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VI ccne.oosamt:e oa.Horo Knacca pellleHHH ypasHeHHs:I floy. YacTh II. 
Eollhmue no Moaymo peweHHSJ 

PaccMaTpHBaiOTCSI aonpoCbi npH6JIH)K8HHoro perueHHR HenHHeHHoif Kpaesoii 
38.[l8t{H .11JlR 8H8nli:TH'LI8CKHX ¢yHKUHfi 1 COOTB8TCTBYIOWefi ypaBH8HHID Jloy. 

06oCHOBb!B88TCSI CXO.OHMOCTb OllHOti M0JlH¢HK8UHH Henpepb!BHOf'O 8H8Jl0f'8 

MeTOJlB HblOTOHa K perneHIHIM c HeorpHuareJibH.biM cyMMapHbiM HH!leKCOM 

TipOH3BO.llHOii ¢pewe. norryTHO nonyqaroTCSI yCJIOBHSI CyiUeCTBOB8HH51 11 8JlHH

CTB8HHOCTH T8KH:X peweHHti. flocTpOeH anropHTM !]JISI 'IHCJI8HHbiX pacqeTOB 

K8K M8JlbiX1 T8K H 60JlblllHX ITO MO!lymo perueHHii. 0pH:B8.U8Hbi peaynbT8Tbl 

~m:cneHHhiX pacqeroo. 

Pa6oTa BblllOnHeHa B na6opaTOpHJ1 BhtqucnuTeJibHOH TeXHKKH H 
a sTOMa TH38UHH OH 5H1. 

f1penpHHT 06beAHHeHHOl'O HHCTHTyTa HAepHb!X HCcnenoBaHHH, )ly6Ha 1978 

Zhidkov E,P. et al. 5 -.11471 

Exploration of a Class of the Lovv Equation Solutions. 
II. Big Absolute Value Solutions 

We consider s orne questions of approximate solution of nonli
near boundary problem for analytic functions, associated vvith the 
Low equation. There is proved the convergency of one modification 
of continuous analog of the Newton methcxl to the solutions -which 
have Fresche derivative ·with nonnegative summery index. Some 
conditions for existence and uniqueness of these solutions are 
obtained. An algorithm for numerical computations of solutions with 
small or big absolute values is stated. Some numerical results are 

listed. 

The investigation has been performed at the Laboratory of 
Computing Techniques and Automation, JINR. 
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© /978 06beQRHeHHblil HHCTHTyT HIJepHb/X HCCfleQOB8HHil .0y6H8 

II/ 
§ I. Pememm 3Ma'ln I-Y c OTJIII'lHIDJI oT HyJI.H IIH,JJ;eKCOM 

rrpOH3BOgHOH ~perue 

YCJIOBlm CYJ118CTBOBaHHfl n e,rumcTBeHHocTII 1.rurux rro MO.IJ:YJIJO pei:Ie

HHfi,rro~eHHHe B §2/
2

(orrHCHBaDT ~Hillb BeCbMa J3KV~ KnaCC peweHHH, 

>llVIeiOillliX ey~eBoil cyMMapHHi1 mr.n:erw rrpon3BO.n;Hoi1 /Ilpeme. O.nHaKo n:cc~e

.n:oroHXe ITP.OCTeitumx TO'IHUX pemeHnfi .I(JlH O)U{OMepHOH/2 / H .I(ByxMep

HOll 3a.I(a'l7
2

/ ITOK83HBaeT, ~TO cymeCTBYIDT perueHHH KaK C ITO~OKHT8~b
HW.m, TaR n c oTpnu,aTeJil>Hh!MH IDI.JJ;eKCaMH rrpon3BO.n;Hoii iiiperne, rrpmeM 

ac5COJIIOTHM BeJIWJ:nHa ID!.I(eKca <lt MOJK8T ObiTb CKO~b yrO.I(HO OOJil>IHOM, 

TaKKM o6pa3oM,Bce pemeHRH 3a.n;a'ln: I-Y/I/MoXHo yc~OBHO pa36RTb Ha 

C'leTHOe 'IHCJIO KnaCCOB C O.I(llHa.KOBhiM CJM!.!apHhiM llH.I(8KCOM rrpOU3BO.I(HOll 

<lipewe. PemeHM ll3 pa3Jllft!Hux KnaccoB He MOIJ'T c5HTb rroJiy'leHH o.n;Ho 

:1:!3 .n;pyrorO ITpM ITOMOI!IM HerrpepHBHOro IIpeo6pa30BaHM, TaK KaK ID!.I(ei<C 

KOMIIJIBKCHOM cj}yHKIUin He !,lelffieTC.ff ITpM HerrpepHBHOM .I(8WOPMarurn: COOT

BeTCTBYIDI!I8H KpnBoi1, He ITpOXO.n;Rmei1 'lepe3 Ha'l~O KOOp.I(nHaT /3/, 
.lleiicTBMTeJibHO, <liYHK.UID! ~ F c CfJ ( ui + i 1fd J - i , orrpe.n:eJIHJOunre cor

~cHo qopMY~e (2.24)/I/HH.n;eKc rrpon:3BO.IJ:HOH ~ewe,BBM.IJ:Y yc~OBHH yHH

TapHOCTM ~ J.I(OBJieTBOPfliDT CBOHCTBy 

I z F (t.f) ( u. + i If. ) - ~ I = 1. 
J I ' 

[ Jij . 
<f f o, 2 ' d = i, #' 

li IT0:3TOMY He TipOXOMT 'lepe3 TO"'KY r == 0 

OcHOBHHM co.n:er:mco.Hl!eM HacTO.fflllero rraparpac{a HBJI.HeTC.ff .IJ:OKa3a

TeJibCTBO CYJI18CTBOB8.Hlffi H 0Il8HKa 06JiaCTH 8.IUffiCTB8HHOCTH .I(JlH pewe

Hl:!H C ITpOH3BOJil>HWII H80TPIIIlaTeJibHIDJI CYM!i!apHliM lll!.I(eKCOM rrpOH3BO.I(

