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B ,uam!Otl pa6oTe paccMaTp1IBa10TClI BOITpOChI, CBlI3aHHhie C IICITOJlh30BaHlrnM MeTo,ua 

o6beMHb!X 11 rpaHl!'-JHh!X JUITerpaJibHhlX ypaa11e1111tt ,!l;JllI MO,n;eJI11poaa1111lI MarHIIT!lhlX Cll

CTeM, co,uep)KallIIIX caepxITpOBOlllillil!e 9KpaHhl. ITo,n;o6HalI ITp06JieMa B03HIIKJia B paMKaX 

npoeKTI!hIX pa6oT ITO co3,uarr1110 llllIT0JihHoro MarttnTa ,UJilI 9KCITepnMeHTa ALICE (CERN, 

)Kerreaa). CBepxnpOBOlllillIIlfi 9KpaH pa3MemaeTClI Bll0Jlh OCll MarHllTa ll l!CilOJih3YeTClI llJllI 

3Kpa11npoBalllllI IIY'!Ka OT MarHIITHOro Il0JilI llllilOJilI. 011 COCTOIIT ll3 HeCKOJihKllX K0aKCll

aJihllhIX CJIOeB TOHKOil q>OJihrll, OXJI=lleHHhlX ,n:o TeMnepaTyphI, 6Jill3KOft K a6COJIIOTHOMY 

HYJIIO. Ilp11 9TOM Ha noaepxHOCTlf CBepxnp0BOllIIIIKa B03HIIKalOT TOKI! B036y)K,Ue!llllI, B3allMO

,ueitCTBYIOllllle C Bl!ell!Hl!M Il0JieM TaKllM o6pa30M, '!T06bi 6JIOKllpOBaTb npOHllKHOBeime ITOJilI 

BHYTPh CBepxITp0B0llHIIKa. B CB0IO O'!epe,n;b llH,ll;yll,llpOBaHHbie TOKI! OKa3hIBaIOT BJ!lllllllle Ha 

pacnpe,ueJie1me naMarHll'leHH0CTll B TeJie MarHllTa. B l!TOre Mb! l!MeeM caMOCOrJiacoBaHHYIO 

TpexMep11y10 HeJIHHeitrryIO 3a_uaqy, )];Jill onuca11l!lI KOTOpoft ITpe,ll;JlaraeTClI llCilOJib30BaTb llll

TerpaJibHYIO cpopMyJIHPOBKY ITp06JieMhl MarHl!TOCTaTl!Kll. 

1. MaTeMaTH'IeCKruI <pop My JlllpOBKa npo6JieMhI 

PaCCMOTp!!M 3a,n;aqy 11aXO)K,UeHlllI pacnpe,ueJieHlllI MarHl!THOro ITOJilI, C03,UaBaeMoro CTa

ll,IIOHapHb!Mll T0KaMll B MarHl!THhIX CllCTeMaX C ll30Tp0ITHbIM cpeppoMarHllTHhIM MaTepl!a

JIOM. 

IlycTh B(ii), ff(ii), M(ii) ecTh HH,D;yKU,lllI, HaITplI)KeHHOCTh u HaMarHn'!eHHOCTh MarHnT

noro IIOJilI B T.ii. B OTCYTCTBI!e ITOBepXH0CTHhlX TOKOB II TOK0B, IlpOTeKa!Ollll!X_ ITO cpeppo

MarHeTnKy, aem1qn11h1 B, ff y,n;oaJieTaopHIOT ypaaHeHnlIM MaKCBeJIJia: 

Rota (ff(ii)) = I'(ii), 

div. (B(ii)) = o, 

Jim IB(ii)I = o, 
lal->oo 

(1.1) 

r,ue J" - BeKT0p o6beMHOit IlJIOTHOCTll TOKa (oTJill'leH OT HYJilI TOJihKO a TOKOBbIX o6MOTKax). 

BeJill'!llHhI B, ff, M CBH3aHhI cJie,n;yIOlllllMll HeJinneftnhIMn cooTHOllleHnlIMll 

M(ii) = B(ii) - H(ii), 
µo 

(1.2) 

r,ue µo - a6COJIIOTHalI MarHllTHalI ITpOHIIU,aeMOCTh BaKyyMa, µ(x) - MarHllTHalI npoHnu,a

eMOCTh (BHe )KeJie3a TO)K,UeCTBeHHO paanalI e,UllHllU,e, a BHYTPll )KeJie3a eCTb HeJillHeil:HalI 

cpyHKll,ll.8, xapaKTepll3YIOlllalI CBlI3h Me)K,n;y ff ll B ,ll;JllI ,UaHHOro Tnna cpeppoMarHeTllKa). 

Ha rpanuu,e pa3,ueJia cpe,n: C pa3JIIl'!Hh!Mll MarHllTHhlMll xapaKTepllCTllKaMII BhlIIOJIHlIIOTClI 

ycJIOBlllI neITpephlBHOCTll HOpMaJihHOft II TaHreHU,llaJihHOft COCTaBJilIIOllIIIX BeKTOpOB jj II ff' 
COOTBeTCTBeHHO: 

{1.3) 

r,ue fi - e,unHil'!Hblft BeKTOp HOpMaJIII K IT0BepxHOCTII pa3,n;eJia cpe,u. 

