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,[(H3Jie!ITpHK B 3JieK1pOCTaTHqecKOM TIOJie 

PacCMOTpHM, ~eM IJOBe)leHHe )lH3JieliTpHKa OTJIHl·IaeTCJi OT IJOBez:r;emt.n 

npOBO.IlHHKa B :meKTpHl:!CCKOM IIOJie, C03Jl3BaeMOM CTOpOHHHMH 3apH.ll3MH. BOJbMCM 

)lBa mapa- O,UHHa.KOBbJX ITO pa3Mepy. Tiycn, O,UHH H3 rnapoB IDmRCTCH npOBO.IU-IHKOM, 

sropo:H:- HJomrropoM (.llH3JICKTJ)HKOM). EcnH 3TH rnapbi HaxO.ltHTCSI B 3JICKTpHtieCKOM 

none, C03Jl3BaCMOM CHCTCMOfi 33pSDKCHHbiX iipOBO.llHJiKOB H JI.H3JleirrpHKOB, TO B 

COOTBCTCTBHH C 33KOHaMH 3JICKTpOCT3THKH IlOBCpXHOCTb MCTanJIHl.JCCKOfO mapa 

OCT3CTC51 3KBHllOTCHUHaJibHOfi, HCCMOTJlSI Ha TO, tiTO IlOBepXHOCTHaJ! TIJIOTHOCTb 

Japsmoa He 51BJUICTC$1 ITOCT051HHOH:: - cr = cr(x,y,z). 3;1CKTJII.PiCCKOe none BHYTPH 

mapa- E=O, Ha nosepxHOCTH mapa- E = cr(x,y,z)/& 0. 3ro ITOJIO)KCHHe cnpasenmmo 

.IVUI rrpoBOllHHKOB mo6oH q,opMbi s 3JJeiCTpWiecKoM noJie. B KaqeCTBe rpamFIHoro 

ycJIOBIDI Ha nosepXHOCTH mapa 3a,naeTC5I ITOTCHUHM. 

fpa.HHqHbie yCJIOBI·I.SI Ha ITOBepXHOCTH .UH3JieKTpHKa Cnpel!e1Ul!OTC5f 

3aKOHaMH 3ITeKTpOCT2THKH ,UJI5I .UH3JiehipHKOB. B COOTBeTCTBHH C OCHOBHbiMH 

ITOJIO)KeHli.siMH :;meKTpOCTaTHKH .lV!.si O.llHOpO,UHbiX ,llH3neKTIJHKOB rpaHHqHble 

YCJIOBH$I Ha IT08epXHOCTH pa3ll,eJia Me)K1IY Cpena?-.m 8 3JJeKTpOCTaHP·IeCKIIX DOilliX 

onpe.uemuoTc.si H3 .usyx ypasueHnfi [1]. Depsoe H3 HHX 

rot £=0, (I) 

8 KOTOpOM BeKTOp £- 3JieKTpW:!eCKOe none KaK BHyrpn, TaK H SHe .UlDJleK"rpHKa. 

BTopoe ypasHeHne onpe.uemreT csofkTBa scnoMoraTeJihHoro BeKTopa D: 

divD=O. (2) 

none E .SIBJI.I1eTC5i cyneprr03HUHeii ITOJI.H CTOpOHHHX 3ap5I,Il,OB E 0 H ITOJI.I1 CB.si32HHbiX 

Japm:~:os £ 0
: E = E 0 + E 0 

TipH HarJHY:HH 8HClliHero 3JieKTpH1..JecKoro no.n.11 

BeiUCCTBO CaMO CTaHOBHTC.Sl HCTOl.JHHKOM 3JieKTpw:reCKOfO nomi, B pC3YJib TaTe trero 

sHemHee none H3MeH5IeTca. 

B ypasHeHHH (2) D = E 0£ + P, rJie P- BeKTop noJJ•pn3aUHH, HJlH 

3JICKTpi·PieCKHii liJinOJlhHblli MOMeHT e.nHHHUhi 06bCM2 .!Ui.:'lneKTpHKa, Eo 

.mnneKlpHqecKaR nocTO.siHHrur. Cne.ucTsHeM ypasHeHH.sJ (1) .srsn.sreTc.sr HenpcphiBHOCTb 
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TaHreHUH.aJlbHhiX COCTaBJUHOl!lliX 3JieKTpHqecKOrO TIO.JUI Ha ITOBepXHOCTH pa3,llCJia 

.!lByx .UH31ICKTpRKOB: 

Eu=Elt· (3) 

Cne.D,CTBHCM ypasHeHH5i (2) .sJBIDieTCSI: HCrrpepbiBHOCTh HOpMaJlbHOii COCTa.BJUIIOIII,eii 

seKTopa D K nosepxHocm pa3.uena: 

Dtn =D2n. (4) 

,l],JI.si O.UHOpOJl.HblX .!I.H3JieKTpHKOB 3aBHCHMOCTb D OT £ OTIHChmaeTC.si COOTHOIDeHHeM: 

D =e
0
E + P= se

0
E, r.ue s- ,!I,H3IIeKTpH"tlecKM npommaeMoCTb cpe.D;bl. B TaKOM 

CJiy<i3e rpaHH"l!HblC yCJIOBIDI (3) H ( 4) MOiKHO npe.UCTaBHlh B BH)le COOTHOIDCHHii ,ZliDI 

TaHreHUHMbHOH H HOpMarJhH?ii COCTa.BJUIIOIUHX ITOJieii .rrsyx .IUI31ICKipHKOB: 

E_tl=E a• c.t£m=c.2En2. (5) 

B CBOlO Ol!epe)lb rpa.HW!Hble ycnOBIDl {5) MO)J(HO npe,li,CTa.BHTb H B BH.II.e rpa.HH"t!HblX 

ycnOBHH ~ TIOTCHQHana 

ll' ! = <p 2. t,Dq> ,tan=t,Dq> ,tan. (5') 

MeTO.U perneHIDJ. Kp3CBbiX 3a,JJ;aq 3JieKTpOCTa.THKH OCHOBaH Ha npHHI~Ime 

cynepTI03HUHH H TCOpeMe e,llllHCTBCHHOCTII 3JICh.""TJ>OCTannrn:. 3Ta reopeMa 

yrsepJK.UaeT: ecJIH Ka.KHM-Jm6o cnoco6oM KpaesaJI 3a,n;a-qa 3JieKTpocranucn pemeHa, 

TO ITOJiy<iCHHOe pemeHHe 51B.JUieTC5i e,UHHCTBCHHI:.IM H BepHbiM (2]. 

