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BBE,IlEHI1E 

MarHHTHa~ ~OKYCHpy~a~ CHCTeMa HH~eKTOpHoro y4aCTKa fli1Y-JQ 
npeAcTaen~eT co6o~ Ha6op ycKopHTenbH~x ceK~H~, paaAeneHH~x 
npoMe~yTKaMH, Heo6XOAHMbiMH An~ paaMe~eHH~ BaKyyMHOrO H All1ar
HOCTH4eCKoro 060PYAOBaHH~/l/ . ny40K ~KYCHpyeTC~ C nOMO~b~ 
oceCII1MMeTpH4H~X coneHOHAOB, pacnono~eHH~X BHyTpH 111 Ha TOp~aX 
ceK~H~. Hanii14He npoMe~yTKOB Me~AY coneHOHAaMH npHBOAHT K CHnb
H~M HeOAHOPOAHOCT~M B pacnpeAeneHH111 MarHII1THOrO non~ Ha OCH 
ycKOPII1TenbHoro TpaKTa. TaK, HanpHMep, BHYTPH ceK~H~ OTKnOHe
H111e MarHHTHOro non~ OT cpeAHero ypoBH~ COCTaBn~eT 4-6%, a Me~
AY ceK~H~MH HeOAHOPOAHOCTb npii1MepHo Ha nop~AOK e~we/21. TaKa~ 
HeOAHOPOAHOCTb non~ cy~ecTBeHHO yxyAwaeT B03MO~HOCTH npoBOAKH 
6e3 noTepb ny4Ka B 111H~eKTOpHOM y4aCTKe fl11Y-JQIS/. 

B HacTo~~e~ pa6oTe An~ ~pMHpoeaH111~ OAHOPbAHOro MarH111THoro 
non~ BHYTPI-1 ..., Mt!IKAY l.t::I\41'1HMI'1 l'll.IIUJ ,.,~YIV • l.n o...uuo...nDic ~iJj:ivPiC.Ini<i I 
H~e WHMM~. 11x paaMep~ H MecTonono~eHII1e, a TaK~e napaMeTp~ He
KOTOp~x coneHOHAOB HaXOAHnHCb nyTeM 41!1CneHHOrO MOAenHpOBaHH~. 
np111 3TOM Y4HT~BanHCb orpaHII14eH1!1~ Ha KOH~Hrypa~H~ WII1MM, o6yc
noeneHH~e KOHCTpyKTIIIBH~MH OC06eHHOCT~Mii1 cy~eCTBY~HX 3neMeH
TOB YCKOpHTen~ 111 B03MO~HOCT~MH YA06HO~ 3KCnnyaTa~HH o6opyAOBa
HH~. KaK noKa3~Ba~T 4HCneHH~e paC4eT~, HCnOnb30BaHHe WHMM 
n03BOn~eT ~PMHpOBaTb OAHOPOAHOe MarHHTHOe none C OTKnOHeHHeM 
OT cpeAHero 3Ha4eHH~, He npeBbiWa~HM 1-2% BHyTpH ceK~H~ H 8% 
Me~y CeK~II1~MH. 

B nepeoM naparpa¢e ~PMYnHpyeTc~ MaTeMaTH4ecKa~ nocTaHoeKa 
3aAa4H ~OpMHpOBaHH~ OAHOPOAHOrO MarHHTHOro non~ Ha OCH yCKO
pHTen~. npHBOAHTC~ MHHHMH3HpyeM~~ ~yHK~HOHan, B~BOAHTC~ HenH
He~HOe HHTerpanbHOe ypaBHeHHe, pewa~ KOTOpOe, MO~HO Ha~TII1 pac
npeAeneHHe Hanp~~eHHOCTH MarHHTHoro non~. Bo BTOpOM naparpa~e 
H3naraeTc~ 4HcneHH~~ MeTOA peweHH~ nocTaeneHHO~ aaAa4H. B 
TpeTbeM naparpa¢e npHBOA~Tc~ peaynbTaT~ cpaeHeHH~ 3KcnepHMeH
TanbH~x H pac4eTH~X AaHH~X, a TaK~e KOH~Hrypa~H~ MarHHTHO~ 

~OKYCHpy~e~ CHCTeM~ 111 pacnpeAeneHHe MarHHTHoro non~, nony4eH
H~e B peaynbTaTe 4HCneHH~X 3KCnepHMeHTOB no ~pMHpOBaHH~ OAHO
pOAHOrO MarHHTHOrO non~ C nOMO~b~ ~eppoMarHHTH~X WHMM. 

fD~.>r' .- ··""" · .,. 
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§1. MATEMATW4ECKAR nOCTAHOBKA 3AOA4W 