HOH ~ewe(2.7/1~cor~acHo oueHKe (2.15) aTE peweHRH ~eJEaT BHe 

06~CTJII /Ff<fJhd(11')/< '/'fa*, J::f, ... ,IY, <fE{O,;;J, TO eCTb 
N 

HMe!OT .I(OCTaTO'll!O 60~blllJ'lO HOpley B ITpOCTpaHCTBe bo< , 3TO 03Ha-

'!aeT, 'ITO Oirn He MOryT 6HTb IIOJiy'leHH C TIOMOl!l:b!O TeopeMH 0 CJKaTOM 

OT06pa.JKeHIDI:, 0)U{a.KO 3.I(8Cb ~IOJKHO BOCITOJil>30BaTbCR Jm60 llpe,nJIOJKe

Hl:!eM l,/I/~lll60 MeTO.I(OM HbiDTOHa-KaHTOpOBH'la,.Il.JIH :3TOrO He06XO.I(HMO 

InlleTb xopowee Ha'laJibHOe rrpn6JllillteHHe Vo 
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MH HCIIOJI:b3yeM B KaqecTBe HaqaJI1>HilX IIpH6JIIDKemm HeKO'l'OpHe H3 
HsBecTH!lX ToqH!lX pememm. IIoaTOMY paccMoTpHM sa,n;aqy I-Y /I/ ;rnnr& 
,ItJIR: MB.Tp>m A, o6.na,nallli>U CBOitCTBOM 

tl 
2..A .. ~/- i=~ 1'1 (II) 

• ~· y 7) • ' • ' • • 
J=-1· 

~"-

IIpn aToM BeKTOp /' = ( 1, ... , 1) SIBJI.IIeTC.I! co6cTBeHHI1M Bei<TopoM r.mT

PRUH A: A)l =)I • YCJIOBHe (I.I) He cyxaeT KJiacc qmsnqecrrn HHTe
pecH!lX !v!a'l'PKU A/4/. JlerKo BH.IJ;eT:&I qTo eCJIH ®'HKUWI h (i!} SIBJI.II-
eTCSI pemeiDieM sa,n;aqx I-Y rrpH N = 1. 1 A = 1. I TO BeKTop 
H ( z) = ( h (l J , ... , h ( z J) c N, KOMrroneHTaMH 6y.IJ;eT pemeHHeM sa,n;a
tni I-Y rrpx N = 1!10 • HasoBeM pemeHKe H (z J c o.IJ;liHaKOBHMH KOMIIO
HeHTaMH .IJ;HarOHaJI1>Hl1M • }.{Jisi aToro pemeHHR A = 0 • CorJiacH/2/ 
.ItJIR: h { i!) crrpaBe.n;mrno rrpe.D;CTaBJieHHe 

I 7 -{ z z 8 i! z L ___:R,:....:fl_,__,_;::-r-_ 
[hfr.}j ;C-itA(J+z'Jt -(f+J..z}'- n ur~-(~!;•J' 

"" _ g_ .£:.__ J F (ate cos 1/x) dx 
1i (1+l 2JZ X (xz - ~) 

1 (f+z.ZJZ 

(I.2) 

II pe.D;IIoJio.JKHM" 4/ I 'iTO WHKUHSI F r r.f) 
UID'l 

ecT:& KpaeBoe sHaqeHKe qJyHK-

uf=ll-
1-tlz (I.3) 

2./N 2 1~ FrqJ::: 1.- u rq,~) 1 ~ = v W 2
--( J 

0 if e - uarroe qxcJio • 

3.IJ;ec:& "VuJ2.-i' orrpe.D;eJI.IIeTCSI TaR, qTo V('W' +io}''-1.' > 0 rrpH 
w~i 'a U(1-L) -MepoMOpqma.Siif>yHKUWIH U(uJ' 2 -1)==U[iifZ-/.). 

Tor.IJ;a !WHKrtHH (I.2) 6y.IJ;yT Ta.KEe MepoMOI$IHMH H ,II,1III :awmCJieHHSI 
KH.IJ;eKca :n:x rrpoHSBO,IUioil: <lipeme MOlKHO 6y.IJ;eT rrpm4eHHT:& tlJo.PMYJIY (I. 6). 

IlpH yCJioBHK (1.3) ®'HKrtHH tF{cfJ(tti + i llj· )- i.. 1 orrpe.D;e~ 
IIIHe KH.IJ;eKc rrpoHsBo,IUioil: cJ)peme Ha npoHSBOJI:&HOM pememm H (l)= U .. i-l/, 

U = f U j J , V = { ~·), i = /., ... , N' (2.24 /I/ ,6y.IJ;yT JIWll:b MHODTeJieM {. 
OTJIKqaTbCSI OT MaTpxqaHX 3Jl8MeHTOB CTaTxqecKOH S -MaTPRUU/4/ 

~-(~} = 1. + 2iF(l} hi OJ, {=i, ... , /'1, (!.4) 
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TaKHM o6pasOM 1 mmeKc orrpe.D;eJI.IIeTcSI CYJ.JIMaPHHM rrpHpall1eHHeM apryJ.teH-
TOB MaTP~ ::JJieMeHTOB .sj (()) o= e.xp [ 2i si ( (}) J I a-= e i.'f 
lf'E{O ll) 

I 2 
N 

<£=:Jr L [S.(i)- 5. (oJ}. 
i=1 J d 

(I.5) 

iflopMYJia (1.5) ,ll;Jll} CYMMapHOI'O HH,IJ;eKCa Ha OCHOBB.HHH .D;pYI'J.U C006pa
EeHHH rro~eHa at 51. 

YcTa.HOBHM CBSI3:& MeJK,Izy Be.liH'Il!HoH a:: .IJ;JI.II ,IJ;HarOHaJI:&Horo pememrn 
H IIOJIIOCaMH qJyHKrtHH h (if) B IIJIOCKOCTK it • 0603Ha'!ID4 qepes 
p 'I' ( Q) q:lfCJIO IIOJIIOCOB qJyHKrtHH If' B o6JiaCTH n . PaCCMOTpmil CJie,eyiO

IIIHe o6Jiacu: Q 
1 

"" { r : /2 1 > 1] ; Q 
2 

= { 2 : /l: I <:f.. J ; Q 4 = { 2 : /1.1 ? 1, 
Re .r = o J ; Q't =fi :Ill ~1, Revo}; Q 5 ={Z: l:el<-t,Rel•O];Sl,=-{~:/il<f,Re>o}. 
Orrpe.D;eJIHM ueme tmCJia K, Po, P.,, Ito, L-t tPoPMYJiaMH 

K=Ji(f2.)-~(Q.z), Po=P11 m.?.)i A,:~{Q~) i t,=A, (!2s) jb1 =~(Q"l. 
fu-!eeT MeCTO 
JleMMa 2. Cyr4MapH!lH KH.IJ;eKc at rrpoHSBO.IUIOH iJipeme (2. 7) /I/ Ha .IJ;Haro-