B Ha.IIIHX pa6oTaX [3-6] npe,!l,JIO)KeHbl H o6ocHOBaHbl anre6paK<iecKHe 

MeTO)lhl "LJ:HCJICHHOfO pemeHIDI KpaeBhiX 3a,ZJ;a"tl 31IeKTpOCTam:KH IIpOH3BOJibHhiX 

CHCTeM nposo.n.HRKOB (3JieicrpO.uos), y.uoBJie-rsopmoiUHX ypasaemoo Jlan.rraca Acp=O. 

B anre6prurqecKIDC Mero.n.ax rpaHW.IHI>le ycnosiDI y.uosneTBopmoTC5i c noMom;nro 

BCTIOMOraTCJThHhiX .n.HCKpeTHhiX TQqe-qm,.IX illiH mrnefiHhlX 3ap51,UOB, pa3Mem;aeMbiX B 

o6neMe nposo.uanKoB s6JIH3H HX nonepXHOCTH. IToTeH:u;Ha..ribi, seJm"tffiHbl 

3JICKTpH"9:CCKHX TIOJieii B npo:u;ecce peiiieHilli 3a,ua"tffi BhNHCJUIIOTC51 B KOHTpOJibHhlX 

T0"9:Kax, HaxO.ll,SJ.IIlHXC.S£ Ha KpaTtiafti.IIeM paCCT05IHllli OT COOTBeTCTBYIOIIUiX 3apR,II.OB. 

OcHOBa.HHeM )lJUl npHMeHeHIDI scrroMOraTe.JlbHhiX .JlHCKpeTHbiX 3apanos 

CJI)')KIIT TOT $a.KT, tiTO B6JIH3H IIOBepXHOCTH npOBO,II,HHKa, f,Ue paCIJOJIQ)KeHbl 

BCIIOMOraTeJibHhle 3apSI,ll;hl, 3KBHIIOTeHIUia.JThH8Jl IIOBepXHOCTh XOpOillO IIOBTOp.sieT 
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ljlopMy IIOBepXHOCTH C 3ap»..J;3MH. fipH 3TOM B Henocpe.UCTBeHHOi.f 6JIH30CTH OT 

IIOBepXHOCTH C 3apH,llaM:H 3KBHIIOTeHUHa.JihHOi.f IIOBepXHOCThlO SIBJUieTCSI 

BOJIH006p8.3HaJI ITOBepXHOCTh, HeCym;rui Ha cefie OCOfieHHOCTH, CBSI3aHHble C 

.!lHCKpemocn.IO p8.3MemeHIDI 3apJI.UOB. Ha HeKOTopoM paccTo~mHH oT nosepxHoCTH c 

33pSI,ll;aMH 3KBHllOTeHllllaJihHaJI IIOBepXHOCTh CTaHOBHTCSI CB060.UHOii OT 3THX 

oco6eHHocreH. OnTHMaJihHbiM ~IBmieTca cnyqaii, KOr,lla paCCTOSIHHe Me:JK.Uy 

IIOBepXHOCThiO C 33pSI.!r.aJo..HI H IIOBepXHOCTblO llpOBO)::(IU1K3 d H paCCTQ.HHHe MeACJly 

coce.IlHHMH 3apH.Ua.MH a y.uosneTBopaiOT HepaBeHcTBy 1,4a < d [3]. 

<l>H3JiqecKa>I MOJ(eJih 

flOCMOTj)HM, KaKHM o6p8.30M C IIOMOIIlbiO BCIIOMOraTeJibHbiX 33pJI.ll0B 

pernaeTcH 3auaqa Ou3JleKmpuK 6 3JleKmpocmamul./.eCKO.lt nolle. B KaiiecTBe D6beKTa 

HCCJie,ll;QBa.HJ.ill B03hMeM l{H31IeKTpHtJ:eCKyiO IIJI3CTHHK)', KOTOpru! p3CIIOJIO.iKeHa B 

38.3ope, o6p8.30Ba.HHOM JlB)'M>! IDIOCKHMH 3JieKTpo.UaM:H. P8.3MeCTHM 

BCITOMOraTeJibHbie mmeiiHble 33p$Ulbi BHJ'TPH 3JieKTpO.UOB, a TCUOKe BHYfpH HJIH 

BHe .1lH3JieKTpm<a CoBOK)'IIHOCI'b scex 3THX 3apa.uos JI.OJIJKHa o6ecne~mn. 

BhlTIOJIHeHHe rpa.HHlffii:JX ycJIQBHii - 3a.I\3B3eMbiM IIOTeHUHa.Jial\1 Ha IIOBepXHOCTHX 

3JieicrpO.UOB, - a TCUOKe BhiDOJIHeHHe rpaHHtJ:HbiX ycnosHH (5 HJIH 5') Ha 

IIOBepXHOCTii AJi3JieKT_PHKOB. 

Tipe.unono)KlfM, IITO B cpe.ue, B KOTopoii HaxOJUITC.H IIJI3CTHHK<i, 

.UH3JieKTpiNeCKaJI IIOCTOHHHCUI t:=l. flOCMOTpHM, K t.IeMy IIpHBe.lleT paCIIOJIOJKeHHe 

3apSI,ll;OB BHyrpH CaMOfi IIJI3CTHIIIGI H BHe ee. Ha pHC. 1 a IIOK33a.Ha IIJI3CTHHKa 

)Jlf3Jie}crpHKa npHMoyrOJibHOro ce:tiemrn s 3JieKTpHtJ:eCKOM rrone. B ee ueHTpe 

crpenKoii o6o3HaiieHo HanprumeaHe seKTopa 3JieKTpaqecKoro nomi E. 

