y Aia;, (5.37)
mbdepenmEan  KoTopoit !
dG=-SdT+ Y ¢;d4,.

Ecnu He3aBMCHMBIME NapamMeTPaMu CHCTEMbI SBJSIOTCS SHTPOINHS
S n oboOLIeHAbIe CHIIbI A;, TO TEPMOJMHAMHYECKMM TOTEHLHATIOM
spseTcss (06o0mennas) sumaavnua

H=U+Y Aia;, (5.38)
Jubdepennan  Koropoi '
dH=TdS+ ¥ a;d4;.

Takum 06pa3oM, B Clly4ae CIOKHON CHCTEMbI BBIDAXKEHWS IHEPTHH
I'n66ca (5.37) m suranemmk (5.38) MMEIOT 10 CPABHEHHIO C COOT-
BETCTBYIIIMMHU BBIDAXKEHHAMH JTHUX IIOTCHNMAJIOB IS ﬂpOC'lOﬁ
CHCTEMBI NONOJHUTE/IbHbIC AJUIMTHBHBIC YJIEHbI BHIa Al{l,u Bupa)xemle
xe Juis oneprun Ienpmroabua F=U—TS npu mepexofie K CIOXHO#M
CUCTEME HE H3MCHSCTCS. OHHBKO €CJIM COCTOSIHHE CJIOKHOM CHCTEMBI
ONpEJIENseTCs TEPeMEHRbIMH T, p W BHEWIHMMH MNapaMeTpamMu
a; (kpome 00bEeMa), TO TEPMONMHAMMYECKMM INOTEHLHAIOM, Kak
M B CJIyyae npocToi cucteMbl, 6yner sneprust ['n6bca G=U—TS+pV,

SdT+Vdp— Y, Ada;.

AHaI08AYHO, €clM p, S W BHELIHHE MApaMeTphbl (KpoMe obbeMa)—
HE3aBUCHMBIC NEPEMCHHDIE CIOXKHOM CHCTEMBI, TO TE€PMOJMHAMHYEC-
KUM TIOTeHUMAnoM sBiseTcs outanbmus H=U+pV, midpdepenmman

kotopoit dH=TdS+Vdp— Y A,da;

[

Jlo cuX nop MBI PACCMATPHBAJIH CHCTEMbI, KOTOpbIE IpH B3a-
HMOJIEHCTBHM C JIDYTHMM TejaMH OOMEHMBAIOTCS TOJBLKO IJHEprueit
(3aKpBITBIE CHCTEMBbI MJIH CHCTEMBI C NOCTOSHHBIM YHCJIOM 4acTHH).
OnHako B TEPMOJMHAMHUKE IIMPOKO H3YYAlOTCS TAaKXKe CHCTEMBI,
B KOTOPBIX YHMCJIO YacTHIl TIDH PAaBHOBECHBIX MPOLECCAX HIMEHAETCS
(CHCTEMBI C TEpEMEHHBIM HYHCIIOM YacCTHII).

Jwbdepeniman  kotopoit dG =

s



W3MeHeHHe ¥MCIa YACTHIL B CHCTEME MOXET BbI3bIBATBCH pa3-
JIMYHBIME TpuuMHaMu. Hampumep, B cilydae paBHOBECHOH CHCTEMBbI,
COCTOSIIEH W3 XAAKOCTH M €¢ HACHIIEHHOrO Napa, MPH W3MEHEHWH
obbeMa Bcelf CHCTEMbl HACTHIBI M3 OKMAKOCTH TEPEXOAT B Ta3
(HJWI 113060])01"7?13 raza B )KHHJ(OCTB), TpH 3TOM TIOJIHOE YHCIO
vyacTHL, B oOeux (asax oCTaeTcs TNOCTOSHHBIM, HO B KaXIoi
d)aae OHO pasHoe. W3menenue umcia HacTUll OPOMCXOOHUT TaKXe
B CHCTEMAaX, B KOTODbIX TIPH HW3MEHEHHM TeMNepatypbl WIM JPYIHX
NapameTpoB TIPOMCXOAAT XMMMYECKHE Peakuud. TPEeTbHM NPHMEpPOM
CHCTEMBl C IICPEMEHHBIM  YHCJIOM 4YaCTHIL ABJIAETCH W3J1y4YeHue.
PaBHOBecHOE M3JIyYCHHE NPEACTABIACT coboit COBOKYIHOCTb KBaH-
TOBOHEPA3JIMYUMBIX  YaCTHIl — quTOHOB, KOTOpbIE B OTJHYHE OT
OOBIYHBIX KJIACCHYECKHX 4ACTHIl OONajaloT M KOPNYyCKYJASpHBIMH,
¥ BOJIHOBBIMH CBOWCTBaMH. Yucio 3THX YaCcTHLl TNpH H3MEHECHMH
TEMIIEPATYPbl B PE3y.IbTaTe NOIJIOMEHHS M M3JIYYCHHs CBETAa CTEHKAMH
Gyner pasmbim.

CoBpemennasi GHU3NKA NPH PACCMOTPEHHH CHCTEM M3 DJIEMeHTap-
HBIX 4acTHll BCE Gouble 1 601b11E YCTaHABJIMBAET HANIMYKE B NIPHPOJIE
Mpoueccos, NPU KOTOPBIX HE TOJILKO 4YHCJIO 4YaCTHIL ONPE/ICJICHHOTO
copra, HO U 06m€5 YHUC/I0 YaCTHIL B pe3ylibTaTe B3aUMOIIPEBPAIIICHUS
MX B CHUCTEME HE COXpPaHSAETCS. CocTosiHUE CHCTEMBI C TIEPEMEHHBIM
YMCIIOM HACTHIL XapaKTEPU3YeTCs NIAPAMETPAMHU dy, ..., dy, T W YHCIOM
4acTHI{ AaHHoro copra Ny, .., N,, .. WIM COOTBETCTBYIOUIMMU KOH-

UEHTPAIMAMHA ;= Ni/z Ny

BHYTpPeHHSSI 9HEPTHS CHCTEMbI- C TIEPEMEHHBIM YHCJIOM YaCTHI{
H3MEHSACTCS HE TOJILKO 3a CYET COOGU.[BHPUI TEMJIOThl ¥ COBEPILIECHUSA
paﬁon,l CVIC'I'CMOﬁ, HO H 33 CYET U3MCHCHHS YHUCJIA Y4ACTHIL B CUCTEME,

mosTomy, no mnepBomy Hawany, dU=38Q-—-8W+ ZuldN,‘, rue
k
dN;=d.N+d; N, — u3meHenue yucna vactuil copra k, oOycioBieHHOe
B obmem ciaydae OOMCHOM ¢ OKpyxatoired cpenoi deNy H Xumu-
yeckumu  peakimsmu  d; N, (0 3aKOHY  COXpaHEHWSl  Macchl,

Y. md; Ny =0, my—macca k-yacTu).
k

Tpu pasroBecHbix nponeccax 3Q=T'dS u 3W=Y A;da;, nosromy

i
OCHOBHOE YpaBHEHHE TEPMOJ/IMHAMUKU JUIS CHCTEM C MEPEeMEHHbIM
YUCTOM YaCTHIl B TAKHX CHCTEMAX TPUHUMAET BHU/

“TdS=dU+ ¥ A,da;— Y wdNy, (5.39)
i k
a npu HepaBHOBecHbIX npoueccax [cMm. (3.59)]

TdS>dU+ Y. Aida;— Y, mydNy. (5.40)
i k
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Besmuuna
M =(au/aNk)S, a

HA3BIBACTCH XUMUUECKUM NOMeHyuaiom Kk-ro copra HacTHIL

C MOIIIBIO OCHOBHOTO ypaBHeHHs (5.39) Jserko mnoay4dTh
Jwddepernuansl U1 BceX TEPMOJWHAMHYECKHX NMOTEHIHAIOB CUCTEM
C NEPEMEHHBIM YHCIIOM YacTHLl. PaccMOTpHM ulsi MPOCTOTBI CHCTEMBI,
NO/BEP)KEHHBIE JIEHCTBHIO TOJBLKO BCECTOPOHHero AaBieHus p. Torama
NOJIY4aeM CNIEAYIONIME BbIPAKEHHS:

dU=TdS—pdV+ Zp.,dei (5.41)
s abdepennuaa BHyTpEHHER 3ﬂepn:m;
dF=dU—-TdS—-SdT=—-SdT—pdV+ Y wdN; (5.42)
s mubdepennmana sueprun enpmronbua F= U‘— TS;
dG=—-SdT+Vdp+ Zu; dn; (5.43)
s aubdepenuuana sueprun [ub6ca Gx: U~TS+pV;
dH=TdS+Vdp+ Zus dn; (5.44)

s mubdepennmnana suransmun H=U+pV.
XHMHUECKHH TIOTEHIHAN W3 3THX BBIPaXEHHH paBeH

we( (@ () () 09

Takum  00pa3oM, | MOXHO MHOJYIHTH AU(DPEPeHIHPOBAHHEM
moboro M3 TePMOMMHAMHYECKHX MNOTEHIHAIOB HO YHCIY YacTHII.
OnHako npH 3ToM OH OyAET B KaXAOM CiIyyae BBIPAXEH Yepe3
Ppa3MyHbIe HE3aBUCUMbBIC TIEPEMEHHbIE.

Kak yxe oTMewanoch, Bce TEPMOIWHAMHMYECKHE MOTEHIMAJIBI
SBJIIOTCA  AJUINTHBHBIMH ~ (QYHKUWSMHM, T.€. MX BEJHYMHBI JUIs
COBOKYNIHOCTH HECKOJIbKMX TeJl pPaBHbI CyMMe HX 3HAueHHH JuIs
KaX{oro Tema. B crnydae CHCTEMBl M3 OJMHAKOBBIX WYACTHIl 3TO
O3HAYAET, 4YTO INPH M3MEHEHMH MaccChl BEINECTBA WJIM 4YHCIA
dactal N B HEKOTOPOE WYHCIO pPa3 O9TH BEJIMYHHBI H3MEHSIOTCS
BO CTOJIBKO XK€ pas. prl‘HMH CJIOBAMH, MOXHO CKas3aTh, 4TO
AJUTATHBHAS  TEPMO. Kast JokHa  OBITH  OMHO-
pO}Z[HOld quHl(llﬂeH NEPBOro MmopsiAka OTHOCHTEIbHO a/UIMTHBHBIX
nepemennbIX. ClenoBaTENbHO,

U=Nf,(VIN, SIN), F=Nf,(VIN, T), (5.46)
G=Nfs(p, T), H=Nfa(p, SIN).




U3 cucremnl (5.46) nonydaem
=(9G/aN),, r=13(T, p), (547)

T. €. XWMHYECKHH MOTeHuMan pareH 3Heprun ['mG6ica Ha ONHY uACTHIY
H, CIEI0BaTeNhHO,

G=Np=vG. (5.48)
rae v-—4uucio Mojied, G — TepMOIMHAMMYECKHH NOTEHUMAN MOJs
BEIIECTBA.

Kak Bunno u3 dopmysl (5.47), XHMHYECKHH MOTEHIHAT SABJISETCS
dynkumeit p, T w He 3aBHCHT OT 4uciaa N wacTuiL.

ARTATHBHOCTh  TEPMOJMHAMHHYECKIX TOTEHIHANOB BBIIOJNHSETCA
JIMIb TIOCTOJIBKY, MOCKOJBKY MOXHO HpeHeOpeuh B3aMMOLEHCTBHEM
OTACNBILIX vacreif Tena. nO3TOMy i CMECH HCCKOJIBKMX BEILECTB
(HanpuMep, JUis CMECH HECKOJIBKMX JKMIKOCTEH) TepMOIMHAMHYECKHE
TNOTCHIHAJIBI HE paBHbl CyMMaM TE€PMOJAMHAMHYECKHX MOTEHUHAJICB
OTAEJbHBIX KOMIOHEHTOB cMecH. MCKITIOeHHe COCTaBIISET JIWILb CMeCh
vwneanbHbIX IAa30R, TaK Kak B3dWMOICUCTBUEM WX Monexyn MOXHO
npenedpeus. Ommako cooTHowerust (5.48) o6oGmarotes Ha o6y
CMECh BEUICCTB, T. €. BO Beex ciydasx oHeprus I'mGOca cmecn pasHa

G=ZN,-pi=Zv;C7 i (5.49)

B camom geme, Tak kak wucma Ny, N, ... w€acthy, or
XOTONBIX 3ABUCUT JHEpPIus rld66(,d ABNCIOTCA JKCTOHCHBIEIMIT NS~
PCMCHHBIME, TO

G{p, T; aNy, aN,, ..)=aG (p, T, Ny, N,, ...).
JlupdepeHimpys 370 paBEeHCTBO MO o W mosjarast o= 1, moiyyaem

o=24(3)

Ho cormaco cooTrowemm (5.45), 0G/ON;=p; u mnoaToMy
nonyiaeM papeHcTBa (5.49).

Jns paBHoBecHoro m3mydenus p=0 (cM. § 43). D10, Kak noxass-
BACT CTATHCTHYeCKas (H3MKA, COOTBETCTBYET TOMY, 4TO ObIee 4HciIo
YaCTHLI B CHCTEME HE SBJISCTCS 33/IaHHBIM, & 3aBHCHT OT TEMIIEPATYPBI.

[Tpy MRVHEHWH CHCTEM C TIePEMEHHBIM HHCIIOM YacTWI{ Yalle BCEro
YHOTPEG12eTCs TAXOl TRPMOIMHAMMYECKIH MOTeHIMA, AHGHSpeHIM-
POBaHHE KOTOPOTO MO COOTEETCTBYIONINM XapAKTEPHCTHYCCKHM IEpe-
MEHHBIM TI03BOJISIET HAMTH wHCna N; YaCTHIl B CHCTEME KaXI0IO COPTA.

Haiinem s1oT motenuman m auddepeHunanbHoe ero BbipaxeHHe,
Ui ¥ero mepeiineM B opmysie (5.42) ¢ noMoubio npeodpa3oBaHHs
Jlexannpa x muddepennmanam nepemenusix V, T, p;. Torpa

PTN,

dQ=—SdT—pdV—Y Nidu, (5.50)
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rae byHKuMs

QT, V, p)=U—TS— Y WN;=F—G=—pV (5.51)
Ha3bIBAETCS 60.AbuUM D MOOUHAMUYECKUM aom. U3 ¢op-
Mysbl (5.50) Haxommm:
a0 o oQ
Nn—_a, S—*ﬁ, ==z

Hpﬂ HEPABHOBECHBIX TPOLECCAX W3 OCHOBHOTO HEPABEHCTBA Tep-
MOJMHAMMKH /IS CHCTEM C NEPEMCHITBIM HHCIOM vacTui (5.50) npu
HE3aBUCHMBIX TepeMeHHbIX V, T; W, .., M HMeeM

d0< —SdT—pdV—Y Nd,. (552)

BuyTtpennsas oHeprus cucreMsl [cM. (5.41)] sBasercs yHkumei
TOJILKO aJUIMTUBHBIX (3KCTeHCHBHle) HE3aBHCHUMBIX NEPEMEHHBIX, U TaK
KaK 3TO OJHOPOAHAs * QYHKIMS NEPBOrO MOPsiKa, TO MO Teopeme
Oitnepa 06 OAHOPOIHBIX (QYHKUHMSX HMEEM

(U U ,
b_(§>v,~,s+ <(_V>: L+Z( )r SN, N

l'loacraamm B O3TO BBIPAXEHHE BMECTO IIPOM3BOJAHBIX WX 3HAYCHHS
u3 (5.41), umeem

U=TS—pV+ Y N, (5.53)
Juddepermpys  (5.53) U cpaBHHBas MOJIYYCHHOE BbIPAKEHHE

C ypaBHeHHsMH (5.41), mOydaeM BaxHOE B TEPMOJMHAMMKE ypasHeHue
Tub6ca— [rozema:

SAT—Vdp+ Y, Nidp;=0. (5.54)
i
3AJAAUM
5.1. MeTonoM LHMKIOB YCTAaHOBHTH b JaBJICHUS 0 mapa oT
TeMIEpaTyph.
5.2. MeTOIOM WMKIOB HAHTH 3aBUCHMOCTb 9. JI C. Fa/bBAHWYCCKOTO IJIEMEHTAa OT
TemmepaTyphL:

5.3. Haiitu Tepmonmuamuteckue noreHumansl F, G u H 18 MO OAHOATOMHOIO
HICATBHOTO [a3a.

5.4, ONpENICNHTL, TEPMOAHHAMMUECKHE TIOTEHIMAMS! TIPH HEABHCHMBIX TIEPEMERHBIX
p. HuT, F.

5.5. ITokasatb, 4TO y BeleCTB, OOBEM KOTOPhIX JIHHEHHO 34BHCHT OT TeMIEPaTypbl
T, TennoemkocTb C, HE 34BHCHT OT JIARICHUS.

5.6. Tepmomunamuyeckuii noTenuna1 Macche ¢=S— l//T 3a7an Kax QyHKIUS Xapak-
TepHCTHYECKHX Vu T. O T n xanop
YPABHEHHS COCTOSHMA CHCTEMBI.
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57. Ik nonsoBATCH apuKrepHeTRSECKOl dynuch O=S— (UpV)/T. Haiirn

cicrembl, ecin ® 3ajaHa Kak v.byﬂnmﬁ p u T. VCTaHOBHTH CBA3b
IepMouuHaMu-teckoro |lofeuumuxa Mnanka @ c suéprueii [u66eca G.
5.8. Hair anabars P COCTOSHUSA 0 rasa, 3uas

ero 3"Tal‘lbl‘lﬂ¥0
H=C, phr= v ets=500c,
£9. neprun i nexoTopoi cucress pasia G=aT (1 ~InT) + RTInp TSy rre
a R w . Haiitn u p

ypdaﬂel-mn COCTOSHHA 3TOM CHCTEMBIL.

5.10. I'Imy-mn IHEPIHIO l'euwmnbua CMECH W/eaNbHbIX Ta30B, COCTOSIIEH W3
v, Mosiell OJHOTO M V, MoJeil JAYTOro KOMMOHeHTa. Harmx H3MEHCHHE IHEPTHH
TeNbMIoNbHa NpH WIOTEPMHYCCKOR AMphYIMH STHX ra3o

5.11. TlonysuTs oHepruio [MGOCA CMeCH WACATLHBIX Ta30B, Coctomueii w3 v, moneit
OIHOTO W V, MOJEH APYFOro KoMHOHeHTa. HalTH W3MeHCHIE JTOTO MOTEHIMANA
P H30TEpMUecKol anddysuu rasos.

5.12. Tlpu HM3KOH TemmepaType JHTPONHA OJIEKTPOHHOTO Ta3a B METallax mMpomop-
wonama TepMOMHaMMYeCKoli TemnepaType. HaiiTH TeMmepaTyphyio 3aBHcH-

b C,—Cy SICKTPOHHbIX TCIVIOCMKOCTCH MW ITOW TEMTICPATYPE.
5.13. l'lpu WO TeNTEpATyPe 10 SaKOHy JleGasTennoemkocth C, KpHCTA/LIOB
Kyby chmcparvpm, ufmq: TMokasars,

uTo pasmocts C,~Cy
OHANLHA CCLRMO CTENICHH TCMICPATYPbI.




TJIABA HECTASA

VCJIOBUS PABHOBECHSI M YCTOMYMBOCTH
TEPMOJIUHAMUYECKHUX CUCTEM

Ans Keasu-
cmamuvecxux npoyeccos noaaonnem Kak mbl Buge-
nu, psg mepMog

C NOMOLWbIO KDmOprX MO)KHO uccne,qasamb nosege-
HUe mepMoguHaMUYeCcKux cucmem npu 3mux npoyec-

cax. [Tokaxem Pb, Mo P

mepwmo, ans ux 0B
c A PMOL UX NomeH-
yuanos r y obuue_y

mi 0ro p: uy

paanuyHbIx cucmem. C MOYKU 3peHUs MepMoguHaMu-
Ku amu ycnosun sasnslomes gocmamo«mbwu OpHa-

A

BoBaHue cpnyxmyauun B cucmemax (u, cne,qosamenb-

HO, BbIXOJS 3@ PaMKU UCXOAHLIX NOOXEHUH MepMo-

), MOXHO 4mo oHu

maK)Ke u Heoﬁxa,quubmu

B NPUMEHEHUU K MOA UNU UHOW KOHKPEMHOM
on obujue y pas-

HOBECUSi U YCMOWYUBOCMU NO3BOASIOM NOAy4ums

yacmusie (unu KOHKD@MHbIE) ANS faHHO# cucmems!

uy (xomo-
pble Mbl Gy,qu npocmo y
p uy Z ).

§ 27. OBIME YCJIOBUS TEPMOAMHAMMYECKOTO PABHOBECHUSA
¥ YCTONYHUBOCTH

TeopHsi TePMOJMHAMMYECKOrO paBHOBecHs Obia passura ['u66com
no obpasuy Mexanuueckoit craruku Jlarpamxka, T. e. nmyTem o6oGime-
HUS M PacnpoCTPaHEHHA NPWHIMIA BHPTYabHBIX NepeMelleHuii Ha
TEPMOAWHAMHYECKHE CHCTEMbI.

W3 MexaHHKH HM3BECTHO, 4YTO Mexanuueckas cucmema npu ude-
AIbHbIX C8A3AX HAXOOUMCA 6 DAaBHOBecuu, ecAu cymma pabom ecex
3adasaemvix cua npu aobom BUPMYAAbBHOM NepeMeweHuu cucmembl
paska Hymo (npumyun eupmyaibHelX nepemewjenuir). 3anuchiBas aHa-
JITHYECKM 3TOT npuHumMn (obuiee . ycrosne panHonecuﬁ) B BHJC
YpaBHCHHA M peliasi ero COBMECTHO C Y MH
BHPTya/bHbIE TEPEMEUICHHs, MOXHO HAHTH Koﬂxpemme ycnosus
PaBHOBECHsi MEXAHWYECKOH CHCTEMbl B KaXIOH JIAHHON 3ajave.
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Ypamleﬂm, KOTOPBIM  YAOBJIETBOPSAKOT BUPTYAJIbHLIE TIEpEMENICHUS,
M YPaBHCHHE NPHHLUMIA BUPTYANbHBIX [EPEMEILEHHIi 3aNHChIBAIOTCA
cneyommM  obpasom.

IlycTh cocTOsHME MEXaHHYECKOH CHCTEMBI ONpEMCseTcs KOOp-
JMHATAMH gy, ..., 45, & HAJIOKEHHBIC HA CHCTEMY CBS3H BbIPAXAIOTCHA
YCIOBHAMH

f(q1s s gn)=0 (s=1,2, ..., k<n).
Torna nepemeresns 8¢y, ..., d¢g,, TOTycKaeMble ITHMH CBA3SIMU M Ha-
3bIBAEMBIE 8UPMYAAbHBIMU WITA 803MONCHHIMU NEpeMeUjeHUAMU, OUEBUI-
HO, YIOBJIETBOPSIOT YPABHEHHAM
/A
—0g;
=1
Ecmn  Q;—o06obmennas cuma, CONpsDKEHHAas KOOpPAMHATE ¢;, TO
TIPHHLMIT BHPTYAJIBHBIX nepeMemeHuﬁ MMEET BH/L

i 0id9;=0. 6.2)
i=1

Pemas coBmectHo ypaBreHns (6.1) u (6.2) MeTO0M HeoONpene/eHHbIX
MHOKkHATeNeH Jlarpamka, MOKHO HafiTH KOHKpETHbIE YCIOBHS paB-
HOBECHS JIAHHOH MEXaHHYECKOH CHCTEMBI.

PacnpoctpanuM 3TOT cnocof onpeaenenus ycioBHH paBHOBECHS
Ha TEPMO/IMHAMHYECKHE CHCTEMbI.

Cocrosiune PaBHOBECUS TCPMOI‘(HH?\MH‘ICCKoﬁ CHCTEMBI Onpeneas-
ercs TemnepaTypoil T W' BHCIIHMMH TIapaMeTpaMH dj, ..., @,, Xapak-
TEPU3YIOINIMMH OTHOHIEHHE CHUCTEMBI K BHEIIHWUM TEJaM.

Cornacuo BTOPOMY HCXOAHOMY MOJIOKEHUIO TCPMOJAMHAMMKH, NPH
PABHOBECHH BCe BHYTPEHHHE TapaMeTpbl ABJISIOTCS  QYHKIMAMH
BHEIUHUX [APaMETPOB M TEMMNEPATYPLI, H NO3TOMY, KOrja a; ¥ T 3ana-
Hbl, OHH HE HYXHBI /UIS ONPEICJICHHS COCTOAHHSA paBHOBECHOﬁ CHCTEMBI.
Eciu cucremMa OTKJIOHEHA OT COCTOSIHUS PaBHOBECHS, TO BHYTPEHHHE
napaMeTpbl YyXe€ HE SABIIFIOTCH q)yHKllMﬁMM TOJIbKO BHCIUHUX MapamMeT-
PoB 1 TemnepaTypbl. [109TOMy HepaBHOBECHOE COCTOSHHE HEOOXOANMO
XapakTepu3oBaTh JOMOJHHTEAbHBIMH HE3aBHCHMbIMH napaMeTpaMH.
T0 no3poJseT paccMaTpuBaTh HEPABHOBECHYIO CHCTEMY KAK PABHOBEC-
HYyHO, HO C 6ONBIAM  YHCIIOM 1IapAMETPOB U COOTBETCTBYIOUIMX MM
000OLIEHHBIX CHJI, «yAEPKHBAIOIIMX» CHCTEMY B PABHOBECHH, MPHYEM
TEPMO/IMTHAMHYECKHE q)yllKIlH" CUCTEMBI B HEPABHOBECHOM COCTOSIHHH
OyfeM cuMTaTh PABHBIMH 3HAUEHHSM JTHX (YHKUHMH y PaBHOBECHO#H
CHCTEMBI C JIOTIOJIHHTE. «yaep ME»  CHIAME®).

Ha ocHoBe Takoro TIpE/ICTABJICHUSA, PACCMATPHBAs BBIXOJ CHCTEMbI
U3 COCTOAHHS PABHOBECHA KaK pe3yabTaT BHPTYAJIbHBIX OTKJIOHEHHH

©6.1)

* Ponb TaKMX CHJI WIPalOT BHEWIHHE TNOAS W aauabaTHBIC NEPEropo/KH,
OT/IeNSIOIME OIHY 4YacTh CHCTEMbI OT /PYrO#. €C/IM TEMMepaTyphl OTHX wdacTei
PAsTHUBEL
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BHYTDCHHHX NApPaMETPOB OT MX PABHOBECHBIX 3Ha‘ICHHﬂ MOXHO,
TOJNB3YACh  OCHOBHBIM TBOM  TEPMO, m (3.59) s
HECTaTHYECKUX IPOLECCOB, MOJYYHTh obmue (T. e. Jus J’Il()ﬁblx CHCTEM)
YCJIOBHS TEPMOJIMHAMHUYECKOTO PABHOBECHA H yCToiumBoCTH. Ilpu
9TOM, NOCKOJIbKY COCTOSIHUE TEPMOAMHAMUYECKMX CHCTEM oOmpejaens-
ercsi He TOJNBKO MEXaHWYECKHMH NapamMeTpamu, HO M CHELHAJIbHO
TEPMOJIMHAMUYECKUMHU  (TeMNepaTypa, SHTPONHA M Ap.) W IPYTHMH
napamMeTpaMH, BMECTO OJHOrO OOILIEero YCIOBUS. PABHOBECHS st
MeXaHMYeCKHX CHCTeM (6.2) ais TepMOAMHAMHUHYECKHX CHCTEM MX
6y,‘.[CT HECKOJIbKU B 3aBHCHUMOCTH OT OTHOUICHMS CHCTCMbL K BHCULLHM
TeJlaM (anuaéamaﬂ CUCTEMA, H3OTEPMHYECKAs CUCTEMA M ﬂp)

Pemiasi B Kam/IoM T4KOM cCiydae oOLiee YCNOBUE PABHOBECHS
CHCTEMbl COBMECTHO C YPAaBHEHHSIMM JUlSl BHPTYAJbHbIX H3MEHEHHi
BHYTPEHHUX IIApAMETPOB, MOXHO HAUTH KOHKPETHBLIE YCJIOBHUS paB-
HOBECHS TCPMOJMHAMHMYECKHX CHCTEM.

VpaBHeHUs JUIs BUPTYaJbHbIX H3MEHEHUI BHYTPEHHUX NMapaMeTpOB
Haxo/AT ananoruyHo (6.1). Iycrb cucrema obnajgaet m BHYTPECHHUMHU
napamerpamu by, ..., b,,, KOTOpblE TNpPH PABHOBECHH MNPHHUMAIOT
3HayeHus by, h,,A Ot napaMerTphbl, BOOOIIE TOBOpS, CBS3aHBI
HEKOTOPBIMH yCHOBHHMH B BUJIE

Lol o ba)=0 (5=1,2, .., k<m).
Usmenenus BHYTPEHHUX napaMeTpos, J0NyCKaeMbIe ITHUMH

SBA3SMH  (BUPTYalbHble HM3MEHEHHS), OUYEBHIHO, YIOBJIETBOPSIOT
YPABHCHHSIM

Hald}léM 06!.[1146 yCilOBHSlL paBHOBECHS M yClDH‘IHBOC]ﬂ TEpMOIH-
‘HAMMHYECKOM CHCTEMBI.

]/l:mnuponaunan cucrema (U=const, V'=const, N=const). OcHoB-
HO€ HEPABEHCTBO TEPMOJAMHAMHUKHM 11 HEPABHOBECHBIX 1IPOLECCOB

TdS>dU+pdV 6.3)
TaKOH CHCTEMBI nacr dS>0, 1. e. ommponus uz04uposantoil cucmenst
nj ccax Korga stu mpoueccnt

nl;)ekpam'rcﬂ H HdCTynnT ycTou‘mnoe PABHOBECHE, SHTPOIIHS CHCTEMBI,
+ QUEBMIHO, OyIET MaKCHMajbHa.

Takum 00pa3oM, oGwum ycaoeuem ycmouyugozo pasHoBecUs u3o-
AIIPO@HHHOM cucmembl A6AACMCA MAKCUMAABHOCMb €€ IHMPOnUN. O6o-
3Ha4as 3HTPONHIO CHCTEMbI B HEPABHOBECHOM COCTOSIHUH S, B pas-
HOBECHOM S, W pasHocTh S—S,=AS, MoxHO 3amucath oOuiee
ycnosue yCTOH‘lHBOl‘O PaBHOBECHS W!OHM})OBBH“OH CHUCTEMbI  KdK
YCIOBME MAKCHMYMa SHTPOIMH B BHIE

AS<0 (6.4)
wm 8S=0, 32°S<0.



OTO 3HAUMT, 4TO [EpBas BAPHALMSA OHTPONMM DPaBHa HYJIO,
a BTOpas MeHblUe Hyjs. PaBEeHCTBO HYIIO NEPBOH BAapHALMH SBASETCH
JMIIbL HEOOXOMMMBIM YCIIOBHEM OKCTpeMyma H HE obecneumBaeT
TOro, 4To0bl JHTPONHA HMMENA HMMEHHO MAakcHMyM. JlOCTaTouHbIM
YCIIOBHEM MAKCHMyMa SHTPONMH SBJISETCS OTPHUATENBHOE 3HAYEHHE
ee BTOPOW BAapHAIlMH, KOTOpoe W obecneyuBaeT yCTOHYMBOCTh paB-
HoBecus. Ecnu ke npu 8S=0 BTOpas Bapuauus SHTPOIHMH MOJIO-
KUTENbHA (MHHEMYM DSHTPOIMH), TO COOTBETCTBYIONIEE COCTOSHHME

cucTeMbl Gyner p M, HO T > HEYCTO! M*), Tak
xak Onaromaps (QuykTyanusM B Hed HAYHYTCS HEPABHOBECHBIC
TIPOLECCHI, KOTOPbIE M 1P T e B P )¢ COCTOSIHUE

¢ MakcuMymoM oSHTponud. Tak Kak Jajibllie SHTPONMS pPacTH He
MOXET, TO 3TO PABHOBECHE OYNET YCTOMYMBBIM.

Takum 06pasoM, paseHctBo 3S=0 ompenenser obiee ycioBhe
PpABHOBeCHs, a HEPaBEHCTBO 0°S<(— ofliee ycIOBHE YCTOHYHBOCTH
PaBHOBECHS H30JIHP X TEPMO, X cHcTeM. DTH ycio-
BUs SIBJAIOTCS JIOCTATOMHBIMH, Tak Kak ecmd Obl cucTeMa, HMmes
MAaKCHMaJIbHYIO SHTPOIIHIO, HE HAXOJMIACh B YCTOHYMBOM DaBHOBECHH,
TO NpH NPUOJNMXKEHWH K HEMy €¢ IHTDOIWS Hauana OBl PacTH, 4To
TPOTUBOPEYUT TPEANOJIOKEHUIO O €€ MAKCHUMAJIbHOCTH. H()Kiﬂa'rb
HEOOGXOAMMOCTh MAKCHMAJIbHOH JHTPONHM TPH YCTOHYMBOM paBHO-
BECHH W30JIHPOBAHHON CHCTEMBI MCXOJii U3 OCHOBHOTO HEPaBEHCTBA
(6.3) Henb3s, Tak Kak M3 HEro He ClelyeT, 4r0 paBHOBECHE
HEBO3MOXHO IIPH HEMAkKCHMasbHOH 3HTponnd. OJHAaKo, NpUHMMAs
BO BHUMAHWE MOJIEKYJISPHYIO MPUPOAY TEPMOJTMHAMHYECKHX CHCTEM
¥ Hauauuue 00YCIOBJICHHBIX €f0 (NYKTYalMi BHYTPEHHHX NapaMeTpoB,
BHIUM, HTO COCTOSHME PaBHOBECHS Ge3 MaKCHMyMa JSHTPONHH
HEBO3MOXHO, TaK Kak ﬁnarouapu ITUM (bnyx'ryaumm B CHCTEME
BO3HMKAIOT HEPABHOBECHBIE IPOLECCH, CONMPOBOXKIAIOIIAECS POCTOM
SHTPONHUH M TNPUBOJAIIHE CHCTEMY K PABHOBECHIO TIPH MAaKCHMAaJIbHOK
SHTPOIHH. .

Takum o6pa3oM, Hajuuude (UyKTyammii B CHCTEMax NPUBOIHT
K HCOGXO}]HMOCTH MAaKCHMyMa 3HTPONUH IPU PaBHOBECHH H, Clie/I0Ba-
TeNbHO, BCAKMI pa3, KOT@ 9TQ YCIOBME HE BBIUIOJHEHO, CHCTEMAa HE
HaXOJIMTCSl B yCTOMuMBOM pasHoBecun. [Tostomy obuiee yciosue (6.4)
SBJISETCS HEOOXOJMMBIM W JIOCTATOYHBIM YCJIOBHEM YCTOHYHMBOCTH,
a obmee ycnobue 32S<0 sBiseTCS NMUIb JOCTATOYHBIM YCIOBHEM
YCTOMYHBOCTH H30JIMPOBa TEpMO, HX CHCTEM.

Cucrema B TepMocTaTe NpH mocTosuuom obbeme (T=const,
V=const, N=const). OCHOBHOE HEPaBEHCTBO TEPMOJMHAMHUKH JUIsl
HEPaBHOBECHBIX IPOLECCOB (6.3), NPHBENICHHOE K HE3ABHCHMBIM Tie-
p 4 BUJ

¥ H ’
dF<—-SdT—pdV.

*) MexaHHueCKHM aNANOTOM  9TOTO CIyvas ABISETCA DAaBHOBECHE KOMYCa,
ONMpAIOWIErocs Ha BepIMHY (WM WApa HA BEPUIMHE KOHYCA).
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Jinsi cHCTEMBI, HAXOMAWEHCH B TEPMOCTATe, €C/IH OHA HE MpPOH3-
BOIMT BHeiHeil paGorbi, nmonyyaem dF<O0, T.e. B M30TEPMHYECKOI
CHCTEME C TOCTOSHHBIM 00BheMOM JHEprust I'elbMrosbua npu Hepas-
HOBECHBIX NpOLIECCAX YOBIBAET M MMEECT MHHHMYM TIPM YCTOHYHBOM
paBHOBECHH. OTO obujee ycioue YcMOiuugoeo pasHosecusi usomep-
Muyeckot cucmemsl, HE ﬂpOHSBOﬂﬂLﬂCﬁ BHEIIHEH paGoTu, MOXHO
3anucaTh B BHJIE

AF>0 wm 8F=0, 8*F>0,

TpHYEM PaBEHCTBO SF=0 ecTb obwee ycaogue pasnosecus, a HepaLi-
cTBO 32F>0— 0bwee (HOCTATOUHOE) yca06Ue YCMOUMUBOCIU CUCTREMbL
& mepmocmame npu nocmoSHHOM o00beme.

Cucrema B TepmMocTaTe TOJ NOCTOSHHBIM  BHEIIHHM  JtaBle-
mem (T= consl p=const, N=const). OCHOBHOE HEPaBEHCTBO
TEpM u (6.3), np K Iep p, T, npunm-
MaeT B

dG < —SdT+Vdp.

JInst cHCTeMBI, NOTPYXEHHOH B Cpelly C NOCTOSHHOH TeMnepaTypoi
u jgaBienueM, nonydaemM dG<0. CnegoBaTenbHO, B Takoil  CH-
cTeMe npH HEPaBHOBECHBIX Tpoueccax oHeprus [ub6ca ybbiBaer
W MMEET MHHUMYM TIpH paBHOBecuu. IlosTomy obuiee ycioBue
PaBHOBECHS M YCTOMYMBOCTH CHCTEMBI B TEPMOCTATE C MOCTOSHHBLIM
BHEIIHMM JIaBjieHueM (MMHMMYM JHeprun I'u66ca) MOXHO 3amucath
B BHJIIE

AG>0 uwm 3G=0, 3*°G>0,
npudeM paBeHCTBO 6G=0 ectb obwee ycaosue pasnosecus, a He-
paBeHCTBO G >0— obuyee (0 ) ycaosue yc
cucmemel.

AHAJIOTHYHO MOXHO II0Ka3aTh, YTO NPH IOCTOSHHBIX 3HTPOIUK
M [IaBJICHMM YCTOHYMBOE pABHOBECHE B CHCTEME HACTyNaeT npu
MHMHUMYME €€ SHTAJIbIHK:

AH>0 um dH=0, 8*H>0,
a B CHCTeMe C TMOCTOSHHOM OJHTpoOnMell H O0OBEMOM YCTORUHBOE
PaBHOBECHE HACTYNAeT NPH MHUHHMYME BHYTPEHHEH JHepruu:
AU>0 wm 8U=0, 8*U>0.

CHcTema ¢ MepeMeHHBIM WHCJOM  4acTHil B TepMocTare, MpH
TOCTOSIHHBLIX XHMHMHYECKHX TOTeHuHanaX u obbeme (7'=const, V'=const,
pi=const). OCHOBHOE HEPaBEHCTBO TEPMOAMHAMMKHM CHCTEMBI C Tie-
PEMEHHBIM YMCJIOM YacTHIl TIPH HE3aBHCHMBIX NEpeMeHHbIX V),
T w j; ANA HEPaBHOBECHBIX MPOLECCOB HMeeT BHI

dQ< —S§dT-pdV— Y Nidp;, 6.5)

rae Q=U—TS—Y N,
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W3 uepaBeHcTBa (6.5) BHAHO, YTO IPH HEPABHOBECHBIX NPOLECCAX
B CHCTEME C NIEPEMEHHBIM YHCJIOM YaCTHII, HAXO/SIIENCs B TepMOCTaTe
Opd TOCTOSIHHBIX V' W ), TEPMOJMHAMHYECKHH  NOTEHLMa
Q ybwBaer (dQ<0) W HMMeeT NpH YCTOWYMBOM PaBHOBECHH
MuEEMYM. OOliMe YCIOBHS paBHOBECHS M YCTOMYMBOCTH Tako
CHCTEMBI 3alMIUyTCA B BHIE

AQ>0 umn 3Q=0, 5°Q>0.

Takum  oOpa3oM, oOIuMe YCIOBHS YCTOHYMBOTO DPABHOBECHS
TEPMOIMHAMHUYECKUX CHCTEM B DPA3JIMYHBIX CIydasX OMNpPeeNsroTCs
IKCTPEMAJILHBIMH 3HAUYEHHAMH COOTBETCTBYIOUIMX TEPMOJMHAMMYEC-
KHX TOTEHLHAJIOB. DTH YCIOBUS ABJSAIOTCA HE TOJNBKO JNOCTATOYHBIMH,
HO H H506XOMMHMH, eCcli OGECIle‘lCHH BCC JApyrue yCJIOBHS
JUI YCTAHOBJICHUS PAaBHOBECHS (IIOCKOJIbKY HAM/ICHHbIC HAMH YCIOBHS
HE SBJISIOTCA €/IMHCTBEHHBIMH JUISI BO3MOXHOCTH IMPOTEKdHUA MNpo-
eccoB).

TCpMOJlHHaMH'-ICCKHG TNOTEHIHAJIBI MOTYT HMETb HECKOJbKO 3K-
CTPEMYMOB (HATPHMeEp, OHTPONHS HMEET HECKOJILKO MAaKCHMYyMOB).
CocTOsIHHSI, COOTBETCTBYIOUIME HaubOJIbIIEMY (IHTPONMA) HIM Ha-
uMeHpieMy (oHeprus Tenbmrosbua u p.) W3 Hux, Haauaawnﬂ
cmabuabhbiMu (aﬁco-uomo ycTo COCTC usi),
Apyrue— memacmapussnsimu (nosyycrofuusbivu). Tlpu HAJAIMH GOJIb-
mx d)nylcryamm CHUCTEMA MOXET HCPCPITH U3 MCTdCTaﬁHﬂBHOl’O
COCTOSHMST B CTaGHIbHOE.

§ 28. YCJIOBUSI PABHOBECHS JIBYX®A3HOM
OJJHOKOMITOHEHTHOM CUCTEMBI

B kauecTBe npumepa Ha onpe/eNeHue KOHKPETHBIX YCJIOBMH DPaBHO-
BECHSI, HCXOS M3 YCTAHOBJICHHBIX BBIILE 06!.““)( yCﬂOBHﬁ PAaBHOBECHS,
PacCMOTPHM H30JIHPOBAHHYIO ABYX(a3HYIO CHCTEMY OJHOrO M TOTO
K€ BellecTBa (HampuMmep, BoJa M ee Imap).

Ecim S’ m S”—O5HTpONMH COOTBETCTBEHHO NEPBOH H BTOpOIt
da3, To IHTPONMMs Bcel CHCTEMbI

S=S§"+8",

ee obuee YC/IOBHE paBHOBECHS

" B HEKOTOPHIX CIyHaxX HDOIUECCHl TEPMOJMHAMMMECKA BOSMOKNbI (TEPMOAH-
HAMMYCCKAC  LOTCHIUMATIBI NPHl HHX M3MEHSIOTCS B COOTBETCTBHM C HAATCHHBIMA
YC/IOBHSMH), HO B NEHCTBUTETLHOCTH He NMPOTEKAIOT, TAK KAK HE BBITIONHEHbI ApYyrue
yenosns (llanpmien HEKOTOPBIC XMMHUECKHE DeAKIHH "1yT TOABKO TPH  HATHUHH
KaTanus: xor: OHH eraa — SHeprus
npM 1Ax yumnm.l)
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55=55"+85"=0. (6.6)

Kaxuast u3 a3 npescTapiseT co6oi OJHOKOMIIOHEHTHYIO CHCTEMY
C TEPEMEHHBIM YHUCJIOM 4YacTHL, W OCHOBHBIMHM YDaBHECHHSMH TEp-
MO/IMHAMHKH Ul HHUX COOTBETCTBEHHO 6)’}])’1’

T'8S'=8U"+p'dV'~WaN',
T785"=8U" +p"8V" —W'sN".

Onpejeasist 88" u 3S” M NOACTaBAAA MX B COOTHOWeHus (6.6),
nojydaem oblee YCIOBHE DPaBHOBECHS B BHJIE

e SV — SN SV SN
U +p'd u5N+8U +p"8 W8N —0.

7 T

6.7

Tax Kak CHCTEMa M30JMPOBaHAa, TO €€ SKCTEHCHBHbIE NapaMeTPhl
TOAYHHCHB CHEAYIOLMM  YDABHEHHAM  CBSCH:

U'+U"=U=const (BHyTpPEHHSA JHEPTHs CHCTEMBI),
V'+V"=V=const (0ObeM BCel CHCTEMBI), (6.8)
N'+N"=N=const (oblIee YHCIO YACTHII).

B kadectBe HE3aBHCHMBIX lmpaMerpoB cucremnl  BeiGepem U’,
V', N’; B kavecrse 3aBucuMbix — U", V", N". Corjiacuo BBIpaXeHAsM
(6.8), BHPTYAJbHBIC HU3MCHEHHS napaMeTpon CHCTEMBI  CBSI3aHBI
YPaBHEHHAMHU

SU"=—-3U’, dV"=—38V', SN"=—-3N". 6.9)

ByzneMm pewarts COBMECTHO ypaBleHHe OOIIEro yC/IOBHS PaBHOBECH:
(6.7) ¢ ypaBHEH#sIMH JUIs BHPTYaJbHBIX H3MCHENRH JKCTEHCHBHBIX
napamerpoB cucremsl (6.9). IloacraBisst ypasuenus (6.9) B (6.7),
Haxo1nM

! 2 (R \sN =
(F'F)w +(T F)aV (T, T,,)aN 0,

OTKyA2 BCJEACTBHE He3aBUCHMOCTH Bapuammid dU', dV', 8N’ oxon-
HaTebhO TOJIYYAEM CJIEYIOIINE YUCMIHbIe YCAVBUS (PA3us020 PABHO-
8eCUsl VOHUKUMNOHCHMHOU CUCEMDL:
=T" p'=p", W=i", ©.10)
T.€. DABCHCTBA BCEX TEPMOJMHAMHUYECKMX CHI B obenx dasax
[paBencTso Tevnepatyp (a3 (ycaoBME TEPMHMYECKOrO DaBHOBECHS),
PaBEHCTBO JABJICHHA B (aszax (YC/IOBHE MEXaHRUCCKOTO PABHOBECHS)
H PaBEHCTBO XiMHMYCCKMX MOT€HiIMAIOB BELLECTBA B q;nsax (yC!‘lOBHE
XHMHYECKU1 O PdBHUBOUMA) |.
OtH TPU YCIOBUS MOXHO 3anMCaTb B BHUJIE OJIHOIO-— PABEHCTBA
XHMHYCCKMX TIOTCHIHAJIOB BEIIECTBA B ¢a3ax TIpH  OJIMHAKOBBLIX
TEMIICPATYpE H [ABJICHUH!
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W(T, p)=w"(T, p)- (6.11)

Yeaosue pasogozo pasnosecus (6.11) noxa3piBaer, 4TO OpH
P4BHOBECHM JBYX (a3 OOHOrO M TOrO e BElIeCTBAa JaBJcHHE
sBsieTcss GYHKIMeR TeMnepaTyphl, T. €. napaMerTpbl 7 U p NMEPECTaloT
OBITh HE3aBUCHMbIMH.

33MCT[/IM, YTO [MOJIYYEHHbIC YCIOBHUS 4)330501'0 PpaBHOBECHSA
(6.10) umu (6.11) cnpaBefnuBBl TOBKO MJIS ONHOPOAHBIX (a3,
T. €. NPH OTCYTCTBMH nojs BHemHMX cui. Eciam xe daswi Haxo-
JSTCS BO BHEIUHEM Ioje (HAanpuMep, B NOJE CHIBI TSKECTH), TO
NpH pPaBHOBECHH B obeux (pa3ax OJMHAKOBBHI JIMIIb TEMIIEPATYPhI,
NIaBJIeHHe K€ M XUMHUYECKHI NOTEHUMAN B KaXIOoH (ase ABIAIOTCH
byskuusMu koopauHaT. He 3aBHCAIEH OT KOOPJAMHAT BEJIHYH-
HOM OKa3blBA€TCHd HE XHMMYECKMH [OTEHNMAJ, a XUMHYECKHH
NOTEHIWA TUIKOC NOTEHUMANbHAS JHEPIHs 4YacTHIUB! B TOJE (CM.
3agauy 6.4).

§ 29. YCJIOBUSL YCTOMYMBOCTA PABHOBECHS
OJHOPOJHOM CHUCTEMbI

TepMoaMHAMHUYECKas YCTOHUMBOCTH CHCTEMBI ONpPENENAETCA BTOPOI
BapHaLyel KaKoro-aubo TepMOIMHAMMYECKOTO MOTEHIMANA, ECII OHA
He paBHa Hymo. HalineM BHawane obluee BBIPaXEHHE YCTONYMBOCTH
CHCTEMBbl, a4 TOTOM WCCEIyeM M BTOPYIO BAPHAUMIO COOTBETCT-
BYIOUIErO TEPMOAMHAMHYECKOTO NOTEHLHMana.

PaccMOTpUM  3aKpEITYIO CHCTEMY, HAXONALIYIOCS B TepMocTate
c reMnepaTypou 7 104 NOCTOSHHBIM AaBjieHueM p. OBumM ycioBueM
yCTOH‘WlB')CTﬂ paBHOBECUS Takod CHCTEMbI SBISETCSH MHHHMYM €€
sHeprun I'mb6ca G —TS+pV. D10 03HA¥Yaer, 4YTO COCTOSIHHE
CUCTEMBI B TepMOCTaTeé NpH [aHHBIX p W T ¢ KOOpAMHATaMH
(9KCTEHCHUBHBIMU napaMeTpami) I u S SBIs€TCS YCTOWYMBBIM, €CIH
npu _HEGONIBIIOM CHOHTAHHOM M3MEHEHHW KOODJIMHAT ee OSHEprus
I'u66ca G Bo3spacraer: AG=G,—G>0, T.e.

Uy=U=T(S,=S)+p(V1~V)>0, (6.12)

rae U-—BHYTPEHHAS SHEPIUSl HCXOJHOTO PABHOBECHOTO COCTOSIHHS
CHCTeMbl NPH JdaHHbIX p, T ¢ koopaunatamu V, S; U;—BHyTpeH-
Hsisl JHEPTHsi HEPABHOBECHOrO COCTOAHMsi, paBHas (cM. § 26) ee
PABHOBECHOMY 3HAYCHMIO NpH KoopauHaTax Vy, S; M JApYrHX cHjax
P1. 1y, YAGp/KMBAIOWMX CHCTEMY B DPABHOBECHH C O3THMH KOOp-
JUHATAMH,

AH&J.J'[OA‘M‘AMU, DABHOBECHOE COCTOMHHUE CUCTEMbI C KOOpAWHATAMH
Vy, S, npu noctosHHbIXx p; U T; Oyder yCTOWYMBBIM, €CJIH TIpH
11C00JILILOM  CHIOHTAHHOM H3MEHEHUH HTHX KOOpP/IMHAT BbLINIOJTHACTCH,
noobno  nepasencTsy (6.12), yeiosue

U=Uy =Ty (S~ S1)+pr (V= V1) >0. (6.13)
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Cnoxus HepasenctBa (6.12) u (6.13), mosyuum crnemyroee
WOTHOI.UQHHC MEXJy Pa3sHOCTAMHM pasJIH4YHBIX [1APAMETPOB JIBYX
GAM3KMX YCTOMYMBBIX COCTOSHUN OXHOPOIHON CHCTEMBI*):

ATAS—ApAV>0 (6.14)
w AT A
P

‘AV e (6.15)

rae AT=T,—-T, AS=S5,-8, Ap=p,—p, AV=V,-V.
Onpenensioniee yCTORYHBOCTh CUCTEMBI BRIPAKEHHE B JIEBOH HaCTH
HepaBeHcTBa (6.15) HaszoBeM MaTpuuel ycroiunmBocTH. HepaBeHCTBO
(6.14) mns onpenenuTens 9TOH MaTpHIbl TO3BONSET INOJY4YHTh
KOHKDETHbIE YC/IOBUS YCTOHYMBOCTH OAHO(DA3HON CHCTEMBI B pasiiny-
HBIX yc/ioBusix. B camoM Jiene, pasnenum JHEPaBEHCTRO (6.14) cHauana
Ha KBaJpaT H3MeHeHHs KOoopauHaThl (AV)? TIDH TIOCTOSIHIOM 3HAYCHUM
TEPMOIMHAMHUYeCKO# cunbl T, conpx;erHon KoopauHate S, a HOTOM
HA KBAJDAT PA3HOCTH KOOPIMHATBHI (AS)? TIpU NOCTOSHHOA TepMOJH-
Hal koil cuie p, conp nepsoit koopamnate V. Torna

Ap .
(H)fo’ (Ts),,)‘"

OTO o03HAYaeT, YTO B YCTOHYHBOM PABHOBECHOM COCTOSHHH
OJIHOPOZIHOW CHCTEMbl Ui JIIOObIX HEOOJBLIMX H3MEHEHWH Kaxuol
€6 KOOPAMHATBI IpH TOCTOSHCTBE TEPMOJMHAMHYECKHX CHJI, CO-

IX JIPYTHM KO TaM, BBIMOJHAIOTCH, KAK JOCTATOYHbIE
YCJIOBHS YCTOWHMBOCTH, TepMOMHAMMHECKHE HCDABCHCTBA

(6.16)

CnenoBatenbo, C,>0 B COCTOSHMM YCTOHUMBOTO DPaBHOBECHSL.
B ofmem ciyuae, Koraa KoopaAMHATOI (asbl ABNAETCS ApAMETD
a, a COTPAKEHHOH emy oﬁoﬁmemmu CHIION -~ BEIMYMHA A, YCIOBHS
yﬂOH‘IHBOCTH HMCHOT BH,

24 aT T
(*) <0 ()60

Pazgenum Telieph  HEpaBeHcTBO  (6.14) cHawaia Ha  KBaapat
W3MEHEHUs NepBoi KoopauHaThl (AV)? UPH NMOCTOSHHOM 3HAYEHHH
XOOp/MHATBI S, @ NOTOM HA KBAJAPAT W3MEHeHUs KOopiuHathi (AS)?
npu nocrosucree V. Toraa

¥ B OBlieM Clydac CIOKHBIX CHCTEM C TEDEMCHHBIM MHCIOM SACTHL BMECTO
46.14) umeem YAA;Aq;>0 (sHaxm A; W a; onpenensiorca w3 ypasHenus dU=

=7dS—pdV+udN

Ada).
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(AV> <0, (A—Df‘)'

3HAUUT, B COCTOSHHM YCTOHYMBOTO DPABHOBECHS OJHOPOIHON
CHCTEMBI JUIsi MOOBIX HEOONBINMX H3MEHEHUH KaXIOH ee KOOPAMHATH
NPH MOCTOSIHCTBE JIPYTHX KOOP/MHAT BBUIONHSAKTCA HEPABEHCTBA

B o\ T
(ﬁ)fo. (as)y‘_v>0' ©.17)

CrenoratenbHo, Cy>0 B COCTOSIHMH YCTOHYMBOTO DaBHOBECHS.

Takum 06pa3oM, OJHOPOJHAs CHCTEMA HAXOMUTCH B COCTOSHUM
YCTOMYMBOrO PaBHOBECHs, €CJIM €€ MaTpHuia ycroiuuoctu (6.15)
NOJIOKUTENBHA (3TO YCJIOBHE SIBJIAETCS HEOOXOMMMBIM H IOCTATOYHBIM)
WK K€ eCJIH BBINOJIHSIOTCS YCIOBHs ycToiduBocTH (6.16) 1 (6.17) (31n
YCIIOBHS SIBISIOTCA JOCTATOYHBIMH, HO HE HEOOXOIMMBIMH, TaK Kak
BO3MOXHO YCTOHYMBOE COCTOSIHME M NPH HAPYLUEHWH ITUX YCIOBHMIL).

JlOCTAaTOYHBIM YCOBHEM YCTOHYMBOTO PaBHOBECHS SBIISETCH TAKKe
M_TOJOKUTENILHOEC 3HAYCHHE BTOPOH BADHALMM SHEPrUM Tu66ca®
§2G>0. DTy BApPUALMIO JIETKO HAWTH K3 OOIIErO YCJIOBHS PAaBHOBECHS
n ycroitunsoctd AG>0. JlefiCTBUTENbHO, NPH 3aJaHHbIX 1o U po U3
HepaBeHcTBa (6.12) umeem

AG=AU-T,AS+poAV>0,

e A— Bapuaums JiH060ro NOps/IKa, BBIBOIAIIAS CHCTEMY M3 DaBHOBECHS,
M Ul HE3aBHUCUMBIX liepeMeHHbIX AS=38S u AV =38V. Usmenenne AU
NPH BUPTYaNIbHBIX H3MEHEHHSIX S M V' ¢ TOYHOCTBIO JIO HJIEHOB BTOPOTO
NOPsIKa MAJIOCTH OTHOCHTE/IbHO HE3aBUCHMBIX BapHalwii 8.5 1 8V paBHa

/4 FR
AU= (as) ss+< )M 2(“1

) T5S—psV+

BSV

+2[( )as +2( )asw ( )saw],

a ycloBHE paBHOBecHs H ycroitumBocTu (6.18) mpuHMMaeT BUA
AG=(T—To)3S+(po—p)dV+

+;{< >5s1+2( )sssv ( )sv]

=8G+,8°G>0.

» s yestopuii  yctoii W MOXHO 5 ApyrHe
TEPMOAMHAMHYCCKHE TOTCHIHATI.
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W3 ycnosus paeHoBecHss 3G=0 naxomum T=T, u p=po, T.e.
NpH PABHOBECHH TeMIEpaTypa M MaBJCHHE CHCTEMbI DPaBHBI COOT-
BETCTBCHHO TeMnepaT}qae M JIaBJICHHUIO TepMoOCTaTa.

U3 ycnosus ycroitumBoctd 62G>0 mnomyvaem

2 P 2
( ) 58 +2( )5ssv (ay)ssv >0.

Kak mu3BecTHO, KBaJpaTHyHas (opma IOJIOKHMTENbHA, E€CTH CO-
CTaBJIeHHBI 13 K03(hGUIMEHTOB HOPMBI JICTEPMHUHAHT M €rO TJIABHBIE
MHMHODBI TIOJIOKHTENBHBI, MOITOMY YCJIOBHS YCTOHYMBOCTH

g) =FTV>°’ (EV)>0
(

4TO connanaeT c (6.17). HaaoaeM D, demep yemoii

0X;/0x; mu ycmoii 1 (AKY),
0X;/0x;)x u3obuHaMuuecl<uMu Ko MU ye mu
WKYVY), The X;=T, =P s xi=S, V, .... 3ameTum, 4o, 1O Ompeese-
HHIO TIOJIOXUTEILHOH BEIMIUHbI, 0<D <00,

Tlonb3ysick CBOWCTBaMHU xkoﬁuanos sierko npeobpasosats AKY
B UKV u, Haobopor, UKY B V4

_a(T —p)_a(T, p)ats -p)_ 9T}) (_@)
YTs V) (s —p) as, V) \os w)s

p, =T P]AMM_( bp) (T)

oS, vy ernv)esy) v

o=() ()5 5),

CrefoBatenbHo, D, BCeria MOXHO IDHUBECTH K JHATOHAJBHOM
dopme, sBnsIOmEiCH npomneueﬂnem AKY u UKY.

Ecim pas3fennts HepaBeHcTBO (6.14) Ha npow3Be/icHHE M3MEHCHHUI
KoopauHaT AV AS TpH MOCTOSHCTBE BCeX ODOOIIEHHBIX CHJI, Kpome
KaKko#i-1M60 OAHOH M3 HHX, TO BCJENCTBHE HEONPEAeIeHHOCTH
3HaKa 3TOr0 MPOM3BENEHHS MOJYYHM, YTO B YCTOHYHMBOM DPAaBHOBECHH
OJIHOPOZIHOH CHCTeMbI Kaxias u3 mpoussomtbix (0T/3V),, (0p/dS)r
WA TOJNIOKHUTENbHA, MJIM OTPULATENbHA, T.€. HMMEIOT MECTO He-

PaBeHCTBa
a @») 3
()20 ()2
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Venosue Cy>0 (Tak xe Kak
u C,>0) B COCTOSHHH YCTOHYMBOIO
PaBHOBECHs BBLINIOJIHAETCH, €CIIH Tep-
MoJMHaMuYeckas Temnepatypa T mo-
noxutenbHa. Ho, ¢ apyro# cTopousi,
yeiosue Cy>0 BbipaxaeT onpejele-
HHME TOTO, Kakas TeMnepaTypa 6071b-
me, a Kakasi — MeHbie*!

Takum obpasom, npmmmax B CO-
OTBETCTBHH C 3THM  OlpEJeeHHEM

Puc. 21. NOHATHS  «OONbIIAs WM  MeHbIIas
Temnepatypa» Cy >0, Mbl BbIGMpaeM
nonoxurenbHyto Temnepatypy 7. Tako# BeiGop 3Haka T npUBOAMT
o BTOPOMY Ha4ajJy K TOMY, YTO NpPH TEIUIOBOM KOHTAKTE€ IABYX
TEJ TENJAO0Ta CaMONPOM3BOJILHO NEPEXOJAUT O1 Tejia ¢ 60m>u.|eﬁ
TEMNepaTypoil K Teay ¢ MeHbllell TeMmnepaTypoil. DTO Mo3BossieT
JIErKO TIOHSTh (DU3MYECKUH CMBbICH yCNOBHIl ycToiuuBocTH (6.16) mwim
(6.17). [HeiicrButensno, npeanonoxum, 4ro npu 7'>0 K ycinosue
C,>0 He BbmoONHsIOCH ObI W BMecTO Hero Gbiio 6bi  C,<0.
TO!‘JJd npu d)ﬂyKTydl.lMﬂX, BbI3bIBAIOLLMX OTAAYy cucTeMoi TSHJ’IOTH
TEepMOCTaTy, TeMnepaTtypa JTOM CHCTeMBI TOBBICHJIACH 6]:[, qTO
npuBesno Obl, B CBOK O4Yepedb, K JajibHedlueil OTAaue TEIIOThI
(rak xak T>0K) wu cucrema, crenosatenbno, nmpu C,<0 ue
Morna Obl OBIT B YCTOWYMBOM DaBHOBECHH. AHaJlOlW{HO eciu
Bmecto (9p/0V)r<0 Gynmer (0p/dV)r>0, To 91O O3HAuaeT, uTO
JaXe TNpH HEOONbIIOM  (UIYKTYalMOHHOM YMEHbILIEHMH 0ObeMa
JIaBJICHHE B CHCTEME YMEHBILMTCS. DTO BbI3BANO Obl HajbHeifliee
cxarue obvema u T. . C!lCJlOBaTCIIbHO, CUCTEMA HAXOAUJIACh
HE B PABHOBECHH.

Venoust (6.16), (6.17) obecnednBaroT yCTOHYMBOCTbH PaBHOBECHS
MO OTHOWEHHIO K HeGoabmmM duykryauusm. Ipu Gonblumx ¢uyk-
TyalMsiX, KOIJlA HAYMHAIOT BBICTYNATh HEYYTEHHBIE OCOOEHHOCTH
MOBEPXHOCTH (UIYKTYaLMOHHBIX 3apOBIILCH, 3TH YCIOBHsS OKa3biBa-
IOTCS HEJIOCTATOYHBIMH. HaupuMep, B COCTOSIHMSIX TNMEPEOXJIAXIAEHHOTO
rapa MM NEPerperol XHAKOCTH yciopus (6.16) BHLINONHSIOTCH, XOTS
JTH COCTOSIHMSl YCTOMYMBBI TOJNBKO NHpH OOPAa30BAaHHM BO BpEMs
duykTyaumii mWIOTHOCTH HeGOJbIIMX 3apojbilueil HOBOW (a3bl, a npu
duykTyanmsix ¢ oOpa3oBaHMeM OOJBLIMX 3apOABILEH OJHOPOAHBIC
CHCTEMbl pacmajalorcss Ha. ae asel. I10 06yCIOBIEHO 0CO00H
POJIbIO TIOBEPXHOCTHOM OHEPrHH 3apojibillieii (KOTOPYK MBI JO CHX
nop He y'iHTblBﬂJIH)J TIpY MajibIX Karuisx oﬁpazona}me UX NPUBOJMT
K YBEJMYEHHIO CBOOOJHOM JHEpruM F CHCTEMBI, NMOITOMY 5TH Kallii
HCYE3aK0T; MNpH 60IbLIAX 3apozsliax OGPBSOBHHHC UX MOXET npu-
BECTH K YMEHBUICHHIO F, YTO BEJAET K pa3s[e/ieHHI0O CHCTeMbl Ha

* TIpUHUMAETCA, YTO TPH COOBIIEHMH TETy TCMJIOTHI NPH MOCTOAHHBIX BHCHIHHX
NApAMETpAX €r0 TeMNEpATYpA MOBHINAETCS, T. €. Cy>0.
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oM. §

l PaccMOTpUM B CBA3M C TIONYYEHHBIMH YCJIOBHSMHI YCTOMYMBOCTH
baBOpO/HON cucTeMbl ras Bau-mep-Baanmbca. M3ortepma storo rasa
[pH TEMIEpAType HWXe KPHTHYeCKO#H m3obpakena Ha puc. 21. Yacts
AB cooTBeTCTBYeT rasy, yactb FG—>XHAKOCTH. B 3THX cOCTOSHMSX
(ap/aV)T<0, YTO YKa3blBaeT Ha MX YCTOMYMBOCTb. COCTOSIHHMS,
sexauwe Ha yyactke CE, HeyCTOWUMBEI, TAK KaK Juist HHX (0p/0V )r>0.
Touka C ABNAETCS IPAaHMYHOM JUI YCTOMYMBOCTH OTAENBHO B3ATOH
ra3oBoil  (a3bl OTHOCHTENBHO €€ HENPEPBIBHBIX HM3MEHEHHH (He
cBA3aHHBIX ¢ 06pa3oBanueM HOBOH (asbl). C Toukm B, Kak MpPaBUIIO,
ra3 HaYMHAeT KOHACHCHPOBATHLCH, a HBqu)aBHOC COCTOSIHHE OIIpeneisi-
€TCsl TPSMONMHEHHbIM yuactkoM BF. Yuactku BC u EF cooTser-
CTBYIOT METAacTaGMIBHBIM COCTOSHHMSIM Napa H XKUAKOCTH COOTBET-
CTBEHHO (cM. 3amauy 6.6).

fBe (Gasbl, ykaspiBas Ha MeTacTabUIBHOCTh OJHOPOIHON CHCTEMBI
57).

§ 30. IPUHLUIT JIE WATEJBE —~BPAYHA

O6uMe  yCoBMsi  yCTOWYMBOCTH PABHOBECHS —TEPMOJMHAMMYECKHX
CUCTEM NPHBOJAAT K TOMY, YTO BHECIIHEE BOSRCFICTBI{C, BBIBOASALIECE
CHCTEMY M3 COCTOSHHS PABHOBECHS, BBI3HIBACT B ITOM CHCTEME TAKHE
MPOLECCh, KOTOPblE OCHAGJISIOT 3TO BO3ACHCTBHE. DTO IOJIOXEHHE
6buto ycranosneno Jle Hlarense B 1884 r. m ofocuoBano Bpayrom
B 1887 r. u waseano npunyunom Jle Hlameave— Bpayna.

Mpunmin  Jle Iatense —Bpayna 6bu1 mOJyYeH YHCTO WHTYH-
THBHO, B pe3yjbTaTe MOMCKa TEPMOIMHAMHUYECKOI0 aHaJiora 3aKoHa
MEAYKUMU JISHIA: uHOYKyuOHHbLIL 24eKmpuyecKuil MoK umeem makoe
Hanpasaenue, npu Komopom omaﬁ/memm BHEWHAA NpuduUHa e20
8bI3bI6aIOWAA.

3nauenne npumimna Jle Hlatense —BpayHa COCTOMT B TOM, 4TO
OH MO3BOJISET NpPEACKa3aTh HamnpaBJICHHE, B KOTOPOM IIOJI BJIMSIHHEM
BHEUIHErO BO3/ICHCTBHS HM3MEHMTCS TePMOJAMHAMUYECKHH mnpolecc,
NPOTEKAIOMI B MPOU3BONBLHON CHCTEME.

BHBC,EICM 3TOT TNPUHUMN JUI CHCTEM, B KOTOPBIX IIpH npoueccax
COXpaHsSIOTCSH XHMHYECKHMH COCTaB M Macca (HPH nponeccax ¢ U3MeHe-
HHEM MAacC KOMNOHEHTOB M (a3 cucremsr npuHuun Jle Ulatense —
BpayHa Takxe MMeET MECTO, HO JOKa3biBAETCS WHade).

PaccMoTpuM cuCTeMy, COCTOSIHHE KOTOPOH ONpE/IENseTCs NePEMEH-
HBIMH X; M X,. [lycts X n X, — peiict Ha Hee 060(
cunbl. Jluddepennmnan HekoTopoit (yHKuMH cocTostHMS Y papen

dY=X,dx;+X,dx,.
Tora (0X1/0x;)x,=(0X2/0x; ), #

Y\ _(ox
(). ). o




Tak Kak d(Y—X;x;—X,x;)=—x,dX; —x,dX,. Beipasum npousson-
Hylo (9x;/0Xy);, uepes mnpomssommbie (0x,/0X:)x,, (0x1/0X)x,
u (axz/ﬁXz),,‘A Hcnonb3yst cBOMCTBA SIKOOGMAHOB, HAXOAUM

(%) _aixa) _ d(xi, x2)0(X,Xs)

3 1. xa) z)
0Xix2) 3(Xr, X2)o(Xy, 12)  0(Xy, Xa)\ 0%z Jx,
Ho, cornacHo ¢dopmyne (6.18),

| (50, (52, (), (22), -

o(x,X2) (%) (aﬁ) X, Jx,\ 38X,
i Jx, \X)x,
*(if_) (i"i) (%) (ﬁ ,(ﬁ ;
X, Jx \ X, Jx, \0X: )i, \0X; ), \0X2 ),
EARNEANE Z’x.)z o 6.19
(ax.),z (ax,),,z (ax, W\ )y, 619

Ecim Gnaromapst ycnosusiM yCTOHYMBOCTH

TO3TOMY

0x;
(R)x, >0, (6.20)
TO
axy 8x;y
( ﬁ) <(ﬁ) . 6.21)

‘DTO HepaBeHCTBO U BhIpaxaeT npunyun Je llameave — Bpayna. Ecim
B CHCTEME, B KOTOPOﬁ NOAEPXKUBAIOTCH TOCTOSHHBIMH TapaMeTphl
X; M X3, BHEIIHUM BO3/IEHCTBMEM X; H3MEHATH MapaMeTp X;, TO 3TO .
BbI3OBET H3MEHEHHE X, M X3, a Mepoii BoselicTBus Oyxer Ox, /0X;. Ho
TIpH BHE3ANHOM Y X mpc TIPOILIECC BHAYAIE MOXKHO
paccMaTpuBaTh Kak MpH NOCTOHHOM X, . CJIE/IOBATENLHO, B 3TO BpeMst
TIPUJIOXEHHOE BO3/ICACTBIE XaPAKTEPH3YETCst IPOU3BOHOM (Jx, /0X )x, -
Korma e cHOBa HACTYNMT DaBHOBECHE M NApaMeTp X, npumér
TIO/1I€} eMoe cpezioji np , TO W
X1 33 _CYeT BHEIUHEro BO3JACHCTBHS OYJeT ONpelessThCs NMPOM3BOAHOM
(0x/0X, ,) . Mpunnyn Jle Mlatense — BpayHa yTBEpkIaeT, 4TO B HOBOM
PaBHOBECHOM COCTOSIHMH, B KOTOPOE NEPEXOMIUT CHCTEMA, M3MEHEHHe
NapaMeTpa X; 3a CYET BHELIHEro BO3/EHCTBHS ocnabieno, T. e.

( ) (on
X1 )y, \0X1 ),

MoxHo TNIPHBECTH PAJ NPUMEPOB, B KOTOPBIX TNPOSBJISETCA ITOT
TPHHIHIL.
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1. PaccMoTpuMm cuctemy B Tepmocrate. M3MeHMM B HEKOTOpBIA
MOMEHT [aBJICHHE HA CHCTeMYy. OTO BLI30BET M3MeHeHHe oObema
@ Temnepatypel. Mepoit BosaeiicTBus Oyner 0V/dp. B mepsbii
MOMEHT 0.1aroJaps BHE3aNHOCTH M3MEHEHHS p NPOIECC MPAKTHIECKH
ABNISETCS aMabaTHBIM, NOITOMY BHEIIHee BO3/ICHCTBHE OmpesesseTcs
OpOH3BO/THOMH (0V/6p)s Tlocne ycraHOBIEHHs pAaBHOBECHS M BOC-
CTAaHOBJICHHS TIPEXHEH TeMIepaTypsl BO3/IEHCTBHE Oy/eT onpeesThes
mpou3BoaHol (3V/dp)r. Tlo npuuuuny Jle Marense — bpaysa B Ho-
BOM DaBHOBECHOM COCTOSHHH BO3/IEHCTBHE OCHabieHo u

(5).<(5).

DTOT pe3ynbTaT JIETKO MNOJYYHTh HENMOCPEACTBEHHO, HCIOJNB3YS
B KayectBe HepaBeHcTBa (6.20) ycnosue ycroitumsoctn  C,>0.
JHesictutensno, u3 —dF=pdV+SdT BugHO, 4TO B JaHHOM
ciysae X;=p, x;=V, X,=S8, x,=T, mo3ToMy B COOTBETCTBHH

¢ ycnosuem C,>0
) () _T
X )x, \3s), G,

H, CJIEOBATENBHO, COTJIACHO HepaBeHCTBY (6.21),

(&).<(5).

2. VBennyuM BHEILIHee JABJICHHE HA TENO, yMEHbIIAs ero oOBeM.
Ipun 5TOM BO3HMKHET M3MEHEHHE TEMNEpaTyphl M TENO CTPEMHTCS
CHOBA YBEJIMYHTh OOBEM; NOITOMY Te Tejd, KOTOPhIE OT HATPEBAHUS
CKHAMAKOTCA (Hampumep, Boja NpH Temmepatype Hmke 4° C), 6yayt
OT CXaTusd OXJIaXIaThCH.

3. CoobmmM cMecH u3 JbJa M BOAbl HEKOTOPOE KOJHYECTBO
TemoThi. Torja siel Ha4HeT TasATh, Oiaromapsi 4eMy He NPOUCXOIMT
TOBBILIEHHE €ro TEMIEPATYphl, KOTOpPOE WHaye Habmromanoch Obl.

4. TlycTb MMEIOTCS [BA BEIIECTBA B COCTOSHHH XHMHYECKOrO
PaBHOBECHSA. Ecmn um COOSU.[HT!: HEKOTOPOE KOJIHYECTBO TEILUIOTHI,
TO TPOM3OHIET peakuus, oXxJaxjaromas cucreMmy. ClenoBaTeNbHO,
TpH TNOBBINEHAH TEMINEPATYpPbl 6y1:(y'r pasnaraTeCsi BELIECTBA, BO3-
HHUKAIOIIME TyTEM OJK30TEPMMYECKOH peakimu, H, HaobGopor, Oymyr
BO3HHUKATb 3H,HOTCPMH‘18CKM3 COC/IMHEHHU .

5. Ins comnu, Haxo, B Hacl DM PAcTBOpE, MO
TEMIEPAaTypbl BBI3BIBACT PACTBOPEHME, €CIH MOCHEJHEE CBS3AHO
C OXJaxJCHHEM; B TPOTHUBHOM  Cily4ae TNPOMCXOAUT BbINIAJIEHUE
KPHCTAJLIOB.

6. l'lpu JABMKCHHH INPOBOJ/IHHKA B MArHUTHOM II0JIE BO3HMKAET
HHIYKUMOHHBIA TOK, Ha KOTOpbI MarHMTHOE TOJNe JEHCTBYET
C CHJIOH, MpEemsTCTBYIOWEH ABMXeHHIO. TOK, BO3HMKAIOLIMA B NpO-
BOJIHMKE, NP npuGﬂmxermﬂ K HEMY MAarHuTa OTTaJIKUBACT ﬂOCﬂe}JHHﬂ,
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u Haobopor. M3 oToro mpmmepa BuaHo, u4TOo npaswio JleHua
ABIISETCA YaCTHBIM ciiyyaem mnpuHuuna Jle Ilatense — Bpayna.

. Eciu ayieKTpHYecKuit TOK IIPOXOJMT Yepe3 cuail JBYX METajuioB,
TO TCMI'leaTypd crias M3MEHAeTCA B TaKOM HANpABJICHHH, HYTO
BOZHHKH]O“MH TepMOSJ'ICKTpH‘IeCKHH TOK CTPEMHUTCs ocnabuts cuny
TOKa, MpomyckaeMoro 4epe3 cnail (sesenue Ileavbmve).

W3 smax npuMepoB BHAHO, 4yro npuHuMn Jle Ilartense — Bpayna
06)’CJIOBJ13H yCTOﬁ‘lHBOCTbIO PABHOBECHOIO COCTOSIHHUS. ﬂeﬂCTBHTeﬂb-
HO, €cu Obl BCAKMH NEpPBHYHBIH IpOIECC YCHIMBAJICA eine Najblie
Garofaps BHI3BAHHOMY MM BTOPHYHOMY HPOIECCY, TO 3TO NPHBENO
6Bl K IOJHOMY PACCTPOWCTBY DPaBHOBECHS B cucTeMe. IIpOBOJIHHK,
HaXO/IAUMACS B MATHATHOM TOJIE M NOJIyYMBIIWA TOJHOK, MPONOJDKAT
6b1 JBHIaThCsi JAajbll€ H TNPHTOM YCKOPEHHO, MAarHuT, cCjerka
0'l"l'OJIKHy'l'BIﬁ OT KaTylIKH, OpOaoJIKal 65] JABUIraThbCA OT HEE.

Tpunuun Jle aTense — BpayHa npuMeHHM He KO BCEM CHCTEMam
M HE KO BCEM BO3MOXHBIM BHEIUHHM BO3JIEHCTBUAM: HEOOXOMMMO
TIPEABAPHTEIBHOE YCJIOBHE — HEKOTOpasi CTENCHb ycroﬁqﬂaoc'ru Ha-
yanbHoro cocrossHusi cucreMbl. [lpunmun Jle IHMarense — Bpayna
HENPUMEHMM K TPOLIECCaM, TEpPeBOMSIEM CHCTeMy B Oojee YCTOM-
YHBOE COCTOSHHE, HATIPHMED K B3PBIBAM, K PEAKIUSM, BbI3BIBAEMBIM
C TOMONBIO TNOXOrpeBanus, H Jp.

3AJAYM

6.1. Uneanbubrit raa uaxow:cz B anuaﬁa-mn H30JIMPOBAHHOM IMJIHHAPE C IOPIIHEM MO/
BADHAILHH HTPO-
nuu 8§ u BZS noxazan, 4TO TpH pammsccnn SHTPONHS ABMAETCS MAKCHMATLHOM.

6.2. IMokasaTb, 4TO B CHCTeMe C S=CONSt M _p=CONSt DABHOBECHC HACTYMaeT NpH
MHHHMYMe SHTATbUWH H, 4 B CHCTeMe C S=CONSU i '=const—pH MEHHMYMe
BHYTPEHHEH OHCPIrHU

6.3. Onpenenuth yenoust paxmomua IBYX ¢a; PasHbIX BEIIECTB, T. €. JABYXDasHOH
JIBYXKOMINIOHEHTHOR CHCTEMBI, KO3 KaXJIbi/i KOMIIOHEHT BXOJIMT B COCTAB TONBKO
OJIHOH (a3bi.

6.4. OnpenenuTs yenosus pam-wnecml CHCTEMBbl BO BHENIHEM TOJE.

6.5. Ycnosus 6.16; JUTA Majloi ¥acTi GobIoH

OJHOPOHO¥ CHCTEMBI. B KaKOM CJTyae OHH CHPABC/UTHBEL W KOI/IA HECTIPABE/LTHBLI
VIS CHCTEMBbI B 11EJ10
6.6. ITokasats, 4TO y-mcmx 'BC wa xpuBoii Ban-nep-Baanbca (puc. 21) cooTsercTByeT

cocTosuino repeon o napa, a yuacTok FE, XapaKTepi-
3ya AbHO HE COOTBETCTRYCT NEperpeTof KHIKOCTH,
6.7, Eomn cocrostie. M3OTPOMHOTG MATHETHKA XAPAKTCPHAVETCA neMNAM:

a)H u B, T

=TdS—pdV+HdB/(4r),
6)H u J, 10

dU'=TdS—pdV+HdJ,

rae U'=U—H?/(8x). Coritacho ycioBHio yeToiunBocTH pasHosecis, (04 /0a)r <0.
Jlas MarHetHka 3TO YCIOBHE HMEET BHI

o\ 1
a) (fw) =0 [a=B, A=—H/n)],

4TO BUOMHE cornacyeTcs ¢ ombitoM (u>0);
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oH !
6) (H)r ;>0,

4TO MPOTHBOPEHHT OMBITY,
[IMAMarHCTHKOB, XOTA 1A HAX X<0. PasbiCHMTb NPHUHHY BOIHMKLICTO npc-
THBODEYHS.

68. Borczorane onexrpomofi wscom » Moroct siyrp ueraana obpasyetcs
eKTpoHKLI ras. Mcxoms w3
ONpe/IeNHTh IIOTHOCT INEKTPOHHOTO rasa (n=N/V) B nonoc'ru npu Temnepatype
T, ecnm paboTa BHXOMA JIEKTPOHA papa I, 4 SHTPONMA MEKTPOHHOIO rasa
pasHa 3H-rponym OMICATOMHOO Healondto rass.

69. Toxasats, 4T, COrMa npu T—0 K
B TeMnepaTypHO# SABHCHMOGTH TOMAOCMKOCTOR C, ' Cy mna C—aT™* (a=const)
nokasatenb n>1l.

6.10. ITokasats, 4TO €cim CHCTEMBL
3p/V)r=0, To B 31oM. CocroRHAH (a’ 0V2)r=0, a (°p/oV?)r<

6.11. IokasaTs, 4To ccn B HekoTopoM cocTostmu (31/3S),=0, To s yeToRMBOCTH

TAKOro COCTOSHHMA J0JIXHA O/IHOB] EMCHHO oépamarbcﬂ B Hylb TakXe H BTOpas
npowssomnan (92T/082),=0, a (%JT/

612. Moxasam, w0 cem, » nexotopom o — (6T/2v),=0, 0
B 9TOM COCTOSHAH (aZT/aVZ) . a (33T/0V?), MOKET GHITH Kak MONOXHTETb-

6.13. nokaaan YTO €CIH B ucxoropom COCTOSIHHH {cg/@S )TA() ro LUISI yc'romiunoau
b BTOpas

Tporsmonan, & (099/08 )r 2
6.14. B HCKOTOPOM COCTOAHHM onuopozu»xou cucremnt (3p/aV)s=0. Kaxom yenoBust
YCTOHYHBOCTH 3roro COCTO!
6.15. C ueprus F # CHCTEMBI TIpH /IAHHBIX BHCULHHX YCIOBHAX,
10 J'leouTm;wiy“, pasia

Flx)=¥(x)-U, 0]
rae U— nOTeHUMANbHAS OHEPIMA CHJIOBOTO NOJS, TPH KOTOPOM COCTOSHHE
X sBaseTcs pasnomnhm ‘l'( ]7cnoﬁonnax 3nep|mi aroro pasuonecnom

WIHMM  YCIOBHAM
HaJHYHIO nneumero nos. HOKBSBTL 41O oGulce ycIIoBHe pdnﬂonecm{ cunmm
B TEPMOCTATE TIpH TOCTOSHHOM OGBEME— MAHNMABHOCTS CBOGOJHOH IHEPIUH
NpH PaBHOBECHA — YCTAHOBIICHHOE HAMH M3 OCHOBHOTO HCDABCHCTBA TEPMOJW-
HAMMKH JUIS HCD4BHOBECHBIX NDOLECCOB, MOXKHO TAKXC NOJNYYHTh W3 HCBO3-
MOXHOCTH BEYHOTO JBHTATEI BTOPOTO POJiA (IIEPBas HacTh BTOPOTO Hauaia),
(1) ana i SHeprun i CHCTEMBL.

* Cm.: M.A. O it oHepruu o cocros-
wus /| KOT®. 1938, 8. C. 844.



TJABA CEABMAS

TEPMOJAUHAMMKA CUCTEM
NP OTPULATEJBHBIX TEMIIEPATYPAX

Ucxogs u3 BMOPOro Havana MePMOJUHaMUKU,

Mbl  ycmaHoBunu (cM. § 14), uymo omHoweHue

a6conomubix memnepamyp Ty u T, BYX COCMOSHUA
7 60 Bbipa. r

HOA pyHKLue#h
Ty /Ty=¢e', 7.1)

'

rpe

2

I=j (0A/0T)ct

(ou/da)+A
i

Omcioga 00bIYHO fenaemcs BblBOJ, YMO MepMo-
A ypa He MoXxem MeHsSMb
cBOJ 3Hak, 4Ymo ee BCET4a  MOXHO _cqumarms
noso. unu m
TaKoii BLIBO, OZHAKO, NpEBLIWAEM Mo, Mo B qen—
cmBumensHocmu Bupa)xaem coomHoweHue (7.1),
nonyyexHoe npu X npo-
yeccos u y 0
memnepamypa T He MOXem MeHSMb 3HaK nNpu
KBa3uCMamu4yeckoM nepexoje u3 OfHOro paBHOBEC-
HOro cocmosHus 8 gpyroe. [10amomy oHO ocmapns-
em OomkpsimsiM BONPOC 06 U3MeHeHuu 3Haka T,
ecnu cucmema nepexofum u3 0fHOro PasHOBECHOTO
c IS B Apyroe uM nymem.

§ 31. CYIMECTBOBAHME COCTOSIHMI C OTPULIATEJILHOM
TEPMOJVHAMMYECKOH TEMITEPATYPOM

BbiBOA O MOCTOSIHCTBE 3Haka TemmepaTypbl T' u3 Bbipakenus (7.1)
MOXHO c/leflath TOJBKO TOIMA, KOTJa K HEMY JONOJHHUTENLHO
NPUCOEJIMHSAETCS  YTBEPXK/CHHE, HUTO COCTOSIHMS, JIOCTHXHMBIE U3
JIAHHOTO HEPAaBHOBECHO, BCEr/a MOCTHXMMBI W3 HEro W PaBHOBECHO.
3T0 yTBEepKIEHHE, KaK TOKA3bIBAET ONBIT, CIPABENJMBO BO BCEX
ciyqasix OOBIYHBIX, 4allle BCEro BCTpEYarolmxcs cucteM. Ilostomy
JUIS TAaKAX CHCTEM TEePMOJMHAMHYECKAss TEMIEPaTypa HE MOXeT
MEHSTh 3HAK M €€ BCErd MOXHO CYHTATh MOJIOKHTEIbHOH (MM
TONBKO OTpHuaTeabHOM). M3 oasoro e coorHowenus (7.1) 6Ge3
YKA3aHHOTO JOTIOJHHTENHLHOTO YTBEPKACHHS HE CJIENYeT HEBO3MOX-
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HOCTb CYLIECTBOBAHUSA HApAAY C NMOJIOKHTEIbHBIMH H OTpPHLATEbHBIX
TEMIEPATYP.

Henb3s OTpHIIATL BO3MOXHOCTH CYIICCTBOBAHHS OTPHUUATEIbHBIX
a6COTIOTHBIX TEMIEPATyp M HCXONA M3 TPETHETO Hadaja TEPMOJH-
Hamukd. JlelicTBATENBbHO, HedocTmxuMocTh 0 K TemmepaTypsl mnpu-
BOJWUT JIHIL K HEBO3MOXHOCTH Mepexoja 4Yepe3 HEro OT MOJIOKHUTEIb-
HbIX K OTPHIATEJBHBIM abCOMIOTHBIM TeMmepaTypaM, HO He WC-
KJIFOYAE€T BO3MOXHOCTH CYIIIECTBOBAHHUS OTPHLATEIBHBIX abCOMOTHBIX
TeMIepaTyp (Hapaly C TOJOXHTEIbHBIMH TEMIEPATypPaMH).

CoCTOSIHUS C OTPHIATENLHBIMA a6CONIOTHBIMH TEMIIEpATYpaMH He
TOJILKO BO3MOXHBI, HO M CYIIECTBYIOT B JEHCTBHUTENHHOCTH. MHOroumc-
JICHHbIE IKCTIEPUMEHTBI 110 SAEPHOMY MarHHTHOMY PE30HAHCY NPHBENH
B 1951 I. XK CO3MaHMIO COCTOSHMH C OTPHLATENBHBIMA abCOIOTHBIMA
TeMnepaTypaMu. YCIOBHs Ul CYLIECTBOBAHUS CHCTEMbI IIPH OTPHIA-
TENbHbIX A0COMIOTHBIX TEMIIEPATYPaX, KaK Mbl YBHAHM HHXKE, SBIISIOT-
Cfd HACTOJIKO XCCTKHMH, 4YTO TAKHE CHCTEMbI DEJIKO BCTPEYAKOTCH
B IPAKTHKE, HMCKJIIOYas HEKOTOPBIC CHCTEMBI SJICPHBIX CIHHOB.

OTpHuaTeNbHble TEPMOAMHAMHYECKHE TEMIIEPATYPBI JOCTUTAIOTCH
HE TIOCPCACTBOM OTHATHA Yy CHCTEMBI BCEH DSHEPrHH  TEIJIOBOIO
NBWXEHHA, a, HaobopoT, COoOOIMEHHEM cHCTeMe SHepriu  Gosbine
TOif, KOTOpasi COOTBETCTBYeT OGecKOHEHHOM TeMmepaType. V 60JbIKH-
CTBAa TeJ 3TO CHAENaTh HEBO3MOXHO, TaKk KaK y HMX NpH GeCKOHEYHO
BBICOKOH TeMmepaType BHyTpeHHAs osHeprus Oeckoneuna. Takue
CHCTEMBbl HE MOIYT HaxOAUTbCA B COCTOSAHUAX C OTlelaTeJ'ILHOﬁ
TEMINEPATYpOH, €CIM JUIs HUX YXe BbIOpaHAa IONOXKHTENbHAS TEM-
nepatypa. OJIHAKO y HEKOTOPBIX CHCTEM BHYTDPEHHSS JHEPIHsA C po-
CTOM TeMmnepaTypbl 7'—00 aCHMNTOTHYECKH NPHOIHKAETCS K KOHEd-
HOMY TIpaHHYHOMY 3HA4YE€HHIO, a 3TO MO3BOJISET MOJIYyYHTh COCTOSHHSA
CHCTEM C OTDMLATENbHOH TeMIepaTypoi, Korga eif coobumaercs
3Heprus, 0GOJIbllAs JAHHOTO TPAHHYHOTO 3HAayeHWs. B Takmx cocro-
SHUAX CHCTeMa, obmajast oHepruedf, Gosbueir sHeprum mpu Gec-
KOHEYHOH TeMINepaType, MMeeT «yJbTPabecKOHeUHYIo» TeMIepaTypy.
Ho B mMaTemaTHKe HET «yJbTPaGECKOHEYHOCTH» HA YHCIOBOH NPIMOH,
a ecTh TOJNBKO GECKOHEYHO yja/leHHas TOYKa, M €CIH Mbl 3Ty TOYKY
nepeiineM, To Gynem npubamxatbes k 0 K ¢ oTpHuIaTenbHOM CTOPOHB
(puc. 22): HampaBO OT HyJs 10 YHCIOBOH OCH, MOKMAas + 00,

.

1 5210123 0 TA
Puc. 22,
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OpUIeM OT —00 K Hymo. UYHCIOBYI0 OCh MOXHO CHPOELHPOBATH
Ha YHCJIOBYIO OKPYXHOCTH, IJie GECKOHEYHO YHAJIEHHON TOYKE COOT-
BETCTBYET CaMas BEPXHsAA TOYKAa OKPYXHOCTH. OOGXONs OKpYXHOCTBH
NPOTHB HacOBOH CTPEJIKH, MONYYMM BCKO YHMCIOBYIO OCb. Takum
00pa3om, MpH OTPHUATENBHOH TEMIEpPAType CHCTEMa HE XOJIOMHee,
yem mpH +0K, a ropsuce, ueM mpH OECKOHEYHOH TeMimepaType
(oo K). [pyrumu cnoBaMi, 06JacTh OTPHUATEJBHBIX abCOMHOTHBIX
Temnepatyp JiexuT He «moj 0 K», a «Hag OeckOHeWHOW TeM-
nepatypoi». ITo3TOMY OTpHUATENBHBIE TEMIEPATYPBI BhHILIE IOJIO-
KATENBHBIX. TeMmepaTypa B HANpaBICHWH €€ POCTa NPOXOMMT Ha
1Kaje B TOC/EAOBATEILHOM MOPSAKE 3HAYEHHSA:

+0K, .., +500K, .. +o0, .., =500 K, .., —0 K. 72)

Temnepatypa + 1000 K siBasercs mpomexyTodnoil Mexay -+ 500
u —500 K. MckyccTBeHHOCTh NPHBEIEHHOTO MOCTPOECHHsS 7-IiKajbl
ABJISICTCS CIyYaHHBIM PE3yJIbTATOM NPOH3BOJILHOTO BHIGOpA 0OBIYHCH
TemnepatypHoit dynkuuu. Ecnu 6b1 TemnepatypHas dyHKuus Obina
BeiOpaHa B Bune —1/7, TO caMmbie HM3KHE TEMIEpaTypbl COOTBET-
cTBOBamM Obl —o0 I8 3TOM (yHKIMH, GeCKOHEYHblE TeMIepaTypbl
Ha OObrHOM 7-1IKane — HYJIIO, OTPUUATE/IBHBIE TEMIIEPATYpPhl— I10-
JIOXKMTENbHBIM 3HAYEHHAM 3Toi (yHkumu. st Tako# TemrepaTypHO#H
YHKIAM ajireOpauvyeckuii NOPSIOK M NOPSAOK XOJA OT MeHbIUeH
k Oonbuweit Temnepatype Obumi Obl HaeHTHYHBL @yhkuus —1/T
YacTO HCIIONB3YETCS B TEPMONWHAMMKE NP MCCIIEIOBAHHU CBOWCTB
cucteM B obsnact 0 K, Tak kak OHAa TNO3BOJSET «PACIUHPHTB
TEMNEPATYPHYIO IIKajly NpH HW3KMX Temuepatypax. VI3 H3/10keHHOrO
BH/IHO, 4TO [UIS OTPHLATEJbHBIX Temmepatyp 7 *= —1/T-mxkama*
N0 MHOTHM mpHuMHaM OGojee ynoOHa, 4yem 7-lukasa.

§ 32. CUCTEMA C OTPMUATEJBHOM TEPMOIMHAMMYECKON
TEMITEPATYPOY

Crenyrolast IpocTasi MOJENb TMOKA3bIBAET, KAK HA MPAKTHKE OCYLIECT-
BJISKOTCA OTPHLATE/IbHBIE TEPMOAUHAMHUYECKUE TEMIEPATYPBhI.
TycTe MMeETCs CHCTEMA «OJIEMEHTapHBIX MAarHMTOB» (Halpumep,
3JIEKTPOHHBIE, ATOMHBIE WM SJEPHBbIE MAarHHTHbIE MOMEHTBI) BO
BHEIIHEM MarHutHoM mnoje H. CoriacHo KBaHTOBOH MEXaHHKE,
NOJIOXKEHHE JTHX SJIEMEHTAPHBIX MAarHUTOB B mone H KBaHTyeTcs,
T. €. YTOJ1 MEX/ly HAlpPABJICHHsAMH MarHUTHOrO MOMEHTA H HAIpsKeH-
Hoctd H moisisi Moxer TIpHHAMATL TOJIBKO OMNpEAC/ICHHbIE 3HAYCHHS.
B ciyyae CMHOBBIX MAarHMTHBIX MOMEHTOB 3TOT YroJI HMEET TOJBKO
apa sHaveHus: 0 m 180°. O6a 9TH MNOJOXECHHS COHHA SBIAIOTCH
OJIMHAKOBO YCTOMYMBBLIMH, XOTS Il MAarHWTHOM CTPENKM KoMIaca

* Dra wkana, npejioxennas B. Tomconom B 1848 r., He momyunna. oJHaKo,
pacnpocTpanerms. Tloske M 6bUla MpeaoXena T-LKaTa, B KOTOPOH TeMiepaTypa
MMEET KOHEYHbIi HaUMEHBIIWH npenes.
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Puc. 23.

YCTOMYHBO TOJILKO OIHO €€ MOJIOXKEHHE — BOJNb HATPSKECHHOCTH
MarHuTHOTO noJisi. B 3TOM cocToMT OTiIMuMe KBAHTOBOM CHCTEMBI
OT KJIACCHYECKOH.

Tpu HU3KO¥M TeMIEpaType MOJEKYJSpHbIC MACHHTBI YCTAHABJIMBA-
IOTCS B CHJIbHOM MArHMTHOM II0jie, KaKk MOKa3aHO Ha puc. 23, a,
T.€. TPUXOAAT B COCTOSHHE C HAaMMEHbILeH SHepruedl (M, Kak
TOBOPAT, B CHCTEME 3aHATH NPEHMYIIECTBEHHO GOJice HM3KHE OHep-
retuyeckue yposHH). IIpn COOGUICHHH CHCTEME MArHATOB SHEPrHU
(IpHBOAAIICH K YBEIMUCHHIO €€ TEMIEPATYPbI) YXe He BCC MAarHHTBI
OPHMEHTHPYIOTCS 10 HANPSKEHHOCTH I0JISl, M 4eM GONbLIYIO SHEPTHIO
noJysaeT cuctema, TeM Gosiee GecriopsIouHbIM OyeT pacnpencienne
marnuToB. Hactynmaer Tako#f MoMeHT, Korma GecropsioyHOCTb CTa-
HOBHTCS TIOJIHOH — CHCTEMa TOJIHOCTBIO yTpauuBaeT HaMarHu4YeH-
HOCTb. DTO COOTBETCTBYET Temmeparype 1=+ 00, XapakTepusyrouiei
PaBHOMEPHOE paclpe/ie/ieHHe YaCTHI[ IO BCEM JHEPIETHYECKHM YPOB-
BaM (puc. 23,6). Ilpomoskasi cooblIaTh 3HEPrHIO CHCTEME, MOXHO
JOCTHTHYTh TOTO, W4TO 3JIEMCHTAPHbIE MATHUTBI OPHEHTHPYIOTCH
NPOTHB HANPSDKEHHOCTH BHEINHEro mnojs (puc. 23,6) Tak, 4TO BO3-
HUKAET TIPEMMYIIECTBEHHAst 3aCEJIEHHOCTh BEPXHHUX OHEPIeTHYECKHX
YpOBHEH (WHBEpCHAsi 3aceNeHHOCTh YpOBHel). B aTom cocTosHHM
BHYTPEHHSISl SHEPTHA CHCTEMBI O0JibIle, YeM NP GECKOHEUHO BBICOKOI
TeMIepaType, W, CIeJOBATENLHO, CHCTEMA HMMEET OTPHUATEBLHYIO
TEMIIEpaTypy.

CcopmyiupyeM OCHOBHOE  yCIIO-
BUE, KOTOPOMY JOJDKHA YAOBJIIETBO-
PATh CHCTEMa, HAXOSAILIASCH B CO-
CTOSHMM ¢ 060N  OTpHLATENHLHOM
TEPMOJMHAMMYECKOH  TeMIepaTypoit
3Hepaua mepModunaMuuecxml cucme-
Mbl QoaxcHA umems KomeuHoe npe-
0(’/12:}41)8 3Hauenue npu T—00 u koHeu-
HOe Hucao 3nepzemuyeckKux ypﬂé‘ﬂlﬂ;.

Pasymeercs, cucrema  J0MKHA
OBITH TEMJIOH30NHPOBAHA OT BCSKHMX
JIPYTHX CHCTEM, HE yIOBJIETBOPSFOLIUX
OCHOBHOMY  YCJIOBHIO, T.€. Bpems
YCTaHOBJICHHS. TEPMOAWHAMUYECKOTO
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PaBHOBECHSI B CHCTEME JOJDKHO ObITh MaNbiM TO CPaBHEHHIO
C BpEMEHEM, 3a KOTOPOE 3aMETHas JHEPrUs TepseTcs WM
NpHOOPETAETCH OT APYTMX CHCTEM.

3aBHCHMOCTH BHYTPEHHEH 3HEPIUH CHCTEMBI, CIOCOOHOM HAaXOMUTh-
Csi B COCTOSIHHSAX C OTpHIUATENbHOH abCOJIOTHOM TemmepaTypoi, oT
TEMIepaTypbl noka3aHa Ha puc. 24 (E.,—rpaHuYHOe 3HAYeHHE dHEp-
il npu T=o0

BOJIbIKHCTBO CHCTeM He YAOBJIETBOPSET YKA3aHHBIM BhILIE Tpe-
GOBaHHSAM, BCJIEJICTBHE YErO CHCTEMBI C OTPHUATENbHBIMH abCOMIOT-
HBIMHM TEMMNEPATYPaMH BCTpeyaroTcs peako. CrcTeMa sAepHBIX CIIMHOB
y HEKOTOPBIX KPHCTAJUIOB YJIOBIETBOPSET TuM yciousm*. Tep-
MOJIMHAMHUYECKOE DAaBHOBECHE B TaKOH CHCTEME YCTaHABIMBAETCS
TI0CPEAICTBOM $IEPHOTO CIIMH-CIIMHOBOTO B3aUMOJEHCTBUS. DTOT CNMH-
CIMHOBOM NPOLECC YCTAHOBJIEHHS TEPMOIMHAMUYECKOTO DaBHOBECHS
XapaKTepH3YeTCsl BPCMEHEM DEaKCaUMH T, KOTOPOE MMEET MOPSIOK
1075 c. B3aMMOZEHCTBHE CIHHOBOH CHCTEMBI C pEINETKOH Xapak-
TEPU3YETC BPEMEHEM DEJNAaKCAlu T;, KOTOPOE COCTABJAET MHOTHE
MHHYTBI, T. €. 3HAYUTENbHO Gojbue T,. B TepMomWHAMMKE CIIMHOBBIX
CHCTEM B3aHMOJEHCTBHE C PENIETKOH COOTBETCTBYET YTeYKe TEILIOTHI
CKBO3b  CTEHKH  CHCTeMbl.  3HAUMTENLHOE  pa3uyue  BpeMeH
Ty M T, TPUBOJUT K TOMY, YTO CHCTEMA CIMHOB MO NOCTHKCHUM
BHYTPEHHETO TEPMOJIWHAMMYECKOTO PABHOBECHS €IIe OTHOCHTETBHO
60!151“05 BpEMs OCTAeTCs B ﬂpaKTH‘lCCKOﬁ M30JIAUNH OT PEIUETKH.
B Teuenue srtoro BPEMEHH MOXHO TOBOPHTBH O TEPMOJAWHAMHYECKH
PaBHOBECHO# CITMHOBOH CHCTEME.

PaBHOBecHas cucrema c OTpﬂuaTCHLHOﬁ a6conmn{oﬁ TeMmnepa-
Typoii Obuma BnepBble ocymectBieHa B 1951 r. Ilepcentom u Ila-
yHIOM** B pe3yibTaTe OKCIIEPUMEHTOB 1O W3YYEHHIO CBOWCTB
CHCTEMBI S/ICPHBIX CIMHOB B OY€Hb YMCTBIX KPHCTanax (ToprcToro
JIATUS LIF V otux KpUCTA/IJIOB  BpeMsA  T; CHHH-]JCH.!STO‘IHOH
penakcauuWn NpH KOMHATHOM TeMIepaType MOpsaka 5 MHH, a Bpems
T, CHMH-CIHHOBO# peNlakcallii NpPUOJIM3MTEIBHO PABHO TEPHOIY
JIAPMOPOBCKO#M TMPENECCHH SIEPHOTO MArHUTHOIO MOMEHTa BO BHE-
IIHEM MarHMTHOM M0Jie, 3HA¥eHWe KOTOpOro Mebue 107°

Bo BHeIIHEM MAarHMUTHOM T0Jie JHEPTHs] CUCTEMBI SAEPHBIX CIIMHOB
HMEET BEPXHIOK TIpaHuuy npu T—oo.

Takum 06pa3oM, y cHCTeMbl sepHbix cniuHoB LiF B MarmuTHOM
TI0JIE BBIMOJIHAIOTCS BCE YCJIOBHSI CYIIECTBOBAHHMS PaBHOBECHBIX COCTOR-

*' OCOGEHHOCTBIO OTOW CHCTEMBI YacTHL, OOMa/AiOWAX CTIMHOM, ABISCTCA
oTeyTCTRNC ¥ Hee MPOCTPAHCTACHHbIX CTEMGHEH CROGOZ.

: Purcell E. M., Pound R.V. The Physical Review, 81, 1951. C.279.
l'lo:ApoGHocm uHTepnpeTauun paborer Ilepcenna u Tayuna u och)xneHue B LEJIOM
BOmpoca 06 OTpHUATENBHBLIX TemnepaTypax cM. B cTatbe: [loyas JI. Otpunarensusie
aBCOMOTHBIE  TCMIEPATYDl M TEMMEPATYPH BO BPAIIAIONINXCA CHCTEMAX KOOP-
aunat /| YOH. 1964. T. 84, Bum. 4, C. 693; B crathe: Crpowmcnii . B., Tponunnn B. H.
K TepmonuHamike ciuHOBBIX chcTem.— B kn.: CraTucrnyeckas GH3NKa M KBaHTOBas
Teopust moms. M., 1973, C. 280.
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guif ¢ oTpHuaTebHOM TeMnepatypoi. Ilepcesn u IMayna nepesesnu o1y
SHCTEMY M3 COCTOSHHSA C TOJNOXHTENBbHOM TEMIIEpPaTypoi B COCTOSHHE
> OTPHMIATEILHOH TEMINIEPATYPOH, HANPABHB HANPSHKEHHOCTh BHEIIHETO
MArHUTHOTO TMOJiS NPOTHB S/ICPHBIX MArHMUTHBIX MOMEHTOB.

B Hacrosiilee BpeMs «IPHBEICHHE» CIMHOBOIM CHCTEMbI B COCTOSIHHE
> OTPHL@ATENBHON aGCONIOTHOM TEMIEpaTypoll HOCTHraeTcs ¢ IOMO-
mpio 180-TpayCHOrO BBICOKOYACTOTHOTO MMITYJIbCA, KOTODBIH, Iei-
>TBYs Ha OOpa3sel| B TeueHHe NMPOMEXYTKa BpeMeHH Af, CPaBHHMOIrO
> T2, IOBOPAYMBAET MAKPOCKONHYECKHH MArHHTHBIA MOMeHT Ha 180°.
Takum 00Opa3oM, NpoleCC NEpexofia CHCTEMBI OT MOJNOXHTENbHBIX
repMOIMHAMHYECKUX TEMNEPATYp K OTPHUATEIBHBIM SBIACTCH Npu-

YURUAABHO Hep iM, TaK KakK M BHEILHETO NapaMeTpa
{ )CTH [OJIf), TP K TakoMy MEPEXOjly, MPOUCXOIUT
3a Bpems, C BD 1,. OueBnmHo, 41O

Wi HeoObIYHBIX CHCTEM BO3MOXHBI CIyYaH, KOTJa COCTOSHHMS,
TOCTHXHMbIE M3 JAHHOTO COCTOSIHHS HECTATHYECKH, HEJOCTINUMBI
43 HEro KBa3WCTAaTHYECKH.

Ecnn paBHOBECHBIE COCTOSHHMS C WHBEPCHOM 3aCENEHHOCTBIO JHEp-
eTHYECKHX YPOBHEH U, CJieIOBATE/BHO, C OTPUIATENLHON aBCOMOTHOM
reMIepaTypodi MOXHO TOJYYATh TOJBKO Y HEOOBIMHBIX CHCTEM,
KOTOPBIMH SBJIAFOTCS JIMUIb CIHHOBBIE CHCTEMBI, TO CTAalHOHAPHBIE
HEPABHOBECHBIE COCTOSIHMS C WHBEPCHOM 3aCEICHHOCTBIO YPOBHEH
MOXHO HENPEephIBHON «IOAKAYKOH» CO3MaTh M Yy OOBIMHBIX CHCTEM.
3T0 OCYLIECTBJIAETCS B TAKHX YCHJIMTEJIbHBIX YCTAHOBKAX, KaK Ma3ephl.
O'{ele 4acTo, roBops 06 ﬂﬂBCpCHOﬁ 3aCEJICHHOCTH JHEPreTHUYECKUX
yPOBHEH, YNOTPEOJIAIOT MOHATHE OTPHUATENBHON abCOMOTHOH TeM-
aepaTypbl, OAHAKO 3TO JIHMIIL YCJIOBHOEC TCPMHUHOJIOTHYECKOE MOHATHE,
[MOCKOJIbKY MHBEpPCHAsl 3aCEJICHHOCTh yponﬂeﬁ €IlUe HE €CTb COCTOSIHHE
© oTpuuaTeNbHOM Temmeparypoil. Heobxoammo, 4ToOwl cucreMa
HaXOMHMJIaCh B PABHOBECHOM COCTOSIHHH TIPH HHBEPCHOM 3aCEJICHHOCTH
VpOBHeﬁ, KaK 310 HasﬂwﬂaeTCﬂ B CIHHOBBIX CHCTEMaX.

§ 33. TEPMOJAMHAMMKA CUCTEM C OTPULIATEJIbHbIMM
TEMITEPATYPAMM

CHcTeMBI € OTpUIATEILHBIMU a0COMIOTHBIMH TEMIIEpaTypamMu obs1aa-
0T PANOM CENH(DHYECKUX CBOHCTB, KOTOPBIX HET Y OOBIYHBIX CHCTEM.
YTOGBI YyCTAHOBUTE 3TH CBOMCTBA, CHOPMYINPYEM, OMUPASCh HA OMBIT,
BHA¥aje OCHOBHBIE 3aKOHbl TEPMOMWHAMHUKH JUIS TAKHX CHCTEM.

1. TepMozmHaanecxue TIOHATHUS «pa601‘a>>, «TETJIOTa», «KOJIMYECT-
BO TEIUIOTHI», «GoJiee HATPETOE TEJNO» YNOTPEOIAIOTCS NPH aHaIu3e
OCTOSHHMI C OTPHUATENBHOM TEMNepaTypoil B TOM Xe CMbICHE, YTO
4 B Clydae COCTOSHHH C TOJOXKUTCIbHBIMH a0CONIOTHBIMH TeM-
nepatypaMu. JTO O3HauaeT, 4To (OPMYJIHpOBKAa MNEPBOTO HAauaja
TePMOJIMHAMHKM JUIS CHCTEM C OTPHLATENbHON abCOMOTHON TeM-
nepaTypoil ocraercs 6e3 M3MEHEHHS:
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8Q=dU+3W.

Ocraercst Takke MpekHel (OPMYJIMPOBKAa BTOPOTO Havyana Tep-
MOIMHAMHKA B BHJE 3aKOHA O CYIICCTBOBAHWH M BO3DACTaHHH
SHTPOIMH, [pyrue e (OPMYJIMPOBKH ITOTO Hayajna H3MEHAIOTCS.
BribepeM 3a MCXOMHOE TAaKOE BBIPAXEHHE BTOPOTO Hayaja, KOTOpoe
HENMOCPEJACTBCHHO CJIEAYET W3 OMNbiTa MO TNPEBPALICHUIO TENJ0ThI
B paboTy u paboThl B TEILIOTY.

[1. 3 Mbl OTMEYaJlM, YTO BTOPOE HAYAJIO TEPMOIMHAMHKA
YCTQHABJIMBAET, BO-TIEPBBIX, OOILIYIO 3aKOHOMEPHOCTb MNPEBPAIIEHUS
TeIoThl B paboTy H, BO-BTOPBIX, BBIPAXaeT CrENMQuueckne 3aKo-
HOMEDHOCTH KaK OOBIYHBIX, TaK M HEOOBIYHbIX cHCTeM. Obmas
3aKOHOMEPHOCTD NPEBPAILCHHS TEILIOTh B PaboTy B obomx ciyyasx
CHCTEM COCTOMT B TOM, 4TO NPH TAaKOM NPEBPAILICHWH B 3aMKHYTOM
KPYrOoBOM TMpOIECCE HYaCTh TEIUIOThI HEMPEMEHHO OTaaeTCs pa60‘mM
TENOM JPYruM TenaM. DTOT (TepBBIH) OJJEMEHT KOMIEHCAUMH,
KOTOpHﬁ B ciyyae OOBIYHBIX CHCTEM COBNAACT CO BTOPBIM 3JIEMEHTOM
KOMIIEHCALMH (M3MEHEHHEM TEPMOJMHAMUYECKOTO COCTOSHHMS APYTHX
Tex), MPUBOMMT K CYIIECTBOBAHMIO DHTPONHHM Y PABHOBECHOH CHCTEMBI
(cM. § 13). Otcioma crietyer, 4To BTOpPOE Hauasio, chopMyIMpOBAHHOE
Kapateo/iopu, He HM3MCHSETCS: 66.4u3u Kanc0020 COCMOAHUA A060i
mepmuuecku 0OHOPOOHOU CUCMEMbL CYIYeCMEYIom MAKUe COCMOAHUSA,
Komopbie Hedoc Mbl U3 HE20 M nymem. 3TD O3Havaer,
YTO y BCSKOH PABHOBECHOW CHCTEMbI B COCTOSHHMH C OTpHUATENbHOH
abCoMOTHON TeMuepaTypoil (Kak M B caydae OOBIMHBIX CHCTEM)
CYILECTBYET OHTPONHs KakK (YHKUHMS ee COCTOSHHUS

_5%
das="2. 13)

Creunduyeckas 3aKOHOMEPHOCTb TIPEBPALIEHHs TEMIOThl B paboTy
u pBGOTbl B TEILIOTY B cCily4ae OOBIYHBIX CHCTEM, KaK H3BECTHO,
COCTOMT B TOM, YTO €C/IM NPH NPEBPALICHMM TEIIOThl B pabory
B 3aMKHYTOM KpYroBOM MpOUECCE NPOHCXOAUT H3MEHEHUE TEepMO-
JIMHAMHMYECKOTO COCTOSIHMS APYTMX Tej, TO MpeBpalleHne pa60TH
B TEIUIOTY HE CBA3AHO C TaKUM H3MEHECHUEM:

0>W u W=0. (1.4)

Kak mnoka3piBaeT ONBIT*, B Cily4ae HEOOBIYHBIX CHCTEM, KOrAa
oHM HaxonsTcs B coctosiHmsx ¢ T'<0 K, cnemmduueckas 3akoHOMep-
HOCTb TPSMOr0 M OGPAaTHOTO MpEBPALIEHHHA TEMIOTHl B paboTy
3aKJIIOYaeTcss B TOM, 4YTO TeIoTa MNpeBpalaeTcs B paGoTy 6e3
BCAKMX M3MEHEHMH B OKPYXAlOLMX Tenax, paboTy e B TEIIOTY

* UwmeloTcs B BRIy bl N0 SICPHOMY MArHMTHOMY
KOTOpBIE 3/1€Ch HE H3JIOKEHBL.
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HEBO3MOXHO TOJHOCTBIO MNPEBPAaTHTh B 3aMKHYTOM [poiecce 6e3
H3MEHEHHs. B OKPYXaloWWX Tenax®:

o=W u W>Q. (1.5
_—

TMostoMy BTOpoe Havano s HeoOblMHBIX cucTem npu T<0 K
MOXHO COHOPMYJIHPOBATH B CJIE/YIOIIEM BHJIE: HEBO3MOJICEH 6eUHblil
dsucameb 6mMopozo podd, npuuem IMO ymeepucoeHue Oonyckaem
obpawenue.

DTO 03Hauaer, 4TO B 3aMKHYTOM KpyroBowm mpoiecce npu 7<0 K
HH TEIUIOTY HeJb3s NPEeBpaTHTh B paboTy Ge3 koMmeHcauuy (MMeeTcst
B BHIY IEPBbIA JJIEMEHT KOMICHCAIMM), HH paboTy B TemioTy
(MMeeTCs B BULY BTOPOH SJIEMEHT KOMIEHCAIMH).

Takum 06pa3oM, s mroGbix cucTeM (OOBIMHBIX M HEOOBIMHBIX)
MOXHO HCXOIMTH M3 Ciejyrouieil opMyIMpOBKH BTOpPOTO Hayana:
HEB03MOXCEH 6euHblii 06u2amens 6mopozo poodd, npuuem dmo ymeep-
JcoeHue He Qonyckaem o6pawjenus 8 caAyude OOGBIUHBIX  CUCTEM
u oonyckaem obpawenue npu T<0 K 0as neoborunvix cucmem.

TloHsiTHs «0OpaTHMBIH U HEOOPATUMBIH MPOLECCHI) ONpPEACIAIOTCS
B Cly4ae OTPHLATEIbHBIX abCOJOTHBIX TeMnepaTyp TeM, CBS3aHBI
I ODpaTHBIE MM IPOUECCH C
paborsl B Ttemtoty. Tak, mporecc nepex()lld CHCTEMbI M3 COCTOSHHS
1 B COCTOSHWE 2 Ha3blBAETCS 00pamumbim, €Cii oOpaTHbIH mepexon
u3 2 B ] He CBSI3aH C HEKOMIICHCHPOBAHHBIM IIPEBPAILIEHHEM PaGoThI
B TEIJIOTY, MNPOLECC K€ MNepexosida CHCTEMbI H3 1 B 2 HasbiBaeTcs
Heobpamumpim, €cii OOpaTHBIHA lepexod W3 2 B / CBA3AH C HEKOM-
TNIEHCUPOBAHHBIM TPEBPAICHUEM paGOTH B TCILIOTY.

Onpe/iesieHust paBHOBECHOTO M HEPABHOBECHOTO IIPOLIECCOB OCTAKOT-
cs 6e3 M3MEHCHHS.

W3 cootHowennit (3.1) win (7.4) Ui HEPaBHOBECHBIX MPOLECCOB
B OObluHBIX cHCTeMax moiyyaeM (cMm. § 17) TdS>AU+8W u

ds>0 (1.6)

B ciydae aaMabaTHO-U3ONHMPOBAHHOH CHUCTEMBI.

AHaJIOTHYHO, M3 COOTHOWEeHWH (7.5), TpEeACTaBISIONMX BTOpPOE
HavaJlo TepMO/IMHAMUKH JUIsi HeoObIuHbIX cucTeM npH 7'<0 K, MoxHO
HAllTH AHAJIMTHYECKOE BBIPAXKEHHE ITOTO 3aKOHA NPH HEPAaBHOBECHBIX
[poneccax B TakuX chcreMax. Jisi 3TOro paccMOTpHM JiBa OJIM3KHMX
COCTOSIHUS paBHOBecHs I M 2 HEKOTOPOH HEOOBIMHOIH CHCTEMBI (TpH
OTPHLATENBHBIX a0COMOTHBIX Temmepatypax). IlycTh npu HepaBHOBEC-
HOM nepexoge u3 [ B 2 (cM. pHc. 9) cucteMe coobIaercss KoauYecTBo
Temnothl 8Q,, ¥ OHa cosepmaer pabory. Toraa, no neppomy Hayaiy,

*) Ilpespamenns TenioTH B paboTy M paboTHl B TeIIOTY ABISIOTCH, CIEAO-
BATE/ILHO, JIONOIHA : Korga omHo Ge3 B JPYruX
TeNax, HeBO3MOXKHO Ipyroc,  HaoBopoT.
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8Qup=dU+ W,y amn

Ecnn xe cHCTeMa NepexoauT W3 COCTOsiHMs / B 2 PaBHOBECHO,

TO KOJIMYECTBO TEMJIOTHI, NMOJY4aeMOe €10 OT TOro ke TepMocTaTa,
8Q, a cosepmenHas pabora OW, Tak 4ro

3Q=dU+dW. (7.8)
Boiynras ypasnenne (7.8) u3 (7.7), nonydaem
80, —8Q=0W,,—3W=R. (1.9

3HayeHne R#0,Tak kKak B IPOTHBHOM Ciydae 3TO O3HAYAJIO
651, uTO HeOOpPaTHMBIH nponecc /—2 MOXHO MPOBECTH B OGpaTHOM
nopsimke 6e3 komneHcanuu. 3HayeHne R<40, Tak Kak B NPOTUBHOM
ciy9ae 9TO O3Hadayio Obl, YTO 3a UMKJ BHEWHss paboTa 3aTpadeHa
Ha HarpeBaHHE TepMocTaTa 663 BCSKOrO M3MCHEHMSI B JIPYTHX TeJax,
4to [cMm. (7.5)] HeBo3MoOXHO. Bemmumra R MoxeT ObiTh Goblue
HyJIsl, TaK KaK 3TO COOTBETCTBYET paboTe 3a IMKJI 3a CHET TEIIOThI
TepMoctara, 4to [cM. (7.5)] BosmoxHo. Taxum oOpasoM,

30w >80 W SW,,>5W,

a Ttak xak 8Q=TdS, To
TdS<8Qyy.

