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., ,'tA. f!I )'l:~~ '1,~-, ,p~ .;( 'I'~ ~tl J 

4J !I~ i, ;1~ t J. ." t. f :\ "1' ,I/-" 
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111 , , 
l~,.".t.~~\, o: "f~:~\' ~, ~'/ lr~ .~~ ~/~ J~ J.' ~ f,J" I':
 

~ .« )~~ ~ ,.. li' t' ~i! ·,il
,J, 

~~tt,- l)ir..' '~l 'l.~ L' t,fJ,l ti J1 't ~.II • U , " f ~rl;'~ (,,'ü. 

1,1 "- ~~ lV,~~l ~ 7t '!' II ,.,. 'l_\ AI 1(' ,~ ; ~'J 
Ti r~"f . ,,'I'. ';1 li: 't"'I. I l~ ~ ~~ l~ , 

'tf t,-~ .o;li'll':/;.r~'&i'~ n ~J, , ~j ,/. \;í!~ \"')I.~. 'f.""~' !"",j" \,o ,j, 

IIycTI:. B(x)- l1H,IJyl<qIDI MaI'HI1THOro nOM B T. X ; fi (x) - Hanp.F.OKeH-

HOCT:b; M(x) - MarHI1THhl:H MOMeHT; P =jI ( I B(x) I ) - MarHI1THaJI rrpoanuae

MOCTI:.; HS(x) - no~e OT TOKOBUX arreMeHTOB. Bli~I1CMeMoe no 3aKOHy EMa
Casapa. IIycTI:. G - 06~aCT:b. 3ano~eHHaH ~e~e30M. MHTerp~!bHaJI nOCTa

HOBKa 3ana~11 MaI'HHTOCTaTHKn B TpeXMepHOM c~ae RMeeT B~ /1/: 

-(-) -S(- \la [S - - \7 1 ] (1)H a =H a)+ ~ (M(x), Vã IX-~) dVx . 
'G 

Be~RHhl H • M • B CBH3aHH c~e~mHM COOTHorneHReM: 

H(x)= S(x) (2) 
p(1 S(x) '.lfo 

M(x)= S(x) -H(x) (3) 
jJo 

r,n:e J'o - a6COJIlOTHaJI MarHHTHaR npoaanaeaocre Ba1\YYMa. 

PaccMOTpRM MeTO,n:. paSpa60TaHHHH H peanH30BaHHHit B /1/ B B~8 naK~ 
ra nporpaaa GFUN • Pa30Ó'b8M G na rro,n:MHO:lKeCTBa Gi 

N 

G= U Gi '
 
i=1
 

Mepa I1epeCe~eHIDI Gi C Gj pasia HyJIKJ npa i#j • B KaJK,I(OM G
i 

Bu6epeM TO'tIlcy HaÓJIlO,neHIDI ã (B r/ B Ka~eCTBe ã ÓepeTCH IJ;eHTp 
i i 

Macc Gi ). Ey,n:eM C'tlliTaT:b 14 (x) B Ka:lK):(OM . G rrOCTOHHHllM H pasHIlM
i
 

Mi . Tor,n:a ~CKp8TH30BaHHaJI C11CT8Ma 113 /1/ RMeeT c~e~mHi1: B~:
 

S ( 4) -. 
=H (ãi ) +t ~~ [J (M j , 'Vã IX-~ I') dVxJ/a=â 

)1(1 Mil)-1 J=1 G-. i 
.I 

i=1, ••• ,N, 

;'I1arHHTHB.íI rrpOmma8MOCT:b jL B (4) rrpe.n:rrO~aI'a8TCH 3a,n:aHHoit KaK WYHl<-

UIDl IMI. 
BHp8.:lK8.lI fi 11, M 'tIepe3 B • no~~aeM nOCTaHOBKY 113 /2/. 

8 i -S - t rJã [J - 1 1 ] .
Url~I)=fDH (a i)+. 4lT (Bj(l-~) ,'Jã1x_ã"I)dVx /_ ' J.=1r .N ·( Ô) 

r i J=1 G-j r J a=a'i 

I 
O~~Cifi.tleU~ GHtTBrVf. 1 
U~inslf{ UttJelDBllJBS 
6WSJ1~·!CTEHJt. 



