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NPEJNCJIOBUE K OJIMHHA JIIATOMY M3JAHWIO

Hacrosinee usganue KHUTH SBJISeTCS yXX€ TPETHHM HOCMEPT-
HeiM. VI3 nmybaukyemoro HuxKe NPENUCJIOBUS K 9-My HM3JaHMIO SICHO,
YeM MBI PYKOBOACTBOBAJIMCH MpU nepeusfanuu KHurua. B 10-M us-
panuun (1989 r.) MBt cnemoBanu mo Tomy ke myTu. To Xe cpesaHo
¥ B HacrodmeM 11-M uspanuu, HeoBXOIHMOCTH KOTOPOTO OYEBHA-
Ha B CBSI3M C LICHHOCTHIO KHHTH, ycHelllHo#t paboroit BHICIIER WIKO-
aet B Poccnu 1 teM, uto kypce U.E. Tamma naBHO yXe oTCyTCTByeT
B KHHKHBIX Mara3uHax.

To, 4To CAenano B HOBOM W3JAaHUH, —3TO HECKONHKO MPHMEYa-
HUjf ¥ 3aME€Ha 4aCTH PeKOMeHAyeMoll JuTeparypsl Ha Gosee coBpe-
menHy10. [1pu 5ToM, KaK ¥ paHee, YYTeHbI 3aMe4aHUs HEKOTOPBIX Co-
tpyaHukos Ornesa reoperudeckoit ¢pusuku uM. 11.E. Tamma PUIAH.
B noaroroeke HacTosilero u3nanus npuHaa yyactue E.3. Meitnuxos
(PHII «Kypuarosckuit Uncruryr»). Mbl HageeMcs, 4To HoABIEHUE
HOBOro u3haHus kJaaccudeckoit kHurm W.E. Tamma npuHecer Hema-
JIYIO MOJB3Y.

2003 r. B.JI. 'unsbype

NPEJUCJ/JIOBHUE K JECATOMY U3JAHHUIO

TIpeapiiyiee meBATOe, yXKe MOCMEPTHOE, U3TaHUE KJIACCUYECKO-
ro xypca M.E. Tamma soimno B ceer B 1976 r. KxHura, HecMoTps Ha
JIOBOJIBHO 3HAYUTEIbHBIH TUPaXX, fABHO PA30LLIACH U MOITOMY Ceii-
4ac CPaBHUTeNbHO TPYAHO JocrynHa. Mexay Tem kype LE. Tamma
B OCHOBHOM He YCTapesJ u B CHJIy CBOMX MHOTOYMCIEHHBIX AOCTO-
WHCTB TPOROJIKAeT UCMoAb30BaThbCd. EcrecTBenHo cTpeMienue mpe-
JIOCTABUTH BO3MOXKHOCTbL HO3HAKOMHUTBECH C KYPCOM TaKXXe W HOBO-
MY TOKOJIEHHIO (DU3MKOB M MHXKEHEPOB M B 0CODEHHOCTH CTYJEHTAM.
OTuM 1 oObACHAETCA NEPEn3naHNe KHUTH.

ITo npHuyMEAM, YKa3aHHBIM B MOMeIleHHOM HUXe MpeauCIOBHH
K JEeBATOMY M3JAHUIO, MPAKTHYECKH HUKAKMX U3MEHEHHH B TeKCT
U cefitac He BHOCUJIOCL. JlobGaBJieHo I HECKOIBKO MOACTPOYHEIX
npumedanuit (mpuMed. pex.). Buecennl Taxke meBosbluue usMeHe-
HHUsl B JOIlOJIHEeHHs! (HOBBIM $IBNSETCA JONoJiHeHHe 2; 06HOBMINCH
CCBIKM HA JIMTepaTypy). B cmucke Baxkueimmux obo3Havyenuit cue-
JIaiibl HEKOTOPBIe ITOSICHEHU, KAaCAILIHeCs: 0DLIENPUHATON B HaCTOs-
IIee Bpems TepMunoJioruu. HakoHell, HCTpaBJieHb! 3aMeYeHHbIe Olle-
YaTKH.
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OcnoBHag paboTa 0 MOATOTOBKE HOBOro U3NAaHHS BBINONHEHA
B.M. Bonorockum. IIpu 310M 6BI/IH yITeHb! 3aMEYAHNS, CIENAHHEIE
pajoM corpyaauxkos Oraena reoperndeckoit dpuzuku uMm. U.E. Tam-
Ma Puznueckoro uHcrutyTa uM. ILH. Jlebegesa AH CCCP. Mu
HajeeMcs, 4T0 HosBJieHue HoBoro m3manus xuuru W.E. Tamma mpu-
HECceT HEMAJYI0 MOJIbL3Y.

1986 r. B.JI. N'unsbypz

W3 MIPEJMCJIOBUA K JIEBATOMY M3IAHUIO

«OCHOBH TEOPHH JJEKTPHUECTBAY — KJIACCHUECKUH KypC JIEK-
TPOAMHAMUKHM, HANMCAHHHIA OJHUM H3 CAMbBIX BBIJAOMIUXCA U M3-
BECTHBIX coBeTcKUX ¢u3nkoB Hropem EsrenbeBuuem Tammom
(1895-1971).

Ilpu xu3HN aBTOpa KHHUTA BHIAEPXKAJa BOCEMb U3JAHUN U yXKe
Gosiee copoka et 3¢ deKTUBHO HCMOMB3YeTCs BEChMa IUPOKUM KPY-
roM 4YHUTaTene.

Kaxk moggepkuys cam U.E. TamMM B npeucnoBull X DOC/IeTHEMY
(BocbMoMy) mpuKu3HeHHoMy u3jaHuio (1965 r.), xHUry «ciemosa-
Jgo Orl cymecTBeHHo nepepaborarby. PakTuuecku, ogHaxko, Vrops
EprenneBuy c4esq BO3MOKHBIM BHECTH B KHHUIY JIHIOL HeDOJIBIIOE
4HCI0 U3MEHeHu. TeM MeHBbIIE OCHOBAHUN MEHSAThb YTo-aubo cyme-
CTBEHHOE ceffdac, KoTJa MBI HE MoXKeM y4eCTb MOXKeTanuit U MHeHue
caMoro aBropa. Jla i Boobuie MonbITKY MOJEPHU3HPOBATE yKe 3ape-
KOMeHZ0BaBIIKEe Cebsi K/TaCCHYECKHe KYPCHI, KAK MPABWJIO, HE MpH-
HOCSAT IOAJIMHHOTO yCileXa — MEePBOHAYAJILHBIN KYDPC TepsieT CBOIO
UEJIbHOCTE H CTPOWHOCTD, & HOBOTO BIIOJIHE COBPEMEHHOTO KypcCa To-
JKe He Moy4aercs.

ITo 91UM MpUYIKHAM HACTOSAIIEE U3JAHNE ABJSIETCH IO CYTH jefa
nepeneJyarkoil NpeablAyIero BockMoro uzfanuda. Ucnpasnena auun
HerouHocTh (ykasanHas J.B. CuByxuueiM), AomylueHHasi npU Bbl-
YUCIEHUH TOJITPU3YEMOCTH a3a U3 MOJIEKYJL C MOCTOSIHHBIM [THITOJb-
HEIM MoMeHTOM (c. 135 u 148 BocbMoOro W3JaHUs), UCIPABJIEHbI 3a-
MedeHHbIE ONMEYATKH, U3MEHEHO MM BHECEHO BHOBH HECKOJIBKO CJIOB
B TekCTe (B YACTHOCTH, B JOMOJIHEHUSX ), IIoMemeno HeGoMbIIoe 9u-
CJio IPUMEYaHKHH PeJakTopa U, HAKOHEL, CHeJaHbl HEKOTOpPHIE U3-
MeHeHHMsI, KaCAIOIINECH CCHIJIOK HA JATepaTypy (YCTPaHEHBI OTAe/b-
HBbI€ CCHLIKHM HA CTApPble TPYZHONOCTYMHBIE UCTOYHUKH, MPHBEIHO
HECKOJIbKO HOBBIX CChUIOK). IIpu 3TOM, MOCKOJIIBKY KHUTa SBJISETCH
y4eOHBIM TocoOMeM, a He M3JaHHEM aKaJeMHUIeCKoro THIA, Ipel-
CTAaBUJIOCE HeleNecoobDPa3sHbIM KaK-TO CHEUAIbHO OTMedaTb B Ca-
MOM TeKCTe BCe Mo/106Hble BTOPOCTENEHHbIE H3MeHeHusA. 11o Tol XKe
OPHYHHE MBI OTKA3aJHCh 0T BecbMa Cob/Ia3HUTENbHOU HIeu mome-
CTUTh B BHJE JONOJAHEeHHA K KHUAME HeKOTOPhIE OpUTHHABHBIE Dabo-
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tet 1.E. TaMMa, NOCBSAIIEHHBIE 3JIEKTPOAHHAMUYIECKUM BOMIPOCAM.
K toMmy xe ¢ sTumMu paboraMu umrarTelhb JIerKO CMOXET ITO3HaKO-
MHUTLCS 110 HEeAABHO onybJINKOBAHHOMY JBYXTOMHOMY CODDaHMIO Ha-
yanpix Tpyaos 1.E. Tamma (u3garenscrBo «Haykas, 1975).

B zakmouenne foaKeH ¢ 671arogapHOCTBI0 OTMETHTD CYIINECTBEH-
HYX0 HOMOINb, OKA3aHHYI0 NPH MOATOTOBKE HACTOSAIIETO H3JAHHs
B.M. Bonorosckum u B.A. ¥Yraposeim. Bce Mpl Hajeemcs, 4TO Ha-
croamee uznanue kauru U E. Tamma, Kak ¥ npeablayinue, IPUHECET
BONBIYI0 MOTB3Y.

1975 r. B.JI. l'unabype

U3 NMIPEAUCJ/IOBHA K ITIEPBOMY U3 AHUIO

Hacrosmasa KHWra npejHa3HAuYeHa AJIs WL, BAAJEIOMUX Jud-
depeHInaNbHBIM U UHTErPAJBHBIM HCYUCIEHUSIMI 1 BEKTOPHOH aJI-
rebpoii; OCHOBBI XK€ BEKTODPHOIO aHaJU33 H3JAraloTCsd B TEKCTE O
Mepe HagobHoCTH.

OcCHOBHO# LIENIBIO TOTO KyPCa sIBIAETCH BHIACHEHHE huzuueckozo
CMBICAG U CO0eporcaruf, OCHOBHBIX TOJIOXKEHHII TEOPUH UIeKTpHYe-
CTBA;, MO CPABHEHHIO C 3TOH 1eNbio (POPMATHHO-JIOrHYECKOH CTPON-
HOCTH, CTPOT'OCTH ¥ ODIMHOCTH W3JIOXKEHHUS OTBOARIACE JIMIIE COMO-
YHHEHHAA POb.

He cTpeMsCb K IOJHOTE U3J/I0XKEHUHA, si ONYCKaJ AaKe CPaBHU-
TeJILHO BaXKHBIE BOMPOCH!, €C/I OHY BBHIMAJAJIN U3 ODIHNE# HUTH U3Jio-
KEHHsA (HAMPUMED, TEPMODJIEKTPUYECKHE HBJIEHUS, 3JIeKTPOIN3
u T. 1.). C apyro# CTOpOHBI, Ha HEKOTODPBIX BOIPOCaX (HAIpUMep,
B TE€OPHU AUNVIEKTPHKOB H MAarHETHKOB) s MO3BOJINI cebe oCTaHo-
BUTBCA HECKOJILKO mojipobHee, yeM 3710 oOBIKHOBEHHO npuHsSTOo. Tex-
HHUYeCKUX MPUJIOKEHUH TEOPUU A He M3JIAraj, HO CTPEMUJICH II0 BO3-
MOXKHOCTH MOArOTOBUTh YHTATENA K HENOCPEACTBEHHOMY HEPEXOLY
K H3YYE€HHIQ MPUKJIAIHON TEOPHH 3JIEKTPHYECTBA.

Beuay nepaspaboTaHHOCTH PYCCKOH HAydHOH MEPMUHOAO2UU H
MPUHYXKJeH OblJI BBECTH J[iBA HOBHIX TEPMHHA: <CTOPOHHSAA» 3JIEK-
rpoasMKymas cuna (eingepriagte Kraft) n «marneruk». Kpome To-
To, & MO3BOMUJ Cebe YKIOHUTHCA OT ODLIENPHHSITOTO, HO YCTAPEIOro
¥ HEPaIMOHAJBHOIO CIOBOYIIOTPEGIeHHsS TePMUHOB «CBOBOIHBIN» H
«cBA3aHABIN» 3apaj. Haxomern, rayccoBy (CUMMeTPHUYECKYIO) CHCTe-
My €OUHHI] B OTJIMUYHE OT IEKTPOCTATUYIECKONR U JIEKTPOMATHUTHOM
s Ha3BIBAIO MPOCTo abcosmoTHoH cucreMolt (6e3 mpusaraTessHOrO).

BonbummacTBO MOMeIIEHHBIX B KHUTE 33139 COCTABJSET OPraHu-
YECKYIO0 YaCTh TEKCTA; PellleHHA MHOTHX 33134 HeoOXOOUME! JJId 1I0-
HUMAHHUS TOCIEOYIOIIETO U3JIOKEHUS.

1929 r. H.E Tamm



CIIMCOK BAKHEMNININX OBO3HAYEHUN

Bexmopw 06o3navaorcs )XUpHbIM HpaMeiM mipudTom (Hanpumep R); Ta xe
6ykna cBeTnbM mpudToM (Hanpumep R) 03HauaeT wucao60e 3nauenue CoOTBeT-
CTBYIOIIETO BEKTOPA.

Vnrerpanst moboit KpaTHOCTH OGOZHAMAIOTCH OXHMM-€MHCTBEHHEIM 3HA-

KOM f U pa3au4aloTCA ITHUIL 0b03HAMEHUEM 3TIEMEHTA HHTErPUPOBARNA: IJIEMEHT

abbema (TpexxpaTHOro HrTerpana) — dV, aneMenT MOBEePXHOCTH (ABYXpaTHOrO
#HTerpana) — dS, sneMeHT JUHUA (0MHAPHOrO MHTErpana) — ds.

3unak f 03HAYAET HHTETPAI IO 3aMKHYMOU IOBEPXHOCTH UAM IO 3GMKMHY-
MoMYy KOHTYDY.

O cmuice MEAexcos a ¥ ¢ y 3Hakos grad, div u T. a. (manpumep grad, R,
grady, R) cM. B IpUacKeHH.

TIpu ccoutkax B TekCre Ha QOPMYAbl REKTOPHOrO AHAJIH3A, TOMENIEHHBIE B
NpUIoXeHun, GOPMYTIBl 3TH OTMEYAIOTCH 3BE309KOM, Halpumep (17*). B cry-
4ae, eC/M MOJ OJHUM HOMEPOM OObeJHHEHO HeCKOIbKO (OPMYJI, TO B CCBLIKAX
HA KQXK/IYI0 13 3THX GOPMYJT HOMED €€ YKa3hIBAETCA AOTIOJHHUTENBHEIM HHACKCOM
clipaBa BHU3Y, Hartpumep (433 ).

A — pabora

A — BEKTOP-ITOTEeHIHAAJ

B — MArHNTHas WHIY KIS

c — 3MEKTPOIUHAMMYECKAS NTOCTOAHHAS, paBHAR CKOPOCTH CBETaA

B BaKyyMme
— €MKOCTb, IUPKYIALHA REKTOPA
— 3NeKTPUYECKAH MHIYKUUS (SMEKTPHIECKOE CMEITCeHHE )
— WIeKTPUIECKUil 3apA (JIeMeHTAPHbBIN 3apax)
~— HANPHKEHHOCTb INEKTPUYIECKOro oA
— HAnpsKeHHe (NEKTPOABIDKYINAS CHIIA)
~— CTOPOHHASA 3NeKTPOJRMKYIRAR CUIA
— ILIOTHOCTH CHJ
- HOH/JEPOMOTOPHAS CHAA
IIIOTHOCTE 3JIEKTPOMArHUTHOIO KOIMMYECTBA JABVKEHUS
~— HANpPSAXKEeHHOCTHh MAarHUuTHOIO HONA
~— €IUHHYHBIA BEKTOP MO OCH T, IIOTHOCTH ITOBEPXHOCTHLIX TOKOB
— Hamarguyenue (HaMarHUYeHHOCTb)
— MOCTOAHHOE HAMArHUYIEHHE
— eJUHYHEI BEKTOp N0 OCH Y, INIOTHOCThL 06 BbEMHOTO TOKA
— CHJI3 TOKa
— nocrosHHaA DonbliMana, BOJIHOBOE 4HCIIO
— €OMHUYHLIA BEKTOp IO OCH Z
— MOMEHT KOJMYECTRA ABHIKEHMs (MMITyInca)
~ KpWBas, B YaCTHOCTH 3aMKHYTHIl KOHTYD
K03 PHUIUEHT CaMOMHAYKIMH (MHAYKTHBHOCTD)
K03 PUIMEHT B3aMMHON MHAYKUMH (B3aMMHas MHIAYKTHBHOCTD)

(i # k)
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marHuTHbE (bUKTUBHDLN) 3apsa

MArBUTHBEIA MOMEHT

€AMHUYHBIN BEKTOP HOpMAJIX

MIOTOK BEKTOPA, B Y4aCTHOCTH 3NMEKTPUYUECKOrQ; YHC/I0 MOJIEKYJI
B equHune obbeMa (IJIOTHOCTb YMCIA YACTHIY)

€IMHUYHBIA BEKTOP HOPMAJIM, MOMEHT TIapbl CHJI

YIJIOBasA CKOPOCTD [IPEIecCHu

UIEKTPUUECKHIH MOMEHT JUIONA

paboTa CTOPOHHMX 3IEKTPOIABHKYIHMX CHIL

nosApusanus (IONApU30BAHHOCTD), BeKTop Lepua
KOJIMYECTBO TEILIOTHI, BEIAEHEMOe TOKOM B €QUHUIY BpEMEHU
CONPOTHBIIEHHE

paauyCc-BEKTOD

BEKTOp KpaT4yajilero pacCTOSHUS OT 33,aHHOK OCH
3/IEMEHT ILTIHbI

MOBEPXHOCTH

pexTop IloiinTHHra

BPEMS

eIMHUYHBIH KacaTeNnbHBIH BEKTOD

abcontorHas (TEPMOIUHAMIYECKAS) TEMIIEPATYPa, KHHETHIECKAs
3Heprus, mepuos koyebanuit

HATfDKeHUE, TEH30D HATXKEHUT

CKOPOCTH

MOTeHHAIbHAA (DYHKIMH MArHUTHOrO IO TOKOB
CKOPOCTH

obbeM

IIJIOTHOCTE SHEPruu

3HEprus

A3UMYT, NOAAPHIYEMOCTDb eHHUNBI 06bema

HAIPABJIAIOIHE YIJIbI BEKTOpa

OJIAPU3YEMOCTb MOJIEKY b

JUISNEKTPIIECKas [POHMIAEMOCTD 1)

IOJIAPHBIN Yo

MATHUTHAS BOCHPUHMYWBOCTD, JHHeHHAS MUIOTHOCTD 3apiaia
KO3(hDHUIMEHT SMIEKTPOIPOBOAHOCTH (yA€AbHAS NPOBOAMMOCTD),
AJHMHA BOJTHB

MAarHUTHAs TPOHUIAEMOCTD

06beMHAas IJIOTHOCTE YJIEKTPUYIECKHUX 3aPsIi0B

06 beMHAS MUIOTHOCTH MATHUTHBIX (PUKTUBHBIX 3APAI0R
NOBEPXHOCTHASA IUIOTHOCTD MEKTPUICCKHX 3apiAI08
MOBEPXHOCTHASA ILIOTHOCTh MArHUTHBIX (PUKTUBHBIX 3aPAI0B
IJIOTHOCTD, MAaCCa eqUHUIb ohbeMa

NEKTPHYECKU ITOTEHIUAI

MACrHATHBIA TOTOK

MarHUTHBIN CKAJSAPHBIN TOTEHIIHAAN

MOTOK MArHUTHON MHAYKipm, cBoGonHAH SHEprus
nUKAMYecKas (KpyroBas) 9acToTa

TeJIecHbIil yroa

orreparop Namunbrona («Habsar)

oneparop Jlannaca

'} B opurunane <amaexTpuueckas nocTosHHas>. OXHAKO, MOCKONIbKY B Ha-

crofniee BpeMs

O6UlerHHﬂTbIM ABNACTCA TEPMHUH «JUIIEKTPHUYCCKadA NPOHHLIA-

€MOCTb», TO B TeKCTe IPOU3REJEHA COOTBETCTBYIOmaAdA 3ameHa. (IIpumey. ped.)
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CornacHo COBpEMEHHBIM BO33PEHHAM ATOMbBI BCEX TeJI IOCTPOEHB!
U3 UIEKTPUYECKH 3APSKEHHBIX YaCTHUIl -— CPABHUTENRHO JIETKHX
3IEKTPOHOB, 3aPsAXKEHHBIX OTPHIATENLHO, H CPABHUTENBEHO TAMXKEIRIX
ATOMHBIX AJIEP, 3aPAXKEHHBIX IOJOXKHTENBHO. HeliTpaibHble B 9J€K-
TPHYECKOM OTHOILNEHUM Tela KAKYTCH HAM TAKOBBIMHU TOJIEKO OTOMY,
YTO OTPUIATENbHBIH 3aps] BXOAAIMINX B HX COCTAB JEKTPOHOB pa-
BeH NOJ0XKUTEILHOMY 3apsAAy BXOAAIIUX B HX COCTAB ATOMHBIX SIJED,
TaK 4YTo BIUSHHE MPOTHUBOMONOXKHBEIX 3aPAJOB B3aMMHO HEHTPAIH-
3yerca (o KpafiHell Mepe HA PACCTOAHUAX, AOCTATOYHO GoJbUIMX
IO CPABHEHWIO C PACCTOAHMEM MEXKIY OTJEJIBHBIMH 3IEKTPUYECKHU-
MU YaCcTHIAMH, BXOAAIIUMH B COCTaB HelTpasibHoro rtena). Ilepe-
pacnpeneieHue JIEKTPIHIeCKUX 3aPI/IoB H, B YACTHOCTH, JIeKTpUYe-
CKHl ToK 06YCIOBANBAETCH MEPEMEIEHHEM 3EKTPHIECKHX JACTHUIL K
NIpUTOM OoJbIell YaCcThio /IEKTPOHOB, 2 HE ATOMHEIX AAep, ubo B co-
CTaB ATOMOB XHMUYECKHX 3JIEMEHTOB BCET/a BXOAUT HEKOTOPOE YHC-
JIO 4BHEIIHHUX» 3JIEKTPOHOB, CPABHUTENLHO C1ab0 CBSI3aHHEIX C Mac-
CHBHBIM I€HTPAJILHHEIM ATOMHBIM S/APOM W CPaBHUTENBHO JIEFKO OT
HETO OTMIENJISIOIMXCS.

OtpunarenbHbLt 3apsiy diekTpoHa paseH 4,80 - 10710 abcomornbix
9TEKTPOCTATHYECKUX euHHI ekTpidecTsa (umu 1,60- 10719 kyo-
HOB), MOJIO>KUTEJIBHBIE K€ 3apsibl ATOMHBIX f/iep Mo abCconoTHOM
BEJIUYUHE PABHBI HEALIM KPATHHIM 3TOTO TAK HA3LIBAEMOTO 3JIEeMEH-
TAPHOT'O 3apAla, sIBJISIIOIIEr0CH HeIeIUMbIM ATOMOM 3JIEKTPHYECTBA.
3apsnpl pa3nuYHLIX aTOMHBIX SAJIEP BapbUPYIOTCs OT ogHOro (Bomo-

poj1) J0 JieBAHOCTA IBYX (ypaH) saeMeHTApHHIX 3apamos 1) . CaMbim
JIETKHM aQTOMHBEIM SIIPOM ABJISIETCH SIAPO BOAOPOAA, HOCSIIEe HA3BA-~
HHe MpoTOHa; Macca nporoHa (1,67 - 10724 r) npumepno B 2000 pa3
Gombie Macch! saexTpona (9,11-10728 r). l'eoMeTpuyeckue pasmMeps
KaK ATOMHBIX #/1€p, TaK K JEKTPOHOB HACTOJILKO MaJbl 110 CPaBHE-
HHUIO CO CPEAHMMM PACCTOSHUAMHU MEXKJy STHMH YACTMIIAMU B aTo-
Max ¥ MOJEKYJIaX, 4TO NP PACCMOTPEHHH I'POMAJHOTO OOJIbINHH-
cTBa (PUINIECKUX U XUMHUIECKUX SABJIEHHN KAK ATOMHEIE siApa, TaK U
3JIEKTPOHE! MOXKHO CUYMTATL MATEPHMANbHBIMM TOYKAMH, XapaKTepu-
3yeMBIMH OTIPEJEJICHHBIM 3IeK TPHUECKUM 3aPAI0M U ONpeeeHHOH
Maccoi. Bompoc e o ToM, KaK MOCTPOEHHI ATOMHbBIE sipa U3 GoJiee

1) B macTosiniee BpeMsi MCKYCCTBEHHBIM IIyTEM IIONy4e€H DHJ] HOBBIX THAMKEbIX
3/IEMEHTOB, CTOAUIMX 33 yPAHOM B NEPHOAUTIECKOHN CHCTeMe.
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3JIEMEHTAPHBIX YACTHI, (HIPOTOHOB M HEHTPOHOB), MMEET 3HAYeHHE
TOJBKO JJis CPABHHTEIBHO OMPAHWYEHHOTO KPyTa (DU3NYECKHX sIBJIe-
HHU, OTHOCAMIErocsd K obNacTH sifepHoil PU3NKH, KOTOPYIO MBI pac-
cmaTpuBaTh He OyaeM. Tonbko anid 9710 06JACTH ABNEHHN HMEIOT
3HAYEHHME U TAK HA3LIBAEMBIE ANEPHEIE CHIE, KOTOPBIMH OIPEIeis-
€TCsl B3aMUMOJEHCTBHE YACTHUIl (IIPOTOHOB M HEHTPOHOB), BXOISLIMX
B COCTAB ATOMHBIX sJIEp.

Hcexona u3 yKa3aHHBIX TPEACTABAEHUH COBPEMEHHAA (PU3MKa CTa-
BUT CBOEH 3ajavell ONPENENUTH IEKTPHUYECKYIO CTPYKTYPY BCEX
BCTPEYAOIIUXCA B MPUPOAE BemecTB (UMCAO, PACTIOJIOXKEHHE U Xa-
paKTep IBUXKEHUS BXOASAMIAX B COCTAB WX NIEKTPUYECKUX YACTHUIL)
1 BBIBECTH 33KOHBI (PM3MYECKMX M XUMHUYECKHX SIBJIEHUH M3 OCHOB-
HBIX 33aKOHOB B3aHMOAEHCTBUS MEKTPUYECKUX 3APAJOB U 32KOHOB
UX IBHXKeHHUS (KOTOPBble B MUKPOMHPE HOCAT KBAHTOBHIN XapaKTep).
EavucTBEHHOE MCK/IXOYEHHE HYXKHO CHAENATh A/ TeX ABJIEHUH, Jis
KOTOPbIX MMEIOT CyIIECTBEHHOE 3HAYEHHUC CUJIbl TATOTeHUS W CHJIBI
AnepHble, u00 TONBKO ITH CHIbI HE CBOAATCA K B3AUMOAEHCTBHIO
3JIEKTPUIECKHX 3aPALOB.

ITepBBIM mIaroM Ha MyTH K pa3pelIeHHI0 YKa3aHHOM 3aa4u 10J1-
JKHO GBITH BHISICHEHUE 3aKOHOB B3aMMOJAEHCTBUS SAEKTPHYECKHX 3a-
PSAIOB, 3aKOHOB 3/IeKTPOMArHUTHOTO 1oJist. [ poMaiHoe Go/ibITHHCTBO
IPUMEHAEMBIX HA TPAKTHKE CIIoCODOB HAOJIOMEHUA M H3IMEPEHUS
CUIIKOM PyOnl AJs Toro, 4YTobbl C X IMOMOIHMLIC MOXHO OBLIO 06-
HAPYKHUTH CYIIECTBOBAHME OTMEIbHBIX YaCTHI|[ 3/IeKTPUYECTBA.
HauMenbiue 31eKTPHYECKHE 3aPibl, NOCTYHNHbIE HabJIFOAEHHIO C
nOMOWELI 3THX ciocobor, comepkaT B cebe MHOTHE MHJ/LIMOHB! H
MWITHAPAB! YACTUIL AEKTPUUECTBA, OTAENEHHBIX APYT OT APYra HU-
YTOKHBLIMH PACCTOAHUAMM. [IpH TAKOM CYMMApPHOM HMJIK M a K P O-
CKOMKYECKOM) H3yueHHH IEKTPHUYECKHX sIBJICHU B MaCIITa-
fe, IOCTYNHOM HemoCPeNCTBEHHOMY HABIIOAEHWMIO, Mbl MOXKEM, He
BHOCS CKOJIKO-HUOY/Ib CYIIIECTBEHHOM OMIMOKH B PE3YJILTATHl PACCy K-
NeHuil, BOBCE HE YYUTHLIBATH ATOMUCTUIECKOTO CTPOEHUS 3JEKTPUYe-
CTB2 ¥ HOJIL30BATRCH NPeJCTABJIEHHNEM O HENPEPHIBHO IMPOTAXKEHHLIX
3JEKTPHUYECKHX 3APSISIaX; UHBIMU CJIOBAMM, MBI MOYX€M CYHTAThH, YTO
3JIEKTPUYECKHE 3APABI CILUIOIIHBIM, HempePBIBHBIM 06pa3oM 3amoii-
HAKT 3apsKeHHbIE YYACTKM MATEPHANBHBIX Tesl (TaK Ha3blBaeMble
«obbeMHBIe 3apAABl» ). Ynpomas TakuM ofpa3oM HAIly 33734y, MHI
JIAING CIEAYEM NPUMEPY MEXaHUKH. BBHUAY Toro 4ro uzyuyeHHE Me-
XaHUKM BECOMBIX TeJl IIPH y4eTe aTOMHCTHYIECKOH CTPYKTYpPh! Bele-
CTBA CBSI33HO CO 3HAYUTE/IbHBIMH MAaTeMATHIeCKUMH TPYJHOCTSIMH,
TEOPUsA YINPYIOCTH, THMAPOAMHAMUKA W A3POJUHAMHKA OHEePUPYIOT
C MJeaJM3UPOBAHHBIM TIPEJACTABJEHUEeM O HEMPEPLIBHO HNPOTIXKeH-
HBIX MATEPUANBHBIX TeJaX. B M3BECTHBIX, W TPUTOM HOBOJbHO INH-
POKUX, mpefiesiax monobHasi 3aMeHa BIOJHE 3aKOHHA, W PE3Y/IbTATHI,

b I'pegeckoe «Makpocs — GOIBIIOHA U «CKOIEHH» — BUAETH.
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MoJIyUeHHbIe TIPH PACCMOTPEHUU HENPEpPHIBHBIX Cpell, OKA3BIBAIOTCS
NPUMEHUMBIME K PEaIbHBIM TEJIAM NPEPHIBHOTO CTPOEHUS.

Cnenys uCTOPUYeCKOMY XOAY Pa3BHTHSA JIEKTPOIHHAMUKY, MBI
HauHEM C M3JIOKEHUS MaKPOCKOMHMYECKOH TEOPHM 3/IEKTPOMArHUT-
HBIX {BJICHMI1, OCHOBAHHoO# Ha NpeJCTaBJeHUU O HEIPEPBIBHOM pac-
IpejeseHHH 3MeKTPUYECKUX 3apsaaoB. 10 HAKOIJIEHMM U3BECTHOTO
KOJIM4eCTBA CBeEHUI MBI mepeiiieM K Mapa/uleIbHOMYy H3JI02KEHUIO
OCHOBHBIX NPEICTABJICHU MUKPOCKONMUUYECKOH TEopuu, oc-
HOBAHHOM HA y4eTe aTOMUCTUYIECKOrO CTPOEHMS 3JIEKTPUYECTBA (TaK

Ha3bIBAEMas <«3/IEKTPOHHAH TEOPH» ), M MOKAXKEM, YTO MPUOJIUKEH-
Hble MAKPOCKONHYECKHE 3aKOHbI CYMMApPHBLIX ABJIEHUN BHITEKAIOT U3
Bosee TOIHBIX MEKPOCKOMUYECKUX 33AKOHOB SIBJIEHUH 3/IEMEHTAPHBIX.
IIpu 310M, OJHAKO, HY?KHO MMETH B BHAY, YTO CKOJIBKO-HUOYObL MOJI-
HOE H CTPOroe H3JIOXKEeHHE MHUKPOCKONHYECKON TeOpUH Hew30exKHO
JlomKHO 6a3uPOBATHCS HA KBAHMOBOU Meopuu B €€ COBPEMEHHOMH
dopMe. Beuay Toro, uTo MBI HE€ MOMXKEM NPEANOJATATE y YHTATE-
Jig OCHOBATEJNHLHOIO 3HAKOMCTBA C KBAHTOBOH MEXaHWKOi, MBI BBI-
HyK1eHbI 6y/ieM B OCHOBHOM OTPAHHYHMTHCS H3JI02KEHHEM TOTLKO TeX
BOMPOCOB MHUKPOCKOIUYECKOH TEOPHH, KOTOpbIEe C HOCTATOYHOMN CTe-
[IeHbE) TOYHOCTU MOTYT OBITH PACCMOTPEHHI B PAMKAaX KJIACCHYECKOHN
(moxBaHTOBO#) bu3KKH.

B rnase VII MBI BHOBE OTpaHHYHUMCS PACCMOTPEHHEM MAKpPOCKO-
MHYECKOH TeOPWUH IMoJsi € TeM, 9TOOB HA OCHOBE MOJIY4YEHHBIX pe-
3yJIBTATOB C(HhOPMYIUPOBATH HOMHYO CUCTEMY OCHOBHBIX MOIOXKEHH
310 Teopuu (pOPMYJIMPOBKa CyIIECTBEHHON MX 4ACTH COAEPHKUTCS
B TAK HA3bLIBAEMHIX ypaBHEHuAX Makceeyita). DTa cuCTeMa oCHOB-
HBIX TIOJIOXKEHHM, WJIH «IOCTYJATOB», UIDAET B 3JIEKTPOIHHAMHUKE
TAKYI0 K€ DOAb, KaKyi0 B KJIACCHYECKON MEXAHUKE HIPaloT <«aK-
cuoMel» Heiorosa. B gacTHOCTH, CHPaBeJIMBOCTE ITHX OCHOBHBIX
IIOCTYJIATOB MAKPOCKOMAUYECKOHN 3/eKTPOIHHAMUKY (KaK U CrpaBej-
JMUBOCTH akcuoM Herorona) Moxer ObiTh Hambosee yOeqUTEIbHBIM

o6paszom 060CHOBANA HE MHIYKTHBHBIM MeToJoM (Ha KOTOPBIHA TOJIb-
KO M MOXKHO OIHPAThCA TIPH OTHLICKAHHE OCHOBHBIX 33aKOHOMEPHO-
creil, Ho KOTOPHBI#, OAHAKO, HE MOXET [ATh COBEPIIEHHO CTPOTOro
JOKa3aTeIbCTBA WX CHPABEIJIHBOCTH), & COIVIACMEM C OMBITOM BCeli
COBOKYITHOCTH CJIEACTBUl, BHITEKAOIIUX U3 TEOPHHM M OXBATHIBAIO-
IIHX BCE 3aKOHOMepHOCTI/I MAKPOCKOITH4Y€CKOI'0 3JJEKTPOMATCHUTHOIO
nmons. B rmase VII MBI pacCMoTpUM HeKOTOPHIE U3 3TUX CJIEIACTBHI,
OTHOCHAINUXCH, B YACTHOCTH, K JIEKTPOMATHUTHBIM BOJIHAM.

Hakouen, B rmase VIII Mbl pacCMOTpPUM 3/I€KTPOMATHUTHBIE SB-
JICHUS B OBUXKYIIUXCH Cpefiax, OTPAHUYHBINKCEH CIyYaeM, KOI/Ia CKO-
POCTB 3THX CPeJ MaJjia MO CPABHEHHIO CO CKOPOCTBIO CBETA.



FITABA I

QJIEKTPNYECKOE IIOJIE
HEITIOABMN>KHbBIX 3APA10B
B OTCYTCTBHUE ANIJIEKTPNKOB

§ 1. 3akon Kynona

B sroit rnaBe M OGyZeM mpeanosarath, YTO B IEKTPUYECKOM
FIOJ1€ HeNOABMXKHBIX 3apsifOB, KPOME MPOBOTHHKOB 3IEKTPHYECTBA,
HUKAKNX APYTUX MaTepUaJbHBIX TEJ HET.

1. B ocHOBe meopuu 3IEKTPOCTATHYECKOrO MOJIA JIEXKHUT 3AKOH
Kynona, apngwomuiica oDobIIEHUEM JaHHBIX ONsimMa. DTOT 3AKOH,
KaK M3BECTHO, [VIACUT, YTO JBA 3aPAKEHHBIX TEJIA GECKOHENHO MAABLIT
pazmepos (1Ba mMoveumsT 3apsifia) OTTAIKHBAIOTCH, €CITH 3apsibl HX
OAHOMMEHHDbI, U NPUTATUBAIOTCS, €CIM OHM PA3HOUMEHHBI, IPHYEM

CWJIa UX B3amMogelcTBus F nponopiuoHajibHa ees/ R%Q:

Foo222 (1.1)
R,
TIe e] ¥ ey — 3apdaabl MEPBOTO U BTOPOro Tef, a K19 — paccrosiHne
MEeX/1y HUMH.

Ecnu 3apsgos umeercs: He [1Ba, a Bosbire, To HA KAXILIH 3aps
OyayT AefiCTBOBATH CO CTOPOHBI BCEX 0CTANBHBIX 3aPAL0B CUJIBI TUIA
(1.1). B 4acTHOCTH, €ClM 3apANH! €1 U ez NOMEIIEeHbl B BO3LYX, Ke-
POCHH #IH KAKYyI-JHO0 APYryio HENPOBOISIIYIO CPERY, TO, IOMUMO
HeIIOCPEICTBEHHOTO B3anMOIeHCTBUS 3aPsiI0B €] H €2 APYT C APYTOM
no 3akony (1.1), HeoGXOAMMO YYUTHIBATH TAKXKe U B3aUMOJEHCTBHE
STHX 3apdJIoB €) U ez C 3apsJaMH JIeKTPOHOB W ATOMHLIX sHEp,
BXOAAILIMX B COCTAB HENTPANBHBIX MOJIEKYJ CPEIbI.

B Hacrosineit rraBe Mpl OTPaHHIMMCIT PACCMOTPEHUEM 3/IEKTPO-
CTATUYECKOTO Mojisg B BakyyMe. KoHeuHO, abGCOMIOTHRIN BAKYYM HEO-
CyHIECTBUM HA OMLITE, ¥ B 3BAKYUPYEMBIX COCYJAaX BCErJa OCTAETCH
HEKOTOpoe, XoTsd OBl M HHYTOXXHOe, KOJIHYECTBO BO3AYXa. OmgHAKO
9TO BOBCE HE 3HAYHT, YTO 3aKOHLI JIEKTPHYECKOTO IOJIsi B BAKyyMe
HEJOCTYIHEI OILITHOMY HcclemoBaHuio. M3yuas uaMeHeHue Xapak-
TEpPa MOJIS 10 MePEe YMEHBIIEHUA JABJEHUS BO3/LyXa, MOKHO YCTAHO-
BUTh TOT Ipejiesi, K KOTOPOMY CTPEMSITCA CBOMCTBA MoJd (Hampumep
CUJIBI B3aUMO/IEHCTBHA 3aPsI0B) 0 Mepe NpUOIHKEHUs K abComoT-
HOMY BaKyyMy. OTH TpeZe/ibHble CBOACTBA (Mpene/ibHOE 3HAYEHHE
Cuibl), OYeBHAHO, ¥ OyayT XapakTepusosarhb cobor0 mosne B abco-
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JIIOTHOM BaKyyMe. BirpoueM, Kak ITOKa3bIBA€T ONBIT, IPU yMEeHbIIIe-
HUHM MJIOTHOCTH BO3/[yXa OT HOPMAJBHOMN JI0 JOCTHXKUMOTO Ha OMbITE
npejiesia, CBOMCTBA MOJIsi U3MEHSIIOTCA CTOJIb HE3HAYUTEJIBHO, YTO ec-
JI HET HYXJbl B 0CO00# TOYHOCTH, TO STUMH U3MEHEHHAMH MOXHO
B BOJILITUHCTBE CIYYa€B BOBCE NMpeHebpedh M CINTATH, YTO CBONUCTBA
MONA B BO3/YXE TOXAECTBEHHBI CBOMCTBAM IIOJIsI B BAKyyMe.

2. Brpazkaemas dopmyoii (1.1) o6parHas IPONOPIHUOHATILHOCTE
CHJIBl B3aMMOJEHCTBUA 3apsAf0oB KBAAPaTy PACCTOSHHA MEXJIY HH-

MU MOXKET GBITH HENOCPEACTBEHHO MpOBepeHa Ha onbie 1) . UTo xe
Kacaercs 3aBUCHMOCTH 3TON CHJIBI OT 3apsiioB, TO Jeno obcTourt
HECKOJILKO CI0XKHee, nbo caMu 3apsigbl B CBOIO 04Yepegb MOTYT OBITH
OnpeseieHk! TONBKO IyTeM H3MEpPeHHsI CHJIB UX B3aUMoJeHCTBUS.
OnHaKo ecIH YUCIO 3aPAI0B HE MEHBIIE YE€THIPEX, TO HCKOMAsi 3aBU-
CHMOCTH BCE XXe MOXXET ObITh HPOBEPEHA MYTEM HOCIEAOBATEILHOIO
M3MEPEHHS MOMAPHBIX CHJI B3aUMOAEHCTBHA MeX iy HUMH.
TlpenmosoKuM Oy HPOCTOTHI, YTO MPH STUX U3MEPEHHUAX HC-
ciefyeMble 3apsaibl BCIAKHME Pa3 MOMEIMIAIOTCH HA OJHOM H TOM XKe
PacCTOAHUM APyr OT JApyra &)CT&JII:HBIG ’Ke 3apA/bl YCTPAHSIOTCH).
IIpu s10M yenoBuu u3 ypasHerus (1.1) BBITEKAIOT COOTHOIEHHSI

P e Bu_ e
Fis e Fiy4 er ’
rne Fj, — CWIa B32UMOJEHCTBUSA 3apAn0B €; U k.

Takum 06pa3oM, OTHOIIEHHE e3/€1 (a TaKKe U OTHOLIEHHd e3/eq,
€s/e; u T. 1.) MOXKeT GBITH ONMPEIE/ICHO U3 ABYX He3a6UCUMMBLE PANOB
u3MmepeHuil (cun Fiz u Fhg, ¢ omHol cropousl, u cuin Fig u Foy —
c gpyroii). CoBnageHue pe3yJbTaTOB ITUX HE3aBHCHMBIX H3MepEeHUit
U 12€T HAM MPAaBO yTBEPXKJATh, YTO KAXKJBIH 3apaj MoXeT ObITh
OXBPAKTEePU30BAH HEKOTOPHIM MOCTOAHHBIM YMCJIOM €; TaK, YTOOBI
cwia Fj, Ob11a nponopuHoOHaibHa IPOU3BEAECHUIO €;€.

KoneuHo, nyTeM u3MepeHusl CHJI B3aMMOJAEHCTBUA MOXKHO OIpe-
JIE/IMTH TONBKO OMHOULEHUE BEJIMYMH 3apsifioB e;/er, €NUHHUIA JKe
3apsasa MoXKeT 6BITH BHIOpaHa NMPOH3BOJILHO. EauHuNa 3apsiga B ab-
COJIIOTHOM CHUCTEME €NUHHUI BHIOpaHa TaK, YT0Ob! IPU U3MEPEHUH CHJL
u paccrosuuii B cucreme CI'C ¢axTop mpomopluoHaILHOCTH MeX-
gy F u ejez/ RfQ paBHAJICA emuHuIlE, T. €. YTo0B OCYIECTBIAIOCH
PAGEHCTNBO _ e (1.2)

R,
Crajio 6pITH, abCONMIOTHAH €IMHUNA DJEKTPUYECTBA €CTh TaKOe Ko-
JINYECTBO IEKTPHUYECTBA, KOoTopoe nefCTByeT HAa PABHOE eMy KO-

JIMYECTBO 3eKTPUYeCTBa, HAXOmsIeecs Ha PacCToAHUU 1 CMm, C cH-
JIoli B oAHy auHy. B nmpakTmyecko#l »ke cHUCTEME €IVHUL, 33 eIMHUIY

1) B Hacrosiiee RPeMsi IKCIEPUMEHTAILHO YCTAHOB/IEHO, YTO OT/IMYHE TOKA3a-
-15
Tens crerenH B 3HaMeHaTesne Gopmysst (1.1) or 2 He mpenbimaer 107 77,
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astekTpuiecTsa npuHar KyaoH (K):

1 xysoH = 3 - 10° abc. equmny snekTpuyecTsa l) .

Yro kacaercs 3HAKa 3apANOB, TO YUCTO yCJIOBHO NPUHATO CUATATH
HOJIOXKUTETHLHBIMU T€ 3aPsiibl, KOTOPbIE NOABJIAITCA Ha CTEKJIE MPU
HATUPAHUHY €ro MEJIKOM UK (IaHeNbI0, & CTaNo GBITh, U T€, KOTOPBIE
OTTAJIKUBAKOTCA STUMH 3aPsiAAMU, BOSHUKIINMHI HA CTEKJIE.

W3 ypaeuenus (1.2) cineayer, 94To B aBGCOMIOTHON CHCTEME €aH-
HHI pa3mepHOCTL [e] 3/EeKTPUYECKOoro 3apaia e, T. €. 3aBUCHMOCTh
eMHULpBI 3apAaa oT eaunun Jumabl (L), Bpemeru (T) u maccnr (M),

TaAKOBA:
[e] = [RVF] =L VMLT % = MY/213/27-1,

3. BecsMma cymecrsenno, uro 3akon Kysmona (1.1) wm (1.2) cnpa-
BEJJ/INB TOMBKO Ji/IA B3aUMOJEHCTBUSA MOYEeHHL 3ADAN0B, T. €. 3apsi-
JKEHHBIX Tesl HeCKoOHeYHO MafbIX pa3MepoB. TOTBKO B 3TOM C/Iyuae
CaMO TMOHSITHE PACCTOAHUSI MEXK/ly 3apsiidaMy HMEET BIOJIHE ONpeje-
JIEHHBIN, OJHO3HAYHBIN CMBIC], ¥ TOJALKO B 9TOM CJIy4ae B3aUMOIeH-
CTBME 3aPAXKEHHBIX TeJ HEe 32BUCHT 0T UX (DOPMBL.

KoneuHo, BhipakeHne «0eCKOHEUHO MaJiblil» HYKHO HOHUMATH B
3TOM CJIy4Yae, KaK U Bceraa B (hU3UKe, HE B CTPOTO MATEMATHYECKOM
cmbiciie cioBa. B ¢u3uke BolparkeHHe <«OeCKoOHEYHO Majag» (Wiau
«BeckoHedHo 6osiblias») BeJMYWHA BCErna NMOHMMAETCH B CMbICTE
«JIOCTATOYHO MaJiofl» (MM «JOCTATOYHO BosbIIOi» ) BEIMYUHDI, —
JOCTATOYHO MaJjiofl Mo OTHOIIEHHUIO K HEKOTOPOH npyroil, enoane
onpedesennoti, pulnyueckoil BemuuuHe. Bcerpedasick ¢ TepMHHOM
«beckoHeUHBI», BCerga HeobxomuMo JaBaTh cebe ACHEIE oTYeT B
TOM, KaKas IMEeHHO BeJIUYHHA B3ATa B KAXKJOM OTIEJBHOM COydae B
Ka4yeCTBE MEPHUJIA.

B dopmynuposke zakona Kynona becxoneuran masocms (mo-
HENHOCTND) PAIMEPOS 3APANCEHHHIT MEA NOHUMAETNCA 6 CMBICAE
docmamouHotl UT MAAOCTNY NO OTNHOWLEHUIO KO B3AUMHOMY PACCTIOA-
HUIO IMULT MeA, AOCTATOYHON B TOM CMBICJIE, YTO NPH AAHHOM pac-
CTOAHUH TEJI CHJIa UX B3aUMOJEHCTBUA yXKe He U3MEHSIETC B Ipeje-
Jaax zadannoti mounocmu uamepenuti npu nabHeHeM yMEHbIIeHUH

!) BameTmm, 9TO, TOMUMO TOit ABCOMIOTHOR (rayCCOBOl) CHCTEMBI €IUHULL, KOTO-
poit MuI 6y1eM II0/Ib30BaTHCA B HACTOAIIEH KHUIe IIOJ Ha3BaHHeM <abcomoTHoil
CUCTEMBI», B (DMBUKE M TEXHUKE YACTO MPUMEHSIOTCH ARE APYTHE CHCTeMbl equ-
HHUI{ — VIEKTPOCTATA4ECKAS U dIekTpomaruuTHas. COOTHOWEHNE MEXAY 3THMHU
cucremamu Oyner paccmorpero B ri. IV, moka e ZOCTATOYHO 3aMeTHTb, ¥TO
abconmoTHpe (PAYCCOBBI) 6OHHHNBL JAEKIRPULECKUT BeJIMIMH (3apa/], HANPAKeH-
HOCTb IIONTAA, HOTEHIUAN, CAIa TOKa ¥ T. .) COBHAJAIOT C €MHHLIAMMU HIEKTPO-
CTATHYECKHMH, & abCOMOTHBIC eMMHNIBI MAZHUMHHZ BEMYUH (HANDSIKEHHOCTD
MarHUTHOIO IO, KO3DGDUIMEHT CAMOHMH/LY KI{MH, MAPHUTHEBIH MOMEHT) — C 3JIeK-
TPOMArHUTHBIMH €/ UHUIAMY.

Jasee, 1 B OTHOIIEHNH TPAKTUHECKHX €IMHULL HEOOXOMMMO Pas/iTdaTh TaK Ha3bl-
Baemble «abCcoTIOTHBIE» M «MEX Iy HAPOAHbIC» MPAKTHYECKHE eAHHHIBL (CM. § 59).
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UX pasMepoB U MPY MPOU3BOJILHOM U3MeHeHHH Ux GopMel. [Tockomb-
Ky MBI [OK3 OTPDaHHYHBAEMCA MAaKPOCKONMHYECKHM PAaCCMOTPEHHEM
ABJIEHUH, MBI JIOJI?’KHBI TIOMHUTD, 4YTO PU3NYECKH DECKOHEYHO MAJIbIil,
WM «TO4YEYHBIf», 3apsa/i MOXKET B JEHCTBUTEIHHOCTH CONEPKATH B
cebe upe3BbIvaiino BOMIBIIOE YMCIO OTAEABLHEIX 3JIEKTPOHOB U MPOTO-
HoB. Tak, HanpuMep, eciiv 6b1 BO3HUKJIA HEOBXOTUMOCTE OHPERCTHTE
CHJLy 3AEKTPUYECKOr0 B3aUMONeHCTBUS ABYX 3apAKCHHBIX 3JIEKTPH-
YeCTBOM 3BE3Ji, TO, HECMOTPA HA IPOMAJHBIE pa3Mepbl 3BE3J, MBI
ObLTH 6B BOpaBe CYMTATHL WX TOYEYHBIMHM 3apsfamu, ubO HpH Ko-
JIOCCAJTEHOM PACCTOSTHUM MEXAY 3BE3JJaMK pa3Mephl u GopMa, UX He
MOTYT CKOJILKO-HUDYIb CYIIECTBEHHO CKA3aThCS HA CHJIE MX B3aMMO-
gericteus. C gpyroit CTOPOHBL, Ba 3apA>XXEeHHBIX OY3UHOBRIX IaPUKA
paauyca 0,1 cm, naxondmuxcsa Ha paccroganuu 0,5 cM apyr or Apyra,
HE MOTYT CUHUTAThCS TOYEUHBIMHU 33apsAnaMu, U 3akoH KynoHa K HUM
HENOCPeACTBeHHo HenmpuMeHuM. UTo6bl ONpEenesuTh CUAy UX B3au-
MoJeHCTBUS, HY>KHO MBICJIEHHO pa30uTh 3TH IIapHKU Ha DeCKOHeYHo
Magbie (T. e. JOCTATOYHO MaJible MO CPABHEHWIO C PACCTOAHUEM B
0,5 cM) sanemeHTH! 06BbEMA B OnpeneuTh 1o 3akoHy KysoHa B3aumo-
OeHCcTBHE MEXJY 3apsiJaMH KaxKI0H Maphl 3THX WIEMEHTOB 00beMa.
Cuna BzauMozeicTBUs MEXKAy LIapuKaMu 6yJeT paBHA paBHOmeli-

CTBYIOIIEH STHX BJeMEHTApHBIX CHJI L) .