B cooTBerCTBHH c aarrpaBneHHeM seKTopa 3JiezcrpHqecKoro rromi E Ha 

rrosepxHocm .llH3Jie:rcrpw=IecKoii IIJiaCTHHKH, 6m:nKaiirneii K sepxHeMy 3.Jie:rcrpo.uy c 

IIOJIOiKHTe.1IhHhlM IIOTeHI.]JiaJIOM, B03HHKHyr OTpHUaTe.JihHhie 33p.R,llbi. Ha CTOpOHe 

ITJiaCTHHKH, 6JIHJI<aiimeii K HHJKHeMy 3lleKTpo.n;y, - IIOJIOiKHTe.JihHbie 33pH,Ubi. 3TH 

CBIDaHHble 3apH,IU.I ,UKi3JieKTpHK3 BMeCTe CO CTOpOHHHMH 33PJI.ll3MH 3JieK1pQ)l0B 

C03.Ua:IOT 3JieKTpH't!ecKoe Jione E. C.Jiesa Ha 3TOH qaCTu: pHC)'HKa IIOKa3aH cnyiiaii, 
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Pnc. 1 (a) IlrracnrnKa J.(H:meKTpHKa s 3JieKTpHtieCKOM none E, 3Hak"a.¥H ± 

Ofi03H3'--leHbl 3H3KH BCIIOMOr3TeJibHbiX 3apSUlOB BHe (out) H BHYfPH (in) 

liHJJleKTpaKa. HarrpaMeHilli 3JieKTpH"::eCKHX noneii o603Ha"::eHhi c-rpenKaMH. 

(6) Cxe~m pacnonoiKeHIDI .UH3JieKTpHKa MeJK.llY 3JieKTpO.llai\.H:I. 

BcnoMoraTeJibHhle 3apH,ll.bl 3JieKrponos o6o3Ha'-leHbi mrpHXII)'Hl\.'"TiipOM. 

BcnoMoraTeJihHbie 3aprut:bi .UHJJieh.lpHKa- IllTpHXa.MH H nrrpmmyHKTHpOM 

KOr,lla BCIIOMOraTeJlbHhle 33pX.llhl p33MeiUaiOTC.H BHe IIJI3CTHHlill. 3muru 3ap.smos 

COOTBeTCTB)"JOT 3HaKa\1 3ap.H,UOB, CB.H3aHHbiX Ha IIOBepXHOCTH ,UH3JleKTpHK3. 

C1peJIK31\1H IIOK333Hbl Hanpasnemu )JieKTpWieCKHX rronen, C03,llaBaeMblX 

scrroMOraTeJibHhiMH 3apHJ1.aMH. Yh pHC)'HKa cne.l{}'eT, no 3JieKTpHt.IecKoe none 

BH)'TpH .UH3JietrrpHK.a npH T31GIX 3HaKaX BCIIOMOraTeJibHbiX 3apH.UOB 6y,neT MeHbille 

BHeillHero IIO.JUI. fu OTHomeHHe OIIpe.Ue.JUieTCH ypaBHeHIDIMH (5). B HameM 

KOHKpeTHOM CJI)J"t!ae ero MO)KHO onpe,neJIHTb H3 coomomeHIDI E nt =t: 2 E n1, r.ue n1 

H 112 - BHeillHHe HDpMaJIH K rpaHruJ;e pa3,lleJia ,llH3JieKTpHK0B. HopMa.m. m 

aanpa.Bneaa OT ,UH3J1eKTpHKa B cpe.uy, a HOpMan!> n2 - BHJTPb ero. P33MemeHHbie 

TaKliM o6p330M BCIIOMOraTeJibHbJe 3apa,UI:.I COBMeCTHO C 3apH,Ua.MH :::meKTpO.llOB 

,UOJDKHbl o6ecne'911Th BblliOJIHelille fpaHH'lliblX YCJIOB:mi Ha IIOBepXHOCTH 

.lU!3JieliTpHKa H perneHHe ocHOBHoM. 3a,na:tiH 3'JieKipOCTannrn: - oupe.uenemHI 

3JieKTpHtieCKHX noneH H TIOTeHD;HaJIOB B JII060ii TOt.IKe .UH3JieKTpHKa H B 

OKpJ)Ka.IOI!leM .zunneKTpHK npocrpa.HCTBe. 

TipH pa3MemeH1ili scnoMoraTem.HbiX 3apauoB BHYfPII .mnneKTpm<a (rrpasrur 

qacTb pHC. la) 3HaKH 3THX 33pMOB onpe)leiDUOTCH TalC JKe, KaK H llpll BHeli!HeM 
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pacnonoJKeHHH 3apJI,!lOB. BIJYfpermee pa3Meii.J;eHHe 3apx.uos o6ecneqi-maeT 

BblliOJIHeHHe rpa:HWlllbiX YCJIOBHif Ha rpaHHUe pa3,UeJia H peiiieHHe OCHOBHOfi 

3a.zla't!H 3JieicrpOCTa:rmrn BHe .UH3JieKTpm<a. Ta.ICHM o6pa3oM, O.UHHM H3 3TaiiOB 

peiUeHIDI HBJUieTCX HaxOJK,UeHHe BeJIHtlliH BCIIOl\1QraTeJibHhiX 3apH.UOB, pa3MemaeMbiX 

BHJTPH H BHe ,llJI3JieKTpHKa. 3m 3ap.H.D;hl B COBOKYIIHOCTH C 3apH.llaMH IlpOBO.llHHKOB 

.UO.iDICHI>I o6ecnetiHTh BhliiOJIHeHHe rpaHHtiHbiX JCJIOBHtf (5). 

J1CIIOJib3yeM B Kal.JeCTBe BCIIOMOraTeJibHblX 3apX){OB JIHHeif.Hbie 3ap51.1lbl. 

