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HaCTOSIIJ;aJI pa60Ta SBnSeTC.SI pa3BHTHeM HOBbIX Mre6paHqeCKHX MeTO,llOB 

qHCneHHoro peIlIeHH.SI 3a,llaq :meKTpOCTaTHKH [1-7]. B TIHX MeTOJ(ax J(n.SI peIlIeHH.SI 

KpaeBblx 3aJ(aq 3neKTpocTaTHKH rrpHMeH.SInaCb CHCTeMa BcrrOMoraTenbHblX 3aps,lloB, 

o6eCrreqHBIIIaJI BbIIlonHeHHe rpaHHqHblX ycnoBHlf Ha rroBepXHOCT.SIX rrpOBO,llHHKOB H 

J(H3neKTpHKoB. Half)leHHble BenHqHHbI BcrrOMoraTenbHbIX 3ap.SI,llOB rrpOBO)lHHKOB H 

3aps,lloB ,llH3neKTpHKoB rr03BOn.SIIOT rronyqHTb e,llHHCTBeHHoe H rrpaBHnbHoe peIlIeHHe 

rnaBHOlf 3aJ(aqH 3neKTpocTaTHKH, a HMeHHO HaRTH pacrrpe,lleneHH.SI 3neKTpHQeCKHX 

rronelf H ?OTeHIUlMOB B rrpOCTpaHCTBe. TaKoe YTBep)K,l(eHHe .SIBIDIeTC.SI Cne,llCTBHeM 

TeopeMbI e,llHHCTBeHHOCTH 3neKTpOCTaTHKH: ecnH KaKHM-nH60 crroco60M KpaeBaJI 

3aJ(aQa 3neKrpOCTaTHKH peilieHa, T.e. HaR,lleHbI pacrrpe,lleJleHH.SI H BenHqHHbI 3apS,llOB, 

KOTopble 06eCrreQHBaIOT BbIIlonHeHHe rpaHHQHbIX ycnoBHlf, TO rronYQeHHOe peIlIeHHe 

.SIBn.SIeTC.SI e,llHHCTBeHHblM H BepHblM [8]. 3neKTpHQeCKHe rrOIDI H rrOTeHUHMbI 

HaXO,ll.SITC.SI Ha OCHOBe rrpHHUHrra cyrreprro3HUHH rrpOCTbIM CYMMHpOBaHHeM rronelf H 

rrOTeHUHMOB OT Ka)K,l(OrO BcrrOMoraTenbHoro 3apS,lla. 

C rrOMOIIJ;blO npe,llnO)l(eHHbIX MeTO,llOB 6bma paccMoTpeHa 3a,llaQa OU3JleKmpUK 

6 3lleKmpOCmamUileCKOM nOlle C Hcrronb30BaHHeM nHHelfHbIX BcrrOMoraTenbHbIX 

3aps,llOB [6,7]. O,llHaKO Ha rrpaKTHKe Hcrronb30BaHHe nHHelfHbIX 3apMoB HMeeT 

OrpaHHQeHHOe rrpHMeHeHHe. ilpHMepoM HcrrOnb30BaHH.SI nHHelfHbIX 3apMoB Moryr 

cnY)l(HTb paCQeTbI xapaKTepHcTHK MHororrpOBOnOQHbIX KoopllHHaTHbIX ,lleTeKTOpoB 

rrporropIUloHMbHbIX H ,llpelf<p0BbIX KaMep. 

B ,llaHHOlf pa60Te ,llaeTC.SI 060CHOBaHHe MeTO,lla peIIIeHH.SI 3a,llaQ OU3lleKmpUK 6 

3lleKmpOCmamU'leCKOM nOlle ,lln.SI ,llH3neKTpHKOB rrpOH3BonbHOlf <pOPMbI B 

3JIeKTpHl.JeCKOM nOJIe HeCKOJIbKHX npOBO,llHHKOB. TIPH 3TOM Heo6xo,llHMO rrpHMeH.SITb 

BcrrOMOraTeJIbHble TOl.Jel.JHble 3apS,llbl. MeTO,ll HnJIIOCTpHpyeTC.SI peIlIeHHeM 3aJ(al.JH 

OU3lleKmpUileCKUU wap 6 3lleKmpUileCKOM nOlle. 

1. )l;H3neKTpHK B 3neKTpocTaTHQeCKOM none 

PeIlIeHHe 3a,llaQ 3neKTpOCTaTHKH, KaK rrpaBHnO, COCTOHT H3 ,llByx 3TanOB. Ha 

rrepBOM 3Tane peiliaeTC.SI KpaeBaJI 3a,llaQa. B pe3ynbTaTe peIIIeHHS HaxO,ll.SITC.SI 

pacrrpe,lleneHH.SI H BenHQHHbI Bcex 3ap.SI,llOB, 06eCrrel.JHBaIOIIJ;HX BbIIlonHeHHe 

rpaHHl.JHbIX ycnoBHlf. B KaQeCTBe rpaHHtIHOrO ycnOBH.SI Ha rrOBepXHOCT.SIX 
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npOBo.n;HHKOB 3a,naerC.sI nOTeHIJ;HaJI. PemeHHe KpaeBOH 3a,nal.lH B 3TOM CJIYl.Iae 

03Hal.laeT, liTO HaH.n;eHHble 3Hal.leHH.sI nOTeHl,HaJIOB paBHbI 3a,naHHbIM 3Hal.leHU.sIM. 

fpaHHl.IHble YCJIOBWI Ha nOBepXHOCTH .n;H3JIeKTPHKa onpe.n;eJI.sIIOTC.sI 3aKOHaMH 

3JIeKTPOCTaTHKH .n;JI.sI .n;H3JIeKTPHKOB. B COOTBeTCTBHH C OCHOBHbIMH nOJIO)l(eHH.sIMH 

3JIeKTPOCTaTHKH ,n.IDI O.n;HOPO.n;HbIX .n;H3JIeKTPHKOB rpaHHl.IHble YCJIOBH.sI Ha 

nOBepXHOCTH paJ.n;eJIa Me)l(.LJ:Y cpe.n;aMH B 3JIeKTpOCTaTHl.IeCKHX nOJI.sIX 

onpe.n;emnoTC.sI H3 .n;Byx ypaBHeHHH [9]. I1epBoe H3 HHX; 

rot E=O. (1.1) 

BeKTop E - 3JIeKTPHl.IeCKOe nOJIe KaK BHYTPH, TaK H BHe .n;H3JIeKTpHKa. 

BTopoe ypaBHeHHe onpe.n;eJI.sIeT CBoHcTBa BcnOMOraTeJIbHOrO BeKTopa D: 

divD=O. (1.2) 

I10JIe E .sIBJI.sIeTC.sI cynepno3HUHeH nOJI.sI CTOPOHHHX 3ap.sI.n;oB Eo H nOJI.sI CB.sI3aHHbIX 

E = Eo + EO. I1PH HaJIHl.IHH BHemHero 3JIeKTpHl.IeCKOrO nOJI.sI 

BemeCTBO CaMO CTaHOBHTC.sI HCTOl.lHHKOM 3JIeKTPHl.IeCKOrO nOJI.sI, B pe3YJIbTaTe l.Iero 

BHemHee nOJIe H3MeH.sIeTC.sI. 

B ypaBHeHHH (1.2) D = EoE + P, r.n;e P - BeKTop nOJI.sIpH3aUHH, HJIH 

3JIeKTPHl.IeCKHH .n;HnOJIbHbIH MOMeHT e.n;HHHUbI 06'beMa .n;H3JIeKTPHKa, Eo 

.n;H3JIeKTPHl.IeCKa.sI nOCTO.sIHHa.sI. 

HenpepblBHOCTb TaHreHIJ;HaJIbHblX COCTaBJI.sIlOmHX 3JIeKTpHl.IeCKOrO nOJI.sI Ha 

nOBepXHOCTH paJ.n;eJIa .n;BYX .n;H3JIeKTPHKOB: 

Etl =E t2 · (1.3) 

CJIe.n;cTBHeM ypaBHeHH.sI (1.2) .sIBJI.sIeTC.sI HenpepbIBHocTb HOPMaJIbHOH COCTaBJI.sI10Iueii 

BeKTopa D K nOBepxHocTH paJ.n;eJIa: 

D nl =D n2' (1.4) 

3.n;eCb 01 H 02 - BHemHHe HOPMaJIH K rpaHHue paJ.n;eJIa cpe.n;a - .n;H3JIeKTPHK. 

HOPMaJIb 01 HanpaBJIeHa OT .n;H3JIeKTPHKa B cpe.n;y, a HOPMaJIb 02 - BHYTPb Hero. 

.f(JI.sI O.n;HOPO.n;HbIX .n;H3JIeKTPHKOB 3aBHCHMOCTb D OT E onHCbIBaeTC.sI 

COOTHOllIeHHeM D =EoE + P= EEIJE, r.n;e E - .n;H3JIeKTPHl.IeCKa.sI npOHHuaeMOCTb 

cpe.n;bI. B TaKOM CJIYl.Iae rpaHHl.IHble YCJIOBH.sI (1.3) H (1.4) MO)l(HO npe.n;cTaBHTb 
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B BH)l:e COOTHOlIleHHH )l:JUI TaHreHUHaJIbHOH H HOPMaJIbHOH COCTaBJUIIOIUHX nOJIeH 

)l:ByX )l:H3JIeKTpHKOB: 

(1.5) 

B CBOIO Oqepe)l:b rpaHHqHbIe YCJIOBHSI (1.5) MO)KHO npe)l:CTaBHTb H B BH)l:e 

rpaHHqHblX ycnoBHH )l:JISI nOTeHUHaJIa: 

q> I = q> 2' E I aq> I Ian = E 2 aq> 2 Ian . (1.6) 

ITPH pemeHHH 3a)l:aq 3JIeKTPOCTaTHKH nO)l:pa3yMeBaeTCSI KOHeqHOCTb H 

HenpepbIBHOCTb nOTeHUHaJIa q> BCIO)l:Y. 