Ha.Jl:bHOM peweHHH BHpaEaeTCSI ~PMYJIOH 

~ = N (Po +2P., -t,-2.t1 -tK). 

lloKa3aTeJI:&CTBO. IIpoxsBO,IUiaSI \llpewe Ha ,IJ;HarOHaJI:&HOM pememm 

(I.6) 

H (Z}= ( h (i.J, ... , h {~J) rrpe.D;cTaBJI.IIeT co6o~ orrepaTop KpaeBOil: sa
,IJ;aqx PK!v!aHa-rHJI:&6epTa C ,IJ;HaroHaJI:&HOH MaTpKUeH H IIOSTOMy pacrra,IJ;a
eTCSI Ha !II HesaBHcKMWC orrepaTopoB .ItJIR: o,IUioil: !WHro.um h:: u + i.v. 

p'(h,)h=V-2FNJ(LioU+ V,?.f), l..f'E[-Ji,7il · (I.?) 

BJiqKCJim/1 HH.IJ;eKc at:., .IJ;JI.II O.IJ;HOMepuoii sa,n;atm. IIycT:& WHKUWI If { c J 
ecT:& apryMeHT S ( 2 J • B tPoPMYJie (I.5) co.n:epJntTCSI Jllllll:& BeJIH-
~a "/" ( i J - 'f (- i. J • IIoaTOMY paccMoTpHM rrpHpB.IIIeHHe 'f { x) 
IIpH o6x~e 3a.MKHYTOI'O KOHTJPB. CI pHc.I (aHaJIOrHllHHH IIpKeM IIpKMe
HSIJICSI B 61 .IJ;JI.ii oueHKH tmCJia mcTpaDHHX pememm). ITo H3BeCTHOH 
TeopeMe KOt4IIJleKcHoro aHaJIE3a I RCKOMoe rrpHpa~~~eHHe ,IJ;aeTCSI ~p
MYJIOil: 

...1...... 11 Ul 1 l) -; N· - P· 2 JT Llc. 1 L " " (I.8) 

r.IJ;e N;, - tmCJio ayJieft qiyHro.um S {i. J BHYTPR Cr 1 a Pt. - qaCJ!o 
ee IIOJlklCOB B CI. furtmCJIKM IIpl!pallleHHe lf'( c) ITO~ TOil 'laCTH KOHTypa 
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noJIIOC S 

1-lr::Jnb s 
n011t0c s .£ 

~ ' . Hynb S Z=1 

nonfOC S 

PHc.I. KoHTyp C1 • 

Cr, ROTOpaSI paciiOJIOEeHa Ha MHIDJ!OH OCH. TaR RaR sr-zJ~ S{i) 
TO Jm S ( L'j) = 0 R IIO::lTOM:y If' (i) MOJKeT ITO.JIY'IHTl• ITpHpa.illeHJ.Ie 

JIHID:t. Ha .n;yrax: G 1 , G 2 , G 3, D1 , 1J .t • B crory cHMMeTpiDI 
l.jJ{-Z!) = '-!'( r.) , OTKy.n;a CJie.n;yeT L1n. 'f' + LJDz \f=O, 
LIG. 'f -r L1G, 'f =0 • IIpHpa.illeHHe Ha ROHType G-z. orrpe.n;eJIHTC.fi rroJIIO-

coM S (2-) B HyJie. B HTOre COrJiaCHO (1.8) H (1.5) IIOJIY'lliM 

2~ (:li ilf 1 - K o Ji J = ~o + IV. - K 1 - ~ - M 1 ? 

r.n;e K o - rropSJ.n;oR no.moca F ( i!. J rrpn l. = o ; No H N 1 - trn:cJia 

HyJiei.J: S ( ~) Ha MHHMOH OCH H BHyTpH ROHTypa CI COOTB6TCTB6HHO; 

M o H M 1 - trn:c.rra rro.mocoB h (z) Ha MHnMofi ocn H BHYTPH ROHTy-

pa c1 cooTBeTcTBeHHo; K 1 - tJ:HCJio no.mocoB F ( z:) BHYTPH c1 c YtJ:e-
ToM HX RpaTHOCTH. 0TCKma IIOJIYtJ:aeM cflopM:yJiy 

X 1 "'No +211'1 -t-K"-2K'~-No-2Mt. (1.9) 

)La.Jree ncrroJI:osyeM H3BeCTHOe aHV.TmecRoe rrpo.n;oJDKeHHe WYHRU;IDI 
S ( i!.) Ha BHeiDHOCT:o Rpyra c/4 : 

[ { ]-~ 
s(~)= S(~) , lll>i, Rel;;o, (I.IO) 

ns cJ)oPMYJII:l (I.IO) CJie,eyeT, 'ITO HYJIH WYHI:umi S(-l) BHYTPH ROHTypa 

c1 cooTBeTcTBYJOT no.moc8M ~KIUlli F( l) h ( z) BHe e,IJ;RHHtJ:Horo 

Rpyra c0 rrpH Re :l ~ o , rroaToMY iflOPlv!YJia (1.9) saiiHCI:lBaeTcJI 
B BH.n;e (I.6). ]eMMa lJ;OKa3aHa. 

~PlllYJiy (I. 6) JierKo o60CUlliTI:. .n;JI.fi llllipoROro KJiacca M9.TPilll BTO

poro nopH.n;Ra. IIycT:o N= Z , a MaTp>ma A TaRoBa, tJ:To co6cTBeHHI:li.J: 

6 

BeKTop )' = (ot .. , o< L) , A,P = ,)1 y.n;oBJieTBOpSieT yCJioBmJ o(1 7r o , 
«~~.. ';:} 0 ' a ROMIIOHeHTI:l BeRTopa ! "(}. ',.t)' A[=~ r IDJreiDT rrpoTH

BOIIOJIOllHirli 8HaR : /1 >,..O , f/1. ~ 0 • llpe,n:nOJIOJIHM, 'ITO ROMIIOH6HTI:l pe-
memur S (it) = ( S1 (%:.), S J. { ~) ) He IDJreJOT HyJieft Ha MHRMOH OCR. B 
CHJIY H3B6CTHHX paBeHCTB 

Re S(iijl=(::J~r'f.z.J, Jrn S (i~J={:J '/ jd'jl.J, 
r.n;e ~ H g 1 - CKaJUipHI:le CDYHRU;llli, .n;JI.fi aprJMeHTOB lf/1 {'Tc ) 
'+':;.. { i) IPYH~i.J: S 1 H S :~.. IIOJIYtJ:aeTc.fi cooTHomeHJ.Ie 

