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Yll .ROepHblX UCCAeOOBQHUU ,4y6Ha 

BBE,4EHHE 

B pa3nH'iHLIX 4Ju3H'iecKHX uccne.u.oaauuJix qacTo 6blaaeT 

He06XO,!J.HMO HMeTL Ha OCH HnH B HeKOTOpOM 06'LeMe O,!J.HO· 

po,u.uoe MarHBTHoe none 3a,u.auuoii TO'iHOCTH. Xoporno H3-

BeCTHO, 'iTO TaKHe nonJI MO>KHO C03,U.aTL C DOMOil{LIO cone

HOH,U.a C nOCTOJIHHOH nnOTHOCTLIO pacnpe,u.eneHHJI aMnep

BHTKOB, ,U.nHHa KOTOporo BenHKa DO cpaBHeHHIO C paCCMaT

pHBaeMOH o6naCTLIO DOnJI. Ho 06bl'iHO Ha MarHHTHYIO CHCTe

MY HaKna,U.blBaiOTCJI Te HnH HHble KOHCTPYKTHBHble orpaHH

qeHHJI. K HHM npe>K,U.e BCero OTHOCJITCJI ,!J.HCKpeTHOCTL CHC

TeMLI H orpauuqeuuocTL ee .u.nuubl. Ecnu npu 3THX ycnoBHJIX 

CHCTeMy BblDOnHHTL H3 O,!J.HHaKOBblX IJ,HnHH,U.pH'ieCKHX KaTy • 

llleK C DpJIMOyronLHLIM Ce'ieHHeM O,!J.HHaKOBOH nnOTHOCTH 

aMnepBHTKOB, To, KaK H3BeCTHO, o.u.uopo.u.uoe none Ja,u.au

uoii TO'iHOCTH 6y,u.eT ua6nro.u.aTLCJI nHlllL ua ue6onLrnux yqacT

Kax. ~nJI ysenH'ieHHJI o6nacTH o.u.uopo.u.uoro nonJI, coJ,u.a

aaeMoro ,U.aHHOH MarHHTHOH CHCTeMOH, B HeH He06XO,!J.HMO 

COOTBeTCTBYIOil{HM o6pa30M H3MeHHTL pacnpe,u.eneHHe aM

nepBHTKOB. qaCTHLie cnyqau perneHHJI 3Toii Ja,u.aqu pac

CMOTpeHLI B pa6oTaX /1' 2/ • B ,U.aHHOH pa6oTe Ha OCHOBe 

auanH3a MaTeMaTH'ieCKOH MO,U.enH MarHHTHOH CHCTeMLI pac

CMaTpHBaeTCJI 061l{HH DO,!J.XO.U. K ee perneHHIO C DOMOil{LIO 

perynJipH30ijapHLIX HTepal.I,HOHHblX npol.l,eCCOB THDa raycca

HLIOTOHa /.'l I, Ha npHMepe KOHKpeTHOH MarHHTHOH CHCTe

MLI npoBO.U.HTCJI qucneuuoe uccne.u.oaauue BnHJIHHJI pa3nuq

HLIX 4JaKTOpOB Ha O,!J.HOpO,U.HOCTL nonJI. 
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2. MA TEMA THlfECKAJI M0,4EJib MArHHTHOH 
CHCTEMbl ,4JI.H C03,4AHH.H 0,4HOP0,4HOrO 

IIOJI.H 

MarnaTnoe npo,D;om.uoe none B mo6oii TO'IKe npocTpau

CTBa, C03,IJ;aBaeMOe CHCTeMOH KaTyWeK, OllHCbiBaeTCJI ypaa

HeHHeM BH,IJ;a 

M 
H z( r1· , z 

1
. ) =.I 

1 =I 

R2j(z') 

Ji J 
R Ii ( z ') 

z 2i 

J Gz(r',z',r j•Z j)dz'dr', 
z I i 

j=l7N, /1/ 

r,IJ;e ~~ - . 'IHCnO KaTyWeK B CHCTeMe, N - 'IHCnO TO'IeK, 

B KOTOpbiX paCCMa TpHBaeTCJI none, j i - nnOTHOCTb TOKa 

B i -oii KaTyWKe, r' , z '; r j , z j - KOOp,D;HHaTbl COOTBeT

CTBeHHO TOKOHeCyll.{eH H paC'IeTHOH TO'IeK, z Ii, z 2 i - npo

JJ;OnbHble KoopJJ;ana Tbl i - oii Ka TYWKH / CM. puc. 1/, R li ( z ') , 
R 2 i( z ') - COOTBeTCTBeHHO BHyTpeHHHH H BHeWHHH pa,IJ;aanb

HbiH npollJanL i -oii KaTyWKH, G z (r', z ', r i, z i ) - liJYHKD;HJI 

rpaua, KOTOpaJI ,IJ;nJI n~O,IJ;OnbHOH COCTaBnJiron7H nonJI B 

aKCHanbHO- CHMMeTpH'IHOH CHCTeMe HMeeT BH,!J; 4 

G ( r ', k /2/ 
, 

z , r ' z X 

y(r'+r.) 2 +(z'-z.) 2 
J J 

X [ K + 
r' 2-r~-(z'-z.) 2 ___ J... ____ l __ 

( r'- r. ) 2 + ( z'- z . ) 2 
J J 

E], 

rJJ;e K H E - cooTBeTCTBeuuo nonuble 3nnanTH'IecKae au

Terpanbl 1- ro a 2- ro poJJ;a OT MOAY nJI 

4 r' r. 
X 2 J 

( , ) 2 ( , )2 r+rj + z-zj 

4 

... 

k- . K034M}lHD;HeHT, 3aBHCJIID;HH OT CHCTeMbl e,IJ;HHHD;; ecnH 

pa3Mepbl B3JITbl B caHTHMeTpax, none - B 3pcTe,IJ;ax, nnoT

uocTL TOKa- B A/eM , TO k=0,2. 

