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Ilpa npOeKTMpOB8HMH M C03,IJ,8ijMM xpyrnnsx .:3JIeKTpO!pM3yj"qeCKMX YCT8HO

aOle, a TOM qMCne YCKopHTeJIe~, qaCTO B03HHKaeT HeOÓXO,IJ,HMOCTb onTMMM

3a~HM napaMeTpOB MarHHTH~ CHCTeM. ITpH :3TOM Tpe60BaHMfl Ha pacnpe,IJ,e

JIeHHe MarHMTHoro nOJIfl óMBaroT CaMHMM pS3HooÓpa3HHMM. B O~HX CJIyu.a~x 

Tpe6yeTcfl O,IJ,HOpOAHoe none, B ,!J,PyrHx - none c nOCTOflHHbm rpa~eHTOM 

H T.n. ~H3HqeCKOe MO,IJ,enHpOBaHHe KPYITHNX YCTaHOaOK B O,IJ,HHX cnyqaflx 

npOCTO HeB03MO:/KHO, B npyrax flBJlHeTCfl Kpa~He .n.oporOCTO~HM. nponecccx, 
IT03TOMY pa3paÕOTKa BnropHTMOB pemeHHfl nO~OÓHHX 3~aq flBJIfleTeH BeCbM8 

aKTYaJIbHO~. B KSqeCTBe rrpHMepa MO~HO npHBeCTM nporpaMMY MIRT H3 

KOMnneKca nporpaMM paCqeTa ,IJ,ByMepHb~ H oceCHMMeTpKQH~ MarHHTHNX 

nonen POISSON , a KOTOpOM MCnOJIb3yeTcR ,IJ,M~ep'eHUHaJIbH8H nOCTaHOBKa/~/ 
PemeHM~ oópaTHNX 3a,IJ,aq Ta~e nOCB~eH~ paÓOT~/2-4/, a~nOJIHeHHNe B 

o.mU1. 
B ,IJ,aHHo~ p~óoTe AJIH pemeHMR oópaTHOn 3a,IJ,aqH MCnOJIb3yeTcH HHTep

paJIbHaH nOCT8HOBKa ypaBHeHH~ MarHHTOCT8THKH. BBM~ CJIO~OCTM pemeHMH 

~ame npRMo~ HeJIMHeAHOn 3~aqH B TpexMepHoM cnyqae, paCCMaT~RBaDTCa 

TOJIbKO ,IJ,BYMepHble H aKCHaJIbHO CHMMeTpHqH~e KOHcpMrypaUMM. Ho H B 3TOM 

BMAe qHCneHHoe pemeHMe oópaTHOM 3~aqH 3aTpY~MTeJIbHO. D03TOMY pac

CMaTpnBaDT 60nee Y3xyD 3~a~ onTHMM3auHH pacnpe,IJ,eneHHR MaI'HHTHOro 
nonR TORbKO 3& CqeT BSpbHpOB8HHfl TOKOBblX 06MOT~K,. He MeHRR KOH!pHI'Y

paumo xexeea. 

§ T. MeTon HHTerpanbHHX ypaBHeHMA 

nyCTb H(x) ,B(x) ,M(x) - COOTBeTCTBBHHO Harrp~eHHOCTb 

MarHHTHoro nonfl, HH,IJ.yKqHHH MarHHTHuA MOMeHT B TOqKe x ; G

06nSCTb, sanonHeHH8R ~eJIeSOM; • HS (X1 - H8npRmeHHOCTb M8rHHTHoro 

nOJIH, COS,IJ,8BaeMOro OÓMOTKaMM c TOROM. B ,IJ,BYMepHOM cnyqae HMeeT MeCTO 

cne~~ee MHTerpaJIbHOe ypaBHeHHe: 

(I)H(â)=H'S(ã)_ ~ 1M(X), Vãln/x-à/)dSx .
 