KaK KJIaCCHqeCKaSI 3JIeKTpOCTaTHKa pemaeT 3a)l:aqy 06 orpaHHqeHHOM no 

pa3Mepy )l:H3JIeKTpHKe B 3JIeKTPOCTaTHqeCKOM nOJIe? 3a)l:aqa pemaeTcSI nOJIHOCTbIO 

TOJIbKO )l:JISI )l:H3JIeKTPHqeCKOfO 3JIJIHnCOH)l:a, HaxoMIUerocSI B O)l:HOPO)l:HOM 

3JIeKTpHQeCKOM nOJIe Eo. ITYCTb HCTOtlHHKH IIOJISI (3apSI)l:bI Ha napaJIJIeJIbHblX 

nJIaCTHHax nJIOCKOrO KOH)l:eHCaTopa) pacnOJIO)KeHbI TaK )l:aneKO OT 3JIJIHnCOH)l:a, QTO 

He cMeIUaIOTCSI, KOr)l:a 3JIJIHnCOH)l: BHOCHTCSI B nOJIe. B 3TOM CJIYQae, KaKOe 6bI nOJIe 

He 6bIJIO B OKpecTHocTH 3JIJIHncOH)l:a, OHO OCTaHeTCSI O)l:HOPO)l:HbIM H paBHbIM Eo 

B)l:aJIH OT )l:H3JIeKTPHKa [9]. 

,l(H3JIeKTpHQeCKHH map SIBJISIeTCSI QaCTHbIM CJIYQaeM 3JIJIHnCOH)l:a. PaCCMOTPHM 

XO)l: pemeHHSI 3a)l:aQH MSI mapa, HaxoMIUefocSI B OKpY)KeHHH Cpe)l:bI C 

.ll:H3JIeKTpHQeCKOH npOHHuaeMOCTbIO e =1 (BaKYyM). BCJIe)l:cTBHe aKCHaJIbHOH 

cHMMeTpHH npH pemeHHH HCnOJIb3yeTcSI c<i>epHQeCKaSI CHCTeMa KOOp)l:HHaT C 

nOJISIpHOH OCbIO no OCH Z [10,11]. 

B OTcy-rcTBHe noJISI nOJIO)KHTeJIbHble H OTpMuaTeJIbHbIe 3apSI)l:bI O)l:HHaKOBO 

pacnpe)l:eJIeHbl no 06'beMY mapa. TIPH HaJIHQHH noJISI nOJIO)KHTeJIbHbIe 3apSI,.'J.bI 

C)l:BHfaIOTCSI Ha HeKoTopbIH oTPe30K / , B TO BpeMSI KaK OTpHuaTeJIbHbIe - Ha OTPe30K 

-I: 3JIeK'rpOCTaTHQeCKaSI HH)l:YKUHSI npHBO)l:HT K nOSIBJIeHHIO Ha nOBepXHOCTH 

.ll:H3JIeKTpHKa nOJISIpH3auHOHHbIX 3apSI)l:OB. 3JIeKTpHQeCKOe nOJIe mapa B 3TOM CJIyqae 

TO)K.lJ:eCTBeHHO nOJIIO )l:BYX mapOB, C)l:BHHyTblX Ha OTPe30K 21 H paBHOMepHO 

3apSI)KeHHb1X 3apMaMH npOTHBOnOJIO)KHOfO 3HaKa. TIoBepxHocTHaSI nJIOTHOCTb 

nOJISIpH3auHOHHbIX 3apMoB npH 3TOM 0'- Eo cos9, r)l:e 9- nOJISIpHbm yrOJI. 

TIoTeHUHaJIbI BHYTPH H BHe mapa onpe)l:eJISIIOTCSI CJIe)l:YIOIUHMH ypaBHeHHSIMH [10]: 
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<p i =-3 EoZ/(E+2), 

B03MOiKeH H 'lIHCTO aHaJIHTH'lIeCKHH MeTO.u pemeHH5I 3a.ua'llH [11], 

eCTeCTBeHHO, pe3YlIbTaTbI pemeHH5I B 3THX ClIy'llMX COBrra.uaIOT. 31IeKTpH'lIeCKOe 

rrOlle BHyTpH mapa 0CPi / Oz =3Eo/(E+2). OHO O.uHOPO.uHO, CHlIOBble lIHHHH rr01I5I 

rrapaJIlIelIbHbI OCH Z. PemeHHe 3a.ua'llH OU3fleKmpU'I,eCl<.UU 3JlJlUnCOUO 6 001l0POO1l0M 

3fleKmpU'I,eCKOM nOfle ClIo:>I<Hee, HO H OHO BbIIIOlIH5IeTC5I aHaJIHTH'lIeCKHM MeTo.uOM C 

rrpHMeHeHHeM 31I1IHrrTH'lIeCKOH CHCTeMbI Koop.uHHaT [9]. 

B peaJIbHbIX ClIy'llMX B Ka'lleCTBe rpaHH'lIHbIX YClIOBHH MOiKHO 3a.uaTb TOlIbKO 

rrOTeHr(HaJIbI rrpoBo.uHHKOB. Ho.ll1I5l pemeHH5I 3a.ua'llH He06xo.uHMO 3HaTb BelIH'lIHHbI 

TaHreHr(HaJIbHbIX H HOPMaJIbHbIX COCTaB1I5I101IlHX 31IeKTpH'lIeCKOrO rr01I5I B 1I1060H 

TO'llKe lUI31IeKTpHKa. liMeHHo 3TH COCTaBlInlOlIlHe BXO.u5lT B COOTHOmeHH5I (1.5), 

orrpe.ue1I5l101I1He rpaHH'lIHble YClIOBH5I Ha rroBepxHocTH .uH31IeKTpHKa. EClIH 

.uH31IeKTpHK B BaKYYMe, 3TH COOTHOmeHH5I 3arrHmYTC5I KaK: E tI =E t2, E nl =E E n2 . 

HOPMaJIbHM COCTaB1I5I101IlM 31IeKTpH'lIeCKOrO rr01I5I CB5I3aHa C rrlIOTHOCTblO 

rr01I5lpH3ar(HOHHbIX (CB5I3aHHbIX) 3ap5I.ll0B COOTHomeHHeM 

(1 =K€o En' 

r.ue .uH31IeKTpH'lIeCKM BOCrrpHHM'lIHBOCTb K = 1+E. B .uaHHOM ClIY'lIae B03HHKaeT 

rrapa.uOKCaJIbHM CHTYar(H5I. lfmo6bl onpeoeflumb 6eflU'I,UlIY 1I0pManb1l0U 

COCma6flJllOU/eu 3fleKmpU'I,eCKOZO nOJlJl 6 lIeKomopou mO'l,Ke n06epXlIOCmu 

OU3fleKmpUKa, Heo6xooUMO 311amb n06epXlIocmllYlO nflOm1l0Cmb C6Jl3allllblX 

nOJlJlpU3aquollllblX 3apJl006 6 3mou mO'l,Ke. A n06epxlIocmllYlO nrLOm1l0Cmb C6Jl3allllblX 

nOflJlpU3al1uOllllbIX 3apJl006 6 coom6emcm6UU C ZpallU'I,lIblMU YCfl06WlMU (l.5) lIeflb3Jl 

6bl'l,UCflUmb 6e3 311allWl pacnpeOeflellWl 6eflU'I,UlI 1I0pManbllbiX COCma6JlJllOU/UX nOJlJl 

lIa n06epXlIOCmu OU3fleKmpUKa. 

B ,llaHHOH pa60Te rrpe.ulIaraeTC5I BbIXO,ll "3 :nOH rrapa.uOKCaJIbHoH cHTyar(HH. 

I1pHBlIe'lleHHe BcrrOMOraTelIbHbIX 3ap5l,llOB rr03B01I5IeT pemHTb 3a.ua'llY OU3fleKmpUK 6 

3fleKmpU'I,eCKOM nOfle np06001lUK06 rrOlIHOCTblO. 

JrOT BblXO.u rro.uCKa3aH pemeHHeM 3a.ua'llH 0 TO'lle'llHOM 3ap5l.ue B61IH3H 

rrpOT5IiKeHHOH rrpOBO.ll5llIleH rrlIOCKOCTH, KOTOPM pemaeTC5I C rrpHBlIe'lleHHeM 

q,HKTHBHoro BcrrOMOraTelIbHoro 3ap5l,lla, 51B1I5I101IlerOC5I 3epKaJIbHblM H306paiKeHHeM 
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,UeHCTBHTeJIbHOrO 3apSI,Ua. BCnOMOraTeJIbHbIH 3apSI,U 6epeTCSI C npOTHBOnOJIO)KHbIM 

3HaKOM. 