4. 1lpu ompenenenus paBHOAEHCTBYIOINEH TEKTPUYIECKUX CHJ
HY»KHO, KOHEYHO, MPUHATH, BO BHUMAHHE, YTO CHUJBl 3TH CYTh BEK-
TOPHI, U TIPUMEHATE K HHEM MPABWJI4 BEKTOPHOTO HCUUCTIeHHA. Mb1
OyJieM 0603HAYATEH BEKTOPHI JKUPHEIM NMPSIMBIM MIpHGTOM, 2 HX YHU-
CJIOBo€ 3HAaYeHME CBETIBIM KypcuBoM. Tak, mampumep, Ryg Oyner
0003HaYATE PAAUYC-BEKTOP, MPOBEJEHHBIY u3 ToukH 1 B TOUKy 2, a
Ry — aucioBoe 3HaUeHHE paccTossHUA MeXAy Toukamu 1 u 2. QOue-
BUAHO, 910 Ry = —Rys, a Ry = Ry 2). Ilpu zanucu 3akoHa
Kynona (1.2) B BekTopHO# opMe HEOOXOZUMO OTIMYATH Culy Fio,
C KOTopoii 3apsi] e; AelicTByeT Ha 3apsiy eg, OT cuiikl Fy1, ¢ KoTopoit
3apsan ey AeHCTBYeT Ha 3apsj €1, ubo 3TH CUALI PABHEI MO BeJRYUHE,
HO TpOTUBOMOJIOKHE! 1o HanpasieHuwo (Fy; = —Fi9). Eciu 3apa-
Jbl €1 U ey OMHOMMEHHBI 110 3HaKYy (OTTAJIKMBAHHE), TO HANMPABJICHHS
BekTopoB Fia2 u Ry; coBnamator Mexay cobolt, Tak 4To

Rz eiep
F,, = &% M2 _ ¢ o 1.3
12 R?, Ri» R}, 12, (1.3)

1) B ocroBe 3TOro BbIMHCICHHUS NEXKHT AONYIIEHHE, UTO CILTA B3aMMONSHCTBHA
AByX (ToueqHBIX) 3apAAOB He 3aBUCHT OT TOTO, IIOABEPIAIOTCH ITH 3aPALBl BO3-
ACHCTBHIO NPYTHX 3apHAJIOB WM HET. DTO MPeI0oTI0KEeHHE BMECTE C yTREPK IeHH-
€M, UTO PABHOJAENACTBYIOWAs INMEKTPUIECKHX CHJI paBHA BEKTOPDHOM CyMMe 3THX
CHJI, COCTARIACT COAEPIKAHME NPUHLNIIA HOACHCEHUA HIIH CYNEPROZUYUYU INEK-
Tpudeckux noseit. IIpumipn 3ToT aBisercs 0606nieHneM JaHHBIX ONBITA U JIEKHAT
B OCHOBE COBPEMEHHOH TeOpUH 3MeKTpuidecTBa. CM. TaKXKe NpumeuaHue asmopa
Ha ¢. 291 u npumevanue pedaxrnopa Ha c. 104.

2) Mt xpaTkocTH Mbl 6yJem MHOTAA HA3bBaThL BekTop Ri2 mpocTo paccros-
HueM To4kd 2 oT Touku 1, a BexTop R21 — paccrosEuem Touku 1 ot Toukn 2.
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u60 4uciIoBoe 3Ha4eHue BekTopa Rio/R12 pasHO enuHuULe, a MPOU3-
BeJIeHHEe €]ey MOJIOXKUTebHO. O4eBUHO, YT0 9T0 YPABHEHUE OCTAeT-
CS CIPaBeIUBEIM U JJid PA3HOMMEHHBIX 3apsa/0B, u0o B 3TOM Ciydae
IIPOH3BEIEHUE €1ey OTPULIATENLHO, a cuia K9 HampaBieHa oOpaTHO
sekTopy Ri2 (npurakenue). Hakonen, ouesnnHo, 4ro

5. OTMeTHM B 3aKJIIOYeHHe, YTO PelI3oiee 3HaYeHye B BOOPoce
0 crnpasemyupocTH 3akoHa Kymona, Kak ¥ BooOmie Jir0GOTO 3aKOHA,
JIEXKALIETO B OCHOBE TOrG HJIM WHOTO OTHE/Ia TeopeTudeckodl pUu3uK,
HMeeT He TOJIBKO HelOCpeACTBEHHAA OIBITHAS IIPOBEPKA 3TOr0 3aK0-
Ha, HO TaK¥Xe, 4YTO Iopa3fal CyllecTBeHHee, U COIVIaCHe C OILITOM
BCEH COBOKYHHOCTH BLIBOJOB TEOPHH, OOHHMM H3 HCXOAHBIX IIYHKTOB
KOTOPOU dBJIdeTCd 9TOT 3aKOH.

§ 2. DekTpHUUecKOoe mnoJie

1. Echm B Touky P, maxopamyroca Ha paccroaHuu R or 3apsana
€, BHECTH «NPOGHEIH» 3apsaj ', T0 MOXKHO OOHAPYXKUTh CUILY, JAelCT-
BYIOUIYIO Ha 9TOT NPOOHHI 3apan ¥ 00YC/IOBIEHHYIO MPHCYTCTBHEM
3apsaga e. Ciia 91a 0bnapyfcusaemcs TONBKO IPH HAJIMYHY BTOPOTO
(npobHOTO) 3apsAna, © MOXKHO CYHTATH, YTO OHA M 603HUKAEM JIUIIbL
npu HaJau4auu oboux 3apanos € u e. OmHako U3ydeHHe 3JIeKTpHYe-
CKUX SIBJIeHHH 4Ype3BhIYailHO ofs1eryaercs, eCii UCXOAUTh M3 Mpe[-
CTaBJIEHMS, 9TO KaK B To4Ke P, Tak u BO BCeX TO4YKaX NMPOCTPAHCTEA,
OKPYXKAIMIEr0 3apsl e, 6ceada CYIIECTBYET SJieKTpHYecKast CUJjia,
o6yCiioBNeHHAs NPHCYTCTBHEM 3TOr0 33psAja, BHE 3aBUCHMOCTH OT
TOTO, NPOSABJISETCS JIM CYLIECTBOBAHME 3TOW CUJIBI B BO3NEHCTBHU ee
Ha Apyro#t (npobHbIil) 3apan (B cIydae HATMYMA TAKOBOTO) WM XKe
HU B 4eM He NposBisiercs (B caydae OTCYTCTBHS APYTHX 3apAIOB).

Ecnu B mpocTpaHcTBe CYIECTBYIOT 3I€KTPHYECKHEe CHIIbI, 0OHa-
PYKHMBAIOIIMEC NPH BHECEHHH B HEro 9JIeKTPHYECKHMX 3apdoB, TO
MBI TOBOPHM, YTO B HEM CYIIECTBYET aAexkmpuyeckoe nose. B naib-
HefiizeM MBI OyJeM HMCXOOHUTE W3 IPEICTABJICHHUS, YTO BCAKUMA 3a-
psiZy BO30YKIaeT B OKPYIKAIOIIEM MPOCTPAHCTBE JIEKTPHYECKOE T10-
se. TToka MBI OCTaeMcsl B IIpefiesiax JIeKTPOCTATHKH, MOHATHE MOJIs
MOXET PacCMaTPHBATLCS KaK MOHATHE YHCTO YCIOBHOE, BBEIEHHOe
JWIIb s yA0OCTBa OMHMCAHMSA IeKTPpHuecKux spieHuit. OnHako,
nepeiiis K yYeHHIO O NEPeMEHHOM 3J1eKTPOMAarHMTHOM MOJIe, B 9acT-
HOCTH K V49eHHIO 00 3JIeKTPOMATHUTHBIX BOJIHAX, Mbl yOeIUMCH, Y4TO
MOHSATHE IO MMeeT TIyOOKuil PU3HYeCKHt CMBICT B 9TO 3IEKTPO-
MarHMTHOE 110JIe eCTh OObeKTUBHASA PeabHOCTD.

2. CorJIaCHo 3akony Kyiona, cuna, meiicTByromas Ha, «1poOHbBIi»
3apsan € npH BHECEHWH ero B 1oJe JPYTHX 3aPANOB, IPONOPIHMOHAb-
Ha BeJIMYHHE 3TOr0 NpobHOTO 3apsiaa e'. [loaroMy cuibl aIexTpHye-
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CKOT'O ToJig OyAyT BHOMHE ONpEAESieHbl, eCIH ONpelesieHa B KaxK o
TO4YKe 9TOr0 NoJisd cwia, AeficTBYIOIas Ha IOMEIUEHHBIA B Hell enu-
HUYHBIH, NOIOXKUTENbHBIA 3apsf. DTa CHUiia, AeHCTBYIOUAs Ha 3apsf
€' = 1, Ha3LIBAETCA HATPANCEHHOCTNDIO, WIIH MANPANCEHUEM, HITH
CuAoll IAEKMPUNECKO20 NOAA, WIH Ke TIPOCTO IEKTPHUECKHM BeK-
TopoMm u obozHauaerca 6yksoit E. Mbl 6yaeM mo/ib30BaTHCH NMEPBHIM
M3 3THX TEPMUHOB, COXPAaHUB TEPMHH «HANPsKEHWEe» IJisd COBEPIIEH-
HO UHOTO MOHSATHS PAa3HOCTH MOTEeHUHAJIOB W JIMHEHHOrO WHTErpalia
Bekropa E (cm. § 35).

Kak cnenyer u3 3akona Kynona (1.3), HanpsskeHHOCTb NOJA TO-
4eYHOro 3apd/a € Ha PACCTOAHMM R OT 3TOro 3apsana paBHA

E=%, E=ZR, (2.1)
R? R3

rae R — panuyc-BekTOp, MpOBENEHHBIM M3 TOYKHM HAXOXKIEHUS 3a-
pslla € B PACCMATPHBAEMYIO TOYKY IOJIS.

Hanpsaxkensocts nos AByX WM HECKOIBLKHX 3apAnNoB PaBHA, BEK-
TOPHOI CyMMe HAUpPSKeHHOCTeH MoJis KajKJO0r0 M3 STHX 3apsAioB B
OTHEIBLHOCTH.

3. Heo6xoauMO NOMHHTB, YTO HANPSIXKEHHOCTD, WK ciia nojid E,
BOBCE He SIBJISIeTCS CHJION B OOBIYHOM, yroTpebiigseMOM B MEXAHHKE
cMBICIe 9TOro cioBa. Mexanudeckass, WiH, KaK ee MHOTIA HA3BIBA-
107, nondepomomopras, cuia F (or naTHMHCKOrO «moHAyC» — Bec,
«TIOHJIEPOMOTOPHBIf» —IBHKYIIMIA BeCOMble TeJsa), NeHCTBYIOmAst
Ha 3apsKeHHOe TeJio, Onpenensercda npousgedenuem CUibl nojis B
Ha 3aps] Tejla e:

F =eE. (2.2)
CooTBeTCTBEHHO 3TOMY B aOCOMIOTHOM CHCTEME eIHMHUIL, HAIpsyKeH-
HOCTh, WK cuia nonist E, umeer pasmeprocts (cMm. . 19)

[E] = E S —..___MLT_2 = M1/2L—1/2T—1.

4. Ha ocuoBanuu coorHomeHus (2.2) onHa U3 OCHOBHBIX 33434
9JIEKTPOCTATUKYN — ONpeeieHHe MEXaHUYeCKHX CIT B3aUMOIeHCTBUS
33JaHHOM CHCTEMBI 33pAZIOB — CBOOUTCHA K ONpenesieHHio noan E
9THX 3apsJOB. 3aMEeTHM IPH 9TOM, YTO ONPEAETUTh TOJIE SJIEKTPH-
yeckoro BekTopa B, xak ¥ BooOme onpedeaums nose moboro BeKTo-
pa, aHauum onpedeaums 3HaueHUE BEKMOPA 8 Kadicdotli movke Imo-
20 noad. B manpHeiinieM MBI PACCMOTPHM CNOCOGBI TEOPETHYECKOTO
BbIYMCJIEHUS IeKTPUYEeCKHUX IOMeil, B OTHOIIEHHH K€ 3KCIIePHMEH-
TAJLHOTO M3y4YeHUs DTUX Moiell OTMeTHM eAyroniee.

DKCIepHMeHTAIbHOe N3ydeHHe SJIeKTPHYECKOr0 IO MOXKeT
GBITh OCYNIECTBJIEHO BHECEHHEM B HEro NMPOOHOro 3apsja W3BECTHOMN
BEJIMYMHBI U H3MepeHHeM NOHIEPOMOTOPHHIX cui F, meffcrByromux
Ha 9TOT 3apaAj] B Pa3iH4YHBIX Toukax noss. OpHako camblit gakr
BHeceHHs B Moje npobHOro 3apsja, Booblue rOBOPs, M3MEHsieT Xa-
paKTep 9TOro mojsi, uho CHIbl Moas NPOOHOTO 3apsja BHI3LIBAIOT
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riepepacnpejie/ieHie 3apaAa0B Ha HAXOAAHIMXCA B I10/1€ MPOBOIHUKAX
(anekTpHYecKas MHIYKUMS), CABUD 3THX NPOBOJHHMKOB M T. A. dTo-
OBl H36EXKATH TOT0 UCKAXKEHHA MepBOHAYAJIBLHONO XapaKTepa IoJis,
HEeoOXOIMMO MPOM3BOAUTL M3MEpPeHHs! ¢ MOMOLIBI OecKoneuyHo Ma-
ABIT NPOOHHT 3apAJ0E, T. €. 3APAMIOB CTOJb MAJIBIX, YTO BHI3HIBAEMOE
X NPHCYTCTBHEM H3MEHeHHE PachpejeieHHs 3apAJ0B B Mpenesiax
33, JAHHOH TOYHOCTY HAOJIOJEHMN He MOMKET CKa3aThCAd Ha pPe3yiib-
TaTaX u3MepeHus. [OBOpA 0 MpOOHBIX 3apAmax, Mbl B HALHeHRIIEM
Bcerma GyneM MpeAnosiaraTh, YTO 970 YCIOBHE BBHIMOIHEHO (eCiau He
OTOBOPEHO MPOTHBHOE).

§ 3. Teopema l'aycca

1. Eciu M3BeCTHO PacloNiokKeHHe 3apsanoB, To none E srux 3a-
PAIOB MOXKeT ObITh ONMpPEIesIeHO MyTeM CYMMHPOBAHUS KyJIOHOBBIX
nosielt Tuna (2.1), Bo30yKAaeMbIX KaXKAbIM M3 9/1€MEeHTOB 3THX 33~
PAIOB B OTHebHOCTH. Takoro posja HemocpeaCTBEHHOE CYMMHPOBa-
HHe, BOOOIIEe TOBOPS, TPeOyeT B KaXKJOM OTAEILHOM CIy4ae NOBOJIb-
HO CJIOKHBLIX BBIYHMCICHHi. BO MHOIHMX CIy4asix 33Ja49a 3Ta MOMXKET
ObITh, OOHAKO, 4pe3BhIYaiiHo oberdeHa NpHMeHeHMEM HEKOTOPBIX
TeopeM, TPAKTYIOIHX 06 00MMX CBOHCTBAX EKTPUYECKOrO IO, K
PaCcCMOTPEHHIO KOTOPHIX MBI Tellephb M mepefizeM.

Jns 5TOM 1€/l BEIYMCIHM [TOTOK BEKTO- R
pa E depe3 GeckOHEUHO May0 MUIOHIAIKY
dS1). IpeanonoxuM cuadasa, uro note E
BO30Y XK 13eTCSI TOYEYHBIM 3aPAA0M €, HaXO-
pammmMcest B Touke 0.

Ecau R ecrb paguyc-BeKTOD, MPOBEJIEH-
HBIH U3 3apsaga K wiomaaxe dS (puc. 1), To
Ha ocHosauuH (2.1) u (12*) norok dN Bek-
ropa E 4epes o1y miomaaky 6yaer pasex

dN = EndS = £ RndS =
R3
e
= 'R—2 COS (I{.7 n) dS- (3.1)

ITpouseenenne cos (R, n) - dS uucnenno ° Puc. 1
PaBHO NPOEKUMH ILIOMAAKKY dS Ha HOBEpX-
HOCTh, NepHeHIUKYJIAPHYIo K R, mpuiem 9T0 Npou3sseieHue NOI0XKH-
TesibHO, ecny u3 O BUAHA BHYTPEHHSIS CTOPOHA INOAIKH dS [yron
(R, n) ocrphlii], ¥ OTPHIIATENBHO, eI BHAHA ee BHEIHsIA CTOPOHA!

cos (R, n)dS = £dS’,

1) OcuoBbl BEKTOPHOIO AHAIN33 H3JI0KEHb B IPUWIOKeHU. POPMYJIBL IIPHIO-
JKEHN OTMeYAloTCH 3nadKoM ¥, manpumep (21%).
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rae dS’ ectr abconoTHAaA BeIMYKHA NePHeHAUKYIIpHOR K R mpoek-
OMH mIomagky dS.

ITepnenaukyiasapuas K paguycy-Bexkropy R muiomanka dS’ coe-
maJaeT ¢ JIEMEHTOM MIapOROH MOBEPXHOCTH pajuyca R ¢ meHTpoM B
rouke O. Ecau 06o3na4uTh yepes df) TesecHBI# yrod, moa KOTOPHIM
mwiomazaka dS’ BuaHa uz O, T0, KaK U3BECTHO,

d = %5 4 cos(R, n)dS (3.2)
R? R?
¥, CTAJIO OBITh,
dN = xedQ.

ITnowaaka dS Gymer, oueBHAHO, BUAHA U3 TouKyu O IOH TeM XKe
CaMbIM TesieCHBIM yriaoM df). Ecnu yCclnoBHUThCS IpUOINCHIBATE STOMY
yriiy df} nosoxuTenbHb# 3HaK, ey U3 O BUOHA BHYTpeHHSS CTO-
poHa dS H 3HAK OTPULATENIbHBIN, ecIH BUIHA ee BHENIHSsS CTOPOHa,
TO MOXHO HamHCATh:

dN = E, dS = edQ. (3.3)

M TaK, B 10JIe TOYETHOTO 3aPA/a € TIOTOK IEKTPHYECKOro BeKTO-
pa E 4epe3 npoA3BOAbHC OpHEHTHPOBAHHYIO MIOWAAKY dS 3aBHCHT,
MIOMHMO BeJIM4YMHBI 3TOI0 3apafia, TOJBKO OT TONO TeJecCHOro yria,
MOJIOXKHUTEILHOIO WK OTPHIATENLHOrO, 04 KOTOPBIM 3Ta IJIOmAa K

BHAHA N3 3aHIMaeMoit 3apagoM roukn O1).
2. Obpamasice k moroky N Bektopa E 4epes koHeuHy0 NOBEpX-
HOCTH S, TIONny4uM 2)

N:[EndS=e/dQ=eQ, (3.4)
S S

rae {1 — MOMOXKUTENbHBIA WX OTPULUATEIbHBIN TeieCHBIN Yo, MO
KOTOPHIM BHIHA W3 3apdaaa e BCS HNOBEPXHOCTH S, T. e. TeJieCHBIH
yroJi, 06pazoBaHHbI PaJAuyCaMH-BeKTOPaMH, NIPOBEIEHHLIMU U3 € K
KkpaeBoif nuHuEE dToi moeepxHocTu (puc. 2). KpaliHe cymecTrenno,
YTO B TOM CIIydae, eCTH MOBEPXHOCTh S 3aMKHYMA, YTOI 3TOT MOXKET
UMETh TOJILKO ONHO M3 ABYX 3HaueHHi: 47 u .

JeficTBUTEIBLHO, TOUEYHBIH 3apAl MOXKeT OHThL PAaCONOXKeH Jiu-
60 BHYTpH 3aMKHYTOH IMOBepXHOCTH, JinQo BHE ee. PaccmoTpenne ke

1)Kak spcrbyer u3 enBoma dopmyist (3.3), OHa SBISETCs CEACTBHEM TOLO,
“TO HAIIPAXKEHHOCTh noiis F HanpaBneHa painajbHO M NpU yAAJIEHUN OT 3aps-
13 yBuIBAET Mo TOMY Xe 3akony (o6parno nponopumonanero R?), 1o koropomy
M3MEHAeTCH TeJeCHHI yros df), cooTBeTcTBYOmMi AanHo#h nnomanke dS. Ilo-
3TOMY OJs Bcex BooDIne IeHTpaJIbHBIX TIosed, 00paTHBIX KBAaAPATY PACCTOSHUN
(HanpHMep, HOJIs TArOTEHHH, OIS MArHUTHBIX IIO/IOCOB U T. [.), TaKxke GyAyT
cripaBeyTUBLl hOPMYJIbl, AaHAJIOTHHHEE ypaBHenuio (3.3) u BceM HenocpeacTBeH-
HO BBHITEKAIOIAM H3 HEr0 yPaBHEHHSM.

%) K paTHuie HETerpasl & KHure 0603HAMAIOTCH O/HUM-¢IUHCTBEHHABIM 3HAKOM
naTerpana. Cm. c. 12.
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TOYEYHOI'O 3aPAJa, PACTIONIOKEHHOTO Ha CaMOlt IOBEPXHOCTH, JIMIe-
HO (u3MIecKoro cMbIcia, H6O MOIB30BATHCH NPEACTABIEHHEM O TO-
YeYHOM 3apsife MOXKHO JIMIIb NPH YCJIOBUH, YTO NEHCTBHTE/LHEBIE
pa3Mepns! 3apsifa MaJbl 10 CPABHEHMIO C PACCTOSHHEM €ro Jo pac-
cMaTprBaeMbIX Todek mons. IIpencraBsenne e 0 TOYEUHOM 3apsi-
Jle, PacIOOXKEeHHOM Ha MNOBEPXHOCTH, HOTOK JIEKTPHUYECKOrO BEKTO-
Pa 4epe3 KOTOPYIO MBI OIpeJeNseM, STOMY YCJIOBHIO, OYEBHIHO, He
Y/IOBJIETBOPSIET.

Ecny 3apsiy pacnosioxkeH BHYTPH 3aMKHYTOH ITOBEPXHOCTH S, TO
9Ta NOBEPXHOCTb OKPY?KaeT €ro Co BCeX CTOPOH M, CTaJI0 ObITh, BUIHA
u3 Hero noj yrioM ) = 47, CreqoBarebHO, B 3TOM CIIy4ae

N = 9§Ends=47re.
s

Econu ke 3apan e Haxonutea B Touke (), nexaniefl BHe 3aMKHYy-
To#l mosepxuocTH S, TO U3 (0 MOKHO TPOBECTH K MTOBEPXHOCTH S
Iy49OK KacarTeiabHBX (pHC. 3). COBOKYHMHOCTH 9THX KaCATENBbHEIX 06~
paldyeT KOHyC, CONpHKACAIOMUACT ¢ S BIOIL HEKOTOPOH 3aMKHYTOM

4

Pnc. 2 Prc. 3

S

nuaun L, KoTOpas pasge/uT HOBePXHOCTh S Ha ABe 4acTd: S; u So.
06e wacru moBepxHocT# S OyayT BUAHEL w3 ToukM (O 107 OJHUM
U TeM e TeJeCHEIM YIJIOM, COOTBETCTBYIOMIUM PAaCTBOPY KaCaTemb-
HOT'O KOHyCa, MpHYEM OJHA M3 STHX Jacreit OyJer BHIHA C ee BHY-
TpPeHHe! CTOPOHHI, & ApyTras — ¢ BHeluHel. TakuM o6pa3oM, 4acTaMm
nmoBepxHocTH Sy 1 83 OyAYT COOTBETCTBOBATEL yIuikt 1 u {22, paBHbIe
[0 BeJinYdHe ¥ NMPOTHBOMONOXKHEIE 110 3HaKy. CTajo 6uITh, M MOTOKH
3JIEKTPHYECKOT0 BeKTOpa depe3 S1 M Sz OyAyT PaBHBI [0 BEIHYMHE,
HO IIPOTHBONOJIOXKHEI 110 3HAKY M B CyMMe JalyT Hysb. Takum obpa-
30M, NOTOK BekTopa E yepe3 BCAKYI0 3aMKHYTYIO NOBEPXHOCTh, He
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OXBATHIBAIONYIO 3apsi/ia e, paBeH HYJIO:

N = 9§End5=0.
S

O6a 371 BO3MOXKHBIE CJIy4ay (3apsa]] BHYTPH U BHE IOBEPXHOCTH )
MOTYT OBITH BBIPaXKEHBl OJHON-eIWHCTBEHHON BOpMyIIoi

N = 9§En dS = 4dre, (3.5)
S

€CTH TOJIBKO YCIOBHTBCH NMOHMMATh B 3TOH GopMysie mom e BesH-
YHHY 3apAfa, DPACIOJIOKEHHOTO GHYMpu MOBEpXHOCTH S, H, CTANO
OBbITE, MOIATaTh € PABHBIM HYJIIO, €C/IH 3apsij] paclioioXKeH BHe 3ToM
MIOBEPXHOCTH.

3. Ornuyaromasnca 4pe3BeldaiiHoif npocroroit dhopmyna (3.5),
BBIBeI€HHAST HAMH JJIs IOJIs, BO30Y XK 1aeMOro OgqHUM-eIAHCTBeHHBIM
TOYEYHBIM 3apPAA0oM, OCTAETCS CIOPABE/IMBON M Ui IIOSs [IPOU3-
BOJIBHO CHCTEMBI IEKTPHYIeCKUX 3apanoB. [lelicrBurenbHo, mobas
CHCTEMA 33PSI0B MOXKeT GHITh Pa3iokKeHa Ha COBOKYNHOCTD 3JieMeH-
TapHbIX (TO4Ye4uHbIX) 3apsanoe. [lycts E — HanpsaXeHHOCTh pesyiib-
THPYIOLIETO MO Bcefl cHCTeMbl 3apAnoB, a E; — HanpsoKeHHOCTb
MO £-T0 AWIEMEHTAPHOTO 3apdaia e,. lorma

E=) E
i

En=)_ Ein.
i

Crasno 6wiTh,

N:SISEndS:ZSﬁEindS:élee,—, (3.6)
S i g i

IpHYeM NOCHenHsIT CYMMa PAacIpOCTPAHSIeTCS TOMBKO Ha T€ 3apsd-
JIbl, KOTOpbIe PACTONOXKEHB BHYTPH NoBepxHocTH S. Jrta dopmyna
BhIpaykaeT coboit dynmaMenTansayo meopemy Tayceal) :

B npoussoavrom ssexmpocmamuseckosm nose (B BaKyyme) mno-
mox saexmpuneckozo eexmopa E wepe3 npousgosvryro 3aMrnymyio
nosepTHOCM® paseH ymuodicennot na 4m eeaunune 3apada, pacnoso-
orcenn020 eHympu amotl nogeprrocmu. JTa BeJHYMHA 3apAa eCTh,
KOHEYHO, ajrebpandeckass CyMMa BCEX 3apj0B, HAXOAAIIUXCA BHY-
Tpu S.

)9y TEOpEeMY He CJIe[lyeT CMeNIMBaTbh C H3BECTHOM M3 BEKTOPHOIO AHAJIN33
{em. (17*)) Teopemoii aycca, ycranaBaupaiomeit CB43b MeXk/[y HOTOKOM IIPO-
H3BOJIBHOI'O BEKTOpa iepe3 3AMKHYTYIO IIOBEPDXHOCTHb U 00 BEMHBIM HUHTEerpajioM
JMBEPreHINH 3TOT0 BEKTOpa. 1 0TH«Ms OT 3TOH mocneaHeit Mbl OymeM WHOr A,
Ha3bIBaTh Gopmyiy (3.6) ssexmpocmamunecxot Teopemoit Naycca.
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§ 4. DueKkTpHUYecKoe 1ojie 3apA>KEeHHBIX TOBEPXHOCTER

1. Ilpumenenue Teopemnl aycca upe3BuI4aitHO yIIpomaeT pele-
HHE psaa 337[a4 JIeKTPOCTATHKY. B 970M naparpade Mbl TpUMeHNM
ee K pacCMOTPEHHI0 HEKOTOPHIX CBOMCTB IOJIS 3apKeHHBIX TIOBEPX-
HOCTei.

Koneuno, crporo roBopsi, 3apsj BCerna 3aHUMaeT WM3BECTHBIMN
06beM u He MOXKeT OBITh COCpelOTOYeH Ha GeCKOHEeYHO TOHKOH (reo-
MeTpH4ecKoil) noBepxHOCTH. OHaKO JION 3apsja, TOIIMHA KOTO-
pPOTO JOCTATOYHO MAJia IO CPABHEHUIO C €10 PAaCCTOTHHEM OT MCCe-
JIyeMBIX TOYEK IIOJIsI, MOKHO CYMTATh 3aPsI0M MOBEPXHOCTHBIM C TEM
e IpaBoM, C KAKUM MBI PacCMaTPHUBAEM 3apanbl TOUeHHBIE.

Haomnocmsbio nogeprnocmuo20 3apAda ¢ HA3BIBAETCH, KaK H3-
BECTHO, 3apdj, NpUXOAAmMUiica Ha eIMHUILY IUIOINAIW IJaHHOH IIO-
BEPXHOCTH. B ToM ciyuae, Korja 3apsas pacHpoCTpaHeH N0 MOBEpX-
HOCTH HEPABHOMEPHO, IUIOTHOCTHIO €10 B JAHHOH TOYKE NOBEPXHOCTH
HA3LIBAETCS TIPEET OTHOIISHUS

. Ae de
= lim === 4.1
g Aé‘—)O AS 43’ ( )

rae Ae ecTb 3apsi IeMeHTa nosepxuocTu AS.

2. Cxaxox nopmaavhotl cacearoweti eexmope E wa sapasicennots
nogeprHocmuy. PacCMOTPHM MPOM3BONBHYI 3apPIKEHHYIO TOBepX-
HocThk S. Bribepem NPOH3RONBHBIM 00Pa30M HapaBJIeHHEe BHEINHEeH
HOPMAaJIHM N K 9TOH MOBEPXHOCTH M YCIAOBHMCH 0603HaYaTh MHIEKCA-
Mu 1 1 2 BeTMYMHBI, OTHOCSAIIMECS COOTBETCTBEHHO K BHYTPEHHEH H
BHemHel! (110 OTHOIIEHHIO K HOPMAJIM N) CTOPOHE ITOBEPXHOCTH.

BbIieiMM MBICJIEHHO OKOJIO PacCMaTPHUBAEMON TOYKH 3apsiKeH-
HO MOBEPXHOCTH NPSMY0 NpU3My ¢ 06pasyromumu dl, nepneHauKy-
JISPHEIMH K MOBEPXHOCTH. Ilycre 3Ta npusMa BEIpe3aeT U3 MOBepX-
HOCTH 3jieMeHT S CTO/ib MaJIBIii, 4TO €r0 MOXKHO CYHMTATH IJIOCKHUM
1 PaBHOMEPHO 3aps>KeHHbIM (pHC. 4).

Puc. 4

Buyrpu npusMb 6yIer HaxogMThe 3apaa oS’ , PacnoIoXKeHHbBI
Ha 3J1€EMEeHTe, BhIpe3aeMOM IIPU3MOH U3 3aPAKEHHON TOBEPXHOCTH S.
Crano OBITH, MOTOK IEKTPHYECKOTO BEKTOPA 4Yepe3 MOBEPXHOCTH
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IpuU3MEI 10 TeopeMe ['aycca [OJKeH PaBHATHCA:
N = 9§En dS = 4ngS'.

C opyro#t CTOpoOHBI, MOTOK 3TOT MOXKeET ObITh BLIYHCIEH HeIo-
cpeacreenHo. [IoTOK d4epes HMMKHEE OCHOBAHME NPHU3MEI PaBeH
Ej cos (Eq, n1)S’, a uepes sepxuee E3 cos (Ey, n3)S’, rne B u Eg —
BeKTOPH E y coOTBETCTBYIOINMX OCHOBAHWYM NMPU3MEL, & N ¥ Ny —
BHENIHMe HOpMaJu K 97uM ocHopaHusM. [Iorok ke pekropa E wepes
GOKOBYIO TOBEPXHOCTb MPU3MbI MBI 0603Ha4YMM 4epe3 N'; rorma

N = {E; cos (Ey, n1) + E3 cos (Eg, ng)}S' + N'. (4.2)

Hanpasnenue mopMaau ny coBIafaeT ¢ HANPaBJieHHEM HOPMAJIX
N, a HalpapJ/ieHHe N NpPsEMO IPOTHBONONIOXKHO. CTao 6uIThb,

E1 COSs (El, n1) = _Elna E2 COS (Ez, n2) = Ezn,

rge Ky, u Ey, — npoeknud sekropos E; u E, na sopmains n. Takum
obpaszowm,
N = (Ezn — Eln)S’ + N' = 4708,

Bynem renmeph yMmeHbIIaTh BHICOTY NPH3MEI dl, He M3MeHAA TIPH
aroM ee ocHoBanus S'. TMorok N' depes Ge3arpaHMYHO yMeEHBLIIAIO-
IIyrocs GOKOBYI0 MOBEPXHOCTH MPU3MBI OyJeT CTPeMUThLCH K HYJIIO
KaK GeckOHeuHO MaJjas BTOPOro mopsiaxa (mo cpasHeHHto ¢ N), Tak
410 06U MOTOK BEKTOPa Yepe3 MOBEPXHOCTH IIPU3MBI CBEIeTCs B
Ipeliesie K MOTOKY 4epe3 ee OCHOBAHMI:

1] !
N = (Ban — E1n)S' = 4708,
OTKyZIa
Es, — Ey, = 470, (4.3)
Crajo ObITh, HOpMa/IbHLIE CIararonye BekTopa E B AByX cMexHBIX
TOYKAX M0JIsl, Pa3/Ie/IeHHbIX 3aPAKEeHHON I0BEpXHOCTLIO S, pa3HATCS

Ha 4o

WupiMu citoBamM, HOpMaJjibHAA cjiaraioiias sekTopa E ucobiTh-
BaeT CKadOK 470 IpH NPOXOXKAECHUH uyepe3 JIoOyio 3apsayKeHHYIO II0-
BEPXHOCTD, HE3ABHCHUMO OT DOPMbI 9TOH [TOBEPXHOCTH H OT HAJIHYHS
WM OTCYTCTBUA 3apsanoB sHe ee. O6bLICHAETCT 9T0 TEM, 4TO [10/ie
TIOBEPXHOCTHHIX 3APSAIOB MO Pa3Hble CTOPOHLI NOBEPXHOCTH Halpas-
JIEHO B IMPOTUBOMOJIOXKHEIE CTOPOHBL: OT MOBEPXHOCTH, €CJIM OHA, 3a-
psi2KeHa TOJIOKUTENBHO, U K [IOBEPXHOCTH B (Iy4ae OTPHIATEbHOrO
3apsaa.

1) Bamernm, uro 3mauenue pasuoctu Ez, — Ein He 3aBHCHT OT BHOOpa Ha-
IpaBJIeHUsl HOpMAJIH K IOBEPXHOCTH PA3PbIBA: XOTH NPU H3MEHEHHH HAIPaBJIe-
HHA N 3HaK npoeknuit sekropa E Ha manpasienne n MeHsieTcs Ha 00paTHBI,
HO O/{HOBPEMEHHO C 3THM CTOpPOHA MOBEPXHOCTH, paHee CUATABIIASCH TEepBOH
(T. e. BHyTpeHHEil 0 OTHOWEHHIO K 1), JOJDKHA OyIeT AMEeHOBATHLCH BTOPOH, H
obpaTHO.
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3. Iloae pasnomepno 3apasicennoti beckoneunoti naockocmu. Ha-
NPs2KEHHOCTD IT0Jisi PABHOMEPHO 3aPsKEHHON GeCKOHEHHOM 1I0CKO-
crn P, 110 coobpaskeHusIM CUMMETPHH, JOIXHa OBITH NepreHJuKYy-
JAdpHa K 3TOH IMJIOCKOCTH H
JODKHA HMeThb MPOTHBOMNO- /,_/’
JIOXKHEIE HANPAaBJIeHHS Mo obe

CTOPOHEI OT Hee: OHa HallpaB-

Jiena OT 1ockocrn P, ec- S\

JIM ee 3apsal TNOJOXKHTeSieH -7 m
(puc. 5), u Kk maockoctu P, =2 RO
et OH orpuuarerned. Ha- g s
npsixkeHHocTs E B pazmuu- v E—

HBIX TOYKaX TIOJIsS MOXeT 3a-
BHCETh JMIIb OT PAaCCTOSHUSA
HX OT HJOCKocTH P ¥ Josx- +e

Ha OBITH OMUHAKOBOM BO BCEX P

TO4YKax Jiroboil TI0CKOCTH, Ta- Puc. §

pannensuoit P.

BrlgenuM MBICJIEHIIO B MOJie IVIOCKOCTH P npamyro Ipusmy c
ocHopanueM S’ ¥ ¢ 006pasyOmMMH, NEpHEHIUKYIApHBIMM K P, u
PeANoNOKUM CHadaNa, 9T0 OpU3Ma 3T HE MEPeceKaeTcs IIIOCKO-
cThi0 P, 7. 6. HAXOOWUTCS MEUKOM II0 O/IHY CTOPOHY 3TOM IIOCKOCTH.

BriunciieHse oTOKa 3/1€KTPUYECKOro BEKTOPA Yepe3 MOBEPXIOCTh
9T0i NpU3MBI BHOBB npuBeer Hac K ¢popmyue (4.2). [Tpunas so puu-
MaHue, 4yTO MoToK N’ 1depe3 GOKOBYIO MOBEPXHOCTH MPH3MbI B 9TOM
ciydae paseH Hy/I0 (tak Kak E napajuresbHo 9708 MOBEPXHOCTH),
MOy 43eM

N = {E cos (E1, n1) + Ej cos (Eg, ny)}S'.

Io ywioBuio NpH3Ma He IMePeCceKaeTcs 3apsyKeHHOU ILIOCKOCThIO P,
[I09TOMY BHYTPM Hee HeT 3apsoB M, CTAJO ObITh, COTJIACHO TeopeMe
Taycca (3.6), norok N momykeH PaBHATBCS HYJIO, T. €.

Ej cos (Eq, np) + Epcos (Eg, ng) = 0.

Tak kak E; u Ey Hanpap/ieHbl 0JUHAKOBO, & HOPMAJIKN N U Ng —
IPOTUBONONOKHO, To cos (1, n;) = — cos (Eg, ng) u, ctano 6uits,

El = Ez.

TlockonbKy monoXKeHHe OCHOBaHWII IPU3MBI MOXET OLITE BHIOPAaHO
[IPOU3BOJIBHO, TO M3 3TOT'0 PABEHCTBA CJIEAVET, YTO BO BCEX TOYKAX
OTrpaHM4YeHHOro IWHOCKOCThI0 P nonynpocrpaucrea sexrop E nocros-
HeH II0 BeIM4YMHe, 3 TAK KaK OH MOCTOSHEH U II0 HaNpPaBJIEHHIO, TO,
CIen0BATEILHO,

E = const.

B mpyrom xe monynpocrpascree BekTop E 6yzer, oueBnaHO, UMeTh
Ty ¥Ke BeJMYHMHY W NMPOTHBOMOJIOKHOE HAIIPaBJICHHE.
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Yrobu onpepenurs E, MoxkHO BOCTIONB30BaTEC dopMmysioit (4.3).
B paccMaTpuBaeMoM Cltydae CJIaraioiye 3TOro BeKTOpa Mo HAIpaB-
JIEHHIO HOPMAJIH N K MJIOCKOCTH MME0T, 04eBUHO, 110 Pa3HbIe CTOPO-
HBI IIJIOCKOCTH [IPOTUBOIOJOKHEIE 3HAKH W YHCICHHO PABHHI CAMOMY
Bekropy E. Ilosromy nonyuaem

Eon — E1p = 2E9, = +2F = 4wo,
TIe B MOCTeAHEeM DaBEHCTBE HyXKHO B3dTh 3HAK IUIIOC MM MHHYC B
3aBHCHMOCTH OT TOT'O, 3apsi’KeHa MJIOCKOCTh MOJIOKUTENbHO (0 > 0)

wnn orpunarenso (o < 0). CrefoBaTesnbHO, BO BCEX TOYKAX MO
GeCKOHEYHO IIJIOCKOCTH
E = 2m|o|, (4.4)

rne |o| — abcomoTHAA BEIMYMHA TUIOTHOCTH 3apAAa 3TOH ILIIOCKOCTH.

4. Tlocrapaemca Telmepb BHIACHHUTH, MOYEMY NMPH yOAJIeHHH OT
3apsKEHHON OeCKOHEYHON MJIIOCKOCTH HANPSIKEHHOCTH ee NOJd He
yObiBaeT, a ocraerca mocrogHHo. Ilycts Touku A, A', A" nexar
HAa OJHOM MEPIeHIuKyJiApe K muockocty P (puc. 6). Paccmorpum
HANPSI)KEHHOCTh [10J1s, BO30YX/IaeMOro B 39THX TOYKAX 3apAaMH

Puc. 6

JBYX 9JIEMEHTOB IUIOCKOCTH dS] ¥ dS2, PaClojioXKEeHHBEIX CHMMeT-
PHMYHO OTHOCHTENbHO mepnenaukynsipa OAA’ Ha paccroauum R or
ero ocaopanua 0. B 6onee ynaleHHBIX OT MJIOCKOCTH TOYKAX HAIIPH-
)eHHocTh monedt Ep u Ey KaXmoro U3 9THX 3apsaoB B OTHEIBHOCTH
OyOer meHpllle, YeM B Oosiee OJIM3KMX, HO 3aT0 ¥ yroa Mexay E; u
E; yOniBaer npH ynaneHHH oT niockoctu. [losroMy, HecMoTps Ha
yMeHbiene cinaraemnix E; u Eo npe ynajdeHHs oT IUTOCKOCTH, HX
pasHOnelcTByomasd E Moxer 6saromaps YMEHBIIEHUIO yIJIa MeXK-
Ay HUMH He TOJbKO yObIBaTh, HO M BO3PAaCcTaTh B 3aBUCHMOCTH OT
cooTHomeHus: Mexay paccrogausmu R u OA unu OA'. Ovesugno,
wro ewiH Touka A Oummska Kk O, TO PaBHOOEHCTBYIONIAsT BCEX 3apd-
OB TIJIOCKOCTH B 9TON TOYKe OINpPeIesIdeTcs: MOYTH HCKIYUTETbHO
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3apsaaMu, PacnonokedHbiMu BOIM3u O, 160 HanpsiKeHHOCTH HoJiel
yIAJeHHbIX 3aPAfioB HANpaB/ieHbl MOYTH NapajlieIbHo [iockocT P
U B CYMMe JAlOT HyJb MM IIOYTH HyJib. [I0 Mepe Xe ymaneHust T04-
ku A or O napajuieNbsHOCTh 9Ta HApYIAeTCHd, PABHOLEHCTBYIOIAL
JajleKuX 3aPAIOB YBENIMYHBAETCH, a OJIM3KUX — yMeHbliaeTcd. B pe-
3yJibTaTe, KaK MOKA3blBaeT HeloCpeJCTBEeHHOe BHIUUC/IEHHE, HAIDS-
JKEHHOCTb Pe3yJbTHPYIOMEro Hois BCeX 3apsiios OeCKoHeuHo moc-
KOCTH BOBCe He MEHSARTCS NPH yAAJeHUH OT 3TOH IIOCKOCTH. Bhrduc-
JIEHHA 9TOTO Mbl IPHBOUTD He 6yz1eM, n0o peaysibTar €ro [ypasHenue
(4.4)] 6bur yKe HaiineH HaMu IyTeM NpUMeHeHUs: TeopeMbl [aycca.
3amaua 1. IlosepxHoCcTh GECKOHEYHO JJIMHHOIO KDPYTOBOTO
LHJIVHAPa PABHOMEPHO 33apsKeHA TaK, YT0 Ha €IUHHIYY ero IJIMHBI
NPUXOAMTC 3apsi . JJoKa3ark, yro moie E; BHyTpH iivHApa H
none E, BHe NWIHHADPA BLIPAKAIOTCH CIAEAYIONMME BOPMYIaMHU:

E; =0, E.=27, (45)

rjIe r —BeKTOp KpaTyailllero pacCTOsHUS PAcCMaTPUBAEMON TOYKH
oA OT ocH UMIMHAPA. IJoKa3aTh, 4TO CKAMOK 3eKTPU4eCKOro BeK-
TOpa IPH NPOXOXKIEHUH Hepe3 3apsKeHHYIO IOBEPXHOCTL UUINHAPA
paBeH 47o.

3agava 2. 3apan e PaBHOMEPHO PAaCIpenesieH [0 MIapOBOH
NOGEPIHOCTU IIPOU3BOJIBHOIO paauyca. JlokazaTs, 4T0 1mojie BHYTPH
¥ BHE IIapa BHIPAKAETCH, COOTBETCTBEHHO, (hopMyIamMHu

eR
Ei = 0, Ee = —}g', (4.6)

rie R — pamuyc-BekTop, NIpOBedeHHBIN U3 HEHTDPa IIapa B paccMa-
TPUBAEMYIO TOYKY MOMAA, T. €. 9TO I0Ji€ BHEe PaBHOMEPHO 3apsyKeH-
HOM IIAPOBOIT MOBEPXHOCTH TAKOBO, KAK eC/Iu Okl BeCh ee 3apsif ObLI
cocpegoroded B ee neHTpe. llokasars, 4To ckavok BekrTopa E npu
NPOXOXKISHUH depe3 3apsKEHHYI0 MOBEepXHOCTh l1apa paBseH 47wo.

S3amawa 3. 3apan e pABHOMEPHO PACIPENENEH € IUIOTHOCTHIO p
10 HIapoBoMy obsemy paauyca a. Ilokazars, yro none E,. BHe mia-
Pa TaKOBO, KaK ey Obl BeCh 3apsa[ miapa ObLji COCPEIOTOYEH B €r0
ueHTpe, # 4ro nosie E; BHyTPH mapa nNpsMo IpPONOPIHOHATEHO pac-
CTOSHHUIO OT LEHTPAa IIapa:

R>2a, E.= %,
R (4.7)
R Q a, Ez = ——3,
a
WM 3
R>2a E.,= é7rp(-a—) R,
3 " \R (4.8)

R<a, E;= §~7rpR.

Ormernm, uTo B 9TOM Cciydae BeKTop E Bcrony zHenpepnipeH.
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§ 5. IIpoBOAHMKY B IEKTPUYECKOM TI0J1€

PDusndecknit CMbICT M3YUEHHI OIS IOBEPXHOCTHEIX 3aPAI0B KO-
PEHUTCA B TOM OGCTOATENBCTBE, YTO B CIydae IeKTPOCTATAIECKO-
TO PABHOBECHS 3apAdul NPOBOOHUK0S COCPEOOMOYUBAIOMCR B BECbMA
TOHKOM T108EPTHOCTIHOM CAO€, KOTOPBIH B rpoMa/ioM bobIIvHCTBE
CJIyYaeB MOXHO € JOCTATOYHO! TOYHOCTHIO CUNTATh DECKOHEYHO TOH-
kuM. Benop u HenmocpeIcTBReHHO SCHO, YTO eCIH COOOIUTh MeTalld-
9eCKOMY TeJjly, HallpHMep, OTPHUATEeNbHBIH 3apsy (M3GBITOK 9JIeK-
TPOHOB), To BIaromaps B3aMMHOMY OTTAJKMBAHUIO JIEMEHTOB TOr0
3apsana (VIEKTPOHOB) OHM COCPENOTOYATCS HA €ro NOBEPXHOCTH.
Crporoe ke OOKAa3aTEJBCTBO 3TOTO YTBEPXKIECHHUS MOXHO OATh HA
OCHOBaHMH TOTO (PaKTa, 9TO B C/IYHIA€ IIEKTPOCTATHYECKOIO PaBHO-

BECHST JIEKTPHYECKOE NOAE GHYMPU NPOGOOHUKE PLBHO HYAI0 1) .

JlefcTBHTENLHO, MPOBOAHUK €CTh TeJO, OTIMYAIOIIeecs CIeLyio-
IIMM CBOMCTBOM: €CJiM B KaKOR-JIMGO TOUKE BHYTPH MPOBOIHHMKA Ha-
NPSIKEHHOCTh 37eKTpu4eckoro nojis E ornuyHa OT Hysas, TO B Npo-
BOJHHKE BO3HHKAET IEKTPUYECKHH TOK, T. €. JBMKEHHe 3apsjiOB.
DT0 CBOWCTBO MOXHO pPacCMaTPUBAThL KaK onpedeacHue TEPMHUHA
<IPOBOOHUK IAEKTMPULECTOAY.

C TouKM 3peHHA EKTPOHHON TEOPHH BAXKHEHIIEro KJ1acca Ipo-
BOIIHHKOB — METAJIJIOB —— 3TO CBONCTBO OOBLIACHHASTCS TEM, YTO eC/IH
MeTaJI HaXOOUTCH B TBEPAOM (MM YKHAKOM) COCTOSHHM, TO 4aCTh
9JIEKTPOHOB, BXOAAINMX B COCTAB €0 aTOMOB, OTIIEILIAeTCA OT STHX
aromos. OcTaBillMecs NOCie OTINENJIEHMS STHX «CBOGOAHBIX» 3JIeK-
TPOHOB TMOJIOKUTEILHBIE HOHBI MeTaJjula 06pa3yIoT ero TBepIblil CKe-
et (KPUCTAIIMYECKYIO DEIIeTKY ), B IPOMEXKYTKAX JKe MeXJ(y HOHaMU
HAXOOATCH «CBOBOIHBEIC» MEKTPOHHI B (pOpME CBOErO POOa «3JeK-
TpPOHHOTO ra3a». CKOIb yrojiHo ciaboe BHEILHee JIEKTPHYECcKoe Noie
BBI3BLIBAET JBHKEHHUE 9THX «CBOBOAHBIX® 3/IeKTPOHOB B HANPABJICHUH

OeHCTBYIOMMX HA HHX CHJI, T. €. BHI3HIBAET 3/IeKTPMHYECKHI TOK ).
Tok TeueT D0 TeX nop, MOKa HANIPSXKEHHOCTh MOJIST BHYTPH NPOBOJTHUKA
He CTaHeT PaBHON HYJIIO, T. €. I0Ka I0Jie 3aps 0B, Nepepacipeaesivp-
IIUXCA M0 00bEMY MPOBOAHMKS, He CKOMIIEHCHDPYeT BHEUIHEro IIoJis.

Tak Kak 3neKTpudecKuil BEKTOpP BHyTPH NPOBOIHHKA PaBEH Hy-
JIIO, TO PaBeH HYJIIO H MOTOK 3TOIC BEKTOPa Yepes JIbyIo 3aMKHYTYIO
NOBEPXHOCTh, PACNIOIOKEHHYIO BHYTPH OPOBoAHUKA. CTasio ObITh, O
Teopeme ['aycca, paBeH HYNIO U 3apsii, PACMONOXKEHHBI BHYTPH BCs-
KO Takoll MMOBEPXHOCTH. A 9TO M 3HAYHUT, YTC B CIy4ae IEKTPO-
CTATHYECKOrO PaBHOBECHs 3apsAJ0B BHYTDH NPOBOAHHKA HeT (Bep-
Hee, YTO TOJIOXKUTEJIbHBIE M OTPHUIATeNbHBIE 3apAAbl BHYTPH HETO
B3aMMHO HEATPAIM3YIOTCA) M YTO BCE 3apsbl PACIOJIOKEHb! HA ero
MMOBEPXHOCTH.

1) Cwm. § 38, B uacTHOCTH ypasHeune (38.9).
2) Mompobiee MexanmaM Toka GyxeT paccmorpe B § 40 m 41.
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Taxum 06pazoM, oI 3apAKeHHOTO METAUIMIEeCKOro IIWIMHAPA
WM Wapa onpepenserca Temu ke dopmyiavu (4.5) u (4.6), uro
U TI0JI€ COOTBETCTBYIONIEH 3apsKeHHOH IMOBepXHOCTH. B coracuu c
VOOMSIHYTHIM O0IIMM 3aKOHOM U3 3THX DOpMY, B YaCTHOCTH, CIIEAY-
eT, YTO BHYTPH METAJIMYECKOTO 3apsXKEHHOrO Iapa Wid [IHHIPA
E = 0. Yro xe kacaerca dopmyinl (4.3), To ayia ciaydas 3apsiios,
PaCNOIoKeHHBIX Ha [TOBEPXHOCTH [IPOBOAHUKA, GOpMyJIa 978 3HAYH-
TeJbHO ynpomaercs. Tak Kak BHyTpu nposoaHuka E = 0, ro ona
OPUHHMAET BUJ,

E, = 470, (5.1)

rae E, — npoeKuus 3JIeKTPHYECKOI0 BEKTOpa B HENOCpeACTBEHHOM
OJM30CTH K NOBEPXHOCTH MPOBOJHHKA Ha HaNpaBjieHHe eneurHed
HOPMaJI¥ K €ro MOBEPXHOCTH.

Takum 06pazoM, B iydae WIEKTPOCTATUHECKOI'O paBHOBECHS
HOpMaJIbHASA CJaralomas HAOpa KeHHOCTH Mo BOIH3M [IPOBOIHH-
Ka, OTIPeNeseTCa MOAbKO NAOTMHOCTIBIO O 3aPAia Ha NPHIETAOEM
3MeMeHTe ero NOBEPXHOCTH M BOBCE He 3aBUCUT OT PACHpeesieHHs
3aps0B B APYIHX yIaCTKAX IM0JIs, 4 TAHMeHIHAIbHAH PaBHA HYJIO.

IIpuwmep. Onpedeaums noae mexcdy naocmunemy beckoHey-
uo2o naockozo xondencamopa. Ilone mexny niacruHaMu GeckoHed-
HOTO IIJIOCKOTO KOHJIEHCATOPa, N0 COO0paKeHuaM CUMMETPHH JOJIXK-
HO ObITh HANPaBJIEHO MePHEeHINKYIISIPHO K ero IIACTHHAM ¥ JOJIPKHO
OBITH OIMHAKOBBIM BO BCEX TOYKAX JI00OM MapaJjijieIbHON MM ILIOC-
KocTH. KaK H B paCCMOTPEHHOM ciIydae 1oia HecKoHedHOoH MIoCcKo-
CTH, U3 3TOro OOCTOSITENLCTRA CJIENIYEeT, 9TO IMOJIE MEeXJy IJiaCTH-
HaMHU KOHAEHCATOpA 00nopodwo, T. €. 4ro Bekrop E mocrosHeH mo
BeJIMUHHe M HAIIPABJIGHHIO BO BCeX TOYKaX 37oro nosst. CoraacHo
e ypasHenuto (5.1), uncnoroe 3Ha4eHye sekTopa E y nopepxHocTH
IJIACTHH PaBHO

E = 4r|o| (5.2)

(eBHAY TOTO, YTO E,, = £ FE). Crano 6sITh, Takoso 6yaeT 3uadenue F
H BO BCEM MPOCTPAHCTEE MEXIY TIACTHMHAMU.

