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QyCTh B ( i ),H ( i) H M(x ) - COOTBeTCTBeHH0 ~HAYKllHfl 
MarH~THoro nO~fl, Hanpfl*eHHOCTh ~ HaMarHaqeHHOCTb B TOqKe X 

li S(x )- Hanp~eHHOCTh nO~fl B OTCYTCTBHe *enesa H G - 06naCTh, 

'SaHHMaeMafl menesOM. MHTerpa~bHa/ nOCTaHOBKa Sa~aqH MarHHTOCTaTHKH 
B TpeXMepHOM c~yqae HMeeT B~~/I 

Vâ[f -,... 1 ]... -+- .. li <0:7H ( a )=H (ã)+ ~ (M( x), vã + +.)dV X (1) 
G I x - ai 

'H (i )... B ( i ) 
~o 0.1 <lÊ ( x )I ) 

(2 ) 

~ ( i ) _ i ( ~) ,M(x) ... ~, { (3) 
~ 

rne j.J'" jt ( tE' ( i ) I ) - MarH~THafl nponauaeeoc-n., a 1'0 - a6co
~~THafl MBrHHTHafl npOHHUaeMOCTh .BaKYYMa. 

B cnyuae ~BYX ~sMepeH~tt (I) penynapyerca K CJIe)J"YJO~eMY ypasue-
H~IO: 

li ( â) .. 1jB( ã)- ~Jr( i( x) ,Vã In/ t - â J)dS i] . (4) 
G-

BeKToPi li, li s, M H 06naCTb G B (4) ABYMepHbe. 
B ri acnonsayevca CJIe.n.yIOIl\BR .rr.~cKpeTlIISam1fl ypa'BHeH~fl (1). 

ü6nacTb G· pas6111BaeTcR Ha rro~06JIaCT~ { Gi J: 
11 

G ""i!l1Gl • 

Mepa nepeceuexaa Gi nG j pasaa aymo npx i ~ j . B xauec-rse 
TOQKI1 Ha6JIJO.rr.eH~R B K~.rr.OM Gi ~CrrOJIh3yeTcfl ai - lleHTp TffiKeCT~ 

Gi . M ( x), B ( x) , H (x) B KaJK,II,OM G Cq~TaIOTCR nOCTORKHbIMl1i 
" paBHbIM" COOTBeTCT BeHHO M ' 13 i ' Ri • 3aTeM lIICnOJIh3yeTcRi 
MeTO~ KOJIROKaUI1A 

ebV1AKtH~'!mWn KHCnny'l ,
 

'. çm-e'BH:K ~tCJleaOBaUi3g •
 
t;~6nYiertEHA
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 IDTCH, TO OHH KacaIDTCH MnH TonbKO rro OgHOti BeprnHHe, HJIM no ueJIo~( 5)H1 Q H ( a1 ) + 4Jf [ ~ S( Mj , Y't .... _ ) ev "l] CT.opOHe.Gj \ x- aI 

a ... ai [}yCTb [Pk ' k=1, ••• , L J - Haóop Bcex BeprnHH TpeyrOJIbHMKOB. 

EcnH B (5) TO~KY HaónrogeHHH ai saMeHHTb Ha HHTerpHpoBaHwe no [JyCTb f ( x) - ~yHK~HR ~OpMM, accoDwHpOBaHHaH c BeprnHHoti Pk k 
oónaCTH Gi , nOBY~aeTCH gHcKpeTH3a~HH, paccMaTpHBaeMaH 8/2/ : 1 , k=..e.., 

f k ( Pe.} (9)
[ O • k;&l •

Ri ~ dVã 
v- f ... 

('" 
S 'Hs 

( "ã)dVã + dVã(W (Mj 'V"ã~)dV:x),S 1 

~YHK~Mfl f k ( x) B K8*gOM TpeyrOJIbHMKe JIHHeHHa. ,lJpnOJIHHM aaõopG1 G1 G1 Gi, fPk } eepegHHaMM scex pe6ep Tpeyron!,HYIKOB {si} YI BBegeM KB~pa
1=1,2, ••• ,N. 

