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@ Dln-eqJDIelQlNA BHC'I'HTYT Jl,qepllUlr BCCDeACJJIal!IIA lb'6va. 1985 

J p aoo're pac c~w.'rp11Ba!OTcjJ BOnpOCL!. B03Hm,810llll1e npl! llCI10JIh30J3.1.1111ll 

m{Ter~am,lJo:: TIOCT 3.110BKll 3l1,ll.a'l :AUI'IDITOCTnTl1lm :3 oceCJ!I,r.leTpH'1II0 j,l c.1lY

'1ae, 

•.."CTb B (:1;) - lumyKWlA l.larHllTil oro flOJ]; ] B T0'1K8 £. ; i i(.x. ) - linn 

..;;enHOCTb ; ii (.i J - rAaI'llllTHblJ r~o;r.eIlT ; ~ "jJ OB C:i l () - :AaJ'J[JITllnfI I1p Ollii
-5 

u.ae;,lOCTb; H (aJ - n0..1e OT TOK013IlX wWI.WHT OJ3. J YCTb 6- - OOJID.C'tb , 

33.l1 OJll l eHlla!! );\eJ)e30;,~. .UiTerpaJIbJl& l I10 C;'l';U iOOKa 3~3tm ;,larliUT OCTaTIUtJi 

B Tp eXlf.epll OI..l CJrY'ke i1l.lCeT DV.,Il / 1/ 

R(a) '" jfsCiiJ + ~: [J
G 

(i{{;i») Va. / ;- 0../ )dVi ] , 0) 

B(;i )


R(:i ) =)1 (1 B( :X)/) (2 ) 


M (.i.)= 13 (x. ) - H(x ) . en 
' [ye TI> ( E-z ' £2 , E. if ) - CHCT 8f.m Oo.3l!CllH X B81(TOPOB Hel{OTOpOH 

I..\l1JmH.UPHt[e cKo~1 CHCTeMU KOOp,lUUfaT. OCeCHMMeTpll'lHhlll c JJYlJaii XapaI{TepeH 

TeM, '1T O TOK J B TOKOBllX OOMOTKilX B T . .:i ("t ,;t • 'f) KO.JJ.IDIHeapeH C 

BeKTopOM E<f ' OOJIaC1'b G- nOJIY'1aeT(;H BpaJl1ell.l1ei~ no yrJJY Lf HeIWTO

I10ii .l(By;.lepHo:1 OOJlilCTll G- . J pe3YJIhTaTe 3Toro npl1 K3limO~,1 (~m(cnponaH-
HOIII 311a'1em1l1 <fa. Be~TOlJll R(ill, iiS(ii) , B(iL) , if (a) K OMl1.7JaI-IaPllli 

C J3CltTOpa:0111 EZ ti. ,Ef tS.. (il '" ( Za > la. , <fa) ), 

AHaJlOrOM ypanl!em lJl (I) J3 ocec ;;'.;;:,eTp III.{H oi,J c.1;!'1ae 6YlIYT cJleJIYIO

lilli e y-:x lBI!eHH!'l : 

H(ii) = ils{li) - :; I (M(.£) > F(i,Ii» Zi d'iF dl. i (4 ) 
G 

Ko;,mOHeETU oeJ<T Op:: F=(F1, F2) T B (4) eCTb 

2Ji. 
r S[0 (~ z - - t _1 ] d r, " '07.;: Z'i t- 'la. -21. '-iL CO!, -P + ax -~a.. ) ) .'I -P • 


o 


2$ 


P2 = S[ '0~ i ( 'Z.~ + Z. ~ - 2. Zi t (X. i - i ij { ) - j ] a: cf .
r. a.. (hi, -P 
o 



- -5 -	 " 
~)el:TOlJl.{ H (a) , H (Ci)J{(oX) II oClJl3.c'r:c G D (4) .l(Byr.l9pl1u. 