C~opMyn~pyeM MaTeMaT~4ecKy~ nocTaHoBKY 3aAa4~. B Ka4eCTBe 
xapaKTep~CT~K~ OTKnOHeH~~ peanbHOrO MarH~THOro non~ OT OAHO
POAHOrO BBeAeM ~YHK4~0Han 

--> 

F(8) 
b 

Tll(b -a) r 
a 

... 
H (P, 8)- H o 2 ] 112 

( z ) dz 111 
Ho 

rAe [a,b] - oTpe30K oc~ ycKop~Ten~, Hz(P,B) - 3Ha4eH~e Hanp~
lKeHHOCT~ MarH~THoro non~ e T04Kax P ~a, b]_, H0 - Tpe6yeMoe 
3Ha4eH~e Hanp~lKeHHOCT~ OAHOPOAHOro non~, 8 = (8 1, 82, ... ,8k) - co
BOKynHOCTb eapb~pyeM~X napaMeTpoe. Bapb~poeaTbC~ MoryT pa3Me
pbl ~ KOOp,q~HaTbl ~eppOMarH~THbiX BCTaBOK, pa3Mepbl, KOOPA~HaT~ 
~ C~na TOKa HeKOTOP~X ~OKYC~py~~~X coneHO~AOB. 3aAa4a ~pM~
pOBaH~~ OAHOPOAHOrO MarH~THOrO non~ COCTO~T B M~H~M~3a4~~ 
~YHK4~0Hana 111 Ha MHOlKeCTBe AOnyCT~MbiX 3Ha4eH~H napaMeTpOB. 

An~ Bb14~cneH~~ 3Ha4eH~~ ~YHK4~0Hana I 1 I np~ ~3BeCTHbiX 3Ha-
4eH~~x napaMeTpoe Heo6XOA~Mo HaXOA~Tb pacnpeAeneH~e Hanp~lKeH
HOCT~ MarH~THOro non~. An~ :noro 6yAeM ~CnOnb30BaTb BeKTOpHbiH 
noTeH4~an A, onpeAen~eMbiH ~opMynoH B=rotA ~ AOnonH~TenbHbiM 
ycnoe~eM 

-...1.: ... A £\ 
....... ,. .... - v. 

/.., I 
I <.f 

noTeH4~an A CTa4~0HapHoro MarH~THoro non~ YAOBneTBOp~eT B npo
CTpaHCTBe ypaBHeH~~ 