YpaBHeHillI (1.1)-(1.3) Hey,n;o6Hbl ,UJllI Henocpe,n;cTBeHHOro HaxO)K,UeHlllI BeKTOp

cpyHKU,llit ff (ii), B(ii). CymecTByeT 6oJihllloe '!l!CJIO nocTaHOBOK, BhITeKaIDllIIIX ll3 ypaaHenilil 

MaKCBeJIJia. O63op pa3JII!'!Hh!X MeTO,ll;OB II anropIITMOB pellleHillI 3a_ua'!I1 MarHIITOCTaTIIKll, 

a TaK)Ke cymecTBYIOllIIIX nporpaMMHhlX KOMITJieKCOB pac'!eTa ,n;ByMepHhlX II TpexMepHblX 

MarHIIT!lblX CIICTeM ITpIIBO,!l;IITClI a o63ope a pa6oTe [1] II ll,llTilpyeMoft a HeM JIIITepaType. B 

,uaHHOft pa6oTe IICil0Jih3yeTClI l!HTerpaJihHalI nocTaHOBKa 3a,D;a'!ll MarHllTOCTaTIIKll. 



Ilpe,n:cTaBJIM Harrp.aJKeHHOCTb ii B BII)!e CYMMbl )!BYX COCTaBJI.HIO[UIIX 

ii(ii) = ii5 (ii) + iim(a), (1.4) 

r,n:e ii
5
(ii) eCTb IIOJie, C03)!aBael\!Oe TOKOBblMII o6MOTKaMJI, a iim(ii) eCTb ,n:o6aBO'IHOe IIOJie 

OT qieppoMarnernKa. Ilo 3aKony BHo-Caaappa ii5 (ii) ecTb 

ii
5
(ii) = 4~ / [v.

1
i' ~ iii x F(a)] dvx, 

!ls 
(1.5) 

r,n:e rls - 06beM, 3aHJIMaeMbil! TOKOBblMJI o6MOTKaMJI. lfa (1.2) CJie,n:yeT, 'ITO 

Rot(iim(ii)) = 0. 

TaKJIM o6pa30M, iim(ii) eCTb rpa,n:JieHT HeKOTOpol! qiynKu;irn cp, II IIMeeT MeCTO paBeHCTBO 

ii(ii) = ii5 (ii) + Vc/J. (1.6) 

<l>yHKillIIO cp 6y,n:eM Ha3b!BaTb pe,n:yn1Ipoaa111Ib!M CKaJI.HpHbIM IIOTeHUl!aJIOM. lfa (1.3) IIOJiy

qaeM nerrpephrnnocTb cp na rpaH11ne pa3,n:eJia cpe,n: JI ypasHenJI.a )!JI.H cKa'!Ka nopMaJibHol! 
IIpOII3BO)!HOl!. 

IlycTb rl eCTb o6JiaCTb B R3
, 3aIIOJIHeHHa.H qieppoMarneTJIKOM. Tor,n:a IIOTeHilllaJI c/J(x), 

y,n:oBJieTBOp.HeT CJie,n:yIO[UIIM ypaaneHl!.HM: 

f:..cp(x) + div(M(x)) = 0, x E IntG, 

t:..c/J(x) = o, i' E R3 
\ rl. 

HopMaJibHa.H rrpo113ao,n:Ha.a cp(x) Ha rpaH11ne o6JiacTJI Drl Teprr11T pa3phrn 

8c/J(x) _ 8c/J(x) = (M➔ ( ) ➔( ➔)) 
{) - [J+ x,nx, 
ni ni 

(1.7) 

(1.8) 

(1.9) 

r,n:e ~ eCTb rrpe,n:eJI HOpMaJibHOl! IIpOII3BO)!HOl! cp(x) rrp11 CTpeMJieHl!II TO'IKII Ha6JIIO)!emrn n, 
K rpa1111ne CHapylKI! o6JiaCTII G, a ~/)¢ ! -rrpe,n:eJI HOpMaJibHOl! rrp01!3B0)!HOl! rrpn CTpeMJien1111 n, 
TO'IKII na6JIIO)!eHl!.H K rpaHII'IHOl! TO'IKe 113HYTPII o6JiaCTII rl. Ha IIOBe,n:emrn IIOTennnaJia 

cp(x) II ero rrpOll3B0)!HblX na 6ecKOHe'IHOCTII HaKJia)!blBaIOTC.H CJie,n:y10m11e ycJIOBII.H: 

Jim /c/J(x)I = o, 
lxl➔oo 

Jim IVc/J(i')I = 0. 
lxl➔oo 

(1.10) 

Pemen1Ie cp CIICTeMbl ypaBHeH!Il! (1. 7)-(1.10) )!OIIyCKaeT .HBHOe rrpe)!CTaBJien1Ie: 

c/J(ii) = 4~ / ( M(x), v.
1
x ~ ii/) dvx. (1.11) 

n 

Ilo)!CTaBJI.H.H cp ll3 (1.11) B {1.6), IIOJiyqaeM IIHTerpa.i!bHYIO IIOCTaHOBKY 3a,lJ:a'III MarHIITOCTa
Tl!Kll: 

➔ ➔ 1 /( ➔ 1 ) H(a) = H 5
(ii) + 41r v. M(x), v.

