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ct>OKYCHPYIOmee MarHHTHOe none B nHHeHHbIX HH;l;YKItHOHHbIX YCKOPH

TenHX (JIffY) C03,ll,aeTCH C nOMOIltbIO BCTpoeHHbIX B HH;l;YKTOPbI OT,ll,enbHbIX 

KaTyweK, 3anHTbIBaeMbIX HMnynbcHbIM TOKOM / 1.2/ • Ha pHC. 1 noKa3aHbI 

OCHOBHbIe napaMeTpbI CTPYKTYPbI MarHHTHOH CHCTeMbI JIffY: nepHO,ll, ,\ , 

aKcHanbHbIH pa3Mep KaryweK L , CpeAHHH pa,ll,HYC R. nOCKOJIbKY B peanb

HOH MarHHTHoH CHCTeMe BCer,ll,a cymeCTBYeT CJIyqaHHbm pa36poc oceH OT

,ll,enbHblX KaTyweK QTHOCHTenbHO OCH YCKopHTenH, TO :no npHBO,ll,HT K 

npeu;eccHH u;eHTpa Macc YCKopHel\10rO nyqKa H nOHBneHHIO Y qaCTHu; Kore

peHTHoro yrna Ha BbIXO,ll,e YCKOpHTeJIH. B ,ll,aHHOH pa60Te onpe,ll,enHIOTCH 

KOppeJIHU;HOHHbIe CPYHKUHH, CBH3aHHble co CJIyqaHHbIM pa36pocOM KOOP,ll,H

HaT u;eHTpoB KaTyweK OTHOCHTenbHO OCH JIHY, H ou;eHHBaeTCH BenHqHHa 

KorepeHTHoro yrna 1W.CTHU; Ha BbJ,XO,ll,e YCKopHTenH. AHanorHqHble qHCJIeH

Hble paCqeTbI.ll.JIH YCKopHTenH ATA 6bIJIH npOBe,ll,eHbI B f3!. 

1. B OTCYTCTBHe pa36poca npO,ll,OJIbHbIX cKopOCTeH qaCTHu;, ,ll,JIH CHMMeT

PHqHOH OTHOCHTenbHO CKOPOCTH u;eHTpa Macc CPYKKU;HH pacnpe,ll,eJIeHHH 

qaCTHU; no CKOPOCTHM (HanpHMep, C( X - i) C(x - x) ), ,ll,BH:lKeHHe u;eHTpa 

Macc 3JIeKTpoHHoro nyqKa B JIHY onpe,ll,enHeTCH ypaBHeHHHMH 

d .:.. e':' e 
-my x -y B - --v . Byc z c zdt 

d • e .:.. 
d"t myy --x B + ~v • B (1)

z C Z Itc 

d • 
--myz e E • 
dt z 

qepTa Ha,ll, ,ll,aHHOH BenHQHHOH 03HaQaeT ycpe,ll,HeHHe no CPYHKUHH paC!Ipe
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OrpaHHtmBWlCb B nanbHeHlIIeM paCCMOTpeHHeM CranHOHapHbIX cocro
.RHHH ealiH 0) npe06pa3yeM CHCTeMY (1) K CJIenymLQeMY Buny: 

d .e B d'; ie -p + 1 z .  BJ.' (2)dz z dz c dz c 

3neCb'; it + i y; BJ. BX + i By; pz my z. 

npe}l.CTaBJI.R.R pelIIeHHe (2) KaK'; a 1(z). e-iW(z) + a2 (z) , rne W(z) 


= ! k(z')dz' H k(z);= eBz' , nOJIytmM ypaaHeHH.R nJI.R KOMnJIeKCHbIX 
o c· p (z)

aMnJIHTyn ~ (z) H a~(z): z 

BJ. i BJ. 
e (3)

dz B dzz 

CKOPOCTb H3MeHeHH.R cpenHero o606LQeHHOrO MOMeHTa qaCTIm 

M = [my (e . g - .;. i *)] + ..!. e . I'; 1 2. (4)
2i 2 C 

C yqeTOM (3) naeTC.R Bblpa:lKeHHeM 

dM e - e - d 2 2
( B J.' .; * + B; . .;) ;= - ( I a 1 I - 1a2 I ). (5 ) 

dz 2c 2c dz 

I1cnoJIb3Y.R (3) H yCJIoBHe(lOn) (CM. npHJlO:lKeHHe), nOJIyqaeM ypaBHe
HHe nJI.R YCpenHeHHbIX no peanH3aQH.RM KBanpaToB MonYJIeH KOMnJIeKCHbIX 
aMnJIHTyn: 

z < B (z'). Ii (z)+ (z»d <Ia 2 > x x 

rne k min H k m ax KOHellHWI H HaqaJIbHWI BeJIH~a MOnYJI.R BOJIHOBOrO 
k eBzBeKTOpa k . H mal = 2 2 !-l; yHa.., COOT-

mill me~y2 _1)\4 me (YH8"'- 1)
KOH 

BeTcTByeT 3HeprHH nyqKa B HaqaJIe YCKOpeHH.R; YKOH B KO~e YCKOpeHH.R. 
cI>yHKU;H.R F(x) HMeeT Bun 