Tpu amuaGaTHO-HEPABHOBECHBIX mpoueccax, korma 8Q,,=0, mo-
nysaem (T<0 K)

ds>0,

YTO BBIPAXAET 3aKOH BO3PACTAHMA SHTPONHMHM MpPH HEPABHOBECHBIX
NPOLECCaX B  HM30JMPOBAHHBIX CHCTEMAX C OTPHIATEILHOH TeM-
nepatypoi. M3 M3JI0XKEHHOTO BHIHO, 4YTO 33aKOH O CYIIECTBOBAHHU
M BO3pAaCTaHUM JHTPONUH (BTOPOE HAYaJIO) BBINOJIHACTCH KaK B CIyyae
OOBIYHBIX, TAK M B CJydae HEOOBIMHBIX CHCTEM.

OCHOBHbIC YPaBHEHHSI M HEPABEHCTBO TEPMOIMHAMUKH JUIS CHCTEM
NpH OTPHIATENbHBIX AOGCONOTHBIX TEMNEPaTypax HMEIOT BHJ

TdS<dU+8W, (1.10)

TA€ PaBEeHCTBO OTHOCHTCH K PaBHC IM,  a P TBO —K
HEPABHOBECHBIM TIpOLIECCAM.

Pa3juuHbie yTBEPXK/ICHHS TPETHETO 3aKOHA TEPMOJMHAMHKH OCTa-
FOTCS HEU3MEHHBIMH IIPH OTpULATE/IbHBIX abCONMOTHBIX TeMIleparypax,
ecim noj abCONIOTHBIM HysleM TemmepaTypsi noHmMars 0 K kax
TIOJIOKUTENIBHOM, TaK M OTpHUATEIbHOH TeMmepaTypbl. Temneparypsl
+0 K u —0 K COOTBETCTBYIOT COBEpILEHHO PAa3JIMYHBIM (PU3HIECKHM
COCTOSIHUSAM. ﬂﬂﬂ NEpPBOr0 CHCTEMa HAXOJMTCH B COCTOSHHH C Ha-
MMeEHbIIEH BO3MOXHOK OHeprueif, a s BTOPOTrO—C HauBbICHIEH.
Cucrema He MOXeT cTaTh xosoiHee, yeM +0 K, tak kak oHa He
MoxeT Gosbine OTJaTh 3HEPrHIO. OnHa He MOXeT CTaTh ropsvee,
yeM —0 K, Tak xak OHa He MoxXer OOJbIlE MOTJIOTHTH SHEPTHIO.
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TIpHHIMN HENOCTHXMMOCTH aBCOIOTHOrO Hyis (opMyJsMpyeTcs Ciie-
RYIOLIMM  00pa3’OM: HeB03MONCHO ¢ MOMOWjbI0 110GOU, KaK y200HO
udeant 3a uucA0 onepayuii 0X4adumo
mobyio cucmemy %0 +0 K uau Hazpemv mobyro cucmemy do —0 K.

VienbHas TEMNOEMKOCTh MajaeT n0 Hyis kak mpn +0 K, Tak
n npu —0 K. ®usmieckas npuyMHA 5TOrO COCTOMT B TOM, 4TO
unpu +0K, u npu —0 K Bce a1eMeHTBI CHCTEMBI B KOHIIE KOHIOB
[ONa/aloT B CBOM 3JHEPIeTHYECKHE COCTOSHHS C HAMMEHbIUEH MK
Hanbonbimeii 3Heprueii ¥ TemioTa GoJIble HE MOXET ObITh COOTBET-
CTBEHHO OTHSATa MJIM TOIJIOLIEHa. VY/e/ibHas TEILIOEMKOCTh MpPH
Temnepatype T= 100 (06e JTH TeMmepaTypbl (U3HYECKH TOXKAECT-
BEHHBI, TaK KaK COOTBETCIBYIOT OJWHAKOBBIM 3HAYEHHSIM BCeX
TEPMOJIMHAMMYECKHX BEJIMYMH) TAKXKE NajaeT A0 Hy/s, HO IO APYroi
DPUYMHE: TIPH NPHONWKEHHH K T'= 00 TeMuepaTypHble H3MEHEHHs
CHCTEMBbl BEJIMKM IPH MaJlbiX W3MEHEHHsiX ee BHYTPEHHel 9HEprui.
(Ipubsmkenue TEMJIOEMKOCTH CHCTEMbl K HYTIO B 3TOH obiactu
H TIO3BOJISCT 3aTPAaTOM KOHEYHOW OHEPrMH JIOBECTH CHCTEMY [0
6GECKOHCYHOM TeMIIepaTyphl.)

PaccMOTpHM Teneph HEKOTOpbIE CBOMCTBA CHCTEM B COCTOSHHMSX
C OTpHuaTe]bHON abCOMOTHON TeMnepaTypoit.

1. U3 ypaeuenus (7.3) ciemyer, 4TO NpH COOOIUEHHH CHCTEME
Temwiotkl (3Q>0) JHTPONHs ee He YBEJIMYMBAETCH, KAK NPH MOJIO-
KUTENbHBIX abOCOJIOTHBIX TEMIEPAaTypax, a YMEHbIIAETCs — CHCTEMa
nepexoguT B Gojee YHOPATOYEHHOE COCTOSHHE.

2. C 1noMoubio OCHOBHOrO ypaBHeHWs TepMoauHamuki (7.10)
MOXHO YCTAHOBHTb, B KaKOM HAMNpABJICHHH NMEPEXOJUT TEIUIOTa MpPH
TEIVIOBOM KOHTAaKTE JBYX TeJl C pa3IHYHOM TeMmmepaTypoi.

TIycTh WMerOTCA 1Ba TeJa C OTPHLATEbHBIMH TEMIEpaTypaMu
T, u T,. [lonycTuM, 4TO OT NEPBOrO Teja KO BTOPOMY IEPEXOMUT
KOJIMYECTBO TEMIOThI 3Q, KOTJla OHH NPHBENEHBI B TEIIOBOM KOHTAKT.
Torna, nmockonkKy mpowecc TENJIONEpeNayn NPH KOHEYHOH Pa3HOCTH
TemnepaTyp Heobdpatum, mo Qopmyne (3.57) mmeeM

_%0 %
7.0

orkyna T,>T,. CnenoaTenbHO, COMJIACHO TEMIEPATYpHOH IIKa-
ae (7.2), TemnoTa CaMONMpOM3BOJNBHO NEPEXOXUT OT TOPSYEro Te-
Ja K XOJIOJIHOMY. [MBI TOBOpUM, 4YTO TIEPBOE TEJO SBJISETCS
Gosee ropsyMM, 4eM BTOpPOE, €CJIH BTOPOMY Tely HAaf0 COOOLIMTH
TerioTy (63 M3MeHeHHs BHEIUHHX NapaMeTpoOB), 4TOOBI MOCHTE
3TOr0 OHO IMpH TEMJIOBOM KOHTAKTE HAXOAUJIOCh B PaBHOBECHH
C TEpBBLIM TeoM. ]

Heprm;o TaKxe ysCHHTBCﬂ, YTO IIPH TEIJIOBOM KOHTAKTE CHCTEM
C TEeMIEpaTypaMH pa3HbIX 3HAKOB TeIUIOTA NEePEeXOAMT OT TeJ
C OTPHUATEJILHOM TEMIEepaTypoil K Tely C INOJIOKHTEIbHON TeM-
nepaTypoi, T. €. ONATH-TAKH OT TOPAYEro Tena K XOJOZHOMY.
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3. [Ips OTPHLATENBHOH TEPMOAWHAMUYECKON TEMIEPATYpe MOTYT
OBITH TIPOBE/IEHBI PA3JIMYHBIE KPYTOBBIE MPOLECCHI, HOHOGHHC mar-
HuTHOMY 1Ky Kapho.

Iycrs, kak 06bIYHO, T —TemIepaTypa TemIooTAaTYMKa, a 1, —
TETUJIONPHEMHHKA. TOT}I[& K. . A. UMKJa Kap

n=1-T,/T,.

Tak xak TEMIIEpaTypa TEIJIOOTAATYHKA GOJ'lbU.IC, 4E€M TEIUIONpH-
emuuka, 10 T,>T,, |T,|>|T|, T,/T;>1 u, crenosatensHo, N <0
DTO O3HAauaeT, YTO NPH OTPHUIATE]bHOH abCOMOTHON Temmepartype,
s Toro 4100bI TEILUIOTY OTHATHL OT TOpSAYEro Teja H MNepeaaTh
XO0NoaHOMY, HeoOxoaMMo 3aTpaTuth paboty. Ilpu 5TOM, corjiacHo
TIepBOMY Hauajly, XOJOJHOMY Tejly COOGMIaeTcs OOosibllie TEmIoThl,
YeM OTHATO y TOpAYEro Ha coBepiieHHylo paGory. Korma Takoit
JABUTATENb ACUCTBYET B IPOTHBONOJIOXKHOM HAlPABJICHHH, T. €. BbINOJI-
HAET poJib XOHO}]KﬂbHOﬁ MAaliMHbl, TO TPH MNEPEHOCE TEMIOTHI OT
XOJIOJHOTO TesMa K ropsyemy MM npousBoautcs pabora. Eciu notom
C NOMOIIBIO TEIJIOBOTO KOHTAKTA OGOMX Tel I03BOJNUTH NEPEATH
TEILIOTE OT TOPAYEro Tesia K XOJNOAHOMY, TO TOJNYYMM TIEPHOIMUECKH
paﬁo'ramumﬂ JABHIraTE]b, KOTOpHﬁ. HE BBI3bIBAsk HUKAKUX M3MEHEHWMH
B OKpYXalollleil cpejie, MPOM3BOAUT paboTy 3a CHET TEMJIOTHI OAHOTO
(xomomuoro!) Tena. Kak BwamM, B 06NacTH OTPHUATENBHBIX ab-
CONIOTHBIX TEMIIEPATYp MOXHO OCYIIECTBHTH BEYHbIA JBUraTelb
BToporo pona Tomcona —Ilianka.

. m. A mukaa KapHo, geicTByromiero Mexiay OTpHLATEIbHBIMH
TeMIepaTypaMu, Tak X€ Kak U B 061aCTH MONOKHUTENBHBIX TEM-
nepaTyp, MeHbIle eAMHUILL DTO 03HAYAET, YTO KAK MPH TOJOXKHTENDb-
HBIX, TaK W NIPH OTPULATEJBbHBIX TEMIIEPATYPAX TEIJIOBBIE JIBUTATE/IH
TIOTJIOMWAT  TEIJIOTY Go:u,me, €M TMPOH3BOIAT paGOTy.

Iukn Kapuo (0OpaTumblii) Mexay TeMmIepaTypaMi C pPasHBIMH
3HAKAMH OCYIIECTBUTL HEBO3MOXHO. Zleno B TOM, 4TO C NOMOULILIO
PABHOBECHOTO a/iHabaTHOTO HAMATHHYMBAHMS CHCTEMbI CIIMHOB MOXXHO
TIOBBICHTh TEMINIEPATYpy Ha TIOJIOKHUTEILHOM LIKaJsIe TEMIEpaTyp Kak
YTOJHO BBICOKO, HO €€ HENb3si 3aCTABHTH TMEPedTH K OTPUIATe/]bHBIM
3HAYCHUAM. AHdﬂOl’H'—IHOC YTBEPXKACHHUE CHPABEAJIMBO, €C/IH Ha4YabHOE
COCTOSIHHE MMEET OTpHllaTe/bHylo Temnepatypy. Ilepexon cucrembi
OT TOJOKHTEIBHBIX K OTPHLATENBHBIM TEMIEParypaM MOXHO OCy-
WIECTBATh TOJNBKO C MOMOIILIO HeCTaTHdeckoro mpouecca (cM. § 32).

4, AHMaGaTHOC PpasMarHu4¥BaHue CIIMHOBO# CHCTEMBI npu oOT-
pHIATENBHOM TeMIepaType HarpeBaeT CHCTEMY, a HE OXJaXJaeT,
KaK NpH TOJIOKHTEILHOH TeMrepaType.

5. Jlerkocth, ¢ KOTOpO¥ TemnoTa mnpespamiaercs B pabory,
NPUBOMMT K BaXHBIM TNPAKTHYECKHM INIPHMEHEHHSIM CHCTEM C OT-
PHIATENBHOM TeMNepaTypoi.

IIpu OTpHUATETHHOM TeMrepaType OONBIIMHCTBO CONPOTHBIICHHE
OTPUIATEJILHO, MOITOMY CUCTEMBI NP TaKo# TEMIEPATYPE ABJIAIOTCH
YCHIHTENSIMH: JJIEKTPOMATHUTHAS BOJIHA, MPOLIE/NAs Yepe3 CHCTeMy
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C OTpHIATEILHOH TEMNEPaTYpOH, HE MOTJIOMAETCs, a YCHIMBACTCS.
710 HabnmoaaeTcsi y OOBIMHBIX CHCTEM C YCIOBHOH OTPHLATENBHOM
TEMIEPATYPO#, YTO UCMOJIL3YETCS B TAKAX YCHJIMTENBHBIX yCTAHOBKAX,
KaK Masephl W Jia3ephl.

§ 34. YCJIOBUSL YCTOMYMBOCTH CUCTEM
C OTPUUATEJIbHBIMU TEMITEPATYPAMM

PaccMOTpUM B 3aKJIIOYEHHe BOMPOC 00 YCNOBHSX —YCTOMYMBOCTH
COCTOSIHMH CHCTEMBI C OTPHUATEJIBHBIMH TEMIEPAaTypaMH.

Jlnst aroro OymeM HCXOIMTH M3 OCHOBHOrO HepaBeHcTBa (7.10)
CHCTEM C OTPHUATENbHBIMH TemnepaTypami. JIisi HECTATHYECKHX
NPOLECCOB B TaKMX CHCTeMax u3 HepaBeHcTBa (7.10) nomywaem

TdS<dU+pdV, (1.11)

OTKy/lla CJIENyeT, HYTO B H30JIMPOBAaHHBIX CHcTemax (U=const,
V=const) ¢ T<O0K paBHOBeCHE HACTYNMAeT NPH MAaKCHMaJIbHON
IHTPOINHH.

Takum 06pa3oM, OOGLIMM YCIOBHEM PABHOBECHS H30JMPOBAHHON
CHCTEMBI TIPH OTle.laTCJH:HOﬁ TEMIEPATYPE ABJIACTCSH, KaK W B Ciyyae
TOJIOKHUTENILHOH TEMNepaTyphl, MAKCUMAJIbHOCTh SHTPOMHH CHCTEMBI:

AS<0 wm 55=0, §>5<0.

Jlns toro 4robbl HaiiTu obiuee ycrnosue pasHoBecus npu 7<0 K
JUIs CUCTEMBI B TEPMOCTATE€ C NMOCTOSHHBIM OGBCMOM WA C TOCTO-
SAHHBIM JaBJieHHeM, miepeidinem B HepasenctBe (7.11) kx cooTBercT-
BYIOIIMM HE3aBHCHMbIM nepeMeHHbIM. Torma

dF>—-85dT—-pdV, (7.12)
dG> —-SdT+Vdp. (7.13)

W3 mepaseuctsa (7.12) BMAHO, HTO TPH H3OTEPMOH30OXOPHBIX
HEpPaBHOBECHBIX Mporeccax B cucteMe ¢ 7<0 K smeprus TenbMrosbua
BO3pacTaeT M MAaKCHMajbHa TIpH paBHOBecHH. OOuiee ycloBHe
PaBHOBECHS B 3TOM Cly4Yae MOXHO 3amucatb B BHJE

AF<0 um §F=0, 3*F<0.

AnanoruyHO w3 HepaBeHcTBa (7.13) mosyuaeM obiee ycioBHe
paBHOBecHst cucteMbl B Tepmoctate (7'<0K) npu mnocrosHHOM
JIaBJICHHH:

AG<0 umn 8G=0, 82G<0.

KoHKpeTHBIE YCOBHS YCTOWYHMBOCTH DaBHOBECHS TAaKOM CHCTEMBI
ONpeAesIOTCA MM HENOCPENCTBEHHO M3 obmiero yciosus AD <0,
win u3 yenosus 82G<0. Ilpm AG<0, nomobuo ~Qopmyne (6.16)

o

aT T
HaxomuMm ATAS—ApAV <0, orkyna (£>V=C—V<0 u (ﬁ)r>0 MM
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Cy>0 u (3p/oV)>0, (7.14)
oT op
a TaKxe (ﬁ) o <0 u (V) >0 wm
C,>0 u (p/0V)s>0. (7.15)

TakuM 06pa3oM, YCJIOBHS YCTOHYMBOCTH PABHOBECHBIX COCTOSHMH
CHCTEMbI C OTPHIATENbHBIME TEMIEPATYPaMH BBIPAXAIOTCS HEPABEH-
creamu (7.14) wm (7.15).

3AAYMN

7.1. Temneparypa ommoro Tena T,=100K, mpyroro T,=—100 K. Yemy pasua
3H0CTh Temmeparyp T,—T,?

7.2 oc'lpoun rpadHKH 3aBHCHMOCTH BHYTPCHHEH JHEPIHH OT SHTPOIHM JUTS OGBITHBIX
HEOGBITHBIX CHCTEM.



TJIABA BOCBMAS
PEJIITUBUCTCKASL TEPMOJWHAMMKA

Tepmog uyp Kknac-
mepMo, y Ans men
" p 1

B 3 P

OHU nokosmcs. Hahgem pensmusucmckue npeo6-
p a amux npu nepexoge K [JBu-
Kyujencs o U nosyyum yp

§ 35. PENATUBUCTCKASL TEMIIEPATYPA

Brepshie penst b B 1907T.

Tlnarkom. OH HMCXOMWJ M3 JOMYIIEHHS, '-XTO ypasﬂeﬂm nepsoro H BTOPOTO Haval

COXDAaHSIOT CBOM BWA BO BCEX HEHHEPUH: TCYeTa, M, YCTAHOBHB

WMHBAaDHAHTHOCTb JHTPOIMH, HAWIE]T OMH 14 TOT penmn CTCKHH 3aKOH mpeo6-

pasoBanns Tewneparypm M KOIHYeCTBA 'remom Q Tpn JBWXEHHH Tena €O
§39):

CKOPOCTBIO . (CM.
T=70/1-p% 0=0/1-B% @®.1)

rae T —co6cTeennas TemmepaTypa, T.e¢. Tewmepatypa B cucteme K, B koTopoit
0 nokom‘cx, B=v/c—CcKopocTb cBeTa.

T: obpasom, mo Ilnamky, Teno Xonomuee B ABHXKyMICHCH CHCTeMe orcﬂe'ra

" lo:m'lecno TEnNOTh Q COOTBETCTBEHHO MeHbIIE KomuuectBa TertoTst O

B cobersennoit cucreme K. B Tom xe roay 3m-1urreian BOCTIpOU3BEN peaymnan-l

Tlnanxa. Bonee monyseka .1) H HH Y KOro W3

(H3UKOB W TIOBTOPSUIMCH BO BCEX MOHOIpapusx u yuebuukax. M jmump 60 net cnycts

BoKpyr BhBONA [Tnanka, nocie onyGHKoBaiHs

B 1963 r. cTaTeh Hemenkoro dusuka Orra. B 310d cratee OTT, Hexoas, kak u Iliank, u3

MHBAPHAHTHOCTH BM/IA YPABHEHHH MEPBOrO M BTOPOrO HaYasl TEPMOIWHAMMKH, NOJTYYAI

npeobpasosanust 1 T u Q, obpaThbie Tem, koTopble Hawen ILtank. Cormacko OTTy,

B IBIKYIICHCA CHCTEME OTCYETA TEJIO ropsvee, a KOJIHYECTBO TeroTs Gosbime (cm. § 39):

=TOL/(1-B%), @=0Y//1-B% ®2)

Ommune npeoBpasosanmit (8.2) ot (8.1) TeM, 4TO B i
CHCTEME OTCYeTa pa3feieHHe OSHCPIMHM, TNEpeJaHHOM Tely, Ha paboTy W TemioTy
0Ka3bIBAETCA HEOAHO3HAYHbIM. OTT B oTiWune oT Ilianka NpHHAN B CBOGH CTaThe
JIPYroe BBIpAKEHHE 1A PaboThl.

[IpH COOGWICHYN Tcly TEITOTH €My TEPENACTCA CBA3ANHAA C HEIO MAcca,
H03TOMY B /BHKYUICHCA CHCTEME TelO M3MEHSET WMMYTC. A Tak Kak CAJA paBHa
TIPOU3BONHOH 1O BPEMEHH OT MMIYJbCa, TO 3TO O3HAYaeT, YTO B ABMXKYyLueHcs
CHCTC™ 2 HJl TC/IOM COBEPWAETCH paboTa, KOTOPYIO M NPHHAN BO BHMMamwe [LnaHK.
OTT ~¢ paccMaTpuBan ity paﬁury NPOCTO KaK 4acThb MEPEJaHHON Teny TemIoThl.

0

i1OCKO/IbKY W B TOM, B IpyroM ciydasx pa6ota, onpenenensas Iliamkowm,
Tak WM Mmave yqnmnacrcn To ikaKoro umeckoro pasmrna Mex: ny o6onMu
dopmaaniMamMu B 3 My HE

CYUICCTBYLT JKCnepuMeHra, xoTopuﬁ Mor 6Bl ykalaTh, Kakas m repMonunaMuk—r
Mranka wan OTT SCTCA NPABHIBHOM.

Omnako mocne cTanu OTTa_noSBMJIOCE MHOXECTBO paGoT, B KOTOPBIX OBOCHO-
BhBaTNCY W TpeoGpasosanma Tlnanka (5.1). A mpeoBpasosumma OTia (8.2). Tak
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4T0 B HACTOSIICC BPEMA €IMIC HET OBIIENPHHATOTO TOCTPOEHWS PEATHBHCTCKOM
TePMOMHAMIKH.

Onmoii W3 NPHYMH ITOTO ABIKETCA TO, YTO TEODHS OTHOCUTCABHOCTH CaMa 10
ceGe He MPMBOAMT K O/IHOHAYHOMY TIOHATHIO TEMIIEPATYDHI, OTHECEHHOI K JBHXyIIelics
cicreme orcyera. Ceiwac 3TO TpeACTaBIfETCA OUEBHMAHbIM. B camom mene, Tem-
NepaTypa, Kak H3BECTHO, ONPENC/AETCA M0 3HAYEHHIO KaKOro-THBO IKCTEHCHBHOTO

KHIKOCTH B TEPMOMETpE, TO HaMdl’HH‘!eHHOCTH MarHeTHka W T.0.).
B Teopun oTHOCH TpH  Tepexofe OT  OAHOM
MHEPUMATILHOM CHCTEMBI OTCHETa K J(pyrou 10 3aKoHy

19 /1=B* (lljv) w [=1 (ILlv

TooToMy ecan ompefensTh TemnepaTypy T ABWKYHIErocss Teia, Hanpumep no
PTYTHOMY TEDMOMETpY, HAXOMSAMEMYCH C TEIOM B TenJlUBUVI xonrane T0 upu
PACTIONIOKEHHH TAKOrO TEPMOMETpA B
€My TeMmepaTypa Tela OTHOCHTE/IBHO CHCTeMbl K Oyjer caursewrnenno paska.

T=TO JT=B (lllv) @3) n T=T (Lo). (8.4)

Ecnu xe onpenciaTh TemmepaTypy Tela MO HaMarHMYECHHOCTH J TepMOMETpHYEC-
KOrO BEIIECTBA, KOTOPAas PENSATHBHCTCKM MNpPeodpasyeTcs 1O 3aKOH!

J=JO (Jllv) u J=JOL/1-B (JLv),

T0 CHpaBE/LIMBEI fiBe HOPMYIBI:

T=T® @85 u T=T . /T1-p% (8.6)

CrienoBaTe/IbHO, TIOHATHE peJIs il TemmnepaTtypbl B J0mon-
HATETTBHOM OTIPE/IEEHHH, KOTOPOE B COOTBETCTBHH C METOTOTIOTHYCCKHM NDHHIHTIOM
NPOCTOTHI JOJIKHO OBITH Hdnﬁoncc OOUIMM, NPOCTBIM W TPAKTHYCCKH YAOGHBIM.

Kak BugHo u3 (8.3)— ., penst Temnepatypa, Boobue
T0BOPA, 3aBHCHT OT BLIGOPA KCTCHCHBHOTO MAPAMETPA TCPMOMCTPHYECKOTO BELIECTBA*).
Ho cymectsyior npeobpasosanus (8.4) u (8.5), KoTopble AT OQHY M Ty Xe
TCMIEpATYpy JBHKYLICTOCH Tea ncsamcmo or npupoum m)m napamerpa.

Tpumem 3T0, npu eTpax,
PEIATHBUCTCKOM TeMIEPaTyp!

T=T, @®.7)

s r030ps, OpIEIN PETATHBHCICKYIO TOMTEPATYDY Kak  sopenten o
aHT, 4TO HC CBA3AHO neporo
H BTOPOTO Haua Ono 2 HO emc u reM, YTO TEMNEpaTyphl

($a30BBIX TIEPEXOLOB OCTAIOTCH BHYTPEHHHMH CBOWCTBAMH BEUIECTB, Kak B OOBIYHOM
TepMouHamuke. T103TOMy TemmepaTypHas ILKajga MOXeT ObiTh ONpedeneHa uepes
3ABHCHMOCTb, HANDHMEP, TEMTICPATYPhl KHNICHHS OWHADHBIX CHCTEM (MW 3a/1aHHOM
JaBJIEHMH) OT KOHUEHTpauwu. [TOCKO/IbKY AaBeHHE M KOHUCHTPALMA JOPEHU-HHBAPH-
QHTHBI, 9TO COTJIALIEHHC ONPECIseT JIOPEHIL- uHBapuamHy}o TeMnepdTypy
Takoe moctpoenne s peas-
¢

§ 36. UHBAPUAHTHASL SHTAJBIIUSA

OmpeseTciNe PCATHBICICKON TCMIGPATYpH ADIACTCA. ICPIM UATOM Ha_ nyTH
penst Bropoii, Gojee BakHbIiA IIar Takoro
o6o6enus coc-rom B BhiOOpe HanGosnee €CTECTBCHHOTO TEPMOHHAMHYECKOTO TOTEH-
uHama JUIN PENSTUBHCTCKOH CHCTEMBI.

* [o06HO 3ABHCHMOCTH OMIMPHICCKOl TEMMEDATYpH OT BHOOpA TepmoMeT-
PHYECKOTO BEIIECTBA B KJIACCHYECKOH TEPMOJAMHAMHMKE.
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Kax u3BeCTHO, 3HaHMe KaKOro-mubo OJHOTO TEPMOIMHAMHUYECKOTO MOTCHIMANA
CHCTEMBI TIO3BOJISET MOJIYYHTh BCE €¢ TCPMOJIHHAMHYECKHE cnoﬁcnaa. M B Ka4yecTBe
HE3aBUCHMbIX TICPCMCHHBIX BBIGPATH TOJBLKO TIapameTpel

06beM M T. L), TO COOTBCTCTBYIOUMM MOTCHUMAIOM Gyer aﬂyrpem-un 3Hepras
UO=yO[$©O, YO, N)
e quuc.no HaCTHIL u npym: IKCTCHCHBHBIE TAPAaMETDBI.
Ecu BMecTo  06mer seTcs
emy MHTeHCﬂBHaF{ enwmﬂ 7nanneﬂne 29, TO TepMONMHAMHMYECKHM MOTEHUHATOM
6yner sutampnus HO=U©4p©@y©;
HO=HO(S©, O, N). (88)

Ananoruuro, S MoxHo 3amennts Ha T 1 cooTBCTCTRYIOUUIM TC TepMonnHaMuqcc-

KMM noTeHnuanoM 6Gyner oHeprus lenbmrompua F©=U©—T© O
FO=F© (TO yO, N).
pu_ perst xax moxasann T Katnen

u Jx. Fopeuu®), ecrecTBeHHee HCXOAMTb H3 BBIDAXEHHS [UIA OHTAIbNHH. JefcT-
nuTem.Ho B 3TOM Cly¥ae, Kak CIEAYeT W3 TCODHH OTHOCHTEIBHOCTH, BCC BXOISLIME
(8.8)

TaMH, Toraa

Ipyri TOTEHUHAIOB MMEIOT
nuﬁo PpasHble, MO0 HCH3BECTHBIE 3axom,( npeobpazosanus. Kpome Toro, masienue
B KavecTse 6Gosee BENMYMHA, YeM 0GbeM.
B KIaccHuecKO# TEPMOIMHAMKKE CHCTEMY MOXKHO OBUIO 3aKITIOWHTH B JKECTKHE CTEHKH,
HO CaMO TpEACTAaBJCHHE O TBEPAOM Teie WM _abCOIOTHO KECTKMX —CTEHKax
nenpneMJleMo B PaMKaX TEODHH OTHOCHTEIILHOCTH — a6COTI0THO TBEPAOE TeO Mepena-

0 Gbl CHTHAJBI C 6CCKOH0'1HOM cxopoc'ruo. TaK KaK IBIKEHHE, coobIIenHoe OmHOK
Toqxc Tena, HO BEI3OBE BCeX. TOWEK TeNa.

B ATHBHCTCKOH TepMouuHaMuxe B OT/IMYME OT KJIACCHYECKOH CTEHKH BIHMAOT
Ha cuctemy. Takum oGpa3om, BHIGOD JaBleHHs B KayeCcTBE MPEANOYTHTEIBHOrO
HE3ABHCHMOTO TICPEMECHHOTO U COOTBETCTBCHHO JHTANBIMM B KAUeCTBE ECTECTBEHHOTO
TEPMOIHHAMHYECKOTO MOTEHUHANA csman c Teopueil OTHOCHTENBHOCTH. OG06IIMM

CorJiacHO TCOPHH OTHOCHTEJILHOCTH, npu ncﬁcrsmmbuux xuop-muamx X

X;=). X3=z npeobpa3oBaHus KOMIOHEHTOB 4-Bekropa A (Ag, A;, A;, A ) umeroT mm
APHPAY  4P4pAY @
o= A== .
1-p2 Jrd

O6bev ¥, naBienMe p, MMOYIbC g W BHYTpeHHAs oueprus U orpammueinof

B HCKOTOPOM COCYIE CHCTEMbE npeoﬁpasymm o opmyaam:

V=vO JICB, p=p©,

V(UOp© ) U4 B2 p©

L , Bl v? ®10)
2 J1-p* /1-p?

Tlepexox TEna I3 CHCTeMb K8 CMCTCM)’ K moxHo ocymcc'n;mb 6e3 coobuienns
TEMNOTH! 2 o, Gea nTponuy. Takum obpazom,
SHTPONAA ABNACTCA MHBapHanTOM Npeobpasosamii Mopentis:

S=5©. @8.11)
10T pesymbraT Henocpe)xc'rncnno cneilyer raxxe m crnmcchcxom BbIDAKCHHS
ans sHTpommd S=kln W, cornacko HTPOTI OSHHSA CHCTEMBI

* Cm. Kaanen I, Topeuu [ik. PenstupucTckas TepMomMHamuka// VOH. 1972.
107. Bem. 3. C. 489.
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aHCTIOM ero it, a wncio
W wmcHo gacTun N, He SABICHT 0T CKOPOCTH Tera M, CIEIOBATETLHO, He risy
npu npeobpasosanmsix Jlopen
Ecm nopenu nﬂnapuamuue BEHYHHEL S, p N B3fTH n KauecTse He;auucrmux
npH OTH nepemen-
Tk SNTARIHA (8.8) - TaKKe OPEHI- RHBAPHAHTEH.

COBCTBEHHOR CHCTeMe OTCHeTa oHTambmus pasaa H©=U©+4p©@ y©), qmsu
noTyHTH JUIA SHTAJTBIHH
TEOPHH OTHOCHTENILHOCTH M3BECTHO, YTO JHEPIHS H MMIIYJILC H30JMPOBAHHON cncrcm.l
06pasyior 4-ekTop (U[C, £, ,s &, ). DHCPITA Ke M HMITYJTHC CHCTEMBI B cocyze [oM. (8.9)] He
obpasyiot 4-sexTopa. 310 csn:uno € TeM, 4TO CHCTEMA B COCY/Ie cama 1o cebe He sBiseTes
CHJIbI IaBJICHAS CO CTOPOHBI CTEHOK COCY.a.
Corzacro popmynam (8.10), mm Tzkou CHCTEMBI 4-BEKTOP 06Pa3yIoT SHTANBIMS 1 MMITY.IbC:

U
#={ R g,‘g,,gx}. @12)

B cobcTBeHHOM CHCTEMe IHTANBNHMA NpEACTaBaseT Co6oi gmo{gen‘ﬂuﬁ Ha ¢)

HyJIeBCH KOMIIOHEHT 4-BEKTOpa SHTaJ mbea K O= ,0,0,0p.

TMosToMy sHTambmHI0 H JIBHXYLIErocs Tela MOXHO OTOXIECTBHTH c HMHBApHAHTHOK
Gbynkumedi 4-sexTopa H:

H=c|¥|=\/(U+pV)*~c’g’. (8.13)

Do BIpaXCHHE /LA SHTATHIINK B COOTRETCTBHH C (8.8) GYICT HMCTS OMMHAKOBbIE
BWL BO BCOX MHCPUHATGHbIX CHCTEMaXx OTCHeTa.
T

3HaHHe 0 NOTEHUHANA CHCTEMBI TO3BOJACT onpe-
JIEJIMTh BCE €€ cBoiicTBa, TO (8.13)
JUIS MHBADHAHTHOMN SHTANBIHH B 0CTpOCHHE #
TepMONMHAMHKH. Temepb OCTaeTCsA IONYYHTh OCHOBHOE ypannenue PENATHBHCTCKOM
TEPMOIMHAMHUKH M ONDE/ICTHTh BCE CIIenCTBHS
(88) u (8.13).
§ 37. OCHOBHOE YPABHEHME PEJATHBMCTCKON
TEPMOJVMHAMMKH
Wnrencusisic napametps T, p 1 Apyrae. Gyny'm D TaMH,
TOYHO TakKHMH Xe COOT HepeJs it

T=(0H/2S),.n, (8.4) n=(3H[0N)s,,, 8.15)

=(@H (0N s, o=

TaK  xax (8H[0S), n=(0H (05" )yu y=T =T, (3H/ON)s,,
=p@=p

napaMeTphl B PEJISTHBHCTCKOI
TEPMOJMHAMHKE HC/b3s ONIPCICIATH TAKHMH XKe KaKk B it
Tepmonunamuke. Jleiicteurensho, Tak kak V=V /1B 10

Yo - oH® _(eE __V 8.16)
&® ) ™\Gp Jon™ Jip 8.16)

Taxum o6pazom, SHTATbIHH ocA Tera WMeeT BHA

dH=TdS+——=dp+udN. @®.17)
V1-p

370 muddepeHnHanbHOe ypaBHEHHE IS MHBADHAHTHOW OJHTANILNMM  SBIACTCH
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Ypanﬂeuue @®.17) ¢ MOXHO TIPHBECTH
X Apyra S, ¥V, N. Toraa, BuuMTas wu3
obenx wuacteii ypasnenns (8.17) mubdepenman d(pV/\/1—P?), nonyuaem

Ji4 ) v
d( H- =Tds-pd +pdN. (8.18)
( J1-82 /1-82
Jleasi wacTh 3TOTO coboit
MHBADUAHTA, KOTODBIH B COOCTBEHHOR CHCTEMe OTCHETa paBeH BHYTpeHHeil 3Hepmn g
a2 —HO_pOyO_yo,

J1-p2

Takin 00paso, P HESGBHCHMEX TEpemcriix S, V N ocHOBHOE ypaBHeHHue
pensT UGS, V,N), a U@TS,V,N)
AHAIOTHYHO, NH HC3ABHCUMBIX Tiepementbix T, V, ", ockossoe YPaBHEHME OMpEneSET
re F(T,V,N), a F© Dro yxasmBaeT Ha TO, 4TO AJIS PEISTHBHCTCKOH CHCTEMBI
SHTA/IbIHA, @ HE BHYTPEHHSS JHEPIHs, SBISETCA CCTCCTBEHHBIM TEPMOIMHAMHYCCKHM
TOTEHIHATIOM.

persT (8.17), MoXHO
pewnTh 11060H BONPOC TEPMOAMHAMMKH JIBHKYUIMXCS CHCTEM.

§ 38. PEISATUBUCTCKME PABOTA U KOJUYECTBO TEIUJIOTHI

B CcOGCTBERHOI CHCTEME OTCYETa dMleMeHTapHas paboTa TEPMOSIHHAMHYECKOH CHCTEMBI
pasia pdV©. UroGht noacuuTath paGoTy CHCTEMBI B IBHKYICHCA CHCTEME OTCHeTa,
Oynem wcxoaute M3 dopMmynsl (8.10) IS BHYTPEHHEH OHEPruM, Tpeioaras, 4TO

cHcte TobKO paboty, Tax uto W= —dU n dU®=

=—pdV®. Toraa
O 4 4 (B2py @ VO _d(B2pp©
swe —qu= U@ V) _pd A%V ™)
iz
u pabora CHCTEMBI B fica cucTeMe paBHa
v,
sW=p dV—B ﬁf ®.19)
Eean oriepria i cuctembt He TOJLKO MPH COBEP-
paboT M 3a cder cooblenus eii Temnors, 10 dU=8Q—-8W

Hy
AUBZ6D 0 par® ' c Homonmio (B.10)  (8.19) Haxomms
© yo 500 pdV 4+ d(B2pr© ©
au +d(Bf ), 522" +z(ﬂp Y. il
NG

0 KOJIA4ECTBA TCIIOTHI

8Q=dU+3W:

Taxum o6pasom y

(8.20)

cosnajaomee ¢ pesynstatom OtTa (8.2).

3 opmysbl (8.19) BHAHO, 4TO BHIpAXCHHE A PAabOTHI TEPMOXHHAMHHYCCKOIM
CHCTEMbI B JBHKYUIEHCS CHCTEME KOOP/MHAT COJCPXHT He TONBKO cjlaraeMoe ¢ pdV,
Ho u ¢ dp. Taxoi HBbIH BKJIaA B PENAT paboty

"BIO YTobbI B 3TOM Y6EaUTHCS, PACCMOTPHM CHCTEMY
B 3aKPbITOM WAIMHAPE (MUTMHOA |/ M MUIOIAJBIO CedeHHs §), KOAKCHAJIBHOM C HANpaB-
JienMeM nBHKEHHA. ITYCTb B CHCTEME MPOMCXOMMT TPONECC, NMPH KOTOPOM MNaBJEHHE
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A
|
|
f |
|
1
T I
Puc. 25. Puc. 26.

OT po 110 py. B il CHCTEME OTCYETa JTOT NMPOLECC OMHCHIBACTCA
rpagHK( Ha puc. 25. B CHCTEME JaBJIEHHE HA nepeHed
1, 2 u :anneu 3, 4 crenkax HaYMHaeT nozpacmn HE O/IHOBPEMEHHO M KOHEYHOE
JHaBJIEHHE TAaKXKE JOCTHIAETCH B Pa3iMYHbie MOMEHTBI BpemeHH (puc. 26):

ol © . T . +ol'9c?
) = .
A JT-p 1-p* T=p?
C; HO, paGoT: HaJ CHCTEMO# Ha 3aJHCH CTCHKE, HE paBHA

pabore, coBepiiaeMoi cucreMon Ha nepejiHei crenke. OBYCIOBICHHAS OTHOCHTEILHOCTBIO
OJHOBPEMEHHOCTH MNepeaava OHCPTHM CHCTEME DaBHA 3aIUTPHXOBAHHON Ha pHC. 26
TJIOWA/TH, YMHOKCHHOH Ha sv. JIErko BH/ICTD, 4TO 3Ta JOTIONHUTE/bHAS PAGOTa NIPHBOIHT
K YBEJIMYEHHIO BHYTPEHHEH SHEPIHH CHCTEMBI, DABHOMY BbIYHTAEMOMY B BBIpaXeHuH (8.19):
ol BV ©@dp Pdp
— T
1= J1-p2 1-B
e pys=F,—cuna pasnenus; p,sool®j(c?\/1—PB2)—pabota 5TOH CHIBI TPH Nepe-
meennn vol @f(c?/1—PB?) tena 3a Bpems v//(c? %) penaTHBHCTCKOrO 3ama3-
JABIBAHHS W3MEHEHWS JNABJICHHS HAa TEPEIHCH CTEHKE TO CPABHEHHMIO C €¢ H3MEHEHHEM
Ha 3ajHell CTeHKe.
3ameTnM, 4TO
CHCTEMY CTEHKH OKa3bIBAIOT Ha Hee Hc'rpnnua,%ﬂoc BIHAHHC, lleﬁcmmenmo, npH
JIBWXKEHHH CHCTEMBI B IIJIMHADE 3ajlHsis ero CTeHKa copepuiaeT 3a | ¢ pabory psv Hanx
CHCTEMOI, TaKyIo X¢ paboTy coBepiIaeT CHCTeMa Ha nepejiHed cTerke. Taknm obpasom,
Pe3 CHCTEMY BIIEPe/k IPOTCKACT SHCPIUS, KOTOPas BOIBPAIACTCA 0BPATHO Hepe3 GOKOBLIE
CTCHKH. B pe3yJIbTaTe MMITYJILC CHCTEMBI YBEIHYHBAETCS, @ MMITYJILC CTEHOK YMEHBIIAETCA.
HWMyibe, NEPEHOCHMBIH ITHM MOTOKOM JHEPIHH, HETPY/IHO BBIYHCIHTH (CM. 3ajady 8.2):

Ag=pVU(c*JT=B). ®.22)

[losToMy /IS ABHXKYIIErocs HabMIOJATENs MMIYJIBC CHCTCMBI PaBCH
T L)

J1-B NI RN N

Hetpyano BuAeTh, 4TO OH COBHAgaer ¢ MMnyiabcoM (8.10), KoTOphIi crieayeT
8.

(Pr—po) sv

(821)

g=mo+Ag

(823

4'pexTopa oH (8.12). TodTomy npuBeneHoe
paccy)kncnue (yﬁocuosusar:r BBe/ieHue 4-BekTopa (8.12). M3 Hero Takxe BHAHO, 4TO
B (8.12) TIOTOKOM JHEPIMH, BO3HMKAIOUIMM B pe3yJibTaTe

NeHCTBHS cTeuox, M CBA3AaHO C OTHOCHTENLHOCTHIO OHOBPEMEHHOCTH. OcobeHHO
HarJBIHO B OTOM MOXHO yGemnThess Ha mpumepe (QOTOHHOrO rasa (cM. 3amauy 8.3).

154



§ 39. PEJATUBUCTCKUE IPEOBPA3OBAHUSI TEMITEPATYPBI
M KOJHUYECTBA TEILIOTHI IJIAHKA M OTTA

Tonyuum penstupucTckue npeobpasopanns [lmamka u OTTa IS TeMnepatypst
M KOJIMYECTBA TETUIOTHI M OGCYIHM TpHYMHY HMX DA3HUHA.
Deke BCEro 3aMETHM, 4TO MpHHMMaeMble ILianKom # OTTOM HEH3MEHHOCTH
BHA_YpaBHCHHS B‘mporo Havana BO BCEX MHEPIMAJLHBIX CHCTeMmax orcicta (3Q'®=
=T®dS©®, 30=TdS) u wspapuantocTs SHTpomun dQ/T=>5Q*/T® npusomar
K Tomy. 410 8Q M T JOIKHBI H3MEHATHCA 1O ONHOMY H TOMY e 3aKOHY.
PicevOTpHM  pacummpenne rasa (KHAKOCTH) B COCYJe, TOKOSIIEMCS B CHCTEME
K©. YpupneHue meporo Hawama AN STOro mpouecca B cucteme K

5Q=dU+5W,
puem
SW=pdV—(v, dg), 8.24)
T¢ NepBOE CJIaraeMoe COOTBETCTBYET PaboTe PACHIMPEHHs rasa NpM W3MCHCHHH ero
00beMa, @ BTOPOC — MEXaHHYECKOH pPabOTe BHEUIHHX CHI HAZA CHCTCMOH B TepMo-
MHAMHYECKOM nponecce. [IeHCTBHTENBHO, MCXOAS M3 YPABHEHWS [BHKCHHS
dg
dr

(825

(F,—cymmaphas cua, JeficTsyionas Ha ras), /18 ONEMEHTAPHOM MeXaHudeckol
paboTsl cubl Hax TepMonnﬂaMn\lecKou cucremoft maxomum (F,, vdi)=(v, dg). Takum
oﬁpa:om 3Q=dU+pdV—(v, dg). TloacraBnss B NpaBylo HacTh 3TOTO yPABHCHHS
BLipakerus (8.10), nomyuaem

AUY )
1-p

N

v? AU +d (pV @)
S Hpdv 1-p7-2
Vi-p <y
=[dU©O+pdv®] /T =50 /T-p.
Crenosatensho, no Tlnanxy,
0=00/1-p>. T=TO /I_p (8.26)

B omnmume or Tlnamka OTT HCXOLHT M3 YPABHEHHS ABMKEHUS

50=

4 8.27)
N *
assisan (5 cooTseTcTBUM ¢ duanKoii [amwics) GOl TO, 4TO BHIHBACT YCKOPCHHE,

b BICaM Ap) ), ¥TO JUIA
HocToAHHOR CKOPOCTH JIBIKCHHS HMKAKOH CHIbI HE TpeOyeTcs.
09TOMY, TIO OrTy, MexaHuycckas paboTa B TEPMOJMHAMHYECKOM MPOLECCe
paBHa pabote mmmwkymeir cuiel (8.27) W, ciegoBaTeNbHO, JOTKHA  OMPENETATECA
HIMEHEHHEM HE TIOTHOTO MMITyTIbCa g, & TOBKO €ro mm 8- Qv/c?, He conepxalueii
nvnyisca Qv/c? maccs Qfc?,
TleHCTBUTEbHO, ypABHEHHE ABMKCHUS (8.25) MOKHO samucats Bt

dg d ( moy ) mov

3 Mo~ R
de /1-p2 dr / —B J1-p?
rae [1—HemexaHuucckas moTteps Mmmyiabca 3a | c, o6ycinoBicHHas noTepeil Macchl
TIOKOSL C OMpEEeHHOA CKOPOCTBIO (KAaK y pakeThl WM NpH COOGLICHMH Temy

TEeNNOTHI, WIH MpH W3aydenun). Ecou 3a 1 ¢ Teny coobmaeTcs KOMITECTBO TeMIOTHI
0, TO OHO momydacT mpu TomM Maccy Q/c? M MMmymbe Qv/cl, mosromy

F+I1, (8.28)
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W ONeMCHTApHA% MeXanucckas paboTa pamHa

(F. vdl):(v, dgji

Taxum obpasowm,

30

(8.29)

SW=pdV— (v. dg— )=pdV— (v, dg) —

M ypaBHEHME NEPBOTO Hadajaa B cucTeMe K MMeeT BMj
8Q=dU+pdV~ (v, dg) +p*3Q.
OTKyZa ¢ moMOMbIO ypaBicHuii (8.10) momyuaem npeoGpazosaims OTTa:

0=09/1=B2, T=T/1-B. (8.30)

Kax BumHo u3 ypashenns (8.28), cuma F,, onpencmchﬂ Kak BpeMeHHas
TPOM3BOMIHAA MMINYJILCA, PABHA CYMME HCTHHHOM
NO yckopeHuto W ummyakcy II, HEMEXaHHYECKH TepseMOMY 1e:|oM 3a 1c. Otciona
CNIE/lyeT, 4YTO MEXaHHYCCKYIO paﬁoTy B npouecce
cuna F, a ne F, T.e. B YDaBHCHWM NepBOTO HAYaja HA4NO YYMTHIBATH paboTy
Tombko cuiel F. DTo moarsepxkjaercs Takke TeM, 4to paGota (8.29) mmeHHO ITOM
cunsl copmanaer ¢ paGoroii (8.19), mony pensT ;
C UHBADHAHTHOW TEMIICPATYPOH.

JleiicTBuTenbHo, ¢ Momoubio (8.10) u (8.30) Beipaxcenue (8.29) mpHHMMaeT BHI

2LaUOHd(pr )] 0

2 1= c? p?

2(50© 4 O g, 250 2y 4,

BE0OL VO | Bi00 BV
T N [

4to cosnanaer ¢ (8.19). M3 (8.31) 3ameuaem, 4TO MexaHuueckas paboTa AaBreHUs

B _TepmoannammyeckoM npouecce (F, vdr) pasna —B’Vd /(1) u, crenoBatenbto,

06ycJ10B/IEHA OTHOCHTEILHOCTBIO OJHOBPEMEHHOCTH.

AKHM  0OPa3oM,
nepaTypoll TOJNBKO PEIATHBHCTCKHE Bhipakenus Otra s paﬁcTu (8.29) nsmumcu

SW=pdV

=pdV— @®31)

TIPABHJILHBIMH.

Tew e weree (. § 35) HUKAKOrO uECXoro pasTins MKy dopvammIMamH
TMnaska u Orra P ner. OnHako Bce xe
Haubonee ecrec.'raeuubm pesaT SBJIAETCHA,

KAK MBI BHJETH, DCJATHBHCTCKAS TEPMOJMHAMUKA C WHBADHAHTHBIMH TEMNEPATYPOR
H OHTATbIHER.

§ 40. UAEAJIBHBIA I'A3. PABHOBECHOE M3JIYYEHUE

B xawectBe npumepa AT PacCMOTPHM
OJHOATOMHBIA H/EANbHBIA a3 U paBHOBeCHOc mnch(-mc
B cobcTBenHol cHcTeMe  OTCueTa

P
NOTEHIWAIOB MOJIS

s
HI€anbHOTO Ta3a MMEIOT TakoH BHI*:

*) J11% NONYYeHHs COOTBETCTBYIOUIMX BHIDAXEHHMA /UIS V MOJIEH HIEATLHOTO rasa
Hago B (OpMyNax ANs MONS Tala 3ameHuTh R Ha VR, rae R—Monsphas rasosas
NOCTOSHHAA.
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PVO=RT, UO=%,RT,
T2
S=RIn(T**V®) +C=RIn T +Cy,
3R 2(s-C)
e
FOVO, T)=U®—TS=%,RTIn(1-InT) —RTInV®—
GO(p, T)=%/,RT(1~InT) +RTn p—TC,
2(s-C
1005, 910 2529
SR
B BiXyleHCA CHCTEME OTCYETa COOTBETCTBEHHO MOJYdaeMm:
pV=RT J1-7,
UO+p%V® 3,RT+BRT_(3+2p*) U

"/17;32 N 3/I-p

5
\/_ +c= mn—+ch
(3+28%)R z(s—c)
S
ER2 Y Y T A
21 W
G(p, T)=G(p, T), H(p, S)=H(p, S).
s yoenns cHeTeMe oTCHETA HMEeM:
=YyoT*, UO=oT*VO,
35\
$=4,0TVO, YOS, V):"Vm(mw"’) :
FOWO, T)= -1, 7570,
GOp, T)=0, HO(S, p)=S(3plo)"".

B IBWKymeHCA CHCTEME COOTBETCTBCHHO HMESM:
='/50T%, U='/3(3+p*)aT*V,

4 2 TR\
=Ty, )= 3*" ,,V<u) ;
1-p* 4oV

F(V, T)=U-TS=

S=RIn

u(, s)=

F(¥, r)=U—rs‘

(3+B%)/1-p* -4
3/1-p*
o(p. =0, (p.5)-5(2)"

TepMo/IMHAMKKa PEATHBHCTCKOTO Ta3a passura B pabotax H. A. Uepmukosa Ha
oBe B —

oT*V,
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§ 41. DBOJIIOLIMST BCEJEHHON 10 COBPEMEHHOWM
PEJATHBUCTCKON TEOPUM TPABMTALIMM

I[O CHX 1MOop B 3TON TJIaBe TEPMOJUHAMHUYECKHE CBOMCTBa TeN
pacCMaTpUBAaJIMCh Ha OCHOBE cneuﬁaﬂbnoﬁ TEOPHH OTHOCHUTEJIbHOCTH
(CTO) 6e3 ydera TpaBHTALMOHHOrO 1OJsA. PaccMOTPHM Tenephb
Borpoc 06 sBomouuu B ) Ha OCHOBE COBp i penaru-
BHCTCKOA TEOPHHM T'DAaBHTAIIHH.

Ocuosroe cozmepxanue CTO, xak nomyepkuBan I'. MUHKOBCKHIf,
COCTONT B YCTAHOBJICHMH €IWHOH abCONIOTHOH NpPOCTPAHCTBEHHO-
BpeMeHHOH (OpMBbI GBITHS MaTepHH — IPOCTPAHCTBEHHO-BPEMEHHOTO
Mupa (mMup Munkoscko20), T€OMETPUS KOTOPOro IMCEBIOEBKJIMIOBA.
B 3TOM MHpe pa3siMYHbIM CHCTEMAM OTCYETa COOTBETCTBYET B OOLIEM
Clly4ae pasjiMuHasi MeTpHKa ¢ KOd(QGHUHMERTAMH ¥, (X) IPOCTPaHCTBa-
BpeMenn. Hampumep, B NpPOM3BOJIBHON HEHHEPUHAJIBLHOH —CcHCTEME
KOOpAMHAT S’ MeTpHYeckue KOI(POUUMEHTH Yy, OKa3bIBAIOTCH (yH-
KIMSMH  KOOPIMHAT X OTOM CHCTEMBI, 4YTO INpHBOJMT B MTOre
K TOSBJICHHIO YCKOPEHHS CBOOGOJHONH MAaTEepHANbHOH TOYKM OT-
HOCHTEJIbHO S’ M CHJI MHEPLMH, BBIPAXKAFOUIMXCS Yepe3 MPOM3BOJIHbIE
NEPBOroO MOPSAKA OT TEH30PA Y,y 110 COOTBETCTBYIOIMM KOOD/IMHATAM.
KuHeMaTHueCKH CHJIbI WHEPIMH XapaKTEPH3YIOTCA TEM, YTO «BBI3BIBA-
eMble» MMM YCKODEHHS CBOOOIHBIX MAaTepHaJbHBIX TOYeK He OymyT
3aBHCETh OT UX MaccC. TakuM e CBOACTBOM 00JaJaioT M IpaBHTAIM-
OHHBIC CHJIbI, IIOCKOJIBKY, KakK MOKa3bIBA€T ONBLIT, I'PABUTALMOHHAA
Macca TeJla paBHa €ro MHEPTHOM macce. DTOT (yHIaMEHTaTbHbIH
daxt npueen OMHIITEHHa K MBICIH, YTO TIpPaBHTAIMOHHOE IOJIE
JOJIDKHO OIUCBIBATHCH l'lO}]OGHO TOJNKO CHJI MHEPUMH METPUYECKHM
TEH30POM g, HO YK€ B DHMaHOBOM IpPOCTPAHCTBE-BPEMEHH.

IMo DiHmTeRHY, BCe (H3MUECKHE MPOLECCHI MPOTEKAIOT B TIpa-
BHT M 1I0J1E > TaK Xe, Kak M 6e3 rpaBUTalHOHHOTO
nosisi, HO B COOTBETCTBYIOLIMM 0GPa3’oM YCKOPEHHOW (TpeXMepHOM)
cHCTEME KOOpIMHAT. I'umoresa gifmmTeﬁHa 0 TOM, 4TO mOJE
TATOTEHUST MOXHO TIOJHOCTBHO 3aMEHHMTh ycxopenﬂoﬁ CHCTEMO#M
OTCYeTa, Ha3bIBAETCA np M IK6usa.

Tpi 1NOCTPOEHMY TEOPHH TSATOTEHHs, Ha3BaHHOH OffHmITeiHOM
obweti meopueit omnocumeashocmu (OTO), OH BCEUENO MCXOMMI H3
NPUHIMNA OSKBUBAJICHTHOCTH TPABHTAIMOHHOTO IOJS HYXHBIM 00-
pa3oM YCKOPEHHBIX CHUCTEM OTCYETa. A Tak kak Ppa3sHbIM CHCTEMaM
OTCYeTa COOTBETCTBYET pa3Hass METPUKA NpPOCTPAHCTBA-BPEMEHH, TO
OWHWTEHH NPHHAI 33 TPAaBUTALHOHHOE IOJIE METPHYECKHH TEH30p
8uv PUMAHOBA NPOCTPAHCTBA-BpeMenH. Tak MPHHLKI SKBUBAJIEHTHOCTH
TIpUBEJl K OTOXIECTBJICHUIO METPHUKM M TPABUTALHH. KOMNOHEHMbl
Mempu4ecKko20 men3opa 6 OTO ABAAIOMCA 8 MO e 6pemMA nomew-
yuaramu MmaA20MeHuA.

l'panvrraunoﬂﬂoe noJie Buv 3aBUCHT OT paclpee/ICHUst U NBHXCHUS
Martepud M onpejeisercs ypaBHeHusMu ['uibGepra — OlHimTeiina
JUIA TEH30pa KpMBU3HBI R, :
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1 8nG
Ry = 5800 R=5 T, (832

rae G=6,67-10"'" mM3/(kr - c?)—rpaBHTalMORHAs nocTOsHHas; R—
cxampﬂaz KpHBH3HA, KOTOpas, Kak M R,,, BbIPaXaercs 4Yepes gy ;

v — TEH30p JHEPTHU-UMIYJIbCA BEIIECTBA.

" Ocrobanmas na ypaBHeHusix [ 'mibbepra — DHHIUTEHHA TeOpHs
Tsarorenus (OTO) HHOTIa MOXET NPUBECTH K Pe3yJibTaTaM, NPEKPACHO
COBHA, c ToM. Tak, mo [AaHHBIM HaGirOJeHMIA,
nepuresmii MepkypHsi OBOpauMBAaeTCs Ha 43 YIJ. C B CTOJIETHE; 1O
TEOpun TArOTeHUss HpIOTOHA M NO APYrUM TEOPUAM, HCHOJIb3YIOLIMM
M3MEHCHHBIH# HBIOTOHOB NOTEHUMAJ, I3TOT MNOBOPOT pa3a B TpH
Menblie Habromaemoro, mo OTO moBopor paseH 42,98 yru. c,
T.€. B TOYHOCTH COBNAJAET C JEHCTBUTENbHbIM! AHAJIOTHYHO, KaKk
6bUIO YCTAHOBIEHO BO BpEMsl MOJHOTO COJIHEYHOTO 3aTMeHHs 29
Mas 1919 r., Gmuskue x HabmogaembiM gaer OTO u pesyibra-
TBl JUIS OTKJIOHEHHS Jydedl cBera, npoxoisiuux BOmusu ComHna
(1,75 yro. c).

Bmecre ¢ tem B cBoem pasutHn OTO npumia kak K HeycT-
PAaHMMOMY BHYTPEHHEMY NPOTHBOPEHMIO, TaK M K psaay (H3MYECKH
HelNpHeMJIEMbIX pe3yNbTaToB. JlelcTBUTENbHO, npu co3lanun OTO
DiiHuTeiiH, 060CHOBBIBAS JKBHBAJEHTHOCTh CHJI MHEPUMM M TIDaBH-
TALMH, MCXOJMJI M3 PABEHCTBA MHEPTHOH M TSKENOW Macc, 9KC-
TIEPUMCHTA/IbHO YCTAHOBJIEHHOIO C OY€Hb GOJIBILIOH TOYHOCTBIO.
OﬂHaKO, KakKk oOkas3ajocb, B OKOHYATENbHOM TEOpHUH PABCHCTBO
HHEPTHOH M TsKeJoW Macc He BhmiojHsercs! Bnmepsbie Ha 31O
ykaszan B. A. ®ok.

Kpome Toro, kxak ormevan eme B 1917 r. u3BecTHbIH HeMelKuit
matematik [I. Twisbepr, B OTO He BBLINOJNHSIOTCA 3aKOHBI CO-
XPpaHEHHS DJHEPrHU-MMIIYJIbCAa M MOMEHTA KOJIMYECTBA JIBHXKCHHS
BELUECTBA W TIPABHTALMOHHOIO MNOJIA BMECTE B3ATBIX.

Takoe nonoxenne B OTO 06yclOBNEHO OTOXAECCTBIEHHEM B 3TOH
TEOPHH TPaBHTALMOHHOTO IOJIS CO CTPYKTYPO# (METPHKOif) npocTpaH-
CTBa-BpEMEHH, C €ro PUMaHOBbIM HCKphBieHueM. ITepsuunbiv B OTO
SIBJISIETCS. HE MATepHs, a NpOCTpPaHCTBO-BpeMms. «IlepBuynyro posib,—
TOBOPHJI DHHIUTEHH,— HTPAET POCTPAHCTBO, MATEPHsl XKe JIOJDKHA
GbITh TIOJIyYyeHa M3 TMPOCTPAaHCTBA, TakK CKa3aTb, Ha CIEIYIOLIEM
stane»*). DTa Merosonornuecku HeBephas ochoBa OTO u oTer-
CTBEHHa 3a BCE B TEOpWH. B caMom jene, NOCKONBKY B JeHcT-
BHUTEJILHOCTH IIPOCTPAHCTBO-BPEMs sBJIAETCH (OPMOH CylIeCTBOBAHHMS
MaTepHH, TO, HCCIIEAys CTPYKTYPY 3TOH GOPMbI, Mbl MOXEM IONyYHTD
B psije Ciy4aeB XOPOLIO COIJIACYIOUIMECH C ONBITOM pPe3yJbTaThl
O CBOWCTBax TPaBUTALMOHHOTO 1OJIS KaK BHIAa MAaTEpPHUH. Wmenno
9TO W HWMEET MECTO B cCiyyasiX, O KOTOPbIX YIIOMHMHAJIOCh BbILLE.
C mpyroii CTOPOHBI, B TeX SBJICHMSX, B KOTODPBIX ONpEIENAIOLIYIO

* Dijimwreitn A. Cobp. Hayunbix TpynoB. M., 1966. T.2. C.89.
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POJIb HTPAET HE CTPYKTYypa NpPOCTPAHCTBA-BPEMEHH, a HAXOMISAIIMIACS
C HMUM B €JMHCTBE Takod aTpubyT Mmatepuu, kak nsmkerne, OTO,
OTOXIECTBJIAIOLIANA TPABUTALIMOHHOE 110J1€ C KPHBHSHOﬁ TIPOCTPAHCTBA-
BPEMEHM, MNpPHUBOMMT K TYNHKOBOMY pE3yJbTaTy O HEPAaBEHCTBE
MHEPTHOM W TPaBHTALMOHHOW MacC, K OTCYTCTBHIO 3aKOHOB CO-
XPaHCHHSI JHEPrUM-UMITyJIbCAa M MOMEHTA KOJIHYECTBA JBHXKCHHSA
BEIIECTBA M TPABHTAUMOHHOIO INOJS BMECTE B3SATHIX, T. €. K OTKa3y
OT psana dJyHIldMCHTa!IBHHX TIPUHIAIIOB, JIEXAIMX B OCHOBE (H3MKH.

B nocnennue roast A. A. JlorynosbiM* ony6nmkoBan psa pabort,
B KOTOPBIX MOCJ]E rny6oxoro kputnueckoro aHamsa OTO chenman
BBIBOJI O €€ HENPHEMJIEMOCTH Kak (bld:iPI‘lCCKOﬁ TEOPHU TATOTEHHA
M TOCTPOEHA HOBas peJATHBHUCTCKas Teopus rpasutamuu (PTT).

PTI' HMCXOOMT M3 CTPOrOro BBINOJHEHUS 3aKOHOB COXPAHEHHS
JHEPTHU-UMITYJIbCA H MOMCHTA KOJIMYECTBA JIBUXKEHHS BeILECTBA
M TPaBHTALHOHHOTO MOJNS (4TO C HEOOXOAMMOCTBIO MPHBOAUT
K TICeBJIOCBK/IMIOBY MHPY MMHKOBCKOTO) H W3 TpeACTaBlIeHHs
O TpaBHTAIIMOHHOM TIOJIE KakK ¢H3H‘ICCKOM noJjie, UCTOYHHKOM KO-
TOPOro SIBJAETCSH TEH30pP SHEPIUH-UMIIYJIbCA Beei MaTepuu (BC].LISCTB()
M TPAaBHTAUMOHHOE I1IOJIE) M KOTOPOE, B HPHUHLMIE, JaXe JIOKAJIbHO
HE MOXET OBITh YHHYTOXKEHO BHIOOPOM CHCTEMbI OTCYETA.

B wurore B PTI' monywena cucrema u3 14 ypapHermit c¢ 14
HEU3BCCTHBIMU, TIpHYEM [JIECATH M3 HHUX 10 CbopMe COBNANAT
¢ ypaHenusmu I'ibGepra — itniuTeiina (8.32) ¢ Toi nmpuHIMIMAL-
HOM pazﬂnueu 4YTO BCE TMOJIEBLIC MEPEMEHHBIC B 3THX YPaBHEHHUAX
3apucat (B orimune o OTO) OT eAMHBIX KOOPAMHAT IPOCTPAHCTBA
MuHKOBCKOT0. YeThIpe HOBBIX YPaBHEHHS ONpEENAIOT CHMMETPHYHBIH
TEH30p o* camoro TPaBUTALMOHHOIO MOJI; OHU B KOPHE U3MEHSIOT
XapakTep peIleRHs ypaBHeHWH ImibGepra— DiinHuiTeiina.

PTI" 00BsCHAET BCIO MMEIOLIYIOCS COBOKYIIHOCTh HAG/II0AATENbHBIX
M OKCIIEPHMEHTANBbHBIX JIAHHBIX [UIi TPABHTALHOHHBIX O(hQexToB
B CosHeYHOM cHcTeME | TIPHBOAUT K HOBBIM TNPEACKA3aHUAM
O pa3’BHTHH Beenennoit u TPaBHTALlMOHHOM KoJuiarnce.

B pamkax OTO mHecTaUHOHADHbIE KOCMOJIOTHYECKHE PELUCHHS
ypaBHeHuit 'mibOepra — DifHiuTeliHa BnepBble  ObUIM  MOJyYEHBI
B 1922 T. M3BECTHBIM COBETCKMM ydeHbIM A. A. ®puamanom*¥. To
@puMany, CYIIECTBYeT TPH THIA PAaCIUMPSIONMXCS BceseHHbIX: Ba
GECKOHEYHbIX, i i, HO Oe3 rpasmi; BHIGOP TOW
WM HHON MOJICIH  CYIIECTBEHHO 3aBHCHT OT 3HAHHSA Cpeﬂﬂeﬁ
MJIOTHOCTH MaTepun Bo Bcenennoi. PTIT mpuBOJMT K €IUHCTBEHHOH
6ecKOHEYHOM, PaCIIMPSIOIIEHCS, HO «IIOCKOW» BeeneHHOM, TpexMep-
Has 4acTh Kotopoil eBkaunosa. Ilpu pacmmpennn Bcenenuoil oHa
NEPEXOAUT H3 COCTOSHHUA C MAaKCHMaJIbHOH TIOTHOCTBIO B COCTOSIHHE

® Cw.: Jlorynos A. A, JICKUMH 1O TCOPHH OTHOCHTCABHOCTH M TPABHTALMH.
Cospeyenti awans mpodicyst. M., 1981.
@puaman A. A. O kpuaisne npoctpakctsa// VOH. 1963. 80. Bun. 3.
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C MMHHMAJIbHOH TUIOTHOCTBIO, MOCNE 4Yero HayMHaeTcs oOpaTHbIH
npouecc «cxaTusy. Takue UMKJIBI MOTYT HEOrPaHHYEHHO TOBTOPATHCS.
Pacumperne BceneHHOH NpPUBOAMT K HM3MEHEHHIO CO BPEMEHEM
PACCTOSIHHH r MEXy BHETaNaKTHYECKMMH OOBEKTAMH B MPOCTPAHCTBE,
H OTHOCHTEJIbHAas CKOPOCTh U YHAJIEHHUs JBYX 0OBEKTOB TeM Gosibine,
YeM OHM Jajbllie ApYT OT JApyra:
v=Hr, (8.33)
e H— Xab66aa 10 MMEHH aMEPHUKAHCKOro
aCTpOHOMa 3. I. Xa66aa, on(punmero B 1929 r. siBnenne paszbezanusn
za/takmux H, TamM 06p330M 9KCHIEPUMEHTAIbHO [IOATBEPAMBIIErO
. ITo cosp , TIOCTOSH-
Haﬂ Xa66na pasua H=3-10"18 ¢~ 1.

‘OCHOBHOM, BaXHbIH LISt TepMOJIHHaMHKH, BBIBOJI M3 IIPUBEIEHHOTO
paccmotpenus PTI cocTout, Mo MHEHHIO aBTOpa yd4eOHHKA, B TOM,
YTO BPEMEHHasi IBOJIONMs Hameid BceseHHOM He mpencrasiser coboin
OpUOIMKEHHS €€ K HEKOTOPOMY DaBHOBECHOMY COCTOSHHIO — COCTO-
SHUFO Menaoeoti cmepmu.

3AJAUU

8.1. YcranoBuTh m(deHa)lTHOCTL JABJEHHS IPH TEPEXOAE OT OJHON MHEpLMATbHOR
CHCTEMBI OTCYETa K JIDYTY

8.2. O6eymuTs  ports orpmu-maawmnx CHCTEMy CTEHOK B peISTHBUCTCKOH Tep-
MOJHHAMHKE.

83. B cucteme K© aBmkeTcs IWWIMHAD B HAanpaBieHWM CBOEH OCH CO CKOPOCTBEO
v. W3 cepenMHbl UWIMHIDA B NPOTHBOMNOJOKHBIX HANpPABJNEHHSX BJONL OCH
IBMKyTCA 1Ba  (OTOMA. ONpefenuTh OOUWMI HMMyIbC (OTOHOB mOCHE HX
OTpaXeHHs OT TOPLOB UMIHHADA.



TJIABA JEBATASA
OMMWBKU U 3ABJIYXAEHUSA B TEPMOAUHAMMUKE

M3y'-IBHU6 ucmapuuecxoro nymu, npou,qermoro Ha-

yKo#H, YUk B

HUU UCXOfHbIX nonoxenuu U OCHOBHbIX 3aKOHOB
Baxi ee rny6okoro

U panbH
Mo-sugumomy, Hem fpyroi oﬁnacmu HayKu, B KOMOPO#H
npu ee Co3fjaHuU U NPUMEHEHUsX enanock 6si makoe
607161108 YUCIIO HEBEPHBIX ymsep)xgeuuﬁ U BbIBOJOB,
KakK B Takue Kak
ocHoBamenu MepMofUHaMuKu, maK u ,qpyrue y4eHsle,
4mo rosopum 0 MPyAHOCMU U3y4aeMmoro npegmema.
AHanu3 amux owu60K u 3abiyXgeHusn noyyumeseH.

§ 42. M. TUVIAHK O T'OJIOHOMHOCTHU BbIPAXKEHUS
JJIS KOJMYECTBA TEILIOTBI

CoziepxaHHEM BTOPOTO Hauajia TEPMOJMHAMWKH JUIS DAaBHOBECHBIX
TPOIECCOB sBNsieTCs, 10 KapaTeonopH, roJIOHOMHOCTb BBIPAXKEHUS st
aJleMeHTapHOro KomdecTBa TemwnoTsl 8Q. Iiank B cBoeit «TepmonuHa-
MHKe» IPEJCTABISET 3TOT 3aMeqaTeNbHbIH (GaKT Kak HEYTO TPHBHAIb-
HOE, He BBIPaXalolllee HMKAKUX 0COOBIX cBodcTs Ten. Ha mpumepe
HJIeaJbHOrO Tra3a OH HEIOCPEJCTBEHHO BBIYHCISET BBIPAXKEHHE

57Q=Cv“TT+Pﬂ=d(cV InT+RIn¥)

u yOexaaeTcs, 4To OHO NpelcTaBisieT coboH nosHbli muddepermman.
A 10, 4TO 3TO BbIpaXeHHE OyaeT NONHBIM JupdepeHIHanoMm 1 Juis
BCSKOM Apyro#t cucreMsl, IIaHK CYMTAan BO3MOXHBIM IOKas3aTh Oe3
HCTIONL30BaHHS BTOPOTO Hayajia, PACCMATPHBAs CIOXKHYIO CHCTEMY
W3 upeaysbHoro rasa G W JaHHOH cucteMmsl S. 3acTaBuM 3Ty
CIIOXHYIO cHcTeMy G+ S COBEpLIMTH KpyroBod mpouecc 6e3 coobue-
Hus el TemnoTel. Torma orAensHO G M OTAENBHO S IOJDKHBI
COBEPLIHTh KPYTOBOH IMpOILECC, MPHYEM, OYEBHJIHO,

s, [s0_
fﬁ?* T=

G s

Otcrona §§;-2=0, TaKk KakK, 1O BBHIYHCICHHOMY paHee, §5?Q=0 M,

S G
cnenosatenbho, 8Q/T— nonublii muddepenuman as BCAKOH CHCTEMBI.
T. A. AdanaceeBa-Dpendect yka3ana Ha YCKOJB3AIOUIyIO OT BHU-
Manuss ommbKy B gokasatenbcrBe Ilmamka. [leno B ToM, 4TO 10
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Tex NOp, 10Ka HWYEro He W3BECTHO NMPO CHCTEMY S, HENb3si pyyaThes,
9TO KpPYroBOH IpPONECC ISl Hee He MOXET ObiTh 3aMKHYT paHblie,
4eM HIEANbHBIA ra3 BCTYNHT Ha Ty CaMylo aauabaty, M3 KOTOPOil
oH Bbinen. [o3ToMy, 3a60TACh TONBKO O TOM, 4YTOOBI CHCTEMa
COBEpIIHIA prl‘OBOﬁ npouecc B KOMEHHKHKH C Tra3oM, MOXHO
6BUIO OBl MOJNYYHTh M TaKOE PaBEHCTBO:

Y Y
foo s
s G

»
& "
rae J ?Q——ﬂm”erpan, B3ATHIA HE [0 3aMKHYTOMY MyTH, T. €. OTJIHYEH

G
OT Hyss, a ciefoBaTenbHO, dQ/T U CHCTEMBI S He MOXET ObITh
nonHBIM s depernmaom.

Ecii TepMHYeCKH OJHOPOJHAS CHCTEMA, COCTOAILAs M3 MOJACHCTEM
1 m 2, coBepmaeT oOpaTHMbI# aauabaTHBIA npouecc, TO B TOM
cilydae, KOT/Ia JUTS NepBOi MOACHCTEMBbI NMPOLECC SBJISETCA KPYTOBBIM,
JUIsS BTOpOH CHCTeMbl OH Oyaer Toxke KpyroBeiM. Jloka3aTh 5TO
MOXHO TOJIbKO Ha OCHOBE BTOpPOrO Hadajga TEPMOJAHHAMMKH.

JleHcTBUTEIbHO, DK a[abaTHOM NpoLecce B CHCTEME, COCTOsIIEH
U3 nojacucteM [ M 2, EMeeM

801 +80,=0, 8Q,/T+8Q,/T=0.
Ecnu moxmcuctema [ coBepinaeT KpyroBoil Iponecc, TO

80, 802 _
é;T +j‘7~0. .1
ITo BTopomy Hauaiy, B—g‘—O u u3 ypasaenus (9.1) momyvaem

30,

0, 4TO MO TOMY e 3aKOHY BO3MOXHO TOJIbKO IPH KPYrOBOM

T
TIpouecce [Uis IOACHCTEMBI 2.

§ 43. IOKA3ATEJIBCTBO B. HEPHCTOM HEJOCTHMXHUMOCTH 0 K.
APYTHE OWMBOYHBIE JOKA3ATEJIbCTBA

Hg)ononxcan paboTaTh HaJ JKCIEPHMEHTATLHBIM H TEOPETHYECKHM
obocHOBaHHMEM TemIoBoi Teopembl, B. Hepuer B 1912T. u3 pac-
cMoTpenns mukna Kapuo cmenan BbiBod 0 HemoctwxmmoctH 0 K.
JlokasbiBan OH 9TO CreyIOIIMM ofpazom™.

IpeanonoxumM, 4to 0 K D0CTWXMM, TOTAa MOXHO NPENCTaBHTH
cebe wmkn Kapro (puc.27), B kotopom AB—wusotepma, BC

* Cwm.: Hepuer B. TeopeTnieckse M OMBITHbIE OCHOBAHMS HOBOTO TEILTOBOIO
3akona. M.—JL, 1929.
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u DA—ammabatel, a usorepma CD
uner npH Temnepatype 0 K. Ilpous-
BE/ICHHAas 3a LMK paboTa H3MepsieTcsi
njiomanbio muKia. Tak kak kpusbie BC
u DA uayT Ge3 NpuTOKa TEIUIOTH HU3BHE,
a N0 TEMIOBOH TEOpEMe HyJeBas M30-
TepMa coBmajgaer ¢ amuabaroi u mo-
5ToMy Ha oTpeske CD TemnoTa TakKke
HE TMOTJIOLIAETCH, TO TMOJIYy4aeTcs, 4TO
paboTa 3a LMK/ NPOM3BOAMICS 3a CYET
TEMNOTHI, B3ATOH y TEIIOOTAATYHKA.
Tak Kkak 5TO NPOTHBOPEYHT BTOPOMY
V Hawally, TO, CIe[OBATENIbHO, TeMIepa-

Typa 0 K HemoctTmkuma.

Puc. 27. OjHako TakoH BBIBOA M3 MpHBe-

JICHHOTO  J10Ka3aTenbCTBa CJIeJIaTh  HEJIb3s. I{eno B TOM, 4YTO
Tak kak npu 0K Bce mpoumeccsl SBISIOTCS aaMabaTHBIMH, TO,
mocturays 0 K, Henws3s Harperb paGouee Teno mo Gosiee BBICOKOH
TEMINEPATYphl C MOMOMIBIO OOPaTHMOrO Mpolecca (CKATHS) M 3aM-
kHyThb 1HKJI. TakuMm o0b6pa3zoM, u3 paccMoTperns HepHera ciaemyer
ne Hepoctukumocts 0 K, a HeosmoxHocTh mmkina Kapro ¢ tem-
nepaTypoif  TerUIONpHEMHMKa, paBHOH Hymo. Heprcr nmcai,
410, Jus TOro uToGhl BepHyThcs M3 D B A no amuabarte
M 3aMKHYTh UMKJ, Ha0 OECKOHCYHO Majo Harpers paGouee
Teno, 4robel oHo Morno yith or 0K, a BosHHKaromee mpH
TAKOM LHMKJIE NPOTHBOPEYHE CO BTOPBIM HAYaJIOM JOKa3bBaeT
HEJI0CTHXHMOCTb

DTo 3aKmoueHne Hepﬂcm MOABEPI/IOCh KpUTHKe OifHuiTeiiHa,
KOTOpbIH CYHTAJ HEBO3MOXHBIM OCYIIECTBICHHE H30TEPMHYECKOIO
nponecca CD, NOCKOIbKY NpH aauabaTHOM CKATHH Tea B COCTOSHUM
C OHO NpH NPAKTHYECKH HeGONBLIOM TPEHHH yizeT ¢ kpuBoi T=0 K
u GyneT ckuMaThes BIOJb amuabarbl CB (abeTpakums 06 o6paTHMbIX
TEPMOJMHAMHUYECKHX NPOLECCaX 3/eCh HeBo3MoxHa)*. Tak 4ro mpu
noctikennn 0 K mukn KapHo BBIpOXJaeTcs B COBOKYNHOCTH JBYX
CIMBIIMXCA amuabaT M JBYX CIMBLIMXCS H30TEPM: MpPH NPAMOM
H30TEPMHYECKOM Tponecce 4B OT TenjooTAaTYMKa Gepercs KoamyecT-
BO TenioThl Q,, a Npu 06paTHOM npouecce BA Takoe XKe KOJIHYECTBO
TEILIOThI QZ €My OTAAaeTCsd M K.ILJA. TAKOro UMKJa PaBEH HYJIIO.

Bospaxenue DHHINTEHHAa OTHOCHTCH JHMINL K NomnbiTkam Heprera
BBIBECTH TPHHIMI HEJOCTHXHMOCTH H3 BTOPOTO Hayama. OTOT

* Korja B TepMOTMHAMHKE NPH OOLIMHBIX YCIOBHSX MCTOJIb3YETCH MPEACTaB-
fleHe 06 OBPATUMBIX MPOLCCCAX, TO NPEANIOIATacTCA, WTO XOTA MPH BCEX PCATbHBIX
TePMOJIMHAMMHCCKHX TIPOLECCAX M MMEIOTCS HEODPATHMBIE WIMCHCHHS, HO OHM MAThi
H_ TIOJIyMaeMblc TIPH ITOM pE3yJbTaThl CNPABCUIABBI M B NPCAETe TMOTHOCTHIO
oGpaTumeix mpomeccos. B mukne Heprera Takas aGeTpakiusi HEBO3MOXHA, MOCKOJBKY
CKOJIb YrOJHO MaJiasi CTENeHb HEOOPATUMOCTH YBOIMT CHCTEMY C HYJIEBOH M30TEPMBL.
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NpUHIMN (CM. TJ1. 4) HEMOCPEACTBEHHO CNIEAYET W3 TENJIOBOH TEOPEMbI
HCPIICTB M HE CBA3aH CO BTOPLIM HA4aJIOM TEPMOJMHAMHKHA.
* B pasmuHO# JMTEpaType MO TEPMOJMHAMHKE MOXHO BCTPETHTH
TaKXE CIEOYIOIIHE A0Ka3aTeJIbCTBA HEAOCTHXHMOCTH
1. King. muxia Kapro pasen
=(T,~T3)/T;.

Mpu T,=0 K n=1, T. . Bcst Temiora, B3siTasi B LHKJIE Y TEILIOOT-
JaTyMKa, npespamiaercs B paGory. Tak kak 3TO IPOTHBOPEHHT
BTOPOMY Hadaiy, To 0 K HeoctTmkum*). Takum oGpasom nosysaercs,
4T0 NpHHUMN HefocTkuMocTH 0 K (Tperbe Hauano) sBisercs
CJIEICTBUEM BTOPOTO Hayaja TEPMOIWHAMHKH.

2. MNpencrasum cebe wiaka KapHo, y KOTOpPOro TemIONpHEMHHK
umeer Temmeparypy 7,=0 K. Jlna takoii oOpaTHMOif MamIHHBI
TMOJTHOC W3MEHEHHE JHTPONMU B ULHMKIIE 6610 OBbI PaBHO H3MEHEHHIO
€e Ha yYacTKe M30TEPMHHYECKOTO pacCLIMpeHus Npu Temrepartype T:

Q_0
AS=Q—===,

T T,
Tak KaK y4acTok H3oTepMudeckoro cxatusi npu T, =0 K npeacrasiser
coboii u303uTpony S=0, a OCTajbHbIE [BA NPOLECCA W30HTPOMAYEC-
xue. Ho, ¢ Ipyroit CTOpOHbI, W3MeHEHWE SHTPONHM B LMKIE

AS=§Q=O,
T

Boznuxammee TIPOTHBOpPEYHE (g,#O) JIOKa3bIBAET  HEJOCTHXKH-
MOCTb HyneBot u3orepmsl 7'=0

O6a 7Tu 10Ka3aTeIbeTBA HeocTmkuMocTh 0 K spnsrorest ommnbou-
HBIMH, TaK KaK HCXOAAT M3 NPOTHBOPEYAIETO BTOPOMY Hayajly
TEPMOJIMHAMHUKH TIPETTONOKECHUS o6 OCYILIECTBJIEHHH [HKJIA Kapno
C TeMnepaTypoi Temsonpuemnuka, pasHoi 0 K.

§ 44. DSHTPOITUSA, UHOOPMALIUS
M MBICJIEHHBIA 3KCIEPMMEHT CLMJIAPJA

Anannmpyﬂ Bonpoc o nemoHe Makcsesna, JI. Cumnapa paccMoTpesn
cne,uyloumn MBIC/ICHHBIA IKCIEPHUMEHT. B 3aKpBITOM TOPH30HTAIbHOM
UMJIMHIpE, HAXOMAWIEMCS B KOHTAKTE C TEPMOCTATOM, CONEPXKHTCH
ra3 W3 ONHOW MONEKYJbl. B CpenHIO 4acTh UWIMHADA BBOIMTCS
nopmenb. MoJiekya oka3biBaeTcsi B OQHOH W3 mosioBuH. Jlis
OTIpPE/IENICHUS HANPABJICHUS [BUXKEHUs TOPLIHS NMOJ JCHCTBUEM yAapoB
MOJeKyIbl HabJTIo1aTeNh YCTAHABIJIMBAET (HAMPUMED, C IOMOLIBIO CBETA)
MeCTOHaxo)/IeHue Mosiekysl. Eciiu ona Hajijiena cieBa oT HOpIIHS, TO

Knkonn A. K., Knconn M. K. Mosckyanpuas dusuka. M.. 1976. C. 300.
Pymep O. B., Pomkun M. HI. TepmoiuHamuKa, craTHCTHYECKas (u3MKa
n xuneruka. M., 1977, C. 41,
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TOpIICHb 6}'118'1' JIBUraThCs BIPaBO, COBEpLIAs TNPH OOCTHXKEHHH
OCHOBaHMS LMIMHApPA NIEKOTOPYI paboTy (moamseM rIpysa) 3a cuer
TemoThl Q TepMocTaTa. BosBpallas mnopieHb B NepBOHAYalbHOE
TIOJIOXKEHME, MOXKHO ITOBTOPHTL 3TOT NPOLIECC ITPOHU3BOJIBHOE YUCIIO pas,
npeBpamias MpH 3TOM TEMIOTY B paGoTy M yMEHbIIAs JHTPONHMIO
crcremsl. [10 BTOPOMY Haualy, TaKoe IPeBPALIEHHE TENJIOThI HEBO3ZMOXK-
HO Oe3 KOMIICHCALHH. Cunnap}] TIPETNOJIOKMII, YTO B JAAHHOM cCiy4dae
KOMIIEHCALKeH siBseTcss HEGOPMALWs, I0JTyyaeMast Hab/IroIaTesleM NIpH
OMpeACJICHHH MECTOHAXOXICHHS MOJIEKYJIbI. Ora HHd}OpMal[ﬂ’l NIpUBOUT
K HeOOXOMMMOMY YBEIWYEHHIO SHTPONHH B cucTeMe. Takum obpaszoMm,
BIEPBbIE YCTAHABJIMBACTCS CBA3b MEXIY WH(OpMauMeHd H IHTpOMHEH.

OznHako MbicieHHbIM dkcnepuMeHT CLMIapia He MOXET CIYKHTh
OCHOBaHHEM JUlIsl KaKiX-JIG0 BBIBOJOB. [Ie/io B TOM, YTO HCNOJb30Ba-
HHE OIHOMOJIEKYJISPHOTO Ta3a JOMyCTHMO, NOKA MPOLECCHl C HUM HE
NPOTHBOPEYAT Ta30BbIM 3aKOHaM. HO B MOMEHT BBC/ICHHS NOPIIHA
B UUJIMHADP ra3 CXWUMAETCs [0 MOJIOBHHBI CBOEro obbema 633 3aTpaThl
paboTbl, YTO SBJSETCH HEJONMYCTHMOH HIeanu3aimeli MBICJIEHHOrO
SKCIIEpUMEHTA Cuunap,ua, BCJIEAAICTBUE YETO 3TOT IKCIEPUMEHT HE MOXET
HCIOJIB30BAThCS Ul TPOBEPKH BTOPOTO Hauana TEepPMOIWHAMMKH.

ITo Toif e nmpuuuHe 3kcnepuMeHT Cumnapiaa HE MOXET CIYXKHTb
OCHOBaHHMEM JUISi OTOXIECTBJICHUS (DM3HYECKOM SHTPOTIMH, UCTIOJb3Ye-
MOl B TepMOJMHAMHKE, C MH()OPMAIMOHHOM SHTPONNEH, BBEICHHOH
Ilennonom. B skcnepumente Cuuinapaa Boobue He TpedyeTcs HUKaKoi
peaBapuTENbHON HHPOPMALMK O MECTOHAXOXKICHHH MOJIEKYJIbI TIOCTIE
BBEJICHHS B LMJIMHJP TNOPUIHSA, [OCKOJBKY CaMO IBHXEHHC NOpIIHS
yKa3bIBAET Ha €¢ MECTOHAXOX/ICHHE H NpPEBPALICHHE TEMIOTH B paboTy
By/eT NPOMCXOAMTH HE3ABHCHMO OT TOTO, Il HAXOMMTCS MOJIEKYJia.

TepMoaMHAMUYECKAs JHTPONMS M OHTPONMS HMH(POPMAIMOHHBIX
NpPOLIECCOB —3TO Da3Hble BEIMYMHBL, YTO BWJIHO XOTA OBI M3 TOTO,
4TO MHQOPMALMOHHAS SHTPONHS HE ABJIAETCH TEPMOJMHAMMYECKHAM
napamMeTpoM.

B JIMTEpAType BHA4YaJie OTMEYaoCh OTJIMYME ITHUX JIBYX BEJIMYHMH,
0603HaYaeMblX OIHUM CJIOBOM, HO MO3KE MHOTHE ABTODBI MOCIENO-
BaNM 33 BpPWUTIOHOM™®), OTOXIECTBHBLIMM TEPMOJHHAMHYECKYIO
¥ MHGOPMALUMOHHYIO OHTPONMH (OJHHM W3 OCHOBAHMH IS 3TOr0
ABJISETCS MBICTEHHbI okcrnepument Cumnapna).

§ 45. CYIIECTBOBAHME ®A30BbIX ITIEPEXO/JIOB BTOPOTO POJA.
JIEFTKOCTh CKOJIbKEHHSI KOHBKOB IO JbAY.

3HAK TEPMOJVWHAMMYECKOW TEMITEPATYPBI

CymecrsoBanne (a3oBbIX NepexoioB BToporo poaa. VssectHo, u4To
BEWECTBO TPH 3aiaHHbIX 1 W p HAXOMMTCA B TOM COCTOSHHH,
B KOTOpoM ero sHeprusi [uG6ca G MuHuManbHa. Ecmu m3oGpasuthb
Ha rpaduke 3aBUcHMOCTh G IBYX da3 ot T (mpu p=const), TO To4Ka

* Cw.: Bpuamoon JI. Hayka n Teopus mudopmaumn. M., 1960.
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Puc. 28.

T, nepeceueHns o0enx KpuBbix OynieT TouKoji (a3soBoro nepexoa: npu
npoxoxmemlm qepes To BELIECTBO HBOGPB)KHCTCH TOYKOH Ha TOM
KpHBOH, KOTOpas COOTBETCTBYET MeHbIIMM 3HaueHHsM G. Ilpu
(ha3oBeIXx  mepexojax  MEPBOrO  poja  MEpEceueHHe  KPHBBIX
G, u G, u3obpaxeno Ha puc. 28,a. IIpn da3oBrix nepexonax BTOPOro
pona KacaTeJbHble K OGEHM KDHBBIM B TOYKE NEPEX0Ja COBNANAIOT
(OCKOJIbKY SHTPONMSA BBIPAXAETCH NPOM3BOAHOM 3Hepruu I'mb6ca mo
Temnepatype). IIpy npocrom kacamuM oGeux KpuBbIX (puc. 28,6)
NIEPEXONT IPOUCXOIUTh HE MOXeET, W60 xak npu T'< Ty, Tak u pH 7> T,
BEIIIECTBO BCE BPEMs HAXOAMIOCH Obl B OJHOM M TOH Xe dase. [TosTomy
B TOYKE NEpEXo/ia JBe KPHBbIE, Kacasch, nepecekaroTcs (puc. 28,6), 4to
TPHBOJIHT K PABCHCTBY HE TOJIbKO TNEPBBIX, HO ¥ BTOPBIX NPOH3BOAHBIX
OT 3Hepruu ['M66ca — SHTPONHUH U TEMIOEMKOCTH. A 3TO COOTBETCTBYET
(ha3oBbIM mepexolaM HE BTOPOro, a TpeThero poja. Ha astom
ocHoBaHHH Hemenxue dusnku . FOct 1 M. Jlay? NpHIUIA K BHIBOAY
O HEBO3MOXHOCTH ()a30BBIX NEPEXOMOB BTOPOrO POJA.

Onmbka npupeneHHBIX paccyxjeHuit u BbiBoma FOctu u Jlays
OCHOBBIBAETCA HA TPEJIIIO. cymect neperpeThiX M nepe-
OXJax/eHHBIX (a3 mpu (a3oBbIX NEpexoax BTOporo pona (moxobHo
TOMY, KaK TpH (a30BbIX NEpPeXoax NEPBOTO POJa), 4ero B AeHCTBHTE-
JILHOCTH He Habmonaercs. [TosTroMy Him mpaBok (OT TOYKM mepexona)
BeTBM KpHBOH Gy, WM JICBOH BeTBM Ha pHC. 28,6 HE CYILECTBYET.

JlerkocTh CKONbXKeHHS KOHBKOB N0 JbAy. V3BeCTHO, 9TO TOYKa
TUIABJICHHS JIbJia C NOBBLIIIEHHEM JaBJICHHs MOHMKaeTcs. OCHOBBIBASCH
Ha JTOH 3aKOHOMEPHOCTH, CKONB3KOCTh JIbJA, T. €. JIETKOCTh CKOJb-
KCHUS KOHBKOB TO JIbJly, OOBACHAIOT C/EAYIOIMM 00pa3oM: MO
JIaBJIEHMEM OCTPOTO KOHBKA JIEJ IUIABHTCH NPH TEMIEpaType HHXe
0° C, obpa3sys XHIKylo CMa3Ky, KOTOpas M OOeCIeYHBAeT JerkocTh
KaTaHHs MO JIbAY 3HMOM.

Taxoe o6bsicHenue 6bLT0 AaHO okoso 100 JeT Hasalx aHTIHACKEUMH
dnzukamu Jx. Tunnanom u O. PeHHONBACOM H TOJIYYHIO HIHPOKOE

, XOTS OHO CC ) HE COOTBETCTBYET MeH-

CI'BHTEHbHOCTH.

* Cm.: Jmurreiin 1. C. Kype tepmommamuxn. M., 1948. C. 126; 3anaun u -
KHEHUSl ¢ OTBETAMH H petuieusMu, DeiinvanoBckue Nekimu no dusuke. M., 1969. C. 308.
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B camom nene, w3 ypasHenmit Kianeiipona—Kiaysuyca mis
($a3oBbIX NEPEXO/I0B MEPBOrO POAA ClEIYET, 4TO, JUIA TOFO HYTOOBI
TOYKA IUIABNEHHA JIbJA ONYCTHIACh HA HECKOJBKO IpajycoB, Heob-
XOIMMO TaKOE BBICOKOE JIABIEHHE, KOTOpOE JieA HE CriocobeH
BbIIEPXKATh. Hencmm‘enm—xo yﬂenbﬂbm OSLBM nbaa npu 0° C paseH
v'=1,091 cM?/r, a Bomel—v"'=1cm®r. Temrota  nepexona
A=335 JUk/r. Tlostomy

dp
i T(=v)

T. € JUIA NOHMKEHHs 13Mnep41)5pm naasiends npaa Ha 1 K Hyxuso
yBEIWYHTh JaBnienue Ha 135-10° ITa. A mis Toro 4ToGbl jeJ Hauaux
nnaBuThes, Hanpumep npu —10° C, HyXHO YBEJHYHTH JaBJIEHHE
B cpeneM 1o 135 MIla (takoe maBneHHe Jiell HE MOXKET BBLIEPXKATB).
. Kax Tenepb yGenuTenbHO JI0Ka3aHO SKCIEPHMEHTANIBHO, CKOJIb3-
KOCTh /bia OOYCJIOBJICHA OOPa3’OBAHMEM B ILIOCKOCTH CKOJBXCHHs
)KHIU(DFI CMa3Kd NpH NpeBpallleHuu B TEIUIOTY paGOTH npeonoJiesa-
FOIIMX TPEHHE MBHXKYIIUX CHIL.
3nak TePMOIHHAMHYECKOH TeMnepaTypbi. JI. . Jlannay
1 E. M. Jlupmnu® npusenu mo6ONBITHOE JOKA3aTENbCTBO TOrO,
4TO TEPMOAMHAMHYECKas Temneparypa 1 MOXeT ObiTh TOJNBKO
NOJIOKHUTEbHOH ¥ 4yTo mpH T<0 K 6buto OBI BOOOLIE HEBO3MOXHO
CYIIIECTBOBAHUE PABHOBECHBLIX TeEJ. anBeﬂCM 9TO 10Ka3aTeJIbCTBO.
«PasnenuM Teno Ha GoJibINOE YMCIO Manbix (HO MaKpOCKOMHYeEC-
Kux) vacredt, u mycrb M,, E, P, o6o3HauaiorT Maccy, JHEpruio
M MMIYJBC @-ff 4acTH. DHTPONUs S, KaXKIOH YacTH €CTh (yHxims
€e BHyTpCHHCH 3uepm14, T. €. pd']HOCTH Mexay ee TIOJHON BHEPI‘HCH
E, W xuHeTMueckodl ouepruedt P2/(2M,) ee MaKpOCKOMHYECKOTO
nBrxeHns. [103TOMY OJTHYIO SHTPONMIO TeJla MOXKHO HATIUCATDH B BUJIE

=—135-10° MMa/K,

s= ZS‘[F P2/2M,)]. 0]

Mpeanonoxum, 4To Teno 3amkHyro. Torja Hapsmy ¢ SHepruei
COXpaHsAOTCs TOJIHBIR HUMIIYJIBC U MOJIHBIE MOMEHT UMIyJibCa Teja:

Y Pa=const, Y [rs, P,]=const, )

Tae r,— PajuyChi-BEKTOPbl uacredl Tena. B cocrosmmm paBHOBeCHs
nonHas OHTponus S Teda Kak (YHKUHS MMIYyJbCcoB P, HMeeT
MAaKCHMYM TIpH JOTOJHHTEIBHBIX YCIOBHAX (2)».

Jlanee, ceiyst M3BECTHOMY METOJIy HEOMpENENCHHbIX MHOXKHTENEH
Jlarpamka, HaxonsTCs HEOOXOAMMBIE M JOCTATOYHbIE YCJIOBHS Mak-
CHMYMa OHTPONHK Kak (YHKUMH WMMIYJIbCOB W [I€JaeTcsi BECbMa

® Cw.: Janaay JI. ., Jngumu E. M. Cratucrwueckan dusnka. 9.1, § 10. M,
1976.
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BXHOE 3aKJIOYEHHE O TOM, YTO TEMMEpaTypa MOXeT GbITh TOJBKO
nonoxurensHoi: 7>0
aK BHIHO Wu3 muoxenuoro JIOKa3aTeJILCTBO MOJIOKHTETHHOTO

3HAaKa TEPMOJMHAMMYECKOH# TEMMEPATYPhl OCHOBBLIBACTCA HA MOJIOXe-
HMM O TOM, 4TO B COCTOSIHMM DPABHOBECHS OJHTDPOINHS 3aMKHYTOTO
Tena MakcuManbHa. OJHAKO 3TO IOJIOXKEHHE ClieflyeT M3 BTOPOTO
Hayaja TEPMOJMHAMHKH npH mnpeanonoxenun I'>0 K. Takum 06-
pa3’oM, CTPOro [0Ka3aHO TO, 4TO MPEANoJoxeHo!

B camoM siesie, 3 BTOPOrO Hauana JUIs HEPABHOBECHBIX MPOLECCOB
B 3aMKHYTOH cucteMe uMmeeM (cMm. § 17)

Tds>0,

orkyaa npu T>0 K monysaem dS>0; cremoBatenbHO, B COCTOSHHH
PaBHOBECUS 38MKHyT0ﬁ CHUCTEMBI €€ JHTPOIIUS MaKCUMaJIbHaA. Tlonaras
xe T<0K, nomysaem, 4TO B COCTOSHHM DPaBHOBECHS 3aMKHYTOM
CHCTEMBI €¢ 3HTpomus MuHMMasbHa. Kak mnoxasano B § 14, 3akoHbI
TEPMOJIMHAMHKH HE ONDENENSIOT 3HAKA TEPMOIMHAMMYCCKOH TeM-
nepaTypbl ¥ JIHIIbL YCTAHAB/IMBAKT, YTO NPH PABHOBECHBIX IpoLEccax
s3iak I we wusMenserca. Kakoit 3mak crmemyer B3sTh ana T—
TIOJIOXKHTENBHBIR HITH OTP“U&TC!IB"HFI, ——3TO BOMOPOC COTJIAILIECHHS.

§ 46. TAPAJIOKC T'MBBCA. TBMEHEHME SHTPOINVU
TMPU HEPABHOBECHBIX TMPOLIECCAX

Mapanoxe M'u66ca. B pabore «O paBHOBECHH reTEPOTEHHBIX BEIIECTBY
Tub6c nokasaj, 4TO BO3PACTAHWE SHTPOIHHM, BHI3BAHHOE CMEIICHHEM
Pa3sHOrO poja Ta30B NPH TOCTOSHHBIX TEMINEpAType M JABJICHHH,
HE 3aBUCHT OT NPUPOJIbI JTHX ra30B (II0Ka OHM Pa3Hble, NMOTYEPKHBAJI
Tub6c!), B TO BpeMs XaK CMeIlUEHHe JBYX Macc OJHOrO H TOro
KE rasa He BBI3BIBACT BO3PACTAHMA OJHTPONMH. Takum obpazom,
TIPH TIEPEXO/IE OT CMECH CKOJIb YIOHO GJIM3KHX 110 CBOMM CBOHCTBAM
M pa3felMMbIX U3 OTOH CMECH KJIACCHYECKMX MJICANIbHBIX Ia30B
K CMECH o, DBBIX [a30B M SHTPONMH HCIBITBIBAET CKAYOK

AS=2kNIn2, 9.2)

rae k—nocrosianas BOJIBL[M&HH, N—4ucino aToMoB Kaxaoro u3
CMelHBaeMbIX ra3oB [cMm. (3.46)].

B 3TOM ckauke 3HTPONMH CMEHICHHS M COCTOMT napadokc I'ubbca
no I'u66ey.

Oxnako MHOrHe aBTOpbI Bonpekd I'mOOCY mapamoKcoM Ha3bIBAOT
HE OTOT CKAaYOK HM3MEHEHMs OHTPONMM, a He CyIECTBYrollee
B JICHCTBUTEJIbHOCTH BO3PACTAHMEC SHTPONWH IMPH CMELICHWH OJMHA-
KOBBIX Ta30B, KOTOPO€ BO3HHUKACT TMPH OTUX BBIYHCICHHSAX, €CJIH
HCTIOJTB30BaTh BHIPAXEHUE /IS SHTPOMHH v=N/N, Moueil HieabHOro
raza B obpeme V B BuIE

S=v(CyInT+RInV+5S,) 93)
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M CUHMTATh S HEe 3aBHCAIMM OT V (WM oT N=VN,). [leicTBHTENBHO,
ucnons3dys (9.3), moxiyyaeM, 4YTO OHTPONMS OO CMEINEHHS [BYX
nopiuMit OJHOTO M TOTO Xe rasa mo v mojeif B obbemax V paBHa

S$;=2v(CyInT+RIn V+5S,),
a TmocJie CMeIUeHHs, KOraa Bech ra3 u3 2v Mosei 3anumaer o6veM 2V,
=2v(CyInT+RIn2V+S,).

CrenoBaTenbHO, BO3pAacTaHHE OHTPONMH NpPH CMEIIEHHM OJMHA-
KOBBIX ra30B INPH TNOCTOSHHBIX TEMIEPATYype H MAABJIECHHH pPaBHO

AS=Sy—8=2kNn2. 04

Buipaxenust (9.4) u (9.2) cOBIAjalOT H, NMO-BUAMMOMY, Ha 3TOM
OCHOBaHHH pe3yabTatr (9.4) oMOOYHO Takke HA3BIBAIOT NAPAOOKCOM
Tub66ca®. Ho Taxoii napagokc T'ub6ca B meHCTBUTENBLHOCTH SBISETCS
HEZopa: KOTOpOE YCTp €CNIH JUIA JHTPONHH HJe-
ANBHOTO ra3a MCIONBb30BAaTh INpPaBHIbHOE Bhipaxenue (3.40), a He
nepepHoe (9.3). ITapanokc I'mb6ea (9.2) ocraercss M NPH HCHOMB-
30BaHHM Bhipaxenns (3.40) Qs OHTPONMH HIEAaNTbHOTO rasa.

Wuorpa npu obcyxnenuu mapagokca I'm66ca momyckaercs M apy-
roe Heopasymenue. IIpd HCIIONB30BaHMM MPABHJILHOIO BBIPAXEHUS
(3.40) mns SHTPONMM Tas3a MNpPEINONAraercs, YTo TaK Kak, COTNAacHO
(3.42), sHTpONHs CMEILEHHsA HE 3aBHCHT OT PasjMiMs MEXAY ra3amu,
TO BO3PACTAHHE JHTPONMH JOKHO MMETh MECTO H TpPH CMEIICHHH
OJIMHAKOBLIX T'a30B M «3TO OOCTOATENLCTBO HA3BIBAETCH NapajoKCOM
I'u66can**. Takoe nonMMaHMe mnapajgokca I'mb6ca Taxxke HEBEpHO,
Tax Kak d)opMyny (3.42) Benw3s Th K IX
ra3’oB (cM.

Bc-rpeqarorcn W TaKue M3IOXKeHHS napajiokca I'n66ca, B KOTOpBIX
XOTS M oOTMevaercs, 4To ¢opmyna (3.42) HenmpuMeHHMa I
CMeIIICHNs TOXJCCTBEHHBIX Ta30B, HO TeM HE MeHee C MOMOIIBIO
9TOi (HOPMYNbI BBIMHCIACTCS BO3PACTAHHE OSHTPONHH CHCTEMBI NpPH
CMEIIICHHH TOX/ECTBEHHBIX Ta30B M YTBEPXKIAETCH, 4TO SHTPOMHS
BO3POCHA, a COCTOSHME CHCTCMbI HE HIMEHHIIOCE. B 5TOM H COCTOMT
napajokc I'n6Gea*

Hamenenne :mrponuu NpH HepaBHOBECHHIX mpoueccax. B oxmoit u3
CTaTedl NO TEPMOJWHAMMKE JOKA3BIBAETCS, OYITO M MPH HEKOTOPBIX
HepaBHOBeCHBIX mnponeccax dS=8Q0,,/T, Tak HYTO HEPaBEHCTBO

dS>8QT"‘ HE BCErJa CnpaBeIuBO.

TIycth HEKOTOPOi CHCTEME NPH MOCTOSHHOM 0ObeMe coobuiaeTcs
OIHO M TO e KOJMYECTBO TEMJIOTHl NEPBbIA pa3 PaBHOBECHO,

* Kanmontosws 10. JI. Cratucriveckas dusuxa. M., 1982. C.93.
** Ancensm A. M. OCHOBBI CTATHCTHYECKOH (QU3MKH M TepMOAWHAMMKH, M., 1973.
**#) Cwm.: Cusyxmn JI. B. O6umit kypc dpusuxu. TepMoaHamMuka M MOJIEKyspHAS
Gusuxa. M., 1979,
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a BTOpOHl pa3 HepaBHoBecHo. Tak kak pabora B obomx ciydasx
paBHa Hymo, To dU=38Q,,=38Q0=TdS, orkyaa

_50,
ds="2e 9.5)

8Qup
7
B 5TOM j10Ka3aTelbCTBE MNPEINONATAETCA, 4YTO €CIM CHCTEMa
PaBHOBECHO TepellIa U3 COCTOSHHA | B cocTosinue 2 Ge3 CoBEpUICHHS
pabotst (§W=0), To OHa MOXET M HEPaBHOBECHO NepeiiTi n3 [ B 2, He
copepmas paboTei (W, =0). DT0 npeanonoxkeHne OMUOOUHO, TaK Kak
NPOTHBOPEUUT BTOPOMY Hauajly TepMouHaMuku (cM. § 17). Koneunnie
COCTOSIHMSI NPH PACCMATPUBAEMbIX DPAaBHOBECHOM H HEPaBHOBECHOM
npoueccax pasubie, U ecm npu dW=0 dS u 3Q oTHOCATCS K nepexoay
cHCTeMbl M3 coctosuus [ u 2, 10 npu 3W,,=0 3Q,, oTHOCHTCH
K TIEpEXOMy CHCTEMbl M3 COCTOSHMS / B COCTOSIHHME .{ KOTOpOMY

H, CIIENOBATENbHO, HepaBeHCTBO dS>

HC BCErja Crpase/UIMBO.

/o 80u
COOTBETCTBYET M3MeHerue JHTpormu dS'. ITo BTopoMy Hawany, dS >%,

M OTO HEPABEHCTBO HE MPOTHBOPEYHT PAaBEHCTBY (9.5), MOCKOIBKY B HEM
3Qup HE OTHOCHTCA K TEPEXOJy CHCTEMBI M3 COCTOSHHMS | B 2.

§ 47. O NMIOCTPOEHUU TEPMOJIUHAMMKH
HA OCHOBE MEPBOI'O HAYAJIA

B omHOM M3 KHHT 10 TEpMO *  p Ta IMONBITKA
«MaTeMaTHYeCKOTO M3JIOKEHUS HOBOH CHCTEMbI TEPMOJAUHAMHUKHY,
B OCHOBE KOTOPOH «IEKHT MAeA O NOJHOH TOXIECTBEHHOCTH (opM
TIPEICTABJIEHHs] BCEX PABHOBECHBIX B3aMMOJEHCTBHH HE3aBHCHMO OT
HX poaa». 1o O3HA4aeT, 4YTO €eCiIu CHCTeMa B3MMOﬂ€ﬁCTByc’f
C OKpyXatoulei Cpemoi uepe3 n BO3NEHCTBHI pa3sHOro poa M Kax-
JIOMy BO3EHCTBHIO OTBEYaeT CBOS KOOPAMHATA X; M CBOS CHJIA
X, (i=1, 2, .., n) ¥ ecilM B pe3yNbTaTe B3aUMOJEHCTBHS CHCTEMbL
€O Cpefio¥f IPOM3OLINO W3MEHEHHe KOODAMHATHI X; Ha dx;, BCIEACTBHE
yero Obuia COBEpLICHA IJJIEMEHTAapHAas paﬁm‘a

W, =X;dx;, 9.6)
To JTa paboTa (B3ATas C OOGPATHBIM 3HAKOM) NPUHUMAETCS 33 Mepy
mo6oro BO3NEHCTBMS Cpebl Ha CHCTeMy. B ciywae TemsioBoro
BO3JEHCTBUA Mepoit ero OyneT Koau4ecTBO TeroThl 8(Q, KOTOpOE,
coryacHo (9.6), paBHO

3Q="Tds, (X))

rae TemloBod CUiIoi sBisercs TeMmeparypa 7, a TEIIOBOH KOOp-
AMHATOH —3HTponus S.

* Cwm.: Jleowosa B. ®. Tepmonumuamuxa. M., 1968.
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Msmenenue BuyTpenneii suepriun dU cucreMbl npu ee B3aMMOJEH-
CTBHM CO CPENOH paBHO CyMMe KOJIMYECTB BCEX BO3/ECHCTBMIL:

dU=3Q—-3W, 9.8)

4TO NpEeACTaBIseT coboit YPaBHEHHE NEPBOro Havana TEPMOJAUHAMHKH
B ero obwmHOl (opme. Cie/oBaTeIbHO, CYIECTBOBAHHE (YHKIMH
COCTOSIHUS (KOOPIMHATBI) SHTPONMH S, YCTaHABIMBAEMOE YPABHEHHEM
(9.7), y BCAKOW DPAaBHOBECHOH CHCTEMbI, COIJIACHO YKA3aHHOW KHMIE,
HENOCPEJACTBEHHO CJICAYET U3 TOXICCTBCHHOCTH Cl)OpM TIpEACTABJICHUS
BCEX PABHOBECHBIX BSﬂHMOﬂCﬁCTBMﬁ HE3aBUCUMO OT MX poja 6e3
MCMOJIb30BAHHS BTOPOrO Hayaja /s PaBHOBECHBIX TPOLECCOB, ypaB-
HEHMEM KOTOpOro, kak u3BecTHO, sBisiercs (9.7). OcHOBbIBasich Ha
ypaBHeHHH (9.7), cnpaBeUIMBOM TOJIBKO JUIsi PAaBHOBECHBIX IPOLECCOB,
B KHHr€ JIOKa3bIBAETCS Takke, 4YTO HEPABHOBECHBIH TemIo0OMeH
B H30JIMPOBAHHON CHCTEME BCErja COMPOBOXKAAETCS POCTOM IHTPOIUH.
TIpu 3TOM CUMTAETCS, YTO TAKOH Pe3yJbTaT IOJydeH Ge3 MpHUBICHeHHs.
BTOPOTrO Havajla TEepMO, M JUIs  Hepa IX  IIPOLECCOB
W ABJSETCA YACTHBIM Cly4Yaem oneﬁ TEHJICHIIWH HEPaBHOBECHBIX
B3aUMOJIEHCTBHI B M30JMPOBAHHBIX CHCTEMAX.

Taxum o6pa30M, OKa3bIBACTCA, YTO IIPU MCCIIEJIOBAHUH TEPMO-
JAAHAMUYECKUX CBOWCTB CHCTEM BTOPO€ HA4all0o HE HYXHO B MOJHOM
06beMe M OCHOBHBIM 3aKOHOM TEPMOJAMHAMUKH SBJISCTCS TOJIBKO
neppoe Hayano (9.8). Takoe MOCTPOCHHE TEPMOMMHAMHKHU SIBIISETCS
OMIMOOYHBIM.

MHCS{ O TOXAECTBEHHOCTH CprM TIPEACTABJICHUS. KOJHYECTBEHHBIX
MEp BCEX PAaBHOBECHBIX BSaMMO}lEﬁCTBHﬁ HE3aBHCHMO OT HX poja,
HECMOTpsi Ha ee NPAaBHJILHOCTh, HE BCKPHIBAET OOBEKTHBHO CYINECT-
BYIOWIETO TJIyGOKOTO KAyeCTBEHHOTO OTJIHYWS TEILIOTHI OT pPaGoThI,
KOTOpOE MMeET TPHHIMIAANLHOE 3HAYCHHE (XapaKTepu3ys crielHpuKy
TENJIOBOIO ﬂBH)KCHHﬂ) M KOTOpO€ YCTAHABJIMBAET BTOPOE HAYaJo
TEPMOJIHHAMUKH. B camom Jesie, B TO BpEMs KakK KOJMYECTBO
TEMJIOBOr 0 BOSHeﬁCTBﬂﬂ Q HUKAaKHM CIIOCOOOM HeJIb3sl TNIPEBPATHTDL
B MexaHHYeckylo paboTy 6e3 Jpyrux H3MeHeHuH (KOMNEHCAumif),
KOJIMYECTBA JPYTMX BO3JCHCTBUI MOTyT mpeBpaiatbcs B pabory
6e3 nonoOHBIX OrpaHHueHyi. DTO NPUBOAMT K TOMY, 4TO, B TO
BpEMs KaK KOJIMYECTBO TEILUIOBOI'O BOB):[eﬁCTBHﬂ Q npeBpalaeTcs
B MEXaHHYECKyl0 paboTy NpH 00S3aTEJLHOM INOCPEACTBE pabouero
Tesa, KOJIMYECTBO JIOGOTro APYroro BO3NEHCTBHS MOXET NPEBPATHTHCSA
B pabory um Ge3 pabowero Tena. Bropoe Hauano M BbIpakaer
0COOEHHOCTH TEIJIOBOTO JBHXCHUS. Kak xe MoxHO TOOTOMY CTPOUTH
TEPMOJAMHAMUKY Ge3 sBHOTO yuera 9ToH ocobeHHOCTH, T.e. 6e3
BTOpOro Hayana TtepMoauHamuku? CorjacHoO 9TOMY 3aKOHY, K.ILJI.
TEMJIOBOTO JBUraTels AaXe B M/IEAJIbHBIX YCIOBHAX HE MOXET ObITh
paBeH 1, B TO BpeMs KaKk B OTHX YCIOBUSX K.ILIA., Hanpumep,
JBUTaTess, NPEeBpallatolIero 3J€KTpPHYECKOoe BOB}JCﬁC'l'BVlC B MEXdHH-
yeckylo pabory (anektponsuratens), paeeH 1. Kpome Toro, pac-
CMAaTpPHBAEMAs CHCTEMA NMOCTPOCHHMS TEPMOJIMHAMUKH B JICHCTBHTENb-
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HOCTH HM B Koeil MEpEe HE MO3BOJIAET YCTAHOBUTb BO3pPACTAHHUA
SHTPONMU H3O0JMPOBAHHOW CHCTEMBI, B KOTODOH INIPOTEKAaeT Hepas-
HOBECHBIH TewooO6Men. B knure sror pe3yjbTaTr IOJyYeH HE Ha
OCHOBE T0JIOXEHHS O TOXAECTBEHHOCTH IPE/ICTABIICHUs BCEX PaBHOBEC-
HBIX B3aHMOﬂeﬁCTBHﬁ, a NpH MOJYaJIMBOM HCNOJB30BAHHH BTOPOIro
Hayaja TEPMOJAWHAMHUKH, 4YTO BHIAHO H3 TPUBCACHHOIO B KHHUIE
JIOKa3aTeNbCTBA.

TMycts umerotcs mBa Tena ¢ Temnepatypamu Ty u T,. Jlonycram,
uro T;y>T,. Ilpu anementapHoM akTe Tem1ooOMeHa Teno / OTHAeT,
a Teso 2 mojy4aeT KoiMYecTBO TemwioTel 8Q. B pesymbrare
nponsoieT u3MeneHue sHTpommn Tei: dS; <0, dS,>0. Komyectso
TemIoTel 30, KOTOPHIM OOMEHSUINCH Tella, MOXHO BBIYHCIHTB HYepe3
mapaMerpbl  3THX  Tell —6? T1dS; u 8Q=T,dS,, orkyma
T,dS,=—T,dS, wm T,|dS,[=T: dSz u dSzf(Tl/Tz)ldS,l Tax
Xak, mo yciosmo, Ty>T,, TO Tl/Tz

ds,>(dS, |. 99

Wsmenenne sutponuu dS CHCTEMBI PaBHO CyMMe H3MEHEHMH
sntpormit Tem: dS=dS;+dS,. Yuureas (9.9), noaydaem

ds>0, (9.10)

T. €. 3HTpONHs PBOJ'IHpOBaHHOﬁ CHUCTEMBI, B KUTOpOﬁ TNpOTEKAET
HCpaBHOBeCHMﬁ TCHIIOOGMCH, BCEr/la BO3pacTaeT.

3TOT BBIBOA NOJIy4YeH MpH MOIMYLIEHHH, YTO TerjoTa cama coboi
TIEPEXOJUT OT TOPSYEro Teja K XOJOoAHOMY (ofHa u3 HOPMYIHPOBOK
BTOpOro Hawana). ITpm obpatHom npemnonoxenuu s dS moiy-
4ua0ch Obl HEPaBEHCTBO €O 3HakoM, obpaTHeiM (9.10).

§ 48. YCTOMYMBbI JIH COCTOSAHUA C OTPMLATEJIBHOM
TEPMOJMHAMUYECKON TEMIIEPATYPOM?

Bosee 40 ner masan B pesyibTaTe M3YYEHHs IapaMarHUTHOM
pejakcalMM B KPHCTajlaX ObLIO YCTAHOBJIEHO, 4TO BO MHOTMX
CITy4asix COBOKYNHOCTh CIHMHOBBIX MOMEHTOB MOXHO BbIAEIMTbH B OT-
JIeIbHYI0, He 00.J1a1atollylo IPOCTPAHCTBEHHBIMH CTENEHAMH CBOGOIBI
TEPMOIMHAMHYECKYIO CHCTEMY, XapaKTepH3YIOILYIOCH TeMIEepaTypoil,
OTJIMYHOM OT TeMmnepatyphl 0Opa3iia. OcOGEHHOCTBIO 3TOH CHHHOBOIM
CHCTEMBI SIBIISAETCA OTPAHWYCHHOCTH CIIEKTPA, YTO NPUBOJMT K BO3-
MOXHOCTH HAXOX/ICHHS €€ KaK B PaBHOBECHBIX COCTOSHUAX C MO-
JIOKMTEIBHOH, TAK M B PABHOBECHBIX COCTOSHHSX C OTPHUATENbHOH
TEPMOAMHAMUYECKOH TemnepdTypon (em. rm.

