
P9 - 7580 

E.nJKKAKos n.n.3KHOBbesa, H.B.Py6KH 

PEUIEHJ1E 
Jll1HEt1HOt1 OBPATHOH 3A,UA'll1 MArHwrocTA'Il1Iill 
METO~OM PErYnHPH3AUHH 



e,ll;HHeHHOr'O HHCTHTyTa H,ll;epHbiX 

CCJJe,ll;OBaHHi1 

06'be,IlHHeHHOrO HHCTHTyTa .ll,!lepHblX 

C.!! caMOCTO.I!TeJibHbiMH ny6JIHKaUH.!!MH. 

H co cT. 4 YcTasa OHJIH. 0TJIH'lHe 

JifO'laeTC.Il B TOM, 'ITO TeKCT npenpHHTa 

Be,!leH B KaKOM • JIH60 Hay'IHOM )l(ypHaJie 

H,ll;eKCaUHH 

noHHposaHHbie ny6JIHKaUHH OHJIH HMelOT 

~BYfO nyMepaUHfO,COCTaBJI.IllOIUYfO nocne.u· 

~YKBOHHM. - MD•<• 6M'O npe•e•aBnCH 

r .!!3biKe; 

' KOM .1!3b!Ke; 
~C.!! na pyCCKOM H aHrJIH~CKOM .!!3b!KaX. 

KOTOpbie paCCbiJiafOTC.Il TOJibKO B CTpaHbl" 

HHJ{eKCOB HC HMefOT. 

yKBeHHbiM o6oJHa'leHHeM, onpe.uen.lleT 

fHO~ ny6JIHKaUHH. ilepe'leHb TeMaTH'leCKHX 

ro,!lH'leCKHpaCCWJiaeTC.!!HXnOJIY'laTeJI.I!M. 

!We, npOCTaBJI.IllOTC.Il B npaBOM aepxHeM 

II JIHCTe Ka)l(,!lOrO H3,1laHH.Il . 

....., __ ---- ··---------~----...... 

P9 - 7580 

E.ll.:i.MAKOB* Jl.Jl.3MHOBhesa, H.B.Py6MH 

PEI1IEHJ1E 

JOOIE:AHOA OBPATHOA 3A,aA1Jl1 _MArHJ1TOCI'ATJ1KJ1 

METO~OM PErYJIHPH3A~ 

• fla6opaTOpH:S1 Bhl"IH:CnH:TenbHOH TeX HH:KR 

R 8BTOM8TR38UH:R OI1.HI1. 



... 

. 

•--·-----~ 

. -·~ ~--·: ... ·-·-_:--~-.,. .-: 

?K•uu~oE~ E~n., ~aaos~oe~a n.n., Py6a11 H.B. pg - 7580 
P.e~eiiHe·napeAaoA o6paTHoA 3a.tla~H MarHHTOCTaTH~H MeTOAOM 

... perrZJHpH3a~HK 

Pai::cMaTpaaaeTc:a nqlleilflaH o6paTHaSI 3a.tta'la MaraaTocTaTKKH, T,e. 
· onpenene11~11 nQ 3aAaHHOMY nomo nnoTHQCTeA TOKOB B MarHHTHOl!: CHCTeMe, 

reoMeTpJIH KoTopoA K3BecTIIa• ~aTeMaTK~eCKH 3alla'la CBOllHTCH K nHHel!:
IIQf-!Y IIHTerpiUlbHOMY, ypl,ii;IHeHHJO cllpeArOnJ>Ma 1 pOAa1 KOTOpoe pewaeTCH 
MeTonoM perynHPK3a~HH nrneeoro nopH.ttKa rnanKocTH. 
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CoQ()UleHMe 06be,IPIHeHHoro MHCTMTyTa Jl,llepHbiX MC~Jie.aosaHMA 

,lzy6Ha, 1973 

Zhi4kov E.P., Zinovieva L,L., Ru.bin N.B., P9- 7580 
' ' 

Solution of a Linear Inverse Problem of 
Magnetostatic~ by the Regularization Method 

There was considered' a linear inverse problem of 
magnetostatics~ i.e. the determinatio~ of the c~rrent den
sities ave~ the given field of a magneti~ system with the 
known geometry. Mathemati~ally the problem is reduced to 
the lineir:integral Fredholm ~quation of the first type 
which is solved by the regularization method o~ the zeroth 
smoothness order. An example is given of solving the prob
lem using the computer. 
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·I. IIOCTAHOBKA 3A,.lfAfJH H METO,l( 
BE P EIUEHHJI 