OueruHO, 4TO B ypasHeHuY (5.2) 110 0 MOXKHO IOHEMATh ILIOT-
HOCTb TOBEPXHOCTHOT'O 3apsaja KaK MNOJIOXKHTEILHOH, TaK U OTPH-
OATEeNBHON MIaCTHH KOHZeHcaropa. Tak Kak, ¢ APYyrofl CTOPOHHI,
pekTop E mMMeeT B nNpocTpaHCTBE MEXIY INIACTHHAMH OIHO BIIOJHE
OIpe/ie/ieHHOe 3HAMEHHE, TO, CJIeJOBATENILHO, B CIIy4Yae 3JIeKTpOCTa-
THUYECKOr0O PABHOBECHS abCOMIOTHAS BEJIMYMHA IJIOTHOCTH 3apsaaa Ha,
06eHX TWIACTHHAX JOMXKHA OBITH OIUMHAKORBOIL.

Bce 3Tu pesynbraThl MOXKHO TaKXKe HEMOCPENCTBEHHO HOIYy4YHUTh
n3 ypasseHus (4.4). ITone E xongencaropa ectb paBHOAEHCTBYIO-
masd noneit E4 u Ep 1Byx 3apsizkeHHBIX 6eCKOHEYHBIX IIOCKOCTEH, a
HMEHHO 6HYMpPeHHUT noeeprHocmeti ILIaCTHH KoHAeHcaTopa A u B.
Crano 6uith, E = E4 + Ep, npudeMm E4 = 2r|os| u Ep = 27|op]|.
Kak apcrByer us puc. 7, BHyTPH KaxxI0#l U3 META/IMYECKHX ILTACTHH
BekTOpH E 4 1 E g HanpasileHb! IPOTHUBONOIOKHO, a MEXKJLY [LIACTH~

2 N. E. Tamm
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HAMH OfMHAKOBO. TaK KaK BHYTpPU IWIAacTHH E [NOMKHO PaBHATHCHA
Hymo (nposoguuk!), To Eq4 = Ep u, crajio 6ulth, 0p = —0a4 = 0.
IlosTOMY B NPOCTPAHCTBE MEXKJy NJIaCTHHA-
mMu B = 41r|0f, 49710 ¥ TPeBOBAIOCH JOKA3ATh.
TakoBo ke Oymer  moje MeXAY IUIa-
CTHHAMH TUIOCKOTO KOHIEHCATOPA KOHEUHHIT
E, E, E, Pa3Mepos, eclIy TONBKO PAaCCTOSHHE MEeXIy
<——| — |—| nuacTuHaMu GyAeT MaJO0 [0 CPABHEHHUID C UX
—— | — | =———| pasmepamu. Vckaxenuwe nojisi, HapylleHue
€ro OJHOPOIHOCTH CTAaHET 3aMeTHHIM JIHILb
y Kpaep KOHEeYHOrO KOHIEHCATopa, Ha pac-
CTOSIHUSIX OT KPaeB, CPABHHMBIX C PacCTOs-
HHEM MEXJy IJIACTHHAMHM.
B cnyuae KonzaeHcaropa KOHEUHBIX pas-
+ — | Mepos obuMi 3apAn KaXXAQH IJIACTHHA! KO-
HedeH u (CpeiHssi) IUIOTHOCTH €e IMOBEpX-
HOCTHOTO 3apsAa PaBHA

_ [+
Puc. 7 ‘7—§>

rge S — noBepXHOCTH IUTacTHHEL Takum ofpa3om, ypasHenue (5.2)
NPHHUMAET BH/L
dme
= —. 5.3
. (53)
3apgaua 4. [Tokazark, 470 B NOJOCTH UMIMHIPHYECKOTO KOH-
JieHcaropa (ABa KOAKCHAJBHBIX IMJIMHIPA) HANPSIXKEHHOCTH IOJS

onpezenserca gopmysioft (4.5):
E= 2y,
r2

TJie 3¢ — 3apsifi eMUHUIB] IJIMHBI BHYTPEHHEro UHJIHHIpPa, TIpHieM 3a-
PAJL eMMHUIBL JJIMHBL BHELIHErO [[HJIMHAPA PaBeH —ir.

3agaua 5. [Mokasars, YTO B MOJIOCTH TAPOBOTG KOHAEHCATOPA,
(nBe KoHieHTPHYECKHE cdephi) Mosie onpeesiercs dopmysioi (4.6):

[
E=xh
rie e —3aps)] BHyTpeHHell cdephl, IpuueM 3apsj BHemHel cdepbl
paBeH —e.

§ 6. Ncroxkn 3eKTPUYECKOro IoJis.
IToBepxHOCTHAs AUBEPreHUMNA

1. TToBepXHOCTHEI MHTErpaJI, BXoqAmuit B BeIpackeHue (3.6) ssek-
TPOCTATHYECKOH TeopeMsl I'aycca, MoxeT ObiTh npeobpa3oBaH C MO-
Mongpio obnieit TeopeMbl Faycca (17*) B maTErpas IO OrPaHHEHHOMY
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NOBEPXHOCTEIO S obbemy V:
S]SEndS=/divE-dV:47rZei. (6.1)
S Vv H

Oanako npeobpa3oBaHMUe 3TO BO3MOXKHO JIMHIL B TOM CIIy4ae, ec-
au divE uMeer onpenesieHHOE KOHEYHOE 3HAYEHHME BO BCEX TOYKAX
obbeMa V, 3aKJII0UEHHOrO BHYTPH MOBEPXHOCTH S, T. €. €CIN BEK-
top E KoHeveH U HelIpephIBeH B 3T0M oObeMe. B 9acTHOCTH, BHYTPH
NOBEPXHOCTH S He JOMXKHO OBITh HH TOYEYHBIX 33PSAI0B KOHEYHOMN
BEJIMYMHLI, HU IIOBEPXHOCTHBIX 3apsiIOB KOHEYHON MOBEPXHOCTHOMN
ILJIOTHOCTH, HO0 HANPAXKEHHOCTh MOJIS TOYevHOro 3apsjga npu R — 0
crpemurca K beckoHeuHocTH [ypaBaenue (2.1)] v, nomMumo Toro, Ha-
mpasienue pekropa E upu R = 0 crapoBuTCca HeONpeACIeHHLIM, HA
3apAKEHHBIX 2Ke HOBEPXHOCTSIX HAPYIIAeTCS HeMpPepLIBHOCTh BEKTO-
pa E: ero nopmasbHasi Claralomas UCIBITEIBAET CKadOK 470 [ypas-
uenue (4.3)].

BupodeM, NOHATHS TOYEHHOTO ¥ MOBEPXHOCTHOTO 3aPSI0B HMe-
10T JHMOIb BCIOMOTATEBHOE 3HAa4YeHWe M ObuIM BBEJESHB! HAMM JIMIIb
A1 yIoO6CTBa PACCMOTPEHUS NONd 3aPiJ0B Ha PACCTOAHUAX, ZOCTa-
TOYHO DOJBITHX MO CPABHEHHIO C pasMepaMu caMuX 3apdmor. M3y-
9gas XKe IMoJe BOJIM3M MJIH BHYTPH 3aPANOB, MbI HOJIXKHBI BePHYTHCH
K npejcrasiaenuio 06 o6beMHOM pacnpefeseHus 3apsion. IIpearmo-
JIOXKMM, HallpEMep, YTO 3apsiji e, PACCMATPUBABINUICA HAMM KaK TO-
YeuHbli, B JefCTBUTEJbHOCTH PABHOMEDPHO pachpelesied 0 06beMy
Mmiapa [POM3BOJILHO MAJIOr0, HO KOHEYHOIO pajuyca ¢. B sTom ciy-
Jae MoJie BHE U BHYTPH IIapa onpejessercs ypasHeHusiMu (4.7), us
KOHMX ABCTByeT, 4TO BeKTop E KOHeueH w HempepbiBeH BO BCEX TOU-
xax noyid |B wacrwocTH, npu R = a, T. . Ha NOBEPXHOCTH MAPOBOTO
3apana, obe ¢opmyis! (4.7) maoT qis F ogHO M TO XKe 3HavYeHHe
E, = E, =e/a?].

DroT pesyabTar UMeeT obiiee 3HaveHMe: BO BCEX (Iydaax 006s-
eMHOZO PACTPedencHUA 3apsafa ¢ KOHeYHOH IUIOTHOCTHIO JIEKTPH-
yecknit eéexmop E 6ctody xomeuen u Henpepuisen. JleHCTBUTENBHO,
B 9TOM JIydae M3 Ka)KJOH sexaleil BHYTPH 3apsaga Touku P, Kak
U3 1IeHTpa, MOXKHO Onucarb cdepy AOCTATOYHO MAJIOro, HO BCE XK€
KOHEYHOTG paauyca @ Tak, 4Tobbl cdepy 3Ty MOXKHO ObLIO CUMTATH
3aps2KeHHOH paBHOMepHO. Bo Bcex roukax cdepsl Ione 3apsanoB ca-
Moit chephl KOHEYHO H HENPEPHIBHO COIVIACHO ypaBHeHusM (4.7); mo-
Jie e 3apsiIoB, HAXOISANIUXCH BHE Chephl, KOHEYHO W HEIPEPHIBHO
HOTOMY, 9TO 9TH 3apsIbl HAXOAATCA HAa KOHEYHOM PACCTOSHUM OT
BHyTpeHHHX ToueK Cdepbl. Crano OHITH, M pe3yIbTHPYIOIIEE MNOJIe
BCeX 3apAI0B KOHEYHO U HefpephIBHO.

2. Mrak, B cinyvae o0beMHOTO paclpefeNieHus 3apsa/ioB, PaCcIoio-
JKEHHBIX BHYTPH TOBEPXHOCTH S, npecbpa3oBanie NOBEPXHOCTHOI'O
unrerpana B o6beMHbIil B ypaBHeHun (6.1) Bcerna jgomycrumo. Ha-
MOMHHM, 970 B 06IEeM CJIyyae HEPaBHOMEPHOIO pachpejeseHns 3a-

2%
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pAnoB 063emholi NAOMHOCTBIO 3APSAAa B JAHHOH TOUYKe HA3LIBAESTCS
npenes OTHOWIeHUd 3apana Ae, HaXOAAUIEIOCsH B OKPYKAOUIEM 3TY
TouKy obbeme AV k 3Tomy obbemy [cp. ypasuenue (4.1)]:

. Ae de
= lim — = — 6.2
p AV =0 AV dav’ (6.2)
rae G6YKBOM p, Kak # BCIOAY B JajbHeliieM, ob6o3HaveHa 06beMHas
mioTHOCTH 3apana. Cramo O6uiTh, 3apsan de snemenTa ob6beMa dV pa-
BeH

de = pdV, (6.3)
a o0mu# 3apsay, HAXOAAMHUACS B KOHeYHOM o0neme V, paseH

Ze = / pdV,
14 Vv
BHocs 310 BhIpaxkenue B (6.1), momyunm

/ dvE-dV = / AmpdV. (6.4)

PaBeHCTBO 9THX MHTErpPasioB JOIKHO HMETh MeCTO BHE 3aBHCHMOCTH
ot BeIGOpa 06s1aCTH UHTErPUPOBAHUA V| 9TO BO3MOXKHO JIMIIB B TOM
cIydae, eClau MX NOABIHTErPAbHbIE BHIPAXKEHUs PaBHbLI APYT APYTY
B Kaxxgo#l To4ke npocrpaHcTia. Crano 6wITh,

divE = 4np, (6.5)
WM, B JIEKAPTOBON CHCTEME KOOPJAMHAT:
OE. , OE, , OE.
27228 4 TR — Ao, .
o + oy + o wP (6.6)

ro gudpepernuaibEOe ypapHeHHe ABASETCS OZHUM M3 OCHOB-
HBIX yPaBHEHHMIt KaK 3JIeKTPOCTATHKH, TaK B BoobIIe BCeil S/IeKTpoau-
naMuk#. QOHO NO3BONIET ONMpPENeJHTh TUBEPTEHIHIO JIeKTPHIECKOTO
BEKTOpa B KaXKJI0H TOYKE HONd M0 00'beMHOl TUIOTHOCTH 3apana 6

moti oice TOUKe 1) | eHe 3a6ucuUMOCIU OT PacTIPEIeeHNs 3apA 0B B
HUHBIX ydacTKax mons. O6paTHo, 4TOOH! OINpedeiuTh MJIOTHOCTE 3a-
pAfa B JAHHON TOUKe MM0Jisd, JOCTATOYHO 3HATH 3HAYEHHE JUBEpTeH-
uuu E B 9T0MH TOUKe IOJIS.

ITo aHaJIOTUH € THAPOAMHAMMKON Te TOUKH MOJist IPOU3BOILHOTO
BEKTOpA @, B KOTOphIX diva # 0, IpUHATO HA3BIBATH UCTNOKAMU DTO-
ro nojist; sesimunHa div a HasBIBaeTCd cuaoll, WK 06UAbHOCTIDIO, HC-
TOKOB Nojis (CM. mpusioxenue. BekropHerit anamus, § 4). Honbsysacs
3T0 TePMHHOIOTHEN, MOXKHO CKa3aTh, UTO UCTNOKY 3ACKMPULECKOR0
NoAA HAXOOATCS B T€X U TOJBKO TeX TOYKaX NOJisl, B KOTOPHIX HaXo-
OATCA 2ALKMPUNECKUE 30PAJHL, TPUYEM CHJIA, WIN OOMIBHOCTE, 9THX
HCTOKOB (B Ciiyuae o6beMHOTO pacnpeelieHus 3aps/ioB) pasHa 47p.

1) To ecTs, B CYmMHOCTH, 0 BEJHYHHE 3aPANA, HAXONAUIErOCH B GECKOHETHO
MaJsioM ofbeme, OKpyIKaiomeM 3Ty To4uky [cM. ypasuenne (6.2)).
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3. Xord, ¢ TOYKH IPEHUS H3JIAraeMoil HaMM MaKpPOCKOMUYECKO
TEOPHH, BCE 3apsAbl CyTh HEIIPEPHIBHO pacnpefesieHHble 0ObeMHble
3apsbl, 0JHAKO B Tex CIy4YasiX, KOTa TOJIIIHHA 3aHHMAEMOr0 3aps-
JIOM CJIOSL MaJIa TI0 CPABHEHWIO € TOCTYITHEIMU U3MEPEHHIO PACCTOTHUS-
MH, YAOOHO COXPAaHUTH HPEJCTABIEHUE O MOBEPXHOCTHHIX 3apsjax.
B mepryro ouepesps 970 OTHOCHTCH K IMOBEPXHOCTHBIM 3apsjaM MPo-
BOOHUKOB. Tak Kak Ipu NPOXOXKASHUH Yepes 3apsi?KeHHEIE TIOBEPXHO-
cri Bektop E mMeHsieTcs ckadkoM [ypasHenue (4.3)], To moepxHOCTH
3TH HOCAT HA3BaHUE Nogeprrocmett pa3pbiéa 3eKTPHYECKOTO BEKTO-
pa. OueruaHO, 4TO Ha OBEPXHOCTHAX pa3pbiBa AHddepeHIHATBHOE
ypaBHeHue (6.5) HempuMeHUMO (YTO SBCTBYeT TaKXKe H3 OrOBOPOK,
CHENIAHHBEIX B HadaJje 970ro maparpada) u JOIXKHO ObITh 3aMeHeHO
ypaBHerueM (4.3):

FEy, — By, = 47wo.

9710 ypaBHEeHUEe HA3HIBACTCH NOZPAHUMHBIM YCAOBUEM IS BEK-
topa E u sieisiercd, B CymHOCTH, He 4eM WHBIM, KaK IIpeIesbHOl
dbopmoii ypastenuns (6.5) mia 3apsagoB, PacnoNoKeHHbIX OeCKOHed-
HO TOHKUM CJIOEM.

Tak Kak HaM B JajbHefIeM HEOAHOKPATHO [IPUAETCS BCTPEe4aTh-
sl ¢ nogoBHOro pojia COOTHOMIEHHSEMH, Mbl IOKAaXKeM 37eCh CIeAyo-
1uyo oburyo reopemy. IIyers HEKOTOPHIH BEKTOD a 6¢10dy Henpephl-
BeH M KOHeYeH U 6C100Y YAOBJIETBODPSieT YPaBHEHHUIO

diva = 47p, (A)

rge p-—BCIOAY KOHe4Hasd MJIOTHOCTH HEKOTOPOrO «3apsdina» e [Ha-
[IpuMep, 3JeKTPUYECKOro, onpenesseMas ypasBHEHHeM THMA (6.2)).
PaccMoTpuM HEKOTOPBHIN 3apsKeHHBIN CJION KOHEYHOM TONIMHHED dl,
BHYTPH KOTOPOTO & IO YCJIOBHIO OCTAeTCs HeNpepHIBHBIM (pHC. 8).
Ecnu, ocrapnsigs Hem3MeHHBIM 3a-
P4 CJ10d, YMEHbIIATh €ro TOJIHU-
Hy dl 1o Hyas, TO HEIPEPHIBHOCTh
BEKTOpDa & HAPYIIHTCA M ypaBHe-
Hue (A) B Ipezesie MpHMET Ha 3a-
Ps2KeHHOH nogeprrocmu BUL

aon, — a1p, = 470, (B)

Ie 0 — [OBEPXHOCTHAS IUIOTHOCTHL 3apdja, ONpeleliseMasl ypaBHe-
HueM tuna (4.1), a a1p ¥ ag, — 3HaAYEHHS HOPMAJBHBIX CJIATAIOINMX
BEKTOpa & [0 Pa3IMYHbIM CTOPOHAM 3aPAXKEHHOH [MOBEPXHOCTH.

Yr06Bl 10KA3aTh CIPABEIMBOCTL STOIO YTBEPXKIEHUS, PACCMO-
TPUM UMIMHOPHYECKHHA YYaCTOK 3apPAKEHHOrO CJIOS C OCHOBaHHeM
dS’'. Tlomuoxas (A) Ha dV u unTerpupys no obbeMy sTOro y4acrka,
noJiyduM Ha ocHoBaHHM (6.3) u reopemnr Taycca (17*):

/diva-dV - 9§ands =47r/pdV = 4 de,
\4 S 1 %4
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rie de — obmuit 3apA] BHIIENEHHOTO YYACTKA, & S — OrpaHH4YHuBAIO-
asA ero NOBEpXHOCTh. IIOBTOpSA PacCyXKJeHMs, IpUBEUIME HAC B
§ 4 k dopmyie (4.2), ybenumes, 9T0

9§an dS = (agn — a1,) dS' + N’ = 4 de,

roe N’ — noTok BekTOpa & Yepes GOKOBYIO HOBEPXHOCTh PacCMATPH-
BaeMoro ydacrka ciod. Ilpu mepexone x mpeneny dl — 0 Bejnuuuna
N' obpamaerca B Hy/ib, TaK 4TO, Pa3feJiUB 3T0 ypaBHeHue Ha d.S',
TIOTY 9HM

de
ag, — A1, = 47rI97 = 470,

T. e. ypaBHetue (B), 4T0 ¥ TpeboBaIOCH JOKA3ATH.

Hrak, ypasHenue (B) npeacrasisier coboit npenensuyo dopmy
ypaBHeHus (A). Beuay 9Toro cKa4ok HOPMaJbHOM cirararomeit npo-
M3BOJIBHOTO BEKTOPA A Ha IIOBEPXHOCTH Pa3pbiBa YaCTO HA3bIBAIOT
noseprHocmmot dueepzenyteti 3TOro BeKTopa. B oTinuMe oT 06sem-
Hotl dugepzenyuu, onpeaensemoit ypapuenuem (18%):

. . ndS
diva = lim iﬁ——,
AV—0 AV

TMOBEPXHOCTHAS AHBepreHnus obo3Havaercd yepes Divc 3araoas-
Hoii (amne crpounoit) Gyxse D1):

A2n — Q1p = Diva. (67)

Cranio 6bITE, JOKa3aHHYH) HAMH TEOPEMY MOXKHO CHMBOIHMYECKH 3a-
nUCaTh CieAyomuM obpasom:

diva = 47p — Diva = 47o. (6.8)

HakoHer, ToNb3yAaCch YIOMSHYTO BHIIIE TEPMHUHOJIOTHE, MOXKHO
Ha3BaTh MOBEPXHOCTH Pa3pPhIBa HOPMAJILHON Ciaramomeil BekTopa a
NOBEPTHOCMIHBIMY UCTNOKAMU ITOTO BEKTODA.

4. Ypaprenus (6.5) u (4.3) BunosHe qOCTATOYHBI 1)1 PEIICHUA TaK
Ha3bIBaeMoOH «0OPATHON» 33a4M JIEKTPOCTATHKH: AAHO IOJIe 37eK-
Tpudeckoro Bektopa E, onpenenurt pacnopeneneHue (0GbeMHBIX U
[IOBEPXHOCTHHIX ) 3apsAaoB. B dacTtHOCTH, pacnosiokeHue MOBePXHOCT-
HBIX 33PSAJIOB ONIPENieIeTCs PACIIONIOKEeHHEM [TOBEPXHOCTENR pasphiBa
BekTopa E. OaHako mis peleHust «npsMoit» 3a1a4d JaHO pacipee-
JIEHWE 33PSAI0B, OJIF ONpeAeIeHus JIEKTPUIECKOro MOJIs 9THX yPaB-
HeHuil HeJoCTAaTO4HO, HbO ¢ noMombIo 0dHo20 muddepeHIAILHOTO
ypaBHenus (6.5) Hemb3s onpemenuTh mpu craraoummx Ei, By, E,
BekTopa E. Il peinenud «npaMoity 330341 NIEKTPOCTATHKH HE0O-

1) 3amerum, uro 3Hauenne Diva He 3ABHCHT OT BHIGOPA HANDABJIEHHH HOPMa-~
JI N K [IOBEPXHOCTH pa3psiBa (CM. mpuMed. Ha c. 28).
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XOJHMMO BOCIOJIB30BATHCS TAKXKe U HEKOTOPBIMH HHBIMH CBOMCTBAMH
JIEKTPOCTATHYECKOT'O MOJIA, K PACCMOTPEHUIO KOTOPBLIX MBI TeNEPh
u neperjeM.

§ 7. Pabora snekTpuyecKnx cuJl.
HesaBucumocTts ee oT pOpMBI MY TH.
HenpepnIBHOCTH TAHTEHIUAJIBHBIX Cjaraminux sexropa E

1. Pabora, copepmaeMas CujiaM¥ 9JieKTPHYECKOTO TOJis NPH IIe-
peMemeHnH 3apaa € Ha OTpe3oK ds, paBHa

eE cos (E, ds) ds = eE ds.

B wacrHocTu, pabora A npu nepeMenieHuH ds edunuuHoz0 NoAO-
HCUTREADHOZ0 3aPANa PaBHA

A =Eds. (7.1)

Hakowner, pa6ora, copepiaeMas IpH NepeMellleHHH e JHHIYHOr0
IIOJTOKHUTENBHOTO 33apAfa M0 KOHEYHOMY nyTH L, paBHa

A= | Eds, (7.2)
/

roe 3HaK L y uarerpajia 03Ha4aeT, Y10 HeobXO0IuMO BHIYHCINTE CYM-
My 3Ha4eHHH NOABIHTEIDAJLHOTO BHIPAXKeHHs JJIsT BCEX JIEMEHTOB
JuHME L. D73 onepanysa Ha3pIBaeTCs URmMezpuposaruem no auruy L.

2. Pabora smeKTpudeckux cuI Ha JaHHOM nyTH L, BoobOme roso-
psI, MOXKET 3aBHCETb KaK OT IOJIOXKEHUST HaYajIbHON M KOHEUHOH TO-
YeK NyTH, TaK ¥ oT (popmer myTu. OgHAKO, KaK MBI ceff4ac MoKaxeM,
JIEKTPHYECKOE TNOAE HENOJBUNCHBIT 3apAadoe obiajgaer 1ol ypes-
BHIYallHO BayKHON OCOBEHHOCTHIO, UTO paboma CuA DTOTO MONH HG
nYmu  MmexHcoy O8YMA NPOUIBOALHBIMU N
MONKAMU 3G6UCUMN MOABKD 0T NOAONCE- P
HUA IMUT MOYEX U B06CE HE 3ABUCUM OM
gopmut nymu. Cunosele nmosis, obnagaro-
e 3To# 0COGEHHOCTHIO 1), Ha3BIBAKOTCH
IOISIMH KOHCEPBATUBHBIMY WJIH NOMEHUU-
AADHBIMY.

3aMeTHM, 4TO B NMOTEHUMAIBLHOM MOJie 0
paboma CHJ IIOJis HA BCAKOM 3GMKHYMOM
nymu JOJKHA pasHaAMbCA nwymo. Heii- Pnc. 9
CTBUTENBbHO, BCAKUM 3aMKHyTHIE nyTs MNPQM MOXHO IpoH3-
BOJIbHEIM 0Opasom pas3burk Ha ase dacth MNP u PQM (puc. 9).

1) TIpn ToM BREIIONHAIOmMEMCH IUIS 3MCKTPOCTATHYECKOrO IO/ YCJAOBHH, 4TO
IioJie CTAIlHOHAPHO (HOCTOSHHO BO BPEMEHH) M YTO CHJbI, JeACTByIOUHe Ha To-
MeIlleHHOE B II0JIe TeJIO, 3aBHCAT JIHIb OT IIOJIOKEHHS, HO HE 0T CKOPOCTH 3TOr0
Tejaa.
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Pabora uHa nyra PQM paBHa, CUeBHIHO, B3ATON ¢ 0O6paTHHIM 3HA-
KoM pabore HA TOM XKe NMyTH HPH MPOXCXKIEHWH ero B 0OpaTHOM
HanpasieHun or M k P, KoTopasl B CBOIO OYepenb B NOTEHITHAIb-
HOM TIONIe TI0 YCAOBHIO paBHa paborte Ha nytu M NP. Crano 6viTh,
obmas pabora Ha BCeM 3aMKHyYTOM TmyTH MNPQM pagna uysmo,
4710 U TpeboBaIOCh JOKA3aTh.

ObparHo, ecaut pabora CHJI MOJis HA BCAKOM 3aMKHYTOM IIYTH
paBHa HYJI0, TO paboTa 3THX CHJI Ha OYTH MEXIY ABYMsS MPOH3-
BOIbBBIMU ToukaMy M u P or ¢hopMEI 3TOr0 IIyTH He 3aBHCHUT, T. €.
IoJie 370 NMOTeHIHANbHOE. JleHCTEUTENLHO, PACCMOTPUM [iBa, IPOH3-
posibHBIX Oyt MNP u MQP, seaymux uz M 8 P (cm. puc. 9).
CocraBuM u3 HHUX 3aMKHyThI nyTe MNPQM. PaGora Ha sTOM
3aMKHYTOM NYTH HO YCIOBHIO paBHa Hymo. Crano 6vith, pabora Ha
ydacTke nyTu M N P papHa B3saT0# ¢ 06paTHEIM 3HAKOM pabore Ha
oyt PQM, unu, uapiMe ciopaM¥, paBHa pabore Ha mytu MQP,
4TO H TPeOOBANOCH JOKARATh.

Wrak, paBeHCTBO Hyii0 paboThl HA MPOU3BOJILHOM 33MKHYTOM
MyTH €CTh HeoDXOonuMoe M JOCTATOYHOE YCJIOBHE HE3aBHCHMOCTH Pa-
OOTHI OT (POPMBI IYTH K MOXKET CHHTATHLCH OTIHIUTENBHBEIM IPH3Ha-
KOM IOT€HIHaJILHOTO Nosist. Boobie nose npouasoavhozo sexropa E,
BHe 3aBHCHMOCTH OT ero (pU3H4ecKoro cMbicia (Cina, CKOPOCTb M
T. J1.), ABJAETC MOJIEM [OTEHIHATILHLIM B TOM U TOJLKO B TOM CJIY-
4ae, ec/id mpH JI00M BHIOOpE 3aMKHYMO20 [IyTH HHTErpUpOoBaHua L

515 E,ds =0. (7.3)
L

JlunefiHpI#l MHTErpaJ NpPOHU3BONIBHOTO BeKTopa E Bionb Kakoro-
nu60 OPOU3BONABHOIO 3aMKHYTOro nyTH L Ha3bIBaeTCHA yupkysayued

3TOTO BEKTOpPa BAOJNE IIYTH L1). Ta-
KuM obOpasom, ycioBue (7.3) cBogurca
K TPeDOBaHUIO, YTOOBI UHUPKYIAUHS BEK-
Topa E mo mo00My 3aMKHYTOMY [TYTH
PaBHSLIACh HYJIO.

3. Ilepexons x AOKa3aTeNLCTBY MO-
TEHUATHHOTO XapaKTepa 3JIeKTPOCTa-
TUYECKOTO MOJNsA, PACCMOTPUM CHa4a-
na paBoTy 3MeKTPHYECKHMX CHI B MOJe
JIEMEHTAPHOTO (TOYEYHOTO) 3apamad e.
Pabora s1ux cun npu GeCKOHEYHO Ma-
JIOM TlepeMenieHun ds «npobHOro» enu-
HHYHOrO [OJIOKHUTENBHOrO 3apsaaa pas-
Puc. 10 Ha (puc. 10):

A=Eds = %Rds: Ef;dscos(R, ds) = i%dR’

1) Cm. npusoxenne, § 5.
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rae dR ecTh mpoekUns HepeMeleHus NpobHOro 3apaAna ds Ha pa-
auyc-BekTop R, nmpoBeeHHBIH H3 BO30YXKIAIONIEro HoJe 3apajia e.
Kak aBcTByeT M3 uepTexa, dR ecTb BMeCTe C TeM NPHUPALIEHNe %U-
€.106020 3HAMEHHA paJuyca-BekTopa R, T. e. yBesinueHne pacCTOAHNUS
npobroro 3apsana or 3apsaja e. [losromy pabora A Moxer ObITH Ipe-
craByieHa B popme rosiHOro muddeperiana cxaaiprot GbyHKIMK
rouku —e/R:

A::—l-;—zdR=d(—%) =—d(%), (7.4)

rie R ecTb wucnosoe 3Hadenne paguyca-sekropa R. CiexoBarensHo,
pafoTa, coBepluiaemas IpU MEPEMEIIEHRH eJHHUYHOrO MOJIOXKUTE b
HOro 3apaja u3 Touku P) B Touky P, no xoHeuHoMy nyTu L, paBHa

(puc. 11):
A:!E@:—!d(%):-(é—é), (7.5)

roe R} u Ry — paccToAHHsA Ha4dalbHOM M KOHEUHOH TOYeK HyTH OT
3apaxa e. Takum o0pa3oM, paboTa NIEKTPHYECKHX CHJI Ha MPOM3-
BOJILHOM IYyTH B IOJie HeIOJABUXHOIO 3JEeMEHTapHOro (TOYedHOro)
3apafa JeWCTBUTEIbHO 33aBUCHT TOJBKO
OT TIOJIOKEHUI HAYAJIBHOM M KOHEUYHOM
TOYeK 3TOr0 MyTH H, CTAJIO OBITH, BOBCE
He 3aBHcuT OT opmbl myTu. Tak, Ha-
npumep, aboTa MEKTPUYECKHX CHJI Ha
nyta L' (puc. 11) paBra pabore Ha my-
i L: uzbbiTounas pabora, coBepraemas
Ha mytu L' mpu nepemeiennu mnpoGHO-
ro 3apsana 3a npeaensl cdepsl paauyca
R,, KOMIeHCHpYeTCA OTPHIATeNbHOMN pa-
00TOoM, CoBeplIaeMOll IPH NOCIETYOIEM
npubnuxenny npoGHOroO 3apAjga K 3apsd-
Jly e Ha TIocyiegHeM ydacTke myTu L.
Wrak, mone HeHNOABHXKHOIO 3JIEMEH-
TApHOrO (TOYEYHOro) 3apsajga eCTb IoJe
porennuaibHoe. QUEBHAHO, YTO CyMMa

MOTEeHIMAJILHBIX [10JIeH 1) ectb Toxe moste
HOTEHIIMaIbHOe, 160 ecnu paboTa crarae-
MBIX CHJI He 3aBHCHT OT (DOPMBI Iy TH, TO Puc. 11

u pabora paBHOmeHCTByIOLIEH OT Hee TOXe He 3aBUCHT. TaK Kak noJie
IPOU3BOJILHOM CHCTeMBI 3apAJ0B MOXKHO PACCMATPUBATL KAaK CyMMY
Ho/eil KayXa0r0 U3 IEMEHTOB 3THX 3apAJ0B, TO, CTAJIO ObITh, BCAKOE
AEXMPOCMAMUNECKOE NOAE ECTMD NOAE NOMEHYUGALHOE W YIOBJIET-
BOpsAeT ycioBumo (7.3).

1 .
) CyMMOI0 BEeKTOPHBIX TOJIEH MBI GyIeM Ha3bIBATH TaKoe I0JIE, B KAaXKI0H TOY-
Ke KOTOPOro BEKTOD IIOJIA PABEH CYMMeE BEKTOPOB CJIATAEMBIX IIOJIe.
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4. Nuterpanbuoe yciosne (7.3) moxker ObiTh mpeobpa3oBaHo B
muddepennnansuoe. CoryiacHO H3BECTHOH TeOpeMe BEKTOPDHOIO aHa-
ma3a (29%), crararomasa poropa BekTopa E 10 mNpoN3BOJBHOMY Ha-
IPaBJEHHIO N B NPON3BONIbHON TOYKe nosis P paBHa

rota B = lim S50
dS—0 dS
rie dS o3HavaeT GeCKOHEYHO MAJIYIO IIOMIAAKY, IPOXOAAILYI0 Yepes
Touky P u nepneHnuKy/IspHyr BeKTOpy n. B duciuTesne crpaBa
CTOMT IMUPKyJaAnus BeKTopa E 110 KOHTYpy 3Tol mwiomanku dS, Ko-
Topas coracHo (7.3) obpamaercst B Hy1b. Crano 6uiTh, rot, E = 0.
Beugy npousBOJIbHOCTM HANpaBjeHHs N 3TO 03HAYAET, YTO POTOP
BeKTopa E Bo BCex TOYKAX 3JIEKTPOCTATHYECKOrO OJIsS PaBeH HyJIIO:

rot E = 0. (7.6)

ObpatHo, u3 (7.6) Ha OCHOBaHMN U3BECTHOM M3 BEKTOPHOIO aHA-
nu3a reopembl Crokca (27*) cneayer (7.3), Tak YTO MHTErpajibHOE
u puddepennuansHoe yatosus (7.3) u (7.6) BnoiHe SKBUBAIEHTHBI
APYT ADYyTY.

5. VI3 yenoeus (7.3) cneayer, B YACTHOCTH, HENDEPHEHOCTLD TAH-
2EHUUGADHBT CAQ2QIOUUT HONPAACEHHOCMU NOAA |B OTIHYHE OT
CIAralolMX HOPMAJILHBIX; cM. ypaBHenue (4.3)], T. e. cienyer, 4To
CJIAraroImye HAPAXKeHHOCTH, KacaTeIbHble K IPOU3BOJILHON HOBEpX-
HOCTH B JII060M €e Touke, MMEIOT 10 06€ CTOPOHBI IIOBEPXHOCTH OJIH-
HAKOBbIE 3HAYCHHS.

HeficTBUTE/IbHO, AOMYCTHM MPOTHBHOE, W NyCTh BAOIbL MOBEPX-
sHoctu S) (puc. 12) Hapymaercd HeNpepBIBHOCTh TAHIEHIMATBHBIX

5, cnmararomux Bekropa B. Jrto 3HauuT, 1TO ecin
Py, P, u P, P} cytb nBe mapni pa3jeneH-
HBIX TIOBEPXHOCTBIO S1, HO GeckoHeuHo Oiuz-
KHUX JIPyT K APYr'y TO4YeK, TO paboTa JIeKTpH-
YECKUX CHJI f E; ds #a nytu P, P| otnuvaercs
Ha KOHEUHYIO BEeJUYHHY OT PaboThI ITHX CHJI
ua Geckoreuno 6ymskom nytu P Py. C npyroit
CTOPOHBI, BBH/Iy KOHEYHOCTH CHJI mosis pabo-
Ta uX Ha OeCKOHeYHO Majbix orpe3kax PP
u P| P} 6eckoneuro mamna. Crano 6b1Th, pabo-
Ta CWJI 110715 Ha 3aMKHyTOM nytu Py P{ PP, P;
JOJIXKHa OTJIWYaThcAd OT Hynd. Jlpyrumu
C/IOBaMH, U3 CAEJAHHONO HaMM JAOMyIIeHUs
cllelyeT, 4TO paboTa IO NPH [epeHeCeHuU
NPOOHOro 3apAAa N0 3aMKHYTOMY IIyTH OTJINYHA OT HYJIs, YTO B 3JIEK-
TPOCTATUYECKOM I10JIeé HEBO3MOMKHO.

Wrak, npu yio6oM BrIGope nosepxHOCcTH S TaHreHIaIbHbIE K HEl
cJlaralolye NeKTPUYECKOro BeKTopa E 0CTaoTcs HenpepbiBHLIMH.

Puc. 12



§8 MOTEHLMAN INEKTPOCTATHYECKOI'O NONsA 43

Wupivu ciioBaMy, ecnu t — eJUHUYHBIN BEKTOD, JieXXallluld B Kaca-
TeJIbHOH IJIOCKOCTH K MPOU3BOJILHOM NMOBEPXHOCTH S, TO

Eoy = Eyy, (7.7)

rie FEo; u By — 3Hauenus ciaraourux sektopa E no Hanpasienuio t
[0 06€ CTOPOHBI ITOBEPXHOCTH S.

B 4yacTHOCTH, TaK KaK HAIPAXKEHHOCTH IO/ BHYTPH IPOBOAHU-
KOB paBHa HYJIO, TO TaHreHNuajbHasA ciarawouiad E y ux sHemHeH
NIOBEPXHOCTH TOXKe NOJKHA PaBHATHCA Hy0. CTaJnio GHITh, Y noeeps-
HOCTU NPOBOOHUKOE IAEKMPUNECKUL 8EXMODP HANPABAEH HOPMAADHO
K ux nosepxuocts (E = *+E,), u ypasueune (5.1) moxer ObITh Ha-
IIUCAHO TAK:

E = 47non. (7.8)

§ 8. IIoTeHIuag NEKTPOCTATHYIECKOT0 MOJIS

1. To obcToATENBCTBO, YTO PABOTA CUIT WIEKTPOCTATHYECKOTO I10-
Jd Ha JaHHOM NOyTH 3aBHCHT JIMINb OT MOJIOXKEHHA HAJYAJIbHON H
KOHE4YHOM TOdUeK IyTH, JaeT BO3MOXKHOCTb BBECTH B PACCMOTpEHHe
Ype3BbIYaHO BaXKHOe MOHATHE HOTEHI[HAJA JIEKTPOCTATHYECKOIO
nosnsg. OupeeseHre: pagHocmd NOMEHYUAAOE8 MENHCIY O8YMA MOYKA-
MU IALKMPOCTNAMUNECKO20 NOAR PABHA 83AMOTL C 06PAMHIM 3HAKOM
pabome, Co8epUaeMOl CUAAMU NOASR NPU TLEPEMEUEHUU EOUNUNNO20
NLOAOHCUMEADHO20 30PA0E W3 IEPBOU TOYKH BO BTOpY. Ilpu arom
IpeJIIIOIAraeTcsl, YTO IpH NepeMeLeHNN MPOOHOro efMHUIHOrO 3aps-
13 BCE 3apsifpl, BO3GYKIAIOMIHE [TOMIe, OCTAIOTCH HemOABIKHEIMME 1) .

Crajo 66T, pa3HOCTb HOTEHIHUAIOB dp MEXIY ABYMs beckoHed-
HO G/IM3KMMM TOYKAMHM, Pa3jie/IeHHbBIMU PacCTOsAHueM dS, PaBHA

dp = —A = —-Eds; (8.1)
Pa3HOCTD 2Ke TIOTEHITHAJIOB ¢ — (pp MeXay AByMd Toukamu P u Py,

HAXONANIMMECH Ha KOHEYHOM PaCcCTOSHUU JDPYT OT ApyTra, ONpPenesi-
eTcs HHTErpajioM

P
@~ = —/Eds, (8.2)
Py

pudYeM ITOT MHTerpaj MOxeT ObITh B3AT 10 a1060MmYy nymu, coe-
puHsomeMy touku Py u P. O4eBuHO, YTO NMOHATHE Pa3HOCTH IIO-
TEHI[AJIOB HMEET ONpeeICHHBIM OJHO3HAMHBIN CMBIC JIMIOb B CHITY

!) Ecin nepememenue eduntvhozo mpoGHOTO 3apsaa MOKeT BEIBIBATD CMEIe-
HHe 3apA/0B, B030yX1a0mux mose (HAIpUMeD IMyTeM VIEKTPOCTATHYECKOH HH-
JYKOUA Ha IPOBOJHMKAX), TO HAJIEIKHT H3MEPATH HENOCPEACTBEHHO JHIIB TY
pabory, KOTOpas COBEPIIAETCS [IPH NepeMerneHnH 6eCKOHedHO (T. €. JOCTATOYHO)

MaJjioro mpobHoro 3apsga. PaboTa e IpH HepeMEIEHHM eIUHMYHOIO 3apsiaa
BHYNIACTCH U3 PE3YJ/IBTATOB ITUX M3MEPEHMIA.
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JIOKA3aHHON HAMU HE3aBUCHMOCTH PAbOTHl EKTPUYECKHX CHII OT

bopMBI Iy TH, MK, YTO CBOAUTCA K TOMY e, BBHJLY TOT0, YTO HAIps-

ZI’(ZBH)HOCTI) E saexmpocmamuyecxozo NoNs yIOBJIETBOPSAET YCIOBHIO
3).

Onpejesienne MOHATHA MOTEHIHAJA MOA BekTopa B, conepxa-
meecs B ypapHenuax (8.1) u (8.2), npumennMo, oueBuIHO, K NOJIO
NPOU3BOIBHOTO BEKTOPA, YI0BJIETBOPSAIONMEro yciosuo (7.3), BHe 3a-
BHCHMOCTH OT (DH3HYECKOI0 CMBICIIA STOr0 BEKTOPa (CHia, CKOPOCTh
U T. 1.) ¥ OT (pU3KHYECKOTO CMBICJA COOTBETCTBYIOIIErO NOTEHIHAA,
(TOTeHnMaI CUJI, TOTEHI[HAT CKOPOCTel B T. J1.).

2. O4eBRJHO, UTO MOTEHIHUALY (g HPOM3BONBHON TOUKH noNa Py
BCEryia MOXKHO IPHIKMCATE Jiio6oe Hamepe 1 BLIOpanHoe 3HaYeHHe. JTO
COOTBETCTBYET TOMY OOCTOSITEIBCTBY, YTO IIyTEM H3MepeHus paboThl
MOXeT ObITh OIpelie/ieHa, JIHIIb PA3HOCMb NOTEHIMANOB IByX TO4YEK
noJsis, Ho He abconoTHasA Beauuynza noreHnuana. OaQHaKO, KaK TOJb-
KO (PHKCHPOBAHO 3HaueHNe NMOTEHIHANa B Kakoi-1ubo odwoti Touke
107, 3HAUEHNE €r0 60 6CET OCTAJbHBIX TOYKAX HOJf OAHO3HAYHO
onpepnesnserca ypasHesuem (8.2).

OOBIYHO AIUTHBHYIO MOCTOSHHYIO B BBLIPAXKEHHM HOTEHITHaJIa
BBIOUPAIOT TAK, YTOOBI HOTEHITHAI (P HECKOHEUHO YIaICHHBIX TOYEK

paBrsuica Hymo 1) . TIpu 5ToM yCIOBHK MOTEHIHAT (p IPOM3BONBHOM
TOUYKH oy P onpegenurcsa cieayiouiM BEIPaKeHHeM:

P o0
<p=<poo—/Eds= fEds (Yoo = 0). (8.3)
0o P

TakwmM 06pa3om, norennuan Touku P Oyzer paBeH pabore, cosep-
IAEMOH CHJIAMU TIOJIA NPU YAAJICHHH eJAHWYHOTO HOJIOXKUTETBLHOrO
3apsa u3 To4KH P B 6eCKOHEYHOCTD.

B nose anemenTapHoro (To4e4HOro) 3apsja € Pa3HOCThL IOTEH-
muanoB Mexay toukamu P u Py, cornacuo (7.5) u (8.2), pasHa

€

@ — o = —. 8.4
- (8.4)
B srom ciyuae, 11s Toro 4Tobsl YI0BIETBOPHTD YCIOBHIO (0o = 0,
JOCTATOYHO, OYEBUIHO, NONOXKHUTE o = €/ Ry; Torga moTeHIjuas mo-
JIsi TOYeHHOro 3apsA/ia e Ha paccTosuuu R oT Hero oKaxxercss paBHBIM

(o = 0)

oo

e

= -, (8.5)

R
3. IToTeHnMan nosis MPOK3BOJBLHON CHCTEMBI TOYEYHBIX 33aPAN0B
ei, €2, ..., €, PABEH, OUEBHIHO, CYMME ITOTEHIHAJIOB ITONEH KaxX J0ro

) BrpoueM, npakTHyecku NpH IEKTPUISCKAX M3MEPEHHAX YACTO NOJIATAIOT
PAaBHBIM HYJIIO HOTEHIHAJ 3eMJIM.
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U3 3THX 3apAI0B B OTAEJILHOCTH:

n

@ = (8.6)

e,
=1 R’
rae R, — paccrosiHHe TOUYKM 110JisA, 001aJa10mmeil IOTEHIMAJIOM @, OT
3apsafa e;. KoHeyHo, KakK 3Ta, TaK U IpeIUIeCTBYOmue HOPMYJIbI
HMEIOT CMBICH JIMLIL B TeX TOYKaX I0Jif, PACCTOAHUS KOTOPBIX OT
«TOYEYHBIX» 3apAJIOB €; BEJMKH IO CPABHEHHIO C Pa3sMEPaMH 3THX
3apAa0B.

B ciyyae moBepXHOCTHBIX 3APS/I0B 33Psij KAXKJI0M MOBEPXHOCTH
MOKET OBITh PA3JIOXKeH Ha COBOKYIHOCTb IEMEHTAPHBIX 3apsA/oB
OeCKOHEeUHO MAJLIX JIEMEHTOB HOBepxHocTH dS:

de = o dS.

Bamenas B ypasuenun (8.6) e, uepes de u mepexoxs OT CyMMMPO-
BaHHA K MHTEIDUPOBAHHIO 110 BCEM 3JIEMEHTAM BCEX 3apsi’KeHHBLIX
MOBEPXHOCTEH, MOTyYHM IMOTEHIIMAI [OJs OBEPXHOCTHBIX 3apPAI0B:

adS
=

B none o6bLeMHBEIX 3apA/IoB POJIb 3JIEMEHTApHLIX 3apaaoB GygyT
urpars 3apanel dE = pdV bGeckoHewHo MasbIX 3JIEMEHTOB 00beMa
dV | u Bripaxkenue norennuana (8.6) mpumer Bux

o= [, (8.8)

rage R— paccrosiive TOYKM O, 00s1afaromieil IOTEHIHAIOM (p, OT
anemenTa obbema dV .

OtMernmM, 94TO, X0TA R ¥ BXOJUT B 3HAMEHATE/H MOALIHTErPallb-
HBIX BolpakeHHi B hopmynax (8.7) u (8.8), Bce xe BBIpaXKeHHs ITH
OCTAIOTCA KOHEUHBIMHM BO BCEX TOYKaxX INOIA OOBLEMHBIX B IOBEPX-
HOCTHBIX 3apsiioB. PaccmoTpum, Hanmpumep, dopmyity (8.8) u BBegem
cucreMy cdepudeckux koopauHar R, 9, a ¢ meHTpoM B ucciesyemoit
Touke nonA (9 — nonspHLLi yroa, o — asuMyT) 1) . Dnement obbema
dV BLIpa3WTCH B ITHX KOOPJAHHATAX, KAK U3BECTHO, CIAeAyIOMUM 06-
pazom:

(8.7)

dV = R?sin9dad?d dR,
u ¢opmyia (8.8) npumer B

0= /f/pRsim?dadﬁdR,

OpWYeM TONLIHTErPAJIBLHOE BBIPAXKEHHE OCTAETCS KOHEYUHBIM M IPH
3uguenun R =0.

1) Cu. puc. 101 (mpmnozenue).
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Bguay Toro, onHako, uro dopmysnsl (8.7) u (8.8) BbIBeseHB HaMu
u3 dopmya (8.5) u (8.6), uMeomMK CMBICI JIHIL JJIsi KOHEYHBIX

. €
snadennit R (u6o npu R — 0 ¢ = — crpemurcs K GeCKOHEYHOCTH),

a Takke BBHAY 0co0oii BaxxHocTu dopmy (8.7) u (8.8) mbI BEIBexeM
ux B jaubHeineMm (§ 12) eme u gpyrum croco6oM, HE3ABUCHMO OT
TOJILKO YTO H3JI0XKEHHOTO, H NOKAXKEM, YTO OHU IPUMEHUMBI KO BCEM
TOYKAM IT0JISl TIOBEPXHOCTHBIX ¥ 00bEMHBIX 3aps/I0B.

4. HoreHNUaNBHBIN XapaKTep MEKTPOCTATHYECKOTO MO MOXKET
ObITh NOoKazaH 1 Ge3 mpuMmeHeHus 3akoHa Kynona myTem paccyje-
HU{i, OCHOBBIBAIOIIUXCSA HA 30KOHE COXpAHEHUs SHEPrHH B HEBO3MOXK-
HOCTH BEYHOro aBurarens. JdefcTauTenbHO, NPEATIOI0XKHEM, ITO IPH
nepeMeIneHny IpobHOro 3apdaia Mo KaKoMy-jiubo 3aMKHyTOMy ITy-
i L B nojie HenmoABYMIKHBIX 3apaa0B (CM. IpuMevaHue Ha C. 43) cu-
JIBI 3TOI'0 [I0JIS COBEPINAIOT HOIoXKUTeNbHY0 pabory A. Tak kax mo
BO3BPAUIEHUH MPOOHOTO 3apsAia B HCXOJHOE ITOJIOKEHNE BCA CHCTEMAE,
BO3BPAIJAETCA B HCXOLHOE IOJIOXKEHHE, TO, IIOBTOpssA 00xox myTu L
IPOU3BOALHOE UHUCJIO Pa3, Mbl BCAKUR pa3 monmyvanu Oni pabory A,
T. . OCyulecTBMIN Ol Beunniil BuraTens. Eciu ke opu obxone my-
TH L CWIbI OISt COBEPIIAIOT OTPUIATENILHYIO PAOOTY, TO CTOUT JIMIID
H3MEHHTL HaNpaBJieHHe 00X0/a Ha 00paTHOE, YToObl NOJAYIHTL pa-
bory nonoxuTeapHyI0. Takum 06pazoM, paboTa CHII ITOJIA HA BCAKOM
3aMKHYTOM ITyTH JNOJIKHA PABHATHLCH HYJIIO, U3 Hero, Kak Mbl BUJIEJIH,
clleiyeT CyIeCTBOBAHKE OHO3HAYHOrO ITOTEHIMAJS, TIONs 1) .

5. B abconmroTHO# cucTeMme eIMHWI[ €JHHKUIA MOTEHIMAJA OIIpe-
Jensgerca CIeAyomuM o0pa3oM: pa3HOCTh NMOTEHIHMANOB JBYX TOUEK
[IOJIA PaBHA €MUHUIIE, €CIV TTPU NePeMeIeHnH a0COMIOTHON eMHUTILE
3apaAfa U3 OJHON TOYKW B JPYTYIO CUJIBI HOJIA COBEPIIAIOT €JHHKILY
paboThl, T. . paboTy B 0auH 3pr. PasMepHOCTL XKe IOTEeHIMAaa, PaB-
Ha, OYEBHIHO:

2m—2

[<P] _ pabora _ ML*T — Ml 2L
3apaa M1/213/2T—1

AbconmorHas equHEUNE TOTEHIFANA CIKUIIKOM BeJUKA 110 CpaBHe-

HHIO C TeMH PA3HOCTSAME NOTEHIHAJNIOB, C KOTOPBIMH OOBIYHO MPHXO-
JUTCA WMeTb [ei0 Ha npakTuke. IosroMy npakTuyeckoil eguHuIei

1
MOoTeHIMala CIyKUT BonbT: 1 B = 300 abc. enqMHUIBI NOTEHIKAIIA.

1) Hogo6roro pona paccyeHue HeIPHMEHUMO, HAIPHMED, K MArHUTHOMY TIO-
JII0 MOCTOAHHEIX TOKOB, JUISl TOAAEP/KAHUS KOTOPOro HeOBX0OMMa HellPepPhIBHAS
3aTpara 3HEPruM WCIOYHUKOB TOKa. Pabora, coBeplmaemasi npu nepeMemeHdnu
MATHATHOTO 3apaza (I0/I0ca) 1Mo 3aMKHYTOMY IYTH B ITOJIE TTOCTOAHHOrO TOKA,
MOKeT GbITh OTIHYHON OT HYJIsl M MOMKET COBEPIUIATHCHA 33 CHYeT AOTOJIHUTE/b~
HOTO TIOTPebIeHUs IHEPTUHM NCTOYHUKOB TOKa. JJeHCTBUTENbHO, ABUKEHNE Mar-
HUTHOTO 3apafa BO30YKAAET JIEKTPOABUAKYIINE CHIBI MHAYKIHMHA, TaK YTO AJIs
O JepyKaHus [IOCTOAHCTBA TOKa BO BPEMA JBHKEHHA 3apsaaa HeobXo4uMo CoOT-
BeTcTByiomee uaMenenye D1 C HCTOYHHKOB TOKA.
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Tl puwMep. Onpesennts NOTEHIMAN IIOAS AWTION.

IlpennosioxiM, 4TO ABa PABHBIX TOUYEYHBIX 33psa TPOTUBOIO-
JIOXKHBIX 3HAKOB +€ B —e HAaXOOATCA Ha PACCTOSHUM [ Ipyr OT ApyTa,
npuueM BeKTOp | Hanpasier om P
ompuyamenvro2o 3apada K no-
aoocumenvtomy (puc. 13). Bek-
TOp P:

p=el, (8.9)

HOCUT HA3BAHHE JAEKMPUNECKO- R
20 momenma Tux 3apanos. Ilo-
TeHIMa 000UX 33PSJIOB B IPOK3- R,
BOJILHOH TOoYke noyia P pasen

Rz R1 R1R2 '

Ecnu paccrosmne [ Mmexay 3a-
pajaMu +e U —e MaJio IO CpaB-
HEHWIO C PACCTOAHMAMY 3THX 33~ Puc. 13
PAJIOB OT HCCJAEAYEMBIX TOYEK IIOJIsl, TO COBOKYITHOCTb 33apsifIoB €
W —e HOCHT Ha3BaHWe Junoasf, WiIR 6unoat, YTO 3HAUMT «JIBOMHOM
TOJTIOCS .