2Jf G
 

,-_..- _.._--
Otn.Ct,hlí::'UlilfU ~!icrldT~' 

. !.U'!~JinhIX ucc:~r:n~a3U·8~ 
(I, 

~~. 6HSJf~lOTEKAI~~_.........~
 



BeRTopH B H 11 M c BflSaHbI COOTHOllIeHYlflMYl: 

~Ir =
 

JJo'jA (IDI)
 (2) 

13M - li;;0 

rne )l - MaPHHTHaR npoxanaeeocrs , Hemmet1Hafl <PYHKUHfl OT IBI ,pas

nYlqHafl ~nfl pa3H~X TYlnOB ~enesa, a 1 0 - a6conIDTHafl MarHHTHafl npOHYluae

MOCTb BaKYYMao 

PeUIYlB HenYlHet1Hoe ypaaaeane (I), MO)KHO O-rrpe,~eJIHTb HH,rr,yKUYlID rrOJIH 

B B npOHSBOJIbHOM TOqKe, yqHTHBaH, tITO BHe )KeJIesa MarHYlTHaR npOHH

uaeMOCTb TO)K,IJ,eCTBeHHO paBHa e,IJ,YlHHqeo 

I1YCTb Gw - 06JIaCTb, B KOTOpO~ Heo6xo,IJ.HMO 06eCnetIHTb Tpe6yeMoe 

pacnpeneneuae nOJIHo BBe,IJ,eM Helm~ !fJYHKUHOHaJI F (i3,G ) , flBJlHIO~HM-w 
CH KpYlTepHeM KatIeCTBa pacnpe,IJ,eJIeHHfl nOJIfl. 

OqeBYl,IJ,HO, <pyHKUHOHaJI F saBHCHT OT 'H S 
H G o I1YCTh (di) 

Ha60p napaMeTpOB, O,IJ,HOSHaqHO onpe,IJ,eJIHIO~HX TOKOB~e 06MOTKYl; CJIe,IJ,OBa-

Te.JIbHO, F saBHCHT OT G. H {cc' i 3 o ~ 
PaCCMOTpYlM ,IJ,HC KpeTYlSaUYlIO ypaBHeHHH (I) HsI uio Pa306:oeM G aa 

nO,IJ,MHO>KeCTBa G
i 

N 
G = U G. 

i=1 l' 

Mepa nepeCeqeHYlH G. Yl G. paBHa HYJIIO npH i~j • B KaqeCTBe 
1 J 

TOq~Yl Ha6JIIO,IJ,eHHH B K8.JK,IJ,OM Gi Bbl6epeM ero IXeHTp TflJKeCTH ã i 
EY,IJ,eM CqHTaTb M , B nOCTOHHHHMYl B KaJK,IJ,OM G. i1 paBHbIMYl

1 

COOTBeTCTBeHHO. Mi ' Bi:' Torna ,IJ,HCKpeTHsoBaHHaH 

CHCTeMa ypaBHeHYl~ npHMeT BYl,IJ,: 

i-- NB __ = li "Hs(ã.)- JJ L ... f}[' 5 (M"V'ã1n1x-ãl )dS+]I (3) 
AI ( IB . I) /: o 1 I o j = 1 L. oIl. J x + 

I 1 G. a=ã. 
} 1 

i=1, 2,. o o,N 

B H i\ Y,II,OBJIeTBOpRK>T (2). ,L!,JIfl nepecueva nona B npOHSBOJIhi 
HYJO TOt-iKY ã a8MeHHM B (I) M(3{} H8 KycOt.IHo-nOCTOHHHyID <pyHKUYlIO 

M(3<> (M(x)=M. npa XEG.) ),r,IJ,e{M.} y.u,oBJIeTBOpHIOT
J J 1 

(3). ITocJIe aroro MmKHO onpenenars 3Hat.IeHHe !fJYHKIDWH8JIa F ,IJ,JIH ,IJ,aH

O~H3 HaH6o~ee Tpy,rr;oeMKHX MOMeHTOB - BH~cneHRe.RO~HUaeHTOB 

Ma1rpMubl" cToH~ei1 B npason lIaCTl1 (3). Soro 06CTOHTeJIbCTBÇ) norpeõosano 
c;yiKeHM!! xnacca paCCMaTpl1BaeMhIX aanau, rrpH nOCTOHHCTB€ 06.llac~Yl G 