(6) 
TYI~Hble ~YHKUYIH CfDpMM gk( x): 

OÓ~MM gnH gHcKpeTM3a~wM (5) H (6) RBnReTCR McnORb30B8HMe 
J-+ k =e , (10){1

gk( P-t ) = 
O , k ~ e • KYCO~Ho-nOCTOHHHMX ~YHK~W~. ~OCTOHHCTBOM (5) RRnReTCR OTHOCHTenbHaH 

npOCTOT8 B~HcneHHR Koa~eHToB CHCTeMH ~cRpeTH30BaHHHX ypaBHeHKft. 
K qHcny HegocTaTKOB (5) OTHOCHTCR TOT ~KT, ~TO 3TY nO~T8HoBKY °Henb ~YHKlIYIH gk<~) KBagpaTH~HH no x YI nenpepnsm; na BceM G 

~YHKllHH gk( x) )3bIpaJKaIDTCR ~epe3 f e. (i) CJIe.n.,ylOll1MM oõpaaov: 

qeM KycOqHO-rrOCToHHHWÜ (HarrpHMep, KYCOQHO-RHHe~H~ij, KYCO~HO-KB~pa

3R OÓOÓ~HTb Ha THn sneMeHTOB, MMeID~Hij 60nee B~COKHij rrop~oK rn~KOCTM, 

gI ( i) a fI ( X). (2fI ( 1) - 1) ,TH~HWti H T.g.). IIpH CTpeMneHHH TO~KH HaómogeHHR K yrnOBbIM TO~I<aM HnM 
k k kTOqK8M peópa rpaHH~W HHTerpan B (&) CTpeMMTCH K óeCKOHeQHOCTH. I{ -' 

QHcny HegocTaTKOB (6) HeoóxogHMo OTHeCTW KaqeCTEeHHoe YCRo~HeHHe k=l., 2, J ;~2 
B~HcneHHH K03~H~HeHToB MaTpH~M 3a CqeT BToporo HHTerpHpoBBHMR. 

~P gJ ( x) = 4f ( i).f ( x)~cKpeTM3a~MH, aHanorW~HaH (6), Hcnonbsyro~aH Kyco~o-nHHenH~e sne J3 Ff~ 1 r 1 r 2 (11) 
AaHHOti pa60Te cgenaHa nO~TKa COBMeCTHTb gOCToHHCTBa 06CHX nogxogoB 

MeHTW gnR ABYMepHWX HHTerpanbHMX ypaBHeHHn~paccMaTpHBanacb B/3/ . B 
gJ ( 1) = 4fr (x)· f r ( i) 

-. 2 2 J(5) H (6), T.e. rrpH HeSHaqHTenbHOM ycno*HeHHH B~HcneHHR Ro~eH

TOB MaTpH~ q606~HTb gwcKpeTHsa~HID (5) Ha 3neMeHTM 60nee B~COKoro '7r! gJ ( x) ::a 4fr ( i). f I ( x)
'J J 1nop~Ka rn~KOCTH. ~i 

PaccMoTpHM HHTerpanbHyro 110CTaHOBKY sagaqH MarHHTOCTaTHKH B 

gBYMepHoM cny~ae: Pife. I 

li (i ) ... nS
( ã) + '\l-ilf( t) , (7) flpHónH3HM M( x) B (8) C IIOMOI$Il CJI8.DYiIIleí:t B8KTOP-1JYHRIij:U'I: 

rv -+- L .....-..
 