2. fIocTaHoBKa 3a.llaq 

KaKHM 06paJOM C nOMOIUblO BcnOMOraTeJIbHbIX 3apSI,UOB MO)KHO 

peUIHTb 3a,UatIY OU3JleKmpUllecJ.:UU Ulap (j 3.l1eKmpocmamUlleCJ.:OM nO.l1e? B HamHX 

pa60Tax [1-5J npe,UJIO)KeHbI H 060cHoBaHbI aJIre6paHtIeCKHe MeTO,UbI tIHCJIeHHoro 

pemeHHSI KpaeBblX 3a,UatI :)JIeKTpOCTaTHKH npOH3BOJIbHbIX CHCTeM 

npOBO,UHHKOB. Y,UOBJIeTBOpSIIOIUHX ypaBHeHHIO JIannaca ~<p=O. B 3THX MeTo,Uax 

rpaHHtIHble YCJIOBHSI Y,UOBneTBopSIIOTCSI C nOMOIUblO BcnOMOraTeJIbHbIX ,UHcKpeTHbIX 

TOtIetIHbIX HJIH JIHHeHHbIX 3apSI,UOB, paJMeIUaeMbIX B 06'beMe npoBo,UHHKOB B6JIH3H HX 

nOBepxHocTH. nOTeHUHaJIbl, BeJIHtIHHbI 3JIeKTpHtIeCKHX nOJIeii B npouecce pemeHHSI 

3a,UatIH BbltIHCJISIIOTCSI B KOHTPOJIbHbIX TOtIKaX nOBepXHOCTH, HaXO,USIIUHXCSI Ha 

KpaTtIaHmeM paCCTOSIHHH 01' cooTBeTcTBYIOIUHX 3apSI,UoB. nYCTb Haii,UeHbl BeJIHtIHHbI 

3apSI,UOB, KOTopble o6eCnetIHBalOT BbmOJIHeHHe rpaHHtIHblX YCJIOBHH B KOHTPOJIbHblX 

TOtIKax. npH :nOM B Henocpe,UcTBeHHoH 6JIH30CTH OT nOBepXHOCTH C 3apSI.uaMH 

3KBHnOTeHUHaJIbHaSI nOBepxHocTb HMeeT BOJIH006paJHYlO !l>OPMY, HecyIUYIO Ha ce6e 

oc06eHHocTH, CBSI3aHHble C ,UHCKpeTHOCTblO paJMeIUeHHSI 3apSI,UOB. Ha HeKoTopoM 

paccToSIHHH OT nOBepXHOCTH npOBO,UHHKa ,UO nOBepxHocTH C 3apSI,UaMH 

3KBHnOTeHUHaJIbHaSI nOBepXHOCTb CTaHOBHTCSI cB060,UHOH OT 3THX oc06eHHocTeH. 

xopomo nOBTopSIeT nOBepXHOCTb npOBO,UHHKa. OnTHMaJIbHblM SIBJISIeTCSI CJIYtIaH, 

Kor,Ua paCCTOSIHHe Me)K,UY nOBepxHocTblO C 3apSI,UaMH H nOBepXHOCTblO npOBO,UHHKa 

d H paccToSIHHe Me)!{,Uy coce,UHHMH 3apSI,UaMH a YLlOBJIeTBOplUOT HepaBeHCTBY 

/,4a < d [2]. 

PaccMoTpHM pemeHHe 3a,UatIH ,UJISI mapa, HaXO,USIIUerocSI B oKpY)KeHHH cpe,Ubl C 

,UH3JIeKTpHtIeCKOH npoHHuaeMocTblO £ =1 (BaKYYM). Wap pacnOJIO)KeH Me)!{,Uy 

nJIOCKHMH nJIaCTHHaMH KOH,UeHcaTopa, HaXO,USIIUHMHCSI no,U nOTeHUHaJIOM ±U 0 • 

B COOTBeTCTBHH C HanpaBJIeHHeM BeKTopa 3neKTpHtIeCKOrO nOJISI Ha nOJIOBHHe 

nOBepXHOCTH mapa, 6JIH)KaHmeH K nJIaCTHHe C nOJIO)KHTeJIbHbIM nOTeHUHaJIOM, 

B03HHKHYT OTpHuaTeJIbHble 3apHLlbI. Ha nOJIOBHHe nOBepXHOCTH mapa, 6JIH)KaHmeH 

K :)JIeKTpoLlY C OTpHuaTeJIbHbIMH 3apSI,UaMH, - nOJIO)KHTeJIbHble 3apSI,UbI. 3TH 
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CB5I3aHHble 3apJl)lbI ,z:Ul)neKTpHKa BMeCTe co CTOPOHHHMH 3ap5l,UaMH 3neKTpO,UOB 

C03,UaIOT cyMMapHoe :meKrpHqeCKOe none. 

P33MeCTHM BcnOMoraTenbHbIe TOqeqHble 3ap5l,Ubl BHyTpH 3neKTp0,UOB, a 

TaK)Ke BHYTPH H BHe mapa. 3HaKH Bcex BcnOMoraTenbHbIX 3apR,UOB ,Uon)KHbI 

COBna,naTb co 3HaKaMH COOTBeTCTByromHX 3apR,UOB 3neKTpo,n:OB H nonRpH3aUHOHHbIX 

3ap5l,n:OB ,n:H3neKTPHKa. BenHqHHbI 3neKTpHqeCKHX noneH H nOTeHUHanOB B 

npOH3BonbHOH TOqKe nonyqalOTcR npOCTbIM CYMMHpOBaHHeM noneH H nOTeHUHanOB 

OT TOqeqHbIX 3 apR,n:oB. nOAA H nOTeHUHanbI TOqeqHbIX 3apJl)lOB BblqHCnRIOTC5I Ha 

OCHOBe 3aKOHa KynoHa MR TOqeqHOrO 3ap5l,Ua: 

E=_l_.!L H U= 
411E 0 r 2 411E 0 r 

3,UeCb r - paCCTORHHe Me)K,Uy 3apR,UOM H TOqKOH Ha6nlO,UeHHR, q - BenHqHHa 

3ap5l,Ua. 

,lLruI HaXO)K)leHH5I 3apR,n:OB H pemeHH5I KpaeBOH 3a,naqH COCTaBHM CHCTeMY 

anre6paHqeCKHX ypaBHeHHH, yqHTbIBalOmHX TpH ycnoBH5I Ha rpaHHue p33,n:ena: 

1) paBeHcTBo TaHreHUHanbHbIX COCTaBnRlOmHX nonR (1.5) E tI =E t2 HnH 

HenpepbIBHOCTb nOTeHUHana npH nepexo,Ue qepe3 nOBepxHocTb p33,n:ena cpe,Ua

2) HenpepbIBHocTb HopManbHoii cOCTaBn5llOmeH BeKTopa D K nOBepxHocTH 

p83.llena (1.4) D n 1 = D n2 ,a ,UnR paCCMaTpHBaeMbIX ycnoBHH E 0 I =E E 02 ; 

3) paseHcTBo HaH,UeHHbIx 3HaqeHHH nOTeHUHana nnaCTHH KOH,n:eHcaTopa 

3a,naHHoMY 3HaqeHHIO U 0 • 

~nR KOHTPOnbHOH TOQKH ,UH3neKTpHKa C HOMepoM j nepBoe rpaHHQHOe 

ycnoBHe (1.6) 3anHmeTCR B BH,n:e cne,UYlOmero ypaBHeHH5I: 

:LUi.) +:LUk,) = :L U,,} + :LUm,}' 
k m 

B 3TOM ypaBHeHHH nepBaR cyMMa npe,UCTasAAeT nOTeHUHan, C03,UasaeMbIH 

BCnOMOraTenbHbIMH 3ap5l,n:aMH nnaCTHH KOH,n:eHCaTOpa, BTOPaR cyMMa - nOTeHUHan 

OT BHyrpeHHHX 3ap5l,UOB ,UH3neKTPHKa. TpeTbR cyMMa - nOTeHUHan, C03,n:asaeMbIH 

BcnOMoraTenbHbIMH 3ap.Sl,n:aMH nnaCTHH KOH,n:eHCaTOpa B TeX )Ke TOQKax, qrO H B 

nepBOH CYMMe. qeTBepTaR cyMMa - nOTeHUHan, C03,n:aBaeMbIH BHemHHMH 
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BcnOMOraTeJIbHblMH 3apSI)J:aMH )J:H3JIeKTpHKa. 3TO ypaBHeHHe BBH.D:Y paseHCTBa 

nepBOH H TpeTbeH CyMM MO)f(HO npe)J:CTaBHTb B CJIe)J:yro~eM BH)J:e: 

(2.1) 

B CHCTeMY ypaBHeHHH BH)J:a (2.1) BXOMT TOJIbKO BcnOMOraTeJIbHbIe 3apAAbI CaMoro 

)J:H3JIeKTpHKa. 3TO OCTaeTCSI CnpaBe)J:JlHBbIM He3aBHCHMO OT lJHCJIa )J:H3JIeKTpHKoB H 

npoBo)J:HHKOB CHCTeMbI. qHCJIO ypasHeHHH (2.1) B CHCTeMe pasHO lJHCJIY 

BcnOMOraTeJIbHbIX 3apAAoB )J:H3JIeKTpHKa . 

