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(Hpe~cTaBneno F. C~reTn. -- rlocTynn~o 24. XI. 1964) 

B pa£ Hccne~yeTca nep~o~nqecKaa 3~eKTpOCTaTHqecKa~ ~oKycHpoBKa ~eHTOqHOFO 
3~eKTpOHHOFO nyqKa. ~oxycHpy~maa CHCTeMa HMeeT H~OCKOCTb CHMMr coBua~ammy~ 
co cpe~ne~ H~0CKOCTb~ nyqKa. TO~U[HHa HOTOKa Mo>KeT ‰ COH3MepHMOH C nepHo~o~ CnC- 
TC~~. Onpeaenen~ ycnonna onTn~aabuo¡ ~0KycnpOBXn: se~~qnHa ~oxycnpy~mero noTen- 
RHaaa, HpH‰ TpaeKTOpH~ 9~eKTp0HOB, nepseaHc HyqKa, a Ta~>Ke Heo6xo~HMOe 
pacnpe~eneHne U~OTHOCTH TOKa HO ceqeHH~ HyqKa. HapaKcHa~bH0e HpH‰ paccmaT- 
pnnaeTca KaK qaCTH~~ cnyqafi. ~na 3TORO c~yqaa npnno~nTC~ cpaBneHne yc~oun~ ~0~ycn- 
pOBKH ~eHTOqHOFO HOTOKa C xapaKTepHCTHKa~~ ~OKyCHpOBKH ~H~HH~pHqeCKOFO HyqKa. 
B 3aK~~qeHHH onpe~enena ~op~a 3~eKTp0AOB ~~~ paccMaTpHBaeMoro BHRa HO~~, a TaK~e 
3aBHCHMOCTb nepBea•ca HyqKa OT reoMeTpHqecKHX napa~eTpoB. Ha~ReHo, qTO MaKcnMa~bHa~ 
Be~HqHHa nepBeaHca ~OCTHFaeTc~ BHe HapaKcHa~bHOH o‰ 

BBe~eHHe 

FIepHo~HqecKan 3~eKTpOCTaTHqecKa~4 dpoKycHp0BKa C ycnexoM npaMe- 
H~eTC~ ~~~ coxpaHeHH~ ~0pMbl HHTeHCHBHbIX 33]eKTp0HHblX IIOTOKOB. B HaCTO- 
~mee BpeMa ~t0CTaT0qH0 ~0~H0 pa3paSoTaua TeopHa nepHo;mqec~o~ 3neKTpo- 
CTaT~qec~@ ~o~ycHpoBKH rmnnHapHqec~nx nyqKon [1, 2, 9]. Ha npaKTnKe, 
O~HaK0, B pa3YlHqHblX 3J]eKTp0HHblX ~pH60pax qaCT0 npHMeHalOTC~I TaKM<e H 
~eHT0qHble YIyqKH ‰ I4HTeHCHBH0CTI4. ~Jl~l ~0KyCHp0BKI4 TaKHX HyqKOB 
TaK~e HcrloJIb3ylOTC~t pa3ymqHble rleprlo~iI4qecKlae 3:IeKTp0CTaTrlqecI<He CrlC- 
TeMbl [3-- 5]. 

TeopHa nepHo~HqecKo~ 3J~eKTpOCTaTUqecKoª qboKycHposKu J~eHTOqHblX 
nyqKoB B napai(cua:ibHOM npH£ ~aHa B pa£ [5, 6]. ~oKycupoBKa 
J]eHTOqHbIX nyqKoB cepv, e~ TOHKnX JmH3 paccMaTpHBaJmcb B pa£ [7]. 

B HacTo~mefi pa£ uccJ~e2yeTca ~boKycnpoBKa LUupoKoro J~e~Toq~oro 
3J]eKTp0HHOrO HOTOKa Hep~o~IuqecKo~ 3J~eKTpOCTaT~qecKo~ C~CTeMO~, n~emme~ 
n~OCKOCTb CUMMeTp~U, KOTOpa~ coBna~aeT co cpeaHe~, I]JIOCKOCTbIO nyqKa. 
PaccMaTp~BaeMbI~ cayqa~ cyu~eCTBeHHO OTn~qaeTc~ OT cnyqaa KpuBoJ~HHe~- 
HBIX JIeHTOqHbIX rlOTOKOB [ 10-- 13]. Flep~ o~, C~CTeMbl Mo~KeT 6bITb COn3MepnMbIM 
C TOYIIJAI/IH0~ nyqKa, H~n ‰ HaMH0r0 6onbtue 3TOH Be.rll4ql/IHbl. PaccMaTpuBaeTc~ 
c~yqa¡ 0nT~Ma~bH0ª ~0~ycnp0B~Z, KOT0pa~ onpe~e~aeTca MI4Hl4Ma~bH0¡ 
B0YIHI4CT0CTblO nyq~a. 

Pe3y.qbTaTbI pa60TbI npn6an~<enHo M0ryT ‰ pacnpocTpaneHb~ TaK~<e 
tta c~yqa~ Tpy6qaTb~X rlyqKOB, er TOJI~UHa nyqKa u nepnox CI4CTeMbl MaJIbI 
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336 M. CHnA~H 

no cpaBHeHmO c ~InaMeTpoM nyqKa. (Mb~ no~yqrIM COOTBeTCTBytomy~o Tpy£ 
qaTy~O CHCTeMy, ecJ~H ceqeHHe rI~0CK0~ CHCTeMbI rlOBepHeM BoKpyr ocn cm~t- 

meTpnH.) 

