


Y KUTYBUN® Halwpuétu, pycyagaH rapxuma, 1975.

Yw6y KWTOGHWHI Makcagu CTyLeHTNapHW (U3MKaHWHI acocuil upesanapu Ba
MeToANapum 6unaH TaHUWTUpUwAaH ubopaT. Acocuil abTn6op U3MkKaBuii KOHYH-
NapHUHT MabHOCWMHM TYWYHTUpULWITa Ba ynapfaH OHrAuM pasuwpa (oijanaHuwura
uapatmngn. KUTOGHMHI *aXXMuW YHYanHK katta bGynmaca *am, y KenrycHpga Hasa-
pH (u3mka Ba 6Gowka (u3mka (aHNapuHW ypraHuwpga 3apyp OynraH 3nekTp
*akmparn 6apuya macananap 6aéHuUHW y3 uuura onraH.Xamma naparpadnap Xank-
apo Gupnuknap cuctemacun (CW) pa 6aéH KUAUHraH, 6MpPOK Hasapuii dhusmkaga
*03upru BakTraya laycc 6upnuknapuw cuctemacu KYnnaHunaérraHnuru cababnu
YKyBuM 6y cucTtema 6unaH *am TaHULWULW WMMKOHUra ara.

KnTo6 Ba YHWHI TapXwumacu *akumparun Y3 (pukp Ba Myno~asanapuHrusHu
Kyiingarn agpecra tGOPULLINHIU3HK cypaiiMns3: TowKeHT — 129, HaBowuii Kyuyacwu,
80. .YKUTYBUM* HawpuéTtn, dusnka-matematuka afabuétu pepakymscu.
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PYCUHA TYPTUHUYN HALWIPUITA CY3 BOLWUU

KnTo6HMHT ywby HawpuHu Taiiépnawl BakTMAa aHyaruHa ys-
rapTuwnap KUpuTuane, xuaaui kaita uwnab umumngn. Mogaagarm
3NeKTp Ba MarHur maingonura 6armwnaHrad n Ba VIl 6o6nap “am-
f0a VHOYKUWA 3MeKTp HpPUTYBYM Kyyun 6aéH atunraH 56- § tamo-
MaH ysraptupungu. Bakyymparu maifoHnap KypunaétraHga da-
Katr E Ba B KaTTa/MknapgaH ¢oiganaHungun. Bektopnap aHanusu-
[aH 3afeMeHTap MabnymoT GepyBum sHrM naparpad (107- 8) uy-
wungun. 18, 30, 40, 47, 112- naparpagiapra My“um KywimmMmyanap
Knputungn. bow”a 6ab3m naparpaiapra ysrapTuw Ba Kyl uMya-
nap Kuputuagu.

Astop H. W. Tonbadap6ra doiiganm macna™aT Ba u30™napwu
YUYYH MUHHATAOPYMAUK 6ungupagmn, ynap WKKUHYM TOMHM KaliTa
nwnawpga “mncobra ONUHAWN.

Anpenb, 1970 W.
. Casenbes



PYCYA BUWPUHUYUN HALIPUTA E3WNTAH CY3 BOLWWMAAH

YWw6y KYPCHUHT WUKKUHYM TOMWU "~am 6upMHUM TOMKM Kabu aco-
CaH ONUA TEXHWKa YKYB HOPTIAPUHUHT MHXXEHEP-PU3UK UXTUCOCU-
ra ykniguraH cTyfgeHTnap Y4yH My/mkannaHraH.- Knro6xoHnapra
TakNU® KunumaétraH ywoby uynnaHMaHWHE “~aXMy YH4Ya KaTTa
bynmaca *am, yHAa Kenaxakga Hazapuili ¢m3uka Ba 0OOLIKa (hn3u-
Ka (haHnapuHuW ypraHmwga 6wnuw 3apyp 6ynraH 6apya Mabny-
MOTNap MaBXYS.

Kntob "aXMuHu Kuckaptupuw (6upyvHYM ToMgarura yxwaw)
NeKHusA[a KypcaTunaguraH AeMOHCTpaunsanapHuHI, ackupraH ac6o6-
nap Ba yTraH acpfa u4yfinaHuiraH SKCMepUMEHTan TEeXHUKAHWHT
6aéHunaH BO3 Keuumll Xxucobura apuwimngn. Tapuxuii maTepuannap
*aM KuckapTupunraH “onga 6epungun. JlekmH okopuga anTuaraH-
nap 6aéH KWAUW 3KCNepumMeHT™ TasHMalan AeraH MabHOHWM 6uUn-
aupmaingn. 3nekTpomarHeTusm “akupgaru “03upru 3aMOH TabiUMO-
™M acocuga éTraH PyHAame-HTan TaxpubanapHWHr 6apyacu eTapnu
Japaxaga Tynuk 6aéH atmaraH. Mucon yydyyH MeTannapgarv 3nekTp
yTKasyBuunap TabmatnmHu aHukiawra 6arvwnaHraH Taxpubanap
Tynnamu (Pukke, MaHgenbwTtam Ba MNMananekcu, TonmeH Ba CTioapT
Taxpubanapu), MarHeTusm TabuaTUHM aHMKNawra 6aruwnaHrat
Taxpubanap Tynnamu (JhHWTEAH Ba Ae Xaac, bapHeTT, LUTepH
Ba [epnax Taxpubanapw), 31eKTPOH Ba MycbOaT MOHAAPHUHT 3apagu
*amga CONUWITMPMa 3apagvHM aHuKnalw Y4YyH KWUAWHFaH Taxpuba-
nap (MwunnukeH, ToMmcoH, ACTOH Taxpubanapu), [epuHUHT 3nek*
TPOMarHuT TynKuHNap 6unaH yTkasraH Taxpubanapu Ba 6owwkanap-
HU KypcaTuw MyMKuH. LUyHWHraek, 3apagnaHraH 3appanap tesnar*
rMynapv, WMOHMawW Kamepanapu Ba CYETYMKNAP, Macc-cnekTporpag-



nap kabu 6owka 6up KaTtop 3aMOHaBWUIl 3KCMepMMeHTan MeToam3ca-
nap Ba Kypunmanap 6aéH kunuHagum.”®

KYnnaHmaga fua-sa napamarHeTu3Mm, MeTanfapHWHI Ba ApUM
YyTKa3rmuiapHUHT 30HanW Hasapuacw, rasfa paspsag Ba 31eKTpo-
MarHWT TyfnKuMHNap Kabu maB3ynap onuii YKyB topTnapuga goiiga-
naHwnaétraH usuka papcavknapugarvra HucbataH Tynapok Ty-
WyHTMpunraH. ABTop 6ab3u fapcnuknapja yupab TypaguraH 3ampa
XOAMCaNapHUHT MOXUATUHU 6Y3U6, KUTOOXOHHWUHT (UKPUHU uYan-
KawTupaguraH cogaanawitupuiunapgad soskeuyaun. MacanaH, ®epmu
CaTXW 3NeKTPOHNAPHUHI abCoNT HOMb TeMnepaTypagaru makcuman
3Hepruacu cudatmga aHUKNaHWWKN KOHTAKT TepMO-3. 1. K. naiigo
OynuwmHn 6yTyHNail TywyHapcus kunagu (4yHku 6yHpain ycynpa
TemnepaTypaHuHTr dyHKuunsicn 6ynraH depmu caTxum bepunraH me-
Tann Y4YyH XxapakTepnu 6ynraH KoOHCcTaHTara akiinaHwb Kkonagw)-
depMun caTxvHu Oy ycynga aHuKnaw apuM  yTKasruynapga xam
KYNNaHWAUWIM  MYMKWH 3Mac, YyHKW Apum YTKasruunapga Pdepmu
caTXy TabKWKNaHraH 3oHafja >xolinawraH 6ynagu. VIKKMHYM mucon
cugaTnga LWNOMHUHT 31eKTPOMarHUT TYNKWHAAP HypnawuHu Ky4
YN3NKNAPUHWHT ,,eunnnb ketuwmn" peb atanagurad ycyn épgammga
TYWYHTUPULLHU KypcaTUll MYMKWH. BupuHumngaH, 6yHpaan ,,eunnnt
KETULWIMHN® TYWYHTUPULWIHK (a™aT KyprasMaau Kunagu, NeKuH acn
MabHOCUHM TYWYHTUpPa onmaign. byHpaH Tawkapuby ycyn npuH-
UM KuxaTgaH HOTYPPUAMP, YYHKM 3/1IEKTPOMArHUT TYNAKWUHAAPHWHT
naiigo 6ynuw Ba Tapkanuw xofucacu acocuga éTraH 3M1eKkTp Ba
MarHuT MailgOHNapPHWHT 6upAury Ba y3apo OOrNaHWWUHN GYTYH-
naii xucobra onmaingu. Eunnmb keTuw Tyrpbcugarn Mynoxasanap-
[Ja 3NeKTp Ba MarHUT MalAOHMaPUHWUHT naingo 6ynuwmn 6up-éupura
6ornaHMaraH xonga TywWwyHTUpunagu, 6y sca XoucanapHWHr xa-
KUKWUIA (DU3NKaBUin Mo mstura 3uaaup.

Knto6 Xankapo 6upnuknap cuctemacu (CW) pa 6aéH KmnuHa-
an. Xosupryu BakTradya CoBeT WVTTuUdOKMAa HalIp KUAUHTaH (Qusn-
Kara poinp agabuértga (xycycaH, Hasapuin huamkaragovp Aapciuk-
napHuHrbéapyacmga 6upnuknapHUHr Faycc cuctemacu KynnaHuaraH
LUYyHWMHT y4yyH 613 KUTOOGXOHHM 6y cucTeMa GunaH TaHULITUPULLHK
3apyp fge6 ronguk. [aycc cuctemacu Kynnab é€3unraH TekcTnap
netutga (maga xapt 6unad) repwaradH 6ynmb, arap KATO6XOH 6y
cucTemara Ku3mkmaca, Wy TEKCTHU YKMMachaH KeTuWu MYMKUH.
KnTOBKMHT oxupuaaru unosanapfa 31eKTp Ba MarHUT KaTTanuk-
napHuHr CW Ba [laycc cucTtemacmparn ynuyoB OGupnuknapu 6epun-
raH, 3/eKTpoOMarHeTMamra Taannykinm acocuii  (opmynanapHuHr



MKKana cuctemagarun udoganapuHWHIr conuwTupma >xajsanu 6e-
punrax.

MocKBa aHepreTnkKa MHCTUTYTa GM3MKa KagpeLpacUHUHT Myaupwu
npogeccop B. A. ®dabpukaHTra Ba Wy Kadegpa yKuTyBuUMnapwu
M. M. depopoBa nampga 10. b. Nop6aTtoBra 6up KaTop Xxyga ¢oi-
fanun macna”at Ba M30™napu yyyH Tawakkyp 6ungupamad. Ly-
HUWHTAeK, KUTOO6 TeKCTMHM Ty3aTull Ba Axwunawga Kyn Me~HaT
KunraH pepakTtop E. B. KysHeuoBara nam MWHHaATLOPYUAUK 6UN-
AnpuwHn y3 6ypumm fe6 6unamaH.

. CaBenbes
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BAKYYMIA 3/IEKTP MAWMLOHW

1- 8. Kwupwuww

Tabuatgary >KMCMAAPHWHT MabayMm LIapouTha 3MeKTp 3apsjra
»ra 6ynuwmn (anekTpnaHuwmn) maktab u3vka KypcuiaH Mabaym.
Xucmpa anekTp 3apAgUHUHT B6OpAurM yHUHr 6oLlka 3apsjnaHraH
Xucmnap 6unaH ysapo Tabcupnawuwmga HamoéH 6Gynagu.

dnekTp 3apagnapu ukkn Typga 6ynub, wapTnu paBuwga Myc-
6aT Ba MaH(puiA feb6 aTanagu. bup xun wnwopanu 3apagnap o6up-
OvpvHN uTapagu, "ap Xun uwopanunapu aca ys3apo TOpTULAaAwn.

DNeKTp 3apsian aneMeHTap 3appanap [Aeb6 atanaguraH 6ab3u
3appanapHuWHr acocuii xycycusTtnapmgaH 6upmaup. bapua anemeH-
Tap 3appanapHuHr 3apsagu (arap yHWHr3apsagu Honara TeHr 6ynma-
ca) abcontoT KuiiMaTu XutatugaH 6upgain 6ynagn. byHpain 3apag-
HNW 3anemMeHTap 3apafg Ae6 a*ittmu MymkuH. By 3apagHu e
Napu 6unaH 6enrvnanmms.

JneMeHTap 3appanap KaTopura aneKTpoH (MaH(puin 3apsaara
ara), MpPoToH (Mycb6ar 3apsAgra ara) Ba HeiATpoHnap (YHWHI 3aps-
OV Honra TeHr) Kupagu. Mopgpa atomnapu aHa WyHAan sappanap-
[aH TalWKun  TOMraHW YYyH 31eKTp 3apsagnapu 6apya xucmnap
Tapkubura opraHukK pasuwija kupraH 6ynagu. OpaTtga Xucmnap
Tapkubugarn Typau uwopanua 3apsagnapra ara 6ynraH 3appanap
MUKZOPU TeHr OynaguM Ba XWUCM 3"axmu 6yinab 6upgaii 3uunnk-
fa TakcumnaHagu. By "onga D>KUCMHWMHT  WUCTanraH KWUYMK one-
MeHrap) Haxmugaru 3apagnapHuHr anrebpank WWUrMHAUCKH HoMra
TEeHr 6ynagn Ba OyHAa >KMCMAApHUHT (Wy >XymnaagaH 6Gapua
XUCMNAPHUHT) ~ap 6GuMpU 3NeKTP HYKTaum HalapgaH HeiliTtpan 0Oy-
nagu. Arap 6upop ycyn 6unaH (macanaH, 60WKa >XWCMra MLIKa-
nalw opkKanu) Xucmga MabayMm uwopanyu 3appanap MUKAOPUHMK
KynaWtmpcak (akCMH4Ya, Kapama-Kapliu wwopanu 3appanap MuK-
JOPVHM  KamaiTupcak), 6m3 0Oy >XUCMHM 3apsagnaraH 6Gynamus.
XyAoou WYHWHTaeK, 3apsgnawiHu Xucmaarn myc6at Ba MaH(uii
3apAagNapHUHT YMYMUIA MUKAOPUHW y3rapTupmai 6axapuw  MyMm-
KWH. 3appanapHu XWCMm “axmuga kainTa TakCumall OpKanu >XWUCM-
HUHI 6Mp KucMmmpa 6up uwopanu, 60WKa KACMMAA 3Ca WKKUHYK
nwopanu 3apagnap MUKLOPUHU KynanTupuw MyMKWH. ByHu wme-
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Tann XWcmra 3apsgfiiaHraH 60WKa XXUCMHW SUMHAAWTAPULW  AYINn
6unaH amanra OWMUPULL MYMKUH.

WcTanraH g 3apaj afiemMeHTap 3apsagfiapHuHr  AnruHgmcumgan
néopataup, WYHWUHI yyyH 6y 3apsag e ra O6yTyH Kappanu 3uco6-
naHagu:

g= % Ne.

Bupok 3nemeHTap 3apAg WyHAAN KUYMKKM (3- § ra KapaHr), uc-
TanraH MWKPOCKOMUK 3apsafnap KarTaJuruHu y3nyKCcus ysrapysyaH
feb6 3mcobnaw MYMKMH.

JNeKTp 3apsgnapu MyKonuwuy Ba fiHa naigo 6ynu6 Typuwu
MYMKWUH. JleKMH AOMMO Kapama-Kaplu Wwopann WKKW 3nemMeHTap
3apsg 6up BakTha Wykonagn éxku naingo 6ynagn. LUyHUHr yuyH
ANeKTP XKW3aThaH msonaumsanaHraHl) cucteMaHuHr ymymuii apsagu
y3rapmaingn. by ane KTp 3apAAUHWHT CaKNaHWW KOHY-
HUAND.

Arap 3apagnaHraH 3appanap, MacanaH, 3neKTpoHnap 6upop
XUCM 3aXMUa Mablym 3pKUHAMK GunaH 3apakatnaHa onca, OyH-
[ai >XMCM 3NeKTp TOKMHM YTKasuw xycycuatura ara bynagu. “a-
pakaTu HaTuxacufa TOK BYXYAra KenaguraH 3apaj TawyBuunap
BasnacMHN 3N1eKTPOHNapruHa amac, 6ankm uoHnap 3am baxapu-
WY MYMKWH, SbHW 6Up Heya 3NeKTPOHNapWMHWM NYKOTraH €Ku Ky-
W16 onraH artom Ba MoOfeKynanap “am 3apsAg Tawysuum 6yna
onagu.

ANeKTp TOKMHU yTKasuw Xycycusatura kapab Ttabwarga yupai-
auraH 6apua >xucmnap guanektpuknap (éku usonatopnap), yTkas-
rmynap Ba fpUM yTKasrmunapra axpanagu. Tabwarga wugean uso-
latopnap yupamaiign. bapuya Xucmnap XXyja Kam 6ynca 3am anekTp
FrOKUHW yTKaszagu. JleKMH [W3neKTpuknap yTkasrmunapra Hucba-
raH TokHu 1015—100 mapTa EéMOH YyTKasafgu. ONeKkTp yTKasuuw
Xycycusitn byiimya yTkasrmunap OwunaH guanekTpuknap ypracupa
rypyBUM >Xucmnap ApuMm yTkasrumynap feb aiitunagn. Apum yTKas-
rmunap yTkasyBYaHAMK KaTTanurufjad Tawkapu yTKasruynapgaH
6up KaTop 6GowKa Xxoccanapu 6umnaH 3am (apk Kunagu.

2- 8. 3apsffapHUHT y3apo TabCcupu. KynoH LOHYHU

YKMCMHUHT 3neKTp 3apagura ara aKaHauru Wy XUCMHUHT 6oLwu-
Ka sapsgnaHraH >xucmnap 6wunaH ys3apo TabCupnawuwyn opKanu
HamoéH 6ynuwun tokopuga anTub ytunraH agu. bup xmn wuwopa-
nn 3apsgnapra ara 6ynraH kucmnap (6yHpain xucmnap 6up ucwm-
N 3apagnaHraH  geiimnagun) 6up-6upnapuHu wutapagu. Xap Xun
nwopanu 3apagnapra ara GynraH >Xucmnap 6up-6upuHM TopTaawm.
HykTaBuii feb atanyBum 3apsifnapHWHC y3apo Tabcup Kyunm 1785
Wnnga KynoH aHuknaraH KOHyHra OyiicyHaaw.

1) Arap cuctemamy 4erapanab TypraH cCUpT OpKanu 31eKTp TOKM YTa on-
maiguran bynca, 6yHpai cucTema 31eKTp Xu3aTAaaH u3onauuanaHrad geiivnagu.
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Arap 6upop 3apsAfgfiiaHraH >XUCMHUHI yiyaMaapuHW Wy >XXUCM-
[JaH 60lKa Xucmnapraya 6ynraH macoara HucbaTaH 4YeKCU3 Ku-
ynk peb6 xucobnaw MyMKWUH Oynca, OyHAail 3apsignaHraH >XUCM
HyKTaBuin 3apsp pfeb aWtmnagw.

KaBeHAMW TOMOHMAAH rpaBuTauMs AOMMUIACMHM  aHUKAawga
toligananmnran (I Tom, 46- 8 ra kapaHr) 6ypanma TaposmpaH (1-
pacm) coiiganaHn6, KynoH MKKuTa 3apsijnaHraH lapya opacupja-
M TabCUp KY4YMHW LWapyanapparv 3apsagnapHuHr KaTTaamrura Kam-
fa lWapyanap ypracugarum macogara 60rnuk paBuwga Ynuagu.
KynoH 6y TaxpwbaHu yTkasraHga 3apsifiaHraH MeTann Lwapuyara
3apsagnaHmaraH MeTana WwapyaHu TermsraHga MaBXyg 3apsg wap-
yanap ypracmpga TeHr TakcumnaHagu fgeb ku-
cobnaan.

Y3 Taxpubanapu épgammga KynoH kyiu-

farn xynocara Kengu: WKKMTa HyuTaBuin 3a-
PALAHWHT y'3ap0 TabCcup Ky4u x,ap 6up 3apag
KaTTanurura T$rpm Ba 3apagnap ypra-
cugarn macoaHuHr KBagpaTura Teckapu
nponopuynoHangnp. Ky4yHuHr AyHanuwu 3a-
pagnap opkanu yTraH TyrpuM 4usmK OWUn3H
yCcTMa-ycT Tylaau.

KyfnoH KOHYHWHMW KyhAngaru gopmyna op-
Kanm ndoganaw MyMKUH.

I‘;l’ 2.1
6y epaa k — nponopunoHanaMkK KoahuuneH-
TV, Ba Q2—TabcupnawaérraH 3apagnapHuUHT
MuKgopnapu,  —3apsagnap opacuparn Ma-
coga.
3apagnap 6up xun uwopanu 6ynca, (2.1) I- paem.
thopmyna épgammupa Kucobnab TomwuaraH Kyu
mycbat 6ynaau (6y 3apAgnapHUHr 6up-6upugaH UTapUANLLUHK
6ungupagn). Arap 3apsgnap Kap xXun uwopanu 6ynca, Tabeup
Kyun maHhuin 6ynagu (6y 3apsagnapHuHr 6up-éupura TOPTUAULLNHN
6ungupann)l).

KynoH KOHYHWHW BeKTOpP KypuHulIMpa Kyhugarnya udoganaw
MYMKWH:
f« *2%2» . L. (2.2)
m T
By ndogaga r opkanu 6up 3apaghaH WMKKMHYM 3apsgra yTka-
3unraH Ba f Kyuy Tabcup KunaétraH 3apsigra kapab liyHanraH Bek-
Top 6enrunaHraH.
HykTaBuii 3apagnap Ypracugarun ysapo TabCup KOHYHWUHU 6uUn-
raH Konga 4Yeknu ynyamjapra ara 6ynraH >kucmnapga wWurunrad

* Monekynanap ypTacufaru TabCcup KYYMHUHT uwopacu Ba XapakTepu Ow-
faH TaykocnaHr (1 tom, 117- § ra uapaHr).



aapsgnap ypracugarn ysapo TabCup KyUYMHW 3uco6nab  umkuw
MYMKWH. BYHWHI Y4YyH 3apAgnapHuWHr 3ap OMPWHW WYHAAR Knun#
dq OGynakuyanapra axpaTul Kepakku, 6y 6ynakyanapHu HyKTaBuWii
fe6 3ucobnawl MYMKUH  GYNCUH.
LWyHaaH KeAnH >XydpTtnab onuH-
raH dq 3apagnap ypracuparu ys-
apo TabCUp KyuuHM 3ucobnaw BB
Ky4napHu BEKTOP paBuLIfa KyLiuL
Kepak. byHgali 3ucobnaw maTema-
TUKA HYKTau HasapufgaH 4eknu "ni-
yamra ara 6ynraH Xucmniap Ypracugaru rpaButaumoH TOPTULIKLL
KyunHu 3ucobnawra tyna moc kenagum (I Tom, 46-8 ra kapaHr).

3-§. bupnuknap cucremanapu

3apALHUHT yN4yoB OUMpPAWTMHKM  Mmocnab TaHnmaw 6unad (/ Ba T
KaTraMKNapHWHr yn4yoB OUpANKNapuM MexaHuka KWCMUa KenTu-
pn6 uyukapwunraH 3gu) (2.1) dopmynagaru nponopLMOHaNINK KO-
APOUUNEHTUHN BUpra TEHT Kuamb onvw MYMKUH. 3apagHUHT Wy
KO3 (hMUMEHTIa MOC YN4Y0B OUPAUTKU 3apAfHUHT abCoNMOT  3NeKT-
poctatuk 6upnuru (knckava: CICO-3apsag 6upnurn) geb aituna-
an (/ Ba r katTanuknap o6upnuknapHuHr CIC-cucTemacuga Yyn-
YyaHraH fe6 3ucobnaHagu). By 6uMpnuk Bakyyma MUKAOP XW3aT-
faH TeHr 6ynraH Ba 1 cm Macodaga TypraH 3apsagra 1 guHa Kyd
6unaH Tabcup KunaguraH 3apsggaH mbopart.

AHVK YnuoBnaP yTka3uw HaTwxacumpa (66-8 ra kapaHr) ane-
MeHTap 3apafg Kyhuparu KuiiMatra TEHTr 3KaHauru TONWuagu:

6= 4,80-10 BCIrC3-3apag bupnurn.

Y3YyHANK, Macca, BaKT Ba 3apsaj OUpnuknapuHu acocuin 6upnuk
fneb kabyn kunmb, anekTp Ba MArHWT KaTTa/IMKAAPHWUHT Yn40B 6uMp-
NNKNApU CUCTEMACUHW TY3ULW MYMKWH. Acocuii bupnuknap cuga-
Tha CaHTUMETpP, rpamm-macca, cekyHp Ba CIC3-3apap 6upnHru
Kabyn KWAWHraH Oupnuknap cucTeMacuHuM abConT 3nekTpocTa-
TUK 6upnuknap cuctemacn (CrCa-cuctema) peb aintunagu. by
cuctema KynoH KOHYHM acocmufa, AbHU 3apaffiaHraH  >xucmnap
ypracugarn ysapo TabCMp KOHYHWM acocupa TysunraH. KeiAnHpok
6u3 abconoT anekTpoMarHuT 6upnuknap cuctemacu (CrCM-cuc-
Tema) 6unaH TaHuwamui. by cuctema 3fnekTp TOKW yTaétraH T-
Kasruunap ypracuparv ysapo TabCMp KOHYHW acocmpa Ty3WaraH.
ANeKTp KaTTanuMKNapuHuHI 6upnuknapm CIrC3-cuctema 6Gupnuk-
napura, MarHuT KatTanuknapHuHr eupnuknapu aca CIrCM-cuctema
6upnuknapura moc TywaguraH Faycc cuctemacu “am abcontoT cuc-
TemMaaup.

CIrca cuctemacmpa KynoH KOHYHUHW wugofanosun gopmyna
Kylingarnya KypuHuwra ara 6ynagu:

8.1)
To)



by ¢opmyna 6ywnukaa >KolnawiraH 3apsigiap YYyHruHa rart-
6K KWAMHUWKW MYMKWH. MyalisH my”uTga oinawraH 3apagnap
YUYyH (hopmynara Tysatuwiniap kuputuw 3apyp (18- 8 ra k.).

1963 AunHuMHr 1 sHBapmpgaH 6ownab CCCPga [MaBnaT cCTaH-
papta FOCT 9867—61 kabyn kKunuHraH. by ctangaptga CW cum-
BO/IM OunaH 6GenrunaHagurad 6UpAMKNapHUHT Xafikapo cuctemacu™
HW KYnnaw Makcagra MyBOMMK 3KaHIWIM KypcatunraH. by cuc-
TEMAHWHT acocuii Gupnuknapu: MeTp, KUAorpamm, CEeKYHA, ammnep,
KenbBuH rpagycu Ba wamgup. CW cuctemaga Kyy 6upnurun cuda-
TMaa HbOTOH («) Kabyn KunuHradH 6ynub6, y 10/ guHa ra TeHr.

JNeKTp Ba MarHUT KaTTalMKIapHUHT BupamknapuHu Genruna-w-
fa CU cuctema )?am CI'CM cuctemacupgarn kabu 3apagnapHuHr
y3apo TabCup Kyuura amac, 6ankum TOKAM YTKasrmynapHUHI y3apo
Tabcupura acocnaHagn. LLyHuHr yuyyH 6y cuctemanapga KynoH ko-
HyHMZarn nponopumoHanniukKk kKoapguuneHtn 1 gaH dapkium 6yn-
raH ynyamnu katranuk oynagw.

CW cuctemapa 3apsag o6upnuru  cudatnga KynoH <) uabyn
KunuHrad. Taxpuba épgamupa Kyinumgarun aHuKnaHras:

1 a= 2,998-t09 (takpnbaHn 3-109) CIrC3-3apag 6upnuru. (3.2)

1 K 3apAfHUHT KaTTanurm “akmpa TacaBByp 3{ocun Kuanw
YUYyH 3apagm 1 K ra TeHr 6ynu6, O6up-6upugaH 1 m macogaga
TypraH WKKUTa HYKTaBWil 3apAgnapHUHr y3apo TabCuUp KYUUHM
Ancobnainnuk. (3.1) dopmynara MyBOGUK

= 3.10°+3M10» crca = 9 0,4 [MHA = 9. tOan K,
100a

KynoH 3{Wco6uga ndopanaHraH 3nemeHTap 3apsj

e=1,60 « 10-19 k
ra TeHr éynagu.
4- §. dopmynanapHu paymoHannawTuput ésmw

Arap anekTpoguHamuka opmynanapu CrC-cuctemacuga (xycy-
caH, laycc cuctemacupga) ésmnca, YNnapHUHI Kynuunurmnga 41c Ky-
namTyBYM Ba 3MeKTPOAMHaMUKa poumuiicn feb atanmnbd, Kuiimatu
8PYINIMKHUHT OylInuKgarn Te3nurura TeHr OynraH AOWUMMIA COH C
yupaiign. AmManuétga Kyn KYnnaHunaguradH my”~um opmynanapga
aHa Wy KynanTyBumnapfgaH xanoc 6ynuw yuyyH KynoH KOHYHUM-

Jary nponopuuoHaninK Ko3pgpULUeHTUHN T ra TeHr ae6 onu-
nc

Hagu. Y 3onga 6ywnukaa okoinawraH 3apsgnap  ydyH Kynod
KOHYHU Kyluparn KypuHUwWwpaa é3unagu:

[ - L.M 1. (4.1)
4ns0 r3

bowka (opmynanap *am Moc pasBuwpga Y3sraptupunagu. dop-
MynanapHUHr aHa wy raptnbna ys3raptupmoé E3nNUILMHN paLuo-
HannawTupwunraH é3ys peiunagn. PauvoHannawTupunraH
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thopmynanapfaH ¢oinganaHu6 TysuaraH 6GupnuMknap cuctemanapu
paumoHannawTuMpunaray cucremanap geinnagn. CU-cucte-
Ma 3aMm aHa LWyHJan cucTemanap kKatopura kKupagu.

dopmynanapgaru e, KaTTaMKHW 31€KTP AOUMWUIKACK [eiun-
nagu. by KaTTaIMKHWUHT yn4yaMu 31eKTP CUTUMMHWHT  Y3YHIUKKA
HucbatngaH nbopar. [emak, KypunaétraH" kaTTaimk Qapaja
Ta KCUM MeTp jAeraH 6upnuknapga wndoganaHap skaH (26-8 ra
KapaHr).

JNEKTP JOVMUIACKH e0 HUHT KUAMATWMHW aHWKnaw y4yyH 6up-6u-
pugaH 1 m macogaga >xolnawraH Ba MUKAOPM 1 K ra TEHT UKKUTa
3apag  y4YyH OepunraH kuiimaTtnapHu (4.1) dopmynara Kysamus.
OnguHrn naparpadpa ysapo Tabcup Kydum 9-10° H ra TeHr 3KaH-
JTUHN aHuKnaraH sguMk. KyyHuHr aHa wy kuiimatuHmn (4.1) dop-
Mynara KYiiub, = 2= 1k Bar= 1M 3KaHaUrMHM 3ucobra
0Nnb KyhngarmHu Tonamus;

6yHAaH
= — ——————- L[] -
0= T 0,885 « 10-11 /m. (4.2)

AneKTp AovMMiicK e MarHuUT goumuiicu (38-8 ra kapaHr)
6unaH 6upra laycc cucTemacuga ydpanguraH 3neKTpogMHaMuUKa
LOUMMUICN C HUHT YpHWHK Gocagu.

CCCPpa onguHrn whunnnapfa Hawp KWIMHTaH (pusnka agabuér-
napmga acocaH laycc 6upnuknap cuctemacu KYnnaHunradH. Ly-
HUHT Yy4yH 6u3 KuTo6XOHNapHu CW 6upnuknap cuctemacu 3ampa
Faycc Gupnuknap cuctemacu 6wunaH TaHUWTMPUW 3apyp nAe6 3u-
cobnarimmns. Kntobgarn matepman CU cuctemacmga 6aéH KuanHagm
Ba Kentupub uwmkapunraH ¢opmynanap laycc cuctemacmpa KaH-
fain ndopanaHuwmn Kypcatno YTtunagun. Kntob oxupugarn Ilwuno-
Baja 3NeKTpoAuMHamMuKa acocuii GopmynanapuHuHr CW Ba laycc
cuctemanapmgarn @syBnapy TakKKOCNaHraH.

5- 8 3nekTp MaligoHu. MaliioH KyudnaHraHauru

3apagnap ypracugarv ysapo TabCup 37eKTp MaigoH BocwTa-
cuga amanra owagu. fap kaHgan 3apag y3 atpogumparn QasoHUHT
XoccacuHu y3rapTupagu, 0y (asofa 3/eKTp MalgoHUHM naigo
Kunagu. OnekTp MalAOHWHWMHT 60pAWrM Wy MangoHHWHT  6upop
HyKTacura >omnawTupuaraH 3fekTp 3apsagra Kyd TabCup KWAULWK
opkanu mMabnym Oynagu. Arap Oupop >KOiga 3neKkTp MaingoHu
6op-nyknurnHn 6uamMokym byncak, Wy Xoiira sapsgiaHraH >XMCMHM
(byHAaH KeWH KUCKaNWK YYyH 3apajg AeiMus) Kentupuw(aKnHnat-
TMpUW) Ba Oy >KWUCMra 3M1eKTP Kyuu TabCUP KuNaétraH Ek« Tab»
CMp UWAMaéTraHWHIA aHMKnaw Kepak. KenTupuaraH 3apsg™H Tar™*
CUp KunaétraH KyYHWHTr KaTTanurura kKapad MaliOHHWUHI «UHTEbl-
CUBANTNY 3aKMAa Xy/noca YuMKapuwl MYMKUH.
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JNeKTp MalNfoHWHM 6GMAMW Ba ypPraHUW y4yyH MabiyMm ,,CuHaw"
sapsgupaH doiiganaHnw Kepak. CuHalw 3apsagura TabCup KuiaéT-
raH Kyd MalJOHHWHI ,MyaliiH HyKTacugarm" XapakTepucTUKaCUHM
bepuwn yuyyH CcuHaW 3apaguM  HyKTaBuidi 3apsag Oynuwun  Kepak.
AKC 30017a, 3apsfara TabCcup KuaaétraH Kyd MaifgoHHUHI CUHALL
3apsgura ara 6ynraH >KUCM 3rannaraH 3aXmu Oyiinuya ypraya
XYCYCUATNApUHN XapaKTepnangu.

CuvHaw 3apsgn goH épaamuia HyKTaBWii

3apag g naigo KuaraH MainfoHHM — TeKwWwu-
painuk. 3apag q ra HucbataH xonatum pa-
OWNYC-BEKTOP I 6WnaH aHWKNsSHraH HykTara
CMHaLW 3apsAguMHuM KonawTupcak (3- pacm),
6y 3apaara Kynngarn Kyd TabCUMp KWIraHu-
HW TOMamm3:

f—aemfz ot 7 @D
KOkopuparn (6.1) gopmynagaH cuHaw 3a-
pagura TabCcuMp KwunaéTraH Kyd MaifoHHM
6enrnnoBun KatTanuknapgaH (q sa r faH)
TalKapy cuHaw 3apAaVHUHE KaTTanuru gos 3-pacm.
ra xam O60rfuK 3KaHIUrM KypuHagu. Arap
Typnu kaTtanukgarun gcm, qdH Ba Xokaso cuHaw 3apagnapuHu
TaHnab oncak, MaliOHHMHI MablyM HyKTacupa 6y cuHaw 3apsg-
napra tabcup Kunagurad kyunap f', 1" ... 3am 3ap xun 6Gynagw.
NeknH aHa wy (5.1) dopmynagaH 6apya cuHaWw 3apsagnap Y4yH
ofiMHraH Hucbat 1/q@m ra TeHr akaHAMru Ba (hakaT Mab/yM HyKTa-
fJarn MaigoHHW 6enrunoBuYM g Ba I KaTTa/imMknapra 60rnMK 3KaH-
nMrn KypuHagu. LUYHWHr yyyH 6y HUCOGATHW 3M1eKTp MaliaoHHU
6enrnnoBYM KattanuMk cugatmga kabyn kunuw tabuuingup:

1 (5.2)

(5.2) thopmynagarn BeKTOp KaTTaMK MyaisH HyKTagaru (sbHu
CMHawW 3apagu qon ra f kydy Tabcup aTaéTraH HykTagaru) ane KTp
MaWgQOHHUHT KyuynaHraHnuru pgeb antunagw.

3NeKTp MaWgoH Ky4ynaHraHAuruHuHr mukgopu (5.2) dopmyna-
ra MyBO(MK MaiNfOHHMHI Mab/lyM HyKTacupga >konnawraH 6upnuk
HYKTaBuWii 3apsiira TabCup KunaéTraH Ky4ra TeHr. Bektop E HuHr
MyHanuwu mycbaT 3apsjra TabCuMp KunaéTraH KYYHWHT iAyHanu-
lwmra Moc Kenagu.

Bu3 KyunaHraHIMK 3aKugaruTylwyH4YaHW HYKTaBuidi 3apsj maii-
[OHWHW ypraHuwl opKanu Kentupub umkapauk. JlekmH (5.2) dop-
MYNaHWHT TabpuMHU 3apafNapHUHT UCTanraH WUrMHAMCU naigo
KWAraH MainfgoH y4yH 3aM Kyfinaw MYMKUH. KeiuHrn antunrad
cy3napra Kyhiuparn aHukKnuKHW KUpUTULW 3apyp. YpraHwnaértrad
MaifoOHHM Naiifo KuaraH 3apsgnapHUHC y3apo >Koinawuwm cu



Hal 3apAgWHUHI Tabcupupa y3rapumb KOAMWKW MYMKWH. Arap mai-
LOHHW naiifo Kunyeuu 3apsAgnap yTKasruuyja >xohnawraH Ba yT-
Kasrmy 6yinnab 3pKuH napakatnaHa onaguraH 6ynca, okopuga
antmé y runraH ~on 03 6epuwn MymkuH. Ly cababnu ypraHuna-
éTraH MmalifoHra ysrapuw KMpUTMAcAUK Y4YYH CUHAW 3apAaguHUHT
MUKAOPUHW eTapnn fapaxafja Kam Kuamb onuw 3apyp.

Bus kypu6 ytraH (5.2) Ba (5.1) copmynanapfaH HyKTaBuii
3apag MaWfOHWHWHT Ky4YfnaHraHnmru 3apsajg MUKLOPW Q ra Tyrpwu
nponopunoHan Ba 3apAjfaH ManfoHHWHI 6epuaraH HykTacurada
6ynraH macoaHWHI KBafpaTura TeckKapu nmnponopuuoHannnurn 6m-
NINHaAW, ABHW:

-i- il (5.3)
490 ™ T

E BekTOp 3apsAj Ba MaWfOHHWHI GepunraH HyKTacu opkKanu yTraH
TYyrpm 4msuk 6yiimuya WyHanraH. Arap 3apsg mycb6aTt 6ynca, hyHa-
nvw 3apsagfadH Tawkapura, 3apaj MaHhuin 6ynca, 3apsAj TOMOHra
KaparaH 6ynagw.

laycc cuctemacupa ésunraH. (3.1) dopmynara MyBOPWK Bakyymparu Hyk-
TaBuin 3apsaf MalfoHW Ky4YnaHraHAUTUHWUHT cpropmynacm KyWingarnya ésmnagu:

Trror (5-4)

ANeKTp MahfoH Ky4naHraHAWTUHWHT 6upnurun cudatuga 6up
6upnuk 3apsagra (CU cuctemaga 1l«.Maycc cuctemacuga 1 Crca-
3apag 6upnnrmn (6bup 6upnmk kKyd) CU cuctemaga 1 «, aycc cuc-
Temacuga 1 gMHa) Tabcup KWNaéTraH HYKTaHWHI Ky4Y/aHraHanru
onmHaan. laycc cuctemacupa 6y 6UPAUMK mMaxcyc mucmra ara amac,
CW cucTemacmpa 3aca 3/1eKTP MalAoH KyunaHraHAUTUHWUHT 6upnurm
BONbT TaKCcWUM MeTp fe6 aTtanagm Ba B/M cMMBOAM 6unaH
6enrnnanagn [(11.8) dopmynara KapaHr].

(5.3) opmynara 6uMHOaH Oywnukaa XoinawraH 1 K 3apAgHUHT 1 M Maeo-
thafa nailfjo KUNraH KyuynaHraHnuru

= 4=90-10»".

E =

Xyaau 1wy KyunaHraHnuk [aycc cuctemacmpa
q 0

E= —= = 3-105 CIrC3-6upnukka TeHr. MIkkana HaTuXXaHu Takkocnab

r 1UU
| CITC3-KyunaHraHnuk 6upnurn 3¢ 10* e/M ra TeHr 3KAHAUTMHWU aHWKNaliMu3.

CuHaw 3apagura Tabcup kunaétraH kyd (5.2) opmynara 6u-
HOaH

f= Hom - E.

Ky4ynaHraHnuru E ra TeHr 6ynraH MaifoOHHUHI 6MpOp HYKTa-
cuaa >XolnawraH HyKTaBuil 3apsag ( ral) Tabcup KunaguraH Ky
Kylhingarura TeHr,*

_____ f=q¢E. (5.5)

) (5.3) ¢opmynaga q 3apsg  MaikgoHHM naingo kunagu. (5.5) dopmynaga
sea ¢ KyunaHraHnuk E ra TeHr 6ynraH HykTaga f Kyuy Tabcup KunaétraH 3ap-
A0HU KypcaTagu.
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Arap ( 3apsag myc6bat 6ynca, Ky4yHWHr HWHyHanuwun E BekTop
MyHanuwura moc Kenagu. Arap (q 3apsaj maHguii 6ynca, f Ba E
BEKTOPNapHUHI MyHanuwnapu kKapama-kapwu 6ynagu.

6- §. MaligoHnap cynepnosuyuscu.
Aunonb mangoHun

3apsgnap cuctemMacu TOMOHMAAH cCMCTeMa TapkKubura Kupmarad
3apsifra Tabeump KunaéTraH Kyd cucTemMa Tapkubugaru 3apsgnap-
HUHT  allpuM-aiipum Tabeup Ky4dnapuHUHT BEKTOpP WUrMHAMCUTa
TeHT 6ynuwun TaxpubagaH Mabnym. By epgaH 3apajnap cucTe-
Macu MainfoOHHWHI KyK/IaHraHAUTn cucTema Tapkubugarm 3apsag-
NapHUHT %ap 6upy nango uWMAnWK MYMKWH 6ynraH ManpjoH-
nap KyudfaHraHAUKAapuHUHI BEeKTOP WUTMHAUCWUTA TEeHTr fgerad
Xynoca Kenué uukagu, sbHU:

E= Et+ Et + ...= 2Er (6.1)

lOkopuga anTmaraH QUKP 3NeKTp MalWLOHAap UWHUHT
cynepnos3unuyuna (yctMa-ycT Tywunb Kywunmwm) NPUHLUNK
neb antunagwu.

Cynepnosunumna NpUHUMOKW 3apsagnapHWHT 3ap KaHpgali cucTema-
CN MalJOHWHWHT Ky4naHraHAurnHu 3ucobnaw MMKOHUHWU 6epagu.
Karta ynuamnapra ara 6ynraH 3apsgnapHu >yga kuumk dq 6y-
nak4yanapra 6ynuw opkanu 3apajiapHUHr 3ap KaHfjalh cuctema-
CMHW HYKTaBWi 3apagnap Tynnamura ainaHTupuw MyMKWH. ByH-
pai 3apagnapgaH 3ap OGUMPUHWHT  HaTWXaBMA MaWfoHra KyluraH
3uccacu (5.3) ¢qopmyna épgamupa 3mncobnaHagu.

JNeKTp AWNONVHWHT MaWAOH KyYNaHTaHAWUTMHW  TOMMW  Y4YyH
cynepnosvuma npuHUMNuaaH doliganaHamms.

QnekKTp Aunonb pAeb KarTanurn TeHr 6ynraH WKKuTa 3ap
XWN uwopanu HykTaBuii 3apsgnap -f q sa — ( gaH umbopat 6yn-
raH cucrtemara antunagu. by 3apagnapHuHr opacugarn macoda |



CUCTEMAHUHI MalifjoHW aHunaHaguraH HykTanaprada 6ynraH Ma-
cothafaH aHya Kuumkaup. Vikkana sapaj opkanu yTaéTraH Typpwu
YM3UK AUNONAb YKW gedimnagn. Aunonb MakfOHWHWUHI AUNONb YKu-
fJarn KyudnaHraHinruHu, xampga gunonb MapkKasmfaH yTub YHUHT
YKura nepneHAMKynsap 6ynraH Typpu 4YM3uBharv KyunaHraHAUKHU
aHnknanmms (4- paem). Tyrpum uyusmMknapgaruw HyKTanapHu ynap-
HUHI Aunonb MapkKasugaH 6ynraH I macodanapu 6unaH 6enrunaii-

Mu3. JUNONHUHT Tabpudura MyBoQUK OyNMWN  Kepakauru-
HW 3cnaTu6 yTamus.
Xap 6vp HyKTajaru MaifoH HykTaBuii 3apsgnap + q Ba — (

naingo kunraH maiigodnap E+ Ba E_ HMHI cynepnosuuyuscuaan
néopat 6ynagu. Anvnons ykumga E+ Ba E_  BekTOopnap Kapama-
Kapwu iyHanuwra ara 6ynagu. LLUYHWHT yYyyH HaTWXaBuUA Kyu-
naHraHnuk Eu wmopynb 6yiimua E+ Ba E_ BekTOpniap mogynnapu-
HUHT aiinpmacura TeHr 6ynagu:

o CbIT-HT
“ bITT'+MI'-" HIFTAT

Maxpaxgarun //2 Hu r ra HucbaTaH xucobra onmacak, Kyihu-
parura ara 6ynamus:

£l= — N = — A (6.2)
4ne0 I3 4ne0 rbv

Oy epga p OpKanum AUMOMIHWHT 3N1eKTP MOMEHTWU aeb6 aitu-
nagurad gl kynairma 6enrmnaHraH.

Ovinonb ykura nepneHauMkynap 6ynraH Typpu uusukga E+ Ba
E- napHuWHr mMoaynnapu TeHr 6ynagu:

--------- T2~-T- % 6-3>

Typpu umsnmk kecmacu | Ba E BeKTOpra TasiHraH TeHr &HAN
yubypyaKnapHUHT yxwawnurugaH (4- paem) KyiugarmHu aHuk-
naiimms:

£X

Vv
~ 7

lOkopugarn TeHrnamaga E+ ypHura (6.3) gaH KuiMaTuHu onnb
yylicak, Kyhungarura ara 6ynamwus:



Ovinonb MalijOHWHWHT 3ap KaHfjalh HyKTacugaru KyunaHraH-
NUKHWU Kylinpgarn gopmyna épgamuga 3ucobnall MYMKWUH  9KaH-
NINTUHU KypcaTULl MYMKWH:

E = "b~0 1+3cos4 (6.5)

6y epfa a—Aunonb YKu 6unaH 6epuaraH HykTa WyHanuwu opa-
cnparn 6ypuak (5- paem). Arap (6.5) opmynaga a= 0 (Eku -TOm

pe6 kabyn kwunuHca, (6.2) Ba (6.4) d¢opmynanap Kenub
ymnKagu
[/ T — Jf

5- paem. 6- paem.

Faycc cuctemacuga (6.2), (6.4) Ba (6.5) dopmynanapga s KynanTtys-
1S,
Yn bynmaiigm.
Annonb mMaliloHW Ky4dnaHTraHAUTMHW 3ucobnaraHfa 3bTUGOPHMK
xano KunnagnraH Hapca Ky4/aHrFraHAWKHUHT OAWNOJTHW TalWKWUa Ku-
NyBYM 3apsgnap MuUKZopura smac, 6anku gunonb MomeHTU p=ql

ra Gornuknuruanp. AunongaH ysoknawraHAa Ky4aHTraHank = ra
r

nponopuynoHan paBuwja Kamasfgu, sSibHM HYKTaBuiA 3apsij KyunaH-
raHnurura 2y i ra nponopuuoHan Kamasguj KaparaHga Te3pok

Kamaagu. 6-a pacmpa KypcaTunraH KBagpynonb f[e6 artanagu-
raH 3apsifiap CUCTEMacUHWHI KyynaHraunuru saHaga Te3pok 1Tk
ra nponopuuoHan pasuwpga kKamasaan. OKTynonb Ae6 aranagu-
raH cuctemaHuHr (6- 6 paem) KyunaHraHnuru 1/r5 ra nponopuywuo-
Han kamasgu. [Ovnonb, KBagpyno/sb Ba OKTYMNOAJapHW yMyMiall-
TUpaguraH Hapca ynap Tapkubugarn 3apsgnapHuHr anrebpauk
ANTUHOUCU HOMTA TeHT 3KaHAMrnaup.

OunonHn Tynuk udgoganaw ydyH q Ba |
HUHT KuimarnapugaH Tawkapu Junonb YKu- -q '+
HUHT (azogarn WyHaAUWKWHKU 6UANWw  3aMm —o0 -p— P
3apyp. LWYHWHr y4yH Aunofb MOMEHTU P S
BeKTOp fe6 3ucobnaHagun. by BekTOp MaH-
twnii 3apagnaH mycbat 3apAara  kapab iny- 7- paem.
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HanraH (7- paem). Arap —( Ba + ( ra yTkasuaraH pagnyoBeKToOp-
HM 1 pe6 6Genrunacak, AWNOAb MOMEHTW Kylupgarn KypuHuWAaa
E3UNUWIN  MYMKWH:

p- ql (6.6)

7- §. KyunaHraHnuk uwmsuunapu. KyunaHraHamk
BEKTOPUHUHI OLUMN

JNeKTp MainfoHHW “ap 6up HyKTa yuyyH E BEKTOPHWHI KaTTa-
AWM Ba MMHaNUWMHK KypcaTuw 6unaH 6enrunawl MyMKWMH. AHa
Wy BeKkTOpfiap Tyniamu 37eKTP MainfoH Kyu4fnaHTaHAHTW BEKTOpU-
HUHT MaifoOHWHW TaWKun Kunagu (Te3NUK BEKTOPWM MaigoHu 6u-
naH TakkocnaHr, | Tom, 54- §). Te3nuk BEKTOPU MalijlOHUHU OKUM
ynsmknapum épgammpa  AKKOM TacaBBYpP KUAWW  MYMKWHAUTUHK
KypraH aguk. XyaAau WyHra yxwaw 3/1eKTp MalfoHWHUM ~aM Kyu-
NaHTaHANK YM3WKNapu OpKanu TacBupnalwl MyMKWH, Oy umsmknap-
HM KuCKaya Kunub E uymsnknapum aeb ataiimms. KyunaHraHauk uu-
BUKNApW LWyHAal YTKasuAuwy Kepakku, YNapHUHr ~ap 6up Hyk-
Tacura ypuHma E BekTOp WyHanuwimra Mmoc KencuH. Yusuknap
KanuHanruHy TaHnawga 4ymsvknapra nepneHaMKynap >xolnawraH
6upnukK MaigoHYa 3M OpKanum yTaéTraH uuMsuknap coHu E Bek-
TOPHWH.I COH KWiMaTura TeHr Oynun KepaknurmHu 3bTubopra
ONUW KepaK. Y Xonfa KyuynaHraH/ivkK Ynmsmkiapu MaH3apacura Ka-
pa6 E BeKTOp Y4YYH (ha30HMHI "ap KaHAail HyKTacuga KaTTanmk
Ba MyHaNWWHW aHWMKnab onuw MymKuH (8- paem).

HykTaBuii 3apsgHUHT E unsnk-
napu paguan Tyrpu umsmknapgad
néopat 6ynub, 3apsg mycéat 6yn-
ca, YUMsMKnap 3apsnjadH Tawkapura
Ba 3apsf MaHduii 6ynca, 3apagra
TOMOH WyHanraH 6ynagn (9-paem).
UunsnknapHuHr 6up yum 3apsgra
TMPannb, MKKUHYM yUn YeKCU3NUK-
Ka KeTagu. XakukataH, UXTUépuin
r paguycra ara 6ynraH cjepaHuHr
CUPTU OpKanu yTaétraH ymsmnknap-
HWUHT Tyna coHum N umM3mknap ka-

AVMHAUTMHUHT cepa aupTu t03M 4Kr3ra KynaiTmacura TeHraup.
FOkopupa avtunrad wapTra MyBOQUK YM3UKNAP KalUHAWUIU COH
XnhatngaH b m 10 7 ra Tenr. Oemak, N HUHF COH Kuiimatu
(7.1)
4ne,, e0

6ynagu, AbHU 3apagfaH  WCTanraH Macodajary Yu3MKiap COHU
6up xungup. byHpaaH 4usmknap 3apspgaH  6owka “ey Kaeppa
6ownaHmangn Ba Tyramanmgw, ynap 3apsgfga 6ownaHnb 4ekcusnuk-
Ka KeTagu (mycbaT 3apsif) KM 4YeKCM3nukaaH Kenub sapsapga Ty-
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raiign (maHguin 3apsag) geraH xynoca kenub umkagu. E umsukna-
PUHMHT By XycycusaTu 6apya 31eKTpOCTaTuK MaigoHnap Y4yH,
AbHW Ky3ranmac 3apsfAfapHWHI Xap KaHgai cuctemMacu nango Kun-
raH MaifoHnap y4YyH yMyMUAAWP: KydnaHraHAuMK 4nsuknapu da-

A « A’

9- pacm.

HaT 3apsagnapfa 6ownaHuMWKN Ba TyrajnaHuwmy &K YeKCU3InKKa
KETUWMN MYMKWH. 26- pacMga AuMMonb MaigoHu E umsmknapu Mmae-

3apacu KypcaTusiraH.
E umsuknap 3vunmru E HUHT COH KuiiMaTWra TEHr Kuau6 TaH-

naHnwu cababnum E BekTopra mepneHauMKynsp >xohnawraH dS o3
opkKanu yTaéTraH 4u3uMKnap MWKLOPWM COH XusatgaH EdS ra TeHr
6ynagn. Arap dS HO3HUHT MyHanuLWW yHra yTKasunraH Hopmanb E
BeKTOp 6unaH a 6ypyak TalWKwua Kunagurad 6ynca, wy 03 opkaau
YTyBUM YM3BUKNAPHUHI  COH KWAMATW KyWhAngarura TeHr 6ynagm
[I Tom, (82.12) copmynara TakkKocnaHr]:

EdS'cos a=+ EndS’,
6y epfa Ea— E BeKTOpHWHIr t03ayara yTKasuiraH Hopmanb Wy.

Hanuwmn 6unaH Moc TywaAwWraH TawKWA 3TyBUMCU. ByHAaH MXTU-
Epuii cupT opkanu yTaéTraH 4YuM3MKnap MUKAOPU Y4YyH Kyilimgaru
ngopara ara 6ynamus:
N HUHr coH kuiimaTu $EmS' ra TeHr. (7.3)
S

Arap 6vpop A BEKTOPHUHI MaifoHW MaBXyp Oynca, HOKopu-
farn ungogaHn 6yHpain €3uMw MYMKUH:

® -J'A.rfS, (7.4)

8

6y epaa A,,— A BEKTOpPHUHI dS ra Hopmanb Oyiinya WyHanraH
Tapknbuii kuecmugmp. AHrm ngoga A BEKTOPHUHT dS cupTt op-

Kanu OKWMMU AeiAnnagu.
10



A BEKTOpPHMHI TabuaTtura kapab (7.4) wdoga Typau ¢usuka-
BUA MabHOra era 6ynagu. MacanaH, 3Heprus OKMMWU 3UYAUTU BEK-
TOPUHUHT OKUMW 3HEPTUSHWUHT MOC CUPT  OpKaau OKMUMWFa TeHr
(I Tom, 82- 8 ra KapaHr). Te3NMK BEKTOPUHUHI OKUMU

®= j'vndS

HWHT S CMPT oOpKanum BakT 6upaurn pasomMuga OKW6 yTaéTtrad
CYIOKNUK XaXXMUTa TEeHI 3KaHMUTMHW WUCOOT KUMWILIHWM  KUTOGXOH-
HUWHI y3ura xaBosna Kunamus.

(7.3) thopmynasaH E BEKTOPHUHI OKUMMU

0 = j'f,rfs (7.5)

COH XWxaThaH S cupT opkanu yTaéttaH E uusuknap mukgopura
TEHT 3KaHIUTU KYpUHAAM.

KyunaHraHnnkK BeKTOPM OKMMW TyLlynyacu 3/1eKTp Ba MarHe-
TM3M “aKugaru TabauMmoTha Katta pofib NMyHawWHW KEWWHPOK Ky-
pamms.

(7.5) ¢opmynaga 6GepunraH Ookmm anrebpauk kKattanuk 6ynu6,

YHUHT unwopacn & HM xucobnaw YyuyyH S
CUPTHU KWMYUMK to3ayanapra 6ynu6, wy to3a-
yanapra Hopmannap Yrkascak, uwopa wy Hop-
Ma/iNapHUHT  WyHanMWWHU TaHnawra 60rnnk
6ynagn. Hopmanb lyHanuMwmHKW Teckapu TO-
MOHra annaHTupcak EnN HWHI, Aemak, OKuM
® HWHT uwopacu ysrapagu.

CupTtnap énuk 6ynraH xonga cupt ypab
TypraH XaxmfaH Tawkapura 4YnkaérraH OKuM
xucobnaHagn. LUyHUHTr yuyH Kyimga dS
f03ayara Hopmasnb [eraHja Talkapura kapa-
raH, AbHW TaWKW Hopmanb TywyH&nagu. Ly
cababnm E BekTOp Tawkapura iyHanrad
(sbHM E BekTOp cupT Ypab onraH xaxmpaad
ynkaétraH) xonga EnmBa ~® wmoc paBuwaa
mycbaT 6ynaan; E BekTop wuukapura iyHan-
raH (AbHM E 4m3nk cupT ypab 0nraH Xaxm-
ra kKupaétraH) xoiga En Ba dt> maH(uii 6y-

10- paem. nagu (1o0- paem)

8- 8. [aycc Teopemacu

ABBanru naparpaga HyKTaBuil 3apag ¢ HW ypab TypraH r
paguycnn cepuk cmptHm q/i0 Ta E umsmknapm kecub yTuwim Kyp-
catunraH 3gun.l) [(7.1) ¢opmynara KapaHr]. HaTwkaga HyKTaBuii

*) An6atTta E 4M3MKNapMHWHT MUBAOPW COH XupaTtaa/l-uHa ?/e0ra TeHr. Yu-
3MKnap MWUBAOPU ynyamcu3 KaTTanukaup, KaTTaNMKHWHT 3ca ynyamnuru 6op.
NleKnH 613 6aéHHM KUEBAPTUPMIL YYYH WapTAW paBullfja 4YM3WKnap COHW Qgj»a
ra TeHr fe6 onamus.
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3apaggaH gje0 umsmk umkagun (Eku 3apsagra kKvwpaguw) ferad Xxyno-
cara kenamus (laycc cuctemacupa Oy COH 4Ll ra TeHr).

(7.3) thopmynara MyBOoMK E BEKTOPHUHI GMPOpP CUPT OpKanu
yTaéTraH OKMMMW COH XMu3aTjaH LWy CUPTHU Kecnb yTaétraH E um-
3nknap mukgopura TeHr. [emak, 3apafHu ypab onraH cepuk
CUPT opKanu yTtaéTtraH OKMM @/tol) ra TeHr. OKWMHUWHI uLlopacu
3apfaf uwopacura MOC Kenagu. Y3 muura HyKTaBuil 3apsaf g Hu
Ypab onraH wucTanraH WakAaM Ennk CUPT Y4YyH E BEKTOPHMHT
OKMMM Qjt0 ra TEHr 3KaHAWIMHM ucboTnainmmns. Arpu-6yrpu 6yn-
mMaraH CuUpT YYyH toKopuga aiTuiaraH TeHrnMK baxapuauwmy oi-
anHgup (Itf- a pacm). [JakumkaTaH 3am OyHAail cupT chepuk cupt
Kabn 3%ap 6up E um3mk TOMOHMAaH' (hakaT 6up mapTa Kecmb yTu-
nagn. LWyHWHT yyyH Kecub yTuwnap COHWM 3apaffaH  4ukaérrad
YMBMKNAp COHUra, AbHU (jt0 ra TeHr.

11- pacm.

Arpu-6yrpn cupT opkKanu yTaéTraH OKUMHWM 3ucobnaraHga
(I1-6 pacmra kapaHr, 6y epga qjt0 ta E uusmknapgaH o6uttacu-
rMHa KypcatunraH) myaisiH E 4M3MK CMPTHM TOK COH MapTa Ke-
CU6 YTULWIM MYMKWUH 3KaHNWTUHW, Kecub yTuwnap 3aca yMymuii
OKMMra HaB6aT 6umnaH Myc6aT &Kun MaH(QuiA 3ucca KYLIULLIMHW 341-
cobra onuw Kepak. Hatmxkaga, KypunaétraH UM3MK CUPTHM Heua
mMapTa Kecub yTuwugaH KaTbyM Hasap OKMMra KyWWuiraH HaTuxa-
BUIA 3ucca natoc Gupra (nNupoBapanpa CUpPTAaH TallKapu 4YmKagu-
raH 4YM3MK y4YyH) €KW MUHyC 6upra (CUMpT uuuMra KupaguraH 4msmk

YUYyH) TeHr 6ynagu.

*) By epfa ran (akaT COH Xwu\laTtgaH TeHraurugarunHa 9mac, E BekTop ouwu-
bln HUHT yn4yamaurura TeHr.
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WyHgait knnnb, HykTaBuiA 3apagHu ypab TypraH énuk cupT-
HWHT WaKiM KaHvjail 6ynuwngaH KatbM Haszap E  BEKTOPHUHT
ywoby cupT opkanm okumu @/sO ra TeHr 6ynap 3kaH.

Bupop énuk cupT muura Kuiimatnapum mxTuépumit 6ynraH qu g3
Ba XOKa30 HyKTaBuii 3apsgnap »>koihnawraH 6yncuH. HOkopuga
aumknaHraHra MyBO(GUK E BEKTOPHWMHI OKWMMW Kylinjarura TeHr:

® = ({E. 75 (8.1)

(wHTerpan 6enrucupgarn ainaHava EnuK cupT Oylinya wHTerpan
O/IMHAETraHNUKHU Bungupaau).
MaigoHNapHUHT Ccynepnosnuua npuHUMNMra MyBOgUK

E,= £, +E,,+ ... =2 Ej (8.2)
(8.2) HW OKMM Yy4YyH u4umkapunraH wudogara KYicak,

i)E,dS = (j) (2 Ej dS =2 j) E.tdS

ra ara 6ynamms. by epga Enl- |- 3apag anoxmpa rypraHga nainpgo
KunaguraH MangoH Ky4y/laHTaHAMTMHUHT  HOpMan TawKun 3TyB-
ymen.

JleknH okopuga

EmdS = U
el

ra TEHT 3KaHIUIM MCBOT KUAMHraH 3gu. [emak,

() EMS-1S *. (8.3)

*

Bu3 ncboT kmnraH TeHrnMuk Maycc Teopemacu p[eb aintu-
nagn. by TeopemaHu Kyiunparunya Tabpudrall MyMKUH: 31 eKTp
Mahjgo MM KyuynaHraHn Urm BEKTOPUHUHT ENUK CUPT
OpKanu OKWUMMW WYy CUPT MUUTa XolnawraH 3apdap-
nap anrebpanmk WWUTUMHAUCUHUHT Ora 6GynraH HwUcC-
6atura TeHr.

XycycaH, &énuMK cupT wnuunga
3apagnap 6ynmaca, OKMM HoAra
TeHr. by xonga mMainfoH KyunaHraH-
NUTUHUHT Xap 6up 4usuru (cupTt-
JaH Talikapupa >koilnawraH 3a-
pagnap nango kuaraHl cupTHU
XY®T coH mapTa Kecub yTué, cmpT
numra Heya mapTa Kupca, Tallka-
pura wyH4ya wMapTa uukagm (12-
pacm). Hatuxapga xap “up 4u3uk-
HWHT KyLWTraH Xu~cacu HOMra TeHr

12- paem. 6ynagu.
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Arap 3apag €nuk cupT numga goumuin p >{akMuii  3MUnMK 6u-
NaH Y3NnyKcu3 TakcumnadwraH 6yncal), Faycc Teopemacu Kyiuga-
rmya E3unuwn MyMKWUH:

udv, (8.4)

6y epAa YHI TOMOHAaru MHTerpan 5 cupT ypab onraH V 3axm
oyiinya onuHagun.
raycc cuctemacupa (8.3) sa (8.4) dopmynanapma  ypHura 44 ésunaam.

[aycc Teopemacu 6Up Katop nonnapga MaigoH Ky4vnaHraHau-
FMHWU, HYKTaBWii 3apsf MaioOHW KyYnaHraHaMru y4yyH TOMWATaH
(5.3) hopmynagaH Ba MaifoH cynepnosuumscy npuHuunugad oi-
fJanaHnb6 Tonuwra KaparaHga OCOHpPOK iynnap 6wnaH 3uco6nal
UMKOHUATUHN Gepagu. [aycc TeopeMaCMHUHT WMKOHUATNAPUHU
Kenrycmpa 6mu3ra dongann 6ynaguraH 6mp HeutTa MMUCONAa Kypca-
Tamus.

1 Bup TeKuc 3apsf/iaHraH 4YeKcu3 TEKUCUK mangoHu. Cup-
TMA 3nunnryu o ysrapmac (6up xun) 6ynraH 3apsignaHraH 4ekcus
TEKUCANK 30CUMT KWATAH MalfoOHHWU Ky-
pannnkK. AHUKAUK YYYH TEKUCAUK MyC- +B8*
6aT 3apagnaHraH pae6 3ucobnanmus.

CvMMeTpUA HYyKTan HazapupaH KaparaH-
fa MalfoHHUHT 3ap 6up HykTacupga
KyUYnaHTraH/INK TEeKUCAMKKA MNepneHaun-
Kynsip iyHanraH 6ynagun. XakukaTaH,
TEKMCAMK 4YeKCcu3 Ka r'wp xii.i 3apsag- as
naHrhi (>rellH 3apsag 3uunuru ysrapmac)
OynraHuW yuyyH cuHaw 3apsgura Tabcup
KnnaéTraH KyYHWHT TEKWUCMKKa HOp-
Man MyHanuwuaaH orvwura 3ed KaHpai
cabab Iyk. LyHuHr yuyH >{am Tekuc-
NNKKa HucbaTaH CUMMETPUK >KOMnalraH 13-pacm.

#) 3apAGHUHT JAXMWUIA 3UYAUTU MOAAANAPHUHT3NYAMIATA yXwWwaw Kyhingaru-
ua aHuKnaHagu:

lini Ao

p=lini —

w~-0 oV

6y epga AO"— kunuuk [AK xaxm wuunpgarn 3apaj.  3apaAgHUHT  gaxXMuin  3u4-
nurupad Tawkapu 6usra Kenaxakga Kyhiupgarum suunuknap kepak 6ynagu:

o An
cMpTuini 3nununk a= M —
OA-0  AS
Apj—rupT 3anemeHTa AS paru 3apsag,
Aa

4nsnruii 3nunuk ). «m Wra ---
A< Al

AQ — UNAMHAPCUMOH >XUCMHUHT Al y3yHNMKAAru Kecmacumpa dolinawraH 3apsg.



HyKTanapga MalfoH Ky4Y/laHraHAUTWHUHT KaTTanuru TeHr Ba My-
Hanuwuy Teckapu 6ynuiwin pasBLUaH.

AcoBunnapyu TeKUCNMKKa nepneHagnkynsap sa k-attanmuru [b ra
TEHr acocnapu TeKUC/INMKKa HucbaTaH CUMMETPUK 6ynraH UnMnmHap-
CMMOH CUPTHM Ky3 ongumusra kKentupanuk (13- paem). Ly cupTt-
ra Naycc TeopemMacuHu Kynnanmus. CUPTHUHT €H TOMOHWUAAH 4u-
KyBun okumm bynmangn, 4YyHKM 6y TOMOHHUHTI j{ap 6up HyKTacu
yuyyH EnN Honra TeHr. LnunuHgpHuHr acocnapuga En sa £ moc Tywa-
an. Jemak, cupT opkanu yTaétraH ymymuin okum 2E&S ra TeHr
6ynagn. CupT wnumra oflS 3apsjg ohnawraH. [aycc Teopemacura
MyBOUK Kyhmgarn wapT 6axapunnwm Kepak:

a\S

€0
6yHaaH

£ = e (8.5)

ONUHTaH HaTuXa UWUAWHAP Y3yHAMrura 6ornumk amac. LUyHpai
Knnné, TeKUCNUKAaH ucTanraH macogajgaru malifjoH KydiaHraHan-
TMHUHT KaTTanuru 6u T.ali 6ynagu. KyunaHraHAWK YM3UKNAPUHUHT
MaH3apacu 14- paempa KypcaTunraHgek 6ynagu. MaHduii 3apsg-
NaHraH TeKMUCIMK Yy4YyH ”“am HaTuxa lKopugarugek 6ynagu, da-
KaT E BEKTOPHWMHI Ba KYyUY/aHTaH/UK YU3UKIAPUHUHT AyHanuwmu
Teckapucura ysrapagu.

¢s'

14- paem. 15-paem.

Arap 4eknM ynyamnapra ara 6ynraH TeKWUCIWKHW, MacanaH,
3apsiflaHraH lonka nnacTUHKaHul) oncak, Kopuaa TONUATAH TeHT-
MK MalfOHHWHI WYHAAN HyKTanapu Y4YyHruHa b6axapunaguku,-oy

') MnactuHka 6ynraH $onga (8.5) dopmynagaru oratos3m 1 mMr 6ynraH nnac-
TUHKAHUHT BYTYH UanuHAuru 6yiinya TaKCUMNaHraH 3apsaj Moc kenagu. Metann
XuUcMnapga 3apagnap Tawku cupT 6yiinab TakcumnaHaguw. bBuHobapuH, (8.5
thopmynajarn ara MeTann NnacTUHKaHW yparaH cupTnapjarv 3apsf 3uunurujad
MKKW 6apaBap KaTTa 3MYNMK MOC Kenagu.
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HyKTanapgaH nnacTuHKa Kuppanapuraya 6ynraH Mmacoganap nnac*
TUHKaraya 6ynraH macodajaH KaTTa 6ynuwm kepak. 15- pacmga
6yHpal HyKTanap Xolnawrau co”a NYHKTUMpP arpMm 4m3mkKk 6Gunax
KypcaTunraH. TekucnumkgaH ysounawraHga €KW YHUHT 4eTnapura
AKUHMaWraHaa MaingoH 3apsifiaHraH 4YeKcuB TEKWUCNUK MalfoHu-
JaH Kynpok apknaHa 6ownaingn. TekncnukgaH karta macoda-
napfa >koinawraH HykTanapgaru MalfoHHWHI TabuatuHu Gunu
YUYYH, NAacTUHKaHWHI ynyamaapujaH Kyn MapTa KaTTa 6ynrad
mMacoanapgaru MalAoHHW HYKTaBWiA 3apsif MaigoHu fe6 *ucob-

naw MyMKWH 3KaHAWTUHU Hasapfa TYTULL Kepak.
2. VIKKUTa ap XU MUCMAWU 3apsifflaHraH TEeKWCAUMK MalifoHu.

Oap xun wemnn sapagnap 6unaH KaTTanvurn TeHr, CUPTWUIA 3uM4nun-
rm o ysrapmac 6ynraH 3apsfnaHraH WKKUTa napasnfien 4Yekcus Te-
KUCNMKHUHT MalifoHUHU ~ap 6Mp TeKUCAMK Nango KunaérraH mai*
JOHNAPHUHT Ccynepno3numacyM cudatuga Tonuw MyMKWH. Tekwuc-
nukKnap opacujaru coafga KywunaétraH MalifoHAapHUHT AyHanuwm
6Mp XUN 3KaHAUrM KypuHuU6 TYypmubaum (16-pacm). UyHKM HaTuxKa-
BWI KyunaHraHAuK KyhAmpgarura TeHr:

(8.6)

Faycc cuctemacupa 6y dopmyna Kyiwmpgarnya ésmnagu:
E — 4ns. (8.7)

Tekucnuknap 6unaH de'rapanaHraH ”“‘axmjaH Tawkapuja KY-
wwunaétraH MaifoHnap Kapama-kapwuy #yHanuwra ara 0ynraHu
YUYH HaTWXaBWUi Ky4unaHraHAMK HOMra TEHT.

WyHpali Kuanb, mMangoH UKKWU-
Ta TeKWCNIMK opacura myxaccam-
nawraH 6ynun6 kongu. LWy opa-
NNKHWHT  "~ap 6up HyKTacugaru

£
e*-Tea
16' paem. 17- paewm.
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MaigoH Ky4yflaHFaH/IHTW KaTTaiuru Ba nyHanuwuy 6yinuya 6up xun-
anp. WyHpaii xycycusitnapra ara 6ynraH MagoHHW 6up XXUHCAK
MaligaH geimnagn. bBup XWMHCAM MalgoOH Ky4vnaHTaHAUTMHUHT Yu-
3uknapu 6up-6upmaaH TeHr macodagja >koinawraH napannen Typ-
pv Ym3ukKnap TyniamugardH ubopar.

Bu3 Kentupm6 4MKapraH HaTuXaHW TEKUCAUKAAP YEKNW yndyam-
napra ara 6ynraH xonnapra xam. macanaH TeKucnuknap opa-
cugarn macoga ynapHUHr 4M3nKAM ynyamnapugaH aHua kam 6yn-
raH (dccu KOHAeHcaTop) Xonjapra xam Kynnaw MyMKWH. byHpa
ManfOHHUHT 6UP KUHCAWAWKAAH XaMfa Ky4laHraHavK KatTanu-
FMHUHT 0/e0 faH ce3nnapnu gapaxaga orvwu pakaT naacTuHKa YeT-
napunga kysatunagm (17-paem).

3. 3apsgnaHraH 4Yekcus UUAWHAP MaigoHu. CUpTUIA 3MUINTK
0 y3rapmac b6ynraH R paguycnu 3apsgnaHraH Yekcu3 y3yH LWIWH-
OPCYMOH CUPT XOCWA KWATaH MaigoHHU Kypub uJukainnumk. Cum-
MeTpMA HyKTauW HasapufaH KaparaHga MaNWAOHHWMHI UCTanraH Hyk-
Tacugarn KyudnaHraHavk UWIVHAP YKUra nepneHankynsap Oynrad
paguan Tyrpu umsmk 6yiinya iyHanraH 6ynub, KyunaHraHAMKHUHT
KaTTaqurn aca UMAVHAP YKMAAH KypunaéTraH HykTtarada 6ynraH
Macota r ra 6ornuk 6ynuwm kKepak. 3apsgnaHraH cupTra Koak-
cun 6ynraH r pagumycnum Ba 6GanaHanurn h ra TeHr UWAWHAPCUMOH

CUPTHM Ky3 O0fgumu3sra
kentupaiinuk (18-paem).
ByHpgain  UMAWHAPHUHT
acocnga En= 0 ra TeHr,
6H CuMpTM  Yy4yyH 3ca
En=E(r) raTeHr 6ynaau
(3apsgnapHu mycbart neb
Xxucobnainmms). [Lemak,
E 4Yn3MKNapuHUHT ywoy
8MMK CUPT OpKaan OKu-
mn E(r)-2nrh ra TeHr
6ynagu. Arap r> R
bynca, cupT nunga q =
= XA3apsag xoinawraH
b6ynagn, 6y epaa X—3apagHWHT 4nu3npuin sununuru, [aycc Teope-
MacuvHW Kynnab KyhimpaarmHu 0aMus:
E(r) *2nrh = —,
S
6yHpaH
(8.8)

Arap r< R 6ynca, 6u3 kYpaéTraH énukK cupt wu4uMga 3apaj-
nap 6ynmanan, Hatwxaga E(r) = O ra TeHr 6ynagm

WyHpaik kunnb, 3apagnaHraH  4Yekcu3 Y3yH UWAMUAPCUMOH
CUPT numga magoH Oynmairign. CwupTgaH Talwkapugarv MangoH



KyYNaHraHauru 3apagHuUHr  4nsmruin 3munurn X ral) Ba UWMAuHAP
yKupaH asogaru Hykraradya 6ynraH macodga r ra 6ornumk 6yna-
an. MaHgpuin  3apagnaHraH  LWAMHAP MaifoHum mycbat 3apsagnaH-
raH UWAMHAP MailgoHupaaH E BEKTOPHMHI WyHanuwmn 6wunaH dapk-
naHagm.

KOkopugarn (8.8) topmynagaH UUAMHAP paguycn R HW kamali-
TMPNG (3apAAHWHT YM3UTWIA 3udnmru | ysrapmaraH *onga) UuAnHAP
OVPTU  AKMHMGA XyAa Ky4Yaum MaifoH, SibHWU KyYlaHTaHAurm Xypga
KatTa 6ynraH MaigoH *0CWN KWAWW MYMKUH.

| = 2irRa akaHAMrMHKM *ncobra onmb, cupTra Xyga AKUH HYK-
Tagarn (r= R) KyuynaHraHauk Y4YyH KyiAugarm myHocabaTHu ona-

MW3:

KatTanuru “xusatgaH 6upgaid, NeKnH YU3UTUA 3UYANTA WULLO-
pacu 6unaH ¢apk KunaguraH 3apsagnaHraH UMKKUMTa Koakcua um-
NIMHAPCUMOH CUPTNAPHUHT  MalgOHUHW CYMmepno3nyua MpUHLMNK
épgamuga  TOMMIW  MYMKMH
(19-pacm). Kuumk umnaunHap-

HUHT MuYnja Ba KaTTa Lu-

NVHAPHWHT Tawkapucunga

mMaingoH 6ynmangn. Lnnnugp-

nap ypracugarn ManigoH Kyu-

naHraHnuru (8.8) dopmyna

6yiinya aHMKnaHagu. by dop-

MyfnafaH Yeknu Y3YHIMKKa

ara OynraH UWIUHLPCUMMOH

cupTnap y4dyH “am coigana-

MW MYMKWUH, thakat cupTnap

Yptacugarn macoda ynap-

HWHT Y3yHAWTWAaH Kyn map- 19 -pacm.

Ta KMUYMK 6ynuwmn kepak(uu-

NVNHAPCUMOH KOHAeHc'Top). Lunanugpnap kuppanapugarv MmaidgoH
YeKCM3 y3yH cumpTnap MaigoHugaH ce3unapnu apknaHagu.

4, 3apagnaHraH cgepuk cupT MangoHu. Paguycm R ra TeHr
6ynraH Ba 3MYNUrn o ysrapmac OynraH 3apsgnaHraH chepuk cupt
nango KunraH MmaligoH 60WKa MailgoHnapAaH Mapkasuii CMMMeT-
puam 6unaH (apk KuaMwun Kepak, an6atTta. byHaaH E BekTop-
HWHT uUCTanraH HyKTagaru WyHanuwim ciepaHuHr mapkasujaH yTa-
OV, Ky4YnaHTaHJWKHWUHE KaTTanuru aca cepa mapkasmpgaH bynrad
macopadwr dyHkumacu 6ynagu pgeraH xysioca Kennb umkagu.
Paguycu r ra TeHr cthepmnk CMpPTHM KE3 ©nanmusra Kentupamnnmk. by
CUPTHUHI bGapya HykTanapu ydyyH En =E(r). Arap r> R 6ynca,

') 3apfaf UWMAMHAPHWUHI YKU Ba CUPTW Oylinya 6mMp TeKWC TakKcMmnaHraH pae6
nucobnaHagm (B — const)
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63 KypaéTraH MalifoOHHU naifo KunaéTraH 3apsj ( cupT mumga
6ynagn. Ldemak,

E(r) -4rter2= 1,
6y eppaH 0

E(r) =mx\ g > R)m (810>
laycc cuctemacupga 6y (opmynagaru im0 KynaiTyBum 6ynmaingu.
ni

[? paH KWYMK © paguycnu cgepuk cupT uumpa 3apagnap 6yn-
maign, HaTwkaga r < R 6ynraHga E{r) = 0 ra TeHr 6ynagw.

WyHpait knnmb, cupTuil 3Munnru o ysrapmac 6ynraH 3apsig-
NnaHraH ctepuk CUPT Mumaa MangoH Oynmaian. byHpa cupTaad
Tawkapujarn ManAoOHHUHT KYypUHULIK, 3apagn chepuk cumpT 3aps-
aura TeHr 6ynub, ciepa mapkasmfa KolnawraH HyKTaBuil 3apaj-
HUHT MalgoHura yxwangu. (8.10) parv g HuHr YpHura AnR"Ma
8316, r = R pe6 oncak, 3apAgnaHraH chepuk CcCUpT AKUHMZAru
MaifoH KyuflaHraHAHTU YYyH Kyhngaru mgofaHu XOoCua Kuaamums:

E(R) = - (8.11)
0
[(8.9) dhopmyna 6unaH conuwTupamms].

Cynepnosvuusa npuHUMnuaaH goiganaHnb, KaTTanurm >xmxat-
faH 6uppai, NekuH wuwopacyu Kapama-kapwu 6ynraH + g Ba —(
3apafara ara MKKUTa KOHLUEHTPUK CHepacUMOH CUPTHWHT MaigoHu
cupTnap ypracugaru opanukaa MyxXaccamnaliraH —3KaHAUIMHU
Xampa 6y MalgoH KydnaHraHnmrmHu (8.10) cdopmyna épgamupa
TOMUW MYMKUHUTMHW Kypcaruw MYMKWH.

5. )Yaxmuii 3apsagnaHraH cepa ManfoHW. Y3rapmac Xaxmui
3nMunnK p 6unaH 3apsagnaHraH R paguycnu  cdepaHu Kypannuk.
ByHpali ctepa XOCWA KMAraH MailfoH MapKasuii CUMMeTpusira ara
6ynuwn paswaH. Cdepa Tawkapucmga xocun 6ynraH MaigoH
YUYYH CUPTW 3apsafgnaHraH cgepaHuHr Tawkapucuga xocun 6yna-
OWUTaH MalgoH y4YyH ONUHraH HaTuxa [gemak, (8.10) ra yxwauw
thopmynal YMKMWWHU WCOOT KWMAUW KWAUH 3mac. JIekuH cgepa
numgarn Hyktanap ydyyH Hatwka 6owkaya 6ynagw. XaKXIKaTaH,
pagnycu r (r < R) ra TeHr 6ynraH cgepacuMMoOH cupT pe B Tor' ra
reHr 3apsg >konnawagw. [Lemak, 6yHpaii cupT ydyyH [aycc reo-
pemacu Kyihuparuuya ésunagu:

E (r) 4kr* = —p- Krn,
<«

3
6y epfa p HM , s~ 6unaH anmawrmpub, Kyhupgarura 3ra 6yna-
*
- 3
0 it
MW3:
£(r) = 7,:0BF r(r<R)> (8.12)
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WyHpait knnnb, chepa mumpary MaikgoH KydnaHraHauru cgepa
MapkasufjaH MyaiiiH HyKTaraya 6ynraH Macoda r HUHT ycuwu
6unaH u4msmMknum optagn. CdepagaH Tawkapuga KyudnaHraHanK
HYKTaBWiA 3apaj MaioH Ky4naHraHauru kKabu kamasgu.

9-8. JneKTpocTaTUK MalifjoH Ky4Y/TapUHUHT ULIK

Bupop Ky3ranamac HyKTaBUil 3apsf MaifoHuAa >KoinawraH
6olWwKa HyKTaBuiA 3apsjra TabCuMp KUAYBUYM KYUHUHT MapKasuil Kyu
9KQHAUTVMHW aHrnaw KuWivH 3mac. MexaHuWKa KUCMUAaH MablyMKK
(I Tom, 26-8 ra KapaHr), KyuynapHWHI Mapkasuii MalijloHu MOTeH-
uMan MangoHAup. 3SNeKTpPoCTaTUK MaWfOHHUHT (ABHU Ky3ranmac
HyKTaBuii 3apagnap ”"ocun KwnaéTraH MaligOHHUHI) noTeHuman
IKAHNUTUHWM Tekwunpnub Kypamus. BYHUHI YuyH Kys3ranmac HykTa-
BUA 3apsg q ~Oocun KMAraH MangoH KyuynapuHuHr 6y MaingoHga
Kyunb lpyBUYM HYKTaBWUi 3apag (' ycTuaa 6GaxapraH MWWHA 3w
cobnaimus. Y3syHauru dl ra TeHr 6ynraH anemeHTap iynga 6a-
XapunraH uw (20- pacm)

dA =fdlcosa= — L-dlcosa= —4—& dr
4580

ra TeHr (6y epga 6u3 dl cosn= dr akaHAWIMHK “~ncobra onank).
By topmynasaH doiiganann6 1— 2 HykTanap opacugaru iynga
faxxapunraH WWHW TONaMm3:

& —33L Fdr_ 1 (w4 yy'y (9.1)

4*e0 J T2 4tced \ I'x /

Yw6y ¢opmyna laycc cuctemacuaa ésmnraHga &{5KynaﬁTquw 6ynmaingm

OnuHraH HaTwxa OGaxapunraH v q' 3apAagHUHT 31eKTp Mali-

aoHga 6ocub yTraH iynura 60rnMk 6ynmai, 6anku 0y 3apsigHUHT
mMaingoHgarn 6ownaHrmy Ba Oxuprm “~onatnapura (r, Ba r2 ra)
6ornukK akaHaurugaH panonat 6e-
pagn. [Hemak, Ky3ranmac 3apsag g
HWHI MaligoHuga q' 3apapara Tab-
CUP KWyBYM Kyuynap noTeHuman
Kyunap akaH. byxynocaHu Ky3ran-
mMac 3apsagsiapHUHT WUCTalraH Ccuc-
TEMaCMHWHT MalfoHN Y4YyH TaTowK
Knanw MyMKWH. XakukaTaH, OyH-
fjain manpgoHga q' 3apagra Tabcup
Kunusun f KydyHu cynepnosuuyms
npuMHUMNUra MyBOMUK Kylimgarmya
31 MYMKWH:
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6y epga fi — wmalijoHHM “ocun KuaraH cucTemagarv tmsapsg To-
MOHMAAH TabCUp KUMAUHAETraH Kyd. Mabnymku, 6yHpai >>onpa Ga-
XapunraH ymymuidi uvw aiipum  Ky4siap TOMOHWAAH 6axapunaraH
UWMApHUHT anre6pank WWTMHAUCUTA TEHT:

By ndofgaHUHI YHI TOMOHMAArW KYLWWAYBUYUAPHUHT >ap 6upu
mynra 6ornuk smac. [emak, ymMyMuin uw A >am iynra 60rnuk
bynwangn.

MexaHuKa UMCMUAAH MabAyMKW, NOTeHUMan Ky4dnapHOHr énu”
Mynpa 6GaxapraH uwyM Honra TeHr. MalfoH KyunapuHUHT énuk
KOHTYPHU alinaHn6 4ymnuaéTraH q' 3apsg yctuga 6GaxapraH WLWWHK
Kyiingarnya udoganawl MYMKUH:

6y epfa Et— E BekTopHuHr a3nemeHTap Kyuuw dl iAyHanuwura
6ynraH npoekuuscuaup (MHTerpan 6enrucmpary ainaHa énuk KoH-
Typ Oylinuya uWHTerpan ONMHaETraHAUIMHU Kypcatagau). WwHu undo-
[4afloBUM WHTErpasHW HoAra TeHrnawTupuG, ysrapmac KaTTaluk
" HM KWUCcKapTupcak, Kyimaaru MyHoca6aTra ara 6Gynamus:

9.2

6y MyHocabaT wucTanraH éwu, KOHTYp YYyH 6axapuauwmu Kepak.
lOb;opugarn (9.2) dopmyna ¢a”aT 3neKTpocTaTUK MalgoHra TaT-
Ovb; UWMNMHUWMHKU Haszapga TyTuw 3apyp. KelinHpok “apakatna-
HYBUYM 3apAgNapHUHTr MalifjoHn (abHKM, Ba~T OGylinya ysrapysumu
MaWAoH) noTeHUMan MahfoH 3amacaurnm wncboT UUNMHAAW; fgemak,
(9.2) wapTt 6yHpai MaipgoHga 6Gaxapunmainign.

8) ktdl kypuHuwparn wndosa A BEKTOPHUHI MyalsiH KOHTYp
bynya uupkynaumacu genvnnagn. WyHgad kmnmb, aneKTpocTaTuk
ManifoH Y4YYyH Ky4JaHraHAMK BEKTOPUHUHI wucTanraH énuk KOHTYp
byinya UMPKYNALUACK HOMra TEeHTr 3KaHAUIN XapakKTepaugup.

10-8. MoTeHunan

MexaHMKajgaH Mab/yMKW, Ky4napHWUHI MNOTeHuuan MaihfoHuga
XXoMnawraH >XWCM MOTeHuuan 3Heprusara ara 6ynub, manpgoH Kyu-
napu wy 3Heprua “ucobugaH vw 6axapagu. Oemak, (9.1) dop-
Mynagarv wwHW (' 3apAg ( 3apagj  MangoHuHuHTr / Ba 2 HyuTa-
eflapuga ara 6ynraH MNOTeHUMan 3HEePrusicUHUHI uuniimatnapu dap-
um cudatmga mgoganaws MymKuH:



ByHAaH Q' 3apsfgHuWHT ( 3apsj MalfoHHAAru noTeHUMan 3Hep-
rMSAcU yuyH KyNUgaruHu onamus:

W.» — & + const.
49«0 T

By wndogagaru const HM MoTeHUMan 3HepPrus yyyH TaHfaravga,
3apsif 4YeKCu3 ysounawraHaa (r=oo [Aa) NOTEHUWAn 3Heprust Hos-
ra TeHr 6ynuWN Kepaknuru Hasapga TyTtunagu. LUy wapTt 6axa-
punraHga

JL vL

anr0

ra TeHrnuru kKenub uym”agw.

MagoHHW ypraHuw Yy4yH Q' 3apaggaH cuHaw 3apsagm  cuda-
Tnga donganaHamus. CuHaw 3apagmn ara 6ynraH noTeHUMan aHeprus
(10.1) ra myBO(MK 3apsaj Q" HUHI KaTTanururaruHa smac, 6anku
MangoHHM 6enrumnoBYn ( Ba [ KaTTanuknapra )?am 6ornaHugmp.
Jemak, cuHaw 3apaguira TabCcup UuaaéTraH KyyjaH ManfoHHU
aHu™Mnaw yyyH QoiganaHraHumMms Kabu noTeHuMan aHeprusagaH
*aM XYAAW WYHAANn ¢GoifanaHMwl MyMKWH 3KaH.

Typnu q'cvH, g'cmi Ba ~0OKaso cuHaw 3apsagnapv  MalfoHHUHT
MyalisH HyuTacuga Typnam W', Wp Ba ~oka3o 3Heprusira ara 6y-

nagn. JlekuH, 6apuya 3apsgnap yuyyH Wp/gzmi Huc6aTt 6uMp  Xun
6ynnwn (10.1) ndogagaH KypuHU6 Typnbau. Kylhingarn kaTtTanumk

@102)

"CUH

MyaliiH HyKTajarm malijoOH NOoTeHUuManwu pgeiAvnagn Ba Maii-
JOH Ky4ynaHraHnurun E kKabu anekTp MaifgoHnapHu wdoganawja
doiiganaHunagu.

IO”opugarn (10.2) bopmynagaH noTeHUMasna COH Xu™atgaH 6up-
MUK MycbaT 3apaAgHWHI MainjoHparu MyailisiH HykTafga ara 6ynraH
NoTeHLMan 3Heprusicura TeHr IKaHAUIM KypUHagwu.

MoteHuwan aHepruaHuHr (10.1) parn uyuiimatmHu (10.2) ra
KylicaK, HyuTaBWii 3apaj MaijoHU nNoTeHUManuM Y4YyH Kyhimngaru
npopara ara bynammus:

y— 1 (,
4ne0 T

HykTaBuil 3apsaf MalJOHWHWHT nNoTeHumanu [aycc cucTemacupa Kyiuaarn
hopmyna 6unaH aHuunaHagu:

T_1

HykTaBuii 3apagnap cuctemacm qu g2, q3 ... *ocun KuaraH mai-
JOHHU Kypainuk. CwucTemagaru )?ap 6up 3apsgfaH MalAoHHUHT
6epunraH Hyurtacurava 6ynraH macodganapHu Moc paBuwjga r,, r2,...
fpe6 benrunaimmns. Ywby MaifoH Kyunapu TOMOHWUAaH (' 3apsj
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ycTnaa 6axapunraH uw xap 6up 3apsaj yctuga 6axapuaraH UL«
NapHWHT anrebpavk WUrMHAWCWra TeHr Oynagn, SbHU:

M =X A
NekuH (9.1) ra myBoduk At MwnNapHUHT xap 6upn y3 HasbaTuga
A= . (ML__<B)\
4«0 \ ru re

ra TeHr, 6y epga rn—q( 3apsgfaH < 3apAgHUHT 60LWNaHTMY  XO-
naturava 6ynraH macoda ri2z—ql gaH q' 3apAgHUHT OXUPru xona-
Turadya 6ynraH macoda. [lemak,

fo—-1Y M _____ -1 M e

471, _ -lrfn —  T(,

by ndogaHn Kylhimgarn myHocabat 6mnaH conmwTmpcak,
Ni2=wn7,1_nt,2

g 3apAgHWHI 3apafnap cucTemacu MaigoHMAaru NOTeHUMan 3HBp-
rmscyu ydyH Kywmngarn udogara ara 6ynamus:

'I’t

6yHpaaH
9=T~"r~" (104)

WyHpait kunnb, 3apagnap cuctemacu jlocun yunraH mai-
JOH noTeHumnann cucrTema Tapkubura kuprad jfap 6up 3apag-
HWHT anon;upga %o0cun uuaraH maifoH NoTeHUMannapuHWHT an-
rebpank WnruHancura TeHragup. MaidgoHnap ycTma-ycT TyluraH
BaKTAa KyuflaHraHAMKNap BEKTOpP paBuwga KYwwunraH 6ynca,
noTeHuMannap xam anrebpauk Kywwunagn. LUYHWHT Y4YyH MOTeH-
uvanHn xucobnaw, 3MeKTp MalgoH KyynaHraHAWrMHW xucobnawra
KaparaHga Xyga eHrun éynagu.

FOkopmnga kypunraH wmyHocabat (10.2) paH MalOHHMHE Mo-
TeHUManu < ra TeHr 6ynraH HykTacupga >koinawraH 3apsg ( Ky-
Aingarn noTeHuWan sHeprusara aragup:

Wp = g-<p. (105)

Jemak, MalifoH KyuynapuHWHI ( 3apafg yctuga 6axapraH MLWKUHK
noteHuuan ¢apku opkanum ugoganawl MyMKUH:

A= Wpt- Wp2=q(71- <P) (10.6)

WyHpak kmnnb, maingoH KydnapuHWHE 3apsaf yctuga b6axap-

raH Uy 3apsg MUKOAOPWHUHT GOLUMAHTUY Ba OXMPIU  HyKTanapw
ypTacugarn noteHuumannap dapkura KynanTupunraHura TeHr. Arap



g 3apsif MoTeHUManu 9 ra TeHr 6GynraH HyKTafaH YeKCn3 Y30K-
nawTupunrad 6ynca, (y epgaru noTeHUuuMan wapTra Kypa Hojara
TEHr), MalfoH Ky4NapuHWUHT Wy Kylingarura TeHr Gynagu:

= (10.7)

ByHaaH MOTEHUMan COH >XKu™aTphaH ManjoH KyuynapuHWHT
éunnnk mycbaT 3apsafKuM MyalsaH HyuTajaH YeKCU3UKKa Ky-
ynpnTga 6a>kapraH uuwra TeHrgup feraH xynora Kenué uyuua-
an. Bupnuk mycbat 3apsafHU 4YeKCU3NUKAAH ManfgoOHHUHT MyaisH
HyKTacura Ky4ympu6 Kenuw Yy4yH KaTTanuru touopugarnra TOHT
uw Baxapuw Kepak 6ynagu.

MoTeHUMANHWUHI yn4yoB 6upnuknapuHun 6Genruvnaw ydyH (10 7)
MyHocabaTgaH (ohganaHMWNMN3 MYMKUH. TloTeHUManHWHT 6up-
orm - cngatmga MalfoOHHUHT  WYHAAW HYKTACUHUHE noTeHunanu
Kabyn kunuHaguku, 6up 6upnumk mycbaT 3apsagHM  YeKCU3IUKAAH
Wy HyKTara KyuupraHga 6up 6uMpank uw 6GaxapuiacuH. MacanaH,
noTeHUManHWUHr BonbT Aeb6 atanaguraH CU 6upnurn  ydyH (Kuc-
Kaya 6enrucu B) WYyHJa HYKTAHUHT MNOTeHUManu Kabyn KunuHa-
OVKW, 1 KYy/J0H 3apsgHM YeKCU3NMKAAH LWy HyKTara Ky4uupuw
YUYH 1 XO0yNnb uw 6Gaxapuw Kepak:

1> = 1K E1B,
6y epgaH
1B= — . (10.8)

1K

MoTeHUManHuHr abconoT anekTpocTtatuk 6Gupnurn (CrC3-noteHunan 6up-
amrn) cugatupa WyHAal HYKTAHWHT noTeHumanu Kabyn KWNWHagwnkH, 6y HyKTa-
ra yekcmsnukgaH + 1 CFC3-3apaf 6upnurura TeHr 3apAgHU Kyumpuw yuyH 1
Ipr uw 6Haxapuw Kepak.

tONopupgarn (10.8) myHocabatgary 1>k Ba 1 K nanHu CIC3-6upnuknap
opkanu ugopganacak, BonbT 6unaH CrC3-noTeHuuan 6GUpAUIM ypTacugaru Mmy-
HocaGaTHU Tonamus:

1
1B — —---= smmmmeeeeeeeeeeeee-= — CIC3-noTeHuMan 6upnnru.
1K 3-10»CIrca 300

WyHaaih knunub, 6up CIrC3-noteHyman 6upnurn 300 B ra TeHr.

<D|/|3|/|Ka,qa KynnH4ya MWl Ba 3HEPTUAHWHI 3/IEKTPOHBO/ILT AeraH
6upnurn (3B) KynnaHunaan. NeKTPOHBONbT feraHga 6up 3neKkT-
pOH 3apsgura TeHr 3apsaj 1 B noTeHuuannap ¢gapku opkanu yra-
éTraHga MmanfoH Kyuynapu TOMOHWMAAH LWy 3apaj yctuaa (SbHu
aneMeHTap 3apsag e yctupa) baxapwuiaraH v TywyHuUNagu:

19B= 1-60- KO-19~-1B - ~,60- 10_19% = 1,60-10-123pr.
AmManpga 3MeKrpoHBOMbTra Kappanu 6ynraH 6upnuknapgaH >{am
toiiga 'aHnnagwn:
1 K3B (KW/I03/IeKTPOHBO/bT.) = 103 3B,

I Mae (MerasnekTpoHBONbT) = 106 3B,
1 N'sB (rurasnekTpoHBonbT) = 109 3B.

3 ii. b. “u.ic.iLea



y o= - e ] 1Ul 1/IWtllin
GenrunoBun kKatTanmk kT XoHa Temneparypacuga Kyiugarura TeHr:
7 US.10:-m o@D o
16-10“ ~ A * 1] 3a- Z>A

11-§. OneKTp MaWgOHHWUHT KyunaHraHaHru 6unaH
noTeHumanu ypracugaru 6ornaHuL

ABBanru naparpanapga 3MekTp MaifoHHW BeKTOp KaTTaiuk
E EKM CKanap KaTTaiMK <P opkanum wudoganawl MYyMKWH 3KaHAUTK
aHuknaHraH sgu. LWy katTanuknap ypracuga Mabiym 6GornaHuuw
6ynmwn aHuk KypuHm6 Typmubau. Arap E 3apsig Tabcup Kuiaét-
raH Kyura, ¢ aca 3apsgHWHI MOTEHWUWan 3Heprusicura npomnopLmo-
Han 3KaHAUTUHWM Xucobra oncak, E 6unaH < yptacugarn 6orna-
HUW MOTeHUMan 3Heprms 6unaH Kyd ypTacmparu 6ornaHuwira
yxwaw 6ynmwn AKKon KypuHagu. [JakukaTaH, MaingoH Kyunapu-
HUHT ¢ 3apaf ycTuaa AynHuHr dl kecmacu pasomupga 6GaxapraH
WWKUHW 6up TomoHgaH gEtdl KypuHWMWWAa, WKKUHYM TOMOHAAH
3apsAf NOTeHUMan 3HePrusACMHUHT KamalULWWHW KypcaTyBuYM M{go-

fa, avHn —d(q?) = —qﬁl dl opkanu udoganaws MyMKuH. HOKo-
puga anTub yTunraH QopmynanapHu TeHrnawTupuo,
qEtdtl=-q'Sdi
HU XOCWUA Kunamus, ByHaaH
4 — * (v n)

ra ara 6ynammnsl), 6y epga | opkanu tasofa MXTUEPUIA paBuiga
TaHNaHraH MyHanuw 6enrunaHraH. Xycycad,
-0 = * = .7
Exe -%., - : 2 (11.2)
6yHaaH

E= £, + JEy+ k£, -(\i/|3n+ ,qy+ dl 1

KaBcnap muvra onvHraH mgoga cCKanap <P HUHI TPAgUEHTMN
pennnagn (grad 9 ge6 6enrunaHagu)2). [pagneHT 6Genrncugad
tholiganaHn6, ndogaHn Kyngarnya €3 MYyMKUH:

= —grad 9. (11-3)

By TEHINUKHWUHI WKKana TOMOHUHU ¢ ra Kynaitupue,

1 dl

ra ara bynammns [{28.6) dopmynara KapaHr; 1 7oMis
*) I'pagueHTHW Genrunawpa 7 (Habna) cumBonupaH 3am QoiiganaHunagu;

*= grad
34



Monekynanap WCCUKAMK “apakaTUHWHT ypTaya 3HeprusicuHu
6enrunoBumn kattanuk kT xoHa TemnepaTypacupja Kyilugarura TeHr:

.7 1,38-10-23.300 oc 1
k7 = *2%5"10 38" 3N

11-§. OneKTp MalfOHHUHI Ky4yfnaHraHnuru 6unax
noTeHuuMann yprtacupgarm 6ornaHuw

ABBanrM naparpadiapia 31eKTp MaliloHHU BeKTOp KaTTaink
E ékn ckansp KaTTaiuk < opkanum wugoganall MyMKUH 3KaHIUTY
aHuWKnaHraH sgu. Ly kaTTanvknap ypTacvMga Mabaym GoriaHui
OyNuWun aHWK KypuHu6 Typubau. Arap E 3apsij Tabcup Kunaét-
raH Kyura, < aca 3apsifHUHT MOTeHUWan 3Heprusicura nponopuuo-
Ha/l 3KaHIUTUHU “ucobra oncak, E 6unaH ¢ ypTacmgaru 6orna-
HMALW MoTeHuMan 3Heprus 6unaH Kyd ypTtacugaru 6GorjaHuwra
yXwaw 6ynuln AKKon KypuHagu. [JakukaTaH, MaifjoH Kyudnapu-
HUHT ( 3apsafg ycTuga ynHumar dl kecmacum paBomupga 6axapraH
VWHKW 6up TomoHaaH (Etdl kypuHMWIKMga, WKKMHYM TOMOHAAH
3apsaj MNoTeHUMasn 3HEPTUSCUHUHT KaMaliMWWHU KypcaTyBYu udo-

aa, asbHU —d(q?) = _q.C-l' dl opkanu udopganaw MymKuH. HOKo-
puga anTtnb ytunraH (*)Op-MyﬂaﬂapHVI TeHrnawTunpmo,
gEtdl = —q~ dl
HW ~ocun Kunamus; 6yHAaH
(nn)

ra ara G6ynamusl), 6y epga | opkanu asosa WXTUEPWMI paBullga
TaHnaHraH MyHanuw 6enrunaHraH. XycycaH,

E=—— E=——  E ——— nizt
AX y Ay r- AT ( -
6yHpaH

E=in+ JEy+k"= -(ig+jg+kg).

KaBcnap uunra onuMHraH udofa ckKanap PHUHT rpagueHTu
penvnagn (grad P pge6 6GenruwnaHagn)?). [pagueHT 6enrucumpax
tonganaHnb, udogaHn Kyhmgarnya €Ml MyMKUH:

E = -grad (11.3)

>) By TEHIAMKHWUHI MKKana TOMOHWHW ( ra K~ nantupu6,

W
h— 1

ra ara 6ynamus [(28.5) copmynara uapaHr, i Tom].
2 lpagveHTHM Genrunawpa \ (Ha6bna) cumBonugaH “am doiiganaHunagw

- Vf= gradb



LWyHpain kunub, anekTp MaigoH KyynaHraHaurum noTeHuman-
HWHI TeCKapu uwopaja ONWHraH rpagveHTura TeHr 3kaH. Bupop
ckanap yHKuua @ (X, Y, 2) HUHT TPagueHTu Kyihumgarn Xycycust-
napra ara OynraH BEKTOp KaTTanukaup. [pagveHT iHyHanuwu
hyHKUMS 9 GepuaraH HykTafaH KaTTanuMk >Xu™atmgaH optub cun-
XUraHgd aHr katra Te3Nnuk 6unaH ysrapaétraH iyHanuw n 6wunaH
moc b6ynagn. By lyHanuw 6yiiMya ONUHraH ~OCUNAHWHT KaTTanu-

m NTFDH,D,VIEHTHVIHI' MoaynuMHu Gepaau. dopmyna Tapkubura Kup-

Jif:}
pu X, y, T ra 0ynrad npoekuusnapuaaH néopatamp. Xyaau LwWyHnai

UXTUEpWiA MyHanuw | B6ylinya onuHraH ”~ocuna rpagneHTHUHT

raH —, ¥ xycycuii >Dcunanap MpagMeHTHUHT KOOPAWHAT yKna-

MOC MyHanuwura npoekuuscu 6ynagn. pagneHTHWHT y3ura nep-
MEeHAVKYNAP "AyHanuw T ra NpoeKuMscy HOAra TEHT GYNUWN aHWU-

Anp:

% = 0.
ar
MaiigoH KyunaHraHaurm 6unaH noTeHumanu ypracuparm 6of-
NaHWLWIHW HYKTaBWiA 3apsaf MaifoHu Muconmga TyLyHTUpamus.
By MalfoOHHWHI MoTeHuuManu Kyihugarn GYHKLUS opkanum wudopaa-
naHagm [(10.3) ra kapaHr]:

MaigoHgarn / HykraHu Kypainnuk, 6y HyKTaHWHT “onatu pa-
Lnyc-BeKTOp r 6unaH 6enrunaHagnm (21- pacm; g 3apapg myc6at neb
3uco6nab umsmnraH). bepwunraH HykTagaH Typau RMyHanuwnap
oyinya KatTanuru TeHr kumumk dl kec-
manapra CW/DKMraHfa 3Hr karta myc6ar
opTTMpmara 1 HykKTagaH myc6at g 3apsag
TOMOHIra 6ékum MmaHuin q 3apsggaH [

HYKTa TOMOHra CWDKWLW HaTuxacuia
IPULLNINLLN KYPUHUG Typuban. Lemak,
FPAaAVEHTHUHT WyHanuwn n HWA Kyiu-
farv KypuvHuwaa udoganaw MyMKWH:
n= +

- (11.4)

6y epfa ,—*wuwopacu g 3apsag mycéart 21-pacm.

b6ynraH “onra B+ “ umwopacu aca q 3a-

pAan MaHguii 6ynraH ~onra Moc Kenagu. Hatuygaaga grad ? HHHP
r WyHanuwnra npoekumscn Kyhupgarura TeHr 6ynagu;

c-5'
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By wndogapgarn ,—“ wuwopacu 3apag Mycbat bynraHga grad P
paguyc-BeKTOp T HWHT WyHanuwnura Kkapama-kKaplwu yHanra,
Hapag MaHgpuii OynraHga aca I HWHT WyHanuwura MoOC HyHanraH
3KaHNUTUHN KypcaTagu. byHpaH grad @ HuHr moaynu (11.5) udo-
[LaHWHT MOAynura TeHr akaHnury KypuHagu. LUyHuHr yuyH (11.4)
ndoaaHn Hasapga TyTu6, KyingarvHum &3u MyMKUH:

grad 9 = _-E,,;A'a T (11.6)

[6yHpali é3uwpa (114? pgarv wapT y3 y3ugaH ~ncobra OfIMHULLIN-
ra UWoH4Y "ocun kuauw kuiamd 3amac]. (11.3) d¢opmynagaH ¢oii-
panaHn6, (11.6) gaH HyKTaBWi 3apsag  MalgoHW  KyudnaHraHauru
yuYyH 6u3ra mabnym 6ynraH (5.3) ¢opmynaHu Kentmpumb umkapa-
MU3.

(11.3) thopmyna épgammpa 9 HUHr GepuaraH Kuimatnapu 6y-
nya ncTanraH HyKTagarm KydlaHraHankHW 3ucobniawl  MyMKWH.
bus Teckapu macanaHuM “‘am eyuWunMnU3 MYMKWUH, AbHWU E HUHT
6epunraH Kuimatnapu 6yiinya MaliOHHWMHT MCTanraH MKKUTa HYK-
Tacu ypracugarvn noTeHumannap apkuHU aHuknaw MYMKUH. by-
HUHF Y4YyH MaigoH Ky4ynapu TOMOHMAAH Q 3apsaf Hykta / jaH
HyKTa 2 ra CWDKuTuaraHga OaxapuaraH uw Kyhuparmya >;ucob-
NaHWWKN MYMKWUH 3KaHAUTWHW Hasapja TyTamus:

Ay, = j gE,dl.
1

Wy 6unaH 6upra (10.6) TeHrnMkka MyBOMWK XyLAW WY WLIHWHT
y3n GowKavya udoganaHuMm MYMKUH:

A-. = C) (<?v - <p2)

LWy wkkuTa ndogaHn 6up-bupura TeHrnawTmpub, ¢ 3apsagra Kuc-
KapTupcak, Kyhugarun udogara sra 6ynamms:
2

?2,-<?, = }Y£,dI. (U.7)
1

YHT TOMONgarn wWHTerpaiHu 1 Ba 2 HyKTanapHu O6upnawtupagu-
raH ucTasraH 4usuK Oyiunya 3ncobiall MYMKWH, YYHKU MaifjoH
Kyunapu 6axapraH vw Wynra 60rnmMk amac. ENWK KOHTypHM aii-
navraHga 9, = 42 6ynagn Ba (11.7) dgopmyna 6usra SXwy TaHULW
6ynraH (9.2) wndogara alinaHagw.

Typnv wwopaga 3apagnaHraH WMKKATa YEeKCU3 TEeKUCAnK ypTa-
cugary noteHumannap QapkuHu “ucobnawpga (11.7) dopmynagaH
tholiganaHaiinmk. Tekucnuknap opacuparn MaifoH Ky4dnaHraHauru
0/e0 ra TeHr Ba TekucAuknapra neprneHAUKYNAp KyHanraH 3KaH-
avrn 8-8 pga KypcaTunraH agu. WIKkuTa TEKUCNuKAa UXTUEPUIA
paBMWAa TaHNaHraH / Ba 2 HyKTanapHu 22- pacMfa KypcaTuaraH-



feK 1—1'—2 um3nk 6unaH TyTawTtmpamus. (11.7) dopmynara my-
BOhMK 2 7 i
?21-<p2=1 Eldl + \E Idl.
1 ¥
UnsmkHmHr 1—1' kucvmmpga Et= Q
WYHWHT YYYH YHT TOMOHAarn 6upuH-

yn Kywmnma Honra TeHr (6yHpaH [/
Ba 1' HyKTanapHWHI noTeHuwanu 6up

22- paem 53- paem.

XUn fgeraH Xynoca Kenub uukagu). YM3MKHUHT V —2 Kucmuga
aca E, = E = const, gemak,

2 2
j Etdl = E\NdI=Ed,
\ I
by epfa ¢ —Tekucnauknap yprtacumgarn macoda. LyHpgaid kunwm6,
Pi — Pa= eq. (11.8)

PaBlWaHKN, OfIMHTaH HaTXKa Ky4naHraHaHru £ ra TeHr 6yn-
raH 6up >XMHCAM MalfoHAarn WKKW HyKTa ypTacmparum noTeHum-
annap (apkuHu 6ungupagu. By dopmynagarn ¢ MaifOHHWUHT 1
Ba 2 HyKTanapum opacuparn macoga 1n HuHr E BekTtop WMyHanu-
wura npoekuunsacugup (23-paem).

12-8. 3kBuUNoOTeHUMan cuptnap

MalioHHN AKKON TacBMpnall YYyH Ky4laHraHAuK 4msumknapu*
HWHT YpHUTra MNOTeHUWanu TeHr cupTnap €KW 3KBUMOTEHLMan cupT-
napgaH qoiganaHuil MyMKUH. [lemak, aKBUNOTeHLMan cupTt
ne6 Gapua HykTanapgarum noTeHuuanu 6up xun 6ynraH cupTnap-
ra antmnagu. Arap noTteHuuan Yy Ba 2 HUHT yHKumacu 6ynca,
Yy X0nga 3KBUMOTEHLMAN CUPTHUHI TeHrnamacu Kynupgarum Kypu-
Huwra ara 6ynagu:

< (X, Yy, z) — const.

3KBUNOTEHUMAN cupTra yTKasuaraH HOPMaAHWHT AyHanuwu

Wy HyKTafaH yTkaswiraH E BeKTOpPHWHI AyHanuwwura wmoc 6yna-



An. ByHra WWOHY 30CMN  KUAWW Y4YyH 6uUpop HyKTaga cupTra
YPUHMa u4M3NK * yTKazamu3 (24-pacm). LUy t um3mk Byinnab yek-
CM3 KMYMK KecMma di ra cumkuraHga noTeHuuman <$pysrapmaingn sa

— HoAra TeHr Gynagu. JlekuH p?HVIHF Kniimatu BepryngaH Ke-

AMHIM BUPUHYM pakamraya aHWkAMK 6unaH E BEKTOPHWHI YpPWH-
mMa t HWyHanuwwura 6ynraH  npoekumacura
TeHraup. Aemak, E HMHI TaHreHuuan tawkun
3TYBYMCK HOJMra TEHTr 3KaH, OyHgaH E BekTtop
cuMpTra yTKasunraH nepneHaukynap 6yinda
MyHanraH peAnwnmns MymkuH. E BekTop E
YM3MKKA YTKasuWaraH ypuHma 6yinya nyHan-
raH 3KaHIMIMHKM 3KUcobra oncak, asogaru
Nap 6Mp HYKTaHWHT KydnaHraHauk 4usnkna-
Py 3KBMMOTEHUMAN cupTnapra OpTOroHan

3KaH feraH Xxynocara Kenamus.
24-pacw. JKBMMOTEHUMAN CUPTHU MaNAOHHMHT UC-
Ta/raH HyKTacM OpKanu YTKasuw MYMKWH.
Jdemak, (hasofa YeKCu3 Kyn ISKBMNOTEHUWaNn CUPTAAPHWU UM3MLLK-
MWU3 MYMKWH. JIEKWUH, 3KBUMOTEHLMAN CUPTAapHM 4YM3raHga MKKUTa
KywHn cupT noTeHUWMannapuHuHr aiuvpmacm <pH — P+ 3ap goum
6up xun OynuwM Kepakauru 3akumga kenmwub onvHraH. Y 3onga
3KBMNOTEHLMAN CUPTNAPHUHT 3uuaurura kKapab MangoH Kyunas-
FaHIMTUHUHT KaTTanurm 3akumga (Qukp HpUTULL MYMKWUH. “~akKuka-
TaH 3am, 3KBUMOTEHLMAN CUPTIAPHUHT 3MYANTM KaHYaMK KaTTa
bynca, Wy cupTnapra yTKasuiraH HOpMaib WyHanuwWwAa CUMKU-
raHgaru MnOTEeHUMaNHWMHT y3rapuwun WyHYanuk Te3 6ynagu. ByH-
JaH MafoOHHWHT 6upop >xoimparn grad 9 kaH4ya kKaTTa Oynca, E
3aM lWyHYa KaTTa Kuimatra ara Oynagu feraH Xxynoca Kenub

ynKagu.

25- pacmfja HyKTaBuii 3apaj MaLOHWHWMHT 3KBUMOTEHLMan CUpT-
napn (tyrpuporu, 6y CUpPTAapHWMHI pacM Tekucauru 6unaH Kecu-

25- pacwm. 26-pacm.



WnwKn)  KypcatuaraH, E BEKTOPHUHI y3rapuwmura moc pasuwja
3apsigra SIKMH HyKTanapfa SKBUMOTEeHUWan CUPTAAPHUHE KaauHIW-
rm opTaaw.

Bup XUHCAWM MalfOHHWHT 3KBUMOTeHUMaT cupTnapu 6mp-o6up-
napugaH TeHr Macodanapga >kolnawraH Ba MainfoH MyHanuwura
nepneHanMKynap 6ynraH TeKUCAWKNap cuctemacmpaH nbopataup.

26- pacmfa AMNONb MaNLOHW YYYH 3KBUMOTEHUMan cuptnap Ba
KYyUnaHraHankK 4m3nvknapu kypcatunaraH. 25- sa 26- pacmnapgaH oup
BAKTHWHI y3Mfa *am 9KBUMOTEHUMAan cupTnapgaH, *am Kyu4naH-
raHnIMK  YmsmknapugaH doliganaHunca, MalfOHHMHI  MaH3apacu
alHMKca AKKON KypuHMWTra ara Oynuwun KypuHuo Typubaw.



n BOB
AVN3NEKTPUKIIAPAA 3MEKTP MANAOHU

13-8. UyTt6nm Ba uyT6CM3 MONekynanap

Arap anekTp MaijoHra AM3INEeKTpPUK Kuputcak, Wy MaijoHga
Xamfa AM3aneKTpMKAA Kyn ysrapuwnap Kysatunagw. by ysrapuw-
NapHUHT coanp Oynuwun cababuHM TYLWYHWLW YYyH atoM Ba MO-
NeKynanapHuUHr tapkubuga mycbart 3apsfgnaHraH agponap Ba MaH-
(unii 3apagnaHrad 3nekTpoHnap 60p 3KaHAUIMHW Xxucobra onwuLl
3apyp. OnekTpoHnap atoMm éKu Mofekynanap 4erapanapuga xyga
KaTTa Te3nuknap 6unaH xapakaT Kuaub, y3napuMHUHE agpora Huc-
6ataH xonaTnapuHu y3nykcus ysraptupub Typagunap. LUyHWHT
YUYYH xap OuMp 3NeKTpPOH TalKW 3apagnapra Tabcup KuaraHpga
3M1eKTPOHHWHI BaKT Oyinya ypTava xonaTuga >KoinawraH Ky;ran-
mac 3apag Kabw Tabcup Kunagu.

Monekyna ynyamnapura KaparaHga katta 6ynraH macodanap-
[a 9NEeKTPOHNIAPHUHT TabCUPW YNAPHUHT  MONEKYyNaHuHr  6upop
HyKTacura >oifiawraH AurnHan 3apsgnm Tabcupura TeHr 6ynagw.
By HykTaHuW MaH(puii 3apsagnapHUHT OrMpPAWK Mapkasu feb aTaii-
mu3. LyHra yxwaw sgponap 3apagnapuHUHE  Tabcupu Mycbat
3apAgfiiap OrMpaukK mapkasu ge6 aWtunaguraH HykTara »olnaw-
raH WArMHAM 3apaj Tabcupura TeHraup. 3apsgnapHUHT OrUpPAnK
MapKasu >XUCMHUHI OrMPAWK MapkKasu Kabu aHWKNaHWLIW paBLUaH,
NekWH 6yHAa  3appanapHUHIC  Maccanapu ynapHUHC 3apsagnapu
6unaH anmawTupunuwmn 3apyp. Aemak, mycbat 3apagnap orup-
MUK MapKasWHWUHT paguyc-BeKTOpWM Kyinpgarn ¢opmyna 6yiinya
xucobnaHagu:

6y eppa r/-—/-mycbaT 3apsj >KoinawraH HYKTaHUHI paguyc-
BEKTOPW, MOJIEKYNaHUHT WWTMHAM MycbaT 3apsgu.

Moc paBuwpga MaHQUin 3apsapnapHUHT  paguyc-BeKTOPM YUYH
Kylingarn udogara ara 6ynamuma:
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6y epga T~—/'-maH(uii 3apAgHUHI BakT Oyiuuya ypTaya ”~ona-

TUHWHT pafuyc-BeKTOpU. YMyMaH o”raHja, MoOneKyna Heitpan

OynraHn yuyH MWUrMHOM MaH(uii 3apag Teckapyu wuwopa 6unad

ONMHTaH Myc6aT 3apsafgra TeHr 3KaHAUTUHWM "~mcobra onguk.
Tawkun anekTp MaiigoH 6ynmaraHga, Myc6at Ba MaH(uii 3apsag-

NapHUHT OFUPAWMK MapkKasfnapy Moc Tywuwun é€kum 6up-bupura

HucbataH MabAyMm Macogara CUMDKMIaH

Oynuwn  MyMKuMH.  Arap  3apsagnapHuHT _ I

OTMPAUK MapkKasfnapy cumkuraH bynca, y

*onga MoONeKyna 3nekTp gunonra yxuwai-

AN Ba KyTbnum mMonekyna pAeb ara-

nagn. Kytbnm monekyna Xycycwii 3anekTp

MOMeHTM p ra 3ra, (13.1) Ba (13.2) dopmy-

nanapHu  “ucobra onraHga 6y  MOMEHT

YUYyH Kyimpgarn undoga kenunb ynkagn (27- 27-pacm.

pacm):

p=qg\=q(r+- r-)=2 o+r++ 2 4drr-.

Arap myc6aT Ba MaH(uii 3apagnapHu 6up Xun Homepnacak,
ngpoaaHn Kynmpgarnya €M MYyMKWH:

p= 2 2%rm (13-3>

6y epga gk— anrebpamk KaTTanuk; AUTUHAUM MOMEKYNaHWHr 6ap-
ya MmycbaT Ba MaH(uii 3apagnapu Oyiimuya onuHagw. Arap 3apsajg-
nap cmcremacu ymymuii “onga Heiltpan 6ynca, (13.3) wudoga pa-
auyc-BekTop rk nap yTkasunaéTraH HyKTanapHu TaHnawra 6or-
VK Gynmaign.

Talky MailgoH MHykaurnga TYpAuM WWopanu 3apagiapuHuHT
OTMPAMK MapKas3fnapu MOC TylraH MOMieKyna XyCyCcuil 3nekTp
MOMeHTra ara 6ynmaingm Ba KyT6CM3 MONeKyna geiannagu.
TalKkn 3nekTp MaifoH Tabcupuaa KyTOCM3 MOMeKynaHWHI 3apafg-
napu 6up-bmpura HucbataH cumxkuiign, 6yHga mycbaTt 3apsgnap
MaiigoH TOMOHra Kapab, MaH(uii 3apsgnap aca MaifoHra KapLuu
cumkuningn. Hatwxkaga OyHAali Mofnekyna 3neKTp MOMeHTra ara
6ynnan Ba MOMEHTHWHI KaTTanurn TalWku MaifoH Ky4naHraHim-
rura nponopuuoHan 6ynagu. PayuoHannawTupuaraH cuctemaja
nponopunoHanauk koaduumeHTn e08 KypuHmwga é3unagu, 6y
epfa e0—anekTp JOUMMIACK, P 3Ca MONIEKYNAaHUHT KYyT6-
nNaHyBYaHNAuUrun geb artanaguraH kKarranukgup. Arap p Ba E
KaTTaIUKNapHUHT  liyHanuwnapyu 6up Xun 3KaHAuMruHum ~ncobra
0NcaK, Kyhmparn ugofaHun E3nnmmmn3 MyMKWH:

p = ftlE. (13.4)

Aunons MOMeHTUHUHT ynuamnurn [<] L ra Tenr. (5.3) dop-
mynara MyBOMWK MAE HuUHT ynuyamauru \g\ L~2 ra TeHr. [emak,
MONEKYNAHWHT KYyT6MaHYBYaHAWUIW P HWUHT ynyamnuru L3 ra TeHr.
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KyT?cu3 mMonekynaHuwHr KyT6naHuW npoueccu xygnaum wmycbar
Ba MaH(uii 3apagnapu 6up-6upn 6GunaH 3nacTUK Kyunup épaamu-
pa 6ornaHraH gunonbs kabu 6ynagu. LUyHUHT yuyyH KyT6CM3 MO-
nekyn! TalWku 3nekTp MaigoHAa 31acTUK AUNO/b  BasugacuHm
yTangn pennnagu.

TalWKn MaNfOHHUHT KyT6/MM MoOnekynara TabCUpuW MOeKynn-
HW YHWUHT 3/1EKTP MOMEHTM MaigoH iyHanmwu 6yinya xolinawa-
aurad knnu6 6ypuwpgaH unbopatamp. TawkM MUALOH 3MEKrp Mo-
MEHT KaTTanurura xed KaHgain tabcup Kypcatmangu. [emak, Kyr6-
NN MOfeKyna TawKu MaigoHga Y3uHW «aTTWK AWnonb cudatmga
HaMO&H Kunagu.

Monekynanap y3napuMHWHT 3NeKTp Xycyeusitnapu Oyiivya gu-
nonnapra yxwaw 6ynraHu cababnu puanekTpuknapgaru 6ynaét-
raH xogucanapHu TYWYHWLW YYyH LWNOAHWUHT TaLUKW 31eKTp Maii-
JOHMJAry xartTu-xapakaTuHW ypraHuw Kepak.

14-§. Bup XUHCAU Ba OWUP >XWUHCAN BynMmaraH 3NneKkrp
MangoHnapugarn gunosnb

Arap AunosiHM 6Up XXUHCAWM 3NeKTP MaifoHra >onnawTHpcak
y Xonja AuNonHuW Tawkwun kwnraH -f- q Ba — q 3apagnap kafta-
NUKNapU TEHr, NEeKWH lMyHanuwnapu kapama-kapww 6ynrad f, Ba
f2 kyunap Tabcupmga 6ynagu (28- paem). by Kyunap enkacnHuHr
Y3YHAUTN [sina ra TeHr, fbHW [LAWNOAHWHT  MalijoHra HucbaTaH
Xonatura 60rnuK 6ynraH Xy®MT KyuyHu Tawkun atagu. KyunappgaH
xap 6upuHWMHTr mogynu QE ra TeHr. by MogynHu enkara Kynai-
TUpCcaK, AWMONra TabCup KuNaétraH >KYPT Ky4Y MOMEHTUHWHT
KaTTaNUIUHU KenTupué uukapamus:

M = gE Is\na = p Esina, (14.1)

6y epfa p— AUNONHWUHT 3N1EKTP MOMEHTMU.
KOkopugarn (14.1) dopmynaHu BEKTOP KypuHMLIAA E3ULL MYM-

KVH:
M= |pEJ. (14.2)

LWy (14.2) dopmynaga GepwnraH MOMEHT AUNOJIHA YHWUHI MO-
MEHTW p MaigoH MyHanuwmra mMoc pasuluja WyHanaguraH Kunmb

bypuwra nHTMNAMU.
p Ba E BekTopnap yprta-

cupgarm  6ypyakHun da ra
OPTTMPULL YUYH 3/1eKTp Maii-

PY iYsinn ﬁgglﬂrzH,qu(onra TabCup Ku-

yunapra  KapLum

A : Kyiingarn uwHn  6axapuu
Kepak:

28- paem dA=Mda =pEsiaada.
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By MW AWNONHUHI 3NeKTp MalfoHZaru MOTeHUMan 3SHEPruscuHu
owwupuwira capnaHagm:

d W = pE slna da.. (14.3)

(14.3) nogaHyn uHTerpannacak, JUMNOMHUHT 3NEeKTP MakgoHga-
M 3HepruscyM yuyH Kyhimgarum copmynara 3ara 6ynamus:

= —p Ecosa + const.

Hu”oaT, const HM HonMra TeHr ge6 3mco6nab, KyhugaruHu yukapa-
MU3:
W= -ptcosoL= -pE. (14.4)
dopmynagary const HUHI KUAMATUHWU LWyHAal TaHnaraHuMu3ga,
OMNONb TalKW MaifoHra neprneHAuMKyNsp XohnawraHia YHUHT
3HepruscuM Honra TeHr Oynagm pe6 “mcobnaraH 6ynamus. Arap
AWMONb MaRfoH WyHanuwmra moc RyHanraH 6ynca, YHWHr 3Hep-
FMACU 3HT KMYUK — pE kuiimatra TeHr Oynagm Ba akCuHYa, arap
aunonb MoMeHTM E ra kapama-kapww iyHanraH 6ynca, AuNonb
3HepruscyM 3Hr kaTta pE ra TeHr KuiimaTra ara 6ynagw.

Bup xwuHcnan 6ynmaraH MainfoHfa Aunonb 3apsfnapura tabcup
KunaéTraH Ky4napHWHT KaTTanury TeHr amac. Arap gunonb ynyam-
napn kmumk 6ynca, f, Ba f2 kyuynapHn KonnuHeap pfe6 3wucobnaw
MYMKWH (29- pacm). Tawku MaigoH, (PasoHMHT AMNONb >Xonaw-
raH Hyktacuga E Bektop iiyHanu-
wura moc OynraH X  AyHanuuw
6yiinya 3Hr Te3 y3rapaétraH 6yn-

CUH. [OWNonHuWHr MmycbaT 3apagu t ~
YHVWHT MaH(uin 3apagura HucbaTaH X
X WyHanuwm 6yinya hx = Icoso.

KaTTanukka cumkuraHgmp. LUyHUHr

YUyH 3apsijnap >KoinawraH Hyk-

Tanapgaru |I<_:yqnaHraHnMKnap OE =

AE o

= Tx"x=" /cos a ra hapknaHagu. 29-pacm.
Jemak, punonra TabCuMp KUNaéT-
raH Ky4napHWHI TeHr Tabcup aTyBumcu ft+ f2 HongaH dapkangup.
By TeHr TabCuMp ITYBUMHWMHI X YKUra MpOeKuMAcWM Kyhumpgarura
TEHT:
/= allE=g—lcosa= p—cos a (14.5)
! 4 4 nx ox

LWyHpah kunmb, 6up XuHcnu GynmaraH 3fekTp maigoHpa Au-
nonra amnaHtTupyBunm momeHT (14.2) gaH Tawkapu (14.5) Ky4y *am
TabCcup Kunagu. By Kyuy Tabcupuga AWNONb  KYyUYIUPOK MalfoH
TOMOHra TopTMAMwK (@ 6ypyak yTkmp 6ynca) éku O6yHpain Mmaii-
LOHAAH uTapuauwun MymkuH (0 6ypuyak yTmac 6ynca).

MexaHMKagaH MabfiyM OynraH noTeHUMan 3Heprus 6unaH jcyn
YpTtacugarn myHocabargaH oiganaHnb, AWNOAb  3HEPTrUACUHU
KypcataguraH (14.4) dopmynagaH / KYYHUHT W(OAACUMHM  TOMNULL
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MYMKMWH. XakukaTaH XxaMm, arap a 6ypyak (SbHU AWMONHWHI Xona-
M) ysrapmac ae6 xuco6nab6 (14.4) Hn x Oyiinuya andgdepeHuman-
nacak, CYHI HaTMXXaHWHT WLWOpPacuHW Teckapucura anmawiTupcak,

(14.5) cdopmynaHm kKentmpmb udmkKapammus.

15-8. [AnaneKTPUKNAPHUHT LyT6naHuwu

Tawky 3neKTp MaigoH 6ynmaca, AW3NEKTPUKNap MoOJeKyna-
NapUHWUHT AUN0Nb MOMEHTNAPU HoAra TeHr 6ynagu (KyTécus mone-
Kynanap) éku thasogaru iyHanuwnap Oyinya nxTuépuii pasuwiga
TakcumnaHraH 6ynagm (kyt6nm monekynanap). Wkkana xonga
Xam ONANEKTPUKHUHT WWUTUHAM 31EKTP MOMEHTWM HOAra TeHr 6y-
nagu.
Tawkn malifjoH Tabcupupa AMANeKTpUK KyTbnaHagn. by aca
OVBNEKTPUKHWHT  HaTMXKaBUI  3/1eKTP  MOMEHTM HoAfaH apKim
KQHAUTUHN 6ungmpagn. OnaneKTPUKHUHT KyTOnaHuW Aapaxacu-
HW GeNrMnoBYM KaTTaNMK cugatmga Xaxm Oupaurngarn 31ekTp
MOMEHTUKM Onuw rabuningnp. Arap mMaigoH Ba AUINEKTPUK (YMY-
MWIA XOnga WKKanacu xam) 6up >XuHcim 6Gynmaca, yHAa A[U3nek-
TPUKHUHT TYpAU HyKTanapugary KyT6naHuw fapaxacu xap Xun
6ynagn. MyaisiH HykTagarn KyTONaHMLWHM XapakTepfiaw  yyyH
WYy HYKTAHW y3 uMyWra ofraH (M3MKaBUA YEKCU3 KUYUK XaKM
AV HU]) axpaTuw, Wy Xaxm uymgarn monekynanap MOMEHTNapu-

HWUHT I\/'II/IFI/IH,CI,I/ICVI P, HN TONMWULW Ba Ky|7||/|,qarv| HUCOATHN onuuw

m

Kepak:

AK

(15.1) copmyna éppamuga aHuknaHaguraH P kaTTaivk AuW3-
NEKTPUKHUHT KyTb6naHuw BeKTOpwW Aeb antunagw.

[Aunonb MOMEHTU p, HUHT ynyamnuru [\ L ra TeHr. Jemak,
P HuHr ynuamnurn [g\ L~2 ra TeHr, abHWM rOE HWHTr ynyamnuru-
ra yxwaw 6ynagn [(5.3) ¢opmynara kapaHr].

VctanraH tungarn guanektpuknapga (CerHeTtosfieKTpuknappaH
Tawkapu, 6y xakga 19-8 ga TyxTab yTtamm3) KyTO6MaHULW Bek-
TOPU MaWLOHHWHT MyaisiH HyKTacujaru KyunaHrauiHrum ounaH
Kyiingarm myHocabaT opkanu 6ornaHras:

P = *e&0F, (15.2)

') Pu3nMkaBU YeKCU3 KMUYMK Jaxm Aeb wWyHfal pgaxmra antunagukum, 6yH-
paii  paxm Monekynanap MWKLOPWHW ypTavanalwl ydyyH eTapauaup Ba Wy 6u-
naH 6upra WyHYanuK KUYUKKKW, GyHAaAl [aXM uympa 3MUNHK, TemnepaTtypa, Mmaii-
[0OH KyunaHraHnuru E Ba 60ollKa MakKpoCKONWK KaTTanuknapHu ysrapmac fAe6
auco6naw MymkuH (I tom, 39-8 parm (39.2) dopmynajgaH KeiwHrn TekcTra fJam

KapaHr).
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6y epga x—E ra 6ornmk 6ynmaraH Ba AU3NEKTPUKHUHT U3 NTEK -
TPpUK Kabyn kunyBuyaHnuru peb atanaguraH karranuk'). P
Ba e(E NMapHWHr ynyamnuknapum 6up Xun 3KaHIUTUHU Kypub yT-
raH 3guk. [lemak, X ynuyamcu3 KatTanukaup.

KyTbcns monekynanapfaaH Ty3wnaraH guanekTpuknap yuyH (15.2)
thopmyna Kyhugarm myno”asanapra acocaH KenTupmé uymkapunagm.
Bepunran AY “axm wuuyura rtAV Ta Monekyna Tywagu, y 6y
epga » - “axm 6upnurugarn monekynanap coHu. byHpgaid “onga
p; MOMEHTNapHuHr “ap 6upu (13.4) ¢popmyna 6unaH aHukKnaHagw.
LWyHpain kunmo,

Aop,=n 41/ ok
bv P A

by wndogaHn. AV ra 6yncak, KyT6naHuW BEKTOPWU YUYH KyWu-
fparn udopara ara 6ynamus:
P = a (X0E.

Hwn”osrT,
(15.3)

6enrunaw?) kmputnb, (15.2) thopmynara ara 6ynamms.

Kyt6nn monekynanapjaH TalKua TONraH AW3NeKTpuKniapga
MONEKYNanapHWHI UCCUKINK 3apakaTu YNapHWHT AUNOMib MOMEHT-
napuHu >ap xun hyHanuwnap Oyinuva Tapkatmb, TawKky MaingoH-
HWHT NYHanTUpyBuYM Tabcupura TYCKMHAUK Kunagu. Hatwmxaga
MOneKynanap AMNOAb MOMEHTAAPUHUHT KyNuuaurun maifjoH WyHa-
avwmra moc pasuwga WyHanraH 6ynagu. CrtaTtucTuk  3ucobnall
Taxpubara moc pasuwifa, TemnepaTtypa y3rapmaca, KyT6aaHuL
BEKTOPM MalAOH Ky4naHraHaurura nponopuuoHan 3KaHAUrUHA
Kypcatagu, avHu (15.2) dopmynara onmb kenagun. MalifoH Kyu-
naHraHaurn  ysrapmac 6ynca, KyT6nu monekynanapfaH TawKui
TOMraH AW3NEKTPUKNAPHUHI  KyTOnaHWW BekTOopu TemnepaTypa
opTUWIK BunaH Kamasgn. 6yHgam AM3NEeKTPUKNAPHUHT AWN3NEKTPUK
Kabyn KWyBYaHAMKNapu a6conioT TemnepaTtypara Teckapu nponop-
LuoHanamp.

MabnyMKku, MOH 60rnaHvWAM KpucTannapga ano™mga Mofe-
Kynanap ys MyCTakWAIUrMHW RAykoTagn. ByTyH kpucTann katta
6up monekynara ainaHagu. WoH 60rnaHUWAN KPUCTaN/HWUHE NaH-
XapacuHN 6UP-6UPUHUHT nyura KUpUTUATAH WKKWTA MaHXxapajaH
noopat aed KypuwnmMms MYMKWUH, Oy MaHXapanapgaH 6upu myc-
6aT moHnapgaH Tys3uaraH, MKKMHYUCK 3ca MaH(Wil moHnapgaH Ty-
3unraH. KpucTaninHWHT MOHNapura TalWku MaifoH TabCUp KUATaH-
fJa naHxapanap 6up-6upnapyra HucbaTaH CUMKUALKW, HaTuXKaga
OnanekTpuk KyT6naHagu. KyTt6nanuw Bektopm 6y >(Onga 3<am

) AHM30TpON AuanekTpuknapaa P Ba E HWHT iyHanuwnapu, ymymaH onravga,
MocC Kenmaihau. Bus ga”ar u3oTpon AMINEKTpPUKNApHU Kapab unamus.

a) (15.3) myHoca6aT TakpuGuitnup. % Ba p KaTTanuknapHu GOrNOBYM aHUK-
pok wudosa 18-§ HUHI oxupupga Kypunagu.
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maiigoH Ky4naHraHaHrun 6unaH (15.2) MyHocabaT opkanu 6ornaH-
laH.

KyT6cm3 monekynanapfaH TawKua TONraH 6up XXMHCAM  U30-
TOM AN3NEeKTPUKAA MaMAOHHWHI iyHanuwu E ra, gemak, KyT6na-
HULW BEKTOPM P HWHr #yHanuwura *aM nepneHaukynap 6Gynrad
N mMaligoHya 6op fe6 gapas kwunaiinuk (30- paem). [AU3NEKTpPUK-
HUHT >@kM 6upnurmga 3apag -\-e O6ynraH n T1a 6up xun 3appa

Ba 3apsaguM +e OynraH n Ta 6up xun 3ap-

pa 6op O6yncuH. Arap [W3NEKTPUK Nun-

fJarn mMaiigoH 6up XuHcam 6ynca, E HuHr

nago 6ynuwmn 6unaH mycbat 3apsagnap-

HUHI 3(ammacu E HUHr WyHanuwmn 6yiinab

(P HWMHr WyHanuwwn 6unaH Moc Oynrad

MyHanuw 6yina6 30- pacmra kapaHr) 6up

xun [/, macogara cumkuiign, “~amma MaH-

I duiAi 3apsgnap 3ca kKapama-kaplum MyHa-

amwpga 6up xun /2 macogara CUmMKURW.

Hatwxaga S wmailgoH4a opkanu uvangad

YHITa TOMOH MabiyMm MuKgopga Myc6at

3apagnap Ba YHrjaH vanra MablymMm MUK-

fopga MaHgwuii 3apsgnap ytagu. Mogomm-

Kn, mycbaT 3apsgnapHu Tawysumnap 1K

30- paewm. macothara CWMKMP 3KaH, y ”“onga nnac-

TUHKaAaH /, fjaH y3ok 6ynmaraH macogaga

XonnawraH 6apuya -j-e 3apagnap S’ MaifoH4aHuM Kecub yTagwm,

AbHWM acocu 5 ra Ba 6anaHanury /, ra TeHr OynraH LWUAUHAPCU-

MOH *axm uumpa (30- paemga 6y ”"axM ropusoHTan udusnknap

6unaH 4ym3unarad) konawraH 6Gapuya +e 3apagnap 5 maiigoHua

opKanu ytagu. byHgai 3apsignapHuHr coHureb/,ra TeHroynub, ynap

TOMOHMAaH P yHanuwga Tawmnb ytunraH 3apsag --enS /, ra TeHr.

Xyaan wyHgaw P liyHanuwra kapama-kapwu WyHanuwga SI3

AaKMfAa dKoinawraH 3"aMMa MaH(uii  3apsgnap S MaligoH4aHm

kecnb ytagn (30-paempa 6y ”“axm Kua uusmknap 6unaH 4nsnn-

raH). Hatwxapa GepunraH malijoH4ya OpKanuW YHrgaH vanra To-
MOH —e n Slj ra TeHr maHuii 3apag yTagu.

MaHuUin 3apAAHUHT MabayM RAyHanuMwfja Kyumpuanwn katTa-
MK Xu™atgaH  TeHr MmycbaT 3apAafHUMHT  Teckapu iyHanuwpja
Kyumpuauwnra 3kemBaneHTamp. LUYHUHT y4YyH MaiifoH ynaHraHga
S maigoHya opkanum P BEKTOPHWMHI WyHanuwmja Kyhugarn myc-
6at 3apag KYuupunagu [eavil MyMKWH:

g = en Sit + en S'I2= e(lt + 13) nS".

NeknH [, + /2 gnanekTpukgaru mycbar Ba MaHpuin  3apsgnap
6up-bupnra HucbataH cumxuraH | macogagup. byHpain cumxuw
HaTuxacuaa Ba —€ 3apAgfiapHuMHI *ap 6up Xyptn p = el=*
=e(lt+12 ra TeHr pgunonb MOMeHTra ara 6ynagm. Xaxm
6upnuruga OyHpain 3apag  KY(QTNapuUHUHT COHM N Ta. [emak,
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e(li 4/2) ft = elti = pti kynalitma KyT6naHUW BEKTOPUHUHT Pmopay-
nvHn  6epagn. LWyHpaid kunmb6, MaikgoH ynaHraHga S MaingoHva
opkanu P BekTOp WyHanuwmga yTaétraH 3apsf Kyiuparura TeHr:

q' = PS. (15.4)

LOnanekTpuk numga katTanmknapu TeHr MKkuTa St Ba S2 maii-
[LOHYanapHu TacaBByp Kunainuk. MaiigoHyanap E HuHr iyHanu-
Wwnra nepneHAuKynap Ba 6up-6upnapu-
faH Ax macogaga (31- pacm) xonnawraH / 2
O6yncuH. [ManekTpuK MaigoHra Kupu- (S,*Si=S)
TUnMacgaH onguMH acocu S ra Ba Oa-
naHgnurn Ax ra TeHr 6ynraH uuanHAap- *

CUMOH "axmparu NWruHaM 3apsag Honra

TeHr (ANANeKTPUK HeilTpan 6ynagwn).

[OunanekTpuk wmaiigoHra KupuTuaraHga / V*&X (¥
S, MailfjoH4ya opKanu UMAWHAP wnuura
g —PX wmyc6ar 3apag kupagu [(15.4)
ra kapaHr, f, —P BEeKTOpPHMHI 5, malii-
0OH Kecumugarn wmogynuamp]. LWy 6wu-
naH 6mp BakTga S2 MaigoH4a opKanu
UMAMHAP wunbaH qt = PS wmycbart 3a- 31- pacm.

pag udukagnm (P2—P BeKTOpHUHI S2

MaiioH4a Kecummgaru Mogynuaunp). Hatuxaga kapanaétraH "axm-
Ja MablyMm MUKLOpAa OpTMKYa 6ornaHraH myc6at 3apag  Ko-
nagu:

ax

C.=?'m-2;=(1- 9)S. (15.5)

Arap AnanekTpuk 6up XuHcnm kytbnaHvraH 6ynca (P = consf),
y *onga P, = P2 Ba (15.5) wndoga Honra ainaHagu. Lemak, 6up
XWHCAW  KYTONaHraH AW3NEKTPUK "~aXMHAA opThKYa 6ornaHraH
3apagnap naigo 6ynmaigu. JSlekmH 6upop cabab 6unaH Auanek-
TPUK OUP XUHCAN KyT6naHmaraH 6ynca, Pi — P2 TeHrnnk 6axa-
puamangn. Bbup >xuHcam 6ynmaraH KyTbnaHuwra AU3NeKTPUKHUHT
y3ngarn 6up XuHcamMacamknap 3"amga E mMaifOHHWHT 6uMp XMHC-
numacnuknapu (an6atta, 6uMp KMHCAMMACNMKNAPHUHI  Bapyacu
amac, 6ankm 6up XuHcnm 6GynmaraH XoWnapaa 3pKuH 3apsagnap-
ra ara 6ynraHnapu) cabab 6ynagw.