Bo3bMeM 3JieK1pO.llbl, .DJ-I3JieK'I'pHK H JIHHeiiHbie 3apHJlbi nocTaTOt.IHO 

npOTIDKeHHblMH, :no II03BOJ1IiT IlpOBeCTH truCJieHHOe MO)leJH-IpOBaHHe Ha ITJIOCKOCTH 

z~o (pHc.l6). B Me/Uf3HHOH IIJIOCKOCTH (Z~O) liOTeHI(llaJJ ll BeJJnqnaa 

3JJeiCTpWiecKoro no.IDI, coJ.nasaeMoro JUIHeiiHhiM 3apH.UOM, onpe.llemnoTcx 

cne.uyronnu.m coomoiiieHIU£MH: 

U~2crlnL+~ 
r 

II 
2crL 

E 
r.JL2 +r2 • 

3.n;ecb 2L - )J,JUIHa JIHHeHHoro 3ap5I)la, cr - JIHHeHHru~ rrnoTHOCTb 3apX){a B 3THX 

ypaBHeHH.SIX CHCTeMHbrli K03¢tlJmweHT 1/4m: 0 orrymeH, IIOCKOJibKJ see Bbll.JHCJieHIDJ 

BblliOJIIDllOTC51 B OTHOCIITe.llbHbiX e,n;mm:uax. B paccMaT'pHBaeMOM IlpHMepe )lJIHHa 

IIJiaCTIIHKH, 3JieKTpo.nos H JlllHeim:r:.IX 3apa.uon pasHa 1000 MM. BenHl.JHHa 

Me)I(3JieKTpO.llHOf0 3a30pa COCTaBIDieT 20 MM, TOJIIUHHa IIJiaCTHHKM - 6 MM, ee 

nrnpmm pasHa I 0 MM. llpXMbie yrnhi CKpyrneHbi, pa,nHychl 3aKpyrneHIDI- I ,5 MM. 

CxeMa pa3MellleHIDI mmeiffihiX 3apx.uos noKroaHa Ha pHc. 16. PaccTOHHHe 

MeJK.D:Y coce.n;HHMH mmeHHhiMH JapH.UaMH promo 50 MKM. TioTeHUHa.JI 3JieK1po.uos 

U 0 cocTilBJUier 1000 B. BeiTHl.Jl:llia JlH3neKTJlHl.JecKoii npoHHu;aeMOCTH E rrpHHHTa 

paBHOfi tierDipeM ( E = 4 ). 3TO 3Hal.JeHHe npHMepHO COOTBeTCTBJeT cpe.n;HeM)' 

3HatieHIDO BeJIHl!HHhl & )l,JUl MHOrHX H30IDITOpOB, Haiiie)liiiHX IUHpOKOe TipHMeHeHHe B 

IIpa.KTIIKC rJ>H3lil.JCCKOrO 3KCnepHMCHTa H TeXHHKC. 

IToCTaHOBKa 3a,11aqH 

B [7] 3a,llat:Ia peiiianac:o c noMOIJ.lhiO HTepauHOHHoro MeTo.n;a npoCToro B 

IIpOrpaMMHpOBaHHH, HO rpe6yiOmero )lJIHTeJibHOrO ~CJieHHOfO paC"'eTa. 
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A.rrhTepHaTHBHhiM HBJIHeTCH "'HCJICHHhiif MCTO,U pellleHHH C TIOMOIJ.lblO JIHHeiiHhlX 

anre6paHtieCKHX ypaBHCHHii [6]. ilpH rrpHMeHeHHH MeTO)la anre6pa.IP:IeCKHX 

ypaBHCHHif .Umi perueHHH paCCMOT})CHHOif BhilUe 3a,UatiH HC06XO.UHMO COCTaBHTb 

CHCTeMy H3 n JIHHeifHbiX ypasHCHHif, r.ue l!HCJIO JJHHCifHhlX ypaBHCHHif paBHO 

cyMMC -qHCJIY BCTIOMOfaTCJibHbiX 3ap»)lOB 3JICK1p0!I,OB i H 3apallOB llH:meKTpHKa 2m. 

PerueHHC :JTOif CHCTCMhl IT03BOJIHT HatfTH BCJIHT.J:HHbi BCeX 3apHllOB, o6ecneT.£HBaJOIJ.lHX 

BhinOJJHCHHC fpaHHqHblX JCJIOBHif. 

ilOBe.[leHHC HOpMa.JJhHhJX KOMIIOHeHTOB 3JieK'I'pHllCCKOrO IIO.JUI Ha rpaiiHUe 

pro.uena nsyx cpe.n; En!=£ E nz onHCbiBaJOT ypasHeHHH (6). 

LEn,_1 + I£nk . .J-E{I£n,_1 + IEnm . .J)=O. (6) 
'·' k.j l,j ni,.J 

flepBbrii. H BTOpoii tUieHbl onpe,ne.JUIIOT HOpMaJJ.hHbie COCTaBJI.HlOIJ.lHe ::men.-rpHt:leCKHX 

noneH Ha rpaaHue pro.nena c BHelllHeii CTOpOHhi .UH3JICKTpHKa. HopManhHhie 

COCTaBJI.HlOlllHC C03JlaJOTCa BCTIOMOraTeJihHhiMH 3apX.UaMH 3JieKTpOJlOB H 3ap5Ula.MH 

.UH3JieKTpHKa npH HX BH.YTPCHHeM pa3MemeHHH. Tpenni l.JJieH o6a3aH 

BCTIOMOraTC.IlhHbiM 3apR,Ua.M 3JleKTpO.Ua H BHelliHHM 3apa,n:a.M .UH3JieKTpHKa. 3TOT 

tiJieH onpe,ne.JUieT HOpMaJibHhle KOMTIOHeHTbl TIOIDI Ha rpaHHUC pa3)leJia C BHJTPCHHeif 

CTOpOHbl llH3JieK'I'pHKa . .lJ:H3JieKTpHl.JeCKa51 IIpOHHUaeMOCTh E BXO.UHT B 3T)' CHCTCMy 

ypaBHeHHH HCIIOCpe)lCTBCHHO. 