0HTHMa~hHaH ~oKycap0BKa ~eHT0qH0rO nyq~a 

PaCCMOTpHM RJII4HHbI~ HHTeHCHBHbI~ JleHT0qHbI~ 3JIeKTp0HHbi~ HOTOK. 
Pacn0JI0>KtlM np~M0yr0J~bHy~O CnCTeMy K00p]~HHaT x, y, z TaKHM o£ L qTO‰ 

Puc.  1 

HaDpaB~eHr~e ~Bn~euun nyqr~a COBna~o c HanpaB~eHneM ocri z (pHc. 1). I-IycTb 
runpHHa nyqKa IV (no HanpanaeHntO ocn x) naMHoro 6o~bme ero TOnmnnb: (no 
HanpaBsleHi4IO ocH y), a B TO ),I,(e BpeM~ X~rIHa rlyqKa HaMH0r0 npeBblmaeT evo 
tunpHHy. B 9TOM c~yqae lVi0)KHO cqI4TaTb, qTo BIi.rIBI IIpOETpaHeTBeHHOF0 3apa~a 
Re~CTByIOT T0YlbK0 H0 HanpaB~enmo ocn y.  3TU CHabl KOMHeHcHpyIOTCfl H0CT0~H- 
HbIM BO BpeMeHn amKTpI4qecKrIM nomM ~steKTp0RH0~ CrlCTeMbl, pacno~o~eHHO~ 
c ~ByX CTOpOH B6r nyqKa. 9~qeKTp0)IbI CHYlbRO BblT~HyTbt nO HanpaBmHmO 
ocH x. Ha  H~X noHKnaa~,matoTc~ nOTeHt~rIa~bl, nepno;~rlqecKrI MeHaromneca no 
nanpaB~eHmo ocn z, raKnM o£ qT0~bl ~oKycnpy~oiaaa CnCTeMa, TaK ~ e  
KaK ti nOTOK, £ CI4MMeTpriqHbIMn OTH0CriTenbH0 nStOCK0CTH x z  (pnc. 1.). HpaK- 
Tl, lqeCKI4 riO HanpaB~eHnIO 0CH x cnabI He ~e¡ T. K. mupmta  nyqKa H 
R~~Ha 3J]eKTpO~0B Be~HKU. I-lo 3T0¡ npnqnHe~ ec3]H 3~]eKTpOHb~ BX0~s B cnr 
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B FI.rlOCKOCTI4 z ~ 0 napam]enbHO ocH z, OHH £ ,~BHFaTbC~I B H.rlOCKOCT~IX, 

napa~~e~bHb~X r~~OCKOCTH yz. FIogTOMy Bce paccMoTpeHne MO~eT 6b~Tb npo- 
Be~eH0 B 3TOH rl.rIOCKOCT!4, ]~fl~l CI4CTeMbl, C~iMMeTpI4qHO~ OTHOCI4TeYlbHO OCI4 Z. 

Flp,MeM Ta~~e c.ne~yrom~e ,~onytaeH~fl: 
a) FIOToK cqtiTaeTcfl .ffaMHHapHbtM, 3J~eKTp0HHb~e TpaeKTOpl4H He nepe- 

ceKaloTc~. TaKHM 06pa3OM, B.aHJaHrieM Tel3.~OBbtX cKopOCTe~ npeHe£ 
B 3TOM rIp¡243 Be.rlI4qHHa CHJ]b! ToKa HOCTOJ4HHa BHyTpH ~rO‰ C.rlO~t 
nyq~a, oFpaHhqeHHOFO 3.YleKTpOHHbIM/4 TpaeKTOpH~MI4. 

6) l~oM~eHct~py~otanM B.YlI4~IHtieM I30JIO).KI4Te.YlbttblX I'Ÿ HaxorxflllXtfxc~/ 
B I~OTOKe, r~peHe£ 

B) OFpaH¡ paCCMOTpeH¡ TaKhx n0TOKOB, B KOTOpbIX cKopocTu 
3JleKTp0HOB 0qeHb MaJlbl I10 CpaBHeHI4IO CO CKOpOCTbtO CBeTa. TaI<HM 06pa3OM, 
pe.rI~THBItCTCK14e 9~(1)eKTb! MOFyT He yqhTblBaTbC~l. ~TO BsleqeT 3a co‰ npeHeO- 
pe~eHue MaFI-II4THblMI4 Cl.4YlaM!,I, BO3Ht4KalOtlXt4MI4 Me~ay l~apa.a.,3e.abHO ~BU~y- 
I~HMHCfl 3..qeKTpOHaM~t. 

B pa£ np¡ npaKTriqecKa~ crlcTeMa e~rlHHtt MI(CA. 
Pacnpe,~e~eH~e nOTeHarm.,qa qbo~ycnpytomen CI4CTeMbl B cpe~IHen n.~oc~o- 

CTn 3ag, aeTcft c~e,~y~omnM npOCTbtM Bb~pa)KeHHeM: 

r  = [ro + U~ c o s  - -  
27~ 

z.  (1) 
P 

3,~eCb Uo cpexttH~ nOTeHttHa:l no OcH z, Ha KOTOpbliŸ HaK.Yla3,b[BaeTc~ nepHo3,n- 
qecKafl COCTaBJ]flto~a~ nOTeHtlua.3a c aMn.rlhTy~Ofi U!; p -- nepHoa di)oI<ycH- 
pytotttefi CHCTeMbl. Ec.rll4 t'i3BeCTHO 0ceBoe pacnpe,aeJteHne r~oTet~I.tHaJ~a, TO BeJlId- 
ql4Ha IlOTeHi2tta.yla B nport3BOJlbHOfi TOqKe rlpOCTpaltCTBa MO~KeT ‰ Ha¡ c 
nOMOtabtO c~e2ytotttero COOTHOmeHH~ [8]: 

U(y,~)=--~-[~(~ + iy) + r . (2) 

I-IoRcTaB.JI~I~I Bblpa:~eHHe (1) B (2), rlo~yqHM o6mee pacnpe,~e.,aeHHe nOTeHUHa~a, 
KOTOpOe /4MeeT BrlR: 

2zt 2zt 
U(y,  z) = U o + U~ ch - - -  y cos z. (3) 