B sToMm ciydyae MOXKHO NPUOITHIKEHHO MOJIOXKUTS!

RiRy=R? R;—Ry=Ilcosa,

[Jie @ — yroji MeXKAy HaIpaBjieHueM MOMEHTa IUNOJS U PAJHyCOM-
BekTOopoM R, nmpoBejeHHbIM OT AUHOONSA K «TOuKe HabniomeHusi» P
(puc. 13). Beumy Manoctu paccrosHus { 0e3pas/ivdyHO, U3 Kakoh
UMEHHO TOYKM JUIIOJSA NMpokegeH aToT paguyc-sektop R. Takum 06-
Pa3oM, MOTEHIAJ U NPUHEMAET BUJ

a

-e 1 +e

_ elcosa _ pcosa _ pR (8 10)

- R2  R* R ‘
DTO BLIPAXKEHME MOYKHO TAKXKE NPEJCTABUTEL B HECKOJIBKO HHOM

BHJE C OMOMIbIO U3BECTHOMN opMyJibl BEKTOPHOro anasmsa (10%):

grad (1) = —grad (1> =B
“\R 7\R R3’
e MHJEKC ¢ 03HAYaeT POCTPAHCTBEHHYO IPOU3BOAHYIO OT 1/ R no
KOOpAMHATAM <«TOYKY HAOMIOJEHUA», T. €. KOHEIHONH TOYKU BEKTO-
pa R, a unpekc g — audppepeHIEpoBaHKe N0 KOODAHHATAM <«TOUYKHU
VCTOKa», T. €. HaYaJILHOM TOYKM BeKTOpa R (cM. mpuioxenue, § 2).
Ha ocHoBanuu 3TuX coorHOumeHui ypasHeHue (8.10) mMoxeT GriTh
3alIMCAHO CJIEAYIOIIHM 06pazoM:

@ = pgrad, (%) = —pgrad, (}%) . (8.11)
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Oty ¢OpMyNy JIEPKO MOAYYWTb KW HENOCPEJCTBEHHO. JleficTBH-
TENBHO,

e Rz Rl
PaBHO IPHPAICHUIO CKAJIADa l/R I[IPpH IepeMenieHul Ha OTPe30K 1
TOYKH HCTOKa PauyCa-BEKTOPA R, HPOBENEHHOI'O U3 JUIIONA (I/ICTOK
HOJIH) B TOYKY H&6.HIO,£L8HI/IH P. OPpaHH‘{HBaHCB I[IpH JOCTATOYHO Ma~
Jgom 1 INEPBBIMK INPOU3BOJHBIMH OT l/R, NOJIYYHUM

L1 L I 1
n R = lgrad, (R) lgrad, (R) ,
OTKyja HemocpeacTseHHO ciexyer (8.11).

3anmaua 6. Ucxona us ypasHenus (8.2), nokazaTb, 9TO IOTEH-
VA TOJIs 3aPSyKeHHBbIX OeCKOHEYHBIX ILIOCKOCTH M IIOJOr0 IHJIAH-
JIpa, ONIPEJENISIETCs COOTBETCTBEHHO ClleAylomumy dopMyiamu:

JIJIsE TUIOCKOCTH P = Yo — 270X,

Yi = ¢o,
Ye = Po —lenl’

1

JUIS HATVHIPA,

rle o — 3HAUEHWE IOTEHIHAS Ha COOTBETCTBYIOMIEH 3apsiKeHHOMH
OBEPXHOCTH; X — KOODJMHATA, TMEPHeHIUKY/IAPHAS TJIOCKOCTH, T —
paccTosAHUEe OT OCH WWIMHAPA; Ty — pajuyc muiHHapa. OTMerum,
4TO B 000UX ITHX CJIydasaX yJOBJIETBOPUTH YCIOBHIO (0o = () HEBO3-
MOXKHO.

3anayva 7. Iloka3aTs, YTO HOTEHIMAJ IOJIA MIapa PaJuyca a,
PABHOMEDHO 33DSXKEHHOr0 IO BCEMY CBOeMy 0bbLeMy ¢ 0bbLemHOM
IJIOTHOCTBIO P, TIPH YCIOBHH Yo, = 0 paBeH

We::'% (R > a)
u (8.12)
2
oi=ma( - E)  (mea)
4ra® .
roe € = — p— obmuit 3apAx imapa, a K — paccrosHue OT ero

IEHTPA.
ITokazaTh, 4TO e = ; N1pu R = a.

§ 9. Emkxocth. Kongencaropsl
1. OxHa u3 xapakTepHefIIuX 0coOeHHOCTel IIEKTPOCTATHIECKO-

o nojsid COCTOHMT B TOM, UTO B GIydYae IICKTPOCTATUYIECKOI'O paB-
HOBECHA nomexyuaa NoaAR UMeem NOCMOARHOE 3HAUEeHUE HA GCEM
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NPOMANCEHUL KaH#c0020 omdesvrozo nposodnuxa ') . JeficTBuTens-
HO, B CJIyYa€ JEKTPOCTATHYECKOTO PABHOBECHS] HANPAMKEHHOCTD II0-
Jisl BHYyTpH HPOBOJHUKa paBHa Hyo (§ 5). Tak kax sio6bie jgBe TOUKU
IPOBOJHNUKA MOXKHO COeNUHUTEL JIMHHEH, IEJHKOM JieXKamell B 3TOM
NpPOBOJHKKE, TO, CTAA0 OBITh, PA3HOCTH MOTEHIMAJIOB STHUX TOYEK,
onpejensiemas JMHeAHbIM HHTerpasom sekropa E [ypasuenue (8.2)),
PaBHA HYJIIO, YTO ¥ TpebOBaJIOCH M0KA3aTh.

910 06CTOATENBCTBO JAET BO3MOXHOCTh B CIIydae NIEKTPOCTa-
THYECKOTO MOJisl FOBOPHTH [IPOCTO O Nomexyuaie nposodruxa (T. e.
NOTeHIyae Kax/J0il U3 ero TOYeK).

2. Emxocmoio yedunennoz20 nposodnuxae, T. €. NPOBOJHMKA, bec-
KOHEYHO y/JAJIeHHOIO OT BCEX OCTAJBHLIX [IPOBOJHHKOB, HA3LIBAETCS
3apsaj, HeOOXOAUMBIN i COODIIEeHNA STOMY MPOBOJHMKY HNOTEHIIH-
aJsia, PaBHOrO enuuuie. IIpi 3TOM NPEAmoIaraeTcs, 9T0 aAAHTHBHAS
ITOCTOSIHHASA B BLIPAXKEHUH IOTEHIIMAJA BLOpaHa Tak, 4yTo B OECKO-
HEYHOCTH TOTeHIHaJ paBeH Hy/a0. EMxocTh mpuHATO 0003HAYATH
oykeoit C.

3. 3aMeTHM, YTO eMKOCThb yeAuHeHHOro mapa (B abCoMOTHBIX
eJIMHUIAX) YMCIIEHHO DABHA €ro paauycy. JefiCTBUTEIbHO, BHEIUHMKIT
MOTeHMAa 1o/ Iapa paguyca ¢ U 3apsajna e paseH ¢ = e/R. Ha
noBepxHoCcTH mapa R = a u ¢ = e/a. TakoBO e 3HAYEHHE ITOTEH-
uaja U BHYTpu Bcero mapa. Crano 6piTh, HOTEHIMAT mwapa byzmer
PaBHATBHCH eIUHUIE IIPH € = @, & ITO U 3HAYKT, 4T0 eMKocThb C mapa
paBHa, a!

C =a.

W3 3T0r0 ypaBHeHHs ABCTBYET, YTO B A0COMIOTHBIX eNUHUIAX M-
KOCTEL JIOJDKH3, HMETH PA3MEPHOCTD IJIuHbl. JeificTBRTEILHO,

[C] _ Lei _ MY/2p3/2p-t _
[¢]  M/2L1/2T-

Takum 00pazoM, 6 abcoatomnol cucmeme eQUHUY eMKOCTL U3-

MEPAEMCA 8 eOUNHUYAT OAUHDL, IPHYEM EMKOCTE B 1 CM paBHA eMKO-
CTH yeJWHEHHOro IIapa paauyca 1 cm.

Tak Kak NpakTHYecKas enwHMua 3apana (kymom) B 3 - 10° pas

Gonblie, a NpakTU4ecKas eJuHuNa noreHuuana (Boabr) B 300 pas

MEHBINE COOTBETCTBYIOIINX AOCOMIOTHBIX €HHHI], TO NPAKTUIeCKas

enuHuINE eMKocTi — (bapaga (@) — B 910! pas Gonpme abcomorHol
eANHUIBL

1 dapagma = Leynod _ g. 101 cm (abc. egunUL EMKOCTH).
1 BosbT

Ta eIHHUIA €MKOCTH CTOJNbL BEIWKA, YTO OOBIYHO €MKOCThL BHIPa-
x)aercs aubo B CAHTHMeETpaX, Jubo B Mukpodapafax (MU/LTHOHHBIX

1) Pasymeercs:, npu yCIoBHH OTCYTCTBHA <«CTOPOHHHX» DJIC XHMHYECKOro,
TEPMHYECKOro U T.I. mpoucxoxzaenus (cM. § 38).
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Jonsax ¢apapl):
1 mx® =9-10° cm.

4. Ecnu npoBOJHWK He yeJUHEH, TO MOTeHIna, IpHobpeTaeMblil
UM IOpPH COODMIEHHM eMy OIPEeNeeHHOTO 3apana, CYUIeCTBEHHO 3a-
BUCAT OT OPMBI ¥ PACIONOXKEHHS APYyTUX NpoBogHuKoe. Ob6ycioB-
JIMBAETCA 3TO TEM, UTO IOJIe 33PS’KEHHOTO IPOBOJHUKA BBLI3HLIBAET
nepepacipeiesieHie 3apsiji0B Ha BCeX COCEIHNX C HUM HPOBOAHUKAX,
B TOM YHCJIe, KOHEYHO, U Ha HE3APSKEHHBIX (34€KMPOCNAmMUNECKas
undyxyus). o gocTHKeHnu paBHOBecusl 3apA/bl NIPOBOJHUKOB Pac-
IIOIATAIOTCA HA HHUX TAK, YTO BHYTPH KaXKJOTO MPOBOJHUKA PE3YJIb-
THPYIOLIEE TOJie WHAYIMPOBAHHBIX 3apAN0OB U 3apsijia HHAYIUDPYIO-
I1ero PaBHO HyJI0 (YWIOBHE IEKTPOCTATHYECKOTO PABHOBECHUS, CM.
§ 5). Koneuno, 3T0T npoifecc CBA3aH ¢ nepepacipe/ieJIeHueM 3apsaa
¥ Ha CaMOM MHAYIUPYIOIIEM ITpOBOjAHKKe. TakuMm obpazom, oTeH-
I¥aJ 3aPAKEHHOr0 MPOBOJHUKA OKa3bIBAETCA CYMMOM IIOTEHI[HAJIOB
CcOOCTBEHHOTO IepepacnpeeIiBIIErocs 3apaa 3TOT0 IPOBOSHUKS, U
3apAI0B, HHIYUPOBAHHBIX WM Ha JpyTHX NpoBoAHuKax. Oupejese-
Hye 3aBUCHMOCTH 3TOTO Pe3yJIbTUPYIOMEro JIOTEHI[HAIIA (0, & BMECTE
¢ TeM u eMKoCTH npoBojHuKa C = e/y 0T GopMBI U PACIONOKEHUS
CMEXHBIX C HHM IPOBOJHHUKOB CBA3aHO, BOODIE rOBOPHA, CO 3HAYM-
TeNbHBLIMH MATEMATHUYECKMME TPYJHOCTIMHE.

5. MoxHo, 01HAKO, JOCTHIHYTb N0AHOU HE3aBHCHMOCTH CHUCTe-
MBI IIPOBOJHUKOE OT DACIOJIOXKEHHS M JIEKTPUUIECKOTO COCTOAHUS
BCEX NMOCTOPOHHWX MPOBOJHWKOB IIYTEM JAEKMPOCMAMUNECKOL 3a-
WUMBL WX, T. €. MyTEM 3aKJII0YEHIA X B METAJUIHYECKYIO 0BONOUKY.
3apainl, pacnonoxeHHbie BHE 0DOJI0YKH, HE BJIMAIOT H3 UIEKTPH-
YeCKOe COCTOSIHWE MPOCTPAHCTBA BHYTPH Hee, WOO mojie 9THX BHeII-
HUX 3apPAJ0B BO BHYTPEHHEM JIPOCTPAHCTBE KOMITEHCHPYETCS [IOJIEM
3apAN0B, WHIYIIMPOBAHHBIX MK Ha BHEIUHeN moBepxHOCTH 060/10Y-
ku. eiicTBuTenbHO, eciu 6p1 0000UKa OBbLIa ITEJTHKOM 3aII0JHEHA
METaJLJIOM, T. €. 00pa3oBbiBajia OBl CILIOMIHON IPOBOXHKK, TO HAMPA-
JKEHHOCTS NTOJTS BHENIHUX 3aps0B | 3aps/IOB, HHAYMHUPOBAHHBIX WMH
Ha BHEIIHEH MoBepXHOCTH 00OIOYKM, JOMXKHA Oblia ObI paBHATHCA
HyJII0 BO BCeX BHYTDEHHNX TOYKAX HpOoBOgHKKa. QOYeBHIHO, YTO OHA
OCTAHETCS PABHOM HYJNIO B [0 YAAJEHUN U3 NPOBOJAHUKA €r0 BHyTPeH-
HUX yY3CTKOB.

Wrak, Metajuindeckas 00OJIOUKa HONHOCTBIO YCTPAHSET 3aBHCH-
MOCTb 3JIEKTPHYECKOTrO0 COCTOSIHHS BHYTPEHHEr0 MPOCTPAHCTB3, OT
IPOCTPAHCTBA BHEINIHET0, HOO IIPOCTPAHCTBA 3TH OKA3bIBAIOTCA Pad-
JlelIeHHBIMY TOJIIIEH MeTaslia, B KOTOpOM IoJie PaBHO Hyso. Iloaro-
My 3JeKTPOCTaTHYeCKas 3alUTa BCErJa IIPHMEHAETCA NIPH TOYHBIX
H3MEPEeHUAX JIS YCTPAaHEeHNsl BHEHIHKX BO3JEMCTBHII Ha JIEKTpHYE-
CKH€ M3MepHUTeIbHbIE HprbOpH, annapaTe U T. J.

3aMmeTiM ere, YTO 3apaabl IPOBOJHUKOB, PACIOIOXKEHHEIX BHY-
Tpu 0DOJIOUKY, UHAYLMPYIOT Ha ee BHyTPeHHel MOBEPXHOCTH 3apsAaf,
paBHBII MM IO BeJMYMHE M IPOTHBOMONOXKHBIN IO 3HaKy, B UeM
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MOXKHO ybenuThes, mpumeHus Teopemy laycca (3.6) k 3aMKHyTOl
IIOBEPXHOCTH S, NMPOBEIEHHOA B Tomme obonouku (puc. 14): morok
JIEKTPHYECKOr0 BEKTOpa depe3
3Ty HOBEDPXHOCTb, OYEBHIHO, pa-
BeH HyJito. IIpu 3TOM Ha BHewHeH
NOBEPXHOCTH 0BONOYKH CoCpeno-
TOUMBAETCA 3apsAjg, PasHeI (IO
BeJWYNHE W 3HAKY) 3apsjay Hpo-
BOJHHMKOB, DACHONOXKEHHBIX BHY-
TpH ODONOYKH.

6. ObparumMca K CIy4daio KOH-

JIEHCATOPA, COCTOALIEr0 M3 JBYX
(MM HECKOJIBKHX) H30IHPOBAH- Puc. 14
HBIX TPOBOAHHUKOB («0OKIaI0K> ),
13 KOTOPBIX OJMH IIOJHOCTBIO 33K/II0YEH BHYTPH JPYToro, Kak 3TO
HMeeT, HaIlpuMep, MEeCTO B IIapOBOM ¥ B OECKOHEUHOM IUJIMHIpHYe-
CKOM KOHIeHcaTopaX. BBrIy yKka3aHHOH HE3aBHCHMOCTH IIOJIA MEXKLY
00K/IaIKAMK TaKOr0 KOHJEHCATOPA OT PACIIOJIOXKEHUST OKPY KAOIIHX
€ro MpOBOJHHKOB €MKOCTb er0 TaKXKe He 3aBUCHT OT IOCTOPOHHHUX
obcroaTenbcTB. Ilpu 3TOM NOK eMxocmolo Kondercamopa B OTIHYUE
OT eMKOCTH yeJAMHEHHOTO MPOBOJHUKA Hy»KHO IMOHUMAThL OTHOLIEHKE
3apAfa KOHJEHCATOPA € K PA3HOCTH MOTeHLHAJIOB 3 — (9] ITHX 06-
k130K (a He K MOTeHIany Kakoi-1ubo u3 00K/IaJ0K):

C=—". (9.1)
Y2 — Y1

Hanee, 3apsajoM KOHIEHCATOPa e Ha3biBaeTcA abCcomoTHad Besu-
YKHA PABHLIX 110 BEJUYHHE ¥ HPOTHBONOJIOXKHBIX IO 3HAKY 33PANOB
KasxJJOi M3 0OK/I3/I0K KOHIEHCATOPA.

Ipu sTOoM mox 3apAgoM 0OKIAJOK KOHJEHCATOPa HYXKHO MOHU-
MaTh TOJBKO 3aPsi/ibl, PACIIOJIOKEHHBIE Ha BHYTDEHHHX, 0OpaIeHHbIX
APYT K APYTY MOBEPXHOCTAX 3THX 06Kmaiok ).

B ToMm ciy4ae, ecnu u3 AByX (MM HECKOABKUX) NPOBOAHHMKOB
HH OJUH HE COCTABJSET 3AMKHYTOW CHUCTEMBI, OXBATBHIBAIOLIEH CO-
6010 OCTaNIbHBIE IPOBOJHUKM, EMKOCTb 3TOH CHCTEMBI IPOBOJHUKOB
(aTOrO0 KOHZEHCATOpA) NMPAaKTHYeCKH He OymeT 3aBHCETH OT pPaclo-
JIOXKEHHST OKPYIKAIOMIUX Tel TOABKO B TOM CJIy4ae, €ClIM Pa3Mephbl
NPOBOAHUKOB OYAYT BEJIMKK IO CPABHEHHIO C DACCTOSHUEM MEXKy
HuMHu. JIMImEb Opy 3TOM YC/IOBHE MPOCTPAHCTBO MeXy OOKJIagKaMu

1) Tax, HanpuMep, O 3APAIOM € MAPOBOT0 KOHAEHCATOPA, COCTOSILETO B3 Me-
TAJJINYECKOro mapa A, OKPYKEeHHOIO [OJIBIM MeTaJUTHYeCKHM WapoM B, HyxHo
TIOHUMATD 3apAJ BHYTpPeHHero mapa A nubo paBHHN eMy H0 abCOJHOTHOI Besm-
YHHe 3apA], PACIOJIOKEHHbIN Ha 6Mympennel, MOBEPXHOCTH BHEUIHEro wapa B.
TloMumo 3TOrO 3apsiia €, Ha BHEUIHei OBEPXHOCTH urapa B Moxer HaxoauThes
TPON3BOJIBHLIH 3apsam €', He OKa3BIBAIOMUIT BAMSHUA HA PA3HOCTH NOTEHITHAJIOB
Mexay A u B.
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KOHJIEHCATOPA, eCJI¥ He TOJHOCTHIO, TO B 3HAYKTEILHON Mepe Oyzner
3aINMINEH0 caMuMK OOKJIaJgKaM¥ OT BO3JeHCTBUA BHEIUIHErO IOJA.

3anxgaua 8. [lokazark, uro emMkocTs C IJIOCKOTO, HWJIHHIPDH-
YECKOr0 U IIAPOBOr0 KOHJAEHCATOPOB PaBHA COOTBETCTBEHHO:
TLTOCKHUH KOHIEHCATOD:
S

ma
MUJIHHAPUYECK T KOHIAEHCATOD:
_ l
T 2In(re/r1)’

IIaPOBOH KOHIEHCATOD:
C = R R, ’
R; — Ry
Te S — NOBEPXHOCTD IJIACTHH KOHJEHCATOPA, d — WX B3aUMHOE pac-
cTOAHue, | — nAwHa, a 7] U ro — PaAKyChl BHYTPEHHEr0 M BHEIIHEer0
IIUJIHHAPOB U, HakoHeln, R; u Ky — pajuychl BHyTpeHHeH 1 BHeIIHeR
LI1ApOBOH ITOBEPXHOCTH.
IIpumeuanne. Tak Kak €MKOCTh IHIMHIPHIECKOTO KOHJIEH-
CATOpa IPONOPHHOHAJLHA €ro AJHnHE [, TO MOXKHO T'OBOPUTL O «EM-
KOCTH e€HMHWIIBl JUIUHEI KoHgeHcaTtopay C*, paBHOi

«+_C__ 1
= 1 2ln(r2/r1)' (92)

QOueBuaHO, YTO

cr=—=2 = (9.3)

Hpz—p1)  w2—1
TJIe » — 3apsAj eqEHMIB JJIMHBI KOHJeHcaTopa. KoneduHo, nousTue
eMKOCTH eUHUIb! JIWHB! (KaK, BOpOYeM, H [IPUBEJIEeHHOE BbIpaXKe-
maue it C) MOXKHO NPHMEHATH JIKIUL B TOM CIydae, €CIU JIHHA
HUIMHIPHYECKOr0 KOHIEHCATOPa HACTOIBLKO BEJHKS, 110 CPaBHEHHIO
C PAcCTOAHMEM MeXKJy ero OOKJIaJIKaMu, YTO MOXKHO BOBCE HCKJIO-
YUTh U3 PACCMOTPEHHS KOHIEBLIE YUACTKH KOHIEHCATOpPa, B KOTO-
PBIX IOJIe ero CyIIECTBEHHO MCKaXKaercs; JIMIb B 3TOM ciaydae C
NIPOMOPIHOHANBLHO [.

§ 10. 'pagueHT 3J€KTPOCTATUYIECKOTO HOTEHIMAJIA.
Jluruu cuna

1. U3 dbopmyn (8.1)
dp=—-Eds = —FE;ds

CJleJyer, 4To
= —FE,, (10.1)
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rae Op/0s 03HaMaET NPOU3BONHYFO ¥ 110 HAIIPABJIEHUIO S BEKTOpa ds
(cM. mpunoxenue, § 2). Io onpegenenuo NOHATHSA TPAJUEHTA 5Ta
IIPOCTPAHCTBEHHAs! NIPOM3BOJHASA CKAJIAPA (o COBNAAAET CO CJIArako-
wieii ero rpajueHTa grad ¢ 10 HaIpasJ/eHuIo s [cM. ypasHenue (4%)}:

9
6—f = grad, ¢.
Takum obpazom,
E; = —grad, ¢.

Tak Kak 3TO paBeHcTso npoeknuil Bekropos E u — grad ¢ momxkHo
HMeTbh MeCTO IpH J1000M BHOOPE HaupaBIEHHA S, TO H BEKTOPHI 9TH
JIOJKHB! OBITH PABHBI APYT APYTY:

E = —grad ¢. (10.2)

TakuMm 00pasoM, MHANPAHCEHHOCD 3AEKMPOCMAMUNECKOZ0 NO-
24 E pasma epaduenmy sA€XMpPocmamuseckoz0 NOMEHYUAAS ©, 634~
MOMY € 00PATNHBIM 3HAKOM.

Tak Kak rpaJuedT IIOTEHIIKA/IA HalIpaBJeH B CTOPOHY €ro Bo3pa-
CTAHUA B ABJIAETCA Mepoil OBICTPOTHI TOr0 BO3PACTAHHSA, TO MOXKHO
CKa3aTh, YTO HANPAKEHHOCTb IEKTPHYECKOrO NONA eCTb Mepa Obl-
CTPOTLI CIaJaHUA MOTeHI(HANa, WK, IPOCTO, YTO OHA paBHA cnady
nomenyuaaa. HanpapieHue HanpsKeHHOCTH IIONA COBHAJaeT C Ha-
OpaBJeHHeM OPTOTOHANBHBIX TPAEGKTOPHI IKBHIOTEHIMAIBLHEIX IO-
BepxHocreit (cM. npunoxenue, § 2). IlosTomMy TH OPTOrOHAILHBLIE
TPaeKTOpHY (JIMHUK IPAJUEHTA) COBNANAOT C JIHHHSMH 3I€KTpHYe-
CKHX CHJI, WIH CUAOBHIMYU AUHUAMU.

2. DNeKTpuyecKoli CHIOBOI JHHKEN Ha3bLIBAETCH JNHHHA, Kaca-
TeJIbHbIE K KOTOPOH B KaXJIOH €€ TO4YKE COBIIaJalOT 10 HalpasJe-
HHIO ¢ BEKTOPOM HAMPAXKEHHOCTH WIEKTPHYECKOro nois E B Toit xe
ToyKe (T. €. C HANpaBJIEHWEM NIEKTPUYECKON CHJIBI, JeHCTBYIOIEH
HA eTMHUYHBIA TON0XKUTEeNbHBIN 3apan). OYeBHAHO, YTO Yepe3 Kax-
JIYIO TOUKY mOnis, B KoTopoit B # 0, MOXHO IPOBECTH OgHY ¥ TOJBKO
OJHy CUJIOBYI JuiHMO. B kaxkaoi takoit Touke P Bektop E mmeer
BNIONIHE OnpefeneHHoe Hanpasneuue. OTnoxuB u3 P OpOH3BONBHO
MaJibiil OTpe30oK B HampasieHuu E, Mbl npuaem B Touky P’, B KOTO-
poii sexkTop E MOoXeT uMeTh 1HOe HanpaeJyeHue, yeM B P. Oioxus
u3 P' npoussosibHO Mauiblli OTPE30K B COOTBETCTBYIOIIEM HAIIPAB-
JleHuH, Mbl OPHJEM B HOBYIO TO4Ky P”, B KOTOpO#i MOXeM Onarhb
HOBTOPDUTL Ty XK€ Omepaiuio, u T. 1. Ilogy4yeHHaa TakuMm obpazom
JIOMaHaA JIMHAA B Ipejese, Npu OecrpeebHOM YMeHBINEHWH COC-
TABJIAIONINX e OTPE3KOB, COBNAIAET C KCKOMOM CHIOBOHN MuHuel.

Yrobpl NOJYYHTH aHAJHTHYECKOE YPABHEHHE CHJIOBBIX JIMHMIA,
JOCTATOYHO YYECTDb, YTO JIEMEHT JUIMHBI dS CHJIOBOM JIMHHY HapaJl-
JIeNleH HANPSKEHHOCTH mojid B, T e. 4To ciiaraiomjye ero mo ocsm
KoOpAuHAT dz, dy, dz mponopnuoHaNLHbl cnaraiomuM E, B, E,
BekTOpa E:

dz _dy _ dz (10.3)
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Ypaprenns (10.3) 9KBuUBaJIEHTHBI CHCTEMe JBYX OOBIKHOBEHHBIX

dz E. dy E,

g depeHIHaIbHBIX YPABHEHH, HADUMED — = —= B -2 = —%,
dz E, dz E,

WHTErpajbl KOTOPBIX UMewT BUX: fi1(z, ¥, 2) = C| u folz, y, 2) =
= (s, rne C) u Cy — nocrosHHble uuTerpupoBanns. CoBOKYNIHOCTH
9THX NOCAEAHUX yPaBHEHMI i NIpeacTaBiseT cobow ypaBHEHRE CHIO-

Boit nuHNK. IIpoussos B BeiGope nocroauubnx C u Co cOOTBETCTBY-
eT BO3MOXHOCTH IIDOM3BONBHO BBIODATE KOODAWHATHI Lo, Yo, 2o TOMH
TOYKH [OJNIf, YEPE3 KOTOPYIO MBI JKeJIAeM IPOBEeCTH A3HHYIO CHIOBYIO
JIVHKIO.

Quzukn XIX B. gosiroe BpeMs CTPEMUJIACE OOBACHUTD NIEKTPO-
MarHuTHblE fABReHUA AedopMaluaMU H BUXPEBBIMU IBHKEHHAMH
0co00#1 BCENMPOHUMKAKIEH MMIOTETHYECKON cpeasl — 3¢upa; OHM [O-
JIAaraJIi, YTO CUJIOBBIE JIMHUH COBHAJAIOT C ocaMmu gedopMmanun (miu
OCAMMU KpydeHHs1), HCIBITBIBAEMON 3(UPOM B TEKTPHYECKOM IOJIE.
Ognako Kk Havyany XX B. BHISICHWIACH TIOJHAA HECOCTOATEIBLHOCTH

MEXAHUCTHYECKOH Teopun 3upal), H B HacTofmee BpeMs, MOJb-
3yACH IOHATHEM «CHJ/IOBBIX JIMHNN», HYXXHO NNOMHHTL, YTO [OHATHE
3TO UMEeT YCJOBHO-BCIOMOIATE/NLHOE 3HAYEHME M UTO CHJIOBLIE JIK-
HHH CJIy2KaT JIKIIE JJI8 rpadudeckoro u3o0parxeHns HaIPaBJIeHU
JIEKTPHYECKOTO BEKTOPA.

3. BrapoueM, mogobHO TOMY KaK IpH HaJJIeXaigeM crocobe yep-
YeHHs 3KBUIOTEHIMAIBHBIX MOBEPXHOCTEN I'YCTOTa MX PAaciiOjIoKe-
HUA MOKeT CJIy>KHMTh Mepoi rpajineHTa IMOTeHIHANa, T. e. Mepoil Ha-
NPAXKEHHOCTH 10Jis, TOA0OHO STOMY K CHJIOBBIMU JIMHUSIMH MOXHO
BOCIIOJIL30BATLCA IJId TOH XKe 1en.

Hanecrn Ha 4YepTex Bce CWIOBBIE JIKHFE, NPOXONSINME Yepes
KaXXIyI0 TOYKYy IO ¥ 3al0JHsiomue coboii Bce 3aHHMaeMOe [o-
JIeM TIPOCTPAHCTBO, KOHEUHO, HeBo3MOXHO. OOBIKHOBEHHO CUJIOBBIC
JIVHWM YepTATCH C TAKUM pacyeToM, YToObl B JIIOGOM YYacTKe IO
YUCJIO NMHEH, TEPeCceKarOIUX NEPIEeH/IHKY/ISPHYIO K HUM IJIOHIAIKY
e{MHKTHON HOBEPXHOCTH, OBLIO IO BO3MOXKHOCTH IPOHOPIHOHAIBHO

D 1IpocrpancTso (B ToM 4Ynciae u Bakyym) 0BIaZaeT He TOJBKO NPOTHAMEHHO-
CTHIO, HO M PAJOM JPYTruX (DU3HYECKUX CBOHCTB, XapaKTepH3yeMBIX 3JeKTPO-
MarHUTHBIM II0JIEM U [IQJIEM TATOTEHMHA, H MOXKET HAXOAUTHCA B PA3IMYHBIX (PH-
3UYECKHX COCTOAHHUSAX; TH COCTOAHVA IPOCTPAHCTEA 00YCIOBTHBAIOTCS HAXOA -
MUMHCA B HEM TEJaMH M B CBOIO O4Yepelsb BO3JEHCTBYIOT Ha 3TH Tena IIpoTus
yroTpebiieHus: TepMUEA «3¢UD» B CMbICJE HOCHTEIs ITHX (PUIHIECKHX CBOHCTR
«IIyCTOTrO» HPOCTPAHCTBA He MOMXKET OHTH BO3PaXkeHHit IO CYmECTBY: MOMKHO
JIMITb COMHEBATHCA B Ie/IECO00PA3HOCTH TaKOM TePMUHOJOTHH, COOTBETCTBYIO-
meit pa36HeHnIo eMHOr0 NOHATHA PUSHYECKOr0 NPOCTPAHCTRA, Ha MOHATHE 3¢H-
PA U Ha HOHATHE MeOMETPHYECKOro IIPOCTPAHCTBA, T. €. YHCTOH MPOTSKEHHOCTH,
JIMINEHHOM BCeX Apyrux ¢usudecknx codcrs. OgHAKO BeCbMa 4acTO B TEPMHH
«3¢pHUp» BKIaABIBAETCH HHOM, MexaHuCcTH4YeCKui cMbici. [Ipeacrasnenne o6 adu-
pPe KakK O HENPEPHIBHOM JKHUJKOCTH HJIM O COBOKYIHOCTH MeJLYalilliuX aTOMOB,
HECOMHEHHO, JIOJKHO, TaK e KakK H Boobue BCSIKOe HPeACTaBJIEHHE O IPOCTPaH-
CTBEHHBIX HEPEMEINEHUSIX IEMEHTOB 3¢Hupa.
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HAIIPSP’KeHHOCTH [OJIs1 Ha 9TOo¥ mwiomagke. B takoM crydvae rycrora
PaCHOIOMKEHHS CUJIOBBIX JUHHANR MOXET CJIYXKUTb MEPOM Hamps>KeH-
HocTH nosisi. [Ipu aToM 4mQITo MM, TepeceKaroIuX NPOU3BOIbLHEI
wIeMeHT NoBepXHOCTH dS, Oymer, 0MeBHIHO, TPONOPIMOHAIIBHO IPO-
H3BeIeHMI0 HanpsxenHocty EF u mpoeknuu ssementa dS Ha mioc-
KOCTh, mepneHauKyasapHyio K E. 9to npouseenenne E dS cos (En)
paBHO OTOKY BekTopa B uepe3 anement dS. IloaTomy BMecTO Tep-
MHHA <«IOTOK BEKTOpa 4Yepe3 AaHHYIO NOBEPXHOCTb» ynorpedasmoT
WHOT/IA BBIPAXKEHUE «HUHCIO0 CHJIOBBIX JIMHUM, [MEPeceKarommXx IaH-
HYIO [IOBEPXHOCTHY. DTO YUCIIO JUHUIN CUMTAETCHA NOJOXKUTENbHBIM
WX OTPHNATEbHBIM B 3aBHCHMOCTH OT TOTO, NTEPECEKAIOT I CHJIO-
Bble JIHHWU JIAHHYIO IIOBEPXHOCTb B HANPaBIE€HHM IOJOXKHUTENIbHON
(eHewHelt) WK OTpULIATENbHON (BHYTpeHHEN) HOpMaJi K Hell.

OrMeTnM, YTO NMPH YyKA3aHHOM CHOCO0E UepUeHUs CHIIOBBIX JIH-
Huil ofulee YMCI0 ITUX JIHHUMH, NEPECEKAONMX A100Y10 3aMKHYTYIO
MOBEPXHOCTE S, TOMIKHO OBITH IIPONOPIUMOHANBHEIM anredpanyeckoi
CyMMe 3apsiJIOB, PACIIOJIOXKEHHBIX BHYTpH S, H60, COIMIacHO Teopeme
Taycca (3.6), cymMa 3THX 3apAJOB IIPONOPIUOHA/ILHA [IOTOKY BEK-
topa E uepe3 S. Ilpu 3TOM, KOHEYHO, ONpEAess YHCAO0 JIHHNI, ITe-
pecekaromux S, Mbl KaXKIyI0 U3 HUX JOJDKHBI O6PaTh C HAJIEXKAIUM
3HakoM (+ mim —).

B uacTHOCTH, YHCIO CUIOBHIX JIHHUHN, NepeceKaronnx Jiobyio, He
COZIEPXKAILY 10 33PALI0B, 3aMKHYTYIO MOBEPXHOCTh, paBHO Hy/0. VHbi-
MU CJIOBAMU, YHIO (IOJIOXKHUTENbHOE) JIMHUI, BBIXOAAIIHUX U3 Orpa-
HUYEHHOrO MOBEPXHOCTHIO 00beMa, PABHO (OTPHILATENLHOMY) YKCITY
JIMHEH, BXonAmux B Hero. OTClona CIeAyeT, 4TO B CBODOMHBIX OT
3apA0B YYaCTKaX O/ CHJIOBBbIE JIMHWM HE MOPYT HM HAaIMHATHCA,

HU OkaHumMBaThCA 1) . C APYTroff CTOPOHBI, JHHIHH ITH HE MOTYT TaK-

!) Hcxmouenuem w3 310r0 mpaBMia MOTYT GBITH TOMBKO TOUKH (VUM JIMHMH)
HEOIPeeIeHHOCTH, B KOTOPBIX HanpsxXeHHOCTh mons E ofpamaerca B Hy s
¥ HANPABJICHHE CHJIOBLIX JIMHUH CTAHOBHTCA HeONpDeIe/IeHHBEIM. Takoll Toukoi
HeONpPEIE/IeHHOCTH SIBIAETCH, HAIPUMep, CepeliHA DAaCCTOAHHs MeXIY JAByMs
PABHBIMH 33pAaMH OJHHAKOBOIO 3HAKA.

IIycts, HanpuMep, B Toukax A u B pacnonoxeHbr qBa PABHBIX IIOJIOKHTE/Ib-
HBIX 3apafa ¥ Touka O nexur HA cepefune orpe3ka AB. Orpesox mpamox AC
SIBJISIeTCA CUJIOBOM JINHHEH, BJIOIb KOTOPOH HANPSAXEeHHOCTs noyia E yMenbmaet-
cs1 o Mepe yaanenus ot A u obpamaercs B rouke O B Hyns To e oTHOCHTCS 1
K cuiioeoi mHun BO. 06e IpOTHBOMOJIOKHO HAIIPABJIEHHbBIE CUIOBLe jimauyu AQ
u BO 3akanuuBaiorca B Touke (. Bmecre ¢ TeM H3 3T0# TOYKH HCXOAUT My40K
TIPAMBIX CHITOBBIX JIMHHI, PACIOJIOKEHHBIX B MJIOCKOCTH CHMMETPHH, NepIeH -
KytapHoi Kk orpe3aky AB. IIorok 4epe3 3aMKHYTYI0 OBEPXHOCTb, OXBATHIBAIO-
HIYyIO TO4KY (0, KOHEYHO, PaBeH HYIIO.

Ha sToM npumepe AcHO BUIHA TakiKe yCJAOBHOCThH IOHSITHA CHIOBBHIX TPy6oK,
T. e. HHTEH KOHEYHOI'O CEYEHHsl, TIOBEPXHOCTh KOTOPHX 0Gpa30BaHA CHIIOBEIMH
JvHuaAMH. J1efCTBUTEIEHO, CHIIOBas TPYOKa CKOJIb YIOZHO MAJIOI0 CEHeHH s, OXBa-
ThiBaomas JMHWI0 AQ, HEOrPAaHHYEHHO PACIINPAETCH IO MePe yIAJIeHHd OT 3a-
pana A. [lpu npubimikeHUN K IUIOCKOCTH CHUMMETDUMH, HPOXOAswed udepes O,
ceYeHue 310l TPyOKH CTpeMHuTCd K GeCKOHEYHOCTH M COBHR/AET B rpenaeine C
ILTOCKOCTBI0 CHMMETPHM.
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ke ObITh 3aMKHYTBIMH. B mpoTHBHOM Cily4ae, JUHENHBIM HHTErpaJ
§ Esds mo kaxmoit u3 3aMKHyTBIX JuHHA cu1 L Gsul 661 oTimues
L
or wynsa (ubo anemeHThl dSs JuHEE cua napasesnbst E @, crano
OLITh, IOABIHTErpaJILHOE BhIPaskeHue CYIIEeCTBEHHO ITOJI0XKHUTEIbHO),
49T0 mporiBopeynT ypasHeHuio (7.3). Crano ObiTh, 6 saexmpocma-
TNUNECKOM NOAE AUHUU CUA AUOO HANUHGIOMCA U OKAHYNUGAIOMCA
HO IAEKMPUNECKUT 30PAIAT , AUBO OOHUM CEOUM KOHYOM 1) yz00am
8 6eCKOHeNHOCMD.

TakuM 00pazomM, AJis HONYUEHHA NTPABUILHON KAPTHHBI IO HO-
CTATOYHO, OYEBHJHO, OT KaXKJOr0 3eMeHTa 3apAna IPOBECTH UUCIO
JIUHHM, TPONOPIHOHAIBHOE BEJIMURHE STOr0 3apaia.

Jlna He3aMKHYTBIX JIMHUI, BIPOYEM, CYMECTBYeT, HOMUMO IIepe4YHCIeHHBIX,
enie TPeThA BO3MOXKHOCTb: OHH MOryT npy 6e3rpaHUYHOM MPOAO/DKEHHH, He Te-
PeCeKasACh U He 3aMBbIKasiCh, BCIOAY ILIOTHO 3aMOMHATH HEKOTOPHIA OTpaHHYIEH-
HBIH YYaCTOK NPOCTPAHCTBA. C TAKOrO POa MAZHUMHBLMYU CAJIOBBIMH JIMHHAMH
MBIl IO3HAKOMHMCS B 1. IV. OHAKO O/l CHIIOBBIX JIMHUI 32EKMPOCTATMUNECKO-
20 TIONA 3Ta BO3MOXNHOCTE HCKJIOYEHA, HO0 JIMHUA, 3aIONHSAOMAA HEKOTOPHIA
Y49aCTOK IPOCTPDAHCTBA, JOJMXKHA IPHU AOCTATOYHOM NPOJOIKEHMHM KaK YTOHO
6JIM3K0 HOAXOZUTH K paHee MPONZEHHHIM €0 TodkaM. Ecm P u P' cyTs ase

Takue OGeckoHeIHO OJIM3KHE TOYKH Ha NoA0GHOM CH/IOBOM sHuM L, TO HHTErpas
PI

f E; ds mo 3toit siusumn GyAeT CymeCTBEHHO MOIOXWUTeseH H Gyaer obianarsh
P

xoneuwnotl Benmuunoii. Bmecre ¢ TeM, ecsi Tosbko BekTOp E KoHeudew, 3TOT HH-

TerpaJl JOMKeH OTAHYATHCS JIHIb HA 6eCROMENHO MAAYN 6eAUNUHY OT UHTerPa-
Ja f E; ds 1o aamxnymomy xOHTypy, 00pasoBaHHOMy OTpe3koM PP’ cunosoit
JIMHHH U 6ECKOHEYHO MaJIbIM OTPE3KOM IpaMoit, coemumaomeit P’ ¢ P. Ho mo-

CllempMil HHTErpast, cornacuo (7.3), paBeH HYMIO, T. €. OTIMIAETCS HA KOHEYNYH
Pl

BEJTMYHHY OT f E, ds. 3TuM IpOTHBOpEYHEM U JOKA3HIBACTCA HEBOZMOXKHOCTH
P

CyImieCTBOBAHHA CHAJIOBBIX JTAHWE YKA3aHHOro THITA.

Banpgaua 9. Iokazars, ucxonsa u3 (8.10), 4yTo HAIPSIKEHHOCTH
NoNsA JUIONA MOMEHTa P, JHHUM CUJI KOTOPOro H300pakeHbl Ha

') Oba KOHLIA CHITOBOI JIMHIK HEe MOTYT J1eKATh B 6ECKOHEUHOCTH, €CITH TO/IBKO
BCe 3apsIp! PACTIONOKEHbl B KOReHOM 061acTH pocTpancrea s nokasaTess-
CTBa JIOCTATOYHO NPUMEHHTE ypasueHue (7.3) kK 3aMKHY TOMY Ty TH, IOy 4aeMOMY
TIpy 3aMBIKAHHH PAcCMaTPHBAEMOI JINHIM B GeCKOHEUHOCTH AyTolt Kpyra Gecko-

HEYHOTO PaJNyca, H IPHHATH BO BHUMAHMe, YTO HHTErPas f E; ds o sroit qyre
CTpeMHTCST K HYJIO IPH Bo3pacTaHumM paguyca Ayru R (u6o npm mocrarouno

GosmwoM R mveem E ~ —1—, a fds ~ R).
R2
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puc. 15, pasHa
_3pR)R _p
# 4TO B cdepHueckoil cucreme KoopauHar R, 19, a ¢ ueHTpoM B -
nojie ¥ MOJIAPHON OChIO, MapajleNb-
HOMt P, ciaraouye sekTopa B paBHb

Eg= 2pcosd

B (10.5)
Eq =0.

__ psind
Eﬂ = R
Takum obpazom, yron 8 mexay
CUJIOBON JIMHUWEN W PaJiyCOM-BEKTO-
poMm R onpegenserca cOOTHOIIEHTEM
E 1
tgB =22 = _tgd.
Egr 2
Ha oguHakoBbIX paccrosiuusax R
OT JHUIIONA Iose BIOJIb ero ocu (¥ = Puc. 15
= 0 wiu ¥ = 7) BABOE CWILHEE, YeM B IKBATOPUAJILHON IJIOCKOCTH
(¥ =n/2).

§ 11. YpasHenuna Ilyaccona n Jlanmnaca

Vpabuenve (10.2) yCTaHaBIWBAET CBA3b MEXJAY HOTEHIHAJIOM
IEKTPOCTATHYECKOrO IIOJIsl i HANPSXKEHHOCTHIO 3Toro nons. 13 sro-
IO ypaBHEHHs MOXHO IIOJ[y4UTh COOTHOUIEHKE MEXIy MOTEHIUAIOM
H IUIOTHOCTBIO 3apsija. JlJIsi 9TOro Hy>KHO 00pa30BaTh AMBEPreHIJUIO
oberx yacrell TOro ypaBHEHUA i BOCIOIb30BATHCA 3aTeM (HOPMyIIoit
(6.5):

divgradp = —divE = —4mp. (11.1)
CornacHo npaBuiaM BeKTOPHOIO aHaju3a [cM. ypaBHenHe (40%)]

2 2 2
A (11.2)

: 2
divgrad ¢ = Vp = PP Wi W

TaK uTo ypasuenue (11.1) Moxer GBITh 3amUCcaHoO Tak 1) :

2, 0% 3y &y _

9to muddepeHuranbHOe ypaBHEHHe HOCUHT HA3BAHWE YPASHEHUA
Iyaccona. B rex y4yacTkax nosis, rje HeT AEKTPUYECKUX 3apsAOB

1) Bemanny V2 unorga o6osHavalor Yepes Ay M HA3HBAIOT JIATUIACHAHOM
ckanapa ¢ [cp. ypasuerue Jlanmaca (11.4)].
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(p = 0), ypaBHenue 370 06pamaercd B CIeLyIOLiee:

2 _ o 8y o _

DTOT yacTHBIM Bug ypasHenus [lyaccoHa HOCHT Ha3BaHWE Ypas-
nenus Janaaca t) .

YpaBuenne IlyaccoHa JaeT BO3MOXHOCTb ONPEJENUTb ITOTEHIH-
aJ1 oy 00HEMHBIX 3aPsJIOB, €CIM M3BECTHO PACIIONIOKEHNE STHX 3a-
pajgos. Pemenue (uaTerpain) storo auddepeHnuatbHOr0 ypaBHeH s
(npu ompeiesieHHBIX MPAHUYHBIX YCJIOBUAX) JOIXKHO, OYEBU,IHO, COB-
najaTh C BLIBEJEHHOM HaMmu paHee ¢opmynoii (8.8):

_ | pdV
o o

B nanpueiiieM Mbl JOKaxeM 3TO HEMOCPEICTBOHHBIM BLIYHCIIE-
uueM. [loka 3Ke OTMeTHM, YTO JJis PeilleHns HEKOTOPHIX 33,034 yA00-
Hee WCXOAUTHL He U3 uHTerpana (8.8), a HenocpeacrBenHo u3 audde-
peHnuanLHOro ypasaenus (11.3).

II puMme p. Onpedeaumd naomHuocms MePMOUOHHOZ0 TOKG MeHCdY J8YMA
BECKONEUNBMU NAOCKUMU daeKmpodamu 6 Gaxyyme. [IpuMep 3T0T HA mpUMeHe-
HHe ypaBHeHHs1 IlyaccoHA B3AT He U3 3ACKTPOCTATHKH, a U3 yUCHHHA O TOKE H
uMeer BosbITOe 3HAMEHHE A1 TEOPHUH KATOMHBIX (yCHIIATE/IbHBIX ) JIAMIL.

M3pecTHO, 4TO HAKaJIEHHBIE METAJUIBI MCOYCKAIOT CO CBOEH IOBEPXHOCTH B
OKpYy2Kalomee HPOCTPAHCTBO MOTOK CBOBOJHBIX 3/IeKTPOHOB. Ecim K AByM Me-
TAJTHYECKHM 3JEKTPOAAM IPHJIOKHUTH ONPEIE/IEHHYI0 PAa3HOCTh MOTEHIHAJIOB
M PAaCKAIHTh OTPHIATENbHBIN 3IeKTPOA, (KATO/), TO HEMPEPHIBHO HCIYCKAEMEIE
HAKAJICHHBIM KaTOAOM 3IEKTPOHBI OyyT IPUTATHBATBCA K IOBEPXHOCTH IOJO-
JKATEIBHOTO AIeKTpoaa (anona). IIoTok 3MeKTPOHOB, ABMKYIMHUXCA OT KaToaa K
aHOIY, IKBHBAJIEHTEH MIEKTPUYECKOMy TOKY. TOK 3TOT HA3LIBACTCA MEPMOUOH-
HOIM.

BrifepeM 0CH AEKapPTOBREIX KOOPAMHAT TaK, YTOOH HAYAJIO MX HAXOAHIIOCH HA
KaToJe, & 0Chb  Obliia MepneHIuKyIAPHA [VIOCKOCTH JIEKTPOJIOB U HAIPDABIEHA K
anoxy. IIpuMeM moTeHman KaToqa paBHBIM HyJIO, & MOTERIMAJI AHOAA PABHBIM
pa. U3 cooBparkeHUIT CHMMETPHH ABCTBYET, YTO SKBUIOTEHIIHAIbHBIE TIOBEPXHO-

o Oy
CTH TApaJl/le/IbHB AMEKTPOJAM, TIOITOMY el i 0, u ypaeuenue Ilyaccona
z
B HpOCTpaHCTBe Me)KAy INICKTPOAaMHU IIDHHHUMAaeT BUL
&y
—= = —47p. 115
o2 P (11.5)

Ecnu 0603Ha4uTh 9epes n(<) 9uCII0 3JIEKTPOHOB, IIPHXOAAUIHEXCA Ha €JHHHAILY
o6beMa B NPOCTPAHCTBE MEXKJAY WIEKTPOAAMH Ha PACCTOSHHMH T OT KATOAA, a
yepe3 & abcoaromiyio BeJMYUHY 3apAaa 3JeKTPOHA, TO ILUIOTHOCTH 3apsia Ha

1) Vpasrenus (11.3) m (11.4) 6putn usyenst Jlannacom u Ilyacconom riae-
HeM 00pa30M B CBA3HM C HCC/IE0OBaHHEM IIONs TATOTEHHs BecOMbix Macc. Kak
Jerko ybemnThes, yPABHEHHAMH 3TOr0 THIA ONPeAeisieTCs HOTeHuasl JT6oro
CHIIOBOIO TOJIsA, BO30YKAaEMOT0 PaCIONOKeHHBIMA B HEM HEHTPAMU CUi (Beco-
MpIe MACCHI, JEKTPUIECKHE 3aPsAbl, MACHATHBIE IIOJIIOCH) TI0 3aKOHY 00paTHOMN
IIPOHOPUHOHANBHOCTH KBaJPaTy PacCTOSHHS.
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3TOM PaCCTOSTHUU Oyzer:
p = —n(z)e.
IIpenmonoxuM JuTst IPOCTOTHI, YTO HUCIYCKAEMBIE KATOAOM 3IEKTPOHBI IIPH

BHIXOZIE M3 €ro TOBEPXHOCTH He OONANAOT HHKAKON HAYalIbHON CKOPOCTHIO '),
Ha nyru OT KaToZa K aHOLY CHIbl JIEKTPUYECKOro IO BYAyT COBEPINATh HaJ
WIEKTPOHAMH 3apama —e pabory —(—e)ps = eya., KoTopas Oyaer, O9eBHAHO,
MEPEXOIUTH B KMHeTHYECKY 10 SHEPTHIO JBHKEHU MIeKTPoHoB. O6o3Ha4as yepes
v(T) CKOPOCTH 3MEKTPOHA HA PACCTOSTHUM Z OT KATOAA, a Yepe3 (T) moTeHIman
Ha TOM e PACCTOSHHH, IONYIHM
mv(z
———2u = ep(z), (11.6)

e ™ — Macca eKTpoHa. HakoHen, IVIOTHOCTH j 3/MEKTPHIECKOro TOKA, T. €.
3apsaj, MPOTEKAIOUHIL 33 eAPHALY BPeMeHH Yepe3 INepIeHIUKYJISPHYIO TOKY (T. €.
HepHeHUKY/IAPHYIO OCH Z) ITomanky & 1 cM?, pasHa, oueBHIHO:

Jj = en(z)v(z), (11.7)
#60 NV eCcTh YHCIO AeKTPOHOB, HPOXOAAUIMX 33 €JHHUILYY BPEMEHH 4epes 3Ty
WIOW@AKy. B oTnuune or p, 7 ¥ v INIOTHOCTH TOKA j €CTh BEIITYHHA TOCTOAHHAA,
He 3aBUCAMAS OT £, 160 0 JOCTHIKEHMH CTAlMOHAPHOTO COCTOSIHUA Yepe3 miolyio
Mapa/uIeTbHYIO SJIEKTPOAaM IJIOCKOCTD IPOXOIMT, OYEBHIHO, OFUHAKOBOE YHCIIO
IEKTPOHOB.
UckmounM u3 ypapuenua (11.5) sce HemssecTHble PyHKUHH T, KDOME (.
TIpexxne Bcero

CTAJIO BBITD,

i - m
¥ = 4y vz, =,
dz* 2e
il 4 _
Beoas o6o3nauenne A = 9x, [ —, mosyunm bl —Ajp~ 2,
2e dz2 9
Kak nerxo y6enuThCsi OACTAHOBKOM, T6 M3 pelleHu#l 3Toro audgepeHnu-
aJIbHOrO ypaBHEHHH, KOTOPOe, COIVIACHO YCIOBHIO 3a3a%H, obpaumaercsa Ha KaToae

B HyJIb H, KpOMe TOTO, VOBIeTBOPSET yCIIOBHUIO *

6_<p=0 mpu z =0,

oz

!) B meiicTBUTe/IHOCTH OHM 06/1ANAI0T HAYATLHBIME CKOPOCTAMH, CPEJHEE 3Ha-
4YE€HHE KOTOPHIX, OJHAKO, MAJIO II0 CPABHEHHIO CO CKOPOCThiO, MpHOGpeTaeMoit
3JMEKTPOHAMH Ha IyTH K aBOAY HOA AEHCTBHEM IOJIS 3JIeKTPOJOB (IIPU OGbIMHBIX
YCJIOBUSX OILITA).

