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I's1aBa 2

JANDJIEKTPUKN

[IpoTUBOIIOIOKHOCTHIO TPOBOJIHUKAM ABJIAIOTCH U30JIATOPHI, NN JTAIJIEKTPUKHU, B KOTO-
PBIX 3apsijibl HE MOT'YT CBOOOJHO JIBUTATHCsT 10 Becemy obbemy. OjHako J000it aroM mim
MOJIEKYJI& COCTOST U3 JEKTPUUECKUX 3apsI0B, KOTOPbIE, pa3yMeeTcsl, pearupyroT Ha dJIeK-
Tpudeckoe nojie. [loaToMmy n IMaIeKTPUK KaK Ie/10e B3auMOAeHCTBYeET ¢ 1moJjieM. Mexannusmbl

TaKOI'O BBaHMO,ZLeﬁCTBHH n ero cjaeacrsud paCCMOTPEHLI B 3TOI IJj1aBe.

2.1 /IunoJib BO BHENIHEM I10Jie

Hekoropbie nuaieKTpuKy HOJMSIPHBI — COCTOAT W3 MOJIEKYJI, UMEIONINX JTUIIOJIBHBI MO-
MeHT. FKcrecrBennbiit mMacmtad JUIMOJBHOTO MOMEHTa — IPOU3BEICHUE 3apsija JEKTPOHA
e=1,6-10"1 Ki = 4,8 - 1071 CI'C na aTomusbiii pasmep a ~ 1078 cm!. PeasbHo «11eHTPHI
TSYKECTU» MOJIOZKUTEJIbHBIX U OTPHUIATEIbHBIX 3aPs/I0B Pa3HEeCeHbl Ha MEHbBIIIee PACCTOSHHE,
u TunmaHoe 3Havenue p nopsyka 10718 CT'C, mmm (1/3) - 1072 CHU. Drta BHECHCTeMHAS
eIMHAIIA Ha3biBaeTcsd Aebaii. Hampumep, qumobHbIiE MOMEHT MOJIEKYJIBI BOJIBI 1,85 nebast.
Ha gumoss B mosie E Oyser JeficTBoBaTh apa CIJI, PA3BOPAYMBAIOINIAS €TI0
BJI0JTb 10Jis. Moment cuit 7 = gEdsing = pEsing (yroa ¢ or Hampasie- ?iq -

nust F). [orennunasnbHas sHEprusi JUMOJsI, OTCIUTAHHAS OT «HEHTPATBLHOIO» -§ d

ITOJIOYKEHUsI TTOIEePEK TIOJIS:
U=—q(d/2)cosp-FE —q(d/2)cosp - E=—pEcosp =—(pE). Puc. 2.1.

OTnenbHo B3ATBINA, CBOOGOAHDBIN M IPOM3BOJILHO HAIIPABJICHHBIN JIUIIONL IPH BKIOYCHUN
BHENIHET'O I10JId Ha4YHET KOHe6aTbCH. C y4daeTrom B3a,I/IMO,ZLeI>‘ICTBI/IH MOJIEKYJI (XOTﬂ 6])1 CTOJIK-
HOBEHWI) B JIUIIOJBHOM Ta3e yCTAHOBUTCS DPABHOBECHE O BOJIbIMAHy: WHCIO MOJIEKYJ C
sueprueit U nponopruonanbuo® exp(—U/kT). Bosnukner Henysnepas cpe/Hsst KOMIOHEHTA
P BJOJIb 1I0JIsl, TaK KaK II0JIOYKEHME BJIOJIb dHEPreTHYecKH BbIroaHee. IIpuMen /i OIeHKN

HpOCTGﬁLHyIO MO/IeJIb: IIyCTb JIUIIOJIb OPUEHTUPOBaH JInO6O TOYHO IO IIOJIIO (7'L+ MOJIEKYJI U3

'Euauma ymaer 1078 ev = 10710 v, yobHas /i aTOMHBIX sB/Ienuil, HazbiBaeTcs anrcrpem (A).
23neck u gasee k IOHEMAETCS KaK HOCTOSHHAS BOJIBIMAHA, TOCKOIBKY JIEKTPOCTATHYCCKHI KOIDUITH-

€HT C TaKUM Ke 0003HAUYEHUEM Mbl IIPAaKTUICCKH HE HUCIIOJIL3YEM.
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obmiero uncia N), mubo nporus (takux n_ ). I3 ypaBHenuii 6ajianca u paBHOBECHUsI

ny+n_=N, ny/n_=exp2pE/kT) cneayer:

h = N exp(pE/kT) N exp(—pE/kT)
* exp(pE/kT) + exp(—pE/KT)" exp(pE/kT) + exp(—pE/kT)’

OTKY/Ja CPeAHUNA JUIIOJIBbHBII MOMEHT

o __exp(pE/kT) — exp(—pE/kT)
(p) = p(ny —n_)/ P exp(pE/KT) + exp(—pE /kT)

= p- th(pE/KT).

Jlytsl THIMYHON MOJIEKYJIBI C JAUIOJIBHBIM MOMeHTOM p = 1 nebait npu 300 K ormomenne
pE/kT =1 upu E ~ 40000 CT'C & 107 B/cm. Takoe nojie co31aTh IpaKTUUECKH HEJIb3s U3-
3a nipobost. [Ipu pE /kT < 1, ato GbiBaeT Ha NPAKTHKE, BbIPAsKEHHE JJIsi CPEIHEr0 MOMEHTa
yuporaercs: (p) = p - (pE/kT). Cpemanit MOMEHT COCTABIISET MAJYIO JOJIO COOCTBEHHOIO
JINIIOJIBHOI'O MOMEHTa. TerioBoe JBUKEeHHe MelaeT JIUHOJIAM YIOPST0YUThCS.
Paccvmorpennast Mojienib KaykeTcs CTPaHHOM, HO OHa 3aTo mpocTasi. B Gosee ciaoxKHOM cirydae,

KOoria JOITYCKaIOTCA JIHOObIE opueHTaluu JTUIIOJIA,

(p) = J peosg - exp(pE cos p/kT) - 2msinpdp

p) = J exp(pE cos ¢/kT) - 27 sin pdp B
Jx-exp(pEx/kT) - dzx pE

P [exp(pEx/kT) -dz ' (kT) '

Sneck L — dyukius JlanxkeBena

B nannom ciayuae & = pE/KT. Hna pE/KT < 1 moxuo nokazarsb, uro L = pE/3kT (mamo
Pas3JIOKUTh SKCHOHEHTHI B psij). [losyuaem cremeHb, WM CpeJHUIl HPOIEHT OPUEHTAIMN JIUIIOJIS
(p)/p = pE/3kT — uebobIyo BeJUINHY, IIPOIOPINOHATILHYIO BHEIITHEMY MOJIIO U TOTO YK€ HOPSJI-
Ka, KaK B mpocreiimeii mogesmn. B nmose 30 kB/cM aumons opuentuposan na = 1073, Dra manas, 1o
BUJUMOCTH, JIOJIS JIOCTATOYHA, ITOObI CYIIECTBEHHO U3MEHHUTH I0JIe B CpeJie, U3-3a OTHOCUTETHLHO

OOJIBIIION BEJIMYUHBI JUIIOJIBHOT'O MOMEHTa P.

2.2 HasenenHas noasgpu3zalud. [loasgpuzyeMocTs.

BriBaloT Takyke HeNOJIIPHBIE JIUSIEKTPUKH, MOJIEKY/Ibl KOTOPBIX HE MMEIOT COOCTBEHHOTO
JINTIOJIBHOTO MOMEHTa. TaKOBBI, HaIpUMEp, CHMMeTpuuHble MOIeKy/Ibl Tuna Hy, Oy, COs.
O1HaKO BO BHEIIIHEM II0JI€ 3aps/Ibl HEM30€KHO «Pa3be/lyTCsl», I HEKOTOPBIIl JUIIOJIbHBII MO-
MEHT MOsIBUTCS (HABeJeHHAasl MOJIAPU3als).