1, If, (iq) = ft 1 if~· Ct,(-J f.a l/1, (iu) = ft1. if~~ (if~ 
'(J 

1 d o{1~('Jl) J -d 2 d d-:;.. j(lj2) J 

H 

H3 KOTOporo CJie;n:yeT, 'ITO lf' 1 R 'f.:., HMeiDT IIpoTHBOIIOJIOJKHI:le 3HaKH 

Ha MHJ.IMOi.J: OCH. 3HatJ:HT,HX CJMMapHoe IIpHpa.ill6HH6 Ha MHHMOH OCR, HCR

JllOtJ:M .n;yrH G1 , Gz, G 3 1 paBHo Hy.mo. IIpHpa.illeHHe Ha .n;yrax G~, G-~, 
G-3 OIIpe.n;eJIJieTCSI COOTB6TCTBYIOJ!Il'IMH IIOJllOCaMll:. B HTore IIOJIYtJ:aeM 

cfloPMYJlY .n;JI.fi CJMMapHoro HH.n;eRca 

ere -:o:t(P~ +P.t)-4 1 -i-z -:<.(H,+Nz)~ 

r.n;e Pi J~1,Z,- trn:CJio no.mocoB SL(~) npn lr/>1. , f<ei! >O 

/.J( - tJ:HCJIO no.mocoB Si BHppn C0 Ha MHliMoft ocn; Ali - trn:cJio 

rromocoB S' (~ l BHYTPH RoHrypa c1 rrpR Re l '> o . 3Ta cix:lPMYJia 

CIIpaE6.n;JIHBa, Hanpm.~ep, lJ;JI.fi MaTpiD.J; BH.n;a 

(
CL i-o.-) 

A= t+a.- -a.. fa,/~ .i 

HTaR, rrpoH3BO.n;HM tllperne Ha .n;:aaroHaJI:bHOM pernemrn: orrpe.neJIHeTcSI o.n;

HOMepHOH KpaeBOH sa,n;atJ:eii rHJI:o67Ta (I. 7) , .nJISI ROTOpo.il MOlitHO HaiiH
caT:O o6~ee pemeHHe. CorJiacHo/3 , eCJIH HH.n;eKc ~KUHH 

L. - :t F r If J r u o ( 'fJ -r '- v;, r <f >)= 1- - £ f N J h o ( "J 
paBeH tJ:HCJiy ?I? o ( de o KpaTHO 4 B CHJiy COOTBeTCTBYJOO!HX CHMMeTpHil:), 
To KpaeBaJI aa.na~a 

V - :J. F (<f) ( U o U -t- V0 1f) = ~ (rf J j ~ (I(} E j, o< , tt (-If) = - fj {<f) 

IDJreeT CJie,eyJOI!lee pemeHJ.Ie: <9 { 'il) == u ( ~ J -r i.. 71 ( i. J; 
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27f . 

Q {:i) o:: /K•e_i(W[ -fr, .1 eZd(tf)i{(j) ;i::; d(} + iJo -1-
(I.II) 

<JF.f:. 1 , ZK -2K 
+ ~ L, Cu (z + r. ) • 

K:1 

3,n;ec:o }o , C21< - ,n;eiicTBRTeJI:olille 'UICJIB. B c:wry yCJIOBIDI rl1~a Koaqr 

c]iiDUieHTII C HS"'lSTI!IIMH HOMepru.m OTCY'fCTBYJOT, Till\ KaK () (r )~ Q (- i! ). 

IlpH STOM 

2.G "" 
({il)==_j_ 1 fcuctq l-.2i_(IP}'lf,('f) -(1( If} e . .,-tz c/t.p (=ufriuft· 

27T 0 L" o -i.F(r.f)LioCII'J o e~ -2 ' 

iy(i!) . • • 
~~ e CO,ll;SPlltHT MHOJKRTeJieM 'UICJIO (, , IIOSTOII,IY KO:lCJXllH-

~eHTII npH cTerreHRX z B (I.II) BemecTBeHHIIe. TaK KaK rrpoHsBo,n;

!Wi ~peme (2.7/1/onpe,n;eJieHa Ha ~ T(2) ,TaRH.X,'lTO 't"(O)=O, 
TO Q(O)=O. Tor,n;a C<JF

0
=0. B ~rTore IIOJIY"'laeM, "'ITO pemeH1!1e (I.II) 

saBHCHT oT m = ~ rrpoHaBOJI:OHIIX napa.MeTpoB. CorJiacHo WJPMYJie 

(I.6) tiHCJIO rroJIIOCOB cpymcrnm S (i!.) BHe e,ll;m!li'IHoro Kpyra C
0 

Ha Be

JIH"'ll'!HY 2m 60JI:ome, "'ISM BeyTpH. IlpH STOM BCIIKOMY IIOJIIOCy B TO'!Ke 

23 COOTBeTCTByeT IIOJIIOC B CID\lMSTpH'lHOH TO"'!Ke - r • Ta.KHM 06pa-

30M, ~O!.ty HS6IITO'IHOMY IIOJIIOCY Bile I~pyra C
0 

COOTBSTCTByeT O,ll;EH 

rrpoHSBOJI:omlli rrapaMeTp B WJPI.tyJie (I.II), TO SCT:O IIOJIOJiteHHe m IJO

JIIOCOB MOJ!tHO C"'ll'!TaT:o npoHSBOJI:OHIIM. Hap.H.Jzy c YI\a3aHHIIM npoHsBoJioM 

MOJKHO TaroKe sa,n;aooT:o tn I 2 rroJIIOcoB BMecTe c HX BII"'leTa.Mlii. 