.....aJiiiO'"1 P::W OT<l nOCB~el!a DonpoC a'lJ1 .D;HCKpeT113auID1 y palmeIDffi ( ·1) 1{ 

pe1ll9HltlO B03IDECll1litY\X HeJllme::mrx ~cRpeTn30BaHHHX Y:;Jllilllemr.i. 

o i. DICl;;JeT:13QWl.H lIHTOI'POJIbIlOI'O ypaBHeHIDI 

P a 8 0 o Le:.l o iJJlaCTb fj. 	 HD. HGIICpeCeK8.KlII\l!ecJ'! IIo,n06JIaCTH f r; i J 
A Ii 

G -= U G-i. • 
L "" 1 

13 KaiK,UO:' G- i. DuUepel.l TOtflty llaUJIJO.n;emlil iii, (7 i. ,:z i. ) : 

S2 -d V
rz. . = G-,' • 

L SdV; 
Ii 
S i!; d Vi 

1;, 

lL S d VI 
G, 

Jlpl1C5.m13IDI! H(111 , 1>12 ) 	 B Kalii,Iloii G i, cJle.J:tY!O!lll'C,j oopa30M: 

'Z. " M1-=-;z:M7

M2 '" M~ 

r,ne M~ N~ ITOCTOHH1:lli B 6-,. 
Iycn ii, = H(iii) , 8;. = BIa. .. ). ,LI.lUi )ll1CKpeT1I3 aI.l,IDl ( 4 ) l1CI10JIb3Y

eTCH MeTO,n ROJlJlOIWUHII: 
N . 

HL " HS (6..,) - ~~ [ b 1(M~ ~ Fl (ii/) + M~ P2 (ill)) 'l,irit jb i ]ladi,( 5 ) 
j 

i.. = 1, 2, ... , N . 


BeKTopl.l Hi. ,8" ' i1i.UI~ ,H~) y,nOBJIeTBopmoT (2), (3) . .l3Be;neu 


cJIe.nylOIl(l1e 0003Ha1J:elfilR: 


"':> _ S _ - 5 _ r 

H = (H (lL,), ... , H (a. ", ») 


8 ~ (B1 	
~ N) r 


MN )7'
N ::: (M 1	 


,·· 

[E J _ e,1UDm"lHafI MaTpHUa paSMepa [2 tV , 2 N] ; 

(D ] - MaTpHUa pa3Mepa [2 tV • 2,1/] CJIe.nyIDllleI'O BH.Il.Cl. : 


2 

{DI1J, ... ,[.D/lyJ ) 

[n] =: . . . • ., . . . ,  : 

( [ D",) , . . , , [:D HH ] 1 

r,ne [D'j] - MaTpllIm pa:3Mepa [2 ;:2], 'I'~e, 1J:TO ,iVLl j JunC OI'8 R ( M'l.,M l ) 

HMeCT r~el,;TO paneHCTBO 

[:nLj] H= - ';} [ J(M7- ~; r;; (a./) ~ H~ Fl (ii, l)) 'l:, b . dZ . ] /_ _ •y 

Gj 	 a=Q.i 

~1c11()J[])3YR ST~ 000 31iU'lemlil ,CnCTeI.1Y ( ~) MO.ll;i IO 3lllUlCCITb CJI8JIJ'IOllIHM 00

pa3 0M: 

B=!is d [EJ T [nJ) 	H(5) . 
(G) 

[pe.n;rrOJIarafI paBHOMeplryJO OT'paJJlf'lernlOr- Tb r:.arm1·fl lOr o MOM9HTa H, LIM

HO ,nO!(a3aTl'> CJl9,IJy1Cl1('{1O Te oper.TY . 

Teoner.la . CI!CTei.!C Hemme:UIlJX YIiaBHemui (6) IlMee T 110 )(p.:iilie ii t.lepe 

O.IUIO pemeIDIe. 

.L.oKa3aTeJIbCTBO Te ope:.1hI npOBO.llHTCR afIaJIOrU1J:HO /2/. 
J..,JIii peWelU1l'I ,I(RC){pel'1130BaHHOH CllCTeMbl YPaBlieHUii (6) liCITOJIb30B::J.JI

CR CJ! e.rryJO!Ull~i I1TspaUlloHlru:i l1 ;Jol(ecc /3/ . 

Bv = Ii ' T (L fJ t [])])i1 (8K)." 
A /~ S 
80 = H 

k ~ 0, i ,2 , 

TIpollecc OKa.H1J:IWanCR 	 B TO;,j c .JIY1J:ae , eCJll; OTHOCl1TeJIbHW! ourn61(a RK 

R " 1/ {Is + ( [ CJ d])J) M ( 8. ~ ) - 8" /I 
~ ~ B< /I 

CT3JIOm!JIaCb ~lellhwe 3MUJUIO;i Harrepe,n neJI:f'lmru . 