~~ ~=-~--~-~-

§ I. Bhl'tlI1CJIeHHe RO 3ClxJJlllmeHTOB MaTwru lliIcRpeTH30BaHHl.-lX CHCTeM 

.uM 3aIIHCI1 ,IU1CRpeTI130BaHHille CHCTeM (4), (5) Heoóxo.n;IfMO BI:l'tJHCJlliT:b 
I1HTerpaJIU BIma 

Jk='iJ ã S (M,'\7ã I X~ãl )dVx	 (6) 

Gk 
ME con s t ,r.n;e 

B aTOM naparp~e I13JIaraeTCH MeTO.n;, rr03BO~mHtt cymecTBeHHO COK
paTHTb 3aTpaTH MaruHHHoro BpeMeHI1' Ha BH'tIHCJIeHHe RO~H~eHTOB .n;HCRpe

TH30BaHHHX CHCTeM. 
IToTpeóyeM OT pa3ÓHeHI1H OÓJIaCTI1 G na Gi BHno~eHHH cJIe.n;yromRX 

YCJIOBI1ll: 

I.	 { Gi 1- BHrryItJThle MHOrOrpaHHlIKH (npe.IUIOJIaraeTCH, 'tITO G MOJK

HO pa3ÓHT:b Ha oo~e~HeHI1e íGiJ ). 
2.	 MHorOrpaHHI1KI1 Gi I1 Gj npn i#j JIHÓO ne nepeCeRaIOTCR: 

COBceM, JlliOO nepeCeRaIDTCH TOJI:bRO POBHO no O.n;HOH rpalm, JIHOO 
POBHO no O.n;HOMY peópy, JIHOO no onnoã BeplIIliHe. 

I1HTerpaJI J k I13 (6) CBO~TCH aa rpamruy G
k; 

J = 
k 

J.. 
~ 
DG 

k 

-  t'7 
(~~5x)vx 

1 
Ix-ã/ (7) 

ITYCTb 51' S2 ' •.• , SL - rpaira Gk ' n 1 ' fi2 ' ••• , nL -anem
HH8 HOpMaJII1 COOTB8TCTBeHHO K S1 'S2 , ••• , SL 

fiMeeM 

L 

J 
k 

= L 
1=1 

(M, n.) S 
1 S. 

\I x I~-a I dSx (8) 
1 

Ilpa.n;CTaBRM \l __1_- B BH.n;e 
x Ix - ãl 

\J_-1-=n. (fi. , \/ __1_) +. ~ __1	 (9)
xl-	 -I 1 1 x 1- -I x 1- -,

~-a x-a x-a 

r.n;e 'V-x - rpanaenr no nepeMeHHhlM B ILJIOCROCTM S1 • I1HTerparr 

~	 (n i ,vx Ix~a f ) dS C TO'tlHOCTblO no 3HaRa paB8H T8JIeCHoMY yrJJY, nonx 
s,	 1S <"V ' 

~OTOPHM BH.n;Ha rpans Si I13 TO'tlKH ã • l1HTerparr S \Jx I x-a-fSx 
i 

MOJ1tfIO pe.1JYUHpOBaT:b R HHTerpa.ny no rpaaane rpana S1 • ITyCTL 

ti. , ti., , ... , ii-u - peopa rpana S,. IIycT:b ~. ,'?t. , ••• ,ri. 
-, ~,~	 1 1 12 1M 

aaemnae HOpM8JIII[ R Si COOTBeTCTBeHHO na peopax f i1 
1 ' fiz.. , ••• , fiM • 

MHTerparr rV__1_ ds- pBBeH
J xlx-ãl x 

I ""'.
Si 

M Jdi
_ ~S- = ~ _x_	 (10)