1
i' _ ii/ dvx, 

II 

(1.12) 

rn:e ii II M y,n:OBJieTBOp.HIOT neJinHel!HbIM cooTnomeHII.HM ( 1. 2). 
PaCCMOTplIM CIITyanJIIO, KOr,n:a B Marnl!THOe IIOJie BHOCHTC.H CBepxrrpOBO)!HIIK. IlycTb 

{G;,i = 1,M} eCTb O)!HOCB.H3Hble o6JiaCTII caepxrrpOBO)!Hl!Ka. IToaepxnocTHbie TOKH B03-

2 

~ 
! 

6yJK,n:emrn JE Ha rpattunax G; MOJKHO paccMaTpl!BaTb KaK ,!l,OIIOJIHIITeJibHbie IICTO'!Hl!Kll 

TOKa. Tor,1J,a noJie H5 (ii) B (1.12) 11MeeT CJie!J:YIOIUIIl! s11,1J,: 

ii5 (a) = 2- J [v .-
1 
➔ 1 ➔I x ]

5 (ii)] dvx + :E 2- f [v .-
1 
➔ 1 ➔ I x fE(ii)] dsx. 41r x - a ._1 41r x - a ns ,_ DGi 

(1.13) 

ITycTb B(ii) ecTb IIH!J:YKilH.H cyMMapnoro MarnHTnoro noJI.H B TO'IKe ii Ha rpanHne csepx-

11poso,n:1111Ka. lfa ycJIOBli.H CTanuonapHOCTII TOKOB B036yJK,n:eHU.H CJie,n:yeT, '!TO C!IJia Jlopen

na F(a), ,n:el!cTByIOma.a na TOKOBbil! eJieMenT J~(a), ,n:oJIJKna 6hITh KOJIJI1rneap11a aeKTopy 

BHenmel! HOpMaJili ii(a) K nosepXIIOCTli CBepxnpOBO)!HIIKa: 

[F(a) x ii(a)] = [[.B(a) x JE(a)] x ii(a)] = o. (1.14) 

Ifa YCJIOB!ill, '!TO 11oaepx11ocT1Ibll! TOK B036yJK,n:e1111.H J~(a) y,n:oBJieTBOp.HeT CJie,n:yIO[UIIM 

ypam1e1111.HM: 

div0 ( .l"(ii)) = 0, (J""E(a),n(ii)) = o, (1.15) 

cJie,n:yeT npe,n:cTaBJienue : 

·J""E(a) = [n(a) x v.J(a)], {1.16) 

r,n:e f ( a) eCTb HeKa.H CKaJI.apna.a qiyttKnn.a, onpe,n:eJietttta.a na rpanm1e CBepxnpoBO,!l,Hl!Ka. 

OTCIO,!l,a, Y'IIITbIBa.H {1.14), IlOJiy'IaeM: 

J""E(ii)(n(a),B(a)) = o. (1.17) 

Ilpe,n:noJiara.a, 'ITO JE(a) fc 0, noJiyqaeM: 

(n(ii),B(ii)) = o. (1.18) 

YcJIOBl!e (1.18) qiaKTl!'!eCKII 03Ha'laeT HenpOHIIKHOBeHIIe IlOJI.H B caepxnpOBO)!IIHK. 

PacCMOTplIM IIHTerpa.JibI, CTO.H[Ulle a npaBol! 'laCTII (1.13). 1-IMeeM 

f [v.1x~al xJ""E(x)]dsx= f [v"lx~al x[fi(x)xVxf(x)]]dsx= 
DGi DG1, 

f [dBxxVxf(x)] f [ ➔ f(x)] f [ ➔ 1 ] ➔ 
= Rot. Ix- iii = Rota dSx X Vxlx- al -Rot. dSx X Vxlx- al f(x). 

DG1 DG1, DGi 

ITyCTb f (x) eCTb HeKoe npO)!OJIJKenue <pyHKilllll J(x) c rpaHHilbl DG; BHYTPb o6JiaCTll G;. 
HanpuMep, qiynKnn.a f (x) MOJKeT y,n:oBJieTBop.HTh ypaanennIO JlanJiaca t:..J(x) = 0 na G; c 

ycJIOBll.HMH JJ:upHXJie f (x) = J(x) na DG;. IloJiy'laeM 

f [ ➔ J(x) ] f [ ➔ f (x) ] / [ f (x) ] dSx x V x Ix_ iii = dSx x V x Ix_ al = Rotx v' x /x _ a/ dvi = 0. 
DGi DGi Gi 

OTcIO)!a IlOJiyqaeM CJie,n:yIOIIlee BblpaJKeH!Ie ,!l,Jl.H H5 H3 (1.13): 

➔5 1 / [ 1 ➔ ] ~ 1 f [ ➔ 1 ] H (ii) = 471" v'a Ix_ al x J(x) dvx - f::, 471" Rot. dSi x V xix_ iii f (x). 
ns 1

- 1 DGi 

(1.19) 

113 (1.16) CJie,n:yeT, '!TO qiyHKilll.H J(x) orrpe,!l,eJI.HeTC.H C TO'IHOCTb!O )JO KOHCTaHTbl. 
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TaKl!M o6pa30M, Mb! Il0JIY'lllJIII CaMocorJiacoBaHHYIO CIICTeMy H€Jll!H€t!Hb!X ofrbeM!lblX II 

rpaHl!'lHb!X IIHTerpaJibHbIX ypaBH€Hllti (1.2), (1.12), (1.18), (1.19) ,!l,JIH naxoJK,U€HIIH BeKT0-

p0B B,H,M II CKaJiapHoti cpynKu1111 J(x), orrpe,ueJieHnott Ha rpamrn,e CBepxrrp0B0,un11Ka. 