I (x 11(x a ) sinx~
1 R2 R 2R 

F(x) =8x ·1(.1(X). X(A/R)' x(a/R) x(L/R) X2]_1,4 (8) 

e·B 
3necb X k. R H W __z 113 (5) nOJIyqHM CJIenYIOLQYIO OneHKY BeJIHo c.m 
tmHbI KorepeHTHoro yrJIa, KOTOPbIH npHo6peTYT 3JIeKTpOHbl B nl1Y npH 
BbIXOne H3 MarHHTHoro nOJI.R: 

Vo 1 a - -2 k min' Ia1 I,Vz (9) 

2. O~eHHM BeJIHtmHY 3Toro yrJIa nJIH YCKOPHTeJIH Cl1nYH,l1;-20 C napa-
MeTpaMH It') A 6,4 CM; L = 5 CM; R = 7 CM; E = 5 KB/cM; Bz 1 KrC;z 
a = 1 CM, CtmTa.R, 'lTO HaqanbHOe OTKJIOHeHHe nyqKa OT OCH ,10 O. TIOJIa
raH BeJIHtmHY CpenHeKBanpaTHtIHOro pa36poca oceH <POKYCHPYlOlQHX KaTY
lIIeK OTHOCHTeJIbHO OCH YCKopHTeJIH A = ± 0,5 MM, Y

HS
.., = 2 H Y = 

5, H3 (7 -:- 9) nOJIyqaeM a '" 1,5.10-2 . 
KOH 

,nJIH YCKOPHTeJI.R nY3K-20, HMelOLQerO cJIenylOlQH~ napaMeTpbI 121; 
A = 2,5 CM; L = 1,9 CM; R ;= 9,1 CM; E z ;= 10 KB/cM; B 14 KrC; a = z 

1 CM; A = :t 0,5 MM; Y HI.., '" 2 H Y KOH ;= 40, nOJIyqaeM H3 (7 -:- 9) a'" 
'" 3'10-2 . 

=2.{ .oos[W(z')-W(z)]dz: (1a.12> (;".2
dz o 
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d <I a 12 > z <i3x(Z'). Bx(Z) + B (z'). B (z) > 

a 2. r Y Y .01dz ' • 
dz o B2 z .OL 
nOnCTaBJI.RR: B (6) COOTHOlIIeHH.R (9n) H (10n) H npoBo.IJ;.R HHTerpH

poBaHHe, HMeeM .02 

O· nJ nO ~ ;

A • R' (~)2. Bz k max' R F 2(x)dx. d <I aC .~ 0,< I a ,2
1 R -- r ..--dz Puc. 2. a) rpaq,HK q,YHKI..UlH F 2(X) 6) rpaq,HK q,YHKI.lHH <Iall 2> =Ez k ·Rmin f(k min · R).(7) 
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Ha pHC. 2a nOK8.3aH rpaQ>HK Q>YHKUHH F (x), paCCtDiTaHHhIH .n;JIfi yKa

3aHHhIX BhIwe napaMeTpoB CMJIYH,lla-20. Ha pHC. 26 nOKa3aHa 3aBHCHMOCTh 

<1a 112 > OT kmin • R npH YCJIOBHH, 'ITO kmax" R '" "", paCCtIHTaHHafI Mfl Tex 

:lICe napaMeTpoB. 

OueHKH noKa3hIBaroT, 'ITO Mfl napaMeTpOB YCKOpHTeJIeH CMJIYH,ll-20 

H IIY3K-20 .n;e¢loKYCHpYIOrn:ee BJIHflHHe CTeHOK KaHaJIa Ha nOBe.n;eHHe nyq

Ka OKa3hIBaeTCfI Hecyrn:ecTBeHHhIM. 

