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WITH POLABIZBD J' -QUlll'l'RA 

This work is concerned with the general consideration of the 

photoproduction of A~-mesone on nucleons wita polarized d'-quanta. 

The formulae for the analysis of the angular distribution ot.,41~Jif" 
decay products are given in terms of dell8ity matrix elements j1"'-
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IilUI 

I. Hama ue~b - HCC~e~OBaTb , KaKYJO HHiIOPMaUIDO 00 06paso:sa­

A1 -MesoHa B peB.KilHH 

0 + N1 - A1 + N2 ( I ) 

MOlKHO ITOJJY'!liTb B CJ!y'!ae Il0.JIRpli!30BaHHblX 0 -KBaHTOB, .i!3.V'ia..A: yr~o­

Boe pacrrpe~e~elill:e pacIIa,D;a 

A1 - 3sz . ( 2 ) 

IlycT:D K • ~ • p
1 

H ~ - 4-HMil.V~:Dci< cooTBeTcTBeHHO lfx:>ToHa, 

A1 -MesoHa, Ha~a.nhaoro H KOHe'!Horo HVK~OHOB H ~ocKOCTbID peaK­

u;Im iui.1raeTc.A: ~OCKOCTh x :e • MH 6v~eM no~:oso:saT:DC.A: crmpa.n:DHHM 

npe~cTaBJie1rneM .!J;KaKoda H Blraa [ 1]. Ee~ sarmcaT:o aMIJJil!TV.llY rrpo­

uecca (I) c 3~8HHHMH CnHpaJihHOCT.A:Ml!J yqacTByxJl!lllX 'iaCTHU B B~e 

-Y2 
(A,A2 /S/ A~ ,A1) = - L ( 2JZ)'t (ff., ·~oW f1E2) <A, Az /T/ A~ ,X1)J(K+fi-~-p;), 

TO B c.u.M • .IlBifxPepeHJ:Ufa.JIDHoe ce'!eHHe dy~eT 

r.n;e 

d6 _ N 
dt- 325L(S- m 2 ) 2 

N, 

( 3 ) 

N=;L j(A , A2jT/A~,A1)/ 2 

)\~,A.,>.,>.2 
( 4 ) 

JlnR ormca!rn.A: no.mrpzsauHoHHoro cocTo.A:HH.A: odpasYJOOleroc.A: A1-
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Me30Ha BBe.ne11 llliTPllllY WIOTBOCTH p(Af) • ROTOpa.!! CllJISaBa c MaT­

PlllD.el UJIOTHOCTH !lX>Toaa f (~) CJie~ 06pas011: 

<.~'lf(A1)IA)= ~ L (.(A2IT/A~.A1) )( 
>-s~~>..1A2 ( 5 ) 

x(>-'wlf(o>IAt)<A.>-2ITI >.t.>.1/ . 

MaTpHUa llJIOTHOCTH !lX>TOHa 111MeeT xopomo K3BeCTllHA BBJl 

f(~)= tu+ 16 ), ( 6 ) 

r.ne 6 ~ - MaTPJlllH 11N'.1DI, a seRTop 7 onpe.neJIS:eT un noJIJIPli!Sa­

rtlllf II cTeneH:& ee ( '0 ~ 1 ~ i ) . .Il.XH lll!PRYJIJIPBO UOJlliPB30BaH-

BliX !lX>ToHoB c >-w = t '1 

1 = 1 ( 0' 0'~1) ., 
( 7 ) 

a ,nJI.11 .mmelBO llOJ!JlpBSO:eaHBHX !lX>TOHOB c BeRTOpoll UOJIJIPBSaIJ,llH € ~ • 
o6pasy"lllllDI YI'O!f q> C IlJIOCKOCThll peaIUt\UI, 

' 'f,~ T( - cos 2<P .. ~ 5,n2<P , 0). ( 8 ) 

2. Ilpz 111syqeBHl!I pacIIEWl (2) 06pasYI111erocs: B peaRWDI (I) 

A, -11es0Ha ll!l 6y.neu no.11h30BaTl>CH cmtpaJil>Hol! c111cTeMOI oTc'leTa, 

OCl> 'l ROTOpo! BaIIP8BJleHa npoTBB ll!MIIYJII>Ca KOHe'lHOro HYRJIOHa B 

cBcTe111e IIOROH A1 -11es0Ha ( · T.e. llllOJll> BMI1YJI:&ea A1 -11eso11a B 

c.q.M. ) • a OCl> ~ - B,llO.ll> BOpii8.D K ll.JIOCROCTB peaKUHB, onpe.ne­

Jl.fleMOil BeRTOpoll K x i . 
KaK B3BeCTHO ( CM... Haey·~. [2] . ) .- ~lr1CTeMa Tpex qacTlllD. OIIBCH-, . 

meTcH II.flTl>ll ues8llllCllJlllilMH napa.11eTpaMil. '()6o~ua'IBM 4-BMUYJil>CH 06-

pasymizx<:Jl npB pacna.ne A 1 -11esoua 11110BOB qepes i < ( i = I , 2, 3 ) • 

Eciz yqecT:&, 'ITO B cBcTe111e noROH At -111esoua ssammaa opBeH'l'allBJ! 

JDmY.lll>COB Ji -Me30HOB B llJIOCKOCTlil pacII8.l{a OJ{H03Ha'IHO onpe,neJIHeT-
:, .. ,,.,I 

-4-
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CR 8HeprKel '11.BYX B3 HBX, TaK RaJt llpB 8TOM OTHOClilTeJI:&Hliil! yroJI 

Me~ JID6ott napol IIBOHOB qBKCBpoBaH COOTHOllleBBe 

8 1 [ ( 2 -2 -2 ] 
cos L1=21i.11ci.j1 , MA-w,-wj) -7,-t-rr. . 

TO B Ha6op HesaBlilCHMIDC napa11eTpoB !\'.:IXIIO BKJOO'!BT IJ 3Hepr1u1 .nsvx 
J[ -Me30HOB, ;I1)IR_ KOHKpSTHOC'l'lil, wt K W2 ' 06.Jra.CT:b H3MeBeH.Wi Kl) 

TOPHX onpe,neJIHeTCJl .Dl!laI'pBMMOi JJ.amma, B Ka'leCTIY~ OCTaBlll.iIXC!i Tpe 

nepeMelillliX, xapaKTepnsymnrx pacna.n, Mouo BSJIT:& yrJIH 3l!Jiepa d.. 

p 14 0 , onpe.ne.Jl'..!DJ!ll4e op:HeHTau.m> JJJIOCKOCTH pacna.na B npocTpaH­

cTBe. HCXO,nHHY ( d. = r = ~ = 0 ) 6y,neM C'lll!TaT.D IIOJIOJEel!He, Ror.n.. 