BTOpa.H CHCTeMa yprumeHHif CBH3aHa C rpaHHl!HbiMH YCJIOBHXMH Ha 

IIOBCpXHOCTH llH3JieKTpHKa )lJI.H TIOTCHUHa.Jia: OTCyrCTBHC pa3pbiBa TIOTCHUHaJia npH 

nepexo.n;e qepe3 rpaHHUY pa3.uena. 

"Iu .. , + "Iu,_, -("IU., + "Iu •. , l ~ o. (7) 
1./ k.f '·' "'·' 

CnmKHee .ueno o6cTOHT c ypasHeHHHMH Ma onpeneneHHa scnoMoraTeJihHhiX 

3apHllOB 3JieK1pOllOB. llpH BHyrpeHHeM pa3MelJ.lCHHH 3apa.UOB )lH31lCKipHKa CHCTeMa 

ypaBHCHHfi .una onpCllC.IlCHHX 3apH!lOB 3JieKTpO,UOB BhirJIH]lHT KaK 

"Iu._, + "Iu •. , ~u,. (8) 
1,,1 "'·1 

nepBhlif qneH B (8) npe]lCTaBJI.sieT co6oii CJMMJ ITOTeHUHaJIOB. C031laBaeMbiX 
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BCITOMOraTeJibHbiMH 33pjlJ!a.MH 3JieKTpO.UOB. BTopoii qJieH - C)'MMa ITOTeHUHaJIOB npH 

BHyrpeHHeM pa3Mei.LteHHH 33p.H,UOB Jlli3JieKTpHKa. 

fipH BHeiiiHeM pa3Mei.LteHim 3apsr.n.os JIH3JieKTpHKa .nomKHa HCIIOJih30san.c51 

CHCTeMa 

z:u,,, + z:u,_, =U,. (9) 
1,) k,} 

CymeCTByeT pa311HtiHe paccT05IHHH MeJK.Uy scrroMoraTeJihHLIMH 3ap5I.Ua.MH 

)lH3JieKTpHK3 H ITOBepXHOCThiO 3JieKTpO,Ua rrpH BHyrpeHHeM H BHelliHeM pa3MellleHHH 

BCIIOMOf3TeJI1;Hh!X 33p5I.ll;OB ,llH3JieKTpHK3. 3Hal.JeHHe TIOTeHI..J;IfaJia 3JieKTpO,llOB U 
0 

3a,llaHO. IJpH paBeHCTBe MeJK,lly C060fi nepBhiX tUieHOB ypaBHeHHfi (8) H (9), 

onpe.uemnouurx TIOTeHll,HaJI BCOOMOf3TeJibHhiMH 33pAAaMH 3JieKTpO.IJ;OB, 

"U k :¢ "V U . BI>mOJIHeHHe ycJIOBHfi ,!.l,JUI pa3MemeHH.H BCIIOMOfaTeJihHbiX L,. ,J L,. m,J 
k,; m,J 

3apmtos 2d<R.min (senHttHHa Rmin MHHHMaJihHOe p3CCT05IHHe MeJKJiy 

)lH3JieKTpHKOM H 3JieKTpO.Ua.MH) IIpH Bbit:IHCJieHH5IX B JIHHeliHOM llpHfiJIH:>KeHlm 

HCII0Jih30B3Tb IIOJIYC)'MMy TIOTeHUHaJIOB npH BHeiiJHeM H BHyrpeHHeM 

proMeii(emrn 3ap.H.L{OB .lUIJJieKTpr.ma 

3TO rronoJKeHHe HniDOCTpHpyeTca pRe. 2 H3 [7]. Ha HeM ITOKa3aHO 

q q 

1 1 f f 
I . , 

1 ··r -:_ .. --~-~~- , 
0.9 ·-- ------~----'--~--

. . ' I 
0.8 · 1 

• X mm I '' ' /! '' /i !Xmm n: 1 ! , ' , r, 

·30 -20 -10 0 10 20 30 -15-10 -5 0 5 10 15 20 

a 6 

Pnc. 2 (a) Pacnpe.ueneHne scnoMoraTeJihHhiX 3ap5:!.UOB 3JieK'fPOJla s.n:onb ero 

ITOBepXHOCTH IIpH BH)"''peHHeM M BHeUIHeM paCITOJlO)KeHHH BCIIOMOraTeJII:.HbiX 

3ap.HJIOB JIH3JieKTpHKa. ProHHUa B 3HatieHHH BeJIIFlliH 3ap.s1IOB npo.ssm~e-rc.s TOJibKo s 

BJ.i.L(e He6oni:.IIIOro yTo.JIIUeHIDI KpHBOH B o6naCTH X=O. 

(6) Te )l{e pacrrpe1IeJieHIDl B H3MeHeHHOM Mac:urra6e, HaH6om.mee pa:JJIHl.JHe He 

npeBbiiiiaeT 0,002 
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J 

} 

pacnpe1IeJieHHe 3apH.UOB JJieKTpO.IJ;OB npH BHeiiiHeM H BiryrpeHHeM pa3Mem;emm 

BCIIOMOfaTeJibHbiX 33pH,!.l,OB .UH3JieKTpHKa. Ma.KCHMaJihHaJI OTHOCHTeJlbHa.H pa:3HHD;a B 

3THX CJiyt.Ia.HX He npeBbllllaeT BeJIHtrn:Hbl 0,002. 

Ta.KHM o6pa30M, CHCTeMa ypaBHeHHli (10) onpe,lleJIHT ITOTeHqHaJI B j -ij 

KOHTpOJlbHOii TOtiKe :meKTpO,Ua: 

1 1 z:u .. , +;z:u,_, +2z:u •. j =u,. 
I,J ~ k.; m,J 

(10) 

IJepBbiii qneH ypmmeHHif onpe,n;eiDieT IIOTeHD;HaJI, C03,1laBaeMDlli BCIIOMOraTeJihHbiMH 

3ap5:1llaMH ca.Moro 3JieKTpo.na. ):{sa cJie.IJ;yroiiJ.Hx tUieHa onpe.nemnoT rroTeHI.lHaJI OT 

BCTIOMOfaTeJibHblX 3ap5l)l0B .UH3J!eKTpHKa ITpH BHyrpeHHeM H BHeiiiHeM HX 

pa3Mei!1eHHH. TaKHM o6pa30M, ypaaHeHHH (6, 7 H 1 0) o6pa3)'IOT CHCTeMY H3 

He3a.BHCHMhlX n = i+2m ypasHemiH )lJUI Haxo)K)leHIDI se.llll't!HH n = i+2m 

scnoMorareJILHLIX 3apMOB JJieKTpo.n;os H .ronneKipHKa IIocTasneHHasi 3a,uaqa 

IIOJIHOCTbiO pa3peiiiifMa. 