ONaneKTpUKHUHT KyT6naHuw gapaxacu E HUHr HyHanuwura
MOC TyWaguraH X yKu yHanmwwy 6yinuva Ysrapagu pge6 ”~ncob-
nanmk (31- pacm). Y “onga P2—Px kaTTannk P BeKTOp mogynu-
HUHT X YyKu Oyiinya [n: macodara cu/mKuraHga onraH opTTup-
macn AP pgaH ubopat. by opttupma AP="0 6ynraHu cab6abnu
KatTanurm S A X ra TeHr uunumHgpuk “axmga (15.5) ra myBogmK

Jopr = -(A a-/3)5=-404.5

ra TEHr OpTWK4Ya 3apsaj nango 6ynagu. by 3apagHu UWAWHAPHWUHT
Naxkmu 5 On: ra 6yncak, 6ornaHraH 3apsgnapHMHT X KoopguHata
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6unaH kKecumgarum “axm 3uunurura ara  6ynamus/([ X HU KU4mK
ne6 >(ncobnainmms):
S

AP.

P = oA

By ugogaHn S ra Kuckaptupub6 [* HU HONra MHTUATUPCAK,
Kyhngarn gopmynara ara 6ynammsl);

XOoCuUn KWUNMHraH MyHocabaTHM KyTGaum MOJieKyfanum [UaneKT-
puUKnap ydyyH *am uynnaw MyMKWH.

KypHnaéTtraH “axmpa xoinawraH 6o0rfnaHraH opTuk4a 3apsg
yuyyH TonunraH (15.5) udopagaH fHa 6up My~ MM MyHocabaT Ke-
M6 yukagn. P BEKTOPHMHT 31-paemfa KypcatuiaraH UUIVHAP
CUMPTV OpKann OKUMUHKM Tonamu3. EH CUPT opKann yTaéTraH OKUM
HONra TeHr, YyHKM P BekTOp Oy cupTra yTKasuaraH ypuHma Oyim-
ya RAyHanraHgmp. P HUHT S2 mMailfjoHYa Y4YyH HOpMman TawKui
3TYBUMCU P BEKTOPHUHI 2 Kecumparun moaynura, abHuW P2rarteHr.
LyHWHT y4yyH S2 mailfoHuya opkanu yTaétraH okum P25 ra TeHr-
anp (5, Ba S2 maiifoH4YanapHWHT 1031 6upgaini 6ynnb S ra TeHr).
P BEKTOpPHWHr S, MalijoHuyara Hopman Tawkun 3TyBumcn —Pt ra
TeHr (5, maigoHuyara yTkKasuarad Ttawuum Hopman Ba P BekTop-
HUHT AyHanuwnapy kapama-kKapliun), LWYHWUHT YYyH MaingoH4ya op-
Nann yTaétraH okum —PtS ra Tenr. LWyHpaii kunu6, P BekTop-
HUHT UWAUHAP CUPTW OpKanu TY/UK OKUM KyAngarura TeHr:

®p=P2S-PiS=(P2-4,) S

FOkopunaa kentupunraH wudgogaHn (15.5) GopMynaHUHT  YHT
Kucmm 6unaH Takkocnacak, LMAWHAP Mymaarn 60ornaHraH opTukda
3apAg 6unaH P BEKTOPHWHI LWAMHAP OpKanu OKUMW ypTacuparu
MyHocabaTtra sra 6ynammus:

(15.8)

Bupop “axm uumga XoinawraH OpTMKYa 3apag wy “axmpa
XoWnawraH 6GorfaHraH 3apagnapHuHr - anrebpauk AnrnHgucura
TEHr:

') P BeKTOp iiyHanuw 6yiinya X YKura Moc TywmalguraH Ba X fJaH Taw-
Kapu siHa y Bar KoopauHatanapra 60rnuk 6ynraH ymymuit Aonga p' yuyyH KyHU-
aarm gopmyna ésunagu:

Px P Pr >
,Cl_ 1,0. ¥ ,CL_ = - d\ Iy (15.7)

(div P cMMBONMHUHT MabHOCK 107-§ ga TyWyHTMpuUnagu).

Bus (15.6) dopmynaHun Kentupub umkapraH gon ydyyH Px = P,Pv=Pr=20
ra TeHr, WYHWHT yyyH (15.6) xycycuit gonga kypunraH (15,7) HUHT Xyaau ysu-
oup.
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qopl= J] q'. WyHuHr yuyH (15.8) copmynaHu KyiAugaru Kypu-
HAWAA E3UW MYMKWH:

®p=¢p PndS= - J?". (15.9;
1

Ywoéy (15.9) dopmyna aHr ymymuii 30nfa 3am Gaxkapuauwm-
HW, ABHW uUCTanraH LWakngarn cupt P BEKTOPHWUHI X, Y, Z KOOp-
OuHaTanapra uxtuépuii 6ornaHuwmn, Kytéeus Ba KyT6/IM MOneky-
nanapra ara 6ynraH AM3NeKTPUKAAp YYYH Tyrpu OyauwuHW ncbot
Knnuw MyMKuH.

KyT6naHraH [WaneKTPUKHUHT CMPTMAA KaHfain 3opucanap Kysa-
TUANWWHKW  Kypalnuk.  Jactnab, [AUINEKTPUKHUHT TalKyu ACCu
cupTn P BekTopra nepneHaunkynsap geb6 sucobnarimns (32- a pacm).
MaiifoH ynaHraHga 6apya MaH(puin 3apsgnap MycbaT 3apsagnapra
HucbaTaH 4Yan TOMOHra P ra Kapwu TOMOHra 6up xun | macoda-
ra (30-pacmparu /, + /2 ra moc Kenagu) cumxkuingn. Hatmxaga
KanuHnuru / ra TeHr 6ynraH cupT SKUHWAArW Katnamga MurnHaucu
A@r= enS | ra TeHr 6ynraH Mmyc6aT 3apsfnapHUHT y3u Konagu
(kapama-kapwmn TOMOHAarn cupTga aca KaTTauK XusathaH TeHr
MaH(wuii 3apag naingo 6ynagm). Arap gm HuM 5 ra 6yncak, 6or-
NaHraH 3apsigHWHT CUMpruiA 3umunmrm o' = cln ra ara 6ynamus.
NeknH eln KyT6naHWw BeKTOPWM P HWHT  MOAYNW 3KAHAUTWHK
loKopuga Kypumb yTraH 3fWK, LUYHUHT Y4YyH

a="P (15.10)
[e6  é3U MYMKUH.

ON3NeKTPUKHUHT TalKkW fcCM  cupTura yTKasuiaradH Hopman
BeKTOp P 6unaH unxTuépuit a 6ypyak TalKWA KunaguraH 30/HM
Kypainuk (32-6 pacm). byHga Kua uUuAMHApPHW 5/ cosa ra
TEHI 3aXMW MaHwiAi 3apagnapgaH o304 6ynagu. By 3aXM unyun-
farn opTukya 3apag qopl= en S lcosa ra TeHr. by ndogaHn S ra
6ynnb, e T = P 3KaHAUIMHM 3ucobra oncak, Kyhugarura ara

6ynamms:
a'= Pcosa = Pn, (15.11)

6y epfa Pn— P BEKTOPHWHI [AW3NEKTPUK CcuUpTUra YyTKasuirad
TalWkn Hopmanra 6ynraH npoekuuacugmp. HOkopuparm wugopasa
a= 0 6ynca, P,, npoekums P ra TeHr 6ynagn Ba 6u3 siHa (15.10)
thopmMynara KawWtamms.

(15.11) copmyna cuptgarm 60rnaHraH 3apAgHUHT  KaTTanuru-
faH TalKapu uwopacuHM 3aM KypcaTagu. CUPTHUHT TalKW HOp-
Man n 6wunaH P BekTOop yprtacugaru 6ypuyak YTKMp OynraH Hyk-
Tanapuga Pn> 0 Ba o' myc6ar 6ynagu. Tawkum Hopman n Ba P
yTMac OypyaK TalWKun KuaraH HykTanapga /-,<0 Ba 0 MaH(uii
bynagu.

Arap (15.2) ra mysouK P wu * Ba E opkanu udoganacak,
Kylingarn dopmynara ara 6ynamus:

= %o (15.12)
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paem

6y epga En— ananekTpuk mumnpgaru mMaifoH KyunaHraHAUTUHUHT
HopMmasn Tawkun 3tyesumcu. (15.12) opmynagaH KyudnaHraHink
4yn3uKnapu OusnekTpukgaH uymkaétraH Hyktanapga {En>0) 6yn-
raHga 6ornaHraH myc6aT 3apsgnap cupTra 4uKaguW, KyunaHra-
NMK YU3WKNapu OU3NeKTpPUK nuura KupaétraH Hyktanapga (£n<0
b6ynraHga) 6ornaHraH MaHguin  3apsgnap  cuptra  uYvMKagu ferad
Xynocara Kenamus.

bus kentupmb uukaprad (15.11) Ba (15.12) copmynanap ux-
TUEpUiA Wwakngarn 6up XuHcam GynmaraH LUINeKTPUK, 6Up XXMHC-
nn bynmaraH 3nekTp MaingoHga 6ynraH  3Hr YMYMWMIA XONn  YUYH
Xam 6axapunagn. byHga Pn Ba En mMOC BEKTOPHUHI 8 CU  aHUK-
NaHaéTraH cupT 3N1eMEeHTU AKUHWUAA ONUHTaH HopMman TalKwua 3TyB-
ynnapu 6ynagw.

(15.11) dopmyna Tlaycc cucTemacmpa *am wWyHAalk KypuHuwpa 6ynagu
NeknH (15.12) dopmyna 6y cucTemaga Kyihmparn KypuHuwra ara 6ynagu

P=*E. (15.13)
Moc paBunwpga (15,12) dopmyna Kyhngarunyda éesunagu:
a'= %En. (15.14).

16-§. [OuaneKTpuknapgarm MaifoHHMW TacBupnall

OvanekTpukgarn Mai#goH KyynaHraHAHru feraHga E HuHr
Xauuknii MalfoHHM (U3NKABWIA  YEKCM3 KUYMK  XaxXMmu Oylinyda
O/MIMHraH ypTaya KWiMaTh TywyHunagu. LuanekTpukparn Xakukuig
(MuKpockonuk) MailgoH MoOnekynanap opacugarm macodanapga
Kyunu ysrapagu. JIeKMH MaiJOHHWHT MaKpPOCKOMWK >XMCMapra
TabCcuMpu KypunraHga 6y ysrapuwniap cesuiMaiguM Ba MalgOHHUHT
TabCcuMpn E HUMHr ypTaya (MakpoCKONWK) KuiiMatu 6unaH aHukna-
Hagw.
Makpockonuk E MaiifjoH UKKUTa MaiJOHHWHT YCTMa-ycT Tywun6
Kywunuwm Hatwxacupga naigo  6ynagn. by maiigoHnappaH
6vpuHUM Ea HU 3pKWMH, ABHWU XUCMAApHW 6Gup-bmpura TEKKW3raH.
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ja 6up KMCMAaH WMKKMHYMWCMra yTa ofafguraH 3apsgnap nango
Kunca, WkkuHuM E' HM 6ornaHraH 3apsgnap naigo kunagu. Mai-
LOHNAPHUHT Cynepnosnumns npuHUMnuMra MyBoguK

E= EO+ E. (16.1)

OnanekTpukHMHTr KyT6nanmwmn (16.1) ga kypcatunraH WWMrMHAW
MangoOHHUHT Tabcupura 6ornukgup. LWyHuHr yuyH (15.2) Ba (15.12)
thopmynanapra E HM KyiAuw Kepak.

BornaHraH 3apsigfapHUHr 3pKWUH 3apagnapjaH dapky WyHaa-
K, ynap Tapkubura KupraH MONEKyNaHWHT (EKW aTOMHWHI) Tall-
Kapucura 4Ymka OfIMainAW. YNapHUHT KO/raH Xxoccanapu 6ouika
bapuya 3apagnapHUMHT  XoccanapugaH apknaHMangn. XycycaH,
6ornaHraH 3apsgnapga E BekTOpHuUHr '/sO umsmknapu 6ownaHu-
WX KN TamMOMMaHWULIM MYMKWH. LUyHUHr yuyyH (16.1) ndoga op-
Kanun 6enrmnaHaguraH E BekTop y4yyH [aycc TeopeMacuHW Kyin*
fjarvya ésuw Kepak:

de = i, (16.2)

AbHU E BEKTOPHWHI énWK CUPT OpKany OKMMUHWM 3ucobnaraHpa
(hakaT IpKUH 3apafnapHUHT anrebpavk WUTMHAUCUHWUIMHA — 3MaC,
6anky Wy cupr mumMgarn 6ornaHraH 3apagnapHUHT  AUTUHAMCUHW
3am abTmMbopra onuw kepak. LUyHuHr yuyyH (16.2) dopmyna E
BEKTOPHUHI AW3NEKTPUKLATN KATTA/IMIMHU TONULW YYyH ApaMaigw,
YyHKNW 6y Qopmyna Homabnym E kaTtTtanukHu 6GornaHraH 3apaj-
nap .- opkanu ugopganaingm, 6y 3apsgnap aca y3 Hasbatuga E
opkanu Tonunagn [(15.12) dopmynara KapaHr].

NeknH E HuHr 6ornaHrad 3apagnapra O0riuMK  3KaHnurugaH
KyTynnw MYMKWH, OYHWMHI yyyH E BekTop 6GunaH ogauii myHoca-
6aT opkanu 60rnaHraH Ba 3pKUH 3apAffapHUHT asofarun TakCMMo-
Tura 6ornuk 6ynraH épgamunM  KartafimkHu KupuTuw  3apyp. by
KaTTAIMKHUHT  KYPUHULIMHKM  aHuKnaw  y4uyH (16.2) ¢opmynaHu
(15.9) ugopa 6unaH conuwTupamms. Ly (15.9) wdogaHuHr  yHr
Kucmmn )16.2) dopmynagarm MKKAHYM AUTMHAM  6UNaH uMwopa Ba
1/e0 KynanTupruuraya aHuknuMkaa moc Tywaau. Hatwxaga ywoy
ngpoganapgaH q HM yYukapub to6opuw Ba P BEKTOPHWMHI  OKMMM
6vnaH anmalTMpULW KMMKoHMATMra ara 6ynammns. HOkopugarm (15.9)
Ba (16.2) dopmynanap 6upnawTtupunca, kynugarn dopmyna Ke-
A6 YMKUWWHW TEeKWUPULW KUAKMH 3Mac:

e0DE +®* =(j) (0E + P),rfS=Vv<7. (16.3)

S

MHTerpan ocTtugarn kascnap uumparu udoga 6u3 msnaraH ép-
JamMuyn KaTTaNMKHUHT y3uamp. YHu D 3apdpm 6unaH 6Genrunab,
BNEKTP CUMKMIL (EKM 3NEKTP WMHAYKUMACK) Ae6 aTaimums.
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WyHpali  kuanb, 3neKTp cunxumw (3NeKTp UHAYK-
umsacu) peb kyinmparn myHocabaT 6unaH aHMKNaHaguraH Qusmka-

BUIA KaTTanMKKa aiTunagm:
D —e0E + P. (16.4)

by katTanukgaH ¢oiiganaHn6, (16.3) dopmynaHu Kyiingaruda
B3 MYMKWH:

®o=g D,dS= Ya. (16.5)

Arap 3pKuH 3apagnap énuk CUpPT uumpa Xaxu 3udunumru p 6u-
naH y3nyKcu3 TakcumaaHraH 6ynca, (16.5) cdopmyna Kynpgarunda

y3rapagu:
[ pdV. (16 b
X \'

KOkopugarn (16.5) Ba (16.6) hopMmynanap 3neKTp CUNXKULL BeK-
Topy y4yyH Faycc TeopemacCUHU wudoaananan: sanekTp cun-
KUW BEKTOPUHWHT énuy CUPT Opuanu OKUMU WYy CUPT UYKn-
fJarn 3pKUH 3apafgnapHuUHr anrebpauk AUTMHAUCUTA TEHrAuMp.

Bakyymga P = 0 6ynraHu yuyH (16.4) opkann wudopanaHraH
D kattanuk Ba E ra ainaHagn Ba (16.5) xamga (16.6) dopmyna-
nap moc pasuwpa (8.3) Ba (8.4) ¢opmynanapra aiinaHagw.

JNeKTP CUMDKULL BEKTOPU OKUMUHWUHI 6upnuru KynoH (a) op-
Kann 6enruvnaHagn. bus kypraH (16.5) dopmynara mysBouK 1 K
ra TeHr 3apsaf y3vHuM Ypab TypraH cupT opkanum 1 K ra TeHr
CUDKMIL OKUMWHW Nalifo Kunagu.

(16.4' dopmynara (15.2) ndogaHn Kyinb P yuyyH Kyimgaru
(hopMynaHu Xocua Kunamus:

D = £0E + xeOE =e0(1+*)E. (16.7)
By ¢opmynagarn ynyamcus KaTTanuk
B= 1+X (16.8)

HU MYXUTHUHT HUCOMWUMN [JUINEKTPUK KWUPUTYBUYAHAUTMK
€KW KUCKaya OAVINEeKTPUK KUpPUTyBYaAHNUTKU peiimnagunl).
Jemak, (16.7) myHocabaTHW Kylimaaru KypuHuwaa é3mi MyMKUH2):

N tuiE. (16.9)

FOkopwuga ranmpmnb yrunraH E Ba D BekTopnap ypracugarv ogguii
MyHOocabaT MmaHa LWyaup.

')y Bab3aH QopmynanapHu copfanawTupuwl Makcagupa abconloT AWM3INEKTPUK
KUpPUTYBYaHNMK fe6 aTanaguraH ea = e0e kaTTaNukK Kuputmnagum. by kaTtTanmk
hun3nMKaBuii MabHOra ara 6GynmaraHm ydyyH 6u3 yHgaH doliganaHmalimums.

2) AHusoTpon AauanekrpHknapfa D Ba E HuHr liyHanuwnapy ymymaH ant-
raHga, moc Tywmaligm (45- 6eTgarm cHockara KapaHr).
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Bakyymparun HykTaBuii 3apaj MaiOHUHWHT 3MEKTP CUDKULIN
(5.3) Ba (16.9) dopmynanapra MyBODUK KyilAmparura TEHT:

r» 1 4ar
7' '1610>

JNeKTp CUMDKULWIHUHT 6upnurn cudatuga Keagpat meTpra Ky-
NOH onuHagn (K/mr).

lFaycc cucrtemacuaa 9n1eKTp WHAYKUMAD) Kyiingarm MyHocabaTdaH aHukna-

Haau:
D—E + 4nP. (16.11)

by ndopgara (15.13) gaH P HWHT KMAMaTUHU Kyiicak, Kyihuparu kenub uuka-

an:

D= (1+4tcx)E. (16.12)

Yuwoéy

e= 1-)-4nx (16.13)

KaTTaiUKHW AM3NeKTPUK KMUPUTYyBYaHNUK pe6 artaiigunap. by KkatTa-
nukHn (16.12) dopmynara Kyiicak, Kyhungaru mdopgara ara 6ynamus:

D= ¢eE (16.14)

laycc cuctemacufa Bakyympaarn 3N1eKTp UHAYKUMACK MaifoH KyunaHraHnuru
E ra TeHr 6ynagu. [lemak, BakyymAaru HyKTaBuii 3apaj MalifJOHUHWHT 31eKTp
nuaykuunsacu (5.4) cdopmyna épaammupa aHuknaHagw.

(16.10) dopmynara myBotuk | K ra TeHr 3apag 1m macodaga nango kKuna-
&TraH 371eKTp CW/DKWW KyAunparura TeHr:
.0 1 1

= e — v m\
.t r* 4r.'12  4n

| —

D =

N

by *onpga [aycc cucTemacupa 3M1eKTp UHAYKUMA

a 3-100
D= — = == 3-105CIFC3-6MpAMKKaA TEHT.
r* 14

WyHpat knnm6, 1 k/m* ra 4it-3-108 CTCI-3nekTp WHAYKLUA BUPANTM Tyr-

pu Kenap aKaH.
raycc TeopeMacMHUHT Faycc cucTemacugaru KypuHuwWwy yyiugarnda ésmnagu:

§Dn dS=4*2 & (16.15)
j>Dn dS = 4n i]p dv. (16.16)

Faycc cuctemacmpa 6up KynoH 3apsg 4nq = 4n-3.10» £7 C6)-6MpnnKKa TeHr
BNEKTP WHAYKUMA OKMMUHW naipgo kunagu. WynHpaint kugub, D BeKTOp OKUMMU
6UPNNKNAPUHUHT ypTacupa Kyhungarm myHocabat MaBXygaaup:

1K = 41¢*3*109 CIC3 - okum 6upauru.

D Ba * KaTTaMKNAPHUHT (DU3MKABUIA MAabHOCUHU TYLUYHULL YUYH
AU3NEKTPUKIapAaru maifoHnapra fop 6up HeuTa MUCON  Kypub
UMKaMu3.

1) .9nekTp cumkmw™ TepmuHu (16.11) KaTTaAMK YUyH KynnaHunmamgw.
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1. fAccn nnacTuUHKa mymgarn mMampgoH.
BakyyMma MKKWATa Xap XWn wwopanu 3a-
psgnaHraH 4YekcuM3 TeKUcnuknap naigo
KvnaraH mMaifoHHW Kypannuk.  MaiigoH
KyynaHraHnmurmin EO 31eKTp CU/DKULWIHK
DO0=t0EO pge6 6enrunaiimus. by maiigoHra
O6Mp OKUHCAM  AM3NEKTPUKAAH  Acanrad
NIacTUHKaHW Kuputamui Ba YHU 33-paemaa
KypcaTuiraHgai >xonnawtmpamus. MaigoH-
- v HWHI TabCcupuia AU3NEKTPUK KyT6naHaau
I M Ba YHWHI cupTnapupa a' 3uMyInKgarun 6of-

_—

+6 -4 +t' -6

naHraH 3apsignap nango 6ynagu. by 3a-

pagnap nnactTuHKa wuumga Oup  XKMHCAK

, b FAT] o MafoH Mmaigo  Kuamb, Wy MalngoOHHUHT
8 L "y M KyuynaHraHnHru (8.6)chopmynara MyBO(UK

| \Y E' —o//le0 ra TeHr. KypunaétraH xonga
AN3INEKTPUKHUHI Tawkapucnga E'—O0 ra
3a- paeM. TeHr. MaliJoHHUHT KyuynaHraHnHrun EO o/e0
ra TeHr. WMkkana maigoH 6up-6mupura ka-
pama-Kapwu WyHanraH 6ynraHu yYyH [LAW3NeKTPUK wuumgarn mai-

JIOH
(16.17)

ra TeHr Oynagu. AwanekTpukgaH Tawkapuga aca E = EO ra TeHr.

LOnaneKTpuKHUHT KyTOonaHnwmn (16.17) maiigoHra 6ornMHanp.
By MaiifoH nnacTuHkKa cupTuUra neprneHaMKynap 6ynraHu yu4yH
En= E ra TeHr Ba (15.12) ra myBouk 0' —*e0E. By KuiimaTHu
(16.17) dopmynara KYiicak,

E = EO- yE
ra 6ynamms, 6GyHpaaH
p_ B0 _ (16.18)
1+ wmn t’
WyHpak knnnb, 6m3 Kypub yTraH xonga HUCOUA LMINeKTPUK

KUPUTYBYAHIMK ®TalKU MalifoH AU3NEeKTPUK Xncobura Heva map-

Ta KamaliMWunHKM KypcaTagu.
(16.18) thopmynaHn &e ra KynaidTmpcak, niacTUHKa umuugaru

3NEKTP CUMDKUW YYYH Kyiugaru udogara asra 6ynamus:
D=r,rE~T En (16.19)

LWyHpain knanb, nnacTMHKa numga 31eKTp CUMKULI 3PKWUH  3a-
pagnap MangoHW KyunaHraHAuruHuHr 0 ra  KynaintupuaraHura
TEHI, AbHW TaWKW MaNAOHHUHI 3neKTp cumkuwmn DO 6unaH 6up
xun 6ynaan. MNnacTuHkagaH Tawkapuia e = 1 Ba D xam €0 b0 ra
TEHT.
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0 HM Tonuw Yy4yyH (16.18) copmynagarm E Ba BO Hu 3apag-
NapHUHT 3M4MTK opKanu udogdanaw Kepak

1 (o—o'\f = 2
fo Eoe

byHpaH
c=-"1i0 (16 20)

33-pacm e= 3 6ynraH 301 Y4yH um3uaraH. LUyHWHr YyuyH
AVNINeKTpuKAarn E YM3NKNAPHUHT KAIMHAUTW NNacTUHKagaH Tall-
Kapugarnra KaparaHga Y4 MapTa Kam. MaiigoH 6up >XuMHCAK
6ynraHy yuyyH uusuknap 6up-oéupupaH TeHr macodanapfa yTka-
3unraH. byHga o' Hu (16.20) copmynagaH doliganaHMacgaH To-
nmw  MYMKUH. XakukaTaH 3aMm, MaacTUHKa nanparun MaVIp,OHHMHF
Ky4dnaHraHnurn nnaCtTUHKagaH tallkapungaru MaVI,qOH Ky4dnaHraHnu-
rmjaH yd 6apaBap Kam 6ynraHu y4dyH, 3pKuH 3apsgnapga 6ouinaH-
raH (km TamMoM OynraH) Ky4YnaHraHJuK YM3MKNapPUHUHT yyTacujaH
MKKUTacu 6ornaHraH sapagnapga oGownaHuwn (EKM TaMOMIaHULLIN)
Kepak. byHpali 6ornaHraH 3apsgnapHUHT  3MUYAUTUA 3PKUH 3apsag-
nap 3WYUTMHUHE 2/3 KUCMUTa TeHr Oynuwin Kepak AeraH Xyno-
ca 4umkagu.

laycc cuctemacuga (8.7) dopmynara myBouk 6GornavraH sapsagnap < nail
0o kunraH E' KyynaHraHnuk 4 Ha ra TeHr. LWyHuHr yuyH (16.17) wmyHocabar
Kyiunparn KypuHulira sra oynagu:

E —E0O—E' — EO0O— 4s0'".
Arap o' Hu (15.14) dopmynagarn En =mE 6unaH anmawtmpcak,
E = Ea— 41i%E

ra sra 6ynamus, 6GyHpAaH

PR = o B = |
1+ 4% E

LyHpal kunnb, AM3aNeKTPUK KUPHTYBYaHNHK e, CW cucTemacuparn e ra Yx-
Wwaw TalWkW MalAOHHWHT AM3INEKTPUK 3Mco6Mra Heya MapTa KaMalMWHHW Kyp-
caTagn. femak, HW.'6MA ANINEKTPUK KUPHTYBYAHNHK ¢ [aycc cucTemacu,taru £
ra Tyrpu kenap akaH. Arap (16.8) Ba (Ib 13) dopmynanapHu avTub6opra oncak, la-
ycc cucTemacuparv UanekKTpuk kabyn kunysuaHnuk (%rc) sa CW cHcTemagaru

OV3NEeKTPUK Kalyn kunyBuyaHnuk (%cw) 6up-6upnapugaH kK naitupruy 48 6unad
(hapk Kunagu feraH xynocara kKenamus:
= 4n Ypc- (16.21)

2. LapcuMoH LaTnam mumgarn mampoH. 3apsgnaHraH cepaHu
6Up XKUHCAW ANINEKTPUKLAH ACa/TaH KOHLEHTPUK LIAPCUMOH KaTiam

6unaH ypaiimus (34-pacm). KaTnamHWHT uukm cuptuga al 3nunuk
6unaH TakcumnaHraH ¢\ 6ornaHraH 3apag nango o6ynagn (gl =
Q), TaWwkKyM cupTnaa aca 023UUNNK 6unaH TaKCUMAaHraH g2
6ornaHraH 3apag nango 6ynagn [q2= 4 ~ 3apfaf g2 HUHT uwwo-
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34- paem.

pacu chepa 3apsAM g HUHT Mwopacu 6unaH Moc Tyluaam, g\ 3apsaHUHP

nwopacy aca Kapama-kapwwu 6ynagu. q{ Ba g2 3apsgnap Moc pa-
Buwga R, Ba R2 wmacodanapgaH katTa I macoganapga nango
KWAraH MaigoHW KaTTaJiurn TeHr HyKTaBWil 3apsff naingo Kuarad
mMaihgoHra Typpu kenagu [(8.10) dopmynara kapaHr], q\ Ba g2
3apagnap ysnapu TakCMMaHraH cupTnap wuumMja MaigoH naigo
Kunmangn. [emak, LW3NEKTPUK nMyugarn ManfoHHWUHT Ky4dnaHraH-
mnru

E'= — & = -1- 4kR2™ = -L

4rer0 Ir 41ce0 rr e, r2

ra TeHr Ba rawku MaifoOH Ky4ynaHraHaurura kaPama*KaPwu 3KaH.
[OnanekTpukgarn HaTuXaBuil MaiigoH

B() =Ba-BE'= 0y o r (16.22)

1!rr KOHYHM OyiiMuya Kamaimb 6Gopuwn rKopugarn ¢opmynagaH
KypuHuo typmban. LLUYHWMHT y4yH
|"a

fe6 é3nw MymKkuH, 6y epfa E(Rt) —AW3NEKTPUKHUHT WYKU CUP-
TUra 3Hr AKWH TypraH K3Tnamjaru MaifoH KyunaHraHnaHru. AHa
Wy Ky4naHraHIMK a' HWHT KaTranuruHy aHuknab 6epagu, AbHU:

of =*e0f (/7,)-*0E(r) [t (16.23)

(cupTHUHr xaP 6up HykTtacupa E,, = £).



Arap (16.23) wndoganu (16.22) dopmynara Kyiicak, Kynngarura-
ara 6ynamus:

f(r)--4|F_ *m— L R'%E(N =EO(IM)-*E(IN),

.« r*R'i

OyHAaH LWMANeKTPUK unumnga —% aKaHAUrMHM Ba jgemak, D =
= e0EO 3skaHnurnHu aHuknamuz [(16.18) Ba (16. 19) dopmyna-
nap 6unaH TakkocnaHr].

OvanekTpuk wnumpgarn maigoH 1r2 uyoHyHu 6yiinya ysrapap
akaH Oj: a2= k2: MyHOcabaT GaxapwiuwWwuHW aikTMb yTuw Ke-

pak. byHgaH [ = g2 akaHaurm kenub6 umkagu. femak, 6y 3a-

pagnap /?2,paH KaTTa Macodanapfja naingo KunraH MaigoHnap
6up-6MpUHN NyKOTaau Ba LIAPCMMOH KaTnamgaH Tawkapuga £'=0
Ba E = EO ra TeHr.

Arap /?, = R Ba /?2= o0 pe6 kabyn Kkwuncak, 4ekcus 6up
XWHCNW OUanekrpukka 6oTupunraH 3apsgnaHraH ciepa 3onura
yTraH 6ynamu3. BbyHfail cepaHUHr TallKapucugarm MangoH Kyy->
NaHTaHAUrn  Kyhnpgarura TeHr:

E= ° A (16.24/
4ne

Bup >KMHCIM 4ekcu3 AW3NEKTPUKAA dXOlnawraH HyKTaBuil 3a-
PALHMHT KYyYNaHraHaury 3am WyHgain ugoganaHagu.

Bus kypub6 yTraH MKKana mMuconga [LU3NEKTPUK OUP KUHCAK
Ba YHM 4YerapanoByu cuUpTAap 3KBUMNOTEeHUMan cuptnap 6wnaH moc
Tywap 3gu. LWyHWHT yyyH 6M3 3puwraH Hatwkanap ymymui
b6ynagn. Arap 6up >XUHCNW AW3NeKTPUK 3KBUNOTEHUMUAN CUpT-
nap 6unaH 4erapanaHraH n;a>kKmMHu T$na arannarad  6ynca,.
3NEKTP CUMKULW BEKTOPU 3IPKUH 3apagnap MainfoHuHuHr & ra
KynaiTuounraH Ky4ynaHraHnuk BekToOpura MOC Kenagum Ba
gemak, OManeKTPUK nuymgarn MainfOHHUHT KyUYnaHraHAurun 3pkKuH
3apagnap MaigoHW KydynaHraHaurugaH e mapTa kam Oynagu.

Arap tokopuga aintnb yTtunraH waptnap 6axapunmaca. D Ba-
r EO BekTopnap ysapo Moc Kenmaingu. 35-pacmpga 3pKuH 3apaj-
napra ara 6ynraH Tekucnuknapra
HucbaTaH Kua TypraH [OU3NEKTPUK
nnacTUHKagarn mMaijoH KypcaTuirad.
E' BekTop njacTMHKaHWHI éHnapura
neprneHanKynap, LWYHUHT yyyH E Ba
EO BekTtopnap konnuHeap 3mac. D
BeKTOp h BekTOop Kabu IyHanraH,
gemak D Ba eOEQ iyHanuw 6ylinya
MOC KefnMaigu. Ynap Kattanuk 6yiu-
Yya 3aM TEHI 3Mac 3KaHIUTUHU Kyp-
caTuwl MYMKMH.

Bus tokopuga Kypub yTraH Mmu-
connapfa AN3ANEKTPUKHUHT  LWAKK
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ONAuHAaH TaHnab onuMHraHuM yuyH E' maiigoH dakat guanek-
TPUK mumparn Honara TeHr 3mac 3au. YmMymuii  xonga aca E'
OV3NeKTPUKAAH Tallkapuia Xam HOfjaH kKatta 6ynuwun MyMKUWH.
Bup XuHCAM MaigoHra AMAINEKTPUMK TaéKyaHu >KohnawTupannnk
(36-paem). KyrénaHuw HaTmxacuia TaéK4YaHUHr Yyuynapupa Tec-
Kapu wuwopanu 60rnaHraH 3apsgnap nango 6ynagn.  YnapHuHT
TaéK4yafaH Tawkapugarm MaifoHW AUMNOSb MaigoHura yxwaw 6y-
nagn (paemga E' um3amknapu NyHKTUP 4uM3UK OunaH KypcaTuiraH).
Taékya yuynapu SKMHUAArW HaTWXKaBUiA MailgoH E Tallku MaigoH
EO paH KaTTa 6ynagw.

£

»

36- paem.

17-8. 2NeKTP CUMKUL YUULAPUHUHT CUHULIN

BekTop D HUHI MalAOHWMHU 3MEKTP CWDKUW 4usmknapu (6yH-
LaH KeWWH KUCKa/IMK YYYH CUDKUL YU3MKIapu Aeimus) épaamu-
fa TacBumpnaw MYMKWH, Oy YM3NKNAPHWMHT yHaMWyM Ba KajaWH-
aurn  E  BEKTOP 4M3MKIapy YYyH KaHfaid aHuknaHraH 6ynca,
WwyHpan aHuknaHagn (7-8 ra KapaHr).

Bup >xuHcim EO maigoHra Typau AW3NEKTPUKIaphaH fcanrad
MKKWTA BUP XMHCAWM Accu-napannen MNAacTUHKaHW YCTMa-yCcT Ku-
nmbé kyamus (37- paem). Arap e, Ba e2 nap xap xun bynca, 3apsj-
NapHUWT 3UYIMKNapyW 0, Ba 02 nap XxaM xap Xxwun 6ynagu. [Jemak,



nnacTuHkanap 6up-6upura ternb TypraH cupTga 6GornaHraH op-
TMKYa 3apsag q naingo 6ynagun. JlekuH D BEKTOPHUHI 4M3uKna-

Py 3pKWMH 3apsgnapja 60ownaHuWmM Ba TamMOMJIaHMLLMHU 6Bunamus.
LUYHWHT YUYYH CU/DKMLL YM3UKNAPW WMKKUTA QUINEKTPUKHM axkpa-
TYBYUM CUPT OpKanu yTraHga ysunmangu. Ynap 6y cupT opkanu
yTaéTtraHga (akaT CMHUWMHU Kyihnaa Kypub yTamus.

BupuHum Ba MKKMHUM auanekTpuknapgarn D Ba E BekTopnap-
HWHI HOpMan Ba TaHreHuuman (akpaTyByM cupTra HucbaTaH) Tawl-
KU 3TyBUMNapu ypracugarn myHocabaTnapHu aHUKNannuk.

Acocnapy S, Ba S2 axpaTyBUM CUPTHUHT WKKW TOMOHUZa
XownawraH, 6anaHgnurn h ra TeHr UWIMHAPHW TacaBBYpP Kuanb
Kypainnmk (37-a paem). by uunmnHgpra aycc TeopemMacuHW Kyn-
naiimmus (16.5). LUunnugp wumnga dakaT 6ornaHradH 3apsgnap 6op,
KunraH apasumus Oyiinya y epga 3pkuH 3apsagnap nyk. LUyHuHr
yuyyH (16 5) QopMynaHuHr YHI KUCMWU Honra TeHr 6ynagu. Lu-
NVHAPHUHT &H CMPTK OpKanu YTaéTraH BEKTOP OKWMUMHM Xucobra
onmaca 6ynagu, 4yHku 6v3 h HM HoAra uHrunrupamus. LinnumHap-
HUHI HOKOPWUIM acocu opkanu yTaéTraH okum DinSt ra TeHr, 0y
epga Din—D BEeKTOPHWHI GUPUHYM  OU3NEKTPUKLATN aXpaTyBuu
CUPTra fKWUH HyKTajary Hopman TallKua 3TyBuumcu. Xyaaum LyH-
ra yxwatw nacTku acocu opkanu yTtaétraH okum DinS2 ra TeHr,
Oy epaa 3rn— D BEKTOPHUHI WKKMHYM AN3NEKTPUKAArn axpa-
TYBUM CUPTFa SKWH HyKTagaru Hopman Talkun aTysumcu. Ly
MKKWTA OKMMHU KYLICaK, Tyna okumra ara 6ynamus, y aca Kypub
YyTWAraH wapTnapra MyBOPUK HOMra TEHr 6yNulIM Kepak:

®o — + D2nS2* (Din+ Din)5 = 0.
ByHaaH Din = — Din akaHAuMrun KypuHagu. LMAMHAPHUHT acocna-
pura yTKasuaraH Hopmannap nj Ba A2 HUHI WyHanuwinapu Kapa-
Ma-Kapwu OynraHn Yy4uyH TaWKWA 3TYBUYUNAPHUHT uLlopasapu
xap xun 6ynaan. Arap Dt Ba D2 napHu 6utta Hopmanra 6ynraH
npoekKLuuacK OnuHca,

Din= D (17.1)

(16.9) ra myBo(MK D BEKTOPHMHI TalWKWn 3TyBuUMnapuHn E Bek-
TOPHWHT e0r ra KynantupunaraH Tawkun 3TyByYunapu OunaH an-
mMawTupcak, Kylhugarn myHocabatra ara 6ynamus:

®ei BExn = *0*a"2%
b6yHOaH Kynngarn kenub uymkagw:

OHan E Ba D BeKTOpPNapHMHI TaHreHuuan TawKua 3TyB4yuia-
pvHKM Kypannuk. (16.1) cdopmynara mysoguk E = EO+ E\ Wkkana
ananektpukga EO BekTop 6up xun neb6 kabyn kunraH sguk. 37- 6
paeMgaH KypuHasumku, E' BekTOp axpaTyBuM cupTra Hopman
6yiinya yHanraH 6ynm6, E BEKTOPHWHI (akaT HOpMan TallKun
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3TyBUMMApWUra TabCUp KUAUWIM MYMKUH. ByHgaH E BEKTOPHUMHT
TaHreHuman TawKua 3TyBUMNapW WKKana LWINeKTpukpa 3am 6up
Xun GynuLM Kepak AeraH Xxynocara Kenamus:

Eil « Erz (17.3)

E BeKTOPHUHI Tawkun 3TyBuunapuHu (16.9) d¢opmynara my-
BOMK D BeKTOpPHUHI r0e ra OynMHraH MOC TalKua 3TyBYMnapu
6unaH anmawTupcak, Kynmgarn myHocabatra ara 6ynamus:

D, Dor

6yHaaH

Di
0o (17.4)

Xynoca cudatuga KyinmgarmHu aliTuil MYMKUH: WKKU AW3MEK-
TPUKHW aXpaTyBuM CcUPT opkanu yTaéTraHga D BEeKTOPHUHI Hop-
Man TalKWa 3TYBUMCM Ba E BEKTOPHUHI TaHreHUMan TallKui

3TYBUYMCKM  Y3NYKCU3  y3rapagu.
AKCMHYA, D BEKTOPHWHI TaHreH-
uman Tawkun 3TyByMcu Ba E Bek-
TOPHUHI HOpMan TalKua 3TYBYU-
napu axpartyBuu 4erapa opkanu
yTaétraHfa ysunaau.
FOkopupga kypunrad (17.1) —
"UyfJ (17.4) wmyHocabatnap [AW3NEKTPUK
6unaH BakyyMm yprtacuparu yerapa
YUYyH 3am KynnaHunagu. by 3on-
[a ON3NEKTPUK KMPUTYBYAHNUKNAP-
[JaH GMpUHK 6upra TeHr ge6 onuuw
Kepak.
38-
XUW  ym3uknapu  37- pacmgaru
nnactvHanap  YuyH YU3NIraH.
38- pacm. MnactuHanappgaH Tawkapuga D =
= e0EO ra 1eHr. [AuanekTpuknap-
HUHT 4erapacmfa Oy 4M3UKNap CUHAAW, HaTwXKaja axpatyBuu
enpTra Hopman u4u3uk 6wunaH D uumsmk Yprtacugaru Oypyak a
y3rapagu. Ly pacmpaH KypuHaguku,

v D¢
Orn Dg‘l

6y epgaH (17.1) Ba (17.4) cdopmynanapHu 3mcobra onmb, 3nekTp
CU/DKMUIL YN3UKIAPUHWUHT CUHULL KOHYHWUHU YMKapamms:

tga, :tgaz2=

(17.5)
tg «@
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I HUW KUYUK OynraH AW3NeKTpPUKKa yraeiraHga Hopman 6wunaH
CUDKMLW YM3UKNapU TalKua KuaraH 6ypyarv kamasgu, Jemak,
uyn3MKnap cuilpak xolnawagun; arap £ HA KatTapok 6ynraH gnanek-
TPUKKA yTunaéTtran Oy/iCa, Y XOnga 4uM3uWKnap KaauHnawagu.

18-8. OunanekTpukpa 3apajra TabCup LWAYBUYM Kyudnap

Arap Bakyymparu 3nekTp MaigoHra KUpUTUAraH asapsgnaHrad
XUCMHUHT ynyamiapu Wy XXUCM TypraH >Koingaru MaigoHHu 6up
XMHCAM Oe6 xucobnawra UMKOH 6epca (6y X0nga XXUCMHU HYK-
TaBuin 3apag Ae6 Kabyn KUAWW MYMKWH), XXUCMra TabCUp KMNaéT-
raH Kydy Kyiunpgarnya 6ynagm:

f=<E (18.1)

dapagnaHraH >XMCMHW AW3NEKTPUKAA nNaifo KWIWHFaH Mai-
[OHra XonawTupuw yuyH 6y AuanekTpukaa OywnMk ByXyAra
KeNTupuW Kepak. Arap AU3INeKTPUK CYIOK €KW rascumoH 6ynca,
XUCMHWHT Y34 3rannaraH XaxmugaH LWINeKTPUKHU CUKKUG 4unKa-
pn6 Oywnuk naikgo kKwnagu. Bywnuk cupTmpga 60rnaHraH 3apsj-
nap nango 6ynagu, WYHUHT yYyH OYyWAMK wuumgarn MaigoH
AXAUT QUINEKTPUK uumgarn E maingoHgaH dapk kunagu. LyHpai
AMnnb, OYLWAWK Muura >XKomnawTupuaraH 3apsignaHraH >Xucmra
TabCUP KWNABTraH Ky4HW 3apsfHWMHT MafoH KyuynaHraHnHru E ra
KynaiTmacu cugatuga xucobnawl MyMKWH 3Mac.

Cytoy, éKu rasCMMOH [W3NEKTPUKKA >KOWNnawTupuarad 3apaj-
NaHraH XucMmra Tabcup KunaéTraH KyyHu xucobnaraHga sHa 6up
HapcaHu Hasapfa TyTuw 3apyp. KyTt6naHraH BakTAa [WU3NeKTpUK-
nap osruHa pgedopmaumsnaHagn. byHpgain xoguca 9NeKTpPoO-
CTPUKLUMNA [eb alTunagn. INeKTpoOCTpUKUMA Tydannum Aunanek-
TPUKAArn XWCM Yerapanapmga MexaHuK TopTuwnap naigo 6ynub,
ynap y3 HaB6aTumaa >XuMCMra TabCup KunaétraH Kylwumuya MexaHuk
KYYHU BYXyAra Kentupagu. Arap KaTTUK AManekTpukga Oyu-
NUK 6ynca, Tabuunitkn, GyHAain KylwmMm4ya Kyd naigo oynmaigw.

LWyHpain kunnb, AnaneKTPUKKa >XXOMNalTUPWUAraH 3apsigiaHrat
XWCMra Tabeup KuaaguraH KyuyHw, yMymaH antranga, (18.1)
thopmyna épgammpa xmucobnaw MymKuH 3mac, 6y epga E —axnaut
AVANeKTPUKAArMn MangoH KyudnaHraHaHru, 6y KyyHu xucobnauw
aH4ya Mypakkab macanagup. JlekuH, 3apsagfiaHraH XWcm (asoHuHT
MaliloH Honra TeHr 6ynmaraH KWCMWHW Tyna 3rannaraH 6up
XUHCIN AN3NEKTPUKKA XolnawTupmunrad 6ynca, LWy >XWCMra Tab-
cUp  KunaétraH 9MeKTP Ba MeXaHUK KyUNapHWHT TeHr Tabcup
atyBumcy (18.1) kyura TeHr. Bup >KMHCIM YeKcu3 [AU3NeKTPUKKa
XOWnawTupuaraH HyKTaBuid 3apsafg naingo KunraH MangoHHWHT
KyuynaHraHnHru (16.24) dopmyna éppamupa aHuknaHagu. Lemak,
O6Up KMHCIM YeKcU3l AManekTpukka OOTUPUATaH WKKWATA HYKTa-

) Amanga AM3NeKTPUKHWUHT 4erapanapu 3apsagnapfgaH ynap opacujaru ma-
copafiaH aHya Karta macodaga 6ynuwu Kngosaaup.
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BUA 3apAHWHT  y3apo TabCWUp KyuuM YUyH KyiAngaruHm ésuuw
MYMKMH:

f= _%_ (182)
a8 HE

Ywoy (18.2) dopmyna guaneKTpuknapAa >XoWnawraH 3apsg-
nap yudyH KynoH uoHyHuHu ndopganaiign. by ¢opmynaHu dakat
CYIOK Ba TFa3CUMOH [M3MeKTPUKNap YYyH Kynnaw MYMKWH.

SHAM KATTWL, AUINEKTPUK mnumgarn OyLiMKKa Xohnawtmpun-
raH HykTaBuii 3apsfra Tabcup KunaétraH Ky4yHu Tonamus. bup
Heya 30/THM Kypawnauk.

1 Top KyHpanaHr Tupunw. bup XuHcam kyT6-
naHraH guanektpukpa E Ba P BekTOopnapra nep-
NeHAWKYNAP OKOWNaWraH TOp TUPKUL KYPUHK-
----- - P wuga 6ywnmk fAcarimMms (39-pacm). AManekTpuk-
-6 HWHI TUPKWULIHW YerapanoByu CUPTNApuaa 3uUnnru
+ a'—p ra TeHr 6ynraH 6ornaHrad 3apsgnap naigo
6ynagn. by 3apagnap TUPKULWHUHT  ypTacupa

KyunaHraHamrm % B ra TeHr 6ynraH, nyHa

0 QMWW AXAUT  AUINEKTPUKZArn wmaiigon  E HUHT
MyHanuwmra moc 6ynraH Kywmmya maiijoH naigo
Kunagn. [lemak, TUPKUILHWUHI ypTacuga MaifoH
KyynaHraHnumrun E ----- ra TeHr o6ynaan. (16.4)

E
39-pacm. (hopmynara MyBO(MK Oy KaTTanuK AU3NEKTPUKAATU

D/eOra Tyrpu kenagn. LyHpaii kunmnb, TOop KyH-
JanaHr TUPKWLW ypTacura >KohnawTupunraH 3apsgra Tabcup Kuna-

OWUFaH  Kyd qE) = gz E ra TeHr 6ynaaw.

2. Top 6yhnama 6ywnuy. Arap Auanektpukgaru 6ywnuk
Tawkun facosumnapu E Ba P BekTOopnapra napannen 6ynraH Top
Y3YH UWUAMHAP KypuHuwmnaa 6ynca (40-

pacm), Wy 6yLWAMK ypTacmaarm KyunaH-

f raHAMK  AXAUT  OUANEeKTpUKAarm Kabu

gt ->»p gt 6ynagu. ByHuHr cababn wWyHAakun.6yw-

n M-  AWKHWHT Tarnapuga naigo 6ynraH 6of-
+U °e N })- naHraH 3apAgnapHUHr  MUKAOPU  Kam

6ynm6 (Tarmgarm  MaigoH4ya  KMUuK),

OYLIMKHUHT yp-'acnjaH y30K Macodaga

Pacwm- xonnawrangup. LWyHUHr yyyH 6y 3a-

psgnap naingo kmnaraH kKywumya Mafl

[OH Xyfa Knunk 6ynagu. Top 6yiinama 6y nmMK ypTacura »oinaw-
TMpUATaH 3apsigra TabCuMp KunaéTraH Kyd qB ra TeHr 6ynagw.
3. Chepa waknuparn 6ywnuk. Pagu>cum R ra TeHr 6ynraH
chepacUMOH  BYLUNMKHUHT Mapkasugary Kywumya MaifoHHUHT
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KyuYnaHraHIUruHm xucobnawmms (41-paem). KyTb6naHuw BEKTOpPK-
HUHT HOpPMan TawWwkKua 3TYBYMCU OYLINNK CUPTUHUHT TYpAuM HYK-
Tanapuga P pgaH Honrava ysrapagu. Moe paBuwpga 6ornaHraH
3apAANapHUHT 3uunurun a' xam ysrapagu. CUPTHUHI H\KTanapuHu
E HUHr iyHanuwunra Teckapu 6ynraH MHyHanuwpjaH XxucobnaHa-
auraH kyTt6 6ypuarm 0 Ba asu-
myTan 6ypuyak a opkanu udoga-
naimus. by epga a'=Pn=Pcos & - > £
3KaHMUTMHU  KypcaTuW  KWUAUH
amac. bornaHraH 3apsgnap nain-
LO KWATaH MaWfOHHWHT WyHanu-
Wy AUaNeKTpukgarun mangoH E
HUHI WyHanuwmra Tyrpu kenu-
WM CUMMETPUSA HYKTaBuUIi Hasa-
pngaH aéH. WyHWHr yuyH 6y
MaifoHHM xucobnawpga  cupr
aneMeHTM dS parm 6ornaHraH
3apaj naikfo KuaraH KydnaH-
raHnuk “E U HUHT BekTopupaH
E BekTOp WMyHanuwmMra Moc Ke-
naguraH dEj TawKua 3TyBYMHMK
ONnW Ba CUPTHUHT 6Gapuya ane-
MEHTMapH YYYH WYy TawKWa 3TYBYMMAPHU KYLWKNO YMKMLL Kepak.

CVUPTHMHT 371EMEHTUHMU KOOPAWHATaNapHUHT CcjepuK cuctema-
cuga wugoganaimns: dS = R2sin &db da. By anemeHTna dq =ma'dS
ra TEeHr 3apaj >olinawmb, chepaHVHT MapKasuia KyuaaHTaHHIY
Kyiinpgarnra TeHr MaigoH nalifgo Kunagwu:

o'ds 1 s cos 9Ra-Ino db da

dE w— —
H* 4ne0 7 R* '

' P a88 sIn&dofifa.
4dite,,
E HUWHr JliyHanuwura moc kKenaguraH rfEKmM HUHT Tawkun 3TyB-
yncu Kyimparura TeHr:
dE | —dEtfmcos b——- P cos2bsin &d &da..

4xe0

41- paem.

by udopgaHun a 6yihmMuya 0 gaH 2r. raya Ba 8 OGyimuya 0 faH
T raya uverapanapja uHTerpannacak, Kylwumya Mai#foH KyunaH-
FaHAUTMHUHT UdojacuHKM Tonamus:
2X

E\yw —

[emak, ctepacumMoH OYWAMK MapkKasugaru MaiJoOHHUHT Kyu-
NaHTaHAUTU KyWugarura TEeHrgup:

E + 4 (18.3)
o *
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By ¢opmynaHuHr [aycc cucTemacugaru KypuHuwu uyiugarumya 6ynagm:
(18.4)

OVN3nNeKTPUKHUHT  ano”™mga oONuHraH >jap 6up Monekynacu
cepacumoH 6ywnnkKKa KohnawTtupunrangek 6ynagn. LUyHWHT
yu4yH 6y MofieKkynara TabCcuMp KuaaéTraH MalfOHHWUHT KuAMaTn
E HuHr kuiimatura KaparaHga (18.3) HUHI Kuiimatura A~ MHpPoOK 6y-
nmwn Kepak. AHMK ~uncobnaw WYyHW KypcaTaguku, ano™unja OJinH-
raH MoJieKynara TabCuMp KwunaéTraH mangoH s18.3) opkanu udgoga-
naHraH MaifoHra MOC  KeauwW  YYYyH [U3INEKTPUK  Ky6uMK
cuctemagarn  KpuctanngaH mnéopat oynuwm kepak. CylwK Ba ras-
CUMOH [AM3NeKTpUKNapga aca anoympa OJSIMHraH MoJieKynara Tab-
cnp aTtaéTraH MalfOHHWHI KyynaHraHnuru (18.3) gaH TonwunraH
KuiiMatra TaxMmMuWHaH TeHr 6ynagw.

Bus 13-§ pa monekynanapHuUHr KyTO6naHuWUWHU KypaéTraHga
3M1acTUK MoNeKynaHu pgedopmaynsnaértraH mangoH, savHu (13.4)
thopMyna opkanu TonunaguraH MamgoH ypTadya MaKpOCKOMWMK Mai-
JOH E pe6 ¢apas kuiaraH sguk. QHAM 613 6y (apasHUHI HOTYr-
pU 3KaHAUTUHW  UCOOT KUAULWIKWMU3  MYMKUH. [uanekTpukgaru
ypTaya MakpoCKONUK MaigoHHM bGapya MosieKynanap, LWy >Xymna-
jaH 6u3 KypaéTraH mosnekyna “am'nanpgo kunagu. (13.4) dopmy-
nara aca AWNONb MOMEHTUW aHUKNaHWWuK Kepak 6GynraH Monekyna-
faH Tawkapu b6apya Mofekynanap nanfo KuaraH yprtadya MalifoH-
HM Kyhinw Kepak. By MalifjOHHWHI KuiimaTm E HWMHI  Kuniimatura
KaparaHga (18.3) HUHTI KWiiMaTuUra SSKMHPOK 3KaHAUruHM 6m3 Kypub
yTraH sguk. lOkopuparmwnapHu ~ucobra oncak, KyT6Cu3 MOeKy-
NaHWHT MHAYKUUANAHTaH AWNOoAb MOMEHTM Y4YyH wudogaHn Kyiun-
jarnya @3y MyMKuWH 6ynagu:

6y epfa p — AW3NEKTPUKHUHT Kyr6naHuw BeKTOpU. By MOMEHTHMU
NaKM BUpAUrUgaru Mofiekynanap COHU M ra Kynairupcak, pXmw
OGUPAUTUHUHT AUMONb MOMEHTUHMW, SibHU KYT6AaHWUW BeKTOpu P Hu
Tonamus:

p=nP=n@®0E-f 3—/er.

ByHpaH

By dopmynaHn P = *rOE 6unaH [(15.2) ra kapaHr)] conuwTup-
caK, Kyihmgarm myHocabaTra ara 6ynamms:

= *, (185)
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Arap nf«~1 6ynca ,6y TEHICU3UK YyHYa tOKopu 6ynmaraH
6ocum ocTupgaru rasnap ydyyH 6axapunagu), 6u3 TonraH (18.5)
ngpopa (13.4) cdopmynara ainaHagu.

Arap (18.5) copmynaHum sip ra HucbaraH eucak, Kyhnumgarura
ara 6ynamus:

] = —

'3}1 pr 3+ *
Huxoat, (16.8) ¢opmynara myBoMK * HM e — 1 opkanum wudoga-
nacak, Kyhungarun dopmynara ara 6ynamus:

18.6

e+ 2 3 ( )
by topmyna Knaysumyc—MocoTT dopmynacu pgeb ara-
nagu. by topmyna CylK Ba ra3cMMOH Xonarjaru KyTtbcus pgms-
NeKTpuKnap xampga Kybuk cucTemagarv KpucTannap yY4yH Taxpu-
6a HaTuxanapu-6unaH AxXwWKU MOC Kenagwu.

19-§. CerHeroanekTpuknap

Tawkyn MakgoH 6GynmaraHga CnoHTaH (y3-y3mpaH) KyT6naHuLw
Ko6unusaTura ara 6ynraH mosganap rpynnacu 6op. ByHpain xo-
fHca pacTnab cerHeT rysmpaal) KysaTunraHu yuyH Wy moppanap-
HUHT 6GapyacMHW CcerHeTOo3neKTpuknap Aeb atahgunap.
CerHet TY3WHWHI 371eKTp XYCYyCUATNapuHuW 6upuHum 6ynu6 coseTt
tdusmknapn WM. B. Kypuatos Ba . M. Ko-
6eK0O MyKamman YypraHraH. B

CerHeToaneKTpuknap KoniraH pAuanek-

TpuknapfaH 6up KaTtop xapakTepnu Xoc-
canapun 6wunaH hapk Kunagu:

1. Opauii  guanekTpuknapga e 6up
Heya 6upnukka, kam nonnappa 6up Heva
yHra (macanaH, cyB Yy4yyH £= 81) TeHr
6ynraH BaKTha, CErHeTO3NEeKTPUKNAPHUHT
OVANEKTPUK KWUPUTYBYAHAUTM 6Up Heua
MUHITA eTULWN MYMKUH.

2. D HuHr E ra 6o0rnaHuwuy 4m3mknu
amac, AeMak, AUINEeKTPUK KUPUTYBYAHNIUK
MaAOHHWUHI Ky4ynaHraHaurura 60rnmk 6y-
nagn (42- pacmpgarum arpm  Yum3MKHWUHT / 42- paem.
woxvacu.)

3. MaligoH ysrapraHga KyT6naHuWw BekTopu P HWMHT Knimart-
napu (gemak, D HUHT yuiAmatnapu “am) MalfoH Ky4flaHTaHOHTU
E HuHr kuiimaTnapupaH Keuymkub6 ysrapagu, HaTwxkaga P Ba D
nap E HuHr aiiHM BakTparu KuiimatnapurarmHa 60rnumk 6ynmai,
WNrapurn KnikmaTnapura xam 60rAukK 6ynagu, AbHU LU3INEKTPUK-
fa aBBan 6ynu6 yTraH BOKeanapra xam 6ornuk 6ynagu. by Xxo-

') TaptpaTt kucnota K~ C 4H*OB 4HaO HWHr Kanuit-HaTpuitnu Kyl Tysu
WyHpjaik atanagu.

6 W. B. Casenbes



anca rucTtepes3mnc (rpekya ,rucrtepesnc’ — KeUYMKULW [eraHwn)
peb6 atanagu. Arap MaigoH faBpaH ysrapca, P HUHrT E ra eo+-
NMKNUrK 42- pacmga KypcaTuiaraH arpu 4msmk 6unaH HdoganaHuo,
6y uM3nKk rumcTepesnc cuptmoru pae6 antunagn. ManpoH-
HUHF  pgacTnabku n3igo kKunuHuwuga E  HUHr  ycuwum 6unaH
KyrénaHuw optnb 6opagn Ba arpyM YM3UMKHWUHI [/ WOX4Yacu opkKa-
m undoganaHagu. P HMHr kamaivmwm 2 woxuya Oyiunya pyii Gepa-
an. E HUHr kuiimatu Honra TeHr 6ynraHga woffa KyT6naHunw
Pr ra TeHr 6ynu6 Kkonagu, 6y KHIiAMaTHM KONAWK KyTb6na-
Huw geinnagn. KyuynaHraHnuru EcC ra TeHr 6ynub, Teckapu y-
HanraH MangoH TabcupugarvHa KyT6naHuW HoAra TeHr Oynuwun
MYMKWUH. MaligoH KyunaHraHAUTUHWHT YWwo6y KuiAmMaTu KO3apLuu-
TUB Kyuy pfeb aiTunagu. Arap E Hu AHaga ysrapTtupcak, ruc-
Tepesnuc CUPTMOTMHUHI 3 Wox4acu naiWjo bynagum Ba 30Kaso.

CerHeToanekTpuknap KyTONaHULWWUHUHT y3rapuwun geppomar-
HeTUKNap MarHUTNaHUWUHUHT y3rapuwura (54-8) yxwawgup.
LLYHUHT YUYyH 6ab3aH CErHeTO3/1eKTPUKNAPHN (D ePpPO3INeKTPUK-
nap pe6 3am artaHgunap. CerHeTo3fIeKTPUKAMK XycycuaTura
(hakaT KpucTann mopgganap ara 6ynub, KpucTannap CUMMETpuUS
mMapkasura ara 6ynmacnury kKepak. MacanaH, CerHet TY3UHWHT
KpucTannapu pom6buk cuctemara kmpagu (1 Tom, 138-8 ra KapaHr).
CerneToafnieKTpMK Kpuctannapgarv 3apagnapHUHr y3apo Tabecrp-
nawwy - Hatmxkacufga Wy 3appanapHUHr  AWNofb MOMeHTAapu
CMOHTaH paBuwpaa 6up-6bupnapura napannen >xoknawagu. Aunonb
MOMEHTNAPUHUHT 6Up Xun WyHanuwu O6yTyH KpucTanara Tapka-
AMWKN  Xypa Kam ydpaidgurad 3ongup. Opatga, Kpuctann 6up
Kanuya cosanapra 6ynnHu6, xap 6up co3agaru AWNOJb MOMEHT-
nap 6up-6upnapura napannen XonnawraH 6ynagu. JIeKUH Typnu
co34ynapHuH! KyTbnaHuw RAyHanuwnapu 3ap xun 6ynagm, nupo-
Bapamaa OYTyH Kpuctann 6yilinya ONMHIAH HaTWXaBUI AUNOMb
MOMEHTW HOMra TeHr O6ynuwun MyMKUH. CnoHraH (y3-y3ugaH)
KyTbnaHuw co3anapu fomeHnap pAeb6 antunagu. Tawkum wmaii-
[JOH Tabcupupja LOMEHNapHUHT MOMEHTNapK AXIUT MOMEHT cudaru-
ja 6ypunagum Ba MaigoH WyHanuwura MOC XXoinawagu.

Xap 6up CerneToanekKTpPUK Yyuyi LWyHAak TemnepaTypaHu Kyp-
caTuw MYMKUWHKKW, Oy TemmnepatypajaH HOKOPWPOK Temnepalypaja
MoAda Y3MHUHI aXolnb XycycuatnapuHu iAykotagu Ba OAAWN
OV3NeKTpuUKKa ainaHm6 konagu. by TemnepaTypaHu Kiopwm
HykTacu peb aintmnagn. CerHeT TY3MHUHT UKKMTa Kilopu HyK-
Tacm 6op: — 15°C pa Ba+ 22,5°C pa Ba Oy Ty3 KypcaTtuaraH
KuiiMatnap 6unaH 4erapanaHraH TemnepaTypa WHTepBanujarviHa
CerHeTOINEKTPUK XycycuaTura ara 6ynagu. Arap TemmnepaTtypa
— 15°C pgaH nact Ba +22,5° pgaH tokopu 6ynca, CerHeT TY3UHWUHT
31eKTp Xoccanapu OAAMA AW3NEKTPUKHUKUAAH (apK Kunmangu.

CoBeT ¢u3Hrm b. M. Byn Ba YHUHI 3amKopnapu kawd Kun-
raH Ba Kiopu HykTtacm 125°C ra TeHr 6ynraH CerHeTosnek-
TpUK —6apuiinuHr meTtaturaHatu (BaTiOa) xypa kaTTa amanuii
azamumatra aia.



2J-8. T~FpH Ba Teckapu Mbe303IEKTPUK 3hPeKT

CumMMeTpusi MapkasuTa 3ara 6ynmaraH 6ab3m kpucTannap (wy
XyMmnagaH, 6apya CerHeToaneKTpuknap) pfedopmauma BakTuga
KyTtbnaHagn. By xogucaHu Tyrpu nNbe303NeKTPUK 3-
heKT Eékn opaamiirmHa Kunmb nbe3oanekTpuk agdekT aeb aTana-
on. KyTOnaHWWHWHT KaTTanuru gegopmanusra nponopLmoHangup,
LeMaK, 3MacTUKNMK 4erapanapufja MexaHWK KyuyflaHuwra Xam
nponopunoHanaup. Arap AehOpMaLUSHUHT WLLIOPACUHWN Yy3rapTup-
CaK, KYyTOMaHULWHWHI MWwopacyK Xam Teckapura ysrapagu.

MyxuM nbe303nekTpuknap (SbHW MNbe303NeKTPUK KpucTannap)
KaTopura KBapl, CerHeT Ty3u, GapuiHWHI MeTaTuTaHaTu Ba 60LW-
uanap kupagm.

KBapL, KpucTannapu rekcaroHan cuctemara Teruwnuaup. Arap
KBapy KpucranugaH KpHcTannorpaguk yk a ra (I tom, 137-8 ra
KapaHr) nepneHAuMKYnsp Kuamb nnacTMHKa KWUPKUG ONMHCa Ba
loKopuga anitmaraH YK 6yiinya
CUKUNCa, MNNaCTUHKAHWHI  6H

cuprnapuga 6ornaHraH sapsgnap

nanpgo 6ynagn (43- paempga nnac-

TUHKa WYyHAan >xohnawTupun- + 4 e+ .

raH KM, KpHctannorpadgmk yk Cc n*° f tC 0

6u3 TOMOHra Kapab IyHanraH). w

Arap nnacTMHKaHu Kpnctanno-

rpaduk KMyHanuwnap a Ba C ra

nepneHaukynap 6ynraH OO YK I 1

Oyinya u4yscak, Xyaau wyHpan

HaTuxara apuwamms. Jactnab-

Kn xongarn adekTHU byiinama 43-paem,

3PeKT, KeWWHrm XongarucuHu

aca KyHpanaHr adekTt geinnagu. Arap gedopmaumanaHuil wUwo-
pacvHM y3rapTcak (fbHM a 6yihnya 4vysmb6. 00 6yiinya cH”cak)
MNacTUHKAHWHT éH cupTAMpuaa 60LWWKa nwopanu 6ornaxHrad 3apsagnap
nango 6ynagu. lbe3oanekTpuk agdekTaaH amanga (oinganaHuil
YUYYH NNacTUHKAHUHT 6H cupTnapura MeTann Konjamanap Kuaum-
Hagu. Arap 6y konnamanapHu 6epK 3aHXupra ynacak, Kpucrann-
HUHT fehopMaumsacu ysrapraHfga 3aHxupga TOK UMOynbenapu
BYXYAra Kenagu. MacanaH, Nbe303M1eKTPUK MUKPOGOHAA HKOpKM-
fa aiTMb yTunraH npoueccnap KysaTunagu, fibHU TOBYL TY/NKUHK
TabCUpuAa NNACTUHKAHUHT Xap Xun uwopanu gedopMaumanaHumwm
WyHAaW 4vacToTanu y3rapyBuaH TOKKa alinaHagw.

Mbe303neKTPUK 3PPEKTHN Kylingarnya TYWYHTUPULW  MYMKUH.
)ap KaHAal KpucTann naHXapacuHu Typnu aTtomnap é€ku atom-
NapHWHT Tpynnanapu TOMOHMAAH TYy3WAraH Ba GUP-GUPUHUHT MuK-
ra KMpuTunraH ofgAuii naHxapanapfaH ub6opat feilul MyMKUH.
Arap KpucTtann cummeTpus MapkasuTa 3ara bynmaca, gedopmauuns
TabCcupuaa oaauii naHxapanap 6up-ébupnapura HucbaTaH CcuUn-
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Xuiign Ba 6yHAalh CumKMW  HaTMxXacupa Kpuctannga 3/eKTp Mo-
MeHTU naigo 6ynagu.

Mbe303neKTpUK Kpuctannapga 6u3 Kopuga Kypub yTrad
TYrpn agekTgaH Tawkapu Teckapu adgpekT 3am  Ky3aTunub,
3NeKTp MalgoHW Tabcupupa KyTOMaHMW HaTuXkKacupa KpucTann
MeXaHWK HyKTau HasapgaH fedopmauusinaHagu. LyHpad Kunmb,
43- pacmfja KypcaTuaraH nnacTMHKajaru MeTann Konfamanapra
y3rapyByaH 3/1eKTp Ky4YnaHWWWHKW Yynacak, nnacTuHKa Hae6at
6unaH a yku Oyihnya 4vysmnub cukumnagu (moc pasuwga 00 yku
b6yinnab cukunagum Ba 4Yysunagmu), SAbHM NNacTUHKaga MexaHUK
TebpaHuwnap yWrotunagn. Arap YysrapyByaH KyuYNlaHWULWHUHT
yacToTacy NAaCTUHKAHWUHT Xycycuii (pe3oHaHc) uvacToTacura Mmoc
Kenca, KysaTunaéTtraH TebpaHuwnap Xyjga Kyunu 6ynagu.

MaHa wWyH[ah pe3oHaHCra Co3faHraH Mbe303/1eKTPUK MAacTUH-
KanapgaH ynbTpaToBYW TynKuMHNapuHu yirotuw (I tom, 90-8),
301eKTp TebpaHulap reHepaToOpiapUHWMHI 4YacToTanapuHKM cTabun-
nawTupuwaa Ba 30Kasonapfa KynnaHunagw.

Teckapu Nbe303NeKTPUK 3PNEKTHU 3NEKTPOCTPUKLMALAH aX-
pata 6unMw Kepak. ONeKTPOCTPMKLMA 304ucacu  6Gapya CYHOK.
rasCMMOH, KaTTul, AW3aneKTpuknapga kKysaTtunagu. [be303nekTpuk
adekT aca hakaT 6ab3n KpucTannapgarumHa Kysatunagum. Inek-
TpocTpukLMaaarn gedopmaymns ManAOHHUHT KBagpaTura 60rAukK
Ba MalAOHHWHI NyHanuliyM y3rapraHga WWOpacWHW y3rapTupmalii-
an. Mbe30anekKTpuUK 3dekT aca MangoHra uUM3MKNM 6GornaHrad
Ba MaWJOH MyHanuwwn ysrapraHga MWLWOpPacuHW y3rapTupagu.



I 6O B
3MEKTP MAMAOHUAA YTKA3TUUNAP

21-8. YTKasrunygaru sapagnapHuHr MyBso3aHaTu

YTKasrunynapgarv sapaj tawysumnap Kyfa KUUYUK Kydy Tab-
cupwn octupa 3apakaTt kuna onagu. LUYHWUHT YyuyH 3apagnapHUHT
M.BO3aHaTW Kyihupgaru waptnap 6axapunraH 3ongarvHa KysaTu-
nagn: ~

1 ¥YTKasruy wmuyumparun 6Gapya HyKTanapja MalfoH KyunaH-
raHAUry Honra TeHr 6ynuwun 3apyp.

E=o0. (21.1)

(11.3) ra myBO(hMK yTKa3rmy wmumparn noTeHuman ysrapmac 6ynm-
wn Kepak (cp=const).

2. MaifoH Ky4naHTaHAUTUHWUHI YTKasrmy cuptu 3ap 6up Hyk-
Tacuparm WyHanuwm cupTra yTkasunraH HopManra Moc 6ynuwu

Kepak,
E=E, (21.2)

[emak, 3apagnap MyBo3aHaTAa OynraHfa YTKa3rMYHWHT CUPTH
3KBMMOTeHUMan 6ynagu.

Arap yTKasyBuYM XUCMra Mabnaym ( 3apag 6epunca, 6y 3apag
Xucm 6yiinab mMyBo3aHaT LWapTW cakjlaHaguraH 3o0nfa TakKcumna-
Hagu. Xucm 3axmura Tynul >KohnawraH WXTUEPWUIA ENUK CUMPTHU
TacaBBYp Kunainuk. 3apsagnap MyBo3aHaTMAa XWCM wuumnparun 3ap
6up HykTafa MmalifoH NyK 6ynraHAMru y4yyH CUpPT oOpKanum YyTaéT-
raH 31eKTP CU/DKMLW BEKTOPUHUHT OKUMU HOAra TeHr. Faycc Teo-
pemacura MyBO(UK, CUPT Mumparu 3apsagnapHuUHr anrebpaunk iu-
FMHAMCU 3aM HoAra TeHr 6ynagu. by wapT yTkKasrmy unumpa ux-
TMEpWiA paBMWAa YTKasuWaraH ucTanraH ynyamnaapgarum cupT YuyH
6axapunagu. [Lemak, MyBO3aHaTfa YyTKasrmy wuuympgaru 3ed kKaHpam
HyKTafa opTuk4ya 3apsgnap 6ynuwym MyMKUH 3mac, 6apuya 3apaj-
nap YTKa3rMYHWUHT CUMpPTM Oyiinab Mabaym a 3uynuK 6unaH >Koii-
nawagm.

MyBo3aHaT 30faTuga YTKasrmy wuuuga opTukya 3apagnap 6yn-
MaraHu yu4yH yTKasrumy uumga TaHnaHraH 6upop 3axmparu MofA-
LAHVIHT 016 TalnaHWWKW 3apAgapHUHT MyBO3aHaTIM Xohnawniwnra
Tabcup kunmaingu. LWyHpak kunub, opTukya 3apaj muum byuw
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yTKasrnyga Xyaaum SXAWT yTKasrnuja TaKCUMAaHraHgan, asuu

rawp cuptu bGyiimya TakcumnaHagu. MyBo3aHaT xonatmpa 6yuw-

AUNHUHT cUpTMAa OpTMKYa 3apajnapHUHT KolWnawuwm  MYMKUWH

amac. MyaisiH q 3apsafHu TalKua 3TyBYM OGUP XUA uwWopanu 3ne-

MeHTap 3apagnap ysapo utapunnb 6up-6upnapugaH MyMKUH Kagap

Y30KpPOK XOMnawuvwra MHTUAUWNAAH XaM lKopuparupaih xynoca

Kennbé umkagu.

YTKa3rmu cuprura yTKasuiraH Hopmannap TallKWn KWaraH Ba

ycocnapuHuMHI KaTranuknapu dS ra TeHr 6GynraH KUYWK LUAUHAP-

CUMOH CUPTHU Kypainuk. By uymnuHapcu-

MOH CMPT acocnapugaH 6upu yTKa3rUYHUHT

MYnA.1l, MKKMHYUTK 3ca Tauljapucupa Xoid-

nawraH 6yncuH (44- paem). 3nekTp cun-

XUW  BEKTOPUHWHI LWYHAAN CUPT OpKanu

okumn DdS ra TeHr 6ynagu, 6y epaa

D —yTKa3rny cuptura sIKUH Xonjaru cun-

Xuw  KalranHru. “akukataH Xxam, Uu-

44-paem. AMHAPCUMOH CUPTHUHT UYKU KUCMU OpKanu

OKUM HO/Ara TeHr, YYHKW YTKa3rHYHUHT

nunpga E, gemak, D xaMm Ho/fra TeHr. YTKa3rMYHWHI Taulapucuga

YHra fKWH Xoijga MaWnoH Ky4yflaHraHnoHrM E HUHT  AyHanuwwu

yTKa3ruy cumpTura yTKasuaraH Hopmanb 6unaH Moc  Tywagw.

[JemMak, UWAVNHAPHWUHT Tawkapura 4YMku6 TypraH &H CUPTM YuYYH

O, = 0, Tawkm acoc yuyyH 3ca £5,= D (Tawku acoc yTKasruy

cupTura Xyfa $KWH KolnawraH paeb xwucobnavagu). LnauH-

OPHUHT nMumpa adS ra TeHr 3pKWMH 3apaj kolnawagm (a— yT-

Kasrnuy CUPTUHWHI 6GepuaraH HykTacura [oOWp 3apsif 3uUuauru).

LMNMHAPCUMOH cUPT YuyH [aycc TeopemacuHu Kynnacak, DdS=

-- adS, sbHM D —o raara 6ynamus. bByHAaH yTKasruy cuptu aKu-
HUAarn MalfoH Ky4naHTaHAHTU YYYH KyAugaruHu Ttonamus:

£=- . (21.3)

6y epaa r—yTKasrnyHu ypab TypraH MYXUTHUHT HUCOGUI [u-
3NEKTPUK KUPUTYBYAHAUTU [y HaTWXaHW BaKyymja >XoinawraH
ULMNnHAP Ba cepa yyyH é3mnraH (8.9) xampga (8.11) dopmyna-
nap 6unaH CoONMWTUPUHT].

lFaycc cucTemacuga 6y dopmyna Kyiinaalu kypuHuwra ara 6ynagu:

c (21.4)

45-pacMfa KypcaTuWiraH 3apsgnaHraH yTKa3ruuy nailflo KuaraH
MaOHHN Kypub uYMKaWnuk. YTKasrmuygaH etapnu gapaxaga Y30K
mMacoganapgarm 3KBMMOTeHUMANn cupTnap HyKTaBuiA 3apsara Xxoc
b6ynraH cepa waknura ara 6ynagn (paempa >XOMHM Texaw Mak-
cagupa cepacMMOH CUPT YTKasrmyra SAKUH YWU3WAraH; MNYHKTUP
YnsmkKnap MaifoH Ky4ynaHraHAHTW 4u3U-KNapuHu 6ungupagu). YT-
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45- pacm.

Kasrmyra SAKuHANawWraH capu 3KBUNOTeHUMan cupTnap YTKasruy
cupTura yxuwai 6ownaifn, YyHKU YTKa3ruy CUPTUHWHT Y3U 3KBU-
MoTeHUMan cuUpT 3KaHAUTUHKU 6Gunamms. XXUCMHUHT 6ypTn6 TypraH
Xoinapuia 3KBUNOTEHLUMAN CUPTAAPHUHT KanuHAUru, pemak, 6y
epAarun MaifoH KyuynaHraHnimrum 3aMm Katta 6ynagm. byHpgaHn (21.3)
ra MyBO@uK, 3apagnapHUHT 3u4nurn 6ypTtub
TypraH XoWnapga 3Hr KaTTa Oynuwm kKenué
uyMKagu. Ys3apo uTapull HaTuxacumpa 3apsj-
nap 6up-6upnapupaH MYMKUH Kafapy3oKpoK
XOMnawuwnHm  3ucobra  OfMHraHga  3am
XYAAW WyHAan xynocara KenuwHagw.

YTKasruunapgaru uykypuyanap sSKuHuga
3KBUMOTEHUMAN cupTNap cuipak xolinawagun
(46-pacm). Moc paBuwpga OGyHpai >xoinap-
jaryu MaifoH KyunaHraHauru Ba 3apsagnap
3MYnuUrM  Kampok 6ynagu. YMymaH ONraHfa,
yTKasruygaru Mabiym noTeHuuanga 3apsaj- 46- pacm.
NAapHUHT 3WYIUTU CUPTHWHI 3rpuaurura 6or-
nnK 6ynn6, mycbat arpuNMKHUHI (KaBapUKAMKHWHI) ycuwun 6Gunax
opTagn Ba MaH(Wii 3rPUANKHUHT (GOTUKAUKHUHT) ycuwmy 6unaH
Kamasgu. 3apagnapHUHT 3MUANTKM aliHMKCca YTKUP yuau xoilnapga
Katta Oynagu. LUYHWHr Yy4YyH YTKUp yynap SKuHuWgaru maifjoH
Ky4faHraHnuru xypga katta 6ynm6, yTkasrmy atpomiarv rasHuHr
MOMeKynanapy MOHNAaHWLIM MYMKUH. YTKa3rmy 3apsgum ( ra teckapu
MWopanM WOHNapHW y3ura TOpPTaguM Ba YHWHI 3apsafjuHU HeWTpan-
nangun. 3apagu g 6unaH 6up xun uwopanu 6ynraH MoHNap yTKas-
rmygaH K°vagu Ba y3napu 6wunaH 6upra rasHUHr Hel#Tpan mone-
KynanapuHu 3am 3prawtupub kKetagu. HaTukaga 3fekTp Lwamonu
Le6 alTunaguraH rasHWHr ce3uMnapau  3apakaTu naingo 6ynagw.
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YTKa3rMyHWHT 3apsify yTKUp yuyjaH OKu6 Tywm6 wamon épgamu-
4a yumb ketaétraHgaii Tytonagu. LWyHUMHr y4yyH Gy “ogucaHm
3apPAAHUHT YTKUP yuyjaH OKW6 uuuuwimn geimnagu.

22-8. Tawuwn 3neKTp MalgoHuparun yTkasrumu

3apAgnaHmaraH YTKasrM4yHW 9NeKTp  MaijoHura Kuputusca,
yHpjarn 3sapsag Tawysuunap ){apakatra kenagu. Mycbat 3apsg
TawyB4yunap'E, BekTop lhyHanuwu 6yinya, mMaH(puii 3apsaj Tawys-
yunnap aca Kapama-kapwuy WyHanuwga “apakaT kunagu. HaTtwxaga
YTKasrMYHWHI yynapuija Kapama-Kapwwy uvwopanu 3apsgnap nango
o6ynn6, 6y 3apsagnap WHAYKUMSANaHraH 3apsagnap pge6 antunagm
(47-pacmpa TawKM MaWLoOH Ky4IaHFaHAUTMHWUHT YU3UKIapu MNyHK-

47- paem

TMp 6unaH Kypcatwunrad). by 3apagnapHUHr manfoHu Talwky Mai-
[OHra Kapama-kapww KHyHanraH. LWyHpah kunub, yTKasrmy yu-
napuvga s3apagnapHuUHr AAruavMwmn yTkasruugarn MaifjoHHW cycali-
Tupuwra onub Kenagu. 3apaj TalyBYUIapPHWHI KaliTa Takcumna-
HUwm (21.1) Ba (21.2) wapTtnap 6axapunmaryHua, AbHU yTKasrny
numgarn MamgoHHWHI KyunaHraHamru Honra TeHr 6ynmb, yTKas-
rmyjaH Tawkapuga Ky4aaHraHAnkK 4Yusmknapyu cuptra nepneHgun-
Kynap 6ynmaryH4ya paBom 3Tagm (47- paem). [lemak, 3neKkTp mai-
LOHWTA KUPUTWUATAH HelTpan yTKasrMy KyudnaHraHamkK 4usmknapum-
HUHT 6MP KWUCMWHMW Yy3apaKaH, YM3nKnap WHAYKUuanaHraH maHdui
3apagnapga TamoMm 6ynap Ba sHa mycbaT MHAYKUUANaHraH 3apaj-
napgaH 6ownaHap 3KaH.

MHgyKuuanaHraH 3apsgnap yTKasrM4yHWHE Tawku cupru  6yii-
na6 TakcumnaHagn. Arap YTKasrMyHUHIr mnuymga O6ylWwnnkK MaBXyf]
bynca, NHAYKUMANAHTaH 3apsagnap TakcumoTu MyBo3aHaT/av 6ynraHaa
OYWANKHUHT nuyngarn MangoH Honra TeHr 6ynagu. dneKTpocTaTuk
My~odaszaHUHI  MO.~MMATU  WyHAaH wnbopalaup. Bupop acbobHu
TalWwknW MahgoH TabcupupaH my.\odasa KHAMOK4YM 6yncak, 6y ac-
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606HM yTKasyBuuM runod (sakpaH) 6unaH ypaw Kepak. IKpaH cup-

Tnga nargo 6ynraH WHAYKUWMANAHTaH 3apsagnap 3kKpaH unuugaru

Talwb;n MaWfoOHHW KOMMeHcauuanahgn. ByHpan skpaH axanT 6yn-

MacfaH KaauH TypcuMoH 6ynraH “~onfga xam Sxwy XMMos Kunagw.
YTKasyBUM XUCMAA YTKUP YUYHUHT 6ynuwn 3apsaffapHUHT OKU6

yMKuWKnrarnHa smac, 6ankm 6ouia XucmnapgaH ,,0kub6 Kenuwun-

ra“ ~am onné Kenuwm MYyMKUH. 3a-

pAagnaHraH o>kucm 1 naligo kwnarad

ManfoH TabCUpUAa XUCM 2 fa MHAYK-

umanaHraH sapsgnap nango 6ynagu

(48-paem). Yuupa WUHAYKUUANAHTaH

3apsAf YHUHTr aTtpodupa ByXyfara

KeNTUpraH Kyunm ManfoH ras mone-

KynanapyuHu UWOHNaHTupagu. Typnu

nwopann uoHMap Kapama-kapwu To-

MOHTra XapakaT Kunagu Ba >Xucmnaap-

ra >xomnawwub onagn. HaTtmxaga / XXWUEMHWHT 3apsagu q Kamasgw,

YyTKUP y4nu yTKasrmyga aca ( 6unaH 6up xun wwopanu 3apsag

nmrunné konagu. 3apapg sapagnaHrad / kumempgaH pactnab 3apsg-

naHmaraH 2 >uemra yTub konraHgaih 6ynagwu.

23- 8. BaH-ge-I'paa@ reHepaTopu

1929 unpga BaH-ge-Tpaad 3n1eKTpoCTaTUK TeHepaToOpHUHI op-
TUKYa 3apAafgnapHUHT yTKasrny Tawku cupTura >Kohnawuwm Xxo-
jucacura acocnaHraH KOHCTPYKUMACUHW Taknud kungn. bByHpai
reHepaToOpHWHI cxemacu 49-pacmga KypcatunraH. KoHAyKTop aeb
aTanyByM XxaBoJl MeTasn wap W30NALMAMOBYM KOJIOHHara ypHatu-
nagn. Wap wnuura woin €kn pesmHanaHraH rasnama JeHTa Ba-
nuknap épgamuja 4YeKcu3 xapakaTnaHa-
auraH Knnub6 ypHatunraH. Ko/fIOHHaHWHT
nacTKM acocufa NeHTaHMHr éHura yunu
Tapok KyhmnraH 6ynmn6, 6uMp He4ya yH
KWNOBONbTra MyJ/KannaHraH KyudnaHuu
reHepatopu (H) yiirotaétraH 3apsaj
aHa Wy y4ynap opKanu feHTara yrtagwu.
KOHAYKTOP unuura WKKUHYM Tapok YP'
HaTunraH 6ynu6, neHtagaH 6y Tapok-
HUHI yynapura 3apag yTtagu. by Tapok
KOHAYKTOPra yfaHraHnm y4yyH neHTajaH
ONIMHTaH 3apAaf KOHAYKTOPHWHI TallKu
cupTura H>konawagn. KoHAayKTOpAaru
3apAAHUHT MUKLOPM Kynanuwmn 6unad
YHUHT noTeHuuanu optub 6Gopagwm, GyH-
fal opTuw cu3nb ketaéTraH 3apsag o1ub
KennHaéTraH sapsara TeHr 6GynmaryHua
pasom aTaau. KoHaykTOopparu 3apsg
acocaH KOHAYKTOP SAKMHUZArun rasHuHr
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WOHNaHUWKM HaTmxacmpa cnsmnb ketagum (WwWyHpalk npouecc TabCwu-
puga ra3 opKaau TOKHUHI YTULIMHW TOX paspaj E€Ku ToxnaHuw
pevimnagm (91-8 ra kapaHr). ToxnaHWW XO0AWCACWHWU KamManTupuLl
YUYYH KOHOYKTOPHUHI CUPTW AXwunab cunnmknaHagn (KUCMHUHT
OypTraH xonnapuga MaifoH KyunaHraHAurn 3Hr KaTTa 6ynuunHun
acnannuk).

XaBo 6ocnmm aTmochepa 6Gocumura TeHr 6GynraHga paspsg
Oynuwn y4yyH MalfoH Ky4dnaHraHnmru taxmumHaH 30 KB'CM ra TeHr
6ynuwn Kepak. LUapHMHI paguycu KaHYa/MK KUYUK 6ynca, YHUHT
arpodmpgarn MalifjOHHUHT Ky4naHraHauru Kopuaarn Kuimarra
wyH4yanuk Te3 etagu [(16.24) dopmynara kapaHr]. LUYyHUHT y4yyH
Xyfa KaTTa noTeHuuannap apkura ara 6ynuwl yyyH KOHAYK-
TOPHUHI ynyamnapuHu Xxam KaTta (guameTpu 10 meTprava) 0auLl
Kepak. [asHUMHI 3neKTp mycTa”kamnuru (AbHU paspsag 6ownaHa-
guraH MalfoH Ky4flaHTraH/AUTUHUHE KniAmatu) 6ocum opTtuwm 6unaH
Kynaiiné 6opagu. LUYHWHT y4yyH TreHepaTOpPHW CWKWAraH ras art-
Mocepacura >XonnawTupub, YHUHI ynyamnapuHM aHya KamanTu-
pyuw MymMKuH. OpaTpa reHepatop TaxmumHaH 10 am 6ocum ocTuga
ras (asg-ékm aneKTp MycTaxkKamauru KOPUPoOK 6ynraH gpeoHl))
TyngupunraH 6akKHUHT w4ynra >kolhnawTupunagn. BaH-ge-Ipaad
reHepatopu épjamMmmuja 3puWINL MYMKUH OynraH 3Hr lOKopu no-
TeHumnannap gapku 107 B ra AKUHAUP.

BaH-ge-Ipaa reHepaTopujaH aToM SAPOCUHWM ypraHuw 6ynu-
Ya Taxpubanapga 3apsaffaHraH 3appanapHu Te3nawTUpuW  YUyH
thonpganaHunagn. 3appanap paspsag Tpybkacupa (PT) Tes3nawTtu-
pununb, reHepaTop épjamupa ONWHIaH noTeHuuannap ¢apku wy
TPpYOKaHWHI  3fneKTpoAnapura ysatumnagu. bab3aH Bad-ge-Mpaad
reHepatopn 6up-6upura SKWH XOWNawraH WMKKUTa KO/MIOHHa cuda-
Tnga Kypunmb, 6y KOMOHHaNapHWUHI KOHAYKTOp/apu xap XwWa MLo-
paga 3apsagnaHagu. byHpali xonga paspag Tpybkacu KOHAYKTOp-
nap opacura ynaHagwu.

24- 8. ONeKTP chfhmh

Arap yTkasruura 6upop Q 3apsajg 6bepunca, y YyTKasruy cupTu
byiiMya WyHAan TakCUMMaHaguKuW,yTKasrmygarn mManifoHHUHT Kyu-
NaHraHnurM Honra TeHr 6ynagw. Arap ( 3apsifra ara 6ynraH yT-
Kasruyra KaTTaiuru Xyaau wyHpan sapsg 6epunca, 6y 3apsif xam
ONAVHIN 3apaj Kabu TaKCUMMMaHWWWM Kepak, akc Xxonja y yTKas-
rmyga Honara TeHr 6ynmaraH mainfoH naigo Kunagw.

YTKasrnygarv 3apsgHuUHr Kynaiuwm atpodpars >xumnap 3a-
psfnapuHUHT KaliTa TakKcumaablywura onmb KenmaraH xosnjaruHa
loKOpuaa amTu6 yTunraH wapt 6GaxapuauwuHu aiTué yTuw  3a-
pypavp. LWyHpalh kunm6, 6owKa >KUcMAapjaH Y30K Macodajga
XoWnawraH (AroHanaHraH) yTKasrmyga KaTTaluknapu xap Xun
OynraH 3apsagnap lokopugarura yxwal TakCMMaaHagu, SbHU XUCM-

*) ®peoH ae6 auxnopauptTopmetaH CCI2Fa ra aiTunagm.



HUHT WCTanraH WKKUTa HYKTacW YYYH ONWMHraH 3apsaf 3udink-
NAapUHWHT HUC6GATU 3apaANapHUHT  KaTTanuru KaHgan 6ynuwunra
Kapamai goumuin 6ynagu. ByHAaH froHanaHraH YTKasrMYHWHT
noTeHUManu yHpaaru 3apsgHUHI MUKAOpWra mpomnopuumoHan AeraH
Xynocara kenamms. XakukaTaH, 3apsj MUKAOPWHUHT 6Gup Heuva
MapTa KynanTupinamwm yTkasrumy atpodwmparn ¢Ga3oHUHr 3ap 6up
HyKTacujarn MalifoH Ky4YnaHraHJWrMHU LWyH4Ya MapTa OpTTUpagu.
Ldemak, 6upnuk 3apafHW Ye.KCU3NWKAAH YyTKasrmy cuptura uctan-
raH Myn 6yiuya kKyumpuwiga 6GaxapunraH uw, HSbHU MOTeHUMan
3aM WyH4Ya MapTa owaau. LyHpad kunmb, siroHanaHraH yTkasruu
YUYYH KyhugarvHu ésamus:

g = Cep. (24.11

MoTeHuMan Ba 3apsAf ypracujaru nponopuMoHaniMkK Koadpdu-
UMEHTN YTKA3TMYHWHE 3N1eKTP CUTUMKN (KACKAPOK KWUANG aiT-
raHga curumu) penmnagn. (24.1) paH Kyhngarn Kennoé 4Yukagu:

C= (24.2)
v
Chfhm COH Xu3aTfaH WyHAalh 3apaara TeHrku, 6y 3apag yT-
Kasruura 6Gepunca, YHUHTr noTeHuuanum 6up 6GUpAMKKa opTagu.
Paguycu R ra TeHr 6ynraH 3apajnaHraH WapHWUHI MNOTeHUMWa-
NVHW 3ucobnainmk. lMoTeHumannap ainvpmacu Ba MalifoOH KyunaH-
raHnmrn yprtacmga (11.7) myHocabat maBxygaup. LWYyHWHT yuyH
lWapHUHT noTeHumann o Hm (16.24) wdogaHn r Oyimya R paH
oo ravya 6ynraH verapanapfa uHTerpannaé Ttonamu3 (YeKCU3MHK-
Jarn noTeHUMan Honra TeHr ge6 kabyn Kunamms):

9 = _41!ceb ] _EFY r= 74ﬂ(|-?6 LR_ (24.3)
R

Arap (24.3) Hmn (24.2) 6unaH conuwTmMpcak, paguycm R ra TeHr
6ynraH Ba HWUCOUA KWPUTYBYQHAUTM € ra TeHr O6ynraH 6up >XUHC-
NN YeKCM3 AU3NEKTPUKKA 60TUPUATaH AroHanaHraH LWapHUHT Cu-

rmmn
C = 40BN (24.4)

ra TeHr 3KaHJUTUHW TOoMamus.
Chfhm OUMPANTM cudaTMaa WYHAANA YTKA3TUYHUHT chthmh Kabyn
KnnumHagmkn, yHra 1 K 3apap 6epunraHga noteHumanu 1B ra ys-
rapaguraH OGYNCMH. Chfhmhnhnt OyHAaW 6upnuru dapapga ()
neiunnagn.
Faycc cucrtemacunaga dAroHanaHrad WapHWUHT  CUTrnmMu C —eK cbopmyna
KYpuHuwmnga ésmnagu. by eppa s — Ynuamcus 6upnumk BGynraHu yyyH CUTUM

Y3YHAUK Gupnurura sra 6ynagu. Chfhm 6upnurn cudatupa Bakyymua Xohnau-
raH ma paguycu 1 CM ra TeHr 6GynraH sroHanaHraH LWAapHUHT cUWMU uUabyn um-
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nuHagn. CUrMMHUHT 6yHpgalk 6upaurm caHTuUMe Tp geimnagu. (24.2) dopmyna-
ra MyBojuk
1k 3.1
18 1/30)
Pagnycn 9 « 109 M ra TeHr, abHu Ep paguycugaH 1500 mapta
KatTa pajgumycnu AroHanaHraH LWapHUHT curumu 6up apagara TeHr
6ynagn. WyHgalh kunu6, apaga Xyfa katra MUKAOp 3KaH. LUy
cababnum amanga apafaHWUHT ynywnapura TeHr 6upnvknapgaH—
Mukpotapaga (MKg) Ba Mukpomukpodapaga {MKMK®DIEkn nuko-
thapagagaH (ng) cdoiganaHununG, 6y 6GUpnuknap Kyiungarnya aHuk-
naHagu:

1¢= Crca = 9. 10n cm.

1 MK ~ 10~60,
1ng = 10-12%6= 0,9 cm.

25-8. KoHpfeHcaTtopnap

AroHanaHraH yTkasruunapHuHr chfhmh kuuuk 6ynagu. XatTo
ynyamnapu EpHUHT ynuamnapura TeHTr 6yfnraH LWapHWHT CUTUMU
xam 6op-iyrn 700 MK( ra TeHr 6ynagu. Ly 6unaH 6up Katop-
fa amanga, atpoduparu >kucmnapra HucbaTaH KUUYMK MNOTeHUMan-
fa ce3unapnu papaxaga Kyn 3apajg iura onaguraH (,KOHAeHca-
umanaguranl) kypunmanap kepak 6ynagun. KoHpgeHcaTopnap
Leb aTanyBunM OyHAalh KypuamanapHWHI Ty3UNULLK acocnpa yTKas-
ruyra 6owka >Xucmnap SAKWHAAWTUPUATAHAA CUTUMWUHUHE YCULUIN
xofgucacu EtaguM. X3KWK3TaH, 3apsiffaHraH yTkasrmy nainfgo kKunrad
MaifoH YTKasrmura SKMHAAWTUPUATAH XUCMra TabCUp KWAraHga
6y >xucmpga wuHAaykumananradH (yTkasruyd 6ynca) é€ku 6ornaHraH
(ananekTpuk 6ynca) 3apsgnap ByXyAra kKenagu. YTKasrny saps-
OV Q ra Teckapu wuwopanu 3apsignap MOC wwopanu 3apagnapra
KaparaHfja yHra SIKUHpPOK >KOWnawafgn Ba fAemak, YTKa3TUYHUHT
noTeHuManura Kyuynmpok Tabcup kKunagu. LUYyHUHT yuyyH 3apsaj-
NaHraH yTKasruura 6upop >XUCM AKWHIAWTUPUACE, YTKa3TUUYHUHT
noteHuuanu abconloT KWAMaATW XuxaTufaH Kamasgu. HOkopugaru
(24.2) popmynara MyBO(MK YyTKasrmy CUrMMn OPTraHAMTUHU 6un-
nmpagm.

KoHpeHcaTopnap Oup-6upnapura SKWH O>KOWnawraH WKKUTa
yrkasruy cudatmga fcanagn. KoHAeHCATOPHU TalKWA 3TyBYM YT-
Kasrmynap KOHAEHCATOPHWHI Konnamanapu fpeimnagun. ( Tawku
XUCMMap KOH[JEHCATOPHUHT CUTMMWTa TabCUp KWAMACAUTA YUYH
KonnamanapHuWHr waknm Ba 6up-6bupnapura HucbataH >Konnawu-
WWMHW ynapgaru 3apagnap nango KunraH MangoH 6yTyHnall KOH-
LeHcaTop uumMpa XoWnawaguraH Kunmb TaunaHagu. by wapTra
6up-6bupnapnvra SKMH >XoMnawraH WKKUTA Nnas3TUHKa, WKKUTa Koak-
cuMan UWIWHAP Ba MKKWTa KOHUEHTpPUK chepa 6yicyHaau. bynap-
HW MOC paBuWAa CCW, LUAUHAPCUMOH Ba ChepuMK KOHAeHcaTopnap
LeAHW MYMKUH.

MaiigoH KOHAEeHCATOPHWUHI uymga OynraHu Y4yH, 31eKTp CUN-
XULW Yn3mkKnapu 6up kKonnamajaH 6ownaHmb, WKKMHYMCMpa Ta-
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MoMnaHagu. [Jemak, Typnau Konjamanapfa ByXyAra Kenaétrad
IPKMH 3apsifnap KaTTavK XutatgaH 6up xun  6ynu6, mwopa-
napu 3ap xun 6ynagu. KoHAEHCATOPHWHI chfhmh [feraHaa, 3apsif
q ra nNpomopuvoHan Ba Konjamanap ypTacuparu noTeHUuannap
thapkmra Teckapu nponopuuoHan 6GynraH Kyiugarn Gusnkasuii
KaTTannkK TylWyHWUnagm:

C= -2—. (25.1)
"Pl—=F2

KOHAEHCATOPHUHT chfhmh SITOHAaNaHraH YTKa3rUMYHUHT CUrMmu
ynyaHaguraH Gupnuknapaa yndaHagu.

Cupumnnnr KaTTAUTU KOHAEHCATOPHUHI reomeTpusicura (Kon-
namManapHuWHI WaKniu Ba ynyamura ”~amfga ynap opacujaru maco-
thara), Konnamanap opacuparv GYLWAMKHU TYNAUPYBUYU MY MTHUHT
AN3ANEKTPUK XycycusTnapura 6ornuk 6Gynagu.'dccu  KoHAgeHcaTop
chfhmh QopMynacMHu umkapaiiiuk. Arap KOMMAs'aHUHT 03U 5 ra,
Konjamagaru 3apsiff MUKAOpPU ( ra TeHr Gyfnca, Konnamanap ypra-
cugarv MaifoH KyunaHraHauru

6y eppa 6us (8.6) dopmynagaH oliganaHguK Ba MAacTWH Kanap
opanurura guaneKTpuK TynaupuaraH OynuwmnHu 3ucobra onauk.

Konnamanap opacugarn noteHuunannap dapku (11.8) ra myBo-
UK Kynupgarnra TeHr:

fi— b = Ed = —

OyHAaH sicCM KOHAeHCATOp CUTMMW YYyH Kyihugaru dopmyna Ke-
nmé umkagu:

C= (25.2)

6y eppa 5 —konnamanap t3u, d-—konnamanap opacuparu Maco-
(haHUHI KaTTanuru, e—Ly OpPaMKHU TYNAUPYBYU MOALAHWHT HUC-
6V AN3ANEeKTPUK KUPUTYBYAHIUT K.

lOkopugarn (25.2) d¢opmynagaH 3nekTp fouMuiAcy €0 HUHT
YyAYaMAUTU chfhm  YOYAMAWUTUHUHE Y3YHAWK yn4yamnurura Hucba-
TUra TeHr 3KaHAUTW KypuHagn (e—yn4yamcu3 KaTTaMK 3KaHAurun-
HM acnatmb yTamms). HOKopHpjarvra MocC paBuLLIAa e, yndaHagurad
6upnuk ,,meTpra gapaga“ (p!m) pe6 alitunagn [(4.2) ra kapaHr].

Accn KOHAeHcaTop CUTMMUHUHT ¢dopmynacu [aycc cucTtemacupa uyinmgaru
KypuHuwra ara 6yna,qm:

LLIMNnHAPCMMOH Ba CHepuMK KOHAEHCATOP/APHUHT  CUTUMUHM
~uncobnammns. Arap (8.8) dopmynaga A Hu gjl 6unaH (/—konna-
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ManapHUHI Y3yHNWTW) anMalTupcak Ba Komnnamanap opacupja Auna-
NeKTpUK OynnwunHn ~uncobra oncak, LUAMHAPCUMOH KOHAEHcaTop
Konnamanapu ypracmgarm MalfoH Ky4YlaHraHnuru yuyyH Kyhugaru
ngopgara ara 6ynamus:

2 nele Ir

Konnamanap opacugaru noTeHuuannap (GapkKuHU WHTerpannab
TOMamms:

R: a,
Ti~ 22= f E(r)dr= -2 — T—=— In »
P~ 2= fE() 2260/ T 27ioer i
R R

(/?, Ba [?2—nuyKKM Ba TaWKW KOMJaMaHWHI paguycnapu).

Arap q HU @ — ®2 HWHT TONWATaH KuiimaTtura 6yncak, UMAMHAP-
CMMOH KOHAEHCATOPHUHI CUTMMMW Y4YYyH Kylhngarun dopmynara ara
6ynamus:

C=—«< (25.4)

In—

Arap konnamanap opacmparun wmacoga HucbataH Kam b6ynca,
abHM d = Mo— A2 </?, wapT 6Gaxapunca, (25.4) dopMynaHuHr
MaxpaxXnHu Kyhngarnya ysrapTupuwl MyMKUHI):

In-s= |n/1 _d
\ R n, Ir,
by epgaru 2T1r/?,/, ndoga K°naamaHuWHr 13M 5 HU KypcaTajgu.
WyHgalh kmnub, arap Konnamanap opacugaru macoda Knumk 6yn-
ca, UWAWHOPCUMOH KOHLEHCATOPHWUHI curumuHn (25.2) dopmyna
byiinya TaxMuHaH Aucobnawl MYMKUH.
Chepuk KOHAeHcaToOp Komnamanapu opacupjarn MahfoH Kyu-
naHrannurn (8.10) dopmynara MyBO(UK
E(r) = J —-i
4 never2
ra TeHr (warapu KypuaraH “onnapgarn kabu konnamanap opacu-
jarn 6ywnuk AuanekKTpuk 6unaH Tyngupunuiun n‘mcobra onmvHraH).
MoTeHunannap apkKWHW TOonNamwus:

b- b= fEindr= -i- = -£- (1 -1
J 4 ne«Ed r 4 ice0e \2

4 Toe0s
(/?t Ba R2—wunykn Ba TalWwKu KoMJamanapHWHI paguycnapu).
')y Bus mabnym 6ynraH Ba na uynnanunagurad in(l -- n) x n ¢op-
MynajaH douganaHiunk.
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By epaaH curmm yudyH Kyhiumaarm udoga Kenmb uuyagw:

255
[B3—R ( )

Arap d = Ro—/?, C R\ 6ynca, cepuk KOHfeHCATOp CUrK-
MWHW ACCU KOHAeHcaTop curumu dopmynacu 6yiinua 3ucobnaw
MYMKWH. Xa”uvuaTtaH, 6yHpan 3onga 4tR™MR2 wndopa uyonnamanap-
JaH ucTaraHWHWHI t03M S ra TeHr 6ynagun. LUyHuHr yuyyH (25.5)
hopMynaHn TaxmumHaH (25.2) KypuHUWMAa E3ULl MYMKUH.

(25.2), (25.4) Ba (25.5) noganapgaHuonIamanap opacura cer-
HeroaneKTpuk (macanaH, 6apuUHUHI MeTaTMTaHaTW) KUPUTUICA,
ynyamaapu Kuiumk 6ynraH KOHAEHCATOPHWHI CUrMMy KaTta 6ynu-
WMHWNHI cababun KypuHagwu.

Xap 6Mp KOHAeHCaTOp CUruMfaH Taun™apu uYerapaBuii  Kyuna-
Huw Uuex') 6unaH xapakTepnaHu6, 06y KyujlaHWW KOHAeHcaTop-
HUHT KoMnjamanapuHUHI Tewunuwun xaBdupaH Kypkmain bepunagun-
raH KyuynaHuwgaH wb6opataup. Arap 6epunraH KydnaHuw wy
KyuynaHuwjaaH katTa 6ynca, Konnamanap ypTacugaH yuyuyu yTtagu
Ba AMINEKTPUK Oy3nnnb, KOHAeHcaTop uwWwaaH 4dun’agu.

26- §. KoHpeHcaTopnapHu ynaw

Bup KaHua KoHAeHcaTopnapra ara O6ynraH .xonga, y/napHu
6aopesa Kkuanb ynaw épgamMuja CUrMM Ba MWW KYYNAHULIWHUHT
MYMKUWUH 6ynraH uuimatnapmHm 6UpmMyH4Ya KeHraiTupuw MYMKUH.

Mapannen ynaraHga fap 6uMp KOHAEHCATOPHMWHI Lonaamanapu-
faH 6upu tp, MKKUHYMCKM 3ca dr noTemymanra ara 6ynagm (50-
pacwm). WyHpain knanb, uLonnamanapHUHI WKKW cucTemacupaH 3ap
6bupnga

y=2?2* =2 Cb(¥Y1—"Pr) = (?i — ?r)

ra TeHr 6ynraH Wun-wan 3aps g TynaaHagu.

5.)- paem.

) Ywo6y uonga anekTp kyunaHuwwu U geraHga konnamanap ypracupgaru no-
TeHUmnannap ¢apku TywyHunagn |(32.5) dopmynara kapaHr]. KyuynaHuWwHU maii-
LOH KyuynaHraHnuru 6GunaH 4vankawTupmaciuk 3apyp.
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Arap WUrMHAM 3apsagHu 6GaTapesra ynaHraH KyuynaHulira Tak-
CUM KuNcak, GaTapesHWHT CUTMMUHM Tonamus. Hatuxkaga Kyiiun-
paarura ara 6ynamus:

C=£C* (26.1)

LWyHpah Kunub, KOHAEHcaTopfapHW napannen ynaHraHpa ynap-
HUHI cUTMMAapu Kywunagu. baTapesHUHr 4erapa KyuynaHuwu 6a-
Tapesira ynaHraH KoHfeHcaTopfiap u4erapa Kyuynanuwnapu UmX
HUHF 3HT KaMura TeHr Oynuwim aéHgmp.

51-pacMfa KOHAEHCAaTOpPMapHWHI KeTMa-KeT YyfnaHuWwu Kypca-
TUATAH. BUPWHYM KOH[EHCATOPHUHT WMKKWHYM KOMAaMacu WKKUHYM

KOHAEHCATOPHUHT OGUPMHYM KOMjamacu SroHa YTKas-

(8 FMYHU TallKuMn Kunub, 6aTapedra KyunaHuw 6Gepun-

Noe raHga 06y yTkasrmyga OWPUHUM  KOHAEHCATOPHUHT

C 6 mpwnHUM kKonnamacyn Ba N KOHAEHCATOPHUHI WMKKUHYM
-Q Konnamacugary 3apsagnapra TeHr WHAYKLUMANaHraH
3apag nango 6ynagum  (CUMDKMLW YM3MKNapu  MyalisH

a KOHAEHCATOPHMHI 6up Konnamacupga 6ownaHnmb, MK-
T-4 KWHYM Komjamacufiia TaMOMIAHWUILIWUHU 3Cra OJINHT).
. Xyaou wyHpah Kouga WKKWHYM KOHAEHCATOPHWHI
. MKKWHYM KOMnamacu Ba YYMHYM KOHLEHCATOPHUHT

*+ 6MpMHYM Komnamacu Ba 30Kas3onap Y4yyH 3am ba-
q AT Xapunagu. Jemak, KeTMa-KeT yfnaHraH 3amMma KOH-
n feHcaTopfiap Y4YyH Konnamanapgaru 3apaj MUKLOPH

(>4 6up xun 6ynuMwmn Xoc 3KaH. LUYHWHT yuyyH 3ap 6up
51 pacm KOHAeHcaTopAarm KyunaHuw Kyihugarura TeHr:

= (86-2)

By KyunaHWWNapHUHT WUTMHAMCK 6aTapesra KyWuaraH MNOTeH-
uuannap aiumpmacura TeHTr:

-v uk=y 2 =2V

nw* — »Chb Ck

6y epaaH KyiupallTHLU, TOnsMH3:

T oyl (26.3)
c w— (& '
KoHgeHcaTOpnapHM KeTMa-KeT yfarasfa YNapHUHT curunganapura
Teckapu KaTTanuknap Kywwunagu. (26.2' ra MyB<3(h#K yw by KOH-
fLleHcaTopra Tyrpu KenagincaH yMyMuidi KyunaHUWHULT yayLWwK
YHUHT curumura Teckapu 6ynagu. KoHAeHcaTOpnapHWHT 3e4 <6upu
YYYH U,, KypcatunraH Umir kuiimaTugaH opTMaciurum Kepak.
Arap KoHfeHcaTopnap 6up xun 6ynu6, curumnapm C, ra Ba
yerapaBuii KyuynaHuwm Umax ra TeHr 6ynca, KeTma-kKeT ynaraHja

C —" C, ra, ("wax)oa! = NUmn ra TeHr 6ynagwu.
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IV B OB
3MEKTP MAWAOH 3HEPIUACU

27-8. 3apAagnap CUCTEMACUHUHI 3HEPrusAcu

3apsafnaHraH XuUCMNapHUHT y3apo Tabeup Kyusapu KOHcepBa-
TMB Ky4ynapaup (ynapHuHr 6axapraH uwm iynra 60raMK 3smac).
[Jemak, 3apsaffnaHraH >Xucmnaap CUCTeEMacu MoTeHUWan 3JHepruara
ara. HykTaBuiA 3apsgnap CUCTEMacMHWUHI MNOTeHLMan 3Hepruacu
yuyH undogaHn Tonamms. bup-6upnapmpaH r12 macodaga xonnaw-
raH MKKMTa X Ba Q2 3apsagnap cuctemacugaH 6ownaliimus. Arap
3apagnap 6up-6upugaH 4ekcus ysoknawTupunraH 6ynca, ynap
y3apo Tabeup Kunmalhgn. by 3o0nga ynapHUHI 3HEPTUSACUHWU HON-
ra TeHr ge6 kabyn kunamus. 3apagnapHu KenuwwunraH rl2 maco-
(haravya sAkuHNawTupamuni. byHga 6K3 3neKTp Kyunapra Kapwu uw
6akapamus, 6y WW CUCrEMAHWUHI MOTeHUMAN 3HEePrUACUHU Kynaw-
Tupuwra capgnaHagm. 3apagnapHu akuHnawTupuwga <, HA g2ra
ékn (2 H1 4, ra S™MHAaWTUpUW MyMKUH. WMKkana 3onpga 3am 6up
xun wnw  b6axapunagn. YekcumsnukgaH (, 3apagHu 2 gaH r12 ma-
cohaja OynraH HykTara Kyudmpuwpa 6axapunradH ww (10.7) ra
MYBOMMK Kyhnparura TeHr:

(27.1)

6y epaa ?, — (2 3apfj (X 3apaj >Xoljawrad HykTaga naifgo Kua-
raH noreHumangup.

Xypan wyHpan, 2 3apagHuM  YekKCcM3nuMkKgaH qy fgaH r12 maco-
thagarn HykTara Kyuympuwga 6GaxapunraH v Kyiumgarura TeHr:

(27.2)

6y eppa ®— 4, 3apAfHMHI (2 3apsaf XKoinawraH HyKTaja nakigo
KunraH noTeHuuanuaup.

lOkopugarn (27.1) Ba (27.2) vwnapHUHT KuiiMaTnapy 6up Xxun
Ba WKKasnacu 3am CUCTEMAHWHI 3HEPrUACUHU KypcaTafwu:
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CucTeMaHWUHT 3Hepruscu udogacura WKkana 3apsj Xam CUM-
METPUK paBuLIfA KUPULLIW YUYYH YHW Kyinpgaruda €3amus:

w o= y(?i?i + <2F2). (27.3)

by (27.3) gopmyna WKKW 3apAgnnM CUCTEMaHWHI 3HEPTUACUHU
npopanaiian. YekcmsnukgaH sHa 6up g3 3apagHu < 3apagpaH
ri3 sa g2 gaH rZB3 macoganapgarn Hykrtara Kyudmpamus. byHpa 6a-
XapunraH wuw

ra TeHr, 6y epfa 98— Ba (2 3apagnapHuHr 3 3apaf KoW-
nawrupunradH Hyktaga naijo KuaraH noTeHLManuaup.

A2 ékn A, 6unad 6upra A3 nw yuta 3apAGHWHT 3HEPTUACUHU
6epagn:

OXupru nhofaHn Kyhmgarn KypuHulira onué Kenuw MYMKWH:

= \(<7ITI +<?2722 + $&3),

6y epha @ —<2 Ba B 3apaffapHUHT (X 3apaj XolnawraH HyK-
Tafia Naingo KuaraH noTeHumanw.

3apagnap cuctemacura kerma-keT g4, gb Ba 6owkanapHu Kyuw-
cak, 3apsagnap N Ta 6ynraHfa CUCTEMaHWHI MOTEHLMAN 3HEPrUacK

(27.4)

6ynagu, 6y eppa ~-/-3apsgpaH Tawkapu KoAraH 3apsanap
gt 3apag kolnawraH HyKTaga naigo KuaraH NoTeHUuManaup.

28- 8. 3apsagnaHraH yTKasrMUYHUHT 3HEPrusicu

Bupop yTkasrmupga >kolinawraH ¢ 3apsigHu HykTaBuin [ig 3apsj-
nap cuctemMacu fe6 Kapaw MyMKWH. ABBanruM naparpagpga antmo
YTunraHugek, 6yHpali cucTeMaHWHr 3Hepruscu 6apuya [Q 3apsg-
NapHW YeKCU3NUKAAH YTKa3srMYHUHT CUpTUra Kyuyupuw ydyyH ba-
XapuaraH uwra TeHraup.

UeKCU3NNKAAH YTKa3rny cupTura 3apsagHUHT GUPUHYM NOPLUSCK

HW Kyuunpulwija Xedy KaHpalh ww 6axapunMmangn, UYYHKW yT-
Ka3rMYHWHI MnoTeHUuanu pactnab Honara TeHr. YTkasruura [
3apag 6GepuarnHAaH CYHr YHWHI NOTeHUWanu HongaH ¢apkK Kuna-
W, HaTuXafja 3apAgHUHT UKKUMHYM i\ NOPLUACUHUN KYUMpULL YUYH



MabAyM UW 6axapuaulin Kepak Gynagu. YTKasruugaru 3apag-
HUHT MUKLOPM Kynaiinmiim 6unaH YHWHT NOTeHUManu opra 6opraHu
YUYH, 3apsAHUHT HaB6aTgarn nNOpUMACUMHM Kyuupuwpaa 6GopraH
capyM Kynpok uw 6axapunuwu Ttana6 KAnWHagu:

0N = AT = -2 Aq, (28.1)

6y epga P—YTKA3rMYHWUHI KyuyumpunraH q 3apsgra 6orauk 6ynrad
noteHymManu, C—yTKasrMYHUHT CUTUMMW.

FOkopugarn (28 1) uw YTKA3rMYHWUHT 3SHEPTUACUHU OPTTUPALMN.
LyHUHT yuyyH AauddepeHunannapgaH ¢oliganaHnb, KyiumgarmHu
TOnamus:

dWwW =+ qdq,
6yHAaH 3Heprus udopgacu Kenubd uYukKagu:
W = Y-+ const.
2C

3apAgnaHMaraH YTKa3rMYHWHI 3HEPrUACUMHW HOAra TeHr feb
3ncobnaw Tabumningmup. Y 3o0naa const 3am  HoAra TeHr 6ynagwm.
YTKa3srMyHUHT CUTUMK, 3apsamn Ba NoTeHuuanu yprtacupgarn (24.2)
MyHOocabaTHM 3uMcobra oncak, KyiungarvHu €3uil MYMKUH:

W = = = fif (28.2)
2C 2 2 \Y )
AHa wy (28.2) dopmynaHn Kyimparn wmynosasanapra acocaH
yunkapca 3am 6ynagu. YTKasrMYHWUHI CUPTWU 3KBUMOTEHUMan cupt-
OWp, WYHWHT YYyH HykTaBuii [OF 3apagnap >oinawraH HykKTa-
NapHUHI noTeHuUuannapy 6up XWN Ba YTKa3rMYHWUHI NOTeHUManu
» ra TeHr. Arap (27.4) cqopmynaHn =q 3apsgnapHWHI cuctemacura
Kynnacak:

W =y A}ad= -j9va? =\ 94

ra ara 6ynamms, 6y 3ca y3 HaBbaTmga (28.2) copmynara moc Ke-
nagu.

29- {2 3apAgnaHraH KOHAEHCATOPHUHI 3Heprusacu

KoHaeHcaTop Konmnamanapuga 3apsgnapHuUHr naikfgo GynuLWIMHU
WYyHAal TacaBBYp KUAWLW MYMKWH. Bup KonnamagaH 3apsfgHuUHT
KU4nk [g nopuusnapy ONMHAaAM Ba WKKUHUM Komnjamara Kydupu-
nagn. Bup NopuMSHM Kyuupulwiga 6GaxapunraH wuw  Kyiugarura
TeHT;

an - O? (@ — 92)= av U,
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6y eppa U—koHpeHcaTopgarn KyunaHnwaup. KyudnaHuw U Hu
(25.1) copmynara acocaH anMawTupu6b, guddepeHumnannawira yr-
caK, Kyihmparuwra ara 6ynamms:

dw = dA = Udqg = 2 dq.

Hu”osT, oxmpru udofaHu WMHTerpannacak, 3apsfgfiiaHraH KoH-
AeHcaTop 3Hepruscyu yuyyH (opMmynaHu TOMmamus:

W=y ="-= — | (29.1)
2C 2 2

(29.1) thopmyna >28.2) popmynagaH gakat <P HUHr U ra
MawTMpuanwmn 6unaH ¢apk Kunagu.

KoHpeHcaToOp 3HEpPruacyM YYyH XyAau wWyHgan ugopanHm (27.4)
thopmyna épfamupa xam TOMWUW MYMKUH. 3apag + q xaénaH 6y-
NMHTaH 3neMeHTap 3apsgnapHuHr xaP 6upn noTeHumanu @@ ra
TEeHr 6ynraH HykTafja >olnawafnun,—q 6ynuHraH anemeHTap 3apsj-
NapHWHT X3p 6upy 3ca noTeHumanun q¥ ra TeHr OynraH HykTaga
Xolnawaan. Nemak, 3apsignapHuUHr 6yHaaii cuctemacuparu aHeprus

W= £[(+2)?] +(—2)?*]=-£2(?1- 92)=* QU

ra TeHr 6ynm6, (29.1) dopmynara mMoc Kenagw.

JHeprua yuyyH TonuaraH udogagaH ¢oiganaHnb, gccu KOHAEH-
CaTOPHMWHI MJacTUHKanapu 6up-6mpnapuHu TopTaéTraH Ky4YHu aHuK™
NalnMMn3 MYMKWH. BYHWHT yuyyH nnacTUHKanap opacujaru maco-
tha ysrapa onagu fe6 dapas kunainnuk. (29.1) dopmynara sccu
KOHAEHCATOPHUHI curumn yuyH (25.2) ga 6epunraH udogaHu Kon-
namanap opacuparv ysrapyByaH MacoaHu X fe6 (d HWHT ypHura)
benrunaimus:

w =£*=g.- X
2C 2tns

Konnamanapgaru 3apsifHu ysrapmac ge6 (KOHAeHcaTtop Kyuna-
HUW MaHb6amjaH ys3unaraH) noTeHUMan 3HeprusaHuM Kydy 6unaH 6or-
NOBYM MYyHocabaTgaH dolifanaHaMuns;

[= - — = (29 2)
[OX 2e(=S
(6y eppa ,,—“ 6enNrnMcum KyYHUHr X MacoaHuW KaMaATupuwra WH-
TUAWIWIWHU, SBHU TOPTUAULL KYUM 3KAHAUTUHU KypcaTagm).
flccn KOHAeHcaTOp Komniamanapu ypTacuparv TOPTULIULL Ky4u-
HM KonmnamanapfaH 6upy naikgo KuaraH MalgoH KydnaHraHauru-
HUHT WKKWHYM Komnamaja >oinawraH 3apsfra KynaWtmacu cuga-
TMga xuco6nab Tonuwra ypuHU6 Kypainuk. Konnamanapgad
OVMPUHWUHT MaA4o KuaraH MaifoH Ky4ynaHraHaHru (8.5) ¢opmynara
MYBOPUK KyWnparura TeHr:

£ = (29.3)

260 7 2 e
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(E: — WKHana kKonnamapgarn 3apagnap TOMOHuUAaH na|7|,qo KUnn-
<«

Hagw).

OvanekTpuk opanukgarm MaifoHHM S MapTa KamahTupagwu,
NeKWH OyHAal Kamalumw GakaT AUINEeKTPUK unuymga 103 BGepagm
[(16.17) dopmynara Ba wy ¢opmyna 6unaH 60rnnk 6ynraH TekcT-
ra kapaHr]. Konnamanapgaru 3apsgnap AU3NeKTpuUKAaH TallKapw-
fa >XoWnawraH 6ynaguM Ba WYHWUHT YyuyyH (29.3) pa OGepunaraH
MalifloH KyuynaHraHnauru Tabcupupa 6ynagu. KonnamaHuHT 3apagu
g HM Wy Ky4ynaHraHNMKKa KynalTupcak,

y 2t 7 26l (29.4)

ra sra 6ynamus “ Mwopacum MailfoHHU nairgo
KunaraH 3apsg 6unaH wy MaigoH TabCup Kunaétrad
3apA4 3ap Xun uwopara ara 6yaraHu yuyyH Kyiun-
raH).

lOkopuparn (29.2) Ba (29.4) ¢opmynanap 6up-
6upnapura Moc Kenmangu. Taxpuba aca 3Heprus
npogacngaH ymkapuarad (29.2) dopmyna épgammupja
3Mco6NaHraHM YYyH Kyd Kuimatura Tyrpu Kkenagu.
by 3o0n konnamanapra ,93nektpl ky4y (29.4) paH
TallKapu AU3NEKTPUK TOMOHMAAH MEeXaHUK Kyuynap
TabCUP KUAUIWK 6UNaH TYWYHTUPUANG, MEXaHUK Kyu-
nap KonjamanapHu utapub y3soknawTupuwira sapakar
Kunagn (18-8 ra kapaHr). KonnamanapHuHr Kup-
panapuga MangoH coumnysum 6ynnmb, kKuppanappgad
Yy30K/aliraH capu YHWHT KaTTanuru kamaimb 6opagu.
Ovnonb MoOMeHTWUra ara 6ynraH [AU3INEKTPUK Mone-
Kynanapura Kyd Tabcup kunagu (52-pacm) Ba 6y
Kydy MOJieKynafapHu Ky4IMpoK MaifoH cosacura
TopTn6 Kupagn [(14.5) copmynara kKapaHr]. Hartu-  52- pacm.
Xaja Konmnamanap ypracugarm 60cMM opTagu  Ba
(29,4) KYYHWHI TabCUPWUHW B MapTa KamantmpaguraH Kyd nango
6ynagw.

30- 8. OneKkTp MalfOHWHWHI 3Hepruacu

KoHgeHcaTop 3Hepruscu (29.1) HM Konnamanap opacupgaru
Oywnmkaaru 3n1eKTp MajoOHWMHW XapakKTeprioBYM KaTTanmknap op-
Kanm mgctanawl MyMKWH. (29.1) ra curum ydyH uymkapunraH (25.2)
nhogaHn Uyamus, y 3onga

mp_ f-1»_ eXSU2_ eos/(yYsd
2 ~ A 2\d)
ra TeHr Gynagwu.

(11.8) dopmynara myBOuUK m —E ra T1eHr;5</ kynaintma maii-



[0OH 3rannaraH XaXMHu Kypcaragu. LyHpaid kunub, KyhimparuHu
631W MYMKWH:
v = , V. (30.1)

(29.1) thopmyna KOHAEHCATOPHWHI 3HEPruACMHU KoMaamanapu-
parun 3apapg 6wunaH 6ornaca, (30.1) dopmyna MalijoH KyuflaHraH-
AMrn 6unaH 6ornaigu. dHeprus Kaepja »>KoWnawraH (AbHU iAn-
FMATaH), SHEPrUAHUHT TalWyBYMCU HUMa—3apagMnm  Ekn MaljoH-
MU?—faeraH caBof Tyruaumwun  axabnaHapnu amac. Kysranmac
3apsgnapHUHT BakT AaBoMufa y3rapmac MalijoHNapuHu ypraHagu-
raH anekTpocTaTuka 6y caBonra »aBob6 6epa onmangun. Y3rapmac
MalifoHNap Ba ynapHW Naikgo KunraH 3apsgnap 6up 6upnapujaad
axpanraH xonga MaBxypn 6yna onmaingunap. JleKMH BakT [aBo-
MuUAa y3rapyBuu MailfloHnap ynapHuM naigo KuaraH 3apsagniappaad
axpanraH xonga MaBxXypa 6ynuwun Ba asofa 3N1eKTPOMArHuUT Tyn-
KWHNap cugatmja Tapkaiuwmnm MYMKUH. ONeKTPOMAarHWT TYNKUH-
NapHUHI 3Heprua Tawuwu TaxpubanapgaH mabaymaup. MacanaH,
Epfarn xaéTHM MaBXypa Kunub TypraH aHeprus KyéwpaaH anek-
TPOMArHuUT TynKuHNap éppamujpa onnbkenmHagu, pagmonpuémHuK-
HW ranupuwra Maxo0yp KunaguraH 3HepruiiHM y3aTyBYM CTaHUWA-
LaH 3NeKTPOMarHuT TYNKWMHAap onub Kenagu Ba X0Ka3o. byHpaal
thakTnap 3HEPrUsHUHI TalyBYMCU MaNAOH IKAHAUTUHWU TaH ONULL-
ra maxoéyp kunagu-

Arap MaigoH 6up XuMHCAM 6ynca (MacanaH, fcCM KOHAEHCa-
TopAa XyAAW LWyHAal), 6y MalgoOHHUHT 3Heprusicu asoga AOVMUNA
[a 3uunukaa TUKCUMNaHn6, 6y 3UYAMK  MalfoH  3HEPrUACUHUHT
MaigoH Tynaupub TypraH XaxXmra 6ynraH Huc6aTura TeHr. [e-
mak, (30.1) ra MyBOMMK fCCM KOHAEHCATOP MalgoHW 3HEeprusacu-
HUHT 3UYUTU KyAnparura TeHr:

e = (30.2)

by (30.2) copmyna 6up XwWHCAKM 6ynmMaraH MangoH Y4YyH Xam
Typpu kenagu. Arap (16.9) myHocabaTHM xucobra oncak, HKoOpu-
parv opMmynaHu Kyiupgaruva é3vl MyMKWUH:

w = (30.3)

eKU
W = (30.4)

M3oTpon gnanekTpukaa E Ba D BeKTOpPNapHWHI yHanuwnapu
moc 6 nagu. LUyHuUHr yyyH (30.3) dopmynaHu Kyingaru Kypu-
HUWAA €3Ul MYMKUH:

tD
fa ~ .
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By ¢opmynagarn D HUHr ypHura (16.4) paru KMIAMaTUHW KyWicak,
W Yy4YyH Kyimgarn udgopgara ara Oynamus:

t,= EM%P) _ uE*+ E?. (30.5)

By udogagaru 6UPUHUM KyLIMNYyBYM E MaiigoH 3HEPTUSCUHUHT
BaKyyMAaru 3uuaurura Moc Kenagu. WKKUHUM KYLWIWAYBYU  AUI-
NEKTPUKHU KyTOMaW Yy4yyH capd) KUIMHAgUraH 3HEprus aKaHAUTU-

HW KypcaTamus.

LON3neKTPUKHUHT KyTOAaHWWKM WYHAAH W60paTKU, MOfeKyna-
nap Tapkubura KupraH 3apsgfiap 3/ieKTp MalijoHu E HUHT Tabcupu
y3 3onatnapufaH Ccumkuin  6ownaigunap. 3apsagnap gk Hu drk
mMacodanapra CU/KUTUW YYyH capdnaHaéTraH uw AnM3NeKTPUKHUHT
3aKM 6MpAnrM mMumpa Kyiupgarura TeHr:

=N <PE = Ed[" =),
v~\ V-1
(3UCO6HM eHrUNNAWTUPULW YYYH E MalgoHHW 6Up XMHCAKU Aeb Ka-
6yn Kunamus).

(13.3,) topmynara myBOuK NXKM OUPNUTUHUHTANNONb
V=i
MOMEHTUra TeHrgup, y aca asBan bGepunraH Tabpugra Kypa Aua-
NEKTPUKHUHT KyT6naHWW BeKTOpu P HUHr y3uaup. [emak,

dA-EdP. (30.6)

(15.2) tbopmynara MyBopuk P=*r(CE ra, 6yHgaH tfP = xsOr/E
ra TeHr. dP HuHr TonunraH kuiimatuHu (30.6) hopmynara Kyiicak,
dA yuyH kyimpgarn udogara ara oynamus:

rfH-x.oEdE -rfjr)»”").

HuzoaT, lokopugarun ugodaHn WHTerpannab [auaNneKTPUKHUHT
GUPAMK 3aKMWUHU KyT6naw ydyyH capdnaHagurad Wil y4yyH Kyiu-
garv udgogaHu Tonamus:

6y undopa (30.5) ¢dopmynagarn WKKMHYM Kywunysum 6unaH 6up
xungup. LWyHaad Kuanb, sHEPrusHWHT 3UUYAUTU  YUYYH TOMWAraH
(30.2), (30.3) Ba (30.4) utoganap y3 Tapkubuga MaikfoH 3Hep-

rmacu - faH TalWKapwu MaVI,lJ'OHHI/I na|7|,qo KunnaerraHga pAunanek-

EP
TPUKHW KYyTO6MaHTMpWWra capdnaHraH 3Heprus — HW 3aM  KUPU-

Tagu.



dneKTp MaiifjoH 3HEPrusacu 3MYAUTWN Y4yH TonunraH wdopanap rlaycc cuc-

Temacuga Kyiuparn KypuHuwra ara 6ynagu:
£2 ED a
( Aa (30.7)
8 T 8nc
BUpP XWHCNN YeKCU3 AUINEKTPUKKA KoiinawTtupunraH R pagu-

yCnu 3apsfnaHraH LWapHUHT MaifoHW 3HEPTUSACUHU XucobnakmMums.
By Xonga MaifOHHUHT KyYNaHFaHAHTU (akaT T HUHT QYHKLUACH

bynagu:

1
4 jrsO en3

WapHU yparaH (asoHW KanuHaurm dr ra TeHr KOHLEeHTPUK
lWapcMMOH KaTnamnapra 6ynamus. KatnamHuHr xaxmudV —\r.r'ldr
ra TeHr. Ly katnamgaru 3Heprus

dW = wdV = q” 4Tadr = — —
2 2 4 xcneVAnsO er2)

ra TeHr o6ynagw.
MaliLOHHUHI 3Hepruscu aca

w=1dW=1 ¢ 1- = 1
J » 1lret) 2 4 e 2C
Vv

6ynagn [(24.4) ra myBoguk 4 Te(e/? WAPHUHT CUTUMWUTA TEHT).

Bus umkapraH wudgoaa 3apagnaHraH YTKa3rMYHUHT 3HepPrusacu
YUYyH unarapu tonunrad (28.2) cdopmynara Moc Kenagw.

[aBonn opanukka ara 6ynraH sccu
KOHAEeHCATOPHMHTI Konnamanapura -f g Ba
—(Q 3apagnap 6epamu3. [1aBOHWHI HUCOUIA
LNanekKTpUK KUpPUTYBYAHAUTU 6GuUpra TeHTr.
LUYHWUHT y4yH KOHAeHcaTOpHWUHI chfhmh-

HnW CO= -y ra, aHepruacmHmn WO=

ra TeHr AeiuWMMWU3 MYMKUH. SHAU KOH-

I I I [LleHcaTop KonfiamanapvHuW CYHK AU3NeK-
TPUKKa KucmaH 6oTtupammns (53-pacm).
53-paem. ByHha KOHAeHCAaTOPHW Mapannen ynaHrad

WKKUTAa KOHAeHcaTop cudatmga Kypuuw
MYMKUH 6ynagn. By KOHpeHcaTtopnapjaH OWPUHUHI Komnamacu XS
tozara ara 6ynn6 (X—OpaNWKHWUHT CYKKIUK TYNAUPUATAH HUCOWIA
Kucmu), e> 1 nn guanekTpuk 6unaH TyngupWNraH XaBonau opa-
NWKKa 3ra 6ynraH MKKUHYM KOHAEHCATOp KOMJaMacUHWHT  103Mnen
(1 —x)S ra TeHr. Chfhmhh (26.1) dopmyna 6yiinua xucob6na6,
Kyiungarura ara 6ynamus:

c=C+C= +\ﬁf=c0+etz/}l§x>c
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KoHgeHcaTop asHepruscu W = —  pgactnabku aHepruara

KaparaHpga kam 6ynagn. [emak, Konnamanap OpanuruHu AWa3nek-
TPUK 6uNaH TYNAMPULL 3HEPrus HyKTaum HasapugaH goijanu skaH.
LLYHUHT yYyH LM3NEKTPUK KOHAEeHCaTop uuuMra TOPTMG KUprmsu-
nagn Ba YHWHI opanukgarn cat™wm Kytapunagu. By 3aca y3 Has-
6aTuga SUINEKTPUKHUHT OTUPWMK Kyuyu MaijoHmMparum noTeHumnan
JHEPTUACUHUHT opTulnra onub kenagu. Hatuxaga LUINEKTPUK-
HUHT opanuMkaaru caT3um WnrmHan (3NeKTp MaikgoH Ba OrMpAMK
Kyun TabCupuparv) SHEPrusHUHI MUHUMYMUTa TyrpuM Kenagurad
Mabnym 6anaHfnukpa Tyxtahgu. by 3oAuca  CYHOKJAUKHWUHE nfac-
TUHKanap ypracugarum Top opanukgaru Kanuanap KyTapuauw 30-
ancacura yxwawaunp (I Tom, 156-8 ra KapaHr).

LOVaneKTPpUKHWHT KOMfamanap ypTacufgaru opajaumkka TopTub
KUPUTUNWWHN 3aM MWKPOCKOMWK HYKTau HasapAaH TYLWYHTUPULL
MYMKWH. KoHgeHcaTOp NNacTUHKanapuHWUHI 4YeTnapuparu maigoH
6up XUHCAM 3Mmac. [AM3neKTpUK MOAeKynanapu Xycycuii gunosb
MOMEHTUra 3ra ékun MaihfoH Tabcupupa OyHAal MoMeHTra ara 6y-
Nagu; WYHUHT Y4YyH 6y Monekynanapra ynapHu Kyunu maigoH 6op
cosara HAbHWM KOHAEHCATOP MYUra CUMKUTYBYM Kydnap Tabecup
Kunnagn. byHpaih Kyunap Tabcupuga CYHK/IUK KOHJEHcATop WYu-
ra Kapagum Ba NAacTUHANApPHUHT Kuppanapuja CYHKIWKKa TabCup
KWNaéTraH 3MeKTp MaWfoH Kyunapu CYKKIUK YCTYHUHUHT OKUPIK-
rm 6unaH MyBO3aHaTnalwMaryHya gW3NeKTPUK KOHAEeHCcaTtop uumra
TOpTUNNG Typaau.



V BOb

Ysrapmac aneKTp TOKMU
31-8. OneKTp TOKM

Arap yTkKasrmuyja 31eKkTp MalfoHWM 30CWN  KUAWHCa, Y 3014a
3apaj TalWwyBYMNAPHUHT TapTubnam 3apakaTu, sbHWM Mycbar 3apsaj-
NapHUHT MaiAoH WyHanuwu Oyin4ya, MaHguWiA 3apagnapHUHT  3ca
MalifjoHra Kapama-kKaplu RyHanraH 3apakaTu BYXYAra Kenagu.
3apAgnapHuHr TapTnbnm 3apakaTu 3NeKTp TOKWU Aeb atanagn. Y
KapanaétraH cuptgaH (MacanaH, YTKa3rMUYHWHI KyHJanaHr Kecu-
MUAaH) BakKT 6upnuruga 3apag tawysuunap onmb yTraH 3apsgra
MUKLOP XW3aTAaH TeHr OynraH ckKansp KaTTaluMK-TO K Ky4m
6unaH xapakTepnaHagu. Arap yTKasruy KyHpanaHr kecumugad dt
BakTaa dqg 3apsp yTca, Tabpudra acocaH i TOK Kyuu

- (31.D

ra TeHr 6ynagu.

3nekTp TOKM MycbaT 3apaj TalWyBUYUNAPHUHT 3apnkaTujaH 3am,
MaH(pUA 3apaj TalyBUYMNApPHUHT 3apakaTufaH 3am to3ara Kenuwu
MYMKWH. MaHuidi 3apagHUHT  Mabiym 6uMp RAyHanuwga Kyuduwu
MUKLOP >Kn3aTAaH LWyHAak 6ynraH mycbat 3apAfHMHT kKaPama-
Kapwu WyHanuwpa Kyuuwimra 3KBMBaneHTAMp. Arap yTkasrmuga
MKKana umwopanu 3apsaj TawyBuunap 3apakatnaHaértraH 6ynn6, 6e-
punraH to3agaH dt BakTAaa Myc6aT 3apsj TawyBuunap 6upop iy-
Hanuwgpaa dq+ 3apsgHu, MaHuin 3apafg TallyByuaap 3ca Kapama-
Kapwu WyHanuwpa dg~ 3apsgHuM Tawub yTca, y 30M14a YTKasruu-
faH yTaéTraH TOK

_ dg*
t= G

ra TeHr 6ynagu (dq~ — maH(uii 3apagHUHT abCOMOT Kuiimatw).

Myc6aT 3apsif TaWwyBYWNAPHWHT AYHANUWMW TOKHUHT RAyHanu-
Wwn ae6 kabyn KWUAUHraH.

3apaj TawyBuMaap MOJIEKYNAp WCCUKAMK 3apakarnga KaTHa-
WaAunnap Ba Aemak, MaifoH 6ynmaraHfja 3aM MablyM V Te3nuk
6unaH 3apakatnaHagunap. AmMmo 6y 30nja yTkKasruuga ukpaH
YTKas3nnraH uXTUEpWiA 103afaH WKKM TOMOHra YTyBUM uMCTanraH
nwopanu 3apsaanapHUHr yptaya Mukgopu 6up xun 6ynagu Ba 6u-
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Ho6apuH, (31.1) ndopga 6unaH aHMUNAHYBYM TOK Ky4UM HOMArA TEHT
6ynagn. MalijoH ynaHraHfja 3apaj TalWyBYUAPHUHT V XaoTuK
3apakaTt TesnuMrura v TapTMbnu 3apakaTt Te3nuru  kywwunagul).
WyHpalh knnmb, 3apaf TalWyBUWNAPHUHT Te3NUTW V + U ra TeHr
6ynagn Vv HWHT ypTaya KuiiMaTu (aMMO V HWHT 3Mac) HOAra TeHr
OynraHy y4yyH 3apsif TallyBUYMNAPHWHI ypTaya Te3NWrM W ra TEeHr
6ynagu:

V+1l= V+ U= U
JMeKTP TOKM Y3 OKaéTraH cupT 6yiinya TeKWc TaKcMM/aHMa-
raH 6ynuWu MYMKWUH. ONEKTP TOKWHMW TOK 3UUYTUTUHWUHT BEKTOPM j
OpKann Tynapok XxapakTepnalw MYMKWH. By BeKTOp MUWKAOP XW-
3aTfaH GepunraH HykTaja 3apsj TallyBUMMAPHUHT iyHanuwura
nepneHgnkynap 6ynraH dSx to3agaH yTyBUM TOK Kyuu di HUHT
Wy to3a KaTTanurura 6ynuMHraHura TeHr:

31.2
ds+ ( )

Myc6aT 3apaj TalyBYWMapHUHT TapTubnaHraH 3apakaTTe3finkK
BEKTOPU W +HWUHT AyHanuMwun j BEKTOPHWHI MyHanuwun p[e6 kabyn
KunuHraH.

TOK 3UUNNTUN BEKTOPUHUHT MaWAOHWHW OKYBYM CYKOKIUKHUHT
TOK 4M3nknapu, E BEKTOPHWUHI 4u3MKNapu Ba 30Kaszonap Kabu Tok
ynsmknapum 6unaH xapakTepnawl MYMKWH.

YTKasrMyHUHr 3ap 6uMp HyKTacmparu TOK 3UYIUTU  BEKTOPUHM
6unraH 3onpa, uctanrad ,S CMPTAAH YTYBUYM TOK Ky4MW i HU TOMMWL
MYMKWH:

i="jndS (31.3)
£

[(7. 5) Ba 1T. (82.14) popmynanap 6unaH TaKKOCNaHr].

Bupnunk 3axmpa n+ Ta mycbar Ba M Ta MaH(puin 3apag Ta-
wyBynnap 6yncuH. 3apff TallyBYMMAAPHMHT abCOMIOT 3apAf MUK-
fopu MOC paBuwpaa e+ Ba €~ ra TeHr. Arap MailfoH Tabcupuga
3apAf TawyBuuMnap M+ Ba W~ Te3nuknapra ara 6ynca, y 3o0nja
6MpNnMK BakTha OMpPAUK t03ajaH y3n 6unaH e+n+u+ 3apagHu onunoé
yTyBUM N+uU+ mycbar 3apag Tawysuum yTagu2). LlyHra yxwauw
MaHWiA 3apag TawyBuYMnap e~ n~un~ 3apag onné ytagu. WyHpai
KUnué, TOK 3UYNWNTM YUYYH Kyhugaru udoga xocun 6ynafH:

/| _etn+u+ +e-n-un-~. (31.4)

BakT yTuwm GunaH ysrapmaiguraH TOK y3rapmac TOK fge-
nnagn. YsrapyBuyaH TOK yuyyH t GenrMHu caknaraH 3o0nja, Yys-

> LWyHra yxwalw ra3 oKMMWAa MONEKyNanapHUHT XaoTWK MCCUKAWNK "apaka-
TAra TapTu6GAM “apakaTu Kylwunagu.

