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Hacrn.11mM pa6orn .llBJI.lleTC.ll pa:mIITIIeM HOBbIX anre6pattqeCKIIX MeTO,!lOB 

qIICJieHIIOI'O perneHII.ll 3Maq 3JieKTpOCTaTIIKII [ 1-7]. B 3TIIX MeTO.nax ,!lJI.ll pernemrn 

KpaeBbIX 3Maq 3JieKTpOCTaTIIKII npIIMeH.llJiaCh CIICTeMa BCilOMOraTeJibHhIX 3apMOB, 

o6ecneqIIBIIIM BhIIlOJIHeHIIe rpaHIIqHhIX ycJIOBIIH Ha noaepXHOCT.llX npOBO,!lHIIKOB II 

,!lII3JieKTpIIKOB. Hail:.neHHbie BeJIIIqilHhI BCilOMOraTeJibHhIX 3ap.11.noa npoBO,!lHIIKOB II 

3ap.11.noa ,!lII3JieKTp11KOB Il03B0JI.l!IOT nonyqIITh e,!ll!HCTBeHHOe II rrpaBIIJihHOe perneHIIe 

rnaBHOll 3a.naqII 3JieKTpOCTaT11Kll, a l!MeHHO HaHTII pacnpe.neneHII.ll 3neKTp11qecKl!X 

rroneil: II !IOTeHIJllaJIOB B npocTpaHCTBe. TaKoe yrnep)I(.lleHl!e .llBJI.lleTC.ll CJie,!lCTBIIeM 

TeopeMhl e,!ll!HCTBeHHOCTll' 3JieKTpOCTaTIIKll: eCJIII KaKIIM-JI1160 cnoco6oM KpaeBM 

3a.naqa 3JieKrpocTaTl!Kll perneHa, T.e. Haii.neHhI pacnpe.neneH11.11 11 aen11qIIHhI 3ap.11.noa, 

KOTOpbie o6ecneqIIBaIOT BhIIlOJIHeHIIe rpaHIIqHbIX yCJIOBllH, TO rronyqeHHOe perneHl!e 

.llBJI.lleTC.ll e,!lIIHCTBeHHhIM 11 aepHbIM [8]. 3neKTpIIqecK11e IlOJI.ll 11' IlOTeHIJIIaJihI 

HaXO,!l.llTC.ll Ha OCHOBe npIIHIJIIIIa cynepII0311IJllII npOCThIM CYMMllpOBaHIIeM noneil: II 

II0TeHIJIIaJI0B OT Ka)I(.lloro BCIIOM0raTeJibH0ro 3ap.11.na. 

C II0M0IIJhIO npe,!lJI0)KeHHhIX MeT0,!l0B 6hma paCCM0TpeHa 3Maqa OU3JteKmpuK 

6 3/leKmpocmamu'leCKOM no/le C llCII0Jih30BaHIIeM Jil!Hett:HhIX BCII0MoraTeJibHhIX 

3ap.ll,!l0B [6,7]. O.nHaKO I-Ia rrpaKTl!Ke llCII0Jih30BaHIIe Jil!HeHHhIX 3apM0B IIMeeT 

orpaHIIqeHH0e np11MeHeH11e. IlpIIMepoM IICil0Jih30BaHII.ll Jil!HeHHhIX 3apM0B M0ryT 

CJIY)KIITh pacqeTbI xapaKTepIICTllK MH0ronpoaonoqHhIX K00p,!lIIHaTHhIX .neTeKT0p0B -

rrponopIJIIOHaJihHhIX 11 .npeil:qiOBbIX KaMep. 

B .naHHOH pa6oTe .naeTc.11 o6ocHOBaHIIe Mern.na perneHII.ll 3Maq oU3!leKmpuK B 

3/leKmpocmamu'leCKOM no/le ,!lJI.ll ,!lll3JieKTpllK0B np0113BOJihHOH qiopMbI B 

3JieKTpIIqecK0M none HeCKOJihKIIX np0B0,!lHl!KOB. IlpII 3TOM Heo6XO,!lIIMO npIIMeil.l!Th 

BCII0MOraTeJihHbie TOqeqHbie 3ap.ll,!lhl. MeTO,!l IIJIJIIOCTpllpyeTC.ll perneHIIeM 3Ma~ 

ou:J!leKmpu'leCKUit map e 3/leKmpu'leCKOM no!le. 

1. ,il;H3JieKTJlH:K B 3JieKTpOCTaTH"l!eCKOM IIOJie 

PerneH11e 3Maq :meKTpOCTaTIIKII, KaK npaBIIJI0, COCTOIIT II3 .nayx 3TaIIOB. Ha 

nepaoM :narre pernaeTc.11 KpaeBM 3Maqa. B pe3ynhTaTe perneHII.ll Hax0MTC.11 

acex 3apM0B, o6ecneqIIBaIOIIJIIX BhIIl0JIHeHIIe 

rpaHllqHbIX ycnOBIIH. B Kaqecrne rpaHIIqHoro ycn0BII.ll Ha noaepxHOCT.llX 



rrpOBOJl:HIIKOB 3a,n:aeTCH IIOTeHilmlJI .. PerneHIIe KpaeBOH 3a,n:aqII B . 3TOM cnyqae 

03HaqaeT, qTo Hail:,n:eHHbie 3HaqeHIIH IIOTeHUIIanOB paBHbI 3a,D;fillHbIM 3HaqemrnM. 

fpaHIIqHI,Ie ycnoBIIH Ha IIOBepxHOCTII Jl:II3neKTPIIKa orrpe.n:enHJOTCH 3aKOHaMII 

3neKTPOCTaTIIKII Jl:nH Jl:II3neKTPHKOB. B COOTBeTCTBIIH C OCHOBHbIMII rrono)KeHIIHMII 

3neKTPOCTaTHKII Jl:nH o,n:Hopo,n:HbIX Jl:H3neKTPIIKOB rpaHHqHI,Ie ycnoBHH Ha 

IIOBepxHOCTII pa3,n:ena Me)I(Jl:y cpe.[{aMH B 3neKTPOCTaT11qeCKHX rronHX 

orrpe,n:enHJOTCH II3 .n:syx ypaBHeHHH [9]. Ilepsoe 113 HHX: 

rot E=O. (1.1) 

BeKTop E - 3neKTPIIqecKoe none KaK BHYTPII, TaK II BHe ,n:113neKTp11Ka. 

BTopoe ypasHeHIIe orrpe,n:enHeT CBOHCTBa BCIIOMOraTenhHOro BeKrnpaD: 

divD=O. (1.2) 

Ilone £ HBnHeTCSI cyrreprr03IIUHeil: IIOnH CTOpOHHIIX 3apH,n:OB £ 0 II rronH CBH3aHHbIX 

3apH,n:OB E°: E = E O + E O 
• IlpII HanIIqIIII BHeIIIHero 3neKTPIIqecKoro rronH 

BemecTBO CaMO CTaHOBIITCH HCTQqHHKOM 3neKTPIIqecKoro rronH, B pe3ynhTaTe qero 

BHeIIIHee none II3MeHHeTCH . 

B ypasHeHIIII (1.2) D = E 0E + P, r.n:e P - BeKTOp rronHpmau1111, IInII 

3neKTp11qecKIIH Jl:lIIIOnbHbIH MOMeHT e,n:IIHIIUbl ofo,eMa Jl:H3neKTpIIKa, E 0 

.LlII3neKTPHqecKaH IIOCTOHHHaH. Cne.n:crnIIeM ypaBHeHHH (1.1) HBJIHeTCH 

HenpepbIBHOCTb TaHreHUHanbHbIX COCTaBnHIOIIlHX 3neKTp11qecKoro rronH Ha 

IIOBepXHOCTII pa3,n:ena ,n:Byx Jl:II3neKTPIIKOB: 

Ell =E12· (1.3) 

Cne.n:cTBHeM ypaBHeHHH ( 1.2) HBnHeTCH HenpepbIBHOCTb HOpManbHOH COCTaBnHJOmeil: 

BeKTOpa D K IIOBepxHOCTII pa3,n:ena: 

Dnl =Dn2 · (1.4) 

3.n:ecb n 1 II n2 - BHeIIIHIIe HOpManII K rpaHHUe pa3,n:ena cpe,11a - ,!IH3neKTPHK. 

HopManh nl HarrpasneHa OT .!1H3neKTPHKa B cpe,11y, a HOpManb n2- BHYTPh Hero. 