HOpMaJ!l> K llJIOCROCTR pacIIa,lla ii = ~t" i2 HaIIpa.BJ!eHa B,ll;OJ!h OCB . 

a O,ll;lilH R3 HWJYJll>COB IIBOHOB, HanpHMep, a Jiel!Ul!T B.D,O.iil> O~lll x • 
f1 / 

Tor,lla 0 ecT:& yroJI IIOBOpoTa BOKpyr OCllJ le. ' a yr1fH d. a f npe.n.-

CTaBJllIDl' co6o;tt COO'l'BeTCTBeHHo a3JaMY'NiJihHill!. K IIOJIJIPHlIB yrJIH HOp­

MaJIK ii [sJ. TaKKM o6pa30K, COCTomme Tpex Ji. -Me30HOB MOllHO xa 

paKTepzsosaTh aa6opoM KBaH'l.'CBHX 'll!ce.11 I W1 , W2 ; a. , p , 0) . 
TaK KaK paccbiaTpHBaeTcR pacna.n: '!aCTlililbl, HMeD11eit onpe,lleJJ:irn ­

mil! CIIl!H, Y.Q06Hee llOJll>30BaTl>Cii .llPJTRM Ha6opoM, B 'll!CJIO ROTOPH 

BXO,IJ;HT no.'llru~ MO!.leRl' iWJIJl'ie.;J'B.9. JJ:EmtP H..Jf ] • Ta '•'e up~w:·rn:•. 

xoporuo I43B~CTfll) [41 H QFO EllP'll!taeTCti '!'?flt'~ Ir , • ,, ., ; ,J. . !l • .)') ' 

.n;yJlll!HM o6:i;a30 • 

f 
. ) ~ /w1 ,.;J2 ,J,M,m) = N1 do<'.d.c.:sp ·«f DNm(v1prr)/w,,w2 ,ci 1J ~ ( '! 

r.n;e r-1 H m - COOTBeTCTBeBHo 

,D;BHXeHJIB Ha OCh '.l H HOpMalI:b 

113 Bwpaxemrn ( 9) Ji,.'IR [pyHiu.uirn. 

!DUI K ,llpyroMY uo,ryqi:; e~• 

(I 1,' IJJ, ' »I. ? 6 I U.'t • (.J, 

IIpOeKJ.1;1rn ilOJlHOro MOMeHTa KO.illl'IeCT 
( . 

K nJIOCKOCTH pacna.na, Nr -= ii; ( J t '. 1 

npeo6pasoBB.HH.fi OT o,ZU!oro npe.ncTal! 

,"·I. TH N 1)
1 

1 
1 • 



Tiepel.IteM Teneph ~ HaXOZJl0HHil yrJio:BOro pacnpe,neJieHHH HOJMSJil!I 

R IIJIOCROCTH pacna.na (2). B aTOll JJYHRT0 MH Oy.l(eM, B OCHOBHOll, CJie­

.no:saTJ> paOoTe (:!!]. !IyCTh < w, 'Wz ; 'f 'e '0 I u I s . A > eCTh aMIIJDJTY.ltll 

pacna.na (2) noxoI11QerocSi A1 -MesoHa c npoeKilJleil CllHHa ii Ha 

OCl> 1: , KOTOpru!'. llpH llpHHSiTOll BH6ope OCH l. COBDa.na0T CO CimpaJll>­

HOCThll o6pasY11JleI'OCSi B peaiunra (1) A1 -MesoHa ( ,llaJiee llW Oy.ne11 

noJ11>so:saThCSi OoJiee npHBll'IHHMH 06osHa11eH11J1M1t . .D:Jlli a3lfMYT?JD>HOro 11 

UOJUq>HOI'O yrJIOB tj' : cl. H (): f ) . Tor,na ,JVISi yrJIOBOI'O pacnpe­

.D;eJieHHSi HOpMaJIH K IIJIOCROCTll pacna.zta n(e,'f) MOZHO Sa.JlllCaTJ> 

W(O,'f) = J du.1,dw2 d0 <w1,w2; 'f, e.o/ U fCA1)U+J w,,w2 ;lf,e,n . 

Ilepexo,D;Si c llOMOl!lhll (IO) K npe,llCTaBJI0HlW (9) H saimcaB aMILlllrITY.llY 

pacna.na B STOL! npe,llCTaBJI0HHH B Bl!,D;e 

{W1.W2 ; J, M. m/ U/ S, ii) = Fm(w1, W2) d,,5 dw. , 

.D.JISi yr.noBOro pilCnpe,D,eJieHRSi llOJJY'IHM 

W(8,'f)= 
8
; 2 ];;.m Jdw1dw2 d0 D;;. ('f9~) D>.tm('f O!) ~ 

x (A'lf(A,)jA) frn.(w,,w2) F,,~(w, . w2 ). 
J -;A'f I J -~m8 

HcnoJibsyeM Tenepb SiBHJij:j BH,lt <lJYHRUHH DAm ( 'fe~)= e a Am(e) e 

H BHllOJIHHM HHTerpHpollB.HHe no 0 . B pesyJibTaTe yrJioBOe pacnpe.lle­

Jieime HO:pM8.IIH npo eT BR,!!; 

3 ) ·' / 1· f I i(A'-A)'f1 2 
W(6,'fJ = 4~ km (A j(A,) A> dA·m (B) cl;.,m(G)e (Rm/ , ( II ) 

r,D;e 

/Rml
2

= jdw,dw2 / ;::m (w1, w2 )/
2 

( I2 ) 

06osaaq1rn (J = <A' If (A,lJ >.) n BOCilOJihSOBaElllHCh ycJIOBHeM spMil-
JA' A 

- 6 -
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TOBOCTll p = p * , KS BapaEeHKSi (II ) llOJIY'LIDI 
)>-'.>. h:>: 

W(0.'f)=}.,, [_ { c.Os((>.'-}.)'f] Ref. -
_,., A'>-. m A~ 

( I3 ) 