B nocne.n;nee apeMH Ha npaKTHKe ace 'iaJ.Qe B03HHKaeT 
He06XOJJ;HMOCTb pemeHHH 06paTHOH 3aJJ;a'iH MarHHTOCTaTHKH, 
T.e. onpe.n;eneHHH no 3a.n;annoMy nomo napaMeTpoB. ncToq
HHKoa.· liy.n;eM nonaraTb, 'iTO none 3a.n;aeTcH KaKoii-nn6o 
H3 CBOHX KOMnOHeHT, 'ITO 3aBHCHT OT KOHKpeTHOrO cny'iaH_, 
n03TOMY B .n;anbHeiimeM HHJJ;eKC KOMnoHeHTbl nonH onycKa-
eTCH. , . 

C!lJopMynnpyeM 3a.n;aqy. Ilyc_Th B HeKoTopon: o6nacTn 
z( C< Z < d ) H3BeCTHO none H, KOTOpoe C03JJ;aeTCH Mar
HHT~OH-CHCTe~OH, pacnonomeHHOH-B.HeKOTOpoii o6nacTH 
s(a_5 s_sb ). . lbaecTHO, _'iTo none B mo6oii TO'JKe ,npo
CTpaHCTBa B 3TOM cnyqae onpe.n;enHeTCH ypaBHeHHeM THn~ 

b 

H ( z ) = f I ( s ) G ( z , s ) ds , c 5 z -s_ d , / 1/ . 
a 

r.n;e I ( s) - lPYHKUHH pacnpe.n;enennH nnoTnocTn TOKa .Ben c.: 
TeMe; G(z' s) - qiyHKL(HH rpnna, ananHTH'ieCKHHBHJJ; KOTOpoii 
o6hi'iHO H3BeCTeH H 3aBHCHT OT reoMeTpnit::_ H_CTO'iHHKOB 
H KOMnOHeHTbl npnH. 

PaccMoTpnM caMbiH npocToii cnyqaii o6paTnoii 3a.n;aqn 
MarHHTOCTa THKH, a HMeHHO: onpe.n;enHTb no 3aJJ;aHHOMY llOJIIO 
pacnpe.n;enenne nnOTHOCTeH TOKOB B MarHHTHOH CHCTeMe, .' 
reoMeTpHH K~Topoii n3BeCTHa. HeTpy.n;Ho 3'aMeTHTb, 'iTO. 
MaTeMaTH'ieCKH 3a;::J;a'ia CBOJJ;HTCH K pemeHHIO nnHeHHOrO 
HHTerpanbHoro y~aaneiinH <l>pe.n;ronhMa ·1 po.n;a. · · 

lf3aecl-no /l, I, tiTo TaKne ypa:BneHHH oTiiocHTCH K ne'-: . 
KOppeKTHO nocTaBneHHbiM 3aJJ;a'iaM, T .K. ManbiM H3MeHeHHHM 
BXOJJ;HbiX .n;aHHhiX (H(z)) MoryT cooTBeTCTBOBaTb CKOnb 
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· yrOJ(HO 6onLmHe H3MeHeHHH B pew~HHH (I (s )). ,lJ;nH nonyqeHHH 

ycTOH'IHBoro peweHHH HeKoppeKTHhiX 3aJ(aq A.H. THXOHOBLIM 

pa3pa6oTaHLI perynHpH3YIOIIlHe anropHT¥LI /1,2/. 

' PaccMOTpHM peweHHe 3a?\a'IH MeTOJ(OM perynHpH3aUHH 

Hyneuoro·nopHJ(Ka rnaJ(KOCTH/ •3 /. CTpoHM crnru1muaromHii 

napaMeTpH'IeCKHH rPYHKUHOHan · . 

a 
M [I( s), H( z)] =CI>[I( s), H(z)]+ aO[I( s)], /2/ 

rJ(e 

d b. 2 
CI>[I (s),H( :z)]= f[H(z)- JI(s)G(z,s)ds] oz - /3/ 

c a h 
KBaJ(paTH'Iec:Koe yKnoHeHHe onepaTopa JI( s)G(z,s )ds 
OT 3aJ(aHHoii rPYHKiJ;HH · H (z) ,, - a 