,[(RH O,!IHOpO,!IHbIX ,!IH3neKTpHKOB 3aBHCHMOCTb D OT E OIIHCbIBaeTCH 

COOTHOIIIeHHeM D =EoE + P= EEaE, rne E - ,!IH3neKTpHqecKaH rrpOHHI.(aeMOCTb 

cpe,111,1. B TaKOM cnyqae rpaHHqHI,Je ycnOBHSI (1.3) II (1 .4) MO)KHO rrpe.[{CTaBHTb 
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B BH,!le COOTHOIIIeHIIH ,!lnH TaHreHUHanbHOH lI HOpManbHOH COCTaBnHIOIIlHX rroneil: 

.!IBYX ,!IH3neKTpHKOB: 

E ti =E 12• E1E nt =E2E ni· (1.5) 

B CBOIO oqepe,n:1, rpaHHqH1,1e ycnOBHH 

rpaHHqHI,IX ycnoBHH Jl:nH IIOTeHUHana: 

(1.5) MO)KHO rrpe,!ICTaBHTb 11 B BH,!le 

cp1=cp2, E18<p /8n=E 2 8cp 2/8n. (1.6) 

IlpH peIIIeHHH 3a,n:aq 3neKTPOCTaTHKH rro,n:pa3YMeBaeTcH KOHe~OCTb lI 

HerrpepbIBHOCTb IIOTeHuHana cp BCJO,!ly. 

KaK Knacc11qeCKaH 3neKTPOCTaTHKa pernaeT 3a,n:aqy 06 orpaHHqeHHOM ITO 

pa3Mepy ,!IH3neKTPHKe B 3neKTPOCTaTHqeCKOM none? 3a,n:aqa pernaeTCH IIOnHOCTblO 

TOnbKO MH ,n:113neKTPHqecKoro 3nnHIICOH,!la, HaXOMmerocH B O.ll:HOpO,!IHOM 

3neKTpHqeCKOM none £ 0 • IlyCTb HCTO'IHHKH IIOnH (3apH,n:bl Ha rrapannenbHbIX 

rrnacTHHax rrnocKoro KOH,11eHcaTopa) pacrrono)KeHbl TaK .n:aneKo OT 3nnIIrrcoII,n:a, qTo 

He CMemaJOTCH, Kor.11a 3nnIIIICOH,!I BHOCIITCH B none. B 3TOM cnyqae, KaKOe 6hl none 

He 61,mo B OKpeCTHOCTH 3nnIIIICOH,n:a, OHO OCTaHeTCH O,!IHOpO,n:HbIM II paBHbIM E 0 

B,n:anH OT ,!III3neKTPHKa [9]. 

,[(II3neKTpIIqeCKHH map HBnHeTCH qacTHbIM cnyqaeM 3nnHIICOII,!la. PaCCMOTPHM 

xo.n: perneHHH 3a,n:aq11 .n:nH rnapa, Haxo.n:HmerocH B oKpy)KeHIIII cpe,n:1,1 c 

Jl:H3neKTpIIqecKOH rrpOHHUaeMOCTblO £ =l (BaKyYM)- Bcne,!ICTBIIe aKCHanbHOH 

CHMMeTpIIII rrpII perneHIIH IICIIon1,3yeTCH cqiep11qecKaH CHCTeMa KOOp,!IIIHaT C 

rronsipHOH OCblO ITO OCH Z [10,11]. 

B OTCYTCTBIIe rronH rronO)KIITenbHI,Je lI OTPHUaTenbHbie 3apS1,!1hl 0,!IIIHaKOBO 

pacrrpe,11eneHbI ITO o6oeMy rnapa. IlpII HanHqIIII IIOnH rronO)KHTenbHhle 3apH;J;hl 

C,!IBIIfaJOTCH Ha HeKOTOphlil: OTPe30K [ , B TO BpeMH KaK OTPHUaTenbHbie - Ha OTPe30K 

-/: 3neK'rpOCTaT11qecKaH HH.!IYKUHS! rrpHBOJl:HT K IIOHBneHHIO ua IIOBepxHOCTH 

,11n3neKTPHKa rronHpmaunoHHhIX 3apH,!10B. 3neKTPHqecKoe none rnapa B 3TOM cnyqae 

TO)KJl:eCTBeHHO rronJO ,n:Byx rnapoB, C,!IBHHYThIX Ha OTPe30K 2/ H paBHOMepHO 

3apH)KeHHhlX 3apSl,!laMH rrpOTIIBOIIOnO)KHOro 3HaKa. IloBepXHOCTHaH rrnoTHOCTh 

IIOnHpH3aUHOHHbIX 3apSl,!IOB rrpH 3TOM cr~ E O cose, r.n:e 0- IIOnHpHbIH yron. 

IloTeHUHanbl BHYTPH lI BHe rnapa orrpe,11enHJOTCSI cne,!IYJOIIllIMH ypaBHeHHSIMH [IO]: 
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cp; =-3E 0 z/(e+2), cp.=-E0 z(l-a 3 (e-l)/R 3 (i:+2). 

B03MO)l(eH H lJHCTO aHaJIHTHtJeCKHll MeTOJl perneHml Ja,l'.{alJH [ 11 ], 

ecTeCTBeHHO, pe3yJibTaTbl perneHH.ll B 3THX CJIYtJMX COBIIa,l(aIOT. 3JieKTpHtJeCKOe 

rrone BHYTPH rnapa 8<p, I 8z =3E 0 /(i:+2). OHo OJlHOPOJlHO, CHJIOBbie JIHHHH rrom, 

rrapaJIJieJibHbI ocH Z. PerneHHe Ja,l(atJH ou311eKmpu'lecKuu 3JIJIUncouo e oonopoo110A1 

3JleKmpu'leCKOM no11e CJIO)l(Hee, HO H OHO BbIIIOJimieTC.ll aHaJIHTHtJeCKHM MeTOJlOM C 

rrpHMeHemreM 3JIJIHIImtJeCKOll CHCTeMbl KOOpJlHHaT [9]. 

B peaJibHbIX CJIYtJMX B KatJecTBe rpaHHlJHblX YCJIOBHll MO)l(HO 3a,l(aTb TOJibKO 

IIOTeHIJ;HaJibl IIpOBOJlHHKOB. Ho ,l(JI.ll perneHH.ll 3a,l(atJH He06XOJlHMO 3HaTb BeJIHlJHHbl 

TaHreHIJ;HaJibHblX H HOpMaJibHbIX COCTaBJI.lllOIIJ;HX 3JieKTPHtJeCKOro IIOJI.ll B JIJ06oiI 

TOtJKe Jlll3JieKTpHKa. HMeHHO 3TH COCTaBJI.lllOIIJ;He BXOMT B COOTHOIIIeHH.ll (1.5), 

orrpeJleJI.llIOIIIHe rpaHHlJHbie ycJIOBH.ll Ha IIOBepxHOCTH JlH3JleKTPHKa. ECJIH 

Jlll3JieKTPHK B BaKyyMe, 3TH COOTHOIIIeHH.ll 3aIIHIIIYTC.ll KaK: E ti =E t2, E nl =e E n2. 

HopMaJibHM COCTaBJI.lllOIIIM 3JieKTpHtJeCKOro IIOJI.ll CB.ll3aHa C IIJIOTHOCTblO 

IIOJI.llpH3an;HOHHbIX ( CB.ll3aHHbIX) 3ap.l!Jl0B COOTHOIIIeHHeM 

CT =Ki, 0 E "' 

r,l(e Jlll3JieKTpHtJeCKM BOCIIpHHMlJHBOCTb K =l+e. B ,l(aHHOM cJiyqae B03HHKaeT 

rrapa):(OKCaJibHM CHryan;u.H. l/mo6b1 onpeoe11umb eeJIU'lUHY HOpMClllb1/0U 

cocmae11J110Ufeu 311eKmpu'lecK020 noJIJl e 11eKomopou mo'lKe noeepxnocmu 

i)u311eKmpuKa, 11eo6xoi>UM0 3Hamb noeepx11ocmny10 n11om11ocmb cemaHHblX 

noJIJlpU3GlfU0111lblX 3apJl006 e 3mou mo'lKe. A noeepx11ocm11y,o n11omnocmb C6Jl3G111lblX 

no11J1pU3GlfU0111lblX 3apJ1i>oe 6 coomeemcmeuu c 2pa11U'l1/blMU yc11oeUJ1Mu (1.5) 11eflb3Jl 

6bl'lUCJIUmb 6e3 311G1/Wl pacnpeoe11e11Wl 6eJIU'lU1/ HOpMClllbHblX cocma6JIJl10UfUX nOJIJl 

na noeepx11ocmu ou311eKmpuKa. 

B JlaHHOll pa6oTe rrpe,l(JiaraeTC.ll Bh!XOJl H3 3TOll rrapa,l(OKCaJihHOll curyan;uu. 

IlpHBJJetJeHHe BCIIOMOraTeJibHblX 3ap.l!Jl0B 1103BOJI.lleT pelIIHTb 3a,l(aqy OU3JleKmpuK 6 

3JleKmpu'leCKOM no11e npo6001/UK06 IIOJIHOCTblO. 