IIpocras momens — arom TomcoHa: 9JEKTPOH €~ CHANT B IEHTPE IIapa, PaBHOMEDPHO
3apsiZKEHHOTO 3apsioM e . BHemnee mnosie E ¢MeCTHT JE€KTPOH U3 IEHTPA HA PACCTOsSHUE
z. B pasuosecun E = (1/4meg)ex/a’, tne a — pagnyc atoma. Cumemenne z = 4regFa’fe, a

HaBeJICHHBII JUIOILHBIH MOMEHT p = ex = 4megEa’.
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Jpyras Moie b — MeTaJUIndecKuil mapuk pajinyca a. Buemnmnee ose E co3jaer Ha ero
MOBEPXHOCTHU ToTeHnma 1 ¢y = —Facosd. [lomemaem B j1yxe Merosa n3o0pakeHnii BHYTPb
JIUTIONG P, CO3MAIONIHIT Ha mosepxHocTu ¢, = (1/4meq)pcosd/a?. Cymmapublii oTeHIIAT
sanyauTed npu p = 4dregFa® — To e 3Hauenue.

Kak uu crpanno, Takue rpyOble MoJIesn JIAIOT pe3y/ibraT, OJu3Kuil K ucrune. Peaabno
JUIg atoMa Bojiopota p = 4meg - (9ai/2)E, ecim ag — Goposekuit pajguyc (0,53 - 1078 cm).
Kosdpdunment 4,5 He Tak Maj, HO U aTOM Ha CAMOM Jiejie HE UMeeT YeTKO OIPEJIeIEHHOIO
pasmepa. 13 3Tux mpuMepoB ciieyeT MopaJsib: TPYOOCTh MOJIE/N He MPEMATCTBYET BBITOJIHE-
Huio ee npejckazanuii. Atom TomcoHa, Kak u «MeTaJTHIeCKUil IIIapuKy» ATOMHBIX Pa3MEpOB
JIAIOT HEIJIoXoe MPUOJINZKEHUE ¢ TOUKU 3PEHUs] HABE/IEHHOTO MOMEHTA, XOTs PEAJILHBII aTOM
yCTpPOEH He Tak. B TO Ke BpeMms BUJIHO, UTO IMPEJICKA3AHUs MOJIE/N HE 0DECIIeUnBAIOT ee
PeATMCTHIHOCTH.

Y IUoIBbHOM MOJIEKYJIBI TOXKE eCTh HaBeJeHHasd MOJsIpU3allisd, HO OHa HECYIeCTBeHHA!
cobeTBenHblit p ~ ea, cpeaunii (p) ~ e*a*E/kT, napomurca p' = 4negFa®. OrHomenue
(p)/p' =~ ((1/4meg)e*/a)/kT — orHOMmEHUS XUMUUECKOIl SHEPTUU CBA3U aTOMAa K TEILIOBO.

[Tone3na BHecHCcTEMHAS €IMHUTIA JJIEKTPOHBOJIBT: 1 5B npuobpetrer 1 ajtekTpon, mpoii-
N Pa3HOCTb MOTEHIHMaaoB 1 BoibT. 1 3B = e- 1B = 1,6 - 107 JIxx = 1,6 - 1072 spr.
Jlna atoma Bojiopojia XapakrepHas sueprust (1/4meg)e? /(2ap) = 13,6 3B. Ipn xuMmudecknx
PeaKIuAX B MOJIEKYJIAX IMPOUCXOJUT IePeCTPOiiKa, U XapaKTepHble U3MEHEHUs SHEPIUN 10~
psiKa siekTpoHBosibTa. Hanpumep, 6arapeiika jgaer 1,5 BojibTa n3-3a TOro, 9TO B HEil UJIeT
XUMUYIeCcKash peakins ¢ BeiurpeimeM 1,5 3B. D1a ke «xumutdeckasy SHEPTus MOIePKUBAET
dyHKIIMOHNPOBaHNE KUBBIX CYIIECTB.

1 »B pasen remoBoii suepruu kT tpu temneparype 1 sB/k = 11600 K. D1y rem-
[EPATypy TOXKE Ha3BIBAIOT 3JIEKTPOHBOJILTOM. Bujno, uro npu kKoMbOpPTHON TeMmieparype
OpHMEHTAIMOHHAS [TOJITPU3aIis [IPEBBINACT HABEJIECHHYIO MTOPs/IKA HA J[BA: 110 CYIIECTBY, 110~
TOMY, UTO BHEIITHee I0Jie MEeHbIe BHYTPUMOJIEKY/IIPHOro. [Ipu BBICOKMX Ke Temieparypax
aTOMOB HeT KaK TaKOBBIX.

CuetoBaTenbHo, B 000MX THIAX JIMIJIEKTPUKOB BO BHEITHEM II0JIE€ MOJIEKYJIa Mpuodpe-
TaeT JUMOJILHBII MOMEHT BJOJIb IOJIs, ITPOMOPIMOHAILHBIN HANPSIKEHHOCTU T0Jist [, 9To

3alliCbhbIBaCTCdA B BHUJIC:
P = EOOéS[E (CI/I) , pPp= OécgsE (CFC) . (21)

ITonspusyeMocTh « J1j1si HENOJIAPHBIX BEIIECTB MOPsAIKa 00 beMa MOJICKYJIbI, JJIsl TOJIAPHBIX
ropas/io OOJIBIIE; P TOT/Ia UMEET CMBIC CPEIHErO B TEILIOBOM PaBHOBECUM.

EctecTBenno, BeJImanHa MOJIIPU3YEMOCTH 3aBUCUT OT CUCTEMBbI €IMHUIL; HEOKUIaHHOCTD
COCTOUT B TOM, YTO PA3jIndre He CBOJUTCS K MEPecueTy 10 PasMepHOCTH (B 06OUX Crydasix
— obbema), a Tpebyercs ere Koabdurment 4. Hampumep, mjis Mo/ poBOJISIIIEro Iapa
agr = 4ma®, Toryma Kak acgg = a’. O6paTHM BHEMAaHHUe, UTO 37eCh HAPYIIHIOCHh ITPABIIIO
nepesojia u3 CU 8 CT'C gy — 1/47, KOTOPBIM MBI JI0 CUX TIOP HOJIb30BAINCH. [IpudnHa pac-

XO2KJI€HUA — B HECKOJIBKO HECTAHIaPTHOM OIIPpEJIC/ICHUN CM—HOJ’[HpI/ISyeMOCTI/I B (21) BMECTO
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47e( UCIIOIB30BAH £ — «YKOPOUeHHbI» Koadhduiments. 3ech KpoeTes OMacHOCTb: YKa3aH-
Had B copaBodnuKe nosapusyemoctsb 10739 M3 moxker coorsercrBoBarh 10724 e, a Moxker
1 0,798 - 1072° cM?, B 3aBECHMOCTH OT aKKypPaTHOCTH aBTOPOB. OTYACTH MOITOMY BMECTO
HOJIAPU3YEMOCTH YI00HEE MOH30BATHCsI 00JI€e OJHO3HATHON JINIJIEKTPUIECKON TIPOHUIIAEMO-
CTBIO (CM. HUZKE).

B omHopoaHoM moJie cymMMapHasi cujia, JefiCTBYIOIasd Ha JUI0JIb, HyJeBad. B HeomHo-
POJHOM, HalpuMmep BOIU3K 3apsija ¢, JUIOIL OPUEHTUPYETCS TaK, YTOObI IPUTATHBATHC
K ¢ (T.e. BrsiruBaThCst B 06acTh cuiibHOrO 1oJist). Cuiia, jeficTByommasi Ha JUIOJb, Oyaer

eAE =ed- | VE |=p- | VE |=go(a/2) - V(E?) (CU), wm («/2) - V(E?) (CTC).