. h 

0 [I ( s)]=J I 2 (s) ds "7 
a /4/ 

perynHpH3YIOIUHH tPYHKUHOHan, HllH CTa6HnH3aTop, a - 'IHC

llOBOH napaMeTp perynHpH3aUHH (a>O). 
A.H. THXOHOBLIM oLmo noKa3aHo, 'ITO npH TO'IHOM 3aJ(aHHH 

BXOJ(HhlX J(aHHLix peweHHe I ( s), J(OCTaBnHromee _ MHHHMYM 

ri>YHKI(HOHany Ma , HBnHeTcH · eJ(HHCTBeHHhlM H ycTOH'IHBhlM, 

npH'IeM npH a-+ 0 cpyHKUHH 1a ( s) CXOJ(HTC.H · .K TO'IHOMY 

pemeHHID ypaBHeHHH /1/. 
IlpH npaKTH'IeCKOM HCnOllbJOBaHHH MeTOJ(a perynHpH3a

l(HH Bbi6op napaMeTpa a HBllHeTCH OJ(HHM H3 OCHOBHhlX 

BOnpOCOB. TpyJ(HOCTb COCTOHT B TOM, 'ITO He BCer,f(a npH 

HaHJ(eHHOM rnaJ(KOM pemeHHH BhiiiOllH.HeTCH npHHUHn HeBH3KH, 
T.e. HepaBeHCTBO 

- -:IIH8 -H 11 :;; o, · 
/5/ 

. 0 - TO'IHOCTb BXOJ(HbiX J(aHHbiX . . . 
3Ha'leHHe BXOJ(HbiX J(aHHbiX. 

- -
H0 , H rJ(e 

- TO'IHOe 
'' •' 

B J(eiicTBHTenLHOCTH npH pemeHHH HeKoppeKTHL~x 3a

J(a'l, TaK iKe KaK npH peWeHHH .KOppeKTHbiX, 'laCTOHe06XOJ(H

MO HaiiTH peweHHe, KoTopoe 61>1 y.i:touneTuop.Hno Tpe6yeMoii 

TO'IHOCTH. B CBH3H c 3THM B.A.Mopo30BLIM 6hlno npeJ(noiKe

Ho I 41 B Ka'leCTBe OCHOBHoro KpHTepHH BLI6opa napaMeTpa 
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perynHpH3aUHH HCnOllb30BaTb npHHUHn HeBR3KH~ HM 6blll0 · 

noKa3aHo, 'ITO Bhl6HpaeMoe no 3TOMY npHHUHriy 3Ha'leHHe 
. - . . 

napaMeTpa perynHpH3aUHH onpeJ(enHeTCH OJ(H03Ha'IHO. 

MoiKeT oKa3aTLCH, 'ITO HaiiJ(eHHOe no npHHUHHY HeBH3KH 

perynHpH30BaHHOe pemeHHe MOiKeT H He 6biTb rnaJ(KHM. 

II . IIO,l(TOTOBKA 3A,l(A fJH K lJHCJIEHHOMY ClJETY 

IlpeJ(CTaBHM HHTerpanbi B BbipaiKeHKe /2/ B BHJ(e CYMMbl 

a N M . 2 . M 2 
M =I [H.(z.)-II.(s. )k .. (z. ,s.)) L.\z.+ .. aii.(s.)L.\s. , /6/ 

j=l J J i=}l I . IJ J I J i=l I I I 

rJ(e N - '':{Hcno ToiJ:eK B HHTepuane c _s. z _s. d , M - 'IHcno 

TO'IeK B HHTepuane a_5 s ..5 b, M~ N, 

L.\s. = L\s = const, 
I 

L.\ z. = L.\ Z= const, 
J 

k .. = f 'G (z. , s )ds . 
IJ /).s. J 

' a 3anHmeM ycnouHe MHHHMyMa J(llH M ·: 

. aMa =0, 

I ~I-~--~-' aMa 
--=0. 

. aiM 

IlpHHHMaH :Bo BHHMaHHe /6/, nony'IHM 

aM a N . N M 
-=-I H. K0 • L.\z+ I I I. k0 • k .. L.\ Z + al0 L.\ S = 0. aie i=I J l.J i = 1 i=I 1 .f.J 'J {. . 

/7/ 

/8/ 
; 

Ta,KH~ o6pa3o~, AHrbriJepeHUHPYH Ma no Ie. Hn;pHpaBHH-. 