KoaqxpYlUMeHTbI,B npaBotl t.IaCTI1 (3) BbmHCJIHIOTCR'TOJIhKO O,IJ,MH paso 

Ha c006p8JKeHI1M YMeHhmeHYlH BhIt.IYlCnI1TeJIbHblX S8lJ'paT.,IJ,JIH MI1HI1MYlSaUYIYI 

<PYHKU110HaJIa F YlCnOnhSOBaJICH MeTO,IJ, HaYlCKopei1rnero cnYCK8 B COqeTaHYlK 

c MeTO,IJ,OM ot'SOJIOTOrO Cet.IeHI1H ,,/6/ . )l,nH peaJIHSalU1M ,IJ,8HHOr.0 MeTO,IJ,a. He06

XO)J.I1MO 3HaTh t.IaCTHble npouesonaue !fJYHKI1MOHarra F no napaverpaa CX;. :, 

Ko:opble SaMeHHnMCb CJIeAYIO~KMl1 paSHOCTHblMl1 COOTHOrneHYlRMYl: 

o F ,--.... F (d1 ' , . o. ,eXi.+4i, o • .o(/.-) -F (0(1, • o .0(,1. , ••• o<.L ) ( 4)
] o(i - L\ i 

i=1, 2, o o o o,L . 

TaKYlM 06pa30M, ,IJ,JIfl npOBe,IJ,eHRfl K~~oro mara npouecca Ml1HRMH38Ul1Yl 

<pyHKUYlOHaJIa F ,He06xo,IJ,HMO SH8Tb L+ 1 anaueaae F RS (4). f1pH 

aTOM, BBH,II,Y nexoppenexocra npouenypu t.IHCJIeHHOrO ,IJ,11{fxilepeHll,YlpOB8HHR, 

He06xo)J,HMO onpenearm, SHalIeHYle <pyHKUJ.iOHaJI8 F c OlIIYlCSRO~ MHoro MeHb

meti, lIeM SH8treHHfl .1 •
1 

ITYCTb 
1\ :t'.... ... T
 
B = (ti , B 2 ' o o o , B N)
 1
 
..... S '1:5 ~ ~S.. ....S.... T

fI =(H (a (a ) , o o o IH (a »

1),H 2 N 

,... /"o.. -,...... ...... -. ..",.... T . " 
M ( 13 ) = (M (B 1 ) , M (B 2) ••• , M (B )

N) 

f1yCTb [ A] - M8TpRUa pa3MepHOCTl1 2N x 2N J.i3npaBoi1 qaCTH (3). 
COKpameHHO CRCTeMY (3) MO~HO 38nRcaTh B ~Yl~e: 

Ê =( HS + ((A] + [E]) ~nB') ?fo, . (5 ) 

rne (E] - e~HHJ.itIH8fl M8TpHua. 

,L!,JIH pemeHRfl HeJIHHetlHO~~CKpeTH30B8HHO~CHCTeMbl ( 5) l1CnOJIbSOBaJI

CH RTepamWHHblA npouecc R3 / : 

Bk+1 =(H S 
+(LA]+lE])M~Êk»)jlo' ( 6) 

noro p8Cnpe,IJ,eJIeHHH 06MO'l'OK (T. e. ,IJ,JIH ,IJ,aHHorO naõopa napaxerpos aC ) o lltp k=O,1, 2, o ••i 
í1I' B ,IJ,aHHott paõo re peaeane oõparxoã 38,II,aqYl CBO,IJ,YlTCH K Ml1HYlMYlSaII,HH 

B RaqeCTBe HaqanbHoro npH6JIK~eHHH 8 B (6) Ha R~O~ marelIJYHKUYlOH8JI8 F ,Bbl6paHHoro COrJIaCHO Tpe6yeMhlM YCJlOBMHM H8 pacnpe- 0 .... 
npouecca MliHHMH3auHR F HCnOJIh30BaJIOCh peaeaae B c npe~~ero,IJ,eJIeHYle nOJIH.
 