KaJanocb 6hl, liTO pemaeMWI 3a,uaqa .uaneKa OT rrpcucrHKH. Ha ca.MoM n;ene 

OH3 HMeeT Ca.Moe HeTIOCpe.UCTBeHHOe OTHOIIIeHHe K KOJIHG:eCTBeHHOM)' pemeHHIO 

3a,n:aq, HaiTpHMep, CBX3a.HHbiX C Kp3eBbiMH 3<lJ!fleiCTaM:H B MHOfOIIpOBOJIO~ 

nponopuHOHaJILHbiX KaMepax (Ml1ITK). MITKK mHpOKO :acnoJlb3YlQTCX s Kal!ecrse 

KOOp.mmaTHhiX ,/leTeKTOpOB llpH HCCJie1IOBaHIDlX ITO !flH3HKe BblCOKHX 3Heprn:if. Pa.Hee 

06b5:!CHeHHe HeKOTOpbiX KpaeBbiX 3!fl!fleKTOB HOCHJIO B OCHOBHOM KatieCTBeH:Hblli 

xaprucrep [8]. 

Pe3ylihTaThi perneHHl! 3a,11a'!H 

B COOTBeTCTBHH C COOTHOIIIeHHeM (5) H IIpHIDITbiM: 3HalieHHeM 

,UH3Jieh.'TpW!eCKOfi npoHHI.J;aeMOCTII E = 4 OTHOIIleHHe HOpMa.rrJ,HbJX COCTa.BIDUOIIlHX 

3JieK1JlHt.IecKOfO IIOIDI Ha IIOBepXHOCTII .IJ;H3JieKipHKa .UOJDKHO 6b1Tb paBHO "tieThlpeM. 

3TO yCJIOBHe IIpH pemeHHH CHCTeM ypasHeHHif. 6biJIO 3aJIO)I{eHO B CHCTeM)' (6). Ha 

pHC. 3a IIOKa3a.HO pacnpe1IeJiemie HOpMa.JThHbiX COCTaBJUD:OIIUIX 3JieKTpHl.JeCKOfO 

TIOIDI B.UOJ!b nosepXHOCTH ,llH3JieKipHKa. BepxHIDI KpHBa.H COOTBeTCTBYeT 

COCTaB.JimOIUeH llOJUI C BHem:Heii CTOpOHbi .1lH3JieKTpHKa HmKIDui KpHBasi 

npe.UCTaBJUieT pacnpe.ueJieHHe HOpMam.HOii COCTaBIDIIOID;eii BHyrpH ,llH3JieKTJ)HKa. 
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Ha pHC. 36 nOKa3aHO OTHOIDCHHC TaHrCHIUHUibHbiX COCTaBJUHOWHX TIOJl}l. B 

COOTBeTCTBIDI C (5) OTHOIIICHHC ,UOIDKHO 6biTb CTJlOfO paBHO 1. He6onblllOe 

OTKJIOHCHHC B paii:OHe 70-H KOHTpOJibHOH TOqJQI CQOTBCTCTBYeT MecTy nepexo.na OT 

npHMOJIHHeillioro yqaCTKa llOBepXHOCTH K 3a.KpyrneHHIO. 3TO OTKJIOHCHHC }IBJUieTC}I 

CflCJ];CTBHCM TOrO, l.ITO OTHOlllCHHC paCCl.IHTbiBaiiOCb He ,lliDI OllTHMaJibHOro CJl)RiaJI, 

Kor.na pacCTo.snme MelK,[()' TIOBCpXHOCTblO C 3ap.II,llaMH H TIOBCpXHOCTbiO 

npOBO)lHm<a d H paccro.HHHe MC)K)JJ' coce.nHHMH 3apH..!la.MH a y.nosnersopsnor 

HepaBeacTBy 1 ,4a < d [2]. Pacqer 6bUI BbiiTOJlHCH .nna cnyqaJI a = d. 

En 

1.51--:-t--' --?' ~+-i-1 
1.25~-=-t-- r---· : 0 +--r--1 

1 
0.75 

o~H . r· r T Ti <:il N(s) 
0 20 40 60 80 100120140 

a 

Et(in)/Et(out) 

0.8 

0.6 

0.4 

f-=:±=======jN(s) 0.2L 
0 20 40 60 80 100120 140 

6 

PHC. 3 (a) Pacnpe.l(CJICHHC KOMTIOHCHTOB )JlCl<TpWICCKOrO ITOJ!Jl B.UOJib 

TIOBepXHOCTH ,llH3JICK1pHK3. HopMa.ilbHrui COCTaBJUilOLUaJI IIOJUI C BHeiiJHe:if CTOpOHhl 

JlJI3CTIIHbl (BepXHIDI KpHBa.H) H C BHYfPeHHeii CTOpOHhi (miJKHHH KpHBaH). 