BaH .. aM K HyniO, nony'IHM CHCTeMy M . llHHeHHhlX anre-ai ·. · 
e 

6paH'IeCKHX ypauHeHHii c M HeH3BecTHLIMH Ie ·· 
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M N N 
~ L ~ k17.k .. ~Z+al17 dS=~ H.k17• L\z, f=1+ M .. /9/ 

i=} I j=J LJ IJ L j=l J LJ 

Ilorrarall aLl s = a ' 'Ll z 

M N 
~ I 1 ~ k17 • k 

1
• + a ' I" 

i=l j=l .LJ l r. 

norryquM 

N 
~ H 

j=l 
kfj f=H· M /9a/ 

0'IeBU~HO, 'ITO a' COXpaHlleT CMLICJI rrpOH3BOJILHOrO IC0-
34JifmnueHTa a, n03TOMY CUCTeMy, no ICOTOpOH HaXO~TCH 
pacnpe~erreuue nrroruocreii_ TOKOB B Marnurnoii cucreMe, 
OKOH'IaTeJILHO MO:>KHO 3anHCaTL B BU~e 

M N N 
~ l1 ~ k17• k .+al17=! H.k 17 , f =1+M, 

i=l j=l LJ IJ L j=l J L 
-----~ '-... ---·'""' .... ,£)' 

/10/ 

B crryqae, ecrru MarHUTHall cu9TeMa npe.n;cTaBJilleT co6oii 
~ucKpeTHLiii ua6op KaTymeK, none B rrro6oii TO'IKe npo-
crpaHCTBa onpe~eJIJieTCH CJie~YIOJUUM o6pa30M: 

M . 
H{z)=! 1

1 
I 'G(z,s)ds, 

I=} A 
- LlSI 

/11/ 

r~e M - qucrro KaTymeK, l1 - nrroTnocTL ToiCa B i-on 
ICaTyWKe, d S i - Ce'IeHUe i - OH Ka TYWICU. 

O'leBu~no, 'ITO B cyrnnocru nocranoBKa 3a~aqu ocraeTcll 
roii :>Ke caMoii. B 3TOM crry'lae ee pemenue TaK:>Ke cBe~eTC1i 
K peWeHUlO CUCTeMLI /10/~ 

1/1. HPHMEP PACqETA JIHHEDHOH OEPATHOfJ-
3A,l.lA qH MAFHHTOCTATHKH 

B HaCTOliiUee BpeMll B OT~eJ1e HOBLIX MeTO~OB ycKopeHUll · 
C03,D;aeTCll O~UH H3 B03MO)KJILIX BapuaHTOB KO~JieKTUBHOr_o 
yCKOpUTeJill - ICOJILUeTpOH, ~ KOTOporo YCKOpliiOJUaJI ceKUUll 

6 

I 

r· 

1 .... 

npe~CTaBJilleT C06oif: CHCTeMy BLICOICO'IaCTOTHLIX c"lpa3Hpo• 
BaHHLIX pe3oHaTOpOB /S/ •. 

,[(Jill o6ecne'IeHHll paBHOMepHOCTH yCKOpeHHll ICOJILI.~a 

3JieiCTpOHOB H y~ep:>KaHHll HOHOB B HeM, ·a TaK:>Ke ~Jill COXpa
HeHUll cpe~ero ypOBHll npO,D;OJILHOrO nOJill /Tor~a OCTaiOTCll 
HeU3MeHHLIMU pa~UaJILHLie pa3MepLI ICOJILUa/ Ha,D;JIUHe YCKO
plllOIUeH ceiCUUH * neo6xo~HMO co3~aTL TalC Ha3LIBaeMoe 
"rpa~ueHTHoe" p~uarrLnoe none, KOTopoe.uMeeT crre~yroU.uii: 
anaJIUTU'IeCKUH BU~/6/: . 

Hr (z)=-E pea··f{z)+E aon • /12/ 

. E aon Tz 
3~ecL · Epe"' T . - . aMnnuTy~a 3JieiCTpuqecKoro 

g ,f~)& - . . 
. o E 

norrll B pe3oHaTope; aon- BHemnee 3JieKTpuqecKoe none,. 
B KOTOpOM erne He rrpOUCXO~UT OTpLIB UOHOB OT 3JieKTpOHHOro 
KOJILUa, E aon 3aBucuT oT napaMerpoB KOJILUa 16 1 , Tz -
reoMeTpU'IeCICUH nepuo~ CUCTeMLI, f(z) - riJyHKUUll, OT06pa
:>KalOIUall KOHriJurypanuro Z -ICoMnOHeHTLI 3JieiCTpU'IeCKOrO 
nOJill B pe30HaTope. 

