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BeeoeHue 

3neKTpOMBrHHTHBB CHCTeMa 3DeKTpOHHo-nyqeooro HC

TOqHHKa MHOr03BpB.IJ.HLIX HOHOB /113Jij/ I/ COCTOHT 83 .IJ.HO.IJ.HOH 

3DeKTpOHHOH nyiUKH, CeKIJ,HOHHpOBBHHOH .IJ.peii:$OBOH Tpy6KH, 

3DeKTpOHHOrO KODDeKTOpa H BLITBrHBBIOIIJ,ero 3DeKTPO.IJ.B, 

pacnono*eHHLIX HB OCH CODeHOH.IJ.B .IJ.DHHOH OKODO 120 MM. 
Bee nepequcneHHLie 3DeMeHTbi 3DeKTpoMarHHTHOH cucreMLI 

113JI HMeiOT BKCHBDbHYIO CHMMeTpHIO. 

PeiUeHHe 3B.IJ.aqu BHBDH3B 3DeKTpOMarHHTHOH CHCTeMLI 

113JI CBO.IJ.HTCB K pacqeyy noneii: H TpaeKTOpHH npH 3B.IJ.BH

HbiX rpaHHqHbiX H HaqanbHLIX YCDOBHBX, T.e. K qucneHHOMy 

peiUeHHIO COOTBeTCTBYIOIIJ,HX .IJ.H$$epeHIJ,HBDbHbiX ypaBHeHHH. 

C .IJ.pyroii: CTOpOHLI, llpH peiUeHHH 3B.IJ.B'IH CHHTe3a onpe.IJ.e

DBeTCB TBKOH Ha6op HCXO.IJ.HbiX napaMeTpOB, KOTOpLIH 6bi 

Y.IJ.OBneroopBn rpe6ooaHHBM, npe.IJ.'bBBDBeMbiM K nyqKaM 

3BPB*eHHLIX qaCTHIJ,, llpH 3B.IJ.BHHOH CTeneHH TOqHOCTH. 

HecMoTpB Ha 3HaqurenLHLie ycnexu B pa3pa6oTKe quc

neHHLIX MeTO.IJ.OB B C03.IJ.BHHH anropHTMOB H nporpaMM .IJ.DB 

3BM, 06LiqHo npHMeHBeMbie Cll0C06LI peiUeHHB 3B.IJ.B'I CHH

Te 38 OCTBIOTCB .IJ.OBODbHO rpOM03.IJ.KHMH H Tpe6yiOT 3HB'IH

TeDbHbiX 3BTpBT MBIUHHHOrO BpeMeHH .IJ.DB nepe6opa MHOro

'IHCDeHHLIX BBpHBHTOB. 

B .IJ.BHHOH pa6ore paccMarpuoaiOTCB B03MO*HOCTH .IJ.Hcn

neii:Hoii: MeTO.IJ.HKH peiUeHHH 3B.IJ.B'I BHBDH3B H CHHTe3a. 
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Pact.tem :JAeKmput.tecKozo noA.R 

HanpH~eHHOCTh JneKTpuqecKoro nong' ~ onpe~enHeTcH 
H3 peweHHH ypaBHeHHH Ilyaccoua 

\~~ c 
_f!__ 

'o 
/1/ 

C 3a~aHHhiMH rpaHH'IHbi~H YCBOBHHMH. J~eCb c- noTeHIJ,Han 

JneKTpuqecKoro nonH, E == -grad¢, f1 - nnoTHOCTb JapH~a. 
C 0 - ~H3BeKTpH'IeCKaH npOHHIJ,aeMOCTb BaKyyMa. 

YpaBHeHHe /1/ annpoKCHMHpyeTCH pa3HOCTHOH cxeMOH 

BTOporo nopH~Ka. IlonyqeHHaH CHCTeMa pa3HOCTHhiX ypaB

HeHHH pernaeTCH MeTO~OM BepxHeH penaKCaiJ,HH, KOTOpblH H3-

BeCTeH KaK 3KCTpanOBHIJ,HOHHbiH MeTO~ JlH6MaHa ':2- S,' . 