P P 

FIyCTh Ha 3~eKTpO,~bl qbor(ycHpytottte~ CrtCTeMbl nonepeMeHHO nprIJ10~KeHbl 
rlOTeHl414aJ]bl (U o q--Uf) ti (U o - - U f ) ,  a BeJll4qrlHy paccTommfl Me~ay CnM- 
MeTpl4qHO pacnoJm~eHHbUan 3JIeKTpo~aMH O£ qepe3 2b (pHc. 1). Tor~a, 

rloAcTaB.ri~q B (3) 3HaqeHrfa U = Uo 4- Uf, z = kP-P-n y = b, Mu noayqma 
2 
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Be~nq~Hy U 1 ~a~ qbyHKtlmo napaMeTpoB r CHCTeMbI (3ReCb k 
qeTHOe mrln HeqeTH0e Re~0e qUC:lO, B 3aBHCHMOCTH OT uOTeHtI~a~a 3yleKTpoRa): 

U ~ = -  Uf (4) 
2~r 

ch 
P 

MbI 5yxeM paccMaTp~BaTb c~yqan, KorAa 

u~ 
- - ~ 1 ,  
Uo 

T0-eCTb oFpaHHqHBaeMc~I MaJ~blM~ 3HaqeHHnMti dpoKycHpytomeFO HOTemiHana Uf. 
FIpI4MeHHM RJI~ Harnero c~yqan MeTOR aHann3a, pa3pa‰ RJI~I 

a~cnanbH0-CnMMeTpnqHblX nyq~0B [2]. TpaeKTopmo J~m£ 3ae~Tpoua nyqKa 
£ HCKaTb B BnRe 

y(z)  = yo + yx (z) .  (5) 

Ecan yRa3IOCb ocyIIIeCTBHTb OrlTI4MaJlbHyIO ~OKyCHpOBKy, TO Yl ~tB~I~IeTC~I nep .o -  
anqecKo¡ CyHKane~ OT Z, aMn~nTy~la xoTopof~ HaMHoro Menbme, qeM IIOCTOgHHa~I 
COCTaB~nmma~ Yo. B 3TOM cnyqae liaxnon Tpae~Topnn Ta~~e ~~nneTcn Mano¡ 
BennqnHo~. Ta~HM o£ 

2:~ Y_L <~ 1, dYl - - . , ~ 1 .  
Yo dz 

I-IpeRCTaBnM Bblpa>KeHne (3) B BnRe pn~la T3¡ c yqeTOM (5). Hoay-  
qnTCn cne~y~mn~ pe3yabTaT: 

U(y,  z) U o --~ U 1 [eh  2u 2re 2rŸ = - -  Yo + Yl - -  sh Yo 4- 
P P P 

eh Y o §  cos z .  
+ z t p  ) p p 

(6) 

2Zt yx 2~ y 1 
H3 Ma.rI0CTH Be.rlHqI4Hbl -cneRyeT, qT0 14 BeanqaHa Ma~a, ecnH nepnoR 

Yo P 

CHCTeMbt HaMnoro 6o~bme Yo n~iH con3~tepnM c 3T0¡ BeaHqnH0~ (c~yqafi p ~  -~ 1 
Yo 

~B3]~IeTC~ I]paKTHqecKH Ma~0 HHTepeCHbIM). NO 9TO~ npnqHHe q~eHbI p~Ra, co- 

Rep>Kanme 2zty~ - -B  CTeneHH BbIme BTOp0~, M0ryT £ onyI~eHbI. 
P 

Acta Phys. Hung. Toro. X V I I I .  Fasc. 4. 



FIEPPIO.~HqECF(Afl  3 f IEKTPOCTATPIqECI<A9  ( I )OKYCHPOBKA 339 

Be~HqHHa y-BO~ COCTaB3~9~onlefi 3~IeKTpHqecKoF0 HO~~, C03AaHHOF0 qboKy- 
cupytomefi CMCTeM0~, MO:~I<eT 6bITb Bblpa:~<eHa C HOMOIIIblO (5) 14 (6). I lonyqaeTca 

E ( y ,  z) ~U(y ,  z) U~ [ 2zŸ sh 2n 
- -  - -  Y o  + 

~Y p P 

+ Y~ - - Y o  + sh cos - -  
p 2 - t p  ] p p 

Z:. 
(7) 

I~p0Me 3T0rO, )le~CTByeT eme ~ none HpocTpaHCTBeHHOFO 3apg~a, nptiqeM 
TaK~e no HanpaBnenHm oc~ y. YIpe~no~~o~<~~ cHaqa~a, qT0 HJ]0TH0CTb T0~a 

paBHOMepH0 pacnpe~e~9eTc~ no ceqeHIdlO nyqKa. B 3TOM cnyqae Be~HqHHa Ha- 
13p~I)KeHHOCTH HO~I~ Hp0cTpaHCTBeHHOFO 3ap~~a paBHa 

E a (y ,  z) - -  I (Y )  , (8)  
2% Wu(z) 

r;le I ( y )  - cH~a ToKa B c~oe nyqKa c T09ImVIH0~ 2y, 0rpaHtlqeHHOM noBepx- 

H0CTŸ OHpe~e.rleHHbIMH paccMaTpnBaeMo¡ H CHMMeTpHqH0~ e~ TpaeKT0pH~MH. 

BeJII4qaHa 9TOH CHJIbl TOKa C yqeTOM (5) CB~13aHa C H0~IHbIM TOKOM HyqKa In 

cne~tytom~M C00THOILIeHHeM: 

I ( Y )  ~ In Yo - - / ( Y o )  = c o n s t .  (9)  
Yo max 

3~ecb Yomax --  cpe~H~~ BeJlnqnHa paccTo~itn~ Kpa~He¡ TpaeKT0pnu nyqKa 0T 
OCH, u(z) - -  cpe;lng~ cK0p0CTb 331eKTp0HOB H0 ceqeHI4lo nyqKa, a eo - BeYlHqHHa 

jlngaeKTpHqecKo¡ npoHmmeMocTn BaKyyMa. 
YpaBHeHHe ~BH)KeHH~I paccMaTpHBaeMoro 3neKTpoHa HMeeT BH~I: 

d 2 y  
- -  ~ (E + E~) , (10) 

di 2 

e 
uIe ~ - -  - -  a‰ Be.rIHqI4Ha 0THOKIeHI4YI 3ap~Aa 3JleKTpOHa K ero Macce. 