2.3 IloJe B cpeae. BekTophbl nojigpusaliii 1 3JeKTPOoCcTa-

TUYECKON MHAYKIIAN

Kazkmass mosekyita amsiekTpuka B moje F mnpuobperer momenT p < E. CremoBareabHO, 1
JIUTIOJIBHBINT MOMEHT €JIMHUIIBI 00'beMa BeIecTBa, CojepzKalieil . MOJIEKYJI, TaKKe ITPOIIop-
[IMOHAJIEH TIOJTIO:
P=c¢E (P=xEzBCIC).

P naszwiBaercsd BekTopom Tossipu3aiiuu. B CI'C pasmepHOCTH BeKTOpa MOJISAPU3AINT 1
3JIEKTPUIECKOTO 10JIsl COBHAJAIOT (3apsi-aauny /iy’ = sapan/ymny?); 8 CY pasmep-
noctb P Kii/M? u ormuaercst or pasmeproctu E. Bespasmepnbiit koadgdunment y HasbiBa-
eTcs JIMAJIEKTPUYECKOl BOCHPUMMYMUBOCTBIO. B mpocTreiineM ciydae, KOrja B3anMHOE
BJIMSIHUE MOJIEKYJI HECYIIECTBEHHO, X = N, OTKY/Ja BUJIHO, 9TO CIIPABOYHbBIE JJAHHBIE CIIOCO0-
HBI BBI3BATH TY K€ IIyTAHUILy, KaK B CJIydae C HOJAPU3yeMocThio. Ha JaHHbBII MOMEHT J1jIst

Hac BayKHa MPOIOPIHOHAJIBHOCTE: P o< E.

HOJIHpI/ISOBaTb JAUDJIEKTPUK MOXKHO, BHECAd €I'0 B 3apH}I{eHHbIﬁ KOH-

+ . Lout |~
nencarop (puc. 2.2). Ilmactubl, HA KOTOPBIX IJIOTHOCTH MOBEPXHOCT- o| - + |o
HBIX 3apAJ0B paBHA £0, cO37aI0T 1oJe g t; B JUIEKTPUKE BOSHUKHET * 3 — -
nossipusanus P. CyMMapHbLl AUIOJIBHbLE MOMEHT Aus/eKTpuka Oyrer +—= SP +p al
PV = PSd, rne S — momas, d — TommumHa obpasna amsiaekTpuka. [lo- F .
CKOJIbKY KazKJIasi MOJIEKYJIa MTOJITPU3YeTCs, T.€. 3apsiIbl B Hell pa3oii 1y Tcs, I o[y + :
cIpaBa Ha IIOBEPXHOCTU JIUIJIEKTPUKA «BbLIE3ET» MOJISTPU3aIMOHHbBIN T10-

BEPXHOCTHBIN 3apsj +0,, a ciesa Oyner —o,. BuyTrpn ke nusiekTpuk Puc. 2.9,

OyzieT HelWTpasbHbIM. IUIOJIBHBIIE MOMEHT 0Opasia MOXKHO HalllcaTb U
Kak (0,-95)-d, orkyna 0, = P. Ecam BekTop P HampasieH 1o yriioM K MOBEPXHOCTH, HA/IO
6paTh HOPMAJILHYIO COCTABJIAIONLYIO; OKOHYATEIbHO 0, = P .

Mexx 1y 3apsijiaMu Ha IJIACTUHAX KOHJIEHCATOPA U 3apsaMi Ha IOBEPXHOCTHU JINJIEKTPHU-
Ka ecTh BaxkKHoe pazjunune. [lepBbie Mbl MOXKEM KOHTPOJIMPOBATH, IEPEMEIIATh U U3MEPATh

npssmo. Hampumep, ipu 3apsijike KOHIeHCATOpPa TOKOM I B TedeHne BpeMmenn t 3apsii oS = [t.

3Cucrema CU, Kak TOBOPAT, pallMOHAIN3UPOBaHa, a UMEHHO, B 3akoH Kymona (1.2) sBHO BBOAUTCS 47.
DTUM JIOCTUTAETCS YKOPOUYeHHe Dsijia APYrux (hopMydr, U3 KoTopbix 47 Bbinagaer. Otkas or 47 B (2.1), siBHO

HeHOC.)'IG,ZLOBaTe.)'H:»HbIIU/I7 TakKzKe CcIejIaH paad KPaTKOCTH.
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3aps B KOHJIEHCATOP, MOXKHO YHECTH OJIHY U3 IJIACTHH KY/Ia YI'OJIHO BMECTE C €€ 3apsi oM.
Taxue 3apsiipl HA3BIBAIOT CBOOOHBIMU.

HanpoTtus, nosigpusaliionnble 3apsi/ibl Ha ITOBEPXHOCTH JIMIJIEKTPUKA HEJIb3sI TPAMO KOH-
TPOJIMPOBATH 10 aMIIEPMETPY, TaK KaK OHU He MPUXOJIAT 0 MpoBojaM. VX Heab3sa yHecTH,
Jarke cpes3aB CJION JIUJIEKTPUKA: MPU ITOM IMOJYYUM JIBE ITPOTUBOIOJIOKHO 3apsizKeHHbIE
noBepxHocTu. llongpusammonible 3apsi/ibl HA3BIBAIOT €Ille CBA3aHHBIMU; NX MOYKHO OIIpE/Ie-
JIATH TOJIBKO KOCBEHHO, 110 UX BJIMSHHUIO Ha I10JI€ CBOOOIHBIX 3aPsiIOB.

N3 puc. 2.2 gdcHO, 9TO TOJAPUIAINMOHHBIE 3aPA/Ibl OCIAOJSIOT T0JIE B JIUIJIEKTPHUKE.
CHapyKn Ju3/IeKTpUKa (HO, KOHEYHO, BHYTpH KoHJeHcaropa) Egut = 0/¢p, a BHyTpH
E

HE IIOJIAPUIYETCA. TOFJ:[& MOZKHO 3alluCcaTb paBEHCTBO:

‘n = (0 —0p)/eo. Beiomnum, uro 0, = P n uro B Bakyyme P = 0, Tak Kak BakyyM

(e0F + P)out = (eoF + P)in’

IToste3no BBECTHM HOBBINM BEKTOpP

D = €0E + 1)7 (22)

KOTOPBII B JIAHHOM CJIydae OJIMHAKOB BHYTPH JIN9JIEKTPUKA U BHE ero. B To Bpemd kak nosie E
ocJtabJisieTcst noJigpu3anuonubiMu 3apsgamu, D ux «ue aysctsyers. B CI'C D = E + 47 P.
PaccemorpuMm Teopemy ['aycca mjst moBepxHOCTEl, MOKa3aHHBIX IIyHKTUPOM Ha puc. 2.3.

Mt most E cauraercs BeCh 3apsi)i BHYTPH, BKJIIOUAs TIOJISIPU3AIMOHHBIN (cirydail a):

gES=Q = (05 —-0,9).

Ecnu nmoBepxHOCTD He 3aXBaTUT JUIJIEKTPUK, B IIPABON YacTu OYJIET JIPy-

+H L
ras Benmauna: 0.5 (caydait b). Teneps namamenm reopemy laycca s | T
o o, |_
BekTopa D: i I N N
L4+ 11
a -
| -
oS —0,5)+0,S=0S (a:B Bemecrse - +
DS = (¢gES + PS) = ( »S) + oy ( ) Lty _
oS (b: B mycrore) . |- + |
Pesynbrar He 3aBUCHT OT TOTO, 3aXBATHIBACT 3AMKHYTasl IIOBEPXHOCTH JIU- Puc. 2.3
uc. 2.3.

3JIEKTPUK WJIU HET.

