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B pa6orax [1,2] .Lia.HO o6ocHoBaHIIe HOBoro 1nepau;IIOHHOro a.Jire6pan:qecKoro 

Mern,na (HAM) peIIIeHIIH 3JieK-rpOCTaTIIKH CIICTeM, 

y,noBrrernop»10mIIx ypaBHeHIIIO nanrraca ~<p~O. Hacrn»ma» pa6oi-a ITOCB»~eHa ero 

,L\aJibHeiirneMy COBeprneHCTBOBaHIIIO ll pacCMO'IpeHHIO KOHKpeTHbIX crryqaeB 

npIIMeHeHHH ,naHHOro MeTo,na. HcITOJib30Ba.Hlle 

BCIIOMOraTeJibHbIX TOJibKO JIHHellHblX llJill ToqeqHblX 3apH,nOB ITO3BOJIHeT B HeKOTOpbIX 

crryqa»x yITpOCTIITb perneHne KpaeBbIX 3a,naq 3rre-rpocTaTHKH, cymecrnenno coKpaTIITb 

BpeM» KOMITbIOTepHbIX pacqeTOB. B 3TOM crryqae KpaeBaH 3a,naqa CBO,L\llTCH K perneHHIO 

CIICTeMbl o6bJqHblX JIHHellHbIX ypaBHennil:, ITO3TOMY ITpe,nrraraeMhlll MeTO,L\ 

11errecoo6pa3no Ha3BaTb MemoooM J1u11eu1lb1X ypae11e11uu (MnY). 

B KaqecTBe ITpIIMepa llCITOJib3OBaHHH MeTo,na JIIIHeil:HbIX yprumennil: paCCMO'IpllM 

pernenIIe ,n:Byx 3a,naq 3JieK-rpOHHOll OITTIIKII. Bo Bcex ITpIIBe,neHHblX Hll)Ke ypasneHHHX 

Mbl 6y,neM ITOJib3OBaTbC.ll CIICTeMOll raycca. l;'aK, ITOTeHIIIIa.JI, C03,L\aBaeMblll ToqeqnbIM 

3ap»,noM B 3Toil: cncTeMe, oITpe,nerr»eTc» cooTnorne:imeM U=qlr. B CIICTeMe CH 

noTen11IIarr rnqeqHoro 3ap»,na oITpe,neMeTc» Bbipa)KeHneM U = q I 4ne0r : 

1. 3JieKTpOcTaTuqecKaH JIHH3a 

1.1 MJIY 11 ero np11MeHeH11e K peweHHl-0 JaAa'IH ' 

PaccMO'IpIIM 3rreK-rpocraTnqecKYIO JIHH3Y, o6pa30Ba.Hny10 .LIBYMH -rpy6qaThIMII 

:meK-rpO,LlaMll ,L\JillHOll L.· 3a3op Me)K,Lly 3TllMll 3JieK'IpO,LlaMll s paBeH O,1D, r,ne D -

BHy-rpeHHIIll ,L\llaMeTp 3JieK-rpo,na. 3rreK'IpO,L\bl naxo,nHTCH ITO.LI paBHbIMll ITO a6corrIOTHOll 

BeJIIIqIIHe ITOTeHIIIIa.JiaMII U o II - U o. 

B COOTBeTCTBIIII C ITpIIHHTOll MeTO,L\IIKOll pernemra 3a,naqII BOCITOJib3yeMC.ll 

ll306palKeHIIHMII BCITOMOraTeJibHbIX ToqeqHbIX 3ap»,LIOB, CO3,L\aIOIUIIX 3a,Lla.Hllblll 

ITOTeHIIIIa.JI B KOH'IpOJibHblX TOqKax Ha BHy-rpenneil: ITOBepXHOCTII 3JieK'IpO,L\OB. 

PacCTOHHIIe d Me)K,Lly 3ap»,n:OM II COOTBeTCTBYIOmeil: eMy KOH'IpOJibHOll TQqKOll 

ITOBepxnocm ,L\OJI)KHO y,noBJieTBOp.llTb COOTHOIIIeHIIIO dE(a, 1,5a), r,ne a - paccTOHHIIe 
. . 

Me)K,Lly 3ap»,naMII B,L\OJib 06pa3y10meii IIIIJIIIH,npa. TaKoe COOTHOIIIeHIIe Me)K.L(y a II d 

HBITHeTCH OIITIIMa.JibHblM [2]. 

CxeMa pa3M~menIIH 3ap.ll,L1OB II KOH'IpOJibHbIX ToqeK B ceqeHIIII ITJIOCKOCTblO Z 

rrpIIBe,nena Ha rreBOll qacTII pIIc.1. H3o6pa)KeHII.ll BCITOMOraTeJibHbIX 3ap.ll,L1OB II 

Otit,t);;..,::l~ 1;~,:Thr,t t. 
~ll'~:J.iH.u ac~-.-H~I~~1BNil I 
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Pttc. 1. CxeMa pa3MCII(eHIIH KOH'IpOJII,Hhp( ToqeK no OKpy)KHOCTII, o6pa30BaHHOH 

ceqeHHeM BHy'IpeHHeii: ITOBepxHOCTII 'Ipy6qarnro 3JieK'IpO.D:a JIIIH3hl z ITJIOCKOCThIO, a 

TaK)Ke _BCITOMOraTeJibHhIX 3apJI,n:OB, CO3.11:aIDII(IIX B KOHTpOllhHhlX TOqKax :m,n:aHHhIH 

ITOTeHI~an (neBbIH pnc.). 

3apJI,n:OBOe pacITpe.n:eneH1Ie B KOH'IpOllbHblX TOqKax B.11:OJib BHYTpeHHeii: 

o6pa3YfOII(eii: 'Ipy6qarnro 3JieK'Ipo.n:a (rrpaBhlii: pttc.) 

KOH'IpOllbHbie TOqKII pa3Mell(eHbI B IIJIOCKOCTH ceqeHHH, pacITonaraeMOll HOpManbHO K 

OCH JIIIH3bl z. 3apH,n:hl paCITOJIO)KeHhI paBHOMepHO ITO OKpy)KHOCTH pa,n:ttyca Rq ' a 

KOH'IpOllbHbie TO~II - ITO BHy'IpeHHeii: OKpy)KHOCTII pa.n:ttyca R=D/2. Ka)K.11:blll 

Toqeqnhiii: 3apH,n: H COOTBeTC'fBYfOII(aH eMy KOH'IpOllbHall T01IKa Haxo~CH Ha O,n:HOM 

pa.n:nyce. qHCJIO 3apH,n:OB Ha ~~oii: OKp}')KHOCTH paBHO k. J,fa }'CJIOBIIll aicnanr,HoH 

CIIMMC'Ipllll CHCTeMbI II CIIMMC'Ipllll OTHOCHTCJibHO ITJIOCKOCTII Z=0 MO)KHO 

orpaunqHTbCH KOH'IpOJibHbIMif TO~aMII TOJibKO o,n:Horo UHJIHH,n:pa JIIIH3hl, Jie)Kall(IIMII. 