») Bupnuk to3afaH GMpAUK BakTAa YTYBUM MOeKynanap COHW yuYyH G3UNrrH
npopaga, 6yHAaH Tallkapu W« KynaiTyBUYM MaBXyfg 6ynu6, y MonekynanapHuHr
XaoTukK “apakatupaH kenub uyumkagm (I 7. (100.6) dopmynara k-)- BepunraH *on-
fa 6y KynahiTyBuu 6ynmaigmn, 4yyHku 6up Xun uwopara ara bynraH 3apajg Ta-
wysyunap ¢akat Oup TOMOHra TapTubnu fapaka! kunagunap.
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rapmac TOK KyuyuHu [/ xapdum 6unaH 6Genrumnanmms. KypuHuoé Ty-
puéanKN:
/= f, (31.5)

6y epfa g —kapanaéTraH t03agaH t BakTha onub yTunraH 3apag.

CW cuctemacmpa TOK KYYUHWHT acocuii 6upnnrm amnep (a)
XnucobnaHagn. YHUHT Tabpudnm KeihnmHpok 6Gepunagnm (38-8 ra k-)-
3apsag 6upnurn KynoH TOK Kyuum 1 a 6ynraHfa YTKasrUYHWUHT
KyHfanaHr kecummpaH 1 cek pga yTaguraH 3apag 6unaH aHuk-
naHagm.

CrC3 cuctemacupa TOK 6bupnuru kmnub wyHpak TOK Kabyn KunnHaguku,
6yHpa 6GepunraH cuptgaH 1 cek ga 6up CIrC3 3zapag 6upnuru okmb ytagm (3.2)
MyHOcabaTHM Xxucobra 0nuo,

14=3-10n CFC3-ToK Kyuu 6upnuru (31.6)
HW *OoCUN Kunamus.

32- 8. OneKTp HWPUTYBUYM KyY

Arap yTkasrumufga 371eKTp MaiJoHM XOCUN KUAWHCa-l, ammo
YHU caknab Typull y4yyH 4yopa Kypunmaca, 6yHaa 22-8 pga aHuWK™
naraHMMU3geK 3apff TalWyBYMNAPHWHT XapakaTu YTKasruy uyu-
farn MalOHHWHT Te3NUK 6unaH MNyKonuwura Ba [emMak, TOKHUHT
TyxTawura onmb kenagu. TOK y30K BaKT fJaBoMuja OKU6G Typu-
WX YYYyH, TOK OpKanu OKWOG KenyBuuM 3apAgnapHU YTKA3TUYHUHT
KWYMK MOTeHUmanra sra 6ynraH uvekkacupjaH (3apsaj TawyBumnap

myc6at pne6 kabyn  KunmHagw)

f N y31yKcu3 onmnb KeTuw Ba KaTTa

B 17  MoOTeHUMaNnM yekkacura ysnaykcus

' \ kenrnpub Typuw 3apyp (54-pacm).
) bBowkaya Kunmb6 aiTraHga, 3apsig-
NapHUHT énuk Wyn 6yinnab xapa-
KaTMHW BYXYyfAra Kentupuw  Ke-
54 )a paK. 3NeKTpocTaTuK M"AOH Bek-

TOPUHWHT  LUPKYASLUACKH  HoMra

TeHr | 9.2) ¢opmynara k-]- LWy-

HUHT  YYyH EnuK 3aHXupga MycbaT 3apsafapHUHT @ HUHT Ka-
Malul TOMOHWra MyHanraH xapakaT coxanapu 6unw 6up KaTtop-
[a, YNapHUHT <P HUHT yCULI TOMOHUTa, ABNM 3/EKTPOCTATUK Mali-
[OH Kyuyfnapura Kapama-Kapliu TOMOHra WyHanraH xapakat coxa-
napn xam MaBXypn 6ynuwu kepak (54- pacmgarn 3aHXUPHUHT
MYHKTUP OWANaH KypcaTunraH KUCMuUra KapaHr). 3apsf TawyB4Yu-
NapHUHT 6y coxanapjarv xapakaTu akaT TalWwku Kyunap pfe6
aTaflyBuu 3neKTpocTaTWK 6y/nmaraH Kyunap TabcupugaruHa 6ynu-
W1 MyMKUH. WyHpaid kuamnb, TOKHWMHT MyHTasaM OKU6 Typuiiu
YUYYH 3aHXWPHUHT MablyM coxanapura ékum 6yTyH 3aHXupra Tab-
CMp 3TYBYM TalIKWM Kyunap 3apyp 3KaH. YnapHu XuMUSBUA npo-
ueccnap, 6uMp >XWHCAM OynMaraH Myxurga €ku xap Xuna Typgaru
UKKM XU MoAfa 4erapacuga 3apsfg TalWyBUYMAAPHUHT Auddy3us-
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CW, y3rapyByYaH MarHuT MmaijoHnapu 3ocun kunagurad (103-§ ra
K.) anekTp (amMMO 3feKTpocTaTMK 3mac) MaifoHnapu Ba 30Ka3onap
BYXYAra KenTUPULLK MYMKUH.

TaWwku KyuynapHu 3aHXupfa 3apakatnaHyBuu 3apsgnap yctu-
fa baxapraH MWLM OpKanuM XapakTepiaw MyMKUH. Tawku Ky4nap-
HUHT 6UpNMK MycbaT 3apsf yctupa 6axapraH wuwura TeHr 6yn-
raH KaTTalMK 3aHXupgary €ku YHUHT 6up KucMugaru 3aNnekTp
PPUTYBYM Kyu (3. t0. K.) pelinnagn. [emak, ( 3apsif ycTu-
fa 6axapwuaraH TawKu KyynapHuHr mwu A 6%nca, Tabpudra 6u-
HOaH

& =-. (32.1)
f

(31.2) Ba (10.7) ¢opmynanapHu TakkKocnacak, 3. K. K. HUWHT
yn4yaMauryn NOoTeHUWMaNHUHT ynyamaurura TEeHIFAMru Kenué yukagu.
LUyHUHT y4yyH ? Kalicu 6Gupnuknapfga yndyaHca, 3am Wy 6up-
AvKnapha ynyaHagw.

g 3apagra tascup 3TyBuM fT K TalKyM KyuyHu Kyhngarmya é3mw
MYMKUH:

x k = E*

E* BekTOp KaTTa/MKHM TalW KW Kyuynap MaWAOHUHWHT
Kyuyna HraHnauru peiumnagn. TawKu Ky4napHUHT MUK 3aHXUP
6yinna6 g 3apsgHM Kyuyupuwga 6axapraH WWWHW KyiAnparnyda
ngpoganawl MyMKUWH:

A= j>fTKtdl = q8E'ldl.
By wnwHu g ra 6ynmnb, 3aHXupgarm 3. K. K. HU TOnamwus:

&=8§E\dlI. (32.2)

LWyHaan kuamb, énuk 3aHXuppaaru 3. t0. K HU TalWKy Kyunap
MalfoHM KyunaHraHAUK BEKTOPUHWUHT uupcynsumacu cudatmga
ndopanaw MyMKUH.

1—2 Kncmparum 3neKkTp PUTYBUM Ky4 paBLUaHKW,

2

r 2= f£]dl (32.3)
|

ra TeHr 6ynagw.
3apaara TawkKyW KyuynapfaH TalwKapu, 31eKTPOCTaTUK MalfoH-
HuHr \E="qE kyunapu 3am Tabcup 3Tagu. [emak, 3aHXWUPHUHT

3ap 6up HyKTacufa ( 3apffara TabCup 3TYBYUM HATUXABUMA Kyu
f=fTk+ tE= q(E* + E)
ra TeHraump. by KYYHUHT 3aHXUPHUHT 1—2 kucmmpa q 3apsajg yc-

TMaa 6GaxapraH uwuy Kyhungarn udgopa 6unaH aHWKNaHagm;
2 2

An =qg\E*idl + q\j Eldl = q £ 2+ <?i —?2). (32.4)
» 1
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ENMK 3aHXWUP YUYYH 3/1eKTPOCTATUK KYUNapHUHT 6axapraH viim
Honra TeHr 6ynramm yuyyH A = (¢ 6ynagu.

JneKTpoCcTaTMK Ba TaWKW Ky4NapHUHI 6UpAuK MycbaT 3apsj-
HW Kyuympuuwga 6axapraH uwura TeHr 6ynraH KaTTalMK 3aHXup-
HUHT GepuaraH uucMmparn KyuynaHuw TywyBuU EKM (Y Kyu-
naHwnw pgennnagn. (32.4) dopmynara acocaH:

A2 —1 —2+ 312> (32.5)

Tawku kyynap 6ynmaraHga U KyuynaHnw <P — 42 noTeHuwnan-
nap tapkura TeHr 6ynagu.

33-§. OM UOHYHW. YTKa3rM4sapHUHI Uapwuinrm

Om Taxpubanap acocuia KOHYH ouau, 6y KOHyHra 6uHoaH
O6Vp XXUHCAM MeTann yTKasruugaH yTaéTraH TOK Kyuu YyTKasruu-
parv KyunaHuw Tywysu U ra nponopuuoHan 6ynagw:

1=-U. (33.1)
A

BUp XWHCAW yTKasruy ae6, TalWKW Ky4yniap Tabcup 3TMaigu-
raH yTkasrudra aitunagu. by 3onpa tokopupa KypraHummnsgek, U
Ky4YnaHULW YTKa3rMYHWUHT yynapugaru — 92 noTeHumannap aiup-
mMacura TeHr 6ynagu. /? KaTTaIMK YTKa3rMYHWHI 3N1eKTpP Kap-
wunanrun geinnagn. Yapwunmk 6upnanrm om 6ynunb, y wyHpai
YTKa3rMYHUHT Kapwuanrnku, 6yHaa KydnaHumw 1 B 6ynraHga yT-

KasruygaH 1 a TOoK yTaawu.

[aycc cucTtemacHga LapWuUAMK OGUPAUTWM UMAWG WyHAAR YTKasrMYHUHT Kap-
WHUANTH uabyn KWAWHTaHKH, 6yHaa noTeHumannap dapum 1 CIrC3-noTeHuwnan
6upnnkka TeHr b6ynraHga yHgaH 1 CFC3 TOK Kyuu 6GHpaurura TeHr TOK OKagw.
Wy 6upnuk 6GunaH oM opacuparu MyHocabaTHM Tonamnuk:

i 1/300 . 1
1 om — T e Crcd = -—---—----CIrC3-kapwunuk 6upanru.
I a 3-10» 9- 101 Yy 1
WyHpaii kunnb,
1 CIrCo-kapwunuk 6upnnrm = 9-10" om (33.2)

KapWwunnKHUHT KaTTaIMIM YyTKasrMYHUHT  WaKaura, ynadamna-
pv, WYHWHTAEK, YHUHT KaHfaihi MaTepuanjaH sicairaHura 60rniuk.
BUp XUHCAM LWUAWHLPCUMOH YTKa3rny yuyH

A=Pp (33.3)

6y epga | —yYTKa3srMYHUHT Y3YHAUTW, 5 — YHUHT KyHpjanaHr Ke-
CUM t03acu, p— yTKasrm4y acanraH maTepuanHuHr TtabuaTtura 6or-
UK bynraH KoagpgpuuueHT, 6YyHU conmwTMpmMa 3eKTp Kap-
wunnuk pgenvnagn. Arap / — 1 Ba 5 = 1 6ynca, y 3onga bl coH
XusatgaH p ra TeHr 6ynagu. CW cuctemacmga p om-meTp (OM M)
napga ynyaHagu. Awmanga wmatepunannap Il= 1M Bai = 1 MMr
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ynraHgarn Kapwuauru 6munaH xapaktepfiaHagu, SbHU p COMMLI-
oM EMM2
TUPMa KapLWUANK =---------= fa udopanaHagm.

OM KOHYHUHW guddepeHLman KypuHUWLIKga €3Ull  MYMKUH.
YTKa3rmy ununparun kKaHjagup HykTa aTpodupa ¢ukpaH, SCOBYM-
napu Wy HyKTajgaru TOK BEKTOPW 3MYAUIM j ra napannen 6ynrad
3NeMeHTap UMAMHAPUK 3aXM axpaTa-

Mu3 (55- pacm). LLUANHAPHUHI KyHAanaHr “a

kecumunaaH jdS Tok okaan. LmnuHgpra

KyiumnraH KydynaHuw Ed! ra TeHr, 6yH- (\ i
pa E —OGepunraH HykTagarum KyunaH- fj (y £
raHnnk. Hus3o0AT, UWAMHAPHUHT KaPwu*

nnrn (33.3) popmynara 6UHOaH p(g ra 66-pacm.
TeHr. by «kwuimatnapun (33.1) dopmynara Kylicak:

jds & EdlI
noga 3ocun bynagw.
3apsag Tawysuymnap 3ap 6up HykTaga E BekTop MyHanuwm
6yinnab 3apakatnaHagu. LWyHWHT yuyyH j Ba E HUWHI AyHanuwm
MOC Tylagm’).
WyHpait Knnno,
j= —E=0oE - (33.4)
P

npopaHn é3a onamms, OyHga 0= 1/p —maTepuanHUHI 3NeKTP
YTKa3yBYaHNMUK KO3(QPUUMEHTM EKM oaaguinrnHa mate-
pPUAaNHWHT YTKa3yBYaHAMUTK [eb aTanyBuu KaTTaNuK.

(33.4) hopmyna OM KOHYHWUHWHT guddepeHuman KypUHULINHN
ngpopanaiign.

YTKa3rMUHWHI TOK YTKa3uw KOOGUAUATU YHUHI P CONULITMPMA
Kapwunmrn ékum 0 yTKasyBYaHAMIM 6GunaH xapakTepnaHagu. Ynap-
HWHT KaTTanurn MOAZAHUHT XMMMWUABUIA TabuaTu Ba LWapT-LIApPOUT-
napu, XycycaH, MOAAAHWHT Temnepatypacu 6unaH aHuKnaHagw.
Kynunnmk meTannapHUHT COAMWITUMPMA KapWWaMrM TemnepaTypa
owunwmn 6unaH TaxMUHAH YUM3UKAW KOHYH Oylinya ownb 6opaawu:

P= PO + ®%)*
6y epga p0—0°C pgaru conuwTupma Kapwunamk, ~ — Llenbcui
lWKanacugaru TemnepaTypa, a—COH Xwu3aTfjaH TaxmuHaH 1/273 ra
TEHr 6ynraH KoO3PUUMEHT.
AbcontoT TemnepaTypara yTtub, kyiugaru

p = ap07 (33.5)
nhogaHn 30CUN KUnamums.

> AHusgaTpon Xwucmnapaa j Ba E BeKTOpNapHWHr MAywnuwH moc TywmacC'
NNTU MYMKWH.
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MacTt TemnepaTypanapja 6y KOHYHAaH YeTnaHuW Kys3aTunagu
(56- paem).

Kynunnuk nonnapga p 6unaH T opacugaru 6ornaHuw 1 arpu
un3nk 6byimua 60opagu. Konauk KapWWaMK puoT HUHT  KaTTaauru
MaTepuanHWHI TO3anurura Ba yHAArn KONAWK MeXaHWKaBUM Kyu-
naHuwWwnapra Kyunm 6ornaHrad. LLUYyHWHT yyYyyH puon maTepuannapra
TEPMUK UIINOB 6epunraHgaH CyHr ces3uiapnu fpapaxafga Kamasgu.

Wpean Tyrpu naHxapara ara 6yn-
raH ab6conoT To3a MeTana Y4yH
abcontoT HoNMb Temnepatypaja

P= 0.

MeTannap Ba KOTULIMANapHUHT

Kynuuauk rpynnanapuga 6up Heua

KenbBUH rpagycu  TapTubugaru

Temnepatypaja Kapwunmk cakpab

Honra annanagu”™ (56- pacmpgarn 2

arpu 4msnMkK). YTa YyTKas3yB-

yaHnuk pe6 aranyesum 6y jjo-

56- paem. ancaHu 6upnHun 6ynn6 1911 iinnpga

KamepnuHr-OHHec cnMobaa nalika-

raH. KelinHYyanuk yTa yTKasyBYaHAMK "~ogmcacu KyprowuH, Ka*

naiin, pyx, anloMWHWIA Ba 6GOWwKa MeTannap, WYHWHr4eK, 6up

KBTOop koTuwManapga nalikanrw. [fap 6up yTa yTKasyB4YaH Mopna

Y3MHUHT TK KPWUTUK TemnepaTyptcura ara 6ynmb, OyHpga y yTa

yTKasyBYaHIMK "onatura ytagu. YTa yTKasyBYaH mofjara Mar-

HAT MalfoHU TabCMp 3TraHfa YHWHT yTa YTKasyBYaHIUK MOMatu

bysunagn. YTa YTKasyBYaHAUKHU 6y3yBun HK KpUTUK MaligoH

T=TKob6ynraHga Honra TeHr 6ynaguM Ba TemnepaTypa nacaiuwu
6unaH owagn.

1958 mnpga coseT ¢um3nrm H. H. borontw60B Ba YHWUHI LWO-
rMpanapu yTta YTKasyBYaH/IMKHU Hasapuil xuatgaH Tyna TYWYH-
Tpn6 6epaunap.

Kapwunnnk TepmMomeTpnapu 31eKTP KapLWUIUKHUHT TeMnepaTty-
para 60rAuKNMrura acocnaHraH. byHpall TepMOMeTp UMHHU EKK
cnwfajaH fAcaaraH kKapkacra™ ypanaraH MeTtann cumpaH (opatga
nnatuHa cumpaH) ubopatl). Ysrapmac Temnepatypanum HykKTanap
Oyiinya pgapaxanaHraH Kapwunamk TepMOMETpnapu HKopu Temne-
paTypanapHu “am, nact TemnepaTypanapHu “am 6up Heua 103 rpa-
fyc TapTmbaaru aHWKAMK GUNaH ynyawra WMKOH 6Gepagw.

34- 8. XXoynb—/leHy, UOHYHMU

YTKasrmuygaH TOK yTraHja yTKasruuy Kusmigu. XXoynb Ba YH-
AdaH MycTakun paBuwpa JleHy Taxpubafga yTKasrmufgaH axpanué

<L CYHIrn BakTnapfa spuM yTKasruunapfaH TysuaraH Kapwuimk Tepmo-
MeTpnapu Kynpow KY/nnaHUAMoKaa.
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UMKYBYM WCCUKIUK MUKLOPW YHUHT KapWUAWTUTA, TOK KYYUHUHT
KBagpaTura Ba BaKTra NpPOMOpLMOHAN 3KAHAUTWMHM Tomguaap:

QARIH. (34.1)

Arap TOK BaKT 6ylinuya ysrapca, y *onga
t
Q= j Rildt (84.2)
0
6ynagw.

(34.1) Ba (34.2) myHocabatnap X oynb—JleHlY KOHYHWUHW no-
janaigun. R HM omnapga, i HM amnepnapga Ba t HM cekyHAnapga
“ncobnaHca, Q xoynnapga wugoganaHagu.

(34.2) koHyH Ky#unpgaruya TywyHTupunagn. U KyunaHuw KY*
AunraH 6uUp >XMHCAW YTKA3rMYyHW Kapab uukanmk. YTKasrMyHWUHT
Nap 6up kecumupaH dt BakTga dg —idt 3apag ytagu. by dqtidt
3apsAgHMHT dt BakTAa YTKa3rMYHWMHT 6GUP yuynfaH WKKWHYM yyura
yTuwmnra TeHr kyunugup. by “onga maigoH kyunapu dA = Udq=
= Ui dt mw 6axapagn. OM kKoHyHura acocaH U Hu ki 6unaH an-
MaWwTUpu6 Ba MHTerpannab, 3nekTp Kyunapu 6GaxapraH WLWHUHT
ngpogacn Q ydyyH ésmnraH (34.2) wudopgara yxwall 3KaHAUTUHN
Tonamu3. LWyHpain kwnmb, yTKasrmy MaifoH KyunapuUHWHI 3apajg
TawyBumnap yctuga 6axapraH uwy xucobura KU3Mp 3KaH.

ByTyH yTKasrmujgaH axpanub UWKKAH WCCUKIMKHU aHWKI0BYU
(34.1) topmynapaH YTKasrMYHUHT Typau KUCcMaapugaH axpanubé
UMKYBYU WCCUKAMKHU XapakKTepnoBuYuM udgogara yTulwl MyMKUH. YT-
KasrmugaH tokopmga (33.4) dopmynaHum kentupub ynkapuwpga 6a-
XapraHuMusgek UWIMHAPCUMOH 3feMeHTap "aXM axpatamus.
Xoynb—/leHy KOHyHWra acocaH 6y “axmpaH dt BakTga axpanub
UMKYBYM WUCCUKINK MUKLOPU

dQ - Rialt = p- (jdSYdt= pfdVdt (34.3)

ra TeHr, 6yHga dV —dSdl —anemeHTap “aXMm KaTTanuru.

Bupnuk BakTha O6UPAMK ~aXMAaH axpanub YMKYBYUU UCCUKIUK
MUKLOPUHN TOKHWHI conMwTuMpMa KyBBaTu W feb aTai-
mus. (34.3) pgaH Kyihuparm udoga:

w= p/2 (34.4)
HU ~OoCWUA Kunamus.
i, E, p Ba 0 nap opacugarun (33.4) myHocabaTgaH doliganaHuo,
(34.4) dopmynara Kyhmparmya KYpuHWUW 6Gepull MYMKWH:

w —/E = aE2 (34.5)

(34.4) Ba (34 5) thopmynanap XXoynb—JleHY KOHYHWUHUHT Ang-
thepeHumnan kypuHuwmamp. Lllynapra acocnaHu6, t BakTaa OyTyH
YTKasrmugaH axpanubd UYMKKaH WUCCUMKIMKHU TOMUIWI YYYH W Hun t
BaKTHUHI MabNyMm uwaiTugarun “~axm 6yimya nHTerpannawl, yHAaH
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CYHr 30ocun 6ynraH udogaHu 3ca t BakT Oyiimya uWHTerpannaw
Kepak:

35- 8. 3aHXWPHUHT 6UpP XUHCAM GynmaraH LUCMMU
y4yH OM 7"OHYHMU

OM KOHYHMHUHT (33.1) KypuHuwAaarn udoaacu 3aHXUPHUHT
O6Up KMHCNW, SIBHU 3M1EKTP HOPUTYBUM Kyd TabCup 3TMalgurad
KucMn yuyH ypuHAu. 3aHXUPHWUHT 6UP XUHCAM 6GynmaraH Kucmu
y4yH OM KOHYHUHUHT MAOJACMHWM 30CUA KUAWLWIAA I3HEPTUAHUHT
CakflaHWW KOHYHUra acocnaHamu3. KWCMHUHT yunapuga <p — VY3
noteHumnannap tapku masxypn 6yncuH (57-pacm). Kucmpa tabeup
3TYBUM 3. 0. K. HM 8N pe6 6enrunaiimms. Mabaym MAyHanuwHW
(‘MacanaH, 57-pacmga cTpenka 6unaH 6enruwnaHraH) TaHnab, / TOK
Ba (Y2 3. 0. K. napHu anrebpauk katTanuknap ge6 kapaw MyM-
KWH. Arap TOK CTpenka MyHanuwn 6yiinab okca, yHM Mmyc6ar,
arap cTpefnkara Kapama-Kapwu WyHanuwpga okca, yHM maHhuin geb
Kabyn kunamus. LyHra yxwauw, 3. 0. K. CTpenka #MyHanuwunga
TabCcup 3TaéTraH b6ynca, yHu Mmycbat (6y, TalWKW Kyunap Ly iy-
Hanuw 6yinya 3apakaTnaHyBuu MycbaT 3apaj yctuga mycbat muw
6axapagu, Aemakaup), Kapama-kapwu WyHanuw/f» tabcup 3Taér-
raH 6ynca, yHM MaHopuii geb kapalimus.

1>0

57- pacm

Arap 3aHXUp KUCMIapuWHW TalKWa KWAYyBYM yTKasruunap 3a-
pakatcu3 Oyfica, 3aHXupfaH TOK YTULWHWHT 6uppaH-6up HaTuxa-
CU YTKa3rMunapHWHT Ku3nwngaH unbopaT 6ynasn. LLUYHUHT yuyH
fapuya KyunapHWHr (371eKTpoCcTaTWK Ba TallKu) 3apaj Tawysyunap
ycTnga 6axapraH UM axpanubd YMKKaH WUCCUKIMKKA TeHr 6ynu-
wn kepak. YTkasrmugaH dt Baktaa dg = ldt 3apsg oku6 yTaau.
(32.4) ra acocaH 6y 3apagnap yctupa 6axapunraH wuL

dA = giadq - (p — Qdq

ra TeHr 6ynagm.
dt BakTAa axpanmb UYMKKaH WCCUKINK MUKLOPU:

dQ = PR dt —IR(J dt) = IR dq.
By wukku udogaHu 6up-6upura TeHrnab, dq ra KuckapTupcak
IR=(® —9) -I-Si2 (35.1)



noga 3ocun 6ynagn. byHpaH
1= ~h—n1. (35.2>
R

(35.1) Ba (35.2) thopmynanap 3aHXWUPHWUHT OUP XUHCAKW OYynN-
mMaraH KucmMu yuyyH OM K°HYHUHU wudopanangu = 0 ga (35.2)
thopMyna 3aHXUPHUHT 6Up XUHCAU KUCMU YYYH OM KOHYHUHWHT
(33.1) ndopacura ytagu. (35.1) ngogaga ® = ?2 6ynca, ENNK 3aH-
XNUp YyuyyH OM KOHYHWHUWHT

'=77 (35.3)

ngpopacmym 30cun Kunammus, 6y eppa S —3aHXup 6yiinab Tabcup
3TYyBUM 3. 0. K., R —bapya 3aHXWUPHUHT YMYMUIA KapLWWUAWUTH.
Tawky Kyunap MaBxyp 6ynraHaa OM KOHYHUHWHT gudgepeH-
UMan KypuHMWM KyhAmparuwya ésuvnagu:
j = o(E + E*). (35.4)
(35.2) hopMynaHUHT K nnaHWWMra mMuconnap Kapab ymkannuk.
3aHXUP KUCMUHUWHT yuynapugaru noteHumannap >,=20 B Ba =
= 15 B 6yncuH (58-pacm). KUCMHUHT 3. 0. K. aca 8§ \,u= — 10 B

(MUHYC uwopacy 3. 1. K. HUHT 2-W AyHanuwpga Tabcup STULIN-
HU KypcaTagu). 3. 0. K YaHOGPUHUHT Kapwuaurn 1 ou, KUCMHUHT

S '6(R-fan)
SR Hu

i="om
58- pacm

KonraH 6ynaknapuHuUHr Kapwunuru 4 om. LyHgain Kunnb, Kucm-
HUHT Tyna Kapwunanrm R =5 oM. bepunraH kuimatnapHm (35.2)
thopmynara Kyinmb, Kyhupgaru:

/ _ 20-_15—10_ _ 1la
h
KWiiMaTHW onamus.
TOK y4YyH MaH(puii Kniimat 3ocun 6yngun. By, TOKHUHT 2 -* 1
MyHanuwaa OKaéTraHWHW KypcaTagw.

36-§. TapmounaHraH saHxupnap Kwupxrod uowugacu

Arap Kupxrod TabpudnaraH koupagaH goiiganaHunica, TapMoK-
NaHraH 3aHXWpnapHu 3ucobnawl aH4ya ocoHnawagu. by koupa mk-
KuTa. YnapfaH OUpW 3aHXUPHWUHT TyryHnapura taannyknu. Wk-



KuTaflaH OpPTUK YyTKas3rmy ynaHraH HykKTa TyryH ge6 artanagm (59-
pacm). TyryHra KenaétraH TOK MabiyMm uwopa (nAc €K MUHYC)
ra ara 6ynca, TyryHfaH KeTaéTraHuW 3ca WKKWHYU XUN umwopara
(MnHyc ékm nntc) ara 6ynagn. KMpXTroHWUHE OGUPUHYUYM
KouMpgacura acocaH, TYryHfa yspawyBan TOKAApHUHT anre6-
pank AUTUHAUCW HONMTa TEHT:

(36.1)

By uoupaHuHr Tyrpuauru kyhugarn myno”asanapfaH Kkenub
ynkagu. Arap TOKNapHWHI anre6pamk WUTMHAMCKM HONAaH (apknu
6”nraHga agu, TYryHaa 3apagnapHuWHr  Tyn-
NaHMWun @éKkn Kamanmwm cogup 6ynu6, 6y
aca y3 HasbaTmpa TyryHga nOTEHUWanHUHT
y3rapuwmnra Ba fAemak, 3aHXupgaH YTyBuu
TOKNapHWHT y3rapuwura onué kKenraH 6ynap
agn. LWyHpah kmnub, 3aHXuUpAa TOKAAPHUHT
13 ysrapmacnurn yuyyH (36.1) wapTHUHI 6Gaxa-

\ puauwun 3apyp.

(36.1) TeHrnamaHm N Ta TyryHpaH um6o-

59- paem. paT 3aHXMWPHWUHT *ap 6Up TYryHW YUYyH é3uw
MYMKWH. JleknH N—1 TeHrnama MmycTa-
Knn 6ynu6, /V-TeHrnama 3ca LWy TeHrnamanapgaH kenn6 ymkagu.
TapmoKnaHraH 3aHxupga (ukpaH WUXTUEPUIA ENUK KOHTyp (60-
pacmpgarn 1—2—3—4—1 KOHTypra K*) axpatamus. AinaHuw ny-
HanuwuHu Genrmnainmms (MacanaH, paempja KypcaTuaraHgek coat

A £y,s £ R
00- paem

cTpenkacu 6yiinab) Ba KOHTYPHUHI *ap 6uMp TapMoOKnaHMaraH
Kucmnapu yyyH OM KOHYHUHW Kynnaimus:

Atfi - - YYHS81

w22 22— 734 A2

I3R3= b —9H &3

liRi = —2i4 £=
'00



By undoganap yywunraHja noteHuuannap kuckapagu sa K unp x-
FTOGHWHT MKKWHYMN LOHYHWHKU wundosanosuym TteHrnama %o-
cun bynagm:

= (36.2)

(36.2) TeHrnamMaHuw 6epunraH TapmMoOKnaHraH 3aHxuppa (ukpaH
axpaTub onuHraH 6Gapya E€nNuK KOHTYpnap YYyH Ty3ulWl MYMKWH.
AMMO 60LWIKa KOHTYypnapHu 6up-6mupura Kywuw Hynm 6GunaH *o-
CUN KUAWW MYMKUH GynmaraH KOHTYpPAapHWHI TeHrnamanapuruHa
MycTakun 6ynagw.

MacanaH, 61-paemfa KypcaTWUAraH 3aHXWUp YYYH Y4 TeHrnama

TY3UW MYMKUH:

) Y
n'/s
R,-?0H ar'-Lpn
i CfSS _+ e&S8
i T n
/ 6 D
61- paem.

1) 1—2 - 3—6—1 KOHTYp YuYH,

2) 3—4—5—6—3 KOHTYp YUuyH,

3) 1—2—3—4—5—6—1 KOHTYp YUyH.

OXMPrM KOHTYP 6GUPUHYM WUKKUTACUHMHT KYwwunuwunlan ){ocun
6ynagun. BuHo6apuH, KypcaTuaraH KOHTYPAapHWHT TeHrnamanapwu
MycTakun 6ynmaiign. MycTakun TeHrnamanap cudaruja yda. a
reHrnamafgaH WXTUEPUIA MKKUTACMHW ONUL MYMKUH.

Tok Ba 3. 0. K. opKany KUPXTOMHUHT WMKKUHYU KOUAACU TEHT-
namanapuHu Ty3uwfga TaHNab OAMHraH WYyHaNUWHWHE uMLWopacu
KypcaTunuwm Kepak. MacanaH, 61-paempa KypcatunraH [ TokK
TaHNnab ONMHraH XapakaT WyHanuwura TecKapy TOMOHTra OKKaHu-
M yYyH YyHW MaHhuin ge6 xwucobnaw 3apyp. ( , 3. 0. K. YUyH
Aam —" nwopa KyWuw Kepak, YyHKM Yy 3%am xapakaT WyHanu-
Wwnra Kapwu ToMOHra kapab Tabcup 3Tagu Ba K.

Xap 6up KOHTypja ”“apakaT WyHanuwuHu, 60WKa KOHTyphap-
parn “apakat WyHanuwnapupaH KaTtbu Hasap, WUXTUEPUI TaHnab
oNvw MyMKWH. By “onga 6upruHa 3.10.K. KW TOKHWUHT y3uU Typ-
NV reHrnamanapra Typau uwopa 6unaH KMpuwun MyMkKuH (61- pacwm-
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fa KypcaTunaraH WyHanuwpaa /2 TOoK y4yyH Wy 301 coaup 6ynagwu).
AMMO 6y 3e4 KaHfali azamuATra ara smMac, YyHKM 3apakat Muy-
HaNUWWHUHT y3rapuwmn dakaT (36.2) TeHrnamagarn 6apya uwo-
panapHWHI Teckapucura ainaHuwuraruHa onub Kenagwu.

TeHrnamanap Ty3uwAa 3aHXUPHWUHT TapMOKNaHMaraH KUCMU-
HWHT WCTanraH KecMMMAaH 6Up XWA TOK OKMLIUHW YHYTMaciuk Ke-
pak. MacanaH, $2—3 kucmaaH KaHgah TOkK okca, 6—£, KuCMAaH
3aM WyHgaik /2 ToK oKaaw.

KUpXroHUHT 6GUMPUHUYM Ba MKKWHYM KOWAanapura acocaH Ty-
3UAraH MycTakufi TeHrfnamanapHWHI COHW rapMOKNaHraH 3aHXup-
fJaH oKaéTraH Typ/iuM Kyyjaru TOKJapHUHT COHUra TeHT 6ynap 3kaH.
LLyHWHT yuyyH, arap 6apya TapMOKNaHMaraH KUCM/apHWHT 3.10.K.
Ba Kapwwunumknapu mabnym 6ynca, 6apya ToknapHu 3ucob6nab To-
MM MYMKUWH. bowka Typgaru, macanaH, 6epunraH Kapluauknap-
[a Kepaknu TOKMapHM 30CUN KWW YYYH 3aHXWPHUHT 3ap 6up
KUCMUTa yNaHUWKW Kepak 6ynraH 3.100.K. NnapHU Tonuw kKabu maca-
nanapHuM 3aMm evyull MYMKUH.

JHAM 61-pacmpa KypcaTwiraH TapMOK/JaHraH 3aHXWUPHU 3UCc06-
nawira foip MUCONHW Tasnun Kunamus. RA, /?38 , Ba § 3 Ge-
punraH = 1 a bynraHga g 2Hu Ba OyHAa 3ocun 6ynysuum /, Ba
/A TOKNapHuW TONULW Kepak.

3aHXuNp WKKW TyryHgaH (3 Ba 6 HykTanap) mbopat. Toknap-
HUHT cTpenkanap 6wunaH KypcatunraH WyHanuwnapuga (36.1) TeHr-
nama Wy TyryHnaap YYyH Kyiupgaru:

3 TYyryH yuyyH —/, + /12— /3= 0O (36.3)
6 TYrYyH yuyyH [, —/2+ 1= 0
KypuHuira ara 6ynagu.

By reHrnamanap MycTakui 3mac, YYHKW YNapHWHI 3ap 6upuHu
MKKUHYNCUHWUHT WLIOPacUHU Teckapura ysrapTupuwl Wynm 6unad
30CMT KUAWLW MYMKWH.

1—2—3—6—1 Ba 3—4—5—6—3 KOHTypfnap Y4YyH 3apakaT
MyHanuwun coat cTpenkacu 6ylindya ae6 kabyn kunm6, (36.2) TeHr-
naMaHu Ty3aMmu3:

- LA\ - 1% = - - 4L (360>
IpA* f M — Jj-f (u).!
(36.3) Ba (36.4) reHrnamanapra 6epunraH KuiimaTnapHm KYa*
MW3 Ba ynapHu Kyihupgaruya ésamus:
-bA-1-A.+0- 1,
— 2+, — 0-034-1- 2= — a,

Oe¢/j "H3¢/3— 1m&%— 1
Homabnymnapu /,, 13 Ba $ 2 6ynraH yy4 TeHrnama CuUCTEMacUHM
3ocun kmnguk. CuctemaHum eumb, KyWngaruHu 30CUN-KUTamu3:

D) YkyBuura /—2—3—4—5—6—1 KOHTYp Y4YyH TeHrnama Ty3uO, 6y TeHTr-
nama (36.4) TeHrnamanapHWHT HaTWXABMIACU 3KAaHAUTWra LaHoOAT 30CUN  LWAULI-
HW TaBCUS 3TaMmus.
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-1 -1 -1
-2 0 -4
o 3 1 ® _16s.
-1 -1 0
-2 0 1
0 3 —1
Wy iyn 6unad /, = 1,2 a, /3= —0,2« 3KaAHAWTUHK TONMUL

MYMKWH . .
brus <r yuyyH MaHpuii uuinmaTr onguk. by aca <2 HUHI WYHN-

AWK *ucob BakTuAa Kabyn KuauHraH, sibHM 61- paempga Kypca-
TUAraH WyHanuWwra HucbataH Kapama-Kapwu 6ynuwmn Kepakaurun-
HU Kypcaragu. LyHuHraek, /3 rok paempa KypcaTtunraHgarupek
3—4 iiyHanuw 6yiinuya 3mac, 6ankuM yHra Kapama-Kapwu hyHanuu-

Aa OKagH.

37-8. Tok MaH6aMHWHT doigann uw KoIPHOULMEHTH

Konpga 6yiinya anekTp 3aHXuUpu TOK MaHbampaH, TOK yTKa3yB-
4yn cumnapjaH Ba UCTebMON4YM EKW HarpyskagaH wubopat 6ynagu.
3aHXWUPHUHT *ap 6up 3neMeHTM Kapwwunukka ara. OgaTga, TOK
YTKa3yBYH CUMAPHUHI KapWUAUTU XYyAa KAYUK OynraHu yuyH
ynapHu “ucobra onmainimmni. 3aHxwupgarum TokK (35.3) dopmynara
acocaH:

6y epga RO—maH6aHUHT Kapwunmrn, R—HarpyskaHuHT Kapwuanru.
Harpyskagaru

KyuynaHuw (Knemmanapgarv 3. 0. K ra TeHr 6OyaraH KyunaHuu).
8 faH KMUYMK. R -» oo ga (SbHM 3aHXuUp Yy3yk 6ynraHga) U
Ara TeHr 6ynagun. LWyHpalh Knnmb, OYMK TOK MaHOGAWHWHI KeM-
Manapugarn Ky4YnaHull YHUWUHT 4. 0. K. Ura TeHr.
Enuk 3amxup yuyH (32.4) dopmynaHu Tatébuk atum6, diszapaa-
HU 3aHXuUp 6ylinad Kyuyupuwga 6GaxapunraH uuw

dA = &dq

ra TEHr 3KaHAUTUMHW ~OCWUNT KWUNaMU3.
dA uWwWwHM yHM Gaxapuw yuyH KeTraH dt BakTra 6ynu6, 3. 0.K.
MaH6aMHUHT KyBBaTUHW TOMamus:

8 Pr--
WyHaah kKmnmb, TOK MaHOGaWHWHT KyBBaTW:
(37.2)



By dopmynara (37.1) TOKHWHI KWiAMaTUHW KYiub, 6Gapya 3aH-
Xupfa axpanubd YmkkaH Tyna KyBBaTHW TOMNamu3:

P- — . (37.3)
o+ *
Harpyskaga 6y KyBBaTHWHI, 6u3 cdoipgann aeb aTaligurad, gakat
6Mp KUCMM axpanub uukagwu:

P = up-= R= -1 e (37.4)
(/?70+/?)J 1 ", nvr
KyBBaTHUHI KONraH KWCMK 3ca rok MaH6ampa (Ba roum yTKasyBuu
cumnapga) capnaHuo, 6ekopra ucpog 6ynagw.

doiigany KyBBaTHWHI 3aHXWpAaru 3. t0. K. hhhi YMYMWA KyB-
BaTUra HucbaTtM TOK MaHOGaMHWMHI oingannm wuw  KO3IMHUNMUEHTUHU
(db. n. K.) KypcaTagu:

(37.6)
1 P ROFR™
by ¢opmynagaH HarpyskaHuMHr R kapwunurum ToK MaH6amHuHr RO
KapwuaurupaH kKaHya katta 6ynca, Vj @. U. K.HAHI LWYyHYa KaTtTa
oynuwn kenn6 umkagm. LYHWHT yuyyH MaHBGaHWHT KapwuauruHu
MNOXKN 6Gopuvya KMUYMK KUAMWra 3apakaT KuaumHagu.

BepunraH TOoK MaHOauHWHI KyBBaTW HarpyskaHuHr W kapwmu-
nurura 6ornuk. Y kucka tytawyspa (/? = 0) makcuman 6ynagu,
ammMmo 6y “onpga 6apuya KyBBaT MaHOaMHWUHI y3uga axpanub uu-
Kagun Ba OyTyHnaih 6edoiliga 6ynagn. R kapwunuk optuwmn 6unax
Tyna KyBBaT Kamaimb 6opaan Ba R -* 00 6ynraHfa Honra UHTMNAAM.

Tok mMaHb6angaH axpanunb uu-
KYyBYM PONJanm KyBBaTHUHI KWUI-
\ MaTW 3Hr KaTTa 6ynraHga bl Ba
RO nap opacuparun myHocabaTHu
\ Tonamus. BYHUHT yuyyH HAHHUHT
(37.4) dopmynacnHu < 6yinya
ancdepeHymannaimms Ba "ocu-
NaHW Honra TeHrnawTupamus:

dPﬁ_ Rn~ k
—l=y- —0
a< (723 R*- un-
byHgaH 8 = 8 ob6ynraHga Pwu
MaKCUMyMra 3ara O6ynuwuHu To-
namns (6owka euynmmun: 8 = co
6ynraHga PH muHumym 6ynagwn)
Oemak, GepuaraH 3. 10. K. jaH
3HI Kyn ¢oigann KyeBaT OnuMwW
YUYYH Harpy3kaHUHI Kapwuinru-
T HW TOK MaHOamHUHT Kapwuauru-
ra TeHr kunmb onuw Kepak. By
3onga (37.5) ¢opmynara acocaH ¢. u. K. 0,5 HM Tawkun 3stagu.
62-pacmga P, PH Ba y] napHuHr 8/&0 HucbaTtra 6ornaHuw arpu
Un3nKNapyu KenTUpUTaH.

62- pacm.
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VI BOb
BAKYYMAA YIATHAT MANLOHW

38-8, ToknapHWHr y3apo rabcupu

AnekTp Toknapu 6up-6upu 6unaH ysapo rabcupnawagu. Maca-
NaH, TOK yTaéTraH WKKW WHruyka ryFpH uuM3mknm yTkasruu (ynap-
HM 6M3 Tyrpu roknap Ae6 artainmms), arap rok ynapga 6up ToO-
MOHFa OKca, 6up-6MpuHM ToOpTafW, arap* Kapama-Kaply TOMOHra
oKca, Oup-6upmHu wnTapagu. Taxpuba KypcaTaguku, napannen
YTKa3rmynapHuUHr ~ap OUPUHUHT OGUPANK Y3YHAUTUTa TYrpu Kenys-
uM y3apo TabCUp KyuW ynapgaru r, Ba r2 Tokfiapra Tryrpu npo-
nopuuoHan Ba ynap opacuparu b wmacogara Teckapu nponopuu-
oHan:

/, = k"4 38.1
=k (38.1)

KelinHpoK oWguHNalwagnraH Mmyno”asanapra acocnaHub6, 6u3
NPONOPUMOHANANK KO3hhUUMEeHTUHN 2/f opkanu 6Genrmnaguk.

TOKNapHWHT y3apo TabCuMp KOHYyHM 1820 Wunga Amnep romo-
HWA4AH aHWKNaHraH sgun. bu3 6y K°HYHHWHT MUCTaNraH LlWakngarv
yTKasruunap ydyyH Kynnaw MYMKWUH OynraH ymymuii udgogacu 6u-
naH 46-8 pa taHuwamm3. TOK KyuyumHUHr CW Ba abconoT 3NeKT-
pomaruut (CFCM cuctema) 6Gupnuknap cuctemacugarm 6upnuru
(38.1) KoHyHra acocaH Tonunagu. ToK KydumHuHr CW cuctemagaru
6upnurn —amne p —ysrapmaiguraH TOK Kyuum cudatmpja aHukna-
Hagu. By rok Bakyymp! 6up-6upugaH 1 M Mmacodaja xoinnawraH,
Xyfa KUYUK KyHJanaHr Kecum to3ura Ba YEKCU3 Y3YHAUKKa 3ra
6ynraH napannen TYrpu YMsuknu ytkasrmunapgaH oku6, ynap opa-
cufa Y3yHAUKHWHI "ap 6up meTpura 2+ KO-' H ra TeHr OynraH
Ky4y “ocun Kunagwu.

KynoH 1 a TOK yTaéTraH YTKasrMYHUHI KyHAanaHr KecumupjaH
1 cek pga okuMb yTyBYM 3apagHu  KypcaTagu. LUyHra acocaH Ky-
NOHHWM amnep-cekyHpn (a-cek) pe6 "~am aTangunap.

(38.1) hopMyna pauMoHannaWTUPUAraH KypuHUWAA Kyiunpgaru-
ya ésunagu:
, _ N 2bb- /38.2)
mn b »
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6y eppa (00— marHuT gommwuiicu feb atanagm [ywby dopmynaHu
(4.1) ¢opmyna 6unaH TaykKocnaHrj.

Hb HWHF COH UMAMATUHM TOMWLW YYYH aMMNepHUHr Tabpudura
MYBOUK T, = /2= la Ba b= 1 un 6ynraHga /, = 2+ 10~7H/M 6y-
nvmwnnrugad gonganaHamus. by uuiimatnapHu (38.2) dopmynara
KYamus:

210" ="~
4- 1
BbyHaaH
Hb= 4n 2 « 10 '"rH\m (38.3)
(38.1) thopmynanarn kK KoaphUUUEHTHNHT KWAMATUHW TOK Kyuu 6upnuknapu-

HU TaHnab onuw pgucobura 1 ra TeHrnaw MYMKUH. TOK KYUYUHWUHT abCONIOT anek-
TpomarHut 6upnurm (CFCM TOK Kyyu 6upnurun) wyHpak aHuknaHagu. By 6up-
NNK WYHAAN TOKHWHT Ky4 6UPNWUTMKKW, 6Y TOK WHIMYKa TYrpu cumgaH oOKub
yTaétn6, 1 cm Mmacodafa xoiinawraH ysura TeHr Ba napannen TApu  TOKHWUHT
Kap 6Mp caHTWMeTp Y3yHAWrura 2 AuHa Kydy 6unaH Tabeup aTagu.

CIrC3 b6upnuknap cuctemacmpga k b6upra TeHr 6GynmaraH ynyamnam KaTTanuk»
avp. (38.1) topmynara acocaH K HWHI yn4yamMauru Kyiugarnya Tonunagu:

Al B _ 1]
[*] [

Bu3 /, HUHI ynuyaMauryn y3yHAWK yndyamaurura GYAUHraH KyYHUHT ynyamaurura
TeHr pe6 gucobnaraHMmMmu3 yuyH, /t b KynakTMaHWHI YyNuyamauru KYYHWHT ynuyam-
nurura TeHr 6ynaau. (3.1) Ba (31.5) dopmynara acocaH:

\aVv \q\
t/]] =7i; M=y-

By kuiimatnapHu (38.4) ndopara uyiinG,

9KAHNUTUHU Tonamus.
WyHpah knnnb, CrC3 cuctemaga k Hn

k éz (38.5)
KypuHuwaa ndoganaw MyMKUH, 6y epfa C—3NeKTPOANHAMUK AOUMUIA
pe6 atanyByu KaTTanuk 6ynub, Te3NWK ynyamMaurura ara. YHWHT COH KUiAMaTUHK
TONMUW YYyH Taxpuba OpKanum aHwknaHraH KynoH 6unaH CrC3 3apag 6upnurn
opacmupgarn (3.') myHocabatgaH ¢oiiganaHamms. 2- 10-' H/M Kyy 2.10-4 paHal/cm
ra akBuBaneHTaup. (38.1) dopmynara acocaH b— 100 cm 6ynraHpa pap 6upupad
3100 CFC3 6upnunk (AbHM 1 a) TOK yTaéTraH yTkasruuynap lWwyHpan Kydy 6unaH
TabCcupnawagu. femak:

2.0< |
c2 100
6yHAaH
¢ = 3. 1010 cmlicek. (38.6)

SNeKTPOAUHAMMUK AOUMUAHUHT KUAMATU  EPYTANKHUHT 6YLWIANKAArW Te3NnNru-
HUHT KuiAMatura moc Kenagu. MakcBenn HasapuscugaH OGywaWkgaru Tesnnuru

*) Mertpra redpu (59- 8§ ra u.).
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C 91eKTPOAUHAMUK [OUMMWIATA TeHr 6ynraH 3N1eKTPOMarHuT TYNKWUHNAPHWHT  MaB-
KYONUTU KEeNU6 unKafu. C HUHT EPYTNWKHHHI  BakyyMmfaru Te3fiurura TeHrAurn
MakcBennra €pyrnuk 3neKTpOMarHWT TynkKuHnapaaH wbopat fJeb TaxMWUH 3TuUL-
ra acoc 6ynau.
k HuHr (38.1) dopmynagarun kuiimatu CrCM-6upnuknap cuctemacuga 1 ra
Ba CICO-6upnuknap cuctemacujga —1= 1- C—EK-r ra TeHr. byngam 1CrcmMm
c2 (3 +100M cm-
TOK Kyun 6upnurm 3. 100 CIC3-TOK Kyuum GUpAurura 3KBUBANEHT 3KaHAU-
m Kenub umkapu:

1 CTCM-ToK Kyuu 6upnuru — 3 « 1010CIrC3-T1oK Kyun 6upnurn m=10a (38.7)

WyHnpat kunm6, ferem = - /AC> WyHra yxwaw, Jerem - - 9creMm,  WyHUMHT

yuyH [aycc cucTemacmparm MarHuT KatTanuknapu 6unaH 6up katopfa TOK Ky-
yn Ekn 3apaj MaBXypn b6ynraH 6apua cdopmynanapra i €KW q HWUHI X;ap 6upm

Y4YyH 6UTTagaH — KaTTanuk kupagu. by kynaiityBum CIrC3-6upnuknap cucte-
c

macupa udoganaHraH 3hap 6up KaTTanuk (< €KUM Q) HUHT KuiimatuHm CIrCM-6up
nuknap cuctemacura ailnaHtupagum (CFCM-6upnmknap cuctemacu WyHAAR Ty-
3UNTaHKW, yHAaru 6apya GopMynanapHWHr NponopuuoHannuk Koadouuymenta 1
ra TeHr)

39-§. MarHuT maifoHu

TOKNapHUHI y3apoTabCUpU MarHwmT MaligoHwn peb artanys-
UM MaligoH opkKanu amanra owagu. by Hom 1920 Wunpga SpcTef
nankaraHungek, TOK ~OCUN KWaraH MalJOHHWHI MarHuT CcTpenka-
cura TabCUpuUfaH Kenuoé YMKKaH.

WyHgalii knnunb, >;apakaTnaHyBum 3apsagnap (Toknap) ys3napuHu
Ypab onraH pasoHMHI XYCYCUATUHMW Yy3rapTupagu, SbHW yHAa mar-
HUT MaligjoHM >;ocun Kunagn. By maifoH y3upa fapakaT/iaHyBuu
3apagnap (Toknap) ra Kyunap TabCup Kunuwmnpa HamoéH bynagu.

JNeKTp MaWfoOHWHM ypraHuwpga HYKTaBuidi CUHOB 3apsajupad

thonganaHraHMMn3feK, MarHUT MaWfOHVMHU ypraHuwga ”~am Ku4nkK
yndyamnapra ara 6ynraH Aaccu énuK KOHTYpAaH OKYBYM CWHOB TO-
KN KynnaHunagn. KOHTYpHWHI dasogaru nona-
TW KOHTypra TOKHWMHI #yHanuwura 60rauk
6ynraH “~onjga YyHr BWHT Koupgacu byiinya yTkKa-
3UAraH Hopmanb RMyHanuwm 6unaH xapakTep-
naHagn (63- paem). ByHpain HopmasHu 6U3 Myc-
6aT Hopmanb geb aTainimums.

Bu3 CMHOB KOHTYpPWHM MarHuWT MaigoHura
KWpUTraHuMmnsga ManfoHHWHI KOHTypra lhyHan-

TUPYBYM TabCcup KypcaTub, yHU mycbaT Hopmanu 63-paewm,
6unaH Mabaym WyHanuwra 6ypuwMHW nNankai-

Mn3. By AyHanuWwHW ManfoOHHWHI WYy HyKTagarun wnyHanuwun aeé
Kabyn kKuynamus. Arap KOHTYPHW HOpManb MyHanuwu 6unaH mangoH
MyHanuwm Moc KenmahnguraH Kuamnb xonawTmpcak, KOHTYpHU My-
BO3aHaT “ofaTura KawWTapyByu ainaHma MOMeHT *ocun 6ynagw.
MOMEHTHUHI KaTTanuru Hopmanb 6wunaH mMaifgoH WyHanuwm opa-

cupgarn a bypyakka 6ornuk 6ynub, a = 6ynraHga y Y3WUHWUHT
makcuman M Tlokniimatura spuwagn (a= 0 fa MOMEHT HOMra TEHT).
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AlinaHTUpyBYM MOMEHT GepunraH HykKTajgaru MaigoH “ampga
KOHTYPHUHI XycycusiTnapura 60rnMk. Bup HyKTaHWHT y3ura >(ap
XWUA CUHOB KOHTYPNapuHU KUpuTM6, M TaK HUHT KaTTanuru KOHTyp-
farum / rok Kyuura Ba KOHTYPHWHT loWwra MponopLumoHan 3KaH-
AUTUHU *amfa KOHTYPHWHT LWakKaura MyTaako 60ranK 3MacauruHu
aHuknammus. LWyHaah Kunub, MarHUT MalfOHWHWHI  TOKAM  fcCu
KOHTypra TabCUp KOHTYPHWUHI MArHUT MOMeHTMU feb

aTtanyByu
pm= 1S, (39.1)

ngpopsa 6unaH aHuknaHagu (3NekTp MaingoHupa [unosara Tabecup
3TYBYM alNaHTUPYBYM MOMEHT AUNOMHUHI 3MeKTP MOMeHTu p—ql
ra nponopunoHan 6ynraHu Kabu).

Faycc cuctemacupga marHuT momeHtn CICM-6upnuknap cucTemacupa, TOK
Kyuun aca CFC3-6upnumknap cuctemacmpga ynydaHuwm sapyp. WyHuHr yuyH Faycc
|

cuctemacuga pT HWHT wudogacura — KynauTyBYW KUPUTUNAfN:
c
pT - . IS. (39.2)

KoHTyp / TOK Kyuum Ba 5 t03afaH TallKapu, WYHWHTOEK, Y3U-
HWHT (hasogaru nonatm 6unaH ~aMm xapaktepnaHagu. LUYHUHT yuyH
MOMEHTHU MyHanuwyu myc6aT HOpMaib KyHanuwmra MoC Kenagu-
TaH BekTOp cudaTMha Kapaw Kepak:

PT = PTTI
(n— 6upnuk BeKTOP).

MallJOHHUHI 6epuaraH HykKTacuTa PT HUHI Kuiimatnapu 6unad
6up-6upngaH tapk KunaguraH CWHOB KOHTypnapura Typau KaTTa-
avkgarn TWhex alifnaHTUpPYBYM MOMEHTNap TabCcup 3Tagu. J1eKuH
MTbIlpT Huc6aT 6Gapya KOHTypfnap y4YyH 6up xun OynaraHAuru-
0aH YHU Mal[JOHHWHT MWKAOPWIA xapakTepucTukacn fAeb Kapaw
MYMKWUH. By Hucbat nponopuuoHan 6ynraH ¢usnkasuin B kaT-
TaMK MarHuUT MHAyKUumuacu peb artanagu:

B - (39.3)

PT

MarHuT MHAYKLUACU BEKTOP KaTTanuk 67nub, YHWHT IyHanu-
N CUHOB KOHTYypuUra YTKasuaraH HOPManHWHI WyHanuwu (6usby
AyHanUWHN MaWLOHHUHI WyHanuwu peb kKabyn kuaraH 3aguk) 6u-
naH aHuknaHagun. (39.3) ¢opmyna B BEKTOPHWUHI MOAYAWHWU uUO-
panaium.

B BEKTOPHWHI MalJOHWUHW MarHUT WMHAYKLWS 4Yn3nMknapu éppa-
Muga E BEKTOPHWMHI MaWfOHWHU udofanawga KynnaHuaraH Kowu-
panap 6yimuya Kyprasmanum Kunmb udopanaws MyMKuH (7- 8 ra K.)

AvTunrannapgaH E 3anekTp MalJOHWHWHI 3apsjra TabCup Ky-
UMHW XapakTepnaraHu kabu, B *am MarHuT MaWJOHUHWHT TOKKa
TabCUP KYUYUHU XapaKTepnawwu, sbHM B HMHI E ra yxwaw 3KaH-
ANTU Kenub 4nkagu.
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40-§8. bno—CaBap UOHYHW. "apakaTnaHyBuMU
3apALHUHT MangoHn

1820 nunpgabunoBa CaBap 3ap XWn waknagarn TOKAApPHWHI mar-
HUA MaigoHNnapuHu ypraHgunap. Ynap 6apuya 3onn1apja MarHut
WHOYKUMACKU MarHuT MangoHWUHW 30CUS  LWMAYyBYM TOKKa MNponop-
UMoHan sKaHNuUruHn “~ampga B aHuMKnaHraH Hyuraraya 6ynraH Ma-
cothara 6upop rapsgarm (o3pou EkM Kynpo”) mypakkabnukpa 6or-
MK 3KaHIUTMHW aHuknagu. Jlannac buo Ba CaBap_Taxpubanapu-
HUHT HaTwXanapuHu awvanuni ~nnmb, wuctanraH TOKHWUHI  MarHuT
MalfoOHMHN TOKHWHI ano”mpa 3fnemeHTap 6ynak4yanapu 30Cun Uu-
raH MangoHNapHWUHI BeKTOpP WurnHgmcyn (cynepnosumuyuscu) cuda-
Tmga 3ucobnaw MYMKWHAUTUHW aHWUUIagu.

Nannac ysyHnurn dl 6ynraH TOK 3NeMeHTW 30CWUN LWATaH mai-
JOHHUHT MarHuT WHAYKUUACU YYYH

(40.1)

thopmMynaHu aHuynagu, 6y epga K — ynyoB 6MpAUruHM TaHnawra
6ornuy 6ynraH nponopuuvoHanInk kKoapduumeHTa, /[ — TOK KyuMu,
dl —Tok oOKaéTraH ToMoOHra WyHanraH
Ba TOKHWHI 3nemeHTap 6ynarura moc
Kenysum  BekTop (64-paem), r — TOK
aneMeHTupaH dB aHuynaHaétraH Hyuyta- |/’
ra MyHanraH BeKTOpP, I —LUy BEKTOPHWUHT
Moaynu.
40.1) myHocabaT bmo —CaBap —
NNannac éknm kuncapok bnmo —Ca-
Bap HOMM 6unaH puTUIaaN.
dB BekTop dl anemeHTAaH Ba Mail-
8oH >{ncobnaHaéTraH HyuTagaH YyTyBYU
TEKUCNNKKA MeprneHAUKYNap iAyHanraH.
ByHpa d\ aTpodupga dB HUHT iyHanuwm
oylinua ainaHuw d\ 6unaH yHr BWHT
yompacu opkanu 6ornaHraH (64- paem).
dB HWHT mMoaynu y4dyH uynmpgarum wugo- 04-paewm,
faHW é3UW MYMKWH:

aB = K':-—- -, (40.2)

6y eppa a—dl Ba r BekTopsap opacuparum bypuak.
Bno—CaBap LOHYHW pauuoHannawraH waknja uynumgarunya
é3nnagn:
u( idlsing
B—— (40.3)
4iz

Y by 606ga (auaT BakyymAaru MarHutT MaligoHW KapanaéTraHuHwW 3cnatub
yTamus.



ybHu fc' = [i0/(4i:) pe6 uapanagn. MarHuT MHAYKUUACUHUHT CU
cuctemagaru 6upnurm tecna (Tn) ge6 atanagu

CrCc3 Ba CrCM cuctemanapuga h HWHr ynyoB Gupnuru wyHpa Tasna-
ragnku. 6yHaga BHo—CaBap KOHYHWHWHT udogacugarn Kk koapduuymeHt '1 ra
TeHr 6ynagu. [Oemak, 6y cucTemanapgarun B HuHr 6upnuknapu opacuga “yaau
WyHAaW cuctemagarn TOK bGupnuknapu opacuparm myHocabat masxypn 6ynagu:

1CrcmM B o6upnunk = 3-K010 CTC3 B 6upnuk. (40.4)

.MarHut HHAYKUWACHHUHT CIFCM 6upnuru raycc [eb atanyeBum maxcyc
Homra 3ara. Faycc wyHpall abconoT 6GUpNUKNap CUCTEMACUHH TakKnug KUN[uKu,
6y cucTemapa 6apya 3nekTp kaTTtanuknap (3apsag, TOK Kyyu Ba K.) Crca-
6upnHknap cuctemacupfa, MarHuT KatTanuknap (MarHUT MOMEHTU, MarHUT WHAYK-
umsacu Ba v K.) aca CFCM 6upnuknap cuctemacupga ynuaHagum [aycc cuctema-
cnpga buo—CaBap KOHYHM

,,,,,,,,,,,,,,,,,, (40 5)

KypuHuwra ara (l/c kynaiitma TyrpHcuga 106-6eTra K.)

Hn3 6unamMuskun, 3nekTp TOKW 3apAgfapHUHT  TapTmbnm “apa-
KarmaaH u6opat. LWyHpaid kunub, MarHUT MaJOHMHM XapakaTna-
HyBUYM 3apagnap Byxypara kentupagu. (40.1) MailgOHHU TOKHHHT
dl anemeHTMpa xapakaTnaHyBuM 6Gapuya 3apsignap “ocun “~unagw.
ButTa “apakaTnaHnétraH 3apsiff BYXyAra KenTupraH MangoHHUHT
MarHUT WHAYKLUMACUHU Tonuw ydyH (40.1) wndopagarm i ToK Ky-
UM YpHUTA | TOK 3UYAUTUHWUHI YTKA3TUYHWHT KyH[aNnaHr S Kecuwm
o3nra 6ynraH KynaiTmacuHu Lyin6 é3amus. TOK 3UYNUTM BEKTO-
pu j Ba ci\ BekTopnap 6up xun hyHanuwra 3ra. LUIYyHUHT yuyH

id\ = Sid/ (40.6)
fe6 é3uw MYMKWH.
Arap yTkasruuygaru Gapya 3apag lawysumnap 6up xun 6ynué,
e'(e'—anrebpanMk KaTTanuMk) 3apsgra ara 6ynca, y xonga ToK
3UYUTU BEKTOPWHM Kylinparnya ésmw MymkuH [(31.4) ra k-1-

j= s'nn, (40.7)

Oy epga «—6upAuK x&kKmpaarn 3apsaj rawysymaap COHW, WM — 3a-
pa4 TawyBuunap TapTM6AM xapakaTMHWHI ypTaya Te3nuru. Tok
TawyBymnap mycbar 6ynca, j Ba U 6up Xun yHanuwra ara 6y-
AVWIWHU 3cnaTmb yTamu3. Arap TOK TawyBuuiap MaH(uii 6ynca,
j Ba M Kapama-Kaplu TOMOHra iyHanraH 6ynagw.

(40.1) topmynara \ii\ HuHr (40.6) ndogacuHu Kyihnb, yHAaaru
j Hn (40.7) ra 6uHoaH anmawTupamu3 (£' Hu pQ4m ra TeHr peb
Kabyn bunamuni), HaTtumxaga

fB —— |ur-! (40.8)

4K r3 \Y
npogaHm xocmn kunammus. Sdlin —yTkasrmyHuHr dl  anemeHTU-
parn 3apapg Tawysuumnap coHu. (40.8) wudopaHu wy coHra 6ynmo,
M Te3NuK 6unaH XxapakaTnaHyBYM OUTTA 3apsj BYXyAra KenTup-
raH MaWfOHHWWUI MarHW WHAYKLUACUHW TONamus.



Arap e' 3apap v Te3nuk 6unaH 3apakatnaHaétraH 6ynca, vy
3(npga 6y 3apsg ypHuM ysura HucbataH r paguyc-BekTop 6unaH
aHUKNaHafuraH HyKTaga 30CWMM1 KUATaH MarHuT MalfoOHWHWUHT  WH-
oyvwmacn:

(40.9)

(40.10)

ONeKTPOMAarHuUT TYJKWUHAAPHUHT (a3ofa C Epyrauk Tte3nurura
TEHr O6ynraH 4YeknuW Te3nuMKAa TapKanuWWHW Hasapfja TyTuw 3a-
pyp. LWyHWHr y4yyH a30HUHT GepuniraH Hyktacuparum MaigoH
3apsAgHUHT T'—rjC ceKyHA ONAWH MaBXyj OynraH “onatura (AbHu
ypHWra Ba Te3nurura) moc Kenagum (r-szapap T CeKyHL ONAWH
MaBXyj 6ynraH HykTafjaH B aHuknaHaéTraH HykTaraya Oynrad
macoa). LUyHpail kunub, MalfgoOHHWHI 6epuaraH HykTagarum Kui-,
MaTh, Wy MaWfOHHW BYXYy[Ara KentupaétraH 3apaj HyKTajaH KaH-
Ya y3o0Kaa >KohnawraH 6ynca, wWyH4Ya Kamasgum fgeb anTuw ypuH-
anaup.

:40.9) Ba (40.10) dopmynanap 3apsifgHWHI T Bakrgarm CUMKKU-
Wwn (CUMKAW V- ra TeHr) MaWfoHHWHT 6GepuaraH HykTacurava
6ynraH r macothara HucbataH “mncobra onMHMaraH 3014a, SAbHU

wapt 6axapunraH “ongarvHa Tyrpu HaTwmxabepagwu. r
TEHICU3NMKHN t ra 6ynnb6 3ampa r/T HUHT Cra TEHFUTUHU 3bTU-
6opra onn6, (40.9) Ba (40.10) dopmynanap ypuHau OynaguraH

v<£fcC (40.11)
WAPTHU 30CUNT KUNAMWU3.

41- 8. Tyrpu Ba aillnaHMa TOKNapHUHI MainjoHnapm

Coppa TOKMAapHUHI MaigoHnapuHu 3ucobnawpa (40.3) dop-
MynagaH ¢olifjanaHamMns. Yekcus y3yH Tyrpu cumgaH okKaéTraH
TOK BYXYfAra KentupraH MahfjoHHM Kapab uukannmk (65-pacm).
BepunraH HykTagaru 6apuya a?B nap 6up xun iyHanuwra (6u3
K'7paéTraH 30/14a 4YM3MAHUMHI OpKa TOMOHMUra iyHanraH) ara. Wy-
HUHT YuyH rfB BeKTOpNapHWHIr WWUTMHAWCUHW YNAapHWUHI MOAynna-
PUHWHT WWTUHAMCK 6GuNaH anMalWTUpul MYMKWUH. BW3 MarHut uH-
OYKUMACUMHM 3McobnaéTraH HykKTa yTKasruupgaH b macodaga >oii-
nawraH. 65-pacmpaH

b . rda bda

sin a sin a sin2a
3KaHAUTU KYpuUHNG Typunbawu.

By kuiimatnapHu (40.3) dopmynara yysamus:

dB = " 1w sina ~sinila = JLSiA ada,
4t /A *slna 4c b
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UeKcU3 y3yH TYrpy TOKHWHI 6Gapya 37emMeHTIapu ydyH a 6yp-
yak 0 6unaH « opacupa ysrapagu. [emak,

WyHaat knunub, TyrpyM TOK MaWAOHUHUHT MarHuT WHAYKUUsicU

BN H,= (41.2)
thopMyna 6unaH aHuWKnaHagu.

laycc cuctemacupga 6y dopmyna

B (41.2)

K puHUWwra ara.

65-paem. 66- paem.

Tyrpu TOK MalJOHWHWUHT MarHUT WMHAYKUUACK YU3MKIapU CUM-
HMW ypab onraH KOHUEHTPUK ainaHanap cuctemacupaH wnoopat (66-
pacm).

(41.1) dbopmynagaH 1 a TOK yTaéTraH Tyrpu CUMHWUHI b = Z_HM macoagaru

MarHUT WHAYKUUACU COH Xu” ataaH O Mai HUT goumuiicura TEeHTAWIM Kenué uu-
kagu. (0 HUHT (38.3) KMiMaTUHM Xx;ucobra oncak, 6U3 KapaéTraH X;0N YuyH

B —4- ¢10~" Tn 6ynagn. Xyaau wy xon yuyyH B HuHr Faycc cuctemacupgarm
KUAMaTUHU x;ocun kunuwga (41.2) ndopara ¢c= 1010 cm/cek, 1= 3 « 109 CFC3-
TOK Kyuu 6upnurn (31.6 ra k) b= (100/2a) cM kuiimatnapHu KYamus:

1 2-3-109

= 40«10 1rc.
¢ b 3 10 () e

WyHpgat knnub, 4n+ 10 ' TN MarHuT uMHAyKumacu 4 ¢ 10°  rc MarHUT UHAYK-
umAacura sKeMBaneHT akaH. ByHaam

1Th— 10* rc (41.3)

9KaHIUIN Kenubé umkagu.
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R pagmnycnu alinaHa waknura 3sra 6ynraH WHrMyka CcHMfAaH
yTaéTraH TOK (alinaHma TOK) HWHF 30CWA ~MAraH ManfoHWHU Lua-
pab uunNannuk. AinnaHma TOKHWHI Mapkasugarm MarHuT WHAYK-
umMacuHM Ttonamus (67-paem). TOKHWMHI 3ap 6up 3nemeHTa Map-
Kasfa KOHTypra yTKasuaraH mycbat Hopmanb 6yiinab WyHanraH
MHAYKLunMA “~ocun kunagu. LyHWHT yuyyH dB napHuW BeKTOp UyLiunw
yNapHUHI MoAynnapmHu kKywuw kabwu 6ynagm. (40.3) dopmynara
acocaH

07- paem. 68- paem,

(a = it/2). By wudogaHn 6YyTyH KOHTyp Oylinya WHTerpaniacak:

Jemak, alinaHMa TOKHUHT MapKasngarn MarHnt WHAYKLUNACK

(41.4)

JHAM alinaHMa TOK YUWHWHT KOHTYp éTraH TeKUCIWKAaH A Maco-
tafa >xolhnawraH Hy~Tacugarun B Hu Tonmamus (68-pacm). dB Bek-
Topnap 'lBa I BeKTOpfnap OpKanu yTaguraH TeKucauMknapra nep-
neHANKynap. BuHo6apuH, ynap CMMMETPUMK KOHYCCUMOH ennuruy
3ocun kunagunap (68- paem). CumMeTpuss MyJfosasanapura aco-
caH HaTwkaBuMili B BekTop TOoK y”™m 6yinab liyHanraH ge6 anTuw
MYMKWH. )?ap 6up ~B Tawkwua 3TyBUYM BEKTOP HaTMXaBWA BEKIrop-

ra Mmoaynb >xusatgaH rffisinP = dB —ra TeHr 6ynraH rfB uy paH
néopat y3 “uccacuHu kywagu. d\ Ba r BekTopniap opacmpgarum *
6ypuyak Tyrpu 6ynraHum yuyH

r deoorlor an ™

8 W. B. CaBenbes



By undogaHn 6yTyH KOHTYyp 6yiinya wHTerpannab, r Hm V R* +
nioga bunaH anmawiTMpcak:

J " 49131 4rc 13 4N (#2 + ~2)3n

HM 3ocun kunamus. ;= 0 ga 6y ¢opmyna ainnaHma TOKHWHT map-
Kasyjgarun MarHut MHAyKUuAcu ydyH ésunraH (41.4) dopmynara
alinaHagwu.

(41.5) MyHocabaTHUHI cypatugarn kR4 wudosa KOHTYPHWUHT
MarHuT MoMeHTWra TeHr. KoHTypgaH >Kyja ysouga >koljawrad
HyKTanap ydyyH maxpaxgarun R2 Hu n2 ra HucbataH 3ucobra on-
maca 6ynagu. by 3onpga (41.5) dopmyna gunonb yuuparu 31eKTp
MagoHW KydnaHraHauru yyyH ésumnrad (6.2) mndogara yxwau

B _ Mi 2PT
AT x3
KypuHuwra ara 6ynagu. AinaHma TOKHWHI Mapkasuparn B Ba pn
KOHTypra yTKaswaraH myc6at Hopmanb O6yivuya iyHanraHAMruHu
3ncobra onnb

B=—" (41.6)

4e6 E3UWMMU3 MYMKWUH.

69- pacMaa aiifiaHMa TOKHWUHT MarHWT WHAYKUUACU YU3UKAApK
TacBupnaHraH. ByHAa auar TOKHWUHT YBUAAH YTraH TEKUC/UK-
NapHUHT  6upuga €TyBUYM umMsmnapruHa kKypcatunraH. By Tekuc-
NIUKNApPHUHT UCTanraH 6upyM yuyyH WyHAali KypuHUAW  ypuHu 6y-
nagu.

YMymuii Ykua ara GynraH Ba 6GuMpop TeKUCNMKKa HUcbaTaH
CUMMETPMK >KOWNawraH MKKUTa aiifiaHMa TOK LWy TEeKUC/IMKHUHT
3ap GuMp HyKTacura nepneHAMKynsap WyHanraH MarHUT UHAYKLUSCK
3ocun uunuwy 70-pacMmpaH KypuHué Typuboaw.
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42-8. B BeKTOPHUHI uupkynsauusacu. ConeHonp
Ba TOPOUAHWHI MangoHu

Tyrpy TOKHM ypab onraH KOHTYp 0/aMu3 Ba WY KOHTYp Y4yH
B BEKTOPHUHI LUPKYNAUUSCUHU 3McO6MaiiMns:

> B.dl.

ABBa/l KOHTYP TOKHUHI iAyHanuwimMra TuUK GynraH TeKUcaukpa €t-
raH 30/1HM Kapab6 uyuMuamus (71-paem, TOK ymM3ma TeKUCAUTUTA Mep-

71- paem. 72- paem.

XTEHOUKYNAP Ba YHWHI OpKa TOMOHMra iyHanraH). KOHTYPHUHI
3ap 6up HysTacupa B BeKTOp ainaHaHWHI WY HyKTacujaH yTyB-
un ypuHma 6ylina6 liyHanraH. BeKTopfiapHu ckKanap KynanTumpuil-
HUHT Mabiym xycycusTugaH goiiganaHune, Bftl nnm Bdlb 6unan
anMawTupuw MyMKuH; 6y epga db — d\ BEKTOPHWUHI B HUHI My-
Hanuwun 6ylinad cumkuw npoekuusacu. JSlekmH din Hu Rda. kypw-
HUWaa udoganaw MyMKuH, 6y epga R —Tyrpm TokgaH dl rauva
6ynraH m?coda. da — paguan TyrpM UMBUNHUHT KOHTyp 6ylina6
dl ra cumxurangarn oypunuw 6ypyaru. LWyHUHT yuyH, B HuHr
(41.1) wgogacuHmM 3ucobra onraH 30nga KyhingaruHu é3mw Mym-
KWH:

R = = *
Bldl—BdIB g Rd« %a.
WyHpgah unnmb, UMPKYAAUMA YUYH
(E*rf/ = g-'(j)rfa (42.1)
ngoga 3ocun bynagw.

Paguan Tyrpyu 4u3mMK TOKHU ypab onraH KOHTYpPHU aifaHu6

;yrmwga Nap foum 6up ToOMOHra 6ypunraHnuru ydyH (j)do.=2v 6y-

nagu. Arap TOK KOHTyp 6unaH ypa6 onuMHmaraH 6ynca, macana
6oHwauva 6ynagn (72- paem). By 3onpga pagman YU3NK KOHTYPHMU
ainaHn6 ytuwga asBan 6up lhyHannwpga (1—2 Kuem), CyHrpa Ka-

pama-b;apwu iyHanuwpaa (2—1 kuem) Gypunagu. Hatuxkaga ~ da
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HoNMra reHr 6ynagu. by HaTuXaHW *ncobra onubé Kynmgarn'xHu
631 MYMKWH:

j>Btdl ~ Hi, (42.2)

6y epfa r—KOHTYp ypab onraH TOK. Arap KOHTYp TOKHM Yypab

onmMmaraH 6ynca, B BEKTOPHUHI LMUPKYNALUSACU HONTa TEHT Gynagw.

MXTnépuin wakngarn KOHTYp y4yyH BOkKea 613 tokopupa Kapab

YuMKKaH “onpgaH tapk kunagm (73- paem). byHpga paguan Tyrpu

YM3NK KOHTYyp Oyiina6 “apakar-

NaHraH, y (@dakat TOK atpoduga

6ypunnérnHa KonmacgaH, 6anku

KOHTYp 6yinab cumkuingn nam.

Arap 6u3 da Hu pagman uUU3NK-

HUHT TOKKa MepneHAuKYynsp Tekuc-

AMKAarm npoekuusacu  bypunrad

6ypyak paeb kapacak, y nonga

loKOpUAa ONraH HaTuXanapumms-

HUHF nammacu  ypuHau 6ynagu.

By npoekuus ainaHuw 6ypuaru-

HUHT  WUTUHAWCK, arap KOHTyp

TOKHW yparaH 6ynca 2ir ra TeHr,

akc nonga aca Honra TeHr 6yna-

73- Pacw- an. Oewmak, 6u3 sHa (42.2) dop-

mynara kaitmbé kenamus. by dop-

Myfia TYrpyM TOK YUYYH JIOCUN KWAWHTAH 34W. B3 yHUHT UXTuépuii

Wwaknra ara 6ynraH yTkasrmygaH yTaéTraH TOK YUYyH nam Tyr-
PUANTUHU KYpCarMwuMmn3 MYyMKWH.

Arap KOHTyp 6up Heya TOKHM ypab onraH 6ynca, B

HUHT UWPKYNAULUACKA YNapHUHT anrebpank NAWrMHAUMCUra TeHr Oy-

nagu:

) B, dl = uo (42.3)

TOKNapHUHT WATMHAUCUHU Nucobnawga TOKHUHT AyHanuWM KOH-
TYPHW allnaHWWw WyHanuwura yHr BWMHT Koumgacu Oyiimuya 6ornaH-
raH 6ynca, 6y TOKHM Myc6aT, Kapama-Kapliu WyHanuwpgarum TOKHU
aca MaH®uiA feinnagun.

(42.3) ngopa pakat Bakyymaarn MangoH yuyyH ypuHnu. Mogpa-
farm mangoH yuyH (42.3) dopmynaga cumnap 6yiinya OKyBYM TOK-
nap (Makpo TOoKnap) 6unaH 6up Katopja MOMEKYNAap TOKAapHU
(44- 8) nam nucobra onuw 3apyp.

(31.3; myHocabaTgaH toiganaHunb,

(i B,d/= uno\ indS, (42.4)

NdogaHn ésnw MymKuH, 6y epga 5 — 6epunraH KOHTypra éBaoLl-
raH UXTUEPUN CuUPT.
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laycc cuctemacupa (42.3) dopmyna

rfl=-V, (42.5)
c
KypuHuwra sra 6ynagu.

E Ba B kaTTanuknap Tervwaum MaiJoOHNAapHUHI acocuidi Kyd xa-
pakTepucTukanapu xucobnaHagu. E Ba B napHUHr uupKynauusa-
napu yyyH ésumnraH (9.2) Ba (42.3) wndoganapHu 6up-6upun 6mnaH
TakKocnaw, 6y MaifgoHnap opacupa npuHuunuan ¢apk 6op paeb
Xyfnoca KWnuWwra UMKOH 6epagn. JneKTpoCTaTMK MaifoH KyunaH-
FaHAUTMHUHT UUPKYNAUMACKH Xap AOMM HOMra TeHr. [lemak, 3fnek-
TpoCTaTUK MaljoH noTeHuMan MailgoH 6ynub, yHW < noTeHuwuan
opKanu xapaktepnaw MYMKWH. Arap LUPKYNAUWA ONMHaETraH KOH-
TYp TOKHW ypab on>raH 6ynca, MarHUT WMHAYKUUACUHUHT LUPKYNsa-
umacu HongaH apknu 6ynagu. byHaain xycycuaTtra ara 6ynaraH
malifjoHnap ytopmaBuii (knm coneHoupga n) MaligoHnap pAe6
atanagn. MarHut MalgoHW Y4YyH MarHuT uHaykuuscu 6unad (11.7)
(bopmynara yxuwaw MyHocabatga 6ornaHraH noTeHUManHuW  é3uLl
MYMKWH 3Mac. by noTeHuwan 6up kuiAiMatnu 6ynaocnmangu,u4yHKu
Yy TOKHW ypab onraH KOHTYpHW Xap 6up ainaHuMb6 uYuMKMwga Ba
pacTnabky HykTara Kantmb kenuwga plr ra TeHr opTTMpMma onagu.

JNeKTpoCTaTUK MalfOHHWHI KYy4/JaHTaHAUK 4YU3uKnapu 3apsg-
napjaH 6ownaHn6, 3apsgnappa Tyrangu. Taxpuba KypcaTajgukm,
6yHra Kapama-kaplwmu ynapok MarHuT WHAYKUUACKM 4YM3UKiapu xap
poum énuk 6ynagm (66-, 69- Ba 75- pac ), -
atfa MarHuT 3apagnapuHUHT MaBXy[
aMac/UrMHU Kypcartagu.

(42.3) (%lopmynaHVl Yyekcus y3yH
CONeHOMS MahfOHUHUHT  MarHUT WH- /

AyKumMacuHM  xucobnawra  Tagbuk

3TUW MYMKWH. ConeHoupg 174-paem) J !
UMNMHAPUK Kapkacra 3u4  Kunub
ypanraH uWHruyka cumgaH wubopar.
ConeHoup y3nm XOCWN KWUATaH  Mali-
LOHM Xu/aTufgaH yMyMWIA yKKa 3ra 74-paem

6ynraH aiinaHma Toknap cucTemacura

3KBMBANeHT. UeKCU3 y3yH CONMEHOM] Y3UHUHI YKWUra nepneHankynsap
bynraH “ap KaHjai TeKUCNMKKa HUcbaTaH cummeTpuk. LUyHpali Te-
KUCNMKKa HucbataH CUMMETPUK KUAMG ONUMHIaH XY(pr ypam MarHut
MHOYKUNACK TEKUCAMKKA nepneHAMKynap 6ynraH MalgoH Xocun
Kunagn (70-pacmra K-) [Jemak, CONEHOMAHWUHI WYX Ba TalKapucu-
fjarn uctanraH Hykrtagarm B BEeKTOPHWUHI AyHanuwu COMeHOMp
Ykura napannen 6ynagu.

Tyrpn 6ypuyaknn 1—2—3—4 (74-paem) KOHTyp onainuk. B
HUHF WYy KOHTYyp 6yinya UUPKYAAUMACUHM KylWupjarnda @Esuuw

MYMKWH?
y 2 3 4 1

¢ Btdl = j Bldl -f | Btdl + j Btdl + j Btdl.
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YHr TOMOHZaru TrypT WHrerpanfaH WKKWHYMCKM Ba TYypPruHYuUCK
HOMra TeHr, YYHKW B BeKTOpP KOHTYPHWHI WHTerpan ONWHaéTraH
KucMnapura nepneHaukynapaup. 3 -4 KucMHu coneHoupa $kugaH
Xypaa y30K macogaga onmb (6y epga MalgoH XXypfa Kyycus 6ynu-
WX aHWK), YYUHUYU KYWUAYBUMHW XUcobBra ONMACAUK MYMKMH.
Jdemak, TabKHANaW MYMKWUHKMW:

2

j>B,dl = jB,dl = BI,

6y epga B— 1—2 «kuem xoinawraH HyKTagaru MaigoHHUHT
MarHuT WHAYKUUACU, [ — LY KUEMHUHT Y3YHIUTH.

Arap 1—2 kmem coneHoupa nuMfa YHUHT yKufaH wucTaaraH ma-
cothafa >olnawraH 6ynca, KoHTyp nil WArMHAM TOKHU ypab ona>
an 6y epfa N— CONEHOUAHWHT BGUPAUK Y3YHAUTUra TYrpu Kenys-
un ypamnap coHu, | —coneHompparn Tok Kyuu. LUYHWHT yu4yH
(42.3) ra myBogmK

AB,dl = Bl — [jonil,

6yHaa
B- vQi. (42.6)

laycc cuctemacuga 6y (opmyna Kylugaru KypuHulira ara:

B= -nt. (42.7)

OnraH Hatuxamm3 1—2 KMEeMHWHT cofeHoup ykugaH (coneHoug
Mumpa) KaHya Macoafa >XoinawraHaurura 60rAMK  3MaciuUruHu
Kailg kunmb ytamus. Arap Oy KuMeM cofeHouAfaH TalKapuia Xow-
nawraH 6ynca, KOHTyp ypab onraH TOK Honra TeHr 6ynagu, 6y-
HUHT HaTuxacuga

4 B dl=81" 0

6yHgaH B = 0. LWyHpaali KMnmb, YEKCWU3 Y3yH CONIEHOMAHWHI Tall-
Kapucupga MarHUT WMHAYKUMACWM HOMra TEHr, M4Ymfa 3ca XxaMma XOi-
fa 6up xun Ba (42.6) hopmyna 6unaH aHWKNaHaguraH KaTTanukka
ara lily cababpgan, asnekrp Tyrpucmgarun TabAMMOTAA HACCUM KOH-
JeHcaTop KaHgal ponb yiiHaca, MarHeTusm Tyrpucugarm Tabau-
MOTa YEeKCM3 y3yH CONleHOMJ XaM WyHpAah ponb yiHangn. WK-
Kana xonga xaM MaifoH 6up XuHcnu 6ynub, 6YTyHNall KOHAEeH-
catop uuura (sn1ekTp MailgoHu) Ba coneHowmpg mumra (MarHuMT Maii-
[OHW) TynnaHraH 6ynagw.

ni Kynaitma meTpgaru ammnep-ypamnap COHM [ae6 artanagw.
1 meTpga 94— 1000 ypam 6ynun6, ToKk Kyum la .6ynca, coneHoupg
nympgarn MarHuT umHaykumsicm 4m e 10~\-n =4 10C ra redr 6ynagu.
1(41.3) ra k]- 70-paempgarm WKKW aliflaHMa TOK HaTWXaBUin  Mail-
[JOHTa TEeHr Xucca KywraHu Kabu, 4YeKCWU3 Y3YH CONEHOUAHWUHT WK-
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Kana apmu "am (42.6) mMaligoHHM “~ocun uuAMwpaa TeHr 3"ucca
Kywaan. LYHWHT yuyyH, arap CONEeHOUAHWHT ApMM 0Nnb TalnaH-
ca, y JOnga konraH AfpMM 4YeKCU3“ CONEHOUAHWHI yyumaarn Mar-
HAT MHAyKUuAcKu (42.6) gopmynagaH OAMHAAUraH UWAMATHUHT Ap-
Mura TeHr 6ynagm:

(42.8)

AmManga, arap COMEHOUAHWHI Y3YHAUTU YHWHI AUaMeTpujaH aHua
KatTa 6ynca, (42.6) ¢opmyna CONEHOUAHWHI ypTa KUCMULArn HYK-
Tanap y4yH, (42.8) copmyna 3ca YHUHI yuynapura SKUH HyKTanap
YUYYH ypuHAu 6Gynagu.

75-pacMaa 4Yeknu y3yHAWKKA 3ra OynraH CONEHOMJ — MarHut
MHAYKLMUACN YUBUKNAPUHUHT TaxMWUHWI MaH3apacu KypcaTuiraH.

75- pacm. 76- pacm.

Topoupg TOp Waknura ara 6ynraH ysakka (Kapkac) ra 3uy
YpanraH WHrmyka cumpaH noéopat (76-pacm). Y mapkasnapu alifaHa
6ynna6 >xolinawraH aifaHMa TOKNnap cuUcTemMacura 3KBUBAJIEHT.
Mapka3u Topomj Mapkasum 6unaH MOC KenyBYM [ paguycnu akina-
Ha Waknmparn KOHTyp onainnk. CUMMeTpus wapTura Kypa BBek-
Top Hap 6up HyKTaga KOHTypra yTKaswaraH ypuHma 6yinab wny-
Hanuwun kepak. BuHobGapuH:

&B,dl = B e2rT,

Oy epfa B —KOHTYyp YTyBuUM HyKTanapgarm MarHut WHAYKLMACK.

Arap KOHTyp Topoup wuumgaH ytca, y 2izRtii TokHM Ypab ona-
an {R—Topoupg paguycu, N —TOPOUAHUHT Y3YHAUK Gupnaurugaru
ypamnap coHu). by “onga

B .2«r = pO2r. RnI,
6yHAaH
B = \int"—. (42.9)



TOPOUAHMHT TauywapucuiaH YTYBUM KOHTYpP TOKHM ypamaigu
Ba LWYHWHI y4yH B 2wr = 0 6ynagu. LWyHgail uHAMG, TopouapaH
Tanwapumja MarHuT MHAYKUUACK HoMra TeHr 6ynapwm.

Ypam paguycmpgaH xypa katta R paguycra sra 6ynraH ropo-
ng ydyyH R/r Hucbat Topoupg muumparvm 6apya HykTanap ydyH 6up-
JaH Kam apk uunagn Ba (42.9) dopmyna ypHUra UYekcus y3yH
COMIEHONAHMKMIa yXLlaL

B = pmni (42.10)

opmyna ”~ocun 6Gynagw.

By 3%0nga TOPOMAHUHT ~ap 6up KecuMmmuparm mMangoHHU 6Mp XUHC-
nv peb  ~wncobnaw  MyMKWMH. Typau Kecumnappa MangoH Typau
MyHanuuwra ara, WYHWHI y4yH O6YTyH TOpoug MalfoOHWUHUHT 6up
XWUHCAUAUTM ~akuga ranupraHnmmnsga B BEKTOPHWHT MOAYNHM
Hazapga TyTamus.



VIl BOb
MOALALATY MATHUT MAWLOHU

43-§. Mopgpagarn marHut MangoHmu

ByHgaH onguHrn 6o06ga 6M3 MarHMT MamgoHHW 30CUA  KWUNYB-
Yn TOKNM yTKasrmunap BaKyyMjaa >XoWnawraH fe6 dapas uHAraH
34MK. Arap TOKAM yTKasrmunap 6mpop mysuTha >KonnawraH 6yn-
ca, y >;0nga MarHuMT MaigoHu ysrapagu. byHra caba6 wykwn, gap
KaHgahi moffia MarHeTUKAUP, AbHW Yy MarHUT MaikjoHW Tab-
cMpupa MarHUT MOMeHTra ara 6ynagm (marHutnaHagu). MarHuT-
NaHraH moffa ToKnap TOMOHMAaH 30CuA 6ynraH MarHUT MalijoHu
Bo ra KywwunaguraH MarHuT MakigoHu- B' Hu 3ocun  kunagn. Wk-
Kana ManpgoH KYwunub HaTtuwxkaBuili MalgoHHWM 6Gepaaw;

B -B 0+ B (43.1)

MarHeTukgarn 3aknkuin (MMKpPOCKOMWK) MaWfoH Monekynanap
opacuparu macoaga Kydnu ysrapagu. B BekTopu opkanu ypraya
(MakpocKonuk) MalgoH TywyHunagn (16-8 ra kapaHr).

AMMep >XUCMAAPHWHT  MarHUTAaHUWWHUN  TYWYHTUPULL  YYYH
MOAAaNapHUHI MoOneKyfnanapuga annaHma Toknap mMaBxXygneb ka-
pagu. XaP 6up wyHfjalhi TOK MarHMT MOMeHTWra ara Ba atpod da-
30,2 MarHuT MalkfjoH 30cun Kunagu. Tawku MahfoH Tabcupm 6yn-
mMaraHga MOJIeKynsap roknap TapTMbcms opueHTauusanaHraH 6ynagu,
HaTuxafa, yNnapHWHI HaTuXaBuil MalifBHW HoAra TeHr 6ynagw.
Xap 61Mp MOEeKYNaHWUHI MarHUT MOMEHT TapTubCu3 OpueHTauuanaH-
raH 6ynraHm cababnm >XUCMHWUHT WUTMHAW MOMEHTM 3aMm  HOAra
TeHr 6ynagun. MailgoH Tabcupupa MoJieKynanap MOMEHTAAPUHUHT
Mabaym 6up WyHanuwpa opueHTauuMsnaHuwn Kynpok 6Gynaau, 6y-
HUHT HaTmkacufja MarHeTMK MarHUTnaHagu—yYHWUHI WUrMHAM  Mmar-
HUT MOMEHTW HonfaH dapknu 6ynubé k*nagu. by ”“onga 3ap 6up
MOTIEKYNAP TOKHWHI MarHuT MaigoHnapu 6up-6upuHu cycantup-
mMaiign Ba B' wmalifoH 3ocun 6ynagw.

MarHeTUKHWHI MarHWTNaHWWWHW  6UPANK  3aXMpaarn MarHuT
MalifjoHM MOMEHTM OpKanu XxapakTepnaw Tabumingup. By MTWApp
J opkanu GenruvnaHagM Ba YHM m»i HUTNaHWW BeKTopu Aeb
opuTunagn. Arap MarHeTUKHWHT  MarHUTAaHuwm 6up  >KUHCAK
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6ynmaca, GepunraH HyKTajarn MarHMTAaHWLW BEKTOpPU  Kyumzarm
ndoga opkanu aHuUKNaHagw:

6y epfa AV —kapanaéTraH HykTa aTtpodupa ONIMHIaH YeKCU3 Ku-
UMK XaXM, PT—anoxuja MOMeKYNaHWHI Marumt MOMEHTW. Wu-
rmHan 1/ — xaxmpa >XoinawraH 6apya Monekynanap 6yiiunua
onuHagn ((15.1) gopmyna 6mnaH COMULITUPUHT).

44-8 MarHetTuknapgarn MaingoHHW ugoganal

Bektop B = B O+ B' HUHI UXTUEPUIA ENUK CUPTLAH YTYBUYMN OKM-
MUHW TONannuk:

®B=$>BndS = § (Bo+ B') ndS = ) Bods + 6 Brds.
S

S S S

B 0 BEKTOPUHUHT (MakKpOCKOMMUK TOKnap TOMOHWAAH Xocun 6ynyBs-
UM MafoOHHU XapaKTepnoBYM) YU3UKNAPU Xap JOUM EMUK  3KaH-
nnrn 42-8 pa kypcatunraH 3gu. by B' BeKTOp 4u3MKNapu Y4yH
XaM y3 Kyuyura ara. LHYHWHTr y4yyH, yHrgaru xap uKKana WHTer-
pannap Honra TeH © (BO Ba B' u4m3aumknapu €MUK CUPTHU  XY®PT
mMapTa Kecub yTagu, YU3UK CUPTHUHT MUMra Heya MapTa Kupca,
YHAaH WYyH4Ya MapTa Tawkapura 4umkagu). [emak,

8 = J BndS = 0, (44.1)

By tdopmyna B BekTop yuyH [aycc TeopemMacuHU wugpo-
panakgn: ucTanraH &Tw, cupT opuanM yTyBUM MarHUT UHAYK-
UMA BEKTOPUHUHI OUMMM HONra TEHT.

3HAN B BEKTOPWMHUWHI LMUPKynALMACUMTa MypodXKaaT Kunannuk,
y Tabpudra 6uHOaH

§ Bldl = < (BO+ BY),dl = (fBOdI + <B/dl.

By (opmMynaHuWHr yHr ToMoHupgaru BO BEKTOPU LUPKYAALUACU-
HM M(poJanoBUYN WHTerpan, LUPKYNAUUA ONUHYBYM KOHTYp 3ran-
naraH MakKpOCKOMUK | TOKNapHWHI anrebpank WNUTMHAWCWATA TeHr-
NUTUHKU 42-8 pa kypcatunraH agu. LWyHWHrgek, B' BEKTOPHUHT
(MKKWHYM KYWWUNYBYKN) UUPKYNALUACK KOHTYp arannaraH 6apua
/M Monekynap TOKMapHUHT WUTMHAWCUTA MPONOPUMOHaN 6Gynuwu
Kepak. [emak, HaTWxaBuil MalijoH B BEKTOPUHUHI LUPKYNALUA-
CW KOHTYp ypab onraH 6apya TOKNApHWUHI (XaM Makpockonuk |,
Xam Mmonekynap 1M) AiurmHaucura nponopuuoHangup:

ABldI=pO i pO /M (44.2)



By epfa guanekTpuknapgaru 3nekTp maigoHuHu | (16.2) dop-
Myfnara kapaHr] Kysatuwgarur yxuwaw *onat 03 6epagu; B Hu
aHuKnaw yyyH akat yTkasrmynapgaH yTyBYM TOKHWUIMHA 3Mac,
6ankm Monekynsp TOKNapHu “am 6unuw 3apyp. by KuiAnHuunmnk-
JaH KyTynuw ihynu *am 16-§ pa doliganaHraH iynra yxwawaup.
Ba“onaHkun, BeKTOp B 6unaH ogguii MyHocabaT opKanu 6ornaHrad
Ba (pakaT MaKpOCKOMMK TOKfAap opKau
aHMKNaHraH Kywumya KaTtTaMKHW TO-
MAW MYMKWUH 3KaH.

by KYWunmMya KaTTaNUKHUHT KYpUHU-
WWHXN aHuKnaw YyyyH (44.2) pga kypca- \\
TUATAH MONEKYyNap TOKNAPHWUHI NUTUH-
OUCWMHU  MAarHeTUKHWHI  MarHuTinaHuw
BekTOopu J 1) opkanun ugopganawra >
pakat kunamus. By luruHgura akat
umpkynaumacu ~ncobnaHaétraH KOHTYyp-
H/ Kecub yTraH MOMEKyNnap Tokfaap Ku-
puwn no3nm. 77-pacmpaH KypuHub Ty- 77-pacwm.
py6aMKU, MarHUTAAHWLW AyHanMwmn 6unan
a 6ypuyak “~ocun KuiyBuM KOHTYpHUHT dl 3anemMeHTMHU Mapkasnapwu
OFMa uunuHap *axmu ~>uCOs idl (S.u—ano”™npga mMonekynsap TOK
ypab onraH KOHTypnup) fpa ETyBYM MOMEKYyNnap Toknap Kecub
yTagu. Arap n—oOupnauk “axmparu MoJjiekynanap CoHu 6ynca,
y *onga dl anemeHTugaru wnrnHam TokK /M.S.wcosctrf/ ra TeHr 6y-
nagn luSm kynaihTma ano”™nfa MONMEKYNsip TOKHUHT MarHUT MO-
MeHTU Pr ra TeHr. Oemak, ImSm-n udoga 6upauk *axm mar-
HAUT MOMeHTMAaH mbopaTt, ABHW BeKTOP J HUHT MOAYIWHMW 6Gepagw,
ImSm-ncosa aca BekTop J HUHr dl anemeHT liyHanuwmnra npoek-
uusacn J, paH umbopat. LWyHpaint kunn6, dl anemMeHTHM 3rannoBum
HaTwxkasuit Monekynap Tok Jtdl ra TeHr, 6yTyH KOHTYp TOMOHMU-
[LaH arannaHraH Monekynsp TOKAApHUHT NAUTUHAWCK 3ca:

(44.2) Ba (44.3) dopmynanapgaH MONeKynap Toknap WATUHAW-
CUHU u4MKapub, Kyihmaarn ugofaHW OCOH *0OCUA KWW  MYMKUH:

(44-4)

WHTerpan octuparn KaBCc muupja TypraH wdoga wu3naHaéTrad
KYwumuya kattanukgaH wmbopat. YHu H “appum 6unaH 6GenrunaHa-
AVWBa MAarHWT MalAOH KyuyfnaHraHauru peé oputu-
nagu.

1) Bu3 16-8 pa 6GornaHraH 3apsgnap WMNWAUCUHU  AUINEKTPHKHUHT  KyT6-
NaHWW BEKTOPW p OpKanu ugopanaraH 3guk.
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Jemak, MarHuT Maii4oH KydynaHTaHAHTU [e6

(44.5)

ngofa 6unaH aHWKNaHaguraH (U3MK KaTTaAukka aiTunagu. by
KaTTanukgaH qoliganaHnt (44.4) ugogaHn Kyimpgarm KypuHuwaa
631W MYMKUH:

(44.6)

Arap MakpocKonuK Toknap asofa j 3MYNMK 6unaH TakCuM-
JaHraH 6ynca, (44.6) dopmyna Kyimpgarm KypuHuwra sra 6ynagu:

(44.7)

(S — umMpKynaumnacu ONMHYBYM KOHTYP TOMOHWAAH 3rannaHraH ux-
TNépnii cupT).

(44.6) Ba (44.7; ¢opmynanap H BEKTOPWUHUHT LUPKYNALUACHK
Tyrpucugaru TteopemMaHu wudopganaign: MarHuT MalfoH KysijnaH-
raHAnru BEKTOPWUHUHT LupKynaumacu 6y KOHTYp TOMOHMAaAH
arannaHraH MakpoCKOMWK TOKAapHWHT anrebpank nunwgucura
TEHT.

lOKopuga aWTunraHujek, MarHWT MalfoH KyuynaHraHnaHru H
ANeKTP CumKMWwmM D (31eKTp WUHAYKUMACK) HUHT aHanorngaH mnoéo-
pat. [acTaBBan, 31eKTp 3apaaura yxwaw Tabuuii MarHuT macca-
napu 6ynagu peb apa3 KuaumHap 34M Ba MarHeTusm Tyrpucuparu
TabAMMOT 3NeKTp Tyrpucmgarum TabauMoT acocupa onué 6opunap
3fu. Ywa paspnapfa B yuyyH ,MarHmt uMHAyKumacu", H yuyH
»MarHUT KYYNaHTraHAHTW* HOMAapuW KuputuaraH 3auM. KelunHua-
MWK aHuKnaHuwuya, tabuatga MarHuT Maccanapy MaBXyj 3mac,
MarHuT WHAYKUuMAcK feb aTanraH KaTtTaauMK acnupa 3fekTp Ccun-
Xuwun D ra moc 6ynmaid, 3anekTp MaigoHuM E ra Moc kenap 3KaH
WyHra yxwaw H E ra asmac, 6ankyu D ra moc kenap akaH).AMMO,
TYypryHnawmé KonraH TepMUHNapHU Yy3raptupub yTupuwmagmu,
XaTTo 3neKTp Ba MarHWUT MalfOHAapUHWHT Xap Xun Tabuatra ara
3KaHNWrnra kKapamacgaH (3neKTpocTaTuk MalfoH—MOTeHuMan,mar-
HAT MalfjoHu 3ca coneHompgangup), B Ba O kaTTanmknap ys3 Ky-
puHMLINapuMaa KatTa yxuwawamknapra ara (macanaH D HWHT 4u-
3UKNapn B HWHT YU3UKNAPUHUKN Kabu WKKWM MY MT Yerapacupga
y3uauwra 3ara 6ynman ysnykcusgup).

Bakyympaa J = 0, wyHuMHr yuyyH H B/u0 ra alinaHagn xamfga
(44.6) Ba (44.7) dopmynanap (42.3) Ba (42.4) dopmynanapra yTa-
an. (41.1) ¢popmynagaH KypuHaguku, BaKyympaaru TYrpu TOKHWHT
MafoH Ky4naHraHaHru

(44.8)

iboaa opkanu aHUMKNaHagW, yHAaH MarHuUT MaiifioH KyunaHraHau-
TUHUHT YNUYaMAUTW, TOK Ky4Yu YNUYaAMAUTWHWHT Y3YHAUK ya4amaun-



rura GynvMHraHugaH unéopaT 3KaHIMrM kenub6 umkaau. ByHra aco-
caH CV pa marHuT maligoHu 6upnuru metpra amnep (a/m) (44.8)
thbopmynara acocaH 1 amnep TOK yTaéTraH T/pu yTKasruygad

(cumpaH) b= — M macodagarm MarHUT MaigoH Kyu/laHraHauru

1 a/m ra TeHr. By ”~onga MarHuUT uHAyKuuacu 4nl0“7 tn (41-8
ra KapaHr) ra TeHI/IMITMHW 3cnansvk.

Faycc cucTemMacuga MarHutT MalifoHW KydnaHraHaury uyhmgarvmua  aHvkna-

Haau:
H=B- 4n], (44.9)

uMpKynsauma undogacu aca
tdl = — \.I (44.10)
c
KypuHuwra ara.

(44.9) paH Bakyympga H = B akaHnurm kenn6 umkagwm. byHra acocaH H HWHr
faycc cuctemacupgaru bvpnurn apctepapgan ubopar 6ynmb, MarHAT WHAYK-
unsacm — raycc kabw ynuyamnHkka ara. Acnupga raycc Ba apcrteq 6up mMuagop 6y-
nmé, nap xun HoM 6wnaH atanagn. Arap 6y 6upamk 6unaH H HWM ynuaHca, yHW
apctes (3) pehnnagn, B HWM ynuaHaéTraH 6ynca—raycc geinnagw.

WyHpoanm knnunb, Bakyymaarn Tyrpum TOK yyYyH B aHuknaHaguraH (41.2) hopmy-
na opkann H *am aHwknaHagw, 6yHpa apctegnapga ynuaHraH H mukgop xu*atm-
faH rayccnapga YnuaHraH B ra TeHr. (41.3) myHocabaTHu Kel'ITVIpI/II6 ynkapuwaaH

ONAVHIN X,Mcobniapra acocaH Kyuu 1 a 6ynraH Tyupu TOKAAH 2 M macodaga-

m H aca 4m.10 3 3 ra TeHr O6ynagu. Ywa KydnaHraHnmk CW  cuctemacuga
1 a/m ra TeHr. LUyHpali knnm6:

1a/M = 47:..10-2 )
EKkun 8 (44.11)

13 —796a/m («80 a/m). >

MarHuTnaHuWw BEKTOPU J HWM MarHUT UMHAYKUMACcM 6unaH  amac,
6anky MarkgoH KyusaHraHauru opkanam 6ornaw Kabyn  KWIMHIaH.
Taxpuba Kypcataguku, J BEKTOPU MarHeTUKHWHI yuwa HyKTacu-
pgaru H BekTopu 6unaH Kyimparn MyHoca6aT opKasim 6GornaHraH:

I = XH, (44.12)

6y epgoa X — 6epuaraH MarHeTUK YYyH XapakTepnu KaTTaauk by-
nmé, marHuTtT kKabyn kunyBuyaHnurunl) geiivnagn. (44.5) ra
acocaH H HWHr ynyamnurm J HWHF ynyamaunaurura moc  Kenaaw.
Jemak, X ynuamcus KaTtTasuk.

(44.5) dopmynara J HUHI (44.12) paH ugoOAaCUHU Kyino,

= «-XH
HU )(ocun \unamu3 Ba ByHAaH
= — ——. (44.13)
MM -%*) 1
«Ynuyamcus KaTTanuk
P=1+X (44.14)

*) AkmszoTpon My~ mTtaa J Ba H BEKTOpNapHWHI WyHanuwiapu MoOC Kenmac-
NN MYMKUH.



MOAOAHWUHT HUCOWIH MarHMT KUPWUTYBYAHAUTU EKN yMy-
MaH MarHMT KUPWUTYyBYaHNWUTWN1 gehvnaawn.

®akat mycbat kmnmaTniap Kabysn KuayBuYM OW3NTEKTPUK  KUpU-
TyBYAHNMK X (M30TpOMN AManekTpuknapga nonsapusauns BeKTopwu
P xap poum wmaiigoH E 6yiinua yHanraHavp) AaH dapknin  paBuiLL-
[a MarHuT KUPUTYBYaHIUTM X ~aM Myc6bar, xXam MaHgpuii 6ynuwin
MYMKUH. LWYHWUHI YyYyH MarHut KUpUTYBYAHNUTN OBUpgaH KatTa
EKN KUYMK BYNULLIN MYMKUH.

(44.13) opmynara (44.14) Hn Kyhmnb, okopuga acnatunraH B
Ba H BekTtopnapu opacmparn cogna 60rnwuwHU  ndoaanoBum

H=— (44.15)

MyHOcabaTtra Kenamua.

WyHaoahi knamb, MarHWT MalgoH KyynaHraHaHrm H  BekTop
KatTanuk 6ynu6 B BekTop WMyHanraH TOMOHra kapab WyHanraH-
Ovp,' aMMO MOAyNb XuxaTugaH MapTa KW4uK (aHM3oTpon My-
xutnapga H Ba B BekTopnap lyHanuw xuxatmgaH MoOC KesmMac-
NNKNapun MyMKUH)

J Ba H BekTOopnapHm 6ornosun (44.12> myHocabat laycc cuctemaga *am
Xyaon WwyHpak KypuHuwra ara. by wudogaHn (44.9) copmynara Kyiinb, Kyihinpa-
nwmy onamms:

H =B - 4**H,
6yHOaH
(44.16)
1+ 44
ynyamcus
M= 14 4y (44.17)

KaTTaIMK MOAOAHVHT MarHWT KWUpWUTyBYaHAUTru pAdelivnagn. by kartta-
NMKHN (44.16) chopmynara Kyinuno,
B

H = (44.18)

HU ~ocun Kunamms.

Faycc cucte.macnpgarH fi CUW pgarm U, ra MoC Kenvwun K pUHUG Typnbam
(44.14) Ba (44.17) chopmynanapHu conuuwTMpub Kapasca paymoHannawTupuaraH
cuctemaa MarHuT Kabyn KuaysyaHIvK Faycc cucTemacmparn y faH 49 mapra
KarTa: *

Xcu = 4nXrc (44.19)

HaAn H Ba M KaTTa/IMKNAPHUHT M3MKaBUA MabHOCUHU auuK-
nawra ytamms. Bektop BO éku HO= BOfD opkaninm xocun Kunuul
MYMKWH 6ynraH Bakyymparu Oup >XWHCAW MarHuUT MaifoHHM Ka-
paimmns. BekTop HO HWM, 6M3 TallKu MaALOHHUHIE Ky4Y/aHTaH/HT U
neb ataiinuk. by malifoHra >XWUHCAW MarHeTukgaH ubopar 6ynraH
YeKCM3 y3yH lOMasiok CTepXeHb KUpUTainuK Ba yHU BN iyHanuwun

‘) bab3aH (hopmynanapHu cogfanawTMpull Makcaguga a6conlT  MarHuT
KMpUTYBYaHAUTN f[eb aTanyBunm 4 - KaTTannMK Knputunagn. AMmMo 6y Kart-
Tanuk u3mMkaBuMin MabHOra ara 6ynmaraHu cababnu 6u3  yHaaH doliganan-

Maiimms.
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byiinua xonnawTupannmk (78- paem). MaingoH Tabcupuga Morse-
Kynsap  TOKNapHWHI MarHUT MOMEHTNapu CcTepXeHb  Oyiinab
Xolnawaaun, OYyHUHIr HaTwkacuga MOMEHTNap >oinawraH Te-
KN CNNK CTepXeHb YyKura neprneHaukynap 6ynué konagn. Uxtu-
épuii ONMHraH CTEepPXEHHWHI KyHAanaHr kecumuga €TyBUM MoOne-
Kynsp ToknapHu kKapab uvkaiinuk. CTepXeHb wnumgarm xap 6up
HyKTagaH OKYBYM KyWHW TOKNap

6up-6upura kapama-kaplim TOMOHra

Kapab MyHanraH 6ynraHu yuyyH ynap-

HUHI YMYMWIA TabCUpPU  HOMra TeHr

6ynagn. ®akat CTEPXEHHWHI cupTura

EHOOLWWYBYN TOKNapruHa o6mp-o6mpuHn

cycantupmarign. LlyHaan knnub, mo-

NeKynsap  TOKNApHWHI  HaTwmxaBwuii

TabCUpU CTEepXeHb cupTu 6yinab

OKYBYM MaKpPOCKOMWK TOKHWUHI Tab-

cvmpura TeHr 6ynagu. CTepXeHHWUHT

Y3YHAINK 6upnurura Tyrpu KenyBuwu 7b- paem.
(TOKHUHT 4M3UKNU 3U4NnUrn) 6y TOK-

HUHI  KyYMHWN W, oOpKaau 6enrwnanmuni. BuHOGApWH, UYU3UKAU
3nunnrn /, 6ynraH TOK alnaHu6 yTyBYM UWAMHAP amrep-ypam-
nap coHM ni  6ynraH coneHouAara 3KBuBaneHTAup. Lemak, 6ap-
Ya MOJieKynsAp Tokaap Bakyymaa amnep-ypamnap coHu /, 6yn-
raH cofeHoug TOMOHMOAH XOCWU/ KWIWHFaH MaigoHra 6apobap
MalifoH Xscun Kunap akaH. (42.6) dopmynara acocaH 6y maifoH-
HUHI MarHUT MHAOYKUUACU Kyhingarura TeHr 6ynagwu:

B' = X, (44.20)

B' HWMHr yHanuww B O iiyHanuwm 6unaH MOC KeNUWWHU Ky-
puw KuiinMH amMac. CTepxeHAaH Talwkapuja B' Homra TeHr.

CTepXeHAa YHUHI ykura neprneHaukynsp Ba KkKanuHnuru dl
6ynraH KarnamHu ¢ukpaH axpaTtub onamms. By KaTnamMHUHI nU4u-
Jarn monekynsp Toknap kyum INdl 6ynraH alinaHma TOKKa 3KBU-
BaieHTAup. (39.1) chopmynara acocaH 6y TOKHUHI MarHUT MOMEHTU

vpt = JtSdl

6ynagun: 6yHAa S — CTEPXEHHUHI KyHOanaHr kKecum to3v. dpm Hu
katnam xaxmu dV —Sdl ra 6ynu6, cTepXeHHUHI MarHUTIaHULWK
YUYH Kylingaru wmdogaHu Xocwi Kunamua:

7=1/. (44.21)

LIJyH,u,a|7| KWUNu1o, CTEPXEHHUHI MarHnTnaHnwm TOKHWUHI YUN3UK-
nn s3ndnurnra MOoC Kesnap 3KaH.

(44.21) copmynaHm xucobra onraHpa (44.20) kyihinpgarn Kypwu-
HUWra ara oynagu:

B'=m (4422)



(6us B' Ba J BekTOopnap 6uMp xun WyHanuwra ara 3KaHAurungad
tolifanaHgunk).

HaTuxaBuii MaliJOHHUHT MarHUT MHAyKumsacu B' Ba BO BekTop-
NapHM Kywuw opKanu Tonunagu:

B= B0O-)-B'= BO+[iok
Hn"osaT, B HUHr 6y KuiimaTuHu (44.5) dgopmynara Kyiinb,
H=-= HO (44.23)
N

HU ~ocun Kunamms.

WyHpgah kunub, 6mM3 Kapab 4YMKKaH ~onga marHeTmkgarm mar-
HUT MalfOH Ky4Y/NaHraHnmry Tawky MahfoH MarHuT WHAYKUUA
BEKTOPMHUHI (0 ra O6ynuHraHura moc Kenafw, SbHW Tawku Mali-
LOH Ky4YfnaHraHnmrura TeHr 3KaH.

(44.15) topmynara acocaH H Hu (VX ra Kynantub, WHAYKLUUS
B Hu ){ocun kunnamuns:

B = y)l—i= pBo (44.24)
N

ByHAaH, HUCOMIA MarHUT KWPUTYBYAHMAMK L MarHeTMKaa Mmai-
OOHHWHI  Heya MapTa OpPTUWWHW  KypcaTuwnm Kenné uyukagu
[(16.18) 6unaH CONUWITUPUHT].

MaigoH B ' CTePXEHHUHI uumparvHa HongaH @apkam 3KaHu-
HW, CTEPXEHHWHT Talwkapucupgarn marumr MalfoH 3ca ysrapuil-
CU3 KOMUWWHW Kang Kunmb ytamwms.

Bus ~ocun KuaraH HaTwka 6up XWHCAM MarHeTUK Tawku Mali-
[OH KyuynaHraHnurun ymsnknapu 6unaH yerapanaHraH cupTt 6unaH
yerapanaHraH “axXmHuW Tynaupmub TypraH b6yncarmHa Tyrpu 0y-
nagul.

Akc ~onpa (44.5) ¢dopmyna 6unaH aHWKAaHyBYM MafoOH Kyu-
naHraHnurn HO= Bopo ra moc Kenmangu.

MarHetukgarn MahfoH KyunaHraHAUTUHN

H=HO Ho

ae6 WapTavM paBuwiga Kabyn KunvHagu, 6yHga HO Tawku MaiifoH,
HO — MarHUTCM3NaHTUPYBYM MaiifoHAaH wnGopat 6ynn6, MarHuT-
NaHuwWra nponopuuoHan Ae6 Kapanagu:

HO = A/J. (44.25)

MponopumnoHanInkK KoappuuneHTn N HA MaArHMUTCU3/aH-
TUpuw dakTop n fgelinnagn. Y MarHeTuk waknmra 6orauk
6ynagu. CupTu TallKu MaifoH KyunaHraHAuK 4n3uknapu 6unaH
KeculIMaraH >WCM Y4YyH, lKopuza KypraHumusgek, H = HO, AbHU

%) 9nekTp maigoHn yuyH D = DO waptu askBMmoTeHUMan cupTaap, AbHM
TaWKW MalfoH Ky4naHraHAWK 4usmunapura optoroHan 6ynraH cupTtnap 6unaH
yerapanaHraH *aKMHU TYNAUPYBYN GUP XUHCAU [WN3NEKTPUK YUYH Gaxapunu-
WWHN 3cnatnb yTaknuk.
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MarHUTCU3NAHTUPULW (aKTOPW HOMra TeHr. Tawku MaingoHra TUK
b6ynraH tonka guck yyyH N = 1, wap y4yyH 3ca J1/= 1/3.
Xucobnawnap 3AAUNCOMSL WaKAugarn 6mp XUHCAU MarHeTUKHW
OUP XUHCAW MarHWT MangoHura KupuTwaraHga, yYHAarm MarHut
MafoHn HonjaH dapknu 6ynca, 3am, y 6Up XWUHCAU  OGYNULINHN
Kypcatagn. By 30naT 3NAWNCOMAHWUHE XyCyCcui 30nuM 6ynraH wap
YUYYH, Wy 6wunaH 6upra 3AAMNCOUAHUHI 4yerapasuii 3o0nm  6ynrad

AUCK Ba Y3yH CTepXeHb Y4YyH 3aM Tyrpuaup.
45- §. MarHuT UHAYKLUMA YU3ULJAPUHUHT CUHULLN

Jap xun u ra ara 6ynraH WKKUTa GMP >XWHCIM W30TPOM Mar-
HeTUKNap dJerapacuja KaHgali 3opuca pyii 6epuLLIUHU aHUKNARNUK.
i', Ba S2 acocnapura uerapa CUPTHUHT WKKU TOMOHUAA >Kolnawl-
raH 6anaHgnuru h 6ynraH UuWnMHAPHW TacaBBYp Kunanuk (79-

pacm). By uywmnuHap yuyH [aycc Teopemacu (44.1) Hu TaTbuK 3Ta-
mMu3. Arap h HM Honra MHTUATUPCaK,

, 6H cupTAaH yTyBYM OKMMHM “ncobia
fSf’SrS)

onmMacak 3am 6ynaau. LWAMHAPHUHT

n, IOKOpY acocufjaH yTyBuu okum BUS

L M<
I/ n>
n, B 1-

n, wun.
79- paem 80- paem.

ra TteHr, 6yHga Bu BekTOp B HUHI 6UpUHYM MarHeTMK 4erapacwu
AKUHUZArn Hopman Tawkua 3TyBuMcupaH ubopat. LWyHra yxwauw
nacTtkuM acocgaH yTyBuuM okum B,nS2 paH wnbopat, 6yHaa B2,—
BEKTOP B HWHI WMKKMHYM MarHeTUK 4erapacu SIKUHUAArun u-pman
TalWKun 3TyBYMCUAaH unbopaTt. Bu3 MKKM OKUMHM  Kywwub, Tyna
OKMMHM 30CUN Kunamus, y Faycc Teopemacura acocaH HOMra TeHr
6ynuwin Kepak:

®f = 7i,5i + BASx= [Bu + B2n)5 —O0.

ByHgaH B,a** — B2 skaHnuru kenmb ymkagu. Arap B, Ba B, nap-
HU 6Up Hopmanra NPOBKLUUACMHWU ONCaK:

Aa,, = Oa, (45.1)

BKAHIUTUHU 30CUNT  KUNaMU3.
(44.15) ra acocaH B HWHI Tawkwun 3TyBYMNAPUHU BEKTOP
HUHT (ie(i ra KynmaiTvpuiaraH TawKua 3TyBuYMnapu 6unaH anmawl-

TUpuno,
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HU XOcun kunamus, yHAaH Kylinpgaru Kenumé unkagu:

=1n. (45 2)
“an

SHOM MarHeTuMknap dverapacmga T~rpu 6ypyaknm KOHTyp onmnb
(80- pacm), yHWUIAr yuyyH H HUHr UupKynauusacuHm )(ucobnaiinuk.
Uerapa cupTura neprneHgukynap 6ynraH UUPKYynaumsaHu ~umcobra
O/IMac/IMK YYyH KOHTYP 3HM a HW Xyha KWYUK Kb onamms.
By *onga uupkynsuma wudgogacn ydyyH b(HX—#2) Hu *ocun
Kunamuns. KOHTYp MakKpOCKOMWK TOK/IapHU Y3 uyura osiMmaraHu
cababnn uMpKynauua Honra TeHr Oynuwmn Kepak [(44.6) ra Ka-
paHr], 6yHaaH

Ax=H, (45.3)

SKaHMrn kenub uymkagm.

(44.15) wndpopara acocaH H HUHr TaWKWUN 3TyBYMNAPUHU
ra 6ynvHraH B BEKTOPWHWHI TalKwua 3TyBuYuMnapm 6unaH anmaii-
TMpub, Kynmpgarn mndogaHn ~ocun KNnamns:

Ne HP3'
6yHaaH

Bit __ (v

BL 3

Xynoca Kunmb aiTuwl MyMKWHKW, BEKTOP B HMHI HOpman Tau-
KN 3TYBYNCW Ba H HUHI TaHreHuman TawKui 3TYBYNCU  UKKU
MarHeTUK yerapacugaH yTtraHga y3/yk-
Cn3 ys3rapap 9KaH. B BEKTOPHWHI TaH-
reHuyyan Ttawkun 3TyByMcum Ba H Bek-
TOPHUHI HOpMa/n TawkKWuia  3TyBUYMIapu
yerapajaH ytraHga ysuinuwira ara 6y-
nagn. LWyHpan  knnnb, UKKN - My T
yerapacugaH yTraHga B BeKTop Yy3uHMU
D BekTOp Kabu TyTca, H BekTOop aca E
kabun TyTap 9kaH [(45.1)—(45.4) dop-
MynanapHu (17.1)—(17.4) copmynanap
6unaH CoONMUWITUPUHT].
81- pacmpa B BEKTOP UM3UKIAPUHWUHI
MKKW MarHeTuK verapacujaH ytraHgaru
81- pacm. ~onatn KypcatunraH. B HWHIK ym3smkna-
pu 6unaH cupT 4erapacura yTKasuaraH
HOpMasl opacuparu OypyaknapHu a, Ba ar neb onaimnuk. by 6yp*
Yyaknap TaHreHCNapuHWHE Hucbatn
tgg — B/NIBIN
tga3 Bfi/Bif,
ra TeHr 6ynu6, éyvpaH (45.1) Ba (45.4) napHu “umcobra onraHga
MarHmt HHavKnHHCH uun3smknapuHmHr (17.5) ra yxwaiw CUHULW KO-
HYHW *ocun 6ynaawu:
1*5 = L (45.5)
tga3 (%
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MarHuT MHAYKUWS 4YM3UKNapu p cuM KatTa 6yfiraH MarHeTukka
yTraHga, HopmangaH cuptra kapa6 oragu. Kypuwl MyMKUHKU, Gy
UM3NKNApHUHT 3uunawmwmnra onub kKenagu. Kartrta MarHuUT — Kupu-
TyBUYaH/NMKKa 3ra 6ynraH Mogjganapia B UM3BMKNAPUHUHT  3uuna-
WMWK, MarHUT factanapuHu *ocui KUIWWra MUMKOH 6epagu,sabHuU
ynapra Kepakiu lWakn Ba WyHanuw 6Gepuwl MyMKUH. XycycaH,
MabayM “~axmia MarHuTAaH w/hoTanall Makcagupja YHW Temup
3KpaHra ypanagu. 82- pacmgaH KypuHUG TypubBAUKW, 3KpaH Ka-
JIVHAIUTU MYMAa MarHUT WHAYKUUS UYUBUKNAPUHUHT  KaJvHAaWmuwm
YHUHT unuumgary MaliloHHUHT cycaiuwura onué Kenagu.

83- pacmga nabopaTopuanapia UWAaTWAAAUTaH 3/1eKTPOMArHuT
KypcaTunraH. Y TokK GuiaH TabMWHIaHYBUM panTak Ba yHra KWid-
AVUpUATAaH TeMWUp y3aKAaH u6opaT. MarHUT WHAYKLUWS 4n3uKiapu

82- paem. 83- paem.

acocaH ysaK uuymfpa MyxaccamnawraH 6”7nap akaH. Ynap dakar
(Ar KMk 6ynraH nNKa xaBo opanuru 6ynraH My~ uMThaH yTagu.
B BekTOp *aBO opanuru 6unaH ysak 4erapacu opacugaruv cuptra
TUK WyHanuwpga Kecub ytagu. ByHpaH (45.1) ra acocaH ”“aBo opa-
aurugarn Ba ysakfgarv MarHUT MHOYKUMACU  KaTTaluru XXuatiniH
6up xun 6ynap skaH. ¥Y3akK YKujaH yTyBuMm KOHTypra H BekTop-
HUHT LUPKYNAUMACKM *akmgarn teopeMaHu TaTbmk aTainumk. Temup
nangarn mahfoH KydnaHraHnuru 6up xun Ba //TeH,p = B/ iis]iieMp
ra TeHr pJe6 KaTTa aHUKIMK 6unaH anTuw MyMKuH. XaB°[a
/~upBo = Bly.,, 0. KOHTYPHWHI TeMUpAarn KUCMUHWHT YBYHIIUTU
femp TUpKUWAarucuHn fupso OpKIN 68/ITWIBAMAZ. By 5{Of0a uup-
KYNAUMaHN  Kyingarnda @smw  MymKuH: Allewp /Tewp + H”10/mes0
(44.6) ra acocaH 6y uupkynsauma NI ra TeHr 6ynuwun Kepak,

6yHga N — 3aneKTpOMarHuWT panTakNapuHWHT ypamnaap CoHW,/—ToK
Kyuun. WyHpalh Kunuo,
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byHoaru
B = ix n; (i0i

TEMUP

(AupB0 GUpaaH BepryngaH KeMnHru GelmnHYM KuAmMaTt 6unaH  dapk
Knnagw).

Oparpa /ffao 10 cM — 0,1 M, /EwpTaxmuHaH 1M 6ynagwn, Lewp
aca 6up Heya MuUHrra TeHr 6ynagn (186- 6GeTgaru xaasanra Ka-
paHr). WyHWHI yuyyH Maxpaxgary MKKUHYM KYLWUAYBUYMHU XNCOB-
ra onmacak 6ynagn Ba

B=1y N (45.6)

JemMak, 3M1eKTpOMarHuT TUPKUMWnMAArn MarHuT WHAYKUUACK
Y3YHNUK 6upnurmra A /A0 ypam COHW ypasraH y3akCcm3 Topowuz,
nunga xocun O6ynyBuYM MalgoHra TeHr O6ynap 9kaH [(42.1U) ra
KapaHr|. Ymymunii Ypamnap COHWHW opTTupa 60pmnb, xaBo opaiv-
fh yn4amniapuHu KamalnTupa 60pub Katta kuAMatamM B ra ara
6ynraH MalgoH XOCW/ KUNUW MYMKUH. Amanga Temup Yy3aknu
anekTpomarHutnap épgammga B~ 1 mi (10000 rc) ra TeHr 6yn-
raH MaigoH ONuw MYMKWUH.



VIII BOB

MATHUT MAWOAOHWHWHI TOKJ/IAPTA BA
SAPAONAPIA TABCUPU

46-8 MarHuT MaiigoHugarn rokka TabCUp 3TYBUM
Ky4y. AMMNEp KOHYHU

AMMNep TOMOHWZAH aHWKIaHraH KOHYHra acocaH MarHut Maii-
[oHuaa Tok 3anemeHTa d\ ra Tabcup 3TyBUM Kyd

di = ki |cWB] (46.1)

(k — nponopuynoHannuk KoappumumeHtTn, t— Tok Kkyun, B — dl
9MIEMEHT XXOlnawraH HykKTagarn MarHuT WHAYKUWACK).
By Ky4yHUHIr katTanuruHu (46.1) ra acocaH Kyhugarmya Xucoo6-
naHagm:
dt = ki fW/sina, (46.2)

6yHaa a— d\ Ba B BekTopnapu opacugarn 6ypuyak (84-a paem).
By kyuy d\ Ba B BekTOpnap &TraH TeKUC/NINKKA MNepneHanKynap
MyHanraHaup. TOkKka TabCcup 3TyB-
YA KYYHUHT  WAyHanuWwuHW 4an
Kyn kKowupgacupgaH doiigana-
HMOG aHuknaw Kynaw. Arap uvan

KAMHUHT kadTvra B BekTOpW KupaguraH Kunmb Kylicak Ba  y3a-
TUAraH TypTTa 6apMOKHH TOK WyHanuwu 6yiinya xoinawTmpcak, y
Xonga ounnraH 6ow 6apMOK KYYHUHI WyHaauWWHW KypcaTaau
(84- 6 paem). '



AMnNep KOHYHUHM BaKyyMAa >XolnawiraH WKKUTa YeKCU3 y3yH
napannen Tyrpu TOKMAPHWHI Y3ap0 TabCuMp Ky4YuHM gucobnai
YUyH Kynnaiimus. Arap TokKfnap opacupgaru Macoga b ra TeHr
6ynca (85- paem), y ponga i2 TOKHUHT jap 6GMp 3MeMeHTU WHAYK-

uusacu /?':2_|<I:> [(41.1) dopmynara KapaHr)] 6ynraH marHuT Mai-

foHnpa 6ynagu. BekTtop B, Ba TOK 3neMeHTMW r2 opacugaru a byp-
yak Tyrpm 6ypuyakgaH wbopat. [emak, (46.2) ra acocaH /2 TOK-
HUHT Y3YHAUK 6UMpAurura rabCcup 3TYBYM Kyd
t = kiBi = kk. (46.3)
45 b

r, TOKHUHI Y3YHAUK 6upaurura Tabcup aTyBUM Kyd /12 yyyH
WyHra yxwaw wdoga gocun bynagm. Yan kyn komfacura aco-
caH, Toknap 6up TomoHra kapab WyHanraHga 6up-6MpUHKM TOpTU-
WWHW, Kapama-Kapwu yHanraHga aca UTapuLWHW OCOHTMHA aHWK-
naw MYMKMH.

(46.3) noga k= 1 6ynraHga (38.2) copmynara MoC Kenagw.
LWyHuHr yyyH CW cuctemaga AMNEP KOHYHU

di=i[dl B] (46.4)

KypuHuwira ara 6ynagu.
Moc pgonpa
df = iBdl sin a. (46.5)

laycc cuctemacuga (46.1) dopmyna
1

dt= < /[dIB] (46.6)
c

KypuHuwra ara 6ynagu (38- § garwm acnarmara uapaHr).
Faycc cucTemacupa Bakyymparu MarHuT wuHAykuumscu H ra moc kenagw,
GyHra acoeaH AMMep KOHYHWHW UyWAnjarnya é3mw MyMKWH:

df = - i\d\, H]. (46.7)
C

47- 8. JlopeHn Kyuu

Tok yTaéTraH yTKasrmy TOKCM3 yTKasrmygaH wy 6unaH apk
KUNagnukn, yHfa 3apaj TawyByYMAapHUHI TapTubnum pgapakaTu co-
avp 6ynagn. byHpaH MarHuT mMangoHgarv TOKAM yTKasrumyra Tab-
CMp 3TYBYM Ky4 [JapakaTiaHyBuYM anojupa 3apsgnapra Ttabcup
3TyBUM Kyunap TabcupupaH ubopaT, 6yHaaH 3ca Tabcup 3apsg-
napgaH ynap oOkKaéTraH yTKasrmura 6epunvim Kepak feraH Xxyno-
ca kenub6 umkagn. by xynoca 6up Katop Taxpubanap acocuga
TacgMknaHagu Ba XycycaH, 3pKWH JapakaT/iaHyBuuW 3apsafjnaHraH
3appanap pgacrtacu, macanaH, 3M1eKTpoHAap Aactacy MarHuT Mai-
LOHW Tabcupupa oragu.

(46 4) topmynara acocaH MarHuUT MmaigoHuaarn ToKHUHTK dl
aneMeHTUra TabCup 3TYBYUM Ky

«ff = i JrflBJ. (47.1)



Amnep koHyHugaru idl Hu Sjdl 6unan anmawTnpmno [(40.6) dop-
Mynara uapaHr], yHu “yiiugarv KypuHuLIra KenTupull MYMKUH:

dr = Saf/[jB] = [jB] dV,
6yHga dV —di ky4y Tabcup 3TyBUM yTKasrmu “axmugaH wubopart.

di HM dV ra 6ynu6é ,,KYYHUHT 3UYSIUTUHUI, SBHWU BUPINK XaXKM-
ra TabCcup 3TYBUMCUHK TOMAMMU3:

W  axm = [jB]. (47.2)
By wudgopgara j HuHr (40.7) wdogacuHu uyino,

o = e [IIB]
HM ~ocun ~mnamui. By Kyd 6uMpnunk ~axmparu Tawysuunapra Tab-
Cnp 3TyBYM Kyunap WiruHgucura TeHr. byHpan Tawysumnap n ta
G6ynraHu yyyH )$ap 6up TawyBuura tabcup 3TyBUM Kyd f6,p "Srm/in—

—e' [nB] paH w6opat. WWyHpaihi uunmb6, MarHMT MalgoHmMpa v Tes-
MK 6unaH ”~apakaTnaHyBum é 3apsapgra

f—é& [vB] (47.3)
Ky4 Tabcup 3aTagu.
(47.3) noga 6mnaH aHMKAaHyBYM Ky4dra JlopeHLU Kyu4wu
pelrivnagnl).

raycc cucTemMacupa YHUHT wngogacu

f= - fvB] (47.4)
C

6ynn6, Bakyym yuyyH B HM H 6unaH anmawTmpulw MYMKWH.

JlopeHN KYUYMHWHT MOLYNW HyAupjarura TeHr

t —e'vB' sin a, (47.3)

6yHpga a—v Ba B BekTopnap
opacugarn 6ypyak. lemak, mar-
HUT MalijoH 4u3uknapun bynunuda
>;apakaT/iiaHyBuM 3apafra Ky
TabCcup 3TManan.

JlopeHy Kyun v Ba B Bek-
Topnap éTraH TeKWUCNUKKa Mep-
NeHAMKYNAp pasBuwga nyHan-
raHagup. Arap é 3apap mycé6ar
6ynca, Ky4HUHr yHanuwmn |vB]
BEKTOPHWUHI  WyHanuwura moc 86- PAEM,
Kenagu. € 3apag MaHgwuin 6yn-
raH ”“on y4dyH aca, f Ba [vB] BekTopsap b;apamMa-b;apin TOMOH-
ra nyHanraHgup (se- paem).

NlopeHU Kyun “ap [ouM 3apafnaHraH 3appaHuUHr  resfurura
nepneHAnMKYynsap WyHanraH 6ynraHn yuyyH, Yy 3appa ycTuja wmuw

') KynuHua 3apsfra TabCcuMp 3TYBYM 3/ME€KTP Ba MAarHWT KyuYnapUHWHI WUTWH-
aucupaH nbopat b6ynraH f= e'E + e' [vB] Ky4yHu JlopeHL Ky4u [eb6 aTanagwu.
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oaxapmaiign. [lemak sapsgnaHraH sappara, y3rapmac MarHuT maii-
JOHN OpKanu TabCuUp 3TUO YHUHI 3HEPrUACUHU Yy3rapTupuil Mym-
KNWH 3mac.

JlopeHy, KyYnmHuUHr wndogacn (47.3) HM (47.1) gaH  Xocwui  Ku-
nmwaa 6ms 3apsag Tawysuymniap ytkasrmyga wn Te3nmk 6unaH Tap-
TM6An xapakatnaHagn neb kapagumk. AMMO TOK OynmaraH Xxonga
3apsag, Tawysumiap XaoTUK XapakaT xonatuga oynaau. by xapa-
KaT Te3NIMK BEKTOPUHUHI ypTaya KuimaTtu (Tawysuwmnap 6yiunua)
vV Hojnra TeHr OGynagw:

v, = -V vO0=0.
n

LUYHUHT yyyH YTKasruyHuHr [/ snemeHTupga,3apsapn Tawys-
yunapra TabCcmp 3TYBUU (47.3) KyYNapHUHI TeHr '‘Tabcup 3TyBUM-
CM TOK OynmaraH xonga xam Honra TeHr 6ynagw:

M =2 eKyoB] =€ [(2 vOB] - O. (47.6)

Tok xocun 6ynraH,u,a TalwyBYUNapHWUHIr Te3imrm v = vO+ u

6ynagn By >f$oym

a{ = I(vO+ n)B] = 2 s [VoB] + 2 e [uB].
by wndopmagarn 6upuHUM inrmHon (47.6) ra acocaH Hosnra TeHr. Uk-
KNHUN nrnHgn (47.2) 6unaH Moc Kenaaw. LWyHpan Kuamb, TOKKa
TabCcup 3TyBYM amrep Kyyun TapTmbnm xapakarga OynraH 3apsg,
Tawysymnap TOMOHMAAH XOCWU/ KWAWHTaH JIoOpeHy, Ky4YnapwuHUHT
AMrmHaucugaH nbopar akKaH.

MarHuT mMaHOoHMAArn TOKKa TabCup 3TYBYM Ky4, TOKIN yTKas-
TMYHUHT MarHUT MaligoHura HucbataH TUHY TypraH Oynvwn éku
oynmacnurura kKapamacgaH (47.1) kuiimaTra ara 6ynagu. bByHra
NopeHy, KyunHuHr (47.3) wudogacmHn acnab, OCOHAUK 6UNaH MULLOHY
XOCW/T KUAUW MYMKUH. TOK yTaéTraH yTKasrmy v Te3nuk 6wunaH,
3apag, TawyB4yu 3/IEKTPOH 3ca, cumMra HucbataH W Te3nnk oGunaH
XapakatnaHaéTraH 6yncuH. by Xxonga 3anekTpoH MaigoHra Hucba-
TaH v + N Te3nuk OwunaH XapakaT/iaHagy Ba YyHra

/_=—e[(\ + u)B] -—<?[vB|-e[uB]
KyY TabCcup aTagW, CUMHUHI 6ynarvra sca
df -—— —e[vB] dN —e [u B]d/V

Kyy Tabcup 3Tagu, 6yHaa dA'— TokHuHr dl anemeHTugaru anekt-
pOHMap COHWU,M —3ca YNapHUHI YyTKasrumyra HucbataH Hucbuii
Xapakat Te3nuruaup.

Cum xapakaTcu3 MycbaT uoHnap)l) Ba 3pKUH XapaKaT/iaHyBuu
3N1EKTPOHMApAAH TalWKWa TOMFaHAUIM YYyH yMyMaH HBUTpanaup

') Acnmpa mBHNap ~apakaTtcvms OynMan, naHxapa TyryHnapu ongvga Tebpa-
nH6 Typagn. AMMO 6y, YNapHUHI naHxapara HucbataH Yp3Qua Ttesnuru Noira
TEHr 6/NraHMrn yuyyH, a”amusatra ara amac.
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(I 7., 139- §, meTann Kpuctassapra kapanr). Myc6aTr Toknap cum
6unaH 6Gupnvkga v Te3Nuk 6unaH NapakaTnaHraHanurn yyyH YHWUHT
j{ap 6upura Tabcup 3TYBUU Kyu:

f+ = &[vB].

TokHuHr dl anemeHTMparn voHnap COHW yHAArM 3/eKTPOHMap Co-
Hura TeHr. [femak, dl anemeHTAarn woHnapra TabcuUp 3TYBUU
KyY
di+ = e [vB] dN.
CuMHUHr dl anemeHTura Ttabcup Kyuu, di+ Ba d\- KyunapHUHT
AurnHgmcura TeHrnurngax
di = di- + di+= -e\uK\ dN.
Bns onraH ucoma (47.1) dopmynara skBuaneHTaup. WyHpaan

umMnmM6, Napakargarv Xamga TUHY TypraH yTkKasruy yuyH Amrep
KOHYHU 6MpP XW1 KypUHMLUTa 3ra 3KaH.

48-8. MarHuT MalgoHMAArn TOKIM KOHTYp

Tyrpn 6ypyakin SiCCU KOHTYpP OMP XUHCAXM MarHuT maigoHura
XolinawTtupunaraH 6yncuH. Arap B BeKTOpP KOHTyp Tekucaurura
napannen (87-pacm) 6ynca, (46.5) dopmynara acocaH sina = 0
OYNraHAMIM YYyH YHUHT b y3yHAMKKa 3ra GynraH TOMOHUra Kyu
Tabcup Kunmanan. KoHTYpHUHr uyan 6ynarura, Amnep KoHY1lra
acocaH, pacM opkacura kapa6 WyHanraH / = iBa Ky4 Tabcup 3TcCa,

87- pacm. 8S pacm.

?HI TOMOHUWra 3ca KaTTa/IMK Xu/ataaH kKapama-kapwwu 6GynraH /'
Kyuy Tabcup Kunagu. bynap XydT KyunapHu *ocwun Kunmé, YHUHT
MOMEHTU

M = fb = | Bab.

KOHTYpHUHI 1031 S = ab akaHnuruvHu, IS 3ca MarHUT MOMEHT
pT ra TEeHrNUrMHW ~ucobra onraH ”~onga KylinparvHu €3ull MyMm-

KVH:
M = pTB. (48.1)

by dopmyna (39.3) chopmynara mabHO XH™MaTugaH MOC Kenagw.
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MOMeHT M KOHTYPHM YHWHI MarHMT MOMEHTW PT MalgoH B
MyHanuwn 6yinya xomnawtmpuwra nHTMNagn. KOHTYPHUHT GyH-
[ali opreHTauusicn 88- paemga KypcatmnraH. by xonga
= 1Ba, /2= fi —IBb. Bapua KyunapHWHI KHyHanuMWmn KOHTYp Te-
Kucnurnpga étagu. byHpaan xonga  alinaHTUPYBYM MOMEHT  XOCWN
BGYy/IMAcC/IUTMHU OCOH KYypULl MYMKWUH. MaligoH 6uUp XWUHCAKU Gyn-
raHM y4yH Ky4JapHUHI TEeHr TabCUMp 3TYBUYMCU HOMra TEHr, Kyu-
nap KOHTYpHW 4y3aau XOMoc, aMMO YHW KY3pata onmaian. Arap

KOHTYpHU 180° ra ainaHTupcak
(Ekn MangoH WMyHanUWmHWM Tec-
Kapu 6ypcak), y xonga 6apua
KYYTapHUHT WyHanuwmn Kapama-
uapwm TomoHra O6ypanaau Ba
ynap KOHTYpPHM 4y3macnaH, ak-
CMHYa  CUKMLIMHMU KypcaTno
YTUL MYMKUH.
(48.1)
pwii  waknra ara 6ynraH sccu
KOHTYP YYYH TYrpy 3KaHAUTVHN
Kypcatamuns. KOHTYp CUPTUHMU
keHrnurn dh 6ynraH uHrunuka
B BekTOp KyHanuwura napannen
6ynraH nonocanapra axparai-
nmK (89- a paem). KOHTYpPHUHT
dl%anemeHTUra paem TeKUCNU-
rmra kapa6 WyHanraH df~NiBdIN sin a, Ky4y Tabcup aTagw.
dl2anemeHTra aca kapama-kapwwu iyHanraH df2*=IBdl2sina2 kyu
TabCcup 3Taan. 89- 6 paempgaH nonoca kKeHrnurm dl, sina, =
= dl2s\na2= dh akaHnurn kypuHu6 TYpn6an. Oemak, dft sa df%
Kyuynap KaTTa/IMK XuxatmgaH 6up Xua Ba MOMEHTU

dM —iBdh =b

oynraH XyQpTAUKHW Xocun kunaau, 6yHaa b— nonoca ysyHAuru,
bdh kynaiitma—nonoca t3n dS Hu 6epagn. LWyHpan Knnmo,

dM = iB dS.
KOHTYPHVHI KapaMa-Kapliu 3fieMeHTNapura KyiuiaraH Kydnap-

MU Ky(pTnab Ba YNapHUHT MOMEHT/MIAapUHU AUTcak, KOHTypra Tab-
CMp 3TYBUYM HATUXaBUI/A MOMEHTHW TOMamm»:

Nb ] dM = 1B \dS = (SB, prga

WyHpanm knnub, 6ms saHa (48.1) cdopmynara

Kenauk. KOHTYPHUHI UXTUEPWUIA XONnaTu Y4yH

(90-paem) MarHUT MHAYKUMSACU B HWM B j. — KOH-

Typ Tekucaurura nepneHaukynap Ba B uy—

napannen Tawkun 3TyBYaHNapra axpartunagu

Ba TalKWA 3TYBYMNAPHUHI Xap OUPUHMHI Tab-

YO- paem. cupu kapab uukunagu. B xTawkmn 3TyBYM KOH-
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TYPHU 4y3YyBUM EKM KUCYBUYM KyunapHu “~ocun Kunagu. Kattanuru
Bsin*(i — ptr Ba B nap opacmpgarn 6ypuak) 6ynraH B ( Tawkwun
9TyBUYM 3ca aliNaHTMPyBYM MOMEHTHM XOCWA Kunauwra onmb kena-
an, yHu (48.1) copmyna épgamua TONUW MYMKUH:

M = ptB | = pTB sin a. (48.2)
M, pT Ba B BekTOpnapHWHr ys3apo opuveHTaumsnapuHmu “~urcobra

onraH xonga (48.2) dopMynaHn Kyhiugarn KypuHuwga esuil
MYMKWH:
*

M = |PmBj. (48.3)
BakyyM yuyH laycc cuctemacmga 6y opmyna
M Ip...HI| (48.4)

KypuHuwra ara 6ynaau.