/ / t  

l-]epefi~eM B 3TOM ypaBHeHHrl 0T Hp0H3BO;IH0fi HO BpeMeH~ I< Hp0143BOJIHO~ H0 
Koop;IHHaTe z, Ha 0CHOBaHHH C00THOIIIeHH~I 

dz 
- -  v z ( y ,  z ) ,  (ll) 

dt 

FRe v z - -  COCTaBYi~h3tttafl CKOp0CTI4 v HO HaHpaBJIeltHIO 0CH Z, B TOqKe C Koop~~�91 

rtaraMa (y, z). 143 (11) cne,~yer, qro 

d 2 y  _ v2 z d ~  4- Vz av z dy  (12) 
dt 2 dz 2 dz  - dz 
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Tenepb nepen~tueM ypaBtieRHe (10) c yqeTOM (7), (8), (12), (5) ti (9). l-lony- 
qaeTc~ cJ~eayrotuee atidpcpepenutiaJTbnoe ypaBne.tie STOpOr0 n0p~~Ka: 

d2y t ~_ 1 dv~ dy  1 ~ Us ' 2:rr ~y~ eh 2zt Yo 5- 

1 2 n 1 3 y 2  2n ] 2zt 5- - - - s h -  Yo c o s - - - z =  
I p l  p p p 

= ~ U 1  2n sh 2~ 2z~ VI(yo) - - Y o  cos - -  z 5- (13) 
v 2 p p p 2% W v~ u(z) 

TaK KaK B cJ]yqae OI]THMaYlbHO~ @oKycHpoBKH nonepeqHafl COCTaB~~toHtafl 
CKOp0CT!/I 3JleKTp0Ha npeHe6pe~HMO Mana no cpaBHeHtitO C z-BO,q COCTaBJI~tO- 
II]~e~, MO)KIlO cqtiTaTb, qTO 

v~ (y, z) ~ v(y, z) = V2~ U (y, z) .  (14) 

Ha OCHOBaHI4ti COOTHOtuennf~ (3) H (4), a Tar(~;e yCJmBH~ 

Uf 2zty I dy 1 
- -  ~ 1 ,  - -  < 1 ,  - -  ~ 1 ( 1 5 )  
U o p dz 

MO)KHO HalltiCaTb: 

{ U 1 2Jr 
,~, COS Vz V2~• 15-  2U ~ p z[ch 2 Z y o s -  

[ P 

2~rsh 2~r Y~{~_~~2ch 2Jr ] 
+ Yl - - Y o  5- Yo -- 

p p ~ T 

1 U 2 [ 2Zty ~ / - l i  cos 2 2 n z  ch 2 5-yx 
8 [Uol  p p 

2;sh~-yoll (16) 

dv z V2~• { U s 2~r sin 2~r [ 2~r z c h - - y o  5- 
dz 2Uo p p p 

5- Yl 
2zr sh 2n--y o ] § U1 2z~ 2~r dYs sh 2zt 

- -  cos z Yo -l- 
p p ] 2Uo p p dz p 

1 IU112 2~r sin 4~r zch 2 2~r } 
+ ~ - ~ ~ - o J  p p p yo , 
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-~- Y l  - -  

vz ~ V 2 ~ o  1 - cos z 2Uo p [ p 

2:~ sh 2z  ] 3 Ÿ 2xi z ch2 2z 
Yo + - - -  Yo 

p 1, ] 8(Uol p p 
(18) 

{ 2xi 2~ l+(V' /~cos ,  zch~ ~ o -  
v 2 2~ Uo ( Uo ) p p 

U~ 2~ [ 2 ~ y  ~ 2ze 2~ 11 --  - -  cos - -  z ch + y~ sh Yo �9 
Uo p p p p 

(19) 

1-10ACTaBMM 3TH sb~pa)~eHnn B ypanHeHne (13). Ec3n 0FpaHHqMTbC9 q3]e o 
HaM~ BTOpOFO nopuAr(a Ma3]0CTM, TO rI0.rlyqMM cmRytonlee 3IHHe~H0e He0~HOp0~- 

HOe aH~~bepeHLma~bttoe ypaBHeH~~e BT0p0ro nop~~Ka: 

p d2y 1 U, ch 2z~ yosin  2~t dy~ 
2zc dz 2 2U o p p dz 

2z U1 ch 2zt 2~ U 1 2z  27t 
Yo cos z -y~ --  sh Yo cos z - -  

p 2Uo p p 2Uo p p 

1 I U~ 12 4~r 2~ z p i  (yo) 
4 ~• s h - - y ~ 1 7 6  p + 8~eoWV~U~o ~2 (20) 

l-lpn BbIBO~Ie ypaBHeHn~ (2C) ~hi J10 yqTeH0, qT0 ero noc~exHH~ qaeH HMeeT 
~e3nqHHy BT0p0r0 n0pn~Ka Ma~0CT, [2]; nO3TOMy B ~aHn0M npH6nn~eH,n  cpe- 
~~H99 CKOpOr 3J]eKTp0HOB MO:h'~eT ‰ 3axaHa Bblpa~KeHMeM 

u(z) = V2~ U o = cons t .  (21) 

~Jlfl npu£ onpeReneti~~ TpaeKT0p~n 3~eKTpOHa paCCMOTpHM 
TOJlbKO Te q3]eHbI ypaBHeH~9 (2G), KOT0pble HMelOT Be.rlHqHHbl nepBoro nopg;~Ka 
ManOCTH, T0-eCTb cne;Iy~mee ~ndp(pepeHaHa~bnoe ypaBHeHne: 

d2yl 2~ U1 sh 2= Yo c~ 2= - -  - - - z .  (22) 
dz 2 p 2Uo p p 

B :3TO ypaBHeHHe He BXO~I, HT q3/eH, xapaKTepH3npytou~H~ 13pocTpaHCTBeH- 
HbliŸ 3ap~~I nyqKa. TaKnM 0£ npocTpaHCTBennbI~ 3apg~I B nepno~nqecKoM 
~oKycnpy~meM no te  B nepBOM npH£ He B~U~eT Ha dp0pMy TpaeKTopnH. 