Tak Kak TepMo, T TYpy JMHIb
JUIS TEPMOJAHHAMUYECKH panHosecuux CHCTEM, TO 9TO TOHSTHE
NPUMEHMMO M K YKAa3aHHBIM DaBHOBECHBIM COCTOSHHSIM CIHHOBOR
cucteMbl. OHaKO BO  MHOIMX = KHATax IO  TEPMOJMHAMHKE
M MOJEKYIADHOH  (M3HMKE MOXHO BCTPETHTh  BBICKA3bIBAHHUS
O TOM, 9YTO COCTOSHHS C OTPHUATENHLHBIMA TEMIEPATYPAMH — 3TO
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TEPMOIWHAMHYECKH HEPABHOBECHBIC M- HEYCTOWYHBBIE COCTOSIHHSL,
NOHATHE TEMNEPATYPhl K HHM HENPHMEHHMO M TaKHe COCTOSHHS
JHIIb (t)OpMaﬂbH() MOryT XapakTepH30BaThCA Kak COCTOSIHUSL
C OTpHLATENbHOH TemmnepaTypoil*. VTeepxnaaercs, HanpuMep,
4TO «ms BCEX peasibHO CYIIECTBYIOLIMX CHCTEM COCTOSIHUS
C OTpHUATEJBHBIMH TEMIEPaTypaMH, CTPOrO TOBOPS, SIBJSIOTCH
JIMIb MeTaCTas“nLHHMH, a HE PaBHOBECHBIMH. B camMoM
Jiene, COCTOSIHME CHCTEMbl CIHHOB C MAarHMTHBIMH MOMEHTAMH,
OpPUEHTHPOBAHHBIMH NPOTHB II0JIA, HEYCTOHYMBO, Tak Kak obsagaer
H30LITKOM OJHEPruH. 3a XapaKTepHOe BpeMs Tepefayd SHepruu
OT ‘CIIMHOBBIX CTeNeHei CBOﬁOHH K BpaliaTeIbHBIM H KoJjiebaTeNbHbIM
creneHsM CBOOOIBI OHO pa3pyNIMTCS M TepefiieT B COCTOSIHUE
C  TIONIOXHTEIbHON TeMnepa'r;{poﬁ, nepefaB  M30GBITOK  SHEPTHH
APYTHM CTENEHSM CBOGOIB**).

TepMOIMHAMHKA CHCTEM C OTPUIATENbHBIMH TeMIEpaTypaMu
u3oxeHa B ri. 7. W3 9ToM TiAaBbI MOXHO 3aKJIFOUHTbL, 4YTO BCE
BBILIETIPHBE/ICHHBIC YTBEPXK/CHHS O CHCTEMAaX C OTPHUATENbHBIMH
TeMrepaTypami omnGounbl. CIIMHOBBIE COCTOSHUS C OTPULATENHBIMA
TEMIEpaTypaMi —3TO PABHOBECHBIE COCTOSHHMS, W TOITOMY K HUM
NPUMEHUMO TEPMO/IHHAMUYECKOE TOHATHE TeMmnepaTypbl. COCTOSHHS
ITH SABJSAIOTCH yCTOI}’I‘IHBHMH, HO B OTIHYHE OT OOBIYHBIX CHCTEM
HX YCTOHYMBOCTbL XapaKTepu3yeTcs HE MHHHMYMOM BHYTpEHHeil
JHEPIMH M SHeprum Imb6ca, a MakCHMyMOM OSTHX (yHKIHMH (CM.
§ 34). Uro xacaercs TOro, YTO CHCTEMBI C OTPHIATEIBHOH TEM-
NIepaTypoit OCTHIHYT NPH KOHTAaKTE C TelaMH, MMEIOIMMH TOJIOXH-
TENBHYIO TeMnepaTypy, To Teno ¢ t=10° C ToXe OCTBIHET mnpu
KOHTAaKTE C TEPMOCTaTOM, MMeIoUMM TeMnepatypy t=5° C, oaHako
3TO HE O3HA¥aeT, 4YTO MEePBOHAYATLHOE COCTOSIHHE Tesla ObLIO
HEPABHOBECHBIM W HEYCTOWYMBBIM. Temublii BO3AYX B 3aKpHITOH
KOMHATE 3MMOH TOXE OCTBIHET Hepe3 XapaKTepPHOE BpEeMs TEIIo-
TiepeNiaun Yepe3 CTEHbI, XOTA COCTOSHHE BO3/lyXa BCE BPEMs PaBHOBEC-
HO U ycToiunBo. COCTOSHUS C OTPHUATENLHON TEMIEPATYPOil HENb3s
TPECTaBNATL cebe Kak COCTOSHMS BOAHOIO PACTBOPA CONM B CTaKaHe
B NEPBblE CEKYH/bI 1I0C/IE €r0 NEPEBOPAYMBAHMS BBEPX JHOM, KOrja
TUIOTHOCTh PacTBOpA BBEPXy OoJible, WeM BHM3Y, M CHCTEMA MMeeT
M36BITOK MEXaHUYeCKO# SHEPrHH, NEpexofsileil CO BpeMeHEeM B JHep-
THIO TEIIOBOro MBiXeRus. [IpH OTpHuATEeNbHON TeMmepartype (CM.
§ 33) B cucreMe MoOryT OBITh NpPOBENEHBI pas3iMyHbIE O0OpaTHMBbIE
TIPONECCHI, HEro NPHHIMNHAILHO Hemb3s Obino OBl chenarbh mpu
HEPAaBHOBECHOM COCTOSHHM CHCTEMB.

TloMuMO - NepeyHCIERHBIX BBIIE HEBEPHBIX YTBEPXUEHHHA O CO-
CTOAHHAX C OTPHUATE]BHOM TEMIEPaTypoil JOKa3bIBAETCS TaKXKe, 4TO
TEPMOJHHAMHYECKHE TEMIIEPATYpPbl HE MOTYT OTJIHYATbCS 3HAKOM,

* Cm.: Knkonn A, K., Kukonu M. K. Monexynspuas usnka M., 1976. § 94.
**) Pymep I0. b., Poinican M. Il Tepmomnamitka, CTAaTHCTHYCCKAR QUINKA H KH-
wernka. M., 1977. § 67.
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TIO3TOMY €CJIH TNPHHATA NOJIOXHUTEIbHAS TeMmeparypa Kakoro-ymbo
COCTOSIHMS TIPOM3BOJILHOTO Tejla (HanmpHMep, TeMIepaTypa TPOHHOM
TOYKH BOJIBI, MO ONpesieNienHto, pasHa 273,16 K), To TepMomunamuyec-
Kas TEMIIEpaTypa HE MOXET NPHHUMATbL OTPHLATENbHBIX 3HAYEHHIA.
Bor 310 J0Ka3aTenbcTBOY.

JlomycTHM, dTO CYIIECTBYET TeNO, TEPMONMHAMHUYECKAS TeM-
nepatypa 7, xoTtoporo otpunatenssa: T,<0 K. HcnomssyeM osto
TeNO B KauyeCTBE XOJONWJIBHMKA B TeIIOBOH Maumbe KapHo.
B xauectBe HarpesaTens BbibepeM Teso, Temmeparypa T; KOTOPOTO
nonoxurenbha: T1>0 K. Ilycts B mpomecce Kapro Harpesatens
OTAQJI KONMYeCTBO Temw1oThl Q>0. Torma XONOAWILHHK IOJY4HI
KoJH4ecTBO TemnoThl Q,=T,0,/T;.

Tax xax, no npemnosoxenuto, T,/T; <0, To Q,<0. DTO 3HauHT,
4TO B JAEHCTBUTENLHOCTH TEMIONPHEMHHK HE NOJYYWI, a OTAal
Temnoty — Q> =|Q,|. B pe3ynbrate nukia NpoM3BeeHa MONOXHTENb-
Has pabota W=Q;—0,=0,+ Q.| Bynem paccmarpusarth TemIOOT-
JATYMK W TENUIONPHEMHMK KaK OJMH TeIJIOBOW pesepsyap. EnmHcT-
BEHHbIH pE3yJIbTaT KpyroBoro mpouecca Kapuo coctouT B TOM, 4TO
Tako# TemoBOH pe3epsyap oTman Temwnoty Q,+|Q.[, 3a cuer
KOTOpOH mnpou3BerieHa skBuBajeHTHas pabora W=(Q,+|Q,|. Ho
3TO NPOTHBOPEUHT BTOPOMY Hadajly TEPMOAMHAMMKH, TOITOMY
npeanonoxenue 7, <0 K—nenpaBunbHoe: mepmodunamuueckas mem-
nepamypa He modcem Obimb OMPUYAMEALHOM.

Yrobb! sichee Gblla BHAHA OMHMGOYHOCTH ITOTO NOKA3ATENHCTBA,
™Mbl pa3bepeM BHayaje 3amavy 3oMmepdennbiaa yIO Ha
c.87. Paccvorpum mukn KapHo ¢ Bomoit B kauectBe pabouero
Tena. TeMl‘lepa‘l‘ypbl TENJIOOTAATYHKA M TEIJIONPHEMHHMKA pPaBHbI
cooTBeTcTBEHHO 6 M 2 °C: npu 6 °C Boja H30TEPMHMYECKH DacLIMps-
ercs, a npu 2 °C— H30TepMHYecKH CxuMaeTcs. Beaeacrsue anoManb-
HOrO MNOBEJCHMS BOMbl, korma t<4 °C, mpu obemx TemmepaTypax
6yneT TMOMBOAMTECS TEIIOTA M MOJHOCTHIO NPEBPAlaThCs B 9K-
BHBAJICHTHYIO paGoTy, ¥TO HAXOQMTCS B NPOTHBOPEYHH CO BTOPBIM
HayajoM. B uem neno?

Bpsix s kOMy-HHGYIb TPUAET MBIC/Ib, YTO BO3HHKINEE NPOTH-
BOPEYME YKa3blBa€T HA HEBO3IMOXHOCTh DPABHOBECHOTO COCTOSHHS
Boabl mpn 2 °C. Kak BHIHO M3 peiueHds 3Tod 3amauu (cM. c. 311),
NpOTUBOPEYHE CO BTOPHIM HAYAJIOM BO3HHKJIO H3-32 TOLO, YTO
paccmartpuBaeMblii MK KapHO HEBO3MOXEH, Tak Kak Ul BOJIbI
He cyingzc‘myeT amuabaTel, COENMHSIOMEN H30TEPMBI 1 =6 °C
= X

AHaJIOTHYHAs CHTyalus OGHAPYXKHMBAETCS ¥ B NMPHUBEJEHHOM BbIIIE
JI0K23aTeJIbCTBE HEBO3MOXHOCTH OTPHIATEILHON TePMOAWHAMUYECKOH
Temnepatypbl. PaccMaTpuBaeMblii B 9TOM  /10Ka3aTeNbCTBE LMKJ

* Cwm.: Cusyxmm JI. B. O6uiit kypc (usnkn. TepMOTHHAMHKA W MOJCKYNApHas
duonka. M., 1979. § 31.
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KapHo HeBO3MOXeH, Tak KaK HE CYUIECTBYET DPABHOBECHOTO alM-
abaTHOrO nepexoaa MexJy COCTOSHHSIMH C DTPH“&TCHBHOﬁ 1 no-
JIOXHTENBHON Temnepatypamu (cMm. § 32).

3AAUM
9.1. Ha OCHOBAHMH MepBOTO M BTODOTO HAMAT TEPMOAMHAMMKH
o
8Q=Cydr+r<#) av.
T

TMoyemy olumGouen aenaemblif OTCIOAA BBIBOX O TOM, 4T0 H3OTEPMHUCCKUE
npomeccht npn T=0K BCeria MPOMCXOMAT 6e3 TemiooGmera (ag 0) u uto
W3 TIEpBOrO M BTOPOro Hadasl cnenyer HyJIeBOH p

¢ aauabaToi?

9.2. CoBnajienyic HyfICBO HM30TEpMbl C a;j(MabaToil CleIyeT W3 TPCTHEro Hawama
TCPMO/IMHAMMUKH, €0 He/lb3s /0KA3aTh HA OCHOBC MEDBOTO H BTOPOrO Haual.
OnHako B HCKOTOPBIX PaboTax JTO «IOKa3biBAeTCA». YKasaTh OUIMOKY B OHOM
M3 TaKMX JloKa3aTenbcTs*: M300pasmm B S, T-KOOpAMHaTaX W3oTepmy AB

1

»°
1ad

TIo COBPCMCHHBIM NPE/ICTABICHHSM, TETLIOCMKOCTh Cy B XPHTHHECKOf Jous
KUIKOCTh-—Tlap paBHa Gcckoneunoctn. TepmoamHamuka aonyckaet kax CpF
Tak u Cg=const. (cM. § 62). Onnako B 1978~ 1980 rr. Ghum onyémxmuu
cr:m,u B KOTOPBIX JI0Ka3bIBAJIOCh, YTO Jonyuiende CpP= o0 NPUBOAMT K Hapylle-

TCPBOTO  HAYald TCPMOJMHAMMKH B KDHTHYCCKOH Toukc  _Tmostomy
npnm(mmaﬂwo Hepo3moxio**. Bor at0 BO: «M3BecTHO, 4TO
YCIOBHEM Y/OBJIETBOPCHUS nepaoro Hayana sBIseTcs pancucruo eIMHALE nxoénanz
Tpeobpa3opanns DJ( . V)& (T. S), nockonsky u3 §dU=4TdS—§pd¥V=0 m
nysaem $TdS=§pdV n, cresosarensHo,

§pdv_
§74S~o(T. 5)

B COOTBCTCTBMHM C TCOMCTPHYCCKMM CMBICTOM AKOGHMaHa Kak Kkodduuuenta
M3MEHEHHs JEMCHTAPHBIX MIOMA0K NIPH nepexoae oT p, V- k T, S-xoopauHaTam.
Ho ycnosue Cy=co o3Hawaer, 4TO KacarelbHas K KPHTHYecKOM moxope Ha
T. $-70CKOCTH cOBMajieT ¢ KacaTeibHOM K KpWTWtecKoli msobape, a 3To
npuBOMT K sKoBHatia 1peod TaKk sk mmcmapaau
THIOUGAKS B BOpUIANG MPAMOTO. 3118, GOPASOBANNOTS. KpuTIRCKIMH 30X0pOf
# wW30bapoil Ha n,vmcxocr » V. ucwclac’r ua naockoctu T, S
Tokazats 2 CTRA.
B xmire J1, Kanmke, K. Kpewep (USROG 0CHOBH STumHTL wamepenns» (M.,
1980, § 9.5) Jokasiupierca, o poiecc Kapio He IMHCTACHHBIA KpYrOBOR

53.

»
>

otiece A n=(T,~T,)/T,. Takum ke K m A Oinajaer mpouecc
Cripauiira, nc)l(dumu B OCHOBE BO3YIIHOTO ABHTATEA H Fa3080H XONOMHIBHOM
Mammus  uiunca. B 5TOM  KPYrOBOM MPOLECCE MEKIY H3OTEPMUYECKHM
pacCIIHpeHHEM n H3OTEPMHUCCKHM CKATHEM T, NMPOMCXOAMT jBa

pu T, n

WIOXODHEIX M3MEHEHHS COCTOSHMA. B XOfle TIEpBOTO 30XOpHOT 9Tama pabodee

nemccrno (pdchszuBzeTLH HieanbHbIH ra3), umerouiee 06bem V,, oxnakaaercs
Ty no T, NPU TOM OHO OTIAET ONPEACIEHHOE KOMMYECTBO TeruioTsl. [lpu

# Cw. B B.H. O Tperhem Hawane Tepmomutamukii // Kypu. ¢u3.
ximuu. 1971 4‘ C 236

# Cm.: Xalipyraunos K. A. 3Haduenue W30XOPHO# TCMIOCMKOCTH M aaMaGaTHOM
CKMMACMOCTH WHCTBIX BEICCTB B KPHTHUCCKOH Touke // KypH. ¢m. xmmun. 1978,
52. C.2794.
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bad

obpatHoM WioxopHoM STame 41 To Xe
CAMOE  KOJMHECTBO TEMIOTHl npH  obbeme
Vi pacxonyetcs Ha Harpesaﬂue pabouero
semectsa ot T, no T,. B oramume or
poriecca KapHo, B KOTOPOM B COOTBETCT-
Byroumx dasax (awaﬁa'm) TennoTa He NOA-
BOJMTCA W HC OTHHMACTCA, 3ACCL TeIIOTA
OTHaeTCA W 3aTCM CHOBa morsomaercs. Kax
n n npouwce apno. x. n. A onpeensetcs
T

T

Q:=VRT,In(V3/V)), ot Tem- L

npu
nepatype T,, T.e. LIS HIAJIBHOrO rasa [ S

Q-0:_ Puc. 29.

Ncmpn

VR(T = Ta)ln(V2/Vy) Ty—T,
VRT, In(V2/Vy) T,
(M. puc. S1). VkasaTh OUMGKy B NDHBCACHHOM JIOKAATEILCTRC.
ONIHOM y4eBHOM MOCOGHM NO CTATHCTHHECKOH (H3MKE* [OKa3bIBAeTCH, HTO,
B TO BpeMs KaK LIPH KBA3HCTATHYECKOM a/iHabaTHOM MPONCCCE NEPEXOIa CHCTEMbI
H3 OJHOIO COCTOSHHSA B /IPYFOE U3MCHEHHE ¢ JHTPONHH dS=0, NpH HECTATHYCCKOM
aauabaTHOM mpolecce Mexay TeMH ke cocTosmusmi dS>0. TMokasats,
TaKoe NOKA3ATCTLCTBO OIIMOOWHO, TAK KAK TPOTHBODCYHT BTODOMY HAuasy
TCPMOZMHAMMUKH M TOITOMY, TOOBHO NPOCKTAM BEYHOFO ABHTATEINS, CTO MOKHO
HE PAcCMaTpMBATh B JCTAIAX.
Pa3bacHnTD, ToUEMy - HeBepHO nmxc YTBEDAK/ICHHE, COMEPXALIEECA B JPYrom
yueOHoM mocoGuu*®: «DHTpomMs KakIoro Tena sBiseTcs (yHKuuedl ero co-

= Mo

rasa a;mafara OMHChIBACTCH ypusn:nucm l'ly cCO Ha pl =const, Tae
¥=C,/Cy—OTHOIICHHE TEIIOEMKOCTH TIPH TNOCTORHHOM JABJICHHH K Tcnnom-
xocTH TpH  NOCTOSHHOM oGbeMe (JUIA  OJHOATOMHOIO ra3a TNpPH  OOBIMHBIX
rewlepmypax y=1,67, JUIA ABYXaTOMHOro rasa y 4), a ans poTonnoro r.na
ajmabaTa onHCHBACTCA YPaBHCHHCM l'lyaccona rne y— [3n. Kax 9TO COTJIacoBaTh
C TeM, ¥TO JUIs (POTOHHOrO rasa TV u, CENOBATENBHO, Y= 07
B «Dusndeckoit IHIMKIIONE/ A (f988 T. 1. C 360) npuBosnTCH  Ccleayiomas
dopmysmposka npunipma Kapatconopu: «B6ausu n060ro cocToSHHS TepMOAH-
HAMHUECKOTO PABHOBCCHA M CKONb YIO/IHO GJM3KO K HEMY CYWICCTBYeT COCTOSHME,
B KOTOpOE Heb3s MONacTh NPH TMOMOIM aaMabarHoro mpouecca». I[Mokasars
OUMBOUHOCTS 3TOf (OPMYHPOBKH NpWHIMNA KapaTcomopH.

» Knlmmnnm 10. JI. CTaTHCTH‘Ichdﬂ uzuxa. M.. 1982, 5.
** Cwm. p 10. B., M. Ill. TepmoMHaMHKa, CTATHCTHYCCKAS DHIUKA

M KHHETHKA. M 1977 C. 05,

——
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NPUMEHEHUSA
TEPMOAWHAMUKK

TJABA JECATASA

TEPMOJAMHAMMKA PA3JIMYHBIX
OUB3NYECKUX CHUCTEM

B 4.l npu u3MOXeHUU MEeopemuyecKux OCHOB
MePMOJUHaMUKU yXXe NPUBOJUAUCH OMAenbHbIe ee
npunoxexus. Tenepb Mbl NocnefosamensHo pac-

pum psag ¢u. BaXHLIX Npu-
MEHEHUH MepPMOJUHAMUKU NpU U3yYeHUu CBOHCMB
PasnuYHLIX CUCMEM.

§ 49. TEPMOJMHAMMKA TAJBBAHUYECKUX
W TOIUIMBHBIX 3JIEMEHTOB.
ONPEJAEJEHUE XUMUYECKOTO CPOJCTBA

Vpasuennss 'n66ca —lenbmronbua (5.29) u (5.30) MoxHO mnpen-
CTaBUTb €lle B HECKONLKO WHOM BHJE, BAXHOM UIA IPUIOXKECHHIL.

Ecnu cucTemMa M30TEPMHHYECKH NEpeXoiuT 3 cocrosmms 7T, V,
¢ smeprueit I'enbmronsua Fy=U,+T(0F,/0T), B cocrosnue T, V,
¢ sueprueit enpmronsua F,=U,+ T(0F,/0T),, To npH 3T0M yObLIbL
sneprun I'ejbMroabua

—FeU.— a(F—F)
Fy—F,=U, U2+T[ = ]

CHCTEMbl paBHa cOBepiLaeMoil el pabGore W u mnostomy
W=—-AU+T@W/0T),.

V61 BHyTpenHei sneprun Uy — U, = — AU MOXHO ONpeieNuTh 03
OmbITa, KOrJla CHUCTEMa MEPEXOAMT U3 COCTOSHHUS C 3Hepmeﬁ Ul
B COCTOSIHHE ¢ JHepruel U, 6e3 coBepimenns paboTsl (pH MOCTOSHHBIX
obbeme V ¥ IPYrHX BHELIHMX MapaMeTpax a; B CIOXHOM cucreme). OHa
B 3TOM ciyyae paBHa —AU= —Q =), —KOIM4YeCTBY BBLIEJISIOMIEHCS
TEIIOThl WM TemtoBoMy 3(dekTy nepexoga (HanphuMep, TEMIOBOMY
abdexry peakuun B kanopuMerpuueckoit 6oMbe Beptiio). Takum o6pazom
nonyyaeM ypasnenne Iu66ca—TeapMronbia Misi NOJMHON paGoThI
CHCTeMbI (IPOTHB BCEX CHJI) TPH .TIOGOM W30TEPMHHYECKOM MpoLEcce:

W=0,+T@W/aT),. 0.1
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Jns onpenenenus paGoTHI CHCTEMbl NPOTHB HEMEXaHMYeCKHX (Ha-
NPUMEP, JJIEKTPHYECKHX) CHJI PACCMOTPHM H30TEPMHYECKHl TpoLecc
npu nocrtosuHoM jasnenuu. Cornacho dopmyne (5.30),

G=H+T(0G/oT),.

Ilpu nepexome CHCTeMBI H300apHO-H3OTEPMHYECKH W3 COCTOSHHS
1 B coctosmme 2 yGbuib dHeprum I'mb6ea pasua
2(G,-G,)
G,~G,=H,—H,+T|———2] .
1 2 1 2 ﬁT »
Ho—(G,—G)r.p=Wu 2 Hé»HZ MOXET ObITh onpenciena
M3 OmbITa, KOrjJa CHCTEMA H300apHO NEPEXOJAMT M3  COCTOSHHS
¢ oHranemued H, B coctosHMe ¢ OHTanbmMedi H, Ge3 paGoTbl
HEMEXaHM4eCKUX CHJI. Pa3HOCTh dHTajbMii B T4KOM ciyvae paBHa
H,—H,=U,-U,+p(V,=V,)=—0=0Q,—Temosomy sdpdekry mnpu
n306apHOM mpouecce.
MosTomy ypasrenne I'n66ca — IenbMrosibua st HeMeXaHHYECKOi
paboTsl chCTEMbl TpPH  M306apHO-W30TEPMIYECKOM IMPOLECCE NpH-
HUMAET BUI

W=0,+T(@W/dT), (10.2)

Tep ra H TonaMB anemento. [Tpu-
MeHuM ypasHenue (10.2) K 3JIEKTPOXMMUYECKHM TeHepaTopaM — rallb-
BAaHMYECKHUM U TOIUIMBHBIM 3JIEMEHTAM. lIJIS( 3TOTO YCTAaHOBMM CBS3b
MEXTy 3.JIC. IEMEHTAa M TEIUIOBBIM 5((PEKTOM peakuuu, npowc-
xonsmeH B JNEMeHTe NpH ero pabore, B Ciydae, KOria M3MeHEHHe
€ro BHyTpC}IHeﬁ OHEPrHM HIET HE HA BbIICJICHWE TEIUIOThI, & HaA
PaboTy 3MEKTPHYECKHX CHIL.

PaccMOTpHM 06paTHMBIi 21EMEHT, B KOTOPOM NpPH MPOIYCKAHHH
TOKa B MpPOTHBONOJOXHOM HAMpABJEHHH IPOHCXOAST obpaTHblE
XHMHYECKHEe peakuuu (Hanpumep, onement [lammons). [Ipu Mambix
TOKax JDKOYJIEBA TEMJIOTa, MPONOPUMOHAIbHAS KBAAPATY CHIBI TOKA,
€CThb  BEJMYMHA BTOPOTO NOPSAKA MAJOCTH M TOITOMY NpPOLECC
TIPOTEKAHHS TOKA B JNIEMEHTE MOXHO CYMTATh TEPMOJWHAMHYECKH
obpatumbiM. Pa6oTa deMeHTa IpH NPOXOX/ICHHA ¥epe3 HEero 3apsjia
e paBHa ef. YMeHbLUCHHE BHYTPCHHCH JHEPTMM PAaBHO TEILIOBOMY

(PEeKTy peakuMM TP MOCTOSHHOM aTMOCHEPHOM HaBieHnn Q,,
u ypasHerne (10.2) naer e§=Q,+7Te(d6/T), n

és
E=q,+T (5;)”, (10.3)
rae q,=Q,/e—TemwnoBoi 3(deKT, OTHECEHHBIA K 3apsiy.
U3 Beipaxenus (10.3), na oro Tem onn

2a4b6aHUYECK020 34eMeHma, BUIHO, YTO 3.1.C. J€MEHTA MOXET ObITh
1 GONbIe M MEHbIE U3MEHEHHs BHYTDEHHEH SHEprHH q, B 3aBHCHMO-
CTH OT 3HaKa TemmepaTypHoro kos(¢uumenta s.uc. (06/0T),

179



Craraemoe T'(08/0T), onpenesnsieT KOJMYECTBO TEIIOTHI, MOLJIO-
LIAEMOE JJIEMEHTOM M3 OKPYXAIOWIEH Cpe/bl NMPH NPOTEKAHUH Yepes
HEro eNMHMUBI 3apsfa. JIeHCTBHTENbHO, TO NEPBOMY Hauaiy, Ko-
JIMYECTBO TEMIOTHl ), cooOIaeMoe CHCTeMe (3JIEMEHTY) 3a BpeMs
TIPOXOX/ICHHUS 3apsi/ia e PH MOCTOSIHHOM JIaBJICHHH, PABHO H3MEHEHHIO
ee snTanbmuu AH u pabote, copepiaemoil HeMeXaHWYECKMMH CHIAMM
cucTeMbl (dM1eMenTa) ed’:

Q=AH+et,

OTKYAa KOJUYECTBO TEMJIOTHI, [IOTJIONEAEMOE JIEMEHTOM IIPH MPOXOXK-
JCHUN €WHHUIIBL 3apsana,

0 AH

Pt +& q,+6,
410, coryiacHo ypasuenuto (10.3), pasHo T(86/0T),.

Eciu 3.J1.C. JIEMEHTA C IOBBILICHUEM TEMIIEPATYPhl YBEJIHYHBACTCH
[(06/0T),>0], To [cm.(10.3)] 3aMKHYTBI J€MEHT coBepmIaeT
paboTy He TOJLKO 3a CYET YMCHBIICHWS BHYTPEHHEH OSHEPrHH NpU
PeaKiMu, HO M 3a CYeT TEILIOTHI, MPUTEKAKONIEH M3 OKpyXaromei
cpeas®). Takoil onemeHT, paGoTas aauaGaTHO, GyJAeT OXJIAKIATHCS.

Ecnu HaobopoT, TemnepaTypHblid koadduuyent s.a.c. (06/07)<0,
TO B TAKOM DJJIEMEHTE XHUMHYECKas JHEPrHs YACTHYHO NpEeBpallaeTcs
B paboTy, a 4YAaCTHYHO MAET HA NOBBIEHHE TEMINEPATypPhl NpH
paGoTe 3JIEMEHTA B aanaGa’rmﬁx YCIOBHSAX WM OTAAETCA B q)opMC
TEennoThl OKpyXalolleil cpene npu  paboTe B H30TEPMHYECKHX
YCIIOBHSIX.

Mo 3akoHy amektposusa dapajesi, KOJWYECTBO JIEKTPHYCCTBA e,
NPOILEIIEr0 ¥epe3 3JIEMEHT, NPONOPUHOHATLHO WYHCIY A Tpope-
arupoBaBIIHX MoJel JJIEKTPOJIMTA W BAJICHTHOCTH zZ HOHa, Iepe-
HOCALIETO 3apsi:

e=FnZ,

rae F=96 500 Ku/mons—mnocrosnnas dapanes.
Vpapuenne I'enbmrosmsua (10.3) mosroMy NnpHEHMAeT BHI

o8
r <ﬁ )p ’

e Q,— TenoBoH 5pdEeKT Ha MOJb NPOPEArHpOBABIUETO BEILECTBA.
[O 3aBUCHUMOCTH 3.11.C. 3JIEMEHTAa OT BHEILIHErO JaBJICHUS CM. 3aJady
(10.2)].

B ranbBaHMYECKHX EMEHTAX OCYIIECTBIAETCS HEMOCPEACTBEHHOE
TIpeBpAIleHHe XMMUYECKON JHEPTHU TOILIMBA B dJeKTpHYeckyko. [ns
OHEPreTHKH, K COXAJICHHUIO, ITH JJIEMEHTBI 6ECHCPCHCKTHBHBI BCae-

/' K. Taxoro aneMenTa (oTHouweHie paboThi K Ten10BoMy addeKTy peaxiinn)
GosbIne eqMiuIIbL.
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CTBUE BBICOKOH CTOMMOCTH MX OCHOBHOTO TOIUIMBA (MeTaJ‘lJ‘lH‘{CCKHX
9EKTPOZIOB) M HE3HAMMTENLHOTO Cpoka CiyxGbi. B mocmeanue rosibt
B pe3yibTaTe LIMPOKHUX HAYYHBIX HCC!XC}]OBHHHH B Ka4yeCTBE 3JIEKT-
POXMMHYECKHX TEHEPATOPOB CO3/AIOTCS TOILIMBHbIC JJIEMEHTHI, B KO-
TOPBIX HCINIOJIL3YETCA OOBIYHOE TOMJIHBO, TIPHMEHSEMOE IS SHEP-
TETHUECKHX HYXI (Yrojb, KOKC, NPUPOJHbIE Ta3bl, OSH3MH, AM3EIbHOE
TONJMBO M Jip.). B TOTMIMBHBIX 37€MeHTax, Tak Xe Kak M B Trajb-
BAHMYECKAX, MEKTPOJIBI, K KOTOPBIM NOJAIOTCA TOIUIHBO M OKHCIH-
TeJlb, Pa3/ieJIEHbl MOHONPOBOASALIMM 3JIEKTPOJIUTOM. Tommso Helpe-
PBIBHO TOJAETCS K AHOAY, @ OKHCJIHTENb (KHCIOPOJ WM BO3MYX)—K
katosy. ITpOMCXOAMT MOHM3alLMsA ATOMOB TOIJIMBA M OKHCIHTENsS
M Ha 3JIEKTPOJIaX BO3HUKAET 3.1.c. Koaduument nonesnoro neiicTeus
TOTUIUBHBIX 3JICMCHTOB NPHMEPHO B JBa pa3a Gosblue, yeM Haubosiee
COBEPIIEHHBIX COBPEMEHHBIX CUJIOBBIX YCTAHOBOK, M MM TPHHAIUISKHT
Gonpmoe Gyaymee. IToka ke CTOMMOCTB T0JTy4aeMO# 3MEKTPOIHEPTHH
B paapaﬁoTaHHHx KOHCTPYKUMAX TOTUIMBHBIX 3JIEMEHTOB €LIE J0-
CTAaTOYHO BeJIMKA, M MO3TOMY OHM HAXOAAT NPUMEHEHHE JHIIb IS
BOEHHBIX Iejeil M B kocMoce. DTO 00yCnoBeHO HeOOXOAUMOCTBIO
nepeBoJa TOIUIMBA B HOHHOE COCTOSHHE C BBICOKOH CKOpOCTBIO €ro
OKHCJIEHH A, HCIOJB30BAHHEM 3JIEKTPOJIOB C BBICOKO#M ANEKTPONPOBO-
JIMMOCTBIO M XOPOILEH CONPOTHBISEMOCTBIO KOPPO3HH, TPeOOBAHHIMM
K CTaGMILHOCTH PaboThl 2MEKTPOJIMTA.

Buunciienne xumieckoro cpoactra. Kax yxe otmeuanoch (em. § 21), yoratoneric
TpeThero Hauaia cnn:dﬂo c CposICTBa.
on CPO/ICTBOM BelecTR peampcnan
ZIPYT C JPYTOM; OHO ONpEACIsCT, cnc;(ona're'lulo. ZIEHCTBHE XHMWUCCKHX CHIT BELIECTB,
BCTYMAIONMX B peakuuro. Peulennc MpoGJeMbl XHMHYECKOrO CPOICTBA COCTOSNO
B HAXOKICHHH KOJHWCCTBCHHOI Mephl 3Toro cpojcTsa. Hawambhoe permerme 5Toit
mpobriembl 66110 mpesToskero T1. beprio u X. Tomcerou. [TocKoMbKy MPH XUMHHECKHX
peakuusx, Kak W3BCCTHO, BO MHOTMX CIy4asX BBIACAAIOTCA Temiora, To bBepriao
M TOMCEH COPMYIUPOBATH MpUHIMI, COFIACHO KOTOPOMY MEPOH  XHMHUYECKOTO
CPOZICTBA SBJIACTCH KOJMYECTBO BHIICISIOMICHCA TIUIOTH IPH  PeaKimii.

HecmoTtps Ha Bepriio — Tomcena, oH,
O/IHAKO, HE MOXeT ObiTh HDPHHAT Kak peuieHue npu61:Mu XHMHYECKOTO CPOACTBA.
Heno B TOM, 4TO HApAIy € SK30TEDMHYECKUMH DPEaKIMAMHM CYLWIECTBYIOT H PEaKiH
SHAOTEPMUUCCKHE, PH KOTOPHIX TCILIOTA He BHUAEIACTCS, a moromaercs. Mo Tomcen:
u BepTio, 9T0 COOTBETCTBOBANO GBI OTPHIATCILHOMY XHMHYECKOMY CpOJCTBY, H4TO
6eCCMBICIIEHHO.

BriepBblc MPABUIHHOC TOTKOBAHHC XHMHYECKOrO CPOACTBA 6bT0 famo Bamt-
Toddom. OH ykasa, u4TO TaK KaK PaGOTa W, IPOTHB XMMMMECKHX CHI OMIPEACTACTCA
yBbUtbio oHeprun [uobca G mpw To, cneno-
BATENIBHO, XMMUHYCCKOE CPOJICTBO HEOBXOMMMO M3MEPATL HE TO TermtoBoMmy ddiexTy
Q, a no ybeinn G mpu T=const u p=const (uam mo ybeuM CcBOGOAHOW HHeprum
F npu T'=const 3a BblueTOM paboThl HA H3MCHCHHE 0ObeMa, TaK Kak w=0W—pdV,
rae 3W-—nonHas paboTa NpH H3OTEPMHYECKOM MEPCXOAC W3 OIHOTO  cocTORAHA
B apyroe).

B raibBaHMYECKOM dlleMeHTe, KaK Mbl BHIENH, pabOTa XMMHYECKHX CHI PeaKuuy
onpejenseTcs 3.A.C. MEMeHTa &, Tak uTO & OOPAaTHMOrO J/IEMEHTa ABJISCTCA MEpOil
CPO/ICTBA, BbI 0 B 2JeMEHTe yio peakimio. [Tosromy, usmepss &,
Mbi OTIPE/ICIACM _ XHMHMHYECKOS CPOICTBO.

TOT Crocob M3MepeHus CPOCTBA ABISCTCS OJHMM W3 CAMBIX TOYHBIX. OJHAKO
TIPUMEHEHHE €O OTPAHHYUBACTCA OTHOCHTETBHO HEMHOTHMM peakuusmu. B obuiem
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wa ciyuae ke HaXOX/ICHME CPOJCTBA CBOMMT-
" CSl K MHTCrpHpOBAHHMIO ypaBHeHHS ['HO-
q 6ca— Censmromia (102) wan  (10.1),
B pesysbTate ero [cM. (5.35)] nonysaem

T
W=W,— T'[% dT+IT. (10.4)

o

B (10.4)
w KM HeonpejeNeHHas mNocTosnHas [ He
TO3BOJIAET HaWTH abCOMOTHOE 3HAYeHHE
cponcTsa.

T TIpeonosnieHne BO3HUKILETO 3aTpy/He-
HHA CTHMYJMPOBAIO TNPOBCCHHE IKCTIe-
Prc. 30, PHMEHTATLHEIX pAGOT, B pesymbTaTe Ko-
M TOPBIX H GbLIO YCTAHOBJEHO TPETbE Ha-

Hano Haiizem I, ITHM 32KOHOM.

Mo Tpetbemy Hauany (4.1),

i =50

WM, NOCKONBKY S=—(3G/AT),

(10.5)

—ok 8T T—0K

' (oW
Jlim AS=— lim (AG),, lim (ﬁ),
Tlostomy w3 ypasrenus (9.2) mpu T—0 K noaysaem W,=0,. Kpome Toro,

90, _
i, S0 0o

Tak kak 1o popmyse Kupxropa, 3Q,/0T passo anreGp:
C, pearupyrouux Bemects (CM. 3afady 2.3), a 0 TpeTbeMy Ha-(any, C *0 npu T-0 K.
Buipaxenus (10.5) w (10.6) nosponstor onpesemuts 1.
Cuenys He‘)ncry. Pa3IOKHM TeILIOBOR mﬂ»crr Q TpH HM3KOH TemmepaType
B crenennol pan®: Q=Qo+aT+BT>+yT*+..., otkyma

Q 2
ﬁfu+23T+ T+

Hcnonsaya mpenien (10.6), Haxomum a=0. CrenoBaTerbio,
Q=00 +BT?+yT+... . 10.7)
Hozncrasus opmyny (10.7) 5 (10.4), Haxomam**

W=Q0ABT’—%7T37,.,+IT,

* 10
**) HepHCT NONL3OBANCA peLlEHHEM ypanuemu 10.2)

CHCTEM.

W=— J‘Q"dTwLIT

Takke mpHBOATIEM Xk /=0 (B WHTerpare uner
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oTkyza
oW 3
) = 2pT—2yT2— k1
(ar). BTt

W, corjacHo Buipaxenuio (10.5), 7=0.
‘akHM 0BPa3oM, OKOHJATETLHO HMEEM s o

CpOAICTBa:
W=0o— T'[Q Q“dr

o
B npu Q, onpenenseMoM suipaxerueM (10.7),
W=0o—BT? =",y T+
Tpadukn  dynkumi W(T) npusenensl wa puc. 30. B cooTBercTBuH

(T) u
c %paanex-mnuu {10.5) u %0,6) kpusbie Q(7') w W(T) coupuKacaioTcs BO3/e TOYKH
® HX obmas KacaTelbHas TOPH3IOHTANBHA.

§ 50. OXJIAXKJAEHUE FA3A IIPM HEOBPATUMOM
Y OBPATUMOM AJIMABATHBIX PACIIMPEHMSAX

TIpakTu4eckH BecbMa BaXHOH 3ajayeci SBNISETCH CKIKEHHE Ta3oB.
JAns pemienus OTOH 3ajauM _HEOOXOAMMO YMEHBIIHTHL CKOPOCTH
JBHXEHHs MONeKyn rasa u cObimsuth nx. Ilociensee mocturaercs
CKATHEM Ta3a C MOMOUIBIO KOMIIPECCOPOB, @ JUIS MOHHXEHUS
TEeMNepaTyphl a3 3acTaBAOT COBEPIIATH PabOTy NpH anHabaTHOM
pacumperuy. Cam TIpolecC PacUIMpeHHs MOXET HPOHCXOJHMTh Kak
HeoOpaTHMo, Tak M obpaTuMo. PaccMOTpUM oOXxiakIeHHe rasa Kak
B TOM, TaK H B JpyroM ciyvasix.

Oddexr Txoyas — Tomcona. Msmenenne temnepaTypsl npu Heob-
PATHMOM aIHAaGaTHOM pACIUMPEHHH NPOMCXOJUT, KAaK Mbl YBHIHM,
H3-32 OTKJIOHEHHMS peajibHBIX a30B OT HACAJIBHOCTH M Ha3biBaeTCs
afppexmom  Jncoyan— Tomcona.

PaccmoTpuM Teopuio storo sbdekra. B ammabaTHO M30JIHPOBaH-
HOM mwmuEApe (puc. 31) ra3 u3 obmacTH ¢ GoNbIIMM JaBiieHHEM
p, TPOIYCKAeTCsi Yepe3 MOPHCTYIO NEPEropoaky* B 061acTh ¢ MeHb-
UM JaBieHneM p,. IIpH TakoM pacIUMpeHHH rasa C MNepenagoM
Japnenus (Ap=p,—p, <0) NPOUCXOAMT W3MEHEHWE TEMIEpaTyphl.
O10 sBieHue npH HeGOMbIIOM nepenazie uasneum [Ap|/py <1]
Ha3bIBaeTCA ABHBIM Hncoyan— Tmucona
a npu GombIoM nepena;(e >PAALHBIM

BeruucnnM  mudpdeperuuanbabli 34)4331(1' onpeenseMbiit  k03-
duumentom J{xoyas — Tomcona: p=AT/Ap.

Tak kak mnpouecc aauabaTHbIN, a KHHETHYecKas OHEprus
ra3a M TOTepH HAa TPEeHHE B TOPHCTOH INEPEropojke MpH
MaJiof CKOPOCTH TNOTOKa INpEeHEOPEeKMMO Maibsl (Tak Kak Ipo-

* Brarojaps TPEHHIO B ITOj ncpcropouxe TOTOK HE ABJAETCH TYPGYJICHTHBIM
® raz no obe CTOPOHBI OT Hee OJHOPOJCH.



TIOPUMOHATILHBI KBAAPATY TOH CKOPOCTH),
TO, y4YMThIBas, 4YTO COpaBa oOT Iie-
PETOpOIKH Ta3 coBepiiaeT pabory, a cie-
Ba OT Hee paboTa NPOM3BOIMTCA HAX
ra3oM, TO TEpPBOMY Hauamy HMeeM
Q=U,—U,+p,V,—p, V=0, otkyna
Ui+p Vi=Uy+p,V,
wm H,=H,, T1.e. npouecc Jxoyas—
ToMcoHa SBISETCS H30IHTAIBIHYECKUM:
AH=H,—H,=0.
1o TO3BOJISIET JIETKO HaWHTH M.
JleiicTButensro, Tak kaxk AH=0, a Ap
u AT mame npu mubdepeHnuan-HOM
apdexre Jxoyns— TOMCOHA, TO € TOYHOCTBIO [0 JIMHEHHBIX HJICHOB

nMeeM AH—(E) AT+( )Ap, OTKyZa

Puc. 31.

_AT__@Hfap),

Ap (47H/JT),,'
W3 poipaxenns dH=TdS+ Vdp naxomum

oH as oH
Ee=r @ G-
a5

; - __(
Tak xak dG=-SdT+Vdp, To (077)1— <0T>,,' HO3TOMY

AT _T@V[3T),—V
Ap c, ?

(10.8)

e (0V/0T), MOXHO HaHTH M3 TEDMHHYECKOTO YDABHEHWS COCTOSIHHS.
Jns lmeanbﬂoro raza V= RT/p, (@V/oT),=R/p, Torna u3 dop-
myabt (10.8) momydaem AT=0 K.
B cnyuae rasza Bam-nep-Baansca dbdep pys yp

(p+a/V?)(V—b)=RT
no 7 npu NOCTOSHHOM p, HAXOIMM

2a (2V a \fov) _
"ﬁ(}ﬁ),(V_b)+<”+ﬁ)<5_r),’R’

v\ _ R R(V—b
(67),, p+alVi=2a(V—-b)[V} RT-2a(V—-b)* V¥ (109

CuuTad ra3 He OYeHb IIOTHEIM H OTOGpackiBas B cooTHomeHnsx (10.9)
BEJIMYMHBI BTOPOTO MOPAJAKa MaJOCTH OTHOCHTEJIBHO a M b, noJsiyqaemM
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v V-
T(@T> m (- b)( V) v+ b (10.10)

INoncrasass dopmyny (10.10) B dopmyny (10.8), maxommm
AT_2a/(RT)=b
B c

U3 5TOro BBIpaXEHHS BHIHO, 4TO:

a) M3MEHEHHEe TeMmepatypbl rasza Ban-nep-Baaabca mpu HeoG-
PAaTHMOM a/IabaTHOM PacUIMPEHHH ODYCIOBJIEHO €rO OTKIOHSHHEM
oT upaeanpHOTO Taza (a#0, b#0);

6) spdext JIxoyns—ToMcoHa IS He O4EHb IJIOTHOTO Trasa
3aBHCHT OT COOTHOUIEHMS BENMYHH @ M b, KOTOpble OKa3bIBAIOT
NPOTHBOIOJIOKHOE BJMSHHE HAa 3HaK d(dexra;

B) €CIIM CHJIbI B3aUMOJIEHCTBUS MEXIY MOJIEKYIdMH BEJIHKH, TaK
¥TO mNpeobnajaeT MNONpaBKa HA JaBieHHE, H MOXHO TPHHATH
PaBHBIM HYJIIO, TO

AT 2
Ap RTC,

s

T. €. ra3 Oymer oxnmaxaatecs (AT<0 K, tak kax Ap<0);

T) €C/IM CHJIbI B3aMMOMEWCTBHS MEXJy MoJieKyJamMu Maibl (a—0)

# npeobiajaeT monpaBka Ha o0beM, TO
AT_ 7£<0,
A G,

T. €. ra3 Harpesaercs (AT>0 K).

B nepBom ciydae (h—0) pacumpsolnmiicss ra3 3a Bech UpoLEce
NEpexoa M3 OHOM ObGnacTw B Jpyryio copepmaer paboty p,V,—
—p, V>0 3a cuyeT yObUIH €ro BHYTPEHHEH JHEPIHH-—Ta3 OXJIAXKIa-
ercs. Bo BropoM ciydae (a—0) monnas pabora mHag rasom p,V,—
—p,V,>0 uIET Ha yBENWYEHHE €ro BHYTPEHHEH OHECPIMM — ra3
HATPeBALTCS;

Jl) IpH HEKOTOPOH TeMmepaType peajsbHOro rasa koddduument
p=0 u ra3 Bener ce6s B npouecce [xoymns — TOMCOHA Kak HIeaIbHBIN.
310 Oyner BbmoaHaThes [cM. (10.8)] B obweM cnyuae npu

T (‘;;) V=0, 10.11)

a B cCiyyae He OYeHb IUIOTHOro rasa Bam-mep-Baamsca, korma
2a/(RT)—b=0, npu TemnepaType
T,=2a/(Rb),

KOTOpasi Ha3bIBAETCs memnepamypoii uneepcuu. TIpu 3Toi TeMnepatype
abdekr JIxoyns—ToMcona H3MEHsieT 3HAK: HHXKE TeMIEPaTypsl
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HHBepCHU  S(deEKT monoxuTeNeH (p>0, ra3  OXJaxJaercs), Bbl-
mwe T;,—o>(dext orpuuatenen (u<0, raz Harpesaercs). Tem-
nepa'rypa MHBEPCHH Y BCEX Ia30B JIEKHT 3HAYMTENLHO BBIUIE KPH-

p oe (10.11)  reoMerpuueckoe
Mec‘ro Tovex MHBEPCHH wm JIaHHOTO ~ BEIIECTBA  HA3BIBACTCH
UHBEPCUOHHOU KPUBOH.

BOJIOPOJIa ¥ MHEPTHBIX ra30B CHJIbI CHCIUICHHS MEXIY YacTHIAMH
MaJibl, O3TOMY NPH OOBIYHBIX TEMIIEPATYpPaX ITH rasbl HATPEBAIOTCH.
Temnepatypa uEBepcuM Y Bojopoma —57°C; camas HM3Kas TeM-
nepatypa MHBepcuH —249,4° C y renus (IpH HOPMAajJbHOM aTMOC-
depHoM naBieHum). [Ins Toro 4ToObl IeNHMH OXJAIHTH NO METOMY
JUxoyns — ToMcoHa, HEOOXOMMMO NpPE/IBAPHTEILHO JOBECTH €TI0 TEM-
nepaTypy 1O BENHYMHBI, MeHbieH —249,4° C, uto nenaercs ¢ mo-
MOIIbIO  KHIISIIETO  BOAOPOIA.

Tounast TeOpHs, B KOTOPO# HE MPEANIONAraeTcsi MajiocTh NONPaBoOK
a/V? W b, IPUBO/MT K BHIBOJY O CYIIECTBOBAHMH TPH 3a]aHHOM
JIaBICHAN JIBYX TOYEK MHBEPCHM — BepxHed T} u mkueit T'f, xoTopas
ans GONBIIMHCTBA Ta30B HaxoauTCad B OﬁﬂaCTH JKHAKOTrO COCTOﬁHHﬁ
(cM. 3azmauy 10.3). Tlpu GosblumMx nepenajax AaBCHHsS WHTETPaJbHBIR
a¢dext Jxoyns—ToMcona omnpenensercs (popmyoi

P2

AT
T,—T,= J. (K;)udp,

P
Ile KOHEYHOE [aBJICHHE p, B TeXHHKe OObIMHO 6JM3KO K aTMOC-
depromy. HuddepennmpoBanueM 310l GopMynsl nmo p, HaXomuM,
4TO MHTErpaibHbli 9DPEKT OXJIakACHHS MAKCHMAJeH NPH HayajibHOM
JIaBJICHHH, OM H3 yp

(AT/Ap)y=0,

T. €. KOT/Ia HaYaNbHOE COCTOSHHME p;, T JEXHT Ha KpHBOH MHBEPCHH
npu_ubdepenumansHoM sddexre Jioyns — Tomcona.

Oxnakjenwe ra3a npH o0paTHMOM aHa0aTHOM PaCUIMPEHHH.
PaccMOTpHM ~ OXJaXIeHHE ra3a NpH 0OpaTHMOM  aauabaTHOM
pacIUMpeHHH C OTHavell BHEIHeH paboThl. YCTPOHCTBO B  XO-
JIO/IMIbHBIX MAIIMHAX, TJe NPOM3BOJAMTCA 3Ta paboTa, Ha3bIBaeTCs
Oemandepom; ero riaBHas 4acTh (MOPIIEHb) NPHUBOJMTCS B JBHKECHHE
OXJIAXJAEMBIM Ta30M.

Eme B camoM Hauane XX B. [JeNajuCh MNONBITKH YCOBEpILEH-
CTBOBATh MAIUHHBI IJ1yDOKOTO OXJIAXIEHHS H, B YACTHOCTH, 3aMEHUTh
TIOPIUNEBBLIE JIBUIATEIH B Jeranaepe Gosee 3KOHOMHYHBIMH H BBI-
COKONPOH3BOIUTEbHbIMI — TYpOMHAMH., DTO JOJNT0 HEe YIaBaJoch
CcaesiaTh, TaK Kak BCE pacyeThbl TypﬁHH BEJIKCh NIPUMEHUTEJIBHO
k napy. OJHaKo eciM BO3MYX yXe OXJaXIeH 10 HU3KHX TEMINepartyp,
TO OH CTAHOBHTCS HACTOJIBKO IUIOTHBIM, 4TO TO CBOMM CBOWCTBAM
CTONT GiiXe K KHAKOCTH, 4eM k mapy. Mcxoas u3 storo B 1935T.
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6bu1 pazpabotan Typ6011exal-ulep 1O THIly BOASHOW, a HE MapoBOH,
TypOHHBI ¢ K.aLK. Ooiee 5%,

C BBe/IeHHEM B JIETaHJIEPe BMECTO NOPIIHEBOTO ABHTaTels TypOuH,
a BMECTO MHOTIOCTYNEHYATOrO0 KOMIIpECcopa, CXUMAIOIIEro ras B npe-
JKHHX YCTaHOBKaX IO HECKOJNBKHX JIECATKOB Merarnackalib,— TypooKoM-
npeccopa ynae’rcﬂ C)KK)I(HT]: rasbl NpH OTHOCHTEJIBHO HHU3KOM JaB-
nennu (0,6—0,8

Jlerko ma#TH H3Meﬂeﬂne TEMIeEpaTypbl rasa IpH OOpaTHMOM
anuabaTtHoM pacumpenud. M3 Bbipakenus

50=dU+pdV=dH- Vip= ( )dﬂ[( >Av]dp=o
A
HIH

oT\ _ T@V/T)
(5) =TOVRD), 10.12)

»

Tak kak s Beskoro rasa (0V/0T),>0, To, ciefoBaTeNbHO,
npu aguabaTHOM OOpPATHMOM DACIIHPEHHUH (OT/ﬁ )s>0, T.e. ra3
Beerna oxnaxpaercs (d7<0, tak kxak dp<0) HE3aBUCHMO OT BHAA
€ro ypaBHEHHs COCTOSIHHS. B 3TOM COCTOMT NpHHUMNMANBHOE Ipe-
HMYIIECTBO HCIOJIB30BaHAs 0OPaTHMOTO aaMadaTHOTO pACIIMPEHHs
Ta30B U MX OXJQXJICHHA W CKIDKCHHS 1O CPaBHEHHIO C MPOLECCOM
Jxoyns — ToMcona.

OnHako M3-3a TEXHHYECKOH CJIOKHOCTH OCYHIECTBJICHHS OOpaTH-
MOTO a/MabaTHOrO PaCIUMPEHHs IPH HH3KOH TEMNepaType OCHOBHBIM
METOIOM OXJAX/ICHHS Ta30B ¥ MX CKHXKEHHS B HACTOAIICE BpEMs
TOKa €Ile SABIAETCS METOJ HEOOPaTHMOTO pPacIIMpEeHHs rasa.

01') _V—(@Hop)s

HaxoauM | —
& (ap s~ @HjoT),

§ 51. TEPMOJAMHAMMKA JUSJEKTPUKOB U MATHETUKOB

PaccmoTpuM noBesieHHe (PUIHYECKHX CHCTEM, HAa KOTOPBIE KpoMe
JIaBJICHHS JIEHCTBYIOT M HEMEXaHWYECKHE CHJIBI, HANPUMEP IJIEKT-
pHYECKME HIM MarHuTHble. Kak Mbl yBHIUM, MMEIOTCS Pa3JIMYHbIE
BBIDAXEHHS JUIS BHYTDEHHeid OSHEpruM U paGoThl MNONAPH3AUMH
JAusneKTpuka. Bompoc O TOM, Kakoe W3 3THX BBIPAXCHHH CleayeT
HCIIOJIb30BaTh, HE SBJAETCA CYIIECTBEHHBIM —BCE OHH TIPHBOIAT
K OJHHM H TEM X€ De3yJbTaTaM Uisi CBOHCTB IMOJIEKTPHKOB.

OcHoBHBIE YpaBHEHHS TEPMOIMHAMMKH Il JIHJICKTPHKOB M Mar-
HeTHkoB. M3BeCTHO, 4TO d1eMeHTapHas paboTa, OTHeCEHHast K 06beMy
JWMOJIEKTPHKA U npu 3apsiIoB, CO3JAIOLIMX
B HEM IOJie, paBHa

* Cwm.: Kammna IL JI. TypboseTaHzep JUs 1OJy9eHHs HW3KMX TEMIEPaTyp
H €ro NpHMEHCHME JUI OKHKCHWS BO3yxa//KypH. TexH. dmauku. 1939. 9. Bbin. 2
. 99. -
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1
3W=—¢-(E, dD), (10.13)

1
a JUIs M30TPONHOTO JMIJIEKTpuka W= —Z—EdDA
i

Bennunna D, BEICTYNAIOMAs B JAHHOM CJly4ae B Ka4eCTBE BHEILHETO
napaMeTpa, He SABJISETCA TAKOBBIM JUIS CAMOTO JMajiekTprKa. [Tostomy 3 W
He eCTh PabOTa NOJAPH3ALMH AUIIEKTPHKA B COOCTBEHHOM CMBICHE, T. €.
B CMbIC/Ie pabOThbI HA CO3NAHME MONAPH3ALMH TIPK Pa3IBUTAHHH 3aps/I0B
B MOJIEKYJIaX JI3/IEKTPUKA X 0OPa30BAHUH NIPEHMYILECTBCHHON OPHEHTA-
mun oTEX Monekyn*. Jlns Toro 4Tobhl HaiTH paboTy nonspusaumH
JIMOJIEKTPHKA B COOCTBEHHOM CMbICIie, ipeobpasyem Bbipaxenue (10.13)
K BUAY, B KOTOPOM HE3aBHCHMON IIEPEMEHHON ABJSETCS BHELIHMI
napameTp JM3JIeKTPHKA — HaNpskeHHOCTh E anekTpuueckoro noss. Tak
KaKk 3TOMY BHEIIHEMY IMapaMerpy COOTBETCTBYIOT JBAa BHYTPEHHHX
(37EKTPHMYECKUX) TAPAMETPa IUIIEKTPHKA — IOJISPU3OBAHHOCTD P 1 Bek-
TOP 2JIEKTPUYECKOTro cMellienust (WHAyKims) D, To nckoMoe npeobpasosa-
uye BbipaxeHus (10.13) MoxkeT GBITh OCYIIECTBJIEHO ABYMsi CIOCOOAMH:

Psw= —d(g)—d(PE)JrPdE, 10.13)
E? 1 ”
W= ~d(ﬁ>‘d(PE)+ngE. (10.137

IepBoe cnaraemoe B mpasoit wactn (10.13") MOXHO HCTONKOBATH
KaKk paboTy BO3GYXIEHHS 3MEKTPHYECKOTO IOJIS B BAKYyMe, BTOPOE —
kaK paGoTy NPOTHB BHEUIHETO 3JIEKTPHYECKOrO IOJIS, a TPEThe — KaK
paboTy monspu3auMM B COOCTBEHHOM CMBIC)E, KOTJa BHYTPEHHHM
napaMeTpoM JHOJIEKTPHUKA, CONPSKCHHBIM €ro BHEIIHEMY lapaMeTpy
E, SBJISCTCSA NOAAPUIOBAHHOCMb P. AHaJ’[Ol’H‘lHO, TPEThE CJlaraemMoe
B npaoit wactu (10.13”) MOXHO HCTOJNKOBaTH Kak paboTy mous-
pU3aLMM B COGCTBEHHOM CMbICie, Koraa D — BHYTPEHHHH napamerp
JM2JIEKTPUKA, COTpPsKEHHbIA E.

Tax kak, OIHAKO, MCJIAPU3ALMS JMIJIEKTPHKA B TOJIe HEPa3phIBHO
CBA32HA C BO3HHKHOBEHHEM MNOTEHUHMAJIbHON SHEPrHH — PE JManeKT-
pHKka B JTOM TMOJNe, TO 3a pabomy noadpusayuu IUDIEKTPHKA
B COOCTBEHHOM CMBbICIE OGB[‘!HO TIPHHUMACTCS BEJIMYHHA

BWC=PdE+d(~PE)=5W+d<-§{):—EdP, (10.14)

Torma pabota nonspusauuu PAE paBHa cymMme cOBCTBEHHOM
paboTei nonspusamus dW, u pabotsl d (PE) NPOTHB BHELUHETO OIS
8W,=PdE (a=E, A=P). (10.15)

* Bupaxenue (10.13) mpencrasnser coGoii paGoTy HekoTOpoW pacumpentoit
CHCTEMBI, 110/106HO paboTe (5.22) A71s CHCTEMB!, COCTOALLEH H3 ra3a M MOPUIHS C [PY3OM.
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Pa6ora TONApH3AIIN DdE/(4m) paBua passoctH paboter dW,
u paboret —d [E?/(8n)] BO3OykaeHMss MONS B BaKyyMe:

sW'=LDdE (a:E,A:l D). (10.16)
an an
AHAJIOIHYHO, UIS MarHeTHKa

W= —$ HAB, §W,=—HdJ, (10.17)

SW,=JdH, 8W’=ﬁ BdH.

TloaToMy ocHosHOe ypagHenue mepmoOuHamuku IS JUIIEKTPUKA
B OJIEKTPHYECKOM MOJie Oysier:
a) NpH He3aBHCHMON (3JIeKTpHYeckoil) nepemeHHoH D

TdS:dUerdV—ﬁEdD; (10.18)

6) npu He3aBHCHMOH mnepeMeHHOH P
TdS=dU.+pdV—EdP, (10.19) -

rae U,=U— E?/(8n) — «coGCcTBeHHAs»® BHYTPEHHSIS SHEPIUs €MHUIbI
obbeMa masiekTpuka (U Ge3 JHepriH nojis B BaKyyme);

B) IPH HE3aBHCHMMOH MEPEeMEHHOH F, KOTla CONpskKeHHOH eit
BENIMYMHOM ABIIAETCS TONSPU3OBAHHOCTH P,

TdS=dU,+pdV+ PdE, (10.20)

rae U,=U,+(—PE)—cymMMa COOCTBCHHOH BHYTpeHHEH OSHEpruu
NOJIAPH3AIMUA JIHIJIEKTPHKA M €ro HOTCI{]!HBHLHOﬁ JHEPrHU B 3JIEK-
TPHYECKOM 110JI€;

r) IpM HE3aBHCHMOH TepeMeHHON E, Kkorja compskeHHOH eif
BEJIMYUHOM sABNSIETCH 3JIEKTPHYECKOE CMEIIEHHE D,

TdS:dU'+pdV+$DdE, (10.21)

e U'= U~ ED/(4n)= U, — E*/(4m) — BHyTpEHHSs SHEPIUs IUIIEKTPHKA
€ Y4ETOM €ro NOTEHIMAILHON SHEPTHH B 110JIe 6€3 JHEPr UM TOJIsi B BAKYYME.
BeiGop TO#l MM HHOM 3JIEKTPHUECKOH HE3aBUCHMOH IepeMEHHOH
3aBHCUT OT XapakTepa 3aja4¥d ¥ COOTBETCT Bye T HCCJTEIIOBQHH}O
CHCTEMBbl C ONpeJelieHHOH BHyTpeHneid omeprued U, U.,
AHaJIOrnYHbIE ypalmermx JUIs MarHeéTHKOB MOTyT Gbl'l'b rmny-lenu
ﬂpOCTOH 3aMEHOMH JICKTPUYECKHX BEJIMYMH MATHUTHBIMH.

* Hassanme «coBCTBeRHAm» /18 BHYTpeRHeH neprim U,=U—E2((8n) sasercs
Tak Kak E— b NOMS, YKe WIVICHCHHas TPHCYTCTBHCM
JWMONEKTPHKE.
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[losb3ysich KakuM-M60 U3 OCHOBHLIX yPABHEHHH TEPMOJNHAMUKU
ans quonektpukos  (10.18)--(10.21), serko mnoJyuuTh BBIpAXKEHHsS
Ans ndpepeHInanos TepPMOAMHAMHYECKUX NOTEHLUANOB. Tak, u3
ypaBHenus (10.18) mmeem:

dU=T dS—,vdV+ LEdD,

dF=—~Sd!'-pdV+ L EdD,
4an

(10.22)
GG =
dH=TdS+ Vdp~4171> dE.
AHanormuno, u3 ypasoenus (10.19) mosnyyaem:
=TdS—pdV+EdP, dG=—-SdT+Vdp—PdE,
’ ’ ’ (10.23)

dF=—SdT—pdV+EdP, dH=TdS+Vdp—PdE,

rae U, F, G u H osuavawt coorBerctsenso U, F., G,

OTH BBIDAKEHUS TNPEJACTAB/ISIOT COOOH OCHOBY Tepwonnad\mkn
JUIIEKTPHKOB (M MNPH  COOTBETCTBYIOLNElf 3aMeHe JJIEKTPHYECKHX
BEJIMYHH  MarHHTHBIMH — MATrHETHKOB).

CBoGoHas JHeprusi eMHHUBI 00beMa IHIJIEKTPHKA, HAXOJAWIErocs
B JJIEKTPHYECKOM ToJie. B ycioBMsX, KOTJa HE3aBUCMMOH MepeMeHHOMH
SIBJISETCS JIEKTplYecKoe cMeleHne D (Hanpumep, NpH NepeMeieHHn
3apsA/0B, CO3NAIOLWX II0JE), BhIpaXeHHe Ans Auddepennmana cBo-
6omHoM SHeprun Hano B3ATh u3 (10.22). MiHTerpupys 3TO BIpaceHHe
NpH NMOCTOSHHBIX TEMNEpaType U o0beMe /Uisi AUINEKTPHKOB C JIMHEH-
HBIM TEPMHYECKHM YpABHEHHEM COCTOSHWUS (OTHOCSIUMCS K OJIEKT-
puuecknM BeamunHaM D u E) D=cE, nonyvaem

F(T, D)=Fo+D?/(8ne), (10.24)
rae Fo—CBOGO/IHAS SHEPrHs [MAIEKTPUKA NPH OTCYTCTBHH TOJIS.

W3 dopmysbl (10.24) BUAHO, YTO NpPH NOMSPH3ALMH JUIJIEKTPUKA
B 9JEKTPHYECKOM T0JIé IPH TNOCTOSHHBIX TeMIepatype H obbeme
H3MEHEHHE €ro CBOOOHON JHEPrHH PABHO OJHEPIMH JIEKTPHYECKOTO
noJifi B JIA3NIEKTPHKE:

Tpenebperas B Beipaxenun (10.24) F,, He 3aBHUCSAIIAM OT
HaNPSKEHHOCTH NOJIs, MOJyYaeM

D eE?
8

F(T, D)= =" (10.25)
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Cobcrsennas cBobomHas JHEPrHs CAWHHLLI 06BEMa AMIJIEKTPHKA,
CBA3aHHAS C HANIMYHEM IOJIS, OYEBHIHO, PaBHA

E

F(T, D)=F(T, D)—-="—E> (10.26)

2
8 8n

OTo BhIpaXeHHE MOXHO TAaKXe IOJNYYHTb, HHTEIPHPYS ypaBHEHHe
s dF; w3 dopmynst (10.23) npu nocrosHEbix T u V:

»
F.(T, P)=fEdP:

0

nockosibky P=(e—1) E/(4r).

MWi3meHeHHe BHYTpEHHEH OHEPIMM JMIJIEKTPHKA BO BpeMs €ro
NONAPH3AIMHE NIPH NIOCTOSHHBIX TEMIEPAType M 06BEME MOXHO HaiTH
w3 ypapHenms I'mb6ca —lesbMroibua (5.31), B KOTOpoM BHelIHHi
napamerp a=D:

OF
U(T, D)=F(T, D) T(W)DA

Iome3ysace cootomenusmu (10.25), nomyuaem

D TD?oe_E? S
u(r, D)fﬁ+mﬁ—g(e+ Tﬁ). 10.27)

CobcTBeHHas BHYTPEHHSSI JHEPIHs CIMHHMIBI 00BbEMa JUIIEKTPHKA
, E*_E? o ,
U.(T, D)=U(T, D)"ﬂ‘a(e'HTa"r)’ (10.27')
MTO TAKXE HENOCPEACTBEHHO CJEAyeT M3 ypaBHenus (5.31):

OF,
U(T, P)=F.(T, P)—(ﬁ)’.

U3 dopmyssi (10.27) BHAHO, YTO CBs3aHHas C HAJIMYHEM [1OJIs
BHyTpennss oneprus U(T, D) ausnckTpuka He paBHa sHeprun e 2/(8m)
IEKTPUYECKOrO 10Jis B JIMOJICKTPHKE. OOBsiCHsIETCS ITO TEM, HTO
noJ 3Hepruedt £E>/(8n) mons B MEKTPOAMHAMHUKE MOHUMAETCA BCS
SHEPrHs, KOTOPYI HAjJ0 3aTPaTHTh Ha BO3OYXICHME TONSA B Ju-
9JIEKTPUKE npu nocmoanroii memnepamype (a ne snmponuu'). Boipaxe-
uue U(T, D) onpenesnser W3MCHCHHE BHYTDEHHEH OHEPIMM JMONIEKT-
pHKa TIPH €r0 W30TEPMHYECKOH NONSPH3ALMM, HO C Y4ETOM OTIAud
JHEPTMH TEPMOCTATY, €CJIH TOJNSPH3ALMS BbI3BIBAET M3MEHEHHE TEM-
NepaTypbl AMSJIEKTPHKA. BeneicTBHE 3TOrO CBS3aHHas C NMOMspH3aLMet
COOCTBEHHAsI BHYTDPEHHSIsl JHEprus UC(T,D) JW3NEKTPHKA  MOXKET
0Ka3aThCsi paBHOH Hymo. Hampamep, B 4acTHOM Cilyuae Mi€aJIbHOTO
JWNOIBLHOrO Ta3a, Juisi kotoporo no 3akoHy Kropn e=1+C/T
(C—nocrosnnas Kropu), suytpennsis smeprust U(T, D), cornacuo
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Qopmyze (10.27), pasma E?/(8m), T.e. 3Heprnu 1nojNs B BaKkyyMe.
IlosToMy cobcTBeHHAs BHYTPEHHSSI IHEprHs T D) TaKoro rasa,
ouesunHoO, paBHa Hymo: U(T, D)=U(T, D) =0.

OTOT pesyabTaT He ABASETCH Heommammm 3 JNIEKTPOJIUHA-
MHYECKOTO OMpEJIE/IeHHst SHEPTUH 11015t BUJIHO, UTO BEWYHHA EE 2/(8m)
SBJISETCS HE SHEprHeil, a CBOOOJHOM JHeprueil mojs B JM3JIEKTPHKE.
Kak noxaseiBaror cootHomenns (10.25), oHa kak pa3 coBmajfaer co
cBOGOZHOM OHEprueil MONSPH3OBAHHOTO JMOIEKTPUKA. BHYyTpeHHss
e JHEprisi Mojs B TEPMOANHAMHUYECKOM CMbIC/IE COBMAJAET C BHYT-
peuHedt oHeprueil masekTpuka B noje (10.27). Jlerko BHAETb, 4TO
uHTerpuposanne ypapnenns (10.22) nns dU npn 3ajaHEbIX SHTPONHU
u obbeMe He JIaeT i M3MEHCHWs SHEPrHH JUIJIEKTPUKA C JIMHEHHOM
cBsi3bio D=¢E Beamuunsl D ?/(8ne):

D
U(S,D)—Lo—wJ‘ DdD #—.
o
TNIOCKOJIbKY TPH a/MaGaTHOM W3MEHEHWH OJJEKTPUYECKOrO CMEIICHHs
TeMrnepaTypa MMONEKTPHKa B OOIIEM Cilydae HWIMEHAETCS H € yKe

HEb3s pacCMaTpUBaTh KaK NMOCTOSHHYIO. ToabkO B YaCTHOM caydae,
KOorjla € HE 3aBUCHT OT TEMIEpaTypbl,

F(T, D)=Fo=U(S, D)~ Uo=¢E?/(8T)
M SHEPTHS TOJA COBNAJAET C ee CBOGOMHOMH JHEpruei.

M3 OCHOBHOTO ypaBHEHHS TEPMOIMHAMMKH JUIS JMOJIEKTPHKOB
[em. (10.21)] npu He3aBUCHMOH  (JIEKTPUHECKOM) NepeMeHHOH
E nonyyaem

dF'=—8dT—pdV—DdE/(4r). (10.28)

Wnrterpupyst ypasuenue (10.28) mpu NOCTOSHHBIX TeMmepaTtype
u o0bemMe Ui IHAIEKTPHKOB C JIMHEHHOMH cBsisblo D=gF, Haxoaum
(omyckas BEJMYMHBI, HE 3aBHCAIIME OT MOJIS):

F/(T, E)=—eE?/(8), (10.28)
Fi(T, E)=F'(T, E)— ( l;:):——EEZ. (10.28")

CpasauBas (10.25) ¢ (10 28) u (10.26) ¢ (10.28"), 3ameuaeMm.
wro notenunansi F(T, D) u F'(T, E), a taxxe Fo(T, D) u Fi(T, E)
OTJIMYAIOTCS OIHO OT JIPYTOTO TOJNBKO 3HAKOM:

F(T,D)=—F'(T, E)==_

(10.28")
F.(T, D)= —F.(T, E)
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YTO AHAJIOTHYHO H3BECTHOM M3 3JIEKTPOJIMHAMHKH COOTHOILEHHIO
MEX/y H3MeHeHHeM Hepriu O, U noas (r. e. cBOGOAHOI sHepruu noJis,
KaK 6bLIO YCTAHOBJICHO BBIllIE) IPOBOHAKOB B MyCTOTE, MPOHCIIEIHM
pp¥ TMOCTOSHHbIX NOTEHUHANaxX @ np Heew .U,
BH3BAHHBIM NPH MIOCTOSHHBIX 3apsiaX e NpoBOJHHKOB (8, U= —38,U>0).
Takas cBs3b Mexay O,U u 8,U (a He MX PaBEHCTBO), KakK M3BECTHO,
DBYCJIOBJICHB ‘TE€M, YTO €CJIH MPH NOCTOAHCTBE NOTCHUHAJIOB NPOBOAHH-
KOB M M3MCHEHHH HX 3apsjl0B paGm‘a CHJI 1101 MPOU3BOJIMTCA 3a CYET
3HEPruH  CTOp 3. 1. ¢. (non X OTH NOTEHUMAJbl
NIOCTOSHHBIMH), TO TIPH MOCTOAHCTBE 3aPSI0B ¥ U3MECHEHHH NOTEHIHAJIOB
NPOBOJIHMKOB PaboTa CHJI NOJNA MPOH3BOAMTCA 32 CHET SHEPTHH MOJS.
TlogobHo sToMy, coorHomeHus (10.28") BO3HHKAIOT HOTOMY,
yro, B To Bpems kak F(T, D) onpejeiser H3MeHeRHe CBOGOIHOM
JHEPrMM JMYJIEKTPHKA (MM H3MEHEHHE CBOOOAHOH OHEPrHH NOJS
B JMOJICKTPHKE) 3 CHET IOJOKHTEIbHOH pPabOThI BHEIIHHX MCTOY-
WHKOB, TEPEMEILAIOMMX 3apsabl B none, Bbipaxenwe F'(T, E)
ONpesesIseT U3MeHeHne CBOGOHOM SHEPrHH THIJIEKTPHKA (M H3MEHE-
HHE CBOGOJHON SHEPrUH MONS B JHIIEKTPUKE) NPH CO3MAHMHM TNOJISA
B JMONEKTPHKE C Y4eTOM paboThl LPOTHB BHELIHHX HCTOYHHKOB.
Tpusenennas ananorns Mexay O,U u 8,U, ¢ onnolf CTOpPOHBI,
a F(T,D) n F'(T, E)—c Jpyroil, nosBOJseT YACHHTb, KaKo#
HOCTaHOBKE 3aJa¥H COOTBETCTBYET BbIOOP HE3aBUCHMON TepeMEHHOMH
D u xako#l —BbIOOp He3aBHCHMMOM nepeMeHHOH E.
MarauTOCTPHKINS, JJeKTPOCTPHKIHA W mbe3odddext. Bripaxenus
(10.22) n (IO.SB) s mabdep JIOB TEPMO, KHX TOTEeH-
UMaIoB JUIIEKTPHKOB (M aHAJOTHYHBIC JUIS MArHETHKOB) IMO3BOJIAIOT
YCTAaHOBHTH DA COOTHOIUCHHH MEXJTy PasIMYHBIMH UX CBOHCTBAMH.
Tak, W3 BblpaxeHus juis oHeprud I'mOOca emubMubLl 06beMa
MarseTHKa

dG=—-8dT+Vdp—JdH

(j'fl;)° ‘(Z’:) (10.29)

3nech (0V/0H), r—u3MeHeHne 00beMa MATHCTHKA, BBI3BAHHOE Mar-
HATHBIM TIOJIEM M  HA3bIBAEMOE 00beMHOU  MAZHUMOCMPUKYUEN;
(07/0p)r.n—m HaMar cw NaBJIEHUS,
OpH HAJIMYMM BHEUIHEro MarnuTHoro mnons (H#0) Ha3sbiBacMoe
Maznumoynpyaum 3@dekmom, a NPU OTCYTCTBUH BHEIUHETO MATHHT-
Horo mois (H=0)—nve3o. M PP m. Coot

(10.29) cBsi3biBacT 0OBEMHYI0 MATHHTOCTPHKLMIO C STHMHU dddexTamu.

AHANIOTHYHO, VIS [MOJEKTPUKOB W3 BbIPAXKEHHS

dG=~-SdT+Vdp—PdE

HAXO/UM CBSI3b SIICKTPOCTPUKLMHA (3V/OE)r,, C Mbe303IEKTPHIECKAM
spdextom (OP/0p)r, g=0, T. €.
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("—’f) =—(5_") . 0.30)
OE )1, o )re

@opmyna (10.30), kak u (10.29), Takxke OTHOCHTCS K OGBEMHOMY
nbe303QPEKTY, XOTA OOBIYHO MbE30IIEKTPHIECKHE SBICHHS Habmoxa-
I0TCSl B KPHCTaJUIaX B ONPEIENEHHBIX KPHCTAJLIOTPaHIECKHX HANPAB-
nenusx®. T11acTurKa, BHIPE3aHHAs M3 NMbe30JJEKTPHYECKOTO KPHCTAN-
Ja u cHabxeHHas IBYMs OJIEKTPOJAMH, IIOJ NCHCTBHEM BHELIHErO
9JIEKTPHYECKOTO TOJIS HCTILITHIBACT AePOPMALIHIO, YTO BHI3LIBAECT B Heil
ynpyrie kone6auns. U Hao60poT, MexaHHUECKH BO3OYXIeHHas dedop-
MalKA BbI3bIBAET HA 3JEKTPOJAX IIIACTHHKH JIEKTPUHCCKHE 3apS/Ibl.

TMbe305/1eKTPHYECKHE KPHCTAILIBI HAXOAAT IIMPOKOE NpPHMEHEHHe
B_DaJMOTEXHHMKE, /IEKTPO- M Y/IbTPaaKyCTHKE M BO MHOTHX APYIHX
obnacTaX HAyKH M TEXHHKH, IX ¢ mpeobpasc nepu-
OJIMYECKHX 3JIEKTPHYECKHX TIPOLECCOB B MEXaHMYECKHE H Hao0OpOT.

Maruutioe W sjepHoe oxJaxjenns. OXJaXIeHHE Tejla MOXET
OBITh TOJIYYEHO HE TOJILKO NPH aIHAaGAaTHOM PACIIMPEHHH, HO M NpH
BCAKOHM JApyrod amuabaTHOW paboTe CHCTEMBI.

Tak B HacTosllee BpeMS B OIHOM H3 OCHOBHBIX METOIOB
nonyyenus caepxuuskux ‘Temmepatyp (T'<1 K) ucnomssyercs anu-
abaTHOe pa3MarHWYWBAaHME GONIBLION IPYNNb NAPaMarHUTHBIX COJie
(KeJIe30aJIIOMHAHHEBBIE  KBACLIBI).

SIBsieHUe H3MEHEHUS TEMNEPATYpPhl npi a/1MabaTHOM pa3MarHMYHBaHHHA
Ha3bIBACTCA um sgppexmom. Ko mHaeCTBEHHYIO BESHUH-
Hy (0T/0H )s 3T0r0 3(dexta MoXHO HaiiTH 13 BbIpaxerus mmddepermana
SHTANBbIMM [ MarHeTHKa, NOMELIEHHOr0 B MAarHMTHOE IOJe

dI=TdS+Vdp—JdH.

OTy BeNHUMHY HENOCPEJCTBEHHO MOJIYYAIOT W W3 BBIPAXEHUS LIS

M3MEHEHHs! TEMIEPATypbl MPH OOPaTUMOM aNMabATHOM PAaCIUMPEHHH
(10.12):

(a_r) _T(@v/eT),
opJs S
3aMeHHB B HeM p——H u V-J (B COOTBETCTBMM C TeM, 4TO
abora pacumpenus OW=pdV, a pabora HaMarHWYMBaHHA
W=—HdJ). Takum obGpasom,

() - -Teeme

3H)s Cu
rae CyfTCIUIOeMKOCTb npu TNOCTOSHHOH HalNpsXXEHHOCTH MAarHuT-
HOTO 1oJis.

* B oTmmuke oT pudeckoro dddexra (vexT-
pHucCKas Te TpH HX Ae 6e3 BHELUHEro SCKTPHYECKOro
TONIS) NBC3OMATHMTHBIA OPQEKT CymECTBYeT JIMUIL KaK BEChbMA PEAKOE SBJICHHC
Y HEKOTOPbIX aHTH(EPPOMATHETHROB M OTCYTCTBYCT y BCEX APYTHX MAarHeTHKOB (XOTH
MArHHTOYTPYTHM Sb@EKTOM OBNGRAIOT BCe MATHETHKH).
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Jns napamarnetukos J=wH. Maenumnas ocnpuumuugocms uue-
aNbHBIX TNApaMarHUTHBIX BELIECTB, MO 3akoHy Kiopu, o6GpaTHO
OpONOPLHOHAIbHA TeMIepaType:

x=C/T,

rae C—uocrosunas Kropu (C>0). ITosromy J=

H, CJIE€N0BATEJIBHO,
o\ _cH_,
0H)s  TCy

Ortcrona BuaHO, uTO NpH pasMaruuyuBannd (dH <0) Temnepatypa
nonmxkaercs (d7<0). Ilpu Husko# Temnepatype, mo 3akony [lebas,
TEIJIOEMKOCTh TIPONOpPIHOHANbHA KyOy TemmnepaTypsl:

Cpou=aT?,

or 1
GH),s" T

Clie10BaTeNbHO, TIPU HU3KO# TeMIepaType H3MEHEHHE TEMNEPaTyphl
MOXKET ObITh BEJIMKO: OOPATHO MPONOPUMOHAJIBHO YETBEPTO CTEeneHH
TemnepaTypbl. OJIHAKO B COOTBETCTBHH C TPETHUM HAu4JIOM TEPMOMIH-
HaMMKH IpH Temmnepatype, 6amskoit ¢ 0 K, » nepecraer 3aBHCETh OT
TEMNEPATypbl ¥ MarHUTOKanopuyeckui sddext ncuesaer. IpeaennHo
HH3KHE TEMIIEPATYPbl, KOTOPbIE MOXIO MOJYYHTh METOJOM aauabaTHO-
rO Pa3sMAarHWYUBAHMS [IAPAMATHATHBIX COJICH, ONPE/IENSIOTCS CHIAMU
B3aHMOJICHCTBUS MEXLY NIEKTPOHHBIMH CIHHAMMH (JIHIIONb-THIIONBHOTO,
obmenHoro u T. A.). Kak Toibko Temneparypa Tena Gyjer HACTONLKO
TIOHWXEHA, 4YTO nNoa }_'leflCTBMCM CHJI B3aﬂM0}]el71CTBHSl BO3HUKHET
YHOps04CHHE B PACHOJIOKCHHH 3JIEMEHTAPHBIX MArHe€TUKOB, METOX
a/mabaTHOrO pa3MarHWYHBAHKs NEPECTaHeT JeHcTBOBaTh. B HacTosiee
BpeMs 110J1y4€HA MNPEACbHO HHU3Kas Ui 3TOro Meroja TeMmmneparypa
0,001 K. Boobuie, yem Gosiee HU3KYIO TEMIEPATYpy HA/0 NOJNYYHTh, TEM
6onee ciabble B3aUMOIEHCTBHS HEOGXOAMMO HCTIONL30BaTh B paboyeM
Bemectse. [Toatomy apyroii nmyts B npubmmkenun k 0 K nexur yepes
HCIIOJIb30BAHUE AAEPHOTO MATHETH3MA. B 9TOM ciywae cuiibi B3ammo-
neiictBus OyayT nposBasThes auwb npr 107° K. D1EM meromoM
YAAeTCsi NMOJIYYMTh CIMHOBbIC TeMIepaTypbl mopszka 1076 K*.

NO3TOMY

§ 52. PABHOBECUE NOMOIEHHOM CUCTEMbI

B romorenHoi cucreme MOryT NPOHCXOAUTE XHUMHYECCKHE pEaKUMH
MEX/y COCTaBHBIMH €€ 4YacTAMH M POICTBCHHbIC UM MPOLECCHI
MUCCONMALNM, MOHH3AUMH, IOJIMMEPU3ALMH M T. ., KOTOpbIE TaKkKe

® Cw.:- Kypra H. OX7axsichHe a7uabaTvicckdM pasvarsMiMBAHHEM  A7eHEIX
cmuHoB // VOH. 1961. 75. Buin. 1. C. 151; Jloynacmaa O. B. Ilpunuunsi ¥ MeTommt
nonysenus Tewmepatyp mmke | K. M., 1977
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CBA3aHBI C H3MCHEHMEM 4MCla 4YacTHI B 3aKphiToif cucreMe. Bee
TAKHE MPOLECChI 0OBIYHO Ha3bIBAIOT OIHUM TEPMHHOM — Xumuyeckasn
peakyus.

VeioBHe XHMHYECKOro paBHOBecHs. Bcsikas XMMHMueckas peakuus
TIPOTEKaeT, BOOGU_{E TOBOpsi, Kak B MNpAMOM, TaKk H B oSpaTnoM
HanpapjieHusX. JIO HACTYIUICHHS DaBHOBECHS peakuus B NPAMOM
HanpapjieHuH npeobnagaer Hajg obpatHod. Ilpu pasHOBecHu obe
MPOTHBONOJIOKHBIE PEAKUMH WIAYT C OJMHAKOBLIMM CKOPOCTSMH, TaK
YTO Macca BEUIECTBA KaXJOTO COpPTAa C TEYCHHEM BPEMEHM He
HM3MEHSETCA. Haﬁ}:leM YCIIOBHE XMMHHYECKOIO PpPaBHOBECHS.

XHMH‘IECKBH peakums 3anuChbIBACTCA B BHAC

Y vid;=0, (10.31)

rae A;VXHMH‘ICCKHC CUMBOJIbI PEATHpPYIOLIHX BEUIECTB, V;— HHCJA
MOJIEKYJl 3THX BEILIECTB B PEaKUMu (cmexuomempuueckue Kod@dhuyu-
enmpt). Hanpumep, Juis peaxuuu

250,+0,=250; win 250,+0,~250,=0

CHMBOJIBI A; U v; uMetoT 3HaveHus: A;=S0,, v;=2, 4,=0,, v,=1,
A3=80;, v;=-2.

Ecnn cucrema Haxoaurcs 1pH nocmunﬂux TeMnepaType 4 Jas-
JICHHH, TO TNpH X oM KA 110-
TEeRIHAN FHGﬁca G cuctembl  BMeeT MmmmyM onpeesseMblit
ycnosueM 3G =0 wm

}_(%) N, =Y 13N, =0, (1032)
i i/Tp i

rae SN;— BO3MOXHBIE HM3MEHEHUsI 4MCEJ MOJIEKY)l pearupyommx
BELIECTB IIPH PEAKLMH. OTH yucia NpPONOPUHOHAJIbLHBI YUCIIAM V!
3N /3N, =v,/v,. Tlostomy, 3amenuB B dopmyne (10.32) 3N; na v;,
NONYYaeM yCa06ue XUMUYECKO20 DPAGHOBECUA .

¥ vipi=0. (10.33)

Cpasuubas popmynst (10.31) u (10.33), BuauM, 4To Mst NONYHEHHS
YCJIOBUSl XMMHYECKOTO PAaBHOBECHS HYXHO B YPaBHEHMH XMMHYECKOH
peakiuud 3aMEHWTb CHMBOJIbI Ag COOTBETCTBYHOUIUMHU XUMHYECKUMH
noTeHIUanaMu ;. Ecam B cucTeMe NPOMCXOJHT HECKOJBKO XMMH-
YECKHX P TO pa p TCSi COBOKYIHOCTBIO YpaB-
HeHMH BZA (10. 33) s npnmeneunn KOTOPbIX K KOHKPETHBIM
XHMHYECKHM DEakUHAM HEOOXONMMO 3HATh BBIDAXEHHS JUIA XHMH-
YECKHX TOTEHIMAJIOB.

3akon jeiicrByoumx Macc. JUisi MACANBHBIX Ta30B XUMHYECKHH
NOTEHIMAJl C TOYHOCTHIO JI0 SHTPONMHHON KOHCTAHTBI W3BCCTCH.
IToatomy ¢ nomombio (10.33) MOXHO YCTaHOBHTb pAJ 3aKOHOMeEp-
HOCTeH NpH XMMHYECKMX pEaKUMsX B CMECH H/eajibHbIX ra3os, Korja
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Kax/plil ra3 BeeT ceOf He3ABHCHMO OT APYTHX, MMes NapuMaibHOe
NAaBJICHHE p;.
XHMHUeCKHil NOTEHUMANl HIeabHOro rasa (cM. sajauy 5.3)

u=kTInp+po(T),
tae
Ho(T)=¢, T(1=InT)—Tso+uo. (10.34)

B cnyyae cMecH rasoB Juid - KOMIIOHEHTBI
=kTnp;+poi(T),
rAe p;— NaplUMaNbHOE NABJICHUE JTOH KOMIIOHEHTBI.
Obwee napneHue cMecd p=) p;. Jns WacajbHOTO rasa
N
pi=p W=C:P.
rie c¢;— KOHUEHTpauus i-ro raza. Takum obpasom,
wi=kTIncp+poi(T) (10.35)
H yclioBHe XHMMYeckoro pasHoecus (10.33) juis peakmmit B razoBoi

CMECH TNPHHHMAET BHI

2vilkTIncip+poi(T)]=0,

oTKyAa
KTY vilnei+kT Y vilnp+Y vipoi (T)=0,
i i i

Zlncv'——;vi lnp—klrzvmo.(T),
e —pi)‘: ‘expli—r]TZvipm(T)}=K‘(T, p) (10.36)

Cuuras U; TIOJIOXKUTEIbHBIMU JUIS BCLUECTB, BCTYNAIOLIHX B pe-
AKUMIO, U OTPULATEIBHBIMH JUIS BELIECTB, MOJIYYarOIMXCA B pe3ylib-
Tare peakuud, nepenmuem (10.36):

ey / [e=KA(T, p). (10.37)
7
Vpaenenus (10.36) wm  (10.37) npencmnmnm coboit 3aKoH
deiicmgyouyux macc: pou.
eewecms, ecmynamwux 3 K npou: i KOH~
YeHmpayuii eeljecme, NOACARIOUUXCA 6 Pe3yibmame Peaxyut, ¢ NOKa3ad-
MeAAMU, PABHbIMU € YIOUUM  cmex 1p KuM  K0Ip-
P M, ecmb npu X mem-

Hepamype u Oag.aenuu.
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Benuuuna

klp )=p Feo] — T

HAa3bIBACTCA KOHCMAHMOU  XUMUUECKO20 pasHosecuA. 3aB"CHMOCTb
v

K.(p, T) OT jaBicHHst HOJHOCTHIO ONPEENSCTCH MHOXHTENEM p'
HAXOX/IEHHE K€ TEMIEPAaTYPHOH 3aBHCHMOCTH TpebyeT AajbHEHILMX
NPEANOJIOKEHHH O CBOWCTBAX Ta30B (3ABHCHMOCTH TeIIOEMKOCTEH
OT TeMIepaTypbi M Jp.).

3aKOH JNEHCTBYIOIMX Macc CIPaBe[UIMB TAKKe M JUIS peaKuuii
MEX/ly PAaCTBOPEHHBIMH BEIIECTBAMHU, KOTOpbie B Clabbix pacTBOpdX
BEAYT cebs ﬂ0ﬂ061l0 HACAILHBIM Ta3aM.

Ecnu B peakuun cymma Zv,v pasna mymo, T0 K.(p, T) coBcem
HE 3aBHCHT OT JABJNCHHs, KaK 3TO, HANPHMEp, IPOMCXOMMT NpPH
JIMCCOLMALIMH HOMCTOro BOAOPOAA:

2HI=2H, +1,.

3akoH JEHCTBYIOUMX MAacC MOXHO BBIPA3UTh HE TOJBKO Yepes
KOHLEHTPALMH, HO M Yepe3 NaplyalibHbie JABJIEHHs, €CJIU B YPaBHEHHE
xumudeckoro pashosecns (10.33) noxcraButh p=kT Inp;+poi(T):

Hp,“:K,,(T).

Tocrosunas paroBechs K,(T) B 3TOM Cilyyae COBCEM HE 3aBHCHT
OT [IABJICHMs, a 3aBUCHT TOJBKO OT Temnepatypbl. B HekoTophix
ciayuasx 9ta ¢Gopma 3aKOHa [JEHCTBYIOIMX Macc sBisieTcsi Gosee
YI0GHOM.

3akon passenenns OcrtBaibga. [lpn pacTBOpEeHHH Kakoro-nu6o
BeiecTBa (Hanpumep, nosapenHod coom NaCl) B pactBopHTene
(BO}IC) TPOUCXOAUT JAUCCOLMALMA I3TOrO BEIIECTBA, T. €.  pacnaji
MOJIEKYJ1 PACTBOPEHHOTO BELIECTBA HA MOJIOXKHTEIbHBIC W OTPHIATEND-
nbte woHb! (Na*, Cl7). OIHOBPEMEHHO C 3THM NPOHCXOMMT M MPOLECC
MOJIM3AIMH, T. €. BOCCOEAWHEHHS MOHOB B HEHTpasbHbIE MOJIEKYJIbI.
Ipu paBHOBecHM 06a JTH mpouecca WAYT B OJMHAKOBOH CTEIEHH:
CKOJILKO MOJIEKYJI JMCCOLIMMPYETCS, CTONBKO W MOJM3yeTcs. SIBjieHHe
ZIMCCOLMAIAM MOXHO PacCMaTpUBaTh KaK YacCTHbIH Clydail XuMudec-
KOM peakKIMu, a PaBHOBECHE NPH JMCCOLMAIMK — KAaK YaCTHBIH CIrydai
XHMHUYECKOI0 paBHOBECHUS.

TIpUMEHHM K 9TOMY DABHOBECHIO 3aKOH JCHCTBYIOIIMX MacC.
KosuecTBEHHO TMCCONMALMA XapaKTEPU3YeTCs BEIMUMHOH a=n/N,
Ha3bIBACMOH crmeneHblo duccoyuayuu (n—KOIMYECTBO TUCCOLMHMPOBAH-
HbIX MOJICKYJI PAaCTBOPEHHOro BellecTBa, N—OOIIee 4HCIO MOJIEKY
PAacTBOPEHHOrO BEIIECTBA).

Ilycts umcno Mounekysn pactBoputens paBHO No. Torja KosneH-
Tpauus PacTBOPEHHOro BemlecTBa ¢=N/No, KOHIEHTPALHs MNOJIOXH-
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TeNbHBIX HOHOB 3TOTO BEIIECTBAa ¢;=1/Ny, KOHLEHTpauus OTpHIa-
TeNbHbIX HOHOB 3TOrO BeIIeCTBA ¢,=n/No, KOHUEHTpPALHs HEpacT-
BOPEHHBIX MOJIEKYJl BEIECTBA (3= N—n)/

Tlo 3akoHy NEHACTBYIOIIMX MAacC, IpPH PABHOBECHH

ciezfes=K,
rae K—TOCTOSHHAs JUCCOLMALMH, HIH
n/NonNo _ (N/No)?-(n/N)* _ o
(N=n)/Ne ~ N/No-(N=n)/]N
OTKYyZIa
ac/(l—a)=K.

D10 ypaBHEeHHe npeacTaBser coboil 3akon paseedenus Ocmeanvoa.
Ono cBa3biBaeT KOdQOUUMEHT IMCCOUMALMH O C KOHUEHTpauuei
¢ PacTBOPEHHOro BELIECTBA, IOKa3biBasf, YTO C YMEHBIUCHHEM KOH-
HEHTpalWH (T. €. YBEJIMYCHMEM DA3BEJCHUS) CTENeHb JUCCOLHALME
Bo3pactaer. B oueH» cnabeix pacrBopax, koraa c¢—0, creneHs
JmccouManuu o—1, T.e€. TOYTH BCE MOJIEKYJIbl JMCCOUMHPOBAHBI.

Koadduument muccommaimu o Moxer OblTh onpenenen u3 ¢op-
MYJIbI JUIS 37IEKTPONPOBOMMOCTH G PAacTBOPA, TOJy4aeMOil B TEOPHH
SJICKTPOJ'IHTHWCCKOﬁ JAMCCOUMALAN:

o=Fom(u*+u~),

rae F—nocrosnaas @apajess; T — KOHUEHTPALMs, paBHAs qucny
MOJIEH PAaCTBOPEHHOTO BEIECTBA B EIWHHMIE OObEMa pacrBopa; u
B 4 —NOJBMXHOCTH TOJIOKHTEIbHBIX M OTPHUATENbHbIX HOHOB.
OKCnepuMeHTabHOE NOATBEPXKICHHE 3aKoHAa pa3sBederus Oct-
BajNbJa CIYKHT XOPOUIMM JIOKa3aTeIbCTBOM TMPABMIBHOCTH TEOPHH
anengponmmecxoﬁ JWCCOLHMAIIH.

®opmyna Caxa. ITpu nocrarou-
HO BBICOKOH TeMNepaType (KOTJAd XHMHUECKOE COCNMHEHHE YKe
TIOJIHOCTBIO IMCCOLMUPOBAHO) CTOJIKHOBEHHS aTOMOB Ia3a NPUBOAST K X
HOHH3auuH. TIpH 3TOM YaCTh aTOMOB ACTAAeTCs HA NONOXKHTENbHEIH
HOH A * 1 1ekTpoH e. OHOBPEMEHHO ¢ ITUM IPOHCXOJMT M OOPATHBII
TpoecC peKOMOMHALIMH, B XOJIe KOTOPOTO HOH H 3JIEKTPOH COENIMHSIOTCA
B HedTpanbHbli aTom. Ilpu paBHOBecHM 00a 3TH mpoLecca HAYT
€ ONMHAKOBOH CKOPOCTBIO. YPaBHEHHE DEaKUMM HMEET BHI

A=A"+e.

HPHMEHHM K 3TOMY TEIUIOBOMY HOHH3ALMOHHOMY PaBHOBECHIO
OJAHOATOMHOTIO ra3a 3akOH HEﬁCTBlemHX Macc W HaiIeM cTeneHb
HOHHM3ALMK O rasza ( YIO OT YHUCJIa HOHW X
aTOMOB K cSu.(eMy 'IHCJ'ly BCEX aTOMOB) B 3aBHCHMOCTH OT JaBJICHHS,
TEMIIEPaTypbl W WHAMBUAYAJbHBIX NapaMETPOB €ro.

KOHHCHTan.HP[ HCﬁTpa}leHX aTOMOB, MOHOB H 3JICKTPOHOB INpH
PaBHOBECHH COOTBETCTBEHHO pPaBHBI
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_N-aN_1-a
T NtoN T+a’
Yvi=vtvi4ve=l-1-1=—1. (10.38)

W3 sakoma npeiicrByloumx Macc Haxomum (1—a?)/a’=pK(T),
oTKyaa

1
NG G
TlocrosHuas XHMHYECKOTO PpaBHOBECHS

1 \
K(T):exp[vﬁ;v,vpm(ﬂ
U3 dopmya (10.34) u (10.38) BumHO, 4TO

ZVvHOA(T)—‘“o+"5 —Hoe(T).

Anss po.(T) omektponmoro rasa (ans koroporo C,=3/,k
U ug,=0) umeem

P b
MOQ(T):kran‘
TAe NOCTOsiHHAs b CBA3aHA C SHTPONMHHON MOCTOSHHONH So M paBHA

V7 n o\
b=1(12)7T.
2(2mn)

B ciydae OXHOATOMHBIX Tra3oB OOBMHO HONAraloT ue=0, T.e.
OTCYMTBIBAIOT JHEPIHIO OT HOPMAJILHOrO YpOBHA aToMa. Toraa
OHEPrus MOHH30BAHHOIO aToMa

ug =I=eV,

rae V—MOHM3AUMOHHBIN NOTCHUHAN ATOMA; e—3apsil JIEKTPOHA.
Takum o6pasoM,

S vinoi(T)= —kThn b1, K(T)=22elT)]

kT)*2 (k)=

(10.38")

10 BbIPAXEHHE JUIS 3aBHCHMMOCTH CTCIICHM HMOHM3alMH o OT
JIABJICHUS M TEMIEPATyphl ObLIO IOJNYYCHO HHIAMHCKMM (DU3NKOM
M. H. Caxa u Ha3piBaetcs gopmyaoi Caxa. VI3 Hee BHAHO, 4TO
o GBICTPO PAacTeT C TEMNEpaTypoi. 3HaHHe o MOXET ObITh HCHOJIb-
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30BaHO JUIA ONpEJICIEHNs TeMIepaTypbl. MHOXUTENbL NPH 3KCIOHEHTE
Q4YeHb MaJi, TMO3TOMY IpH TemmepaTtype, korma kT~ o=x1, ra3s
OKa3bIBACTCH TIPAKTHYECKH MMOJIHOCTBIO HOHW3OBAHHBIM.

* ®opmyna Caxa Haluta BaXKHbie NPHMEHEHHS B DU3WKE 3BE3AHON
arMocoepbl. Tak, HCCIIeOBAHUS CNEKTPOB, HCXOMAIIMX M3 Pa3iM4YHBIX
CJ1I0€B COJIHEYHOH aTMOCd)Spbl, MOKa3aj, 410 B Bonee I‘Hy60|(l!x
c.'lO’lX aTMOCd)Cpbl, TAe TeMmnepaTypa BbIli€, CTENEHb WOHHU3ANUM
0 NapoB KaJIbI[Us HWXKE, YEM B Bosee XOJIO/IHBIX, BHEHIHHX CJIOfIX,
Ora 0co6EHHOCTh CNEKTPa COJIHEUHOH aTMochephl cBs3aHa, mo Caxa,
C POJIBIO JIABJIEHHS p: YBEJMYEHHE CTENEHH HOHM3AIMA C YMEHbIICHHEM
MAaBJICHUS UAET GHCTPCC, HeM €€ YMEHbIIEHHE C MOHHXECHHEM
TeMrnepaTypbl TpH mepexole OT IIyOOKHX K BEPXHHM  CIIOSM
xpoMociepbl.

PaBHoBecre B HeHIea bHBIX CHcTeMax. JleTyyecTh W aKTHBHOCTD.
BiisHHE MEXMOISKYIAPHBIX B3AUMOIEHCTBHI HA TEPMOMHAMUYECKHE
CBOMCTBA Tra3a MOXHO BBIpAa3HTbh, BBOJAA WJIH JIETY4YeCTh, HIH
AKTHUBHOCTH rasa. C TOMOHIbIO I3THX BEJIMYWH PpEAJIbHBIE Ta3bl
ONWCHIBAIOTCS YPABHEHWSIMH TOFO K THNA, YTO W WIeasibHbIE.

Cornacoo ¢opmyne (10.35), XxuMuyeckii MOTEHIMAN HACATBHOTO
rasa BN

u=po(T)+kTInp.

3anuiueM Ui XMMHYECKOTO NOTEHIMANa JoGOro peaabHOro rasa
QHAJIOTHYHOE BBIPAXKECHHE!

u=po(T)+kTInf(T, p), (10.39)

e po(7T)—7a xe ¢dynkmus, wro w B (10.35) s xumHdgeckoro
noTeHUMaNa WieasbHOro rasa, a Gynxums f(7, p) yuuTbiBaeT Hewuge-
AJbHOCTh Ta3a W Ha3bIBACTCA semyyecmsio.

3annchiBasi XMMUYECKHil NOTEHIMAN HEHACAIBHON CHCTEMbI B BHME
(10.39), MOXHO pacHpOCTPaHHTh Ha HeH/IeaibHbie CHCTEMbl CBOHCTBA,
YCTAHOBJIEHHBIC IS MACANIBHBIX CHCTEM. TaK, € OMOUIBIO _’TCTy'!CCTCﬁ
ToJIydaeM Ul 3aKOHA JIEHCTBYIOIMX MAcC peajibHbIX a3soB Ty Xe
dopMyny, 4TO W JUIS WACATIBHBIX Ta30B:

[1/7=K(T). (10.40)

rae K,(T) umeeT To ke 3HAUCHHE, 4TO W JUIA CMECH HACANIbHBIX Ta30B.
Jins rasa Baw-nep-Baasbca nerydects onpenensercs u3 Gopmyibt

(T, /’):(P‘F%)exp(v%f%),

B cnyuae Gonee CIOXHBIX ypaBHEHHil COCTOSIHHS BBIPQXKEHUS JUIs
f(T, p) “cranoBstcs odvemb rpomosakuMH. OJHAKO C MOMOLIBIO
JMETYYECTH HCCNEJIOBAHWE CBOKHCTB DEajbHOTO Trasa CyHIECTBEHHO
YNpoIIaeTcsi NP M30TEPMHYECKHX ‘NpOLEeccax, Korjaa f MOXHO HaiTH,
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He 00pallasch K MOJIHOMY ypaBHEHHIO cocTosinus. Beipaxenue (10.35) wis
XMMHYECKOrO MOTEHIMAA HIEATBHOTO Ta3a MOXKHO TAkOKe 3aIUcaTh B BHIE

p=p(T, p)+kTInc, (10.41)
rae_p)(T, p)=poi(T)+kTInp.
PacnipocTpaHsisi 3TO ypaBHEHHE Ha peajibHbIE Ta3bi, 3allMIIEM
w=p(T, p)+kTna, (10.42)
rae pf(T, p)—ra xe dyHkums, 4TO M B Boipaxennn (10.41), a sce
3bdeKTbl, CBA3AHHBIE C MEXMOJIEKYIAPHBIM B3aUMONICHCTBHEM, BKIIIO-

4aTCcs B (bymrumo a,(T P €1 e c‘) HA3bIBAEMYIO GKMUBHOCMbIO
Komnonenma i. Bemuduna

=aje; (10.43)

P i-ro KommoHenta. M3

Ha3bIBAeTCH
dopmyner (10.42) noayvaem

w=pP+kTIny;. (10.44)

B cMecH HeabHBIX Ta30B BCE KOI(()HUMEHTH aKTHBHOCTH PaBHBI
enunuue. [MosroMmy 3Hauehws 1—vy;, Wi Iny; MOXHO HCIOIB30BATh
KaK Mepy OTKJIOHEHWH OT 3aKOHa WJCANbHBIX Ta30B.

HeTpyaHo yCTaHOBHTH CBA3b MEXIY NETYHECThIO W Kodddummer-
TOM aKTHBHOCTH:

(10.45)
§ 53. PABHOBECHE TETEPOTEHHON CUCTEMBI

PaccMoTpiM Tenepb $a30BOe WM TETEPOreHHOE PABHOBECHE CHCTEMDI,
cocrosmei w3 n (a3 ¢ k xommonentamu. Byaem y BeqwumH,
OTHOCSILUMXCA K Pa3HBIM (a3aM W KOMITOHEHTaM, MUCaTh 1Ba HHAEKCA:
nepxnnﬁ o3Hauaer (asy, a HIKHUA—KOMIOHEHT; TaK, HampHMep,
W] — XHMUYECKHl NOTEHUMAN NEPBOrO KOMIOHEHTa Bo BTOpOH (ase.

Vcii0BHS paBHOBECHS reTeporeHHoll cHcTembl. PaBHOBecHe B IBYX-
¢dasunoit cucreme kakoro-mubo BemecTBa (cM. § 28) HacTymaer npu

T'=T", p'=p", W'=p", (10.46)

T. €. NPH PABEHCTBE TEMINEPATYp, AABJCHMH H XMMHYECKHUX MOTEH-
IMaNoB BeliecTBa B obenx ¢aszax, wim

W (T, p)=w"(T, p).
Tlpn pasHoBecHm Xe€ JBYX (a3 pa3sHbIX BEIIECTB MOJDKHB
BBINOJHATHCH yCﬂOBHﬂ

1=T% Pi=p% (10.47)
T.e. PaBEHCTBO TeMmepaTyp W fasienuit B dasax. Ha xummueckne
NOTEHUMANBl B OTOM Clydae HHKAKME YCIOBHS HE HAKJIA[bIBAIOTCH,
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4TO (U3MYECKH COBEPIIEHHO SCHO M 6€3 BBIYMCICHHH, NOCKOJBKY
o6MeHa YaCTHUAMM MEeXIy TakMMH (a3aMu OBITb HE MOXET.

U3 dopmyn (10.46) u (10.47) MoxHO chematb oOuIMH BBIBOJ,
HTO TPH DAaBHOBECHH TE€TEPOTEHHOM CHCTeMbl W3 n (a3 ¢ k Kom-
NOHCHTAMH TeMmepartypa, JaBJICHHE W XHMHYECKHE TOTEHUMAJIbI
KaXIO0ro KOMIIOHEHTa BO BCeX (asax OJMHAKOBBI:

T'=T"'=T"=..=T", (10.48)
p=p=p= (10.49)
W=pi=pi=

pr=p3=p3 (10.50)

Vpasrenus (10. 48)7(10 50) mpexacraBistor cobo# YCIOBHS paB-
HOBECHs TETEpPOreHHOM cucteMsl (cM. 3amasy 10.

Tpasuio ¢as T'ubGea. IonyueHnble YCIOBHA panﬂonecm rete-
POTEHHOM CHCTEMbl MO3BOJIAIOT ONPE/IC/M#TL  KOJNMYeCTBO a3 (co-
CTOAIIMX M3 HECKONbKMX KOMIIOHEHTOB), CHOCOGHBIX OHOBPEMEHHO
HaxXoQuTbC B PABHOBECHH, HJIH YHMCJIO HE3aBHCUMBIX TIEPEMEHHBIX
I‘CTCPOK‘CHHOM CUCTEMBI, KOTOpbIC MOXHO HM3MEHATH, HE Hapylias ee
paBHOBecHs. DTa 3ajaua 6buta pemena I'MG6COM, MOITOMY NONyYEH-
HBI MM pe3yibTaT HasbiBaercss mpaeuioM a3z I'm66ca.

YcranoBuM 9TO MpaBHIIO.

Tycts obmwe TemnepaTypa M IaBICHHE BO BCEX asax paBHOBec-
HoO# reTeporenHodl cuctemsl Oynyr T u p. Cormacko (10.50), npu
PaBHOBECHHA XHMHYECKHE TMOTEHLHAIbl KaXJA0ro KOMIOHEHTAa BO BCEX
dazax MOMKHBI ObITH OIMHAKOBBI:

pi=ps (j=1,2, .o k5 i, 5=1,2, .., n).
Beero atux i, BBI] TeTepo-
TeHHOH CnCTeMbl, k(n— l) Cocmmme rereporelmon CHCTCMLI omnpee-
nsercs BeqmunmHamu p, T u k— KOHIEHTP

Pa3IMUHBIX KOMIIOHEHTOB B ka)mou aze*), T. e. 2+n(k— 1) nepemen-
ubiMH. [Ipu aTOM cucTema U3 kLn ypasHenuii (10.50) 6yner umersb

€CIIA YHCIIO Y ZIeT BO BCSKOM Ciydae He Gosbiie
MHCTA TEpEMEHRBIX, T. C. k(n— l)<2+n(k 1), orkynma

* He3aBHCHMbIX KOHUEHTpauuii B Kaxmoif (ase k—1, notroMy uTo Mexamy
KOHIEHTPAIMAMH BCEX k KOMIIOHCHTOB B Kaioff (ase CYLICCTBYET CBA3b:
& koNE
Yo=Y =L
=

T.€. CyMMa KOHLEHTDAlMii BCeX KOMIIOHEHTOB BO BCAKOH i- dase paBHa enmHumue.
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n<k+2. (10.51)

DTO COOTHOIICHHE YCTAHABMBAET, 4TO B CHCTeMe M3 Kk KOM-
TIOHEHTOB OJHOBPEMEHHO MOXET HAXOJMThCA B DPABHOBECHH HE
Gosbiue ueM k-+2 ¢a3el, ¥ HasbiBaeTcs npasuiom az lubbea.

Ecnu uucio n ¢a3 B TEPMOAMHAMHYECKOH CHCTEME MEHbINE 4eM
k+2, To B ypasuennsx (10.50) k+ 2 —n nepeMeHHBIX MOTYT, OYEBHIHO,
WMETh TIPOH3BONIbHBIC 3HAYEHUS. DTO O3HauaeT, 4To Kk +2—n mepemeH-
HBIX MOXHO MEHSITh, HE M3MEHsAs JTHM 4HCIa M BHAa (a3 CHCTEMBI
YHCIo He3aBHCHMBIX NIEPEMEHHBIX, KOTOPhie MOTYT ObITh npomsonhno
(B KOHEYHBIX npeaenax) u 6e3  Hap;

TETEPOTEHHOM CHCTEMBI, HA3bIBACTCH  YUCAOM mepwoduuawuqemux
cmeneneit c60600b1 f cucteMbl. OUYEBMAHO, YTO

f=k+2—n. (10.52)

Tax xak cootHowenue (10.52) skeuBanmestHo (10.51), To oHO
Takke HasbiBaeTcs npasuiom az Tubbca.

Mpasuno ¢a3 B Buge (10.51) mnomydeHo st reTeporeHHON
CHCTEMBI. Ha KOTOpYKO aeﬁcmyeT TOJIbKO OJHAa CHJIA [aBJICHHSA.
Ecom Ha cucreMmy fOeficTByer g OGOGIIEHHBIX CHIl, TO BMECTO HMCIA
2 (cooTBeTCTBYIOLIETO TepeMeHHsIM p M T) B mnpasusio da3 Oyner
BXONMTb 4HCIO ¢+1 M Ui TakOW CHCTeMbI 3TO NpaBuio Oyner
3aMUCHIBATECA MM B BHJE

n<k+q+1, (10.53)

WM B BHIE
[=k+q+1—-n. (10.54)

Kpubie pasHosecust ¢a3. Tpoiimas Ttouka. CorsiacHo mpasuiy
a3 T'n66ca, B cucteMe U3 k KOMIIOHEHTOB B PABHOBECHH OJTHOBPEMEH-
HO MOXeT HaxoauThes He Goubire k+2 da3 [eM. (10.51)]. B cnyyae
OIHOKOMIIOHEHTHOH cucTembl (k=1) MakcuMmanbHoe HHCIO (a3,
HAXONAIUMXC B PABHOBECHH, OYEBHIHO, PABHO /Myge=k+2=3,
a B Ciy4de OUHAPHOM CHCTEMBI Myaxe =

IMpu pasnosecun 1Byx a3 (n=2) ouuoxoMnoneHTHoro BeLIECTBA
(k=1) uncno creneHeli cBoboabl f=k+2—n=1. DTO BUIHO TaKXKe
M3 YCJOBHS PABEHCTBA XMMHHECKHMX notenuuanos ' (p, T)=p"(p, T),
KOTOpOE CBS3bIBAET TeMnepaTypy W Jabnenwe B dasax. Omny u3
3THX TNePEMEHHbIX MOXHO B3STh 33 HE3aBHCHMYIO, TOT/ia

=p(T) (10.55)

-~ ypaBHEHME JUIS 3aBHCHMOCTH JIaBJICHMSi OT TeMmIepaTyphl NpH
paBHOBecHH. ECIM OTKJIafbiBaTh HA OCAX KOOPJMHAT TEMIEPATypy
M JaBjeHHe, TO TOYKH, COOTBETCTBYKOIME paBHOBecuio da3, GymyT
JexaTh Ha HEKOTOpOit kpuBoii (10.55), Ha3kIBaeMoO#t kpueoii pasnosecus
daz. Tlpy 5TOM TOUKHM, JeXalulMe IO CTOPOHAM JTOH KDPUBOH,
TIPEICTABIISIOT COBOM Pa3NIMYHbie ONIHOPOAHbIE COCTOsHUA Teaa. [Tpu
W3MEHEHWH COCTOSHHS BJOJb JIMHHH, TepeceKaioliell KpHBYIO paB-
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Puc. 32. Puc. 33.

HoBecHsi (pHC. 32; NYHKTHp), B TOYKE MNEPECEYEHMs HACTYNaeT pac-
cnoenre (a3 M Jambiie CHCTEMa NEPEXOIUT B Apyryio ¢asy. Kpusas
paBHOBecHs (a3 SBJISETCH, CJIEOBATENBHO, TPAHMIEH YCTOMYMBOCTH
KaKoi-mi60 (a3l OTHOCHTENBHO €€ TPEPHIBHbIX H3MEHEHMH.

Tlpu paBHOBecHH Tpex (a3 OTHOTO M TOTO X€ BELIECTBA HMEEM
J(BA YpaBHEHHs

WA(T, p)=n"(T, p),
w(T, p)=u"(T. p) (1056)

C JIByMsl MEPEMEHHBIMU. DTH ypaBHEHUS JAIOT BIIOJIHE ONpEMENEHHBIE
3HaueHWs 7 W p TPH DABHOBECHH Tpex (a3 OJAHOrO W TOro ke
BelecTsa (wncio crenerelt cBoGomsl f=0). CocTosHue, onpeneisemoe
9THMH 3HAYEHHSMU TiepeMeHHbIX T ¥ p, Ha3bIBAETCH MPOUHOU MOYKOU.
Ha jmarpamme 7, p TpoifHas TOYKa MOJIy4aeTcs B pe3ybrare
NepeceyeHus KPMBBIX DaBHOBECHS KaXablX aBYX (a3 u3 Tpex*
(puc. 33). TpoitHas TOYKa /s BOABI HMEET CIEMYIOIIHE 3HAYCHHS:
1=0,0100° C, p=509 [Ta=4,58 mm pr. cT.

AHaJIOTHYHbIE KDHBBIE DPAaBHOBECHs JBYX (a3 MOXHO MOJYYHTH
W IS OWHApHBIX CHCTEM, W300paxasi, HalpUMep, AaBlieHHe ABYXdas-
HOif GMHAPHOM CHCTEMBI B 3aBHCHMOCTH OT KOHLEHTPALMH KaKOH-IHO0
KOMIIOHEHThl B OHOH M3 (a3,

P Ounap chereM. O yp TeOPHH paB-
HOBechsi GHHApHLIX cHcTeM. PaccMOTpHM Temeph DaBHOBECHE MEXy
Pa3sMuHBIMK Ga3aMu C JIByMs HE3aBHCHMBIMH KOMIIOHEHTaMH, T. €.
paBHOBecHe OWHapHBIX cHCTeM. Takme CHCTEMBI MIpaiOT BAXHYIO
POJb B XMMHH W METaJlypruu.

CornacHo mpaBuiny (a3 T'ub6ca, wnHamboapmee uncno das,
HaXONSIIMXCA B DPABHOBECHH, B Ciydae OMHAPHBIX CHCTEM DaBHO

*' B HacTosllee BPeMs HM3BECTHO OJIHO BEILECTBO — FENHH, y KOTOPOTO KpHBbiE
u He , T.€. OTCYTCTBYIOT KpmBas Cy6nmmaimn
W Tpo¥iHas Touka: KHakas da3za cymectsyer BmioTh mo 0 K.
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4. Jrtr vethipe $a3bl COCYIIECTBYIOT TOJNIBKO B YETBEPHOH TOYKe, IS
KOTOpOH Bce napameTpsl cucteMbl (T, p W coctaB (a3) MOJHOCTBIC
ompesesieHbl. B ciryyae cocymecTBOBaHHS Tpex a3 CHCTEMa UMEET OJIHY
crenenb CBOOOBI, T. €. OJMH M3 apaMeTpOB MOXET ObiTh BBIOpay
TIPOU3BOJILHO; OOBbIYHO TaKUM NapaMeTpoOM SABJISETCA JABJICHHE. !

Haubonee MHTEPECHBIM CHYKHT COCYIIECTBOBaHHE MBYX (a3
OHHADHOM CHCTEMbI, TaK KaK JpYrHe Ciaydaw MOryT ObITh K Hemy
cBe/leHBl. B OMHApHOM cHCTeMe NMPOM3BOJIBHO MOTYT BBIOMpATBCS YKe
JBa flapaMeTpa: MOXHO 3aJaTh, HANPUMEP, TEMINEPATYpPy M :COCTaB
OJIHOI H3 (a3 (KOHUEHTPALMIO KAKOH-HHOYIb KOMIIOHEHTDI), U PABHOBE-
cue 6y)1eT BO3MOXHO TOJBKO NPH ONPEIETICHHOM /1aBJICHAH, WITH MOXHO
NpOM3BONBHO BHIOpaTh JaBieHne M cocTaB omuHoit u3 ¢as. Torma
paBHOBecHe GyAeT TOJBKO NPH ONpe/esieHHoH TemmnepaType. ¥YCTaHo-
BUM OCHOBHOE YpaBHEHHE DaBHOBECHS JBYX (a3 GuHAPHOIN CHCTEMBI.