ITo ycrroBUliM ycKopenull qacrnn Marnurnall cucreMa 
YCKOPlllOJUeH ceiCUUU liBJilleTCll aiCCUaJILHO- CUMMeTpU'IHOH. 
MarnurnaR cucreMa, KoTopall ,u;oJI:>KHa o6ecne'IUTL rpa~ueuT
noe none, COCTOUT U3 80 O~UHiiKOBLIX ICaTyWeK, crpynnupo
BaHHLIX no 16 WTYK /puc. 1/. Bee KaTyWKUUMeiOT aBTOHOM
uoe nuTauue. rpa~ueurnoe none ueo6xo~Mo criJopMupoBaTL 
B pa6o'leM unrepBarre -65 eM ::;z ::; 65 CM napa~uyce 5 eM, 

paBHOM pa~uycy KOJILUa, npu E aon = 35,5 Ke/cM, Tz = 
= ~0 CM. B Ka'leCTBe riJyHKUUH f(z) 6LIJia ~3l1Ta 3KCnepUMeH- ·· 
TaJILHaJI KpUBall pacnpe,u;eJieHUJI rrpo~OJILHOH COCTaBJiliiOJUeH 
3JieKTpuqecKoro llOJill .B pe30HaTqpe Ha pa~uyce 5 CM, rro
CTpOeHHall .B OTHOCUTeJILHLIX e~UHUUaX /puc. 2/. lfHTerpaJI 
Tz , . 
I f (z) & 6LIJI BLI'IllC~eH 'IUCJICH~LIM MCTO~OM. Ero 3Ha'lenue 

0 
paBHO 7,2 CM. 

IIo~cTaBJillll U3BecTHLie 3Ha'IeHull E pea ,E ~on uf(z) B 
COOTHOWeHUe /12/, norry'IUM 3Ha'IeHHll pa~HaJILHOH COCTaB-

* IlpH CJia6opeJiliTUBUCTCICOM rrpO~OJILHOM ~BH:>KCHHH ICOJILUa. 
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PHC. 2. <l>yHKUHH pacnpe~eJieHHH Z - COCTaBJIHIO~eii. 3JieKT
pH<JeCKOrO llOJIH B pe30HaTope, 

JIHIOW:eii rpa.'~HenTHoro nonH B pa6o<JeM H~T,epi3ane. "l~e ·rpa
cPHK'npe~cTaBneH Ha PH.C. 3. ,ZJ;onycTHM~e. OJKJIOHeUHe OT 3a
~aHHOH _pa~HaJihHOH. COCTaJJJIHIOUie_ii rpa~HeHTHOrO llOJIH He. 
~OmKHO npeBhiWaTh 50 3.:5/ :. . . • ·. 

Tpe6<?BaJIOCh onpe~eJIHTh llJIOTHOCTH TOKOB B KaTywKax,' 
KOTOphie 6hi o6ecne1JHJIH pa6oqee rpa~Hennwe none npH 

· ycnoBHH, 'IT06hi HX 3Ha<JeHHH · He np~BhiCHJIH ~onycniMoii· 
BeJIH'IHHhi:2 X 104A/cM2 . fMar'HHTHaH CHCTeMa rpa~HeHTHhiX 
KaTymeK npe~nonaraeTcH.cBepxnpoBo~H~eii/~ · 

Pac<JeT·nnoTHOCTeii·ToKOB npoBo~HJICH MeTo~oM perynH-. 
P~3aUHH·na 3BM E3CM-6. · ·•. . . :'·• ... 