3TOT BblXOJl 110,l(CKaJaH perneHHeM 3a,l(atJH O TOtJetJHOM 3ap.HJle B6JIH3H 

rrpOT.ll)l(eHHOll rrpOBOMIIJ;eii IIJIOCKOCTH, KOTOPM pernaeTC.ll C IIpHBJietJeHHeM 

qmKTHBHoro BCIIOMOrareJihHoro 3ap.H)la, .l!BJI.ll!OIIJ;erOC.ll 3epKaJibHh!M H306pa)l(eHHeM 
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)leHCTBHTeJibHOro 3ap.HJla, BcrroMoraTeJibHblH 3ap.l!Jl 6epeTC.ll C 11p0THBOl10JIO)l(Hb!M 

3HaKOM. 

2. TiocTaHOBKa 3a,ll.at.J. 

KaKHM o6pa30M C IIOMOIIIblO BCl10MOraTeJibHblX 3ap.l!Jl0B MO)l(HO 

pernHTb 3a,l(atJy i)u311e,.;mpu'lec1wu map 6 :J11e-,.;mpocmamu'leCKOM no11e? B Harnux 

pa6ornx [1-5] rrpe)lJIO)l(eHbl H o6oCHOBaHb! aJire6pau11eCKHe MeTOJlbl lJHCJieHHOro 

perneHH.ll KpaeBbIX 3ana11 3JieKTpOCTaTHKH 11 pOH3BOJibHhIX CHCTeM 

npoBOJlHHKOB, )JlOBJieTBOp.ll!Oll.lHX ypaBHeHHIO Jlannaca t.cp=O. B 3THX MeTO)lax 

rpaHHlJHbie ycJIOBH.ll YJlOBJieTBOp.lllOTC.ll C IIOMOll.lblO BCIIOMOraTeJII,HblX JlHCKpeTHhIX 

TOtJetJHhlX HJIH JIHHeHHblX 3ap.l!Jl0B, pa3MemaeMbIX B o6'beMe npOBOJlHHKOB B6JIH3H HX 

IIOBepXHOCTH. IloTeHn;HaJibl, BeJIHlJHHhl 3JieKTpuqeCKHX IIOJieH B npon;ecce perneHH.ll 

3a,l(atJH BbllJHCJI.lllOTC.ll B KOHTPOJibHb!X TOtJKax IIOBepXHOCTH, naXOJl.llll.lHXC.ll Ha 

KpaTtJai1:rneM paccTO.llHHH OT COOTBeTCTBYIOIIIHX 3ap.l!JlOB. TiycTb Haii)leHbl BeJIHlJHHbl 

3ap.l!Jl0B, KOTOpbie 06ec11etJHBalOT BbIIIOJIHeHHe rpaHHlJHblX ycJIOBHH B KOHTpOJibHbIX 

TOtJKaX. Ilpu 3TOM B HenocpeJlCTBeHHOH 6JIH30CTH OT noaepXHOCTH C 3ap.H,naMH 

3KBHIIOTeHn;HaJihHM nonepxHOCTb HMeeT BOJIHOo6paJHy10 cpopMy, necy111y10 Ha ce6e 

oco6eHHOCTH, CB.ll3aHHbie C JlHCKpeTHOCTblO pmMell.leHH.ll 3ap.l!Jl0B. Ha neKOTOpOM 

paccTO.llHHH OT IIOBepXHOCTH npoBO)lHHKa JlO IIOBepXHOCTH C 3ap.l!JlaMH 

3KBHIIOTe~n;HaJibHM noBepXHOCTb cTaHOBHTC.ll CB060JlHOH OT 3THX oco6eHHOCTeii, 

xoporno IIOBTOp.HeT nonepXHOCTb npOBO)lHHKa. OnTHMaJlhHblM .llBJI.lleTC.ll cny11aii, 

KOr,l(a paCCTO.llHHe Me)l(JlY IIOBepXHOCTblO C 3ap.HJlaMH H IIOBepXHOCTblO npOBO)lHHKa 

d H paCCTO.llHHe Me)l(Jly coce,l(HHMH 3ap.l!JlaMH a YJlOBJieTBop.HIOT HepaBeHcTBy 

1,4a < d [2]. 

PaccMoTpHM perneHue 3ana11u JlJI.ll rnapa, HaXOJl.Hmeroc.H B OKpy)l(eHHH cpen1,1 c 

JlH3JieKTpuqeCKOH npOHHn;aeMOCTblO e = 1 (BaKyyM). Wap pacrrOJIO)l(eH Me)K)ly 

IIJIOCKHMH rrnacTHHaMH KOH,l(eHCaTopa, HaXOJl.l!In;HMHC.ll IIOJl IIOTeHn;HaJIOM ±U o • 

B COOTBeTCTBHH C HanpaBJieHHeM BeKTOpa 3JieKTpuqecKoro IIOJI.ll Ha 110JIOBHHe 

IIOBepXHOCTH rnapa, 6nm1<aiirneii K 11JiaCTHHe C IIOJIO)l(JITeJJbHblM IIOTeHIIHaJJOM, 

B03HHKHYT OTPHIIaTeJibHble 3ap.l!Jlb), Ha II0JIOBHHe nosepXHOCTH rnapa, 6JIH)l(aHUJeii 

K :meKTPOJlY C OTpu11aTeJibHblMH 3ap.H)laMH, - IIOJIO)l(HTeJibHb!e 3ap.l!Jlbl. 3TH 
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CBH3aHHhie 3ap.R.!lhl .!lH:meK-rpHKa BMeCTe co CTOpOHHHMII 3ap.R.uaMH :meKTPO.!lOB 

C03.!laIOT C}'MMapHoe JJieK-rpH'IecKoe none. 

Pa3MeCTHM BCTTOMOraTeJihHhie TO'!e'!Hhle 3ap.R.!lhl BHYTPH 3JieKTp0.!lOB, a 

TaIOKe BHYTPH H BHe rnapa. 3HaKH Bcex BCIIOMOraTeJihHhIX 3ap.R,!l0B .!lOJI)l(Hhl 

COBna)laTh co 3HaKaMH COOTBeTCTB)'IOillHX 3ap.R.!l0B 3JieKTp0,!lOB H nonHpmauHOHHhIX 

3ap.R.!l0B .!lH3JieK-rpHKa. BeJIH'IHHhI 3JieK-rpH'IeCKHX nonei1 H noTeHUHMOB B 

npOH3B0JlhHOH TO'!Ke norryqaIOTC.R npOCThIM cyMMHpOBaHHeM nonei1 H noTeHUHMOB 

OT TO'f(!'fHhIX 3ap.R.!l0B. ITon.R H noTeHUHMhl TO'!e'!Hh!X 3ap.R.!l0B Bhl'IHCJIRIOTC.R Ha 

OCHOBe 3aKOHa KynoHa .!lJllI TO'Ie'!HOro 3ap.R.!la: 

E=~l q 
4nc 0 ~ 

H U= _l q 
4nE

0
-;-

3.!leCh r - pacCTO.RHHe Me)l(.!lY 3ap.R.!l0M H TO'IKOH Ha6nIO,neHHR, 

3apH.!la. 

q - BeJIH'IHHa 

.[(JllI Haxo)l(.!leHHH 3ap.R.!l0B H perneHH.R KpaeBOH 3a)la'IH COCTaBHM CHCTeMy 

anre6paH'IeCKHX ypaBHeHHll, Y'IHThIBaIOillHX TPH ycnOBHR Ha rpaHHUe pa3,nena: 

1) paBeHCTBO TaHreHUHMhHhIX COCTaBJIRIOillHX TTOJijj (1.5) E ti =E 12 HJIH 

HenpephIBHOCTh IIOTeHUHana npH nepexo,ne qepe3 noBepxHocTh pa3,nena cpe,na

.!lH3JieK-rpHK ( 1. 6) (j) 1 = (j) 2 ; 

2) HenpepbIBHOCTh HOpManhHOll COCTaBJIHIOillefi BeKTopa D K IIOBepXHOCTH 

pa3,nena (1.4) D nl =D n2 , a .!lJIH paccMaTpHBaeMhIX ycnoBHfi E nI =f:En2 ; 

3) paBeHCTBO Hafi.!leHHh!X 3Ha'!eHHll noTeHuttana rmaCTHH KOH.!leHCaTopa 

3a)laHHOMY 3Ha'IeHHIO U o • 

,[(JllI KOH'fPOJihHOll TO'IKH .!lH3JieKTpHKa C HOMepoM j nepBoe rpattH'IHOe 

ycnoBHe (1.6) 3a11ttrneTCR B BH.!le cne,nyIOmero ypaBHemrn: 

Lui.} +Luk.j = Lu,,j +Lum,}. 
k I m 

B 3TOM ypaBHeHHH nepBM C}'MMa npe,ncTaBJIReT IIOTeHUHan, C03)laBaeMhlll 

BCTTOMOraTeJihHhIMH 3apH.!laMH nnacTHH KOH,neHCaTopa, BTOpM cyMMa - IIOTeHUHan 

OT BHy-rpeHHHX 3apR.!l0B .!lH3JieK-rpHKa. TpeThR cyMMa - IIOTeHUHan, C03.!laBaeMhlll 