PemeHHe ypaBHeHH9 HMeeT Bn~I: 

Y l ( Z ) = C  1 + c  2z P U1 sh 2zt 2~ Yo cos - - -  z .  (23) 
2zt 2U o p p 
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l-IpoH3BOJlbHble HOCTOflHHble C 1 lA C 2 MOFyT ‰ onpeAeJleHbi Id3 Haqa.llbHblX 

yc~10Bn~. 1-lyCTb 3~eKTpOH BXORI4T B CHCTeMy Hapa~l~e~bHO ocn z ~ evo Haqa~bHOe 
paCCTO~IHHe OT 0CH COCTaBYI~IeT 

y(0) = Yo P /J~ sh 2~r 
- -  Y o "  ( 2 4 )  

2:t 2 U  o p 

TorRa HaqaYlbltble yCYIOBH~t Ir BHR: 

14 

Yl ( 0 ) -  P U1 s h  2zt - - Y o  (25) 
2n  2Uo p 

d~ 
" ~  = O. (26) 
dz z=O 

B 3TOM cylyqae c~ - c 2 == O n OKOHqaTeJlbHbIM pemeHneM, cor~acHo (23), 6y•eT 

Yl ( z ) - -  P U1 sh 2u 2n Yo cos - -  z. (27) 
2~ 2 U o p p 

Tenepb  rlORCTaBI4M Be.rIlAql4HbI Yl lA ero  rlp0!43BORHbIX, paccqhTaHItblX Ha 

0CHOBa14HIA Bb~pa~eHnn (27), 06paTHO B ypaBnenne (2(3) n m,innLueM nOCT0aHnbIe 

qJIeHbt HoJIyqeHHOF0 paBeHCTBa. Flocne np0CTb~X npeo6pa3oBartn¡ rIOJIyq!4TCfl 
c~eRyrOlUH¡ pe3y~bTaT: 

[ U t 12 = pi(yo) 1 (28) 

• ] he o W V 2~ Uao/2 sh 4z~ Yo 

P 

�91 COOTHOIJJeH14e Bblpa~aeT Heo£ yCJIOBHe OrlTHMaJ~bHO~ ~oKycH- 

pOBI<H: pasuoBecHe qboKycHpyrom~~x cH~ c cn~aMH npocTpaHcTBeUttoro aap~Ra. 

(KoHeqHO, peqb I/UIeT 0 paBlAoBecnlA cpeRHHX BeJI!4qlAH). EcJm n0R0£ napa -  
MeTpbI qboKycnpymme¡ CnCTeMbI TamlM 0£ qTO‰ rimero MeCT0 C00TH0tUe- 
HI4e (28), TO TpaeKT0plAn 3JIeI<TpOHa 6yReT n0qTn npnMoJmr~e~Ho¡ 14 Ha OCHO- 

BaHnn (5) lA (27) osa npH6nn~eHno 6yReT onpeRen~TbC~ Bb~pa~enneM 

y(z) = y o  P Ux sh 2~ 2~ 
- -  Yo cos - - -  z, (29) 

2zt 2 U  o p p 

U 1 
r~e Heo£ BenHqnHa Uoo paccqnTbmaeTc~ no (28). B cnyqae  OnTnMaJIbHOfi 

qboKycnpoBKn TOqH0r0 pemeHn~ ypaBnetmn (2G) He Tpe£ TaK Ka• aMnaH- 
TyRa BOalAnCTOCTH Tpae~<Topm~ oqeHb MaJ~a. 
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COOTHOIIIeHI4e (28) nO31~HO BbIIIOYIH~tTbC~t npH Bcex 3HaqeHI4SX y BHyTpI4 
nOToKa, nHaqe BO3HI4KHyT nepTyp£ TaK I<aK qboKycnpymmaa cH~a ‰ 
paCTeT npH ynaneHHn 0T 0CI4, nO3TOMy kan BbInO31HeHHa 3T0rO Tpe£ 
Heo£ qTOSb~ cnna npocTpaHcTBe~moro 3ap~~a TaKn(e BO3pOCTaJm no 
TaKoMy )Ke 3aKony. FoBop~ 93sit(om OrITHK~I, nO cy~n nena peqb nneT 0 TOM, qTO 
cnetlHanbao nOno£ pacnpenem~me n:~OTHOCTn TOI<a nyq~<a /(y) nonn<HO 
CKoMneHC~pOBaTb cqbepnqecKy~o a6eppaan~o CHCTeMbI. Tenepb paccqnTaeM 9T0 
pacnpeneaeHne. 

ECJ]~I rl3]0TttOCTb TO~a MeHmTCU nO nonepeqnoMy ceqeHntO nyqKa, TO 
BMeCTO (9) 6yneT ne~… c3exy~omee COOTHOme~~He: 

Y 
I(y) = 2W ,I'J(Y) dy.  (30) 

O 

FIpH flp0r.3BO~bHOM 3rtaqeHHH )' Bbipa)~eHne (28) naeT: 

i ( y ) =  ~eoWV2~Uao/2 [U l lzsh 4 ~ y .  (31) 

p IUo) p 

PlcKoMoe pacnpenemH~e H3IOTHOCTI4 ToKa n0~yqrŸ uS (30) n (31): 

1 di  2n2 eo V ~  u~)/2 IU1 12ch 4 J r  Y" (32) 
J(Y) -- 2W dy -- p2 I Uo ] p 

CneRyeT OTMeTI4Tb, qTO npa~(THqecKoe ocymecTB~eHHe TaKOrO pacnpene3]eHH9 
~IBTI~eTC9 C3-I0)KH0¡ 3anaqefi. 