Jlns 9TOro HanmiieM Uis Kaxjao# ¢as3sr OMHApHOH cucTeMbl
ypasuenue I'n66ca— rorema (5.54):

S'dT—V'dp+Nidp; +Nodp, =0,
S"dT—V"dp+N'dp,+Njdp,=0

(da3oBble HMHAEKCHI y dT dp, du HE CTaBATCH, Tak Kak IpH
pasHoBecun T'=T", p'=

Uckmrouum dp, u3 ypasﬂeymu (10 57). VMHOXHB TmepBoe H3
ypashenuit (10.57) sa N7, Bropoe—mHa N, BbTEM U3 BTOPOro
ypaBHEHHs TIEpBOE, TOTJa

(S"N5—S'N3)dT—(V"N5—V'N3)dp+
+(N{N3—N{N%)dp, =0. (10.58)

DTO ypaBHEHHE SIBISCTCH OCHOBHbIM YPAGHEHUEM MeOpuu OGUHAPHBIX
cucmem. Honbayﬂcb MM, MOXHO YCTAHOBHTBH BCE 3aKOHOMEPHOCTH
Takux cucteM. Hanboiblimii HHTEpec NpPEACTAaBIASET PaBHOBECHE
JKHIKMX OMHADHBIX PACTBOPOB M HMX NapoB.

OCHOBHbIE 3aKOHOMEPHOCTH TAKHX OWHAPHBIX CHCTEeM ObLTH ycTa-
HoByieHs! J]. I1. Konosanoevim.

(10.57)

§ 54. TEPMOAUHAMUKA W3JIVYEHUS

3aKoHbI TBpMOIlHHaMHKH yHuBepcaanbl B TOM OTHOIIEHHH, YTO
IPUMEHHMBI K CHCTEMAaM 6ONBIIOro  YHCHA HacTHIl oGOk
NPHPOMBL, T. €. Kal( K KﬂdCCH‘lCCKHM, TaK ¥ K KBAHTOBBIM CHCTEMaM,
KaK K BELIECTBY, TaK M K MOJIFO, NPEXIE BCETO K JIEKTPOMArHATHOMY
110J1F0 — W3JIYYEHHIO, TIPE/ICTABISIOMIEMY COOOH Takke KOPIYCKYJIsp-
HYIO CHCTEMY.

Hanyvenne, Haxosmsieecs B HEKOTOPOH _06iacTd mpocTpaHCTBa
B PABHOBECHH C OKDYXAIOUIMMH TEJAMH, HA3BIBACTCA MeN.106bIM UM
pasnosechvim. TIpH TEMNOBOM DPAaBHOBECHH Tl MX TEMIEPATYphl, Kak
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M3BECTHO, OAWHAKOBLI. HO3TOMy H U3JIy4YEeHHE, HAXOAsACh B PAaBHOBECHH
C ApYTMMH TeJaMH, MMEET TEMIepaTypy ITHX Ten*.

B TepMommHaMHKe DaBHOBECHOE H3JIyuYEHHE MpeACTaBusieT Ccoboi
CHCTEMY, XapakTepu3yemyio obbeMoM V, Temmepatypoit T W mas-
pIeHHEM p.

B anexTp H3JIy4eHHEe €cTb HempepbiBHas
COBOKYIHOCTh  37€KTPOMATHHTHBIX BOJH (C 4acToTamum OT 0 o
0), H3IydaeMbIx € PSIOYHO  JIBHXK! HaCTHIAMU OKpY-

KAIOWMX Ted. AMIUTMTYABI M (a3sl 3THX BOJH B CJIyd4ae TakoOro
«eCTECTBEHHOrO» M3JyY€HHs DaclpeleNeHbl MO BCEMY CHEKTPY CO-
BEPILEHHO GECTIOPAAOUHO.

Ilycts u, dv—ynenbHas JHEPrHs BOJNH B MHTEpBaje YacToOT V,
v+dv (u,—crekTpajbHas IUIOTHOCTh H3iyyeHHus). Toraa mnomHas
yACTbHAS OHEPTHA M3JIyyeHHs

©
u={ u,dv, (10.59)
o

a MOJIHAS OJHEPrHs M3NydYeHHs B oObeMe V BCIENCTBHE €ro H30-
TPOTHOCTH

U=uV. (10.60)

AHaJIOrHYHO, ecu s,dv-—OJHTpOnHUs eIMHANBl 00BEMa H3NYUEHHS
C yacToTamMu B MHTepBajie Vv, V+dv, TO MOJHAs yAeNbHAS IHTPONHS
PaBHOBECHOTO M3JTy4eHHS
w
= [ s.dv, (10.61)
o

a JHTpOnMs M3jydeHMs B obbeme V
S=sV.

Ecim sneprus BonH ¢,dv ¢ wacroramm B uHTepBane v, v+dv,
H3JTy4a€MBIX €JIMHUIEH MOBEPXHOCTH Tejia B ENMHMIY BPEMEHH, TO
&y — CNEKMPAAbHAA IHEP2eMUUECKAA C6eMUMOCMb 3TOTO Tella B NaHHOM
MHTEpBajie 4aCTOT MNpH ONpENENeHHON TeMmepaType.

JIM HAa TeJO TnajaeT Jyuncras oueprus ®,dv B HHTEpBane
gacTot v, v+dv, To B oblieM ciyyae vactb 3Toil dHeprum ®,,dv
nornomaercs, 4acrth ®,,dv orpakaercs, 4yacth ®,dv nepexomuT
yepe3 TeNO, NPHYEM, OHYEBHIHO,

@, dv+d,,dv+ D, dv=>,dv,
(10.62)

* Msicib © TemnepaType paBHOBECHOrO HM3fydeHHs Ghina BHICKAa3aHa BriepBbie
B 1893 r. pymmm dusukom 5. B. I' wzmmnuw W OTO TO3BOJMIO B TOJHOW Mepe
K many
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3nech <bv,,,/®v=u~—x03¢d)nuuem norjomenus  Tena, D, /O, =p—
xoadduupentT orpaxenns, D,./®,=1—koapduuEenT nponyckaHus
Bce OTH BEIMYHHBI OTHOCATCS K E/IMHMIE HHTEPBAia 4acToT o1
v 10 v+dv, sBasioTcs Ge3pa3sMepHBIMH W H3MEHSIOTCS B Tpeaenax
OT HyNst JO eIWHHMIBI, TaK Kak, cornacHo (10.62),

a+p+r=1

Tena, nor BCE Ta HA HUX W3JIyYeHHEe KaKoi
yroaso 4actoThl (a=1, p=1=0), Ha3bIBAIOTCH AOCOMOMHO YePHBIMU
(WM TIPOCTO uephbimu); Tena, OTPAXAIOUIME BCE NAJAOLIEE HA HHMX
usnysenne (p=1, a=1=0), HA3BLIBAIOTCSA 3epKAILHBIMU NI Geavimu;
Tena, Tpom BCE 1A, mnyyenne (t1=1, o=p=0),
Ha3bIBAKOTCH ABCOOMHO npo3PAUHbIMU.

B npupone HeT Tei ¢ TAKWMH aOCONFOTHBIMH CBOMCTBAMH, OHAKO
MHOIHE TeEjla MOXHO OTHECTH ﬂpﬂﬁﬂH)KCHHO K TOMY KJAH UHOMY
knaccy. Hanpumep, npuGnusutensho uepHas caxa (x=0,95), emie
Gosiee yepHOH SBJISETCS NJIATHHOBAs yepHb. Hawnydummm npubinnxe-
nueM Kk abconoTHO YEPHOMY TEJy SBJIAETCA Majnoe OTBEPCTHE
B CTeHKe NpoTskeHHOil monoctu. W3iydenne, momasiiee wepes ITO
OTBEPCTHE BHYTP MOJNOCTH, B PE3yJbTATE MHOTOKPATHOTO OTPAKEHHS
OT CTEHOK NPAKTHYECKH IIOJHOCTBE) HOINOTHTCHA, Tak 4TO K03b-
(buuuen'r TIOTJIONICHHS OTBEPCTHS MOXHO CYMTATh DPABHBIM EJUHUIE.
CornacHO BTOpOMY Haually, MW3JIydeHHE B TOJIOCTH 1O CBOEMY
CHCKTPAJIbHOMY COCTaBY u, TAKO€ XK€, KaK B IOJIOCTH C «HYEPHBIMH»
CTEHKaMH, T. €. ONPEMIENSCTCS TONLKO TEMMNEpaTypoll CTEHOK M COBep-
IIEHHO HE€ 3aBHCHT OT TPUPOABI BEHIECTBA CTEHOK [B TIPOTHBHOM
cny4ae MOXHO 6b1m0  Ob1 TIOCTPOUTH Be'THBIH ABHTATENbL BTOPOTO
pona (cm. 3agauwy 10.15]. ITooromy m3iyuenue, HCIyCKaeMoe OTBep-
CTHEM, TO WHTEHCHBHOCTH H CNEKTPaJbHOMY COCTABY HICHTHYHO
M3Jy4eHHIO abCOJIIOTHO HEPHOTO Tejla C Temnepatypow 7, npuwdeM

e="/,cu, (10.63)

r€ ¢—CKOpOCTh CBeTa B Bakyyme (cm. 3amawy 10.16).

BHYTpM TMOSTOCTH C 3€pKAJNbHLIMH CTEHKAMH TPH  OTCYTCTBHH
B Hell Kakux-nMMOO Ten HM3JTyYeHHe OTCYTCTBYeT, kak Obl HY Oblia
BBICOKA TEMIEpaTypa OBONOYKHM, TaK KaK TakWe CTEHKH HHYEro He
ussyyaror. OJHAKO €CIM MBI OTKPOEM 3ACJIOHKY B CTEHKE, BIIYCTHM
M3BHE M3JlyYeHHe Pa3/IHYHBIX YACTOT OT TeNl C PasHON TeMuepaTypoi*),
TO 3TO MPOM3BOJILHOE H3MyYeHWEe, BBENCHHOE B MOJIOCTh, OCTAHETCS
B Hell 6e3 BCAKOTO M3MEHEHMs, TaK KaK OHO HEe MOXeT ObiThb HH
YBENHUEHO 32 CYET HCIYCKAHUsA, HA 0 TyTEM mnor
HH M3MEHEHO M3-3a B3aUMOJICHCTBUS MEXY CIIeKTPaIbHBIMH uznyqe-
HHSIMH, TIOCKOJbKY, 10 NPHHIWAY CYNEPNO3HLWH, OTACNbHblE M3ITyde-
HUS Mexay coboif He B3amMoseiicTBYOT. B mnosoctn ¢ GenbiMu

*) TeMriepaTypa HepHOTO Telia, WCMYCTHBINETO W3TyYeHHE ONPEACICHHON ua-
CTOTHI, M HA3bIBACTCA TEMNEPATYPOH CrO MAJVNCHNS
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CTEHKaMH CO3J1ae€TCsi  TEPMO, o€ T H3NyYeHAi
C Ppa3NMYHON TEMNepaTypoi, Tak 4YTO B Kaxgoi Touke Oymer
CYLIECTBOBATh OJHOBPEMEHHO HECKOJILKO Da3/IMMHbIX TeMNepaTtyp.
DTo paBHOBecHe, OJHAKO, He OydeT ycroiumBeiM (cM. 3amady 10.22).
ECJ'I“ MO3BOJIMTH OJHUM M3JIyMCHHSIM [E€PEXOAWThL B [ApYrHe, 41O
JIOCTHTAeTCs BBEICHUEM B TM0JIOCTh qepﬂoﬁ TIBUITHHKH, Hzny'(alomeﬁ
M TOTJIOIAIOWIEH CBET M WIPAIOLIEH POJIb TIOCPE/IHMKA NpH oOMene
JHEPrHi MEX[y 9YacTOTaMM, TO H3JlyYeHHE NEPEXOUMT B COCTOSHHE
yCTOﬁHHBOrD PABHOBECHA, CTAHOBHUTCH YEPHBIM H BCE CNeKTpaJibHble
H3JIYYeHUS MMEWT ONHY M Ty Xe TeMmnepartypy.

B npuMeHeHMM K M3Jy4eHHIO TepPMOJWHAMHMKa MO3BOJISET ycTa-
HOBHTb DA 3aKOHOMEPHOCTEH:

1) cyluecTBOBaHHE NABJICHHA H3NyYeHHs (CBETOBOE MABIICHHME);

2).3akoH Kupxroda o He3aBHCHMOCTH OTHOUICHHS CNEKTPajbHOH
JHEPreTHYECKOH CBETUMOCTH &, K KO3((MIWMERTY -NOromeHus p oT
TIPUPOJBI  BELIECTBA;

3) 3akon Credana — BojbiMana 0 3aBHCHMOCTH TNONHOM ILIOT-
HOCTH JHEPTMH M DABHOBECHOTO M3JIY4eHHs OT- TeMmepatypsl T

4) 3akoH Buna 0 cTpyKType (YHKIIMM: CIEKTPanbHON TMIOTHOCTH
SHEPIrHHM H3JIYUYEHHS u, U 3aKOH CMEIeHus’ Buna.

Tlosyuum 3TH pe3yJbTaThl JUIS PABHOBECHOTO H3JIyYEHUS.

CymecTBoBanHe CBETOBOro faB/emwst. Haimune naBieHus u3jyde-
HHsI BrepBbie OBbLIO J0KAa3aHO Ha OCHOBE BTOpOro Hauana B 1876 r.
ATANbIHCKHM H3uKOM A. BapTonm, HCXONs W3 CIEMYIOMEro Mbic-
JIEHHOTO 3KCHEPUMEHTA.

Tycts wmetoTcs mBa uepnbix Teia A ¥ B ¢ NOCTOSHABIMH
Temnepatypamu Ty u T, (Ty>T,), coelmHeHHbie Mexay coboit
NyCTHIM IUMJIMHAPOM C Oenbivu  cTemkamu (puc. 34). ¥V mawana
W B KOHUE UWIHHApPA HMCIOTCA MIEJH Ui TOABHXHBIX nopumei’
C 3epKaJbHBIMM CTEHKaMH. YIaJiuM H3 IHJIMHApa TOpueHs P,
ocraBuB P; y camoii mnosepxHocTH Tena A. Ilpu 3ToM Bech 00beM
UMJIHHJIPA HAIIOJHHTCS PABHOBECHBIM HW3JIYY€HHEM OT Tejia B. BBE}!S{
nopweds P, u ymanu Py, Oynem msurath P, 1O CONPUKOCHOBEHHS
c Terom A. Torma Bce m3nyueHWe B LMJIMHADE NOTJIOTHTCA TeJOM
A, a IMJIMHAP BHOBB 3aNOJHMTCA M3JyYeHHEM OT Tena B.

Beenem Temeph moplueHb Py y TOBEPXHOCTH Tena B W, ynamus
P,, G6ymem npurath P; jgo Tena A. Ilpu 3TOM Bes dHeprus,
H3JIyuYeHHas B, CHOBa MNOTJIOTHTCA TEJIOM

MosTopss nepuoanvecKkH 3Ty ore-

PAlMIO. MOXHO TepeBecTH Jiodoe Ko- 7 7, P 8
JIYECTBO JHEPrUM H3JIydeHHs OT Tesa
B x Teny A, BCIENCTBHE 4H€ro Teno 7

A HarpeBaercs, a B oxyaxpaercs, T. e. /
TEIUIOTa NEPEHOCHUTCS OT XOJIOTHOTO
Tena k ropsyemy. Tak xak, no BTopomy 7, T
Hayajgy TEPMOAMHAMMKH, 3TO MOXeET

6biTh TONBLKO NpH 3aTpaTe paboThI, Pac. 34,
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TO, CNENOBATENBHO, H B IAHHOM Cllydae
NEPE/BIKEHHE TOPILHS JOJKHO CONMpO-
BOXIATLCA 3aTpaToi paboTsr. Otcrona
CIIE/lyeT, HTO H3Ny4EHHE IPOH3BOAMT
JIaBJIEHHE HA TOPIIEHb, NPHYEM YeM
Gonblue TemnepaTypa W3NyYeHWs, TEM
Gonbie 510 maBneHme.

Camy e (YHKUMOHANLHYIO 3aBH-
CHMOCTh NABJIEHHS M3Nyd4EeHHST OT TeM-
nepaTyphl (Kak_ ¥ BOOGINE TEPMHYECKOE H KAJOPHYECKOE ypaBHEHWs
COCTOSHUS JIIO6OH CHCTEMBI) C NOMOIIBIO TOJNBKO TEPMOAMHAMHAKH
OTIpENIEUTh HEBO3MOXHO (cM. § 5). Ommaxo, MCHONB3ys dMEKTPOMAr-
HUTHBIA XapaKTep H3NydyeHHs (T. €. NpHBIEKas 3aKOHbI JIEKTPOIH-
HaMHUKH), MOXHO BBIDA3UTh CBETOBOE A?RIEHHE p Hepe3 ILIOTHOCTh
JHCPTHH DPAaBHOBECHOTO W3Jy4eHHS u M 13 OOUIMX 3aKOHOB TEPMO-
JUHAMHUKH MONYYUTL /IS HErO Kak TepMHYeCKoe, Tak H Kanopuueckoe
ypaBHeHus coctosHus. COTIaCHO 3MEKTPORWHAMHKE, HMeeM

p="/3u, (10.64)

MTO CoBHAjaeT ¢ (OPMYNOH VIS NABNEHHs PESTHBHCTCKOLO HIe-
aILHOTO KBaHTOBOTO Tasa (3.31). Beipaxenue (10.64) nerko nomyunts
M3 PACCMOTPEHHsS! PABHOBECHOTO H3JIYHEHHS KaK COBOKYNHOCTH (ho-
TOHOB, YHapbl KOTOPBIX O CTEHKY W OOYCNOBIHMBAIOT NABNEHHE (CM.
3amavy 10.16). DKCIepMMEHTANLHO HAIMYME CBETOBOTO JaBJIEHHS
6eut0 Briepesie ycranopsieno B 1901 r. I1. H. JleGenesbiM Ha (usnuec-
koM dakynprere MI'V.

3axon Knpxroda. [Tycts B 3aMKHyTOl mosnoctu (puc. 35) HaxoasT-
Cs mBa Tenma: ONHO vepnoe—A, a Bropoe HewepHoe — B. Tlpu
PaBHOBECHH TEMNEPATYPhI TET U HITYUCHHS OAWHAKOBBI, 2 KOJIHYECTBO
SHEPTHH, M3NyqaeMoe 3a Joboe BpeMs eIMHMIEH NUIOMAaM noBep-
XHOCTH XaXJOrO Tejna, PaBHO KOJHYECTBY OHEPIHH, NOIJIOUIAEMOMY
UM 32 TO Xe Bpems.

TMockobKy NIOTHOCTh OJHEPrUH W3IYuEHWS B TOJOCTH BCIOLY
OMHAKOBA, TO Ha EMWHMIY MUTONIAQM TOBEPXHOCTH KaXJIOro Tena
nagaetr » lc omwo m TO ke KonmuecrBo sHeprum ®,dv. Ecom
£y —WCIyCKaTeNbHAs CMOCOOHOCTh aBCONIOTHO HEPHOro Tena, TO
npu - pasrosecyn @, dv=eldv un

ey=0,. (10.65)

Heueproe Teno norsiomaer He BCIO najamouyio sHepruio @,dv,

a Tonbko 4acts ee ®,dvo,. Ilpu pasmosecun O,dva=e,dv, oTkyaa,
yuuteBas ‘dpopmyay (10.65), momyysaem

& /o, =gy =const(T, v). (10.66)

D710 COoOTHOLIEHHE BBIpaxaeT 3akon Kupxzoga: omuoutenue cnexm-
PpaavHoll Inepzemuveckoit cgemumocmu mesa K €20 Kodpduyuenmy
nozaowenua npu danmoti memnepamype He 3asucum om ¢MZYIVECKUX
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ceolicme meaa u pasHo paAbHOU P i ceemumocmu
ﬂﬁ(’ﬂ/lfﬂ'll"ﬂ uepro2o meaa.

OTHOLIERME &,/0,,— YHUBEPCAABHAA (PYHKYUA Memnepamypbl u ua-
cmombl. C TOMHOCTBIO 10 YHCJIOBOrO KOB(b(l)ﬂuHeHTa OHa paBHa
CllCKTpa!‘leOﬁ TUIOTHOCTH PaBHOBECHOTO W3JIYYEHUA u,=u, (v, T) B no-
JIOCTH moboro Tena mpu aaHHOH Temnepatype [cm. (10.63)].

Kupxrod nocraBun mnepen Gu3MKOM 3amady HAXOXAEHHs OTOM
ynuBepcanbHoi Gynkuuu. TlocTeneHRoe pelenne IToM 3a1a4i CBA3AHO
¢ umeHamu bKoavymana, Buna, [Iwcunca, Muxeavbcona, a €€ OKOH-
YaTeIbHOE PEIUEHUE YOAJOCh TOJIBKO n/lllﬂk'y, BIIEPBbIE BBELLIEMY
JUIs 9TOTO KBAHTOBBIC NPEACTABJICHHS B d’l?ﬁHK}h

3aron Credana — Boabiumana. [TpuMennM x paBHOBECHOMY H3Jyde-
HHI0 ypaBHenue (3.27), cBA3bIBAIOLIEE TEPMHYECKOE M KaJIOPHYECKOE

YPaBHEHUS COCTOSIHHSL:
p\ _[¢eU
r{ae) ~(

Jns paBHOBecHoro wuinyderns p=u'3 m U=uV, nosromy

T ﬂ_‘m (10.67)

Otcroa nocje MHTErPHPOBAHMS TOJYYaeM 3aBUCHMOCTL TNOJIHOH
IJIOTHOCTH DJHEPrHH DPABHOBECHOTO H3JIyYeHHS OT TeMIEPaTypbl

u=cT*. (10.68)

HasbiBaeMylo 3akonom Cmedana— boavymana: naommocms 3nepauu
PABHOBECHO20 U3AYYEHUS NPONOPYUOHAALHA HYeMeepmoli cmenenu mep-
MOOUHAMUHECKOTl  MeMnepamypbl.

CredaH ycTaHOBHI ITOT 3aKOH B 1879 I. HA OCHOBAHMM ONBITHBIX
JaHHbX, a B 1884 1. BonblMaH TONy4Hs €ro NpPUBEACHHBIM 3/IECh
CriocoboM Ha ocHOBAHMHM BTOPOTO Ha4aja TePMOJMHAMUKH.

Hocmosannas ¢ 3axona Cmegpana—
Boabymara) TepMOTARAMHAYECKH ue onpenensercs. OUBIT, a Takxke
cTaTHCTHYecKas (U3MKA JAIOT 3HAYeHue o =7,64-1071° Tk /(K* M),

3akonn  Buea. 3akon C1ed)aHa~BObeuMaHa JIaeT  BbIpaxeHHE
JUIS TIOJIHOM TJIOTHOCTH SHEPTHH 1 PABHOBECHOTO M3JIy4EHHs, OCTABIISS
OTKpBITHIM BOMIPOC O (GYHKIMK i, JUTA CNEKTPANbHOH TJIOTHOCTH
3Heprun u3nyyenus. Ognako 3akoH Credana — Bonbumana cOBMECTHO
C MHTErpasiblbiM Bhipaxennem (10.59) juis u NMO3BOJSET YCTAHOBHTH
CTpyKTYpY yHKUMH u,. JleHCTBHTENBHO, ecM B (opMmyle

= [ uy (v, T)dv

TEpeHTH K HOBOH TNepeMeHHOH X, monaras v=x7, TO MHOXHTEIb
T* B sTo# (opMmyne mepen MHTErpanoM no x OymeT TONBKO TPH
CTPYKTYpHOI OpMyJie JUlsi CTIEKTPAIbHOM IUIOTHOCTH SHEPIHH B BHAE
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wlv, T)=v3f(x)=v3f(;), (10.69)
TaK Kak

u=fudv=T*| x> (x)dx=0T*
0 o

rae f(x)—HekoTopas GyHKIHMA mepeMeHHoH x:XT . Bu aroit pynxumm

Ha OCHOBaHHH 3aKOHOB TEPMOJHHAMHKH YCTAaHOBHUTL HE YyAaeTcs.
DTO BO3MOXHO TOJBKO C TOMOIIBIO CTATHCTHYECKOH (H3IMKH.
@opmyua (10.69) Obia ycranosnena B 1893 r. B. Bunom u na3sana
3akonom Buna 044 cmpykmypuosi $yHKyuu cnexmpaavHoil niomsocmu
JHep2uu PAsHOBECHO20 U3AYHEHUA.
Tak kak v=c/A u u,|dv|=w|dLr], To u3 (10.69) nomnysaem
CTpYKTypHyto GopMysty 3akoHa BuHa mms u:

w=A"Q(AT). (10.70)

CrpykTypHble Gopmybt 3akona Buna (10.69) u (10.70) onpenens-
HOT [UIOTHOCTH 3HEPTrHH H3IYYEHHS, TMPHXOASALIHECH COOTBETCTBEHHO
Ha €/IMHULY MHTEpBaJia 4acToT HWJIH Ha €JHHHUIY HHTEpBaJa UIHH
posiH npH Temnepatype 7. IT TEpMO, M, CIe0Ba-
TEJIbHO, HE PpelIaeT MNOJHOCTBIO 3a/a4d 110 ONpEIC/IECHHIO CIIEKT-
PANbHOH TUIOTHOCTH paBHOBeCHOTO wW3nydenus u,(v, T). Omuaxo,
CBels pEIUeHHe 3aJa¥i 10 OTHICKAHMIO ITOH (QyHKIMM OT IByX
mepemennbiX v M T K 3ajade onpenenenus (ynkuan f(v/T) oaHO#
NepPEMEHHOH, TEPMOIMHAMEKA MO3BOJIMNA IOJYYHTH JOCTATOUHO 60Th-
1yl MHQOPMANHMIO O CBOMCTBAX M3JIyYeHHs.

CrpyktypHas dopmyna 3akoHa Buma (10.70) npuBomuT X
CMEIIEHHIO MaKCHMyMa CIEKTPAJIbHON TUIOTHOCTH 3HEPTHH DaBHO-
BECHOIO M3Jly4eHHsi C W3MEHEHHEM ero Temnepatypbl. [lelicTBu-
TEJbHO, ONpENeSMM JUIHHY BOJHBI A,, KOTOPOH COOTBETCTBYET
MakKCUMaJlbHasi MJIOTHOCTb OJSHEPIHH 1y PABHOBECHOTO  M3JIYYCHHSA.
Tpoamddeperunpyem juis  aroro Bbipakenue (10.70) mo A w
NpoM3BOAHYI0  MpupaBHSEM  HYMO:  —S5Q(AnT)+AnT o’ (AnT)=0,
OTKyZa

AmT=b, (10.71)

rne b—nocmosannas Buna, paBHasi, KaKk nokasan onsit, 2,9-1072 M- K.

®opmyna (10.71) BbIpaxaeT 3akon cmewenus Buma: dauna 6oanvi,
Ha KOMOPYIO NPpUXooumcs MaKCUMYM CNEeKMpaAbHOU NAOMHOCMU IHep-
2uu’ w, pasHogecrozo (4epHo20) u3AyYeHus, obpammo npoNoPYUOHAILHA
mepmodunamuveckoii memnepamype®).

*) 3aMeTHM, WTO TOJOKCHHA MAKCHMYMOB QYRKIMA u, W u, HC COBNAjAIOT,
TIOCKO/IbKY PaBHBIM MHTCPBATAM HACTOT HE COOTBETCTBYIOT DABHBIC MHTEPBAIL JLTHH
BosHB (cM. 3amady 10.17).
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TepmHuvyeckoe H KAJOPHUECKOe YPABHEHHS COCTOSHHS H JHTPONHA
PABHOBECHOr0 H3JIydeHHs. Temepb MOXHO HAmMCaTh KaK TEPMHUYECKOE,
TaK M KaJOPHYECKOE YPABHEHHS COCTOSHMS PABHOBECHOTO H3Jy4YEHMS:

p="'/30T%, 10.72)
U=coT*V. (10.73)
3Hasi 9TH YPaBHEHMS COCTOSHWS, HETPYJAHO BBIYMCIIHTH SHTDPOINHIO
w3nyenus. JefCTBUTENbHO, W3 ypaBHEHHS
3Q _dU+pdV_ Vdu+(p+u)dV
\ T T T
noiyyaem dS=4cVT2dT+*/;0T3dV="/,6(3VT2dT+T3dV)=
=d{*/;06T*V), otkyna

ds=

S=*/36T*V (10.74)

[amTUBHAsS mNOCTOSHHAs B BhIpaXeHHH i oHTpomuu (10.74)
B COOTBETCTBHH C TPETHUM HAYAJIOM TEpPMOJMHAMUKH (S=0 mnpu
T=0K) npunsta paBHO#H Hymo].

Tak xak NpH agHabaTHOM Tpolecce. .S=const, TO C NOMOIIbIO
dopmysbr  (10.74) HaxomuM ypaBHeHHe = aauMabaThl PAaBHOBECHOTO
uanyyenns VT3=const nm

pV*3=const. (10.75)

CpaBHHBas ¥, (10.75) c y anuabaTel HAEaNIbHOTO
rasa (2.13'), 3aMeuaeM, 4TO NpH aguabaTHBIX MPOLECCAX PAaBHOBECHOE
me‘leﬂﬂe BEOET Ceﬁﬂ Kak ﬂﬂea!‘lbﬂblﬁ ra3 ¢ OTHOIUCHUEM TEMIOEM-
kocTeil y=*/;. DTo, OOHAKO, HE O3HAUAET, YTO y PABHOBECHOTO
H3NyYenns y=*/;, OHO paBHO GeckoHeuHoCTH (cM. 3ajady 10.24).

Tep KHe Mbl W YCIOBHE YCTOHYHBOCTH PaBHO-
BECHOI0 H3JIy4eHHs. I[JISI PaBHOBECHOTO HM3JIy4YCHMs, Kak MU JUId
HACAJILHOTO rasa (,IU!S{ KOTOPOrO M3 ONbITA TAKXE HU3BECTHBI TEPMUYEC-
KO€ M KaJOPHYECKOE YPABHEHHS COCTOSHMS), TEPMOIMHAMMKA TI03BONIS-
€T HaWTH SIBHBIE BBIPDAXKCHUS I TEPMOIMHAMMYECKHX TOTEHLHAIOB
U(V,S), F(T, V), Gip, T) u H(p, S}, Onpenesim 5TH  QyHKUHH.

Tax kak U=oT*V u S=*;6T°V, T0 BHyTpeHHSZ OHEprus
M3JIy4eHHs KaK TEPMOJIWHAMMYECKHH MOTEHUMal paBHA

u(r, S):GVG U'iy)‘”, (10.76)

aneprua lexbMronsna
F=U—-TS=0T*V—T*,6T*V=—"/,6T*V,  (10.77)
aHeprus ['u66ca

G=F+pV=—"/,6T*V+'/,6T*V=0, (10.78)
JHTANbIIUA

H=U+pV=G+TS=TS=S(3p/c)"". (10.79)
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W3 peipaxennus (10.77) BUAHO, YTO TEPMOAMHAMUYECKHIA TTOTEHIMAI
G(T, p) He MO)eT BbITh XapaKTePUCTHYCCKOH (YHKUMEH I H3Tyde-
HUs. DTO OOYCIOBJIEHO TeM, 4TO XapaKTEPHCTUYECKHE MEpeMeHHbIe
T wu p, cornacHo ypasHennto (10.72), He SBISIOTCS 118 H3JydYeHHs
HE3aBUCHMbIMH.

PaccMOTpUM Teneph BONPOC 00 YCIOBHAX YCTOWYHBOCTH PaBHOBEC-
HOTO H3JTy4EHHS.

Tax Kkak juis wanysenns p="'/,6T* T0 mns wero (dp/dV);=0,
Cp=00, T/C,=0. Takoe 3HAYEHHE ITHX BEIWYMH HE O3HAYAET, 4TO
JUIS M3JIyYeHMs YCJIOBHS ycToHuymBocTH (6.16)

ap T
(PV)1~<0 " C,,>0
HApyWAoTCs, N0CKONLKY (Jp/dV )y, T/C, He XapaKTepH3YIOT yCTOM-
9MBOCThH M3yydeHus. Jleno B TOM, 4TO yCIOBUS ycToiuMBOCTH (6.16)
TOJTyYeHbl JUTS OJHOPOJHONM 3aKphITOIl CHCTeMbl, KOoTopas He 00-
MEHMBAETCS YaCTHIIAMH C OKpYXalollleH cpeloi, paBHOBECHOE H3Iyde-
HHE XK€ IPEACTABIACT coboit CUCTEMY C IIEPEMEHHBIM YHMCJIOM 4acTHIL,
MOAOOHO XKHAKOCTH, HAXO/ISUICHCS B PAaBHOBECHM C MapoM. VIMeHHO
TnO JTOH NpPUYMHE Y W3NYYeHHs, KaK U Yy JAByX(ha3HOH CHCTEMBbI
KHIKOCTh —nap, napameTpbl T° M p He SBISIOTCS HE3ABHCHMBIMH,
TemioeMkocts  Cp=00 # (Jp/dV)r=0. CrenoBareibo, ycnosus
ycroifunBocTH (6.16) K pPAaBHOBECHOMY M3Jly4eHHIO ~HENPUMEHUMBI.
Henb3st HEIOCPEACTBEHHO HUCMOIB30BATE Ul HETO H YCJIIOBHE yc‘roﬁ-
uynBoctH T/Cy>0, Tak Kak COOOLIEHWE TEMNOTHl H3IYYEHHIO NpPH
TIOCTOSHHOM OGBeMe CBA3aHO C HCIyCKaHHeM (DOTOHOB CTEHKAMH.

OIHaKO YCTOHYMBOCTH PABHOBECHOTO M3JIYHYEHHS MOXKHO XapaKTepu-
30Bath aauabaTHBIM KoapuuMenToM (ép/dV )s, Tak Kak npu aguabat-
HOM DACIIHPEHUH M3JTy4YEHUS] OTCYTCTBYET obmen HaCTHUAMH MEXAY HUM
¥ OKpYXalomMMH ero OenpiMH creHKamu. Takum obpasom, ycroiun-
BOCTb M3JIyYCHMs ONpEAC/ISETCA OJHMM M3 yciioBuil (6.17), a nMeHHO:

o
(ﬁ’)sd)'

3Has ypaBHeHue aauabatbl usiydennus (10.75), HerpyaHo yGemuthb-
€4, 4TO 3TO YCJIOBHE €ro ycmﬁquaocru BBITIOJIHAETCH. ﬂCﬁCTBHTeHbHo.
ucnonbsys ypasnenne (10.75), Haxoamm

(‘l) —_dr__ T,
s

v 3V
§ 55. TEPMO/JMHAMMKA TLIA3MBI

BhICOKOHOHM30BAHHBIH Ta3, GOJBIIMHCTBO YaCTHIL KOTOPOIO JJEKT-
PHYECKH 3apsSKEHO TPOTHBOMOJOXKHBIMU 3apsi/laMH, TaK 4TO TOJIHBLH
3apAN PaBeH HYJIO, HA3bIBAETCS NAA3MOM.
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Takoe cocTosiHME BeIeCTBa BCTPEYaeTCA B 3Be3fax, B HOHOC(epe
3eMJH, NpH Ta30BOM pa3psiie, B ra3ax, HArpeThiX JIO OYEHb BBICOKOM
TEMIICPATYphl, B IUIAMEHH, TPH B3pbIBAX H T. 1.

Ina3mMa BO MHOTHX OTHOLUCHHAX PE3KO OTJIMYAETCS OT OBBLIMHOrO
rasa, oOHapyXHBas B HEKOTOPBIX SBIEHHAX CXOACTBO C 3MEKTPOJH-
TaMH M TBEPABIMH NPOBOHUKAMH (MCTaJ‘l.ﬂaMH TIOJIyIPOBOIHHKAMH),
u obnajgaer psmoM cneunquecmx CBOKCTB, BCNEICTBHE Yero ee
Ha3bIBAIOT

DTH OCOGEHHOCTH ILIA3MBI ONPEIENSIOTCA B OCHOBHOM JATbHOMEH-
CTBYIOUIMM XapaKTEPOM IIEKTPHYECKHX CHUJI B3AaMMOJEHCTBUS MEXTY
COCTAaBNIAIOIMMMY €€ yacThuamu. JIefiCTBMTENBHO, B TO BpeMs Kak
B 0ObMHOM rade mnoteHumMan @, MEeXMONEKYNSPHbIX CHI ObICTPO
CHAlacT C  paccTosHueM r (B cnyuae BaH-IEp-BAaIbCOBBIX CHII
npaTsoKeHnst Oy~ 1/r®) B ABIKYIIMECS 4aCTHLBI 3aMETHO B3aHMOJIei-
CTBYIOT TOJILKO BO BpeMs yHapoB, moTeHiman @, B3aHMONEHCTBHS
MEXTy YacTHLAMM IUIa3Mbl H3MEHseTcs 1o 3akoHy Kysona oGpartnHo
TPOTOPIMOHAILHO TEpBOi cTeneHu paccrosuusi O~ 1/r, 4TO TpH-
BOJMT K B3aHMOMCHCTBHIO 4AaCTHIl M Ha OGOJBIIAX PACCTOSHHSAX (W
NMO3TOMY K JUIMTEJLHOMY B3aHMOJIEHCTBHIO).

TakuM 06pa3oM, Kaxaas 9YacTHIA OJHOBPEMEHHO B3aMMOJEN-
CTBYET C UEJNBIM KOJUIEKTHBOM COCEJHHX HACTHIl W, CIe0BATENbHO,
miasMa TpescTaBseT coboMH, Mo CyIeCTBY, He ra3, a CBOeoGpasHyro
CHCTEMY, CTSHYTYIO JaJIbHONEHCTBYIOIMMY CHiaMH. Biaromaps majb-
HOJEHCTBUIO KYJIOHOBCKMX CHJ M GOJBIION MOMBHXHOCTH JIETKHX
9NEKTPOHOB B IUIAa3M€ ONpEACNSIONIYIO POJib HIPAIOT KOJLIEKTHBHbIE
TIpOLECChl, T. €. konebanus u BOJIHBI pa3JIMYHBIX THIIOB.

bonbuias uacTh HAmMX 3HAHMA O IUa3Me INoJyYeHa M3 HC-
CNeloBaHMii ra30Boro paspsia. B HacTosiiee BpeMs MHTEpEC K H3yde-
HHUIO TUIa3MBI PE3KO BQ3POC B CBA3M C MPOGNEMOIi SHEPreTHHecKoro
HCTIONb30BaHMs TEPMOANEPHBIX PEaKilMii CHHTE3a JIETKHX Sep, a TaKKe
B CBS3M C MCIIOJb3OBAaHHEM ILTA3Mbl B KauecTBe «mapa» (pabouero
BemiectBa) B MI'[I-reneparopax. Ilpn Gosbluodl Temmnepatype rasa,
KOIIa OH HAaXOJUTCA B COCTOSHMH IUIA3Mbl M HACTHLBI JBHXYTCS
C GOJNLIIMMU CKOPOCTSIMH, CTAaHOBSTCS BO3MOXHBIMA IIPEOJOJIEHHE
KYJIOHOBCKOTO MOTEHIHA/IBLHOTO 6apbepa NPH CTOJIKHOBEHHAX aTOMHBIX
sgep M ux cuHTe3. I[IpakTueckn 0co60 BakHOE 3HaueHWE Npen-
crapisieT BO30YX/IEHHE TEPMOSNEPHBIX peakumii B JeiiTepHu, Tak
KaK B 5TOM CIlyyae TaKHe PEaKIMU JIOKHBI MIATH TPH OTHOCHTENBLHO
MeHbuinx Ttemneparypax (Tx10° K). «[openne» snep neiitepus
B pe3yJAbTaTe HX CHHTE3a B O-YaCTHLb! NPHBOMMT K BBLIEICHUIO
GOJbILOH IHEPrHH.

PaccmoTpuM  Tepmo, p IO IIa3My, COCTO-
ﬂuxyio M3 OBYX copToB npOTHBOllOJ‘IO)KHO 3apsOKEHHBIX ¥acTHi (e

—e). Bcnencrene nanbHONEHCTBHS KYJOHOBCKMX CHII Jaxe IpPH
yMepemwﬁ CTENEHH WOHM3AIMH O Ta3a B3aHMOJEHCTBHE MEXIy ero
3apsSOKEHHBIMM  KOMIIOHEHTaMH llpe06nanaer Hag BSGHMOHCI‘J‘[CTBMCM
€ HEHTPaJbHBIMM YaCTHIAMH, NO3TOMY BO MHOTHX CIy4asX IL1asmy
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MOXHO pPaccCMaTpWBaTh KaK TOJHOCTBIO HMOHM30BamHbIA ra3. Kak
umHo u3 Qopmynsr Caxa (10.38')

b ] 2
a:[l + e""‘“] ) (10.80)
JUISl TOFO MTOOBI IIONYYHTH BBICOKYIO CTENEHb HOHH3ALMH o, HEOOXOMMMO
Tpexie BCEro MOHW3KTD AaBJieHHe p. Pa3pexenHocTs niasMbl onperiens-
€TCsl YCIIOBHEM: CPE/IHsISt IHEPTHsI KYJIOHOBCKOTO B3aUMOICHCTBHS MEX/Ty
nByMs uacthiamu e2/{r) ({r)—Cpe/iHee paccTOsHAE MeXIy YaCTHIA-
MH) Majia N0 CPABHEHUIO C dHepruelt k7T TEIIOBOro ABHXEHHs YaCTHIL

o
—<kT.
<
ﬂ,ﬂﬂ ﬂOHy“leHl/(ﬂ/ﬂﬁﬂl!OCTbK) HMOHM30BAHHOM JIa3Mbl HE0OX0AUMO
HarpeTh ra3 g0 Takoi TemmepaTypsl T, 9TOOBI CpemHSsl JHEPrUs
TETJIOBOrO JIBHKEHHs atoMa Oblia paBHad MM OOJIbIIE SHEPIMH €ro
uonusamu [ (ycaoeue noaHoill uoHU3AYUU):

kT>1 (10.81)

B ciywae Bomopoaa WM JAGHTEpWs TMOTEHIHMANT WOHW3ANMM PaBert
13,595 9B, mosToMy TONHOCTHIO WOHM3OBaHHAs BOJAOPOAHAS Mia3Ma
Byser moaydarhcs MpH  TeMNepaType

1 13.595-1,6-107"2
Tzk 1.38-107'¢

Tlpu Takoi BLICOKOH TeMmepaType Iwia3My yXe Helb3s paccMmart-
pUBaTh KaK CHCTEMY, COCTOSIIYIO TOJBKO M3 3apsDKEHHBIX HacTHIL.
Heo6xoaumo yuuTHIBATE M cofepxkarmeecs B Heit usnyvenue. Mccnenys
TePMOJAMHAMUYECKHE CBOHCTBA cHcTeM BIIoTh 10 1000 K, Mb1 me
YYHTBIBAEM BCErjaa HMEIOIIEECs B HUX M3JIyYeHHE, TaK Kak e€ro
JHEprusi MaJjia T0 CPABHEHMIO C BHYTPEHHEH OJHEprued TemjioBoro
nBrkeHust qacTuu cuctembl. TIpm BechbMa BBICOKOH —TemnepaType
Takoll NOAXOA SBIsiCTCS HenpaBMibHBIM. HeTpynamo madtH Tem-
nepaTypy, NpM KOTOPOH IUIOTHOCT, JHEPTMH G1* u3jydeHHs cra-
HOBHTCS DaBHOH TUIOTHOCTH OHEPTHH °/,kTn TEIIOBOTrO IBIXEHHS
YacTHl (71— KOHIEHTPALMs YacTHIL):

oT*=3/,kTn, T=./3kn/(20).

ﬂﬂﬂ AOCTATOYHO paapeerHoﬁ NJa3Mbl, KOrjla KOHUEHTpAnus
vactin nx 102! m™3, ora Temneparypa Tx3-10* K.

Takum 06GpasoM, NMpH TeMIepaType MOJHOH HOHM3ANMM IUIA3MBI
(T~10° K) nJI0THOCTh HEPTMHM W3JIy4eHWs B HeH CTaHOBHTCH Mpeob-
nanaroleil. DTO NPUBOJIMT K BECHMA BAXHOMY, NPAKTHYECKH Hexe-
JIATEJIbHOMY TIpH TEPMOSEPHBIX peakuusx CieACTBHIO — TPYAHOCTH
annabGaTHOH W3ONSIMM TAKOW MIa3MBbl. .

YT06bI ONMpenesuTh TEPMOAHHAMMYECKHE CBOWHCTBA IUIA3MBbl, Hai-
JIeM B KayecTBe Tep KOro  NOT jla ee cBOGOMHYIO

K=160 000 K.
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OHEPrdr0 NpH HE CIHIUKOM BBICOKOH TemuepaTtype, Korjaa CBOGO,Y.[HOﬁ
JHEPrUell M3JIy4eHHS MOXHO TpeHeOpewb. YueT mocielHedl He mpen-
CTABJISCT 3ATDYNHERWH, W €ro JIerko Ceiarh, €CIM TemmepaTypa
mwrasmel Tx10° K.

BHyTpCHH)ISI JHEprus U nna3Mmsl CKJIAAbIBACTCA M3 KHHETHYECKOM
oHeprud U,, Xa0THYECKOTrO ABHXKEHHS €€ YAaCTHIl (BHYTPEHHSS SHEPI st
MICANbHONO ra3a) M cpeiHedl sHepruu U, MX 2JIEKTPOCTATHYECKOTO
B3aHMOJICHCTBHSA:

U=Uy+U..
Kax Uy, Tak 1 U, He BLIMMCISIOTCA B TEPMOJMHAMHKe, a Oepyrcs
M3 ONbITa WX HAXOAATCH METOJAMH CTAaTHCTHYECKOH (DH3MKH.
3navenne U,, Ham m3BectHO: U,,=C,T. Buipaxenue nns U, umeer
BHA (M. 3azawy 10.25)
U,=—e*N/d, (10.82)

TIAe e—3apsj YacTui; N—4MCIO YacTHIL OJZHOTO copra B OObeme
V; d=./kTV/(8nNe?) — nebaerckuil paauyc, onpereNstOLMil rTyouiry
NPOHMKHOBEHHsS BHEIIHEro 3JIEKTPHYECKOro nojis B miasmy. Or-
punareibHoe 3Hayenie U, 06ycioBicHo npeol:aJaHieM CHII NPHTsDKe-
HUS K _[UIa3Me, [OCKOJBKY KaX/Iblil 3apsil OKPYXKEH OONaKOM
¢ npeoGalaHieM 3apsjioB NMPOTHBOINOOKHOTO 3Haka (j1ebaeBckoe
3KPaHUPOBAHME).
Takum 00pa3oM, BHYTPEHHSS SHEPrUs IUIa3Mbl

U=C, T—Ne? /8aNe?/(kTV).

D10 BBIpaxenne nis U(T, V) He sBASETCS, OJHAKO, TEPMOJM-
HaMHYecKdM TnoTeHnuasnom. IIpu HesaBuCHMBIX epemeHHbIX T U V Te-
PMOJIMHAMUYECKHM TIOTEHUHATIOM sBAsSeTCS oHeprus IembMronbua
F(T, V), 118 HaXoxJIeHHs KOTOPOH MbI BOCIONB3YeMCS ypaBHEHHEM
I'n66ca — Ienbmrombua (5.29):

—F-r(%) 22 (F
U=r T(ar>v d ﬁT(T)r’

F=—TJ%dT+l(V)T

YTO B HAlUeM cCiy4ae Oaer

F=—G,ThT- 2 Ne? /8""” +I(V)T. (10.83)

TepMo/IMHAMHMUYECKH HEONpe/ie/iey o nocTosnnyio /() B 1aHHOM
ciy4yae HeJlb3s HalTH C TIOMOLIBO TPEThEro Havaja, TaK Kak
H/IeaIbHBIA Ta3 He YIOBJIETBOPSET 3TOMY 3akoHy. OxmHako dopmyna
(10.83) no3sonsier BbiuucAUTH [(V) MCXOAS M3 TOro, YTO JHEPrHs
TenbMronbua o4eHb pa3dpexeHHod- wiasmbl  (N/V —0) nomkua

217

oTKyJa



coBnanaTh ¢ JHeprueil IenbMroiblia MAeanbHOrO rasa. Takum
obpaszom, u3 (10.83) momywaem

8nNe?
kTV

rae F,,—cBoOonHash SHEprus MIACANLHOTO rasa.

Tpu Temmepatype 7>10° K Heo6X0AMMO Y4YHTHIBATb H3JyYeHHE,
nobasnsist Kk Bbipaxennio (10.84) cBoGOMHYIO SHEPTHIO H3IyYeHUS
(10.77). Torma cBoGoAHAs JHEPrus TMJA3Mbl B 3THX YCIOBHSX

F=Fyp— § Ne? (10.84)

8nNe?
kTV

TEPMH‘ICCKOC YPpaBHEHHE COCTOSHHSA IUIa3Mbl, €€ SHTPONUS U Te-
ILIOEMKOCTb MOTYT ObiTh ONpEEeNeHs! C NOMOMIBIO (opmy

oF oF a*F
== () == (&) o=-1(5F),

B pesynbrate u3 Boipaxenus (10.84) nomyyaem:

N 8nNe?
P=pu— 3N [T (10.85)
§=Su— 1 Ne2 [H

3 \ KTV’

F=Fp— %Nez - %cT“V.

8nNe®
kT

Cr=(Cylu+ 5 Ne? (10.86)

HaBJlSHHC M 3HTPONMS IJIA3Mbl MEHBIIE, 4Y€M HACATBLHOIO rasa,
4To0 0ObACHAETCS npeobiajjanneM B Hel cui mputsbkeHus. Tennoem-
KOCTb K€ IUIa3Mbl OOJbINE TEMJIOEMKOCTH MW/CaJbHOTO Tasa, H4TO
¢u3ndeckH TakXke SACHO: NpPH TOBBILIEHMM TEMINEPATYphbl IUIA3MbL
[PAXOMUTCS 3aTPAYMBATL SHEPIMIO HE TOJNBKO HA YBEJIWYEHHE K-
HETHYECKOH OHEPrHH XAOTHYECKOTO [BMKCHHS €¢ YacTHI, HO M Ha
yBEMYEHHe Cpe/iHell NOTEHIMAILHOMN SHEPrUA B3AUMMOICHCTBHS MeX Iy
YaCTHUAMH BCIEICTBHE M3MEHEHHS OKOJIO KaXIOH HacTHibl obraka
NPOTHBOMOJIOKHO 3aPSAKEHHBIX YaCTHIL.

OTMeTHM Tenepb Te Cheu(uueckHe CBOMCTBA INA3MBI, KOTOpbIE
Pe3KO OTIMYAIOT ¢ OT OOBIMHOTO PeajbHOro rasa:

1) TepMuyeckoe ypaBHEHME COCTOSHHS miasMbl [cM. (10.85)]
B PAaccMaTpHBAEMOM NpUONMKEHUM MMEET BHI

A e? 8nNe?
pV—NkT(l+W), 4= 2 [E

OTKyJa 3aMedaeM, 4TO B OTJIMYME OT OOBIYHOrO pEasbHOTO rasa
TEPMMYECKOE YPABHEHHE COCTOSHHSA IUIA3Mbl HE BBHIPAXAeTCA B BHPH-
anbHO# (opme (1.6). IT0 03Hauaer, ¥TO B IUIA3ME B3aUMOMEHCTBHE
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MEKJly YaCTHUAMH Heb3s pas- [14 — ¢ — + — §+ —  — +]—
JEIUTh Ha MNapHble, TPOMHbIE,
B3aUMOJICHCTBHA, a caMy

N1a3My He/b3s PAaCCMATpUBATD —it -t -+ -+ -+ - 4=
KaK CHCTeMY SKPaHHPOBAHHbIX it Sl e S sl St il
9aCTHIl C  KOPOTKOIEHCTBY- i+ -+ -+ -+ =+ = +|=
lO].!;[HM TIOTEHIIHAJIOM B3aUMO- z Z+dz
ACHCTBHS,

2) RanbHOAEHCTBYIOLIHM Puc. 36.

XapakTepoOM KYJIOHOBCKHX CHJI B3aMMO}JCﬁCTBHﬂ ONpPE/ICJIAETCS TAKKE
H Jpyras OCODEHHOCTD ILIa3Mbl — CYLIECTBOBAHME B HEH COOCTBEHHBIX
TPOJIONBHBIX KoNeOaHMi: co30antoe 6 HeKOMOpbIil MOMEHM U

NAOMHOCMU 3A€KMPOHO8 8 NAa3me He peaakcupyem, Kak NAOMHOCMb
8 00bIuHOM ease, a Koaedaemes ¢ onpez)ezlemwu '{HLmO"‘lDll, 3[1811(?“4814
MOAbKO OM KOHYeHmpayuu 3IAeKmpoHos. O1H KonebGaHHs BbI3bIBAIOTCSH
TEM, YTO H3MEHEHHEe TIOTHOCTH 3JIEKTPOHOB B KaKOM-IHOO MecCTe
mia3Mbl CBSI3aHO C MOSIBJIEHHEM B ITOM MeCTe OOBLEMHOrO 3apsjaa,
noJjie KOTOporo, ﬂeﬁc'l'Byﬂ Ha JIBUXKCHUEC CMEILEHHbIX 3JIEKTPOHOB,
NPUBOJAMT K TOSIBJICHUIO BOCCTaHaBJ'IMHalOU.lCﬁ CHJIBI, NIPONIOPUHOHAIb-
HOH mx cmemennio. TMox feficTBHEM 9TOM CHIIBI 3JEKTPOHBI BHG-
PHUpPYIOT ¢ omnpeaeieHHoH yacroToi. Haiizem ee. [{nst aTOro BBIIETHM
MBICJIEHHO B IL1a3Me ¢ KOHUEHTPANMei /1 JJIEKTPOHOB NPAMOYTOJIbHBIN
uapajulesienunesl AMHOM dx M Iomameio ceyeHus S (o6bem
napanienenunena dV=Sdx; puc. 36). Beneactsue 60mbIIoi Macchr
MOHOB CKOPOCTb HX JIBWXCHUS MHOTO MEHbIUE, YEM Y 3JIEKTPOHOB,
MO3TOMY HOHBI MOXHO pacCMaTpHUBaTh KaK HENO/IBUKHbIC, l'lych
B HCKOTOpHﬁ MOMEHT BPEMCHH 3JICKTPOHBI BbIJICJIEHHOIO obbrema
NpeTepreBaoT N0 OTHOWIEHHIO K HoHaM cmeulenne & (x). Torma
BO3HUKAMOUIMA B 3TOM TNapajieNienunese o6beMHbIH 3apsj

dg=enSE(x) —enSE(x+dx)x —en £ Sdx=—en :édV.

CrieloBaTeNbHO, ILIOTHOCTD 3apsifia |

_dg__dg
™
VpaBHeHHe ABMXKEHHS JJIEKTPOHA
mé=
Hanpsixensocts E mons HailieM W3 ypaBHeHHs
dE dg
divE= WM ——= —4nen =,
4np dx dx
OTKyZa
E= —4nnek.
[TosTomy .

—4mne®t u E+amnetim=0,
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YTO YKa3blBa€T HAa BO3HHKHOBCHHUE ﬂpO}IlOJ'll:HHX JJIEKTPHYECKHX KO-
nebaHuit B muasMe ¢ LMKJIMYECKOH 4YacToTo#

o =+/dnne?/m. (10.87)

Tpu xonuentpauuyu n=10'® M~3 anekTpoHOB B lmaaMe cobeTBen-
Has 4YacToTa KojeGaHuii mna3Mel paBHa @o=S5-10® , 4TO COOT-
BETCTBYET JECUMMETPOBBLIM BOJIHAM.

Brepsbie Hanuune koneGanuii B miasMme  ObUIO  YCTaHOBJIEHO
B 1906 r. Paseem u HesaBucumo B 1929 r. M. Jlenzmiopom, nomyqus-
umM dopmyiy (10.87) ms 4acToThl @y (KOTOpPas MOITOMY Ha3bIBAETCA
NeHZMIOPOBCKON  4acmomoii KoJIeOaHUH ILIa3MBbl).

B 3aKiroYeHHe PACCMOTPHM BOTIPOC O TEPMOJMHAMHUYECKOH YCTOM-
uuBocTH 1wiasMel. C nomoupio gopmyn (10.85) u (10.86) Haxoaum
CIIEIYIOIIHE YC/AOBHS YCTOMYHBOCTH Pa3pe)EHHON ILIa3MBbl:

op VRT | 1 SuNe?
Ll I ~ Ne? |°
( Fl V) T Iz
T T
—_—= e e >
v (Cy)uat 12 Ne? Ve ((kTV)
M3 3THX BhIpaXeHHH JUTS KOODOUIMEHTOB YCTORYMBOCTH BHIHO, YTO
TpH O/IMHAKOBBIX YCIIOBHsX IU1a3Ma MEHEE yC‘[Oﬁ‘lHBﬂ, 4eM Meaﬂhlﬂzlﬁ ras:

N w
PN S _YRT_(p\T T T
W)r VI o\ )r’ G (G

3AIAYH

10.1. TemmepaTypHas 3aBuCHMOCTS 3. 1. C. HEKOTOPOTO YIEMEHTA 3azaeTcs (opMyio
£=0,96446+1,74(1—25)- 107 +3,8(r—25)? 107" B.

OnpeeinTh, Kakas 4acThb 3. [. C. MEMCHTa
M YeMy paBHa Temnorta peakuuu mpu 25° C.

10.2. HallTh 34BUCHMOCTb 3TEKTDONBHXYUIGH CHIN OBGPATHMOTO FajlbBAHHYCCKOTO
/1EMEHTA OT BHEIIHCrO JABJICHHS.

10.3. ECIM TIOTHOCTH ra3a Ban-jiep-Baaibca Majia, TO MeeM OMHY TOHYKY MHBEPCHH.
TIoKa3aTh, STO B OGLIIEM CAyUac 1OGBIX NIOTHOCTEH CYIECTBYIOT /1 TOYKH HHBPCHN
W 1aTh rpadux KpuBoii raza B: p-Baasibca na marpamme T, p.

10.4. ToKa3aTh, 4TO B TOWKE WHBEPCHH

C,-Cy=V]|
(&)

10.5. Haittn maruutokanopuscckuit sdext (8T/0H)s A% BEUIECTB, NOAYHHAIOLAXCH
3akony Kiopu—— Beficca: x=C/(T—0), e 0-— rnapamarnntaas Touka Kiopu.

10.6. IToka3ath, 4TO 3aBHCHMOCTb KOHCT4HTLI PABHOBECHA OT TEMMNEPATYpPbl ONpeess-
ercs ypaBHerueM BawT-T'o

1n1<g _ 0
T ),  RT?

rae Q,—TemioBok dPPeKT peakuMu NPH NOCTORHHOM JABIEHHH.
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10.7.
108.

10.9.

10.10.
10.11.

10.12.

10.13.

10.14.

10.15.

10.16.
10.17.

10.18.

10.19.

10.20.

HaiiTn ycnoBus paBHOBECHS TETEPOTEHHOH CHCTEMbI H3 n (a3 H k KOMIIOHEHTOB.
B peakumu 00pa3oBaHHs BOASHOrO rasa

H,0+CO=CO,+H,

paauomue Hac'ryuu.vlo npH
01b; M
npenenmb KoHCTauTY  paBHOBeCHS

Tpu temneparype T=717 K peakuus oﬁpawnaﬂm MOJIACTOrO  BOAOPO/A

1259 K. M38cCTeH MONICKYIAPHbH PaBHOBECHEIH
9,46 MOT;  myy,o=9,46 MOMb; 1y, =80,38 MO,

H,+I,«2HI

JMOCTHI/Ia PABHOBECHA. 3Has Ha4YaNbHOE WYHCIO Moned Homa my, =294 Mob
H HAYATLHOE YHCIIO MOJEH BOOPOAA My, =8,1 MOIb, ONpPEAENHTL HHCIO MOJIeH
HI  npu gdBHOBCCmrl Koncranta. paBHoBecuss npu 7T1=717 K u3BectHa:
K,=K.—

o JETYUSCTS DELIIIOTO Ta% P Ti0GOM iamfenH 10 €ro. -
TePHMEHTATBHOA H30TEpME

Hcxoas u3 ycnoeus paauonecm rasa M TBEPIOTO Tela OJHOLO M TOro Ke
ncmecmu, HaiTH ans IHT

Haum HHCIO TepMcnnnaMnHmknx cTencHel cBOGOMB! CHCTEMBI, COCTOMIICH
u3 pacreopa: 1) KCI u NaCl B Boze B NpHCYTCTBHH KDHCTAajIoB 0GeHX
coneii W mApoB; 2) 9THX conieli B MPHCYTCTBHH JbJa, KPHCTALIOB OOCHX COJteli
¥ mapos; 3) caxapa B BOjC H chocm-le TpH ua'lwum ]lblla W napa.
Tpasuso a3 Tub6ca y Kb

BXOMMT BO Bee (pasl. Kak uweumcx npaBIIo qm ot e Kason

Tokasath, 970 ccnM  Gbl L'nen'pa_nbﬂan IVIOTHOCTS  JHEpIMH  M3/yMEHHS
4, 33BHCEA OT BEUIECTBA CTEHOK TOJOCTH, TO MOXHO ObUIO Obl OCYIECTBHTH
BEYHBIH /IBUTATeAb BTOPOIO pOAa.

VCTaHOBHTL  CBS3h MOy CNEKTPAIBHOH  SHEPrCTHYCCKOW  CBETHMOCTBIO
£, YEPHOTO TENa M CNEKTPAJIbHOK IUIOTHOCTBIO JHEPrHH 4, €r0 PaBHOBECHOIO
H3TYHCHUS

HcXoas U3 NpEACTaBIeHHA O CBCTOBBIX KBAHTAX, BLIYMC/IHTD /IaB/ieHHE PABHOBEC-

H
TMokasaTk, 9YTO JUIHHA BOJHBI A,, Ha KOTOPYIO TNPHXOAMTCS MAKCHMyM
CIEKTPAILHOM IUIOTHOCTH OHErHM 14, DABHOBECHOTO W3YCHHA, M HACTOTA Vi,
npu mmpoh HMeEET MaKCHMYM ¢yﬂxmm Uy, Hc coon!en:'myloT ApYT JpYTY,
T. e ApVp#c. Uem p
CﬂCKTdelebIX yHKuME H IpH KakoM ycnomm omq cosnajaiT?
Onpencnu'rb Temnepatypy 7T,, TPH KOTODOH Ha CNEKTPaibHBIA y4acToK A;
A+dL NpUXOAMTC HAMOONBUIAK OTHOCHTCIBHAA MUIOTHOCTH H3JIYHEHWS, Tak
4TO 374 ILIOTHOCTH MMEET MAKCHMYM IDH JLTHHC BOJIHBI A HJIH COOTBETCTBYIOMIER
eil yactore v=c/A.
Onpeaenuts, BO CKOJILKO a3 YBEIMYMTCS OHTPONMA YEPHOTO  M3NyYeHHS
B nojocTH obbema ¥ ¢ GebMu CTCHKAMH npu ero PACIIMPCHUH B TIOJHOCTBIO
OTKayaHHbIi OGbeM V), ¢ TAaKMMM e CTCHK
B rpasu nose ATbHO 1 BICOKHI WHIMHAP C 3epKailb-
HBIMM CTCHKaMH, i npu Temneparype T.
[lapnenne BHW3y, paBHOE '/; TMIOTHOCTH aucpmu M3JIYYEHUS, JIOJKHO ObITh
BoAbiue, 4em HABEPXY, HA BEHUYHHY OTHECEHHOTO K CMHHIE TUIOMIAM BECA BOEX
BHILIETICKALMX CIIOCB H3yHEHHS. Ho, ¢ apyroit cropossi, no 3akony Credana

aayseii BCiozy fbHa MCTBEPTOl CTeneHH
TeMIepaTyphl, 4TO npuno,:m n HEPrUH Ha BCEX
YPOBHAX rpaBH  Paruachnth npoTHBO-

peune.
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1021,

10.22.

10.23.

10.24.

10.25.

10.26.

TokasaTh, 4TO paBHOBeCHE H3nyteuit oT pamuqnmx TeJl B MONOCTH C 3cp-

KaJIbHBIMA CTCHKAMH SBISETCH

M3/lyYCHHE TPEACTaBNAeT coGoll CcHCTeMy Ily‘lcﬂ HAXO/ALUMXCH B YCTOHYHBOM

PABHOBECHH C OHOH M TOH Xe TEeMHepaTypoi [Uis BCex yueh.

Tokasath, 4TO 4epHOe M3JlyYeHHE MPH 4MAOATHOM TPOLCCCC OCTAETCA HCPHBIM,

HO MIMCHSCT TeMICpaTypy.

TokasaTs, 4TO (OPMYIA JUIA CHCKTPA:IbOM TLIOTHOCTH JHTPOMMH PABHOBCCHOTO

H3NTY4EHHS HMEST CICAYIOWYIO CTPYKTYPY: s,(v, T)=Vvo(V/T), rae ¢ (v/T)—

HekoTOpas (yHKumsA.

Onpenenuts Cy, Cp, C,—Cy 115 eQMHMLBI 00BEMA PABHOBECHOTO HMIJIydCHHS.

deBHHTb Cy ans e:umnuu o0beMa 01HOATOMHOTO raza ¢ Cy CojepXKallerocs
HeM DABHOBCCHOTO WINYMCHMS.

Bmummu BHYTPEHHIOKO IHEPTHIO PA3PCAKCHH a3Mbl, 3aHUMatoulcit 06beM
M COCTOAIUEH W3 ABYX COPI1OB npo'mnonono)lm\) SAPKEHHBIX  4acTH (N

acmu KaX/I0r0 COPTA C 3apsiaMu € H —e).

BeneicTue  KBHBAJGHTHOCTH MAacChl M OHEPrHM Hapsily C TpEBpAlUCHHEM

BEILECTBA B W3/IYYEHHE BO3MOXEH W OOPATHbIA NPOLECC MPEBPALICHHS W3JTy4YCHHS

B BeiectBo. OnpenenuTh TeMnepaTypy. NP KOTOPOH BO3HHKAET Mapa dMieK-

TPOH —-TIO3UTPOH B DABHOBECHOH CHCTEMC JJEKTPOHHBIH Ta3-— H3JIyuCHHE.




TJABA OJAVHHAJUATAS

TMOBEPXHOCTHBIE SBJIEHHASA

P: pas
remeporeHHo# , Mbl HE ¥ A0 cux
nop ocobeix csoAcms noaepxnacmu pasgena u ux

Ha p Mol 4mo 3Heprus

Uu aueprun Fensmronsya F cucmemsl, cocmosiyes
U3 JBYX UNU HECKOMLKUX (ha3, pasHbl CyMMe SHEeprus
unu 3Hepruii lenbMronsya omgensHeix has.

B cnoe assl I 7]
paguyca MOneKynspHoro B3aumogexcmsusi (1 HM)
MOJIEKY NIbl B3AUMOAEHCMBYIOM HE MONLKO C MONeKy:
namu cBoed passl, HO U C Gnu:!ne)«au.{uM cnaeM

qyXKoi asel, 1y L 7105,
omnau4alomcs om csoscmB BHympu (8 06beme) waau
Tak kak Jo mena

OHanLHO KBaZPamy pasMepoB Moro menia, a o6b-
M — NPONOPLUOHA/LHO KyGy amux pasMepos, mc

Ans 6 X men nc
no ¢ o6 MOXHO P
OpHako ecnu Ha 3

APOGIEHHOM cocmom«uu, mo makas cucmema " 06-
nagaem pa3sumoii NOBEPXHOCMbLIO U  NO3MOMy
npeHebpexxeHue NOBEPXHOCMHLIMU 3hhexmamu MO-
Xem B amoM cny4ae npusecmu B pesynbmamax
norp

§ 56. IOBEPXHOCTHBIE HATSDKEHME W JABJIEHUE

TepMoIMHAMKKA NOBEPXHOCTHBIX SBJCHUH ObLia passuta I'mbGeoM.
OH TIpHHAMaJT HOBBPXHOCTHHI‘J] cnoi 3a HOBYK «IIOBEPXHOCTHYIO
basy», oTamuHyio OT OOBEMHBIX (a3 TeM, YTO ee TOMNUIMHA Ype3-
BbIYAMHO Maja NO CPABHEHHIO C NPOTSKEHHOCTHIO B JBYX JPYrHX
M3MEDEHHSX, M TO03TOMY DPAcCMATPHBAJl NMOBEPXHOCTHBIA CIOH Kak
TeOMETPHYECKYIO Pas/IeNsIOIIyio IOBEPXHOCTh, IPHMEHsIS K Hel obmme
TEPMOJAMHAMHYECKHE YPAaBHEHHUS.

IMnomaapr nosepxHocTH X ¢a3sbl sBuseTcs HApsmy ¢ obbeMom
V HOBLIM mapaMeTpoOM, XapaKTepH3YIOUHM COCTOSHHE CHCTEMBI.
VBennueHHe NOBEPXHOCTH CHCTEMBI NpPH NOCTOSHHBIX TEMIEpaType
H oObeMe CONpPOBOXAAETCA 3aTpaTOd paboThl, Tak Kak s 006-
Pa3oOBAHHA HOBOH MOBEPXHOCTH HEKOTOPbIE 4YacTHUBl H3 oObema
JOJDKHBI TMEpedTH Ha TMOBEPXHOCTb, YTO CBA3aHO ¢ paboTod mpoTHB
CHJI MOJIEKYJIAPHOTO B3aHMOJCHCTBHSL.
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O603HaYHM G 00OOIIEHHYIO CHJly, COOTBETCTBYIOUIYIO NapaMeTpy
Y. Torpa snemeHTapras pabora NpH YBEJIMYCHWH MNOBEPXHOCTH Ha
dX (npu u V=const)

SW=—dFy=—ocdZ
a gaddepeHnman CBOOOJHOH OHEPrMM CHCTEMbI IIDH H3MEHEHHH
e T, Vu X
dF=—-SdT—pdV+odZ.

BesqmunHa O, XapaKTepU3YIOllas pPABHOBECHE MEXAY /ABYyMs CO-
TNPHKACAIOLIMMHUCS d)inaMH, HA3bIBACTCH NOBEPXHOCMHBIM HAMANCEHUCM
¥ paBHAa CWI€ HA €AMHHLY JUIMHBI Hda TOBEPXHOCTH HJIM H3MEHEHHIO
cBOGOMHOM  JHEPIrWHM HA  €IMHWLY  YBENMYCHHS  NOBEPXHOCTH:
o=dF;/dZ. TloBepxHOCTHasi SHEPTHs, OYEBHIHO, paBHA

Up=Fo-T¥=oz - TZ( ) Z=E<G—T':;-;),

PaccMOTPUM YCIIOBHSI PaBHOBECHS B CHCTEME, COCTOSILEH M3 ABYX
(a3, pasjielieHHbIX 1IOBEPXHOCTbIO pasjiena. M3pecTHo, u4To mnpu
npeHeOPEeKEHHH TIOBEPXHOCTHBIMH SBJICHHAMM YCTIOBUSMH PaBHOBECHS
JBYX 4)33 OJIHOTO M TOrD XK€ BEILIECTBA SABIAIOTCA

T'=T", p'=p", W=y Ly

Te e pacCyk/eHus, KOTOpbie NPUBOAAT Kk pasencTsam (11.1)

M KOTOpBbIE 3/1€Ch HE NOBTOPAKOTCA, NAT JUIs  paBHOBECHS /IBYX
(a3 ¢ y4eToM TNOBEPXHOCTHBIX SIBJICHHH
T'=T", y=yp".

Yro xe KacaeTcs jaBienmit B (asax, To, TaK Kak Tenepb Ha
TPAHKIE YIHTBIBAKOTCS CHIIbI TIOBEPXHOCTHOTO HATSKEHHS, PaBHOBECHE
Mex1y (asaMu HACTYMaeT, BOOOIIE roBOPA, MPH PA3HBIX AABJIEHUSIX
B (azax. HaiizeM 510 yC/IOBHE MEXaHHYECKOTO PABHOBECHS B CHCTEME
n3 apyx ¢a3: xumkocts (') v map (”), MCXOAs M3 MHHMMyMa
cBoGonHo#M sHeprud mpu T=const H V=const.

Jludpdepenupuan cBOOGOMHON OHEPIMH CHCTEMBI, COCTOSIIEH W3
KHMJIKOCTH, Tlapa ¥ TOBEPXHOCTH pasaena  MExXAy HHUMH, Korjaa
TeMIepaTypa W XHMHHYECKMH NOTeHIMasn B (aszax OJMHAKOBBL,

dF=—p'dV'=p"dV"+odE. (112)
Tpu paBHoBecuu dF=0, cnenosatensto, cdZ—p'dV'—p"dV"=
a Tak kak V'+V"=V=const, 1O
P=ptoy dy,,

rae dX/dV’—kpuBusHa moBepxHocTH pasaena ¢as. Korma osra
[OBEPXHOCTh C(epuueckas, TO
dx _ d(4nr?)
dv' Al
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[r cuMTaeTCH MOJIOXHMTE/IBHBIM, €C/IH KPHBH3HA TOBEPXHOCTH HAIpaB-
nera B ¢asy (')]. B cayyae npoM3BOJILHOM IOBEPXHOCTH

g1l

v’ n r

TAe ry H rp—TJaBHBIE PaJMyChi KPHBH3HBI MOBepXHOCTH. Takum

00pa3oM, IpH paBHOBECHH CepUUECKHX Kanesb XuakocTH (') ¢ napom

(") nmaBjenve B Kamwie p’ M JaBjeHMe napa p” CBA3aHbl YCIOBHEM
p'—p"=20/r mm p'=p"+2c/r.

Ortciofa BHHO, YTO Ha MOBEPXHOCTH pa3jena JByX a3 (kamis —
§ap) CyleCTBYeT CKA4OK JaBJICHHMsS, paBHbli 20/r. Benwunna
o (l/ry+1/ry) nnu 20/r (B caydae chepuyeckoii MOBEPXHOCTH) HA3bIBa-
€TCH  N0BEPXHOCMHbIM  OaéAeHuem WM  Oasaenuem Jlanaaca. [nst
IUIOCKOH NOBEPXHOCTH (r — 00) pa3jena XHUAKOCTH M Napa NaBJCHHE
Jlannaca paBHO HYJIIO M YCJIOBME MEXAaHHYECKOTO DABHOBECHS NPH
3TOM COBNA/IACT C AHANOTHYHbIM YCJIOBHEM 03 y4eTa NMOBEPXHOCTHBIX
SABJICHUIA:

p'=p"=pao
W3 dopmyasr (11.2) BuHO, YTO NPH NOCTOSHHOM OObeMe KaIlid
(V'=const) ee paBHOBecHas (opMa ONpENENAETCE MHUHUMYMOM
nosepxHoCTH X. Clie/loBaTEIBHO, KHIKOCTh, HAXOASAMIAACA MO Jek-
CTBHEM TOJILKO CHJI MOBEPXHOCTHOFO HATSKEHHS, NPUHHMAET IIapo-
obpa3Hylo (opMy, Tak KaK NpPH JaHHOM o0GbeMe MHHHMAJBHOH
NOBEPXHOCTBIO ObJajaeT 1wap.

§ 57. PABHOBECHASL ®OPMA MOHOKPHUCTAJLIA.
TMPUHUMIT T'MBBCA —KIOPU U TEOPEMA BYJIb®A

Ipn paBHOBECHM MOHOKDHCTA/LIA CO CBOMM HACHIUEHHbIM NApOM
HI DACTIaBOM ero dopma ompenensercs TeopeMoit Bymbga, mo-
Ka3aHHOH MM BrepBble B 1885 r. DTa Teopema BbIpaxaeT KOHKPETHOE
YCJIOBHE DABHOBECHS KPUCTAJUIA H MOXET ObITh YCTAHOBJICHA HCXOAs
13 oblIero ycjoBHs paBHOBecHs cHCTeMbl mpu T=const u V'=const:

8F=0, 8*F>0.
Tpexnae dYeM MOKa3biBaTh 3Ty TEOpEMy, 3aMETHM, HTO JUIs
BCAKOrO KPHCTAJLIA CYLLECTBYET TOYKA, YIOBJIETBOPSIOLAS YCIOBUIO
Gy /hy=02/h;=03/h3=04/hs=c, 1L3)
Ilie O;— yAesbHble NOBEPXHOCTHBIE CBOOO/HbIE JHEPIUH rpaHeit®), h;— ux
COOTBETCTBYIOIME ~PACCTOSHMA 10 9JToi Toukk (i=1, 2, 3, 4).

* BenmuuHy O; AN KPATKOCTH HA3BIBAIOT, N0 AHAJIOTMM C XKHAKOCTBIO, MPOCTO
noeepxuocmubim  namaxcenuesm. Heobxomumo, onHAKO, HMeTh B BHAY, YTO 3TO He
OfIHO M TO e, TaK Kak Npouecc OOpa3OBaHHS HOBOH MOBEPXHOCTH Y KPHCTAJLIA
B obmem ciyuac cpssan ¢ obbemHOM aedopmaumei.
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B camoM fese, pacCMOTPHM [IBE CMEXHbIE IpaHu
xpuctasia OM u ON (puc. 37) ¢ NOBEPXHOCTHbI-
MU HAaTSKCHMSMH Oy M O, W TpPOBENAEM Mapai-
JIEJIBHO 3THM IpaHsaM JBE IUIOCKOCTH HA TAKHX pac-
CTOSHHSX hy M h, OT rpaHeil, 4TOGHI BBINOJIHSAIOCH
ycioBHe
Gy /hy=0,/h,. (11.4)

Jlunus mepecedeHHs IUIOCKOCTeH A, OYEBHIHO,
napawienbia  pebpy O M OpH  yBEJIHYEHHH
hy W h, B ONMHAKOBOE YHCIO pa3 OymeT nepeMemarthcsi BAOJDL
wiockocth OA. Takum opa3oM, miockocTh OA SBISETCS TEOMET-
PHYECKHM MeCTOM TO4eK, ompejeiseMbiM ycnosueM (11.4). Boas
B PacCMOTPEHHE TPETHIO, a 3aTEM M HETBEPTYIO IPAHH, AHAJIOTHYHO
yOenuMcs, 4TO Ha IUIOCKOCTH OA CymiecTByeT npsAMas JIHHHSA,
YAOBJIETBOPSAIONIAS YCIOBUIO

Gy /hy=03/hy=03/hs,

a Ha 9TOM JIMHMH —TOYKa, yJOBJETBOpsiomas ycnosuio (11.3).

CyluecTBOBaHHE TAakKOM TOYKH HE CBS3AHO C NPEINOJIOKEHHEM
O paBHOBECHOCTH KDHCTaJUla H, CJleJoBaTelbHO, B 00mieM ciyyae
JUIS KaXIBIX JMAHHBIX 4YeThipex rpaHeif (u3 Mx obumiero umcna N)
9TH TOYKHM pasHbie. B cnyyae e paBHOBECHOrO KpHCTajia 3Ta
TOYKA eIMHCTBeHHas. WHaue rosops, paBHOBecHas (pOpMa MOHOKpH-
CTaJUIa XapaKTEPH3YETCS TeM, YTO €ro IPaHH YHajeHBI OT HEKOTOPOH
TOYKH (mouku Byabga) Ha paccTOSHHS, NPONOPLUHOHAILHBIE OBEP-
XHOCTHBIM HATSKGHHAM TpaHei:

G1/hy=02/hy=03/h3= ... =cy/hy.

310 yTBEPXKACHHE HA3BIBACTCS meopemoii Byavga. [loxaxem ee.

Muddepeniman  CBOGOAHON OHEPTHHM CHCTEMbI B TepMoCTarte,
COCTOSILEH W3 KpHUCTa/wia, pacmiaBa (') M TOBEPXHOCTH pasjiena
MeXJy HHMH,

Pac. 37.

N N
dF=—pdV—p'dV'+ ¥ 0,d%= Y o;dZi— (p—p')dV,

i=1 1
rae X;,—IUlOmMaab i-H IpaHM KpHCTaa.

Tpu pasrosecun dF=0, cief0BaTENbHO, KPHCTAJLI, HAXOMALMHACS

B DaBHOBECHM C pACIUIaBOM, NPWHMMAET TpM 3a/aHHOM o0bBeMe
V takyio orpanky (¢opmy), npn KOTOPOH €ro TOBEPXHOCTHAs
cBoGO/IHAs FHEPrUs UMEET bHOE (np Tubbca—
Kiopu):

Zq,dE 0, dV=0. 11.5)
OG6beM KpucTaiia_ MOXHO paccMaTpUBaTh Kak CyMMy [NOCTpO-
eHHBIX Ha TpaHsXx X; O0beMOB mNHpaMuia ¢ OOIIEH BepIIMHON
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B INPOM3BOJIBHOM TOYKE BHYTPH KpHCTasia
(puc. 38). OueBnamo, 4TO

V=i Y b w V=1 ¥ (Sidhi+ hdE).
i i

C npyroit CTOpOHBI, BCAKOE HM3MEHEHHE s
06beMa C TOYHOCTBIO [0 BEJIHYMHBI BTOPOrO At
NOPAJIKA_MAJIOCTH PaBHO nosep- k&7
XHOCTH X;, YMHOXEHHOMYy Ha H3meHenue dhy I
BBICOTBI: dV=Z ¥, dh;. TlosTomy Puc. 38.

Z):dh——Zhd): u dV= szh—-Zth

M DPHHIAN I'nGGcafKiopn (11.5), ompenensommii yCJIOBHBIH MH-

HAMYM TIOBEPXHOCTHO#H CBOGOHOM SHEPruH . 6;%;, 3alMIIETCS B BHIC
i

N
Y 6:dTi=0 (1L.6)
i=1

IpH yCJIOBHH

N
Y hidZi=0. aLn
i=1
Ho ycnosue (11.7) He HcHepnbIBaeT MOJHOCTBIO CBSI3EH MEXIY
HU3MCHCHUAMH HJ'lOH.[a,IICﬁ TpH UX BO3MOXHBIX NEPEMELUCHHUSAX. B ugucno
3THX NEepEeMEIICHHH BKJIIOYACTCS M NEPEMEICHHE KPHCTaia B Mpo-
CTpaHCTBEe 0¢3 H3MeHEHMs (OpMBL. Bcero Takmx —HE3aBHCHMBIX
nepeMellieHnii KPHCTajla B TIPOCTPAHCTBE TpH. [109TOMY BO3MOXHBIE
M3MEHEHHs IUIOUIaJie rpaHedl KpucTajula JOJKHBI YAOBJIETBOPATH
TPEM YPABHEHHSM CBsi3eH:

Y 4d%=0, ¥ bdZ;=0, } ¢;d%;=0. 118

N
Jlns OmpefiesieHMs MHHMMYMA BEMMHHbI Y O;%; IPH YCIOBHSX

(11.7)—(11.8) Bocmonb3yeMcs MeTOIOM JIarpl;nlxa: YMHOXHM YpaB-
senus (11.7), (11.8) coornercrseﬂﬂo Ha Ay, Ay, A3, Ay H CIOXKHM
ux ¢ ypasHenuem (11.6

N
Z (c.+x hitAaai+hsbithac;) dZ;=0. (11.9)
=1
B cBasu c ycnousmu (11.7)—(11.8) ueThipe BapHamuu u3 dX;
He He3aBHCHMBI, Hanpumep dX,, dX,, dZ,, dX,. Ilombepem A, A,,
A3, Ay Tak, 4TOOBI KO3(GMUMEHTHl NPH 3aBHCHMBIX H3MEHEHHSX
njomaneii ObpaTHIMCE B HyJb:
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o1 +Ahy+Aaa; +h3by +hse =0,
Gt hhy+haay +A3by +hac2 =0,

O3+Ahs+Axa3+hsby+hac; =0, ar10
O4+Aiha+Aaas+A3bg+Aacs=0.
W3 5THX ypaBHEHMH HaxoauM:
M=A1/A, A=Ay /A, A3=A5/A, ha=A4/A, (11.11)
e
hy ay by ¢y oy a; by
hy ay by ¢ o, a; by ¢
A= hy ay by c3 |’ Ar=- o3 a3 by ¢y |’
hy as by cq C4 as by c4

hy oy by ¢
_ hy 63 by ¢
A= hy G4 by cs H T (11.12)
hy o4 by cq
VuprbiBas Boipaxenus (11.10), u3 ¢opmyssr (11.9) npu Hesasu-
cambix dZ; (i=5, 6, .., N) noiydaem

Ay Ay Ay A
it St Fat b5 =0, 113

Vpasuenns (11.10) u (11.13) SBISIOTCA TEOMETPUYECKOH HII-
JIOCTPANMEN YCIOBUHA PABHOBECHS KPHCTajla M CIpPAaBEUIMBBLI JUIS
O6OH TOUKH.

Ipumennm ypashenus (11.10) x Touke, B KOTOPOH BHINOJIHSETCS
yenosue (11.3):

o;=ch; (i=1, 2, 3, 4).
TloacTaBisis 5TH BbIpaXeHus o; B onpegesutenu (11.12), Haxomum:
Ay=—cA, Ay=Ay=A,=0.
W3 ypasuenus (11.13) nonyuaem
o;=ch; (i=S5, 6, ..., N),
YTO M COCTAaBIAECT CONEPXAHHE meopembl By/uzdia,

CrpemJleHHe KPHCTaJUla IPUHATH PaBHOBECHYIO (opMy, onpenens-
eMylo Teopemoil Bynba, ¢ yBelqMYeHMEM pa3Mepa KpHCTaLIA
YMEHBINAETCA, TAK YTO MPAKTHYECKOE 3HAYEHHE TEOPEMBbI OTHOCHTCSH
Tpexae BCErO K MalbiM KpHCTauiaM (He IPEBBILAIOIIAM 1 HM).

Ecimi 11 HeKOTOpOH Tpanu ©;/h;>c, To oHa OyneT WCmapsTbhes
WIM pPacIUIaBiATBCA, €cad Xe ©;/h;<c, To Takas rpadb Oynaer
HApacTaTh, IPHYEM CKOPOCTH #; POCTa KPUCTAIUIA (IPH NMPUOIHKEHHH
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X PaBHOBECHIO) 10 HOPMANM K Pa3HbIM TPAHSM NPONOPLUMOHAIBHBL
YAEBHBIM TOBEPXHOCTHBIM CBOGOJHBIM 3HEPrHSM 5THX TIpaHei:

wi=hi/t, hy=0/c, ui~o;.

§ 58. POJIb [MOBEPXHOCTHOI'O HATSIKEHUS
TP OBPA30BAHMM HOBOM ®A3bL. 3APO/IbILIM

Kak H3BECTHO, B YCTOHYMBOM DABHOBECHH BCSKas CHCTEMa B 3aBH-
CHMOCTH OT XapaKTepa BHEIHHX YCJOBHA HMEET MMHHMYM OJHOTO
H3 CBOMX TEPMOJMHAMHYECKHX NOTEHIMAJIOB M NPH H3MEHEHHH JTHX
YCIOBHi TNIEPEXOMUT M3 OIHOTO YCTOMYMBOTO COCTOSIHHS B ApYroe.
Hanpumep, xorma Bosme coodmaeTcs TemoTa UpH HOPMAJbHOM
aTMOC(EPHOM JIABJICHUM, TO OHA HJIH HATPEBACTCS, WM 3aKHIaeT
M YaCTHYHO TIEPEXOJHMT B Nap, KAk TOJBKO €e TeMIeparypa JAOCTHraeT
100° C. OmHako H3BECTHO TaKXKe, YTO IIyTeM OYUCTKH IKHAKOCTH
MOXHO J0OMTBCS e¢ mneperpeBa M (a3oBbli NEPEXO] HE HACTYIMT
JIaXe TpH TeMIEpaType, 3aMETHO MNPEBBLINAIOIIEH TeMIEepaTypy Kume-
HHS NIPH JIAHHOM [IaBJICHMM. AHAJNOTHYHO OGCTOMT AeNI0 W B Ciydyae
Apyrux (as’oBbIX IEPEX0J0B NEpBOro poaa*: B umCTOM Tape
3aTATMBAETCA KOHJEHCAlMs (NEPEOXJIaX/ACHHbIH 1ap), B YMCTOH XHJ-
KOCTH MJIM pacTBOpE 3aTArCHBACTCs MEpexojl B KPHCTAJUIHYECKOE
COCTOSIHHE (IIEPECHIILEHNE).

Onsopoanas cucrema (¢asa) B 3aaHHOM 0GBEME MOXET Cylle-
CTBOBAaTh B HEKOTOPOM MHTEpBAJE TEMIEPATYp, MMes CBOGOAHYIO
9HEPruio, GOJbLIYIO CBOGOHON SHEPrMM HEOAHOPOJHOM CHCTEMBI H3
TEX *Xe 4YacTll. Takoe COCTOsHME (a3bl SABISETCS METACTAOHIIBHBIM.
C TeyeHuemM BPEMEHHU CHUCTEMA nepel?l)le'r B COCTOSSHUE ¢ MUHUMAJIbHBIM
3HAYEHUEM CBOGOMHOM JHEPrWH, T. €. CTAHET HEONHOPOAHOH. OmHako
ITOT NEPEXOJ 3aTPYAHSETCS MOBEPXHOCTHBIM IPHEKTOM, T.e. TeMm,
410 06pa3oBaHHe B JAHHON (pase 06BEKTOB MallbiX Pa3MepoB Apyroi

a3bl M3-32 TOBEPXHOCTHOM CBOOOJHON OJHEPrUM OITHX OOBEKTOB
TIPUBOJMT K YBENHYEHHIO CBOOOAHON JHEPruH CHCTEMBbI M TMOITOMY
TEpEeXo/l TEPMOAMHAMUYCCKH HEBbIroAeH. Hanpumep,. Hauyajio KOHIEeH-
CalMd napa 3aTPYJHEHO 110 TOH MNPHYHHE, YTO NpH OOpa3OBAHHA
B nape Manbix (paauyca R) Kaneab XHAKOCTH MX NOBEPXHOCTHAs
cBoGosas oHeprusi Fy, mponopuuonanbhas R?, pacter ObicTpee,
¥EM YMEHbIIAETCs HX O0ObeMHas cBOOOMHAs DBHEPrus, MPONOPLK-
onanbhas R>. Tlo3TOMy NOMBJEHHE MaJbIX Kanedb OKa3biBAeTCs
TEPMOJMHAMHUYECKH HEBBLITOJHbBIM ¥ KOH/IEHCALMs 3aACPKUBACTCAH.
Ipu Gonbumx Xe Kamisx, HAYMHASA C HEKOTOPOro R=R,, HaobGopor,
O0BEMHBIH WieH yMEHbIIAETCS ObICTPEE, YeM PACTET NOBEPXHOCTHBII,
M KOHJCHCAIMA CTAHOBMTCS BO3MOXHOH: BO3HMKLIAS B pe3yjbTare
Guykryanmii Takas xamis Gyger pacTH.

* T.e. TAaKMX TpeBpAlUCHHA BeWECTBA M3 OfHOM (a3sl B Apyryio, KOTOpbIE
CBS3aHbl C TOTJIOLICHHEM HJIM BbIICICHHEM TCIIOThI (NUIABJCHHE, KMICHME M T. 11.).
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Ans Besikod  MeracTabWiIbHOM  (askl  CyIIECTBYeT HEKOTOPBIH
MHMHHMaJIbHBIA pa3Mep, KOTOPbIM JOJKHO 06JjiafaTh obGpa3oBaBiieecs
BHYTPH HEE BCJIEACTBHE (IYKTyalui CKoIUIeHHe ApYroi ¢assl, 4To6sl
aTa fapyras ¢a3a oOKa3amach YCTOHuMBee NepBOHaYaibHOW. Ilpu

X pasMepax A (asza ocTaeTcs Bce XKe YyCTOHuMBee
9THX (AyKTyalnud W OHH McyesaroT. Takue CKONJIEHHS HOBOW (asbl,
obanaronie MHHUMAJIbHBIMA Pa3MePaMH, Ha3bIBAIOTCS 3APOObIUAMU.

BbIYMCIHM KpHTHYECKHWH pajuMyc KaluM JUIs HACTYIUICHHS KOH-
feHcauuu mnapa. [IpeamonioXuM, 4TO B pe3ysbraTe MpOHCIUEALIeR
¢aykTyauun B crTapoii ¢ase npu Temmepatrype 7 M JaBJiCHHH
p obpasopancs odar HOBOH (a3bl, HampuMep B Nape — Kanejbka
KHIKOCTH pajauyca R. Omeprus I'u66ca mnapa no obpasopanns
Kaluli paBHA

Go=p (p, T)N,

rae py (T, p)— XHMHYECKHI NOTEHIMAl, OTHECEHHBIN K OJHOH YacTHue
napa, N-—4HCJIO YacTHI[ mapa.

Tocne obpa3opanus Kamm sHeprus [n66ca G CHCTEMBI C yd4eTOM
NOBEPXHOCTHOH 3Hepruu I'enbMmronbua Oyner

G=F+pV=Ny f1+N2f,+0Z+p(N1v1+Nyv,)
=Ny (f1+pv1) +Nz(fz+l7”2) +0Z=Nyp (T, p) +Napa (T, p) +0Z,

rae N;—uuciao vwacTHn napa; N,—W4HCIO HACTHI B Kame
(N1+N,=N); v; u v,—0b6beMbl; f; W f,—3Heprun [enbMrosbua
Ha OfHY 4YaCTHIy COOTBETCTBEHHO mapa M kammm; Wy (7, p)—
XHMHWYECKHH NOTeHIMas BellecTBa B HOBOH ¢ase (kame) Oe3 ydera
TOBEPXHOCTHBIX 5((EKTOB (T. €. JUIA IUIOCKOH MOBEPXHOCTH); G-—
TIOBEPXHOCTHOE HATSKCHHE; ¥ — IUIOMA/b [I0BEPXHOCTH HOBOH (asbl.

Wi3MeHenne sHepram Tr66ca npu obpazoBaHud B cTapoil daze—
nape HOBOH ()a3bl—KHAKOCTH PaBHO

AG=G—Go=(p2—p1) N2 +0Z.
Bemmumubl N, B X JIETKO BBIPaXaKOTCS 4epe3 pajuyc Karumn:
Z=4nR?, N,=4nR?/(3v,).
Takum oGpasoM,
AG=4nR>(u;— 1 )/(3v2) +4nR%0. (11.14)

W3 oroii dopMynbl BHAHO, 4TO AG 1O-pasHOMY 3aBHCHT OT

R B ABYX BO3MOXHBIX ClIy4asiX:
D pa>pis 2) H2<pr

B nepsom ciydae HoBas (aza MMeeT NpH 3aJaHHbIX T M p XHMH-
YecKMH moTeHuMan OGonblmMil, 4YeM crapas, M SABIAETCH MeHee
ycroiuuBoit. [TosiBiieHHEe KaneibkH XXHOAKOCTH B mape (MM my3bIpbKa
B KHIKOCTH) IIpH BCeX ee pa3Mmepax R BemeT k pocty AG(A®)
(puc. 39), mostoMy obpa3oBanue HOBOH (a3bl BCErga TEPMOIMHA-
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Puc. 39. Puc. 40.

Muueckd HeBbironHo. Ecim B pesynbrate duiykryanmit m obpasyercs
Kamis B TakOM nape, TO, Kakux Obl pasMepoB OHa HM Oblia, OHa
obs3aTenbHO ObIcTpo HcuesHeT. Bo BTOpoM cilyyae ¢ yBeNMUECHHEM
pasmepa BO3HMKuIEH duykryauuu BTOpoii askl AG(AD) BHauae
(noxka R<R,,) pacteT, TaKk 4TO MaJieHbKHe (IyKTyauuu HOBOH asbl
SIBISIOTCA HEyCTOH4MBBIME (pHc. 40). DTa HEYCTOWYHBOCTb, Kak Mbl
yXKe TOBOPWJIM, OOBSCHSCTCS TeM, 4YTO NPH Majubix R BTOpoe
CNIaraeMoe B BBIPAXEHWH Ui AG pacTeT C yBeJNHYeHHEM R CHibHee,
4eM ymeHbinaeTcs nepsoe. Ommako mpu Goabmux o6pasoBaHHsX
BTOpO# (asel, korma R>R, BTOpast (asa craHoBHTCS Gonee
YCTOH4HBOMH.

Pasmep 3apompilia HaiieM H3 YCIOBHS MAaKCHMyMa H3MEHEHHS
sHeprun [u66ca AG (KOTOpOE BBIPAXAET YCIOBHE HEYCTOHYHBOrO
paBHOBecH):

2(46) =0 wm 4nR2
OR [R

xps

=i
vz

+8noR,,

OTKyAa
Rep =200, /(11 — i) (11.15)

Orcrofa BHIHO, YTO KPUTHYECKHH pajHyC 3apOJbillia MPONOpLH-
oHaJleH Kod(pdUIHEHTY MOBEPXHOCTHOrO HaTsKeHMs. PasHOCTB g — i,
B 3HAMEHATeJie NOKA3bIBAET, YTO 4eM Gosiblue MNepechiieH map (em
Gonbiie 3Ta pa3HOCTB), TEM MEHbIE KPHTHYECKMHA pPaguyc H TeM
CKOpee HAYHETC KOHICHCALMS.

AHaJIOTHYHO OGCTOHMT €O M B CiIydae APYTHX (a3OBBIX NMEPEXOLOB
TIEPBOTO POJIA; NPH KUNECHUH XHIKOCTH ITHMH 3apOJIbIIAMH SBJIAIOTCA
Ny3bIpbKH Tapa, NpH KPHCTAJUIM3al|K — KpucTaumikn. Ho  posnb
3apOJIbIlie B JTMX CIy4asX MOTYT WIPaTh HE TOJLKO IMY3bIPbKH
HJIH KPUCTAJUIHKH JAHHOTO BEIIECTBA, HO M HACTHLBI MOCTOPOHHETO
BEIUECTBA (3arps3HEHHs).

Kputnyeckuii pamuyc 3apojpiina (my3bIpbKOB Napa B NeEperpeToi
KHIKOCTH MIM KAl B TEPECHINEHHOM Mape) MOXHO HaiTH
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H HENOCPE/ICTBEHHO M3 YCJIOBHS MEXaHHYECKOTO PaBHOBECHS (HEYCTOW-
YMBOrO) 3apOJIBIIIA, T. €. U3 PABEHCTBA JIABJICHHS p, BHYTPH 3apOJbILLIA
CyMMe JaBJleHHs p; B OCHOBHOH ¢ase u naBnenus 20/R., o0yc-
JIOBJICHHOTO TIOBEPXHOCTHBIM HATAXEHHEM: py=p;+20/R,,, 0TKyla
26
Rep= , (11.16)
® pp
4TO SKBHBaJIEHTHO (opmyie (11.15). [leficTBATENBHO, N0 YCIOBHIO
PaBHOBECHA, B pe3yibTaTe obmeHa YacTHLAMH  MEXay Kanuieit
H ee mapom

w2 (T, p2)=ps(T, p1)- (11.17)

VuuThIBas Majyio CKHMAeMOCTh XHJKOCTH, T. €. ciaboe H3MeHe-
HHE XMUMHYECKOro MOTCHLMANA, HAXOIHM

ne
W2 (T, p2)=ma(T, p1) + 5]];(17;—m)~

Tlosromy u3 cootHowernus (11.17) monyuaem

pa=p1=[1 (T, p1) —p2(T, p1)]/va
u, caefoBarenbHo, dopmysy (11.15).

Ilepezpemoii HA3bIBAETCS KUAKOCTb, HATPETAsi BBHIUE TEMIEPATypPhI
Kunenus (T.e. TEMNEpaTypbl, NpH KOTOPOH YNpPYrocTh NapoB KMI-
KOCTH, HaXOJAIICHCH TOX BHEIIHHM JAaBJICHHEM p, JAeJNaercs PaBHOMH
9TOMy BHEIIHEMY NABJICHMIO), HO He KHNfluas, T.e. He obOpasyromas
NOA TMOBEPXHOCTBIO My3bIpef Mapa, a JIMUIb HCHAPAIONIANACS C MOBEp-
XHOCTH. HSBHEHHC HACBIIIEHHBIX MapoOB HaX TUIOCKOM TNOBEPXHOCTBLIO
TAaKOH XHAKOCTH p,>p. Ecnu mpH 3TOM B KHIAKOCTH 0Opasyercs
y3bIPEK, TO €ro KPUTHYECKHMHl Pajuyc, OYEBHHO, HAilJeM, MOJIOKHB
B ¢opmyne (11.16) p;=po # py=p: Rp=206/(ps—p).

3AJIAUYN

11.1. 3Ha% 32BUCHMOCTB MOBCPXHOCTHOFO HATSXELMA OT TEMICPATYPHI, HANTH M3MEHE-

HHe TeMNEpaTyp! NpH AAHAGATHOM PACIIMPEHHH TICHKH M KOMHECTBO TEIOTHI,
TpH ¢ M30TEp!

11.2. OnpeaenuTe  3aBHCHMOCTb  4BNCHMS HACBILEHHOTO TNapa Haja Kalied or
pajuyca Kamim.

11.3. [ToxasaTh, YTO0 OYeHb MajicHbKass 3apsXeHHas Karis OYACT PacTH He TOJIBKO
B NEECHILCHHOM Nape, HO JAXe B NApe, HE OCTHIUICM HACHILICHHS.

11.4. B M 0T HO HaTsKeHue?




TJIABA JABEHAIAUATASA

®A3O0OBBIE IEPEXO/JbI
1 KPUTUYECKUE SABJEHUSA

NMpu u e i Ha pas-
HOBECHYIO Te@MepOreHHylo Cucmemy Beujecmso U3
0fHOA (a3l MOXem nepexogumb B APyrylo, Ha-
npuMep U3 Xugkocmu B nap, u3 OfHOA Kpucman-
JU4ECKOA MOAUUKaLUU B APYrYI0, U3 HOPMaNbHOro
nposogHUKa B u3 Hemu-
ka B napamarHemuk u m. 4. Takue npespaiyeHus
Bewecmaa u3 0fHO# passl B APYry10 npu_uamere-
Ha.

X

nepexo,qauu
H

npa i A UH-

mepec npe,acmasnmom ¢7aaosble npespatyeHus
Mbi

paccmompum waaoaue npespaweuun nuuwe B of-

§ 59. KIIACCUOUKALIUA ®A30BBLIX MEPEXOJOB.
®A30BBIE IEPEXO/bI MEPBOT'O POJA.
VPABHEHUE KJIATIEMPOHA —KJAY3NYCA

Tlpu paBHOBECHOM TMeEpexXojie BeleCTBAa M3 OHOW a3kl B ApPYIylo,
Kak ¥ npu (azoBOM DABHOBECHH, TEMIIEPATypa, JABJECHHE W XHMH-
Yeckuii MOTeHUHas BellecTBa B (a3ax oamHakoBbl. UTo e Kacaercs
JIPYTMX TEPMUYECKMX M KaJOPUYECKHX BEJHYMH WJIM COOTBETCTBYIOLMX
HM 1IPOM3BOAHBIX OT oHeprmu I'm6bca G(T, p), TO OHH NPH OIHHX
$a3oBbIX NEPEX0JaX TEPNAT Pa3pbiB, a TPH JPYrHX — HENPEPHIBHBL.
ITo3TOMY pas/M4aloT NpepbIBHbIE W HENPEPbIBHBIE (Ha30BbIE NIEPEXOADI.

TIpepbianbimu HA3bIBAIOTCS (bazo\me NPEBPAIIEHAS, NPH KOTOPBIX

- oG
nepeble NpOn3BONHBIE OT G: V= 5; L S=— 7), HCIIBITHIBAIOT
v
CKauKH, a HeNnpepbleHbiMu—NEPEXO/bl, IPH KOTOPBIX nepnble npou3-
BOJHBIE HEMPEPHIBHBI, @ TEPNAT pa3pblB NPOM3BOJAHBIE BTOPOTO
G

n 6ojiee BBICOKMX TNOPSAKOB: TernoeMkocTsh C, =_T(2T1> , CKHMa-
G

ap?

emocth  Br= -1
Ty
1/ %G
=
v\ aTép
nepexodamu nepgozo pooa. TIpu STHX mepexomax, CIeIOBATENbHO,
CKa4yKOM HM3MEHSACTCS yﬂeﬂbllblﬁ 06beM v MM TUIOTHOCTH P BeuiecTra
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W morjomaercs (WM BBIAENSETCS) TEIIoTa x=T(s”—s’). ®a3oBbIMU
nepexofiamMyi NEPBOTO POA HBJAIOTCHA IUIABJICHYE, KPHCTA/UTM3AIMA,
KHIEHAE, HEKOTOPHiE TPEBPAINEHHA W3 OJHOH KPHCTAJLUIMYECKOH
MOH(HKAIMH B AYTYIO, Mep p B CBEpXNp
COCTOSIHHE B MAarHUTHOM 1ojie M T. 1.

HenpepbiBHble  mepexopl, IpPH KOTOPBIX BTOpbie NPOH3BOMHLIE
or oHeprud I'm66ca (MMM XMMHYECKOTO TNOTEHIHMANA) MCHLITHIBAIOT
CKauKkH, Ha3bIBAIOTCH (Ha306biMu nepexodamu 6mopozo poda, KOria
XK€ 3TH NPOM3BOJHBIC NPH NEpPEXoae TCA B ( OCTh —
Kpumuuecku.uu nepexobaMu, a aHOMaJIbHOe TIOBEJICHHE CBOWCTB Be-
1IeCTB B 3TOH oﬁnacmﬁxpumuuecxu,uu ABACHUAMU.

Tepmur «da3oBsie nepexomsl BTOporo poxa» Bnepseie (1933)
sBent I1. Opendect npu paccMOTpPeHHHM HENPEPHIBHOIO CBEPXTEKy4Yero
nepexona B JXXUIKOM TECJIUH. OH CYHUTAJI, YTO BTOPbIC NMPOU3BOJIHLIC
OT DJHEpPru¥ Tu66ca TpA 3TOM TMEPEXOJIC HUCNBITHIBAIOT CKAYKH,
M TOJYYMNI COOTHOIICHMS MeXMy HuMH (ypaBHeHus Opendecta, cM.
§ 60). TepmuHOM «(a30BBIl EPEXO BTOPOro poaa» (MM A-mepexon)
CTaM NOTOM Ha3bBATh W BCE JPYTHE HENPEPLIBHBIE NEPEXObI.
TTo3xe, OHAKO, OKA3aJoCh, UTO TIPH CBEPXTEKYHEM NEPEXOME B reuu
BTOpble NPOM3BOAHBIE OT dHepruH I'mMOOCa He HCIBITHIBAIOT CKaKH,
a obpamarotcsi B GECKOHEYHOCTb. IDTOT NEPEXOJ, CIEAOBATEIbHO,
SBJISETCS KPUTHYECKHM, M K HeMy ypaBHeHMs OpeHoecTa Hempume-
mimbl. Ho B smTepatype M ceffdac CBEpXTEKYuHil MEpexoi B TeJMH
H JIpYTHE HENpepbIBHbIC (ha3oBbie NMPEBPAIICHAS HA3BIBAIOT (a3oBBHIMH
nepexofiaMi BTOPOTo poja. Yaime, ofHAaKo, HENpPEPHIBHBIE NEPEXOMIbI
Ha3bIBAIOT KPHUTHYECKMMH TepexofaMu, uto Gosee npasunbHo. Pa-
30BBIM NEPEXOJIOM BTOPOrO POJIa ABJAETCA NMPEBPAIICHHUE POBOIHAKA
B CBEPXNPOBOJIHUK npu H=0. KpHTH'{CCKHMH nepexoaMu SBJISIOTCA
KPUTHUECKHH TEPEXOA KMAKOCTh —Ta3, MEpexol eppomarneTHka
B NApPaMarHeTHK, CErHeTOJIEKTPHYECKHH MEepexol M Ap.

HenpepsiBable (a30Bbie MEPexoabl OOBIYHO CBS3aHBI C U3MEHEHHEM
CHMMETPHH CHCTEMbI, II03TOMY MOXHO BBECTH XapaKTepH3YHOUIHit
9Ty CHMMETPHMIO TNapaMeTp NOpsAKa T, KOTOPHIH paBeH HYMO
u Gosee CUMMETPHYHON M OTJHYEH OT HyIs B MeHee CHMMETPHYHOM
ase. Taxoif NOJXOX B TEOPHHM HENPEPHIBHEIX TEPEXOMOB ObLT
npumener B paborax JI. [I. Jlanmay. BcnencTeue HepeanHCTHUECKOTO
NPENONOKEHHS O BO3MOXHOCTH DA3NIOKEHHs B CTENEHHOM DAl
anepruu I'm66ca B okpectocTH (asoBoro mepexona teopus Jlammay
pacxouTcs ¢ OGOJBIIMHCTBOM 9KCIIEPHMEHTOB B 3To# obmactu. ITo
3TOM TpHYHHE, a TaKXe MNOTOMY, 4YTO TEOpHH Ilalma TIOCBsLIEHA
ofWMpHAs JIMTepaTypa, Mbl He H3JaraeM ee 3/ech*. OU3MYECKH
nocnenoBaTeNbHasi TEOPHs HEMpPEPbIBHBIX ()a30BBIX IEPEXOJOB ObLIa
passuta B paGorax B. K. CeMeHYEHKO Ha OCHOBE IpeICTaBICHUS
0 TePMOJMHAMHYECKOi ycToiumBocTn (cM. § 62).

lg_pmuqccmn aHanu3 Teopuu (asosbix nepexogoB Jlammay cM. B KH.
Crenm dazoBbic Tepexoibl MW KpHTHYeckue sBneHws. M., 1973.
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OCHOBHbIM yDABHCHHEM, XAPAKTEPH3YIONWMM (a3oBbIC NEPEXOMbI
nePBOro poja, SABISETCH JNLHOE  YP Knaneit-
poHa — Knay3uyca. DTo ypaBHEHHE MOJTY¥acTCS A3 YCIOBHA PABEHCTBA
XHMHYECKHX TNOTEHIMAJIOB NPH PABHOBECHH JBYX (a3

W(p. T)=p"(p, T) (2.
M CBS3BIBAET MEXIY coboit TENJIOTY TNepexoAa, CKa4voK YACJIbHOrO

o0beMa ¥ HAKJIOH KPHBOH DPAaBHOBECHS B TOYKE TNEPEXOA.
W3 dopmymsr (12.1) cinenyer ypaBHeHHEe KpPHBOil paBHOBECHS

p=p(T). (12.2)
Tak kak KOHKpeTHbl BuA Gynkumn p(p, T) B ﬁonbumncme
ClIy4aeB HEH3BECTEH, TO yp KPHBOH (12.2) Takxe |

HEBO3MOXHO HANUCAaTb B SBHOM BHIE. OKa3biBaeTcs, ONIHAKO, HTO
udepeHIHaNbHOE yPaBHEHNE KDHBOH DaBHOBECHS WMEET TOPasao
Gosee mpOCTOH BHA H CBA3BIBAET MEXTy COGOH ykasaHHBiC BBIIE
Jierko u3mepsiemble Benmuunbl. [{uddepenumpys (12.1), nomysaem

du'(p, T)=du"(p, T)

ap' ap'
(55),07(5), =% o7+(% ) &
dp _ (0w"/0T),—(0w'/0T),
dT " (0p'/dp)r—(0n"/dp)r”
dp
St (123)
Tak kak dp=—sdT+vdp (s m v—oHTponHsS M 0ObeM Ha OMHY
vactuny). Ypapuenne (12.3) sBnsercs muddepeHUMANLEBIM ypaBHE-
HHEM KPWBOM DAaBHOBECHS M Ha3biBaeTcsi ypashenuem Kaaneiipona—
Kaaysuyca. Yame ero 3amuchiBalOT B BHIE
d__
dr TR —v')’

OTKy/Ia

(12.4)

r}.le A=T(s"—s')—Temwiora nepexoja Ha MOJb M IPAMM BELIECTBA;

—v'—H3MeHeHne o0BbeMa COOTBETCTBYIOLIEH MAacChl BELIECTBA.
Fnanﬂoe npuMeHeHHe ypaBHeHMs (12.4) COCTOMT B BBIYHCIICHHH
YACTBHBIX TEMJIOT HCNAPEHHs, BO3TOHKH, IUIABJICHHS M H3MEHEHHs
MOIUGbHKALMH.

Ecniu Ha cucteMy neiicTByeT He HaBieHMe p, a Kakas-nmubo
Apyras obobwenHas cuna A, To Mbl noayyaem obmee auddepen-
LMANLHOE YPaBHEHHE KPHBOW DaBHOBECHS ABYX (a3 OJHOKOMIOHEHT-
HOH CHCTEeMbI:

d4 _AS

Foa (12.5)
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0 03 T
Puc. 41. Puc. 42

rae As=s"—s'—H3MeHeHHe (CKayOK) IHTPOIMH NPH NMEPEXOJIe BEMIECT-
Ba W3 ofHOW (asel B aApyrylo; Aa=a"—a’'—cKauoK BHEUIHETO
napameTpa, COmnpsikeHHoro obobieHHol cune A.

Vpasuenne Knaneitpona —-Knaysuyca

dT _T(o"=v')
dap x

ONpesieNIseT M3MeHEeHHe TeMmriepaTypsl ha3oBoro nepexona (Hanpumep,
TOYKH 3aMep3anhs WM KHIEHHs) C M3MCHEHHEM JIaBJIEHHS.
TTockosbKy TIPH NEpexoje XHAKOCTH B map TemioTa coobmaercs
(L>0) u obbeM Bcerna ypenuwumpaercs (v'>v'), TO, ClEOBATEIBLHO,
dT/dp>0, T.e. TemmepaTypa KHMNECHHSI NpH YBEJHYEHWUH NaBJICHHUS
Beer/ia nobiaercs. Touka e IIABJCHAS NPH yBEJMYEHHH JaBJICHUS
HJIM NOBBLINIAETCH, WJIM NMOHHXAETCH, CMOTPSl 10 TOMY, YBEIHYUBACTCH
WIH yMeHblaeTcs 00beM Npu nuaBjieHHH. Y GONBLIUMHCTBA TeJ NpPH
IUIABJICHHK v”>v’, MOYTOMY y TaKHX Tej, KaKk M B Cllyyae KHIIEHHS,
dT/dp>0. Onnako y BOAbI, YyryHa, BUCMYTA, TEPMAaHHA M TaJTHs
0bbeM NpH TUIABJIEHWH TBEP/OH (a3kl yMeHbIuaeTcs (kuakas ¢asza
B OTHX Cly4asx Tsbkesnee TBEpHoW), mosromy ansi mux d7/dp<O0,
T.€. TOYKA IUIABJICHHS C YBEJIHYCHHEM JIABJICHUA TOHHXKAETCH.
TcMnepaTypa IJIABJIEHHS C TOBBIIICHUEM JABJICHUSA TIOHMXAETCA
takxe mpu 1<0,3 K y m3otona renus c atomuoit maccoit 3(*He),
XOTH Y Hero v”>v’. DTO NMPOMCXOAUT MOTOMY, YTO yAeNbHAas TEIIOTa
nIaBJeHAs R=T(x”—s’{ Teepsoro *He npu 7<0,3 K orpauatesnsua
(appexm IMomepawuyka), T.e. SHTponms s” xumkoro >He Menbiie
JHTPONKK 5" ero TBepoi .¢a3sl. Takoe NOBeJCHHE IHTPONMH y Pa3HBIX
a3 *He BbI3BaHO TeM, UTO B KHIKOCTH CHII OGMEHHOTO B3aHMOJEH-
CTBUSL MeXJy aTOMaMH IPHBOJAT K YTOPS/IOYEHHIO MX CIIMHOB YXe€
npu T<1K, B TOo Bpemsa Kak B TBepJoH ¢ase u3-32a ManocTu
aMIUTMTYAbl HYJEBBIX KONEOAHMH MO CPAaBHEHHIO C MEXATOMHBIM
pacCcTossHHEM Takoe Ynopsao4eHue HacTynaet JIMIIB npu
T~10"¢+10"7 K, xorma kT CTaHOBMTCS TOPSJKA MATHATHON 3Hep-
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THM B3aUMOJEHCTBAS ABYX coceqHnX atomoB. Ilpu 7=0,3 K ynensHas
TemI0Ta IUIABJICHMS MEHSET 3HaK M, CJIEAOBATE/IbHO, TMpH 3TOM
TeMiiepaType KpHBAs IUIABJCHUS HMeET MUHHMYM (puc 41). dna
TOro 4Tobbl pacruiaButh He npr T<0,3 K, nasibHuK JoJDKeH
ObITH XONOMHBIM (C Temnepdrypou T,<T). B ciysae 3aTBepiaeBaHus
xukoro *He npu 7<0,3 K Tenuora noryiomaercst u, Clef0BaTeNbHO,
€ero aﬂHd6ﬂTHOC CXKaTHe, BbI3bIBAIOIIEEC 3aTBEP/EBAHHE, [ODKHO
TPHBOMUTh K TIOHIKEHHIO TEMIEPaTyphl.

Tpumennm K (a3oBoMy Nepexoily NEPBOTO POJia TPEThe HA¥AJO
TEPMOAHMHAMHUKH. Cornacao eMy,

lim (S"—S')=0,
T-0K

MO3TOMY M3 OCHOBHOTO YPaBHEHWS TEPMOJIMHAMMKHM Jui a3oBoro
nepexona

TAS=AU+pAV

3akmouaeM, 4to npu 7—0 K MOryT mpescTaBHThCS IBA BO3MOXHBIX
ciay4as: WJIH OJHOBPEMEHHOE HCYE3HOBCHHE TpH 1EepeXoJe pa3sHOCTH
oHepruii AU m pasHocTH ob6beMoB AV (a3 (4to o3Hawano Obl
HEpa3IMIUMOCTh JKHAKOW M TBepHO#H (a3), WIM DPa3HOCTL OJHEPrui
AU= —pAV. DKcnepuMeHTHI C TeiWeM mokasamu, 4to npn I'-0 K
B JICWCTBUTENBHOCTH  DEAJH3yeTcs  BTOpas  BO3MOXHOCT:
AU=—-pAV#0. Torma [cm. (12.3)]

lim %0, (12.6)
0k 4T
T.¢. ipu T—0 K Bce dasosbie kpuBbie Ha T, p-nuarpaMme JOJDKHBI
6bITH TOPHU3OHTANbHBIMH (CM. KPUBYIO TUIABJICHHS TeJIMs HA pHC. 42).
TakuM 00pa3oM, HE3aBHCHMOCTh NpPH HHM3KOH TeMmmepaType paB-
HOBECHOIO JIaBJICHHSI CHCTEMbl XHIKOCTH-— TBEPAOE TEIO OT TEM-
nepatypbl SABJISACTCH CIIEACTBHEM TpeTbel"O Havajaa TCpMOMl(aMHKH
OHO HauuIo CBOE npu KPHBO# DaBHOBECHS!
rpaduT —asnamas, KOTOpYIo Heoﬁxm:lmo 3HAaTh JUI HMCKYCCTBEHHOTO
TIPOM3BOJICTBA aIMA30B M3 rpadura NMpH TEMNepaType B HECKOJIBKO
ThICAY KEJIbBHHOB. OTC!O,IIG. BUJIHO, YTO TPEThE HAYAJIO TEPMOJHHAMH-
KU Wrpaetr GoJblylo poNb M NPH BECbMa BBICOKOH TeMmepaType.

§ 60. ®A3OBBIE IEPEXO/bI BTOPOI'O POJA.
YPABHEHHMS 3PEH®ECTA

Mpu ¢a3oBbIXx mnepexogax BTOPOrO PpOAA HCHBITHIBAIOT —CKAYKH
ylAenbHas TemloeMKkocTh C,, CkuMaeMocTh fr u  Kodbduument
TENJIOBOrO pacClIMpeHus o. CBSI'JB MEXY 3TUMH CKauYKaMH H HaKJIOHOM
KpPHBO# Nepexo/ia B COOTBETCTBYIOMIEH TOYKE ONpEENSETCS ypaBHe-
HusMu Opendecta. HaiineM 3TH ypapHeHHs.
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Tpomiddepenumpyem pasencrsa s”=s', v"=v’ BIOJIb KPHBOH
nepexojia, TOraa

(05" 10T),dT+(ds" |0p )rdp=(0s'|0T),dT+(0s'/p )z dp,

(0v"/0T),dT+(8v"[dp)rdp=(dv’'/0T),dT+(dv’/dp)rdp,
OTKyZRa

dp_ A
@ TA(w/Par) a7
dp_ _ A(@v/oT), 128)

a7 A(eo/ap)r’

Tak kak w3 dp=—sdT+vdp creayer—(0s/dp)r=(0v/dT),.
dopmyn (12.7) n (12 8) nonyyaem ypaBHeHus Jpendecta wis Q)aaoablx
NEePEXoI0B BTOPOro poja:

—_r(®Ya(®
AC,= T(dT> A(@)r, 129

W\ __dp [
A(ﬁ)p- drA(ap),‘ (12.10)

W3 paBeHCTBa XMMMYECKAX NOTEHIMAnoB (a3 NpH mepexose
BELIECTB M3 OJHOH (a3bl B APYIyIO CIEAYET, 9TO NpH MoboM pazoBoM
Tiepexo/ie JIaBJIeHHE ABAETCA (YHKUMeH TemnepaTyphl M TOITOMY Ha
mtockoctH 7T, p CymecTByeT KpHuBas (a3oBoro mpespaienns. Ompako
B OTJIHYME OT KpWBOM paBHOBecust (12.2) ans ¢asoBoro mepexona
nepBoro pozaa (puc. 32) kpuBasi 1S HENPEPHIBHOTO Iepexoia He
SIBJISETCA KPHBOH PaBHOBECHS (CYLIECTBOBAHMS) ABYX (a3, Tak Kak mpH
3TOM Ilepexoje HoBas (asa moOsBIsSeTCs Cpa3y BO BceM obbeMe.
INosBrenne HOBOM (a3l HE CONPOBOXKAAETCA BOIHAKHOBEHHEM IIOBEPX-
HOCTHO# 3HEPIUM, H MOITOMY NP HENpPEPHIBHBIX MEPEXOJax Neperpes
WM [EPEOXIaXAEHHE HEBO3MOXHbI.