M( x) • L. f k ( x). M ' 

,~
 

lf ( â) • - n- S( M( x) 'VãIn I i - ã Ddsi. (8) kk.1 
G rne Mk• M( Pk ) • AHa.1lOrHtffiO npYIÓnYI3YIM HanpHJKeHHOCTb H HH,IJ,yK

llMIO MarHHTHoro nonH H( x) H B( 1") : ITyeTb G pa36HTa aa TpeyrOJIbHMKH [Si J: 
L
 

N
 B( x) • L f k ( "1). ~ G a U Si 
1.1 k.1 

Pas6HeHHe YAOBneTBopfleT CneAYffi~HM ycnoBHRM: L 
1""' .... o;;ç' _ ..... 

I . Mepa nepeCe~eHHH Si e Sj paBHa HYRID npH i ~ j • B( x) • ~ f k · ( X}.Bk 
k.1 

RaMH CTOpOH ~yroro TpeyrOJIbHHKa, T.e. eCJIH gBa TpeyroRbHHKa Kaca

1 . BepmHHH o~oro TpeyronbHHK8 He MorYT 6~b BHYTpeHHHMH TOq
,~ -Hk H Bk ygoBReTBopHIDT YCROBHRM CBRSM (2)-(3). 

2 
3 



.... 

BBe~eM 0603I~~eH~e: rne [c i j } eCTb .rr,VlarOHaJIbHbIe MaTpillUH paaaepa 2x2 TVlna 

== (O 
1 O 

1)' fi(X)'fj(~)dSi4'i = - 2!.- S(M( il, 'Vã 1n li - illlds X I ,(12)	 lci j ] 
S 
G 

G . 1 2 LT ã... ã. 
~= , , ••• , b; ~	 l1o.rr,CTaB.JIHH (I4) B (I5) 11 noõasnas K o6eHM qaCTflM [c] M ~ 

rne L1 - cYMMapHoe lU1CJIO scex BeprrIRH vt cepenaa pe6ep TpeyrOJIbHMROB	 nOJIyq:aeM 

{Si} •	 . 1~ )0 [c]Ê = liB + ([A] + CC])M •	 (16)Ilpennanaeaan nacxpe-nraanaa I1MeeT CJIe,IJ,Y10ll\YlM B~.rr,:. 

( LL rAe (A) = [D2} o[D1] •
 
f!i<Xl cfi (xldSi= Jlia(xl si (xl dSj( +5e1 (xl \7x tf; 4'jgJ (xl J (131
 M B (I6) HeJIHHettHhIM oõpaaov saB~CHT OT Ê
 
G G G
 Paccacrpaa nonpocaee CTPYRTYPY MaTpYlUbI [D21:
 

i==1,2, ••• ,L •
 
f(yCTb ~, li , BS , :&1- , Ê eCTb
 

D11 ••••••• D1LL )
 

tf ~ ( tfl' lf2 ' ••• ,lfLL) T , = I : [D2] 

" --:t' .- T D ••••••• DH· 11I (Hj'tl2 , ••• ,HL) L 1 LLL 

. rne D - sexrop pa3MepHOCTYl:HS 
=: ( SiS(x)f1(X)dS "... , SRB(i).fL(i)dSi	 i j 

x 
G	 G >Di j = Jfi (i) Vig j (x)dSi 

Ir· G
 
M ... (M ,M- T
 

1,M2
, L} B c.JIyqae,- xor-na ~Yl60 Pi ' JIYl60 Pj nsnmorcn BHYTpeHHYlMH 

BepmYlHaMYl pa36YleH~fl, To~eCTBeHHo paBHO HYJIID. ~e~CTBYlTeJIbHO,B ... Oip Ê ••• ,BL )	 
Di j 

2 , 

~cnonb3YH BBe,Il,eHHHe 0603HaqeHHfl,(I2) MO~HO sanHcaTb B BYl.rr,e	 Sfi(X)'Vgj(i)dSi::: rv (fi(x)ogj(i»dSi:- Sgj-(i)'Vfi(X)dSi • 
G • G G 

~ ... [D1] 12 ,.	 (I4) 

