
OllaIAMIIHHIII. 
MICTMTYT 
RAIPHIIII 

MCCIIAOlaHM. 
AYlla 

P9-87-195 

IO.H.AJleKcaxHH 

nPHBnHIEHHuR AHAnH3 
METO~OM OBPATHYX TOKOB 
HArpY3KH YCKOPHlOmHX CHCTEM 

HanpasneHO s OprKOMHTeT X BceCOOSHoro 
ceMHHapa no nHHeHHWM yCKopHTenRM 
sapR*eHHWX 4aCTH~ /XapbKos, 2-4 H~HR 1987 r./ 

1987 




Pll"It ymwpiO(I.llHX CTPYKTy,p (Ha pa.n;HaJIbHhlX JOOUIRX, C Q - o6pas

HHMll: p9S0HaTOpa.MR. C9KUHR Jn1Y) MOl!l'HO lBCCM8,TpIIBaTb RaK BOJIHOBO.n;li 

(H900HSaTeJIbHO nOCTOHHHoro Ce'leIDIH) C YSR.ID.!lf paspeSB:MR, HarpYl!:eH

HHMll: Iia HeKOTopIill HMIIe,!{aHC. Ec,JIH ImIpHHa paapeSOB MalIa.To aHaIDIS 

Bsam~.n;elcTBRH uyqKa co CTPYKTypoi oc06eHHO rrpoCT. B npsHs6pex9HKa 

paSp~SaMH paCC~TliBaSTCH paCnpS.n;eJI9RRS ~P0BaHHhlX SapH.n;OB Ha 

CTSIDI9 BOJIHOBO,na.:wc llOTOI( , 'Jepes KOHTy,p pa~pesa nOSBOMeT HaftTI! II/il- • 

~eHHe Han~eHHH Ha paSpeS9,HaB9.n;9HHoro II~OM.TIOMHMO Hcc~e.n;OBaHHJl 

~eKTa HarpYSKH CTPYKTy,p ynOMHHYThlX THnOB perueHRe .D;aHHol S~~ 

rrpe.n;CTaBnJleT HHTepec TaRXe C TO'!KH Sp9HHH HH.n;HKaUHH xapaKT9pHCTRK 

YCKOP9HHHX KOMIIaKTHhlX CryCTKOB saptlKeHHhlX 'laCTIm /1/. 
PaCCMOTPHM CHa'Jana Hep6HHTHBHcTcIDIft c~Y'Iaft. peanHS~nCH • 

HarrpIMep. BYCKopHTeJIe ~eKTpoHHo-HOHHhlX Ko~e~ /2/. Pacrrpe.n;eJIeHHe 

sapH,n;oB, HH~POBaHHhlX 13a npoBO.n;R1l!eit nOBepXHocTR. ,naeTcH !l>opMy~ol 

~=i!-E: =_2.. ?y (1) 
«</J{ 0\. 4-9T '"d I'l.. ' 

r.n;e II...- - HOPMa..JIl) K rroBepXHOCTI!. HarrpaB~eHHruI BHYTPl> lBccMaTpH-

Baeuoft 06~acTI! V . a r -IlOTemtIlaJI 3~e!{TPJi'leCKoro nOM yCKO

pSIeMOJ:.o 06'b9KTa, y.n;OBJIeTBopsDll!RI ypaBHeHulO TIyaccoHa C rp3.HlllJRw 

YCJl013HeM r~ = (7 • BBe.n;eM- BCIIoMoraTe~HHlt rrOTe~aJI :r . HBJIl!JO-

DlirltcH peme13l-IeM S~'III .l\IIplUCJIe: 

IAr".. 0 ~l =-:r/.- == 0,
E, '£2 (2) 

r.n;e X~ n Ez. - 'JaCTH nOB9pxHOCTI! 2. • lBs.n;eJIihume paSpeSOM 

(CM. piCYHox). Tor.n;a no.n;y:paSHOCTb sapJI.n;013 Ha Y'IaCTKaX L'i 2 • Ha

Be.n;9HHhlX TO'lelJRHM cryCTKOM (a Ta:Kllte TOHKHM KO~UOM IIpH HBJm'llf,ll aSH

My'I'~HO:a CHMM9Tpm,;). MOXHO Ilpe.n;C TaBHTl> 13 BII.n;9 
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; rez-ift)==- f (J - j'&d$) =2. J:F':rdS'=
:£ L. 4%.. t"4 

2. ( Go. 