BCIIOMOraTeJihHhIMH 3apH.!laMH IIJiaCTHH KOH.!leHCaTopa B Tex )Ke TO'!Kax, 'ITO H B 

nepBofi cyMMe. qernepTM cyMMa - noTeHUHan, C03.!laBaeMhill BHeIIIHHMH 
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BCTTOMOraTeJihHhIMH 3ap.R.!laMH .!lli3JieK-rpHKa. 3TO ypaBHeHHe BBH.!lY paBeHCTBa 

nepBOll H -rpeThefi cyMM MO)l(HO npe,nCTaBHTh B cne.n)'IOmeM BH,ne: 

Luk,j - Lum,} =0. (2.1) 

B CHCTeMy ypaBHeHHll BH.!la (2.1) BXOMT TOJihKO BCTTOMOraTeJihHhie 3ap.R.!lhl CaMOro 

.!lH3JieKTpHKa. 3TO OCTaeTCH cnpaBe.!lJIHBhIM He3aBHCHMO OT 'IHCJia .!lH3JieK-rpHKOB H 

npoBO.!lHHKOB CHCTeMhl. qHCJIO ypaBHeHHll (2.1) B CHCTeMe paBHO 'IHCJIY 

BCIIOMOraTeJihHhIX 3apjf)lOB .!lH3JieK-rpHKa. 

.[(JllI HeCKOJihKHX .!lH3JieK-rpHKOB 'IHCJIO ypaBHeHHll B o6mefi CHCTeMe, 110.!l06HhIX 

ypaBHeHHIO (2.1 ), paBHO 'IHCJIY Bcex BCIIOMOraTeJihHhIX 3apH.!l0B .!lH3JieK-rpHKOB. 

CKa'!OK HOpManhHhIX KOMIIOHeHT 3JieKTPH'IeCKOro TTO)Ijf B Ka)l(.!lOll TO'!Ke Ha 

rpaHHUe pa3,nena .!lByx cpe,n En, =f: E n2 onHChIBaIOT ypaBHemrn (2.2): 

LEni,J + LEnk,J = E (LE' ni,J + LEnm,). (2.2) 
k i m 

ITepBM H BTOpM C}'MMhl neBOll qacTH ypaBHeHHR onpe,neJllI!OT HOpMMhHhie 

COCTaBJIH!OillHe 3JieKTpH'IeCKHX nonefi Ha rpaHHUe Pa3.!leJia C BHeIIIHefi CTOpOHhI 

.!lH3JieKTpHKa. HopMMhHhie COCTaBJllI!OillHe C03.!laIOTC.R BCIIOMOraTeJihHhIMH 

3ap.R.!laMH 3JieK-rpO.!l0B (HH.!leKc i) H 3ap.R.!laMH BHY'fPH .!lH3JieK-rpHKa (HH.!leKC k). 

ITpaBM qacTh onpe,neJllieT HOpManhHhie KOMTTOHeHThI IIOJllI Ha rpattm~e pa3,nena C 

BHy-rpeHHefi CTOpOHhI .!lH3JieK-rpHKa. ITepBM C}'MMa o6R3aHa BCIIOMOraTeJihHhIM 

3apMaM 3JieKTpo,na, BTOpM C}'MMa - BHeIIIHHM 3apjf)laM CaMOro .!lH3JieK'fl)HKa. B 

ypaBHeHHH (2.2) f; .RBJllieTC.R .!lH3JieK-rpll'!eCKOll npomn~aeMOCTh!O B 3TOH CHCTeMe. 

B cnyqae HeCKOJihKHX npOBO.!lHHKOB (3JieKTPO.!l0B) H .!lff3JieK-rpHKOB Btty-rpeHHHe 

BCIIOMOraTeJihHhie 3ap.R.!lhl Bcex IIpOBO.!lHIIKOB II .!lH3JieK-rpIIKOB, C03.!laIOillHX 

3JieK'fl)H'!eCKOe IIOJie Ha IIOBepXHOCTH .!laHHOro .!lH3JieK-rpIIKa, .!lOJI)l(HhI yqIIThIBaThC.R 

B BH.!le cyMM neBofi qacm ypaBHeHHH (2.2). B npaBofi qacm ypaBHeHHH 

cyMMHp)'IOTC.R IIOJllI OT Bcex 3apjf)l0B Bcex IIpOBO.!lHIIKOB H C}'MMIIpOBattHe rronefi, 

o6pa30BaHHhlX BHy-rpeHHHMH 3apMaMII Bcex .!lH3JieK'fl)HKOB, KpoMe Toro, 

.!lH3JieK-rpHKa, .!lJllI KOToporo COCTaBJllieTCH CllCTeMa ypaBHeHHll. .[(JllI 3TOro 

.!lH3JieK-rpIIKa B npaBOll qacm ypaBHeHHR OCTaeTC.R C}'MMa, CB.R3aHHM C BHeIIIHHMH 

3apjf)laMH CaMOro .!lH3JieK-rpHKa. ·3TO BTOpM C}'MMa IIpaBOll qacm ypaBHeHH.R (2.2). 

CJIO)l(Hee )leno o6CTOHT c ypaBHeHIIRMII .!lJllI onpe)leJieHH.R BCIIOMOraTeJihHh!X 
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3apx.r1OB :meKTpO.!lOB. 11pu BHyrpeHHeM pa3MemeHHH 3apH.!lOB .!lH3neKTpHKa CHCTeMa . . 

ypaBHeHHll (2.3) .!lnH onpe.n;eneHHH 3apH,D;OB :meKTPO.!lOB .!lOJDI<Ha BhirnH.n;eTb KaK 

Lui,j + Lu m,j = Uo. (2.3) 
; m 

TiepBaH CYMMa B (2.3) npe.n;~TaBnHeT co6ofi cyMMY IIOTeHIIHMOB, CO3,D;aBaeMbIX 

_BCIIOMO_raTenhHhIMH 3apH,D;aMH 3neKTPO.!lOB. BTOpaH cyMMa HBnHeTCH cyMMOll 

IIOTeHIIHMOB BHyrpeHHHX BCnOMOraTeJibHhIX 3apH.D;OB .!lH3neKTPHKa. 

11pu BHeIIIHeM pa3MemeHHH 3apH.!lOB .!lH3neKTpHKa .n;om1rna HCIIOnb3OBaTbCH .n;pyraH 

CHCTeMa ypaBHeHHll (2.4): 

LV,j + Luk,j =Uo. (2.4) 
k . 

PacCTOHHHH Me:ll(,D;y BCnOMOraTenhHbIMH 3apH,D;aMH .!lll3neKTpHKa H nonepXHOCThlO 

::meKTpo.n;a npu BHyrpeHHeM H BHernHeM pa3MemeHHH BCnOMOraTenhHhIX 3apH.!lOB 

.!lll3neKTPHKa pa3nHqHhI. 3HaqeHue noTeHIIHana 3neKTPO.!lOB uo 3a,D;aHO. 11pu 

paBeHCTBe Me:ll(,D;y co6ofi nepBbIX CYMM ypaBHeHHll (2.3) u (2.4), onpe.n;enH10mux 

noTeH11uan BcnoMoraTenhHhIMH 3apH,D;aMH 3neKTPO.!lOB, BTOpbre cyMMhI B 3THX 

ypaBHeHHHX He paBHhI Me:ll(,D;y C?6ofi: L uk,j *LU m,j . 
k m 

Bocnonh3yeMCH nHHellHhIM npu6nmKeHHeM. 3TOMY cnoco6crnyeT 

BhIIIOnHeHue ycnoBHll pa3MemeHHH BcnoMoraTenbHhIX 3apH,D;OB 2d<Rrnin 

(BennqnHa Rrnin - MllHHMMhHOe paccTOHHHe Me)K,n;y .!lll3neKTPHKOM H nnaCTHHofi). 