B,n:OJib O.11:HOii o6pa3Yf0Il(eii. qlICJIO KOH'IpOJibHblX TQqeK Ha o6pa3YfOII(eH paBHO n. B 

CIIJIY oceBoii CIIMMe'IplIII Bee 3apH,n:bI; HaxO,n:HII(lleCH Ha 0.11:HOii: OKpy)KHOCTII, paBHbI 

Me)K.11:y co6oii. TaKHM o6pa3oM, Heo6xo.n:mme .11:JIH pemeHHH qucno ypaBHeHHH, B 

KOTOpblX HeH3BeCTHhlMII HBJIHIOTCH n BennqHH 3apH,n:OB qi, q2,q3>••·qn, TaK)Ke paBHO n: 

B COOTBeTCTBIIII C ITPIIHUHITOM cyrrepITO31IUHH IIOTCHUIIan B Ka)K.11:0ll KOH'IpOJibHOH_ 

TOqKe, OITpe,n:ell!eTCH CYMMOii: ITOTeHUII!UIOB OT Ka)K.11:oro BCITOMoraTeJihHoro 3apH,n:a, a 

ITOTCHUHanhl B Ka)K.11:oii: KOH'IpOJlbHOH TOqKe .11:OlI)KHbI y,n:oBneTBOpHTb rpaHHqHoMy 

ycnOBIIIO, T.e. 6bITb paBHbIMII U o· Tor.n:a ypaBHeHHe .11:lIH i-oii KOH'IpOllhHOH TOqKII 

3aITHIIIeTCH B CJie,llYfOII(eH cpopMe: 
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m=I rl.~J m=l Rl,
1

m m=I r2:m m=l R/m m=I rn:m m=l Rn:m 

B 3TOM ypaBHeHIIII -r/2 -paccTOHHIIe Me)K)ly 3apH,llOM C HOMepoM / ' HaXO,n:HII(eMCH B 

TOlfKe C HOMepoM m Ha OKPY)l(HOCTII C TeM )Ke HOMepoM, qTo II HOMep 3apH,lla, II i- oii: 

KOHTpOJihHOH ToqKoif Ha UHJIIIH.llpe c ITOJIO)l(HTeJihHhIM IToTeHUHanoM. A Rtl -
pacCTOHHI_Ie .llO TOH )Ke KOHTpOJibHOH TOqKII OT 3apH,lla, CHMMe'IpllqHo paCITOJIO)l(eHHOro 

Ha UIIJIIIH,llpe C OTpHUaTeJibHhIM ITOTeHUIIanOM. 

TTocKOJihKY Mhl IIMeeM n ypaBHeHHii: C n HelI3BeCTHhIMII, 3Ta CIICTeMa JIIIHeii:HhIX 

ypaBHeHHH HMeeT eaHHCTBeuiioe pemeuHe. C~cTeMa pemaeTcH, HaITpHMep, c 

ITOMOill,hIO MeTO,lla Bpau~eHHii: [3]. KaK 3TO cneayeT II3 ITpHBe,lleHHOro ypaBHeHIIH, 

ITpe,llJIO)l(eHHhIH MeTO,ll MO)l(HO ITPIIMeHIITb K CIICTeMe 3JieKTpO,llOB, IIMeIOill,IIX paBHbie 

ITO a6conIOTHOii: BenHqHHe ITOTeHU1Ianb1.· B paccMaTpHBaeMoM cnyqae MhI HMeeM .llBa 

' 3JieK'IpO,lla, ITO3TOMY B KBa.n:paTHhIX CK06Kax Bbipa)l(eHIIH (1) HaXO,llHTCH ,llBa qJieHa co 

3HaKaMII, COOTBeTCTBYIOill,HMII 3HaKaM ITOTeHunana. B cnyqae 6oJibIIIero qllcna 

3JieKTPO.llOB B Bbipa)l(eHHH, CTOHill,lle B KBa,llpaTHhlX CK06Kax, Heo6XO,llHMO ao6aBHTh 

,llOITOJIHHTeJihHbie qneHbI. Hx 3HaKH OITpeaenHIOTCH 3HaKaMH ITOTeHunana. B 3TOM 

cnyqae o6mee qucno qneHOB n HemBeCTHhIX B ypaBHeHnn ( 1) yBennqnTCH Ha qucno 

BCITOMOraTeJibHbIX 3apH,llOB Ha 3THX 3JieK'IpO,llax. Cnyqaii: ,llJIH 3JieK'IpO,llOB C pa3HhlMII 

ITO BeJIHlfHHe ITOTeHunanaMH paCCMOTpeH B [2]. B HaCTOHill,eii: pa6oTe OH HCITOJih3YeTCH 

B 3a,llaqe o aecpneKTope. 

PaccMOTpHM KOHKpeTHh!H ITpHMep pemeHHH KpaeBoii: 3a,llaqll 3JieKTpOCTaTHKII 

ITPHMeHHTeJihHO K .llByx3neK'IpO.llHOii: 3JieKTpOCTaTHqecKoii:- JIHH3e, ,llJIH KOTOpOH L=30 

MM, D=lO MM, s=0,lD. TTpn pemeHnn HCITOJih3OBanach cncTeMa 80 ypaBHeHHii: .11:JIH 80 

HeH3BeCTHblX ToqeqHbIX 3apH,llOB. 

IIoTenunan BO Bcex 80 KOH'IpOJ!bHhlX TOqKax B,llOJ!h o6pa3Yf0Ill,eii: UH.llHH,llpa B 

OTHOCHTeJibHhlX e,lllIHHUax Uo = 1, 3a IICKJIIOlfeHHeM TOJ!hKO O,llHOii:, rae OH paBeH 

0,999999 (pnc.7). Ha ITepBoM )Ke pncyHKe ITOKa3auo pacITpeaeneHne BennqHH 80 

BCIIOMOraTeJihHh!X ToqequbIX 3apH,llOB. HeperynHpHOCTH H 60JihIIIaH BeJIIIlfHHa 3apH,llOB 

B Haqa.rie pacrrpeaeneHHH o6H3aHhI COOTBeTCTBYIOill,HM 3apH,llaM IIpOTHBOIIOJIO)l(HOro 
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Puc. 2. IloTeHUIIaJihHOe pacrrpeaerreHIIe B OTHOCIITeJibHbIX emrnuuax BaOJih OCII 

3rreKTPoaa JIIIH3hI. IloTeHuuan BHyrpeHHeiI rroBepxHocrn 3JieKTpoaa U rel rrpum!T Ja 

eMHIIUY (JieBblH puc.). 