Y"'ll'ITIIBM STl! coo6paJJtemm, paccMOTPEM ypaBHeH1!1e P {VJ = o HS 

(2.6)/I/ BMSCTe C ,ll;OIIOJIHHTSJI:OHIIMH YCJIOBHHMH ,ll;Byx THIIOB. B rrepBOM 

CJIY"'lae sa@mcHpyeM X o I z rroJIIOcoB cfJYHKniDI h ( il J npH I i!-/ ? 1. 
Re 2 ~ o B TO"'!Ka.X i!; {, r:;' 1 .. • 

1 
i! ~ • Tor,n;a B TO"'!Ka.X 

r:. J. = 1 rn WYH~ S (r J 6y,n;eT >~MeT:o HyJIH, TO ecT:o 
J ' 7' ... ' 

1. +2iFaJJ hO.JJ =0 , h (ili) =- ~i F(ilj):: Bj 
C:ucTeMY ypaBHeHIDt 

P{v)=O, h{t.j)=8J , J=1.
1 

... ,m 
paCCMOTpHM ~ onepaTOpHOe ypaBHeHHe 

!Hh.J=-o, G: Lo(-loixc'":t 

II x II = lf.XI/L. -t II XH m. 
I. o( c 

8 

(I.I2) 

I 

' 

f 
I 

m 
3,n;ec:o C - m -uepHoe ITpoCTpaHCTBO KOMIIJieKCHIIX BeKTOpoB. ilpH 

TaKOM orrpe,n;eJISHHH G(h) ITpollSBO,ll;HM <1/pellle G'(Vo) yxe HMSST 

OrpaH1!!"'leHHIIii o6paTHIIfi orrepaTop. ~efiCTBHTeJI:OHO, ypaBHeHHe 

C-
1
(VoJh = uf(Cf); W(tf}=(~{cf)j C1) 

1 
~ E to/, C1 E C'" (I.I3) 

·o,ll;HosHatiHo paspeliiHMO ~ J!ro6ofi npaoofi tiacTH, TaR KaK ~ orrpe,n;e-

JieH:wr rrpoHSBOJI:OHIIX KOHCTaHT fo , C2 K HS (I.II) ID.18eTC.fi CHCTe-

Ma JIHHeil:HIIX ypaBH8HHll 

m-1 
" ( l/( -21< Po .,. L.. c2 /( z. + ii!. ) = 8. 
l<=f J J J 

i::::; 1, ... 7 r77 t 
(I.I4) 

orrpe,n;eJIHTSJI:O KOTOpoH eCT:O orrpe,n;eJIHTeJI:O THIIa Bal!.n;epMOO,ll;a H, KaK 

HeTpy,ll;Ho IIOKa3aT:O, OTJIH"'lSH OT HyJI.H. 

ECJIH BMeCTO pacCMOTpeHHIIX ycJIOBIDI sacfJHKCHpoBaT:o m /2 IIOJIIO-

COB BMSCTe C HX BII"'lSTaMli, TO ~ KOSqxfrn:u;rreHTOB }• , C
2

K IIOJIY-

"'ll'!TC.fi CRCTeMa ypaBHSHHH 

{ }· 

}o+ 

m-< 2K -ZK I .,. L C 2 x ( lj -+ lj ) = E J 
I<•< 

i = 1., ... , rnjz ' 
(I.Ib) m-t 

m-1 
( 21< -21< 'I """" ( ZK 2 K L: c2/( i!

1
· ~ i!.. ) + 1;z L xc2K Z?. - i!.~ ) = 11. 

t<=f J K=-t J J /J 7 

. -1 mtz J - J • '• ' I' 1 

orrpe,n;eJIHTSJI:O KOTOpo}l: TaKl!te He paBeH HyJIIO, B IIpDTHBHOM CJIY"'lae y 

MHOrOtiJieHa CTSIISHH m- f HamJIOC:O 6II mlz pasmPIHIIX KOpHei1 ,ll;BOH

HOH Rpa.THOCTH. HTaK, B o6oHX CJiy"'lamc rrpoHsBo,ll;HM ,n;orroJIHeHHoro 

orrepaTOpa G-(h) Jlll.IIHSTC.fi o6paTHMOii, 

.AHa;rorH'll!o iJx>PMYJie (I.I2) ~ O,ll;HOH ciJYHKUIDI MO.lKHO IIOCTPOHT:O 

,n;onOJIHelllillfi onepaTop GN (H) , orrpe,n;eJieHHld!: yze Ha BSKTop-lf>YHK

r.nmx H=(h~ 1 ••• ,hN), 

G {H)={P(vJ J G ·1.,#-L,N cf#,J (I.I6) 
N H(l,)-Bi ' N. 0( C( .X 

IIpoHSBO,ll;HM ~pellle aToro orrepaTopa Ha .n;HarOHaJI:OHOM pemeHHH 

H.= (h,h, ... ,h) 6y.n;eT TB.Kllte o6paTHMa. 

IIycT:o D -KaKM-JIH6o Hs MaTpJm, onpe.n;eJISDOm:wc ypaBHemm 

(l.I4),(I.I5). 06osHa'!EM HOPMY HHTerpaJia lliBap~ B (I.II) KOH-
li i.(t'lJ ,_, 

CTaHTOii j3.._ • ilOJIO:KHM ne fft.,.= 6o, , a e{ll')= 2, /co-J2.Ktf/ 
l(zO ' 

Tor,n;a crrpaBe,ll;JI>loo o~eHKa 

9 



If a (i! J ("' !S t: {jol + !IJJ- 1/flteNJif~...) 11 wNJ~ol. (I.I?) 

~JIJI tlJyHKI.Ulli vf ( c.f) H3 (!,!3). 3TO 03Ha~aeT, ~TO 

II G ~ (H. ;-
1 II i: J"O( ( Jo( +II lJ-

1
/1 II c NJ/1)"" M . (I.IS) 

I( 

Kyo Me Toro, ,nJIJI BTopoit npoHsBo~o:ll: G,.., 
(2.s/I/ 

corJiacHo r:DopMyJie 

ffG; (H)//= L {: 2 !"o( a 3 
, 

r;n;e rro-rrpelltHeMY ~=II F(<!'JfJ.."' , a= !/AI/ • B aTmc ycJiommx 

y,IJ;06HO cpasy BOCITOJib30BaThCR TeopeMOH KaHTOpoB~a 0 CXO,Il;HMOCTH 

HDIOTOHOBCKOro rrpoueccaf?/o B HTOre RMeeT MeCTO 

TeopeMa 2o IIycTD BeKTOpbl Ao , J) 0 TaKOBbl, ~To ~CJIO 

E. = II G,.. { flrJ, A o, :D. ) If , orrpe;n;eJieHHoe ,ll;Jlfi ,n;naroHaJIDHoro pemeHHR 

Ho = u. + i v. , y;n;oBJieTBOpReT ycJIOBIDO 

2-e MtL. ~ 1.. 