=.:!.. J(J.r:r- ,,<ll)"/s'-::-1..jilf'AA- J(Aifl)4V;;.t{J· ;rr/t) (3)
4JT. 'v!t I <Pit ~iT. I / . •r ' V 

r.n;e q - saPfl,lJ, crYCTKa, pacnOJIOJlteHHoro B TOtrKe It npocTp9.HcTBa 

(B CJ.tY"me ROJIJ,n:S - I1JIOCROCTH 'i 2 ). 	IIp1:t ,IUmJKeHIDI CryCTKa co CRO

POCTbD It= eli!/../t qepes paspes TelleT TOR 

Jt.,,/ (t)= 1d ;' ttf'e -,*) = tlit:~U'£'. (4) 

~OpMyJIa (4) • .lJBJmIilllMCR co.n;e:p.ll(.almeM Teopew PaMo...ffiOKJm (CM•• HBDplI

Mep. /3/),ocTaeTCR 6es ~sMeHemdl R II])R HaJmtnm ,nOUOJIH1ITeJIl>HHX pas

pesoB SJIeRTpo,noB ~( • ~2 .B qSCTHOC~. B ueplIO.n;HtIeCROM CJIY'lse. 

IIp1:t HSBeCTHOM TORe (4) MOJItHO HaftTR na,neHRe HaTIP.fIJIteHWI Haaasope: 
-"1 

A tV~,.! = - Z It.".( , 	 (5) 

r.n;e Z - BXo.n;HoA mvme,JJ;aHc. HB.JIJOO.llIfi!CH, Boo61l1e rOBoPil, RHTerpo.nnq'r

\IJepeHllHaJIbHhIM onepaTopoM, If ,cooTBeTcTBeHHo, onpe.n;eJIHTl> MOIllHOCTb 

nOTepb sHep~~ CryCTKa. 

CllJll1, ,neil:CTBY"ilIllIf9 HS HepeJIRTRBHCTcIGrl!: aaPilJlteHHmI CryCTOK B 

HeO.r\H0p0,1l,Hoit cTpyRType, MO;<JiO paa,neJIHTb HS SJIeKTpoCTaTll'tlecKYD (Bll 

pa;!t8eMylO qepea rpa,D,}IeHT eMKocTH CryCTKa KaK \IJYH~ ero nOJI0Jt9

HXsl2/ ) R cRilY .BI:Is:aaHHYJD na.n;eIU19M HanpR.ll9H1il.fI (5) .EJIaro.n;apJI T90peMa 

PaMo...ffiOKJm nOCJle,ItWm MOliteT 611Th HalbteHa ,1VIJ! npollSBOJIbHOI reoM9Tp1'IB 

SJIeRTpo.n;oB H upouaBOJIJ,HOrO SaKOHa ~eHR.fI CryCTKa 6es .fIBHOro Bll 

~CJIeHRR pacnpa,naaaHRR ~pOBaRHllX aapJI.n;OB. 