\Jx '-_-I x L i. 1---"Si. x a j=1 J eL' x a 
J 

OTc~a CJIe.nyeT, 'tITO HHTerpaJI J H3 (8) npe.n;CTaBJIR:eTCH B B~B JIH

HetlHo:t! ROMÓHH8U;HH {J i ). 11 TeJIeCHhlX yrJIOB f Q i.) : 
j 

\	 df  (II) 
J i. =~; I X-~I
 

J Lj
 

.Q.i = 5 (ri1 ,\}x ~1)dSx 
\x-a 

S1 
HeTW,IUlO 3aMeTlIT:D, 'tITO eCJIH pasõaeaae OÓJIaCTH G y.n;OBJIeTBOpHeT 

BHrneYRa3BHHHM YCJIOBRHM, TO MHorI1e aJIeMeHTH liMeroT oó~e rpaHH I1 OÓmne 
peópa. OTcro.n;a OJIB~eT, 'tITO epJlli npe.n;BapI1TBJI:bHO Bhl'tJI1CJlliT:D Bce HeOÓXo

1 S df
.n;HMHe B8JIKTllIHll TI1na S(n1 Slx I x-ã I) dSx ' . lx-~I , TO MOJKHO 

S e~ 
cymecTBeHHO YCROpHT:b rlpouecc Ba'tJI1CJIellliR RO~~HeHTOB MaTpHU .n;HCRpe
TH30BaHHHX ypaBHeHHil (4), (5), TaR xax IC8.iK,1l;M BHYTpBHWI.fI r'pam, BXO,IU1T 

B .n;Ba élJIeMeHTa, a RaJi\I(Oe BHYTpeHHee pe6po B HeCKOJI:bRO aJIeMeHTOB. 

§ 2. PemeJme mWKpeTHsoBaHHIDÇ YPélBHeHRÜ 

PaCCMOTpRM HHTerpaJIDHHH onepaTOp,cTOrrmHM B rrpanofi 'tIaCTH (I): 

A(M)c:- Vã [f (M(x) S l_)dV_] (I2) 
4~ ali_~1 x· 

G 

MMeeT MeCTO CJIe.n;yromaR reopeMa /3/: 
TeopeMa ~. Oneparop A orpamrten c ~ A 11 G=1 • Oneparop A 

CaMOCOn~eH. ~ onepaTopa A RMeeT MeCTO HepaBeHCTBO 

(A(M) ,M)G ~O • 

Ms TeOpeMH I CJIe.nyeT, 'tITO cymecTByroT M(X) , Ha ROTOpHX onepaTop 
A(M) saHYJlHeTcH. ECJIH ,ItHCRpBTHHll aHaJIOr onepaTopa A B (4), (5) 
cOXpaHReT aTO CBoftCTBO, TO ITpH ÓOJI:billllX SHaqeHHaX MarHHTHoft npOHHUae-
MOCTH CHCTBMH (4), (5) CTaHOBRTCH nJIOXO oÓYCJIOBJIeHHHMH. • 

ECJIH d1tr (M (x) ) == o ,H M(x) opTOrOHaJILHO BHernHefi HOpM8Jlli n(x) 
na rpanane DG ,Tor.n;a A(M) == Õ 

.Si 

3 
2 



BBe.n;OM .n;eKapTOBY CMCTeMY KOOp.n;MHaT, CBRSaHHYIO c I'paHl>ro si • 
OKaSHBaeTCR,BO MHOI'ux c~~arrx ~CKpeTHHH aHanoI' A OÓ~~aeT TaKHMll IIycTl> OCM Ox ,Oy ~eJKaT B Si' a OCl> Oz nanpasxeua no n 
xe HY~eBbIM1I COÓCTBeHHbIMll BeKTOpaMM. ,I.LJ.u:r npocrora paCCMOTpIDIJ CJIXtIaR, 1'1s HenpepHBHOCTl1 lf(x) M ~Hei1HoCTl1 B KaJK.nOM Gk CJIe.nyeT, tITO B G i 
'KOI'.n;a OÓ~aCTl> G paS61'IBaeTCR na TeTpas.n;pH (G= Ó G.) • IIycTl> [P.}  ,0 - , 

. _, 1 ) ~(x) MOJKHO rrpe.n;CTaBl1Tl> B BM.n;e 
COBOKYrrHOCTl> Beplill:l:H ncex rarpaanpos G.• IIyCTl> 1- li? L BHYTpeHHliIe