PacrrpeaerreHIIe IIOJIHOro JHaqeHII.11 3JieKTPIIqecKoro IIOJI.11 Et BaOJib OCII 

:meKTPoaa B B/cM rrpu rroTeHuuane 3JieKTPoaa, paBHOM 5 B (rrpaBhIH puc.) 

JHaKa BToporo UIIJIIIHapa. YBerruqeHue Jap.11a0B B KoHue pacrrpeaerreHu.11;Heo6xoauMoe 

AA.II o6ecrreqeHII.II 3KBIIIIOTeHUIIaJibHOCTII IIOBepXHOCTII JIIIH3hl, CB.113aHO C OTC}'TCTBIIeM 

3ap.11a0B BHe UIIJIIIHapa JIIIH3bl. YBeJiuqeHIIe · BeimqIIH 3ap.11,n0B npHBOaI:IT K pocTy 

3JieKTPIIqecKnx· IIOJieiI Ha. KOHeqHbIX yqacTKax 3JieKTPOaoB (pnc. 2). 3TH KpaeBbie 

3q>q>eKTbl Bceraa rrpo.llBJI.IIIOTC.11 Ha rpaHIIUax 3JieKTPOaOB. Ha 3TOM pncyHKe rrpIIBeaeHo 

H TIOTeHUHaJibHOe pacrrpeaerreHIIe BaOJib OCII 3JieKTPOaa C IIOJIO)KIITeJibHbIM 3HaqeHIIeM 

IIOTeHUIIaJia. Ha puc.3 IIOKa3aHbl 3KBIIIIOTeHUHaJIII B6JIII3II 3a30pa Me~y 3JieKTpoaaMH 
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Pnc. 3. 3KBIIIIOTeHUIIaJIH oaHoro II3 3JieK'rpoaoB 

B6JIII3H 3a30pa. OHH COOTBeTCTBYIOT TIOTeHUHaJiaM 

B OTHOCIITeJibHbIX eaunnuax OT 0,1 ao 0,8 c HHTep

BaJIOM B 0, I. Cnrrournoil rrnnueil CBepxy TIOKaJaHa 

qacTh 3JieKTPoaa B ceqeHHH. ToqKfildII o6oJHaqeHhI 

mo6pa,KeHH.II BcnoMoraTeJihHhlX 3ap.11a0B, KOToph1e 

pa3MemeHhI BHYTPII 3JieKTPoaa 
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I 

JIHH3bl. OHH COOTBeTCTBYIOT auarraJOHY TIOTeHUHaJIOB B OTHOCHTeJibHhIX eaumi:uax OT 

0, I ao 0,8 BKJIIOqIITeJihHO, c maroM 0, I. IloTeHUHaJI BHyrpeHHeH TIOBepxHOCTII 

3JieKTPoaa paBeH eaHHHUe. Ha 3TOM )Ke pHCYHKe TO~aMH TIOKa3aHbl mo6pa,KeHII.II 

HeCKOJihKHX BCIIOMOraTeJibHbIX 3ap.11a0B HaqaJibHOro yqacTKa 3JieKTPoaa. 

Ilo TeopeMe raycca Ii:a noBepxnocrn rrpoBoaHIIKa IInayKUII.11 D=cE=41r(J', rae er -

IIOBepXHOCTHa.11 IIJIOTHOCTb 3ap.11aoB, crreaoB~TeJibHO er =sE/4,r. TaKIIM o6pa30M,Mbl 

MO)KeM rrorryqIITb paenpeaerrenue TIOBepXHOCTHOH TIJIOTHOCTH 3ap.11a0B Ha BHyrpeHHeiI 
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Pnc. 4. IloBepXHOCTHa.11 TIJIOTHOCTb 3ap.HaOB B npOII3B0JlbHbIX eMHIIUax BaOJib 

uaqanhnoro yqacTKa o6paJYIQmeil (crreBa), a TaK)Ke B pailoHe HJMeneHII.11 

uarrpaBJieHII.11 3JieKTPnqecKoro TIOJI.11 ( cnpaBa). Ilo OCH X OTJIO)KeHO paccTO.IIHIIe OT 

Haqana ~pHBOH BaOJib IIOBepXHOCTH 3JieKTPoaa 

IIOBepXHOCTH ::meKTPoaa, BKJIIOqa.11 H yqacTOK B o6rracTH 3a30pa. Pacnpea~JieHIIe 

IIOBepXHOCTHOH IIJIOTHOCTH 3ap.11a0B B npOH3BOJibHblX eaHHHUax TIOKa3aHO Ha pHC. 4. 

JloKaJibHhlH MHHHMYM B Haqane pacnpeaeneHH.11 CB.113aH C He60JibillIIM TIJIOCKHM 

yqaCTKOM 3JieKTPOaa B 3a30pe (pnc. 3). 
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Pnc. 5. PacrrpeaerreHne · 3JieKTPHqecKoro noJI.11 B 3a3ope Me)K)zy rrpoBOMIUHMH 

qacT.IIMII TPYfiqaThIX 3JieKTPoaoB JIHH3hI ( crreBa). 

IloTeHUHaJihHOe pacrrpeaerreHIIe B 3TOM ,Ke 3a3ope (crrpaBa). OHo rrpaKTnqecKH 

JIHHeUHO. 
5 



PacITpe,neneHI1e 3JieKTpHqecKoro ITOJUI B 3a3ope JIHH3hI ITPH ITOTeHIJHane 

3JieKTIJO,!lOB, paBHOM ±5 B, ITOKa3aHO Ha pHC. 5. B pa6ornx [4,5) ,!lllil HaXO)l()J.eHHSI 

perneHif}l 3JieKTIJOCTaTifqecKoi1 3a,naqH 3JieKTpOHHOH OITTHKH ;1,1emoooM KOHe'IHblX 

:JJleMeHmoe (MK3) 6hIJIO Heo6xo,nHMO ITpe,nITOJIO)I{IfTb _JlHHeil:Hyro 3aBHCHMOCTh 

ITOTeHIJHaJia B 3a30pe. Ha pnc. 5 ( CITpaBa) ITOKa3aHO HCTHHHOe pacITpe,neJieHHe 

ITOTeHIJHaJia B 3a30pe, OHO ,neil:CTBHTeJibHO 6JIH3KO K JIHHeHHOMy. OTKJIOHeirne OT 

nnHei1Hoil: JaBIICHMOCTII Ha6mo,naeTcH B6JIH3H 3JieKTIJO.IlOB: Otto ocrnHeTCH H ITPH 

. yMeHbIIIeHIIH BeJIHqifHbl 3a30pa. 