2) Tlpu MaJIBIX PA3HOCTAX MOTEHIHAIOR MEHKLY NIEKTPOJAMH TOK JATeK OT Ha-
CHIIEHHU S, ¥ YHCIIO 3JIEKTPDOHOB, IPUXOAAIGKX Ha aHOJ B eIHHHUILy BPEMEHH, MAJIO
0 CPABHEHHWIO C YHUCJIOM AIEKTPOHOB, BHIACIAIIINXCA U3 KATOAA. 366ITOuHbIE
3JIEKTPOHB! 00Pa3yIoT IIPH 3TOM HA BHEIIHel MoBePXHOCTH KaToma (x = 0) cirof,
WM «06JIAK0», 3IeKTPOHOR, H3 KOTOPOro OTAENbHEE K TPORK AdPyEAUpYIOT
4acTHIO OGPATHO B KATOM, YACTHIO B IPOCTPAHCTBO MEXKAY MIEKTPOJAMH, OTKY A
OHH YBJIEKAIOTCs nosieM K anony. CaM ke 3TOT C/I0ii B UEJIOM HENOIBUAKEH, YTO
MOKET UMETh MecTo Jinp npu F = dp/0z = 0.
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paeHO
2/3_4/3
¢ = (Ag)*/ 223 (11 8)
Ecsm 0603Ha9uTh paccTosiHUE OT aHOA IO Karoga depes [, o nupu z = | noren-
LIHAIT p JOIZKEH 00paIaThCA B Y. Crano GbiTs,

Pa = (A)"113,

5= L L,/2—e—“"3/2 (11.9)
A 2 Ir Ym 2

TaxkuM 06pa30oM, IUIOTHOCTh TEPMOMOHHOTC TOKA He MOJYMHAETCA 3AKOHY
Oma, a pacrer NPONOPUUOHAJIBHO CTENeHH 3/2 NPHIIOKEHHOTO K 37eKTPOIAM
HAIDPSXKEHHH Yo M 0OPATHO MPONOPHHMOHAILHO KBANPATY PACCTOSHHA MEXKAY
HHMH. JTO OT/IMYHE 33aKOHOB TEPMOHMOHHOTO TOKA OT 3aKOHOB TOKa B METAJLIAX
00yCJIOBIMBaETCA NBOAKOIO POAa HPHYMHAMH. Bo-IIEpBBIX, 3/IEKTPOHBL B MeTAJ-
JIaX COYJapsIIOTCs C IONOXKUTEIBHBIMU HOHAMH, 06pa3yomuMu TBEpbIi cKereT
MeTaJLId, H UCHBITEBAOT OJIArOAaps 3TOMY CONPOTHUBIIEHHE CBOEMY JBHKEHUIO,
OTCYTCIBYIOWiEE TIPH ABMMKEHWM B BaKyyMe !). Bo-BTOpEHIX, IIPH TepMOHOHHOM
TOKEe B NPOCTPAHCTBE MEXIY 3VIEKTPOAAMH HAXOJATCH JIHIIL CBOGOZHbBIE 3JIeK-
TPOHBI, 3apAJ KOTODBIX HE KOMIEHCHPYETCHA 3apAA0M IIOJI0XKHUTE/BHBIX HOHOB,
KaK 3T0 HMeeT MECTO B METAJLJIAX, BCJIEACTBHE Yero noJjie 3TOro TaK Ha3bIBaeMOoro
«IIPOCTPAHCTBEHHOI'O 3aPAa»> HUCKAXKAET ITOJI€ JIEKTPOJIOE.

Ormernm, uro dpopmyna (11.9) nepecraer 6bITE CIpaBeTHBO# IpH GOMLITHX
TUIOTHOCTAX TOKa - ). Ilpu moBblmeHwn noTeHUWaATa aHOJA HACTYIAET MOMEHT,
KOT/1a BCE BBIAENsIeMble KATOIOM 3JIeKTPOHBI HEMEJICHHO e yBICKAIOTCA K aHO-
ay. JanbHeiiree MOBbIIEHHE TOTEHITHAIA AHOIA He MOXKET, OYEBHAHO, IOBECTH K
YBeJIM4eHHIO IUIOTHOCTH TOKA, KOTOPas, TAKMM 06pa30M, IOCTUIAET OCTOSHHOI'O
3HAYeHNs (TOK HACHINEHUS).

OTKYIa

Sagaga 10. IIycte R o3HauyaeT paccrosHWe JAHHONR TOYKH
NMPOCTPAHCTBA OT HEKOTOPOU NpPOW3BOJLHO BLIOpaHHON HavaaLHON
touku P. Hokazark, 4To ckauap

=1
v=%
VAOBJIETBOPAeT ypasHeHuo Jlamraca
vii=o. (11.10)
R

Touka R = 0 He paccMaTpuBaercd.

3agayva 11. BeckoHedyHas mIOCKasA IJIACTHHA TOJIIMHON 2a
paBHOMEPHO 3apAXKEHA WIEKTPHYECTBOM € 00bEMHOU IJIOTHOCTLIO P.
Ocn z NepHeHIMKYJISPHA IJIACTHHE, HAYAJI0 KOOPIHHAT PaclooxXe-
HO B CPeIHHHON IUIOCKOCTH, PaBHOOTCTOAIIEH OT 00eHX MOBEpPXHO-
creit acTiHsl. 1loka3aTh, 4T0 NOTEHIMAN IO BHYTPH ¥ BHE ILIa~
CTHHBI PaBeH COOTBETCTBEHHO:

pi = ~2mpz’, .= —2mpa(2z — a),

1) Coynapenue 3JIeKTPOHOB JAPYT C APYroM He U3MeHAeT HX JOJHOr0 KOJH4e-
CTBa, JBUKEHHUS.

2) I'parranoe yostosue dyp/dz = 0 ipu £ = 0, KOTOPEIM OTIpeesIAeTCa PelleHye
(11.8), mepecraeTr COOTBETCTBOBATD (PHIMYECKUM YCIOBHAM OIBITA.
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a BekTop E Hanpaseien BJosb OCH T OT CpeiuHHOM miockoctu ¢ = 0
(ecrm p > 0) ¥ YHUCIEHHO paBeH:

E =dnplz|, |z|<a, E=dmwpa, |z|2a.

CpaBHUTB 3TOT C/Iy4ail ¢ IpeJebHBIM CIydaeM HEeCKOHEeYHOM 3a-
paxxenHoii miockoctu (§ 4).

3anava 12, Halftu noTeHyyasn noid miapa, paBHOMEPHO 3a-
PSKEHHOr'O 1O cBoemy ofbemy [dbopMmyna (8.12)]1,) HCXO/I U3 ypaBHe-
uug Ilyaccona B cepryecKux KOOP/JHHATAX.

§ 12. Ilorennuan 06 beMHBIX U ITOBEPXHOCTHBIX 3apAJ0B

1. B aroMm naparpade MBI IpUBEIEM [JOKA3ATE/ILCTBO BhIPasKeHU
(8.7) u (8.8) nuisi nOTEHIMAA NOBEPXHOCTHBIX M 00LEMHBIX 33PANOB,
cBOOOAHOE OT TeX HEeJOCTATKOB, KOTOPHEIMH ODJIAaeT NPUBEIEHHbIH
paHee BBIBOJ 3THUX BHIPAKEHHUN 3 (POPMYJIBI JJIisl HOTEHLHANA TO-
weqHOro 3apsga (cM. c. 44, 46) 1) . Ilpu aToM MBI By/eM MCXOLUTD U3
ypasnenusi ITyaccona (11.3) nisi moTeHUMANa 3JEKTPOCTATHIECKOTO
[OJIS ¥ BOCIIOb3YeMCA U3BECTHOH U3 BEKTOPHOIO aHAIN3a, meopemoti
I'puna [cm. (53*)], xoTopas rmacur:

[V —ovip)av = § (2 - p2) ds. (12.1)
S

on
v

3nece S 03HAYAET TOBEPXHOCTE, OFPAHUYUBAIOILYID 0bbeM V, a v ¥
1) — [Be IPOM3BOJIEHEIE, HO HEIIpephIBHEIE BHYTPH obbeMa V' ckasisp-
Hple HYHKIMH TOYKH, 00JIaJaI0ue BHYTPH 9TOT0 00beMa KOHEIHbI-
MH MPOU3BOAHBIME KaK HEPBOrO, TAK M BTOPOIrO HOPH KA.

IMoctapum cebe 3asadell OnpefiesinTh 3HAMEHNE 3JIEKTPUYECKOTO
MOTEHIINAJa (P B HEKOTOPOU Touke nonsi P. O6o3uavynM paccrogHue
MPOM3BOJIBHOM TOYKY oA OT ToYkKd P depes K. [lonoxum B Teope-
me I'puna (12.1)

1
Y= R
U Ip¥MeM Bo BHUMaHue ypasHenue (11.10):
viloyg
R ?

1) B coBpeMeHHbIX KHHTAX 10 3MEKTPOAMHAMHKE I OIMCAHNA TOYTHBLIX 3a-
PSA0B YACTO HCHIONb3yeTcd §-GyHKuua. DTa HecoGcTpeHHAs (YHKIINSA TO3BOMA-
eT JOBOJIBHO yno0HO nosny4aTh pelreHusi ypasuenwuii Ilyaccona n I’ Anambepa.
IIpuMeHeHHs 0-QYHKIHUH B IEKTPOAMHAMKMKE H — B YACTHOCTH — [JIsl PeIeHHs
YIOMSHYTBIX yDaBHEHHH C ee TOMOIIBI0 MOXKHO HAfiTH, HAllpHMep, B KHUTE:
Ianoeckuti B., Quaunc M. Kitaccuueckas snekTpoarHaMuka. — M.: OusMaTiuT,
1968. — § 1.1; 1.5; 13.2 (IIpumex. ped.)
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u ypasuenue Ilyaccona (11.3):
Vip = —4mp.

Bnoca atu 3navenus B dopmyny I'puna (12.1), nonyunm nowte
nesieHus Ha —4n:

[pv=tflep (B)-2bas o

2. IIpeamonoKuM cHAYAIa, 9TO BO BCEM PACCMATPHBAEMOM HaMHU
obwveme V, BrirodatomeM B cebsi Touky P M OrpAHHYEHHOM IOBEPX-
HOCTBIO S, MOTEHIHAN (¢ U ero MPOU3BOAHLIE ABJSIOTCS HENPephiB-

n HbIME dyBKIuaME Touku. CKajaap xe

U ero NPOU3BOJAHBIE HENPEPHIBHBI U KO-
HEYHbl BO BCEeM IMPOCTPAHCTBE, KpOMeE
touku P. Tak xak teopema I'puna npu-
MEHMMA TOJBKO K TAKHUM YYACTKaM Ipo-
CTPaHCTBA, B KOTOPHIX 00a CKaadgpa, @
H 1), ¥ UX MNPOU3BOJHBIE HENPEPBIBHHI,

Puc. 16 TO TOYKy P HeoOX0AMMO UCKJIIOUHThL U3
obnacTy uHTerpupopanus V. OnumieM c¢ 31oit 1enbio Bokpyr P cde-
py So (puc. 16) npouzsonbHo Masoro paauyca Ry u npumedum ¢op-
myay (12.2) x obwemy V', 3akiouenHoMy MeXK/y BHENIHel moBepx-
HOCTBIO S U MOBEPXHOCTLIO chephr Sp:

sw-2 (L (D)-dkbes o
\4 S+5So

rae uagexc S+ Sy y 3HaKa DOBEpXHOCTHOTO HHTErPaa 03HAYAET, ITO
HHTErpaJj JOJuKeH ObITh pacupocTpaHeH MO HOBEPXHOCTAM S u Sp.
PacemorpuM nozpobHee MHTErpai O HOBEPXHOCTH Sp.

BremHAs 10 oTHOLIeHHIO K 06beMy uHTerpuposBasus V' Hop-
MaJib K MOBEPXHOCTH Cephbl Sy HampaBjeHa K ee HeHTPY W OpaMO
MPOTHRONOICXKHA paauycy-BekTopy R. [Tosromy Ha nmosepxuaocTa Sy

81 __ 0 (l)=L=L
on R R \R R? 2

-a—(’i e ——8—(P
on aR’

BreceM 3TH 3HA4eHUs B HOBEPXHOCTHBIM HMHTErpaJl ypPaBHEHHs
(12.3) u nmpUMeHHM 3aTeM TaK HA3BIBAEMYIO «TeOpeMy O CPeJHeM»
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HUHTCI'PAJIBHOI'O HCYUCIIEHH .

L {wi (l)_iéae} Sﬁ{i L_‘P}dsz
47rS on \R R 9n R Ro 8R
0
1 fls4 1 a_w)}gé g
4r {Rg(p + Ro (aR a5,
So

e\ d¢

rje ﬁ u e CYTE HEKOTOPbDIE CpeAHUE 3HAYEHUS BEJINYHUH ﬁ ue

Ha nosepxuoctu cepnt Sg. Tax kax ¢ dS pasen 061ell HOBEPXHOCTH
cdepsbt 47rR8, TO IpaBas 4aCThb YPABHEHWS DaBHA

o+ o(3E)

bynem temeps cTpemurth kK Hyso paguyc Ry, crarusas cdepy
Sy B Touky P. [Ipu 3toMm nocnegHuil 4yieH NPHBEJEHHOTO BLIPAKe-
HUs oOpaTUTCS B HYJb, a CpedHee 3HaYEHWe HOTEHIHAIA ¢ Ha Io-
BEPXHOCTH OECKOHEeYHO MaJioii cpepbl MOXKeT ObITh IPUHATO PABHBIM
3HaYEHHIO NOTEHLUANa (f, B € LEHTPe P. Takum obpazoM,

dm e oo (B) ~maa) 95 =em (29

CanenosarenibHo, B npeaene npu Ry — 0 ypasuenune (12.3) npu-
HUMAEeT BHJ|

[4v=ep+ (o2 (3)- 42} s

\'

o= B0 LS (D)o

rze o6 beMHbI HHTETPAJ MOXKeT BBITh PACIPOCTPaHeH HA BECH OTPa-
HUYeHHBIH MOBEPXHOCTBLIO S 06beMm V', ubo npu By — 0 V' crpemur-
cad K V, a noaBIHTErpaJILHOE Bblpa}KeHHe OCTAeTC KOHEYHBIM NpHU
R=0 (c 45).

Utak, nmoTeHnuan ¢ B Touke P, mexamiett BHyTpH obbema V', B
KOTOPOM (0 U €T0 IIePBhie ¥ BTOPbIE MPOU3BO/HEIE KOHEYHB! U Helpe-
PBIBHBI, OOpeesisieTCa NOTEHINAMOM O0BeMHBIX 3apsAO0B, PACHOJIO-
xKeHHBIX B V [cp. ypaBuenue (8.8)], u 3uavyenuamu ¢ u dp/0n na
orpanpunsaweit 0obem V noeepxnocta S.

3. IlpepnosoxxuM Temepb, YTO XOTA MOTEHIHAT (0 H OCTAETCS
KOHEYHBIM M HENPEPLIBHBIM B O6beMe V', CIIOMIHOCTL (Hernpepbis-
HOCTb) TPaJUEHTa (Y MOXKeT HAPYIIAThCHA Ha OTJEJIbHBIX <IIOBEPX-
HOCTSIX Pa3pblBas, T. €. 3Ha4YeHUs grad @ [o pasanyHbIM CTOPOHAM

KA
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NOBEPXHOCTH Pa3pbiBA MOTYT OTVIMYATHCH HA KOHEYHYIO BEJIMYUHY
(n3menenue grad ¢ ckaukom). Mbl yBHAMM, 9TO DUIMYECKHI CMBICI
3TOTO MPEANOIOKEHUA CBOAUTCH K AONYIIEHIIO HATHYHA B 00beMe V
3aPSKeHHBIX [TOBEPXHOCTEH.

IlpennonoxuM CHa4yalla, YTO BHYTPH V CYIECTBYET JHUIL O/IHA
¥ IIPUTOM He3aMKHYTasl HOBEPXHOCTEL pa3pbiBa 5. BuibepeM mpousz-
BOJIbHBIM 06Pa30M HAIpaBJ/ieHHE IOJIOKUTENIbHON HOPMAJIN K Hell H
0603HaYNM ee He Yepe3 n, Kak obbraHo, a yepez N (puc. 17). Ilpose-
[leM 3aTeM 3aMKHYTYH [OBEPXHOCTL S, oxBarbiBatomyo S1; TOrja
dopmyny (12.5) MoxkHO Byjer, 04eBU/HO, IPUMEHUTD K 00bemy V',
3aKII0YEHHOMY Mexay nosepxuoctamu S u S7. Ipu atom Bxoxsamumit
B (12.5) MoBepXHOCTHBI HHTErPaJl PaCHAJETCS Ha JABa HHTErPaJIa; Mo
HOBEPXHOCTH S U 110 HOBEPXHOCTH S].

N

Puc. 17 Puc. 18

ByzeM Tenmepb CTATMBATH HOBEPXHOCTh S Tak, 4yToGbl OHa BCe
miorHee npuierana kK S;. B mpegene S] coemagzer ¢ S, u mmTe-
rpupoBaHue 1o S| CBEAETCs K 08YKPamHOMY MHTErPUPOBAHHIO MO
MOBEPXHOCTH PAa3pHIBa S)1: OAUH Pa3 1o BHyTPeHHeH (OTHOCHTENHLHO
Hopmasid N), a pyroii pa3 no BHeuiHe# CTOPOHE 3TOM OBEPXHOCTH!

S'li—+sl4i7r {llzgi an( )}dS_

./{zlzgi ©or (%)}1d8+$5/{};%f—w% (£)},4s
1

rae uHjaekcaMu 1 ¥ 2 oTMedeHb! 3HAYEHHA HO/ABIHTEIPAIbHBIX BBIPa-
JKeHUH COOTBETCTBEHHO C BHYTPeHHeil (oTHOCHTenbHO HOpMayi IN) n

BHELIHeHM CTOPOH HOBEPXHOCTH paspbiBa Sp. B 9ToM ypasHeHHu nox n

HY>KHO HOHMMaTbh, OYeBH/IHO, HOPMaJIb, BHEIIHIOI 10 OTHOUIEHHUIO K
obbeMy unTerpuposanus V', . e. nanpasnennyo u3 V' x Sy. Nuwr-
MH CJIOBaMM, C BHYTPEHHE! CTOPOHBI OT S MOJ N HY>XXHO HOHUMATh
HanpaBJIeHHE Nj, a ¢ BHeImIHeli — Hanpasiedue ng (puc. 18). Tak
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KaK N napa.nnenbﬂo n u aHTHnapa.nn&ano n2, TO
{i (l)} -9 (1) {i (1)} -_0 (1)
on \R/J1 o8N \R/’ dn \R/J2 ON \R
(52, =(oe) (52),=-(5%)
8n ON an/2 8N /2’

rae (_ng_) " (@i) CYTh 3HAYEHUs MPOUIBOAHON ¢ N0 HOPMAJH
ON /1 ON /2

N ¢ BHyTpeHHell ¥ BHemHe# cTopoH nosepxHoctu Si. ObozHauasa

COOTBETCTBYIOIINE 3HAYEHUS HOTEHHUANA (p Yepe3 1 U P2 U BHO-

€A I0Jly9eHHble BLIPasKEeHWs B PELIIECTBYIONIEe YDABHEHHUE, MBI [0

NPUBEICHUN WIEHOB IIOJIy YUM

e 21‘5556{; 2o (5)} 5=

1

- & fiom e (2 as- & (30, (@) 3o

S1
(12.6)

Tax xax, COrVIaCHO HAIEeMY [IPeNIONIOKEHHIO, IOTEHIHAJL ¢ BCIO-
Iy HEpPephLIBEH, TO 3HAYEHUs €r0 (] U (P2 MO 0BeUM CTOPOHAM MO-
BEPXHOCTH OJWHAKOBbl, M HEPBbIA WIeH NPaBOM YacTU ypaBHEHWS
(12.6) obpamaercss B Hysb ). Crano 6biTh, ectu BBeCTH 06o3HAYE-
Hue

3_90) _ (%_) =—4
(aN 2 \8N/1 o (12.7)
TO NpaBas 4acThb ypasHenus (12.6) npumer Bug
/ 2 4s.
R
S1

Bmecte ¢ tem npu coBmagedun S7 ¢ Sy obbem V' coBmagaer,
0YeBHHO, ¢ 00beMOM V', OrpaHUYeHHBIM TOBEPXHOCTBIO S, TaK 4YTO
ypasuenne (12.5) npunEMaer Buj

o= [ [ L2 (s

TaKOBo, CTAJIO 61>m>, BBIpAXKeHNE MOTEHUINANA, et BHYTPH Or-
PaHUYEHHOrO IOBEPXHOCTBIO S obbeMa V mMeerca He3aMKHyTast
TIOBEPXHOCTh S] pPa3phlBa CIIOIMHOCTH rpagueHTa . Ecmm takux
DOBEPXHOCTEH HECKOJNIBKO, TO K KaXXJIo# M3 HUX MOXKHO NPUMEHHTH

1) Cnyuait @1 # o Gyner paceMorpen B § 14.

3 N. E. Tamm
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NPHUBEJIEHHBIE PACCYKJAEHHS, TaK YTO B 3TOM CJIydae MOJ BTOPBIM
wicHoM nipaoit yactu opMynbl (12.8) HyXKHO MOHEMATH CYMMY
HHTErpaJjioB M0 8CeM [IOBEPXHOCTAM Pa3pbIBa, JeXKAITUM BHYTpu V.
QopMyna 312 NPUMEHAMa, HAKOHEH, M K (JIy4Yalo 3aMKHYTBIX IO-
BEPXHOCTEHN pa3pbiBa, n0O BCAKYIO 3AMKHYTYIO HOBEPXHOCTb MOXKHO
Pa3JIOKHTh Ha JBe HE3AMKHYThHIE.

4. Tepssbiit unen Bbipaxkenusi (12.8) npencrasaser coboit noTeH-
nHa o0bEMHBIX 3aPANOB, PACHOJIOXKEHHEIX B 00beMe V, BTOpOIl xe
ero YJIeH JIOJKeH OLITh, OUEBUIHO, UCTOJIKOBAH KaK IHOTEHLHAJ IO-
BEPXHOCTHBIX 3aps/I0B, DACNPE/IEeHHbIX C INIOTHOCTBIO O 10 [IOBEPX-
HOCTH paspbiBa S| [cp. ypaBuenue (8.7)]. DTo TonKOBaHME BHOIHE
COBHAJAET C paHee NOJyYeHHbIMH pedyabraraMu. [leficTBHTENLHO,
ecIu [Oo-IpekKHeMY 0003HAYUTh NMPOM3BOILHO BHIOPAHHYIO HOIOXKH-
TeJbHYI0 HOpMaJb K S He 4epe3 N, a yepez n, to (12.7) npumer

BH/,
?56) - ("L‘P) S
(6n — (32), = —4ro. (12.9)
Ho, cornacuo (10.1),
En = __6_90’
on

roe FE, —HOpMajabuasi Claraoliag HalpsiKeHHocTH oond. Craso
ObITh, ypaBHenue (12.9) MoXKeT ObITH 3amMUCAHO CJEAYIOUUM OGpa-
30M:

B, — By, = 4no.

CpastuBas ero ¢ ypasuenueM (4.3), Mbl y6exKaeMcsi, 4To Be-
JMUYUHA 0, oupejensieMas ypasHenueM (12.9), meiicTBUTENBHO paB-
HA IIOTHOCTH 3JIEKTPHUYECKOTO 3apana Ha moBepxHocTd Sp. Takum
00pa3oM, Mpl BHOBH MPUXOJUM K BBIBOJY, 9TO MOBEPXHOCTH Pa3phl-
Ba HOPMAALHOU cagzatouweli TPaUEeHTa HOTEHIHUAIA (T. €. TOBEpXHO-
ctu paspeiBa Ej) dbuU3udecKr PaBHO3HAYHBI 3aPAXKEHHBIM HOBEpPX-
HOCTSIM, IIPUYEM CKA4YOK 3Tol crararouleit dyp/dn nponopuuonaien
[JIOTHOCTH 3aPS/Ia [HOBEPXHOCTH.

5. ObpaTuMcs, HAKOHeI], K IOCTIeHeMY YIeHy BbipaxkeHus (12.8),
[PEeICTABIISIIONIEMY COOO WHTErPaJl [0 NOrPAHNYHOM TOBEPXHOCTH S
o0beMa V 1 BrIpaskaomeMy 3aBHCUMOCTh HOTEHIIHAIA 0 B 00beme V
OT 3TOr0 HOTEHIHUAJIA U €TI0 HEePBHIX MPOHM3BOAHBIX Ha MPAHUYHOMN II0-
BEPXHOCTH 3TOr0 00beMa.

YsieH 3TOT BOBCE BLINAAET M3 BHIPAYKEHMSA HOTEHIMAIA, eCITH MbI
oz, 06beMOM uHTerpupoBanus V 0yneM noHAMATH Bee OeCKOHeYHOR
IPOCTPaHCTBO (T. €. yAaJuM orpaHuyuBaiomyo V mnoBepxHOcTh S
B GECKOHEYHOCTb) W OPY 3TOM HAJIOXKHUM HA 0 W ero HPOU3BOJHbLIE
CJIEAYIOIME TPaHUYHbIE YCIOBUA: B GECKOHEIHOCTH (0 CTPEMHUTCH K
HYJIIO He MejJieHHee, yeM 1/ R, a ero nepsbie IPOU3BOAHBIE IO KOOD-

AMHATAM He MesyenHee, qem 1/R? T e.

Ry u R?grad ¢ nput R — 00 0CTal0TCH KOHEYHBIMIL. (12.10)
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IlepBbIM U3 3THX YCIOBHI MBI YK€ MOJb30BaJUCh B § 8, mpu-
paBHUBAA HYJIO 3HAYEHHE IOTEHIHAnd B OECKOHEYHOCTH |ypaBHe-
uue (8.3)]; BTOpoe XKe yciioBHE HENOCPEJCTBEHHO CBSI3AHO C MEPBAIM.
Du3nyecKu OHO O3HAYAET, YTO B OECKOHEYHOCTH HAMPSIKEHHOCTL E
3JIEKTPUYECKOTO TIOJIsI PABHA HYJIIO, T. €. UTO BCE 3APS/Ibl HaXOAATCH
B KOHEYHOM 00JJACTH nPOCTPAHCTBa. Bo BeeM HasnHelneM Mbl Oyiem
HA3LIBATH HOTEHIMAJIOM JICKTPOCTATUYECKOTO [OJA TO U TOJBKO TO
pertenrie ypapuenusa IlyaccoHa, KOTOPOE yIOBJETBOPSET YCJIOBUAM
(12.10) 1).

6. [TokaxxeM Teneps, yro npu Hajgoxkenud yctosuii (12.10) u yaa-
JIEHUHU FPAHUYHON HOBEPXHOCTH S B BeCKOHEYHOCTh NOCHEIHUN dieH
Boipaxkenusi (12.8) geiicTBuTtensuo obpamaerca B Hysb. Bribepem B
KadecTBe moBepxHocTH S cdepy paauyca R ¢ menTpoM B Touke P.
Buemnsas HopMaJib K 310# chepe cOBIaZaeT ¢ paJiycoM-BekTopoM R,

TaX 4TO
2 ()-8 (1) L
dn \R R \R R?’

M3 ycnosusa (12.10) cienyer, crano ObITh, MTO NOABIHTErPAJILHOE
BBIPasKEHHE MHTEPECYIOIIEro Hac HHTerpasia npu R — oo crpemures
K HYJIO He MejyieHHee, yeM 1/R3, Torga kak IOBEPXHOCTH HHTErpH-
POBaHHS PACTeT IPOIOPUMOHANEHO Juib RZ. CTao 66ITh, HHTerpa
stoT npu R — oo crpemuresa x Hyo u (12.8) npunumaer sug (eciu
OIYCTUTb y  uHAEKC P):

¢=/ﬂi+/ﬂ§, (12.11)
R R

rie R —paccrosnue saeMenta obbemuoro 3apsapa pdV unm zaps-
a3 TOBEPXHOCTHOrO ¢ dS OT TOYKY 0ojsi, 0b/amaomell MOTeHIMa-
JIOM p, U T/I€ MHTErpupoBaHUe JIOJKHO OBbITE PACHPOCTPAHEHO [0
BCEMY IIPOCTPAHCTBY, 3aHsATOMY 3apsgaMu [cp. (12.11) ¢ npexxuumu
dopmynamu (8.7) u (8.8)].

W2 n3n0keHHOrO ABCTBYET, YTO MOBEPXHOCTHBIN HHTErPa B Op-
Mysie (12.8) y4uTsIBaeT 1oJIe 3apsiioB, JIEKAINHMX BHe 00beMa MHTe-
rpupoBaHus V (& TakKe BO3ZMOXKHOCTH JOGaBUTH K ( IPOU3BONBHY IO
IUTHBHYIO NOCTOSHHYIO).

7. HanoMHuM, 9TO BO BCeM IIPEIbIAYIIEM H3JIOKEHUH HAMH Ipef-
HONATAJIOCE, YTO K&K CAM MOTEHIIHAJ, TAK U €r0 IePBhIe IPOU3BOIHbIE
(rpanuent) ecrdy xonewns. BecKOHEUHOCTD rpajuenta ¢ (T. e. cKa-
40K IIOTEHIMAa) O3Ha4YalIa Obl GECKOHEUHYIO0 HAMPSXKEHHOCTDb WIeK-
TPUYECKOr0 HOJsi, 4TO du3ndecku OeccmbicyieHno. KoHeYHOCTL XKe
paUeHTa ¢ O3HAYAET HEMPEPHIEHOCTIL (P, YTO M TPEANONIAraaoCh
HaMH BO BCeM Mpe/liecTByoollleM. BaopodueMm, B § 14 BepHeMca K BO-

1) 3a uckmouyeHueM, KOHEYHO, TEX CIYYACB, KOLAA YCHOBHO BBONATCH B pac-
CMOTPEHHE 3apsi/bl, IPOCTAPAIOIIHECH B BECKOHEYHOCTD, KAK, HALIpHMED, becko-
HeYHbIe 3apsiZKEHHbIE TIJIOCKOCTD, UMJIMHIPD M T.IL

3*
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NPOCY O IOBEPXHOCTSIX Pa3phiBa NOTEHIHAIa ¢ HeCKOIBKO HHOH TOY-
KH 3PEHUS.

8. Ecni pasMepsl 3apsifia €, 3aHUMAalomero obbeM Vi, HaCTONBKO
MAJIBI [0 CPABHEHMIO C paccTosiHeM ero B 10 paccmarpuBaeMoi
TOYKH Hovist P, 910 paccrosHue BCex 3JEMEHTOB 3apsalia oT P MOXHO
CYUTATh OAMHAKOBBIM, TO HOTEHUMAJ 3TOro 3apsiaa B P Oymer pasex

ei‘i_ﬁ_/ av = £,
R’
i

9T0 COBIaAAET C BbIpakeHMeM (8.5) moreHpasa TO4e4HOro 3apsia.

|51

§ 13. TunuyHbie 33a491 ITEKTPOCTATUKY

1. BBejenne HOHSTHA NOTEHIMAJA 3HAYWTENBLHO obierdaer pe-
[IEHHE 327129 3MEKTPOCTATHKY, UB0 3a/1a9a ONPe/IeNIeHUs 6EKMOPHOZ0
noAA SEKTPUYECKOH HANPIKEHHOCTH K CBOAUTCA K ONpeesIeHHI0
TOAA CKAAADA Q; UHBIMHA CJIOBAMHU, ONpeesieHde mper GbyHKIUH TO9-
Ku (cnararomux sekTopa E) cBopuTea k onpeenenuo 0dnoti TONbKO
dbynkmun @.

3Has WIOTHOCTb OOHLEMHBIX U NOBEPXHOCTHBIX 3apSIOB, MOXHO
ONIpeAeNuTD noTeHupas nons [bopmyna (12.11)); obparao, 3uas rpa-

IMeHT HOTEHIJANa @, M0 AUBEPreHIHH 3TOTO TpajueHTa V2 u Ho
BEJIMYMHE CKAYKOB €r0 HOPMAJbHON ClAraloedl Ha NOBEPXHOCTSIX

a3pBIBA MOYKHO OJHOZHAYHO OIPEeNIUTE PaCIpeleseHne 3apsiJoB
Fd)OpMyJIbI (11.3) u (12.9)).

OjJHako NpaKTUYECKH, KOHEYHO, HEBO3MOXKHO HM3MEpPHTb ILIOT-
HOCTb 3apsAfOB WM TPaJHeHT HOTEHIHMAIa BO BCEX TOYKAX IIOJS.
TloaToMy 3KCIIEPUMEHTATOPY HPUXOAUTCA (PAKTUYECKU UMETh JEJI0 C
33Ja9aMM HHOTO THIIA, a HMEHHO: JaHO PaCIIoNIOXKeHHe u (popMa, BCex
HAXOSAIINXCS B [IOJIE IPOBOJAHUKOB; ONpedesums noAe 3THX IPOBOJ-
HUKOB H pacnpedesenue 3apA0J06 MO UX HOBEPXHOCTH, ECAU U3BECT-
b AUB0 NOMEHYUAA Ka2#cdo20 nposodnura (3adada A), aubo obuguti
3apad xascdozo nposodnuxa (3adava B). ObbeMuble 3apsigpl npef-
HOJIaraeM OTCYTCTBYIONMMH, HOO 3apAnpl IPOBOJHUKOB COCPELOTO-
4enbl Ha ux nosepxHocTH (§ 5), a AMIEKTPUKM B ITOH IyIaBe He
PacCMATPUBAIOTCH.

2. Tloraxkem npexx e BCEro, 9TO ¥ ITUMH HA IEPBLIM B3TNIA BeCh-
Ma 06me hOpMYTUPOBAHHBIMU YCIOBHASAMM IEKTPOCTATHYECKOE 10~
Jie, a CTaJIo ObITh, M pacnpejiesieHHe 3apSJ0B ONPEeNeaATC 00HO-
3HANHO.

IMpeanonoxuM OPOTHBHOE, M MYCTh ¢ U ' CyThb JABE Pa3JIUYHbIE
dYHKIIUM TOYKY, YJOBJIETBOPSAIOIINE YCJIOBHUAM 33Ja4l A wm B.
Beugy oTcyTcTBUsi OOBEMHBIX 3apSAJOB KakK (o, TaK U ¢ JOKHBI
YIOBJIETBOPATbL BO BCEM MPOCTPaHCTBe ypasHeHuio Jlamnaca (11.4);
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CTaJio OBbITh, H PA3HOCTh HX

o' =0y
YAOBJIETBOPAET TOMY K€ YPABHEHHIO
V2 (pll — 0

[Monaras B opmyne [puna (52*) o = p = ¢, Mb1, Taxum obpa-
30M, TMONYYHUM

17
/ (V") dV = 95(;;""’—*0- ds, (13.1)
on
v s
rjae MHTErPUPOBAHUE MPEANOIATAeTCH PACIPOCTPAHCHHBIM 110 BCEMY
JIexKaleMy BHe IIPOBOJHUKOB IIPOCTPAHCTBY V| TaK 4To mmox, S Hy»KHO
HOHHMATb COBOKYITHOCTb IOBEPXHOCTell BCex rIpOBO,tLHI/IKOB
Tak Kak OpH pelleHud 3aka4¥ A ¢ U ¢ JI0MKHBI HPUHUMATH
Ha S Hamepes 3a/jaHHble 3Ha4YeHUs], TO ¢ Ha BCEX MOBEPXHOCTAX S
paBHO HyJto. Ctaso ObITh,

/ (V")2dV = 0. (13.2)
i
BBUIY NHOJOXUTENLHOCTH IOJIBIHTErPAIbHOTO  BHIDaKeHUs U3
STOr0 PaBeHCTBA CENYeT, YTO Vga = grad ¢" Bo BCEeM mpocTpaH-
CTBe PaBHO HYyJIWO, T. €. 49TO ¢" = = const. Tax Kak, KpoMe TOro, Ha
HOBEPXHOCTAX MPOBOAHHUKOB o6pam,aeTc51 B HYJb, TO OHO PaBHO
nymo 1 noecioay. Crano ObiTh,

I
‘10 =¥,
YyeM M [JOK33bIB3ETCsA OOHO3HaAYHOCTDL pPelleHud 3aJa49n A.
O6pamaﬁc1> K 3a4a4e B BaMeTI/IM qyTO Ha HOBerHOCTI/I Kaxxa0ro
NPOBOAHNKS ITOTEHIIAAJIBI (,0 u (p a CTaJio 6bITb u (p AOJIZKHbI UMETDH

ODOCTOAHHOE 3H3YCHHE. BHHFIHT AJIA IIOBEPXHOCTH KazKAO0ro npoBOI-
HUKA MOXKHO HallHCAThb

0" g — "95 9" 13
95 v on ¥ on )
Ho Ha 1oBepXHOCTH [POBOZHHMKOB, coracHo (5.1),

Enz—%lelwa u Ehz—%‘%—élwa,
rae o u o ~ IJIOTHOCTH 32PANOB [POBOJHUKOB, COOTBETCTBYIONIHE
pemeruaM ¢ u ¢'. Crano 6bITh,
a(PII 3(,0 6(,0’
an n  On

9590"% dS = 41r<p"(¢a' ds — SISUdS) =4ny" (e — ),
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rae e u € CyTh 3HadeHUs oOmero 3apsda HPOBOAHHUKA, COOTBET-
CTBYIONIME PeIIeRusaM ¢ M ¢; COrJIacHO yCIIoBUIO B, e u e’ momxKHb
PaBHATLCA OJHOMY M TOMY K€ Hallepe/ 33JaHHOMY 3HAYEHHIO. Tak
KaK MPHBEJIEHHOE PacCyKIeHNe IPUMEHIMO K IMOBEPXHOCTH KaHCOo-
20 IPOBOHAKA, TO BCA IpaBas 4acTb paBeHcTBa (13.1) obparmaerca
B HyJIb, OTKYy/1a, KaK U B CIydae 3aJa4u A, cieayer, 9To

¢" = ¢ — ¢ = const.

TakuMm o6pa3zoM, pasymyHble PemeHusa 33ja4du B MoryT oTnu-
YATLCS JIHIIL HECYHIECTBEHHOM AJJWTHBHON HOCTOAHHON B BhHIpa-
JKEHUM TOTEHIHANa, KOTOpas, BIpOo4YeM, oOpaTWTCa B Hy/b, eC/H
HAJIOXKUTh B OeckoHeudoctu yciosust (12.10). Herpynuo, Hakowern,
ybenuTheda, 9T0 eCa JUIA 9aCTH NPOBOJHHMKOB 33JaHbl YCJIOBHSA TH-
na A, a qis OCTAJIbHBIX — y(JIOBHSA THIA B, To pelienye 331291 0CTa-
eTCA OJHO3HAYHBIM.

3. UTak, oiHO3HAYHOCTD pelleHna 33/4a4 3JIeKTpocTaTuku A u B
HaMH [OKa3aHa. BropodeM, HAXOXKIEHHE CAMOT'O PEeIleHUs IPeaCTaB-
aseT, Boobille roBOpsl, 3HAYUTEILHBIE MAaTEMATHYECKUe TPYyJHOCTH.
OgHako ecnd HaM yAaCTCAd KaKHM-mibo CnocoboM HaMTHU BhIpake-
HHUe 14 (, YOBJIETBOPSIOLIEE IOCTABIEHHBIM yIoBusiM A uin B,
TO TeopeMa 06 OJHOZHAYHOCTH MO3BOJISIET 3aKJIIYNTh, YTO HAMIeH-
HOe BbIPaykKeHWe eCTb eJUHCTBEHHOE M HOTOMY MCTWHHOE pelieHHe
337391, ¥ MeJIoe HOJIb30BaHNe 3THM 00CTOATEILCTBOM BecbMa, 00J1er-
43eT PACCMOTPEHNE pAna NpodJieM IEKTPOCTATHKY, YTO MBI MOXKEM
3j1€Ch WLTIOCTPAPOBATE, K COXKAMCHUIO, JIMOIb HA OAHOM-€JUHCTBEH-
HOM MpUMepe, MONL3YACh PU ITOM /IS YOPOIIEHUS OHSATHEM TO-

YeYHOro 3apdAnfa. llpumep 3TOT

\ e npejacTaBisier cobofl  YaCTHBEH
SO g ciy4qail IpUMeHeHus OBIIETo «Me-
N N\ AY /// w1

NN moda usobpasicernutis 1) .
_a\ ! ,i - IIpumep. Toveunwnd sapade
\\::\\\\ilk/;;— Hazodumca Ha pacemoanutt d om
P AN ” becxoneurnozo nposodHuKe, 3aHU-
,,//////,\ﬁ\\: MANWEZ0 ACEB0E NOAYTLPOCTPAM-
v "\\\\ emeo (puc. 19). Onpedeaumo no-
S N\ A€ 8 MPABOM TOAYNPOCTNPAHCMEE
’ / e U MAOTMHOCTG 3GPAJ0S, UHOYUU-

POBAHHHL 30PAOM € MG NOBEDT-

HOCMU NPOBOJHUKA. DTOT TPUMED

Puc. 19 OTHOCUTCA K THUIY PacCMOTpeH-

HBIX BbIe 3ana4, ubo obmui 3apay e MPOBOSHUKA, HEeCYMIEero «To-
YeyHLI» 3aps/, 334aH: [HOCTOSHHBIN K€ MOTEeHIUAT GECKOHEYHOTO
OpOBOJHUKA MOXKeT ObITb YCJIOBHO NPUHAT pasHbIM Hymw. Crano
OBITh, 9TUMHU YCJIOBMAMH DelleHUE 335a4# ONPe/IeIeHO OJHOZHAYHO.

1} 3ror MeTon yner HCIONL3OBAH TAKXKE IPH PEIICHHH IOCTIEIHEro NpAMepa
B § 23.
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Yrobbt HANTH 3TO pellleHyie, TPeIOJI0KUM, YT0 HA IPOTOJIKEHNH
NepPIeHUKYISPa, ONYIIEHHON0 U3 € Ha HOBEPXHOCTh POBOJHHKA,
HaXOJUTCA Ha PACCTOAHUU d OT 3TOH NOBEPXHOCTH 3apaAfg e = —e,
3aTeM MBICJIEHHO YCTPAHHM CaM IPOBOAHHUK. Tor/a MmiIoCKOCTh, COB-
[a/IaBUIas paHee ¢ HOBEPXHOCTBIO HPOBOJHUKA, OyAeT 06/1afaTh Tpe-
OyeMbIM MTOTEHHHUAJIOM HYJb, 60 BCE TOYKU ITOM IIIOCKOCTH OyIyT
PABHO OTCTOATH OT PABHBIX [0 BEJIUIWHE M IPOTUBONOIOXKHBIX IO
3HaKy 3apAnoB +e u —e. Craio 6bITh, MONE COBOKYNHOCTIU 3THX
3apsAjiOB B MPAEOM HOTYIPOCTPAHCTBE YOBJIETBOPSET YCJIOBUSM 3a-
a4y, U3 Yero Ha OCHOBAHMH TEODEMbl ONZHOIHAYHOCTH CJIEAYeT, UTO
fI0JIe 5TO0 B 7PASOM TOIYIPOCTPAHCTBE MONCIECMBEHHO NCKOMOMY
MOJIIO 3apsijla e M 3apAJ0B, MHAYIMPOBAHHBIX UM Ha IOBEPXHOCTH
GECKOHEYHOTO MPOBOAHUKA.

TakuMm 00pa3oM, Hala 332493 CBEeHa K BeChbMa OPOCTOl 3a7a-
Yye onpeSieSieHns MO/ ABYX TOYEYHBIX 3apaAnos +e¢ u —e. KoHeuno,
BHYTPH HPOBOJHMKA [OJIE PABHO HYJIO, TaK UTO B JIEBOM IIOIYIPO-
CTPaHCTBE IOJIE 3apAoB +e H —e (IITPUXOBLIE JIMHUKM Ha pHC. 19)
HE COBIAJaeT ¢ MOJEM 3aPANa € U IPOBO/JHUKA.

Sagaua 13. [loBectd [0 KOHIA DpeEIlEHHE DPACCMOTPEHHOTO
OPUMEpPA ¥ NMOKA3aTh, YTO IIOTHOCTH 3aPSA0B, HHILYUPOBAHHBIX 3a-
PSIOM e HA IIOBEPXHOCTH 0eCKOHEYHOTO IPOBOAHHK:E PABHA
_ed

2R3’
rae R — paccrosHuve 3/ieMeHTa HOBEPXHOCTH MPOBOIHHKS, OT 3apsijia e,
W 9TO BeCh 3apejl, MHAYIMPOBAHHEIN Ha IIPOBOIAHUKE, DABEH —e.

§ 14. dBoiiHOI 3eKTpUYECKUH CI0i1

PezynwraTs! aToro naparpadga noHamobsTcs HaM JIMHIbL B CBA3M C
PacCMOTpeHNEM ABONHBIX MAZHUMHBT CJIOEB, HIIH JUCTKOB, B TUI. IV,
TaK 4TO YTEHHE 3TOro maparpada MoxK-
HO OTJIOXKUTH J0 COOTBETCTBYIOMIErO
MecCTa.

1. lycts nBe BecbMa O/M3KUE U ITa-
pajuienbHble APYT JAPYTYy HOBEPXHOCTH
S1 u S (puc. 20) 3apsi>keHbl EKTPU-
YeCTBOM MPOTUBOIIOJIONHOI'O 3HaKa, "
NPUTOM TAaK, YTO IVIOTHOCTH 3apsJ0B
0 U o' Ha MPOTUBONEKAMUX 3JIEMEH-
Tax 00eux MOBEPXHOCTEH paBHbI [0 Be-
JUYHHEe M MPOTUBOIOJIOXKHBI O 3HAKY A
(0 = —0'); nonoxum s onpenenen- ¢ o8
Hoctu, 9yto o > 0. Ecam paccrosinue Puc. 20
Mezay S u S} MCYe3aI01IE MATIO 110 CPABHEHHIO C PACCTOSIHUEM 3THX
NOBEPXHOCTE! 0 PACCMATPUBAEMBIX TOYEK HOJIH, TO COBOKYITHOCTD
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noBepxHocTeil S i S| HA3LIBALTCST JBOUNBIM IACKMPUNECKUM CAOEM.

[MoTeHIMa 3TOrO C/I0S B HEKOTOPOH TouKe noas P, cormacuo (12.11),
Oyner paBeH

odS o'dS 1 1
= [9d3 - 1oLy ygs
(p./R+./R’ ./U(R R‘) ’
5 Y

S

rae R v R cyTh CoOTBeTCTBEHHO PAcCTOAHHUA TOYKM P oT smeMenTa

dS TONOXKUTENBHO 3aPAXKEHHON HOBEPXHOCTH S M OT MPOTHBOJIEXKA-

" 1 1
IETO eMy WIEMEHTa OTpHmaresbHoll moBepxuoctn S. Ho 7w
ecTb Ipupaiedne obpaTHOro 3HAYeHUs paauyca-sekTopa R, mpose-
JEHHOTO OT PACCMATPUBAEMOTO 3JIEMeHTa, ABOMHOro cjiosi B TOYKY P,
IIpY epeMellleHIY HAYAJIBbHOM TOYKY BEKTOPa 0T OTPHHATENbHON I10-
BEPXHOCTH K MOJ0XKHUTeNbHOH. [lycTs N ecTh HanpaBieHHe HOPMAJIH
K OBOHHOMY CJIOIO, OT OTPHIATEIbHON €r0 CTOPOHE! K ITOJIOKUATEJIb-
HOM, ¥ nycTh | — ronmuna cinost {paccrosuue mexay S; u Sp). Io-
BTOPSI PacCyAeHus, Opuseume Hac B § 8 k dopmyie (8.11), ybe-
nuMcst, uto ipu | € R

— — — =nlgrad, (%) = —nlgrad, (%) .

HOILCT&BHB aTO B Hpe);uneCTBonmee ypaBHeHHe H BBOIA 0603H3r
YyeHue
T =ol, (14.1)
[HOJIY 9UM

o=— / rngrad, (%) ds. (14.2)
51

TakoBO OKOHYATENHLHOE BHIDAXKEHHE MOTEHIUAIA JBOHHOrO cod L),
B KOTOPOM IIpeNoNaraercs, 910 paauyc-sektop R nposegen ot cmos
B MCCliefyeMyIo TOUKY nons P. Benuunna 7, paBHag IpOU3BeIEHUIO
IJIOTHOCTH 3apsi/ia [OBEPXHOCTH CJIOSL HA TONIIUHY CJIOSA, HA3bIBa-
eTCs MOUHOCTNDI0 U MOMEHMOM CAOR; MBL BYJIEM MOIB30BATHCS
MePBLIM TEPMHUHOM, COXPaHAA BTOPOH /i 0603HAUEHUs JPYTOro Io-
paras (em. o IV).

2. Ha ocrosanunu (10*) noapiaTerpaibioe BbipaXkenrye B popMy-
ne (14.2) MOXHO NIpeJCTaBUTL B BUJE

—ngrad, (%) ds = E}g-dS = % cos (R, n)dS.
C mpyroi#t croponbl, coracto (3.2),
L cos (R, n)dS = +dQ,
R2

1) OueBnaHo, 4TO ABORHOH MEKTPHUECKMIT C/IOH MOXKHO DaCCMATPHBATHL KaK
COBOKYMHOCTH HApajLIe/IbHLIX HOPMAJIH N JUIIoJel [JIHHBL [, 3apsafbl KOTOPBIX
PACHoJIaraloTcs N0 TOBEPXHOCTH CJIog C IUIOTHOCTLIO @ [cp. ypasHenue (8 11)].
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rae df) — TeleCHBI YTol, moJ KOTOPBIM 3EMEHT ABOHHOro cuod dS
BugeH u3 Touku P. YTo xe KacaeTcsa 3HaKa, TO B PaCCMATPUBAEMOM
ciydae B ominure oT §3 R cuMTaeTcsa HalpaB/IEHHBIM OT 3JIEMEHTa
dS k Touke P; crajno 6biTh, cos (R, n) OymeT monoKUTENBHBIM, eC-
Jiu 13 TOYKH P BUAHA MONOKUTENBHAS CTOPOHA AJIEMEHTa ABOIHOTO
wiod dS, v oTpunaTeabHBIM B 06paTHOM ciydae (MO0 N HaIllpaBJie-
HO M0 YCJIOBUIO OT OTPUIATENbHOM K MOJIOKUTEIbHON TOBEPXHOCTH
ctof). YCIoBUMCS CYMTATh TeJlecHbidl yzos d§) noaoscumenvHuim,
ecau u3 P sudna noaosicumenvnas cmopona saemenma dS, u or-
pUnaTenbHBIM B o6paTHOM ciiyudae. Toraa ypasnenue (14.2) MoxHoO
Oy/fieT 3anucaTth MpoIe:

Y= /TdQ. (14.3)
5

3. Ecam MOIHOCTD CNOs T HOCTOSIHHA Ha BCEM €ro HPOTAXKEHIH —
TAKOH €10 HA3BIBAETCH 0OMOPOOHBIM, TO NOTEHIHMAN €r0 (0 HPUHU-
MaeT BHUJ

o= T/ Q= 9, (14.4)
5

rze 1oz ) Hy»KHO OHUMATL @42efPAUNECKYI0 CYMMY TEJIECHBIX yTI-
JIOB, II07i KOTOPBIMH BUJIHEBI JIEMEHTHI MOBEPXHOCTH JBOMHOTO CJIOA
u3 Touku P. Eciu Bce 3T sneMeHTHl HOBEPXHOCTH BHAHLI U3 P ¢ 0J1-
HOM ¥ TOH Ke, HAPHMED MOJOXKHUTENBHOMH, CTOPOHBI, TO abCONIOTHAS
BenuynHa () paBHa, OYEBHIHO, TOMY TEJIECHOMY YTJIY, MO/ KOTOPLIM
BH/eH u3 P BeCh JBOMHOI IO, WM, ITO TO JKe CaMoe, IO KOTOPBIM
pujed u3 P xonmyp aroro cnog. Eciu e Bech ciioft B nesioMm aTo-
MY YCJIOBHUIO HE YJOBJIETBOPSET, TO €r0 BCEr/a MOXKHO Pa3JIOKHTb
HA HECKOJBbKO YacTeil, 3TOMY YCJIOBHIO YAOBJIETBOPAKIIUX. BBHIY
3TOro cojep:kanue ypaBHeHusi (14.4) MOXKHO BLIPA3UTD CJIEAYHOIIAM
obpazoM: nomenyuas 00HOPodHo20 0601H02Z0 caor 6 mouxe P pasen
NPOU3IBEIENUIO MOULHOCTU CAOR T HG 83AMbBITE ¢ HAOAEHCAUUM 3HA-
xom meanechwiti yzon 1, nod KomopuiM suden us P xowmyp smozo
CAOA.