H3 ypaaueuaJI /1/ cne,IJ;yeT, 'ITO npa liJaKcapoaannhlx 

npoJJ;onLHbiX pa3Mepax KaTyweK ua xapaKTep nonJI B ueKo

Topoii o6naCTH MO)I(HO BnHJITb, BO·nepBbiX, H3MeHeHHeM 

·nnOTHOCTeH TOKOB B KaTyWKaX, BO-BTOpbiX, nyTeM H3Mene

HHJI pa,D;HanbHbiX pa3MepOB KaTyWeK H, a-TpeTbHX, H3Mene

HHeM KaK nnoTHOCTeH TOKOB, TaK H paJJ;HanbHbiX pa3MepOB, 

BMecTe B3JITbiX. KpoMe Toro, aenaqana non.11 JaBHCHT OT 

qacna KaTyweK a cacTeMe. Bee 3TH cnoco6bl npaKTH'IeCKH 

OCyll.{eCTBnJIIOTCJI no-pa3HOMy, n03TOMY npH KOHCTpyapoaa

HHH MarHHTHbiX CHCTeM ,IJ;nJI C03,IJ;aHHJI O,!J;HOpO,IJ;HOrO nonJI 

B 3aBHCHMOCTH OT B03MO)I(HOCTeH MO)I(HO HCnOnb30BaTb 

ace TPH noJJ;xo,IJ;a. 

PacCMOTpHM KOHKpeTHO, KaK peanHJyeTCJI aapbHpOBa

HHe napaMeTpOB, BnHJIIOID;HX Ha xapaKTep nonJI. IlpH 3TOM, 

HCXO,!I;JI 83 npaKTH'IeCKOrO y,IJ;06CTBa KOHCTpyapoBaHHJI Mar

HHTHbiX CHCTeM, 6y,IJ;eM C'IHTaTb, 'ITO BHyTpeHHHH H BHeWHHH 

paJJ;HYC B npeJJ;enax Ka)I(,!J;OH KaTyWKH nOCTOJIHeH, T.e. He 

3aBHCHT OT npO,D;OnbHOH KOOp,IJ;BHaTbl z ', B, KpOMe TOrO, 

BHyTpeHHHH paJJ;BYC BCeX KaTyWeK liJBKCBpOBaH. 

Cf) Pa3nB'IHble nnoTHOCTB B KaTywKax MO)I(HO ocylD;ecT

BHTb JJ;BYMJI cnoco6aMB: 

- a/ CHCTeMa BblnOnHJieTCJI B3 nocne,IJ;OBaTenbHO COe,IJ;B" 

ueHHbiX KaTyweK o,IJ;noro pa3Mepa, no pa3nB'IaiOID;HXCJI no 

'IBCny BBTKOB; 

- 6/ CBCTeMa BblnOnHJieTCJI B3 KaTyWeK O,!J;HOrO pa3Mepa 

B C O,!J;BHaKOBbiM 'IBCnOM BHTKOB, HO Ka)I(,IJ;aJI BMeeT aBTOHOM

uoe nuTanue. 

3HaJI nnOTHOCTb TOKa J i B i - OH Ka TYWKe, MO)I(HO onpe

JJ;enHTb He06XO,!J;HMOe 'IBCnO BBTKOB B HeH /n.a./ H TOK OT 

HCTO'IHHKa /n.6./. 
w. - J i. si 

1 -----I -

- _qacno BHTKOB B i -oii KaTywKe, r,IJ;e S i - ceqeuue 

i ·OH KaTyWKH, I - TOK HCTO'IHHKa, KOTOpbiM JanHTbiBaeTCJI 

CHCTeMa nocne,IJ;OBaTenbHO COe,IJ;HHeHHbiX KaTyWeK. 

J. s. 
I.= _1 __ 1_ 

1 w 
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- . TOK OT BCTO'IHHKa ~JIJI - OH Ka TYWKH, r ~e W- 'IHCJIO 

BHTKOB B Ka~OH KaTyWKe CHCTeMbl. 

}!)EcJIH BJIHJIHHe Ha xapaKTep nOJIJI OCyi.QeCTBJIBeTCB 3a 

C'leT B3MeHeHHB BHeWHHX pa~HaJibHbiX pa3MepOB, TO npaKTH· 

'leCKH 3TO 03Ha'laeT, 'ITO CHCTeMa BblnOJIHBeTCB H3 nOCJie

~OBaTeJibHO COe,IJ.HHeHHbiX KaTymeK C O~HHaKOBOH y~eJibHOH 

nJIOTHOCTbiO pacnpe,IJ.eJieHHB BHTKOB, a CJie~oBaTeJibHO, H C 

O~BHaKOBOH nJIOTHOCTbiO TOKa. 3HaB BHeWHHH pa~HYC i - OH 

Ka TYWKB R 2 i H TOJII.QHHY O~HOrO CJIOB BHTKOB ~ C en , 
MO>KHO HaRTH 'IHCJIO CJIOeB B KaTyWKe 

R2i- Rli 
Nen = · 

i ~Cen. 

B 3TOM CJiyqae B Ka'leCTBe nJIOTHOCTH TOKa >KeJiaTeJibHO 

6paTb ee MaKCHMaJibHO ~onyCTBMYIO cpe~HIOIO BeJIH'IHHy 

~JIB KOHKpeTHOH MarHBTHOH CHCTeMbl, TaK KaK O'leBH,IJ.HO, 'ITO 

3TOMY COOTBeTCTByeT MBBHMaJibHbiH paCXO,IJ. npOBO~HHKa. 

BapbBpOBaBBe B CHCTeMe KaK nJIOTHOCTeii TOKOB, TaK 

B BHeWHHX pa~HaJihHbiX pa3MepOB, BMeCTe B3BTbiX, MO>KHO 

OCyaQeCTBBTb ~BYMJI cnoco6aMH: 

a/ CHCTeMa BblnOJIHJieTCB H3 KaTyWeK C O~HHaKOBOH 
nJIOTHOCTbiO HaMOTKB BHTKOB; Ka>K~aJI KaTyWKa HMeeT aBTO

HOMHOe nHTaHHe; 

6/ CHCTeMa BblnOJIHJieTCJI H3 nOCJie~OBaTeJibHO COe~H

HeHHbiX KaTyWeK, pa3JIH'IaiOI.QHXCJI no 'IHCJIY BHTKOB. 

3HaJI nJIOTHOCTb TOKa J i H BHeWHBH pa~yc R 2 i Ka-

TYWKB, MO>KHO HaRTH 'IHCJIO CJIOeB N H TOK OT HCTO'IHH-
erl:i 

Ka I i /n. I. a/ 

N 
eni 

I i 

6 

R 2i - R l 

~e 

Ji (R 2i- R l) (z2i-zli) 

Wen. Nen. 
1 

.. 