<l>opMa KOHeqHoil: TOpIJeBOH qacTH 3JieKTIJO,!la If pa3MemeHHe BCITOMOraTeJihHbIX 

3apH,!lOB ITpHBe,neHbl Ha pnc. 6. 3KBHITOTeHIJHaJib ITpOBe,neHa qepe3 ToqKH, Jie)KaIIJHe mi 

KpHBOH. IIocKOJibKY ITpe,ncTaBJUieMaH pa6.oTa HBJUieTC}l IfJIJIIOC'fllaIJHeil: o6ocHOBaHH}l 

MeTo,na, BCe If306pa)KeHH}l BCITOMOraTeJihH_hIX 3apH,!lOB ,!lllil ITpOCTOTbl pa3MeIIJaJIHCb B 

O,!lHH CJIOH Ha O,!lHOH IIIIJIHH,!lpHqecKOH ITOBepXHOCTH. IfoKJIIOqeHIIe COCTaBJIHeT 

HaqanhHhii1 yqacToK 3JieKTpo,na B pail:oHe 3a30pa (pIIc. 3) . 
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Pnc. 6. <l>opMa KOHeqHoi1 qacTH 3JieKTIJO,!la B ceqeHHif npn npHHHTOM 0,!lHOCJIOHHOM 

-pacnpe,neneHIIH BCITOMOraTeJibHbIX 3apH,!lOB. I1x pacnoJIO)Keirne OTMeqeHO TOqKaMH. 

3KBHTIOTeHIJifaJib npoBe.!IeHa qepe3 pacqeTHhie TOqKif 

1.2. CpaBH8HHe M8TOAa 11HH8HHblX ypaeHeHHH C HTepa4HOHHO

a11re6paw-1ecKHM M8TOAOM 

Ha pnc. 7 IlOKa3aHhl IlOTeHIJHaJibHhie pacITpe,neneHH}l B KOHTpOJihHbIX TOqKaX 

3JieKTpo.11a. CneBa . ITOKa3aHO pacnpe,neneHHe, _ITonyqeHHOe MeTO,!lOM . JIHHeHHbIX 

· ypaBHeHiii1 (MflY). Pacqer BhITIOJIHeH c ncnoJih30BaHneM O.!IHHapHoil: TOqHoCTH • 
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PacITpe,neneHHe, nonyqeHHoe 1nepaIIHOHHo-anre6panqecKHM MeTO.!IOM (11AM) ITocne 

100 HTepagnil:, ITpnBe.11eHo Ha ITpaBoil: qacTH pncyHKa. 3TH pacITpe,neneHHH He )laIOT, ITO 

cymecrny, OTBeTa Ha BOITpoc O pa3JIHqH}lX MeTO)IOB H-HX TOqHocrnx. HeperynHpHOCTH 

B HaLJane pacnpe)leJieHH}l npn perneHHH 3a)laLJH HTepauHOHHhIM MeTO,!lOM 

ecTeCTBeHHbIM o6pa30M' CBH3aHbl C KpaeBhIMH ::icpcpeKTaMH, 0 npHqifHe KOTOpbIX 

fOBOpHJIOCb BbIIIIe. PaHee' 6bJJIO nOKa3aHo [2f qTo He6oJihIIIaH KoppeKIIHH ITOJIO)KeHH}l 

COOTBeTCTBYIOIIJHX 3apH,!lOB CBO,!lHT HeperynHpHOCTH K MHHHM)'My. 
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Pnc. 7. IToTeHIIHaJibHhie pacnpe,neneHH}l B OTHOCHTeJibHbIX e)IHHHIIax, ITOJiyqeHHhie 

,UBYMH MeTO,!laMH. ITpaBoe - MeTO)IOM JIHHeil:HhlX ypaBHeHHH, JieBoe - HTepaIIHOHHhIM 

anre6paHLJeCKHMMeTO,!lOM 

0 TOM, B qeM )leil:cTBHTeJihHO OTJIHqaIOTCH MeTo,nhI, Heo6xo,nnMo cy,nHTh He no 

ITOTeHIIllaJibHh!M pacITpe,neneHHHM, a ITO xapaKTepy pacITpe,neneHHH ;meKTPHLJeCKHX 

ITOJieil: H ITOTeHIIHaJIOB B pa6oqeM 061,eMe JIHH3hl, T.e. BHYTPH ee o6beMa. Ha pnc.8 

ITOKa3aHbl qaCTif noTeHIIHaJibHhIX pacITpe)leJieHHH B)IOJih OCH :meKTIJO)la JIHH3hI, 

ITpe,ncTaBJieHHhlX ITOJIHOCTblO Ha pnc. 2 (Hlf)KHHe KpHBbie), a TaK)Ke pacITpe)leJieHHH, 

nonyqeHHhie 11AM, BepxHHH KpHBaH cneBa n TOqKn cnpaBa. Han6oJihIIIaH pa3HHIJa B 

OTHOCHTeJibHblX e,nHHHIJax COCTaBJIHeT ~0,000004 (neBh!H pncynoK), qTQ HaITpHMYIO 

CBH3aHo C xapaKTepoM ITOTeHIIHaJihHOro pacITpe)leJieHHH. )J;JUI o6nacTH, B KOTOpoil: 

npoHCXO)IHT H3MeHeHne HanpaBJieHirn 3JieKTpHLJeCKOro nOJI}l (pnc.2), 3Ta pa3HHIIa He 

npeBh!IIIaeT 0,000003. YBennqeHHe HJIH yMeHbIIIeHHe LJHCJia HTepaunil: B)IBOe, KaK 3TO 

nOKa3aJIH pacLJeTbl, He npHBO)IHT K cymecTBeHHOMY H3MeHeHIIIO YKa3aHHbIX BeJIHLJHH 

pa3HOCTeil:. B pacnpe)leJieHHHX 3JieKTpnqecKIIX ITOJieil: pa3JIHLJHe COCTaBJIHeT MeHee LJeM 

0,000001, qTo BnOJIHe o6bHCHHMO. 3JieKTpHLJeCKOe none, C03)laBaeMoe ToqeqHbIM 

3apH,!lOM, B cnci;eMe raycca onpe)leJIHeTC}l 3aBHCHMOCTblO E=qlr 2
• Cne)IOBaTeJibHO, 
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Ymm 

0.99582 

0. 9958 r-------J--

0.99578 >---------+---

0.99576 

0.99574f--~'---------1 

12.45 12.46 12.47 1_2.48 12.49 12.5 

Ymm 

0,999185r---.-----~-~ 
0.99918 

0.999175 
0.99917fc 

0.999165 
0.999161 / I \ · 1zm1 

0,999155 

17.2 17.4 17.6 17.8 18 18.2 

Pttc. 8. lfacTH II0TemimlJihHhIX pacnpeaeneHHll, II0Ka3aHHhIX Ha pHCYHKe 2. Bepxmn1 

nHHH.11 neBoro pttcyHKa - pacnpeaeneHtte, nonyqeHHoe HTepauttoHHhIM MeToaoM 

(AHM), HH)KH.!I.11 - pacqeT MeTO.!(0M nttHefiHhIX ypaBHeHttfi (MJIY). 