BBeneM BeaHqnHy cpenHero nepBeaHca nyqKa, KOTOpa~ --  KaK O‰ -- 
Bb~pa~aeTc~i qepe3 

p _  In ale3~2. (33) 
U3o /2 

3annmeM COOTHOmeltrIe (28) Ana KpafiHeU TpaeKTOpHH nyqKa Yo = Yomax. Torna 
c yqeToM (33) rlo~yqHM nepBeaHc nyqKa, t(OTOpbl~ Mon(eT ‰ OnTUMaabtIO 

Ut 
Ct~0Kycup0BaH npn 3anaHH01Vt 3HaqeHi~I4 : 

Uo 

~~oV~ ~ I ~ l  ~ ~~ ,3~) = - -  sh - -  Yo max �9 
P ~Uo) P 
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l-lapaKcHa:]bHb~~i cnyqafi 

Ec~qI4 BBIHOJIHfteTCfl yc~oBHe 

47~ 
- - Y o  max ~ 1, (35) 
P 

TO M0~eT ‰ npHMeHeH0 napa~<c~a~JbHoe np~£ n 3aAaqa ynp0CTUTCg. 
B 9TOM cnyqae BMeCT0 C00TH01Uerm¡ (28) H (29) - c yqeToM (9) n (35) --  M0>KeM 
IIOJlb3OBaTbCFI cae~y~omnM~ Bb~pa~eHH~MH: 

( U1 12 = pi I~ (36) 
Uo] 4 ~  2 e O W V ~  u 3 / 2 y o  max 

y(z)=yo[1 1 U~ cos 2~ zl  
2 U o P I .  (37) 

Bblpa~eHn~ (36) H (37) coBna~IalOT c (p0pMyJIaMH, n0:IyqeHHblMn B pa£ 
[5] nyTeM npn6nn~ennoro  peHIeHnn napaF(cnanbHoro ypaBHeH~~. B 3TOM c~yqae 

U~ 
Heo£ BeJI!dql4Ha~•241 He 3aBHCHT OT BeJII4qHHbl Yo, nO3TOMy HJIOTHOCTb 

ToKa paBHoMepHo pacnpexe~~eTc~J no ceqeHkIIO nyqKa: 

j =  2rq /U l12  : 
p2 [ U o )  const .  , (38) 

coraacno (32) H (35), TaK KaK B napaKcHaabHOM cJiyqae cqbepuqecKo~ a£ 
LIHe~ M0)~KHO npeHe£ 

Be~HqHHa nepBeaHca nyqKa B 3TOM cJ~yqae M0~<eT ‰ nonyqeHa n3 BBI o 
pa;~enn¡ (33) n (36), HJ~H ~,3 (34) n (35): 

Wyo ~ax /Vi/2 
P=4rq176 p2 [--• " (39) 

CpaBHeHHe yC~OBHfi ~0gycHpOBgH RH~HH~pHqecgoro 
H JIeHTOqHOrO nyqgoB 

B napaKcx4anbHOM cnyqae ~erKo MO).KHO cpaBHHTb ;Ipyr c 9.pyroM yCn0BH~ 
OnTHMa3]bH0~ ~0Kycup0BffH ~eHT0qH0r0 H aKcHa~bH0-CnMMeTpI4qH0r0 I~H~HHg,- 
pnqecKoro nyqKoB. C ~TOH UenbrO £ paccMaTpHBaTb nyqV.~~, nMe~om~e o;m- 
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ttaKOBb~e napaMeTpbi n O~HHaKOBb~e cpeRHHe nonepeqHbm ceqeHH~, KOT0pbIe 
0603HaqHM qepe3 S o. ~~I~ 31eHT0qHOF0 HyqKa 

So = 2 W  yo max, (40) 

a A-n~ ttn.~mHRpnqecKoro nyqKa 

So = Ztro ~ m a x ,  (41) 

U 1 
r;le r0max --  cpexHn¡ pa~Hyc nyqKa. O‰ napaMeTp qb0Kycnp0BKn Uo 

B c33vqae 31eHT0qHOFO nyqKa qepe3 Fa, a r~ cnyqae RH3/HHRpHqeCKOF0 nyqKa qepe3 
F,, r AHanornqno, aMnnnTyxbI BO31HHCTOCTH TpaeKTopnª paccq~TaHimix B nep- 
BOM npH£ 6yRyT C00TBeTCTBeHH0 Bblpa~enbl qepe3 b). n 6~~. 

Ha Bblpa~eHniŸ (36), (37) n (40) c~e~yeT, qTO 

p2 I~ 
Fz = (42) 

2~2 So V ~  Uo 3/2 so 

1 
6 z = ~ -  F z . (43) 

2 

B c~yqae tlnJIHHxpHqecKor0 nyqKa, Ha OCHOBaHH14 pe3y3IbTaTOB pa60TbI 
[1], a TaK~e Bblpa:~eHHa (41), M0~n0 nanncaTb: 

14 

V 
Fu __ 2P 2 In (44) 

3z~ 2 e o 2V~ Uo 3/2 s o 

6~ = 1 Fu " (45) 
4 

3TH d~0pMynbl BepHbl, ec~n oceBoe pacnpeae:~e~He ~oKycnpyromero noTeHI~naJ]a 
onpexeJ1~eTc~ Bb~pa~eHneM (1). 