2 

O.n;Hat(O Upi' PeJIJITHBRCTCKHX CKOPOCT.ffX .nBJIJltCHHJI TeopeMa Pa.Mo...ffioR

JIH, B OTJIIf':!He 0'1' npJIMoro MeTo.n;a.HenpRMCHRMa BBW HeSKBIDIOTeHl{lfaJIb

HOC~ SJIeRTpo.n;oB Ha BllCOKHX qSCTOTax. 	HeCTaI:(ffOHapHocTb Hapa.ny C K0

HelfliOii BeJIHtJ.HHol BXO.n;HOrO mme.n;aHca K 	KpaeBllMH 9:WleKTaMH np1:tBo.1l.l1T 

K nOJIBJIeHmD B BOJIHOBo,ne BTOpH'tlHllX BOJIH, paccemmllX paspesoM (06CT0J1

T~CTBO. H9 y-<ITeHHOe alII). 3.neKTp!1tIeCKOe nOJIe BOJIHll IIaMeHJIeT pac,.. 

npe.n;eJIeHHe SSPit,JJ;OB, HH.lJYI:(ll:POB8.1iHllX CryCTKOM. R I COOTBeTCTBeHHO. TOR. 

npOTe~ qepes paapea, 

OrpaHHtJ.HMCJI CJlyqseM KPyr./IOro BOJIHOBO,JJ;13. nocToroiHoro pa.n;HYca I
-.·kJr 

H rapMOHH'tleCKOA aaBHCHMOCT~D 13cex BeJIHtnm 0'1' BpeMeHH (""'e ). 

IIJlOBe.n;eHHoe Blmle nOCTpoeHR€I COCTORT, no CYTH. B npH6Jllll!teHHOM cunma
/J(Q) 

H.\fiI Ha saaope MarHHTHOro nQM nyqKa nO • Ha!.n;eHHoro .n;JIJI Hepaspe-

SaHHOro BOJIHOBO,JJ;l3.. l'I nOM B no,nCOe,zm:HeHHOil K paSPllBY CTpYKTypa. 

YCJlOBHe HcnpepllBHOC~ 3JIeKTpHllecKoro nOM E;, npH 3TOM He BhlIIOJIHJ1

eTCSI, Tat( Kat( HS BXo.n;e B CTPYKTYPY (,..;:::. t+tJ ) c.;t'''~ -~.,(/A I a 

t 	 "JB BOJIHOBo.n;e HeBOSMYIlIeHHoe nMe nplI 1"-= -(J OTCYTCTByeT: ~ =0 • 

Jl.,J:r.fI y.n:OBJIeTBOpeHRJI Tpe6oBaHHlO HOOpePllBHOCTH ~ npe.n;CTaBlIM nOJIe 
L::"' f.,} r-I't')

B BOJIHOBo,ne B BH,JJ;e cynepnosmtmJ c;;_ ,.. E:. +c_ • r.n;e pacceroiHoa nOJIe . 	 ~ ~ a 
y.n;OBJIeTBOPlIeT ypaBHeHHlO reJIbMI'OJIbI:(a If 	rpaHH'tlHHM YCJlOBHJIM npR /,=1': 

Iz./<d/.e ,£;1'(;= ( - t/u.,//A I 	
(6)

() ) Ic/>A/C? . 

Onp~enRH noupasKY K BeJIHtJ.RHe HaBe.n;eHHoro TOKa qepes aSKMYTaJIbHy.ID 
. u} /.' al'(}/

COCT~ MaI'HlfTHOro nOJIJI BOJIHll no qiOpMYJIe 4.1 =--e n, /'£ • 

Ha rprumn;e paspesa ( 1~/:::,d/e ) noJlYliHu 

(,,) _ ltv 00 -44 /.1 
Iu,,/ / tlu,,.!:::: Y(4J) = - -L. (1- e J/~ , (7)

l!..d h=( 

r.n;e J..
2

,., Ya~ / f~ I{) Z;-c 2. (ReJ >0) .I;"i.<O) JJ - HYJIH mYH~H EecceJIJI:II.,.. '" ) Of ~ 

.J; (~,,) .. O. 