IlpaBhlll pttcyH0K 0TH0CHTC.11 K o6naCTil Il3MeHeHH.!I 3HaKa 3neKTplf'IeCK0ro II0n.11 

B.!(0nh OCH 3neKTPoaa. ToqKaMil 0TMeqeHhI 3HaqeHH.!I II0TeH1(Hana, rronyqeHHhie 

AHM. JlHHH.11 - noTeHUHanhHoe pacnpeaeneHtte, nonyqeHHoe MJIY 

aeficTBHe 3ap.!I.!(0B, KQT0phie C03.!(aIOT el1(e JaMeTHYIO pa3H0CTh B II0TeH1(IlanhHhIX 

pacrrpeaeneHH.!IX, ocna6eBaeT 6i1cTpee MH 3ileKTpttqeCKHX noneii nptt oattHaK0BhIX 

paCCT0.!IHil.!IX OT ToqeqHoro 3ap.11aa ,1(0 -T0qKil, B KOTopofi npomBe,!(eHhI BhlqlfcneHH.11 

3HaqeHilll II0TeH1(Han0B Il nonefi. 11o3TOMY pa3HHUa B BenlfqlfHax , 3neKTpHqecKHX 

rronefi rrpeHe6pe)KHMO Mana. 0 Bllil.!IHilll .!(IlCKpeTH0CTH pacrrono)KeHn.11 

BCII0M0raTenhHhIX ,3ap.!I.!(0B M0)KH0 cyaHTh Ha 0CH0BaHHH pnc. 9, Ha K0T0p0M cneBa 

II0Ka1aHa qacTh _3KBHII0TeH1(HanH. .IJ:n.11 peanhH0ro cnyqa.11 0Ha .!(0ll)KHa rrpoX0.!(IlTh 

Rmm U rel 

1h Ir-
5,01 

0,99999 5.008 
5.006 - 0.99998~ 
5,004 Zmm 0_99997 \I I I \I I I !Zmm 5,002 ~--· --

5 0.99996 
4,998 

10.1 10,2 10.3 10.4 10.2 10.4 10.6 10.8 

Pnc. 9; .IJ:eMOHCTpaUH.11 Bnll.!IHH.11 .!(IlCKpeTH0ro pacrrpeaeneHH.11 BCII0M0raTenhHhIX 

3ap.11a0B: cneBa II0Ka3aHa qacTh 3KBHII0TeHUHanH, rrpOXOMmefi qepe3 K0HTponhHhie 

TQqKH. BMeCTO nplIMOll - ceqeHH.11 p~anhHOll II0BepXH0CTH 3neKTpoaa, rrpoXO.l(.!II1(eil. 

qepe3 KOHTpOnhHhie T0qKH, 3KBilII0TeHUHanh rrpeacrnBn.!IeT co6oil. BOnHoo6pa3HYIO 

KpHBYfO. MaKCHManhHa.11 pa3HHUa C0CTaBn.!leT 0,01 MM. 

IloTeHUHanhHOe pacrrpeaeneHHe Ha 3T0M )Ke yqacTKe B 0TH0CHTenhHhIX 

e.!(HHHUaX B.!(0llh II0BepXH0CTil 3lleKTPoaa (cnpaBa) 
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B,!(0nh np.!IMOll R=5 MM. OTKnOHeHHe pacqeTH0ro 3HaqeHll.!I MaTeMan1qecKOll M0,!(enn 

OT 3HaqeHH.!I M.11 qJHJHqecKOll M0,!(eJIH C0CTaBn.!IeT 0,0 I MM. PacnpeaeneHne 

noTeHuIIana eaonh noBepxHOCTII 3neKTPoaa npII R=5 MM II0Ka3aH0 Ha 3T0M pIICYffKe 

crrpaBa. CpeaHee 0TKn0HeHIIe OT 3HaqeHII.!I u=l C0CTaBn.!IeT ~0,00003. 

B CBeTe 3T0ro pernaMeHTIIpyeMaH T0qH0CTh perneHll.11 KpaeBhIX 3a,l(aq, npIIB0.!(IIMa.11 

B pa6oTax pMa aBT0pOB, BhIJhmaeT HeKoTopoe coMHeHIIe. HarrpIIMep, B (5] ,wrn 
3neKTPOCTaTIIqeCKOll nHH3hl 0Ha C0CTaBnHeT 10-:

1
. CKopee Bcero, 3TO T0qff0CTh 

BhJqIIcneHII.11 npII Tex IInII IIHhIX cnoco6ax noaxoaa K perneHIIIO ~cneHHhIMII 

MeT0.!(aMII rpaHIIqHhIX 3Maq aJI.11 MaTeMaTIIqecKIIX MO,!(enefi peanhHhIX qJII3IIqecKIIX 

PIIc. 10. CeqeHIIe aeqineKTopa. 3neKTpO.!(hl 

1,2 n 6 HaX0MTC.11 noa IIOITO)KIITenhHhIM II0TeH

UIIan0M. IloTeHUIIanhl 3neKTp0.!(0B 3, 4 II 5 
0TpIIUaTenhHhl. 

A6conIOTHoe JHaqeHIIe noTeHUIIana I II 4 
3neKTp0.!(0B paBH0 Vo. 11oTeH1(IIanhI 2, 3, 5 II 6 

3neKTp0.!(0B ITO M0.!(yJIIO paBHhl (✓2.:.. 1 )V0 
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Ymm 

"31[ ?', 
0.5 

Xmm 
-0.5 0.5 

-0.5 

~1 ~ 

ofaeKTOB. B .!(aHH0M cnyqae pe% II.!(eT 06 IICII0llh30BaHIIII B ~cneHH0M 

MO,!(en"IIpOBaHIIII pacqeT0B C 0.!(IIHapHofi IInII .!(BOllHOll T0qH0CThIO. 

2. 3JieIITpocTaTuqecKuii ~ecJ>JieIITop 

<l>IIJIIqecKofi MoaenhIO an.11 MaTeMaruqecKoro MoaenIIp0BaHll.11 II perneHll.11 KpaeBofi 

3a.l(aqII cny)KI!n. 3neKTpOCTaTIIqecKIIll ,!(IIII0Jih (4-6], npIIMeH.!IeMhlli B KaqecTBe 

0TKn0mnQI1(ero aeqineKTOpa. 3aaaqa B HaIIIeM cnyqae pernaeTC.11 MeT0.!(0M 

anre6paIIqecKHX ypaBHeHIIll C IICII0llh30BaHIIeM BCIIOMorineJihHhIX JIUHeUHbfX Jap.11.l(0B. 

