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flJ06oumu B.n. P4 - 10618 
0 /lflHTenbHOCTH H/lepHblX peaKUHH e ycnOBHSIX CHflbHOr'O 

nepeKpblB8HHSI pe30H8HCHblX ypOBHeli 

PaCCMOTpeH eonpoc O epeMeHH aaneplKKH BOflHOBbIX naKeTOB npH CHflb

HOM nepeKpb!B&HHH pe':'OH8HCHblX ypOBHeA. noKa3aHo, 'iTO B 3TOM cny-.ae 

/lflHTenbHOCTb CTOflKHOBCHHSI cywecTBCHHO npeBb!WaeT BpeMSI lKH3HH OTllCflb

HOr'O YPOBHSI t;r H HMeeT BeflH'IHHY nopSlllK8 2"\lnD , rne n ·- 'IRCno Ka

Hanoe, D - cpenHee paCCTOSIHHe MClKllY COCC/lHHMH ypOBHSIMH. 06cyiK/l8eTCSI 

BepOSITHOCTHOe pacnpeneneHHe BpeMeHH aaneplKKH npH 6onbWOH nnoTHOCTH 

ypOBHeli H OTMe'laeTCH ABYXCT8/lHHHblH xapaKTep npouecca ynpyroro paccesi

HHSI. nony,.1eHHble peaynhT8Tbl YK83b!B8IOT Ha TO, '!TO B ycnOBHSIX CHflbHOI'O 

nepeKpb!BSHHSI pe30H8HCHblX YPOBHCH ,tinJOKTyaUHH 3«pq)CKTHBHblX Ce'!eHHH xa

paKTepH3YIOTCSI HHTepaanoM KOppenSIUHH ri) , 8 He r , KaK 3TO npHHHMaeTC.SI 

s Teopuu 3pHKCOHa. 

Pa6oTa BblnO/lHeHa B na6opaTOpHH BblCOKHX 3HeprHli OIUil1. 

IlpenpauT 061.eJU(lleuuoro BHCTBTyTa SJlepawx accnel(onaRBI. ,Ily6aa 1977 

Luboshitz V.L. P4 - 10618 

On the Nuclear Reaction Duration under the 
Conditions ~f Strong Overlapping of th~ 
Resonance Levels 

The problem is considered on the time delay of the 
wave packets at strong overlapping of the resonance le
vels. It is shown ~hat in this case the collision durati
on exceeds essentially the life-time of a separate level 
ti/r and its value is of the order of 2,rfv'nD, where 
n is the number of channels·, D is the mean distance 
between the neighbouring levels. The probability distri
bution of the time delay at high level density is dis
c~ssed, and the two-st~ge character of the elastic scat
tering process is pointed out.· The results obtained in 
the paper indicate tha't under the strong overlapping of 
the resonance levels the effective cross section fluctua
tions are characterized by the correlation interval nD 
but not r , as it is accepted in the Ericson theory. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1977 
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Borrpoc O BpeMeHH 3a,J:(ep)KKH BOnHOBbIX rraKeTOB B 06-

naCTH B3aHMO,J:(eHCTBHH HeO,J:(HOKpaTHO o6cy)K,J:(ancH B nHTe

paType C pa3HhIX ToqeK 3peHHH /1-7/. B rrocne,J:(HHe rO,J:(hl 

BO3poc HHTepec K TeopeTnqecKHM HCCne,J:(OBaHHHM B 3TOM 

HarrpaaneHHH B CBH3H C BO3MO)KHOCThlO orrpe,J:(eneHHH BpeMeHH 

)KH3HH KOpOTKO)KHBYI.QHX H,J:(ep Ha OCHOBe MeTo,J:(a "TeHeii" /s/. 

IloHHTHe ,J:(IlHTenhHOCTH CTOnKHOBeHHH HrpaeT TaK)Ke na')KHYIO 

ponh B TeopHH TOPMO3Horo HJnyqeHHH M1IrKHX Y·KBaHToi 

H TeOpHH 3PHKCOHOBCKHX <lmIOKTyau/ii / 9 , IO/• 

B Haurnx npe,J:(bl,J:(YI.QHX pa6oTax 9 ,I0/6bmO IIOKa3aHO, qTo 

B ycnOBHHX oqeHb CHilbHOro rrepeKphlBaHHH pe3OHaHCHhlX 

YPOBHeii BpeMH 3a,J:(ep)KKH rrpH qncTO ynpyroM /o,J:(HOKaHanb

HOM/ pacceHHHH orrpe,J:(enHeTCH He IIIHPHHOH KBa3HCTaUHOHap

HhIX COCTOHHHH r . a cpe,J:(HHM paccTOHHHeM Me)K,J:(y coce,J:(· 

HHMH YPOBHHMH D. B COOTBeTCTBHH C 3THM 'a MO,J:(enH O,1:(HO • 

KaHanhHoro paccelHHH ~nIOKTyaunn 3~~eKTHBHhlX ceqeHHii 

xapaKTepH3YIOTCH 3HepreTnqecKHM HHTepaanoM KOppenHUHH 

D191. B HaCTOHI.Qeii pa6oTe Mbl paccMOTPHM HeKOTOphie 

cne,J:(CTBHH TeOpHH BpeMeHH 3a,J:(ep)KKH B MHOrOKaHanbHOM 

cnyqae. Ii Y):(YT rronyqeHhl 061.QHe COOTHOIIIeHHH ,J:(IlH ,J:(IlHTenh -

HOCTH H,J:(epHbIX peaKUHH, Herrocpe,J:(CTBeHHO BhITeKaIOI.QHe 

H3 ycnOBHH YHHTapHOCTH H rronIOCHOro rrpe,J:(CTaBneHHH 

MHoroKaHanbHOH s -Ma TPHUhl. 