., 

r~e ~C - TOni.QHHa O,IJ.HOrO CJIOB, "en- 'IBCJIO BHTKOB B O,IJ.• 

HOM CJIOe. 

i -oii KaTyWKe ~JIB n. J. 6jHaXO,IJ.HTCB no lJHCJIO BBTKOB B 

tllopMyJie: 
J i ( R 2 i - R 1 i ) ( z 2 i- z 1 i ) 

w . 
1 

r~e I - TOK, JanHThiBaiOI.QBii cacTeMy nocJie,l].oBaTeJihHhiX 

KaTyWeK. 
TaKHM o6pa30M 6hiJIO noKa3aHo, 'ITO npB npoeKTHpoaa-

HBB MarHHTHhJX CBCTeM ,I].JIB C03,1].aHHB O,D_HOpO,IJ.HOrO llOJIJI 

He06XO,IJ.BMO yMeTh HaXO~BTh llJIOTHOCTB TOKOB B KRTYWKaX 

CBCTeMhl, HX BHeWHHH pa.IJ.HYC BJIB H TO H ,npyroe O,IJ.HOBpe

MeHHO, npH YCJIOBBB C03,1J.RHBB HRHJIY'IWBM o6pa30M B 3a-

,IJ.aHHOH o6naCTH O~HOpO.IJ.HOrO llOJIB. . 

3. METOA PEHIEHH.R 

PaccMoTpHM Ja.IJ.a'ly onpe.IJ.eJieHHJI B KaTywKax MarHHT

HOB CBCTeMbl ,I].JIB C03,1J.aHBB O,I].HOpO,IJ.HOrO llOJIJI O,IJ.HOBpeMeH

HO nJIOTHOCTeH TOKOB B BHeWHBX pa.IJ.HYCOII. Oua CBO,IJ.HlGJI 

K peweHBIO nepeonpe,IJ.eneHHOH Henaueiiuoii cucTeMhl I 1/ 
OTHOCBTeJihHO HeB3BeCTHbiX napaMeTpOB .J i H H 2i ( i =]- \1) 
/acero 2~1 HeB3BeCTHb1X/, r,IJ.e II z ( ri, z i) (j ~ ]-:- ~) 3a.D.aHbl 

B paBHbl nOCTOBHHOH BeJIH'IHHe. Ilepeonpe,IJ.eJieHHOCTb 03Ha

qaeT, 'ITO 2M~ N • /06bi'IHO 2\1 < N I. 
~aHHaJI 3R,IJ.R'Ia BBJIBeTCB o6paTHOH 3R,IJ.R'IeH MarHHlO

CTaTBKB, T .e. 3a,IJ.RHHOMY llOJIIO He06XO,D_BMO onpe,l].eJIHTh 

napaMeTpbl MarHBTHOH CBCTeMhl. 

H3BeCTHO /S/, 'ITO o6paTHble Ja,IJ.a'IB BBJIJIIOTCB ruHpo

KBM KJiaCCOM HeKoppeKTHhiX 3a,IJ.a'l, ,I].JIB l<OTOphiX xapaK

TepHa ueycToii'IBBOCTb. Bbi'IHCJIBTeJibHbiH onhiT peweHBB 

pa3JIB'IHbiX o6paTHbiX 3a~a'l MarHHTOCTRTBl<H Ba 3BM o6bi'I

Hb1MB MeTO,I].aMB peweHHB nepeonpe,l].eJieHHhiX CBCTeM. Ha-

npHMep, MHHHMB3aiJ,BeH KBa,l].paTH'IHOrO tiiYHKIJ,BOHaJia 
N . 

X 2 = I. [ H -Hl 2, no.IJ.TBep>K.D.aeT tllaKT HeycToii'IBBOCTB 
. 

1 
T,>op. 

j= 

Ja.IJ.a'l TaKoro po.IJ.a. 
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,Il;m1 nony'leHH.II ycTOH'IHBLix peweHHii HeKoppeKTHLIX 

JaAa'l, B qacTHOCTH, nnoxo o6ycnosneHHLIX anre6paH'IeCKHX 

CHCTeM A. H. THXOHOBLIM 6LinH pa3pa6oTaHLI MeTOALI pery

n.llpHla~HH/6- 8/, paJBHBaeMLie B AanLHeiiweM H APYrHMH 

aBTOpaMH. 

KpoMe Toro, cneAyeT OTMeTHTL, 'ITO npH npoeKTHposa

HHH MarHHTHLIX CHCTeM JaAa'la MO)I(eT H He HMeTL peweHH.II 

C Tpe6yeMOH TO'IHOCTLIO, TaK KaK Ha CHCTeMy An.ll C03AaHH.II 

non.11 HaKnaALIBaJOTC.II KOHCTPYKTHBHLie orpaHH'IeHH.II. Aua

nHTH'IeCKH o6LI'IHO TPYAHO AOKaJaTL cy~ecTBOBaHHe H eAHH

CTBeHHOCTL peWeHH.II. 

qHcneHHLie ycTOH'IHBLie MeTOALI noJBon.HJOT peiiiHTL 

3TOT BOnpoc. )l;n.ll peWeHH.II nony'leHHOH CHCTeMLI /1/ 6Lin 

BLI6paH peryn.HpHJOBaHHLIH HTepa~HOHHLIH npo~ecc THna 

raycca-HLIOTOHa/3 /, Ha OCHOBe KOTOporo Ha ~OPTPAHe 
cocTasneua cTaHAapTHa.H nporpaMMa COMPIL, npeACTas

n.HIO~a.H co6oii MOAH«ilHKa~HIO nporpaMMLI REGN 19 ~ 
B 3Toii nporpaMMe o6ecne'IHBaeTc.H: 

a/ YCTOH'IHBOCTL HTepa~HOHHLIX npo~eCCOB OTHOCHTenL

HO HCKa)l(eHHH BXOAHLIX AaHHLIX H OWH60K OKpyrneHHH npH 

pa6oTe 3BM; 

6/ npHMeHHMOCTL B cnyqae BLipO)I(AeHHLIX CHCTeM ypaB· 

HeHHH; 

B/ B03MO)I(HOCTL peweHH.II 3aAa'IH npH ysenH'IeHHH 'IHCna 

HeHJBeCTHLIX. 