B obmem cnyuae, ecnu Ha cucTeMy neHcTByeT obobmenHas cuia
A, KOTOpPOil COOTBETCTBYET BHEUIHHH NapamMerp 4, YpaBHEHHs DpeH-
decra Oymyr mmers BHI

seue1{3) (),
dT é4)r (12.11)

da d4 da
8(3) = ~aa(5),

VpaBHenus: DpeHpecTa CBA3bIBAIOT CKAaYKH BTOPHIX MPOH3BOIHBIX
TEPMOJAHHAMMYECKOTO MOTEHIIHAIA HE TOJILKO IIPH q)aBOBle nepexoaax
BTOPOTO pOJa, HO M B Cilydae UEJOro psina (asoBbIX NEpexooB
nepBoro pona. IIpuMepoM Takoro mnepexoja MepBOrO poja SBISETCH
Tepexo/l M3 yNOPSIOYEHHOrO COCTOSIHUS B HEYNOPAI0YEHHOE B CILUIaBaX
AuCuy, AuCu u ap. XapakTepHo# 0COGEHHOCTBIO 3THX (a30BBIX
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TEPEXO/IOB SIBNAETCS NOCTOSHCTBO CKAYKOB 0OBEMa M SHTPONMM Ha
BCEH JIMHMHM TpEBPAILCHHS:
AV=Cy, AS=C,, (12.12)
TaKk 4to Ha auarpamme T, p Hak/IOH JIMHHH (a30BOro PaBHOBECHS
dp/dT=AS/AV OKa3bIBAETCSH noc-romﬂuM H, CJIEZIOBATENbHO, CaMa
3Ta JIMHASA €CTh NpsMas (. hasol 1 IEPBOTO POAA).
Juddepenimpys ypasrenus (12.12) no TeMnepaType B/I0JIb JIMHUH
PaBHOBECHSI, TOJIydaeM:

v av _ as\ dp_
a(57),+4(5), =0 a(5) +a(5), 50

OTKyJa HENOCPE/ICTBEHHO CleAyloT YypaBHeHHs Opendecra (12.9)
u (12.10).

Taxum obpasom, ypaBHenus OpeH(ecta ONpPENENsOT MMPOKHi
knacc (a3oBBIX NpEBpAUIEHHi — IHHEHAHbIE (a30Bble NEPEXOABbl Nep-
BOrO pojia M (ha3oBble NEPEXOJBI BTOPOro poja.

§ 61. TEPMOZUHAMHUKA CBEPXITPOBOJSHIEIO IEPEXOJA

TMpumenum ypapuennss Opendecra (12.11) kx nepexoay HPOBOAHHKA
M3 HOPMaJILHOTO COCTOSHMS 7 B CBEPXNPOBOJSINEE COCTOSHHE § TPH
OTCYTCTBHH MarHuTHOro nons. Kak u3BecTHO, rame TIpeBpaIIIeRHs
OCYIIECTBIIIOTCA Y HEKOTOPBIX TIPO! B
Temnepatype 7. CBepxmpoBOJHMOCTH MOXHO paspyumrs eciu
HAJIOKUTb [AOCTATOYHO CHJIBHOE€ MArHMTHOE MOJie cr
3aBHCHMOCTb HAaNpPSKEHHOCTH H, KPHTHYECKOTO MOJS OT TeM-
nepatypsl T aHanoruuHa 3aBUCHMOCTH p=p(T) npn paBHOBecHH
KHIKOCTh—Map W Ha auarpamme 7T, H. wu3obpaxaercs KpHBOH,
TIpUBEICHHOM Ha pHC. 43. AHAIMTHYECKH T2 KPHBas JOBOJBHO TOYHO
MOXET ObITh NpencTaBieHa napaGosioi

H.(T)=Ho[1-(T/T.)*].

Ecmu TNPOBOAHUK HAXOMUTCH B Mar-
HATHOM TIOJIE, TO TMPEBPAILCHUE €ro
B CBEPXNPOBOJALIEE COCTOSHHE CONPO-
BOX/JAETCA TEIUIOBHIM 3hdekToM H,
CJIEIOBATENLHO, SBISETCS (Pa30BBIM Tie-
pexogoM mepsoro pona. B. Keesom
noKasaj, YTO B 3TOM Cllydae NEepexo
onp sy K po-
Ha— Kunaysuyca. Ilpu otcyrcTeun ma-
THHTHOTO TOJIS TEMJIOTa Nepexofa pa-
BHA HYJIO M NPEBPAIUEHHE 71 B § SB-
nseTCs azosbim nepexodom 6mopozo
pooa.
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Bo BHeIHEM MAarHMTHOM TNOJE CBEPXNPOBOIHMK BeleT cebs Kak
JIHAMArHeTHK, T. €. HAMarHHYMBAETCA NMPOTHB BEKTOpA Haﬂpﬁ)KCHHOCm
MAarHMTHOTO MOJIS M NPHTOM TakK, YTO MAarHUTHas MHAYKLIMS BHYTPH
CBEpXNPOBOJHNKA paBHa Hymo (aggexm Meiicnepa):

B,=H+4nJ,=0

1
Jo=——H. 12.13
= 213
HOSTOM}’ 3JIEMEHTapHas paﬁo‘ra HaMarHW4YMBaHWs, OTHECEHHas
K 00beMy CBEpXNPOBOJHMKA, PaBHA

SW=HdJ,. (12.19)

Tlonaras B ypasuennn Opendecta (12.11) A=H n a=J, nony4aemM
JUIA CKa4yKa TEMIOEMKOCTH

S _ o (4HN? o

AC=Co=Cy= Tc(»ﬁ) A(m)r, 12.15)

rne H.(T)—HanpsxeHHOCTb, 3aBUCSWIAS OT TEMIEPATYphl KpHTH-

YECKOTO MOJIf, TPH KOTOPOM OCYIIECTBISETCA NEPEXO] HOpMalib-

HOro TpOBOAHMKA B CBepxmpoBoamuk [H.(T) onpenensercs u3

YCIOBHS PAaBEHCTBA XMMMYECKHX MOTEHUHAIOB JTHX (a3]; mpomsson-

Hasi dHe/dT Geperca npu H.=0 u T=T.. [Ins cBepXnpoBOJHHMKA

[em. (12.13)]

Taxum obpasom,

A(G) () (&)=

Ho p=1+4nx, a x—MarHuTHas BOCTIDHHMUKBOCTS LISl MapaMar-

HUTHBIX M [MaMaTHHTHBIX BemlecTs nopsimka 10™°—107° noaromy
oJ 1
A(ﬁ),‘ i
T, (dH.\*

C,—C,,fa< dT),, K (12.16)

3T0 BbIPAXEHHE JUTA CKa4YKa TENJOEMKOCTH NPH CBEPXIIPOBOASAIIEM
nepexoie NpH OTCYTCTBMM MArHMTHOTO TOJI HA3bIBAETCH (Gopmy.oit
Pymzepca. U3 nee cnenyer, uro C;>C,. ®opmyna Pyrrepca xopouro
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coriacyercs ¢ T2 KaK 9TO BHAHO U3
CcAeayroIeR Taﬁnmuﬂ

Merann T.K AC,ye, Ix/(K-mom) AC e, 1%/(K - MOTB)
Caunen 722 52,79 419
Onoso 3,73 12,15 10,94
Mupmit 337 8,46 8,
Tanmit 2,38 6,20
Asomunuit 1,20 1,93

TemnepaTypHblii XOI TENTOEMKOCTH IPH CBEPXNPOBOASIIEM Iie-
pexojie (UPH OTCYTCTBMM MATHMTHOrO IMOJs) H300paxXeH KpUBOWN
Ha puc. 4.

PaccMOTpHM Teneph CBEPXNPOBOIHUK B MATHUTHOM noute (H #0).
Juddepernuan yaeapHOro TEPMOAMHAMUYCCKOTO NOTEHUMANA Mar-
HETHKAa BO BHEIIHEM MAarHATHOM mnoje H PpaBeH

dG=-SdT—JdH.

Toxcrapnss cioma st ceepxnpoBoanmka J,= —H/(4n) u unTer-
pUpys TNOTOM TNOJydYeHHOE BhlpaxeHne no H DNpH  HEKOTOPOR
Temnepatype T, mosydaem

G,(H, T)—G,(0, T)=H?/(8). (12.17)

B HOPMAJIbHOM COCTOSIHHM MarHuTHas BOCIIPHUMYHMBOCTE INPOBOJI-
HHKa HMCue3arole Maja, nostomy G,(H, T)=G,(0, T). Baoab kpusoi
KPHUTHYECKOIO TOJIsA, KOrJa n ¥ § HaAXOISATCsH B PaBHOBECHH, Y/IC/ILHBIC
TEPMOJAWHAMHYECKHE TOTCHIHMATIbI obenx ¢33 OJIMHAKOBBI, TNO3TOMY
u3 yenosust G,(H., T)=G(H., T), onpenenstomero H(T), nonyuaem

YPaBHEHHE Tep M CBEPXIIPC :
Gu(He, T)—G,(0, T)=HZ/(8r). (12.18)

Tak xak S=—(0G/0T)y u Cy=T(0S/dT), TOo u3 opmysl
(12.18) mosydaem:

5,0, 7)=5,00, 1)= 2 U, (12.19)
. T d?H, dH.\?
CmCom g 15 (Y] (12.20)

Tlpn 7=T7. manpsxeHHOCTb
xpuTHyeckoro noas H,=0; ror-
ma u3 dopmymasr (12.19) Haxo-
mM  S,—S,=0, 4TO OTBeyaeT /
(bazoBomMy mepexolxy BTOPOro
pona, mpH  KOTOpOM  [cM.
(12.20)] nony-laew: dopmyny Py-

16).

Trepca (12.
Ipu 06O Goree  HH3KOH T
Temnepatype (0<T<T.) u3 Prc. 4.



Beipaxenuss  (12.19) nomydaem
Ss—8,<0 m 8,<S,, NOCKOIBKY,

Kak BHIHO u3 puc. 45, %’%<0A

OTO  CBHAETENLCTBYET O TOM,
4TO cBepxnpoBosmas dasza sB-
nseTcs OoJiee  ynopsm0YeHHOH.

ITo TperbeMy Hauamy TepMO-
quHaMuky, npy T=0 K sHTpOmHM
(a3 paBHbI HYJIO M, CJIEOBATEND-
Ho, S,—S,=0. B aroM mnpenene
MPOW3BOJHAS HATIPSKEHHOCTH KpH-

S5=5n THYECKOTO TIONA 10 TEMIEpaType

JIoxta OOpaTHTHCA B HYIb.

Pac. 45. Wrtak, surpommn obeux ¢a3
paBabl (S;—S,=0) npu T=T7. nm T=0K, a npu 0<T<T, paz-
HOCTh S;—S,<0, Tak 4TO Pa3HOCTb JHTPONHH JOJKHA NPOXOTHTHL
4epe3 MUHHMYM TpH Kaxo#-To Temmepatype (puc. 45). Ilpn T=T,
CKa4OK TEIIOEMKOCTH MAKCHMaJIell H DaBeH BENHYHHE, ONPEAENAeMOi
d)op'vlynm“n (12.16). Korna pasHocTh 3HTpONMH [ByX (a3 npu
HEKOTOpOH Temmepatype Hwke 7T, NPOXOMMT 4Hepe3 MHHHMYM,
TennoeMKocTH obenx a3 (kax yMHOXerHbe Ha T NPOW3BOMHHE OT
S wo T) ROmKHBI CTaTh paBHLIME (puc. 45), a mpu Gonee HM3-
diT(SS-S,‘)<0, pasnocts C,—C,<0,
T.e. C, Oymer menpbme C, u mnpu T-0K obe Bemwunns
CTPEMSATCH K HYJIIO.

VnenbHas Temsora mepexoma Mpc M3 CBEPXIIPC 0
B HOpMaUTbHOe cocTostHne A= T'(S,—S,) paBHa HYJIIO B HYJIEBOM MOJE
n nonoxnrenbha npu H.>0. TakuM 06pa3oM, npud H30TEPMHUYECKOM
Nepexosie CBEPXNPOBOIHMKA B HOPMAJIBHOE COCTOSHHE NPONCXOJHT
MOTJIONICHAE TEIIOTh, @ MPH COOTBETCTBYIOIEM aaHabaTHOM Te-
pexoxe obpasen oxsaxzaaercs. Ha 93Toi ocHOBe ObLl NpeutoXeH
METOJI TIOJIyHeHHs HU3KHX TEMIepaTyp ammabaTHBIM HaMarHHYMBaHH-
€M CBEPXNPOBO/THUKA.

KO# TeMrmepaType, NOCKOJBKY

§ 62. KPUTUYECKUE M 3AKPUTUYECKUE SBJEHUS

B 1860 r. JI. H. Menoe.iees, wccrieIys 3aBHCHMOCTb IIOBEPXHOCT-
HOTO  HATSKEHMS JKMIKOCTEH OT TeMﬂepa'rypm YCTaHOBWI, 4TO
npH HEKOTOPOH TeMmnepaType, Ha ab-
COMOMHOC0  KuneHud, TIOBEPXHOCTHOE HB.T’DKSIIHC HC‘{CS&CT ﬂpn
atom obe cocymecTBytonme $assl (KHAKOCT M Tap) CTAHOBATCH
TOX/IeCTBeHHbIMU. Takoe COCTOSHME XapaKTEpH3yeTCA OmpesleseH-
HBIMH  3HAYEHUSMH TemmepaTypbl T,,, NABJCHHA Py, M oObeMa

t» W Ha3bIBAaETCH Kp KUM  CO M puBas p -

xp
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CH KMIKOCTA W mnapa Ha jJuarpamme 71, p KOHYaercs
B KDHTHYECKOH TOYKe.

B 1869 r. xputuyeckoe sBienue 610 MccnenoBano T. Duoprocom,
a HaumHas c 1873 r—rpymnno#i KHeBcKMX (H3MKOB BO TriaBe
¢ M. II. Agenapuycom.

Ha ocHOBaHMM 3TMX OKCIEPHMEHTANbHBIX  HCCIEOBAHM
Jnc. B. T'ub6c  (1876) m  HesaBucumo oT Hero A. I. Cmoaemos
(1879) chopMynnpoBamK OCHOBHBIE MOJIOXKEHHS KJIACCHYECKOH Tep-
MOJHHAMUYECKOH TeOpHM KpHTHueckux spiemmit. ITo I'm66cy —
CroneroBy, kpHTHueckas (a3a npeacTaBiseT coboif mpenenbHbI
cnyval aByx(a3HOro paBHOBECHS, KOTJia 00€ PaBHOBECHO COCYLIECT-
BylolMe (a3bl CTAHOBATCA TOXAECTBeHHbIMH. WHaue rosops, 3To
YCTOHYMBOE COCTOSHHE OJHOPOJIHON CHMCTEMBI, JeXallee Ha TIpa-
HHUIC YCTOMYMBOCTH TO OTHOWIEHHIO K BHUPTYaJbHBIM H3MEHEHHSIM
KaXJIOH e¢ KOODJMHATHI NpPU INOCTOSHCTBE IPYIMX TEPMOAMWHAMH-
HECKHX CHIL

MaremMaTHuEeCKH TDaHMIA YCTOHYMBOCTH OJHOPOJHON CHCTEMBI 110
OTHOIIEHHIO K TAKHM BHPTYaJbHBIM H3MEHCHHAM e€e KOOpAMHAT
onpefiesseTcs ofpalliensieM B PaBEHCTBA TEPMOIMHAMMYECKMX Hepa-
BeHCTB (6.16) ¥ (6.20), XapaKTEPU3YIOIIMX ITY YCTOHYHBOCTb OXHOPOA-

HOH CHCTEMBI:
&Y g, () =
) 7 \os),

()= (2) 0
W), S )r

Venosus yCTOﬁ'{HBOCTH KPUTHYECKOTO COCTOSHHSA Haﬁ}leM M3
HEPABEHCTBA [UIs ONpENeuTeNss MaTpHubl ycTodumBocTH (6.15),
BBIPAXAIOIIEro HEOO6XOMMOE M JIOCTATOYHOE YCIIOBHE YCTORYMBOCTH
OTHOPOJIHOM CHCTEMBI:

DN

(12.21)

ATAS—ApAV>0.

BbiGepem B KauecTBe HE3aBHCHMbIX nepemeﬂﬂux OJIHOPOJIHOM CHCTEMBI
napamerpet ¥V u T. Torma p=p(V, T), S=S(V, T) u npu T=const
u3 (6.15) nomyuaem

ApAV=(;i;> Ay + (W,)(AV) 3(W,)(AV)4+ <0,

KPHUTHYECKOM COCTOSIHHHM, corjacHo dopmymam (12.21),
(3p/('}V)T—0 no3TOMy

‘(ay ) avy+1 (lw,) (AV)*+..<0.

OTO HEpaBEHCTBO BHINONHSETCA npH JnHoboM AV (kak no-
JIOXUTENBHOM, TaK M OTPHIATE]ILHOM), €CIH KOIDOUUMEHT IpH
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(Av)? oﬁpa'rmcn B Hynb, a kodpduument upn (AV)* 6ymer

OTpHLATENbHBIM*):
5
(#): , (W) <0. 12.22)

AHanoruyHo, u3 HepaBeHCTBA (6.15) /18 KPHTHYECKOrO COCTOSIHUS
HaXOUM:
%p &% 6 T
£ = )2 =
(asz), 0, (553 =0, o

o1 a7 a1
()20 ()0 (ass) -0

Taxum 06pa3oM, B KPHTHYECKOM COCTOSHHM

) @\ _o (T _o (2T _

B (20 (50 ()0 o
ap\ o (% T\ (8T _
(@)=o ()0 (53) -0 ()0 a220
o 2 ST\ 5, (0T
(55),<0 (35),20 (55) 20 (55 )20 a2

T. €. TEPMHYECKH KPHTHYECKOE COCTOSHHEC XapaKTepU3yercs CooT-

HOILICHUAMH
Y _ %
(5") o (7) =0, (7) <0 (12.26)

or T o
== )= 2
(&)-0 ()= ()20

To, 4TO KDHTHYECKOE COCTOSHHE ONpENENSeTCHs YeThIPbMS ypaB-
HeruamH (12.26) 10 GYHKIMK JBYX NMEPEMEHHBIX, HE MOXKET B JAHHOM
Cllydae MPHBECTH K NPOTHBOPEYHIO, TaK KakK, COIJIACHO TEPMOJIHMHA-
MHYECKOMY TOXIECTBY

(). (&), ()=

TOJILKO [Ba M3 TNPHUBENECHHBIX HYETBIPEX YPABHEHHH ABISIOTCA He3a-
BHCUMBIMH: HJIM ypaBHEHHS

p\ _ @?p\ _
(ﬁ/>7—0. (W)’_o, (12.27)

* KJlaccudeckoit TEOPHH KPMTHYECKMX SBICHUH He TIPOTHBOPEYHIO GBI TOX-
JIECTBEHHOE OOpalieHHe B HyTb B KDHTHYECKOH TOHKE H Tperhei beil  MPOH3BOMHOMH
(0p/0V*)r npH_oHoBpementiom ofpaimeruu B uymh (9%p/0V*)r n oTpHUATEMBROM
3HQUCHHA NATOH MPOMIBOHOA M T. .
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H TOrKa ypanﬁeﬂnz %ar/av =0, (9>T/éV?),=0 smasiorca uX
CJIE/ICTBHAMH, HIH

Cucrema )KPUIKOCTL—H&]) B KPHTHYECKOM COCTOSHHH —3TO On-
HokoMmioHeHTHas (k=1) onnodasHas (n=1) cucTema, JONONHATEIHHO
YIOBJIETBOPAIOIAs JBYM YCIOBHsM ycToiuuBocTd (12.27), mostomy
no npasuay ¢a3z (10.51) n<k u_uncno creneseir cBOGOABI KpUTHYEC-

KOTO COCTOSHHMS
foo=k—n=0. (12.28)

DT0 O03HAYaeT, YTO KPHTHYECKOE COCTOSHHE IPOCTOH OXHOKOM-
TOHEHTHOH CHCTEMbl BO3MOXHO JIHIIb TPH ONPE/C/IECHHBIX TeM-
nepatype, JaBleHMH H OOBEMe, T.€. B O/HON KPHTHYECKOH TOuKe

xps Prps Vip. TlapamMeTpbl KPHUTHYECKOH TOYKHM 3aBHCAT TOJBKO OT
CBONCTB JaHHOTO BEIECTBA.

Ecnu Ha. cucteMy feHCTBYeT KpoMe JaBJieHWs elle Kakas-nu6o
cuna (Hanpumep, CHia SNIEKTPHHECKOrO noss), 10 fi,=1 u Mul
MMEEM KDHTHYECKYIO JIHHMIO*

Tak kaK KpUTHYECKOE cocTosnme TIPE/ICTABJISIET, C OJIHOH CTOPOHBI,
TpesielbHOe paBHOBECHE JBYX(DAa3HOM CHCTEMbl, a C Jpyroi — mpe-
JIEJILHOE YCTOHYYBOE COCTOSHHE O/IHOPOHOH CHCTEMBI, TO, KaK BHAHO
u3 coorHomenui (12.23)—(12.25), onpenensiommx KPHTHYECKOE CO-
CTOsIHHME, CHCTEMa 00JaJaeT Kak CBOMCTBaMH MBYX(a3HOH CHCTEMbI:

)0 (%), 60
(av ), ¢c (12.29)

%\ _, (9T _
(&) (&)=

Tak # CBOHCTBaMM oxHO(A3HOIM:

% 3T
(‘m)ﬁo’ ( s‘) >0. (12:30)
TakuMm 00pa3oM, €ciM CHCTEMa NEPEXOMUT 4epe3 KPHTHYECKOE
COCTOSIHHE W3 OJIHOPOJHOTO B JABYX()a3HOE COCTOSHHE, TO NP 3TOM
BHavane (B KPHTHYECKOM COCTOHHHH) Yy HEC JIONOJIHUTEJIbHO NOABJIA-
I0TCS  CBOMCTBA MByX(as3HOM CHCTEMBbl, a TOTOM (B JBYX(pasHOM
COCTOSIHWH) YTPAauMBAlOTCS CBOWCTBA ONHOPOJHON CHCTEMBI [CM.
(12.30)] m cocrosmme cucrembl Hapsaay ¢ (12.29) ompenmensercs
PaBEHCTBAMH
T
(&)

20\ (2
w3 e \avt)e

*' Kak noka3sbiBaeT ONBIT, 3Ta JIMHAS He sBaseTcs npsmoil. Takum o06pasom,
B TO_BpeMs KaKk (a3oBbie NEpeXojbl BTOPOTO pPOAA NPE/CTABASIOT NPEACTbHBIH
cnyvait (pa3oBbIX NEPEXOZIOB NEPBOTO POJA, VIS KOTOPHIX AS=c,, AV=c,, KpHTHUECKas
TOYKa SBSETCA IPEIEIbHBIM CydaeM oOwiyHOro (hazoBoro nepexoma NEpBOro poja,
s xotoporo AS=f,(T.p), AV=1(T,p).
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Tpu nepexone CHCTEMBI Yepe3 KPHTHYECKOE COCTOSHHE M3 IByX(as-
HOTO B OJHO(hA3HOE COCTOSHHME y Hee, HA0GOPOT, BHAYase (B KPHTHYEC-
KOM COCTOSIHMH) TOSIBJISIFOTCSI CBOWCTBAa OJHOpoAHO#H cucremsr (12.30),
a moTtoM (B OIHOPO/IHOM COCTOSHIH) NPONIAZialoT CBOACTBA JIBYXQ)BBHoﬁ

(1229) u sl CBOHCTBA TOJIBKO OTHOPOIHOH CHCTEMBI:

ap T’ _1
(ﬁ)f"’ (%).,-cf"-

CrneoBaTe/ibHO, B KPHTHYECKOM COCTOSHHHM HE MOTYT HapylaThes
7

Hepasencta (6.1
ap o\ _ T
(W)fo, (ﬁ)y_aw,

ONpENIENAOINE YCTORIMBOCTL ONHOPOJHON CHCTEMBI, TaK Kak 3TH
HEPaBEeHCTBA HE HapyllaloTcsi Wy JAByxdas3Hoit cucTembl. Muaue
TOBOPSI, B KPHTHYECKOH TOUKE TETIOEMKOCTh Cy HE MOXET OOpaTHThCS
B GECKOHEYHOCTB, Tak Kak OHA OCTAeTCs KOHEYHOW W y ABYX(asHOH
CHCTEMBI, B KOTODYIO Hepe3 KDHTHYECKOE COCTOSHHE MNEPEXOTUT
OAHOpOAHAS CHCTEMA. OﬂHaKO 3TOT BBIBOA H3 TEPMOIAHHAMHKH
SABJISETCA JIMUIbL AOCTATOYHBIM, HO HE HCOGXO}IHMHM H, CJeA0BaTEIb-
HO, TEPMO/JMHAMMKA HAa OCHOBAHMM CBOMX 3aKOHOB JIONYyCKAaeT Kak
KOHeyHoe, Tak M OeckoHeunoe 3payeHue Cy B KPHTHYECKOH TOYKe
B 3aBHCHMOCTH OT MCIOIb3yeMOro (NpHOIWKEHHOTO) ypaBHEHHS
COCTOS]HHH*‘ O,EIHOSHA'-IHO 3TOT BONPOC MOXET PEIINTHL JIHMIIL ONBIT
WM c‘ramcmqecxaﬂ usmka*®).

B 1947T. B. K. CemeRuenxo*** pa3Bmi Teopuro (a3oBbIx nepe-
XOJIOB, ocuosmax% Ha TPENCTAaBJICHAAX O TEPMOJAMHAMHYECKOH
YCTOHYMBOCTH.

PaCCMOTpHM BO3MOXHBIE COCTOSIHHSL H (baBOBbIC TIepexo/ipl Tep-
MO/IMHAMHMYECKOH CHCTEMBI B 3aBUCHMOCTH OT BHEIIHMX CHJI X;.

Ka)Kﬂaﬂ OTAe/IbHAsA d)aaa CYLIECTBYET [0 TEX MOp, IOoKa s
HEC BBINOJIHAIOTCS - YCIIOBHSA yCTOl‘;l‘lPIBOCTﬂZ

Dy =2 =), ("i) >0. 1231

(s, V) o

TIpy yMeHbLIEHUH YCTOHYMBOCTH Dy K0IDGUIUHEHT YCTORIMBOCTH
(KVY, cm. § 28) mocruraror l'paHHl.lH ycroiunBoctH. Kpusas, ompe-
nensieMasi ypaBHeHHEM (0X;/ xe =0, Ha3bIBACTCS CHUHOOAbIO; OHA
OrpaHW4HBaeT oﬁnacrh Heycronqﬁnux COCTOSIHHH.

* Cw.: Basapos WM. TI, MaTpuua yCTOfMHBOCTH H TEPMOJMHAMUKA KPUTHUECKOH
i‘zasbl//)l(ypﬂ du3. xumum. 1971. 45. Ne 1. C. 141; Connarora E. /I, Maxkapos M. B.
TePMOAMHAMNUKE KDHTHiCCKOH TouKM //JKypH. Q3. XuMHK. 1988. 62. M 1. C.214]
2y Tpencrasnene 0 storapud: "

Cy B I(PMTW(CCKOH TOYKE HE MOATBEPIHIOCH.
Cm.: Cemenvenko B. K. M3Gpanubie rnasbt Teopetuueckoi guankn. M., 1966.
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B)’IICM JUIS ONIpEACJICHHOCTH pac-
CMaTpuBaTh JMATPaMMbl Ha IUIOCKO-
cm ¢ ocamu V, p. Ha stoif quarpam-

e (puc. 46) cmmonam:l [ee ypas-
Henne (0p/ V)7 =0] sBnsiercs reomer-
PHYECKHM MECTOM 3KCTPEMYMOB pa3-
JmuBbIX H30TepM 4. CymecTBoBanue
CIMHOANM TPHBOAMT K TOMY, 4TO
n306apa MOXET mnepecedh H30TEPMY
B JIBYX TOYKAX, COOTBETCTBYIOIIMX
Pa3IMYHBIM 3HAYeHHAM o6beMa. ITo
03HAaYaeT BO3MOXHOCTb PABHOBECHS
nByx a3 ¢ pa3nHIHBIMU 0OBEMaMH —
($a30Boe paBHOBECHE NEPBOrO POJA.
OTH ¢a3wl pasjeneHsl 061acThiO He-
YCTOMYMBBIX COCTOSHMH, M Tak Kak Puc. 46.

OHa HE pEalM3yeTcs, TO HEBO3MOXEH HENPEPHIBHbIA H300apHbIl
nepexon omHo# daser ¢ obveMom V; B apyryio dasy c obsemMom
V,. Jlnaus (a3zoBoro paBHOBECUS ONpENENSETCS PABEHCTBOM XHMH-
HECKHX IOTEHIMAJOB BEIIECTBA B (Da3ax M HA3BIBAETCH OuHOOAbIO
(xpuBas 2). Ha Ounomami koddOMUMEHTH! YCTOMYHBOCTM HE PaBHbI
HYJIO; MeXAy OHHOMaNbIO M COMHOJAIBIO CYLIECTBYIOT 00IacTH
METacTabHIbHBIX COCTOSHHMH CHCTEMBI, B KOTOPbIX Kakias u3 (a3
MOXET CYIIECTBOBAaTh TOJNBKO NPH OTCYTCTBHM APYrodl (assl.

H3MEHEHHEM TEPMOJAMHAMHUYECKHX CHII, ﬂeﬁCTBy!Olu"X Ha CH-
CTEMY, M3MEHSAIOTCSH pa3JIHYHbIC XapaKTEepHCTHKH anSOBOrO nepexoaa
nepsoro poma (®IT I poma). Tak, npu NOBBINEHHH TEMDEPATypPbi
W JaBJIEHHS B CUCTEME JKMIKOCTh—IIAp YMEHBINAIOTCS YyHACTbHAS
TEIJIOTA TNepeXoa M OOGNACTH MeTacTabMJIBHBIX M HEYCTOHYMBBIX
cocrosiHuit (puc. 46). Ipemensubiv cimysaem ®IT T poxa sBisiercs
KPHTHYECKHH NEpexoi. B KPHTHUECKOM COCTOSIHMH CIMHONANb W GH-
HOJaJIb C/IMBAIOTCA B ONIHY TOUKY, yAeiIbHbIE O6beMbl (a3 CTaHOBATCS
OIHHAKOBBIMH, a anKLIfTO)I()JeCTBeHHHMH Kpumqecxoe COCTOsIHHE
ONpENENSAETCS TEM, YTO AETEPMHHAHT ycTonanocTn u UKY pasHb!
aymo: Dy=0, (6]7/(?V)Tf0 (0T/8S),

Kax TnokasblBaeTcs B C’I‘aTHCTH'-IeCKOH dusnke, koahUIMEHTHI
YCTOHYHBOCTH 06paTHO nponopmwﬂa}mnbl (ayxTyaunsM pasimdEBIX
(DH3MYECKHX C K KDHTHYECKOH Touke
QaykTyamun  pactyt. 3a xpnmqecxon TOYKOH CYIIECTBYIOT TOJIBKO
YCTOMHUHBBIE COCTOSIHMS, TO3TOMY B 3TOH OOJACTH HEBO3IMOXHO
cocymecTBoBaHKe (a3, MMEIOUMX TpaHMiy pasjena. AHamM3 Tep-
MOJIMHAMHYECKOH  yCTOMYMBOCTH  3aKPHTHUECKOH  (a3bl  mpuBesn
B. K. CeMeHYECHKO K TOCTPOCHHIO TEPMOJMHAMHKH HENPEPhIBHbIX
d)aSOBHX TIepexXoa0B.

Kax yxe ynoMHHanoch, paccMOTpeHHe H30TEPM BOJIM3M KPHTHYEC-
KOW TOYKH IMOKa3bBaCT, YTO TOYKM Meperuba Ha STMX M30TepMax
HMEIOTCS M B 3aKPHTHYECKOH obnacTu. B atux Toykax KY MunHMaren.
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Jlunuro  Hammenbe#t  ycroiumsoctn B. K. CeMeHuenko HasbiBaeT
KBA3HCMHMHOJANbIO. B Toukax KBasucnmMHOZaMM (UIYKTyauMH JOCTHIa-
HOT NpH JAHHBIX YCJIOBHAX HanboJIbIIEr0 3HAYEHHS W CHUCTEMaA
TIpeBpamaeTcs B cMech (GUIYKTyaUMOHHBIX 3apojblilieii 0GeuX rpaHuy-
HbIX (AaJeKHX OT ITOTO COCTOsHHS) (a3 — xnamd)asy M Meaoz}l:aauoe
cocTosHue®), He Tepss CBOEH MAKPOCKONMYECKOH OMHOPOIHOCTH.
TTocKONBKY MHHUMYM YCTOMYHBOCTH SBJISIETCS TMOBOPOTHOM TOYKOH
B OTHOIUGHMH W3MCHEHHSI CBOWCTB dlﬂ'}, OH 10 HCKOTOPOE CTENeH:u
aHA/OTHYEH Touke (Aa30BOrO nepexoja BTOPOrO poja M YCIOBHO
€ro° MOXHO CYMTATh 3a TOYKY 3aKPHTHYECKOro rnepexoja. ﬂpﬂ ITOM,
KOHEYHO, He HYXHO 3a0bIBaThb, YTO 3aKPHUTHYECKHH MNEPEXOX MpPOMC-
XOMMT HA KOHEYHOM HHTepBane T, p M APYTHX TEPMOJMHAMHYECKHX
CHIL. ﬂoe‘roMy B yCJIOBHOﬁ TOYKE 3aKPUTHHYECKOTO Tiepexoaa He
NPOMCXOJMT CKAYKOB JHTPONHH, OObeMa M JPYrHX X;, a TOJNBKO
ux Obictpoe wu3Mmenenue. PaGora u ynenbHas TemnoTa nepexona
TaKXe paBHBI 10 3Toi npuumde Hymo. Camu xoddduULHEHTHI
ycrofd'msocm M3MEHAIOTCS TAKXE HENPEpPbIBHO, @ HE CKAYKOM; B 3TOM
COCTOMT OT/HYME 3aKpuTHYeckux mepexomos ot @II Il poxa mo
Dpendecry.

Jlo CHX TIOp MBI JUIS ONPENENEHHOCTH NOJIb30BA.TACh AHATPAM-
MaMH, OTHOCAIUMHUCA K fb]“()ﬂﬂHLIM CHCTEMAM, T. €. CHUCTEeMaM
ra3— xuakocrb. OJHAKO BCE H3JIOXEHHOE NMPHMEHHMO M K aHM30T-
PONHBIM CHCTEMAM, a TAKKE K CHCTEMaAM, q)a:m KOTOPBIX OTJIHYAKOTCS
N0 CBOMM MAarHMTHBIM HIH 3JIEKTPHYECKMM CcBOHcTBaM (eppo-
M aHTH(EPPOMATHETHKH, CBEPXIPOBOJHUKH M CErHETOIEKTPHKH paz-
HBIX THIIOB).

Tarenbubiif aHajtH3 OKCIEPUMEHTAIBHBIX aHHBIX TOKa3biBAET,
YTO 3aKPUTHYECKHUE MEPEXOIbI OYE€Hb PACHPOCTPAHEHbI, HO MX 4YacTO
NPHYACIAIOT K [MepexojlaM MHOIO THIA. B 6OJ'II>UJHHCTBC ciy4aes
HaboflaeMble CKauKM SBJIAIOTCA DPE3yJbTATOM HEYJIa4HOM JKCTpa-
TOJIALMM SKCIIEPUMEHTANILHBIX HAAHHBIX WJIH MEpeXoja B JOKPUTHYEC-
Kylo 06macTh. DTH 1epexolibl BCTPEYAIOTCH BO BCEX TPEX arperaTHbIX
coctosnusx. Hanpumep, B kpucrammmyeckom (u-B-epexoi B KBape;
B CMECH OpTO- W Mapa-aeiTepns; B (eppoMarHeTHKax H CErHeTO-
SJIEKTPHKAX), B KHUAKOM COCTOSHHH — B PACTBOPAX M XUIKHX KPHCTAN-
Jax, B Tra3ax —KPUTHYECKHH TEPEXOM KHAKOCTh--ra3. OueHb HH-
TepecHbI# KpPHUTHYECKHH Clyuail nepexojfia B aHM3OTPONMHON cpene
npescrasnser o-B-mepexon B kBapue. OH COMPOBOXKAAETCS PE3KO
BBIPAXXEHHON KPUTUYECKOH ONajecueHumed M 3KCTPEMyMaMA HECKOJb-
kux KY. Ho caMbiM HHTEpECHBIM SIBJISETCH BO3MOXHOCTH HEMOCPE-
CTBEHHOTO HaOJIIOJEHHs CMEIIAaHHOTO COCTOSIHMS OOEMX TPaHHYHBIX
a3 6narosaps pasMuMIO WX KPHCTAJ/UIMYECKHX CTPYKTYp: o- # P-
KBaplibl HMEIOT pa3JIHYHBIC [10KA3aTe/IM MPEJIOMIICHHSA, TIOITOMY,

KBapil B Cl M COCTOSIHWH, MOXHO BH3YaJbHO MM

* DTOT TepMHH B3AT M3 TCODUM OKHIKMX KDHCTAL/IOB, O061ajalomx  Kax
CBOWMCTBAMM KPHCTA/IHYeCKOH (albl (AHH3OTPOMHSA), TaK W KMAKOH (TEKy4ecTb).
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Ha QoTorpaguu 3aMETHTh MHKPOIETEPOr€HHOCTb CHCTEMBI, T. €.
OJIHOBPEMEHHOE COCYLIECTBOBAHHE OOEHX KPHCTAJLUIHYECKUX CTPYKTYP.
MakpOoCKONHYECKH KBAapll OCTAETCS COBEPIIEHHO OAHOPOIHBIM, [O-
BBLILICHHE TOYHOCTH TEPMOCTATHPOBAHHMA TOJILKO YJIYYLIAET BHISBJICHHE
3TOT0 CMEKHOI0 COCTOSHHSA.

Vcranosienue CYLIECTBOBAHHS KBa3HCIOHHOAAJIM IO3BOJISET onpe-
JIETATh  KPUTHYECKYIO TOYKY KaK TOYKY, OOLIylo st CUMHOATH
0p/dV )r=0, xBasucnunonam (02p/0V 0 u GuHomamm p'=p”.

LENOM 3aKPUTHYECKHE NEPEXOJbl MOXKHO XapaKTepH3oBaTh Tak:

Xi=X{, (6Xi/0x,)xl>0,
xi=x{, (02Xi/ox} ), =0.

(12.32)

§ 63. TEPMOAMHAMMYECKAS TEOPUA KPUTHYECKHUX MH/JEKCOB

Kak yXe 0TMEYaJioCh, TIPH l'lpH6J114)KEHHH K KPHTHYECKOMY COCTOSIHHIO
JIETEPMUHAHT  YCTOHYMBOCTH Dy, U KOYQQHUMEHTHI yCTOHYHBOCTH
(0X; /cx‘)x crpemsites K Hymo a  TEIJIOEMKOCTb, CKHMAEMOCTb,
BOCl’lledM'-ﬂdBOCTb (Bl'OpHE TIPOU3BOJHLIE TEPMOIAHHAMHYECKOrO I10-
TCH'-lHd!ld) BO3pacTarT A0 6CLKOHC‘IHOCTH 4TO ABJSAETCA MAKPOCKO-
TIMYECKHM  TNPOSIBIIEHHEM Gosblioro  passutusi  Quykryaumid. Ora
MaTemaTuyeckas OCOOEHHOCTh BTOPBIX NPOU3BOJHBIX TEPMOJAUHAMHU-
YeCKOTO NOTEHIHAJNa M CBs3aHHblE ¢ Hell Oosblume QuykTyauun
B KPHTHYECKOH TOYKE 3aTPY/HSIOT TEOPETHYECKOE H JKCIepPHMEH-
TanbHOe H3yYeHHe KPHTHUECKHX siBieHMA. OJHAKO pe3ynbTaTbl HH-
TEHCUBHO IMPOBOJMMBIX HCCJIEIIOBdHMﬁ 3THX ABJICHUI 1O3BOJIAIOT
TPHHATH, 4TO CHHTyJ’lﬂpHOCTb OCHOBHBIX TCpMD}.‘HHdMM‘IECKHX ll)yHKl.l“H
BONIM3KM Kplr““"lCCKOH TOYKH HMeEeT ﬂpOLTOH CTENeHHOH BHJ

Sx)~at,

rie X~ Majlasi OKPECTHOCTb KPHTHHYECKON TOYKM 10 Temieparype
x=1=|(T—T.)/T.| nnu no apyromy napamerpy. [Tokasatenn crenean
A Ha3bLIBAIOT KPUTHYECKHM WHJEKCOM (IOKa3aTesieM) M ONpelensioT
COOTHOMICHHEM

k—llml“f( ).

oo DX

Ero MOXHO HaliTH 1O HAKJIOHY NPSMON Ha rpaduke, U306paKeH-
HOM Ha IUIOCKOCTH ¢ ocsMH Inx, Inf(x).

Toenenne aHaNOTMYHBIX XapPaKTEPUCTHK PA3JIHYHBIX CHCTEM OIH-
CBIBAETCS  OJTHO! KPHTH MU  TOKAa3aTeNsiMH, XOTS IO
3HAYEHMIO OHH OTJIMYAIOTCA Ul pasHBIX cucTeM. Tak, noBeneHue
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TEILTOEMKOCTH NPH MOCTOSHHONM TEPMOIMHAMMUHYECKON CHIe (TemioemM-
KOCTb OKHJKOCTH TpH TOCTONHHOM jaBineHnd C,, TENI0EMKOCTh
(deppoMarHeTHka B NOCTOSHHOM MArHHTHOM MOJIE C,, M Ip.) mpH
T<T,, OMACHLIBAETCA OJHMM H TEM XE€ ACHMITOTHYECKHM 3aKOHOM
o e

C,~17, Cy~t®.
TIpu TemmepaType Bbune KpuTHdeckoi (T'>T,,) noBeneHHe Te-

IJIOEMKOCTH OIMCBIBACTCS TEM XK€ 33aKOHOM C IIOKasaTesieM o.
Moxkasarenn y' (nmpu T<T,,) u y (upu T>T,,) ONHCHIBAIOT

o 1/ev
TOBE/ICHHE W30TEPMUHECKOH CRUMAEMOCTH kTI_T/(T,,) W MareuT-
op )

5 oM "
HO¥ BOCIPHMMYHBOCTH u,.:(m) B OKPECTHOCTH KPHTHYECKOH TOYKH:
.
kp~tY, wp~TY mpr T<Typ,
kp~17" sup~17Y mpE T<Typ.
Tokasarens § onpemenser NpuOIKEHHE K KPHTHYECKOH TOUKE
B/10JIb JIMHUH PaBHOBECUS:

AV=V, ~V.~1b, M~1h

YacTo nokasarelib ﬁ Ha3bIBAKOT IIOKa3aTejeM [OpsA/lKa, HMes
B BHAY, 4T0 AV W M paBHbI HYJIO BbIIE KPHTHYECKOH TOYKH.
IlokasaTen, O OmIpeneNsieT NOBEJCHHE KPHTHYECKOH H30TEPMBbI:

—pp~(AV), H~M®.

Kpurnyeckne MHAEKCHI &, o v, Y3 B, & cramu ceituac obwenpus-
HaHHBIMH.

3azatel TeOpUM KPUTHYECKHX NOKA3aTeNell SBISCTCS ONpEe/eHue
YHCNOBbIX 3HAYEHHH TOKa3aTeler UCXOAst W3 MOJICJIbHBIX JAaHHBIX
M YCTAHOBJECHHE PA3/IMYHBIX COOTHOLICHHH MEXIY KPHUTHYECKHMH
noka3aTeaMH. 3HaYeHHs KPUTHHECKHX IOKa3aTelied XapaKTepH3yroT
CTENEHb ﬂpMGJ’IH)KeHHﬂ K Kpl/l'l‘H‘JCCKOﬂ TOYKE, a CpaBHEHHE nokasatenei
pasMYHbIX MOHCHEFI C SKCNEepHMEHTAJIbHBIMU JaHHBIMH MNO3BOJSET
Cy[UTh O peajMCTHYHOCTH paccMaTpuBaeMoii monenu. Hampumep,
Teopus BaH-nep-Baajbca KPUTHYECKOH TOYKH XHIKOCTh—Tap H Teo-
pus Kiopn — Beiicca ans nepexona ¢eppomamemx7napamarueruk
npuBoJmT K CJIEYIOIIMM 3HAYeHHsAM nokazatenei: a=o =0, y=
B=1/,, 8=3. Takue e, He COrJIACYIOLIMECS C ONBITOM TOKA3ATENH ;[ae'r
Teopmn Jlannay Q)‘uosux TEPEXOJIOB BTOPOTO PoAa. DKCIEPUMEHTA -
HbIC 3HAYCHUS KPUTHYECKHX nokasaresnei JU18 CHCTEMBI XUJKOCTh —Tra3
aprona Takosbl: 0<04; o' >025; y=0,6; y'=1,1; $=0,33; 5=44.

COOTHOLIEHHS MEX/Iy MOKa3aTeNsAMH MO3BOAIOT HO JBYM H3BECT-
HBIM HaXOAHTh TPETHH, a CAMO HX BBHINOIHEHHE CIYKHT NPH3HAKOM
KPHTHYECKOTO TIEPEXO/Ia.

OT,IICJTLHI:IB COOTHOILUEHUST MEXAY IOoKasaTeasaMu 6buUH YyCTaHOB-
JleHbl Pa3sHBIMM aBTOPAaMM Pa3iMYHBIMH METOJAMH. ECTeCTBEHHBIM
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SBJISAETCS CTPEMJIEHHE NOJIYYUTh ITH COOTHOMLICHHS HAa OCHOBE €IMHOTO
noaxona. OIHH M3 TAKMX NOAXOJOB OCHOBAH HA TMNOTE3e MOAOGHS
TEPMOJMHAMUYECKHX (GYHKUMH, HIM TEPMOAWHAMMYECKOM CKEHJIMHIeE.
CornacHO 3TOH rumoTe3e, BOJIM3M KPUTHYECKOTO COCTOSHHS TEPMO-
JIMHAMUYECKHE DOTEHIMANb! CTAHOBATCS OXHOPOJAHBIMH (DYHKIMAMH
CBOMX apryMeHTOB. CKEHIMHT He JaeT YHCIOBBIX 3HAYCHHH KPHUTHHec-
KHX KO3)(QHIHMEHTOB, HO NPUBOIMT K YCTAHOBJICHHIO COOTHOLIEHHM
Mexay HuMHM (B (OpMe paBEHCTB) H IOJIYYEHHIO BHIA YPAaBHEHHsS
COCTOSIHHS CHCTeMbI BOJH3M KpuUTHYecKOH Toukd. OIHAKO BOMpoc
00 06OCHOBAHHOCTH CKEHIMHIa SBJISETCS OTKPBITHIM.

Tpi TakoM IONOKEHHH NPEICTABISETCH 3aMeYaTENbHBIM INOJIyde-
HHE PA3JIMYHBIX COOTHOLUICHHH MEX/1y KPHTHYECKUMH NOKA3ATE/ISAMH Ha
OCHOBE TEOPMHM TEPMOJIMHAMUYECKOH YCTOMMMBOCTH 0€3 Kakux-yi6o
THIIOTE3 W TPe/IONIOKEHNH MOAENbHOrO xapakTepa®. [IpenmymecTBoM
TAKOr0 METONA ABJSETCH ODOCHOBAHHOCTH M OOUIHOCTH MOAXOMA.

PaccMOTpHM  JUIS  IPOCTOTBI  M3OTPONHBIH MAarHETHK B Masnoi
OKPECTHOCTH KpHTHYecKoH ToukH (Touku Kiopu) npu T<T,,, Korma
OTCYTCTBYET MArHMTHOE TIOJIE.

OcHOBHOH BENMYHHOM, XapaKTepu3yolllel yCTOHYMBOCTS, SIBJISETCS
JIETEPMUHAHT ~ YCTOHYMBOCTH, KOTOPBHIA JUIA  JAHHOH  CHCTEMBI

UMEET BHI
(T, H) (aT\ (oH oT
Dy‘o(S‘]) (ﬁ)l(ﬁ)r (w) 20, (1233

rae paBeHCTBO 10 I'MOGCY COOTBETCTBYET KPHUTHHECKOH TOYKE.
Hcnonb3ys cBoiicTBa SIKOOHAHOB, HMEEM

"(T,H)ﬁ(T,J)7 oH _6_1‘ 71 I
T, J) 3CS, J)’(&j)r (as),’u, c, (1234
T

{21
PO, o

BeeneM KpUTHYeCKHe mNOKasaTeqn (eppoMarHeTHKa, YHMTHIBas,
YTO OHM Pa3JIMYHbI mm BEJIMYMH, H3MEPSEMbIX IIPH HOCTOSHHBIX
CHIaX M KOOPJMHATA:

H, aHAJOTHYHO,

(12.35)

* Cwm.: Coanarosa E. JI., Cemenuenxo B. K. Teopus TOpMOIHHAMHUECKOH yCTOM-
YWBOCTH M COOTHOLIEHHS MEXAY KPHTHYECKHMH MHAekcamu //Vkp. ¢u3. xypu. 1974.
19. % 5. C.844; Connatona E. I HEKOTOpHE COOTHOWICHMA MEKAY KPHTHSCCKHMM
MHJIEKCAMH JUIS MArHWTHBIX CHCTeM //Vkp. ¢u3. xypu. 1974. 19. N 11. C. 1
Conparoa E. JI., Tkauenko T. B. HexoTopble COOTHOLICHHS MEX/1y KPHTHYECKHMH
HHJIEKCAMH oerue‘roa!lek'rpuxos//@'l'r 1975. 17. M 1. C. 52; Connarora E. A. Coot-
HOUICHHS MCXKIY KpH 4ECKON W aHH-
30TpOMHOro certeTodexTpuKa // Vkp. us. xypn. 1975. 11. Ne 6. C.997.
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Cy~17, J~1b,
. #g~1, Dy~td,

Cy~t
Hp~T T

12.37)

rae  d—KpUTHYECKHH I1I0Ka3aTejb JICTEPMHHAHTA YCTOMYMBOCTH,
a IITPUXM B HHAEKcax osHayawoT, 4to T<Ty,.

Moacransas B (12.34) u (12.35) acHMNTOTHYECKHE BBIPAXEHHS
(12.37), nonyuaem

d=d'+y=d'+c' (12.38)

Cootunomenne (12.33) mocne NOACTAHOBKH B HETO NPOH3BOMHBIX
(0T/0S), n (0T/0J)s u3 (12.34) u (12.36) npurmuMaeT BUI

Ky aJ\?
“>p (67 )”. (12.39)

Tencrasasas B (12.39) acumnroruku (12.37), umeem
YA S g2
OTKy/la, MOCKONbKY T<I,
d+2(B—1)=c—v.
VuntniBas (12.38), momyuaeM coommuowenue Pawbpyka
o +2B+7' 22, (12.40)

KOoTopoe ObiI0 YCTAHOBIGHO MM B 1963 . mcxoas u3 aHajMsa
pasHocTH TensioeMKocTelf Cy—C; sl heppoMarHeTHkoB BOJIM3H
Toukn Kropu. Takoe xe COOTHOLIEHHE OBGHAPYXKMBAETCS IS CHCTEMBI
JKHIKOCTb — IIap W CErHETOIJICKTPHKOB [eci B GOPMyNax IpH BhIBOJIE
(12.40) ucnons3osath 3ameny H——p, J»V u H-E, Pl

CooTHomenue Pambpyka CBA3bIBAET KPHTHYECKME MOKa3aTead
OCHOBHBIX TEPMOAMWHAMHMYCCKHX BE/IMYMH B JOKPHTHUECKOH 00J1acTH.
MeToa TepMOIMHAMUYECKOH YCTOHYMBOCTH IO3BOJSET HAHTH COOT-
HOILLUCHME JUIS KPHTHYECKUX II0Ka3atesiell ¥ B 3aKPUTHYECKOH oGmacT.
C 3TOl LeJblo, YYATHIBAs, 4TO JMHMS paBHOBecHs (a3 (6MHOZAJB)
KOHYAeTCst B KPUTHYECKOM TO4Ke, BBEJAEM MoOKasaTeib | (BMecTo PB),
DHpEﬂEﬂﬂK)LLlVIﬁ CHHT'YJIAPHOCTDH TEPMHYECKOT O PpaciupeHus
(@V[0T),~1™" (a1t CHCTEMBI KHAKOCTb—Nap) WIM MAarHHTOKajo-
puqecxoro 3¢¢ekra @J/0T)y~1t™* (ans marneruka). Torma mns
3aKPHTHYECKOH 00JacTH MOJydaeM COOTHOLICHHE

o+y=2p, (12.41)

xotopoe B 1976 r. Bnepsbie Gbul0 ycranoBiaeno E. JI. CommaToBoit.
DTO COOTHOUIEHHE siBAsETCS Oosiee  OOIMMM, 4YEM COOTHOLICHHE
Pambpyka, Tak Kak CIPaBe/UIMBO W JUIS JOKPHTHYECKON o06aacTu
(TONIBKO HYXHO HCITOJIb30BaTh o, Y/, |'), a cooTHOWeHHe Pambpyka
B STOM CHyyae CIEIyeT W3 HErO, €CHH YYecTs, 4TO w=1-p
[nockombky J~1P w0 (3J/0T)y~1P" T ~17¥].
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Haiinem eme psaa COOTHOIUEHMH [ KPUTHYECKMX IIOKa3aTelsiei.
Jns oToro sammiiem Bbipaxenue (12.33) B Buae

B o

- mockonbky (6T/0J)s=(0H/[0S),. Tlonb3ysich CBOHCTBaMHM SKOGHAHOB

g

u acumnrorukamu (12.37), umeem:

()20 ()
35 ), \aT )s\35 s

OH\ _ (98 _(0H (TN (05) _ a-w+pe-1)
(ﬁ])s_D(ﬁT)J_(I?S)I(ﬂl)n(dT)n K - 24y

Moncrasnss (12.43) B (12.42), nonyuaeMm coomuowenue I pugdumca
o +B(1+8)=>2, (12.449)

KOTOpOe OBUIO MM YCTAaHOBJEHO B 1965 T. B pe3ysbTaTe rPOMO3JIKHUX
BBIYHC/ICHUI.

W3 (12.34), (12.35) u (12.37) nonyuaem JIpyroe coommowiehue
Tpugpumca

Y=B@-1). (12.45)

OTH COOTHOMIEHHs ObUIM NOJYYEHBl JUIS MAJIOH OKPECTHOCTH
KPHTHYECKOH TOYKH IIpH NPUOIIOKEHHH K HeHd mo Temnepatype (x=1),
HO K Hell MOXHO NpUOIMKAaThCH MO JIEOOOH TEePMOIWHAMUYECKOH
cuiie (HaBleHHIO WM HampspkeHHOCTH mouist). Hadimem repMomuna-
MHYeCKHE BETHYMHBI (EPPOMATHETHKa Kak (YHKIMH MAarHHTHOrO
nonsi (x=H) Baosae kpuruyeckoit usorepmul (7'=T,,, H—0). Beenem
KPHTHYECKHE I10Ka3aTeJIM Ui 3TOro ciy4as:

Cy~H™Y, S~H' (J~H'8). (12.46)
3amuchiBas cooTHomenue (12.33) B Buge

as) (1) (Y
oT Ju\oH J1”\oH )=

u ucnonb3ys (12.46), nmonyuaem coomuowenue Kynepcmuma (1968)
Y+2e—1/8>1. (12.47)

TTosy4eHHBIE COOTHOIUCHHS BBIIOJHAKTCS H B OKPECTHOCTH TOHYKH
Kiops 11 CEerHeTORJIEKTPHKOB.

Takum 06PB3OM, TEOPHS KPHTHYECKHX HOKB.'JZ\TCJICFI, OCHOBaHHAas Ha
MeTOJIEe TePMOJIMHAMMYECKOH YCTONYHBOCTH, BBIABHJIA OOLIYIO IIPUPOY
KPHTHYECKOr0 nepexoAa XHAKOCTb-—Ta3 U Nepexo/ioB B tbeppoMarHe-
THKaX, CErHCTOJIEKTPUKAX M JIDYIHX CHCTEMax Kak MepexojoB 4epe3
MUHMMYM YCTOHYMBOCTH, CONPOBOX/IAOIIMXCA [I03TOMY MAKCHMaJIbHO
Pa3sBHTBIMH (QIYKT! psna TepMo, HX . 910
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ormedan B. K. Cemenyerko B 1947 r. ITotpe6oBanock Gosee 30 ner,
4TOOBI MPOH30ILIO M3MEHEHHE TOYKH 3peHMs Ha (eppoMarHUTHBIH
W CErHETOIIEKTPHYECKHH MEPEXO/Ibl KaK MNPEBPAIIEHHs, NMPH KOTOPbIX
UCTILITBIBAIOT CKAYKH BTOPbIE MPOM3BOHBIE TEPMOAMHAMHYECKHX
TOTEHIIHAJIOB.

3aMeTHM B 3aKJIIOYEHHE, WTO COIJIACHO M3JIOKEHHOH TepMOIu-
HAMHYECKOH TEODHM KDHTHYECKHX INOKasaTelleli 3HAK ~PaBEHCTBA
B COOTHOLUEHHSIX Ui HHMX IOJy4aeTCs B CAMOH KPHTHYECKOH Touke
COBEPILCHHO €CTECTBEHHO, NOCKOJIbKY B 3TOM COCTOSHHH 0.

3AJAYH

12.1. Cuutas yresbhyio Temnory nepexozs A MOCTORHHOI BETHMHHOM, NOKA3aTh,
4TO  jaBIcHHE napa w: ¢ TeMNepaTypbi
0 IKCTIOHEHIHATBHOMY 3dxcHy

12.2. Touxa miasnenns foaa I, pasua 114 “C. Bospacranue ynpyroctn mapa BOim3m
TeMnepaTyphl IUIABJICHAS NpH YBETHYCHWH TeMNepaTyphi NiaBierns Ha 1° C
pasio 578,6 [a/K. HailTh TeWIOTy BOSTOHKH /OAa IPH TCMNIEPAType ILIABICHHS;
YOpYrocTs 1apa TBEPJOTO HOAA HpH 9Toi TemnepaType pabha 11821 [Ma

12.3. Tlox xakum JasicHueM Boja Oyaer kuneth npu 95 °C? Yienwhas Temiora
Hemaperns Bomsl 22584 JIk/r.

124, VCTaHOBHTb CBA3b MEKAY YACALHBIMH TEIUIOTAMH TIABAEHHA A3 [TermioTa
nepexoja  TBEPAOrO Teda 3 B KHAKOCT 2], MCHAPEHHS  KHIKOCTH
Az W CyGHMALHN 3.

125 Haiitu Temneparypuyio saucamoct Teniotss gasosoro nepexona di/dT.

12:6. TonyanTs ey o mapa. O6bACHHTE,
noyeMy TNpH aAMAabGATHOM CXKAaTHH HACHILICHHOTO BOJHOIO lldpA mpu 100 °C
OH HE KOHJICHCHDYETCH.

12.7. Tlps wu3KO# Temmepartype rcmoemkocﬂ, C, MeTauioB nponupuuonanbﬂa
TCMncpdTypE Ec:m MeTan

Cs

1ha xyny TemmepaTyphl. TokasaTb, ato

npn Kpn'm‘iecmu Temmepatype Cg=3C,.

12.8. Jlo 1933 r. c4MTan0Ch, YTO CBEPXMPOBO/IHUKH NPEACTABISIOT COOOM UfealbHbIE
TIPOBOJHHKH (3/1EKTPONPOBOUMOCTL © = 00). [loka3aTe, YTO Takoe NpejcTas-
JIEHHC NPOTHBODEUHT TEPMOIMHAMMKE CBEDXIPOBOLHHKOB.

129. Haiith Bupakehue U cKauka Ta  TeNI0BOrO
Aa=0,—0, H ckauka Momyns ynpyroct AK=K,—K, TpH CBCpXIpOBOIsiIeM
nepexose.

12.10. KpiByio HanpskeHHOCTH KPHTUYECKOTO umﬁ MOXHO JIOBOJILHO TOYHO npef-
craputh mapabonodt H,(T)=H,([1—(T/T,)]. Tloabsysch M “tipaKetem,
HAWTH Pa3sHOCTH 3HAYEHMH yAC/bHBIX )mpuxmﬁ W YACHBHBIX 1.1i10EMKOCTER

B M- H $-COCTOSHMSAX.

12.11. Tloka3aTs, ¥TO B KPHTHWCCKOH TOSKC MPOH3BOAHAA

o’

éver

12.12. Onpeaeanth Ko3pduiment [Ikoyns — TOMCOHA B KPHIHYECKOH TOuKe.

1213, Hail 14 BbIDaXCHHE IS CKOPOCTH 3BYKA B KPHTHYECKOH TOWKe.

12.14. OnpelienTh  KPHTHUCCKMI MHICKC ¥ WIOTEDMHYCCKON CKHMACMOCTH rasa
Bau-nep-Baassca.




BBEAEHUE
B HEPABHOBECHYKO TEPMOAWHAMUKY

[JIABA TPMHAJLATAS

MUCXOJHBIE T10JIOKEHUSA
HEPABHOBECHOW TEPMOJWHAMMKU

HepasHoBecHas mepMoguHamuka SBNSEMCs Cpas-
HUMENbHO MOJIO4bIM U UHMEHCUBHO pa3BuBaiouM-
cs pasgesnom meopemudeckon pusuku. Ona BO3-

HuKna B pesy. 0606, Knacct on
mepMogUHaMUKu Ha 0611acme Masbix OMKAOHEeHUA
IS U B 4 6bina

pacnpocmpaneHa Ha NOCMPOEHUe Meopuu NPoLec-
COB B CUNbHO HEPaBHOBECHLIX CUCMeMax.

B Hawem Kypce usnarailomcs OCHOBbl Mepmo-
AUHaMuKu HeobpamuMblx npoqeccos B oﬁoux
cnyqanx
3pgeck ucxo,qu/e nonoXeHus HepaBHOEecHOM mep-
MOJUHAMUKU.

§ 64. IOKAJIbBHOE PABHOBECUE M OCHOBHOE
YPABHEHUE TEPMOJWHAMMWKU HEPABHOBECHBIX MPOUECCOB

B TEPMOJAMHAMUYECKH PABHOBECHBIX CHCTEMaX, Kak H3BECTHO, TeEM-
nepatypa T M XMMHYECKHil NOTEHUMAN W MOCTOSHHBI BJIOJbL BCei
CHCTEMBI:

grad T=0, gradp=0.

Ecnn stu ycnosus e Bemonnsiorcs (grad T#0, gradp#0), To
B CHCTEME BOBHMKAlOT HEOOPaTHMbIE IPOLECCHI MEPeHOCA MACCh,
OHEPTUH, JIEKTPHUYECKOro 3apsia M T. I,

Tipu 0GoOIIeHNH KIACCHYECKOH TEPMO/IMHAMMKM HA HEPAaBHOBECHBIE
NPOLECCHI  MCXOAAT M3 TNPEICTABNEHHS O JIOKAJILHOM pPABHOBECHH.
M3BECTHO, YTO BpeMs pEJaKCalMH PACTET C YBEIMHEHHEM Pa3MepoB
CHCTEMBI, TaK WYTO OT/AENbHBIC MAKPOCKOIWYECKH MaJble HacTH
CHCTEMBbl NPHXOAAT CaMK MO cebe B PABHOBECHOE COCTOSHHE 3HA-
YHTEJIBHO PAHbIlE, YEM YCTAHABJIMBACTCS PABHOBECHE MEX/Y STHMH
yacTamu. I103TOMy B HEpaBHOBECHOH TEPMOIMHAMMUKE NPHHHMAIOT,



YTO, XOTS B ILEJIOM COCTOSIHHE CHCTEMbI HEPABHOBECHO, OT/EJIbHBIC
€€ MaJjibie YaCTH PaBHOBECHBI (TO‘!HCE, KBaBHpaBHOBeCHH), HO UMEKT
TEPMOAHMHAMHYECKHE NMAapaMeTpbl, ME/JIEHHO U3MEHSAIOLIUECSH BO BpeMe-
HH U OT TOYKH K TOHYKEC.

PasMeppr oTix  Qusudecku MdJ'lHX PAaBHOBECHBIX YacTell Hepas-
HOBECHOH CHCTEMbl M  Bp TEPMO, KHX
AapaMeTpoB B HHX onpe,ueﬂmorcsl B TEPMOIUHAMHKE 3KCIIe-
puMenTabHO. OOBIMHO MPUHUMAETCS, HTO (QUIMYECKMI INIeMEHTAPHbIH
obbeM /°, C_ OmHOH CTOPOHBI, COAEPKHT OGOJbIIOE YHCIO
dactHn  (v,<</®, v,—oObeM Ha oiHy vacTMuy), a C Jpyro#
CTOpPOHBI, HEOJHOPOJHOCTH MAaKpPOCKONMHMYECKHX MapaMeTpoB  a;(r)
Ha JUTHHE ! mansl o CPaBHCHHMIO CO 3HAYCHHEM ITHX napaMeTpos
(|0ajox|l<a;), T.¢.

1 dq,

vl << (13.1)

a; ox

Bpems T M3MeEHEHHS TEPMOAMHAMMYECKHX MApaMeTpPoB B (U3MYeCKH
MaJIbIX PaBHOBECHBIX YaCTAX HAMHOTO 6oJblie BPEMEHH T, peJlakCaluu
B HHX M HAMHOTO MeEHbIE BPEMEHH T;, 32 KOTOPOE YCTAaHABJIMBACTCS
PaBHOBECHE BO BCeil  cucTeme:
KT, (13.2)
B ycrnousx, Kkorja JOMYCTUMO TPENCTAaBJICHHE O JIOKAJIBHOM
paroBecun (13.1), (13.2), MOXHO TNOCTPOHTH MOCIEIOBATEIbHYIO
33HOMeﬂonorw{ecxyw TEPMOJIMHAMHMKY ~HEOOPaTHMBIX ~MpPOLECCOB.
BOHCTBA HEPABHOBECHOH CHCTEMbI NPH 3TOM OMNPEAEINAIOTCH JIOKAb-
HBIMH TEPMOJIMHAMHMYECKHMHU TIOTEHIMAJIAMH, KOTODbIE 3aBHCAT OT
NPOCTPAHCTBEHHBIX KOOPAHHAT W BPEMCHH TOJIBKO 4YE€pe3 Xapak-
TEPUCTHYECKUE TEPMOJAWHAMHYECKHE TAPAMETPBI, JUISL KOTOPBIX Chipa-
BE/UIHBBI yPABHCHWS TEPMOJMHAMHMKH. Tak, €ciM B KauecTBE Xapak-
TCpHCTP{‘!CCKﬂX TIEPEMEHHBIX Bbl6deLl JIOKaJIbHas H‘IOTHOCTB BHYT-
penneil oHepruu u(r, t), ynenbHeii obnem v(r,t) (v=p !, p—
JloKalbHas TUIOTHOCTb MacChi CPEJb) M JIOKAJIbHBIE KOHLEHTPaUuH
¢;(r, t) pasIMYHBIX KOMIIOHEHTOB, TO COCTOSHHE (U3MYECKH 3JIEMEH-
TapHOro obvemMa B OKpPECTHOCTH TOYKH I B MOMEHT BPEMEHU
! OmMChIBAaeTCS  JIOKAJbHOM  OSHTpomwed  s=s [u(r, 1), v(r, 1),
¢y (r, t),..,c,(r, )], ompenenseMoit ypaBHeHneM I'm66bca

Tds=du+pdv—Y p;de;. (13.3)

OSBCHHHS“OIL{CC TNepBOE U BTOPOE Havajlla TEPMOJAWHAMHKH YypaB-
uenne (13.3) nns ynesbHbix (1o Macce) ﬂOl(dﬂbelx Beuwmu SIBJISIETCSH
OCHOBHBIM ypa epMO,

E: KaK JIOKajIbHasi SHTPONMSA § (CHHHVIU.H MacChl MM pPsS—
eIMHHIBI  00BEMa) 3aBHCHT OT TEPMOJMHAMHMYECKHX TApaMETPOB
a;(r, 1) TaK e, Kak H NPH NOJHOM PABHOBECHH, TO NIPH HEOOPATHMOM




npouecce B afuabaTHOH CHCTEME CKOPOCTh BO3HHUKHOBEHHS SHTPONUH
B eauHHMLE 0ObeMa (IPOM3BOJCTBO SHTPOIMH) paBHA

_d(ps) _x 9(ps) da;
o==F _; T (13.4)

PaccmarpuBasi yBeJMYEHHE SHTPONMH IPH HU3MEHEHWH JIOKAJIBHBIX

MAaKpOCKONHYECKHX [IapaMETPOB @; B alWAbaTHBIX YCJIOBHAX Kak
a(ps

«HPHYMHY» HEOOPATHMOro MpONECCA, BETUYMHBI szi Ha3bIBAIOT
da

da,
MEPMOOUHAMUNECKUMU  CUAAMYU, & BETHIUHBI n 1, onpenensiomue
1

CKOPOCTh M3MEHEHHUSA napaMeTpoB ai,fmepMOOuuaMuueckuMu nomo-
xamu. Beipaxenue (13.4) Juisi NPOM3BOJCTBA OHTPONHH MOXHO
3anucatb B BHIC

o=YLX; (13.5)

DHTpONHUs BCEH HEPABHOBECHOMH CUCTEMBI A[UTATHBHO CKJaIbIBAETCS
u3 f)HTpOl'(ﬂﬁ €€ OT/JCIBHBIX qacreif:

Szfpst, (13.6)
v

§.65. YPABHEHUSA BAJIAHCA U 3AKOHBI
COXPAHEHHUS PA3JIMYHBIX BEJMYUH

JU1sl Onpezenenns ¢ MOMOLIbIO OCHOBHOrO ypasHenus (13.3) tepmomu-
HaMHUKH Hep'dBHOBCCHOﬁ CHUCTEMBbI NPOM3BOACTBA 3HTPOIIUM W H3MEHE-
HHSL BO BDEMEHH BCEX JPYTHX ee TePMOAWHAMHYECKHX (YHKLMH K 3TOMY
yPaBHEHHIO HEOOXOAMMO J0OABUThL ypaBHEHHs OajlaHca psjia BEJIMYMH
(Macchl, BHYTPEHHeH SHEPI UM | JIP.), @ TAKXKe yPABHEHUS, CBA3bIBAIOIIUE
MOTOKM /; 3THX BEJIMYMH C TePMOJAMHAMUYeckuMu cuiamu X;. Haitnem
YPaBHCHHSA GanaHca ¥ 3aKOHBI COXpAaHEHHUS pa3JIMYHBIX BEJIMYMH.

Beskast 9KCTEHCHBHAsi BeiWdMHa B(X, y, z, t) MaKpOCKONMHYECKOH
CUCTEMBI MOJYHHACTCSH YpaBHCHHIO 6aﬂcha

§= —divIy ,+0p, 13.7)

rae lp ,— IUIOTHOCTb TOJIHOTO TOTOKA BENWYMHBI B=pb (p—IioT-
HOCThb BELIECTBAa, b— 3HAYeHHE BEJMYMHLI B, OTHECEHHOE K Macce),
Op—U3MEHeHHE B 3a CYET ee MCTOYHHKOB, OTHECEHHOE K 00beMy
H BPEMCHH.

Vpasurenue (13.7), B KOTOPOM Gy PABHO HYJIIO, BHIPAXAET 3aKOH
CcoXpaHeHMsi BeJM4MHBI B. Tak, 3aKOH COXpaHEHHsi MacChl HMeEeT
BHJI TH/IPOIMHAMUYECKOTO YPAaBHEHHS HENPEPBIBHOCTH
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7"= —div pu, (13.8)

Te u—MaccoBas CKOPOCTh B JaHHOH TOYKE X, y, Z B MOMEHT
BPEMEHH 1.

TI10THOCTh OJIHOTO NOTOKA Ip,,, BOOOLIE TOBOPH, HE CBOAMTCS
K KOHBEKTHBHOMY IIOTOKY Bll, T. €. K IEPEHOCY BEJIMYHHBI B ¢ noToxoM
BEILECTBA, 4 CONEPKUT TAKXKE UIEHbI APYrod NpHpOAbI (TEmnoBOH
NOTOK, JuGbQY3HOHHBIH NMOTOK M T. I.):

Ip.=Bu+l, (13.9)

(I;— HEKOHBEKTHBHAS 4YacTh INOTOKA).
Takum o6pa3omM, ypasHenue bananca (13.7) aJyIUTHBHOI BEJIMYMHBI
MOXHO 3alHCaTb B BHIE

if#: —div(pbu+1,)+0p, (13.10)

TOe 4YacTHas MNpOU3BOAHAN 7(:,') OIpEeAeNsIeT HU3MEHEHHE BEIHYHHbBI
B=pbh B NaHHOH HENMOABWXKHOH TOYKE IPOCTPAHCTBA. DTy NPOHM3BO-
HYIO MOXHO BBIPa3UTh Yepe3 MOJHYIO (CyGCTaHMaNbHYI0) NPOM3BOJI-
HYIO BEJIMYMHBI B, OTHOCSILYIOCS K IEPEeIBUTAIOLIEHCs B MPOCTPAHCTBE
«4aCTHLE» BEIECTBA (KaK CILUIOMIHOH cpeapl). [lis 3Toro 3ametum,
410 H3MeHeHwe dB BenwuMHBI B 4aCTHUIlbl BEIECTBA CKJIAJAbIBACTCA
M3 JBYX vacreil: U3 H3MeHeHUs B B JAHHOM MECTE MNpPOCTPAHCTBA
H W3 W3MEHeHMs B TpH mnepexoae OT JaHHOH TOYKH K TOUKE,
yIajleHHO# OT Hee HAa paccrosiHue dr, MpoiIeHHOE paccMaTpHBaEMOMH
yacTHuel BemecTBa B TeueHne BpemenH dr. Ilepsas M3 JTHX vacTeit

oB
paBHa T[dl, a BTOpas 4acTh paBHa
a

B 0B 2.
dx E+dy E+dz T—(dr, V)B.

CrnenmoBatesnbHO,
L)) 13.11)

TostoMy 3akoH coxpaHeHus Maccel (13.8) m ypaBuenne Gananca
BesmuuEbl B (13.10) MOXHO 3anmcaTh COOTBETCTBEHHO B BH/E

‘L"_ —pdivu, (13.12)

pd F=—divl,+oy (13.13)

B coorBercTBUM ¢ 0OLueit q)opMynoﬁ (13.13) ypaBnenue Oananca
SHTpommu OyaeT
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P S=—divisto, (13.14)

rae Ig—TMJIOTHOCTH NOTOKA OHTPOIMH, O —JIOKaJbHAs CKOPOCTb
BO3HHKHOBEHHSI SHTPOIHH.
Jna  maxoxnaenus sBHOro Buaa Iy u o dopmyny (13.14)

ds
CONOCTABJIAIOT C BBIPAXCHUEM LIS pa, TI0JTy4a€MbIM U3 YpaBHCHUS
Tu66ca (13.3)

ds pdu ppdv pu; de;
PaTra Ta T T dr’ (1319
B KOTOPOE MOJCTABJISAIOT BBIPAXEHHs JUISi MPOM3BOMHBIX 10 BPEMEHH
U npoussoactsa outponun (13.5).

B kavecrse npumepa Halinem ypaBHemue OanaHca OSHTPONMH
C #BHBIM BHIOM M I, W G B OJHOPOJHOM TBEPAOM Teie,
B KOTOPOM HMMEETCS TPAaJUeHT TeMIepaTyphl.

Iycts u(x, y, z, t)— ynenbHast BHYTpeHHsAs sHeprus. M3MeHeHuem
obbema Teja BCJIEICTBHE TEMIOBOTO pacIUMpenus Oymem npened-
peraTh; MOTOK YacTHIl B CJydae TBEPJOTO Tela TAKKE HCKIIOYEH.
Mostomy m3 (13.15) umeem

ds_1du_¢ dT
& Td T

Mo 3akoHy COXpaHEHHs SHEpruu (B COOTBETCTBHH ¢ 0bLIeH (opMyJIoit
(13.13) npu op=0),

du .
[ —divly,

rie lp—minoTHOCTh TOTOKa TemioThl. M3 5THX ypaBHeHMH uist
Gananca SHTPOINHUH TMOJIy9aeM

ds 1.
P o= 7?dlvlq, (13.16)
H TaK Kak

1. 1
div 0 dlvlq+<lQ,V7):?dW|QhF

p W —div —r——(lQ, VT). (13.17)

Comnocrasisst  ypasuenue (13.17) ¢ ruApOJMHAMMYECKHM ypaBHe-
nueM Gamanca osurpommu (13.14), HaxoAMM, 9YTO IUIOTHOCTH TO-
TOka OSHTponuu I, M NpPOM3BOJCTBO JHTPONHH G COOTBETCTBEHHO
PaBHbBI

o 259



1
=zlo (13.18)

s
(I, _% VT)=Y I X, (13.19)

14T
rae X;= T 7nexaprona KOMIIOHEHTa TEPMO/IMHAMMYECKOH CHIIBI,
x,
coorseTcrnymmau JIeKapTOBOM KOOpAWHATE mOTOKa I
JIONONHATENBHO TPHBJIEKAs YCTAHOBJICHHBIE HA ONBITE COOTHOILE-
HUA MEXIy INOTOKAaMH M TEPMOJIMHAMMYECKMMH CHJIAMH, MOXHO
nokKasaTth, YTO B COOTBETCTBHH CO BTOpPbIM HAyaJiOM TEpMOIHHA-
muki ©>0. JIelCTBUTENBHO, MCIONb3ys, B YaCTHOCTH, 3aKOH Tem-
nonposomuoctH Pypbe 0 mponopunonansHocTH I rpamuenty Tem-
nepaTypbl
Ip=—%VT (»>0), (13.20)

u3 (13.19) nonyyaem

o %(VT)Z. (13.21)

3amMeTHM, YTO MATEMATHYeCKM pa3/ie/ieHHe TpPaBO# HacTH ypas-
nenust (13.16) Ha notox m mcroynuk suTpomuu B (13.17) sBaisercs
HEO/IHO3HAYHBIM. OJIHO3HAYHOCTD JIOCTHIAETCs (PHIMYECKUME TpeGoBa-
HUsiMH 0 >0 M HHBapHAHTHOCTBIO BhIpaxkeHus (13.19) oTHocuTenbHO
npeobpaszoBanmii Tames.

TMono6bHO paccMOTpeHHOMY TNpHMepy, ypasHenme I'mGGca (13.15)
TO3BOJISET NOJY4HTh BbIaXEHHs OallaHCa OHTPONMM A pa3-
JIHYHBIX HEPABHOBECHBIX CHCTEM B COCTOSSHHH JIOKaJTbHOTO  pas-
HOBECHSL.

B obmeMm ciydae HEOGPaTHMBIX IIPONECCOB NPOH3BOACTBO OJHT-
poruu 06YC/IOBIEHO KaK SBJIEHHAMH NepeHoca (JHEPruH, JJeKTpHuec-
KOTO 3apsiia U T. [.), TaK U BHYTPEHHMMH NPEBPALICHUSIMH B CHCTEME
(XMMHYECKHE PEeaKiMH, DEJAKCALHOHHBIE SBJICHUS).

Haiinem BbIpakeHHe JUIsl IPOU3BOACTBA SHTPONMM NPH XMMHYECKHX
peakuusix B cucreme. ITOCKONBKY OHM He CBA3AHbI ¢ MPOLECCAMH
TepeHoca, CHCTeMY MOXHO CUHTaTh TOMOTEHHOH M H30TPONHOM.
IoTokH B 9TOM Ciydae HANpABICHHI K COCTOSIHHIO DaBHOBECHS
H NIPOTEKAIOT HE B MPOCTPAHCTBEHHbIX KOOPJMHATAX, & B KOOP/IWHATAX
cocTaBa cuctembl N; (Y4MCIO ¥acTHIl copTa i).

TlycTs roMoreHHas CHCTeMa COCTOMT W3 n Bemect i (i=1, 2,...,n),
MeX/y KOTOPHIMH MOTYT IpOTeKarh r XHMH‘{CCKHX peaxuuit
JjG=1,2,..r). Ecnu N;—uucio CTHIL copTa i,
v,j—c-rexnome-rpuqccmﬁ k03(DHIHEHT Bemec‘rna i B peaklyH j, TO
u3Menenne uucna d;N; HacTHIl COpTa i 3a NPOMEXYTOK BPEMEHH
dr B peaxuun j pasHo

vy l;d, (13.22)
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rae
1N &y

- (1323
— cKkopocmy  peakyuu j, a auddepeHmman
g, =4 (13.24)

Vij

OTpENIE/ISET «CTENEHb PA3BHTHA DPEAKIMH» M HMEET OJHO H TO Xke
3HAYEHHe M 3HAK JUIS BCEX BEIUECTB, YYAaCTBYIOUMX B peakuuu™.
Ilo 570t mpuuuKeE §; NPUHAMAETCS B KAYECTBE BHYTPEHHETO MApaMeTpa
CHCTEMBbl M HA3bIBAETCH CHMIENEHbl0 NOAHOMb peaKyuu .
W3MeHeHMe YHCTa YACTHIL /-TO COPTA TIPH BCEX PEAKIHAX B 3aKpbl-
r r

Toit cucreme paso dN;= ) d;N;= Y v;;d§; TlosTomy ocHOBHOE

1= j=
ypaBrenne (13.3) npi OTCYTCTBMM MPOIECCOB NEPEHOCA M MOCTOSHHOM
obbeMe CHCTEMBbI TIpHHUMAET BHI

TdS=-3 3 piviyd; (13.25)
i o
TdS= Y A,de, (13.26)
e !

(13.27)

— xumuyeckoe cpoocmso peakyuu j (j=1,2,...,r). TlpousBoacTso
SHTPOIIHH G B paccmannnaeMoM ciiyqa€ XHMHYECKHX peaku"ﬁ
B OJIHOPOJTHOM MHO]‘OKOMI‘IOHCHTHOM CHCTEME, COrJIacHo (opmysnam
(13.26) u (13.23), paBHO**

(13.28)

* Hanpnmep, B peakuun 24 +3B=4C xosdduuments
va=—=2, vg==3, vo=+4,
dg=dN;/vi= —dN,/2= —dNp/3=dNc/4,
=—[Nult) =N2]2=— [No(r) —N;'],’}:[N(-(r)—,\l(‘-’]/fl.
] ydeHeHHu (13.26) S—oGLeMHAR TIOTHOCTs SHTPONUH, KOTOAR C Mac-
COBOH TUIOTHOCTBIO § CBfi3aHAa COOTHOMICHHEM S=ps, Tie P —IUIOTHOCTb CPEbl.
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B cinyyae oTaenbHOM peakuMM B 3aKpHITOH CHCTeMe
o=1IA/T.

Hﬂﬁ ):lanbﬂeﬁmero PAacCMOTPEHHSA HCOﬁXD}ll/lMD 3HaTh CBA3b IOTOKOB
I; ¢ cutamu X; (M3BeCTHBIMH (YHKUMSMH KOHUEHTPALHH).

3AJAYM

13.1. Ha npumMepe nporecca TeIIONpOBOAMMOCTH B CHCTEMe T0KA3aThb, YTO [OMYILCHHE
TIOKJIbHOTO PABHOBECHS NO3BOJIACT BIYHCIHTH NDH TEPEXOAE OT OTACTBHBIX
JICMEHTOB OGBEMa K CHCTEME B ICNOM H3MCHCHHC OHTPONHH, BbI3BAHHOE

HeoOGPAaTHMOCTBIO 9TOrO NPOLECCa.
13.2. HaiiTH NpOW3BOJICTBO JHTPONMA IPH NPOMECCE TMEPEXOa TEIOTH OT OIHOTO

Tena K Apyromy.
13.3. BeruuciuTs B0 nph TOKa B HIEKTPHUCCKOH
Henu.



TJABA YETBIPHAALIATASA

TEPMOJUHAMUKA JIMHEWHBIX
HEOBPATUMBIX ITPOLIECCOB

lpu Mansix omk. 1 Om p
NPOSABASE@MCH NUHEHAHAs CBh.> MEXAY NPUYUHOH
U cnegcmsueM MOro UMU UHOTO HEO6pPamumoro
PO Kak, npor JIOHaNbHOCMb
ro rpa y pamypsl npu
. Havano 1 P I mepmo-

on
npoueccaa npuNaAns»(um J. Owcarepy (1931) B Ha-
cmosiee Bpems 3ma meopus noayyuna cmamu-

060 u wup ucnons3y
NpU U3Y4YEHUU DPa3NUYHLIX (UIUYECKUX ABNEHUA.

§ 66. IMHENHBIA 3AKOH.
COOTHOMEHHS B3AMMHOCTH OHCATEPA M TIPMHLMII KIOPU

B paBHOBECHOM COCTOSHHH TEPMOJIMHAMHYECKHE CHJBI X;, NOTOKH
I, ¥ mpOM3BONCTBO 3HTPONUK G PaBHBI Hymo. [103TOMY IpH ManbIx
OTKJIOHEHHSX OT PABHOBECHS €CTECTBEHHO IOJIOXHTb JIMHEHHYIO CBS3b
MeXJly TOTOKAMH ¥ CHIAMH

I Z Lu X, (14.1)

Kosbduumentst Ly B 3TOM JIHHEHHOM 3aKOHC Ha3blBAIOTCA Peno-
MEHOAOUYeCKUMU WIIH K Kumu Hpnqu
JmMaroHanbHble K03 Thl L; ABAEHUA
nepenoca, a HeMArOHAJIbHbIC koad)ntmuuel-n‘bl Ll,‘, HENpEPLIBHO CBSI3AH-
HBIE C NPAMBIMH,— «TIEPEKPECTHBIE» HJIH «CONPSIKCHHBIC» NpOYeccsl.
Tak, no 3axoHy TemionpoBoaHoctH ®ypne (13.20) rpaameHtT Tem-
TepaTyphl BBI3BIBAET NOTOK TEIIOTB! L;=L=%; no 3akony ®uxa
TPafMieHT KOHUEHTpauuy Bbi3biBaeT mupdysuio I=—Dgrade, L=D;
no 3axkoHy OMa rpaJMeHT NOTEHIMala Bbi3bIBAET TOK j= —ograd @,
L=c u t.x Hapsny ¢ 5THMH NpAMBIMH TpPOLECCAMH MepeHoca
BO3HHMKAIOT M CONpSXKEHHbIE C HUMH mpomeccel. Hampumep, npu
CyLIECTBOBAHMM TpPAJUCHTA TEMIMEPATypbl KPOME TNEPEHOCA TEIIOThI
MOXET NPOMCXOAMTH M mepeHoc Macchl (tepmomuddysus). Taxue
NEPEKPECTHBIE TIPOLECCHl XapaKTEPHU3YIOTCSH HEAMarOHaJIbHbIMH K03¢-
¢duumentamu Ly Tak, mioTHocTh moToka Macchl I, npu Hamuyuu
TpaJieHTa KOHUEHTDAlUMH M TPaJMEHTa TEMIEpaTyphl paBHA

I,=—L,gradc—Ly,grad T.
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B nmmeiinbii 3akom (14.1) Bxomur Goublioe 4HCIO (EHOMEHO-
JIOTHYECKHX TapaMeTpoB L;. OmHAKO YHCIO HE3aBHCHMbIX ITHX
xo3¢¢uuuem‘on YHACTCS  YMEHBIUHTb, €CIH  y4eCTh COOOpakeHHs
BPEMEHHOH ¥ NpPOCTPAHCTBEHHOM CHMMETDPHH.

B 1931 r. JI. Oncarep, ucxo/1s U3 HHBAPHAHTHOCTH MUKPOCKOMHYEC-
KHX YDaBHEHMil JIBWKCHWS OTHOCHTEJBHO M3MEHEHHMs 3HAKA BPEMEHH
(BpeMeHHAas CHMMETPHS) M W3 NDCACTABIEHHS O HEPaBHOBECHOM
COCTOSHHH CHCTEMBI, BBI3BAHHOM BHEIIHHMH CWJIaMH, KakK KpYIHOM
GuykTyalMn paBHOBECHOH CHCTEMBI, YCTAQHOBHJI, 4TO B 00JNAacTH
JIMHEHHOCTH HeOGPATHMbIX MPOLECCOB MATPHUA KUHETHYECKHX KO3(-
(bﬂll"eHTOB CHMMETpHYHA!

Ly=Lg (i, k=1,2,..,n). 14.2)

Du3uYeckH ITOT BTOPOH 3aKOH TEPMOJIHHAMUKH JIMHEHHBIX HEOO-
PaTHUMBIX TPOLECCOB O3HAYAET, YTO HUMEETCS HEKOTOpas CUMMETpHs
BO B3aMMOJICHCTBHM DPa3JIMYHBIX IPOLECCOB: BO3DACTAHHE NOTOKA I,
06YCIIOB/ICHHOE YBETMYEHHEM Ha CIMHHLY CHIbl X; (IPH HIOCTOSHHBIX
Xy4i), PaBHO BO3PACTaHMIO NMOTOKA [;, OOYCIOBIEHHOMY YBEIHYCHHEM
Ha equEMIY X,.

Wimeercst oHO BaXkHOE BHMIOH3MEHEHHWE CoOTHOIIeHM Omcarepa,
CBA3AHHOE C OCODEHHOCTSMM NpPHHIHMNA MHKPOCKONMYECKOH 00pa-
THMOCTH B Ciy4a€ ABHIKCHHS DJJIEKTPUYECKHUX 3aps/JOB B MArHUTHOM
noje ¥ B 3ajavax, rje BCTPEYAOTCS CHJIbI Kopuonﬂca. YPZEHEHHS{
JIBWKEHWS B MArHMTHOM TOJIe, Kak H3BECTHO, HE M3MEHSIOTCS
NpH NMEPEMEHE 3HAKAa BPEMEHM JIMIlIb TPH YCJIOBHH OQHOBPEMEHHOIO
M3MEHCHHMSI HANPABJICHUS WHAYKUUH TOJIS. B coorBeTcTBHH C 3THM
JUIA_CHCTEMbI B MarHHTHOM TOJI€ BENMYMHBI Ly M Li; B paBeHCTBe
(14.2) mago 6paTh IS MPOTHBONOJOXHBIX HANPABJICHHA HHIYKLHM
noJisi:

Ly (B)=Ly(—B). (14.3)

Psn cBOHMCTB KHHETHYECKHX KO3(P(HUUMEHTOB MOXHO YCTAHOBHTH
HMCXO/Is HEMOCPEACTBEHHO H3 TEPMOJAMHAMHYECKUX 3aKOHOB JIMHEHHBIX
HEOBPATHMBIX MPOLECCOB. JICHCTBUTENBHO, U TAakKUX MPOLECCOB
obmas ¢opMmyna (13.5) a1s NPOM3BOACTBA IHTPONMHM MPHHMMAET
KBa/IpaTHYHOE TI0 TEPMOAMHAMHYECKHM CHJIAaM BBIDAXECHUE

o=Y Ly X, X, (14.4)
ik
To BTOpOMY Ha4aly TEPMOJMHAMHKH JUls HEOOPATHMBIX HpOIEC-
coB, 6>0 u, cregoaTenbHO, KBaApaTHyHas Qopma (14.2) sBisercs
TIOJIOXHUTEJILHO onpe}leneﬂnoﬁ, 4YTO HAKJAAbIBAET HEKOTOpBIE Orpa-
HHYEHHs HA KHHETHYECKHE KOODGMUMEHTHI L.
Kak u3BeCTHO, HEOOXOMMBIM M JIOCTATOYHBIM YCJOBHEM MOJIO-
KUTEJIbHOCTH CHMMCTPH‘IHOﬁ MaTpHLUbI Lik SBJISIETCHA TIOJIOXUTEIIb-
HOCTh JI€TEpPMHUHAHTa
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det L= (14.5)

¥ TJIABHBIX MHHOPOB, T. €. JHAroHajbHble KOIDOUUMEHTBI JOIKHBI
OBITE  MOJOKHUTETLHBIMH:

Li>0, (14.6)
a HeJMaroHaJbHble KO3(QHUMEHTb YOBIETBOPSTH HEPABEHCTBAM
Lli Li i+t1
. >0, 14.7
‘LH!,:’ Lisy,is1 D

Lii Li,i+l Li.l'+2
Livii Livvier Liviies | >0, 018 (1438)
Li+l‘l Li+2‘i+l Li+2‘i+2

JanbHeiiiine ynpolleHHs MAaTPUIbI (PEeHOMEHOTOTHYECKHX K0db-
JMIMEHTOB (YMEHBIUGHWE HX YHMCJIA) MOXHO MOJIyYHTb NPH y4eTe
MMMETpHH cpelbl. B Bhipaxenne muHeifHoro 3sakona (14.1) BxomsT
IOTOKH H CHJIbI, W3 KOTOPBIX OJIHH SBJSAIOTCH CKaJSAPHBIMH (E
nponeccax ¢ XMMHYECKHMH peakuusiMH, a Takxke ¢ 00BEMHOM
BA3KOCTBIO), APYTHe — BEKTOPaMH (IIOTOKH MAcChl W TEILIOTHI), a Tpe-
TbU — TEH30paMHu (E nponeccax co CJZ[BHI'UBOﬁ BS{SKDCTL}O)A B 3aBu-
CHMOCTH OT CHMMETPHH CPEIIbl CHCTEMa JIMHEHHbIX ypaBHemui (14.1)
JO/KHA ObITh MHBAPHAHTHA OTHOCHTENBLHO COOTBETCTBYHOLIHX Op-
TOrOHaJIBHBIX mpeobpa3zoBanuit. IIpu mpeoOpa3oBaHMSX KOMIOHEHTHI
Bxoasmmx B (14.1) pasiuyHBIX BeMMYMH NpeoGpasyloTcs mo-pasHoMmy,
B TO BpEMs KaK YCTAaHOBJCHHAs CBS3b MEKJAY NOTOKOM M CHJIOH
HE MOXET H3MEHATHCA IpH NpeoOpa3oBaHUsX. DTO NPHBOJNT B CiIyyae
HU30TPONHBIX CHCTEM K COXPAHEHHUIO CBSI3EH JIMILIb MeXay NOTOKaMH
W CHIIAaMH OJIHOH TEH30pHOH pa3MEPHOCTH, WTO BBIPANKAET MpuHyun
K’Opll 0 COXPAHEHUU CUMMEMPUU NPUYUHBL 6 CUMMEMPUU caedcmauil.
TToatomy, xoTs coryiacHo JMHeHHOMY 3akony (14.1) kakmas Jekapropa
KOMIIOHEHTA NOTOKa [, MOXET 3aBHCETh OT ACKAPTOBBIX KOMIIOHEHT
BCEX TEPMOJAMHAMHYECKUX CHJI, TIO NPUHIHUIY Kl()pﬂ B 3aBUCHMOCTH
OT CTPYKTYpPbI (CHMMETPHH) CPE/Tbi MOXKET OKa3aThCsi, YTO KOMIIOHEH-
ThI TIOTOKOB OYJyT 3aBHCETh HE OT BCEX KOMIOHEHT TEPMOIHHAMHYEC-
KHX CUJI W, CIIEJIOBATENIbHO, HE BCE NPHYMHBI BBIBIBAIOT NEPEKPECTHBIC
addexrsl. Hanpumep, B pe3ysibraTe XMMHUYECKOH peakuyy (CKajisipHbIi
mporecc) He MOXET BO3HMKHYTh JHGbQY3HOHHBIH NMOTOK (BEKTOPHbIH
npouecc).

OcCHOBHOE ypaBHEHHE HepaBHOBecHOH TepmommHamuku (13.3) mpu
MCNIOJIb30BAHNH  JIMHEWHOTO 3aKOHA M COOTHOIICHHA B3aMMHOCTH
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OHcarepa TO3BOJISIET YCTAHOBUTH OGLHHC CBSI3U MEXIY KUHETHYCCKUMH
Ko3pGHIHMEHTAMH PA3JIMYHbIX TPOLECCOB IEPEeHOCAa B paccMaTpHBa-
€MOH CHCTEME.

§ 67. BAPUALIMOHHBIE TNMPUHUMIIBI TEPMOAUHAMMKH
HEOBPATHUMBIX MPOLECCOB

OCHOBHbIE 3aKOHbl W YDAaBHEHUS TEPMOJMHAMUKH HEOOPaTHMBIX
TIPOLIECCOB OBLIA YCTAHOBJICHBI B Pe3YJIbTaTe 060OUIEHHs KIACCHYECKO#H
TEPMO, U ¥ 3aKOHO TeH U3BECTHBIX JIMHEHHBIX TIpOLIECCOB.
TloMuMO TAakOro HHAYKTHBHOTO IYTH BO3MOXEH M JADYrod myTh
M3JI0KEHUS TEPMOJAUHAMUKH HCOGPHTHMHX TIPOLIECCOB, NIPH KOTOPOM
€e YpaBHEHHs JEAYKTUBHO TOJNIYYAlOTCSA M3 HEKOTOpPOro obuiero
Kak Juis Hepal IX MpPOLECCOB OOIIEro THNa, Tak
H JUIS TIPOLECCOB HEKOTOPOTO OIp: oro xiacca. B v
¥ JJIEKTPOJAHHAMHKE Tako#i MyTh XOpPOINO H3BECTEH.

Ipr nepBoHauanbHOM (OPMHPOBAHMH TOHATHH TEPMOAMHAMHUKH
HeOOPaTHUMBIX NPOLECCOB Gosiee LENecO0bpa3eH MepBblil MyTh H3NOKe-
HUA. l'[pu 3aBCPIUIAIOLIEM CTAHOBJICHHU TEOPHH HEOép'dTVIMbIX npouec-
COB W Ui TNpPH/IAHUS €€ M3JIOKEHHS 3aKOHYCHHOCTH U CTpOﬁHOCTﬂ
CIIyXHT JNEHXYKTHBHBIA METOH, TaKxke YAOOHBIA Ui aHanm3a.

Osncarep nepsbiM mokasai (1931), 4TO ero COOTHOMIEHHs B3a-
HMHOCTH Ui JIMHERHBIX TIPOLECCOB  3KBUBAJICHTHBI HEKOTOPOMY
BAPHAIMOHHOMY TIPHHIUIY, KOTOPbIl OH HA3BaJl NPUHYUNOM HAUMEHb-
we20 paccesnusn dHepeuu. Takoe Ha3BaHHE OOYCJIOBJIEHO TeM, HYTO
B CTALMOHAPHOM CJlydae IPHHLMI BBIPAXAETCS MHHMMYMOM BBENICH-
Hbix OHCarepoM AMCCHNATHBHBIX GYHKUMH (QyHKIME paccesnus):

oM, )= Y LuX.X,>0, (149)
k=1
o, n=y ¥ La'lh>0, (14.10)
KOTOpbiE, KaK H bkt
oL X)=Y LX, 4.11)
i=1

SBJISFOTCS JIOKQJIbHOW MEpOoil HeOOPaTHMOCTH M OTJIMHAIOTCS ApYr
OT Jpyra JIb CHOCOOOM OMMCAHMS HEPABHOBECHOTO COCTOSIHHS.
O‘lﬂBﬂ}.IHQ, 4TO B Cly4yae JIMHEHHBIX 32KOHOB O PaBHA YABOCHHBIM
JIMCCHTIATHBHBIM (yHkiMaM Owucarepa.
Hcnonb3ys cooTHOIIeHHs B3auMHoCcTH OHcarepa (14. 2) HETPYIHO
noKa3aTh MOTEHUMANbHBIA XapakTep BceX 5THX ¢yHkmmid. B camom
nene, u3 Bbipaxenus (14.9), Hanpumep, HaXoaUM

a9 &
B k; Ly X, (14.12)



(14.13)

OTKy/Ja CJIEAyeT, 4TO l:bym(uml (p(X X) [kax O 1) n o(l, X)]
SIBJISIETCS. it ) IIpu 3TOM nepssie
NPOM3BOAHBIE 3TOH (yHKIMK (14.12) BBIPAXAIOT JIMHEHHBIA 3aKOH
(14.1), a BTOpHIE NpPOM3BOJAHBIE JIKBHBAJEHTHBI COOTHOIUCHHSM B3a-
umHocTH Omcarepa (14.2).

B 1947 r. H. Ilpuzoxcun YCTAaHOBHII, 4TO CTALMOHAPHBIE MPOLECCHI
XapaKTEpU3YIOTCS MHUHMMYMOM BO3HMKHOBeHMs SHTpomuu. [lonroe
BpEMs CYMTaNOCh, 4TO NpHHUMN [IpHroxmHa SBJIAETCS HOBBIM
HE3aBHCHMBIM NPHHIMIOM TEPMOJWHAMHKH HEOOPATHMbIX IPOLECCOB.

B 1965 r. [doapmamu® upemnoxun 6onee obuyio $opMyIHPOBKY
Ba ro SHEPTHH H TIO-
Ka3aji, 4T0 B OT/MYHE OT NPHHIHNA Oﬂcdrepa npusnn [Ipuroxuna
CNIPAaBEJUIHB TOJIBKO JUIS CTauMOHapHHX NIPOIIECCOB M B 3TOM Clly4ae
IKBHBAJIEHTEH y JHEPIHH.

B 1961r. l(ueﬂep”’ ccbopMmepoaan NPHBELMI  MaKCUMaJIbHOR
CKOPOCTH TIODOX/EHHSI OSHTPOIHH, COIJIACHO KOTOPOMY CHCTEMa,
TIO/IBEPXKEHHAS JICHCTBUIO 3aJJaHHBIX TEPMOJAMHAMMYECKHMX CHJI, CTpe-
MHTCSL K CBOEMY KOHEYHOMY COCTOSHMIO KpaTHailIMM BO3MOXHBIM
cnoco6oM (¢ MaKCHMaJIbHBIM IOPOXAEHHEM SHTPOIHMH TPH NPHOIIKeE-
HHH M30JMPOBAHHOM CHCTEMBI K COCTOSIHHIO C MAaKCHMAjbHOW 3HT-
pomueii). Lurnep mokasaj, 4To €ro NPHHIMI 5KBHBAJICHTEH NPHHIMIY
Omncarepa.

Takum 06pa3om, HauGosiee OOMIMM BAPHALMOHHBLIM TPHHIMIOM
TEPMOJMHAMHUKA HEOOPATUMbIX MPOLECCOB SBNSETCA MPHHLMI MH-
HUMAJILHOTO DACCESHUS IHEPTHH.

B 1967 r. H. ®. Eaxapeea***’ chopmymmpoBana o6 BapHaLy-
OHHBIH i TEPMO, M Ha OCHOBE aHAJIOTHH
c narpamkenow (OPMOIl aHANMTHYECKOH MEXAHHKH, CIpaBE/LIMBBI
KaKk B JIMHEHHOM, Tak M B HeJMHEHHON obaactu.

B 1982 r. uHTerpanbHble BAapHAUMOHHbIE NPHHUMIBI TEPMOIH-
HaMHMKH HeoOpaTuMbIx mnpoueccoB Obinmm npemnoxensl U. IT. Boi-
POAOBBIM****),

Bapnaunommn npunman Oncarepa. CornacHo 3TOMY NpPHHIMIY,
JUIS IEHCTBUTENILHO NPOMCXOMAIIEr0 B CHCTEME NPOLECCA BBIPAXCHUC

pS+divL,— (X, X)=o (I, X)— (X, X) (14.14)

* Cm.: i 78 ., 1974,

9 Cw.: Llurniep I. DKCTpeManbHbic MPHHINEL TEPMOTHHAMAKH HEOGPATHMEIX
npouec«)a W MEXaHHKa CIUTOWHON CpENtBL. M., 1966.

} Cm.: Baxapesa . ®. Caparos,

*++9) Cu.: Buiponos M. TI. O BADUAIMOMHLIX TPHHIMIAX (EHOMEHONOTHYECKOH
TcpMo,c(m((:zMuKu Heobpatumbix npoueccos //KypH. ¢usmieckoit xumun. 1982. T. 56.
Boim. 1329—1342.
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HMEET MAaKCHMYM II0 CPAaBHEHHIO CO BCEMH BHUPTYalIbHBIMH HE0G-
PAaTHMBIMHM TPOLECCAMHM C TEMH )K€ IOTOKAMH, HO Pa3JMYHBIMH
CONPSDKEHHBIME MM CHJIaMA™).

JleficTBuTensro, Bapbupys (14.14) no cuiaaM X; npH NOCTOSHHBIX
moTokax [; moiyuaeM

s[o( X)-o(X, X)1.=6[i1.xi—§ £ Laxn |-

i

=S 18X~ Y LuX,5X, 2(17 Z LaX,)8X, (14.15)
ik=

1 i=

i<
YTO NPH HMCIONb30BAHHH JIMHEHHBIX 3aKOHOB (14.1) TIPABOIAT K YCIIO-
BUIO JKCTpEMyMa

3(c—@),=0. (14.16)

Tak Kak JMCCHNATHBHBIA notenuuan (14.9) ABISETCS OMHOPOIHBIM
KBaJIpATHYHBIM H TMOJIOKUTEJIBHO ONPENCICHHBIM BbIDAXCHUEM HE3a-
BUCHMBIX CHI X, TO 3KCTPEMYM, ONpeaenseMmblii yciosueM (14.16),
MOXeT OBITb TOJBKO MaKCHMYMOM.

OueBnano Taxxke, uro npuHmun Oncarepa (14.16) comep uT Kak
JIMHEHHBIH 3aKOH, TaKk M COOTHOWIeHWs B3amMmHocTH OHcarepa,
MOCKOJIBKY BBINOJIHEHHE OKCTpeMyMa (14.16) HEmOCpEeACTBEHHO mNpH-
BOIMT K BhipaxeHusM (14.1) u (14.2).

Bapuayuonnwrit npunyun Oncazepa MoxeT ObITh chopMyInpoBaH
KaK B JIoKaJbHOH (muddepenumannhoii) popme (14.16), Tak u B rio-
GanpHON (MHTErpasbHOH) (opMe:

8f[o—9],dV=0 (14.17)
v

[P—6],=[$+8*~ 5], =max, (14.18)
rae

P=[cdV=[pSdV+[div,dV=S+S*
v v v

p=[odV.
v

W3 obmein wmuterpanbHoii dopmel npunuuna Owucarepa (14.18)
JIErko HalTH ero 4vacTHbie (OpMBI JUIS HEOOPATHMEBIX IIPOLECCOB
B aIMabaTHO HM30JMPOBAHHBIX CHCTEMaX H JUIS CTALMOHAPHBIX
TIPONECCOB B OTKPBITBIX CHCTEMaXx.

* [punuun OHcarepa MOXeT O6bITh CHOPMYJTHPOBAH K C TOMOUIBIO JTHC-
cunatmsioro notenunana ® (L, 7). HecmoTps Ha To 4To dynkun paccesnus (X, X)
u ®(/, I) oKBHBANCHTHBI JApYr ApYry, Kak mokasajn [{bapmati, Gosiee paldoHaIbHBIM
ABJIAETCA MCNIONb30BaHue QyHKuMH @ (X, X).
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1. B ciyyae HeoGpaTHMBIX NPOLECCOB B aIMabaTHO H30JHPOBAH-
HBIX CHCTEMAaX MOIIHOCTh IOTOKA JHTPONMH S* CKBO3b MOBEPXHOCTH
CHCTEMBI PaBHA HYJIIO, NMOJTOMY JUISl TAKMX NPOLECCOB M3 (OPMYJIBI
(14.18) maxomum

[S-6],=max. (14.19)

2. TIpu CTaUMOHAPHBIX MPONECCAX B OTKPHITHIX CHCTEMAX MOJIHAS
SHTPONHS CHCTEMBI NOCTOSHHA (S'=0) U BeMYMHA S* IPH MOCTOSHHBIX
notokax [/ 3ajaHa, MOITOMY JJIsi CTAlHOHAPHBIX MPOLECCOB

[$*—¥],=max (14.20)
wm

¥=[¥dV=min (14.21)
v

DTO 03HaYaeT, YTO NPH CTALMOHAPHBIX NPOLECCAX B OTKPHITHIX
cucreMax JHEpruu neHa. CTanMoOHAapHbIE MpOLeCc-
Cbl B M30JIMPOBAHHBIX CHUCTEMax, OYEBHJHO, HEBO3MOXHBI, TaK Kak
JI1A_TOIIEPKAHUS ITHUX TPONECCOB HEOOXOMMM NOTOK SHEPIHH.

TMpunmmn MumuMyma nponssoacTsa Surpommn Ilpuroxmma. Bompoc
o creunpuyecKkoli 0COGEHHOCTH CTAIHOHAPHBIX HEOOPATHMBIX MpoLECc-
COB, OTJIMYAOWIEH MX OT HECTALMOHAPHBIX MpPOLECCOB, OOCYXKIAANCT
MHOTHMH (u3ukaMu # Guonoramu. KOHKpETHO BONPOC 3aKIOvaCs
B YCTaHOBJIEHHH (DH3MYECKOH BEIMYMHBI, KOTOpas NpPH CTALMOHAPHOM
mporiecce uMena Obl OKCTpeMaNbHOE 3HAuEHHE, MOJOOHO TOMY Kak
PaBHOBECHOE COCTOSIHHE XAapAKTEPH3YETCS MAKCHMAJbHOM SHTPOIHEH.
Otser Ha 3TOT BOmpoc OblN JaH OHcarepoM B BHAE NPHHUMNA
HAMMEHBIIErO PACcCesHUsi SHEPIUH M He3aBUCHMO oT Hero Ilpuroxu-
HBIM B BHUJC npunyuna MUHUMYMA npou:veadcmea Hmponuu.: cmayu-
OHApHOE COCMOAHUE CUCMeMbl, 8 KOMOpOLi NPOUCXooum HeoGpamumslil
npoyecc, xapakmepusyemcsa mem, umo CKOpocmb 603HUKHOBEHUA 3H-
mponuu umeem MUHUMAIbHOE 3HAYeHUe npu OaHHBIX GHEUIHUX ycaosuax,
npens YIOUWUX O i p 3

VcraHOBMM 3TOT NpHHUMN, credys [IpUroxuny, [is 4ero onpe-
JIe/IMM  TIPOM3BOJICTBO SHTPONMH NpH NEPEHOCE JHEPIMH M BELIECTBA
Mexay AByMs (azaMu ¢ pasHBIMH TeMIepaTypamH.

CornacHo dopmynam (14.11) u (14.1)

o=I1X1+5LX,, =L\ Xi+L2X,, Li=Ly X, +LyX,,

rae I, —mnotok TEIUIOTI; I, —mortok BELIECTBA;
X, u X, —compspkeHHbIE 3THM IMOTOKaM CHJIBL

Ipu samanHol pasHocTn Temmepatyp (X;=const) cocTosiHHE
CHCTEMBL M3 JBYX (a3 OyJeT CTaNMOHApHBIM, €CJIM MOTOK TEIIOTHI
I, nocrosmen (I;=const), a mnoTOk BemecTBa /[, paBeH HYJIO
(I;=L; X,+Lj,X,=0). I10o3TOMy C y4€TOM COOTHOLICHHS B3aMM-
HoctH Oucarepa Ly, =L,; NMPOH3BOJACTBO SHTPONHM B CTALMOHAPHOM
COCTOSIHUM

269



6=L1 X} +2L1, X, X,+ Ly X3>0.
TponsBonHas 3To¥ (yHKUMH 10 X, NPH TOCTOSHHOM X
(55/’”(2)x‘=2(L21X1+L22Xz):2[2=0.

YTO SBJISETCS YCNOBHEM O3KCTpeMyma. ITOCKONBKY G sBsieTcs TO-
JIOKHTENIBHON  KBAaJPATHYHOK  (YHKIMeH, TOJYYEHHBIH 3KCTpeMyM
COOTBETCTBYET MHHMMYMY.

DTOT BBHIBOA Jerko 0006uIaeTCs Ha Ciydail n HE3aBUCHMBIX CHJ
Xy, ...y Xo, M3 KOTOPHIX k cua Xi, .., X € NOMOLIBIO KakKux-THGO
BHEIIHUX BOI}ﬂeﬁCTBMﬁ OCTarTCsl NMOCTOSAHHBIMU (‘leMy COOTBETCTBYET
MOCTOSAHCTBO MOTOKOB [, ..., Ik). TIpy MMHUMaNBLHOM BO3HHKHOBEHHH
OHTPONMM G BCE MOTOKM C HOMepamu k+1, k+2, .., n ucuesaror
H CHCTEMa HaxoAuTCHd B CTALlHOHAPDHOM COCTOSHHH.

Tlo ne I'pooty, CHCTeMa HAXOAMTCS B CTALMOHAPHOM COCTOSIHUM
k-ro mopsimka, €CiM M3 n HE3aBHCUMBIX CHN k (DMKCHPOBAHBI M TPH
9TOM BO3HMKHOBEHHE OHTpOnMM MMeeT MuuuMyMm. Torpa noroku,
CONPSKCHHBIE HCq)HKCPlpOBaHHbIM CHJIaM, MCYE€3ar0T W BCE NMapaMeTpbl
COCTOSHHSI CHCTEMbl HPMHUMAIOT TOCTOSIHHOE BO BPEMEHM 3HAuCHHUE.

Ecnu vu omHa u3 cun He ¢ukcupyercs (k=0), HO BBINOJHSETCS
YC/IOBHE MHHHMYMa BO3HMKHOBEHMs! SHTDOIHH, TO TOTAa BCE NMOTOKH
¥ BO3HHKHOBEHHE OSHTPONHH PAaBHBI HYJIIO H, CIE€I0BATEILHO, Takas
CHCTEMa SBJISETCA 3aMKHYTOM ¥ paBHOBecHOW. TakuMm obpasom,
CTALMOHAPHOE COCTOSIHHE HY/IEBOTO IMOPSAKA COOTBETCTBYET TEPMO-
JAMHAMHYECKOMY PAaBHOBECHOMY COCTOSHHIO HSOHHPOBBHHOFI CHCTEMBI.

Herpyaso mnokasatb, 4TO NPHHUMII MUHHMYMa BO3HHKHOBEHHS
SHTPONMU HENOCPEJCTBEHHO CIEAYET M3 TIPHHIMIA MUHHAMAJIBHONR
muccunanuu oHeprud Oucarepa B craudoHapHOM ciydae (14.21),
MOCKOJIBKY NpH JIMHEHHBIX 3aKOHaX juccunarupuas ¢yukuus (14.9)
paBHA TOJIOBHHE NpPOM3BOACTBA SHTpomuM (14.11) M HX MHHMMYMbI
COBIIAAIOT. l'lpnmmn MHHUMAJILHOTO MPOU3BOJICTBA 3HTPONHH Cripa-
BEJJIMB  TOJBKO B Ciy4ae, KOrja KHHETUYECKHE K03d)q)ﬂuﬂeHT]:l
TIOCTOSIHHBl M Y/IOBJIETBOPSAIOT COOTHOINCHUAM OHCBI‘EPB. Eciu ot
YCJIOBHSi HE BBINOJHAIOTCH, TO CTALlHOHAPHOE COCTOSIHHE peanusyercs
©e3 MHHHMAJILHOTO TPOU3BOACTBA 3HTPONHH. TaK, pacnpeiesieHue
TEeMINEpaTypbl B MPONECCE pACNPOCTPAHEHUsS TEIJIOTHI B ClIOE MEXay
TEIUIONCTOYHUKAMHU ¢ TemnepaTypamu Ty u T, COOTBETCTBYIOLIEE
MHHUMYMY NPOM3BOACTBA 3HTPOINUH, HE SABJISACTCS CTALMOHAPHBIM TIpH
kod(dunmente TemwtonposoanoctH x=C/T? cnos (C—KOHCTaHTa).

§ 68. YCTOMYUBOCTb CTALIMOHAPHBIX COCTOSIHUMA,
NPUHLMI JIE WATEJIBE ¥ HEBO3MOXHOCTb YIIOPSJIOUEHUS
B OBJACTH JHHENHBIX HEOBPATUMBIX MPOLIECCOB

Cornacno pa i TepMmo, H30/IMPOBAHHAN CHCTEMA
C TEYEHHEM BPEMEHH NPHUXOJMUT B PABHOBECHOE COCTOSHHE C Mak-
CHMaJIbHOH 3HTp0n"Cﬁ, a CHCTemMa B TepMOCTaTe NpH NOCTOAHHOM
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obbemMe —B DaBHOBECHOE COCTOS-  6(p)
HW€ C MHHUMaJbHOM 3Hepmen

Tu66ca u T. 1. AHanormuno, kak 6, -
TIOKa3bIBAET ONBIT, B CHCTEME, Ha-

XOAAINEHCs NOA BO3JEHCTBHEM He 4

3aBHCALIMX OT BpeMeHH (HaKTOpOB, !
N0 NPOILECTBHM HEKOTOPOTO Bpe- Go === |
MEHH YCTaHaBJIMBACTCA CTAalMOHAD- ! !

HOE COCTOSHHE C MHHHMAJbHBIM D D >
TIPOM3BOACTBOM 3HTpomHH ©. Ilpn PG PP
BHPTYaJbHOM H3MEHEHHH COCTOS- Puc. 47.

HHS Tako# CHCTEMBI, NOCTATOYHO

G/IM3KOM K PAaBHOBECHIO, OHA CHOBA BO3BpALIACTCS B NEPBOHAUAIILHOE
CTauMoHapHOe cocTosHMe (puc. 47; p® —3HaueHHe MapaMeTpa CHCTEMBI
B CTAlMOHAPHOM COCTOSIHMH). B10 YKa3biBAE€T Ha YCTOHYHBOCTH
CTAIMOHAPHOTO COCTOSIHMS.

Tpu BHEIIHEM BO3JEHCTBMM Ha CHCTEMY B CTAHMOHAPHOM CO-
CTOSSHUM B Hell BO3HHKAIOT BHYTPEHHHEC IIOTOKH, ocnaﬁnmonme
pe3ynbTaThl 3T0r0 BosmeHcTBust (mpunyun Jle [lameive B STMHEHHOM
TEPMO/IHHAMMKE HEOOPATUMBIX MPOLECCOB).

Takum 06pa3oM, B 061aCTH JHHEHHOCTH HEOOPATUMBIX IPOLECCOB
IPOU3BO/ICTBO 3HTPONMM MIPACT TAKYH XK€ pOJib, KaK U TEPMOOM-
HAMHYECKHE TOTEHIHANBI B TEOPHH DPABHOBECHBIX CHCTEM.

l'lpu OTCYTCTBUH BHELIHHUX nosieil GiM3Kue K PaBHOBECHIO CTalH-
OHApHBIE COCTOSIHHS OMHOPOJIHBI B HpocTpaHcTBe. M3 ycroifumBocTu
9THX COCTOSHMH CJEAYeT, YTO CHOHTAHHOE BO3HHKHOBEHWE YIOpS-
JIOYEHHOCTH B BHJC NPOCTPAHCTBEHHBIX HJIH BPEMEHHBIX pacnpenese-
HHif, KaYeCTBEHHO OTJIMYHBIX OT PABHOBECHBIX, HEBO3MOXHO. Kak
Gyner nokazano B ri. XV, HOJIOKECHHE MOXET PE3KO H3MEHHTHCS
JUIA_CHCTEM, NAJIEKHX OT DPABHOBECHS.

PaccMOTpUM Tenepb HEKOTOphIe NPHMEHEHHsS HEPAaBHOBECHOM Tep-
MOJHHAMHKH OHcarepa,

§ 69. TEPMOJJEKTPUYECKUE SIBJEHHUS

OnHuM W3 BaXKHEHIIMX TNPHMEHEHWH JIHHEHHOH TepMOJHHAMMKH
HEOOPaTHMBIX TPOLECCOB ABJISETCA TOCTPOEHHE TEOPHH TEPMOIJIEK-
TPUYECKHX SBJICHWH, KOTOpbIE BCErJa CBS3aHbl C HEOOPATHMBIM
TIEPEHOCOM  TCIUIOTHI. SKCHCDHMCHTBJILHO HU3BECTHBI TPH TEPMOIJIEK-
TPHUYECKHX SIBJIEHHS B W30TPOIHBIX Telax.