2. ~ICKpenrnall,ll.H B03HllKaIOIII,HX ypaBH€Hllii 

,[I:Jia ,!l,IICKp€Tl!3aUIIII H€JIIIHetl11bIX o6o€MllblX II rpaHll'lHbIX IIHTerpaJibllblX ypaBIIC!lllil 

rrpe,uJiaraeTCH llC110Jlb30BaTb M€T0,!l, K0JIJI0Kau1111. CJie.uya [2],[3], pa306beM o6JiaCTb rl, 3a

l10JIH€HIIYIO cpeppoMarneTIIKOM, Ha 110,!l,MH0JKeCTBa { rl1}: 

N 

[1 = u rl1, 
l=l 

Mepa rrepece'l€HIIH rl1 C rlm paBHa HYJIIO rrpll / cf m. B KalK,U0M rl1 B Ka•1eCTB€ T0'IKII 

Ha6JIIO,!l,€HIIH ii1 BbI6epeM ue11Tpo11.u rl1 : 

f xdvx 
- n, a1=---. 

J dvx 
n, 

Tipu6Jil!311M HaMarHH'l€HH0CTb M(x) B Ka)K,U0M 3Jl€M€HTe rli IT0CT0H!lllb!M B€KT0p0M Mi
,[I:JIB ,!l,IICKpeT113aUl!l! IIHTerpaJI0B no IT0Bepxn0CTll CBepxrrp0B0,!l,IIIIKa Mb! ,!l,0JIJK!lbl pa361!Tb 

{ DG;} Ha 3JI€M€HTbl. Y'll!TbIBaa, 'lT0 Il0BCpXH0CTb CBepxrrp0B0,!l,Hl!Ka 06pa3yeTCH npanw

!111€M HeK0Topot! .UBYMCp!I0ti o6JiaCTII B0Kpyr 0CII (o603Ha'll!M ee Ox), 11p116Jill311M Ka)K,UYIO 
• L 

l!3 o6JiacTetl {Gi} MH0rorpaHnott o6JiaCTbIO Gi = U Gf. TiycTb yroJI c/Jo = ¥;. Orrpe,ueJiuM 
k=l 

MaTpuuy Il0B0p0Ta u Ha yroJI c/Jo B0Kpyr 0CII Ox: 

(

1 0 
[U] = 0 case/Jo 

0 sine/Jo 
-si~c/Jo) · 
COS<po 

Tor,ua o6JiaCTb Gf+l Il0Jiy<Ia€TCH ll'3 Gf IT0B0p0T0M B0Kpyr OCH Ox Ha yroJI c/Jo : Gf+l = 
[U]Gf (k = l,L- 1). ,[I:Jia G) nMeeM 113 G) = [U]Gf. 

Pa3o6beM rpam1uy KaJK,uot! wi o6JmcTeti G) na s11eMeHTbJ. TiycTb {SJ, j = 1,J} ecTJ, 

cyMMapnoe MH0JKeCTB0 3Jl€M€!1T0B. O6o3Ha'll!M { n}} B!Iellilllle H0pMaJil! K {SJ}' TiycTJ, { bj} 
ccTb ue1npo11,ub1 {SJ}. Ananorwmo pa306beM rpa11u11y o6JiacTeti Gf(k = 2, L) , npwrnM 

nj = [U]nj- 1 
ll 0 = [U]ii}'- 1

. TiycTb {Jj} eCTb np116JI11JK€!1HH ,!l,JIH J(x) 11a {Sj}. Tor,ua 

,!l,HCKpeTH30BanHaa CHCTeMa ypaBHelll!H (1.12) l!M€CT CJIC,!l,JIOJUl!ti B11,U: 

- -s- -s- ;.,vii(J(- 1) )I Hi= Hi (a1) + H2 (a1) + f:i 471" ~J Mj, Valx- iii dvi a=a,' (2.1) 

-s _ ( 1 1 f(x) ) I H1 (a1)=Rot0 -

1 

___ 

1

dvx , 
471" X a - a-Os a= l 

(2.2) 

iif(ii1) = -Rota (t t 4~ f [nj x Vxlx ~ iii) Jfdsx) j ___ , 
J-1 k-1 SJ a-at 

(2.3) 

l= l,N. 