~	 l)J 

BepllIllHhl, a {Ph } - I'paHWIHbIe sepuiaaa. Orrpe.neJlliM W'HKU;IUO Lf(x), nsnpe- f(x)=a +xa +ya +za .	 (16)o x y z,L 
pHBHJ10 na G 11 ~HeM:HYIO na I<aJ!{,IJ;OM rerpaanpe Gk • IIyCTl> <f'k - 3Ha-:
 

'ieHl1e Lf (x) B BepIl.lliHe 1\ . Ilorpeõyea, tITOÓH lf (Pk ) =0 .n;JlR JllOÓOH AHaJIOI'HtIHO B Gi '-P(x) npe.n;CTaBJIReTCR B BH,I(e

o:,}	 2 

I'paHHqHOH Bepllil1HbI. 
~(x)=a +xa +ya +za •	 (17)

PaCCMOTpIDIJ c~e.n;yIDmyID B8KTOp-WyHKnliIID M(x):	 \, o x Y z2 

M(x) = RQt (f Lf'(x) )	 (13) Ms (16), (17) CJIe.n;yeT 

M -M =[ex ri(a -a)J
rne e == con s t , i, i 2 z, z2 

liI OtIeBH,I(HO, ((M. -M. ) ,n) = Õ 
OtIeBH,I(HO. M(x) rrOCTORHHa na K~OM Gk • 11MeST MeCTO reopeaa: r • 1, 1 2 

TeopeMa 2. OnepaTOp A(M) M3 (I2) TO~eCTBeHHO paBeH Hy~ .n;JlR VIs YCJIOBMR rrOCTORHCTBa lf(x) na rpaaane G .n;JlR K~Oi1 I'paHHtI
M(x) M3 (13). HOi1 Sk aHaJIOI'WIHO rrOKaSHBaeTCR OpTOI'OHa.JThHOCTl> BHelIlHeH HOpMaJill 

Ha G • 113 (12)1I0Ka3aTe~l>CTBO. IIyCTl> i\ - SHatIeHIDI 14 (x) k	 Ti .IJ:JIR STOH rpaHH K COOTB8TCTBYIDm8MY eH . TeopeMa 2 .n;OKaaaHa.Mik 
c~e.nyeT OTCmna c~s.n;yeT, tITO B c~as paSéMeHHR Ha TeTpas.n;pH MHTeI' 

paassao oneparops B npasoã tIaCTM (4), (5) HMeIDT rro KpallHe:lt Mepe 3 L - # ~vã S - , , N ~ - - , 
A(M)=L. lfJ\ (Mk''Vã Ix-a~dVx=4JfL. (Mk,dSx)Y"s< Ix-ãl (14) HYJIeBHX COÓCTBeHHHX 3HatIeHMH, I'.n;e L - KOJIHq8CTBO BHyTpeHHHX BSpillHH

k=' SK k=' DGk ' pasoaexaa G. 

OÓOÓmSHHS TBOpeMH 2 aa c.ny-qaJ pasõaeaaa G na MHOI'OrpaHHHKH co-IIyCTl> Si - BHYTPSHH.fI.SI I'p8.Hl> pa3ÓRSHWl G • IIyCTlJ K I'paHM 
JIeB CJIOJKHo!t (llopMl:l S8Tpy.n;aliTSJIbHO. Iíoxazea, 'tITO cYll\ecTBYIOT MI raxae , S. (P ., , P . 2' p). 3) npM~eI'aIOT TeTpaS.n;pH G. (P. ,·P. ,P. , p.. ) M 

1	 ) ) 1, ), )2 )3 J 4 lITO A (M) lia (12) TOllr,Il;eCTBeHHO pasea HYJIIl B c.n:yqae paaéMBHIDI G na 
Gi (li. , P. , fi. , li.) (PkJC • I) • 

2 ), )2 )3 )5 p. Tpeyro~HHe rrpH3MH. llyCTD G ~ npocToTN COCTOMT Ka 4 IIpH3M C 
'1. 