-si.n[(>..'-)..)'f] ".1mfA'>.}d>.:m(e)d~,,,(eJjR 111 \ 2 • 

.!lo CRX nop llli y<nITl:lB!IB TO.n.Ro CIIllH pacna.n0.D11el!cH 'laCTiill;H ii 

He paCCMaTPlllBaJil!l ee '10THOCTh. lloaTo~ B Blipa!t0Hl1!0 (II), CBHS!iBaJ>­

l!l00 y1~0BOe pacnpe.neJieHlle HOJl14a.11H K I!J[QCROCTH pacna.zta c a~e•eHTa-

Mlll MaTPlllIU>I IIJIOTHOCTH pacna,D;aD!leAc.a 'laCTJllIU>I, BXO,IClll'? llBKClUlSJll>IHle 

nplll .D;aHHOll cmrae S= i ucJio He11s:secTH!:IX napa»eTpoB Rm(m=0,±1). 

Y'leT COxpaReHRSi qeTHOCTlll llplllBO,IClllT K yY0HlXll0HlD> 8TOI'O 'DIC.ta. 
\ 

HcnoJD>SySi pesy.n.TaT BOS,D;eilcTBllJl onepaTopa '18TJIOCTlll Ha TpeX­

llHOHHOe COCTOSiHHe[3] 

P jw1,w2 JM.m) = (-1(+1/w1,w2 J M,m) 

11 npe.ItnoJIIU'aSi coxpaReHlile 'leTHOCTH B nportecce pacna,na, H81,;n;e11 c.Ae­

.llYDJlee COOTHomeHJie •0ZJlY :BHYTpeHHel ~eTKOCTDI> 7 pacllB,ltaDllelcSi 

'laCTllJlH H KBaH'l'OBHM 'IHCJIOM m 

7 =(-1)m+i 

0Tcll,lla nenocpe.ItcT11e11110 CJie,llyeT xopomo HSBecTHHA pesyJibTaT, 'ITO 

pacna.n 'ISCTlllIU>I co CIIJIHOlll-'10THOCTl.ll 1- Ha Tpll IlllOHa ( w - 3.n ) 
OllHCHBaeTCSi O.lllilDl napaMeTpoM ( Ro ) , a pacil8,ll 'ISCTllltli 1+ ( A1 .... 3.1f)­

.D:BYMSi HesaBHCHMHMlll napa»eTpawi: ( k 1 H R _ 1 ) • 

B1mmueM Tenepb ~ BH,Jt yrJioBOro pacnpe.neJieHllSi HOJ;lllW!ll K 

II.l[QCltoCTH pacna.zta (2). IIepew OT napa»eTpoB I R1f
2 

ii I R-11 2
x HX 

J1HHeaHHM ROM6lllffil'CJIRM 

R ± = ~ ( IR i ± I R-i) , ( I4 ) 

- 7 -



,l(Jili yr Jf.oBOro pacnpe.l{e.llelil!H IIOJIY'll™ ( 
3] 

W ( e 'f) = 1... { [-
2
' ( 11- cos 2e J ( P + P )-i- >~ri. 2 e P T 

• '1'.li J 11 J-1-1 Joo 

+{.
2 
s~n28( cosf (Re P -ReP )-s,n 'f( :JmP -T Jm P ) ) + 

V"- 110 J-10 J10 J-10 
( 15 ) 

+ Si.n 29 ( c.cs 2tp Re P - S<n2{':1m P )] R+ T [cose ( P - P )+ 
11-1 JH 111 J-1-: 

+ /2 s•nB( c.cs'{'( ReP + Re
1
o ) - Sinf(::frnP - :fmP J)] R-} 

110 -10 ! 10 l-10 

Sa!lleTHM, 'ITO yrJio:soe pacnpe.l{e.lleHHe pacll8.l{oli f-+ 2Tt H W - 35l 

onpe.l{eJJReTCJI TOJil>KO TeMJif KOM6HHB.Ill!BMI! 3JieMeHTOB MB.TPHl.Ui IlJIOTHO­

CTH P, , KOTOpHe BXOJUIT B xoa<I$mHeHT npH Rt- B B!ipaxemra ( I5). 
J;., /I 

Il03TOMY 3RCIIeplilMeH'faJrbHOe HSJ"leHHe pacll8.l{a BeKTOPHHX Me30HOB Il03-

BOJIR8T 118.ATH Jll!lll:b onpe.l{eJieHHHe KOM6I!HaI(lm MaTpH'l:Hlm 3JieMeHTOB, a 

He ~ B OT.l{eJii>HOCTH. HsJ"leHHe pat ..;<a A1 - 3'.ii nosBOJIR:eT B 

np.HHiiKIIe !lOJIHOCThll onpe.l{eJlll'l':b WiTPilllY WIOTHOCTH A1 -Meso11a. 

Ec.nl! J"leCT:b, 'ITO ,ItJ!li IlOJIHOro OllHCaHHH IlOJiliPH3aIUIOHHOro co­

CTOJllillH BeKTOPHOl qacTHilbl Heo6xo.14HMO 3HaT:b 4-BeKTOP IlOJiliPH3awnt 

a,. H TeHsop D r11 • xapaxTepHSYJillHI BHCTpoeHHOCT:b, KOTOpHe MOll­

HO npe.l{CTB.BHTl> B BH,l{e 

,, '} (>.')- p)•- [ >.'+">. ] 
a,..=-2Mef"'Niof.;. f ol. ci>Ep (1) ~./1-(-1) L-A' . 
Dr"~ f ( ir.r~ + ~Mi:) - 4- Ero:1(l> E:~Al(~J [ p. + (- 1/+A p .] 