J :.:. J Wn!CJIeI!ue IUlTerpaJlOB 

)..1m Toro 1J:TOO~ BUlTliCaTb ){O~Hll.HeHTll r.1aTpID.(ll (D] 113 (6), 

HeOOXo.llMMO BhI'lIlCJIllTb HHTerpaJIll CJIe.n.y'lolltero BJ.\,lla : 

1, = Jz ~ }"o. oOzx F, 	 (ii,x) ciz, dr., 10.. ;Q, ' 
J 

S ~ '0 _L p -	 - d d J:. - j- 12 = ~i 'O la..'(}Li' 1 (a.. ,X ) t;( x Q...=Q..,'
GJ 

:J 
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I3 = f ~ ~ .. _Fl ((i'X)~i ci t :? cil.. x h='"G· 
J 

e x 	 [A..-r.. 

(7 ) 
I4 = ~J~ '(jdJ. l t2 (ii-,i) tj" d1-; d Zi la = ai 

J j,a'I eCTE e fG-J j OpalJHCb TpeyrOJThImKK. B cJlY'Iae, KOr.I\3 c =j , mITerpaJIH 

B ('I) CJ!Hry.mrprThl . HHTerpruru II, I~ , I.3 ,I~ CB O,nU.JIIlCh I t IfH-

Ter pWlaM ITO r p11Hl!l.(e DGj , 'ITO rr03B OJlIFlO l'I 3c5 eJltaTb TPY.D;llOCTeH, B03llH

l'aKlI\l1.X IIpH BwnlC.ne lmH CHHryMpHlDl: mITCrprurOB. I1p :a BWmCJIe lml'l IU'lTe r 

VanOE ITO rpamruo Tp8yro~llmtOB l'ICrrO~SOBaJIHC:b KBa,J.ij)aTY}lRble CPO,pMyJIH 

r nycca . 
lIpa HHTerpapOBaHID! ITO yrJIOBO:; rrepeMeIfifOH <f B0 3HKKana n e o6xo;nn

MOCTh orrpe,n:eJIeHKff I1HTerpanoB cJIe.uyJOlI1ero BM,lJ,a: 
"h 

)1 = S l/x "-UJJ .2.<{' + ~J..&i'1. Z'; dif, 

;;;:;. 
:11, = J 	 ~ I d<f', 

o J.x<- COl~ <f + ';j .1. ~in r.f 

"'A a ( i ) d<P 	 (6 )

],,::;~ <aX J3.1=~<'<f . ~ 2. ~n t.tf' , 

'''''a ( .( ,) dr.f
J" = S ~ V-:r.. t c.os1tf + \lt ~ rtltfo 

,lJ,Jm BWTI1C~eHJfR IDTTerpanOB J1, J,t aCITO~30BanCH rrpOl.(8CC apMq;:.leTHKD-

-reOMeTpl1'IeCKOrO Cp8.I\E8rO / 4/. PaCCMOTpHM peKYPpeHTHyro rrOCJIe~OBaTeJIb
HOCTb Tp08K 'IHCeJI [Q "- ) b" , c '" 3 : 

Qo=X 

gD "IJ __~ r:x.>--'j>O) 


CO = { I ::t' _'jl/' 

(9 )a - a" t b~

J(+'- --2

&Ktr = Va", 6",' 
C K ~ ( ~ 0." 	- h ", K " 0, i • .2., '" , IV. 


:/. 