1. Ofexm 3eebexa: Ha CTbIKE ABYX PA3JIMYHBIX MPOBOJHUKOB,

PpasHOCTh Typ dT, BoO3HHKaer 3. A.C. &=0,,dT
(=0 — aszoeqadmunem TEPMO-. 1. C. MEXAY NaHHbIMH IPOBOI-
HOKaMH; o— JBHOM TEPMO-3. /1. C. JaH-

HOTO TIPOBOJHHKA). l'loaTomy €CM M3 JIBYX PA3NMUHBIX NPOBOJHUKOB
COCTaBHTh 3aMKHYTYHO IIelb H MeE€CTa HX KOHTaKTOB NOJIEPXUBATH

27



NpH pas3MYHbIX TEMIEpaTypax, TO B 3TOM LEMH BO3HMKAeT 5. 1. C.*.
BenuuuHa o CYMTACTCS NMOJIOXKUTETbHOM, €CIH BO3HMKAIONIMHA B IpO-
BOJIHMKE TEPMOTOK TEYeT OT TOPAYEro KOHTAKTa K XOJOHHOMY.

2. Ofpexm Ileavmve: TPH TPOXOXKICHUH IJEKTPHUECKOTO TOKA
B TEPMHYECKH OJHOPONHON CHCTEME B MeECTE COCIMHEHHS [BYX
PA3JIMYHBIX TNPOBOJHWKOB BBINENAETCH WIM TOIJIOMIAETCS TEImIoTa
(mensoma Ileibmbe), MPOTNOPIMOHATBHAS CHIE TOKa.

3. Oppexm Tomcona: TpPU TPOXOXICHUH INEKTPUYECKOTO TOKA
B TpPOBOJHHKE C TpaMeHTOM TEMIEPATyphl IOMHMO JDKOYJIEBOW
TEMUIOThl  BBIAENAETCH N06ABOYHOE KONMYECTBO TEIIOTHI (mentoma
Tomcona), NPONOPUMOHANBHOE TPAMEHTY TEMNEPATYPhl H CHIE TOKA.

JIist TeOPEeTHYECKOTO OOBSCHEHHS JITHX SIBJIEHHH HaiineM, mogo6HO
TOMY, KaK Mbl 3TO J€JajM B Clyyae TEIIONPOBOMHOCTH (cM. § 65),
JIOKaJIbHYIO CKOPOCTh BO3HMKHOBEHHS SHTPONMH G B HEOTHOPOIHOM
MPOBOJIHUKE NPH MPOXOXICHHH MO HEMy TOKA M HANHYMM B HEM
TpajMeHTa Temmepatypsl. Bymem ucxomuth u3 ypaBHemmir (13.3),
(14.1), (14.2).

IlycTh TOK TUIOTHOCTH j MepeHocHTCs 3apsgamu —e (e>0) mox
JeiicTBueM asiekTpuyeckoro monst E=—grad@ (¢ -—anexTpuueckuit
notenual). V3MenerueM obGbeMa BBIJENEHHOW YacTH MeTaula TpH
NPOXOX/IEHMH Toka OyneM npeneGperaTh.

Tlpi HaJTHYMM JNEKTPHYECKOTO MOJS PABHOBECHE HACTYNAET B CIy-
uae PaBEHCTBA OJIEKTPOXMMHMYECKMX NOTEHIHMANOB [l=p—e@, a He
XUMHYECKMX TOTEHIHAJIOB

Eciu p OTHOCHTB K MOJIO MABIXKYIIMXCH 3apsUKEHHBIX YaCTHIL,
to dN Oyaer ompemensTh HHCIO MOJIEH 3THX HYACTHI[, BXOMASLINX
B JaHHBIA 00beM Meramna, ¥ ypasHeHwe (13.3) Gymer HMeTh BHI

TdS=dU—(u—Fo)dN, (14.22)

e F=eN,--abCcomoTHOE 3HAYEHHE 3apsfa MOJ 3JEKTPOHOB —
nocrosunas Papazes, papHas 96 500 Ki/Monp (N, —nocrosiHHas
Asoraspo), Tak uto p/F=p/(eNy)=&/e (&=p/N— xumuaeckuii
MOTeHUMAal, paccynTanmbii Ha 1 omektpon). M3 ypapmenns (14.22)
noJsiyqaemMm

1 oN
—Hu-Fo) . (14.23)

Tlpowssonuyto ON/0t HaiineM M3 3aKOHAa COXPAHEHMs 3apsijia,
a npousBoiHyro 0U/0t—wu3 3akoHa coxpaHeHust sHeprud. IToacraBus
ux B ¢dopmyny (14.23), naiiieM BbIpaxeHue IS C.

UYucno Hocutened 3apsma B 1 r Meramwa paBHO NaN, rae
N—uucio MoJeif aBmXKyumixcs 3apsgoB B 1 1. BEcim  Maccosas
5NEKTPOHHas TUIOTHOCTH (T. €. Macca 9JeKTpoHOB B | oM® MeTasua)

* B uenn, it M3 aByx MCTAJLIIOB, CNan KOTOPBIX
TOANEPKUBAIOTCA NPH PA3HBIX TEMIEPATYpax, TEPMO-3.I.C. HE BOIHHKAET.
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paBHa p, TO— pN,Ne—3apsn enuHuubl 06beMa H, CIEIOBATEIBHO,
IO 3aKOHY COXPaHEHHs 3apsjia,

fl .
—5(—pNANe)Adnj,

OTKyZAa
N_1Lgvi 14.24
p 5 =pdivi (14.24)
Ipn npoxoxJeHuu TOKa Kaxmas eIuHMua obvemMa, ¢ OmHO¥M
CTOpPOHBI, TEPSAET 3HEPrHIO H3-3a TEIUIOBOrO NOTOKa I (3Ta noreps
pasHa—divI), a ¢ Apyroif CTOPOHBI, TOJydYaeT B EAMHMIY BPEMEHH,
BO-IIEPBBIX, JMNCKTpHYECKyio oHepruio (j, E) u, Bo-BTOpBIX, H0mON-

0 A
HHTEJIbHYIO NIOTCHUHABHYIO SREPTHIO — (—pNsNe)o=—q¢divj Benen-
B

CTBHC BO3PAaCTaHMs 3apsiia CAMHMUbI oObema. Takum oOpasom, mo
3aKOHY COXDAHEHHs OHEPIHH,

au

= —divI+(j, E)—gdivj. (14.25)

'
TMoacrapnss dopmyner (14.24) u (14.25) B (14.23), nonysaem
as o1y, 8]
p5+dw7[l+;j]—

1

_ _1 : 3
——T{ ,vrgrad T)+(j, E+T grad ﬁ)} . (14.26)

DTO ypaBHEHHE NOKA3bIBAET, YTO W3MEHEHHE SHTPONHH B JaHHOM
MECTE MOXET NPOUCXOMAUTHL KAK 33 CHYET IPUTOKA SHTPONUHU H3BHE,
Tak M HEOOPATMMBIX TPOIECCOB, NPOTEKAOUIMX BHYTPH JIAaHHOTO
obbema. 3amHIeM 3TO ypaBHCHHE B BHIE

p%f +divl,=o, 14.27)
ree L= %_ [I1+¢&j/e]—nnotHocTs mOTOKA SHTpONHM;

My =L j £
o= T{(I, Tgrad T) +(], E+ T grad Te)} (14.28)

— JIOKaNbHBIA NPHPOCT JHTPONMH B EIUHHMILY BPEMEHH.
Boipaxenue (14.28) B COOTBETCTBHM C OIpeIeeHHEM  CHII
Omncarepom

G_lrz‘_:lflsg
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sBisieTcss JHeiiHo# ¢dyHkume#n motokoB I u j. CaMu ke NOTOKH,
COTJIACHO JIUHEHHOMY 3aKkoHY (14.1), ecTh JiHHelHble QYHKIMH CTOSIIMX
npu Hux B opmyse (14.28) xosddunmentos:

I= Ly Lgrad T+L,1(E+ Tgrad%), (14.29)

. 1
j=—Ly ?grad T+L22<E+ Tgrade%).

CornacHo ¢dopmyie (14.2),

Lyy=Ly,. (14.30)

Pewasi ypasrenns (14.29) otsocurenbio I u E, nosmywaem
I=—xgrad T—TIj, (14.31)
E=—j—oagrad T—gradé, (14.32)

rae kodbduimentsr %, I1, o, 1/c Bepaxarorcs vepes Ly;, Li,,

L, ¥ CMBICT MX JIETKO BBISCHHTB U3 aHaiu3a dopmyn (14. 31) u (14. 32)
JleiicTeutenbHo, u3 cooTHomennst (14.31) npu OTCYTCTBMM TOKa

B NPOBOJHHMKE MOJyIaeM

I=—xgrad T,

T/ie ¥ — TEeIIoNPOBOJHOCTh; W3 COOTHOIEHHs (14.32) npu OTCYTCTBHM
IPaJMEHTa TEMIIEPATYp B OJHOPOIHOM INPOBOJHHKE HMMEEM

j=oE,
e o 73nek'rponponolmMocn>

Ecim B mposoamuke j=0, To ¢opmyna (14.32) nokaswiBaer, 4TO
B TAKOM NPOBOJHNKe cyiecTsyet nose E, oGycnoiernoe grad T'u grad &:

E=—agrad T—grad&/e,

Tae  o—mepmodaekmpodsuncywyan  cuaa  (tepmo-3. 4. c.). Ecim
grad T=0, To [cM. (14.31)] notok Temtots [0, a uMeeT 3HaueHue
IIj. 9ot morok 06, JIeH Tep M 3apsita. B IT Ha3biBa-
ercs kosdduyuenmom Ilesvmve.

W3 coorromenns (14.30) HaxoauM CIEIYIOUIYIO CBA3b MEXIY

xoapduumentamn I u a:

M=aT. (14.33)

OTO COOTHOIIEHHE, HA3BAHHOE 6MOpbimM coomHowenuem Tomcoua,
BIEBHIE TOJY4WJ, TpaBJa, CoBceM ApyruM myteM, Tomcon. OHo
BBIpaXaeT B 4aCTHOM ciydae mpummum Omcarepa.

N3 Boipaxenus (14.28) juis mpoM3BOACTBA SHTPONMH BHJIHO, 4TO
TEPMOJIMHAMHAYECKHE CHIIBI, o OHcarepy, npH HEOOpaTUMbIX TMpouec-
cax paBHBI:
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a) NpH TENIONpPOBOJHOCTH

X vlT grad T
6) MpM NPOXOXKIEHHH IJIEKTPHYECKOTO TOKa
x=E=—grad ¢;
B) npu uddy3uu
x=—Tgrad ;_

(3aMeTnM, 4TO B JAHHOM CJyyae JJeKTpHyeckuid notok I,=—j).

PachmpuM Tenepl, TEPMO3JICKTPHYECKHE SABJICHHS HAa OCHOBAaHMM
TIOJTy4YE€HHBIX ypaBHenun

IMpencraBuM  cebe  pa3soMKHYTYIO Iielb M3 JIBYX Pas/IHuHbIX
NPOBOJIHUKOB ¢ pasHoii TemmnepaTypoit. CoryacHo ¢dopmyne (14.32),
MEXAy STHMH TPOBOJHMKAMH KPOME KOHTAKTHOH DPasHOCTH IOTEH-
IHMAJIOB BO3HUKAET TaKXke TEpMO-3. 1. C., 3aBUCALIAs OT d)HGH‘(CCKOH
NPUPOJIBI TIPOBOJAHHMKOB (®) M HX TEMIIEPATYpBI:

2
‘PTZ—QDT,=,(ﬂdT-
1

Ecin Takas uenb 3aMKHYyTa M TeMNEpaTypbl CmaeB B PasHbIX
mectax paBHbl 77 u T,, TO B HEMA BO3HMAKAET TEPMO-3. J. C.
2 1 Ty
E=§(E, dl)=§adT= o, dT+ [0, dT= [ (o; —a,)dT,
1 2 1
a npu HeGOMBLIOH PasHOCTH oy —

é”=1!2(ocl—mz)de(al—uz)(Tz— )

rae Ty —rTemnepaTypa XojoAHoro cmasi, a T,—ropsvero.

CresloBaTeIbHO, 6 3AMKHYMOU yenu mepmo-3. 0. C. B03MONCHA
AuWb 6 cAyude pA3HbIX Memain08 npu pA3HON memnepamype Cnaes.

Bo3HMKHOBEHHE TEpPMO- 3. /1. C. ODYCIOBJIEHO Nepepacnpe/ie/ieHueM
HOCHTEJIEH TOKa BCIIENCTBHE IpPAJIMEHTa TEMNEpaTyphbl.

PaccMOTPUM  TepMHYECKH OJIHOPOJHYIO CHCTEMY IPOBOJHHKOB,
1O KOTOPBIM TeueT TOK mioTHocThio j. CoriacHo dopmyne (14.31),
B ciydae ABYX pasHbX NPOBOAHHKOB 1 u 2 (njowamb cevyeHus
1 eM? KaxI0ro) K MecTy CThIKA 1O HANPABJIEHHIO TOKA 1O NEPBOMY
NPOBOAHUKY npuxoauT B 1 ¢ sHeprus II;j, a yXOmZHT mo BTOPOM:
npoBoauuKy sHeprus IT,j. CrnemoBaTtenbHO, B CTHIKE TaKHX NMPOBOJ-
HHKOB BBIIE/IACTCS B BHAE TemwioThl (Temnora [lenbThbe) sHeprus
(M, —T1,)/. D10 sBieHMe M3BECTHO NOA Ha3BaHWeM oggekma Ileav-
moe. Kak Bumso, Temwiora IlenbThe NPONOPLMOHANLHA CHJIE TOKA,
YTO COOTBETCTBYET OIBITY.
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Bo3bMeM Tenepb TEPMHHYECKH HEOJHOPOHYIO CHCTEMY C TOKOM
M HaiiieM M3MeHeHue dHepruu poU/0t B e[MHHMIlY BPEMEHH B €/IMHHIE
obbemMa Takoll XMMHYECKH OHOpomHOM cucTembl. CoryiacHo ypasHe-
nro (14.25), npn mojcraHoBke B Hero Beipaxerud mus 1 u E w3
(14.22) u (14.32) B ciyyae NOCTOSIHHOTO HJIM MEUIEHHO H3MEHs-
rouerocss Toka (korga divj=0) moaysaem

au : on .
P =div(x grad T)+;+( o a) (. grad T). (14.34)

U3 3TOro BbIpaXeHus BHIHO, YTO W3MEHEHHE OHEPTMH B Tep-
MHYECKH HEOJHOPOJIHOM CHCTEME OOYCNIOBIMBAETCS TEILJIONPOBO/-
Hocthio div(x grad T), BbUIe/ICHHEM JUKOYNEBOH TemIOTHI j*/c m coB-
MECTHbIM JIEHCTBHEM TEIUIONPOBOIHOCTH M  JIEKTPOTPOBOMHOCTH
(011/0T—a)(j, grad T).

Ko/M4ecTBO TEIIOThI, JOINOIHHTEIBHO BBLIEISIOLIEECS B MPOBOA-
HHMKE BCJICACTBHE TeMnepaTypH&)ﬁ HEOJIHOPOJAHOCTH, HA3bIBACTCA me-
naomoii Tomcona, a camo siBienue —aggekmom Tomcona. deHome-
HOJIOTHYECKH 3Ta TEIJIOTa paBHA

gr=1(j, grad T),
rae 1— koapguyuenm Tomcona. Kak crnenyer u3 (14.34),

(14.35)

DTO COOTHOIICHHE HA3BIBACTCA Nepebim coommuouienuem Tomcona.
Tennota ToMcoHa MOXET GbITh IOJOXHUTECIBHON M OTPHIATETBHOH
B 3aBHCHMOCTH OT 3Haka ( j, grad T). TIpu U3MEHEHMH HANDABIEHHs WIH
TOJIBKO j, Witk TOsIbKO grad 7' Ha MPOTHBOMOJIOKHOE BEIMYHHA ¢ MEHSET
3Hak. Ilo oroit npuumue opdekt TomcoHa MHOrIA HA3bIBAIOT
obpamumsim. Heobxomumo, ofHAKO, IMETh B BHIY, YTO 3Ta «oGpaTn-
MOCTb» HE HMEET HUKAKOT0 OTHOLIEHHS K TOMY NOHATHIO 06PaTHMOCTH,
KOTOPOE BBOJMTCS Ha OCHOBAHMM BTOPOTO Hayaja TEPMOAMHAMMKH.
B sTOM T¢ CKOM 06paTHMOCTH ¥ HEOOPATHMO-
cru siBiesne TomcoHa sBiserca I1806pamuMbl.Vl, TaK Kak Ope/CTaBJIsAeT
co6oit YacTb mpoliecca, Hepa3pbIBHO CBA3AHHOTO ¢ TaKUMH HeoOpaTH-
MbIMH  SBJICHUSIMH, KaK TC[U’IOIIPOBO}IHOCTB W BBIJICJICHHE TEIJIOTHBI.

§ 70. TEPMOMEXAHUYECKHI
¥ MEXAHOKAJIOPUYECKHI SO®EKTHI

TMono6uo TepMoanekTpuyeckoMy ety 3eebeka, TepMoMexaHuyec-
Kuit 3GPEKT COCTOMT B BOBHMKHOBEHHH Pa3HOCTH JAaBienuit dp=p,—p;
B pe3epByapax C XKHIKOCTbIO, COEMMHEHHBIX KalMJLISPOM, MpH
nojuiepkanuu B Hux pasHoctu temneparyp dT=T,—T,. B cnyuae,
KOT/Ia pe3epByapbl OT/ENEHbI OJHH OT JAPYTOro NMOPHCTOH Neperopoj-
KO#, 3TOT 3(deKT HA3BIBACTCA MEPMOOCMOCOM.
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SIBnenve, o6paTHOE TepMOMexaHHueckoMy dddekTy, T. e. mosBe-
HUE PA3HOCTH TEMIEPATYP B Pe3yNbTaTe CO3NAHUA PA3HOCTH JaBJIEHHH
B COCY[ax, Ha3bIBAETCS MeXAHOKAAopuueckum dgdexmom.

PaccMOTPMM TEOpHIO ITHX [ABYX HeoOpaTumbix siByienmit. ITycrn
aBa cocyaa I M 2 TOMIEPKUBAIOT NPH TOCTOSHHBIX TeMMepaTypax
T u T+dT. Ob6o3maunm: I;—MOTOK SHEPIMH MeXIy COCYIAMH,
127503M0)KHLH71 TIOTOK BEIECTBA. COOTBCTCTBYIOU‘HC ITHM NOTOKaM
cuibl, cornacHo dopmyne (14.28), paBHb

X,:—ngradT, X, =~ Tgrad®. (14.36)
Ilo muueiinOMy 3akoHy,

Li=L X+ L2 Xo, Li=Ly X +Ly X, (14.37)

B CTALIHOHAPHOM COCTOSIHUM TOTOK IZ paBeH HYyJK, a TMOTOK
sueprun I ocraercs nocrosiHHOM BemuuuHOH. [Tostomy u3 popmyn
(14.36) n (14.37) nomysaem

LXo=LuXy, LTeradh= —"gradT,
Ly, dT
d(tr): ~m i (14.38)

JIns OMHOKOMITOHEHTHON XMIKOCTH

d(E):‘L’LL,ﬂ': -SdT+Vdp

T) T T? T
_Har=tap 2
Fdepo Tsz, (14.39)
rae V u H—o06beM M SHTANbIUS MOJIA KHAKOCTH.
Toacrasnss dopmyny (14.39) B (14.38), maxomum
dp _H-Ly/Lz
dar vr
a ucnosnb3ys coorHoiueHne Oucarepa (L,2=L2,), UMeEM

& Lujln=t

T T (14.40)

1

§ JTOTO BBIPAXKCHUS BHIHO, YTO TepMOMexaHuyeckuii sddext
6)’}](;[" CyIIECTBOBATh TOJBLKO TOrjJa, KOrja MOJisipHas SHTAJIbIHSA
JKMJIKOCTH He paBHa Jpobu L;,/L,;. Jns BBISCHEHHS CMbICIA 3TOH
ApoGy pACCMOTPHM B COCY/Ia NPH OMMHAKOBOW TeMmepaType (cuia
X, pasua nymo). Torna u3 ypanenus (14.37) nmonmysaem

L=0,L,5/L,, (14.41)
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T. €. Apo0b Ly;/Ly;=U* — onepeus nep (sHeprus, nep
eMHALEH Macchl M3 cocyaa | B 2 NpH M30TEPMHYECKOM HpOILECCE).

Ilpu TakoM mepeHOCe OJHEPrHHM B cocyae / TOANEPXUBAIOTCS
TNOCTOSIHHBIMH  TEMIIEpaTypa Tu JIaBJIEHHE p 3a CYET IOTJIOLUEHUS
TerioThl Q* OT BHEUIHEro TEIUIOMCTOYHHKA M COBEpIEHHs paGoThl.
IMo3ToMy M3MeHeHHe BHYTPEHHEH SHEPIMH KHIKOCTH B cocyie I npu
BBIXOJIE M3 HEro MOJA XHAKOCTH 10 IIE€pBOMY Havaly paBHO
—U=Q*-U*+pV, orkyna

Q*=U*-H. (14.42)

KomuuectBo Temnotsl Q*=U*—H, NOMIOWEHHOE B COCyle
1 MomeM XHIKOCTH, TNEPEHECeHHOW u3 cocyma | B cocya 2 npu
TIOCTOSHHBIX TeMIEpaType W Pa3sHOCTH JIaBJICHHH, Ha3bIBAaeTCs men-
somoit nepenoca. Takum o6pasoM,

d__0*

i (14.43)
H, CIIeJIOBATENBHO, TMPH TNOJOXHTEIHOM 3HaYeHHH Q* B CTalMOHap-
HOM COCTOSHMH 0oJjiee BBICOKOE JaBJEHHE YCTAHABJIMBAETCA TaM,
rae Gojiee HH3Kas TeMIepaTypa.

B kauecTBe KOHKPETHOTrO NpHMepa NMpHMEHeHns ypaBHeHus (14.43)
paccMoTpuM  sidekt KHyaceHa JUis  CTAMOHAPHOTO  COCTOSIHHMS
Pa3pexeHHbIX HIealbHBIX Ta30B C Pa3HOH TemnepaTypod B JBYX
COCyaax, COeJMHEHHBIX MaJibiIM OTBEPCTHEM. Ha ocHOBaHUMH KMHETHYEC-
KOM TEOpHH JIerko HaiTH, 4TO OHEprus MepeHoca Ha MOJb rasa
paBHa (cM. 3ajmauy 14.3)

U*=2RT, (14.44)
a monspHas omtambmus H=U+pV=3/,RT+RT=">/,RT. Tlosromy
TEMmIoTa TepeHoca
Q*=U*—H=—"/,RT (14.45)
HMEET OTPHIATE]bHOE 3Haue

HHE.
Tloxpcrasnss Beipaxenue (14.45) B (14.43), noayynm coomHoweHue
Knyocena:

p2—pi _ R _pi p2—p ITAT;

T,-T, 2V 2T’ ’

P _ P2
ﬁ‘\/ﬁ’ (14.46)

T. €. IPH COCIMHEHWH KANMJUISPOM JBYX COCYIOB C YJNbTPapa3spexeH-
HBIMH ra3amMH (JumHa cBoGojHOro mnpobera Mojiekyn Oosbuie pas-
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MEpOB COCyla) C pa3HOW TeMNepaTypoi jaBienue Oyner Gonbiue
B TOM COCyZE, KOTOpBI ropsuee.

B OOLIMHOM cCilyyae MICANBLHOTO Tra3a, T.e€. KOTJa OTBEPCTHE
MEXIY COCYaMH TaK BEJIHKO, YTO Ia3 IPOXOJMT MaKPOCKOIHYECKHM
TOTOKOM, JHEprus nepeHoca U* BKJIIOYAET KpOME BHYTpeHHeH
sHeprun U eme u paboty pV, Tak uto

U*=U+pV=H, Q*=U*-H=0, dp/dT=0, p,=p,.

3AJAUU

14.1. Haiitn NbHYIO @opMy on-
# CHCTEMbI H, M, b ans
ObuMa, TOMTCPATYDHI 0 HARAGHHA.
14.2. Buipasuth x03pduunentel ITenbTbe, TOMCOHA M TEPMOINEKTPOIBHXYIIEH CHIBI
¥epe3 TMOTOK OHTPONHH, BBI3BAHHBIA [BHXKEHHEM 3aDSKCHHBIX YaCTHIL.
14.3. BLlaHCIHTSL CpefiHIOlo SHepruio U*, TepeHOCHMYIO Morniem rasa Kiyicewa mph
TPOXOXK/IEHHH 9EPE3 Majoe OTREpCTHE, wenuﬂxlomee JBA pe3epByapa C ra3oM.
14.4. Tloka3aTs, 4To np
KanHUIAPOM cocyiax ¢ rasom Kuysncena 3mpomu ras’oB yMEHBILAETCA.




TJIABA TIATHAAUATASA

OCHOBbI HEJMHEAHOM
HEPABHOBECHO#M TEPMOJMHAMUKH

B nocnep rogsl ) psga

u npexpge scero Y. I'lpuro»(uua u n.r neucgopdza
6bina pa3suma mepMOfuUHaMuKa CufbHO Hepas-
HOBECHbIX CUCMEM, B KOMOPbIX CBS3b MEXAYy mep-
Moz ne u cunamu

em 6bimb HUHGHNDM a makxe He EmeﬂHHIOmCﬂ
coomHouenuss BaaumHocmu OHcarepa.

3mo Hosoe, paneko eije He sasepweHHoe uau-
yeckoe yyewue, nosy

HepaBHOBECHOM MEPMOJUHaMUKU, npuaa,qum K BO3-

MOXHOCMU €NO ro ynopsgo-
YEHHbIX CMPYKMyp B pasfiuqHbIX CUSIbHO HEpas-
HOBECHbIX O X, m. e. K npoveccy

ux camoopraHusayuu.

Om,qenbﬁble npumepu na,qoéms/x npoyeccos 6uinu
. 9mo ot cmpyk-

mypu B HEOJHOPOAHO HarpemOM ropuU30HManbHOM

cnoe  XKuAKOCMU, BO3HUKHOBEHUE mMyp6yneHmHo-

cmu, Buxpe#d u m.g.

O6wum BO BCeX sBNEHUAX 00pa3oBaHusi ynopsifo-

YEeHHbLIX CMPYKmMyp npu HeobpamumbiX npoyeccax

B CUNBHO

( 0e) gBuXe-
Hue 60nbLWUX rpynn Monekyn. Hemeykuu y4eHbii
. XakeH npefgnoXxun [ns makux npoyeccos ca-
MOOpr: yuu 064Uk Mep. Hep. (om
rpey. synergeia— , unu Koonep

Hoe, jgeyicmaue).

dusudeckas npupoga  CuHepremuku — cocmoum
B MOM, YMO B HeNuUHeAHOW obnacmu, Bjanu om
PaBHOBECHOrO ~ COCMOsIHUSA, — cucmema  mepsem
ycmo#iyusocme U Maneie nykmyayuu npusogsm
K HOBOMY DEXUMY— COBOKYNHOMY JBUXEHUIO MHO-
rux vacmuy.

Vcranonnenne camoopraumalmu B CHJIbHO HEPABHOBECHBIX CH-
cTeMax HMeeT BakHeillee 3HaueHWe [l GU3NKH, XMMHH H OCOOEHHO
aus O6uonormm. [leno B TOM, 4YTO KMBbIE OPraHH3Mbl M HX
Pa3JIMYHBIC OPraHbl TMpPEACTABNAIOT COOOH BechbMa HEPaBHOBECHBIE
MAaKpOCHCTEMb], B KOTOPBIX CYIIECTBYIOT GONBIUME TIPaJUEHTHI KOH-
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LEHTPALMii XHMHYECKMX BEUICCTB, TEMIEPAaTyphl, NABJIEHHs, 3JieK-
TPHYCCKOTO NOTEHIMAJIA.

DTOT BBIBOJ MMeEET Takxe GONbLIOE MHPOBO33PEHYECKOE 3HAUCHUE.
MI3BecTHO, 4TO CTPOHHO OPraHM30BAHHBIA OKPYXAIONIMH HAC MHDP
PEJIMTHO3HBIE WIEONOTH OOBACHSIOT €ro GO)KSCTBEHHHM COTBOPEHHEM.
CuHepreTHka TOKa3BIBAET, KaK 3aKOHBI MPUPOB! NPHBOAAT K MOSB-
JICHHIO ONPENEJICHHOTO MOpsJKa B HEYNOPSAJAOYCHHBIX CHCTEMax M 3a-
TEM K YCIOXHEHHIO H DA3BHTHIO OOpPAa30BaBIIMXCHA YINOPATOYEHHBIX
CTpYKTYp. M. DiirenoM OBLIO 10Ka3aHO, YTO B CIOXHBIX CHJILHO
HEpPaBHOBECHBIX CHCTEMAX BO3MOXHO BO3HHKHOBCHHME 3alHCH MHQ)op-
MalHK B BHJIE HEKOTOPOrO KoJAa, C MOMOIIBK KOTOPOTO YNpaBIseTCs
CaMOBOCIPOM3BeJIeHHe 06pa30BaBIIMXCS CTPYKTYp. Pa3BuTHe HenMHEH-
HOM TEPMOJAWHAMHUKU TMO3BOJISET BBICKa3aTh THNOTE3Y, Kak C TOYKH
3peHnst GU3HKH MOTJIa BO3HHKHYTb XKH3Hb.

HenuueliHas TepMOIWHAMMKA KOPEHHBIM 00pa3oM W3MEHSET CTa-
TYC BTOpPOro Hayajia TEPMOJ/IMHAMMKH. }IeﬁCTBHTeﬂbHO, 3TOT 3aKOH,
KaK BH/IAM, ONpeJEJIseT HE TOJBLKO pa3pyllieHHe CTPYKTYp NpH
HEoOpAaTHMbIX NPOLECcax BOJIM3H PABHOBECHOTO COCTOSHMS, HO M BO3-
HHKHOBEHHE CTPYKTYD IpPM HEOOPATHMBIX Ipoleccax BJAJH OT
PAaBHOBECHS OTKDBITOM CHCTeMbl. OTpaxas HEOOPaTHMOCTh BCeEX
peasibHbIX NPOIECCOB, BTOPOE HAYAJIO BbIPAXKAET, TaKUM 0Opas’oMm,
3aKOH pa3BUTHA Martepud. Takoe IIOHHMaHME BTOPOTO Hauana
TEPMOAWHAMHMKH CHHMAET KaxyIleecs I1POTHBOPEYHE MEXKIAY ITUM
3aKOHOM O BO3DACTAHMM OJHTPONMH ¥ Oecnopsika B 3aMKHYTOM
chcreMe W Teopueil dBosounn [apBHAa 0 BO3HMKHOBEHHHM BCe Oojiee
CIIOXHBIX M CAMOBOCHPOM3BOMALIMXCS CTPYKTYp B JKHBOH NpHpOJE.
3aM€TﬂM, YTO JeJI0O 3[eCh HE TOJIbKO B TOM, YTO XHBas CHCTEMa
SIBJISIETCS  OTKPBITOH, MOCKOJNbKY BMECTE CO Cpeaoil oHa obpasyer
3aKPBITYKO CHCTEMY, SHTPONMS KOTOPOM TakKke BO3DACTAaeT MNpH
YCIIOXKHEHHU XWUBOH CHCTEMBI.

§ 71. VHUBEPCAJIbHBIN KPUTEPUI SBOJIIOLIUU
TJAEHCAOP®A —ITPUT'OXKUHA

OO6w@as Teopusi NMPOLECCOB CAMOOPTaHU3AUMH B OTKPBITBIX CHIIbHO
HEPABHOBECHBIX CHCTEMaX Pa3BMBAETCH B HEJMHEHHOM TePMOJIMHAMHUKE
Ha OCHOBe ycTaHoBieHHOro I'jenciopdom M ITpHIOKHHBIM yHHBED-
CabHOr0 KPUTEPUs IBOJIFOIMH. DTOT KPUTEpHH sBaseTcs obobienneM
NPHHUMNA MWHUMAJIBHOTO IIPOM3BOJCTBA SHTPOIMK HA HEJIHHEHHbIE
NPOLECCHl M COCTOHT B CIICAYIOUIEM.

TMosHOE NPOM3BOJACTBO JHTPONHH B CHCTEME DABHO

P=fodV={Y LXdV. 5.1
v Vi

TpencraBum mpousBoauyio OP/0t B Bume ABYX CllaraeMblX

281



o CxP

(15.2)

JzL”“dw«f

1EPBOE U3 KOTOPBIX ONpEIENSeT CKOPOCTh M3MEHEHHs IPOM3BOJACTBA
JHTPOTHH, OOYCJIOBJICHHYIO M. TEpMO, KHX  CHUI,
1 BTOpPOE ODYC/IOBJIEHO W3MEHEHHEM I1OTOKOB.

obnacTH NMHEHHBIX mnpoueccoB oba cmaraemeix B (15.2)
)AMHAKOBbLI M NpPOM3BOAHAs OP/0t BbIpaXaeT NPHHUMI MHHAMyMa
1POU3BOJICTBA SHTPONMMU. B camoM aene, MCTIONBL3Yst JIMHEIHbIA 3aKOH
15.1) u cootHowennss Oncarepa (15.2), nmeem

‘,”*=j21.idV=JZL.-kxﬁdv=
T ik o
Vv v

Zka,; LiX, )dV:Jz‘;’;Xde:
k

(15.3)

Hepagsencto (15.3) cnenyer u3 NpUHUHNA O MHHHMAJILHOM TPOM3-
30ICTBE SHTPONHH.

B HesmHeliHOW 001aCTH BeNIMYKHA CKOPOCTH NPOW3BOJCTBA JHT-
pormu ¢P/Cr He uMeeT Kakoro-uuGo obuero cpoiicrBa. OHako,
«ak nokasamu [nenciopd u TMpuroxmus, Bennwduna ¢y P/dr ynosiet-
BOPSET HEPABEHCTBY OOIIEro Xxapakrtepa

“” <0. (15.4)

KOTOpOE sIBJIsieTCs 0600IIEeHHEM NPHHLANG MHHHMAIBLHOIO MPOH3BOI-
CTBAa  OHTPOMMH. DTO HEPABEHCTBO HE 3aBHCUT HM OT KaKMX
MPEANONOKEHUH O XapaKTepe CBsi3el Mek1y NOTOKAMH M CHIAMH
B YCJIOBHSIX JIOKABHOrO paBHOBeCHs. BBuay Oonbimoit obmHoCTH
cooTHoweHue (15.4) HA3BIBACTCS YHUBEPCAALHBIM KPUMEPUEM 380.10YU
Taencoopda— Ipueoxcuna. COrNacHo 3TOMYy KpUTEPHIO, B 1000
HEPABHOBECHOH cHCcTeMe ¢ GUKCHPOBAHHBIMH TPAHHYHBIMH YCTOBHAMU
MPOLECCH MAYT TaK, YTO CKOPOCTh U3MEHEHHS IIPOH3BO/ICTBA IHTPOIHMI,
00yCIOBJIEHHAS M3MEHEHHEM TEPMOAHHAMUYECKHX CHJI, YMEHBIIAETCS.
3uak paseHcTBa B (15.4) OTHOCHTCS K CTALHOHAPHOMY COCTOSHHIO.

Kpurepuit ssontouun (15.4) MoxeT ObITh pacnpocTpaHeH M Ha
CHCTEMBI ¢ KOHBeKLHel nytem gobasienus B (15.4) ru}]ponuﬂawmec—
KHX 4JICHOB.
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3ameTHM, YTO YHHBEpCaIbHBINA KpUTEpHil sBosrounu I encaopda —
IMpuroxusna (15.4) sBaseTcss KOCBEHHBIM CJIEACTBHEM BTOPOro Hayaja
TEPMOAMHAMHKH JUIsi HEPaBHOBECHbIX HporeccoB. He npuBoas 3mech
JIOBOJIHO JIOJITMX BBIYHCIEHMH Ui OOIUEro [J0Ka3aTesibCTBA 3TOr0
KPUTEpHsi, IOKAXEM €ro CIpaBeTMBOCTh JUIS NMPOLECCa TEMIONpOBOL-
HOCTH B TBEPAOM Tele C TOCTOSHHBIM OOBEMOM W 3a/IaHHBIMH
TemmepaTypamMd Ha rpanune (cM. § 65). Mcnome3ys s 9Toro
caydasi Bbipaxenue (13.19), mmeem

P X 2 _
E"le‘ av J(IQ, hvr)dl/
v

ar
4

:Jdiv%T"IQdV—J%T"diVIQdV. (15.5)
v v

[MpeoGpasyeM 3TH HMHTErpajibl.
[lo Teopeme Octporpaackoro— Iaycca,

vl —he -1
jdwé—, T IQdV~§El T 'y, ndZ,.
v b

WHTerpan Baosib rpavuibl £ ¢ (DUKCHPOBAHHON TeMrepaTypoi
oOpalaeTcs B HyJlb.
B paccmarpuBaemoMm ciyuae (cM. § 65)

. T
deQv—prVE.

Mostomy u3 (15.5) moayyaem

a ar

ﬁ:-J%(L) ar<o. (15.6)
v

Kpurepuii sBomonuu (15.4) onpeaenseT TOJIbKO 4acTh HPUPOCTA
JHTPOINH, CBS3AaHHYI C M3MEHEHHEM TEPMOJHHAMMYECKHX CHII,
[03TOMY OH He IO3BOJSCT BBECTH TAKOW (YHKUMH COCTOSIHMS —
TEPMOAWHAMHYECKOrO TOTEHUHMAIA, KOTOPBIH ©Obl B CTALMOHAPHOM
COCTOSHHH HMMeJI OKCTPeMyM, MOZ06HO SHTponuM, sHepruu [enbm-
rojabua, sHepruu ['u66ca npH Masibix (CHIOHTAHHBIX) OTKJIOHEHHSX OT
paBHOBecus. OIHAKO NPH HEKOTOPLIX ycoBuAX (opma dyP mpuob-
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peTaeT CBOHCTBA MOJHOro JuQeperInana, YTo No3BoJIseT ¥ B CHIBHO
HEPABHOBECHOH 06JaCTH BBECTH JIOKAJbHBIE NOTEHUMANBI C OJKCT-
PEMaIbHEIMH  CBOHCTBAMH.

VnopsiioueHHbie CTPYKTYpbl, BO3HHKAIOIIME COIJIACHO KPHTEPHIO
nencnopda — IMpuroxuna (15.4) npu HeoGpaTHMBIX mpoueccax B OT-
KPBITBIX CHCTEMAX BJAJH OT PABHOBECHS B HENIMHEHHON, obnactw,
KOTJ[a NapameTpbi CHCTEM IIPEBBINAIOT ONPE/IENCHHBIE KPUTHUECKHE
3Hauenns, [IpHTOXHH Ha3Bau Mu  cmp P
CyUIECTBYIOT npocmpancmeennble, 8pemeHHble W NPOCHPAHCMBEHHO-
épemennble  Quccunamusivle cmpykmypel. PaccMOTPHM  HEKOTOpbIE
H3 HHX.

§ 72. IPOCTPAHCTBEHHBIE AUCCUIIATUBHBIE CTPYKTYPbI.
SAYEAKU BEHAPA

TpocTefIuM NIPHMEPOM TNPOCTPAHCTBEHHBIX JIMCCHNATHBHBIX CTPYK-
TYp_sBUSIOTCH aueilku benapa, obmapyxennbie um eme B 1900 r.
JIH l'Opl/BOHTdﬂLHbIH croit KHJIKOCTH CHJIbHO MOJOTpPeTh CHM3Y,

TO MeXy HWKHel M BEpXHEH NOBEPXHOCTAMH BO3HHKA€T PA3HOCTb
temnepatyp AT=T,—T,>0. Ilpy Majoi pasHOCTH TeMIepaTyp
AT <AT,, HHXEe HEKOTOPOTO KPHUTHHYECKOIO 3HaueHus AT,,, NOIBO-
JMMOE CHU3Y KOJIMYECTBO TEIUIOTHI PACIPOCTPAHSETCS BBEPX INyTeM
TEMUIONPOBOJHOCTH M KMIKOCTh OCTaeTCs HEenoABMXHOH. OmHako
IpU Pa3HOCTH TEMNEPATyp Bbillle KpuTHYECKOH AT>AT,, B KUAKOCTH
HAaYMHACTCA KOHBEKUHMA: XOJIO/IHAA XHUIAKOCTb ONYCKAaeTCss BHM3, a Ha-
rperas TIOJHMMAETCH BBEPX. PacnpeniesicHHe 3THX JBYX MPOTHBOMO-
JIOXKHO HAmNpaBJICHHBIX TOTOKOB OKa3bIBAETCHA CAMOOPraHW30BAHHBIM
(puc. 48), B pe3ysibTaTe 4ero BO3HHKAET CHCTEMa IPABHMIBHBIX
LIECTHYTONILHBIX siueek (puc. 49). Ilo kpasm Kaxo#H Tako sueiKku
KHAKOCTH OIYCKAaeTCs BHU3, a B LEHTPE ITIOJAHMMAETCH BBEPX.
3aBHCHMOCTH TIOJIHOTO TENJIOBOTO MOTOKA / B €IWHWIYY BPEMEHH OT
HIKHell TNOBEPXHOCTH K BEPXHEH OT pa3HOCTH Temnepatyp AT
u3obpaxena Ha puc. 50. Ilpu AT>AT,, COCTOsHHE HENOABMXHOH
1exmouposo}.lm.ueu HKHJAKOCTH CTAHOBHTCS HeyLIOH‘lMBblM (uynxrnpﬂax
JMEMS Ha pHC. 50) M BMECTO HErO HACTYNAeT YCTOMYMBBIA DEXUM
B BHJE KOHBEKIMOHHBIX fueek Bewapa. OOycioBiMBaeTcs 310 TeM,
4TO IIpH 60![]:].[]0]7[ Pa3’HOCTH TEMIEPATYP MNOKOAWAACH XHIKOCTH
yXe He obecrneynBaeT nepeHoc BD:!POCIUC]'O KOJIMYECTBA TEIIOTHI,
M TO3TOMY YCTaHaBJIMBACTCH HOBBIH KOHBEKIIHOHHHH PeXUM

TMpu nepexoje OT JIOKPUTHYECKOTO K CBEPXKPHTHYECKOMY pe»(umy
CINIOHTAHHO MEHSAECTCS CHMMETpUS CHCTEMBI, 4YTO QAHAJOrHYHO Te-
PMOJHHAMHYECKHM ('l)a:lOBth nepexoaam. nO'
9TOMY TNEPEXOAbl B HEPABHOBECHBIX CHCTEMax
HA3bIBAKOT  KUHEMUYEeCKUMU ¢{1308b1Mu he-
pexoodamu.

Kax 0TMEYaioCh, JHUCCHNIATHBHbIE
CTPYKTYpbI BOJHHKalO‘l JMLIb B CHIBHO HEPaB-
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HOBECHBIX MHOTOYACTHUHBIX CHCTEMaX, COCTOSHHE KOTOPBIX OINHCHIBA-
€TCA HEIMHEHHBLIMU YDABHEHMAMH JUI MaKPOCOKOIMYECKUX BETHYMH.
ﬂ!‘lﬂ OIMCAHUS BO3HMKHOBCHUS SAYEEK ECHapa B XKHJKOCTH HCNOJIb-
3yI0TCS HEJIMHEHHbIE YPaBHEHUs ruApoMHaMuKu. TIpn sToM npuBeka-
IOTCSl KPHTEPHH HEYCTOHYMBOCTH PEILCHHH NH(bGepeHInaibHbIX ypaB-
HEHHH, YCTaHOBJICHHbIE M3BECTHBIM PYCCKMM MaTeMaTHkoM A. M. Jls-
nynoBbIM. MccrienoBanus nokaseiBaloT, uto npu AT>AT,, pemenue
ypaBHEHHH T'HAPOJMHAMUKH, COOTBETCTBYIOIEE MOKOSIUEHCS KHAKOCTH
U OOBIYHOH Tenuonepeaaye, CTAHOBUTCSH HEYCTOHYMBBIM M XKHIKOCTh
TIEPEXOJUT B HOBBIM YCTOMYMBLIA KOHBEKIMOHHBIA PEXUM.

JIpyruM npuMEpOM TPOCTPAHCTBEHHBIX IHCCHUIIATHBHBIX CTPYKTYP
SBJISETCS PeIlieTKa BAKAHCHOHHBIX NAp, SKCIEPHMEHTAIbHO OOHAPYXEeHHAs
Jlx. Opancom B 1970 r. Npu MCCNIENOBAHUM MUKPOCTPYKTYpPbI MOJMO IeHa,
O0Jy4eHHOTO MOHaMHM a30Ta. U3BeCTHO, 4TO ObJydeHHE MeTajia
OBICTPBIMH YaCTHIEAMH (HEHTPOHAMM, HOHAMH) IPUBOIHT K 0OPA30BAHUIO
B KPHCTAJUTMYECKOH pELIETKE TOYEYHbIX AeHEKTOB — BAaKaHCHIA M MexX-
y3€TbHbIX aTOMOB. IIpHM TNOBBILEHHH TEMIEPATYphl 5TH BaKaHCHH,
JBHTasCh B KpUCTAJLIIE, u6pa3ymr CJIOXHBIE KJIacTepsl ﬂqueK'I'OB B BUJC
Cq)EpH‘ICCKHX BAKAQHCHOHHBIX IIOP M MJIOCKHX JMCJIOKAIMOHHBIX NMETEJb.
OGBbIYHO TaKWe KJIacTephl 0OPa3yioOT NPOCTPAHCTBEHHO OJXHOPOJHYIO
cucremy. OZHAKO TpH ONp X YCNOBHSX 001y SHHbIC
TIOpBI PacnoiararoTCs ynopsA0YeHHO B BUAE NMPABHJILHBIX «CBEpXpeLle-
TOK», THI KOTOPBIX COBHAJA€T C THIIOM KPHCTAJUTHYECKOH PEINETKH
MeTaJ1a KOTOPbIE MMEIOT NEPHOJ, B COTHH Pa3 NPEBBILIAIONIMH NIEPHO.
970l pemrerkd. OOpa3oBaHHe TAKHX YIOPSTOYEHHBIX CTPYKTYP BaKaHCH-
OHHBIX TIOD BbI3bIBAHO HEJMHEHHLIM TMHAMHUYECKHM B3aUMOJEHCTBHEM
TOYEYHBIX Je()eKTOB C MeJIKHMH BaKaHCHOHHBIMU KiiacTepamu ¥ uddy-
3HOHHBIM BBaHMOﬂCﬁCTHHCM MEXIy Mnopamu.

K uMCly mpoCTpaHCTBEHHBIX JMCCHIATUBHBIX CTPYKTYP NpHHAI-
nexatT Takke konbla Catypra. O6pa3oBanue 310 CTPYKTypsl (Gosee
90 Kosen, pa3aMYaeMbIX COBPEMEHHON ammapaTypon) OOYCIOBIIEHO

DCTBIO 0Csl BOKDYT IUTAHEThI BELIECTBA H MpH-
TSXKEHUEM €ro K Ca'lypHy " BBaHMOHCHCTBHCM OT/JCJIbHBIX 4YaCTHIL
BEIIECTBA MEXAY COGOM.

OBpasobarue
ayeer

Prc. 49. Puc. 50.
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i 73. BPEMEHHBIE U ITIPOCTPAHCTBEHHO-BPEMEHHEIE
TACCHMIIATMBHBIE CTPYKTYPbI.
PEAKLIMSL BEJIOYCOBA —KABOTUHCKOI'O

fBNeHus CaMOOPraHM3alMH, NPUBOIAIKME K 0Opa3oBaHMIO YNOpsO-
i€HHBIX BO BPEMEHH [IMCCHNIATHBHBIX CTPYKTYP, BO3HHKAKOT I1IpH
IPOTEKAHHH HEKOTOPbIX HEMHEHHBIX XHMHUYECKUX PEakKHif, B KOTOPBIX
SKOpOCTh 00pa30BaHMA NPOMYKTa PeakUMH, HANPHUMEpP, KBaAPATHYHO
3aBHCHT OT KOHLEHTPAUMH PEarupylolxX KOMIIOHEHTOB.

B 1951 r. B. Il. benoycoB OTKpbUI TOMOTEHHYIO MNEPHOJAMYECKYIO
XUMHYECKYIO PEAaKIHIO OKHCIICHHs JTUMOHHOM KHCIIOTHI CMechio Gpoma-
ra kamas KBrO; u cymspara uepus Ce(SO,),. B cmecn athx
BEIECTB, PACTBOPEHHBIX B Pa30aBJIEHHOM CEPHOM KHCIIOTE, MPOHCXOAUT
peakius BOCCTAHOBJICHHS LEpHs

Ce** »Ce®* +Br~ 15.7)

A peakius ero OKHUCJIEHUsS
Ce3* »Cet* (15.8)

Peaxmust (15.8) aBroKaTanMTHYeCKasi—B HeH NPOJYKTBI PEAKUMU
ABJIAIOTCA €€ Karaju3aTopaMH H YCKOPAKT NPOTEKaHHE camoit
peakuuu. CBomubiii HoH Br~ peakumu (15.7) neficTByeT Kak CHIIbHBIH
uHrubuTop (3aMemurens) peakuun (15.8). [TosToMy BHayaje npoTeka-
er Tonmpko peakums (15.7), moka Bce momnl Ce** He mpesparsTes

B Ce’*. 3aTem HaumHAeTCs BEChbMa 6LICTp0TEKyLLlaﬂ peakuust (15.8),
Bce uonsl Ce* mpespamarorcs B Ce*’ u mpouecc HaunHaercs
cHavana. B pesynpraTe BOSHMKACT NMEpHOMMYECKAs BPEMCHHAsS CTDYK-
Typa, s KOTOpO# XapAKTEPHO M3MEHEHUE LBETa pacTeopa OT
xpacHoro (u3berok Ce®™) x cumemy (w3bbrox Ce**) m obpaTHo.
Konebanus OKpack NPOUCXOIAT C NEPHOZOM OKOJIO 4 MHH M TPOIOJI-
KAKOTCS 1O TeX HOp, MOKa He M3DACXONOBAHBI BCE PEAreHTHI, T. e
IOKa CHCTEMa J1aJieka OT TEepMOAMHAMMYECKOrO PpaBHOBECHSA.

BeslecTBre  NPHHLMNKANLHON HOBU3HBI uccnegoBanus b. IT. be-
Jioycosa CBOCBPEMEHHO HE ObLIM MOHATHI: €r0 CTaThU HE TIpHHHEMAJINCH
K onyOnukoBanmio HM B 1951 1., mum B 1957 r. pemakumsMu JBYX
HAy4YHBbIX JXXYPHAJIOB «BBH]Y ‘(eOpCTVI‘{CCKOl/l HEBO3MOXHOCTH» OIIH-
chiBaeMbIX B Hux peakumit*). Viccnenosamus B. I1. Beoycosa Gbiin
[POJIOJDKEHbl W AeTanbHO pa3Buthl A. M. XKaborunckum. B 1980 r.
rpynne aBropos— b. I1. Benoycosy (mocmeptHo) u A. M. XKaborurc-
KOMY C COTpYAHMKaMH — Obla npHuCyx/JeHa JICHHHCKasi MpEeMHs 32
OTKpPBITHE HOBOTO KJIACCA  GBMOBOAHOBLIX W ABMOKOAEOAMeAbHbIX
npoyeccos.

*) Kparkuii pedepar paGotst B. I1. Benoycosa Gbin onyGiukosan mumb B 1959 T
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33M€Tl/lM, YTO OAHMH U3 OCHOBaTeJsel 061uel?’1 TEOPHH BOSHUKHOBEHHS
muccunatuBHeIX cTpykTyp M. P. Ipuroxun (bembrus) B 1977r. 3a
paboTel Mo TepMoaMHaMHKe Obut ymoctoeH HobeneBckoit npemuu.
HUcropus ¢ pabotoit b. IT. BenoycoBa mokasbiBaer, Kak HHOIJA
HOBBIE d)aKTH H HICH, NPOTHBOPEYAIHME CIOXHBILUMMCSA paHee mpea-
CTaBJICHUsIM, JUTHTEHHOE BPEMS HE NPHHAMAIOTCS M HE Pa3BUBAIOTCH.
He nomycTHTh 3TOTO MOTYT JIMLIL HAy4HBIE Kajpbl, MO-JEHHHCKH
BJIaJICIONINE JINAJICKTHKOM.
psaae ciayvaes HENWHEHHbIE XHMHYECKHE peakuuH, HAyLIHe
B TOHKOM CJIO€, NPHBOASAT K OGPBSOBHHHK) NPOCTPAHCTBEHHO-BPEMEH-
HOM CTPYKTYpbl, KOTOpas HMMEET BHJ KOJBUEBHIX M CHHPAJIBHBIX
BOJIH. BO3HMKHOBEHHE TAakKMX CTPYKTYp B HENMHEHHBIX XHMMYECKHX
PEaKIMAX CBSI3AHO C JIOKAJIbHBIMH (UIYKTYalUMsSMH  KOHLEHTpALHii
u muddysmueit peareHToB.

3AIAYA

15.1. OnpenienuTh NOHATHA «TOPSAOK» M «Xa0C» H HCXOAR u3 JTOI'O YCTaHOBHT,
Kakoe [BHXKCHHE XHIKOCTH Gonee ymop:
JlaMUHADHOE WM TypOyJIEHTHOC.




3AKJTIIOYEHUE

B omimuMe OT ApYrHX pa3fenioB TEOPETHYECKOH (U3MKH TepMo-
JMHAMHMKA SBIISETCS ©QMHCTBEHHOH oOmell (u3myeckoil Teopue,
xoTopasi, mo ybexaenuro A. DiHIuTeiiHa, «B paMKaxX NPUMEHHMOCTH
CBOMX OCHOBHBIX TMOJIOXKEHMH HHKOT/a He OyneT onpoBeprayTay. IT10
obycioBnnBaeTcs  HyHAAMEHTAILHOCTBIO 3aKOHOB  TEPMOJHHAMUKH
M BBUIEJSET ee CPEM OCTAJBHBIX KYPCOB TEOPETHYECKOH (W3MKH.

TepMOIMHAMHKA COCTOMT M3 €¢ OCHOB M NPHJIOXKEHWH. B OCHOBBI
BXOJISIT HCXOJIHBIE TIOJIOXEHHS!, OCHOBHBIE 3aKOHBI (HAaYana) H METOMIbI
TEPMO/IHHAMHKH. ]'lpuﬂoxenmx e TEPMO/JIMHAMHUKM BECbMAa MHOT000-
pasHbl. Bax npu TEPMOIMHAMHUKH  SIBJISETCS
ofcyxaeHue ee HCXOMHBIX nonomeﬂm{, ONpEJICIIAIOMMX  PAMKH e
TIPUMEHMMOCTH. MIMEHHO BCJIGACTBHE HEIOCTATOYHOH YSICHEHHOCTH
obnactu OCTH TEPMO, M Obln cIeNaH B CBOE BpeMs
BBIBOJL O TemIoBo# cmepTd Bcenennoit.

HenocratkoM MHOrMX y4eGHbIX KYPCOB TEPMOJAMHAMMKM SIBIIAETCS
OTCYTCTBHE B HHMX TIJIaB, IMOCBAIIEHHBIX H3JIOKEHHIO METONOB Tep-
MOIMHAMHUKH. Mexy TeM OB/aJicHie MMM ONpEleNseT yCrexX Kak
B YCBOGHWM CTyNEHTAMM Y4eOHOro Marephana, Tak W B yMEHHH
pemwraTh 3agaud. I'y60KOMY MOHMMAHHMIO TEPMOJMHAMHUKM CHOCO6-
CTBYeT TaKKe aHajuu3 OWHMOOK M 3a0MyX/IeHWH, HM3BECTHBIX M3
HCTODUH €€ DPa3BHTHS.

Kuaaccuyeckas (paBHOBECHAs!) TEPMOJMHAMMKA TOJIY4HJIA B MOCHEN-
HHe TOJIbl JajbHeillee pa3BUTHE HA OCHOBE NMpPEICTABJICHUS O JIOKaJb-
HOM pPaBHOBECHH. B HacTosiee BpeMsi NOCTPOEHA TEPMOIWHAMMKA
JIMHEMHBIX HEPABHOBECHBIX NMPONECCOB H MOCTUTHYTBI GOJIbIINE yCTeXH
B H3YYEHHH CHJIbHO HEPABHOBECHBIX CHCTEM, 4TO BCE/NSET HAIAEXKIy
Ha BO3MOXHOE DElIEHME NPOOeMbl BO3HMKHOBEHHS XMBOTO.

Usnokenue HEPaBHOBECHON TEPMOIMHAMMKM COCTAaBJISET COJEp-
KaHue CIEUWaJbHOTO Kypca, B paMKax Xe Kypca KJIACCHUECKOi
TEPMOJWHAMUKH CIIEYeT PACCMOTPETh JIMILUL 3JIEMEHTHI TEPMOJMHA-
MHKH HEpPaBHOBECHBIX IPOIECCOB.




PEUIEHUS 3AJIAY

1.1. U3 BTOPOro HCXOMHOrO TONOXEHHS TEPMOAUHAMMKH CJEIYET, 4TO TpH
TEMJIOBOM PABHOBECHH JIBYX NOJCHCTCM, OTPEICHAEMBIX NapameTpamu ay, Ty u aj,
T, COOTBCTCIBEHHO, X BHYTpeHHHC dHeprun Oyayr Uy=Uy(ar, Ty), Us=Us(az, T2).
u TaKk kak Ty=T, 1O

Ti(ay, Ui)=Ta(az, Us). m

Crneyroniass U3 ONMbITA €IMHCTBEHHOCTH DACTIPCICTEHHS JHEPrUH CHCTEMBI 10 ¢¢
¥AaCTSM NPHBOAMT K TOMY, 4TO NPH W3BECTHBIX 4y, d, U, ypamuenne (1) mmeer
TobKO OfHO pewierde i Up. to osmauact, uro T (ay, Uy) — MOHOTOHHAs
bynkums Uy .

13 O/HOBPEMEHHOCTH POCTA JHEPIHM HACTCH CHCTEMBbI TIDH YBEIMUCHUH ce oOuieH
oHepruM BuiTekact, uto Ty, Th, Ty M T.[. OTHOBPEMEHHO JHOO MOHOTOHHO

w60 (ynkuun cootserctento ot Uy, Uy,
Us u 1.n [lyTem mpocToro mpeoGpa3soBamMsi HX MOXHO CIENATh MOHOTOHHO
BO3PACTAIOIINMY M BHIOpaTh TEMNEPATYpHBIC —(YHKUHH a, Tak, 4ToOB
T pocio ¢ poctom U. Ilpu Takom BHIGOpE TeMNEPATypHbIX (YHKIWMil TPOM3BOAHAS
(BU/AT) nns Beex Ten MONOKMTENbHA.

1.2. CoCTOSIHHE CHCTEMbI OUPECACTCS TeMiepaTypoil T W BHEUIHWMH Mapamer-
PaMH 4y, ..., d,. B BBHIDAXKEHHE JIEMCHTApHOH PaboOTHl

W=y Aida; m

aupdepeHuman Temnepatypbi He BXOMWT [1.e. kod(pdumment npu d7 B popmyie
(1) pasen nymo). Ecnm. 0w mbpaxenue (1) 6bul0 moambiM  anddeperunanom
KaKkoH-160 (YHKUUMM COCTOSHHS CHCTEMBI, TO

wro osmawano bl b 5 cn ( JuBsenns) ot
TEMUEPATYPbI, @ 5TO NPOTHBOPEHUT o cymecr-
BOBAHHH ypaBHCRWA cocToRHMA A=A(ay, ..., ay; T).

1.3. DsiemenTapras pabota npoTHB CUJl jlaBenns pasHa 3W=pdV. [Ipu p=const
pabora W=p(V,—V,), tac ¥, # V, ~COOTBETCTBCHHO MOJSPHblE OOBEMHI BOMbI
u napa. Tak kak Vy»V,, 10

W=pV,=pRT|p=RT=31257 JIx.

TenyoTa WCMIAPEHUS MONS BOABI PaBHA
Q=hm=2258-18 1k =40624 [Ix

(A~ Tewiota napooGpazosanns, paskas Juii Boabl 2258 Jlk/r). Paswocts Q—W,
IHauMTeNEHO GOMbuIAA W, WAET Ha paGOTy NOTHB BHYTDEHHMX CHA CLEIUIEHHA
MEXK/ly MOJEKYJIaMH KHJKOCTH TIDH NPEBPALICHHH Ce B lap.

14. b Hamar J ot H wmarnutsOro mnoas
B (eppomarHcTHKe H300pakaeTcs Ha anarpamme H, J rucrepesuctoii Kpusoii (puc. S1).
DfleMeHTapHas PabOTA HAMATHWIWBAHMA, PABHAR

10 3ax. 827 * : 289



7 dW=—HdJ,

7 uzoﬁpaxaeicn Ha 3TOH JMAarpamMMe rOPH3OHTalb-
a7 Hoi TUIowWanKoi. PaGoTa 3a MKN MepeMarHu4HBa-
HUS CEp/ICYHHKA COJICHOM/A, O4YEBW/IHO, paBHA

=—§HdI=-S,

T. €. (CO 3HaKOM MHHYC) IUIOWIANH NETIH KPHBOH
Ha jmarpamme H, J.
0 H 1.5. B TepmonmuHamuke paboTa cuMTaeTcs mo-
JIOXHTCTbHOM, €CTTH OHA COBEPIIACTCA CHCTEMOH
Haj BHCWHHMH Tenamu. [lostomy paboTa BHew-
HHX MCTOYHHKOB NPH CO3JaHHH OJIEKTPHHYECKOTO
noNisA B AMONEKTPHKE M paGoTa AMONIEKTPHKA MpH
ITOM HMCIOT pasHble 3HAKH.
Onpenennm dnemenTapuyio paboTy H30Tpon-
HOTO /IMJICKTPHKA NDH HIMCHEHHH B HEM dlle-
Puc. 51. KTpHueckoro cmemckus Ha dD. PaccmoTpum
JWONEKTPHK C JMOJIEKTPHYECKOH TPOHHLAEMOCTHIO
£ MeXAy MIACTHHAMH TIOWAAH S IUIOCKOTO KOHICHCATOpa C paccTosHueMm [
mexny HumH. Ecim Ha muiactuHax xol-ulencmopa HAXOJMTCS 3aps]l TJIOTHOCTHIO
+0, TO 31eKTpi D b E B IMONEKTPHKE paB-
am  D=4no, E=4no/s, pa3ﬂot,'rb NOTEHIMANOB  MeXNy  OOKIajiKamm
@;—@,=El=4ncl/e. Tlpu nepenecennn 3apsna de ¢ O/HOH INACTHHBI HA
NPYIYIO BHEUINWE CANH COBEPMAIOT Pa6oTy (9y—@,)de=Edde, mostomy pabota
NM3NEKTDHKA DaBHA

8W,=—Elde
oy

8W, = —EISA[D/(4n)]= — V/(4r) 4D,

rak kax de=d(So), Sl=V—obbem mosexTpuka. Takim OBPa3oM, ieMCHTApHAS
paéora TIONIAPH3ALMH, OTHECEHHAs K 05’beMy H30TPOITHOTO  JTM3JIEKTPHKA, Sy)'(eT
—1/(4n)] EdD, wnu, nockonsky D=E+4nP,

E?
W= —7EdE—EdP= —d(*)—Edl’.
4n 8n

Tepauiit wien B 3ToM paboty ma anekT-
pudeckoro moas [E?/(8n)—MIOTHOCTh SHEPTWM SNIEKTPHYECKOrO Mojs B Bakyymel;
BTOpOI WIeH TIPEACTABNAET COGOH pabOTy MONADH3AIMH B COBCTBEHHOM CMBICTE Ha
CAMHHMIY 0OBEMa M30TPOMHOTO AH3NEKTpUKa: W= —EdP.

1.6. VpaBHEHHE BOJHBI, PACIPOCTPAHSIOLICHCS MO CTPYHE CO CKOPOCTBIO U M ¥a-
croToit v BIOAL ocH X (PHC. 52), MMeeT BHA

y=acoso(i—x/v), Y

Fe a— AMILTHTYJa BOJIHBL.
Cunoi, cosepuatouiei paboty, aBnserca

cuna maTskenus T CTPyHbI, KOTOPYIO IR ’,

MasibiX KoNlebaHuii MOXHO CUMTATh IOCTO- T

SHHOA M BO BPEMCHH M BO BCCH CTpyHe. >

JleBas 4acTh CTpyHBI NEHCTBYET Ha npaByio

B Touke P ¢ cuno T nO HENPCPBIBHO

MEHAIOIEMYCA HATIDABIEHMIO KACATETHHOM, Puc. 52.
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I

e , Toukd P 3a Bpems dt paBHO

dy:i—':dt. a pa6ota 3a 3T0 Bpems

8W="Tdycos(T, y)=—Tdysin(T, x).
Tp vamsix xoneGanusx sin (T, x):::lg(T x)=2y/0x, nosTomy
3y oy
Taxdy “Taxat

PaGota 3a nepron t

20
Ta*w? Ta®
W=-T (o PR LI (T P P2 CIC)
E at v v v
°

OrTa pafoTa NOIOKHTC/IbHA, TAK KAaK BOJHBI DACTIPOCTPAHAIOTCA CICBA HANPABO
M NeBas CTOpOHA CTPYHBl MepejaeT 3a MepHOA SHepruio n7 2aw/v mpaBoii cTOpOHe.
TIpu pacnpoCTpaHEeHHH BOJNH MO CTPYHE pacn;mcrpanxenn W OHEprHusi, NpHYEM Ha
OHY JUTMHY BOJHBI TMpHUXOAMTCA Heprus nTa’w/v. [ns xoneGamui, pacmpocTpams--
IOUMXCA  CUpaBa  HaneBo, paboTa OTpHUATENBHA, TaK Xak B ITOM  Ciyvae
y=acos®(t+x/v) W JHEPrWA NCPENACTCA CBOH CTOPOHE OT MPABOi.

1.7. BTopoe HCXOIHOE MOJOXKEHHE TCPMOJHHAMHKH NPHBOJAT K CYIICCTBOBAHHIO

p 0 =A(T, a), orxyna

Mpn dA=0 nomysacm

(2)(8): () (B2 )

B caysae A=p u a=V nmeeMm

@)

OTKyZa
a_ (VN (op) (T
g "o\t )\ )i\ )

Ha ocHOBaHMH YCTAaHOBJIEHHOTrO B 3ajade 1.7 ToxaecTBa
(@) (), (”) .
o Jo\av J:\oT
noyuaem CBA3b MeEXAY Tep
a=poBy.
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1.9. Vpasuense Ban-zep-Baamca (p+a/V?)x
14 x(V—b)=RT MoxeT GbiTh 3anucaxo b Buie

V3—(RT/p+b)V?+aV|p—ab/p=0.

OTcionia BHIHO, 4TO NPH aHHON TemmepaType
T OnHOMY 3HAYEHHIO p COOTBETCTBYIOT TPH 3Ha4e-
Hug V, Tak 4To Ha amarpamme V, p (puc. 53)
npsiMasi, napajienbHas ocH abeumce (3002pi),
TepeceKaeT HM30TepMy, BOOGWIE TOBOPA, B TpeX
Toukax. JLnd BBICOKOM TeMICPaTyphi /Ba KOpmi
H KaXIOMY naB-
JICHHS COOTBETCTBYET BCEr/IA JHUIb ONIHO IHAUCHHE
obbema. Tlpn Gomee Hu3ko# TemmepaType ompe-
ZICTCHHOMY 3HAUCHHMIO NABJICHHS MOTYT COOTBET-
CTBOBATH TpH JICHCTBHTC/IbHBIX 3HaYCHHS 0BbeMa.
W3 5THX Tpex 3HAUCHMH, OGO3HAYCHHEIX Ha UCp-
Texe TOWKAMH o, B M Y, TOTbKO Kpaiinae
@ W Y MOrYT ObiTh HONYueHH B NPHPOC.
Cocronnue B HEBO3MOXHO, Tak Kak aGCOMOTHO
CTOMYMBOM
RaBnerme npn NOCTORHHOM TEMIEPATYpe yMeHb-
Pae. 53. waeTcs ¢ yBenuueHHeM obnema (cM. § 29). Touka
o COOTBETCTBYET XWIKOCTH, a TOYKa Y —Tra3006-
PasHOMY COCTOSHHIO NAHHOrO BelllecTBa. OJHAKO W3 STHX jBYX COCTOSHHE Gonee
YCTOWHYMBBIM ABJIAETCA COCTOSHHE, COOTBETCTBYIoulee Touke o. Kak mokaspiBaeT omuiT,
NP CKATHH ra3’a COCTOAHME Ha M30TEPME NOCTHraeT onpeneneHHo# Towkn C M Npu
HanpHe#em u:opruqecmM CXaTHH He MepexofuT mosioxenns C MO TEOPETHYECKOH

KpHBOH; ra3 B CYIIECTBYIOT T
C u xuoe A cocrosu-mx, HMEIOIHE  OIMHAKOBbIE TEMICPATYPY H MABICHHE.
Copmectioe ITHX Z1BYX npn

CKATHM [0 Tex NMOp, NMOKa BeCh a3 HE MEPeifeT B KHAKOCTh.

Ha Bompoc O TOM, Kak BMECTO 4YaCTH H4 TEOPETHYECKOH KDHBOW IIPOBCCTH
npamyio CBA, COOTBETCTBYIOLIYIO NEHCTBHTEILHOMY XOMY ABJICHWS, MOXKHO OTBETHT,
TONB3ySCh NPAaBHIOM MakcBela (KOTOPOE ETKO YCTAHOBHTH Ha OCHOBAHHH BTOPOro
Hauaa): orp: xpuBo# Ban-nep-B u npsvoi CBA caepxy
M CHM3y OT 3TOH NPSMOH, NOMKHBEI OBITH ONMHAKOBBLIMH.

TIpHh NOBBILICHAH TEMIEPATYPBI PA3HOCTh MEXJy 00beMaMH V¢ M V4 yMeHbluaeTcs,
0Tpe3ok NpAMOil A BC CTAHOBHTCA BCE MEHBIIIE H MCHBIIE H NIPH HEKOTOPO#H TemnepaType
Touk A, B, C CIMBAIOTCA, TAK 4TO H306apa IIEPECEKACT TAKYIO H3OTEPMY B OMHOM TOUKE.
OTa TOYKA MABAAETCH, CJIENOBATENbHO, TOYKOH Teperuba H3OTEPMBI, KacaTeibhas
K KOTOPO# napaJLiesbHa ock abeiuce. OHa ONpeenseT KPHTHYECKOE COCTOSHHE BELIECTRA,
Ha3nIBaeTCs xpumuue:xaﬁ mouKkoii M XapaxTEpH3YeTCA OMpENe/eHHOH KPUTHYECKOH
TEMNEPATYDOH Ty, KPHTHYECKHM OGBEMOM Vs H KDHTHICCKUM AABTCHHCM Pyp. B STOM

cHCTEMa C TOYKH 3PEHHS MPEACTABIAET COOOH onny dasy.
TlocKOIbKY KOOPIMHATH KPHTHYECKOM TOYKH YNOBJCTBODAIOT YypaBHEHHIO Ban-
nep-Baansca (p+a/V2)(V—b)=RT u ypasuecwssm (3P/0V)r=0, (3%p/0V?)r=0,
KPHTHYECKHE TAPaMeTPbl Pyp, Vip, Typ ONPENENAOTCA M3 COBMECTHOTO peilCHHS
CHCTGMBI 3TMX YDABHCHMM M PaBHBI

Vie=3b, pup=a/(276%), Top=8a/(27Rb). [0
31u napamerpu MOXHO TakKe HaliTH HCXOJIS W3 TOro, 4TO ypabHeHne Bam-
p-B: MeeT COCTOAHMM TDH DABHbIX KODHA M MOITOMY
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ZOJKHO HMETh mm (V=Veu)? 0 i V3-3V, V243VELV—V3,=0. Cpasuusas

at0 yp p-B B KpHTHUeCKOH TOUKE
RT, ab
Vvie ( °+b) vipLly_2 o,
P Prp Prp
HMeeM

3Vip=RTyp/pip+b, 3Vi=alps. Viy=ab/ps.

orxyna nomyuaem (1).
Kputuyeckuit xorpuument s—RT.,,/(p,, Vip) An% ypasHenus Ban-ep-Baanbca,
Takum o6pa3oM, pasen s=8/3=2,67, HMEET ONHO W TO XKe 3iHAYeHHE
I8 BCEX BEWECTB (HE 3aBHCHT ot am b). B NEHCTBHTENBHOCTH LIS Da3sHbIX
Ta30B s MMeeT DPa3NMYHbe 3HAYEHHH, TPHYEM OHO Beerma Gombiie 2,67 u mmeer
B CpenHeM 3HaueHde sx3,7.
1.10. [lns rasa, KOTOpOro nepBbIM Jurepuyun

p(V=b)=RTexp[~a/(RTV)], W
Peps Vips Tep MOTYT ObITh HaWfICHBI pCIICHHEM OTOTO YDABHCHHS COBMECTHO
¢ ypasuenusmu (3p/0V)r=0, (6%p/dV?)r=0. }.'lud)d)epeﬂuupyx ypashenne (1) no
V npu nocrosHHO# T ABaXaAB H HymO,
cy (1) cucremy

Pro(Vep=b) = RT,pexp—[a/(RT,p V)],

Pz 0= [al(RT V)

0:”=/(RTxp Ve)—2
oTkyna
Puo=a/(de?b?), V=2b, T,=a/(4Rb).
KpuTuueckuit xodpduuuent
5= RTyp/( Prp Vip)=€2/2=3,695,

YTO XOPOLIO COTJACYETCA C ONBITHBIMHM JAHHHIMH [UIA MHOIMX BCLICCTB, JUTS KOTOPBIX
3HRUEHHE 5 koncénncn B npcuwax or 3,5 mo 3,95. Kpuruueckudt kosdduuneHt,
D p-Baansca, pasen 2,67.
Ypaaueuue }.'lmepu-m npH Gonmbumx 06beMax ¥ HEMOCPENCTBEHHO NEPEXOMT
B ypasHenue Ban-nep-Baansca. [leiicTBnTensHO, pasnaras exp [—a/(RTV)] no senuunse
a/(RTV), manoii mpu Gonbuwmx ¥, H OTpaHWYMBASCH BTOPEIM WJIEHOM Da3NOXeHus,
nonysaeM u3 ypasHemus [luTephdu, 9TO

p(V=b)=RT[1-a/(RTV)], wn p(V—b)=RT—a/V.

. b
Tpn Gombumx V maueius a/V u b/V Mami, nostomy %z%(l—’—/). Torna

(p+a/V?)(V=b)=RT.
1.11. KpHTHYECKHE NAPAMETPHI Py, Vip, Tap A9 BELICCTBA, YPABHEHHCM COCTORHUS
KOTOPOro ABASIETCs BTOpoe ypasHenie JIHTepuun
(p+a/V*P)(V—b)=RT,
HaXoauM, IT0 c (@pleV)r=
(a‘mavﬂ,:o Torna
Pep=a/[4(4b)*3], Viy=4b, T,,=5ab/[4R(4b)**].
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Kputruecknit  kospuumesT
$=RT /(P Vip) =375,

YTO XOPOWIO COIJIACYeTCS C ONBITHBIMH JAHHBIMH JUIS «HOPMAJIBHBIX BELICCTB,
y KOTOpBIX 3HAuCHUE § KOMCGCTCA B mpeienax oT 3,5 no 3,95. B 3ToM oTHoweHwH
BTOpOe ypaBHeHue JIMTepH9M NacT JySImil pe3y/bTaT, deM ypaBHeHue Bam-niep-
Baaibca, KOTOPOG TPHBOIMT K D o $=2,67.
B B: p-B ;

(p+a/v?)(y-b)=
BMeCTO p, ¥, T COOTBETCTBEHHO Mpyp, @V, Ty M BMeCTO a. b, R HX BBIPAKCHUS
HePe3 Prps Vips Typs MbI TONYdHM p- Tbca

(n+3/w’){30—1)=81,
KOTOpOE He COACPKMT HMKAKHX [OCTOSHHBIX, 3anucnumx OT NpUPOJLI  BEIIECTBA.
310 yp 3akon @ ecau dse u3 npuseden-
HbIX nepemeHHbix T, @, T 048 PA3HbIX 6eujecms mo mpembs
maK#e comadaem u COCMOAHUA SMUX Gewjecms GYOYM COOMEEMCMGENHbIMY.

€CTBA, MOMMMHSIONIMCCA 3AKOHY COOTBETCTBEHHBIX COCTOSHWA M YJOBJET-
BOPSIOIIIAE OTHOMY K TOMY Xe COCTOAHMA, HA'
T nono6ue

JENATH BHIBOMBL O CBOMCTBAX O/HOTO BIICCTBA, CCTH M3BECTHBI CBOJCTBA JPYroro
(TPHHIMT  TEPMOJWHAMHYECKOTO MOA06HS).
AHAJIOTHYHO, TOACTABIAS B NepBOE ypaBHeHWe JHTEpHYH

p(V—b)=RTexp— [a/(RTV)]
BMeCTO p, V, T COOTBETCTBEHHO Mpyy, @Vip Ty 1 BMECTO @, b, R MX BLIpAKEHHS

vepe3 KDUTHHYCCKHE NApAMETPhl Py, Vip H Ty, TONYYaEeM TpHBECHHOC MEPBOE
ypaBHenHe JluTephun
n(2o—1)=texp {2[1-1/{vg)]}.
TlpuBeneHHOe ypaBHEHHE MOXKHO MONYYHTH JUIS BCAKOTO YDABHCHHMS COCTOAHMS,
B KOTOPOM COIEPKHTCA He Oolee TpeX INOCTOSHHBIX, 3aBUCALIMX OT KPHPOMBI
BellecTBa. DTO ClEAyeT M3 TOro, YTO MpH KPHTHYCCKHX
Pups Veps Tep M3 TDEX ypaBHeHuii

p=p(V. T). (0p/oV)r,=0, (0°p/0V?)r,

MBI TIONy4a€M NS HAX 3HAUCHHS, Hepes B
COCTORRMS M €CTH ITHX OT NMPHPOJBI BEWIECTBA,
Gonbille Tpex, TO BLIPA3HTL HX TONBKO 4EPE3 Py, Vip U Typ, OUEBHIHO, HEJBIS.

TpuBeeHHOE ypaBHEHHE TO3BOJIACT 6OIee TOYHO YKa3aTh KPHTEPUH, NMPH KOTOPbIX
ypaBHEHHE COCTOSHHS HJCANBHOrO Ta32 MOXET ObiTh XOPOLIMM MPHOIMAKEHHEM
K AeficTBUTENbHOCTH. [TokakeM, HampuMep, YTO BO BCEX ClyyasX, korjaa obmem rasa
BEMK TIO CDPaBHEHHIO C €ro KpHTHl(CCKHM obbemMoM, ypaBHeHne BaH-zep-Baanbca

B K. M, CJIE/IOBATE/ILHO, B ITHX CITyHasx

TpHOTHKCHHE HICANBHOTO Ta3a XOPOWO COOTBETCTBYET JEHCTBHTENLHOCTH.

I

o

(n+3/9%)(30—1)=
B ciaysae @=V/V,;>> 1 npubmikeHHO MOXHO 3amucaTh B BHae m@=81/3. A Tax
xak s rasa Bam-nep-Baanbca kpuTHueckuii xodhGHUMCHT s=RTyy/( pepVey) PaBeH
8/3, To 310 ypaBHenwe mnpeoGpasyercs:

2%

T



p V R, T
10 =RT ¥/ peyVsp) mta L —— -
wipVs) P Ve PaVer Tep

onpenenser kpusyio boiins. Ipu p=0 u3 ypaeuenns (1) Haxomum temnepatypy Boiins.
VpaBHeHHe COCTOSHHA B BHPHAJIBHOH (opme

c
V=
P RT[1+V+V1 V,+ }

W, cnegosatensho, p¥=RT.
1.13. Vpasuenue

3anMIIEM B BHIE
Bp Cp*  DV?
pV= RT[I P s
v (e (pV)
Ilniepernupys obe YaCTH ITOr0 ypaBHEHHS 1O p NpH MOCTOSHHOH T W monaras
a
[M =0 & p=0,
o v
nonyyaeM B=0 (npu Temnepatype Boiina BTopoil BupHanbHbI KodpdHUKEHT peanbHOro
rasa paseH Hyio).
B caywae rasa Ban-gep-Baasbca
RT a RTpV  ap

Vb v P T o
RT
—_— 2=
(py;pb ])(pV) ap.

Tocne no p npH [(i‘:pl))]r=

=0 u p=0 nomysaem

p=

Ty=a/(Rb).
1.14. B mupHanbHOM (opMe YpaBHEHHS COCTOSHHMS rasa

B C
V=RT(1+ — + —
4 ( vty VJ )
senmuMEbl B, C, D, .. Ha3kIBAIOTCA COOTBETCTBEHHO BTOPBIM, TPETBHM H T. .
Supuabheimu Kodfbuyuenmamu. OUEBUIHO, UTO JUIA WICATLHOTO ra3a BCE BHDHAJbHEIC
HIHEHTHl paBHBI Hymo. [ raza Bau-nep-
Baanbca B BHDHANBHOM (OPME, MOXKHO HAWTH BBIDAXKCHHS JUIS BHDHANBHBIX KO-
uumentop sroro rasa. Ws p=RT/(V—b)—a/V? nonysaem
RT a
-5V Vv

V=

Tax xax bV<l, T

RT » B
————=RT(1 =+
(BT (+V+V1+V’+ )
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H, CIE10BATENBHO,

b—a(RT) b b
pV:RT(H» — ottt
OTKyIa BTOPO¥ H ch‘mu BUPHATbHBIC Thl rasa Bi p-B: ca paBHbI
B=b—aj(RT), C=b"

TMpn Temnepatype Boiin B=0, mostoMy ans rasa Baw-nep-Baamsca sta
Temnepatypa pasha Tg=a/(Rb). Tpu TcMneparype Bbie Ty CKHMAEMOCTh PEatibHOro
rasa mpu Beex MeHbule 0 rasa.

1.15. Moacrasnss B dopmyay (1.7) morenuman 0(!) B3aUMOJICHCTBHA TBEP/IbIX
cep, nomyuacwm

B(r):_zn/v”[ -OnT_1],2 gy 4

°

2 5
+ J[e—w(.;xnkry, [],Zd,} gnNu’v

o

Monens i TBepBIX chep
HACTO WCTOTB3YCTCA B BLMHCIGHHAX 6arofaps ce NPOCTOTe, HO OHA ACT JiHilib
rpyboe 0 Gonbluux Kop BYIOLUMX CHJIaX OT . Orta

MOJe/Ib  XOPOLIO ONpPaBABIBACTCA TpPH BBICOKOH TEMIEPATYpE, KOTAd B3aHMHOE
NPHTSKCHHE MOJIEKYJ CTAHOBHTCA HECYLICCTBCHHBIM (Hanpumep, B ciydae ropx-mx
NOpOXOBLIX ra3os). Bemwumna o GheMm:
Cpepbt 0BbeMy MoOTeKyJbl no ypasucumio Ban-nep-Baanbca.

Toncrapiss B Qopmyny (1.7) motcHmmas @(r), rpaduk KOTOPOTO HMEET BUI
MPAMOYTOIbHOH MOTCHIMATLHOH AMbI, HAXOIMM

[ T
! !

I

Mogene  Takoro 0 ACTBHS TBEPAYIO
chEpy MAMETPOM G, OKPYKCHHYIO CJIOGM C 1OJeM TPHTSKCHHS €, KOTOpBlil
TIPOCTHPAETCA /10 PAcCTOAHUA Ro. DTa MOACHb YYMTHIBACT B MPOCTEHIIEM BHAE Kak
CH/IbI OTTAJKHBAHWA, TAK M CHIbl TPUTSKCHHS; OHAa OCOGEHHO yNOGHa 1A ras’os
M3 CHIOKHBIX MOJIEKYJ, TaK Kak COJCPKHT TpH NOAGMpacMbIX MapaMeTpa, HO
HENPHMCHUMA K HUM TIDU BBICOKOH TeMnepaT

1.16. U3 ypaBHenus COCTOSHHS WJIEANBHOTO ﬂddeal‘H&T}lKa

=f<7) (£0-0)

npH Mazom oTHowenuu H|T NpHOTMRKCHHO MMeeM

2r0.
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JUts napamarneTnkoB J=xFH, [0ITOMy TEMIEPATYPHAR 3aBUCHMOCTb MArHMTHOH
BOCNPHHMHFBOCTH  WICATBHBIX TMAPAMATHETHKOB B OTHX YCIOBHAX OMpCACHACTCH
yeTaHoB/CHHbIM B 1895 T. 3aKoHom Kioph:

r0_¢

T T
3axony KiopH TOTMHHSAIOTCA ra3bl, MOJICKYIbl KOTOPhIX HMEIOT MOCTOSHHBIC MArHHTHBIE
MomerThl 1 (N, NO), maphi IETOSHKIX METAIoB, pa3BapenHbie KUIKHC PACTROPHI
MAPAMATHUTHBIX COJICH PEAKO3CMEbHBIX DJIEMCHTOB H HEKOTOPHC NApaMATHWTIbIE
CONIM B KDHCTA/LIHYECKOM COCTOSHMH. B CHJIbHBIX MATHHTHBIX MOJAX W TIDH HM3KHX
Temrepatypax 3akoH Kiopu He BhmosHseTc

2.1. [lepBoe HA¥aNO TEPMOAWHAMHKH MO3BOJAET MONY4HTH npasuto I'ecca (3axon

nocmosHcmea meniosix cymm), OTKpHToe Wv B 1840T. eme 50 ycTaHoBTeHMs
NEPROTO. HAYANA: MEN1080H SBHCKM XUMUNECKOI peaKuldr. NPOMCKAIOWeR npu. nocno-
Aiow ofbexe V. i npu noCmoNON A8ACIAL P, e SAGUCU om mpONCHyMOIX
peakyuii, a ey u
seujecms.

NPaBHIO FBIACTCA CICACTRHEM TCPBOTO Hawaia TepmouuHamiki. fleiict-
BUTENIBHO, ecii V'=const, 10 u3 3Q =dU+pdV nonysaem Q=U,—U), T. €. KOTHYCCTBO
TEMAOTHl HC 3aBHCHT OT MYTH TEPCXOA@ W3 TEPBOTO COCTOSHMA BO BTopoe. Ecnm
peakuns MPOXOAUT TPH p=Const, TO

8Q=dU+pdV=d(U+pV),

H KOJIMYECTBO TEmIOTH
Q=(Ua+pV2) = (Ui+pV1)
Takke He 3ABHCHT OT MyTH.
paBuno [ecca mNO3BONAET BHIMMCAATH TemuoBble OPGHCKTH TaKWX — peaxiyii,
KOTOPhIE HCTIOCPE/ICTBCHHO WJIH COBCEM HE TNPOWCXONAT, WM JUIS KOTOPHIX OHH
HEMOCPE/ICTBCHHO HE MOTYT ObiTh W3MEPCHBI. B Takux ciydasx COCTaBjisioT TepMo-
XHMHUCCKHE YDABHCHHS, DEIas KOTOPHIC ONPCACIRIOT TennoBoil HpdeKT HCKOMOR
peaKumy.
Te

y coboit X -
aKIMH, B KOTOPHIX BMECTO CHMBOJIOB EArMpYIOIMX BCIICCTB 3aNUCHLIBAIOT BHYTPEHHHE
JHEPIHH JTHX BEHIECTB M TemioBbie IbQekTnl peaxuun Tpn 5T0oM, Tak KaK BEUICCTBO
B PALTMIHBIX ArPCTATHBIX (c p: yTpeHeii SHepruci) 3obpaka-
€TCA ONHMM M TCM XK€ CHMBOJOM, MHPUHATO 00O03HAYATL BHYTPEHHIOW 3HEPIHIO
TBEPIBIX BCUICCTB B KBAJAPATHBIX CKOGKaX, KMIKOCTEH — B KPYIrJbIX ckobkax  ra3ool-
pasHbix BemiecTs —B QuUrypHbix ckobkax. Tak, cumsonel [H 0], (H;0) u {H,0}
O3HAYAIOT COOTBETCTBEHHO BHYTPCHHIOIO JHEDTMIO 7biid, BOH M BOIAHOTO Mapa.
TlpuBeneM 1pUMep  pellieHHst s
TennoBOro HGEKTA DEAKIMH HEMOJHOTO CTOPAHHS THEPAOTO YIIEPOAd B OKHCH
yriieposia. ITO KOJIMHECTBO TEMIOTHI HE MOXKET ObiTh HEMOCPE/ICTBEHHO H3MEPEHO
NOTOMY, YTO TpH OKHC/IEHHU yriepoxa obpasyercs cmech okucion CO u CO,.
W38eCTHO, TO TDH TOJHOM CTOPAHMM YIJIEPOMia BhUICASCTCH 394 K/bK/MOb,
a mpu cropanun okuck yraepona CO, meutensercs 283 klIk/Monb. TepMoxHMueckie
YPaBHEHHS 3THX DPEAKUMi HMCIOT BMI

[C] + {02} — {CO,} =394 k]ix,
{CO} +'/2{0,} — {CO,}=283 kAIx.
BbI4HTAA H3 TEPBOTO YPABHEHHS BTOPOE, MONydaeM
[C]+/2{0:2} — {CO} =111 /Ix,
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T.€. TPH HENOJHOM CropaHmu yrnepona Beienserca 111 xIx wa wmom CO.

Temnosoii 3d¢exT peakimi 3aBHCHT OT TEMIEDATYpPhl M JABJCHHS, NPH KOTOPHIX
npoTekaeT peakims. OObIHO, €CJIH HE CAENaHO HUKAKHX OFOBOPOK, CYHTAETCH, 4TO
JlaBieHHe HOpManbHOe aTMocdepHoe M Temmepatypa 25° C.

pakTep TemIepaTypHO# 3aBHCHMOCTH TEIIOBOro 3(peKTa peakimu onpesensercs

ypabhennem KMpxroa, KOTOpOE JErko yCTAHOBHTh HA OCHOBAHHH TIEPBOTO Hawana
TePMOIHHAMEKH (CM. 3amady 2.3).

2.2. Hajio onpenie/uTh TEWwIOTY 0o6pa3oBaHHA BOJAHOrO NMapa M3 3/IEMEHTOB, T. €.
Q, M3 TEPMOXHMHYECKOTO YPaBHEHHS

{Hz} +/2{0;} - {H,0}=0.
T " BOIH
{Hz2} +'/2{02} — (H,0)=0,, (H:0) - {H:0}=~Q,.
e E

y
{Ha} +/2{02} — {H,0} =0, Q2.
Orciona Temnora o6pa3oBaHmst BOJAHOrO TMapa M3 €ro JNIEMCHTOB paBHa
0=0,—0,=247 kJlx/vo.

CrenoBaTembHo, NMpH OGpa’oBAHHM BONAHOTO Tapa M3 OTEMEHTOB TemioTa
Bougensercs (0>

2.3. 3aBHCHMOCTS TETUIOTH DeaIA OT TEMIIEPATYPHl OMPEACTACTCH ypaBHEHHEM
Kupxroga, koTOpoe Jerko yCTaHoBuTh, MM(depeHIMpys N0 TemmepaType BhIpaXeHie
ans Q, NaBaeMoe MNEPBHIM HAYAJIOM TEPMOJMHAMHKH.

EciH peakuus TPOMCXOAWT TpH V=const, To no nepsoMy Havany Q=U,-U,,
a TemwnoBoit ekt peakmn Q= —Q=U;—U,. Juddepenuupys oT0 BhIpaXCHHE
no 7T, monydaem ypasHehwe Kupxroda mis TemmepaTypHOH 3aBHCHMOCTH TeMIOTHI
PeaKiMH TIPH H30XOPHEIX NPONECCAaX:

50 U, U, )
(98- () e
Ipu u300apHBIX NpeBpAIIEHATX
Q=(Uz+pV2) = (Ur+pV\)=Hy—Hy w Q=H\—H,,
e H=U+pV.
TMporssowas ot H no T npn p=const pasa C,; B camom aene, 50 =dU-+pdV'=
=d(U+pV) —Vdp=dH—V dp=(3H/8T),dT+ [(3H|dp)r— V |dp, oTxyna
=(3Q/0T),=(0H/0T),.
Takum o6pasom, ypasHenue Kupxroa /1A TeMnepaTypHOH 3aBHCHMOCTH TEIUIOTHE
peakiMM TpH H306apHBIX TpoLeccax
(8Q/0T),=(0H /0T),— (2H2/0T),=(C;)1 — (C,)2

(uHmeKCEl 1 M 2 03HAYAIOT COOTBETCTBYIOUIHE TEILIOEMKOCTH CHCTEMBI NIEPEH peakumei
M 10CTe PEeaKiH).
JlnA HaXOXNCHHA TEMIEPATYPHOrO H3MCHEHHS TETUIOTHI CrOPAHHsSi MOJIA BOAOPOMA

¢ 06pasoBaHMeM XMIKOM BOIBI BbIYTEM M3 (Cp)1 cmecw,

M3 MOJA BONOPOAA H '/, MOJA KHCIOpOMa, TemnoemkocTh (Cp); Mons Bomel. [
JIBYXaTOMHBIX rasos (xmcnopos, BO)]OpO}.I) Cy=20,95 Ix/(K - Monb);
Cp=Cy+R=29,26 Ix/(K - MOMB). Moo (Cp)1=47,89 Ix/(K - Mosb);

(C,)2=75,42 JIx/(K -momb) 1 (3Q/dT),=—27, s nx/(x MOMB), T. €. C YBeIMUCHHEM
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TemnepaTyphl Ha 1 K BbinejeHne TeNIOTH NpH CrOpaHHM MoJis Bogopoaa ¢ 06-
KHJIKOH  BOJBI Ha 27,43 k.

24. Tlpn pacmpoCTpaHEHHH 3ByKa CDENia HAXOMMTCA B CTAlMOHADHOM, HO HeE

ToaTom: it

ABJSETCS CKOPOCTH 3BYKA TPENENbHO HH3KOH (HYNeBOH) 4acTOTHI . CKOPOCTH 3ByKa
u ipK 1060 JIPYroi YacTOTe 3aBHCHT OT BPEMEHH PENIAKCALMH W IPYTHX XapakTePHCTHK
nponecca. CuuTas NpoLECC PaCTPOCTPAHEHHSA 3BYKa CTAGOHEPABHOBECHBIM, IPHMEM U R dg.
B ympyro#i cpene CKOPOCTh PAacUpOCTPAHEHHS NPOXOIBHBIX BOJH
Kip,
rae K—Mofyb YHpyrocTH, p-—ILUIOTHOCTb CPEAbl. BBICTPOTAa CKaTHS M pa3pexeHHs
YTPYrO# Cpelbl MpH PacnpOCTPAaHEHHH 3BYKa TaK BEJWKA, YTO 3a TEPHON TEMIOOOMEeH

HE yCreBacT MPOM3OHTH, TIOSTOMY MPOLECC PAacTpOCTPAHCHHA 3BYKA SIBJACTCA au-
abaTHHIM H, CJIENOBATENBHO,

Ks (ap Kr
u= B *j = K
[ op)s P

tax xak Ks/Kr=y, Ks=—V(3p/dV)s, Kr=—V(@p/oV)r.

Tponssoauyio (p/dV)r MOKHO HaiiTH, €CTH M3BECTHO TEPMHYECKOE YPABHCHHE
COCTOSHIS ra3a.

B caywae uacanbHOTO rasa

PpV=RT, (0p/oV)r=—RT|V?, u=/YRT/M.

Tpuunmas s Bosayxa y=1,4, npu 0° C nomyuaem u=331,6 m/c, 4T0 HaxomuTCs
B COTJIACHH C PE3YJIbTATAMM ONBITOB.

M3menenne ckopoctn 3Byka ¢ Temnepatypoit du/dT=u/(RT) mpu 0 °C pashO
0,6 M/(c-K

2.5. CornacHo ypasuenuio (2.6),

- (&) &)

Hns napamarsetuka A= —H, a=J, nosromy

(),

B cnywae wneanbHOro mapamaretuka, korga (0U/0J)r=0, ucnomb3ys -TepMHUECKOe
ypabHee cOCTOSHHS J=xH, Tfic MAPaMATHHTHAS BOCTIPHHMUYHBOCTb, MO 3aKOHY
Kiopu, passa x=C/T (C—nocrosunas Kiopu), mostydaem

Cy—Cy=CH?T.
2.6. U3 obuwero ypasHenus anuabaThi

() aars(2) om0

B Clydae TapaMarHeTuka, korna A=—H W a=J, HaxoauM

T or
(«371) dH+y( ’./) dJ=0.

Tax xak Juis wacanbHoro mapamarseruka J=xH=CH/T (C—nocrosunas Kiopn)
u (8T)0H);=C}J, (8T/3J)g=—CH/J?, To nuddepeHInaNLHOe ypaBHEHNE ero amuabaTsl
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OTKyna, cuutas y=Cpy/C,=const, mocie HHTEr

HJ ~Y=const, (1))

AHAJNOTWYHOE YPABHEHMIO ainabarThl HAEANTBHOrO Ta3a
pV7=const. ®
cpaBuenus ypasHemuit (1), (2) BWAHO, 4TO mpH MEPEXOAC OT OMHO

s
TEPMO/MHAMKYECKOH CHCTEMBI K Apyroif 3amena p— —H, V—J BOIMOXHa JHU®
B

H, BOODIIE roBOpA, HEBO3MOXHA

TIOC/e WHTCrpHPOBAHHA ITHX yPABHEHHIL.
2.7. Mo mepBoMy Hadyaly TEPMOAHHAMMKH,

3Q=dU+pdV= ( )dT+|:<§) +p]dv,

50 U av
c_drm[(oy) +p]d7

Jlan wneamsroro rasa (2U/6V)r=0, mostomy

Cy=Cy+p(V/eT)s.

oTkyna

Ten. Mo 0 rasa B TIPH Pa3THMHBIX X =CONst paBHa:
a) npu x=pV¥ *=const
x v X v
V=RT, pV?=RTV, V=—, ——=—,
7 i (ar) R T

Cpyi=Cy— ﬂ=Cv—R
” T
6) npn x=p?V'=const
PV=RT, p*V-V=(RT)}, V=(RT)Yx,
(OV/0T)x=2R*T)x=2V|T, Cpy=Cy+2pV|T=Cy+2R;
8) npu x=p/V'=const

PV=RT, xV?=RT, V=\/RT}x,

Wy LR
oT). 2\ Tx

3amayy MOXHO pEMTh W APYrHM cmocoGom. Bce paccMaTpuBaemble MpOLECCH
TPECTaBAIOT, COOOH TONMTPONHbIE npolecchi (pV/"=const) ¢ pasNMYHBIMA TIOKa3a-
TEAMH TIOTHTPOTEL

Cw=r+lmcor tr
= V+ZT* v 5 R

n=(C,~C)[Cy—C)=(Cv+R-C)[Cy—C)
M COOTBETCT AMH
C=Cy—R((n—1).
B cnysae a) pV’rcons! n=2, nosroMy Cpy:=Cy—R.
B cnysae 6) p*V=const wim pV"Lconsz /2w Cpy=Cy+2R.
B cnysae B) p/V=pV ~'=comst,.n=—1, Cpy=Cy+'/,R.
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2.8. Tpu coobuieHnH KakIOMy WIapy KONMYECTBA TEMIOTh SQ UEHTP THKECTH
N€eBOro Iapa NOJHWMETCS, 4 HPABOrO-— ONMYCTHTCA. YacTh KONMYECTBA TEIUIOTHI,
COOBIUEHHOTO JIEBOMY 1Iapy, MOAJET Ha paGoTy MNOAHATHA 1uapa, MOITOMY OH
MeHbille HArpeeTCs, ueM JeBbi. Cienoatensro, Cp,>C,,

2.9. Ilpu TCIIOBOM pABHOBECHH TEMTIEpaTypa rasa B UHKIWHIDE BCIOAY OJIHA
M Ta Xe, a J@BNeHHe p najaeT ¢ Bhicotoi . Ilpu 3ToM

dp=—pgdh, m
rie p—IUIOTHOCTh Ta3a; g-— YCKODEHHe CBOGOIHOTO MafleHHs.
W3 ypaBHEHHS COCTOSHHA HAacanbHOro rasa pV=mRT/M uaxomum
mRT  RT RT
=C " =p-— dp=—dp. 2
=y =P =790 (]
Moncrapnsas Beipaxenne (2) B (1), mocne WHTETPUPOBAHUSA MOJyYaeM
p=poexp[~Mgh/(RT)] # p=poexp(~Mgh/(RT)).
Ecin §— ceyeHue UMIMHIDPA, TO MOTEHUMANbHAs SHEPrMs MOJS rasa B LMIAHIpE,
NIOMEIIEHHOM B OJHOPOJHOS TONE TAKECTH,

V,=§ pgShdh=poSg | exp[ - Mgh/(RT)] hdh=RT,
o o

tax xak M= [ pSdh=poS | exp [~ Mgh/(RT)]dh.
3 °

Tpy HarpeBanMH rasa HeoGXOAMMO COOOIIATH TENJIOTY HE TOJBKO HA YBEIHYCHHE
BHYTDCHHEH OHEPIHH (TeMTICpATYphl) MICATbHOTO Ta3a, HO W HA YBEIWWCHHC €rO
TIOTEHIMANBHON JHEPTMH (LIEHTP THKECTH rasa B NWIHR/pe momnwmaetcs). IMomwas
JHEPrus CTO76A ra’a paBHa CymMe BHYTPEHHCH M TIOTEHIMANLHON SHeprHil:

E=U(T)+V,=U(T) +RT,
oTkyna
C=(0E/oT)y=(UfoT)y +R=Cy+ R=C,.

Takum 006pa3oM, TENIOEMKOCTb He OrPaHWYEHHOTo CBEpXy CToi6a HIeanbHOro rasa,
HAXO/ISWIErocA B ONHOPOJHOM TIOJe THKECTH, PaBHA TEIIOEMKOCTH ra’a NpH
TIOCTOSHHOM JIaBJICHHH.

2.10. Tas pacumpseTcs NOTHTpONHO, NodToMy pyVi=p,V3 wumu 4V"=(3V)",
OTKyAa moka3aTedb MoauTponsl n=In4/ln3=1.26.

Pa6ora npu TIOJIMTPONHOM  IIpouecce

e jpéV Jconstd clonsl .
—n

(4-5-10*—15-10%) k[ = 1884.54 k]Ix.

026
TenyoTa NP TONMTPOMHOM Npouecce
Q=me(i-1,),

rae m-—macca rasa; ¢-—TOJMTPONHAS YACHAbHAK TEMJIOEMKOCTb, KOTOPYO MOXHO
BLIDA3ATH uepe3 NOKa3aTenh MOAHTPOML, Kak WiBectso, n=(c,—c)f(cy—c), oTkya

e=cy(n—y)(n—1).
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Taxum o6pazom,
Q=mcy(tz—t:)(n—7)l(n—1).

Ho mcy (t,—t,) =AU — u3menchme Bry-
TpeHHei JHEPrHH rasa, KOTOPOE MO NepBOMY
Hauyany pasHo AU=Q—W, mnostomy
Q=(Q@-W)(n—7)/(n—1), otkyma (y=14)

Q=W (y—n)fy—1)=659,59 xfk,
AU=Q—W=1225 x]Ix.

Pabora pacumpenus coBepuiaeTca ra-
30M 3a CYeT COOOGLICHHA €My TemIOThI
M YMEHBLICHHA €ro BHYTDCHHEH IHEIHH.

Prc. 54. 2.11. Tlycts nponecc n3o6pakaercs no-

muTpono#t AD’ (puc. 54). TIpopenem uepes

D' ammabaty S, u m3otepmy T;. Msorepma T nexur Ha jmarpamme V, p Bbime

w3otepmbl Ty, mOITOMY, Kak clenyer u3 pV=RT, et cootsercTByeT Gonee Bhicokas

TemmepaTypa. M3 ypaswenns amuwabathi pV'=const=C(y=C,/Cy>1) cnenyer, uro

Gonee Bhicokoi amuabare coorsercreyer Gonsuee C. Kpome Toro, mo mepsomy
Hauany, 14 wieansoro rasa dQ=CydT+pdV, n Tax xax w3 pV'=RT

dT=(1/R)(pdV+Vdp),

T0
R8Q=CyVdp+C,pdV= CypV(a +7a—) Cy pVd(in pV")=Cy pVdInC,

OTKy#a BHAHO, 49TO mepexox k Gonee Bhicokoi ammabare (korma C pacrer)
COUPOBOX/IAETCA TIOTVIOMEHHEM TEIIOTL.

TakuM 06pa3oM, NpH NOTHTPONHOM Tponecce AD’, KOraa Mbl NEPEXOuM OT
Hu3wed aguabathl K BHICIIEH H OT BbICHEH H30TEpMBbI l Hu:mel“a. 80>0, dT<0

H, CIIEIOBATENbHO, TpPH TaKOM Iponecce =8Q/dT Ha.
pu nponecce D'A umu AD TennoeMKOCTb Takxe o*rpuusrem,ﬂa, Tak KaK NpH 3TOM
80<0, a dT>0. Ipu ¢ or Kot pabota,

coBeplUaeMas CHCTEMOH, GOJbllie KOJNHYECTBA TWONMydaemol e Temwiothl (8Q>0,
dT<0) wm, HaoGopor, paGoTa Ham CHCTeMo# Gonbile OTZABAEMOrO KOJWYCCTBA
Tenorst (3Q <0, dT>0).

TIpu npouecce AE TeMIOThl W TeMNepaTyphl,
Tak T,>T u §,>S. CnenosarensHo, 3TOT MPONECC MPOMCXOHT NMPH TIOJOXKHTENLHOK
TENIOEMKOCTH.

2.12. Korza Bosayx BBEPX MaccaMu
WM TIpM BETpE Ha TOPHBIX MACCHBAX), OH, MOMafas B O0JACTH MEHBLUHX IABJICHMIL,
pacumpseTcd. JTO DACIMpEHAC MOXKHO CMTATh AJHAGATHBIM, MOCKOMNBKY BO3MYX
TIOXOH TPOBOAHMK TemtoThl. IIpu ammabatHoM mpouecce

Tp - =const,

OTKyAa mocne i " HaXOMUM
d7  1-y _d)
Sl b B Y
T Y oP
C apyroii CTOpOHBI, W3MCHEHHC JaBEHHS C BBICOTOW DaBHO
dp=—pgdh,

rfie p—IUIOTHOCTH BO3AYXA.
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W3 ypaBHEHHS COCTOSHHS WaueanbHoro rasa p=m/V=Mp/(RT), nostomy
dp
s RT dh Y R’
HAns sosnyxa y=1,4; M=0,029 xr/MONb M BLICOTHbIH TPaJMEHT TEMINEPATYPHI
B arMochepe
dar

dh

Tony4ennoe 3Hauenue Gosbile HabIIONAEMOTO CPE/IHETO M3MEHEHHS TEMIEPATYphI
Bo3ayxa ¢ BeicoTod (1 K ma xaxabie 200 m). Pasnmume onpenensercs IJIaBHBIM
06patom HeyICTOM BIGXHOCTH BO3AYXA (MBI CHNTATH €TO COBGPUICHHO CyxM). Korza
IPH HEKOTOPOH TEMIEPAType BOMYX OKaKeTCs Braroi, ¢ Ja
TOHMKEHWEM TCMIIEPATYPHl HAYHCTCA KOHJCHCAIMS BOJSHBIX NapOB M BBUICJCHHE
TenoTE! KoHaencauyH. T1o 9TOl NpHIMHE NOHWKEHHE TeMMeEPATyphi Gy/eT MPOHCXOAHTE
Memiensee, Yem crleayeT 3 dopmymst (1).

AnnabaTHOC OXJIaXIEHHE BOCXOASMMX TOKOB BO3/YX3, BhI3bIBAA TOHIKCHHE
TeMIEpaTypsl C BHICOTOMH, NPHBOAMT K TOMY, 9TO B MECTHOCTAX, INI€ MACCHBBI FOp
3aCTABISAIOT BO3YIIHBIE TCUEHHS YCTPEMIIATHCH KBEPXY, BHITAAAET GOMBIIOE KOIHYECTBO

—9,8-107° K/em~ —0,01 K/m. 1))

ATMOCHEPHBIX OCA/IKOB BCIEACTBHE TpH  3TOM napos.
370 HabmoaaeTCs HAa BCEX TOPHBIX LENSX, CTOAUMX HA NyTH BJIAXHBIX MOPCKAX
BetpoB (Anbmbl, I'mmanaw u ap.). Tak Kak 5TH BETphl, MCDCBAIMB Yepe3 1

TOp, ONYCKAlOTCA BHH3 M NpH 3TOM BCJNEACTBHC aJWaGaTHOTO CXKaTHA BO3AYX
HArpeBaeTCs, TO 346Ch OH BCRIA@ HMEET Manyio OTHOCHTENBHYIO BIAXHOCTD.
3aMETHM B 3aKJTIOYEHHe, 4TO MIMPOKO DACTPOCTDAHCHHI TPH OMIMGOYHEX OBBAC-
HCHWS TOHHKCHWS TeMIICPATYphl aTMOCEPBI C YBCIHYEHHEM BEICOTHL.
1. AT™ocepa ouen cna6o Harpesaetcs gydamu CONHIA, a NONYSaeT TEILIOTY
OT Harperoif 3eMIM MNyTeM TEILIOMPOBOJAHOCTH, NOITOMY BEDXHME CJOH BO3ZyXa
XOJIOJIHEE, YeM HIDKHHE.
3T0 OOBACHCHME HEBEPHO NOTOMY, YTO B ra3’e M XHAKOCTH ‘TEIIONPOBOAOCTh
HEBENMKZ M €10 MOXHO mpexeGpeds Mo c npu
KE TEMIEPATYPA B PA3THYHBIX MCCTAX BLIDABHHBACTCA. Tosromy ecom Gu arMmocdepa
6bina KHAKOH, TO NPH HarpeBaHWM CHH3Y OHAa MMena Obl BCIOZy OHY H Ty Xe
Tewneparypy. XoTs B aTMochepe TOXE
Macc TIDH HATEBANHH Ge OT 3OMJH, OTHAKO 9TO He MDHBOTHT X BLpABHWBAHHIO
TEMICPATyphl, TaK Kak BO3YX, BBEpX,
H OX a BO3MyX, #ica BHM3, a/MabaTHO CKHMACTCH M HArpPEBAETCH.
B pe3yiTaTe BepXHHe CJIOH BO3/yXa HMEIOT Gojlee HH3KYIO TEMIEPATYDY, YeM HHXKHHe.
. Boyx, ONHWMAsCh BBEPX MPOTHB CHIThI TAXECTH, 3ATPASHBACT B ANMAGATHBIX
YCTOBUSX HA MPOM3BOAMMYIO NPH ITOM pPaOTy CBOK BHYTDEHHIOI OHEPIHIO,
BC/IEICTBHE 4YEro €ro TemmepaTypa najmaer. Tak, KakAweli KWIOTpaMM BO3yXa,
TOAHMMASCh B BOCXONALIEM TNOTOKEe Ha 427 M, JO/KeH TepsaTh dHepruio 4184 [Ix,
NoITOMY €ro Temmepatypa GyneT mommkathes Ha AT=4184 Jlx/C,=4 °C, nockonsky
yHelbHAs TeIIoeMKOCTh Bosayxa C,=1046 [x/(xr-K). Takmm obpasom, mommsrHe
Bo3ayxa Ha 100 M momxHO conpoﬂomz'rbcl TIOHHXCHHEM ero Temmepartypsl Ha 1 K,
uTO0 GMM3KO K
Tlony rcubnoe COTJIACHE C ONBITOM SBJISCTCH
, TAK KaKk OCHOBaHO Ha H 1I03TOMY
conepmenuo ommbouHo. B camMOM Jefe, COrNacHO W3NOXEHHOMY, NDH TOXbEME
B TOME TAKECTH HEKOTOPOH MACCHl BO3NyXa ero BHewmHwi mapamerp (o6nem) He
Mensercs. [MoatoMy copepimiaemas B aauaGaTHBIX YCIOBHAX paboTa NMOMHATHA BO3JyXa
(a He paGora Bo3/yxa!), KaK IENOrO, MPOU3BOAMTCA HE 3a CYET BHYTPEHHEH JHEPruH,
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a BCNCACTBME YMCHBIUCHMS BHCIHEH OHEPIHH -— NAXCHHS JPYroil (XOJO0AHOM) Macchi
posayxa. Takoe [BHKCHHE BO3AYXa, KakK UENOro, Ge3 H3MEHEHHS €rO  BHEWIHWX
DapaMeTpoB H OGMEHa TEMIOTOH HC MOXCT BhI3BATh W3MCHCHWC CTO TEMIEPATyphl,
noo6HO TOMy Kak JTO He MMEET McCTa B Ciydac OpOLICHHOrO BBEPX KaMHS,
TIOCKOTbKY paGora MOMHATHA KaMHS 3a cYeT ero SHEprAK
JIBHXKCHWS, KaK 1LeJOTO, a He 3a CYET ero BHYTPEHHeH OJHCPIHH.

Ecmu ke ydecTh yBeimvenue obhema BO3MyXa MpH €ro MOAHATHH B obnacth
© MCHbIINM JIWBICHHCM, CIIGAOBATCIILHO, TPONIBOTUMYIO WM HPH STOM amMaGaTHyio
paboTy, TO Mbl MpHieM K HabTIONAEMOMY OXJaX/EHHIO BO3yXa C BBICOTOM.

3. C momseMoM KaXjOif MOJIEKYNTBI BO3NIyXa Ha BBICOTY /i cc KHHETHuecKas
SHEPTHAl YMCHBIIAETCHA TIO 3aKOHY

mvd[2—mv(2=mgh.

TT05TOMY M CPeTHAR KHHCTHUYCCKAN HCDIHA MACIMIL @ CACAOBATEILHO, W TCMICPATYPA
HaBEPXY MeHblE, YeM BHW3Y. Takoc yMCHBUICHHC TCMIEPATYphI BO3/yXd C BHICOTOH
HE CB3aHO C BOCXOSIIMMH TMOTOKAMH aTMOCHEphl W J0MKHO NPOHCXOMHTHL TPH
TEPMOJMHAMMYECKH DABHOBCCHOM COCTOSHWM Ta3a, HANPHMCD B KOMHATE.

OJHAKO ITOT BHIBOA ABASETCH OWHGOUHEIM. JIeN0 B TOM, 4TO LIS ONpCACICHHOI
TPYNNBL MOJIEKYN MX ODI@s KHHETHYECKAS OJHCPIMA NP MOJABeMe BBEpX YObiBaer,
HO B TOi K NPOMOPUMM YORIBACT H OOICC HCIO MOJCKYJ 33 CHCT BHINA/ICHHA
MeNeHHbIX Mojiekyl. Ha BhicoTy h GyayT npOHMKaThb TOJNBKO TC MOJCKYIH, A
KOTOpBIX v} /2> mgh. T109TOMY Cpe/iHsisl HEPTHA HA OJIHY MOJIEKYIy, A CIICAOBATCILHO,
W TemnepaTypa aTmocepsl Ha 06Ol BHICOTE COXPAHSIOTCH HOCTOAHHBIMH.

2.13. B cucTeme, COCTOsAIEH M3 Ihja, BOAbl H €C Napa. BOIMOXKHBI Pa3iu4Hble

npotecc: BOABI B JICA WM TIAp. NPEBPALICHHE BOABI
ACTHWHO B 74, WACTWAKO & map # ap. Fpw sotepmuicckom (1=0,01 'C) cxatin
CcHCTeMb aabretime (p=609,2 Tla) HIMCHATHCA HC OYAET, HO ¥acTh Napa mepedfeT
B KUIKOCTh, @ BLIICHBIIAACS NPH ITOM TCMIOTA MOKET GbiTh 10 HAIICMY YCMOTPEHHIO
HCTIOTB30BaHA B ONIPC/CTICHHOM KOJMUYCCTBC Wi HA TMJABICHHE JhJA, WM OTAaHA
TepmocTaty. TakiM 0GPA3OM, PR H306aPHO-I30TEPMUHCCKOM CXATHR Nap 1 Jci OyayT
TpCUpaITLCA B BORY. Hyc1l> 1T BOb! OBPA3YCTCA W3 @ IPAMMOB MaPa it b IPAMMOB
=1—h. EcTu yRebHAR TOMTOTA CRIKCHHS mapa Ay (hy <0),
4 TonIOTA TasmHus :u,,u % (2>0), To Temsota obpatosanis | r BoI

Q=ah+bha=i+b(ha—hy).
3Ta TEWIOTA PABHA HYIO W, CIENOBATCIBLHO, H300apHO-H30TCPMUUECKUI Mpolece

CKaTHS CMCTeMbl OyfeT Takke W a/uaGaTHLIM, CCH mpH 0OPa3oBaHMM KaXAOTO
TpaMMa BOJBI PAaCIUTABIAETC b rPaMMOB JibJL

Ml
[ THEEN

o () 209 o920 T)_
2149 (w) Ap TS

(), wnsos(5n), (7). (5).-¢

o et (ﬁu) 0(2Uja, aUfes)_é(—p. T)

avias? \aves) = o, s)  e(v.S)
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3.1. Takoil TNpoUCCC BOIMOKEH, HO B COOTBETCTBMH CO BTOPHIM  HAYAJIOM
TEPMO/IHHAMHKH OH TakKXKe CBA3aH C i K npu
TEMIOTH B PabOTy MOXCT COCTOATH HE TOJNBKO B Tepejaye 4acTH TCIIOTHI
HO W B pabouero Tena, eciM NpOLECC He
kpyroBoii. Hamnpumep, B cliydae HIeaqbHOrO rasa, /Ui KOTOPOrO BHYTPEHHSS JHEPIHS
HE WBHCHT OT OOheMa, TEMIOTA, BIATas y TEIVIOOTAATYHKA TIPH HIOTCPMHYECKOM
npouecce, UETHKOM B paboty it npn Takom
npouecce Gyner wiMeHenne obbeMa rasa. EcnM MBI, JMKBHAMPYS 9TO W3MeHeHHe,
COXMEM Ta3 [0 NPEXHEro o6beMa, TO NPW 3TOM NPHACTCH 3aTPATHTh TMOJNYYCHHYEO
panee paboTy, OTIaB B3ATYIO Y TCMJIOOTAATYHKA TEMIIOTY.

3.2. 310 npeacraBieHde OMMGOUHO MOTOMY, YTO B OT/IHYHE OT TPEBPAIIECHHS
TIOTEHLMAILHONH JHEPTHH ONYCKAIOMIEroCs BHU3 BECOMOTO TeJa NEPEXOX TemnioThl OT
Tena ¢ Gonbueil TemnepaTypoil K Tely ¢ MeHblleH TeMmmepaTypoil HEBO3MOXeH 6e3
KOMTIeHCaIMH.

3.3. OnbIT HE TOJNBKO HE MPOTHBOPEYHT BTOPOMY HAYalTy, HO W ObUI CHEUHANbHO
npu}(yMaH JlapnMHroM TS HarasQHOR WLTIOCTPAIMM 3TOTO 3aKOHA.

[BUXKEHWE KAl AHWITHHA OOYCTIOBJIGHO TEM, 4YTO NpH HAIPEBAHHH CTAKaHA
AHWIHH scncncrnue DOMBIIOrO  TEMNOBOTO PAaCUIMPCHHS CTAHOBHTCH Jlerde  BOJbI
" cc b; 31€Ch, c OH
CTAHOBHTCSL CHOBA TSXKENCC BOJABI M ONYCKAaeTCA 'Ha [AHO cTakawa. IMotom
BCCb TPOLECC TOBTOPAETCA CHOBA. TO CBOCTO pPOJA  TEIUIOBOW  JBMraTels,
B KOTOPOM TEMJIOOTAATYHKOM SBIACTCA TNecdaas GaHA, a TemIONPHEMHHKOM —
aTMOCCpHBI  BO3TYX.