>..>. J). A !->.-/.. ' 

. TO HeTpy,ll;Ho BH,lleTI> • 'ITO Ha OCHOBe H3J"leHI!Jl • HanpHMep. pac!la.l{a 

w - 3JC 110m10 HS.ITH ronxo BHcTpoeHHocT:t. Drv ;II.JIB. w -uesoHa, 

Tor.na MK B CJJ1'!ae pacna.ita A 1 - 35f MO.mlo HBJ1TH IUllt BHCTpoeliHocu, 

TaK lil BeKTOP no.:mp.11!38lllDI ar A1 -M830Ha . KOTop!ilt no.mOCT:bl) onpe-

µ;eJIReTCJi ROM6•JUUU'BMll 8Jf.eMeHTOB () •. • BXO.IUIJllHllH B ROacf$mlleHT 
- IAA 

npH R B BHpa.llelDIJI (15). IlpoBe.l{eHHoe paccuoTpeHHe CnpaBellJlllBO 
+ -

B c~e. xor.na ca101 BeJD!lll!liH R H R OTJllI'IHH OT HYJJR· 

- 8 -
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Tax RaK JIO'{TH BO Bcex B03MOllHHX pacna.nax A ~ __. 3 Si ( sa He- --
c 

RJD>'{eHHell A 
1 

-+ Ji+ JC 5£0
) liD4evrcR TOJ!,AeCTBeHHHe IIHOHH, Heo6XO.llii-

MO J"l8CT:b orpaHll'leHIDI, R_ROTOPlill IIplUlO.l{HT 3TOT "\IBJtT . ECJl.11! C'D!TaT:b 

TOMJ.(eCTBeHHllMllf llHOHH, 3H0prHlil wf H W2 KOTOpliX BXO.IUUIH B IIOJIH!ilt 

Ha6op KBaHTOBHX 'll!CeJI, TO, RaK IIOKa3aHO B pa6oTe[
3] ' TOMJ.(eCTBeH­

HOCTb qacTHU IIpHBO.l{HT K CJie.icroneMY COOTHomeHJ4Kl M8JOJY BCXO.l{HblMH 

aMIIJiHTy.na.MH f m ( W1, W2): 

I F1 (w1.w2>/2-= / F_Jw2.w1>l2 

II03TOMY ecJlil B (I2) HHTerpHpOBaHHe IIpoBO.l{HT:b ,;o Bcelt .l{HarpaMMe 

,llaJIHua, TO cor.nacHo (I4) I!OJIY'DIM R- = 0 • C uenn noJIHoro oII­

pe.l{eJieKHR MaTPIUUI llJIOTHOCTH l!HTerpHpOBa.HHe B (12) Ha.n;o IIpoBO.l{H'1'b 

OT.l{eJI:bHO )l;Jili o6JiaCTH U..11 > W2 H oT.neJI:bHO .ItJill U.'1 <. W2 ( Il0.l{­

po6Hee 06 3TOM CM.[2•3] ). 

3 . B pas.ne;re 2 pacmm ( 2) HSJ"laJICJI 6e soTHOCJITe.TuHO rrponecca, 

B KOTOpoM o6pasoB8..llcJI A1 -uesoH. YqTeM TeIIepb, qTo MH paccMaTpH­

BaeM 4l0Topoueime A1 -YesoHa IIOJ!JIPHSOBaHHHMH 4l0ToHaMH. Hame pac­

~~oTpeHlile aHaJIOrll'LHo npoBe.l{eHHOMY B pa6oTe[
5

] .JVIJI o6pasoBaHHJI 

B8RTOpHHX Me30HOB. EepR MaTPBilY WIOTHOCTH 4l0TOHa (6) H !Ipe.l{CTa-

BHB MaTPH!lY ll.l!OTHOCTH A1 -Mea0Ha B BHJJ;e 

.l 

P(A1)-=f 0 + L }",P' ( I6) 
J l =l J 

Ha OCHO:BaliZH (5) IIOJIY'IHM 

o_I'\ ' * 
PA'>- - 2N L (A.A2/T/>- 1 . >.1)(>-.A2ITl~'".x,), 

A6!.1X2 

f>.:>. -= 2
1N L <>-'.>.2/T/->.r .>-1)(>-..>-2ITl>-i.xi)°, 

Acr>-1>.2 

f 2 - i, [ . ' I I . I .. >.'>- - 2N i\~(A . .>.21T -.>.cr . .l.1)(.>.,.\2 Tl.>.,,>.,), 
).KA1>.2 

- 9 -
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3 1 } · ' I . ,. 
fx'>. = 2N L A~< A.>-2 Tl >.i.>-1)< >-.>-2IT/ >-cr .>-1'> . 

~~-~t}.2 

McuoJII.syeM, HaROHe~. COxpaHeHHe qeTHOCTH B npo~ecce (1). IlpH 

IlpHHR'l'Oll BH6ope CllCTelll:l KOOp.D;llllaT OHO IlpHBO,ItHT K COOTHOmefll[I) 

(A-}.1)- (Xz->.1) <- >. .->-2ITI- >-1 ,- >.,) = -(-1) < A.>-2ITI Ai-.>-1) • ( IS ) 

npnieHel!l'le ROTOporo B (17) YCTaxaBJIHBaeT CBHSI> Melir,lzy 3JieMeHTB.Ml! 

MaTpllil!:l llJIOTHOCTH C IlpOTHBOllOJIOltHHM111 CIIl!paJll>HOCTRMH 

0,1 >..'-">. 0,1 

f,_.>. = (- 1) f.>i->. ' 

p .2.3 = _ (- 1/-" P2,'3 
J>.A J->.->. 

( 19 ) 

Ilo;ncTaBHM TeuepI> (16) B (15) a samrmeM yr.JioBOe pacnpe;ne.JieHHe 

:e mme 
3 

W( e,'f•f<~l) = W
0

(B,'f) + /;, {~ W«e.'f). ( 20 ) 

HcnoJII>SYR (!9) H 3p.lllTOBOCTI> 118.TPHn (17), CJre.nyJl!llyD HS JlX onpe;ne­

JI0HllR, arut;{ei& 

w0
·;= 3_ { [ ( j+ c.os2B)f,0

'
1 

+ S~n 2 e p 0
•1 

+ v2 s;n 2Bcos<f Re 0°·1 + 
1tJi H lee 110 

2e 2 o,1] + ./;;. e 'II o,1R-} +Sin ws 'f P R - 2v2 s,11 s•n<fJmf 
J l-t 10 ' ( 21 

1.12,3 3 { [ r-i 211 f'f 2,3 2e 2 "1 2,3] + vv = - . - v 2 S<n a s:n 'f Jmf, + S<n s:n 'f Jm P R + 
L/3[ 10 11-1 

+ 2 [case P 2
'
3 + /2 S•n6 COSlf' Ref, 2'

3 J R-} 
J H iO , 

0-3 o,; O,f 2 3 
r;ne 3JieMeHTH P , P ll P - Jlel!leCTBeHHHe, a P ' 