B ~aHHOM cnyqae ou JaKmoqaeTcH B nocTpoeuuu npHMoyronh

HOH CeTKH /war KOTOpOH no OCHM 3a~aeTCH B Ka'leCTBe 

HCXO~HbiX ~aHHbiX/ H 3aMeHe ~u<iJ<lJepeHIJ,HallbHbiX ypaBHeHHH 

B qacTHbiX npOH3BO~HhiX npu6nH~eHHhiMH pa3HOCTHblMH 

ypaBHeHHHMH ~nH Ka~~ou yJnoBou TO'IKH ceTKH. Peweuue 

OTbiCKHBaeTcH BHYTPH o6nacTH, orpauuqeuuou npocTbiMH 

3aMKHYTbiMH KpHBhiMH, KOTOpble 3a~aiOTCH B BH~e KOOp~H

HaT coBoKynuocTH TO'IeK Ka~~ou oT~enbHOH KPHBOH. Co

ce~HHe TO'IKH COe~HHHIOTCH npHMbiMH llHHHHMH, o6pa3yH cer

MeHThl. Ha oT~enhHhlX cerMeHTax KpHBhlX H3BeCTHO nu6o 

3Haqeuue cPYHKU.HH, nu6o BhlnonHHeTcH ycnoBHe HeiMaHa. 

IlOHCK perneHHH HOCHT HTepaTHBHhiH xapaKTep H npeKpaiiJ,a

eTCH no ~OCTH~eHHH 3a~aHHOH TO'IHOCTH. IlpH HCnOBb30BaHHH 
I,-- I 

~HcnneH 1 o, ucxo~Hhie ~aHHhie u peJynbTaThi pacqeTa Bbi~a-

IOTCH Ha 3KpaH 3JIT cpa3y BHarnH~HOH$opMeH MOryT 6biTb 

npoaHaBH3HpOBaHbl C nOMOIIJ,blO 3BM /7/. Ilocne~Hee ofiCTOH

TellbCTBO HCKlliO'IHTellbHO Ba~HO C TO'IKH 3peHHH B3aHMO

~eHCTBHH onepaTopa c 3BM, TaK KaK npou,ecc auanuJa 

pe3yBbTaTOB HBBHeTCH TBOp'leCKHM H, KaK npaBHBO, He 

no~~aeTCH anropHTMH3aiJ,HH, 3a HCKlliO'IeHHeM npocTeHillHX 

cnyqaeB. KaK 6y~eT npoxo~HTb 3TOT npou,ecc, Bo MHoroM 

3aBHCHT OT OnbiTa H Hay'IHOH HHTYHU.HH HCCne~oBaTenH. 

IlpH Heo6xo~HMOCTH, HCnOllb3YH CBeTOBOH KapaH~alll H nu

lllYIIJ,YIO MalllHHKy, MO~HO 6biCTpO H3MeHHTb Ha'lallbHhle 

~aHHble H noBTOpHTb pacqeT. 
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Pacitem MaZHUmHozo noA.R 

-> 

HH~YKU.HH MarHHTHoro nonH coneuou~a B onpe~enHeTCH 
H3 cne~yiOIIJ,ero Bhlpa~eHHH /8/: 

-> f.1 -> 

B (r , z , t) = ~ [ J < r ', z ~ t) G < r ', z ', r, z ) dr 'dz ', 
2rr s' /2/ 

r~e ilo- MarHHTHaH npouuu.aeMOCTh BaKyyMa, S' - nnoma~h 
ceqenHH coneuou~a nnocKoCTbiO e = 0, J(r',z', t) - nnoT-

HOCTb TOKa, 

G z- z' [-K(x) + r 2 + r' 2+ (z- z') 2 
E(x)], 

r y(r+r') 2+ (z- z')2 

Ge= o, 

G = 
z 

1 
--======dK(x) + 

y(r+ r') 2+ (z-z')2 

(r- r') 2+ (z- z') 2 

r' 2- r 2 - (z-z') 2 
E (x)] 

(r-r') 
2 
+ (z+ z') 

2 

3~e Cb K (x ), E (x) - JnnunTH'IeCKHe HHTerpanhi nepBoro H 

BTOporo po~a, COOTBeTCTBeHHO, x
2

= 4•r•r'/((r+r')2+(z-z')2). 