.. ·g 



<l>yHKUHH rpHHa ,IJ;nH pa,IJ;HanbHOH KOMITOHeHTbl ITOnH ,K
CHanbHO- C.HMMeTpHqHOH CHCTeMbl HMeeT cne,IJ;ylOlll;HH BH,IJ; ·

7
{ 

k( ') ,2 2 ( ') 2 .G ( , ') z-z [ K r +r + z-z E] r,r ,z,z = - + , /13/ 
r\}(r'+r'fl+( z-z')2 (r~r)2 + (z-z')2 

rne r,r',z, z' - pa,D;HanLHLie H npononLHbie Koop,IJ;HHaTLI cooT
BeTCTBeHHO pacqe:rHoii H TO.KOHecYIUeii ToqeK; K H E -
COOTBeTCTBeHHO ITOnHbie 3n·nHITTHqecKHe HHTerpanbi 1-ro H 

2 '4 rr ' 
2-ro pona oT apryMeHTa x = 

2 
.., ; k - K03lP<IlH-

. (r'+r) +(z-z') 

UHeHT, JaBHCHill;HH OT CHCTeMbl KOOp,D;HHaT; ecnH pa3Mepbl . 2 
. BJHTbl B eM, none - B 3~ nno.THOCTb TOKa - B A/eM , 

TO k= 0,2 .. 
llpHHHMaH BO BHHMaHHe /11/ H /13/, HeTpy,D;HQ 3a

MeTHTb, · qTo pa,D;HanbHOH COCTaBnHJOlll;eH nonx, KOTOpaH 
npe,D;CTaBnHeT co6oii qeTHYIO lPYHKUHIO OTHOCHTenhHO OCH 
CHMMeTpHH MarHHTHOH CHCTeMbl jqTo HMeeT MeCTO B pac
CMa TpHBaeMOM cnyqae/, cooTBeTCTByeT ~eqeTHaH lPYHKUHH 
pacnpe,IJ;eneHHH TOKOB B 3TOH CHCTeMe. 3TOTlPaKTn03BOnHeT 
COKpaTHTb qHCnO HeHJBeCTHbiX B ,IJ;Ba pa3a, a none Ja,IJ;aBaTb 
TOnbKO Ha O,IJ;HOH nonOBHHe pa6<?qeii o6naCTH, qTo yMeHbiiiaeT 
BpeMH cqeTa. , 

YqHTbiBax ycnoBHH CHMMeTpHH, JanHIIIeM Bbipa:>KeHHe 
,IJ;nH K03lPlPHUHe~TOB klj B CHCTeMe /10/~ . 

R ~ R z' 2i . 2· 2· I . I I 

k .. =I I G (r ',z ',r. ,z. )dr 'dz '-I · J G (r ',z ',r. ,z .)drtiz,'l14/ 
IJ R z l J R z , J J .. ' 

1 i li . . li 1 i 

rne Z}.=IZ 2d ,Z2
1
=!Zli I /eM. pHc. 1/. 

3nnlmTHqeci<He HHTerpanLI . K H E .paccqHTbiBanHcb no 
CTaH,D;apTHbiM nporpaMMaM.HHTerpanbi, BXO,IJ;Hlll;He B Bblpa:>Ke
HHe K03lPlPHD;HeHTOB kij ;· cqHTanHCb qHcneHHblM MeTO~OM. 
CHCTeMa /10/ peiiianaCb C ITOMOlll;blO CTaH,D;apTHOH no,IJ;npo
rpaMMbl peiiieHHH anre6paHqecKiiX nHHeHHhlX CHCTeM. 
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PRe. 4. Pacnpe,IJ;eJieHHe ITJIOTHOCTeii- TOKoa· a MarHUTHoii 
CUCTeMe npu a= 0 • 
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Ilpu a =0, T. e. npu OTCYTCTBUU peryJIHpU3aiJ;UU, Ha6mo

,IJ;aJiaCb HBHaH He.yCTOH1{UBOCTb peWeHUH, 1{TO Bbipa:>KaJIOCb 

B o:rpoMHbiX 3HaqeHUHX llJIOTHOCTeH TOKOB U UX 3HaKo

nepeMeHHOCTU no KaTywKaM:, puc. 4 /HoMepa KaTywei< 

U.D:YT cneaa Hanpaao - ~M. puc. 1/. . 
B pe3yJILTaTe aapbupoaaHUH Ko3tlJqmn;ueHTa a npu a-=0,1 

6Lmo Haii,IJ;eHo KycoqHo-rna,IJ;Koe peweHue /puc. 5/. 0,IJ;HaKo 

npu 3TOM BeJIU1{UHa HeBH3.KU COCTaBUJia 350 3, 'ITO 3Ha1m

TeJibHO npeBbiWaeT ,IJ;OllYCTUMOe 3HaqeHUe. 