IIpoIJ;ecc oKawmsaeTCH Ha tV -M mare, Kor~a eN Mem,ws SB,I4aHHo:li! Hane

pe~ BSJJl'IlIRllli. l1HTerp8.TI J,2. IlOJIar'aeTCH paeRbIM 

JlJ ~ = :i. aN 	 (0) 

YiHTerpaJIH 	 J1 H :I:l. Y.I\OBJISTBOpiIIOT CJI8,nYKlll1SMY ypaBHemuo: 

"i J [ .t ~ 2..t 	 (II )~ = ± Co, + 2. c1 1" C 2. l-2. '" eN'I.] ,2. 
J.2 

4 

~ B~C~eHKff HHTerpanOB 13 , j~ HcrrO~30BanaCb C~e~maR 
rrp0l.\e.llYPa • rrpo~4ll>epeH$IWeM (9) ITO rrepeMeHHoH x . DyCTb Ii.= ~ D- K , 

A d 
t K =d ::r. rbI( ) , lli~e eM 

A 

Q.o = i 

go = 0;'1, 
~ •a,. 	 02 ) 
a.(t ( =.~ 

E(t( : ±(a. ffi 
~ 

+ t J~' ) 
K=O,1 , 2, . . . , N . 

'lHT er pan j 3 ITOJIaranCH PaBIThlM 

~ JL a. ,.,
J3=-"-- ' 

-<. Q ",,' 

AHa.rrorH'lHO ,l\JlH BWH!CJlellilH J" KcrrO~30BanC5I rrpOl.(ecc (12 ) C Hat{am,

HHt.'lH YCJIOB.HIlli!11 
A 

~o "0 

go = 1. 

~1HTerpan -'J '1 ITO~aranCR paIlIlliM 

J -_2[ aN 
~ - J. Q.N"-

DyCTb 3:, 'j 113MelffilOTCH B ITpe.I\eJIax C2 ~ X >-- 'I ;:O Cf "70; D- (.:c, yJ 

- rrpe.I\eJI a. " , €:J K. (Q. (X, 'j) = e.. m a ~ =&:m ~ '" ). l1tile eT MeCTO CJIe,1l;YJ()
k-+oo X "'" 00 

maR TeopeMa. 

TeopeMa. rrOCJIe.I\OBaTe~HOCTI1 {6...j, j LJ 113 0<:) CXO.I\HTCR K 

O.I\H0MY 11 TOMS lKe ITpe.I\eJIY Q(:t, ~ 1 • i1roleeT MeCTO TOJK,lJ;eCTBO 
,.. 01 _ 
Cl-(x,-a) =~ (a. rx, ~)) . (3) 

A OKa3 aTeJIbCTBo. Ol.(eHHM XapaKTep CXO~10CTI1 ITOCJIe.I\OBaTe~HocTeM 

fa.3 , fB"J H3 (9). OqeB~O,aMeeT MeCTO HepaBeHCTBO 

~ I aD -.[,0 , 
10. " - l)~ 1 ~ ~"-	 (14) 

M3 (9) TaI<.lKe CJle,n:yeT, 'ITO [a",J MOHOTOHHO y6lffiaJOT, a i£Kj MOHOTOHHO 

B03paCTaJOT H Q K >,- b" . ).V!fI .l!IOOoro k tIMeeT MeCTO TOJK,lJ;eCTBO 

_ 9 _(..['i.L;i _ .Jr; )2a. "-+1 'b l(tl - " 	 (5) 

OTKY.I\a BHTeKa8T Hep aeeHCTBO 

20 / 1a. ,, - i> HI	 (16)I((HI - e. , ,, ~ 8c~ 

5 
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Yi3 (14), ( 16 ) CJIe.llYeT , 'ITO nOCJIe.I\OBaTeJIbHOCTU {U K 1 , I Ed 1ll.le lOT KBa,u

paTWIHH1[ Xa p aKTep CXO.JJ;lli\lOCTH K npe.rr.eJIY, H .I\JIH JIlOooro £ > U CYUiecTByeT 

d (1': ) , TaKOe, "ITO ,n:;m moooro k H.~,eeT 1ft.eC TO lIep aBeHCTB O 

iILCSK/o:: d{£)E 
K 

• ( I'1 ) 

IIyCTb dl( = max (! Q.K {, (t I ) . 113 (12 ) CJIe,n:yeT, "ITO 

d Ktl "- d K {f 
OTClO,UD. BllTe],aeT Uep a.BellCTDO 

/--, K 
d J( ~ do ( V g:. ) . (Ie ) 

Ouemii~ p n 3HOCTb I iiK - gK I. 11Me eM 

ICt",,- E K tl i=~/1i.Ci-J ~K')+ l,Ji - f€)/ (19) 

0aMGTJ1M , "ITO .llJIH .I\OCT ClT O'lHO MaJIblX oX 11MelOT MeCTO CJ!e~le 1' 0Jfi,I(8 CTBa: 

(1. r .:tit = i + Y+ 61 ( ~) 
(20 ) (i ~ x fl =i - ~ -I- ()z ( x) . 

r u e I e, ( X) I ,; .l: 2 ( L -= i .. 2 ). 