.l(JISI HeCKOJIbKHX )J:H3JIeKTpHKOB lJHCJIO ypaBHeHHH B 06~eH CHCTeMe, nO)J:06HbIX 

ypaBHeHHIO (2.1), pasHO lJHCJIY Bcex BcnOMOraTeJIbHbIX 3apSI)J:OB )J:H3JIeKTpHKOB. 

CKalJOK HOPMaJIbHbIX KOMnOHeHT 3JIeKTpHlJeCKOrO noJISI B Ka)f()J:OH TOlJKe Ha 

rpaHHUe pa3)J:eJIa )J:Byx cpe)J: E nl =E E n2 onHCbIBaIOT ypaBHeHHSI (2.2): 

(2.2) 

ilepBaSI H BTOPaSI CYMMbI JIeBOH lJaCTH ypasHeHHSI onpe)J:eJISIIOT HOpMaJIbHble 

COCTasJISIIOIUHe 3JIeKTpHlJeCKHX nOJIeH Ha rpaHHue pa3)J:eJIa C BHeIIIHeH CTOPOHbI 

)J:H3JIeKTpHKa. HOPMaJIbHbIe COCTaBJISIIO~He C03)J:aIOTCSI BcnOMOraTeJIbHbIMH 

3apSI)J:aMH 3JIeKTpo)J:oB (HH)J:eKc i) H 3apSI)J:aMH BHyTpH )J:H3JIeKTpHKa (HH)J:eKc k). 

ilpasaSI lJaCTb onpe)J:eJISIeT HOPMaJIbHbIe KOMnOHeHTbI nOJISI Ha rpaHHue pa3)J:eJIa C 

BHYTpeHHeH CTOPOHbI )J:H3JIeKTpHKa. ilepBaSI cyMMa 06SI3aHa BcnOMOraTeJIbHbIM 

3apAAaM 3JIeKTpo)J:a, BTOPaSI cyMMa - BHeIIIHHM 3apSI)J:aM CaMoro )J:H3JIeKTpHKa. B 

ypaBHeHHH (2.2) E SIBJISIeTCSI )J:H3JIeKTpHlJeCKOH npOHHuaeMOCTblO B 3TOH CHCTeMe. 

B CJIYlJae HeCKOJIbKHX npoBOJUIHKOB (3JJeKTpo)J:oB) H )J:H3JIeKTpHKOB BHYTpeHHHe 

BcnOMOrareJIbHble 3apSI)J:bI Bcex npoBo)J:HHKOB H )J:H3JIeKTpHKoB, C03)J:aIO~HX 

3JIeKTpHlJeCKOe nOJIe Ha nOBepXHOCTH )J:aHHOrO )J:H3JIeKTpHKa, )J:OJI)f(HbI yqHTbIBaTbCSI 

B BH)J:e CyMM JIeBOH lJaCTH ypasHeHHSI (2.2). B npaBoH lJaCTH ypasHeHHSI 

CYMMHPYIOTCSI nOJISI OT Bcex 3apAAOB Bcex npoBo)J:HHKOB H CYMMHpOBaHHe nOJIeH, 

06Pa30BaHHbIX BHyrpeHHHMH 3apAAaMH Bcex )J:H3JIeKTpHKoB, KpOMe Toro, 

)J:H3JIeKTpHKa, .D:JISI KOToporo COCTaBJISIeTCSI CHCTeMa ypaBHeHHH. .l(JISI 3Toro 

)J:H3JIeKTpHKa B npasoH lJaCTH ypasHeHHSI OCTaeTCSI CyMMa, CBSI3aHHaJI C BHeIIIHHMH 

3apAAaMH CaMoro )J:H3JIeKTpHKa.·3To BTOPaJI cyMMa npasoH lJaCTH ypasHeHHSI (2.2). 

CJIo)J(Hee )J:eJIO 06CTOHT C ypaBHeHHSIMH .D:JISI onpe)J:eJIeHHSI BcnOMOraTeJIbHblX 
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3apH,llOB 3JIeKTPO,llOB. IlpH BHYTPeHHeM paJMeIIJ,eHHH 3apH,llOB ,llH3JIeKTPHKa CHCTeMa 

ypaBHeHHH (2.3) .llJl}I onpe,lleJIeHHH 3ap}l,llOB 3JIeKTPO,llOB ,llOJI)KHa BbIrJIH,lleTb KaK 

(2.3)LUi,} + LUm,} =Uo' 
m 

IlepBaH cYMMa B (2.3) npe,llCTaBJI}IeT C060H CyMMy nOTeHl(HaJIOB, C03,llaBaeMbIX 

BcnOMOraTeJIbHbIMH 3apH,llaMH 3JIeKTPO,llOB. BTOPaH cyMMa HBJIHeTCH CYMMOH 

nOTeHl(HaJIOB BHYTPeHHHx BcnOMOraTeJIbHbIX 3apH,llOB ,llH3JIeKTPHKa. 

IlpH BHemHeM paJMeIIJ,eHHH 3ap}l,lloB ,llH3JIeKTpHKa ,llOJIiKHa HCnOJIb30BaTbCH ,llpyraH 

CHCTeMa ypaBHeHHH (2.4): 

LUi.) + LUk ,) =Uo' (2.4) 
k 

PacCTOHHHH MeiK,lly BcnOMoraTeJIbHbIMH 3ap}l,llaMH ,llH3JIeKTPHKa H nOBepxHocTbIO 

3JIeKTPO,lla npH BHYTPeHHeM H BHemHeM paJMeIIJ,eHHH BcnOMOraTeJIbHbIX 3apH,llOB 

,llH3JIeKTPHKa PaJJIHqHbI. 3HaqeHHe nOTeHl(HaJIa 3JIeKTPO,lloB U0 3a,u;aHO. I1pH 

paBeHCTBe MeiK,lly C060H nepBbIx CYMM ypaBHeHHH (2.3) H (2.4), onpe,lleJI}IlOIIJ,HX 

nOTeHIJ;HaJI BcnOMOraTeJIbHbIMH 3apH,llaMH 3JIeKTP0,llOB, BTopble CYMMbI B 3THX 

ypaBHeHHHX He paBHbI MeiK,lly C060H: L Uk,) =1: L Um,)' 

k 

JIHHeHHbIM 3TOMY cnOC06CTByeT 

BbmOJIHeHHe YCJIOBHH paJMeIIJ,eHHH BcnOMOraTeJIbHbIX 3apH,llOB 2d<Rmin 

(BeJIHqHHa Rmin - MHHHMaJIbHOe paCCTOHHHe MeiK,lly ,llH3JIeKTPHKOM H nJIaCTHHoH). 

B 3TOM CJIyqae MOiKHO HCnOJIb30BaTb nOJIYCYMMY nOTeHl(HaJIOB, C03,llaBaeMbIX npH 

BHemHeM H npH BHYTPeHHeM paJMeIIJ,eHHH 3apH,llOB ,llH3JIeKTPHKa [6]. Tor,lla 

nOTeHl(HaJI B j -H KOHTPOJIbHOH TOqKe 3JIeKTpO,lla onpe,lleJIHeTCH ypaBHeHHeM (2.5): 

(2.5) 

B COOTBeTCTBHH C YCJIOBHHMH paJMeIIJ,eHHH BcnOMOraTeJIbHbIX 3apH,lloB 

,llH3JIeKTPHKa qHCJIO BHemHHX 3apH,llOB paBHo qHCJIY BHYTPeHHHx 3apH,lloB. TaKHM 

06PaJOM, ypaBHeHHH (2.1, 2.2 H 2.5) 06paJYIOT cHcTeMY H3 n= i+2m 

He3aBHCHMbIX ypaBHeHHH 

BcnOMOraTeJIbHbIX 3apH,llOB 3JIeKTPO,llOB H ,llH3JIeKTpHKa. I10cTaBJIeHHaH 3a,u;aQa 

nOJIHOCTbIO paJpemHMa. ,[{JIH CJIyqaH HeCKOJIbKHX npOBO,llHHKOB H ,llH3JIeKTPHKoB B 
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nepBOH cyMMe JIeBOH qaCTH ypaBHeHHH (2.5) CYMMHpoBaHHe nOTeHIlHaJIOB BeJJ.eTCH 

no 3apHJJ.aM Bcex npoBoJJ.HUKOB. )],JIH CyMM B cK06Kax CYMMHpoBaHHe npoBoJJ.HTCH no 

BceM BHyTpeHHHM H BHellIHHM BcnOMOraTeJIbHbIM 3apHJJ.aM JJ.H3JIeKTpHKa. nOCJIe 

3HaKa paBeHCTBa JJ.OJI:>KeH CTOHTb nOTeHIlHaJI COOTBeTCTBYlOlIlero npoBoJJ.HHKa. 

3. ITpHnO)l(eHHe MeTO).1,a K perneHHIO KOHKpeTHOH 3a).1,aQH 

PaCCMOTpHM 3aJJ.aqy C llIapOM H3 JJ.H3JIeKTpHKa B 3JIeKTpOCTaTHqeCKOM nOJIe. 

nOCKOJIbKY 3aJJ.aqa JJ.JIH llIapa, HaXOMlIlerOCH B OJJ.HOPOJJ.HOM 3JIeKTpHqeCKOM nOJIe, 

pellieHa, eCTb B03MO:>KHOCTb cpaBHHTb pe3YJIbTaTbI pellIeHHH nOCTaBJIeHHOH 3aJJ.aQH, 

nOJIYQeHHble npeJJ.JIO:>KeHHbIM MeTOJJ.OM, H pe3YJIbTaTbl pellIeHHH 3aJJ.aQH JJ.JIH CJIYQaH 

OJJ.HopOJJ.Horo nOJIH [10,11]. 

lllap H3 JJ.H3JIeKTpHKa JJ.HaMeTpoM 10 MM, C JJ.H3JIeKTpHQeCKOH npoHHIlaeMocTblO 

c=6 paJMelIleH B 3JIeKTpHQeCKOM nOJIe KOHJJ.eHcaTopa. nJIaCTHHbl KOHJJ.eHcaTopa -

JJ.Ba JJ.HCKa JJ.HaMeTpoM 40 MM HaXOJJ.HTCH Ha paccToHHHH 20 MM JJ.pyr OT JJ.pyra. 