B 3TOM cnyqae MO)KHO ucnonh3OBaTb nonyCYMMY noTeHIIHMOB, CO3,D;aBaeMbIX npu 

BHeIIIHeM H npu BHyrpeHHeM pa3MemeHHH 3apH,D;OB .!lll3neKTpHKa [6]. Tor.n;a 

noTeH11uan B j -ii KOHTPOnhHOll TOqKe 3neKTPO.!la onpe.n;enHeTCH ypaBHeHHeM (2.5): 

1 
Lui,j +2(LUk,j + Lum,)=Uo. 

i k m 
(2.5) 

B COOTBeTCTBHH C ycnoBHHMH pa3MemeHHH BCnOMoraTenhHhIX 3apH.!lOB 

.!lll3neKTPHKa qucno BHeIIIHHX 3apH.!lOB paBHO qucny BHyrpeHHHX 3apH,D;OB. TaKHM 

o6pa30M, ypaBHeHHH (2.1, 2.2 H 2.5) o6pa3yIOT CHCTeMy H3 n= i+ 2m 

He3aBHCHMhIX ypaBHeHHH .!lnH HaXO)K,D;eHHH Bcex n= i+2m BenuqnH 

BCnOMoraTenhHhIX 3apXJ(OB 3neKTPO.!lOB H .!lH3neKTpHKa. TiocTaBneHHaH 3a.n;aqa 

nonHOCThlO pa3peIIIHMa. ,[(nH cnyqaH HeCKOnhKHX IIpOBO.!lHHKOB H .!lH3neKTpHKOB B 
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nepBOH cyMMe neBOH qacTH ypaBHeHHH (2.5) cyMMHpOBaHHe noTeHIIHMOB Be.n;eTCH 

no 3apH.UaM BCex npoBO.!lHHKOB. ,[(nH cyMM B CK06Kax cyMMHpOBaHHe npOBO.!lllTCH no 

BCeM BHyTpeHHHM H BHeIIIHHM BCnOMOraTenhHh!M 3apH,D;aM .!lll3neKTPHKa. 11ocne 

3HaKa paBeHCTBa .!lOn)KeH CTOHTh noTeHIIHan COOTBeTCTBy10mero npOBO.!lHHKa. 

3. IlpirnO)KeHIIe MeTO)],a K pell_leHIUO KOHKpeTHOH 3a)],aqH 

PacCMOTpHM Ja,n;aqy C rnapoM H3 .!lH3neKTpHKa B 3neKTpOCTaTHqecKOM none. 

IloCKOJlhKY 3a.uaqa .!lJlH rnapa, HaXOMmerocH B O.!lHOpO.!lHOM 3JieKTpnqecKOM none, 

perneHa, eCTh BO3MO)KHOCTh cpaBHHTh pe3ynhTaThl perneHHH nOCTaBneHHOll 3a,n;aqu, 

nonyqeHHbie npe.n;nO)KeHHhIM MeTO,D;OM, H pe3ynhTaThI perneHHH 3a,n;aqu .!lJIH cnyqaH 

O.!lHOpO.UHOro nonH [10,11]. 

lllap H3 .!lll3neKTpHKa .n;uaMeTpOM 10 MM, C .!lll3neKTpuqecKOH npoHHIIaeMOCThlO 

i:=6 pa3MemeH B 3neKTPHqecKOM none KOH,D;eHCaTopa. IlnaCTHHhI KOH.D;eHCaTopa -

,D;Ba .!lllCKa .n;uaMeTpOM 40 MM HaXO.UHTCH Ha paCCTOHHHH 20 MM .n;pyr OT .n;pyra. 

Haqano Koop.n;uHaT CHCTeMbI COBna.n;aeT C 11eHTpOM rnapa. TionHpHaH OCh COBna.n;aeT C 

OChlO Z CHCTeMhI Koop,nHHaT (puc. la). Ha BepXHIOIO nnacrnHy KOH,D;eHcarnpa 

no.n;aeTcH HarrpH)KeHue 1000 B, Ha HH)KHIOIO nnacTHHY - HanpH)KeHue 1000 B, HO 

npOTHBOnonO)KHOro 3HaKa. BHyrpeHHHe noBepXHOCTH nnacTHH KOH,D;eHCaTopa 

o603HaqeHbI 
--:-,.,. 

cnJIOIIIHhIMH npHMhIMH. BcnoMOraTeJibHbie 3apH,D;hI (IIITPHXOBh!e 

npHMbie co 3!IaKaMH + H -) pa3MemeHbI BHYTPH nnaCTHH KOH,D;eHCaTopa. BHeIIIHHe 

BCnoMoraTeJihHbie 3apH.!lhI .!lll3JieKTpHKa o603HaqeHhI TOqKaMH, BHYTpeHHHe -

IIITPHXOBh!MH OKPY)KHOCTHMH. 3naKH 3apH,D;OB BepxHefi H Hll)I(Heil: nonyccpep 

npOTHBOnOJIO)KHbI 3HaKaM 3apH,D;OB nnaCTHH. 3apH.!lhl nnaCTHH H KOHTpOJibHbie TOqKn 

pa3MemeHbI no KOHIIeHTpuqecKHM OKPY)KHOCTHM, pacnono)KeHHhIM Ha paBHOM 

paCCTOHHHH .n;pyr OT .n;pyra, HX qucno paBHO 50. BcnOMOraTenhHbie 3apH.!lhI 

pacnono)KeHbl no OKpy)KHOCTHM npuMepHo Ha paCCTOHHHH 0,4 MM .n;pyr OT .n;pyra. 

BcnoMoraTenhHhie 3apH.!lhI .n;u3neKTpnqecKoro rnapa pa3Memanucb no 

napanneJIHM. ,[(nH YKa3aHHOro .!lllaMeTpa HX qucno 6bIJIO onpe.n;eneHo onhITHhIM 

nYTeM. B pe3ynhrnTe 6hmo Bh16paHo 200 napanneneil:. YrnoBoe paccTO»Hue Me:ll(,D;y 

3apH.!laMH Ha napannenHx npuMepHO paBHO yrnoBoMy paCCTOHHHIO Me:ll(,D;y 
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Pm:. 1 (a) Pa.3Mell(eHHe BCIIOMOraTenhHhIX 3apH,llOB. CrrnoIIIHhIMI:I npJJ:MhIMI:I 

o603HaqeHhI BHyrpeHHI:le noaepXHOCTI:I nnacTI:IH KOH,neHCaTopa. CnnOIIIHaJJ: 

OKpy)KHOCTh - cnen ceqeHHJJ: noaepXHOCTI:I IIIapa nnocKOCThIO Y=O. MeCTa 

pa.3MemeHHJJ: BCnOMOraTenhHhIX 3apJJ:,nOB noKa1aHhl nyHKTI:lpOM. 3HaKaMI:I + l:I -

o603HaqeHhI 3HaKH 3apll:,ll0B. 

(6) Pacnpe,neneHI:le acnoMoraTenhHhIX 3apJJ:,nOB B OTHOCI:ITenhHhIX e,nl:IHHI.(ax Qrel 

a,nonh p~Hyca Kpyrnoii nnacTHHhI KOH,neHcarnpa. N(r) - HOMep ToqKH · a,nonh 

pa,nHyca. fopII30HTanhHhlll yqaCTOK OT l(eHTpa no 20 TOqKJI -pacnpe,neneHIIe B 

OTCJTCTBHe nmmeKTPHqecKoro IIIapa. Pa.3MemeHHe IIIapa B none KoH,neHcaTopa 

npHBO,lll:IT B '.HOH o6naCTI:I K pocTy aenJiql:IH BCnOMoraTenhHhIX 3apH,noB, 

MaKCHManhHOe yaenHqeHJie npIIXO,lll:ITCJJ: Ha l(eHTP nnaCTI:IHhI 

napannenJJ:MH. CnenoaaTenhHO, qJicno 3apH,noa · Ha 3KBarnpe paano 400. O6mee 

qJicno 3apJJ:,nOB nnacTHH i = 1500, lfHcno 3apH,noa IIIapa 2m= 50000. 

113 ycnoBJill 3epKanhHOil: II aKcJianhHOll Cl:IMM~l:lll pa.3Mell(eHI:IJJ: 3apH,llOB 

,nnJJ: peIIIeHJIJJ: nocTaTOqHo HallTII TOnhKO 3apH,nhI B,nOnh pa,nHyca 0,/lHOll l:13 IlJJaCTI:IH 

KOH,neHcarnpa H 3apH,nhr Ha o,nnoM l:13 MepII,nIIattOB nonycipephr. O6mee qHcno 3THX 

3apJJ:,nOB paBHO 150. 3ro 03HaqaeT, qrn Cl:ICTeMa B 3TOM cnyq:ae COCTOI:IT l:13 150 

ypaaneHI:lll. B BblqHcneHI:IJJ:X BenHqJIH noTeHI.(HanOB II noneil: ecTeCTBeHHhIM o6pa.30M 

yqacTBYJOT ace BCTIOMOraTenhHhie 3apH,llhI nnaCTI:IH l:I IIIapa. PaCCTOJJ:HJie Me)K,lly 

noaepXHOCThIO IIIapa II noaepXHOCThIO C 3apH,naMJI 6panoch paBHhIM y,naoeHHOMY 

paCCTOJJ:HIIIO Me)K,lly coce,nHJIMI:1 3apll:,naMII 3KBaTopa. 
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3 .1. PeJyJihTaTI,I BhP-IMCJieHMH 

Ha pHc.16 noKa.3aHO pacnpe,neneHJie BCTIOMOraTenhHhIX 3apJJ:,nOB anonh pa,nIIyca 

nnacTHHhI KOH,neHcaTopa c IIIapoM B none KOH,neHcarnpa H 6e3 nero. TionJJ:pl:13al(IIJJ: 