Bekrop D Ha3bIBAIOT BEKTOPOM 3JIEKTPOCTATUYECKON WHIYKIUU (KOPOUYe — BEK-
TOPOM HWHJIYKIIMH), HHOTJIa — BEKTOpoM cMererns (anrii. displacement); oH ycTpoeH Tak,
YTO €ro UCTOYHUKAMU SBJIAIOTCH TOJHKO CBOOOJIHBIE 3aps/bl. PacCMOTPEHHBIN mpuMep —

JacTHBIN cydail Teopembl [aycca jura BekTopa D:

]f (D-dS) = Qs (CI), f{ (D - dS) = 47Q 5 (CTC), (2.3)

r1e Qupog — HOJHBIN CBOOOHBIH 3apst/l BHyTpH S. Hukakne moBepXHOCTH JIMSJIEKTPHKOB C
MOJITPUBAIIMOHHBIMU 3apsIaMi Ha HUX, JlaKe IOIMAaBIIe BHYTPDb S, He BIUAIOT Ha IPABYIO

JacTh TeopeMbl Laycca (2.3) qa D.
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2.4 JIndneKTpuyeckasi IPOHUIIAEMOCTh. YCJIOBUS Ha Ipa-
HUIE ABYX CpeJl

Bresienne nosoro memssectnoro D yrpormaer pertenue 3aja4d. [[ycrb cBoboaubIil 3apsii q
OKPY2KEH JIM3JIEKTPHIECKIM IapoM pajuyca R. Kak Haiitu 1moJie, cpasy He siCHO: OHO 3aBUCHT
B TOM YHCJIe OT HEM3BECTHBIX 3apaHee MOBEPXHOCTHBIX 3apsioB. UHayKius ke [D HAXOIUTCst
nerko u3 (2.3): D = q/(47r?) kak BHYTpPH, Tak u BHe mapa (wm D = q/r* 8 CT'C).

Yrober maiitu noste F, zammmem D = ggFE + P = ¢y(1 + x)E = o E. Buano, 1aro Be-
[IECTBO y/I00HEEe XapaKTepu30BaTh He JUIJIEKTPUUECKOl BOCHIPUUMYUBOCTBIO X, & JUIJIEK-

TPUYECKON TPOHUIAEMOCTHIO
e=1+x (e=1+4+4rx B CIC).

Y Bakyyma € = 1, y Bojbt 80, y Bozayxa 1,00057. Hamomunm, uro Bocupunmansoctu B CU
n CI'C ormmmyatorcs MHOXKUTEEM 47, OJHAKO JIIsd JTUIJIEKTPUIECKON MTPOHUIIAEMOCTH T
HEOJHO3HAYHOCTHb KOMIICHCUDYETCA, U SHaYCHUA & y2KE€ UHBapUaHTHDBI.

B mamem mpumepe BHyTpM Iapa ¢ IpoOHHMI@eMocTbio & : [E = q/(4megor?), Bue
ero £ = q/(4weor?). B komjencarope u3 mpejplaymiero naparpadba D = o, — FE =
0/e¢ BHe jmasiekTpuka, E = o0/(ggg) BHyTpu jmssiekTpuka. [Iponssesienne £y Ha3bIBAIOT
abCOJTIOTHOMN JTUJIEKTPUIECKON TPOHUIIAEMOCTRIO £,. J1s Bakyyma €, = £p, OTKyjia U 1IpO-
HUCXOIUT IIpezKHEEe Ha3BaHUE &g — «JAUIJICKTPUYICCKad IITPOHUITAEMOCTb BaKyyMa».

HpOCTOTa 9TUX IIPUMEPOB IIO3BOJIAECT JIEI'KO BIIaCTb B Sa6ﬂy}KﬂeHI/IH, Bpoae TOro, 4ro
MHIyKIUsT BOOOINE He 3aBUCUT OT JIUJIEKTPUKA U PaBHA TOM, KOTOPYIO CO3/IaBaji Obl CBO-
60JIHbIE 3aps/Ibl B BaKyyMe, a IoJie Beeraa ociabsercs B € pa3. Paccmorpum, oiHako, boJtee
caoxkHuyt0 3aa49y. [lycTs qusmekTputdeckuil map MOMeIeH B 0JIHOPOHOE BHEITHee 1oJie Fy.
[MTap nosgpusyercs, U Ha €ro MOBEPXHOCTH BO3HUKAIOT TOJIAPU3AIMOHHDBIE 3aps/Iibl; BHYTPU
nosie OyaeT ocsabseno. [lonpobyem aHaIOTHIO ¢ MeTa/JIMYECKUM IapoM. i Hero cHapy»Ku
1oJjie OBLJIO CyMMO#i BHeIHero Fy U JUIIOJBHOIO, a8 BHYTPH HYJIEBOE.

Tenepb BHYTpPpHU, KOHECYIHO, HE HYJIb, MbI IIPEIIIOJIO2KUM, ITO

-_——
Gyaer opHopoHoe nojie [ (puc. 2.4). Torma BekTop nossipusa- £,
muu P = egx Ey u unonbubiii Moment mapa p = ggdn R3YE, /3. T
[Morennuan caapyzxu y noepxuocru: p(R+0) = —FEgR cos 0+
pcost/(4negR?). Buyrpu (R — 0) = —FE; R cos . Ilpupasus- B 40 -
&
eM X U y4TeM BbIpakeHue jijis p; umeem F; = Eo/(1+x/3) =
3Ey/(e + 2). ITockonbky € > 1, mose ociabisiercs, HO OT-
/\

HIOJAb He B € pa3; COOTBETCTBEHHO WMHAYKIMA [ = ecegll =
3e0eEy /(e + 2) BOBCce He paBHA WHIYKIIUH OT CBOOOJIHBIX 3a-
pssioB o Fp.
Puc. 2.4.
Hesepno, 94T0 MHAYKIUS HE 3aBUCHT OT IOJIAPA3AINOHHBIX
3apsJI0B; IPABUILHEE CKa3aTh, YTO OJIAPU3AIMOHHLIC 3apsi/ibl HEe SIBJISIIOTCS €€ MCTOYHM-
Kamu (He BXoJsT B Teopemy [aycca). OTciozia ciieflyer, 94To Ha HOBEPXHOCTH Pa3/Ie/ia JInIJIeK-

TPUKOB HOpMaJIbHas (MepIeH MKy IsIpHast) cocTa/somnas [ ocraeTcst HelpepbIBHON. DTO
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JIETKO MOKa3aTh, IOMECTUB I'PAHUILY BHYTPb 3aMKHYTOIl IIOBEPXHOCTU U IIPUMEHUB TEOPEMY:
notok D HyJeBoil, Tak Kak HeT CBOOOIHBIX 3apsioB. [lapasienbaas (TaHreHIHAIbHAST ) KOM-
noHeHTa ) MOYKeT WCIBITBIBATH CKAvOK Ha T'paHulle paszena. Haobopor, TaHreHIMabHAT
KOMIIOHEHTa 00bIYHOrO 110Jis1 E HenpepbiBHA (MHAYE MOXKHO CJIeJIATh BEUHBIN JBUIATE b, TO-
HsIsl 3apsiJl 110 3aMKHYTOMY KOHTYDPY BOJIM3U [TOBEPXHOCTH). BBIMUIIEM yC/IOBUSI HA TDAHUIIE

paszjena:

Dnl - Dn2 nJjm 51E1n1 - 52En2a
En=E., . (2.4)

Bropoe ycioBue MbI HCIIOIB30BAIN yKe B IIPOIILIOM IIpUMepe, MPUPAaBHUBAs TTOTEHIIAAIDI.

Eme wacro aymaior, 94To AMJIEKTPUK BCETJIa OCIA0JSAeT 10Jie BHYTPH cedsd, a CHapy KU
e menser. Ho y mosrocoB Toro ke Immapa CHapy»kKu I0Jie YCUJIUBAETCH: 0JI00HO METAJLILY,
JIMJIEKTPUK coOUpaeT Ha cedd 4acTh CUJIOBBIX JIMHUI W <«BBIJAET» WX C JIPYTrOil CTOPOHBI.
[IpoBOHUK MOXKHO TPAKTOBATH KaK JIMIJICKTPUK C £ = OQ.