HaQaJIo KoopJJ.HHaT CHCTeMbI COBnaJJ.aeT C IleHTpoM llIapa. nOJIHpHaH OCb COBnaJJ.aeT C 

OCblO Z CHCTeMbI Koop.uHHaT (pHc.1 a). Ha BepxHlO1O nJIaCTHHY KOHJJ.eHcaTopa 

nOJJ.aeTCH HanpH:>KeHHe 1000 B, Ha HH:>KHIOIO nJIaCTHHY - HanpH:>KeHHe 1000 B, HO 

npoTHBOnOJIO:>KHOrO 3HaKa. BHyrpeHHHe nOBepxHocTH nJIaCTHH KOHJJ.eHcaTopa 

0603HaQeHbl CnJIOIlIHbIMH npHMbIMH. BcnoMOraTeJIbHble 3apHJJ.bI (IlITpHxoBbIe 

npHMbIe co 3HaKaMH + H -) paJMelIleHbI BHyTpH nJIaCTHH KOHJJ.eHcaTopa. BHellIHHe 

BcnOMOraTeJIbHbIe 3apHJJ.bI JJ.H3JIeKTpHKa 0603HaQeHbI TOQKaMH, BHyrpeHHHe -

UJTPHXOBbIMH OKPY:>KHOCTHMH. 3naKH 3apHJJ.oB BepxHeH H HH:>KHeH nOJIyc$ep 

npoTHBOnOJIO:>KHbI 3HaKaM 3apHJJ.OB nJIaCTHH. 3apHJJ.bI nJIaCTHH H KOHTPOJIbHble TOQKH 

paJMelIleHbI no KOHIleHTpHQeCKHM OKPY:>KHOCTHM, pacnOJIO:>KeHHbIM Ha paBHoM 

paccToHHHH JJ.pyr OT JJ.pyra, HX QHCJIO paBHo 50. BcnoMOraTeJIbHbIe 3apHJJ.bI 

pacnOJIO:>KeHbI no OKPY:>KHOCTSIM npHMepHo Ha paCCTOHHHH 0,4 MM JJ.pyr OT JJ.pyra. 

BcnOMOraTeJIbHble 3apHJJ.bI JJ.H3JIeKTpHQeCKOrO llIapa PaJMelIlaJIHCb no 

napaJIJIeJIHM. )],JIH YKaJaHHoro JJ.HaMeTpa HX QHCJIO 6bIJIO onpeJJ.eJIeHO onbITHblM 

nYTeM. B pe3YJIbTaTe 6bIJIO BbI6paHo 200 napaJIJIeJIeH. YrnoBoe paccToHHHe Me)K.lJ.y 

3apHJJ.aMH Ha napaJIJIeJIHX npHMepHo paBHO yrJIOBOMY paCCTOHHHfO Me)K.lJ.y 
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PHC. 1 (a) Pa3MemeHHe BcrrOMOraTeJIhHbIX 3apSI.LJ:OB. CrrJIOlIIHhIMH rrpSIMbIMH 

0603HaqeHhI BHYTPeHHHe rrOBepXHOCTH rrJIaCTHH KOH.LJ:eHCaTopa. CrrJIOlliHaSI 

OKPY')KHOCTh CJIe.LJ: CeqeHHSI rrOBepXHOCTH lIIapa rrJIOCKOCThlO y=o. MeCTa 

pa3MemeHHSI BcrrOMOraTeJIhHhIX 3apSI.LJ:OB rrOKa:~aHhI rrYHKTHpOM. 3HaKaMH + H 

0603HaqeHbI 3HaKH 3apSI.LJ:OB. 

(6) Pacrrpe.LJ:eJIeHHe BcrrOMOraTeJIhHhIX 3apSI.LJ:OB B OTHOCHTeJIhHhIX e.LJ:HHHUax Qrel 

B.LJ:OJIh pa.LJ:Hyca KpyrJIOH rrJIaCTHHhI KOH.LJ:eHCaTopa. N(r) - HOMep TOqKH B.LJ:OJIh 

pa.LJ:Hyca.rOpH30HTaJIhHbIH yqacToK OT ueHTPa .LJ:O 20 TOqKH -pacrrpe.LJ:eJIeHHe B 

OTcYTcTBHe .LJ:H3JIeKTPHqeCKOrO lIIapa. Pa3MemeHHe lIIapa B rrOJIe KOH.LJ:eHCaTOpa 

rrpHBO.LJ:HT B 3TOH 06JIaCTH K pocry BeJIHqHH BcrrOMOraTeJIhHhIX 3apSI.LJ:OB, 

MaKCHMaJIhHOe YBeJIHqeHHe rrpHXO.LJ:HTCSI Ha ueHTP rrJIaCTHHbI 

rrapaJIJIemlMH. CJIe.LJ:OBaTeJIhHO, qHCJIO 3apSI.LJ:OB Ha 3KBaTope paBHo 400. 06mee 

qHCJIO 3ap.Sl.LJ:OB rrJIaCTHH i == 1500, qHCJIO 3apSI.LJ:OB lIIapa 2m == 50000. 

fh YCJIOBHH 3epKaJIhHOH H aKCHaJIhHOH cHMMeTPHH pa3MemeHHSI 3apSI.LJ:OB 

.LJ:JISI pelIIeHHSI .LJ:OCTaTOqHO HaHTH TOJIhKO 3apSI.LJ:hI B.LJ:OJIh pa.LJ:Hyca O.LJ:HOH H3 llJIaCTHH 

KOH.LJ:eHCaTOpa H 3apSI.LJ:hI Ha O.LJ:HOM H3 MepH.LJ:HaHOB rroJIyc<pePhI. 06mee qHCJIO 3THX 

3apSI.LJ:OB paBHo 150. 3To 03HaqaeT, qTO CHCTeMa B 3TOM CJIyqae COCTOHT H3 150 

ypaBHeHHH. B BhlqHCJIeHHSIX BeJIHqHH IIOTeHUHaJIOB H rrOJIeH eCTeCTBeHHhIM 06pa30M 

yqaCTByJOT Bce BCIIOMOraTeJIhHbIe 3apSI.LJ:hI rrnaCTHH H lIIapa. PaccToSIHHe Me)J()l;y 

rrOBepXHOCThIO lIIapa H rroBepxHocThlO C 3apSI.LJ:aMH 6PaJIOCh paBHhIM Y.LJ:BOeHHoMY 

paCCTO.SlHHIO Me)J()l;y COCe.LJ:HHMH 3ap.Sl.LJ:aMH 3KBaTopa. 
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3.1. Pe3YJIbTaTbI BbItUfCJIeHHH 

Ha pHc.16 nOKa3aHO pacnpe.n:eJIeHHe BcnOMoraTeJILHLIX 3ap.H.n:OB B.n:OJIL pa.n:Hyca 

nJIaCTHHLI KOH.n:eHcaTopa c mapOM B nOJIe KOH.n:eHcaTopa H 6e3 Hero. TIOJI.HpH3alJ,H.H 

.n:H3JIeKTpHKa npHBo.n:HT K YBeJIHqeHHlO qHCJIa 3ap.H.n:OB B lJ,eHTpaJILHOH 06JIaCTH 

nJIaCTHHLI KOH.n:eHcaTopa. YBeJIHqeHHe 3ap.H.n:OB Ha Kpa.HX npOBOMm;eH nJIaCTHHLI 

.HBJI.HeTC.H CJIe.n:cTBHeM cym;ecTBOBaHH.H CBo6o.n:HLIX 3JIeKTpOHOB B npOBO.ll:HHKe Hero 

3KBHnOTeHlJ,HaJILHOCTH. TIpoBe.n:eM np.HMyIO nepneH.n:HKYJI.HPHO pa.n:Hycy nJIaCTHHLI, 

nYCTL ee lJ,eHTp OCTaHeTC.H CJIeBa. qHCJIO 3ap.H.n:OB CJIeBa npeBLlmaeT qHCJIO 3ap1l)J,OB 

cnpaBa. QTo6LI nOBepXHOCTL OCTaBaJIaCL 3KBHnOTeHlJ,HaJILHOH no Mepe 

nepeMem;eHH.H TOqKH Ha6JIlO.n:eHH.H K KpaIO, Heo6xo.n:HMO YBeJIHqeHHe 3HaqeHH.H 

Ka)K.n:oro BcnOMOraTeJILHOrO 3apMa K KpalO nJIaCTHHLI. YBeJIHqeHHe paCqeTHLIX 

3HaqeHHH BcnOMoraTeJILHLIX 3ap.H.n:OB Ha KpalO nJIaCTHHLI 03HaqaeT, qTO Ha Kpa.HX 

npoBo.n:.Hm;eH nJIaCTHHLI nOBepXHOCTHa.H nJIOTHOCTL 3ap.H.n:OB 60JILme nOBepXHOCTHOH 

nJIOTHOCTH 3ap.H.n:OB lJ,eHTpaJILHOH 06JIaCTH. 