BekTopnap pT Ba B opacuparu a 6ypuyakHu da ra opTTMpuUL YUyH
MalijoHOa KOHTypra TabCUp 3TYyBUM Kyu/napra Kapwum U 6axa-
pul  Kepak:

dA = M da = pTB sinad® (48.5)

KOHTYyp aBBanrm ”onra Kaituw naituga Tawku Xucmaap yc-
TMaa v 6axapub, yHra capgiaHraH MWHW KaiTapuwuy MYMKWUH.
Jemak, (48.5) vw mMarHuT mMaigoHuparu KOHTypHuHr W 3aHeprus-
CUHUHI opTuwmnra capg 6ynagwn.

dW = pTBsinada.
By wudogaHn uvHTerpannab, KylingarmHm XOCWU  KUnamua:
= —pTB cos n + const.

Arap const = 0O pgecak, 6y cdopmyna KyimMgarn KypuHuWra ara
6ynaau:

= —pTBcosa= —pmB . (48.6)
Bakyym yuyH laycc cuctemaga
W =« — pTH (48.7)
neb é3n MyMKUH.
(48.6) dhopmMyna 3nekTp MangoHwgarn Aurnoslb  dHEPrUSACUHU
XapakTepnoBun (14.4) wucopara yxwalwi/IMrMHMU Kaig Kuamb ytuul

3apyp.
3HOM 6Mp XWUHCAK GynMaraH MarHUT MaligoHugarv TOKAuM siccu

KOHTYpPHM Kapab umkamus. CogganawTMpull yyyH aeBasl KOHTYpP-
HW alinaHMa [eb kapanmk MaigoH B HUHF WyHanmMwura Moc Ke-
NyBYM KOHTYp Mapkasu XolnawraH HykTaga X #hyHaniwpga Tes-
POK y3rapagn Ba KOHTYPHUHI MarHUT MOMEHTU MaWdoH MyHanuwu
Oylinya opuveHTauusnaHraH ge6 gapas kunainuk (91-a pacm).
KoHTyp anemeHTura tascup 3TyBum di kyy B ra, sbHu d\ 6u-
NaH KecuwraH MarHuMT WHAYKUWS uYn3nknapura neprneHankynsap.
LYHUHI  YYYH KOHTYPHUHI Xap Xwun -"‘eMeHTnapura KyhunraH
Kyy/nap KOHyC wWakiMparu ,aacta“ Hu ~ocun kunagu (91- 6 pacm).
YnapHuHT Tawkun atyeumcu f aca B opTuwura kapab iyHanraH-
OVp Ba OEeMakK, KOHTYPHW MalAOHHWHI Ky4Y1MpOK co”~acura TOMOH
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TopTaau. KypuHu6 Typub6auku, MaiiooH KaHua Te3 ysrapcs (Maii-
AOHHUHT  TPajiMeHTn . KaHua KkarTa 6ynca) ,4acTaHuWHr* Gypua-

M wyH4ya Kuuuk 6ynann Ba OMp Xwun wapoutga TeHr Tabcup
3TYBYM Ky4Y f WyHYya KaTtTa Oynagan. Arap KOHTypAaru tokhhhf
MyHanMwmnHn Teckapucura ysrapTupcak (6y xonga pt B ra kapa-
Ma-Kapwn 6ynné konagw), 6apuya di Kyunap Ba Yy/AapHUHE TeHr
Tabcup 3TyBUM T KyuynapuHuWHI AyHanmwm Teckapura ysrapaaw
(91- B paem). [Oemak, pT Ba B BekTOpnapHuHr OyHAal y3apo X°*
natmga KoOHTyp MangoHgaH wutapunaam

91-paem

MarHnT MaigoHungarn KOHTYp 3HEPrusacuHUHI udogacu (48.8)
OaH / HVWHF COH Kuiimatn Oyiinya mdoJacMHM OCOH TOMUW MYM-
KVH. Arap MarHWT MOMEHTUHMHI MaligoHra HucbataH xonatun ys-
rapmaca (@ = const), y xonga W dakat X ra (B opkanu) 60rnmk
oynagn. W Hu X 6yhnua guddepeHunpnab Ba HaTwkagarum mwo-
paHu y3raptupu6, KYYHUHT X YKUra MPOEKLUUACUHU XOCUN Kunia-
MU3:

dw B
- — = PT— COS«
X or

dapasvmmsra acocaH 60LWKa KyHanuwnapga MaigoH Kam ysra-
pagn, LWYHWHI Y4YyH KYYHWHT 6olwka #yHanuwnapungarn npoek-
uuanapmHn xucobra osmacak xam 6ynaau Ba /*=/.* peb6 Xxmcob-
naw MymkuH. LWyHaain kunmb,

J =Pmé cosa (48.8)

OnvHraH copmynara acocaH 6GUP XWHCAW GynMaraH MarHuT
MalijoHngarn TOKIM KOHTypra TabCup 3TYBUM Ky4Y KOHTYPHUWHT
MarHUT MOMEHTUHWHI MalifioH WyHanuwura HucbataH opueHTauusi-
cura 6ornuk Arap puw Ba B BekTopnap 6up xwun iyHanraH 6ynca
(a3=0), kyu myc6aT, AbHM B HUHI OpPTUW TOMOHUra KAyHan-

rad MycbaT neb kapanagu, akc Xonga KyYHUHI uwopacu Ba
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MyHanuwun Kapama-kapwuicura ysrapagu, ammMo Ky4Y KOHTYPHU Kyu-
nn maiigoH TOMOHMWra Topragw). Arap pT Ba Bnap aHTunapannen
(a = n) 6ynca, Ky4y MaHuin 6ynagn, AbHM Yy B HUHr Kamahiunw
ToMmoHura Kapab WyHanraH 6ynagun. By HaTmxaHu 6m3 91- pacm
OpKauyln OfiraH 3auiK.

Bup. xnHcnu 6ynmaraH MarHUT MalngoHuaaru TOKNM KOHTypra
(48.8) KyupaH Tawkapu ainaHTupyBYM MOMEHT (48.3) ~am Tabcup
3TUWN  y3-y3ugaH TywyHapamaup.

49- 8. MarHuT manigoHuaa TOKHU Kyumpuwaa
baxapunraH wuw

Toknn yTKasrny (CMm) TawKuM MarHuUT mMalifoHuaa 3pKuMH 3 apa-
KaTtnaHaguraH OYNCUH. BYHU CUMHUHI OXMPWU Ba EMNUK 3aHXUPHUHT
KonraH Gynaknapu opacuja cupnaHa oflaguvram KouTakTnap éppaa-
MyMga amanra Ownpuw MYMKUH (92- pacm). Tawkm maiAgoH 6up
XWUHCNN Ba KOHTYp Tekucnmurura nepneHAankynsp neb6 kapanmua.
ToK Ba MalJOHHWHI KHyHanuwnapu pacmga KypcaTunraHaek 6yn-
raHga Ky4d YHr TOMOHra kapab WyHanraH Ba

/ = iBlI
ra TeHr 6ynaam, 6yHAa /— TOKHUHI 3”apakaTnaHyBuM KucMu. by
Kydy ds wmacothaga yTkasruy ycruga

dA - fds —iBlds
v 6axapagu.

Ids kynaiTma WTpUXNaHraH tosara
TeHr (92- pacm), Bids aca wy to3agaH
yTYyBUM </® MarHUT WHAYKUMA OKumMura g
TeHr. LWyYHWUHT y4yH

dA —ino (49.1)
waknuga ésvw MyMKuH, 6yHaa a-
pakatgarnm yTKasrmyHum kecmb yTyBuuM 92-pacm.

MarHuUT MHAYKLMA OKUMW.

ONuHraH HatmkaHu 6up XXUHCAW 6ynmaraH MaiigoH y4yyH 3%am
OCOH YMYyMNaWTUPUL MYMKUH. BYHUHT y4yyH yTkasrmyHm dt ane-
MeHrnapra 6ynu6, 3{ap 6up anemeHT ycTuaa GaxapunraH wuwnap-
HA Anrnw 3apyp (*ap 6up kmumk dlds t03a yuyyH MarHuT WHAyK-
UMACMHN y3rapmac Ae6 kapaw MyMKWH).

Arap B BekTOp KOHTypra yTkKaswaraH Hopmanb 6unaH Hongax
thapknn 6ynraH a 6ypuyak 3M0CWI1 KWUACA, KYYHUHI WyHanuwm *am
37\apakatr hyHanuwun 6unaH a 6ypuak 3™ocwn kunagm (f kyu B ) ra
nepneHauKynap Ba

dA = /cosa'is = iBnds
6ynagwn, 6yHpa B,, — B cos a— BekTop B HuHr | ds to3ara YTkasun-
raH HopManb Oyiinua Tawkun 3TyBumcu. BJld s kynaiiTma aca yT-
14)



Kasrmu kecu6 ~taétraH WP okumpgaH wbopaT. LWyHpalhi Kunumé,
613 6y 3onpa 3am (49.1) dgopmynara kenamms.

(49.1) VW MarHuT malifjoHun 3ucobura baxapunmacgaH (47- §pa
KypcaTunraHgek JlopeHu Kyuynapw 3apsgnap yctuja uw  6axap-
mMaiign), 6ankKu KOHTYpPHM TOK 6unaH TabMuHAab TypyBuM MaHb6a
3ucobura baxapunagnl).

MarHnT MaifoHuga TOKAWM ENUK KOHTYPHU-Kyuupulga 6axapu-
naguraH WWHW Tonawnuk. BYHWUHr yuyyH aBBan KOHTYp Ky4aéT-

/ raHga sap AouM 6Up TeKUCNUK-
ja konagn peb6 papas kKumnaihnuk
(93- paem; B BekTOpu paempaH
Tawkapura WyHanraH). KoHTyp-
HUHr 1—2 6ynarura Kyhiunarax
Kyuynap sapakart iyHanuwm 6u-
naH yTkup 6yp4yaknap 30cun
Kunagn. [Jemak, 6y Kyunap
6axapaguran J1, wvw mycb6at
(49.1)

MW  KOHTYpAarn TOK Ky4u i ra
Ba 1—2 6ynak Kecub yTraH
MarHUT WHAYKUWSA oruMura nponopuunoHangup. 1—2 6ynak ysu-
MUHT 3apakaTuja WwTpuxnaHraH cupr opkanm PO OKMMHM Ba KOH-
TYPHW YHUHT oxupru 3onatnga POUP oknMMHKM Kecmb yTagw.
WyHpah knnub,
N, = i(P0+ doxwp)m
KoHTypHuHr 2 —1 6ynarvra Tabeup 3TyBUM Kyunap 3apakar
NyHanuwun 6unaH ytmac 6ypuyaknap 3ocun kunagu. LLYHUHT yuyH
ynap 6axapaguraH J12 wnw  maHuii. YHUHr abconoT Kuimatu
2-1 6ynak TOMOHMAaH Kecmb6 yTunraH okum PO Ba P, napra
nponopuunoHangup, Poow KOHTYpHU facTtnabku 3onatga Kecmb yTyB-
4 okmmpaup. Jemak,
N2= —i(®0+ >60wW).
ByTyH KOHTYp ycTupa 6axapunaguraH wuul
Nn= N+ N2= i (®0+ Poxmp)— i (PO + doow) + i (Poxvp — DboL).
KoHTyp 3apakaTuHuHr oxupru 3sonatugarn ®Mp Ba 6Gowna-

Huwgarn @6ow oKMmaap opacmparn anvpma OKUMHUHE KOHTypgaru
optTupmacu AP HmM 6Gepaau. LUyHaan Kuamo,

n=1]0. (49.2)

) KOHTYpHM Kecub yTyBUM MarHWT WHAYKUMS OLUMWUHWHT y3rapuwmu, 6y
d<P
KOHTYpga £ I__Ft WHOYKLMA 3. 10. K fJOoCuUn KunuwuHu 56-§ ga  KypcaTH-

nagu. femak, 6y ponga Tok MaH6au JleHU—XXO0ynb WCCUKANTUHU  AOCUMA LUNULL
YUYyH cap 6ynaguraH vMwpaH TalwKapu WMHAYKUMA 3. 0. K ra “apwu Kywmmua
nw 6axapagu, 6y ~ywumya uw (49.1) 6unaH Moc Kenagu:

. no .
dA = — 3 ,idt= — «jidt= tdo.
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laycc cuctemacuga ww dopmynacy Kyingarm KypuHulira ara:

N= —igo (49.3)

(49.2) bopmynaHn  KenTupmb6 umuapuwiga 6vM3  KOHTYPHUHT
fapakaTuHu Mabnym Gapas opkanu kabyn kungnk. by dopmyna-
HUHT KOHTYPHUHI UXTWEPWUIA MarHuT malifjoHujarn wucTtanraH pgapa-
KaTyu Y4YyH TYppuauUrMHW KypcaTull MYMKUH. XycycaH, KOHTyp-
HA 6Up XUHCAM MalgoHfa PT Ba B BekTopnapu Kapama-KapLuwm
MyHanraH fonataaH WyHanuwnapu moc KenyBuu gonatra yTkKasui-
raHfa MamfoH KYYMHWHT KOHTYp ycTuga 6axapraH wwm

A = 2iBS

oynagn (®oor= —BC, BekTop B Ba myc6aT Hopmaniap kKapama-
Kapwmy OynraHnaurn yudyH @éow maHgpuingup; P = BS), iS —pT
HUHT 3KaHNWUTMHW gucobra onmb,
A=2pTB
HW [OCUN Kunamus.
KOHTYPHWHT MarHuT wMmalijoHugarv 3Hepruscu yudyH (48.6)
noga opkKanu WyHAAR HaTUXaHW AOCUMA KUAULW  MYMKWUH:

A — W 6ow ~oxmp —pTB  ( pTB) —2 pTB.



IX BOB
MATHETWKNAP

50- 8 MarHetuknap knaccudunkaunsam

MarHeTUKNapHUHI KNacCUMUKauUnACUHM 6aéH KunvwgaH asBal
TYpPAN  MOAAANAPHUHT  MarHUT  XYCYCUSATNapUHW  XapaKTepsioByYun
KaTTa/iMknapHM kapab umkaiinuk. 44-8§ pa wy makcagna 6upnavk
NaKMOarv MarHUT/IaHuW  KaTTa/IMTMHU  XapakTepioBuM Kabyn Ku-
NyBYAHNNK X KUpuTunraH sgn [(44.12) dopmynara kKapadr].

KynuHya 6upnuk “axmgarn kabyn KuayBYaHIMK X ypHUra
MOAOAHUHT BMp KWIOMOMUTa HUCbaTm KUaoMonsap (XMmuasuii
oaoui mopfdanap y4yH KumiaoaTom)  Kabyn KWUNyBYAHAUK — /kwm
(Xkar) éku 6upnnk maccara HMc6aTM cCo N MW T U PMaKabyn Kuiys-
YaHNuK Xoon wvwnatunagu. by kabyn KunyBYaHAMKNAPHWUHT Kuii-
MaTnapu opacuga Kynmgarum 6ornaHvwnap maexyn Xkv = yVK
6yHaa VKM — Kunomonb MOAOAHUHT 3akmMy (MI KMOSb), Xoon —

= —X. 8 — moapaHuHr 3ununurn (Kr/m3, x—ynyamcms KaTTasiuk

6ynca 3fam, Xxv (Ekm Xkar) M¥ KMOJb (EKM M3 KaT) Ba Xoon—
M3 KI ynyamauvKka ara.

MoadaHVHI Monra HUcb6aTy O/MHFaH Kabyn KuayBYaHAUTU (FPamMM-MOJeKy-
na) Mmonap (XMMUABWIA opgavii  mMopfanap yYyH— aToM) Kabyn KuayBYaHIUK
peinnagw. — V. 3KaHIUIVMHW Kypuw MyMKWH 6yHaa KT — 6up monb Mog-
panvnr uaxmm  (cM3Mosb).  Xkm (CUMaa) Ba X» (Faycc cucTemacvmpaa) napHUHT
KnAmMaTnapu opacmaa Kyhingaru myHocabat 6op:

*Kn = «10-3XM. (50.1)

MarHuT Kabyn KWAyBYAH/IUIMHUHE WlWOpacura Ba KaTtanurura
kapab 6apya MarHeTuknap yd rpynnara O6ynuHagu:

1) onamarHeTuknap - ynapga X MaHwuii Ba abconioT
Kuiimatn xmn™atnaH xyfa Kuuvk (xkm — H0-8  10~7 M3 KMOnb)\

2) napamarHeTumknap- ynapga >@av X yH4Ya kaTTa amac,
aMmo y myc6atr (Xkv ~ O *7-i-ild *m!Imonb)\

3) hbeppomarHeTnknap—ynapga x mycbar Ba xyga karta
KniimaTnapra ara (x ~H 87 M /KMOsb). ByHpaH Tawkapu cheppo-
MarHeTUKNap MarHuT Kabyn KuayBYaHAMru ysrapmac O6ynrad
OnamarHeTMK Ba napaMarHeTuwpgaH fHa wy 6wunaH ¢apk KHAa-
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OVIKH, YNapHUHI MarHUT Kabyn KWIyBYaHAUTWM  MarHMT  MalifoH
Ky4YnaHraHnaHrn qyHKLMACK  XucobnaHaau.

LyHaoa Kuamb, MarHUTAaHWUW BEKTOPW j WyHaauw Xu atn-
baH H ra moc kenuwun (Napa -Ba heppomarHeTuknapga) Ba Kapa-
Ma-Kaplin TOMOHra iyHanraH 6ynuwm MyMKWUH (OuaMarHeTukiap-
na). [OudnekTpuknapga KyT6naHULW BeKTOPWU Xap AOovM E  HUHT
MyHanmwmn 6yihnya WyHanraHIMIMHW 3cnatmub ytamus.

51-8. MarHutomexaHuK ,\oaucanap
ATOM Ba MosneKkynasapHUHI MarHUT MOMEHT/apu

VIl 606p0a monekynap Toknap Tyrpucugaru AMmrep rurnoresa-
CUHW MarHeTuknapgarv Kynuuank XoAaucasnapHu TYLWYHTUpULIra
épadam 6epraHvHW KypraH 3guk. Monekynsp TOKNapHUHE TabuaTtu
Peseptopn Taxpubanapn acocupa 6apya MoONeKynanapHUHr aTtom-
napwn myc6aT lsapsgfniaHraH f40po Ba YHUMHI  arpodwga  annaHmo
IOPYyBYN  3MIEKTPOHNapAaH TawKun  TorraH-

NI KypcaTtunraHgaH CyHr TywyHapnu 6y-
nvé konaw.

1913 nnnm Hwunbc Bop TOMOHWMAAH wArapu
CypwnraH Hasapuara acocaH, atoMparu 3siek-

TpoHnap avnaHa op6uta 6yilinya xapakar-

naHagn. 3MeKTPOH WYNWHWUHT WCTa/lraH HyK-

Tacura >xkomnawTvpuiaraH to3gaH (94-paewm)

6npnNMK BakTAa € Vv 3apan Kyumpub ytuna-

Oy, O6yHAa e — 3NeKTPOHHWHI  3apagn, vV—

6up cekyHAgarn amnaHuwnap coHw. [emak,

op6uta 6yiinab xapakaT/iaHyBuYM 3EKTPOH HA-pricm.
Kyun i —euy OynraH alinaHma TOKHW XOCW/

Knnagn. 3NeKTPOHHUHI 3apsagn  MaHhwuii  6ynraHn  YYyH  YHUHT
XapakaT hyHanuwm TOK MyHa/mwmra Kkapama-kKapwmamp. S1eKTPoH
TOKW TOMOHUAAH XOCW/ KWINHaAUraH MarHuT MOMEHTHU

pT = iS = eukr2
6yHaa r— opbuta paguycu. 2 KynaiAiTmMa a/MIeKTPOHHUHI Xapa-

KaT Te3nmru v gaH méopar 6ynraHu yuyyH KyWngarvHu - €3uul
MYMKWH:

. _evr /C1 n
PT- Y¥y=*
(51.1) gar MOMEHT udogacu  3NEeKTPOHHUHI  opbuTta 6yiinab

XapakaTnaHuwn ca6abnu xocun 6ynraHu yyyH 3T€KTPOHHUHT
op6uTan MarHUT MOMEHTWU JeliMnagn. PT BEKTOPHUHT iAy-
Ha/IMWIM TOK WyHanuwu 6unaH yHr BUWHT, 3MIEKTPOH XapaKaTUHUHT
MyHanuwm 6unaH 3ca yap BMHT CUCTEMAcWHW X°cun  kunaaun (94-

acm). 1
pacm) r

10 W. B. CasenbeB H5



Op6uTta 6yiinab xapakaTtnaHyBuYM 3N1EKTPOH

L=mvr, (61.2)

UMNYbC MOMEHTUra ara (/« — 3MeKTPOHHUHI Maccacu). pyHaaru
BEKTOPHN 3/TEKTPOHHUHT Op6GUTaNiMeXaHUK MPMEHTMU
nelinnaan. Y anekTpoH XapakaTy AyHanuwun 6unaH yHr ~MHT cuc-
TeMacuHu xocun kunagu. [lemak, pT Ba L BeKTOpnapHWHr iyHa-
WM Kapama-Kapumaup.

- OnemeHTap 3appaHVHr MATHUT MOMEHTVMHW YHUHT MeXaHWK Mo-
MeHrura HuUcbatm rmpomMarHuUT HuUC 6aT Aelivnagn. ONeKTPoH

yqYyH 'y

ra TeHr (,—* uvwWwopa WyHaNMWAAPHUHI Kapama-KapluninrmHm
KypcaTtagu).

- *
raycc cucrtemacmga rumpomarHiT HVIC6&TP—I1_— = __¢ ra TeHr.
Cc

ONEeKTPOHHUHI AP0 aTpodmnga annaHMwun nuagMPOKHN acnata-
On. by xonaT, MarHeTUKHUHI MarHUT/IaHWLWW YHUHT ainaHTupuil-
ra Ba akCumH4ya, MarHeTUKHWHI alfaHuWn YHUHT MarHuTnaHuwmra
cabab 6ynyBUM TUPOMATHUT EKM MaArHUTOMEXAaAHWUK XO-
Oucanap acocuga étagn. BUupuHuUM XOoOucaHUMHI MaBXyanmru SiHLW-
TeliH Ba Oe Xaac, WKKMHYMCKM 3ca bapHeTT ToMoOHMAaH yTKasui-
raH Taxpubanapga TacauknaHrax.

dnHWTeliH Ba ge Xaac Taxpubacu acocuga Kyhaugarm Mysio-
Xasanap étragn. Arap MarHeTUKAaH KW/IMHraH CTepXeHb MarHut-
naHca, 3NeKTPOHAApPHUHI opbuTasl MarHUT MOMEHTIapu  MangoH
MYHa/IMWVHW, MeXaHWK MOMEHTNapu 3ca MalfdoHra Kapwu MNyHa-
NNWHKW srannaingn. Hatuxkaga 3/1eKTPOHMaPHUHT MeXaHWK MOMEHT-

napu avrmHgnen N N HondaH chapknn  6ynagn (gactnab  anoxmpaa

MOMEHT/TaPHUHI XaOTUK OpueHTayunacu HatmXacmpga y Ho/ra TeHr
3,EI,I/I). CTepXeHb + 3NeKTPoHAap CUCTEMACUHUHI MMMY/NbC MOMEHTU

YBrapman konagu. WyYHWHr yuyyH cTepxeHb— J] L ra TeHr 6yn-

raH MoOMeHTra ara O6ynaau, AbHWM alinaHagn. MarHuTnaHuw
AYHaMWNHUHE  y3rapuiin  CTePXEHHUHT  alifaHul  NyHa/InLWUHN
y3raptupuwra onmé Kenagw.

By TaXpumbaHUHI MexaHUK MoAeNMHW Kylhinaarnya spaTtumil
MYMKMWH: ainaHyBuYM CTynra yTkaswaraH ogamra BenocunegHuHr
runguparn TyTkasunaau. Y alinaHaétraH rungupakHu - lokopura
KyTapca, y3u rungupak amnaHuvwmra kapama-kaplum TOMOHra ai-
NaHaawn. Arap rungupakHuM nacTra kapatca, aBBa/irM Xxapakaturs
Kapama-Kapliy TOMOHra alinaHagu.

dNHWTEeNH Ba ge Xaac Taxpubacu KyhWugarvya amasra oOwmv-
punraH (95 paem). VIHrMuyka TemMup CTepXeHb OGypanaauraH 3nac-
TUK uAra ocunué cofieHoMA, nunra H>xomnawTvpunagu. Yarapmac
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MarHuMT MangoHuga CTepXXeHb MarHuMTnaHraHga

WMHUHF 6ypanuwmn Xxyfga Kuiuk 6ynraH. 3d-

(heKTeH KyyanTMpuw Y4YyH pe3oHaHC MeToau-

naH coliganaHnnraH, AbHW COMEHOMOHW YacTo-

Tacu CUCTEMaHWHI MEeXaHWK yYactoTtacmra TeHr

6ynraH ysrapyB4yaH TOK 6uiaH TabMWHAAHIaH.

ByHgali wapouTpa TebpaHuw  amMnamMTygacu-

HUHI KaTTa/IUFMHW UMAra ypHaTuaraH Kysryda-

[aH KanTyBuM LWybsa WyHanuwupaH aHuknaw

MYMKUH. Taxpuba HaTmkanapungaH — — ~
T TC

Maycc cucrtemacmpga) ra TeHr 6ynraH rmpomarHuT

HucbaTt aHuknaHan. WyHpaihi  kunub, Moneky-

nAp TOK OCuUn  KWAYyBYW 3apsag —TawysBuymiap-

HVHI  MwWopacu, 3NeKTPOH uwaspacu 6unaH Moc

TywAan. AHUKNaHraH Hatuxa aca (51.3) udona- 95-pac.

parvra KaparaHga 2 mapTa opTuk 6ynaw.

BapHeTT TaxpmbacuHn TyWyHULWra T[UPOCKOMHN 6MpPop YK
aTpochmga ainaHTUPMOK YYYH YHUHI YKU XYCYCUA Ba Maxbypuii
alinaHuWMapHUHE  MOC Tylwa ofaguraH WyHanuwga 6ypunuviim
nosumnanruHn  acnanmns (I 1., 44-8 ra kapaHr). Arap KapaoH
ocmara Ma’kamiaHraH TMPOCKOMHM MapkasgaH Kouma MalmHa
ONCKUTa ypHaTUAM6G alinaHTupuaca, TUPOCKOMHUHE YKWU BepTuKan
6ynn6 Konaam Ba YHWHI ainaHuWM AUCKHUHI aiinaHvw AyHanuwm
6unaH mMoc Tywaaw. MapkasgaH KouMa MalMHaHMHE  alinaHuu
MyHanuwmn ysrapTupuaca, TUPOCKOMHUHI yku 180° ra 6ypunagw,
AbHW KaliTagaH WKKana WyHanuw mocnawagu.

BapHeTT Temup CcTepXeHHW YK aTpodmga Te3 annaHtTupuo,
~ocun  6ynraH MarHUTNaHWWHKW ynyagu. bapHeTT ~am y3 Taxpu-
6anapu Hatmwxkacmga rmpomarHmMt Hucbat yyyH (51.3) ra KaparaH-
fa 2 mMapTa KatTta kvimar ongu. KelnmHyanuk 3anekTpoH opb6utan
MomeHTnap (51.1) Ba (51.2) gaH Tawkapu Xycycuih mMexaHuK LS Ba
MarHuT pns momeHTnapura )Yaw ara 6ynm6, ynap y4yyH Kyhngaru
rMPOMarHUT HUCGAT YPWUHAN 3KAHAUTN aHUKNaHAW:

P[“S — Te ) (51.4)

AbHN JNHLWTENH oNraH Taxpuba HaTuxanapu e Xaac Ba bapHeTT
HaTuxanapu 6wunaH Moc kKenagu. byHAaH, TEeMUPHWHT MarHuT
Xoccanapu 3N1eKTPOHHUHI opbuTan MOMeHTUra amac, 6ankm Xycy-
CUIi MarHUT MOMEHTWUra 6Or/IMK AeraH Xxysoca 4uKaau.
JacTtaBBan 3/1eKTPOHNAPHUHI XYCYCU i MOMEHTU MaBXyanurn-
HA yHW y3 YKM aTtpocmuga alinaHyBuM 3apsgnaHraH lapya pae6
Kapaw Kynun 6unaH TYWYHTUPMOKYM 6ynraHnap, WyHra moc pa-
BULLAA 3/TEKTPOHHUHT XYCYCUii MeXaHUK MOMEHTUHU—CIWUH (UHIIN3-
ya tospin — an™-.Alllk ) pe6 atanraH. Kyn ytmai 6yHgai myno-
Naza 6up KaTop Kapama-Kapwuauknapra onmé kengum Ba ,anna-
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HYBYM“ 3M1eKTPOH )$akmgarn runotesajaH BO3 Keyuwra Tyrpu Ken-
an. Xosumpru Ba’Taa XyCyCuii MexaHWK MOMeHT (cnuH) Bay 6unaH
6ornuk 6ynraH xycycuii (CAWH) MarHUT MOMEHT 3/IEKTPOH  Y4YH
YHUHT Maccacu Ba 3apagn Kabu axpanmac XycycumaTtnap katopura
yTn6 Kongw.

dauar 3MeKTPOHIMHa 3mac, 6anku 60owWKa 3nemeHTap 3appanap
3"aMm crnuHra aragup.

dnemeHTap 3appanap cnuHM nra O6yTyH &KW SApum  Kappanw,
AbHU MnaHk gonmwniicn Al) HUHT 2- ra 6y/IMHraHWra TeHr:

;= o = 1,05 ¢ 10-31 >X-cek = 1,05 » 10-27 3pr-cek. (51.5)
n

XycycaH, 31eKTPOH yuyH Ls — b aup, WYHWUHT YyUYyH 3/1eKTPOH-

HUWHI CNWHW ~ Tra TeHr pJennnagn. WyHpgaih ~unnub, 3apag Tabuuii
bupnurn < 6ynraHungek, K :$aMm MmMnynbc MOMEHTUHWHT Tabunii
éupnurungmp.

(51.4) ra acocaH 3NEKTPOHHUHI XYCYyCUA MOMEHTA

e , e h eti /ci ov
ra TeHr.
MB= " = 0,927« 10-23 o™ = 0,927 « 10-r0 3pr/raycc (51.7)
2m Tecna

KatTanmk?2) bop mMarHeToHwn pe6 artanagn. BuHobapuH, 3nek-
TPOHHWHT XYCYCWIA MarHMT MOMEHTM 6Up BOp MarHeTOHWUra TeHT.

ATOMHWHI MarHMT MOMEHTW YHWHI Tapkubura KWpyBYM 3/€EK-
TPOHNAPHWHT opbuTan Ba XyCycuidi MOMeHTnapu, ~amfja afpo mar-
HUT MOMEHTUHUHT (A4p0 Tapkmbura KUpyBUYM 3nemMeHTap sappanap—
MPOTOH Ba HEWTPOHMAPHUHI MarHWT MOMeHTNapu) WUTUHAUCUAAH
noéopatamp. ALPOHUHT MarHWT MOMEHTW 3/IeKTPOHMNApPHWHI  Mmar-
HWT MOMEHTUAAH aHya KUYMK, WWYHUHT YUYYyH KynruHa macananapHu
Kypuwga yHu gucobra onmali, aToM MOMEHTWU  3/IEKTPOHAPHUHT
MarHUT MOMEHTNAapUHWHI BEKTOP MUTMHAUCMAAH wnbopaTt Aeb Kapal
MYMKWH. MonekynanapHUHI MarHUT MOMEHTUHW ”aM YHUWHT Tap-
Knbugarn 3neKTpoHAap MarHUT MOMEHTNAPUHUHT iinpunaucu [e6
Ancobnawl MYMKUH.

ATomnap Ba MoneKyfnanap MarHUT MOMeHTnapu Taxpubaga
LUTepH Ba lepnax TOMOHWAAH aHWKMAHTraH. YnapHUHT Taxpuba-
cufja MosieKynanap jactacu Katra rpagueHTnM MarHuT MalifoHu-
faH yTKasunraH. Maxcyc waknjaH 3neKTpoMarHuT uyTténap 6up

') MnaHK [AOWMWIACUMHWM TabCUp KBAHTW [Aeb Xam topuTunanu.

2W= — pT B ¢opmynara scocaH, MarHUT MOMEHTW YN4YaMAUTUYU 3HEpPrus
Ynuémanru (3pr €Ku XXKOYnb) HWUHT MarHWT WHAYKUUACKM ynuamauru (raycc €ku
Tecna) ra Hucbatu pfe6 “apanagu.
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XWUHCAN 6ynmaraH MarHUT ManfoHHM
gocun  Kunagu (96-paem). (48.8)
thopmynara 6MHOAH aToM EKW Mose-
Kynanap gacracura

/ = PTLLIB COS a
Ox

Ky4Y Tabcup 3Tagu, 6y KYUHWHI KaTTanury Ba WyHanuwum MaigoH
MyHanuwn 6unan/?T BeKTOpM opacugarn abypyakka 6ornnkagup.Mo-
nekynanap MarHMUT MOMEHTNApUHWHI WyHanuwn XaoTUKTaKCMMOT-
ra ara 6ynraHupaH, facTtafja a HUHr Kuiimatu 0 gaH K rada ysra-
pyBuYM 3appanap fam 6ynuMwmnm MyMKuH. LUyHra acocaH, KyT6nap
opacuaaH yTraH Mofekynanap

AacTac, 9KpaHaa ueTnapu am=  onngys

= 0 Ba T 6ypyakka MOC Mofe-

Kyfnanap usu 6unaH yerapanaH- ' KyTwiran
raH sIXAUT 4Yy3MK U3 KONAUpagm HaTVDKa

(97-paem). Taxpuba KyTuama- I Hg.My
raH HaTumxanapHum 6epaun. Axnut '

yysunraH w3 ypHura MainfoH 11 4g9,Na,K
6ynmaraHga OJ/IMHFaH M3ra cum-

. MaiifoH (M M \Y%
METPUK KoWnawraH anogmpja
ymsmk4yanap gocun 6ynau. wr 1 ijm i M
LTepH Ba lepnax Taxpuba-
CM aToMm Ba MOJeKynanapHUHT e rrrre
MarHuMT MalifjoHura HucbaTaH
opueHTauus 6Gyp4yarm p[uUckpert 97- paem.

Kuiimatnapra ara 3KaH/IUTUHMN,
ABHNW MaArHUT MOMEHTUHWHI TallKyu MaiAoHra WPOEeKUUSACUHUHT
KBaHT/MTaHULWINHU  KypcaTaju.

MarHuT MOMEHTUHUHI MarHuT MangoHn RWyHanuwmn 6yiinda-
MYMKWUH 6yfnraH npoekumsanapu COHW Typau atomaap Y4yH Typ-
nnyagup. Kymyuw, antOMUHWA, MUC Ba WLWIKOPWIA MeTann atomnaapu
YUYYH MKKWra, BaHHaAgWi, asoT Ba rafnoreHnap yyyH— TypTra,-
Kucnopog yy4yH — 6ewra, MapraHel, y4yH — onTura, TeMuUp YuUyH
—TYKKM3ra, KobanbT y4yH — yHra TeHr Ba [0Kaso.

Ynyawnap, atToMm MarHUT MOMeHTNapu y4yyH 6up Heya Bop mar-
HeTOHWra TeHr 6ynraH KuiimatnapHu 6epau. Bab3n aTomnap yuyH
ornw 13 6epmaraH (97- paempary cumob Ba MarHwii usnapura Ka-
paHr), 6y aca ynapfa MarHUT MOMEHTW WYKAUTUHU KypcaTaju.

52- OvamarHetunsm

OpbuTta 6yinnab papakatnaHaéTraH 3NeKTPOH MNUMPUNLOKKa YX-
waran. LUYHWHT y4yH, TalWKW Kyd Tabcupupa 6GynraH rupockon-
HUHT famMma XyCyCcUsiTMapu yHra xoc OynuMwmn Kepak, XycycaH
MablyMm LlWapouTnapia 3NeKTPOH OpPO6UTACMHWMHT Mpoueccyu  JOCun
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6yNMwmMm MYMKWUH. ATOM TalKu MarHut
mMalijoHn B pga 6ynraHupa npeueccus
YyUYyH 3apyp wapouT "apatunagm (98-
pacm). By xonga opé6utara 31€eKTpPOH-
HUHI Op6uUTasl MarHUT MOMEHTU p,, HU
MaldoH 6yinab MyHanMwura WHTUATU-
pyBuun M = [pmB]~T  alinaHTMpyBuu
MOMEHT Tabcup Kunagu (6y BakTga Me-
XaHUK MOMEeHT L MangoHra kapama-
Kapwu HyHanuwHu arannangu). M mo-
MeHT Tabcupuga L Ba PT BekTOop/ap
MarHuT WMHAOYKUUA BekTopu B artpodmaa
TEe3NUru OCOH aHuknaHagurad (I 1.,
44-8 ra KapaHr) npeueccusra yypangn.
L Bektop dt BakTaa dL oprTupma
onaau:

L= M (11

dL Bektopn M kabm B Ba L Bek-
ropnapugaH yTyBUYM TEKUCNIMKKa Mep-
neHanKynap 6ynné, mogynu

\d\ = pT <B sin a dt

o6ynagn, 6y epgpa @ — pT Ba B oOpacu-
garn 6ypuak.
dt BakTaa L BekTOp &TraH TekMcnuk B iiyHanuw  aTpocmaa
Kyhingarn 6ypuyakka 6ypunagm:
db = = PT Bsinadt = B dt
isina L sin a L
By 6ypuakHu dt BakTura 6ynm6, npeueccus OGypuyak Te3nuru-
HW TOMamms:
oii = — = ?7&B.
dt L
By udopara (51.3) pOaH 3MEKTPOHHUHI MarHUT Ba MeXaHUK

op6uTan MOMEHTNApPU HUCOATUHUHI KUAMATUHU Kyiuno,
wg= 2 (52.1)
27 ’
HW XOCKUA KNNaMus.

eH
faycc cuctemacmpa <1 = 2——6yna,qw.
TC

(52.1) yactota Jlapmop npeueccuacu lun ©pganirnHa
Knnmé Napmop yvactoTtacu pneb woputnnagn. Y opbUTaHUHT
MarHMT MalgoH MyHanuwmra HucbataH orfhiii Bypuyarmra xam, op-
6uTa paguycu €ku 3M1eKTPOH Tesnurura xam 60rnvk éynmaii, arom
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Tapkmbura KuMpyBYM 3aMMa 3/1eKTPOHAap Yy4yH 6up Xun kuiAmatra
aragup.

Op6uTta npeueccnacn  3MEKTPOHHUHT  MaligoH aTtpodmaaru
KYWwnmuya 3apakatura cababum 6ynagu. Arap 371eKTPOHHUHI B ra
napannen YkugaH op6uta Mapkasu opkaim yTyBuUM ' Macodacu
y3rapmaca, 3NeKTPOHHUHI KYWwumya 3apakaty r' paguycnu aina-
Ha O6yhnab cogmp 6ynap 3gn (98- paCMHWHI OCTKM KuUcmugaru

wrpnxnaHmMmaraH alinaHara KapaHr). YHra mMarHuT MOMEHTU

p'MI'S'-e~r AT (62.2)

ra TeHr 6ynraH Ba WyHanuwm 98- pacMaaH KypuHu6 TypraHaek B

ra Teckapu iyHanraH /' =e ~.aiiflaHMa TOK MOC Kenap 3au

(wTpuxnaHraH ainnaHara Kapaur). by
MOMEHTra WHAyKumsnaHraH (Kentmpun-
raH) MarHUT MOMEHTU Aelivnagu.
XakukaTaH, 3NeKTPOHHUHI  opbuTa
6yiinab 3apakatm Tydaiinum r' macodga
govmo ysrapu6 Typagu. WyHWHT yuyH
(52.2) gopmynaga Tr'2 ypHUra YHUHT
BakT Oylnya ypTaya KuAmMatu r'2 onm-
Hagn. by ypTaya kuiimat opb6uta Te-
KUCNUTUHWHT B ra HucbaTaH opueHTa-
UMACMHM KypcaTyBuu a bypyakka 6or-
nukK 6ynagn. Xycycmihi *onga B Bektopra
nepneHanKynap opéutanap yyyH r' y3-
rapMac Kuiimatra ara 6ynu6, opbmuTta paguycu I ra TeHraup.
Tekucnmrn B NyHanuwpgaH yTyBuYM opbuta y4dyH ' macoga r'—
=*rsina>? KOHyHWAT 6wnaH y3rapaaw, 6y epga l— 31eKTPOHHUHT
opbutagarn 6ypuyak Tesnuru (99- pacm;___ B BekTOopu Ba opbuTa

pacm Tekucnurnga étméeam). [MAemak, r’r=r"sin2nt Ba CUHYC

KBaApPaTUHNHI ypTaya KAAMAaTW - ra TeHr OynraHu y4yyH —r*
2

6ynagn. Arap a HWHI MyYMKWH 6ynraH *amma KuiimatnapugaH

YpTauacn onuHca Ba ynapHu 6GapaBap 33TMMOMNUKAU Ae6 3Uco6-
naHca, y 3on4a Kyiingarn ucgoga 3ocun  Gynaau:

F2=| r\ (62.3)
KYn anekTpoHnu atomnapga opbutanap MyMKWH GynraH 3am-

Ma Typnapja opuveHTauusnaHagu, WYHWUHT YYyH 3ap Oup anek-
TpoHra (52.3) ypTaya KuiAMaTHM Kabysn Kuauw MyMKUHD).

*) By aTOMNapHUHr cdepuk CUMMETPUWN 3NEKTPOH LO6ULLIapuyydyH T \ppuavp
(.ATom dmsmkacu" pgapcavrura uapaHr).



(52.2) ncopara (52.1) gaH WyHUHr uuiimatmHn Ba (52.3) agaH

r'2 NMVHr KUiAiMatTnHn Uyinnob, 6up 3NEeKTPPHHUHI UHAYKUMSANaHTaH
MarHUT MOMEHTUHUHI ypTaya KUAMaTUHM KyhAngarvya aHuknaw

MYMKHWH:

'T=-"-1*B 52.4
p A-TUB (52.4)
(,—" nwopa pT Ba B BEKTOPNAapHUHI Kapama-Kapliu HAyHanraH-

NNKNapuHn KypcaTtaaw).

Bn3 opbutaHn pgowupasuii (anaHa) geb capa3 kwuiaraH 3SOuK.
AKC xonga (mMacanaH, 31IUNTUK opbuTa Y4YyH) IT ypHUra r2 abHu
A4pO4aH 3NeKTPOHrava 6ynraH mMacogaHuHI ypTadya KsagpaTu onu-
Haaw.

(52.4) ngogaHn xXamma 371IeKTpoHNap YYyH >kamnab aTtoOMHWUHT
TYINK WMHAOYKUUSNAHTaH MarHUT MOMEHTMHW aHuKNaw MYMKWH:

VA
/>, = (52.5)

(Mabniymkun, atomgarun aNeKTPOH/Iap COHYM aTOM HOMepu Z ra TEeHr).

Jemak, TawkuM MarHuT MaigoH Tabcupuaa Xamma 3/1eKTPOoHap
YYyH 6up xun 6ypuak Tes3nukga opouTaslapHUHE  MNpeLueccuscu
Ky3aTunap skaH (52.1). [peueccuns HaTmxkacuga Xocun 6ynraH
SMIEKTPOHMIAPHUHI KyWKMMYa XapakaTr WyHanuwu MaigoH iyHanu-
wura Kapama-kapwum OynraH aTtoOMHUHI WHAYKUWAAaHTaH MarHur
MoMeHTn (52.5) HM to3ara kKentupagu. ~amma moggdanapga Jlapmop
npeueccuscn xocun Gynagm. ATOM y3 MarHUT MOMeHT/apura ara
6ynraH xonnapga TalWwKW MarHUT MaigoH UWHAYKUMANaHraH Mo-
MeHT (52.5) xocun KnnnbrruHa Konman, atoMm MarHUT MOMEHTIapuHu
MaligoH MyHanuwmnra opwveHTauuanaigm. Xocun 6ynraH myc6ar
(ABbHM MmalipoH Oylivya MyHanraH) MarHUT MOMEHT MaHuii MHAOYK-
umsnaHraH MarHuT MOMeHTAaH aHya Katta Oynagn. WyHWHT
YUYYH HaTwkaBuii MOMEHT Mycbar 6ynmb, mopda napamarHeTuk
oynagn.

ATOMNapu MarHur MoMeHTura ara 6ynmaraH (aTom Tapknbugaru
S/IEKTPOHMAPHUHI  op6uTan Ba CMWH  MarHUT MOMEHTNaPUHUHT
BEKTOP WUIMHAMCW HOMTra TeHr) mopjanapfa AuaMarHeTusm Xoavi-
cacu Kysatunagun. byHpgam moppanap yyyH (52.5) TEHrMKHU ABO-
ragpo coHn Na ra KynanTupwunca, mogAa Kuiorpamm-aTOMWHUHE
MarHUT MOMEHTU Xocun bynagm. YHW MarHur MaigoH KyunaHraH-
nmrura 6ynnbé, Kunorpamm-aTOMHUHE MarHuT Kabyn KunyBYaHIN-

r XsaT HUW XOCWI Kunammni. JunamarHeTUKIapHUHE HACOMA mMarHuT
u
KUPUTYBYAHNUTU amManiga 1 ra TeHr. WyHUHr yyyH”™ —/gennw

MYMKWH.
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WyHpalhi kunuo,
z z

rl=-3.55 10"*Y]r*. (52.6)

3NeKTpoH op6uTanapuHUHI paguycn TaxmuHaH O~ M ra TeHr.

Ademak, (62.6) dopmynara a:ocaH Kunorpamm-aroMm AuamarHuT-
HUHI MarHuT Kabyn kunysyaHnuUrm o -8 — 10~7 6ynnb, 6y Tax-
puba HaTwxanapura Moc Kenagw.

53-8. lNapamarHeTnsm

Arap mogJa aTtOMIapUHUHT MarHWT MOMEHTW HongaH apkam
6ynca, 6yHAali moana napamarHeTwK XmcobnaHagy. Tallkym MarHUT
MagOH aToOMIapAVHI MarHUT MOMEHTNapuHu B  iyHanuw 6yiinuya
XonawTupuwira, UCCUKIMK XapakaTu 3ca xXamma iyHanuwnapra
6apobap 6ynub bopuwra unHTUnaan. Hatwxkapga, B katta 6ynraH
Xonnapfa MOMEHT/NapHUHI MalifioH 6yiinab opueHTauuscu GUpPMyH-
ya Kynpok Ba TemmnepaTypa lKopu OGynraHga aca Kampok 6ynagu.

Kiopn Taxpubana Kuanorpamm-aToMm MapamarHuT MoadaHuHP
MarHUT Kabyn KWUAyBYaHAUIU Y4YyH Kyhnparn KOHYHUATHU ypHaT-
an:

C
Xkar — | (53.1)

6y epga C — Kiopun powumuniicun, y MogoaHuHr TabuaTtura 6Gor-
nvuk, T —abconwT Temnepartypa.

1905 nnnga JlaHxeBeH TOMOHMAAH NapamarHeTU3MHUHE KNacCcuk
Hazapuscu sipatungu. by HasapusHM 6U3 yH4Ya Kyunam 6ynmarad
MaliloH Ba Xypha nacTt 6ynmaraH TemnepaTypanap Y4vyH 6aéH
aTamms.

(48.6) hopmynara acocaH aTtom MarHuT MangoHuga pr Ba B
BEKTOpnapu opacugarn 6ypyak b ra 6ornuk 6ynraH noTeHuman
aHepruas W = —pmBcos$ ra sra O6ynagu. LUYHWHT y4yH MO-.

MEHTNapHUHI yHanuw Byiinya mMyBo3aHaT/IM TakcMMoTu BonbumaH
KOHyHUusTUra OyicyHuwn kepak [l Tom, (109.3) cdopmynara ka-
paHr]. By KoHymuATra acocaH, aTOM MarHUT MOMEHTUMHW B iiyHa-
nnw 6unaH xocun KunraH 6ypuyaruHuHr # Ba 04 db opanvkpa
ETUW 3XTUMOMINTK, Kyhngarn MuKZopra npornopumoHanamp:

w pT Bcos 6

nr w
e =€

o (63.2)

6enrn KUpuUtnoG, 3XTUMOIUKHU aHUKIOBYM udodaHn B° 1011 Kypu-
HMWAa 63MWw MyMKUWH.

153



ATOMNap MarHuT MOMEHT/apu iyHa-

NUWVHU GUPAnK paguycnu  cdepagaru

HyKTanap épgamuga  TacBupianmuns.

Arap MaigoOH MarHuT MOMeHTnapura

OpuMeHTauMsanoBYM TabCUp KypcaTmaca,

ynap iyHanuwnap 6yinya XaoTUK Tak-

cumniaHraH 6ynap asgn. by 3onga cde-

pagarv HyKTaflapHUHT 3U4Inrn  y3rap-

100- pacw. mMac 6ynu6, = ra TeHr éynagu, ra—o6vp

NVK 3aXmaarm atomsiap COHura TeHr

[0eb6 onvHraH KysatunaétraH aromnap coHungup. LWYHWUHE yuyH,

MOMEHT/MIapU B HUWHr iiyHanuwmn 6unaH & Ba O+ opanukaaru

6ypyak 30cun  ~unyBum atomnap coHu (KOO-pacwm) Kyhmparura
TeHr 6ynagw:

Cﬁ(ﬁ =n _zlc_s_]'ll_’_“_li_——;rasind]djda (8§§)

(I Tomparn (100.4) copmyna 6unaH TaKKOC/aHr).

Xakwartga, MarHuT MaigoH MOMEeHT/apra OpueHTauuanoByn
Kyy 6unaH TabCcuMp 3Tagum, Hatwkaga KWYMK & NN iyHanuwnap
YCTYHAUK Kuna 6Gownanan. HOkopuaa KypraHuMusgek, Typau
MyHanuwnap 33TMMOAAUIK gacos9 ra nponopumoHangup. BrnHoba-
PUH, MarHuT MalgoH MaBXyAnurnga MOMEHTNapHUHE NyHanuw
6yiinya TakCMMOTUHM 30cun kmnuw yuyH (53.3) mndogaHu wy Ky-
namTyBuMra KynamTuMpull JO3UM:

dnb = Aeaad><iwsin&cfd (53.4)

(A — 303upya HOMabnym 6ynraH MPOMNOPLMUOHANIMK  KO3(DM-
LLMEeHTN).
ATOM MarHMT MOMeHTM 6up BOop MarHuToHWra TeHr, AbHU

~ 10-B3— 1(51.7) ra kKapaHr! kuiimatra ara.

Opatga 30CWI  KAIHHUWKW  MYMKUH OynraH maigoHnapgaru
MarHuT uHAykumacu 1 T (K04 1c) ra sakMHAump. BuHOGapwuH,

pTBN[O~K ra skuH 6ynagu. Yii Temnepatypacupa I/ «4- KO~2bk
6ynagu. WyHpan kmnub, a — < 1 Ba g0005* HM TaxMUHaH

1+ acosft wupopara anmawTmpuw MyMKUH. by 3onpga (53.4)
ndoga Kyhngarnm KypuHuwra ara 6ynagu:

dtib= /1 (1 + acos & y rsin bdb.

A ponMniiHM MyMKWH 6ynraH 3amMmMa iyHanmwnapaa opueHTa-
uManaHa onaguraH, sbHU & Kuiimatm O gdaH it raya ysrapagurad



MOJieKy/lanap COHWHWHI M ra TeHr 6ynuwuaaH ¢oliganaHné To-
namms:

@] @]
by epgaH A = 1 6ynagn, LWYHWUHT Y4yH

dnv= ~"n @1 +acosO)sin&amrk

ATOM@PHUHT MarHUT MOMEHTNapy MalgoH WyHanuwura Huc-
6aTaH CUMMETPUK TakcumnaHagu. LYHWHr yuyyH HaTwkaBuii mar-
HUT MOMEHT B Oylinuya iyHanran 6ynagu. WyHuHrgek, xap 6up
atoM HaTmxaBuii  MOMeHTra PT co$b ra TeHr Xxwucca Tywaawu.
WyHaan Kunme,ompamkK XaXXMHUHI MarHUT MOMEHTU YYYH (SbHMU,
MarHUTNaHUW BeKTopura) kyhngarn wmdogaHn Es3mw MYMKUH:

np,,0
3

By dopmynara (63.2) gaH a HUHI KUAMaTUHW KYPicak, Kyiun
paru xocun 6ynagm:

KT

Huxost, J HM H ra 6ynm6 wmarHuT Kabyn KuiyBYaH/IMKHU
Tonamms:

(63.5)

(o]
(napamarHeTuknap y4dyyH xam — = (i0 gerinwl MyMKWUH). M HUHT

ypHura Aoragpo coHu Na HWM O/icak, KWI0aToM Kabyn KulyBYaH-
MK Y4yH undoaa XOCun KWiamma:

(63.6)

Wy 6unaH 613 KopuM KOHYHUra KenraHUuMusHm Ouanw KuinH
amac. (63.1) Ba (53.6) dopmynanapHu conuwTnpmnb, Kropun powu-
MUACM YUyH Kynmgarn mndogaHnm XOoCwus KUiamus:

(63.7)

(58.6) opmyna pTB < £7 6ynraH Xon Y4YyH uyuKapuaraHam-
rmHn acnar'mbé ytammus. XyaH Kyuynum MalgeH Ba nact TemnepaTty-
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«

panapga napamarHeTUKHNHI MarHUTnaHuwm J Ba MalifloH KyunaH-
raHnurm H opacugarn NponopumvoHaInKAaH YeTnaHuw KysaTu-
nagwn, XycycaH, 3amMma pw nap MangoH 6yinya  KonnawraHaaH
KelirH, H HuHr opTywm J HWHr ycuwmra onmb kenmanmauv, SibHU
MarHur TYWUHWULW 30MaTu Ky3atunagw.

(53.6) opmyna épgammaa 3ucobnaHraH Xkl HUHE KUAMaTtu

KynruHa 3onnapga Taxpuba HaTmxkacum 6wunaH MOC Tywagu.

MapamMarHeTU3MHUHI KBAHT Hasapuacu artomM MarHMUT MOMEHT-
NapuHWHT MaigoHra HucbaTaH OpPUEHTAUUSACUHUHT  OUCKPETINTUHN
3ucobra onagn. Xkar ydyH KBaHT Hasapusacn (53.6) ra yxuwalu
ngopara onmé kKenagu.

54-8. deppomarHeTnsm

Tanwm maligoH 6ynmaraHga 3am MarHuMTAaHuW  XycycusTura
ara 6ynraH mMopganap MarHeTUKIapHUHI anosuja CUHWHW Taw-
KN 3aTagu. Y3UHUHE 3HF Kyn TapKanaraH Bakunan—rtemup bynra-
HWOaH, ynap GeppomMmarHeTunknap pAeb HomnaHagn. Te-
MUP, HUWKesb, KOGanbT, rafoNuHWn Ba YNapHWHI KOTMLIManapw,
WYHUHI4EK, MapraHel, Ba XPOMHUWHI eppoMarHuT 6ynmaraH ane-
MeHTNnap 6wnaH O6upnawmanapun (mMacanaH, MnAICu, CrTe Ba
6ouwanap) teppomarHuTiapra mumcon 6yna onagun. KeMnHru BakT-
Oa heppuTnap neb HomnaHraH eppoMarHuUT SpyMm  yTKasrmu-
nap (72- 8 ra KapaHr) karta pofb YyhHamokga. ®eppomarHeTnam
6y MoaganapHuHr dakaT KpucTann 3o0fatnapu yuyyH Xxoc 6ynrad
Xycycuatmaup.

deppomarHeTuknap — Ky4am MarHutT mogganapamp, YAapHUHT
MarHUTAaHUWKW Ky4YCcu3 MarHuT 3ucobnaHraH pAgua -sa napamar-
HeTUKNapHukugaH 6mp Heya (1010 ravya) mapTa KaTtTagup.

Kyucns wmarHuT moAfanapHUHI MarHUTAaHULWN MaigoH Kyu-
NaHraHnMrn 6wunaH 4YnMsuknm 6ornaHuwra sra. ®PeppomarHuTnap-
HUHI MarHutTnanuvwm 3ca W 6unaH wmypakkab 6ornadHradH, 101-
pacmaa pactiabkum MarHMT MOMEHTW HOJ/b OynraH dieppomMarHeTuK-
NapHWHI MarHUTAaHuLW 3rpu  4Yn3umrn kKypcatmnraH (6y acocwuii
€KMW HOMb TapTM6GAM MAarHUTAAaHMWLW 3FPU 4YU3UTKU [Jennna-
aon). bup Heua 3pcregm (~ 100 a/mM) MaigoHnappaH 6owwnab
MarHuTnaHuw TylinHa 6Gownanan. 102-pacmpga (O— 1 arpy  yu-
3nk) B —H pgnarpammaga marHUTAaHWW  3rpu umsmrn Gepusrat.
B = ['..(// + Y) nbogaHn acnaiimms. LUYyHWHT yuyyH B TylhuHuwra
apyuwmwmn 6unad N ra umsmknm 6ornaHuwpa opTta 6opaau:

B = \NOH + const, 6y epga const « [*, /1?i.

TEMUPHUHT MarHUTAaHUWW BUPUHYN MapTa YNyr pyc Oonnumu
A. T. CTtonetoB TOMOHMAaAH aHUKIaHWG, Tyna Tekwupwunarad. LWy
3oamca acocmga mwnab YMKUAraH MarHuUT WHAOYKUMACUHUHE  6an-
NUCTUK MeToA 6unaH ynyaHuwun 303UPrv KyHAa 3am KeHr Kynamja
KynnaHn6 kennHmokpa (57-8 ra kapaHr).
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H Ba J (Ekm H Ba B) opacmgarn u4msuknm 6ynmaraH 6Gorna-
HUWAAH Tawkapwu theppomMarHeTMkiap Y4YyH Trucrepesuc Xxoamcacu
XaM XxapakTepnuaump. Arap MarHUTNaHWLWHW TyAVMHULWIFa eTkascak
(102- pacmpgarn / HyKTa) Ba MarHUT MalgoH Ky4/JaHTaH/AWWnHN
KamamTmpcak, y Xonga MarHutnaHvw pactnabkm O0— 1 6yiinuya
6opmain, 1— 2 yu3uk 6Oyimnua ysrapagun. Hatwkaga Tawku manigoH
Ky4YnaHraH/gHrn Honra TeHr OynraHga MarHuTAaHuw Wykonmangw,
yHra MoOC KONAuK WHAYyKuuns Br peb artanysBum KaTTaimk
6unaH xapaktepnaHaau. by xonga marHuTNaHuWw Jr KON 4 WK
MarHmTnaHuw p[eb aranagn.

101- paem. 10™- paem.

MarHMTAaHUWHN  XOCWUA  KWUAYBYM MadoHra Kapama-kapliuv
yHanraH maiigoH Hc Tabcupuga marHuTnaHumw iykonagn (3 HyK-
Ta). HC KyuynaHraHnMkka KoapumTuB Ky4y p[Oeb atanagw.

Kongnk MarHUTNaHWUWHWHT MaBXyA/IMIM y3rapmac MarHutnap-
HAN XOCWU/ KUWLLITA, AbHU TalWKu 3Heprus capdiamali MakKpocKo-
NUK TOKIapHW TyTUG TYypyBYM >KXUCM/ap spaTulira UMKOH 6Gepaauw.
X.aKnkartaH, y3rapmMac MarHuT y3 XycycUATNapuvHU AXWKW caknab
TYpPULIM YUYYH KO3PUMTMB Ky4W KaTtTa OynraH maTepuangaH sica-
NNWN  Kepak.

beppomMarHeTUKKa Y3rapyBuyaH MarHuT MaiifoHW Tabcup Kui-
raHga WHOYKUMS TucTepe3nc cuUpTMOrm fae6 artanysyuu
1—2—3—4—5—1 arpunumk 67inya (102-paem) ysrapagn (J —H
OuarpaMMaga xam LyHra yxuwall 3rpuamk xocun 6ynaau). Arap
H HUHr makcuman KuAMatTM TYWUHTUPYBYM MarHUTNAHULLHU  XO-
CWN Kuna onaguraH 6ynca, Mmakcmman rumcrtepesunc cuUpr-
MOru xocun 6ynagu (102-pacmparv SxauT 3rpyu 4YM3MKIU  CUPT-
MoK). Arap H HuHr amnanTtyga KuiimaTu TylinHuwra eTmaca,
Xycycuih umkn peb atanraH cMpTMOK xocun 6ynaaum (pacmpa-
MM NYHKTUP 4YM3WK GUNaH 4YM3uAraH CUPTMOK). XyCycui UuMKn
YyekcM3 Kyl OynMwn  MYMKUH, YNapHUHI XamMacu Makcuman
rmcrepesnc cCUMpTMOrv umumga éragu.



Mmctepesuvc, eppomMarHeTMkiap MarHUTAaHUWK M HUHE oup
Kniimatnam yHKUMSACKU  3MacnurmHM Kypcatagu; 06y HaMyHaHUHT
OyHOaH aBBa/INfM TapuUXWii A0NuTa, AbHW  aBBasl KaHAah MaligoH-
napga 6ynraHnurura 6ornumk 6ynagn. MacanaH, HX mMalgoH Kyu-
NaHraHnurm yuyyH wuHgykums B\ pgaH B[ raua 6ynraH wuctanraH

Kuiimatnapra ara 6ynmwm MyMKuH (102-pacm).

deppomarHeTMknap 3akumga lokopuaa anTunaraHnapgaH ynap-
HUHI CEerHeTo3/IeKTpMKIapra yxwatl XycycuaTnapra ara aKaHamru
KYpUHNG Typnbaun (19-8 ra kapaHr).

B HuMHr H 6unaH 6mp kuiMaTIn 60rnaHvWra asra asmacanrv-

OaH MarHuUT CUHrAVUpYBYaHAWK akaT MarHUTAaHULWHUHE  acocuii

3rpy YU3UTN YUYH KyIAaHUWKN Kennoé

ynkaan. PeppomMarHeTUKNapHUHT mar-

HUT  KUPUTYBYAHNUTU (marHuTt

Kabyn KWNyBYaHAWK X) nam  Mmaii-

OOH KyYNaHraHAUTMHUHE QYHKLLMACK

6ynagn. 103- a pacmMaa MarHutIa-

HULWHWHI acocuii arpy 4m3urmn 6epun-

raH. KoopgwuHata 6owwugaH, arpu

YN3UKHUHT  UXTUEPUIA  HyKTacupgaH

yTaguraH Tyrpu UM3UK yTKasamus.

By Tyrpm UmM3MKHUHI oruw 6ypuaru

TaHreHcu B'H Hucbartra nponopumo-

Hasl, SbHW  KyYNaHTFaHAWKHWUHE Wy

Kuiimatura moC MarHuT KUpUTYyBYaH-

MK @ Hm 6epagn. ,H“ Hu HOnpaH

6ownab opTTMpcak, Oypyak assan

opTaau(|13am). 2 HyKTaga MakCcuMymM-

ra (0—2 Tyrpy 4msuK 3arpm 4YusuKka

10.2-pacm. yTKasuaraH ypuHmagup)  3puimo,

CYHr kamasgu. 103- 6 pacMaa U, HUHT

H ra 6ornuknuk rpadurn 6epunraH. PacmgaH KypuHn6 Typubaunku,

X HMHF  makcuman kuiimatmra TyWuHuwaaH 6upmyHYa aBBasipoK

spuwmnap akaH. H HWHr yekcms optuwm 6unaH y 1ra acMMATOTUK

aknHnawagun. by [ = 1+ J'H wndopgagarn ¥ HuHr Y1p [aH °pTa
onMacnMrugaH kKenubé unkagw.

Br (ékm Y[ Hc Ba (Aax kaTTa/imknap QeppomMarHeTuknapHuUHr
acocuii xapaktepuctmkanapu 3mcobnaHagu. Arap KO3pUUTUB Kyd
Hc katta 6ynca, 6yHaali eppoMarHeTMKHU KaTTUK eppomar-
HETUMK geinnagn. YHra KeHr ructepesnuc CUpTMOrv xapakrepnuv-
avp. Kuuuk Wc ra asra 6ynraH dgeppomarHeTMk Y4yyH (Moc pa-
BMLIAA WHIMYKA rucrepesnc cumptmorura ara O6ynaraHu) oMW oK
heppomarHeTuk gennnagu. KYnnamvwwura kapab y ékm 6y dep-
pomarHeTuk uvwnatunnagn. Ysrapmac MarHutnapra kKaTtTuk deppo-
MarHeTuK, TpaHcdopmaTop y3aknapura aca MWOK deppomarHe-
TUK unwnatunagn. bup Hewa TuNMK eppomMarHeTUKNapHUHT  Xa-
pakTepucTukanapwu agsanga 6epwniraH.
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ar nc
Moama Tapkmn6m <max N

Temup 99,9% Fe 5000 _ 80
Cynepman- 79% Ni, 5% Mo, 16% Fe 800000 — 03
nown
ANHUKO 10% Al, 19% NI, 18% Co, — 0,9 52 Q00
53% Fe
MarHuko 14% N1, 24% Co, 8% Al,
3% Cu, 51% Fe — 1,26 46 000

Konymakc 13% N1, 24% Co, 8% Al,
3% Cu, 0,7% TI,
ponramn Fe — 1,3 59 000

deppomMarHeTuknap MarHuWTNaHraHga gedopMauusinaHagn. by
xoAMca MarHUTOCTpUKUUSA geinnagn. MarHUTOCTPUKL WS-
03 HaMYHaHWHT'YM3WKIM YTYaMIapUHUHT HUCGUIA y3rapuwim xypaa

kaTTa amac—H5a M (~ 103 3)ra SKMH MaigoHga 10~5+ 10~6 Hu
Tawknn kunagn. by addekTHUHr wuwopacu dep-

pomarHeTuk TabuaTtura. KpucTannorpadhuk ykiapm-

HUHI  MarHMT MaigoH  MyHanuwmra  HucbartaH 7
opueHTauusacmra Ba  MalgoH — KyylaHraHamrura

6ornuk 6ynagn. bab3n eppomMarHeTuknapaa

Kyucu3 MalgoHAaH Kyuynu maligoHra yTraHga mar-

HUTOCTPUKLMSA nopacu ysrapagu.

deppomarHeTnsm HasapuacnHun HdA. W. dpeH-
kenb Ba [erseHbepr 1928 hunpga apaTtraH aguniap.
MarHMToMexaHuK XogucanapHu YypraHyBun Tax-
punbanapgaH (51-8 ra kapaHr), eppomarHeTnk-

NapHWHI MarHUT XycycuaTnapwu 3S/1eKTPOHNapPHUHT

Xycycuii (CnUH) MOMEHTNapu TOMOHMAaH 6enrv-

NaHagw peraH Xxynocara kenuHagv. Mabsnym wa-

pouTga Kpuctannapga wyHaan kyunapl) xocun 6y-

Nagnkn, y aNeKTPOHAaPHUHT MarHUT MOMEHT/IapHU y3apo napasnsien
XolinawTtupagn. Hatmxapa (y3-y3mpaH) CMOHTaH MarHurtna-
HMW coxacu xocun bynagn, ynap foOoMeHnap pgeb aranagu.
Xap 6up gomeH yerapacvga (eppoMarHeTuK Yy3-ysnaaH Marmmt-
NaHnb TyWnHagu Ba aHWK MarHUT MOMeHTUra ara 6bynagw byHpan
MOMEHTAAPHVHI HyHanuwun Typau AOMeHAap YYyH Typavyaguvp
(104-paem), Tawkm MangoH GynmaraHga OYyTyH XnemgaH MOMEHT-
NapHWHI  AUrMHOMCK  Honra TeHr 6ynagu. JomeHnap yndamu
10 + 10“ 1cm TaptTmbupa 6ynaaw.

MalifJOHHNHT AOMeHnapra Tabcmpu Typau gaspnapga Typ/iunya-
onp. Oactnab, maliloH Xanu Ky4ycu3 OynraH BakTAa AoMeHnap
yerapalapyHUHI CU/DKULWK  Ky3aTunagu, Hatwkaga, MOMeHTnapu
H 6unaH Knumk 6ypuak Tawkwuna KunyeBumnapu pPT Ba H BekTop-

> By Kyu/nap y3apo ajiMaluHyBYM Kyuynap Aeiivnagn. YnapHu KBaHT mexa-
HUKacUrmHa TyWyHTUpa onagw.
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napun opacugarn 6ypyarn O katta 6ynraH pgomeHnap 3ucobura
kaTTanawaan. MacanaH, 1Ba 3 gomeH (104-pacm) 2 Ba 4 AomeH
3ucobura kattanawaan. MalgoH KyynaHraHamru optuwmn 6unaH
6y npouecc puBOXNaHM6 b cnm Knumk 6ynraH AomMeHnap 3Hepre-
TUK HOKynaw 6ynraH [OMeHfapHM TamoMaH Tné tbopryHya
nasoMm atagn. KeluvHrn pgaspga AOMEH MarHWT MOMEHT/Iapu  Mai-
JOH MyHanuwn TOMOH 6ypunagn. by 3onga gomeH uerapacuparmu
3/1eKTPOH MOMEHTNapu 3am y3apo napaneIMrmHn ykoTmacaaH,
MaloOH WyHanvwm TOMOH 6up BakTaa 6ypunagu. by npoueccnap
(Kyycns wmaigoH Tabcupuaa AOMeHnap opacmgarn YerapaHuHr
O3rMHa CUIXKULLIWHK 3ucobra onmaca) KanTmac 6ynub, rucrtepe-
3UCHUHI 30cun 6ynuwunra cabab 6ynaaw.

Xamma heppomarHeTMknap y4yH CMOHTaH MarHUTAaHWW co3a-
cn axpanub ketaguraH Ba Mogaa (heppoOMarHUTANK XYCYCUSATUHMU
MykoTaguraH mabsym TC TemnepaTypa MaBxypn. by Temnepatypa
Kiopun HykTacwu pgehunnagn. by HykTa Temup ydyyH 768°C ra,
HUKenb ydyyH 365°C ra TeHr 6ynagu. Kioopum HyKTacugaH HKopwu
Temnepatypaga eppomarHeTMK oaamii napamarHeTuk 6ynmb. mar-
HUT KupuTyBYaHnurnm Ko pwu—Belice KOHyHura OyncyHaaw:

Xiar — (54.1)
* 1C
[(53.1) dopmyna 6unaH TakKKoc/aHr].

Kiopn HyKTacumgaH nact TemnepaTyparaya CoOBUTW/AraHga fAo0-
MeHnap KalitagaH 3ocun Gynaaw.

Kiopn HykTacuga VKKUHYM Typ asosuii ytuw 6ynagn (1 7.,
147-8 ra kapaHr). Tcra TeHr Temniepatypaga Oup Katop GU3uK
xycycmatnap, XycycaH deppoMarHeTuk CcoamwTupMa  UCCUKIUK
curuMmnga aHoMaul/iK KysaTunagu.

Bup Heya 30nnapga, anmawMHyBYM Kydnap aHTudeppo-
MarHeTmKnapHW 30Cua Kunagum (Xpom, mapraHey, Ba 6oLuka-
nap|. AHTUeppoOMarHeTUKNapHUHI  MaBXyanuruHim 1933 hnnga
N. A. NaHpgay aintmbé 6GepraH 3aM. AHTUdEeppoOMarHeTuknapaa
SMEeKTPOHNAPHUHI XYCYCUI MOMEHT/NIapu y3-y3uaaH adTunapannen
xovnawnb konagw.

ByHAaanm opueHTaums Xy(pT-XydT KyWHW aToMaapHu Y3 nuura
onagn. Hatuxapga aHTudeppomMarHeTuknap Xyfa KUYMK MarHut
kabyn KunyByYaHAMKKa 3ara 0Oynumb, Kyuycus napamarHeTukiapgek
6ynné konagu. Ynap yuyyH 3am TN TemnepaTypa maBxypn 6ynuvo,

CMWHMAPHWHI  aHTUNapaanen opueHTaumsnaHuwn iykonagn. by
Temnepatypa aHTM heppoMarHMT yu4yH Kopu HyKTa-cwu
ékn He en Hyktacum pgehivnagn. bab3u deppomarHeTuknap (Maca-
naH, 3p6wii, AMcNpo3uii, MUC Ba MapraHeL, KoTuwManapu Y4yH
OyHOai Temnepatypa WKKuTa 6ynub6 (HeenHWHr 1OKOpU Ba Kyiin
HyKTacu), ynap opacuga aHTUeppoMarHUTAINK XycycusTnap Ha-
MOE&H 6ynagn. HOkopwm Heen HykTtacmgaH 6anaHg TemnepaTtypa-
napga mogga y3uHW napamarHeTuk Kabw, Kyin Heen HyktacmpgaH
nactaa sca heppomarHeTuk Kabu TyTaawu.



X BOB
QNEKTPOMATHNT WMHAOYKUWA

55-8. 3nekTpomMarHuT wuWHAYKUUA ~oaucacu

Odapageii 1831 nnpga xap KaHAa yTkasyBuaH GepK KOHTypaa
y ypab TypraH cupT OpKain yTaéTraH MarHUT WHAYKLUSCU OKU-
MM y3rapraHa 37eKkTp TOKM naigo GynvMwuHW Kawd atau. by
XoAMca 3N1eKTPOMAarHuT uMHAykuusa p[eb aranagun, Xocun
GynaéTt!aH TOKHM 3ca MHAYKLUWOH TOK JAeiunagu.

WHOYKUMOH TOKHUHT KaTTa/IMIM  MarHWUT WHAOYKUUSACKM  OKUMMU
® HW ysrapTupuw ycynura 6(1FI'IVIK 6ynmaii, 6ankm ® HWUHT y3ra-

n =
puw Tesnunurnra, AbHM — Ta 60ornuk 6yna,q|/|. — HUWHI mwopacu

y3rapuvwm 6unaH  TOKHWHI  HyHanuwn xam y3srapagu. Okopuga
anTUNraHnapHW Kyiuaaru MUCON OpKanu  TywyHTupamums. 105-
pacmaa KypcatunraH 1 KOHTypAaru TOKHUHF KyyuM iX HU peocTat
époaMmuMaa ysrapTupuwl MyMKUH. By i, TOK 2 KOHTYpHU Kecu6
yTaAuraH MarHuUT MalooHHW BYXyAra kKentupagu. Arap it TOKHU
opTTMpCcaK, 2 KOHTYp OpKaiu yTaéTraH MarHuWT WHAYKLUMUACU OKU-

105- paem.
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M @& kynasau. HaTmxaga 2 KOHTypAa /2 MHAYKUWOH TOK naigo
6éynagn, yHu ranbBaHOMeTp épgamufja aHuuiaw MyMKWH. T, TOK-
HUHT KamMaliTUpPUANLLN, WKKUHYM KOHTYpP OpKanu yTaéTraH marHut
WHOYKUNACK OUMMUHMHI Kamauwura onub kenagu, 6y aca KOH-
Typfa aBBairM WyHanuwra Teckapu WyHanraH TOKHW nahfo Ku-
nagn. WVHAyKuMa TOKU 2 HA 2 KOHTYPHU OUMPUHYM KOHTypra
AKNHAAWTUPULW  EKW  WKKWHYM  KOHTYPHU OGUMPUHYM  KOHTYypAaH
y30KnawTmpuw nWynu 6unaH BYXyAra KenTupuw MyMKWH. [Jap
UKKana 3onpga nango 6ynaétraH TOKNApPHWHI #yHanuwuy Kapama-
Kapwwn 6ynagn. HW304T, 2 KOHTYpPHW wunrapunaHMa 3apakaT/aH-
TMpMacfaH, KOHTypra TywupuaraH Hopman 6unaH MalifoH MyHa-
nMwn ypTtacupa b6ypyakHu ys3rapTupub 3aM  3M1eKTPOMarHuT WH-
OYKUMA 304MCACUHU Ky3aTuw MYMKWH.

MangoHn HongaH ¢apknum 6ynraH 6yTyH (as3oHu 6Mp XKXUHCAK
MarHeTUK 6wunaH Tyngupcak, 6owka TomMoHgaH 6up xmun 6ynraH
WwaponTaa MHAYKLMOH TOKHW LU MapTa opTTupuw MyMKuH. LWy
6unaH MHAYKUMOH TOKHWMHI H BEKTOP OKMMMWHWHI y3rapuwura
amac, 6ankM MarHuMT WHAYKUUACK ONMMWHUHE y3rapuwumra 60rauk
IKaHIUIrM TacaumkiaHagu.

JleHU, WHOYKUMOH TOKHWHT MYHalWWWHW TONUW WMKOHWHW 6e-
paguraH KoufjaHu aHuknagu. JleHuy Komgacura MyBOPUK WHAYK-
LUMOH TOKHU Yy3UHa BY>KYyAra KkenTupaéTraH cababra Lapuwwamk
KypcaTyBYM TOMOHra IlyHanraH 6ynaau. MacanaH, KOHTYpHU
3apakaTtnaHTupub @ ysrapTupwunaraH 6ynca, y 3onja nango 6yn-
raH MHAYKUWOH TOKHWHI WyHanuwu WYyHAANKN, KOHTypra Talku
MalifjoHfa Tabeup KunaéTraH Ky4Y YHWHI 3apakatura Kapluiank
Kunagn. Arap 2 KOHTYPHW OMPUHYM KOHTypra fKuMHNawTupcak, <2
TOK naiigo 6ynn6 (105-paem), 6y TOKHWHI MarHMT MOMEHTU Tall-
KN maingoHra kapww WyHanraH (pw Ba B BekTopnap ypracuparu a
6ypyak un ra TeHr). Oemak, (48.8) dopmynara myBou”™ 2 KOHTYp-
ra Tabeump KunaéTraH Kyd YHU OUPUMHYM KOHTypfaH wuTapagu.
Arap 2 KOHTYPHW OMPWHYM KOHTypAaH Yy3okKaawTupcak, KOHTYyp-
fa nalifo 6ynraH i2 TOKHUHT MOMEHTHU MyHanuw 6ylinya B
6unaH moc Tywaam (a = 0), HaTMxaga 2 KOHTypra Tabeup Kwuna-
éTraH Ky4 OMPUHYM KOHTYp TOMOHra WyHanraH 6ynagu.

SHAN 2 KOHTYP CU/DKMMAacUH Ba WHAYKLUWOH TOK GUPUMHYM KOH-
Typgarun n')' TOKHM y3rapTMpull HaTwxkacumpa naiigo 6yncuH. by
3onga wyHpaihn wyHanuwpgarm /2 TOK naifo bynaguku, 6y TOK
nango KuaraH MarHUT OKUMW WHAYKLUMOH TOKHW BYXYyAra Kentup-
raH TaWwKW OUWUMHWHT Y3rapulWWHH  KamMantupuwra WHTUNagu.
Arap /, TOKHM KynanTmpcak, SAbHW YHT TOMOHra lyHanraH TallKu
MarHuT Ob;UMM OpTCa, 4an TOMOHra kapab lyHanraH OKWMHK BY-
Xyara KentupyBuwW iv TOK naigo 6ynagu. Arap r, TOKHUHT KWiA-
Matu KamanTumpunca, XyCyCcuidi MarHMUT OKUMMK TallKW OKMMra moc
MyHanraH Ba Aemak, TalWlKW OKUMHW y3rapTupmac/iukka WHTUNa-
furaH r2 Tok nango 6ynagw.
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56-§. NHAYKUMA 3NeKTP OPUTYBYM Kyuu

3aHXupga TOK MaBXyp Oynuuwun YyyH 3. 0. K. 6ynuwumn Ke-
pak. LUYHWHI Y4YyH 3NeKTPOMarHuT WHAYKUMUA  ~OAUCACUHWUHT
Ky3aTUIUWKN KOHTypAarun MarHut okumu @ ysrapraHfja KOHTypfa
WHAYKUMA 3NEKTP HPUTYBUYU Kyuwu nango 6ynagwu.

§, OunaH @® HUHr ysrapuw Te3NUru opacuparv 60rfaHuLLIHK
aHuunaw yyyH KyAugarn MUCONHWU Kypub uymkamms. KOUTYpHUHT
y3yHnauru | ra TeHr 6ynraH 1—2 KucMn gonraH kKucmura Hucba-
TaH KOHTAKTHW y3maraH )pnjga “apakaT Kuna onaguraH 6yncuH
(106- a paem). LUy KOHTYpHW y3 TeKUCAUruUra nepneHJUKynap

106- paem.

6ynraH 6up >KMHCAM MarHuT MakgoHura >xolhnawTtupamuns (6y
MaifoH 4uM3Maja KpecTnu poupadvanap 6unaH KypcatunraH — B
BeKTOp 6u3gaH uym3ma opkacura HWyHanraH). KOHTypHWHr “apa-
KaTnaHyBuYn KUCMWHW V  Te3nuMkKaa “apakaTnaHTupamu3. Tawku
MaifioHra HucbaTaH yTkKasruuygaru sapsj TawyBUMIap—a3/IeKTPOH-
nap *am WyHAam Te3nuMK 6unaH “apakatnaHagn (106-6 paem).
HaTtunxapa “ap 6up anekTpoHra JlopeHy Kkyum f(Q Tabcup Knunmb,

YHUHT MoAynun KyWhupgarura TeHr [(47.5) ra kapaHr]:
/u = evB (56.1)
(6y epparn ,, [ “ vHgeken Kyd cum 6yihnab WyHanraH 3KaHAUIW-

HU KypcaTajgu).
HOKopuaarn Ky4yHUHr TabCUpX Ky4aaHraHauru

E= VB

ra TeHr 6ynraH Ba 106- 6 paemga KypcaTunraH W Hanuwra ara
6ynraH 3neKTp KYYHWHI Tabcupura 3sKBuBaneHTAup. by wmaligoH
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371eKTPOCTATUK MaliloH amac. By KyUHUHI KOHTyp 6yiiuua uup*
KyNsuusicn KOHTYpAa WHAYKUUANAHTaH 3. 0. K. ra TeHr:

S,= 6E,dl = El = vBl = 5 , 56.2
1 El 1 dt dt ( )
6y epfia ds = lvdt KOHTYp to3MHUHr dt BakT mumpa onraH opT-
rupmacu (6y optTmpma 106-a pacmpary WTpuxaaHraH tosavara
TeHr) UupkynauusacuHu pgucobnaértraHga 6us E, ysyHnurm | ra

TeHr 6ynraH KecmagaruHa HongaH dapknau jamma Kecma 6yiimya
E, = E 3kaHAuUrMHm pgucobra onguk.

dopmynagarn Bds kynaliTMa KOHTYp OpKanu yTaéTraH MarHuT
WHAYKUMACK OUMMUHUHT d<$ opTTupmacura TeHr. [emak, énuk
KOHTypfAa nalhfo 6ynaéTraH WHAYKUWA 3. 0. K. KOHTYp oOpKamu
yTaéTraH MarHUT WHAYKUUACU OUUMWHUHT y3rapuul Te3inurura
TeHr fjeraH xyfnocara Kenamum3. By TeHrnvMKHWM Kyhugarnda ésuvw
Kabyn UWIMHraH:

*

(56.3) faru > wuwopa<f,. Ba <dl) napHWHr MyHanuwnapm
yan napmMa Komjacu opKaau y3apo 6orfaHuwira ara 3KaHAUTUHU
éungnpagn. OKUMHWHT 4YM3Ma oOpKanu iyHanraH mycébaT opTTup-
macura (106-paem) , HAHT paemga KypcaTunaraH lhyHanuwm Moc
Kennb, y oKuM lyHanuwu 6unaH 4an napma Kougacura Kypa
yn3ma opkacura hyHanraH. Arap yTkasrmy /—2 yHr TOMOHra 3amac,
yan TOMOHra cu/pkuca, KOHTYp oOpkKanu YyTaéTraH OKWM Kamasaiu
Ba,?; HUHI MNyHMAUWMW paempa KypcaTunaraH lyHanuwra Teckapu
6ynagun.

107-paempa HUHT B BEKTOPHMHI Typnu WyHanuwwura Ba B
HUHT BaKTra Typauya 6ornaHywmra MOC KenaguraH wnyHanuwum
KypcaTunraH.

107- paem.

') Okum ®Ba YHUHr opTTupmacu JId ckanap katTanuknapgump. LYyHUHT yuyH
/napHUHT WyHanuwmn X,akupa cysnaraHfja, TOKHWUHT AyHanuin TyllyH4Yacura yx-
waw MabHO Ky3ga TytTunagm [(7.5) dopmynaHuWHr wm3ognapura KapaHr].
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CW cucTtemaga MarHUT WMHAYKUWSA OKUMWHWUHE 6UPAUTK KWano,
Be6ep (B6) onMHraH, y MarHut uHAyKuUusicu 1 Tecnara TeHr Oyn-
raH MarHuMT MaWfoOHMHUHT 1 M? cupTAaH Kecub YTyBUM Hopman
YM3MKNapy OKMMUra TeHr. Arap OKUM Y3rapuWWHWHT Te3nnru
1 B6/ceK ra TeHr 6ynca, KOHTypAa WHAyKUUsANaHraH 3. 0. K. 1B
ra TeHr 6ynagu.

laycc cuctemacupa (56.3) popmyna Kyimpgarum KypuHuwra ara bynagu:
0 1 ne
«/,— (*.4)

By cuctemaga @ HUHT 6upnurn MakcBenn (MKc) Kabyn kKunuHraH. B=1 rc ra
TeHr 6ynraHga 1 cM2 cupT opkanu yTaétran okumra TeHr. OKuMHuUHTr CW Ba
laycc cuctemanapugarun 6upnuknapu ypracuga Kyhugaru myHocabaT MaBXyA:

186 w1 T «| m?= 10* rc « 104 cmr = 10® MmKC. (56.5)
(56.4) dopmyna 6yiinya $; HuM paucobnaraHpga ~TC3O-noTeHuwman O6Gupnuknapuga
ynkagn. (f) Hm BonbTnappa udopganaw ydyyH HaTwxkanu 300 ra Kynantmpuw Ke-
pak 300/c = 10~8 6ynraHu YyuyH,

" o cld (MmKC) (56.6)

Bu3 tokopuga Kypub yTraH Muconja KOHTypAa TOKHW caknab
TypaguraH Tawb;u Ky4ynap BasudacuHu JlopeHy Kyunapu 6axa-
pagn. By KyudnapHuHr 6umpnuk mycbat
3apag  yctuga 6GaxapraH Ba Tabpud
byiinya 3. 0. K. ra TeHr 6ynraH (32-§
ra KapaHr) vuwuv HonpaH dapkamgup. ° 49 fnauup
By 3o0n 47-§ pa JlopeHU Ky4dn 3apsapg ~
ycTnga v  6axapuwm MYMKWH 3mac
peb anTmnraH ukpra 3ug  KenraHgan
KypuHaaun. JlekuH ran wyHpaaku, (56.1)

Ky4 3neKTpoHra Tabemp KunaétraH J1o-

peHLU KYYUHWHI 3ammacu amac, 6anku

vV Te3nnkka 6ornMk 6ynraH napannen

Tawkua atyBuucuruHagnup (108-paem).

ONeKTPOH aHa Wy TawWwKua 3TyBYM Tab-

cupnga cum byinnab u Tesnuk 6unaH “apakaT Kunagu, HaTumxaga
JlopeHL, KYYMHUHI cMMra nepneHAMKynsap 6ynraH Ba MOAYNM
Kyiinparura TeHr 6ynrad fi}) Tawkun aTyBUMCKM 30CUN KUNagu:

Ix = enB (56.7)

(108- paemra KapaHr).
LyHpaih Kunnb, aneKTpoHra Tabeup KunaétraH Tyna JlopeHy

Kyuu

*n=fn+ fj.
ra TeHr, Oy KYYHWHT 31eKTpoH ycTupa dt BakTga 6GaxapraH uwu
Kyihingalura TeHr:

dA = / 1ndt —/ Lvdt

') By TalWKWA 3TYBUM ULUUPKYAAUMAM AUCCA K WIMANANM, UYYH«U YHUHT  CUM
fiyHanuwura 6ynraH nNpoekuMscu HOATa TeHr.
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{fp Ba U BEKTOpPAApPHWHI NyHanuwu 6up Xun, Ba V BeKTOp-
NapHUHr yHanuwun 3ca “apama-kapwu, 108-paemra KapaHr).
Arap /1 —evB, /x —euB akaHnurnHm ”“ncobra oncak, aguuaTtaH
~aM JIopeHn KYYMHWUHT WWKW  HOMra TeHr 3KaHJUTWHU  Kypa-
MU3.

fi. Ky4 CMMHHHI Te3nurn Vv ra Kapama-Kaplwu RyHanraH.
LLYHUHI y4YyH CUMHMHI 1—2 kecmacu 108-paempga KypcaTuiraH-
fjaii poumunii v Te3nnk 6unaH “~apakaTnaHuwuy yuyyH [ —2 cumpgaru
6apya anekTpoHnapra TabCcup KuayBuu {, KyUnapHWUHT WUTUHAW-
CMHM re3nawTmpyBum flami. Tawkn Ky4 OunaH TabCMp Kuauw
Kepak. VHAYKLMA TOKUHMHI KOHTYypAa axpaTtajguraH 3Hepruacu
aHa Wy Tawku Kyd 6axapraH uw ~mcobura ~ocun bynagu. )Na-
KuUKaTaH, Ml KYYHUHT MOAYMHW Kyhngarvya €3uw MyMKUWH:

framm = /1 nV = euBn V=enn Bn/s5aM

6y epfa N—paxm Oupnurugarv 3pKUH 371eKTPOHAPHUHT  COHM,
V —e 50M— cUMHUHT 1—2 kuemkgarun ~axmu, 50M— CUMHUHT
KyHAanaHr Kecum Ho3u.

LWyHaa /faux KydyHuHr dt  BakT pgaBomupa 6GaxapraH WLm
Kylhingarumra TeHr:

d A Taukv—fraukm ~ dt — euBfilSciiu udt, (56.8)

Tok KoHTypga dt BaKT faBomMufa axpaTraH 3Hepruscu Kyiu-
aarn udoga opkanu aHuknaHagn [(37.2) dopmynara KapaHr]:

dQ = &i Idt —b F5 omdt,

6y eppa / — TOK 3uunurn. Tok 3ununurun (37.4) dopmynara MyBo-
UK /= enn ra TeHr OynAraHuW y4dyH WHAYKUMA 3. 10. K (56.2)
opmynara MyBoUK KyWhumgarn <xr= vBl KypuHumwra sra. Arap
/ Bafr HWHI toKopuaaru KuiimatnapuHum dQ HWHT ndogacura Kyi-
caK, Kyhnmpgaru opmynara Kenamms:

dQ = vBlenuScmidt.

By ¢opmyna JitTaum yuyyH ésmnraH (56.8) dopmynara Moc Ke-
nagn. WyHgah kunn6, 6m3 dQ — dAT i m akaHAUTMHKM WCOOT Kun-
OVK.

MHOyKuMa 3. 10. K. HUHT nango 6ynuwunHu 613 okKopuga
Kypub yTraHgek TYWYHTUPUAULIN MarHUT MalngoHu ysrapmac 6y-
nn6, KOHTYPHWHI reoMeTpuAcCK ysrapaguraH *onra Taannyknumgup.
JTeKNH KOHTYp oOpKanu yTaéTraH MarHUT OKMMW B HUWHF y3rapuwm
~ucobura ysrapuwym MyMKWUH. Oxupru fonga 3. 1. K. HAHT naingo
OynuwunHn 6owkKaya TYWYHTMPULW MyMKWH. BakT gasomupa ysra-
pyBUM MarHWT MaiigoHn B ylopmaBuii anekTp MalifoHHU E By-
Xyara Kkentupagm (103-8 pga 6y “akpa 6GaTtatewn cysnaHagun).
MaigoH E HuHr Tabcupupa yTKasrmuygarum TOK TawyBuumnap ~apa-
KaTra Kenaguw Ba WHAYKUWOH TOK nakigo 6ynagu. MHOYKUMA 3. 10. K.
6vnaH MarHuUT OKMMMWHWHI Yy3rapuwu ypTtacugarn 6ornaHuw 6y
~onpga ~am (56.3) cdopmyna éppgamunpa udoganaHagu.
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3. 10. K. MHAYKuuAnaHaéTraH KoOHTyp 6up amac, 6ankm N Ta
6up xun ypampaH mbopat 6YncuH, SibHU coneHoup (Eku Topowupg)
waknnga 6yncuH. CONEHOWAHWHT ypamnapu KeTMma-KeT YfaHraH
bynraHn yuyH gt gap 6up ypamja WHAYKLWSANAHTaH 3. 0. Kyu-
NapHWUHT WWTUHAWCUTA TeHr 6ynagwn:

byHparu
U= 2 o, (56.9)

KaTTaIUKHU OKUM TYTUHMULIM EKU Tyna MarHUT OKUMKM feb aliTu-
nagn. by kattanuk @ HuUHF 6upnuknapuga yndaHagu. Arap jgap
6up ypam yTaéTraH OKum 6up xwun 6ynca,

W= No. (56.10)

OKUM TYTUHUWAAH (oiiganaHn6, coneHomapa WMHAYKUWSNaHTaH
3. 10. K. uhogacuHn Kyiimaaruua €3l MYMKUH:

av

(56.11)
Si~ dt*
Mwucon. N ypampgaH wnbopat 6ynraH rantak 6up
XUHCNM MarHWT MaijoHuga ysrapmac M Te3nukpaa
alinaHmoapa (109-paem). Wy ranTakaa WHAYKLWA-
NaHraH 3. 0. Ky4HW Tonainumk. Bup ypam opkanu
yTaétraH okum @ = BnS = BS cos ara TeHr 6ynuo,
6y epga S — ypam 1034, a—ypam CUPTHra yTka-
3unraH Hopman 6GunaH B idyHanuw ypTacmparu
6ypyak. Tyna okum Y- = bld = NBS cosa ra TeHr.
Bypuak a BaKT pfaBomuga a = cd KOHYH 6ylinuya
*

y3rapagu. femak, 109- paem,

if = NBScosat— [YTcosm

ra teur, 6y epga PT opkanu ryna OKUMHWHT amnauTyfa Kuiimatm Genrunadrad
(56.11) topmynara MyBO(UMK

S i--— - sin<of- £ msln « (56.12)

WyHaaih KuAnb, ranTakga rapMOHUK KOHYH 6yiiMua YsrapaguraH y3arapysuu
3. 10. K WHAYKUWUANAHAp 9KaH,

57-8. MarHut WHAYKUMACUHU Yyn4all ycynnapu

Bupop énuk KOHTypra 60rnaHraH ryna OKWM KuiAMatu haH
@r rava ysrapaétraH 6yncuMH. KOHTYPHWHI KyHZAanaHr Kecumu op-
Kann yTaétraH 3apagHu  Tomaunmk. KOHTypAarm TOK KYUYWMHUHT
OHWIA KWiAMaTW Kylnparura TeHT;

&

R R dt

167



OyHAaH

dql: idt= - |- dt= - - dwW
R at R
(6y epparn ,,—*“ nwopa dq 3apag KyuyupunaétraH WyHanuw 6u-
naH 'F HWHT NyHanuwu 4Yan napma Koupjacu opkanu 6olnaHraH-
AUTUHW 6ungupagn.l
FOkopuparv ugofaHn uHTerpannacak, Tyna 3apsfHu Tonamus:
2

q-= /\dq = ~ No - AZ). (571)
1

(57.1) MyHOcabaT MarHUT WHAYKUUACUHU YAYaWHUHT A.
CtonetoB uwnab 4ymkkaH 6anamcTmk ycynura acoc 6ynmb xusmat
Kunagn, 6y ycyn kyihugarungaH mnéopat. Mal#gOHHUHT 6GU3HU Ku-
3uKTUpaéTraH Hy Tacura N ypamam KWYMK rantak >KoknawTupa-
Mu3. Arap rantakHu B BekTop ypamnap TekKucaurura neprneHgu-
Kynsp) 6ynaguraH b;unmb xonnawTumpcak (110- a paem), Tyna mar-
HAT OKWMW KyWnpgarura TeHr 6ynagu:

< = NBS,
06y epaa S—6uMTTa YpaMHWUHT t03n 6ynnb, 6y 103 B HWUHI Kuiima-

TN y3rapmac ge6 KkucobnagmraH pgapaxaja KUUYMK Oynuwmn ke-
pak.

a 8 6

110- paem.

Arap rantakHu 90° ra 6ypcak, (110-6 paem), rantak opkanwu
yTaéTraH OKMM Honra TeHr 6ynaam (n BekTop B ra nepneHgu-
Kynap 6ynagun), abHn ABS ra y3rapagu. Arap rantakHu 180° ra
6ypcak (110-e paem), Tyna okum 2 NBS ra y3rapagn, YyHKN OKUM
Knimatn U2= — MBS ra TeHr 6ynu6 konagu (n Ba B kapama-
Kapwu TOMOHNapra iMyHanraH). Arap rantakHu eTapnu pgapaxapga
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Te3 6Gypcak, KOHTypfAa Kucka MyAAaTnuM TOK UMNynbCWM naingo 6y-
nn6, 6yHpga (57.1) ra myBOGMK KyWmparura TeHr 3apag yTagu:

q=-2NBS (57.2)
R

(90° 6ynraHga dopmynaga 2 6ynmaingn).

Kucka myppatnum TOK UMNYNbCWM MaBXyp 6ynraHja KOHTYp op-
Kann yTaéTtraH 3apanHu 6annucTMkK ranbBaHOMeTp épfamuja yn-
Yyalw MYMKWH. bBannucTuk ranbBaHOMeTp Xycycuii TebpaHuwnap
faBpu Karta OynraH ranbBaHoOMeTpjaH wubopaTaup. Arap g Hu
ynua6 oncak, R, N Ba S HWHI "uiimaTnapuHu 6unraH ponga
(57.2) topmyna éppammpa B HM TOMMW MYMKUH. By epga /? HWHT
KuiimaTura ranTtak, TOK KeNnTupyB4YM CMMAap Ba ranbBaHOMETp Kap-
wunurngaH méopaTt 3aHXUPHUHT Tyna Kaplwuanurn Kupagu.

Arap (57.2) ¢opmynagaru ¢ HA KynoH pgucobuga, R HuM om
aucobupa, S HM KB. MeTp gaucobmpa wudoganacak, B Tecna au-
cobuga kenub 4ukagu.

BAnrakHu annaHTUpUW YypHUra ypraHunaétraH MarHuT mai-
LOHM ynaw (BKM y3ulW) JAamMja YHUHT WyHanuwunHKU Teckapura
anMawTMpuw  MYyMKKH. XycycaH
A. I CtonetoB TEMUPHWHI Mar-

HUTNAHULI  3rPU  YU3UTUHW ypra-
HUWAa WYHAaW KUATaH.

B HWM ynuaraHfa BUCMYTHUWHT

3N1eKTP Kapwuinurm MarHuT Maii-

[JOH TabCupuia KeCKUH TeCcnaHwuHr

yHAaH 6up kucmmga (gemak gap

1000 rc pa) TaxmuHaH 5% ral)

opTuwmniaH oinganaHuw MYMKWH. 111- paem.

LLYHWHT yuyyH unrapupaH fapaxa-

naHraH BUCMYT cnupanHu (111-paem) >KolnawTuMpuw Kepak Ba
KapWWANTUHUHT HWCOMIA  y3rapuwmHuM ynd4ab onmé ManfoHHWHT
MarHUT MHAYKUMACUHW TONWW Kepak.

58-8. ®yko Toknapwu N

VMHOYKLMOH TOKnap MaccuB AXAWUT YyTKasrmynapga fam nango
6ynuwmn MymkuH. By ponga ynap ®yKo ToKnapwu éku ywp-
MaBUA Toknap pAe6 aiTunagn. MaccuB YTKa3rMUYHUHT 31eKTp
Kapwuamrn >xypa KaMm OynraHu yyyH YHpPMaBuiA TOKNapHUHT
Kyun Xypha KaTTa Kuiimatra eTulln MYMKUH.

dyko Toknapwu JleHu Koupacura 6ylicyHagu, SbHU YTKa?ruy
nunpa ysnapuHUHT Tabcupu 6unaH y3napuHU Mailfo KuaraH ca-
6abra KyuynMpok KapwuauMK KypcaTa oOfaguraH iyn Ba NyHanuu-

r) bonwa matepuannapHUHI 3N1eKTP Kapwuauru fam MarHut maingoHupga op-
TajW, NeKMH KaMpoK pgapaxafja optagu. MacanaH, MWUCHWHI Kapwuiaurn BUCMYT-
HUHT Kapwwunurura KaparaHga 10* mapta kam opTagwu.
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napHu TaHnangn. LWyHWHE yYyH Ky4In MarHit maigoHmga xapa-
KaTnaHaétraH axnuT yTkasruunapra ®yko TOKIAPUHUHT MarHuT
MaaoHM 6unaH y3apo TabCUp/aHUWKM HaTmkacuga Karrta TOpMO3-
NOBYM Ky4 TabCup Kunagu. ByHaaH ranbBaHOMeTpnap, cercmorpad-
nap Ba 6owka ac6o6napgarv xapakat/iaHyBYM KUCMIapHU TUHYIaH-
TMpuw (nemndupnaw) yuyyH gorganaHnnagn. Ac606GHUHI Xapakart-
NaHyBYM KUCMUra CeKTOp Wakimga fcaaraH yTkasyBuum (macanaH,
a/lOMUHWI) nnacTuHKa ypHaTunaub, 6y nnacTuHKa Kyyau A0oVMUIA
MarHuT KytTénapu opacura kmputunagn (112-paem). MNMnactnHka xa-
pakaTtnaHraHga ylopmasuii Tokiap naw-
no 6ynn6, ynap cuctemaHun Topmosnab
Typagu. ByHpan KypuiMaHuHr YCTyH-
amrn - WwyHpaH mbopartkn, TOpMO3iaHuLL
nnacTUHKa XapakaTr KwiraHga nango
6ynagn Ba nnacTMHKa TWHY TypraHga
aca nango O6ynmangn. LWyHWHT  yuyH
3M1eKTPOMAarHUT TUHYNAHTUPIUY  cucTe-
MacCUHMHI  MyBO3aHaT Xxofatra KatTa
aHVKINK 6unaH KahTuwmura Kapwmimk
KypcaTtmangu.
®YyKO TOKNAPUHUHI UCCUK/IMK TabCu-
puaaH MHOYKUMOH nevkanapga oinipana-
HuUnagn. byHpan neyka Kyum Xxyga kKarta
6ynraH lOKOpWM YacToTaMm TOK 6unaH TabMWHAAHraH rantakgaH
nbéopatamp. Arap rantak vuura yTkasruy okomnawTtmpwunca, 6y
YTKasrnyga Kyuynum yopmasBuii ToOKnap ByXyAra kenvmb, yTkas-
TMYHN 3PUTULL  HYKTacurada kum3gupumb bopagn. MeTtannapHu
BakyymAa Wy ycynga aputuavb, Xxyaa Tosanukgaru martepuannap
onvHaaw.
®yKO TOoKMapugaH BaKyyM Kypuamanap ningarv metans KUCM-
napHu Ku3ampmb, rasnapgaH Topanawgpa xam doliganaHunagu.
Kyn xonnapga ®yko Toknapw 3apapnv 6ynagw Ba ynap 6wnaH
Kypawui Y4YyH Maxcyc 4yopasapHu Kypuw kepak 6ynagun. Maca-
naH, TpaHcdopmaTopnap Ys3aknapuHWHI YIOpMaBuii  TOKNap Tab-
cvpnga Kusuwura sHeprus capnaHUWUHUHT ONAWHU ONULW  YYyH
y3aknap opanapura M307ALMANOBYN  KaT/iamaap KynuaraH tonka
naacTUHKanapgaH nuvrnnagn. MNnacTuHKanapHu XohnawTupaéTraH-
Oa ®YKO TOKNAPUHWHI VMMKOHWIA MyHanumwnapwu 6y nnactuHkanap-
ra nepneHAukynap O6ynaguraH Kunmb onvHagn. ®eppuTnapHUHT
(3aneKkTp Kapwumnurm karra 6ynraH MarHUT mMaTtepuannapHWHI) namn-
0O 6ynnwun y3aknapHu AXAUT KUWINW UMKOHUATUHU Gepaguw.
Y3rapysyaH TOK yTaéTraH cumiapgarn yrpmasuii TOKnap evm
nungarn TOKHUHI KYYMHU KamalTupaguraH Ba CUMHUHI cupTvaa-
MM TOKHUHI Ky4YMHW OpTTMpaguraH pasuvwpga WyHanraH O6ynaaw.
HaTwmxkapga Te3 y3rapyBiM TOK CUMHMHI Kecumu O6yinab HoTekuc
TakCUMMIaHraH 6ynagu, TOK YTKasrny cuptura cMkuMb ymkapuiaraH-
[ek Tytonaan. By xoamca CKMUH-3(P deKT (MHrnusva skin—rtepu
fgeraH MabHoOHU 6ungupagn) éku cupT addpekTn Aeb aranagu.
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CKkuUH—3(GEKT Tydainn KopW YacToTany 3aHxXuprapgarv YTkas-
rMUYNapPHUHT UYKN KACMU Kepakcu3 6ynu6 konagu. LUYHUHT yuyH
IOKOpM YacToTann 3aHXxupnapga TpybKacMMOH yTKasruunapgad

horganaHnnaan.

59-8. Y3auHaykuua “ogucacu

WcTanraH KOHTypaa OKaéTraH 3neKkTp TOKM t Wy KOHTypHU
Kecnb yTyBUM MarHuT okumu Y HU ByXyara kentupagu. Arap i
y3rapca, 4Y‘\ 3am ysrapagv, JAemakK, KOHTypAa 3. 0. K. VHAYK-
umsinaHaau. byHpaai 3ogucaHn y3uHAYyKuusa aelivnnagn.

Bno—CaBap KOHyHUra 6GWHOaH MarHuT WHAYKUusicn B maligoH-
HM Maiigo KWaraH TOK Kyuyura nponopuuvoHanauvp. byHAaH KoH-
TypAarv TOK i Ba Wy TOK Mailo KwWiraH 3aMa KOHTYp OpKaiu
yTaéTraH Tyna MarHUT OKMM Y- 6up-6upura npornopLUvoHan 3KaH-
M Kenné unkaam:

V*=LL (59.1)

TOK Kyuyun 6GunaH Tyna MarHMT OKMMUW ypTacugarv npornopupo-
HanNuK KoappuumeHTM L KOHTYPHUWHT UWHAYKTUBAWUTNK
neinnagunl).

KOHTYpHU ypab TypraH MY3UTHUHI MarHUT KUPUTYBYAHIUTU
N MaigoH KyunaHraHnamrn H ra 6ornmk 6ynmaraHga, AabHU dep-
pomarHeTuknap Myk 6ynraH 3onga Y HWHC | ra 4nsmMknm 6ornaH-
raHnUrn 3sakmga ranvMpuil MyMKMH. AKC 3014a L, TOK Ky4Yu i HUHT
(H opkanu) mypakkab dyHKuuscu 6ynagm (103-pacmra KapaHr)
Ba gemak, B = NevH 6ynraHm yuyyH Y 6unaH i HUHr 6GOrfaHULWN
3amM Mypakkab 6ynagn. JlekuH (59.1)mMyHocabar 6y 305ra 3am
TaTbUK KUnMHaau. dakaT WMHAOYKTUBAWK L TOK | HWUHI (QyHKUUSCK
neb6 3ucobnaHagn. TOK Kyunm y3rapmaca Tyna OkKuM Y1 KOHTyp-
HVHF LWaKNn Ba yn4amiaapuHUHE y3rapully HaTwkacuga ysrapuin
MYMKWH.

lOkopupa anTunraHgaH WHAOYKTUBAMK L KOHTYPHUMHI reomeT-
puscura (SbHW YHUHE LWakavM Ba ynyamnapura) Ba KOHTYpHU ypab
TypraH MYy3UTHUHI MarHuT XxXycycustnapura (U ra) 60rnmMK 3kaH-
nuru KypuHagn. Arap KOHTYp KaTTuk 6ynn6, atpodwuga deppo-
mMarHeTuknap 6ynmaca, UHAYKTUBAUK L y3rapmac kaTtanvk oynagu.

CW cuctemacmpa WHAOYKTUBAWK 6Gupanrn cudatuga wyHaam
YTKa3rMyHUHT  WHAOYKTUBAUIX  Kabyn KUAnHaguku, 6y YTKasrmu-
[arv TOK Kyun 1 a 6ynraHga naigo 6ynraH Tyna okum Yl= 1B6
6ynagn. By 6upnnk reHpun (rk) pe6 antunaaw,

Faycc cuctemacuga WHAYKTUBAUK /. HW aHMUNOBYM udoga Kynuparun Kypu-
HuUlWra ara:
L- 1 «*. (59.2)
ijc |
D) By KaTTa/MKHUHI 3CKM HOMW—Y3UHAYKLUMUS Ko3dhdraneHTunmp.
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HOkopugarn (59.2) KaTT/IMKHUHI YA4aMAUTMHW  FONUW  y4YyH laycc cucTe-
Macupga b HuHr ~nuamnurmn (40.5) ra MyBOMMK TOK Kyun t HUHF ynyamanrvHUHC
C ynyamnumrura *amga Y3yHAuMK yndamnurura (yHu |/] cumBonu 6unaH 6enrn*
nalimna) 6ynraH HucGatura TeHr 3kaHaMrngad doiganaHamms  [emak,

n M

WyHpat kmmb, Faycc cuctemMacuga WHAYKTUBAWK Y3YHIUK ynyamauvrura
ara 6ynagu. by cuctemaga WHAYKTUBAMK GUPAUIMHW MOC paBulLfa CaHTUMeETP
ne6 antunagn. Arap okaétraH TOKHUHP Kyunm | CITCM-6upnukka (abHuM 10 a)

TEeHr 6ynraHga KOHTyp 6unaH MKC (10-8 BO) okuM TyTuHca, GyHOAl KOHTYPHUHT
VHOYKTUBAUIM 1 CM ra TeHr 6ynagw.

Mupgyktmennk L HuHr CU Ba laycc cuctemanapugarn O6upnvknapu ypTta
cHOa Kynngarn MyHocabaT MaBXyp:

\B6 10s MKC
“ ~ g ctcm “ (593

CONMEeHONAHVHT NHAYKTUBAUTUHU  Xncobnanmms. CONeHOUAHUHT
Y3YHAUTW WwyHAaih OyNCcMHKU, YHW 4Yekcu3 Aeb xmcobnawl MyMKUH
6yncuH. by coneHoupg opkanM i TOK yTraHga YHUHI wnupga 6up
XUHCAN MalidoH XOcun KunnHagu. by MaiifOHHWHT MarHUT MHAOYK-
uuscn  42.6) Ba (44.24) dopmynanapra 6uHOaH = ra
TeHr. Xap 6up ypam opkasim ytaétraH okmm® =£5ra, coneHoung
6unaH ryrmHraH Tysa OKMM 3ca Kyhngarmra TeHr:

= /Vo = nIBS =upyn4Si, (59.4)

6y eppa /—CONeHOUOHWHI Y3YHIUTWN >xypa Katta geb xucobna-
Hagu!, b — KyHAanaHr Kecum 103u, N—Yy3yHAUK Gupaurura Tyrpm
KenraH ypamnap coHu (nl kynaiiTMa ypamnapHuUHr Tyna coHu N
ra TeHr).

Arap (59.4) ndopgaHn (59.1) udoma 6unaH conuLITUPCaK, XY-
[a Y3YH CcOneHoug, WHAOYKTUBAUTU YYyH Kyhngarn wudogara ara
oynamms:

L = [idi nrl$ = a2V, (59.5)
6y epgma V = IS— coneHong xaxmu (59.5) wudogagarn «HUHT

ypHUra y HM Kyiicak, Kyliungarvra aspulliaMmms;

m=n P § (59.6)

faycc cucTemacupa coneHoup VHAYKTUBAUTUHU *mMcobnaw  dopmMynacu Ky-
vparn KypuHuwaa o6ynagu:

L — 4my14b. [5Y,7)

lOkopupgarn (59.6) ngopara moc pasuwaga (O HUHE ynyamanru
VHAOYKTUBMINK YNYaMINTUHUHE  Y3YHNUK ynyamamrura 6ynraH Huc-
6atura reHr (HUCOWI MarHUT KUPUTYBYAHINK W—Yyn4amMcu3 KaTTa-
NINK  3KaHNUrMHWM 3cnatmb yTtam«3). Jlemak. CU cuctemacupga N
HUHT 6uonurn meTpra reHpu [(38.3, ra kapaHr.



KoHTypAarn TOK KYYMHUHT Yy3rapuwm Hatuxacmpga naigo oyn-
raH y3mHAYKUuMS 3. 0. K. 8, kynmgarura teHr [(56.11) hopmyna-
ra kKapasrj:

6s dt ~ dt \ dtr o dt)

Arap TOK Kyuu ysrapraHga L pgouvmuini 6ynub6 konca (6y 3on
heppomarHeTnkiap WyknurngarvHa Oynnwm MYMKUHAWTN  Kaig,
KunuHran sawn), g 4 HWHr udogacn kKyhnuparu KypuHuwra sra 6y-

nagu:

at

[aycc cucTemacmpga 3aca

/m=-7 [--. (59.10)

» S c2

Okopugarn (59.9) myHocabaT MHAOYKTUBAUK L HW KOHTypparu
TOK KYYMHWHT y3rapuw Tes3nuru 6unaH yHWHI HaTtwxkacupga nai
[o 6ynaguraH y3sumHAyKUMA 3. 10. K. ypTacuparu npornopumoHan’
MK KoapuuueHTn cudatuga aHuknaw UMKOHUATUHU  Bepagun
NeknH 6yHpali aHmknaw L = const 6ynraHgarvHa Tyrpugup. dep
pomarHeTuknap Mmasxyg 6ynraHga gedopmauusanaHmaignraH KoH
Typ yuyyH L TOK i HUHr dyHkuumsacu (H opkanu) 6ynaam, aemak
T HU é:ILd—> ne6 ésnw mymkuH. (59.8) dopmynara Kyincak, Kyiu

I
jarvra spuvamms:

* @

— (4+°‘r.'5- <all)

GyHOaH (heppoMarHeTuknap masxyn 6ynraHga 5 Ba g sypTacupa-

r nponopumoHaNiMK KoadpuuueHtn L 6up xun amacnmrm Kypu-
Haaw.

Arap L —const 6ynca, (59.9) ra MyBOoUK UHAYKTUBANTN L—1rH
6ynraH yTkasrmygarnm TOK Ky4YMHUHr 1 alcek Tes3nuk 6wunaH ysra-
pywn gs== 1 B ra TeHr 3. 0. K. HW BYXyAra Kentupagu.

60-8. 3aHXMpHW ynaw Ba y3uw nanTugarn TOK

NleHy, kompgacura 6MHOAH yTKasruvunapga y3uHOYKUUS HaTuka-
cuga naligo 6ynraH Kywumya ToKaap 3aHXupaarm acocuii TOK-
HUHT y3rapuwumra KapwuamKk KypcaTulwl TOMOHra iyHanraH 6yna-
Oon. By 300 3ca 3aHXUPHM ynaw nNaiTmga TOKHUHE opTuwM Ba
3aHXUPHU y3UW NaiiTmga TOKHMHI Kamaiuwn 6upgaHura 3amac,
6askn acta-CekuH cogup 6ynuwura onmb Kenagu.

ABBan 3aHXUPHW Y3ULW naiATMaa TOKHUHE y3rapull XapakTe-
pyHM ypraHanmk. ToK i ra 6ornmk 6ynmaraH WHAOYKTMBAWK L Ba
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Kapwunmrn R ra TeHr 6ynraH 3aHxump 3. 10. K
8ra TeHr 6ynraH Tok MaHbGaura ynaHraH OY/CUH
(113-paem). Wy 3. 0. K. Tabcupuga 3aHxXump op-
Kanu ysrapmac TOK yTaawu:

/o= | (60.1)

(TOK MaHBaVHMHI WYKN Kapluanurm Xypga Kuuumk
ae6 xmcobnanmna).
BakTHUHI t —O oHMpaH 3aHXWPHW TOK MaH-
6anpaH y3ammn3 Ba YHU [1 nepeknwoyatens éppa-
113-paem. Muaa Kucka TytawTtupamui. 3aHxumpgarm TOK
Kyun kKamasa 6ownawn 6unaH y3suHAYKUUA 3. 10. K.
naigo 6ynagu. Jemak, 3. 0. K. MaHbangaH y3uaraH saHxupgaru
TOK Kyin OM KOHyHMUra 6uHOaH KynWugaru TeHr/amaHu KaHoaT-
naHTnpagu:

By udopaHn Kyhinpgarnya €3amuna:
-+ -1=0. (60.2)
at L

(60. 2) TeHrnama OUPUHYN TapTUGIN BUP XKUHCAN [uddepeH-
uman TeHrnamagump. Arap y3rapyBuuiapHW axpaTtcak, SbHU Kylu-
garnm KypuHuwaa éscak,

n - - 2dt,
I L

OCOH WHTerpaniaHaan, 6yHaaH

InNi —— - t+ Inconst
l.
(kevHrn ysrapTuwnapHu Kysga TyTub, nHterpaniaw AOUMUACUHN
In const kKypuHuwuaa és3guk).
By mynoca6baTHm noTeHuupna6b, Kyhungarura a3ra 6ynamm3s:

/=conste” " . (60.3)

(60.3) noma (60.2) TeHrnaMaHUHI yMyMWIA ednmu  Bynaaw.
const KuMAMaTMHW 6GolnaHruy wapTtnapgaH Tonamu3 t=0 ga TOK
KYYMHUHT KkuimaTtu (60.1) ra TeHr agu. [emak, const = /0. ByHu
(60.3) ra kyihcak, KyhingarvHu ofiaMus:

i= oe” " . (60.4)

WyHaai kb, 3. 10. K. MaHGaugaH y3uaraH 3aHxupgaru
TOKHUHI Ky4yu [apXosl Hojra TeHr 6ynu6 Konmaid, 3KcroHeHuuman
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KOHYH (60.4) 6ylinuya kamaagu. 114-pa- |
cMZa i HUHr Kamalimw rpadumru KypcaTtun-
raH (/ 3rpy umsmk)- Kamanuw Te3nurm
BaKT ynuyamnuirura ara 6ynrad

= (60.5)

KaTTanMk 6unaH aHwknaHagm Ba Oy KarT-

TIMK 3aHXUPHUHI BaKT AOUMUINACHK 114-pacw,
nenvnagn. Arap (60.5) parn 6enrunawpgaH

dorpganaHcak, (60.4) dopmynaHun Kynmgarnda €3vw MyMKUH:

|
=1k~~~ (60 6)

By copmynara myBOohUK, * TOK KYYMHWUHI € MapTa Kamanuiim
YUYyH 3apyp 6ynraH BakTHM KypcaTagu. (60.5) TeHrnukgaH 3aH-
XUPHUHT  MHAYKTMBAUIM L KaHya KaTTa Ba Kapwwuamrn R KaHua
KMYnk 6ynca, BakT OOMMMACK <€ WYHYaNMK KaTTa Ba 3aHxupgaru
TOKHUMHI Kamaiunwm LwyH4YanumK CekuH coaup 6ynaaw.

SHAN 3aHXUPHW ynaw nanTmgarn 30/HU Kypub YMKaNIuK.
Tok mMaH6aura ynaHraH BakTgaH 6ownab, 3aHXupga TOKHUHI Y3-
rapmac (60.1) KuAMaTM ypHaTWU/TyH4Ya 3. 0. K. [JaH  Tawkapu
Y3MHAYKUMSA 3. 10. K. 3am 6ynagn. OM KOHyHuUra mMyBOUK Kyiiu-
AarvHn é3ul MyMKWUH:

iR =S +§s:8—L; .
t
By MyHocabaTHW KyiiMparv KypuHULIra onmvé Kenamus:

- + - g -
Gt / [ \(/60.7)

BU3 uM3MKNM GUP XWHCAM GynmaraH TeHrnamara ara 6ynauk,
6y TeHrnama (60 2) TeHrnamMagaH yHr TOMOHMAArM HOMb ypHUAa

y3rapmac KaTtTanuk j 6opnurn 6unaH dapk kunagu. OuddepeH-

uman IleHrnamanap HasapusacupaH MabllyMKU, YU3UKAN BUP XKUHC-
nn 6ynmMaraH TeHrnama ymymuii edumra ara 6ynmuwm yyyH YHUHT
6MpPOpP XYyCYCUI €YMMUHWN MOC BUP XXUHCAWU TEHrNaMaHWHT YMYyMUWA
eynmMura Kywuw #kepak. bBUp XUHCAW TEHrNamaHWHT YMyMUA e4nmun
(60.3) kypuHuwra ara. (60.7) TeHrnamaHMHr xycycuini eummm /=/0=»

)ﬁfKﬁ KypunHuuira ara 3KaHaurmra wMWOHY 30CUN Knanmul KNIANH

amac. [Aemak, (60.7) HUHT YMYyMWUIA €YNMUHU Kynngaru KypUHWLL-

ba é3amms:

"
. -r1
i=10-f const =€
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BownaHpMy MOMeEHTAa TOK Ky4u i Hoara TeHr. ByHAaaH const
y4yH const = — /0 ra TeHr kuimatra asra 6”namms. LyHpanm Ku-

nmo,

1= 10{\-e~T"). (60.8)

Ywoéy (60.8) dyHKUMA 3aHxXmpra 3. 0. K. MaHb6anHW ynaraH-
[aH CYHT TOKHWHI OpTUWWHW KypcaTagwn. by (QYHKUMAHUHT rpa*
urn 1l14-paemga KypcatwiraH (2-arpy 4Ymsuk).

B3 nHayktmenuk L goumuii ne6 xucobnaguk. Arap 3aHxupga
TeMuUp y3aknu rantak 6ynca, £ * Hu (59.8) dopmyna 6yihnya aHukK*
naiimmns. byHpaa icT KYWKWNyBYN OGOPAUTMA YUYYH Y3MHAOYKUUA 3. IO.
K >Xyha KaTTa KuiAmatnapra ara Oynmwun MyMKUH. OXmprun xonga
TOKHUMHI Ky4yn /0 AaH aH4ya KatTta O6ynvwmn MyMKUH.

61-8. MarHuT MalgoH 3Hepruacu

115-paempa KypcaTuiraH 3aHXUpHU Kapab uukKanmk. ABBan
coneHong L Hn 6atapesa €ra ynanmms; 3aHxupga | Tok xocun
6ynn6, coneHomg ypamnapu 6unaH TyTMHraH MarHuvT MaigoH to3a-
ra kenagu. Arap coneHonaHu 6aTapespaH y3mb, yHra R kapuwwu-
NINK OpKanu ynacak, Xocwun bynraH 3aHxupgaH oOup KaHya BakT
LaBoMmaa Kamainé 60pyBuUM TOK yrmé Typagu. by Tok dt BakT
nunpga 6axapraH wuw KyhAngarura TeHr:

dA =K v/dt= — — |dt = — ' nur )
dt

Arap CONMEHOUAHWHT WHAYKTUBAUTA
| ra 6ornuk 6Oynmaca (a = const), y
xonga UV —Ldi Ba (61.1) ndopga Kyiin-
Jarn KypuHWLIHW onagu:

dA = —Lidi. (61.2)

By wudogaHn i 6yinMua i HUHI pacT-
nabku KkuiiMatuZaH Ho/nrava uerapanap-
[a WHTerpannacak, 3aHxupga MarHut
MaiiooHW  iiykonaéTraH BaKT gaBoMuia S

6a>Kapv|r|raH NHN TONaMms3:
11b- paem.

o]
A=—KLigi—t?. (Di 3)

9 I
By (61 3) v yTKa3rnyiapHUHI WUYKU 3HEPTrUACUHU OPTTUPULL-
ra, AbHW ynapHu km3gupuwra capdnaHagu. by ww  6axapwunraH
BaKTAa coneHoup arpodmparv asona mMaBxypn 6ynub TypraH mar-
HUT MaligoH WykKonaaw. 3NeKTp 3aHXUpUHU ypab TypraH >XUcMm-
nappa xe« KaHgal ysrapuw pyi 6epmaraHn Y4yyH, MarHuT Man-



[JOH 3Heprms TawyByn Oynmb, v Wy 3Heprus xucobura bGaxa-
pvnagn peraH Xxyrnocara kenamus (61.3). lWyHpanm  kmnnb, 6m3
MHoyktvBnurn L ra TeHr 6ynraH Ba i TOK yTaéTraH yTKasrud
Kylingarn sHepruara ara:

W =~ (61.4)

Ba Oy 3Heprua TOK ByXyAra KentupraH MarHuT maigoHuga T/Mi-
NaHraH pgeraH Xxynocara kenamm3 [6y dopmynaHu aapsignaHraH
KOHAEeHcaTop 3Heprusacu YyyyH éswnraH (29.1) mndopa 6unaH co-
NNWTUPUHT].

raycc cucremacufa TOK/IM KOHTYP 3HEPrusiCMHWHI udogacyu Kyiuaaru ky-
puHuwra ara 6ynagw:

w (61.5'
2
(61.3) ngosdaHn Tok O pgaH i raya opraétraHga y3vHAYKUUA
3. 10. K. ra Kapwm ©O6axapunraH Ba (61 4) sHeprusra ara 6ynraH
MarHUT MalgoHHM nNakgo Kunuwra capdnaHraH uvw ge6 TywyH-
TUPULW XaM MYMKWH. X akukaTaH, Y3UHOYKUMA 3. 0. K. ra Kapwm
GaxkapwuaraH wuw |

A" =§(- &s)tdt
U

ra TeHr. bus (61.2) udopgara kentupraH ysrapTuwinapra yxuaul
y3raprupuwnapHu 6axapub Kyhingarmra apuvwamMms:

A'—[Nidi=]j , (61.6)
)

6y wudgopa (61.3) udopara moc kKenagu. (61.6) vw 3. 0. K. MaH-
6an xucobura TOKHUHI Mab/yM KuAMatM XOCUN KuUWHraHaa 6Ga-
Xapunagn Ba O6yTyHnal KOHTyp 6unaH 6ornaHraH MarHuiT maii-
OOHHM nango kunuwra capdnaHagu. (61.6) mndonaga 3. 0. K. MaH-
6an TOKHWHI MablyM KANMaTU XOCWU/ KUMHIYH4Ya yTKasrnunapHu
Kusgupnwpga capd kunnaguraH wuw xucobra onvHmananl).

MarHut maigoH 3Heprusacu (61.4) HM Wy MalgoHHM Xapak-
TepnoBuM KaTTanuknap opkann mndoganaimms. Yekcms y3yH (amas-
[a Xypna y3yH) coneHounga

L [AGiIW H =/,
6yHOaH

) by mw A" =] RPdt ra TeHr.
n
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L Ba i KaTTa/IMKNApPHUHI 6y KuAMaTnapuHu (61.4) ra Kyiuo,
MOC y3rapTupuwiapHn 6axapcak, Kyhugarnra apuiamms:

W = 1/. (61.7)

UeKkCcn3 y3yH CONEHOUAHWHI MarHuT MangoHn 6up >KMHCAK Ba
ha™aT coneHounp numpa HongaH dapk KuanwmHu 42-8 pa Kypca-
TM6 yTraH 3guk. [emak, (61.7) aHeprus coneHoup aTpogumpa hv-
rmaraH Ba 3aXmu Oyinya AOVMUA W 3UYNUK  OunaH TakCcumiaH-
raH, 6y 3munnkHn W HM V ra Takcumnab TOMUWUMU3 MYMKWH.
WyHpah amanHu 6axapub, Kynnar.rm wdogara ara 6ynamms:

w = ] (61-8>
(44.15) opmynagaH doiganaHmb, MarHUT MalgoH 3SHepruscu
3nm4nurn QopMynacuHn Kyhiungarmya Es3ul MyMKUH:
_&-l - 12 o
w—BH = B2 .Y

MarHuT MaigoHW 3SHepruscu 3nYanru yuyyH 6ms kentmpubé um-
KapraH undoga 3nektp MaigoH 3sHepruacu 3munurm yuyH (30.2)
nogara yxwaiw 6ynmb, dakaT 3/eKTp KaTTa/IMknapu MarHUT Kar-
Tanuknap 6wunaH anMawTUpuIraH.

raycc cucremacuga MarHWT MaiifloH SHEPIUSCK 3UUYNUIN YyUyH E3unraH op-
Myfna Kyimnpary KypuHuwra sra 6ynagu:

* (6110)
an 8t 8c
Arap MarHutT MalifioH 6Up XWHCAWM 6ynmaca, 3Heprus 3uuInru
M Ba U kaepga katta 6ynca, Wy epga katta 6ynagu. Mabnym
V 3aXM muMparv MarHut MaliioH 3HEepruscvHW TOMULW YYyH KY-
Mnpgarv uHTerpanHu 3ucobnaw Kepak:

W=\wdv=~r~r-dV. (61.11)
v y

62- 8. Y3apo wvHAyKuus

Bup-6upnapmngaH yH4Yanuk y30K XoWnawmaraH / Ba 2 KOHTyp-
HM onannuk (116-paem). Arap OUPUHYM KOHTYP OpKa/iM Kyuu
ra TeHr Tok ytaétraH 6ynca, 6y TOK Tydhann WKKUHYN KOHTYp
opkanu /, ra nponopumoHan 6ynraH Tyna OKUM yTagu:

Y (62.1)

(6y OKMMHM Mango KunaéTraH MangoH pacmaa AXAUT  Yn3nknap
6unaH KypcaTtuaraH).
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116- paem

/i Y3rapraHga WKKUHYM KOHTypAa Kyhugarum 3. 0. K. naingo
oynagu:
(62 2)

LWyHra yxuwaw MKKUHYM KOHTypAaH /2 TOK yTraHga OGupuHYK
KOHTYp 6unaH 6o0rnaHraH OkuMm nanpo 6ynaawu:

T (62.3)

(6y OKMMHM nakgo KunraH MaifoH MyHKTUMP 4un3vknap 6unaH Kyp-
ca runraH).

r2ysrapraHga 1 KOHTypga Kyhungarnm 3. 10. K WHAyKuumana-
Haaw:

1 Ba 2 kOHTypnap 6ornaHraH KOHTypnap Aeniwnagw, ynapgaH
6vpngarn TOK KyUYMHW y3rapTupuiaraHga MKKUMHYM KOHTypAa 3. 1.
K. HWHI naigo 6ynuw ”“ogmcacum aca y3apo mHAykuwmsa naeb
anTunagw.

MponopunoHannnk KoapguumeHTnapn Z12 sa Z2l MOC pasBuLL-
[a KOHTYPMapHUHI y3apo MHAOYKTUBAWUTU (EKM y3apO WH-
AyKunsa KoaddhuumeHTnapun) pgennnagn. KelnmHpok 6y
KO3(hPULMEHTNAPHUHT

(62.5)

9KaHAUTMHN KypcaTamuns.

Y3ap0 WHAOYKTUBANK £12 KOHTYPNApPHWHI LWakKAM ynyamnapum Ba
Y3apo >koWnawuvwmnra, LWYHUHTAEK, KOHTypnapHu ypab TypraHd
MYMTHUHI MarHUT KUpUTyBYaHAUrUra 6orankgmp. Ln HuHr 6up-
NI MHAOYKTMBANK L 6upnuknapuga ynuaHagw.

- WkkKana KOHTYyp naigo KwiraH MarHuUT Mal[OHHWHT 3Heprus-
CMHM ~ucobnaiinvk. Arap TOK KOHTypnapHuHr 6uvpn, wmacanaH,
6upuHUYNCKM Opkanu yTaéTraH 6ynca, MarHUT MaligoH 3SHeprusacu
(61.4) ra myBOMK Kyhmpgarura TEHr:

(62 6)
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3Hepruna 3n4ynanrn sca
LWMH\
]

ra TeHr 6y eppga //, — ToK nango KuiraH MaigoH KyuylaHraH-

nru.
WyHra yxwauw, arap TOK hakaT MKKUHYM KOHTypAaH yTaéT-

raH 6ynca, MalgoOH 3HEpPrusicu
LM

w2=Hr (62.7)

wt =

ra, YHWHr 3uuauru aca
(1a0=H\

ra TeHr 6ynu6, 6y epga H2—ToK i2 nailgo KuaraH MailgoH Kyu-

NnaHraHnanMrnanmp.
VMIkkana KOHTypgarm TOK HONgaH Kartta 6ynraH ~onpga wvctal-

raH HykKTagarun KydJ/laHraH/IMK cynepno3svnumna npuHyunmura myBO»

huk

H=H, +H2
ra TeHr, Hatmwkaga

H*pH\+H\,
6yHOaH

Wo m+ w2

SMacAMrn Ba KOHTYPAAPHWHI ymMymuin Tyna 3sHepruscn W (62.6)
Ba (62.7) aHeprusnapHUHr MUrMHAMCUTA TEHI 3KaHAUrm Keamb um-
Kagu.

W 3HeprmsHm ~uncobnaw yyyH WKKana KOHTypra ynaHraH TOK
MaHb6anapuvHWHI KOHTypnapga Kyuynapwu ixBa /, ra TeHr TOKIapHW
Ba MOC >XaMW MaWgoOHHW *Oocun Kuaviwra capdgraraH WMWUHU M-
cobnaw kepak. [acTtnab mkkana KOHTypAaru TOK/IApHUHE Ky4n
HoMra TeHr GY/CUH. BUPUHYM KOHTypAaH TOKHWHI Ky4W i, ra TeHr
6ynnwn y4yyH KOHTypra ynaHraH TOK MaH6an y3MHOYKUMA 3. 10.
Kyunra d'si ra kapww kattaimrmn (61.6] ra mMyBoIMK Kyhmpgarura
TEHI MWHW Gaxapuw Kepak:

Ai~ 2

6y epaa [, — GUPUHYM KOHTYPHUHI WHAYKTUBAUTU.

3HAM TOK Kyuu H/ y3rapTupmaii WMKKWHYM KOHTypOaru TOK-
HUHT Ky4uHU O faH i2 raya opTtupamu3. ByHAa VMKKUMHYM KOHTYp-
ra ynaHraH TOK MaHGauHUHr 6axapraH wuwm

ra TeHr, 6y epaa L2—WKKUHYM KOHTYPHWUHT WHAOYKTUBUIW.
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NeHuH wy 6unaH macana *an 6ynmaingum. Tok *12 HKM y3rap-
TUpCaK, GUPUHYM KOHTYpAa 3. 1. K. MHAyKuuanaHaan (62.4). by
3. 10. K. nango 6ynraHga KOHTypAaru TOKHUHI Kyuu y3rapmacnu-
M y4yyH 6MpMHYM KOHTypra ynaHraH TOK MaH6au 3. 10. K. ra kap-
Wy Kyhngarn vwHu 6axapuil Kepak:

Ayx—j (- S)Ndt,

Wy Heogara $  yuyH TonunraH (62.4) ndogaHn Kyicak Ba
Kyun  y3rapmac 3KaHAUrMHu “~ucobra oncak,

A= 11J Li2 dt= f|]j h\adi2=
n b

LyHpad knnnb, MKKana KOHTypgarum TOK MaHb6anapu 6axa-
paéTraH Tyna WW TOKMApPWHWHI Ky4u MOC paBuwga it Ba i2ra
TeHr 6ynraHga

A= A4 A+ A= 2~ H-T—-—b (62.8)

Xygan wyHfail myno”asanapHu aBBanl WKKWHYM  KOHTypAaru
TOK Kyun 12 ypHaTunmb, KeimH O6MPMHYM KOHTYypAarn TOK Kyuu
/, ypHatmaraH *on yuyyH “am onm6 6opcak, Kyiuparura 3puiia-
MU3:

A= LY -+~ + L M (62.9)

(oxumpru *onga TOK t2 HUHT Ky4uWHM y3rapmMac uuamb TyTub Ty-
puW YuYyH Z2 ra nponopuuoHan 6ynraH WHAYKUWA 3. 10. Ky4u
(62.2) ra kapwu wWw 6Haxapuw Kepak).

BaxapunraH uw TOKNapHW nango Kwavw tapTubura—assan iu
KeMWH 12 ékn akcuMH4Ya — 6ornuk OynmaraHnmrn ydyH (62.8) Ba
(62.9) udopanap TeHr 6ynuwn Kepak. byHpaH (62.5) myHoca6at
TYITpU 3KaHAUTK Kenmb umkagu.

1513 "mcobnab YMKKaH MW MarHWT MaigoH 3aHeprusicn W Hu
BYXXyAra Kentupuwra capgnadagn. LYHUHT yuyH KyiAngarmHu
831 MYMKWH:

W=7 +72+L M. (62.10)

By ¢opmynagaru 6uMpUHYM  KYLWWAYBYM [/, TOKHUHT 3HEPrus-
CUHW, WKKUHYM KYLIWAYBYM /2 TOKHUHT 3HEPTUSCUHU, ZI2 i, i2 Ky-
WwnayBYM 3ca it Ba Ir TOKNAPHWHI y3apo 3HEpruscu feinnagu.

Ba i2 TOK/ap HongaH GenrunaHrad uuiiMatrada 6up BakTAa
optTM6 OGopagn pe6 “wmcobnab, W 3sHeprusiHm Tonainnuk. byHpa
O6MpUHUM KOHTYpAa Ssi+ 8n ra TeHr 3. 0. K. MHAYKUManaHagw,

0y epga <41 = —A dl Y3 MHAYKUMA 3. 10. Kyuun, <n— (62.4) dop-
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MynagaH aHwknaHaguraH 3. 1. K. WKKMHYM KoHTypga £n+ 8n
Taveup kKunagu. HOKopufa KypcatuaraH 3. 0. Kyynapra KapLuu
faxxapunraH W TOKMap 3SHEPruMACMHU Naiigo Kunuwra capgnaHa-
on. LWYHUHT YYyH KyAugaruHu €3uw MyMKWH:

t

w I [—( <%+

i(L'ir+L"Sha'+i (>"+

(62.5) TeHrnukgaH coiganaHcak, mdoga Kyhmaarn KypuHulira
Kenagu:

L/x L.t)
5I/IpVIH‘-IVI Ba MKKWHYM WHTErpanaap MoOC pasuwja —- Ba -y

ra TEHr. YUYMHYWN WHTerpanHu Kyiugarunya E3mil MyMKWH:
hn-lrdt = LM
at

WyHpain kmnnb, 6m3 saHa (62.10) ndogara Kenguk.
Toknap 3HEPrUACUHUHT (OPMyNacMHW CUMMETPUK KYPUHWLLAA
631 MYMKUH:

+

Bup-6upnapn 6unaH 6ornaHraH N Ta KOHTYp Y4YYH Kyhngaru

npona kKenub umkagn:
N

1P . |2V [hUU’ (62.11)

6y eppa Llk=z Lki —1TBa A- KOHTypnap-
HAHT  y3apo uHAyKTuBAuru, Lu=
i-KOHTYP WHAYKTUBAUTK.

Hwn™oscmpa, ymymuin Topompan Temup
y3aKKa YpanraH WKKWATa rafTakHWHI y3apo
UHAYKTMBAUTMHN  Tonammu3  (117-paem).
MarHuT  MHOYKUMACK  4YM3UKNapu  ysak
numaa xoinawraHum ydyH [(45.5) cdopmy-
nafaH KelnHrn TekcTra Kapaur], uctanraH

117- pacu. yynramga yWrotraH MarHut MalgOHHUHT
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KYUNaHraHnurn ysakHuWHr 6apya HykTanapuga 6up xun 6ynagu
(MarHMT  MHAYKUMACK  YU3UKNAPUHWHT  Kanuunuru B ra nponop-
uMmoHan 6ynuwnHu 3cnatmbé yrtamus). Arap OGUpMHYM uvynrampja
TV, Ta ypam 6ynmb, Kyum I, ra TeHr TOK yTaéTraH 6ynca, uup-
Kynaumsa pakuparn teopemara [(44.6) ra uapaHr] MyBOogMK

HI = NUu (62.12)

6y epfa /-y3aKHWUHT Y3yHAUTK.

Y3aKHUHT KYyHJAnaHr KecUMU OpKanu yTaéTraH MarHUT WHAOYK-
uMg okumu @ = BS = X0[LMS ra TeHr, 6y epfia S —y3aKHUHI KYH-
fanaHr kecum t3u, byHra H HuHr (62.12) pgarum kKuniAiMaTuHu 0nvb
Kyiicak Ba gocun 6ynraH ugogaHu N2 ra Kynantupcak, MKKUHYM
yynram 6unaH 6ornaHradH Tyfa OKUMHWM TOMamus:

=y PIP-NyNjlt.
By ugogaHu (62.1) 6unaH conuwtmpub, KyWngarvHu TONamus:
=yIM" AV (62.13)

BupnHun uynram 6unaH 6ornaHradH okum W, HW gnco6nab, mk-
KUHYM 4vynram Oyiinya i2 Tok yTMOKAa [fe6 dapas KuauHca, Ln
YUyH loKopugarura yxwaw wugogaHu onamus.

63- §. ®eppomarHeTuknapHu uakTa MarHutnawga
6axapunraH uw

3aHXupgarn TOK y3rapraHfa y3vHAYKUWSA 3. H0. Ky4ura KapLum
Kyiingarn uw 6axapwunagu:

iIA = (—£5)1dt= — idt=i (63.1)

Arap 3aHXWPHUHT uHAayKruenurn L y3rapmaca (6y gon dep-
poMarHeTuknap 6ynmaraHfa pyi 6epuwin MyMKUWH), OGaxapwuiraH
MW MarHWT MaingoH 3HeprusicuHM naiao kmnauwra Tyna capgna-
Hagn: dA'~dW 1. deppomarHeTuknap 6ynraH BakTAa ajBos 60LU-
Kaya 3KaHAUTVMHW KYPULLMMU3 MYMKUH.

(63.1) npofaHn MarHUT MainfoOHHU XapakTep/ioBYM KaTTaluK-
nap opkanu wdogananmmi. Ly makcagfa xyfa y3yH COneHoug-
HM KYpaiinuk. by gonga H ni, U= nIBS ra TeHr 6ynagu. fe-
MaK, KynauparvHu és3v MyMKUH:

r= - ; d4 = nlSdB.
n

‘) By nonga (63.1) dA' - Lidi ka6u ésunagm [(61 6) ra kapaHr).



By udgopanapHu (63.1) ra Kyiinb, Kyhnumpgarvra spuiiamms:
dA' = HdB mV, (63.2)

6y eppa V — IS —coneHoug “aXMmu, SbHU MalijoH ~aXMu.

(63.2) npoaaHN MarHUT MaifoH 3HEPrUACUHUHI OPTTUPMACUT:
TEHTNAWTUPULL MYMKWUH &KW MYMKUH 3Mac/lMrMHWU aHuunannmk.
JHeprua ~onat QYHKLMACU 3KAHAUTUMHWU 3cnatnb ytamus. LLUyHWUHT
YUYYH 3Heprua OpTTUPMANapuHUHT WATUHAUCU 6up “onaTgaH MK-
KWHYM “onaTra yTuw Wynura 60rnamMk amac Ba, XycycaH, ainaHma

npowuecc y4yyH 3Heprus opTTupmanapu-
HUHT  WAWFUHAUCWM  HOAra TEeHr:

dW=20

(6onwava antraHga dW Tyna pgudde-
peHumnan 6ynagwu).

Arap coneHoup (eppomarHeTuk 6u-
naH Ttyngupunca, B Ba H yprtacupgaru
6ornaHuw 118-pacmpga KypcaTunraHgek
6ynagu. nctepesnuc cUpTMOTrMHKM alina-
HM6 YnM”pHaa (AbHM UaiiTa MarHUTNAaLl-
HW 6Mp LWUKAU AaBomMmMia)

118-paewm. r

(yH dB

MHTerpan cUpTMOK ypab onraH to3a Sc ra TeHr 6ynagu. LWyHpai
Knnnb, (63.2) MdpofaHWHT WHTerpanu, SAbHU

dA" (63.3)

HonpgaH tapknuaup. byHgaH deppomarH~TukKiap MaBXyj OyaraH-
fa (63.2) WWHW MarHUT MaNAOH 3HEPrUACUHMHI opTTMpMacura
TEHTNAWTUPULL MYMKUH 3Mac, feraH Xyfocara Kenamus.

deppoMarHeTUKHUHT BUPAUK "aXMura Tyrpu KenaguraH WULWHK
AmcobnaraHpga, (63.2) Kyihungarura TeHr 6ynagu:

HdB=*Sr. (63.4)

KaliTa marHuTnaw UWKAWHWHT oxupuga W Ba B, gemak, mar-
HUT 3Heprus >aMm fjacTnabku Kuimatnapra 3ra 6ynagu. [emak,
(63.4) vWw MarHUT MaWgoH SHEPrUsiCMHU ~OCUN Kunuwra capgnaH-
maign. Taxpuba KypcaTaguku, 6y uvw (QeppoMarHeTUKHUHT UYKK
SHEPrUACUHM KynahTupuwra, SbHW YHU Uu3guMpuwra capgna-
Hagw.