B HTepa~HOHHLIX peryn.HpHJOBaHHLIX npo~eccax B Ka

'leCTBe OCHOBHOH HH«lJOpMa~HH 0 pewaeMOH JaAa'le BBOA.IITC.II 

ypaBHeHH.II CHCTeMLI /1/ H 'laCTHLie IIpOH3BOAHLie «lJyHK~HH, 
JaBHC.II~eH OT HCKOMLIX napaMeTpOB, no 3THM napaMeTpaM, 

KOTOpLie HCnOnLlYIOTC.II npH «lJopMHpOBaHHH MaTpH~LI JIK06H. 

qaCTHLie npOH3BOAHLie non.ll no nnOTHOCT.IIM TOKa HMeiOT 

BHA /eM. /1/ I 

aH (r.,z.) 
z J J 

a J i 

8 

R2i Z2i 

f f 'Gz(r', z',rj, Zj) dz'dr'. 
Rli zli 

/3/ 

... 

., 

)l;mi nony'leHH.II BLipa)l(eHH.II 'laCTHLIX npOH3BOAHLIX non.ll no 

BHeWHeMy paAHYCY KaTyWeK HCnOnLJyeM H3BeCTHOe COOTHO· 

weuHe 

a 
ax 

X 

f f(t) dt = f(x), 
a 

Ha OCHOBaHHH KOTOporo HaXOAHM 

aHz(rj,zj) 

a R 2i 

z2i 
Jd Gz(Rzi,z',rj,zj)dz'. 

z 
l i 

I 4/ 

/5/ 

EcnH Tpe6yeTC.II onpeAenHTL TOnLKO nnOTHOCTL TOKOB, 

TO CHCTeMa /1/ npeo6pa3yeTC.II B nHHeHHYIO CHCTeMy ypaB

HeHHH OTHOCHTenLHO HeHJBeCTHLIX J j ( i = l .:. 1\1) • IlpH 

3TOM napaMeTpLI R 2i JaAaHLI. 

EcnH CTOHT JaAa'la onpeAeneHH.II TOnLKO BHeWHHX paAHY· 

COB KaTyWeK npH noCTO.IIHHOH nnOTHOCTH TOKa B HHX, TO 

CHCTeMa /1/ npeo6pa3yeTC.II B HenHHeHHYIO CHCTeMy ypaB

HeHHH OTHOCHTenLHO HeHJBeCTHLIX R 2i ( i = l 7 M) • IlpH 

3TOM see nnoTHOCTH TOKOB Ji paBHLI OAHOH senH'IHHe, 

Koropa.H JaAaHa. 

)l;n.11 COKpa~eHH.II BpeMeHH peweHH.II JaAa'IH MO)I(HO HC· 

nonhlOBaTL ycnoBH.II CHMMeTpHH. HJ BLipa)l(eHH.II non.11 /1/ 
H «lJyHK~HH rpHHa /2/ cneAyeT, 'ITO CHMMeTpH'IHOe(OTHOCH· 

TenLHO OCH CHMMeTpHH CHCTeMLI) npOAOnLHOe none AO~O 

C03AaBaTbC.II KaK no TOKy, TaK H no reoMeTpHH CHCTeMLI. 

3TO no3BOn.lleT yMeHLWHTb 'IHCnO HeHJBeCTHLIX B ABa pa3a, 

H none JaAaBaTL TonLKO ua nonoBHHe pa6oqeii o6nacTH. 

C yqe TOM CHMMeTpHH none H ero npOH3BOAHLie npHMYT 

cneAYIO~HH BRA: 

M1 Rzi z2i 

Hz(rj,zj)=_I Jj[ J J Gz(r',z',rj,Zj)dz'dr' + 
i= l 

, Rli zli 
R ')i z 2. 

+J- f, 
1

G (r',z',rj ,zj) dz'dr'], /6/ 

Rli z l i 
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M1 =M/2, zJ.i=\z 2i\' z;n=lzu\ lcM.puc.ll 

aH (r.,z.) R2i 
_.....;z_l_l_ = J 

aJi Rli 
, 

z 2i 

z2i 
J G z( r', z ', r j , z j ) d z 'd r' 

z 1 i 

R2i 

+J J G (r',z',r. ,z 
, z l 

) d z' d r' , 

R1i zli 

a Hz< r i, z i ) 

a R 2i 

z~i 

~i 

Ji[J Gz(R2i•z',rj,zj)dz' + 

z 1 i 

+ J, G z ( R 2i, z', r j, z j ) . 
z 1 i 

+ 

171 

181 

HHTerpam.r, BXOJJ:JIIl{Be B cllopMynbl I 61, 17 I, 181, Heo6-

XO,IJ;BMO Bbi'IBCnJITb KaK MO)I(HO TO'IHee ,IJ;nJI TOrO, 'IT06bl He 

BHOCBTb ,IJ;OnOnHBTenbHOH norpeWHOCTB B MeTO,IJ;. 3TO BMeeT 

3Ha'leHBe OC06eHHO npB peWeHBB HenBHeHHOH 3a,IJ;a'IB, B KO

TOpOR BepXHBH npe,~J;en BHTerpana JIBnJieTCJI BCKOMbiM napa

MeTpoM. llpa peweHBB Ja,IJ;a'IB xopowae peJynLTaTbl nony

qaroTCJI npB Bbi'IBCneHBJIX BHTerpanOB MeTO,IJ;OM CBMnCOHa. 

Ha Bbi'IBcneHBe BHTerpanoB yxo,IJ;BT 3Ha'IBTenLHoe apeMJI. 