Ha pHC. 2a npHBe.n:eHLI pacnpe.n:eJIeHH.H HOPMaJILHLIX COCTaBJI.HlOm;HX 

3JIeKTpHqeCKOrO noJI.H B.n:OJIL MepH.n:HaHa mapOBOH nOBepXHOCTH .n:H3JIeKTpHKa. PHC. 

En(s) kV/cm En kV/cm 

2. 

1. 

O,SI-===+==:::c=-t-I~~ N(s) 

Sf 
I " /21 I \I 1 

Sr=L 
, 

I"---2 
11---" --".i 1 

~I 2 

L,mm 

20 40 60 80 100 -7.S -S -2.S 0 2.S S 7.S 10 

a 6 

PHC. 2 (a) Pacnpe.n:eJIeHHe HOPMaJILHLIX KOMnOHeHTOB 3JIeKTpHqeCKOrO noJI.H En 

B.n:OJIL MepH.n:HaHaJILHOH JIHHHH Ha nOBepxHocTH nOJIycQ>epLI. BepxHAA KpHBa.H 

cooTBeTcTBYeT BHemHeii HOPMaJILHOii COCTaBJI.HlOm;eii. HH)KHAA KpHBa.H 

xapaKTepH3YeT pacnpe.n:eJIeHHe )];JI.H BHYTpeHHeii COCTaBJI.HlOm;eii. TIoCTpOeHHe 

BLIllOJIHeHO no KOHTpOJILHLIM TO~aM Ha nOBepxHocTH mapa. N(s)- HOMep TOqKH. 

(6) CKaqOK HOPMaJILHLIX KOMnOHeHTOB nOJI.H B)];OJIL OCH Z (rpaQ>HK 1) H B)];OJIL 

JIHHHH, npoxoMm;eH no)]; yrJIOM n:l4 KOCH X (rpaQ>HK 2) 
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26 HJIJIIOcTPHpyeT CKaqOK HOPMaJIbHOH COCnlBJUUOmeH :meKTPHqeCKOrO nOJISI B.llOJIb 

OCH Z (rpacl>HK 1) H CKaqOK HOPMaJIbHOH COCTaBJISIlOmeH B.llOJIb JIHHHH, npOXO.llSimeH 

no.ll yrJIOM 1tI4 KOCH Z (rpacl>HK 2). B YBeJIHqeHHOM MacmTa6e qaCTH 3THX 

pacnpe.lleJIeHHH, OTHOCHmHXCSI K BHYTpeHHeMY 06'beMY mapa, npHBe.lleHbI Ha pHC. 3. 

Er kV/cm Ez kV/cm 

0.2774 
0~2772 

0.277 
0.2768 
0.2766 
0.2764 R,mm 
0.2762 

i I~:---.... 
/fL 

LL 
/

V 

/ 
/

if 

l 

-4 

i 
I 
I 

~."\ 
\ 

'\ 
;\ 
I \ 

-2 o 2 4 o 2 4 

a 6 

PHC. 3 (a) Pacnpe.lleJIeHHe HOPMaJIbHbIX KOMnOHeHTOB 3JIeKTPHqeCKOrO nOJISI 

BHYTJ'H .llH3JIeKTPHqeCKOrO mapa B.llOJIb JIHHHH, npOXO.llSlmeH no.ll yrJIOM 1tI4 KOCH X. 

(6) Pacnpe.lleJIeHHe HOPMaJIbHbIX KOMnOHeHTOB 3JIeKTPHQeCKOrO nOJISI BHYTPH 

.llH3JIeKTPHQeCKOrO mapa B.llOJIb OCH Z 

Ha pHC. 4a nOKaJaHO CeQeHHe mapa nJIOCKOCTblO XZ H HeKOTopbIe JIHHHH 

3JIeKTPHQeCKOrO nOJIH. nHHHH BHYTJ'H mapa KaJKYTCH npSlMbIMH H napaJIJIeJIbHbIMH 

.llpyr ,npyry, KaK,L(JISi mapa B O,nHOPO,nHOM nOJIe. Ho npe,ncTaBJIeHHe O,llHOH H3 JIHHHH 

nOJISI B .llPyroM MacmTa6e (pHC. 46) roBOPHT 06 ee HCKpHBJIeHHH. Ha pHC. 5a 

nOKaJaHO pacnpe,neJIeHHe 3KBHnOTeHUHaJIeH, o,nHa H3 HHX nOKaJaHa Ha pHC. 56. Bce 

CKaJaHHOe OTHOCHTeJIbHO JIHHHH nOJISI OCTaeTCSI cnpaBe,nJIHBblM H ,L(J1S1 

3KBHnOTeHUHaJIeH. 

He60JIbmOe OTKJIOHeHHe JIHHHH nOJISI OT npSlMOJIHHeHHOcTH BHYTJ'H 06'beMa 

mapa (pHC. 4a) CBH.lleTeJIbCTBYeT 0 6JIH30CTH BeJIHQHHbI BHemHeH HOPMaJIbHOH 

COCTaBJISIlOmeH nOJISI, nOJIYQeHHOH B pe3YJIbTaTe pemeHHSI, 

HOPMaJIbHOH COCTaBJIHlOmeH nOJISI ,L(JISI O.llHOpo,nHoro nOJISI. B nOCJIe,nHeM CJIYQae 

OHO nponOpUHOHaJIbHO cosO, r,ne 0 - nOJIHpHbIH yrOJI. Ha pHC. 6a nOKaJaHbI 06a 

3TH: pacnpe,neJIeHHSI. HaH60JIbmee paCXOJK,neHHe Ha6JIIO,naeTcSI B ,nHanaJoHe yrJIOB 
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PHC. 4 (a) JIHHHH JJIeKTpHqeCKOrO noml BHYTPH H CHapY)I{H .uHJJIeKTpHqeCKOrO 

mapa. nOKa3aHbI TaK)I{e .uBe JKBHnOTeHUHaJm, npoxo.u.sUUHe qepe3 06'beM mapa. 

(6) O.uHa H3 JIHHHR nomI B H3MeHeHHOM MacmTa6e. BHYTPH mapa JIHHHR nOJIR He 

CJIe.uyer B.uOJIb npRMOR, OHa HCKpHBJIeHa K ero ueHTPY 

Zmm Zmm 

-10 -5 o 5 10 -10 -5 o 5 10 

a 6 

PHC. 5 (a) 3KBHnOTeHUHaJIH BHYTPH H cHapY)I{H .uHJJIeKTpHqeCKOrO mapa. Ha HeM 

nOKa3aHbI TaK)I{e .uBe CHJIOBble JIHHHH nOJIR. 

(6) O.uHa H3 JKBHnOTeHUUHaJIeR B H3MeHeHHOM MacmTa6e. BHYTPH mapa 

JKBHnOTeHUHaJIbHa.sI JIHHHR HCKpHBJIeHa B CTOPOHY nOBepXHOCTH 
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En(s) kVlcm 	 En(s) kV/cm 

o 	 20 40 60 80 100 40 45 50 55 60 65 70 

a 6 
PHc.6 (a) Pacnpe.lleJIeHHe HOPMaJIbHhIX COCTaBJIJIIOIIJ.HX ::meKTpntIeCKOrO nonll En 

B KOH1'pOJIbHbIX TOtIKax nOBepxHocTH. fIOKa3aH pe3YJIbTaT pemeHml paccMoTpeHHoro 

CJIyqall H pacnpe.lleJIeHHe .llJIH CJIYtIalI mapa C TaKOH )l(e .llH3JIeKTpHtIeCKOH 

npOHHuaeMOCTblO, HaxO.llHIIJ.erOCH B O.D;HOPO.D;HOM 3JIeKTpHtIeCKOM nOJ'Ie. B 

O.D;HOPO.D;HOM nOJIe HOPMaJIbHalI COCTaBJIHIOIIJ.alI nponOpUHOHaJIbHa cos(), r.D;e () 

nOJIHpHbIH yrOJI. Pa3JIHtIHe Ha6JIIO.D;aeTCH B BH.D;e YTOJIIIJ.eHHH JIHHHH. 

(6) qacTb 3Toro pacnpe.D;eJIeHHH B YBeJIHtIeHHOM MacmTa6e. BepxHHH KpHBalI 

OTHOCHTCH K CJIyqaIO O.D;HOpO.D;HOrO 3JIeKTpHtIeCKOrO nOJIH. HOPMHpoBKa ,nJIH 3THX 

.D;Byx CJIYtIaeB C.D;eJIaHa ,nJIH nOJIHpHOrO yrJIa ()=oo 

20° < () < 75°. 0 pa3HHue MO)l(HO CY.D;HTb no ueHTpaJIbHOH tIaCTH pacnpe.lleJIeHHH 

(pHC. 66), npe.D;CTaBJIeHHhIX B YBeJIHtIeHHOM MacmTa6e. 