4 

\ 

t 

I3eKTOpbI Hi II Ali y,uoBJieTBopaIOT Hemrnet!HbIM cooTHOIII€HIIHM (1.2). YpaBHeHue (1.18) 

annpoKcn~mpyeTca cJie.uyIOJUUMII ypannemrn~rn: 

(nJ;, Bfi') = o, (2.4) 

-k - 5 ,'k -s;'k ;.,vii~/(- 1) )I Bj.1 = HI (bj:) + H2 (bj:) + -8 ~ Mj, Va Ix_ iii dvx -=/;'1, 
J j a JI 

(2.5) 

-s i'k, _ . ( 1 1· f(x) ) I 
Hi (bj)) - Rota 471" Ix_ iildvi -=b-k). 

ns a )1 

(2.6) 

iif(b'Ji1)=-tf=-4

1 
Rota(f[nJxvx

1
-~-

1
]Jfds.r)I _ -

·-1 k-1 7r X a --b'i 
J- - SJ a- JI 

(2.i") 

]! = 1, J, k1 = 1,L. 

H1nerpnpya rro rpam1'lH0MY eJieMeHTY Sf, 1111,1eeM: 

1 (f [-k 1 ] k ) I 1 ( f gdx ) I -
4 

Rota n
1 

x V.rl-- _
1 

J1 dsx _ = -Rota 
1 
___ 

1 
_ . (2.8) 

Ti X a ~-bk1 411" X a ii-bk1 s; a- it DSJ - 11 

OTCIO,Ua Mb! IT0Jiy<IaeM, •ITO II3 KaJK,uoro eJieMeHTa SJ 11a ero rpaHIIU,Y IJH,!l,JUHPYCTCH IIO

CTOHlll!bitl TOK C ITJIOTH0CTb!O ft 
3. l\1eTO,!I; pernemrn ,!l;llCKp€Tll30BaHHbIX ypaBHem1ii 

Bnc,ueM CJie.uyIOIIIIIC o603Ha'JeH!rn. TiyCTb 

. ( - - - )T B= B1,B2,---,BN , 

Jvf(B) = (1\,1 (Bi), M(B2), ... , Af(BN )t, 
• S ( - S - - S - - S - )T H

1 
= H, (ai), H1 (a2), ... , H 1 (aN) , 

• S ( - S - - S - - S - )T H
2 

= H2 (ai), H2 (a2), ... , H2 (aN) . 

Orrpe,ueJil!M ~mrp11uy [A] cJie.uyIOJUIIM 06pa30M: 

(

[A11] 

[A]= [A;i] 
[~'.~]), 
[ANN) 

r,ue [A;j] - MaTpl!Ua pa3M€pH0CTII (3 X 3], TaKaH, '!TO ,!l,JIH JII06oro II0CTOHHIIOI'O B('KTOpa .\f 
cnpaBe,UJIIIB0 C00T!IOUleHne 

[A;i)l\,1 = ;; [/ ( M, Vii Ix~ iii) dv.r] '•=•; 

5 



Y'lllTbIBaR (1.2), CHCT€MY (2.1) MOJKHO 3an11caTb B B11,Ue 

iJ = µo(Hf + iif) +([A]+ [El) it(B), (3.1) 

r,ue [E] - e,u1rnwrnaR MaTp1111a pa3MepHOCT11 [3N x 3N]. ITycTb {J7} 11 F ecTb cJ1e,uy1oru11c 

B€KT0pb!: 

i = (!{, 1i, · · ·, J}f, i=CT, 
P = U~J~, ... ,/rY 

I1MeeM 

iif = [D]F, 

me MaTp1111a [DJ eCTb npRMOyrOJibHaR MaTp1111a pa3MepHOCTII [3N X LJ] B11,Ua 

( 

[Df_i] 
[DJ= ... 

[Dk,,1l 

[D'. .. Ll). 

[Dk,,Ll 

KaJK,uaR 113 MaTpHII [Dl,i] y,uoBJieTBOpReT ycJIOBIIJO 

[Dt,ku: = -Rot. (t 4~ f [n; x Vxlx ~ iii) Jjdsx) 1---. 
J-1 s~ a-at 

• J 

lf3 (3.1)-(3.3) IIOJiyqaeM 

iJ = µoiif + µo[D]F +([A]+ [El) M(B), 

AHaJIOrH'lHO, ypaBH€HIIR (2.4)-(2. 7) MOlKHO 3am1caTb B B11,Ue 

[C]F + [R]M(B) + iif = 0, 

r,ue MaTp1111a [CJ eCTb KBa,upaTnaR MaTp1111a pa3M€pHOCTII [LJ X LJ] : 

( 

[C},il 
[CJ= ... 

[Cb] 
[~'.·.d). 
[Cl,Ll 

KaJK,uaR 113 MaTp1111 [CL] eCTb MaTp1111a pa3Mepnocrn [J x J]: 

r,ue c;/h paBHO 

(

ci'i1 
[Cl]= ·:: 

i,J i,J 
CJ,I 

i,j ) 
~! .. ~ , 

•,J 
CJ,J 

c;!,ii = (nt, Rot. f [ nt x V x Ix~ iii] dsx) 1-=E• 
S~ a 1 1 

Jl 

(3.2) 

(3.3) 

(3.4) 

(3.5) 

(3.6) 

(3.7) 

(3.8) 

MaTp1111a [R] B (3.5) ecTh MaTp1111a pa3MepnocT11 [LJ x 3N]. Ee K03cpcpm111eHTbI {r;,J co

OTBeTCTBYJOT pa3Jil!'lHb!M llHTerpaJiaM J : 

6 

) 

') 

V 

I= ( nJ:, ;: (/ ( Mi, v. /x ~ ii/) dvx)) '•=b~: • 

BeKTOp iif B (3.5) eCTb B€KT0p pa3M€pHOCTI! LJ, KOMIIOH€HTbl KOTOporo C00TB€TCTBYIOT 

pa3Jill'lHblM CKaJIRpl!blM rrpo1!3Be,uemrnM B11,Ua 

( -k, R ( 
1 f f(x) d )) I nii , ota 4ir ns Ix - ii/ Vx a=bJi' . 