B II])RHllHne. nocTpoeHHe nOCJIe,nOBaTeJIbHIlX npU6JIHJlteHHit MOl!Q{O npo

.n;OJVi{l{Tb. .Hafi.n;eHHoe Bma nOJIe E; B CJIytIae, Kor.n:a sasop HaI'Pp.terr 
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Ha rrJ10CKYJO l'Mllam:.HYJO JIlrHlIlO, y.n.OB.JreTBOPffeT YCJtOBll:lO Herrpel'HBHOCTK 

Ha 3aSOl'e TO'llIO, B TO BperilE KaK He - JIlIlllli rrp!r6.mL"lteHHo. COOTBeTCT

BYJOllIYlO HeBHSKY MOMIO lWIIOJIbSOBaTh KaK rp:um'lHoe YCJtOBHe ,n;JLI!: onpe.n.e
a) 

JteHIDl IIOJIR ~ B pa,IUIam:.HOI. JlJfHlU!. a saTeM CBH3aHHOe C HlilM SJIeKT
;::-1'2)

l'H'leCKOe rrOJIe - ,n;JLI!: HaxOJil,ll,eHlIE rronpaBKIl: C K nOJIlO B BOJIHOBo.n.e.il 	

,}I1po.n.o.lIlKa.ll STOT nl'ou;ecc (,n;JLI!: CXO.ll.HMOCTH KOTOPOro Tl'e6yeTCR: A:£ " ), 

MOJPJiO 1l0CTl'OllTh B .f!BHOM Bl:l'..ll.e TO'lHOe l'emeHHe paOCl'48.TpHBaeMoi!: sa,n;atm. 

Orp:urn:'lllBMCh IIonpaBltaMH nepBoro n0IJ.fI.ll..Ka. npe.n.cTa.:B.HM HaBe.n.eH
(0) 	 (t) 1'0) 

HI:ll! TOR B Bl:l'..ll.e cynepn03liIl;l'1l!: Iu.,/'=~,+I&..I' r.n.e re;,.,r - TOK, 

HH.JJ.Y'Il;Ml'yeMIDl: IIy-q:KOM B OTCYTCTBl1e pisl'esa. 11s COOTHomeHld! (5,7) CJte

.n.yeT CBHSh 

7",.1 =. l' L 1'0) 

..;+ Zl'kJ)J::"l'kJ) e",j (8)..... 
r.n.e 	 Z (1tJ) - npeo6pisoBaHHe ~ypbe onel'a'fopa C 

B npe.n.eJIhHllX C.ny<l:aSIX ,n;JLI!: a,ItMHTTaHCa (7) HeTpy.ItHO HaitTH 

a) UJ < c/1. Y ~ _/ k) "&." ."". 2!lT A) 


. -f-i ~ 


6) UJ-:::: l{,,,~/f; y~ 2t2 C:yCh" ; (9) 

. UJi'(.Yr/+ &z. .::FC)
B) SJ'Tc/t'« U) (,~/.d : Y ~ -t 291' e t:.JA) 

I'.n.e r]t1'1. - .n.o6POTHOCTh BOJtHOB,O.ItHOti MO,ItH TN"".. Bblp8.llteIme (9B) 

II~eHO B nl'e.n.nOJIOEemm. qTO KOHe~ BeJIH~ .n.06POTHOCTH IIpaBO

.ll.liT R paSMHTHlO BOJIHOBO.ll.HllX peSOHaHCOB. PeaxTHBHaa: COCTa.BJI.lD(lllaJ a.n
t.iHTTaHCa Yt&() lIMeeT eMlCOCTmdt X8p:tKTep R orrpe.n.eJIR:eT IIOIIpaBKY K 

eMROCTl1 JJJmRR sa C'leT KpaeBllX aqq,eKTOB (Tax HaSHBaer.roe eMKOCTHoe 

YAlIIIBeue). B peSOHaHCHOM CJtyqae (96) BOJIHOBO,ItHaJl MO.n.a C BIlCOKllM 

((Olt SaKopa'IrlBaeT BXO.n. JIllHlli1 - COI'JIacHO (8) TOK Qepe3 3asOp CJl'JIbHO 

no.n.aBJteH. B OCTaJI!>HllX CJtY'laSIX Halr(eHHlie nonpaBKIl: HeBeJIHKH. Tax, IIpil 