mara.
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§ 2. qMcneHH~e paCqeTH 

~aHHaR MeTO~MKa 6Mna pean~soBaHa Ha 6ase KOMnneKca nporpaMM pac

qeTa ,~eYMepHbrx: MaI'HMTOCT8THQeCKHX nOJIeA MS/5/ . COS.n.aHH~A wrropHTM 

Hcnonb30BanCH npH npoeKTMpoeaHHH MarHHTa naMC5epTcoHa B HyKHoTpoHe 
JIB3 OffiU1 (-pMC. I). B xauec rae napaxerpos teXi \ 6paJlHCb BeJlH'lHHbI TO
KOB B ~OnOJlHHTeJlbHNX o6MoTKax. 

~ 
I - OCHOBHble 06MOTRH 

2 - ~OnOJlHHTeJlbH~e 

06MOTKK 

3 - pa60tlaR 06JIaCTb 

2 

PHc.I. nonepetlHoe CetleH~e MarHHTa JIaM6epTcoHa. 

OCHOBHaR 3a~atla, pem8eM8R npH npoeKTHpoBaHHH , COCTOHJla B TOM, 

tlT06~ npH O~HOpO~HOCTH nOJlH B pa60tleA 06J1aCTH 06eCnetlHTb ero MaKCH

MaJIbHOe OTCYTCTBHe B 06J1aCTH G ,tlT06~ KaK MO~HO MeHbwe HCKaMaTb 
w 

UHPKYJIHPYD~HA nyqoK. ~H 3Toro H 6~JlH BBe~eH~ ~OnOJlHHTeJlbH~e 06MOTKH. 
~yHKUHOHaJI F 6~ e~6paH B CJIe.IJ.YDlI\eM BH~e: 

F=J 1!:..ls (ã.) J2 
i=l ~ 

r~e ã i - Ha60p TOtleK, paBHOMepHO p8cnpe~eneHHHX no 06J1aCTK G 
w 

B peSYJIbTaTe SHatleHHe F nOHH3MJIOCb OT ,5496 no ,II7, 3TO nOTpe60Ba

no 6 marOB npouecca MHHHMHSaUHH F • 06naCTb G paSC5HBaJIaCb Ha 228 
3J1eMeHTOB; cYMMapH~H paCKO~ MarnHHHoro BpeMeHH COCTaBHJI I444 ceKyH~" I)
UeHTpaJIbHOrO npouecca 3BM CDC- 6 500 

B HeKO~OpHX npaKTH~eCKM HHTepeCHbrx: cJlyqaRx B03HMK8eT He06xo~H

MOCTb OTITHMMSaUHH paénpe~eJleHHH MarHHTHoro nOJlR B OTCYTCTBMe ~eJle3a 

(~O,JIbKO OT TOKoebfX 06MOTOK). nO~o6HaR aanaua paCCMaTpHBaJIaCb TaKJKe
 

B
/ 3/ . B 3TOM cnyvae rtone B(ã) B npOMSBOJIbHO-t1. TottKe a BbltlHCJlReTCR
 

no saKOAY bMo-CaBappa:
 

~ ... JloS[-.-+ 11 (7)B(a} = - 4X J(x) x~~ ------ dV.
 
. a I x-ã I x


G 
J 

r~e GJ - 06J1aCTb, B KOTOpO~ J(x) Ae paBHO HYJI~. B ~BYMepHOM cnyqae 
(7) saMeHReTCH Ha cJIe~~mee Bblpa~eHHe: 

B(à) = ~ S [j(t) x Vã lnlx-~IJdS-+. (8) 
2~ 'X 

sJ. 

AHaJIOrHl.lHO B ocecHMMe~pMtlHOM cJlYtlae B(ã) ecr s : 
-2.. 