KaK OTMe'laJIOCb panee, cpyHKL\1151 j (x) Ha rpan1111e KaJK,II,Ot! 0,UHOCBR3HOt! o6JiaCTII G; 
onpe,ueJIR€TCR C TO'lHOCTblO LIO KOHCTaHTbl. ,Il;an11oe CBOt!CTBO coxpaHR€TCR II L(JIR ,Il,IICKpe

Tll30BaHHblX ypaBl!€Hllt!. 2ho 03Ha'laeT, 'lTO MaTp1111a [CJ 113 (3.5) IIMeeT M co6CTB€HHb!X 

B€KTOPOB { 'Uj} C co6CTB€HHbIM 3Ha'len11eM, paBHblM HYJIIO. C ,upyrot! CTOpOHbI, L(JIR KaJK,II,Oti 

G; l!M€€T MCCTO CJI€,II,y!OIU€€ paBeHCTBO: 

f (ds:, (4~ J [v.
1
x ~ iii x .P(ii)] dvx)) + 

DGi ns 

f ( - v. / ( - _ 1 ) ) + dS0 , 4ir M(x ), Va /x _ ii/ dvx = 0. 
DGi fl 

Ho 3TO CBOt!CTBO nerrpephlBHb!X ypaBH€HIIt!, B 061IIeM CJiyqae, rrpn ,Il,IICKpeTl!3aIIIIII coxpaHR

eTCR TOJ!bKO rrp116JIIIJK€HHO. Bo3HIIKaeT BOrrpoc O pa3penrnMOCTI! ypaBH€HIIR (3.5), IIOCKOJ!b

KY MaTp1111a [CV IIMeeT TaKJKe M co6cTBeHHbIX BeKTopoB { Vj} c co6cTBeHHbIM 3Ha<JenneM, 

paBHhlM nyJIJO, 11 BeKTOpbr {vi} MoryT 6brTb neopToronaJibHhl ([R]M(B) + Hf). '-ho6bl 113-

6eJKaTb 3TIIX TPYLIHOCTet!, Mb! IICIIOJ!b3Y€M CJie,II,ylOIIIIIt! rrpneM. ITycTb { u'"j, v-;' j = 1, Mo} 
ecTb co6cTBeHHbre BeKTOphl c nyJieBbIM co6cTBeHHbIM 3Ha'lenneM MaTp1111 [CJ 11 [CV, cooT

BeTCTBenno. IToTpe6yeM Bb!IIOJIH€HIIR CJI€,II,ylO!IIIIX ,II,OIIOJIHIITeJibHb!X YCJIOBIIt!: 

(F, ui) = o, (vi, ([R]M(B) + iif)), j = 1, Mo (3.9) 

ITyCTb [P1l, [ P2] eCTb rrpOeKTOphl Ha IIO,II,!IpOCTpaHCTBa, IIOJiyqaeMb!e Jil!Het!not! KOM611na1111-

et! BeKTopoB {u-;,j = l,M0 } 11 {v"'j,j = l,M0}, coo-:rBeTCTBenno. BMecTo cncTeMhl (3.5) Mbr 

IIOTpe6yeM Bb!IIOJIH€HI!€ CJI€,II,y!OIIIIIX YCJIOBIIti: 

[C]F + ([E] - [P2])([R]M(B) +Hf)= 0, 

[Pi]P =0. 

(3.10) 

(3.11) 

,Il;JIR pemeHllR CIICT€Mbl ypaBH€Hllt! (3,4),(3.10),(3.11) 1IpIIM€HR€TCR CJI€,II,y!OIIIl!ti IITepa

IIIIOHHb!tl rrpo11ecc: 

fJk+I = µoHf + µo[D]fk + ([A] + [El) M(iJk+1 ), 

[C]Pk+l + ([E] - [P2])([R]M(iJ(k+I)) + Hf) = 0, 
[Pi]fk+l =0. 

po= 0. k = 0, 1,2, ... 

(3.12) 

(3.13) 

(3.14) 

(3.15) 

,Il;JIR pemeHl!R CllCT€Mbl H€JIIIHet!Hb!X ypaBH€Hl!t! (3.12) OTHOCllT€JibHO fJk+I rrpn (pllKCl!pO

BaHHOM 3Ha'leHIIII k IICIIOJib3yeTCR BHYTP€HHIIti 11Tepa11110HHblt! rrpo11ecc 113 [2]: 
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BJ:/= µoHf + µo[D]Fk +([A]+ [El) M(iJj+i), j = 0, 1, 2, .... 

'k+l -k B0 =B, k = 0, 1, 2, ... , iJg = 0. 