B CBJI3B C 3TBM BMeeT CMbiCn peanB30BaTb BTepaUBOHHbiH 

npouecc, B KOTOpOM Ha Ha'lanbHbiX BTepaUBJIX BHTerpanbl 

Bbi'IHCn.IIIDTCJI 6onee rpy6o no cpaBHeHBIO c nocne.D:YIOIUBMB • 

llpB peweHBB HenBHeHHOH 3a,IJ;a'IB Ba)I(HO, 'IT06bl Ha'lanb

HOe npa6nB)I(eHBe HaXO,IJ;BnOCb B o6naCTB cy~eCTBOBaHBJI 

peweHBJI. B cnyqae onpeJJ:eneHBJI BHeWH!IX pa.D:aycoa KaTyweK 

npB nOCTOJIHHOH nnOTHOCTB TOKa B HBX B Ka'leCTBe Ha'lanbHO

ro npH6nH)I(eHBJI xopowo 6paTb BHeWHHH pa,IJ;HyC,O,IJ;HHaKOBbiH 

,IJ;nJI BCeX KaTyWeK, npH KOTOpOM npH 3a)J;aHHOH nnOTHOCTH 

TOKa B UeHTpe CHCTeMbl C03,1J;aeTCJI Tpe6yeMOe none. 3TOT 

paJJ:HYC nerKO onpe,1l;enHTb H3 ypaBHeHHJI: 
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KoTopoe pewaeTc.R qucneHHO. 
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0 nonyqeHHOM pemeHHH MO>KHO CYJJ.HTL Ho p.RJJ.Y KPHTe

pHeBl. 3HaqeHHJl KOTOpLIX BLil{HCflJIIOTCJI Ha Ka>K)J.OH HTepa

UHH ;9 I. Hau6onee ueHHLIM H3 HHX .RBn.ReTCJI aenuquHa 

MaKCHManLHOrO OTKflOHeHHJI pacqeTHOrO non.R OT 3a)J.aHHOrO. 

4. l.JHCJIEHHOE HCCJIE,40BAHHE BJIH.flHHJI 
PA3JIHl.JHbiX ci>AKTOPOB HA 0,4HOP0,4HOCTb 
IIOJI.JI 

IlpHBe,n;eM npHMep onpe,n;eneHHJI napaMeTpOB MarHHTHOH 

CHCTeMLI ,ll;flJI C03,D;aHHJI O)J.HOpO)J.HOrO non.R. ,[l.aHHaJI CHCTeMa 

COCTOHT H3 18 CeKUHH, B Ka>K,D;OH H3 KOTOpblX MO>KeT 6LITL 

pacnono>KeHo uecr<anLKO KaTymeK /eM. puc. 1/. BHyTpeHHHH 

pa,n;HyC BCeX Ka TyUieK O,ll;HHaKOB H paBeH 5,5 CM. IlnOTHOCTL 

TOKa BO BCeX KaTyUIKaX ,ll;Ofl>KHa 6LITL noCTOJIHHOH H paBHa 

2000 A/cM 2• CHcTeMa JJ.O.IDKHa coJ,n;aTL B HeKoTopo:H o6na

c rH ua ocR o,n;Hopo.n;uoe none H z = 2000 3. YaenuqeHHe 

cTeneHH o.n;uopo.n;uocTH non.11 .n;on>KHO 6LITL o6ecneqeHo Ja 

cqeT aapLHpOBaHHJI BHeUIHHX pa)J.HyCOB KaTyUieK. 3TH pa

,D;HYCbl onpe,n;enRJIHCb C noMOIULIO nporpaMMbl peryn.RpH30-

BaHHLIX HTepauHoHHLIX npoueccoa CO~IPIL . 
IlpH pemeHHH Ja,n;aqu uccne.n;oaanocL anH.RHHe Ha cTeneHL 

O,ll;HOpO,ll;HOCTH nOITJI cne,n;yiOIUHX tiJaKTOpOB: 

1/ BLI6op HaqanLHOrO npH6nH>KeHHJI, 

2/ aenuquHa o6nacTH non.11, 

3/ qucno Ka TymeK B cHcTeMe, 

4/ nepeonpe.n;eneHHOCTb, 
5/ OKpyrneHHe nonyqeHHLIX pelynbTaTOB )J.O pa3yMHOH 

TOl{HOCTH. 
Bo acex cnyqa11x HHrerpanbi, axo.n;.RIUH<-' B BLipa>KeHHJI 

nonJI Hero npoHlBO,ll;HLIX, BLil{HCJlJlflHCb MeT\•J,OM CHMnCOHa, 

npuqeM ua Haq,LJlbHhiX HrepaUHRX 6onee rpyt·o no cpaaHeHHIO 

c nocne,n;yiOIUHMH. 
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B KaqecTBe HaqanLHOrO npH6nH>KeHBJI )J.flJI BCCne.n;yeMOH 

CHCTeMLI B3 ypaBHeHBJI /9/ 6Lin HaH)J.eH O)J.BHaKOBLIH )J.flJI 
BCeX KaTyUieK BHeUIHBH paJJ.BYC R 2 = 6,5 CM. 

PaccMoTpBM BnBJIHBe Ha o.n;Hopo.n;Hocn. non.11 Ka>K)J.oro 
tiJaKTOpa B OT)J.enLHOCTB. 

4.1. BM6op Ha'laAr.Hozo npu6AUJICeHUJI 

3aBBCHMOCTL pemeHBJI OT HaqamoHOrO npB6nB)KeHBJI BC

cne,n;oaanacL )J.flJI CHCTeMLI, B Ka>K)J.OH CeKUBB KOTOpOH Haxo

)J.HTCJI no O)J.HOH KaTyUIKe, )J.nJI o6naCTB nonJI -40 CM :S z ~ 
< 40 CM. CpaBHBBanBCL peJynLTaTLI pemeHBJI .n;nJI Haqam.

H-oro npu6nB>KeHBJI, nonyqeuHoro Ha ocHoae ypaBHeHBJI /9/ 
I R Zi = 6,5 eM/, c peweHBJIMB .n;n.11 HaqanLHLixnpu6nB)KeHBH, 

HeMHOrO OTKnOHJIIOIUBXCJI OT Hero B o6e CTOpOHLI /R Zi =6 CM 
H R Zi = 7 c,w I /Ta6nBULI 1- 3; HOMepa KaTymeK BJJ.YT cneaa 

Hanpaao .n;o ocu CHMMeTpBB/. 113 :noro cpaaHeHBJI xopowo 

BH,ll;HO, l{TO npe)J,nO>KeHHLIH BLI60p HaqanLHOrO npB6nB)KeHBJI 

y.n;aqeH, TaK KaK O)J.HOpO)J.HOCTL non.R yxy)J.UiaeTCJI npH 
R = 6 CM H R = 7 CM. 