1. 0CH061lble rjjopMy/lbl 

Mbl 6y,J:(eM OIIHpaTbCH Ha 061.QHe pe3ynhTaTbl TeopHH 

BpeMeHH 3a,J:(ep)KKH. IlpH 3TOM Hae 6y,J:(eT HHTepecoBaTb 

CHTyauHH, KOr,J:(a rrpocTpaHCTBeHHhie pa3Mephl naKeTOB ,J:(O· 

CTaToqHo ManbI ,J:(nH Toro, qTo6hi MOMeHT CTOnKHOBeHHH 

,3 



r 
MO)KHO 6hrno C'IHTaTh qJHKCHpOBaHHhIM. B 3TOM cnyqae 

Heonpe,neneHHOCTh 3Hepruu naKeTa L\E >> £ 
0 

- iv t 
O 

,r.ne r O -

xapaKTepHaH J:(IlHTenhHOCTh peaKIJ;HH. flpe,nnonO)KIIM TaK)Ke, 

'ITO BenH'IHHa L\E Mana no cpaBHeHHIO C KHHeTH'leCKOH 

3Heprueii tJaCTHUhl, TaK 'ITO ,nucnepcueii CKOPOCTH MO)KHO 

npeHe6petJh. Tor,na H3 COOTHOllleHHH, nonytJeHHhlX B pa6oTe 

OMypa 15/ , BhITeKaeT, 'ITO cpe,nHee BpeMH 3a,nep)KKH B 

J:(BYX'laCTH'IHOH peaKUHH i ➔ j onHChIBaeTCH qiopMynoii 

2 a , 
<If.. (E, 0 .)I -Argf .. <E,0. )> 1, 

T •• ;t JI J aE JI J '·o 

JI ./1/ 
<If.. (E,0. )I 

2> f' 
JI J '·o 

~,neCh fji (E, () j) - aMnnHTy,na paccMaTpHBaeMoii peaKUHH 

npu 3HeprHH E B CHCTeMe n;eHTpa HHepn;HH H yrne BhineTa 

BTOPH'IHhlX tJaCTHU O j; CHMBOn < > Eo 03HatJaeT ycpe,n

HeHHe no 3HepreTH'leCKOMY cneKTpy BOilHOBhlX naKeTOB B 

OKpecTHOCTH cpe,nHeii 3HeprHH E : 
0 

<I l>Eo ~- fl Ip (E)dE, /2/ 

r.ne p(E) - cneKTpanhHaH nnoTHOCTh, HOpMHPOBaHHaH Ha 

e,nHHHUY (f p(E)dE = 1). 
B pa6oTe/IO/ 6hlno_ Haii,neHO BepOHTHOCTHOe pacnpe.ne

neHHe BpeMeHH 3a,nep)KKH. B paccMaTpHBaeMhlX ycnoBHHX 

OHO HMeeT BH,l(: 

r,ne 

p (r) 
j i 

¢ii(£,0i) 

1 . £T 

--Hef,-1,. ( -1 ~ 211h '>"ji £,0.)e .n df 
J ' 

* . 
<f .. (E,0.)f .. (E - £,0 J.)>v 

JI J JI r. o 

<lfji (E,0j)I 2>Eo. 

IlpH.3TOM, cornaCHO /3/ H /4/, 

4 

/3/ 

/4/ 

l 

I 

! 
I 
I 
-l 

I 

¢, (0) = f P (r)dr = 1 , 
ji ji 

T 
ji 

= f T P .. (r)dr - ti acp .. (£,0 .) 
JI - h m JI J a( I ( = 0 

/5 / 

·t 
KaK noKa3LmaeT aHanu3, np11 ycnoBHH L\E >> r;- OCHOBHOH 

BKna.n a HHTerpanhI /5/ ,naeT o6naCTh nonO)KHTeilhHhIX 

3HatJeHHii. r· , T .e. MO)KHO C'IHTaTh, 'ITO P ji (-Ir!)"" 0 /3TOT 

BhlBOJ:( HB.TIHCTCH cne,nCTBHCM npHHIJ;Hna npH'lHHHOCTH/. 3a -

MeTHM eIIJ;e, 'ITO c TO'IHOCThIO ,no aenH'IHH nopH,nKa f/i\E 
BhlilOilHHCTCH paBeHCTBO ¢ ij (£ ,0 i) ,.,¢ Ji (-t:,0 i). KoppenHn;H

OHHaH <PYHKUHH 'Pji (£,0 i) BXOJ:(HT B qiopMyny ,nnH JqJqJCKTHB

Horo cetJeHHH TOPM03Horo H3IlY'ICHHH MHrKHX y -KBaHTOB 

C 3HeprHeii f /10/ , a TaK)KC HrpaeT cyIUeCTBCHHYIO ponh 

B TeOpHH 3PHKCOHOBCKHX qJnIOKTyan;Hii / 9/. . 

.6y,neM C'IHTaTh, 'ITO Bee. paccMaTpHBaeMhie peaKIJ;HH 

HBilHIOTCH ,nayxtJaCTH'IHhlMH, H onpe,nenHM cpe,nHI0IO ,nnH

TCilhH0CTh CTOilKHOBCHHHB.KaHane i KaK 

T. = 
I 

- 2 2fr .. (O.)<!f,.(E,O.)I >Edf!. 
, JI J JI J •o J 
J . . 