HarpySKe Ha HeoI'paHl'f'feHHYIO paJl.HaJII:,HYIO JIlIH1W. BXo.ll.HoB ltMlIe.n.aHC ROTa ,
poB liMeeT BH.l{ II. ({J{U)(ff/c:) ,t12/A

Z(I(»::::: - 
eire 11/('(wt'ff/<!) , (10) 

(t') 
r.n.e ~ U) - ~K!CI:lII raHKeJIR:, e - Jl.l{3JIeKTpHtteCItaa: IIpOlmu;ae-

MOOT!> H30JtRTOpa M~ 06~, STH rrollpaBKIl: M8JJH ,n;JLI!: ttaCTOT 

w« 	ellZA . 
B Ka~eCTBe npHMepa paCCMOTpHM Bos6ym.n.eIme pasoMKHYToB Ha nepH-

IDepmt: ( ,.=R ) pa.nHaJIbHOi!: JJJOOm saPfD!.9HHHM KOJI:hU;OJ,( pa.n.ayca ';. 

TOlC, HaBe.n.eHHl1il ~H eo CKOPOCThlO ~ =]B~ KOJIbIJ;OM Ha CTeHKe 

BOJIHOBO.n.a. paB9H 

I (0) t) __ tf-tIi, t;j:s ,fJi!-~I;K MK'P/~
in.,! (~ - .:T7" G' ..r (';r) ;qII )

o 	 ~ 

r.n.e P=(.(~:)~' I10TepIJ SHel'I'RR ~oss II onJ(e.I(eJIR:eMOe Qe:pe3 

Hl!X cpe.ItHee 3Ha,~eHHe :Il.:H.ItYrorJ?OBaHHOrO HaDPfOKeHlIE .n.a.mc)'! q,op'!yJIoA 

'Z/. '"" J.t..4ss= f)/....!...+ PA £ f..:J;'}:.JIr )_ f]-of.z;,'}rt;I(;Z
I.h.lq If, 2C el""·,, ~Y~J..,J I.t('X) ),(12) 

o 

r.n.e t:=- c(R~(5I£ttl - eMKOCTh JJJmIm, .('0== {/~~r, 4, q;.77Ikq'.. 1') 
- KOJlHH YpaBHeHIDI :J;{J)AI,(<<,;)=~{.:<j)~{)) C «.=R/I' . 
'%' (K) I ~t'¥)J In (K) - IDYHKI:tHH HefIMaHa H EecceJIH .n.eBCTBl!TeJIbHO

1'0 II MKHMoro apryMeHTOB COOTBeTCTBeHHO. CYMMa B (12) onlICHBaeT 

B036ym.n.eHlle c06CTBeHHllX MO.n. pasOMKHYToii Ha KOunax pa.nMaJIbHoii .mnum. 

I1pH Me)l,JleHHoA SaBl1CKMOCTH BXO.ItHOI'O TOKa OT Bl'eMeHlI( R-"«(I-t.:)~) 
elO MOmiO npeHe6pe%, II B3am.t0.n.eA:cTBlIe CBO.ll.lITCH K saJll'I.ll.Ke JlJrmm 06paT

HHM TOKOM (H.lII!, eCJlll: Ha Sa30p 6WIO IIOJl.llHO YCKOpm<lllee HaDPfOKeHlie t{ • 
K ee pa,il:p!'l',lcr). B STOM pe.litl1Me BOSM01.;;H8. npaKTlf'leCKU nOJIHM nepe.n.atm 

KOJtbt:lY sanaceHHoil B Jlltmm SHepI'HH Wo (nl'H paBeHCTBe 38:pA:.ll.U KO.1Th

u;a q II JIliIHIm ~ :=v'.eC Wo ' ). I1pH I 47/ tiD \ «J KOJIbl{y rrepe.n.aeTCH 

SHel'I'IDl /4/ 

Wi1- lTV;:::: 2 JQla.. l-lt I 'lIu,.1 /110 I . (13) 