4. OcobeHHO MPOCTO BBIPAXKAETCS OTEHIUAJ 3AMKHYTOr0 JBOH-
HOrO 1051 (HanpuMep Ciosi, PACHOJIOKEHHOrO [0 OBEPXHOCTU cde-
per). Kax 6outo moxasano B § 3, BCAKasi 3aMKHYTasl OBEPXHOCTD
BHOHA oA yIIOM =47 U3 BCeX TOYeK, JIeKamux BHYTPH 3TOH mHo-
BEPXHOCTH, U Hoj yrioM () U3 BCeX BHEIIHHWX TOYEK (CM., B YACTHO-
cty, puc. 3). Crayo ObITh, HOTEHIHAT 3aMKHYTOrO [BONHOTO CJIOS
PaBeH HYJIIO BO BCEM BHeUIHeM IPOCTPAHCTBE U paBeH 47T Bo Bcex
TOYKAX, OXBATBIBAEMBIX CJIOEM; 3HAK MOTEHUMAJa 3aBUCHT OT TOTO,
KaKasi CTOPOHA CJI0s éIIOJIO}KHTe.HbHaH WM OTPUIATE/IbHAA) obpare-
Ha BHYTpb. Takum 06pa3oM, HAIpsiKEHHOCTh MOJI 3aMKHYTOTO CJIOS
paeHa Hym10 (160 grad ¢ = 0); moTeHIHAI 2Ke MOl UCTBITHIBAET MPU
IIPOXOXKIEHUH Yepe3 MOBEPXHOCTh C0S CKadoK 477,
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CymecTBeHHO, YTO TOYHO TAKOH K€ CKaYOK 4777 UCIBLITHIBAET U
[OTEHIHAJ JII00OTC He3aMKHYMOZ0 CJI0A TIPH [POXOXKIEHHN Yepe3
ero noBepxHOCTh. YTobbi yOenUThCH B 3TOM, JOMOJIHMM MBIC/IEH-
HO PacCMaTpUBaeMblil <j10if O MOJHOH 3aMKHYTOCTH BTOPBIM CJIO-
eM paBHOI MoOmHOCTH. IIp1 HeCKOHEeYHO MaJIoM NepeMEIeHHN TOYKH
Ha0TI0eHUST € OHON CTOPOHBI UCXOAHOTO CJIOF HA APYTYH MOTEHIIU-
aJl HAXOJSAMIErOCd HA KOHEYHOM PACCTOSTHHH TONOJHUTEILHOTO CJI0d
OCTAETCHA HPAKTHUICCKHU MOCTOAHHBIM, TOrJA KAK IOTEHIUAJ 3AMKHY-
TOTO CJIOS1 B IEIOM (HMCXOAHBIA C0# 1TIOC AONOJHUTENbHBIN) H3Me-
Hsiercsl Ha 477, Craiio 6bITh, CKAYOK 3TOT PABEH CKAYKy IOTEHIHAa,
UCTOOHO020 CIIOA.

Hrak, nomenyuas Bcakoro (Kak 3aMKHYTOrO, TAK U HE3AMKHYTO-
ro) 0601iH020 CAOA UCTBIMBIEAETN HA €20 NOBEPIHOCTNYU CKANOK 47T,
OYEBH/JHO, YTO CKAYOK ITOT HANPABJEH OT OTPUIATEILHON CTOPOHLL
CNOA K IOJIOKUTENBHOHN, T. €. YTO HOTEHUHAN CJIOS BO3PACTAET IpPH
IIPOXOXKJEHUH 4Yepe3 CJIoH HO HAIIPABJIEHHIO MONOXKUTEJTLHON HOp-
Maii 0. HBIMU croBaMu, ABOUHON Clo# ABJISIETCA NOGEPTHOCTIIOIO
Pa3pyiea CHIOUIHOCTH MOMEHUUGAG, TAK YTO eCJIH (P] €CTh 3HAYEHUE
MOTEHIIHAIA Y OTPUIATENbLHON, & (oo — Y MOJOMKHUTENBHOW CTOPOHB!
081, TO

P2 — 1 = 4T (14.5)

5. Ctporo roBopsi, 0 CKauKe IMOTEHUINAJIa Ha NOBEPXHOCTH Pa3phl-
Ba MOXKHO TOBODHUTBH JIMIIb B OTHOUIEHHM GECKOHEYHO TOHKHX JBO-
HBIX CJIOEB; TOJIIUHON Ke peasbHEBIX JIEKTPUYECKHX CJIOEB MOXKHO
npeHebpeyb JUNIbL HA AOCTATOYHO OOJIBLINX PACCTOAHMSIX OT HHX.
OHAKO eIy TONIIMHA CJI0S MAJa [0 CPaBHEHHIo ¢ Tpebyemoli Tou-
HOCTBIO M3MEPEeHHs PACCTOSAHMSA, TO B pA/e Cliy4daeB yA0OHO MOb-
30BATHLCA MPECTABJIEHHEM O HECKOHEIHO TOHKOM CJIOE, HECMOTPS Ha
TO, YTO, KAK YKa3bIBAJIOCh Ha C. 67, HAIPAMKEHHOCTb MOJIA Ha MOo-
BEPXHOCTAX Pa3phiBa MOTEHIMAIa 0OpanaeTca B 6eCKOHEYHOCTS, T. €.
Tepsier duzmdeckuil cMbicn. 1lons3yace pe3ynbrataMu CIeAyOmero
naparpaca, MOKHO, KPOMe TOr0, IOKA3aTh (4T0 Mbl IPEOCTABIISIEM
CHIENIATh YUTATENIO), YTO IMeKTpHUIecKas IHEPrus JBOHHOIO CJI0S KO-
HEYHOM MOIIHOCTH B Ipezese, 0P OECKOHEYHO MAaJIOH ero TOoJImUHe,
TOXKE CTPEMHUTCA K BECKOHEIHOCTH.

BupodyeM, MBL B lanbHelIIEM BoBCe He OyieM MONB30BATHCA TPe/-
CTaBJIEHHUEM O JBOIHOM SAEKMPUNECKOM CJIOE U, COOTBETCTBEHHO 3TO-
My, bydem 6cezda nPednonazamy, Mo HENPEPHIBHOCINYG IAEKMPUNE-
CK020 MOMenyuaaa @ Huzde ne napywaemcs. Teopus ke ABOHHOrO
3JIEKTPUYECKOTO IO U3JI0KEHA HAMU 34eCh JIMIIb IS TOrO, YTO0b
MO/ICOTOBUTL M3Y4YeHHe JBOMHBIX MAZHUMHBT c1oeB B 1. IV.

SaMeruM gajiee, YTO Ha KaXKJOH U3 3apsKeHHBIX [HOBEPXHOCTEH,
COCTABJIAIOLUINX B COBOKYIIHOCTH ABONHON CiIoil, MPOU3BOAHASA 8<p / an
HCnbITEIBaeT, cornacHo (12.9), ckagok +4mg. OxHAKO CKAa4yKH 3TH
PaBHBI 10 BeWYUHE M IIPOTHUBOIMOIOXKHB! 110 3HAKY, TaK 4TO IIPH Ie-
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pexosie € OHON CTOPOHBI CJ10A Ha Apyryio Jyp/On, a BMecTe ¢ TeM
1 E;, ocraiTcs HelIDepbIBHBIMU.

6. 3amerum, 9TO MOTEHIMAR ABOWHOIO CJIOS MOXKeT ObITh HENOCPeNCTBEHHO
onpenenen 13 dopmynet (12.6) Ecan St ecTs noBepXHOCTS pa3spbiBa NOTEHUMATA,
TO NMepBbIif 4ieH IPaBoit 4acTw 370l GHopMyJIbl

1 a (1 1 1
- —_— {2 ) ds = — - d {| =1} dS
47rs_/("’2 PUBN (R) 4“5'/(@ v1)n grad, (R)
1 1

He obpamaercs B Hyib. O003Hauns, cornacko (14.5), ckauok moTeHnMpaIa yepes
47T M IpMHAB BO BHUMAHME, YTO

1 1
grad, (E) = —grad, (1—2) \

MBI HENOCPEACTBEHHO NMpuxoauM K dopmyse (14.2).

7 VYnoMameM B 3aK/JIOYeHHe B KadeCTBe mpuMepa o6 OnHOM Cliydae, Korga
TIOJIb30BAHHE TIOHATHEM JBOMHONO JIEKTPHYECKOro CJIOH MOXKET 0Ka3aThCH ya1006-
HbIM. I1py mpoXoxkAEHHH TOKA yepe3 3JIEKTPOJIHT NPH H3BECTHLIX YC/IOBHAX (3a-
BHCAIHAX OT MATEPHAIA NIEKTPOJA, XAMUYECKOH NPHPOALL IEKTPOIHTA U T. [.)
HabMI01aI0TCA AB/IEHNS TaK HA3LIBAEMON noaspudayuy saexmpodos (He cmemu-
BaTh C [OJISPH3ALMER HIEKTPUKOB, O KOTOPOi OyeT UaTu peds B CiIeAylomeit
miape'): CHJla MPOXOAAmEro 4Yepe3 VIEKTPOIHT TOKA NPH HEM3MEHHOH Pa3HOCTH
TIOTeHIMAIOB, TPHIICKEHHOH H3BHE K 3JIGKTPOJAM, ¢ TeYCHUEM BpeMeHH yMeHb-
MIAeTCA M MOXKET YHACTH TPAKTUYECKH A0 HYJIS.

fBneHne 3T0 MOXKHO HCTOJIKOBATH clenymomuM obpasoM. [Ipexmornoxum,
YTO UOHBI, SIBJASIOMUECH HOCHTENAMH TOKA B 3JICKTPOJINTE, HAIIDUMED AHHOHBL
(oTpunaTenasubie HOHBI), NMOZCHAA K IIPMTSTH-
BAIOmMEMY HX TIOJIOKHTEILHOMY 3JIEKTPOLY, He
OTHAIOT €My CBOEero 3apsina, Kak 3TO ObiBa-
er o6bl4HO, a JIMOIL PACTIOIATAlOTCsH CIoeM Yy
[IOBEPXHOCTH 3TOTC 3EKTPOAa ITOMY CJIOK
3apAKEeHHBIX OTPHLATENLHLIX HOHOB Byaer npo-
THBOCTOATb CJIOH TIOJIOXKWTEJIBHBIX  3APs/I0B
HAa TIOBEPXHOCTH [IOJIOKHUTEJILHONO IJEKTPOa
(puc. 21). Takum 06pa3oM, y 3Toit TOBEPXHOCTH
obpasyerca OBOMHON UIEKTPMYECKHH CJIOH, 3a-
PS/ ¥ MOIIHOCTH KOTOPOTO DyAyT pacTu mo Tex
TIOp, MOKa CKAYOK MOTEHLHANa g — 1 = 47T
B 3TOM (JI0€¢ HE CTAHET DPABHBIM IIPHJIOKEHHOM
H3BHE DAa3HOCTH NMOTEHLHAJ0B Torna Tok 4yepes
pPacTBOp mpekpaTHTcH, H60 BCe M3MEHeHHE TIo-
TeHyMaja 6yaeT COCPEAOTOYEHO JHIIb B TOHKOM
OBOMHOM CJio€e y TIOJIOAKUTEJIBLHOrO 3JIeKTPona, Bo
BCei Ke OCTAJbHON TOJIIIEe PpAacTBOPA [IOTEHITHA
IPHMET TIOCTOAHHOE 3HAYCHHE ¥ HANPS XK eHHOCTD
nons E crauer pa®BHo# Hy o (3sexTpocTaTHYe- Puc. 21
ckoe papHosecne) Ha Huxnelt wactn puc. 21 Ha-

HeceHbl 3HAYCHWA NOTEHIHANA Ha Pa3/IHYHBIX PACCTOSHHAX OT IGKTPOIOB 10
o6pasopanusi HBOWHOTO C0st (OPAMHATEL CIUIONIHOH JHHHEH) H 10O/ ero 06paso-
BaHHsA (MTPUXOBAA JIMHHS).

Taxnm o6pasom, ofpa3opanue JBOUHONG CT0s MOXKET OOyCIOBHTD TONApH-
3AIMI0 3EeKTPoNoB. BupoueM, 310 ABIeHMe MOXeT OGYCHOBIMBATBCA TAKKE H
PAIOM I[IPUYHH MHOTO POA.
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§ 15. DHeprus B3aUMOAEHCTBUS NEKTPUIYECKUX 3aPAI0B

1. IIpu nmepeMemmeHMH 3JeKTPUYECKHUX 3aPANOB CHJIbI KYJIOHOB&
B3aMMOZENCTBUSA MEXK Y HIMH COBEPLIAIOT ONMpeAeeHHY0 PaboTy A.
OueBnzaHO, YTO MBI JOJIKHBI NPHUIUCATL BCAKOH CHCTEME 3apS0B
OIIpe/IeJIEHHYI0 3HEePryi0 B3aUMOJAEUCTBUA, 33 cUeT yObuUIH KOTODOi
U coBepiaerca pabora A:

A= —dW. (15.1)

OHepruio p3auMoneiicTeus 3apsanoB W Mbl yacto 6yneM Ha3LIBaTh
OPOCTO AIEKTPUYECKONH 3HEepruei.

2. Hexogg ms (15.1), noncuuraeM mpeXxje BCETO 3HEPTHIO ABYX
TOYEUYHBIX 3APSAMOB €] U €2, HAXOAAIINXCA Ha paccToduuu Ris npyr
0T apyra. Besikoe n3MeneHne B3aMMHOTO PACCTORHHUS 3aPSI0B COMIPO-
BOXJaeTcss paboToit ayieKTpHYecKux cuil. 1lpenoioxKum, HarpuMep,
9TO 3aPAN ez OCTAETCS HEMOABUXKHBIM, TOTIa KaK 3apsaj €y [epeMe-
IAeTcs B ToJle 3apAja ez u3 touyku P B Touky FP|. Eom ¢ =
= eg/Ryp — mOTeHIMAN nONA 3apsiia e B Touke Py, a ¢y + dp; —
B Touke Pj, To paboTa A 37eKTPHYECKUX CHJI IPU 3TOM IepeMere-
HuM paBHa A = —e; dy1, otkyma A = —dW = ~ey di1, 4, ciiegoBa-
TeJbLHO,

W =ejp = 82 (15.2)
Ris

Beumy toro, 4To HaOAIOAEHAIO JOCTYIHb] JIMIIL U3MEHEHU SHep-
THH, & He ee aDCOMIOTHAS BEAWYMHA, MbI 7 MPOCTOTHI OILYCTH-
JIH 37€Ch AJIUTUBHYIO OCTOAHHYO MHTEIPUPOBAHUSI, OT B3aUMHOTO
PaCHONIOXKEHHs 3apsi/IOB He 3aBUCANLYI0 (Cp. CKazaHHOe 0 COOCTBeH-
HOI 3HEepPTrUM 3apsifioB B KOHIE clenyiomero naparpada). B ceszn
C 3TMM eJHHCTBEHHO YYHTHLIBAEMAA HaMU MEPEMEHHAs 9aCTh SHep-

riai W MOXKeT OPMHEMATD U OTPHLATENbHbIE 3HAYEHHT L) .

K Tomy ke Bbipaxkenuto myisi W Mbl npuuiny Obl, KOHEYHO, Pac-
CMaTPHUBas NepeMEIeHHe 3apsAia €2 B II0JIe HEIOABUKHOTO 3apsia €;
WM, HAKOHEl, OQHOBPEMeHHOE lepeMelnene 000ux 3apsiZios.

Obo3Ha4as yepes g MOTEHIMAN 3apPANa €] B TOUKE, 3aHUMAEMOH
zapsigom ez (@2 = e1/Ri2), Moxuo BMecTo (15.2) Hanmcars

€1€2
W = E = €2(02.

YnobHee e BCero B3aWMHYIO NIEKTPHYECKYI0 SHEPTUIO 3aPAJI0B
€1 M ez 3aIHCATh B CUMMeTpuYHO# dopMme:

1
W = 5(61(,01 -+ 62(,02). (153)
Ytobb1 OnpefeiuTh IHEPrUi0 CHCTEMEI 7@ TOYEYHBIX 3aPANOB €,
(¢t =1,2,...,n), Mbl, O4EBHUIHO, /I KAKAOH Iapbl ITUX 3apHAOB

1) Eciu 3apsinpt 1 ¥ €2 MMEIOT IPOTUBOMOIONKHDIC SHAKH.
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JOJDKHBL HanucaTh Bbipakenusi tuna (15.2) wmu (15.3) u cnoxkurth
BCe 3TU BhipakeHua. Cobupas 3aTeM BCe YIEHB CYMMBI, B KOTOPLIE
BXOJUT COMHOXKUTENEM e, yDeauMcs, 4To Ko3dpUIMeHT Mpu e,
KOTOpbIt Mbl 0B03HAYMM Yepe3 @i /2, bymeT pased

1 1
5Pk = 5(%,1 + g2+ ot Q=1+ Ch k1 + - F Pkyn),s

rhe Pk, — MOTEHNHUAI 3aPsa e, B TOYKe, 3aHUMaeMol 3apsijioM e.

Bruipaskenne B CkoOKax mpezacrasisfer coboil, OYeBUIHO, IHAYE-
HHe HOTEHIIHAJIA O BCEl CHCTeMbl 3apA/IOB B TOYKE, 3aHUMaeMoil
3apANOM ey, WM, BepHee, OTEHIHAJ BCell CHCTeMbl 3apfAgoB, KpPO-
Me CaMoro 3apsifia er (HOTEHIMAI ki 3ApANa € B 3aHIMAaeMOol UM
CaMUM TOYKE [0JIS B BhIPaXKeHHUE [IJIs (), He BXOAUT, [1a 1 Boobmie dbu-
3UYECKOr0 3HAYEHUs He MMeeT, n00 06paIaercsi B HECKOHEYHOCTD).
Urtak, B3auMHasi 3HEPIHA CHCTEMBI 71 3apAL0OB PaBHA

k=n
1
= 5 ; €LPk, (154)

rie (O — TOTEHIHAJ OJIA B TOYKe, 3aHUMAeMOll 3apsioMm ef.

Y1065 BLISICHUTDL 3aBUCHMOCTL W OT B3aMMHOI0O PACCTOAHUL 3a-
psizioB, BoCOIb3yeMcs (popMyJoit (8.6), KOTOpasA B HAIIMX TEIePeIl-
HUX 0003HaYEHUAX 3alMIIETCs CIeAYIOmMUM obpa3oM:

n

Yk = Z ]:;1 (7' 7é k)a

i=1

rfie CYMMUPOBAHUE JOMKHO ObITh PACIPOCTPAHEHO IO BCEM HMH/IEK-
caM i, kpome i = k. Brocst 310 B (15.4), momyusm

W=1S"as g (15.5)
2 £~ Ry,
i,k

DopMyny 3Ty MOXKHO, KOHEYHO, MOJIYYATh W HEHOCPEJCTBEHHO H3
Bblpaskenus (15.2) B3ammHOM 3Hepruy mapbi 3apanos. Ilossienue
ke Koadbdunnenta 1/2 nepes 3HAKOM CyMMbI 00BACHSIETCH TEM, YTO
B 3Ty CyMMY 5Heprusl KasKjoi mapbi 3apAA0OB BXOAUT ABaXXIBL, Tak,
HAIPUMED, B Hell BCTPETUTCS KaK 4ieH ejey/Ria, TaK U paBHBIA eMy
4nien egey /Ro.

3. Kak u Bceryia, npu noJb30BAHUY NPESCTABIEHHEM O TOYEIHBIX
3apasax HY’KHO NOMHHTb, YTO IPHUBe/IeHHbIe (DOPMYJIBI MOTYT IIPH-
MEHATLCA JIMUIb B TeX CIydadX, KOrZa 3apsafbl CHCTEMbI OT/IEJIEHb
JIPYT OT ApyTa PACCTOAHUSMMU, JOCTATOYHO BOIBITUMHU IO CPABHEHMIO
C pa3MepaMH 3THX 3apanoB. Yrobbl 0CBOOONUTHCA OT 3TOrO OrpaHu-
YeHusd, nmepeitgeM K PaCCMOTPEHHIO 00BEeMHBIX U HOBEPXHOCTHBIX 3a-
psaos. Paznarasi cucreMy 3THUX 3apAA0B Ha COBOKYIIHOCTL 3JIEMEH-
TapHbiX 3apafoB pdV u odS, nNpuUMeHsia K HOWIEAHUM (HOPMYITy
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(15 4) u nepexosig OT CYMMUPOBAHHUA K UHTEIPHPOBAHUIO, HOTYYUM
W = %/pgadv+%/mpds, (15.6)

F/Ie (0 — HOTEeHHHAJ TOJIA BCeX 00BHEMHBIX M TOBEPXHOCTHBIX 3aPSijj0B
B asieMeHTe 00beMma dV WM Ha 3eMeHTe MOBEPXHOCTH dS.

XoTs u MoXer Ka3aThCsi, 4To ypasHenue (15.6) npexacraBnser
coboil TonkKo BuAouaMeHeHue ypasHeHHs (15.4), cooTBeTCIBYHOIMEE
3aMeHe NPeACTABNEHHs O TOYCYHBIX 3aPANaxX IPeJCTABJIEHHEM O 3a-
psinax 00bEeMHBIX W HMOBEPXHOCTHBIX, OJHAKO B JefCTBUTENLHOCTH
YPaBHEHHsT 3TH PA3HATCA 0O CBOEMy codepoicaruto. IMeHHO, B crie-
AyoueM naparpade mbi nokaxkeM, uro ¢opmyna (15.6) Boipaxkaer
NOJHYI0 HEPrHI0 CHCTEMBI IJIEKTPHYECKUX 3aPA0B, TOTJa Kak dop-
Mmysa (15.4) He yuuTbIBaeT TaK HA3BIBAEMONH COOCTBEHHOM HEPruu
3apAJ0B ek.

Mpumep 1. Fnepeus moveuwnozo 3apada ¥ CUNOAA 6O GHEW-
HEM IAEKMPUNECKOM nose. JacTo MPHUXOAUTCS PacCMaTPUBATh pa-
BOTY 3NIEKTPUYECKUX CHJI IPH MEPEMEIICHUSIX HEKOTOPOTO 3apajia, €
B 33/JaHHOM <«BHEIIHEM» TI0oJie APYTHX 3aPsAJO0B, OCTAIOIUXCA IPH
9TOM HENOABIKHBIMH. B3anMHasi SHEPrus 3TUX «BHEIIHUX» 3aPS/IOB
(a Takxke u cobcTBeHHAs SHEPrus UX U 3apsaa € — cM. § 16) ocraerca
IIPY 3TOM HEM3MEHHO!; IePeMeHHAsT 2XKe YaCTh SHEPIuY oI, 33 CYET
KOTOPoil CoBepiIaeTca pabora IMEKTPHIECKUX CHJI, HOCUT HA3BaHUE
sHepruu 3apsfa e Bo sHemHeMm nosie. OHa paBHA, OYEBHIHO,

W = ey, (15.7)

TJi€ ¢ — NOTEHIMAT BHEUIHEro NoJis B TOYKE, 3aHNMAEMOM 3apsiZioM e.
Dopmyna (15.2) npexacrasnser coboiff wacTHBIl Clydail dhOPMYIIBL
(15.7).

Eciu o BHemHeMm nosie Haxo#siTCA Ba 3apsifga, € > 0 u e = —
—e, o6pasyomue Aunoib GeCkoHeuHo Mastoi aymuusl [ (eM. c. 47), o
SHEPI'Usl 3THX 3aPs/IOB BO BHENIHEM II0Jie PaBHA

W =ep+ey =elp—y¢),
T7ie ( ¥ ' — IOTeHUUATLl BHEIIHETO IoNid B nomocax aumosd. Ho ¢
TOYHOCTBIO JIO BETAYHMH BTOPOTO IOPH[Ka MAJJIOCTH
cp=<p’+%—fl=go’+lgradgo=go’-—lE.
Crajio OBITS,
W = —elE = —pE, (15.8)

rae p— MoMeHT Junonsi [cM. ypasaenue (8.9)], a E — Hanpsixen-
HOCTb BHEIUHEro HOJis B MeCTe pacnosioxeHusi aunons. Koxeuno, B
3TOM BbLIPAKEHMU HE YIUTHIBAETCS B3aUMHAS IHEPrs 3apAlOB JH-
TIOJIsi, KOTOPasl U3MEHAETCS JIUMIb PY U3MEHEHUH JJIMHbBI JTUIIONs .
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Il puMep 2. Henocpedemaennwidi nodcuem saexmpuneckoti snep-
2UU 3aPAHCENHO20 Kondencamopa. J1o 3apsiiKM KOHJAEHCATOPa KaiK-
Jiasgd U3 ero oOKJIAJIOK JIEKTPUYECKH HEHTPAJbHA, T. €, COLEPXKUT B
cebe paBHOE KOMMYECTBO MONOXKUTEJBLHOIO M OTPUIATEILHOTO NIEK-
TpuyecTBa. By/1eM 3apsiKaTh KOHJEHCATOD, OTHUMAS 31eKTPUYECTBO
OMpeIeJIEHHOr0 3HaKa OT OJHON M3 ero OBKJAJOK M MEepPEHOCs €ro
Ha Jpyryio. IIpakTUYeCKH 3TO OCYIIECTBAAETCS, KAK U3BECTHO, COe-
JUHEHHEM TIaCTHH KOHJEHCATOPa NPOBGJAOM, B KOTOPHI BKJIIOYEH
ucroynuk I/IC, HanpuMep rajibBaHUYECKHH MEMEHT; JIEMEHT ITOT
MepeKavyuBaeT 3MEKTPUYECTBO M3 OAHOM ODKNAJKH B JAPYTYIO, TOKa
PA3HOCThL TOTEHIMANIOB OOK/IaJ0K He JOCTUTHET M3BECTHOrO 3HAYE-
aug. [lycTh B HEKOTOPBIH MOMEHT 3TOrO HPOIEcca HOTEHIHAJIbl 00-
KJIA/IOK JIOCTUIJIH 3HAYEHUH (01 U o, GpUYeM @2 > ). Ilepenoc cire-
OYIOmIeH mOpIUH JIEKTPUYecTBa de ¢ mepBoi ODKIaAKU Ha BTOPYIO
COTIPOBOXKAALTCH OMPUYamMesbHoli paboTo! CUIT INEKTPHUIECKOTT TT0-
ns, pasrott dA = de(p; — w2) (cm. § 8). OveBuaHO, 9TO «BHENIHHE»
10 OTHOLIEHHIO K IOJIK0 KoHueHcaTopa J/IC anemeHTa npeonosiesaio-
IJHE CUJIbI 3TOTO MOJIsi COBEPIUAT IIPH 3TOM MOJIOXKUTENBHYIO paboTy
dApum = —dA = de(p2 — ¢1).

Bocnonbzosasmucek (opmynoit (9.1), monyyaem

ede

dABHI.II = F’

e C — eMkocTh KoHjeHcaTopa. Obmas xe pabora, 3aTpadyeHHas Ha,

JOBeJIeHHe 3apfA/a IUTACTHH OT HyJisl, CKaskeM, 10 ¢, Gyner, oueBu-
HO, DaBHa

ABHII] = —_— = =
e=0
Pabora 3Ta coBepriaeTca 3a CYeT YMeHbIIEHU XUMHUYECKO! 9Hep-
' IraJIbBAHUYECKOI'0 IEMCHTA U IICPEXOJUT B IICPIHUI0 IICKTPUYe-
CKOI'O IIoJId 3apsA2KEHHOI'0 KOHIEeHCATOPA. 0603Haq3ﬂ 3TY NOCJIIEeAHIOI0

suepruto 4epe3 W u npunumas Bo BHuManue (9.1), momyuum ps
CHIeIYIOINX BhipaxkeHuit g W:

2
W=A3Hm='2‘65=%c((p2”‘101)2=

Te MITPHUX Y € HaMH OIYIeH

[N

e(p2 — 1), (15.9)

§ 16. DHeprusg 3MEKTPUIECKOTO MOJA

1. Berpaskenue anextTpudeckoi anepruu (15.6) MoxkeT ObIT mpe-
CTaBJIEHO B JPYyToil MaTeMaTH4Yeckoil (popMe, HpuyeM npeobpazoBa-
HU€ 5TO OTKPBIBAET BO3MOXKHOCTH COBEPILEHHO HOBOH dusuuecxod
UHMEPTPEMAUUY COOTHOLICHU .
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Yrobb! HOATOTOBUTE 3TO Hpeofpa3oBaHHUeE, HONOXKHUM B TEOpEMe
Tpuna (52%) ¢ = ¢ Ipunas so BHUMaHue, yTo Vi = gradp = —E
u VZp = —4np, nonyunm

/( @-4mp + E?)dV = $£<p""0ds
v S+54

/e HOBEPXHOCTHBIH HHTErpasl J0/KEH ObITh PacpoCTpaHeH, BO-Iiep-
BBIX, [10 [IOBEPXHOCTH S, OrpaHuIUBAIONIeil H3BHe 00heM HHTErPUPO-
o V', ¥ BO-BTODBIX, O TOBEPXHOCTAM S], BBLICIAIONUAM U3 3TOr0
obbeMa MoryIye JIeKaTh B HeM 3apsAKeHHblE [IOBEPXHOCTH S1, T. €.
IOBEPXHOCTH Pa3pbiBa rpajuenta ¢ (cp. § 12). Yro xke kacaercs mo-
TeHIHAJIA , TO MBI OyIeM CYNTATL ero BCIOJy HENPEPLIBHBIM, T. €.
OTKAa3bLIBAEMCHA OT PaCCMOTPEHUs ABOHHBIX IEKTPUYECKHX CIIOEB.

Kak u npu BoiBoge dopmysnet (12.6), crarusaeM noBepxHOCTH S]
BILIOTBb A0 COBNA/JEHU HX C MOBEPXHOCTSAMY PAa3pBIBa S1; HOBTOPA
IIpeXKHUE PACCYK/IEHUS ¥ NONb3yAck o0bo3HavenusiMu § 12, momyanm
(monaraz o1 = g3 = )

s, fottas= {30 - (3 -
1
- ()~ (32 s
1

win BuAy (12.7)

. By
1 95 9% 48 = 4 / ds.
Sig)r.lgl (Pan d ™ [ oo ds
s 5
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Tepsrie ABa YiaeHa GPaBOil YaCTH ITOTO PABEHCTBA AHAJIOTHYHEI Bb-
pakenuto (15 6) nia sneprun W, ofHaKO MHTErpHpOBaHNe PACIPO-
CTPaHeHO B JAHHOM CJIy4ae HE IO BCEM HAXOAANMMCS B IOJE 3apsi-
7iaM, a JIMIIb IO TeM U3 HUX, KOTOPble HAXOOATCS BHYTpH obbheMa V.
CyMMa 3TUX YJIEHOB HE COBHAJAET CO B3aWMHOMN 3HEprueil 3apsajos,
HaxoAamuxcs BHyTpu V', m00 MOTEHI[MAJ 3aBUCUT TAKKE M OT pac-
MIOJIOXKEHYST 3apAfoB BHe V

2. [IpeAnonoXXuM, OAHAKO, 9TO HHTErPUPOBAHNE PACIPOCTPAHEHO
7.0 OAHOMY NOAI0, IO, STUM BLIPaXKEHUEM MOHMMAETCS, YTO 00J1aCTh
HHTEerpUpOBaHusi V OXBATHIBAET, BO-IEPBLIX, BCe B3aUMOENCTBYIO-
HIFe 3apsjbl H, BO-BTOPBIX, BCE IOJI€ 3TUX 3apsAJIOB
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910 onpeneneHne He HYXKJAETCA B NOSICHEHHSIX, €CJIA CYILIECTBY-
€T 3aMKHYTasl NOBEPXHOCTH S KOHEYHBIX PA3MEPOB, OXBATHIBAIOIIAS
BCHO CHCTEMY B3aMMOJEHCTBYIOMMX 3apPAJ0B, BO BCEX TOUKAX KOTO-
POl HATIDSIXKEHHOCTL ToNs 2 06paInaeTcsl B HYJb, 3Ta NOBEPXHOCTD
H MOMKeT PAacCMATPHBATLCA KaK IpaHuIa nojHoro nond Tak, Hanpu-
Mep, 'PAHHIIA [IOJIHOTO IO/ 3aPSAI0B, 3AKII0YEHHBIX B MeTasuinde-
cko#t obornouke {cM. puc. 14), TPOXOAUT BHYTPH 3TOH 0OOIOYKH.

Opnaxo 6ospmieli 9acTpI0 TaKoO# 3aMKHYTOH MOBEPXHOCTH KOHEY-
HBLIX PA3MEPOB He CYIECTBYeT, ¥ I'PAHKWIA NOJHOIO [OJIS OTOABUrAeT-
¢ B HeCKOHEYHOCTS. B 3THX CIyYaax HoHATHE [MOJHOTO HOJIA 0K HO
OBITL YTOYHEHO CIEAYIOUMM 00pa3oM. B xax oM KOHKPETHOM CIIy-
Yae HCIIOIL30BAHHS ATOr0 NOHATHA HAC HHTEPECYIOT 3HAYEHHI HH-
TErpajioB BIIOJIHE OTIPEJEIEHHbIX (PU3HIECKNX BeNWYUH (HAIPUMED,
HaNPSIXKEHHOCTH TEKTPHYECKOr0 WM MATHUTHOTO TOJIA, IPOU3BEIe-
uud o(0p/0n) B dopmyse (16.1) u T 11 ), npudeM oGbEMHbIE HHTEr-
pasel 6epyrcd no 0bbemy V mONHOrO IONL, 4 TOBEPXHOCTHBIE — IO
ero rpanune S TepMHH «noanoe noaes NPUMEHAETCI % OeCKOHEYHO-
My obsemy V B TOM M TOJLKO B TOM CJIy4ae, €C/IM TIPH NpeJle/IbHOM
nepexojJe OT KoHeyHoro obbeMa V' k GeCKoHEYHO DOsIBLIIOMY unmes-
PAAB BCET URMEPECYIOWUTL HAC BEAUNUH N0 NOsEPIHOCMU S 3M020
obsema cmpemamca £ wyaro. Tak Kak TIPH 9TOM HPENETBLHOM Ie-
pexojie TLUIOmAAL ToBepXHoCTH S pacrer Kak RZ, roe R osmavaer
PACCTOSIHHE MOBEPXHOCTH S 0T KOHEYHOI'O y4aCTKA MPOCTPAHCTBA, B
KOTOPOM COCPeAOTOYEHbl HCTOYHUKH MO (9JIeKTPHYECKHE 3aPAIbI
U TOKH ), TO TOALIHTErPAJILHBIE BBIPAXKEHHST B MHTEPECYIOIIUX HAC N0~
BEDXHOCTHBIX HHTErpanax AODKHBEI IPH R — 00 ybniBaTh GBICTpEE,
gem 1/R?. B 3T0OM H 3aK/TI098€TCA yCIOBHE IPHMEHHMOCTH HOHATHS
NOJTHOTO TOJIs1 (€C/IM 110j1e HE OTPAHNWYEeHO 3AMKHYTOH MOBEPXHOCTHIO
KOHEYHBIX Pa3MepOoB).

B nancuedimem MBI 11 KPATKOCTH 0yeM IIPOCTO MOBOPHTH, YTO
10 ONPEOeACHUN NOHATNUSA NOAHOZO NOASL UHTNEZPAABL N0 02PAHUNU-
8aIOW,LlT NOAHOE NOAE NOBEPTHOCMU S 00PAULAOMCA 8 HYAab, T. €.
MOTyT 6bITH OTOPOIUEHE], B YTO, CTATO OBITEH, NOAJIEKAT PACCMOTpE-
HUI0 TONLKO UHTErPAJIbl IO 065eMY MOJHOTO TIOJIS.

3. IloasIHTErpanpHOe BBIPAXKEHHE B IIOCIEIHEM UieHe (POPMYJIBI
(16.1), cornacuo (12.10), yOriBaer B GECKOHEYHOCTH He MeJJieHHee,

wem 1/R3. TlosToMy npu pacipoCTpaHeHHH WHTErPHPOBAHHMA B dop-
mysie (16.1) Ha nostHOe Tose 9TOT WieH OBPATUTCA B HyJlb, 4 CYMMa

NEepPBBIX JABYX 4JIEHOB, coryacHo (15.6), okaxkerca paBHO# momHOH
sHepruu nond W-

vV=l/Wmv+1/wm3=li[WdV
2 2 8n
4. VTak, 3yIeKTPUYECKAsT FHEPIU HONHOIO 0JIs paBHa,

-1 2
W—M/Eﬂﬁ (16.2)
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C mamemamuyeckoti TOIKH 3PEHUS ITO YPABHEHNWE NIPEJCTABIIA-
er coboii smib npeobpazoBanHyo ¢opMmy ypasHenus (15.6) u emy
sxkBuBanenTHo. OqHako GpOpManbHO MaTeMaTHdeckoe npeobpasosa-
HHe YDaBHEHHi, KaK YK€ YKa3BIBAJIOCH, BECHMA YAaCTO OTKPBIBAET
BO3MOKHOCTH COBEPIIEHHO HOBOU (pusuueckoli unmepnpemayuu Bul-
paXkaeMBIX MMH COOTHoNIeHH#. YpapHenue (16.2) BrIpakaer asek-
TPHYECKYIO SHEPrui0 B BHJe OeckoneyHoW CyMMEl CJIAraeMbIX,
Kax10e U3 KoTopuix pasHo (1/87)FE? dV u orHOCHTCA K OmpejeneH-
HOMY 3neMeHTY o0beMa dV. IlosToMy B 5TO ypaBHEHHE MOXHO BJIO-
JKUTh Cleayomuil (HU3NIECKH CMBICT: HOCHTENEeM 3JIeKTPHIECKON
9HEPI'UU fABJIAETCHA 3JIEKTPHUECKOe Nojie, IPUYEM SHEPrud nojd Jo-
KaJIH30BaHA B IIPOCTPAHCTBE TaK, YTO B KAXKJOH eqHHHIEe 06beMa
COAEPKUTCA KOJMYECTBO SHEPTHH W, PABHOE

_ 1 -
—g;E, (16.3)

rae E — Hanps KeHHOCTH 3JIEKTPHYECKOrO NOJIA B JAHHOM 3JIeMEeHTe
obbema. Benmunna w MoxeT ObITH Ha3BAHA 065EMHOT NAOTNHOCTIbIO
3nexmMPuUNecKoll sHepauu.

Hanporus, ypassenns (15.4) u (15.5) Moryt 6n1Th dbopMainHO
HCTOJIKOBAHBI B TOM CMBICJIE, YTO SIEKTPUUIECKAs] SHEPIHsI €CTh IHEp-
rusd 830umo0eticmeus 3IEKTPHUECKUX 3apPANOB H IPHTOM B3aHMO-
JelicTBus Ha paccroguum (actio in distans, daavrodeticrmeue); Taxk,
Hanpumep, ypasHenue (15.5) BBIpakaeT OOILYI0 SHEPrUI0 CHCTEMBI
3apsilOB B BHJE CYMMBbl SHEPIHil B3aUMOJEHCTBHS KaXKJOH Maphl.
O4eBHAHO, YTO IIPH TAKOM HCTONKOBAHHU YCTPAHSIETCH BO3MOXKHOCTD
JIOKAJIH3AIMK SHEPIHY B ONPEJEIEHHBIX YYACTKAX IPOCTPAHCTEBA.

Mexanuveckasi TEOPHSA 3JI6KTPOMATHITHBIX SIBJIEHHI BKJIAIBIBAIA
B ypaBHenud (16.2) u (16.3) cienyromee ¢pusudeckoe ConeprKaHue.
C ToYKH 3peHHs 3TOH Teopuu BO30Y KIEHHE TEKTPUYECKOrO MOJS
CBOAHTCH K BO3HHKHOBEHHIO JehOpMALMil FHMOTeTHIECKOH ynpyroi
cpeasl — a¢upa; smekTpuueckdii BekTop E ecth Mepa 910 1edpopMa-
UHH, & SHEPTHUsl SIeKTPHYECKOr0 MOJIA CTh HE YTO HHOE, KAK YIIPYras
sHeprus nedopmuposanHoro adupa. Kak H3BeCTHO H3 TEOPHH YIPY-
FOCTH, B KaXKJOM 3JIeMeHTe 00bema 1edOpMUPOBAHHOTO Tesa 3a-
KJIFOYAETCsl OIPEJIENIeHHOe KOJNHYECTBO YNPYroifl 9HEPrHH, MpOmop-
LHOHAJILHOE KB3JPATy BEJIWYIHHBLI AedOPMALME 3ITOrO IJIEMEHTA.
Crano 6vITh, 06beMHAS VIOTHOCTS YIPYIod SHeprun 3hupa B K-
TPHYECKOM TOje JOKHA ObITH MPONOPIMOHAJILHON KBaJPATy HAa-
npsixkerHoctd nons B, yro Bnonse cormnacyerca ¢ (16.3).

B nacrosiiee BpeMs MOXHO CYHTATE YCTAHOBIEHHBIM, ITO Nog00-
HOe MEeXaHHYeCKOe HCTOJIKOBAHHE 3JIEKTPHYECKHX ABJEHHH He BbI-

JepuBaeT KpUTHKE ¢axTos ') . Ho npescrapnenye o MTOKaIu3aIMK

1) Bonbie TOro, He TONBLKO SMEKTPHYECKHE CHJIEL He CBOIATCS K YIPYTOCTH I'H-
MOTETHYECKON Cpejisl, HO, KaK MBI TeIllePhL 3HAeM, CaMble YIIpyrHe CBOHCTBA Ma-
TEPHAILHEIX TEJI 0DBACHAIOTCA JEKTPUYECKUM B3aUMONEHCTBHEM ATOMOB 9THX
TeJL.
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3JIEKTPUYECKON SHEPTHH B IPOCTPAHCTBE ¢ 00HeMHON MIOTHOCTBIO W,
WHBIMH CJIOBAMH, IPEJICTABJIEHHE O TOM, YTO SJMEKTPHIECKAsT SHEPTHs
€CTh 9HEPTHS IAEKTPUIECKOrO NOJIs, CIENIANT0CH NPOYHBIM JOCTOSHH-
eM Hayku. KoHeuHo, Biaromaps nosHOH MaTeMaTHYecKOll 3IKBMBa-
nenrHoCTH ypasHenuit (15.6) u (16.2) oba 5TH ypaBHeHHH, a CTAJIO
ObITE, 1 00a MIPHUBEJEHHBIX HCTONKOBAHUS HX OJIHHAKOBO XOPOIIO CO-
IVIACYIOTCA C DAHHBIMH OIBITa. O1HAKO 9KBHBA/IEHTHOCTD 9THX YpPaB-
HEHMH MMeeT MECTO JHIIL B NOCTNOAHHOM SMeKTPUYECKOM [oJe.
[lepeiing K u3y4UeHNMIO NEPEMEHHBLIX IEKTPOMArHUTHBIX NOJNEH H,
B HACTHOCTH, K U3YUEHMIO 3JIEKTPOMATHHTHBIX BOJIH, MBI TIO3HAKOMHM-
C ¢ SIBNEHHAMHE, KOTOPBIe MOTYT OBITH HCTOJKOBAHBI JINIIbL HA, OCHO-
B€ NOMyIIeHHA O JIOKAJTH3AIUY SHEPTUU B JIEKTPOMATrHUTHOM IOJE.

. g6paTI/IMCH Teneph K BOIIPOCY O PA3JIHYHOM COTEPKAHUU yDaB-
uHenuit (15.4) u (15.5), ¢ ogHOi cropoHsl, u ypasHeHuit (15.6) u
(16.2) — ¢ gpyro#t. Yro 9TH ypaBHEeHHS PA3HATCA II0 CBOEMY COJEp-
JKAHHIO, ABCTBYET XOTA OBl H3 TOr0 06CTOSITEILCTBA, YTO IHeprus W,
onpenensemass ypasHenneM (16.2), He MoXeT NPUHUMATbH OTDHIA-
TenbHEIX 3Hadennit (u6o E? > 0), Torma xak, cormacto (15.5), snep-
TUsl B3aMMOJEHiCTBUS IBYX TOUEYHBIX 3aPAJIOB €] ea/ R1g OTPHUIATEND-
HA, eCTH 3apAAbl 9TH Dpa3sHoHMeHHBl, OObsICHAETCS 3TO TeM, 4TO
B ypasHeHusax (15.4) u (15.5) y4urTsiBaeTcs nulIb B3aUMOjeHCTBIE
Psifia «TOYEYHBLIX» 3aPSIIOB, HO HE 83aumodeticmeue omdeavuns sae-
MENNOE KAXKIOTO TAKOTO 3apada meocdy coboti. J1eficTBUTENBHO, ec-
JIA MBI IMeeM €710, HATPHUMED, € OTHUM-EIHHCTBEHHBIM «TOUEIHEIMY
3apanoM ej, TO Bepakenusi (15.4) u (15.5) obparsrcsa B Hyab, TOr-
Ia Kak BeipaxkeHud (15.6) u (16.2) GyAyT MMeThH OTJIMYHOE OT HyJIst
H MPHTOM [OJIOXKHTENLHOE 3HAUEeHHe, DABHOE TAK HA3LIBAeMON Cob-
cmeennoti snepeuu 3apana er. B ToMm, 4ro ata cobcrBeHHasT dHEprus
BCEr/a MOJOKUTENLHA, MOXKHO YOeIUThCs 100 HEIMOCPEeJACTBEHHO U3
ypasuenns (16.2), 1ubo u3 Toro 06CTOATENLCTBA, YTO, MPUNHCHIBAS
3apgaay € HeKOTOPbIi 06beM, pa3buBasi ero Ha sJ1eMeHTH! de; B BBIYHC-
NSl SHEPTHIO B3AUMOMENHCTBHS 9THUX JEMEHTOB, MBI IIOJIYYHM CYMMY
TIOJIOXKUTEBHLIX BhIpaXKeHuii Tuna de, dex/R;);, (160 Bce aneMeHTH
OIHOT'O ¥ TOrO e 3apsAjia UMEIT OguHakosbli 3Hak). Cobcreennas
9HeprHsi 3apsijfa 3aBHCUT, KOHEYHO, OT ero pa3MepoB M PaBHA Tol
pabore, KOTOPYH COBepHIHJIN OBl CHJIBI B3aHMHOrO OTTAJIKUBAHMHS
MEXKJy SJIEMEHTAMH 3apAfad, eCJIH OBl 9TH 9JEMEHTH Pa3JeTelHCch
B CTODPOHBI H YAQIHIUCE B OECKOHEUHOCTD.

PaccMorpuM B 3akiroueHne nonHyio (T. €. COOCTBEHHYIO W B3a-
HMHYI0) SHEPUHIO JBYX 3apdaloB €] H ey. IlycTs Kaxkaviii U3 3THx
3apsA70B B OTJIENLHOCTH BO3DYKJaeT cooTBeTCTBeHHO rone Eq u E,,
TaK 4TO pe3yabTupyilomee none E o6oux 3apsagos pasHO

E=E +E

E? = (E; + E2)2 = E% + E% + 2(E1E2).
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Ilonuas sHeprusi 3apagoB € U ez, coracHo (16.2), 6ymer paBHa

= —1-/E2dV= L/Efdv+ i/Eng+i/2(ElE2)dV,
8w 8n 8w 8
HIH
W = Wi + Wag + Wy, (16.4)
rxe
Wiy = i/Ede 5 Wi = —1—/E§dV (16.5)
8n 8w
CyTh COOCTBeHHBIE SHEPIHH 3aPSII0B €1 H €2, 4
Wiy = $/2(E1E2)dV (16.6)
eCTh UX B3auMHaA 9HEPrusi. I/I3
(B1—E2)® >0
CIIeLYET, UTO
E} + E > 2(E1Ey),
TaK 49TO

Wi + Way > Wi,

Taxum 06pa3oM, NOMOKUTENbHAA CODCTBEHHAA SHEPrUs 3apaa0B
Bcerja Gosbmne (MM B KpaliHeM CIydae PaBHA) HX B3AHMHOH 3HEp-
THH, MOTYIHIeHl MMeTh KaK [OJIOXKHTENbHBIE, TaK ¥ OTPHUIATeNLHbIE
3HAYEHU.

CrpaBeIHBOCTE ITOrO IOJNOKEHWA ABCTBYET, BIPOYEM, U HETIO-
CPEJICTBEHHO U3 TOr0 0DCTOATENILCTBA, UTO COOCTBEHHAS SHEPrUsl 3a-
pAla COOTBETCTBYET B3aUMOJEHCTBHIO €ro COOCTBEHHBIX JIEMEHTOB,
CpeJlHEe PACCTOAHHE KOTOPBIX JAPYT OT JPYTra MeHpIIe, YeM PaccTos-
HHE HX OT 3JIeMEHTOB APYIrOro 3apajia.

IIpu Bcex BO3MOXKHBIX MePEMEIeHHAX 3aPA0B, He H3MEHSIIOIIUX
uxX (HOpMBI 1 PA3MePOB, COOCTBEHHAA SHEPIHA 3apsii0B OCTATC HO-
croannofi. [losToMy npu aTHX nepeMemeHuax uneHsl Wy u Wa
MOXXHO CYHTATH AJJHTHBHBEIMH MOCTOAHHBIMH B BHIDAXKEHHH TIONHON
sHeprun W, u3aMeHeHUe KOTODPOH BCELENO ONpejensieTCs] H3MEeHeHH-
€M B3aHMHOI1 9Hepruu 3apanos Wha. [Ipu nocrarouro Homsiuux pac-
CTOAHHAX MeXJY 3apsigaMu Boipaxkenue (16.6) mna Wis ceogurces,
04eBHJHO, K Beipaxennto (15.2) (cM. 3anady 15 B koHije naparpada).

6. UpesBrpIdaifHO BaXKHO OTMETHTDL, ITO SHEp2UA INEKTPHIECKOTO
moJisi He obaadaem ceoticmeom addumueHOCNU, T. €. ITO SHEPrUd
nons E, sisnaronieroca cymmoit noneit By u Ey, Boobuie rosopd, He
paBHa CyMMe SHepruil cjaraeMuix noseit (eciau Tonsko Wig He paBHO
Hy/M0). B wacTHOCTH, NpH BO3paCTaHUH HANPAXKEHHOCTH IOJA B N
pa3 SHepTHsi MONs BO3PAacTaeT B n’ pas.

T puMep. Hoanan sanexmpuueckas sHepaus CUCTEMbL 3aPA-
HCEHMBT NPosodnukoes. I1yCcTh B moMe PACIOIOKEHO 1 IPOBOIHUKORB;
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0603HAYUM COOTBETCTBEHHO Yepe3 .S, ¢, H €, MOBEPXHOCTb, TIOTeHIIH-
aJ1 1 obumil 3apsif ¢-I0 MPOBOJHUKA. [IPUHSIB BO BHUMAaHKe, 9TO BCE
3apAnbl TPOBOAHUKOB DACHOJNOKEHBl Ha HX HOBEPXHOCTH, TaK 4TO
p = 0, ¥ 9TO NMOTEHIUANT KaXKJOO NPOBOIMHKA MOCTOAHEH HA BCEM
€ro NpoTsXKeHuH, noiyduM u3 (15.6)

n n
= %Z¢a¢d5'= %Z‘Pz%“ds-
1=1g, 1=1 S,

Wurerpan o no noBepxXHOCTH NPOBOSHUKA PageH ero obmeMy 3a-

pazy €., IOITOMY n

W=1% e (16.7)
2 =1
STy (opMy/Iy, BHIPANKAOILYIO NOAHYN ISHEPIHIO 3APANCEHHVT
nposooruKoe, He HY’KHO CMEUIHBATL C BIIOJIHE AHAIOIHIHONR GopMy-
noit (15.4), BbIpaXKAIOMWIEH 63aUMHYN0 IHEPTUIO TNONENHBIT 3aPAJ0E;
B mocieanei ¢popmyne B ormune ot (16.7) ¢, He ABAAETCA NONHBIM
NOTEHLMAJOM NOJIsi B MecTe HaXOXKAeHHA 3apsija e, (cM. § 15). 3a-
MeTHM, 4TO BhipaskeHde (15.9) 11 sHepruy KOHIEHCATOPA ABIAETCS
qaCTHBEIM ClydaeMm ¢opmysl (16.7)1).
3apgaua 14. Ilokasars, 49ro (COGCTBEHHAS) 3JIEKTPHYECKAA
SHEPI'Hs 3aPSAKEHHOIO UIapa Pajuyca d PaBHA

e?

=50
ecIH 3apsjfl € PaclpeliesieH 10 NOBEPXHOCTH lapa (IPOBOAHMK), H
aBHa
b _ 3¢?
50 '

eciy 3apsfl PABHOMEPHO PAClpelesieH 1o BceMy o0beMy miapa.

3anmaga 15. [lokazaTs, 4TO eC/IH PACCTOSTHHE MEXIY 3apAia-
MU €] B €3 JOCTATOYHO BEJIMKO N0 CPABHEHHIO C UX pa3MepaMmu (To-
YeyHble 3apALH), TO BeIpaxkenue (16.6) p3aumuol sHeprun Wip 3THX
3apsiOB CBOAUTCS K BhIpaxkeHmam (15.2) u (15.3).

§ 17. lloniepoMOTOPHBIE CHIIBI

1. Ilo mannoMy B § 2 onpeneneHuI0, OCHOBHASA BEAMYKHA, XAPAK-
TEPU3YIOIIAs WIEKTPUIECKOE T0Jie, — er0 HANPAXKEeHHOCTE B — pas-
Ha PACCYHTAHHOI HA e IHHHILY 3apsiia MOHAEPOMOTOPHOM (MexaHHYe-

') Tipe raraeM “IMTATENO B KAYECTBE YIPAKHEHHS HEOCPEACTBEHHBIM BHIGHC-
JleHHeM yOeJUThCA Ha KOHKDETHBIX IPHMEPAX IUIOCKOrO, IFJIHHIAPHYECKOTO M
LIAPOBOro KOHZEHCATOPOB B TOXK/ECTBE 3HAYEHUIT SHEPriH, IOIyYaeMbiX o Pop-
myne {15.9), ¢ onnoit croporsl, u o ¢opmyne (16 2) —c¢ apyroit.
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CKOH) cuIe, JefCTBYOMmell B JAHHOK TOYKE NOJs Ha MPOOHBIH 3apsy,
(3apsizkenHoe Tes10). IIpH 9TOM HYXHO, KOHEYHO, HMETh B BHJY, YTO
CHJa, NefCTBYONAd Ha KAKOH-IM00 3apsj, Onpenendercd, OueBHJ-
HO, HANpPsi>KEHHOCTBIO TOrO MOJIsI, B KOTOPOe IOMEUIEH 3TOT 3apsai,
a He TOrO 1oJisi, KOTOpoe Bo3byxpaerca uM camuM. CreoBaTentHo,
roBOPdA, HanmpHMep, 4TO CHJa, HeHcTByomas Ha TOYEedHBId 3apay e,
paBHa

F=cE (17.1)

[cp. ypaBnenue (2.2)], MBI BOMKHEI OHEMATE TI0/ B HANPAKEHHOCTH
1078, BO30Y K/ 126MOT0 BCEMH 3APAJAAMH CHCTEMBI, KPOME CAMOTO 3a-
paIa e.