2 2 

4.2. BeAU'IUHa o6Aacmu noA.R 

,[l.nJI JJ.BYX o6nacTeH nonJI - 40 CM < z < 40 CM B -54 CM < 
< z <54 CM paCCMaTpBBanBCL B03MO"irno-CTB CBCTeMLI .n;ni 
eoJiiaHBJI Tpe6yeMora OJJ.HOPOJJ.Horo nonJI, Ka>K)J.aJI ceKUBJI 

KOTOpOH COCTOBT H3 O)J.HOH KaTyUIKB. Pe3ynLTaTLI pemeHBJI 

3THX .n;ayx Ja.n;aq npe.n;cTaaneHLI B Ta6nuuax 1 ,4. 113 nony

qeHHLIX peJynLTaTOB BB)J.HO, l{TO yaenuqeHBe pa6oqe:H o6na

CTH nOnJI YXYJJ.UiaeT B03MO)KHOCTB MarHBTHOH CBCTeMLI. 

B 3TOM cnyqae .n;n.11 ynyqmeHBJI OJJ.HOPOJJ.HOCTB nonJI MO)KHO 

yaenBl{BTL l{BCnO KaTyWeK ,B KpaHHBX CeKUBJIX CBCTeMLI, TaK 

KaK Ha HBX HaKna)J.LIBaeTCJI OCHOBHaJI Harpy3Ka no BLipaBHB
BaHBIO nonJI no KpaJIM o6nacTB. 

4.3. l.JUCAO KamyrueK 6 CUC1/IeMe 

,[J.nJI o6nacTB nonJI -40 CM :S z s 40 c,w paccMaTpBaa
nocL )J.Ba BapBaHTa CBCTeMLI: 
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1/ B Ka~AOH ceKUBB pacnono~eHo no OAHOH KaTymKe; 

2/ B Ka~AOH CeKUBB pacnono~eHO no ABe KaTylliKH. 

Pe3ynLTaTbi peweHHJI npeACTaBneHbi B ma6A. 1,5. 
113 nony"leHHbiX pe3ynLTaTOB BBAHO, KaK HeTpyAHO npeA

nonO~HTL, "'TO yBenH"leHHe "'HCna KaTyllieK B CeKUHJIX CHCTe-

Mbi ynyqwaeT CTeneHL OAHOPOAHOCTH non.R B paCCMaTpH

BaeMOH o6naCTH. 
HccneAoBaHBe cacTeMbi no qacny KaTyweK AaeT B03-

MO~HOCTL onpeAenJITL OnTHManLHOe HX KOnH"leCTBO, TaK 

KaK, Ha"'HHa.R C HeKOTOpOrO "'HCna, 3Ha"'HTenLHOrO ynyqwe • 
HHJI OAHOPOAHOCTH non.R He Ha6nJOAaeTCJI. HanpHMep, An.R 

paCCMaTpHBaeMOH CHCTeMbi BHAHO, "'TO yBenH"leHBe B CeK

UBJIX "'HCna KaTyWeK BABOe COBCeM He HaMHOrO yny"'WHnO 

none, T.e. B AaHHOH cnyqae B Ka~AOH CeKUHH AOCTaTO"'HO 

HMeTL no OAHOH KaTyWKe. 

4.4. llepeonpeoeAeHHOCIIJb 

HccneAOBaHae no nepeonpeAeneHHOCTH npoBOAHnocL An.R 

CHCTeMbl, B Ka~AOH CeKUBB KOTOpOH HaXOAHTCJI no OAHOH 

KaTywKe, An.R o6nacTH non.R -54 c..w < z <54 c..w. PaccMaT

paBaeM ABa cnyqaJI: 

1/ B o6nacTH non.R B3JITO 27 TO"leK I ma6A. 4/, 
2/ B o6nacTH non.R B3 JITO 18 TO"leK I ma6A. 6/. 
01.1eBHAHO, "'TO "'eM MeHLWe qacno N - 2 H , T. e. 

qeM MeHLwe To"leK B3JITO B o6nacTH non.R, TeM nyqwa.R 

OAHOPOAHOCTL nonyqaeTCJI B JTHX TO"'KaX B pe3ynLTaTe 

peWeHHJI. 0AHaKO Me~y JTHMH TOl.fKaMH OAHOpOAHOCTL xy

~e, qeM B Tex ~e TOl.fKax npa 6onLwe8 nepeonpeAeneHHOCTH 

/eM. ma6A. 7/. 

fipH HCCneAOBaHHH Ha nepeonpeAeneHHOCTL MO~HO HaRTH 

onTHManLHOe l.fBCnO TOl.feK B paccMaTpHBaeMOH o6naCTH 

non.R, T.K. JICHO, "'TO, Hal.fBHa.R C HeKOTOporo "'HCna TO"leK, 

none He 6yAeT 3Ha"'HTenLHO H3MeHJITLCJI. 
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TaCimrua I 

(o) - 40CH ~ Z ~ 4-tJ CH .l 
Rzi = 65CH, 11HHAX = 7.61tJS" a , ./ = lt-JO..J4-J 

f/!Mmll I 2 3 4 5 --
R2 , CH II 6.4G9I8 6.4G087 6.55748 6.49345 6.500S9 

N:Mmll 6 7 8 9 

R2 I CH II 6.·19353 6.49292 6.49408 6.48994 

TaCiJIJ!l.\a 2 

{o} -lf-0 CH' 1-' W CH 

R.ti = G.O CH, tJ.HHA/(.- '/.641,.) g' ./'=-l-30.384 

llg/(Qfn I 2 3 

R2,CH 6.12207 6.54438 G.56I43 

Ngf(omll G 7 8 

6.49339 6.49445 Rz., CH 6.494;o4 

Ta6JJII!la 3 

-40CH ( 2(: !,.001 (o) 
Rl.t· = 7.0 CH' .1 H !fAX= '1. 6'tJ7 !J 

Ng xomll I 2 3 

--
RJ., CH II 5.99G36 G.57I4I 6.56236 

,v: f(OMII 6 7 8 

Rz,cH 6.4944e G.49354 6.49457 

4 5 

G.49578 G.502I2 

9 

G.49026 

..t , .f = Mo. J11 

4 5 

6.49659 6.50246 

9 

6.49037 
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"Ta6JIWJ;8 4 

-S/t CH' Z' S4 CH 2'1 mo~teH G aJAuemu 
{o) 1 

Rti '= 6. 5" CH ' jj H HAX = fitS 9 
Ta6mma ? 