B (6] YKa3aHhl re0MeTpIIqecKIIe pa3Meph1 II ~cneHHhle 3HaqeHll.!I IIOTeHuIIan0B. B 3T0M 

cnyqae M0)KH0 cpaBHIITh peJyJII,TaTh! HaIIIIIX pacqeTQB C .!(aHHhIMII, npIIBe,!(eHHhIMII B 

(6]. Ilo3TOMY aeqineKTop pa6oThI (6] nocrry)KIIn MoaenhIO an.11 Harnett JMa~. Ero 

cxeMa B ceqeHIIII IIJI0CK0CThlO, H0pManhH0M K 0CII, ~0Ka3aHa Ha pIIc.10. 3neKTPO.!(hl 
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,[(eq>JieKTOpa I II 4 Hax0,WITCH ITO,[( IT0TeHI.{IIaJI0M C00TBeTCTBeHH0 Vo II - Vo . 

IloTeHI.{IIaJihl :meKTP0.[(0B B qacTH, r,[(e x>0 (2-il: II 6-il: 3JieKTPO.[(hI), IT0JI0)KIITeJihHhl H 

Ka)K.[(hlll ll3 HHX paBeH (.fi -1 )v0 • 

IloTeHI.{IIaJihl 3-ro II 5-ro 3JieKTP0,[(a TaK)Ke paBHhl Me)K,[(y co6oil:. I1x 

Be.ITII'IHHa paBHa -(.fi -1 )vo . )];AA perneHHH 3a,[(a'III IICIT0Jih30BaJiaCh CHCTeMa 

ypaBHemiil:, IT0.[(06HM CIICTeMe, ITPIIMeH»eMoil: B perneHHII 3a,[(a'III ,[(JIH JIHH3bl C 

T0'Ie'IHblMII 3ap».[(aMII. B MaTeMaTII'IeCKOH M0,[(eJIII JIIIHeil:HM ITJI0TH0CTh 3apH.[(0B CY 

ITpe.[(IT0Jiaranach ITOCTOHHHOH B,[(0Jih K0He'IH0ro ITO ,[(JIIIHe JIIIHeil:Horo 3ap»,[(a. 3To 

ITpe,[(IT0JI0)KeHIIe ,[(aJieK0 OT peaJihH0ro CJiyqM. IlpHMep perneHIIH H0CIIT T0JihK0 

,[(eMOHCTPaU:IIOHHhlll xapaKTep, ITOHCHHIOII.{IIH CaM ITPIIHU:IIIT perneHIIH IT0.[(06HhlX 3a,[(a'I, 

IT03T0MY TaKoe ITpe.[(IT0JI0)KeHIIe B ,[(aHH0M cnyqae BIT0JIHe ,[(0ITYCTIIM0. ,Zl;JIH 3T0fO B 

ypaBHeHirnx (I) BMeCTO Bhipa)KeHIIH IT0TeHI.{IIaJia ,[(AA T0'le'IH0ro 3apH,[(a BII,[(a U=qlr 

Heo6XO,[(IIMO HCn0Jih30BaTh cne,[(JIOII.{ee Bhipa)KeHne ,[(JIH noTeHI.{IIaJia: 

U=2qln(L + .Jr 2 
+ L2 )Ir). 3TO Bhipa)KeHIIe onIIChrnaeT 3aBIICIIM0CTh noTeHI.{IIaJia, 

C03,[(aBaeMoro JIIIHeHHblM 3apH.[(0M C noCTOHHHOH JIIIHeil:HOH ITJI0TH0CThlO B T0'IKax, 

Jie)Kall.{IIX Ha nJI0CK0CTII, ITp0X0,WIII.{eil: qepej cepe.[(IIHY JIIIHeil:Horo 3ap»,[(a. 3.[(eCh 2L -

,[(JIIIHa 3T0ro 3ap».[(a, r - paCCT0HHHe Me)K,[(y cpe.[(Heil: TO'IKOH JIIIHeil:Horo 3ap»,[(a II 

KOHTPOJihHOil: TO'IKOil:. PeanhHO B pac'IeTax npIIHIIMaJI0Ch, KaK n B [6], 2L =IO MM. 

CIICTeMa ypaBHeHIIH B C00TBeTCTBIIII C Bhipa)KeHIIeM ,[(AA noTeHI.{IIa..'Ia pernanach T0JihK0 

B Me,[(IIaHH0M ceqeHHII ,[(eq>JieKTOpa. 1Incno mrneil:HhlX 3apH.[(0B ,[(AA Ka)K,[(0ro 2,3,5 II 6 

3JieKTP0,[(a 6panOCh paBHhIM 27. ,Zl;JI» I II 4 3JieKTP0.[(0B 'IIICJI0 JIIIHeHHhlX 3apH.[(0B 

6panoch no 108. I13 ycnoBIIil: CIIMMeTPIIII B K0HTP0JihHhIX TO'IKax IIcnoJih30Banc» 

T0JihK0 81 (27+54) JIIIHeHHhlll 3apM 0,[(HOH qernepTII. PaJJIII'IIIe B 3Ha'IeHIIHX 

noTeHI.{IIaJI0B Me)K,[(y coce,[(HIIMII 3JieKTP0.[(aMH Vo lI (.fi -1 )vo TPe6yeT C0CTaBJieHHH 

162 . ypaBHeHIIH c 162 HelI3BeCTHhIMII. 3TO ITPlIB0,[(lIT K He06XO,[(lIMOCTII 

'IeThipexKpaTH0ro YBeJin'IeHIIH ofo,eMa ITaMHTlI ,[(AA ClICTeMhl C 162 HeII3BeCTHhIMlI ITO 

cpaBHeHIIIO C 061.eMOM ITaMHTlI ,[(AA CIICTeMhl H3 81 ypaBHeHIIH, Heo6XO,[(lIMhIM ,[(JIH 

perneHHH. CooTBeTCTBeHHO yBeJIH'IlITCH II BpeMH BhIII0JIHeHHH 'IlICJieHH0ro perneHIIH 

3a,[(a 'III. 

10 

r) 

IIpuMeHeHHe ITpHHU:HITa cynepIT03III.{IIlI K perneHIIIO 3a,[(aq CIICTeMhl C pa3HhIMII 

ITO a6coJIIOTHOH BeJIII'IHHe IT0TeHI.{IIaJiaMH, II3JI0)KeHH0ro B [2], IT03B0AAeT 

orpaHII'IHThCH perneHIIeM .[(BYX CHCTeM 113 8 I ypaBHeHirn C 8 I HeII3BeCTHhIM ,. 
(.[(ByKpaTHOe yBeJIII'IeHIIe 061.eMa ITaMHTH). I1cKOMhie IT0TeHU:IIaJihl 3JieMeHT0B 

.[(eqmeKTOpa M0)KH0 paccMaTpIIBaTh KaK o6proyeMbie .[(BYMH Ha6opaMII 3ap».[(0B. 