(17) 

r,Il,e (D11 - npHMoyroJIbHaa MaTpHU8 p83MepHocTH LL x 2L • 

AH8JIOrYltIHO (I3) MO~HO 3anYlCaTb B B~,II,e TIo (jJoPMYJIe I'paaa 

[C] H ... HS + [D2J q"	 (I5) SV.{fi(t).gj(X»dSi = Jn(i)ofi(i).gj(X).d ex '" o 
Q	 (lQ 

Ha RaJK,IJ,OM TpeyrOJIbHHRe BhlpaJKemte 'Vfiei) eCTb KOHCTaHTa 
rne [D - npflMoy:rOJIbHafl MaTpvtl~a' p83MepHOCTYl 2L x LL , a

2) Yl era MO*HO B~eCTH 3a 3HaR HHTerp8ft.a:(C ] - M8TpHua pa3MepHOCTH 2L x 2L BH,n;a 

J)	 Sgj(X)Vfi(X)dSi '" ~Zk Jg.(x)dSX- (18)
(c 11 ] •••••••• (C 1L kllll1 J
 

[c ). G Sk
Ij

.. ( [C J •••••••• (C ) . 

l ,
 

rne 11II
 
L1 LL	 i:, : i k ç fi (x) I.. 

XESk 

4-	 5 



M3 (18) cnegyeT BWCKa3aHHoe YTBep~~eHHe. TIpaKTHqeCKH 3TO 03HaqaeT, 
qTO Cf i HeOÓXO,D,HMO 3HaTb TonbICQ aa I'pa.HHUe H B Cepe,IJ,HHaX BHYTpeHHHX 
peóep, qTO n03BOnfleT C~eCTBeHHO COKpaTHTb BbNHCneHHfl. 

~fl peilleHHfl HenHHeMHOH )J,HCICp'eT~30BaHHO~ CHCTeM~ HCnOnb30BaflCfl 
cne,n,yro~~~ HTepaUHOHHWH npouecc / 3/ : 

[c] Êk+1 = fiS + ( (Al + [C] )Mk '	 
:1 

l,h hS
kaO,1,2, ••••• ;BO = H 

I1pouecc CqHTaeTCfl 3aBepmeHHb~, eCnH OTHOCHTenbHaR HeBfl3Ka 
/I "'k+1 "'k/l 

Rk	 = iÊk+1~1 CTaHOBHTCfl MeHbme Hanepe,JJ, 3a,IJ,aHHotí BeJIHqYl:HhI. 

Ha OCHOBe ~aHHotí MeTO,IJ,~K~ C03~aH ICOMnJIeICC nporpaMM pacuera ,IJ,BY
MepHhlX MaI'H~TOCTaTl1qeCK~X noneã, B ICOTOpOM HCnOJIb3yeTcfl ICYCOmfO
JII1HeAHafl anrrpOKCI1MaUl1fl HaMaI'HI1QeHHOCTI1. TeCTHpOBaHHe ICOMnneKca npo
BO,D,l1nOCb Ha npHMepe 3a,n,aqH, I1Me[O~eH To~oe aHaJII1THQeCKOe pemeHHe: 
6ecKoHe'ilIl:lR l.J,WlllH.Iij) c fi a const B nonepeuxoa O,ll,HOpO,IJ,HOM MaI'HI1THOM 
none. ITpl1 3TOM nonyQeHHhle peSYJIbTaThl HaXO,D,flTCn B COI'naCI1I1 C TeopeTH
QeCKHMH C OTHOCI1TenbHOH Oilll1ÓKOA 10-4 npl1 I1cnonb30BaHI1H ceTKH H3 15 
3neMeHTOB. BpeMfl, 3aTpaQeHHOe Ha ~pMHpoBaHMe MaTpl1Ubl, peille~He I1Te
paUI10HHOI'O npouecca H nepeCqeT nonfl B 20-TI1 TOqKaX, COCTaBl1nO 7 ce
KYH,n, ueHTpanbHOI'O npoueccopa CDC-6500 . 