111 Joo 11-1 0 0 0 
11-1 

MHIDme , 11, xpo11e Toro, DeeT uecTo Sp f -= 2 f. + P = 1. 
11 J 00 

- ID -

B CJIY'ille aeno.xiipKSOBaHHHX ifx:>TOHOB yrJioBOe pacnpe;neJieHJ!e aop­

MBJIH l!MeeT mm 

Heno.A.. c 

W (e,'f)= W(e.'f). ( 22 ) 

.lVIH UHPKYJIRPHO IIOMpH30BaHHID.: !fx>TOHOB co CIIJ[paJII>HOCTI>D A5 = '!: i 
cor.nacao (7) K (20) .HMeeM 

+ 0 3 
w-(e.r)= w (e.'f) ± T w (e.~;. ( 23 ) 

K, HaKOHeu, B c.nyqae JIHHeitHo nOJIRPHSO:saJIH!iX ifx:>TOHOB c nouomI>D (8) 

IIOJJy<taeM 

L . o l 2 
W (6,lf.'P) = W (e,'f)- ( eos2<PW (e.~)-(s•n2<1>W (1!,'f). ( 24 ) 

4. Il0Ka1te11 TenepI>, qTo KB.It H .ltJifI npouecca lfx>Too6pasoBa!Uln 

BeKTOPHHX 11eSOHOB, 3KCIIepl!MeBTH c JmHeftHo ll0.l!.Rpl!l30BaHHHMH ifx:>ToHa­

llH B c.nyqae A1 -06paso:samrJ1: T8It][e II03BOJ!JD71' llOJIY'iHT:& HHqoplolal\Dl 

0 llKJIB,l{e o6MeHOB c HaTypaJII.HOA H HemlTypaJII.HOA qeTHOCTI>D B t-xa­
HaJ.le. 

Pa36HB CIIHpaJII.Hlle aMIIJIHTY.JtH npouecca (l) Ha ~aCTH ,' COOTBeT­

CTByJll!He yxa3aHHHM o6MeHa.M, 

I . I (N)I I (U) (A»·2 Tl>-'6,A, )-=<>-.>-2 T A~, -X, )+O,A2 T l>-i .>-1) ( 25 ) 

H HCllOJII>30BaB pesyJII>TaT pa60TH [6] 0 TOM, qTo B rJmBHOM IlOpHJUte IIO 

3Heprn: 0 -KBaHTa HMeeT 11ecTO Cl!Ji3I> 

(-U12/T(~J/->.i-.>i 1)= ±(- 1)'\>-. >-2IT ( ~JjA!,>..,), < 26 l 

Y.OltHO saIIHcaTI> 

( >...">-2IT\~), A~,>.,) -= t [ < >..>-2/TI A'6.>.1)-± (-1)\->..">-2ITl-A~.>.,)J.< 27 ) 

- II -
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ol 
Ecn Te nep:o no.ncTaBHTI> ( 25 ) B onpe.neJielUIH (!7 ) .IJ.JIH f 11 

yqecTl>, qTo B CRJ!Y (I9) KHTepqepeHD;llOHllHX qJieHOB MellJJY 8llILIIllTy­

.l{aMil, COOTBeTCTJIYll!lllMH odMeHaM c H8Typa.1ll>HOlt H HeHaTypa.lll>HOlt qeT­
a 

HOCThll, He BOSHHKaeT, TO MaTPH!Ui p MOltHO npe.ncTaBHTl> B BH,l{e 

f''= ((N)+ rl(UJ (c<-=0,1,2,3), ( 28 

( N ( N) 

r.ne pol u) IIOJIY'llillTCH HS (I? ) SaMeHOlt T-+ T u • J.13 onp1.-..i;e.1IeHI1H 

IlOCJie~ c HCilOJil>SOBaHl!eM (26 ) HeTpy.D;Ho HaltTH CJie.nynillie Bb!paxe­

HHJI: 

p~ ( ~)= 1 [ f.~ ± (-l/'f~ J 
JAA 2 AA A->. 

l(~) I l 1 A O ] t>. ·= 2 f,,:.1. "±; (-1) J.1.·-). ' 

p2WJ ~ i r 1)2 :;: i. (- 1/f ~ ] 
)A'A 2 L >. ' A )\ - ), > 

( 29 ) 

P ~ ( ~) = ..!. [ P ~ ± c (-1 /' P ,
2 

] 
JAA 2 L },\). JA -A ' 

d. 
KOTOpHe IIOKaSHllailT. qTo Bee SJif JeHTH MaTPllll f MO:EIO pas,neJIITl> 

Ha qacTH, COOTBeTCTBYlJllHe odMeHaM c HaTypa.lll>HOlt H H0Ha.Typa.lll>HOA 

qeTHOCTl>ll. 

PaccMOTPllDll KOmq>eTHHe op•eHT~ ll.IIOCKOCTH pacnana OTHOC~­

T0J!l>HO UJIOCROCTH peaKiijlH H IIO~.S.eM, qTQ BRCnepHMeHTH c JIBHeltHO 

IIOJIHPHSOBaHHHMH goTOHaMH IIOSBOJIHillT He~ocpe,ncTBeHHo HSMepHTl> HeKO­

TOpHe KOMdHHaI:UIH SJieMeHTOB MaTPlilllH p0 
• COOT»E!TCTBYJlllllX odne­

HaM c Ha.Typa.lll>Holt H aeHaTypa.lll>HOlt qeTHOCTl>D. 