2 J<lf..(E,0. )1 2>E df!. 
j JI J •; J 

/6/ 

C noMOIIJ;hIO JneMeHT0B s -MaTpHUhI, OTBetJaIOIUHX onpe,ne

neHHhlM 3HatJeHHHM yrnoaoro MoMeHTa J , qiopMyny /6/ 
MO)K~O nepenHCaTh B BH,ne 

. (J) 
(J) dS .. (E) 

2 (2J+ l)(<Q .. (E)>E -Im< 11 >E ) 
J 11 ·o dE •o 

; = ...!.t------------------
i 2 

~ ) (J) ') 
~(_2J +1 <1-Re<~i/E>>E

0 
/7/ 

3 ,. Q (J) (E) u u ,nech ··' ii - ,nuaroHanhHhlH 3neMeHT 3PMHT0BCKOH 

MaTpHD;hl 

,. 

5' 



A (J) A (J) A (J) + 
Q (E) = i S (E)( dS (E ) ) 

dE /8/ 

BBeAeHHOH- B pa6oTe CMHTa / 4/ ; MaTpuqm,Ie :HieMeHThl 

Sq)(E) YAOBlleTBOp.HIOT YCllOBHIO YHHTapHOCTll }: s<.~>s*k(Jl=a.,_. 
JI · IJ J IK 

B AallhHeiimeM peqh 6yAeT HATH O B3aHifoAeiicTBllll 

qacTHu; npu onpeAelleHHhIX 3HaqeHu.11x yrlloBoro MOMeHTa. 

ui tls\!lE> 
B CHllY orpaHuqeHHOCTH S .. (E) BellHqHHoii Im< ---->

1
, 

II dE ',o 

B cpopMylle /7 / npH AOCTa TOqHo 6ollhllIHX AE MO:>KHO rrpe
He6peqh, u TOrAa 

-;: = .!_ t <Q ii (E)> E...o...___ 

i 2 1 - Re <S .. (E)>,., 
II "'o 

/ All.II Kpa TI<OCTH MhI 6yAeM onycKa Th HHAeKc J /. 

2. CpeoHJIJI 0/lUmeAbHOCmb cmOAKH08eHUJI 

/9/ 

B Cllyqae H3OllHpOBaHHOro pe3OHaHca aMnllHTYAhl Bcex 

peaKUHH HMeIOT OAHHaKOBYIO 3HepreTHqecKyIO 3aBHCHMOCTh 

r -1 
f.. - (E -E- i-2) , H BhlqllClleHU.11 no cl>opMyllaM / 1- 4/, KaK JI 0 

H clle.n;oBallo o:>Ku.n;aTL, npHBo,n;.11T /npu L'\E >>r / K cooT-
HOllleHU.IIM 

t 
¢ = (1 - i!=;-) 

-1 
T 
ji = r· ii I 

r rr 1- exp(- -), T > 0, 
p (r) = h ti 

ji 
T < 0. 0, 

/10/ 

Ilo,n;qepKHeM, qTo He3aBUCllMOCTh BpeMeHHoro XOAa npo

uecca OT BXO,IJ;Horo H BhlXO.IJ;HOro KaHallOB xapaKTepHa 

HMeHHO .IJ;ll.11 O.IJ;llHOqHhIX pe3OHaHCOB. 

B 06llaCTll nepeKphIBaIOll.{llXC.11 pe3OHaHCOB pa3llHqHhIM 

peaKIJ;ll.llM OTBeqaIOT, B006IIJ;e roaop.11, pa3Hhle BpeMeHa 

6 

\ 
i 

! 
t 

l 

I 
I 
I 

f 
I 

f 

3aAep:>KKH~ .D;ll.11 ucclleAOBaHH.11 ,n;llHTellhHOCTH MHoroKaHallL

HhIX peaKIJ;llH npH 6OllhllIOM quclle nepeKphIBaIOIIJ;llXC~ ypoB- . 

Heii BOCIIOllh3YeMC.H npeAcTaBlleHHeM 8-MaTpHIJ;hI B BHAe 

npOH3BeAeHH.II YHHTapHhlX MaTpuu;, OTBeqaJOIIJ;HX OTAellhHhIM 

pe3OHaHCaM H Hepe3OHaHCHOMY <tioHy. CorllaCHO pa6o-
Te /11/ . 

,,. 
N [' p 

S(E) =' u II (1 + i k k ) u T. 
k=1· . , rk 

E -E-i-. 
k , 2 

/11/ 

3AeCh u - yHHTapHa.11 MaTpnu;a, He 3aBUC.HIIJ;a.H OT 3HeprHH, 

(JJT) ji = U ij, uu T - CHMMeTpHqHa.11 qlOHOBa.11 8-MaTpHu;a, 

pk - MaTpHIJ;hl npoeKTHpoBaHU.11, KOTOphie, B00611.{e roBop.11, 

He KOMMYTHPYIOT .n;pyr C ,n;pyroM. no onpeAelleHHIO, 

,A. "+ " 2 . " 
pk= ~ k ~ p k ' Spur pk = l · 

IlpeHMyIIJ;eCTBO cpopMyllhl /11/ no cpa1rneHJ{IO co CTaH

.n;apTHhIM nollIOCHhIM pa3llO:>KeHHeM / CM. ,Hanp., 1121 / 3aKlllO.;. 

qaeTC.H B aBTOMaTHqecKoM yqeTe Tpe6oBaHH.H yHHTapHOCTH 

6e 3 npHBlleqeHU.11 .IJ;OIIOllHHTellhHhIX YCllOBHH. 3To oco6eHHO 

cyIIJ;eCTBeHHO, KOrAa qHCllO pe3OHaHCOB BellHKO. Ha OCHOBe 

/8/ H /11/ nollyqaeM ClleAYIOIIJ;ee Bhipa:>KeHHe .IJ;ll.11 MaTpHIJ;hl 

CMHTa: 