3.4. Ilpn ucnapenuu BObI C MOKPOH TOOBKH NTHYKH TCMIEPATYPA € HEMHOTO
TOHWXACTCA;, BCIEACTBHE STOTO YNPYrocTh NAPOB B FOJNOBHOR 4aCTH CTaHOBHMTCA
MeHBIIC YIPYTOCTH NapoB B cextope A (c. phc. 13), XWAKOCTh MOAHMMACTCH
K TOJIOBKC M TOOBKAa omnyckaeTcs. IIpy Hak/OHE CTBOJA KOHEL €ro BBIXOAMT W3
KHAKOCTH M JIaBJICHHA B A M CTBOJC BHIPaBHMBAIOTCA. JKHMIKOCTb BBITEKaeT M3
TOJIOBKH, W OHA Toanumaetcs. Tak NMpOMOMKAETCs MO Tex NOp, fnoka rojoska Oymer
MOKpOi. B 3TOM «nnurarem» HCTOYHHKOM TCILIOTHI M MACChi HCIAPHIOLIMXCH MOJEKYJ
FBIRCTCH BOMA B atmoc(epa, KoTopoit
oTAaeTcs TemyioTa npH ucnapcnuu BOIBI C TOJIOBKH NTHYKH. KomneHcauueii npespaiue-
HHS TEWIOTHl B paboTy CIyKMT 3leCh OT/Ja4a 4acTi Temiotel atmochepe. Ecan
NTHYKY W CTAKAHYMK C BOJOH 3aKPBITh CTEKJIAHHBIM KOJIOKOJOM, TO 4YE€pe3 HEKOTOpoe
BpeM#, TIOKa 0BPA3yIOTCS HACHILEHHBIC TAPBI MO KOJOKONOM u He OyaeT cosnaBaThes
Pa3sHOCTh TeMNEpaTyp, KoneDaWHs TNTHUKH TnpekpaTstcs. Ilocic CHATHA KoioKoma
ITHYKA CAMOCTOATENLHO HAuHCT KoncGaThcs. I1pn HM3KOM TemnepaType WM mph

i B BO3dyXa TOCAE JOKS) OHA CHJIBHO 3aMCIAET
CBOC IBMKCHHC H MOKET OCTAHOBHTHCA.

«Tltiaka XoTTabwiua», «koieco MunTo» # «paboTaiomuii cam mo cebe Hacoc
1. A. Pajuenko» MpeBpaiMarOT TeIIOTYy B pabOTy NPH HENPEMEHHOM H3MEHEHHH
COCTOSHMS OKPYXAIOUIMX Tel, T.e. B TNOJIHOM COOTBCTCTBHH CO BTOPBIM HAYAJIOM,
a He BONPCKH €My, KAK OTO MHOTIA yTBepWMacTCR*. [POMAIHHIC 3amachi BHyTpeHHCit
IHCPIMH MOpCH W OKCAHOB HCTB3% WCMOB30BATH 6€3 MPHBCYCHNS JUIS THX lelei
JPYTHX Tel, KOTOPHIC TIDH 3TOM WIMCHSIOT CBOC COCTosHue. Mcrionbsobanme e

BHYTPeHHeil JHCPTHH ITHX KOOCCATBH ¢ o
R oM CocToRIA ADYTHX. e M mpoTHBOpeUHT BTOpOMY Hauazy
35. B cayuac Teps CHCTEMb! TIpHAIA Ai-

a6aTHON HEJIOCTHAMMOCTH, @ CJIEOBATENBHO, M TOJIOHOMHOCTh MOTYT HE HMETh

* Cwm.: Mamontos M. A. Oxosn Ipomeres. Tyna, 1976.
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Mecta. TlokakeMm 5TO Ha TPOCTOM mpumepe, mpuseserioM T. A. Adanachenoi-
Opendecr.

PaccMOTpHM B 3aMKHYTOM O00ONIOWKE [Ba WICANbHBIX Ta3a C PasJIHYHKIMH
TensoemkocTamu Cy # C, # Temnepatypamu Ty # Ty, BISTHIX Ka/Ibii B KONHYECTBE
OJIHOrO MOJIA M OTAENEHHBIX APYr OT APYra MOPIIHEM, HE TPOMYCKAIOWMM TEmnoTh.
Jins TaKoit cuctemsl

80=080,+80;=C, T, +pdV,+C,dT, +pdV, =
=(Ci+R)dTy+ (C2+ R)AT,— (R/p) (T, + T2)dp, m
rae p—obuee MaBICHHE CHCTEMBL.

Hesasucumpivn mapaverpamn smisiores Ty, T, H p. Jlerko nponcpiTs, 10
YCIIOBHE MOMHOTO ans ¢ (1) He
OHA HEroJIOHOMHA. ITOT Pe3y/IbTaT /IS TEPMHYECKH HEONHOPOJAHOH CHCTEMbl O3HA¥aeT,
4TO 3mpomm TAaKOH CHCTEMBI 1pe5ycr crienuanbHoro  ompenesenus. O6BMHO TON

CHCTEMBI CyMMYy OHTpONHHt ee

TEPMHYECKH oﬂﬂoponﬂux Hacreit.
3.6. TTo 3akony JlanbToOHa, JaBJeHHE W/ICATLHONH Ta30BOH CMECH DABHO CymMMe

NApUMANBHBIX JABAEHHH OTHEbHBIX ra3os: p=) p. IlosToMy OSHTpomus CcMecH

HICAlbHBIX Ta30B PaBHA

dU+pdV dU;+pidV
5= [ty [Sndl y s,

ato Bhipaxaer Teopemy [MGGca /UIH SHTPOTMH WicanbHOM Ta3oBOH CMecH.

3.7. Temmepatypa T Mo mKane KembBWHA ABIAETCH (aBCOMOTHOM» B CMbICTE
HEe3aBMCHMOCTH OT CBOWCTB JI0GOr0 TePMOMETPHYECKOTO BeliccTBa. TakOBBIM SBISCTCS
u_omomenne T()/T(h) oM. (3. 20)], Ho me pasmocts T(1)—T(1;). Otciona
CllefiyeT, ¥TO paBHblE A THBIMH; Pa3HOCTh
Temnepatyp, Hanpumep, Mexay 1072 n ]0 S K JKBHBAJEHTHa PA3HOCTH TEMNEPATyp
mexay 3 w 300 K. K. n. g miknos KapHo MeXay JTHMH PasHOCTAMH TemnepaTyp
ByayT ONMHAKOBBIMH.

3.8. B nepemennLIX p, ¥ ypaHeHHe aqMabaThi HMEKTPOHHOrO ra3a, /Ui KOTOPOTO

V=230, m

MOXHO HaiiTW, NONb3ysCh Wb TepsbiM Hawaiom: 8Q=dU+pdV=0, 3/, pdV+
+3,Vdp+pdV=0. orkyna

PV =const. @

JIn% TONyHeHMS ypaBHEHAS a7MabaThl IJCKTPOHHOTO Ta3a B MNepeMmeHHbix T,
V HeoBXoaMMO Takke M BTOpOE Hawano:

) () o

dr_ (@UMV)r+p
av-— (augeT),
4T T(pfaT)y

l/lcnmwyu BTOPOE HAYallo, HAXOMMM P @UeTYy W3 ycnosus (1)

AP\ 2[00 oy ST 2T
()TV3(J R T 77
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TV =const. (€]
W3 ¢opmyn (2) u (3) BHAHO, uTO NpH aaHabaTHBIX mpoueccax HAEATbHBIH
INEKTPOHHBLIA ra3 BeleT ceGs kak OGBIYHBIA OJHOATOMHBIH WAcanbHBIi Ta3z ¢ y=5/3.
39. 80=dU+pdV'=CydT+ ((QU/8V)r+p]dV=CydT+T(op/dT)ydV. Ho
(@p/eT)y=0/B, mosToMy
80=CydT+ (To/B)dV.
Tpn ammabateom mnpomecce (3Q=0)
d7=— [To/(CyB)]dV.
Ortciona BumHo, uTo Boma B mETepBane 0° C<r<4°C, xorna y Hee <0, mpu
amuabatHom ckatun (dV <0) oxnaxmaercs.
3.10. OcHOBHOE ypaBHEHHE TEPMOIMHAMHKA
TdS=dU+pdV )
B NPUMCHCHHH K M30TEPMHYCCKOMY IMKIY abcdea naer
T§dS=§dU+§pdv.
Ho §dS=0 u §dU=0, nosromy §pdV'=0, otkyna crenyer, uro miomamu abca
u cdec OaMHAaKOBHL.

3ameTHM, 9TO MBI M OCHOBHOE
KH 778 Beex i ( HBIX 1 ), 10 ycoBHIo
NS HHX CMPaBELTHBBIM Ban-nep-Baanbca. 3aMeTHM Takke,

4TO OCHOBHOE YpABHEHHE TepMOMMHAMIKH (1) HENb3S MDHMEHSTS K WAKAY abcd, Tax
KaK TIPH TIEPEXOJIe C YYaCTKa bc Ha NPSMOJIMHENHbIH YYaCTOK ca B TOYKE ¢ TPOMCXOMHT

MBIl TIporiece BEILECTRA 13 onxopasHoro B AByxdazuoe
H BMeCTO (1) mano Bes p BOM
TEPMO/IMHAMHUKH.

_[dU+pdV_[CydT+T(op/oT)yd¥ _(CydT
311 S= T -J.ff T+ [T dv. Us p=
=RT/(V—b) —a/V* npowssommas (6p/0T)y=R/(V—b), nosromy

(V—b) +Sq.

Tockomsky Cy cnabo 3aBucHT OT Temnepatypbl, T0 S=Cyln T+ Rln (V—b) +So.
s amnaBathoro mpouecca S=const, nostomy T(V—B)R¢=const wm p+¥3/ x

X (V—b)©+RIC = const.

>
N (p/eT),
U o ) [V ¥
12, C,-C=| | 5 ) () (£) =T %
MGG [(W)rfp (ﬁ )» <ar)y(ar), (@p/oV)r ?
Ko g (2] K () LR
bV or), v \av ).~ = T v?

Taxum obpasom,
R
1—2a(V=b)[(RTV?)
JlnA He oveH TOTHOTO rada, B oTom
OTHOCHTENBHO @ M b WieHsI, MoAyHaeM
Cp—Cy=R[1+2a/(RTV)].

C—Cy=
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313. U3 o Mexzy Tep "

YPABHEHHSAMH COCTOSHHS
ap U
(%) (¥
(ar)v (av)rﬂ’

B crynae p=/(V) T waxomm
auy _
wv)r

3.14. VineanpHbiii  MapaMarHeTHK P!

COCTOSHHS
H
J;/(;), ®

n
rje J-—HaMarHM4eHHOCTb, H — HampSXXEeHHOCTh BHEIIHEr0 MAarHHTHOIO TONs, f(?

~—HEKOTOpas (QYHKIHMS aprymMeHTa, yJoBieTBOpsiowas ycnosuio f(0)=0.
JiuddeperunanbHoe COOTHOWCHHE MEKIY Tep! A=A(T, @) n pi
kM U=U(T, d) ypaBHEHHSMH COCTOSHWS

04 eu
().

ans marnetnka (4= —H, a=J) umeer Ban

H U
*’"(ﬁ)f(ﬁ):” @

Tak xak T # J--Helamucumbie mepemenspie, To M3 (1) n1a  mieambnoro

MApaMArHeTHKA HAXOMHM
CH
T{— ) =H. 3
(ar), @

U
Moxcrannan (3) » (2), nonywaew (= ) =0.
é

T
3.15. M3 gopmya (2.6) u (3.26) maxomim

. A Ca
‘"C-"(e*r).(ﬁ)x

rae A M a— COMPAXCHHBIC BEIHYMHBI, Tak 4To SW=Ada.
Pabora pactsxenus SW=—fd/=—ESdl, rae S—nnoulagb CEYEHHs CTEPXHS;
I—ero pmmua; E— nanpsxenne. Otciona a=I, A=—ES. Taknm ofipasom,

Cg—G=~TS! £ a
S ar )\er /s

rre h=dlji—nepopmamss.

3.16. C4—C,=T o) (o . Ins pesunb a=/. A= —f Tax kak dW=—fdl.
T J \ 2T ) 4

TMooromy

o Lo+ (o1 )?
C;—C=Cly T
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orkyma BumHo, 4to C,;—C; He 3aBuCHT OT Temnepatypel n C;>Ci. U3 ypasHenns

(&)%),

(O]

B IAHHOM CJTydae HMeeM

T.c. BHYTpeHHSS SHeprus U DESUHbI 3aBUCHT TOTHKO OT TeMIEPATYDEL

M3 popmy (1) Takxke CIeIyeT, YTO BHYTPEHHSS JHEPIHsl BELUECTBA C TEPMHYECKUM
yPaBHeHHEM COCTOSHUS BHAA A=T@(a) HC 3aBHCHT OT a. 3 OCHOBHOTO ypaBHEHWS
TEPMOIMHAMUKH

TdS=dU~—fdl=CdT—-fdl

JUIS PE3MHBl HAXOAMM, YTO TIIDH PACTAKEHHH OHA HATPEBACTCH:

(%),

Tak kak f>0 w C,;>0 no ompenenenwio (kak Cy>0 u Boobue C,>0).

3.17. Tlonaras B dopmyre
cA ca
’(ﬁ).,(a*r)A

1 (0E 2.
a=D w A=—Ef(4r), noaywaem Cp—Cp= (L ) (;7).)

o\ & (D Ede (D) e TE? 36
T = = —Cp=—(25) 50
"”“(ET)., oT( ) (ar) =Egp 1o GG 4ne(ar) i

W, crenosarensio, Cp>Cp.
3.18. U3 suipaxenns mubdepenumana sHTpOmMH

80 _CydT+T(9p/0T)ydV
T T

2 (S i (i
eV\ T Jr aT\aT /)y

OTciona BHIHO, YTO eClIW p THHERHO 3aBUCHT OT Temmepatyps T, To (8Cy [8V)r=
T. e. Cy He 3aBHCHT OT obbema. Takosa Cy mieanmbHOTO rasa W rasa Bam-nep-Baambca,
Tak Kak B OGOMX THX CIy4asX NaB/ieHHE SBIAETCA JIMHEHHON (yHKLMeH TeMepaTypsl.
V rasa Baw-nep-Baaneca C, 3asucut ot V.

3.19. B cooTBeTCTBHM C JefiCTBHTCIBHOCTBIO [aBJieHWE BO3yXa B KOMHaTe

PpaBHBIM 0 [aBIICHHA B

BO3IyXa NPH HATPEBAHMH 3HAYKTCIBHAS €O YaCTh NMPW ITOM BBIXOTMT M3 KOMHATHL.
B peaynstate oka3biBaeTCsi, 4TO BHYTPEHHSAS 3Heprun KOMHATHOTO BO3lyXa W €ro
SHTPOTMA TIPH OTOILIEHWH KOMHATBI B KOMHAT
TEJO HArPEBACTCA HE 3a CHET OJHEPruH xovmzmaro BO3ayXa (KOTOpas IpH ITOM
CaMa yBENMYHBACTCH), A 34 CYET IHEPTHH NPHXOHIIErO B KOMHATY HAPYXKHOrO BO3AYXa.

B camom nene, Tak kak SHeprus, coobumaemas 1 Kr BO3lyXa NpH OTONICHUM
KOMHATH, U—ttg=Cy (T—To), & MIVICHEHUE SHTPOTMH STOH Macohl 5—s5o=C,p In (T/Tp),
TO JHEPTHS M JHTPOMMS, OTHECCHHBIC K OGBEMY BO31YXa, COOTBETCTBCHHO DABHBI
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T

T2

Puc. 55. Puc. 56.

=pu=CypT+p(uo—CyTo).
s1=ps=C,pIn T+p (55— C,ln T).
ToscTaBnsas croa BeIpaXeHHE JUIA TUIOTHOCTH BO3/YXa W3 YDPaBHEHHA COCTOSHHA
=pRT/M, nonysaem:
G ppluo—Cy To) o _Comp 74 Wl0=CyInTo)
R RT "' RT RT ’

W3 5THX BBIDaXCHHH BHIHO, YTO BHYTDCHHSS OHCPTMS H OHTPONHs BO3JyXa
KOMHATEI TIH €r0 HAPEBAHHH YMEHBIUIAIOTCA. DHEPrHs, KOTOPAS BBOIMTCS B KOMHATY
TpH OTONJICHMH, YXOMWT 4epe3 MOphl B CTCHKAX Hapyxy. Takum o6pa3oMm, 3uMoit
TIOMEIUEHHSl OTAILTHBAKOTCA /ISl TOTO, 4TOGBI Th B HHUX

rcmnepa'rypy Tlpy sToM JHTPONKH, 2 HE Y Hej
Tlycts Ha suTponmiinoit muarpamve S, T HekoTophiit wikn abed orpanmdct

npeuc.ubnuuu wsorepmamu T, u T, (puc. 55). Ero wn.a.
_W_ $TdS  mnabeda mn.12341—0,—0,—0,—0,
0, n1 AabcBA  nn A12BA-6,—c,
[N { Tds 1=02
Gabe)
VuuThIBag, YTO NPH NPHOABNECHWH K UMCIAMTEIO M 3HAMEHATENI0 NPABHIBHOMN
JIPOOH NOJIOKHUTENLHOrO 4HCIA Apobb YBEIMYHBAETCS, MOIydaeM:
(T, —T3)(S:-51)~0,-0,-05-04 _(T1=T2)(5,~S)~0,-04
Ti($;=S)~-0,~0, T,(S:=Sy)
(M-To)($=$)_T.-T,
<2 Sl 2o .
T0(5:-5,) MNKapno
TakuM o6patom, miki1 KapHo 0BAAMaeT HAMOOTBUIM K.MA. O CPABHCHHIO CO
BCEMM [DYTHMM LUKIAMH B TEX Xe TEMIEPAaTypHBIX Mpeienax.
3.21. Ha osurponmithoit smarpamve ki CTupnwera mzoGpakcH Ha p c. 56.
To onpenenesmto,

n=wiQ,

2 3 . '
W=§TdS={TdS+[TdS+[TdS+[Tds,
i 2 3 B
! 2
= | TdS=[TdS+|Tds.

a2 4 1
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HAns wmneanshoro rasa dS=(Cy/T)dT+(R/V)dV, mostomy
W=T,RIn(V,/V,)+Cy(T,—T,)+ T,RIn(V,/V;)+ Cy (T, —T;)=
=R(Ty=Ty)In(V3/V,), Qy=Cy(T,—T,)+RT,In(V,/V}),
n= R(T,—T;)In(V2/Vy) _ T,-T, )
RTIn(Vy/V)+Cy(T,~T;) Ti+Cy(Ty—T,)[RIn(Vo/Vy)

Otcrona BHAHO, ¥TO

T,
= TNiapuer

T.e. K. n. A mukia CTHpimHra MeHbme K. m. 4. makia KapHo B Tex xe
TemnepaTypHbix mpefenax. Kpome toro, B oTamuue or mmkna Kapuo k. m. i mmkna
CTHpIMATa 3aBHCHT OT TMpPHPOAB! paGouero BemiecTsa.
3.22. VI OCHOBHOTO YPABHEHWS TCPMOTHHAMHKH
TdS=dU+pdV=CydT+T(0p/0T), dV

HAXO/IMM, 4TO M3MEHEHHWE TEMNeEPaTypsl NPH aJHabaTHOM DACHIHDCHHH CHCTEMBI

__ T(ﬁp(‘{fT)y ar.

TosToMy HakioH amabathi Ha v, T it
T T(0p/éT)y,
(ﬁ)f o

u TaK kak (9p/oT)y=a/B, 10 (3T/OV)s=—aT/(BCy).

Ortcrofia BHAHO, 4TO npH (>4 °C HaxioH anuabatel oTpuuatener (a>0), npr
t<4 °C—nonoxurenen (¢ <0) ¥ npn 1=4 °C kacatenbHas K agnabaTe ropH3OHTANIHA.
Takum 06pa3oM, He CyLIECTBYeT afiHabaThi, coequnsiomeii n3otepMsl 1=6 °C u t=2 °C,
M, CJIE0BATENBHO, yKa3aHHHIH B 3ajave uuka KapHo HeBO3MOXeH.

3.23. Mo onpesenexuio,

n=wQ,.

2 1 2
B mukne Jlenyapa W=§TdS=[TdS+[TdS, Q,=[TdS, nosromy
s 3 1

s
fTds
n=l-t—ou!
{Tds
1
Cuntas paGouee Teno HueaTbHBIM Ta3oM, HAXOAMM:
¢ a ¢ 4
as=ar+RE =22 ar-R Y,
T Vv, T 4
: K T5-Ty
[TdS=C,(T;—Ty), [TdS=Cy(T,~T,); n=1-——".
2 1 =Ty

3



Ho T\/py=Ts/pa, To/Ty=pslpy =8, Topy "' =Typ, 70, Ty/Ty=(pyfpy)" "=
=84 T T =Ty LT, Ty ) =5,
Y@ —1)
5-1
324. Pabota B JBMTATENAX BHYTDCHHEro CrOpAHAS TPOMBOTMTCS He 33 cdeT
TEIIOTH! H3BHE, a 3a CYET BHYTPCHHEH JHEPruu pabouero BewlecTsa (roproyeii cMecH).
B wukie Otra ropioyas cMech, BOICAINAfs B WAIHHAP, aauabaTHo cxkumaercs (I—2);
BOCITAMEHEHHAs MCKPO#, W30XOpHO cropacT (2—3); aauabaTho pacuiupsercs (3—4)
u BeibpacsiBaetcs B aTMocdepy (4—1).
K. m x umikna

Taxum oGpasom, n=1—

n=wg,,
e
3 ' 3
W=§TdS=[TdS+[TdS, Q,= | TdS=[Tds.

3 B a3 2
P
Mosromy n=1—-fTdS/{Tds.

Curas cMech WACATBHEM T430M, HAXOMM:
¢ av ¢
dS=—LdT+R—, [TdS=C,(T\—Ty),
T v
N
deS:CV(T,—Tz) n

2
Bupasum n vepes & M3 ypapuemus ammabatsi TV'~'=const maxomum Ty=
=T (V/V,)' '=Te’' u T,=T,(V,/V,)" '=T,e" '. Takum obpasom, n=
=1-1/e""!. IlpakTHycckH & HaxomuTcs B MHTeppane oT 3,5 10 7 M N~25%.
325. Mo onpenencunto, n=W/Q,. B wukne Jusens
3 1 3
W=§Tds=[Tds+[Tds, Q,=[Tds,
2

2 4

To—T,
Ty—T,

P
nostomy n=1—(Tds/[Tds.

1 2
Cumtas pabouee TeNO HACAIbHBIM Ta3oM, HAXOJMM:

[ v c, ap ¢
dS=—YdT+R—=—"dT-R—, [TdS=Cy(T,=T,),
T voT P
}rds C,(T=Ty) L hh
=C(T3=Ty), n=1--—"—"
N " Y T5-T,
Ho TV i =T\ W1\ Ty Ty =(Vy/ V) =16, Tz/gzil'x‘/Vm TyT,=V3/V,=
=p, TV =TV, TV =T, omeyma —=—>(—2)  =pp"'=p" 1 okow-
pTVI=TTL T, W e ppr =)

¥aTeIbHO M=
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A
Yi 4 1 1+2 2
! 2 P poB P
Puc. 57. Puc. 58.

3.26. OBPATHMOE CMELLICHHE M A3IE/icHHE HICATLHEIX [430B MOXHO, B YACTHOCTH,
neperoponkd. [lpu  3TOM  BO3MOXHBI

JBOSIKOTO  pofia i B oamux rashl MMEIOT
TeMnepaTypy, HO 00bEMbl MEHbIIME, YeM 0OBEM CMECH, NOITOMY MM TPEIOCTaBsCTCS
b 06paTHMO 2O OBLEeMa CMeCH M COBEpUIATH pPaGoTy,

B /IPYrUX — TaKol BOIMOKHOCTH [a3bl HC HMCIOT M CMEUICHHC (Pa3/ieiieHHe) ocyuiect-
BASETCA Gc3 COBEpLICHHA PabOTHI

CTAHOBKA, COOTBETCTBYIOMAR TepBOMY CTyWalo, Wobpakewa Ha puc. 57. [a3

1 oTueJlncTcn OT rasa 2 B IMJIMH/IPE TIOCPE/ICTBOM [BYX M30HPATENbHO MPOHHLACMBIX

: A, 0 UM raza /. HO HENMPOHMIAEMOTO JUIA rasa

2, u B, nponuuaemoro s . Tlopuens A Gyaer nepememaThbes MO AaBIACHHEM

rasa 2, a mopmeHb B—noa nasncHnem rasa /. EcaM 9TM  JaBieHus ra3os Ha

TOpUIHK HA TOLIHK W BeCkh annapar Norpyxex

B Gonburyio BaHHy ¢ TemmepaTypoit 7, cMeuieHHe MOXeT ObiTh NPOBEJEHO H30TEp-

mudeckd M obpatumo. [lyreM [aBICcHHA Ha MOPIIHM CMECh TA30B MOXET OhITh
06paTHMO pa3jie/icHa Ha COCTAaBHBIC HacTH.

Pabora, npu ra3’os, . paBia
Virvy Vi,
Vith,
w pdV+ padV=v, RTln +v,1mn .
2
Vi vy

IAe v, W v, ——aucna Moneit rasos / u 2. Tlpu v, =v,=1 1 ¥, =V, pabota W=2RTIn2.
B ycTamoBke, COOTBETCTBYIOMGH BTOPOMY Ciyuaio (puc. 58), cMech M3 aByX

ra’oB 3aHumacT o0beM V. co3taBaeMblif  ABYyMS BXOLU{I.IWIMM omun B Apyroi

TepMOCTaT.

Jlepas cTeHka A npaBoro cocyja NMPOHMLACMA TOABLKO /UIA ncpsoxu rasa, mpasas
CTEHKa JIEBOTO COCYJa -—Tonbko is Broporo. Koraa cocyisl CABHHYTHI, B HHX
HaXOJMTCA cMech 000MX raszoB. IIpH pasiBHXEHHM COCYI0B B 4acTH | JaBjicHMe p,,
B vactW [+2 jaBienue p,+p, ¥ B yactH 2 Jasnewue p,. Ha jeByio M mpasyio
CTEHKH JICBOrO COCYla ACHCTBYET JABACHHC p. CIIENOBATENbHO, HA BeCh Jcwbiil
COCYL JICHCTBYET CHJIA, PABHAS HYJIIO, H 103TOMY PaboTa TMPH MEpeMeUICHWH COcyaa
Takxe paBHa Hymo. Kommectso rtennotsi 8Q=dU+8W, nojyyaemoe npu 310M OT
TEPMOCTATA, TOKE PABHO HYJIO, NMOCKOJBKY BHYTPCHHSA SHEPIMA MACAIBHOTO raza
IpH NIOCTOSHHOI TemnepaType He 3aBHCHT OT o0bema M SW=0. CMelieHuC ra3on
OJIMHAKOBOW TEMNEPaTyphi, NPOBEACHHOE MOA0OHBIM 00pazoM, Takke Oyaer 06-
PATHMBIM, HO TIDH 3TOM OObeM CMeCH W OOBbeM KaXJIOH KOMIIOHEHTBI CMECH [0
CMELLCHHS M TI0CNIEC CMCLICHHA OQH M TOT Ke.

BTOT pEIALTAT O BOIMOKHOCTH CMEINGHMA WICATbHBIX [A30B, B3ATHIX TpH
O/IMHAKOBOf TeMNEpaType, OOPATHMbIM TyTeM Gc3 COOBUICHWS TeMiOTH # 3aTPaThi
PaboTH NPHBOMHT K TOMY, HTO CCIM KaXbiii 1a3 /0 CMCLICHMA 3aHHMAN OGBEM
V u obnaman JHTPOMMcii COOTBETCTBEHHO S; M S, TO TMOCIE Takoro obpatumoro
CMEILEHHS JHTPOTIHA CMECH, 3aHHMalowel obbem V, Oyner S, +S,. Taxum obpasom,
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OHTDOTHA Pa3feMMOH Ha NEPBOHAYAJIbHBIC YAaCTH CMECH HICANbHBIX ra30B pPaBHA

CyMME OHTPONMI OTHX Ta3oB, KOTJa KaXIbli H3 HHX B OTJENBHOCTH HMEET

TeMIepaTypy obwem cmecn (Teopema I'nGGea).
.27,

np IBYX MoJe OMHOrO ® TOrO

Ke Trasa, HMeEIOUHX TemnepaTypy T W o6beM ¥, HaillieM, HCNONb3ys BHIPAXKCHHE
s sutponku (3.40).

Jlo CMEIICHHA SHTPONHA CHCTEMBI

5=2[CyInT+RIn(V/N)+S°].
Tocnie ypanenus NEPEropoOSKM W CMEWEHHS SHTPOIHA CHCTCMbI
$,=2{CyInT+RIn[2V/(2N)]+5°}.
TlosToMy HIMEHeHHe JSHTPONHH NpH CMCUICHHH [BYX MOPUHH OIHOTO H TOro

Xe rasa C onWHakoBsiMH T M p paBHO Hymo: S;—S;=0. U3 BbipaxeHus s
SHTPONHH HICATBHOTO rasa

S=v[CylnT+RIn(V/N)+5°] w

caenyet SHTPONMH. [IeHCTBHTENbHO, ecH B 00beMe
V comepkutcs N 4acTHI, To, MPEACTAaBIAA 3TOT 00BEM COCTOSIUAM H3 [BYX 06BEMOB
Vi m Vy(Vi+V,=V) c uauciom wuactuu cooTsercTBenHo Ny u N, (N,+N,=N),
HOTyuacM, UTO JHTPOMHS BCErO I43a DABHA CyMMe OHTDOMHH €ro wacreii:

(N[No)[CyInT+RIn(VIN)+S8°]=(N,/No) [Cy In T+ Rin (/N )+ 5]+
+(N2/No)[CyIn T+ RIn(V,/N,) +5°],
nockonsky VIN=V,/N,=V,/N,.
(1) moxno

B BUIC
S=v(CyInT+RInV+S,), @
e So=S°—VRInN=S'"—kNInN 3asucut ot wncia N wacruu. 3abpemme sToro

ofcrosTenscTBa M mpHBENOo K ownbke B 3amaue. B camom Jene, SHTpOMHS ABYX
MOJIERl Ta3a ‘10 CMelIeHUs

85=2(CyInT+RInV+S,),
a TOCKe CMeIGHMS, KOTZIA KaXJbiif ra3 amMMaer obmem 2V,
Sy=2(CylnT+RIn2V+Sy).
Benmuuny S, MOXHO HAWTH W3 CBOHCTBA A/UIMTHBHOCTH OHTDOIMM: OHTPOTHS

Beero raza B obbeMe 2V moCie CMCUICHHS DaBHA CyMMe OHTDOIMH JBYX HacTe
O MOMIO Tas’a B Kaxuo#:

2(CyInT+RIn2V+8})=2(CyInT+RIn V+5,),
oTKyaa

Sy=—RIn2+5S,,
Sy=2(CyInT+RIn2V+S,)—2RIn2, S;—S=0.

Kongurypaunonnas 4acTs HTpomuH ra3a w3 N yactun pasHa kNIn(V/N), a ne
kNlInV+const, kak 3T0 OWHGOYHO NPHHAMAETCA B YCNOBHH 3a/adH.

Takum 06pa3oM, €ClH B BEIDaXeHHH (2) B MPOTHBOPEUMH C JCHCTBHTENLHOCTBIO
BEIMUMHY S, CYHTATh HE 3ABHCAWICH OT WHC/a N HacTHIl, TO YIaICHHC MepEropoaKH
NPHBOAHT K yBeNMMEHMIO SHTpomuM AS=KNIN2 He TONbKO JIS DAHBIX rasos, HO
TAKKE W A ra3os, XoTs B
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ciayyae He u3Mensercd. Ha camMom Xe geje 3/7eck HMMEET MECTO He Hapajokc,
a Iapanoru3M — HelopasyMeHHe, KOTOPOE YCTPAHACTCA, €C/IH TOb3OBATHCA TIPABHIIb-
HbiM Bhipaxcennem (1) 18 oHTpommm. JIGHCTBMTENbHBIA CMBICT napagokca [u6oca
COCTOMT B CKAaYKOOODA3HOM HM3MEHEHMH OHTPONHH AS TIPH mNEpeXoae OT CMECH,
Pa3fielMMOi Ha TEPBOHAYANIHBIE HACTH CKOJb YTOXHO GIM3KHX TO CBOHM CBOMCTBAM
ra3oB, K CMeCH onumumsux ra3m;. 10T cKadok AS cymiectsyer 06HEKTHBHO,
N03TOMY €0 HEJb3s YCTpaH]

3.28. B 3anaue 3.26 no:azano, 410
T430B  O/MHAKOBOH TeMIepaTypsl OOpaTHMBIM TyTeM 0e3 COODIIEHHS TemioTsl
W 3aTpathi paboTH. DTO NPHBONAT K meopeme Tubica o6 owmponuu 2aiosoil criccu:

it Ha uACMIU CMECU UOCANbHBIX 20308 PABHA CYilme

IHMPONUIL  COCMABAAIOUfUX ea‘fmx Kaxcoblii U3 KOMOPLIX uMeem 6 OmoeAbHocnu
memnepamypy u oGvem crecu.

Clly4ac TOXICCTBEHHbIX TA30B CIBHFAHHE COCYZOB C TAKHMH Ta3aMi TIPHBOJMT
HE K CMEIlEHHIO, @ K CKATHIO [a3a, YTO NP HAJIMYHH TEPMOCTATA CBA3AHO C OTAauei
TennoTsl AQ M, CTEOBATENbHO, C yMEHbLICHHEM JHTponHH Ha AQ/T. TakuM 0Gpa3om,
JUIS TOXIECTBEHHBIX ra3oB Teopema Iub6ca e cmpase/umsa. Benencteue astoro
W3MEHEHHe OHTDONMH UDH CMCUICHHH [BYX MICHTHYHBIX Ta30B Helb3s NOJMYdHTH
B NIPE/IEILHOM CIlydae CMELICHHS IBYX Pa3NM4HbIX Ta30B, MOCKOJILKY NPH PACCMOTPEHHH
Pa3sIMYHBIX [a30B MCHONb3yeTcs Teopema [MGOCa, HC MMCIOWas MeCTa B MPEAETLHOM
cnyuae. JIns TOXICCTBEHHBIX a30B JHTPOMHH «cmec» mocie 06paTHMOro CMeLIeH s
pPaBHA HE CyMME SHTPONHH yacrel B
4TO KaX/as 4acTb 3aHMMaeT obbem V, a LyMMe ITHX JHTPONMH 0e3 BENHYHHBI

|AQ] W 2RTWQV/V)
T T T

=2vRIn2,

rae v-—9MCIO MoJeli B KaxOM 44CTH Tasa 0 CMCLICHWS, KOTja ofbeM kaxaoi
vacti pasen V u obeux wactedr 2V.

329, KoHQUIrypaUHOHAs 9acTh OHTDOTHH WACATHHOTO Tasa W3 N wactam
B obbeme ¥ pasHa

S=kNIn(V/N).

Tostomy HTpomns rasos A W B 1o cwemerns

2
Si=k ¥ N;In(V/N,),

a nociae HX CMELUCHHS
Su=k(Ny+Ny)In[2V/(N,+N,)]. o

M3MeHeHHE JHTDONHH CHCTEMb B pe3y/lbTaTe HEOGPATHMOrO MpOLeECCa H3OTEP-
Muyeckoit  audysnn

AS=Sui—S§= kZNln +k(N,+N2Nn2 @

310 SHTpONHMH Pp Teit-JTioccaka.  Hetpymno
YCTAaHOBHTb, 4TO NpH 3agaHHOM oOOmeMm wacne N;+N,=2N uacTuy CHCTeMb
5 AS umeer npu N,=N,=N. DTO MUHHMATHHOE 3HAYCHHE

Pt
AS pasro ymo. ITpn navercamn N ot 0 710 2N et AS HIMEHSCTCS B HHTEPBATE

* Cwm.: Basapos M. I1. Memnonoruqecxuc npobNeMBl  CTATHCTHYECKON (H3HKH
H TepmomMHaMHKH. M., 1979.
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0<AS<2kNIn2. (&)

310 Ha Tpezehi JHTpOmMM B mponecce

Ceit-JI TpH MABNCHWH p; W P, CMEIIHBAIOLIHXCS

TOpuMit OJHOTO M TOTO X€ ra’a C 3afaHHBIM OOWMM 4uciIOM wyacTHn 2N M, Kak
, HHKaKOro x mapagokcy I'mbGca He umeer.

OGe mopumu ra’a B JaHHOM OPHMEPE COCTOAT M3 OJHMX H TEX XE€ HacTHl,
HO OTJIMYAIOTCS JDYr OT JpYra BHYTPSHHHM NapamMeTpoM— aasienuem p. [lpn Beex
3HAYEHHAX NapameTpa OJM30CTH NOpuMH rasa

1p2=pl
Pitpy’

H3MeHstomerocs oT 0 10 1, CMeCH JTHX MODPIMA HEPA3ICTHMEI H, CCTOBATENLHO,
cnydail ¢ n=0 He obnamaer Qu3UYECKOH OCOGEHHOCTHIO 1O CPABHEHHIO C JHOOBLIMH
ApYruMH c:ly'lanMu €O CKOJIb YTONHO MalbIM 3HauYCHHEM 1.

3.30. Tast 4 B coboit CMECH M3  4acTHI
C u D pasmuusbIx ra3os: ras A cofepxut N, =Nx, uactun rasa C u N =Nx, 4actuu
raza D, a ras B—N,=Ny, wactuu C u N5=Ny, wactuu D(x,+X,=y, +y,=1).
B xauectse napameTpa, Xapak 0 CTeneHb GIM30CTH TakKMX
cMecedi, BrGepeM BemumHy M=|x,—y|=|x,—y,l. Tpy n=0 (x,=y,, x,=y,) obe
cMech A u B abCOTIOTHO OIMHAKOBBI, @ MPH M=1 (X,y, =X,y;=0) MbI HMeeM Aeo
¢ ABYMs NpefebHO padinuuMbIMK rasami C u D. [lo ymaneHws neperopofikn Mexay
rasaMi A u B JHTpomuMs cucTeMsl mo Teopeme I'mGGca paBHa CymMe OJHTpOMHil,
OTHENBHO 3aHHMAIOMMX 00BEM V ueThipex mOpumi 4HCTHIX razoB u3 N, Ni, N,
N3 yactuu coorBercTBeHHO. Iocne ynasneHMs NEpEropOIKH JHTPOMHA CHCTEMbl PaBHA
cymme suTponmii rasos C i D, KOTa Kakblii 3 HAX 3aHMMacT obbem 2V, T. €. cyMme
SHTpONHU Sy, BBIYMCICHHOH 1no dopmyne (1) mpempiayme# 3amayd, Bcero rasa copra
C w3 N,+N, uacTuil (MOTYHAIOWIErocs B Pe3ybTaTe M3OTEPMHUCCKOTO HEOGPATHMOTO
npouecca mupdysun wacTn copra C NpH pasjUYHON HAYalbHOW KOHLEHTPALMH HX
B rasax A u B) u sntponuu S Bcero copra D u3 Nj+N wacTun (nonysarouierocs
B pe3yNbTaTe HIOTEPMHHECKOrO ﬂeoﬁpamMoro npouecca upysun wacTum sToro
copra). Usmenenue sutponuu rasa C np uzmepmmeckou muddy3un ero uactei,
cornacHo dopMyJie (2) npemsiayuieii 3amaun,

=k z Nin[N/(N, +N)]+k(N,+N;)In2,

a W3IMeHeHWe JHTPONHMM NpH H30TepMmueckoit muddysuu mopumit rasa D
2
=k ¥ NiIn[N (N +ND)]+k NG+ V) In2.
=1

Coracro opmyne (3) npeaviayucii 3a1aun, AS® u AS’ HIMEHSIOTCS B MHTEpBATAX
0<AS°<k(N,+N;)In2, 0<AS'<k(N;+N3)In2,

nosToMy yBemnueHue SuTpomun AS=AS®+AS’ Beeif cucTembl, o6pasoBaBilieiics nocie
aupdysun cMece A ¥ B, WIMEHSTCA B 3ABHCHMOCTH OT T (WM WHCAA ¥ACTHI
KakJOro COpTa) B HHTEpBaje
0<AS<2kNIn2, o
nockobky Ny+Ny+Ni+Ny=2N.
Buipaxenue (1) conanaer ¢ popmynoit (3) npemsiayweit 3anaun. Kax u B mpeabi-
Ayimeit 3a7ave, WHTEPBAT HIMEHEHHA SHTPOMKH (1) NpH CveleHuM ra3os A H B obyc-
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nopnen mpoueccoM Teif-Jlioccaka xakaoro copra sactil C u D NpH H3MEHEHHH
MX KOHUEHTpAMA B cmecsx A u B, W mosTomy smpaxenue (1), momobuo (3)
it 3aja4d, K Tu66ca HE uMeeT. JTO BUIHO Takxe
W3 TOro, 4TO cMech rasoB A M B, kak M B Clyyae CMECH ABYX TNODIHMA OJHOrO
M TOTO e ra3a, HEBOIMOKHO PA3jeTHTh HH NPH MX TOXICCTBEHHOCTH (N, —N,=0,
N{—N3=0), uu npu ux pasmuumn (N;—N,#0, Ny—N>#0). ITosromy Teopema
Tu66ca k rasaMm A W B HeNPHMEHMMa M OJHTDOIHMIO CMECH ITHX Ta30B HCIb3S
BBIMHCIATE N0 Teopeme [MOGca jis cMecH pasbix rasob 4 u
Ha ocHoBe pesyibTata (1) /1A HHTEpBANTa W3MEHCHWS AS TIH CMCIUCHHH ra3oB
A W B HexoTOPHe ABTOPH TPHXONAT K BHBOAY 06 OTCYTCTBMM mapasokca I'HoGea
H CUHTAIOT, YTO NpPH HENPEPLIBHOM H3MCHCHAW NAPAMETPa Pa3IHYHA [a30B HIMEHCHHE
SHTpomMH AS TpH AMbYIMH TA30B HIMEHSETCA HCMDEPHIBHO.
DTOT BBIBOJ, OJHAKO, HEMPABHIICH, NMOCKOJNBbKY, KakK MOKA3aHO BBIIE, PE3YNbTAT
T

(1), nono6Ho (3) it 3anaum, ‘eii-JTroccaka
mex llOpLulH OJIHOrO H TOTO e Ia3a PAa3HOH KOHICHTDALMU) H HE HMECT OTHOLICHHS
TubGeca. B paccmary clyyae cMecH rajop A H B, Kak

H B Cilydae CMCCH MBYX NODUMA OJHOTO W TOTO %€ ra3a, OTCYTCTBYET Camo
u3nuecxoe Tu66ca b cMecH
rasoB A ¥ B TONbKO NpPH WX TOKIECTBEHHOCTH (KOTAa mapamerp paimwuus n=0),
TNIOCKOJTbKY €¢ HEelb3s Pas/IeNuTh W NDH CKOJb YTONHO MajOM DasiHuHH rasoB A u B.

8! Ta30B MPUBOIMT K ycTaHanenmo cymect-
BOBAINA ABYX COBEPUICHHO Pa3THYHBIX BHIOB
razos. K neppoMy BHIy OTHOCHTCH TaKOE CMCIUICHHE ABYX nopunu mo N wacruu,
TPH KOTOPOM M3MCHCHAE JHTPOTHH COBCDUICHHO HE 34BHCHT OT Das/iuiis Ta3oB
(Teopema T'm66ca) M pasHo

AS=2kNIn2. @

TlosyaeMy!o TIPH 3TOM CMECh MOXKHO Pa3[IENHTh (C TIOMOIIBIO MONYNPOHHIAEMBIX
TIEPEropoiok MM BHEIIHHX noneﬁ) Ha TOPIMH CMELIMBAEMbIX mon

Tipn BTopom BRIE Topuwii ra308 mONy ALEO
HeJTb3s pamcmln Ha CMCLLLBAEMBIC NOPIHH. B ormmune or nepsoro B"J.ld CMeILiiHA BO
BTOpOM BH IHTpOMHH TpH (mmponua 3aBHCHT OT

Crenens pmu-mn CBOWCTB CMeLLIMBACMBIX [2308, H3MeHssCh B nuTepsase (1). Bropo sua
CMellieHHs GbUT H3BECTEH 3HATMTEBHO PaHbILIE, YeM NepBbii. OH HMEeT MECTO B IpoLecce
a1mabaTHOro paciMpeHns rasa (cMecei ra3os) B 061aCTh C TEM ke ra30M (CMeChIO Tex Xe
ra30B) MEHbIIETO [ABJCHWS, HO OJMHAKOBOH C HMM TemuepaTypoil (mpouecc Ieii-
Jlioccaka). [Toydaemyio IIpH 3TOM CMeCh HEBO3IMOXHO PAa3fIETMTh Ha nepnoua-mnmue
nopusH, a JHTponHs AS B a 1
Herpymio HafiTH 3aK0H AS ¢ aMCTPa  Pa3jiMuKs
nopuuii 1a308. Ilycte B ob6beme V comepkurcs N, 4acTHU ra3a, & B OPYrom
0bBeme To#H ke BeHIHHbl 2N — N, 94CTHI TOrO Xe ra3a. DHTPONHS CHCTEMBI, O4EBMIHO,

Si=N,In(VIN,)+@N—N,)In[V/@N-N)],
a NOCTe YAAJCHHA NEPErOPOIKH MEXKIY COCYAAMHM JHTDOIMH CHCICMbI
Su=2NIn[2V/@2N)]=2NIn(V/N).
Taxim 0GPa3OM, JHTPOHA cMeliickis rason (spdext [eh-Tlioccaka)
AS=Sy—85;=2kN{In[2—N,/N]=N,/@N)In [2N/N, = 1]}.

BBOAS B Ka4eCTBE HEMPEPHIBHOTO NapaMeTpa pAa3sjIHik CMEIIMBAEMBIX MOpUHH
rasos wamensiouyiocs or 0 go | senmunny

317



sk 12—l

, monysaem
n2 Prtpy

=
By
&
=
£

AS=2kN{In(1+m)—
—(=w2h[d+n/a-n]. @

C , ¥4TO
HOC H3MEHCHHE OJHTPONHM cmelneHHs (3)
TIPH HENPEPHIBHOM H3MCHCHHH CTETICHH pa3-
i . . Ny s rajoB B mpouecce
04 06 08 7 Teii-Jlioccaka (T. e. NP CMCIIEHHH BTOPOro
BH/IA) HE TIPOTHBODEYHT HEMIMEHHOCTH Be-
Puc. 59. JHYEHBL (2) MpH M3MEHEHWH CTENEHH pas-
JIMYHS Ta3’oB B NPOLECCE M30TEPMHHECKOrO CMeIIeHHs mnepsoro Buaa. Pesymbrar (3)
HE HMMEET OTHOLUEHHS K BHIBOAY (2), TaK KaK OH OTHOCHTCA K [PYrOMY BHIY
cMmemenns. TIo9TOMy Hemb3s yTBEpXIaTh, 4TO, BHIGPAB HENpEPHIBHBIA NapameTp MpH
cmemexuu ra30s B npouecce Tei-Jlioccaxa u nomysup dopuyry (3), Ml Hepasi
Gopvyay (2) % yoTpammmH Toik
OKOHYATEJIbHO pelHB mapangokc ['u6Gca, T.e. 0Ka3aB €ro OTCYTCTBHE.
U3 mumxeﬂuom BUIHO, 9TO B OOmIEM CIyyae H3IOTEPMHYECKOrO CMELICHHS
KpuBas M JHTPOIHU AS ot pasnuuHs
CMEIMBAEMBIX T430B COCTOMT 3 fByX BeTBelt. OnHa w3 HuX BA [cm. (2)] cooTBeTcTRyeT
CMEILIeHHIO NepBOro BHAa, a Apyras OB [cM. (3)] —cMeruennio BToporo Buaa (pHc. 59).
M30TepMutueckoe CMellCHHe TNODPIMHA OQHOrO M TOrO Xe ra3a NPHHAUTEXHT
K MHOXECTBY CMelIeHMH BTOporo Buja (cMewenue [Deii-Jlroccaka), a He mepBoro
(cmemerne l'uﬁGca) l'lo:novly T 4308 HEMb3A
Kak cayyait M3 CMECH) Ta3oB.
310 ABIEHUE HA3BIBACTCH napaaaxcm Tudtea: npu nepexode om cmecu cxotb y200Ho
6AUIKUX MO CBOUM CBOCTMBAM (U PA3DEAUMbIX U3 CMeCU) 2308 K CMECU OOUNAKOBHIX
nopyuii 2az06 AS cxao oM. (2)].
HeCKHM H (hH3HYe Tu66ca spaseTcs OT/IHYHE
2TOMOB CMEIIHBAEMBIX Ta30B. CMELIEHHE TOXECTBEHHBIX [a30B NPHHALIEKHT K MHO-
KECTBY CMEUICHHA HEpa3NeTMMBIX Ta30B, a HE K MHOXECTBY CMEIICHHH CKOJNb YTONHO

ONHIKMX W pa3feNHMBbIX ra:on. Bcneuaane 3TOro OHO (hM3MuECKH BBIAECHO, 06ManaeT
KO YTOMHO BIM3KHX

K.

2
1

Pa3dIeTHMBIX Ta308.

CyuwiectsoBanue cmelenus Ieii-Jlioccaka M HENPEPHIBHOE H3MCHEHHE JHTDOIMH
cMemeHHs AS B 9TOM Clydae HM B KoeH Mepe He HCKIOYaloT cMellenns Iu66ca
M HHKAKOro OTHOLICHHA K mapagokcy I'uG6ca He umeior. TakoBO pa3ibscHenme (Min

peuienue) mapajokca I'uG6ea.

Jerko HO Th TEO!
it Tu66eom
Jins oTBeTa Ha 3TOT BONPOC paccmmpnm npumep K3 MexaHuki. Kak u3secTHo,
Tena

Heorp zom
TONBKO B HﬂeMH:HpDBaHHHX YCNIOBHAX TOJIHOrO OTCYTCTBHS Kakoro-nubo neficTus

ApYrHX Tel Ha mBHKYyuwieecs Teno. IIpakTHYecks BIMAHME IDYruxX Tea (TpeHHe,

T A), yer JIMWb € KAaKOH-TO CTENEHBIO TOYHOCTH, He

osauaer OrpAaHWYCHHOCTH TPAIMUMOHHOTO TOAXONA K 3aKOHY MHEpUWH H Tem Gonee

€ro OTCYTCTBHA. YHET JTOr0 BHEUIHEro BIHAHHA NPHBOJIMT TOIbKO K H3MEHEHHIO
HBHXCHHA TeJia, HO HE K M3MCHCHMIO 3aKOHA WHCDHMH.

AHaNOTHYHO, BBIBOA O ckauke AS npu nepexofe OT CMEIUEHHA Tra3oB M3

aTomoB K rasos ¢ O no npu3HAKy
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aToMamu (napanokc THG6ca) MMeeT MecTo B Hica yonoBiax
CMCCH T CKOb YTOAHO MATOH PASHWLC MGpaweTpa DasHuHi aTOMOS.

To, 4TO NPAKTHYECKH «OTIO3HAIOLICE YCTPOWCTBO» OymeT nenaTh OWAGKM MpH
Pa3/ieieHHU CMecH H3 G/IH3KMX 1O CBOMM CBOHCTBAM aTOMOB H HE MONHOCTBIO OTAEATH
MX pYr OT [pyra, HM B KOCH MCpC HC O3HAYacT HENOCTATOYHOCTH TPAHLUHOHHOTO
noaxona x mapaokcy T'm66ca m Tem Gosee ero orcyrctsus. [Ipu yuere ommbox
OMO3HAIONIEr0 YCTPOHCTBA NPH TPYIHO P: T 0cOGeH-
HOCTb CMCIICHHS TOX/ICCTBEHHBIX ra30B HCue3aeT (YCTPOHCTBO TIONIHOCTBIO HE pasjenser
H O/M3KHe NO CBOHCTBAM aTOMBI!). DTO NPHBOAMT K HEMPEPHIBHOMY H3MEHEHHIO AS
B 3aBMCHMOCTH OT CTENEHH Pa3H4MA aTOMOB, HO HE K OTCYTCTBHIO mapajokca 'u66ca,
HMEIOLIEMY MECTO (KK M 3aKOH WHEPIHH) B NPEACTBHOM CITy¥ac OTCYTCTBHS OIMGOK
ONO3HAIOLIETO YCTPOHCTBA (OTCYTCTBHA BIMAHHMS BHEUIHMX TEN HA JBHXYIICECH Teso).

Benuuuna AS, onpenenseMas npH yuere OMGOK OMO3HAIOWMIEro yCTPOHCTBA,
3aBHCHT HE TOMBKO OT CTENEHH PALIHYMA ATOMOB, HO  OT NPUPOJIBI CAMOTO YCTPOHCTBA.

TaxuM oﬁpaaow, ITaJIbHOE Tub6ca cpszaHo
TaK Kak OH npH paBoTe ¢ MPEETBHO TOYHBIM
onpenemlomnm YCTpO#HCTBOM (nonoﬁno ToMy, XaK akcncpnM:HTanLHoc obHapyxeHue
Heorp: JRoaroro Tefa CBA3AHO
C 3aTPYAHCHHCM TNOJIHOrO YCTPAHCHHA BIMSHAS HA 3TO nsmkcuuc apyrux Tem)*).
Henpephisioe noseseime AS ¢ y4eTOM OLIHGOK 0 ycTpoiictaa

uepe3 MHTerpan owmGok**. Bonee TO4HOMY YCTPOWCTBY (C MeHbLeH auMcnepcHeii o)

COOTBETCTBYET TyHKTHpHas kpuas OC (oTcioma BHAHO, 4To napajgokc [u6Gca

OBHAPYXHBAETCA NIpH PAGOTE C NPENETLHO TOYHBIM NPHGOPOM). DTa KpHBAA HE HMEET

nuyero obuiero ¢ kpusoii OB, cooTseTcTBYlOmEH cMemenuto eii-Jlioccaxa, npu KOTOpoM

CMECH Jaxe B cnyyae 0 YCTPOHCTBA.

3.31. Msmenenue onTponuu npu Jupdy3uM [BYX pa3HBIX a’oB B KOJIHYECTBE

vy M U; MOJeEH, 3aHMMAIOWMX COOTBETCTBEHHO oObeMmbl V, HW V, M HMEIOWMX
ONHHAKOBYIO TEMNIEpaTypy, cOriacio gopmysc (3.41), paHo

Su=Si=v,RIn[(V,+ V)V, ]+v,RIn[(V; + V)]V, ]

B mamem_crysae Vy=V,=3 M’ v,=v,=v=300/I, 12 (noccomsky npu 2020 [Tla
u 0°C obbem mona pasew 1,12-1072 m3), mosromy

Su—8;=2vRIn2=2-300/1,12-2In 222891 JIx/K.

3.32. DuTpomua v moncii mieambHoro rasa B obneme ¥ npu Temneparype T
S=v[CyInT+RIn(VIV)+S,),

rac So—He 3aBHCAIAs OT V TOCTOSHHAR BEJIMYMHA JUIA JIQHHOTO rasa.
Tak xak V/v=RT[p, 10

S=v(C,InT—Rlnp+S5) (So=S,+RInR).

1. DHTpOMHU CHCTEMBI JI0 M TOCIE CMELUCHHS PABHbI

V(C,InT,~RInp+55)+v(C,In T~ RIn p+S5)=v(C, In T, T, —2RIn p+285),
Su=2v(C,InT—Rinp+Sp),

N

e T=(T,+T,)2.

* CornacHo TepMOﬂHHdMHKC. n:somoxnocn npanmcckoro ocyuieCTeHHs
TOrO HIH MHOTO Ta 0 JIOKA3aTEbHOM CHIIBI,
€CIM_TOTDKO OHO He npo'mm)pe‘m‘r H:ﬂanaM repmonnuwum

' Cm.: Bapmascxwit FO. C., Weiinmn A. B. JAH CCCP. 1963. 148. C. 1099.
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[105TOMY M3MEHEHHC SHTDOTHM B DE3ybTaTe CMENICHHS
AS=Su=8=vCy(Ty+T2)*/(4T\ T;).

Tak xak (T)+7T2)*>4T, T2, 10 AS>0.

Mpy duKcHpOBaHHOH TemnepaType OAHOM mopuun rasza (nanpumep, T)=const),

WIMEHCHHH TeMnicpaTypsl T BTOPOW NOPUMH (B TIPCANONOXCHHH, STO HICATBHBI
Ta3 CyulecTBYeT mpu JioGHIX TemnepaTypax) AS MIMEHSETCA B HHTepBaie

0<AS< .

Hynesoe 3nauenne AS wmmeer npu T, =T,, KOria nocie CHATHS NEPEroOpoOKH
MKy [ajaMH B CHCTEME He NPOHCXOJMT TepPMOJMHAMMYECKoro mpomecca. Heor-
nauenne AS npu Ty=0K u Tp=
2. Jlo W MOCAC CMCLICHAS TA30B JHTPOTHM CHCTEMbI DABHEI

=v(C,InT=R1Inp,+S5)+v(C,In T—Rinp,+S5)
=v(2C,InT—Rlnp,p,+2S%),
Su=2v(C,In T—Rlnp+S5),
e p=2pip2/(pr+p2), 9t0 cienyer w3 ypasmemnit Vy=VRT/py, Vo=VRT/p,
u Vi+Va=vRT(1/py+1/p2)=2vRT/p. TMosromy
AS=Sy—Si=VRIn[(p1+p2)*/(4p:p2)]-

Haumenbitee (my7esoe) 3nadenue AS WMECT NPH py=py, KOTAA NOCHE CHATHS
PA3ICNAIOLICH Fa3bl TIEPErOPOKH B CHCTOME HHKAKOTO TCPMOIHHAMHHCCKOTO MPOIECCa
HE TPOHCXOIHT.

333. Mlycts B omHOM M3 ABYX PaBHbX 00bemoB V Haxomutcs N aTomon
WICHILHOTO Ta3a A, 4 B APYrOM— CTOIBKO Xe aToMoB ra3a B. TCMICpaTyphi raion
OJIMHAKOBBI.

Jl0 CMEILEHHA BHYTDEHHAR JHEPIHS CHCTEMBI

=NCy, T+ U +NCy T+ Ups.

Mocne cmewcHWs KakAbld M3 Ta3oB 3aHmMaer obbem 2V NpH  HEHIMEHHOR
Temmepatype T, mojTOMy

Un=NCy, T+ Uo1+NCy,T+ Uz

W W3MCHEHHE BHYTDCHHCH OHEPIMH TIH M30TEPMWYECKOM TNICDCMCIUMBAHHH Ta3oB
AU=Uy—U;=0. Taxoii pesynbTaT GyleT Kak B Clysac pa3ubix, Tak H B ciywac
O/IMHAKOBBIX Ia30B, T.€. HHKAKOro ckauka AU TpH mncpexone OT CMECH PasHbIX
ra30B K CMECH WICHTHYHBIX 4308 HC HCHBITHIBACT.

Ananornyno, suranbas H=U+pV cuctemsl o cMewenus Hy=Uy+2pV, a nocne
ememenns Hy=Uy+p, 2V +p,2V=Uy+2pV, nockomsky py=p/2.

U3MeHeHde SHTANBIHA TPH CMCIICHUH WcaibHbIX ra3zoB AH=Hy—H=0 Hesa-
BHCHMO OT CBOWCTB CMCHIMBacMBbIX ra3zoB. Takum 06pasoM, HHKakoro awauora
napagokca I'n66ca amuTuBHBIC (YHKIMM COCTOSAHMS wicaibHoro rasa U u H He
OBHAPYXHBAIOT.

3.34. 1

cebe mBa obbema ¥, pa3 IX
eMoii TICpEropo/IKOit H 3aNONHEHHbIX rasamu A u B w3 N vactau kaxbid, TLIOTHOCTS
4MCTa wacTHU raza A 7O M mocie cmeulenus pasua m=N/V, ny=N/(2V). Takxum
obpa3om, B pesyibTaTe CMEIICHWS IUIOTHOCTB ra3a A yMEHBUIMIACH:

Any=ny—ny=—n,[2, )
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NPAYCM 3TO YMEHBILCHWC HE 3ABHCHT OT TPHPOAL W KOHUCHTPALMH JPYIOro rasa,
€CTM TONbKO a3kl A M B PAsTHMHBL NO KAKOMY-THGO NMApameTpy M NOCITE CMEIEHHS
PA3feIMMbl Ha TICPBOHAYAJLHBIC TODLMH.

JApyro#i CTOpoHbi, eci o6a oObemMa 3aNONHEHbI OJHHM H TeM XKe Ta3oM,
IUIOTHOCTh Ta3a A TNOC/e YNaleHHS NePErOpOAKH COXpaHMTCS: n3=2N/
Visvenene IIOTHOCTH Tasa B pesyTbTATe CMCIICHHS PABHO HyTo: An{=nd—n,
Orciona BHAHO, HTO CMEWICHHE JBYX NOPUMA OJHOO M TOTO K€ Ta3a HENb3s
paccMaTpuBaTh mo Qopmyze (1) xax i cydait JBYX D:
rajoB. DTO NPHMEp [MANICKTHYECKOTO NICPEXOJd KOJMYECTBA B KauecTBO, KOTJA MpH
JIOCTHXXCHHH KOJIHYECTBEHHOTO DABEHCTBA CBOWCTB ODOMX ra30B NPOMCXOMMT CKa4Ko-
o6pa3Hblii EpeXoJl OT OJHOTO KAyecTBa (CMECh C M3MEHCHHOM IUIOTHOCTBIO Ia3’oB)
K JpYroMy KauecTBY (CMeCh C COXPAaHHBUICHCS IIOTHOCTBIO Ta3oB).

DTOT nepexox HACTOJNLKO OYEBMIEH, YTO HE MPEICTABNACTCS B KAKOH-TO CTENEHH
HeoObIuHbIM. OIHAKO OH NPHBOUT K CIEICTBHAM, KOTOPbIC KAXyTCS 11aPalOKCaTbHBIMH.

CKa4oK H3MEHCHHS IUIOTHOCTH ra3a NpPH IIEPEXOJE OT €r0 CMEMIEHHS €O CKOIb
YIOAHO GJHM3KMM TIO CBOMM CBOWCTBAM TIa3oM K CMEINCHHIO C OJHHAKOBBIM Ia3oM
An=And—Any=n,/2 oGYCIIOBEH TeM, YTO TOJBKO B MPeNeTbHOM CTyHae CMEIUCHHS
ONMHAKOBBIX Ta30B IUIOTHOCTL Iasa A He WIMEHACTCS M B ABA pasa GOAbe, HeMm
[I0C/e CMELUCHHS CTO €O CKOJMb YTOAHO Gmu3kuM rasom*. DToT >pdekT BO3HMKaeT
NpH OTJWYHH OJHOTO Ta3a OT CKOJb YrofHO 6imM3koro apyroro**, e cpssaH
c mpnycxynnpno BOJHOBEIM  XapaKTePOM JIBHXCHHS 4aCTHI, NOHSTEH 10 CBOEMY

ero YYHTHIBATL TPH ONPEIC/TCHHH H3MCHEHHS Tex

WM HHBIX TcpMO}:UIHdMH‘lBCKﬂX yHKIMA rasa NPH MEpEXoje OT CMELICHHS pasHbIX
Ta30B K CMEIICHMIO OJIMHAKOBEIX Ia30B.

Scno  Takke, 4TO CKaykooGpasHoe HM3MeHeHHE IUIOTHOCTH An HC  CBA3aHO
C JWMCKPETHOCTBIO PA3IMuMsl aTOMOB CMCLIMBACMBIX Ia30B M BO3HHKACT Kak TPH
HenpepNBHOM. Tak ¥ TP [WCKDETHOM OT/IMYWM Ta30B APYT OT Apyra.

3aMeTuM, 4TO HOMMMO NoRoGHOrO BHAA TaKKe
TEPMO/MHAMHAUCCKH PA3MUHBIX [230B, NPH KOTODOM H3MEHEHME ILIOTHOCTH Tasa
A 3aBHCAT OT TUIOTHOCTH rasa B. JICHCTBUTENBHO, MycTh B 0Gbemax ¥ HAXoAsTcs
ra3bl M3 OJHMX M TEX K€ ATOMOB IPM PA3JHYHbIX AABJCHHAX (WM CMECH ras’os
C M D pasnHuHbIX KOHUCHTPAWMA) H NYCTb TEPMOJIMHAMHYECKOE PA3JIMIME OTHX
4308 ONPENIETAETCA NAPAMETPOM 1) (HANDHME, OTHOCHTENBHOM PA3HOCTBIO AABICHHH).
Torjta WIOTHOCTH Ta3a A 1O H TIOCIE CMELUCHWS COOTBCTCTBCHHO PABHBI 11y
u ny=(N+N')/(2V), tne N'-—umcno atomos rasa B.

MisvercHME NIOTHOCTH Tasa A B DE3YIbTATE CMeIIEHHS

(N'=N)/(2V). @

OHO HETPEPLIBHO 3ABHCHT OT NAPAMETPA TEPMOAMHAMHYECKOTO PA3NHYHs Ta3oB
A m B (M~N'—N), He oOHapyxwpas cKauka TPH Tepexofe OT CMeLICHH

Any=ny—n;=

* Pacemar

T i ckagok IJOTHOCTH ra3a TpH TNEPeXofe OT
CI'O CMCIIEHHS CO CKOMb YTOAHO GJIM3KMM IO CBOMM CBOWCTBAM TI230M K CMEIIEHHIO
C OJMHAKOBBIM Ia30M AHAJOTHYEH M3BECTHOMY CKauKy TEIUIOEMKOCTH, KOddduuuenta
PACIUMPCHUS M CKMMACMOCTH B o'n(c (a3oBoro ‘mepexoza BTOPOrO pona NpE

nopsaaka.
¥ CMellleRHe OJMHAKOBLIX Ta30B, TAKMM OGPA3OM, (GUSMYCCKH BEICTEHO TO
CDABHCHMIO CO CMCUICHWCM TIOOMX ra3oB. ECIH yUHTHIBATH, 4TO JKCTIEDHMEHTAILHO

YK ocTH ra3a We Oyzer. Ho 310 HM B Koeil Mepe He _YCTpaHser Tex
cncnc'nmﬁ Tcopuu xoropue TIONY4AlOTCS B WICATHHOM CJydae MOJHON BO3MOXHOCTH
CTAHOBNICHHA Da3JHYHs CKOJNb YIONHO OJM3KHX Ta30B (CKAYOK ILIOTHOCTH rasa,
napanokc DifHmTeiHa, napagokc ['wb6ca n ap.).



TepuoOmIMEKH  pasn 1208 (N'#N) K CMCIICHMIO TOX/ICCTBCHHBIX Ta30B
N).

‘Takoi BTODO# B/ CMEIICHHA Ta30B HMECT MeCTO TOTJa, Korna rassl A u B nocne
Hemb3s 2JTbHbIC MOPLHH.

Tlps 3TOM HENPEPLIBHOM 1O TUIOTHOCTH CMCUICHHH Ta30B He mnurunawr CKa4KOB
M JpyrHe TepMOIHHAMWYCCKHE (GYHKIWH rasa.

CoBeplIEHHO OYEBHITHO, MTO CYIIECTBOBAHHE CMEILCHUSA BTOPOTO BHIA HE HCKIIOYAET
ONMCAHHOrO BbIE CMEIIEHHS NEPBOTO BUJA M 9TO HMX HEb3s NyTaTh.

PaccMoTpuM Tenepb mapamokc Iub6ca B ciaywae cnaGo BBIPOXK/IEHHOTO rasa,
MCTIOJIB3ysl TIPUBEJCHHOE B YCJIOBHHM 3ajlaud BHIPAXKEHHE €ro OSHTPOMMH. JHTPOMHA
ra’oB A u B ¢ MaccamMH aTOMOB m; M my 1O CMEUICHHS

v & Nm® 1 1
— 24| 1 e (1 i 5
I:nN+64 V(nk-,v)s,‘z(m?/z m%,,)] 6]
a moc/e WX W3OTEPMHYECKOTO CMEIIEHHS
5  Nn? 1 1
Su=2kN _ _
" [I" 8 V(nkTP“(mi/1+mg/1):l [0)

TIpr M30TEPMHYECKOM CMCIICHHH CKOb YTOAHO GIM3KMX Ta3oB (myxmy=m)

NA?
Sﬁ=2kN|:ln2l 8 i ]

N 64 V{xmkT)*?
8 Nh?
N In2—— ————>|.
[ 64 V(nka)”z:l
C apyroii CTODOHbI, COIJIACHO TEPMOJMHAMHKE, OHTPONHMS JBYX OJMHAKOBBIX
nopuui OJHOTO W TOro e rasa (my=m;

v.s N
"’ZI‘N[ L3 V(nmkr)’/']' ©

YTO He COBMAjaeT C Pe3ynbTaToM (5). DTO 03HAYAET, YTO HEMOCPEACTBEHHO MEPEXOAHTH
K mnpegeny mp=my=m B dopmyire (4) Hemb3s, MOCKONBKY OHA HE YYHTHIBAET
0 TpH TakoM TIEpEXOJE CKauKa ILIOTHOCTH ra3os.
Jlnst Toro 4T06bI C IOMOLIBIO OPMYJIBI (4) HAHTH SHTPONMIO CHCTEMBI B IPEAETBHOM
Cllydae CMeIIEHHs TOXIECTBEHHBIX 308, HAJIO B HEM, COTJIACHO BEIMICH3TOKCHHOMY, NIPH
Tepexofe K Npefesy my=m;=m 3aMCHHTh MWioTHOCTh N/V Ha 2N/V. Torma

v 5w
’MN[l“ﬁ*ﬁ V(mkr)m]‘

®)

AS'=Sh—

lim
e
NIy
TMostomy npn TOXIECTBEHHbIX 2308
AS°=58—
a NpH TIEPEXOAC OT CMECH CKOMb YrOAHO OJM3KHX ra30B K CMECH TOKICCTBEHHBIX
BHPORICHHRX 12303 BEAHWHHA craurom wa
.
AS=AS'—A50=2kN| n2- 2 — M|
& V{kT) " ™

4To cocTaBiaser napagokc I'mb66ca mrs €1aGo BBIPOXKAEHHOrO WIEANHHOTO rasa.
B xiaccuueckom ciy4ae (h—0) CKa4iOK BENMYHHBI HE 3aBUCHT OT NPHPO/bI rasa:
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AS=2kNIn2. ®

Taxam  obpasom, napaaukc [uG6ca WMeeT MeCTo Kak B KBAHTOBOM, Tak
M B KJACCHY4ECKOM CNydasX, TNpHYeM B KBAHTOBOH 06JacTH H3IMEHEHWe SHTPONHH
NPH CMEIICHHH Ta30B saBHCHT oT MX TIPHPOZEL, @ B KIACCHYCCKOM Mpefeic 5Ta
3aBHCHMOCTh HCYE3aCT.

Kak otmeuanoch B § 16, B 5MTepaType HM3BECTHA TOYKA 3DEHHS HAa TapagoKc
HG6ca, COrNACHO KOTOPOH pelliHHE TOTO NAA/IOKCA CBAIBBACTCA C JMCKDETHBIM
pasMuHeM CMelMBaeMbiX ra3oB. [Tapamokc [ubG6ca CBOAMTCA K CKaYKy B NMOBEJCHUH
AS npn HenpepbiBHOM CONHKEHMM NapaMeTpoB pasiuums razo. Ho B peatbHOM
(H3KYECKOM MHpE Pa3fMyHe MEXAY ra3aMM ONPENACNAETCS OTIHYHEM APYr OT Apyra
HX aTOMOB, KAKHM-JIH60 AMCKPETHBIM KBAHTOBBIM YHCIOM (3apAJIOM, YHCIIOM HYKIOHOB
M T. ), KOTOPOE MO CAMOMY CMBIC/TY NOHSTHS He MOXeT

11 as PasIHyHi MEXJy ra3aMu, Mbl
BCTYNaeM B NPOTHBOPETHE C 3aKOHAMH (H3uKK W B pe3yJbTaTe NPHXOMWM K NapajiokCy
Tu66¢ «EcH miepeHTH K TNpeNeNbHOMY CNYdar0 CMECH TOXIECTBEHHBIX MOJIEKYJ,
T0 dopmyna (8) He m3MeHseTcs. DTO HeJENo, TAK KaK NPH YJAJCHHH NEPEropoIKH

MEXIY a’aMH, 3 Monexyn, HE MOXeT ObIThb
M peYM HH O KakoM mporecce C. it nepexod 30eco
nedonycmum. OH TPOTHBODEYHT ATOMH3MY BELIECTBA W TOMY (akKTy, 4TO MeXZy
pasIMYHbIMH BHAaMM atomoB (Hampumep, atomamn H u He) mner Hukakoro

HenpepLIBHOTO mepexona»*). TakuM 06pa3’oM, COIJIAcHO 3TOM TOdKe 3pEHHS, 3HAYCHHE
S§ 18 SHTPONMH TOCJNE CMEUIEHHS TOXAECTBEHHBIX Ta30OB HEJb3s NONYYHTH M3
(opMynsl (4) MOTOMy, 9YTO HE3AKOHEH TNPEIETbHBIH NEPEXOX My—my, TOCKOJIBKY
M WMEHSACTCH JTCKPETHO.

KBAHTOBOM cilyyae AS 3aBHCHT OT BEJMUWHBI DPa3NM4¥s Ta30B (Pa3HOCTh
Macc WX ATOMOB) W [O0JTOMY MOXHO YKa3aTh HA HC3AKOHHBUA» War mpH
Tepexo/ic K CMELICHHIO TOXICCTBEHHBIX ra30B. B KjaccHueckoM ciydae B BBIDAXCHHE
wis AS He BXOAHT BETMYMHA, pa3nMyue Ta3os.
D710, OYEBMAHO, O3HAYaeT, 4TO BEJWYAHA CcKauyka AS He 3aBHCHT OT TOro,
KaK M3MEHAETCH TapaMerp Pa’IMYHs Ta3’oB-—MPEPHIBHO MM HempepbiBHO. OxHaxo
cmponuum W3naraemoll TOYKH 3PEHMA B STOM Clydyac YTBEPKIAIOT, 4T0 Gyaro
Bl 3aKOHBI OTPaXaloT  AHCKPETHYIO
crpylrrypy MHKPOCKOTIHYECKOTO MHpa, TakK 4TO HETpEPBIBHBIH Mepexoa X To-
KIECTBEHHBIM ra3aM MPOTHBOPEIMT TEPMOJAMHAMHKe**). Bhllle Mbl NOKa3amm, Kak
n3 Gopmyant (4) MOMYWMTh OHTDONMIO S§ TNOCIC CMEMICHHA —TOKICCTBCHHBIX
TasoB; JUIA  ITOr0 HYKHO B 4) npn my=my=m
3amenuTL N/V Ha 2N/V, T. ¢. y9ecTb IPOHCXOAAUIMA NPU NHEPEXOe K TOXKACCTBEHHbIM
ra’saM cKauok IIOTHOCTH rasa A. Bes ydera 9TOro Ckauka IUIOTHOCTH Ta3a
dopmysny (4) NpHMEHST K CMEIIEHMIO TOXICCTBEHHBIX ra3oB Hemb3s. Ojmako
CTODOHHWKH TOYKM 3peHHA MCKDETHOCTH DA3NHYHA Ta30B 3Ty HEBOIMOXKHOCTH
npuMeHeHHs GopMyJibl (4) NEpEKIa/bIBAIOT HA HE3AKOHHOCTh HEMPEPHIBHOTO NEPEXoaa
X mpeneiy mp=m;, TNOCKOJAbKY B TPHPOAE HENb3A MOGHTHCA CKOAb  YIOIHO
6H3KHX Ta30B.

KoHeuHO, NpH JHCKDETHOM W3MEHEHHM Napamerpa GIH3OCTH CMEILHBAEMbiX
KBAaHTOBBIX [430B CKAYKOM H SHTOIHS " 290K
AS, npn nepexome OT CMEMICHHS MPEAENBHO GNH3KMX Ia3oB K CMEIICHHIO 'm)knecr-
BEHHBIX ra30B. OJHAKO y4eT JHCKDETHOCTH PA3/HYMsi CMEIIHBAEMbIX [a30B, BO-TEPBBIX,
HEe NO3BONACT NOTYWMTh M3 BLIDAKCHMA (4) /1A SHTPONMM Sy NOCTE CMEIICHWS

o A T W crat Qumka. M., 1955.
** Cw.: Kybo P. Cratncrmieckas mexamuxa. M., 1967. C. 209.
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PA3HBIX Ta30B JHTPOMHIO S TOCHE CMEIICHHS TOXICCTBEHHBIX [a30B M, BO-BTODHIX,
CKauoK JHTpOMHH AS,—3TO He TOT CKAWOK, KOTOpHiH BHpaxact mapafokc I'mobea.

camom zene, ompenenss mo opwyraM (3) u (4) SHTpomMIo cweumeks AS”
TpENebHO GTHIKKX ra30B (my=m, my=2m) ¥ UCIOIb3YS BHIPAXCHHE JUIS SHTPOIHAK
CMEIIIEHHS TOXICCTBEHHBIX ra30B AS®=0, HAXOMUM, YTO CKAYOK OHTPONHH CMCIICHHS
AS,=AS"—AS°® paven

.
AS,= kNI:]nz— i ,(1+zw)j|‘

5
128 V(nmkT)*"

OTciofia BHIHO, YTO CKA4OK JHTPOMMH CMeICHUS AS,, OGYCIOBICHHBIA IMCKpET-
HOCTBIO DA3IMYMsi CMCLIMBaeMbIX KBAHTOBBIX T430B, HE COBNANACT CO CKAYKOM
IHTPONHH ( TpH TIapaMeTpoB
Pa3MYMA Ta’oB H aupaxamuwm napanokc [u66ca. TlpuBeaeHHOE paccMOTpeHHe
TOKA3bIBAET, 9TO Mapanokc [MbG6ca He CBA3AH C AMCKPCTHOCTHIO Pa3lMuMs CMEMIHBA-
€MBIX Ta30B, a OOYCIIOBJICH CKA4KOM IUIOTHOCTH ra3a TpH MNEPEXOE OT CMEIUCHHS
CKOJb YrOAHO ONM3KHX Tra30B K CMCIICHHIO TOXIECTBCHHBIX Ia3oB. JIMCKPETHOCTH
Pa3THYMA CMELIMBAEMBIX Ta30B He HIPAeT PONH B NMPOMCXOX/ICHHH napanokca [m66ca.
M CYHIECTBOBAHME 3TOr0 TapajoKCca HH B KOCH CTENEHM HE OTPaxaeT JMCKPETHOH
IPMPO/E! MHKDOCKOTIHYECKOrO MHDA W He 3aTDArMBAcT CIPABETHBOCTH TCPMORMHAMH-
k. TI03TOMY NIPH peMmIcHUHM Napajoxca IMG6ca PaccMaTPHBACTCH HJICANHIMPOBAHHMI
cay4ad JIOCTHXEHWS CKONb YrOAHO MAJIOrO PasiHuMs MEKIY Tra3aMmu.

Tepeiiiem x mapajokcy iumrteiina. B cocil nepsoii paboTe Mo KBaHTOBOH
TEOPHH WIEANBHOTO rasa DAHITEHH OOPaTHil BHUMAHME HA NApaJiokc, K KOTOPOMY
TMPHBOAMT 3Ta Teopus. OH COCTOMT B TOM, YTO CMECh BBIDOX/CHHBIX Ta30B M3
N 4TOMOB C Maccoit m; # N, aTOMOB C Maccoii m, (Kak YrOAHO MaJio OTAMYAIOUIEHCs
OT m;) UPH J4HHOH TeMmnepaType WMeeT WHOE J4BJICHHE, WCM NPOCTOH ra3 ¢ 4YHCIOM
aToMoB N, + N,, OBTaNQIONIMH (PAKTHYCCKH TOH K¢ Maccoll aTOMOB M HAXOMAIMICA
B TOM Xe ObBeme.

B oroii paboTe DVHITGHH THCAN, 9TO €My He YIaloch PAYBACHHTL OTOT
mapagoxc. OpHako B CleaylomeM COOGHICHHW 1O KBAaHTOBOH TEOPHH MICATBLHOIO
ra’sa OH OTMETHJ, 4TO YNOMSHyTHI MapajioKC OGYCIOBNICH BOJHOBBIMH CBOHCTBAMH
mukpoyacTHl. Kak M3BecTHO, MHTeP(EPEHIMA BONH NPOMCXOMMT TONBKO IPH YCITOBHH
TOJIHOM TOXIECTBEHHOCTH JTHX BOJH M CKODOCTH HX pacmpocTpauenns. Bommbl ne
Bpoiisisi yIOBIETBOPSIOT 3TOMY YCIOBHIO TOJNBKO B TOM CJIy4ae, eC/IH OHHM IpPHHALICKAT
aTOMaM TOKICCTBEHHOR MacChi H OJWHAKOBOH CKOpOCTH. TakuMm 06pa3oM, WH-

BHE TONBKO MEX[y TOXIECTBCHHBIMH
ATOMAMH M HCHE3aeT faXe MPH OYCHb MAJOM OTJIWYKH NPHPOJBI CMEIIHBAEMBIX
raos. B 3ToM KOpeHHTCH, mO DiuuTeiiny, ¢ npHuMHA o
napajiokca. Buu U. E. Tamm Ty Xe€ HICK HHTepdepeHIun

BoMH fJe bBpoiins 1nis pasbscHenms mapagokca ['m66ca. A HeCKONBKO MO3MHee
3. Uipeduncep ® xunre «CTATHCTHYECKAS TEPMOMHAMMUKa» UHCAN, 4TO BCEIA CHM-
Tasiock, 4TO mapajokc I'mbGca Tamt B cebe ryGOKMii CMBICH, ONHAKO TO, WTO OH
OKa3bIBACTCA TECHO C HEM-TO H[X ai BaXHBIM M

HOBBIM, €/IBA JIM MOXHO OBUIO NpeIBHIETH.

B JIcHCTBHTENBHOCTH K€, KAK MBI YBHJIAM, HENOCPE/NCTBCHHOH (u3nIecKoii
npruuHON mapazokca DMHuITCiiHa, Kak W Mapaxokca [W66ca, ABAACTCH WE BOAHOBAS
NPHPOJa MHKPOYACTHI, 4 CKAYOK H3MEHEHMS ILIOTHOCTH rasa NP NEpexofc OT ero
CMEILEHHS CO CKOJIb YrOAHO OIM3KMM Tra3oM K CMEUICHHIO C TOXIECTBCHHBIM ra3oM,
NIPOMCXOJAWMI NPH CMEMICHMH KaK KBAHTOBBIX, TaK H KJACCHUCCKHX HICATBHBIX
raso. Ilpapna, mapajokc DHHUITeHiHa CYmCCTBYeT TONbKO B KBAHTOBOM CIyuac,
W 7O, Ka3a70Ch Obl, MO3BOHET CBA3LIBAT €rO C BOMOBBIM XAPAKTCPOM JBHACHHS
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wactuy. OfIHAaKO M B KBAHTOBOM Cllydae 6e3 y4eTa cKauka IIOTHOCTH ra3a MpH NEpexoje
3 ra: it aroro

TONYYaeTCs BHIPAXKCHHE JUIA BHYTPEHHEH JHEPrHH CMECH JTHX Ta30B, NPOTHBOpEYallee
TepMoanHamuke. YTo ke Kacaetcs napamokca I'H66ca, TO OH BO3HHKAeT Kak
B KBAHTOBOH OGNAaCTH, TAK W B KJIACCHYCCKOM MpEAENe H, CCJOBATENLHO, HE MMeeT
OTHOLUEHHS K uuTephepeHH BonH ae Bpoiina m HE cOACPXHT B ce6:: HHYEro

¢ BaXHOTO M HOBOTO (110 OT X K i dusnke).
u s 0 raz coo
_2
V=130,
e p— MaBieHMe ra3a B oOheme ¥ M U—ero BHYTPEHHSA HEpTHS, CHOPMYIHpYEM
napadoke  Diimumeina:  usmeneue a snepeuu AU npu  usomepmuneckom

CMeUIeHIY GHIPOACOCHHDLX UOCNBHVIX 20308 XOMA U IAGUCUM OM MPUPOdSI CMEUINBAEMBLX
2306, HO U NEpex0de OM CMECU CKOAb y200HO GAUIKUX 2308 K CHECU MOMKOCCMBEHHbIX
2a306 AU ucnvimvieaem cKkauok.

BuyTpennss oHeprua cnaGo BHIDOKJCHHOTO HACANBHOTO rasa H3 N wacTHi
B obbeMe V npu Temmepatype T

5 NW®
[% NkT T e |
[ 16 V(mmkT)” }
TIycTh MACChl aTOMOB 12308 A W B COOTBETCTBEHHO DABHBI My M Mi; M TAPaMeTp

Imy—m, |
pa3nuuus Ta3oB n=7 (0<n<l1). Torma 10 MX CMeleHWS BHYTPCHHSS
my+

IHEPIHA CHCTEMbI

1
SINKT| 14— —
U=3N [ +35 V(nkT)3’2<m3/2+ %2)]'

a MOCTC CMewWeHWS, KOTAA KaKABH Ta3 ammMact ofmem 2V,

5 Nm® 1
Un=3NKT| 14— — o (= 0
" [ 64 V(nkr)’“(mi“ m;ﬂ)] e
Toraa M3MEHEHHE BHYTPCHHEH JHEPIHH CHCTEMBI TIPH H30TCPMHYECKOM CMEUICHHH
N2h? 1
AU=Uy— U= 64Aﬁﬁ“[kr}”?(mT'ZerT/Z)’ (10)

Otciona BiaHO, 4T AU TipH CMEIICHHH BHIOX/ICHHBIX 4308 3aBHCHT OT HX
NPUPOJIBIL.
TIpu CMCIICHHH CKOJIb YTOMHO ONM3KMX TasoB (myxm,=m)

Un=3NkT) L
" *n V(nmkr)”Z ’
s
AU'=Uj—U= N

32 Vim) 2 (T)

HenocpeacTBeHHO TepeXOAUTh K Ipeaeny m;—m| =m B Qopmyre (9) Henb3s,
NOCKOTbKY OHA HE YHHTHIBAeT npH nepexos
CKauka IUIOTHOCTH ra3oB.

Hns toro urtobml ¢ moMOWbIO (opMynsl (9) HaMTH BHYTPEHHIOK JHEPIHIO
cuctembt Uf B cnyyae TOX) ra3oB, Haja0 TpH
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nepexone k mpeneny N =0 3ameHuTs WIOTHOCTs N/V Ha 2N/V. Torna B cOOTBETCTBHH
© TEpPMOIMHAMHKOR

N
tim Un-—3NkT[I+16 VWT)M]

TModTOMy H3MeHEHHE BHYTDEHHell OHEPrMH IpPH CMELIEHHH TOXIECTBEHHBIX [a30B
AU°=UR—U;=0 u npu mepexoje OT CMeCH CKOMb YrOAHO GNM3KHX Ta3oB K CMECH
TOX/ICCTBEHHBIX Ta30B H3MEHCHHE BHYTPEHHEH OHEPrMH BBHIDOXKIEHHBIX HICANBHBIX
ra30B CKAUKOM HMIMCHACTCA HA BETHUMHY
35 N2h?
32 V(am) 2 kT) 2’
4TO M COCTAaBNAET Mapajokc ODWHINTEHHA.

Jins Bose-rasa JTOT CKauoK paBcH
3 N2p3
32 V(mm)*? (kT)"2"

a CKauoK JIaBJIEHHs COOTBETCTBEHHO Gymer

AU'—AU=—

AU=

ap38U_9 N2
P2V "6 Vifam) R (kT)
W3 ckazaHHOTO CleayeT, 4To KaK M

T66ca, ABTAETCH CKAYOK HIMEHEHHS IUIOTHOCTH Ta30B NDH MEDEXOE OT Ero CMCIEHHS
€O CKONb YTOAHO OJH3KHM [a3OM K CMELICHHIO C TOXICCTBEHHBIM Ta3oM. YiueT
ITOTO CKauka pa3sbACHACT mapamokchl Ofmmreiina u [u66ca.
taccHyeckoM ciyae (h—0) ckauox AU pasen Hyo, T. €. napajokc DiHwTeina
HC MMECT KJIACCHYECKOTO aHanora. JTO OGYC/IOBICHO HC3ABHCHMOCTBIO BHYTpEHHeit
JHEPTHH KIACCHYCCKOTO MICATBHOTO [a3a OT ero mioTHocth N/V. B oTimue ot
U IUIOTHOCTh BRYTpeHHEH JHEPrMH 3TOro rasa u=U/V 3aBHCHT OT TUIOTHOCTH rasa
¥ T03TOMY MCHBITHIBAET CKAYOK TNIPH TNEPEXOJE OT CMEUICHHA ONH3KHX Tra3’oB
K CMELICHHIO TOXJECTBEHHBIX Ia30B. DTO yOeAMTENBHO MOKA3bIBAET, YTO NAPAJOKCHI
Tu66ca u DfiHmITeliHa He CBA3AHBI C JIMCKPETHOCTHIO PA3IHYMA CMEIUHBACMBIX a30B;
B TIPOTHBHOM CIlydae MONy4anoch Gbl, YTO [/ ONpENC/CHHT H3MEHEHHS BHYTPEHHEH
IHEPTHH ro rasa nepexon k ra3aM JIonyCTHM,
a JUIS ONPECNEHHA MIMEHEHHA IUIOTHOCTH €0 BHYTPEHHEH OHEPIMM TaKOH NEPexXox
TIPOTHBOPEYHT 3aKOHAM (PU3HKI
3ameTiM, 4TO BooGILE , HE OT ILIOTHOCTH
MICANBHOTO Ta3a, HE HCMBITHIBAIOT CKAYKa P NEPEXOZiC OT CMCLICHHS PAsTHIAIOUIAXCE
Ta30B K CMEIICHAIO TOX/ICCTBEHHBIX [a30B; T¢ K¢ BESHINHB], KOTOPBIC 3ABHCAT OT IIOTHOCTH
rasa, Takod CKa4YOK HCMbITBIBAXOT BCJIEJACTBHE COOTBETCTBYIOIIETO CKauka MIOTHOCTH.
PaOCMOTpHM M3MCHEHWe BHYTDCHHEH OHEDIMH M SHTDONMM NpPH BTOPOM BHIE
cnabo ra3os, KOLAa TOCJE CMELCHHS
raset A u B npﬂummnanbﬂo HEb3A BLUICTHTH M3 CMECH.
npocTefilieM Clydae TAaKOro CMelleHHs rashl A H B TepMOAHHAMHYECKH
OT/IHYAIOTCA APYT OT ApPYra ILIOTHOCThIO. ITycTh mioTHOCTH rasoB A u B cooTser-
cTBeHHO paBHBI N;/V u N[V, obmee uucno atomoB N;+N,=2N H napamerp

—Nal
2 (0<n<l)
~orw, 0sn<i)

pasmuns (67M30CTH) Ta30B M=
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Jlo cMmemieHHA BHYTPEHHAS JHEPrHS M SHTPONHS TAKHX ras’os

3 2
U=3kT Y M[HEW ka)m]

_ i 4 5 Nik*
L N3 Vi) |

TMocne cMewenns, Koraa ras u3 2N atomoB 3ammmaer obkeM 2V, BHYTpeHHss
SHEPIHA M IHTPONHA CHCTEMBI

e
U.,:SM:T[1+R W]

5 M
=2kN| 1 —_—
Sa [ "Nt32 V(nka)”’]

W3MeHeHHS BHYTPEHHEH JHEPIMH M SHTDONMM CHCTEMBI NPH CMELLEHHH

AU=Uy—U= 22 N
ST RE TR Vam e k)
140 5, kN
as=su-s 2 m(0n)- T 0 |- o

F np niotHocTel Tasos A4 ® B, T.e.

napameTpa MX OJM30CTH T, NPHBOAWT X HENpEPHIBHOMY H3MeHenmio AU u AS
KBAHTOBBIX Ta30B B MHTCPBAJIax

N
< < ——— i
0<aUs<- m V(nm]”’(kT)"’

0<AS<2N|In2— i

<As<okn|m2-d M

32 VamkT) " |

Orciona BUIHO, 4TO W3MeHenne AU u AS B mpenenbHeix ciydasx (=0 u n=1)
CMeILIeHH BTOPOTO BHAA He COBMajgaeT c u3MeHeHuamu Bemmwun (10) u (7)
B BYFOLLIM: cnyqasx NepBOro BHAA.

Kax yXe ykaspiBanoch, (u3nueckoii mpuunHoi napanokcos Diinmreiina n ['nb6ea
SBJIAETCA CKAYOK IJIOTHOCTH ra3a NpH NEPEXOMIE OT CMEMIEHHs CKOJIb YTOAHO GJIH3KHX (M
pPa3sfeNMMBIX W3 CMECH) ra30B K CMELICHHIO TOXICCTBEHHBIX (M HEpasjeTMMBIX MOCTE

M3NUCCKH

ra3os, xoria, HO,
Tlpi cMewieHMH BTOPOro pPOJA HET 3TOTO (PH3UHECKOTO OCHOBaHHS, NOITOMY
TIPH TakoMm AU u AS ne umeroT

OTHOUICHHS HM K Napajokcy OiHmTeiiHa, HM Kk mapajokcy InG6ca.

3.35. PaccMOTpeHHBIA B mpeabiayiel 3anaue mapajokc Dinuwiteiina Habmonaercs
TPH M3OTEPMHMYECKOM CMELICHHM KBAHTOBbIX HICAbHBIX ra3oB. Ilpu ammabatHom
CMEIEHHH TAaKMX Ta30B OH OTCYTCTByeT. ONHAKO B 3TOM Ciy4ae OGHapyXuBaeTCs
HOBBIH NApAJOKC—CKA4OK W3MCHEHMS TEMIEPATyph! NPH Nepexoie OT amauabaTHOro
CMEIUEHHS CKOJNb YrOAHO ONM3KMX KBAHTOBBIX MHICAJIBHBIX Ta30B K CMELICHHIO
TOK/ICCTBEHHbIX Ia30B.

CaMOM Jiele, PacCMOTPUM cnabo Ta3oB
A w B o N 4acTHIl C MAccamu cOOT m W my B obBemax
v, i o HO,

omuHakoByio Temmepatypy To.
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JIo CMELICHHS BRYTDCHHSS SHEPTHS ra3on

vi=amer| 10 2 LI
L T vk )2\ miE T miE ) |

MMocne ymaneHus Meperopojakd M aauabaTHOTO CMELIEHHS ra30B, KOT/a KaIbli
ra3 3aHUMAET 0ObeM 2V MPH HEM3MEHHOM BRYTPCHHEH JHEPTMH CHCTEMH, TEMMEpATypa
T ra3oB GyneT APYrodt M BHIDAXEHHE LI BHYTDEHHEH JHEDrHM CMECH NPUHHMAeT BHJ

(18 )] "

64 VT \ mi® " mi*?

TIpi a/MabaTHOM CMCUICHHH CKOTb YTOTHO GIM3KMX ra3os (m;xrm

u;:;/wa:,[wa L] z/rstr[H 8 N"‘!:I @
16 V(umkT, ) 32 V(mmkT )2

Tponcxonsmee nNpu 3ToM H3MeHeHHe Temmepatypsl T'— T, HAXOIMM W3 YCIOBHS
Un=Ui, T.e. u3 ypaBHeHus

T, ) Nh? ( 2 1 ) ®
—leTy O\ T )
32 V(mmk) /To JT.
B npemensHOM cnydac aaMaGaTHOTO CMEILCHMA JBYX WOPIMH TOXACCTBEHHOTO
Ta3a (my=m, =m) BHIPWKCHHC /UIS BHYTPCHHEH JHEPrHH CHCTEMbi HaliieM W3 (OpMYITbI
(1), yUMTHIBAR TIH 5TOM MPOMCXOIAIMH CKAWOK ILIOTHOCTH:

Nh® "
16 V(amkT)*? | @

Uy 3NkT[] +

13 popmyn (2) u (4) 3ameyaem, 4TO NMpH aaHabaTHOM CMEUICHHH IBYX OIMHAKOBBIX
HOpIHi OZIHOTO M TOTO e ra3a TEMIEPATYpa, KaK CIENOBANO OKHIATh, HE H3MCHSCTCA.

Tait 0BpasoM, MpH NEPEXOTE OT ATHACATHOTO CMCLIEHIS CKOM, YTOAHO GIHIIK
KBaHTOBBIX razoB K TOX, Tem-
EPATYDBl CMEIIEHHS UCTIBITHIBAET CKAYOK, OMpENEseMblA ypdaHeHneM (3). Bror
MapajioKC JUIA TEMNEPaTypbl NpPH anMabaTHOM CMELICHHH KBaHTOBBIX HACANbHBIX
ra3oB OGYCIOBJeH CKAKOM [LIOTHOCTH ra3a NPH [EPEXOie OT CMEIICHHS CKOTb
YroJHO OJH3KHX ra30B K CMEIICHHIO TOX/ICCTBEHHBIX Ta30B.

HaiifileHHOe ke M3MEHEHHe TeMTepaTyphl NpH annaﬁamom CMCILICHHH KBAaHTOBBIX
MCANBHBIX TA30B ABNACTCH YHCTO KBAHTOBEIM d(deKToM.

HeTpynno yGemnThes, 9TO TPH BTOPOM BHMJE CMEIICHMA, KOrJa TJIOTHOCTH rasa
TeMTepaTypsl TpH aIMAbaTHOM CMCLICHHH
KBaHTOBBIX ra3’oB Takke M TPH MEPeXoe K CMelue-
HUIO TOX/IECTBEHHBIX Ia30B.

IMETHM, 4TO B OTJHYHE OT #Ha, KOTODPBIA
npH aauabaTHOM CMeIIeHWH BBIPOXIEHHBIX Ta3oB, mapagokc I'mb6ca umeer Mecm
M B 3TOM ciywac.

3.36. pouecc pacIIMpeHHs ra3a B NYCTOTY SBIAETCA HEOOPATHMBIM, TOITOMY,
HECMOTPS HA €ro  aMABATHOCTb, OHTDONHA rasa TDH ITOM  YBEAHYHBACTCH
(AS=S,~S,>0). VauTbiBas, 4TO JHTPOMHS SBASCTCA OMHOIMAYHOM GyHKUMEH CO-
CTOSHHS, WIMEHEHWe OJHTPONUH AS NpH HEOGPATHMOM TpOLECCe MOXHO HAifTH,
NEPeBO/IA CHCTEMY W3 HAYJILHOIO B KOHEUHOE
myTem u ompenenss AS mo sTomy nyTtd. B maHHOM ciysae B KauecTBe Takoro
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TYTH MOXHO B3ATh H3OTEPMHYECKHH IpOIece,
TIOCKOJIKY TEMIIEPATYDhl HAYAIBHOrO H KOHEH-
HOIO COCTOSHHH OJMHAKOBBI (TaKk Kak OJMHA-
KOBbI BHYTDCHHHME JHEPIHH, 4 OMM OT OGbEMA
rasa He 3aBucaT). [Tostomy

2 41
50 [dU+pdV ¥,
v

3.37. Mo BTOpOMY Hayaly TEPMOIMHAMH-
KH, H3 OIHO3HAYHOCTH JHTPONMH CIIEAYET, 410
npH

P 2
npouecce (T. €. IPH OTHOM TepMocTaTe) pabora
3a mMKI paBHa Hymo. OIHAKO €CIH HCHONb-
30BaTh B IMKJC HEPABHOBECHBIH TpOLECC, TO Puc. 60.
MOXHO OCYIWECTBHTh MPH OJIHOM TEPMOCTAaTe
KPYroBOH MpONECC C OTJIMYHOH OT HyNst paﬁomﬁ. HO 00A3aTENLHO OTPHUATENBHOM.
B camom siente, yCTh CHCTEMa HMEET B HAYaJIbHBIA MOMEHT TemnepaTypy T TepMocTata
(cocTosnre A Ha puc. 60). U30;HpyeM CHCTEMy H 3aCTABHM ec aqMABATHO PACIIMPATHCK
no Temnepatypul Ty (coctosinMe B). YCTAHOBHM 3aTeM TEIUIOBOH KOHTAKT CHCTEMBbI
¢ TepmocTaTom. Ee TeMrepaTypa HecTaTH4eCKH NOJHUMAETCA 10 mpexHeii (T; oTpe3ok
BC). CxuMas cHCTEMy H3OTEPMHYECKH, MOXHO BCPHYTh €¢ B HauaibHOE COCTOSHHE.
Mo nanpasnenuro 00XoJa KOHTYpa Ha [MarpaMMe BHAHO, 9TO paboTa 3a IWKN
6yner OTpHUATENBHOM.

3.38. TMponuecc TemlooEMam MEXIy TelaMH pa3HOH TeMmepaTyphl SBJSCTCA
HECTATHYECKAM (| ™). st 0 TIPH 3TOM
IHTOMHH  CHCTEMBI npch}.]aM TEMI006MEH paBHOBECHO.

ByneM cuMTaTh, 4TO TEMNEPATYphl TEN W3-3a KPATKOBPEMEHHOCTH TeILIoOOMeHa
He M3MeHsiotcs. BaiGepem B kadectBe pabouero Tema Ui paccMaTpHBACMOi
M30JMPOBAHHON CHCTEMBI MOJb HIEANbHOro rasa. ITycTh HawanbHbili ero o6bem
Vy u temnepatypa T, (cocTosume /). IIpu TeIUIOBOM KOHTAKTE Tasa C MeEPBbIM
TENOM W H3OTCDMHYECKOM DACIIHDCHHH rasa 1o obwsema F, (cocrosmue 2)
ra3 BOJMET y TeNa KOMYCCTBO Temiotet Q=RTy In(V/V,). Ameabataum pac-
WIHpEHHCM Ta3 JOCTHrAaeT TemnepaTypst T, W 3anumaer obbeM Vi (coctosmme 3).
lprBens ra3 B KOHTAKT CO BTOPBIM TEJIOM, M30TCPMHYECKHM CXKaTHEM rasa
Ko obreMa V, (cocTosmue 4) OTAacM BTODOMY Tely TO e KOMHYECTBO TeIIOTHI
Q=RT,In(V3/V,). Eciu Temeph ra3 TpHBECTH B HayalbhHOe COCTOSHHE /, TO
H3MEHCHHE €r0 OHTPONMH DaBHO HYTIO, 4 W3MEHEHHE OSHTDONMH CHCTEMBI NpH
3TOM paBHO ee npH Tpouecce B pesybTaTe
KPaTKOBDEMEHHOTO TCIIOBOro KoHTakTa. [TOCKOTbKY MpOUCCC Mepexoia rasa M3
cocronuns | B 4 OLUI paBHOBECHbIM (OGATHMBIM), TO W3MEHEHWE OHTDOTHH
Beell M30JMPOBAHHOM cHCTeMbl (0GOMX Tell M rasa) IpM 5TOM INpOLECCe PaBHO
Hymo. CrienoBaTeNibHO, M3MCHEHHWEe SHTPONMM AS Ten NPH HX TEMIOBOM KOHTaKTe
# obMEHe TEMIOTOH pPAaBHO MIMEHCHHMIO OHTPONMH Tra3a NP €ro PaBHOBECHOM
Tepexoie M3 COCTOSHHA 4 B

AS=5,-Ss=Cy 1n(T,/Tz)+mn(V,/V,).

Tak Kak, COrNacHO MONYYeHHBIM (opmysam ans Q,

-2 0 s
=RIn—* Rln +R1n
T; Vi Vs Vs
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To nh_o 0 90
Rin V‘f _F+T‘Rln_
AS:—%+$+CVIH——RIH—
Cocrosinns 2 W 3 nexaT Ha oaHOW ammabare, MOITOMY

TV =TVt wl- 0

Tax xax Cy—R/(y—1)=
Takum 06pa3zoM, H3MEHEHHE JHTPOMHH NPH KPATKOBPEMEHHOM TEIJIOBOM KOHTAKTe
JBYX Ten pa3HOW TEeMINEPATyphl, PAaBHOE CyMMC W3MEHEHMii JHTPOMMIt JTHX Tel,

[ 11
AS=AS,+AS,= =0 ———).
1+AS; T,+T2 Q T m
Otciopa, oaHnako, He cnenyer, uro AS;=—Q/T, u AS,=Q/T;, xak 370

NPHHAMAETC OOBIMHO BO MHOTHX y4e6HWKAX NO TCPMOAMHAMHKE MpPH BHIBOJE
dopmyasl (1), MOCKOMBKY 3TH PAaBEHCTBA CNPABENIHBB TOJBKO TNPH PaBHOBECHOM
TennoobMete.

@opmyna (1), oueBnmHo, GymeT MMeTh TOT e BMA M npH AS;=-—Q/T;—q,
AS,=Q/T,+a, rae a#0.

JIns  BHIMHCTEHHS W3MEHGHHS OHTDONHH KakIOro Teia npn HEPABHOBECHOM
TenNoOGMEHe HAlo 3HATh WX HAYATBHBIC H KOHEWHBIC COCTOSHHS.

3.39. Mo BTOpOMY Hayamy, ANS HEPABHOBECHBIX NPOLECCOB -

80y —8Q =5 Wy —5W<0.

Ofciofa BHIHO, HTO COCTOSHHE, AOCTWKMMOE M3 [AHHOrO, aIHabaTHO DaBHOBECHO
(3Q=0), HenocTwKMMOe —annabaTHO HepaBHOBECHO (8Qy,=0), Tak Kak B 3TOM Clydae
8Qup—5Q=0. [To3TOMY €CITIH CHCTEMA TIEPEXOIHT U3 cocTostrus / B 2 axuabatio pasHOBec-
HO, ooupumn paboty §W,=—dU, To annaGaTHbl HepaBHOBECHEIH nepexon CHCTEMBI 3

b B 3, we
2; DM 3TOM BIIONHE BO3MOXKHO, 9T (8Wy3 )= —dU u, cren0BATEMBHO, SW”-[s W13 Jups
OIHAKO 3TO He MPOTMBOPEYMT BHIBOAY H3 BTOPOro Hawana SWyy>(3Wij ).

3.40. Mo npurunny Bombumana S=f(W). Ecu cuctema COCTOMT M3 1BYX uacTei,

.(S,=) (W,e S),—/(W; ¥ Ha OCHOBAHWHM aAANTHBHOCTH SHTpomMH S=S; +S;=f(W,)

-f(W2)=f"(W]

Jins He3aBUCHMBIX cHcTeM W= W, W, nostomy ans onpenencuus f (W) nomyyaem
(YHKUMOHABHOE  yPABHEHHE

SW)+f (W) =f (W, W2),
maddepenuupys kotopoe mo W, u W, Haxomum:
S (W)=l (WiWa) W f'(Wa)=f' (W Wa) Wy,
LWL (W2)=Wa| Wo, Wof'(Wi)=Wof (Wa)=k,

rae k—ToCTOSHHAS BeNMYHHA.
ocnie HHTer, atoro yp

S=kin W,
KOTOpOE ¥ACTO Ha3MBAIOT mpunyunom  Boasymana.
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I k y o yp: X KaKomy-
HHGynb y ciyuaro, X rasy; oHa paBHOM
nocrosnnoii Bonbumana (k=1,38-1072 Ix/K).

3.41. O6uwas JHTPONHS OGOMX TeN H3MEHHICH Ha

1 1
S=——— =101 Jx/K.
300 301 9 A

Cornacio mpunumny Bonbumana, AS=kIn(W,/W,), rae W, —BeposTHOCTH
HAYaJBHOTO COCTOAHHA OGOHX Tes, W,—BEPOATHOCTE WX KOHEYHOIO COCTOSHHS
B PAacCMAaTPHBAEMOM TPOLECCE; TOITOMY

Wy= WyeASk =, e1072,

T. €. BEPOSTHOCTb BTOPOIO COCTOSHHA B HEBOOOPa3uMO GOJIBIIOE YHCIIO a3 MpeBblIaeT
BCPOATHOCTH  NIEPBOTO u npu TEILIOTA NEPEXOAUT OT
Tena ¢ Gonbieil TemmepaTypoli K Teny ¢ MeHbiueil TemnepaTypoii MpaKTHYECKH BO
Beex ciydasx. U3 W,/ W;~1000'°" ciydaes B cpeHeM OHH a3 TEIOTA MEPEXOMMT
OT Tea ¢ MeHbleH TemnepaTypoil K Teny ¢ GOmbUledi TemmepaTypoi. Me1 BHmEM,
MTO NPaKTHYECKH BEPOATHOCTb NEPEXOAA TEmIOTH, Tpebyemas TEPMOIMHAMHKON, He
OTJIHYAETCA OT JIOCTOBEPHOCTH.

OpHako pesynbTaT OyaeT MHOM NpH MEPEXOAE 3HAUATEILHO MEHBIIETO KOTHYECTBA
Tewtotst, deM 1077 k. B ciaysae AQ=12-10"'¢ Ix nonyvaem W,/W,;=e=2]7,
T.¢. NEPEXO] TAKOrO KOJMYECTBA TEILIOTHI OT XOJONHOTO Teda K TOPAYEMY XOTH
u Gyner ocymiecTBiATECA Gosee peko, weM OGpaTHBIA MEPEXOM, OHAKO 4aCTOTHL
STHX TIEPEXONIOB OJHOTO MOPSAKA.

3.42. Mo ycnoBmio, B COCTOSHMAX | M 2 faBjeHus p;=p,=2p, a B COCTOAHHAX
3 u 4 py=ps=p. Pabouce Teso monyuaer TEMIOTY MpH M306apHOM mpouecce /—2,
a ormaer —npu u30bapHom mpouecce 3—4. Tlostomy

01=C,(T2=T), Q2=C,(Ts=Tu),

-0 Ts-T
o -7,

n

1oy
lipn agmabatHom mpomecce Tp Y =const, CleA0BATENbHO,

= (=]
v 7

=Ti(2p) 7.

1oy
=
=1-{z)".

Onnucarueii B 3afaye pesynsTaT OGYCIOBJEH TeM, HUTO JUIA HMIEANBHOrO rasa
KOJIMYeCTBO TEMUIOTH Q NpH nmpouecce "

pabote W, mostomy, xora Q#W, otHomenus Q,/Q; u W,/W, OmMHaKoBbL
Neficrsureasio, Qy=C,(Ta=T;), Wy=2p(Vs—V;). Ho 2pVy=RTs, 2pV,=RT;
C/IeNOBATENBHO,

- 1oy
Tsp ¥ =Ta(2p) 7, Tap
OTKyZa

C ¢
Wi=R(T;=T2), Q=2 W,, Q:=Ws,
Q. W,
0w
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3.43. Taxoit BeiBOn ommGoueH. [Ien0 B TOM, WTO XKHBOW OPraHH3M — HEPaBHOBEC-
Hasi, OTKPHITAsl CHCTCMa W B COOTBETCTBHM CO BTODHIM HA¥ajioM TEPMOJHHAMHUKH CTO
YNIOPANIOUCHHOCTh TIO/UIEPKHBACTCA OTTOKOM IHTDONHH B oxpyxalou(ym cpeny. Ecn

b Op! BMeECTE C My, A e
TO B 3TOH M30JHPOBAHHON CHCTeme JHTpomHs Oyaer so:pacran.

3.44. TokaxeM, 9TO HA TOCJNEAHEM ITane BTOPOTO MYTH, KOTJAa C IOMOMIBIO
cBeTa Bhi3bIBacTCA peakuns mexay H, u Cl, B cmecn ¢ morem HCl m Bes cMech
nepexoqut B apa Mons HCl, MaMenemne oHtponun paBHo —¢/(2T)—2RIn2, a me
—q/@T).

Tlockonbky Bce TIpOlECCHl  H30TEp! , TO s M3IMEHEHHS.
OHTPONHMH TIDH STHX TpOLECCAX MOXHO HCXOMMTh TOJBKO H3 KOHQHIYpalMOHHOI
4aCTH JHTPONHM WACAIBHOTO ra3a, KoTopas s Mons pasHa S=RIn(V/N).

DHTPONHA HAaYalbHOTO M KOHEYHOTO COCTOSHHMH CMECH COOTBETCTBEHHO pPABHA

Si=RIn(2V/N)+RIn(2V/N)=2RIn(2V/N),

S;=2RIn(V/N).

Mo ycrosmio, AS;=S;~S,=—q/T, otxyma —Rln2=—g/(2T).
Dutponus cmec B obveve 2V w3 Ha, Cl, m mons HCl pasma

S3=RIn(4V/N)+RIn(2V/N).
ToJToMy SHTPONMS Ha NOCHCAHEM ITANe BTOPOTO MyTH
S;~83=—RIn2—2RIn2=—q/(2T)-2R 2.

Taxum o6pasom, AS,=—g/T=AS,.

4.1. Jlokaxem b TpeThero Hauana
TEPMOZIMHAMHKH, TOKa3aB, UTO €CJM TepBas (OPMYTHDOBKA HEBEDHA, TO HeBepHA
W BTOpas, H HAOGOPOT.

TIpennonoxnm, 4To TNEPBOE YTBEPXK/ECHHE HEBEPHO, T. €. ¥To MpH T—0 K suTpomms

S sasucut ot mapamerpa V (puc. 61). Torma MoxHo aocTHuh Temnepatyphl 0 K,

obpatumoc w3 1 8 2. Tipn stom
Temnepatypa T Ha4aJbHOTO COCTOSHHS JOMKHA GBITh TakoH, 4TOOBI BBINOMHANOCH
cootomerme S(Vy, Ty)=S(V2, 0).

TMpennonoxum Tenepb, 9to Temnepatypsl 0 K MokHo aocThub. ITokakeM, u4to
Pa3sHOCTh 3HAYCHWH OHTPOTMHM JUI PAas3/IMYHBIX 3HauCHWH mapameTpos OGyner npu
JTOM OTJMYHA OT Hyad. DTO BHAHO M3 pHC. 62. JlelicTBUTENbHO, ecn mpouece /—2
BO3MOXeH, TO npu 0 K 2HTpomus cHcTeMbl, HMerolcik 06beM ¥y, I0JKHA OTJIMYAThCS
OT cc 3HAyeHHs JUiA CHCTEMBI C oénemom V3, TOCKOJNbLKY OHTpONMS SBJIAETCH
OT TEMNEpATYphl NPH TOCTOSHHOM OGBEME

[(3S/6T)VACV/T>0)]
Mycte S3(To) u S2(To)—9HTponun npu TemmepaType mnepexofa OHOrO
MOJI  COOTBETCTBEHHO ceporo M Oemoro osoBa. OueBMAHO, NpH  mepexoie
A=To(S:~51). :
Ho mo TpeTheMy Havyany TepMOAWHAMMKH,

()= [z, 5,01~ [ <Bar

H TO3TOMY

Ty To
T C(T)dT
x:n[ J%dr—j% 2=2158,64 [I/Mob.
5 5
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Pnc. 61. Puc. 62.
CooTseTcTsenno mexay 51oi i TabHEM

A=2242 JIX/MONb MOXHO PACCMATPHBATH KaK xopomee HOATBEPXJIEHHE  TPETHEro
Hauana, HeGOTHIYIO PasHHMIY MEXTy ITHMH BETWMHHGMH MOXHO OGBACHATS TIOTpE-
HOCTAMM OTIbITA.

4.3. OCHOBHOE YpaBHEHHE TEDMOJMHAMMKH Ui MApaMarHETHKa

TdS=dU—-HdJ.

Tipu6asus k obenM wacTAM oToro ypapHenus middepermman d(—TS—HJ),
Toy4HM

d(U-TS—HJ)=-SdT-JdH,

orsyaa (ﬂS/DH]T—(a!/aT),, To saxory Kiop, J=wH=cH/T, nostomy (3S/0H)r=
Orciona npn T—0 K monysaem (6S/3H)r——co, §To TpOTHBOpCHHT
1pe'rbeMy Hu-wxy, cornacho koTopoMy (8S/6H)r—0 npu T—0 K. D10 npotusopeune
YKa3BIBACT HA HENPHMEHUMOCTh 3aKOHA KIOPH JUI CKOMb YTOJHO HM3KUX TEMNEpaTyp
11apaMaTHETHKOB. Pe3yNbTaThi ONBITOB NOKA3HIBAIOT, 4TO TPH AOCTATOYHO HHM3KOM
TeMIepaType ® [NCPecTacT 3aBHCETb OT TEMIEPATYPbl M CTAHOBHTCS NOCTOSHHO.
4.4. Tlpu aguabatrbix npoueccax dU= —pdV. VuutsiBas, uto pV'=>2/; U, nonysaem
dau_ 2dv
o= "3 omm
U=const -n?3, 1)}

rae n=N/V - KOHUEHTpAIHA 3NIEKTPOHOB.

Mo TpeTbemy Havany, npu 0 K aauabaTHblil mpouecc COBMAfAeT ¢ H30TEPMHYCCKHM,
mosToMy ¢opMyna (1) naeT 3aBHCHMOCTh «HYJIEBOH OHEPIHMH» OT KOHUCHTPAUMH
ekTpoHoB. IT; Depmn K ek Ta3y NPHBOTAT K TaKoi
Ke 3aBHCHMOCTH U OT 7 M TO3BONACT BLIYHCIMTL 3HAYCHHE KOHCTaHThI B dopmymne (1).

4.5. l1% OmpENeNCHUA W3IMEHEHHS TEMNEpATyphl C HM3MEHEHMEM NaBJICHHS NpH
a/MabaTHOM MpOIECCE 3aMHIIEM NPABYIO YaCTh OCHOBHOTO YPABHEHHS TEPMOJMHAMHKH
NpH He3ABUCHMBIX TepeMeHHbX T W p:

TdS:dU+pdV=(ZU) dT+(ib) dp+p(a ) dT+

D AE ARG AT) e o
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oTkyna

a5 (57) (i) Joroal (5), () Jor
sl () (o) -l L (50) (). 1
Mostomy ypasnere (g)%%lizcwpa(syerc)n. <%)'

TdS=C,dT— T(a )dp @

TdS=C,dT—aTVdp.
M3meHcHue TemTicpaTypi TpH aawabathom mponecce (TdS=0)
T=(TaV/C,)dp. [6))

Mo Ttpethemy Hawany, mpy T—-0K a—=0 u C,—0, Ho aF/C, crpemutcs
K KOHEYHOMY mpeaeny (cM. Hmke). IToaroMy W3 ypaBHeRHA (3) HAaXOQMM, 4TO TpH
T—-0K nis H3IMEHEHHS TEMUEPATYphl HAa KOHEYHOE 3HAYCHHE W3MCHEHWE /ABJICHHA
JOJKHO HEOTPAaHWYEHHO BO3PACTaTh, T. €. 4YTO C TNOMOMIBIO KOHCYHBIX H3MEHEHHI
TEPMOJWHAMHYECKHX NAPAMETPOB CHCTEMY HEBO3MOKHO OXmamuTh a0 0 K.

W3 ypasmenmn (2) nonysaem (dS/dp)r=—(0V/eT),.

Toatomy
T
14 as a2 [ aC dar
v= ) - | Sar=
* (ar) (ap), )T~ ST @
°
Mpn musKol TemmepaType
C,=T"(a+bT+cT?+..), ®
rae n>0, a xoddpoduUMEHTH a, b, ¢, .. 3aBHCAT OT naBnerus. uddeperumpys
(5) mo " B (4),

. 2
a bT T ) ®

T
V=— T T )= =T = —
[ J‘dT(a +b'T"+..) (n P R St
o
Pasnenus ypaenenne (6) Ha (5) u mepexoas x T—0 K, maitnem, uro
¥/ Cy-rconst.

4.6. BO3HMKHOBEHHE DAjHOCTH YPOBHEH B HAMOJHEHHBIX XHIKOCTBIO COCYMAX,

M, NIpH B HHX Da3HOCTH TEMINIEPATyp Ha3biBACTCH

TEPMOMEXaHHYECKHM 3pdekToM M B OOBIMHBIX XKHAKOCTSX mpeicTasaseT coboi

HeobpaTHMOE ABJIEHHE, AHANIOTHYHOE TEPMOJNEKTpHUecKoMY JbdekTy (Ha CThike mBYX

Da3THIHLIX NPOBOJHAKOB C Pa3HOF TeMMEPATYDOil BOSHHKAET TEPMO-3. . C.; M. § 69).

Taxoro poja TepmomMexanmnyeckuii sbdekt cymecryer u B He II, oqnako B 3T0M cyvae

OH TEPEKPLIBAETCA IHAYHTETBHO €ro ApyruM, s Hell,
OBPATHMBIM 3ddEKTOM (KOTOPSH TAKKE HAIMBAETCH  TEDMOMEXAHHYECKHM),
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<
Puc. 63. Puc. 64.
Kak yxe ckasano B ycrnosun 3ajaud, He Il Bemer cebs kak «cmech» JByx
KHIKOCTeH — CBEepXTeKyuelt (s) u i (n)*. Korma B cocyax
¢ He Il Temnepatypa OfMHAKOBa, (KOHICHTDPAUMH» CBEPXTEKYYEro M HOPMAJLHOTO

KOMIIOHEHTOB B ODOMX COCYNaX COOTBETCTBEHHO OnMHakoBbl. Ecim Xe Temmeparypa
B OJTHOM M3 COCY/IOB YBE/IHYHBAETCS, TO KOHIEHTPAlHs CBEPXTEKYYero (HOPMAJILHOIO)

Ta B HEM ( TaK Kak 4acTh S-KOMIOHEHTA NpH
9TOM MEPEXOMHT B HOPMAJBHYIO. PasHOCTh

B pa3’HBIX cocyaax Oynmer BCA: T Gyun B Gonee
Temsli cocy, a i pot. Ho

no CBA3aHO C TpeHHeM. B pesymbraTe

» cocyae ¢ Gosiee HHIKO¥ TeMncpaiypoﬁ KHIKOCTb NOJHHMACTCH, CO3NaBas PasHOCTh
nasnenuit Ap (puc. 63).