~fl rrpoBepKI1 paóoThl KOMnneKca B peanbH~ ycnOBl1flX Henl1HeHHOCTI1 
~eppoMaPHeTI1Ka 6hln npOH3Be,IJ,eH paCjeT OCHOBHO~ rapMOHI1ICI1 nonfl B ,IJ,11
nonbHOM MaI'HMTe HYKnoTpoHa CnMH 51. ITpMBe,n,eHHhIe B Ta6nl1ue 3HaQe
HHfl oCHoBHoA rapMOHHKI1 nOKa3hlBa~T Y,IJ,OBneTBOPiTenbHoe COI'naCHe C pe
3ynbTaToM, nOJIyq:eHHhIM C nOMO~bTO lCüMmleKca 113 41 11 paBHhIM ~. 2753 'DI. 

TaónHua 

tIl-fCJlO 
3neMeHTOB 

C
1 

(I'ecna) CFTIME (c.) 

10 .2748 21.6 

40 •2745 120 • 

160 .2758 842.4 
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fiET JU1 nPOEEnOB B BAIDEI1 EHEffilOTEKE? 

B~ Mo~eTe nony4HTb no no4Te nepeqncneuu~e HH~e KHHrH, 
ecnn OHH ue fi&nH 3aKa3aH~ pauee. 
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3 p.50 K. 
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3aKa3~ Ha ynoMHHYTbie KHHrH MoryT fi~Tb Hanpasnen~ no anpecy: 
101000 MocKBa, rnasnoqraMr, n/H 79. H3)lBTCflbCKH~ OT)len OfibC)lHHCHHOrO 
HIICTHTYTB H)lepHhlX HCCflCJlOBBHHH. 
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AKmL'HH n. r. ' >K~KOB E. n. ' KpaB~OB B • .u. 
PemeHHe p;ByMepHblx HHTerpaJibHbiX 
ypaBHeHHH MarHHTOCTaTHKH B CJiyqae 
JIHHeHHOH annpOKCHMa~HH HaMarHHqeHHOCTH 

Pll-87-732 

PaccMaTpHBaeTCH pemeHHe p;ByMepHbiX HHTerpanbHbiX ypaBHe
HHH MarHHTOCTaTHKH C HCllOJib30BaHHeM KycoqHO-JIHHeHHOH 
annpOKCHM~HH HaMarHHqeHHOCTH. llpeAflO}l(eH npH6JIH}l(eHHbiH Me
TOp; Bb~HCJieHHH K03~H~HeHTOB MaTpH~hl p;HCKpeTH30BaHHb~ 
ypaBHeHHH. Cogp;aH KOMnJieKc ~opTpaHHb~ nporpaMM, peanH3yro
w;HH p;aHHYIO MeTO,D;HKY. llpHBO,D;HTCH pegyJibTaTbl TeCTOBb~ pac-
qeToB. 

Pa6oTa BbinOJIHeHa B ITa6opaTOPHH Bh~HCJIHTeJibHOH TexuHKH 
H aBTOMaTH3aqHH OHHM. 

Coo6weHHe 061:>e.ttHHeHHoro HHcnrryra JIJlepHhiX HCCJie.lloBaiiJii • .lly6Ha 1987 

llepeBo.n; O.C.BHHorpap;oBoft 

Akishin P.G., Zhidkov E.P., Kravtsov V.D. 
Solution of Two-Dimensional Integral 
Magnetostical Equations Using Linear 
Approximation of Magnetization 

Pll-87-732 

Solution of the two-dimensional integral magnetostati
cal equations with using the piecewise linear approxima
tion is considered. The approximated method for calcula
ting the matrix coefficients of the discretized equa
tions is proposed. A set of FORTRAN programs realizing 
this method is created. The results of test calculations 
are presented. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1987 