ABTOPhI 6JIaro.n;apfiT C.A.PaKHTflHcKoro 3a nOJIe3HhIe o6cy:ltC,!l;eHHfI. 

llPHIIO)l{EHHE 

HaH.n;eM ycpe,!l;HeHHhIe KOMnOHeHThI HH.n;YKUHH B. )lJIfi :nOl'O BhItJHCJlHM 

KOMnOHeHThI BeKTopHoro nOTeaUHaJIa Mfl BHTKa C TOKOM, ueHTp KOTO

POl'O CMern:eH OTHOCHTeJIbHO OCH Z KOOp.n;HHaT (coBnaAarorn:eH C OCbIO yCKO

PHTeJIfI) B nJIOCKOCTH I x, y I H8 HeKoTophIe t\x H t\y (pHc.3). B CHCTeMe 

Koop.n;HHaT, CBfl3aHHOH C UeHTPOM BHTKa, BeKTopHhIH nOTeHUHaJI HMeeT 

TOJIbKO o.n;HH KOMnOHeHT A¢ I o. B WTPHXOBaHHOH :lICe CHCTeMe Koop.n;HHaT 

BeKTopHhIH nOTeHUHaJI HMeeT .n;Ba KOMnOHeHTa A¢' H A r' I O. HatJaJIo 

WTPHXOBaHHOH CHCTeMhI Koop.n;HHaT COBnaAaeT C ueHTpoM Macc nytJKa; 

t\ -,- paccToflHHe OT ueHTpa BHTKa .n;o ueHTpa Macc nytJKa. Tor.n;a Koop.n;HHa

ThI ueHTpa BHTKa B CHCTeMe !X'I y' J: x~ "" t\x -:it H y~ '" t\y - Y. 
H3BeCTHO, liTO B CHCTeMe KOOp.n;HHaT, CBfl3aHHOH C UeHTpoM BHTKa, 

BeKTopHhIH nOTeHUHaJI HMeeT BH,ll; 

2 +00 rr r". eik(z.
A¢(r. z) '" c rr Ik I . r<). K 1 ( Ik I . t» . x 

-"" o (In) 

x i¢ (r" • z') . dk . dr". dz'; 

3.n;eCb r < H r> .- MeHbwee HJIH 60JIbWee H3 r H r" ; 11 H Kl - MO,!l;HCPHI~' 
poBaHHafI Q>YHKUHfi BecceJIfi H CPYHKUHfi MaK,!l;OHaJIb.n;a. llycTh 

i¢ J ¢ (z') . 8 ( r " - R) • (2n) 

y' To['.n;a 

• , """'"1A 2R +oc lk (z- z ) ,2 2, " 
¢ - rr e . I1(lkl jr + t\ - 2·r . t\. OOS(c;6 -a »x 

c -ocy 
x Kl (I k 1R) . (z') . dk. dz'. 

(3n) 

BoCnOJIb30BaBWHCb TeopeMOH CJlO:llCeHHfI UHJlHH.n;pHllecKHX CPYHKUHH, nOJIy· 

tIHM CJle.n;YIOrn:ee BhIpa:ltCeHHe .n;JIfi KOMnOHeHT BeKTOpHOro nOTeHUHaJIa BHTKa 

B WTPHXOBaHHOH CHCTeMe KOOp.n;HHaT: 

A, R +oc +00 
-£1 ')I ¢1=-fI K 1(lk IR).J¢(Z')'m=:"" (_ U 

m
. !klt\)·e X

A r ' c _00 

3M I \ I I ......X' (4n) 

ik(z-z') Im_l (Ik 1 r') + I m+1(!kl r') J 
xe dg. dz'. 

{ 11 I _ ( lkl r') - Im+ 1 (Ik I r JJm 1

By.n;eM CtIHTaTb l1JlOTHOCTb 3JIeKTpOHHOrO nyllKa nOCTOflHHOH no ceqemno 

2 r'2x , p(r') -CJ(l- -) 
a 2 a2 (5n) 

I 
To['.n;a, npoBo.n;a ycpe.n;HeHHe C l1JlOTHOCTbIO (5n), nOJIyqaeM CJIeAYIOlIIHe

Pac. 3. CMew;eRRe reoMeTPH'~ecl<OH OCR BHTl<a C TOl<OM OTHOCRTeJ1bHO OCR 


YCl<0PHTeJ1l1 It 1.\eJ:!Tpa ny'll<a. BhIpa:ltCeHHfI .n;na KOMnOHeHT CPOKycHpyrorn:ero MarHHTHOrO nona 
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I (lkl!1o)I ~lt I 4iR II
+00 

eik(Z-Z') .k·lkl·Kt(lkIR).J¢(Z') • 1I l!1 x
By ~ -"'" k o 

(6n) 
x 11 (Ikl a) • { !1y(z') -!(Z) } dkdz'; 

I Ii: Ia !1x(z') -1 (z) 