Ilpu a< 0,1 HeBH3Ka Y¥ellbWanacb, HO peweHUH y)Ke 

6biJIH HerJia,IJ;KHMU, 1{T0 Bblpa:>KaJIOCb B yBeJiuqeHUU KaK ITJIOT

HOCTeH TOKOB, Ta~ H ux 3HaKonepeMeHHOCTU. Haunyqwee 

peweHHe, y.u.oaneTaopHIOin;ee .u.onycTHMbiM 3HaqeHUHM nnoT_. 

HOCTeii: TOKOB U HeBH3Ke, 6biJIO llOJiyqeHO npH a= 10-S • Pac

npe,D;eJieHHe llJIOTHOCteii TOKOB ITO KaTyWKaM B 3TOM CJiyqae 

npe)J.CTaBJieHO B Ta6JI. 1 H Ha puc. 6. 0TKJIOHeHUe~_rllOJIH OT 

Tpe6yeMOrO B OCHOBHOM He npeBbiCUJIO ,Il;OllYCTUMOH Be.Jiu-

1{HIIbl 50 3, 3a HCKJIIDqenueM HeCKOJibKHX ToqeK /B6JIU3U 

CTeHOK pe30HaTOpOB/, r.u.e MaKCUMaJibHOe OTKJIOHeHUe OT 

3a.u.annoro nonH cocTaauno 71 3 I eM. Ta6n. 2/. ,ll;nH yMeHb • 

WeHHH norpeWHOCTH !1 3THX TOqKaX B6JIH3U pe 30Ha TOpOB MO)K- " 

HO ,IJ;o6aBHTb aMnep-aHTKU HJIH yToqnuTb ,IJ;onycTUMbie oT

KJIOHeHHH rpa,D;UeHTHOrO llOJIH B JIOKaJibHbiX T01{KaX. 

lf3 llOJiyqeHHOrO peweHUH BU,Il;HO, 1{T0 Bbi6paHHaH MarHUT

HaH CHCTeMa HeOllTUMaJibHa, TaK KaK llJIOTHOCTU TOKOB, ne-

06XO)J.UMble.)J.JIH C03)J.aHUH OTHOCUTeJibHO ne60JibWOrO rpa

,IJ;HeHTHOrO noJIH, ac~ :>Ke ,IJ;OBOJibHO aeJIUKU. XoTH MarimTnaH 

CHCTeMa KOJibiJ;eTpOHa ,IJ;OllYCKaeT· TaKUe TOKU, O,IJ;HaKO npe.u.

CTaBJIHeTCH B03MO:>KHbiM HaHTU TaKyiO reo.MeTpHIO CUCTeMbi, 

B KOTOpOH 6bi TOKU 6biJIU C MeHbWUMU 3HaqeHUHMU llJIOTHOC

Teii-. Bbi6op OllTUMaJibliOH reoM;eTpUU OTHOCUTCH K HeJIUHeii

HOH o6paTHOH 3a,IJ;aqe MarHUTOCTaTUKU,. KOTopaH B ,IJ;aHHOH 

pa6oTe He paccMaTpuaaeTCH. 
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eReTeMe npR a=O,l. 

14 

·j 

~z 
10000 

9000 

8000 
?000 

6000 

5000 

4000 

3000 

2000 

1000 

0 11 
-1000 

5 1~ /I H HHt\1,/\/1/111 I II \A/t KamymKu 

-2000. 

-3000 
- 'tOOO 
_,000 

-6000 

-7000 

-8000 

-9000 

-10000 

PRe. 6. PaenpeAen~HRe nnoTHOCTeii TOKOB B M:arHRTHoii 
eReTeMe npH a= 10- . 

15 



Jiumepamypa 

1. A.H.Tuxouoe. ,l(AH CCCP, m. 153, N'g1, 49-52 /1963/ .. 
2. A.H.Tuxouoe. ,l(AH CCCP, m. 151, N'g3, 501-504/1963/. 
3. B.JI.Apceuuu. 0 Memooax peweuuR HeKoppeKmuo nocmae-

AeHHblX 3aoa'l. H3o. MHCZIH, 1973. . 
4. B.A.Mopo3oe. B c6. Bbt'IUCAumeAbHbte Memo obi u npozpaM

Mupoeauue. Bbzn. 8, H3o. MTY, 1967, 63-95. 
5. H.T.AHUflleHKO u op. OHJIH, P9-4722, ,l(y6ua, 1969. 
6. A.T.EOH'I- 0CMOA06CKUii u op. OHJIH, P9-4171, ,l(y6ua, 

1968. . . 
7. JI.,l(.Jiauoay, E.M.Jiurftwu!J. 3AeKmpoouHaMuKa cnAOWHblX 

cpeo, €Pu3Mamzu3, MocKea, 1959. 