Ka)K,[(hlll 113 Ha6opoB 3apH.[(0B C03.[(aeT Ha. 3JieKTP0.[(ax .[(eq>JieKTOpa CB0IO CIICTeMy 

IT0TeHI.{HaJI0B,. paBHh!X ITO a6COJIIOTHOH BeJIII'IHHe. IIycTh ITepBhlll H·a6op 3ap».[(0B 

o6proyeT IT0TeHI.{IIaJI u I =a Vo , a BTOpoil: Ha6op C03,[(aeT IT0TeHU:HaJI u 2 = p Vo . 

CoCTaBHM CHCTeMy .i(Byx ypaBHeHnil: ,[(JIH ITepBoro lI BTOporo 3JieKTpo.[(a: 

a Vo +p Vo =Vo ·u aVo-P Vo =(.fi-1)vo., (2) 

PerneHue 3TOH CHCTeMbI ,[(aeT a= .fi I 2 n P= I - .fi I 2 , cne.[(oBaTeJihH0 IT0TeHU:HaJihI 

u 1 =✓'2.V0 /2 H u 2 =(I-.fi./2)V0 • 

JlerKO y6e.[(HThCH, 'ITO, ITpIIMeHHH IT0.[(06Hblll IT0,[(X0,[(, M0)KH0 HaHTII 3HaKII 

+ 
+ 

+ 
+ 

noTeHI.{IIaJI0B ,[(JIH Bcex 3JieKTp0.[(0B. OHH ITpe,[(CTaBJieHhl Ha cxeMe, 

3HaKH ,[(JIH IT0TeHI.{IIaJia ul IT0Ka3aHhl BHYTPII qiurypbl, a ,[(JIH 

+ I+ noTeHn:nana u 2 - cHapy)KII q>IIryphr. B npaBoil: qacm Ka)K,[(oro 

ypaBHeHIIH 0,[(HOH 113 .[(Byx Cl!CTeM ,[(0JI)KeH CT0HTh IT0TeHU:IIaJI 

. u 1=.fi.V0 /2 II BO BTopoil: CIICTeMe ypaBHeHuil: - IT0TeHn:uan u2 =(1-✓2/2)V0 • V0 -

3a,[(aBaeMoe no ycJI0BIIIO 3a,[(a'IH 'IllCJieHH0e 3Ha'IeHIIe IT0TeHI.{IIaJia. 

HeKOT0pbie pe3yJihTaThl pacqeT0B nocJie perneHIIH KpaeBoil: 3a,[(a'III IT0Ka3aHhl Ha 

pucyHKax 11 11 12. Ha puc.11 IT0KaJaHa qaCTh IT0BepXH0CTll ,[(eq>JieKTOpa, a TaK)Ke 9 

3KBIInoTeHI.{UaJieil:, C00TBeTCTBYIOII.{IIX IT0TeHI.{llaJiaM B ,[(0JIHX BOJihTa, B HHTepBane OT 
, . 

0,1 ,[(0 0,9 B. IIocJie,[(HHH ITpaBM IT0TeHI.{IIaJih B6JIII3II 3JieKTp0.[(0B C00TBeTcTByeT 

- IT0TeHU:IIaJIY 0,95 B ITPII HaITpH)KeHIIII .[(eq>neKTopa V0 =I B. PIIc. 12 (cneBa) 

ITpe,[(CTaBJIHeT 3KBIIIT0TeHI.{IIaJIH B ITJI0CK0CTII Y=0. OHII cgoTBeTCTBYIOT IT0TeHU:IIaJia.M 

OT -5 B ,[(o 5 B c HHTepBanoM B I B. IlpaBhIH pIIcyHoK npe.[(CTaBAAeT 3aBIICIIM0CTh 

C0CTaBJIHIOII.{eil: Ex B,[(0Jib OCH X II 0CII Y. B ITpIIHHThlX ITpe.[(Il0JI0)KeHIIHX 0 

Il0CT0HHCTBe JIIIHeil:Hoil: IlJI0TH0CTII 3apH.[(0B Ha6JIIO,[(aeTCH ,[(0CTaT0'IH0 xopornee 
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Ymm 

0.4 

0.21 I II I I I I,\ ,, I\ I 

0~~---~---
0.2 0.4 0.6 0.8 

.u 

Pttc. 11. qaCTh Me.nttaHHoro ceqeHmI .necprreK

Topa. JlttHllll 3KBHIIOTeHuttarreil: COOTBeTCT

BYJOT 3HaqeHHXM IIOTeHuttarra OT 0,1 .no 

0,9 B. 11ocrre.nHxx rrpaBM 3KBHIIOTeHUllaJib 

pttcyHKa COOTBeTCTByeT IIOTeHuttarry 0,95 B. 

3HaqeHtte rroTeHuttarra .necprreKTopa V
0 

=1 B 

Ex(V/cm) 

i. Zmm :r~~1 f~+ VI 20 ---• --- - .. I 

15 ----
-2 10/ / I- r=______f Ex(x) / 

0 0.2 0.4 0.6 0.8 

-4 -2 0 2 4 

Pttc. 12 . 3KBHIIOTeHUllaJibHhie KpHBhie B X - z IIJIOCKOCTH 3JieKrpOCTaTHqecKoro 

.necprreKrnpa. 11oTenuttarr .necprreKTopa V0 =5 B. KpttBbie cooTBeTcrny10T 3HaqeHHXM 

IIOTeHUllaJIOB c rnaroM 1 B ( CJieBa). 

3aBHCHMOCTb OTKJIOHXIOIUero KOMIIOHeHTa 3JieKrpttqecKoro IIOM .necprreKTOpaEX 

B.LlOJib oceil: x Hy (crrpaBa) 

KorrttqecTBeHHoe corrractte c rro.no6HbIM · pacrrpe.nerrentteM, rrpttBe.L{eHHbIM B 

UHTHpyeMOH BbIIIIe pa6oTe [6]. BpeMx qttcrreHHOro perneHHX CllCTeMbI ypaBHeHHH (1) c 

rrpttMeHeHtteM rrepCOHaJibHOro KOMIIblOTepa PC 486 (66 Mru) COCTaBJIXeT OKOJIO 25 C. 