~. , . I(lkla) , 
B 4R II e1k(Z-Z )·lkl·K1(lkIR).J¢ (z').Io(lk\ !1 )' 1\ k Ia dkdz. (7n)oz c-oo 

r,l1;e ~ - HalflUlbH~ aMIl1IHTy.na KOJIe6ruiHH u,eHTpa Macc nY"Ka. 

nYCTb JIHHeHHaH JlJ10THOCTb TOKa BblPIDKaeTCH ¢YHKlJ,HeH 

+00 1 L2 2 

J... (z')=J · l: ~'17(- -(z'-n'\»). (8n)

'fJ 

o n=-oo L 4 


PaCCMaTpHBaH TOJIbKC> HYJIeBYIO aKCHaJIbHYIO rapMoHHKY nOJIeH H ClfHTaH, 

lITO npH ycpe,l1;HeHHli no peanH3aIJ,HHM 

<!1x(z'} . !1y(z') > 0, (9n) 

H3 (6n';' 9n) HaH,l1;eM Heo6xo,l1;HMble KOppeJIHlJ,HOHHbIe ¢YHKlJ,HH (BbIlfHCJIe

HHH npoBO,lJ;HTCH no cxeMe, H3JIOmeHHOH B pa60Tax /4• 51 ): 

<B (z). B (z') > '" 0,
J[ Y 

411 JoBz 
c,\ 

(IOn) 
-

1 .{<~x<Z)' ~lt(Z') > } 811 2 R,\ 2 +00 1'k( z-z ') 2 2 
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RAePHWMH l•leTOAaMH 

15. 3KcnepHMeHTanbHaR ~H3HKa RAepHwx peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~H3HKa 3a~HTW 

17. TeOpHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. Hcnonb30BaHHe peaynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HCCneAOBaHHH 
B CMe*HWX o6naCTRX HayKH H TeXHHKH 

19. 6H~H3HKa 

Ka3apHHoB H.IO., Ka3aqa B.H. 
0 .nonycKax Ha cnyqaiiHLIH pa36poc oceii KaTyweK 
$OKYCHpyiOmero MarHHTHOrO IIOJI.fl 
B JIHHeHHLix HHAY~HOHHLIX ycKopHTeJIHX 
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llOKa3aHO, QTO cymecTByiOmHH BCer.na B peaJibHOH MarHHTHOH 
CHCTeMe JIHHeiiHoro HHAY~HOHHoro ycKOpHTeJI.fl ( JI:HY) CJIYQaHHLIH 
pa36poc oceii oT.nenLHLIX KaTyweK cpoKycHpyromero MarHHTHoro 
IIOJI.fl OTHOCHTeJibHO OCH YCKOpHTeJI.fl IIpHBO,ZJ;HT K IIpeuecCHH ueHTpa 
Mace ycKop.HeMoro rryqKa, yBeJIHQeHHID ero o6o6meHHoro MOMeHTa 
H IIO.fiBJieHHIO y qacTHU KOrepeHTHOrO yrJia Ha BLIXO)l;e yCKOpHTeJI.fl. 
OrrpeAeJI.fllOTC.fl KoppeJIHUHOHHLie cpyHKUHH, CB.fl3aHHLie co cnyqaii
HLIM pa36pOCOM KOOPAHHaT ueHTpOB KaTyWeK OTHOCHTeJibHO OCH 
Jl:HY H OUeHHBalOTC.fl BeJIHQHHLI KOrepeHTHOrO yrJia Ha BbiXO)l;e 
ycKopHTeJI.fl H aMIIJIHTYALI rrpeueccHH. 

Pa6oTa BLIIIOJIHeHa B 0TAeJie HOBLIX MeTOAOB ycKopeHH.fl OURH. 
Coo6meaHe 061>e.u;HHeHHoro HHCTmyra ~epHbiX Hccne.o;oBilHirii: . .lly6Ha 1987 

llepeBOA 0 .C.BHHOrpa)l;OBOH 

· Kazarinov N.Yu., Kazacha V.I. P9-87-24 
On Tolerancies for Random Spread of Axes 
of Focusing Magnetic Field Coils 
in Linear Induction Accelerators 

It is shown that existing in a real magnetic system of a linear 
induction accelerator (LIA) random spread of the axes of the focusing 
magnetic field separate coils relatively to the accelerator axis reduces 
to the centre of the beam mass precession, leads to the increasing 
of generalized momentum and to appearance of particle coherent 
angle at the accelerator exit. The correlation functions connected 
with the random spread of the coils center coordinates relatively 
to the LIA axis are determined, and the quantity of the coherent 
angle and amplitude of the precession at the accelerator exit are eva
luted. 

The investigation has been performed at the Department of 
New Acceleration Methods. JINR. 
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