' N ~ rk 
Q<E) = I pk 2 fk2 ' 

k=l (E -E) + -
k 4 

. I 12; 

rAe 

pk 
,._A ,.._ A+"'+ 
UskPkskU 

k-1 ['mpm ). 
; = II U+i _rm 

k m=l · E -E-1
2 m 

/13/ 

" " C yqeTOM yHHTapHoCTH L 5 k H U MaTpHu;a Q(E) .HBll.HeTC.11 rro-

llO:>KHTellhHo-onpe.n;elleHH·on. Clle.IJ;oBaTellhHO, All.II BCex BXo,n;-

HhIX KaHallOB Q ii (E) > 0 • 

7 



A 
A 

IloCKOilhKY Spur Pk == Spur Pk== 1, cnpaBe,IJ;IlHBO COOTHO-

meHHe 

,. N rk 
SpurQ(E) == I ------

k ==I 2 1 2 
<E -E) + _!.. 

k 4 

/14/ 

KOTOpoe He JaBHCHT OT IlOCTOHHHOro ~oHa, CBH3aHHOrO C 
noTeHI.(HailbHbIM pacceHHHeM H npHMbIMH peaK~HHMH. 

Ycpe.IJ.HHM Teneph paBeHCTBo /14/ no JHepreTH'leCKOMY 
cneKTPY naKeTa c xapaKTepHOH mHpHHOH f1E, y.u.oBneTBo

pnromeH ycnoeunM 

.A.E » r k, 1\E » D: /15/ 

r.u.e D - cpe,D;uee pacCTOHHHe Me>K,IJ;Y coce,IJ.HHMH ypoBHHMH. 
Hano>KHM eme o.u.uo /BeCbMa cymecTBeHuoe/ Tpe6oBaHHe: 
HHTepean ycpe,D;HeHHH ,IJ;On>KeH HaXO,Il;HThCH BHYTPH o6naCTH, 
B KOTopoH pacnono>KeHhl peJouaHCbI. Tor,IJ;a B cooTBeTcTBHH 

c /2/ HMeeM 

l' r 
<I k > = f p<E)(I k )dE"'217Lp(E ). 

k . 2 l'( F:o k 2 . l'( k k 
(E -E) + - <E -E) + -

k 4 k 4 

Ilo onpe,D;eneumo, Ip (E ) == l 
k k D 

"• cne.D;oBaTenhHO, 

" Spur< Q (E)> E == 217/D. 
0 

/16/ 

C y11eTOM /9/ H /16/ nony11aeM npaBHilO cyMM 

1rb 
Ir (1 - Re<S > ) 
i i ii E 0 

D ' /17/ 

HnH, Y'IHTbIBaH /6/, 

1 - . . . 2 
-IIr .. <IS,.(E)-o .. I >E 
2 i j Jl J1 J1 0 

17ii ---. 
D 

/18/ 

8 

,t,. 

I 

r 

I 
I 
I -I 

y-i 

BBH,IJ;Y IlOilO>KHTenhHOCTH BenH'IHH < Q ii (E)> Ea MO>KHO TaK-
>Ke HailHCaTb: 

Ti= , ;t pi(l - Re<S ii(E)>E}-1.' /19/ 

I';l(e pi > 0, T pi= 1. CooTHOllieHHH i 1 7 / - / 19 / cnpaBe,IJ;.JiH. -
Bbl npH nro6bIX 3Ha1JeHHHX napaMeTpOB r k H D • 

-K~K 6bl.iIO noKaJaHo B pa6oTax 113 •141, npH lJ =c 1. JneMeH
Thl ycpe,IJ;HeHHOH S -MaTpH~bl /11/ Y.D;OBileTBOPHIOT paBeH
CTBaM 

~ r' 
11 I< S .. (E)>,., I .;= exp(-17 -),_ . <S ji >E = 0 
i 11 £,o D o 

(i;ij) /20/ , .. 

r,IJ;e f - . cpe,IJ;HHH lliHPHHa pe3OHaHCHbIX ypoeueH. . (l' == 

= u·; p (~kn;:k ). Ilpe.D;cTaBnneT HHTepec cny11aH ~.11eHb 

cunbuoro nepeKpirnauHil ypoBueii., Kor,IJ;a BhmonHnroTcn yc
noBHH 

l'p:/D » 1 . I , /21/ 

H, cne,IJ;~BaTenhHO, r » nD ; r,IJ;e n - 11ucno K~HanoB. Tor,IJ;a 
• · • '°' A - " rr 

B cooTBeTCTBHH c /20/· MaTpHL(a <S > =U<S> U - 0 , H F . E -
Ha OCHOBe / 1 T-19 /4 nony11aeM · ' 0 0 

n - 17 b 1 n - 1! n - · 2, 17 'ti 
Lr.= --,-(Ir .. +I I r .. <IS .. <E)I ,,,L' )=--, 

i = I I D 2 i == I 11 i ==I j = I J I JI r,o D 

/22/ 
~ - 17b + i - -

0
- p . » _n_ 

1 1~ . 

- B ·o,IJ;HOKauanbHOM cny11ae. ripH YCilOBHH f'>>DH3 /22/ cne,IJ;yeT 
~opMyiia · 

;: = 17 Tu'D' /23/ 

nony11eHHaH paHee B pa6oTe/I 0/. MbI BH,Il;HM, 'ITO npH O11em, 
6onLWOH nnOTHOCTH ypOBHeH ,Il;IlHTenhHOCTb" CTOilKHOBeHHH 
KaK B O,Il;HOKaHailbHOM, TaK H B MHoroKaHanbHOM cny11ae 

9 



'I 
I 

I 

cy~eCTBeHHO npeB_hIIIIaeT BpeMH )KH3HH OT.z:i;enbHOro KBa3H· 
CTaUHOHapHoro YPOBHH. 3TOT. BhIBO.D; He 3aBHCHT OT MO.D;eneii 
u HBnHeTCH cne.D;CTBHeM yHHTapHOCTH 8-MaTpHUhl *. ' 