--> --> 
rotlltt rotA =4rrlc J, 131 

rAe tL - MarH~THa~ npoH~4aeMOCTb cpeAbl I ,qn~ ~30TponHbiX cpeA 
tt=tL(IBI)I, J - BeKTOp nnoTHOCT~ TOKa, C - CKOpOCTb ceeTa. Tpe-
6oeaH~~ HenpepbiBHOCT~ HOpManbHOH COCTaBn~~~eH MarH~THOH ~HAYK
~~~. TaHreH4~anbHOH COCTaBn~~~e~ Hanp~lKeHHOCT~ ~ A~BepreH4~~ 

K np~ nepexoAe 4epe3 rpaH~4Y pa3Aena cpeA c pa3n~4H~M~ MarH~T
HbiM~ xapaKTep~CT~KaM~ np~BOA~T K ycnoe~~M 

li x <A 1 - A2 ) = o • 

n X (1 I tL 1 rot A 1 - 1 I tL 2 rot A 2 ) = 0 • 

... ... --> 

n. (A 1 - A 2 ) = 0 , 

14! 

151 

161 

--> w rAe n - eA~H~4Hbl~ BeKTOp HOpMan~ K noeepXHOCT~ pa3Aena cpeA. 

'2 

Ha 6ecKOHe4HOCT~ eeKTOPHbiH noTeH4~an YAOBneTeop~eT ycnoe~~ 

--> 

lim A(P) = 0. 
I Pl-->oo 

171 

.... 
TaK~M o6pa3oM, ~MeeM Kpaeey~ 3aAa4y 121-171 ,qn~ HaXOlKAeH~~ A 
CBeAeM 3TY Kpaeey~ 3aAa4y K ~HTerpanbHOMY ypaeHeH~~. nycTb O
o6naCTb, 3aH~Ta~ ~eppoMarHeT~KOM, S - rpaH~4a 0, 0'- AOnonHe
H~e 0 US AO ecero npocTpaHcTea R3 . Wcnonb3yeM eeKTOpHy~ 
~OpMyny fp~Ha/5/ B B~Ae: 

~ --'J. --) ,. 

((A· rotrot(aiR) -(aiR). rot11tL rotA )dOQ = 
0 

(rot(iiR)·(1-lltL)rotA dOQ + ( ~·(rot(iiR)xA -11lL rotA x(iiR))dSQ 
0 s 

181 

rAe a - nocTo~HHbiH eeKTop, R= IP -Q I - paccTo~H~e MelKAY T04Ka-
M~ p ~ Q , p ~ 0' , Q ~ 0 . np~MeH~~ ~OpMyny 181 An~ o6nacTeH 0 
~ 0', BbiAen~~ oco6eHHOCTb np~ p .... Q ~ ~cnonb3Y~ ycnoe~~ 141 -
161, nony4~M ~HTerpanbHoe ypaeHeH~e OTHOC~TenbHO K : 

4rrA(P) = r (1 -1ltdrotA X grad(1/R)d0Q + (4rr/C) r J/R dOQ, p ~ n. 191 
n n 

··c 

rAe f!c - o6naCTb, 3aH~Ta~ TOKOBbiM~ ~CT04H~KaM~. 

Y4TeM C~MMeTp~~ 3aAa4~. nycTb o6nacT~ 0 ~ Oc ~Me~T oceey~ 
c~MMeTp~~ ~ nony4eHbl epa~eH~eM ABYMepHbiX o6nacTeH DF ~ D c eo
Kpyr oc~ Oz. B 3TOM cny4ae e 4~n~HAP~4eCKOH c~cTeMe KOOPA~
HaT ~MeeM /S/ 

Az=Ar=O, Jz=Jr =0, 
riAfb 
-=0 

af/1 
1101 

H3 191, Y4~Tb1Ba~ 1101 ~ CB~3b MelKAY KOMnOHeHTaM~ BeKTOPOB B 
AeKapTOBOH ~ 4~n~HAP~4eCKOH C~CTeMaX KOOPA~HaT, nony4~M ~HTe

rpanbHOe ypaBHeHHe OTHOCr.1TenbHO KOMnOHeHTbl Af/J(r,z) BeKTOpHoro 
noTeH4~ana: 

4rrAq,(P)= ( (1-1ltL)0./r)grad(rAf/J)·grad(rG~dDQ + 
DF 

+ (4rrlc) ( G 0 J f/1 dD Q 
De 

p ~DF' 

/11 I 
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rAe 
217 

G
0 

= G
0 

(P, Q) = ( cos<f>/R d</>, 
0 

R = (zp - z~)2 + r~ + r~ -2rpr Q cos</>. 

4aCTO XOpOWHM npH6nH~eHHeM npH B~4HCneHHH MarHHTHOrO nonR RB
nReTCR npH6nH~eHHe Jl. = ... 121 • n_ycTb DF= D U D 0 , rAe D - o6nacTb 
C HenHHei1Hoi1 3aBHCHMOCTbiO Jl. (IBI), a DO - o6naCTb, AnR KOTO
poi1 npeAnonaraeTCR Jl.= oo. TorAa HHTerpanbHOe ypaeHeHHe /11/ 
npHHHMaeT BHA: 

a(P) Acb (P) = ( (1 - llll) 0/r) grad(rA <b). grad (rG )dDQ + 
D 0 

a 