,/ll:13neKTpHKa npHBO,/ll:IT K yaenHqeHHIO qHcna 3apH,nOB B l(eHTPanhHOH o6nacTJI 

nnacTHHhl KOH,neHcar9pa. YaenHqeHHe 3apH,nOB Ha KpMX npOBO,nJJ:ll(eil: nnaCTIIHhI 

JJ:BnJJ:eTCJl: cne,ncTBJieM cymecTBOBaHI:IJJ: cao6o,nHhIX 3neKTPOHOB B npoBO,/lHIIKe II ero 

3KBJinoTeHI.ll:lanhHOCTI:I. Tipoae,neM npHMYJO nepneH,nHKynHpHO pa,nHycy nnacTJIHhI,' 

nycrh ee uenrp ocratteTCJJ: cneaa. qIIcno 3apJJ:,noa cneaa npeah!IIIaeT qHcno 3ap.sr.n;_oa 

cnpaaa. qT06hI noaepXHOCTh OCTaBanacb 3KBHnOTeHI.(l:lanhHOH no Mepe 

nepeMemeHHH TOqKH Ha6n10,neHHJJ: K KpaIO, Heo6xo,nHMO yaenHlfeHJie 3HaqeHJIJJ: 

Ka)K,llOro BCnOMOraTenhHOrO 3apH,na K KpaIO nnaCTI:IHhI. YaenI:1qeHI:1e pacqeTHhIX 

3HaqeHHH BCnOMOraTenhHhIX 3apJJ:,nOB na KpaIO nnaCTI:IHhl 03HaqaeT, qro Ha Kpall:X 

npoaoMmeil: nnacTHHhI noaepxHOCTHaJJ: nnoTHOCTh 3apJJ:,noB 6onhIIIe· noBepXHOCTHoil: 

nnoTHOCTI:I 3apJJ:,nOB l(eHrpanhHOH o6nacTH. 

Ha pile. 2a npiiae,neHhI pacnpeneneHJIJJ: HOpManhHhIX · COCTaBnJJ:IOII(l:IX 

3neKTpI:1qecKoro nonJJ: a,nonh MepII,nHana IIIapoaoil: noaepxHOCTH ,nII3neKipHKa. PJic. 

En(s) kV/cm 

1.:1 . I ~t;J I -- I 

·~[[ [ WN(>) 
0 20 40 60 80 100 

a 

2.5 

2 

1.5 

En kV/cm 

.:r I I I 1: I I I l L, mm 
0 . " . 

§1111~ 
-7.5 -5 -2.5 0 2.5 5 7.5 10 

6 

PJIC. 2 (a) Pacnpe.n;eneHIIe HOpManhHhIX KOMnOHeHTOB 3neKTPIIlfeCKOro IIOnJJ: En 

a,nonh MepII,nIIaHanhHoii nHHIIH Ha rroaepxHocrn rronycipephI. BepxHHH KpIIBaJJ: 

COOTBeTCTBYeT BHeIIIHeil: HOpManhHOll COCTaBnJJ:IOII(eil:. HmKH.lISI KpHBaJJ: 

xapaKrepl:13yeT pacrrpe,neneHHe ,nnJJ: BHyrpenHeil: cocTaanJJ:10meil:. TiocTPOeHJie 

BhIIIOnHeHO no KOHTPOfilHhIM ToqKaM Ha IIOBepXHOCTII IIIapa. N(s)- HOMep TO'IKI:I. 

(6) CKaqoK H0pManhHhIX KOMil0HeHTOB Il0nJJ: anonh 0CII Z (rpaipIIK 1) II B,n0nh 

nJIHI:ll:I, rrpOXO,nJJ:ll(eil: rro.n; yrnoM n/4 KOCH X (rpaipHK 2) 
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26 HillIIOCTpHpyeT CKaqoK HOpMaJIJ,HOll COCTaBJUIJOIUeil: 3JieKTpHqecKoro rrom1 B,n0JIJ, 

OCH Z (rpaqmK 1) u CKaqoK HOpMaJIJ,HOll COCTaBJIHIOIUeil: B,n0JIJ, JIIIHIIII, rrpoxo,nsimeil: 

rro,n yrnoM n/4 K OCH z (rpacpIIK 2). B yBeJiuqeHH0M Macrnra6e qaCTH 3TIIX 

pacrrpe,neJieHIIH, OTH0CSIIUIIXCSI K BHyTpeHHeMy 061,eMy rnapa, rrpHBe,neHhl Ha puc. 3. 
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I I 
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0.4 

Ez kV/cm 

1--l----"f---t----:r---+----1 Z, mm 

-4 -2 0 

6 

2 4 

P11c. 3 (a) Pacrrpe,neJieHIIe H0pMaJIJ,HhIX K0MII0HeHT0B 3JieKTpIIqeCK0fO II0JISI 

BHyTpII ,nII3JieKTp11qecKoro rnapa B,noJih JIIIHIIII, rrpoxo,nsimeil: rro,n yrnoM n/4 K ocu X. 

(6) Pacrrpe,neJieHIIe H0pMaJihHhIX K0MII0HeHT0B 3JieKTpIIqecKoro II0JISI BHYTPH 

,nu3JieKTpuqecKoro rnapa B,non1, ocu Z 

Ha puc. 4a II0Ka:mHo ceqeHue rnapa IIJI0CK0CTJ,IO xz II HeK0Top1,1e JIIIHIIII 

3.lieKTpHqeCK0fO II0JIH. JlIIHIIII BHyTpll rnapa Ka)KyrCH rrpHMhlMII II rrapanJieJIJ,HhlMH 

,npyr ,npyry, KaK ,nJIH rnapa B o,nHopo,nH0M II0Jie. Ho rrpe,nCTaBJieHHe O,nHOll 113 JIIIHIIH 

II0JISI B ,npyroM Macrnra6e (puc. 46) fOB0pHT 06 ee IICKpIIBJieHIIH. Ha puc. Sa 

II0Ka3aH0 pacrrpe,neJieHHe 3KBHIIOTeHUHaJieil:, o,nHa 113 HHX II0KaJaHa Ha pHC. 56. Bee 

CKa3aHH0e OTH0CHTeJIJ,H0 JIHHHH II0JISI ocraeTCSI crrpaBe,nJIHBbIM II ,nJISI 

3KBIIIIOTeHUIIaJieil:. 

He60JIJ,IIIOe 0TKJI0HeHHe JIHHHll II0JIH OT rrpSIMOJIHHellHOCTH BHyTpll 061,eMa 

rnapa (puc. 4a) CBH,neTeJihCTByeT 0 6JIH30CTII BeJIHqIIHhl BHeIIIHeil: HOpMaJibHOH 

COCTaBJISIJOIUeH II0JIH, rroJiyqeHHOll B pe3yJihTaTe perneHHSI, K 3HaqeHIISIM 

HOpMaJibHOH COCTaBJISIIOIUeH II0JIH MS! 0,nH0p0,nH0fO II0JISI. B II0CJie,nHeM cnyqae 

OHO rrporropuuoHaJibH0 cosO, r,ne O - IIOJIHpHblH yroJI. Ha p11c. 6a II0Ka3aHbl o6a 

3TH pacrrpe,neJieHHH. Hau6oJihIIIee pacxo)K,neHue Ha6n10,naercsi B ,nuarraJoHe yrnoB 
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6 
P11c. 4 (a) lIHHIIH 3JieKTp11qecK0ro II0JISI BHYTPII H CHapy)KII ,nH3JieKTpIIqecKoro 

rnapa. I1oKa3aHhI TaK)Ke ,nBe 3KBIIII0TeHUHaJIH, rrpoxo,nsimue qepe3 061,eM rnapa. 

( 6) O,nHa It3 JllfHitll II0JISI B II3MeHeHH0M Macrnra6e. BHyTpit rnapa JIIIHIISI II0JIH He 

CJie,nyeT B,n0JIJ, rrpsiMoil:, 0Ha IICKpIIBJieHa K ero neHTPY 

Zmm Zmm 

2.2f --· -- t 

2.1 

f-----+-+-t--t-it---1 X mm 
2· -

1.9 

1.81----J-i---+----+--1-----j X mm 

-10 L===±===:t===:::::t===i 
-10 -5 0 5 10 

a 

1.7 
L.:::: 

-10 -5 0 

6 

5 10 

Puc. 5 (a) 3KBHIIOTeHUlfaJllf BHyTpll II CHapy)Klf ,nlf3JieKTpIIqecKoro rnapa. Ha HeM 

II0Ka3aHbl TaK)Ke ,nBe CUJI0BJ,Ie JllfHHH II0JISI. 