Tor;n;a ,ll;Jlfi MaTPKU A THna (I.I)sa,IJ;a~a I-Y/I/rrpH ;n;orroJIHHTeJILHOM ycJio

mm, tlJIIKcnpyromeM noJioJKeHHe m no.mocoB WHKUllli H ( :z. J ( JIH6o m /2 
IIOJUOCOB BMeCTe C IDC B~eTa!AH) BHe ;Kpyra C

0
, HMeeT B mape 

/1 v- v" 11 ~ (1 -(2 E. M2T:) ( 1111. r 1 e~cTBeHnoe pemeHrre, CJ7MMB.pHblit 
liH,ll;eiW ,ll;Jlfi IWTOporO paBeH n7 

B 3aR.JUo~enne OTMeTID.1, ~TO cyMMapHbiR HII,IJ;eRc ilpoH3BO~OR <lipeme 

,nJIJI paccMoTpennoro RJiacca pememnt He 3aBncnT oT .llo n comra,n;aeT 

C UH,ll;8RCOM de. Ha ~arOHaJIDHOM pemeiDllio 'lliCJI8HHble ::JRCIIepRMeHTbl 

,nJIJI MO~eJihHOR 3a,IJ;a~n H3/2/ II pH /'I: 2 IIOKa3b1BalOT, ~TO II pH YBe~e
mrn: MO,IJ;yJIJI llo neRoTopble rro.moca QJyHI\Ullli H ( i!, ll ") ~B:I!JKYTCR K 

e~oii OKPYJitHOCTH H, TaKRM o6pasor~, /l1o/ MOJKeT B03pacTaTD ,ll;O 

Tex rrop, rroKa y WYliKUIDI HI e., 11.) He IIORBHTCR rro.moc Ha OKPYJKHO-

CTR C0 , Toe o ,ll;O TeX IIOp, IIOKa HOpMa pemeHIDI H (z, /1 o) He CTaHeT 
6eCiwne~oi1o 

/II § 2. 0 ~cJieHHHX pac~eTax pemeHHit sMU~ I~ 

HerrpepbiBHH~ aH:aJior MeTo;n;a HDDToHa ;n;aeT rrepcrreKTRBHyiD ocHoBy 

,nJIJI ~ncJieHHHX pacqeToB paccMoTpeHnoro KJiacca pemeRRno Tax, eCJIH 

,ll;Jlfi pacqeTOB MaJibiX ITO MO,IJ;yJIID pemeHHR MOXHO RCTIOJIDSOBaTb MeTO,Il; 

IIOCJie,IJ;OBaTeJIDHbiX rrpn6~eHHH, TO B CJiyqae OT~Oro OT Hy.~ CJ'M-

10 

MapHOro HII,I(8RCa OTiepaTOp YJK8 He 6y~eT CJ!UIMa.IO!l1HM B OKpeC'l'HOCTH pe

meHHRo O~axo KOHCTpyru~ ~oorrpe;n;eJiemwro orrepa'l'opa G,v {V) nos

BOJIJieT YJKe IIp:HMeHHTL HhiOTOHOBCIOOi rrpouecc, TaK KaR B ::lTOll! c.nyqae 

rrpoH3BO~a.FI ~peme 11MeeT orpa~eHHbl:li o6paT!Iblli onepaTOPo TeM ne 

Menee rrpR ~cJieHHHX pacqeTax TaKIDC pemeHHit B03HHRa.IOT ;n;orroJIHRTeJih

Hble Tpy,n;HOCTH ITO CpaBHeHHIO CO c.nyqaeM MaJibiX ITO MO,IJ;yJIID pemeHIDi 

(§2)/I/,r;n;e MeTO,Il; HbDTOHa CXO,IJ;HTCR oqeHD 6biCTpO H ;n;aeT peweHRR C 

BbiCOROH TOqHOCTLrofS/o 3TH Tpy,n;HOCTH HMeJOT ,IJ;Be IIp~RHbl, Bo-rrepBbiX, 

cy,IJ;R ITO ~CJI8HHbiM 3KCTiepRMeHTaM, 06R3aTeJihHO CYJIIeCTBYJOT IIOJIIDca 

!IJyHrunm H(?:) B6JIHSR e,IJ;RH~Horo Kpyra (Ha paccToRHHH rropR,IJ;Ka 

0,!5-0,2), R ITO::JTOMY RO~!~RUHeHTbl ~opana ~ H{i!:) Me~eH
HO y6b1Bal0To Bo-BTOpHX, XOTR ilpOR3BO~a.FI Cllpeme OIIepaTopa G-"' (f-lo) 

H OOpaTHMa, O~aKO KOHCTaHTa ltf B (I,I8) ;JJ;OCTaTO~IO B8JIHKa II OIIe

paTOp G; ( Ho) RBJIITeTCR IIJIOXO o6yCJIOBJI8HHbiM ( orrpe;n;eJIHTeJih COOT

BeTCTBYJOI!IeH MaTp:m:ul 6JIH30K K HyJIID), 3TO yxy,IJ;maeT TO'!HOCTb B~C
.JieHRn H 3aMe;n;JIJieT CKOpOCTh CXO~MOCTiio 

IIpnBe,IJ;eM neROTOpHe pesyJILTaTu '!:HCJieHHbiX aRcrrep:m.mnToB. ,U.Jm 
IIOCTpoeHHR pacqe'rHOll CXeM!l Mbl :HCf!OJILSyeM HeROTOpue peayJihTaTU !1:3 

/S/ o YpaBHeHIDJ: I-Y 3a.r,leHRIOTCJI 6ecrwnequoi1 aJire6prurqecrwii crrcTer.roil 

,nJIJI RO::JcfxfMUHeHTOB pR,IJ;a ~opana 0YHKL\.l!ll H ( i! I 

"" o(. 

fz.ot(zJ= L. an z 11
, d=-I, ... ,IV'. 