oopasyIWtMMH rrapaJIJIeJIbHHe OC11 .Oy (pRC. 2. ). 

p.
Jlj 

~ S	 PRO. I . IIpID4Sp paCnOJI0Jlt9lüISl 

BIlYTpsHHeit rpmm. ,,' 
p.
J I 

~ 
II.yCTlJ Ti - BH8IIIHR.lI HOpMaJIlJ K Si B Gi ,TOI'.n;a -n éy.n;eT 

BHSlliHeH HOpMa..JIDIO K Si B G . VIHTeI'p~ no' si' BXO.n;,RIlUd-l: B (14), pa-i 
BSH 2 2. IlpHMep paSÓR811W1 OÓJIaOIfH 

H8 TpeyrOJID1lHe npH3MH••, 5- - - ,t1'-- (n,(M. -M. »v- ------ dS-	 (15)
4:A	 1, 1 2 x Ix-ãl x
 

Si
 

PRO.11 

z	 

x 
UOXaEaM. ~TO (n, (M i , 

- M
2

» = o.i 

,5'4 



IIyCTb lf'(x) TOJK,!{eCTBeHHO palma I na peôpe ÔO" R q na peopax AA' f • 

BB' , CC' , DD' R JIlme:ftH8 B KaJK,l:\Of1 R3 4 npR3M. IIycTb aexrop €i na-
I 

paJIJIeJIeH OCR Oy • I'orna ecna B KalJeCTBe M(X) B3.fITb M==[e x Lllf], 
TO' 'A (M) EO • OTCIO.n;a CJle.n;yeT, 'tITO npa ÔOJI1>IlIIDC 3Ha-qeHIDIX ? B pac-

CMOTpeHHHX C~affX ,D;HCKpeTH30BaHHHe CHCTeMH (4), (5) nJIOXO OÔYCJIOB-

JIeHH. 

BBe.n;aM cJIe.n;yromne OÔ03HalJeHH.fI: 
,... - - - T 
B	 == (B" B2 r •••• , BN) 

" - - - TM == (M, ,M 2, ••• ,~) (I
"'s 8 - -8 -S - T
H	 == (H (a, ) , H (a2) t •••• , H (a l-

N » 

0),
""' M, M2 ~ T 

,M ==(~(/M,t>-' , }<! M /)-1· · · · ·' }<I~p-1 ) . 
2 

I ~ 
Tor.n;a CHCTeM;Y' (4) M02KIfO aarracars B Bnne 11 

;!"s " M == H + [A]M. (18) . ~ 

I 

~ 
AHaJIOrliftlHO CRCT9MY (5) MoJItHO aanacars B, BH,I(e , 

I ~ 
i~ ~ " !!.- :=HS+([EJ+[AJ)M	 ( 19)

p.	 it 

r.n;e (E) - e,D;HImlJHaR: MaTpmJ;a. 

'I

j: 
B npe~OJIO~eHKH Orp8HH'tIeHHOCTK MarHHTHOrO MOMeHTa M B /4/ .n;o I 

KaSHBaeTCJI TeopeMa cymecTBOBaHKJI perneHRJI ~CKpeTH30BaHHHX cRCTeM (4), I 

(5). , I 

}J)rsr pem8HIDi (19) HCnOJI:óSOBaJICí! RTepaIntOHHl:l:.tt rrponecc.'R3 /5/: , t 

'" "S " B p.(H + ( (E) +[A]) Mk	 
(20) ,J

k+,:= 

" -Mo O k=O, t ,2, ••• , N •0= 

§ 3. "th!QJIeHHlj9 9KcnepBMeHTli 

naHHaH MeTO,D;HKa BCnOJ!bSOBaJIaCb ,D;JI.fI C03naHK.fI KOMnJIeKCa nporpaMM 11 
paClJeTa Tp9XMepHHX M8rHHTOCTaTHlJeCKHX nOJIe~. PaClJeTH npoBo~cb ~ t'J 
,ItHIIOJIbHHX MarHHTHHX CHCTeM, HMeJ)~ ,D;Be nJIOCKOCTR CHMMeTpRR nOM 11 r
HY nJIOCISOCTb aHTRCHMMeTpHR C TOKOBHMR OÔMOTKaMH TRila 'BED8TEAD /6. 
B KalJeCTBe áaSHCHHX MeMeHToB ÔpaJI11Cn Tpeyr().)IDHHe npH3M1:1. Ha pRC. 3,4 
npaseneao CpaBHeHHe pesYJLbTaTOB pacxera no .n;aHHoít MeTO.n;Klte C pacxe-

TaMH no rraxsry nporpaMM GFUN3DO'. 
.: 

6 

6 

!