, 
"""' I 

2 
3 
4 
5 
6 
7 
8 
9 

IO 
II 
12 
I3 
14 
15 
16 
17 
IS 
19 
20 

16 

PyKOIIHCh IIOCTYIIHJia B H3,D;aTeJihCKHH OT,D;eJI 
6 ,D;eKa6p.H 1973 ro~a. 

TABDUA I 

.1, a;tlfa Ill 1, '%Na II_• .1, 0 /m• Ill ~, q/tH2 /aiM K.Om lrt/M 

817 21 3333 4I· 542 6I 49I7 
898 22 -I634 42 -I007· 62· -7933. 
98I 23 1060 43 . 1513 63 8973 
1060 24 -635 44 -3204 64 -8442. 
II25 25 585 45 '4671 . 65 996Q 
II 56 26 -1083 46 -7669 66 -10316 
II23 27 1552 47 8680 67 1505 
975 28 -33II 48 -8334 68 4074 
628 29 . 4779 49 8489 69 2762 
-38 30 -7865 50 -8850 . 70 II63 

-1163 31 8850' 51 7B65 71 3B 
' -2762 32 -8489 52 -4779 72 -62B 

-4074 33 . B334 53 33II 73 -975 
-1505 34 -8680 54 -1552 74 -II23 
10316 35 7669 55 1083 ,75 -II 56 
-9960 36 -4671 56 -585 76 -II25 

8442· 37 3204 57 635 77 -1060 
-B973 38 -1513 58 -1060 7B -98I 
7933 39 I007 59 1634 79 -B9B 

-4917 40 -542 60 -3333 80 ' -BI7 

:::r . , .• , C/1 Ht~ 9 
He ~a, , 

' -65 I3 ~.5 
-64 -99 -139 
-63 . -302 -320 
-62 -453 44I 
-6I -526 ~soo 

. -60 -538. -517. 
-59 -526 -SOI 
-58 -453. 4'f6 
-57 -302 ~331 

-56 -99 -I69 
-55 13 10 
-54 66 XI4 
-53 ')2 ' XI2 
-52 . lOB 00 
-51 liS 93 
~so IIS 1.28 
-49 118 I3I 
-48 . IIS · XII 

. -47 IIS !07-. 
-46 IIB liS 
-45 IIB 121 
r44 :us ·II6 
-43 XIS xn 
-42 us !16 
-41 liB II? 
-40 IIB 116 
-39 liB U7 
-38 liS II6 
-37 IIB !14 
-36 liB II6 
-35 liB 121 
-34 118 ' liS 
-33 liB 107 

~ 

'lARD!ll 2 

,Jfl-'f'l, ··.~,CH· ~ m_,-, 
" 

i tit. ~t., !J/1• n.--11r. g I 

27,5 -32 XIS !II . -7 
~ -3I IIB 130 I2 
-IS -:JO :ciS 128 IO 

X2 I -29 XIS 94 -24 
26. ..ZB 108 OI -27 
21 4.7 . 92 1.12,6 20,6 
25 --26 ·Gli 113,5 ~7 ,s. .·.: 
7 -25 I3 9 -4 

-35 -24 ~99 -I70 -71 
-70 ..Z3 -302 . ·-336 -34 
~3 . ..zz . ·453 -442 . IO 
t;3 

I 
-21 ··526 -494 32 

?.,3 n-20 -538 -509 29 
·.;a ..;I9 .-526 493 . ' 

33 
-25 -IS -453 -440 I3 
AD -I7 -302 -333 -31 
I3 -16 ... 99 -I69 -70 ' .. 
-7 I M5 -13 OI -4B 

. -II I -n 156 II2 46 
0 1)13 92 II3. .. 21'"' 
3 

t 
-12 IOB 02 ' -26 

-2 til• IIB 94 24 
-4- -10 " liB 128 ... 10 

-2 
i 

-9 IIS . 130 ~ 

-I -a liB II2 -6, 
-2 J. -7 IIB lOS -IO 
-I -6· IIS IIS 0 
-2 -5 . liB 12 3 
-4· -4 . IIS ·: .. li6 . -2 
-2 -3 liB IH -4 
3 -I liB II6 -2 
0 o· liS . II7 .· -I 
-I liB II? -I 
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