~ ..... 1J +- ")'~ -+tl('a)=-- J(x)' (L.,e."F. (x) )rd S.. ( 9) 
4:Jr S i=l l. 1. x 

J 2K 

r.rr,e x=rxe1 + zxe2 F (x) = 'ô f co s ti d Lf 
1 ~JV't.2 2 a o r.+r....-2r-r-coscf+{z_-z_)x a X a x a21i 

F (X)=--'º---- S dlf
 
2 ôr'ã 2 2'
y2 

O rx+rã-2rxrãcos~+(zx-zã) 

J(x)- nJlOTHOCTb TOKa B TOtlKe x • 06naCTb SJ B (8),(9) - ~BY

MepH8H, KaK npaBHJIO, COCTOHT M3 06õe~HÀeHHH MHoroyrOJIbHKKOB, B K~OM 

HS KOTOpWC: J (x) nOCTORHHa. 

B ,lJ,aHHOA pa60Te paCCMaTpHBaeTCH aJlrOpHTM onTHMH3aUHH pacnpe~eJIe

HHH MarHHTHbIX noneA TOJlbKO ~fl c.nyqaeB (8),(9), nocKolrbKY SbNHCJIeHMe 

nOJlH (7) RBJlHeTCR ,lJ,OCT8TOllHO TPY,II;09MICOI 3a,lJ,alleA. TaK ~e) KaK H BCJIY

tlae C HaJlHllHeM ~eJIe3aJBBO~HTCH COOTBeTCTB~~H~ ~yHKUMOHaJI F , XapaK

Tep~3yD~H~ KatleCTBO pacnpe~eJleHHR nOJlH. AnH BHQHCJleHHH ero npOK3BO~

HblX Heo6xo~HMO SHaTb npOH3BO~H~eKH.u,yKTlHH ã (â) no napaaerpaa 06

JlaCTH sJ' r~OHJlJI~cTpHpyeM coo6p~eHHR, HCnOJlbSOBaHH~e ~R KX B~HC

JleHHH, Ha npocTeAmeM cJlyqae npHMoyroJlbHoA 06nacTH (pHc.2). 

BoCnOJlb30BaBmHcb ~HTHBROCTb~ HHTerpaJIOB B npaB&X tlaCTHX (8), 
(9) OT 06J1aCTH sJ ' nOJIyqHM, tlTO npOHSBOAHaH HHTe~paJIa B cJlyqae 

SJ=ABCO no KOOp,lJ,HHaTe Xl CBO~HTCfl K HHTerpaJIY no OTpeSKY AB • 

AHanorHllHHA pesYJlbTaT nOJIytlaeTCH ~ AlIR 60Jlee CJlO~H~X 06J1aCTe~. 

4I 5 
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Pi1c.2. 

ITpOi1JIJIIOCTpYlpyeM pa60TY naaaoro 8JIrOpHTMB, na npaaepe pacvera on

HOn ocecMMMeTp~HOn KOH~Hrypa~HH. npM npoeKTHpoB8HHH o,Il,HOrO HS YSJIOB 

YCTaHOBKH '')A.-CI'MH'' mUI OlliU1 BOSHi1KJIa HeoCíxo,Il,YJMOCTb HanTH OnTi1MaJIbHbIt\ 

npO~HJIb OCíMOTOK K8TymKH reJIbMrOJIb~a, oCíeCnetIHB8IOmHt\ ,Il,OCTaTo~Hyro O,Il,HO

pO,Il,HOCTb MarHHTHoro nOJIfl B paCíotIe~ OCínaCTYJ (pYJc.3). 

R. 

.~ 
'IG; 

I 

zI 
I 

. . 
--~ 

... 

PHc.3. npO,Il,OJIbHH~ paspes K8TymKH reJIbMrOJIbua. 