[emak, KailTa MarHUTNAWHWHT 6Up UUKIMAa (QeppoMarHeTukK
NOKMUHWHT “ap 6MpAurnra CoH >XusaThaH TUCTepesuc CUpPTMOru
to3acura TeHr (63.4) ww capnaHagu. by ww QeppomMarHeTUKHM
Kunsgnpuwra capgnaHagm.



laycc cuctemacupa eppomalHeTMKHM KaliTa XarHuTnawga fjaxm 6upauru-
ra TYrpuW KenraH ww Kyimparuya Tonunagu:

(63.5)
ABHWN COH XwuMpatpaH rnucrtepesnuc CUpPTMoLll HK3IUHUHT 49 ra 6ynv|Hra|/||/|ra TEHT.

deppomarHeTuknap 6ynmaca, B kaTtanmk H HuHr 6up ywuii-
MaTnm ¢yHkumacn 6ynagu (B = ppOH, 6y epga [a= const). Ly-
HUHT yuyH (63.2) Tynuy guddepeHynan oGynagu:
dA' = HdH- V.

Arap 0 gaH H rauya yerapaja WHTerpaniacak:
H

ra ara 6ynammus, 6y aca ”"axm O6uMpaurm yuyH 3"ucobnaraHga
(61.8) ra TeHr. LWyHpaih umnmb, deppomarHeTuknap 6ynmaraHpga
(63.2) MW MarHUT MalfoH 3HepruscuHKM “~ocun uuauwra capd uu-
NNHAAKN, AbHU

dw = HdB, (63.6)

MarHuT MaVI,qOH IHEPTNUACU 3UYNTUTUHWUHT OpTTUPMacupgaH M60paT.

[aycc cuctemacupa aca

dw = Zn H dB. (63.7)



XI BOB

3NIEKTP BA MATHUT MAWOOHNAPUAA 3APALNAHIAH
3SAPPAJTTAPHUHI ~"APAKATW

64-8. Bup XUHCAM MarHuMT MalifoHupa 3apsffiaHrad
3appaHuHr “apakaTu

dapa3 kunannuk, e' 3apag 6uMp KUHCAM MarHUT MangoHura
B ra nepneHgukynap 6ynraH Vv Te3nukK 6unaH Kupub Kenaétrad
byncuH. 3apag JlopeHL Ky4yuM TabCMpupa KaTraaumru Xxuatupgad
y3rapmac 6ynraH
wn——= - vB (64.1)
T T
Hopman Te3naHuwra ara 6ynaau (v Ba B opacumparu 6ypuyak Tyr
pu 6ypyakgup).
Arap Te3nukK hakaT WyHanuw xuatupaH ysrapaguraH 6ysnca,
y 3pnga 6y “apakaT KaTTanury xu”™aTumaaH ysrapmac Hopman Tes-
naHuw 6unaH 6ynaguraH ainaHa 6yinab Tekuc “apakaTgaH un60-
pat 6ynagu. by aiinaHaHWHr paguycm w, —v2R wWwapTAaH Tonwu-
nagn (I 7. 20-8 ra kapaHr). byHra (64.1) gaH Wn HWHT KuiiMaTun-
HM Kyinb Ba 3"ocun OynraH TeHrnamaHu R ra HucbataH euwno,

R = (64.2)

en
HW onamus.

LyHpait kunub, v BekTop B ra nepneHgukynsp 6ynraH %on-
fa, 3apsignaHraH 3appa ahnaHa 6yinnab “apakat kunagu. by aiina-
HaHWHI paguMycu 3appaHUHr Te3/Urura, MangoHHWHI MarHuT WH-
aykumsacura Ba 3appa € 3apafAMHWM  YHWHT T. Mmaccacura Oynrad
Hucbatura 6ornuk 6ynagn. /T HucbaTtaH coAmMwTMpma 3a-
pag peb6 aranagw.

3appaHuHr 6up MapTa alfaHulmM y4yyH KeTraH 7 BaKTHW TO-
nanuMkK. BYHWHr y4YyH 2T U aiinaHa Y3YH/JWUTWHW 3appaHuHT v Tes-
aurura 6ynamus. HaTwxafga KyiugaruHu onamus:

7=2%*--. (64.3)

e B
3appaHuHr ainaHa 6yinab alinaHuWWw AaBpU  YHWHT Te3nurura
6ornuk 6ynmaii, hakaT 3appaHUHTI CONMLWITUPMA 3apagum Ba Mali-

OOHHWUHT MarHUT WHAYKLUWACKM OpKanu aHWKnaHap akaH. 119-pacm-
A4a 6Mp XXMHCMM MarHuT MaigoHugaru Gup Xun CcoAuTMpMa  3a-
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pagnu, 6ApoK TypAu v, Ba V2 Te3NUKIN UKKUTA 3appaHUHr "apa-
KaT TpaekTopuacu kKypcatunraH. Arap 3appanap O HykTagaH 6up
BaKTAa YMKKaH 6ynca, y “onga 6up Xun BakTha TY/AUK ainaHuul-
HW 6Gaxapub, ynap uaintagaH O HyKTajga yuypawagu.

3apsAgnaHraH 3appa resiMru 6unaH 6uUp >XUHCAU MarHUT Malii-
JOHW WyHanuwmn a/2 paH ¢apknu 6ynraH a 6ypyak “OoCua KWAraH
Aonparu “apakaTHUHI XapaKTEPWHW aHWKNANnWMK. v BeKTOpHM B ra
nepneHamkynap 6ynraH vx Ba B ra napannen 6ynraH yu Tawkwu
aTyBuunapra axpartamus (120-paem). byHga

v+ —vsina, Vi = v cos»

9KaHINTNUHN OCOHTMHa Kypuwl MYMKWH.

| 1Y- paem. 120- paewm.

JlopeHl, Kyun
/[ rre'vBsina= ¢ B

ra TeHr 6ynu6, B ra mepneHAuKynap Tekucnukga étragu. by kyu
Tabcupuga “0CWMA KWAMHTAH Te3NaHWW VX YYyH Hopman “ucobna-
Hagu. JIopeHL KYYMHWHT B AyHanuwmupgaru Tawkun 3TYBYUCU HON-
ra TeHr, WYHWHT YYYH 6y Ky4 Y} HUHT KaTTanurura Tabcup ata of-
mangn. LWyHpain Kunub, 3appaHUHT >;apakaTUHU MKKWTa: 1) B HuHT
MyHanuwn 6yinnya €| = 'Deosa y3rapmac Te3IMK OGUNaH CUMKULL
Ba 2) B BekTOpra nepneHAUKYnAp TeKWUCAUKAArM TekKuc ainaHma
NapakaT MUrMHAMCcUpaH TalKua ToM-

TaH fAe6 TacaBBYp KWAUW MYMKWH.

AlnaHuw coaup 6ynaéTtraH aitnaHa

pagunycuHn (64.2) opmyna épgammnga

aHuKnaw MyMKWH, QayaT 6YHMHT

yUyHAypHura VW =v sinakyiunnuwm

Kepak. 3appaHWHI “apakaT TpaekTo-

puscu yKn B HUHr WyHanuwu 6unaH

{121- paem) MOC TywaguraH cnupan-

HM TacBupnaingu. Cnupanb pagamu 121- paem.
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| W #|Hn (64.3) QopmynagaH ToMwWnaguraH anaHUW [aspu
T ra KynaiTupuw opkKanu Tonunagu:

1= V7= 2TCI—B—V COS a. (64.4)
€

CnupanHuHr 6ypanv RyHanuwmn 3appaHuHr 3apsag uwopacura
6ornukaup. Arap 3apsig mycbat 6ynca, cnupanb coaT CTpefikacu
MyHanuwwura kapwu 6ypanagu. MaHduii nwopanu 3appa 3apakar-
naHafguraH cnupanb coaT cTpesnkacu byinab 6ypanagu (6yHpa 6u3
cnupanra B HUHr WyHanuwn Oyinab KaparaH 6Oynamm3; arap
a< w2 6ynca, 3appa 6U3 TOMOHAaH, arap a>u/2 6ynca, 6usra To-
MOH 3apakaTnaHaéTraH 6Gynagw).

65-8. [apakaTnaHaéTraH 3apsaffiaHraH 3appanapHuHr
371eKTP Ba Mar MMr MangoHnapmpa Oruwim

[acTa WyHanuwwura nepneHAWKynap ypHatuaraH skpaHHUHr O
HyKTacura TywyBuM 6Mp Xwun 3apsgnaHraH 3appanap (macana,
3/1EKTPOHNAP) HUHI MHIUYKa [acTacMHU  Kapab uukannmk (122-
pacm). WynHuHr /, y3yHAurmpa pgacrtara nepneHauKynsp hyHanrad
6Up XMHCAN 3NEKTP MalJoHW TabCcumpuia facta W3UMHWUHT  CUDKMK-

WWHU aHMKNANMW3. 3appaHuHr pactnabkm Te3nurm VO ra TeHr
6yncuH. Lap 6up 3appa Maig<?H co”acura Kupumb, KaTTaiuK Xwu-
3%aTvfaH y3rapmac Ba MyHanuwwm >watufaH vora nepneHaukynsap

b6ynraH wx = mE TesnaHuw 6unaH kKapakatnaHagu (e'/T—3appa-

HWHF conuwTmMpma 3apsagu). MaigoH Tabcupu ocTugaru 3apakart
t s= 1Jvq BakT pgasom 3taau. by BakTga 3appa

1 \O 1 «

= - e 1« §q__ 65.1
yx= 5 W 2m vl (65.1)
macoara CUmKMAAU Ba VO ra nepneHAuKynsp 6ynrad

vL= wxt= - E—
m VO

Te3/INK TaWKnun 3TyByYUCUTa spulagn.
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KeiinHuyanuk 3appanap vO0 BekTop 6wunaH a Oypyak “oeun
LnnraH.
=N =
tga vo T v (65.2)

WapT 6wunaH aHWKIaHyBYM TYrpuM YM3MK MyHanmwmnga “apakaTna-
Haau. HaTtuxkapa pacta (65.1) cumkuwra uywmmya

y2= /2tga= E ~2-

cumkuwra ara 6ynagn, 6yHga /2—wmalijoH YerapacupaH 3KpaHra-
Ya 6ynraH macoda.

WyHpain unnmnb, O HyuyTtara HucbaTaH facta W3MHUHT CUIKULLN
(65.3)

Y—WN+ Y= T—E "7(-£A+

v |

ra TeHr.
Oxupru udogaHn (65.2) HM "“ucobra onraH >{onga

= A e(nl + 4)

KypuHuwaa €3y MyMKWH, GyHAaH 3appanap MaigoHgaH uuumo,
MaiigoH "oCun UWnraH KoHAeHcaTop MapkasugaH (65.2) dopmyna
6unaH aHMKMaHyBYM a bypyak ocTuga yumb 4m”KaHW CUHrapm "a*
pakaTnaHagu feraH Xysnoca Kenvb uyuuagw.

3HAW 3appanapHuHr 6GepuaraH /, Aynu paaBoMMAa YNapHUHT
V0 Teaaurura nNepneHguKynap ~onga 6up XUHCAW MarHUT mMaiigo-
HW uyiunagn pe6 gapas uyunainnunk (123-paem, MaiijoH paem Te-
KUCAUTUra MepneHAVMKYNap MyHanraH, MalgoH coacu MyHKTUp
alinaHma 4msuny 6unad KypcatunaraH). Xap 6up 3appa mMaiigoH Tab-

cupuaa  KaTTanuruy xuatugaH ysrapmac 6ynraH wL— = vOB

TesnaHuw onagu. MaiifoH Tabcupuaa AacTaHWHE OTULWIK YHYa KaT-
Ta 6ynmaraHnvMK waptu 6unaH dverapanaHu6 w L Te3naHuw iy-
Hanuwwy 6Gyiinya ysrapmac Ba VO ra nepneHgukynsap pebé “ucob-
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naw MyMKUH. Y n0onga CUM/MKULWIHK BMcobnawl yyyH “oCuni Kuauy-
B

raH ¢opmynaHu, yHgaru Tes3faHuLl = —E mmwlL= —v0B 6u-
T T

NnaH anMawTupn6 QoiganaHmw MyMKUH. HaTuxkapga, 3sHAMAuKAa

6u3 . 6unaH 6GenrvnaifuraH CUMKWLW YyUYH

X =eB ln + 12 65.4
B R ) (65.4)
HM XOCWUN KWUNaMums.
[acTaHnHT MarHutT MaigoHu Tabcupuga orraH Gypuarm

VO
ngota 6unaH aHWKNaHagw.
(65.5) HM >;ucobra onraH .xonga (65.4) dopmynaHu Kywugaru-

Ya 631l MYMKUH:
=tg /+/A)

[emak, 3appanap MarHWT MalijoHAaH uuKub, KaMpoK orraHga
ynap Xyggum MaigoH MapkasugaH kuiimatu (65.5) ndopa 6unaH
aHuKnaHaguradH (@ 6ypuak ocTmia yumb YMKKaHAeK xapakaTnaHagw.
3nekTp MaingoHu Tabcupupa (65.3) ormw Kabw marHuT makigo-
HW Tabcupuga (65.4) orvw ~aMm 3appaHWHr CONMLITUPMA 3apagura
Ba MaBXyA MaifoH KyunaHraHnurura (BKu wWHAYKLMACUra) npo-
NOPUMOHAN 3KAHAUTUHWU Kaig Kunammu3. Xap WKKana oruw, Ly-
HUHrgek vOra “am 6ornukaup. bup xun e'jrn Ba vO0 ra ara 6yn-
raH sappanap “ap 6up MmaigoHga
6up xun oragu Ba HaTwxaga,
3KPaHHWHT  ailiHM 6up HykTacura

Tywaau.

DNEeKTPOH-HYp TpybKacuaa
3NEeKTPOHNAp AacTaCUHWHE 3NeKTp
€KW MarHWT MaifoHuW TabCupu OcC-
TMAa oruw xogucacmgaH coingana-
HUNagn. 3NeKTPOHNAPHUHT 31eKTp
MalfoHV TabCcupuga oruiumra acoc-

NaHraH 31eKTPOH-HYp TPy6KacMHUHr  uumra (124- paem) Te3
3N1EKTPOHNAPHMHT WHIUYKa pactacu (3NeKTPOH-HYP) HU NOCWA Ku-
NYBYM 3NIEKTPOH MPOXEKTOPAAH TallKapy y3apo nepreHanKynsp
KK XY(T nnacTuHKa nam >xoinawtupunagu. WctanraH Xyt
nnacTMHKanapra KyuynaHuw 6epu6, 31eKTPOH HYpPUHWMHT 6y nnac-
TUHKanapra nepneHauMKynap MAyHanuwga 6epuaraH KyuaaHuira
NPONOpUMOHAN paBuWfa CU/DKULIWHW t03ara  KenTupuwl MYMKWH.
Tpy6ka akpaHu (hnyopecueHLMANaHyBYM Mogga 6unaH KonnaHagw.
LUYHUHT YYYH 3KPAHHWHI 3M1eKTPOH HYypW TyllaguraH >xonmpa
8pKUH HypnaHyBuu por “ocun 6ynagu.

ONeKTpPOH-HYp Tpy6kanapu Te3 yTyBYM MPOLECCNAAPHUHT cypa-
TUHW ONIMW Ba Ky3aTULI WMKOHMHWU GepyBum acbobnap —ocunnno-
rpatnapga KynnaHunagu. byHga orgmpysun nnacTUHKanapHWHL 6up
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Xy(pTura Baut ytuwmy 6unaH 4msnkam y3rapmb TypyBuYM Kyuna-
HUW, 6OowWb;a Xy(dTra TEKWUPUAYBYM KyynaHUw bepunagun. dnek-
TPOH AACTACMHUHI WHEPUMOHANTU XYAA KWYMK OynraHn cababnm
YHUHT OTMWKW OrgMpyBYM nNnacTUHKanapra 6epuaraH KydnaHuuw
y3rapuwmngaH opeaja kKonmaigu, 6yHga Hyp ocuwunnorpad 3kpa-
HU4a TEKWMUPUNYBYM KYUNAHWULIHUHT BakKTra 60rnnkIuK rpaguru-
HW um3agn. KynruHa HO3MEKTPUK KaTTanuknap MaBXyjd Kypunma-
nap (patuuknap) épfamupa 3nekTp KyunaHuwnapura (8Ku TOKKa)
anaHTupuanwmn MymkmH. LyHra kypa ocuunnorpadgnap épgamu-
fa Tabuatn kuszaTugaH Typau-TymaH npoueccnap TeKWwupunagu.

DNeKTPOH-HYp TpybKacu TeneBW3MOH KypuAManapHWUHI axpan-
mMac “umcmmngmp. TeneBmaeHuefa KynpoK 3/€KTPOH Hypnrapu wmar-
HWT 6GunaH 6GowkapunyBun Tpybkanap vwnatunagu. byHpain Tpy6-
Kanapfa OrgvmpyByuu nnacTUHKanap ypHuga CcuUpThaH KolhnawTu-
puaraH UKKnTa 3ap 6upu Hypra HucbataH NeprneHAnKYNAp MarHuT
MaifOHN 30CMA KUYBYM Yy3ap0 MNEpPneHauKynap 6ynraH rantak-
nap cuctemacu maBxypn 6Oynagu. Pantaknapgarvn TOKHW Y3rapTu-
puw 6unaH 3kpaH4a Hyp OpKanu 30CUN KUIWHFaH EpYriuK aofh-
HUHT CU/DKMLUKM to3ara Kentupunagu.

66-8. 3I'IEKTp0HHI/IHF 3apaanHNM Ba MacCCaCMHW aHUKNall

ONEKTPOHHMHT COMULITMPMA 3apAAMHU, AbHU e/T HucbatHu
ynyawHu 6upuvHun mapta 125-pacmpa udopanaHraH paspag Tpy6-
Kacu éppammpa 1897 iimnga TOMCOH amanra owwupraH 3gu. A
AHOAHWHI TewurngaH 4YukaéTraH 371eKTPOH gactacu (Katog Hyp-
nap; 89-8 ra kKapaHr) sccu KOHAeHcaTtop njacTMHKanapu opacujaH
yTagn Ba (hnyopecueHUMANaHyBYM 3KpaHra TyllaguM Ba 3JKpaHAa
HypnaHyBYM JOr 30CMN  Kunagu. KoHpeHcaTtop naacTUHKanapura
KyynaHuw 6epub, 3ocun 6yn-
raH 6up >XXMHCAM 3NEeKTP Maingo-

HW 6unaH facrtara Tabeup 3TULL

MYMKWH. DNeKTpOHAap NYANHUHT

aiiHM yLla Kncmmnga anekTp Maw-

JOHWra nepneHgukynap oynrad

6Up XXMHCIM  MarHUT  MangoHW

ApaTuwl MYMKWH OY/NICUH YUYH, 125- paem.

TPyOKaHW 31eKTPOMarHuT KyT6-

napu opacura xoinawTtupunagn (6y maigoH cosacu 125-pacmpa
NYHKTUP 4M3MK 6GunaH ypanraH). MaiigoH 6ynmaraHga pgacTta 9k-
paHHMHI O HykTacura Tywagu. >‘ap 6upyn anosmja MmaigoH
JACTaHMHT BEpTUKaN MyHanmwga CUIHKULWUHU BY)XXYAra Kentupagu.
CUMDKULWHWUHE KaTTanurm onguHrun naparpaga tonunraH (65.3) Ba
(65.4) wdoganap 6mnaH aHUKNaHagw.

MarHuT mMalifoHn 30CUN KMAMG Ba YHUHI HaTuxacmja tosara
KenraH gacta W3VHWHT

(66.1)
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CUMKUWMWHKU ynuab, TOMCOH WYHUHTAEK, 3NMeKTp MaligoHn >{am
NOCUNT KWUAAW Ba YHUHT KaTTaiUTMHW "ampa AyHanuwuHW WyHAaai
TaHNaguKW, AacTa siHa KaiTagaH O HykTara Tylwagu. by >(onga
3M1eKTP Ba MarHuMT MalifoHnapu 3NeKTpoOHNap gacrtacura 6up BakT-
Ja KaTTafimk Xu™aTugaH 6up Xun, 6GMPOK MyHanuw Xu atupaH
Kapama-Kapwu 6ynraH Kyunap 6unaH TabCuUp 3Tagu, SbHW

eE=ev0OB (66.2)

wapT 6axapunagu.

TomcoH (66.1) Ba (66.2) TeHrnamanapHu 6upranukga euuo,
e/T Ba vO HM 3ucobnab tongulx

Byl 3neKTPOHNAPHUHI CONULWITMPMA 3apAAMHU aHWKNaW Y4yH
MarHuT (QOKYCMPOBKA MeTOAMHU Kynnagu. By MeTogHMHT MO™nATU
Kyiingaruuagup. Papas Kunannumk, 6Mp XWHCAW MArHUT MangoHu-
ra Mabaym 6Up HyKTafaH MaifoH WyHanuwura HucbaTaH cumMmer-
pvK “onga o3rvHa 6ynca-fa €nununb 60pyBYM, MUKLOP XU aTuaaH
6up xun v Tesnukka 3ra 6OynraH 3neKTpoHnap facracu Kupub
KeNCUH. SNeKTPOHNAapHUHI ~apakaT yHanuwu B HUHF AyHanuwu
6unaH yH4ya KatTa OynmaraH a 6ypyak ”“OcCun KWACUH. 64- 8§ pa
TYWYHTUPNG yTunraHugek, 6y “~onga 3n1eKTpoHnap 6up xun

BakT mobaiHupa [(64.3) dopmynara KapaHr] Tyna alnaHuwl *ocun
Knnué “~ampga MaingoH WyHanuwwn 6yinnab

| = vcosci.T (66.3)

ra TeHr | macodgara cumknb, cnupanb TpaekTopua 0Oyinab "apa-
KatnaHagwu.

a OypyYaKHWHT KuIAMaTU KWYUK 6ynraHanru Ttydainnm Typau
3afieKTpoHnap ydyyH (66.3) macoga amanga 6up xun Ba VT (KN4YKK
6ypuaknap ydyyH cosas”l) ra TeHr 6ynagu. [Aemak, éimnné 60-
pyBYM facTta 3NeKTPOHNap YUKKAH HyKTajaH

1= vT=2k- (66.4)

B
mMacogaga TynnaHagu.

byw Taxpubacupga Tob6naHTupunraH K KaTtoppaH axpanrad
anekTpoHnap (126- paem) katop Ba A aHop opacura kyiunraH U
noteHumannap apkuHn YTa 60pub Te3nawapu. Hatwxaga ynap
Kuiimatu

ev="n- (66.5)

WwapTAaH TOMMAUIWLIM MYMKWH 6GynraH v Te3nukka ara Gynagu.

) XYLAW WYHWHTAEK, [ACTAHWHI OMWMWHW 37eKTP MaljoHW 6GunaH ynuyaw
Ba KeliiMH 3neKTp MalifoHW TabCUPUHM MarHuT MallfoHM 6GuAaH KoMMeHcauusnaw
MYMKWH 3KaHAUTWHW ~an 3Tl MYMKWH 34u.



00 coooooooqu

1/1- pacm.

CyHrpa 3feKTpoHfiap aHofjarn TewwukpaH y4umb uumkub, cone-
HOMJ ypTacura ypHaTWiraH, 3aBocu Cypub ONMHraH TpybKa YKu
6yiinab iyHanraH WMHruyka facta 3ocun Kunagu. ConeHouAara Ku-
puwaa ysrapyByaH Ky4naHuw 6epnb TypaguraH KOHJEHCATOp XOii-
nawTupunagn. KoHgeHcaTtop 30CUM KWAraH MaiJoH 3/eKTpoHap
pactacuHu acbob ykmpaH BauT gaBoMuia y3rapub TypyBuM YHYa
KatTa 6ynmaraH a 6ypuakka orgupagu. HaTuxaga gactaHuur
LYylopmanaHuwun" coaup 6ynagu, 3NeKTpoHnap Typau cnupanb
TpaekTopuanap 6yina6 3apakar kuna 6ownaign. CONEHOULHUHT
UMKMIL  KUCMUra (ayopecuLeHUHANaHYyBYM 3KpaH Kyiunagu.B mar-
HUT WMHAYKUMACU LWyHAalk TaHNaHCakW, KOHAeHcaTopfaH aKpaHra-

ya 6ynraH | macodga
r=nl (66.6)

WapTHX KaHoaTnaHTupca (6yHga /—cnupans kafamu, n—O6yT H
COH), Y 30142 3/1eKTPOHNAp TPAEKTOPUACUMHUHI KECULWUL HYKTacu
3KpaHra Tyrpu Kenagum—anekTpoH gacta 6y HykTaga (oOKycnaH-
raH 6ynagum Ba y 3KpaHZa TUHWK HYpAaHyBYM [OTHWM 30CUN  KKU-
nagn Arap (66.6) wWapT 6axapuamaca, 3KpaHgarun HypraHyBuM
[JOr vannawraH 6ynagu. (66.4), <66.5) Ba (66.6) TeHrnamanapHu
bupranukga eumb, € T Ba V NapHN TOMWW MYMKMH.

Typnn metognap 6unaH ONWMHraH HaTwXkanap acocmpa Tonun-
raH 3MeKTPOH COMMILITMPMA 3aPAAUMHUHT 3HT aHUK KUAMaTW Kyiu-
Jarura TeHr:

= 1,76 10 k/kr —5,27-1Q7 CIC3/r.’ (66.7)

(66 7) KaTTanMK 3NeKTPOH 3apAAVHWHI  YHWHT TUHYAUKZATU
maccacm TO ra HucbatuHn ugoganangm. Hucounnnk HasapmuscmpaH
Kenné 4Ymkaguku, 3ap K3HAah >XXUCMHWHT Maccacu YHWUHT Te3uru-
ra Kyimgarm KOHYH 6yiimuya 6ornankamp:

T - (66.8)

v
By dopmynaga T.—vVv Te3nukK 6unaH 3apakaTtnaHyBUYM XUCMHWUHT
maccacu, C—EpYr/IMKHUHT OylWInKgarn TEeBAWUTU, XG4 — XKUCM*
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HWUHT TWH i “onatgarnm maccacm 6ynmb, TUHUYUNMKLarm macca
pe6 aranagw.

TOMCOH Taxpubanapuja 31eKTPOHNAPHWHI Te3UrnM TaxXMUHaH
0,1 ¢ HM Tawkun Kunagu, 6y T, HUHT TO gaH 0,5% ¢apknaHMwWwu-
HW t03ara kentupagu. KehnHrn Taxpubanapfga 31eKTPOHNAPHUHT
Te3NUrM Xypja KaTTa Kuilmatnapra ara 6yngu. bapya nonnapga
7L HUHT KuiAMaTW opTUwK 6unaH (66.8) popmynara mMyBouk e/T
HUHT ynyaHaérraH uuimaTtnapuHUHr KaMainmb 6opuwn Kahp Ku-
NINHTaH.

ONeKTpoH 3apagu 1909 iAmnga MunnMkeH TOMOHMAAH KaTTa
aHUKNUK 6unaH TonuaraH 3auM. Bepk co”aja ropusoHran xoinaww-

raH KOHAEeHcaTop nnacTuHKanapu
X T - opacura (127-paem) MunnunkeH
(r MTebBpM3aTBp ErHUHI Xyda Maiga TOMYUAapuHK
Knputgu. MNypkanuil BakTuga TOM-
ynnap aneKkTpnaHraH Ba KOH[AEH-
catopfarm Ky4ynaHuw WLWOPacuHm
Ba KartanuruHu TaHnab, ynapHwu
' Ky3ranimac Kunmb TyTub6 Typuw
Mukpockon MYMKWUH 6ynraH. Kyiingarn wapt
b6axapunraHja MyBO3aHaT to3ara
12/ - paem. Kenagw:

P'= €e'E- (66.9)
6y epgfa P'—orupnvk kyum Ba ApxXumen KYUYUHWHT HaTMXKanoB-
yucnm 6ynmb, 4/3nr3(p—p0)g ra TeHr, 6yHaa pP—TOMUU 3UYK-
M, I — YHUHI paguycu, p0— "aBOHWUHT 3UUNUTU.

r Ba E napHm 6unraH "onga €' HM TONMW MYMKWH. PagunycHu
aHMKnaWw Yy4yyH MaigoH 6ynmaraH "~0nta TOMYMHWHI TEKWUC TYLINLL
Te3Nurun ynuyaHagu. MexaHukagaH mabnymku [l 1. (60,2) dopmy-
nara kapadr], 6y Te3nuk

(66110)

ra TeHr. vO HM ynya6 Ba p, po, “aBOHWHI KOBYLWIOKAUIU wuu OWA-
raH *onpa (66.10) dpopmyna 6yiiMya r HM ~ucobnab TONMUW MYM-
KWH. TOMUYMHWHI “~apakaTu MUKPOCKOM OpKanu KysaTunagu. vQHM
ynyaw Y4yH TOMUYUMHWUHT MUKPOCKOWHWHI Kypulw MaingoHupa Ky-
pUHaaUraH MKKula wnu opacugaru macoaHu yTULI BaKTW aHWUK-
naHagm.

TOMYMHM aHWK MyBO3aHaTra KenTupuw >Xypa KuinH. LyHra
Kypa (66.9) waprHu KaHoaTnaHrMpyBuu MaljoH ypHura wyHgan
MaigoH "~ocCun KWNWHAAWKW, TOMYM YHUHT TabCUpPWM OCTUAA KO-
pura yHya KaTTa 6ynmaraH Te3nuMK 6unaH “apakaT Kuna 6ownan-
an. HOsara kenraH 6apkapop VE kyTapuauw Te3nuruHm P' kyu
Ba 6 Tzijrv MWKanaHuw Ky4YNapuHUHT WATUHAUCU €'E Ky4Hu My-
BO3aHaT/all WapTMAaH aHWKaHagu:

P' -f 6r.r/'vVE—e'E.
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P' v p, po Ba r opkanu udoganabd 3(amga r HWHr (66.10; parm
UMAMATMHM KY1iMb, TeHrnamaHu & ra HucbaTaH eucak,

HU *ocun Kunamusl).
Jemak, mabnym E snekrp wmanjoHuga TOMUYMHUHT VO 3pKUH
TYWuWW Te3/IUITMHN Ba YHUHT VE KyTapunuw Te3nruHy ynyab, Tom-

UMHUHT € 3apsauHU TOMULL MYMKMUH.
MunnukeH vE Te3NWKHW ynuyab, naacTUHKanap opacugarv ma-

cothaHn peHTreH Hypu 6unaH HypnaHTupu6, 3{aBOHMHI MWOHNALIM-
WWHW t03ara Kentupgu. ANpum uoHnap Ttomyura énuwmnb onuob,
YHUHT 3apaguHuW y3rapTupgu, Hatuxaga VE Te3nuk ysrapraH.

MuWNAMKeH ynyawnapu LWYHW KypcaTaguku, TOMYU 3apAAUHUHT
y3rapuwmn A€ Ba 3apagHuHr ysm é Hap ran B ra kappanu 6ynap
3KaH. LUyHWMHraeK 3neKTp 3apsgWHUHT guckpeTauru, sbvHuM ){ap
KaHpgaii 3apsag Oup Xxun KatTanukparu aneMeHTap 3apsgnapgaH
TalWKUA TONTaHAUTMHW 3KCNepuMeHTan ucbotnagu. MunnukeH yn-
yalwnapmHu Ba 60wWKa ycynnap 6uWnaH OAMHIAH MablyMOTNapHU
Ancobra onraH “onfja anemeHTap 3apaj KuiAMaTu Kyiumparura TeHr:

e=1,60-10"19% = 4,80. IO' 1D CI'CS. i66.11)

ONeKTPOH 3apsaau "am WyHAan Kuimatra ara. (66.7) Ba (66.11)
LaH 3NeKTPOHHUHT TWHYAMKAArM Maccacu y4yH Kyimparu kuiAmar-
HW 0NaMu3:

T0= 0,91 «HO-30 kr = 0,91-10-*7r. (66.12)

WyHnak kunmb; 3NeKTPOH Maccacu 3HI eHrun atomnapgaH "u-
cobnaHraH sogopog atomu (1 T,,92-8 ra KapaHr) maccacupaH Tax-
MuHaH 1840 mapTa KUUYMK 3KaH.

67- §. Myc6aT WOHMAPHUHI CONMLITMPMA 3apPAAVHU aHWULaL.
Macc-cnekTporpadnap

OnguHru naparpagpga 6aéH atuaraH e T HW aHMKNaW MeTofn-
napu pacragarun 6apya 3appanap 6upgain Te3numkka ara 6ynrad
AonpgarnHa Apoknu 6ynagu. SNeKTPOHNap AacTaCMHW TalKWUA KWui-
raH “amma 3n1eKTpoHnap ynap yumb umkaguraH kKaTof 6GunaH aHOA
opacura KyiunraH 6up xun noTeHuuannap (apku Tabcupupga Tes-
natunagn; LWYHWHT YYyH Jacrafaru 3fnekTpoHiap Te3NuKnapuHuur
Kamaiuwu xyga “am KuuMkgmp. Arap wyHpai 6YnmaraHga 3w,
3NeKTPOH fJacTacu 3KpaHfa >XyjAa Xupa (4annawraH) forHu Gepap
»OU Ba YHM ynyalw MYMKUH 6Gynmail konap 3gw.

*) MunnukeH 6y dopmynara TOMUMHWHT yadar.napu [JaBoja MONEKYNaHWUHT
ApKWH OTYPULW Y3YHAUTM 6UNAH CONUWTUPUANILH MYMKUbIIUTUHU LUCO6Taonymn-
uu TysaTMa KUPUTAW.



a3 MonekynanapMHWHI WOHNawyswn 3ucobura, wmacanaH, ras
paspsguga mycbat moHnap *ocun 6ynagm (84-8 ra kapaHr). VMoH-
nap Typnau Xoinapga xocun 6ynraHauru Tydannm ynap xap Xun
noTeHumannap apkujaH yTagu, HaTuxaja YNapHWUHI Te3Nuknapu
>@am 3"ap xun 6ynagw.
LWyHpah knunnb, aNeKTPOHNAPHUHT CONUIITUPMA 3apAAUHN aHUK-
naw yyyH KynnaHraH MeTognapHu uoHnapra Tagbuk 3TUWw MyM-
KWH amac. 1907 iimnga ToMCOH
TOMOHMAAH OKOpUAa Kailg Ku-
M6 yTUATAH  KWAWHYUIUKHK
yeTnas yTuMW UMKOHUATUHKU be-
pyBuu ,napabona MetoguM“ ww-
na6 uynkungw.
TomcoH Taxpubacupga mycbar
WOHNMapHUHT WHIMYKa pgacTacu,
6up BakTga Oup-6bupura napan-
nen OynraH 3nekTp Ba MarHut
MaigoHNnapy TabCuUp 3TanuraH
co”a opkanu yTkasunagu (128-
pacm). Xap WKKW MaifgoH 6up
XWUHCAKM 6ynnb, facTaHWHT 6oL-
128- paewm. TaHrU4  AyHanuwmy 6unaH Tyr-
py 6ypuyak TawWKWa  Kunagu.
Ynap VOHNapHUHT OTULIWHU t03ara KenTupagu: MarHut MahfoH—X
Ykn iAyHanuwmnpa, 3nNekKTp MalgoHum aca y yku 6yiinda, (65.4) Ba
(65.3) hopmynanapra 6uHoaH 6y oruwnap Kywnwgarura TeHr 6yn-
raH:

6yHha v —conuMwTupma 3apagu e'jm  OynraH WOHHWHT Te3nuru»
/| — MaliJOHHNHT facTara TabCUp 3TYBYM COXACUHUHT  Y3YHAUTU™
/2 —coxa u4erapacupaH eTub KenraH WOHNAPHW Kailg KuayBuwn ¢o-
TonnacTMHKaraya 6ynraH macoda.

(67.1) Te3nnurnm v Ba OGepunraH & T KuiAmaTtra ara 6yaraH MOH-
HUHI nNnacTWHKara TywajuraH HYKTaCUHWHI KOOpAMHaTanapuHu
npopanagn. bup xun conmwTMpma 3apagnu, 6UpPoOK Typau Tes-
NUKAW WOHAAp NAACTUHKAHWHT TYpnu HykTanapura Tywagu. (67.1)
opmynagaH v HW MNYKOTUO, y3yHnuru 6yina6 e'jm 6uppaint 6yn-
1aH MOHNAPHWHT W3U XOMnawajauraH 3rpy  YM3UK TeHr1aMacuHu
onamuns. (67.1) TeHrnamanapgaH OGUPUHYUCMHM KBagpatra Kytapub
Ha YHWU WKKWHYM TeHrnamara 6ynm6 t6opub, mMabnaym ysrapTu-
puwnapfaH CyHr KyimparmHu onamus:

/

67.2
/«m> (0.5/, + ( )
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WyHpalh kunnb, 6up xun e'/T Ba Typnum ” raara 6ynraH pou-
nap nnacTuHkaga napabona KypuHuwmpa W3 Kongupap akaH. Typ-
nn e'/T ra ara 6ynraH woHnap Typnu napabona 6yina6 »>xoina-
waan. Ac6o6HuHr napametpnapuun (E, B, /, Ba /2 napHu) 6un-
raH *onga Ba y *ampga  cumkuwnapHu ynya6, (67.2) ¢dopmyna
6ylinya “"ap 6up napabonara
MOC KEe/lyBYM WOHMNAPHUHT CO-
avwTUpMa  3apaguHn lonuul
MYMKUH 3KaH. MaigoHnapgaH
OUPUHUHT  AyHanuwn ys3rapTu-
punraHaa, yHra MOC KenyBuu
KOOpAMHAaTa Y3 MLOpacuHm Tec-

Kapucura ysraptupagu, OyHAa

aBBairucura CUMMeTpuK 6ynrad

napabona “ocun 6ynasepagw.

CummeTpuk napabonanapra Moc

KeNyBuUM HyKTanap opacugaru

mMacodaHn TeHr uKKura 6ynuno,

X Ba Y NapHy TOMMUW MYMKUH.

MnaclvHkaga pacTa TOMOHWAAH

MalifjoH 6ynmaraHparu Kongu-

punraH u3 (HykTa) KoopauHata 60wWKUHKM 6epagn. 129-paemga ToMm-
COH TOMOHMAAH ”"oCuUN KWAMHTaH 6upuHuYM napabonanap Kypca-
TUATaH.

TOMCOH XMMUABMIA To3a “ncobnaHraH HeOH 6unaH Taxpuoba
yTKa3nb, 6y ras 20 Ba 22 aTOM OrupjuKiapura MOC KeflyBYMW UK-
KuTa napabona 6epuwunHn Kan KWIAW- By HaTMXaHU TYLWYHTU-
puwra 6ynraH ypuHuWNap, XMMWUSBUIA Xu"aTaaH dapk 3TuMb 6yn-
Maiguran HeOH aTOMUHWHT TYpPAu KYPUHWUWWAWP,AEraH TaxXMUHra
onné kengu (~o3nMpru 3amoH TEPMUHONOrMACU OyiAMYa—HEOHHUHT
MKKMTa u3oronu). By TaXMUHHUHT MCOOTU WOHMAPHUHT CONMLUTUP-
Ma 3apsfigMHM aHuKnaw MeTOAWHW TaKoOMuAnawTupraH ACTOH ToO-
MOHUAaH 6epuaraH 3gu.

Macc-cnekTporpadg aeb HomnaHraH ACTOH ac6o6u Kyliun-
paruwya TysunraH agn (130-paem). Tupkuwnap cucTtemacu TOMO-
HUAaH axpaTub ONUHraH MOHNap factacu, 3NeKTpP Ba MarHUT Maii-
LOHNAPUHUHT KapaMa-Kapwu NyHanuwja OruwinapuHn to3ara Kes-



TUpaguraH WyHanuwpa Wy MmaingoHnap opkaan KeTMa-KeT yTKasu-
nagn. e'jm ra ara 6ynraH WOHNAPHWHI Te3MKIapy KaH4Yanuk
KU4mMk Oynca, anekTp MaingoHufaH yTraHnapuga WyHYaank Kydnu
oragn. LUyHWHr yuyH ~aM WOHNap 3neKTp MaioHWMAAH CO4YMNyB-
Yyn pacra KypuHuwmga umkagu. MarHuT maingoHuga xam uoHnap-
HUHT Te3/IMKNapu KaHyaiuk Kuuuk 6ynca, yNnapHUHT TpaekToOpusi-
CU LWYHYaNMK Ky4ynu arpunaHagn. Hatwxkaga marHuT mMaingoHugaH
ynKaHfaH CyHr 6up Hyutara WArnayByYM WOHMap gactacu “ocwn
oynagw.

ConuwTupma 3apsgnapu 6ouuwauva OynraH MOHNap 60HLWA HYK-
Tanapga hunrunagn (130-pacMpa WOHNAPHMHE TpaekTopusAcKu e'jm
HUHF pa”aT 6up ~milmMatnm yuyyH KypcaTunaraH). Teruwnm "~ncob6-
nawnap, e'jm Typauda 6ynraH voHnapfaH TallKua TOMraH gacra-
nap KywWwunagursiH HyuTanap TaxmuHaH 6up Tyrpm umsmaga 6Etu-
WWHW KypcaTagu. By Tyrpu 4msuk 6yiinab otoniacTUHKaHW XOiA-
nawtnpmnb, ACTOH yHAa "ap 6upu €'jm HUHIT Mabaym uuiimatna-
pura MOC KeflyBYM KaTop LWITPUXapHu gocun kungu. MNnactuHkaga
s{ocun “MAWMHTaH TaCBUPHWMHI OMTUK YM3MKAU CMEKTP TacBupwura
AXWawnumrn ACTOHHUHI 6YHM Macc-cnekKTporpaMmma feb ata-
lwura, ysm MXTUPO KuaraH acbobHM 3ca Macc-cnektTporpag
ne6 arawwura cabab 6”ngu. 131-pacmpa ACTOH TOMOHMZaAH ~oewnn

131- paewm.

UMIMHTaH Macc-CnekTporpaMma Keatupuarad (WTpuxnap KapLm-
CMAa VOHMaPHUHT Macca COHW KypcaTwuiraH).

BeliH6puax 6yHAain acb606HMHI Bowuava TUNWMHAU apaTaun. BeiiH-
6puax macc-cnektporpagmaa (132-paem) wuoHMap gacracu aeBan
factafjaH MabiyM UuuiAiMatra ara 6ynraH TE3IMKAW WOHNAPHU ax-
paTyBuM Te3nuknap cenekrtopu (Eku QunbTpu) fed atanyBuu CUC-
Tema opkanu yTtagu. Vounap cenektopga 6up BayTha TabCup Ku_
NYBYM y3ap0 MepneHAUKYAP 3M1eKTP Ba MarHWT MaigOHNapUHUHT
Tabcupura yupangu. by maingoHnapHuHr ){ap 6upyM WMOHMApPHM Ka-
pama-kKapwu TOMOHra orgupagu. CenekTOPbUHT YU MW TUPKUALWK-
fJaH akaT wyHAalih MoHnap yTa ONnafguku, ynapra TabCup KWyB-
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Yn 3NEeKTP Ba MarHWT MangoHnapu 6mp-6upmHM KoMneHcauHsAnam-
an. by non e'E —e'vB 6ynraH wapoutga 6axapunagu. [Oemak,
CeNeKTOpAaH YMKKaH WMOHNAPHWHT Te3NWUru, yNapHWHI Maccacu Ba
3apagu kaHgan 6ynuwmnpgaH Karsu Hasap, v = EjB ra TeHr 6yn-
raH 6up xun Kuiimatra ara.

VoHnap cenekTopAaH YMKKaHAa Te3numknapura nepneHAuKynap
oynraH B' vHAYKUMSAW GUP XXMHCAM MarHAT MailfoHM coxacura
knpagn. by nonga woHnap paguycm (64.2) ra acocaH e'jm ra 6or-
NUK 6ynraH ainaHa 6yiina6 xapakaTnaHagu, SAbHU

VoHnap sipum aiinaHaHu yru6, GoTtonnacTUHKaHWHI TUPKULIAAH
2R macothajarn HykTacura Tywagu. [emak, xap 6up copTin UOH-
nap ie'/T HWHr KuiiMatn 6GUNaH aHWKNaHafguraH) nnacTUHKaga WH-
rMyka nosoca KypuHuwmpgaru u3 kongupagu. Acb6obumHr napa-
MeTpnapuHu 6unraH Xonfja WOHMApPHWHT CONUWITAPMA 3apAguHK
Xuco6nab uukuw MYMKUH. WOHNapHWHT 3apsign e 3feMeHTap 3a-
psgra 6yTyH Kappanu OynraHauru Tydannu, e'jm HUHT MabayMm
K'uiimatnapn 6yiimya WMOHMNAPHUHT MacCacUHW aHUuKiaw MYMKWH.

X03uprn BakTAa TaKOMWUANAWTUPWUATaH Macc-crnekTporpagnap
HUHI KyNruHa Tunnapu MaBxyf. LLyHUHraek noHnapHu goTonnac-
TUHKanap 6unaH amac, 6ankum 3feKTp Kypunmanap épfamupa Kang
KunyBuuM acbobnap sApatungu. Ynap macc-cnekTpomeTpnap
HOMWUHW ONAMN.

68- §. LiuknoTpoH
3apAfnaHraH 3appaHuWHr ainaHvww [aBpuHW OGUP XUHCAW  Mar-
HUT MalgoHMAA YHWHT Te3nurura 6ornuk amacnuru [(64.3) dop-

Mynara kKapaHr] LUMKNOTPOH fAeb aTanyBuum 3apsgnaHraH 3ap-
panap TesnaTtruumMra acoc Kunumb onuHraH. by ac6o06 gyaHTnap ge6
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aTanyBuM WKKMTA yH4Ya 6anaHp GynmaraH spuM AyManok Llaknja
AcanraH UyTuya KypuHULWIMAArn 31eKTpoAdaH Tawkua Tonrad
(133-paem). [lyaHTnap KaTTa 3neKTpomarHuT uyT6napu opacuga
XOWnawraH 3aBoCM Cypub onvHaguraH Kopnyc uyura ypHaTwuna-
ON. DNeKTPOMArHWT 30CUN KUATaH MalfioH 6Up XXMHCW Ba fyaHT-
nap  Tekucaurura - nepneHgmky-
napgup. [AyaHTnapra reHepartop
KyT6napugaH 1oKopu yactoTanm y3-

rapyByaH KyunaHuw 6epunagu.
KyunaHuil mMakcuMym KuiimaTra
JpuLIraH BaKTAa AyaHTnap opacura
mMycbaT 3apsjnaHraH 3sappa Kupu-
Tvnagn. 3appa 31eKTp  MaigoHu
TOMOHMAAH Kampab onvHagM Ba
MaH(puii 3NeKTPOL uuura Kuputu-
nagu. AyaHtnap opacmugaru aso
3KBUMNoTeHumnan 6ynnb 3ucobna-
133-paewm. Hagw, gemak, 3appa Yy epga (a-
KaT MarHWT MaifoHum Tabcupuga
bynagn. 64-§8 pa aHuknawunranmgek, Oy 3onga paguycum 3appa-
HUHI Te3nurura nponopumoHan 6ynraH [(64.2) ¢opmynara KapaHr]
3apsfnaHraH 3appaHuHIr aiinaHa 6yinab 3apakaTu cogup 6ynagu.
[yaHTnap opacuparv KyYnaHULWHWHE y3rapvil 4acTOTaCMHWU LIYH-
Jail TaHnaimusky, 3appa ainaHaHuWHT ApMUCUMHKM YTWU6, AyaHTnap
opacugarv 6ywnwja KenraH BakTAa ynap opacujparv noteHuuan-
nap apkuM WLWOpacuHU Y3raptTupub, amnauTyfa Kuimatura apuil-
raH 6ynuwnurn kKepak. Y BakTfa 3appa sHrugaH Tes3fnatunrad
6ynagn Ba 6GUPMHYM [yaHTAa 3apakaTfnaHraHura KaparaHga WKKU
MapTa KaTTa 3Heprua 6unaH MKKUHYM fyaHTra yumb kupagu. Kat-
Ta Te3nuKka 3ra 6GynraH 3appa WMKKMHYM AyaHTAa KatTa paguyc-
m (/?7~wn) aiinaHa 6yinab 3apakatnaHagwW, OWMPOK YHUHT SipUM
ailnaHaHu yTyBYM BakTW acnuuya konasepagu (y v ra 6ornuk 6yn-
maiign). LLUyHra Kypa 3appa AyaHTnap opacura KupraH BakTaa
ynap opacugarum KyuynaHull Y3 WWOpacuHW AHa y3rapTupagu Ba

KaTTaaurum xusaTugaH Makcuman Kuimatra spuwagu.

WyHpat kunmb, arap Ky4NaHWULWHWHT  Y3rapu  4acTOTaCUHM
3appaHuHr (64.3) gopmyna 6wunaH awwiaHyBYM aifaHUW gaBpu-
ra TeHrnawTupunaca, y 30/4a 3appa 3ap ran fyaHTnap opacupiaH
yTraHga e'U ra TeHr 6ynraH Kywunmya aHeprus nopLuscuHu onuo,
cnupanra SiKWH arpunuk 6yinab 3apakatnaHagu (r'—3appaHuiHT
3apagn, U—reHepatop vwnab yvMkapraH KyunaHuu).

YHuya KaTTa b6ynmaraH (~105B) y3rapyB4YaH Kyu4/faHWW MaH-
6aura ara 6ynu6, UMKIOTPOH épfamMuja NpoToHNapHu 25 Mae Tap-
TM6Aarn aHeprmsaraya TesnaTuwl MyMKuH. HwucbataH kaTTa 3Hep-
rusnapgaH rrpoToHIap MAacCaCMHUWHI Te3/IMKKa 60rIMKANIU HaMOEH
6ynagn—annaHnw faspu opta 6opagu. [(64.3) ra acocaH y T ra
nponopuuoHanaup] Ba 3appaHUHr 3apakatum 6unaH Te3naTyBuM
MalilOHHUHI y3rapulin opacuaarv BUHXPOHAUK Oy3unagw.
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CUHXPOHNUKHUHT 6Y3UNuWnAaH LYTYIWLW Ba HOKOPU 3Heprus-
AN 3appanapHu OfnW YYyH AyaHTNapHW TabMWHAOBYM Ky4ynaHWL
4acTOTaCUHW €KUM MarHuT MaifoHu WHAYKUMACW Yy3rapyByaH LW-
NHagn. Xap 6up nopuvs 3appaHy Te3naTuw >kapaéHupga Ly Tes-
naTuiura Moc KenyBuM Te3naTyBUM Ky4aHMLL 4acToTacu KamaroB-
yn b6ynraH acbob ¢aszaTpoH (EKM CUHXPOLMKNOTPOH) Aeb aTa-
nagu. Yactotacu ysrapmaifHraH MarHWT MaifoHU WHAYKLWACK
aca T/B HucbatHu ysrapmac caknaraH xonja yarapaguraH ac6o6
CUHXPOTPOH pfeb atanagn (6y Tvngarn Tesnarruynap acocad
3NEeKTPOHNAPHM Te3NaTUWl YYyH KynnaHunagm).

CnHxpodaszaTpoHl) geb atanaguraH Tesnatrmyga xam Tes-
NaTyBUM KyunaHWW 4acToTacu, Xam MarHuT MmalioHn ysrapagu.
CuHxpodhasaTpoHia Te3naTunyByu 3appanap cnvpanb 6yinya amac,
6anku ysrapmac paguycnu ainaHasuii Tpaektopua 6yiinab xapa-
KaTnaHagu. 3appaHuHr Te3nury Ba Maccacu opta 6opraH capu
MarHMT MaligoHW WHAYKUMSACKU WyHAan optub 6opaanku, (64.2)
hopmyna 6unaH aHuUMaHaguMraH paguyc xap Ba’T ysrapmac Ko-
nagn. byHpa ainaHuw JaBpuHWHE y3rapuwu 6up TOMOHAaH 3ap-
pa maccacuHMur opTuwm xucobwura 6ynca, UKKMHYM TOMOHAaH, B
HWHF OpTMILM HaTwxkacuga 6ynagu. TesnaTyBuuM KyunaHuw 3appa-
HWHI XapakaTu 6unaH CMHXPOH OynCWMH YuyH, yuwby KyuynaHuw
yacToTacu Tervwnum LOHYH Oyiinmuya ysrapaguraH umnuHagn. CuH-
XpodasaTpoHga AyaHTnap yk> 3appanapHu TesnaTuwl y3rapyBuaH
yacToTanM Ky4naHuw reHepaTopy TOMOHUAAH XOCWS1 KWWHIaH
3NeKTP MaljoH épaamuaa TPaeKTOPUSHUHE alipum Kucmiapuga co-
avp bynagw.

Xosmpru Bautgarn (1969 iA.) anemeHTap 3appasapHu Te3naTyBs-
YW 3HT KyBBaTAM Te3NaTruy—npOTOH CUMHXPOTPOHN —1967 Wnnga
CCCP pa HOkopu 3Heprusanap ¢usmnkacu nHctutytuga (Mocksa fAum-
Hugarn CepnyxoB LWaxpu) wuwra Tywupuagu. Y npoTOHNapHU
76 ap (76-109 3B) 3Hepruarava Te3naTagH. byHpali 3Heprudra
ara 6ynraH nNPOTOHMAPHUHI Te3Nurn EpyramkHUHT - Gywnunugarv
Tesnurngad 0,01% paH xam kam (xi=0,99992 c) dapk umnagu.

1) CuHXpedasaTpOHHN WYLUWHTAEK, MPOTOH CUHXPOTPOHW f[e6 *aM puTU-
naau.



X1l BOB
METANNAPOA BA APUM YTKAIIMYNAPOA SNEKTP TOKU

69-8. MeTannapgarm TOK TalWwyBYUAApPHUHT TabuaTu

MeTannapga TOK TallyBYMIapPHWHI TabHATUHU aHWMKNAW YYYH
Katop Taxpubanap KunuHraH. 3QHr asBan 1901 #unga amanra
owwnpunraH Pukke TaxpumbacuHu LAl KWUAMW MYMKWH. Pukke
yuynapu Xypga To3a NyHUNraH WKKUMTa MWUC Ba 6OWUTTa allOMUHWMIA
UMANHAPHU onagu. UwnuHapnap pgactnab TtopTuAraH, cyHrpa 6wup-
raJukKaa Muc—aaloMUHUA—MUC KeTMa-KeTnmruga KyinunraH. AHa
WyHAan Tapkubuii yTKasrmy opkanum 6up xun iAyHanuwpga 6up
Wnn gaBomupa y3nykcu3 paBuwga TOK yTKasumb Typungu. ByTyH
Wnn gasommupa uunuHapnap opkanu 3,5 « 10e K ra TeHr 3apsj Okub
yTraH.

flHa KaiiTa TOpruwiap WYHU KypcaTAUKW, TOKHWUHT YTULIK
UMANHAPNAPHUHT OFMPAMTUTa Xey KaHfjah TabCuMp 3TMAac 3KaH.
WyHuHr ek, 6up-6upura Ternb6 TypyBYM yujap MUKPOCKOM OCTUAa
Kapab TekwwupwuaraHga nam 6ump MeTanfHMHI 60oHWacura Kupnbuon-
FraHAUrY Kaip KUAWHIFaH 3Mac. PUKKe TaXpuOGaCMHWMHI HaTuxXanapu
mMeTannappa 3apsf Tawuw atomnap 6unaH amac, 6anku 6apya me-
Tannap Tapkubura KUpyBYM KaHAanaup 3appanap socutacuia aman-
ra owunwungaH pgapak 6epagn. byHpaih 3appanap 1897 ilinnga
TOMCOH TOMOHMAAH KalWdg KUAWHTFaH 3NeKTPOHNap 6ynuwm Mym-
KUH 3au.

MeTannapfia TOK TalwyBuYWfiap aiHaH 3M1eKTPOHNAP 3KAHIUTUHK
KypcaTull Y4YyH TallyBUYMNApPHUHT CONMWITAPMAa 3apagu  KaTTanu-
FMHU Namja WLWOpacuHW aHuknaw Kepak 3gu. LWy HykTam Hasap-
LaH KunuHraH Taxpubanap Kyhugarm Myno”asanapra acocfaHrad
3au. Arap MmeTannapfa OCOH CW/DKWIA OnaguraH 3apsafgnaHraH 3ap-
panap MaBXyg 6ynca, y xonja MeTann YTKa3ruy TOPMO3/aHraH

BakTAa Oy 3appanap MabflyM BakT

w .~ W0 paBomupga mHepuuscu b6yiuua xapaka-

TUHW [aBOM 3TTUPUW Kepak, blaTu-
Xafja yTKkasrmyga TOK UMMNyNbCK nai-
Lo 6ynagn Ba 6yHAa mMabiyM MUKLOP

L 3apaf Kyyumpunagu. YTKasrumuy pgact-
na6 voTe3nuk 6unaH x"pakatnaHaéT-
134- paem. raH 6yncuH (134-paem). YHuU w Tes-
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naHuw 6unaH Topmosnain 6ownainmu3. 3apsag TawyBuunap WHep*
umsacu Oyiiuua 3apakaTWHW [aBoM 3TTUpWMG, yTKasrmura Hucba-
TaH—W Te3naHuwra ara 6ynagu. Kysranmac yTkasruyjga KyunaH-

Bl MW o
raHnnrn = —— 6ynraH INEKTP ManAoOHWN 30CUN umnnmnd, AbHK

Atkasruy yunapura U= IE= — (/ —yTKasrny  y3yHnuru,

T—Mmacca, €' 3ca 3apsaj Tawysuun) noTeHumannap hapkuHu 6Gepuil
opKanu 3am 3apsf TawyBuunapra Xyaau WyHAaik - TesnaHuw

b6epuw MymKuH. By 3onga yTkasruy 6yinab Kyuum i = 3 6ynraH

TOK yTagu, 6yHpa ft—yTkasruu kapwunurn. [Lemak, dt BakTha
YTKa3rMyHUHr 3ap 6GUp KyHZAanaHr KecuMmugaH

dg = Piv = gy by
e'R e'R
3apajg yTagu.
ByTyH TopmoO3naHuw BaKTupa

<69»
(0] v,

3apag yragw.

ByHga g, /, vO Ba R KaTTanukiap ynyaHuwra MaHcybaup.
WyHaaid Knnmb, yTKasrmyHu TopMo3nab Ba Oy 3o0naa 3aHXuppaaH
yTaguraH 3apsgHu ynuab, 3apag TawyBUYMNAPHUHT CONULLTUPMA
3apAAMHU aHUKNaW MYyMKUH. TOK WMMYAbCUHUHT AyHanuwmn 3apag
TalyBUYMHWUHT UMLIOPAacUHU Genrunaigu.

Te3naHyBYaH 3apakaTgaru yTkasruy 6wnaH OynaguraH OWpUH-
un Taxpuba 1913 limnga MaHpgenswtam Ba [Mananekcu TOMOHWMAaH
Kunnu6 KypuaraH sgu. Ynap CuM ypanraH ranTakHW YHUHT YKU
atpompa Te3 bypama TebpaHuwra Kentupgunap, TOK MMMYbCKU
yTuwn 3ucobura 3ocun 6ynraH TOBYLUHWM JWNTULI YYYH rantak-
HWHI yuura TenegoH ynaHagu.

TonveH Ba CTioapT TomoHupaH 1916 ihvnga wWyHAam Taxpu-
O6aHMHT MWKLOPUIA HaTMXacu ONWMHTaH 3an. Y3yHauru 500 m yT-
Ka3rmu ypanraH rantakHu ypamnapHuHTr unusuknum tesnuru 300 m/cek
HW TalWKwun 3TaguraH Kuavb ainnaHma 3apakatra KenTupunagu.
CyHrpa ranTtakH/ KeckKuH TOpMO3naHTupunagu Ba 6aniucruk rab-
BAHOMETP épAammuia TOPMO3NaHUL BaKTUAA 3aHXupgaH OKub yT-
raH 3apag yndaHagu. (69.1) cdopmyna 6yiinya 3mcobnaHraH 3apsg
TalWyBYMnap CONUWTMPMA 3aPAAUHUHT KUAMATW 3MEKTPOHNap YUYyH
e/T ra Xypa 3am SKUH 3KaHAUrMHW Kypcatgu. LyHpgaii kunu6,
mMeTannapfa TOK TalyBuuiap 3NeKTPOHNAP 3KaHAUIW 3KCMEePUMEH-
Tan paBMwWaa TacAWKNaHaW.

MeTannapfa Xyfa KWU4YMK noTeHuumannap @apku 6unaH 3am
TOKHW (03ara Kentupuw MyMKuH. By 300, TOK Tawys4unap—
aNeKTpoHfiap metannap 6yinnab gesapnu 3pKuH CUDKUA onagn feb
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aTnwra acoc 6ynagu. TonmeH Ba CTHapT TaxpubanapuHUHT
HaTWKBNApPU XaM LWy Xyfnocara 0fmMb Kenagw.

OPKMH 3NeKTPOHNAp MaBXYLAUTMHW Wy 6unaH TYLWYHTUPKLY,
MYMKWHKW, KpWUCTann naHxapanap Xocwun 6ynraHupa sHr 6yw 6or-
naHraH (BaneHTNN) 3MeKTPOHNMap MeTann aToMaapuaaH axpanuo,
meTann 6ynarMHWHI ,,KONNEKTUB TalIKUA 3TyBYMCKM® O6ynub Kona-
an. Arap xap 6up atomgjaH 6uTTafaH 3NeKTPOH axpanmb Konca,
3PKUH 3MEKTPOHNAPHUHT KOHLEHTPaUMACcK (AbHU XaXM 6Gupauru-
Jarvn ynapHUHr n COHUW) Xaxm 6upaurugarn atomnap COHMra TeHr
O6ynagn. N HUHT KUAMATUHWU Xxucobnainmk. Xaxm 6upnurugaru

atomnap coHu - MA ra TeHr, OyHAa S5—MEeTaNHUHT 3UYUTH,

(x— kmnorpamm-atom maccacu, NA —ABoragpo coHu. MeTtannap

YUYH 8/(MHWMHT KMiAMaTn 20 KMONb/M3aH (Kanuil yuyH) 200 KMO/b/M8
radya (Gepunnuii ydyyH) opanuBfa 6ynagu. [emak, 3pKUH 3/1eKT-
pPOHNap KOHLUEHTpaumacu yuyyH (Ekum ynapHM yTKasyBuYaH 3fekK-
TpoHnap ge6 xam aTawagwu)

n—1iom-f 109 _3(102-f 108 cm-*) (69.2)

Taprubgarn Kuimartnap Tyrpm Kenagw.

70-§. MeTannapHWHI 3NEMeHTap KacCUK Hasapuacwu

3pKWUH 3NeKTPOHMap Xakmparw TacaBBypfaH (hoiganaHraH xon-
na Apype, KenHuyanuk JlopeHy 6y HasapusHM MyKammannawTu-
pub, MeTannapHUHI KNacCWK HasapusacuHW uwnab 4YuMkkaH. Apyjaa
MeTannapgarn yTKasyBuuM 3NIeKTpOHNap Tabwatu wupgean ras mose-
Kynanapura yxwaraH 6ynagu, pAe6 dapa3 KunradH. TyKHawuuw
opacugaru BaKTnapfa ynap AesipAn 3pKWH XapakaTnaHuw6, ypTaua
X AynHn 60cnb6 ytagu. HOrypuw iynnapu MONeKynanapHUHr  ys-
apo TyKHawuwu 6unaH 6enrunaHyBYH ras monekynanapmgaH apk-
NN paBuLWfAa, 3NeKTPOHMap y3apo 3mac, 6ankuM Kynpok MeTannap-
HUHT KpUCTann naHXxapanapuHyu TawKun 3TYyBYM WOHNap 6unad
TyKHawaaun. by TyKHaluwnap 3NeKTPOH ra3 6unaH Kpuctann naH-
Xapa opacufa WMCCUKAWK MyBO3aHaTW ypHaTUAULWIMIA 0Anb Kenagu.
DNeKTPOH rasra rasnap KUHETUK Ha3apUSICUHUHI HaTMXacWHMW TaT-
OUK STUAULIN  MYMKWHUTMHW  xucobra onmb, 3neKTPOHNAPHUHT
NCCUKNNK XapakaTu ypTaya Te3NUTMHWUHT KWIAMATUHK

(70.1)
topmyna 6yiuya xmcobnabd umkuw mymkuH [l 1. (106. 12) dop-

mynara kapaHr]. XoHa Temnepatypacu ydyyH (~300° K) 6y ¢op-
mMyna 6yinuya xucobnaw Kyhmgaru kuiimatra onmb Kenagwu:
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(70.2) Te3NMK 6unaH OOpyBYM XaOTMK WCCLLIMK Xapakatra
MaifoH TabCup KUAramfa 3NeKTPOHNAPHMHT 6upop UM ypTaya Tes-
aukgaru TapTmbnu xapakaTnapu tosara kenagu. by Tesnuk  Kuid-
MaTuHM / TOK 3uunuru 6unaH xaxm 6upaurmgarn n  3apag Ta-

WyBYMMAp, YNApHUHT 3apsaM Ba ypTava Te3NUK U 6unaH 60rnoB-
uMm hopMynara acocaH OCOH 6Gaxonawl MyMKWH:

j = ne. (70.2)
Muc yTKasruunap yyyH TOK 3UYAUTUHUHT TEXHWK HopManapu

Oyiinya yerapaBuin Kuiimatm 10 a/MM2= 107 a/M2 HW TalKun aTa-
AW, N Yy4YyH 10283 cM~3 = 10D M~3 uuiimaTHU 01no,

J _ 07?
C = 16+ 1049 . 13°- 10-3 I\@(

en
HW XOCWUN Kunammus.

WyHpgaii knnub, xaTTo Xyfja KaTTa TOK 3uunuMknapupa 3apsg-
nap TapTM6nM XxapakaTMHWHI ypTaya Te3nuru (M) WCCUKIUK Xapa-
KaTUHWHT (») ypTadya TesnurugaH 108 mapta kKamgup. LlyHra
Kypa HaTwxaBuii Te3nuk |v + u| MOAynMHWM xucobnawga yHU wuc-
CUKNNK XapakaT TEe3IMITUHUHT Mogynn |v| 6unaH anmawTupuL
MYMKWH.

ONeKTPOHNAPHUHT MaifoH TOMOHWAAH t03ara KenTMPUAraH Ku-
HETUK 3Heprua ypraya KWAMATUHWHI Y3rapuwmHuM Tonamus. Ha-
TUXXaBUIA TE3NMKHUHI ypTaya KBagpaTuK KuiAmatu

(v + u)2= v2+ 2 vu+ n2= V2-+2vu + un2

ra TeHrl). Bupok v HuWHr ypTaya Kuiimatu Honra TeHr (31-8 ra
KapaHr). LUyHUHT yu4yH
(v u)2= v* -l n*
Jemak, TapTnbnn xapakaTt 3N1eKTPOHNAPHWUHI KWHETWUK 3HEeprus-
CU TK HM ypTaya

oH = (70.3)
ra opTTMpagu.

OM uyoHyHW. [pYyAEHUHT Xmcobuya, 3MEKTPOHHUHT KpucTann
naHxapa WOHW 6unaH Hasb6aTgarn TyuHalwyBWUABOK 3/IEKTPOHHUHT
TapTmMbnn xapakar Te3nuru Hoara TeHr 6ynagu. dapas Kunanawuk,
MalijloH Ky4YnaHraHnuru ysrapmac 6y/ncuvH. Y xonga MainfoH Tab-
cupu octuga 3nekTpoH eE/T ra reHr 6ynrad ysrapmac TesfaHuu-
ra ara 6ynu6, HOrypuLLHWHT OXUpuga TapTubnu xapakat Te3nuru

ypTayda
— cE
Uno — —T (70.4)

0 Aarap MKKuTa Tacoaguduini a Ba bu,vn7||\/|aTnap 6up-6upura 6esnuk _bynma-
ca (V Ba W Tesnuknap ydyyH YpuHnu bynrad), y ponga ynapHuur KynautMacu-

HUHT ypTaya KuiiMaTu ypTaya Kuiimatnap Kynahitmacura TeHraup: ab a<h
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KuiimaTra era 6ynagm, 6yHAa T—3MeKTPOHHUHI MaHXapa MoHnapu
6unaH yBapu WKKWTA KaTMa-KeT ypuauwgaru ypradya BakT.

Opyne 3NeKTPOHNapPHUHI Te3nuknap 6yiunya Takcumon-blu *u-
cobra onmacpgaH, 6apuya 31eKTPOHNap 6WMpP XM KUiMaTau Ta Te3NuK
6unaH rpaHaTt kunagu pe6 ongu. by TaxmuHAaa

K
\

6ynn6, 6yHAa >—3pKUH HKTYpULl Y3YHAUTUHWHI ypTaya Kuiimatw,
V—3/1eKTPOHaPHUHT UCCUKAUK "apakaTu Te3nurm (6us |v + u|)
HUHT amanga |V | ra TeHr akaHaurugaH QoliganaHauk).

T HUHT By KuimatuHu (70 4) dopmynara KYsmus:

. 70.5
- (70.5)

FOrypuiw BakTUga W Te3NMK YM3UKAU y3rapagu. LUYHUHT yuyH,
YHUHT ypTaya KuiiMatu (IOTypuliyn yuyyH) Makcuman KUAMaTUHWUHT

APMUTA TEHT:
1 - e§\
M= —nNnn- - .
2 2mv

by wngopgaHn (70.2) chopmynara Kyiuo6,

/= %VB
HU ~oCcuUN Kunamus.

TOK 3Munury MafoH KyunaHraHaMrura mMponopuMOoHan 3KaH,
AemMak, 6u3 OM KOHYHWHM )pcun kmnguk. (33.4) ra MyBOQUK j
Ba E opacupgarm nponopumoHanink KoahpuuueHTH YyTKaszyBYaH-
NWKHWU wngoganangn:

0= o my (70.6)

Arap 3/eKTpOHNap MnaHXapa WOoHMapu 6unaH TYKHawraHga
34U, 3PKWMH HOTypuw Nynum Ba Aemak, YyTKadyBYaHIUK YeKCU3 KaT-
Ta 6ynap agu. LWyHpgain kunwb, mMeTannapHWHT 31eKTP KapLWnK-
napu 3pKUH 3NEKTPOHMAPHWUHI  METa//IHMHT  KPUCTann naHXxapa
TYryHnapufa >oinawraH WOHMapu 6unaH TyKHaWUWLWAapW HaTu-
Xacupa tosara Kenagw.

Xoynb—JleHU UOHYHU. JpKWUH HOTYPULLUHWUHI OXWUpUAa 31EKT-
POH KylUMMYa KWHETWK 3Heprusara spuwagn. by aHeprusHuHr ypra-
ya kuiimatn (70.3) Ba (70.5) dhopmynanapra MyBO(UK

* —_ *
re* - 91]2”“ = o & (70.7)
ra TeHr O6ynagwu.

JNeKTPOH MOH 6unaH TyKHawrad, gapasmmusra K>ga, rypuL
BaKTUAa ONraH Te3/UTUHU Tyna MykoTagu, AbHU (70./) 3HEPrUsiHH

KpucTann naHxapara Gepagu. By 3Heprus UCCUKAMK cudaTtuga
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HamMo&H Oynub, MeTan/HUHT WYKWU 3HEeprusicuHu opTTupagu. Xap
O6up 3NeKTpoH 6uMp cekyHA pfaBommpa yptadya 1|1 = ™X TykHa-
wuwra Ay4 Kenmb, *ap ran naHxapara (70.7) ra TeHr 3Heprus
6epagu. emak, *axm 6upnurungaH 6mMpnuk BakTaa

w=ntAes e

X 2 mv
WUCCUKIUK axpanuwu kepak, 6yHpa n—Oupnuk ~axmparun YTka-
3yBYaH 3/IeKTPOHIAp COHMW.

W KaTTa/ MK TOKHWUHI CONUWTMPMA KYBBATUHWHI y3rMHacugmp
(34- 8 ra kapaHr). Er ongugarn kynaintysum (70.6) garm 0 HWHT
KuiimaTn 6unaH moc Tywagu. LWyHpah kmnmb6, 6m3 XXoynb—JleHy
KOHYHU wudogacu (34.5) ra ara 6ynguk.

BugemaH—®paHL KOHYHW. MeTannapHWHI OKOPWU 31eKTp YT-
KasyBYaHNMKNapu 6unaH 6upra, HOKOPU WCCUKINK YTKa3yBYaHIUK-
Ka ara sKaHnuru TaxpubagaH Mabaym. 1853 innga BugemaH Ba
®PpaHL UCCUKNUK YTKa3yBYaH/IMK KOIPAOULUEHTU X HU 3INEKTP YT-
KasyBYaHNNK KO3(PUUMEeHTN O ra Hucbatn 6Gapya meTannap y4yH
TaxmMuHaH 6up xun 6ynn6, abconwT Temnepatypara nponopuuo-
Han y3rapuwuHu KypcaTyBYM 3IMMNUPUK KOHYHNAPUHW aHUKNnagu-
nap. MacanaH, xoHa Temnepatypacuja 6y HucOGaT anlOMUHUI YUYH
58 m10-®, mMuc yuyyH 6,4 «10~6 Ba KyprowuH ydyyH 7,0 « 10~6
——————————— ra TeHr.

CeK mrpag

MeTann 6ynmaraH kKpucTtannap *am WUCCUKIMK YTKasuw Kobwu-
nmaTtura aragup. bupok MeTannapHUHI WCCUKIUK YTKa3lyBYaHIUTU
OVANEKTPUKNAPHUHT  UCCUKNWK YTKadyBYaHNUIMAaH kKaTta Qapk
Kunagn. byHpaH, MeTannapja WCCUKNMK YTKa3yBYaH/MK acocaH
KpUcTann nadXapanap 3ucobura smac, 6anku 3nekTpoHnap “~nco-
6ura 6ynagnm peb6 xynoca Kuamw MYMKWUH. 3NeKTPOHMapHM 6up
atomMnun ras cudatmga kapab, MCCUKAUK YTKaszyBYaHAWK KoO3ah(pu-
LMEHTW YUYH rasnap KWUHEeTWK Hasapusacu udogacumgaH oinganaHuiu
MyMKUH [l Tom, (113.6) dopmynara kapaHr]:

X= —nmyv)c
3 \

(y epfa am oOpKanu ras 3vMuauru GenrunaHral, v YpHura v

OJTHHTaH).
Bup atomnyM TrasHWHr CONMNWTUPMA WMCCUKAUK CUTUMU CV —
0 17 y

*¥=— -=-— ra TeHr. by kuimaTHm * yuyyH é&sunraH wudogara
2 ¢ 2T

Kyine,

X= —tlkv\
2

HU ~OCWUA  KMNaMus.
X HU 0 yuyyH ésunrad (70.6) udopgara 6ynamms.

y. kmv*
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—x - kIl anmawTHpHwaaH doiganaHnb, BngemaH|—PpaHy,

KOHYHUHWU M(h0JanoBum

MyHocn6aTra Kenamus.
k 1,38+ 10~ >x/rpag Ba e = 1,60- 10~19 Kk n"pHU YypHUTa
Kylin6,
- = 2,23+10-8T
a

HW ~OCUN KMNnamus.
T-m300° K pga x/3 HMUC6GAT Yy4YyH 3KCMepuMmeHTan MabaymoTnap
6unaH Xypa 3"am Moc kenaguraH 6,7 ¢ 10 6 —— KuniimaTt "o-
cek mrpag
cun kmnuHagm (Al, Cu Ba Pb yuyH tokopuga KenTUpuaraH Kui-
maTnapra kKapaHr). BMpoK KeMMHYanMK aHUKNaHuWwuMya, WyHYanuk
AXWKU MOCnawyB TacoAU(UIA 3KaH, YyHKM JIOpeHL 3MeKTpoHAnap-
HUHT Te3nuknap 6yinya TaKCMMOTUHM Xucobra onraH xonga 6up-
MyH4Ya aHWKpPOK “ncobnab umkmb, x/o HMcBAT y4yyH Taxpuba Ha-

2
Tuxanapun 6unaH yHYanuK AXWy mMoc KenmahnguraH 2 " T Kunn-

MarHu xocun K-ungul).

WyHgah knnnb, knaccuk Hasspua Om Ba XXoynb—JleHy K°-
HYHNapuHU TyWwyHTUpPa ONAW, WYHWHrAeKk, BwuaemaH—dpaHy
KOHYHWHW aH4ya cudatnm TywyHTupmnbd OGepgu. Ly 6unaH 6upra
Oy Hasapus XuWgLuA KWANHYMAUKNapra yupagu. YnapaH UKKUTa-
CU 3Hr acocuiinapu xucobnaHagu. (70.6) popmynagaH Kennoé uyu-
Kagukun, MeTannapHWHI Kapwuiauknapu (SbHU O ra Teckapu 6ynrad
KartanuMk) ksagpat wuagusfaH dukapunraH T kabu optu6 6Gopuiumn
Kepak. XakukaTaH Xxam fi Ba > KaTTa/lMKNapHUHI Temnepartypara
6ornnk pe6b aWTuwra ey KaHpah acoc Wyk. Wccuknmk “apakat
Te3NUrm aca mngu3 octmgarm T ra nponopumoHangmp. Hasapus-
HUHF 6y Xynocacu TaxpubaBuii MabnymoTnapra 3uj Kenagw;
MeTafiNapHUHT 3eKTP Kapwuamrn T HUHT 6GUMPUHYM Japaxacura

nponopuuoHan, ssHM V T ra KaparaHga Te3pok opTub 6opaau
(33- § ra kapaHr).

Knaccnk HasapUSHUHT UKKUHYM KUAWHYMAUTKA LWYHAaH mbopart-
KW, 3N1eKTpPOH ra3 3/2 R ra TeHr 6ynraH MOAAp WCCUKIUK CUTU-
mMura ara 6ynmwn kKepak. by kKaTTaiukHM 3 R HM TawKun 3TyBuu
naHXXapaHWHTr WUccUKNnkK cupumura kywno6 (I 1., 141-§ ra kapaHr),

MeTa//THUHT KWUI0TPaMM-aTOM MCCUKIUK CUTUMKU YYYyH — R KWii-

MaTHM ~ocun Kunamu3. LUyHAaid Kunmb, Knaccuk 3MeKTPOH Hasa-

*) KBaHT Hasapuara mysodul
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puara\ MyBo(pMK MeTannapHUHT KUAOrpamMM-aTOMUAaru WCCUKINK
chfhm” gunanekTpuknapHukura KaparaHga 1,5 mapta katta 6ynuwiu
Kepak.\“akmkataa 3ca, MeTannapHUHT WCCUKIUK chfhmh MeTann
6ynMaraH KpUCTannapHUHT WCCUKIWK CUTMMAapupad cesunapnu
napaxa”a ¢apk kunmaigu. byHgail HOMYBOGUKAWKHU (hakaT Me-
TannapHWHI KBAHT HasapuACMruMHa TYWYHTUpPa ONAU.

Knaccuk HasapusHUHT KaTop “ojucanapHu TyWyHTMpa oOJiMac-
nurura kaPawmaid, y3 a“aMuATUHM WYy BakTra Kajap caknab ken-
OV, YYHKH 3pKWH 3N1eKTPOHMAap KOHUEHTpauuacu KWYuK 6ynrad
nonnapga (6y ”~on ApuMM yTKasrmunapga YpUHAMAWP) Y KOHU-
Kapnu HaTuxkanapHu 6epagu. LUy 6mnaH 6upra Knaccuk Hasapus
KBaHT Hasapuacura KaparaHga 6upMmyHuYa copga Ba Kyprasmanu-

anp.
71-8. MeTannap KBaHT Ha3apuacu acocnapm

MeTannapHUHT KNacCUK Hasapusicufa YTKa3ruy 31eKTpoHANap
NCTanraH KuWiAiMaTau 3Heprusara ara O6ynuwyM MYyMKUHAUTU y3-Y3U-
faH TylwyHapnu fe6 ~ncobnaHap 3gu. KBaHT Hasapusicura MyBO-
(UK ucTanraH Kpucrtanna xucmgarum (XycycaH, MeTannapja) anek-
TPOHMAp 3HEpPruAcu XyAAau aTtoMAaru 3NeKTPOH 3Heprusicm Kabu
KBaHTNaHUW XyCyCcuATUra 3ragup. by LWyHW aHrnataguku, 3snek-
TPOHNAp 3Hepruscu 3HepreTuk cat” fe6 atanyBuu hakaT gUCKpeT
(AbHM Yeknn opanuknap 6unaH axpanraH) KuiimaTnapHu Kabyn
Kuna OAUWIKM MYMKWUH. KpucTannapja pyxcaT 3TUAraH 3HepreTmk
caT™nap 30Hanapra rpynnanaHagu.

30HanapHUHT Kenubé YMUMWKWHKA TYLWYHUW YYYH KpucTannapga
aTOMMApHUHT 6upnawunw  NpoLEecCUHN XaénaH Kapab u4ukKamus.
Hactna6 6upop moggaHuHr N Ta m3onsyuMsnaHraH atomnapu Ge-
punaraH 6yncuH. WcTanraH aTOMHUHT ~ap 6up 3NeKTPOHM pyxcaT
3TUATaH 3Heprus KuiimaTnapugaH 6upura ara 6ynagu, SbHU pyX-
caT 3TUAraH 3HepreTuk caTtnapgaH OupuHu 3arannagmn. AcocaH,
aTOMHUWHI  yiAroHMaraH “onaTuja 371eKTPOHMapHUHT AUTUHAN 3Hep-
rmacM MYMKWUH OynraH MuWHMMan Kuiimatra ara 6ynagu. LUyHWUHT
YUYyH, Ty& 6apya 371eKTpoHnap 3Hr Kyiu cat™ga 6ynuMwnapu ke-
pak. Bupok anekTpoHnap MMayNnWHWHT TabKUKIOBYU TMPUH-
umMn ura 6OyincyHaam, AbHW uUCTanraH KsBaHT cucTemaja (atomaa,
Monekynaga, kpuctannga Ba >{oka30) “ap 6up 3sHepreTuk cat”ga
NKKUTaLaH OPTUK 3MEeKTPOH 6ynunwm MyMKuH 3amacl), 6yHfa anek-
TPOHNApPHWHT 6UpP BakKTAa 6uUp Xun cat™ga TypraH Xycycuin Mo-
MeHTnapu (CnuMHNapu) Kapama-Kapwuy #AyHanauwra ara O6yauwm
Kepak?. [lemak, aTOMHWHI 3HI KyiW caT”ujga hakaT MKKUTA 3nek-

* Bup XUN KUAMaTnAu 3Heprua TypAK KBaHT ~onatnapra Tyrpu Kenuwu 3;am
MYMKWUH By pogmcaHu a mHuW w aeb atanagn, 6Up XUN 3HePrusanu Typau xonat-
nap coHuM 3ca alHwWwW Kappanunwurun (g) Aehivnagu. by "onpa jhap 6up
JHepreTuK catafa 2 g fAaH OpPTUK 3nekTpoHnap bynmanawu.

a) Maynu npuHuunura takat 3nekTpoHNapruHa amac, 6anku SpuM  CNUHTa
ara 6ynraH b6apuya 6Gowka 3appanap “am 6yihcyHagu [51-§ parm (51.4) dopmy-
nafiaH KenuHru TekcTra kKapaHr].
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TPOH >KOMNaWMWKN MYMKWH, KOJramnapu aca Xy(pT-Xy(pT xonga
6upMyHYa HOKOpW caTxnapHu Tynaupub Typagu. 135-paempga 5 Ta
3N1EeKTPOHAN aTOMHUHI acocuil  Xonatuga 3NeKTPOHNApPHUHT caTX-
nap Oyiunua >xonawwuwn KypcatmaraH. CaTxnap cxemacu Macll-
Tabnapra puvos KuIMHMaraH Xonja LapTau TacBupfaHraH. 3nek-
------------- TPOHMAp CTpenkaau govpavanap 6unaH GenrunaHrad.
------------ CTpenkanapHuHr Typau  WyHanuwym  CNWUHAAPHUHT
Yapama-kapwu iyHanuwnapura Moc Kenagu.

. ATomnap 6up-6upungaH axpartunraH éynca,y Xx°n-
—femee- fJa Tyna MOC TYWYBYM 3HEPreTMK carxnap Cxema-
, cura 3ara Oynuwm MyMKUH. CaTx/TapHUHT 3/1EKTPOH-
—1—4— nap 6unaH TynmM6 60puliNM 60OLIKA aToMaapaaru LWyHra
* yXwalw caTXMapHUHr Tynu6 6opuwmnra 60rnuk 6yn-
fo1 maraH x°nga, xap Oup arompga amanra owwuwu

| | MYMKWUH. ATOMnap 6up-6upura SKMHMAWraH capu
ynap opacumja Ky4aimb 6opyBuYM y3apo TabCcup naii-
135- paem. A0 Oynagw, Oy aca caTxiap XONaTUHWHI y3rapuwiura
onmb kenagn. bapuya N Ta aToM y4yyH OGHp xun 6yn-
raH 6utra carx ypHura, N Ta 6up-6upura xyga AkuH 6ynraH,

6UpPOK ycTMa-ycT TylwMalnguraH catx nocun Oynagu.

LWyHpak knnub, mnsonaumanadrad \ap 6up atom eaTxu Kpuc-
Tannga nonoca €KW 30HA HWM  XOCUT KWUYBYM KYHK >KOWnaw-
raH N Ta catxra 6ynuHagu.

Typnu caTxnap yuyyH 6ynuHuw (napyanaHuw) katranuru 6up
Xun amac. ATOM Agpocura SKMHPOK XohnawraH (MYKu) 3NeKTPOH-

nap 6wnaH TyngupwaraH catxiap
TalWKW 3M1IEKTpOHIap 6unaH Tyn-
aupuarad  catxnapra Kaparaxga
KamMpoK ranaéHnaHagu. 136- paewm-
fa atomsap opacugaru r macoda-
LLiHr dyHKUMACK eudaTuga Typau
caTXNapHUHT  OyNMHMWKN  Kypca-
TunraH. Paemga 6enrwnaHraH T,
Ba 2 KMiMaTnap WKKW XWa Kpuc-
Tanngarn atomnap opacuparm Ma-
cotanapra mMmoc Kenagu. Wukun
3NeKTpOHNap 6unaH Tyngupunrad
caTxnap KpncTannapja >Xyfja Xam
Kam OyNMHUWIK CcXeMafaH Kypu-,
HWM6 Typnban. BaneHT anekTpoHnap
6unaH TynaupuaraH cart.\apruma
cesnnapnn 6ynuHagun. LUyHaaid 6ynMHULL aTOMHWHI acocuil Xona-
TMAa 3MeKTpoHNap 6unaH TyngumpuamaraH aH4ya HOKOpM caTxnapra
TaannyKnmaup.

ATomnap opacupary macoda etapaMya KuM4mMkK bynraHga aTtom-
NapHWHT MKKWTA KYLWHKW caTxfiapura MOC KejyB4YM 30Hanap ysapo
KOMMaHn6G Konuwm MymKuH (aTtomnap opacuparu r2 macodara Typ-
Py KenyBYM MYHKTUP TYrpuM YU3UKKA KapaHr). ByHpai Kywwununb
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KBTraH 30Hajaru cat3nap COHW aTOMHWHI 3ap WKKana CaT3HUHT
AYIMHTAH COHNapu WWpMHAWMCUTa TeHr Gynagw.

Y3apo Taveup uumnysuym atomnap llayavHUHT Tab*M*noBYun
NPUHUMNWU Tabcupuparn AroHa KBaHT CUCTEMaHW TalWKWA Kunagwu.
[emak, usonaumanaHraH aTtoMiapHUHT 6GUpPOpP CaT3UHU  Tynaupuo
TypyBuM 2N Ta 9NeKTPOH Kpuctannga Xy®pT-XydpT (Kapama-kap-
WK CnuHAM) 6ynmb, Ternwnm nonocaHnHr N Ta caT3aura >XXoina-
waaun.

Kampok 6ynuHraH cartsnapgaH ubopaT 6ynraH nacTku 3o0Hanap
KpucTannga 3am y3 aromu 6unaH mMycTazkam OOTAMKAUTUHU  RAy-
KoTMaliguraH anekTpoHnap 6unaH Tynué 6opagun. KeinmHuyanuk 6y
30Hanap Ba ynapHu TYNAWPYBYM 3MeKTPOHNAap OU3HU * KU3NLTUP-
mangu.

Kpuctannga BaneHT 3/IEKTPOHMAPHUHT Nyn KyWunraH uyuimar-
NN 3HEepruacuM pyxeat 3TWAraH UWAMATAM 3Heprus 6GynmaraH opa-
nub;nap 6unaH axpanub TypyBuM 30Hanapra 6upnawapun. by opa-
NWKNapHH TabUMKNaHraH 3o0Hanap pge6 artanaguw. Pyxeat
3TUNraH Ba TabKUKNAHTaH 30HaflaPHUHI KEHTIUTW KPUCTaNNapHUHT
ynuyamnapura 6ornub; 6ynmangun. LyHgain kunmb, Kpuctannga
aToMfap KaH4yanuk Kkyn 6ynca, 30Hanapgarv cartsfiap LUYyH4Yanuk
3MYPOK XolnawraH 6ynagn. PyxeaT a3TWAraH 30Hanap KeHramru
6up Heuya 9NEKTPOH-BONMbT UuiMatra 3ra 6ynagu. [emak, arap
Kpuctann 1023 Ta aToMfaH Talkun TonraH 6ynca, 30Haja KyLWHK

caTanap opacugaru macoha ~ 10 38 ra ara 6ynagu.

A6CONOT HONMfja KPUCTann 3HEPrusacuM MUHUMan Bynumwun Kepak.
LLYyHUHT YUYYH BaneHT 3MeKTPOH XY(PT-XY(HT 3014a pyxeart sTUAraH
30HaHWUHI NacTKU caT3uHW Tynaupagu. by caT3nap aTOMHUHI aco-
CWii BaneHT 3NeKTPOHNAp 3rannaraH catsfiaH 3ocun 6ynagu (6yHm
6M3s BaneHT 30Hanap Aeb6 atainmus).byHaaH Kuwopupob; Typrad
pyxeaT 3TWAraH 30Hanapfa 31eKTpoHnap 6ynmaingu. BaneHT 30-
HanapHWHT 3NeKTpPOHNap 6unaH Tynuw fapaxacura 3ampja TabKuk-
NnaHraH 30HaHWHI KeHraurura kapab, 137- pacmga TacBMpnaHraH
y4 301 MaBXyjA OynuMwmn MyMKWH: a) 3014a 3/1eKTPOHNap BaneHT
BOHaHW TynuK Tynaupmalign. LUyHUHT y4yyH ‘tOKopu caT3napga

a HeTuymn 4. SMYyT Ty 6 wwwop

137 paem.
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TypraH 3MeKTPOHMapra ynapHM siHa Xam KLO0pWPOK caTxnapra yT-

Kasuw yuyyH yHya Katta OynmaraH (ICT23-F-10~25s) aHeprus Ge-
pvw etapnuaup. 1°K ga uccwyTtuk xapakaTt aHeprusicn (KT) Tax-

MUHAH 10'4 HM (XOHa Temnepatypacupga— 1/40 3B) TaWKun
atagu. fAemak, 0° K pgaH dapknu Temnepatypanapfa 31eKTPOH-
NapHUHT  BMp KUCMKU BMPMYHYa HOKOpK caTxra yTagu. DNIeKTPOH-
HUHI 3MeKTp MaliloH TabCcupuaa ONraH Kylmmya 3HEPruAcHU Xam
YHUHT  OGMpMyHYa OKOPMPOK caTxra YTUIUM YYYH eTapin 3KaH.
LUYyHWHT y4yH 3/1eKTpOHNap 3MeKTp MalfoH TabCcupuga Tesnawu-
WM Ba MalfoH WyHanuMwura kapama-kapwu FWyHanraH Kywumya
Te3NMKKa 3ra Oynuwm MyMKuH. LyHpain kunub, OyHaain aHepre-
TUK caTxnap cxemacura ara 6ynraH KpucTtann metanngaH mbopart-
anp.

IOArap aTOMHUWHI oxupru 6ynraH catxupa akaTt 6utTa aNeKTpoH
6ynca; €Ky 30HaNapHUHr y3apo Koauwu ypuHnu 6ynca (136-pacm,
rr macotara Kapaur), BajIeHT 30HAaHWHI KUCMaH Tynuwu (Metann
YUYYH YHM YyTKa3yBYaHNUK 30Hacu jge6 xam aranagu) co-
avp 6ynagu. bupuHun xonga N Ta yTKasyBYaH 3M1EKTPOH XYy(T-
XyPT 6ynnb, BaNeHT 30HA caTxXapuHUHT (hakaT SAPMUHU  Tynau-
pagn. VIKKMHYM Xonfa yTKasyBuYaHAMK 30Hacupga catxnap coHu N
fJaH Kyn 6ynagu, LWYHWHT YYYH YTKa3yB4YaH 3/eKTPOHNap COHU
2N ra TeHr 6ynraHga xam ynap 30HaHUHI XaMMa CaTX/apuHu
arannain onmangu.

6) Ba B) Xxonnapwufa BafieHT 30Hanapjaru carxnap 3/IEKTPOH-
nap 6wunaH TynuK, SbHW 30Ha TyaraH 6ynagu. ONeKTPOHHWUHT
JHEPTUACUHU OPIrTUPULL YYYH YHra TabKWUKMAAHTaH 30HA KeHruru

fJaH Kam OynmaraH sHeprus Mukgopu 6epuwl Kepak. OnekTp
MainfoHM (Xap xonfa, KpucTannga anekKTpuK Tewunuw pyin 6ep-
MaliguraH KaTTanvKparu KyunaHraHiuk) afnekTpoHra 6yHpai aHep-
rma Gepuwira kogmp amac. byHpai wapouTnapga KpUCTANSIHUHT
3NEeKTp Xoccanapu TabKWUKNaHraH 30Ha KeHrnurm AW 6unaH aHuk*
naHagn. Arap &W yHuanuk Katta 6ynmaca (6up Heya YH 31eKT-
POH-BONbT TapkMbupaa), UCCUKINK XapakaTu 3Heprusacu 6up Kuem
3NeKTPOHNApHU OKOpUTK Byl 30Hara yTKasuw Yy4yyH etapnu 6y-
nagn. by anekTpoHnap MeTannapja BaneHT 37eKTpPOHNap TypraH
WwapouTra yxwaw 6ynraH wapoutna 6ynagu bByw  30Ha ynap
YUYH yTKasyBYaH 30Ha Oynub6 konagu. bup BakTAa BaneHT 30Hajaru
3NEKTPOHAPHUHT YHULT OKOPUTK caTxnapura yTulnM MYMKUH Oy-
nn6 K°nagu. byHpgalh mMoffa 3N EeKTPOHAW APUM YTKa3rmu
[e6 aTanagm.

Arap TabKuknaHraH 30HaHWMHT [Ne keHrnuru (6up Heya 3nek-
TPOH-BOMbLT) KaTTa 6Oynca, WCCUKIMK XapakaTu Oyl 30Hara yHua-
NNK KYyn COHAW 3MeKTPOHNAapHM YTKasa onmaiign. By xonga Kpuc-
Tann M30NATOP XucobnaHagu.

WyHpak  kunmb, KBaHT Hasapuacyu AXWW  YTKA3rMUYNapHUHr
(meTannap), fpMM yTKa3ruy Ba M30AATOPNAPHUHT  MaBXYLUTUHU
AroHa HYKT™M HasapfaH TyWYyHTMpu6 Gepagu.
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MeTannga 3neKTPOHNAPHWHT YTKa3yBYaHAWK 30Hacuparu carx*
nap 6"nya TakCUMIaHMWKMHKM Kapab uuuainuk. ABCOMOT Honga
MaCtkn N/2 cat™nap 6yw 6ynagu. 138- pacmpa 6yHfail TakCumoOT
AXANT 4M3MK 6unaH KypcaTunraH. OpauHata yKu 6yiinya MaBXyg
car3garv 31eKTPOHAap CoHU KyhwunraH [2/(U”) 6eArmnawHuHI mas-
MYyHU KelnHyanuk onguHnawagn]. CatgHm 6enrvnawl  y4yH  WH-
fnekc cutatnga yHuHr W aHepruscu oinganaHunraH. XycycaH

Zitw
P oo —
1 A .
o wWTaKk W

138- paem.

3HEpPreTUK caTNapHUHI JUCKPETINIMHK “ncobra onraHga WnaxgaH
yan TOMOHAa TaKCMMOT 2 OpAMHATaIN HYKTaNapHWHT  ANTUHANCK
6unaH, UZexgaH yHrga sca 0 OpAuHaTanu HykTanap 6unaH udgopga-
naHagn. bupok catgnap opacuparm macoganap Xyfga Kuunk 6yn-
raHaurn Tygainum, 6y HykKTanap Xyfa 3ud Xohnawmb, AXamtyu-
3UKHW [OCWUA KWnagu.

AGCONMOT HOMNAA KOKOPUIU TynAraH cat™ yuyH KBaHT Hasapuscu

- R (3r:>n)k

KniimatHn 6epagn, 6yHga K = 1,05- 10-34 >K-CeK, T. — 3/IeKTPOH
maccacu, M —Jfaxm oupnurngarn apknH 31eKTPOHNap  COHW,
n =* FOX M~3 3KaHAUTUHK 3bTUBOPra 0nue,

1C4 e 10—68
= 2°091.10-30(3 *3,14s.10-1» 1.26-10 -» * * 8

HU ~OCUNT KMNamus.

Arap 30Ha catgnapu 3Heprus yku 67iinab ysrapmac 3uYIMK
6unaH TakcumnaHraHga sgn (avHu d\V 3Heprus nHTepsBanura Typ-
pn kenraH dz cat™nap coHn W ra 6ornuk 6ynmaraHga), 3nek-
TPOHNAP 3HEPIMACUHUHI ypTaya KuiiMaTh Makcuman KUAMaTUHWUHIT
ApMuUra TeHr 6ynap 3sfu. “akukaTtga catafnapHuHr sudnurm VW

ra nponopuyuoHanamp, fvHn dz~Y W dW . [wucobnawnap abco-

JIIOT HONAA 3NEeKTPOHNAPHUHI ypTaya 3Hepruacy yuyyH W = -Oumax

KuiimatHn 6epagu. [Jemak, xatto 0°K pga fgam yTKasyBYaH/IMK
3M1eKTPOHMap MeTannapfa ypraya TaxMWHaH 5 3B ra TeHr 6ynraH
KaTTa KWHeTWK 3Heprusira ara 6ynagu. Knaccuk 3neKTpoOH rasra
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WYyHAAR aHeprus 6Gepuln YUYYH YHW TaXMWUHaH TYPT 103 MWHT rpa-
ayc KenbBuHrava umsgupuwl kepak 6ynagu. Wsonatopnapga Ba-
NEHT 3NeKTPOHNapu "am LWyHAal Te3nukha “apakatnaHagu. bupo”
ynap wyHAan wapoutha Oynagumkun,3NeKTp MalfCH YNapHUHT X,0-
naTMHW y3raptupa onmaigu Ba 6up MyHanuw 6ylimya YCTYHIMK
AMNyBYM "apakaTHWU to3ara Kentupa onmangu.

0° K gaH (hapknu Temnepatypanapfa 31eKTPOHMAPHUHT Typau
cat™napga Oynuw aMTumonu uaHgalh OyAMWWHW - aHUKNAaRNuK.
Knaccuk usnkaga 3appanapHuUHT Typiu 3Heprusnu ~onatnap 6y-
Mnya TakcumoTu BonbuMaH ¢yHKuMAacu 6Gylinya XxapakTepnaHagn:

C BT
‘B(W) = Ae (71.1)

6y epfa A —nponopunoHanank koapdpuumneHtn [1t., (109.6) dop-
myna 6unaH TawocnaHnr]. by dyHkuus op”ann 3appaHuHr W aHep-
ruanm “onatpa 6ynuw 3"TUMONWHWU aHWKNAW MYMKUH.

(71.2) TakCUMOT (PYHKUMACUHU MaBXy[ 3Hepruanu 5fap 6up
Aonarga 4ekcus muBhopparv 3appa 6ynuwm mymkuHl) ne6 dapas
Kunné TtonraH aguk. MaynuHWHT TabUWUKIOBYM  NPUHLMUIAHK
cobra onyBYM TakCUMOT (PyHKUMAcH DPepmyM TOMOHMAAH TONWUAraH
agn. Y “yimparn KypuHuwra ara;

f(W) = e {W wF)KT+ L. (71.2)

by epga W —6epunraH cat* sHepruacu, Wf— depmnu cat’™u
fe6 atanyBuym cucTema napameTpu.

(71.2; dyHKUMAa OGepunraH CaT HWHI3INEKTPOHNAP GUNaH Tynuuy,
IMTUMONNNTUHKN Gepafu. 138- pacMgaru AXAUT 3arpu YU3KUK 2 Ky-
namTyesumMraya aHuknmk 6unaH T= 0 yuyyH (71.2) ¢yHKuma rpa-
(mry 6unaH MOC TYLWULIMTA OCOH WMLWOHY "OCU KWW  MYMKUH.
XauuuataH *am, 6yHgai “onga

arap W < WF 6ynca, f{W)~ 1
Ba
arap W > Wf o6ynca, t (W) = 0.

WyHpain knnmb, 0°A pa Pepmm  cat™m  3nekTpoHnap 6unad

TynraH wouopn W cat” 6unaH Moc Tyliagw.

(71.2) tyHkuma W = WF yyyH wuctanraH Temnepatypaga 1/2
ra TeHr “mimatra ara. [emak, ®epmn cat™u Tyauw 3 TUMONINTK
ApMura TeHr b6ynraH (6yHpali caTaga yptaya 6GuTTa 3/1EKTPOH OYy-
naan) aHepreTuk cat™ 6unaH moc Tywaan. Wf HUHr “MAMaTUHK

A2 f(W>)=N (71.3)
K

1) 77= 0 pga (71.1) dyHKuma aHeprusaHuHr W = 0 gaH 6oHwa 6apuya Kuii-
mMaTnapufja Honra ainaHagu. by 3ca Gapuya 3appanap HOMb caT3fja Typuwnapu
KepaknuruHm oungupagu.
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WwapThaH Tonuw MyMKWH, 6yHga N —KpucTanngaru BaneHT afek-
TPOHNAPHUHITY/Ia COHW. >ap 6Up uywnnyBYn K- cat farv anekr-
POHMAPHWHI ypTaya COHWHWM 6enrunaingn. WurnHgn BaneHT 30Ha
Ba YHWHI ycTupa ETyBuM [0AraH 30HanapHuWHr 6apya catnapu
byiinya onuHagw.

PyxcaT aTunraH 3oHanap 4yerapacugaru caT.“nap >Xyfa 3u4 >Koi-
nawraH 6ynagm.

LWyHWHT yuyH (71.3) tivpunannu MHTErPaAN 6unaH anMawTupu
MYMKWH. YHuya katTa 6ynmaraH dW 3Heprus uHTEpBanu uyerapacu-
na étyBum Gapua cars™iap yuyH 6aHp oynuwm a™tumonun 2/ (W)
ne6 aWtmw mMymkmH. Arap cat™nap 3uunumru g (W) ra TeHr 6”n-
ca, dW wuHTepBanga ynapHuHr coHu g(W)dW Hu Tawkmn 3ta-
on. by cat”napra yprtaya dNw= 2f( W) g( W) d\V 3anekTpoH Tyr-

pn kenagn. bapua catnapgarv 3n1eKTpOHNap COHWM 3ca

JdANw= j 2/ (W) g (WydW = j* J | —N (714
0 0 0

ra TeHr Oynuwm Kepak.

g (W) kypuHuwumHu 6unran }Onga (71.4) wHTerpanHu "~ncob-
naé uynmumw MyMKWH (Tab™Mb;NaHraH 30Hanapra mMoc KefyByu 3Hep-
rms uHTepBannapu yuyH g (W) Hu Honra TeHr ge6 kapaw Kepak).
Xocun bynraH uoga W? Ba T napHu y3 uuura onagu. [emak,
6epmnrad N yuyyH W> HM T HUMHT QyHKUMACK cudaTuga TonuL
MYMKUWH. (71.4) undoga acnuHu onraHga t (W) @yHKUMAHKM HOp
MannawTupuw waptuHn  udoganaingn [l 1., 106-8, (106.7) dop-
MynafiaH OfNUHIN TeKcTra Lapanr].

MeTannap yyyH yTtkasunraH “wucobnawnap Wp HU Temnepa*
Typara 6yw 60raM™nruHU KypcaTagu, WYHWHT Y4YyH 6yHaa dep-
MU CaTAMHUHT AMiAMaTnapyu yH4a rosopu 6ynmaraH Temnepatypanapga
(arap kT<”~WpJ abconot Hongarn WpO HWMHI KuiAMaThiaH Kam
thapk Kunagw.

0°K paH tap™nu Temnepatypanapga (71.2) dQyHkyna 6unan'
ndoganaHysum TakcumoT 138-pacmpa KypcaTwiraH MNyHKTUP 3rpu
ynn KypuHMWNra aragup. Arpu 4YmsuL, opjuHaTacu BakT Oyiinya
CaTMHUHI ypTaya 6aHg OYyNMWAWIUHW XapakTepnaigw, MacanaH,
0,25 ra TeHr 6ynraH opguHata BauTHUHr 1/4 ynywwupa cat” o6uT-
TarnHa 3M1eKTPOH 6unaH 6aHg 6ynuwmnHu (EKN 1/8 Aa UKKUTA 3feK.-
poH), 6ouula BaKTAa 3ca cat™ Oyw OynuwmMHW Gunaupagun.

Katta sHeprusa co”anapuga (9vHu W —W/-m>KkT pa co)$aHuHr
oXMpuaa TakCUMOT arpy 4Yu3UrM  ypuHAu Oynagn) mMaxpaxgaru
6upHM "“ucobra onmaca >am 6ynagu. Y Bakrga (71.2) dyHKuums

W-Wp w
f(W)*e~~Tr = constme~ " (715>

KYPUHULWHKW onagun, AbHU (71.1) bonbumaH Taucumoru QyHKuma-
cura annaHagw.
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ONeKTPOHNAPHUHT caTxnap 6yiu-
ya TaKCMMMaHWUWKWHKU 139-pacmparu
Kabu ®epMy TaKCMMOTU 3TPUAUTUHU
3HepreTMK 30Hanap cxemacu 6unaH
6upra TacBupnab, Xypga Xam Kypras-
Manu Kuauw MYMKWH.
TemnepaTypa KaH4ya tokopu 6yn-
ca, IrPUAUKHUHI nacTnaHManguran
Kucmu LWWIYHYa KuApok 6ynagu. bBu-
pok T Temnepatypaga O0°K parwvra
HucbaTaH TakCMMnaHuwaarum cesunnap-
nm apk dakat 3aHeprudcu KT Tap-
Tnbpga 6ynraH coxaga KysaTunagw.
Jdemak, wuccuknuk xapakatum 6apuya
3NeKTPOHNAP KUHETUK 3HEPrUACUHUHT
thakat 6Mp KucMuUraruHa Ttabcup Kunagu. LUYHWHT y4YyH 371€KTPOH-
NapHUHI ypTaya 3Heprusacyu Temnepatypara cycT 6ornaHraH éynagu.
YTKasrnufjaH 3feKTPOHNAPHUHT MeTannapHUHI UCCUKAUKCUTUMUTA
MYXWM XUCCa KYLIMaciuru xam wy 6unaH TywyHTupunagun. WyHpaai
Knnnb6, KBaHT Ha3apus KNacCUK Has3apHACU €Hra o/nmaraH acocui
KninHunnuknapgaH 6upuHu 6GapTtapad Kunagu.
KBaHT Hasapuacy, LWYHUHIAEK METaJ/IHUHT 3NeKTp YTKas3yBs-
YaHAUTMHWUHT Temnepatypara 60rAMKAUIM YyuyyH Taxpuba HaTuxa-
napw 6unaH SXWKM MOC KenyBYM HaTwxanapHu 6Gepagwu.

72- 8. Apum yTkKasruunap

Apum yTKasruunap ysnapuHWHI HOMAapura Kypa, ynap 3nekTp
YTKasyBUYaHNMKNApy XuUxaThaH MeTannap 6unaH nsonatopnap opa-
cuparn opanuK XonaTHW arannawun kepak. bupok ynap yuyH xa-
pakTepnu XON yTKa3yBYaHNWK KaTTalurum 3mac, Temnepatypa op-
TUWKN O6UNaH YyNapHUHT YTKa3yBYaHAUTUHWUHT OpTUWM XUcobnaHagm
(scnatn6 yTtamusku, meTannapga yTkasyByaHAWK Kamasagu). BaneHT
30Hacu asnekTpoHnap 6unaH 6atramom TynraH (137-6 pacmra Ka-
paHr), TabKWKNaHTaH 30Ha KEHINWIM yH4Ya KaTTa O6y/nmaraH (Xy-
Cycuin apum yTkasruunapfa 1 3B fjaH oprmaiign) mogpanap spum
YTKasrny xucobnaHagu.

Apum yTKasrmunap apanawmanmBa XYycycuihh yTka-
3YyBUYAHAMKAW ApuMM yTKasruunapra 6ynumHagw.

Xycycuid yTKazyBYaHIUK. XyCYCUA YTKH3YBYAH/IUK 3M1EKTPOH-
NapHWHT BafeHT 30HAHWHI HOKOPWIM CaTxnapujaH YTKalyBYaHINK
30Hacura yTuWlWKM HaTukacupa tosara kenagum. ByHaa yTKasyBuaH-
MWK 30Hacmga OMpMyHYa coHfary 30HaHWHT Tybura AKUH 6ynrad
caTxfa >KolhnawraH TOK TalyBYMNap—3NeKTpoHNap xocun 6yna-
aw; wy 6unaH 6up BakTAa BaJeHT 30HafjarM HKOpUryM caTxnapga
WyHYa ypuH 6ywainan. BaneHT 30HaHWHT abCcOMOT HOMb Temne-
paTypafja TynaupunraH caTxjapujaru anekTpoHnapfaH OylwaraH
6yw ypuHnap Tewmknap peb atanagw.
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ONeKTPOHNApPHUHT BaneHT 30Hajarn Ba YTKa3yBYaHIUK 30Ha-
cngarn catxnap 6yimuya Takcumnanuwmy (71.2) depmu QyHKUUsACK
opkanu aHuknaHagu. (71.4) popmyna 6yiinuya xucobnawnap Kyp-
cataguku, Pepmu caTxu TabKMKNAHTaH 30HAHWHI aHWUK YpTacura
XonnawraH 6ynap 3kaH (140- paem). [demak, yTKasyB4YaHMMK 30-

YT KazhaHm
XHacK

..3t1 TablyyiaHrak
By - 23 Ta

BaneHT
30Ha

f(W)

140- paem.

Hacura yTraH 3nekTpoHfiap ydyyH W —WF kuiiMaT TabKWKNaHraH
30Ha KEHTNIUTVHWHT ApMuUAaH Kam (apk Kunagu. YTKaszyBuUaHIMK
30HACUMHUWHI CaTxnapu TaKCUMOT 3rpu YM3UTUHUHT oxupupga éTtagw.
LLYHUHT Y4YyH YNapHUHT 371eKTpoHAap 6unaH Tyauw 3XTUMOUHU
(71.5) ¢opmyna 6yiimuya TOMMW MYMKWH. by dopmynaga W —
-W P= AW/2 pe6 onwnb,

f(W): 2 (72.1)
HW XOCWUN KWUNamus.

YTKasyBYaH/IMK 30Hacura yTraH 31eKTpoHnap Mmukgopu (72.1)
IXTUMONNMKKa nponopunoHan 6ynagu. LyHuHrpek, 6y 3neKTpPOH-
nap Ba XyAAMW LWYyHYa MuUKAopga xocun 6ynraH Tewwuknap (6u3
6YHM KeWWHpPOK Kypub yTamm3) TOK TawyBumaap xucobnaHagwu.
YTKasyyyaHIMK TalyBYnaap CoOHMra nponopuuoHan 6ynraHu tydan-
nm y (72.1) ngogara xam nponopuymoHan
oynuwn kKepak. [emak, ApUM YTKasrmu- L
NapHWHT 3NeKTP YTKa3lyBYaHAUTU

ar

0= 36~ 2T (72 2)

KOHYH 6yimnya ys3rapub, Temnepatypa op-
TMWK 6unaH Te3 opTmb 6opagnm, 6yHAaa
A IF—TabKuKnaHraH 30Ha KEeHruru.
Arap rpagukga Ino HuHr 1/7°ra 6or-
AVKAUTW KyAnnca.y xonga fpum yTKasruy-
nap yyyH l41-paempa ucoganaHraHtyrpu
YM3NK XOCWUN KWUNUHaAuW. By Tyrpu umsmk» 141- paem.
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HUHF oruwmy 6yiknya TabkuknaHraH JIW 30HAHUHT KEHTUTUHU
aHuKnaw MYMKWH.

MeHpenees gaBpuin cuctemacugarn IV rpynna anemeHTnapu—
repMaHuii Ba KpPeMHWI ApUM YTKa3rM4NapHUHT TUNWK Bakunm 6y-
nné 3mucobnaHagun. Ynap ?tap 6up atomm 6up XWUn y30KIukKga Typ-
raH TypTTa KYWHM aTom 6unaH KoBaneHT (3NeKTPOH-XydhTnn)6op-
navraH (I 1., 139-8 ra KapaHr) naHxapaHu 30CWU Kunagu. ATOM-
NapHWHI B6yHAal ys3apo xohnawwnwwuHu 142- pacmga TacBuUpnaH-

raHgeKk  WapTauM  pasuwpja
AcCU CTPYKTypa KypuHuwiunaa
6epul MYMKWH. nwopa
KyiinnraH goupavanap 6unaH
mycbaT 3apsfnaHraH Konguk
aTOMHW (AbHW aTOMHWHI Ba-
NEHT 3NeKTPOHNap KeTraHgaH
CYHI KonaguraH kmcmwu), ,,—*
nwopanu poupadanap 6unaH
BafleHT 3/IeKTPOHNApPHU, Kyl
yunsnmknap 6unaH — KOBaNeHT
6ornaHuwnap 6enruiaHraH.
ETapnunya wokopu Temne-
paTypafia MCCUKNWUK 3apakaTt-
napun OuUTTa 3NEKTPOHHMU ax-
patné alpum  XKXy(pTnapHK
6y3nm6 6opuwN  MYMKWH
142- paem. (6yngaii non  142- pacmga
KypcaTuiraH). 3QNeKTpoHnap
Tawnab KeTunraH 6yw ypuHnap HeiTpan 6ynmd Typonmaign, yHUHT
atpompga oprukya mycbar -~e 3apaj naigo 6ynagu, HaTuxkaga
TewunkK ~ocun 6ynagu. by ypuHra KywHu XydTnapfaH 31eKTpPoH
cakpab yTuwM MYMKUH. HaTuxafja Tewwuk 3aMm 0304 GynraH anek-
TPOH Kabw Kpuctann 6yiinab kesa 6ownangu.

Arap 3pKWH 3NeKTPOH TewWwWnK 6unaH yuypawnb Konca, ynap
pekombuHaumanawaagun (6bupnawagmnap).by aca LWYHW aHr-
nataguku, 9NeKTPOH TewuK aTtpodupary opTukya mycbat 3apaj-
NapHW HeWATpannaAn Ba KPWUCTana naHxapafjaH y3um axpanub
UNKWWMW YYYH eTapnu 6ynraH 3HeprusHW KaiTagaH onmaryHua
3PKUH CUMKUL MMKOHUSATUHM MykKoTagu. PekombuHauus 6up BakT-
fa 3PKWH 3NEKTPOH Ba TEWMWKHUHT RAyK°Auwura onmb Kenagw.
CaTt3nap cxemacuga (140- paem) pekombuHauma npoueccura snekT-
POHHWHI YTKa3yBYaHAUK 30HacuWfaH BafieHr 30HaHWHI 6upop 6yL
caT3napura yTuwu Mmoc Kenaaw.

LyHpan kunub, fpum yTKasrmuga OUpP BaKTHUHI Y3uja WKKU-
Ta npouecc 103 6epagu: 3pKUH 3NEKTPOH Ba TEWWKNAPHWUHT XY(T
30n4a 3ocun Gynuwm 3ampa 3N1eKTPOH Ba TEWMKNApPHUHT KYdr
3onga Wykonuwura onub KenyByum pekombuHauus. Bupuyum npo-
LECCHUHT 6ynuw 33TUMONNUTKA Temnepatypara 60rnMK xonga Tes
ycagun. PekombuHauma 33TUMONNUIA 3PKUH 3NEKTPOHNAp COHuUra
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XaMm, TellMKNap COHMra XxaMm nponopuuoHanaup. Aemak, xaP 6wup
Temnepatypara 3/1eKTPOH Ba TEWMWKAApPHUHT MabayM MyBO3aHaT
KOHLUEeHTpauuscn moc Kenagu. by KkaTTanuMk xam o kabu Temnepa-
Typara 6ornmk x°npa 6upgali KoOHYH 6yiinya ysrapagu [(72.2)
thopmynara KapaHr].

Tawkyn 3neKTp MaigoH 6ynmaraHfa yTKasdyBYaH 3/eKTpoOHNap
Ba TeWMWKnap XaoTWMK xapakaTfiaHagu. MalgoH Tabcup Kuarayjga
Xa0TUK xapakaT TapTubnu xapakaTra ainaHagu: 3NeKTpOHNap Maii-
LOHTa Kapluy Ba Tewuknap aca MalfoH WYHanuwunpga xspakaTna-
Hagu. DNEeKTPOHNAaPHUHT XaM, TelWMWKNapHUHT XaM XapakaTu Kpuc-
Tann 6ylina6 BapagnapHu Tawwuwra onumb kKenagu. Lemak, Xycy-
CUA 3NeKTP YTKa3yBYAHAMKHUHI t03ara Kequwura MKKU XWUA MLWo-
panu 3apajg TawyBuunap: MaHpuil 3N1eKTpoHNap Ba MycbaT Teluk-
nap cabab 6ynagwu.

Xycycnid  yTKasyBYaHAMK eTapauMya HKOpuM TemnepaTtypaja
XammMa fipuM yTKasruunapja Kysatunagu.

Apanawmanu yTKasyBYaHNMK. YTKasdyBUaHAUKHUHT 6y Typu
GepunraH ApuMM YTKa3rMYHWHI KPUCTaNn naHXxapa TyryHnapuga
TypraH a/ipum aToMaapuulmn BafieHT-
ANTU acocuii atomnap BajieHTINTUAAH
6upra apk KunaguraH atomnap 6u-
NnaH anMalwTUpuUAraHga cogmp 6ynagu.
143- paempga 5-BaneHTnm ochop arto-
MW apanawtupunrad (6UpUKTUPUAraH)
repMaHuii - naHxapacu wapTam pa-
BMLWAA TacBupnaHraH. ®ocgop aromu
KYWHW atomnap 6unaH KoBaneHT 60r-
NaHMW X°CUA  KUAWWMW YYyH TypTTa
3NeKTPOH eTapnugup. [Aemak, 6Ge-
WMHYN BaNEeHT 3/1eKTPOH ryé opTuKYa
6ynn6 konagu Ba y aToMfAaH UCCUK-
NMK xapakaTu 3Heprusicm xwumcobura
OCOHIMHa axpanub, ,caliép” 3pKuH
31eKTpOH xocun 6ynagu. HOkopuga
Kapab uukunraH xongaH wy 6unaH apk Kunaguku, 6yHpa 3pKuH
31eKTPOHAap XOoCWMA GynraHAa KOBaneHT 6OrfaHULLNApHUHT 6Y3uUn-
WKW, ABbHWU TEWMWKNAPHUHT Xocun 6ynuwn Kysatunmargn. Fapuu, apa-
nalwma aTtomum aTpoupa opTuKya mMycbat 3apagnap xocun bynca-
fa, O6MpOK Y wy atom OwunaH 6ornaHraH 6ynu6, naHxapii 6yiinab
Kydya onmaiigu. by 3apap Tygaihnu apanawiMma atoMuM YHra SKUH-
nawmnb KenraH 3MeKTPOHHM KYLWMNO ONMWKN MYMKWUH, GMPOK KyLIn6
ONIMHTAH 3/1eKTPOH 6UfaH atoM opacuparum 60rfaHuLl  MycTaxkam
Obynmaifn Ba MNaHXapaHWHI WCCUKAUK TebpaHuwnapu xucobura
fHa OCOHTMHA 6Y3MNM6 KeTULU MYMKUH.

WyHpah kKnnnb, 6-BaNeHTNM apanalimMa KYWuaraH SpuMm yTkas-
rmuga akatruHa 6mp TypAarum TOK TallyByYunap — 3feKTPoOHNap
mMaBxyaaup. LlyHra myBodumk xonga, GyHgan Apum  YTKasruu
*NIEKTPOH Y TKa3yBYaH/ANKKA 3ra €KW «-TUN ApuM YTKasrny gebata-

MW- | acm.
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nagn negativ —MaH(puUin geraH cysfaH OAWHraH). YTKasyB4YaH-
JINKHWU t03ara KeNnTupyBYM 3MEKTpPOHNap 6unaH TabMWHAOBYM sipa-
nawimMa atoMnapu goHopnap fAe6 atanagu.

Apanawmanap naHxapa MalgOHWHUHT 6y3unuwunra cabab 6y-
nagun, 6y aca 3HepreTMK cxemafgarum KpUCTaN/IHUHT TabKWKIaHTaH
30Hacuja >KoinawiraH, fokannawraH catsfnap ge6 atanyBum carvs-
NapHUHT naigo 6ynuwura onnb6 kenagn (144-paem). BaneHT 30Ha-

YTKazyGuaH K

wacu

TabK/KIBHRRH
Ta

BaneHT

144- paem

HUHT &KW YTKa3yBYaHNMK 30HAEMHWHT UCTaNraH caT3vHW Kpucrtann-
HUHT UCTanraH >kolnpga TypraH 31eKTPOH arannawm MyMKWUH. Ofek-
TPOH NOKannawraH cat3ra MOC KenyBYM 3Hepruara akar, Oy
CaT3HUHI 30CUA OGYNUWIKWHKM t03ara KenTupys4vu apanawiMa aTomu
AKWUHWAa 6ynraH 3ongaruvHa ara 6ynuwm MymkuH. [emak, apaj-all-
Ma CcaT3WMHW 3rannaraH 3MeKTPoH apanawMa aTtoMn AKMHMAA
nokannawraHamp.

Arap [OHOp caT3fnap BajieHT 30Ha ,WWNHAaH® YyH4Ya Yy30KAa
XolnawmaraH 6yncal), ynap KpUCTanaHWHT 31eKTP X0ccacura Xua-
oW Tabcup KypcaTa onmaign. ByHpall caT”napHWHT YTKa3dyBYaH-
MWK 30Hacu Tyburavya 6ynraH Macoga TabKWUK/aHraH 30HA KeHr-
nurura KaparaHja aHya Kuumk 6ynraHga 6olwkKayapok 30/ to3ara
Kenagn. By 3014a MCCUKAMK 3apakaT 3Heprusacu 3aTtTo offmid
TemnepaTtypanapga 3aM 31eKTPOHHW [LOHOP caT™MfaH YTKa3yBYaH-
NWK 30Hacura yTkasuw YuyyH etapnu 6ynagu. 143- pacmpa 6y
npoueccra apanawima atoMupaH OGelnHYU BaneHT INEeKTPOHHUHT
axpanub KeTuwm MOC Kenagu. IPKUH 3NEKTPOHHWUHI apajnawma
TOMOHMAAH KYWn6 onvHuwwnura 144- pacmga 3M1eKTPOHHUHT YyTKa-
3yBYAHNUK 30HacufaH [OHOp caT3fapgam 6upura YTuwm MO Ke-
nagw.

') AbHU  GeWwMHYM BaNeHT 3NeKTPOHM y3 aToMum 6GunaH MmycTaukam 6ornaH-
rau.
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«-Tun fpum yTtkasruypga Pdepmm cat™m [OHOP cat™M Ba yTKa*
BYBYAH/IMK 30Hacu TYOWHWHI opacupja étaguM, yHYa HOKopu Bynma-
raH TemnepaTtypanapja 3ca TaxMWHaH YNapHWHI ypTtacupga étau
(144- paewm).

145- paempga 3- BaneHTNIM 6Op aTtoOMM  KYLWWUATaH KPEeMHWUNA
naHxapacu LwapTanm TacBupfiaHradH. bop atoOMUHWHI TypTana KYw*
HAW aTomnap 6unaH 6ornaHuMW  XOCUMA !<uaMw  yyyH ydyTa Ba-
NEeHT 3NeKTpoHU eTapnu 3mac. LUyHWHI yuyH 6ornaHuwinapgaH

145- paem.

6upn Tynuk 6ynmaiign Ba Yy XOW Y3ura 3NeKTPOH KyLW W6 onuwra
Kogup 6ynraH 6yw ypuHra ainaHagu. by ypuHra 6upop K WHMU
Xydhrnapgan 3nekTPoH yTraHga KpucTann naHxapana Kyumb ropyB-
unm Tewwuk ,yocun 6Gynagu. Apanawma  aToOMUM  SIKMHMAA OpTUKYa
MaHuiA 3apag ~ocun 6ynagu, amMmo y bepunraH atom 6unaH 6or-
naHraH 6ynu6, TOK TawyBuyM Oyna onmaingn. LWyHpgain kunmb, 3-
Ba/IEHT/IN 3MEMeHT KyWWAraH sipum yTkasruyga dakat 6up Typ-
fJarn TOK TallyBYM Tewwnknap ~ocun 6ynagn. byHpal yTkasyBuYaH-
NVKHU TeWWKNM YTKa3yBYaHNWK Aelimnagmn, ApuMM YTKasruy aca
p TMnra MmaHcy6 peiinnagum (positiv—myc6aT cy3uaaH ONIMHTaH).
TewunknapHu to3ara KenTUpPyBYM apanaliManapHuM akuen To p-
nap geiannagu.

Axkuentopnapra carxnap cxemacupaH (146- paem) TabKWKNaH-
raH 30Hajja YHWHr Tyb6upaH yHuYa y30K >XOWnawmaraH fokan cat’®
MOC Kenagu. ONeKTPOHHUHI BafeHT 30HajaH akuenTop caT”ra
YTULWN TEWUKHWUHT ~ocun 6ynuwura cabab 6ynagn. AKCMHYa yTULW
Kywumuya 371eMEHT aTOMUHUWHT KyLWHW aTtoMm 6unaH TypTTa KOBWA-
NeHT 6ornaHvWngaH OGUPUHUHT y3uaumwura Ba 6yHfga “ocun 6yn-
raH 3/IeKTPOH Ba TeWMWK peKomMbuHaumacura Moc Kenagu.

n- Tun ApuMM yTkKasruuyga ®epmu cat™u BaneHT 30Ha ,wunu”
6unaH akuenTop caTxjap opacuja, yH4ya lKopu 6ynmaraH Tem
neparypanapfa 3ca TaxMHHaH YnapHUHI ypTacupa értagu.

TemnepaTypa KyTapuauwum 6uaaH apanalima TOK TallyBuYMaapu
KOHLeHTpauuacn Te3 TyWnHagn. By WyHW aHrnatagukun, n[espnu
bapua fgoHop caTxfiap Oywalign éku 6Gapya akuenTop caTxnap
3anekTpoHnap 6wunaH Tynagu. LWy 6unaH 6upra TemnepaTypaHWHT

2M



OpTUILN 6WUNaH 31eKTPOHNAPHWMHT BaNeHT 30HajaH ~TKa3yBYaHIWK
30Hacura 6esocuta ATUWKN BUnaH 60rnMK GynraH fApuUM yTKasrmy-
HUHT XYCYCUIA YyTKa3yBYaHAUTN KyNpoK Aapaxaga ce3unHb 6opa-
on. WyHpaid kunub, Kwopu TemnepaTtypanapga fpuM yTKasruyHUHT
yTKa3yBYaHIUTN apanawiMmanyi Ba XYCYCWUi yTKasyBYaHAMKNAp iun-
ruHgucmgal wbopat 6ynagu. Mact Temnepatypanapia apanawiMan,
IoLopu TemnepaTypanapfa 3ca XyCyCUil yTKasyBYaHAMK t0”opu
6ynagu.

73- 8 Xonn agekTn

1880 nmnga Xonn uyiauparn “ogucaHu uang uungu:  arap ys-
/eapMac 371eKTp TOKM YyTaéTraH MeTann MNacTMHKaHW YHra nepneH-
AVKynap OynraH marHuT MaigoHra >KomnawTupunaca, y “onga Tok
Ba MailfoH WyHanuwura napannen kuppanapu opacmga UH= f—2
noTeHuunannap dapku to3ara kenagn (147- paem). YHUHr KaTTa-
aurm

Un = RbjB (78.1)

nboga opuanu Tonunagu, 6yHpa b —nnacTMHKa KEHrAWruM, y—ToK
8UUNUrM, B —MaiNfoOHHWMHT MarHuT mHaykuusicu, ft—rypnu metan-

H7- paem.
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nap Y4YyH Typavya 6ynraH nponopumoHannuk KoadduuneHTa 6y-
amb, Xonn pgoummuincu peb atanagu. XOAUCAHWUHT y3nm XOnn
aphekTn KM TranbBaHOMArHNT AJOAwnNcCa AgeAnnagn.
Xonn agdekra 371eKTPOH Hasapuacu acocuga Xypaa ofauinrnHa
TYyWyHTUpKUAagn. MarHut maigoH 6ynmaraHfa nnacTUHKagaru ToK
EO anekTp MmaiigoHn 6unaH 6enrunaHagn (148-paem). by MmaiigoH-

148- paem.

HWHT 3KBUMOTeHUMan cupTnapu EO BekTOopra paemga AXauT Typpu
yusm™nap 6unaH TacBMpnaHraH nepneHAWKynsp TeKUCAMKNap cuc-
TemacuHu gocun kwunagu. XaP 6up cupTHMHT 6Gapuya HyuTanapu-
fjary noteHuwan,.gemak, / Ba 2 Hyutanapgarucu gam 6up Xun-
anp. ToK TawyBYMNap—aneKTpOHNap MaHgpuin 3apagra ara, Ay-
HUHT YYYH YapHUHT TapTubnm pgapakat Te3NUKNapu u TOK 3U4IUMU
j BekTopura Kapama-“aplu RyHanrat.

MarHut MaifoH ynaHraHga gap 6vp TalwyBYM NNACTUHKAHUHT
b TomoHn 6yiinab iWyHanraH (147- paem) Ba Moaynu OGyinya

/ = enB (73.2)

ra TeHr 6ynrad JIopeHL Kyyu Tabcupu octuaa bynagu. Hatuxka-
fa aneKTpoHNapja nAacTUHKaHWHT roBopu uuppacu (paempga) iy-
Hanuwmgarn fJapakaTHWHT Talkun 3TyBuucu naigo 6ynagu. by
KHppaja opTu™ua MaH(wuidi 3apsagnap, nacTkM “uvppaga moe ponga
opTuk4ya myc6aT 3apagnap gocun bynagu. [Jemak, KMWMMYa KyH-
panaHr EB anekTp MaifoHu to3ara kenagu. by malijoH Kyunad.
raHAnrn WyHAan umiimarra ara 6yncaku, yHUHr 3apagra 6ynraH
Tabcupyn (73.2) Ky4yHM MyBO3aHaT/iaraH BaTga KyHAanaHr nyHa-
nvwga 3apagnapHUHT cTauuoHap TauemmoTu to3ara kenagu. Esra

mMoe XKuiimar eEB —enB wapTtgaH aHnnaHagn, 6yHgaH
EB = uB. (73.3)

EB maligoH EO MaiigoH 6unaH-4ywnamb, HaTuxkanosum E maidgoH-
HW Jocun  b;unagn. JKBUMOTeHUMan cuptrnap gap 6up HyuTaga
MafoH Ky4ynaHraHAMK BeKTopura mnepneHAuKynsapaup. [Memak,
ynap 6ypunu6, 148-paempa NyHKTMP GWnaH KypcaTWnraH [ofiaTHU
srannaingn. [factaBBan OMpruHa 3KBMMNOTEHUMAn CUPT ycTuga &T-
raH 1 Ba 2 HykKTanap 3HAM TypaAu noTeHuuannapra ara 6ynagu
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By HykTanap opacuga *ocun OynafuraH Ky4naHWWHW TONUL
Y4YyH EB HU ynap opacmparn b Mmacogara Kynatupunagu. ByH-
JaH Tawkapu (73.3) garm v HM Yy, N Ba € nap opuanu udoganao,
j —neli dopmynara myBoguk “onga KywmngarnHm onamus [(70.2)
ra KapaHr|:

UHA"bEB~-bjB. (73.4)
ne
Arap

/2= - (73.B)
ne
neb dapas uuncak, oxupru ugoga (73.1) 6unaH moc Tywagm.

WyHpad unnmb, Xonn AOUMMIACMHKM ynyab, TOK TawyB4uuaap-
HUHT  KOHLEHTPAaUWUACMHU (AbHU  YNapHUHT ~axm 6bupaurugaru
COHWHW) TOMMLI MYMKMH.

MogaaHVHr My”MM XapakTepucTtukacu 6ynnb, KyuynaHraHamru
6upra TeHr 6ynraH MailfoH TabCupuAa 3puULLraH ypTaya Tes/ukK-
napu 6unaH xapakTepnaHyBYM TOK TallyBYMAApPHWHT ~apakaTyaH/u-
rm ~“ncobnaHagn. Arap E MaifoH KyunaHraHauruga TOoK TallyB-
ynnap W Te3nuKKa apuwagurad 6ynca, y “onga ynapHuHr ){apa-
KaTyaHauru u0 uyiugarura TeHr 6Gynagw:

nii- (73.6>
E

CW cuctemacuga Te3NUK CeKyHAMra MeTpP, 3MeKTp MalioH
Ky4naHraHamru metpra BOAbT ~ncobuga ynyaHagu. Lemak, “apa-
KaTyaHAnkK Gupnurn 1 mrme-1- cek~1 6ynagu.

XapakaTyaHINKHW YTKasyBYaH/UK a Ba TOK TallyBYWIAPHUHT
KOHLUEHrpaymsacu n 6unad 6ornaw MyMKWH. BYyUWMHr y4yyHj ~ nB
M MyHocabaTHM MailfoH KyudnaHraunurm E ra 6ynammus. [/ HUHT
E ra Hucbatm 0 HM 6GepuwmnHW, M HUHT E ra 'HucbaTu 3ca papa-
KaT4YaH/INKHU GepulinHn “~ncobra onuo,

a=nena (73 7)

HU ~oCcun Kuiamus.
Xonn pgoumuiticn R HM Ba yTKa3yBYaH/IMK a HU aHuugab, (73,5)
Ba (73.7) bopmynanap Oyiimya 6GepwunraH >XucMa TOK TalyBYu-
NapHWHT KOHUEHTPaUMUACUHM Ba “apakaTyaHJUrMHW TONUW MYMKUH.
Xonn agekra gayat MeTannapgaruHa amac, 6anku apum  yT-
Kasruunapga ?%aMm Kysatunagu, 6yHaa ag@ekT wuwopacura uapab
APUM YTKA3TMYHWUHT M- €KW p- TuUnra maHcy6 akaHnurm “aumpa
(MKp OpUTUW MYMKUH.149-pacmga mycbar Ba MaH(MiA 3apagnu
TOK rawysyunapra 3ara 6OynraH HamyHanapfa tosara KenaguraH
Xonn addekTnapn CONUWITUPUATAH. 3apag  “~apakaTUHWMHI  iAyHa-
NNILIWMHW y3rapTupraHga ”am, YHWHT WILIOPaCUHWU Yy3rapTupraHga
Aam JIOpeHL, KYyYMHWHT WyHanuwmn “apama-kKapwu iyHanuwga
y3rapagun. [emak, ToK 6up xun nyuyanuwra ara 6ynca, Myc6at
Ba MaH(MiA TOK TallyBumnapura TabCup 3TyBuM JIopeHy Kyuu

224



6up xun WyHanuwra 9ara 6ynagu. LWyHra kypa, Tawysumnap
mMycbaT 6ynraHfa t”opuru Kuppa noteHuuanu (pacmpa) nacrkura
HucbaTaH louopu, TawyBYMnap MaHgpuii 6bynraHga aca N opuUrun
Kuppa noTeHuManu KuYmkpok 6ynagu. LWyHgain uwnub, Xonn
noTeHumannapn (MapKMHWHE MWopacuHK 6'waraH foN4a, TOK TallyB-
YWN3P ULIOPACUHM aHW™ial MYMKUH.

Avipum meTannapga Uh uvwWoOpacuMHWHT MycbaT TOK TalyBYu-
nap uvwopacuMra MoOC Kenuwmn [JUKKatra casosopgup. By 30Hanap-

149- paem.

HUHT Gekunuwy 6unaH TyWyHTUpunaan. byHga 6up UMCM  3MekK-
TPOHNApP BafEHT 30HAHMHI to"opu caTanapugaH 6ouwa 30HaHUHT
nacTku catgnapura yTuwagn. HaTwxkaga 6vp Xun MMKAOPAA 3PKWH
3NeKTpoOHNap Ba Tewwuknap fgocun 6ynagun. byHpain wmetann-
HWHI YTKa3yBYaHNWUIM apanaw (3NeKTPOH-TELWMNK) XapakTepra ara.
Xonn sp¢eKTUHUHT aHoMan wuwopack (MeTannap Y4YyH) Tewwuk-
NapHUHT 3NeKTpOHNapra HucbataH HOLOPM fJapakaTyaH/IMKKa ara
3KaHNMTN BunaH acocnaHagu.

74-8. Unymw wwm

MeTannap ys-y3upgaH myc6bart 3apagra ara 6ynmaiign. [Jemak,
MeTannHW y3-y3upaH Tawnab KeTyBYM YTKa3rmy 3/1eKTPOHNap
COHM ce3unapnu gapaxaga 6ynmaiign. by pon Mmetannapga 3nek-
TPOHNAp YYYH MNOTeHUMan YyKYpAuMK MaBXyanaurum OunaH TyLWYH-
TMpunagn. MeTannHu Tawnab KeTuwra 3HepruscuM cmptra AUMH
6ynraH noTteHUMan YYKYpPAMKHW eHrné yTuw y4yyH etapau 6yn-
raH anekTpoHnapruHa mysadab; 6ynagn. by 6apbepHu wudoga-
NOBYM Kyd uyinparnya kenud umpkaH. Cuptu'v uatnamgarm myc-
6aT uMoHNap naHWXxapacuiaH 3NeKTPOHMaPHUHI TacofudaH unumb-
KETULWIN, 3NEeKTPOH KeTraH ypuHAa opTuuya mycbatr 3apsagHuUHT
nango o6ynuwwura onub Kenagu. by 3apsag O6unaH 6ynraH  KynoH
y3apo TabCUp Kyuum Te3nurum YyH4ya Katta OynmaraH 31eKTPOHHU
KaTuwra maxoyp stagu. LyHpain uwunab, aipum  3neKTpoHap
famma BaT mMeTann cuMpTMAaH uuumb Ketagu, yHAaH 6up  Heua
aromnapapo macotanapura ysounawagu, CyHrpa fHa b;aiTagu.
Hatwxaga meTann tonka a3nektpoHnap ©Oynytm O6wunaH ypanrad
6ynagn, by 6ynyT Tanwm wvoHnap uaTtnamum 6unaH uyw 31eKTp
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KatnamHu 3ocun kunagum (150-paem; poupavanap—muoHnap, kKopa
HyKTanap—anekTpoHnap). byHpaih kaTnampa 3MeKrpoHra Tabecup
3TYBUYM Ky4ynap MeTana myura nyHanraHaup. INEeKTPOHHWU MeTann-
HUHT WYngaH YHWHT CUpTWUra Kyuupuwgarn 6y Kyunapra kapliu
6axapunraH wvw 3neKTPOHHMHr WD noTeHuMan 3HEPrusicMHU OopT-
TUpUWINTa KeTadu.
WyHaah Kunmb, BaneHT 3MeKTPOHNAPUHMHI1) NOTeHUMan 3Hep-
rMacu MeTai/IHUHI cupTura KaparaHga YHUHT uumpja noTeHuman
ypaHWHr Wp0 YyKypaurura TeHr
Mukagopaa KNnunkaunp (151-
pacm). lMoTeHUMan 3HEPTUAHUHT

© © ©
cakpawu 6up Heya aTomapapo
macotha KaTopuparum ysyHnukpga
o . ycb. cogup o6ynagun | 109 m ),
T I|
T© © e ~7 W
, X
© ©* 7 © )
Yy
©T
150- paem. 151- paem.

WYHWHT YYYyH ypa [AeBOpnapuHu BepTukii/l ge6 3ucobnawl Mym-
KWH.

ONeKTPOHHUHI MOTEHUMAN 3HEPrUACU 3NEeKTPOH TypraH HyKTa
noteHymnann 6unaH Wp——ey mMyHocabaT kabu 6GornaHraHgup
[(10.5) cdopmynara kapaHr]. OneKTpPOH 3apsaAu MaH(pUAn OGynraH-
avurn  Tydainu HykKTa MOTEHUManu Ba 3MEKTPOHHUHT MOTeHuuman
JHepruscuM TypAu wuwopara 3sra. byHaaH meTann umuyugarun NOTEH-
UMan YHUHr cupTura 6esocmuTa SKUH Xolgarn noTeHumangaH Wple
ra katra feraH xynoca uumkagum (6uM3 KUCKanuMK yuyyH ,cupTtga“
peb6 ranupamms).

MeTannra opTukya MycbaT 3apsag 6Gepunca, YHUHT uumMpa 3am,
cupTuAa 3aM NOTeHUManHW OpTTUpPagu. ONeKTPOHHWUHT MOTeHLMan
3Heprusicm Moc 30f14a Kamaliné 6opaanm (152-a paem). 152-5
pacmpa MaH(puil 3apagnaHraH metann yyyH Wp Bay arpunumknapu
b6epunran?).

¢) MacTKW 30Ha KaTnamnapuHu TYNLUPYBYM 3NEKTPOHNAP Y4YyH noTeHuman
ypa (fbHW y3 atomnapu 6unaH myctalkam 60ornaHraH 3nekTpoHMap Y4YyH) KaTTa
4yY'KYpnvkka ara. Ywby naparpaggarn 6apya My”okamanap BaneHT 3/eKTPOH-
napra Teruwnnaup.

2) Oxuprn “onpga noTeHuman Tycu”™ banaHanurn 6upMyHuYa nacasgu (moc
Aonga unkumw mwmn 3"am kamaauyu), by “opuca LWoTTku 3ddekTn peb atanagmu.
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152- paem.

MeTanngarn OMeKTPOHNAPHUHI Tyfla 3Hepruacu noTteHuman' Bal
KWHETWK 3Heprmvanap MWWrMHgMcugaH Tawkun Tomagum 71-8pa
aHWKNaHraHmwgek, abconT HoNJa YTKasdyBYaH 3NEKTPOHMAPHUHT
KWHeTUK 3Hepruacu 0 paH Pepmu cat™m Wmix6unaH mMoc KenyBum
KuiiMaT opacupa 6ynagu. 153- paempga yTKasyBYaH 30HaNapHUHT
3HepreTuMK catnapum noTeHuman ypa-
ra Kywunb uymsmnraH (NyHKTUMp 6Gunad
0°K pa 6aHA KuMOWHMaraH caTtxnap
TaeBHpAMHraH). MeTtanngan Tawkapu-
ra YHkapm6 tbopuw yuyyH TYypam T
3NeKTpOHNapra Typanya aHeprus 6e- UbT
puw Kepak 6ynagu. MacanaH, yTKa-
3YBYAH/IMK  30HACMHWHT  3HF  nacT
cat™npga TypraH anektpoHra Wp0
aHeprus 6epuw kepak; Pepmu cat’™u-
fja TypraH 3nekKTpoH Y4yyH Wp0 —

["max = Wp0 — W aHeprusa etapauaup.

ONEeKTPOHHW KaTTUK €KW CYKK >KMemfaH BaKyymra 4umkapuul
YUYYH 3apyp OynraH 3HI KUYMK 3HEPrMA YMKuwWw uwun peb arta-
nagun. Yvknw  vMwmHW ey opkanu  bGenrunaw Kabyn KUAWHraH.
6yHAa <$p—noTeHuMan ynyamaurura ara 06ynmb, YMKULW NOTEH-
uman n peb6 aranagu.

FOkopuga anTunraHura 6UHOAH 3NEKTPOHNAPHWUHI  MeTannjaH
YUKW MWK

T
| |

ey~W po-W * (74.1)

ngpopa 6unaH aHuknaHagml).