Ilpe.z:i;nono)KHM Teneph, 'ITO, Hao6opoT, .z:i;nH acex KaHanoa 
t(i)=f'p i «D /npu 3TOM MO)KeT coxpaHHThCH ycnoauer»D 

.z:i;nH nonHoii IIIHPHHhI/. Ecnu C'IHTaTb, 'ITO ace IIIHPHHhl o.z:i;u
HaKOBbl H .K TOMY )Ke OTCYTCTByeT Hepe3oHaHCHbIH <l>oH, TO 
Ha OCHOBe /11/ u /12/ MO)KHO nony'IHTh. npu6nH)KeHHOe 
paaeHCTBO 

Q .. (E)1 
Res (E) = 1 - --'1""-

1 
--

ii 2 

C y'leToM /24/ 4>opMyna /9/ .z:i;aeT r. = t;r. 
I 

/24/ 

B npHHUHne B03MO:>KHa CHTyauuH, Kor.z:i;a .z:i;nH HeKOTOpbIX 
Ka!!anoB co cna6oii CBH3bl0 BhlilOilHHIOTCH_ycnOBHH f'(i) = 
= [' p i << D, a .z:i;nH ocTanhHhIX KaHanoa r p i >> D. B 3TOM 
cnyqae peaKUHH C OTHOCHH!IlbHO ManbIM 34'4'eKTHBHhIM 
Ce'leHHeM,KOTOPhIM OTBe'laIOT Ha'lanhHbie HnH KOHe'IHhie 
COCTOHHHH Tuna i , xapaKTepH3YIOTCH .D;IlHTenhHOCThlO -b/r. 
Ecnu )Ke pe'lh u.z:i;eT o nepexo.z:i;ax Me:>K.z:i;y KaHanaMH c cunhHoii 
CBH3hIO, apeMeHa 3a.z:i;ep:>KKH ropa3.z:i;o 6onhwe, 'leM t;r . 
B 'laCTHOCTH, npu CTOilKHOBeHHHX OTHOCHTenbHO 6hICTpbIX 
/E-1O M3B/ HyKnoHoB c TH:>KenhIMH H cpe.z:i;HHMH H.z:i;paMH 
.D;IlHTenhHOCTb peaKUHH C yqacTHeM y·KBaHTOB MO)KeT 
OKa3aTbCH Manoii no cpaBHeHHIO C .D;IlHTenhHOCTblO Hepa
.D;Hal{HOHHbIX npoueccoB. 

3. ,l(eyxcmaouilHbtU xapaKmep pa3eumu.11 epeMeHHbtX 
npo1,1eccoe 

BenH'IHHhI rji · u ri npe.z:i;cTaBnHIOT co6oii ycpe.z:i;HeHHhie _ 
BpeMeHHhle xapaKTepHCTHKH. ,l(eTanbHOe pa3BHTHe peaKl{HH 
so ape Me Hu onuchrnaeTcH <i>YHKUHHMH KoppenHUHH cf> ji (d . 

*MO:>KHO noKa3aTb, 'ITO COOTHOIIIeHHH /22/ cnpaae.z:i;nHBhl 
u npu HapyweHHHnepaorou3ycnoauii/5//T.e.npu LlE<Tk/, 
ecnu TOilhKO LlE» D/p JT.e. ~E »nD/. -
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i 

A\ 
l 
l 

i1 
'J\ ,, 

B pa6oTe /lO/ 6binO Haii.z:i;eHO HBHOe Bbipa)KeHHe .z:i;nH <i>YHKUHH 
Koppem1uuu cp(da cnyqae 'IHCTO ynpyroro / o.z:i;HoKaHanhHoro/ 
pacceHHHH. C y'leToM / 4/, B npe.z:i;nono)KeHHH, 'ITO· ace 
pe30HaHCHbie YPOBHH HMeIOT O.D;HH H TOT )Ke yrnoaoii MOMeHT, 
O.D;HOKaHanhHaH <i>YHKUHH KOppenHUHH onpe.z:i;enHeTCH no 4>op

Myne 

l+<S(E)S*(E-d>F. - 2Re<S<E)>E 
'o o 

¢fr)=------------ /25/ 
2<1- Re< S(E)> E ) 

·o 

B pa6oTe / 9/ 6bmO noKa3aHo, 'ITO ecnu ace YPOBHH HMeIOT 
O.D;HY H TY :>Ke IIIHPHHY l , a HX 3HeprHH pacnpe.z:i;eneHbl no 
3aKoHy IIyaccoHa, TO 

. 1€ 
<S<E)S*(E-€ )>F. = <II (1 + i ---------)> = 

·o k 1 1 E 

= exp(i~ 
D 

(E -E-i-)(E -E+Hi-) O 
k 2 k 2 

€ ) , 

• € ) 
(l-1y 

/26/ 

I [' • l 
j<S(E)> I= I< 11 (1 + i ----)> I= exp(-rr-). 

Eo k [' Eo D 
/27/. 