2.00 

tOO 

ao X 

PRC. 3. 
x- paclleTH no GFUN3D. 

l 

r= >IO'	 • )J 

i 

O'	 I I ,I .l" 

PRC. 4. 
•	 MCnOJLb30BaHHHe cnocoôu paSÔHeHR.fI HPM8 MarHHT8
 

H8 TpeyrOJIbHHe np11l3Mb1 •
 

°7 



IIpoBo,:ccHJmc:& TaKlte MO.n;eJIbHlie paCqeThl .n;RnOJIbHOrO MarlmTa !!pH pa3

~HliX paa6UeHRffX HpMa MarHBTa. B Ta6~e npRBe.n;eHli BpeMff ~eHTPanD

HOrO H IIapapepmoI'O rrpo~eccopOB 3iM CDC-6500. 

Ta6.n:mla 

TIHCJIO SJleMeHTOB 

paa6Hemm 

TIHCJIO T01{eK ne-
pepaC1{eTa nOJIJI 

BpeM/l: ~eIlTPanDH. 

IIpo~eccopa 

CDC-6500 (C) 

BpeM/l: n~p$p:dH I 
IIpOlteCCopa 

CDC-6500 (C) 

30 30 201 ZJ9 

100 40 1264 413 

120 lIO 2037 433 

AKHWHH n.r. PI 1-86-522 
06 OAHOA nporpaMMHoA peanHs~ GFUN-MeToAa 

HccneA~cH BOnpOCy ~HcneHHH K09~eHToB MaTp~.• 
BosHHK~e npH AHcKpeTHsa~ HHTerpanbHYX ypaBHeHHA MarHHTO
CTaTHKH B TpeXMepHoM cnyqae. nOKaswsaeTcR c~ecTQOBaHHe HY
neBbIX C06CTBeHHbIX BeKTopoB Y AHCKpeTHsoBaHHoro onepaTopa. 
IIony'leHo COBllaAeHHe paCqeToB nOnH y AHnOJIbHOrO MarHHTa no 
AaHHOA MeTo,tnIKe c paC'IeTaMH no nporpaMMe GFVN3D. MeToA Mo.eT 
6YTb peKoMe~oBaH AUH ~poKoro KnaCca TpeXMepHNX saAa'l Mar
HHTOCTaTHKH. 

Pa60Ta ~nonHeHa B na60paTopHH BY'lHCJIHTeJIbHOA TeXHHKH 
H aBToMaTHsaUHH ORRH. 

AllTOp Bllp8llt8eT 6JIaro.n;apHOCT:& IIPD<Peccopy E.II.lItJir,tu(OB1 aa no.n;.n;eplK.KY 

BO BpeMR: BllIIOJIHeHM pa60TIi, . B.lt.~OB1 li! O.H.Dlr,ir,a.meB,1 a8 CTHMYJIH

pyilIIUIa ,lUJCK;yCCmI. 
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Coo6weHHe Ofil,emmeHHOfO JlHCtJltyra JJlleplDlX HCcne,llOBIIIHi• .ll.yGBa 1986 

nepeBoA O.C.BHHOrpaAOBOA 

Akishin P.G. 	 PI 1-86-522 
About One Programming Realization of GFUN Method 

Some problems arising in the process of discretization 
three-dimensional integral equations of magnetostatics are 
investigated. The theorem about the existence of zero eigen
vector of discretization operator is proved. The results of 
calculating fields of dipole lllagnet are in good agreement 
with calculations by GFUN3D program. The method could be re
commended for a wide class ot three-dimensional problems of 
lllagnetostatics. 

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