IlpH pacqeTaX HHTerpHpOBaHHe 3aMeHHeTCH CYMMHpOBa

HHeM, a TO'IHOCTb onpe~enHeTCH BeBH'IHHaMH dr' H dz' . 
HH~YKU.HIO MarHHTHoro nonH, coJ~aBaeMoro MarHHTHhiM 

3KpaHOM, KOTOpbiH OKpy~aeT 3BeKTpOHHhiH KOnneKTOp, Ha

XO~HM no /2/, r~e BMeCTO nnOTHOCTH TOKa J HY~O 
no~CTaBHTb noBepXHOCTHYIO nnOTHOCTb CBH3aHHhiX TOKOB 

a, KOTOpaH HaXO~HTCH H3 HHTerpanbHOrO ypaBHeHHH 

2 f.1 - f.1 0 
a = -- • --- B t. /3/ 

f.l.o f.1 +!Lo 
J~eCb /L - MarHHTHaH npOHHIJ,aeMOCTb MaTepHana, H3 KO

TOpOrO H3rOTOBBeH •3KpaH, Bt- KaCaTellbHaH K BHelllHeH 

noBepxHOCTH 3Kpaua KOMnOHeHTa HH~YKU.HH, KOTOpaH onpe

~enHeTC.H BCeMH TOKaMH, C03~aiOIIJ,HMH MarHHTHOe none, 

B TOM 'IHCBe H CB.H3aHHhiMH C nnOTHOCTbiO a. 
Hcxo~Hhle ~aHHhle H pe3ynbTaThl pacqeTa BhiBO~.HTC.H 

Ha 3KpaH ~Hcnne.H H auanH3HpyiOTCH /I 0/. 
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Pac'lem mpaeKmopuii 

Onpe~enua non.R E H B, HHTerpupyeM ypaaHeHHJI ~BH
)f(eHHH Jlopeuu,a: 

dm~ .... _, _, 
~ q[ E 1 v v B I , 

dt 

d; 
v 

/4/ dt 

MeTo~oM Pyurc- KyTTa H onpe~en.ReM TpaeKTOPHH KpynHhiX 

'laCTHIJ,. 8 Ka'leCTBC Ha'laJihHhiX YCJIOBHH BBO~JITC.R I!JuK

CHpOBaHHOC llOJIO)f(CHHC Ha'laJia TpaeKTOpHH H Ha'laJihHa.R 

CKOpOCTb KpynHOH 'laCTHI.I,hl. 

)l,JI.R 3JleKTpOHOB Ja Ha'laJIO TpaeKTOpHH llpHHHMaeTC.R 

ce'leHHC, nepncH~HKYJIHpHoe ocu z. Ce4CHHe paJ~eJI.ReM 

Ha HeCKOJibKO paBHhiX CeKU,HH, npe~nonara.R, 'ITO Bee 

TpaeKTOpHH 3JieKTpOHOB, BhlXO~.R~HX H3 ceKU,HH, ll0~06Hhl 

H o6pa3yiOT Tpy6Ky TOKa, KOTopyiO ~anee 6y ~eM paccMa T

pHBaTh KaK KpynHyiO 'laCTHU,Y C Jap.R~OM q H MaCCOH Ill • 

TpaeKTOpHH KpyllHhiX 'laCTHU,, COCTaBJieHHhiX H3 HOHOB, 

paCC'IHThiBaiOTC.R TaKHM )f(e o6pa30M, CCJIH H3BeCTHa HX 

KOHU,eHTpaU,H.R H Ha'lallbHhie CKOpOCTH. 

llpou,ecc reHepaU,HH HOHOB OllHChiBaeTC.R npH llOMOIIJ,H 

KHHeTH'IeCKHX ypaaHeHHH. 8epO.RTHOCTh HOHH3aU,HH O~HOrO 

aTOMa paBHa p = n <' • i i • a i, r~e n e - llJIOTHOCTh 3JieKT

pOHHOrO llY4Ka, T i - BpeM.R HOHH3ai.I,HH HJIH y~ep)f(aHH.R 

HOHOB B 3JieKTpOHHOM llY4Ke H a i - Ce'leHHe llOCJie~OBa

TeJibHOH HOHH3aU,HH. Y4eT ~pyrHX npou,eCCOB HOHH3aU,HH 

He MeH.ReT, B llpHHU,Hne, llO~XO~a K 3TOH llp06JieMe, O~HaKO 

CHCTeMa KHHeTH'IeCKHX ypaBHeHHH npH 3TOM YCJIO)f(H.ReTC.R. 