2. Bompoc o cune, AefCTBYIOIIEN HA NOGEPTHOCTNHBIE 3aPAOUL,
TpebyeT Crelua sHor0 HCCIeI0BaHus, H60 HAanpAKeHHOCTL noia B
uMeeT 110 00e CTOPOHEI 3aPAXKEHHON MOBEPXHOCTH pa3inyHble 3HAYe-
uns [ypasHenne (4.3)], u, crano GuiTh, Ha CaMOll IOBEDXHOCTH OCTA-
€TCsl HeollpeaeIeHHOH.

B cinyyae ogHoro-eMHCTBEHHOr0 yeqUHEHHOrO MPOBOJHMKA BCE
3JIEKTPHUECKHE CUJIBI CBOJATCH KO B3aMMHOMY OTTAIKHBAHHIO IJ1€-
MEHTOR 3apANa 3TOr0 NPOBOAHHKA. BBHMIY TOro, 4ro B3aHMHO OT-
TAJIKUBAIOIMIMAECHA 3JIEMEHTHI 3aPA/Ia He MOr'YT MOKHHYTE MPOBONHUIKA,
K TIOBEDPXHOCTH MPOBOJHUKA OYLYyT MPMIIOMKEHBI MOHIEPOMOTODHEIE

CHJTBI, CTPEMSAIIIHECH e€ PACTAHYTS ) . [Tomo6HOro ke poma cumsl Gy-
LYT, O4eBHIHO, IPHUJIOKEHE ¥ K MOBEPXHOCTH HEYEJIWHEHHOTO IPO-
BOJHHKA, MOMEMIEHHOI'O B IPOH3BOJLHOE JIEKTPOCTATHIECKOE TIOJIE,
Yrobsl onpenesuTs 3TH CHIIBI, PACCMOTPHM HEKOTOPHIA 31neMeHT dS
NOBEPXHOCTH NpoBogHKKA. HanpskennocTs nmond ¢ enewnet cmopo-
HoL leMeHTa dS, cornacHo (7.8), paBHa

E = 47on
(0 — ILIOTHOCTH €ro 3apsija), U HANPAaBIeHA HOPMAJbHO K €ro mo-
BEPXHOCTH; BHYTPH »Ke MpoBogHHKa E = 0.
Onnako E ecTh HanpskeHHOCTH Pe3yJILTUPYIOIIErO TIONST BCEX
HMEOIIUXCS 3apAJI0B, B TOM YHCJIE U 3apAAa CaMOro sjeMenTa dS:

E=E +E",
rae E'—none snementa dS, a E” —mone ocrampHbIX 3apsigos. B
IBYX CMEKHBIX TOUKAX, JIEXKAIIUX MO PA3HBIE CTOPOHL 3neMeHTa dS j
none E” stux 3apanos OGymeT, 04eBUIHO, OAUMHAKOBBIM, MO e K

OylleT uMeTh OJMHAKOBOE 3Ha4YeHHe F', HO pasMMyYHOe HANPAaBJIEHHE
(puc. 22). Crano 6bITH, C BHEIIHe cTOPOHB! snemenTa dS F = E' +

+ E" = 4w0, a c suyrpenneit E = E' — E" = 0, orkyna
E' = E" = 27o0.

') Bt cooGImuTh S/eK TPHYeCK i 3aps ] MBUIBHOMY Iy3BIPIO, TO IO BIHAHM-
€M ITUX CHJI OTTAJIKHBAHHA ITy3bIpb OyIer paclIupATECH OO0 TEX IIOP, TIOKA OHH
He YyPaBHOBECATCH CHJIAMH IOBEPXHOCTHOrO HATHXKEHHA H pa3Huueld gapnenuit
BO3AYyXa BHYTPH M BHE IIy3bIPA.
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Cnnai UCTILITHIBAEMAS 3aPAIOM 0 d.S a7eMenTa dS, onpeensaercs
1

nosieM E” 3apanos, nexxamux BHe 3TOr0 3/16MEHTA, H, CTAJO OBITD,
paBHa
" 2 1 E
E"0dS =27x0*dS = - EodS.
2 E’ El'
TakuM 06pa3oM, Ha eJZUHHILY * as

MMOBEPXHOCTH IIPOBOJHUKA JeHCTByeT
NOHAEPOMOTOpHAdA cuna f:

f=2n0% = -;—Ea = él; E?, (17.2)

HalOpaBIeHHAd, KAK Jerko ybenurned,
no BHeIIHe!! HOpMaJIM K 9TOH NoBepx-
HocTH. Benuumuy f MOXHO, O4eBHj-
HO, HAa3BATh NOGEPITHOCMHOU NAOMHO- Pnc. 22
CTNDBI0 NOHIEPOMOMODHUET CUA.
3. PaccMOTpuM JJ1d IOJTHOTH CIy4dall 06beMHOT0 pacupeneneHus
3apsfa ¢ IVIOTHOCTLI0 P, XOTS B 3/IEKTPOCTATHIECKOM IIOJIe B OTCYT-

CTBHE [UYIEKTPHKOB 9TOT CAy4Yail NPAKTHYECKH HEOCYIIECTBHM 1) .
Ecin snekTpuueckuii 3apsiyi HePa3pLIBHO CBA3AH C 3yieMeHTOM dV
o6beMa HEKOTOPOTO TeNa TaK, UYTO nepeMemeHue zapsja pdV Bo3-
MOXKHO JIMIUb HOPH COOTBETCTBYIOIEM MePeMeIleHHH 97IeMeHTa Tea
dV u 1a060poT, TO Ha KaXKIHIH 3JTEMEHT 3TOro Tena Oymer pelcTBO-
BATHL CHJIIA,

F =fdV = EpdV, (17.3)

rae E — HanpseHHOCTE moJst B anemenTte dV . BerunTars 13 nojgHoro
mona E none 3apaga camoro aneMeHTa dV B 3TOM CIy4ae He HYXKHO,
H00 HANpPSKEHHOCTH noJyisi BECKOHEUHO MAJIoro 00beMHOrO 3apajna
pdV GecKOHEYHO Mana JayKe BHYTPH CaMOro 3apsifla H CTPEMHUTCS K
HyJIF0 IpH GecrnpeelbHOM yMeHbIIeHUH ero pa3mepos. IIpome Beero
ybenuThCca B 9TOM, IPHUHSIB [JIs MPOCTOTHI, YTO NeMeHT dV uMeer
dopmy mapa, TaK 9TO I0Je €ro onpexensiercs dopmynoit (4.8).

W13 (17.3) cnenyert, 9ro 06seMHas NAOMHOCM b NOHJAEPOMOTOPHBIX
cun pasHa 2)

f = pE. (17.4)

INpumep. Cuawm, delicmsyroujue Ha dunoas.

Hycre E u E' — HanpsizkeHHOCTH BHelIHero (mo OTHOIIEHMIO K
JQUMOM0) oA B ToYkax P u P’ 3aHMMaeMBIX COOTBETCTBEHHO ero

1) 3a HCKTIOYEHNEM HEOIHOPOHBIX TPOBOIHAKOB, BHYTPH KOTOPEIX AeficTBy10T
CTOpOHHME INEKTPoABHAKyIUe ciitn! (§ 38); Ha 9TOM CiTyuae MBI OCTAHABIMBATECH
He byAeM.

2) B majnHeiIIeM MWIOTHOCTS CUT MbI O6yzneM Bcerga obo3navars yepes Magoe T,
coxpanss F nponucHoe gyist 0603HauenusT Cul, NEHCTBYIOUIX Ha OTAEILHBIN 3a-
psA, QUIOJL, TPOBOJHUK U T. A.
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OTPHLATENBHBIM M IOJOXKHTENbHEIM 3apanaMi (puc. 23). Toraa pas-
HOZeHCTBYOMAs F cun mosid, npulosKeHHBIX K 9THM 3apgaaaM, byaer
paBHA

F = ¢E' — ¢E = ¢(E' — E).

Pasuocts E' — E ects npupamenue sektopa E na orpeske PP/,
pasHoM anuHe nunond 1. Beugy MamocTu 3Toro orpeska mpupalienue
9T0 MOXKeT OBIThH BHIPAKEHO, COTJIAC-

eE' no (51%*), popmynoit

E-E=12E_|v.E,

ol
F___¢p’ OTKyIa
¥ 5 77 F=elV-E=pV-E. (17.5)
—eF - TakuMm obpazoM, cuna F, geficTymo-

Hasl B 3JIEKTPUYECKOM I10J1€ Ha, Ju-
NOJib, 33BHCHT OT OLICTPOTHI H3Me-
HEHHUS STOro NOJIS B HANMPABJIEHWH OCH AHUMONA; B OJHOPOTHOM XKe
Mojie CHJIbI, NeHCTBYIOUIME HA TIOJIIOCH U0, PABHEI IO BEIHMYHHE
H NPOTHBOIONOXKHE! 0 HAIIPABJIEHHIO 1, CTAJI0 OBITHL, B3AHMHO ypaB-
HOBEIIMBAIOTCA.

ITomuMo paBHOgelicTByIonieit F 1j1s MOXHOro onpeneeHns: CUII,
OeHCTBYIOIIUX Ha NUMOJL, HeOOXOOUMO oOpedenuTs MOMeHT IN aTux
CHJI OTHOCHTEJIPHO LEHTPa aunoind. MOMeHT X OTHOCHTEJNBHO TOY-
ki P, B KOTOpOit HAXOIUTCS 3apAg —e, PaBeH, OYEBHUIHO,

N =[1-eE'] = [pE’].

B mpenese npu gocrarouno#i Masoctu 1 Touka P coBmanmaeT C
neHTpoM gunond, a E' copnmagaer ¢ E, Tak 4To OKOHYATENHHO

N = [pE]. (17.6)

W3 3TO0rO BRHIPAXKEHHSA CIEAYEeT, YTO JUMOIL CTPEMHUTCS] TOBEp-
HYTBCSI B VIEKTPUYECKOM T10JIe TaK, YTOOBI ero MOMEHT P OBL mapadl-
nenen nonso. [pu p, HanpasnenHoM npoTus E, ppamaomuyit MOMEHT
Tak>ke PaBeH HYJII0, HO 3TO PABHOBECHE HEYCTONIHEO.

§ 18. Onpeanenenne NOHAEPOMOTOPHBIX CHJI
U3 BbIPA2KeHUA dHepruu

1. IlepeMernienre Tes B 9JIEKTPHYIECKOM [MOJi€ COIPOBOXKJAETCS,
BOODIIIe TOBOPA, KAK H3MEeHeHHeM 3Heprud W aToro mous, Tak U pa-
BoToii A MoHIepOMOTOPHBLIX cun nond. Ecau npu sToMm He mpouc-
XOIUT Mpeobpa3oBaHus APYrux (HopM 3HEPrHU &ennomﬁ, XUMHBYE-
CKO#f U T. [ ), TO paboTa MOHAEPOMOTODHBIX CHJI JOJKHA, OUEBHIHO,
COBEpIIATLCA 33 CYET u3MeHeHdsI 6W 9Hepruu Nojs, TaK ITO

A= —8W. (18.1)
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Wcxons 13 3TOro COOTHOWIEHKA, MBI ONpeAeTuan B § 15 sHepruio
nonsa W (15.1); o6parHo, 3uasg W, me1 Ha ocHoBauuH (18.1) MoxeM
onpenesuTh pabory A, a crano ObITE, M COBEPIIAOIME 3TY pPadoTy
MOHIEPOMOTOPHBIE CHJIBL.

Heticreurenbro, popmyna (18.1) nokasbIBaeT, YTO SHEPrus IeK-
TpuYeckKoro nojist W Hurpaer posb nomenyuasbrol SHEPTUN B CMbI-
CJle AHATUTHYECKOH MEeXaHUKH, METOJAMM KOTOPON MBI H MOXKEM BOC-
nmonb30BaTbed. IlycTh sneprug W B caMoM o61ieM cIydae BHIPAXKeHa
B 3ABHCHMOCTH OT KaKNX-IH00 «0B0BIEHHBIX KOOPOHHATY ¢,, XapaK-
TEPHU3YIOUINX paclpeaeieHne 3apsajoB, IPOBOJHUKOB H T. II. Toraa

oaw
W=>" G 00 A=) 0.q, (18.2)
1 1

rae ©,, 10 TEpMUHOJOTHH AHAIMTHIECKOH MEXaHHKH, CyTb «00006-
LIeHHbIE CHIBI», JEHCTBYIOHIME <«IIO0 HANPABIEHHIO» KOODAMWHAT ¢.
Orcrona Ha ocHoBann# (18.1) npu ycIoBHH HE3ABHCHMOCTH KOODIH-
HAT ¢, CJEYET, YTO

=9 (18.3)

BecbMa yacTO ONpezesieHHe MOHAEPOMOTODHBIX CHJI HA OCHOBAHHH
9TO#t (POPMYJIEI OKa3bIBAETCH HECPABHEHHO 6ojiee NPOCTHIM, 9eM He-
HOCPe/ICTBEHHOE ONpejieNieHne ux 1o ¢gopmynam § 17 myreM uHTer-
PHPOBAHHUS MO OTJAENBLHBIM 3JIEMEHTaM 3aPAf0B.

2. B kayecTBe TpOCTeHINero IpuMepa ONpeNesiiM 3THM CIIOCO-
60M CHJIbI B33GUMHOTO NPUTHAKEHUS IJIACTHH [JIOCKOTO KOHJIEHCATO-
pa. DHeprus 3TOr0 KOHAEHCATOpa DaBHA [cM. ypasHenue (15.9) u
pe3yJbTaThl penieHns 3a1a4d 8, c. 52

e’ _ 2me’d
2C s

Ilpu paspBuranuu NJAACTHH, T. €. IPH yBeJIHYEHHH PACCTOSHHA d
MeXIy HUMH, NOJeM coBepinaeTcs pabora

A= —5W = —2";2 sd.

C apyroit cTopousl, ecii f eCTh CHJIa NPHUTAXKEHUS, KCIBITEIBae-
Mad eTHHHUIEN TOBEPXHOCTH IUIACTHHLI KOHAEHCATOPA, a F — obmasa
CHJIa, JEHRCTBYIOIIAA Ha BCIH MOBEPXHOCTH MIACTHHLI S, TO

A=—F.-5d=—fS"éd.

[IpupaBHuBaA NonydeHHble BbIpasKeHUd, HaligeM

2
F=jfS= 2"; = 21028,

rae ¢ = e/S —IUIOTHOCTL 3apsAna HA MOBEPXHOCTH IUIACTHH, YTO
BrionHe comtacyercd ¢ (17.2).
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K ToMy >xe pesysbraTy MOXKHO NPHATH M HEOCPEICTBEHHO H3
(18.3), momaras B aroit dopmyse g =du © = F.

3. Boliie MBI HeSIBRHBIM 00Pa30M NIPEAIIONATAJH, YTO NPH CMene-
HUMY NJACTHH KOHJEHCATOPA 3aPAJd WX € OCTAETCH NOCTOSHHBIM. MbI
NOIy4nan 6wl COBEpIIEHHO HHOe 3HayeHuwe dW, mpeanosnoXKus, 4TO
He 33D, & PA3HOCTND NOMENYUUAA08 ILIACTHH KOHJEHCATOPA P2 — (1
OCTaeTCsl TTOCTOSIHHON NPH UX cMemeHnd. OObACHSIETCs 9TO TeM, UTO
Pa3HOCTH MOTEHIHATIOB 0OKNaJOK KOH/IEHCATOPa MOXKET OCTABAThCA
HEU3MEHHON NpH NnepeMeIeHHsIX ITHX OOKNAn0K (H3MEeHEHHS eMKO-
CTH) AUWD 6 MOM CAYYae, eCIH T3 PA3HOCTH NOTEHHHAJOB MOJ-
JIep>KHBALTCH HEH3MEHHON HEKOTOpBIMH cmoponnumu INC Hesnex-
TPOCTATHYECKOr0 MpoucxoxaeHusi (cM. § 38), coBeplualOmuMyu npH
u3Menennn C HEKOTOPYIO A00aBOUHY0 paboTy. (DTo uMeeT, HANpH-
Mep, MECTO TIPU NPUCOeJHHEHHH 0BKIIaI0K KOHJIEHCATOPA K IIOJI0CAM
raJIbBAHNYECKOro 3sieMenTa.) IIpu atom ¢opmyna (18.1), oueBuano,
11epecTaeT OBITH NPUMEHHMOH.

Ha ocrosarnu (15.9) u (9.1) mis xongencaropa mo6of GopMbl HMeeM:
npu € = const

ath(ﬁ>——iiw——k — p1)%6C
e/ T T T T TR

HpH P2 — Y1 = const
S W = 6{20(992 ¥1) } = 2(902 1) 6C,

bW =—6W=A (18.4)
Taxum o6pa3oM, conpoBoKzamOIuUe IepeMelnerne 0OKIaI0K KOHASHCATODA
H3MEHEHHs ero JIeKTPHYECKON 9HepruH IIpH € = Const U IpH @2 — 1 = const
PaBHBI IO BeJIMYHHE, HO MIPOTHUBOITOJIOKHLL 0 3HaKy. C Apyroii CTOPOHH, BBUAY
COOTHOLIEHU A
e = (p2 — ¢1)C,
n3Menenne eMKoctH C IpH MOCTOSHHOM @2 — @1 JOJXKHO CONPOBOXKIATHCH U3-
MEHeHHeM 3apsna KOHAEHCaTopa €

de = (p2 — 1) 8C,

T. €. mepeHecenneM 3apana de ¢ ogHOM M3 OOKIANOK KOHAEHCATOPA HA APYryO.
Yipn mpoxoXzenud 3TOre 3apsna J€ 4depe3 BKIIOYEHHBIH MexXAy OOKNaLKaMu
KOHACHCATOPA raIbBaHUYECKHI 3/IEMEHT XHMHYECKAs SHEePrHs 9TOr0 MeMeHTa,
Kax Mel yeuauM B i1 III, ymenbmaerca, a DJIC anementa & coBepuiaer pabory
P=¢&.de.

B pasomkuyToll tenu, coCTOAWEH W3 JIEMEHTA B KOHIEHCaTOpa,

& =2~
H, CTaJI0 OBITH,
2
P = (p2 — 1) de = (p2 — p1)" 6C,
wik epuny (18.4):
P=2§,W=A+4§,W. (18.5)

Taxum oOpa3oM, IpH W2 — 1 = const pabora A NOHAEPOMOTOPHBIX CHII IIO-

JISl COBEepIIAETCA He 3a CyeT sHepruH mojis W, a 3a c4eT XMMHYECKOH 3Heprum
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rajIbBaHMYECKOTO HIEMEHTA (MM SHEPI¥H NPYroro HCTOYHHKA cropouHedi 3C).
B uacrtHOCTH, nososicumenvres pabora CHII monst A COIMpOBOXKIAETCA NPUPa-
UenUeM IIEKTPHYECKOH sHeprum W, NpOHCXOAAIMM TaKiKe 32 CYeT DHEPruu
TaIbBAHMYECKOr0 JIEMEeHTA.

Takum obpazoM, dopmyna (18.1) cnpasenuBa MHLIL IPH YCIIO-
BHH, YTO HepeMelleHHe Tesi B TeKTPHYECKOM I0Jle He CONPOBOXK Ja-
ercst paboroit croponHax IAC HEINEKTPOCTATHICCKOTO MPOUCXOK-
nenns. Kpome Toro, yciosumeMm npumeHmmoctd dopmynn (18.1)
ABJISIETCH, OYEBHIHO, JOCMAMONHAA MEOAEHHOCTND NepeMeUuseHUs
men, a UMEHHO CTOJb MAaJiasi CKOPOCTh IepeMeNieH s, YTOObI B KaK-
JIBL JAHHBIH MOMEHT TPOIECCA 3JEKTPUUECKOE COCTOSIHHE CHCTEMBI
MOIJIO OHITH ONUCAHO YPABHEHUSMH SJIEKTPOCTATHKH (T. €. beckoHed-
HO MAaJio OTJIMYAJI0Ch OT PABHOBECHOTO).

Mpumep. Onpedeaums cuant, deticmsyrowue va meepdud du-
noAb, UCTO0A U3 €20 HHEPLUU B0 GHEWHEM TMOAE. DHEPIus JUIIOIS
BO BHELIHEM TI0Jie, corniacHo (15.8), paBua

W = —pE = —pFE cos ¢

U gBnserca (yHKIHel: a) KOOpAMHAT UEHTPa JUIONA T, Y, Zz U
0) yria ¥ MexXJy OChIO AMMONA W 3aJaHHBIM HAMPABIEHUEM 3JI€K-
Tpudeckoro nmosisi K (YucnoBoe 3HaYEHHE MOMEHTA JUIONs CIHTA-
eM HEM3MEHHBIM: «TBepAbiii» numons). CoriacHo M3BECTHBHIM MOJIO-
JKEHHSIM AHAJIUTHYECKON MeXaHHKH «0000meHHbIe CHILI», COOTBET-
CTBYIOIIHE THM 00OBIIEHHBIM KOODAHHATAM, PEJACTABISIIOT cobO
HEe YTO WHOe, KaK

a) pPaBHONENCTBYIOULYIO MPHIJIOKEHHBIX K JUIIONIIO CHIL:

oW ow oW
Fp=—— F,=——— F,=—-"—; 18.
€ oz’ y ay’ 9z’ (18.6)
6) MOMEHT TIPHJIOXKEHHBIX K IHIIOJIO CHJL:
ow
N=—-— 18.
w (18.7)

crpeMsamuiicss yBenmuIuTs yroa 3.
M3 (15.8) u (18.6) cienyer, uto

F = —VW = V(pE). (18.8)

9TO BhHIPAXKEHHE B CIydae 2AeKMPOCINAMUNECKOZ0 NOJSI, KOTO-
PBIM MBI 37I€Ch TOJIBKO M OTPAHHYMMCS, JIHIIL IO cBoed (opMe OT-
JIMYaeTcs OT paHee BLIBEJEHHOrO BhIpaxkenud (17.5):

F=pV.E.

JeficTBUTENBHO, 1JIsT BCAKOrO TOCTOAHHOTO (He 3aBHCSIIEro OT KOOp-
OHHAT Z, Y, Z) BEKTOPa P UMeeT MECTO COOTHOMEHHE

V(pPE) =pV-E + [prot E|. (18.9)
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Yrobs! HOKA3aTh 3TO COOTHOLIEHHWE, JAOCTATOYHO DPACCMOTPETH
ciaramouryo sekropa V(pE) — pV - E xorst 661 0 0CH :

o
;(PE)—PV'E =
T

_ aE,, OE, ( OE. OE, OE, )
p“‘ o TP \Pepr H Py S paTE
- (% - %) n (aE OE, )

oz dy “\ 8z 9z

= pyrot, E — p,roty E = [prot E];.

B uHTEpeCyOIEM HAC CIydYae 3MEKTPOCTATHYECKOrO NOJIHA BEKTOD
E = —grad ¢, u nostoMy €ro poTop, Kak POTOP BCAKOrO IpagHeHTa
ckasipa, pasex Hymo: rot E = 0 [ypasuenue (7.6)].

TaxuM 06pa3oM, B 3/MEKTPOCTATHIECKOM MOJe JeHCTBHTENHHO

E V(pE) =pV-E (18.10)
p u dopmyna (18.8) skeusanenTHa dopmye
(17.5).
Ob6painasick K MOMEHTY CHJI, TIPHJIOXKeH-
HBIX K JUMOM0, monydaeM u3 (15.8) u (18.7):
N = -—%%i = —pEsin4.

Beugy Toro, uro ¥ < w, mpaBas 4acTb
N 9TOr0 BBIDAKEHHUS OTPHUIATENLHA, H, CTAJO0
Prc. 24 OBITH, COrMIACHO CMBICTY (opmyst (18.7), Mo-
MeHT N CTPeMUTCs YMEeHLIIMTb yros ¥ Mex-
ny p u E (puc. 24). CrnenoBaTesibHo, 0 BETHYHHE H HAMDPABIEHHIO

BEKTOP MOMEHTa CHJI ONpeJensiercss (popMyIoi

— [pE], (18.11)

COBIAJAIOLIEN C paHee BhIBeNeHHOM HaMHu dopmymnolt (17.6).

§ 19. HeycroitauBocTb 3IeKTpudecKnx cucrem. Ceaszu

1. Ing sneKTpuyeckKofl TEOPHH CTPOEHHS] MATEPHH YPE3BLIYAM-
HYIO Ba>KHOCTH MPEACTABIAET BOIPOC O BO3MOXKHOCTH YCIMOTGYUsHT
KOHGUTrypanuil 37IeKTPUYECKHX 3apAoB. Ecin MaTepus COCTOUT H3
9MEeKTPHYECKHUX 3aPAJOB — JIEKTPOHOB H MPOTOHOB, TO BO3HHKAET
BOMPOC, MOXKET JIU CHCTEMA TAKUX 3apANOB HAXOANTLCA B YCTOHYH-
BOM CTATMUMECKOM DABHOBECHH HJIH XK€ B ATOMaX W MOJIEKYNAX BCEX
TeJT 3apsiabl 9TH JOJKHBI HAXOOHTHCA B COCTOSHUHM HEMPEPLIBHOTO
deusicenus?
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Jlytst Hamux mefeil JOCTaTouHO OyIer A0Ka3aTh HeyCTOHYHBOCTh
CTATUUECKOU CHCTEMBI MOYEYHHT 3aPANOB, XOTsI COOTBETCTBYIOHIHE
TIOJIOXKEHHs] TPHMEHHMBI H K 3apanaM 06 beMHBIM 1.

Kak ykazpiBasiocs B § 18, snexkTpudeckast sHeprua W cHCTeMBI
3apsSOB HIDaeT DOlb NOMEHYUAAbHOU SHeprud 310 cucreMbl. C
IpYro#l CTOPOHBI, HA OCHOBAHMH OOIIMX IOJIOKEHH MeXaHHKH yCIIO-
BHEM ycmolyuep20 PABHOBECUS] ABJIAETCH MUHUMYM TOTEHUHAbL-
HOM 9HEPruH: CTAJ0 ObITh, B JAHHOM CJIyYae MUHHMYM JIEKTpHIe-
ckoii sHepruu W. JHEprusa cucreMbl TOUEYHBIX 3aPAJNOB, COIVIACHO
(15.5), paBHa

1 e.e R
W=:3a% (k)
2 < R, '
i,k
H aBngercs: (GpyHKUHEH KOOPAUHAT Z;, ¥Y;, 2; BCeX 3aAPAHOB CHCTEMBbI
€j, TaK KaK

Rit = /(% — z)? + (yi — yx)? + (21 — 2)2

st Toro 4To6nl MPH COOTBETCTBYIOMIMX 3HAYEHHAX KOODIUHAT Tj,
Y, 2, GyHKUuA W obnagana MUHEMYMOM, HEOOXOAHMO, BO-IE€PBELIX,
qT06B! MCPBLIE MPOU3BOAHBIE W 11O BCeM KOODAMHATAM BCEX 3apd-
0B 00pamaaich B HYJb H, BO-BTOPBIX, YTO0HI BTOPHIE MPOU3BOLHBIE

or W 10 KOODIMHATAM Zp, Y, Zk OBLIH NOIOKHTEIHHE 2) :
F*w W o*'w

— >0 — >0 wboro h.
8z ’ Ay} > Y, 022 > AT T

Ho

o*wW W o*w 2 1 2 1 .
= VW = 1 ¥ eV (_._) k
oe7 + o7 + 522 i 2Z£elek w\a (i # k),
z7

rae Vj, ozHayaer audpepeHnualbHbIi 0IeEPAaTOP, COOTBETCTBY IOIITHI
IpOCTPAHCTBEHHOMY ¢ depeHIIMPOBAHHUIO IO KOODOUHATAM Th, Yh,
2}, 3apAga ep:
. 0 . 0 a
Vp=i—+j—+k—.
h Bxh J ayh Bzh
Ovepugno, yro mpu h #i u h £ k

() -o

1) Ilas Toro 410681 O6BACHUTH YCTOMIHBOCTH CAMHUX 3JIGKTPOHOB M IPOTOHOB,
ACJIr0Oe BpeMs JOMYCKANI0Ch CYIEeCTEOBAHNE CHII HeJIEKTPHIECKOro IPOUCXOK Ie-
HHA, NPENATCTBYOMNX Pa3/IeTAaHHIO NIEMEHTOB STHX 3apA 0B 10/l BIHAHHEM B3a-
HMHOrO OTTAJKMBaHHdA. Pa3BHTHe KBAaHTOBOH TEOpHH IPHBENO K HOBOH GopMy-
JIMPOBKe MPOGJIEMEL 3JIeMEHTAPHBIX YaCTHIL, B KOTOPOi Bonpoc 06 yCToiIuBOCTH
ITHX YACTHI CTABHTCH COBCEM IIO-HHOMY.

2) Yenopusi, KOTOpPHM — JOJKHBL  YIOBIETBOPATH  IIPOM3BONHBIE  THIIA
0°W/8x.0z, u W /2,0y, HAC 3116Ch He MHTEPECYIOT.
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ecit b = ¢ mubo b = k, TO 970 COOTHOMIEHHE BCE YKe OCTALTCH CIpaBe-
nuBbiM BBHAY (11.10). A pa3 Tak, TO
a’w | o'W | &'W
ViW = + = —=0.
Oz oy} 0zf
Taxum obpazoM, Tpebosanue, 4TOOBI BCE BTODBIE IIPOU3BOJI-
Hele W no koopmuHaraM OBIIH MOJOXWUTEIBHBIMH, HEBBITIOIHHMO;
sHeprusa W He MoXKer 0671aaTh MEHEMYMOM H, CTaJI0 OBITB, ycmoti-
NUBAA CTNATRUNECKAA KOHPUYPAUUA FIAEKTNPUNECKUL 3aPAT08 HEG03-

MO%CHA. DTO TOJIOKEHHE HOCHT HA3BaHHe meopemv Hprwoy 1.

Qu3nudecKuil CMBICT JTOK TEOPEMEBI CTAHET SICHBIM, €CJIH MBI
BCIIOMHHMM, YTO Da3HOHMMEHHBle 3aPAJBl IPHUTACHBAIOTCA C BO3pac-
Talomell CHJIOH BIJIOTH A0 COBMAJEHHA JADPYT C APYroM, T. €. BILIOTh
A0 B3auMHON HeATpasM3allHy WM YHUYTOXKEHUA, OZHOMMEHHEIe XKe
OTTAJIKHKBAIOTCA BIJIOTH JI0 YJAAJIeHUA B HECKOHEUHOCTD.

B sune mmocrpauuu teopemsl UpHuIoy paccMoTpuM npocreit-
muit npuMep. CrucTeMa Tpex 3apsiioB

e1=—4e, ex=¢e, e3=—4e,

KaK JIerkKo yOenurnesi, 6y1eT HaXoMUThCS B CTATHYECKOM PAaBHOBECHH,
€CJTH 3apsAAbl PACIONOXKEHBI Ha OJHOH OPSMOH B YKa3aHHOM HOPAIKE
H eCJTH PAacCTOAHHE MEXY €] U €9 PaBHO PACCTOAHHIO MEXKIY €2 H e3.
Opnako npu ManeiimeM COBUIe, HAIIPUMED, 3apsija €] B CTOPOHY €
HCHEBITHIBAEMOE UM CO CTOPOHBI €7 NIPUTSIXKeHVe BO3pacTaeT Oonbiue,
YyeM OTTAJIKMBAHHEE CO CTOPOHHI €3, M, TAKUM 00pa3oM, JeHCTBYIOLIHE
Ha €; (M HA OCTAJbHLIE 3apAbl) CHJIBI y>Ke HE OYyAyT ypaBHOBENIM-
BaThCsI, 3APANLI €] H €2 NPHUTSHYTCA OPYT K APYry, a €3 OTJIeTHT B
CTODOHY, B DECKOHEUYHOCTD.

2. MoKHO CUMTATE YCTAHOBJIEHHBIM SKCIEPHMEHTAILHO, YTO PACc-
CTOSIHHE MEXK/ly YaCTHIAMH 3JIEKTPUYECTBA (SJIEKTPOHAMH H TI0JIOXKU-

TeTLHLIME SApaMu) 2) , BXOASIMAME B COCTAB ATOMOB MaTePHAJIBHBIX
Tes1, BechMa Bemuko (nopsiaxa 1078 ¢M) no cpasrenmo ¢ pasmepamu

camux gactuy (He cebnue 10712 cM). [losToMy Kax/plit aToM MOK-
HO CYHTATh CHCTeMOH TOYeYHBIX 3aPAJ0B, K KOTODOH NDpHMEHHM3

1) Bo3MOKHOCTE MAEAMYMA Hxkoun VW npH xoHMDHUrypauun 3apsaoB, IpH
2 Yy y P P s

koropoit Bce n(18n° + 9n + 11)/2 npomssonnux W nepeoro, BTOpPOro u TpeThe-
ro mOPANKOB IO BCEM 3n xoopauHATaM (rae n— 9HCJIOo 3aPaa0B) obpammaoTcs B
HYJIb, & IPON3BOAHbIE YETBEPTOrO NOPAIKA [IOJIOKHUTEIBHBL, COOTBETCTBOBANA BBt
HATOXEHHIO HA GYHKUMO 31 TepeMeHHEIX 0 kpaiineii Mepe n(18n% +9n+11)/2
yenopuit. Tak kak 9MCHO yCIOBHI NPEBLIIAET YHCNO MEPEMEHHBIX, TO BO3MOXK-
HOCTB 3Ta HeocymecTBuMa. OTMeTHM TaKKe, YTO IPHBEACHHOE NOKA3ATEILCTBO
Teopembl VIpHiIoy npefmonaraer, uTo Bee paccrosaud R.p Mexny moboil napoi
3apA/I0B OCTAIOTCA KOHEYHEIMH.

2)B cymmocTH, sapa aroMoB (33 HCKNIOYEHWMeM fAApa BOIOPOAA) COCTOAT B
CBOIO Quepe/b W3 HECKONLKMX IPOTOHOB H HEHTPOHOB; OJHAKO BBHAY MAJIOCTH
paaMepor arux Agep (e cpsrme 10717 cM) xamkmoe TAKOE CIOKHOE AAPO B LEIOM
MOXKHO PacCMAaTPHBATh KAK OJHY MEKTPHUIECKYIO YACTHILY.
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npuBenennast GopmynupoBka TeopeMsl WMpHuoy. Tak kak, ¢ Aapy-
rofl CTOPOHBI, ATOMBI XMMHYECKHUX JJIEMEHTOB TIPEICTaBAAIT coboil,
HECOMHEHHO, YCTOHUINBLIE CUCTEMLL, TO, CIE0BATEIBHO, NOCMPOEHUE
MANEPUU U3 FACKTNPUNECKUT YACTRUY, 8 NPEJeAaT IACKMPOCTNAMU-
XU HEBOIMONCHO, U AMOM doadicer npedcmasiams coboti duramune-
exyto cucrneamy 1) . CoOTBETCTByIONIEE ITOMY BHIBOAY MPEACTABICHIE
06 yCTOHYMBOM MEPHONHYECKOM (MJIM KBA3UIIEPHO[MUIECKOM) JBHIKe-
HUH MeKTPUUCCKUX YACTHIL B HeIPAX ATOMOB JIE?KUT B OCHOBE COBpe-
MEHHOHN TeOpHMH MATEpPHH W HAXOAUT cebe MOATBEPKACHUE B ILEIOM
psife uszuveckux sisneHuil. [Ipasga, npeacraBaeHre 3TO IPHBOLUT
B MpejesiaX KJIacCHIecKOi GUBHKY K BHYTPEHHHM TPOTHBODEHHSIM,
ub0 yCKOpeHHOe NBHIXKEHUE TEKTPUYECKHUX 3aPSHOB, COITIACHO 3aK0-
HAM 3JIEKTPOJHHAMUKH, HEPA3PHLIBHO CBA3aHO C U3NYYEHHEM 3JIeK-
TPOMArHUTHOR 3HEpruM (BONH), T. €. HE MOXET OBITB yCTOWYHBHIM.
OaHako 3TO NpPOTHBOPeYMe NOBENO He K OTKAa3y OT JAWHAMHYECKON
MOJEJIM aTOMa, & K OTKA3y OT KJIACCUYECKOH MEXaHUKH H 9JEKTPO-
JUHAMHUKHA B HOJB3Y YCTPaHAIOIEH 9TO [IPOTHBUPDCYHE KBaHTOBOH
MEXaHUKMN.

3. ObparnmMcsa K MAKPOCKOTIMIECKOH TEOPHH IMEKTPOCTATHYECKUX
ABJIEHUH, COCTABNAIONIEH OCHOBHOH MpEAMET H3JIOXKEHUS HACTOSIIEH
rnasel. ComnacHo Teopeme VIpHIIOY, YHCTO 3ME€KTPOCTATHYECKUE CH-
CTEeMBI HE MOTYT ObITH YCTOHYHBBIMHU.

Yrobpr u3bekaTh, 0QHAKO, PACCMOTPEHUA CKPBITOrO JBVXEHUS
NEMEHTAPHHIX 3apPAI0B, MAaKPOCKOIUYECKAs 3S/€KTPOCTATHYECKAS
TEOPUs IONLIYeTCsT (POPMANBHBIM IIPEJCTaBIeHNEM O JODABOUHBIX
CHJIAX WIH CBA3AL HEINEKTMPOCTNAMUNECKO20 NPOUCTONCIEHUA, 0GeC-
NIEYNBAIONMX TPeOYEMYIO YCTOMYHBOCTD 3aPSKEHHBIX CHCTEM.

B 9T0M OTHOIIIEHUH CYIECTBYET TOAHAS AHATIOTHS IEKTPOCTATH-
KH C MEXaHMKOH, IHUPOKO MONBL3YIOMENHCH NPEICTABIEIHIMH O CBA3X,
OCYIIECTBJASIEMBIX C MOMOIULI0 ONOP, 3aKPEIIEHHBIX Ocell, HepacTd-
KHMBIX HHTEH 1 T. 4. KoHeyHo, mogobHO TOMY Kak NPH JaJIbHefIem
HW3NIOKEHUHM MEXAaHHKH DPacKphiBaercd (PUIHYECKHI MEXaHH3M CBs-
3efl (cuuibl yOpyrocru), TaK W nepen JAJbHEHIIAM Da3BUTHEM Teo-
DHH 3MIEKTPHYECTBA BCTAET 33349a PACKDPHITL (PUBHYECKHN CMBICT
GOpMaANLHO BBEJEHHBIX CHJI CBSI3H HEJIEKTPOCTATHYECKOTO POKC-
XOXKJIEHUA.

B npepenax anekTpOCTATMKM AOCTATOUHO O/IM3KOE HEPBOE IDH-
BamkeHne K NefiCTBUTENBHOCTH MOXKET OBITH SOCTHTHYTO BBREIEHHEM
B PaCCMOTPEHHE IBYX OCHOBHBIX POJIOB CBf3eil, COOTBETCTBYIONIUX,
BO-IIEPBBIX, UdeasbHbim NPOSOOHUKAM H, BO-BTOPLIX, udeaibtbim du-
saexmpuxam. IT0 Kacaercs MPOBOJAHHUKOB, TO, ABHO He YNOMUHAS

') Hoxasarenscrso Teopembr MpHIIOy ocHOBEIBaeTCH, B CYUIHOCTH, JIMLIL HA
06paTHON IPONOPIMOHANLHOCTH KBaJAPATyY PACCTOAHWS CHJI B3aMMOICHCTBHA
MeXIy TOYKaMM CHCTEMHL, TaK YTO 372 TEOPEMA MPHMEHKMA H K MATEPHAILHLIM
TOYKAM, TAFOTEIOMUM 110 3aKony HboToHa %)COJIHe‘IHaH cucTeMa). YCToUIHBOCTS
ConsevHol cHCTEMBI TaKKe 0BECTIeYMBAETCA ML J6UNCEHUEM TLIAHET,
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00 aToM, MBl (aKTHYECKH MOJML30BAJUCH Be3/le BBILIE JIONYIIEHH-
€M, YTO Ha NOBEPXHOCTH ITPOBOJHUKOB CYIIECTBYIOT HEKOTODLIE CHIIBI
HESNIeKTPOCTATHYECKOTO MPOUCXOXKIEHNS, MPEMATCTBYIOHE BEIXOLY
3apsifIOB 33 [IOBEPXHOCTH MPOBOAHHKA. efCTBUTENBHO, TOABKO 3TH
CHABl 00eCIeYHBAIOT YCTONYHBOCTL CHCTEMBI 3aPAXKEHHBIX MPOBOI-
HHUKOB; B [IDOTHBHOM (JIy4yae HaJH4He, HAMPHMED, YeNHHEHHOI'o 3a-
PSDKEHHOrO MPOBOAHMKA OBLIO OB HEBO3MOXKHBIM, — JIEMEHTHI €r0
3apAa NON BIMAHHEM B3aMMHOIO OTTAJIKHBAHHUSA Pa3JIeTeNICh OB B
CTODOHBI M YIAJIUINCE B beckoHeYHOCTE. [1oab3ydacs TepMUHONOTHEH
MEeXaHHKH, Mbl MOXKeM Ha3BaThb 3TH CAEPXKHBAIOIINE CHJIBLI DEAKIIH-
svu cBaseil. OHM [OMKHBI OBITH, 0YEBUIHO, PABHEI O BEIMYUHE U
MPOTHBONONOXKHBI 110 HATIPABJIEHUIO IOHIEePOMOTODHBIM CHJIAM, meli-
CTBYIOIMM Ha MOBEPXHOCTL NPOBOIHMKA, IIJIOTHOCTH KOTODHIX, CO-

rnacuo (17.2), pasHa -8—1— E2.
Y4

CeroiicTBaM IU3MEKTPUKOB OymeT NOCBAIIEHA CJIEAYIOLIas [IaBa.
O cBsizix B OUINIEKTPUKAX CM., B 4acTHOCTH, § 27.



FrTABA 1I

ANDJIIEKTPUKN

§ 20. JuanekTpHUKy. DJIeKTPUYECKNii MOMEHT U NOTeHIINAJ
HeliTpanbHo MoseKyabl. Ilonsipu3anmusa AU3IeKTpHUKA

1. JusneKTpHKH — HENPOBOLHUKH S/I6KTPHYeCTBa !); B HUX B
OTJIHYME OT METAJIJIOB M 9JIEKTPOJIMTOR HET 3aPsN0B, MOTYIIHX Hepe-
MENIATHCA HA 3HAUWTENLHEIE PACCTOSHHUA W NEPEHOCHTD TOK.

JIM5/IeKTPUKY TIOCTPOEHB! 00 H3 HeTPaJIbHBIX MONEKyn (Bce
ra3006pa3Hble H XKUIKHE JUIEKTPUKH U YaCTh TBEPABIX), Jubo H3
3apSAyKEHHBIX HOHOB, 3aKDEMJEHHBIX B OMPEIEIEHHBIX MOJIOXKEHHSIX
paBHOBeCHs (HANPHMED B Y3J1aX KPUCTAJIIHYeCKoil peirerku). Mon-
Hple KPUCTAJIINYECKHE PEHIeTKH MOTYT ObITh pa3buThl HAa Tak Ha-
3LIBAEMBlE IEMEHTAPHBIE SUEHKH, KaKIas U3 KOTOPBIX CONEP:KHUT
pPaBHOE KOJMYECTBO NOJIOKHTENBLHBIX H OTPHIATENLHBIX 3apDsgoB U
B LIeIOM HelirpanbHa. B sansHelineM B psiie ciy4aeB Iid omnpee-
JIEHHOCTH MBI DYJIeM TpPEemnojaraTh, YTO AUWIEKTPUK MNOCTPOEH H3
HeWTPAJBHEIX MOJIEKYJT; OJHAKO OCHOBHBIE MOJIOKEHHsI H3JiaraeMoil
TEOPHHM TPHMEHHMbl W K WOHHBIM KPHUCTAJLUIMYECKHM M aMOpPGhHLIM
LM3NeKTPUKAM, MPHYEM TOJBKO TOJ, MOJIEKYJION HA/0 B 3THX CIyda-
X IIOHUMAThb, HAIPUMED, IEMEHTAPHYK A9efKY KPHCTAJUIA.

Tlox BO3mEHCTBHEM BHEIIHETO 3JEKTPHUECKOrO OIS 2) 3apanbl,
BXO/AIE B COCTAB NH3JIEKTPHKA, He CPHIBAIOTCH TOJEM CO CBOHX
MECT, & JIHUIL HECKOJILKO CMEIIAITCH H3 MOIOMKEHHH DABHOBECU B
HEKOTOPBIE HOBBIE PABHOBECHBIE MOTOXKEHHS.

ParHoaeficTBYOIIAA MEKTPHYECKHX CHJI, TeHCTBYIOIIUX Ha Heli-
TpPaNBHYI MONeKyny B odnopodnom (E = const) snekrpuueckoM
moje, OYeBUAHO, PaBHA HYJI; TOITOMY LEHTD TAMKECTH MOJIEKYJIBI
IV3NEKTPHKA B OZHODPOJHOM IOJE OCTAETCS HemOABHyKHBIM. OQaHa-
KO 3MIeKTPHYECKHE YACTHUIBI TMPOTHBOMOMOKHBIX 3HAKOB, BXOAANINE
B COCTAB MOJIEKYJT AHA/IEKTPUKA, JOJKHBI 0] BO3AEHCTBHEM CHJI 10~
9 CMENATHhCA B MPOTHBOMOJIOKHBIE CTOPOHBI — MojeKyna medop-
mupyercsi. IToaroMy, uTOOBI ONMpeNENUTL BO3AEHCTBHE MOJA HaA JU-

DB CYIHOCTH BCe AMIIEKTPHUKHU 00/1aJa10T HEKOTOPO#, XOTH ¥ BecbMa MaJIoii,
IPOBOAVIMOCTBIO, TaK YTO MOHATHE WALATLHOrO HEIPOBOOHMKA sIBJAECTCA NHNIbL
nepBbiM npubimikenneM K JAeHCTBUTENLHOCTH

2) Ec/M TOJTBKO HANPSXKEHHOCTh €ro He CIHMIIKOM BEJIMKa (MHAME MOMKET, Ha-
IpHUMep, TPOoU30iTH Npoboil IHINTEKTPHKA).

4 HU. E. Tamm
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3MEKTPHK, HYKHO Npexkae BCero HaiTH yaobHYIO KOJIHYeCTBEHHYIO
XapaKTEPUCTHKY pacnpenesieHus 3apsioB B HelTpaabHONH MOIEKYye.

2. Taxolf xapakTepdHCTHKOH 060, B 11e/IOM HEATPaIbHOH, CH-
CTEMBI 33aPAJ0B MOXET CJIY:KHUTb BEKTOD 3MCKTPHYECKOrO0 MOMEHTa
3TOHU CHCTEMEBI! P, ONpeleideMblil paBEHCTBOM

p= Ze,R,,, (20.1)

roe CyMMHpPOBaHHE pPacnpoOCTPaHEHO IO BCEM 3MEeMEHTAPHBIM 3apsi-
JaM (3JIeKTPOHAM M SIPaM ), BXOASIINM B COCTaB CHCTeMBI, a R, ecTs
pPaauyc-BeKTOp, IPOBeICHHBIN K 3apaly €, U3 HEKOTOPO NPpOU3BOIDL-
HO¥ HadasbHO! Touku (. lIpu sT0M NMpeanosaraerca, 4YTo CHCTEMA
3apAA0B JIEKTPHUYECKH HelTpasbHa, T. €. 9TO

> e =0, (20.2)

1

100 JMIIE TIPH 9TOM YCJIOBHE BEKTOD P OJHO3HAYHO OTNPe/ETIAETCH Pac-
npejesieHHeM 3aPAN0B U He 3aBHCHT 0T BLIOGOpa HadaapHO# Toukn O.

JeficTBUTENLHO, €CIM TTepeMeCTHTs Hayaso otcdera u3 O B O
Ha IPOU3BOJILHLINA 0TPe30K a (puc. 25), To HOBBIK pajuyc-BekTOp R
3apsiga e, onpejenurca pasHocteio R, = R, — a u, ciiegoBarensHo,
BMecTo (20.1) momydnMm

p=) eR=) eR,—a) e,

uTo npu ywioBun (20.2) comagaer ¢ (20.1).

B ciayuae, eciin cuCTeMa COCTOHT U3 JBYX PABHBIX M IPOTHBOIO-
JIOJKHBIX 3apsiioB te (puc. 26), paguyChl-BeKTOPE KOTOPHIX PABHEI
R, u R_, MoMeHT cHCTeMBI DaBeH, OYEBUIHO,

P= Zesz = 6(R+ - R.ﬂ) = el,
1

rre 1 = Ry — R_ ecth BeKTOp, NPOBEAEHHBIA OT OTPHUIATEIBHOTO
3apAaa K NoJIoKATEe bHOMY. TakuMm 06pa3oM, B 9TOM JaCTHOM CJIy-
vae u3 (20.1) BuiTekaer m3BecTHOE yiKe HaMm u3 (8.9) ompenenennue
MOMEHTA, JTHITOJISI.

3. BasKHOCTD TIOHSITHSA SJEKTPUYECKOr0 MOMEHTA CHCTEMBI 33p4-
OOB 00YCJIOBIHBAETCS TE€M, YTO HOTEHIIHAN (@ MO/, BO30YKIaeMOro
MPOU3BOJIBHON, B HEJIOM HeHTPAaJIbHON CHUCTEMOH 3apsg0B MOMEHTA
P HA PACCTOSIHMSIX, OONBIIUX TO CPABHEHHIO C pa3MepaMu 3TOH CH-
CTEMBI, COBNAJAET C IOTEHITHAMOM THUMOAS TOrO K€ MOMEHTa P.

JlecTBUTENBHO, MOTEHIIHA CHCTEMEI 3apsnoB €, B MPOH3BOJIb-
HOH TOuKe nons P pareH

b= =
1 R: ’
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rae R] — paccrosmue s1oit Touku P ot 3apsina e,. Bribepem B 06na-
CTH DACHONOXKEHHs 3apAN0B €, NPOU3BONBHYI TO4YKY (), KOTOPYIO
OyneM yCIOBHO HA3BIBATH LEHTPOM CHCTEMBI, M nycTh Ry u R, cyTh,

P

—e 1 +e

0 R’ €
Puc 25 Puc. 26 Puc. 27

COOTBETCTBEHHO, PACCTOSHUSI PacCMATPHBaeMoit Touku P u 3apsja
e, oT uenTpa O, Tak uro (puc. 27)

R,=Ro—R,, R=R}-2RoR,+R}.

Hanee,

~1/2
1 _ 1{, 2ReR. R 1
E;_Ro(l R2 +R0) R0(1+ "R +)

Ecmu R, € Ry, T0, OrpaHUYUBINKCEH NEPBEIMU JBYMS YJIEHAMU DPa3-

JIOXKEHHA 1) HOJIy‘Ia.eM
Z at s Z eR,, (20.3)

uny, BBELY (20.1) (20.2)'

_ Ro
Ro eR, = R3 R (20.4)
YTO COBII3JAET C IMOTECHIHAJIOM 0JIA JHIIONA MOMEHTa P [ypaBHeHI/Ie

(8.10)}.

4. B nepoM npubiuxkeHNMH HE TOJBKO TIojie, BO30y:KIaeMoe B
neyioM HeHTpajbHOH CHCTeMOH 3apadoB, COBIIAfAeT C IOJIeM 9KBH-
BAJIEHTHOIO OWIMOJsi, HO W CHJIBI, NEHCTBYHOINHE B UIEKTPHUIECKOM

1)Hocnenyxonme YJIeHBI PA3JIOKEHHA YOBIBAIOT OOPATHO IIPOIOPIUHOHAIBLHO

R3, R} v 1. 1., BelMUMHA NX XADAKTEPHUIYETCHA TAK HA3BIBAEMEIMH KBapyIIOib-
HBIM, OKTYIIOJIbHEIM H T. [, MOMEHTAMUA CHCTEMBI 3apAA0B, AHAJOrHYHBIMH B H3-
BECTHOM OTHOIIEHNH €€ JUIIOJILHOMY MOMEHTY p. IIpenebperasa A ynpoumesus
3THUMM 4jeHaMH, Mbl, CTAlO OHITh, 6yIeM CYHTAaTh, 4TO B Clyd4ae, ecan p = 0,
IoJie B IEJIOM HeHTpasIbHOM CHCTEMEI 3apaloB Ha OOMBLUIMX PACCTOSHAAX OT Hee
PABHO HYJIXO, XOTH 3TO, KOHEYHO, H HE COBCEM TOYHO

4*
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10J1e Ha 9Ty CHCTEMY M Ha SKBHBAJIEHTHBIH €if JIHIONb, PAaBHBI MEX Ty
coboii.

Yrobrr y6eHTHCA B 9TOM, JOCTATOYHO II0KA3ATh, YTO IMOTEHIH-
aNbHAsA SHEPrus HeHTPAJILHON CHCTEMBI 33PANOB BO SHEWHEM STTeK-
TPUYECKOM MOJIE COBIAJAET C SHEPTHell 9KBUBAIEHTHOr0 JUM0d, H60
BBIDaXKeHHEM 9SHEPIHH OJHO3ZHAYHO ONPEJeISIOTCA IOHJEPOMOTOD-
Hble cunbl (cM. § 18).

OHeprusi CHCTEMBI 3aPAJ0B BO BHEIIHEM HOJE PaBHA

W= Z 12128
2

rJie (o, — MOTEHIMAT BHEIIHErO T0JIA B MeCTe HAXO0XIEHUsI 3apAJa €, .
Ecnu norennuan BHemHero mojas B «ueHTpe» cucreMbl () paBeH g,
TO € TOYHOCTHIO 10 BEJIMYHH BTOPON0 HOPsIKA HoTeHUHa B Touke R,

o, = o+ R, gradp = o — ER,

4 Z‘POZez—EZean

wm, cornacuo (20.1) u (20.2),

W=-E)Y eR,=-pE, (20.5)

4TO, KaK M TPeDOBAIOCH J0Ka3aTh, COBIAJAAET C BHIPAKEHHEM JJIsI
sHepruu mumoss (15.8).