Busz 6y wndopaHM Kentupué umkapuwga MeTan/HUHT Temuepa-
Typacu 0°K ra TeHr ge6 ¢papas kuaraH 3guk. bouwka Temnepa-
Typanapfa "“amMm 4YMKUW MWK NOTeHuMan ypa 4YyKypauknapu Ba

>) (74.1) kaTTanukHu aipum "onga apdekTMB uyMkMWw wnwm \am Ae6 aTtanagw,
Wp0 HM 3ca Tyna umuuw vwmn geiuvnagu.
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depmu caT3NapuHUHT (apku cudatuga aHuknaHagu, avHu (74.1)
ngpopa uctanraH TemnepaTtypara TaTtéuk aTunagu. by wudgopa apum
yTKasruunapra sam KYnnaHunagw.

MeTannapfaH 3M1eKTPOHMAPHUHT UYMKUW MWK TemnepaTypara
3am 6up 03 6ornukaup. 71-8 pa kalg KuUauMHraHuwgek, 6y 30n,
Temnepatypa 6unaH 6upra ®epmu caT3u W PHUHT y3rapuluy to3ara
Kenuwu 6unaH 6enrmnaHagu. byHAaH TalWkapu, WCCUKAUKAAH
KeHrauw 3ucobura atomaapapo ypTaya MacodanapHUHI y3rapu-
Wwn Hatwxacupga Wp0 noTeHuuMan ypaHWUHT UYYKYpAUTU O3rMHA y3-
rapagu.

UNKNW WWWHUHT KWAMATW MeTann CUPTUHUHT 30/1aTura, Xycy-
CaH YHWHI TO3anurura >Xyaa 3am cesrupgup. Teruwnw inynnap
6unaH MeTann CUPTNApPUHM KOMaaw OpKanu, YUKW WWKUHKU XKyAaa
3aM KamalTmpuw MyMKWH. MacanaH, BoOfb)pam CcupTUra MLIKO-
puii-ep metann okcuanapu katnamuuu (Ca, Sr, Ba) woputuw um-
Knw uwuHu 4,5 3B gaH 1,5—2 3B raya (1o3a W yuyyH) Kamaii-
TUpagu.

75-8. TepMO3/IeKTPOH 3MUCCUA.
ONeKTpoOH namnanap

KusnraH KaTTUK €KW CYKOK XWUCMNapHUHI 3MeKTPOHNap 4YuKa-
puvWKn TEepMO3NEeKTPOH 3amuccus Aeb aiTunagu. Yw6éy naparpadpa
6M3HKM (hakaT MeTannap KuU3MKTUpagwu.

TepmMO3neKTpPOH 3mMuccusa  3o0gucacu Wy 6unaH TyWyHTUpUNa-
OVKW, 3NeKTPOHNAPHWHI 3Heprua 6yinya TakCUMAaHUILIKW  HaTWU-

xacumfja MeTann yerapacuga noTeH-
uman XyCMKHWU eHruw Y4yH 3Heprus-
cu etapnu 6ynraH  MabiayM MUKLOP
3NeKTPOHNap MaBXyn 6ynagu. Tem-
nepaTtypa KyTapuaraHga éyHpai anek-
TpOHNap MUKLOPU KECKWH opTaju
Ba ce3mnapnn 6ynub konagw.
TepmMo3neKTpoH amuccua 3o04uca-
CUHN TeKWunpuwHN 154- pacmpga Tac-
BUpfiaHraH cxema épgamuga amanra
OWMNPULW Kynai.
CXeMaHUHI acoCUil 3NeMeHTU WUK-
154-paem. KW 3feKTpogNuM namna 31co6-
naHagu, YHW ofatga BaKyyMAawu
avnop pe6 aranagn. Y wumpga K katog Ba A aHopgaH wmbopat
MKKUTa 3neKkTpoau OynraH, 3aBocu Ccypub ONMHraH metann éku
Wwuwa 6annoHgaH ubopatr. KoHCTpyKuusm 6ylinya 3nekTpognap
TypAu waknga TaliépnaHraH 6ynuwm MymkuH. Opauin  3onfa,
KaTof WHrM4Ka Tyrpu Tona, aHoA 3ca KaToara HucbataH Koakcanb
umnuHap waknunga 6ynagm (155-pacm).

KaTtog, 4yrnaHTupyBum GaTapes BH TOMOHMAaH 30CUN  KUUH-

raH TOK 6unaH kusgupunagu. Peoctat /?, épgamu 6unaH 4y”na-
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TUW TOK Ky4YuMHW 60wKapub, 4yyrnaHuw TemnepaTypacuHu ysrap-
TUPUW MYMKWH. 3nekTpognapra ba aHop 6aTapeacugaH Kyudna-
HUW 6epunagn. AHOL KyuynaHuwmn Ua HUHT KaTTanuruHu /?, no-
TeHunomMmeTp éppjamupa Ysraptupuw Ba V BOMbTMETP éppamupa
ynyaw MyMKWUH (aHof noTeHuManu KaTojh NOTeHUManupaH oKopwu
6ynca, Ua myc6atr xumcobnaHagw). ManbBaHomeTp O aHOf TOK Kyuu
ia HW ynyalw yyyH MyJ/KannaHraH.

Arap katoj 4yrfiaHulwnHu 6uppain caknaraH xonfja, aHod TOK
Kyuyn ia HUHT aHopj KyunaHuwun Ua ra 60rnamMKAUrN ONNHCA, Y XO0N-
pa 156-paemfa TacBupnaHraH arpu  4umsmMkK *ocun 6ynagm (Typnau

(o) Ua
155- paewm. 156- paem.

3rpu yYmsMknap Katoj TeMnepaTypacUMWUHT TYpPAW KuiMaTtnapura Mmoc
Kenagu). Ywoy arpm UnmsmMk BONbT-aMnep XapakKTepucTuka
pe6 atanagm

Ua= 0 6ynraHga katofgfaH y4umb UMKKaH 3EKTPOHNAP YHUHT
atpoupga maHduii has3oBuii 3apsignap — 3NeKTPOH OYynyTnapuHu
Xocun Kunagn. By 6ynyT KatoggaH yuumb UMKKaH 3NeKTPOHNapHu
nTapagu Ba YNapHUHT KyM4YuUIMK KACMWHW  KaliTapub to6opaau.
LLlyHra kapamacfaH, yH4Ya Kyn 6ynmaraH 31eKTpOHap aHojrava
yun6 6opuwra wmysaddak 6Oynagm, HaTuxkaga aHo4 3aHxupupa
Kyuyeus TOK oka 6ownaign. 3NeKTPOHNAPHUHI aHOAra TYLIWLIUHK
Tyna TyXTaTULl YYYH, AbHMW ia HU HOMTa TEHT KUAWW Y4YYyH, aHOfA
6unaH Katoj opacura MabnyMm KaTtTanukgaru MaHQuiA KydnaHuwl
6epuw kepak 6ynagu. Hatuxkaga, AWOAHWHT BOMbT-aMnep Xapak-
TepucTtMkacum HongaH 6ownaHmali, 6ankM KoopAuHaTa 6owunAaaH
6up 03 yanpokgaH OGownaHagu.

WA HUHT 6UPMYH4Ya KuUuK MycbaT KuiiMaTnapmpa aHofj TOKW-
HUHI Ky4yu o0a2 ra nponopuuoHan ysrapagu. Hasapuii xuxatgaH
6y 6ornaHnw JleHrmop Ba borycnaBckHiinap TOMOHWAAH ONWHraH
6ynnb, MKKW faH y4 KOHYHW pgeihnnagu.

Ua HMHT  opTUWIM 6uNaH 31eKTp MalfoH TOMOHWAaH aHoAra
TOMOH KYMPOK COHAW 3MeKTPOH TOpPTUAaguW Ba HUXO0AT, Ua HMHT
MabiyM KuiiMaTuga 3n1eKTpoH O6ynyT Tynuk TopTuM6 ONMHaAM Ba
KatoggaH yumb UukKaH 6Gapya 31eKTpPOHAap aHojra eTub Kenuw
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MMKOHMATUTa 3ra 6ynagn. Ua HUHT KeWWHrM OopTuln, aHog TOK
KY4YnHn ©pTTupa 0NMangn—TOK TYAUHWLW UuiiMaThra 3puliagu.
TYAVHULW TOKU TEPMO3NIEKTPOH 3MUCCUSAHW XapakTepnawu Ty-
WwyHapnangup. Arap Baut 6upnuruga KatoaHWHT OUMPANK cupTugaH
JY Ta anekTpoH yumb yuca, y ponga TYWWHULI TOKU 3UUANTK
(KaTOQHUHT GUPAMK CUMPTMra MOC KenyBuM TYWWHML TOK Kyuu)
/tya = Ne ra TeHr O6ynagn. LWyHpain uunnb,.
YYrNaHTUPYBUYM TOK KYUMHWHT TYpau  UuiAmar-
napuga TYRWHWLI TOKU 3MYAUTUHW yn4ab, Typnu
Temnepatypanapga OupauMk t03agaH y4mb uu-
KyBun 3neKTpoHap COHWHU TOMULLI MYMKWH.
156- paemga 6up Heya TemnepaTypanap y4yysB
BO/IbT-amMnep XapakTepucTukanapu TacBUpaH-
raH. £/a HMHr KMYMK Kuiimatnapmga ynap moc
Tywagn. TyAWHWW TOKU 3UYAUTUHWHT Temnepa-
Typara 6ornuunuru  157- paemga KypcaTwuiraH.
KBaHT Hasapua Kyhiugarn c¢opmynara onu6-

Kenaaun: ap
15?pacm- [ty = AT2e~KT' (75.1)
6yHZa e () —unmw unwm, A — MeTanNHWHT Typura 6orau”™ 6yn-

MaraH KOHCTaHTa 6Yynu6, YHWUHI Haszapuii b;uimatn 1,20-10® a/m2X
Xrpag2 (120 a/cm2- rpaf2) ra TeHr. A HWHT 3KCMEpUMeHTan Kuii-
MaTW Hasapuit ycynra KaparaHja TaxMuUHaH WKKWM MapTa Kam 6y-
nné 4ymkagu. [TYNHWHI TemnepaTypara kapa6 ysrapuwuHu (75.1)
thopMmyna Tyna “aHoaTnaHTupagw.

(75.1) qhopmynaHn PuyapacoH — [lawmMaH €KW LMCKapob; uuanb,
PuuapgcoH topmynacu peb6 atanagml).

(75.1) paH KypuHWG TypubamKu, HUHT KaManuwm 3sMuccus-
HWHT KECKWH opTuwwura cabab 6ynagm (11 60JK ga, abHukT =0,01 96
Ja ey HMHr 3 pgaH 1 3B raya Kamanumwu, TYAMHUL TOKW YTy
HUHT pedApnn 5-|08 mapTta opTMO KeTuUwMUra 0AM6 Keumwura OCOH
MWOHY JOCUN KUAUW MYMKWUH). LUYyHWHr yd4yyH 31eKTpoOH namna-
nap TaiépnaHraHga Yn™uW WWUHUHT Kamalivwwura onub Kenysuu
Maxcyc LonnamMa Ba KaToAHM LaiTa uwnaw ycynnapu KynnaHu-
nagn. XO03WPIW BaH'Taa uwnab uuuapunaguraH 6apuil kM CTPOH-
umMii okcmam 6mnaH “onnaHraH HWKengaH TalépnaHunaguraH OkK-
cuanu katognapl,0 — 1,2 38 yuumw wmwwura 3ra.

ABBanru naparpatpa Kang "MAvHraHugek, Tauwy MaingoH no-
TeHUMan Tycuk 6anaHAnWIMHKM KamalnTupagum Ba Wy 6unaH ynuuw
nwun pgam kamaagun (LUoTTkm athdekTa). by gon TyimHuw pgocun 6yn-
raHjaH KenH pam guopga TOK Kyuum Ua HUHT opTuwm  6unaH
03rnHa 6ynca-ga, opTuwwura onué kenagu. [emak, BonbT-amnep
XapakTepucTUKaHW YHra MOC KearaH KUCMW T[Opu3oHTan 6ynmai

0 PuyapfcoH TepMO3NEKTPOH 3IMUCCUA YUYYH Knaccuk dopmynaHum kentupa’
yun™apraH, YHUHr ¢opmyna cu (75.1) paH wy 6unad dapy Kunaguku, yHga Ta
ypHura Y T onunrad. (75.1) dopmyna [3wmaH T OMOHMAAH AOCWA LWAMHTaH 3.
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(156- pacmpaa uchoganaHraHn kabu) Ua ykura yHuya KaTta Oynma-
raH 6ypuyak octuga 6Gopagu.
AHOA noTeHumanu KaToh noTeHuwanura KaparaHga touopu
OynraHgarmHa guogaaH TOK yTagu. AHOAra MaH(uii KyynaHuw
bepunraHga aHof 3aHXxupuga Tok 6ynmaigu. OWOAHWMHT 6y Xoc-
cacM YHAAH y3rapyBuaH TOKHU
Tyrpunawga ¢oiganaHuwra u-
KOH 6epagn. ByHpaii maueapg y4yH
MyJ/DKanfnaHraH Anof KeHOTPOH

X X neb atanagn. KeHoTpoHra 6epun-
raH KyunaHuw Baut yTuwmn 6unaH
rapMoOHMK KOHYH Oyiinuya yarapca,
YHAAH yTraH TOK rpaguru  158-

158-paem. pacmfa TacBMpnaHraH KypuHuwga
6ynaan (158-paem). by >;onga TOK

3aHXup Oyiinab gakat Apum fgaBp fJaBomupa OKub6 Typagu, Wwy-

HWHT YYyH TOKHWHIT OyHAai ycyn 6unaH TyrpunaHuWMHU 6UTTa

ApYM AaBpAu Tyrpunaw feiuvnagn. Bup BauTAa WKKUTA  KeHO-

TpoHAaH éku 6uTTa 6GannoHra >KoWnawWTWpUAraH Kyw AnoAafaH

thoinganaHnb, NKKUTa ApuUM gaBp-

AN TyTpWAallHW  amanra oww-

puWw MyMKWH. byHpai T\'rpuna-

rmy cxema 159-pacmua Tac-

BMpPNaHraH. TpaHC(hOpMaTOPHUHT

6upnamum yynramy ysrapysuaH

n-

TOK 6unaH TabMuHnaHagn. Wk- r
Kniamum yynramm mkkura. Kud- ?
KMHA 4Yyfiramm KatogHu  4yr- t

NAHTUPULL YYYH XM3MAT Lnnagu.
Katta wuynramuga yprtaya yud

ynapunraH 6ynm6, y A'Harpys-

Ka OpKanu Katojra ynaHraH. by

YYNTaMHWUHT  JONTaH WKKW yyu 159 paewm,

aHofara ynaHagun. JaBpHUHT

6utTa fipuM gaBpmga 6up aHog kKatogra HucbataH aHya roBopu
noTeHumanra ara 6ynnb Typca, WKKMHYM SpUM [aBpAa WUKKUHYM
aHof Katoara HucbataH XyA4M LWyH4Ya OLOPM NOTeHumanra ara
6ynagu. Hatuxkapa Harpyska opkanu rpaguk pasuwga 160-pacm-
fa TacBupnaHraH TOK Okub6 Typagu. byHpain nynbcaumana-
HYBYM TOKHM TekKucnaw MYMKWH.

Arap kaTog OunaH aHof opacura Typ LWAKAZAru yYmHuu anek-
TPOZ4 ypHaTuica, y4 3NEKTPOANN 3/IEKTPOH namna—Ipuopg “ocun
b6ynagn (161-paem; cxemaja YyrnaHTUpUL 3aHXUpU  Tywmpuo
KongupunraH). Typ KaTOAHWHI aTpoguHu ypab TypyBYM cnupanb
KypuHuwnga 6ynmwn ~am MyMKUH. Arap Typra kaTtogra Hucb6a-
TaH yH4Ya KaTTa 6ynmaraH myc6at noteHuwan 6epunca (6y ”~onpga
Typ 6unaH katog opacuparu E£/1¥ KyuynaHuwHu myc6at pgeé *u-
cobnaliMn3), 3neKTpoHIap KatoggaH Te3pokK TopTub onvHa 6oLw-

231



naingu. YnapgaH aipvmnapu Typra Tywaau (HaTwkaga yHya KaTt-
Ta OGynmaraH T Typ TOKuM “ocun 6ynagu), NeKuH, 3NeKTpoHNap-
HWHF acocuii KNUCMW Typ Opb;aim yumb yTnb, aHoara etmb 6opagu.
TYpHUHT  KaToara SUUHAUTKM Tydainnm Typ Ba KaTog opacugaru
KYYNaHULWHWHT 03TMHA Y3rapuMwin aHoj TOK Kyuura Katta Tabcup
KypcaTtagu.

EMP Typ KyunaHuwu MaHpwii
bynraHga aHoj TOKM Kamasgu Ba
eTapnuya kKatta MaHgpuin UTyp Ky4na-
HMAWAA TOK TamOMaH MyKonagm—nam-

161- paem.

na 6epk xucobnaHagu. Arap U& aHOf Kyu/iaHuwm ysrapmac
O6ynraH >0n YYyH Tra aHoh TOKMHWHI £YRP Typ KyunaHuwwura
6ornaHMwn onuHca, 162-pacmga TacBMpnaHraH srpuankK ~ocun
6ynagn. Ua HUHF Typau wWwuMatnapyM Yy4uyH uypwunraH 6yHgaii
ArpuAnKnap ANTUHZUCKM TPUOL Typ XapakKTepucrtukanapw
ouvnacuHuM “ocun Kunagw.

Kylingaru
din
S = 75.2
JUKp (75.2)
KaTTaNMK XxapakKTepucTuKa TUKAUWTKU Jelimnagu.
XapaKTePUCTUKAHUHT KaTTa LUUCMU Tyrpu uusuknuagup. Typra
yH4a KatTa O6ynmaraH £flyP cuHycompgan KyunaHuw 6epub, aHop
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TOKWHWHT KaTTarnHa CUHycowufan y3rapuuHu [OCUN KUAUW MYM-
KMH. BbyHpa R !<apwwunukgaH £/1yP amnnutypara KaparaHja aHua
Katta amniauTyjanu y3rapyByaH Ky4YnaHwull OonuW MYMKWUH. Tpuog-
HUHI Ky4yalTupruuy cudaTmja vwnawiyM LWyHra acocfiaHraH. byH-
faH Tawuapu TpuoAdaH y3rapyByaH TOK Ba Ky4yfaHULLIapHM
reHepauusnaw (yiroTuw) pampga ysraptvpuw (WakAnHW y3rap-
TUpUW) Yy4yyH doirganaHul MYMKUH.

JNeKTPOH flamnanap XxapakTepucTUKacUHW AHaga Aaxwunail
YUYYH YHra LYHWMYa 3N1eKTpOoA—Typ Kuputunagu. TypT 3anekTpos-
NH namna—TeTpog, Oew 3nekTpoanucu —neHTos Ba A. K., Aeb
atanagn. LWyHuHrgek, 6utTa 6annoHra 31eKTPOANAPHUHT WKKM
cucTeMacy KOMNawWTMpWArak namnanap KeHr KynjaHuiwra 3ara
6ynmokpa. LWyHgait Ty3unraH gap 6up namna  MKKMTa flamna
DYHKANACUHN Baxkapagu.

76-8. KoHTakT noTeHuuannap apum

Arap WKKUTa TYpaum Xun MeTann yuynapu 6up-éupura Terumsun-
ca, ynap opacumja KOHTaKT noTeHuumannap ¢dap™un peb
atanyBuu noTeHuuannap ap”™u to3ara Kenagu. byHpa MeTanniHu
ypab TypraH (asoja anekTp malijoH pocun 6ynagu. 163- paempa
MaBXyfL MalfgoOHHWHI 3KBUMO-
TeHuunan cuptnapm (AXAUT uu-
3nnap) Ba KyuNaHraHnukKk 4u-
3nnapu (nyHkTup umnsum:{nap)tac-
BUpnaHraH; “"ap 6up MeTann
CUPTU 3KBUMOTeEHLMan cupt Au-
cobnaHaau.

KoHTakT noTeHuwuannap gap-
um metannap 6up-6bupura Teru-
3UNraHAa 3eKTPOHNapHUHT 6up
AmcMmu 6up  MeTannfaH  UKKWH-
yucura yTuWKM HaTuxacuga tsa-
ra kenagu. 164- paempa rKopu
AMCMMAa MKKWTa meTann ugoga- 163-paem,

NaHraH: 4anga ynapHWHI Teru-

3UATYHraya, YHraaTeruamnraHgaH KelinH.PaCMHUHT NacTKW KUcMuaa
3NeKrPOHNAPHUHT MNOTeHUMan aHeprus rpadurn 6epunraH. bupmnHun
meTannga ®epmu catam MKKMHYMcura KaparaHga Kw,opupok geb oa-
pa3 “mnuHagu. Tabuniikn, 6yHaa MeTannap KOHTaKTAaWTUpuaraHga
6GUPUHYM MeTaNHWHI 3HT [OBOPW eaTAMAaru 3NeKTPOHAap UKKUHYM
meTannga 6upMyH4Ya nactgaru 6yw caTtgnapra yTta 6ownangu.
Hatuxaga, 6UpWHYM MeTanaHWHIr  NOTEeHUManu OopTub, UKKUHYK
MEeTaNMHWUHT MnoTeHuMann Kamaagu. LyHra moc gonga 6uMpuHUn
mMeTanngaru 3MeKTPOHAAPHUHI  NOTEHUMan 3Hepruacu Kamasgu,
WKKMHYMCKHpa aca optagu (MeTaln/IHUHI MOTeHUManu Ba YyHAaru
3NeKTPOHNap MNOTeHUMan 3Hepruscu TYpAu wuliopara ara 3KaHWHW
acnatnb yrtamus; 152- paemra “apaHr).
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CratucTuk usmkaga Ternb TypyBuM mMeTannap opacupa (wy-
HUHTGEK, MKKW ApUM  YTKas3rmy Eku MmeTann Ba fpUM YyTKasruu
opacuga) depmu catnapura MOC KenyBYM Tyna 3HEPTUANAPHUHT
TEHIIUTUN MYBO3aHaT/NIMK wWwaptu 6ynu6 ~mcobnaHuwm ncboT umu-
Hagn (164-paem; 6y ”“onga depmu cat™napu 6up xmn 6GanaHAINK-
fja kKohnawagw). byHpaid wapTra puos UWAUHIaHga 6GupuH4Ym
meTann cuptura 6eBocuTa SAKWH >KOWZarM 3NeKTPOHHUHI MOTEH-
Luan 3HeprusacyM WMKKUHYM MeTann CUPTU AUUHWAArN 3NeKTPOHHWUHT
noTeHuman sHepruacugaH (e2—ey,) ra kam éynagu. femak, 6u-
PUHYM MeTann CUPTULAru NOoTeHUMan UKKMHYUCUHUHT Ccuprugarncu-
ra KaparaHga

flla= ~ = 22-f, (76.1)

ra kwopugup. Ui2 kaTttannk 6MpMHYM Ba UKKWMHYKM MeTannap opa-
cuparn KOHTakT noTeHuwannap apkmaup.

(76.1) topmynafaH KypuHaguku, GUPMHYM Ba UKKUHYM MeTa-
nap opacuparum KOHTaKT MOTeHnuannap d¢apuyu WKKUHYW Ba 6K-
PUHYUM MeTannap YUyH YUUMLW WLWNAPUHUHT (DapKUHWU 3/1eMeHTap
3apsagra 6ynuHraHura €km UKKMHYM Ba OMPWMHYM MeTannap YuyH
yunapgarv noTeHuuannap apkura TeHr.

(76.1) nmoTteHumannap apku MmeTanngaH Tawkapuga, 6esocuTta
YHUHT cupTura a°MH TypraH Hy”Tanap opacuja tosara Kenagu.
LUYHUHT yyyH "aM YHM TalW p KOHTAaKT NoTeHLuuanna p
hapuwn gfeb atanagu. KynuHua, Tawuum KOHTAaKT noTeHuuannap
(hapuMHN Hasapfa TyTraH ”“onga coAAapok UuAnnb, KOHTaKT mMo-
TeHuunannao apku ge6 ranupunagn. LUYyHWUHrgeK, MeTannapHUHT

n/ ~N M

__Vf

164- paem.

nuku WyuTanapy opacmga }?aMm MUYKMW KOHTakKT MoTeHuumannap
thapum feb6 atanyBum noTeHumannap Gap™m maBxygd. 164-pacm-
JaH KypuHWG Typubamku, OUPUHYM MeTannga 3/MeKTPOHHUHT Mo-
TeHUMan 3aHepruacn uKkMHuucura KaparaHga W'l— ra
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Kuumkaup. LWyHra MyBOoMK *onga GMPUHYM  MeTann numparu
MoleHUMan WKKUHYUCUMHUHT wmumaarura KaparaHga

n
KwniimaTra tokopmaup.
(76.2) npoJa WYKM KOHTaKT MOTeHuumannap QapkuHu 6epagu.
BupvHum meTanngaH WKKUHYMCMra YTWAraHga noTeHuman LWyH-
Jail KuiAimatra Kamasigu.

165- paem.

165-pacmga Termb TypyBuYM 1Ba 2 MmMeTannap Ba YHWHr &Hupga
WTPUX NYHKTUP YM3UK BunaH KOHTYp 6yiinab noTeHuwuan yarapuil-
napu TacBupnaHraH. B — C opanukga 3nekTp maingoHum ”~ocun 6y-
Nafyn, YHWUHT Ky4YnaHraHnink 4u-

3uKnapu NyHKTUP 6unaH Kypca- L./,0 12r3
TUATaH. =t -
166- pacmga 6up-6upura Te - ___ tylPj L i

rmé Typyesum “ap xun |/, 2,

meTannap 6yinab anekTpoHnap

MOTEHLMAN 3HEPTUACUHUHT Y3-

rapmb 6opuwn 6epunraH. Pacm-

JaH  KypuHun6 Typubaukm, |/

Ba 3 MeTann opacuga “ocun

6ynyBunM noTeHumannap dapku 166- paem

6epunraH "onga ynap 6eBocuta

Ternb TypraH “ongarungek 6up xun 6ynagul). Opanuk 3BeHONap
COHM wucTanraHya 6ynca xam, lKopugarn MyHocabaT y3 KyUmHM
caknaifu; 3aHXup yunapu opacumparu noteHumannap apky 3aH-
XUPHUHT WKKW 4YeTuja XoinawraH MeTaiapHUHT YUKW uLinapm
thapkn 6unaH aHMKnaHagw.

Typnu metann XygpTnapy y4yH rawku KOHTaKT noTeHumannap
(hapkn 6Mp Heya YH BOMbTAAH 6UpP Heya BOMbTraya Opanukga ys-
rapué Typagu.

KoHTakT noTeHumannap qapku mMetann 6unaH ApuM  yTKasrny

1) BKHAA noTeHuuannap ~3rapulin MyMKuUH. XycycaH, WKKUTA YeTKW meTannap
6up Xxun lwopanu noTeHywanra era GYNUA LOAUWN ~aM MYMKUH.

235



yerapacuja, WYHUHTAEK WKKWTa ApMM YTKasruy verapacumpja 3am
3ocun 6ynagw.

Xynoca Kunmb, ucTanraH coHjaru Typam Xun MeTannapgaH

KN ApMM yTKasruuynapgaH TalWKua TOMraH EnuK 3aHXxupga no-

TeHUMan cakpawnap WATMHAUCK HOMra

g TEHr Aeimw  MyMKWH (167-paem).

Jemak, 6apya KaBlapnaHraH KUCM-

nap TemnepaTypacuHu 6UP XU TeM-

fepatypaja ywnab Typuica, 3aHXup-

Ja 3. 10, K. 30cun 6ynmaiign. byHpai

n-|"f44 M | 3aHXuWpha TOKHWMHI 30CuMN Bynuwm

TEPMOAUHAMUKAHUHT WKKUHYM KOHY-

Hura 3ug 6ynap 3gu. XakukataH "~aMf

mMeTannapga éku spum yskasruunapga

TOK OKMLWIW XUMUABMWIA y3rapuiinap

3ucobura GynmaraHum YUyH TOK 3aH-

XUPUHU ypab onraH My3uWTAaH Onrad

NCCUKNUK 3ucobura uw 6Gaxapunrau

6ynuwn kepak 3gu. BbyHpa 3e4 KaH-

167-paem aaii Kylwumuya npoueccnap (macanaH,

O/INHTAH WCCUKIUKHWUHT 6UP KUCMUHU

6owka >XucMmnapra ysatuw) cogup b6ynmac aau. LWyHpah Kunub,

WKKWHYM fapaxanu nepnetuym Mobune amanra owraH 6ynap 3au.

77-8. TepM0o3aneKTpuK 3ogucanap

MeTannapaa, WYHWHTAEK SpUM yTKasruunapga 3am, UCCUKIUK
Ba 971eKTp 30fucanapu opacuaa TepMOSNEeKTPUK 304W-
canap: 3ee6ek 3ogucacu, MenbTbe 30fgMcac Ba TOMCOH 30AM-

canapu [ge6 atanyBuM KaTop 30AMcanapHu #
acoCfloBYK Mablym  y3apo  6GorfaHuwnap
MaBXyq.

3eebek 3oamcacu. 3eebek 1821 imnpa
6epK 3aHXWPHW  TaWKWUA  KUATAH WKKW XUN
MeTannHUHr | Ba 2 KaBwWapnaHraH Kucmna-
pvHM TypnAu TemnepaTypanapga yuwnab Ty-
punca, 3aHXup 6yiinab TOK OKWMWMWHU Kaiifg
kungnm (168-paem). KaBwapnaHraH HyKTanap-
jarum  TemnepaTypanap (QapKWHWHI nwopacK

Y8rapTupuauwmn TOK WYHaNUWUHUHT y3rapu- 2
wura onub kKenagu.
TepMOanekTp OPUTYBYM Kyd (KMcKaya 168-paew,

TepMO 3. 1. K.) MKKM xun cababra Kypa
t03ara kenagn. 71-8pa Kkailg KunmHraHugek, ®epmu  catsu
TemnepaTtypara 6ornukampl). LWYHWHT Yy4yH Typnm TemnepaTtypa-

') YHua lokopu 6ynmaraH TemnepaTypanapga Metannap yuyH (kT < Wfo
T- ml
6ynraHga) 6y 6ornavmw Wt = Wfo 11——| J JkypuHuwra sra, 6yHaa
W fo— 0°K garn ®epmu cawm.
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nappfa OynraH KaBwapnap Y4YyH 6up MeTanngsiH UKKWHYUCKUT3
yTraHga [M4YKu KOHTaKT noTeHuuannap dapkum (76.2) dopmynara.
KapaHr] noTeHuuannap eakpawu Typauda 6ynagm Ba OYTYH 3aH-
XWUp YYYH NOTeHUMan cakpawnapuHUHT WUTMHAMCU HOAJaH (apk-
nmaup. 168-paempa KypcatuaraH cTpenka WyHanuwuga

- UAB{1r) + uBn(T') =
=1 1[>,,(7,)- wibl7D]I+ [*(72- ~M(T3)|j =

=1 JIWRT2) - WHT)] + [WPA(T2) - WFAT,,])

ra TeHr OynraH 3. 1. K. HWHT ~OoCUN OYNWWMW YYYH LYHUHT Y3K
eTapnm 6ynuwun Kepak 3gu.
Oxuprun udopa'Hn Kynupgarmya €3l MYMKUH:

1
e dT

(77.1)
v,

Tepmo 3. 0. K. *oCUN OYNUWIHWUHT WMKKUHYM cababuHu Tyly-
HUW YYyH y3yHOuUrn 6yiina6 TemnepaTtypa rpagueHTu 6ynraH 6up
XUHCAW MeTann YTKa3rmuyHu Tek-
wupunb kypamms (169-paem). bByH- b (Tt<T))
ja HucbaTaH HOKOPU 3HEPrusan | —

(W >W F) 3neKTpoHnap KOHLEH-

Tpaumsacu coByK yuura KaparaHga

KnsnraH yumpa Kynpok 6ynagu:

6upmMyHua KaMpoOK  3Heprusanu

(W < WF) 3neKTpoHNap KOHLEH-

Tpauuacu akCuUHYa, KU3UraH yuu-

fa KaMpoK bynagu. YTkasrmy 6yi-

nab wMaBXyfh a3Heprua Kuiimatra

ara OynraH 3n1eKTPOHap  KOH- 169-paem,
ueHTpayuacm rpagueHTuHuHr KO-

cun 6ynuwn, Te3 3NeKTPOHMAPHWHI COBYK yura,CeKWH 3MeKTPOH--
napHyW 3ca, WUCCMK yura AuddysnmacuHW to3ara Kentmpagu.

Te3 31eKTPOHNAPHUHT AU(PGHY3MOH OKUMU CEKWH 3NeKTpOHMap
oKMMUTa Kaparanga Katta 6Ynagu. LUYHWHT Y4YyH COBYK YYu AKK-
HuAa OpruvkKya 3MeKTpoHnap “~ocun 6ynagu, UCCUK Y4u AKUHUA3
aca ynap etmwmangu. HaTuxaga yTkasruy uympn Temnepatypa
rpagueHTUra Kapwu RyHanraH 37eKTp MaigoHu  >»ocun 6ynagw.
Y Te3 3neKTpoHNap OKUMWHW KaMalTupagun Ba CEKUH 3NEKTPOH
OKMUMWHW KynanTupagu. Xap 6up KyHAanaHr Kecum to3uja MKkKana
OKWM TeHrnawraHfja MyBO3aHaT *onAT to3ara kenagu. byHpa yT-
KasrMyHUHT dx y3yHAMKKa 3ra 6ynraH “ap 6up Kucmmupga YyllaH-
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garn d7 TemnepaTypa ysrapuwmura Moc KenyBuum dy noTeHuman
y3rapuwm conup 6ynagu. Kyiugarmuya Genrmnaw Kuputarus:

? (77.2)

4T

YMymuii *onpga yTkKasrmy ysyHnuru 6yinnab noteHuyuan Typau
cababra Kypa ysrapuwm MyMKuH. (77.2) paru icpgeraHga MnoTeH-
LManHWHT (akaT TemnepaTypa rpagueHTa Tydainnm to3ara Kenrad
y3rapuwmn TywyHunagu.

TemnepaTypanapu 7, Ba 72 ra TeHr OynraH yTKasruy yunapu
opacuja

noTeHuunannap Gapku nango 6ynaau.

ByHAa p HUHI KUAMATU YH4YanWK KaTTa 3Mmac, y TaxMuHaH 104
sjzpad atpouga 6ynagu. LIyHWHr ydyyH (77.3) noTeHuwannap
hapKUHN Kailng KUAHW KUAKH.

HoTeknc Ku3gupuaraH yTkKasruy yunapupa noTeHumannap gap-
KMHUHT “ocun 6ynuw Mpoueccum SpUM  yTKasruynap ydyyH “am
ypuHangup. Arap TOK TalyBumnap 31eKTpoHnap “ncobnaHca,
loKopuaa KypraHuMmusfgek, KuW3uMraH YUYUHWHT NOTeHUMannm COBYK
YUYMHUHT noTeHumanura KaparaHga tokopu 6ynap 3kaH. [lemak,
N-TUN A9puM yTKasruunapga &<? Ba cll nap 6up xun wuwopara 3ra,
AbHU p > 0. TelWMUKNM yTKalyBYAHAUK ~onaTupa KaTTa COHfAaru
TeWwunknap COBYK yuura kKapab pguddysuanaHnb, YHUHI SIKUHMAA
OpTuKYa MmycbaT 3apsg *ocun kunagu. LyHpai kunub p- Tmn spum
yTKa3rnyga COBYK YUYUHUHI MOTEHUMaNnu KW3UraH YUYUHWUHT MNOTEH-
umanura KaparaHga tokopu Ba P<0b 6ynagw.

AHa 168-pacmra kaintamms. A Ba B kucmnap yuyyH p HUHT 6up
umiimel)'im amacnauru 3ucobura cTpenka yHanuwmnga

Tf T 7 T
8 gy, = | M2 + | = [taaT- r(yl7 (77.4)
r, J. 7, r,

ra TeHr 6ynraH 3. . K. “ocun 6ynagm (MHTerpannaw 4erapacu
aHUKNaHaéTraHga 3. 0. K. NOTEHLManHWHI KamMahuwmy WyHanuwmpga
TabCUP ITUWKUHM *mMcobra onuw Kepak 6Gynagu).

TepMoaneKTp topuTyBUM Kyd $ repv0 KOHTaKTnapgarun  (Kas-
WwapnaHraH yuynapgaru) noTeHuuan cakpawnapu (77.1) Ba TOK Ta-

WYBYMNAPHUHT AM(dy3mnacu HaTumxacuga cogmp o6ynraHn (77.4) no-
TeHuMan ysrapuwniapu HUTMHAUCUAAH TalKWA Tonagu.

') Xonn noTeHunan apKUTWHI uwopacu mycbart 3apaj TalwyBuunapra Mmoc
KkenraH (73-§8 HUHr oxuprun ab3auura KapaHr) meTannap wyHjai wuwopanu j)ra
aragump.
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W YHaaii LUAnG,

& Tepmo < KOHT 'l- <s gudys.

ByHra (77.1) Ba (77.4) wdoganapHu uUyinb “ampga ogavin  au-
cobnawnapHn 6axapub, KyhmgarnHu Tonamwus:

Kynngarn
A= P-——1rrwr (77.5)

e aT

KaTTanuk MeTtann,éku SpuMm YTKas3rmy xapakTepuctmkacu [ucob-
naHm6, TepMo-3. K. K. KoathduumeHta aeb atanagw.
(77.5) 6enrmnawgaH oliganaHnb, Tepmo-3. 0. K. M(PoJacuHM

T Ta
KAV (77.6)
V,
KypuHUWga 6epul MYMKWH.
Arap aA Ba as nap Tnw T2 uHTepBan d4erapanapufga Temmnepa-
Typara 6ornvy fonja Kam ysrapca, y fofja

<?Tepmo=“nb(7'1 - {7710 >

0e6 &3mw MymKuH, 6yHaa afB HuM aA —ap opuanu 6GenrunaHraH.
aAB KaTTanukHn GepunraH MeTann E€ku ApuMm  yTKasrumdnap xyo-

TM YYyH CONMWITUPMA TepM 0-3. 0. K. aeb aranagun. Kyn-
YUAMK MeTann Xy@mtnapu yyyH a/B KaTttaamk 10~5- 10-4 B rpajg
TapTmbha 6ynagu; ApUM yTKasrmunap ydyH Yy >Xyfja Kkatta uui-
matra (1,5- 10~3 B rpag rava) ara. by pon, Typnau Tungarn yTka-
3yBYaHAMKKA 3ra OynraH spuM  yTKasrmynapga a HWHr - Typau
nwopara ara éynuwnurn  6unaH TywyHTupmunagul), wy cababnu.

\anB 1= 1“al~r 1aB\-

Apum pgonnapga conumwTupma TepMo- 3. 10. K. TeMmmne-
paTypa 6unaH 6yw 6ornaHuwra sra. BUpoOK KaBllapnaHraH yu-
napgarv  remnepatypanap  apuvHm  opTTMpuw  6unaH-£ 1§ M
YM3ULAN  KOHYHMSAT 6unaH  3mac, 6anku  mwopacu  y3rapuiiu
MYMKWH OynaraH eTapivya Mypakkab gon Oyinuya  ysrapuiu

>) TemnepaTypa KyTapwiaraHfga apanalwimanu Spum yTkasruunapgaru ®depmu
cat.\napn Tabkuk/laHraH 36Ha Mapkamu WyHanuiix[a cumKWiAgu, AbHH Typau Tun-
fary ApuM yTKasruunap yyyH Kapama-Kaplu TOMOHra CUmXuigu. «7/.2) kaTTa-
AWK TYypAu TWN yTKasyBYaHAMKAArM ApUM YTKasrmunap y4yH Typau uiwopanapra
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MYMKWH. MacanaH, TeMUp—MuUC XYPTUHUHT OUp KaBwu/apnaH-
raH yumHum 0°C TemnepaTtypaja YyuwiaHca, y )<onga VIKKUHuM
KaBwapn;n;raH YYMHUHT TemnepaTtypacu TaxmmHaH 540°C ra TeHr
6ynraHga TEPMO-3. 0. K. HOAra aiinaHagW; KaBllapnaHraH yuu-
HVWHI TemnepaTypacu aHva nact 6ynraHga g 6up wuwopara

ara 6ynca, OKopu TemnepaTypanapga 6oliKa uuwoparaara 6ynagu.

3eebek ){OpmcacmgaH TemnepaTypaHu yndawga GoinanaHuw
MyMKWH. ByHpail Makcagga wwnatunaguraH Kypunma Tepmo -
napa pfpe6 atanagn. TepmonapaHUHr GMp KaBlIapiaHraH yuu ys-
rapmac Temnepatypaga ywna6 typwunaam (macanaH, 0°C pa), WK-
KWHYM YUYMHU TemmepaTypacu ynyaHWWM Kepak 6ynraH umauwra
Tywupunagn. TemnepaTypaHWHI KaTTaJIMTUHA TafbBaHOMETP 6u-
NaH ynyaHraH TepMOTOK Kyuura kapab 6a”onawl MyMKWH. X°cun
6ynraH TepMo-3. 1. K. HUW KOMMNEHcauus wmetoan 6unaH ynyaH-
raHga aHWKpOK HaTwkara ara 6ynuw mMyMmKuH. Tepmonapa épga-
MuUAa nacT TemnepatypanapHu "am, KOKOpW TemnepaTtypanapHu *am
rpanyCHWHI t03gaH 6up ynywuraya aHWKAMK 6unaH ynyaw Mmym-
li nH.

®. n. K Xyga kam 6ynraHn ydyH (0,5% paH opTmaigu) wme-
Tann Ba YHUHI KoTuwManapujaH WLWAaHraH TepmonapanapgaH TOK
mMaHb6an cutatuga goliganaHunmangm. SpuMyTKasrny mMatepuannap-
[LaH uwnaHraH Tepmonapanap aHya wokopu ¢. u. K. ra sra (7%
raya). YnapgaH TypMywja KUYMK TOK TreHepaTopnapu cudarmnga
dhonpganaHnnagn. KepocrH namna wuwacura abaxyp cudaTtuga
KuiirmsunaguraH OyHAail reHepaTop 3HEPrusacu paguonpuéMHUKHU
TabMUHMAW YYYyH eTagu.

MenbTbe “ogncacu. 1834 iunpga lMenbTbe TOMOHWAAH OYUAraH
<Gy “oguca wWyHfaH wubopat 34MKW, TYpAu MeTana EkKu Apum
yTKasrnunapgaH Ty3WaraH 3aHXup OpKaaum TOK OKub yTtaétraH-
fJa 6ump KaBlapnaHraH yumfa WCCMKIMK axpanuwu conup 6ynca,
<X:4Ka yumfa WCCUMKIMK KTuamwm cogup 6ynap skaH. LWyHpai
knnnb, MenbTbe ~ogucacu 3eebek ){OAMCACUMHMHI TeCcKapucu 3KaH.
Adpannmb uYMpKaH WCCUKAUK MUKLOPW

Qab = Mas'f ~ Mas '« (77.8)

npoga bunaH aHuknaHagn, 6yHaa g—kKaBllapfiiaHraH y4yjaH yTrad
3apsg, MAB—TlenbT be KOIppUuuneHTn fed aranyBymnpo-
nopunoHannuk koathpuumeHTun, (ToKk A 3BeHofdaH B 3BeHcra okaaw).

MenbTbe uccuknurn XXKoynb—J1eHl UcCUKNUrugaH dapknm 6y-
N6, TOK KYUUHWHT KBagpatura amac, 6ankum 6upuHum papaxacu-
ra nponopuuoHangmp. Tok yHanuwun ysraptupunraHga Q ys wmwo-
pacuHu y3rapTipagm, SbHU WUCCUKAMK aXpanuwu ypHura xyaau
YWaHya MUCCUKNK MUKLOPUHWHT OTUAMILN  Ky3aTunagm (0 HUHT
ylwa Kuimatuna).

Jemak,



LlenbTbe Koa(huuueHTa 6uUnaH TepMO-3. 1. K. KOID(UUUEHTH
opaciifja TepMOLMHAMMKa LOHYHNapuaaH Kennb umKyBUMKYhngaru

Mae” ane 1 (77.9)

MyHOocabaT maBXya.

MenbTbe "ogucacu uyimparnya TywyHTUpunagu. ToOK TawyB-
ynnap (NeKTPOH €KW Tewwuknap) KaBlapfiaHuw  YerapacuHWHT
TYpAu TOMOHUZa Typauuya ypTada sHepruara aragup (KMHeTMK Ba
noTeHUMan 3aHeprusagaH TalwKWa TONTaH TYAMK 3Heprus Hasapga
TyTunagun). Arap 3apsj TawyBuuiap KaBllapfaHraH ydgaH yTuo,
KMUYMK 3HEPrMsanm co™ara Tywmb Konca, ynap opTuuda 3Heprus-
NapuHW KpucTann naHxapara 6epagu, HaTmxaja KaBllapfiaHraH
yuu umsmingn. bomHra yumga 3ca TOK TawyBuunap KaTta 3Hep-
rmanm co’ara, ytagu: eTUWIMaiguraH 3HEpPrusiHn MaHXxapagaH
onagu, Hatwxkaga Oy KaBllapiaHraH YUYMHWHI COBMLUWTA 3PULLK-
nagw.

Typnvm Tvun yTKasyBYaH/MKKa 3ra OynraH MKKUTa SipUM yTKas-
rMy KOHTakTmga a”son myTtna”o 6owuayagup. byHpaa 6up KaBiap-
fa 3N1eKTPOH Ba Tewwuknap 6up-bupura kapama-"apwm WyHanuw-
fJa "apakaT uunagu. Ynap TyuHalwraHga pekomb6uHauuanawagu:
M- TMN SpUM YTKa3rMYHWHE YTKa3yBYaHIMK 30HacuMaarn 31eKTpoH
p- TN ApMM yTKasruyra ytub, BasieHT 30Haja TELMKHWUHT YPHUHM
arannangu. bByHga Nn-TUN ApuUM yTKasrnyga 3pKWH 3/EKTPOHHU Ba
p- TUN SPUM yTKasrmyga TeWwWKHW *ocun  Oynumwm  yyyH 3apyp
6ynraH 3sHeprvs, WYHWHTAEK, 3/IEKTPOH Ba TELWMWKHUHT KWHETUK
aHepruacu axpanagu. by 3sHeprua Kpuctann naHxapara capg
3TWNUG, KaBllapfaHraH Y4YHu uusgupuwra kKetagu. bouwa kas-
lwapnaHraH ydgaH yTyBuM TOK SpuM yTKasruusap opacugaruv ue-
rapagaH 31eKTPOH Ba TewWwWKHU cypub onagn. Yerapa co”aga TOK
TaWyBYMIAPHUHT Kamaiinb 60pulIM 3MEeKTPOH Ba TELMUKIAPHUHT
XYPT-XKYy(pT to3ara Kenumwm “~ucobura tynampub typunagn (6yH-
fa 3MeKTPOH p- APUM YTKa3rMYHWHI BafeHT 30HacuMgaH M- SpuMm
YTKa3rMYHWHI YTKa3yBYaHAUK 30Hacura MTagm). XydTnapHu to3a-
ra KenMwura naWXxapafaH ONMHraH 3Heprus capgiaHagn—kas-
LiapfaHraH y4mcoBuiiaun.

A. ®. Nothde MenbTbe ~ogmcacupaH COBUTIUY LypUIManapuHu
Apatnwga QoiganaHmil roacuHM wuarapu cypgu. Nwum  anemeHT-
napu ”"3apo anMawm6 KenyeBuuM M- Ba p-TUN  ApMM  yTKasrmunap
6aTapescu “ncobnaHraH, yH4ya kKatta OynmaraH Xy>anuk XoJo-
OWNbHUKNAPUHUHT Taxpuba Hycxanapu fapatungn. bup Typgarm
KaBllapnaHraH y4 (macanaH, M gaH p ra yTuiwra MOC KenyBuM)
CoBUTMNAguWraH co”ara Kuputué Kyihunagu, 6owua Typgarucu (p
fJaH N ra’“ruwra Moc KenyBuu) Talwyapura ynkapué Myinnagun. Tok-
HUHT TEruwam NyHanuwmnga WYKW KasLlapfaHraH y4ynap UCCUKIUK-
HW oTagn, OyHAa YHUHr atpoduparn 6yWwnWUHWHT TemnepaTypacu
nacasgu, TaluW KaBlwapfiaHraH yunap aca MawauKHW Tawum Mmy-
utra 6Gepaaw.
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MenbTbe 304McacufiaH XoHanapHW 3NeKTp 6unaH ncutuwapal/doii-
fanaHnw 3aMm Ku3ukapnmpup. byHpal 3onga uccukauk OTYBY” KaB-
lapaaHraH y4YHu Tallkapura, WCCUKIUK aXpaTyBYM KaBlUapiaHraH
YYHM 3ca UCUTUNIYBYM XOHA MYUra XOWnawTupuw Kepak 6ynagu.
XucobnawnapHUHr Kypcatuwmnya, Ternwam MWyHanuw 6yinya TOK
YyTKa3nb, MUKW KaBllapnaHraH yunapfa TOK 30CWMJT KWW  YYYH
caphnaHaguraH 3sHeprusgaH Lefpny WKKW MapTa OPTUK WCCUKIUK
MUKLOPU aXpalWWWHU 30CUN KUAMW MYMKWH 3KaH (KoaraH 3sHep-
rma TalWKu My3uTaaH Tynnaé onuHagu). WICUTUWIHWHT  GyHAan
CUCTEMACUHUHT ad3annuru WyHAaH wubopaTku, Kepak 6ynraHga
mMacanaH, 3aB0 WCCMK OynraHja) KaiiTa y3rapTUpULICU3 XOHAHWHT
TeMnepaTypacuMHy MacanTupuw yyyH ¢oinjanaHuwl 3aMm MYyMKWH—
OYHVWHI y4YyH (akaT TOK WyHalWUWWHU y3rapTupull eTapauanp.

TomcoH 30fucacu. TepMOAMHAMWK Myfno3a3anap acocuja ToMm-
COH 1856 Wnunpa ysyHnuru 6yihnuya Temnepatypa rpagueHtu 6yn-
raH 6up >XWHCAW YyTKa3rmygaH TOK yTraHga [lenbTbe UCCUKAUTU
Kaby UCCUKNNK axpanuwmn (KM OTUANWK) KepakKANTUHU ONAWH-
jaH aiitno 6epan. by addekT Taxpubaga TacaumknaHgm Ba TOMCOH
30AMCACK HOMWHM ONAW.

ToMCcOH 30fMcacu acocupa yTKasrmufja axpanraH conmwtTupma

W =X -] (77.10)
dx

KyBBatra TeHr, 6yHga dTfdx — 6epunraH >xoihngaru TemnepaTtypa
rpagueHTu. y —TOK 3WYAUTM, T—NpOonopuuoOHanaIMK Koadhuuum-
eHTN 6ynnb, ToMCOH KoadpduumeHTmn peb aranagn. 6y Koad-
DULMEHT TepMO-3. 10. K. KoapuumeHTn Ba [lenbTbe KoOappuum-
EHTU 6unaH TepmMoAgMHaMMKafaH Kenub 4YMKaguraH mabiaym MYHO-
cabat opkanu 6ornaHraHgup.

TomcoH 3oaucacu lMenbTbe 30fMcacura yxwaw TYWYHTMpUna-
an. Tok Temnepatypa opTub 6Gopuwmn MyHanuwumpa yTtaétraH 6yn-
CUH. Arap TOK TalwyBYunap —3nekTpoHnap 6ynca, ynap y3 3a-
pakaTnapu fgaBomMuga HucbaTaH HOKOpM TemmepaTypanu YypuHIapu-
faH (LemMak, HOKOpW ypTaya 3Heprusanu 3nekTpoHnap) HucbaTaH
nacT TemnepaTtypanu ypuHnapra (KUM4YUK ypTada 3Heprusnm) yra
6ownangn. SNeKTPOHNAap Y3NapUHWHI OPTUKYA 3HEPruanapuHu
naHXapara 6epagu, 6y 301 UCCUKAWK axpanuwura onué kenagu.
Arap TOK TawyBuymiap 6ynub Tewwuknap 3umcobnaHca, 3PHeKTHUHT
Teckapu wuwopara 3ra OGyAMWIKUHWU OCOHTMHA KYpPULI MYMKUH.

78- 8. Apum yTKasrmunu [uof Ba TpuUoAnap

ToknapHu Typpunaw Ba Ky4naHULWAapHU KyyalTupuw  Apum
YTkasruunum (8ku KpucTann) Auof Ba Tpuognap fAeb atanyBum
ApUM YyTKasruunam Kypunmanap éepgamuga 3an  3TUAUWKN MYMKUH.
ApuM yTKa3ruunu TPUOANApPHU, LWIYHUHTAEK TpaH3nucTopnap-
pe6 3am artanagw.
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ApvM yTKa3rmunm KypuamanapHu HYKTaBUA Ba SCCUM  KOHTaKT-
NN Kypunmanapra axpatuw MyMKWH. Bus sdccu guopn Ba TpaH3uc-
TOpnapHu Kapab umkmw 6GunaH 4erapasaHamus.

fAlccM  KOHTAaKTAW  KypuUAManapHUHT  acoCuMil  3NeMeHTW p —r~
yTnuw “ucobnaHagu. Y OGupruHa KpUCTaNNHWHI UKKU co”acu opa-
eCufarn yerapaga apanawmManu yTkasyBYaHNMKLaH GapKiaHyBYn ton-
Ka KaTnamHu udogananau. ByHpal yTulHM Taépnawl y4yH 3/1eK-
TPOH yTKa3yBuYaHNMKKa 3ra 6ynraH apanawima KOMAUIMN Xyf[a Kam
6ynraH Xypa T03a repMaHuin MOHOKpucTanu onuHagu. Kpwuctann-
LaH KUPKUG ONMHraH toMKa MNAacTUHKaHUHT 6Up TOMOHWUra WHAWIA
b6ynakyacu 3putub Kyiimnagu./Bakyympaa €KW WHEpPT ra3 aTtMmoc-
(hepacuga amanra owMpunaguraH onepauus BakTWAa WHAWA aToOM-
napu repMaHWAHWHI Mabaym uyykypnurura kafap guddysumanaHnb
6opagn. WHAwnii atomnapu yTtué 6op-
raH co”anappga' repmaHuin TewWwWUK yT-

KasyBuaHNMKKa ara 6ynu6 konagm. JrrTopep - Jiproprep
by co”™a uyerapanapupa yTuu 7
Aocun bynagm.
170- pacmpga  4erapa KaTnamra
nepneHAMKynsap MyHanuwpa apanawl-
Ma  KOHLEHTpauusACUHWUHI  y3rapub p-n yTuwWw
6opuwun Kypcatunrad. /7-co™apa apa-
nawima atomaapum  TOMOHMAAH 3nekK- 170- paem.

TPOHHM TOpPTMOG ONMW  HaTmxKacuga

*ocun 6ynraH Tewwuknap acocuin TOK TawyBunm 6ynnb "ncob-
naHagn (6yHpga akuentopnap MaHuiA  MOH  6ynmb6  Konagw);
O6yHAaH Tawkapu wy co”aja 3MeKTPOHMApPHWHI WMCCUKNWK “apa-
KaTW HaTmxkacupa BaneHT 30HafaH 6eBOCMTA YTKa3yBYaH/NK 30Ha-
cura (6y npouecc Tewwuknap COHUHM "“aM 6up 03 Kynantupagu)
YTUWKW HaTMxacmay "ocun bynaguraH, acocuii 6ynmaraH Kam COH-
farn K TaWyBYMNap-3NeKTpOHNap "am MaBXyagup. s-co’apga
acocuii TOK TallyBYMnap 4OHOpnap TOMOHMAAH YTKa3yBYaHNK 30-
Hacura 6epunraH (6yHga AoHopnap Mycb6aT MoHnapra anaHub Ko-
nagun) 3neKTpoHnap ~ucobnaHagu; WCCUKAMK "apakaTt “uncobura
03 6epraH 371eKTPOHMAPHWHI BaneHT 30HafaH YTKa3yBYaHIUK 30-
Hacura yTWLIM MaBXYJ CO><a YUYyH acocuii TOK TawyBuuM 6ynma-
raH—yH4a Kyn 6ynmaraH TewWwWkNapHWHI ~ocun Gynuwura o0nmb
Kenagm.

Uerapa katnam opkKanu Kapama-kapwu WyHanuwga angoysnsa-
NnaHn6, TewWnK Ba 3NeKTpoHnap 6up-6upnapn 6mnaH peKombUHauma-
naHagun. LWWYHWHT y4yyH p-n- yTuW TOK TallyBYMIapra >Xyfja Kam-
6arannawraH 6ynmb, kaTTa Kapwwuiumkka ara 6ynmb konagu, LWy-
HUHT 6unaH 6up BakTha co”anap opacujaru uyerapaja 3apagnapu
SHAWNMKAA Telwwnknap 6unaH KoMMneHcauuWsanaHMalnguraH akuenTtop
apanawMaHWHT MaH(pUiA MoHNapupaH "ampa 3apsfiapyu SHAWAUKAT
3NeKTPOHNap 6unaH KOMMeHcauusnaHmaguraH [JOHOpP apanawma-
HUHT MycbHaT MoHNapuaaH Tal KW TONFaH KyLW 31eKTp KaTtnam”™nango
6ynagn (171-paem; povpadvanap —moHAap, Kopa HyKTanap—anek-
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©f£> ) TPOHNAa 04 HykTanap - Tewuk-
ew kj K vi'.ty.tb nap,qmp? Bpr,aM KaTnamga 3nekTp

«©©® ©O|© © © © jS MainpgoHu WyHfah  MyHanraHkwm,
©©©00b'cob o oo Y acocuii TOK TawyBYWNAPHWUHT

N Iyl -
BEE S ojo {6 ous [JAIRM ORKAN, Keliugy, yTuyna
©P © © ©jO © <$ ©;0 WKKN cOo™aHWHT depmu catnapu
n©© O 0«0 © © ©*O 6up xun 6anaHfNUK 6yinya XOoM-

©4® © © ©'1© © © ©.© pawrag I'I%'T nggwxgp M*va(l)ns/l

Mna 3apd
p-M-yniuw HaTra apuwagu (172-paem). YTuw
co™acuparn 3HepreTuk 3oHanap-
171-paem HUWHI arunmwunra Mmyso3aHaTt KO-

natpa p- cojja MOTEeHUWanUHWUHT
n- co®a noteHumanura HucbataH nactaurun cabab 6ynagun; LWYyH-
ra MyBoMK p-co’agarn 31eKTPOHHWHI MNOTeHUMan 3Hepruacu
n- coragarura KaparaHga katta 6ynafgu. BaneHT 30HaHUHT MNacTKu
yerapacu anekTpoH Wpt noTeHUuMan 3HEPTUACMHUHI yTulra HUC-

6araH nepneHaukynap WyHanuwpaa ysrapub6 6opuwra Kyn 6epagm

YTKazy6uaHmK

30Hacu

Ddepmn
carwu

TabumugaHras
30Ha

BaneHT
30Ha

172- paem.

(173-a paempa AXAUT 3rpu 4Yu3nMKKa KapaHr). Tewwuknap 3apsagu
3NeKTpOHNap 3apsajgura kKapama-kapwwu O6ynraHu Y4YyH ynapHUHT
WpT noTeHuman 3aHepruscu Wrd KuM4YukK 6ynraH epfa katra 6yna-
oW Ba akcuMHya (173-a paemga MYHKTMP 3rpu  UYM3UKKa KapaHr).

p-Ba N- co’anap opacuparn MyBO3aHaT/MK Ky3ranysdaH )(ucob-
naHagu. AcoCuil TawyBYWMAPHUHT GMPOP KUCMM NOTeHLMan TYCUK-
HM eHrnm6 ytuwra MmyBaddak 6ynagu, HaTwKaga yTUL XOWM op-
Kanu yHYya KaTTa 6ynmaraH /aoc TOK Ookub6 “~tagn (173-a paem).
By Tok acocuii 6ynmaraH TOK TallyBUMJAPHWUHT  "oeun  Kuarad
Kapwwu 1acAToku 6unaH KomneHcauusnaHagu. Acocuil 6ynmaraH Ta-
WwyBYMnap Xyga kam.6upo” ynap noTeHUuuan TyCUKAAH ,,cupnaHuo*
co™anap 4yerapacu opkKanum OCOH yTu6 0nagu. r JIHUHT  KaTTanuru
jjap eekyHpga nanWgo 6ynmb TypaguraH acocuin  6ynmaraH TOK
TalWyBYMAap COHM 6GunaH aHWKNaHWMG, noTeHuMan Tycuk 6GanaHg-



nurura aeapnu 6ornmk 6Gynmaingn. /aoc HUHT  KaTTanury aca  ak-
CUMHYa, Tycuk 6anaHanurura xypa 6ornukgup. MoTeHuman Tycuk-
HWUHT raooc Ba tac. 6 Toknap 6up-6upnapuHu KoMneHcayuanagurat

BaKTAa ara 6ynraH uuiimaTmga MyBO3aHaT to3ara Kenagwu.
KpucTtannra TalwkyM KyynaHuw 6epamun3, 6yHAa MaHGaHUHT
»t “ KyTOMHM p- co™ara ,,— “ KyT6WHM n-co’ara ynanmma
(6yHpah KyuynaHuw Tyrpu KyuynaHuw pe6 atanagu). by “on p-co-
Nafa NOTeHUManHWHr optuwura (AbHU Wp T HWUHI opTuwuMra Ba
W a HuHT nmacaiuwwura) Ba A- co™aja NOTEHUWANHWHT KaMaiuwm-

ra (svHu \Vn T nacaimwura Ba WO g opTuwwnra) onmé Kenagm

. l. |
p-n -|yTVILIJ p-n-ymwu pr-yTWLLL

a 6 6
173- paem.

(173- 6 paem). Hatmxapa noteHuman Tycuk 6GanaHAauMrum kamasgu
Ba /aooc TOK opTaguW. itc 0 TOK 3ca amanga ysrapuwews Konagu

(lokopupga Kailfg KuauHraHuw Kabw, Tycuk 6GanaHgnurura Aespam
6ornuk 6ynmaign). Lemak, HaTuxaBWii TOK HongaH apknm 6ynué
Konagu. loTeHUMan TYCUKHWHI nacaiuwmy KYWuaraH KydnaHuwra
nponopunoHangup (y eU ra TeHr). Tycuk 6GanaHAnWru kamawnraH-
fa acocuii TawyBuunap "“ocun KWAraH TOK Ba [AeMakK, HaTuKaBuii
TOK Te3 opTub 6opagu. LyHpgaih kwunmb, p —A-yTuw /7-co”agaH
f-co”ara TOMOH TOK yTKasagu. By Tok Kyuum KYiuaraH Kydna-
HUWHWHT opTMWK 6unaH Te3 opTtub 6opagn. ByHu Tyrpu IiyHa-
nnu, (e yTkasuw, & YTuw) geb atanagw.

Tyrpu KyuynaHHwWwAa KpucTtannga ~ocun 6ynraH 3nekTp Mainpgo-
HM acocuil TallyBYMNlapHW co”aflap opacupgaru 4yerapara ,cukagu®,
HaTMXXafa 3apsaj Tawysuyunap 6unaH KambarannawTUpPUAraH yTuL

>) TalKn KYYNaHWWHWHT ynaHWWW MyBO3aHaTHW 6y3aan, O6yHAa *ap WKKM
couyasarn ®epmu catnapum 6Hp-6bupura HucbaTaH cumkM6 Konagu. Tyrpum Kyu-
naHunwpa /?-co*apga W7> caty n-co”agarura KaparaHga nacTtpokpa >Xoinawagm.



AaTnamu KeHraurum Topasgul). LUyHra myBOMK *onga, KyunaHuuw
LaH4YanuMK kKaTtra 6ynca, yTuWW Kapwuauru wyunyanuk Te3 Kama-
Mn6 6opagu. LWyHpgain kunmb, yTkKasyBuM eo”afa, BOMbTaMMep Xa-
pakTepucTuKa Typpu uYM3nKNu 6ynmaingn (174-paem).

JHAWM KpucTannra wyHgalk WyHanuwparun kKyvynaHuwbepainmk-
KW, MaHbaHWHr , + “ KyTbwm a-co”ara, ,, —“ KyTbm 3ca "-co”ara
ynaHraH 6yncuH (6yHW TeckKapu KyuynaHuw peinnagun). Teckapu
KyunaHu noTeHuMan TYCUKHUHI OpTUILIMra Ba LWYHra MyBOGUK

Aonpa acocuii 3apaj TawyBuunap TOoku [aoe

HUHT Kamahuwwmra onué  kenagn (173-e

paem). byHpa 3“ocun 6ynraH HaTWXaBUW TOK

(Teckapu TOK feb aTanyBuu) TYWWHULW  KWWA-

matura Te3 apuwagnm (avbHuM U ra 6ornuk

bynmaii konagu, (174- paem) Ba rac 6 ra TeHr

6ynn6 konagu. LWWyHpain kmnmb, p — n- yTuLw

A-co™agaH “-co”ara TOMOH (Teckapu €éku

6epkutyBYn aeb atanagu) takat acocuii 6yn-

174- paem. mMaraH TOK TawyB4ymnapra 60rnnk 6ynrad

Kyyens TOK yTkasagu. dakat xypaa ~am kat-

Ta Teckapu KyunaHull 6GepunaraHfjarvHa TOK Ky4uu KECKUH 0pTagwu,

Oy YTUWHWHI ?NeKTPUK TeWWAUWM HaTuxkacupa pyih 6epagu. Xap

6Up p — N- yTUIW yHra KyWunraH TeckapyW Ky4YlaHULIHWHT 4Yera-

paBuiA KuiimaTum 6GunaH xapakTepnaHagu, 6y kuiimatga p —n- yTuuw
*ey KaHpaih 6y3uaMIens uwAawm MYMKUWH.

Kpuctannra Teckapu KyuynaHul KyhunraHga 3"ocun 6ynrad
MalifoH p- Ba fi-c0”anap opacumparum uyerapajaH acocuii TallyBYu-
napHu ,opkara TopTagu"”, 6y a3ca TallyBuYMnapu KamailraH yTuLl
KatnamMm  KeHFIMTMHWHI  OopTWLIMra
onn6 kenagn. WyHra mysodwuk "on- U
ja yTuw Kapwwuaurm “am optnb 60-
pagn. [MOemak, p-n- yTuw Teckapw
WyHanuwpa Typpu “ongarucura Ka-
paraHga 6upMyH4Ya KaTTa Kapluauk-

Ka aragump.
KOkopupga aiiTunraHnapgaH, p-n- ]-I 1

yTUWAAH y3rapyBYyaH TOKHU Tyrpu-
nawpa gojanaHnul MyMKUH 3KaHAUTK
Kenu6 uyukagun. 175- paempa 6epunra
Ky4naHWW TapMOHUK KOHYH 6yiinua
y3rapraH )(on y4YyH p —Aa-yTuu
opkanum okub6 yTyBuUM TOK Trpadurn KypcatunraH. by “onpga ToK
TalWlyBYMaap KamailraH katnam KeHrauru >(amga yTull Kaplwuanuru
KyuynaHuw ysrapuiwm 6unaH 6up xun taktha ysrapub nynbcayusna-
Hagw.

175- paem.

) YTuw KaTnamu KeHrnuru kamaiuwwnHu Gepunraw dy'dx ga  Atp noTeHum-
*AHUHT KUMYMK Y3rapuiinm bX HUHT KUUYWK Y3YHAUTMAA amanra owupuanwm 6Gunad
TYWYHTUPUW MYMKUH.
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FepmMaHnin anemeHTUAAH AcanraH Tyrpunarunynap 1000 BonbT
Teckapu KyuynaHuwra uugaih onagu. KyunaHuw 1 B 6ynraHgm TOK
3MuAnrn Tyrpu iyHanuw 6ylinya 100 a/cm2 raetagu, Teckapu hy-
Hanuwga aca —6uMp Heya MMKpoamnepgaH katta 6ynmaingn. Kpem-
HWANU Tyrpunaruunap 6yHAaH "am lOKOpWM TeckKapu KyunaHuuwra
yngain onagu. Ynap LWYHWHrAek, GMpMyHYa HOKOpPU MIWLIYM  Temne-
paTypara “am umpgaingu (repmaHuini yyyH TaxmumHaH 100°C 6ynca,
6yHga 180°C rava). HucbataH KeHr TapkKanraH cefeHnu Tyrpuna-
rmuynap EMOHPOK napameTpnapra aragup. Ynap yyyH pyxcart aTun
raH Teckapu KyunaHuw 50 BOMbTAAH OPTUK
O6ynmaii, TyrpyM TOKHUHI 3HT KaTTa 3U4Nuru 3HvaiTpban Kuwiwtop
50 maem? rava 6ynagn. N Ta Tyrpunos-
yn aneMeHTnapHu (ceneH walibanapHu)

KeTMa-keT ynab, N Mapra kaTta Teckapu
KyunaHuwra yuganguraH tyrpunaruy %o-
CUA KUANUW MYMKWH.

ApuM yTKasrmunm Tpuog EKu TpaH3uc- v
TOp WKKWTA p —nA-yTuwra 3ara 6ynrad
KpuctannHn udoganangn. Typnm Tungaru 176- paem.

yTKasyBYaH cO”anapHUHI anMallvHULW Tap-
Tnébura 60rnuk “onga p—n-p-Ba N —p —n- TpaH3UCTOPNapra
6ynuHagnl).

TpaH3UCTOPHUHT ypTa KUCMU (TPAH3UCTOPHUHT Xunnra kKapab «-
8KN jj-Tun YTKa3yBYaHNMKKa 3ra 6ynagu) yHUHr 6Gasacu feb
atanagu. BasaHWHI MKKW TOMOHWUra TermbTypyBUM YTKa3yBUYAHINTK
6asara HucbaTaH 60WKa TN yTKasyB4YaHAMKKa 3ara 6ynraH co>(a-

nap a9MUTTep Ba KONNEK-
TOpP HW “OCMN uunagu.
p —n —p- TUN  TpaH3McTOop-
HUHT UlWnaw MNPUHLUIUHU  KKC-
Kaya kapab ymkamuns(176- paem).
ByHpall TpaH3UCTOPHM Tanépnaw
YUYH 3/1eKTPOH YyTKa3yBYaH/UK-
Ka ara 6ynraH To3a repmaHuii-
[aH MWWAaHraH nnacTUHKa onu-
Hafu Ba YHUHT *ap WKKW TOMO-
\ ©© Hura VHOWA 3putn6 Kyidunagm.
3MnuTTep Ba  KOMJIeKTOpAaru
177- paem. TallyBYMnap KOHUeHTpauuscu,
AbHU  TEWWK YTKa3yBYaHIUK
cotacuparn TalwyBuYMnap KOHUEHTpauusacu 6Gasa uyerapacuparu,
AbHW 3MEKTPOH YTKa3yBYaH/IUK co”acuparu TallyBYMnap KOHLEH-
TpauymacmgaH Katta 6ynuwn kKepak. 177-a pacmpa 3/IeKTpoHNap
(TyTaw 4mM3MK) Ba TewwWkKfap NOTeHLMan 3Heprus 3arpu uumsu’na-
py (MYHKTUP 4un3uny) Gepunrad.

>) Bu )MyH4ya mypakkab TpaH3ucTopnap *am 6ynagu, wmacanaH, p—n—p—~n
Ba 6owuanap.
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3murtep —6asa yTuwga yTuw WyHanuwmnpa KydnaHuw 6epu-
nagn (176-paem), 6aza — KONNEKTOp yTulga 3ca Teckapu MyHa-
AMWAA KaTtTa KyynaHuw 6epunagu. By “on  6upuHumM ytuwgaru
noTeHuMan TYCUKHUWHI nacauMluMra Ba WKKUHYM yTuwwgarn TYCUK-
HUHT opTuwwura onubé kenagm (177- 6 paem). IMUTTEpP 3aHXuUpuga
TOKHWHI OKMWMK 6Gasa co™acmpa TewuKNapHUHT ~ocun 6ynuumn 6u-
naH Kysatunagn (3NeKTPOHNAPHUHI Kaplwu OUUMWU YNapHUHT KOH-
LeHTpauMacuM yH4ya Kyn 6} nmaraHu Tydannm kampgup). Tewwuknap
6aza mumra ytub onmb, KONnekKTop TOMOH AguddysmsanaHagun. Arap
6asa UanuMHAUTK yHYa KaTTa 6ynmaca, geapnu 6apya Telwuknap
pekoMbuMHauMANaHWWra ynrypmaciaH Konnektopra eTtué 6opagw.
Y epga ynap MailfjoH TOMOHMAaH ywnab OnMHagM Ba KOMMEKTOp
3aHXupupa Teckapyu WyHanuw 6yiinab yTyBYM TOKHWU Ky4valTupagm.

3MUTTep 3aHXWpUAAru TOKHWHT ~ap KaHjai y3rapuwu Kon-
nektopra ytnb 60pyBuUM TeWWKNAP MUKAOPWHWHI y3rapuiinra Ba
Lemak, KONNeKTop 3aHXupuaa TOKHUHT XyAAu LWYyHAan y3rapuwm-
ra onn6 kenagu. PaBliaHKWM, KOMNEKTOP 3aHXuWpuparun TOK Yy3ra-
puULWIN 3MUTTEP 3aHXupuparu TOK y3rapuwunpaH optub ketmaingul),
6yHaa 6yHpai Kypunma ¢ongacusgek Tytnaguw. bupok ytuw Ty-
CUK WyHanuwunra Kapwu hyHanuwpa 6UpMyH4Ya KaTTa Kaplunmk-
Ka ara 3KaHAWrmHuM “~mcobra onuw Kepak. LUyHra kypa, Toknap-
HUHF 6Mp XWN y3rapuiimnpa KONNEKTOP 3aHXupugarm KyydnaHuul
y3rapuin 3aMuTTep 3aHmxupuparumra KaparaHga aHya katta 6yna-
an. [emak, TpaH3UCTOP Kyu/llaHULW Ba KyBBaTHW Ky4yaiTupagw.
Acb6o6faH onvMHaéTraH lOKOpPW KyBBAaT KONMEKTOP 3aHXUpura ynaH-
raH TOK MaHb6au ”~mcobura naingo d6ynagu.

FepmaHuWii aneMeHTUAAH AcanraH TpaH3ucTopnap (Ky4dnaHuw Ba
KyBBaT 6yiinMua) 10000 ra etaguraH KyyaTupuw 6epagu.

p - N—V —n TN TpaH3UCTOpfa TOK Oyinya Kyy4aTupuwHU r'av  So-
cun umnca Gynagw.



X BOB
SQNEKTPONNTNAPAOA TOK

79-8 JpuTmanapfa MoJieKynanapHUHI fuccouuaumusicu

TOKHUHI MeTannap Ba 3M1eKTPOH ApUMM  YyTKasrmynap opkanm
yTUWKM ey KaHZa XMMUABUIA ey3rapuwuiapcus cognp 6ynagw.
ByHpalii mogpanap 6upuHuUM Typ yTkasruunap pge6 aranagun. Tok
yTUwmnaa XUMuaBuii yarapuw 103 6epagurad Moaganap UKKUHYM Typ
yTKasrnynap ékm anekTponutnap Aeb atanagn. Ynap KaTo-
pura Tys3, WLWKOP €KW KWCNOTaNapHUHr cyBfarn Ba O6O0LWIKa CYHK-
NNKJArn 3puTManapu, WYHWHIAeK, KaTTUK ~onaTga WOoH KpucTann
AncobnaHraH Ty3 apuTmanapu Kupagw.

AnekTponuTnapga TOK Tawysuwunap 6ynub monekynanapu apu-
TUAraH MoAaja apuTmanapufa puccoumaumsanaHagurad (napyanaHa-
OnraH) uoHnap xmsmaT Kunagu. KaHgail kunub guccoumaums cogmp
OYNUWUHN aHMKnaw y4yyH Kyt6nu wmonekynaHu,macanaH, NaCl Hu
kapab umkamm3. Na Ba CL aTomnapu monekynara 6upnawiraHga anek-
TPOHNAPHWHI KailTa TakcumaaHuwu 103 6epagn — Na HUHT  BaneHT
3NEKTPOHN TYAUIIWM Y4YYH 6uTTarMHa anekTpoH eTuwmaérrad Cl
aTOMUHUHT KObBurura ryékum kywwunraHgek 6ynagm. Hatuxaga Na
aTomy mycbatr uoHra, Cl atomm 3ca MaH(WiA MoHra ainnaHnb K°-
nagn. Xap MKKana WOH MOfeKyfaja snekTpoctatuk (KyfoH) ysapo
Tabcup Kyum OunaH TyTn6 Typunagu. LUyHra yxwaw, wctanraH
6owkKa KyTbnnm Monekyna WKKW €KW YHOAH OPTWUK COHAarn WOH-
napfaH Tawkun Tonagu.

dpuTmaga apuraH moagaHuHr Hap 6up mMonekynacu, 3puTyBuu
MOneKynanapuHuUHI Kypwosuga 6ynagn. Arap 3pUTYBUUHWUHT MO-
nekynanapu 3am Kkyténum 6ynca, y 3o0/ja ynap apuraH Mofga mo-
Nnekynanapu AKMHUWAA YHUHT 30CWN KWNTAH3NEKTP MaijoHuga opu-
EHTaUMANoBYM Ky4y Tabcupupga 6ynagu. LLUYHUHT yyYyH apuTyBYM MO-
NeKynacu 3puraH mofua MoneKynacMHUHI Mychat 3apsfgnaHraH Kuc-
MUra Y3VHWHT MaH(uid ,,y4n* 6unaH, mMaHuii 3apsgnaHradH Kicmura
aca—mycbar ,,yun* 6unaH yrupmnunb konagm (178- paem; TyTawl KOH-
Typ 6unaH 3puraH mogga MOJIeKynacu, MyHKTMP KOHTyp 6unaH
IpUTYBUM MOALA MOJeKynacu ypanraH). SpuTyBuM MOLJa MOJEKy-
nanapvHuWHr GyHfain >XoWnMwyBmuga ynapHWHr ysnapu “ocun Kun-
raH MaijoH apuraH mofja MOJSieKynanapuHUHE  Typau  uwiopanu
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MOHMapK opacuaarn 60rnaHUWHK
bywawtMpagm, Hatmxaga 0Oy
6ornaHnl  UCCWb;IMK  dapakaTu
3Hepruacu gucobura  ysmarad

6ynnWM MyMKWH. ByHpait gonga
I I I l& w |'p MoneKyna TypAu ULIOPanu UKKM
— VIrn- 8K Kyn COHAAry MOHNapra ax-

® Y o panaan (guccoumaumanaHagm).
¢ Ovnonb  [OCMA  KWAraH
MaliloH  KyuYnaHraHauru YHUHT

178- paem. 3NeKTPp MOMeHTa KuiimaTura npo-

nopuunoHangup [(6.5) popmynara
yapaHr]. LyHWHT y4yH gunonHu ypab TypyBYM MONEKYNanapHUHT
OWMONb MOMEHTM LaH4YanukK KaTTa 6ysnca, AbHU 3puTyBUM cudaTmnga
ONIVHTaH CYHOb;IMKHUHT AW3NEKTPUK KUPUTYBYAHAUTM "aHYa/IMK KaT-
Ta b6ynca, spuraH Mogga MOJIEKYNaeUHUHT UOHNapWU Opacugaru 6ot-
NaHWLW WYHYaInK Kyu4numpob; Oywawagu. bapya cyw”nvknap mium-
f4a AU3NEKTPUK KUPUTYBYAHAUTM 3HT KaTTa OynraH mogga CyBaup
{e=81). LUyHra mysou”™ cysnu 3puTmanapgarv MonekynanapHuHr
auccoumnaumsacy xypa katta bynagw.

Xocun 6ynraH voHnap 3puTma Oyiinab kesa 6Gownaingn. Arap
TYp/M WLWOPannM WOH'ap eTapivMya KWUYMK Macodara S uHnawea,
ynap b;aiitagaH 6upnawm6 mMonekynara annaHuium MyMKuH. [wnc-
couuaumsa npoueccura Teekapu bynraH 6y npouecc MOHNAPHUHT
pekombuHaumacu (km monmsauusa) peb aranagu. Iput-
Maga O6vp BakTAa Aap MKKWM npouecc — 6apya MOJieKynanapHUHT
Auccoumaumacn Ba WMOHMAPHUMHT 6upnawmb Monekynara annaHuwiu
(pekombuHauuscn) cogup 6ynagn. bupnuk BakTga Agmuccoumayns-
NaHraH -mofnekynanap COHW Wy BauT AaBoMuia pekoMmbuHauusna-
HULW HaTuxXacuga fJocun 6ynraH MOJSIEKYNanapHUHE  COHWra TeHr
6ynub b;onca, MyBo3aHaT AonaTt to3ara Kenagu. by gonatra mab-
NyM guccoumaumanaHnl gapaxacu MOC Kenagu Ba YHW  3purad
Mog4a MONeKynanapuHWHI LaHpaih uMCcMKM AuccouuaumsnaHraH pgo-
natga O6ynuwWmMHU KypeaTyBuM a fuMccoumaumanaHmw Koad-
huuuveHTU O6unaH xapakTepnaw “abyn uunuHrad. Arap 6upnuk
JaKMAarn 3puTMaga 3puraH mogga MOseKynalapuHWHE COHU N Ta
TeHr 6ynca, y gonga nl= <@ Ta MOnAekyna 3puTMaga MOH Kypu-
Huwmaa 6ynagn Ba N = (1—n)n Ta MoNeKyna AuccouunaHmaraH
MOMeKyna KypuHuwuga éynagm.

dpuraH MOJLAHWHT JanyW WoHfapra axpanmaraH gap 6up mo-
NeKynacu y4yyH YHWHI Oup CeKyHA AaBoMufa guccoumnaumsnaHuiu
3ATUMONN MaBXyaaup. [emak, BauT GMpaMru numnga 6UpanMK gaxm-
fLa guccoumaumanaHyBym  MONeKynanapHWHr COHM &1’ fannm WOH-
napra axpanmaraH MOJieKynafapHUHT COHM N'' ra nponopuuoHan
Oynuwmn Kepak:

An' = k'n" = k’{\ -a)n. (79.1)

MponopunoHanauk KoahuumeHtTa k' 3pUTYyBYM Ba 3pUraH MOA-
[JaHWHT Tabuatura 6ornnUANpP. £ HUHI UMAMATKU KaTTa GynraH apu-

250



TyBUM Mogganap ydyyH k' koadpuumeHT Kkatta 6ynagu. ByHpaaH
Tavwapu TemnepaTypa opTuwwn 6unaH y opTtub 6Gopagwm.
VIKKM XU nwopann WOHNAPHUHT yypawuw 3~NTumonu mycbart
Ba MaH(puWii MOHMap coHUra NpPonopuMoHanguMp. Y coH 3am, 6y COH
am guccoumaumnanaHraH Mosekynanap CoHu N' ra TeHrgup. LUyH-
ra Kypa, pekomOuHauumsa Tydainm 6uUpAUMK BaKTAa 3aXm 6upnu-
rmga 3ocun 6ynraH mMosiekynanap coHu n'2 ra nponopuunoHan 6f-
nagu.
an" = k'"n'2= k"an2 (79.2)

MyBo3aHaT 30naT ydyyH JIn' = An" 6ynagu, wyHra kypa [(79.1)
Ba (78.2) wnoopara uapaHr].

kl (1—a)n = /ra2nr,
6yHAaH

YLIJ6y TEHIrMaMmaHMHI MKKUWTa BYUMU

173

unaus ongupga vwopann euynMUHU Tawnab 6opull Kepak,
UYHKM a MaH(uii 6ynuwm MyMKWH 3Mac. Boulia BUMMHK

(79.3)

«YPUHULWITA KeNTUPULL OCOH.

By ¢opmyna rakpubwin dopmynagup. Arap 3ap 6up 3puraH
Mogda MoseKynacu 3MHUHI UYLWHUCKH cudaTnga gauat 3pUTYBUM
Monekynacura ara 6”nca, k' Ba K" KoapuumeHrnapHu ysrapmae
pe6 3ucobnawl MymKuH (6y 301 KOHUEHTpauusicu HucbaTaH Ku-
YHK b6ynraH a3puTmanapga yupakhgu). KatTa KOHUeHTpaumsanapga
3ap 6up Mmonekyna- 3puTyBUM 3amja 3puraH mMogfa Mosekynaan
uypwosuga 6ynagu, Hatuwkaga AuccouMNaHuLW 33TUMOAN ~3rapa-
an. WyHnHrgek, Typau uvwopanyM WOHNAap ydypawraHja 3am pB-

uusiHM TaupubaH Kyiuparuy;| €3l MyMKUH;

Jemak, >Xyja 3am CYHNATUPWATaH 3puTManapfa a3puraH mog-
JaHUHT JeApnu 3aMma MoJeKynanapu guccouumnaHraH 6ynagu. Dv
301 N HUHT KWMYUK KuiAiMaTnapuia WOHMapHUHT fesipau 6up-6upnapu
6vunaH TyKHalIMacAWrH opuanu TYWYHTUPUAAAW; LWYHUHT Y4YYH
pekoMbuHauusa coaup 6ynmaignm Ba BaHT “~Tuwu 6unaH 6apya
MoneKyfnanap WoHnapra axpanagu.



N HWHT KatTa “uimatnapmga 11,/ “ — ra HucbataH, aiHU”cn

flEH‘—ra HucbataH 6upHM “mcobra onmaca *am 6ynraH j*Aal (79.3)
ngpoaa
K f 4k'"n f k I
“~ 289y ~V = Y ¥n Vn
KYPUHMWLLHKW onaju.
By ){onga ancroumnanuw koathuUMeHTa 0 Xypja Knunk 6ynuo

4k™n [ A
(mapTra Kypa -p—> 1), gemaK, / — « 1j, KOHUEHTPaUuUSHUHT

opThwmM 6unax \-/- ra nponopuyuoHan )\Onga kamaiimb 6opagw.
YHua oKopu OynmaraH TemnepaTypa-

( _ napja woHnap ynapra énuwmb pgonraH
3pUTYBYM MONEKynanapu 6unaH ypanrad
"IN j — |fxx*;-* o6ynaan (179-paem; MaH(pUA WOH Y4yH

-Aam XypAu WyHAain MaH3apa Kysatuna-

n)- by “oaucara WOHNAPHWHI CONb-

BaTnaHuwmn (cysgarmaputmanap”onm

ry YyYyH—Tmngpat naHunw) peb arana-

'3 AW, WOHNapaaH )?ocun GynraH Ba 3pu-

TYBUM MOJieKynanapuaH Ty3UAraH Ko-

OUKHWHT Ky4Y MaifoHN TOMOHMAAH ywna6

179-paem. TYpunyB4ym ma”Cy/noTHM 3ca CONbBAT

[eb6 atanagn. bupmyHua WHTEHCKMB Byn-

raH UCCUKNMK ~apakaTu COMbBaT KOOUPUHWM “OCWUN b;W1yBYM WOH Ba
mMonekyna opacuparn 6ornaHuwHn  6ysagn. LLUYHUHT yuyyH TeMm-
nepaTypa KyTapwaraHga cofbBaT yndamaapu Tobopa kuypas 60-
pagu Ba HMXOAT KaTTa TemnepaTypaja Co/nbBaT ~06wuK My~onagu.

80- 8. 3nekTponus

Arap 3feKTpoNuTra KaTTWK YTKasruy naactuHkanap (3nekrpopg-
nap) Tywwupuica Ba ynapra KydnaHuw 6epunca, MoHnap “apakar-
ra Kkenaam ea afnekTp Toku (180-pacm) *ocun 6ynaan. Mycbat
3apsignaHradH MoHnap MaHguii anekTpofg (katog) ra TOMOH “apa-
KatnaHagu, wy cababnum ynapHu kKaTtunoHnap geb atranagu. MaH-

tuin  noHnap , mycbat anektpog (aHop) ra
~ TOMOH “apakarnaHub, ynapHm aHuUoOHNap
fe6 atanagu.
VoHnap Ternwnu anektpoara etuné 6op-
raHga yHra optu”ya 3fieKTpoHiapuHu 6Gepagm
KM  eTUWIMOBYM 3NIEKTPOHUHU ONagn Ba
HeiiTpan aToM EKW MOfieKynanapra ainaHagu.
3NEeKTPONNUT Ba 3NEKTPOLNAPHUHI XUMUSABUNA
180-pacm. Tabmatura uapab HeliTpannaHraH WoHNap
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€ anekTpognapga axpanagw, & 3/eKTpoh €KW 3puTyBYM  BunaH
XUMUABUIA peakumara Kupuwagu. HedTpannaHraH uvoHnap Kupu-
WwagnraH XMMUABWUWA peakumsnap UKKunamuum paeb artanagu.
VIKKunamuy peakums ma>;Cynotnapu 3fnekTpoanapga axpanagn éxku
apuTmara yTagu.

WyHpain kunub, 3M1eKTPONUT OpKanu TOK YTULWIKW 3MEKTPOSA-
napfa 3neKTPONUTHUHI Tapkubuii  KuCcMmaapu axpanuwu 6unad
Ky3aTunagu. by *oguca aneKTpPONM3 HOMUHW OfraH.

Bup kKaH4a mMuconnapHu kapab umkamus.

1. OnekTponuT cudatmga XNopwug KWUCNOTaHUHI cyBgaru 3puT-
MacuHu  onamus. dputmagaH HCL1 monekynacu mycbat 3apsajnaH-
raH H+ Bogopoa woHWra Ba MaH(puii 3apsgnaHraH Cl1“ xnop uo-
HWTa AmuccoumnaHagu:

HC1 + Cl-

Xnop wnoHnap» aHoara eTnb Kenub, opTUKYa 3NeKTPOHNapuHK Ge-
pagn Ba XNOPHWUHI HelTpan atomaapura aiinaHagu Ba Tesfga XydT-
Xy®hT 6ynubé 6upnawraHgaH CyHr MoJjieKynara akinaHagu:

2C1 —26 —»CR2

Bopgopog atomnapu Katopfja HelTpannaHw6, H2 monekynara ai-
naHagu:

2H+ + 2<I - H2

[emak, afekTponus BakTufga a3puraH mogga capd 6ynagm,
anekTpofgnappa aca rascMMoH Xx/iop Ba BOAOpOA axpanagu. by
Aonpa MKKuaamuy peakuus 103 6epmaiigm.

2. JneKTpoNMT cugatmga cynbar KUCNOTaHWHE CyBAArn apuT-
MacuHU onannuk. dputmaga H2S04 monekynacu WKKuTa mycé6at
6up 3apagnn  BOJOPOJ WOHM Ba WKKM 3apagnn S04~  mMaHgwii
MoHWra fuccounnaHagu:

H2S047=2H'1+ S04
dnekTpognapha Kyhugaru npoueccnap 6opagu:
2H+ + 2e~ W H2
SO," *—2e~ S04
Bogopog katogfa nydakyanap KypuHuwmga axpanagu. S04
aTOMMIAPHUHT HeilTpan Tynnamu XuUMUABWIA KM aTudaH Xyp[a ak-
B 6ynub, MKKMNamuu peakuusra Kuapuwagu. Arap 31eKTpoj-

nap, MacanaH, nnaTUHa €KW HUKengaH TaiépnaHraH 6ynca, S04
CyB OGufiaH peakuumara Kupuwagm:

S04+ H2 - H2S04+ j 02

CynbaT KucnoTa MOMEKy/nacuM aputmara TyllagW, KUCopog
aHoAfa nydakya KypuHAWMAA axpanagu. Hatuxaga CyBHUHT
TapKUBUIA KUCMNAPUHUHT  aXpanuwy 6unaH YHUHT napyanaHuiiu
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cogmp bynagun. by “onga WKKuNamMuu peakuus 3IpuTyBYM OGunaH
6ynagw.

3 Muc anekTpognapm MUC KYNMOPOCUHWUHI CyBAa a3puTMacura
Tywupunrad. Aunccoynaumna CuS04s™ Cu+ ++ S04 cxema byiin-
ya 6ynagun. HelWTpannaHraH muc aTtomaapv KaTojga KaTTuMK 4y-
KWHOW KypuHMwuja axpanub uyukagn. S04 HUHr HeldTpan Tynna-
Mu cysra KaparaHga muc 6unaH SAXWMWPOK peakumara Kupuwagu.
LUYHVHI y4yH );aM WKKWIaMuu peakuus aHoj wmaTepuanu oGunak
bynagu:

S04+ Cu ->CuS04

[Oocun b6ynraH wmonekyna sputmara ytagu. LWyHpan kunnb,
INEKTPONN3 fgaBoMunaa aHOAHWMHI 3pULLMN Ba MUCHUHI KaTtoara ytu-
pu6 yonuwmn coagup OGynagn, HaTuxkaga 3NeKTPONUT y3rapMai Ko-
nagu.

81-8. ®dapageii LOHYHnapwu

dapagein 1836 iinnga 31eKTPOSM3  KOHYHNAPUHW 3KCNEepPUMEH-
Ta.! paBuwpga aumknagun. by KOHyHnap >Xypga copgaguvp. Ynappad
6upu anekKTpojfa axkpanraH mogjga MULLOPWU 31eKTPONUT Op-
uanu yTraH 3apsaj mMuugopura nponopumoHan 3KaHIUIMHU Tac-
avKnangn: /

m —Kqg = K\idt, (81.1)
u

6yHha T — axpanraH mopgpa Mmaccacm K — moppa tabuatura 6or-
NNK BynraH Ba 31eKTPOXUMUABUNA 3KBUBaNeHT pfeb ara-
NyBUN KOIPDOULMNEHT.

q= 1 6ynraHga T COH Xwu™atugaH K ra TeHr oynagu. [emak,
3NeKTPOXMMUSABUIA 3IKBUBANEHT — 3M1EKTPONMT opHanu 6up 6upnmk
3apsaj4 yTraHga axpanraH Mojja maccacuHu 6ungupagu.

dapafeHNHT WUKKWHYN KOHYHWU MOAJaHMHT K aneKTpoxumus-
B 3KBMBANIEHTHbI YHUHT XWMUWABWUIA 3KBUBanNeHTn Ajz ([J—aTom
ornpnukK, z — bepunraH mogfa BaneHTAIUru) 6unaH 6ornangulx

') Com xwaTmpaH Gepunrad. aeMeHT Mmaccaciira TeHr 6ynraH, rpammnapga
(K Kmnorpammnappaa) udoganaHraH Xxumussuii Gupukmanapga 1,0078 r (wyHra
MyBO(WL, Kr) BOAOPOAHWHT YPHWHWM 6ocaguraH ~nyamcus3 KaTTaluKKa 3NeMEHT-
HUHT XUMWUABWIA 3KBUBANeHTH Aeb aranagu.

Xumussuii 6upukmanapga 6epunraH 31eMeHTHWHT 6UTTa aToMW 6GunaH ypuH
anMallvHagmMraH BOAOPOJ aTOMaapy COHW 3NEeMEHTHWHT [ BaneHTAurn pgeb ata-
nagu.

BuUp BaneHTAU 3n1eMEeHT YUYYH XUMWUABWIA IKBMUBANEHT YHWHT aTtoM OTUpAUTHK-
ra TEHrAUp. [ BaNeHTAM 3NeMeHT YYYH XWMWUABWUIA 3KBUBaNeHT Ajz ra TeHr,

Maccacu rpammnappa udoganaHraH, COH Xux,aTuaaH XUMUABWIA 3akBuBasleyT-
ra TeHr 6ynraH 3neMeHT MUBAOPM FTpaMM-3KBUBanNeHT pfeb artanagy.
Maccacu A)z kunorpammra TeHr 6ynraH mogja MMBAOPW KM NOTFrpamMM-3KBMU-
BaneHT peb atanagw.

XWMUABWIA  IKBWBANEHT, LWYHUHTAEK, TPaMM-3KBWBANEHT Ba KUAOrpaMm-3K-
BMBANEHT TylWYyHYanapuHuW 31eKTPONU3 BauTuAa 3NeKTpojnapfa axpanagursii
aTomMnap Tynnamnapw*a “am KY”naw MyMKUH.
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By UOHYH uyinpgarunya TabpudnaHagu, 6apya MOLAaNapPHWHT
3IBKTPOXMMUSABUIA 3KBUBANEHT Napu ylNapHWUHT XUMUWUSABUIA 3KBU-
BajsieHTnapura nponopuuoHangup. TlponopunoHanink Koapdu-
umeHTuHNM 1/F kypuHuwpa éEsumnagn. F  katTtanukHun dapapgel
COHW peb atanagn. dHaununkaa PapageHUHT UKKUHYU LOHYHU
udogacu "yihmpgarnya KypuHuwra ara 6ynagu:

K=~~. 81.2
Fr ( )

(81.2.1 niogaHm (81.1) dopmynara uyiinb, 3ap VKKK LOHYHHU
6upnawTmnpamms. HaTtmxaga

T =-~ (81.3)

3ocun bynagw.

g coH xu3aTgaH F ra TeHr 6ynraHga T Mmacca COH xusatgaH Alz
6unaH Moc Tywagu. LUyHaaih b;unnd, anekTpogna wucTanraH Moa-
JaHVWHT  KW0TpaMM-3KBUBANEHT &KW FpaMM-3KBUBANEHT LUCMUHU
axpaTtuwl y4YyH 371eKTPONMT OpKanu COH wusaTtgaH F ra TeHr
OynraH 31eKTp MUNLOPUHWHT YTKasuauMwm Tanab atunagn. Tax-
puba nynu 6GunaH

F = b6,497 « 10e

KnnorpamMm-aKBuBaneHT (O 1%%)

(TaxMuHaH 96,5 « 106 K/Kr-3ks.)
EKu

rpamMmMm-3aKBuUBanNeHT
9KaHW aHuKNaHraH.
dapageii LOHYHNapW 3NeKTPHUHI atom (AbHW [AWCKpPeT) Tabum-
aTUHW aHuKnawpaa Katra ponb yinHanagn. KVictanraH MogfaHWUHT
kunorpamm-akeusaneHTn N' = N\jz (Na— ABoragpo coHu) aToMm-
HU y3ura onaau. Lemak, Najz moH F ra TeHr 3apsj Tawmé yta-
an. Oap 6up unoHra
F
NG

_F_
E—W— z

3apag TYrpu Kenagw.
WyHgait knnn6, MoH 3apsagun

«=/ " (81.5)

afemMeHTap 3apafra OYyTyH Kappaau 3KaH.

(81.5) ra (81.4) parm F HuHr uyminmaTvHu Kyiicak Ba NA -m
= 6,02+10%6 knnomonb-1 yuiimMaTHM KylicaK, afieMeHTap 3apsafj Kat-
Tanurn (66.11) ra onn6 Kenuwura MWOHY 30CUA LUAUWIHU YUYB-
YMHUWHI y3ura 3asoJjia uunamus.

(81.5) myHocabaT ABOrafpo COHMHM aHWKaW y4yyH oiigana<
HUnradH agn. byHpa F ypHura anektponus TtaxpubanapupaH To-
nuaraH KuimaTHW Ba € ypHura MunnukeH TonraH uuniimatHu (60-8
ra uapaHr) KyiunraH sgu.
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82- 8. ONEKTPONNTUK YyTKasyBYaHNUK

AneKTp MafoHU ~OCUN KUAMHFAHAA WOHMapPHUHI XaoTUK MC-
CUK/MK ”"apakaTu MycbaT WMOHMapHUHI ManpoH WyHanuwmn 6yinnab
TapTMbnM papakaTtu, MaH(pWiA WOHNAPHWUHI MalfoH WyHanuwura
Kapwu Ttaptmbnu “apakatu iWynra Kyinunagu. VOHNApHUHT yn4yam-
napu (aliHMkca conbBaTnapfa) 3NeKTPOHNApPHUHT ynyamnapura Ka-
paraHfa aH4ya Karragup, LYHWUHT YYyH WOHHW ypab onraH Mone-
Kynanap YHra y3nyKcu3 Tabeup Kunmb Typagu (3cnatub yTamumsku,
MeTannapfarv 31eKTPOHMApPHUHT WOH MaHXapanapu opacuga TyK-
HallryH4Ya KuaraH 7“apakaTuHW 3pKWMH fe6 ~ucobnawl MyMKUH).
By Tabeup wWwyHra onum6 Kenaguku, MOH Llapya euMHrapy KOBYLIOK
My~ UTa Y3MHWHT “apakaTu fjaBomMufja Te3nurura nponopuuoHan
6ynraH kKapwuankka ydpahgn. [Jemak, E malifoH Ky4dnaHrawnu-
TMHUHT ~ap 6Up KuiiMaTura WOHNApHWUHT TeKWUC “apakaTu HaTu-
Xacupja tosara Kenrad

e'E —ku

WwapThaH aHWKAaHyB4YM U Te3NUK KuimaTu Moe Kenaguw, 6yHpa e' —
WOH 3apsfn, K—MWOH Te3nurun 6unaH MoH “apakaTmra TYCKWUHIUK
KWAYBUYM MY MTHUHE KapWWanK Kydyu opaemgarum nponopuuoHan-
MK KO3 (hULLMEHTN.

WyHpah kunub, E malifoH KyunaHraHamru rascupum ocTuja
WOH (MalgoH WyHanuwunjga €ékM MalfoHra Kapwu nyHanuwpaa)
y3rapmac

(82.1)

Te3NMK 6unaH “apakat Kunagw.

By wndogaHu (73.6) ¢opmyna 6unaH conuwtupu6, 6yHpa e'/k
HnebaT WOHHMHI Ky3ranyByaHnuru un0 skaHAUrMHu Kypamms. Typ-
OV uvwopanini uoHnap Typnu KaTTanukgaru €' sapagra ara 6ynuwnm
MYMKWH, 6yHAaH Tawkapu ynap, YYyH K KoadduuueHT Typam xun
6ynagn. LUYHWHT yyYyH Typau wuwwopanuM wWoHNap Typau xun una
KysranyBuyaHInKKa aragup.

MIOHNapHWHT Ky3ranyBYaHAUTN 3PUTYBUYUHUHI Tabuatm Ba Xy-
cycuatura 6ornuk. TemnepaTypa KyTapunuwm 6unaH Kysranys-
YyaHNuK opTagn. by ”~on uoH “~apakaTtnaHaétraH My }?uUT KOBYLUOK*®
NUTUHWHT Kamahuwun ~ncobura cogup 6ynagum, 6yHaaH Tawkapu
TemnepaTypa KyTapuiaraHga WOHNapHu ypab TypyBYu colbBaT KO-
OUKNApPUHUHI ynyamMun Kamanuwm ~umcobura ~am cogmp 6Gynagw.

JneKTponUTNapAa WOHMAPHUHI Ky3panyBYaHIUrM >yga “am
Knunkaup. XoHa TemnepaTypacufja CyBfaru asputmanap Y4yH Yy
TaxmuHaH HO_84 10_7~ "~ (10 -4~ | HU TalWKWUA Kunagu.

BICM
MeTannapfa 3M1eKTPOHAAPHUHI Ky3ranyByYaHAUTN TaxMWHaH TypT



MNoHnap papakatu 3vynuru
/ = (pte+tn+ + n~e~n~) E

ra TeHr Gy/nraH 3MeKTp TOKWHM docun uwunagu, 6yHaa «+—G6up-
VK  faxmparu wmyc6aT wuoHnap COHW, e+—3apsg, M+—myc6at

WOHMApPHUHT Ky3ranyBYaHIUrU, N~e~ Ba Ui — MaH(uii MoHNap y4yH

ouopmugarura yxwawl kKattanuknap [(131.4) ¢opmyna 6unaH co-
NNWTUPKUHT].

Kascnap wnumpa TypraH kattanuk E ra 6ornuy 6ynmaiign [e-
MaK, 31eKrponnTnapgarn ToK 3M4auru MalhfoH KyujaaHraHaurura
nponopunoHangup. by pfon anekTponutnap YydyyH OM  LOHYHM
TYIrpyU 3KaHAUTUHKU 6ungupagm.

Arap mosekynanap WKKATa WOHra guccouunsaHdca, y fonga e+=
—e-—e' Ba N+—nN~ —N' — T (AuccouunnaHraH monekynanap co-
HK). By ponpa

I'= ane' (u+ + n~)E. (82.2)

(82.2) wndopa anekTpognapnaH 6upop macodagarvHa Tyrpu 6ynagu.
AneKTpPoOANapHUHI 6eBocuTa A™MHMAA TOKHWM (a”aT 6up Xuma muwo-
pann WoHNap: aHoj AuMHWAa aHWOHNap Ba KaTof AKMHMAA KaTwu-
OHnMap gocwun “unagw.

(82.2) hopmynara MyBO(MK 3NEKTPONUTNAPHUHI YTKasyBYaH-
nmrn Kynngarn udoga 6unaH aHuuiaHagu:

a= ane' (m+ + U-).

by VI(*)O,IJ,aHVI KnnorpamMmm-aKBmMBaneEHT 3puraH mogpagarm mone-

Kynanap coHn N'= ra Kynantumpamus Ba 6yiamMmus:

Z
0= ar(e'N") (u+ +U-)

e'N" kynaiirma E ®apageit coHura TeHr. n/N' HucébaT pgaxm
éupnurugarn sputmaga 3puraH MOALAHWUHI KWOrpamMM-3KBUBANEHT
MUKLOPUHW 6Gepagu: YHU 3puraH MOAAaHWHT 3KBUWUBaNeHT KOH-
LeHTp anu Acu peb atanagu. by KoHueHTpanuaHu tj gappun 6m-
naH 6enrnnaimns, y BaKTna 3/eKTPOAUT YTKasyBYaHAUTU YYYH
é3mnraH wndogara Kynmgarn KypUHULLIHU 6Gepul MYMKWUH:

a= a[F (n+ + n~). (82.3)

TemnepaTypa KyTapuiaraHga guccoumaumsnaHnil KoaphuuneH-
TN a Ba WOHNAPHUHT Ky3ranyByaHnuru opta 6opagu. LUYHUHT yyyH
a 3NeKTPONUTNAPHUHI YTKasyBYaHAUTM Temnepatypa 6unaH.6upra
opTub 6opagn. YTKasyBYAHNUKHWUHI KOHUEHTpauusara 6ornn™nurm
aHyarMHa Mmypakkab akaH. ByHra ca6ab wyku, a KaTTaJuK T)ra sa
6esocnTa a ra 6ornusaup. KOHUeHTpauuna KWUMK b6ynraHga, AbHU
a» 1 [(79.4) dopmynara kapaHr! ga a kaTTanuk N ra nponopumo-
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Han opTub 6Gopaau. KelnHYanMK j HUHT
opTvwn  6unaH a AuccoumanmsanaHuLl
Koa(huumeHTa Kamasa 6owianamn: LWYHUHT
YUYYH YTKa3yBYaH/NKHUHI YCULIN CEKWH-
nawa 6opaan, 3aTTO KelWWHYaNMK Kamas
6ownangn. 18l-pacmpga cynbaT Kucaorta
cyBfiarn 9pUTMACUHWUHT  YyTKa3yBYaHIUTU
& HWHI 3pUTMAHWUHT HUCOWIA  KOHLUeHTpa-
181- paem. umsacu c' ra 60rAMKANIM KypcaTU/raH.

83-§. ONeKTPONU3HUHT TeXHWKaga UynnaHuanwu

dnekTponusfaH TexHuKaja Kyn uynnaHuwnagu. YnapgfaH 6ab-
3unapuvHn uuckaya xapakTepnab yTamus.

1. T'anbBaHonnacTuka. 1837 mnga Bb. C. Akobu 3neKTponus
épfamnga Mofenb penbenapujaH MeTann HycxanapHu onuuwja
thonganaHan. Mym éku 6upop 6omuwia nNNacTMK MaTepuangjaH wul-
NnaHraH MofenHuW yTKasyBYaH KaTnam 30CUA LUAUW YYyH rpaduT
nopoworn 6unaH KonnaHafw, CyHrpa 3nekTponus Bautuga yHpaH
Katog cudartmga ¢olijanaHnnagn. INeKTPOAMT cudarmja HycxaHu
uaHgan weranngaH oOnMHWWKW Kepak 6ynca, ywa MeTallHU Y3
nyura onraH Tys3nu 3puTmacu onuvHagn. Kartogga wmogenb pefbe-
(OUHM aHWK akKc 3TTUPYBUYM MeTana uatnam KypuHuwmga axpanunbd
ynuagn. OnMHraH HycxaHn MyMm &KW nnacTuk wmartepuangaH (ka-
ToggaH! ocoHrmHa axpatub onuHagu. babsaH wyHgali ycyn 6u-
NaH Tunorpaua Knuwenapu TaliépnaHagu.

2. TanbBaHOCTerna. dnekTponus épgamupga metann b6ytomnap
cupTura ww<a kKatnamga 6owka Mmetann twoputunagu. by, 3nitHaT-
M unnmw makcaamga (ONTWH, KyMmyll, naaTuHa HOpuTuLwWw), LWy-
HUHTeK, KOppo3usra Kaplu Konjamanap fparuw ydyyH (HuKen-
naw, xpoMmnaw, Kagmuiinaw Ba 6onwanap) UWAUHAAW.

3. OnekTpomeTannyprua. IpuTuaraH pypanapHu 31eKTpoaus3
Kuavw ynn 6unaH anloMWUHWIA, HaTpuid, MarHuwii, 6Gepunnunii Ba
bowka MeTannap axpartmb onuHagu. MacanaH, anlOMUHWIA oNuUL
YUYYH XOM aweé 6ynn6, nonTynpouua ara 6ynraH muHepan (Al20 3)—
6okcuTnap xusmaT uunagu. 3nekTpognap cudatuga Kymup nnac-
TUHKanap uynnaHunagu. TOK yTWWMAaH axpanraH WUCCUNIUK 3U-
cobura pypganap apuraH 3onatga ywnab Typunagw.

3NeKTPoNM3 LWYHUHILeK, MeTannapHuM paduHnaw (SbHWM To3a-
naw) ydyH 3am KynnaHunagn. ByHWHr yuyyH Ternwnum 3nekTpo-
NNTUK BaHHaja MeTannjaH To3anaHyBYM MAacTMHKA aHoh cudaTu-
fa ynaHagwn. Tos3anaHyBYM MeTana TY3UHWHI 3puTMacu 3/71eKTpo-
T 6ynn6 xusmaTt Kunagu. Tervwwnuya TaHAaHraH Ky4fnaHuwga
xartogga ¢a”aT MaBXyh MeTann axpanajgu, apanawima sca YyKWH-
an cudatmga Tywmb6 konagu. LyHpaii Wyn 6unaH, macanaH, 3/ieK m
TPOAUTUK fAeb aTanyByM TO03a MWUC ONUHALM.

4. 3NeKTPONMTUK napposnaw. 3neKTpog cupTura YTHPYBUM
KN 3NeKTpogfaH spuTMara yrysum mogga Muufopu TOK 3UYU-
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rura nponopuvoHangup. BypTuk epnapga, mabaymku, E wmaligoH
KyunaHraHnurn katra, gemak, 6y epnapga TOK 3UYAMrn “am Kart-
Tagup: YyKypavkKnapfa, akcuH4ya TOK 3uunurm kam bynagu. LUyH-
ra Kypa, arap fjaran cupTra ara 6ynraH OYOMHW Teruvwnu iyn
6unaH TaHNaHraH 3MeKTPOAUTUK BaHHafja aHoj KWauWHca, y ~onga
6ypTUK epnapgaH u4ykKypnuknapra KaparaHga sputmara Kyn me-
Tann yTagu Ba garanink TekucnaHa 6opagu. MeTannapHWHT 3fek-
TpononupoBKacK LWy MNpUHLMAra acocnaHagw.

5. Ofhp cys onuw. Orup cys (D20) pe6, Bogopon atomnaapu
aToM Ormpaurn 2 6ynraH YHWHT u3oTonu — gelitepuin (D) atomwm
6unaH anmawraH cysra antunagn. Opfguii cyefia 03 MUKAOPAA
owp cyB 6ynagu. D+ woHnapu H+ wnoHnapura KaparaHga Kam >a-
pakatyaH 6ynagm. LLYHWHI Yy4YyH 371eKTPONnM3 BaKTuia axpasnys-
uM rasfga ormp Bogopon opauii cysparura KaparaHga HwucbaTaH
KampoK Mukgopga 6ynagu; 3neKTpoauTAa 3ca Ormp CyB KOHLEHT-
pauuacu opTub 6opaau. Arap 31eKTPOAU3HU Y30K BaKT [aBOM
3TTUpunaca, Kynpok D20 monekynara ara 6yfnraH CyBHW ONMLW MYM-
KUH 6ynagu.

6. DNeKTpPONUTUK KOHAeHcaTopnap. Arap 60pau nuwop spuT-
macura (60p Kucnota Ba amMmmak apanawimacu) aaloMUH 3NeKTPOS-
nap 6oTupunca Ba ynapra KyunaHuw 6epunca, y ~onga aHof Tes-
fa yTKasMoBYM ONKa aJlOMUH OKCMAM KaTnamu 6unaH KonnaHagu
Ba TOK yTuwu TyxTahgn. WM30NAuMAN0BYM KaTtnam 31eKTPonus
~uncobura ywnab Typunagum Ba KyT6nap ysrapTumpunraHga MHyko-
nné ketagu. LWyHpan kmnnb, aHOL Ba 3MeKTPONUT lONKa KaTnam-
M m3onaTtop 6unaH  axpaTtunaraH 6ynu6 Konagum Ba Xyfa KaTTa
CUTMMAN KOHAEHCATOPHU “ocun Kunagn (KOHAEeHcaTop CUMWKW KOom-
namanap opacuparv macodgara Teckapu nponopuuoHan).

»KYPYK™ 3aneKTponMTUK KOHAeHcaTopnapga 3/MeKTPonT KK
nacta KypuHuwWunga TanépnaHagnm Ba YHM KaTnamiap opacura Xobi-
nawTupunaguradH Koros karnamra wumgupunagn. byHpaan KoHAeH-
caTopnap yH4ya KaTTa 6ynmaraH ynyamja t3nab wmukpodapajga
TapTnubnu curumra ara 6ynagu. YnapHu 3aHxupra ynawga 6en-
runaHraH Kytbnapra KaTbuii puos Kuauw KepakK. Arap cuptuja
oKcug Katnamm )$ocmn 6ynraH 3NeKTPOAHW 3aHXUPHUHT  MUHYC
KyTbura ynaHca (AbHM Teckapu WHWyHanuwga ynaHca), y ”onga
M30N1ALNANOBYM KaT/naM HyKonagm Ba TOK KyuuM KeCKUH opTagu,
0y KOHAEHCATOPHUHI 6y3unuwunra onub kenagu. byHgam *ap 6up
KOHJeHCATOp MabflyM 4erapaBuil KyunaHuwra MyJspkannaHraH 6y-
nagu, Ky4ynaHuw yHaaH opTub KeTraHga W30NALMANOBYM KaT/iam
Tewnnagn Ba KOHAEHCATOp MLWAaH 4uKagw.



XIv BOB
FASTAPOA S/N1EKTP TOKW

84-§. a3 paspsALUHUHT Typnapu

ONeKTp TOKMHWHT Tras3fap oOpKaau yTuwura ra3 paspagu
peninnagn. MeTtannapga, ApuvM yTKasrumynapga Ba 3neKTponautnap-
Ja TOK TalyBYunap TOK yTuwu 6unaH 60ramk 6GynraH npouecc-
napfaH Katbu Hasap [OMMO MaBXYAAWUp; 3M1eKTp MalioHM MaB-
Xyn 3apsgnapHu ¢akat Taptubra conagu. asnap Hopman )(onga
ns3onaTop “wmcobnaHmb, ynappa TOK Tawysuunap Oynmangun. Pa-
Kar maxcyc lapT-wapouTtnap tosara KentmpuaraHja rasnapga Tok
Tawybumnap (MoOHNap, 3NeKTPOHNap) naingo 6ynub, 3nekTp pas-
pagn BYXYyAra Kenagw.

[a3napfa TOK TawyBYuMaap 3/EKTP MalgOHWHUHT MaBXyZLauru
6unaH 6ornuk 6ynmaraH TawKW Tabcupnap HaTuxacuga “ocun
oynuwn MyMKUH. ByHpail “onpga rasnapHuMHr mycTakun 6yn-
mMaraH yTKa3yBYaHAMIrKM "akmga ran 6opagu. MycTakun
b6ynmaraH paspsf rasfapHu HOKopu TemnepaTtyparaya Knsgupuw 6um-
naH (TepMUK MOHU3aLuA), ynbTpabuHadlia Eku peHTreH Hypnapu
Tabcupu 6wnaH, LWYHWHIAEK, pagvoakTMB MOAAa HYPNAHULLIWHWHT
TabCMPKU OCTMAA to3ara Keamwy MyMKMH.

Arap TOK TawyBYMnap rasra KyWwWaraH afekTp MaioHW HaTtu-
Xacmpa tosara Kenca, YTKasyBYaH/IMK MycTakun peb atanagw.

a3 paspAgVHWMHI XapaKTepu KynruHa aktopnapra 60rnmkgup:
ras Ba 3/1eKTPOANapPHMHT XUMWUABMIA TabuaTura, rasHUHr Temnepa-
Typacu Ba 60ocumura, 31eKTPOANIAPHWMHI LWaKAW, yn4yamu Ba y3apo
KOWnaHuwura, KyuynaHuwra, TOKHWUHT 3U4iuMrn Ba KYBBaTura Ba
WwyHra yxwawnap. LWyHUHr yyyH ra3 paspagn xyga Typau-Ty-
MaH LWakKnnapHu Kabyn Kuamwm MyMKWH. XycycaH, HypiaHuw Ha
TOBYLW 3(deKkTnapum — WuBUNNAL, LWOBKUH Ba 4vapcunnawniap o6wu-

NlaH Ky3aTuinwm MYMKUH.

85-8. MycTakun 6ynmaraH ras paspsigu

Accn napannen nnacTMHKanap opacuparu rasra (182-paem)
O6Upop Y3NYKCM3 y3rapmMac WHTEHCUBAMK GWNaH WOHMOBYM areHT
TabCcup KuAcuH (MacanaH, peHTreH Hypnapw). MoHu3aTop TabCcupm

260



rasHWHr ampum MonekynanapugaHl) 6up éku
6up HeuTa 3NEKTPOHHMHI axpannbd 4YnKuwmn-
ra onu6 Kenagwn, HaTwxaga MaBXyf[ MO-
nekynanap Mycb6aT 3apsafgfnaHraH uoHnapra
ainaHagM. YH4ya nact 6ynmaraH 6ocumnappa
axXpanué uYupkaH 3NeKTpoHNapHuM  ojaTtga
HeliTpan monekynanap ysura Kywub6 onaawm,
Wy acocfa MaHpuii 3apagnaHraH uoHnap
6ynn6 konagunap. bup cekyHaga 6upnuk
faxmpa MoHM3aTOp TabCMpu oOCTMAa AOCKN
6ynraH uvoHnap XyQpTUHWUHT CcOHUHW [/7/ op-
uanu benruvnaimms.
Masnapga wWoHM3auMsa npoueccu  b6unaH
6upra MOHNAPHWUHT peKoMOMHauuMAcKM fAam
cogup 6ynagm (SbHUM Typnau MWOPann WOH-
NapHUHT  y4ypawraHja HeATpannaHuwm éxku
MycbaT WMOH Ba 3/IEKTPOHHW HelTpan Monekynara uanta 6upna-
wyswn). bup cekyHpga 6UpnAnkK paxmpga 3neKTponuTnapaarun CuH-
rapym [(79.2) dopmynara uapaHr] pekombuHauusnaHysum bnr
NOHNap >XYPTUHUHT MWULLOPM  BUPAMK JaXmpaarn Xy@pT unoHnap
COHW M HWHI KBagpaTura MNponopuuoHangup:

i\nr—r n (85.1)

(r—nponopuynoHanInK KoagpgpuumneHTa).
MyBo3aHaT fgonatga Ani TeHr 6ynuwm Kepak &Mr ra, sibHU

Aru = rnK (85.2)

ByHAaH WOHNAPHUHT MYBO3aHaTAM KOHUeHTpauusacu (6upnuk
BAXMAATrN XY(HT MOHNAPHUHT COHW) YuYyH uyiungaru ugopa gocun
UMNMHaAM:

n=Y ~ (85.3)

KocMnk HypnaHumw Ba Ep koburmpga 6ynraH paguoakTMB MOA-
ja Konguknapu TabCcuMpu ocTuja JaBo aTmocdepacupa fap 6up
cekyHaga 1 cm3 ga ypTaya 6up bjaHya Xy®(T wnoHnap gocun 6y-
nagn. XaBo Yy4YyH KoagpuumeHT = 1,6-10 &cm3 mcek-16ynagn.
MNoHnapHMHT MyBO3aHaTNM KOHUeHTpauusanapm taxmumHaH 103 cmrb
H/A Tawkun uwnagu. Cesunapnu papaxagarun yTKasyBUYaHIMKHU
JOCU KWUAHW YYyH ywby KOHUeHTpauua Kudos uunmangn. Mab-
NYMKW, T03a, KYpyK [aBO Xyfa AXWW un3onatop gucobnaHagu.

Arap anekTpognapra KydnaHuw 6epunca, WOHAAPHWHI Kama-
nvwun dayatrnHa pekombuHauunsa Tydaknum amac, MOHAAPHUHT Maii-
LOH TOMOHMAAH 3MeKTpoAnapra cypuauwun gucobura gam cogmp
6ynagn. Xaxm 6upnurugaH pap 6up cekyHpga An- Xy$pT WOH-

') WyHUHrgeK, aToMiapHM X.am 6u3 monekynanap (6up atomnam monekyna-
nap) pge6 aucobnaiimus.
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nap cypunaétraH 6yncuH. Arap “ap 6up wuoH 3apsagu e' 6ynca,
y “onga anekTpognapfga 6up Xy®T WOHNAPHWUHI HeATpannaHuun
3aHXup 6yinnab €' ra TeHr 6ynaraH 3apAgHWHT Ky4Yulun 6unaH pyi
6epagn. fap 6up cekyHpga anekrpogra AnjSl xydhT voHnap eTn6
Kenagn (S—aneKTpognapHUHr 1o03acu, /—ynap opacugaru maco-
ta: S| anekTpognapapo 6yw Mk “axmura TeHr). [lemak, 3aH-
XuUpgarm TOK Kyuw.
1= e‘AnjSlI
ra TeHr, 6yHpaH

'D'T. = —

=N ~ 85.4
e'Is e'l sl )

6y epfa /—TOK 3U4Nunru,
Tok MaBXyj bynraHja MyBO3aHaT/AIWK LWapTU Kyiugarmda ésmn-
raH 6ynuwmn Kepak.

O rii Anr + An.,.

ByHra Anr Ba An,- yuyH ésumnraH (85.1) Ba (85.4) wucoganap-
HU Kyino,

Aw = rn2+ L (85.5)

MyHOcabaTHU ”~OCUN KuUnamus.
Wy 6wunaH 6upra TOK 3UYAWUTU YUYYH 3N1eKTPOAUT Y4YyH E3un-
raH (82.2) wndogara yxwaw wudoga E3MNNLIN MYMKUH:

/= e'n (u+ + n-)E, (85.6)

6yHga v+ Ba U~ mycbaT Ba MaH(@UA WOHNAPHWMHI Ky3ranyBYaH-
nurn. By wndopaga n (85.5) myHocabaTaaH Kenumb UYHKKaHUAEK,Y
HUHT YyHKUMACKU, AbHM E HUHT dyHKumMAcu xucobnaHagu.

(85.5) Ba (85.6) wudopanapgaH N HM MNykKoTMG >;amga /10CUN
6ynraH KBagpaT TeHrnamaHu eyub, / yyyH Kynmgarun QopmynaHu
TOMULW MYMKWH:

e {K+»1p)' (/"7 ~ 4A, TP n o
: 27 E [V 1+(n06+mM)Er ) (85-77

(MKKMHYM e4yuMun MaHpuii 6ynmb, ¢usnkaBuii MabHOra 3ra smac,
WYHWHI Yy4YyH Tawnab tbopuw Kepak).

Kyunu Ba Kyucums maingoHnap ~onvHuM Kapab uymkamms.

1 Kyucus wmaiigoHnap >?o0mga TOK 3MYUTU Xyda ~aM KU4YnK
6ynagn Ba (85.5) myHocabatga Lle'l kywwunyBuMHM N2 ra Hucba-
raH ~ucobra onmaca “am 6ynagun (6y pg-on anekTpognapapo 6yuw-
NNKJAH WOHNaPHWMHI Kamaiuwm acocaH pekombuHaumsal) ~mcobu-
ra 6ynuwunHu 6ungupagn). Y Baktpa (85.5) udopa (85.2) ra ytumb

*) PekoMOWHauManaHyBYM WOHNApP COHM 6GunaH MalijloH TOMOHMUAAH cypub
ONIMHYBYM MOHNAp COHWM opacuparu WwyHpalh MyHocabaT 3nekTponauTnapja “am

YypUHANANP.
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Konagn Ba WOHNAPHWHT MYBO3aHATNW KOHLUeEHTpauusacu ydyyH (85.3)
Hhoga "ocuN KWAWHAAW. N HUHT Oy “miimatuHu (85.6) ra Kyiub

/[ =e Y ~ «+«-)E (85.8)
4\nlrl*
HM 3ocun kunamus (6y dopmyna arap (WAII—hyE_ ra HwucbartaH
6upHKM 3ucobra onuHmaca (85.7) pgaH Kenumb uyukagn).
(85.8) hopmynagarn b KynaiTyBYM MalifjoH KyynaHraHauWrura

6ornuk 6ynmaingu. [emak, Ky4dycus wmMailhgoHnap 301U YYyH MycC-
Takun 6ynmaraH ras paspagu OM KOHyHWra OGyicyHagwu.

[fa3napga WMOHNAPHWHI Ky3ranyByYaHNUTW 3neKTponuTnapgarura

. M/cek / , cm/cek \
KaparaHpa xypa kattra 6ynagu, y TaxmuHaH 10~4 —_—

B/M \ B/CM 1
raptmbgarun kuiimatra ara 6ynagu. JlaHxeBeH MOH nap u feb
aTanyBum 6ab3n 6up umoHnap 100—1000 mapTa KaMm Ky3ranyBuyaH
NNKKa 3ragup. Ynap 4aHr 3appacu, CyB TOMYuUCWM Ba 30Kasonap
6wnaH 6upnawyByYM o0faWIA wnounapHu udopanagn.

MyBo3aHaTnawraH KoHueHrpauuvaga n = 1091 3 = 103cm5 Ba
MailgoH KydnaHraHnuru E = 1 B/m 6ynraHga Tok 3Huynuru (85.b)
opmynara acocaH /'= 1,6-10~19-109(10- 4+ 10-4)-1~ 10- Ma'.n* =
— KO -~al/cml Hu Tawkwn uywmnagn (6u3 mvoHnapHw 6up 3apagnu aeé
3ncobnagnk).

2. Kyunun wmaigoH 3oniiga (85.5) dopmynaga rn2 KywuayBuu
HU jje'l ra HucbaTtaH xucobra onmaca 3am b6ynagu. by 3on, aman-
fa 3ocun 6ynradH 6apya umoHnap pekKOMOHHauMAnaHuwra ynaryp-
mMall anekTpopnapra etub kenuwuHu 6Gungupagu. byHpain wapouT-
pa (85.5) myHocabat

O6yHpaH
[/ = e'haq,./ (85.9)

KypUHUWHN onagn (6y ndofaHn X HUHIT KUYUK KUiAMaTnapu y4uyH
ypuHnu éynraH V 1+ x 1+ —pg dopmyna 6yiinya Kalta mwnab

(85.7) maH 30CUN KUNWUW MYMKWH).

(85.9) TOK 3uMunurm anekTpognap opacuparu 6MpnuK ysrapmac
KyHAanaHr Kecumau ras3 ycTyHWAa XolnawraH WOHM3aTOp TOMOH
faH 30CWN KHAWHraH 3amma uoHnap 6unaH 3ocwun kunuHagu. Le-
MaK, 6y TOK 3UYAUTU WOHWU3ATOPHUHT MAaBXYA WHTEHCUBAWUIU 3aM-
fa anekTpognapapo / opanuk KuiimaTupa 3Hr KatTa 3ucobnaHagwu
YHU yTyi TYRMHUW TOKWHUHT 3UYAUTKU peiinnagu.

Kyvhungarn waptnap acocuga /Tyd HM 3ucob6nab uymamms.
An-= 107« 3= 10cm '3(ogauin wapouTha 3aB0 aTMocdepacmupa 3ap
6up cekyHapa 3ap Kyb6 caHTumeTpga 6up Heya XY(T moHnap
nago 6ynagu), /= 0,1 m (10 cm). (85.9) dopmyna 6yiinua

/1% = 1,6 » 10~1®-107-10-1— 10~1a/mr = 10~I7a/cm2
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By “ucobnaw opgauin wapouTtha “aBOHWMHI YTKa3yBYaH/AUIK
XyAa KWYMK 3KaHWHW KypcaTtaju.

85.7) QyHkuua rpadwury 183-pacmga TacBupnaHraH (AXnuT
arpu umsmk). MaigoH KyunaHraHaury eTapauya KaTTa Kuiimatra
ara 6ynraHga TOK KeCKMH opTa 6ownangum (3rpy YM3ULHMHE MYHK-
TMP KUCMWTa KapaHr). by xon, Talwkun WMOHW3ATOpP TOMOHMAAH BY-
XyAra KenaétraH 3neKkTpoHnapl) apkuH 1Orypuwl BakTuga Mmose-
Kyna 6wnaH TykHawwub, YHW WOHNAL YYYH eTapau 3Heprusara ara

bynuwra ynrypa oavwm 6unaH Ty-

WwyHTUpunagn (3ap6 6unaH MoHnaL).

byHga “ocun 6ynraH 3pKWH 3nek-

TPOHNMap Te3nawwnb, y3 HasbaTuga

MOHMaHUILUHN  BYXYAra Kentupagu.

WyHpain  unnnb, Taw’mM mMoHm3aTop

TOMOHMAAH "OCU/T KUUHFaH 6upnam-

YN MOHNAPHMHI KYUYKWCUMOH Kynaiu-

Wy Ba paspas TOKMHUHI Kyvanuwin

cogup 6ynaan. bupok xapaéH mycta-

181 prcm. KuAMac paspsj XapakTepuHu RykoT-

Malin, YyHKW TalKW  MOHM3aTop

TabCMpW TyxTaTWAraHZaH CyHr, paspajg 6apya anekTpoHnap (6up-

namMuynm Ba MKKUMaMuu) aHofra eTmaryHra kajap AaBoM 3TaBepagu

(noHNOBYM 3appa — 3NeKTPOHNap MaBXysd OynraH O6YLWANKHWUHT

OpKa 4Yerapacu aHogra TOMOH cumknb 6opagw). Paspag mycTakun

6ynnb Konuwmn y4yyH WKKWM Kapama-Kaplu iAyHanraH WMOHnap Aac-

Tacn MaBXyjg 6ynuwmn kKepak, 6y thakat 3ap6 OunaH mMoHnaw nap

MKKW nLWopanu 3apagnapHu ByXyfAra Kentupa onraHugaruHa cogup
6ynaan.

3apag TawyBYMAAPHUHT Kynahnwm “mcobura KydailraH wmyc-
TakunMac paspsafg TOKnapy TalKu MOHWU3ATOp TOMOHMAAH BYXYQ-
ra KentTupuaraH 6upnaMyn MoHNap COHUra MponopLMOHan 3KaHu
Xyga My~ mmanp. PaspagHuHr 6y XycycuaTuiaH nponopuuovan
cuéTyHknapga doliganaHunagn (HaBbatgarn naparpadgra KapaHr).

86-8 WoHM3auMOH Kamepanap Ba CYETUYMKNIap

VoHM3auUnoH Kamepanap Ba CYBTUYMKNAp — A4PO  3appaiapuHu
Kaig kmnuw Ba “~ncobnawl yyyH KynnaHunaguraH, LWYHWUHTEK,
PEHTreH Ba raMMa HYpRapvHWUHT WHTEHCUBAWUIUHU Yyn4awl YYyH
nwnatunagurad  ac606napHUHr  uWnaw  NpUHLMNKM  MyCTakuamac
ras3 paspagugaH oiiganaHuiira acocnaHraHgup.

MoHu3aumoH Kamepa Ba CYETUMKHWHI MPUHUUNKAT CXemacu
6up xun (184-paem). Ynap (akaT uwiaw pexxuMMyn Ba KOHCTPYK-
UMACUHUHT  y3Ura Xocnuru 6unaH 6up-6upupaH Qapk Kunagw.

1) 3pKUH tOTYypUW Y3YHAUTUHUMT KaTTanurn Tygaiknn 3neKTpoHNap ras WMOH-
napura KaparaHga WOHNAWWPULILHWU BYXYZAra Kentupuw XycycusTWUrs ONAUHPOL
Brn 6ynagwu.



CuéTunmk UMAMHAPUK KopnycAaH Ba YHWHI YKu Oyiinab musonatop-
nap opkanu MHruyka un (aHo4) KypuMHMLWIKAA MaKaMnaHraH 31eKT-
pognaH Tawkun TonraH (184-6 paem). ByHaa CYETUMK Kopnycu
NKKUHYM 3nekTpog (katog) 6ynub xusamaT kunagu. Apum nos-
napfa CYETYMKHM Wwunwa runod wmuura XonnawTtupunagu. Wow-
NaHTUPYBYM 3appanap KUpWUWW YYYH CYETUMKHWUHT yuupa anto-

i84- paem.

MVHUIA 3ap éKu cnogagaH gapya (TewWkK) wuwnaHagn. PeHTreH Ba
raMMa-Hypnap kabu 6ab3u 3appanap CYETYMK MOHU3ALMOH Kame-
para 6eBocuTa ynapHWHr feBopfiapu opkanu yrtagun. WMoHu3aumoH
Kamepa Typau LWakngarn 3snektpognapra ara Oynuwm  MyMKUWH
(184-a paem). XycycaH, yfnap Xyaau CYETUMKAATUM CUHrapu €k
ACCU - Napannen nnacTMHKa Ba ”“0Ka3o LWwakfanapra ara 6ynuwm
MYMKUH.

AnekTpopnap opacupgaln coHata' NO XydhT 6upnamMynm WOH-
nap (snekTpoH Ba MycbaT WOHNap) HW BYXYyAra Kentupagurax
Te3 “apakaTnaHyBuYM 3apsffnaHraH 3appa (macanaH, f éku p-3ap-
pa) yunb kupaétraH O6yncuH. Xocun 6ynaraH MOHNap MalifoH
TabCcupuia anekTpopgniapra TOMOH 0nmMb KeTunaguw, Hatwxaga R
Kapwunvk opkanu Mabaym MWUKLAOP ¢ 3apsaj yTtagn, 6u3 yHu
TOK wMmnynbcn feb6 aranmns. 185- pacmpa KaTTanuru KuaTugad
6up-6upngaH yuy kKappa (N@—3J1/0) dapK KUNYBUA UKKU XWUN
mMukgopgarn Na Oupnamuu  MOHNApP Y4YyH ( TOK WMMynbcu 6u-
NaH anekTpognapHuHr U KyuynaHuw opacuparn 60rfaHuil Kentu-
punraH. [padukgaH pum pakamnapu 6unaH OGenrunaHraH onTu-
Ta TypauM Xun coanapHu axpatuw MymKuH. 1 Ba Il co”anap
aBBanry naparpaga 6atagenn KypwunaraH agu. Xycycad, 1 co”a
TYWMHULW TOKMHU undofanagn, 6yHaa WOHW3ATOP TOMOHWMAAH BY-
XyAra KentupunraH 6apya noHnap pekombuHauuanaHuwra ynryp-
MacfaHoK, anekTpognapra etu6 6opagu. ByHAa TOK MMMYNbCUHWUHT
KyynaHuwra 60rnnK amacauru tabumiigmp.

KyynaHnwHuHr U,, kuiimatugaH 6ownab MmaingoH WyHAan Kuii-
matra 3puwagnuKu, yHAa 3/IeKTpoHNap ras MoJieKynanapura ypu-
AWM HaTWXKacMAa MOofekynaHn woHnavrupagn  LUyHUHr  yuyH
3NeKTpOHNap Ba MycbaT MOHNAP MUWKAOPU KYUYKUCUMOH 0pTub 60-
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paan. Hatuxaga 3neKTpoanBpHUHr “ap 6upura ANO voHnap Ke-
b Tywaau. A KaTTaIMKHM ras3 Kydyanumw KoapduumeH-
T pgeiannagn. Il co™apga 6y KoappuuMeHT 6Gupnamuyu moHnap co-
HM NO ra 6ornuk 6ynmaign (6uMpoK KyudnaHuwra 6oramkaup'.
LLYHWMHT y4yyH, arap Kyud/iaHuWl Yy3rapmac caknaHca, TOK WUMMyJib-
CW MOHU3ATOP TOMOHWAAH "“OCWN KWAWHTaH Gupnamyu MOHNap MUK*
jopura nponopuuoHan 6ynagu. Il co®”a NnponopuUUOHANANK
coacu peb atanagu, Up KyunaHuw sca NponopumoHanInK co-
*a 6ycaracwu pfeb atanagu. by co”afa ras Ky4yalTmpuw Koag-
thunumeHta gactnab 1 gaH oxupupa 1031 104 rava ;y3rapagu (185-
pacM ¢ yK 0Oyinab macwiTtabra puos KunuHmaraH 3onga 6axapuin-
raH; auat Il Ba Il co™anapfa arpyu 4YU3NK OpJuHaTaNapUHUHT
opanuknapyu 1:3 myHocabaTha ONMHraH).

ji- paem

Knem aH nponopuymoHannumk co”acu pge6 aranysum IV
co™afa A ra3 KyyaWtmpuw KoadpguumeHta 6opraH capu Ngra 6or-
nMK 6ynmb 6opagm, HaTwkaga Typau MUKZopZaru éupnamyv MOH-
napfaH BYXyfAra KenraH TOK umnysnbenapugaru dapk 6opraH capu
nykona 6opagm

V «fjanapra MoC KenyBuuM KydnaHuwnapga (yHra [elirep
co y;ac u geimnagn, Ug KyuynaHuwHM 3ca wy co”a 6ycaracu ge6
atanagu) xapaéH MmycTakun paspaf xapaktepura ara 6yna 6opagu.
Bupnamuy umoHnap gakat YHWHI BYXYAra Kenuwu yyyH 60LinaH-
FH4 TypTknHW ByXyara kentmpagu. by co”aga TOK UMMynbcu-
HUHT KuiMatu 6upnamyu uoHNapra MyTnako 60rauvk  6ynmaingu.

VI co”afla KyuynaHuw WYyHYanuK KatTaku, ~ocun 6ynraH pas-
pag  KelnHyanuk TyxTamanigun. LUYHUHT YYYH YHU Y31y KCU3
pa3psaa co”™acwu aeb atanagu.

MoHu3aumoH kamepa. a3 kydalitupuwucus, abHM Il co™ara
MOC KeflyBUM KyunaHulwnapfa uwnaiauraH acbobra MOHM3ALMOH
Kamepa fe6 aintunagu. VIOHM3aLUMOH KaMepaHWHT WKKW Typu MaB-
Xygn. KamepanapHUHr 6UpUHYM  Typu aipum 3appanap BYXyAra
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KeNTupraH WMNynbCNapHM Uaih Kuauw y4uyH KynnaHunagu (um-
nNynbCnM Kamepanap). 3appa Kamepara yumb KupraHga 6up KaH4a
WMOHNapHW *ocun Kunagu, Hatmxkaga R Kapwmank opkanum ' rok
yTa 6ownaingn. ByHaa 1 HyKTaHWHr noTeHuwann (184-a pacmra
KapaHr) oprtagu Ba iR ra TeHr 6ynagu (pactnab 6y HYKTaHUHT
noTeHUManu epra ynaHraH 2 HYKTaHWUHI NOTeHUManu Kabwu 3gu)
By noTeHuman KyuvalhTtupruura Kenagum Ba KyvyalTUpunraHfaH ke-
MMH "ncobnaw KypuamacuHu '(CHETUMKHM) wwra Tywmpagu. Nuku
3NeKTpoAra TywraH 3apsgfapHUHr  ~aMMacu

R Kapwunnk opkanu yTagm, CyHrpa TOK TyX- £

Taligu Ba / HyKTa MnoTeHUManu sHa Honra 1
TeHr 6ynu6 Konagn. KamepaHWHr vwaw xa-

paktepy 6uTTa 3appa BYXYAra Kentmprad

TOK WMNYNbCUHWHI  faBomMuiAnurura 6ornuk- C

anp. . -Q
VIMAOYNbCHWUHT [aBOMUANUIM HUMara 6or-

MWK 3KaHAUTMHU  aHuknaw y4yyH C KOHAeH-

catop Ba R KapwwnmkgaH Ty3wnraH 3aHxup-

HW Kapab uukammu3 (186-paem). Arap KOH- 186-pacm.

feHcaTop Konnamanapura @ KaTTanukgaru

Typnau, nwopanu 3apagnap Oepunca, R Kapwwank opkanu TOK

yTafu, HaTuxaja KOHAeHcaTop Konnamanapugarn q3apsf MUKLopW

Kamainunb 6opagu. Kapwunuvkgarn KyunaHWWHWUHT OHUIA  KMAMaTK

U—qjCra TeHr. [lemak, TOK Kyuu

<86‘1>
Konnamanapgarn 3apsig kamaunwu—dq = idt. LWyHgaii knnmob,
(86.1) TeHrnamagarv i Hu —9,4 opKanu anMawITMpull MyMKuH. Ha-

TXKafga Kyhugarn anddepeHuman TeHrnama "~OCUN KWIWHAAMW:

- _ 4
dt RC’

Y3rapyBuunapHu axparuo,
dq 1
q = ~ RCdt
ra 3ra 6ynamus.
(86.1) ra acocaH —= —. LUYHWMHr yuyH
= - = t
TR

4eb é3Uw MYMKWH.
By TeHrnamaHu wnHTerpannacak,

Intss-Jc t+ Inl* (BB2)



HUW 6epagun, 6yHaa Inllopkann WHTerpannaw KoHcTaHTacu 6enru
naHraH.
Hn”oat, (86.2) noteHuupnab

HU XOCUA UMnamms.
t = 0 pga i=i0xocun kunuHagn. WyHpai unnnb, rOTOK KYYUHUHT
6owWwnaHrny uniimaTuHu ndoganangu.
(86.3) mnopapaH
T= RC (86.4)

BakT Mumpa TOK KYUYMHUHI € mMapTa Kamadumwm Kenmb uukagu.
WyHra myBoduy (86.4) KaTTaNUMK 3aHXWPHUHT BaKT AOW MW Wi-
CVW HOMWHW ONTraH.

By kaTTanuk uaHya KatTa 6ynca, 3aHXupga TOK WYHYa CEKUH
Kamainnb 6opapgu.

MoHu3aumnmoH KamepaHuWHr cxemacn (184- a paem) 186-pacmpa
TacBMpnaHraH cxemara yxwangu. byHga C ponuHW paempa NyHK-
TUP YM3UK Opb;ann KypcaTWAraH 3eKTpoAnapapo curum yihHangu.
R uapwunuk kaH4ya KkaTtTa 6ynca, MaBXyfd TOK Kyumpa / Hy”Ta-
HUHT Ky4Y/laHWILIKW WYH4Ya rOBOPU KyTapunagu, gemak, WMNYNbCHMU
uag Kmnuw ocoH 6ynagun. LYHWHr yuyyH R KapwuaMKHU WMMKOH
6opuya katTa “mnmn6 mwnawra xapakaTt ynanHagu. LWyHWHT 6unaH
6upra, Te3 KeTMa-KeT KefNyBYW 3appanap BYXYfAra KentmpraH TOK
UMNYNbenapuHn anoxumga Kang UMAWWKM y4YyH KaMepaHuHr Ba’T
pgoumuncyu katta 6ynmacnmrun kepak. LUYHWHT yuyyH UMOynbC Ka-
mMepanapum Y4yH R HUHI KaTtTanuru TaHnaHaértraHga ysapo Kenu-
wuw kepak 6ynagu. KynuHuya R Hm 108 om aTpodupa ONMHAAW.
Y xonpa C= 10— ¢ 6ynraHga Bayt goumuncu 10~3 ceK HKM Tall-
Kun atagu.

MoHu3aLnMoH KamMepaHWHr 6ouwiaya Typu MHTErpannoBym Kame-
pa pe6 aTtanyBuyuM Kamepa .xmcobnaHagu. YHpaa R TaxmuHaH 10 om
ra TeHr 6ynagun. C=10- lI<6 ga BakT poumwuncu 104 cek ra TeHr
6ynagn. By ”“onpa aipum MOHMOBYM 3appanap TOMOHMNAAH BYXYA-
ra KenraH TOK MMMynbenapu Kywuauwagn Ba KaplWUAUK opKanu
KuiimaTn kamepafga O6MpnnMK BakT mumpa xocun bynaguram umoHnap
3apALVHUHT AUTUHAWEHHW XapakTepnaguraH ysrapmacTokK yTajw.

WyHgah knnnb6, xaP MKKM Tungaru woHnaw kamepanapu a-
KaT RC BakT JOMMMWWCUHUHT Kuilmatu 6unaH ¢apk Kunagw.