Ha 3Kpaue ~HenneR BhiCBe'IHBaiOTCH napaMeTphi HCTO'IHH

KOB 3JieKTpOMarHHTHhiX llOJieH, KOTOphie MO)f(HO H3MeHJITh 

C llYJlhTa ~HCllJieJI, H paC'IeTHhie TpaeKTOpHH KpyllHhiX 'lac

THU,. 

B 'lacTHOCTH, BH~HMhie ua 3Kpaue ~ucnne.R Koop~HHaThi 
R, Z TpaeKTOPHH K-if H ~I-ii KpynHhiX qacTHU npH pa3-

JIH"'HhiX 3Ha"'.CHHJIX TOKa J B o6MOTKC COJICHO~a llpHBC~CHhl 

B ma6/lUf.le /R, Z ~aHhl B MM/. 
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IlpocmpaHcmeeHHbiU 3ap.Ro 

06nacTb BHYTPH 3neKTPO.IJ.OB pa3)l.eneua ua PJI.ll. Jl'leeK. 

Ilpe)l.nonaraeTCJI, 'ITO B U.eHTpe j - OH .ll'leHKH HaXO)l.HTCJI 

3ap.a:.IJ. Q. . qaCTh Jap.a:.IJ.a Q, BHOCHMaJI k - oii Kpynuoii 
u I 

'laCTHI.J.eH, paCC'IHTbiBaeTCJI flO cPOpMyne: 

Q k.j = -I k • t k.j , lSI 

r .IJ.e I k - TOK, o6ycnoBneHHhiii k - oii qacTHU.eii, t kl- npo

)l.OmKHTenbHOCTb npe6hlBaHHJI k - OH 'laCTHU.bi B j- OH Jl'leH

Ke. B CBOIO O'lepe)l.b, BpeM.II tkj onpe)l.enJieTCJI COOTHOllieHH-
eM 

r . 
tk·= _ __!_, 161 

J vkj 

B KOTOpOM C j H Vkj- )l.nHHa Jl'leHKH j - OH H CKOpOCTb k- OH 
TpaeKTOpHH, COOTBeTCTBeHHO. 

lh ciJopMyn lSI H 161 MO)KHO nony'IHTh cne.IJ.YIOII.J.ee Bbi-

pa)Keuue .IJ.nJI cyMMapuoro JapJI.IJ.a Q i B j - oii Jl'leiiKe: 

Ike. • 
Q. = - l -~..L . 17 I 

J k v kj 

YpaBHeuue 17 I npHBO.IJ.HT uac K HTepau.uouuoMy MeTO.IJ.Y 
perneHHJI. IlyCTb BenH'IHHa Q )n) JIBnJieTCJI 3apJI)l.OM B j - OH 

Jl'leiixe npu ( nl-oii JITepau.uu. AuanorH'IHO onpe.IJ.enJIIOTCJI 
I n (n) T 

H BenH'IHHhl k H Vkj • Or)l.a B COOTBeTCTBHH C ypaBHeHHeM 
171 HMeeM 

Q(n+l)= - ; 

I(nl-e. 
k J 

-(n) 
v kj 

p~n) 
J 

Q (~) 
J 

Tj 

r.IJ.e r i - o6'beM j - oii Jl'leiixu. 

IB/ 

191 

Ilocne C)l.enaHHbiX 3aMe'laHHH MO)KHO BOCllpOH3BeCTH 

XO)l. HTepai.J.HOHHOrO npou.ecca. Ha OCHOBaHHH nonyqeHHOH 

8 

KapTHHbl . TpaeKTOpHH Bbi'-IHCnJIIOTCJI TOKH KpyllHbiX 'laCTHU. 