E -E-i-
k 2 

CornacHo /25/ /27/, npu 1/D « 1 H OTCYTCTBHH 4'0Ha 

€ -1 
<i>YHKUHH KoppenHUHH HMeeT BH.D; cp(d=<l-i"F) , 'ITO COOT· 

BeTCTByeT 3KCilOHeHl{HanbHOMY pacnpe.z:i;eneHHIO apeMeHH 

3a.z:i;ep:>KKH. Ecnu :>Ke 
[' 

0 
>> 1 , TO He3aBHCHMO OT $a3hI 

noTeHuuanhHOro pacceHHHH <S(E)> E "" 0 • B 3TOM cnyqae 
0 
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i 

¢(£) = ...![1 + exp( 277 i . f )]. /28/ 
2 D 1- if 

Ilpn 3TOM BepoHTHOCTHOe pacnpe.a;eneHHe BpeMeHH 3a.a;ep)KKH 
HMeeT BH)]; /IO/ . .· . . 

r.a;e 

P(r) = ..1.(o(r) + P(r)), 
2 

00 

2rri 
P(r) = f exp(-]) 

. -00 

. fr·. 

f -It 
)e 

1 . ( 
- 1-

1~ 

df . /29/ 

Cpe.a;Hee BpeMH 3a.a;ep)KKH, BLI'IHcnemrne no <!iopMyne /5/, 
COBna.a;aeT c /23/.Ilo.a;qepKHeM, ,'ITO COOTHOWeHHH /26/ -
- /29/ cnpaBe.a;nHBbl )];JIJI naKeTOB co cneKTpaJibHOH llIHPHHOH 
~E >> [', D; npH 3TOM MLI, KaK n npe)K.a;e, C'IHTaeM, 
'ITO OCHOBHaJI 'IaCTb cneKTpa naKeTa Jie)KHT BHYTPH o6naCTH, 
B KOTopoii cocpe.a;oTO'IeHbl pe3oHaHCbl .. 

lfa /29/ cne.a;yeT, 'ITO B paCCMaTpHBaeMLIX YCJIOBHJIX 
npouecc 'IHCTo ynpyroro pe3oHaHcHoro pacceHHHH npoxo.a;HT 
B )];Be CTa.a;HH, pa3.a;eneHHhle cpaBHHTeJibHO 60JibllIHM npo
Me)KyTKOM BpeMeHH. B IlOJIOBHHe cnyqaeB pacceHHHe npo
HCXO)];HT MrHoBemrn /TO'IHee, 3a O'IeHb MaJibIH npoMe)KyTOK 
BpeMeHH - t/ ~E /, a B .a;pyroii nonoBHHe cnyqaeB - c 6onL
lllo:u: BpeMeHHOH 3a.a;ep)KKOH, cocpe.a;oTo'IeltHOH B Y3KOH 06-
JiaCTH B6JIH3H 

2rrt 
T = -- • 

o D 
,D;ucnepcHH BpeMeHH 3a.a;ep:>KKH Ha BTopoii, 3ana3.a;Lrna101Qeii 
CTa)];HH, COCTaµnHeT 

2 2 00 
- i 

7 -r 
O 

=· f r 2P(r)dr -( ~) 
2 

= 4rr.t
2 

o D Dr /30/ 

H OTHOCHTeJILHaJI <timoKTyauu11 11=vlL. 
rrr 

B pa60Te/ 15/6b;~ 

no IlOKa3aHo, 'ITO BbIB0)]; 0 cyll{eCTBOBaHHH npH O'leHb 6onL
llIOH IlJIOTHOCTH YPOBHeii )];BYX KOpOTKHX CTa.a;Hii pe3011aHc-
11oro 0)];H0KaHaJibH0ro pacceHHHJI He CBH3aH C K0HKpeTHblMH 
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CTaTHCTH'IeCKHMH npe.a;noJI0)KeHHHMH H HMeeT 06ll{HH xapaK
Tep. Mo.a;enLH0-3aBHCHMblM HBJIHeTCH T0JibK0 pe3yJILTaT 
/30/ .a;nH .a;ucnepcnu BpeMeHH 3a.a;ep)KKH. CornacHo /1 5/ , 
npH OTCTynneHHH OT 3aKoHa IlyaccoHa npaBaH ,'IaCTb /30/ 
yMHO)KaeTcH Ha Ko3<!i<!iHUHeHT y , paBHLiii oTH0llleHHIO .a;ucnep
CHH paCCT0HHHJI Me)K)];y coce.a;HHMH ypoBHHMH K BeJIH'IHHe D2

• 

HeKOTOpbie qepTbl 0ilHCaHH0ro MeXaHH3Ma coxpaHJIIOTCH 
H npH nepexo.a;e K MH0roKaHaJibllbIM peaKl{HJIM. KaK y)Ke 
roBOPHJI0Cb, B ycn0BHJIX CHJibH0ro nepeKpbIBaHHJI ypOBHeii 
/cM. /21// cpe.a;HHe 3Ha'IeHHJI 3JieMeHT0B S-MaTpHl{bl 

<S .. (Eb= 0. 
JI Eo /31/ 

B CBJl3H C 3THM cpe.a;HHe 3<li<lieKTHBHble Ce'IeHHJI peaKl{HH 

1T 
/B e.a;HHH.l{ax (2J + 1) -2-- / H <iiYHKl{HH KoppeJIJll{HH HMeIOT 

ko 
CTPYKTYPY 

a .. = o .. + <IS .. (E)I 
2
>1, 

I] JI JI '·o 

<pji - 1-(o.. + < S .. (E)S ~. (E - d > r. ) • 
. JI JI JI •'·o a .. 