He nummae nob6aButh, uro nuyKiwsg D — 370 He HACTOsAIIEe TI0JTe, & BEJTMINHA, BBOINMAS
JUtd ya00cTBa, 9To0b! perarh 3aadan. B Cl 910 nojguepkuBaercd u OT/IMYHEM B Pa3MepHO-
ctu. Hacrosiee cpejsinee mojie B BemecTBe F; B 4aCTHOCTHU MOTEHIMAJ ( CBA3aH UMEHHO C
Hnv: B = —Vo.

YacTo BaxKHO 3HATH I10JIe BHYTPHU MTOJOCTH B JU3JIEKTpuKe. Eeam nMeercsd y3kas Imiesib
HOTIEPEK TI0JIsl, TO 1O HepBoMy u3 yeiosuii (2.4) sayrpu E;, = eE = E+ 1+ P/eg; B ciiyuae
Y3KOii IPOJIOJILHOI 1Iiein U3 BToporo ycinosus F;, = F = E+ 0+ P/eg. s cdhepuaeckoii

rosiocTn Oy/IeT HEYTO CpejiHee, a MMEHHO

P (e—1) (e+2)
- 3¢ * 3 3

Koaddunnent npu P/ey He Tak BaykeH, HO CHO, YTO IOJI€ B MOJOCTH OOJIBIIIE CPETHErO

E.

B JudjiekTpuke. [IpuMepHo Takoe mojie jeficTByeT Ha MOJIEKYJly BHYTPH Belecrsa. Torma

JIUTIOJIbHBIA MOMEHT 9TOH MOJIEKYJIbl p = goa(e + 2)E/3, a IUNONbHBI MOMEHT €MHUIIbI

obbema — BekTop nossipusanun P — Oyner gona(e + 2)E /3. On takxke pasen eg(e — 1)E,

oTKyJa noaydaem popmyiry Kiaysmyca-MoccorTu:

e—1 na dmno 1+ 2na/3 1 + 8mna/3
-3 ( ) T 1 na/3 (:1—47Tna/3

e+2 3

Benomunm, gro nosisipuzyemoctn B8 CU u CI'C ornmnaarores muoxkutesiem 4m. [Ipu 6obImoit

B CFC> .

IJIOTHOCTH 7 IIPOHUIACMOCTD € MOKET OBITH Topa3zio OOJIbIIe, YeM HPUMUTHBHOE ITPHOIH-
xkenne 1 + na (B CI'C 1 + 4mna), Tak Kak 3HaAMEHATEb MOXKET ObITh OJIM30K K HYJIO: B
KOHJIEHCHPOBAHHBIX BEIeCTBaxX J0JIs 00beMa, 3aHnMaeMas MojleKy1aMu, na ~ 1. B Hekoro-

PBIX KpHUCTaJLJIaX — CETHETOdIEKTPUKaxX — jocturaercsd € nopsiaka 10000.

2.5 DHeprud moJisd B cpejie

PaccmorpuMm KomniencaTop, 3aloHeHHBIN TNJIEKTPUKOM C ITPOHUIIaeMOCThIo €. [Ipn 3apse

q nose 6yner E = q/(g0eS), nanpsikerne V = qd/(coeS). Emxocrs C' = q/V = eg¢S/d
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Bo3pociia B € pas. (IlosroMmy-T0 HEKOTOPBIE KOHJIEHCATOPBI UMEIOT HEOXKUJIAHHO, JIJIs UX Pas3-
MepOB, GOJIBIIYI0 eMKOCTB ).
Eciu na konjencarope uMesoch Haupsizkenne V', To yBejndenue sapsja na Ag rpedyer

paborer AA = V Ag, a pabora 110 3apsijike KOHJIEHCATOPA OT HYJIsI

q q
B 1 ¢ ov?
0 0

Dta GopMmy/ia He TyBCTBUTEIbHA K MPUCYTCTBUIO JINIJIEKTPUKA. Y IUThIBas Telleph 3aBUCH-

Moctb C' OT &, TosrydnM, 9To npu (bUKCHPOBAHHOM HampszkeHun V' (T.e. Tom ke mose F)
SHEPTUs BO3PACTAET B € pa3, a (GPUKCUPOBAHHOM 3apsijie ¢ (KOTOPBIN OIpeIeIaeT WHITYKIIUIO
D) sueprusg B € pa3 yMeHbIaercs. 1109ToMy MII0THOCTD SHEPIUH
2 2 2 2
eeo b D ED el D ED

2 2ee0 g+ P YT 8t T 8re 8n

Boipaxkenune w = ego£?/2 nerpusnasbno. Paz nacrosiiee cpejnee mose — 310 E, Kak 6y/1-
TO JIOJZKHa OBITh 3Heprust £9F?/2. 3nech Baugor jaBa dgaxTopa: CpeJHuil KBajpar 60/b-
e KBaJipaTa CpPEeJIHEro, a KpoMe TOro, w IO CMBICY BBIYHC/ICHUS BKJ/IIOYACT HE TOJIb-
KO YHUCTYIO dHEPIHIO 10JsI, HO U paboTy 1o (gopMmupoBanuio gaumnoseii. Hanpumep, B raze
YMECTHO IpeHebpeyb KOHIeHTpaTopamu 1mojis tuna Kiaysmyca-MoccorTu; siekrpudeckast
sueprus w, = £9k?/2, a ynpyras wy = nKkx?/2, eciu JUNOIN PACTATUBAIOTCS KaK IPYy-
xuaku. Ho eE = kx, w, = neEx/2 = npFE/2 = ggnak?/2 = (¢ — 1)egE?/2. Tonnas
w = w, + wy, = eggE?/2.

Cwibl B IN9JIEKTPUKAX TOYKE U3MEHAIOTCA. BO3bMeM KOHJIEHCATOP C BEPTUKAJILHO Pac-
[OJIOZKEHHBIMI TJIACTUHAME pa3Mepa a X b, 9aCTHYHO 3aloJHEHHBIH (CHU3Y 70 YPOBHS )

KNAKHUM JUSJICKTPUKOM. EMkocTs ero

d b a

Bapsi M KOHJIEHCATOP 3apsioM ¢. [Ipu cMmereHnn ypoBHs KUJIKOCTH Ha dT U3MEHEHUe SHEP-
ruu dU = (dU/dx) - dz. Cuna F = —dU/dx = (¢*/2C?) - dC/dz, wm (V?/2) - Co(e —1)/a =
(e—1)-(e0E?/2)-bd. Tns/1eKTpUK BTATUBAETCsI B KOHJIEHCATOD (CHJIa [OJIOKUTE/IbHA, SHEPTHUsl
YMEHBIIIaeTcst pu yBeandeHnn x). MoKHO yeMOTpeTb Pa3HOCTDb 3JIEKTPUUECKUX JaBJICHUI,
HPUIOZKeHHYI0 Ha 1iomaum bd: E omunaxkoBo, ceepxy €9 £?2/2, ciuszy eggE? /2. O6parture BHU-
MaHWe, 9TO MPOBOJHUK (MEHBIINX rabapuTOB) TOXKE BTATMBAETCS, HO 10 JIPYIOil IpUIUHe:
HOSIBJISIFOTCS 3apsA/ibl Ha BepxHeill rpanm, cM. 1. 1.8. JIu3/IeKTpUK 3TUX 3apsij/IOB HE MMEET,
[OCKOJIbKY E mapaJuiesibHO TIOBEPXHOCTH, HO y HEro 3aTO JUIOJH BTSTUBAIOTCA B 1oJe (B
HIZKHEH 9aCTh KOHJIEHCATOPA, IJIe M0JIe HEOTHOPOIHO).