H B COOTBeTCTBHH C 191 onpe)l.enJieTCJI HOBOe pacnpe)l.eneHHe 
3apJIJ].a. IlpH HaH)l.eHHOM p(n) llOTeHU.Han HaXO)l.HTCJI H3 pe

llieHHJI ypaBHeHHJI Ilyaccoua c 3aJ].aHHhlM pacnpeJ].eneuueM 

noTeuu.uana ua rpaHHU.e. KpHTepHeM TO'IHOCTH pe3ynhTaToB 

pac'leTa 6y)l.eM C'IHTaTb H3Meueuue pacnpe.IJ.eneHHJI npo

CTpaHCTBeHHoro 3apJI.IJ.a npu nepexo)l.e ·K cne.IJ.YIOII.J.eii HTepa

IJ.HH. 

AHa/IU3 u cuHme3 :J/IeKmpoMa2HUmHoii 
cucmeMbl H3JI 

IlpH aHanH3e 3neKTpOMarHHTHOH CHCTeMhl llpHMeHJinC.II 

MeTO)l. HTepai.J.HH, KOTOphiH COCTOJin H3 cne)l.yiOII.J.JIX 3TallOB: 

II 3a)l.aHHe uaqanhHoro pacnpe.IJ.eneHHJI npocTpaHCTBeH-
Horo 3apJI)l.a, 

21 perneHue ypaBHeHHJI IlyaccoHa, 

31 onpe.IJ.eneHue pacnpe)l.eneHHJI MarHHTHoro nonJI, 
41 perneHHe ypaBHeHHH )l.BH)KeHHJI H HaXO)K)l.eHHJI TpaeK

TOpHH 3neKTpOHOB, 

51 Onpe)l.eneHHe HOHHOH KOMllOHeHTbl TOKa, 

61 perneHHe ypaBHeHHH )l.BH)KeHHJI H HaXO)K)l.eHHJI HOHHhiX 
TpaeKTOpHH, 

7/ BH)l.OH3MeHeHHe pacnpe)l.eneHHJI npOCTpaHCTBeHHOrO 

3apH.IJ.a B pe3ynhTaTe aHanH3a xapTHHhi TpaeKTopuii. 

3Ta npou.e.IJ.ypa noBTOpHeTCJI .IJ.O Tex nop, noxa TpaeK

Topuu H CKOpOCTH 'laCTHI.J. He 6y)l.yT COOTBeTCTBOBaTh pac

npe)l.eneHHIO npocTpaHCTBeHHoro 3apH.IJ.a B npe)l.enax 3a
.IJ.aHHoii TO'IHOCTH. 

B uacTOHII.J.ee BpeMH Ha 3BM CDC-1604A J].nJI qacTH 

3neKTpOMarHHTHOH CHCTeMbl 113JI, pacnonO)KeHHOH B6nH3H 

3neKTpouuoro KonneKTopa, npoBe.IJ.eHhi npo6Hhie pac'leThi 

c 50 KpynHhiMH qacTHU.aMH. B )l.anhHeiirneM npe.IJ.nonaraeTcJI 

cyii.J.eCTBeHHo yBenH'IHTh 'IHcno xpynHbiX qacTHU. H ocyii.J.ecT

BHTb MaiiiHHHhiH CHHTe3 npaKTH'IeCKH peanH3yeMbiX BapHaH

TOB 3neKTpOMarHHTHOH CHCTeMhl H3JI, KOTOpbie )l.OJDKHbl 

o6ecne'IHBaTh MHHHManhHOe TOKOOCe)l.aHHe nepBH'IHbiX 
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3neKTpOHOB, 3anupaHHe BTOpHqHhlX 3lleKTpOHOB B o6naCTH 

3lleKTpOHHOrO KOnneKTOpa, a TaiOKe 3<l><l>eKTHBHOe y~ep:>Ka

HHe H BhiBO~ 3a BhlT.HrHBalO~HH 3lleKTpO~ HOHHOH KOMllO

HeHThl. 
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