N gl(om 11 I 2 ., 4 5 J 
'l!lCIIO TOt;ei\ tiHCJ!O TO'ICI: 'UlCJIO TO'lCI: 1l!!CJ!O TCJ<ll' --

Rz, CH II 7 .2I985 G.25300 G.GI52I 6.44099 G.52I07 

N~ Mil 6 7 8 9 

HW= IS HW- 27 HWco I0 HW= 27 
z, li H=Hpac'l •. z, 

tJ.H=H,-H 3 8 AH=H,-H
3 

< CJ1 -Haan 8 
!JH= Hr Ita, 8 CM • ·-8 

Rt,t~~ 6.47996 G.49045 6.49724 6.48989 -54 -II5 -I48 -26 5 ·1 
-53 34 2 -25 -2 ') ---
-52 II5 86 -2'1 -2 

,, 
-._) 

Ta6JIWJ;a 5 -51 I32 IIO -23 I I 

- 4-0CH 41 ~ 4-tJCH 
(o) 

R2i =. 6.S CH' i1 H,.,AX ::S,S4683, j! 305. 6f"2 

-50 I06 9I -22 4 t! 
-49 60 53 -21 2 2 
-48 I2 I3 -20 -5 -4 
-47 - 27 - 20 -19 -IO -9 
-46 - 54 - ·14 -IG -8 -7 

N g KanJI I 2 3 4 5 6 

Rt, CH l1 6.66236 6.76363 ?.05963 ?.22341 5.50143 ?.23?63 

-45 - 65 - 55 -I? 0 0 
-44 - 59 - 52 -IG 7 7 
-43 - 37 - 33 -I5 c; 7 

N ~ xumll 7 (l 9 IO II 12 
-42 - 6 - 6 -I4 2 2 
-41 22 20 -I3 -4 -4 

R1, tH II 6.03982 6.79571 6,28905 6.63017 6.40670 6.54I09 -40 36 32 -I2 -5 -5 
-39 35 30 -II 0 0 

NgKomll I3 I4 I5 I6 I7 18 -38 23 I9 -IO 6 6 
-37 IO 8 -9 7 6 

R.t, (J{ II G.47775 G.4W49 6.53698 6.422I3 6.57453 6.43749 -36 2 I -8 I I 
-35 - 2 - I -'1 -6 -6 

Ta6mu_m 6 
-54 CH ( 1. ~ S 4 CH /8 mo'lex ~ DtfiiOCPUI 

to) ' 
Rzi = 6. f" CH , !J III'IAX = 132.188 9 

-34 - 7 - 5 -6 .;9 -8 
-33 - I3 -II -5 -7 -4 
-32 - I8 - I6 -4 2 3 
-3I -17 - I5 -3 4 5 

Ng K.ar I 2 3 4 5 -30 - 7 - 7 -2 0 I 

Rz., CH 7.27344 6.2I486 6.63276 6.43I38 6.525I9 
-29 5 5 -I -7 -5 
-28 I3 I2 0 -IO -9 

1/:ram II 6 ? 8 9 -27 I2 II 

--
R1 tM II 6.478oo 6. -19'/-15 6.49[.12 6.4884[ 

' 
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Ta6mma 8 

083 O!(pyrJieH~UI OI\p3rJiem!e 6es OI(pyrJieHWI 
]}? -ro 

z, 3Ha!\a z, 
CH !JH=Hp""H3,8 dH=H,-H3,a CM JH:;Hp-Hr, g 

-40 4,6 G,3 -20 -I,5 

-38 -I,G 5,3 -IS -6,2 

-36 -0,3 7,4 -I6 6,0 

-34 6,2 I4,0 -I4 0,6 

-.32 -5,4 I,7 -I2 -6,0 

-30 -4,•1 I,6 -IO 5,9 

-28 7,5 I3 -il I,9 

-2G -I,G 4,9 -6 -?,G 

-24 -4,5 :), 7 ~1 2,7 

-22 6,5 IG,5 -2 !,0 

---- ---·---- ---- -- ---- -·--

4.5. BAUJIHUe OKpyzAeHUJI pe&ueHUJI Ha 
OOHOpOOHOCIIIb nOAJI 

oRp~rJiemie 
AO -ro 
3H8Ra 

AH·it,-N3,'.3 

9.8 

6,0 

!8,8 

13,7 

7,4 

I9,8 

IG,G 

8,I 

I9,G 

I8,5 

llpaKTB'ieCKB HeB03MO:lKHO BblnonHBTb KaTywKH c Toii 

TO'iHOCTbiO, KOTOpaJI nonyqaeTCJl B pe3ynbTaTe Bbl'iHCneHBH 

Ha MaWHHe. KpoMe Toro, H3 acex nony'ieHHbiX peweHaii 

XOpOWO BH,Il,HO, 'iTO pa3Mepbl u;eHTpanbHbiX KaTyWeK CHCTeMbl 

C HeKOTOpOH TO'iHOCTbiO O,Il,HHaKOBbl. fi03TOMy ,Il,nJI ynpome

HHJI H3rOTOBneHBJl CBCTeMbl HaH,Il,eHHble pa3Mepbl 3THX Ka

TyUieK 6epyTCJl COBepweHHO O,Il,HHaKOBbiMH C pa3yMHOH TOq

HOCTbiO; pa3Mepbl OCTanbHblX KaTyWeK OKpyrnJIIOTCJl. 