CorJiacHo/
9/ 3a,IJ;a'ra I-Y Jt;~BaJieHTHa CJI8.IJYIOII1CR decKoHe'ffiot! cncTc

Me HeJIHHeMH!1X anre6paH'!eCIUJX ypaBHeiUIM: 

c/. .( GO <10 ~o( 

a...v = a_" +E.,. F('J,K J ',f_"" c.~ (am; a,.,.J(); o.:: 1, .. , N;, (::;or) 
v- 1,2, ',.' 

f
Tvt 

r;n;e FC'J,K)=Jr si.n\J<fcosK<f FN)d'P , a 
-Ji 
r N ~ 

c( o< o( "L:A r fO Ev (am; a,.,.,.,.K)"' a~ a.,+K + (-1.) .f.>~• o(fo a., CL,.,+>< 

KpoMe Toro, a.:~=),"'; a":_i) =0' v~.Z • BeKTOp lJo;;:: (a~)' 
o<. = 1, .• , , /II, C'lliTaeTcR 3a,IJ;aRHbiM, Tare ~To A]) o = ]) o 

ECJIH ypaBneHHe I-V, a cJie,n;oBaTeJIDHO, R cRcTeMa (2. I) ;rMPcT 

peweHHe,To corJiacHo pesyJILTaTaM pa6oTuf76y;n;eT RMeTh peweHHe H 

ROHe'lHM CHCTeMa ypaBHeHHfi, ITOJiyqaJOllla.FICR H3 (2.I),ecJIH IIOJIOUT.b 
o{ 

a:~= 0 , v :> K , r;n;e 1<- ~ocTaToqao 6oJILmoe tmCJio, PemeHEe 

KOHe'ffiOR CHCT8Mbl IIpoBO,Il;HJIOCL MeTO;D;OM HLRJTOHao 

II 



llp>me.neM pesyJil>TaTII pac"<IeTOB r.m,n;eJr:bHOM sa.n;a'D'I ,n;JIH .n;Byx He:as-

BeCTHHX cJiyHKIJ,Hfi C r.Ia.Tpl{Uefi _ (0 1 ) 
A- 1 o ' 

To'l:Hoe pernen:ae ,n;JIH KOTopof! rrp:aBe,n;eHo B/2/. ~~ P ,n;JIH pas~
HIIX 11epeJ.IeHHHX mteeT BR.n; 

{W2 -/ •. r 2 :e . 1 ( z 1 ) t . 
F(uJ) = ~ ' w=o{rt.z., F(z)=tti. i! -?; F(tf)=IILnZI.f 

JI He orpa.Hll'leHa B HopMe ttJl. 110 rrepeMeHHofl v.T • B aTOM c.n:yqae sa

.na"<Ia I ...:Y :aMeeT CJle.nyiO!Ilee perneHJie : 

o1 -1 2;! zl. w.:_ ¥r... - R . 
h. {Z) =A (1 l.'t""l.)- T +(1t-Z.~)z +(1+Z.')z L W:.(uJ-Hr'U. )'(2.2) 

ol + - • ..,, 1 " 1+7.'-E"Z 
ot. = 1, Z. n 

). 
ol cl.(ol. 3.nec:r, oL = {-1) A , E.,. = -1) c n. , n = 0,1, ... at> • HeTpy.n;Ho BJI-

,n;eT:r,, 'ITO cpe,n;:a perneHJIM (2.2) MO~O B!I6paT:b TaK>Ie, KOTOpHe I~!8IDT 

rrpaBXIJI:bHYJO acmvniTOTUKY 11p:a ~ - ±. {_ ( h (:1:. i-) = 0) • _nocTaTO'IHO 

B3.f!T:b 11apaMeTp A oT~H!IM oT HyJIH. 

Y"<IRTHBM t.iJoPMYJIY (I.6) ,n;JIH cyw.mpHoro JIH,n;eKca, MOlltHO 3aRJIIO-

'IHT:b, 'ITO e,n;JIHCTB8HHOe perneHHe C ny~eBUM RH.n;8KCOM, ID~eromee O,n;RH 

110~0 BHyTpl! C0 llpli 2 = 0 , BHprurtaeTC.f! cJx>PMY~Oii 

z tJl. -1 2ft - ~ 
h (r.) = )-..,.U+zz.-~2!) 2 

(2.3) 

B Ta6.mru;e I 11pe.n;cTaMeHH KOaq$'mlleHTH a.~ ,n;JIH v=-1, ... ,30, 

rro.n:yqeHHHe C 110MOm:biO CHCTeMH (I.I) M8TO,I(OM H:biDTOHa, ,n;JIH CJl8,I(YJOmHJC 

3Ha'l:eHI!i1 rrapaMeTpoB: eo~= 0 , ), 1 = J. • 0TM8TRM, 'ITO HCKOMOe 

peweHHe cymecTByeT Jiltlll:b rrpH }. < Amt;tx=t. ,li,mi cpaBHeHIDI rrpHBO.n;.f!T-

C.f! K03@JHI.Ui8HTH TO'IHOrO peWeHH.f! (2.2). 
nanee paCCMaTpH~ac:r, CHCTeMa (4.I) ,n;JIH ,I(OllO~TeJil>HOro Oil~ 

paTopa (3.I6). Ew!o pacc'lHTaHO peweHRe, HMeD!lee cyw.~apHHA HH,IteKc 

ITpOH3BO,I(HOi ~ewe, paBH!li 8: 

rl. r t) _ _,_ z ~ - .c - -,-''t--=.r.=-Z--::R-...,..--~ 
- .>-o~.(.f+i! .. -E~i!) Z (1+iz)l.u!z.-lt'l.2. (2.4) 

oTO perueHJie ITOJIY'la8TC.f! 11B03MYllt8HlleM" ,JUffi.I'OHaJil>HOro: 

h-1 z.t. 'iR. lz. 
(l) = c -- - .....----!..::.:....!::._ 2 ;..,_._~z~,.,~,~ 1.~z 

12 

(2.5) 

rr~~ ~~~~~A= ~~oT:orn~ = rr9apru:re~;o:~we!; 72 ~~ :~m~T E:u~~ ~:~of; 
' ' 2': = f,f3'1 C B!I'le·rOM -.98b6. llpld HCITO~:b30BaHlild HaqM:bHOro 11pH6.11HllteHHH 

(2.5) ld orpaHll'leHHid paCCMOTpeHReM K03qxpRUJi8HTOB a.:- ilpld V ~ 10 

peruMaC:b I\OH8'IHOl.!8pHM CHCT8M8. (2. I) • ITp:rr 3TOM UCI10~:b30BaJIC.f! He

rrpepW!Hili aHaJIOr M8TO,n;a. H:biOTOHa (2 • 9 /If ,a TaKJte M8TO,I( Hal!CKOpeii:

rnero c11ycKa 

dvN,-tJ =-rG' {vJl,(-GN(vJ j V(l.f,o)= v~. o~t<=, (2.6) 
dt L' IV 'J 

OT~illO!l1l'IRC.f! 11pOCTOTOll pea.Jm3aJ.Ulli. B Ta6IDII\8 2 rrpe,n;cT~eH!I 

pacqeTHHe sHa"<IeHH.f! Ko<>([xp¥nUieHTOB a,~ ,n;JIH v ~ 10 • Bn.n;no, 'l'ro 

TO'lHOCT:b BH'l:llC~eHH.f! KOSqxpHUH8HTOB C 60~:billHMH HOMep~lli rra,n;aeT,'lTO 

.f!BJIHeTC.f! c~e.ncTBReM c~a6oil: arr11poKe>IIvJa.IVIH sa.n;a"<IH I-Y KoHe"<IHOMep

Ho! CHCTeMoi!:.'l'oqHOCT:b anrrpOKC.friMB.UHH 3,1l;eC:b llO~Q.,~0 ~ ( -f,~l() 10
:. 