1'13 (Ia), (20 ) CJIe,n:yeT 

I " 1 1 i ~ g" /6 - 0.. aKo.".,-l)"" :Olji CL ,,- "I ~/+ d",/gK - /2
Q.. K" 

OTClO,Ua, Y'111TI1BaH (17) , (I t! ), HeCJIOJi(JjQ nOKa3aTb, "ITO Ml.'!e eT j,leCTO Hepa-

BeHCTBO 

/0,. -£"/0: d(E) £ k , (n) 

r.I\e d(£) He 3aBHCl1T 01' k . li3 (I.n, (;21) CJIe,n:yOT 

I a.(.," - Q. ~ d 1 (e)e/(" I " 
( .2~ )

I' A ..... K. 

IgK,,-gKI ~ d2. (EF , 

r.ue :;1 ( £ ) , d 2 (E) TaJQ(e He 3aBlICITT OT k . CJIell.On3T8JIhHO, nOCJIe.rr.o

BaTeJIbHOCTH { 11 K J , f 1,,, J CXO.ll.HT Cil l( omlOr.,.y H TOMY ;ne npe.lle.n:y Pf'llHo

MepllO ,ItID1 .):, '3 113 00JIaC TlI C .. >r X, '<! >r C1 . l i o {iLl. [id e CTb 

npOH3BOll.Hble {(l.} If \ b d COOTBeTCTl.le HHO. llo lof 3BeCTl ru:.! Teop e;.l a,1 r,Ia

TeMaTII"IeCROrO aJ la-1H3a / '0/ CJI e.nyeT TOJK.lleC TBO (13 ), I I Te opeMa ,liOK8

3aHa. fip o)lH,jIl :epeHUl1p OBaB CI S) no..z:, TIOJIY'w ei,;, 'iTO {a ..d , f 6"J CXO

,IViTCff TaK l"e 6b1CTP O.I{aK {cL d, f b,,} . 
M aJIOI']f'lIlO (IG) BUtIUCJ1'flOTC:l Ci oJIGe BblCOKlIe npOIf 3 i30;:(HI1e )1 , )Z 

no x a j. 
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84JY!!O'J em !e 

.!.3 CH BillUe1l3)IOlK8UI!ruI MBT OJOi!RD. HCnOJIb30B3JIClCb .n.ID! C03.llClHHH KOkffi

JIeRCa ,t opTp::uruwc 1J1l0rpatmA p aC"IeT a OCeCI1MHe Tpwu rux tAaI'lUITOCTa Tll'le ClUlX 

n M eit • .J lW.tleCTBe BXO)l11llX )la m rux .IJ.IIl'! IWMlTJIelCCa lJ900XQ,ItHj,1O 3:J1,ruJaTb : 

1. . :oJJ,_ j1I"JIl~no liIeJle 3 :.l . OOJ1acTb , 3(!1!OJIlleHlIafI ;;t8JIe301.1 , 3MaeTCfl 

B Elme Ha60pa BUJIylUI1lX MHoroyrOJIbHiUWB. J JCaiJ,n O;,l ,.ruor OYl'OJIbliHKe 3a

)la eTca cpe~ )llHlM8Tp pa30HeHl1H MH oroyrOJIbHlma Ha Tpeyro.'lbI£Illi}i. 

• K OHcPHrypal(HlO TOKOBllX 061.10TOK ( B Bl1.I1,e t,moroyrOJIhIll!lWB ), 

l1JlOTHOCTH TOKOB B 06MOTKax . 

3. TIm MaI'IDlTa. i303MOXrnll Tp n CIfTY8l(IDl : 


a) MaI'HUT 6e3 BCffKOfi CHMl lleTpmr; 


0 ) wmOJIbHllil NaI'HITT; 


B) KBa,DJlynOJIhl!lij t.farrIUT. 