3TO 6blnO npo,Il,enaHO ,Il,nJI CHCTeMbl, B Ka)I(,Il,OH CeKIJ;HH 

KOTOpOH HaXO,Il,HTCJl no O,Il,HOH KaTyUIKe, ,Il,nJI o6naCTH -40 CM < 
<z <40 CM. 
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B COOTBeTCTBHH C ma6A. 1 6hlnH B3JlTbl cne,Il,YJOIUHe 

pa3Mepbl KaTywex: 

,N\ KaT. 1 2 3 4 5 6 7 8 9 

R2' CM 6,47 6,47 6,56 6,5 6,5 6,5 6,5 6,5 6,5 

llpH 3TOM, ecTeCTBeHHO, O,Il,HOpO,Il,HOCTb nonJI yxy,Il,WaeTCJI 

/ma6A. 8/. 
,lJ;nJI yny'iUieHHJl O,Il,HOpO,Il,HOCTH nonJI B 3TOM cnyqae 

pa3Mepbl cpe,Il,HHX O,Il,HHaKOBblX KaTyWeK 4!HKCHpYJOTCJI, pa3-

Mepbl KpaeBblX Ka TyWeK YTO'iHJIIOTCJl C UOMOiu;blO HTepao;HOH

aoro perynJipH30BaHHoro npou;ecca. ,D;nJI paccMaTpHBaeMoii 

CHCTeMbl YTO'iHeHHble pa3Mepbl KaTyweK COCTaBHnB: 

NxaT. 1 2 3 4 5 6 7 8 9 

R 2,CM 6,16 6,5 6,57 6,5 6,5 6,5 6,5 6,5 6,5 

fipH 3TOM MaKCHManbHOe OTKnOHeHHe He3Ha'iHTenbHO 

yMeHbWHnOCb C 19,8 3 /eM. ma6A. 8/ ,!1,0 18,7 3, a x 2 = 
= 2350 /.D.nJI cpaBHeHHJI c pe3ynbTaTaMH 6e3 oxpyrneHHJI: 

ma6A. 1/. 

3AKJIIOflEHHE 

RTepau;aoHHble perynJipH30BaHHble npoueccbl oKa3anacb 

34l4!eKTHBHblMH npH peweHHH 'iaCTHOH o6paTHOH 3a,Il,a'iH 

MarHHTOCTaTHKH, a HMeHHO, npH onpe,Il,eneHHH napaMeTpOB 

MarHHTHOH CHCTeMbl ,Il,nJI C03,Il,aHHJI O,Il,HOpO,Il,HOrO nonJI. C no

MOIIJ;biO 3THX npou;eCCOB 6hlnO BbiJICHeHO, KaK BnHJIIOT Ha 

CTeneHb O,Il,HOpO,Il,HOCTH BenH'iHHa o6naCTH nonJI, 'iHCnO KaTy

WeK B CHCTeMe, nepeonpe,Il,eneHHOCTb. 

06UiaJI nocTaHOBKa 3a.naqu onpe.neneaHJI napaMeTpoa 

CH~ il!Mbi .Iln.ll COJ,Il,aHHH O;lHOPO.U.HOrv nonJI.aacT B03MOJKHO'-Tb 
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HCllOflL30BaTL HTepaUHOHH~e perynHpH30B8HH~e npouecc~ 

,nnH onpe.neneHHH pa3flH'iH~X napaMeTpOB MarHHTH~X CHCTeM 

npH C03,n8HHH He TOflLKO O,nHOpO,nHoro, HO H noneH .npyrBX 

KOH$nrypauuB:. 

:1-
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PyKonucb nocTflynuAa a U30a1fleAbcKuii OTfiOeA 
1 woA.R 1974 zooa. 

Y CJIOBHSI 06MeHa 

ITpenpHHThl H coo6IQeHB.Il OHJIH pacchlnaJOTCJI 6ecnna THO, Ha ocHoBe 
B3aHMHOrO 06MeHa, YHBBepCHTeTeM, HHCTHTyTaM, na6opaTOpHJIM? 
6u6nuoTexaM, Hay'lllhiM rpynnaM H oT,~~;eni>HhiM y'leHhiM 6onee 50 CTpa 

M1>1 OlKH.AaeM, 'ITO nony'laTenB B3.AaHBii: OHJIH 6y,~~;yT caMB npoJI -
miTb BHBUBaTBBY B 6ecnna THoii: nochlnxe ny6nsxausii: B )J;y6Hy. B nopJI,~~;xe 
06MeHa npHHHMaiOTCJI Hay'IBhle XHBrB, lKypHanhl, npenpHBThl B BHOrO 
BB.Aa ny6nsxauss no TeMaTBxe OHJIH. 

E.ABHCTBeHHhiH BH,II; ny6nsxausii:,KOTOphlii: HaM npBChlnaTb He cne,~~;y
eT ,· 3TO penpBHThl /OTTHCXH CTaTeii:, ylKe ony6nBXOBaHHhiX B Hay'IHhiX 
lKypHanax/. 

B p11,11;e cny'laeB Mhl caMB o6paiQaeMcJI x nonyqa TenJIM HamBx B3.Aa
HBii: c npoc1>6oii: 6ecnnaTHO npscnaTb HaM xaxse-ns6o XHBrB BnH 
BhlnHCaTb ,ll;nJI Hameii 6B6nBOTeXB Hay'IHhle lKYPHanhl, H3,11;8.lOIIlHeC.II B HX 
cTpaHax. 

0TAeJibHble 3anpOChl 

H3.AaTenbCXBii: OT,II;en elKerO,II;HO BhlnOnH.IIeT OXOnO 3 000 OT,II;enbHhiX 
3anpocoB Ha BbiChlnxy npenpBHTOB H coo6IQeHBii: OHJIH. B TaKHX 3a
npocax cne,~~;yeT o6JI3aTeni>HO yxa3hiBaTI> HB,~~;exc 3anpaWBsaeMoro 
H3,11;aHHJI. 

AApeca 

ITHci>Ma no DeeM BonpocaM o6MeHa ny6nHKaUHJIMH, a TaKlKe 3anpo-
Chl Ha oT,~~;eni>Hhle H3.AaHHJI cne,~~;yeT HanpaBnJITb no a,~~;pecy: 

101000 Mocrcea, 
T.!laeHI>Iii not~llaMIII, n/11 79. 
H30afle.!II>Crcuii o110e.!l 
067>eOUHeHHOZO UHCIIIUJiylla 
110epHI>IX UCC.!Ie006QHUU. 

A,ll;pec ,~~;m1 nochlnKH Bcex ny6nHxauHii B nop.II,II;Ke o6MeHa, a TaKlKe 
,11;n.11 6ecnnaTHOH no,ll;nHCKH Ha Hay'IHhle lKypHanw: 

101000 Mocrcea, 
T.!laeHwii not~llaMIII, n/11 79. 
Jlay'IHO•JieXHU'IeCICQ11 OUO.!IUOfleKa 
061>eOUHeHHOZO UHCIIUIIYIIQ 
110epHI>IX UCC.!Ie006QHUU. 