Cassb Mexay Ap w BeipaBwe ee AT Haitmem u3 yc'mmu ((XMMHYECKOrO
PaBHOBECHS» TeIMS B COCYIaX, KOTOpOE

Tom. Takoe HacTynaer npH
(xoTopble MBI OygeM OTHOCHTH K 1T renms):
R(ps, To)=h(p2, Ta). &)

rae py, Ty W p;, T)—[NaBneHHe W TEMIepaTypa B NEPBOM M BTOPOM COCYIax.

Tak Xak NPH OAWHAKOBBIX TEMNEPATypax B COCYAax NABICHHS B HMX Ha OIHON
R TOH Xe BBICOTE ONMHAKOBBI, TO Npu HeGonbuo# pasHocTn Temmepatyp AT=T,—T;
GyneT Manok u pasHocTs naBneHu#t Ap=p,—p;. Tostomy, pasnaras p(ps, T2) mo
crenensmM AT u Ap, u3 ycnosus (1) momydaem

w(p2s Tz)-u(m.T.)=( )Ap+( )AT-O

i
vAp—sAT=0

(v m s—obveM u sutporms 1r Hell), otkyna Ap/AT=s/v, um
Ap/AT=ps, @

rae p—miotHocTs Hell npu janHO#M Temmepatype.
Tak xak ps>0, To Ap/AT>0 u, cnenosatensHo, npu AT>0 pa3sHOCTb IaBieHuH
Ap>0, T.e. XHIKOCTh MOAHMMAaeTCA B cocyae ¢ Gonee BLICOKOH TemmepaTypoit.

* Takoe paccmotpense He II sBasiercs, KOHEYHO, Kak BCAKOE KJIACCHYECKOE
TPEACTABIEHHE KBAHTOBBIX SBJCHMH, JHUIL YNOGHBIM CMOCOGOM LI BBHIDKEHHS
NOBEJICHHA KBAHTOBOM XHIKOCTH, KakoBoil seiserca He II. Hukaxoro paspencnus
HaCTHI TeNWA HA (CBEPXTEKYHHE» W HOPMAbHbie» He CYLIECTBYET.
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@opmyna (2) Gbinta Brepsble ycraHosiesa B 1939 r. I Jondonom MeTonoMm
UHKJIOB, a JBYMS TOJIaMH NO3KE OHAa ObLIA KONMYECTBEHHO NOATBEPK/CHA onmaMn
11. J1. Kanuyer n nony-icna METOJIOM TePMOTHHAMHUYECKHX noTeHuuanos J. [. Janday.

T KT T.€. CCIH Pa3sHOCTh TeM-
nepatyp B He I BBI3bIBAaCT MOABICHWE PAa3HOCTH NABIICHWH, TO M PA3HOCTh AABJIEHHI
BBI3BIBAET COOTBETCTBYIOLIYIO Pa3HOCTh TEMIEPATYP. 05paluEHHMW TePMOMEXaHHYECKHil

KT B Hell on 6but uccnenosan
B 19391, xorma 6bino obHapykeHo, uto Tedenue Hell wepes xamumisp ot Gomee
BBICOKOTO YPOBHS K 6oJiee HH3KOMY COMPOBOK/IACTCA TOSBIIEHHEM PA3HOCTH TEMIEPATYP
B cocynax (puc.

Konuqem'aemio 3aBHCHMOCTh AT oT Ap mpu MexaHoKajJopuueckoM s{bexre

Tem Xe COOT (2), XOTOpOE MBI 3amuIeM Temeph B BHIE

AT/Bp=1/(ps).

W3 5ToH (opMyJbl BHIHO, MTO B HWKHEM cocyde (C IaBNCHHEM p;<p;, THe
P1— IaBJIEHHE B BEPXHCM cocyne), B kKOTopsiii BTekaer He II, Temmepartypa nonmkaercs:
npn Ap=p,—p,; <0 pasmocth AT= T,—T,<o u To<T,.

3107 pesymbTaT TOR 10
4epe3 KANWLIAD CBEPXTEKyuero Komnomenta Hell: oHTpomus 5Toro KommomeHTta
paBHA HYMNO H, CIICNOBATEILHO, OHA, MO TPETbeMy HAualy, «HAXOAHTHCA» MpH
Temnepatype 0 K.

4.7. Conepkanue TPETBEro Ha¥ajia ONPEAENACTCS HE TONBKO HEBBIPOXKACHHOCTBIO
OCHOBHOTO YPOBHS, HO M OCOGEHHOCTBIO JHEPreTHYECKOTO CHIEKTPa MAKPOCKONHYECKOro
Tesa MpU ManbiX Bo3Oyknenusx. JeHCTBHTENLHO, €CIH CBA3ATh TPEThE HAYAIO TOILKO
C OTCYTCTBHEM BBIPOKICHHA OCHOBHOTO COCTOSIHHA, TO CBOMCTBA TeJN, ONpeaeiseMble
TPETBHM HAUAJIOM, HA4AIH OBl OBHAPYKHBATHCA JIMIllb NH ONCHH HH3KOH TeMTepaType
T, onpenensemoli W3 yciosus T< Ty=E; /k, tie E, — IepBbiii dHEPreTHUCCKHIl yPOBEHb
tena. [lna kpucTamia B opme kyba co cropoHoii 1cm T;x107° K, B To Bpems
Kak M M3 OKCTICDUMEHTa M M3 TEODWH TBEPIOTO Tela W3BECTHO, HYTO TEIUIOEMKOCTH
KDHCTAJUIOB MaJa NpH TeMIepaType, MeHbilteil 1eGaeBcKoi (NeCATKH KeibBHH). DTO
O3HAYAeT, YTO MPH Y4YeTe JMIb HEBHIPOKICHHOCTH OCHOBHOTO COCTOSHMA JeHCTBHE
TPETHETO Hayala JOMKHO 6bo Obl CKA3bIBATECA NpH TEMNEPATYpax NPHMEPHO
B 10° pas Gonee Hu3KHX, YeM OBHApYXMBaeTCA Ha ombite. TakuM 06pa3oM, HEMPABHILHO
CBSA3bIBATH TPETHE HAYANO TONBKO C OTCYTCTBHCM BBIDOX/ICHHS OCHOBHOIO YPOBHS,
HeoOXOMM y4eT OCOGEHHOCTH 3HEPreTHYECKOro CNEKTPa MPH Masbix BO3GYKICHHAX.

5.1. PaccmoTpuM wikt KapHo, B KOTOPOM paGouMM TCIOM SBASCTCA CHCTEMA
M3 KHMIAKOCTH W HachllleHHOro mapa. M300pasum 5T10T uMKn Ha aWarpamme V,
p (puc. 65). Ha yuactke [—2 cucteMa m3oTepmuucckn (mpu Temmepatype T)
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PACIIMPAETCA, NPH STOM CMHHMIIA MACChl KHIKOCTH NEPEXOHT B nap; NABNeHHe He
HIMeHSeTCA. B3fTOe y HArpeBaTels KOJMECTBO TIOTHI paHo Qy=Ah. Ilpn
anuabaTHOM paCUIMpeHHH 2—3 TemnepaTypa W JABJICHHE NAajaloT COOTBETCTBEHHO
Ha dT u dp. TIpu HM30TEPMHYECKOM CKAaTHH 3-—4 XONOAMILHHKY OTHAETCS TenioTa
Q,, a npu ammabatHOM CKaTHM 4—] Temmepatypa nosbiwaercs 1o T.

Pabota 3a makn pasha Q) —Q>=(v2—v,)dp, The v; M v — yneBHBE 06bEMBI
mapa u xuakoctH. TosTOMYy

n=(Q:~0:)/Qs=[(v2—v1)/A]dp.
T_(T_dT)_dT M, caeaoBare.
T =" eI IbHO,
Takum 06pasoM, nos P Knaneii Kiaysuyca
dp 3

AT Tr0r)

Ho mns umuxima Kapo n=

5.2. [TposesieM ¢ 0GpAaTHMBIM Ta/IbBAHHYECKHM JJIEMEHTOM LMK KapHo, 3acTaBnss
ero paboTaTh CHauala W30TEPMHHECKH, TIOTOM aJaHabaTHO, a 3aTeM, MpONycKas 4epes
HCTO TOK OT BHEINHEro HCTOVHMKA, COBEPUIMM HaJ HUM PAGOTY TAKKE H3OTEPMHUHECKH
# aamabatHo.

Ha juarpamMe ¢ ocsiMH e (3apaj, MpOWEMUIHHA depes oneMcHT) W & (3. 4. c.
aMeMeHTa) UMK OyneT HMeTh ykasaHHbI Ha pHC. 66 BuA. Kommuectso Tensorsi,
B3ATOE Y Harpeatens, Ha usorepme /—2 6yner Q,=U,— U, + W, rae usorepmuteckas
pabota W=eé.

Wsmenenue BryTpentcit oneprun Uy — U, paBHO TemioBoMy S(hdeKTy XHMmdeckoii

aKuWd B onemeHte (ecim Obl aeMEHT He mpomsBoamn pabory): U,—U;=—ge
g—TensioBoii 3(deKT, OTHeCeHHBIH K TpowieameMy 3apsay), Tak 410 Q;=ed —ge.
Ilpn anmabaTHoli paGoTe 2—3 2. 1. C. DNEMCHTA yMeHbIMTCS Ha d&, M3MeHHTCH
u Temmeparypa. TIDONYCKaS NOTOM TOK 4epe3 SIEMEHT OT BHEIHErO HCTOMHMKA,
3aBepuM 5ToT wiknt Kapuo. PaGoTa 3a umMkn pasHa miomamm mikna edé, nosromy

010, edé
i A S s
T—(T—dT)_dT d¢ dT
Ho nns uukna KapHo n=—————=— u, cie10BaTeibHO, 5 - oTKyaa
-4

nonyyaeM ypahenne [enbmronbua (em. § 49)
E=q+T(e8/0T).

53. F(T, V)=U~TS=CyT+Us—T(CyInT+RIn¥V+5S0)=C,yT(1~InT)— RTIn V'~
—TSo+Us:

O(T, p)=U—TS+pV=CyT+Uo—T(CpIn T—Rln p+So)+
+RT=C,T(1~InT)+ RTIn p—TSo+Uo;
H(S, p)=U+pV=CyT+Us+RT=C,T+ Uo,
Ho S=C,InT—RInp+So, otkyna T=p'~exp[(S—So)/C,]. Mosromy
H(S, p)=Cpp' ™~ exp[(S—So)/ C, ]+ Uo.

54. 1. dH=TdS+Vdp, oTKyia BHAHO, YTO NPH HE3ABHCHMBIX TEPEMEHHBIX
p W H TeDMOIMHAMHYCCKHM MOTEHUMANOM sBASETCH sHTpoms S(H, p):
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1 14
dS=—dH—-— T=
Td po "

1
(@syom),’
2. dF=—S4T—pdV, oTkyaa suaso, 1o upH sesamucuMsLx nepesenusix T u F Tep-
MOJIMHAMHYECKAM TOTEHUHMANOM sBnseTcs obvem V(T
1 (aV/aT),

av=-3ar-Yar u =——, =N
? P=@vian,’ °~@vieE),

as’ 6C, a8
55 C,= T( . (a )_ —. W3 ®=-5dT+Vdp monysaem

» apar
2y

~T(‘3—,) .

aT?),

(8S/3p)r=—(6¥/0T),. Tostomy
o2 (o ac,
war(er), » ().~
OTKYHa BHIIHO, YTO Y BEIIECTB, 0GBEM KOTOPBIX JIHHEHHO 3aBHCHT OT TEMIEPAaTYyphi,
TennoeMKocTh C, HE 3ABHCHT OT AABICHHS.

U F
56. ¢=S—7= ~7 F(T,V)==Te(T. V). U=T(5-0)
Ho dF=-SdT—pdV, mootomy Ttep W Kazop p
cocTosHus

—(0F|V)r=T(00/V)r, U=T[—(0F/oT)y—¢]=T*(09/3T)y

MOXHO HalTH, CCIH TEPMOJMHAMHMYECKHI MOTeHuMan Macke H3BeCTeH, Kak
dynxuus V ou T.

5.7. U+pV _ U-TS+pV G
S Bl o
G=-T0,
dG=—-Td0-@dT= —I:T(a,—m) +®j|dT—T(6£) dp.
T/, p)r
Ho dG=-S8dT+Vdp, cnemnoBatensHo,
S=T(00/3T),+®, @
= —T(00/3p)sr- [6)
Vpasuenue (3) cob ABHBIA BHI
KOTOPOro MOXHO HaiiTH, 3Has Q(T p) M3 cootHowenns (1) monysaem
U=TS—TO—pV.

(2) u (3), monyuaeM Kajmopuyeckoe

YypaBHeHHe COCTOAHHS
U=T[T(6®/3T),+p(0®/dp)r].
58. dH=TdS+Vdp, otkyna
T=(3H/0S),. [}

Ias yp amMabathl nosy V=(3H/dp)s, xoTopoe B crydae
MOCANbHOTO rasa ¢ 3afaHHod QyHkumedt H mNpuHHMaeT BHI
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Cpp™'/"exp[(S—50)/C,] @

wm pVY=const.
U3 ypasenus (1) Ans MAEANLHOTO Ta3a HaXomuM

T=p" " exp[(S—50)/Cp)- )

Paszienus ) ma (3), P

pV=RT.
59, G=U-TS+pV, )
dG=—-8dT+Vdp. @
Ecnu nonnumn G saman xak Qymxuma T u p, To TEPMHHECKOE yPABHCHHE
Ly TIPOCTBIM ITOH yHKUHH:
V=(3G/dp)r-

B namxom ciysac V=RT/p u pV=RT.
Kanopuieckoe ypasHenHe COCTOSHHA Haxomum W3 ypasmemnus (1), mcmoabsys (2):

U=G+TS—pV=G6—T(9G/T),—p(0G/ap)r.
Tpu 3anawrom G
U=aT(1-InT)+RTInp—TSo+Uo—T[a(l ~In T)—
—a+RInp—Sy]~RT=(a—R) T+ Uo.

5.10. Cmech pasnuuHbIX HACANBHBIX Ta30B MOXKHO H3OTEPMHYCCKH 06GpaTHMO

pasielnuTh Ha Th Ge3 TEIOTEl H paGoTl H,
H ¥ oHepruu cuctemsl. [loaTomy cBoGomHas

IHEPIUA CMECH M/ICATBHBIX Ta30B PABHA CyMMe SHCpTHi ce 08,
KaX/Ibil M3 KOTOPBIX 3aHAMAeT 06BEM CMecH: .

F(T: Vv vas oo vi)= 3. E(T, V, v)=

X v
=y v,I:U,fT(Cy‘ln T+RIn ;+so.->], 6}

& 2
ot Er s i JHeprUM, 7lerKo yOGXMTECH, HTO
i JHepria Tyers umeetcs

Vi Moneit om-xoro M Vv, MoNell Jpyroro rasa, pasjeleHHbIX B COCYIE Ieperopoikoi,
TAK YTO Kax/bli 3aHHMAeT COOTBETCTBEHHO obmeM Vy W V,. Torma mo muboysun
¢BOGOHAN JHEPrHS CHCTEMbL

F=vi{U;~T[Cy,In T+ Rl (V1 /vi)+So1 ]} +

+v2{U,—T[Cy, n T+ RIn(V2/v2)+So2]},
a mocne aupdysun, coriacio ¢opmyre (1),
Fa=vi {Ui=T[Cy,In T+ RIn[(Vy + V2)/vi]+ Sor]} +
+v2{U; = T[Cy,In T+ RIn[(V1 + V) /v2]+ Soz]} -
Toraa
AF=Fy—F=—RT{viIn [(V,+V3)/Vi]+v2In [(Vi+V2)/V;]} <0.

Ecnn Vi=V; u vi=va=1, To AF=—2RTIn2.
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[pH CMEILICHHM [IBYX TOpUMHA OAHOTO M Toro xe raza AF=0. ITootomy mnpu
Tepexoie OT CMECH JBYX Pa3’HbIX ra3oB K CMECH JBYX NOpUMil (MO MO0 Kax/jas)
OJIHOrO M TOTo Xe rasa AF mamensctes ckaukom: AF=—2RTIn2 (mapamoxc 'u66ca).

5.11. Cornacio Qopmyne (5.49),

G(T, p, vi, v3)=viGy (T, p)+v2G: (T, pa)=
=v;[Uy=T(C,,In T—RlInp, +So:1)+p: V] +
+v2[Uy—T(Cp, In T— RInp; + Soz) +p2 V] =vix: (T)+

+viRTInp;+v%(T)+v2RTInp,, m
rae #(T)=U(T)~TC,InT+RT+So, @ py W p,—IaBiieHus TepBOTO M BTOPOTO
ra3oB W CMeCH.

Monb3ysice 3TuM  BelpaxenweM s G cMmecH, Nerko yOemuThCs, 4TO MpH
usotepmudeckolt mudpysun oneprus I'ub6ea ymenpmaercs. Iycts v, Mosei ogHoro
raza # V; Mojedi JpYroro rasa pasieleHbl B COCyle TEPEropojkod H MMeEIT
COOTBETCTBEHHO HauanbHbie nasnenus po=viRT/V,, u pl=v,RT/V,. Torma o
muddy3uH MOTEHIMAT CHCTEMBI

Gi=Vy% (T)+V1RTInp+ vy, (T)+Vv2RT Inp3,
a nocne maddysun, cornacno dopmyne (1),

Gu=vy%, (T)+V,1RTIn py + vy (T)+V2RT In ps,
e py=viRT/(Vi+V2) u py=voRT/(V,+V3). Torna

AG=Gu—G=RT[viIn (p1/p3}v2In (p2/pY)] <0,
TIOCKOITBKY
p_ "N p2_ V2

VA <h P8 VitV
Ecmt V=V, u vi=v,=1, To AG=~2RTn2.
TIpK CMCLUCHAH JBYX TIOPLMit OAHOFO  TOTO e rasa AG =0. TlosToMy mpw nepexoze
O CMECH JIBYX PasHLIX Ta30B K CMECH JIBYX TIOPIHH (TIO MOJTKO KaXJas) OMUHOr0 H TOro Ke
rasa miMeHenne AG CKaykom MiMemsercs Wa AG=—2RTIn2 (mapanoke I'm66ea).
5.12. Ho ycnosuio,

S=aT. m

s onpeneennus C,—Cy=T(9p/0T)y(3V/0T), w3 wupaxenuii dF=—SdT—
_pdV w dG=—SAT+Vdp maxomm (3p/0T)y=(0S/2V)r, (2V/2T),= —(0S/3p)r.
Tosromy

Cp—Cy=—T(2S/0V ) (0S/dp)r.
Ho u3 xpopmynu (1) cneayer, uto (3S/dV)r~T, (8S/dp)r~T u, cnenosatenbo,
Cp—Cy~T>.
5.13. C,—Cy=T(3p/0T)y(0V/0T),. V> suipaenuit dF=—SdT—pdV n dG=
=-8dT+ Vdp HaXO[MM: (ap/OT)yzt,&S/BV)p (év/oT),=—(S/dp)r, mooTomy
Cp—Cy=—T(6S/aV)(6S/ép)r.
Tax kak Cy=T(3S/0T)y=0T? To 3aBHCHMOCTH OHTPOTHH OT TEMTEPATYphl
onpenensercs hopmynoi

T
S=[aT?dT=3aT>.
o



Moaromy (8S/6V)r~T?3, (8S/dp)r~T? u, crenobatensro, C,—Cy~T". U r0o06-
e, ecim npu T—0 K oHTpomus u3MeHsercs 1o 3akohy S=oT", TO pa3HOCTH
C,—Cy~T*!

G R
6.1. [l1a uieanvHoro rasa dS:%dT+T/d V. U3 seipaxenns 5Q=CydT+pod V'

npu agmabatnol mionsmuH (8Q=0) maxomam CydT=—podV, mostomy
1(RT 1
dS==(=—py |dV==(p—po)av,
T(V Po) 7(p=r)

rae p=RT/V—pasnenue rasa. Otciona BuaHO, 9T0 pasHoseche (dS=0) Bo3smoxHO
TOJILKO TPH p=po, NPHYEM, KaK Mbl CeHyac MOKaXeM, JHTPOMHA B 5TOM Clyyae
MAKCHMAJIbHAS. DHTPOMUS MICANBHOrO rasa paBHA

S=CyInT+RInV+S,.
Mycts obbeM raza mameHwics Ha 8V, a Temmneparypa —na 3T. Torna

T sr visy_ sT
As=Cyin T R U ~Cromt

sV [ 8> §V¥] 1[RT 8T 82
+R V—-(LVF+R—VT:|=?|:741;‘,:|5V-—|:CV Rﬁ].

orkyna 8S=(1/T)(p—po)8V m

N T2 8V?
828 7[CV?*R? . 1
W3 seipakenns (1) BWAHO, 4TO OHO OTpHHATeNBHO npH mobeix 8T u §V.
Crefobatesibro, npa HTPOIHS
6.2. OcHoBHOE BO s
(3.59), K Sup, Bi
dH<TdS+Vdp,

OTKy7a BUIHO, 4TO B CHCTEME C S=CONst M p=const PaBHOBCCHE HACTYNAeT NpH
MHHUMYMe SHT&IbIHH. M3 ocHOBHOTO HepaseHcTBa (6.3)

dU<TdS—pdV

BIIMM Takke, 9TO B CHCTEME C NOCTOSHHOH OHTPONHCH # OGHeMOM paBHOBECHE
HACTYNACT NDH MMHAMYMe BHYTDCHHCH SHEDTHH.
6.3. Vimeem 1BYX(Ga3HyI0 CHCTCMy, COCTOSINYIO M3 DA3HBIX BEWICCTR (HAampuMep,
BOJA ¥ KCPOCHH). DHTPONHS TaKOH CHCTEMBI
S=Nys,+Nosz,

a BHYTpEHHHC napaMetpht Ny, Ny, 0y 0, H u; W U, YIOBTCTBODAOT YCIOBHAM

Ni=const, ,=const, Nyuy+Nyuy=U=const, Nyv,+Navs=V=const.
Takum  06pasoM, H3 WIECTH I nBa,
HANDHMED vy M uj.
Venosne  paBHoBecus  HaliieM M3 8S=0 npM AONOJHHICABHBIX  YCIOBUAX
SN =8N;=0, Nidui+Nydu;=0, Ni8vy+N;8v,=0. Mmeem N,8s,+Nyds,=0, wis

Buy+pidoy  Suy+padus
N +N, 2
T T

o,y Butmdu_y dutpady
T, T:



oTKyna

11

<i—Tz)ﬁu,+(?v;i)5u, u Ty=T,, pi=p,.

Ha XMMHUYCCKHE NOTEHIHATBI HHKAKOE YCIOBHE B IAHHOM CITY4ae He HAKJIa/biBaeTcs,
TaK KaK y DPa3’HbIX BEINECTB HE MOXET ObITh 05Mena qacmuaww

4. Tlo mepaTypa BO BCEX
wacTsax Tena Oymer oaHOW W Toil xe. Han}leM BTOpOE yc'losne paBHOBECHA AN
TENa, HAXOAWErOCA B MOJE, B KOTOPOM NMOTCHUMATbHAA DHEPIMA HA OJHY YAaCTHIY
paBHa @, WCXOMA M3 MHHHMYMa TEPMOMHAMMWYCCKOrO NOTCHIMANA MPH PABHOBECHH.

Pa3siHuHble YACTH TE/a HAXOATCA B PA3/YHBIX YCJIOBHAX NPH HAJWYMH TOMA.
W3MeHeHHe 3HEPrHM Masloff YaCTH TeNia ONpENENSETCA HE TONbKO, Kak paHblie (TpH
orcyTctBun nons), senuumnoii dU=TdS—pdV+pdN, HO ellle M WIMCHCHHEM
[OTEHIMATBHOM JHEPTHH HACTHIL, BXO/SIIAX B PACCMATPHBACMYIO 9acTh Tena. IosToMy
mna cuctembl B mone dU=TdS—pdV+udN+@dN, otkyna

dG=-SdT+Vdp+(u+¢)dN, p+o=(d®/dN), 1,
a TEPMOJIMHAMUYECKHI NOTEHIHAJ BCEro Tena
G={(1+0)dN.
V3 ycnoBHs paBHOBECHS OTHOCHTEIBHOTO DACTPENE/ICHHA HACTHIL
8G=[(u+0)3(dN

NpH COXAHCHHE MOMHOTO WiCTA wacTuu B Tede [8(dN)=0 momyuaem, uro mpu
PABHOBECHH Telia B I0JI¢ JOJUKHO COGMIONATBCS YCIOBHE |1+ (@ =CONst, T.e. «TOJHbIeH
TIOTEHIMANBl BCEX 4YacTelf Teda MOMKHEI OBITH DaBHBI DY ApYTY.

B mone TAToTemns ¢ sABnsercA (ynKuued KOOpAMHAT X, y, Z LEHTpa Macc
MOJICKYJ1, TIOITOMY IIDH DPaBHOBECHH

w(T, p)+o(x, y, 2)

Ortcroga BHAHO, YTO [aBICHHE B DPasHBIX YacTAX NpPH PABHOBCCHH CHCTEMBI
B mOle pA3HOE; NPH OTCYTCTBMH MONA p Beyie OTHO M TO xe. [ludiepenmupys
Boipakenue (1), nonysaem dp+de=0.

B ciysae O7THOPOAHOTO TONSA TSAXKECTH, KOrja @=mgz,

onst. (V)]

vdp+mgdz=0,
M TaK KaK m/v=p—ILIOTHOCTb CPEXbI, TO
dp=-—pgdz
¢ Pl y THAPOCTATHYECKOTO JIABJIEHAA rasa HIH

KHIKOCTH C BBICOTOH.

6.5. [l1s cucteMbl B 1IEJOM YCJIOBHS ycToitumBocTH (6.17) cnpaBeqymBhl B Ciydae
OIHOPOJIHOM CHCTeMBI, KOIZIa JaBJEHHE BO BCEX TOWKAX OJMHAKOBO, A TEILIOEMKOCTH
BCEH CHCTEMBI DPaBHa Cymme uacreid. [lns CHCTEMBI
STH yCTOBHS BCDHbI JIMIIL JIOKATHHO M WX He/b3s NEDCHECTH HA BCIO CHCTEMY
B menoM. IlpH HaMMYMKW NONA, HaNpHUMep, AaBJCHHE B DAa3HBIX MeCTax pasHoe,
SHEPrus, a CNENOBATENBHO, H TEINIOEMKOCTh He aiuMTHBHBL [Tostomy w3 Toro, uto
Cy>0 Ans MaJtoi 9acTH 3Be3bl, HE CIEAYET, YTO TEIIOEMKOCTh GyJeT MOJOXKHTEIbHOM
y BCeil 3BEILI B UETOM.

.6. 5 BC u FE xpusoﬁ
Bau-nep-Baansca, B OOBIMHBIX YC/IOBHAX He Hx moxHO
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JMUL B HEKOTOPBIX CMCUMAJIBHBIX YCIOBHSX, 9TO W YKa3bIBAET HA HX MEHBLIYIO
yeTolfamBoCTS (McTacTabmbioCTs). CocTosnus yuactka BC JOCTHIAioTcs, HampHMep,
OBICTPBIM OXJIAXICHUEM BOJASHOTO TMapa, B PE3y/IbTAaTe YCro NpH OTCYTCTBHH B COCYJe
LU M SNCKTHUCCKHX 3PWIOB B HEM HEKOTOpOE Bpems BymeT cyumecTsoBaTh
TePEOXTAX/ICHHBIH (NCPECHINICHHBIH) Tap, COOTBETCTBYIOUIMH OJHOW H3 TOYEK ydacTKa
BC. Cocrosmua yuactka FE ROCTHTAIOTCH TIDH MEJUICHHOM pACUTHPEHHH KHAKOCTH
B COCYAC, 3aKPLITOM BIUIOTHYIO TODUIHEM (TaK YTO MEXJy XHAKOCTBIO H NapoM
HEeT HMKAKOH ra3oBOH MPOC/IOHKH), HO OHH HE COOTBETCTBYIOT MEPErPETOl XHAKOCTH.
Ileno B TOM, UTO nepezpemoii KWIAKOCTbIO, KK WBECTHO, HA3BIBAETCH KHAKOCTH,
HarpeTas BbIUIC TEMIEPATYphl KHTCHUSA (T. €. TEMIEpaTypsl, IIPH KOTOPOH YNpPYrocTh
napos fica nox p BHEUTHUM

ATMOC(EPHBIM, [eNaeTcs paBHOH JTOMY BHEIHEMY JABJICHHIO), HO He KHMALIAR, T. e.
He obpasyioulast MOJ MOBEPXHOCTBIO My3BIPCH TMapa, a JIMIIb WCTIAPSIOUIAACS C MOBEp-

Ho

xHOocTH. OHa, CIENOBAaTENbHO, MOXET KaK MCNApAThCA, TAaK M KHNCTh. ITOo
TPOHCXO/IHT JILLL B CATy4ae, KOIA MCNAPSIOUINCCS MOJICKYJIbI YAANAIOTCA W3 KHAKOCTH,
T. €. KOrAa cocysi GyaeT WM OTKPBIT, HIH 3aKpbIT TopuIHeM,

MO/t NOCTOSHHBIM JaBjieHHeM. T103TOMY rOBOPHTH O TIEPErpeToii XHAKOCTH B 3aKPHITOM
cOCy/ie M COOTBETCTBHH TOUCK Ha BeTBH FE TAKOMY e¢ COCTOSHHMIO HE HMECT CMBICIA.
M30TepMa 3a BBMETOM ydacTka EC OTHCHIBACT DABHOBCCHBIE COCTOSHMS, KOTODbIC
MpH  OTCYTCTBHM BO3MYUIAIOUIAX BHEIIHWX ()aKTOPOB MOryT CyLICCTBOBATH CKOJIb
yromm npo,c(omurenwoe BpEMIL. ﬂeperpcrau K€ KHAKOCTb MOCPE/CTBOM HCHAPEHUS
B nap.

6.7. PaGoTa Ha eMHHIY obbema morpnnuoro MarHeTHKa, COBepulaeMas MpH
H3MEHEHHH B HEM WHIYKUHH MArHHTHOIO IOJS, DaB

W=

1
7. dB).

Tax  xak
= —d[H?/(8m)]— (H dJ)
Jns napamarketiko m (eppomarseukon H11J, nostomy
(H, dN)=HdJ, 8W=—d[H*/8r)]-HdJ,
dU'=TdS—pdV+HdJ.
Jls nuamarwernkos J1[H, mostomy (H,dd)=—HdJ,
SW=—d[H?/80)]+HdJ w dU'=TdS—pdV—-HdJ.

+4nd, 10 3W=—1/(4m)(H, dB)= — 1/(47) (H, dH +4ndJ) =

CnenosaresibHoO, YCIOBHE YCTOHYHBOCTH [UISl JIHAMATHETMKOB HMEET BHI

i,
aJsv T

YTO NPHBOAWT B COOTBETCTBHM C ONBIToM K % <0.

Takum 0Bpa3oM, COMHCBATHCA B MpABWIBHOCTH TONb3OBAHHS JUIS MATHETHKOB
Benmyunoii J BMecTo B HeT ocHOBaHHil.

6.8. INpu TEnIOBOM DPABHOBECHH KOJHHYCCTBO 3/1€KTPOHOB, HCIycKaeMbiX 3a 1 ¢,
PABHO KO/MYECTBY NOFONIACMBIX. PaBHOBECHA IOTHOCTE 1 OIEKTPOHOB B OGHEME
V npu Temnepatype T M3 YCIOBHS i OHEPruu.

ycTh V=1. BHYTpeHHSS SHEPIHsi JJEKTPOHHOrO rasa CKIA/bIBACTCS M3 CpeAHei
KHHETHYECKOH OSHEPrHH M CyMMbl paboT BbIXOAa:

=3/,nkT+nl,
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a ero csoGonHas 3uEprus
F=U—-TS=3/,nkT+nl—Tnk(*/,In T—Inn+Inb).

M yciosus munmmyma F[(0F/on)r,y=0] Haxoum paBHOBECHYIO MIOTHOCTH
JNEKTPORHOTO Ta3a B JOJNOCTH:

n=bT¥2e-116T)

e b nocrommnas remwimna, pasuas 2(2umk)?/h.

Tostsaysch nonyseHtod OPMY;Iof, MOXHO RalfTn WAciO N ONKTPOHOB, Bbixo-
JSIAX M3 TOps¥e MeTan Ono BEHHO
CHJly TOKa HachlIUCHHS HAKAICHHOTO KaToxa.

6.9. W3 ycnouit ycToiausocTn pasHosecus [T/Cy>0 u T/C,>0] HCTOCPE/ICTBERHO
crienyeT, 410 oHM OyayT BhMOMHATECH MpH T—0 K, ecru npu crenmeHHoi TemnepaTtyp-
HOH 3aBHCEMOCTH Temtoemkoctelr C=aT" nokasatens n>1.

yeoBua y y #3 OCHOBHOTO HEpABCHCTBA Tep-

ans xoTopoe 06 nepBoe M BTOpOE

Hayana, TO, CJIEJ0BATENbHO, BBIBOA 06 WCYE3HOBEHHH Temuioemkocteit mpu T=0 K

MOXHO TIOJyYuThb M W3 STHX ABYX Haual TCPMOIWHAMUKH, 2 HE TONbKO H3 ee

Tpethero Hauana. Bofee TOro, B To BpoMA Kak TO Tperhemy Hauary n>0, To
MCXOIA M3 NEpBOr0 W BTOPOro Hawan n>1.

CiefoBaTe/bHO, NEPBBIC BA HAYATA TEPMOJMHAMUKH HC NPHBOAAT C HeoG-

XOIMMOCTLIO K BBIBOAY 06 B b TOB y H
T/Cy u T/C, npu T=0K.
6.10. Jlsa Guwskux y W CHCTEMbI
CBA3aHbI HEPABEHCTBOM JUI 1Ta MATpHIBL H
ATAS—ApAV>0. )

BufepcM B KauccTRC HCIABHCHMBIX TCpeMCHHMX NapaMerpsl ¥ u T, Toria
p=p(V, T) m npn T=const m3 nepascrctna (1) monytaem

ap ) )
ApAV:(ﬁ/>1(AV) 43 (ayl) (av) 75((’/,) (BV)*+...<0.
Ecan (8p/2V }r=0, To

1/d% L 1% "
i(ﬁ),(l&y) +3la7 T(AV) +

DTo HepaBeHCTBO OyNeT CHOpaBejMBO MpH JOGOM AV (IOJTOXHTEILHOM H OT-

praTenLHOM), CCTH
ap ap
(ayl) =0 (aw <0

6.11. Byzem xapax croTemy
S, p; Torna T=T(S,p) M U3 HepaBeHCTBA /Ul MATPHUBI YCTOHYHBOCTH

ATAS—ApAV>0

.<0.

npi p=const moytaem

sras (D) 1 1(22) sy (20) e o,

a cenn (97/3S),=0, To
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]<5sz> (as)+ (j;’) (A5)*+..>0.

JIns TOro 4Tobbi 3TO HEPABEHCTBO ObLIO CHpaBeMBO TpH Jobom  AS,

HMOKHO OBITH
(a*r) _ (a’r) -0
os?), " \as?),

6.12. Buibepem B kavecTBe i CHCTEMBbI
napamerpst ¥ p. Torna T=T(V,p) u S=S(V, p). i3 HepaBeHcTBa 418 MATPHIbL
yeTottunsoctn ATAS—ApAV>0 mpu p=const monysacM ATAS>0; crenosaTembo,
B 3TOM Clly4ae NpH H3MCHCHHHM 06beMa V CHCTeMa NMepeXOIMT M3 OJHOTO YCTOM4YMBOIO
COCTOSHHS B Takoe JDYroe YCTOHYHBOE COCTOSHHE, B Kotopom T, u S, wm
OJHOBPEMCHHO GOJbIle WIM OJHOBPEMECHHO MeHbIUE HAYANbHBIX 3HAYEHHH COOTBET-
crhenno T u S. Mostomy ecm AS>0, To

AT= (1 ) AV (Wz) (8V)*+...>0,

5
AT= (aT) AV+1(gVT> (AV)*+..<0.

ECIH B HCKOTOPOM ycToii4mBOM coctosmun (3T/2V);=0, To B mepsom ciyuae
(AS>0, uro coorsercTsyer, Hampumep, AV>0) nmeem

z(ovﬂ) vy 3,(5V3) (AV)+...>0,

a Bo BTOpoMm cnyvac (nmpu AS<0, coorercrsyiomem AV <0)

1/0°T 2, N
E(W),(AV) 3'<6V3) AV)*+..<0.

Stu Hepasencrsa (oaro mpu AV>0, a npyroe mpi AV<0) BHTOMHSIOTCH, ecTn

(&) o, (22)
i), \av3),”

VCTaHOBNCHHBIH NONOKHTEbHBIA 3HAK TPEThEH NPOM3BO/HON CBW3aH C TNpell-

HTO € obbema 1pu MABEHHH JHTPONHS

cucTeMbl  ypennuuBaercs (AS>0 mnpu AV>0), npn 06paTHOM NpPEMNONOKEHHH

(6°T/aV'3),<0. Mnaue rosops, npu (3T/3V),=0 ycioBusi yCTOW4HBOCTH paBHOBECHS

HE ONpPENEIAIOT 3HAKA TPCThEH MPOU3BOAHOH (ITOT 3HAK MOXKET OBITH KaK MOJIOKHTEb-
HBIM, TAK M OTDMUATCIbHBIM, CIH CAMA NDOWSBOZHAS HE PaBHA HYIO).

6.13. BribepeM B KauecTBe CHCTEMBI

T u S. Torna p=p(T, S) u V=V(T, S). U3 HepaBencTBa /1N MATPHUBI YCTOHYHBOCTH

ATAS—-ApAV>0

ccn xe AS<0, To

npu T=const nonysaeM ApAV <0 M, CIENOBATENBHO, B ITOM Cllydae NPH H3MEHEHHH
JHTpOMMH S cucTeMa M3 OJHOTO y 0 V. p B Taxoe
ZIpYroe, B KOTOPOM WM p;>p W OJHOBPEMEHHO V)<V, WIH p;>p H OIHOBDEMCHHO
V> V. Tostomy ecnu AV>0 mwin AV<0, To COOTBETCTBEHHO NOTydaeM:

12 3ax. 827
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ap= (g’;) AS+;( )(AS)‘ 3( )(ASJ’+ <

T

Ecan B Hexotopom coctosmun (8p/dS)r=0, To B mepsom caysae (AV>0, gro
coorsercTByer, Hanpumep, AS>0)

1(55 ) (s 3'(63) (85)*+..<0,

a B apyrom cnyyae (mpu AV <0, coorsercrayiomiem AS<0)

<552) (asy+ SV(as) (AS)3+..>0.

Jas Toro 4Tobsl ITH Ba, 4T06B!

a’p %
(53), 0 (5),

OTpunaTe bl 3HAK TPETheH NPOM3BOAHON CBA3AH C TIPCANOJIOKCHHCM, 4TO
C YBEJHYCHHEM JHTPONHU TPH MOCTOSHHOMH TeMmepaType OOBEM CHCTEMBI YBEIHUHBA-
ercs, mpu obpaTHOM mpeanonoxenun (3°p/dS3);<0. DTo o3mauaer, 4TO mpH
[dp/ﬁS),:D YCIIOBHSI YCTOHUMBOCTH IOMYCKAIOT J0GOH 3HAK TPETheH NPOW3BOHOM
(ecnu OHa He paBHa HyMO).

6.14. Buibepem B KauecTe i cHcTembl
napametpbt ¥ u S. Torma p=p(V, S), T=T(V, S) n npu S=const u3 HepaBeHCTBA
ATAS—ApAV>0 nns MaTpHIbl YCTOMYHBOCTH TONydaem

ApAV( )(AV) 2(;;’;)|AV)’ 3’(6V=)(AV]‘+ <0,

Ecnn B HekoTopoM coctossui (9p/dV)s=0, To YCIOBHAMH YCTOHMHBOCTH 3TOro
COCTOSHMA ABJAIOTCH

(0%/8V)s=0 u (2%p/aV?)s<0.

Jlns pewennst 3a7auu W o,
nporeka)oumﬁ TIPH  HEU3IMEHHOM oﬁbeMe Hym CHCTEMAa HAXOAMTCA B paBHOBEC-
HOM COCTOSHWH Xo. BKJMOUMM BECKOHEYHO MeLIeHHO Takoe cuiosoe mone U, ¥ro
cHcTema mpHOGpETAeT COCTOSHME X. DTOT mpouecc OOPAaTHMbIA M TPH  HATHWHH
JIOTIONIHHTENILHOrO CHJoBoro mons U cocTosHme x paBHOBecHoe. PaGoTa cHcTembl
NpK 3TOM Mpowecce

V(x0) =¥ (x).
Buikmounm MruoserHo moie U. TIpH aTom coacpulacrcn pabota W, =
a cucrema Ges mons B " 6c3
coBepileHHs paGoThi (¥'=const) OHa TpUAET B COCTOSHHE paauonccux xo. Tak kak
BEYHBIH JBHraTeNb BTOPOTO PO/ia HEBO3MOXKCH, TO PaboTa 3a UMKN HE MOXET GbiTh
TIOJIOXHTENbHOH, T. €.

W+ Wi =¥(xo)—V(x)+ U<0,
oTKyaa
F(x)=V(x)=U>{(xo)=F (xo), F(x)>F(xo)
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AF=F (x)—F (x0)<0.

uTO BbIpaXaeT obllee YCIOBHE paBHOBECHS
CHCTEMBI B TepPMOCTATE DU TIOCTOAHHOM 0BbeMe.

7.1. TIOCKOJIbKY TIEPEXOA OT MOMOKHTETBHOM
TEPMOJMHAMMYECKOH TEMIEpaTypel K OTpHI@-
TeNbHOM ocywecTsiseTcs He gepes 0 K, a uepes
BeckoHeunyo TEMIIEPaTypy, TO PA3HOCTL MY
HOJIOKHTELHOH H OTPHUATETbHOM TeMIepaTy-
pamu Beerna GeckoHeuna. ITo yKaswlBacT Ha
HEY/IOB/IETBOPHTENILHOCTS ~ CyIleCTRYIOMEH 'rep»
MOJIMHAMHYECKOH WIKATEI H HA

nepexoma Kk mkane T=-—1/T, kortopas He Masc §
001aaCT OTMEYEHHBIM HENOCTATKOM.
7.2. VI3 OCHOBHOrO ypaBHEHHS TCPMOAHHA- Pac. 67.

MHKH Haxoaum
T=(00)05), (n

Tlpunnmas 3TO PaBEHCTBO 32 OMpEIENCHHE TEPMOJHHAMHYECKOH TEMIEpATyphl,
Mbl BHJMM, YTO €CIIH BHYTPCHHSS JHEPrHs CHCTEMbI B HEKOTOPOH 06IacTH cOCTOSHMIH
MOXCT OMTh Tako, 9T0 YACTHas MPOM3IBOJHAS TO IHTPONUH u) OKa3bIBaCTCH
OTPHIATE/ILHO|, TO COOTBETCTBYIOIIEE Byner it
TeMnepaTypoii.

B 0BBIMHBIX CHCTEMaX He CYWIECTBYET BEPXHEro MHpefieNa JUIA 3HAYeHHH JHEPrHH
 byHkus U(S) MOHOTOHHO BO3pacTact, Tak TO TemnepaTypa T BCEraa MONOXHTEb-
Ha (puc. 67, xpuBas ). OmHako y HEKOTOPBIX (HEOOBIYHBIX) CHCTEM OHEPIHS
OTpaHH¥CHa CBEPXY, NMOITOMY LIS 3THX CHCTEM

Viean SUS Ve

TIoCKOJTbKY HEODBINHEIE CHCTEMBI MOTYT MMETh KaK MOJIOKHTENbHYIO, TAK M OT-
PHMLATEBbHYIO TEMIEpaTypy, TO QyHKims U(S) MOHOTOHHO BO3pAcTaeT JHIUL JO
HEKOTOPOTrO 3HAYCHWS OJHCPrHH l/o, B KOTODOH OHTDONHA JOCTHTAET MaKCHMAJBHOTO
IHAYUEHHS =Sy [Ipn na nepruu (2U/aS),
6Gyner OTpHudTEIIbllOH (T<0 K, kpusas 2).

8.1. IlpeobpazoBanus JlopeHua JUis JaBJCHHA MOXHO _TIOYSHTS. ncxon- H3
ONpPC/ICICHUs IABIICHHS, 3HAA 3aKOH CHIIBL, a mosepx-
HOCTh Tea, JBWKYUIErOCS BAOMh OCH:

=F%, F,=F)/1-B% F,=F2/1-p%

Tak Kak MOBEPXHOCT, NEPNCHIMKYISPHASA OCH X, HE MCHBITHBACT COKPAILCHAS
Jlopenua, a NOBEPXHOCTH, MEPNEHIMKYNAPHBIE ABYM ADYTHM OCAM, COKPALIAIOTCS
B ornowennn /1—B2, T0 p=po.

TOT pPE3ybTAT SBJSETCA WACTHBIM CIIY4aeM PENATHBHCTCKHX mnpeoGpa3oBaHuii
KOMIIOHGHT ~ HaNpsKCHWi, KOLAA OHH CBOAATCA K HODMANBHOMY —JaBICHHIO:
P=ta=ty=la, 1;=0 (i£]

82. B penst CTenkH, orp: cucremy,
HIPAIOT  CYIIECTBEHHYIO pONb. PacCMOTpHM CHCTEMy B LMIMHAPC C IUIOIIABIO
5 TOpUOBOH CTeHKH, c Mycrs cucrema

HBHXETCA CO CKOPOCTBIO U OTHOCHTENbHO HaGmonatens. Ecnu naBnenue BHYTPH
CHCTEMbI p, TO 3aIHAS CTEHKA WHJIMHIpPA COBepuIaeT 3a | ¢ paboTy psv Hald CHCTEMOH,
a cucTeMa—Takyro ke paboTy Ha mepenmei crenke. CneIoBATeNBHO, IHEPTHA
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TIPOTEKAET Hepe3 CHCTEMy BHeEpeX, BO3BPAlNAfCh OOpaTHO 4epes GOKOBBIE CTEHKH.
DTOT NOTOK 3HEPTHM BIEPEN 4YEPe3 CHCTEMY H OOpaTHBIi NOTOK 4Yepe3 CTEHKH
YBENMYHBACT HMIYJIBC CHCTEMBI H YMEHBIIACT WMIYJIHC CTEHOK.

MINTyJIbC, NEPEHOCHMBIN OTHM NOTOKOM OJHEPTMH, MOXET ObITh TOJCYHTAH Ha

OCHOBE MPOCTOTO KOTOpBIit b
Takoro motoxa. [l 4TO 0be TOp! CTEHKH B cOBCTBEHHOM
CHCTeMe 6rICTPO H MBI X i» crcTeme.
B colCTBeHHOM CHCTeMe OTCueTa paccMa cHcTeMa

Gyzer GypHO pacIMpATHCS, CHMMETPHYHO BNIEPE W HA3a[ OTHOCHTEIIbHO HATPABICHHS
nBixkeHHs. OHAKO UEHTP MACC CHCTEMb] HE H3MEHHT CBOETO TOJIOKEHHS OTHOCHTEbHO
ueHTpa Macc creHok. Ho HabmomaTemo Bech 3TOT NpolecC MPEACTABIISETCH COBCEM
uHage. OH OGHAPYXWT, 4TO 3aHAA CTCHKA YHANAETCH DAaHbINE, & MEPEHSA CTCHKA —
TO3Ke, TPUYEM BPEMS 3ana3iLIBAHHSA

, A4 (o]} 1© )

J1-p? 2 JT-B2
rae /©—pnmHa wanmeapa B coBeTBeHHOM chcTeme oTcdeTa. DTOT HabmogaTenh
YCTAHOBMT, 4TO CTEHKH COOBWIAIT CHCTeMe WMITYAIbC CHtbl — ps At=vpV @ [(c? /T—B?).
Tem He MeHee LCHTPHl Macc CTEHOK M CHCTEMbI, KAK M pablle, COBNAAIOT. DTO
MOXeT OBITh TONBKO B TOM Ciyvae, eC/iH CHCTEMA B HAYaNbHBIA MOMEHT ofiamaeT

HEKOTOPBHIM HM30BITKOM HMOyjibca (TOrJa Kak y CTEHOK €CTh HEKOTOpas HEXBaTKa
HMTIYTbca), KOTOpHI B TOYHOCTH Te B Teue-

K NMpOMeKyTXa BpeMeHH Af. DToT W3BhrTok mvmymsca Ag=pV@/c? /T—BI.
8.3. Ilycth B WWIMHApE ABHXKYTCA /Ba (OTOHA B PasHbIX HAMPABJICHHAX
M B COBCTBEHHOM CHCTEME OTPAXAIOTCA OT MEPEHEro W 3a/IHErO TOPHOB OHOBPEMEHHO.
TMo OTHOWEHMIO K JBWKYWIEHCS CHCTEME OTCYETAa OTPAXEHHA OSTHX IBYX (OTOHOB
He OHOBDCMEHHBI, a OTHYAIOTCS HA NPOMEXYTOK Bpemenm Ar=vl‘/(c? /1—B?).
B Tewenne 3TOro nmpoMexyTka oba ¢poToHa mBHKyTCA Brieped. M3GhTOK MMITyThCa
oTotoB, i ficA CHCTEMBI OTCHETa, paBeH
HMIYTbCy 3THX (hOTOHOB.
Hpmxkymmiics HabmosaTe b YCTAHOBUT, YTO B TEUCHHE NMPOMEKYTKA BpeMeHH Ar
CcTeHkH coobuiaior poToram umnyibc cuiabl psAt=ovpV @/(c? /T—B?), senenctaue
4ero HX Obuwwmi MMIyIBC

g=pV/(c? B?).

9.1. V3 ypasHcHus
80=CydT+T(ép/oT)ydV
HAXOIHM, 9TO TPH HIOTCPMHUECKOM NPOIECCe
8Q="T(op/3T)ydV.

3asucumocTs npoussommoit (9p/dT), oT T u ¥, Xak W Camo ypaBHeHUe COCTOSHUS
p=p(V, T), Heltb3s ONDEACTHTH HCXOMIA W3 TEPBOTO W BTOPOrO HAAJ TEPMOIMHAMHKH.
MooToMy Ha OCHOBAHMM ITHX 3AKOHOB HEB3% CAETaThb OJHOSHAYHBIA BBIBOJ, 4TO
Hynesas wiotepma (T=0) comajact ¢ amMabatoit (3Q=0) wm He cosmanaer.

HO, eC/H CHCTeMBbI TaKoBo, uTo (3p/dT ), —const
npu T—-0 K (kax, HanpuMmep, B ciydae HueambHoro rasa), To 3Q=0 npu T=0K;
ccoM Xe CHCTeMa Takosa, uTo Ana mee (3p/dT),—const/T npn T—0 K (ato Gymer
MMETh MECTO, HANPHMEp, B Cly¥ae CHCTEMBI C ypaBHEHMEM cocTosHus pV=alnbT),
T0 8Q#0 mpn T=0K. BeiBOA 0 COBNAJCHHH H3OTEPMHYECKOro NpONECCA NPH
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T=0K ¢ aiaGaTHEIM MOXKHO CIENATh TONTHKO HA OCHOBAHHM TPEThEro HAvand,
cornacto kotopoMy (dp/3T)y=0 mpu T=0K ans seex Ten. Otciona cieayer, 4To
HM MIEAIbHBIA Ta3, HH BEHMIECTBO C YPAaBHCHHEM COCTOSHMA pV: T no TpeTbemy
navany npu T—0 K cymiecTBoBaTh He MOTYT, XOTA IO MEPBOMY H BTOPOMY Hauaiam
OHM BO3MOXHbI NpH J0GOK TemnepaType.

9.2. Ownbka B TPHBEJEHHOM JIOKAa3aTENBCTBE COCTOMT B TOM, 4TO, TPHHHMAs
COBMAfiCHHE HM30TePMbI AB C OCBIO JHTPONHH, JONYCKAETCH BO3IMOXKHOCTH UMKJIA
Kapao ¢ T;=0K. A T0 NpoTHBOpeHMT BTOPOMY Hauamy (cM. § 18).

9.3. OumbKa CONEPXUTCA B TEOMETPHYECKOM JOKAJATCTLCTBE TOTO, TO MPH
ponymernn C% =00 dMeMeHTapHas IUIOWAJKAa B BEPUIMHC MPAMOrO yria, obpa3oBaH-
HOTO KDHTHHCCKMMM H30XOOH H H306apoil Ha NIOCKOCTH V, p, HcvesaeT Ha
nnockocta S, T M, ClefoBaTebHO, B NPOTHBOPEYHH C NCPBHIM HAYanoM AKOOHaH
D BHpoXnacTcA (paBeH Hymo). B ACHCTBHTGNBHOCTH Xe, KAK CIGAYCT M3 MPOCTHIX

, 2MEMEeHTapHas dVdp Ha WwiIOCKOCTH V, p OKOJNIO KPHTHHECKOH
TOYKH, MMeIOLIas BHA NMPSAMOYTONbHHKA, MPEoOpasyeTcs Ha MIockocTH S, T B BLITAHY-
THI MAPAJLIENOrPAMM, Y KOTOPOTO NP C§—»00 OCHOBAHHME YBEJIHYUBACTCH BO CTONILKO
e pa3 (CTpeMsCh K GECKOHEYHOCTH), BO CKOJNBKO a3 YMEHBIIAETCA BHICOTA (CTPEMACH
X HYTIO, TaK 94TO KacaTelbHas K KPHTHHCCKOW W3oxope Ha S, T IUIOCKOCTH B mpedene
COBNIANACT C KACATENbHOW K KDHTHYECKOH H300ape), a IIOWALL Napajuiesiorpamma
He W3MCHSETCA, OCTABASCH PABHOM MuoWamu mpamoyrombuka d Vdp. Mostomy D=1
B COOTBETCTBHH C TEPBBIM HA4ajoM TepmoaHaMukH. Takum obpasom, jaomylueHHe
Ch=co He NPOTHBOPEYHT JTOMy 3aKOHY (cM. § 62).

B pamkax b Cy B KpHTHYECKOH
Touke. Ee 3aKoHaM He npOTHBOPEUMT i C=const, Hu C— 0. Tax, ra3 Bau-nep-Baasca
MMEET KOHEHHBIE 3Ha4EHHs TEIIOEMKOCTH Cy TIDH TIOZIXO/IC K KPHTHYECKO! TOUKE C 06eHX
cropott (T<Ty u T>Ty), UCHLITEIBAs B STOH TOUKE KOHCUHbiH CKAuOK. OIHAKO TO He
TPOTHBOPEUHT TEPMOUHAMIKE, XOTS. B HACTOAINEC BCMS HIBECTHO, ¥TO TeOpus rasa
XapaKTep CHHIY.IADHOCTH B KDHTHYECKOH TOUKe.

94. Oumbky B MpHBEJIEHHOM J0KA3aTENbCTBE JIErKO OOHApYXHTh O3HAKOMMBLIHCH
C MpABITLHMM BHMHCTCHHEM K.T. . WMKna CTHIWHra B pemwemnd sanaun 3.21.

9.5. To BTOpPOMY Hauajy TEPMOIHHAMHKH, SHTPONUS CHCTEMBI SBJISETCH OAHO3HAY-
HOll (yHKIMel ee cocTosnus. M3meHeHwe OHTPONIMH NpPH TEPEXOAe CHCTEMBI H3
OJHOrO COCTOSHWS B JPYroe He 3aBHCHT OT Crocoba mnepexoja— pPaBHOBECHOrO WM
HEPABHOBECHOTO, €CIIM OHH 06a BO3MOXHL B NDOTHBHOM Cydac MOXHO GbitO Gbi
TIOCTPOHTD BEYHbIH JBHraTellb BTOPOro poaa. O[HAKO NCPEXO] CHCTCMBI M3 OJHOTO

B Ipyroe, anuabaTHo Q=Td ), HETB3S
OCYLIECTBUTL aMABATHO HepaBHOBCCHO (8Q,,=0, d.S>0), W HAOGOPOT, Tak Kak 31O
TPOTHBOPEYMT BTOPOMY Hauamy OO OZHO3IHAYHOCTH JHTPOTHU.

pn 0OpaTHMOM COOOUICHHH Teldy TCIIOTBI TEO MEPEXOAUT B PasHble
COCTOSHHMS, TNOCKOJAbKY, IO BTOPOMY Hauajly TEPMOAMHAMMKH, TpH OGpaTHMOM
coobmennu TemioThl 8Q Teiy OT TEHIOHCTOYHHKA € TeMnepdTypoﬁ T u3MeHeHHe
suTpommu Tenma pasho dS=5Q/T, a mpu meobpathmom dS’>3Q/T.

9.7. CoraacoBats yT TaK KaK OJIHO H3
HHX ouinGouno. [lns poTonHoro rasa aamabara OnHCbIHaeTCH He ypasHenueM [lyaccona
Vr=const, rae y=C,/Cy="/;, a ypaBHenuem p pV*3=const, B KOTOPOM noKa3aTels
CTemenn %/, He WMeET HHYCrO OGIICTO C OTHOLICHHEM TMIOEMKOCTEH .

9.8. o npuuuMmy Kapa'reo}lopu HE TOJILKO BONHM3M, HO M CKOJIb YTOJHO BJAJIH
ot moboro ¥ CHCTEMBI CYLUECTBYIOT
COCTOSHHA, B Kompmc HEB3S rmnac'rb nps moMoum afuabaTHOro mpouecca,
TIOCKO/bKY TIPW 5TOM NPOUECCE CHCTEMA MPOXOMHT TOIBKO YEPe3 COCTOSHHA C OMMHA-
KOBOH SHTPONHCH M MOITOMY BCE JPYrHE COCTOSHHA (HE3ABHCHMO OT HX GiM30CTH
WA [aTbHOCTH) JUIA HCC HENOCTHXHMBI.
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10.1. Cornacio ypasmenwio T'n66ca— Cempmronbia,

[
e-Zr(3).

e @, TeIOTa Peakunu, OTHeceHHas X Momo, a Q,/(zF)—Temnora, oTHecenHas
K 3apay (z— BaneHTHOCTs, F—noctosunas ®apajes).

Tlpu t=25°C 5. a c onementa &=0,96466 B, mpuucM 3a CueT TeIIOBOro
pesepByapa J0CTaBIACTCS

T(06/0T),=4,58510"2 B.
Tennora peakumn Ha 1 Kn mpomlemmero wepes sneMeHT 3apsia paBHA
0,/(2F)=6—T(26/3T),=(0,96466 —4,585 - 10%) Jix/Ka=0,9188 [Ic/Kn.

10.2. 11, Ppeakis,
TOKa 4epe3 JJIEMEHT, conpoao)l(z(ael’cl HM3MEHEHHEM oGLeMa Tycts aneprm Tenpmrons-
1a ¥ 00BEM MMEIOT MepBOHavYasbHbie 3HaueHHs F), V), a MoC/ne MPOTEKAHHUS CAMHHLBI
3apana OHH paBHB F3, V. BHelunee nasienue p u Temnepatypa T MOCTOAHHBI. Y6bUTh

sHeprun ['enbMrosiblia paBHa paboTe Ha MEPEHCCCHHE CIMHMIbI 3aPSAd M HA YBEJIHYCHHE
obbema: & u p(V2—V,). Takum obpasoM, Fi—Fy=&+p(Va—Vy), otkyna

(A A )

op op p)r p op)r

U3 supaxenns dF=—SdT—pdT waxommm (3F/3p)r=—p(aV/dp)r, mostomy
(08/0p)r=V1~Va.

DTa hopMyTa yKA3HBAET, UTO €CH XMMHYECKAS DEAKIMA B JIEMEHTE CONPOBOX-
naetcs yemuuenuem obvema (V;>V)), TO 9. 4. C. yMeHbINAeTCS NpPH YBeNHYEHHH
BHCIIHCrO JaBNeHHs M HaoGopoT. EC/M peakims NpOTCKACT MEXAY XHIAKHMH HIH
TBEP/BIMH TEJIaMH, TO H3MEHEHHE O0OBEMa HE3HAUHTENLHO W B 3TOM Ciy4ae . 1. C.
NPaKTHYCCKH HE 3aBHCHT OT JIAB/ICHMS; B FA30BBIX XKC JICMCHTAX 3aBHCHMOCT 3. II. C.
OT J4BJICHHA BECHMA CYLICCTBCHHA.

10.3. U3 (10.8) B cnywae rasa Bau-nep-Baambca s TemmepaTyphl HHBEDCHH
noydacM ypaBHeHHe

2 RTb
Vi (V-
Ecnum otciona onpenenuth ¥ M MOACTaBATH B ypaBHeHue Ban-nep-Baameca, To

ME HaileM T; Kak QyHKIMIO JABTCHMA p:
8 (1 [ 3\
= (14 1=
9Rb( e ) ’

3

i, B KDHTHUECKYIO TemmepaTypy
T,,=8a/(27Rb) " KPHTHUECKO® naBenue
Po=a/(276%),
1 2
=3r.,(1¢5 1—9;’ ) )
Sl 3Ty ORE T ?
W3 1ol rbopMynbl Bmmo, 910 npu 11<9p,,
Pac. 68. CYIIECTBYIOT
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u TY. C poctom mapienns T'—T?=6T,/1—p/(9p,;) yMeHbIIACTCH W TIPH p=9py,
06¢ TOUKM MHBEPCHHM CIHBAIOTCA B omuy 7;=3T,,. Hao60poT, NpH MajkiX JaBIeHHAX

T}=3T,,/4=2a/(9Rb), T}=27/(4T,;)=2a/(Rb).

Jlnst GONBUIMECTBA ra3’0B HHXKHAS TOYKA WHBEPCHH HAXOJHMTCA B 0GJIACTH XHIKOro
coctosmus. Ha mwiockoctn ¢ ocsmu T, p kpusas mmeepcun [cm. (1)] mmeer
KY0J1006pa3Kyio hopmy (pH. 68). OGNACTb MONOKHTEALHOTO HpHeKTa JEKHT BHYTPH
KpuBoji. KadeCTBEHHO BCE ITO COIJIACYETCS C OMNBITOM.

104, C,—Cy=T(0p/0T)y(3V|0T),. B Towr= mumepcun T(3V/dT),=V, mostomy

~Cy=V(op/oT)y-

10.5. Marsmroxanopuseckiit addext (3T/0H)s MOXHO HATH W3 BHIpAXeHHS
udbepeHIMaTa IHTATHIMN [, OTHECCHHOH K OGBEMY MATHETHKA

d/=TdS+Vdp—JdH.

2 ZAWE
Tpu nocrosmuom napneuun (8T/0H)s=—(2J/0S)y. Ho (EE) ( T),,(E_Z),,:

‘l g TIO3TOM!

At S Y
oT T ol
GH)s~ cg T)a

Jlns BeuiecTs, noguMHAIOLMXcA 3akony Kiopu— Beiicca J=CH/(T—8), nonyyaem

oT\ __ CTH

0H)s~ Cu(T—6)""
OTKyAa BHAHO, YTO MarHMTOKaJopHueckit dddext Benmk BOGmM3u Touku Kiopw, 4to
B JCHCTBHTENBHOCTH M HaGmomaetcs.

10.6. PaGora CHIl TpH paBHa
YOBUIH TEPMOJMHAMMYECKOrO IOTEHUHANa W onpene:menn ypaBHeHHeM I'm66ca —

Tenpmronsua (10.2)
Wy=0,+T L
Litd aT, ,,’

rae Q,—TemwioBo# odoekr peakumu. UssectHo, uTO
G=—SdT+Vdp+ Y wdN;
g

M NpH p! p!
dG=Y mdN,;=dn} wvi,
T 7
rae dn—4HCIO «eAMHHYHBIX DCAKLMii», ONpENCIAEMBIX OJHHM HaGopoM Moekyn
COrJIaCHO ypaBHEHHIO peakuud. Pabora
W=—AG=—AnY vipy=—AnY vi[kTln c;+kTInp+pei(T)].
T T
W3 gopmyna  (1036) kTInK.(p, T)= —kTZv,lnp Zv,po,(T), noaTomy
W=AnkT(In K.— Zv, Inc;). Onpenenss orciona (aW/aT), H noxCTaBIAA B (OpMyTsI
(10.2), Haxomum
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dln K, - &
ar RT*’
T. €. BIHSHHE TeMnepa1ypl>l Ha K., A CIENOBATENbHO, M HA YCIOBHE DABHOBCCHS
no ot it peaxumu addexTom
Q, aroit pealumq.

10.7. PaccMOTPHM reTepOreHHylo CHCTeMy H3 n (a3 ¢ k KOMIOHEHTaMH NpH
HoCTOSHKOM TeMnepaType T M NaBICHWH p M HAilfieM YCTOBHS DABHOBECHS TAKOR
CHCTEMBI

OGmmMm ycoBHeM paBHOBecHs B 3ToM ciydae Gynet 3G =0. TepmoauHamuyeckuii
nOTeHuMan G reTeporeHHoN CHCTEMbI PABeH CyMMe TEPMOIHHAMUHYCCKMX TOTEHLHMANOB
G xaxnoi pami:

=Y G'(T,p, Ni, .., Ni), m
=
npmaem
Y Ni=N; (j=1.2, .. k). @
f
Takum 06pasom, HyKHO HaiiTH (1) npn HbIX

cBA3AX (2). IS ONpe/IesICHHs YCNIOBUIA, TIPH KOTOPBIX JIOCTHIAETCA 3TOT MHHHMYM,
PELIUM COBMECTHO CHCTEMy ypaauenuﬁ

.k

SN SNj=0, 3)
;‘ ]; W ZL» &)
25N;=o =1 2, o k) “@

VMHOXHB KaXioe W3 ypanueuuu (4) Ha COOTBETCTBYIOUIMA MHOXHTENb A; U CIIOXHB
P (3), naiinem
"ok .
Y X (wi+hy)3N]
1=

Bapnaman N cowsamnt k ypaBHCHHAMH (4), TOSTOMY Kk M3 HHMX 3aBHCHMbI,

®)

Hanpavep 8N} (j=1, 2, ..., k), T. ¢. BApHAUMK WHCIA HACTHL KaXIOTO KOMIIOHEHT,
sxouxmero B nepnym Q)asy Bu6cpeM MHOKHTEIH A; TAKHMH, 4TOOBI KOIpdHUHEHTEI
npu N} (5) obpatuiuck B Hyib. Torma

A=—n! u B ypasheumu ocTaHyrcﬂ MU WICHB C HE3ABHCHMBIMH BAPHALIAIMH
azv (i#1):

oTKyna

i

Hie=
T.€. TpH DPaBHOBECHH TETEPOTCHHONH CHCTEMBI XMMHYECKHE MNOTEHIMANbI KaXIOro
KOMIIOHEHTA BO BCeX (a3ax OWHAKOBBI.
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10.8. Peakuus 00pasopaiis BOASHOTO ra’a NPOTEKAET 63 WIMEHCHWA WHCAA
Moseii. Tostomy
Cuocco 469,46

K.=K,=
" ccopn, 0.7-803

1,591.

109.
va, =1, vi,=1, vm=2, aw,cr,/chn=K.=K,.

E x momb u3 a=8,1 monb H, pearmpyer ¢ Tem ke 4ucioM Moneit I, (u3
obiwero wicia b=2,94 mois) i obpasyerca 2x Moms HI, To mpH pasHoBecHn
a-x §1-x b—x 294—x 2 2x
a+b 108" M Tavb 1004 0 MTars 11,04

CHy =
noatomy
(8.1 —x)(2.94—x)/(4x%)=0,01984,
oTkyna x=2,82. Unciio Mol HI Ipu pABHOBECHH rly=
10.10. M3 supakerns dp=—sdT+vdp Haxomam v=(0p/0p)r, a MomOMBIYS
Gopmyny (10.39), nonysaem
anf\ _ v
op Jr

P
len;Z .[vdp, a
”

OTo ypaBHCHHE ABJSETCS OCHOBOH METOAa onpenenenus neTysectd. Ilycts
W3BECTHA M30TpPMA peaNbHOro raza I-—2 (puc. 69) mO TakmX JaBieHHH po, Korfa
B TpefeNiax MOTPEWHOCTH OTBITA TIOBCACHHS PEaibHOTO H HICANBHOTO Ta30B 3aMETHO
HC OTIMYAIOTCS. PaccMOTPHM B HEKOTOPOM HHTEpBasie JaBjicHHH wu3oTepmsl o(p)
PeanbHOT0 M HM/CATBLHOTO Ta3oB.

Jns peanbHOro M MIEATbHOrO rasos, coryiacHo dopmyse (I),

H TPH W30TCPMHHYCCKUX YCIOBHAX

kTl = vdp=Spazp,»
Jo
»
rae S- miowamk.
Jlis uacanbHOro rasa
3
P
kTin 2= | vdp=Spuz,.
Po
P
Mo JIaBlICHHE  Po TAKHM, 9TOOBI po=p*xf,, MOITOMY
JeTydecTh [ TpH TPOWIBONLHOM p paBHa*)

In f—Inp=0/(kT),

rae o —momans AA2A.

*) 3uavennst f /IS PasHBIX IaBIICHHA M TCMIEPATYp NPUBONATCS B CTIPAaBOYHHKAX
O TEPMO/IHHAMHKC.
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10.11. Tperse HaYano TEPMOAMHAMHKH
MOXET OHTL KOCBEHHO HCHOMB3OBAHO LIS
Hje-
anbHOTO rasa. JIEHCTBHTENBHO, PaccMOTPHM
TBEPJIOE TEJIO B DABHOBCCHH C rasom. Mx
XHMHYECKHE TIOTEHUHMANH NPH 3TOM JOJKHE
OBITh O/IMHAKOBBI: P =J;.

Ho p=u—Ts+pv, TOITOMy XHMHYCCKHE
MOTEHIMAJB Fa3a H TBEPAOrO TeJa COOTBET-
CTBEHHO paBHE

wi=u;—T(c,In T— Rlnp+s0)+pvy,
Me=u=Ts2+pvy

H, CNeJOBATENBHO,

RTUp=[us—us +p (02 —v1)] +
+¢,Tln T—Ts,+ Tso,

T
<, .
e s;:J‘?’dT (MO TPeThEMy Hawaly TEPMOIMHAMMKH), a BEIDAXEHUE B KBAZDATHBIX

°
ckobKkax MpeACTaBiseT coGO¥ TEMIOTy BOrOHKE ), MOITOMY
T

[} €,
So= -?—c,lnnj';’dnmnp
]

Onpenensst akCTePAMERTATbHO Q, Cp, p W T, MOXHO BHNHCTHTb SHTPOMHAHYIO
TIOCTOSHRYIO So JJIA rasa.

10.12. Yucro TepMOJAMHAMMYECKHX CTemeHeil CBOGOIEI ONpeNe/sercs ypaBHCHHEM
f=k+2—n.

1. Mimeem ommy rasoobpasuyro ¢asy (uap), omHy XMIKyio (pacTsBop) H IBe
TBEpABIE: n=4; THCIO OB PaBHO HHCIY
aacreii cucremst H,0, NaCl m KCl—k=3. Crenosatemso, f=1. Chctema ¢ oamO#

cBoGomst ii. He wimenss ducna das Takok
CHCTEMBI, MOXHO H3MEHSTb WM TEMNCPATypy, WM NaB/CHHE, WIH KOHICHTDALMIO
omHO m3 coneii pacTBopa.

2. k=3, n=5 (pacTROp, TpH KpHCTajla, Napsl BOMbI), C/ENOBATEILHO,
S=k+2—n=0.

3. k=3 (pona, caxap, Kepochm), n=4 (map, Ba pacTBopa, Jei), CICIOBATENILHO,
f=1.

10.13. Mpaeato ¢a3 e m3MeHHTCA. [IeHCTBHTENLHO, €CTH B LEJIOM BO BCEX
dazax cucremu m TOB, TO 3TO HHCO
Ha m, HO OJHOBPEMEHHO HA CTONLKO XC YMCHBUIATCSA M WHCIO ypaBHEHWH Ui
XHMHYECKHX TIOTEHIHANOB.

10.14. ®ynKmEs u, 3aBHCHT TOJBKO OT V H T, HO HE 3aBHCHT OT CBOHCTB
BEMIECTBA CTEHOK, OKPYXAIONMX NOJOCTh. DTO HENMOCPEACTBEHHO CAEAYET H3 BTOPOro
Hauana TEPMOJMHAMHKH. B camom pene, mycrs nallu nse nonoctd A u B, CTeHKH
XOTOPHIX COCTOST M3 Pa3HLIX BEMECTB, HO c
pe3epByapaMR OHOH H TOH Xe TeMIepaTyphl T Tpenanonoxum, 9To B ITHX
TOJIOCTAX [UIS OHOrO M TOrO Xe ONPENENEHHOrO Y4acTKa CTEKTpa YCTAHOBHIACH
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pasuHbic 3HaveHus u,. C 6 oTBepeTHe, B A, Ha Takoe
Ke OTBEPCTHE, CIENaHHOE B CTeHKe TOJocTH B. TIPUKPOEM OTBEPCTHS UBETHBIMH
CTEKJIAMH, Tak MonobpaB MX, 4TOGHI OHM TPONMYCKAJH CBET TONBKO TEX 4acTOT V,
KOTODHIM COOTBCTCTBYIOT PALIMUHBIC 3HAYCHHA w,. I1yCTh, HANDHMEp, 4, B TOJOCTH
A Gonbiue, uem B nosoctn B. Torzia B 107yuacT oT A GObINE IHCPIHK, YeM HATyHaeT
caMO B OBPATHOM HANPABJICHHH. 3HAYHT, TEMMeEpaTypa pescpnyapa, OKpyXxaioero 4,
CTaHET NOHWXATHCS, & TEMTIEPaTypa Thest 710
TeX TOp, MOKA 0BA IHAEHW u, HC CAGTAIOTCA DABHBIMH. Bmuukmym pasHoCTh
TEMIIEPAaTYp MOXHO ObiI0 OBl MCMIONB3OBATH C NOMOWBIO TCHJIOBOH MALIMHBI JUIS
nonyuenust pabotsr. CrieoBaTenbHO, pasjiMyue 3HAYEHHI u, A1st osocTell A v B no3so-
o Gbl MOCTPOMTH BEUHBIH ABMraTeNh BTOporo posa. IMoatomy, mo BTopoMy Hauary
TEPMOIMHAMHMKH, 3HAYCHHS W, JUTA BCEX 4acTOT B OGEHX MNONOCTAX JOJKHBI ObITh
OJIMHAKOBHIMH HE3aBHCHMO OT BEILCCTBA CTCHOK.

10.15. Kak m3BecTHO, OTBEPCTHE B TOJOCTH BeieT cebs KaK 4YepHas MOBEPXHOCTH
¥ M3IyYCHHC, NOKMIAMIee 4epe3 Hee MONOCTh, N0 WHTCHCHBHOCTH M CIEKTDAIbHOMY
COCTaBy WJCHTHYHO M3JIydeHHIO abCONIOTHO UepHOro Tena ¢ Temmepatypoil 7.
BbIHCTHM, KaKylo OHCDIMO B WHTCpBATe 9acToT dv mcmyckaeT 3a |c momocth
uepes OTBepcTHE MOWANbio S MU TIOTHOCTH W3AYHMEHHS u, B HONOCTH.

Oncprus manyyenus B wuuTepBane dv, BhIXOAfIlero u3 OTBepCTHA 3a 1 ¢ mo
Hanpasriennio Hopmanu k dS B Tencchom yrne dw, oueBmamo, papHa mone do/(4m)
OT oHEPIMM B WwIMHZPE C oOcHoBanueM dS M BBICOTOH ¢ (c—CKOPOCTE CBeTa):
u,dvdScdo/(4n), a OHeprus M3TYuCHWS, BRIXONAIIETO U3 OTBEPCTHS MOA  YIJIOM
8 k Hopmanu,

u,dvdSedecos0/(4n). )

O6uwas JHeprus B muTepBane dv, MCXOAAmas 3a | ¢ W3 OTBEPCTHSA, ONMPECIHTCH
HHTET (1) mo
Tak kak do=sin0d0de, To uckomas 3Heprm1 paBHa
w2 20

1
—u,dvdSe J cosOsin0dBdg
4n

o

i dvd Se. @

C Apyrofi CTOpOHEI, OTBECTHE MMEST Ty XC CUCKTPATHHYIO OHEDETHYCCKYIO

b, 4TO M vepHas b TOH XK€ TUIOIIAAH, a HMEHHO
e,dSdv. ®
I () u (3), nony COOTHOIIIEHHE
eo=cu,/4

MeX]y CNEeKTPaJbHON SHEPreTHYECKOH CBETHMOCTBIO HYEPHOTO Tela M ILUIOTHOCTHIO
MIIYdEHHA TOW Ke ¥ACTOTHI BHYTDW MOJOCTH.

10.16. Mmnysse GoToHa wacToTsi v pasen hv/c. Ecim ——yron majenus dotoma
Ha 3CPKAN0, TO W3MEHCHWE Cro WMNYIhca B pezynna're y)xapa o 3cpkano Gymer

2hvcosO/c, Tak Kak TOJIBLKO Ecmn
TOJIHOCTBIO T0 -mc.no nporm-ms TIafialomUX  co
BCeX C‘TOpOH Ha IUIOWIAfKY, ONHO xe. Tlosromy, ccin B 1 em® comepxures

n (OTOHOB, TO MIOTHOCTH d)orox-wn Hanpanneuue JIBHKEHHS KOTOPBIX 3aKJIIOYEHO
BHYTpH Tenechoro yrma dw, pasHa pd, rhe p He 3aBHCHT OT O M onpesensercs
W3 Toro, §TO TOAHAA WIOTHOCTH p=n/(4r). TakeM OGpasoM, 4HCTO GOTOHOB,
nanalomsx Ha 1cM? B cekyHiy B TerecHom yrnie do C OChIO, HAKJIOHEHHOM MOX
yriom mapenus 0, pasHo pecosOdw, a masneHue STHX (POTOHOB
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(2hv/c)cos®- pecos 8dw=nhvcos? Osin 0.

Tonoe nasnenne HailleM MH Iroro
BLIDAXCHHA O BCEM YIJIaM Ma/ICHHS:

"2

h
p=nhv '[coszesined():% 4

3
o
TAC u—IUIOTHOCTh SHEPIHH W3JIYuCHHS.

10.17. Ecnu Ha CIEKTpa/bHbI WHTEPBAJl, OTPAHMYCHHBIA JUIHHAMH BOJH OT A 10
A+dA HIM COOTBETCTBYIONIMMH HACTOTAMH OT V N0 V+dv, NPUXOMMTCA SHEPrHS
mnysenus dE, 1o dE=u|dh|=u,|dv| ® CHeKTpaibHAs KpHBAf pacnpefeneHus
W3Jy¥eHHs CTPOMTCS KaK KpMBAas 3aBHCHMOCTH u, OT A M u, oT v. Tak Kak A=c/v, To

ldAl/A=]dvi/v 1 u,=Nm/c.

OTciofa BHIHO, YTO NOJOXKCHWS MAKCHMyMOB (yHKimii w, M u, HE COBNAAAIOT,
NOCKONIbKY pa3siMuHBl Te 3HAYeHHS A, TPH KOTOPIX MaKCHMAambHbl u, M Awy H,
CNIENIOBATENbHO, /UTMHA BOJIHEL A, HA KOTODYIO NPHXOMMTCS MAKCHMYM QYHKUMM u,,
H YACTOTA Vy, HA KOTOPYIO NPHXONWTCA MAKCHMYM (YRKUMH u,, HE COOTBETCTBYIOT
apyr_ ApYry (AmVm#c)-

3TOM MOXHO TaKKe HEMOCPEACTBCHHO YGEMTHCH, CCIM ONDEETHTh Vy W3
Dopmynsr Tlnmanka ans CHEKTPANbHOH NIOTHOCTH OHEPFHM TO WIKAjNe 9YacToOT:

8mv? v 8nk’T?  x o
wm T T
& exp[v/(kT)]-1  ch° expx—1
13 A, 3 Gopmyzst [LiaHKa JU1s CHIEKTPATBHON IUIOTHOCTH JHEPIHI 110 KA UTHH BOITH:
8rhe 1 8nk*TS  x°
W= = @

e x=hv/(kT)=he/(kT%).
Tuddepentmpys dopmyny (1) no v, nonysacM ypasHenhe

x

fprseyp) (0]
oTOpoe WMeeT pelleHne Xx=2,8412, npuBOAAliee K 3aKOHY CMELICHHS
T/v=T%=0,005097 m- K.
Jnddepennmpys popmyay (2) mo A, moTydaeM ypasHeHHe
x
exp( @

ITOpOE MPUBOAMT K 3HaueHmio x=4,9651 wim k 3akony Buna B ero oberuoii hopme
AnT=0,002896 M- K.

Orciofia ClelyeT, 4TO MAKCHMyM (YHKUMH u, TPHXOJHTCA HA HaCTOTY Vp,
YTOpOii COOTBETCTBYET jUmMHA BOAHM A B 4,9651/2,8214=1,759 pasa Gombwe, uem
| JUIMHA BOJHBI A, Ha KOTOPYIO NPHXONHTCH MAKCHMYM u;.

To, 4To MakcHMyMmbl (YHKUMIA 4, M u, He COBNANAIOT OOYCIIOBNEHO TeM, 4TO
IBHBIM HMHTCPBAJIAM J[UIH BOJH HC COOTBETCTBYIOT DPaBHBIE HHTCPBAJB 4acTOT.



EciM pasgendTh BCKO IUIOWIANb, OXBATHIBAEMYIO KDHBBIMH 4, M u,, Ha 0oabLioe
YHCIIO BEpTI nonoc, To i ToNoC B TOM M JPYromM
caysasx TIOTHOCTH JHEPTHH WO CIEKTPY,
xoTopoe Gyner onpe;(enmbcn TONBKO BBIGODOM UIMPHHBI STHX noyoc. DyHKIHA
1, JIA€T CNEKTPANbHOC PACHPENCICHHC JHCPIHM NO PABHBIM MHTCPBANAM [UTHH BOJH
dA. ®yHkuEA u, JaeT ApYroe pacnpeneseHue, KOria PaBHBIMH WHTEPBAJIAMH ABISIOTCH
pasHoctH dactoT dv, KoTophie He paBHbl dA. Boobme, kaxmas HoBas QyHKUMS
JUTMHEI BOJIHBL, OTJIOXKEHHas MO OCH abClKCC, 1a€T CBOE PELIEHHE BOMPOCY O panencme
CHIEKTPANbHBIX MHTEPBATOB M CBOE

8y ol n B Ty

di
HeOGXO/IMMO  OTJIOKHTH 10 OCH abcmce GespasMepHyio  BEHYHHY T:d(lnk):

ldv] \d’»l ldv]
= ve—!

v
TIOTHOCTH W3JIy9eHHs M|,|=MA)\,7MVV 6yayT WMeTh COBNAjAloONMIME MAKCHMYMBI TIDH
TAKOM Ap=C/Vy, KOTODOC ONIPECIAETCA M3 ypaBHEHHS

4, ®)

=|dInv|. Torma dE=wmh—

M COOTBETCTBYIOUME CUEKTPATbHBIE

x

—e
d d
NONYYaIOWIErocs M3 NPHPABHMBAHMS HYTIO HIH a(uvv), wm dx(u;k),

Haizem kopens ypasHenns (5). 3anuchisas ero B suze 4(1—e~*)=Xx, 3aMedaem, 410
KOpeHb 6:1H30K K 3HaueHuio 4. TIONOXHB MOITOMY X =4 —0, TOJTY4aeM JUIS & YDaBHEHHE
de"%"=0. Tak Kak o-—Majas BEMYMHA, TO MOXHO 3aMeHMTh €® Ha |+, Toraa

1
= —=0,079
[3 Tl 0,0793

x= M /(KT)=he[(AnkT) =4 — 0 =3,9207.

H, CIIENOBATEIBHO,
Mosromy
A T=0,003668 m- K.

AganoruuHo pewarT ypasHeHus (3) u (4).
10.18. Mo opmyne [nanka, MIOTHOCTb SHepruu uitydenns dE, npuxoqsmascs
Ha crexTpambHbii coctas v, v+dv wm A; A+d), pasua

8nhv? dv

dE=udv= ¢ exp[hv/(kT)]-1"
MM
he dan
dE= dx-—
o exp[he/ (kT 1"

a nOnMAR TUIOTHOCTh OHEFMM WATyWeHW, To 3akomy Cregpana—-Bomsuvana,
pasra u=oT* Tlo>TOMYy OTHOCHTENbHAf CTEKTpalbHAS IUIOTHOCTH H3IYHCHHS,
TIPUXOAAIIAACA HA CHEKTPaJbHBIA YYacTOK V; V+dv WIM COOTBETCTBYIOUIMH eMy
uHTEpBan A; A+dA, paBHa

udv _ 8mk* X
oT* c*h*ovexpx—1

dv

n

o
wdh
oT*

rae x=hv/(kT)=hc/(AKT).



Nuddepennnpys moGoe M3 ITHX BIpaXEHMit No x (T.e. mo Ttemmepatype T')
W NPUPABHHBAX NPOW3BOAHYIO dT)/dX HYIIO, NMPUXOLMM K YDABHCHHIO

x

—on(-

m

otkyma x=he/(MkT,)=39207 u AT,=0,3668 (T,—TeMncpatypa, nph KoTopoll Ha
y4actok A; A+dA HmM COOTBCTCTBCHHO V; V+dv TpPHXOAMTCH HauGonbas OT-
HOCHTC/IbHAS CNIEKTPajbHAS TUIOTHOCTL H3AyueHHs). M3 Bbpawewuil ans 1 BHAHO.
4TO 3HadeHHE 1), MpH Kakao# AnMHE BOJNHBI A, Oymer
OIIMHAKOBO TIO BCEMY CNEKTDY, €CNH NOCTOSHHO [0 BCEMY CHEKTPY OTHOCHTEIbHOE
3nasenne dA/h=|dv]|/v=|dInv|.

10.19. Tlpu angWabGaTHOM pACIUMPEHWH CHCTeMbl 0e3 coBepuicHMs paboThi ee
BHYTpCHHSSL OHeprus He usMemsercs. [lostromy U=oT*V=oT#(V+V,), orkyma
T/T, =%/ (V¥ V1)]V. Ho S=40T*V/3=4U/(3T), S,=4U/(3T;), nosromy

Si/S=T|T, n Si/S=3/(V+V)/V.

10.20. 3axon Cregana— B u=GT* u soipaxenne p=u/3
M B IPABMTAIMOHHOM mMofe. BMecTe C Te BEHO TaKXe, YTO AdBiEHHE M ILIOTHOCTH
MITy4eHHsi Ha HWKHEM ypoBHe Oonbiue, 4YeM Ha BepxHeM. [lelo B TOM, 4TO
kodpduument © B 3akoHe Credana —BonbumaHa 3aBHCHT OT CKOPOCTH CBETa
B BaKyyMe, a OHAa HE MOCTOSHHA B TPABHTALMOHHOM [OJiE.

10.21. Manyuenus OT pasHbiX Tell, BMYNICHHBIC B TMOJOCTb C GEMBIMH CTEKNTAMH,
HAXO/MTCS B TEPMOJWHAMMYECKOM DABHOBECHH, XOTSl TEMIICPATYDbI PA3IHYHBIX Nyded
pasiibie. DTO PaBHOBECHE He ABMAETCH YCTORYMBBIM, TAK KaK He 067afacT MakcHMyMOM
ouTponmi. Ho e€cM B MOJNOCTh BHCCTH MBUIMHKY, TO TOJNY4aeTCs DaBHOBECHOE
M3JIyYEHHE, COOTBETCTBYIOWIEC YCTOHYMBOMY DAaBHOBECHIO C OHOH M TOH XC Tem-
TepaTypoil 1A BeeX Jyueid.

Mexay PA3MUHBIX YaCTOT HACTYNAeT HPH
MaKCHMyMe SHTPOTIHH

5= S()dv, 0
:

ecnn oHepria (wmM mwioTHocTb omcprin) u=[u(v)dv ocraetcs mocTosmiol. Do
03HAYAET, YTO NpPH MEPEXO]C BOIMOXKHO MAJIOH IHCPTHH OT M3JIYYCHHA OJIHOH HYacTOThI
K W3Ty4CHHIO MpYroii ¥acTOThl BapHaiks JHTponuu 8S=0 npu du=0, T.e.

ss:fas(v)dv:fﬁs(v)au(v)dv_

Jauto)

npu du= [ du(v)dv=
o
VMHOKas NOCIC/HEe PaBeHCTBO Ha MHOXMTenb Jlarpawxa (—C) u ckiamwisas
C NEpBHIM PABEHCTBOM, MOJTYYHM

ﬂ‘;fz:]t c] Su(v)dv=0.

o
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Beuay ' OT/AE/NbHBIX MeCKMX TPYNN JiydeH Apyr OT Aipyra
IO/BIHTETPANibHOE BHIPAXEHHE DABHO HYMO H, CeAoBaTensHo, dS(v)/du(v)=C.
Bennauta C MMCET JUIA KaX/Oro HEPHOrO HAIYSEHHA ONPENEICHHOE 3HAREHHE,
OHO W TO Xe AN Beex 4acToT. OTcioja clielyeT, 4TO OHAa MOXET ObiThb TONBLKO
yHKUMel TemMnepaTyphl M, KaK Mbl celidac moxaxem, pasHa 1/7. JleHCTBHTEJIbHO,
NYCTb DM COOGUIEHAM TONIOCTH 0BheMoM V=1 cM?=const HCKOTOPOro KOMH¥ecTBa
TENNOTH TemnepaTypa anydenns crana T+dT. Torna SHTPONMMA S M3MEHWIICH HA

das 1 du
—_— v
deT TdeT Tak kaxk TdS=du (npu const). Ho u3 ypasuenus (1)

as J'JS(V) ), Jfa;*(rﬂ .

a7~ Jau(v) oT

dS/dT=Cdu/dT, nosromy C I/T.
Taxum obpazom, , KOTOpoe B T0MIOCTH
TOC/e  BHECEHHA TIBLIHHKH, npcnc'raamleT coboit cHCTeMy Jiydelt B YCTOATHBOM
PaBHOBECHH C OTHO/ K TOR Xe TeMIepaTyPOii — TEMINEPATYPOli MBLIMHKH WIH CT€HOK.
10.22. TIpeAno.10XHM TPOTHBHOE: INYCTh IOCIC PAaBHOBECHOrO aauabaxHoro
PpacHIMpenus OT IIOTHOCTH u; 1O IUIOTHOCTH u; MJIyICHHE MEPECTano GBITh 9epHBIM
TO CNICKTPATBHOMY COCTABY. Tak Kkak m1y-xex-me -chcTeMa, KOTOpas HaXOMHTCH
ToO, ecnu u; NPUBCCTH B CONPHKOCHOWEHHE
c wm)M Temnepatypsl T3, ¢ mmpuM mw Gy;ler HAXOJHMTHCA B PABHOBECHH (T. e.
obiias oHeprus ). C Teuennem Bpemenn Syser
gepHbiM. CHcTema 6e3 H3MCHEHHS NOIHOK 3Hepnm nepeiiier B YCTORYMBOE PaBHOBeCHE,
4TO CBA3AHO C POCTOM OHTPOMHH. CJICOBATE/ILHO, JHTPONMS 9CPHOTO H3NYMeHHs
C TUIOTHOCTBIO Uy JIOJDKHA ObITH GOIbING JHTPOIMH HYEPHOTO H3JYYEHHS HadaibHOro
COCTOSHHS C TUIOTHOCTHIO Uy.

PaccMoTpum  Teneph  0OpaTHBIH TpoIece 0 CKaTHs 10 )
TUIOTHOCTH ;. DHTPONHA H3JIyYCHHS TDH JTOM HE H3MEHHTCS, HO HMIIYYEHHE, 1o
HallleMy TpPEANOJIOKCHHIO, 06NaflacT APYIHM COCTaBOM, YeM HYEPHOE H3NYYEHH® MNpH
HawanbHoW Temmepatype Tj. B To Xe BpeMSi OHTPONHS €ro GONbIE OHTPOIHH
9EpHOrO W3NyYeHHs NpH TOH xe dHepruu. Ilpn conpnmcnoncuuu ¢ teiom Ty 3T0

H3NMY4CHHE CTAHET WCPHBIM, olmaxo
ITOT MPOLECC MEPEXoNia B YCTORYHBOE PABHOBECHE ROeR GHITS CBA3aR YMEHBIICHHEM
JHTponuu 6e3 BCAKOH T.e. 6Ge3 B Tenax,

MTO NPOTHBODEYHT BTOPOMY Haday.
Takum o6pasom, aauabaTHbI TpOLECC C 9YEPHBIM H3IJIYYEHHEM NEPEBOMHY €ro
CHOBA B HEPHOE H3JyYCHHE APYTOH TemmepaTypsl.
10.23. ToNHas NIOTHOCTH JHTPOMHH DABHOBECHOTO M3NYdCHHA pABHA

4
=.[s‘,(v‘ T)dv:s oT?.
o
Ecnu B muTerpane mepeTH X HOBOH MepeMHHO MHTerpuposamms x momaras v=xT,
To MHOXHTeNs T° nepea MHTerpajoM no x GyneT TONBKO NpH CTPYKTYPHO# (opmyse

v
A cnexTpaTsHOf naoTHoCTH JHTpomHH B Bze 5, (v, T)=ve(x)=v’e | . ), Tax xax

fs,dv=T? [ x?p(x)dx.
o o
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1024, Jlns paBHOBECHOTO M3NyweHHS
U=cT*V u p=cT*}3,
nostomy Cy=4cT>V M ynenbnas TeIIOEMKOCTh NPU TOCTOSHHOM o06beme
oy =46T3=30,56- 10716 T3 Ix/(K - m?).

Tax kax s y " ii mpouecc SBJIACTCA H30Tep-
MudeckuM, T0 €,=Cr=00, b paBHa Oec-
KOHEYHOCTH. DTO ClelyeT TAakKe M3 COOTHOLICHHSA

2
(a)
aT)v
R
awv)r

HOCKO/IbKY AaB/ICHHE WATYWCHHS HE 3aBHCHT OT o6bema. [losTomy
y=C,/Cy=00, C,~Cy=m
3Hcprm1 MOJI O/IHOATOMHOrO rasa

*/2RT,

MOJIAPHAs TEMJIOeMKOCTh

YNEbHAS TEIIOEMKOCTh
3R 38314
2V 2:224-1073

o= =545 [Tk /(K - M?).
Taxum obpasom,
P feyn=56-10718 T3,

Tpu o6bruHO# Temneparype (~300 K)
Mano. CPaBHUMBIMH 5TH BEIHMHBI CTaHOBSTCS mpu T= 10° K.

10.25. BuyTpennss oneprusi U Nia3Mbl CKIANbIBACTCH W3 KHHETHUECKOH OHCPIHH
XaOTHYeCKOro JBMxXeHus vactuu U,, (BHYTPEHHss SHEPIHs WICANIBHOTO rasa) u Cpennei
JHEPTHM HX 3JIEKTPOCTATHYECKOTO B3amMoedcTus U,

=Upa+U..

P

3neck Ua=Cy T, U,

128
3 DTN
e @ 1 10, 0 B MecTe i-To 3apsaa BCEMH
JCTABHBIMH  3aPSAAMM.

B ciywae miasMbl M3 BYX COPTOB MPOTHBOTIONOXHO 3aPSKEHHBIX HACTHIl

Ue="12Ne¢" —'/;Ne¢~ ="/ Ne(9"' —¢"),

se o' (97)— 1 nons, o Boewm . KpOMe JIHHOTO
10JI0XKHTEILHOrO (OTpmldTeJIbHOI'O) 3apsAla B MCCTE HAXOKICHHS 3TOro 3apsja.
alizem @' u @. B HemocpencTBemHod GaM30CTH OT JaHHOrO  3apsaa
2 NpeodNajaloT, OYEBHHO, 3apAIAbI NPOTHBOMONOXHOrO 3Haka. Ecim Ha HekoTOpom
YaCCTOSHMM r OT JTOTO 3ApSAd KOHIEHTPALMS NOJOKHTENbHBIX 3apsioB n*, a oOT-
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PMIATENBHBIX 3aPSA0B 1, TO TJIOTHOCTh 3apsia B 3ToM Mecte p(r)=e(n* —n~).
TMoTenuuan TOAA, CO3/ABAEMOr0 BCEMH 3apsifaMi (B TOM 4HCIE H 3apaioM e),
onpenensercs ypasuennem Ilyaccona A@(r)=—4np(r).

3apsKeHHbIE YACTHIIb HAXOAATCA B ITOM, HMH CO3IABACMOM (CAMOCOTIACOBAHHOM)
none. Konuentpauus ux n° W n”~ B JaHHOM MecTe ompexessetcs (opMysoi
Bonbumatna [noao6Ho Gapomerpuycckoii GOpMyNne IS TUIOTHOCTH 4YacTHU B TOJIC
TSXeCTH Ha BhICOTE Z: n(Z)=nge ™H*T)]

1 (r)=nee " 0T) w5~ (r)=ngeetT),

e T TepmonuHammicckas TemnepaTypa; k=R/N—mocTosHHas Bonsumana;
ng=N/V ~ cpeansis KOHICHTPALHS 3aPSKEHHBIX YACTHIL ONHOrO 3Haka. Takum obpasom,
p=engfe WATY] V2o =dmeny [e®*T)

B cnywae paspekcHHOH TNIasMbl CPEAIHss ONEKTPHYECKas OHEPrHs 3apaia eQ

Mana 1o CpABHEHHMIO C JHEPrHell ero TemioBOro npwkeus >/, kT, mootomy e®*™)=
=1+e0/kT) u A?p=x*. tne x*=8re’n/(kT).

-~ eo/(kT) _

ook,

BerencTre ceprieckoii CHMMETPHH ToNs Vzw—r i

42
z(rw) Torna —— (re)
dr
=%?(rg), oTkyza
re=Cie ™ +Cye* u o (r)=(Cy/r)e ™ +(Cyr)e”.

IMoctosunas C,=0, Tak Kak B MPOTHBHOM Clydae TONYYHICS Obi GeCKOHEMHO
6onboil MOTeHUMaN BAanM (r—oc0) OT JAHHOTO 3apAlia, YTO HE MMEET CMBICIA.
Takum o6pa3zowm,

@ (r)=(Cyfr)e™". m

ToTeHumMan TONS, CO3IABACMOTO BCEMHM 3APA/AMH, KDOME JAHHOrO 3apsna
€ B TOUKC HA PACCTOSHMH I OT HEro, OYCBUIHO, DaBeH

Q1 (r)=(Cy/r)e™™ —efr,

a B MecTe HaXOKIEGHHs camoro 3apsia (r=0)

1
L *—e)=lim ~ [C‘—C,xwri C(ur)?—

i

Jlis toro uToGbl 3Ta BenWyMHA ObLTa KOHEYHOH, HEOOXOAMMO TNOJOXKHTH
e, Torma

Qr=—ex u @ =ex, @(r)=-e"" u @;(r)

r

M3 dopmyast (1) 115t @ (r) BUAHO, 4TO NOTEHUWA TOJIS OKOJIO 3apsia e B MIa3me
YOHBACT TO JKCTIOHEHTE. DTUM MIA3MA MPHAIMHATLHO OTTHYACTCA OT AMATIEKT-
PHYCCKOH OJHOPOAHOH Cpeabl, B KOTOPOH MOTCHUMAN MOJS OT BHEUIHEro 3apsia Ha
TOGOM PACCTOSHMN OT HETO YMEHbIIAETCA B & Pa3 MO CPABHCHHIO C MOTCHIMATOM
nonA B BaKyyme.

3aMeTHM, YTO TMOTEHIMAT @ (r) CO3NACTCA 3apsAOM e H BCEMH JIPYTHMH 3ApALAMH
IIa3Mbl; €r0 HEAb3A  PACCMATPHBATH  Kak napHoro BUR
IKPAHHPOBAHHBIX YACTHIL.

Bemmunna d=1/x=./kTV/(8ne’N) xdpakrepmye1 GICTPOTY yMEHBILIEHHS TIOTeH-
UMaza MONS B TJA3Me C YBCIWYEHHEM DAacCTOSHHS OT [aHHOTO 3apasa e, T.e.
TYGHHY TIPOHHKHOBCHWS BHEIUHETO 3J!el(’l'pﬂ'(ecl<0r0 mons B TJIA3My, H HA3bIBACTCSH
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Oebaesckum paduycom. Bonee GbicTpOe, 4eM KYTOHOBCKOE, CTajIeHHE 3TOrO NMOTEHIHAIA
obycnosieHo 06pa3oBaHMeM BOKDYr JAHHOTO 3apsia ObMNaka $acTHIl MPOTHBOTOMOX-
Horo 3uaka. Takum o6pasoM,

=1/, Ne(9* ~¢)= —Ne*u=—e*N/d= — Ne* \/8ne’N/(kTV),
U=C, T—Ne? /8xe’N/(KTV).

B TO BpeMA Kak BHYTpeHHsA SHEprHa U,, HICATbHOrO rasa He 3aBHCHT OT
obnema, oHeprus U, obpatHo nponopuwowanbda \/V W TPH BeckMa CHTBHOM
paspexenny 1iasmel (V—oo) U,—0 BCICACTBHE CTPEMIICHHS K HYJIO B3aHMOMNCHCTBHS
MEXly HacTALIAMH.

10.26. Tlycts B o6beme ¥ npu Temnepatype T W3TyueHHe HAXOMHTCA B PABHOBCCHH
¢ wieammM rasom Ws N onektpoos. [ipn paBmoBecun fByX a3 omHOH W Toi
Ke OOBEKTHBHOW peajbHOCTH XHMHMYECKHH IMOTCHIMAN W' 3NICKTPOHHOrO rasa pameH
XHMHYECKOMY MOTeHUHany p’=0 H3jyueHH W, CIENOBATEILHO,

W=u'—Ts'+pv'=0, m

e 1, S, U—COOTBETCTBEHHO OHEPrHS, OHTPOTMA H OGbEM Ha OMMH HIEKTPOH
ritsa, mpHYeM

w'=me? 43, kT @

(mc? - JHEpruA TOKOAIETOCA INEKTPORA, ¥/, KT-—€ro Cpefuas KMHCTHIECKAS SHEPTHS);

i QrmkT)2 Ves'z
s'=kln i s 3
a
po'=kT, “@
pV=RT. Tl ), 3), 4 & (1), nomysaem ans
KOHUEHTDAIMA MEKTPOHOB, B C uepHBIM W3y 5
kT)32
N_QRmkT) _ur, ®

v "

Moacrasnss 8 oty dopvynry m=9-10"2r1,  k=138-10"2* [Ix/K,
h=6,624-1073* [Ix -c, naiiieM, 4TO B eAHHULE 00bEMa W3IY9CHHS MOXET TOSBHTHCA
ONHA mapa IEKTPOH — NMO3HTPOH (n=1) WpH TemrepaType W3Ny4CHHs TPHMEPHO
10° K (3me3mnas Temmepatypa).

1L.1. CBoGomHas IHEPrus NOBEPXHOCTH

Fy=0%,
c¢ JHTpOmHS
oF;
oT

Tax Xak NpH paBHOBECHOM aauabaTHOM mpolecce JHTPONMWS HE MCHAETCH, TO
M3MEHEHHE TEMNEPATyphl NpH aaMaGaTHOM DACIWIHPEHWH IUICHKH ONpEAenseTcs M3
ypaBHEHHS

do const.
ar

Konu4ecTso TEMIOTH, NOTIOMAEMOe IUICHKOH NMPH PABHOBECHOM H30TEPMHYECKOM
npouecce, KOria IUIOWANb €¢ YBEIHuHBAaeTCA OT I, 10 I,
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2 (-5,

d
0= T[8:(T, E)=$u(T. )] =~ T 52

11.2. TIOBEPXHOCTHOE HATAKCHHE, M3MEHSA YCTOBHE MEXAHMYCCKOTO PABHOBECHS,
NPHBOIHT K TOMY, YTO JaBJCHHE Mapa, HAXOAUIETOCS B DABHOBECHH C Kaillew,
T. € JI4BTEHHC HACBIUEHHOTO 1apa Kaljid, 3aBHCHT OT ee pasmepa. Haiizem oty
3aBHCHMOCTD.
YCTb MMCETCH Kamis OKMIKOCTH (Mepsas (asa) pammyca r, HAXOMAIASCK
B paBHoBecHu ¢ ee mapom (BTopas (asa). Ilpu pasHOBeCHH
1 (P1s T)=H2 (P2, T)-
Tpx miockoif MOBEPXHOCTH
wp, T)=p2(p, 7).
BesteneTBue Masiofi  OkMMACMOCTH KHJKOCTH MOXEM  HAIMCATH

s )= (p, T)=

n

CuMTag map MICANbHBIM TAa30M M 3HA% XHMMYCCKMH MOTEHIMAN TaKOro
rasa, HaxomMM

W2 (P2, T) =2 (p, T)=KTln(pa/p). @

Tak Kak Jebic wacTW ypasuemmii (1) M (2) paBHBI, To, MUPABHUBAL NpABHIE
HacTH, mosyyacM
Ppa=petrlnT),

M3 57Ol (HOPMYNBI BHAHO, YTO NABJCHHE HACHINIEHHOTO MAPAa MaJbiX Kamemb
Gonblue ueM GOMbLUKX.

TosToMy CHCTeMa M3 Kanesb PasMuHbIX Pa3McpoB GYICT HAXOMMTHCS B COCTOSHHH
HEYCTOMUABOTO DABHOBECHS: MAJBIC KAILIH OYAYT MCMApATHCH, GOMBIUAC— DACTH.

.3. Ecu Xanumd B nape npHoOOPETalOT dNIEKTPHYECKWH 3apsil, TO OHH HAYHHAIOT

PACTH, Haxe OyMyuH OWeHb MATHMH, M HC TONBKO B TEPECHIICHHOM Mape, HO
W B Tape, HE JIOCTHIINEM HachileHus. JICHCTBHTENBHO, MYCTh Kamis pammyca
F IPHOBPETACT OH C 3aPANOM ¢ H PANMYCOM d; I PABHOBECHH HOH COCPEIOTOMHBA-
ercs B ueHTpe KamiM. Ecam Takas Kamis HAYMHAET DPACTH, TO 9TO NPHBOMT
K yMeHbleHHIO dHeprun I'm66ca cucrembl. B camom nene, amajormiso dopmyne
(11.14), moipaxchne a1s AG mpH 0Gpa3soBaHWM BOKDYT HOHA KATLIH KHIKOCTH

AG=4rr*/(30,) (1, — ) + 4012 + AG,,

rae  AG,—mu3menenue oueprun [ u66ca INEKTPHYECKOrO 10 TpH  0Opa3OBaHUH
i Kamm (- MOTCHUMAN KAIUIH), PABHOC DA3HOCTH MEXIY
aHeprHeil 1o, 0 HoHOM, B LEHTpe KalH, W OHepriei

nojis cBOGOAHOrO HOHa:

e i 1 e
AG,=— |E}dV+— | E3dV—— | EddV=— |E}dV—
¢ an‘ : +xnI Sn.[ & )5
. : d s

[ & fdr @ 1) &
E* V—~ ——=|7==(1- -1
BJ d P ZJ‘rZ 27( )+Za<s )
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(E,— HanpsXeHHOCT> TONA B Kanie; E— HANDSKCHHOCT: MOAA BHC Kallid; £—
AM3NEKTPHYCCKAs nponnuamocm xanmm). Takum o6pasom,

AG-—(p2 u,)+4mr+ (1—1)(1—1). m
eJ\r a

TMocnenuuit unen B ¢opmyne (1) OTpHUATENEH, NPHYEM MO MOZYMO OH TeM
Gonbie, vem Oonbuie Kamwis (BTopas ¢asa). CreloBaTeNbHO, C POCTOM KallM 3a
CHET 3MIEKTPHYECKOro 3apaga AG yMCHBIIAETCA W €CIM NPH OTCYTCTBMHM 3apsjia NpH
Mp>W, Kams JioBbIx pa3MepoB BCErfia MCMApanach, TO TENEph Jaxe Manas Karis
OpH Mp>W, OPH CBOEM DPOCTE MOXET NDHBOMHTH K YMEHbIICHHIO AG H, TakuM
00pa3oM, pacTH, BbI3BIBAjA KOHCHCALHIO.

310 Tem Goree GyneT h B C1260 nape, Koraa i <
Takoe cocTosHMe napa co3jaeTcs B Kamepe Buibcona, u addekt ero ycunenHon

st TPEKOB  GHICTPHIX HOHH3HPYIOLIHX

4ACTHI: MOAGACHUE UOHOS Ha nymu wacmuyb
nepechiujennoz0 napa na wux, umo Oeiaem eudwbiv Ced Hacmuyb

N5 OOHADYKEHWs OICMCHTAPHBIX YaCTHI BBICOKHX OHEpruii kamepa Bmibcona
H#e ABASETCS YAOBIETBOPHTEIBHBIM TPEKOBBIM NPHOODOM BCIEACTBHE CIMUIKOM Malnoi
ropMo3HoOii  criocobHocTH pabouero Bemectsa (mapa). Ilostomy B cnywae wacTuiy
SBICOKHX SHeprHii ymOT B 19521, Kasepa,
IpencTapnsiomas coboit cocyn, ii- G i neperpeToif
KHAKOCTBIO. MOHM3MpYIOINasi 4acTHIa, TPOXOAs 4epe3 ngcpy, BBI3BIBACT PE3KOE
JCKHTaHHe XHIAKOCTH B y3KOWl 00nacTH BIONL BCEro ciema, M TakuM obpasom ee
1yTb OTMEHAETCA UENOYKOH Ny3BIPKOB Tapa.

11.4. OBLIMHO MPHHHMAETCA, YTO MIOBEPXHOCTHOE HATSKCHHE CTPEMATCS YMEHBIIHTD
maepxuocn. CyIeCTBYIOT 1M HATHKEHHS TPOTHBONIONOXHOTO  3HaKa, KOTOpHIE

338

YBETHUHTH b7 Takue NefiCTBUS M3BECTHBI HA CAMOM Aene
1 OGHApyKHBAIOTCA NPH SBJCHUAX B3AHMHOTO DACTBOPEHUS KHAKOCTEH.

Bravase Ha ABYX i

‘aKMX, KaK BOJAZ M (CHOI TpH HEBBICOKHX TEMIEPATYpaX, BO3HMKaeT OObIYHOE

HaTsOKEHHe, CT YMEHBILUMTL OBEPXHOCTh XuakocTh. C mo-

IBILLIEHHEM TEMIIEPATYPBl 3TO HATSXEHME (B TO BpeMs Kak XKHIKOCTH Bee Gonee

t Gonee pact Apyr B Apyre) BCE MEHbIE H HAKOHEl JCAeTCs

JaBHBIM HYmO. OJIHOBPEMEHHO OO€ KMIKOCTH PACTBOPAIOTCA APYr B Apyre mpn

106bix  KOJMM¥ecTBAX. M3 3TOTO MOKHO 3aK/TIOYHTB, HTO MEXIy KUAKOCTSAMH,

'‘aCTBOPHMBIMH TIDH JTHOOBIX KOJIMYECTBAX, YCTAHABIMBACTCA MOBEPXHOCTHOE HATSKEHHE

POTHBOTIONOXHOTO 3Haka. EC/M MX NpPHBECTH B COTIPHKOCHOBCHHME, TO HX Obwas

OBEPXHOCTh CTPEMHMTCH TPHHATL HauGoJblUCE 3HAYEHWE, @ 3TO MPOUCXOLMT, KOria

6e KHAKOCTH TIOJHOCTBIO CMEIIMBAIOTCA Apyr ¢ Apyrom. Takmm 06pasoM, sBicHue
¢ O HATSOKSHHS.

12.1. Tlo ypasuenmo Kaneiipona — Kiay3uyca,
dp
m
a7 TV, V)
ne V,—Monsphbili obbeM mapa; V,-—mospHpi 06beM kuakoctd. Bmamu ot
PHUTHYECKOH TOYKH V,>»V,. [lonaras, 4TO HacChIUCHHbIE Mapbl YJOBIETBOPSIOT

. p
K — —_
® PITT R

TKyda
Inp=—A(RT)+i u p=const-e *&T),
1€ §— XUMUYECKAA NOCMOAHNGA.
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12.2. U3 ypasmenns Knaneiipora — Knaysuyca
dr
A=T L (Va=V2),

e ¥, # V,—MoTSpHBE 06beMBl TBEPIOTO TeNa M ero mapa cooTBeTCTBeHHO. Tak
Kak V,3>V,, To, NpUMCHSA K Napy 3aKOH COCTOSHHA HICAJLHOO rasa, NOJYYHM

dp RT?

r=L - =60974,5 Jtxfwom.
dar
12.3. Onpenennts JaBJIeHHE, nox KOTOPBIM KHIHT BOJA npH

T=95° C+273° C=368 K, 3To 3HAaYHT HAHTH [NaBJICHHE HACHINEHHOrO mapa NpH
aToii Temmepatype. Cornaco 3amave 12.1, p=Ce ™™XT). [Ipn T=373 K nasnenue
napa p,=Ce MRT1)=1033,6 ['Ma, oTkyna

A A1
C=p,exp RT, W p=piexp| —3 7=
\

9-18 (1 1
= 1033,65xp|:—¥ (ﬁ_ﬁ):l 7459 rTla.

124, CBsi3b MeXIy TeIIOTOH INABJNCHAS A3, TEIIOTOM WMCNAPEHHS JKHAKOCTH
M2 W TETUIOTOW CYGAMMAIEM Ay3 HETIOGDEICTBEHHO CTGIYeT W3 TOFO, 9TO MW
KPYroBOM HM30TEPMHYECKOM mpoliecce paboTa, a Ce0BaTeNbHO, H KOMHYECTBO TEILIOTHI
PABHBI HYJIIO:

A3 t+hi+ha

oTkyma Aiz=Aa3+Aiz.

.5. Jlnsg  Ompe/iciieHds 3aBHCHMOCTH TeIIOTh (ha30BOro mepexofa OT TeM-
nepatypbi nponssonnyto dA/dT Hao BLMHCIATH BIOJNb KPHBOK ()a30BOTO PaBHOBECHS
p=p(T). Tostomy

g_@JraA dp () (o 1
a7 \oT /s rar \oT ), \ap Jr W=V T

Tenstora nepexo;(a BelleCTBA M3 mepBoil (asel Bo BTOpylo A=TAS=T(S"-S')
wmm A=H"—-H', nockonbkKy (a3oBblii TNepexol SBISETCH M30TEPMHO-H306apHBIM

npoueccoM Toraa
o O o p—cr—
(ﬁ_r),‘é“r(" H')=C}—C),

(Q) -2 H”—-H’):Tai (S"=8)p 4 V' =V'=V'=V'=T(V'a"~ V'),

dp)r p
Tak Kak (AS/0p)r=—(3V)oT),=—Vo(a— TeMnI0BoOro
Takum 0obpasom,
d; _c, +§7MV Ifu)

d:

B ciywac napooGpa3oBakus WM CyGIMMaumH, Koraa BTOPYIO }a3y MOKHO NPWHATH
3a uaeanbHbii ras (V> V', a"=1/

v




12.6. Tem10eMKOCTL CHCTEMBI

80 _ds
ZorZ
dr~ ' dT

W C" o napa yio dS"/dT

HANO BHIMHCTIATH BJIONh KDHBOH DaBHOBECHS KHAKOCTb—map p=p(T) (4T0 COOTBeT-
CTBYET NpOLECCY HATPEBAHHS, NPH KOTOPOM Tap BCE BPEMS OCTAETCH HACHIIEHHBIM):

ds”_ 28" . 28"\ dp
dr "\ T ), "\ op JrdT
o K. i —Knaysuyca u pasenctom (3S8"/0p)r=
=—(V"[0T),=—V"a" (@'~ TEIUIOBOrO napa), anA Ten-
JIOEMKOCTH HACHIICHHOTO Mapa TOTydaeM
=Cp=AV"a" (V"= V"),
Bnagk OT KDHTHueCKOW TOWKH V”3> V', CdMTas map WACAIBHBIM  Ia3oM
(«"=1/T), naxommm

C"=Cp—MT.
dx

A
Cptgpg B sammcnvocTH

Ho Cj—Cpxd)/dT (eM. samawy 12.5), mostomy C'=
or ycrosuir C"Z0. Jl1s Bombl, HAmpHMCD,
=4.23-10° [ix/(kr - K), A=2,26-10° [i/xr,

dr .
—T= —2,68-10% JIx/(kr - K),

MOITOMY  TEILIOEMKOCTb ~ HACBINICHHOTO — BOfsHOro mapa mnpm 100°C  pasHa
C"=448-10% JIx/(xr - K). Boobime, c yBeuueHHeM TemncpaTyphl C” yBCIHUHBAeTCS;
npu 489.43° C NpOXOAHT ucpes Hymb; TpH eme Gonee BHICOKOW TeMTIEAType
CTaHOBHTCS TIOMOKHTENBHOM.

Tpn C"<0 TemmepaTypa HACBIIEHHOTO BOASHOTO Tapa YBETHYMBACTCSA, KOTAA
y CHCTEMBI OTHMMaeTcs TemnoTa. IToITOMy €CIM CKHMATh a/MabaTHO HACHILICHHBIH
Bonsoit nap mpu 100° C, To MpU 5ToM mOBLIIEHHE TemnepaTyp GyleT HACTONBKO
Gomblulm, §TO faHHbH AP CTANOBMTCH
Hao6opor, BBI3bIBACT uto
B Kkamepe Buibcona mnpu npoGera wacThn. Bblue
489,43° C noBe/IcHHE BOJISHOTO Mapa CTAHOBHTCA OGPATHBIM, A MpH STOM TeMmepaType
OH OCTAETCS HACHILICHHBIM KaK NDH CXATHH, TaK W NPH PACIIMPCHHH.

7. Tlo  yenosmto, C,=af, C,=BT*. Ho C=T(3S/0T), nostomy S,=aT,
S,=1/,BT>. Tipu kpuTmueckoii Temmepatype S,=S, ($a3oBiii Ticpexon BTOPOTO
pona). Cnenosatensno, aT,,="'/3pT3, u C,=3C,.

12.8. TIpeaCTaBiCHHE O TOM, WTO CBCPXTPOBOJHHKH—O3TO TPOCTO HACATBHEIC

NPUBOAUT K 3aT XapakTepa M NPOTH-

BOPEYHT TEPMO/IMHAMMKE CBEPXNPOBOIHHKOB, T. €. HX MCHCTBUTEJILHOMY TNOBEIEHHIO

B MarHMTHOM mofie. B CAMOM /Ie7ie, COT/IACHO OMHOMY M3 YPABHEHHH 51eKTPOIHHAMHKH
1

128
WE==2, a mo saxony Owa, E=_j Kotta avextpuseckoe compornsrese
¢
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CTPEMUTCS K HYJTIO, G CTPEMHTCA K GECKOHEYHOCTH M RaNpSXKEHHOCTh E 3/IeKTpHYecKoro
nons crpemutcss k Hymo. IosToMy B mpenene HyneBoro conporusiehus 0B/or=0,
T. €. MarHUTHas WHAYKIHS B=const. OTCiona ClENYeT, YTO €C/ NMPOBOJHAK HAXOMHTCH
B MarHHTHOM TONe JI0 TOTO, KaK ObLT OXJIaX[CH HWXE TEMIEDATYphl Nepexoha, TO

s B Gyner COXpaHATh CBOE NEPBOHAYaNbHOC 3HadeHMe. ECIH Xe NPOBOMHMK
6bU1 cHaYaNa OXJIAX/IEH HUXKE TEMMEPATYPHI NIEPEXOAA, & 3aTeM NOMELICH B MArHHTHOE
noje, TO B HeM no-npexueMy B pasHo mymo. Takum o6pa3om, KOHEYHOE COCTOSHHE
3aBHCHT OT TOrO, KaKHM IIyTeM 3TO COCTOSHHME OBUIO NOCTHrHYTO. MHBIMH croBamH,

BHYTpCHHEE HE TOJBKO H u T, so
Takke M HcTopHed obpasma. CocrosHHe GeCKOHEWHOM NPOBOMHMOCTH HE SBJISETCH
nosromy TenoBoro TaK Kak OJHH M T