,1. TO'lKlf 1w.6JlJO.lleHHJI , B IW TOlille n p 0113BO.IU1TCH nepeC'le T 1l0J!,q n OCJIe 


peWGmm: HeJIID18~iROif ClICT eMH y p aBlIefllfH ( 6 ). 

TeCTRp OB8.!rne KOMIIJIeK Ca npoBo.nwroCb Ha n plll>'lep e paC"IeTG napaMaI' 

IlliTHoro l1lap a B IIOCTORHHOM BHerse.'I,1 !.'laI'm!THOM TIOJIG. .Ll 3TOM c~rqae eCTb 

aHaJII1TWIeCROe peweHUe 3a.I\a'lll 6/ . 0a,ua"la peWaJIaCb B ,lUiTIOJ[bliOi,j npH6JIVI

JKeHIm . 1J:8TBepTb Kpyra IJ1lHOJIIDm.n:a c b MJIOroyrOJIhlillKOiVl If 3aT8l,j pa36uBa

JIaCb Ha 30 TpeyrOJIhllliKOB ( plIC. I ). 
i!. 

P'?::= I,..----'" .. 1. 

PHC. I 
BpeMH , 3 aTp a 'lemlOe Ha (POp.mpoBaJ-rue ;.1aTp~ U3 (6) Ii peweHUe 

,I(l1CKpeTl!3 0BaHHoii c n CTer.n:l ypaBHeHIrll . COCTaBHJlO 46 C Ha 313M 
cDc-6500 . TIepeC"IeT nOJIJI B II TO'leK HaOJllO,UeHlffi TIOTpeOOBaJI 13 C . 

Ha pRC. 2 . 3 JlI3 0 0pBjileHlil Cl1.lIOBlle Jill.HID[ nOAA, paCtfeTHlle I! TeOpeTl'f'leCKlfe. 

OTHOCl1TeJIhHaff oum6Ku p a C'leTOB COCTaBl1JIa 0.5%. npH'leM KaKOjj:-TO BKJIa.I\ 

B Hee BHOCRT O!JlliOKa llpKO.llK1ltSIIIm Kpyra MHoroyrOJIhHl1KOM . 
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AlCHlIJKH IT.r., JKu,o.KOB E.IT., KpaBUOB B . .n. PI 1- 85-552 

MeTOA KHTerpaJIbHbIX yprumeHHH B oceCRMMeTpRtnlhlX 3aAattax 


MarPHTOCTaTKKH 


HccneAYJOTCR BonpOCbl, B03 HHKaJOlI\He npH pewp HlIl1 OCeCHMMeTpH

'rHh!X 3aAa ... MarIlRTOCTaTH1<H Me T OAOM HliTerpaJTbHblX ypasHeFtmt. 

PaccMa 'rpHDil CTCR Me1'OA p;l1CKpeTI13aUKFI 3TH}( ypaBHeJfH.H. ITpeAJ'(al'aeT 

CR npou,ecc pemeHHR A11CJ<peTH3HPOaaHHhflC ypaBtiellHH. MeToA MOlleT 

6hlTb peKOMellAOBaH AJUI WHpOKOrO KJTaCca oceCHMMeTpH'UlbIX 3aAa'-l 

MarKHTOCTaTIiKH . 

Pa60Ta BbrnonaeHa B na6opaTopKH ~b~HCnHTenbHOH TexHHlCH 


Ii 3STOMaTH3attHH OHRH. 


Coo6ate.HKe 061.eAlfHellHOrO KKCTHTyTa RAepffbn( KccneAosafIHA'. ]ly6H8 1985 

ITepe.aOA O. C. BUHorpa,qoBoH 

Akishin P.G., Zhidkov E.P., Kravtsov V.D . P I 1-85-552 
The Integral Equation Method in Axial-Symmetric Problems 
of 	Magnetostatics 

Some problems arising in the process of solving axial
- symmetric magnetostatical problems by the integral equation 
method are investigated. The algorithm of discLetizat ion is 
considered. The iterational method for so l ving discretization 
equations is proposed. Tbe method could be recommended for 
a wide ·class of axial-symmetric problems of magnetostatics. 

The investigation has been performed at t be Laboratory 

of Computing Techniques and Automation, JINR. 
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