(6) 0THOIDeHHe TaHfeHUHa..JlbHbiX KOMTIOHCHTOB )JICKTpHl.JCCKOfO TIOIDI C 

BHCIIIHei-i: H BH)'TpeHHeH CTOpOH IUl3CTHHhl 

B pe3ym.Tare pemeHIDI 3a;:J;a'iH Haii.lleHhi seJIH'iHHbi -rpex Ha6opos 

BCIIQMOfaTeJibHbiX 3ap.H,llOB, C03.llaiOIUHC IIOBCpXHOCTilbiC IIJIOTHOCTH 33p.SI.UOB, 

y,!J;OBJieTBOpmDID;HX. rpa.HHt.UlbLM: YCJIOBWIM. fl03TOMY HMCCTCX B03MQ)l(H0CTb 

rrocMorpeT& TO Rml mme pacnpe.nerreHHe Jl.llil or.nerrLHoro Ha6opa 3apx.nos HJlH HX 

cosoK)'IJHOCTH. Ha pHc. 4a TIOKa3aHO pacnpe,n;eJieHHe B,llOJib TIOBepXHOCTH 

J];H3JICKTpHK3 TaHfCHUHaJlbHOii: COCTaBJUIIOIUeii: TIOJl.SI, o6pa3yeMoro TOllhKO 

nosepxHOCTH:&IMH IIollilpl13a.IlHOHHbiMH 3apHJI.aMH JtH3JICKTpHKa. PHc. 46 

npe,II,CTilBIDieT pacrrpe,II,eJieHHe TaHreHIUfaJlbHOii COCTa.BmiiOIUeii IIOIDI, o6pa3yeMOfO 

COBOK)'IJHOCThiO II01lllpH3ai.(HOHHbiX 3ap51,!l;OB ,UH3JieKTpHKa H llOBepXHOCTHbiX 

3ap.SI)l.OB 3JleKTpO,ll0B. 
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PHc. 4. Pacnpe.neneHHe TaHreHUHaJJbHbiX cocrasmiiDllJ.HX ::mei-..--rpHqecxoro noM 

B.!l.OJlb TIOBCpXHOCTH ..!lJ13JlCKTj)HKa. 

(a) Pacnpe.neneHHe COCT3BJUU01UHX TIOIDI, 06pa3)'IOIUCfOCH TOJlbKO 

llOBepXHOCTHblMH TI011HpH33UHOHHblMH 3apH..!l3MH. 

(6) Pacnpe.neneHHe cocTasmilOlUHX nona. C03llasaeMoro seeM cosoxynHOCTbto 

3apH.!l0B 3JlCKTpOLJ:OB H ..!lH3JlCKTpHKa 

Ha pHc. 5 IIOKa3aHa qacn KapTbi CHJIOBbiX JIHHHii: 3JICKTpH'ieCKoro nom~: H 

3KBHITOTCHUHaJie:H.. CHJIOBbie JII-fHHH H 3KBHIIOTCHUHa.mt Ha rrosepxHOCTH 

.!tH3JieKTpHKa HCTibiTbiBaiOT H3JIOM. KacaTeJibHaJI K IIOBepXHOCTH ..!lH3JICKipHKa H 

3KBHTIOTCHUHaJih BCJlC,llCTBHe H3JIOMa o6pa3)10T YfJibi, BHeillHHif (3KBHTIOTeHUHaJih 

Ymm 
5

1 I i / =-----:]_ I I I 

4~ 

3L ,' )...J:......_ 

2~ 

~~ ! I I J§E59xmm 
JJ IJ I 

3 4 5 6 7 8 

PHc. 5. JlHHHH 3JleKTpw-tecKoro nom n 3KBHIIOTCHUHanH s paHoHe 6oKosoH 

'-l3CTH .!lH3JICKTpHK3. 8 CQOTBeTCTBHH C TeOpHefi !1HHHH ITOJ1.5I H TIOTeHUUMH 

HCTibiTblB3lOT Ha rpaHHUC JtH3JICKipHK3 H3110M 
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BHe lll13JieKTpHIC3.) H BH)'IpeHHHi::f. Bhi'4HCJieHH51 TIOK33aJIH, '4TO OTHOllleHMe 

TaHfeHCOB 3THX yrnOB paBHhi CTpOfO '4eThipeM, T.e. paBHhi .!IH3JieK1plP·:IeCKO:ti 

npoHHUaeMOCTH. B COOTBeTCTBHH C TeOpHeii 3aKOH npeJIOMJieHlUI CHJIOBhiX JIHHHH 

BhrpiDKaeTCa KaK OTHOllleHHe Ta.HfeHCOB yrnOB Me:IKlly HOpMaJihiD K TIOBepXHOCTH H 

CHJIOBOfi JIHHHe:H: BHe HJIH BH)'TpH l(H31IeKTpHKa. 3TO OTHOUieHHe paBHO 

llH3JieKTpH'4eCKOi1 TipOHHUaeMOCTH. 3KBHTIOTeHUHaJIH B T0'4K3X nepece'4eHH51 

C CHJIOBbiMH JIHHwrMH o6p33JIDT ITp.SIMOii: yron. Ilo3TOMY Her HH'4ero 

YllHBHTeJibHOfO B Ta.KOM OTHOIIIeHHH TaHreHCOB, xapa.KTepH3)'IOllleM H3J10M 

3KBHTIOTeHUHaJieif:. 3TO HBIDieTCH erue OllHHM CBH,D.eTeJibCTBOM IIpaBHJihHOCTM 

peiiieHIUl ITOCTaBJieHHOii 3a,ua'4H. 

CmmB&Ie JIHHlUI noiDI HCTibiThlBaiOT Ha rprum:ue c nosepxHocToro 

.UH3JieKTpHKa CKaqeK, BbipaJKaeM&rli COOTHOllleHI-IeM 

1.4 
1.2 

I 
0.8 

0.6 
0.4 

0.2 

i= 

0 
-10 

En 
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-5 0 

""" -;: 
"""= 
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5 10 

Em=s En2. Ha pHc. 6 

Ymm 

PHC. 6. CKaqOK HOpMaJihHOfi COCTaBIDIJOlllei.f 3JieKrpHqecKOfO ITOJUI Ha rpaHHU,e 

.IJJ-13JieKTpHKa CO Cpe.noii, ,LUf3Jie.KTpHqeCKa.ll npOH11LJ,aeMOCTh KOTOpoH paBHa 1. 