A</>-. -(rG

0
)d1 Q, 

an 

/12/ 
+ (417/c) r G0 J<l>dD Q + r 

0 c 1 0 

rAe 10 - rpaHH~a o6nacTH D 0' 1 - rpaHH~a o6nacT~ D • 

{ 

417, 
a(P) = 

217' 

p ~ D' 

P ~ 1 u 1 0 

TaK~M o6pa3oM, Mbl ceenH KpaesyJO 3aAa4y /2/-/7/ AnR Haxo~AeHHR 

seKTOpHoro noTeH~~ana A K peweH~JO HHTerpanbHOro ypaeHeHHR /12/. 
nocne peweHHR ypaeHeHHR /12/, 3Ha4eHHR Hz(P), BXOARlJIHe B <I>YHK
~HOHan /1/, HaXOARTCR AH<!><I>epeH~HpOBaHHeM nOA 3HaKOM ~HTerpana 
B /12/. 

§2. 4HCnEHHOE PEWEHHE 3AAA4H 

AnR 4HCneHHOrO peweHHR 3aAa4H M~HHM~3a~HH <)lyHK~HOHana /1/ 
Ha MHO~eCTBe AOnyCTHMbiX 3Ha4eH~i1 napaMeTpOB HHTerpan npH6nH-
3HM CYMMOi1 

.... 
.... N 

F (o) = [ 1/N - 1 l 
H (P., 0}-Ho )2 ] 1/2 

( z 1 ' /13/ 
i= 1 Ho 

rAe Hz(Pi ,S}- 3Ha4eHHe HanpR~eHHOCT~ MarHHTHOrO nonR Ha OCH 
e T04Ke P

1 
~[a,b], i = l,2, ... ,N. AnR MHH~M~3a~H~ <)lyHK~HoHana 

HaMH 6~na ~cnonb30BaHa nporpaMMa MINSQ 171 . np~ eapbHpOBaH~H 

4 

• 

~ 

napaMeTpoe, onpeAenRIOlJIHX pa3Mep~ <)leppoMarHHTHbiX ecTaeoK, Ht-lor
Aa Ha6nJOAaeTCR MeAneHHaR CXOAHMOCTb npo~ecca MHHHMH3a~HH. Tor
Aa Bbi60p He06XOAHMOi1 KOH<)>Hrypa~HH OCYlJieCTBnReTCR npOCTbiM nOA-
6opOM 3THX napaMeTpoe. B n106oM cny4ae HaH6onee TPYAOeMKOi1 
4aCTbiO npo~ecca MHHHMH3a~HH RBnReTCR HaXO~AeHHe pacnpeAeneHHR 
MarH~THOro nonR, TO eCTb peweH~e ypaBHeH~R /12/. no3TOMY OCTa
HOB~MCR nOAp06Hee Ha MeTOAe era 4HCneHHOrO peweHHR. CBeAeM HH
TerpanbHOe ypaBHeH~e /12/ K C~CTeMe Hen~Hei1Hb1X anre6paH4eCKHX 
ypaeHeH~i1. Y4HTbiBaR, 4TO o6naCTb D ~MeeT cTopoHbl, napannenbHble 
OCRM KOOPA~HaT, pa306beM ee Ha npRMOyronbH~K~: 

m 
D, k = 1,2, ... ,m, TaK 4TO D = U D D . n D. = ¢. 

k k= 1 k l J 

m 
4epe3 1k 6yAeM o6o3Ha4aTb rpaH~~y ok, 1'= u 1 k • B Ka~AOM 

k= 1 

npRMoyronbH~Ke Dk MarH~THYJO npoH~~aeMOCTb 6yAeM C4~TaTb nocTo-
RHHoi1, 3as~CRlJiei1 aT IB(P)I =(1/r)lgrad(rA<I>)I, P ~ Dkurk. TorAa 

( (1-1/t.d 0/r) grad (rA<I>) ·grad (rG 0 ) dDQ 

Dk 

{ 
o, P ~ (Dk u rk ) 

=(l-1/Jl.k) 1~ A<l>~n (rGo)d1Q + (1-1/Jl.k)217A<I>(P), P~rk. 

To ecTb ~HTerpan no o6nacT~ D e ypaeHeH~~ /12/ CBOA~TCR K ~H
TerpanaM no rpaH~~aM 1k , k = 1 ,2, ... , m, ~ Mbl nony4aeM ypae
HeH~e 

a 
a (P, Jl.) A <I> (P) = 0/211) ( R (Q, J1.) A <I> --(rG 0 )d1 Q + 

1' an 
a 

+ (2/c) ( G
0 

J<l> dDQ + (1/217) ( A<b ~(rG 
0
)d1 Q, 

D 1 an 
c 0 

rAe 

{

1, P~10 a (P, 11) = 

1/ll+ +1/llk' 'P ~ 1k, k = 1,2, ••• , m 
k • 

8(P,,.d= 1/Jl.+-1/ 11-,P~1, k=l,2, ••• ,m, 
k k k 

/14/ 

ll+ ~ ll~ - ABa npeAenbHbiX 3Ha4eH~R <)>YHK~~~ J1. B T04Ke p KOHTypa_ 
f'~ ~3HYTP~ H ~3BHe o6naCTH Dk • np~ 3TOM C4~TaeM ll = 1, KOrAa 
T04Ka P CTpeM~TCR Ha 1 k ~3BHe o6naCT~ D • AnR AHCKpeTH3a~HH 