Eciu mavars ¢ dopmyint U = CV?2/2, cuurag V' mnocrosHHbIM, cula GyJIeT Jpyroro
3HaKa ([IpU BTATMBAHUE SHEPIUs PAcTeT). DTO MOTOMY, UTO HE y4TeHa paboTa UCTOYHUKA,
HOJLIePsKUBAIONIero pasHocTs norenimanos V i@ AA = VAq = V2AC. Eciu ee yuecTn, Bee

OyeT B MOpPsIIKE.
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Vuenbiiennoe snadenue sueprun ¢>/(2Coe) Mbl JOJIKHbBI HOJIYYUTh, pACTATUBAA 3aps-
JKEHHBIII KOHJIEHCATOD, 3aUTHIH JIN3JIEKTPUKOM. SHAYUT, TIPU TOM K€ 3apsijie ¢ CUIa [PU-
TAYKeHNs IJIACTHH yMeHbINTCa B € pas®. HaTsokenue BIOJIL JIMHUI OIS MOYKHO 3aIlCATD
kak D?/(2egy) = eeqE?/2 = ED/2, a8 CI'C D?/87e = ¢E? /87 = ED /8.

Taxum 00pa3oM, B IPUCYTCTBUY AUIJIEKTPUKA HATSKEHUS, BhIparkKeHHbIe depes mnoJje F,
ormuatoTest KOAhMUIMEHTOM £ 0T CjIydasl IycToro npocrpanctsa (1. 1.8): meiicTByer Ha-
TaKenne e6oF? /2 BJoJIb CUJIOBBIX JIMHUIT U JlaBjenue cegF?/2 neprenuKyIsapHo JTUHEM
HOJI. DTH HATIZKEHUS HA3BIBAIOT MAKCBEJIJIOBCKUMM; B OOJIBINNHCTBE CJIyYaeB OHU MT03BO-
JISTIOT IPABUJILHO HAXOAUTH Pe3y/IbTUPYIome cuibl. OIHAKO UMEIOTCS €IIe TaK HAa3hIBAEMbBIE
CTPUKIIMOHHBIE HATSIKEHUs, a TAKKe U3MEHEHHsI OOBLIYHOIO TUPOCTATHIECKOTO JIaBICHUSI
B JIN3JIEKTPUKE [IPU BKJIOUYEHUN 110JIsT; OOBIKHOBEHHO STH TIOIPABKU BMECTE JA0T HYJIEBOIl
9hdEKT Ipu CyMMUPOBAHUU 110 3aMKHYTON IOBEPXHOCTH. PaccMOTpeHne MX BBIXOJIUT 32
PaAMKH JIAHHOI'O KypCa.

Bonpoc. Kak Haiitu IpuTsizKeHue IACTHH KOHJIEHCATOPA, PACCMATPUBasi HEIIOCPE ICTBEH-
Hble B3anMoJieiicTBust 3apaaos? g Bepxneii, 10IycTHM, IJIACTUHBL JIUIIEKTPUK HAXOIUTCS
[EJINKOM CHHU3Y U €ro TIOJISIPU3AIMOHHBIE 3apsijibl He CO3JIAI0T BHEIIHero nojsd. loraa jiei-
CTBYeT TOJIBKO JIpyras IJIACTHHA M CUJIa JIOJZKHA OBbITh, KaK B IIyCTOM KOHJIEHCATOpE — He
3aBUCETH OT NPOHUIAEMOCTH IIPH JAHHOM 3apsje. Ho sHepreTmueckoe paccMOTPEHHE JTaeT

SIBHO yMeHbIIIeHHYIO cuty. [lompo0dyiiTe pazobparbcs B CUTyallun CaMOCTOSITETHHO.

Brinniiem, kak OCHOBHO# pe3yJsibTaT IJ1aBbl, JeKTpocTaTUdecKne ypapHeHns: MakcpeJiia

B IIPUCYTCTBUU judjiekTpuKa. B cucreme CU

j{ DdS =q (¢ — cBOGOHBII 3apsi)i BHYTPH 3aMKHYTOI TIOBEPXHOCTH S),
S

}{ EdL =0 1o Jirobomy KOHTYpY L,
L
D =¢c)FE .
B cucreme CI'C

j{ DdS = 4nq (q — cBOGOHBIIT 3apsiji BHYTPH 3aMKHYTOIi TIOBEPXHOCTH S),

S
j{ EdL =0 1o JiioboMy KOHTYPY L,
L
D=cFE.
Ha rpanurax pa3zjea BBITOJHSIOTCH YCIOBUS:

Dy =Dy um 1B, = ol Eq=FEx».

4910 BepHO U ISt MOOBIX 3aPSAI0B B HEOIPAHMYEHHON JH3JICKTPHICCKOl Cpejie.



I'taBa 3

TTOCTOIHHBIN TOK

3.1 ODuekrpudeckuii Tok. ComporuBjieane. 3akoH Oma

Tok dYepe3 HEKOTOPYIO ILIOmab S (J0MycTHM, cedeHne MPOBOJHKUKA) ONPEIe/IseTcs, Kak

3apsiJl, IPOXOJLAIIUIT CKBO3b 9Ty S B €/IMHUIYy BPEMEHH:
I =dq/dt .

B CU xak pa3 ocHOBHasl ejuHuIa He KysoH, a amrep: 1 A = 1 Kii/c = 3-10° CT'C. ILior-

HOCTb TOKA j — 3TO TOK uepe3 1 cm?,

VAV .
j=Rxg» wm ]—/(de).

S
[ToBepxuoCTh S, Uepe3 KOTOPYIO WJIET TOK, OOBITHO (HO He Beerjia) He 3aMkHyTas. VI3 BTopoii
dopMyJIbI BUIHO, 9TO J — 9TO BEKTOP; IepBas Ke OIPeJIe/isieT, COOCTBEHHO, TIePIICH UK YIS~
uyto K mwiorajake AS kommonenty j. Toxk [ — ckamgap, Tem Oojiee 910 S He 00s13aTEIHHO
I0CKast (J71st KOTOPOil BEJIMKO MCKYIIEHHe CIUTaTh TOK BeKTOpoM). Hampumep, Tok MoxKer
pacTekaTbcs BOOOIIE BO BCe CTOPOHBI OT 3apsi/ia, TOMEIEHHOI'0 B ITPOBOJILIILYIO cpety. Jlerko
3aMETUTh, 9TO

J = nev,

rJie 1 — KOHIEHTpAalus mT/cM® HocuTeell 3aps/ia BeTMYMHBI €; ¥ — UX CPEJHAA CKOPOCTD.
B none E wna syiektpon jeiicryer cuwia eF. 3a Bpems t 971eKTpoH HAOEPET CKOPOCTD

= eEt/m. B KaxKJ0M HOPMAJBLHOM ITPOBOJIHUKE 110 UCTEYEHUN BPEMEHHU CBOOOIHOTO IIPO-
Gera T TPOUCXOIUT COyJAPEHUe ¢ MPENATCTBIEM (B MeTasle — ¢ HOHAMH KPUCTAINIeCKOi
PEIIeTKN ), U 9JIEKTPOH «3a0blBaeT» Halpapienne ckopoctu. CpeiHsis CKopocTh (v) Gyer mo-
psska e ET/m. Ilnornocts Toka j = ne(v) = (ne*t/m) - E = o E. 1eKTponpoBoIHOCTh
0 — CBOICTBO BemiecTBa. PaBeHcTBO

j=o0F

HasbiBaeTcsd 3aKkoHOM Oma B auddepeHmaibHOi dopme.