~ 
6 

~YHKlIYJOHaJI F 6bIJI BbI6paH CJIe~mYJM oCípaSOM: 

L 
~I-l>..... -+ ..... f 2L...B(a.)-B(a) 
i=1 ~ o 

F= 
IB(~O) /2 

rne 10 - u:eHTp 06JIaCTVI Gw ,ti TO~KYJ tá i J paBHOMepHO pacnpeneneuu 
no rpaHVI~e G1 • B Ka~eCTBe napaMeTpOB Bbl6i1paJIHCb h i ,npHtIeM BHa

uane npoqlYJ.JIb OCíMOTOK npH6JIVlIKaJICfl ,Il,BYMfl npflMoyrOJI!,HHKaMH, H napaaerpaua 
CJIY'lHJIH COOTBeTCTBeHHO h 1 H h 2 ; saTeM nOCJIe MMHHMHsaqHVI lflYHKI1MO

HaJIa KaJK,II,b1H npflMoyrOJIbHHK ,Il,eJIHJICH nOnOJIaM H ~yHKI1HOHaJI F MHHHMH3H

pOBaJICfl no ~eTHpeM napaMeTpaM, npHtIeM B Ka~eCTBe HatI8JIbHOrO npH6JIH

JKeHi1fl ,Il,JIfl Mi1HHMYJ3aUHH i1CnOJIb30BaJIHCb peweHHR c npe,Il,~ero I1HKJIa: 

h(2) = h(2)= .:» 
1 2 1 

h(2) = h(2)= h(1)
 
3 4 2
 

OnHcaHHbI~ npouecc y,Il,BoeHHH tIHCJIa napaaerpos nOBTOpflJICfl HeCKOJIbKO 

paa (pHC. 4). B peaym.rare onTHMH3aI1,HH SHa~eHHe <PYHKUHOHaJIa F YMeHb

illHJIOCb c 1,92 )J,O 0,0017. 

h(2)oh~L) [th;l) ] 4 

hic.4 .
 

B saKJIlOlIeHHe aaropu BblpaJKalOT 6JIarO,Il,apHOCTb Vl.E.l1cCmICKOMY ~
 

Vl.A.raraHOBY 3a nOCTaHOBKY ~HsH~ecKHx s~atI, CTHMYJIHpOBaBillHx ,Il,aHH~O 

pa6oTY .. 

7 
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AKHIIIHH TI. r., JKH,nK9B E. TI .', Kpq.B~OB B•Il , P 11-87-4'27 
OIlTHMH3a~HH pacnpéncrrerma gB;YMepHblX MarHHTHbIX 

,I .1 v, .nonea H8 ocnoae •MeToga " aa-r e r-pam.asrx vypaBHeHHH 
I1 , PaCCMaTpHBaeTCH 3ap;aqa onTHMH3-a~HH, pacnpegeneHHH Mar

HHTHoro nonH B gBYMep~QM cnyqáe. UnH pemeHHH npHMoH 3agaqH 
acnorn.sve-r c.a MeTog ana-er-pam.asrx Y'paBHeHHH. 3agaqa onTliMH
sanaa CBogHTCH K HaXO)l(,D;~HHIO rv1HHHMYMa <PYHK~HoHana" onp eae-: 
nHIO~ero ~aqeCTBO pacnpep;eneHHH MarHRTHoro nonH. C03gaH 

I KC>MnneKC npor-paser , peanH3YfOIIJ,HH ~aHHbIH 

pe s yrrs-r-a'rsr tIHCneHHoro MogenHpoBaHl·}:H. 
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Pa60Ta aunorraena B Jlaõopa'ropna BbltIHCnHTenhHoH TeXHHKH 

H aBToMaTH3a~HH OHHH. 
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Akishin P.G., Zh i.dkov ,E.P", Kravtsov V.D. P11...;o87-427 
" Optimization of the Magnetic tield Distributio~ 

in	 Two Dimensions. Basin~ on the.lntegralr'I Equation Methodr,
 
The problem of optimization of-the magnetic field dis

tribution in two dímensions is cons,idered. The integral 
equation met~od is used Iàr solving the dlrect problem. 
The task is requced to the minimization of some fun~ti-, 

o~al which defines the quality of magnetic field distri 
bution. The code realizing tilis rnethod is created. The re

nl sults of nurnerical experirnents are discussed. 

The investigation has been perforrned at the Laboratory 
of Computing Techniques ana Autprnation, JINR. 
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