MponopuyunoHan cyétuymknap. ARpum 3appanap tosara Kentup-
raH umnyneenap, arap anektpognap opacugaru kKydnanuw Il co-
){ara (185- paem) Tyrpm Kenca, Xypja xam Kydahuwwu (103 104
mMapTa) MYMKWH. byHpaih pexumpga wwnanguradH ac6obHm npo-
nopuvoHan cyYéTtumk pAeb atanagn. CYUETUUKHUHT UUKU 3MEKT-
poAN AuvaMeTpu MUNNUMETPHWUHT to3faH 6up ynywnapuya 6ynrad
TOoNa KypuHuwwuga wvwnaHaan. by anekTpof aHoj BasuacuHu

yTaigu. dnekTpognap opacuparu Mai#foH KyulaHraHAWUTW -“LOHYH
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byiinya ysrapagu [(8.8) (popmynara uapaHr]; WYHWHT Y4YyH "am
ToNa fAKUHMAA Ky4ynaHraHnAMK KaTTa KuiiMmatnapra Ora 6ynagu.
dnekTpopnap opacupa eTapnavya KaTtTa KyuynaHuw 6ynraHfa Tona
AKWHWLA BYXYAra KeNnraH 90eKTpoHNap MalfjoH TabCupu ocTupa
ras monekynacura ypunumb, YHU WOHNAWTUPULL YYYyH eTapaun 3Hep-
rmara apuwagun. HaTwxaga WOHNAPHUHT ,Kynannwunl cogup 6y-
nagn. WoHnapHWHT Kynanmwwm coaup 6ynaéTraH p>X M yn4yamauru
KyynaHuwra 6ornuk .-“onga kaTttanawwub6 6opaau. LUyHra myBo-
UK ~onpga ras Kydyanuw KoagpdpuumeHTU xam opTtub 6Gopagw.

bupnamuu unoHnap COHM MUMMNYNbLCHW t03ara Kentuprad sappa-
NnapHUHr TabuaTn Ba 3Heprusacura 6ornuk. LUYyHUHT yyyH nponop-
LMOHAaN CYETYMK YMKWLWIKUAATN WMNYNbC KatTanuru 6yimya Typau
Tabmatnnm 3appafapHu axpatuw MYMKWH, WYHWHTAeK, ywa 6up
XUn TabmaTtnu 3appanapHu YnapHWHI 3Heprusfcu Oyimuya capanaw
XaM MYMKUH.

MponopunoHan cYéTUYMKNAp HEWTPOHNAPHM Xucobnaw yuyyH ~am
KynnaHunuuwu MmymKuH. by .\onga cuyétuyuk rascumoH (BFS) yu
thTopnn 6op 6unaH Tyngupunagum. He#lTpoHnap macca coHu 10
6ynraH (B'0) 6op wu3oTtonu 6unay peakuusara kupuwapgdy, 6yHpga
6upnamuy MOHNAHWWHW BYXYAra KentupaguraH a-zappanap nai-
po bynagw.

leiirep — Miwnnep cuétyuknapu. VIMOYNbCHWMHI SiHa XaMm Ky-
yahimwwnra (108 raya), cuyétumkHu Telirep co.”acuga (185-pacmpa
V co0)?a) uwnawra mMaxoyp aTuw Hynau 6unaH 3pULLINL MYMKUH.
By pexumpga wwnainguraH cuyéTunkHM Telirep —Miwnnep
cuyéTtunrn pgeb atanagm nyckaya Feiirep cuyértumru). KOKo-
puga Kahfg KunuHraHwpgek, 6y coxaja paspsf MycTauun paspajgra
yTagu, WOHNOBYM 3appa TOMOHMAAH >;0CUN  LWUAUHTaH 6Gupnamun
MoHNnap paspagHn dakatrnHa ,6ownab t6opagnll LUYHWHT yuyH
UMNYNbC KaTTanurum 6upnamynm wuoHnawTmpuwra 60rnmK Gynmai-
an. Alipum 3appanapfaH axpatuaraH ano.“mga nMmnynbcnapHu .\o-
CUA KWAuW YYyH xocun 6ynraH paspsagHu Te3 opaja ysuw (iy-
KoTuw) kepak 6ynaan. byHra R Tawku kapwwunuk épgamuga (y 3u
yumanpguraH cuétumknapga) E€kum CUETUMKHWUHT y3upa BYXyAra
KenaguraH npoueccnap >;ucobura spuwmil MyMKuH. Oxupru "on-
farn CYETYMKHM y3 M yvyagumraH cuyétumk peb atanagu.

Pa3pAgHu TalWkW Kapwuiumk épgamum 6unaH yuympuaumwm kap-
wnunuk 6yinab paspsg TOKM OKM6 yTraHga yHAa KaTTa MOTeH-
uman Tywyswm xocun 6ynuwm 6unaH TywyHTupunagu. Hatuxaga
3aflekTpofnapapo opanvkka paspagHu ywnab Typuw YYyH eTapnu
6ynmaraH Ky4naHWWHWHT dakaT 6uMp KUCMW TYrpum Kenagw.

Y3u y4daguraH cuyéTymknapfa paspsagnapHuHr Tyrawm kYinla-
rm cababnap 6unaH acocnaHuwnagn. 3MeKTPOHNAp XapakaTyaHauru
mycbaT moHnapra KaparaHga Xypa katTa (TaxmumHaH 1000 mapTta).
LUYHUHT y4YyH 3/M1eKTPOHNapHUHI Tofara eTUWU YYYH KeTraHBakT
numga mycbaTt moHnap ys oinapupaH Kysranuwira ynarypmanigu.
By wnoHnap Tona AKMHMAA MaWfOHHW Ky4YCU3NaHTUPYBUM MycbaT
(hasoBuii 3apsagHN BYXYAra Kentupagu Ba yHfa paspsaj TyxTain-
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an. by “onpa paspagHUHT TyxTawwura 6u3 uyapab uynmkmanur<w
KYwunmya npoueccnap TYCUWHNUK Kunagun. YHu 6GapTapag kunuuw
YUYH CYETUYMKHW Tynagupu6 TypyBuM rasra (opatfa, aproHra) KyH
aTOM/IM OpraHuWK ras apanawmacu (macanaH, cnupt 6yrnapu) Ky-
wunagn. byHpal cuyétuuk 10~4cek TapTmbparu wHTepBan 6unaH
KeTMa-KeT KenyBYM 3appa MMNYNbCAApUHM axpaTa onagu.

87-8. MycTauun paspsiffa TOK TallyBUYMNapHU to3ara
KeNnTUpyB4YM npoueccnap

ToK TawyByunap — 3/IeKTPOHNApP Ba WMOHNap — MyCTakun pas-
psgga Typauw npoueccnap “ncobura ~ocun OynuWM MYMKWUH, 613
ynapgaH 6ab3vnapuHu paspagHWHT alipuMm TypnapuHu 6aéH aTuw-
ra yruwgaH onguH uapab um™amus.

ONEeKTPOHNAPHUHT Monekynanap 6unaH TyuHawyBW. INeKT-
POHNAPHUHT (WYHWHTAEK, NOHNAPHWUHT) MoneKynanap 6unaH TyuHa-
WYBW 3NaCTUK Ba 3NnacTUKMac xapakTepra ara O6ynumwy MYMKWH.
Monekyna, XyAgu aToOM CUHrapu [UCKPeT 3HepreTtuk ~onatnapga
6ynuwmy MYyMKWH. QHT KUYUK 3Hepruanu “~onat acocuin “onat fe6
atanagun. MonekynaHu acocuin “onatgaH Typnu YiArowraH “onat-
napra yTKasuw Y4YyH 3HepruaHuHr It",. W2 kabu mabnym Kuii-
maTtnapu Ttanab kunuHagu. Monekynara etapnuya katta W ;aHep-
rma 6epub, yHU MOHAAWTUPULL MYMKWH.

Monekyna y#WroHraH “onatra yTmb, yHga “ammacu 6ynmb
10~8 cek BauT Typa onagu, OpTMLYA IHEPTUACUHWU EPYTNNK KBaH-
TM—hOTOH cudaTtnga HypnaHTupH6, ualiTagaH acocuii “onatra
yTagun. Metactabun “onat ge6 atanysuu 6ab3u "onatnapga, Mo-
nekyna 6upmyHYya Y30Kpo" — TaxmMuHaH 10~rcek Ba’”T 6ynuwnu
MYMKWH.

3appanapHuur TyuHawyBsua 3Heprus Ba WMMY/NbCHWUHI cakKna-
HUW KOHYHM 6Gaxapunuwu kepak. LWyHra Kkypa Ty HawyBAa
JHeprusa ysatmauwmra mabaym uyerapa Uuyihiunagm — Ty HalwyBYM
3appa 3ra 6ynraH 3aHeprusHWHI ~ammacu amac, 6ankum 6up Kmcmu-
rMHa y3aTuUanWmn MYMKUH.

Arap TyKHawyBAa MoOJieKyfnara YHW YWroTuw YyuyyH eTapau
6ynmaraH aHeprusa ysatunraH 6ynca, 3appanapHUHT KUHETUK 3Hep-
rusanapu ysrapmaigum Ba TYKHaWyB 3nacTuk Oynagu. Tes-
nuK 6unaH "apakaTnaHaéTraH TX Maccanu 3appa TWUHY TypraH
(= 0) T2 maccanu 3appara kKenumb ypuncuH. Mapkasumii Ty Ha-
wys Ba’Tupa Kyhimgaru waptnap baxapuauwm kepak:

m rfo m,vf m.jv2

2~ ~ ~T ~2 o
niiVto = ffijz;, + m2 2,

6yHAa Ba V2— 3appasapHUHI Ty~ HawraHfaH KeWWHTU Te3nuru.



'By TeHrnamanap CUCTEMacuHW v, Ba V2 MOMab/iymnapra Huc-
6ataH eunb (I Tom, 30-8 ra KkapaHr), KyiugarvHu onamms:

2y 10T,
ra, * /2

LlUyHpaih kunab, anacTUK TyKHallyBAa WKKUMHYM 3appara 6e-
punraH 3Hepras yuyH Kyiugarn udogaHu onamus:

T,][ju 4T, T
Arap bynca, 6y wudopaHu TakpmbaH Kyihugarmya é3uw
MYMKWH:
6yHaa —ypunaétrad 3appaHuHr YpUAuLWIKWGAH ONAWMHTU 3Hep-
rmscu.
(87.1) thopMynafaH eHrun 3appa (31eKTpoH) orap 3appara

(Monekynara) ypunraHfa, yHra Y3 3Heprus 3anacrnHWHI 03 Kuc-
MUHWUTUMHA Gepuwn  Kenmb qMKa,qm!\nE I}.EHrvm 3appa ofhp

3appafaH, ryékM KOMNTOK [eBOpAaH sfcanumraHu* kabu, amanga
Te3NUK KuiimMatu OyiiMya y3rapmacgaH ,canuumidgu“. Teruwnm
3ucobnalnapHUHI Kypcatmwnya, mapkasuin 6ynmaraH TyKHalwyBfja
6epunraH 3Heprua fHa 3aM KWYMK Oynap 3KaH.

Ypunysun 3appa (31eKTPOH €KW WMOH) eTapiuya KaTtTa 3Hep-
rusra ara 6ynraHga, Mofiekyna YWroHuwmn EkM WOHAAHULLN MYM-
KvH. By 30nfa 3appaHvHr KWHETUK 3Heprus MNUrMHAMCKU CcaKfaH-
Maian — 3HEPrusiHAHT  OMP KUCMW  MOMEKYNaHW YWroTuwra éxm
MOHNaWra, AbHW TYKHALWYBYM 3appalapHUHT WUYKKU 3HEPTUANapuHu
OPTTMPULL Y4YyH cap Oynagu. byHpail TykHawyBnap 6MpPUHYM
TYyp 3nacTuk 6ynmaraH TyKHawyBnap feb atanagw.

YiroHraH sonatga 6ynraH monekyna 60wka 3appa (3N1eKTPOH,
MOH &KW HeWTpan monekyna) 6unaH TyKHawraHga OpTMKYa 3Hep-
FMACUHWN HypnaHTUpMaid, 6anku YHW 3/1eKrpoHra ys3aTub, acocuii
3onaTra yTuwmM MyMKuH. By 30n4a 3appaHuWHI TyKHawraHgaH Ke-
AVHIN ANTUHOM KWHETUK 3HEepruscu ypunauvwrava 6ynraH Kuiima-
Thra HucbaTaH Katra Oynagn. byHpal ypuauwnap WUKKWUHYWK
Typ 3nactuk O6GynmaraH TyKHawyBnap Aeb artanagu.
MonekynaHuUHr MeTacTabmn 3o0naTAaH acocuii 3onatra ytuwm da-
KaT MKKUHYM Typ TyKHawysnap 3ucobura Oynmwn MyMKUWH.

BupuHum Typ anactuk OynmaraH TYKHalWlyBAa 3Heprus B4 UM-
MYNbCHUHI CaKNaHWLW TeHrnaMacu

(87 2)
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KypuHuwra ara 6ynagu, 6yHaa O\WU— yiiroHraH >;onaTra yTHuWra
MOC KeNyBUYM MOMEKYyNa WYKW 3HEPTUACUUUHT OPTULIN.
(87.2) TeHrnamapaH u, HuW Wy~oTu6,

4IR, - myvtomva Lo (87.3)

HU "OCWIT umnnl MYMKWH.

Bup xwun Tesnuk iu,0) 6unaH TyKHalWyB4YM 3appanapgja Mone-
Kyna u4yku aHepruacuumHr OWu ysrapuwy MONEKYNaHWHT TyK-
HawyBfaH KeluMH "apakaTnaHaguraH v2Ttesnurura 6ornmk 6ynagm.
O W,, HUHT MYMKWH OynraH 3Hr Katra UMAMATUHW TOHMW YYYH
(87.3) ¢yHKUMSHM V2 6yinya pguddepeHynannaimmns Ba ~ocun
6ynraH udofaHn HOAra TeHrnawWTMpamms:

avt = m7io----—---- A = 0.

By epgpaH v2= ——— vX0. V2 HUHT TONWANTaH KuiimatuHm (87.3
y €pa P ( )

ra Kyinumo,
AW, mx = ——— "lhUhl (S7A)
T, + 7T, 2

1

dKaHUHN TONamMmus.
Arap ypyBumn 3appa ypunysum 3appara KaparaHpga 6V|pmqua

eHrun 6ynca (60-01)/, (87.4) wndopapa —'|-le Kynantyesum 6up-

.ra auuH 6ynagu. LWyHpan uwm-

nneé, eHrun 3appa (3N1eKTPOH)

owp 3appa (monekyna) ra

ypunraHga ypyBuYuM 3appaHuHr

feapnu xamma 3Heprmacum Mo-

neKynaHu yaArotuw €KW WOH-

nawral) capp 6ynuWwnM MYMKUH.

XaTTo, ypyBUYM 3appa—3anek-

TPOH 3Hepruacu etap/inya kKatTa

6ynca-ga, ypunuw Monekyna-

HUHT yWroHnwura éxkun wWoHNa-

wysura onuM6 Kenuwy  wapt

6ynmaign. By “ap WKKu mnpo-

187- paem. Leccuyu Te3NuUKKa, SbHU 3NeK-

TPOH 3aHepruacura 60rnny aKaH-

NUTUHWUHT  MabAym  3MTUMONNUTM  MaBXypaump. 187-pacmpa 6y
INTUMONNNKNAPHUHT TaxMWHWIA y3rapuw Wynu KypcaTunraH. 9nek-
TPOH UaHYanuK Te3 “apakaTnaHca, MONEKYNaHWHT AKUHUaH yTa
6opunb, y 6unaH WyHYaNUK Kuc™a Bab;T opanuruja ysapo Tabcuppa

') WoHnannw ponupa (87.2) TeHrnama Mypakkabnawafgu, YyHKM TYyKHaLyB-
uaH KeiiMH WKKuTa amac, 6anku yuTa 3appa 6ynagn. BMPOK 3NeKTPOHHWHI fesp-
nn 6apya 3HEPrUACUMHU WMOHNAHTUPMILTA caphnanunil UMKOHWUATW 3™akugarum Xyno-
ca Tyrpuauruya uonasepagu.
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6ynagn. LWYHWHT y4yyH "ap WMKKW 3.yTUMONAMK MaKCUMyMra Tes
Ipuwagmn, CyHrpa 31eKTPOH 3IHEPrUACUHUHI opTub 6opuwmn 6unaH
3XTUMONNUK Kamainmb ketagu. PacmpaH KypmHu6 Typmbamkm, ma-
canaH, W oaHepruara ara 6ynraH 3nekTpoH KatTa 3.\TUMONNUK
6unaH monekynaHu yiforuw ypHura yHW WOHNaHTUpagu.

VMKKnnamun 3neKTPoOH amuccuacu. Mkkmnamum 3neKTPOH 3IMmuc-
cuacm ae6, UATTHK EKU CYIOK DJKUCMHW 3N1eKTPOH &KW WOoHNap
6unaH 60mM6apAMMOH KWUNWHTaH BaKTAa YNapHWHI CUPTWUAAH 31eK-
TPOHNAPHUHT axpanuwura antunagn. WkKkunamum 3neKTpoHnap
COHM N2 HWM 3mMWUCCUAHW t03ara KenTuprad 3appanap CcoHwura
HucbaTtu

MKKMNaMunm amumccunsa KosouumeHtun ped atanagu.

Nkknnamun amuccus KoapduumeHTn cupT Ba YHU 6Gombapam-
MOH H'WNyBYM 3appanapHUHr TabmaTu Ba WYHWHTAeK, 6y 3appa-
NapHWHI aHepruacura 6oraukanp. Wkkunamum 31eKTPOHNAPHUHT
TE3NUrM yH4Ya KaTTa amac Ba 6Gupnamunm 3appanap 3Hepruacura
6ornuk bynmangn.

MeTannap CUpPTUHW 3neKTpoHnap 6wunaH 60mM6apAWMOH  KWIWH-
raH ~onga WKKunamym aMmuccusa  KoapduumeHTn 6Gupnamum a3nek-
TpOHNap aHeprusicu 6Mp Heya 103 3NEKTPOH BONbLT TapTmbaa 6yn-
raHga (typnu metannap ydyH 200 pgaH 800 3B raya) Makcumymra
apuwagn.

<W KO3(P(UUMEHTHUHT 3HI KaTTa KuiimaTtm 0,5 gaH (6epunnwuii
yuyyH) 1,8 (nnatuHa yuyyH) raya u4erapaja xoihnawagw. Apum yT-
Kasrmynap yuyyH Bex xypa kaTTa KuiimaTtnapra apuwuwmn MyMKWUH
(10 ra AkuH). WyHpaii kunnb, Termwnu Wyn 6GunaH TaHNaHraH
CUPTHHHT WKKWNAM4u 3MUCCUNCUAAH facTafjarn 3NeKTpPOHap MUWK-
JOPUHM ,KynanTupuwl yyyH ¢oidganaHnil MYMKUH. BupuHum map-
Ta /1. A. Ky6eukunit TOMOHWAAH Taknud 3TUATaH 3N1EKTPOH
KynaitTuprumuynappga KeTMma-KeT >KolnawraH anekTpognap-
HUHT “ap 6upugaH axpanraH WKKWNaMyum 31eKTPOHNap 3nekrp
MaigoHuga Tesnawagu Ba HaB6aTgarm 3nekKTpogHH 6omb6apaMMOH
Kunagw. byHpain ac6obnap épgamn 6unaH 3n1eKTpoHNap Aactacu-
HUHT t03n1ab MapTa Kyyaliuwura spuwmnagu.

ABTO03/M1eKTPOH amuccma. Arap MeTann CcuUpTU SAKMHMZA KaTTa
KyuynaHraHnuknm (~ 10u B\CM.) 3/1eKTp MaWLOHW .XOCWUST KH/IUHCA,
aBTO3NeKTPOH (Ekn coOBY K) amuccma pfeb atanyBym 3anek-
TPOHNap uYuKapuw >;o4HcacM Kysatunagu. by ,\oAMCAHW LWYHWHT-
LeK, 3leKTp MaligoHn 6unaH 3neKTpoHfnap uumkapuw geb artanagu.
ABTO3/1eKTPOH 3MUCCUA KBAHT Hasapuacu 6unaH TyWwyHTUpUnagu.
3NeKTPOHNAPHUHT  YUKMWWTA KapwuinK KWIYBYM Ky4nu MalifoH
MaBXygnurunga meTann cupTuparu noteHuman Tycuk 188-pacmpa-
rmgek TacBupnaHagu. KBaHT MexaHukKacura MyBO(WK, 3neMeHTap
3appaHuWHI 3HepruacK "atTo Tycuk b6anaHfnurmvpaH Kmumk 6ynca-ga,

18 W. H. Case.nes 273



MeTanngern  MurLlicus noTeHuman TYCUK oOpKanu yTa
WwTpWwap onagu, AeraH HonjaH  apknu
3. A TUMONNMK  MasXxypaup. 3appa
TycuBfaH Tyé TyHHeNb OpKanu
Kyw nveopH YTaAu, 6y >;oaMcaHn TYHHEenNb
appekT n ge6 atanagu. TyHHenb
APPEKTUHUHT  3NTUMONU  TYCUK
KEHTTUTUHWHT  Kamaiuwu 6unan
opTnb 6opagn. LyHra Kypa aBTO-
188- paem. 3/IeKTPOH amuccua dakar Xxyga
Kyuynum maihgoHnapga KysaTtunagu.
doTOMOHM3ALMNA. DNEKTPOMArHUT HYyp/aaHuW 3NemMeHTap 3ap-
panapfaH —poToHNapAaH wubopargup. POTOHHUHT 3HEpPruacu
hv ra TeHr, 6yHfa h—InaHK JOMMUIACKH, V—HYpNaHWLW Yacloracu.
®OTOH MoOfekyna TOMOHWAAH KOTUAUWKN MYMKWH 6ynn6 (306- 6et-
fary cHockara KapaHr), 6yHAa YHWHI 3Hepruacum éku MWOHNawra,
ékn yhrotuwra capgp 6ynagn. byHpaih ,\ongaru MonekynaHuHr
MnHNawunwmnra GoTo MOH n3uny nua aed aranagum. YnotpabuHag-
Wwa Hypnap 6esocuta (GOTOMOHU3ALUAHW t03ara KenTupa onagu.
Ky3ra KypuHyBYM Hypnap (KMYWK 4YactoTanum Hypnap) mnoroHanu
(hoTOMOHM3aLMA fAebd aTanyByYM WMOHM3ALUAHW t03ara KenTupum
MYMKWUH. Ky3ra KypUHYBYM EPYrANK (OTOHHHWHIIHEPTUACU 3NeK-
TPOHHW MOfleKynafaH axpatu6 onuw yuyyH eTapam Oynmangu.
JTeKWH, YHWHT 3Hepruacu MONeKynaHu yiroHraH “onatnapgaH 6u-
pura yTKasul Y4YyH eTapaugup. Yirouwran .“onarga 6ynraH mone-
KynaHu WOHMAHTMPUW YYyH Hopman “onatga 6ynraH Monekyna-
HUW MOHNaHTMpuwra KaparaHga kam aHeprus capadg 6ynagu. LWyHra
Kypa (OTOH yWrotraH MofeKyfnaHW YHUHT 6owka Monekyna 6unaH
Tyb;HaWMNWKN >;ucobura MOHNAWMN MYMKUH.

a3 paspagga 6esocuTa (POTOMOHM3ALMAHWM t03ara Kentmpa ona-
AUTaH KWCKA TYNUWHAW HYPAAHWIIHWUHT "OCHA 6ynnwmnm MYMKWH.
ETapnuya katTa Te3nuknu (Te3) 3neKTPOHAap TyKHawraHfga MoO-
nekynaHw akaT MOHNAHTUPMGrMHA KonmacgaH, 6ankm ~ocun 6yn-
raH WOHHW YWTOHraH ”“onatra yTKasuwm .~am MYMKWH. VIOHHWHT
acocuin “onatra yTuwK, HeWTpan MOAEKYMAHUHT HyphnaHuwunra
KaparaHga KWYMK Tyab;WH Y3yHNAuKpgaru (AbHM KaTtTa 4vacTtoTanu)
HYp uukapuwmn 6unaH KysaTunagu. byHpai HypnaHuwparv GoToH
JHepruacu 6esocuTa (QOTOMOHM3aUWSA y4YyH eTapnu bynagwu.

CaHab yTunraH npoueccnapjaH Tauwapu MycTakun ras pas-
pagnapuHuUHr ainpum Typnapupa 75--§ ga uapab YumkunraH Tepmo-
3/IeKTPOH 3mmccua  .~ogucacm Katta ponb YyiHanan. LWyHWUHT-
feK, meTann éku ApuM YTKa$rmuy cuptM eTapamya KHCKa TYNKWUH
y3yHAukgarn Epyrnank 6wunaH épuTmnraHga 3n1eKTPOH uuuapuw
6unaH 6enrmnaHaguraH G oTO3NeKTPOH amMuccusa (EkKMTa Ww-
KN poToadpdhekT) *am ypuHaum 6Gynagu. bupok, Typnaum Kypu-
HUWAarn MycTakmn paspagnapga poTo3aneKTpoH amuccus Kavfain
ponb yihHawuHn 6m3 6y eppa kapab 4YuKmanmms.

HUM Mepre-
LK canuapy
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88-§. a3 paspsagin nnasma

MycTakun paspagHuHr 6ab3n Typrapuga rasHUHT MOHNaWULW
fapaxacu xypa rosopu 6ynagum. [asHuHr "~ap 6up 3nemeHTap
NaXMAarv 3NeKTPOH Ba WOHNAPHWUHT WWTUHAW 3apsfu HOMra TeHr
(Bkn peapnu TeHr) 6ynraH lWapouwTAarum Kyynu moHnawraH “~onatu
nnasmal) geiinnagu.

Mnasma MoAfaHWUHT ano”upa >;onatuagup. bup Heua yH mun-
NWOH rpapyc TemnepaTypara 3ra 6ynraH dyéw Ba 6ouuwa tngys-
nap wympgarun wmopganap wyHgan .\onatga 6ynagn. MopgaHWHT
IOKOpW Temnepatypara ara Oynuwuy HaTuxacupga "ocun 6ynraH
nnasmMa lOKoOpu TemnepaTtypanwu (KM n3oTepm MK) nnas-
mMa geimnagu. a3 paspagu Hatuxacupa “ocun 6ynraH nnasma ras
pas pagnu nnasma genunnagu.

Mnasma 6Gapkapop xonatga 6ynuwmn yyyH pekomMbuHauusa Ha-
Tuxkacupa kKamairaH voHnap ypHWHW Tynampub Typuw 3apyp. by
npouecc HKopu TemnepaTtypanun nnas-

Mafja TepMWK WOHMawuw fucobura

6ynca, ras paspagnu nnasmajga aca

3NeKTP MalgoH Te3nawTupraH 3nek-

TPOHNAPHWHI  TyKHawub6  uvowunawm

Ancobura 6ynagn. NoHochepa (aTmo-

cepa katnamnapupaH 6upu) nnasma- £

HUHT ano”™npa 6up KypuHuwungup. by

3nga mMonekynanapHUHT OKoOpW fa-

paxanu uoHnawunwun (— 10;;) Kyéuw- 189-paem
HUHI KWUCKA TYNKWUHAW HyplaHuwm

Tydainnm cogup 6ynaguraH otoumoHusaums ~ucobura TYTM6 Ty-
punagw.

la3 paspagnnM nnasmajga 3neKTpPOHMAp WKKWM Xun “apakaTtpa:
6upop v ypTaya Te3nuk 6unaH xaoTuk ?;apakatga Ba E ra kapa-

Ma-Kapwun WyH3NraH M yprada Te3nuk (v AaH aH4ya KW4uk) 6unad
TapTubnu “apakatga MWTUMPOK 3Tagu. MNnasmaja wapouT WyHAaw-
Kn, 6yHAa 3nekTp MalAoOHW 3NeKTPOHNapHWUHT (akaT TapTubau
NapakaTturaruHa caba6 6ynmai, 6ankm ynapHUHT XaoTMK ”apaka-
TUHWUHT V Te3AUTMHU "~am opTTupagw.

_las maingoH ynaHraH naitga ypTavya Te3AUrU Ta3HWUHT 7>

&7r j Temnepatypacura moc 6ynraH 6upop MUKLOP

3NeKTpoOHNapra ara 6yncumH. ONeKTPOH ra3 Mosekynanapu 6unan
KeTMa-KeT WMKKWTa TYKHaluW Y4yH KeTraH BakT uuympga yprava X
nynHn ytagn (189-paem; 3NeKTpPOH TpaekTopusicm —eE Ky4y Tabcu-
puga 03ruMHa arpunadrad). byHga malfjoH 31eKTPOH ycTuga

A = eEIf (88.1)

*) Mna3mMa —3appanapHUHT XaoTUK 3;apakaTH yNapHWHT TallKu 31eKTp blaiifos
Tabcupupa TapTMOAM KyuyumwugaH YCTYH OGynraH Kyunu MWOHNalraH KBaswWHei-
Tpan (AbHU feapnu Heitpan) my.\uT.
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nw 6axapagn, by epga /7—3NeKTPOH KYUMLIWHWHT Ky4 #yHanu-
wmnra npoeKuuscK.

ONeKTPOH ra3 monekynanapu 6mnaH TyKHaWwuWwWmW HaTukacmaa
YHUHT >;apakaT WyHanuwu ~amMmma BakKT (paBKynogga ysrapub Ty-
pagn. WyHUHr yuyyH (88.1) uw TpaeKTOPUSAHUHI “ap 6up ano.\m-
fa KvemMwuga Typawm KaTTanmkka Ba Typau wwopara ara 6ynagw.
TpaeKTOPUAHUHT 6ab3n uUucMnapuja MainfoH 31eKTPOH 3Heprusa-
CUHM opTTMpca, 6ab3n Kucmnapuga sca KamamTupagu. Arap 3nek-
TPOHMAPHUHT TapTubnm >$apakatn 6ynmaca, y .donga |If HUHr ypTaua
Kuiimatu, gemak, (88.1) wuw ”~am Honra TeHr 6ynap 3gu. Bupok
TapTNOAM .XapaKaTHUHT MaBXyAauru A WWHWHI ypTadya Kaimatu
HonjaH tapknau Ba ~aTtTo mycbat OynuwHra onmb kenagn. by wuw

A = eEunx = eEn ~ (88.2)

ra TeHr, 6y epga T—ANeKTPOHHWHI ypTaya 3pKUH rypuwl BaKTu
\n < v\,

BuHo6apunH, MalfoH 3NeKTPOH 3HEPruscMHu yprta .~mcobga opT-
Tupap 3kaH. Tyrpu, Mofnekyna 6unaH TyKHalraH 31eKTpoH 6up
Kvem asHeprusacuHu Mmonekynara 6epagu. JleKuH, aBBaarm napa-
rpadga TYWyHTUpPMG yTraHuMusgeK anacTuK TyKHawwuwga 6epun-
raH 3 KMeM 3Heprua >ypa Kam, SibHM Yy ypTada 3=2 T/M ra
TeHr, 6yHfa T —3neKTpoH Maccacn, M —monekyna maccacul).

CwuiipaknawtupunraH rasga (K 6ocumMra Teckapu nponopuuo-
Han) Ba MalfoH Ky4ynaHraHnuru E eTapnuua katta 6ynraHga (88.2)
VW 3/1eKTPOHHWHI Monekynanap 6unaH ap 6up TyKHawuwuia

ynapra GepaguraH yprtaya 3 3HeprusijaH Karta GymMwm Mym-

KUH. LYHUHT Yy4YyH 31eKTPOHNAPHUHI XaoTUK .~apakaT 3Heprusicu
opTn6 6opagm. Hatmxaga 6y 3Heprus MoJeKy/naHuW moHnawra éku
yhiroTuwra etapnm 6ynraH kuimatra spuwagu. Ly naintgaH 6oww-
nab TyKHaWWWAapHUHE 6Up KUCMKU 3nacTuK OGynmalign Ba 6yHpAa
Heprua Kyn Wykonagu. LLYHWHT yyyH y3aTunaguraH sHEPrUsHMHI

ypTaya Kuiimatu 3 opTagu.

LyHpah Kunmb, 3NeKTPOHAap WOHMAaW Y4YyH 3apyp O6ynrad
3HeprudAra 6uMp 3pKuUH tOrypuw ihynuga smac, 6ankum 6up KaH4a
3PKUH Orypuw Wynu pgaBomupa spuwagu. WMoHnaHMW Kyn MUK-
fopja 3NeKTpoHNap Ba MycbaT WOHMApPHUHI 03ara  Kenuwura—
nnasma >;ocun Gynuuinra onubd Kenagu.

MnasMagarn 3MeKTPOHAAp 3HEPTrUACU 3/1EKTPOHHUHT 6UP 3PKUH
lorypuwinga maigoH 6axapraH WWHUHE ypTada KUNMaTu 3/1eKTPoH
Monekyna 6unaH TyKHalraH BaKTfga 6epajuraH 3HEprusiHWHI yp-

Taya Kuiimatura TeHr
- K T5a
eEn - w8
\ 2

y (87.1) hopmynara myBodHL Mapkasuii ypunuwgpa fi=4m/Af. SnekTpoH 6unaH
mMonekyna 6up-6upura wyH4yakm ,Term6 ytraH" Baktaa 8 x 0.



feraH wapTtgaH Tonunagu, (6y myHocabaTga 5 ysrapyBum v Tes-
NIMKHUHT Mypakkab ¢yHkumsacugup).

Taxpuba ras paspafgnum nnasmajaru 31eKTPOHNap YYYyH Tes-
nnknap 6yimuya MakcBenn TakCUMOTW YPUHAW 3KAHAWUTUHW Kypca-
Tagn. ONeKTPOHNApPHWHI Monekynanap 6umnaH TyKHalWMUWW Kyuycus
6ynraHn cab6abnm (3 3nacTMK TyKHawuwaa Xyha KUYMK, HO3nac-
TUK TYHHalWWLWAAPHUHT HWUCOWIA COHM 3ca XyAa Kam), 3/1eKrpoH-
NapHWHT XaoTWUK ”“apakaT ypraya Te3nMru rasHWHr 7/- Temnepary-
pacura MocC KenaguraH Te3nMKAaH Kyn mapTa kKatta 6ynagu. Arap
T3 aneKTpoHNap Temnepatypacu feraH KaTTaiuk KUputmb, YHK

MyHocabaTAaaH aHuKnacak, y >;onfa T3 HUHT Kuiimatu 6up Heva
YH MWHT rpajyc 4amacupa OynMIIWHU Kypamus. 7> HUHT T3 faH
thapknu 6ynuwmn ras paspsgnuM nnasmMaga 31ekKTpoHnap 6unaH mo-
nekynanap opacuja TepMOAMHAMWK MyBO3aHaT WyKnurujaH pano-
nat 6epagul).

Mnasmaga TOK TalWyB4YMNap KOHLUEHTpauuscu xypa katta. Ly-
HUHT YYYH NNa3MaHWHI 31eKTp YTKasdyBYaH/IMK XOccacu XK.
FOkopuga Tabkugnab yTuAraHWfeK, 31eKTPOHNApHUHI “apakaT-
YaHIUTU UMoHNapra HucbaTaH TaxMMHaH y4 MapTa KaTTa, WYy ca-
6a6bnum nnasmaja TOKHW acocaH 31eKTpoHnap .\ocun Kunagu.

89-8. EnuuMH paspsag

MycTakun paspajg rasHuHr 6ocumura, 31eKTpPoLNapPHUHT y3apo
XoWnawuwmnra Ba TalWKU 3aHXWp napametTpnapura kapab Typnu
XN waknnapra ara 6ynagu. Paspag cogup 6ynaguraH (Qusnkasunii
Nogucanap XXypa Mypakkab. Buz mycTakun paspagnapHWHT acocuid
TypnapuHurmHa kapab umkuw 6unaH yerapanaHamus, OyHAa YHUHT
6ab3n getannapumHu “ucobra onmanmms.

EnkuH paspag nact 6ocumnapga tosara Kenagu. ByHW  y3yH-
nnrn 0,5 M atpodmpa 6ynraH, yunapura fccu MeTann 3NeKTPOf-
Nap KaBlapfiaHraH wuwa Haikga Kysatuw MyMKuH (190-paem).
AnekTpognapra TaxmMuHaH 1000 B TapTubupa KydynaHuw 6epunagu.
Opawnii atmoctepa 6ocumu wapouTupa HalgaH TokK yTmaingn. Arap
Hall numpgarn 60CMMHU TaxMuHaH 40 MM CMM. YCT. raya KamaiTu-
punca, aHod 6mnaH KaToOAHW TyTalWTUPYyBYM WNOH W3WN LWaAKAM[aru
MHIrMYykKa wysna ~ocun 6ynagu. bocum kKamanTupunuwm 6Gunad
Wwybna KeHras 6opagum Ba 60CMM TaxMWHaH O MM CUM. YyCT. 6yn-
raHga wybna HaHW Tyngupagum, AbHU €NKUH pa3pajg cogup
6ynagu. 190-pacmpa €NnKUH paspAfHWHI acocuil Kucmnapu Kypca-
TunraH. Katog AKMHufpa WybfnanaHyBYMW KaToh NNéHkacw

® OKopu TemnepaTypanu nnasmasa Mosekynanap, 3N1eKTPOHNAP Ba WOHANP-
HUHT ypTaya aHepruscu 6up Xxun. By 6MNAH YHUHT WKKUHUYM HOMU—M30TEpMUK'
AUTU TYWYHTUPUNAAN.
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fe6 atanyBym 3 onNKa wWybfanaHyBuu KaTnam xoinawraH. Kartop
6unaH wybnanaHyBuyu nnéHka opacuga actoH k°Pohfh ®a-
30C U 4 60op. WybnanaHyBuynM NNEHKAHWHI aHOAra KaparaH TOMO-
HUfa Kyucu3 WybfanaHyBYM Ba paBllaHAWIM ByiiMuya KOPOHrUAek
TylonaguraH Katnam—KpPYKC KOPOHIruM ¢da3 ocum 5 xolnaw-
raH. by katnam €énKWH wWybnanaHwuw peb aranyBum 2 Wyb-
NnanaHyBuYM co”ara aiinaHagu. ANTWG yTuaraH KaTnamnapHWHT
NaMmacu ENKWH paspAfgHWMHT KaToO[L KWUCMWHWK TawKun
Kunagw.

190- paewm.

EnkuH wybnanaHnw papafoil KOPOHIM pasocwu 6 6unaH
yerapanaHagu. .Ynap opacugaru dyerapa uvannawraH 6ynagu. Haii-
HUHT KOAraH “amma KWCMW WybnanaHyByu ra3 6unaH Tynrad
6ynn6, yHm mycbaTt ycTyH 1 geiinnagu. bBocum fHa Kamaintu-
punca, paspAAHWHI KaTtoA Kucmu Ba (apajein KoOpoHru dasocwu
KeHrasagmu, mycbar ycTyH aca kuckapagn. bocum 1 mwum cum ycT
TapTubupga 6ynraHfga mycbaT ycTyH ranama-ran anmawnb Kenysuwu
KOpOHrM Ba epyF arpum kaTnamnapra—cTpaTnapra OynuHagw.

3oHanap (Hak 6yinab Typnu Koiknapra KaBlapfiaHraH WHIWY-
Ka cumnap) épgamufpa yTKasunraH yndawnap, WyHWHraek, 6owka
ycynnap 6unaH 6axapunraH yn4yawnap MOTeHLWa HWHT Hall Byii-
na6 HoTekWC ys3rapuwmHu kypcatam (190-paemparn rpaukka K-)-
MoTeHuMan TYWYBWHWHT Aefpau ~ammMacu paspagHUHT KPYyKC KO-
poHrn (asocMHW y3 Muura onraH OUPUHYM yuTa Kuemra Tyrpu
Kenagu (KaTopg noTeHUuManu Tywyswu). EAKMH wWybnanaHnw
co®acupa noteHuuwan ysrapmaingu, 6y co™aja MalgoOH KyuynaHraH-
AWM HoAra TeHr. HuoAT, dapageil KopoHru dasocmpa Ba Myc-
6at ycTyHfa noTeHuuan acTta-CeKuMH opTtagu. MoTeHUManHUHT OBYyH-
fall TakcumnaHuwwura cabab KpykKc KOpoHru asocmupa mycbart
MOHNAp KOHLEHTPauMACUHWHT OpTM6 KeTuwmu HaTuxacuga mycébat
(ha3oBUI 3apAgNapHUHr ~ocun Gynuwmgup.

ENKWH paspsagHu caknab Typuw YyuyyH 3apyp 6ynraH acocwuii
npoueccnap YHWHr KaToj KucMmupa cogup 6Oynagun. PaspagHuHT
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KONraH Kucmnapu a.“amuatra ara amac, ynap ."arto 6ynmacnuru
Nlam MyMKWH (3neKTpoAnap oOpanuru Xypa KHUYUK 6ynraHga €xu
Xyga nact 6ocumpa). WMkkuta acocuin npouecc 6op. bynap-ka-
TOAHW myc6aT woHnap 6unaH 6ombapaMpoBKa Kunuwpaa pyin bGe-
paguraH WKKUNamyn 3eKTPOH 3MUCCMA Ba ra3 MOJEeKyfanapuHu
3M1eKTPOH 3apbu 6unaH woHMaWAUP.

KaTog noTeHuuwanu TywyBW Te3nawTupraH mycbat mMoHnap Ka-
rogHn 6ombapaupoBKa KuNagu Ba YHAAH 3M1eKTPOHNapHu ypub
ynkapagnm. Wkknnamum 3nekTpoHnap KatoffaH yHYa katta 6Oynma-
raH Te3nuMKk 6GunaH oTMAMG 4ymuagu. Ynap acToH K°poHru ¢asocu-
fa 3neKTp MaifoH Tabcupupa Tesnawaau. ETapnumuya  aHeprusra
IpuwIraH 3NeKTpoHNap ras MofieKynanapuHw yirota 6ownaingun sa
HaTwXaja WybnanaHyByum kaTod nnéHkacu xocun 6ynagm. Kpykc
KOpOHI1 asocura monekynanap 6wunaH TykHawmacgaH etub ken-
raH 3/eKTpOHNap KatTa sHeprmara ara Oynagw, HaTuwxkaga ynap
MONeKynanapHu yiarotmwpaaH Kypa Kynpok woHnawTupagu (187-
pacmra K-) LWyHpad Kunmb, rasMmHr wybnanaHuw WHTEHCUBAW-
M Kamasgu, NeKuH KPYKC KOPOHrM asocmpa Kyn 3/eKTpoHnap
Ba Myc6at moHnap “ocun 6ynagu. Xocwun 6ynraH WoHnNap gactnaé
KMYMK Te3nnkka ara 6ynagum. LWYHWHT Yy4YyH KPYKC KOpOHru da-
3ocupa mycbat GasoBuil 3apag ByxXypnra kenagum, 6y aca MOTeH-
LWanHWHT 6YTYH Haii 6yiinab kaliTa TakCMMAaHWLWWUra Ba KaToj no-
TeHumanum Tywysu >;ocun 6ynuwura cabab oOynagm.

Kpykc KOpOHru asocumfa MOHNalWWW BaKTUAa to3ara Kejrad
3NeKTpoHNap 6ownaHruy 3nekTpoHnap 6unaH 6upraénkuH Hypna-
HUW co”acura kupub 6opagu. by co”a y3mga 3anekTpoHnap Ba Myc-
6aT MOHNap KOHLUEHTPaALWACUHWUHI OKOPU Oynuwmn fampa WUTMHAKN-
CU HONTra AKWH 6ynraH ¢asoBuWil 3apagun wnasma) 6unaH xapakTep-
naHagn. WyHWHr yuyyH 6y eppa MalfoH KyunaHraHauru Xxyga
KMYNK—MaNJoH 31eKTPOHNap Ba MOHNAPHU Te3nawTupmangmn. dnek-
TPOHNAp Ba MOHMIAp KOHLEHTpauuacu tokopu bynraHu Tydannuén-
KWH WybnanaHuw eo”acufja pekomMb6MHaLWA NpPOLECCM WHTEHCUB
6opagn, 6yHAaa axpanub UWKKaH 3HEPrMs HYpAaHUWHW to3ara
Kenrupagn. WyHaaln kwnmb, ENKUH HypnaHWW acocaH pekomb6u-
Hauus HypnaHuwuanp.

3nekTpoHnap Ba MycbaT MOHMAPHWHT ENKWH WYybaanaHu co-
NacupaH ¢apajeii KOpoHrum Qasocura ytnwm andgysna “~ncobura
6ynagn (6y co”™anap 4erapacumpga MalifoH 6ynmaingun, NeKWH 3NeK-
TPOHNap Ba MOHMApP KOHLUEHTPAaUWSCUHWHI KaTTa TrpajuMeHTU MaB-
Xyf). 3apagnaHraH 3appanap KOHLUEHTpauusacu Ku4yumkK OynraHm
YUYyH (hapafeid KOpOHru asocmpa pekomMOMHauManaHu 3°TUMOK
KECKMH Kamasagun. LUYyHWHT ydyH >am dapageli ($asocu KOPOHTK
6ynagu.

dapageil KopoHru ¢asocumpa wmaihgoH 6ynagn. By maigoHaa
.NapakaTnaHaétraH 93neKTpOH/Map acTa-CeKUH 3Heprua Wuragnm Ba
HW.MOAT nnasMa MaBXyf Oynuwu yyyH 3apyp LwapT-wapouTnap
lozara kenagu. Myc6baT ycTyH ras paspagnum nnasmagaH wubopar.
By yCTyH paspsfHWHI aHOj Ba KaTof KUCMAApUHW TyTawTupyBUwu
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yTKasrny 6ynum6 xmsamat kunagum. Myc6aT YCTYHHUHT WybnanaHu-
WM YATrOHraH MofeKynanap acocuii “onatra yrtaétraHpga pyin 6e-
pagn. byHpa Typnu ras Mofekynanapu Typau TYNKWH Yy3yHAWKAa
Hypnap uyukapagu. LWyHUHr ydyyH mycbaT ycTyH xap 6up ras
YUYYH XxapakTepnu 6ynraH paHrra ara 6ynagu. bBbyHaaH éHu6 Ty-
pyBuu &3yBnap Ba peknamanap Y4YyH épyramk 4YumkKapyBuu ras
HaillnapwHu Taiépnawpa doliganaHnnagun. byHpait é3yBnap E&nkKuH
paspAgHWHT mycbaT ycTyHupaH wnbopaTt. HeoHAu ra3 paspagiu
Hailnap KU3WN EpyrauK, aproHAWrn 3aca KYK-fWWA paHram épyr-
AWK 4YnKapagm Ba XO0Kaso.

Arap anekTpognap opacuparu macodaHu acta-CeKuH Kamamntu-
pn6 6opunca, paspAagHUHI KaTofj KUCMM y3rapmai konagu, mycéat
YCTYWHUHT Y3YHAWIM 3ca TamMOMaH WYKOATyHYa Kuckapub 6Gopagwu.
CyHrpa MmacoaHu fiHa KamaiWTuMpuwpa gaBoMm 3Tcak, tapagein Ko-
ponrn asocu Nykonagum Ba ENKUH WYBAANAHUWHWUHT Y3YHAUTK
Knckapa 6ownangn, 6yHAa KPYKC KOPOHrM (asocu 6GunaH EnNKWH
WwybnanaHuw opacuparum yerapa ”onatum ys-
rapmangn. AHog 6unaH Wy uyerapa opacupja
Xyfa Kucka macoda KonraHfa paspaj Tyx-
Tangn.

HeoHnwm curHan namnanapga
anektpognap 6up-6upura WyHAam SKUH XOM-
nawTupunaguku, ynapga mycbar ycryH 6yn-
Maign Ba EPYrAMKHUHT TapKanuwy EnkuH
wybnanaHumwra acocnaHagmu (191-paem).
dnekTpognap cupTura maxcyc uwnos 6epuL
Aynn 6unaH paspALHUHT EHUL KYUYNaHULLINHK
TaxmMuMHaH 5U Brava Tywupuw MYMKUH. ByH-
faii namnanap TapmMoKga Ky4ynaHuw 6op-nyk-
AUTUHU BUAMWIAA CUTrHanu3auns YYyH Kyn-
naHwnagm.

Bocum xypa nacaiTupunraHga paspsag-
HWHI KaToA KWCMW 37eKTpognap opacugaru
(ha3oOHWHT Kyn KWCMUWUHW arannaigu. Etapnaunya
Knunk 6ocmmnapfa KPyKC KOPOHIrM dasocu geapnu OYTyH WAULW
6yiinab énunraH 6ynagu. By xonga rasHWHI wWybnanaHWwmM ce-
3unmai Konagwu, NeKWH Haik AeBopnapu AWWNPOK PaHrnu épyramk
Tapkatub wybnanaHa 6ownangu. KatogpaH ypub yukapuiraH Ba
KaTo4 noTeHUManu TYWyBW Tabcupupa Te3nawTUPUATaH 3NeXTPOH-
NapHWHT KyMNruHa KWCMW ra3 Mofekynanapu 6unaH TyKHawmacphaH
Hail pesopuraya yuymb6 6Gopagn Ba AeBopra ypununb, WybnanaHuul-
HW t03ara kentupagu. Tapuxuii cababnapra kypa, Xypa nacTt 6o0-
cumpa ras  paspagnvm  Halnap KaTogufaH UYMKKaH 31eKTpoHnap
OKMMW KaTopd Hypnapw paeb aranraH. Te3 3nekTpoHnap 60Mm-
6apAMpoBKACKM BYXYATa KeNntupraH wybfanaHuw KaTOLNIOMMU-
HecueHunacwn peb artanagu.

Arap ras-paspagnuM HaWHWUHI KaToguAa WHruyka KaHan yiun-
ca, mycbaT MOHNMapHWHr 6uMp KUCMM KaToh opkacuparum dasora

101-pacu.
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yTaAn Ba KECKWH YerapanaHraH kaHannu (ékm myc6aTt) Hyp-
nap feb aranyBuM UWOHNAp factacuHU 30cwn Kunagu. Myc6at noH-
nap AacTaCUHU 30CUJT KWW YYYH KyfnnaHuarad 6y ycyn 303up-
M4 BakTraya y3 asaMWUATUHH WYKOTraHuW Mnyk-

90-8. EI pa3psg

1802 nnnga B. B. MeTpoB pgactnab 6up-6mpura TernsmnraH Ba
KaTTa ranbBaHUK 6aTapesra ynaHraH Kymup anektpognap 6wup-
OupugaH axpatunaétraHja ynap opacupa Ky3HU KamawTupagurad
Kyunu EpyrfivkK YUKUILUMHW aHWKNagu. ONeKTpoAnap ropusoHTan
XonawTupunraHga KusuraH wybnanaHyBuy ras €id Wakimaasrm-
nagw, wy cab6abnu B. B. lMeTpoB TonraH 6y 3o0auMcamm BONbT NU
(Bkm anekTp) € peb6 aranraH agu.

Efifa TOK Ky4u-KyynaHuw 6up Heya YH BOMbT OynraHpa yn-
KaH_Kuiimatra (MUHTr Ba YH MUHI amnepra) eTULIM MYMKUH.

Ein paspag nact 6ocumpa 3am (6up Heya MWAAUMETP CUMOO
YCTYHH TapTubupaa), tokopu 6ocumpa 3am (1000 aT rava) pyin 6Ge-
puWwn MYMKWH. ByHfa KusuraH kKaToj CuMpTUAAH YUKYBYM TEpMO-
3NEKTPOH 3MMUCCUSA Ba MONeKy/nanapHUHT ras TemMnepaTypacu roKopu
6ynmwmn 6unadH 60rnMK GynraH TepMUK WMOHAAHWLIM acocuid mpo-
Leccnap 3ucobnaHagu. 3nexkTpognap opacugarv GasoHUHT aespnu
3amMmacu HoKopyu Temnepatypanu nnasma bunad TynraH 6ynagu. by
KaTo4faH YMKKaH 3/1eKTPOHNAapHM aHOoAra eTKasyBuM YTKasruy
6ynn6 xu3mart Kunagw.

Mnasma Temnepatypacu 6000° K atpodupa bynagun. YTa tokopu
6ocumnm (1000 aT rava) énmga nnasma Temnepatypacu 10000°K
raya eTtuwm MyMKuH (3cnatmb ytamm3, Kyéw cupTu TemnepaTy-
pacu 5800°K ra TeHr). Myc6aT uoHnap 6om-
6apaupoBKacu HaTuxKacuia KaTof TaxMWHaH i;,
350U°K raua ku3uingn. Kyunm 3nekTpoHnap
OKMMM 6GoMbapLMpoBKa KuWnagwWraH aHop aca
6yHgaH 3am Kynpok Ku3uingu. byHaa aHopg
MHTEHCMB OyrnaHagn Ba HaTuxafja YHWHT
cupTuga uvykypya — Kpatep 3ocun  6ynagu.

Kpartep €MHUHT 3HT €pyr Xoin 3ucobnaHagw.

Ein paspsg mnacalBYM  BONIbT-amnep Xa- U
pakTepuctmukara ara (192-paem). byHra ToOK 152-pacm.
Ky4un opTraHja KatoffaH YMKYBYM TEPMO3/eK-

TPOH 3MUCCUAHWHI Ba ra3 paspsagv OpajUrUHWHE MOHMaHUW fapa-
Xacu opTub Ketuwm cabab 6ynaawm.

FOkopuga TaBcunaHraH TepMO3NeKTPOH éinfaH (AbHK
KM3WraH KaTof CUPTWAAH YMKKAH TepMO3NEeKTPOH 3aMuccus Tydaii-
NN 103ara KenraH paspagfaH) Tawkapu COBYK KaTOANUE
3am 6ynagn. by 3onpa 3aBocu cypub oOnuHraH 6annoHra kKaman-
raH cylwk cumob kaTof BasudacuHu 6Gaxapagu. Paspag cumob
byrnapmga coaup 6ynagu. OneKTpOHNap KaTtoAfaH aBTO3/eKTPOH
emuccus 3mcobura yumb umkagn. ByHUMHT yuyH 3apyp 6ynrad
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Kyunnm MaloHHW KaToj cupTura fKWH Xolga MoHnapfaH Tawkun
TonmraH mycbart hasoBuii 3apagnap “ocun kunagu. byHpa anek-
TPOHNAp KaTOgHUHr 6YyTyH cupTuMgaH 3mac, 6ankm YyH4Ya KaTtTa
OynvaraH Epyr wybnanaHyBuYM Ba Y3NyKCU3 Kyuub HOpyBUM Ka-
TOL AorumpgaH umkmb Typagu. ByHaa ra3 TemmepaTypacu HOKoOpW
b6ynmangn. [Mnasmaga ™onekynanap €nkuH paspsgga  6ynraHu
Kaby aneKkTpoHnap 3apbu 6unaH MOHMAHALM.

E paspsggaH Typnau kownapga (oiganaHunagu. 1882 livnga
pyc uHxeHepn H. H. BeHapgoc meTannapHu naiBaHAnawfja anekTp

énnpad donganaHnwHM Taknud kKungu. 1888 iunga

. CnaBfAHOB KyMWp 3/IEKTPOANIAPHM  MeTan
anekTpognap O6wunaH anmawTupub, 3neKTp nainBaHg-
NawHN fHaja TakoMunnawTupau.

OnekTp éingaH KysBaTau E€pyrnmk maHban cuda-
rmga gonpanaHmwnagn. Eiinn yta HKOkopu 60C Um-
AN naMmnanappga paspag Bonbdppamam 31eKTpPoa-
nap opacuga cumob 6yrnapm 6ynca, 100 ar rava
6ocumaa Eku uHepT ra3 (HeoH, aproH, KPUMTOH EKu
KCEHOH) b6yrnca, 20 aT raya 6ocumpa cogmp 6ynagw.
193-pacMaa xygAu WwyHpalk Tungaru namna TacBup-
NIaHraH. YHWHr éHuparn 3neKTpog nammnaHu Kopu
KyuynaHuw maH6ampaH €kub onuwira xum3mar Kunagu.
YTa tokopu 6ocumanm namnanap Xxyfa KaTTuK Ku-
3HIAAW, WYHWHT YYYH YHWUHT 6annOHMHM KBapugjaH
TaliépnaHagn (kBapy wwuwara HucbataH aHua HOKOpU
TemnepaTtypaga tomwangm). Cumobnn namna COBYK
Aoparpga yH4ya katTa 6ynmaraH 6ocumnn (6up Heva
MUIIUMETP CUMOG YCTYHU TapTubuaa) aproH sa cMMoG
TomMumcura ara 6ynagu. Eii paspsg gactnab aproHga

193- paem.  cogup 6ynagu. Jlamna KusuraHga cumob 6yrnaHagm
Ba LWYHAAH CYHr paspsijg cuMmob 6yrnapupa 6opagw.

Cumob6 6yrnapuga cogup 6ynaétraH &l Kyunum ynbTpabuHag-
Wa Hypnap Okumu Tapkatagu. bannoHwm kBapupaH TaépnaHrad
(4yHKKM KBapu ynbTpabuHadila HypnapHuM yTKasagu; oaaui iuiia
06y HypnapHu toTagu) cumobnu namnanapfjaH MeauuuMHaga Ba WUi-
MU TekWwupuw wwnapuga ynbTpabuHadwa Hypnap wmaHb6an cu-
tatnga doinpanaHunagn. KyHpaysrum épyramk nam nana pu-
fLa paspsj HalvHWUHT [eBopnapu Maxcyc Mopaga (nomuHogop)
6unaH konnaHagu. by mopaa cumob OYruHuMHr ynbTpabuHadwa
Hypu Tabcupupa KyHLY3rM EpYrMKHUHE CMeKTpan Tapkubura skuH
bynraH épyraMk uukapagu. byHpaih namnanap dyrnaHma namna-
napra HucbataH Texamnampok 6ynagw.

Mact 6ocumam cumob Gyrnapwpa pyin 6epaguraH Katogn cumMo6-
faH 6ynraH @i paspaggaH cumMobnum Tyrpunaruwynapga
thonganaHnnagu. 194-pacmpa WMKKUTa ApUM AaBpiuM CUMO6GIM  Tyr-
punaruy cxemacu TacBupnadHraH. J1, éku A2 aHOAHWHI Kaicu 6upm
KatoAra HucbaTaH Myc6baT noTeHuuanra ara 6ynca, ywa aHoajaH
K katogra TOMOH TOK yTagu. HaTtwxapga ToK R HarpyskagaH *ap
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WKKana faspfa 3am O6up AyHanuwgpa yTa-
an. EH  TOMOHZa kolnawraH ,,KU4MK
KO30HYa" parum cumobnum  3neKTpoj pas-
pAaHW  EHOMPULL YYYH XU3MAT  KuUIagw.
TyppunarmyHy vWwAaTuw  Y4Y4yH KonbaHu
Katoggaru cMmob ,KMYMK Ko3oHuak paru
cMM06 6unaH TyTalryHra Kagap 3sHrauw-
Tupunagn. KonbaHu BepTuKan BasuATra
KenTupmaraHia CUMOGHUHT Y3UINLL KOWN-
ha 3nekTp &M 3ocun 6ynagw, CyHrpa
paspsaj aHognapgaH Oupura ytagw.

[a30TpoOH Ba TMpaTpoH [fe6 artanyBuu
acbobnapHWHIr vwnawun éid paspsara acoc-
naHraH. l[a3oTpoH—yHYa KaTTa 6yn-
MaraH 6ocumga aproH ékum cumob 6ypnapm m
6vnaH  TyngupuaraH KuM3yBuYM  KaTo4u
avopnaH mnéopar ac6o6. TepMO3NEKTPOH
ammuceus  Tydaiinm  KatoggaH — axpanub
YMKKAH 371eKTPOHMap ras MoJfieKynanapuHu
MoHnawTupagu, 6y aca ras paspagnim nnasma  3ocun  Gynuwmra
o/H6 kenagm (6y npoueccnap € paspsgra xocgup). MnasmaHuHr
AXWW YTKa3yBYaHAMKKA 3ra Oynuwn, Bakyymau puogna oynraHu-
[eK, KaTof AKWHMAA 3N1eKTPOH 6ynyT 30cun Gynuwmra Kapumamnk
Kypcatagu. LUYHWHT Yy4yH 3neKTpoHfiap opacufa KyunaHuw yH4a
Katta 6ynmaca 3am (15—20 B) rasoTpoH aHuya kyunu (10 a Tap-
TM6aa' TOK YyTKasagu. AHOAJArM KyuynaHuw KaTogra HucbartaH
MycbaT 6ynraHgarvHa rasoTpoHAaH TOK YTULIW MYMKWH, LWYHWUHT
YUYYH YHAAH TOKHW Typpunawga donganaHmnagn. 195-pacmpa

194- paewm.

6UTTa ApUM [aBPAU TFa30TPOHAWM TYrpuaarny cxemacul) kentupun-
raH (cxemagary R—TyppunaHraH TOKHW UCTEbMOSI KWAYBYM Har-
py3ka). 195-pacmpja KenTMpuiraH CXeMaHW WKKWTA rasoTpoH YuyH
fimpcak, UKKWTa SpUM AaBpNv TYpPPUAAruyHyW 30CUN KUAULL MYMKWH.

') Cxemaparu ras Tynagupunrad namnanap WyHra yxwaw BaKyyMauM namna-
nappaH Hyurtacu 6unaH dapy umnagu.



TupaTpOH YYUHUM I3neKTpog—Typra ara Oynauwn 6unad
rasoTpoHfaH ¢apk kunagu. by ac6obgaH Te3 wWWAOBYM ynaruy
cuatnga ponganaHunagn. 196-paemga TUPATPOHAM ynarny cxe-
mMacu TacBumpnaHraH. Hopman “onatga Typ Katoara HucbaTaH MaH-
¢umin noteHumanra ara 6ynagu. LWyHWMHr y4yyH kaTtoggaH yuub
UYMKKaH 3NeKTPOHMap MaijoH Tabcupupga opkara kaiiTagm Ba Tu-
paTtpoHgaH TOK yTmaingu. Typra Kucka myagatinu mycbaT umMnynbc
bepunca, TupaTpoHaa € paspag “ocun Oynaau Ba Kyunm TOK yTa
6ownaingn. docmun 6ynraH nnasma YTKasyBYaHAUTKU Xyfa HKOpW
OynraHn yuyyH TypHW 3KpaHnaingul), HaTuxaga Typ NOTeHLManu-
HUHT 6yHAAH KeAWHrM y3rapuwun paspsgra Tabecup KWAMangH.
TupaTpoH épgammpa TOKHWHT YynaHuwm kyga re3 (TaXMuHaH
10~7 cek numpai amanra owagun. LyHaalh Knnmb, TMpaTpoH HOUHeEp-
umMan TOK ynarmy xucobnaHagu Ba LWYHUHTY4YyH aBTOMaTuKaamga
TenemexaHukaga KeHr KynnaHwnagu. TupaTpoHZaH TOK YTULIUHK
TYXTaTULW YYYH aHoj KyunaHuwuHW Kucka Baktra (\0~5cek) ysumui
Kepak. By BakTaa nnasma pekoMbuHauua HaTwkacuga iykonagu
Ba TMPaTpoOH fAHa éHuwraya 6ynraH gactnabku “~onatura Kenagw.

91-8§ YuuyH Ba TOX paspagnap

YuKyH pa3psj 37eKTp MaifoH KyunaHraHaHru GepunraH ras
YUYYH Tewunuw kKuimatu £7T ra etraHga pyi 6epagn. £T HUHT
Kuiimatn ra3 6ocumwura 60rnvk; “aBo y4dyH aTmocgepa 6ocumuga
y 3C000 B cm atpoupa 6ynagu. bocum opTuwm 6unaH £T HUHT
Kuimatn optagn. MaWeHHWHI 3KCMNepUMEHTAn KOHYHWU-
ra 6UHOaH TewyB4YM MANAOH Ky4YnaHraHAMTUHUHT 6ocumra Hucba-
TW TaxMUHaH Yy3rapmacgup:

"~ const. (91.1)

YUKyH paspsf pasllaH LWybfianaHyBuM WAOH u3ngain TapMOK-
nauraH KaHan KypuHuwmga coaup 6ynagu. by BakTga kaHangad
KaTTa Kydra ara O6ynraH Kucka mMyafatnv TOK ytagu. byHra AwwuH-
HU MWUCON KUAMG ONULI MYMKWH; YHWHT Y3yHAUrn 10 KM raua,
KaHanHuHTr guametpm 40 cm raya, ToK Kyum 100000 a Ba yHAaH

OPTMK, WMMY/MbCHUHT AaBOM 3TUwKM 10"4 cek atpoduga 6ynagu.
Jap 6up awwnH 6up Heuta (50 raya) mmnynbefaH TawKua Tonrad
6ynn6, 6y umnynbenap 6Mp KaHaNHWHI y3uaaH KeTma-KeT yTagwu;
YNapHWHT YMyMWii [aBOM 3TWIL BakTW OMP Heya CeKyHfraua etu-
WM MYMKWH.

YUYKyH KaHanuparu ras Temnepartypacu xypa tokopu (1000°K
raya) Oynagu. a3HWHr Te3 Ba KAaTTUK KM3WWW GOCUMHUHI Kec-
KMH opTn6G KeTuwura Ba 3apb “amga TOBYLW TyNKWHNapu ~ocun By-
nvwura cabab 65nagn. LUYHMHT yyyH YYKyH paspsaj BakTuja To-

) SKpaHfaw Typ fiLMHMAA MOHNAp TynnaHM6 Konuwm HaTuxkacupa [OCUA
6ynagu.
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BYL YMKaAW, AbHM KaM KyBBAT/IM YUYKYHAA YMKaAWraH Kydcus
0BO3faH TOpPTMO, YaKMOK 4YakHaraHfaH KelvHrn Momakangmpok
ryngypawnrada coaup 6ynagu.

YUKyHHWHT pyin Gepuwura rasga cTpumep feb aranyBuu .
KYUYny WOHNaWraH KaHaJHWUHI 30cun Oynuwn 3aMmuH  6ynagu. by
KaHan YYKyH liynupa 30cun 6ynraH 31eKTPOH Ky4YKUIapHW Kom-
nawgax 3ocun 6ynagu. ®oTomoHnaw ynu GunaH 30CMA KUAUHTaH
3M1eKTPOH Sap 6up KY4YKMHUWHT acocn 6ynnb xm3amar kunagun. CTpum-
MEPHMHT ycuw cxemacu 197- pacmfa KypcatwiraH. MaifoH Kyu-

197- paem.

NaHraHAUTU WyHAankn, 6y maigoHga 6upop npouecc 3ucobura
KaToAfaH y4ub YMKKAH 3N1eKTPOH 3PKWH KOrypuLl Wynu ysyHaumruga
MOHMaLW Y4YyH eTapnu aHeprusara spuwagun. LUyHUHT y4yH 31eKTpoH-
NapHUHT Kynanumwmn — Ky4ku 3ocun 6ynagm (6yHga 3ocun 6ynraH
Myc6aT MOHAAPHWHT MyUYULIN Xy[a CYCT ByNnraHu yuyH ynap acocui
ponb yiHamaingu; MycbaT wuoHNap (akaT NOTEHUUWANHUHI KaiiTa
TakcumnaHuwmnra cabab 6ynyBunm (asoBUil  3apsigHM  BYXy4ra
Kentupagu). VIoOHNaHWW BakKTMAa WYKM 3NeKTpoHnapmaaH 6upu
TOPTMG ONMHraH AaTOMHWHI HypnaHuwu (6y HypfnaHuwW cxemaga
TYNKMHCUMOH 4M3uKnap 6unaH KypcaTunraH) MOJSieKynanapHWHT
(hoTOMOHNaHMWMra cabab 6ynagn, LWyHU 3aM alTUW  Kepakkwy,
6yHaa 3ocun 6ynraH 3ap 6up 3NeKTPOH AHMU KYUKUHW BYXYyAra
Kentupagmn. Kyukunap 6unaH KonnaHraHgaH CyHr fxXwmy yTKasyBYaH
KaHan—cTpuMep 3ocun bynagu. by kaHan 6Gyinua KatoffaH aHoara
TOMOH MHTUAYBYM KYUNW 3N1EKTPOHMAp OKMMW YTagu, SbHWU Tewu-
avw cogup 6ynagw.

Arap anekTpognap Waknu WyHAal TaHnaHcaku (macanaH, etap-
AnYa  KatTa AuameTpnau  wap waknuga), 6yHpa anekTpognap
opacugarn MaifjoH TaXxMWHaH OUpP XXMHCAKM Bynca, y 30M4a YYKYH
Tewnnuw  KyudnaHuwm UT HuHr wapnap opanurn | ra 60rnmk
6ynraH mabnym kuiimatuga (Er—UTI) 3ocun 6ynagn. Y YKYHAW
BONbTMETPHUHT Ty3HIAWW LWYyHra acocnaHraH 6ynm6, 0y
BONbTMETP 6unaH 103—10beTapTMbuaarm OKOpM KyunaHuw ynyaHa-
OV, Ynyall BaKTMAa YYKYH t03ara Kenuwu MYMKWH OynraH aHr
y30K Macoga 11X aHmknanmnagn. CyHrpa ETHM /Tax ra kynaitu-
pnb ynuaHaéTram KyuynaHull KatTanuru Tonwunagu.

YukyH BakTuga ras 6ocuMu Ba TemnepaTypacuHWHI OKopu 6y-
ANWLIN  3NEKTpoAnapra Kyuau MexaHUKaBuii TabCUPHM BYXYAra
Kentupagu. b. P. JlazapeHko Ba H. W JlasapeHKO uUXTUpO KuaraH
mMeTannapra 3nekTp yuykyHu 6unaH wwnos 6epuw ycynu wy 30-
Jucara acocnaHraH.
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Arap anekTtpognapgaH 6upu (Ekm MKKanacu) karta 3rpunmkka
ara 6ynca (macanaH, 3nekTpof cudarnga MHrMYKa CUM EKU YrKup
yu4nm cum onuHca), y “onpa gactnab Tox pas3pap Aeb atanys-
yn paspag “ocun bynagu. KyuynaHuwHwW opTtTupuiga  AaBoM  3T-
cak, 6y paspag yukyH €ku éin paspapra yrtagu. ToxX paspsaj Bak-
TMAa MONeKyfnanapHWHI YWroHWWMW Ba WOHNaHWWKW OYTYyH 3nek-
Tpoanapapo asoga coaup OGynmacgaH, 6ankum dakaT MalfoH
KyYnaHraHaurnHunr kKuiimatm En ra TeHr €ku yHpak tokopu 6yn-
raH arpuinkK pagumycum KUYWK 3NeKTpOod fAKUHMZaruHa pgocun 6yna-
OW. Pa3pAfHWHT Wy Kucmupga ra3 wybnanaHagu. LWyvnanaHuiw
3NeKTpoAHN ypab TypyBuYM TOX wWaknuga Oynagu, WYHWUHT YYYH
O6yHpah paspagHu ToxX pas3papg fe6 atanraH. YTKUMP Y4Iu CUM X,0-
CUNl KWUATaH TOX paspaf wybnanaHw6 TypraH 6yEk yyTkara yx-
Wwanfn, WYHWHT yuyyH 6yHAain paspagHu 6ab3mja YUYyTKacMMOH
pa3pag feb6 atanagu. ToX HOCWMN KWUNYBYM 3NEKTPOAHWUHI ULWO-
pacura kapab myc6at €ku MaH(GuUii TOX >;akmja Ccy3 HOpUTUNASW.
Tox \NOcun kunraH Katnam 6unaH TOX "~OCUN KUMaraH 3anekTpoj
opacufa TOXHWMUHI Tawp co”acu ETtagn. TewWUnuw pexu-
mn (ENET) ToX 3pewn KWnyeBuYM KatnamfjarvHa masxypn 6ynagu.
LUYHUHT YUYYyH TOX paspafHuW ras OpajUKHWHI 4ana Tewunnunwm
fe6 allTuW MYMKWH.

Katopgga maH(uii Tox 3"ocun 6ynuw ~ogucacu EnkuH paspsg
KaToguga pyi 6epaguraH “ogucara yxwawaup. Kyunu mMangoH Tab-
cupupa TednawTupunraH mycbaT WOHNap KatoAfaH 3MeKTpoHnap
ypnb uyukapagu, 6y 3NeKTpoHnap TOX ”~ocwun 6ynyBuYM KaTnampa-
rM MonekynanapHw yihrotagu Ba WOHNAWTUpagu. TOXHWUHI Tawku
co.yacuparn MaigoH Ky4yews 6ynub, y 3neKTpoHnapra WOHAaWTW-
puw y4yyH 3apyp 6ynraH 3sHeprusHuw 6eponmaigun. LWYyHWHT yuyH
6y co”ara Kupub6 KonraH 3NeKTpoOHNap MailgoH Tabcupupa aHogra
TOMOH fApelidpnaHafmn. 3NeKTPOHNAPHUHT 6y KUCMUHW MoONeKyna-
nap kampab onagu Ba OYHWHI HaTuxacumfa MaH(OWA noHnap ~ocun
6ynagun. WyHpah kunmb, Talwkum copparu TOKHM (akaT MaHpui
TawyBYNNap—aNeKTPOHNApP Ba MaH(uWii WOHNap BYXYyAra Kentu-
pagu. by co”ajaru pas3paj HOMycTakun xapakTtepra 3ra O0y-
nagu.

Mycbat ToxX >;ocun 6ynuiuga TOXHWUHI TalWKW 4Yerapacu AKu-
HuUfa 3NeKTPOH Kyuykunap to3ara Kenagu sa ynap Tox RNOcun Ku-
NyBYW 3nekTpofra—aHoAra uHtunagn. KyudkunapHu tosara Kentu-
PYBYM 3NE€KTPOHNAPHUHI .XoCWn Bynuwmra TOX “ocun 6ynysuu
KaTNaMHWUHI HypnaHuwu 6unaH 6o0ornuk 6ynraH QoToMoHM3aums
cabab 6ynagu. TOXHWHI TawkyW co”acupa MalfoOH TabCcupmpa Ka-
ToAra TOMOH fpelidnaHaguraH mycbat uoHnap TOK TawyByu 6y-
nmb xmsmaTt Kunagwu.

Arap uKkana anektpopg 3%am yTkup yunu 6ynca (MKkana anek-
Tpoh “am TOX Aocun Kunyeuu 6bynca), y “onga .“ap WKKanacu-
HUHT AKWHWAA y3 wuwopacuja TOX "0OCUN KWUNYBYU 3NIeKTpoAra
Ternwnu npoueccnap pyi 6epagu. Wkkana Tox “ocun 6ynysuu
Katnam 6up-6mupugaH myc6at Ba MaH(WA TOK TawyBuywmnap Kapa-
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Ma-Kaplwy “apakaT/naHyBun Talwku co”a 6unaH axpanub Typagu.
ByHAaln ToX WKKM KyT6num TOX Aelinnagm.

86- 8§ fga acnatub ytunraH ~ucobnarnynapHun kapab 4Yukunaér-
ramga MycTakun ras pas3pagu rox paspaggaH wubopat 6ynagw.

Tox ,\ocun 6ynuw KarnamMHWUHT KanWuHNUTW Ba pas3paf, TOKU-
HUHT KaTTanurun KyynaHulw opTuwun 6GunaH opTagu. YHYa KaTra
bynmaraH KyuynaHuwga TOXHWUHI ynyamnapum KUYuK O6ynub, YHUHT
WwybnanaHuwy cesunblaingn. byHaal MUKPOCKOMWK TOX 3M1eKTP LWwa-
MO OKWMOG YUKYBYM YTKUP Y4YIU  yTKa3ruy
yuymnpga “ocun 6ynagm (21-8 ra k-)

ATmMoctepa 3NnekTpu Tabcupupa Kemanap
mayTacu, fapaxrnap Ba “0OKa3onapHUHI y4yuga
Aocun 6GynyBYM TOXHW Kagum BakTnappa a B-
nné 3nbmMa Yympoknapu paeb arawraH.

FOKopu KyuynaHuwnu Kypunmanapga, Xycy-

CaH, OKOPW KyuynaHWWAW y3aTuW NuHWAnNapuga
TOX PaspAAHUHT ~ocun 6ynuWwuU TOKHUHT Ucpod
6ynnwwnura onnb kenagn. LUYHUHT y4YyyH GYHUWHT
ONAuWHW onuwra Tyrpu Kenagu. LWy wmakcagga
IOKOPU KYyYNaHWW NHHHANapugarn yTKasruy nap-
HUHT gUaMeTpu WUA0XM 6Gopuya KaTTapokK O0Nu-
HaguW, SAbHM Kyuy/naHuMw  KaH4ya KatTa 6ynca,
ATKA3rMy  guametpu “am WyH4Ya KatTa 0Nu-
Haau.

TexHWKaja TOX PaspAfHUHT 3NeKTp @unbTpnapuga Kyn-
namunwn doiigann HaTwxanap 6epmokga. Tos3anaHyBuYM ras YKM
6yiinab mMaH(Uin TOX >;0CMN KUAYBYM 3NEKTPOSL XOWnawrmpunrad
Tpyb6aga “apakatnaHagu (198-paem). TOXHWHI TaWKW Kucmugaru
Xyfa Kyn MaH(uii noHnap rasHu udaocnaHTupraH 3appanapra éku
ToMYunapra ytupub Konagum Ba ynapHu ysnapu 6unaH Tawku TOX
AOCUN KUAMalgurak 3nekTpogra aprawtupub keragn. SneKTpog-
ra etnbd kenray, 3appanap HeilTpannawafmn Ba YHra ytupagu, CyHr-
pa 6y 3appanapHu wmauwra TyYKu6 onumHagu.



XV BO6B

YsrapyBuaH TOK

92- § KBasucrtauuoHap ToKnap

OM KOHYHM (35.2) .ytmga yHAaH kenub uwukaguraH Kwupxrodg-
HUHT (36.1) Ba (36.2) KOHYHnapu y3rapmac TOK YYYH aHUK/aHraH
3an. JleKHH ynap ysrapuw Te3nuru xypga Tte3 6GynmaraH ysrapys-
YaH TOK Ba KYYNAHUWHWHI OHWI KWAMATW YYYH TYrpuamrumya Ko-
nagn. SneKTpoMarHUT ranaéHnap 3aHxup 6yiinab épyrnmk Tes-
ANrM ¢ ra TeHr 6ynraH ynkaH Te3nukaa Tapkanagu. Arap rana-
EHNAHULWHM 3aHXUPHUHT 3HT Y30K HYyKTacura ysaTuw Y4yH 3apyp
6ynraH T = ljc BaKT uympa TOK Kyyum Xyf[a Kam ysrapca, y Xon-
fa TOK KYYUHWHT OHWIA KWUIAMATW 3aHXUPHUHT 6YyTyH Kecumu 6yii-
na6b amanpga 6uppain 6ynagu. LyHpaih wapTnapra 6yicyHagurax
TOKNap KBasmMcTauuMoHap Toknap geiwnagu. [LaBpuit ysrapa-
LWraH Tokfnap YYYH KBasucTauMOHap/iuK wWapTu Kyiunparnya ésm-
nagu:

"= ]C « T,
6y eppa —ysrapuw pgaspu.

3aHXup ynyamu TaxmuHaH 3 >k 6ynraHga T= 10~8cek O6yna-
an. WyHpat knnnb, TebpaHuw AasBpwu 10_e cek (6y 10 ru
yacTtoTara Moc Kenafgu) OGynryHra kagap GyHaai 3aHxupparu TOK-
HW KBasucTauuoHap TOK felunw MyMKuH. CaHoaT uvacToTacumparu
tv= 50 ry) ToK ~ 100 KM Yy3yHAWKLATW 3aHXWUpP YUYH KBasucra-
LmoHapaunp.

KBasucraymnoHap TOKNapHUHT OHWIA KuiimaTtnapu OM KOHYHMTa
oylicyHaan. BuHobGapuH, 6y Toknap y4yyH Kupxrod koumpanapu >;am
YPUHANLUD.

WHAYKTUBNWK Ba curamra 3ara OynmaraHl) R KapWUINKHUHT
(6yHpal KapwwuiumkHu, ofaTfa aKTMWMB KapWWauK feAnnagn) nkKkKu
yunra

U — Umcos st (92.1)

') Xap KaHgali yTkasruu (macanaH, CUMHWUHI TYrpu 4Yusumkam Kecmacu) 6u-
pop CWUrMM Ba WMHAYKTMBAWKKa 3ra. LUYHWHr yuyyH ,T03a“ aKkTuB Kapwuiumk R,
WHAYKTMBAUK L Ba curum C abcTpakT .~ncobnaHagu.
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KOHYH 6ylinya y3rapyBuuM KyunaHuw 6GepwunraH 6yncuH, OyHAa
Um- Ky4YnaHWWHWHT amnnutyga kuiimatum (199-a paem). Kgasu-
cTauMoHapauK wWwapTu 6axapuaraHja KapwuUAWkaaH yTaéTraH TOK
OM KOHYHM Oyiinya TOonwunagw:
= — = — cos bl = /_cos ®t. (92 2)
R R
WyHpan knmnmb, TOK Kyuu Ba KyUYNaHWWHWHT aMOauTyga Kui-
marnapuw opacupa kKyhimparmya myHocabaT MaBXyf:

IT= (92.3)
Arap ysrapyBuYaH TOK Ba KyunaHWIWIHW BeKropnap épgamupga

TacsBupnacak (Xyaau rapMoHuWK TebpaHuwnapfa KWAMHraHuw Kaéu\
ynap opacugarn MyHocabaT sfHaja fK-

KONpokK KypuHagu (I Tom, 68-8 ra u.). i}
NXxTuépunin  iiyHanuw TaHnaimMus3 Ba 0Oy

MyHanuwHW TOoKnap Yyku p[e6 aTaiimus }~ < = F Z
(199- 6 paem). LWy #“yHanuw 6yinua 0= 0
1T y3yHAWKAArn TOK BEKTOPUHWU KO- / .
nawTtupamns. KapanaétraH >;onga Tok $ nT
Ba Kyuy/naHuw CcuHtas ysrapraHu cabab- Toknap yum
NN Ky4ynaHuw BeKTOpW ,\am Toknap yku

AyHanuwwnga 6ynagn; YHWUHT Y3YHAWUTK 199-paem.

RIm ra TeHr 6ynagum. Tok é&ku Kyuyna-
HUW BEKTOPNAPWHUHT WNruHAMCKH Yoy 3aHXWPHUHT BEeKTOP
JunarpaMmMacuUHW TaWKW Kunagw.

93-8. VIHAYKTMB rantakfaH Yryeuu y3rapyByaH TOK

Kapwwuaurn Ba curmumu “ncobra onmainguraH gapaxaga KUUYMK
6ynraH L WHOYKTUBAMKHWHI (MacanaH, ranTakHWHI) ydnapura ys-
rapyesyaH (92.1) kyunaHuw 6epaiinuk (200- a
paem). MHAYKTUBAUKAAH Yy3rapyByaH TOK yTa
bownaingn, Hatuxagja rantakga Y3MHAYKLWSA
3. 0. K. “ocun 6ynagn [(59.9) dpopmynara

4.]: :
. di
85— dt Ul- <tin
(L MHAYKTUBNUK | TOKKa 60OrnMk 3amac feb t
thapa3 kunamus”. OM KOHYHW TeHrnamacwu \VE __Jn
(35.1) kyiiupgaruva ésunagun (bl = 0, noTeH- Toknap uum
avannap ¢apkum U ra TeHr, § m — £ s):
.. t codi 200- PaeM.
mmeos w — L — = 0,
m dt
6yHOaH
L ~ ~ U mcos eft (93.1)
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KapanaéTtraH “onga Taw”uM Ky4naHWWHWUHT 3$ammacu L nHAyK-
TUBNWKKa KYWunraH. Oemak,

UL= L — 93.2
a (93.2)

KaTTanuk WHAYKTUBAUKAArW KyynaHuw TyWUWUANP.
(93.1) TeHrnamaHu

di — L cos utdt

KypuHuwmnga é3amu3. byHU uHTerpannacak,
i= -~2Lsin i»t -f const

ra ara 6ynamus.
PaBwaHKN, TOKHWHI Yy3rapmMac TalKWUA 3TYBYNCU WYK; LWWYHUHT

yuyH const = 0. WyHpah knnuo,

(93.3)
O6yHpa
(93.4)
(92.3) Ba (93.4) myHocabaTnapHu conuwTupub, ywby *onga
Kapwuank ponunHu
X1 = (93.5)

KaTTanukK YyTawWauruHm kKypamus, Oy KaTTalMKHW peakKTUB WUH*
OYKTUB KapwunukK EkM Kucuaya UHJAYKIUB Kapwwunuk
pe6 atanagu. Arap L HM reHpu “ucobupga, W HU 3ca cek-1~uco-
6upga oncak, Xt kaTTtanuk om “ncobmupa wudoganaHagm.

(93.5) JaH 0 4acToTa OpTUWKN 6MNaH UHAYKTUB "aplIUIMKHUHT
*am opTUWKU KYpUHUG Typubam. Ysrapmac Tokka (w= 0) MHAYK-
TUBNWK Kapwwunuk kypcatmanmgu. (93.1) garm UT HM '»Um 6unaH
anMawTupnb, WHAYKTUBAMKAATM Ky4flaHUW TYLWUWN YUYYH KyiAun-
farn udopaHn onamus:

Ul —aLtmcos ut. (93.6)
(93.3) Ba (93.6) udopganapHu y3apo Takkocnab, WHAYKTUBAUK-

fa KyynaHuw Tywuwu, Wy WHAYKTUBAMKLAH O07™aéTraH TOKAaH
thasza 6yinya T2 ra ONAWMH KeTap

. MOVOVHLIKi 3KaH fAeraH xynocara Kenamwus.
Arap TOoKnap YykKuHu 199-pacmpa
Maxm KYpcaTunraHuaek ropusoHTan iy-

% Hanuwpaa xoWnawTmpcak, y >{onga
200- 6 pacmpga TacBupnaHraH Bek-
| TOp Auarpamma 3ocun 6ynagw.
Arap KOCWHYCHWHI “~ocunacu
KOCUHYC HOMra TeHr 6ynraH namnt-
Ja 3Hr KatT; uumimatra ara 6y-
D1- paem. AVWKUHN 3bTUbOpra oncak, MHAYK-
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TUBAMKAA TOK Ba KyuynaHuw opacuparu asza 6yimua CUMDKULLIHK
TYWYHUW OCOH. byHpaa “ocuna KOCUHYCHWUHT y3ura KaparaHga 1/4
faBp unrapu Makcumymra spuwagu (201- paem).

94-§. CurumpaH ~TyBuM y3rapyByaH TOK

C curumra (92.1) kyunanuw 6epunraH 6yncuH (202-a paem).
3aHXWUPHWHT  WHAYKTUBAWTUHW Ba TOK KENTUPYBYM CUMAAPHUHT
Kapwunnruum “~ncobra onmaidmms. Curum y3nykcus kaiTa 3apag-
naHn6 Typagu, HaTuWxaja 3aHXuphaH ysrapyByaH TOK yTagu. Tok
KeNTUPYBYM CUMMAPHWUHT KapWWANTU Xyfa KWYUK BYynraHu yuym

KoHAeHcaTopgarn Uc = C_ KYYNaHUWHKN TawkKuM KydynaHuw U ra

TeHr feb6 “mcobnaw MYMKWH:
Uc = 26 = Umcos ut. (91.1)

g faH t 6ylinya OnMHraH Ko-
cuna 3aHXxupgaru i ToKHu 6epagwm.
(94.1) ndopgaHn C ra kynantupmo,

Q
L ToK Makcumymbl
hr 3apegmakcu-
202- paem. 203- paem.

t 6yinya gnddepeHumnannainMms Ba q HM i ra aaMawTMpamus:

i - — WCUTsin ot = Imcos (wt + -jj, (94 2)
6yHaa
(94.3)

Xocun 6ynraH udgopagarm

(94.4)

KaTTaNuK peakKTWUB chfhm KapWWMAMUK EKM KUCKAya CUTUM
Kapwwunuk pgeinnagn. Arap C Hu ¢apaga >{wncobuga, W HKM 3ca
cek~Xx “ucobupa onuHca, y “onga Xc kKatTtaaumk om 3ucobupga mdo-
JanaHagu.
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Y3rapmac 10K (>= 0) yuyyH Xc — LUYyHUHT y4yyH y3rap-
Mac TOK KOHfAeHcaTopfaH “Tonmaipgun. YasrapysuyaH Tok (WP 0)
KOHAeHcaTopfaH yTaau, OyHAa KOHAEHCATOPHWHI curumm C bjaHya
KaTTa Ba TOKHWMHI 4acToTacu W LaHya touopu 6ynca, TOKKa Kyp-
caTunaguraH LUapwuank WyHYa kKam 6Gynagw.

(94.1) ndopgagarn Um Hu o 1T 6unaH anmawTupub, curumpa-

MM KyuylaHuw TYWWIWIW YYyH Kyiimpgarn ndodaHu "~OCUA KUNaMus:

Uc = ——Imcos wt. (94.5)
0)C

(94.2) Ba (94.5) wdopganapHu connwTMpub, curumpa KydnaHuuw
TyWunwmy wy curumpaH okaértraH TokfaH ¢asa 6yilinya w2 ra op-
Kaga Kofap 3KaH fgeraH xynocara kenamus (202- 6 pacmparv Bek-
TOp Avarpammara KapaHr). ByHra ca6ab Wwyku, TOK 6up MyHanuuw-
efa yTn6 OynryHura kajap KOHeHcaTOp Konnamanapuparu 3apsp
opTagn. TOK Kyum MakCMMyM KuimaTgaH ytagu Ba Kamas 6opa-
an (203- paem), 3apapg aca (gemak, Uc *am) opTuwpa faBoOM 3Ta-
AW Ba | HOAra annaHraHfja makcumymra spuwagu. LyHgaH cyHr

TOK MyHanMWWHW y3rapTupagu Ba Konnamanapfaru 3apsf Kamas
6ownangn.

95-8§. Chfhm, MHAYKTUBNUK Ba uapwunukpaH Tys3unrad
y3rapyByaH TOK 3aHXupmu

AKTUB uUapwunmk R, nHayktusnmk L Ba curum C paH Ty3un-
raH 3aHXupHu kapab uyuyaiinuk (204-a paem). 3aHXUPHUHT Yyu-
napura w yactotanu (92.1) kyuynaHuw 6epamus. 3aHxuppa Xxypg-
OV WYyHAAh yacToTanu ysrapyBuyaH TOK to3ara Kenagu, paBLIaHKW,



6yHaa 1T amnauTypa Ba (Pasa 3aHXMpHUMHT R, L Ba C napameTtp-
napura uapab aHuknaHagu. by TOK aKTWB uUapwwuavkga amniuTty-
pacn RIm 6ynraH “ampa ¢asacm TOK (asacura MOC Kenajurad
Ur KydynaHuw TywuwuHum "ocun kunagm (199- 6 paemra k-). Wy-
HUHT Y4YyH BekTop Aguarpammaga (204- 6 paem) Ur Hu TacBuMpnoB-
UM BEKTOPHW ToKnap yku 6ylinya xonnawTupuw no3um. VMHAYK-
Tusnukgarn Ul kyynanHuw tywuwu (»A/T amnautyganun) TOKAaH
thasa 6yinuya ™2 ra onguH ketagm (200-6 paemra Lu.); WYHWUHT
YUYYH U1 un TaCBUPAOBYM BEKTOP cCOAT CTPBAKACK WyHanuwura kap-
Wwn WyHanuwpa Toknap yuura HucbataH ™2 6Gypuyakka OypunaraH

Gynuwy no3um. HuMosT, curumgarn Uc KyunaHMW TyWullw
1

pvs { amnm/iTy,cl'am/l\I TOoKAaH (asa 6Oyiinya ®2 ra opeaga KOSa-
an (202-6 paemra K-): gemak, UcCHM TacBupnoBuyum BeKTOp coar
cTpefnkacu hyHanuwmupa TOKNnap ykura HucbataH ®2 bypuakka 6y*
punrad 6ynuwun no3uM.

UR, Ul Ba Uc Ky4YnaHWWNapHUHT WUTMHAMCK 3aHXupra 6e-
punraH U KyuynaHuwra TeHr 6ynuwun kepak. WyHUHTr yyyH Ur,
Ul Ba Uc Ky4ynaHuwnapHW TacBWPNIOBYM BEKTOpPAapHuM Kywwub, Q
KyuyfnaHull BEKTOPUHM onamu3 (YHUHT y3yHaurun Um ra TeHr). by
BEKTOpP TOKNap YyKu 6unaH < Oypyak “ocun kunagu. BypyakHUHT
TaHreHcu 3aca 204-6 paempaH K puHub6 TYpnbamku,

el — ~
tg«p--—- (95.1)

ra TeHr.

€ Gypuak U KyunaHuw 6GunadH i Tok opacuparu asa gapKuHu
6Bpagu. MmnoteHyBacm Um ra TeHr GynraH TArpu Gypuyakaum yu-
oypuYakpaaH

*KaHW Kenué 4ukagu, 6yHaaH

i . (95.2)
1/«e+ (.1-3].)"
WyHpgah unnmb, arap 3aHXup yuynapuparu KyuaHuL
U ** UTcos ut

LOHYH Oyiinua yarapsa, y “onga 3aHxwuppgad

I ** Imcos (cot — ) (96.3)
TOK “Tagu, 6y Bpga $Ba 171 (95.1) Ba (95.2) popmynanappaH aHuK-
NHagw.
(96.2) ndopagnarm
7 « =VTfWPVEP (95.4)
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KaTTanukK 3aHXWUPHUHT Tyna ppwunuru fgeinnagn.
X = XL- Xc=w!- — 95.5
ac ( )
KaTTaNnk aca peakKTuB “apwunuk feivnagn. WyHgak kHAnG,

Z=1/FTT2 195.6)

TOKHWHT KyuynaHuwfpaH opkaga konuwwu (P> 0) ékn oNgnH Ke-
rmun (< 0) XL Ba Xc nap opacuparm MyHocabatra 60rnuk-
wb > ——6ynraHga TOK KyuyfnaHuwpgaH opkaja konagu, ol <

(e 0)C

GynraHfja 3ca TOK KyufaHuWlWpgaH onguH ketagu. Arap wL = =

6ynca, ToK 6unaH Ky4ynaHuw cuH®as ysrapagum (= 0). by wapT-
HW KaHoaTnaHTMpaguraH vacrtortajga

Wwp« = JTs (9537)

3aHXUWPHUHI Tyna Kapwwunurn Z 6epunrad R, L Ba C kuiimaTnap-
fa R ra TeHr 6ynraH 3Hr KMYMK Kuiimatra ara 6ynagu. [emak,
TOK Ky4n Y3WHWHT (6epunraH LT KyuynaHuwpa

cjLL IPUWMWN MYMKUH 6ynraH) 3Hr Katra Kuiima-

T Thra apuwagu. byHAa aKTUB Kapwwuiankaaru

KyuynaHuw Tywuwn 3anmxumpra bGepunaétraH

Un Toknap TalWum KydynaHuwra redr 6ynagu. Curumparu

~nT. KyynaHuw tywunwmn Uc Ba WHAYKTUBAMKAATU

A» KyynaHuw Tywwuwu Ul amnauTyga Xutatpad

TeHr Ba (pasa Oyiimuya kapama-kapwwu. by "o-

1 fuca KyuynaHuwnap pe3oHaHCcwW pein-

@#iCNn nagu, 6yHparn (95.7) yactoTa aca pe3OHAaHC

yacToTa feiunagn. KyunaHuwnap pe3oHaHCK

205- paem. YyUYyH BeKTOopniap guarpammam 205- paemga Kyp-
caTufraH.

WHOYKTUBAMKAArN KyuynaHuw abinautygacu (UL— u>Lim) Ba
cUrmMmgarm KyudnaHuu amnnmy,qacm{mc: c /T) wndopanapura
©

pe3oHaHc yactoTa (95.7) uuiiMaTUHW Kylicak, KyliugaruHu onamus:
Uil opes= u Cpes = Q It — T VC"nl’

Arapj/ ~ > Kk 6ynca, MHAYKTUBNWKAArW Ba CUFUMZAru Kyu-

NaHWW 3aHXupra 6GepunraH TawWKW KyynaHuwpaH optu6 ketagwu.

KyuynaHuwnap pe3oHaHcu “ogucacu wy 6unaH XxapakTepiuku,
O6yHAa 3aHXWUPHWHT Tyfna Kapwunurum dakat akTuB Kapwunukgad
néopat 6ynub k°nagm (TOK Ba KyunaHuWw cuHpa3 y3rapagutsa
3aHXWPHWHT 6GepunraH napameTpnapuga 3Hr KWYUMK uUuiAmMaTra ara
6ynagu.
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Arap 3aHxwuppga curum 6bynmaca,
3aHXupra 6epunraH KyuynaHuw Kap-
wunukaarn  Ba WHAYKTUBANKAATN
KyynaHuw Tywunwnapum RurmHaucura
TeHr 6ynagu: U = UM+ Ul. byHra
MOC BeKTopnap pAwuarpammacu 206-
pacmpa TacsupnaHraH. by  >jonga n<? | Towep
pacmpgaH KypuHuW6 Typubauku, bir YKu

uLlIm

L= — /| « -— M 206- paem.
ST R T VNe +

(95.1) Ba (95.2) opmynanapra c —0, abHMn C = co “wuiimar
co

Kyiicak, ynap ywbéy “ocun umnraH ndoganapummusra Moc kKenagwu.
WyHpah knnmb, 3aHXuppa CUrMM RYKAWTU BUpUHYM Kapawpja 6m3-
ra tytonagurad C = 0 HuM amac, 6ankm C = 00 HW 6bungupagun. by-
HU Ky#Ampgarnya TYWYHTHPUW MYMKWH. Curumu 60p 3aHXuppad
CUTUMK yb; 3aHXWPra acTa-CeKMH YTULW Y4YYH KOHAeHcaTtop Kon-
namanapvwHu ynap 6up-6upura Tyna TeKKyHra Kafjap AKUHNAWTKU-
puw kepak. byHga konnamanap opanurugaru d macoga Honara
WHTUNAAW, CWUITUM KaTTanury 3ca YeKCusnukka umHTunagm [(25.2)
thopmynara K-]-

96-8. Y3rapyB4YaH TOK 3aHXuWpupja axpanysBuu LyBBaT
3aHxuppga axpanunbd 4YMKYBUYM KYBBATHWUHT OHUI KMAMaTW TOK Ba
KyuYynaHuwnap OHUI KWAMaTNapuUHUHT KynaWTmacura TeHr [(37.2)

hopmynara TawocnaHr]:

P(t) = U(t)i(t)= Umcos « Imcos (Wt — <.
Ywoy

COSacosp= COS(a— P)+ —COS (a+ (3
thopmynagaH doiiganaHn6, oHUN KyBBaT MPOJaCUHU
p () =jUIJmZOS<p + ~U mImCOS{2<ot- <) (96.1)

KYPUHULITA KENTUPULW MYMKMWH.

P(t) HuHr BakT 6ylinya ypTaya KuiimaTm amanuii a’*amuatra
ara, yHu P opkanu 6enrunaiimms. cos (2u” — @ HWUHT ypTaya Kuii-
MaTW HONra TeHr BynraHum Y4uyH

p= " k cos?t (96.2)
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LyHpaid Kuimb, OHWIA  KyBBaT
(96.1) y3MHWMHT ypTaya Kuiima-
™ (96.2) atpogmia TOK u4actoTa-
CUAaH WKKM MapTa OpTuK 6ynrad
2(» yactoTa 6wunaH ysrapu6 Typa-
m (207-paewm).

Arap 3aHXxupgaH yTaéTtraH ToK
364 KaHAail MexaHuKaBuid uw -6a*
Xapmaca, ypTaya KysBarT (96.2)
aKTMB KapLnImKLa UCCUKINK LUaK-
ampa  axpanub uukagu.  (95.1)

thopmynara Kypa

207- paem.
05 < = R ;— (96.3)
y ROt ol
costp HUHr 6y KuimatuHu (96.21 hopmynara Kyimb, U = m

3KaHUHK 3ucobra oncak [(95.2) dopmynara K'), kyingaruHm 30-
CUN KUNaMus:

p=~. (96.4;
Kyuu

I = V2 (96.5)
ra TeHr 6ynraH ysrapmac TOK 3am LWYyHAad KyBBaTra apuwagu.
(96.5) KaTTaMK TOK KYUYUHWHT 3akukuii (Eku agpdek-
TOB) KMiimaTu genunagn. KyunaHmw ydyH 3am Xyaan wyHpab

U= 6:5 (96.6)

KaTTanK Ky4YlaHULWHWHE 3aKWKWA KuimaTu pgeiunnagu.
(96.2) thopmMynaHy Kyu4naHWUW Ba TOKHUHI 3aKWKWUIA KuiimaTu-

faH oinganaHnb Kyugary KypuHULITa KeNTUPWULW MYMKUH:
P —LL cosy. (96.7)
KyBBat uthogacura KupraH cosy KynaiTyBuMHu KyBBaT KO3I(-
bnyumneHnTmn geimnagn. Arap X = wlb-----% — PeakTUB KapLlunimk

Honra TeHr 6ynca (ogatga, XL—Xc = 0 OynraHga wyHgain 6y-
nagun), y songa (96.3) ra 6uHoaH cosy —1Ba P=UIl o6ynagu.
3aHxunp akat peakTusB Kapwunumkka ara (R = 0) 6ynca, cosy =0
6ynagn, LWYHUHT Y4YyH 3aHXUpAa axpanubd umkaguraH ypraya KyB-
BaT 3aM Honra TeHr 6ynagu. £5y 30n4a TOKHUHI 6up 4opak [as-
pruaa 3Heprus 3aHXxupra TalkyW TapMOKAaH Kenagu, KenuHrum 4o--
pak gaBpuja 3ca opkara kKanTagum ”OHW/A KyBBaT 2w4yacToTa 6unaH



y3rapagu). LWyHpaid kunmb, cos? = O OynraHfa TOK KYUUHUHT
Xap KaHgai KuimaTuga *am HongaH dapknum ypTada KyBBaTra
apuwnb bynmaingn. TexHuKaga cos? HU MYMKWH Kajap KaTTapok
bynuwnra xapakaT KuaumHagu. cos? Knumk 6ynca, 3apyp OynraH
KyBBaTra 3puLLMLL YYYH 3aHXMPAAH Ky4nu TOK yTKasul Kepak
6ynagu. JlekmH GyHAa TOK KenTUpyBYM cuMnapga ucpod Kynasgu
Ba Wy cababnu CUMNAPHUHT KYHAANaHr KeCMMWHW OpTTupuLra

TYrpu Kenagw.
97-8. CumBOMUK ycyn

Y3rapyByaH TOK 3aHXMpWHW “~ucobnawga CUMBONUK YCYnN
[e6 aTanyBunm ycyngaH goipganaHuaca, xucobnaw aH4ya copgjana-
wagn. by ycyn martematMka KypcugaH 6usra Mabiym  Gynrad
KoOpAMHaTa TeKMCWruga oknawraH xap
KaHgain A BeKTOpHM (208-paem) KOMMIEKC
COHMap opkanu ugofanawl MYMKUH 3KaH-

NUTWTa acoc/naHraH:

A= a+ bl= Ael% (97.1)

6yHAa a Ba 6—BEKTOPHWHI  KOOpAMHaTa
yKnapura npoekumsnapu (Bektop 6owu
KoopAnHaTa 6owu 6unaH Moc Tywaaun aeb
(hapa3 KunuHagu), J1—KOMNAEKC COHHWHT 208- paewm.
mMoaynu (BEKTOp Mogynura Moc Tyliagm),
a—KOMI/IEKC COHHWHI apryMeHru (BeKTop OuiaH X yK opacupgaru
bypyakka moc Kenagu, y—masym 6upnukl).
a, b, A Ba a KaTTa/iMknap opacmuga Kyimgarm myHocabat MmaB-
XYA:
A=} a2+ b2
(97.2)
Ke = -,

KomnaeKkc COHMapHM Kyl WA YNapHUHT XaKWKWid Ba MaBXyM
Kucmnapn anoxuga-anoxuga Kywunagu:

A=X A= X a-fr X

') MatemaTtukaga kKabyn kunuHraH i 6enrmgaH dapknum pasuwpga, 31eKTpo-
rexHukaga | Hu / opkanu 6enrunaHagu. by 6eNrMHWHI KynnaHWWW Ba Wy-
HUHTaeK, bypuyak Ba (pasanapHWHr y xappu 6unaH 6enrnnaHuLIM  aHrnawmnamMoB-
ynnukka onub kenmaingm, 4yHkum 6u3 XV Ba XVI 6Gobnapuya TOK 3M4YAUrM  Ba

noTeHuman TylwyH4yacura Kantmb kenmaimus.
dneKTpoTexHUKaja KOMMNIEKC KaTTannknapHu 6enrnnawfga xapg yctura ,ToMm-

ya* ypHura (macanaH, U) HykTa Kyiiunaam (U). JlekuH 6u3 KelinHru 6Genrupgat
oiiganaHa onmaiimus, 4yHku 6y 6enru ¢usnkaga BakT Oyhnya ONWHraH Xocu-
naHW aHrnatagu.
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KypuHu6 Ttypnbgumkm, A KaTTanuk KOMMAEKC COHnap 6unaH

racBMpnaHraH A,, BeKTopfnap WuruHgucura moc kenagm (209-paem).
VKK KOMMNEKC COHHWM KynaTmpuwl Kowgacu

Ae>* «Be#t = ABe’ £+

JaH A BEKTOpPHMW TacBUP/IOBYM KOMIJIEKC KaTTaMkKk A = Aed Hu
eh Komnnekc coHra KynaiTupuw A BEeKTOPHW coaT CTpPefikacu iy-
Hanuwura Teckapum MyHanumwpga 9 6ypuyakka Oypuw 6unaH TeHr

Knimatnn skaHauru kenmb uymkagm (210- paem). Arap = — 6yn-
ca, y 30nfa el*= cos N + ['sin » = /. WyHaait Knnmb, BEKTOPHM

ra KynaTupuw Ly BEKTOPHM COAT CTpenKacu WyHanuwmra Tec-

/ 10- pac m

Kapun WyHanuwpga W2 6ypuyakka Oypuw 6unaH TeHr KuiAmatiu-
anmp. Xyaau WwyHra yxuwatl, 6uMpop BEKTOPHM Uy = —y ra Kynaii-
rMpUW WY BEKTOPHM coaT CTpenkacu WyHanuwmga r/2 6ypyakka
O6ypuw 6unaH TeHr KUAMaTamgup.

CUMBOMMK YCYMHUHT ath3an/IMrMHN KypcaTuLl YUYH LWy Yycyn
épfaMmia WHAYKTUBAMK Ba CUTMMAArn KyunaHu TYLWMWLWIWHW 3K-
co6nab untamns. (93.2) (opmyna CUMBONUK KypuHMWAa Kyhnaa
rmya ésmnagu:

ur= L
dt

Arap WHAYKTUBAUKAAH
i= lme” (97.3)

iok OKaéTraH Oynca, y 30/1ja



WyHgait kunub, UL KyunaHu BEKTOPUHM XOCWUA KUAWLL YUyH
TOK Ky4yn BEKTOpMHM 0/, ra Kynautmpub, coat cTpenkacum IiyHa-
AvIMra Teckapu WyHanuwga T2 6ypuyakka Oypuw nosum. By
200- 6 pacmra Moc Kenagw.

(94.1) ra 6uHoaH Uc = g/C. KoHpeHcaTopgaru 3apsfgHu Kyiiu-

fJarn KypuHuwpaa €3 MyMKUH:
q—j idt.
by udogaHn Ul yuyH €3unraH opmynara KYsMu3 Ba CUMBO-
NNK KYPUHMLWITa KeNnTupub, KynnpgarnHu onamus:
Uc — g j~idt.

Arap 3aHxupgaH (97.3) rok okaétraH 6ynca, KoHaeHcaTopja-
MM KydnaHuw

m<; ¢ T a r |97-5

ra TeHr 6ynagu (KyYnaHWLIHWHI y3rapmac TallKWa 3TYBYMCKM YK
n0e6 hapas KWAMHAAW; LWYHWHT YUyH WHTerpannaw JOMMUIACK HON-
ra TeHr ge6 kabyn kunuHraH). OnuHraH Hatmka 202-6 paem 6u-
naH Moc Kenagun. MabflyMmKW, aKTMB KaplWAMKAA KyynaHuw ry-
WU KyAngarnra TeHr:

Ur —Ri. (97.6)
204- a paempa TacBuMpnaHraH 3aHxup yuyH (97.4), (97.5) Ba

(97.6) kaTTanuknap anruHgucn U TawKu KyynaHUWHW 6epagw:
Ri + /wA —/—Ipr i—U.
i HM KaBejaH Tauwapura 4nkapub, KyinaaruHu XOCWA KWUaMms:
I R /[wL —(rj,=0, 97.7)
by wudogagaru
Z=R+ /(*L-~"r)~R + IX (97.8

KaTTa/IMK KOMMNEeKC Kapwunuk geiannagn. (97.2) gopmyna-
ra Kypa YHWHr Moaynu Tyna kapwwunuk (95.4) ra, aprymeHTun 3ca
(95.1 | popmynafiaH aHWKnNaHagu, AbHWU @ ra TeHr (<—KyunaHuw
6unaH TOK opacugaru asanap CWDKULIN).

Jemak,

Z= Ze*. (97.9'
Komnnekc Kapwunumk KuputuaraHgaH cyHr (97.7) cdopmyna

7Z = U 97.10



KYPUHULLIHW onagu. by ysrapmac TOK yyyH OM LOHYHM udogacu-
ra Moc Kenagwu.
Kyiungaru

U=~iZ= iZe*

MyHocabaTAaH KyunaHui BOKTOpUM U HU "OCWUA KUAULW YYYH TOK

Ky4u BEKTOpM | HM Z ra KynaiTupub, coaTt CTpefikacu hyHanuwura
Teckapy WyHanuuwga < 6ypyakka Oypuwl Kudosanurn Kennb uu-
uagn. by 204- 6 paem 6unaH MoC Kenafw.

Kncmnapn KeTma-KeT ynaHraH Ba ynapHUHr “ap 6uvpn ZkKom-
NAeKC Kapwunuknap 6wnaH xapakTepnaHaguraH 3aHXUpPHU Ky3
onaumMmsra Kentupannuk (211- paem).

211-paem. 212-paewm.

(97.10) ra myBohMK 3ap 6Up Kuemgarnm KyuynaHuw TyWULWIN

ra TeHr. bapua £/* napHuUHr WUruHaucy 3aHxupra Gepunrad U Kyu-
NaHWWra TeHr Bynuwu Kepak:

U= "iZk= 12 Zf= I1Z

LWyHaalh kunub, KeTMa-KeT ynaHraH 3aHXUPHUHT Z KOMMJIEKC
Kapluaurn 3ap 6up Kuem KOMMEKC UapLIMAUTUHUHT AUrnygncy-
ra TeHr:

z2-2272,. (97.11)

Xap 6mpn Zk KOMMEKC Kapwuank 6unaH xapaktepnaHaguraH
3MEMEHTNapu Mapannen ynaHraH 3aHxupga TynIuK TOK

M- N
z
ra TeHr oynagn (212-paem), 6yHaa U—3aHxupra 6epuaraH Kyu-
NaHuW, Z —3aHXUPHUHT KOMMNEKC Kapwunurun 11y 6unaH 6up-

ra | TOK 3aHXUPHWUHT 3ap 6up anemeHTugaH yTraH Ba ik =» UIZk



npoga opkanum aHukKnaHaguraH ik Toknap AMrMHaucura reHr 6y-
QNN Kepak:

| yuyH é3unraH ukkana wdogaHu 6up-6upura TeHrnab, napan-

Len ynaHraH 3aHXWPHUHT KOMMAEKC KapWUAUTUHU  Xucobnail
thopMynacuMHu Tonamms:

] 97.12
- E T, 712

Kupxrod komgacu KOMMAeKC Llaknga Kyiugarnya &3mnagu:

S ~ (97.13)

Y 2 kik —j
Oy eppa 8* = STeMalHik) KoHTypgarum A-3. 0. K.
Arap TOK, Ky4yilaHWW Ba 9. t0. K. TAPHUHT  aMNInTYAaBui knii’
Marn ypHura ynapHWHI Xakuuuii umiAMatnapum onuHca, Oy napa-
rpagpga onvHraH xamma opmynanap ypuHnu 6ynagu.

98-8. Toknap pe3oHaHcu

VHOYKTMBAMK Ba CUIUM Mapannen YynaHraH 3aHXWpHU kaPa6
ynkamma (213- paem). 3aHXMPHWUHI Xap WMKKana TapMOTMHWHI akK-
TUB KaplMAWUTU Xy[a KWUUK, LUYHWUHT
YUYYH YynapHu xmucobra onmaca xam 6y-
nagn ne6 apas kunammus. by xonga
(97.4) Ba (97.5) dopmynanapra 6uHOaH

/, = ja>CU;
(98.1)
r71 wJuL ~ "l
213- paem.
(Oc=UL=u).
(98.1) ngpopanapaH it Ba it Toknap “apama-kapwu (asaga

(vHAoyKTMBAMKAA TOK U KyunaHulgaH K/2 ra opkaga Konaau, cu-
rumga aca TOK U KyunaHuILAaH vj2 ra OnguH KeTagu) SKaHIWuru

Kennb umkagn. TOK KenTupysuuM cumnappgaru i Tok 1XBa 12T1oknap-
HUHT AUTUHAMCKUTA TEHT:

= fj+ i2—j )t

301



ByHpa
T —= (98.2)

wL

WwapT 6GaxapuaraHga 3aHXWPHUHT 6ab3n  KucMnapupa it par2tok-
nap xypga katta Oynuwu MyMKuH 6ynca-ga, TOK KenTWpyBYM CUM-
napga i Tok 6ynmaian. by 3oamca ToKnap pe3OHaHCKH fge-
Wnnagu. (98.2) wapThaH pe30oHaHC YacToTa Y4YyH KyudnaHuwnap
pesoHaHcuga [(95.7) dopmynara K.] onuHraH kuiAimat “ocun 6y-
nagu.

Pe3oHaHC BaKTufa itBai2Toknap amMnauTyga Xu™atgaH ouppaii
Ba toKopuaa anWTunraHugek, tasa Oyihivya Kapama-Kapwuaunp. Oe-
MaK, WHAYKTMBAUK Ba CUTMMAaH Ty3WnraH KOHTypAa KOHAeHcaTop
KonnamanapuHu y3nyKCcu3 KaiTa 3apsfgnoByn TOK aiinaHu6 Typagw.

/, Ba i2 ToKnap opacmugarm MyHocabaTHM BeKTOp Auarpamma
épgammpa fK~on Kypcatuw MyMmKuH. Kyynanuwnap guarpamma-

cnpga U KyunaHuw BEKTOpPWU TOKMap Yykura HucbataH >Koinawtwu-
punrad agnm (204- 6 pacmra k-)- 3HAM TOK/ap AuarpaMMacuHu

Ty3uwpga i TOKMap BEKTOPWMHM KyynaHWuwnap ykura HucbataH
Xolnawrmpamns. by yk cudatmga x ykuHu onamus (214- paem).

Jk
n
V KywiaHvnap
Yy YKU
1 U
-Or—*C-

<
nT

:14- paCM. 215- paem.

WHOYKTUBAWKAArM TOK KyuynaHWWwgaH K/2 ra opkaga Konagwu,
WYHWHT YYyH YHWU KyuynaHuwnap Ykura Huc6aTaH coat cTpesikacu
fiyHanuimga «/2 6ypuakka 6ypunraH BEKTOP OpKanu TaceBupnaHaau.
Curumpaa aca TOK KyunaHuwWgaH T2 ra ONguH  KeTagu, LYHWHT
YUYH YHU KyunaHullnap YKura Huc6ataH coaT CTpenkacu HyHa-
AuwmMra Teckapyu yHanuwpaa k/2 6ypuyakka GypunraH BeKTOp Ky-

pUHMLWIMAA TacBuMpiaHagw.
Pe30HaHC BaKTUga WKKana TOK BEKTOPMAPUHWHI  Y3YyHAUKAApK

6upgain 6ynmb, HaTwKaBWiA TOK 3ca Holra TeHr 6ynagw.
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AmManga WHLYKTUBAWK (MacanaH, pan-
TaK) 3ap LOMM MabayMm R akTWB Kaplu-
NMKkKa ara 6ynagul) (215- pacmga akTuB
Kapwuank Ba WHAYKTUBAWKHWUHI Yy3u ano-
3npga  Kypcatunrad). [Jemak,  TOKHUWHT
KyyfaHuwaadH opkafja Konuwy K/2 pgad JAKVVUOHUUt\N

KU4MK bynap 3KaH, yHW Kyiiugaru gopmy- g | Yt
na opKann aHWKnaHagwu:
_oub
gP= x
by 3onpga i\ Ba 12BekTOopnap KonnuHeap ® O
aMac Ba YNapHWUHT WUTUHAWCK HOATa TeHr 216-paem,

Oynuwm MyMKUH amac (216- a paem). Xap
MKKana TapMOKHWHI KOMMJIEKC Kaplwwuaurun kyinmnparura TeHr (215-

paemra K-)
2)= —— . Z2—$  jwL.
yue

ByTyH 3aHxup k3pwunuruHu (97.12) ¢gopmyna 6yimya 31cob6-
nanmus:

L gpt e 1 - (mes0miocR
i R - fu,L R --juiL
6yHaaH
YA R Fy.l

Z= (1- WZO + j<o0?
MhogaHMHT cypaT Ba MaxpaXMHW Maxpaxpgarm CcoHra KYuma
b6ynraH KOMMNAEKC COHra Kynatmpmb, KyiAngarmHu onamms:

R+y (- oz2G- 07 '98 »
Z — 11- o0¥.G*+ (0)C7)a 1

Z hhUt mofynu napanfien ynaHraH 3aHXWPHUHT Tyna KaPwwm-

AUrMHKU 6epafn, Z HWHF peakTWB Ba aKTUB TalUKWA 3TyBUYMMaApu-
HUHT HKUCBaTM 3ca Kyu/iaHUW Ba TOK opacupgaru hasanap Cumku-
WWHW KypcaTyBuM <€ Gypyak TaHreHcuHu Oepagw.

Z Tyna KaPWWAUK MakcMMyM Kuiimatra (sbHW TOKnap peso-

HaHCW) Z HWHI peakTWB TallKWa 3TyBYMCM HOAra ainaHraHga Ba
jeMak, Tyna kKaPwunuk gakat akTuB KapwwuaumkpaH ubopat 6yn-
raHjarmHa 3puLMWLNHL KypcaTuw MyMKuH (216- 6 paem). Peso-
HaHC 4YacToTaHu (98.3) MMOJAHUHI MaB3YyM KUCMWHW HONATa TEHT-
nab Tonuw MYMKUH:

wZ.(l - co*LC) - wC/?2= 0.

>) By WYHWHTAEK, KOHAencatopra *am Teruwnaugup; 6MpOK KOHAEHCcATop
3aHXWUPUAAry akTUB KapWUNMKHU MHAYKTUBAUK 3aHXUpUgarura uaparaHfa xypa
KWYUK KUAULW MYMKUH.

303



ByHpaaH.

1/ 1 **
e < y/ LC - L- (98.4)

R = 0 6ynraHga 6y ¢opmyna (95.7) ra ainaHagw.

WyHpait kunmb, TOokNap pe3oHaHcu Wy 6unaH XapakTepauku,
OyHOa 3aHXWPHUHI TANa Kapwunurum (akat akTMB KapliuaukaaH
néopat 6ynmb, 3aHXMUPHUHT OGepunram nppaMmeTprapuja MYMKUH
OynraH 3Hr katta Kuiimarra spuwagu (KyynaHuwnap pesosiaHcu-
fJa Z 3HT KM4YMK KuiimaTra ara 6ynagm). byHpa /, Ba 12 Toknap
MaHbagaH yTyBuM | TOoKgaH aHya KatTa 6ynub konagu. MaHb6a
6epaguraH KyBBaT 3aHXMPHWHI R akTMB Kapwunuruga axpanagu.

(98.4) yacToTa/IM TOK YYYH KUUYMK R KapWWAnKAN KOHTYP XY-

Ja KaTTa Kapwwunukka ara 6ynagu. byHpa R kaHua Kuumk 6ynca,
KOHTYp LyHYa KaTTa Kaplwunukka ara 6ynagm (R -*0 pa  KOH-
TYPHUHT Z KaplUAUMK YEKCU3NIMKKA WHTURagW).



XVl BOBb
ONTEKTP TEBPAHWLWINAP

99- §. AKTWB LapWWAUKCU3 KOHTYpAa 3pKWH TebpaHuwnap

dnekTp TebpaHuwnap WHAYKTUBAUK Ba CUTUMAAH Ty3unrad
3aHXupnapga apcun 6ynuwim MyMKWUH. ByHpaall 3aHXuUpHU Tebpa-
HUAW KOHTYpW feivnagn. 217- a pacmfa akTuB LApWWANTXA HoAra
TeHr 6ynraH wmgean 3aHxupga TebpaHuw npoueccn 3"ocun 6ynu-
LWUMHWUHT KeTMa-KeT 60cMunapH TacBMp/aHraH.

pockuunnp 1 I—‘-' 4
n

o *ctl 1 Ulo

—

W={kxz jmx1 jkxr jmx!  JKkx2
217- paewm.

TebpaHuw "OCUN KUNUW YYYH, UHOYKTUBAUKAAH Y3U/ITaH KOH-
[LeHCcaToOpHW TOK MaHbaura ynaw Kepak, 6YHUHr HaTwkacumja KOH-
[leHcaTop Konnamanapufa Kapama-uaplwiu uwopanu gm 3apsag mu*
popu tynnaHagm (1- 6ockmy). KonnamanaP opacufa 3Hepruacu
j N S ra TeHr b6ynraH anekTp mangoHm “ocmn 6ynagm [(29.1)
(hopmynara K-]- CyHrpa KOHAEHCATOpPHW TOK MaH6ampaH y3unb WH-
OYKTUBAMKKA ynacak, KOHAeHcaTop 3apsfcui3naHa 6ownaigm Ba
KOHTypga Tok ){OCun 6ynagu. HaTtmxapa anekTp MalijoHM 3Hep-

ruscum Kamas 6opagu, aMMO MHAYKTUBAWKAAH YTaéTraH TOK 3Hep-
FUsCU acTa-CeKMH OopTuG 6GOpyBYM MArHUT MaldoOHWHW BYXYyfra

Kentupagu. by aHeprua —Li2 ra teHr [(61.4) dopmynara “.].
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3aHXWPHWUHI aKTMB Kapwuaurn Honara TeHr 6ynraHu cababnm,
~ A2 3neKTp MalgoH 3Heprusicm Ba N Li2MarHUT maigoH aHep-

TMACUHUHT WWrUMHAMCUAAH MOopaT Tyna 3HEeprus ucuruwra capg
O6ynmaingun Ba y3rapmac caknaHagu. LUYyHWHr yuyyH KoHpeHcartop-
Jary KydnaHuw, 6MHOGApWH, 3NeKTP MalgoHW 3HEpPruscuM Honra
aiinaHraH nanTga mMarHAT MalfoHW 3HepPrusicM, AbHW TOK 3HI KaT-
Ta yuiimatra aspuwagu (2- 60ockny; Wy nantgaH 6ownad TOK Y3WH-
QyKUMs 3. 0. K. “mcobura ytagu). CyHrpa TOK Kamas 6opagm Ba
Konfiamanapgarv 3apff MUKAOpM pacTnabkm gm Kuiimatura apuil-
raHga TOK Honra TeHr 6ynagu (3- 60ckuy). LUyHAaH KeAnHru
npoueccnap akcuMH4ya TapTmbua 6opagu (4- Ba 5- 60ockuMunap), Ba
HK.\oAT, cucTema gactnabkm ~onatura Kaintagu (0-60CKKUY); CyHrpa
O6yTyH umkn 6owkatnaH kaWtapunagu. baéH kunvHraH npouecc
faBoMMia KOHAeHcaTop Konjamanapuparun q 3apag, KOHAeHca-
Topgarn U KyuynaHuW Ba WHAYKTUBTMKAAH YTYBUM T TOK Kyuu
faspuii - y3rapub  Typagn (AbHM  TebpaHanu). TebpaHuwga
3NeKTp Ba MarHUT MalijoHW 3Hepruanapu ysapo anmalunHub
Typagu.

217- 6 pacMaa KOHTypgaru TebpaHuwinap npyxuHanu MasTHUK-
HUHT TebpaHuwnapyu 6unaH TakkocnaHraH. KodgeHcaTop Konna-
Manapura 3apfaf 6epuwl MNpyXuHaam MasTHUKHUHT MyBo3aHaT KO-
naTugaH TawWwku Ky4 Tabcupupa YeTra UYMKapuauwmK Ba YHWUHT

J, 2
6ownaHrmy XT orvuwura Moc Kenagw. ByHAaa Npy>XUHaHWHT—KXm

ra TeHr 6ynraH anacTuk fedopmaums noTeHUman aHepruacu "o-
cun 6y’nagn [l Tompgaru (62..3) dopmynara K-]- 2-60CKUY MaAT-
HUKHWHT MyBO3aHaT “onarmgaH yTtuwwura moc kenagu. Ly naiir-
[a KBa3ManacTUK Ky4y HOMra TEHr Ba MasTHUK WHepuusa Tydainnu
ANapakaTvHW [aBOM 3TTupagu. by BakTra Kenubd MasTHUKHUHT
3Heprusacu 6yTyHNall KUHeETUK 3HeprusAra ainaHagm sa 6y 3Heprus

—TXx2 wnhoja opkKanu aHuknaHagn. KelnHru 60CKMYNapHU  Tak*

KocnawHu ykysumra ){aBona Kunamus.
dneKTp Ba MexakukaBuii TebpaHMLINApHU TaKKOCnawpaaH CYHr

Kylingarn xynocara Kefamus. N (2 3feKTp MalifoH 3Hepruscu

3anacTuK gecopmaums noTeHUman aHeprusacura, — Li2 marHuT maii-

[OH 3HEepruacu KWHeTUK 3Hepruara yxwap skaH. byHpa L vHOyk-
TMBMK T Macca ponuun, curumra deckapum 6ynraH (1/C) kaTTa-
MUK 3ca GUKpNMK KoahuumeHTa Kk ponuHu Gaxapap 3kaH. Hu-
){oaT, g 3apAara MaaTHUKHUHT MyBO3aHaT ~onaTufaH X CUMKULLN
MOC Kefafm, i = g TOK Ky4yura 3ca |X|Te3nink MOC Kenagu. Onek-
TPUK Ba MEXaHWKaBWii Teb6paHULWIapHUHT 6y yXLWAaLANTn yaapHUHT
MaTeMaTuK TeHr-amanapuga ”~am y3 ugogacuHu TONTaHAUTUHU Ky™
Anga Kypuwummns MyMKUH.
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Te6paHWlL BaKTMAA KOHTypra TalluW KyuynaHuw GepusMarad.

WyHUHT yuyH curumgarn UC= IC Ba WHAYyKTMBAMKaarn UlL= | e

KyuNnaHull TyWwyBAapu WUITMHAMCU HOAra TEHr 6ynuwn Kepak

L +1=0
dt C

By udopaHn L ra 6ynub BaatHI/I g (i = q) 6unaH anmawTu-

pub, Kyhmaaru TeHrnamara Kenamus:

'‘qgt+Zcd= °- (99,,)
Arap
*IU (99.2)
6enrnHn kuputcak, (99.1) TeHrnama mexaHuk Te6paHuwnap (I Tom,
(62.6) thopmynara K-) 606wuga ypraHunraH Ba 6Gu3ra fXWW TaHWLL
oynraH

A+ uB<7=0 (99.3)
KYPUHULLHW Onlaan. Ma‘b)‘lyMKl/I, 6y TEHIrMaMaHUHI e4ynMn

</* tfmCOsKH-*) (99.4)
(yHKUMA 6ynagun.

LWWyHaain kmnnb, KOHAEHCATOp Komnamanapuparv 3apsij 4acTo-
Tacu (99.2) ndogagan aHuKNaHaguraH rapmMoHUK KOHYH 6yiiunua
y3rapap 3kaH. by u4acToTa KOHTYPHWHI XyCyculi yacToTacwu
feriHnagn (6y YactoTa rapMOHMK OCLWUANATOPHUHI XyCYCWiA 4ac-
TOoTacura Moc kenagu). TebpaHuw gasBpu y4yH TomcoH copmyna-
cn peb atanysum kywmpgarum gopmyna Ocun 6ynagmu:

T=2«VLC. (99.5)
KoHgeHcaTopgarn KyunaHuw 3apaggaH 1 C kynaiTyeuucu 6um-
naH tap” kunagu:

U= " cosbl + a)= Umcos bl +a). (99.6)

(99.4) tyHKumAHM BauT 6yiinya guddepeHymannad, TOK Kyuu
ngogacuHN onamms:

I = - uotisin WOt + @) = /mcos(ud + a+ jj. (99.7)

(99.4) Ba (99.7) thopmynanapHu Ta”Kocnab, TOK MaKCMMan Kuii-
maTra apuwraHga 3apag (WYHWHrAeK, Kyuynanuw “am) Honra an-
NnaHafM Ba aKCWH4Ya, AeraH xynocara Kkenamus. 3apsg 6unaH TOK
opacugarun 6y MyHocabaTHMW GM3 tOKOpMAa 3HEPreTUK HyKTau Ha-
3apfaH Kapab YMKKaH 34uK.
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(99.6) Ba (99.7) dopmynanappgaH
u =21/

IKAHIUTN Kenué uukagw.
wo Hm  (99.2) ddopmyna O6yihmuya anmawTMpeak, KY uparm

("-8)
npogaHn onamms.

AneKTp MalAOH SHEPTUACUHUHT rL CUrLf|1\ (29.1) ra k.

EHTr KaTTa KWiAMaTu MarHuUT MaljoH 3HepruscuHuUHr ~ LImj 3Hr

KaTTa Kuiimatura TeHr 6ynuwu kKepak. LIyHra acocnaHraH ”on-
fa 3{am (99.8) dopmynaHm 4yumkKapuw MYMKWUH.

100-8. CyHYyBYM 3pKWH TebpaHuwnap

Xap KaHpali pean KOHTYp aKkTUB Uaplwwunukka ara. KoHTypga
AATMATAH 3Heprus Wy KapwuaWkKga acTa-CeKUMH UccuunmMkka alina-
Hagu, HaTuxaja 3pKUH TebpaHuwnap cyHagu. Te6paHuWw TeHrna-
MacuHU curumaaru, WHAYKTUBAWKAArM Ba akTUB LapwuauKgaru
KyuyfaHuw TywyBAapu WATUHAUCU HOMTA TeHr 6ynuwu  Kepakiu-
rmaaH ~ocun KWAWW MYMKUH:

Ldi,+ « '+ 2?2 =x»e
By wugopmaHm L ra 6ynmb6 Ba i HM [ opkKanwu, WHI/I q op-
Kanun 6enrunab, KyliupaarmHu onamms:

+ _g=o* (100.1)

ByHpaa [o KaTTanmk KOHTYPHUMHT XYCYCMI YacToTacum <0 HUHT

KBajpaTtura TeHr 3KaHUHW Ha3apra onmb6 f(99.2) dopmynara k-] Ba
P= £ (00.2)

6enrnnaw kuputm6, (100.1) TeHrnamaHu Kyimgaru KypuHuwra
KeNnTupuil MYMKWUH:
q + 28q + wd<L= 0. (100.3)

OXnpru TeHrnama CYHYBYM MexaHWKaBWil TebpaHWLWNAPHUHT
anddepeHumnan TeHrnamacura moc kenagum [l tom, (73.2) popmy-

nara k-1- P2< “0> abHuU m < e wapt 6axapunraHga (1C0.3)
TeHrnaMaHWHT e4YuMu KyWuparu KypuHuwra asra bynagu:

A= Qre~({C0S ur+a)> (100.4)
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6y epga wu = ]/ <x—p2. w0 HUHT (99.2) garn KuWAMaTWHKW Ba p
HUHT (100.2) garnm KuWAMaTUHW ypHUra KYnub, uynimnparvHum Tona-
Mu3:

n2 (100.5)

WyHpah kmnub, cyHyBYM TebpaHuwnap vacToTacum Xycycuid
yactota WO faH Knymk 6ynap skaH. R = 0 ga (100.5) ndopga (99.2)
ra alnaHagu.

(100.4) HU C curmmra 6°nn6 ob60pcak, KOHAeHcaTopharun Kyu-
NaHWLWHN 0Namus:

= _G e cos (wt+ a) *= Umle Rcos (<of-f«).  (100.6)

ToK KyuumHu Tonmuw YyuyH (100.4) Hu Bayt 6yinya guddepeH-
uunannaiimms:

i= q—gm e~"[—Pcos («£ -f- a) —<osin (e>"-f-a)J,

By udopgaHn Y w2+ p2= V wWo= wo ra Kynaitmpub, cyHrpa
6ynamums:

1= wodme ° A ~T COS (<Bf-f a) — T/Z\tLEfbein (wt -(- a)
Kyiunpgaru
P B . . 0 o
cos Pp= - > = — —,sing = - == —
/a>a+P “o | N +P “0

waprnapgaHl) aHmknaHaguraH ¢ 6ypuyak TYWYHYaCUHU KUPUTUG,
YW6YHU 30CUN  KUNAMU3:

i= ugm e~ cos (at+ «+ ty). (100.7)
cos < 0, sing> 0 6ynraHu cababnu -~<¢p<te. WyHpan ku-

nnb, KOHTYp aKTMB Kaplwunukka ara 6ynca, KoHAeHcaTopga TOK
KyynaHuwpaH asa 6yiimua T2

flaH KaTTapoK fdaBpra ONAWH Ke-

Tap 3kaH (R = 0 6ynraHga ™2 ra

ONAWH KeTajwn.)

(100.4) DYHKUUAHUHT  rpadu-

rm 218- pacmpa  TacBupAaHraH.

KyuynaHuis Ba TOK KYYWHWHT rpa-

huknapn “am WyHAaNn KypuHuwaa

6ynagu.
TebpaHWWNAPHUHT  CYHULUWHMK
CYHUWHWHT norapupmMuk gekpe* 218-paem.

I) By wapTtnapra sHa uyiimgarnuya K puHuW 6epuwl MyMKuH!

tg ®“ —T. coSP< n.
p
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MEHTW OpKanu xapakTepnaw kKabyn kunuurad [l Tom, (73.12) dop-
Mynara K-]

X= Ine a(t) -=

6y epga a (I) —moc katTanukHuHr (g, U ékmn r) amnauTygacu.
CYHUWHWHT norapuMuK feKpeMeHTW TebpaHuw amnautygacu e
MapTa Kamaluwm yuyyH KeTraH BakT mumpa cogup 6ynraH Teb6pa-
Huwnap coHn Ne ra Teckapy KaTTaluWK 3KaHWHU TeKWupubd Kypuw
OCOH:

#

Ne'

Te6paHWW KOHTYPUHM KYMPOK YHUHF acnnwrum Q opkanu
xapakTepnaingunap. By CYHULWHWHT NOTapupMnWK AeKpeMeHTWra
Teckapu MponopumMoHan KaTTanuk cugpatuga aHuKIaHagu:

Q= —TAe (100.8)

(100.8) [aH KOHTYp amMnauTyja e MapTta KamailryHdya KaHua
Kyn TebpaHuwra ynrypca, YHWHIr ac/fiiury LWYyHYa HOKOPKU Bynumiu
Kenu6 4Yukagu. ™ ypHura yHuHr $T kuiimaTuHu Kyiub, Kkyhupa-
TMHW 0NaMu3:

N 4d  102ny . w
X “yi~227T)~ 2p

Arap cyHuw yHuya KkaTTa 6ynmaca ({2<f (02, y "“onga w

Aw 0= I_LC ne6 onuw MyMKuH. ByHpga

n- il= _U - = -
YLC R b Vc
Aocun 6ynagn [(100.2) ra myBoguk 2p =R/L\. LWyHpgah Kkunm6,

CYHWW Kyucus GynraHaa

KoHTypAarn TOK KYYUMHWHI amnautygacu e~p KOHYH 6Oyiinua
Kamaiino 6 pagu. KoHTypga iumrnnaran W aHeprus TOK Ky4u amnium-
TyfacMHUHT KBagpatura (€KUM KOHAeHcaTopAaryv KyynaHuw amnnm-
TyLaCUHWHT KBafjpaTura nponopuunoHan); 6wuHobapuH, W 3Heprua
e~2" KOHyH 6yiinya kKamasagu. OHeprusHuur b6up fasp unuMpa Ka-
mMaiunwm

bW _ W(t) - W(t+ T) _ 1—e 2pr__ . __ -2\
W ~ W (t) ~ | -1 e
ra TeHr.

CyHuw xypa Kam O6ynraHfa (abvHu <1 wapTt 6axapwun-
raHga) e~ Hu TakpubaH 1—2” ra afMawWTUPULL MYMKWH:
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by udopagarn X Hu (100.8) ¢opmynara 6uHoaH Q KOHTyp acn-
nMrn opkanu ugoganab Ba ~ocun 6ynraH TeHrnamaHu Q ra Huc-
6aTaH euymb, UyAMgarnHU onNamms:

= 24— . 100.10

’Q Aw ( )

[demak, CyHUW Kyuycu3 6ynraHga KOHTYPHWHT aciiuMrm KOHTyp-

fa WATWATaH 3HEPrusiHUHI 6up TebpaHW faBpupa NYLONraH aHep-
rusra 6YnraH Hucbarmra nponopumoHan 6Gynap 3KaH.

o 1
Xynoca KUAuG LWYHU aiiTUIL KepakKW, p><02 SbHU

a
— > -
iy LO
GynraHga Te6paHULWl YpHUTa KOHAEHCATOPHUHT anepuofuK 3apsajg-
cU3naHuWu cogup 6ynagn. KoHTYpHUHT TeGpaHuMLL npoueccu, ane-
pUoAMK npolieccra yTaguraH LapWWAUTU KPUTUK LapWNUANK ge-

o o *1 1
nmnagn. Kputuk uvapwuavnkKHUHT uunMatm AT WwapTthaH aHuk-
naHagu, 6yHpaaH

NPk=21|1]. (100.11)

101-§. Max6ypuih anekTp TebpaHuwnap

Max6ypuii TebpaHuwnap ~ocun LWAUW Y4YYH cucTemara [aB-
puiA y3rapyBuu Taw”™M Ky4 TabCUp LUANW Kepak. InekTp Tebpa-
HUWNapaa 6yHW amanra OWWPULL YYYH KOHTYp 37eMeHTnapura
KeTMa-KeT Kunub ysrapyByaH B. 1. K. ynall KepakK KU KOHTyp-
HW y3mb, "“ocun GynraH KoHTakTnapra ysrapyByaH U KyunaHuw
6epuw kepak. KeilmHrn xon asBanrum 6o6pa Gatadpcun Kypub uu-
knnraHl) (204- a pacmra K.). AMMO 3/IeKTPp Ba MEeXaHWKaBui
TebpaHuwnap opacuparvm yxwawaukHy TanMH UWAWLWHKW oXupura
eTKasuw Malcaguja TeHrnamanapra 6owuavyapok KypuHuw 6epub,
MaXOypuii anekTp TebpaHuwnapHM siHa 6up 6op uapab yuuammus.

KOHTYp 3anemeHTnapuparv KyuynaHuwnap TywyBW NAWUTUHOUCUHU
3aHXupra 6epunraH KyuynaHuwra TeHrnanmMus:

LJd+ m + 7 A= Umcos

i TOKHW q 3apsag opkanum wudgoganad Ba (99.2), (100.2) 6enru-
nawnappgaH onganaHn6, Kyimpgarum reHrnamaHum é3amus:

g+2%q-f g = ~ coswt.

3.10.K. bGepunraH *on yuyyH *am TeHrnamanap Xxygau wyHgan kYpu-

Huwga 67nanun, ¢auar 6yHgarn U —Umcos Bt dyHkunaHm £ = 2 T cos Bt
ra anmaliTUpuLl I03UM.
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By TeHrnama MaxO6ypuii MexaHUKaBWil TebpaHUWNapHUHT Audde-
peHuunan TeHrnamacu 6unaH moc Tywagu [l Tom, (75.2) dopmyna-
ra K.]. TeHrnamaHuwHr Xycycuii eymmn Kyihmgarum KypuHuLITa 3ra;

g = gmcos(tot (101.1)

b6yHAaa
‘U,

23w
AT Y (ug_ uP)3+ 4p3up’ At U —ur
[I Tom, (75.7) Ba (75.8) dopmynanapra K-]-
by udopanapra <Or Ba P HuHr (99.2) Ba (100.2) udopanapgaru
KniimaTnapuHum Kylicak,

** = , A— — — T 10’ 1101-2)
my' "'+ ('m -Zc)

tg*= -j—"— (101.3)

wC ~

napHu “ocun kunammis. Arap (101.1) xycycuii eyumra 6uMp >XUHC-
NN TeHrnamaHWHI YMYMUWA e4YMMMHU Kylcak, 6epuaraH TeHrnama-
HUHT YMYyMUIA edyummn "~ocun 6ynagu. By euyumHm aBBanru napa-
rpagga kypraH sguk [(100.4) cdopmynara K.]. Byeyum 3KCMOHeH-
uman e~9% KynaiTyBUYMHW Y3 uyura onagun, WYHUHT yuyyH TebpaHuw
6ownaHraHgaH CyHr etapauya BayT yTuwm 6unaH kKamaimb kona-
oMW Ba YHM xucobra onmaca *am 6ynagu. Oemak, ){ocun 6ynrad
mMaxo6ypuin TebpaHuwnap (101.1) ¢yHKUMA opkanu udoganaHagu.
Acnatnb ytamus: aBBanru 606pa akat “ocun 6ynraH KyynaHuil-

nap Ba Toknap kapa6 uuuuaraH 3gu.
q 3apsgHu C curumra 6ynub, KoHAeHcaTopAarm KyunaHULIHW

onamus:
Uc = COS (tot — > = Uc. COS (tot— tj*),
C LU

6yHAaa
u fom = "r = T Um/---_ ----- = (101.4)
wCy /?7>+(o>i - —/] .
. wcC
(101.1) HW t 6ylinya guddepeHunannad, KoHTypga 3{ocun 6yn-

raH TOKHW TOMamms:
| = —isgnsin (i — = /mcos”® —d+ jj.

- 6

ra TeHr, 6y (95.2) udoga 6unaH mMoc Tywagu.

(101

TOKHUHI amnauntypa KniimaTu
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(101.5) ra p= 9—T1c2 6enrm Kkuputnb, i TOK YyuyH (95.3)
hopmyna 6unaH mMoe TywyBuum udogara kenammus. (101.3) ra 6u-
HOaH

mt- —
a0

tpC= tg\

LWyHpah kunnb, 6mu3 sHa (95.1) dopmynara Kenguk.
KoHpeHcaTopgarn g 3apaf Ba UC KyunaHUW  YYyH pe3oHaHC
yacToTa uyihupgarura TeHr [1 Tom, (75.11) dopmynara K.]:

. (101.7)

219-pacmpga Uc Yy4yH pe3oHaHC arpu
ynsntnapu  racsupnaHraH  (q y4yH
AaMm pes3oHaHC 3rpu YH3ukKnapu xygau
WyHAan KypuHuwpa 6ynagu). Ynap
MeXaHWUKaBui TebpaHuwnap YuJyH
OaWHraH pe3oHaHC 3arpuM u4usuknapra
yxwawpgup (I Tom, 189-pacmra K.)
to 0 Ja pe3oHaHC 3arpuM Yu3Mknapu
UmKyy4ynaHuwny ysrapmMac Ky4naHuL
MaHbanra ynaHraH KOHAeHcaTop 3pu-
wagurad U cT—UmM KyynaHuwira WH-
Tnnagn. p= R/2L kaTTaiukK KaH4a
Knumk 6ynca, AbHU KOHTYPHUHT ak-
TUB Kapwuiurn uaH4ya KWYMK Ba
WHOYKTUBAUTM LaH4ya KaTta 6yica,
pesoHaHcha MakCMMyM LWyH4Ya 6a- 219- paem.
NnaHf4 Ba YTKUp yunu 6ynagu.

220- pacmfa TOK Kyyu YYyH pe30HaHC 3rpu 4usuknapu Tac-
BMpnaHraH. by arpu uuM3mknap MexaHuWkaBuii TebpaHuwnapgaru
TEe3IMK YUYYH ONIMHIaH pPe3oHaHC 3rpu 4Yu3uknapra Moc Kenajgu.
TOK Ky4YuMHMHT amnautygacu (H01.6) w/. — 1Um>C= 0 pga makcuman
uninmatra apuwagun.flemak, TOK Ky4nm Y4yH pe30HaHC 4acToTa KOH-
TYPHUHT «0 Xycycuil TebpaHuMw uyactoTacum 6unaH Moc Kenapgu.Pe-
30HAHC arpu umsmknapyu 6GunaH KecuwyBYM /W ynnat¥ Kecma
Y3YHANIN HOAra TEHr, fbHW KyuynaHuw y3rapmMac 6ynraHga KOH-
feHcaTop ynaHraH énuK 3aHXupjaH TOK yTa onmanigu.

CyHuw kam 6ynraHga (32 W) KyunaHUW Y4YyH pe30oHaHc
yactota (101.7) HmM ul ra TeHr aeb apas UMANW MYMKWH:

a( AN L~1TZz 0.

(101.4) ¢popmynara 6uHOAH pe3oHaHC BauTmMga “ocun 6ynraH
J



KOHAeHcaTopAarm KyuyfnaHuw amnauTtygacu Ucmpe HUHT Taw’™u
KyuynaHuw amnnutygacu U ra 6ynrad Hucbaru

UCm pes ! RERIS r\

um

ra TeHr 6ynagu, 6yHpa Q — KOHrypHuHr acnauru [(100.9) dop-
mynara K-1-

KOHTYPHWHT acniury pe3oHaHC 3rpu YU3ULNapPHUHT  YTKUPIKU-
rMHM "~aM xapakTepnaigu. ByHra WWOHY "OCWUN KUAULW MaKcagu-
Ja TOK Ky4u YUYyH Tyfna KYBBATHWUHI SipMUra MOC KenyBYM peso-
HaHC 3rpu 4YnMsmMknap KeHrAUruHu "uncobnanuk. Pe3oHaHC 3arpu
ymsmnap KeHrauMru feraHfa vactoTtanapHuHr [ko ailupmacu Tyly-
Hunagu. by uacToTanap aiupmacu yuyyH 1T pe3oHaHC KWUAMaTHUHT
0.5 kncmuun Tawkun k»nagn (/T 0,7 /Tpe) (221 -paem).