B nposojie ceuenust S ok I = jS, nanpsizkenune V = EL, Tak 4To

[=V (0S/L)=V/R.
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1o — mHaTerpanbHasi ¢popma 3akona Owma. Conporusienne R = L/oS 8 CU usmepsiercs
B Omax, 1 Om = 1 B/1 A. Exununa snexrponposognoctu — Om~ v~ CI'C conporusie-
HII€ UMeeT pPa3sMepHOCTb OOPATHON CKOPOCTH: C/CM, a SJIEKTPOIPOBOJHOCTDH U3MEDSIETCs B
0OpaTHBIX CeKYH/IaX. YieJIbHOe CONpoTHBIeHne p = 1/0.

®opma 3akona Oma B CI'C rakas ke, kak B CU; eqununa conporusienns Om = B/A
= 1/(9 - 10') c¢/em. g memu npu HOpMaabHbX yeaosuax o = 6 - 107 O~ 'm™! wm
5,5-10'7 1 /c. Conporusienue npososia jymHoit 1 M u cevenns 1 mm? oxkoso 1,6-1072 Om, T.e.
pu Toke 1 A Ha mpoBojie 6yer nanpszkerue 0,016 B. Meap — ouH 13 JIy9Immx TPOBOTHIKOB.

B merasute, ka3aioch Obl, M3-32 TECHOTHI 3JICKTPOIIPOBOJHOCTD JIOJIZKHA ObITH MaJia (co-
npoTHBIeHre BerKo). Ho OKasbiBaeTcs, 4To 9JIEKTPOHBI PACCEMBAIOTCS HE HA aTOMax, a Ha
Koslebannsax pemerku. [losToMy ceuenne paccestus s ~ 2 (z — aMInTyj1a Kojebanuii aTo-
MOB) TOPa3/I0 MeHbIle KBa/paTa aTOMHBIX pa3MepoB. Dueprus Kojebanuii (T.e. x%) mporop-
1uoHaJsbHa abcosroTHoi Temueparype 1. IlosroMmy B 4UCTBIX MeTasIaxX 3JIEKTPOIIPOBOIHOCTD
obpaTHO mponopuuonaabaa 1.

[TycTh jBA XOpOIMX MPOBOJIHUKA TTOMEIEHBI B CPELY, JEKTPOIPOBOJHOCT KOTOPO o
CpaBHUTEJBbHO HeBesnka. Ha MpoBojgHMKAaX mMMeIoTCd 3apsjibl 1¢, co3jaoriue noje E u,
3HAUKT, TOK U€PEe3 OBEPXHOCTD, COAEPIKAIILYIO OJIUH U3 IPOBOAHUKOB, | = § 0 EdS = 0q/e.

Hanpsikenne V = ¢/C. Orciona ciepyer cBs3b conporusienns R = V/I ¢ emxocrbio C:
ocRC = o -

Ecin mamepurb R MeKly IIPOBOJHUKAMHE, TOTIA Jilerko HaxoauTcs u C' (KOTOPYIO n3MepsiTh
OOBIYHO CJIOXKHEE).

Omenum Bpemsi At paccachblBaHUs CKOILIEHHsT U30BITOYHOrO 3apsija Ag BHYTPH OJIHO-
pojiHoro TpoBojHKKa. Tok onarh Oyuer o - Ag/eq = dg/dt ~ Aq/At. Bpemss At = gq/0, a
B CI'C At = 1/(4n0o). Haxke B TaKuX IJIOXUX MTPOBOJHUKAX, KAK JIMCTUINPOBAHHAS BOJA
(0 ~ 1071 Om ‘! ~ 1081 /CeK) 3apsiji HCUe3HET MTHOBEHHO, HO B XOPOIIUX JU3JIEKTDH-
KaxX MOXKeT JIEPXKAThCsl dacaMU. 3Has BpeMsl Pas3psJIKU CTATHIECKUX 3apsi/iOB, MOYKHO OIle-
HUTB JIEKTPOIIPOBOJIHOCTD U30JIITOPOB. AGCOIIOTHBIX M30JISITOPOB He ObIBAET, B OTJINIHE OT
abCOJIIOTHBIX MTPOBOIHUKOB. B 11060M m30/1TOpE, XOTs ObI B MAJIOM KOJUYECTBE, UMEIOTCSI

HOCUTEJN 3apdAJ1a, KOTOPbIe U IPUBOAAT K MOCTEIIEHHON pa3psjIiKe.

3.2 Cropounss 3jc. Vcrouanku Toka

B ssekrpocraruke pabora E 10 3aMKHYTOMY KOHTYPY HyJieBas. AHAJTOTMTHO TIPU KaTaHUN
Ha caHKaX HeIb3d 10 3aMKHYTOMY ITYTH BCE BpeMsd exaTh MO/ jieficTBueM TszkecTu. HykHo
BHeIIHee Bo3jieiicTBre (HAPUMep, KAHAT MO/bEMHUKA), 4TOObI BEDHYTH CAHU HA TOPY.

B ncrounukax Toka UMEHHO U JefiCTBYeT BHEIIHAA, WU CTOPOHHSS, CUJIa HEIJIEKTPOCTa-
TUYECKOTO TTPOMCXOKIeHnd. J[Jid HArISIIHOCTH MOZKHO IIPEJICTABUTH cebe BHYTPH UCTOUHUKA
MaJIEHHKUX YEJIOBEYKOB, KOTOPBIE TOJKAIOT 3apsjibl IPOTHB 1oJsd. PaboTa cToponneil Cuib
B pacyeTe Ha €IUHUYHLIN 3aps/] IIPU MIPOXO/JIe Yepe3 UCTOUHUK U HA3bIBACTCH IJIEKTPOABU-

XKymieit cuiioit, Kparko 37c. PasmepHocThb 3j1c — Kak y HalpsizkeHus. «HempaBuibHbIM»
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Ha3BaHUEM He HaJIO CMYIIATbCA, TaK KaK €Ile HEJaBHO KMHETUYCCKYIO IHEPTUI0 HA3LIBAJIU
JKABOI CHJION.

PacemoTpumM 11e1b, COCTOSIIYIO U3 UCTOYHUKA U HATPY3KH (pI/IC. 3.1)7 COCJIMHCHHBIX MPO-
BOJIaMU C HECYIIECTBEHHBIM CONPOTUBJIEHNEM. B HArpy3ke Tpenne (COHpOTI/IBJIeHI/Ie) ypaBHO-
BEIIMBAETCS FJIEKTPUIECKUM II0JIEM. DTO 3AIMCHIBACTCA KaK

Jrpl

el = frp wm E'l= _

B1ech e — ss1eMeHTapHbIii 3apsii (Bo n36eKaHUe Iy TAHUIIbI ¢ HAITPABJICHUSIMI HOCUTETH 3apsi-
JIa, CIUTAEM TIOJIOXKUTETBHBIMMA ), | — JJIHHA COIPOTUBIICHUS HAIPY3KH. F' L —5T0 HaIpszKeHne
Ha Harpyske; 1o 3akony Oma paBHOe eMy BbIparKeHne j'}pl /e ecthb npoussesienne RI, tie
R — comporusnenune narpysku. /leficTBuTe/sibHO, CUa TPEHUs MPOIOPINOHATIBHA CKOPOCTHU
JIBUKEHUS 3apsijioB, T.e. TOKY. OTMeTHM, 9TO JIeKTpudeckoe noje ' HalpaBieHo 1Mo TOKy
(BHm3 Ha puc. 3.1).

[Tockosibky f EdL = 0, BHyTPM UCTOYHUKA JICKTPUIECCKOE I10]1€ HAIIPABJICHO IIPOTUB
TOKA, a JIBUKEeHNe 3aps0B IPOTUB Tpenusd u nosisd E obecrieunBaet 3/1c.

Obo3HavaeM CTOPOHHIOIO CUJTY Ha OJUH 3JIEKTPOH fer, CHIIY TpeHust

B UCTOYHUKE [rp. YCIOBUE HOCTOSHCTBA TOKA:

fCT = €E—|— pr .