/32/ 

JI• • 
<l>opMyJihl /32/ C0OTBeTCTBYJOT cne.a;yJOll{eii Kap:rHHe. KaK 
H B o.n;HoKa11anLH0M cnyqae, npouecc ynpyroro pacceHHHH 
MO)KHO pa3,n;enHTb Ha MrH0BeHH0e .n;u<!ipaKl{HOHHOe pacceHHHe 
H <tinroKTyauuoHHOe pacce1111ue, CBH3aHnoe c pacna.n;oM 
KOMnayH,n;- CHCTeMhl * . IlOCKOJihKY ~ a ij = 2 ' B JIJ060M 

• J ~ 
BX0,IJ;H0M KaHane l Il0JI0BHHa BCex aKT0B B3aHM0,IJ;eHCTBHH 
0THOCHTCH K MrHoBeHH0MY ynpyroMy pacceHHHIO. 3ana3)];LI
BaJOll{aJI CTa,IJ;HJI BKJIIO'IaeT <tinIOKTyal{HOHHOe ynpyroe pac-

* )J;ByXCTa,IJ;HHHOCTh ynpyroro pacceHHHH BnepBble 06-
cy)K.a;anaCb B pa6oTe /16/. ~ 3TOii pa6oTe, o.n;HaKo, paccMaT
puBanc11 npoTHBoqono)KHLiii cny'laii cna6oro nepeKpLIBaHHH 
ypoBHe:ii (r«m, ,Kor.n;a BeJIH'IHHbl <S .. (E)>E 6JIH3KH K e.a;HHH.l{e 
/a He K Hynro/. 11 

o 
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1 . 2 
ce.aHHe, aepOHTHOCTh KOTOporo paaHa -

2 
< IS .. (E)I > r , H .ace 

11 r.(l 

Heynpyrlt:e npoueCChI, aepOHTHOCTH KOTOphIX paBHhl 

2
1 

< IS•.: (E) I 
2 

> E • H3 COOTHOllleHHH /22/ BhITeKaeT' 'ITO 
J~ ' 0 

cpeJ:{HHH AJIHTeJihHOCTh- CTOJIKHOBeHHH Ha BTopoii CTaAHH co-

. ~ 2rrii. · ti · · 
CTaBJIHeT T. = ·-. -p. >> -. EcnH BBeCTH cpenHee BpeMH 

..• , I . D I r 
3anep>KKH nn.a 3ana3Ahrna10mero ynpyroro pacceHHHH 

T •• 
11 

;-ii (1 + <ISii <E,>I \F.) 
<IS .. <E>l 2>. 

. 11 ·F.o 

/33/ 

TO BTOpoe H3 COOTHOllleHHH /22/ nepenHllleTCH B BHAe 

n_ 2 11,n_ 2 2rrh 
I r .. <IS .. (E)I >E + ~!.r .. <IS .. (E)I >

1
, = --. /34/ 

. 1 11 Ii , 0 • .L. JI JI ' ', D 
I= J ;cJ 0 

OTc10na cnenyeT, 'ITO BO BCHKOM cnyqae MaKCHMaJihHaH 
H3 BeJIH'IHH 'ii ''ii (i ,j = 1, ••• ,n) YAOBJieTBOpHeT HepaBeHCTBY 

max(r __ ;; __ )> 217 h'. »lL. /35/ 
Jill nD r 

4. MooeAb pae11onpae11b1x Ka11aAoe 

Bonee onpeneneHHhie yTaep>KAeHHH o apeMeHHOM xone 
pe3o_HaHCHhIX pea·KuHii MO>KHO cqiopMynHpoaaTh B paMKax 
MOJ:{e'.rfH, Il paBHOnpaBHhIX BXOAHhIX KaHaJIOB. Mhl AYMaeM, 
'ITO npH 0'leHh 60JihllIOM 'IHCJie' .YPOBHeii npennonomeHHe 0 
paaHonpaaHOCTH KaHanoa .aan.aeTc.a pa3yMHhIM no KpaiiHeii 

14 

Mepe B Ka'leCTBeHHOM nnaHe. PaBHOnpaBHOCTh KaHaJIOB 
6yneM noHHMaTh a cneny101QeM CMLIcne: 

a/ ace paccMaTpuaaeMhie MaTpHl{hI nocne ycpenuenn.a 
no 3HeprHH He 3aBHCHT OT BhI6opa npencTaaneHHH, T.e. 

<A .. (E)>E = a0 J·i; 
JI 0 /36/ 

6/ cpenHne 3Ha'leHu.a npon3aeneHHii mo6L1x f 3JieMeH
TOB MaTpHUhI A(E)-<A(E)>E , Haxon.aIQnxc.a a pa3Hhix cTon6uax 

"0 

H CTPOKax (2 S f -S. n) , OAHHaKOBhI; HHhIMH CJIOBaMH, 

A A 

<detA(E)>E 
O 

= det<A(E)>E
0 

= an 

C y'leTOM /36/ qlOPMYJihl /16/ n /20/ na10T: 

<Q .. <E>> = ~7:...a 
JI Eo nD ji 

r l<S .. (E)> I= exp(-~-). 
11 E 0 nD 

/37/ 

TaKHM o6pa30M, napaMeTphI p. B /19/ paBHhI _l,H B npe-
1 n 

nene r >>nD cpennue ape Me Ha CTOJIKHoaenn.a 

T. 
17 ti 

I nD 

EcnH >Ke r<~nD' 4TO C yqeTOM npH6JIH>KeHHOH qlOPMYJihl 
/24/ ao acex KaHanax r. = h/1'. 

1 II\ " A 

BaeneM Teneph MaTpHuy R(E,d=S(E>S+<E-£). Hcxon.a H3 
/11/, nerKo noKa3aTh o6mee paaeHcTao: 

ff' k 
" ) n· < . -----------.=:---) . detR(E,f = 1+ 1 r r 

k (E -E-i-1L)(E -E+H i--~-J 
k 2 k 2 

/38/ 

HcnOJih3YH pe3yJibTaT /26/ AJIH OJ:{HOKaHaJihHoro cnyqa.a H 
npuMeH.aH qiopMyJihI /36/ n /37 /, nonyqaeM · 

2 rrf 
<R .. <E,d>E = o .. <l>(d, <l>(f) = exp(i----). 