220- paem. 221- paem.

(101.6) thopmynara myBo(ML, TOK Ky4yn aMNAUTYJACUHUHT KBaj-
paTa KyiAupgarura TeHr:
n Um

Pe3oHaHC BaKTUAa /THUHT KuiimaTtun / ape _ pa TeHr. AMnnu-
Tyja kKBagpata /T Kyhugaru

- _-C)‘: *

WapTHM KaHoaTNaHTUPYBYM yacToTanapga 13 pes pesoHaHC Kuiimar-
HUHT 0,5 KUCMUHW TallKUA uunagu.



KaBCHM 04nb, yH4Ya Mypakkab6 O6ynmaraH ysraptupuwnapgaH
CYHI Kyilnparn TeHrnamara Kenamus:
T, nV +1=0.

(M W1k

(100.9) topmynara mysBouk K Pl L_(t:: n5* LLyHUHT

N

YUYH Kyiugaru TeHrnamaHu E€3uwumMu3 MyMKUH:

—=-(2+ -) —+1 =0.
- 1 Q) -r

By TeHrnamaHwu o2up ra HucbataH eyamus:

—<=14- -L » T: rn
2Y2 |/ x(1+i) - lel+" + o [ 1+~/-

KOHTYpHUHI acnaurn Katta 6ynca, Maxpaxuga Q“ o6ynrad
xagnapHu 1 ra HucbataH ~ucobra onmacak “am 6ynagu. Y ”~onpga

@ - EYT(LE 5y,
6yHAaaH

“ .1+ -L

>0 2Q

LWyHaak Kunnb, 4acTOTAHWHT KUAMPWIAETraH Kuimatm Kyiu-
Jarura TeHr:

= u)* (1 _ 20 ) B3 0)2 = w*° (1
By epgaH  —w alimpmaHu 0/M6, pe30HAHC ITPUNNTUHUHT KEHT-
avrm [0 HU Tonamu3. JTPUAMKHUHT — HUCBUIA KEHFIUTU KOHTYp-

HO

HUHT Q acnanurnra reckapun KatTa/llMK 3KaH:

A 101.8
%_-Q ( ')

By cdopmyna akaT Q KaTTa, ibHWM KOHTYypfAa 3pKUH TebpaHuL-
NAapHUHT CYHULWIW Kam 6ynraH 3% YYyHTMHa TYrpu 3KaHJIUTUHK
acnatué ytamus.

bus 6y naparpadga TawKW KydynaHWWw TebpaHMW KOHTYPUHWUHT
aneMeHTNapu 6unaH KeTMma-KeT ynaHraHfa to3ara KeayBuu mMaxoy-
puin TebpaHuwnapHn kapab umkguk (204- a pacmra K.). PaBwaH-
KW, KyuynaHuw wmaH6auHuW TebpaHUW KOHTypura napannen ynab
*aM KOHTypAa Maxbypuii TebpaHuwnap "~0OCUN  KWAUW MYMKWUH
(215 pacmra k) byHpgail ~onpa pe3oHaHc uvactoTa (98.4) dopmy-
nafjaH Tonunagu.
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Pe3oHaHC “ogucacu Mypakka6 KydynaHuwnapjaH Kepaknu Taul-
KUN 3TYBYMHM axpaTub OnuwWw YyuyyH KynnaHunagu. KoHTypra Ge-
puUATaH KyuynaHull Kyiugarura TeHr GYNCUH:

U = Umxos (oit + <) + Unmizos{ut + a2) +

KoHTypHK 0),, 0), Ba “0Ka3o 4acToTanapfaH 6upura cosnab
(abHU WyHApan yn 6unaH KOHTYpHUHT C Ba L napameTpnapuHu TaH-
nab), KoHAeHcaTopfa WYy TalWkKun 3TyBYUMAaH Q MapTa KaTTa Uuid-
MaTnM KyuyfnaHuw onuw MYMKWH, 6y BaKTfa KOAraH TalwKun 3TyB-
ynnapHuHr koHgeHcatopga ){Ocun UuAraH KyunaHWWMW aH4ya Kyu-
cu3 b6ynagu. MacanaH, paguonpuémMHUK Kepakau Y3yHAUKAaru
TyAUMHra co3naHaéTraHfja Xyfgau WyHAak npouecc amanra owagu.

102-§. CyHMac TebpaHuwnap ”~ocun uuauw

CyHMac 3fnekTp TebpaHuwaap ”"ocun UMAWW  YYYH famnanu
reHepatopnap—afeKTpPOH famnanyu asBTOTebpaHWW  cucTemanapu
KynnaHunagu. 222- pacmga WyHAal TeHepaTOPHUHI 3HT cogjga
cxemacu KentupunraH. Te6panuw ?{ocun KUAWHAAUTAH  KOHTYpP
TPUOLHWHI KaToAu 6unaH Typura ynaHraH. AHO[ 3aHXupura KOH-
TYPHUHT L rantarm 6unaH MHAYKTUMB 6ornaHraH 1n rantak ynaH-

"
)
Y %
pr
222- paem. *paem.

raH. BT 6aTtapes famMnaHWHI ULWYM HYUTACUHU XapaKTepucTuka-
HUHT (223- paem) Tyrpum YM3MKAU “UCMUHWUHT ypTacura CUmMKUTULL
YyUYyH Xxu3maT uunagu. KoHTypga TebpaHuw to3ara kenraHga Ut
Typ KyynaHuwu BT 6atapeaHuHr UO KyynaHuWKM Ba KOHAeHcaToOp-
parn Uc = g/C KyuynaHUWNapHUHI Kywunuwngad néopat 6ynagu:

Ut~ U o+ 1. (102.1)

224- pacmpa Wy KYYNaHUWHWHI rpaurn KOHTypgaruw q 3apsag Ba
r= g TOK Kyuyu rpaduknapun 6unaH TasgocnaHraH. Arap Tebpa-
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Huwnap yuya katra 6ynmaca, Ut KyuynaHuw XapaKTepUCTUKAHUHT
TATPU UYM3MKAM KucMmupa konagu. by )(Onga la aHoh TOKM 6unaH
Uj Typ Ky4ynaHuwm opacuga 4msmknu 6ornaHuw ypuHnu 6ynagw:

MU= + SUt,
06y epga S —TyrpuM UYM3UKAU KUCMAA XapaKTEePUCTUKAHWUHT TUKNU-
rm, sibHM 6y KatTanuk ysrapmacaup [(75.2) dopmynara K- KOko-
pngarn gopmynara Uj yuyH onuHrad (102.1) ngogaHu Kyiinb, Ky-
AnparnHn ~OCuUn Kunamms:

K —h 4-SU0+ S = iy3Mc + —¢ (102.2)

LWyHpah knnub, q 3apsg cuHycompan ysrapraHga, La rantak-
JaH TOKHMHI 13Mec y3rapmMac TalWKua 3TyBUMCMAaH Tallkapwu

NBUYH = —<7 y3rapquaH TalWKWA 3TyBYUMCM ~aM yTaau, 6y Taw-

Kun 3Tthm q 3apﬂ,q 6unaH 6up TakTAa ysrapagun (224-r paem).
AHa Wy ysrapyByaH TallkuMn 3TyBYM L rantakfja ysrapyBuaH Y3-
apo MHAYKLMA 3. 10. K. HW to3ara Kentupagu:
di
i 7 102.3
o uy (102.3)

6y epga Lu —L Ba La rantaknapHWHIr y3apo WHAYKTUBIUTU.
Arap La rantakHUHIr yuynapuHu anmawTtupcak (by aca 180" ra

G6ypuw 6GunaH TeHr kKyunuaup), ft HWHT AyHanuwm Kapama-kKap-
LN TOMOHra y3rapagu. 224- o Ba e paemfa La HWHr MKKana ynaHumuw
YCynum yuyyH <?, HWUHT rpaduknapu KypcaTuiraH. PacmgaH Kypu-

HW6 Typnbanku, a) Honga & # KOH-
Typaaru ToK 6unaH ¢asa Oyiinua
MOC Tylaau Ba femak, rantaknap
opacugarn 6ornaHuw eTapnau fa-
paxaja Kyunu 6ynca, CyHMmac
TebpaHuWNapHN TypryHnawTmpuL
MYMKWUH. KOHTypAa 3HEPrusHuHr
Mykonuwmn ba ToK MaH6an “uco-
6ura Tyngupn6 Typunagu. La b
ranrakHu 224-e pacmra MoC pa-
BUWAa YynaHraHga £z KyudjaHuw
i TOKKa HucbaTaH Kapama-Kapwm
(hasaga 6ynagn Ba OYHWMHT HaTu-
Xacupa y KOHTypgaru TebpaHuwira
TYCKUHANK KWNnagw.

leHepaTopfa 6ynmb6 yTaguraH
NpoLeccnapHUHr MOMMATW LWYHAAH
néopaTku, OyHAa TebpaHMW KOH-
TYypuM  NaMnaHWHr  aHof 3aHXWu-
pura, 6y )(am y3 HaBbaTmga KOH-
Typra TabCcup Kypcatagu. Tebpa-
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HUWNap "~oCWN KUAWWHWMHT 6yHAal ycynu Teckapu 6orna-
Huw geimnagu. LlyHra acocaH Za rantakHuM Teckapu 6ornaHuL
rantarn pevunnagu.

Namnanun reHepaTOpHUHT (Ba yMyMaH .“aMma aBTOTebpaHuLL
cucTeManapuHUHI, Wy 6unaH 6up KaTopda MeXaHWKaBUil Teb-
paHuW cucTeManapuHUHI) "aTbUl HasapusacKu Xyja Mypakkabgup,
YYHKM Oy Haszapua uusnuam  6ynmaraH gugdepeHuman TeHr-
namanap 6wunaH uMw  Kypuwra onmb kenagu. YusMkKnumacimk—
aBToTe6paHMW CcuUCTeManapuUHUHT y3lWla XO0C XapakTepnum  Xoc-
cacmaup.



XVIlI B0OB
OQNEKTPOMAITHWUT MAI7I£I,OH

103-8. YiopmaBuii 3neKTp MaifoHW

JNeKTpOMAarHUT UHAYKUUAHUHT TOK WHAYKUMANAHA8TraH KOHTYp
uysranmac, MHAYKUMA MarHUT OLMMWHUWHI y3rapuwm 3ca MarHut
MaiAOHUHWHT y3rapulln HaTwkacuga to3ara KenaguraH “onunHu
uapab umkamnmk. WHOYKUMOH TOKHWUHI *OCWN 6ynuwu LWyHAAH
panonat 6Gepagnku, 6yHAAa MarHUT MaWfOHWHWHI Y3rapuwun KOH-
TypAa TOK TalWyBumiapra TabCUP KUAYBUM TallKW Ky4d/napHuM t03a-
ra Kentmpagu. by TalWlku Kyuynap KOHTypha pyin 6epaguraH Xumus-
BMIA nmpoueccnapra “am, UCCUKAWK npoueccnapura “am 60rnuk amac.
WyHuHrgek, ynap JlopeHy Kydnapu *am Oynuwm MyMKWH 3mac,
YYHKU JlopeHLU Kyuynapu 3apsgnap yctuga uw 6axapmangun. Ly-
HUHT YYYH WHOYKLMWOH TOK KOHTypAa “ocun OynyBYu 3neKkTp Maii-
LOHUTa BOrNMK fAeraH xynoca YMKapuw MyMKWUH. 3eKTp MaifoHu-
HUHT  Ky4YnaHraHnuruHu Ebopkanu 6enrunannmkl).

(32.2) (opmynara acocaH WHAYKUMA 3.10.K. EB BEKTOPHUHT
KOHTYp 6yiiMuya LWUpKynsuuacura TeHraup:

«£,— <8fw* dlI. (103.1)
(56.3) thopmynara myBOGUK

003'2»
5
6y epha uHTerpan KOHTyp ypab rypraH -b uxtuépuin cupTt 6yiimya
onnHagn. KoHTyp KY3panmac 6ynraHu cababnu, BakT 6yinya gud-
thepeHumannaw 6enrucu 6GunaH cupT Oyiimya uHTerpannaw 6Gen-
TMNAPUHUHT  YPUHAAPUHU  anMawTupuwl  MYMKUWH:

| B, ai>
dl

3 s %

) by 6enru 6paamum 6Genru 6°nn6, y KeiimHuanuk uYnnawunaguran E? 6Gen-
rra teur kyunugup. KeiinHuanuk ti Ba  HHAeKCnapHuW é3maimus.
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B BekTOp BauTra KkaHjal 6ornmk 6ynca, KoopamHaTara “am
wyHaan 6ornukamp. (103.3) TeHrnamaHWHT YHT KUCMWU  CUPTHUHT
Ky3raamac HykTacura Teruwnu B HUHr BakT bylinya “ocunacu
4e6 TywyHunagu. LWyHWHr y4yyH umHTerpan octuparu udogaga
BaKT OyinMya Xycycuidi Kocuna CMMBOMAWU KYNANaHWUAraH.

(103.3) Hn (103.2) dopmynara KYnnab, § , ydyyH ésunrad
(103.1) Ba (103.2) HM 6up-6bupura TeHrnacak, LyWWAArnHU ona-
MK3:

\'Es,.lal = - ds. (103.4)

S

MakcBenn BakKT yTuwWwKM 6unaH y3rapyB4um MarHUT MaingoHu
(hasofa yTKasyBYaH KOHTyp 6opmu &€ WyKmM, OYHAAH KaTby Ha-
3ap, wy Masoga eg MaWgoOHHWM to3ara KenTupagu ge6 dapas Kkun-
raH 3. KOHTYpHUHT 6ynuwn, YyHAAa WHAYKUMOH TOKHUHI t03a-
ra kenuwwura kapab, (asoHUHI WYy HyKTanapuga 371eKTp MaigoHu
6opANrnHN GunuwrarmHa WUMKoOH 6Gepagwu.

[emak, MakcBenn mngesicura Kypa BakT yTuwM 6unaH y3rapys-
Yn MarHUT MalfoHU 3NeKTp MaNWAOHWHW t03ara Kentupap  3KaH.
By EB wMmallgoH Kysranmac 3apsffnap to3ara KentupaguraH Eq
3NeKTpOCTaTMK MailgoHfaH MyTnako (apk “mnagu. INeKTpocTaTuk
MalifloH MOTeHUMaNAup, YHUHT Ky4YflaHTaHJAUK Yn3uKnapu 3apsijjaH
uynkub, 3apsara Kupagu. BEKTOPHUHI UCTanraH KOHTyp 6yiun-
ya umpkynauyuacu Honra TteHr 1(9.2) ¢opmynara K-

i)Eqldl = 0. (103.5)

(103.4) opmynara myBOGMK EB BEKTOPHUHI LUPKYNALUACK
HongaH Gapkangup. Odemak, EB MaigoH MarHUT MaijoHW Kabu
ylopMmaBuii MaifoHAUP.EB MalifOHHUHT KyunaHTaHIuK 4Yu3uknapu
6epk 6ynagw.

WyHpah knnub, anekTp MaigoHum noTeHuman "am (E?), ywop-
maBuii  “am (EB)BynuwnM MYMKWH 3KaH. YMyMWid ~onpa anekTp
MaingoHu 3apagnap ~ocun  KuaraH  E? maigoH 6unaH MarHut
MalilOHUHWUHT BakT 6yiuya ysrapuwwugaH Z0cun 6ynraH Ep mali-
LOHNnap nurmHagncmpgaH mbopat 6ynmwn mymkuH. (103.5) Ba (103.4)
ndofanapHn Kywmo6, ANTMHAN MaJOHHUHT Ky4naHraHaurum E = E ?--
EB yuyyH Kylhngarm MyHocabaTHM o0namus:

j>Etdl = - ds. (103.6)

TeHrnamMaHWHr Yan TOMOHMAAru WHTerpan MUXTUEpuii 6epK KOH-
Typ 6yiiMya onMHaAW, YHT TOMOHMZAArn MHTErpan aca LWy KOHTYp

ypab TypraH uxtuépuin cupT 6yilmua ONUHaAMW.
(103.61 ncoga MakcBenn 3neKTPOMarHUT Ha3apUACUHUHI aco-

cCuii TemrnamanapugaH 6upu “~mncobnaHagw.



104- §. beTaTpoH

YiopMaBuil 31eKTPp MaifoHMAAH 3/1eKTPOHNapHUHT 6eTaTpoOH
pe6 aTanyBuMm WMHAYKUMOH Te3natruympa oiganaHunagum. by
ac6o6 Maxcyc lWaKngarn 3neKTPOMarHuWT KyT6napu opacura >Xoii-
nawTupuaraH muyugaH "“aBocu cypub OnMHraH Topompan' Kamepa-
faH Ty3unaraH (225- paem). 3neKTpOMarHuWT 4yynramura 4vacrtoTacu
100 ry artpoupa 6ynraH ysrapyBuyaH TOK 6Gepunagn. byHpa
Aocun  6ynraH ysrapyByaH MarHUT MalfoHW WKKU (QYHKLWUAHU
f6axapagu: OWPUHYUMAAH, 31EKTPOHMApHU Te3naTyBUYM YHOpMaBuii
3NeKTp MailgoHum “ocun uunagm Ba

WKKWHYN[AH, 3/IEKTPOHMapHM Kamepa 11| M 4111111
yuu 6unaH MocC TywyBunM opbuTaga JIE MOWH.
TyTM6 Typagu” /| _Ay- r\\
JNeKTPOHNapHN y3rapmac pagu- j hffj fB
yenn opébutaga TyTM6 Typuw YYyH "meglLly J
3NeKTpoHnap Te3aurum optraH capu V f 74/
MaliJOHHUHT  MarHUT WHAYKUUACUHWN [[IT]]]i ill MHI
opTTupn6  6opuw  3apyp [(64.2)
thopmynara MyBO(MK opbuTa paguycum 225-paem.

v B ra nponopuuoHangup]. LWy ca-

6a6/1H, Te3NaHULW YYyH TOKHUWHI (pauat 2- Ba 4- yopak gaBpnapujaH
oiganaHMw MYMKWH, YyHKW Oy AaBpnapHWMHT 6owunpga MarHuT
yynrammuga TOK Honra TeHr 6ynagu. LlyHpaid umnub, 6etaTpoH
UMOyNbenn pexumpa uwnap akaH. mnynbc 6owwnga Kamepara
31eKTPOH MyLWKajaH 31eKTpoHNap oMU Kupurunagu, 6y anek-
TPOHNAPHM YHOpMaBWiA 3N1eKTp MailgoHu Kampab onagum Ba ynap
fovpaBnii opbuta 6yiinab optub 6GopyBuM Te3nMK 6GunaH “apa-
KaTnaHa 6ownaign. MarHuT MafoHWHWMHT ycuw BakTum (~ 10-8
CeK) Ja 3NeKTpOoHNap MWANMOH MapTara AuuH aiinaHué ynryprad
Ba 6up Heya 03 Mae ra S"uH aHeprusara apuwraH 6ynagu. byH-
fan aHeprusga 3NeKTPOHHWMHI Maccacu TUHY “onaTgarM maccacu-
[aH 103 MapTaya kKaTta Oynagu, Te3nuru 3sca EpYyrAMKHUHT Oylu-
AVKJarn Te3NUru c ra Aesapnu TeHr 6ynagu.

Te3naTunyByYM 3NeKTPoOH y3rapmac r0 paguycnu opbuta 6yii-
nab “apakaTnaHulwM y4yyH opbuTagary Ba YHWHT uumngaru Maii-
OOHHUHT MarHuUT MHAYKUuAnapu opacupa kKyinmpa 6m3 Kentmpagu-
raH cogfga MyHocabaT OGaXapuauwm no3MM. YwpmaBuit MaikfoH
31eKTpPOH “apakaTnaHaéTraH opb6uTara yTKasuwaraH ypuHma 6yii-
na6b WyHanraH. [iemak, E BeKTOpPHWHIr wy opb6buta 6yinab uup-
KYNAUHACUHU 2TmM B KypuHUWMAA TacaBBYp KUAULW MYyMKUH. Ly
6unaH 6upra (103.1) Ba (103.2) ¢opmynanapra acocaH E BekTop-

HUHT LUPpKynaumsacu @ ra TeHr, 6yHga ,—“ uwopa E BekTop-

HUHI AYHanUWWHKU KypcaTtagu. BU3HM auat MailfoH KyunaHraH-
AUTUHWHT KaTTanuru KU3UKTUPAAW, WIYHWHT Y4YyH Kenrycuga ,,—*“
viwopaHn Tawnab to6opamm3. Lnpkynauma yyyH E3mnraH WKKBAa
npogaHn 6up-6mupura TeHrnab, KyinmpgarnHu ToMamuma:
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JNeKTPOHHUHT “apakaT TeHrnamacu Kyingaruya €é3unagu:

d(mv) prp€ = L& 7P
dt 20w dt'

(104.1)

(104.2)

(arap 3M1eKTPOH MAacCaCUHWUHI YHUHT blapKa3ra WHTUAMA Te3NnaHUuLun-
ra 6ynraH KkynaiTmacuHu JIOpeHL Kyuura TeHrnacak, OXUpru
TeHrnamaHw onamu3; Bop6 — op6uTagarm ManfoOHHUHT MarHWT WH-
aykuwnacm |

Ba”T caHormHum v Ba @ nap Honra TeHr nakTgaH 6ownab
oncak Ba (104.1) TeHrnamaHum O fgaH / raya WHTerpannacak. Kyiu-
JarvHn onamus:

MarHut malijoHn op6uTa Tekucnaurura nepneHamkynapgup. LWy-
HUHT yuyyH ® = T:r025 pe6 oncak 6ynagm, 6yHaa B — opbuta to3u-
faH  YTYBYM MarHuWT WHAYKUWAHWHT $'pTaya kuiimatn. Y "ongs

my —EO0H!
2

Oxupru onuHraH myHocabatHm (104.2) 6unaH Takkocnab, wus-
naHaéTraH WapTHW Tomamus:

WyHpalii  kunu6, 3nekTpoH powmmo r0 paguycnu opbuta 6yii-
na6 “apakaTnaHuWwuW Y4yyH opbuTagaru MarHuT MHAYKUMS opbuTa
nymgarn MarHuT UHAYKUMA ypTaya KUAMATUHUHT APMUHWN TallKuUn
Kunuwmn kepak. ByHra KyT6 yuynapuHu KecukK KOHYC K DMHWWMKAA
Tainépnab spuwwnnagmn (225-pacmra K-)-

ONeKTPOHHUHT opbuTaja TYppyH "apakaTnaHWluM yYyH 371eKTPOH
Tacoguduii pagman oruwpgapra yuparaHga yHu fsHa r0 pagumycnm
op6buTara KaTapyBuMm Ky4 to3ara Kenuwwu 3apyp. BYHWHT yuyH

MarHuT WHAYKuMs opbuta goupacupga
f I HUHT opTuwwu 6unaH \/r ra KaparaH-
fa CEeKUHPOK Kamaimb 6opaguraH 6ynu-

WwKn Kepak (226- paem). Mapkasra WH-

Tunma Te3naHuw 1/r KOHYH 6yiinua

Kamaiiné 6opagu. [demak, 31eKTpPOH

r,<r0 paguycnm opbutara yTtraHga J1o-

peHL Kyynapu 3fleKTpOoHra 3apyp b6ynraH
7 Mapkasra MHTuMAMa Te3naHuw 6Gepuw

yUyH eTapnu 6ynmaigu, HaTuxaga y

22b paem. mMapkasfaH y3oknawwb aHa 10 pagw-



yenn opbutara Kantagn. OnekKTpoH r2>r0 paguycnu opbuTarr
ATraHga JlopeHU Kyyu bI/r2 TesnaHuw 6epuil y4yH 3apyp 6ynrad
KuiimaTgaH kaTTa 6ynagv, HaTwkaja 3/1eKTPOH Y3MHUHE TYpPryH
r0 paguycnu opébutacura Kkaintagw.

MarumT maigoHm ,,604ukacMmoH™ BynraHfja 3NeKTPOH YyKKa

HucbaTaH TypryH oynagm (225- paemra K-)- JlopeHUy Kyuu B uH-
OYKUMA 4yusnnapura neprneHfnKynapamp.
[Jemak, 3neKTpoH opbuTa TeKucnurujat
orraHfa (8bHWM YK WyHanuwmupga), YHWHT
opbutacMHn aBBanrM TeKUC/IMKKa KaliTa-
pyBUYM TalIKWN 3TYBYM KyY lo3ara Kenagu,
6yHU 227-pacMpaH SKKOM Kypuwl MyM-
KWH.

Fe3naHU ONUWHWUHT OXUPTU LUKINLa
Tes3naTuaraH 3NeKTPOHMapHW cTauuoHap
opbuTajaH OrauvpyBYM Ba ynapHu Kamepa 227-paewm,
nynpa HKoMnawraH Maxcyc HULWOHra Wy-

HanTUpyBYM KylWwKWM4ya MarHuUT MailgoHu ynaHagu. OnekTpoHnap'
HULWOHIa ypunray, KaTTUK 9neKTpomarHuT Hypnap (e['-Hypnap,
PEHTreH Hypnapu) uukapagu.

BeTtaTpoHnap acocaH AApoBWI Tekwupuwnapga KynnaHagu. 50
M 3e rava sHeprusara ara 6ynraH yH4ya kKaTtta 6ynmaraH Te3nart-
rmynapfaH caHoaTda KaTTUK PeHTreH Hypnap MaHbaum cudatuga
Maccue 6ytomnap fedekTockonuacuga donganaHunagn.

105-8. Cunxuw TOKHU

103- § ga aneKTpoMarHuUT UMHAYKUMA ~ofucacupaH, asofa ys3-
rapyB4m MarHuT MaWfoOHWHWUHT Oynuwn YypMaBu 31eKTp Malii-
OOHWHW t03ara Kentupagn feraH xynoca YUKWLWIW aHWKNaHraH 3.
MakKCBeN/THUHT  acocuii  rosicM LWYyHAAH nbopaTku, y 31eKkTp Ba
MarHuT MafoHW opacupa Teckapu myHocabaT >aMm MaBXypn 6ynu-
WK, ABHW 3INIEKTP MaWJOHUHUHT Bakr yTuwmn 6unaH ysrapuiin
MarHuT MaWfoOHWHMW t03ara KenTupuwu nos3um gengun. by ros xypa
camapanu YUKAW. MaKCBeN/THUHI LWy roA acocumpa uwnab ympkaH
31eKTPOMArHMT MaigoH Hasapmsacu axoWmb aIKcrnepumeHTan Tac-
nnafa casosop 6yngwu.

MakcBenn y3rapyBuu 3/1eKTp MalfjoHM 6unaH tosara KesnyBum
MarHuT MaigoHu opacmparn Muagopuii  MyHocabaTHM aHWKnall
YUYYH CUAXWMW ToKW pfeb artanyBum  KaTTaIMKHU  KUPUTAMN.
KoHfeHcaTopfaH Ty3swnraH KeasucTauuoHap YyBrapyBdaH TOK 3aH-
XUpUHN Kapab uuNaiinuk (228-paem). IpKUH 3apsaf Tawysuunap
NapakKaTu, fAAbHU YTKa3yBYaH/IWK TOKW, KOHAEHcaTop Konnaamanapwu
opacugaru opanuvkjaH Tawuapy 3aHXWPHUHI  ~amMma KucMmuga
MaBXyaanp. [emMak, YTKasyBUYaHNUK TOKWUHUHI YMU3UKNApPU KOH-
feHcaTop Konnamanapwu 4erapacufja ysunuwra sra 6ynagu. JlekuH
WyHra kKapaman, konnamanap opacugarn Gasoga y3rapyBuyaH
3NeKTp MahfoHn maBxXypd 6ynu6, yHu D cumkuw 6unaH xapakTep-
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naw MYMKWUH. MakcBenn yTKadyBYaHAMK TOKWUHWUHI 4u3nuniapu
Konnamanap uyerapacuja CU/MDKUW TOKWMHWUHIL) ymsanknapura y3snyk-
Cn3 paBuwpa aknaHagn [fe6 apas KuATaH.

TOK KYYMHWUHI OHWIA KuiAimath i = q ra TeHr. Konnamanap
cupTura 6esocuTa SKUH Xolnapaarn yTKasyBYaHAUK TOKUHWHT
3NYNUTn

ngopa opkanu aHuknaHagu, 6y epfa S — KOMJaMaHWHT HO3M,
g —yHfparv TaucumnaHraH 3apsag, 0 —CUPTUIA 3apsif 3UYNUrK.

"

22H paem 229- paem

CUMKNLW TOKUHUHT 4YM3UKAApU YTKasyBYaHAWK TOKUHWHI Yu-
3uKnapu Kabu KywnmkKka ara Oynum y4yH CUDKUW  TOKWUHUHT
Jvn 3nunnrn sf{am a ra TeHr 6ynuwun kepak. /@A HM Konnamanap
opanuruparv 3feKTp MalAOHWHWHT MmapameTpfiapyu opkanu udopga-
nanmns. (16.19) Ba (8.6) copmynanapra MyBO(GMK Konnamanap
opanurngarn anektp cumxkuw D = e0£0= « ra TeHr, 6yHfjaH
3*=D.

WyHpah knnuo,

/lcnun-0 (105.1)
fe6 (hapas KuUauw MYyMKWH.

229- paempaa jy™ BEKTOPHMHI WyHanuwu, p[emak, jc* BeKTop-
HUHT AyHanuwun ~am D BEeKTOPHWHI MAyHanuwu 6unaH MoC Ty-
WUWANTU  TYWYHTMpUAraH. 3apagnap uvwopacu Ba i TOKHUHT
MyHanuwun 229- a paemga KypcatunraHnek 6ynca, jyTK BekTop
yangaH yHrra iyHanraH 6ynagu. LWyHuHrgek, D BekTOop "am
yangaH YHrra JiyHanraH Ba KaTTaaunr  Xu™atugaH  opTub

6opaaun. femak, D BekTop opTTtupmacu, sibHu D BekTop 3{am jfIK

*) MakcBenn 3amMoHuWfa 3NeKTp MafoHW AYHEBUI 3dup aeb atanyBym runo-
TeTUKINAaCTUK My~ UTAaaru MexaHWK TapaHrnauuwnap cab6abnu io3ara Kenagu
fe6 ~npobnaHap 3au. AHa WYy TapaHrnaHuwnap agup 3appanapuHu MyBO3aHaT
BasmimpaH cumxuta-™M feb dapas KuNWHraH 3au.
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BEKTOPHUHT MAyHanuwun 6yinya WyHanagu. Tok WyHanuwm 229-6'
paempga KypcaTunraHfek 6ynca, D BeKTOp KaTTanuru >XuuaTmpaaH
Kamaiinb 6opagu. femak, D BeKTOp YyHrgaH uanra IUyHanraH,
AbHM fiHa jYTK BeKTOp MyHanuwm 6yinda MyHanraH 6ynagn. AHa
WwyHra acocaH (105.1) ngopaHn BEKTOp KypuHuwpa E3vw  MyM-

KWUH:
jo™ = D. (105.2)

MaKCBEeN CUMKWUW TOKUHWUHT  3UYAUTUHW aHWUKNOBYM (105.2)
thopmynaHu ucTanraH Typgarul) anekTp MalijoHWra, WYHUHTLEK,
ylopmaBuii maligoHra 3{am TaTtbuk 3TAW. MakcBenn yTKasyBYaH-
NVMK TOKMra xoc GynraH 6Gapya (M3MKaBWiA XoccanapfaH CUIKULL
TokMra ayat GUTTACUHM —aTpod My~ MTAa MArHWUT MaikgoH 3™ocun
Kunmw xoccacMHn Kywau. MakcBenn ¢uKpura Kypa MarHuUT Mai-
JOoHUHKM }{ucobnawpga opmynara TOKHUHE Tyfna 3WUYAUTUHU, SAbHU
YTKa3yBUYaHAUK TOKW 3UUAUTW  GUNAH CUMKUL TOKU 3UYNUKIapu
ANTMHAUCUAAH nbopaT GynraH 3MYIUTUHU KyWWLW Kepak:

~yna = jifTK *f* Jewn ~ jyTK+ D. (105.3f

XycycaH, H BEKTOPHWHI UXTUEPWIA KOHTYp 6ylinya uupKyns-
umsacu [(44.7) dopmynara K-]

i* Otyn),,dS—1J (jyIK+ D)nd5 (105.4Vv
S S
ra TeHr 6ynumwun Kepak.
(105.4) TeHrnama MaKCBEeNN Ha3apUACUHUHT WKKWUHYM acocui
TeHrnamacuamp.
(105.2) thopmynara MyBOMMK CU/DKULW TOKW y3rapyB4uul 31eKTp

margoHn 6ynraH Hamma >xoiga MaBXypn 6ynagu. [emak, y y3-
rapyByM 31eKTp TOKM YyTaéTraH yTKasrmy wuumga )(@av maBXxyg.
Bupok yTkasrmy wuumga /om opgatpa /yik ra HucbataH ~umcobra
onmaca “am 6ynaguraH papaxafa Kuuumk bynagw.

laycc cuctemacumpa CuMKMW TOKW Kyidupgaru wgoga 6GunaH aHUKNAHagw

Jehj - D. (105.5)

106-8. 2neKTpoMarHuMT ManjoH

MakcBenn rosfapura Kypa ysrapyByaH MarHuT maigoHu 3{ap
JOUM y3M  ~OCWN, KUAraH 37eKTp MaifoHu 6unaH 60ramk, ys3
HaB6aTWga y3rapyBuaH 3/1eKTp MalgoHM "aM [JOMMO y3u "ocun
KunraH MarHUT MaigoH 6unaH 6ornuvkaup. WyHpan kunmb, anekTp

b by uonga D ypHuga _zFl- HA TYWYHWW Kepak. 4YyHkun D da”aT Bayrtraru-
Ha 3mac, 6ankum kooppuHatanapra \am 60rnuK GynMwun MyMKWH-
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*Ba MarHWT MaijoHW y3apo Y3BMIA 6GornaHraH —ynap 6upranukpa
31eKTPOMarHuT MaigoH )(ocun Kunagw.

JHWTeNH MaliKeNbCOHHWHT (DyHAaMeHTan Taxpuba HaTuxa-
napuHul) Ba 6owkKa TaxpubaBuin ganunnapHu aHanns uunub, me-
xaHukaBuit 3{ogucanap yuyyH Fanuneit aHnknaraH HUCOGWMIANMK MPUH-
umn» *amma (pu3ukaBuii “ofucanapra TaTbUK KUIMHWLWIK Kepak
JeraH xynocara Kengu. OWHWTENWH TabpudnaraH HUCOMUAN UK
npuHumnura MyBOPMK X,aMma Gu3Mkasuin %ogucanap,
WYHWHIOeK, 3feKTpoMarHuT %oguca LOHyHNapu 6apka WHep-
uuman caHouy cucTemanapga 6up Xmn KypuHuwra asra (SbHu 6up
XWUN TeHrnamanap opkanu udoganaHagn).

Hucbuiinuk npuHuMnugaH 31eKTP Ba MarHUT MaikfoHNapuHK
ano?{mpa Kapaw akaT HMUCOWIA MabHOrarmHa ara 3KaH feraH Xy-
nocara Kenamus. XakukaTaH, 37eKTpOCTaTWK MalgoH Ky3sraamac
3apagnap cuctemMacum TOMOHMAaH “ocun KunuHagu. bupok, 3apsag-
nap 6upop uWHepuuan CaHOK cucTemacura HucbaTaH Ky3sranmac
6ynca ”am, 6olKa WHepuman CaHOK cucTemacura HucbaTaH *a-
pakaTgagup, AeMak, ynap ¢akaT 31eKTp MaifoHM *0cun Kunmb-
rMHa Ko/nmacgaH, 6anku MarHuT MaigoHu “"am  *ocun  Kunagu
(MapakarnaHyBuYM 3apaj TOKKa 3KBMUBANeHTAMpP). Y3rapmac TOK
yTaéTraH Kysraamac yTka3rumy ¢asoHuHr “~ap 6up HyKTacuga ys-
rapMac MarHuUT MalfoHWHW t03ara Kentupagu. JleKuH 6y yTKasruy
60oWKa wMHepuman caHOK cucTtemanapura HucbataH “apakatga 6y-
nagn. WyHuHr yuyH Hap 6up X, y, z KoopguHaTanu HykTanapga
y ~OCuN KUAraH MarHWT MaijoHu y3rapagu, [eMaK, YHpMaBui
3NeKTp MahgoHwm ByxypAra kenagu. LWyHpgaid knnmb, 6upop caHoK
cuctemacura HucbataH ,T03a“ 3/IeKTP MaligoHM EKU AT03a“ Mar-
HAT MaigoHn 6ynmb ”~mucobnaHraH malijoH 6o0WKa CaHOK CUCTe-
Macura HucbataH 3/eKTp Ba MarHUT MaljoHnap WMruHamcupak
yb6opat 6”nap a3kaH.

107- §. BekTop MalifjoHNnap xoccanapuHu rascudnaLl

Bupop cupthaH Jh-yBUM BEKTOP OKUMU Ba BEKTOPHUHI 6epun-
raH KOHTyp 6yihinya uupkynauyuacura kapab BeKTOp MaWAOHHUHT
XapakTepu ”“akuga (QUKp PUTULL MYMKWUH. Bupok 6y KaTTanuk-
nap yerapanaHraH "“aXMpaaru—okKuM yTaéTraH CuUpPT EKW KOHTYp-
HUHT LUPKYNAUMACKM ONWHaETraH co”ajarm MaWfOHHWHI ypTada
XapakTepucTukacuHu 6epagun. CUPTHUHT EKN KOHTYPHUHT ynuyamna-
pUHN KuupaliTupa 60pub (ynapHu HykTara WHTUNTAPKUOG), GepunraH
HyKTafjja BEKTOp MalfjloHHW XapaKTepnoBuYuM KaTTaJIMKAapHM OnuW
MYMKUH. By KaTTanuknapHu KUPUTULI Y4YyH 6M3 OKUM Ba LMPKY-
AAUMA TYWYHYMIAPUHUHT MabHOCUHM SiHAfA YYKYPPOK TYLIYHMO
ONIMWNMU3 JIO3HM.

Busra cukunmaihguraH y3nyKCU3 OKyBYaH CYHOKIWK Teanuk
BEKTOPUHUHT MaligoHu 6GepunraH 6yncuH. Bus wunamusku, 6upop

'y By Taxpuba onTukaga 6aéH KunuHagw.



CUPTAAH YTYBUYM TE€31MK BEKropuM Ob;UMWM LY CUPTAAH OGUPAKK
BakT umumja OKM6 yTraH CYHKIUK "aXMuHu 6epagu. P HykTa at-
podunaga 6epk S cupT onamus (230- paem). Arap wy cupT 6unab
yerapanaHraH V “axmpa CyWKIUK “ocun 6ynmaca Ba Kykonmaca,
y )XOnga cupThaH Talwkapura YMKYBYM OKUM HOAra TeHr 6ynuiun
paBwaH OKWMHWHI HOAJaH (apknu Oynuwm cupt mymga maHb6a
6OPANTUHN EKN CYOKINKHUHT OKNO KeTUwmn
(vepo 6ynuMwW) MaBXYLAUTWUHU, SABHW WY
*KMIA  CYIOKIUK KupaguraH HykTanap
(maH6anap) éku wy *axmparum CYHKIUK
YMKNG KeTaguraH HykTtanap (OKM6 KeTuL)
6opnurmHu  6ungupagn. OKMM  KaTTanuru
OKM6 Kerunwl) Ba MaHBaHWHI anrebpamnk
ANTMHAN KyBBaTUHW 6Genrunaingm. MaHba-
nap  KyBBaTW OKMO KeTuw KyBBaTuAaH

toKopu Bynca, OKMM KaTTanuru mycbat, okub /30 mM.M
KeTWUW KyBBaTW HOKOpUM OGynca—MaH(ui
6ynagw.

CYHOKNNK OKUMU dCytod HUHT WY OKMM 4uKaétraH ){axm Kkat-
Tanurura HWCGaTUHU, SBHW

(t07.1)

npofaHn maH6anapHuHr V “~axmparu ypravya COAMWITMPMa KyB
BaTU fAeb6 aTalmu3. P HykTaHM y3 wuumra onraH V "axm KaHua
KMumk 6ynca, 6y ypraya Kartanamk "akuMkKuii cOnMIrMpma KyBBaT
KuiiMaTura wyHuya fIKUH 6ynagu. V HOAra WHTUATaHZarun nUMWT-
fa, AabHM V. "axMHM P HykTara TopTtuaraHga (107.1) wudoaa
MaH6anapHUHr P HyKTajarum “akukwii cOnuWTUMpPMa KyBBaTUHW Ge-
pagn Ba YHW V BEKTOPHWHT guBepreHumsaen (Ekm Ta pKa-
nn wwn) geunnagn (div v opkanu 6enrunaHagu). LWyHpaih Knnuo,
Tabpudra Kypa

div v = lim
v

NXTNEPU A A BEKTOPHUHI AMWBEPreHUMACUHM ~aM WyHra yxwaul
aHUKNnaw MYyMKWH:

divA= lim— = lim — (f).A_dS. (107.2)
~p p Vv

\Y v*

MuTterpannaw V “aXMHW yparaH uxTtunépuin 6epk 5 cupt 6ylinuya
onnMHagu. 5 Honra wuHtTMAraHga V —*P ytuw cogup 6ynaértraHu
cababnu (107.2)’ndpoaa cupT wWwaknura 60rnuK Gynmangn.

') MaH6aHMHT (OKMG KEeTUWHWHI) KyBBaTu geraHga OMpNuWK BakT uympa ax-
panué 4ukkau (IOTUATAH) CYOKAUK X,aKMU TylwyHunagn OKn6 KeTUWHU MaH-
huii KyBBaTNM MaH6Ga Aeb6 Kapaw MYMKWH.
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OusepreHumns 6GepunraH HykTa aTpoduga A (P) BeKTOp (hyHK-
LWAHWHT Tabuatu KaHgal o6ynuwnra, abHU A BeKTOp (EKWM YHUHT
AX, Ay, Ar KOMNOHeHTanapu) (asoHUHT 6Mp HyKTacufaH UKKUHUK
HyKTacura yTraHga Yy3rapuil XapakTepUHWHT KaHgaln 6ynuwura
uapab aHWKNAHWWUWHW TYWYHWO ONUII KWWAWMH 3Mac.

(107.2) ndogagaH AuBepreHuus asofarn HykTanapHUHr "o-
natnapuHu aHWKNOBYM KOOPAUHATANAPHUHI cKansp (QYHKUMACK
(EKM KMCKaya HYKTAHUHT (PYHKUMACKM) 3KAHAUTKM Mabiym 6yngu.

(107.2) ndopa KoopguHaTanap cuc-
TEMACUHUHT TaHnaHuwwura 60rnnk
6ynmaraH  3Hr ymymunin ungopa
3n*obnaHagm.
OusepreHunsa wudogacuHn fe-
KapT KoopguHaTanap cucremacupa
Tonalinuk. BYHWUHr yuyyH P (X, v,
) HyKTa artpoguga Kuppanapu
KoopAuHaTanap Yyknapura napan-
nen 6ynraH napannenenunep Lwak-
nmgarn  KUYMK - MaxXMHU - Kypub
ynkamuns(231-paem) [scnarmb yTta-
mu3: (107.2) wngopgagarn wuHTerpan
UXTUEPUIA Wakngarn cupT 6ylinya
231- paem. ONVHULIM  MYMKUH].  Xaxm Xyan
KM4YnkK 6ynraHm cababnu [(107.2)
ra Kypa 6u3 yHu Honra umHTuUnTMpamuns] At, Ay, AT NTApPHWHT KWi-
MaTu napannenenunefs ontu éruHuHr j{ap 6upuga ysrapmaingu
fe6 “mcobnaw MyMKWH. ByTyH 6epK cupT opKanu YTYBUM OKUM
ONruTa EKHWHr ~ap 6upu opkanu yTtaéTraH ano”mpa okumnap Ky-
wunuwngad ~ocun 6ynagu.

X YKWra nepneHaukynsap >konawraH 6up Xy®dT éknap opka-
AN YTYBYM OKUMHM Tonamu3 (231-pacmpa 6y EkNapHU KMAUK 4u-
3uKnap 6wunaH wTpuxnaHraH Ba / “ampa 2 coHnap 6unaH 6en-
rMnaHraH). 2 ékka TylwupuaraH n2 TaWkyu HOpManb X YKKU Myna-
nMwun  6unaH Moc Tywagu. Jemak, AmM—Ai2 Ba 2 €K opKanu
yTyBUM okum AX2AyAr ra TeHr (2 uHAeKc AX HUHT KuiimaTtu
2 8K >KoWnawraH >oifa ONWHTaH 3KaHAUTMHW KypcaTagu). 1 ék*
Ka YTKasunraH n, HOpManb Ji yKWra Kapama-kapwwu WHyHanraH.
LUYHWHT y4YyH BEKTOPHWHI X yKura Ba 1, ra TywupuaraH npo-
ekumManapn  Kapama-kapwu  wuwopara ara. WyHpalh  knaub,
A= —1rl, 1 ék opkKann yTyBYM OKum 3ca —/1,, AyAr ra
TeHr (1 MHAEKC AX HUWHT KuiAimMaTu 1 €K >KoWnawraH >Xohnga onu-
HUWWHK KypcaTagm). 1 Ba2 éknapfaH yTyBYM OKUMAAp AUTMHAW-
CU Kyihmparn wngopafaH aHukKnaHagwu:

(Ax2- A xi) Oy \r. (107.3)

AX2 — AXL aiimpma AX HUHI X YKW 6yiinya AX cumxuraHga on-
raH opTTupMacy, bx Xyja KW4yuMK OynraHum yuyyH 6y opTTuUp-
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MaHM OA AX KypuHuwpga é3umw  MyMKuH. Y *onga (107.3)
X

npoaa
idA.v Ay la = ~ - Y

KypUHuWra ~tagu.
WyHra yxwaw myX/[asza oputub, y Ba r Yknapura nepneH-

aukynap 6ynraH 6up )Kydgrt é*nap opkanu yTyBYM OKMMAaAp YYyH

6Ai_ﬂ,v Ba ay
y dz

Nnhojan3pHN 0NN MYMKWH.
Odemak, O0yTyH 6epk cupT Oyiimya yTraH OKUM Kylhngaru wugo-

[Ja opKanu aHuKnaHagu:

j BAX dAz
@ -1 x t ody * 't &V.
by wungogaHn O V ra to6opcak, A BeKTOpHUHT P (X, y, 2>
HYKTagarn aguvsepreHuunacuHu TOMaMU3!:
. 0AA AAY BA,
div A X + W g (107.4)
Ba A, napHm jfap 6up €k
yarapacuga ysrapmac katTanuknap pge6 ga- 1
pa3 kunu6, V -> P yerapaBuii YTULWHWU ON- V\

OVWHAaH nankaraH 3gukb

A BEKTOPHWHI GasoHMHr *ap 6uUp HyK-
Tacugarum gusepreduyuscunu OGunraH ~onpga
WY BEKTOPHWHI YeKnu ynyampgaru WUXTUEpPWIA
CUPT OopKanu yTYBYM OKWUMWUHM “uncobnaw y*/
MYMKWUH. BYHWHI YuyH CUpT 6unaH uvera- r
panaHraH “axmHu Xyfa KYMn (4ekcus Kyn)
COHNMM Xyfa KWYUK (YeKCU3 KUYUK) *axM-
yanapra  axpaTtamusz (232-paem). (107.2)
hopmynara MYBOMUK A BEKTOPHWHI WY "aXMyanapHUHI UXTU-
Epuin GUTTacMAaH YMKYBUYA OKMMUWHM

okum = divA oV

x_|
- SN
‘_’\

'J32- pjicm

KYPUHULWWI LA E3ULW MYyMKUH.
Arap 6y udogaHuWHr “amma “axmdanap 6yinya WUTMHAWCUHK

0fCaK, YHr TOMOHAa 5 cupT 6unaH uyerapanaHraH OYTYyH *axm
byinuya onuHraH jdivA~I7 *ocun 6ynagm, 4an TOMOHAa 3ca A

\
BEKTOPHUHT 5 cupT Oylinya okumyu “ocun Oynagn. "akumkaTpga
3Ca, WKKWM KYLWHW *aXMuyaHu axpatub TypraH é€knapjaH yTyBuu
>ap 6up Okym Kywwu/lraH[a AvurnHgmupa Kapama-kapliu wuwopa
6unaH WKKW MapTa KaTHawagu (KyWHW ~axmyanap yuvyyH An kaT-
Tannk abconT kuimatll  xutatugaH 6uppan, nekuH uwopacu
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XuxatmgaH Typnanuagump). LWYHWHT YYyH WYKM TYCUK OpKanu
YyTYBUYM OKMMMap y3apo eiuwagu, dakaT ”"aXMyanapHUHI TallKu
€Knapn opkanu YTYBYM OKMMAAprMHa KomneHcauumsnaHmai konagu
Ba yfap AurMHaucu 5 cupT OpKanu yTyBUYM OKUMHU 6Gepajgw.

WyHpain knnnb, 6us kynmpgarm OcTporpapgckmin—raycc
reopemacu peb toputunaguraH myHocabatra Kenamwms:

j A.ds = JdivAdV. (107.5)
! K

JHAM AHA CUKUAMaNAUraH maean CYHKIMK OKMMUTa KaikTamwus.
Bepk 4M3Mk — [ KOHTYpHM Ky3 ongumusra kentupannuk. Cyrk-
AMK [ KOHTYpPHM Y3 Muura ofraH ysrapmac

KECMMAM XXyfa WHrMYka KaHangaH Tall-

-~V Kapu OyTyH “axm Oyiuya KaHpgangup

ycyn 6unaH  6up oOHra koTumpunraH pebé

thapa3 kunammus (233-paem). by kaHan-

farn CYlKAIUK OkuMm xapaklepura kapab

(Te3nuMkK BEKTOPM MaNAOHUHUHT XapakTe-

pHa kapab) & “apakaTcu3 6ynagu, € wy

KOHTYp OyiMuya MaBXyp[ WKKW WyHanuu-

HUHT 6upmpa ”"apakat Kunagu (ainaHagw).

?31- peem By “apakaTHWHI yn4yoBu cudatuja KaHan-
Jarn CYHKINK TE3NUTUHUHT KOHTYP Y3YH-
anrn 1 ra 6ynraH KynaidTmacura TeHr KaTTanuk onamus. by

KaTTaMMKHU VvV BEKTOPHWMHI [ KOHTyp Oyiinua uupkynaumacu peb
ataraH agunkl). LyHpaih Kunuo,

V. HUHr [ 6yiinya yupkynsuymscu = vl

(bapa3 kuaraHUMmM3ra Kypa KaHalHWHI KeCMMWU y3rapmac 6ynraHu
YUYYH Te3nukK mMoaynum v —const). [Jesopnap KoTraH naiTga Ka-
Hangaru CYWKIWK 3appanapu Te3NUTMHUHT AeBOpra nepneHauky-
NAp TalWwKun 3TyBYMCM WyKonagu Ba (akaT YHUHT KOHTypra
ypUHMa Vvt TaWwkuWna 3aTyBuMcu Konagu. By Tawkmn 3TyBum d p,
nmnynesera 6ornukaup. by wumnynbc kKaHanHuHr dl  kKucmwugaru
3appayanap yuyyH pavtdl kuiimatra ara (6yHAa p—CYKOKIUK 3U4-
NINTU, 0— KaHaNHUHT KyHAanaHr kecum t03n). CYOKIMK ngean
OynraHu y4yyH KaHan pesopnapy dp, HWHF KaTTalUTMHU 3Mmac,
6ankyM NyHanUMWWHW y3rapTupuwn MyYMKWH. CYHOKIUK 3appanapu-
HUHT y3apo TabCMpW Yynap opacuja MMNYNbCHWUHI WYyHAaW KaiiTa
TakCUMMaHWWMra onuM6 Kenaguku, HaTwkaja "“amma 3appanapHUHT
TEe3NNrn TeHrnawagn. byHaa uMnynbenapHWHr anre6paumk nunuw-
AVCcKU y3rapMaiaun: ysapo TabCupialwyByu 3appanapfaH OGUPUHUHT

*) UupKynsayums MabHOCUHM GyHAal TywyHTMpuw roscu PeiiHMaH nekuyus-
napupgaH onuHraH (,PeiHMaHOBCKWE NeKUMKU NO (U3UKE* ra KapaHr, 5- YNKWLIK,
17-6eT. ,Mup*“, 1966).



o/iraH UMNYNbCU, UKKUHYW 3appaHUHI NYKOTraH MMNYAbCUTa TEHT.
3y aca
povi — | pavldl
r

9KaHIUTUHN 6unaupagun, 6y epaa o—UUPKYNAuWUs Te3nuru, u, aca
adl s3axmparv CcylKAWK Te3NUTMHUHT KaHan [eBopnapu KoTmac-
JaH aBBanrM ypuHMa TallKWUN 3TYBUMCH.

FOkopugarun uogaHu po ra KUYCKapTUpMG, KyinaarvHu onamus:

v Huur [ 6yiinua umpkynauymsacu = vl = (v, dl.

WctanraH A BEKTOPHWUHI UXTUEPWIA [ KOHTyp Oylinya uMpPKY-
NAUMACUHM 3aM XYLAW LWYHra yxuwaw iyn 6unaH aHuknaw Mym-
KUH:

A HuHr I 6yiinya umpkynauymscm = Al = Ardl, (107.6)

6y epfa A[— A BekTOp ypuvHMa TalWKUA 3TYBUYUCUMHUHI KOHTYp
Oyiinuya ypTaya Kuiimatu.

Lmpkynauua HongaH apkaum O6ynuwin yuyyH BeKTOp YU3MKAap
6epk Eku 3e4y Oynmaca KOHTYpHWM ainaHMb6 yTuw #AyHanmwunga
arpunaHraH 6ynuwu kepak aeb yinaw MyMKWH. ByHpain dapas
HOTYIpM 3KaHAWTWra WWOHY 30CUA  KUAWW  KUAKH 3mac. Cylok-

2J4- paewm.

NVKHWHT fapéfarn naMmuHap OKAMWHW Kapab uukainnuk. Lape Ty-
6uga CYHOKIUKHUHT Te3IUTUM HOAra TEHr Ba CYBHWHI cupTura
AKMHNaWraH capu Te3nuk oprub 6opagum (234-paem). OKUM  uyu-
3uknapu (v BEKTOp 4umM3uMknapu) Tyrpum uumsmknumgup. LyHra ka*
pamail v BEKTOPHUHI MYHKTUP 4YM3UK 6GUNaH TacBMpiaHraH KOHTYp
byiinya uUMpKynauuAcK, paBLIaHKW, HoOMfaH ¢apknu 6ynaau.
LUunpkynauusa kKyHganaHr [ KOHTyp ynuyamnapu taptuéupgaru
co™a 6yinya y”~TayanaHraH MahgoH XoccanapuHW XapakTepnangu.
MalfgoOHHUHT P HyKTajarum XocCaflapMHWHI XapaKTepUCTUKacUHK
onuw yyyH I KOHTYpHU P HykTara TOpTMO ynyamMuUHU KuU4upanTu-
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puw no3um. bupok 6yHAa LUPKYNAUWMAHWHT Y3U HONra ainaHagu.
XaknkaTaH, J1; HAHT YpTaya KuiAMaTu YEKNMAUP, KOHTYPHUHT /
Y3YHAUTU 3ca AMmMuTAa HOAra annaHagu. Aemak, Arl KynaiTma
Aam Honra awnaHagu. LWyHWHr ydyyH A BeKTOp MalgoHHUHT P
HyKTajarn xapakTtepucTtukam cugatnga P HykTara TOPTUYBUM
accm T KOHTYp 6yiliMya onuvHraH A BeKTOp UUPKYNAUUACUHWHT
KOHTYp 1031 S ra HUCOATUHUHI AUMUTWHU ONMLWI Makcajra MYBO-
hunkl):

A HuHr T 6yinua uupkynaumacu (107 7)

s*p S

Bupok (107.7) numuTHKM “~ncobnawpga uyhngarn mMypakkabnamk-
HW naiuaiMn3: 6y AUMWUTHUHT KaTTanuru MaifoHHWHT P HyKTa-
cuparnm xoccanapurarmHa amac, 6ankum  WYHUHTAEK, KOHTYPHUHT
KOHTYp TEKUCAUTUra yTKasunajuraH MycoaT n Hopmanb WyHanu-
Wwn 6unaH Gepunmwn MyMKWH OynraH asogarn opueHTaumacura
*aM 6ornukagup (MHTerpannawpga KOHTYPHW YHI BUHT Koupacu
O6yinua aitnaHn6 yTuw KWyHanuwu 6unaH 60rnMK 6ynraH Hopmanb
mycbat “mcobnaHagu). (107.7) AMMUTHU 6UTTa P HYKTAHWUHI Yy3u-
4a N HWHT TypAu WyHanuwinapu y4vyH “ncobnab, Typnum Xxun Kui-
MaTnapHuM onamus, 6yHAa KapaMa-Kaplwy RyHanuwnap Y4yH
ONIMHraH Kuiimatnap akaT uwopacu 6unaH apk kKunagu (n Hop-
Manb WyHaIUWWHWHT KapaMa-Kaplu y3rapuwy wWHTerpannawja
KOHTYPHU aiinaHnb yTuw WyHaJUWUHWUHT Y3rapuiinra 3KBUBaneHT-
avp, 6y aca UMPKYNaUUA MWOPACUHUHT y3rapuwura onub kKenagu,
Xonoc. HopmanHuHr 6upop WyHanuwm YyuyH (107.7) kKaTTanuk
6epunraH HykTaga Makcuman 6ynagu.

WyHpah knnnb, (107.7) KaTTanMkK OUPOpP BEKTOPHUHI LUPKY-
NAUMA ONWHAETraH KOHTYP TeKUCNWrura yTKasuaraH Hopmangaru
npoekumacura yxwangn. (107.7) KaTTalMKHWUHI MaKcMMan Kuiima-
TUHW WY BEKTOPHWHI MoAynu OGenrunagmn, Makcuman Kuimatra
3pUWLIMATAH BaKTAaru MycbaT M HOPManHWHI WyHanuwm 3ca Wy
BEKTOPHUHT MAyHanuwunHu 6Gepagu. by BekTOop A BEKTOPHUHT
poTtop u (Ekn yropmacu) pgeimnagn. ¥ rot A cumBon 6GunaH
6enrunaHagu. LWy 6enrmpgaH doiganaun6, (107.7) ndopaHn Kyiu-
jarv KypuHuwaa é3mw MYMKUH:

1|1 A Huer I 6ylinva uympkynauumacm = (fo< g)
S S
By eppa (rot A)a geraHfa rot A BEKTOPHUHT [ KOHTYp y3 uuura
ofraH S t03ara yTkasunraH mycb6at Hopmangarum npoekumacu Ty-
WyHUNagu.

(107.8) ngopa rot A BEKTOPHUHI Tabpugpum 6°nnb6 xusmat kKuna
onagn. byHgaH poTop P HYKTaHWHI BEKTOP (YHKLMWACW 3IKAHAUTU
Kennb uunkagu.

* [uBepreHums *onmpga aca cupT 6ylinya ONWHTaH WHIerpanHu Wy cupt
Y3 nuynra onraH "axmra Hucbatum onuHagu. Ywby ~onta KOHTyp O6ylinya ONuUH-
raH WHTerpanHu LWy KOHTYp ypab TypraH cuptra Huc6aTu onuHagm
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(107.8) KoOpAWHaTanap CUCTEMACMHWHI TaHAaHuwura 60rnuk
6ynmaraH 3Hr ymymuin wudoga “ncobnaHagn. by MyHocabaTHUHT
rot A BeKTOPHUHI [ekapT KoopAuHatanap cucTemacu yknapugaru
NpoeKkuuUscn yuyyH wudogacuHyu Tonuw yuyH (107.8) KaTTalMKHUHT
5 103a4aHUHr WyHAalk opueHTauuMagaru KuiMaTvHW aHuKnaw Ke-
pakku, 6y opueHTaumaga 5 to3ara yTkasuaraH n Hopmanb X, Yy, T
yKnapfaH oupura mMoc KencuH. AAacanaH, arap U HeKTOPHU X YKMK
oyiinua WyHanTmpcak, y “onga (107.8)
ngpopa (rot A)Kra aitnaHagu. by ><aon-
fa I KOHTYp yr KoopAuHaTa TeKwuc-
nurura napannen Tekucnukga étagu.
by KOHTYypHW TOMOHnapu [y Ba [Ar ’P(l:”)
6ynraH Typpu TypTOypuyak waknuga 173
onamms (235- paem; 6y pacmpa X YKMu
6m3ra TOMOH WMyHairaH; pacmga Kyp- n/
caTUiraH KOHTYPHU aiifaHu6 yTuw
AYHaNUWM X YKUHWUHT RAyHanuwura
6ornnk 6ynnb, yHr BWHT KoupgacupaaH X A
Tonunagun). Jiumutga S “mP yTUWHNK
Hasapga TyTu6, Ay Ba AT lapHU KOH- 235- paem.

Typ TypTana TOMOHWHWHI “ap 6upujga

y3rapmac fe6 “mcob6naw MyMKWH. KOHTYPHUHT 1 KucMU HyHanuw
byinya r ykura kapama-kapwugup. LyHWHr yuyyH 6y kunempa At
KaTTanmk —J1rl 6unaH moc kenagwm (6y eppa 1 mHpekc Ar katTa-
nMK 1 Kuem olinawraH Xolifja onuHaéTraHWHM Kypcatagu). LUyH-
ra yxwaw TtankuH kunué 2, 3 Ba 4 kucmnapga At ' mMoc *onfga
Nya, Arj Ba Ayi napra TeHr 3KaHAurmHu Tonamus. [MupoBapgnga
UMPKYNAUUA YyUYYH KyWhngarun KuimaTHU Tomamus:

{Ars- 0,) Ar - (NTyd- Ay2) Ay. (107.9)

Ar3 —JIrl aiimpma AT HUHT Yy YKu 6yilinya [y racumkuraHgarm
opTtTupmacuaup, Ay Xyga Kuuuk 6ynraHm cababnum 6y opTTupma-

HVI"A)-/ﬂ,y KYpUHMLW A TacaBBYp KUAUW MYMKWH. Xyaau LWyHra

yxwaw Jyl— Odyr aiinpmanu %-b-z KYPUHULWL A TacaBByp Kunuu

MYMKWH. By udoganapumn (107.9) ra Kyimb Ba yMyMWiA KynaniTyB-

ynHM KaBclaH Talwkapura 4ymkapub, KynmparuHum “0oCuUni KWNamums:
(AT <2\ aAr  an,\

A HUWHT UupKynaymacu = 3—J 4y Ar = (-g- - -47) [AS,

6y epfa AS—KOHTYPHUHI 1031. LIMpKynsauusaHm ra 6ynubé, rot A
HUHI X YKUAArum npoekuusich y4yyH Kyihiumparm wudofaHu Tonamus:

(rotAL=nr_n~n (107.10)
Ay Aar

(6u3 numuTgarii S “mP YTWWHW OnNguHAaH 6unamus, YYHKWU KOH-

TYPHUHT jjap 6up kucmmga Ay Ba Ar ysrapmac geb apas Kun-
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raH 3guk). Xypau wyHpgain wmyno”™asa putub, KyinmngarnnapHu
TOMUW MYMKWH:
BA,

A,
(rotA), = £t - (107.11)

(rot Ayr= ~ M+, (107.12)
Ox ay
by. (107.10)—(107.12) wndopanapgaH ucTanraHWHU y3ufpaH aB-
Banru wudogagaH Kentmpmoé umkapuw MymkuH [(107.10) yyyH aB-
Banrn ugopa (107.12) “ncobnaHagu]. by KoopaMHaTANapHU  LUK-
NIMK y3rapTUpULL, SbHU KOOPAMHATanap anmMawTupuwl Aynm 6unaH
Kyiingarn cxema 6yiinMya amanra owumpunagu:

WyHpali knnnb, A BEKTOPHWUHI poTopu  [eKapT KOOpAMHaTa-
nap cuctemacuga Kyhugarnmya wudoganaHagu:

_IEr £2iivy JBAX AAT \ dAt
rotA=1il~ —a*/+ J(<&

By ndopaHWHT Mxyampok E3yBMHM KEAMHPOK KypcaTamwus.

A BEKTOPHUHI 6Mpop 5 CUPTHWUHT “ap OWp HyKTacugarum po-
TOp wugopacuHu 6unraH ~onga Wy BEKTOPHWHI 5 CUPTHU uYerapa-
naraH KOHTyp OyilimMuya UUPKYNsuuAcUMHM “~mncobnawl MYMKUH. by-
HUHT YYYH S CUPTHM Xyfa KWYMK '5 anemeHTnapra 6ynmb uuka-
Mn3. A BEKTOPHUHT [5 HK YyerapaniaraH KOHTyp 6yiunya LupKynauus-
cmHm (107.8) ra MyBO(MK Kyihnmparn KypuHuwpaga Gepull MYMKWUHT

A HUHT umpkynauyusacu = (rot A),A.b,

6y epga nm—AS cupT 3neMeHTUra YyTKasuaraH mycébat HopMmanb.
by wudopganapun 6yTyH 5 cupT 6yiimua Aurcak, YHr TOMOHpAa

J (rot A)no'3ngogaHun, 4van TOMOHAa 3ca A BEKTOPHUHI [T KOHTyp
S

byinya UMPKYNSUUACUHM onamMnu3. [akukaTaH, CUPTHUHT  KYLUHK
3NeMeHTNapuHN axpaTtnb TypyBUM Kecmanap-

ra Tyrpu kenysum A,[/ “agnapHu KywraHpga

6y ){agnap ysapo eiuwagu. MacanaH, MN

HUHT 4an TOMOHMAarn AS YUYyH LUUpKYynauua

N -*M JliyHanuwga onuHagn, MN paH yHr

TOMOHZarn [5 y4yyH aca WY LUUCMHUHT

y3uHn M “mN AyHanuwpaaru LUpKYNsuuacu

onnHagn (236-paem). Oemak, MN ra Tyrpu

KeNyBYM KYLIHW 3NeMeHTAapHUHI to3adyanapu

yuyH AtLl “agnap ¢akaT wuwopacu 6unaH

235-paem. thapk Kunagu Ba ynap KywwunraHga HOMHU
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6epagn. byHpa dakaT ano”™mfa KOHTYPNapHWHI TalkKW Kucmaayn
(6yTyH S cupTra HucbataH) y4uyH onuHradH N4/ KkKYwunysum
NafinapruHa KomneHcauuanaHmaraH 6ynagn Ba yNapHWUHT WUTWH-

aucu Atdl Hn 6epagw.
WyHpaii knnnb, 6u3

<pAtdl = J(rot A),dS (107.14)

mMyHocabaTtra ara 6ynguk, 6y undoga CTtokc Teopemacu pfeb
lopuTnnagu.

BekTopnap aHanusn QopmynanapuHu ésuwpaa BeKTOpPUA gud-
(hepeHuman onepaTtopfaH ¢oiganaHunca, popmynanap aH4ya cogpa-
nawagun. by onepatop v (Habna) cumBon 6unaH 6GenrunaHagm Ba
Habna onepaTop €kn NaMuMnNnbTOH OnNepaTopmn fAeb HTa-
nagn. By onepaTop TallKun eTqumnapM—'ﬂ'. A gah 6ynraH Bek-

AX oy Bz
Topaup. femak,

v=igk + Jay + Kbz (10715>

By BeKkTOp y3uMya MabflyM MabHOra 3ra amMac. Y ckanfp &ku
BEeKTOpP (PyHKuUusnap 6unaH 6Gupranukga MabHOra 3ra 6ynu6, 6y
(hyHKLMANapra CWMBONWK paBuwjaa Ky nantupunagu. MacanaH, y
BEKTOP <P CKanap KaTTajluMKka Kynaitupunca.

MP=i?2 +1?2 + W? (10716)
0X ay 0z
BeKTOop Hocun 6ynagu, 6unamusku (11-8 ra K-), 06y Bektop P

(YHKLUSHUHT TpagueHTu p[e6 atanagu.
Arap v BeKTOpHM A BeKTopra ckansp Kynaitupcak,

VA = 4xAx+ VyAy+ VzAz = (107.17)

ckanap katTanuk “~ocun 6ynagu, 6y aca A BEKTOPHWHI LUBEPreH-
anscugnp f(107.4' ra k-]
HugoaT, arap v HM A BeKTOpra BeKTOp KynaiTupcak, TawKun

aTyBumnapu |VA] x — ?2yAr—vHv 'q~1/-3\/ — k‘/; Ba *O0Ka3o OynraH

BeKTOp 3ocun 6ynagu, 6y rot A HUHF TawKWn 3TyBYMnapura moc
Kenagn [(107.10) — (107.12) napra K-|. Oemak, BeKTOop KynaiTma-
HU fJeTepMUHaHT éppamupa ésunraH ndogacupaH gorijanaHraH HoN-
fa KyhAmpgarnHu é3uw MYyMKWH:

1 o J K

rot A - |VAj B a a (107.18)
NX ar
K K A,

335



\% BeKTOpAaH (oiifanaHraHfa LwWyHW 3cha TyTUW Kepakku, 6y

BEKrop ys3ujaH YHIr TOMOHAa TypraH 3”amma ®QyHKUMAra Tabcup
umnysun guddepenuynan onepatop ~ucobnaHagn. LUYHUHT yuyH Vv
HM Y3 wnyura onraH wudoganapHu ysrapTmpuwjga BekTopnap anre6-
pacMHUHT Koupanapu kKabu guddepeHunan >;ucob KonganapuHm )\am
Ancobra onuw kepak. MacanaH, P Ba b PyHKUMsnap Kynaintma-
CUHUHT “~ocunacu

() = Po+
ra TeHr. LWyHra myBoguK
grad (cpp) = v (+I> = dc? + <PV = l'grad @+ cpgrad”.

Bupop (@AQYHKLWSHUHT FpagueHTu BeKTOp yHKunagup. LUyHWHT
YUYH YHra [UBEpreHuus onepaLuacuHu ~aM, poTOp ONepayusiCUHM
AaM  Kyfnfaw MYMKWH:

dlvgradcp = v(V'f) = (vv) ® = (v* + V* + V*) P=

o 107.19
dxb < (107.19)

(6yHpa A— Nannac onepartopwu),
rotgradi - Iv,T®] = [vx]? = 0, (107.20)

UYHKW 6MpOp BEKTOPHWHI y3-y3ura BeKTOp KynaihTmacu Honra
TEHT.

3nekTpocraTuk MangoH E HM PnoreHuManHWHr rpagmeHTn Ky-
puHuwuga ésumw MymkuH [(11.3) cdopmynara K.]. (9.2) cdopmyna-
ra Kypa 3feKkTpocTaTUK MaWfOHHWHI ucTanraH KOHTyp 6yiinya
uMpKynaumacu Honra TeHr, 6y aca (107.20) ra moc kenagw.

A BEKTOPHWHI POTOPU HYUTaHWHI BEKTOpP QyHKUnAcu Gynagu.
Jemak, A BEKTOPHWHI poTopura AWBEpreHuMsa Ba polp onepa-
UMANapuHW Kynnaw MyMKWH:

diviot A= y [VA] = 0 (107.21)

(BekTopnap anre6pacujaH MablyMKW, BEKTOPNMApHWHI apanawl Ky-
naiiTMacu Wy BeKTopiapAaH Ty3unraH napanjenenunej “~axmura
TEHr; arap Wy BeKTOpnapAaH WMKKUTAcu ycTma-ycT Tyuica, y Xon-
4a napannenenunen "axmu Honra TeHr 6ynagu’,

rotrot A = [v.IVA]] = v (yAi— (vv) A =
—mgrad divA — A (107.22)

[6uz 6y epsa [A |BC]] = B(AC) —C (AB) dopmynagaH ¢oii-
panaHauk].

(107.21) ¢opmynagaH poTOop MalWfOHWHWUHI MaHb6ara ara 3mac-
aurn, 6yHpaii mMalfgoH 4yumsmknapu aca 6epk €KW YeKCU3NMKKaTap-
uanuwmn kennb umkagu. MarHuT MaikgoHW uusmunapu “am  xXypgau
WyHAan xoccara ara. by 3ca B MarHuUT WHAYKUWS BEKTOPUHWUHT
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MafOHUHN 6MpPOp BEKTOP MOTeHUMan feb atanysum A BeKTOp
GYHKUUAMUUT  pOTOP MAaWAOHWM KypuHMLWMLA TaeaBBYp KuWIULI-
ra MMKoH 6epapgul):

B = rot A. (107.23)

BekTop moTeHuuannap xycycumpga 6ata@cunpok 6aéH KWAWW KMMKO-
HWra ara aMaemus.

108-8. MakcBenn TeHrnamanapwu

CunXuw TOKWUHUHT Kawd KunuHuwu Makceennra 3/iekTp Ba
MarHuT .\oAucanapuHUHI AroHa Ha3apuACUHM ApaTUl UMKOHWHU
6epan. by Hasapusa yuwa BakTAa Mabnym 6ynraH 6apuya akcnepu-
MeHTan MakTnapHu TYWYHTUPMG 6GepAn Ba MaBXY[ 3KAHAUIN Ke-
AWHPOK TachuknaHraH 6up Kkatop HAHrKM  “ogucanapHu onguHpaH
aliTn6 6Gepau. MakcBenn HasapuSACUHUHI acocuidi  HaTmxacu epyF-
MUK Te3NIUTHAA TapKanyBYM 3NeKTPOMArHUT TYNKUHNAP MaBXYA-
AUTUHUHT WUC60T KWAWHWWW 34U. By TYNKWHAApPHWHI Xoccanapu-
HW Hasapuil TekWwWUpuw MaKCBeNAHN EPYTAUKHWHT 3MeKTPOMAarHuT
HaszapuacuHW apatuwra onné Kengu.

Ha3apuAaHWHI acocuHy MakcBenn TeHrnamanapu TalWwKWn Kuna-
An. MexaHukaga HbIOTOH KOHyHfapu, TepMmMogMHaMuKaga acocuii
KOHyHnap (60w KOHYHNnap) KaHAah ponb yiHaca, 31eKTpOMarHu-
TU3MHU ypraHuwga MakcBenn TeHrnamanapu wyHga ponbyiiHangn.

MakcBenn TeHrnamanapuHuUHr 6upuHum xygpTtuHu (KO3.6! Ba
(44.1) TeHrnamanap Tawkun kKunagun. Kynaiinuk yuyyH ynapHukaii-
Ta é3amus:

(1081)
§BndS = 0. (108.2)

By TeHrnamanapHuHr 6upuHuncum E HUHr kuiimatnapuHu B Bek-
TOPHWHT BakT 6yiinya y3rapuwmu 6unaH 6ornaingm Ba 3nekTpomar-
HAUT WHOYKUWA KOHYHWHUW udoganaingn. WKKWH4YM TeHrnama B Bek-
TOPHWUHI Ky4Y 4u3uknapum 6epK 3KaAHAUTUHWU (BKU 4YeKCU3NMKKa Ke-
TULWKWHW) akc 3aTTupagu.

MakcBenn TeHrnamanapuUHUHr  UKKUH4YM  XypTuHu (105.4) Ba
(16.6) TeHrnamanap TalWKWA Kunagu:

§H tdl= ~jndS + (108.3)

§DndS = | RIV (108.4)

'y Bbus aBBanru 3"amma opmynanapga [ cumBon 6uMnaH UXTUEPUIA BEKTOP"HW
6enrunaraH 3guKk MarHuT MafOHHUHT BEKTOpP MOTEHUWanuHu A cuUMBON 6GunaH
6enrmnaw Kabyn KUAWHTaH.
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(by epfa Ba Kenrycuaa j HM YTKa3yBUaQHAUK TOKUHUHT  3UYNTK
fe6 TywyHunagu).

BUpUHUM TeHrnama yTKa3yBYaH/AMK TOKM 6BWAaH CUMKUW TO-
KW Ba ynap lo3ara KenTupraH MarHUT MaifoHu opacmparu 6orna-
HULWHW aHWKnanan. WKKuH4M TeHrnama D BEKTOPHUHT Ky4Y 4YM3WK-
napu 3apagfaH 6ownaHu6, 3apsgfa Tyrawy MyMKWH  3KaHIWUTUHK

KypeaTagu.
(108.1m—(108.4) TeHrnamanap MaKCBENNHWHI WHTerpan wakim-

parn TeHrnamanapugup. Ynap E ékm H HuHr 6Gupop KOHTyp Oy-
Wnya onuHraH kuikmatnapu 6wunaH B (moc *onga D) HWHT CUPTHUHT
KOHTypra Teru6 TypraH HykTajaru KuiimaTnapu opacuparu 6orna-
HUWHK Gepagun. BekTopnap aHanus3n TeopemanapugaH ¢olifanaHwb
WHTerpan wakngarn TeHrnamanapfaH gaugdepeHumnan wakngaru
TeHrnamanapra ytuw MyMKuH. OuddepeHuman wakngarum TeHrna-
Manap 6upop HykTagaru E ékum H HuMHT Kuiimatm 6mnaH GpasoHUHT
Wwy HykTacuparu B (Moc *onga D) HUHr KuiiMaTu opacupgaru 6of-
NaHUWHN 6Gepagun.

(108.1) (hOpPMYNaHWHI Yan TOMOHW yuyyH CTOKC TeopemacuHV
KYnnaitmns [(107.14) ra k-1- byHga (rot E)n QyHKUMAHUHT UHTerpa-
NN ONUHaguraH cupt cudatuga TeHrnamaHWHr YHr TOMOHWUAarn WH-
Terpan OnUHaéTraH CUPTHWHI y3uM onuHagu. Y “onpa 108.1) TeHr-
nama Kyhuparum KypUHWULIHW ONagu:

b Yy

Xap WKkana WHTerpan "“am 6uTTa CUpT 6yliMya ONMHMOKAA.
LUYHWHT YYYH ONWHTaH TEHFNIMKHW Kyiugarm KypuHuwga é3uw
MYMKUH:

By TeHrnuK uXTuépwii TaHnaHraH S WHTerpanfiaw CUPTU YUyH
faxapunuwm kKepak, paBlWwaHKKW, Oy WapT MHTerpan octmgarm ugo-
fa (PasoHWMHI ucranraH HykTacupa WXTUEpPUIA opueHTauManaHraH
dS t03aya y4YyH Honra TeHr 6ynraH “ongarvHa 6axapuauwm MyMm-
KvH. LWyHaain kmnub, ¢(asoHMHT *ap 6up HykKTacupja

TEHrNuK 6axapunagn feraH xynocara Kenamus.
(108.3) dopmynara CTOKC TeopemacuHu KYnnab Ba tokopupja-
rmpgek Myno”asa puTub, KyhngarmHu Tonamus:



3Han (108.4) ¢opmynaHuHr 4an kucmura OcTporpagckuii—
Faycc TeopemacuHu [(107.5) dopmynara k-1 Kynnainmmus. HaTwmxa-
fa KyWunparum TeHrnamaHu onamus:

j divDdV —|p dV.
\ \

MHTerpan onuHagurad )(axXxm UXTUEpuii TaHnaHraH Oynca, KO-
pugarn MyHocabaT “ap WKKana Kucmparu UHTerpasn octmgaru ugo-
panap ¢asoHWHr "ap 6Mp HyKTacuga 6uppgai uwuiimaTra ara 6yn-
raH xongarvHa 6axapunagu, AbHU:

divD = p.
OcTporpagckuin — Faycc TeopemacuHu (108.2) copmynara KYn-
nacak, Kynmgarum udofgaHu 0namus:
div B = 0.
WyHpah kunnb, Makcsenn TeHrnamanapu gugdepeHymnan wakn-
fa Kyimparuya ésmnagu:

rot B= — (108.5)
divB=0 (108.6)
(TeHrnamanapHuUHr GUpPUHYU XydTH),
= j N
rotH = j + o (108.7)

(TeHrnamanapHUHT MKKUHYN XYydpTh).
By TeHrnamanapHu euymiuifa ynapHU TalWKUA KUATaH KaTTanuk-
nap opacmpa MaBXyp 6ynraH Kyimgarn MyHocabaTnapgaH oii-

Jaanavmnagu:

D = e0®E, (108.9)
B= W H, (108.10)
j = oE. (108.11)

ETTuta TeHrnama (108.5)— (108.11) HWHT >Xamu TWHY “onatpa-
M My"MT 3N1eKTPOAUHAMUKACUHUHI acOCUHW TalKWi Kunagu.

(108.5) Ba (108.7) TeHrnamanapHu KoopAuHata Yknapura npo-
ekumanab, ~ap 6up BEKTOp TeHrnama ypHura yuta ckKansp TeHr-
nama onamus. (107.10) — (107.12) chopmynanapHu sbvTubopra onuo,
KylingarnnapHu é€sa ofnamus:

LETr LEY nBx



aHT aHy dDx
gy ope 1+ dt

il dD.,
Ar AX dt (108.13)
AH, __aHI dD x

ax ay _szTI at

(107.4) MyHocabaTgaH ¢oiliganaHn6, (108.6) Ba (108.8) TeHrna-
ManapHu cKanap KypuHuwpa Kyiugarmya €suil MYMKUWH:

B, B,, Br
a 1 a a

] A

L R ) (108.14)
dDx dDv dD,

~T o+ -dj + ~BT= 2 (108.15)

lFaycc cuctemacupa MakcBenn TeHrnamanapw Kyimpaarm KypuHuwra ara
6ynanu:

1 AB
rot E= ———,
c dt (108.16)
dlvB =0
4* 1dD
rotH - - —,
c c dt

(108.17)



XVIIl BOB
QNEKTPOMATHUT TYNUWNHNAP

109- 8. TynuuH TeHrnama

Bnu3 aBBanru 606ga ysrapyByaH 3MeKTp MaijOHW MarHuT Mai-
[LOHVMHW t03ara Kentupagu, MarHuT MangoHu xam, ymymaH aiTraH-
fa, y3rapyByaH 3KaHIUTUHW TyWyHTUpraH agukl). by ysrapysuaH
MarHuUT MailfoHW, y3 HaBbaTufga 31eKTpP MalfoOHWHM t03ara KenTu-
pagn Ba Xokas3o. LUyHpain knnub6, 3apsgnap épfammpa y3rapyBuaH
3NeKTP €KW MarHuT MangoHu yirotunca, aTtpod asofga HyKTagaH-
HyKTara TapKalyB4Yu 3/7eKTp Ba MarHWT MaigoOHNapUHUHT KeTMma-
KeT y3apo anmawysu cogump 6ynagu. by npouecc dasoja Xam
BaKT Oyinua paBpuii 6ynagu, Aemak, TyNKuHAaH ubopat 6ynagu.
JNeKTPOMarHUT TYNKUHAAp MaBXYANUrn Tyrpucumparum xynoca xam
MakcBenn TeHrnamanapufaH kKenn6 ymKuwmHm Kyiinga Kypcatamus.

KVpuTyBYaHNUK Aouvwiwnapu e Ba [i 6ynraH OuUp XXUHCAU HEWRT-
pan (p= 0) yTkaamac (j = 0) MyxuT yuyyH MaKcBenn TeHrnama-
napuHu és3amns, by xonga

OB QH <O e?’E
a9 st

fit oo dt dt
div B = gdadivH Ba div D = er0div E.
Oemak, (108.5) — (108.8) reHrnamanap Kyiumpgaru KypuHuwra
ara 6ynagu:

ny
tE = R 109.1
ro — o gy ( )
_ <Hx . 6Hy 7(_/\ 1 =1 (1092)
nK oy 55
otH- - (109.3)
"e3[ *
OEy Gl °
= + 'qy 1 S = (1094)

*) Xocun 6ynraH MarHWT MaiaoHW }rarapmac 6ynuMiM y4yyH Maxcyc Lapr:

D — const
6axapunuwmn Japyp,
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(109.1) TeHrnamara rot onepayuscMHU Kynnaimus

rot(rotE) = - NeOrotj”J. (109.5)

By eppa rot cumBonu KoopauHatanap Oyiuua guddepeHuman-
nawHun 6ungupagn. KoopguHatanap Ba BakT Oyihinya puddepeH-

uunannaw TapTubuHu ysraptupué, rot f’\_)J: a(rot H) pe6ésnwmym-
(0]

KvH. (109.5) TeHrnamaga wy anmawTupuwHn kKynnab Ba *ocun
6ynraH udogara rot H HuHr (109.3) garm KuimaTuHuW Kyihune, Ky-
AngarvHn onamus: ]
rot (rot E) = — eeOpamo (109.6)
= D0 s .
(109.3) TeHrnamara rot onepayumsicuHn Kynnabé Ba toKopupgarura
yxwaw anMawtupuiinap 6axapub, Kyhuparu TeHrnamara Kena-
MK3:

rot (rotH) = - eWo Stl (109.7)

(107.22) ra Mysogwuk rotrotE = grad divE —AOE. (109.4)
TeHrnama opkanu wugoganaHraH wapt GaxapunraHga, 6y TeHrnukK-
HUHT OUPUHYM *aguM Honra ainaHagu. fAemak, (109.6) dopmyna-
HUHI 4an Kucmu — [E KypuHuwga E3uanunm MyMKWH. ~ocun 6yn-
raH opMynaHWHI 4Yan Ba YHr TOMOHMAArun MWHYC WLWOpaHu Tall-
na6 tbopub, ywby TeHrnamara Kenamus:

AE = eeOp[)OC—/.
ékn OE Hn éinb éscak,
¢3E , A2E . po*E 0'E
T R T il T 1iy.8)

WyHra yxwaw #yn 6unaH (109.7) TeHrnamaHu Kyimpgaru Kky-
PUHMLITA KENTUPUL MYMKUH:

. oH . daH . pH
oL 'rtﬁl i- g = ««Wii TifJ’ (109.9)
(109.8) Ba (109.9) TeHrnamanap ysapo axpanmac 6o0rfaHHwra

ara 9KaHNWUTMHKW 3cnatub yTamMus, UYyHKW ynap .“ap Oupuga *am
E, §am H 6ynran (109.1) Ba (109.3) TeHrnamanapfaH OJIMHIaH.
Kyhingarm
aH ad
aX2 pya 7 Agrr ~ v2dt*
KypyHUWAArn TeHrnama TYNKWH TeHrnamaHuw wudoganangm [l 1.,
80-§8 ra k-1- ByHpail TeHrnamaHuW KaHoOaTnaHTMpPyBYM 3(ap KaHpjai

hyHKUMA 6Mpop TYNKWHHKM udoganaingun, 6yHaa . HUHT ongunaa-



r KoagpuumneHTa Teckapu 6ynraH KaTTalMKHWUHI KBagpaT Wngus-

0aH yuKapuaraH KuimMaTu Wy TYNAKUHHWUHT  asaBuii  Te3NNTUHK

6epagn. LWyHpah kmnnu6, (109.8) Ba (109.9) TeHrnamanap 3nekx-

TPOMarHuT MmalifoHnap asaBuin Te3NnnUru

| 1

il

ra TeHr 6ynraH 3NeKTPOMarHUT TYNKUHAap KypuHUWUAa MaBxyp

OynMWNM MYMKUH 3KaHIUTWMHW KypcaTagw.

Bakyym YuYyH WYy TeHrnamajgaH

v == ——1 = 3 + 108 m/cek = ¢
\ ‘A 1 41 m10-~r
4.9 « 10»
HMU >pcun kunamus [>0 Ba |g0 nap yuyH ésunraH (4.2) Ba (38.3)

Kuitmatnapra K-]-
LWyHpalk Kunub, 3NeKTPOMArHWT TYNKUHNAPHUHT  Bakyymparu

(hazaBuii Te3NUrU EPYTANK TEe3NUTUra TeHr 3KaH.

(109.10)

laycc cucremacupa

- (109. 11)

110-§8. Sccu 31eKTPOMArHUT TYLUH

FAccn 3NeKTPOMArHUT TYNKUHHUHT OUP XXUHCAM yTKasmMac My-
*ntga (p=0, j=0, 0= £fEoe. B= H, e Ba a —y3srapmac)
TapKanMWWHN TeKWMNPaMH3. X YKWUHW TYJIKUH CUPTra nepneHauky-
nap nyHanrmpamus. Y “onga E Ba H, gemak, yfnapHWHI TawKun
3aTyBUYMNapyM *aM y Ba 2 KoopgwuHatanapra 6ornuk oynmaingu. LWy-
HUHT y4yH (108.12) — (108.15) TeHrnamanap coppanawmu6, Kyiuaa-
M KypuHuwra Kenagu:

AEr_

= it (110.1)
nE oHr
~X = ~ W ar
x= 0
B
aH2 oE
X cee Ti (110.2)
AH, AE
= € .
ox o Aol
= 0, (110.3)
ox
£* = n. (110.4)
an
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(110.2) TeHrnamanapHuHr 6upuHumcm Ba (110.4) TeHrnama E

Tawkun atyBum t ra Ham, ;; ra *am 60rnuMk 6yna OAMaCAUTUHK
Kypcatagu. (110.1) TeHrnamanapHuHr 6upuHumcm Ba (110.3) TeHr-
nama xam Hx yuyyH Xyaau wyHpgain Hatuxa 6epagu. WyHpaid kun-
nm6, Ex Ba Hx napHuMHr HongaH dapknu 6ynnwun, TYNKUHHUHT
3NeKTPOMarHUT MaifoHura Kywunyesum akaT ysrapmac 6Up >XWHC-
N malfoHrarmHa 6orank Oynuwmn MymKuH. MaWfOHHUHT y3uM X
Ykn 6yinuya TalwKun 3TyBUMiapra 3sra amac, abHuM E Ba H BekTop-
nap TYNKWH TapKanuwura nepneHAMKynap — 6y 3MeKTpOMarHuT
TYNKUHNAP KyHAanawr TynkuHnapaup. Kenrycupa 6u3  ysrapmac
mMalifoH Myk Ba EXx—Hx= 0 pe6 dapas kKunamus.

(110.1) Ba (110.2) NnapHWUHI OXMUPrU WKKUTa TEHrnamacuHu y3-
apo 60rnuMk 6ynmaraH WMKKuTa Trpynnara O6upnawTUpuULl MYMKUH:

AEy Gl aHr
— (!
AX = om’ (110.5)
aHr AEy
ax — ®upyp
ol:. aHy
=Neo ~ '
Ax BT (110.6)
aHy AETr
ax - w

BupuvHum rpynna Ey Ba Hr TawWwKWA 3TYBUYMNAPHU, WKKUHYUCK
aca Er Ba Hy Tawkwun 3TyBuYUMnapHu y3apo 6ornaign. fAactnab y
YKu 6yiinya WyHanraH Ey y3rapyByaH 37eKTp MaingoHu “ocun
KunuHraH ge6 apas kunanuk. (110.5) HUHT MKKWHYW TeHrnama-
cura mMyBo(MK 6y MahigoH z yku 6yihnva iyHanraH Hr wmarHur
MaingoHUHU "ocun kunagn. (110.5) HWHr 6GUPMHYM TeHrnamacura
MyBOoMK Hr maitgoH Ey anekTp maigoHuHu Hocun kunagu Ba no-
Kase. byHga br maigoH )<am, Hy maligoH ){am )<ocun 6ynmaingu.
Xyaan WwyHra yxuwauw, arap gactnab Er maifoH *0CWMN KUAMHraH
oynca, y *onga (109.6) TeHrnamanapra 6WHoaH, Er maipgoHHuW yii-
rotyeum Hy maigoH naihgo 6ynagm Ba *okaso. by “onga Ey Ba
Hr maligoHnap *ocun 6ynmaigu. LyHpaid kmnub, sccu 3nekTpo-
MarHUT TYAKWUHHWU udoganaw yuyyH (110.5) Ba (110.6) TeHrnama-
nap cucrtemacmgaH 6upuHm onuw  Kugosa, Gakat 6yHaa OGowka
TeHrnamanap cucremMacufa KaTHaWyBYM TALKWA 3TYBUMMAPHMW HOMra
TeHr geb onuw Kepak.

TynkuHun Tascudnaw ydyyH (110.5) TeHrnamaHum onamu3 Ba
Er= Hy —0 pe6 dapa3 kunamus. BupuHum TeHrnamaHu x 6°ium-

A AHT 4 aH,

ya gudithepeHymnannaimms Ba anMawTupuwHn  ba-

apamui. CyHrpa WMKKUHYM TeHrnamagaH “Hi. HUHT KuiiMaTuHn KY*
ox
M6, Ey yuyyH TYNKUH TeHrnamaHuW XOCUJ KUNaMus:
11-1 = eeoNeo *I1£>, 5110.7)
x> dt3
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(110.5) TEHraMaHUHT WKKWHYUCUHM X bBylindya auddepeHyn-
annab, wokopuparura yxwaw anMmaliTupuiunapgaH cyHr Hz yuyH
TYNKUH TeHrfnama Tonamms:

B mw i (1183

E Ba H HMHI KONMraH TalWKWA 3TYBYMNApW HOMra TEHT, WYHWUHT
yuyyH E = Ey Ba H=.H Z 3kaHaurnHm acnatunb ytamus. bus (110.7)
Ba lMHKD.8) TeHrnamanapga E Ba H napgarm y Ba r WHAEKCNapHU
ca®nab Konguk, YyHKM ynap E Ba H BeKTOpNapHWHI y3apo nep-
NeHAUKYNAp y Ba 2 yknap 6yiuua NMyHanraHAMrMHW KypcaTagu.

(110.7) Ba (110.8 TeHrnamanap (109.8) Ba (109.9) TeHrnama-
napHUHr xycycuin “onngup. (110.7) TeHrnaMaHWHT 3HT O4ANIA eYnmun
Kyiungarn yHkuus 6ynagu:

Ey —Emcos (wt — kx + at). (110.9)
(110.8) TeHrnamaHuHr eymmmn ){am LWyHra yxwaw:
Hr = Hncos (@t — kx-\-a.). (110.10)

by dopmynaga <8—TyAKUH 4acToTacu, K-—TYyAKUH COHW, Yy WV
ra TeHr. a, Ba a2—Teb6paHWWHMHI 1. —0 KoopfAlHaTanu HyKTanap-
parn 6ownaHruy asanapm.
(110.9) Ba (110.10) cpyHKumanapHu (110.5) TeHrnamanapra Kys-
MU3:
KEmsin (cof — kx -f a,) = JAu)/lymsin bt —kx + «2).
kHmsin W1—kx+ a2)= tE0CmEmsin (<ot — kx + “1).

TeHrAnK 6axapunuwun ydyyH f, Ba a2 6ownaHruy ¢asanap TeHr
6ynuwmn kepak. ByHpgaH Tawkapw, Kyihuparn myHocabatnap YpuH-
M 6ynuin Kepak:

KEm =
« 00ET= KHT.

By WKKUTa TeHrnamaHu 6up-6upura Kynantupub, KyinmgaruHu
Tonamm3":

= y4yYAn-
WyHpal kKmnub, 3neKTpOMArHWT TYAKUHAA 3M1EKTP Ba MarHut
BEKTOPNapUHWHI TebpaHnwmn 6up xun ¢asaga = «2) 6ynagm,

6y BEKTOPNApHWUHI amnnuTyganapu aca ywby MmyHocabat 6unaH
6ornaHraH:

Ea¥Yw = NWTYwH. (110.11)

(110.11) thopmynagaH Oywnukga TapkanaértraH TYAKUH  Y4YYyH
Bsa Ba HT napHUHr kuiimaTu opacupa Kyhugarm MyHocabaT mMaBs-
XYA [eraH xynoca 4ukagu:

W= [ /A=| 4 mIO-7+4*+9+100=
HT r S0

= K(49)a@900= 120*«377. (110.12)
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(110.11) dopmyna Faycc cucTemacupa Kyimmpaarn KypuHuwra ara:

EmV* ~ HTY>
Oemak, 6”Mwnuega ET= HT (ET HM CIrC3 6upnukga, HT Hn CFCM 6up*
nuKAa yndaHagu).

(110.9) TeHrnamaHu y ykKHuHr oprura (Eyj = E> (110.10) TeHr-
namaHu r ykHuHr optura (Urk = H) kynaintupu6, BEKTOpP Kypu-
HULWI AT SICCU 3NEeKTPOMArHUT TY/NKUH TEHrnaMacuHu 01amus:

E = E,.c0s —" B

I H,,,cos (wt — hx) (110.13)

(6us al= a2 peb tapas KMNAUK).

237- pacMAa SicCUM 3M1EKTPOMArHWT TYAKUHHUHT ,,0HUA oTo-
cypatu“ kypcatunraH. PacmaaH KypuHu6 Typubaukum, E BaH Bek-
TOpnap TYAKUHHWUHI TapKanuw WyHanuwu 6unaH YHr BUHT cuUCTe-
MacuHu “~ocun kunagu. ®asoHWHT Mabaym 6up Hyktacuparu E Ba

H BekTOopnap BakT yTuwun 6u-
NaH TrapMOHUK KOHYH 6yiinua
y3rapagu. Ynap 6up BakTga
HonjaH 6ownab6 opTta 6opagwm,
cyHrpa 1/4 paBp yTrau, BaHr
KatTa K4yiimatra apuwagn (6yH-
pa E tokopura iyHanraH 6yn-
ca, y .donga H yHrra iyHanraH
6ynagn; 613 TYNKUHHUHT Tap-
Kanuw WyHanuwun 6yiinya Ka-
pamokgamus). HAHa 1/4 pasp
yTray, “ap wukkana BeKTop 6up
BakTAa Honra ainaHagu. CyHrpa
fHa 9HI KaTTa Kuilmatra apuwagu (nekuH 6y caap E nactra
WyHanraH, H 3ca —wuanra). Hu”oaT, TebpaHuWw [JaBpu TyraraH-
JaH KeluH BekTopfiap fHa Honra ainaHagn. E Ba H BekTOp-
NapHWUHT  6yHAal ysrapuwnapu (asoHUHr .“ap 6up HykKTacupga
pyin 6epagun, nekuH ynap asa 6yinmuya cumkuraH 6ynu6, 6y cun-
XUW X YKn 6yimua ~mncobnaHyBYM HyKTanap opacugaru macodga
6unaH GenrmnaHagu.

1M-§. OneKTpoOMarHUT TYNUWHNAPHW 3KCMepuMeHTan
TeKWwupuw

MaKCBEeNNHUHT 3M1eKTPOMAarHUT TYNKWHAAp MaBXyAnuru "~aku-
farn HasapusacUHUHI HaTwxanapuHu 1888 iunga Tepu 3kcnepu-
MeHTan Tekwwupau. Fepy TynKuMHMap "OCWA KUAUW YYYH Y3U UX-
TUPO KWATAH YYKYH oOpanuMk 6unaH axpanub TypyBUM WKKMUTA
CTepXeHaaH unbopat BubGpaToppfaH doiganaHan (238-paem).

C KoHpeHcaTop Ba A.MHAYKTUB ranTakfaH Ty3uIWH TebpaHUL
KOHTYpUAa 3/eKTP MalifloHM KOHAEeHcaTop Komfamanapu Opaauru-
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fJa, MarHUT MalgoHW 3ca rantak uymga TynnaHagum (239-a paem).
KoHpeHcaTop Ba KanTakHu ypab TypraH asofa MaifoH amanga
HOMra TEeHr, WYHWUHI YYYH TYNKWHNAPHWHT Ce3unapnum TapKanuwiu
cogup bynmaign. TYNKUHAAPHWUHT TapKaauwu Cce3nnapaum  pofb
y/HaWn ydyyH MailngoH “~ocun 6ynaguraH co”aHu atpod dasogaH
axpartuw Kepak. ByHra apuwunw yyyH KOHAeHcatop Konjamanapu
opacugarn Ba rantak ypamaapu

opacuparu MmacoaHu ysantupuw

Kepak (239-6 Ba B paem). Hatu- t

Xaga 6u3 epy BuGpaTopuMHM *0- ~
cun kKmnammns (239-r paem). 239- L
a —r pacmnapga  TacBupiaHraH 2z
Wwakn ysrapTupuw  npoueccupga C

KOHTYPHWHT cupugon Ba WHAYKTUB-
NUTU KeCKHH Kamasgu, 6y aca fiHa
Nam  Kynannuk — Aapatagu, UYyHKW
O6yHAall Xon 4aeTOTaHWUHI OpTU-
wura onné kenagu [(99.2) dop- =7
mynara K-J. jemak, TYNKWUH Y3YyH-
NUTH Kamasagu. Kuyuk y3yHnukga-
M TYNKUHNap 6unaH aKCnepuMeHT
yTKasuw ocoH 6ynagu. [epuy uvac-
ToTaHM 108 ru TapTubra eTkasau
Ba Yy3yHnurm 10 pad 0,6 m rava
6ynraH TynkuHnap ongw.
TebpaHuW yWroTuw y4yyH BuUG-
paTtop uHAyKTOpra ynaHagum (238-
paeMm). YUKyH opanukgaru Kyu-
NaHWW Tewwuw KuiMaTtura apuul-

238- paewm.

raHga, BUOpPaTOPHUHI >ap WKKana  ApPMUHM  TyTawTuUpyBUuu
YUYKYH *ocun 6ynagum (wyHra Kypa 239-r paempa BubpaTtop yp-
Taemgaru ysHaraH Kuem KypcaTuimaraH). HaTumxaga YYKYyH yu-
ryHya [JaBOM 3TafuraH 3pKWH CYHYBYM TeGpaHHWnap ><ocwn 6yn-
raH. TebpaHuwnapfa to3ara KenaguraH HOKOpPM YacTOTaiu TOKHM
WHAYKTOP 4Yynramura yTKasMaciukK Y4yH Bubpatop 6unaH WHAYK»
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Top opacura L P ppoccenb, sbHW KaTTa WHAYKTUBAUKKA 3ra 6Gyni-
raH rantak ynaHraH (¥YsrapyBuyaH TOK YYyH WHAYKTUB KaplIWUIUK
wL ra TeHr). YUYKyH yuyraHfaH CYHr BMGpaTop WHAYKTOpAaH sHa
3apsag onagu Ba npouecc AHrMAaH KalTapwnagu. LyHpah Kkuan6,
Fepl BuGpaTopyM Kewa-kKeT KenyBunm 6up

! | Katop KyuCWU3 CYHYBYM TYNKUHMAPHMU yfIFOT-

Bubpatopga TebpaHull BakTMja TOK Ba
KYYNaHWWHUHT  TYpPryH TYJAKUHAGpW *O0CHN

Ik 6ynraH. Tok Kyuu i (240-a paem) Bubpatop
ypTacuga Makcuman  (TOK [AYHrauru) Ba
YHWHT yunapupja Honra ainaHraH (TokK Ty-
ryHnapu). M KyudnaHuw BubpaTop ypracujga

a $ TYryHra, yunapupa 3ca QAYHrAuknapra ara
(240- 6 paem). LWyHpah kunub, BuGpaTOp
240-paem. acocuii (AbHM 3HI KWYMK 4YacToTaga Tebpa-

HaéTraH Topra yxwawawup. BubpaTtop Tapka-
TaétraH TYNKWUHHWUHT | y3yHAUrK BuUOpaTop Y3YHAUTWAAH TaxMu-
HaH WKKM MapTa KaTTa. LWy ca6abnu 6yHAali BMOGPATOPHU APUM
TYNKWUHAW Bubpatop pfeinnagun. Arap Bubpatopga uactoracu
WKKW MapTa kKaTtta O6ynraH maxO0ypuil TebpaHuwnap yinrotunca,
y “onga TOK Ba KyuyflaHUWNapHWUHT TaKCUM-

/m / NaHuwun 241-pacmja TacBupnaHraH Kypu-
( Huwpga 6ynagu. by “onpa subpatop 6GUPMHUM
> 06epToH uvacToTacupa TebpaHaéTraH Topra
KW yxwaigu.
. byHpaH rawkapu, [epu TapkatunaértraH
\ TYNKWHNapHW ypTacupa yH4ya KaTta 6ynma-

raH yykyH oOpanukka 3ara 6ynraH fpum Tyn-

KWHNW BuGpatop épfamupja *am TeKWupau.

241-paem. ByHpaii BMGpaTOpHU TYNKUH 3M1eKTp Mahpjo-

HUHWHI KyYnaHraHnukK BeKTopura napannen

XOolnawTupunraHia yHfa TOK Ba KyuynaHulW TebpaHuwnapu yi-

rotunraH. BubpaTOpHUHT y3yHAWUTW X/2 ra TeHr 6ynraHu y4yyH yHpaa

pe3oHaHC HaTMXkacupa TebpaHuwnap WYHAAN WHTEHCMBAWKKA 3pu-

WwaguMku, 6yHAa YYKYH OpanvMkja yHYa KatTta OGy/nmaraH yukyHnap
cakpawu tosara kKenagul).

lepy KaTTa MeTann Kysrynapfa Ba actanbT npusma (ynyamu

1 ™M gaH opTtuk Ba ormpnurn 12 T.) éppamupa 31eKTPpOMarHuT

TYNKUHNAPHWUHT KaWTWLWM Ba CUHUILIMHW amanra owupaum *ampa

ywby %ap ukkana “oguca ontukaga EpyranMk TYNKUHAAPW Y4YYH

aHWKNaHraH KOHyHnapra 6yhcyHuwuHu Kypcatau. [epy Bubpa-

TOPHW 6GOTUK  KY3TYHUHT (OKycura >XolhnawTupmub, MyHanuwra

ara 6ynraH fccum TYAKUHHW ~ocun Kungu. TYNKWHHWHT TapKanui

Y X03upru gemoHcTpaymMsnapga yuykyH opanuuya yHdya kama 6Gyamarad nan
noyka ynaHagu. Jlamnouyka WybnanaHUWMUYUHT PaBWAHANTA TYNKUH WUHTEHCUBAN-
TMHU KypcaTaau.
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MyHanuwura ficCU Kys3ry >XonnawTupub, TYPryH TYAKUH ONgw
Fepy TYNKWHNAPHWHT TYTyHAapu Ba AYHrAUKAapu opacuparun ma-
coaHn ynyab, TYNKWH Y3YHAUTU ¥ HW Tongu, X HUHT Bubpatop-
HUHT TebpaHWW vacToTacum v ra 6ynraH Kynantmacu anekTpomar-
HUT TYNKWHNAPHUHT Te3nurnHu 6epaun, Oy 3ca Epyrnauk Te3nuru
C ra fIkKMH 6ynu6 umkgu. Fepy TynkKuWHNap #ynura 6Gup-6bupura
napannen 6ynraH MuC CUMNapfaH seanraH Typ >KoWnawTupau
Ba TYpPHW Hyp aTpoHAa alnaHTupraHga yHpaH yTaérraH TYNKWH-
NapHUHT WHTEHCUBNWUIW KECKWH Yy3rapraHnuruHu nankagn. Typ E
BeKTOpra nepneHaukynap 6ynraHga, TYAKWUH TypfaH Xanancus
yTraH. Typ E ra napanfnen >xoinawTtupuaraHga TYAKUH TypAaH
yT™maraH. LWyHpail kunmb6, 3neKTPOMAarHWT TYNKUHNAPHUHT KyHAa-
NaHr TYNKWH 3KaHAUTU UCOOT KUWUHTaH.

M. H JlebeageB lepy TaxpumbanapuHu paBom 3aTrupgu. Y 1894
Annga TYNKUH Yy3yHAUTM 6 MM ra TeHr 6ynraH 3/IeKTPOMarHuT
TynkuHnapHun HOcun Kunau Ba ynapHUHI KpucTannapfaH YTULWHK
TeKWwupaun. ByHAa TYNKUHAAPHUHT WKKUAaM4H CUHUWK naiikangu
(OnTukara K-

A. C. Monos 1896 inmnga 6UpMHYM MapTa 3NEKTPOMArHUT TYnN-
KnHnap épgammga 250 m Macogara ax6opoT ys3aTUMWHW amanra
owwunpgn (6yHpa ,leHpux [epuy” cysum ysatunraH anum). Wy 6unaH
pafjuoTeEXHWKAM acoC COJIMHIaH.

112-§. 3neKTpOMarHuT MakfOH 3Hepruacu

JNeKTPOMarHUT TYNAKWHIapHU naikaw MYMKUHAUTM  (YUYKYH
YUKULIW, NaMMOOYKaHWUHI LWybaafaHuWyM Ba WYyHra yxwawapra
Kapa6) 6y TYNKWHNAPHUHT Yy3u 6MNaH 3HEpPrua Kyuyupuoé opuLLnHK
Kypcatagu. TYNKUHHWHT 3HEprus Kyuympub HOPULIKHK KypcaTuw
YUYYH 3Heprus OKuMMM 3uuauru peb artanyBuyM BEKTOP KaTTaluk
kuputunrad 3sgum (I 1., 82-§ ra kK-)- Y COH XwutatgaH OuUpPAUK
BakTAa 3Heprus OKMMW NyHanuWwmra nepneHauKynsp >xohnawraH
6upnuk 103avyafaH yTraH 3Heprua MuUKJopuUra TeHr. JHeprug
OKUMW 3UYANTUN BEKTOPUHWUHI MYyHANULIWN 3HEPTUAHUHI Kyuuw Ky-
Hanuwu 6unadH Moc Tylwaaun. Yiwa naparpadga sHeprus OKUMU 3uY-
NUTUHN 3HEPTUA 3UYAUTWM 6unaH TYNKWH Te3NWTMHKU Yy3apo Kynaii-
TMpnM6 ~oCKUN KUAUW MYMKUHAUTKW KypcatunraH agun [l 1., (82.8)
popmynara K-]e

3neKTpoOMarHnuT "M LOH 3HEPTUACUHUHT 3UYNNTW J3 3NEKTP Mali-
LOHWUHUWHT 3Heprua 3uynurn 6unaH [(30.2) dopmyna 6unaH aHuk-
naHaguraH] MarHuUT MalfOHWHWHT 3Heprus 3uunurn [(61.8) dop-
Myna 6unaH aHuKnaHaguraH] AurnHgucupgaH wbéopaT 6ynagu:

W= we+ wH= — + [
E Ba H BekTOopnap ¢a3oHWHI 6epuaraH HykTacuga 6up xun
thasaga ysrapagmul;. WUyHWHr yyyH E Ba H napHuUHr amnautyja-

*) By (hakaT yTKazmac My MUT YYyH ypuHAMAuWP< Y Tks3YBum My~ utua E Ba
H nBpHWHT (asanapu Moc Tywmaingm.
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BUiA uyminmarnapu opacuparu (110.11) myHocabaT YynapHUHT  OHWIA
umiimMatnapu yuyyH “am Typpuaup. ByHAaH 3nekTp Ba MarHuT mMai-
LOHNap 3HEPTruUANapUHWHT 3UYNUKNAPW BaUTHWHI ."ap 6up oOHMAa
6uppain peraH xynoca umkagun: WE —wH. LWyHWHT yuYyH Kyiun-
jgaruua

W= 2we —TIT0E2

€6 E3UWNMU3 MYMKUH.

aKaHNurugaH coiganaHnb, 3NeKTPOMarHUT Ty/-
UMHHWHT 3HEPrus 3UYNWTW Y4YyH €3unraH udogaHu Kyihugaru Ky-
PUHUWITA KENTUPULL MYMKUH:

W = "j/seCRIADEWN. (112.1)
(109.10) ¢opmynara MyBO(UL 3N1eKTPOMarHUT TY/NLUUHHUHT Te3-
amrm v = —:%.. ra TEHr.
V «,,No)

JHeprus 3MUYAUTU W HU V Te3NMKKa KynalTtupub, aHeprus oku-
MW 3UYSIUTUHU 0NaMU3:

S —wv = EH. (112.2)

E Ba H Bektopnap ys3apo neprneHAUMKYNap Ba TYYLWWHHUHT
Tapkanuw MAyHanuwu 6unaH YHr BUHT CMCTeMacMHM ~ocun  K»na-
an. WyHWHTYYyH [EH| BEKTOPHWUHT AYHaNULWMN 3HEPTUAHUHT KyUnLL
AyHanuwwu 6unaH ™Moc Tywagu, Oy BEKTOPHUHI MOAYynM 3ca
EH (sin«= 1) ra TeHr. [lemak, 3Heprus ouuMu 3UUYIUTN BEKTOPUHU
E Ba H napHWHr BekKTOp KynaihTmacu KypuHuwmuga 6epuw Mym-

KWUH:
S = [EH]. (112 3)

S BeKTOpHW MOMNTUHT BeKTOpU feb aTanagu.
raycc cuetemacupa S HUHT udofacu Kyhngaru KypuHULIHW ONagw:

S= E[EH], (112.4)

SHeprua okumu PTe, AbHU BUp 6MpNMK Bab;Taa 6mpop 5 cupT
opKanu TYyn“uH KyudupraH 3Heprus wmuuygopu [l 1., (82.14) dop-
mynara K-]

0E=js, t/s (112.5)

ra TeHr (6y epfa Sn—BeKTOpP S HWHI HOPMan TaWKua 3TyBYMCH,
dS—S CUPTHUHT 3nemMeHTa).

(112.5) hopMynaHWHI KyfinaHuwura mMucon cugartmpga crayuo-
Hap (AbHW BaKT yTuwmn 6unaH ysrapmainguraH) TOK yTaéTraH uw-
AVHAP WaKNuaarn 6up XUHCAW YTKA3TUYHWUHT 6GUP KNCMUHM Kapab
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ywamus (242-pacm). by uymcmpga pactnab, Tawuum Kyunap Wyk
pe6 gucobnanmns. Y ponpga (33.4) ¢opmynara MyBoguWl YTKas-
FMYHUHT fJap 6up HyuTaempa Kyihupgarnm wmyHocabaT 6Gaxapunagu:

CraynoHap (y3rapmac) TOK YTKasrMYHUHI OYyTyH Kecumm 6yiin-
ya j ysrapmac 3uunukga TacumnaHagu. [femak, E 242-pacmpa
TacBMpflaHraH yTKas3rmy LwucMmuga 6up XuUHC-
nn 6”°nanu. YTKasruy uumpja @ukpaH r pa-
auycnn  Ba /[ Y3YHIUKAN UUAUHLPUK  JaXM
axpatamMus. by uunuHap é&H CUPTUHWUHT gap
6up Hyb;Tacuga H BekTop E BekTOpra nep-

NeHANKYNsAp Ba WYy cupTra yTKasunraH
ypuHma 6yiimuya WyHanraH (242-pacmra u.).

H kattanuk —jr ra TeHr [(44.7) Teopemara

myBotuk 2 r.rH =yw 2. WyHgah uymnno,
(112.3) BeKTOp CWUPTHUHI Aap 6up HyuTacupja
yTKa3rmy yb;ura TOMOH H#yHanraH Ba S =

= EH = ?Ejr KatTanukka ara. S Hu 2-rl

ra TeHr 6ynraH UWAWHAP EH cupTUra Kynam- 242-pacwm.
TMpuo, 6u3 TekwwupaéTraH \axm unyura

3/IeKTPOMArHUT 3Heprua O"MMW KUPULWWHKM Tonamm3 (S BeEKTOp
ounmMun):

®5= 2zr|l WS = 4r.rl«| Ejr= Ej m-r4 = EJ + 17, (112.6)

6y epga V—UMANHLP XaXMMU.

(34.5) ra 6mHoaH Ej kKaTTanuMK YTKa3srMYHWUHI OGUPNUK [aXMU-
fa 6MpnuK BakTha axpanub uymkaguraH uccuuIMkK wmukgopu. [fe-
MaK, (112.6) TEHrAUK NEeHU—XO0Y/Nb WCCULAUTX LWaKAnga axpanunoé
YMKKAH 3HEeprusa yTKasrmuyra YHWUHr EH CUPTUAAH 3NEKTPOMarHuT
MaiAOH 3Heprusacu Wwaknupga Kupmb 60pUWIMHKM KypcaTagu.

WyHun Tabkupgnab ytamusku, ®5aHeprus ouumum yTKasrmy umy-
Kapucura KupraH capu 9HEPrUAHUHT  OTUANWK Ba WUCCUMTNKKA
alnannwwn gucobura cycasgn [6yHpaa 5 pam (y yTkasruy ysupgad
LWAMHAP cupTuraya 6ynraH wmacogara nponopuvoHangup), Ouum
yTaétraH cupT Aam kKamaagu].

SHAN YTKa3rMYHUHT 6u3 TeKwupaéTraH LUCMKU 4Yerapacupga mai-
foHu 6up xuHcnu (E* = const) 6ynraH TaWwb;u Kyynap Tabcup
Kunagn ne6 d¢apas kwunawnuk. by ponpa (35.4) ¢opmynara myBoO-
(Gny YyTKasrMuyHuWHr fpap 6up HykTacupga

j=3E+ E*) =i (E+E™*)
P
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MyHOCabaT ypuHAu 67nn6, 6yHaaH
E=pj- E* (112.7)
»KaHW Kenué uukagm.

3aHXMPHUHT 6U3 TeKWHpaéTraH KUcMua TalWKW Kyynap uap-
WWUANK KypcaTmaingmn, 6ankm TOK yTuwwura éEpgam 6Gepagn peb
anco6nainmus. by E* HUHI WyHanuwuy j HUHT WAyHanuwu 6unaH
MOC KennwuHu oungupagun. p/ = E* wMmyHocabat Gaxapunagn peb
thapa3 uunainuk. bByHAaa 3neKTpoOCTaTUK MaMAOH Ky4naHraHauru
E HuHr s$ap 6up HykKTaja HoMra TeHrIUIM Ba €H cupThaH 3nek-
TPOMArHUT 3HEpPrus oMM yTmMacauru mabaym 6yngum. by “onpga
nw Taw’m Kyunap “mcobura 6Gaxapunagu.

Arap E* > p/ myHocab6at ypuHnu 6ynca, y “onga (112.7) ndo-
fafaH E BEKTOPHWHI | BeKTopra Kapama-kapwu WyHanraHamru
Kennb umkagum. byHpa E Ba S BekTOopnap 242- pacmpa KypcaTui-
raHgek Kapama-kapwu RnyHanraH 6ynagu. [emak, 31eKTpOMarHuT
»HEPrMa OKW6 Kupmangn, 6anky yTKa3rMYHWUHE &H cupThaH atpog
thazora OKM6 4nKagu.

Xynoca KuAub LWyHW alTUIL MYMKWHKW, 3HEprus crauuoHap
TOK yTaéTraH 6epK 3aHXWPHUHT TalWKW Kyuynap TabCup KunaéTraH
KMCMnapuiaH 3aHXWPHUHT 60lKa KuCcMnapura yTtkasruunap 6yi-
na6 asmac, 6anky yTKasrm4yHu ypab TypraH ¢aso opkKaaum S Bek-
TOop 6wnaH XxapakTepnaHafuraH 3/IEKTPOMAarHUT 3HEPrus OKWMWU
Wwakamaa ysatumnap 3KaH.

113-8. JneKTpOMAarHUT MalfjoH WUMMOYAbCK

3NeKTpOMarHmuT TYNKWH BUpPOp >XUCMra ypunaraHga yHra 60cum
6epnwmn Kepak. By 60CUM HUHT KeNNO YUKULIMHWU YTKA3YyBUYUN XUCM
(0Y- 0) muconmpa OCOH TYLWYHTMPULW MYMKWUH. Sccu anekTpomar-
HAT TYJKWUH XXUCMHUHT ICCM  CUPTUTa YHUHT
HopManu 6ylinya TywaéTtraH 6yncuH (243-
pacm). TYNKUHHUHI 31eKTP BEKTOPM XUCMAaA
3nunurn j = aE 6ynraH ToK yiroTtagu. Tyn-
KWHHUHT  MarHUT MalijoHU TOKKa KaTTanuru
XUCMHUHT 6upank "axmura HucbataH Hu-
cobnaraHga (47.2) dopmyna 6yiinMya aHuWK-
naHagurax

Ky4y 6unaH TabCuUp Kunagu.
243-paemgaH  KypuHuM6 rypubguku, 6y
KYYHUHT AyHanUWyW TYNKWHHUHE TapkKanuuw
MyHanuwmn 6unaH moc Tywagu.
243- paem. Kucm ysura TywadtraH aHeprusiHu Tyna
l0TaguraH 301 y4yyH 6ocum Makceenn "u-
cobura myBO(MK, TylwaéTraH TYNKWH Yy3u 6unaH onnb6 Kenrad
3HEePrmMa 3UYAUTUHUHT ypTava (BakT 6Oyin4ya) KuiAMaTura TeHr:

(113.1)
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Arap XWUCM TYNKWUHHW TeckKapu yHanuwpaa S = kSO MHTEHCUB-
AVMK 6unaH uaiTapca (6yHAa SO—WHTEHCUBAWK, ABHU TYLWYBYU
TYNKWUH 3HEPrUACH OKUMMWMHUHT 3uunurn, k—kalitapuw Koadu-
LuneHTa), y *onga 6ocum

p=(@1+ kw (113.2)

ra TeHr 6ynagu, 6yHaa w»—TyWwyBYU TYNKUH 3HEPTUACKM OKUMU-
HUHT ypTaya 3uunurn. Mpaean kalTapyByuum Xucm yuyH k=1 Ba
p = 2w.

ONeKTPOMarHUT TYNKUHHUHT 60CUM KypcaTuLl XoccacujaH anek-
TPOMArHUT TYNKWH MaWJOHWHWHT WMMOYNbCra 3ra 3KaHnuru Kenuné
ynkagu. bywnukgarn MainfoOHHWUHT GUPAUK >;@KM MMNynbcn (MM-
NyNbC 3UYANTW) Kylnuparn Kuimatra ara a3kaHamrm “ncobnab To-
NUAraH:

Kovpn. \aim = j- S = -J- [EH]. (113.3)

VIMNYNbCHUHT MaBXYAUTW 31eKTPOMarHUT MaijoH uUMNybC
6unaH K —Tc mMyHocabaTga 6ornaHraH maccara ara geraH Qukp
oputnwra mMaxoéyp atagu (MaifoH BakKyymfja C Te3nuK OwunaH
Tapkanagu). (113.3) npofaHMHr MOAYNUHWM ¢ Tra 6ynnb, 6upaunk
NaXMmparu MaihfoH MaccacMHW 0/1amus:

EH

A26upn. \axm =— .
c3

e ndofa MakJOHHWUHT 3IHEPrUsA 3MUNUTU W HU Gepagu. [emak,

w
Aovpn. e ~
Cr
Buns 3"ocun KuaraH MyHocabaT HUCOMINMK HaszapuscugaH Kenuo
YMKYBYM Macca Ba 3Heprua opacuparu

W= Tc’

MyHocabaTHUHI Xxycycuii ~onugmp. By MmyHocabaTra Kypa cuctema
SHEPIUACUHMHI “ap KaHjai y3rapuwu YHWHT MacCaCUHWHI Yy3ra-
puwun 6unaH 60rAUKAMP Ba akCWH4Ya, CUCTEMa MACCaCUHUHI y3ra-
PULWIN YHWUHT 3HEPTUACUHWHT y3rapuwura onub kenagu.

Arap épyrnuk, Makceenn gapas KunraHugek, 31eKTPOMarHuT
TYNKWHAAH nbopat 6ynca, y Xucmra 60CMM Kypcaruwm Kepak.
Tyrpu, 6y 6ocumHuHr (113.1) dopmyna OGyimya 3”mucobnaHraH Kuii-
MaTW XyfJa Kuyuk. MacanaH, Kyyu MUANWOH Wwamra reHr 6ynrad
pyrnuk maH6aumHuHr 1 m wmacodagarm 6ocumm “ammacu 6ynuné
thakat 10~7 H/M2(KO~4 guHal/cm2) atpogmaa 6ynagm. L H. Jlebe-
feB Eépyrnuk 60CMMWHM TOMAWM Ba YHW ynyawra wmysccap 6yngu.
Y XKypa Katta ycTanuK Ba WXTUPOUUNIUKHU Tanab KUAYyBUM Tax-
pubanapHu amanra owwupu6, 1900 Wunga EPYrAMKHUHT "aTTul,
Xucmnapra Ba 1910 Wunga rasnapra 60CMMMHU  yn4vagu. Ynyaw
HaTuxanapun Makneenn Haszapuacu 6unaH Tyfla MOC Kengu.
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114-§. OAVNONHWUHT HyphnaHuwm

lepy BuGpaTopmparum TebpaHuwnap BaKTUAA YHWUHT [AUMNONb
*NIeKTP MOMEHTUHWHTI fAaBpuidi y3rapuwm cogup 6ynagu. LyHuHT
YUYyH 6yHAal KypuHuwparun Hypnatruynap gunonnap pfe6 "am
toputunagun. Fepy BuBpaTopu ApuM TYNKWUHAW AunongaH mbopataunp
(/ y3yHnnK X/2 ra TeHr). Y3YyHAWUTU TYNKWH Y3YHIUTUAAH KUYUK
6ynraH ounonb HypnaHUWWHU Kapab uyuMkanmk. by 3ne-
MeHTap Aunonb fe6 aranagu.
Bupop O HykTa aTpohmfa kKapama-kapwu ¢asaga TebpaHyBUM
nkknta -f q Ba —q 3apsfg 3Hr 0fAMIA  AWMOAHM  ~OCUA  Kunagu
(244-a paem]. byHpali cuCTeEMaHWHI Au-
MoMAb  3M1EKTP MOMEHTU BaKT YTULIN

| | 6unaH

ty-V p = glcoswt-n = pnros«)Z? (114.1)
» KoHyH Oyiinya ysrapagu, 6yHaa |—*ap
g « D,(r 6up 3apag TebpaHUWUHUHT WKKWUNaHTaH
[ ' amnauTygacu, N — AUNonb yKu Oyiunya

} | WyHanraH 6upnuk BekTop, pT—qln.
. Kysranmac mycbat + q 3apsaj Ba
-9 L YHUHT aTtpodwuga | amnautypa 6unad
| TebpaHaéTraH MaH(puin —q 3apsgaaH
a 4 TallkMn TOMNraH cucTemMa ”“am Xyaau

foKopuarngeKk 3/ieKTp MOMeHTra ara
(244-6 paem). byHpgail HypnaHyBYM CuUC-
244-paem. TemMaHn Tekwupuw My um a?{amuatra
ara, YyHKW Yy aTOM 3MeKTPOHUHUHT 3NeK-
TpOMArHUT  TYNKUHNap HypnawugaH fJapak 6epagu. Knaccuk
TacasBypnapra Kypa, 3/ileKTpoHfiap atomfa AApo atpoduja annun-
TUK opbuta Gyinnab ainaHagu. dnnunc 6ylinad "apakaTHUW WKKWUTa
y3apo nepneHauMkynap TebpaHuwnapra axpatuw MyMKuH (1T.,
71-8ra K-y WyHpaih knnub, atoM HyphnaHu-
WWHM 3neMeTap AUNOAb HypnaHuwura yx-
WaTuw  MYMKUH [KYPUHYBYU EPYTAUKHUHT
TYNKWUH y3yHaurn (~ 10-7 m) opbuta fgua-

metpn (— 10~'° M) paH aH4ya KatTa].
Ounonra 6esocuTa AKWH >Xoinapha anek-
TPOMarHWT TY/NKWUH MaH3apacu Mypakkab xa-
pakTepa 3ara. ¥ AMMNONHUHT TYNKWH 30HA
fpeb6 aTanyeBum opanuruja aHya coppanawiagu.
By 30Ha TYNKWH Yy3yHAUTM[aH eTapauvya
KatTa 6ynraH r(r>X) macogagaH 6ownaHagu.
245- paem. Arap TYAKWUH 6Up >XXMHCAWM M30Tpon My~ mMtaa
TapkanaéTtraH 6ynca, y “onga TyNKuH PpoHTa
TYNKWH 30Haga chepuk KypuHuwpa 6ynagm (245- paem). E Ba H
BekTOpnap “ap 6uMp HyKTaga Yy3apo nepneHAUKYnsp Ba Hypra,
AbHWU gunongaH 6epunraH HykTara yTKasuiaraH pajuyc-Bektopra
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nepneHgukynapaup (TYNKWH 30Hacugarn HykTanaprava 6ynrad
mMacogara HucbataH AMNONAbL ynyamnapuHu “~nucobra onmaca "am
6ynagn).

TYyNKWH (QPOHTUHWHI AUNONb YKWAAH YTYBUM TeKUcAmknap 6unau
KecunuwmpaH LOCHNA 6yaraH KecuMnapHu Mepuavadnap, Aunonb yKu-
ra neprneHAMKynsap TeKUcnauknap 6wunaH kecunuwmpaH “ocun 6yn-
raH KecumnapHu napannennap fe6 artaiimms. Y “onga E BekTop
TYNKWH 30HaHUNT >;ap 6Mp HyKTacHAa MepuuMaHra YyTKasuarau
ypuHma 6yimya iyHanraH, H BekTop 3ca napanfnenra yTKasuarau
ypUHMa 6yiunya WyHanraH fe6 anTvw MyMKUH. Arap r Kyp 6yiiu-
Yya Kapanca, y “onga TYNKWHHUHI OHWIA MaH3apacu 237-pacmparu-
pek 6ynagu, akaT 6y MaH3apa aMnAUTYAAHWHT Hyp Oyiunuya cun-
XWUraHfga Kamainb 6opuwun 6unaH dapk Kunagu.

E Ba H BekTtopnap “ap 6up HykTaga cos(t—Kr) KOHYH
b6yiinya TebpaHagu. TebpaHWWHWHT ETBa//T amnanTtyganapu Hyp-
naruyravya 6ynraH r macogara Ba I pajguMyc-BeKTOp MNyHanuwmu
6unaH gunonb yku opacumparm 0 6ypuakka 6orauk (245-pa(m).
By 6ornaHuw BakyyM Y4YyH KyihAuparu KypuHuwpa 6ynagu:

Fm~ HT~ sin0-

3Heprus OKUMW 3UYAUTUHUHT 5 ypraya kuilmatm ETHT Ky-
naiiTmara nponopuuoHan, SbHU
sin2». (114.2)

by dopmynagaH TYAKWH WHTEHCUBAWIM HYp WyHanuwu 6yinmua
(ft -mconsE 6ynraHfga) Hypnarumuyraya 6ynraH wmacoa KBajpa-
TWra Teckapu nponopuuoHan paBuwpaa y3rapub 6Gopap 3kKaH Aerad
Xynocara kefamu3. bByHaaH TallKapu, MHTEHCUBNUK & BypuyakKka "am

6OrNMK.AUNoNb y3 yKura nepneHAuKynsp iAyHanuwnapga

Ky4ynu HypnaHagu, y3 yKu iyHa-
nmwnga (0= 0 Ba ft=r) 3ca
HypnaHMaingn. TyNKUH WHTeH-
CUBNUTUHUHT bypyakka 6of-
AUKAUTW  AUNOSHUHT  HyHa.nuw
avnarpamm acu éppgamupasak*
Kon TacsupnaHagn (246-pacm).
By gnarpamma lWwyHpah Ty3u-
NNWKN KPPakKW, YHWHT AMNONb
mMapKasugaH YUKKAH HYPHU Ke- 246-pacm.
cub  ~ocmn  KWUATaH  Kecmacu
mMabaym 6up macwTabga & 6ypyak ocTufa HypnaHUW WHTEHCUB-
NUTUHW 6epuwn Kepak.
Bapua nyHanuwnap 6yinab 6MpnuMK BakKTha HypnaTUAraH aHep-
rma HypnaHuww MWHTeHcuBauru (Ekn KyBBatu) peinnagu.
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Xucobnawnap 3n1emMeHTap AHMOMHWUHT HYPNaHWUW WHTEHCUBAWTY
YUYYH Kyhupgarun wugopaHu 6epau:

Y=/264r1P *- <"4.3)

(114.1) hopmynara MyBOo(UK P2= <2/2wicos2f ByHu (114.3)
ra KYinb, KyhHparmHu onamms:

(1144)
cos2)t~ — OGynraHm yuyyH BakT OGyinua ypTaya HypaaHULI WH-

T €HCUBAUTU Kylingarura TeHr 6ynagu:

I _ 1/ K qg4n I/ K Tkl

~ Y s0 12k Y £q 12nc2

WyHaain knnub, GUNONHUHT ypTaya HYpAaHWLW WHTEHCUBAUTU
OUNONHWHT 3N1eKTP MOMEHTM aMNAWTYyLaCWHWHT KBagpaTtura Ba vac-
TOT@HWHT TYpTUMHYM fJapaxacura nponopuuoHan. LWYHUHT yuyH
KMYMK vacToTanapfa 3nekKTp cuctemanapuHuHr (macanaH, caHoaTt
yacToTacmuparu ysrapyB4yaH TOKHW y3aTull AMHUANAPU) HYplaHuLWM
HM oaTha Kydcus bynagu.

Arap gunonb KY3ranmac Ba TebpaHyBuYM 3apafnap cucrtemacu-
faH wunbopat 6ynca, (114.4) dopmynagaru | TebpaHuw amnantypa-
cuHn bungupafun, ZYodos-u)/ KaTTanuk aca TebpaHyBuYM 3apAjg Tes-
NaHWWKW W HUHI KBagpaTura TeHr 6ynagu. by “onga HypnaHuw
WHTEHCUBAWUTU YUYYH Kyhingarun ¢GopmynaHu &3l MYMKWH:

=VAS~ =15~

By ¢opmyna 3apAagHUHT uXTUépuii ~apakatmga Y3 KYUYUHU
caknaigun. Te3naHuw 6unaH “apakaTnaHaéTraH “ap KaHgai 3apafg
3NeKTPOMArHUT TYNKUH yiirotagu, 6yHaa HypnaHuw kyeeaTtu (114.5)
tbopmyna 6unaH 6Gepunagu. bBetaTpoHga Te3naTunaértraH anek-

TpoHnap “am (104-8 ra k-) wn= ~ MapKa3ra MHTUIMa Te3naHuL
ro
Tydahinm “ocun 6ynraH HypnaHuw “ncobura 3Heprua KHyKoTagu.

(114.5) dopmynara mMyBOUMK HypnaHuwpga capdnaHaérraH aHep-
Mg MUKAOPW 3NeKTPONNapHUHT 6eTaTpoHAa 3pUWTaH TE3NUTUHUHT
optuwmn ( vi ra nponopuyuoHan) 6unaH KeckmH optagu. LWyHUHT
YUYYH 3NeKTPOHNApHWHI 6eTaTpoHha 3pMILIMWIKN MYMKUH 6ynraH
Tes3nurn 500 Mae atpodupga uverapanaHraH (6y Kuiimatra moc Ke-
naguraH Te3nWKha HyplaHuwpga cappnaHaguraH 3Heprusa yropma-
BUI 3MeKTp MaWfOHWHUWHI 3NeKTpoHnapra 6GepafguraH aHeprmacura
TEeHr).-

Te3naHWW rapMOHWK KOHYH 6yiinuya y3rapaguraH apngaH dapk-
NN paBuWAa, W UXTUEPUIA 6ynraHga HypnaHUW MOHOXPOMAaTMUK Tyn-
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KMHAaH 3mac, 6Gankum Typau 4yacToTanum TY/AKWMHAap TynnamugaH
néopat Gynagu.

(114.5) hopmynara MyBo@uK w = 0 fa WMHTEHCUB/IMK HONTa
NnaHagu. [emak, ys3rapmac Te3NuK 6unaH “apakaTnaHaéTraH anek-
TPOH 3NeKTPOMArHWT TYNKWHNap Tapkatmaligu. bupok 6y xynoca
3/IeKTPOH "apakatnaHaéTraH MYKUTAA 3NeKTPOHHUHT ©an Te3nuru

EPYTNNKHUHT V& — - Cc—Te3NnrugaH katra GysnmaraH “onpgaruHa
\

yk
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I NJTOBA
CW Ba TAYCC CUCTbMACWAOA 3JIEKTP
Ba MATHUT KATTANUNKITAPUHWHI
YNYOB BUPNTUKINAPA

CW 6upnuknap cuctemacmpa:
3NeKTp AOUMUIACK

Ebas ------------------ 0P'M " -mmmmmeee ¢ M,
4n (2,99776)a+10 4n-9.10 '
mMarHuT goumuiicn (0= 4t1c-HO-7 rH/Mm.

raycc 6upnuknap cucremacupa:
3NEeKTPOANHAMUK AOUMUIA

C «=2,99776 « 101cm/cek » 3 « 1010 cmlcek.

Bupnuknap opacmparu myHocabaT TaupubaH 6epunraH. AHUH
Kuniimatnap onuw y4yyH OXUPrM YCTyHAA KeNTUPWATAH KaTTaluk-
napgarn 3 Hm 2,99776 ra Ba 9 Hm (2,99776)* ra anmawTupu

Kepak.

YN4oB GUPAUTA Ba YHUHT

Karttanuk Ba Genrucn Bupnuknap opacmpaaru
) YHUHT 6enrucu MyHocabaT
aycc
cn cucTeM acu

Kyu / HbOTOH (K) AuMHa (AMHa\ 1 H —HOe AuHa
Nw A Ba aHeprua W xoynb (k) apr {apr) 1 XK *» 107 3pr
3apaa q KYynoH («) Crcadupn. 1 K-3.10» crca6upn.
SNeKTp MaumAoH KyunaH- metpra

raHnurn E BOMLT B/M crcaéupn. 1 crca6ln - 3.10*,1M

MoTeHuynan o, noTeHunan- BonbT (B) crcabupn. lcrcabupn » 300 a
nap dapku Ekm Kyuna-
Huw U Ba 3. 10. K $

9neKTp AUNOAb MOMEHTUP K M crcabupn 1 «.~=31011 Crcas
KyTt6naHuw BekTtopu P KIM* crcaéupn. 1 kK/M2=3.105 crc36upn
[OnanekTpuk kabyn Kunys- Cl/lﬁlp'I crcablpn 1 crcae,pn. CU6up,.
YaHNK X
dnekTp cumkuw  (3NekKTp  KBagpar
nugykumnsa) D MeTpra Ky- crcgeupn. 1 K/IM3=
noH - (K\M3) -4 * -3.10» CrC3 6upn
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Ynuos 6upnurn Ba yHunr

KatTanuk Ba enrucu Bupnuknap opacugaru
YHUHT benrucu r MyHocabart
om aycc
cucTemacut
OneKTp CUMKMIL  OKUMKM  KynoH (K) crcabupn. [ «-4-3.10» CrC36upn_
(3neKTp MHAYKUWUA OKHU-
mun) ®
AnekTp cunimn C thapaga () caHTumeTp 1d¢«@9-10" cm
(cm)
Tok Kyuu / Bunep (@) crcab6 14-3.10°CIC23ompr
Tok 3ununuru / KBagpar cracéupn 1 e/n*-3-105 CI C36up/l.
MeTpra
amnep (a/m3)
dnekTp Kapwuank R om (OM) crcaéMM 1 Crcaeupn = 9- O"om
ConuwTnpma Kapwunuk p oMM crcaéupn. 1Crcar™pg =9-10"omMm M
MarHuTt umHgykuus B tecna (Tn) raycc (rc) 1 TN = 104 TC
MarHuT MHAYKuuMs okumm Bebep (BO6) MakcBenn
® Ba OKAM TYTUHUWN (mKc) 1 B6 ®= 10« MKO
MarHut MoOMeHTW PT a mr crcwm éupn-
= 108 CTcM™ 6upn
meTpra 6
crcm éupn.
MarHutnaHuw BekTopu J amnep (a/m) p. 1crcm6upn= 103n/n
(raycc)
MarHut MaiifjoH KyunaH- mMeTpra )
raunnrn J amnep (a/m) apcreg (8) 1 @M **4n-10_3 a
MaruuTt Ka6yn KnnyB4aH- CM&J-I cCrcm 6V|pﬂ. 1 CFCM6V|pn :4TCCV|6|/IpI'I
nNK X
MHpykTuenmk L Ba ¥3- _
apo MHAYKTMBAMK Ln reHpu (rH) caHTumetrp 1 H 109 CM
(cm)
I nnoB A

CW Ba TAYCC CUCTEMACWUAA I/TEKTPOMATMHETU3MHUHI
ACOCU ®OPMYNANAPU

Homu

KynoH uoHyHHU

ONeKkTp MailjoH Ky4naHraHaHru (Tab-
pug 6yiinya;

HykTaBuii  ?n1pAAHUHT  MallfoH  Kyu-
naHraHanrn

cn laycc cuctemacu
1 MI f <3
450 r2
f
E
y
Ea* Brreo tv™ £l
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JapsanaHraH TeKUCAMKNap opacuparu
Ba 9JapafnaHraH yTKasrmy  cupTu
AUMHWAATU MaAOH Ky4NaHTaHaHTU

MoTeHunan (Tabpug 6yiinua)

HyKkTaBuii 3apsag noTeHuuanu

MalifjoH KyunapuHuur 3apsag ycTuga
6axkapraH uwm

E Ba < opacuaarn 6ornaHuw

< Ba E opacuparn 6ornaHuw

Bup XuHcnu maiigoHaa Ba E opa-
cugarn 6ornaHuw

3nekTpocTaTMK MalfoH YuyH E Bek-
TOp LMpKynayusacu

OVNONHWHT 3N1eKTP MOMEHTH

Ounonra 3nekTp MaiifoHUAa Tabcup
KnnyBuM MexaHUKaBWii MOMEHT

OVNONHWHT 3NeKTp MailifjoHupaarv aHep-
ruscu

.9NacTUK* MONeKYNaHWHT AWMNONb MO-
MEHTU

KyTt6nanuw BekTOopn (Tabpud 6y-
nnya)
P Ba E opacuparun 60rnaHuw

P Ba 60rnaHraH 3apsgnapHuHr cUpTWii
3nunurn opacmgaru 6ornaHuw

3NneKTp cumkuw (3NeKTP  MHAYKLWA)
(tabpud 6yiinua)

HUC6UIt AN3NEKTPUK KUPUTYBYAHINK €
6unaH AU3INEKTPUK Kabyn KunyBYaH-
ANK X opacupgarun 6GornaHuw

X HuHr CW parm (Y%cwu) Ba laycc cuc-
Temacupgarum (xre) Kuiimatnapu opa-
cuparn 6GornaHuw

D Ba E opacupgarn 6o0rnaHuw

Bakyym yuyyH D Ba E opacupgaru 6or-
naHuw
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6yiinya)

AcCn KOHAEHCATOPHUHI CUTUMMU

3apsgnap CUCTEMACUHUHT 3HEPruscu

3apsagnaHraH KOHAEHCATOPHUHI  3Hep-
rmacun

dneKTp Mal[OHUHWHT  3Heprus 3uu-
anru

Tok Kyunm (Tabpud 6yimnua)
Tok 3uunuru (Tabvpud Gyiinua)
OM KOHYHMU

OM UOHYHUHUHT AuddepeHymnan Ky-
PUHHLWN

XXoynb—J/leHU KOHYHU

Avdde-

XXoynb—J1eHU, KOHYHWHUHT
peHuMan KypuHULLIN

WNKKUTa napannen TOKNapHUHT BakyyMm-
farn ysapo TabCcup Kyuum (Y3YHNWK
GUpANTN yuyH)

TOKAN KOHTYPHWHT MarHUT MOMEHTU

MarHut uHgykuusa (tTabpud O6yinnu*)

MarHuTnaHuw BekTopu (Tabpud Oy-
nnya)
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Hobin

MarHuT MalfoHW Ky4ynaHraHnaHru (Tab-
pud 6yiinua)

J Ba H opacupgarn 6ornaHuw

Hncobuii MarHnT KUpUTYBYAHNWK L, Ba
MarHUT CUHFAMPYBYAHAWK X oOpacu-
farn 6ornaHuw

X HuHur CW parm (XCu) Ba laycc cuc-
remacuparn (Xpc) kuiimatnapu opa-
cuparn myHocabar

B Ba H opacmparun 6ornaHuw

Bakyymga B Ba H opacuparn 6or-

naHuw
Buno-CaBap KOHYHMU

Tyrpn TOK MarHWT MaliOHUHUHT Kyu-
NaHraHnurn

AHNaHMa TOK Mapk33ugarm MarHut
MalfoH Ky4naHraHaHIm

CONEHOUAHUHI  MaiifjloH  Kyu/JaHraH-
anru

H BekTOp uupKynauusacu
B yuyH laycc Teopemacu
AMnNep KOHYHH

NlopeHy Kyuwu

Maruut maiijoumga MarHUT MOMEHTra
TabCUp LWMAYBYN MeXaHUKaBWUIi MoO-
MeHT

MarHur MmaigoHmaa MarHuT MOMEHT
IHepruscu

MarHur uHaykuma  okumu (Tabpud
oylinya)

TOKNN  KOHTYPHW MarHuT  MalljoHu

6yiinab KyumpunraHga 6axapunagu-
raH uw

CYyTUHULW  OKMMWU €KW TYna MarHut

oKMMKU (Tabpud 6yiinya)
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m LP
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uH:2
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CUMKNW  TOKUHUHE 3uunuru  (Tabvpud Jci A
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S
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S
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MynaToB M. (88- § gaH oxupuraua).

PepakTopnap: NMynaToe M., LlepmaToea M.

Bagunit pegaktop CouH E.

Texpepaktop Yn?psesa O.

KoppekTop: Pasmawynnaesa M.

Tepuwra Gepunan 10/1X-1974 M Bocuwra pyxcat atungm 1/1V-197S 7 Koros Ne 3.
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