Jlens Ha e m yMHOXKasd Ha TOJIUHY L €10, T/1e TeHepUpyeTcs CTOPOH-

HAd ChUJIa B UCTOYHUKE, ITIOJIydaeM

L L Puc. 3.1.
frl _ ;. finl
e e

EL — 310 nanpsizkenne, HaOpaHHOE B UCTOYHUKE; U3 MOTEHIINATLHOCTH JIEKTPUIECKOTO TI0JIs
oHO Taxoe e, Kaxk ['] na suemmueit nemu. Craraemoe frplL/e ecrecrsenno o6o3naunts 71;
7 Ha3bIBaeTCsi BHYTPEHHUM COIPOTUBJIEHNEM ncrounuka. Hakowner, fepL/e — 910 1 ecrb

sac €. Beixomur tak HasbiBaeMblil 3akon OMa JI/Isd 3aMKHYTOM Iern:
E=1-(R+r).

MorrHoCTh, pasBuBaeMasi 1P IIPOXOXKIEHNN TOKa [ 1Uepe3 BeTBb, Ha KOTOPOI mMeeTcs
nanpsikerue V', oymer N = [ -V, nmockoysbky V' — 9710 paboTa Ha €JIMHWIHBIN 3apsji, a
I — zapsay B equnuily BpemeHu. Ecin TOK wiaeT depe3 conmpoTupjieHue R, mojydaeM 3aKoH

Jxxoyng-Jlenna:

V2
N =RI*>=—.
R
st mpocTeiiieit 3aMKHYTOI 1IeN Ha, COIPOTUBJIEHNN HATrPy3Ku R
E2R
N=——"_.
(R+1)?

Omna jocturaer makcumyma npu R = r. Makcumywm kit pasen 1 nipu R = oo.
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3.3 IIpaBuiaa Kupxroda
B j1100bIx 11€115X TTOCTOSTHHOTO TOKA BBIOJIHSIOTCS IIpaBuia, win 3akoubl Kupxroda:

Z I, =0 B JIOOOM y3J1e (1 mpasmo)
Z &= Z(RI )i 1o JIOOOMY 3aMKHYTOMY KOHTYDPY (2 mpaBuio) .

[IpaBusio 1 BbIpaxkaeT HeHaKOILJIEHUE 3apsijia B y3/ax, 2 — obobmienne 3akona Oma s
3aMKHYyTOI 1lenu. Pazymeercs, HeOOXOJ MM y4deT 3HAKOB.

[Ipu mociiegoBaTelbHOM coeuHeHUN conpotuBiennit R = R; + Ry, upu napaJiieib-
HoM 1/R = 1/R; + 1/Rs. D10 Jierko nosyunth u3 3akoHoB Kupxroda. Baxuo, 4ro, Kak u
¢ KOHJIEHCATOpPaMu, ObIBAIOT «HUKAKUE» COeJMHEeHNs, He CBOISINNECS K HapasiebHbIM 1
ocaeI0BaTeIbHBIM. JIJIs1 TaKUX CJIOXKHBIX Ieneil 1 MPUXOIUTCs MPUMEHSITh 3aKOHbI Kupx-
roda. YpaBHEHHUI JIETKO MOJYIUTh OOJIbINE, UeM HEW3BECTHBIX, ITOITOMY yPABHEHUS HAJIO
IOJ0UPaTh U3 COOOParKeHUi MPOCTOTHI U HE3ABUCUMOCTH.

Pazbepem npumep. Ha cxeme puc. 3.2 conpoTuBJIeHUsI 11 U Ty

MOKHO TIOHUMATh KaK BHYTPEHHUE JJI UCTOIHUKOB &1 1 Eo, a R

— obmas Harpyska. JlomycTuM, 9To K JIAMIOUKE HOJCOCTUHUIN T I I 7
1 1 2

apaJiiesIbHO JIBe pasHble DaTapeiikn. 3akonbl Kupxroda mmeor IR

BUJI;

I:II+[27 81:T1[1+RI, SQITQIQ_'_RI.
Pemrenue: Puc. 3.2.
I — (R"—Tz)gl —R82 I, — (R+T1)82—R81 7= T281+T182
LT e+ R(ry+19) 2T g+ R(ry +m) riry + R(ry + 1)

Nuorna mose3nbl MOIMGpUKAIIIN 9THX 3aKOHOB. B MeTone KOHTYpPHBIX TOKOB Pa3bIC-
KHBAIOTCsSI TOKM HE B BETBAX, & B KOHTYpaX. TOKM B BETBSAX — 3TO CYMMbI KOHTYPHBIX TOKOB
JIJIS BCeX KOHTYPOB, COJIEPKAIIUX JIAHHYIO BETBb. Y DABHEHUS JIJIs1 KOHTYPHBIX TOKOB J1 U Jo

JIJIsT TOM 2Ke cxeMbl (puc. 3.3):
81 = T’1J1 + R(Jl -+ Jz) y 82 = TQJQ + R(Jl + JQ) .

Bupgno, uro ypaBHenwuil nmosydaercs Menblie. /s Takoil MpocToil cXeMbl BBITOJa HEBEINKA,
HO B 0oJiee CJIOKHBIX CJIyUasdX COKpAIlleHUe YUC/a ypPaBHEHWI ovdeHb momoraeT. KonedHo,
peaJibHbIe TOKH Yepe3 CONPOTUBJICHUS MOJIYUIaTCs Te JKe caMble (3/1eCh KOHTYPHBIE TOKU Jq
u Jo COBIIAIAIOT ¢ TOKAMHU B GOKOBBIX BeTBsX [ U I3, & TOK Wepe3 HAPy3Ky — UX CyMMa).
B merone cymepmo3mmmm, KOrjia UMeeTcs MHOI'O OaTapeek, HaXOJUTCHA BKJIAJ B CyM-
MapHBI TOK OT KarKJI0il U3 HUX, TPUIEM OCTaIbHbIE 3aMEHSIOTCS BHY TPEHHUMU COIPOTUBJIE-
HusiMU (B TIpocTeiiiiieM cirydae, KOrjia BHYyTPEHHUE COIPOTUBJIEHHsI MAJIbI, HaTapeiiku mpocTo

sakopadnBatorcs). Hampumep, 3akoporum €y (puc. 3.4). DT0 HACTOJBKO YIIPOIIAET CXEMY,
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R R
Y J- '
LAty ] el
81-|- -|-82 81-|- 82

Puc. 3.3. Puc. 3.4.

9TO YK€ MO2KHO IIPUMEHATDH «II0C/IeJO0OBaTE/IbHO-IIapaJlJie/IbHbIE>» (bOpMyJIbI. Cpa3y HaXOIUM

TPH TOKa, MOPOXKJIAEMbIX MIEPBOil 6arapeiikoii (0 uemM roBoput MHIEKC 1):

81 B 81(R + TQ)
r1+ Rro/(R+13)  rira+ R(ry +13)

111 =

. 11172 o Ery . ink o &R

e R+ry  rirg+ R(ri+71y)’ 2= R+ry  rirg+ R(ri+13)

Temepsr Ham0 yoOpaTh 3aKOPOTKY E€o W 3aKOPOTUTH Ep. [lJIsT TOKOB 99, 19, 191, CO3TAHHBIX
BTOPOIT OGaTapeitkoil, moyrydarcs Takue ke (popMyJibl ¢ OYeBUIHBIMU 3aMeHaMu. Y, HakoHerr,

HaJI0 CJIOKWUTD JieiicTBre Oarapeek. Hampumep, TOK B HArpy3ke

817“2 827“1

[ =iy +iy= + :
! 2 T1T2+R(T1 +7‘2) 7’1T2+R(7’1+T2)

Pazymeercs, 310 coBnajiaer ¢ TOKOM, MOJTyYEeHHBIM 13 OOBIYHBIX ypaBHenuii Kupxroda.