I1pH 60JIb11lHX CKOPOCTHX KOJIbU;a l! c(. = Rlt» 1 JlJS (12) MOr.:HO IIOJIytmT:h 

cJIe.zcy:riJ:u!e OIJ;eHKIl:: 
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- /J A fA,.() 
R 

• 
a) 2.L/R «fft<?O« 2.,/// : tiu,.1 Q-: Uf ".r./ ll. " 

- /)~ 
(I4) 

6) 24/1 « V§/r;d.:6 eL/A tI..:..t ~ \of m 1'''£ ~ 

r~e d c::. {-r-., • ~ouyc~e npocTyxl mtTeplIpeTau;RlIl /4/. 06JIaCT:& Jm " 
rum. IIpllHl1Ma.JOO:I!'IJ'I y-qaoTne BO Bsrumo~el!:cTmm 0 ROJI:&qOM, orpa:!UfqeHa 

pa,lV'IYOOM '* ~ ,(-+2e1/,,?~. BflImCJ1JIJt ee eMRooT:&, HeTW.n;ao y6EWfT:&
OK, "TrO CI4) npH6JlHs.IITeJIli>HO COOTBe-rCTByeT HaIIpIlliteIUIlIl, COS~aeMOl\4Y 

Ha 3'1'01 eMROCTl'I sarumOM (J • 
ABTOP 6JIaro~apeH A.B.I\ysHeqoBY sa nOJIeSHlle Sa;MelJaHM. 
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AneKcaxHH I).H. P9-87-195 
DpHfinu.eHHYA SHanHS NeTO~ON 06paTHhlX TOKOB 
. HarpYSKH YCKOPRIOJqHX CHCTeN 

MeTo~oN d6paTHWX TOKOB PSCCMSTpHBaeTCR BssHMo~eAcTBue 
sapR.eHHWX qaCTUIl; co CTPYKTypoA B B~e BonHOBO~S C YSKH"" 
paSp~BaMH, Harpy.eHH~H Ha HeKoTOp~ BXO~HOA HMDe~SHC 
/B qaCTHOC'fH. Ha pa~HanbHhle nHHHH/. 06cY:..r\aeTcR ero CBR3b 
C USBecTHoA B pa~09neKTpOHHKe TeopeNoA PaNO-mORnH. HaAAe
HhI nonpaBKH. 06ycnoBneHHhle B036y~eHHeN BTOPHqHYX BonH 
B BonHOBO~~. DpeAno.eH "eTO~ nocTpoeHHR B RBHON B~e TOq
Horo pemeHHR paccNaTpHBseNoA 3SAsqH. npHBe~eH~ toPNY~ A"H 
3HepreTHQecKHX nOTepb sspR.ellHoro Konbqa npH nponeTe NUMO 
posp~Ba, HarppeHlloro Ha pa~HanbllYIO nHIIHIO. ~aus HX kSQeCT.... 
BeHHaR HHTepnpeTsqHR. 

Pa60Ta BwonHeHa B OT~ene HOBb/X NeTO~OB yCkopeHHR OHftH. 

npenpllHT Otn.e.aHIUIHHOro HHCTJITYTI. .II,Ilepu~x HccsreJ(oBatliIA.lty6Ha 1987 

DepeBO~ aBTopa 

Alexahin Yu.I. 
An Approximate Analysis by the Return Current 
Method of the Accelerating Systems Loading 

The interaction of charged particles with 
formed by a waveguide with narrow gaps loaded 

P9-87-195 

a structure 
on some im

pedances (radial lines in particular) is studied by the 
return current method. The method relation to the known in 
radioelectronics Ramo-Shockley theorem is discussed. cor
rections due to the excitation of secondary waves in the 
guide are found. A method is proposed for the direct de
rivation of the strict solution to the problem under con
sideration. Formulae for the energy losses by a charged 
ring passing s gap which is loaded on a radial line are 
given as well as their qualitative interpretation. 

The investigation has been performed at the Department 
on New Acceleration Methods. J1NR. 
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