(3.16) 

(3.17) 

,1],rrH pea.JI113al(IIII l!Tepal(II0HH0ro rrpol(ecca (3.12)-(3.15) HaM 11eo6xo.u11MO 3!IaTh CIICTeMy 

BeKT0p0B {uj} 11 {vj}. ECJrn BeKT0pbl {uj} M0,KH0 BhIIIl!CaTh aHa.JIIITll'JeCKII, TO HaXO,KJ(C-

1111e BeKT0p0B { 'Vj}' yq11Tb1BaH oqenh 60JihllIYIO pa3MepH0CTb MaTplll\bl [ CJ, HBJI.HeTCR J(OCTa

T0qno CJIO)KHOfi npo6JieMOfi. Ila 9TOfi )Ke rrp11q11ne Bhl3hIBaeT TPY.UH0CTll peIIIe1111e CIICTCM 

Jil!HefiHhlX ypaBHeHllfi (3.13) 0TH0Cl!TeJibH0 pk+l. Ilpeo.uoJieTh 9TII CJI0)K!I0CTll II03B0JI.H8T 

yqeT crrel(mp!!Kll pernaeM0fi 3a_uaq11 [3]. I,fa IIP0lle.uyphl II0CTp0eHllH o6JiacTefi G~ BbITeKaeT, 

qTQ MaTplll(a [C] 113 (3.10) l!MeeT 6JioqHO-llllPKYJIHHTIIYIO CTPYKTYPY- ,Il,eficTB!!TeJibllO,l!3 

paBencTB iil. = [U]inl, ,ii':, = [U]iii\ 11 ypaB11eH11fi (2.8),(3.8) 11MeeM: 

. . ( . . 1 [ _ x - [U](i-ila ] ) I c:/,j1 = [u]"-J)fi;l, f dx X Ix - [UJ(i-i)iil3 dsx ii=b1 
DS~ 1 1 

}l 

OTc10.ua rroJiyqaeM. qTo MaTpl!l\hI [CL] 113 (3.6) 3aB11CHT T0JibK0 OT pa3H0CTII ( i - j). TaKHM 

o6pa30M, KaK .UJIH perneHIIH CIICTeM Jil!HefillhIX ypaB11eH11fi (3.13), TaK II .UJIH HaXO)KJ(eHIIR 

CIICTeMhl BeKT0p0B { 'Vj} Mb! M0)KeM IICII0Jlb30BaTh 6hICTpbie a.rrropllTMbI, pa3pa6oTa!lllbJe 

.UJIR 6JioqHO-llllPKYJIH!ITHhlX ~taTplll\ [4]. 

4. qllCJieHHbie peayJibTaTbl 

Ha 0CH0Be rro.uxo.ua, II3JI0)KeHH0r0 B rrpe.UbI.UYil\llX pa3_ueJiax, 6b!JI C03.[\aH KOMIIJI€KC npo

rpaMM pacqeTa TpexMepHblX MarHIITHhIX CIICTeM, co.uep)Kall\llX CBepxrrp0B0.URil\lle 9KpaIIhl. 

,Il,aHHhlfi K0MIIJieKC IICII0J!b30Ba.JICH .UJIR M0.UeJI11poBaHIIH MarHIITH0fi CIICT€Mbl, COCTORil\efi 

113 .UIIII0JihH0r0 Marn11Ta II 9Kpana. O6m11tt B11.U MarH11Ta C 9KpaH0M .uan na pnc.l. 5IpMO Mar

HIITa np11 M0.UeJI11p0BaJIIIII pa361!Ba.Jl0Cb na 2352 9JieMeHT0B (N=2352). CBepxnpOBO.URIIJllli 

9Kpan C0CT0RJI 113 qeThipex CJI0eB q>OJibrll (M = 4). fpaHl!lla Ka,K.[\0ro CJIOH pa36i1BaJ1aCb 

na 147 X 64 9J1eMeJiTa (J = 588, L = 64), qTQ C00TB€TCTByeT MaTp1111e [CJ pa3MepHOCTII 

[37662 X 37662]. 

:<6.0 _, 

I 
:i::,.o 

yj15.o 

P11c. 1 

8 

.ll-4.0 J(-15.0 
L _l 

~ 1.2 

I 0 4 

0 2 

-2 
_, 

Bz component for z:Q 

P11c. 2 

m 
0.7 

0.6 

0.5 

0 4 

02 

0.' 

-2 - ' 
L_ Bz component for z=O ___ I 

P11c. 3 
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-2 

-2 -1 

Bz component for z:Q 

P11c. 4 

~,, 
:!"di \1/l\ 

-2 \~~~]! 
-4 

-2 -1 

Bz component for z=O. 

P11c. 5 
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,:; 

P11c. 6 

Pac'!eThI rrpono,ll.11JI11ch Ha PC - PENTIUM {lO0Mrn) c orrepaTIIBHoll rraMHThI0 321116. 