IA3 cpaBHeHH~I qb0pMy~ (42)--(45) no:3yqaeM, qTO 

li 

F~ V3 
- -  - -  0,866 (46) 

F u 2 

6~ _ V ~ :  1 , 7 3 2 .  (47) 
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HTaI<, ec~u napaMeTpb[ o6oux rIyqKoB O~HHaKOBbl, TO ~~lfl d~oKycHpOBKt~ 

~eHT0qHoro nyqKa Tpe6yeTca HeCKO.qbKO MeHbmee noy~e, H0 B0YIHHCTOCTb HO- 

TOKa 6yxeT 60:reme, qeM B aKCHa.qbHO-CHMMeTpI4qHOM c~yqae. 

HaKOHet[ CpaBHHM Me~~y C060~ Be.~HqHHbl nepBeaHcoB i]p~ OI~TUMaY~b- 
H0¡ O0KycHpoBKe, B c~yqae Fa = F ,  = F. Be~nquHy nepBeaHca tm:mHapn- 
qecKoro nyqKa B napaKc~a~bHOM ~p~£ no:Iyq~M ¡ Bb;pa>~eHH~ 
(33), (41) ~ (44): 

p~ 3 - -  l omax i r  = - - ~ ~ e o V 2 ~ ,  . F ~. (48) 
2 ( p J  

O603Haqt~M nepBeaHc JIeHT0qHOrO nOTOI<a qepe3 P~. Tor,~a ~3 (39) H (48) no~y- 
qaeM, qTO 

P~ = 8 W  yo max (49) 
P~ 37tr2o max 

H3 9T0rO Bblpa>KeHH~ BH~H0, qT0 HpH r0max ~Yomax H npoqHx paBHblX napa- 
MeTpax nepuea~c onTHMa2~bHO qbor(yc~pyeMoro ~er~TOqHoro nyq~a MO~eT Ha- 

MHOFO npeBB~nJaTb nepBea.c IJ, HJINH~q, pHqeCKOFO nyqt(a, Tat< KaK W >~>Y0max HO 

on pe~e~eHn[o. 

3aK31oqeHHe 

Bblme 6b~~H onpeRe~eHb~ yC~OBH~ OnTHMaYlbHO~ dpOKyCHpOBKH YleHTOq- 
HblX 3~eKTpOHHblX HOTOKOB 3YleKTp0CTaT/4qeCKHMn IIOJI~iMI~ rIpH rlpOV,3B0.rlbHO~ 

Be~rtqi4He nepHo~a noJm. Pacnpe;teJ~eHue rlOTeHLtrtaJIa Ha OCH 3aRaBa~OCb rlpO- 
CTb~M Bb~pa~(eHneM (1), KOTOpOe flBJIfleTCfl xapaKTepHbIM R~~ np~MeH~eMb~X 

Ha npaKTn~e dpOKycupytomHx CnCTeM. HO3TOMy, no~yqeHnble pe3y~bTaTb/ Ka- 
qeCTBeHHO BepHbI ~~3~ JIIO60~ nJIOCKO-CHMMeTpHqHo~ 3YIeKTpOCTaTHqecKO~ FIepI40- 

~HqeCKO¡ CHCTeMbI.* (t(a~~aa KOHKpeTHa~ CUCTeMa B nepBoM npn£ 

MO~eT ‰ oxapaKTepn3osat~a CBOe¡ BeJlHqnHoU U~). TeM He meHee, npex- 
CTaBYI~eT nnTepec qbo~ycnpy~ma~ CnCTeMa, ~z~ I~OTOpO¡ dpopMyna (1) ~BJ~neTC~ 
CTp0rHM Bbipa~en~eM pacnpe~e~enH~ non~. 

Onpe~ennM cHaqana qbopMy 3neKTpO~OB, c03)Ia~u~nx Ta~oe pacnpe�93 
~en~e. C 3TO¡ LIe~b~) nO;lCTaBHM BeJ]HqHHbI U o -~- U! B ~eByIO qacTb Bblpa~enn~ 
(3), a zeJmqnHy U.  paccq~~TaHHyIO rio qb0pMyJ~e (4), -- S npa~yto qacTb 3TORO 
Bb~pa~eH~4~. FIoJ~yqaeTc~ c~e~y~mee ypaB~eH~e: 

2zt 
ch b 

2~ p (50) c o s - - z  = ~ 2zt 
P ch - - y  

P 

* B pa£ [4], HanpHMep, paccMaTpHBaaacb cnertHanbHaa CHCTeMa. HepBeaHc nyqKa 
HMe.II Be.rlHql4Hy TaKOFO ~e rlop~~r(a, r(aK u B HacToflmefi pa£ 
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3,~eCb ti OJIOM<IdTeJIbHbI~ 3itaK OTHOCHTCH K 3.rleKTpo,~aM c Ii 0TeHtLHa.rlOM (Uo ~- Uf), 
a oTpm:~aTeabm,l~ 3Hal< - -  I~ 3aet<Tpo~IaM c rloTemtHaJioM ( U o - -  UI). qbopMa 

b 1 
3aeKTp0AoB, paccunTaHHan rio qbopMyae (50) ~Jin c a y q a a  - -  noKa3aHa na 

p 4 
pHc. 2. H a  pHCyHXe yKa3am,i TaKxe  3I<BrmoTenl~riaJlbHgle .III4HHI4 Uo, (U  o + U1) 

rt (Uo-,- u0. 