Bosl>MeM CHaqaJia CJiyq~. ~or.na HOpMa.III> K IIJIOCKOCTH pacna.na 

onpe,neJJJleTCH yrJlllllll 8 = f = ~ , T.e . WIOCKOCTH peaKilHll II pacna­

,na COBIIa,llB.llT. Ilpeli,lle llC0I'O yqTeM' q'J'Q B OT JIKqHe OT paCI!'lJl8. W -> ]Ji ' 

B KOTOpoM BeKTOp IIOJJJIPil:SaI:UIH W-Mesoua op.e:eHT.llpoBaH B.D;OJl'.l> HOpil8Jlll 

K ILIIOCKOCTH pacna,na , BeKTop IIO.llllpHSailllll A1-Mesoaa B pacI18,D;e A{+ 

- I2 -

-+ 3:n JieDT B IJJrOCKOC~ill pacn:a.n;a. IlosTOMY B paccMaTpHBaeMOM CJIYllae 

8 = 'f = ~ yrJIOBOe pacnpe.neJiemi:e W ( ~, 2 .fCiJB!:!paJmeTCH qepes aM­

lLJ!l!ITY.llH npoqecca (I), coOTBeTCTBYD!lile coCTOHHl!l!M A1-Mesoaa co 
- (OJ 

CIIHp8.IIl>HOCTl>IJ A = 0 ( €A 1 ) H JIHBeltHolt KOMdi!HalU!elt CIIHpaJil>HOCTelt 

A= :t f 

-. (11) _ _1__ ( ~Hl _ -(1>) 
6A1 - f2 6 A1 EA, 

opweHTaIJ;HH cooTBeTCTBY!Jil!HX BeRTOpoB IIOJIHPHSartHH A1-11esoaa, od­

pa3YJlllllX I!OJIHYI) opTOHOPMHpoBB.HHYJl CHCTeyY, OTHOCHTeJil>HO IIJIOCROCTH 

peaiunm: np1rne.neaa Ha pHc. I ) . 

Bo3l>MeM JIHHeihio IIOJIHPHSOBaHHHe qoTOHH c BeRTOpoM llOJIHPH3a­

inm: €lf ' JielE8.lllHM B IIJIOCKOCTH pP.aru.nm ( <P = 0 ) H IIeprreH.l{HKY.1!Rp­

HHM R Heit ( ¢ = 1 ) , H BH'lll:CJIHM KOM6HHaD;HH 

(i!,.l) L L -

A = ( \ :;: 1) w ( E 1I ~) T (' "!: 1) w ( d! 1I 0) 1 ( 2·2,2 ( 2.2. ' 

J.1CllOJil>3YH orrpe.neJieHHR (II) H (5), HeTpy.JJ;Ho . Ha!TH, qTo 

A(11.1> = l_L [ ~Li:rr(s- m2 )z 6 ( 11,J.) R.,. -
I 21iN N, 1 

( 30 ) 

- 2 L Jm( < 0, >-2 ITI 1, ~1)<11,>-2ITI ~ ),)'') R-] 
l.1A 2 ' 

r.ne 

<JI J.) ~ ) ( I I 111 i2 I l) 61 . " 64 :Ji(s- 2 12 L <o.>-2 T .J.»'1)1 + <u).,jTl~,;,1)i,1< 3I) 
' mN' x >. , 

(II) t I 2 

T.e. A1 Biq>aEaeTcH qepes aMIJJIHTY.llli c BeRTOpoM IIO.lfHPHSimD go-

A (~) -
TOHa, JieJta!lll'IM B llJIOCROCTH peaKqHH, a 1 - qepes aMIIJIHTY.llli c cK, 

nepneH,D;HXy.1IHpHHM K IIJ.IOCKOCTH peaKIUU!. 

c .npyro:I! CTOpoHH, Ha OCHOBe (2I) H (24)' a TaK&e (29)' yxa-

3aHHHe KOM6l!Hal:CHH MO!!HO Bb!pa3HTl> qepes 3JieMeHTH MllTPHil,li I!JIOTHOC-
0 

TB f 

A(11.i)" 3~l[Coc(u,N>-t p•<u,NJ_po(u,NJ)R+- 2V2'Jmf1:cu,NJR-J_ < 32) 
1 A J cc ) 11 - ) l-t 

- I3 -
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Hs cpamre!D!H {30) H {32) .MR OTHomeHHR onpeAeJIReMHX COl'JiaC­

HO {3I) ceqeHllR llOJIY'!ae11 

.P.
o(u) ~O(UJ f.O(UJ { II) + . -

6 f 00 ff f -1 

6/ 1) : f.O(N ) + pO(N) - po lN) 

oo J11 J1 - 1 

a COOTBeTCTBYDI!aH a cHMll!eTpl!H ecTL 

(.1.) (11) 

\ 61 - 6 1 
L 1 G(.J.) 6 c11> 

p 1 . (J f f:.> 1 
_ J 00 -I" ) H - 1-1 

1 -I" f 
- p• 0 p 0 

J oc + ~f - J.1-1 

PaCC!OOTPHM TeuepL CJIY'!a.ft, ROI'Aa e = ~ , lf = 0 HJIH Jr , T,e, 

IIJiocxocTL pacua,na nepneIUUIKYJIHPBa x JJJIOCKOCTH peaxIUD1. YrgoBOe 

( jj ,\ 
pacnpe,negeHHe W 2 , 0. f(~); B aToM c.nyqae BHpaMeT9H qepes a11-

IIJIHTY.D.H , cooTBeTcTBYJllll!c cocTOJillHJ!M Af- MesoBa co CllllpaJil>HOCTlall 

A = O Ji! JI1IHeiraoi ROM6HHaI.tHel cimpa.n.HocTel A=± i ( c11. puc.I ) 

- (.J.) i. (-+(-1) - (j)) € =--= €4 + € 
A1 1/2 · t A1 • 

B3HB mmeb:o llOJIHPKSOl!8.Jnllie qJoTOHH, Bli'UICJDD( 

A; 11
·.L) = (? +1)WL(~.o . ~) + (p: 1)WL(~ ,o.o) = 

31 [ (I I I 11 I 2 I I I 11 12) + (ll.l.) = 2)7N A1~2 (O ,A2 T .L •>.t) + < 1,A2 T .l' >.1)1 R ~ 62 . 

C .lijlyrol!: CTOpOIDi, MOllOIO HaftTH, 'CITO 

A (11,.L ) = ~ (po (U,N)+ po ( N,V) + PO(N,VJ) R+ 
2 ji 'l oo J11 l1-1 

OTKy,ma )J)UI OTHome!D!H COOTBeTCTByD!lHX ceqeHJlll no.iryqaeu 

6:11) 

6'2(.J.) 

A (11) 

- 2 
- A <.L> = 

2 

(.J.) I. = 62 - 6(11) 
2 6 l.J.) 2 ,,. 

2 + . 