,JJ:1rn paccMaTpnnaeMoll KOHqmrypan1111 MarHIITH0ll CIICTeMbl 0Ka3aJI0Cb )].0CTaT0'!H0 Tpex 

waros 11Tepan1101rnoro rrporrecca {3.12)-(3.15). )J:JIH pe111ett11a HeJI11uellHoll 3a)].a'ln {3.12) Ha 

rrepnoM mare BHemHero 11Tepan11ouuoro rrporrecca rroTpe6onaJIOCh 132 snyTpeIrn11e nTepan1rn 

(3.16),(3.17), Ha BT0p0M II TpeTbeM 22 II 2 C00TB8TCTB8HH0. OTHOCl!TeJibHaH orn116rrn f 

[Bk+ 1 
- µoHf - µo[D]Fk - {[A]+ [El) ."7I(Bk+l)I 

f = . 
[Bk+lf 

rrpll 3T0M C0CTaBJIHJia 0.001. CyMMapttoe C'!eTH0e BpeMH C0CTaBIIJI0 0K0JI0 60 ,,aeon. 

Ha pttc.2-3 ,ll.allbl pacnpe,ll.eJieHIIH 0CHOBH0il K0MII0HeHTbl II0JIH n Me,ll.HaHHOil IIJI0CK0CTII 

MarHHTa C 3KpaH0M {p11c.2) II 6e3 3Kpana (p!!C.3). Ha p!!C. 4,5 IlpHBe,ll.eHbl C00TBeTCTBJIOIUHe 

pacrrpe,ll.eJiemrn JlllHllil YP0BHH 0CH0BH0ll K0MII0HeHTbl II0JIH C 3KpaH0M (pnc.4) II 6e3 3Kpaua 

(p11c.5). Ha p11c.6 ,ll.aHo pacrrpe,ll.eJieHtte OC!lOBHOll K0MII0HeHTbl rro;rn B)].0Jib 0CII MarmITa. 

CrrJIOIIIHaH II IIYHKTllpHaH JlllHIIII C00TBeTCTB}'IOT pac'!eTaM Mar1111Tnoll CllCTCMbl 6e3 3Kpaua 
II C 3KpanoM. 

B 3aKJIIO'!eH11e anTop Bb!pa.JKaeT 6Jiaro,!J.apttocTb A.C. Bo)].OIThHHOBY, E.TT.)Kn,ll.Kony 11 

I1.B.fly3hIHHHY 3a rro)].)].ep)KKY )].aHHhix 11cCJie)].onau11ll; r.11.KocenKo II A.M.YepBHKosy 3a 

CTnMyJI11py10m11e ,ll.HCKycc11111 Kaca10m11eca KoppeKTH0CTn MaTeMaTH'!eCKoro orrncamrn 113)"

qaeMbIX qm311qecK11x rrporreccon; IO.A.Ill11rnony II r.C.Illa6paTonoll 3a rro.rie311bIe 06cyiK,ll.c-
1111a II0JI}''l8HHb!X pe3y JlhTaT0B. 
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AKIIlllIIH n.r. 
TipIIMeuem1e MeTO,11,a 061,eMHhIX II rpauIIqffhIX IIinerpam,HhIX 
ypaBHeHIIH ,11,Jl.H MO,11,eJmponaHII.H MarHIITHblX CIICTeM, 
co,11,ep)KaJUIIX CBepxnpOBO,11,.HlllIIe 3KpaHbl 

PS-99-312 

PaccMaTpIIBaeTC.H npo6JieMa MO,11,eJIIIpOBaHII.H MarHIITHhIX CIICTeM, co,11,ep)Ka
IUIIX CBepxnpOBO,11,.HIUIIe 3KpaHbl. CcpopMyJIIIpOBaHhl HeJIIIHeHHbie 061,eMHhJe II 
rpauIIqffble IIHTerpaJibHbie ypaBHeHII.H, TT03BOJI.HIOlllIIe OTTIICaTb pacnpe,11,eJieHIIe Ha
MarnIIqeHHOCTII B HeJIIIHeHHOH cpe,11,e II nonepXHOCTHbie TOKII Ha rpaum.1e CBepx
npoBO,11,HIIKa. Tipe,11,JlO)KeHhl MeTO,11,hl ,11,IICKpeTHJaUIIII HenpepbIBHhIX ypaBHeHIIH, a 
TaK)Ke IITepaUIIOHHhJe MeTO,11,hl pellleHII.H BO3HIIKaIOIUIIX HeJIIIHeHHhIX CIICTeM. 
TipIIB0,11,.HTC.H pe3yJihTaThl MO,11,eJIIIpOBaHII.H MarnIITHOH CIICTeMhl 3KCnepIIMeHTa 
ALICE (CERN, )Keuena). 

Pa6orn BhinOJIHeHa n ITa6opaTopIIII BhJqIICJIIITeJibHOH TeXHIIKII II aBTOMaTII-
3al.(IIII 0J15I11. . 

npenpHHT O61,e1111HeH110ro IIHCTIITYTa Jl/lepHblX IICCJJe)IOBaHHH. ,lly6tta, 1999 

Akishin P.G. 
The Application of Volume and Boundary Integral Equations 
Method for Modeling the Magnetic Systems Containing 
Superconducting Screens 

PS-99-312 

The problem of modeling the magnetic systems containing superconducting 
screens is considered. The nonlinear volume and boundary integral equations are 
proposed for description of distribution of magnetization and surface currents. The 
digitization of continuons equatious and iterative methods for solving nonlinear 
problem are suggested. The numerical results of modeling CERN experiment 
ALICE magnetic system are given. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 
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