3. BhlBOL(hl 

.[(rrx perneHHH 3a.L{aq 3JieKTp0CTaTHKll 3JieKrpOHHO-OIITHqecKHX CHCTeM pa3pa6oTaHbl ll 

umpOKO rrpttMeHXIOTCX ,[{Ba THIIa MeTO.L{OB qttcrreHHOro perneHHX 3a,L{aq. 11o.npo6Hoe 

OIIHCaHtte MeTO.L{OB perneHHX 3a,L{aq 3JieKrpOHHOH OIITHKH .nano B MOHOrpacpttll [7]. 
12 

K rrepBOMY THIIY OTHOCXTCX MeTO.L{ KOHeqifbJX pa3HOCTeil: (MKP) ll MeTO.L{ 

KOHeqnhIX 3JieMeHTOB (MK3). 11x 

HeKOTOporo cpyttKUHOHarra: 

rrplIMenentte CBX3aHO C llCIIOJib30BaHIIeM 

Jm = JI½eo[cd:m).2+(d:m)2+~m:m)2}rdrdz, (3) 

Bbipa)KaJOmero 3Heprttl0, 3arraceHHYJO 3JieKrpOCTaTttqecKOH CllCTeMOH [4,5]. 

Ko BTOpoMy THIIY MeTO.L{OB pemeHllX OTHOCHTCX MeTO,Ll 3apj{.L{OBOH IIJIOTHOCTH, llJII! 

Mern.n HHTerparrbHhIX ypaBneHttil: (Ml1Y). CaMo HaJBantte Mero.na orpa)KaeT II 

crroco6hI perneHHX 3a,L{aq 3JieKrpOHHOH OIITHKH. OHH, KaK rrpaBIIJIO, CBX3aHbl C 

perneHtteM 3a,L{aqtt .[(ttpttxrre MeTO,L{OM llHTetj)arrbHbIX ypaBHeHHH TIIIIa <l>pe.nroJibMa: 

f K(r,r·)Y(r)d 2r ;= U(r) (r ES). (4) 
s 

B 3TOM ypaBHeHHll U(r) - 3a,LlaHHOe 3naqentte IIOTeHUIIaJia, Y(r) - HelI3BeCTHM 

HCKOMM cpyttKIIIIX, a K(r,r) XBMe-rcx x.npoM 3Toro ypaBHeHllX. Ml1Y rrpttMelfj{Jlcx H 

.LIM perneHn:x 3a,L{aqII B [6]. 11pe.L{JIO)KeHHhIH Mern.n arrre6pattqecKIIx ypaBHeHIIil: no 

cpaBHeHIIIO c IimpoKo rrpttMeHXeMhIMII MeTO.LlaMII-MKP, MK3 II MHY oqenh Bhrro.nno 

OT nttx ornttqaeTcx: Mero,[( rrpocT B rrporpaMM1IpoBantttt, ero rrp1IMeneH1Ie ne rpe6yer 

IICIIOJib30BaHllX CJIO)KHbJX MeTO,l:(OB MaTeMaTIIqecKOH q>II31IKII. On .nocryrren He TOJibKO 

BbICOKOKBaJill!plllllIPOBaHHbIM crreuttarrHCTaM, IIOCBXTIIBIIIHM He 0.L{HO .necHTIIJieTHe Ha 

C03,LlaHHe H pa3BIIT~e CTan.napTHbIX MeTO.L{OB pernenllX KpaeBhIX 3a,L{aq 3JieKrpOCTaTHKII, 

HO H IIIHpOKOMY Kpyry naqHHaIOIUHX HCCJie,L{OBaTerreil:. 
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TorrypIDI T.TI., lllacppaHoB M.JJ:. 
MeTO,[l mmeiiHhIX ypaBI1em1ii ,Lilli! pemeHIDI KpaeBblX 3a,uaq 
:meKTpOCTaTHKH lI iipHMepbl ero rrpHMeHeHIDI B sneKTpOHHOii OIITHKe 

Pl 1-98-262 

Pa3pa60TaH HOBhlli IIO,UXO,[l K pemeHHIO KpaeBblX Ja,uaq sneKTpOCTaTlIKlI ClICTeM, 
y,uoBneTBOp5110ll(lIX ypaBHCHlIIO narrnaca A cp = 0. OH OCHOBaH Ha pemeHlIII KpaeBOli 
3a,[la'llI MCTO,UOM IllIHCHHhIX anre6paH'ICCKlIX ypaBHCHliii, 'ICM BblfO,UHO OTnlI'laeTC51 
OT IIllipOKO rrpHMCH51CMhIX MCTO,UOB pemenH51 3a,Lla'I sneKrpOHHOli OIITlIKlI, TaKlIX 
KaK MCTO,Ll KOHC'IHblX sneMCHTOB, MCTO,[l KOHC'IHbIX pa3HOCTCH lI MCTO,Ll lIHTerpanh
HhIX ypaBHCHlill. · 

McKOMhle IIOTCHUHanbI (KpaeBblC ycnOBIDI), sneKTPH'leCKHe rron51, He06XO,LllIMbIC 
IIOTCHUHanbHhIC pacrrpe,ueneHIDI rronyqaIOTC51 IllIHCllHOll cyrrepII03lIUlICll 
IIOTCHUHanOB lI rroneii, C03,!laBaeMbIX 3ap51,llaMlI O,UHOfO TlIIIa, HarrpHMep TO'IC'IHhIMlI. 

B .Ka'ICCTBC rrpHMepa paCCMOTpCHO IIplIMCHCHlIC MCTO,Ua IllIHCHHhIX ypaBHCHlill 
(MllY) K pemenHIO ,uByx KpaeBhIX Ja,uaq sneKTpOHHoii OIITHKH. 

Pa6oTa BhIIIOnHeHa B na6opaTOplIH CBepXBhICOKlIX snepmii Ol151M. 

TipenpHHT 06'1,e)IHHeHHOro I-IHCTmyra ll)lepHl,IX I-ICCJle)IOBaHHii. ,lly6Ha, 1998 

TiepeBO,[l aBTOpOB 

Topuria T.P., Shafranov M.D. Pl 1-98-262 
The Linear Equations Method to Solve Boundary Problems 
of Electrostatics and _Examples of Its Application to Electron Optics 

A new algorithm to solve boundary problems of electrostatic systems satisfying 
the Laplace equation A cp = 0 is developed. The algorithm is based on the linear 
equations method. And this is the advantage in comparison with the methods 
of electron optics which are widely used: the finite-element method, th~ finite
difference method, and the integral-equation method. 

The required potentials (boundary conditions), electric fields, and so on, are 
obtained by linear superposition of potentials and electrical fields created 
by the system of point charges. 

For example, the application of the linear equations method to solve two 
boundary problems of electron optics is considered. 

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

Preprint-of the Joint Institute for Nuclear Researc_h. Dubna, 1998 