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ypaBHeH11ft /14/ 6y,qeM 11CnOJlb30BaTb MeTo,q rpaHI14HbiX 3JleMeHTOB /8/, 

4epe3 t i = (z i, r i) , i = 1 , 2, .•• , N 1 , 0603Ha411M T04K11 KOHTypOB 
rk, k = 1 ,2, ..• , ffi, COOTBeTCTBYIOIIII1e cepe,q11HaM CTOpOH npfiMO
yrOJlb Hl1 KOB D k ' k = 1 '2' .•• ' m • noTeHI,411aJl Acb 6y,qeM C411TaT b 
KyC04HO-nOCTOftHHOi1 IPYHK1,411ei1 OT HaTypallbHOro napaMeTpa t ~ r' : 

A cb(t) = 

N1 

I. u i () i (t) • 
i = 1 

/15/ 

r,qe () 1 (t) - KYC04Ho-nocTOftHHaft 6a311CHaft IPYHKI,411ft, paeHaft e,q11H11-
1.4e Ha CTOpOHe npftMOyr01lbHI1Ka, Ha KOTOpOH 11e~11T T04Ka ti , 11 
paeHaft HYlliO np11 ecex ocTallbHbiX 3Ha4eH11ftX t • 4epe3 U1 o6o3Ha-
4eHbl Hei13BeCTHble 3Ha4eHI1ft Acb e T04 Kax t 1 , i = 1 , 2, ..• , N 1 • 
HeTpy,qHo noKa3aTb, 4TO 11Cnonb3yeMaft A11CKpeTI13al,411ft 11MeeT nopFt
,qoK annpoKCI1Ma1.41111 O(h), r,qe h- xapaKTepHaft AJ111Ha cTopOHbl npFt
MoyronbH11Ka D k , k = 1 ,2, •.. , m. ,llnft 11CnOJlb30BaH11ft pe3YllbTa
TOB pa60Tbl /2/ Ha KOHType r 0 6y,qeM C411TaTb AcP KYC04HO-Jli1Hei1-
HOH IPYHK1,411ei1. Pa3o6beM KOHTyp ro Ha N2 0Tpe3KOB T04KaMI1 t i = 

= (z1 , r 1), i = N 1 + 1, ... , N. Ac:b npe,qcTaBI1M e e11,qe 

N 
A .J. (t) = I. U . 1/J . (t), 

'+-' i=N1+1 I I 

/16/ 

r,qe 1/J 1 (t) - KYC04HO-Jl11Hei1Hble 6a311CHble $YHK1,41111, U 1 - Hei13BecT
Hble 3Ha4eH11ft Acb e T04Kax t 1 , i = N 1 + 1 , ••• , N • Cor nacHo Me
TO,qy KOJ1JlOKa1,411H, noTpe6yeM, 4T06bl ypaBHeH11e /14/ BblnOJlHftJlOCb 
AJlft IPYHK1,411i1 /15/ 11 /16/ e T04Kax t 1 , i = 1 ,2, ... , N. B pe-
3yllbTaTe nony411M CI1CTeMy He1111Hei1Hb1X anre6pal14eCKI1X ypaBHeH11H 

N1 N 
ai ui + .I- a 11 B1 U1 +. I. bi1 U 1 =f 1 , 

J=1 J=N 1+1 
i = 1, 2, ... , N 1 

N1 N /17/ 
u 1 + I. a 11 8 1 u 1 + . I. b 11 u 1 = r 1 , 

j=1 J=N 1 +1 
i = N1 + 1, ... , N, 

r,qe 

a 
a

11 
=(1/277) ( --(rG 0 (t 1 ,t))fJ

1 
(t)dt, 

r' an 
a . 

b
1

. = (1/277) (- (rG0(t. ,t))I/J. (t)dt, 
J an I J ro 

6 

'j 

IJ 
I i 

II 

f 1 = (2/c) ( JcbG
0

(t 1,Q)dDQ, 

De 
K03$$111,411eHTbl a 1 , $ 1 3aBI1CftT OT peweHI1ft CI1CTeMbl. ,llnft Bbl411cne
H11ft 3JleMeHTOB MaTpl11,4bl b ij 11CnOJlb 3yeM np1161111~eHHYIO $OpMyJly, 
nony4eHHYIO e pa6oTe/2/ • 3Ta tPopMyna ocHoeaHa Ha npe,qcTaene
H1111 IPYHKL41111 0 0 (P,Q) e e11,qe 

G 
0 

(P, Q) = 11
1 

(P, Q) ln I P-Q I + 11 
2 

(P, Q) , 

11 11cnonb30BaH1111 norapi1$MI14ecKoi1 IPYHK1,41111 11 ee HOpMallbHOi1 npol13-
eo,qHoi1 e Ka4eCTBe eecoebiX IPYHK1,411H. 3neMeHTbl MaTPI11.4bl a 11 OT1111-
4aiOTCft OT 3JleMeHTOB b ij TOJlb KO 6a311CHbiMI1 $yHK1,411ftMI1, n03TOMY 