BenHqHHhi IU13JieKTpHqecKo:H rrpOHHUaeMOCTH .u~nneKTpHKa paBHhi 6, 4 H 2. 0HH 

YKaJaHhi UHQ>pa~m OKOJIO COOTBeTCTBYJOIIIHX KpHBhiX 

ITOK33aHO pacnpe)leJleHHe HOpMW1bHOii COCTa.BIDIFOI.I(ei::f IJOJU[ B.UOJih OCH Op,UHH3T (CM. 

pHc. 16). UHcflpa..'-fH oKono KpHBoiX noK33aHbi senwmHhi E - .UH3JieKTpHttecKHX 

npoHI:m:aeMocreH - 2, 4, 6. BH..UHO, trro c pocroM E npoucxo.UHT HaChlllleHHe no.JUI. 

BHe ,UH3JieKTpHKa llOJie crpeMHTCH K HeKOTOpOif TIOCT05IHHOfi, a BHyrpH ero 

npe,UeJibHOe 3H3"':feHHe paBHO Hymo. C yaeJIHqeHHeM E IIpOHCXO,lliiT H HaCbiii{eHJ-Ie 

ITOBepXHOCTHOii IIJIOTHOCTII 33p51.!1:0B IIJiaCTilli 3JieKTpO,n:OB (pHC.7). 

12 

q 

/1' 
4.4 

4.2 

4 

38,, p· I '~ -IXmm 

-20 _, 0 0 10 20 

PH c. 7. Pacnpe.neneHHe nosepxHoCTHoii IUIOTHOCTH 3ap.SIL(OB s.nonh qacrH 

3JieKrpoD.a s6JIHJH IUiaCTHHKH .UH3.Heh.-rpHKa. BenHqHHbi ,UH3JieKTpwJecKoH 

ITpOHHUaeMOCTH paBHbl 6, 4 H 2 ·COOTBeTCTBeHHO ,UlUI BepXHeft, Cpel].Hej:.j H HHJKHe:H 

KpHBhiX 

):.'{H3Jieh.-rpHK .llli.SI 6om.nmx 3Ha1.J:eHHH E no csoeMy nose.nemno B 3JieKTpuqecKOM 

TIOJie CTaHOBHTCH ITOXO:IK Ha npOBOllHHK. 

PemeaHe 3a,uaqH BhiiTOJ1HeHo ~mcneHHhiM MO.UeJrnpoBaHHeM. 3.uecb yMeCTHo 

npHBeCTH UHTary H3 .umrna.na aKall,eMHI<a A.A. CaM:apcKoro Ha MeJK.UyHapo.uHoM 

CHMTI03HyMe, TIOCB~IUeHHOM HCTOpHH COBeTCKOfO aTOMHOro rrpoeKTa: 

" Be.uymy'lO po.m-, B TI03HaHHM reneph Hrpaer MaTeMarnqecKoe Mo.uenHposaHHe c 

TexHonorneM Bhit.zHCJIHTeJibHoro 3KcnepHMeHTa. Ero AApoM HBJIHeTcH rpHa.ua 

J•taOe.'lb- a'l?opunut- npo?pcw .. ua•· [9J . 

B 3a.KJIIOqeHHe aBTOphi BhipiDKaroT csoro npH3HaTeJihHOCTh M.r. llla$paHoso:H 3a 

UeHHhie 3aMel.IaHHH, C.UeJI3HHhie B npou,ecce ITO,UfOTOBKH P)'KOIIHCH. 
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Tonypll~ T.Il., WacjlpaHoB M.)l. 
.QH3JICKTpHK B 3IICKTp0CT3TW1eCKQ!.1 110JIC. 

Pell!eHHe KpaeBbJX Jauat.J MeTO.!:!O.\t .rmHeiiHbiX 

allre6paw-l.eCKHX ypasHemJfi: 

Pll-99-155 

B pa6oTe onncaH MeTO.Il '-:!HCTO aHarmrHLJ:ecKoro pewe;m.!1 rpa.Hw·moH 3a,uaYH 

du3JleKmpux. 6 3JWKmpocmwm.!'leCKW.1. JWJie. Benw·mHbl 3JICKTPH'-;ecKHX rro.r1eH H 

nOTCHUH3J10B fiOJI)fl..!eHbi JU-IHefiHOfi cyncp1103BL!He.f{ TIOJlCfl H TIOTeHLUia.'l.OB, C03li.a

saeMbiX npocThiM pacnpeLI.eJieHHC~t JHl!-:!.CHHbiX 3ap5!.ll03. Bee cuHry.TI.5!pHOCTH JlOKa

JIH30BaHb! SH)'TpU 3.;1CKTpO.ilOB, a TaK.iKe BH)'TpH U BHC 11H3JICKTpHKOB. fpaHW-iHhiC 

ycJIOBJla Y,i.tOSJlCTBOp5HOTC5l C HC06XOli.m .. wii T04HOCTblO. lvieTOll IU11IIOCT~HipyeTC5! 

peweHHe~! Ja.J.a4H dU3Jler::.mpu'-!ecK.a.P. wzacmzma B 3.!leKmpocmamul.{eCKOM no.ae. 

Pa6ora Bhii10J1HeHa B Jla6oparopm1 qm3HKH 4acn:1u 0!15!11. 

Dp~np!iHT 06""be.J.!!H~!i!iOro lli!CTilTYTZ! !i.'l~pHhiX IJCC!t:;:!OB3.HIIi-i.. 1I.y6Ha. 1999 

ilepeBO.J. aBTOpOB 

Topuria T.P., Shafranov M.D. 
Dielectric in Electrostatic Field. 
Solution of the Boundary Problem 
by the Linear Equations Method 

Pll-99-155 

A method is described for a purely analyticai field calculation of boundary 

problem dielectric in !he e!ectroswzic field. The total field and potential are ob
tained by a linear superposition of the fields and potentials due to simple charge 

distributions. such as linear charges. All singulaitics are located inside the elec

trodes also inside and outside dielectric. All necessary boundary conditions can be 
satisfied with sufficient accuracy·. The appiication of this method is demonstrated 

for dieleciric phae in the elec!rostaric fieid. 

The invcst.igation has been performed at the Laboratory of Particle Physics, 

JINR .. 

Preprin: of the Joint ln~litule for Nuclear Rese2rch. Dubna. 1999 