9. Utak, B mepBOM MPUOIHKEHHN A100GA, 8 UEAOM HEUMPAALHAA
cucmeme 3apados, INEKMPUNECKUT, MOMERM KOMOPOT paser P, K-
BUBAACHINHG, JUNOAIO TNO20 JICE MOMERNG P KAKX 68 AKMUSHOM, MGK
U 8 naccusHom omuoweruy (T. €. KAK B OTHOLIEHNY BO30YKIaEMOro
€0 MOJIS, TAK ¥ B OTHOIUEHHH HCIBITHIBAEMBIX €0 CHII).

Tloneaysce sTuM, MBI B ganbHelimeM 4acTo 6yJeM 3aMeHsITh pac-
CMOTDEHHE COBOKYIIHOCTH DeajbHBIX, BOODIE IOBOpS, OYeHb CIIOXK-
HBIX, MOJIEKYJl OUIIEKTPHKS PACCMOTPEHNEM SKBHBAJIEHTHBIX UM IH-
nosei.

6. DeKTPHYECKHM MOMEHTOM MOXKET OBITH OXapaKTepH30BAHO
He TOIBKO IEKTPHYECKOE COCTOSHIE OTASIBHOH MOJIEKYJIBb], HO H CO-
CTOsTHIE MAKPOCKOTHIECKOro 06beMa JH3JIeKTPHKA, COCTOSIIEro H3
MHOIUX Moiekysn. [loasapusayued nusnekrpuka P HasbiBaeTcs amek-
TPHYECKHH MOMEHT eJUHHIL!I 00beMa UINeKTPHKA!

P=) eR, (20.6)

rjie CyMMEPOBaHHE PACHPOCTPAHEHO MO BCEeM 3apanaM (3MeKTpoHaM
U ATOMHBIM AIpaM ), HAXOASINMCS B eAHHHIE 00beMa, AUSIEeKTPHKA.

Fcny gusmeKTPHK COCTOMT W3 HEHTPANBHBIX MOJEKYJ, TO 3TO
CYMMHPOBAHME MOXKET OBITH BHIIOMHEHO B IBa IPHEMA: CHAYAJIA CYM-
MUPOBaHWE MO 33aPsijiaM, BXOJAIIMM B COCTAB OTHENBLHBIX MOJIEKYI

H, CTaJIO BBITH,
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JM3EKTPHKA, YTO JJAET MOMEHT P Kaxk[0# MOJEKyssl 1), a 3aTem
CYMMHDPOBAHHE [0 BCEM MOJIEKYJIaM, HAXOAALUHUMCH B eIUHULE 00b-
ema. Takum obpasoMm, dopmysy (20.6) Moxkem 3anucars ¥ Tak:

P=) p (20.7)

WHpiMu citoBami, monApu3anysa JUNIEKTPHKA PAaBHA BEKTOPHOM CyM-
ME 3JMeKTPUYECKHX MOMEHTOB MOJIEKYJ, HAXOIAIHKXCA B €NHHUIE
obbeMa AMIEKTPHUKA.

Dopmyny (20.7) MOXKHO IPUMEHHTH ¥ K HOHHOMY KPHCTAJLIHYe-
CKOMY AM¥IEKTPHKY, IOHHUMAs [I0J P B 3TOM CJIy4Yae MOMEHT OTAEJb-
HBIX IEMEHT3PHBIX A4eeK KpUcTajia. XoTd pa3bHeHHe KPHUCTALIA
Ha 3/IEMEHTApHBIE S4YefiKH U He 0JHO3HAYHO, Pe3yJsTaT P cyMMHpO-
BaHMUS MOMEHTOB OTJEJIbHBIX A9€€K OT 3TOrO [IPOMU3BOJIA HE 3ABHUCHT
U MMeEET BIIOJIHE ONpeJeeHHOe 3HaYEeHHE.

Hakonern, ecnu nosiapusanus JusieKTpUKA HEpaBHOMEPHA, TO 110~
Japu3aiyio P B JaHHON TOYKe HYXKHO, OUEBUJHO, OIPEIENATh KakK
OTHOLIEHHE 3TEKTPHIECKOTO MOMEHTA 3IEMEHTa 00beMa JUIIEKTPH-
Ka K 31emedTy obbwema dV (npu mocrarouno masiom dV, cm. § 25).

Wuemvu ciroBamy,
PdV=> e-R, =) p, (20.8)
dv dv

r/le CyMMHPOBaH¥e PaCIPOCTPAHEHO II0 3apsa/aM (HJIH COOTBETCTBEH-
HO I10 BCEM MOJIEKYJIaM ), HAXOAAIMMCS B ssieMente dV .

§ 21. CBobogunie n cBa3aHHbIle 3apaasl. IloTenmuan
WIEKTPUHECKOr0 MOJIs [PU HAJIMYUU JUNICKTPUKOB.
3aBUCHMOCTD IOJIAPU3ANMNA OT [10JIA

1. Ilpu paccmoTpeHun 3/eKTPOCTATHIECKOTO 110, B CIy4ae Ha-
JIMYMSA B HEM JIHIJIEKTPHKOB, HYKHO Pa3JIMdaTh JIBA POJa ITEKTpUde-
CKHX 3apAoB: CBOGOAHBIE U CBsi3aHHbIE. Ilon c80600HubMU 3apadamu
MBI 6yZieM TOHHUMATh, BO-IIEPBLIX, BCE SJIEKTPHYECKHE 3apsi/ibl, KOTO-
phIE IO BIAHAHHEM 3JEKTPHYECKOTO IIOJisE MOTYT [IEPEMEIAThCA Ha,
MAKPOCKOITHYIECKUE PACCTOSTHKA (IEKTPOHBI B METAJLIAX M BAKYyMe,
HOHBI B Ia3aX U MEKTPOJUTAX X T. II.), ¥, BO-BTOPBIX, 3aps/ipl, Ha-
HeCEHHbBIE W3BHE HA TIOBEPXHOCTDH AHMIJIEKTPHKOB H HAPYIIAOIIHe HX

HERTPAJILHOCTD 2). Sapsaael e, BXOAMAIINE B COCTAB HEUTpaJILHBIX

) Hanomumm, aro Bxomgmue B (20.1) pammycs-exTopnl R. 3apagoe wefi-
TPaJbHOM MOJIEKYJIbl MOTYT OBITh NPOBEAEHbI M3 TPOU3BOJILHON HAYaJIbHONR
TOYKH.

%) Croma »e OTHOCATCS, HATIDHMED, 3APAABl BHYTPHHOHHOM DeIIeTKH TBEpIBIX
JAU3JIeKTPUKOB, 00pazoBasInnecs 61arofaps HeLOCTATKY B JAHHOM YYACTKe IH-
37IEKTPUKA HOHOB OIPEEIEHHOr0 3HAKA, TaK ITO 3TOT YIACTOK B LEJIOM yXKe He
HelTpaneH
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MOJIEKYJI AUIEKTPHKOB, PaBHO KAK ¥ MOHBI, 3aKDeNJIeHHBIE B TBEp-
OBIX JUIIEKTPUKAX BOJIM3M OMpEIEeHHbIX MOOXKEHNN PaBHOBECH,
MBI OyJIeM HA3bIBATH 30PA0AMU CEA3AHHBIMIL

IloTennuan ¢ 3MEKTPOCTATHYECKOTO IO NMPH HAJWYHH B HEM
JIU3JIEKTPUKOB PABEH, OUEBMJIHO, CyMME MOTEHIHANA Yo, BO30Y XK 1ae-
MOT'0 CBOGOJHBIMH 3apANaMH, H TOTeHIH A8 ¢, BO30Y K JaeMoro CBs-
33HHBIMH JIEKTPHYECKHMHY 33apAAaMH B JUIIEKTPHKAX:

p=1po+¢.
Torermman cBoGogHbIX 3apsioB onpenensercsa dpopmyJoit (12.11):

(PO_/pdV+/adS

rJle TIOA p ¥ 0 HAJO MOHHMAaTh 00BLEMHYIO M TOBEPXHOCTHYIO ILIOT-
HOCThb C60000HBT 3apsI0B.

Horenupan xe ¢ nona CBA33HHBIX 3apAJ0B OJHO3HAYHO ONpe-
JIEJISIeTCS TONAPH3ANKEN THIIEKTPHKOB.

JleACTBUTENBLHO, PACCMOTPHM B IIEJIOM HEHTPAJBHBINA VIEMEHT
obbema dV musnexTpuka. JMEKTPHYECKHH MOMEHT 3TOrO 3JIEMEHTA,
corviacro (20.8), pasen PdV, U nosroMy moreHnmuas 3apsioB Iu-
MIEKTPHKA, 3aKJIIOUEHHBIX B 3/eMenTe obbema dV, cortacuo (20.4),

PR "
paBeH —= dV, toe R ecth paccTosiHue paccMaTpHBaeMoil TOUKH I10-

a5 ot dV. Hakoren, noreHnuas ¢’ BCEX JIEMEHTOB MOASAPH30BAHHOTO
JHM3JIEKTPUKA, T. €. BCEX CB3aHHBIX 3aPSJ0B, OMPEAETUTC, OUEBH-

HO, HHTErPajioM
- / PR v,
R3

KOTOPBIH MOXHO PaCIpPOCTPAHHTh HA BCe OeCKOHEYHOe NpOCTpaH-
cTBo, U060 B TeX TOYKAX, TOE AMIIEKTPHK OTCYTCTBYeT, P = 0 u
MOABIHTETPAJILHOE BHIPAXKEHHE 00DAIITALTCS B HY/Ib. TakuM obpazoM,
Pe3YILTAPYIOIHHA MOTEHIHAJ ¢ JIEKTPOCTATHYIECKOTO IO IPH Ha-
JIMYHHU AM3JTeKTPHKOB BBIPA3UTCsi YPABHEHUEM

v = o +f——dV (21.1)

2. llenecoo6pa3Ho HeCKOIBLKO Tpeobpa3oBarh 3To ypasHeHue. Co-
rtacHo opMyiTam BeKTOpHOro anajmsa (10%) u (432)

PR —Pgrad, (1) =divg (2) - £ divP,
R3 9\R R R

rjie UHAEKC ¢ O3HAYaeT, 4YTo IpH AudepeHIIPOBAHIM PAIHYC-BEK~
Top R paccmarpuBaerca Kak (DYHKIHs IOJOXKEHHS €ro HavaJIbHOM
TOYKH, CoBmajamiueil B manHoM ciaydae ¢ dV. Tak xak sextop P
ABJdeTCH (pyHKUMEH MOMOXKEHHS TOJILKO 3TON «TOYKH HCTOKA», TO
uuaekc g npu div P wamu omyureH kak winumauit. Urtak,

v = ¢ —f di;P dV+/divq (%) av,
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nm, cornacHo teopeme [aycca (17%) 1),

_ [ dwP P
w =g / I dv + 56 5 ds,
5+5]

1€ TOC/IeAHUA HHTETPAJT OJIKEH ObITH PAaCIpPOCTPaHEeH M0 BHEIIHEH
noBepxHOCTH S paccMaTpHBaeMoro oobema V U IO MOBEPXHOCTSM
S], BBLIENSAIONMM U3 06beMa HHTErPUPOBAHMS [OBEPXHOCTH S} pas-
peiBa BekTopa P. Ecnu Mu1 6ysieM paccMaTpHBaTh HOJIHOE IO, TO
HHTErpaJI mo S o6paTuTCss B HYJIb, HHTETPAJI K€ 10 IOBEPXHOCTAM
S} npH cTArHBaHHM HX K S| CBeLeTCH, KaK OBBIYHO [cp., HAampuMep,
seIBOA ypasHenus (12.6)], x

/Pln“PZn dS
-———-——R .
5

Bsoas, nakoner (moxka 4ucto ¢dpopMmaibHbiM 06pasoM), 0603Ha-

YeHU st .
—divP = pepan, —(P2n — Pin) = Ocpan (21-2)
1 BHOCs B (21.1) BeIpakeHHe AU g, IIOTYIMM OKOHYATEJIHHO:

_ Pcean Ocean — (P + Pcasu) av / (U + Ucnau) dsS
tp—tpo+/———~R dV+/—————-R dS / R + B .

21.3)
Taxum 06pa3oM, 3EeKTPHUYECKOE O NPU HAAUYUY ,unane&'rpn-
KOB COBMAJAET C TOJEM, KOTOPOe BO30YKIAIOCH OBl 8 OmMcymcmeue
JHU3JIEKTPHKOB TEMH K€ CBOOOJHBIMH 3apAJaMH TP H00aBJ/ICHHH
K HUM 3apAJI0B Pcpan M Ocpsn, OUPENEsieMBbIX ypaBHeHHsME (21.2).
SIcHO, YTO BENHYHHBI Pepzy U Ocpay NPEACTABISIOT COOOH HE YTO
HHOE, KaK CPEJIHIOI IIJIOTHOCTh «CBS3aHHBIX» 3aPAJIOB JUIIEKTPHKA.
B § 26 MBI yCTAHOBHMM CIpaBeJJIMBOCTE 3TOTO YTBEPKIAEHHS MyTeM
HETIOCPEICTBEHHOTO BHIYMCICHUSA

3ameTHM, YTO B pPABHOMEPHO MOJMAPH3I0BAHHOM JHINEKTPHKE
(P = const) mnorHoCTh (CpeAHsia) CBA3AHHBIX 3apsijioB, COIVIACHO
(21.2), paBHa Hy/I10. ITO U NOHATHO, UOO BBHAY OAMHAKOBOCTH (DH3HU-
YECKOTO COCTOSTHHA CMEXHBIX YYaCTKOB JHAIEKTPHKA B ITOM CIyvae
HHTJIE HE MOXKET MPOU30HTH HAKOIIEHUS 3apa0B OJHOrO 3Haka. Ha
TpaHuIe e IOSPU30BAaHHOIO JAUNIEKTPHKA 1 BAKYyMa WIH METAJLIA,

1) Ipu BeiBOZE Teopemsl Taycca (17*) BexkTop a cumraerca QyHKUMed 100-
JKEHMS 3eMeHTa obbema mAaTerpupoBanus dV (MM 37eMEHTa MOBEPXHOCTHOTO
unrerpuposanus dS) Qopmyna 3Ta HENOCPEICTBEHHO IPUMEHHMA K HAIIEMY HH-
Terpany, 6o B ero nogsiHTerpaisHoe Buipakenue Bxoaut Vq(1/R) Tlpu Bhrumc-
axenun V,(1/R) paguyc-sektop R paccmarpusaercs kak 3 HKIUSA TIOJIOXKEHUS
€ro «TO4YKHM HCTOKa», coBHajatomell B mamHoM clydae ¢ dV. Ecnu 6m B nmoa-
JeXxamuil mpeofpasoBaHNI0 MHTErpal BXxoAuI rpaguent Vq(1/R), To dopmyny
T'aycca M0xXHO 6B1710 651 IPUMEHUTH JIMINB TI0 TIpeBapUTeNbHO 3amere V, (1/R)
Ha —V,(1/R).
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cornacHo (21.2), cocpeoTOYMBaeTCs OBEPXHOCTHLIN CBA3aHHbIN 3a-
ST IJIOTHOCTH
p oc==xP,

(ubo kak B Bakyyme, Tak u B Metasie P = ().
3. CpaBrusas (21.3) ¢ (12.11) u (11.3), oyesuaHO, mONYyIUM

2
\Y = -—47T(p + pCBSH)'
HpHHﬂB BO BHUMaHHE COOTHOIICHUSA

E=-Vyp, divE=-V?, (21.4)

a TakXe ypaBHenHe (21.2), MBI MOXKEM IEDENHCATH ITO PABEHCTBO
caeayomuM obpa3oM:
divE =4np — 4ndivP
8138
div (E + 47P) = 4np. (21.5)
4. Muddepennuansusle ypaBuenus (21.4) u (21.5) asasorca
OCHOBHBIMH YPABHEHHAMH 3JIEKTPOCTATHYECKOTO I10JIs B IPOHU3BOJIb-
HOH cpepne. /i mosygeHUs: TOJIHOM CHCTEMBbl yPaBHEHHH 3JIEKTPO-
CTATHKH HX HYKHO TOJIBKO [IONOJHHTH YPABHEHHEM, CBA3BIBAIOIIMM
EuP.
B orcyTcTBHE BHOIIHUX IOJIEH Tonapu3anusa P ausnekrpuka pas-
HA HyJIi0 1) : SJeKTpHYeCKie MOMEHTHI OT/IEIbHBIX MOIEKY B OTCYT-
CTBHE BHEIIHETO IIOJid, ECIH U OTJIHYHBI OT HyJisi, TO OPHEHTHPOBAHBI
COBEpILEHHO OECopsJ0YHO U B CYMME JAIOT HyJb. IIpH HATHYKH Ke
IEKTPHYECKOTO IO MOJASAPU3ALMS JUNIEKTPHKA, KoK NOKA3beaem
ONbUM, IPOTOPIMOHAIBLHA HAIPSI)KEeHHOCTH monid K

P =qE. (21.6)
OTkJI0HEHUST OT MPONOPIHOHAIBLHOCTH Mexay P u E B 10CTYIHBIX
HaM IOJIFX HACTOJBKO HE3HAYHTENbHBI, YTO HMH, 33 PEAKHMH HC-
KJII0UeHHAMHE (CM., Hampumep, § 29), MoxHO BoBCe mpeneGpeus 2) .

1) Ma1 He cTameM 31eCh PACCMATPHBATE CPABHMTEILHO PEIKHX MUCKIIOUEHHH U3
3TOTO IIPABWUJIA, HATIDUMED SBJIEHHI [THPO- U ILE303IeKTPUIecTBa. B 9acTHOCTH,
SIBJIEHME TbE30IEKTPHYECTBA 3aK/II0YaeTCA B TOM, 4TO KPHCTAMLIB, 006135310~
1Me OLpee/ieHHRIMH CBOHCTBAMM CHMMETDHM, MOJAPU3YIOTCA He TOMBKO IMOJ
BO3NEHCTBUEM BHEIIHMX 3JIEKTDHYECKHX I10JI€M, HO TaKXe M IIPH MEeXaHM4eCcKoH
amedopmaiy (MBE303IEKTPUIECTBO).

%) MTuneimas cBa3e Mexay moaspusamueil P u nosem E oTsevaer jauHefino#H
37eKTpoaHamMHuKe. B nocnentde rogpl monyqwia IHIPOKoe Pa3BUTHE TaKXe He-
JIuHeitHAA TeKTPOAUHAMIUKA (M, COOTBETCTBEHHO, HEJTHHEHHAS OIITHKA) — B 3TOM
caydae ¥ HCIOIb3yeTcs HeuHelHas cBa3b mexny P u E. Yuer nenuneiinoctu
HEOGXOUM B CHJIbHBIX IMOJAX, CTABUIMX AOCTYNHBIMH, B YACTHOCTH, B CBS3H C
co3nanueM JaszepoB. Kpome Toro, g psana cpes ¢ 60abLIOH HOAIPU3YEeMOCTHIO
(cerneroayieKTpHKH, Na3Ma M Ap.) HEJHHEHHOCTh MOXET HMETh MECTO yXKE B
CPABHMTENIbHO CAABBIX MOMAX — MOJAX, MAJBIX [0 CPABHEHUIO ¢ XAPAKTEPHBIM
aromubiv motem E ~ efa? ~ 108 — 10° B/cm (3mecs e = 4,8 - 1071° CI'Cs —
3apug nporona u a ~ (1 — 3) - 107® cM — pasmep aToma WM MOCTOAHHAR KpH-
cramnudeckol pemerku). CM. Takxe kouen § 63. (pusmew. ped.)
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Kospduuuent o B (21.6) xapakrepusyer coboit CBOWCTBA JIHHOIO
JMHUAIEKTPHKA B HOCHUT HA3BAHHE NOAAPUIYEMOCTU JTANIEKTPHKA.
OcTaercs emte BOMpoC O HaupasieHHH BekTopa P. B mzorpon-
HBIX IU3JEKTPUKAX YKe U3 coOOpaskeHHN CHMMETpPHH fBCTBYET, UTO
BexkTOp P MOxeT OrITh HAIIpaBJIEH TOJIBKO MO €JMHCTBEHHO BHIJIE-
JIEHHOMY HAIIPABJIEHHUIO IeKTpruyeckoro mosis E (MM ke mpoTHBO-
nosioxkHo E). Tak Kak MooKHUTeNIbHbIE 3aPs/bl CMEINAITCH IPH II0-
NSpU3AUE JUAMEKTPHKA 110 HAIPABIEHHIO MO/ M TaK KAK BEKTOD
TEKTPHYIECKOr0 MOMEHTA HANpaBJEH OT OTPHIATEILHBIX 3apAoB K
HOJIOKHTENBHEIM (Cp. CIyyait mpocToro gumoss, puc. 26), To Bek-
top P mapannesen nomo E, u B BekTopHOH QopMe MBI Ionydaem

OKOHYATEJbHO: P = oE. (21.7)

OaHAKO B aHW3OTPOINMHBLIX CPEJAX HANPABJIEHHE BEKTOPA MOIIPH3ANMH MO-
JET He COBMAAATH U, BOOOIIE TOBOPH, HE COBIAAAET C HAIpaBJEHHEM noia. A6-
COMIOTHAS BeIMIMHA BeKTopa P B 3TOM ClIy4ae Tak»ke 3aBHCHT HE TOILKO OT
abcomorHoi sennannnl Bexkropa E, Ho u oT HanpaBnenus Bextopa E no orHome-
HMIO K KpHCTAorpatdhuygeckum ociaM auaieKTpuka. OfHAKO CBA3b CAATAIOLIMX
BeKTOpa P CO caaraiomuMu BeKTopa E ocTaeTcs JIMHEHHOH, a MMEHHO B aHH-
30TPONHKIX JHIEKTPHKax ypaBHenus (21.6) u (21.7) momkubt GHTH 3aMeHEHbE
CNENYIOTIUMMY:

P, =o0nE;:+o012Ey + aizF.,
P, = ankb; + anky + ank,, (21.8)
P, =anFE; + o By +assE,,

npuaeM 3HaYeHus K03DGHIUEHTOB NONAPU3YEMOCTH O,k 3ABUCHT OT OPHEHTAIH

oceit x, Y, z KOOPAMHATHOR CHCTEMBI II0 OTHOIIEHMIO K KPHCTALTOrpahHuecKuM
OCAM JU3JIEKTPHKA.

B nanbrefilueM Mbl OrpaHMYHUMCH PACCMOTPEHHMEM TOJIBKO M30TDOIMHEBIX M-
3JEKTPUKOB, K KOTOpbIM npumenuma dopmyna (21.7).

§ 22. BeKTop 2/1eKTpUYECKOl HHIOYKIUU.
Aundrdepennuansublie ypaBHeHUS OJIs
B IIPOM3BOJIBHOII cpene. JIMHNHN HHAYKIIUK

1. Bmecro nonsipuzanuu P y06HO BBECTH B pACCMOTPEHHE BEK-
top D, onpenensemeiii popmynoit

D = E + 4«P. (22.1)

Bextop 3TOT y pa3sHBIX aBTOPOB HOCHT PA3IMYHEBIE Ha3BAHUS:
VIEKTPHYECKOE CMEIeHHE, 3/IeKT PHYECKas IOJAPH3AIHs [He CMeny-
BaThb C BekTopoM P, ypasrenue (20.7)], snexmpunecxas undyxyus u
T. A. Mb1 6yJeM 1o/Ib30BaThCs MOCTIEAHAM U3 3THX TEPMUHOB.

BexTop asexTpmyeckolt MHAYKIMH, B CyINHOCTH, NPEACTABJSIET
coboif CyMMY ABYX COBEPIIEHHO PA3/IMYHBIX (DHIMYECKUX BEIUYHH:
HAIPSXKEHHOCTH NOJIs ¥ (YMHOXXEHHOH Ha 47) NONSPHU3ALMH eIUHH-
el 00bema cpeasl. Tem He MeHee BBe[leHHE B PACCMOTpPEHHE 3TOrO
BEKTOPa YPE3BHIYANHO yNpoIaeT H3yHUeHHEe IONH B JUNIEKTPHKAX.
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B wacTHOCTH, 0/1HO M3 OCHOBHBIX yDABHEHHI SJEKTPUYECKOrO MOJIA —
ypasuenwe (21.5) — ¢ momompio o6o3Hadenus (22.1) npuHmMaeT
BECbMa. IPOCTOI BUJ
divD = 47p. (22.2)
B ciyyae nenonsipusyiomieiics cpeipl (HanpHMep, BakyyMa)
P = 0, Bekrop naaykun D coBnataeT ¢ Hanpsi>KeHHOCTHIO o B,
a ypasHenue (22.2) cosnajaer ¢ ypasHenueM (6.5):

divE = 47p,
TaxK 4TO IOC/IeHee yPaBHEHHE SIBIAETCH YACTHBIM CIIydaeM (hopMy-
asl (22.2).

Ymuoxada (22.2) Ha smemeHT obbema dV u HHTErpupys Mo 06b-
eMy, 3aKJIOYEHHOMY BHYTDH 3aMKHYTOW MOBEPXHOCTH S, TOIydYuM,
corzacHo Teopeme laycca (17%),

DndS = 4x [ pdv. (22.3)
$ /

Ora dopmMyna sBAAETCA 0GOBIIEHNEM 3JIEKTPOCTATHYECKOH Teo-
pemsl Faycca (3.6) ass ciiyvasi IpoU3BOILHOMN, B YACTHOCTH JAU3JIEK-
TPHYECKOI, Cpelnl.

Hanee, B ©30TponHbIX guanekTpukax u3 (21.7) u (22.1) nonyvaem

D = (1 + 47ra)E = ¢E, (22.4)
e
€=1+4na. (22.5)

Takum obpaszom, MHAYKIHUS D npomnoprnuoHanbHa HAIPAXKEHHOCTH
nons E; koaddupeHT OponopuHoHATLHOCTH MEXKAY HUME £ HOCUT
nassanue dusaexmpunecxol nponuyaemocmu ). Bamernm, 9To u3
(21.7) u (22.5) cinenyet:

P=:21g (22.6)

4
2. B npenmenpHOM ciydae NMOBEPXHOCTHBIX 3ap/I0B YPAaBHEHHE
(22.2), cornmacuo (6.7) u (6.8), mpuHEMaeT BHf
DivD = Dy, — Dy, = 47nao, (22.7)
rJle ¢ — MOBEPXHOCTHAS IIOTHOCTh €60600H020 JIEKTPHUECTBA.
Corutacao (22.4) dopMyily 3Ty MOXKHO 3aIHCATh TAK:
Dzn - Dln = EzEzn - ElEln = 47(0', (22.8)

rfle €1 U €9 — 3HAYEHHS JAUIEKTPHYECKON [IPOHHIAEMOCTH O 06e
CTOpOHBI TIOBEPXHOCTH pa3peiBa. B yacTHoCcTH, et 0 = 0, T. e. eciu
Ha 3TOMH IOBEPXHOCTH HET C60600HLT 3apsIOB, TO

eoEon = €1F1n, Dop = Dig.

1) Ypasuenue (22.1) cpaBeAauBo M JUIsi AHH3OTPOIHBIX AMIIEKTPHKOB, HO,
Hckmodas 13 nero P ¢ nomompio ypasHenuit (21.8), nosydaeM TpH ypaBHeHUs
TOrO € THIA 78 CAarammuXx BeKTopa D, B KOTODBE BXOAAT NEBATH HUIIEK-
TPHIECKHX KOID(DUIMEHTOB €,k
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CnenoBaTebHO, Ha HE3aPANCEHHOT TpaHuNe pa3aesa JBYX pasJiHd-
HEIX cpef (€1 # €2) HOpMaJIbHAs CJIATAIOMIAA IEKTPUYECKON HHIYK-
LHHU OCTAETCA HEMPEPHIBHOM, HOPMAJILHAS K€ CJIATAIONAA HAIPAKEH-
HOCTH TOJIA HCIBITHIBAET CKAYOK.

Yro ke KacaeTCd TaHTeHNUMaJbHOH ciarafomieidl Bekropa E, To
paccy»x/jeHus, IpuBeamue Hac B § 7 K dopmyae (7.7), ocrarorcs B
cuiie, u60 M B IPOU3BOILHOM [AHITIEKTPHKE paboTa SMEKTPHYECKHX
cua ot GOpMBI TyTH He 3aBUCHUT. 1losTOMy

Eo=E; wm -+ Dy =D (22.9)
£z 121

WNupiMu crioBaMy, TaHPeHIUAbHAS CIIATAIONAs HAIPSKEHHOCTH I10-
JIsi BCET/la OCTAETCA HENpEPbIBHOM, TAHMEHIHUAJIbHAS 2Ke CJIATaomast
MHIYKOUY Ha TIOBEPXHOCTH pa3jena ABYX pa3inyHsixX cpel (g9 # €1)
HCIBITHIBAET CKAYOK.

Tax Kak BHYTPH NIPOBOJHHMKOB B CJIy9ae JIEKTPOCTATHYECKOrO
pasHoBecuss E (a ciegosarenbno, u D) pasuo mymwo, To u3 (22.9)
BBITEKAET, YTO Y BHEMIHEH MOBEPXHOCTH NPOBOJHKMKOB 3JIEKTpHYE-
ckuit Bektop E (a ciemosaresnbro, u D) Beerna nepueHAuKyAspeH
aTo# moBepxHoCTH. [losromy ypasuenue (22.8) y nosepzrocmu npo-
600HUK06 TIPUHUMAET BH

eE = D = 4non, (22.10)

T€ N — BHEIIHSAS HOPMaJb K TOH [OBEPXHOCTH, & £ — JUIEKTPH-
YecKas MPOHHI@EMOCTh COMPHKACAIOMENCS C Helt Cpefibl. Y paBHEHHE
(7.8) aBssiercs, OYEBHAHO, YACTHBIM CIydaeM 3TOH (DOPMYJIbL.

3. YpaBuenus (21.4), (22.2), (22.4) u (22.7)

E=—-grady, D =c¢E, A
divD =47p, Dop — Dy, = 470, (4)
JIOTIOJIHEHHbIe TpeGOBaHHEM HeNPEPHIBHOCTH MOTEHIMAIA ¢ 1) | npes-
CTaBISIOT COOOH Noanyo cucmemy ypaBHEHHI 3TEKTPOCTATHIECKOTO
I0JIs1 B IPOM3BOIBHOM Cpejie. DTO 3HAYNT, YTO €C/IH 33JaHBI IJIOTHO-
CTH CBOOOJHBIX 3aPS0B P U 0 U JUIIEKTPUYECKAS [IPOHHIAEMOCTD £
B Ka2K/I0M TOYKE IPOCTPAHCTBA ¥ €I HA HECKOHEYHOCTH YIOBIIET-
Bopensl ycosus (12.10): ER? npu R — 00 0CTAaeTCs KOHEYHBIM,
TO cHcTemoli (A) OJHO3HAYHO ONIpEJENsieTCs TEeKTPHYECKOe IOJie,
T. €. 3Ha4eHusA @, B u D B kax 0¥t Touke mpocTpaHCTBa; 06paTHO,
eC/TH 33JaHbl a) JU3JIEKTPHYECKast NPOHULAEMOCTh € M 6) Hamps-
serHocTs noid B (wimm norenunan ¢, wnu uaayxous D) B kax ol

1 .

) Y60 MBOMHBIX 3JIEKTPHIECKHX CI0EB, T. € TIOBEPXHOCTElH Pa3pHBa NOTEHHHA-
I1a, MBI HE paccMaTpHBaeM. BrnpoteM, BKMOYEHNE HX B U3/IATAEMYIO TEOPHIO HE
[IPeICTABNACT HUKAKMX 3ATPYIHEHMHA 3aMeTHM, UTO, COMIACHO § 7, ypaBHeHH-

em E = — grad ¢ oBecnevusaeTcs HENPEPHIBHOCTD TAHTEHIHAILHBIX CJIATAIONUX
BekTopa E
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TOYKE [IPOCTPAHCTBA, TO CHCTEMON (A) OJHO3HAYHO OIpeNessSeTCst
pacIpesiesieHne CBOBOAHBIX 3apsioB p H 0.

CnpaBeyIMBOCTH BTOPOTO YTBEPK/EHHs OUEBH/HA; AJIS JOKa3a-
TEJILCTBA KE MIEePBOr0 NPEATION0KHEM, YTO CYIIECTBYET JABa PEIIeHUs
E, D, pu E' D, ¢ cucremsr (A) npu 3aqanHsX €, p, 0. BHoca 06a
pemtenus B (A) ¥ BIYUTAs 3aTeM COOTBETCTBEHHBIE YPABHEHHS APYT
U3 pyTa, NOJYIHM

E = —grad (pll D" — ¢E"
’ ’
divD" = 0, DIZIn = Illm

I‘ﬂeE”ZE"‘EI, D”'—"D—DI, (P"=<P—<PI-

Hanee na ocroBamum (A') u (433) moxeM Hamucars CIEAYIOULYIO Lemb pa-
BEHCTB:

EE”2 — DHEU — _D// grad ‘P” —- _ dxv (DII(PII) + (PII div DII P diV (D”(p”)-

Cnenosatembuo, narerpan £E'? no npomsponsnoMy o6bemy, OrpaHMHeHHO-
My MOBEPXHOCTHIO S, Ha ocHoBaHuM (17*) Gyner pasen

/ eE"dV = — / div(D"¢")dV = — f D" dS,
S

(A

NpU4eM MOBEPXHOCTHBIA HHTETPaJl JOJIXKEH OBITh B3AT JHILG 0 FPAHAYHON II0-
BepxaocTH S, u60 BO Bcem mome xKaxk ¢, Tak, cormacmo (A'), u D) ocraiorca
HenpepsIBHBIMU. EC/ Teneps pacnpoCTpaHuTh HHTECPHPOBAHEE 110 06beMy noa-
H020 10AA, TO MHTErPAJ O nosepxHOCTH S 06pamaerca B Hyb. CiieA0BaTEHHO,

f eE"dV =0,

9T0 MOXET HMeTh MECTO JIHIIb B TOM CIyYae, ecyii BO Bcex Toukax mons B’ =
= E — E' ofpamaerca B HyJIb, 9eM ¥ [OKA3BIBAETCH OJHO3HAYHOCTL peIIeHUS
cucremsl (A).

Urax, Bekrop E”, ynosnersopaommit cucreme (A'), toxmpect-
BEHHO paBeH HYAK. TaK Kak TpH OTCYTCTBHH CBODOJHBIX 3apS/IOB
(6 = p = 0) cucrema (A) npunumaer sug (A'), To, cTano Guith, 6
omcymemsue c80600HMT 3aPAC0E IALKMPUNECKOE NoAe Mmodcdecm-
8enHo pasro Hyaro. Takum o6pa3oMm, HATHYKE NUNIEKTPUKOB MOXKET
TOJILKO BHIOHU3MEHATH TI0J€ CBOOOJHBIX 3apsi/iOB; B OTCYTCTBHE XK€
HOCJIEJHAX TIOVIIPH3ANUsA JUIEKTPHKA CHAJIAeT, CTAHOBUTCH PABHOM
HYJIO ¥ 3/1eKTpudeckoe mose ucdesaer. (CM., BupoueM, npaMedaHue
K c. 104.)

4. B zakmioyeHue 3aMeTHM, 4YTO I rpacdHyecKoro um3obpaxe-
HUS 3AEKTPHYECKOTO OISt B JUINEKTPHKAX HEYNOOHO IONBb30BATHCS
CHJIOBBIME JIMHHSIMH 3TOTO 107, T. €. JHHHsAMHU BekTopa B (cum. § 10),
ubo nuseprennusa (06beMHas U MOBEPXHOCTHAs) 3TOT0 BEKTOpA MpH
HAJIUYHMH JU3IEKTPHKOB MOXKeET OBITh OT/IMYHOM OT HYyJiA HE TOJBKO
B T€X TOYKAX IOJf, TAe HAXOAATCA c80000nbie (06beMHBIE U TOBEPX-
HOCTHBIE) 3ap#A/bl, HO TAKXKE H B TOYKAX PACIIONIOKEHHUs CBA3aHHBIX
3apAJIOB [UINEKTPUKA, IUIOTHOCTL KOTOPLIX B CBOIO O4Yepeahb 3aBHCHT
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OT HAIPSKEHHOCTH TIOJIs, HEOAHOPOIHOCTeH cpefbl U T. 4. Ilosromy
JUis TpapUYecKoro U300paXKeHus MONsA B JUWIEKTPUKE MOJIb3YIOT-
€A TAK HA3BIBAEMBIMM AUHUAMU UHOYKUUU, T. €. JIMHAUSMH BEKTOpA
wIeKTpHYeckoi nHAykuuu D.

Tax Kak, coracHo (22.4}), Bekrop D B Kaxk/10#f ToUke IPOCTPaH-
cTBa (338 MCK/IIOYEHMEM AHHM30TPOIHBIX Cpejl) MApaJUIeNieH BEKTO-
py E, T0 Kaxk/asa JHHES HHAYKIHUH SBJISETCS BMECTE C TEM H CHJIOBOIX
JuHHER ¥ Hao60poT. [103TOMy, B 4ACTHOCTH, H3 TOTO, YTO HEBO3MOXK-
HbI 3AMKHYTHIE CAJIOBEIE JAMHUH, CJIEAYET TAKKE U HEBO3MONCHOCTILD
damrHymur aunut undyxyuu. OIHAKO ey, KaK 3TO IPHHATO, Yep-
THTh JIHHHH CHJI M JIMHUU MHJYKIMH C TAKKM PacdeToM, YTOObI Y-
CJ10 3THX JIMHH#, Nepecekaromux byl miomaixy dS, 6bu1o 1o
BO3MOXXHOCTH TIPONOPIMOHATIEHO NOTOKY COOTBETCTBYIOIIETO BEKTO-
pa (D uau E) yepe3 3Ty miomanky, T0 TyCTOTa JHHHI HHAYKIHK H
JIMHMI CHa Oy AeT, BooGIIe TOBOPS, MEHATHCH PA3IHYHBIM 00pPa30M OT
OJHOTO yYacTKa IPOCTPAHCTBA K ApyroMy. B wacrHocTH, Ipu TakoM
criocobe YepUeHHsi HEKOTOPHIE JIMHUH CHJI HYXKHO OyaeT o6opBaTh Ha
CBA33HHBIX OTPUIATENbLHBIX 3apAJaX JUIIEKTPHKA, TOTJA KaK COOT-
BETCTBYIOIME JTHHUH HHAYKUHMH OyJYyT IPOXOAHTEH 4Yepe3 H 33 3TH
3apsifibl 10 BCTPEYH C 3apsiflaMi CBOOOJHBIMH.

JelcTBuTenbHO, TaK KaK 3aBUCHMOCTH 00bEMHOI M IIOBEPXHOCT-
HOIi quBeprennuyn Bekropa D ot pacnpenenenus cBOGOIHBIX 33PAI0B
B NIPOU3BONLHOMN cpene cosmanaer ¢ 3aBucuMocThio divE n DivE
OT p U 0 B OTCYTCTBHE JUNIEKTPHKOB, TO, COIVIACHO De3yJbTaTaM
§ 10, nuMHHY HHAYKIME MOTYT HAUMHATHLCS M OKAHYHMBATHCS JIHIIL
B TeX TOYKaX [OJsi, B KOTOPBIX PACIIONOXKEHBl ¢80000Hbie EKTPU-

JecKHe 3apsa/pl, b0 YXOAUTh B GeCKOHEUHOCTH |) . B Baxyyme Bek-
top D ToxkecTBeH BekTopy B, Tax 4TO JIMHHUN MHAYKIKMH COBIAJAIOT
C CHJIOBBIMH JIMHUSIMEL.
3amaya 16. Ilokazarb, 4T0 HA TpaHUlE pa3jena JIBYX Iu3-
JIEKTPHKOB CHJIOBBIE JNMHUK (T. . JIMHMU HaIpaBJieHHa BekTopa E)
HCHBITHIBAIOT IIPEJIOMIIEHHE, TIPHYEM
tgfr _ &1

tgf2 e’

rae 31 — yrosa, o0pa3oBaHHBIN HANPABIEHHEM CHJIOBOY TWHUH B ep-
BOM JH3JIEKTPUKE C HOPMAJIBIO K IOBEPXHOCTH pa3jena, £ — OH-
37EKTPUYECKas MPOHUIIAEMOCTE IIEPBOIL Cpebl, a 2 H £9 — COOTBET-
CTBEHHBIE BEIMYHUHBI JJisi BTOPOH Cpefbl.

3agaua 17. Ilokasars, yTo HanpsixkeHHocTs noas E' B cpen-
HEl 9acTH AMWHHOM M y3KOH 1lesH, IPoAeiaHHOM B TBeDP/IOM JHU3/IeK-
TPUKE, PABHA HAMPSKEHHOCTH MoJia E B JuaieKTpuke, eCIH IEAb
3Ta mapaJjuienbHa Bektopy E, u uto E' pasHa wnnykmuum D B au-
3MEKTPHUKE, ECIH IIeJh NepreHauKyaspha E.

) Cwm., BIIpOYEM, IPHMETaHNE Ha ¢. 5 0 TOYKAX HEOIpeeIeHHOCTH.
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3anmaua 18. [TokasaTs, 4YTO I OJAHO3HAYHOTO OIPEAEACHHSA
IEKTPOCTATHYECKOTO IO/ B IPOM3BOJABHON Cpese MOCTATOYHO 3a-
JIaTh, BO-IIEPBLIX, PACIOJIOMKEHNE K (DOPMY MPOBOJHHMKOB, 3HAYCHHE
JA3IEKTPUYECKON ITOCTOAHHOM B KaXKJ0# TOYKE CPENbl M paclpeie-
JieHHe CBO OO IH Bl X OOBLEMHBIX H IMOBEPXHOCTHHIX 3apPsA QOB B
NH3JeKTPHKE H, BO-BTOPBIX, JIHO0 NOTEHUHAI (o, KaXKIOTO TIPo-
BOIHUKA [3amava (A)], mubo obummit 3apan e, Kax0r0 IPOBOJHUKA
[samaga (B)] (cp. § 13).

3apgayva 19. IIpocTtpancTeo Mexay oOKIagKAMM MJIOCKOTO
KOH/IEHCATODA 3aIOJIHEHO JBYMS CJIOSMH JHIIEKTPUKa. JJHaieKTpu-
YeCcKHe MOCTOSTHHBIE DTHX CJIOEB PAaBHBL €] M £2, & UX TOJINUHBI —
d; u dp, npudem dj + dy = d, toe d — paccTosiHEe MeXJAy ILIAC-
THHAaMH KOHJeHcaTopa. Iloka3aTh, 4To eMKoCcTh KoHjeHcaTopa C
OTIpeNeNsdeTcs COOTHOIIIEHHEM

L_tn (4 d)
C S €1+62 ’

rae S — MOBEPXHOCTL €ro ILTACTHH.

§ 23. DuieKTpHUUeECKOe [10J1€ B OJHOPOIHOM AHUAIEKTPUKE

1. PaccMoTpuM mpocTefiinit ciiydaii AMSJIEKTPHYECKON Cpebl,
KOIJ2 8Ce noJde, T. €. BCe YIACTKH IPOCTPAHCTBA, B KOTOPBIX BEK-
top E He paseH HyJI0, 3AI0AHEHO 0JHOPOOHLIM TUIIEKTPUKOM. ITO
OyAeT HMETh MECTO, HAIIPUMED, B TOM CJIy4ae, €Ci CHCTEMA IPOBO/I-
HHUKOB IOTpyKeHa B GeCKOHEUYHBIN OJAHOPOAHBIN AUNIEKTPUK (HGO B
cIydae IEKTPHYECKOTO PABHOBECHsI BHYTpH mposoguukoB E = 0)
WU B JUIEKTPHUK, OTPAHUYEHHBIN 3aMKHYTOH MeTajlin4ecKoit 06o-
JI04KOli (3JIeKTpoCcTaTHYecKas 3amuTa). B srom ciyqae Bo Bcex gud-
bepeHaIbHEIX YPABHEHUAX IOJSI IOCTOSIHHBIE € H ¢ MOTYT OBITH
BBIHECEHBI 32 3HAK TPOM3BOJHON, W, Hanpumep, u3 (22.2) u (22.4)

cilenyer:
divD = diveE = edivE = 4np,
HIH .
divE = -V2p = = - 47p. (23.1)
€

9To 3HAYUT, YTO UPH 3aJaHHOM PACIpeNeNeHHH CEODOHBIX 3apsI0B
MOTEHINA B HAIPSKeHHOCTE N0/ B OJHOPOIHOM JU3EKTPHKE B €
pa3 MeHbliie TMOTEHIHajia U HAIPSXKEHHOCTH Iojid B BakyyMme. Ya-
CTO 3TO MOJIOXKEHHE KJAJETCS B OCHOBY Bceil dhopMasibHOM Teopum
JM3JIEKTPHKOB,

W3 HEro HEmoCpenCTBEHHO BBITEKAET, YTO NMOTEHIHAJ M HANPSAKeH-
HOCTB [10/1s1 TOYEYHOI0 3apANa B 00HOPOOHOM JTH3AEKTPHUKE PABHEI

= E_;_, E = g% (23.2)
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(rax Ha3blBaeMblll o6obwernvitd 3axon Kyaona). Hanee, pasHoCTH
[OTEHIINAJIOB MEXJY OOK/3JKaMH KOHAEHCATOpa NpH 3alOIHEHUH
MPOCTPAHCTBA MEXKJY HUMH OJHOPOJMHBIM JMICKTPHKOM I0JKHA
YMEHBIIATHCSA B € pa3, ecad 3apsabl 0OKJIAL0K OCTAIOTCSH HEHM3MEH-
HBIMM. DTO 3HAYHUT, YTO EMKOCTh KoHZAeHcaropa C BO3pacTaeT MpH

3TOM B € paa3:

HamomuumM, HakoHeEN, YTO 3HAYEHHUE BEKTOPA, 3MEKTPUIECKOH MH-
ayknuun D B ogHOpOHOM cpefe He 3aBHCHT OT JH3JIEKTPHYECKOHN
IIPOHHUIIAEMOCTH 3TOH Cpezbl U BIIOJIHE ONPEAEIAeTCa paclipele/ieHH-
eM CBODOJHBIX 3apsoB, ubo u3 (22.4) u (23.2) cneayer, 4to

D=¢E ==, (23.4)
R2

2. Heobxonmmo, OAQHAKO, TBEPJO MMOMHHThL, YTO YypPaBHEHHH
(23.1)-(23.4) nenpumeHumb, K AUIIEKTPUKY Heodnopooromy. Taxk,
HampHMep, €CJid B I0Je 3apsja € BHECTH KYCOK JWTeKTpuka D
(puc. 28), To bmaroma-
pA TONspH3anUK 3TOro P +e P, [~ 7 % P,
JH3/IEKTPHKA HAIpAXKEeH- ® ® * /D /jé °
HOCThL II0JIE B TOYKax P
4 P, HE yMEHBIINTCH, KaK Puc 28
TO COOTBETCTBOBAJIO Onl
dopmye (23.1), a ysemuyurcs. JeficTBUTeNBHO, OTPHIIATENBHBIE 38~
PAJIBL JUTIONEH CMECTSTCH B JUAIEKTPHKE BIIEBO, a OJIOXKHTEIbHBIE
BIIPABO, TAK YTO HAITPABIIEHHE PE3YILTHPYIOLIETO MO/ ITHX 3apsi/I0B
B Toukax P u P, Gyzer coBnagaTh ¢ HAOpaBIeHHEM MO 3ap/a €.
B Touke xe P mosisipu3alIiig JHVIEKTPHKA BhI30BET ocyiabeHre nep-
BOHAYAJILHOTO MOJig 3aPAAa e.

Boo6mie B Heodnopodrotli cpefe HEMb3si YCTAHOBHTH CKOIBKO-HH-~
OyZb TPOCTO#M 3aBHUCHMOCTH TOJIS OT PACIOJOMKEHHHA OIHUX TOJb-
KO €60600HMWT 3apsA/0B, 3aBHCHMOCTH Tuna 3akoHa Kysona (23.2).
Jluuis obpamascs k AuddepeHHaasHbIM YPABHEHUAM TOAS, T. €. K
YPaBHEHHSIM, CBSI3bIBAIOLIAM 3HAYEHHS XapaKTEPH3YIOMKX [0Je Be-
JIUYMH B CMEMCHBLL TOYKAX IIPOCTPAHCTBA, MOXKHO MPHATH K CpaB-
HHTEJIBHO NPOCTHIM COOTHOIIEHUSM MEXKJy STHMHU BeJMYHHAMH [CH-
crema ypasHenuit (A), ¢. 107], ubo muws guddepeHnuanbabe CooT-
HOIIIEHUS TIOJTHOCTBIO ONPENEAOTCS CBOMCTBAMH JAHHOTO 3/IEMEHTA
Cpe/ibl HE3ABMCHMO OT CBOMCTB YJAJIEHHBIX €€ yYaCTKOB.

3. PaccmoTpuM eme npumep, Koraa GeCKOHeMHOe MOJYNpOCTPAHCTBO HA,
IUIOCKOCTHIO 2 = () 3AM0JTHEHO OFHOPOLHBIM JUIIEKTPHUKOM C JHIIEKTPHYECKOH
MPOHMLIAEMOCTBIO £1, A MOMYNPOCTPAHCTBO II0A TOH MI0CKOCTHIO — APYTHM Ofl-
HOPOOHBIM JMIIEKTPHKOM ¢ JU3JIeKTPHYeCKOoil MpOHHMIAEeMOCThIo €2 (puc. 29).
Omnpenenum mose 3apsaia e, HAXOASAIErocHd B NPOM3BOILHOM Touke P. BriGepem
OCH KOOPJAMHAT TaK, 4T06BI OCh 2z NpoXogwia depe3 T04ky P; KOOpAMHATH 3TOMH
toukM 6yayr * = y = 0, z = 2o. IlycTs ans onpenenensocT 2o > 0, T e. 3apsanx
HAXOIUTCA B BEPXHEM IOJIYIPOCTPAHCTBE, TIE € = £1.
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O6o3ra9uM MOTEHUHANL B BEPXHEM MOJIYIPOCTPAHCTBE Yepe3 (1, & B HUXK-
HEM —4epe3 (2. YCIOBHE HENPEPHIBHOCTH MOTEHLIHANA HAa IPAaHHMLE pa3jena
JHIEK TPUKOB [JIACHT:
z (‘Pl)z:() = (()02)z=0- (235)
Py Hanee, Tak xak B Hamem ciy4ae g = 0, To,
Buipaxas B (22.8) E uepes grad o, nonyunm

y a a
29 9 = g2 . 2
£1 ( 3 )zz() E2 ( 2 )z=o (23.6)

Haxkoner, NOCKOMBKY B KaXXIOM TMOJIYIPOCT-
0 x DAHCTBe £ MOCTOAHHO, TO, cornacuo (23.1),

4r 47
' Vi =L vl =-F (237
€1 €2
Tak kax B HameMm ciiydae p = () BCIOAY, Kpome
Touku P, To
€2 V32 =0, (23 8)
Py a nepsoe u3 ypasnenwii (23.7) Oyzer, ouesna-
HO, YAOBJIETBOPEHO, €CJIM MBI ITOJTOXKHM

Puc. 29 o= —— 44, Vg, =0, (23.9)

€]

i

rae R — paccrosmue Touxu nabmonenus or rouku P: R = /x2 + 42 + (z — 20)2.
Horenuan B KaxxJoi TOYKe NPOCTPAHCTBA Gy€T 3aBHCETb, BO-IIEPBBIX, OT
€€ PacCTOgHMA A0 To4KH P, 1. e. o R, u, BO-BTOPBIX, OT €€ PACCTOSHUS [0 NJIOC-
KOCTH pa3pena, T. e. or z. Ilo coobpaskeHUsIM CHMMETPHH BMECTO TOCHeHe e-
pemenHoit ynobuo BeecTu paccrosnue R’ = /z? + y? + (2 + 20)? npoussonbHoi
TOYKHM MPOCTPAHCTBA OT TOUKM P’ cimmerpudnolt ¢ P OTHOCHTEIBHO TOBEpX-
HOCTH pasfena; KoopauaaTe! Touku P’ pasunt 0, 0, —z0. YpaBHeHUE ILTOCKOCTH

pasnena B nepeMennslx R u R’ npumer Bun
R=R, (23.10)
a pemmenusamu ypapaenuii (23.8) u (23.9), obnamaoomumu Tpebyemoit CHMMeTpH-

eit, 6yayT, O4€BHIHO, BBIpAKEHHT
;. = Ae P p2 = J_ff_’ (2311)
e R 2

re A ¥ (i — HEKOTOpble NOCTOAHHLIE, efiCTBHTeIbHO, MOTEeHIUAN P2 B HUX-
HeM TIOYTTPOCTPAHCTBE HE MOXKET COIepaTh WieHa, nponopuuonansioro 1/ R/,
ubo oH me ynopnerpopss 6b1 ypasnenmio (23.8); aHANOrMYHO ] He MOXeET CO-
Jepxarb qieHa, nponopuuonassoro 1/R. Broca (23.9) u (23.11) B (23.5) u

yuntsieag (23.10), nonygaem L+A = £ ananoruano us (23.6) nocue snemen-
TapHBLIX BRKJIAJ0K MoJiydgaem 1 il)\ = ; 2Ta.KPIM 06pa3oM, BCe HAINY YPABHEHUS
YAOBJIETBOPATCH, €CITH MOTOXKHTH A = I = 2¢2 , T. €. €CIIH TIOJIOKMTD
€1+ €2 €1+ ez
e E1—€2 e
p=p1= ;}g —-——*-62(61 . T npr  z >0, (2312)
=y = ——0 mpu z<0

e1+e2 R
Ha ocmoBanuu Teopemur oan03Ha9HOCTH (CM. § 22) mosy4enHble BbIPaKeHUA
SBJIAIOTCH €IMHCTBEHHBIMU PelleHusMH Hamel 3axaqu (BILIOTh OO0 aJUTHBHON
MOCTOSHHON B MOTEHIIMATE, HE CKA3LIBAIOMEHCS Ha HANPAYXKEHHOCTH II0JIs).