'i II 
�91 

o ~y 

> / 
7i" 

3Ÿ r ~  

Puc. 2 

~](.rl~t 3TO~ CHCTeMbl BbIpa~<eHHe (4) ~tB.rI~leTCfl CTpOFHM COOTHOttleHrteM. l-lo~I- 
CTaB~~~a Beanq•ny U 1 H3 (4) B qbopMym,I (28), (29), (32) rt (34), M}a noaynaeM 
yCJ~OBH~ OnTHManbHO,~ ~OKycHpOBt<H ;UIZ ~taHHO~ CHCTeMb~: 

ch  2 2~r b 
{ U I )2 = pi(yo) p (51) 

Uo ! ~reo Vf~~ WUao/2 sh 4~r ' 
�9 ' YO 

P 

27g 
sh Yo 

2Jr p Uf P cos - -  z ,  (52) y(z) Yo 
4~r U o ch 2~r b P 

P 

47t 
j(y) = 2Jr2 eo V ~  u3o/2 I Uf 12 c h - - -  y P (53) 

p2 [• eh  2 2 ~ r  b 

P 
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.T t ~ f  

47t  
sh Yo max 

P 
eh 2 2 7 t  b 

P 

(54) 

PaCCMOTpI4M eme Borlpoc 0 TOM, KaK £ eT E3MeHgTbC9 BeYI!JqHHa rIepBeaHca 

Uf Yomax 
Hp/4 ~HKCHp0BaHHOM 3HaqeHHH - - ,  ec~H MeHgTb Be3]HqHHy OTHOIJJeHH9 - - - -  

Uo p 
W 

13yCTb - -  const .  BBeAeM c~cxymtuHe O603HaqeHH~l: 
YOmax 

.Yo ma x __ 7" < 1 (55) 
b 

2zt Yo max __ �91  ( 5 6 )  

P 

Tor,aa Ha 0r (54), (55) n (56), rIOXCTaBrlB 3HaqeHI49 yHI4Bepca.rlb- 
Hb~X n0cT0flHHb~X, n0~yqHM c3eAytomee Bbtpa~eHHe ~:~~ l]epBeaHca: 

rAe 

[ Uf 12 W _f(�91 7) al e3q (57) 
P = 2 , 6 3 . 1 0  -8 [ •  yo max 

sh 2�91 
f ( � 9 1  7) = �91 

e h  2 - -  

(:I:)yHKIIHYt f(�91 7) HMeeT c~e~ymmHe aCHMI3TOTBI: 
a) HpH ~ -~ 1 (napaKcua.qbHbl¡ c.nyqafi): 

(58) 

f(�91 7') ~ 2�91 2 , (59) 

ec31H 7 He oqetm Ma~an BenHqHHa. 
6) YIpH ~ ~ 1 

f(�91 y).-~-~~ 2�91 exp  l - - 2 � 9 1  1 - - ~ ] . y  (60) 

TaKHM o£ BesIHqHHa nepBeaHca c pOCTOM ~ cHaqa3]a pacTeT, a HOTOM 
pe3Ko y£ FIpH HeI(OTOpOM 3HaqeHHH ,~ ~ ~opt nepBeaHc ROCTHFaeT MaKc~4- 
Ma:3bH0~ Be3H4qHHbl. Cor~acHo (58), Be3]HqHHa ~ onpe,~e~aeTc~ c~eav~ou~~M ~opt  

TpaHclle HReHTHblM ypaBHeHHeM: 
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[ 1 th  ~opt. 1 ) th  2~opt. : 1.  (61) 
y ~' 2~opt. 

Fpa~bHKn qbyHl<LtrlH f(~, Y) rloKa3attb! Ha pnc. 3. npH Tpex pa3HblX 3HaqeHrl~ix y. 
Ha pncyttKe Bld~H0, qT0 p0CTOM 7 Be3ariqHHa nepBeanca Cl/IJIbH0 pacTeT n B TO 
)Ke BpeM~I H0YIO)KeHIde MaKcnMyMa cMe~aeTc~a B CT0p0Hy 603bUIHX 3HaqeHI4fi ~. 

(CM. Ta6~ntty 1.). 

/g,g) 
1,5 

1,0 

a5 

p 

~ o 0 , 6 5  -"".+..,...~= u, O0 
o ~ _ _  ~:o, £ i - - - - - ~  l 

t 2 3 4 5 

I 

Puc. 3 

I/J3 Ta£ BM~HO, qTO Hptt Bcex npaKTHqecK~ HHTepeCHb[X 3HaqeHH~X 
K09qbqbHtlHeHTa 3anoJ]HeHH~ ~ MaKcHMaJ]bHa~ BenHqHHa HepBeaHca ~OCTHraeTc~ 
BHe napaKcnaJ~bHO~ o£ I]paKTHqecKa~ H0~e3H0CTb HaCTO~~e~ pa60Tb[ 
C0CTOHT KaI< pa3 B TOM, qT0 C ee n0M0mbm CTaHOBI4TC~I B03M0)KHbIM pacqeT ~0Ky- 
cHpy~raHX CnCTeM ~~~ 60.k I4HTeHCHBHbIX JIeHTOqHbIX IIOTOKOB~ qeM C HOMOIIIbIO 
napaKcnaabHOfi Teopnn. CIJJIbHO MeHnlOmI~ec~ c paccTo~rmeM nepno~nqecKne 
rlo.rl~ (P~Yomax)HMeIOT eme • TO npenMymecTBO, qT0 B HI/IX qb~yKTyat~rm np0c- 
TpanCTBeHH0r0 3apz;ta n~eroT Menbtuee BJm~Hne, Bcae~tCTBne qero yBennqnsaeTca 
CTa£ dp0Kycnp0RKn. 

Ta6axRa 1 

Y ~opt fmax 

0,50 
0,65 
J,80 

0,73 
1,15 
2,11 

0,289 
0,623 
1,454 
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PERIODIC ELECTROSTATIC FOCUSING OF SHEET ELECTRON BEAMS 

By 

M. SZIL�93 

A b s t r a c t  

An investigation of the periodic electrostatic focusing of sheet electron streams is 
given. The focusing system has a plane of symmetry, which coincides with the medium plane 
of the beato. The beato thickness may be comparable with the period of the system. The 
following optimal focusing conditions ate determined: the value of the focusing potential, 
the approximate electron trajectories, the beato perveance and the required current density 
distribution in the beato cross section. The paraxial approximation is considered as a special 
case. In this case the foeusing conditions for sheet beams ate compared with those for the 
cylindrical ones. Finally the electrode shapes for the considered type of electric field ate 
determined, and the beato perveance a s a  function of geometric parameters is given. It  is 
found that the maximum value of the perveance is achieved out of the paraxial region. 
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