HaMH paccMa1'pHBaJIaCb 3a.llatIa .D;JIH mapa, HaXO.llHIIJ.erOCH B 3JIeKTpHtIeCKOM 

nOJIe, 06pa30BaHHOM nJIaCTHHaMH KOH.D;eHCaTOpa, pa3MepbI KOTOPbIX H 3a30p Me)l(.D;Y 

HHMH cpaBHHMbI C .D;HaMe1'poM mapa. AHaJIH3 pe3YJIbTaTOB, npe.D;CTaBJIeHHbIX B BH.D;e 

PHCYHKOB 26, 4a, 5a H 6, nOKa3bIBaeT 6JIH30CTb nOJIyqeHHblx xapaKTepHCTHK nOJIeH H 

nOTeHUHaJIOB C nO.D;06HbIMH xapaKTepHCTHKaMH .D;JIH mapa, HaXO.D;HIIJ.erOCH B 

O.D;HOPO.D;HOM 3JIeKrpHtIeCKOM nOJIe. BbmOJIHHM paCtIeT no <p0pMYJIe .llJI.lI 

O.D;HOPO.D;HOro 3JIeKrpHtIeCKOrO noJI.ll 8t:p/8z =3Eo/(E+2) npHMeHHTeJIbHO K HaweMY 
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0.406 
0.404 -
0.402 

0.4 
0.398 
0.396 . 
0.394 
0.392 

vb nOJIytIeHHOH BeJIHtIHHbI Orp/OZ 0,39827 KB/CM H 8=6 CJIe.ll.yeT 

E o=I,06205 KB/CM. no YCJIOBHRM 3a.n.alJH Eo=I,O KB/CM. ,[(.nR yrJIa e = 45° 

OTHOlIIeHHe HOPMaJIbHbIX COCTaBJIRIOInHX nOJIR .ll.JIR HalIIero CJIytIaR H CJIyqaR 

O.ll.HOpO.ll.HOrO nOJIR paBHo 1,0246. TaKHM 06PaJOM, paJHHu;a XapaKTepHCTHK He 

npeBbIlIIaeT HeCKOJIbKHX npou;eHTOB. 

B03BpaTHMCR K COOTHOlIIeHHJO paCCTORHHR Me)l(.ll,y COCe.ll.HHMH 3apR.ll.aMH a H 

paCCTORHHIO Me)l(.ll,y nOBepXHOCTblO C 3ap1l.ll.aMH H nOBepXHOCTblO npOBO.ll.HHKa d. 

nOCJIe.ll.Hee .ll.OJI)I(HO Y.ll.OBJIeTBOpRTb HepaBeHCTBY d > 1,4a [2]. Ba)I(HOCTb ero 

BbIllOJIHeHHR HJIJIIOCTpHpyeTcR pHC. 7. Ha HeM npe.ll.CTaBJIeHbI pacnpe.ll.eJIeHHR 

HOPMaJIbHbIX COCTaBJIjlIOInHX 3JIeKTPHlJeCKOrO nOJIR B.ll.OJIb OCH Z B 06'beMe mapa. 

Ez kV/cm PHC. 7. Pacnpe.ll.eJIeHHe HOPMaJIbHOH 

COCTaBJIRIOIneH 3JIeKTPHlJeCKOrO no-

JIR En BHYTpH .ll.H3JIeKTPHlJeCKOrO 

mapa B.ll.OJIb ero OCH Z. BepxHJnI 

CnJIOIIIHaR KpHBaR cooTBeTcTBYeT 

Zmm CJIytIaIO d= a, r.ll.e a - paccToRHHe 

Me)l(.ll,y COCe.ll.HHMH 3ap1l.ll.aMH, d-4 -2 0 2 4 

paCCTORHHe Me)l(.ll,y nOBepxHocTblO 

C 3apH.ll.aMH H nOBepxHocTblO npOBO.ll.HHKa T OlJKaMH nOKaJaHO pacnpe.ll.eJIeHHe .ll.JIjI 

CJIyqaR d=2 a 

CnJIOIIIHaR KpHBaR cooTBeTcTBYeT CJIYlJaIO d a. 06paI.I.J;aeT Ha ce6H BHHMaHHe 

pe3KHH nO.ll.'beM Me)l(.ll,y HalJaJIbHOH H nOCJIe.ll.yIOInHMH TOlJKaMH. B 3TOH TOlJKe 

BbIllOJIHReTCR cooTHomeHHe, onpe.ll.eJIjJlQInee CKalJOK HOPMaJIbHhIX KOMnOHeHTOB 

3JIeKTPHlJeCKOrO nOJIjl Ha rpaHHu;e paJ.ll.eJIa .ll.Byx cpe.ll. E nl =8 E 112' TOlJKaMH Ha 3TOM 

pHCYHKe H306pa)l(eHa 3aBHCHMOCTb HOPMaJIbHhIX COCTaBJIjJlQInHX 3JIeKTPHlJeCKOrO 

nOJIjl B.ll.OJIb OCH Z B 06'beMe mapa.ll.JIjI CJIYlJaR d=2a. 

nOCMOTPHM, KaKHM 06paJOM BhIrIDI.ll,HT pacnpe.ll.eJIeHHH nOTeHU;HaJIOB H 

HOPMaJIbHhIX KOMnOHeHTOB 3JIeKTPHlJeCKOrO nOJIjl Ha rpaHHu;e paJ.ll.eJIa .ll.Byx cpe.ll. 

B.ll.OJIb OKOJIOnOJIlOCHOrO yqacTKa MepH.ll.HaHa. Ha pHC. 8a, 86 nOKS3aHO 
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PHC. 8 {a) Pacl1peneJIeHHe HOPMaJIbHOii cocTaBmllomeii :meKTPHlfecKoro 110JISI En 

BHyrPH nH3JIeKTpHlfecKoro IIIapa 110 ero I1OBepXHocTH BnOJIb MepHnHaHa. N-HoMep 

TOlfKH. B yrJIOBbIX BeJIHlfHHaX 100 neJIeHllii IIIKaJIbI a6cll;Hcc COOTBeTCTBYIOT 0,1 nl2. 

fIpenCTaBJIeH cJIYlfaii, Korna d==2 a. 

(6) 3TO )Ke paCl1peneJIeHHe B YBeJIHlfeHHOM MaCIIITa6e. Oc06eHHOCTH B 

ll;eHTPaJIbHOH lfaCTH paCl1peneJIeHHSI CBSl3aHbi C HCI10JIb30BaHHeM TOlfelfHblX 

BCI1OMOraTeJIbHblX 3apSlnOB. 

(6) fIOTeHllHaJIbHOe paCl1pe)l,eJIeHHe nJISI CJIYlfaSI d == a. 

(2) fIOTeHllHaJIbHOe paCl1pe)l,eJIeHHe )l,JISI CJIYlfaSI d =2 a 

paCl1peneJIeHHe HOPMaJIbHblX KOMI1OHeHTOB 110JISI nJISI CJIYlfaSI d=2a, B HHX 

Ha6JIIO)l,aeTCSI BJIHSlHHe XapaKTepa pacl1pe)l,eJIeHHSI BCI1OMOraTeJIbHbIX 3apSlnOB. IJ;eHa 

O)l,HOro neJIeHHSI IIIKaJIbI 110 OCH a6cll;Hcc COOTBeTCTByeT B yrJIOBbIX BeJIHlfHHaX 

O,OOl1r. HaH60JIbIIIee OTHOCHTeJIbHOe KOJIe6aHHe COCTaBJISllOmeH I10JISI HaXO)l,HTCSI 

I1pHMepHo Ha ypOBHe ±O,OOOOI. TaKHM 06Pa30M, BeJIHlfHHY ±O,OOOOI MO)KHO 
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paCCMaTpHBaTb KaK nOrpellIHOCTb pellIeHHH 3a,naqH. B cIIyqae d=a OHa HaxO,nHTCH 

npHMepHO Ha ypOBHe ± 1%. 

HaHMeHbllIHM 06pa30M ,nHCKpeTHoe pacnpe,neIleHHe BcnOMoraTeIlbHblX 3apH,nOB 

CKa3bIBaeTCH Ha nOTeHUHaJIbHbIX pacnpe,neIleHHHX. Ha pHc.86 nOKa3aHO 

pacnpe,neIleHHe ,nIlH d=a. Pacnpe,neIleHHe MH d=2a npHBe,neHO Ha pHc.8z, Ha HeM 

BeCb ,nHana30H no OCH op,nHHaT paBeH O,nHOMY HHTepBaJIY OCH op,nHHaT pHcYHKa 86. 