OO(U)+ ()O(N) + pO(N) 

J co J 1f J f-1 

potNl + po(u} -t po (ul 

loo l 11 l1-1 

- Po; + ~f
1 

+ (j 
- ro: + f..0 

+ f, 
- 14 -

IlpHBe,neM ~a!tlle B!ipSX6HHe )J)UI '116THOCTHOI acl!llAleTpli!E 

6(1'4)_ 6(U) 4 i 
p- -P-2P 
6- ,:;:!NJ_.. r:;Wi-Joo 11 - 1 

Heo6xo.Jt11110 11MeTL B BH,lcy', 'CITO Ba a~e11eHTH MaTPBini DJIOTHOCTR 

Haltl!SJUillS8TCJl pJl'J( Ol'Jl8.Hl!'ll8Hllll, BHTeKalJlll!X i13 HepaBeHCTB[7] 

I pd. 12 ~ f, 0 p 0 ( o( : 0 ' f' 2 ,3 ) ' 
h'>. ,:Ji)>.>. 

I 
o( . "' 

1
2 • o o R • ) fx· >. -t fx·~ ~ t>. ( t ..... + fx'>." ±. 2 e fi.')." • 

KOTOpHe JDlJlRl)TCJi pe3yJILTSTOM IIPK118H8IDISI HepaBeHCTBa lliBaplla Heno­

cpe.l(CTBeHHO K Oilp8,lleJ1elUU!M ( 17 ) ,ll,Jll.l f c( • a Talle 143 YCAOl!WI 

det f(Ai) ~ 0, 

CAe.nyD!lero 143 llOAOllll!Te.Jll)HOft onpe.ne~eHHOCTil 

BblnmneM OCHOBHHe HS STHX orpaHlil"ierudt 

P ( A, ) ~ 0 • 
J A>. 

0 ~ P
0 

~ f , 
J 0 0 

o,,, i <1 - 0) I i i ~ oc ~i 2 foo ' f00 l cc ' 

If',: I f ~~ • 
o/. I c I fi_, ~ f ff I p" II "- c po 

ho - foo J.f1 ) 

c,<
1
2 I ,. ( o " 

j ~' f 2 foe fil - P1) IP 2.3i2 ~ 
. I 1c 

I po ( u o) 
2 J co ~I+ t, 

H, HaKOHeu . 

I •+r1l 2 ' (Pc i)[( c j ( • + p' 1 ~o-J1c ~ 2 JCC-t fcc t !fi,) - fi _,-Ji-t) J 

IIPH 

p• + p t + pc ± p f :> O 
111 - l11 l1-1 !1-1 

i1 c o6paTHHM 3HaKOM HepaBeHCTBa I!JlH 

(.) ,; :t p I+ ()0 -j: f 1 < 0 
j 11 ) ii . 1-t 1-1 

- IS -
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5. }lo cu n op npll aHaJ!Kse yr.mBOro pacnpe.iteJieHltli !IpO.DYRTOB 

pacITB,l{a (2) llli JIO.n.s0 lil8.0ICI> CID!pa.1I>HOA CJIC'reMO! OTC'IeTa. Ilpll pac­

CMofpe.a:im ROmtpeTHHX llO,lleJiel. Kalt ll3BeC'rHO , 'laCTO 6Wl8.eT Y.ll06Hee 

IIOJll>SOBaTLCJI ll.PYl'Dlf CJICTell8llJI! OTC'leTa, KO'l'Op ble OTJD['{a.IJTCJi BH60-­

poM OCH l B CKC'reMe IIOKOJI pacIIB,lt8.Dllelca 'laCTJIIUi ll MOr yT 6b!TI> no ­

JJY'leH!l ll.PJr ll3 ll.Pyra IIOBOpo'I'Oll Ba O!Ipe,lleJreimd yr'OJI T BOKpyr 

HOpJlaJill K ll.IJOCKOCTH peaKiij!i[. 3JieMeH'l'a 1118.Tpinn;i IIJIOTHOCT~ !IpH 3TOM 

npeo6pasymcH cor.nacHo 4x>PMY-'Ie 

(.~ I i (8) t 
f, .. = L ctv'A' (Ta.-OP , clv>.Cta.~l). 

).,, ~·v J \/ Y 
( 34 

Kpoue CID!paJII:.HoA cacTeKH oTc'leTa ( H ) HaR6oJiee 'laCTO ac­

IIOJr1>symCJ1 CHCTeMH Melpa ( A ) H r oTT«fJpH,lla - .!{aeRCOHa ( G-J ) • 
,UJm amunrna npo.Jt.YKTOB pacna.ita oopas~eroCH B pe81tiiji!H (I) A 1 - Me­

soga B c11cTe11e Melpa oci. 'i e:yuo BH6pan B.Q;OJII> llMcyJII.ca 0 -
KBaHTa B C.{l.11. B CJICTe.lle roTT(fpH,zta - .IIKeRCOHa OC.b ~ BH6HpaeTCH 

B.Q;OJII:. .llllWyJII.ca 0 -KBaHTa B c.11cTeMe IIOKOJI A
1
-11es0Ha. YrJIH. noBO­

poTa , He06XO.llJillllie .ltlIH nepexo.Q;B. OT O.Q;HOlt CJICTElllH K JUlyrOlt, CJie­

,eyQlll!e: 

TH ~,, - 8 ~ 

T = 8 ' codJ'= u sll .. - f 
H-+G-T ' 1 - p cris o ~ 

tA~c.-r= e·- e·, 
r.Q;e ~ H e"_ CKOpoC'r:r:. H yr'OJI po:s,n;eHHJi A 1-MeSOHa B C.I.1. M. no;\ 

yrJIOY 8"= .0 BCe yRaSaHHLTe CB~TeMH COB~-
B Ka'leCTBe npoepa pac cYOTPJIM npo14ecc (I) B npocTelmel! Mo 

,lleJill - llO.Q;eJill O.!l;HOIIBOHHOI'O 0 6MeHa. KaK IIOKa3allO B pa6o Te[8]. llPll 

pacCMOTpelDIJI o6uemmx pea.Killd llSJ"leHl!e pac~ HecTa6Hm.Holt tr:< 

Tllilli y,JtOOHO IIpOll3BO,llllTI> B CHCTeMe f OTTqJpll]ta - .l{KeKCOHa. 8 

mu t -KaHaJtLHHX CID!paJlldfHX SMIIJll!TY.D: MaTpnra n.JlOT!!O" 