AJlft 11x Bbi411CneHI1fl npi1MeHfteTcft aHanori14Haft np1161111~eHHaft $QpMy
na. 3neMeHTbl npaBOH 4aCTI1 CI1CTeMbl /17/ C ,qOCTaT04HOH T04-
HOCTbiO MO~HO Bbi411C1111Tb no Ky6aTypHb1M $OpMyJlaM raycca. 

,llnft peweH11ft CI1CTeMbl /17/ 11CnOJlb3yeM MeTo,q 3ei1,qenft/9/ c pe
naKCal,411ei1 K03$$111,4eHTa, co,qep~a111ero He1111Hei1Hyl0 3aBI1CI1MOCTb OT 
peweHI1ft. Ec1111 a. U. = U. , i = 1 ,2, ... , N 1 , TO 11Tepa1,4110HHbli1 

I I I 
npo1,4ecc MO~Ho 3an11caTb e cne,qy10111eM Bl1,qe: 

o~+ 1 =r-
i-1 "n+ 1 N 1 n ... n N n 

I. aijy~U. -I. a 1.v 1
u.- I. b.

1
u

1
, 

I i J=1 J J j=i J J j=N
1

+1 1 

yn+1 = n + p($ cun+1)/a.(Un+~) 
I yl I I ' 

i=1,2, ••• ,N
1
, /18/ 

N 
n+ 1 1 n+1 ... n+1 

U . = f 1 - I. a .. v
1 

U 
1 I j = 1 IJ 

i- 1 
I. 

j= N
1 

+ 1 

b .. U n+1 
IJ j -

N n 
I. b lj u j ' 

j = i 

i = N 1 + 1, ... , N, 

r,qe napaMeTp p ~[10-4 ; 1 ,5] yMeHbwaeTCft 111111 yee1111411BaeTCft 
B 3aBI1CI1MOCTI1 OT noee,qeHI1ft Be1111411Hbl HeBft3KI1 

(} 

k 
max 

151,:SN 1 

IU~ -u~- 1 1. 
I I 

~ I 

npl1 Bb1411CJleH1111 K03$$111,411eHTOB ai 11 Bi HaMI1 11CnOJlb30Banacb 3a-
B11CI1MOCTb ~(!HJ), 4TO ,qenano 11Tepai,4110HHbli1 npo4ecc 6onee 
yCTOH411BbiM K OWI16KaM OKpyrneH11ft BO BpeMft C4eTa Ha 36M. 

np11ee,qeM 04eHKy CKOpOCTI1 CXOA11MOCTI1 11Tepa4110HHOrO np04eCca 
/18/, KOTOPYIO Mbl nony4anl1 np11 Bb1411CJleHI1fiX. Cpe,qHee 3Ha4eHI1e 
Be1111411Hbl q =(ak/a 1 ) 1/k B HaWI1X paC4eTaX paBHftJlOCb 0,88. 0T
MeTI1M, 4TO Be1111411Ha napaMeTpa p Cyl!leCTBeHHO BJl11fteT Ha CKOpOCTb 
CXOA11MOCTI1 11Tepai,4110HHOrO np04ecca. 
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§3. PE3YJlbTATbl 4HCJlEHHbiX PAC4ETOB 

np~BeAeM OCHOBH~e pe3ynbTaT~ paC4eTOB ~ HeKOTOp~e cpaeHe
H~A pacc4~TaHH~X ~ ~3MepeHH~X AaHH~X. npe~Ae 4eM npOBOA~Tb 
npaKT~4eCK~e pac4eTbl, Anfl npoeepK~ cocyaeneHHo~ Ha A3b1Ke 
$opTpaH nporpaMM~ Haxo~AeH~A pacnpeAeneH~A MarH~THoro nonA 
6~n~ npoeeAeH~ pac4eT~ ABYX $P9rMeHTOB $DKyc~py~e~ c~cTeM~ 
~ cpaBHeH~e pe3ynbTaTOB C ~3MepeH~AM~. $eppOMarH~TH~e W~MM~ 

.... . 

B~nonHAn~Cb ~3 CTan~ 3. 3aB~C~MOCTb 11. (JH J) AnA 3TO~ CTan~ 6~-

na ~cnonb3oeaHa ~3 pa6DTbl /10/, Ha ecex p~cyHKax ~~$po~ I o6o-
3Ha4eHo ce4eH~e $oKyc~py~ero coneHO~Aa, ~~$PO~ II - ce4eH~e 

$eppoMarH~THoro cepAe4H~Ka, ~~$po~ III - ce4eH~e w~MMbl. Ha 
p~c. 1 np~BeAeHa cxeMa pac4eTHO~ KOH$~rypa~~~ ~3 nap~ $oKyc~
PY~~~x coneHD~ADB ~ cTanbHoro A~cKa, a TaK~e pac4eTHal'l ~ ~3-

MepeHHaA Hz BADnb oc~. reoMeTp~4ecK~e pa3Mep~ A~CKa ~ napa
MeTpbl coneHO~AOB B 3TOM cny4ae 6bln~ ~3MepeHbl C AOCTaT04HO Bbi
COKO~ T04HOCTb~. 0Tn~4~e paC4eTH~X AaHH~X OT 3KCnep~MeHTanb
H~X HaXOA~nocb e npeAenax 1,9 3 np~ cpeAHeM ypoeHe nonA 76,6 3. 