(6) O,nHa lf3 3KBHIIOTeHUUHaJieil: B II3MeHeHH0M Macrnra6e. BHyTpII rnapa 

3KB!iII0TeHU!iaJibHaSI JllfHlfSI lfCKp!iBJieHa B CT0poHy II0BepXH0CTH 
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En(s) kV/cm En(s) kV/cm 
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6 
Pttc. 6 (a) PacITpe.n:eJieHHe HOpMaJibHbIX COCTaBJI.llIOIIJ;HX :meKTpH'IeCKOro UOJI.ll En 

B KOHTpOJibHblX ToqKax ITOBepXHOCTH. IlOKa3aH pe3yJibTaT pemeHH.ll paCCMOTpeHHOro 

CJI)"!a.ll H pacITpe.n:eneHHe .n:n.11 cnyqa.11 mapa c TaKoii: )Ke .L.lll'.lJieKTpHqecKoii: 

upomn.iaeMOCTbIO, ttaxo.zuuu;eroc.11 B 0,L.lHOpO,L.lHOM 3JieKTpUqecKOM UOJle. B 

0,L.lHOpO.D:HOM ITOJie HOPMaJibHa.ll COCTaBJI.lllOIIJ;a.ll ITpoITopUHOHaJibHa cos0, r.n:e 0-

ITOJI.llpHbIH yroJI. Pa3Jillqlle Ha6JIIO,n:aeTC.ll B BH,n:e YTOJIIIJ;eHH.ll JIHHHH. { 

(6) qaCTb 3TOfO pacITpe.n:eneHH.ll B yBeJIHqeHHOM MaCIIITa6e. BepXH.ll.ll KpHBa.ll 

OTHOCHTC.ll K CJiyqaIO O.[{HOpo.n:Horo 3JieKTpHqecKoro ITOJI.ll. HopMHpOBKa ,L.lJI.ll 3THX 

.n:Byx cnyqaeB c.n:enaHa .n:n.11 ITOJI.llpHoro yrna 0=0° 

20° < 0 < 75°. 0 pa3HHIJ;e MO)KHO cy.n:HTb ITO u;eHTpaJibHOH qacm pacITpe.n:eJieHHH 

(pHC. 66), ITpe.n:cTaBJieHHbIX B yBeJIHqeHHOM Macmrn6e. 

HaMH paccMaTpHBaJiacb 3a,L.laqa .n:n.11 mapa, ttaxoMmeroc.11 B ::ineKTpHqecKoM 

ITOJie, o6pa30BaHH0M ITJiaCTIIHaMll KOH.[{eHcaTopa, pa3Mepbl KOTOpbIX II 3a30p Me)K,L.ly 

HHMH cpaBHHMbl C ,L.lllaMeTpOM mapa. AHaJIH3 pe3yJibTaTOB, ITpe.[{CTaBJieHHbIX B BII,L.le 

pHCyttKOB 26, 4a, 5a ll 6, ITOKa3bIBaeT 6JIH30CTb ITOJiyqeHHbIX xapaKTepHCTIIK ITOJieii: ll 

ITOTeHIJ;llaJIOB c ITO,L.l06HbIMII xapaKTepHCTIIKaMH .L.lJl.ll mapa, Haxo,L.l.llmeroc.11 B 

O,L.lHOpO,L.lHOM 3JieKTpllqeCKOM ITOJie. BbIITOJIHHM pacqeT ITO cpopMyJie .[{JI.ll 

O.[{Hopo.n:Horo 3JieKTpHqecKoro ITOJI.ll arp I az =3E O /( e+ 2) ITpHMeHHTeJibHO K HaIIIeMy 

cnyqaIO. 
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1-h IIOJiyqeHHOH BeJIHqHHbI arp I az = 0,39827 KB/cM H e=6 cne.n:yeT 

£ 0 =1,06205 KB/cM. Ilo ycJIOBH.llM 3a,L.laqH £ 0 =1,0 KB/cM. ,nJI.ll yrna 0 = 45° 

OTHOIIIeHHe HOpMaJibHblX cocTaBJI.llIOIIJ;HX ITOJI.ll .[{JI.II Hamero cnyqa.11 II cnyqa.11 

O,L.lHOpo.n:Horo ITOJI.ll paBHO 1,0246. TaKHM o6pa30M, pa3HHIJ;a xapaKTepIICTHK He 

ITpeBbIIIIaeT HeCKOJibKHX ITpou;eHTOB. 

B03BpaTHMC.ll K COOTHOIIIeHmo paCCTO,.l!Hll.ll Me)K,L.ly coce,L.lHHMH 3ap.ll.L.laMII a II 

pacCTO.llHHIO Me)K.L.ly ITOBepXHOCTbIO C 3ap.11,n:aMH ll ITOBepxHOCTbIO ITpOBO,L.lHIIKa d. 

Ilocne.n:Hee .L.lOJI)KHO y.n:0Bnernop.11Tb ttepaBeHcTBy d > 1,4a [2]. Ba)KHOCTb ero 

BblITOJIHeHII.ll IIJIJIIOCTpHpyeTC.ll pHC. 7. Ha HeM ITpe,L.lCTaBJieHbl pacITpe,n:eJieHII.ll 

HOpMaJibHblX COCTaBJI.lllOIIJ;HX 3JieKTpIIqecKOro ITOJI.ll B,L.lOJib OCH z B 061,eMe mapa. 

Ez kV/cm Pttc. 7. PacITpe.n:eneHHe H0pMaJibHOH 

COCTaBJI.llIOIIJ;eii: 3JieKTpIIqecKoro ITO-
0.406 
0.404 JI.ll En BHYTPII ,L.lII'.lJieKTpIIqecKoro 

0.402 
mapa B.L.lOJib ero OCH Z. BepxmIJ1 

0.4 
0.398 
0.396 

CITJIOIIIHa.ll KpllBa.ll C0OTBeTCTBYeT 

0.394 Zmm cnyqa10 d = a, r.n:e a - paccTO.llHHe 

0.392 
-4 -2 0 2 4 Me)K,L.ly coce.[{HHMH 3apH.[{aMH, d-

paccTO.llHHe Me)K.n:y ITOBepXHOCTbIO 

C 3apH.[{aMH ll ITOBepXHOCTbIO ITpOBO.[{HHKa ToqKaMH ITOKa3aHO pacITpe.n:eneHHe .L.lJI.ll 

cnyqa.11 d=2a 

CITJIOIIIHa.ll KPHBa.ll COOTBeTcTByeT cnyqaIO d = a. O6pamaeT Ha ce6H BHHMaHHe 

pe3KHH ITO,L.lbeM Me)K,L.ly HaqaJibHOli II ITOCJie,L.lYIQIIJ;HMH T0qKaMH. B 3TOli TO~e 

BblITOJIH.lleTC.ll COOTHOIIIeHHe, OITpe,n:eJIH10mee CKaqoK HOpMaJibHbIX K0MITOHeHTOB 

::ineKTpHqecKoro ITOJI.ll Ha rpattttu;e pm.n:ena .n:Byx cpe.n: E nl =i; E 112 • ToqKaMH Ha '.!TOM 

pHCyttKe mo6pa)KeHa 3aBHCIIMOCTb HOpMaJibHbIX COCTaBJI.llIOIIJ;llX 3JieKTpllqecKoro 

ITOJI.ll B.[{OJib OCH Z B o6beMe mapa .L.lJI.ll CJI)"Ia.ll d=2a. 

IlOCMOTpHM, KaKHM o6pa30M BblfllIMT pacITpe.n:eJieHHH IT0TeHIJ;IIaJIOB II 

HOpMaJibHblX KOMITOHeHT0B 3JieKTpHqecKoro ITOJI.ll Ha rpaHHQe pm.n:ena. ,L.lByx cpe.n: 

B,L.lOJib OKOJIOITOJIIOCHOro yqacTKa MepH,L.lllaHa. Ha pHC. Sa, 86 ITOKa3aHO 
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Pn:c. 8 ( a) PacITpe.neneHn:e HOpMam,Hoil: cocrnBmnomeil: 3neKTpwiecKoro ITOiljJ En 

BHyrpH .Z(H3neKTPHtieCKOro rnapa ITO ero ITOBepXHOCTH B.Z(Oilh Mepn:.nn:aHa. N-HOMep 

ToqKn:. B yrnoBhIX Benn:qn:Hax 100 .neneHn:il: rnKanhI a6cun:cc coorneTcrnyioT 0,ln/2. 

ITpe.ncrnBneH cnyqail:, Kor.na d=2 a. 

(6) 3rn )Ke pacITpe.nenemre B yBenn:qeHHOM Macrnrn6e. Oco6eHHOCTH B 

ueHTPallhHOH qaCTH pacITpe.nenemrn CBjJ3aHhI C HCITOilh30BaHn:eM ToqeqHhIX 

BCITOMoraTenhHhIX 3apjJ.Z(OB. 

(e) 11oTeHun:anhHOe pacITpe.neneHn:e .nnjJ cnyqM d = a. 