- 16 

aoHa B yRa3aHBOI CHCTelle BMeeT 'illJl 

I ) ITt,- ti- * fm.}A1)=NL _(m'.>·.'4 >-2 >.,)h, (m . .>.4 /T Az->·1) 
~~~~ ~~ 

Y'il!THBa!i npocTyn cmmo:eyJ> CTp.'ltTYPY aMllJIHTY.ll B MO.Q;eD O.JtHO­

Ill!OHXOro 0611eHa 

( m,.>.!jT\};.2' \,) = h~>.lm>-l"A2>.1 1 

ol. 
HeTpy,nso IIOJJY'IHTI>. 'ITO MaTPBIUi p oem TmtO! .Ke llll.lt. 'ITO II B 

CJly'l:ae ifloToodpaaoBaHllJI BeKTOPHHX ueSOHOB [ 
51. a l!lleHHO. ( ii f 3 

-

.IJllal'OHaJil>HH c O'l'Jill'IHliDIH OT HYJIH aJieMeHTSMH 

0 c 

~1 = fi-1 P3 = -P 3 _1 
JH L H - 2 

f 2 
a f Ii! f - aHTBJlll8l'OH8AhBH C 3Jl8M8HTSMH 

P1- P1 _1 p2 _ _ 0 2 - -
J1-1 - LH - 2 , J 1-t - L11 - - 2 • 

( 35 ) 

( 36 ) 

c TeM TO.lll>JtO pas.ml'IIleM. 'ITO B CJiy'l:ae 4ic>Too6pa30BallHH BeKTOPHHX 

MesoHoB sHaR llllTpK"DIHX aJieMeHTOB (36) npoTllBOIIOJio:mHl!. B pesy.vr­

TaTe yr.JroBOe pacnpe.neJieHlle npo.DYRTOB pacITB,l{a A1-t1esou B pacC118-

Tp111BaeMOI llO.lleJllll JipilHBMlleT JIHll 

W(e.~.I)= 8~{[1+c.os
28 + s<n 29((1 cos 2'f+ {

2
s<n2<f)]R++ 

(~ 

+ 2(
3 

uise R-} . 

B C.B88H C TeM, 'ITO B pa3JIJAJIJIX lllO,ll9JIJ!X 4ic>Toodpa301l8Hl!JI Belt­

TOpBllX 11eSOHOB ( a TaKJte Am npouecca (I) B MO.lleJD! 0.JnlOllHOHHOI'O 

- 17 -



0. 
0611eaa, RB.K noxasa.Ho ~Iillle ) YaTP.llllli f nplilHBMallT yita38.!IHHJ. npo-

cTott Bll,IJ;, .a pa6oTe[5] 6WI11 paccuoTpeHH yCJiomm:, HaJraraellble Ha 

3Jl8M8HTH YaTPHil IIJIOTHOCTB B npoH3BOJ!l>HOtt CHCTeMe OTcqeTa, npB 

BHllOJJHeB'.Hll! KOTOP!:IX nocpe,ncTBOM no:eopoTa Ha H8KOTOplitt yroJ! f BO­

Kpyr HOPMalDil K IlJIOCKOCTH peaxnHJ! MOZHO 61L110 6u O~OBpeMeHHO npB-
0 3 I 2 

BeCTii f H f K .ll;HarOHaJil>HOMY BH.l1Y' a f H f - K a.HTB.InUU'OHaJ[h-

HOMj'. 

3.nech MH BHIIHlll8M· Jll!llllh Te YCJ!OBB.li, KOTOp!ie He co.nepsaTCH B 

pa6oTe [ 5 J • a HMeHHO. YMOBB.li M.11 Tex 3Jl£:!8HTOB MaTPHn IlJIOTHO­

CTll, KOTOpHe He :sxo.nirr B BupalleHBe }lJm yrJ!OBOI'O pacnpe,neJieHHH 

pacna.na 11eKTopHHX Me30HOB, a Tax&e Te cooTHomeHHH, KOTopae B yita-

3aHHoa pa6oTe HeBepHH. IlpH BHllOJIHeHl!H aapaoy c yCJioBllRMR pa6o­

Taf5] cooT··omeHBtt 

0 ::fm p -= 
J iC 

I o 

~1 - B-1 
-j ----

?i. ~: 

J m P ' = Re p 
2 

"' f. 2 = 0 , 
Jrn Jjo 1i 

p1 p 1 3f1 
J 00 + J 1-1 + -1i 

1-3(f.0 +P 0
) 

t1 11 - 1 

i c 

~I =-t1 
2 po 

:fm P,o J 1-1 

~=--"-
m fi-1 f10 

'l c 

P,~ - ~ - I 
70T ----po 

111 ) IC 

3 3 
fie f11 

' 2(r.'J2+(P')2 -
, iC ) 11 

( 38 ) 

~: 
1 ·3(~>fi] 

YilOM.l7Hj"i'idt BYIDe yroJI if CY!ll8CTByeT l! OH onpe,neJ'.Jl'6TCR Bblpa.'!l:eHHeM 

tar =-J2 ~;, 
J IC 

( 39 

B saKJ!llqE!fille saMeT!i91, qTo npoBe,neHHoe B HacToR!lle~ paCoTe 

o6mee paccMoTpeHHe (fx:>Too6pasoBSHHH A1 -Mes0Ha Mo~eT 6HTh noJies­

HHM TaKJte c To~ speHHH BHHCHeHBH pesoHaHCHOil npBpO.IIbl A, - Mesoaa • 

.ABTop BH~eT 6Jial'O,ItapHOCTh C.f .MaTHHRHy 3a BHl!MaHHe K pa-

6oTe H noJie3HHe saMeqaHHH. 
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OpHeH'l'~ seKTOpoB nOJ.Ui.PBS8IllDI A1-11es0Ba 

B CmtpaJil>HOit CHCTeMe OTC"leTa ( Xi; - BJIOC­

KOCT:D peaimmr ) • 
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·PyJtoIIHCD rrocTyIIBJia 5-ro anpe;m I974r. 

•r 4't> 

f!pCHHCl\ld~ 4>1BH1ltCKHA 

J.1 HCTHTYT 
3u npenpuTll~ 

Pe,n;aKTul-' .iI. IT. MyiC8ill! 

3aKa3 0806 J:l<I?-03377 TRp8.llt 300 

IIo.iumcaHo K rret1aTH 25/YI-74r. ii>op1.mT as.n:amm 30x40 

I,O Y'l·H3.U:.~- U.7 K. 
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