YBe~'IE:BaeTc.f! c pocTOM pasr.mpnoc'l'H a;rre6pan"<IecKoi1 cllcTeMLI. Pac"<Ie

TH 11poBO.n;anHC:b Ha 3BM CnG-6500. 
B sa~'leHue aBTOphl BHprurtaroT 6~aro.napHOCTI> B.A.Memep.f!KOBY 

n B.M.lltypaMeBy sa 11o~esnhle o6cYJK.IIemm. 

Ta6Jrnu;a I 

}=i Bo=O K==30 

v a.~ ,n;JIH ( 4 • 2 ) y et~ ,n;JIH( 4. I) ~ a~ M.f!(4.2) v a~ ,n;JIH(4.I) 

I • I2500 E+OO I .I2497 E+OO I6 .36058 E-02 I6 .36050 E-02 

2 .53I25 E+OO 2 .53!23 E+OO I7 .26247 E-02 I7 .26240 E-02 

3 .2578I E+OO 3 .2578I E+OO I8 .I98I9 E-02 I8 .• I98I4 E-02 

4 .95703 E-OI 4 .95685 E-OI I9 .I3969 E-02 I9 .I3965 E-02 

5 .I5674 E+OO 5 .I5673 E+OO 20 .10054 E-02 20 .I005I E-02 

6 • 10364 E+OO 6 .10363 E+OO 2I .74682 E-03 2I .74660 E-03 

7 .49835 E-OI 7 .49827 E-OI 22 .53594 E-03 22 .53577 E-03 

8 .5I643 E-OI 8 .5I636 E-OI 23 .38534 E-03 23 .3852I E-03 

9 .38820 E-OI 9 .388I6 E-OI 24 .28304 E-03 24 .28294 E-03 

10 .22I64 E-OI IC .22I60 E-OI 25 .20474 E-03 25 .20467 E-03 

II .I8452 E-OI I .I8448 E-OI 26 .I4752 E-03 26 .I4747 E-03 

I2 .I43I8 E-OI I2 • I43I6 E-OI 27 .10'764 E-03 27 .10760 E-03 

I3 .92050 E-02 I~ • 9II86 E-02

1

28 .78096 E-04 28 .78065 E-04 
I4 .68931 E-02 I4 • 68915 E-02 29 .56404 E-04 29 .5638I E-04 

I5 .53028 E-02 H .53017 E-02 30 .4IOII E-04 30 .40994 E-04 
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Ta6.mma 2 

.----~----

Kosqx~HIJ;R8HT11 Q.~ C 'l9THHMH HOMepru.m 
rrpn .-Lo,oo1; t::=-i13,9; R=-z,o; W=9,o; K =70 

~ a1~ )\JIJI (4.4) v a.~ ;o;M (4.1) ~ a~ ;n;JI.f! (4.4) 1> 

0 .86957E+00 0 .8697IE+00 36 .93944E-02 36 
2 .17223E+OI 2 .17241E+OI 38 .I3340E-OI 38 

44 .13203E+OI 4 .I3229E+OI 40 .59992E-02 40 
6 .38189E+00 6 .38482E+00 42 .23172E-02 42 
8 .48384E+00 8 .48678E+00 44 .48432E-02 44 

10 .65613E+OO 10 .65890E+00 46 .39173E-02 46 
12 .28837E+00 12 .29091E+OO 48 .II052E-02 48 
14 .12059E+00 14 .12285E+00 50 .13077E-02 50 
16 .24320E+OO 16 .24515E+00 52 .190I4E-02 52 
18 .I8974E+00 18 .I9140E+00 54 .86557E-03 54 
20 .54373E-OI 20 .55792E-01 56 .32II1E-03 56 
22 .67442E-OI 22 .68628E-OI 58 .68303E-03 58 
24 .93567E-OI 24 .94542E-01 60 .56277E-03 60 
26 .4I588E-OI 26 .42397E-OI 62 .15778E-03 62 
28 .I67I8E-OI 28 .17385E-OI 64 .I8I89E-03 64 
30 .34327E-01 30 .34867E-01 66 .27094E-03 66 

32 .27264E-OI 32 .2770IE-OI 68 .12491E-03 68 
34 .77485E-02 34 .81050E-02 

JlliTepa.Typa 

r. ~KoB E.rr. n ~· o1WM, P5-11470, ~6Ha, 1978. 

2 • .UeH'teB P. lKBM 11 !;l<ll, 1963, T.3, .1& 4, c.77I~ 

a~ ;n;JI.f! (4.1) 

• 968I5E-02 
.13568E-01 
.61832E-02 
.24654E-02 
.49604E-02 
.40102~-02 

.II797E-02 

.13668E-02 

.19477E-02 

.90236E-03 

.35036E-03 

.7059IE-03 

.5807IE-03 

.I7203E-03 

.19307E-03 

.27960E-03 

.13236E-03 

Cast illejo L., Dalitz R .H. ,Dyson F .J .Rhys ,Rev, ,1955,101,1 ,p.453. 
3. raxoB 1i.,U. KpaeBble sa,na'ln. "HaJ7Ka", !A., 1977. 
4. JEypaBJieB B.M., i.lemePJIKOB B.A. 3llA.H, 1974, T.5, B.1, c.I72. 
5. Lovelace C. Commun. Math. Rhys., 196?, 4, p. 261, 
6. Huang K., Mueller A.H. Rhys. Rev., 1965, 1408, p.365. 
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I 7. 

8 • 

I 9. 

KaHToponlftl JI.B., Am:!J!oB r.rr. 1iyma.o!oiia.nbHHi1: aHaJills. "Hayrili", 
!il., 1977. 
ID!,IU{OB E.IT., He,ll;H.JIKOB !!.IT., XopoMCKJiit E.H. Tpy:J;bl i,ie~m.po.n:
Horo coBel.l1aH¥..ii no nporpa.Mr.mponamno n lil8.Tervl£lTWieCKliM r.reTo,n;m.: 
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