Pa3HHua Me)I(,ny pacnpe,neIleHHHMH nOTeHUHaJIOB H HOPMaJIbHbIX KOMnOHeHTOB 

:meKTpHqeCKOrO nOIlH Ha rpaHHue pa3,neIla ,nByx cpe,n 06H3aHa Pa3I1HqHlO B 

3aBHCHMOCTHX nOIlH H nOTeHUHaJIa OT paccToHHHH Me)I(.l{Y TOqeqHbIM HCTOqmIKOM H 

TOqKOH Ha6I11O,neHHH. nOIle cna,naeT 06paTHo nponOpUHOHaJIbHO KBa,npaTY 

paccToHHHH, nOTeHUHaJI H3MeHHeTCH 06paTHO nponOpUHOHaJIbHO paccToHHHlO B 

nepBoH CTeneHH. 

npHBe,neHHble Ha PHCYHKax CHIIOBble IIlfHHH nOIlH CTPOHIIHCb B BH,ne oTPe3KoB 

KacaTeIlbHbIX K HCTHHHOH I1HHHH nOIlH, npoxo,nHLQeH qepe3 ,naHHYlO TOqKY 

nIlOCKOCTH. 3KBHnOTeHUHaJIH CTPOHIIHCb TeM )I(e MeTo,nOM. HanpaBIIeHHe 

KacaTeIlbHoH B ,naHHoH TOqKe onpe,neIlHIIocb nOBopoTOM BeKTopa nOIlH Ha yroIl 1C 12. 

nO,np06HO MeTO,n H3I10)I(eH B [6]. 

npH He06xo,nHMOCTH BblqHCIIeHHH HanpaBIIHlOLQHX KOCHHYCOB HOPMaJIbHOH 

cocTaBIIHlOLQeH B ,naHHoH TOqKe ,nH3I1eKTpHKa HHor,na ueIleco06pa3HO npOBeCTH 

3aMeHY ,nH3I1eKTpHKoB npOBo,nHLQHMH TeIlaMH. B 3TOM cIIyqae Ha Bcex npOBo,nHHKax 

3a,naeTCH npOH3BOIlbHoe 3HaqeHHe nOTeHUHaJIa H pellIaeTcH KpaeBaH 3a,naqa C 

pa3MeLQeHHHMH BcnOMoraTeIlbHblX 3apH,nOB. BbIqHCIIHlOTCH 

HanpaBIIHlOLQHe KOCHHYCbI :meKTpHqeCKOrO nOIlH B ,naHHoH TOqKe nOBepXHOCTH 

npoBo,nHLQerO TeIla (6bIBllIero ,nH3I1eKTPHKa). 113-3a CBOHCTB 3I1eKTPHqeCKOrO nOIlH Ha 

nOBepXHOCTH npOBo,nHHKa OHH 6y,nYT HanpaBJIHlOLQHMH KocHHycaMH HOPMaJIbHOH 

KOMnOHeHTbI nOIlH Ha nOBepXHOCTH ,nH3I1eKTpHKa. B ,naHHOM cIIyqae CHCTeMa 

ypaBHeHHH ,nIlH Ollpe,neIleHHH 3apH,nOB 3I1eKTpo,nOB 1l0,n06Ha CHCTeMe ypaBHeHHH 

THna (2.3) . .L(I1H npoBo,nHHKa C HOMepoM k H nOTeHUHaJIOM V k O,nHO H3 ypaBHeHHH 

CHCTeMbI 6y,neT BblrIIH,neTb KaK 

LV,.J =Vk • 
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HH)].eKC j SlBJUleTCSI HOMepOM KOHTPOJIhHOH: TOtIKH )Toro npOBO)].HHKa. HH)].eKCOM i 

0603HatIeHhI HOMepa BCnOMOraTeJIhHhIX 3apSl)].OB BCeX npOBO)].HHKOB. 

)l.rrSl paCCMOTpeHHOrO CJIYtIaSI ()].H3JIeKTpHK B BaKYYMe) nOBepXHOCTHYIO 

nJIOTHOCTh nOJUlpH3aUHOHHhIX (CBSl3aHHhIX) 3apSl)].OB MO)J(HO onpe)].eJIHTh H3 

COOTHOIIIeHHSI 

r)].e K )].H3JIeKTpHtIeCKaSI BOCnpHHMqHBOCTh. ,lJ,H3JIeKTpHqeCKaSI BOCnpHHMqHBOCTh H 

)].H3JIeKTPHtIeCKaSI npOHHuaeMOCTb CBSl3aHhI Me)J()].Y co6oH: COOTHOIIIeHHeM K = 1+E. 

4. BbIBO~bI 

ilpe)l.JIO)J(eH H 060CHOBaH MeTO)]. peIIIeHHSI KpaeBhlX 3a)l,atI 3JIeKTpOCTaTHKH )l.JISI 

)lH3JIeKTPHKOB B 3JIeKTPOCTaTHtIeCKOM nOJIe npOBO)lHHKOB. AJIre6paHQeCKHH 

QHCJIeHHhIH MeTO)l peIIIeHHSI KpaeBOH 3a)].atIH OCHOBaH Ha HCnOJIh30BaHHH 

BcnOMOraTeJIhHhIX TOQeQHhIX 3apSl)].OB npOBO.llSlIIl:HX 3JIeKTpO)].OB H TOtIetIHhlX 

BcnOMOraTeJIhHhlX 3apSl)lOB )lH3JIeKTpHKa, pa3MeIIl:aeMhIX BHYTPH H BHe )].H3JIeKTpHKa. 

HCnOJIh30BaHHe TOQeQHhlX BcnOMOraTeJIhHhIX 3apSl)].OB n03BOJISleT peIIIaTh 

3a)l,atIH C npOH3BOJIhHhIMH no q,opMe )].H3JIeKTpHKaMH, HMeIOIIl:HMH Pa3JIHQHhIe 

)].H3JIeKTPHtIeCKHe npOHHuaeMOCTH. Pacnpe)].eJIeHHSI nOJIeH H nOTeHUHaJIOB B 

npOCTpaHCTBe HaX0.llSlTCH npOCThIM CYMMHpOBaHHeM nOJIeH H nOTeHUHaJIOB OT 

TOtIeQHhlX HCTOQHHKOB. 

B03MO)J(HOCTH npe)l.JIO)J(eHHoro MeTo)].a npOHJIJIIOCTpHpOBaHbI Ha KOHKpeTHOM 

npHMepe peIIIeHHH 3a)l,aQH. 

5. 3aKJUOQeHHe 

ABTOPhI 6JIaro)].apHhI Mr. lliaq,paHOBOH, KOTOPaSI npOCMOTpeJIa PYKonHCh H 

C)leJIaJIa pSI)]. 3aMetIaHHH:, YQTeHHhlX B ny6JIHKauHH. 
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TEMATI1QECKI1E KATErOPI1M nY6JIMKAUMM 


06oE)l,HHEHHOrO HHCTHTYTA 


SI)l,EPHbIX MCCJIE)l,OBAHHH 


HH,neKC TeMaTHKa 

1. 	 3KcrrepHMeHT3.JIbHaSI c:pH3HKa BbICOKHX 


3HeprHH 


2. 	 TeOpeTHqeCKaSI c:pH3HKa BbICOKHX 3HeprHH 

3. 	 3KcrrepHMeHT3.JIbHaSI HeHTpoHHaSI c:pH3HKa 

4. 	 TeOpeTHQeCKaSI c:pH3HKa HH3KHX 3HeprHH 

5. 	 MaTeMaTHKa 

6. 	 .sIAepHaSI crreKTpOCKOI1HSI H paAHoxHMHSI 

7. 	 <I>H3HKa TSI)I{eJIhlX HOHOB 

8. 	 KpHoreHHKa 

9. 	 YcKOpHTeJIH 

10. 	 AsToMaTH3aU;HSI o6pa6oTKH 

3KcrrepHMeHT3.JIbHbIX AaHHbIX 

11. 	 BhlQHCJIHTeJIbHaSI MaTeMaTHKa H TeXHHKa 

12. 	 XHMHSI 

13. 	 TexHHKa <pH3HlIecKoro 3KcnepHMeHTa 
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lllacppaHoB M.n., TOIIYPJUI T.il.. PI 1-99-237 
nH3neKTPHKH B 3neKTpHqeCKHX IIOn.SlX 3ap.Sl)l(eHHbIX "POBOJlHHKOB. 
ilocTaHoBKa, 06ocHoBaHHe H pellleHHe KpaeBoH 3a)laqH 
MeTOJlOM nHHeHHblx ypaBHeHHH 

B pa60Te JlaeTC.SI 06ocHoBaHHe aJ1re6paHQeCKoro MeTOJla pellleHH.SI 3a)laQ ou
3JleKmpUKu npOU360Jlb1WU cjJOPMbl 6 3JleKmpUtteCKOM nOJle HeCKOJlbKUX np0600HU

K06. ilonSI H IIOTeHlJ,HaJ1bI BbIQHCnSIIOTCSI MeTOJlOM cynepIIo3HUHH 3neKTpHQeCKHX 
IIoneH H nOTeHUHaJlOB, 06pa30BaHHbIX CHCTeMOH TOQeQHblX BCIIOMoraTenbHbIX 3a
P.SlJlOB. MeToJl n03BonSIeT pelllaTb lllHpOKHH KPyr 3a)laQ 3neKTpOCTaTHKH CHCTeM 
npOBOJlHHK - JlH3neKTpHK. 

Pa60Ta BbIIIonHeHa B na60paTopHH CPH3HKH QaCTHU 0115111. 

Coo6lUeHHe 06benHHeHHoro HHcTHTyra smepHblx HccnenosaHHH. lly6Ha, 1999 

ilepeBOJl aBTopOB 

Shafranov M.D., Topuria T.P. PI 1-99-237 
Dielectrics in Electrostatic Field of the Charged Conductors. 
Formulation, Basis and Solution of the Boundary Problem 
by the Linear Equations Method 

A method for algebraic calculation of the electrical field is presented, which is 
suitable for the solution of problems dielectrics ofarbitrary form situated in elec
trical field of conductors. The total field and potentials are abtained by linear su
perposition of the fields and potentials arising from simple charge distributions, 
such as system of point auxiliary charges. The problem of the electrostatics of a 
conductor - dielectric system is solvable in most cases. 

The investigation has been performed at the Laboratory of Particle Physics, 
llNR. 
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