(2) 110TeHun:anhHoe pacITpe.neneHn:e .Z(Iljl cnyqM d =2 a 

pacITpe.neneHMe HOpManhHh!X KOMITOHeHTOB ITOiljJ .Z(IljJ cnyqajJ d=2a, B HHX 

Ha6mo.naeTCjJ BillljJHMe xapaKTepa pacITpe.neneHMjJ BCITOMOraTeilhHhIX 3apjJ.Z(0B. QeHa 

0.Z(HOfO .neneHMjJ IIIKallhI ITO OCH a6cuncc COOTBeTCTByeT B yrnoBh!X BenuqnHax 

0,00l7r. Han6onhrnee OTHOCn:TenhHOe Kone6aHMe COCTaBnmomeil: ITOiljJ HaXO.Z(MTCjJ 

ITPMMepHO Ha ypOBHe ±0,00001. TaKMM o6pa30M, BennqnHy ±0,00001 MO)KHO 
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paccMaTpMBaTh KaK ITorpeIIIHOCTh perneHHjJ 3a.Z(alJH. 8 cnyqae d=a OHa HaxO.Z(MTCjJ 

rrpHMepHO Ha ypoBHe ±I%. 

HanMeHhlIIHM o6pa30M .!lHCKpeTHOe pacrrpe.neneHMe BCIIOMOraTenhHhIX 3apjJ.Z(OB 

CKa3hIBaeTCjJ Ha IIOTeHUHallhHhIX pacrrpe.neneHlljJX, Ha pHC.88 IIOKa3aHO 

pacITpe.neneHHe .nnjJ d=a. Pacnpe.neneHHe .nnjJ d=2a rrpHBe.neHo Ha pnc.82, Ha HeM 

Beeb .Z(HaITa30H ITO OCH op.nnHaT paBeH O,!lHOMY HHTepBany OCH op.nnHaT pncyHKa 8e. 

Pa3HMUa Me)K.ny pacITpe.neneHMjJMH IIOTeHQHallOB H HOpManhHhIX KOMITOHeHTOB 

3neKTPHtJecKoro rronjJ Ha rpaHnue pm.nena .nByx cpe.n o6jJ3aHa pmnnqmo B 

3aBHCHMOCTjJX ITOiljJ M IIOTeHunana OT pacCTOjJHHjJ Me)K.ny ToqelJHbIM MCTOlJHMKOM M 

TOlJKOH Ha6n10.neHHjJ, ITone cITa.naeT o6paTHo rrporropunoHanhHO KBa.npaTy 

paccTOjJHlljJ, IIOTeHUMan H3MeHjJeTCjJ o6paTHO rrpoITOPUHOHallhHO paCCTOjJHHIO B 

rrepBOH CTerreHH . 

11pHBe.neHHhie Ha pHCYHKax CHilOBhJe IllIHHH ITOiljJ CTpOHilHCh B BH.Z(e 0Tpe3KOB 

KacaTenhHh!X K HCTHHHOH IlHHMH IIOiljJ, rrpoXO.Z(jJIIl;eH qepe3 .naHHyio TOlJKY 

IIIlOCKOCTH. 3KBHIIOTeHUHallH CTpOHilHCh TeM )Ke MeTO.Z(OM. HarrpaBneHHe 

KacaTenhHOH B .naHHOH TOlJKe orrpe.nenjJilOCh ITOBOpOTOM BeKTOpa ITOiljJ Ha yron 1r: /2. 

11o.npo6Ho MeTO.n H3IlO)KeH B [6]. 

11pH He06XO.Z(HMOCTH BhJqHcneHHjJ HarrpaBiljJJOIIl;HX KOCHHYCOB HOpManbHOH 

COCTaBiljJJOru;eil: B .naHHOH TOlJKe .Z(H3neKTpHKa HHOr.na uenecoo6pa3HO ITpOBeCTH 

3aMeHy .Z(H3neKTPHKOB rrpoBO.Z(jJIIl;HMH TenaMH. B 3TOM cnyqae Ha BCex rrpoBO.Z(HHKax 

3a,Z(aeTCjJ rrpOH3B0IlhHOe 3HalJeHHe IIOTeHUHana H pernaeTCjJ KpaeBM 3a.Z(alJa C 

. BHYTPeHHHMH pmMeru;eHHjJMH BCITOMoraTeilbHhIX 3apjJ.Z(0B. B hllJH CiljJJOTCjJ 

HaITpaBiljJJOru;He KOCHHYChI 3IleKTpn:tJeCKoro IIOiljJ B .naHHOH TOqKe ITOBepXHOCTH 

ITpOBOMmero Tena (6bIBIIIero .Z(II3IleKTpHKa). Jh-3a CBOHCTB 3IleKTpHtJeCK0fO IIQiljJ Ha 

II0BepXH0CTH rrp0B0.Z(HHKa 0HH 6y.nYT HarrpaBiljJJOIIl;HMH K0CHHycaMH HOpManbHOH 

K0MII0HeHThl IIQiljJ Ha II0BepXH0CTH .Z(H3neKTpHKa. B .naHH0M cnyqae CHCTeMa 

ypaBHeHHH .Z(IljJ orrpe.neneHHjJ 3apj!.Z(QB 3neKTp0.!l0B ITO.Z(06Ha CHCTeMe ypaBHeHHH 

THITa (2.3). ~IljJ rrp0BO.Z(HMKa C H0MepoM k H II0TeHUHall0M Uk 0.Z(H0 H3 ypaBHeHHH 

CHCTeMhl 6y.neT Bhlfilj!.Z(eTh KaK 

z:u,_1 = uk. 
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HH,neKC j smmIeTCH H0MepoM KOIITPOJihHOH T0'IKl1 :noro rrp0B0,UHHKa. l111,neKCOM i 

o603Ha'IeHbl H0Mepa BCII0M0raTeJihHhIX 3apHJl0B Bcex rrp0BOJ{H11K0B. 

nJIH paCCMorpeHH0f0 CJiy'IaH (Jl113JieKTp11K B BaKyyMe) II0BepXH0CTHYJO 

IIJI0TH0CTh Il0JIHPH3filll10HHhlX ( CBH3aHHhIX) 3apHJl0B M0)l(H0 orrpe,neJil1Tb 113 

C00TH0IIIeHml 

u =JCE 0 En, 

r,ne 1C - Jll13JieKTp11'IeCKaH B0CIIp111IM'Il1B0CTh. n113JieKTpII'IeCKaH B0Cilp1111M'Il1B0CTh 11 

Jll13JieKrpII'IeCKaH npoHm-1aeM0CTh CBH3aHhl Me)l(,ny co6oJI C00TH0IIIeHIIeM 1C = 1 +E. 

4. BbIBO~bl 

ITpe,nJIO)l(eH II o6ocHoBaH MeT0Jl peIIIeHIIH KpaeBhIX 3a,naq 3JieKTpOCTaTIIKII JlJIH 

Jlll3JieKrpIIK0B B 3JieKTp0CTaTII'IeCK0M Il0Jie rrp0B0J{Hl1K0B. AJire6pa11qeCKIIH 

'IIICJieHHhlH MeT0Jl peIIIeHIIH KpaeBOH 3a,naq11 0CII0BaH Ha 11CII0Jib30BaHII11 

BCil0M0raTeJibHh!X T0'Ie'IHhIX 3apHJl0B rrp0B0Jl5111-111X 3JieKTpo,noB II T0'Ie'IHblX 

BCII0M0raTeJibHhIX 3apHJl0B Jlll3JieKTp11Ka, pa3MemaeMhlX BHYTPII 11 BHe Jll13JieKTp11Ka. 

HcrrOJib30BaHIIe T0'Ie'IHhlX BCII0M0raTeJihHbIX 3apH,n0B 1103B0JIHeT pernaTh 

3a,naq11 C np0II3B0JibHhlMII 110 cpopMe Jlll3JieKrp11KaM11, 11Merom11M11 pa3JIII'IHhie 

Jl113JieKrpII'IeCKIIe rrp0HIIUaeM0CTl1. Pacrrpe,neJieHIIH IIOJieli II II0TeHU11aJI0B B 

rrpocrpaHcTBe HaX0,UHTCH rrp0CThlM cyMM11poBa1111eM IIOJieli II II0TeHU11aJI0B OT 

T0'Ie'IHhlX IICT0'IHl1K0B. 

803MO)l(H0CTII rrpe,nJIO)l(eHHOfO Mero.na rrpOIIJIJIIOCTpIIpOBaHbl Ha K0HKpeTHOM 

11p11Mepe perneH11H 3a,na'I11. 

5. 3aKmoqem:1e 

ABrnpu 6Jiaro,napHhI M.r. lllacppaHosoil., KoropaH rrpocMoTpeJia pyK01111ch 11 

c,neJiaJia pH,n 3aMe'IaH11ii, Y'ITeHHhIX B 11y6mIKau1rn. 
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