Ha p~c. 2 ~3o6pa~eHa cxeMa pac4eTHO~ KOH$~rypa~~~ AnA nonoe~

H~ YCKOPA~~e~ CeK~~~ BMeCTe C $eppOMarH~THbiM~ W~MMaM~, Ha 3TOM 
~e p~cyHKe np~BeAeHo cpaeHeH~e pac4eTHo~ ~ ~3MepeHHO~ Hz Ha oc~ 

YCKOp~TenR. ~R pac4eTa 4~Cno B~TKOB B TBOp~eB~X coneHO~AaX-
w T 3aAaeanocb paeHbiM 637, c~na TOKa e D,(\HOM e~TKe IT = 7 A, 
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PHc. I. CxeMa pacGeTHOH KOH~Hrypa~HH, KOMnOHeHTa 
nonH Hz Ha ocH CHCTeMbJ: I - H3MepeHHH, 2 - pacqeT. 
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PHc. 2. CxeMa pacGeTHOH KOH~Hrypa~HH, KOMnoHeHTa 
nonH Hz Ha OCH CHCTeMbJ: I - H3MepeHHH, 2 - pacqeT, 

COOTBeTCTBY~~e napaMeTp~ BHYTP~CeK~~OHH~X COneHO~AOB 38AaBa
n~Cb paeH~M~ we= 270, Ic = 8 A. KaK ~ e pa6oyel2/ , y4eT no
nA $eppoMarH~TH~X cepAe4H~KOB npoBOA~nCA B npeAnono~eH~~ ~X 
beCKOHe4HO~ MarH~THO~ npOH~~aeMOCT~. ~a3H~~a AD ~% Me~ pe-
3ynbTaTaM~ paC4eTOB ~ AaHH~M~ ~3MepeH~~ Ha OTpe3Ke -20 ~ Z .~ 5, 
B~A~MO, 06bRCHAeTCR OTn~4~eM $8KT~4eCK~X napaMeTpOB YCKOPA~~e~ 
CeK~~~ OT np~HRT~X B pac4eTe. 

B $oKyc~py~~e~ c~cTeMe ~H~eKTopHoro y4aCTKa JlHY-30 MO~Ho 
B~Aen~Tb ABa Ha~6onee xapaKTepH~X paCCTORH~A Me~y CeK~~AM~; 
L 1 = 53,4 CM, L 2 = 24,4 CM. B npo~ecce M~H~M~aa~~~ $YHK~~oHa

na /13/ noA6~pan~cb Heo6xoA~M~e paaMep~ w~MM ~ napaMeTp~ HeKo
Top~x $DKyc~py~~~x coneHO~ADB. PeaynbTaT~ no e~paeH~BaH~~ nonA 
~ nony4eHH~e np~ 3TOM p83Mep~ $eppOMarH~TH~X W~MM np~BOARTCR 
Ha p~c. 3,4. Ha p~cyHKax noKaaaHa 1/4 4aCTb ce4eH~R $parMeH
TOB $0KYC~py~e~ MarH~THO~ C~CTeM~, COOTBeTCTBY~~X reoMeTp~-
4eCK~M A8HH~M, ~cnonbaoeaew~MCA e pac4eTax. 4epea d(z) o6oa
Ha4eHo OTHOC~TenbHOe OTKnOHeH~e: 

d(z) = [(H z(z, 0)- H0)!H0] 100%, 

rAe H0 - cpeAH~~ ypoeeHb nonA Ha oTpe3Ke. AnR pac4eTa aaAaea
n~cb cneAY~~~e pa3Mep~ coneHo~AOB: wT= 637, w 0 = 270, 4~cno 
e~TKOB ~eHTpanbHoro coneHo~Aa w ~ = 2240. Ha p~c. 3,4 ~ao6pa
~eH~ peaynbTaT~ pac4eToe AnR paan~4HbiX 3Ha4eH~~ c~n~ TaKa 
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PHc. 3. CxeMa pacqeTHOH KOH~HrypauHH B cnyqae L
1
=53,4 eM, oT

HOCHTenbHOe OTKnOHeHHe KOMITOHeHTbl ITOnH Hz Ha OCH CHCTeMbJ OT 

cpep;Hero ypoBHH: I -Ic=I2A, IT=I
4

=6,25A; 2 -I 0 =6A,IT=l
4

= 
=3,125A; 3- I 0 =8A,I1' =l 4 =4,6875A. 
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PHc. 4. CxeMa pacqeTHoH KoH~rypauHH a cnyqae L2 =24,4 eM, OT

HOCHTenbHoe OTKnOHeHHe KOMITOHeHTbl ITOnR HZ Ha OCH CHCTeMbJ OT 

cpep;Hero ypoBHH! I - I
0

=12A, IT=5A; 2 - 10 =6A, IT =2,5A. 
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B coneHO~AaX, 0TMeT~M, 4TO BKnaA nonR W~MM B o6~ee none Ha 
oc~ ycKop~TenbHoro TpaKTa s HeKOTOPbiX TOI.!Kax AOCT~ran 50%. KaK 
noKaa~ea~T pac4eT~ /eM. p~c. 3,4/, c noMO~b~ $eppoMarH~TH~x 
W~MM MO~HO nony4~Tb OAHOPOAHOCTb nonR BHYTP~ ceK~~~ B npeAe
nax ~/1-2/%, a s npoMe~yTKax Me~y ceK~~RM~ - e npeAenax ~8% 
np~ cneAY~~eM A~anaaoHe ~3MeHeH~R c~n~ TOKa e coneHO~Aax: AnR 
nepeoro npoMe~yTKa 10 = r ·12A, IT = 14 = r ·6 ,25A; AnR BToporo 
npoMe~yTKa 10 = r·12A, IT= r·5A, rAe r ~[0,5; 1]. Pean~aa~~R 
3Toro pacnpeAeneH~R $OKyc~py~ero MarH~THoro nonR MO~eT o6ner-
4~Tb npOBOAKY YCKOpReMoro ny4Ka Ha ~H~eKTOpHOM y4aCTKe nHY-30. 

B 3aKn~4eH~e aBTOpbl e~pa~a~T 6naroAaPHOCTb B.H .ny~~Kosy ~ 
B.A.Caes~HY aa ~eHH~e coseT~ ~ nOAAep~Ky. 
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*HAKOB E.n. H AP· 
0 ¢opMHpOBaHHH OAHOPOAHOrO MarHHTHOrO nonA Ha 
HH~eKTOPHOM y4aCTKe flHY-30 

P9-88-508 

AnA ~OpMHpOBaHHA OAHOPOAHOrO MarHHTHOro nonA BHyTpH H Me*AY CeK4HAMH 
HH*eKTOPHOro y4aCTKa nHHeHHOro HHAYK4HOHHOro yCKOpHTenA flHY-30 HCnOnb3y
~TCA COOCH~e ~eppOMarHHTH~e WHMM~. Hx pa3Mep~ H MeCTOnOnO*eHHe, a TaK*e 
napaMeTp~ HeKOTOp~X coneHOHAOB, HaXOAHnHCb nyreM 4HCneHHOro MOAenHpO&a
HHA. npH 3TOM Y4HT~BanHCb orpaHH4eHHA Ha KOH~Hrypa4H~ WHMM, o6ycnoaneH
H~e KOHCTpyKTHBH~MH OC06eHHOCTAMH cy~eCTBy~~HX 3neMeHTOB YCKOPHTenA H 
B03MO*HOCTAMH YA06HoH 3Kcnnyara4HH o6opyAoBaHHA. KaK noKa3~Ba~r 4HcneHH~e 
pac4eT~, HCnOnb30BaHHe WHMM n03BOnAeT ¢QpMHpOBaTb OAHOPOAHOe MarHHTHQe 
none C OTKnOHeHHeM OT cpeAHero 3Ha4eHHA, He npeB~Wa~HM 1-2% BHYTPH CeK-
4HH H 8% Me*AY CeK4HAMH, 

Pa6ora a~nonHeHa a fla6oparopHH B~4HCnHrenbHOH rexHHKH H aaroMaTH3a4HH 
OHRH. 

OpenpKHT 06'heAHHeKHoro KHCTilryT& RABpHbllt HCCneAOB&IIHlt Jly6Ha 1988 

nepeBOA O.C.BHHOrpaAOBOH 

Zhldkov E.P. et al. 
About the Generation of Uniform Magnetic Field 
on Injector Part of LIU~30 Accelerator 

P9-88-508 

Coaxial ferromagnetic shims are used for generating a uniform magnetic 
field Inside and between sections of Injector part of the I (near Induc
tion accelerator LJU-30. The shim dimensions and positions, as well as 
parameters of some focusing solenoids were found by numerical simulation. 
The shim configuration constraints conditioned by the posslbll I ties of 
convenient exploitation of the existing accelerator devices were taken 
Into account. Numerical simulations show that using of ferromagnetic · 
shims allows to generate the uniform magnetic field with the deviation 
from the average value by Jess than 1-2% Inside the sections and by 8% 
between the sections. 

The Investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JJNR. 
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