JI o JI nD<l-i~) 
r 

/39/ 
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PaccMoTpHM cBoiicTBa qiyHKUHii Koppem1uHii ¢ ji B npe
.D,enhHhIX cny,-m.11x f'>>nD H f'<<nD. EcnH f'>>nD, TO ecTecT
BeHHO .D,OilYCTHTh /pa3yMeeTC.H, 3TOro Henh3.H .D,OKa3aTh/, 
qTo eceM npoueccaM Ha BTopoii /3ana3.D,hrnaromeii/ cTa.D,HH 
OTBeqaeT O.D,HH H TOT :>Ke 3aKOH pacnpe.D,eneHH.11 BpeMeHH 
3a.D,ep:>KKH. Tor.D,a <S .. (E)S~. (E-f)>E =<IS .. (E)l~r <ll(f) H npH i ~ j 

JI JI ,o JI r,o 

¢ .. (d = exp ( i 2 7
n ) • 

JI ( •f) - nD l-1y-
/40/ 

)].n.11 ynpyroro pacce.HHH.H 

</J.. (£) 
II 

- 2 
1 +<ISii (E)I >E_o <1>(€) 

1- + < IS .. (E) I 2 > 
11 Eo 

/41/ 

CornacHo /40/ H /41/ pacnpe.D,eneHHe BpeMeHH 3a.D,ep:>KKH 
.D,n.11 peaKUHii H 3ana3.D,hrnaromero ynpyroro pacce.11HH.H onH
ci,rnaeTc.11 qiopMynoii /29/ c 3aMeHoii D Ha nD. IlpH 3TOM 

cpe.D,HHe epeMeHa 3a.D,ep:>KKH T .. = T.. = 
211 t ' a OTHOCB • 

i1 JI nD 

TenhHhie qJITIOKTyauBH ManhI H COCTaBIT.HIOT 

_ 1 11nD 
T/ = y-- << 1 

T I' . , . /42/ 

Ilo.D,qepKHeM oco6yro ponh npouecca ynpyroro pacce.HHH.11, 
BKnroqaromero, Hap.11.D,y c 3ana3.D,hIBaromeii, .D,HqipaKUHOHHYIO 

cTa.D,HIO. 
B npoTHBOilOilO:>KHOM npe.D,enhHOM cnyqae [' << nD BhI.D,e -

neHHe .D,HqJpaKI.{HOHHOH CTa.D,HH ynpyroro pacce.HHH.11 Tep.HeT 
CMhICn /BhIIIIe Mhl y6e.D,HITHCh B 3TOM Ha npHMepe O.D,Ho
KaHanhHOrO pacce.HHH.H/. B COOTBeTCTBHH C 3THM nee.D,IlO_· -
no:>KHM, qTo KaK ynpyroe pacce.HHHe, TaK H peaKUHH ~a
paKTepH3YIOTC.H e.D,HHOH IPYHKI.{Heii Koppen.HUHH ¢(€). Tor.D,a 

Mhl .D,Oil:>KHhl Hanuca Th 

< T .. (E)T !. (E-£)>E '=¢(£)<IT .. (E)I 2>E , 
I] I] , 0 I] o 

'f(E) = S(E)-1. 
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CyMMHpy.11 3TO paBeHCTBO no HH.D,eKcy 
npH f'«nl) 

<R (E,d "' l+i 2rrf 
ii E 0 £ 

nDU-iF) 

Re<S .. (E)> "' l rrf' 
11 E - -

0 nD 

H yqHThIBa.H' qTo 

Mhl npHXO.D,HM K 3KCilOHeHI.{HanhHOMY 3aKOHY pacnpe,11;eneHH.H 
apeMeHH 3a,11;ep:>KKH: 

-1 
• f ) ¢(d=U-1F 

lT 
' Pfr) - [' - T - ti" e 

5. 3pUKC01l06CKUe ¢1110,cmyaljUU 

BhIBO,IJ;hl HaCTO.Hll{eii pa60Thl HMelOT Henocpe.D,CTBeHHOe 
OTHOWeHHe K TeopHH 3pHKCOHOBCKHX qJITIOKTyauHii. CornacHO 
COOTHOIIIeHHIO Heonpe,11;eneHHOCTeii .D,n.11 3HeprHH H BpeMeHH 
HHTepBan Koppen.Hl{HH All.II qJillOKTyauuii 3qJqJeKTHBHhIX ceqe
HHH .D,On:>KeH H·MeT~ BenuqHHY nop.11,11;Ka £

0 
- "fi/r 

O 
, r,11;e 

r 
O 

- xapaKTepHa.11 AITHTenhHOCTh npouecca. Ilpu ycnoBHH 

[' 2rrt t >> nD BenHqHHa r - -- » -
1 

, H no3TOMY cne,11;yeT O:>KH· 
0 nD _ 

nD -
.D,aTh, qTo f - --<<f'. K TaKOMY :>Ke 3aKmoqeHHIO, HCXO.D,H 

0 211 

H3 ,11;pyrux coo6pa:>KeHHH, npuIIIen He,11;aBHO ·xaMep /I7/_He
KOTOph1e yKa3aHH.H Ha 3TOT pe3ynhTaT co,11;ep:>KaTC.H TaK:>Ke 
B pa6oTe .Monh,11;ay3pa/18/ • B paMKaX'O,IJ;HoKa'~anhHOH MO· 
,11;enu 3TOT Bonpoc 6hm no,11;po6Ho npoaHanu3upoBaH B pa6oTe 
Ilo,11;ropel{Koro H aBTOpa /9/ : 6hinO IlOKa3aHO, qTo IlpH 
f'»D K03qJqJHUHeHThl Koppen.Hl{HH HMeIOT HenopeHI.{eBCKYIO 
qiopMy, npuqeM £ 

0 
- D/217. 

YKa3aHHhie pe3ynhTaTh1 He COOTBeTCTByIOT CTaTHCTH.· 
qecKOH TeOpHH 3pHKCOHal 19/, cornacHO KOTopoii AnHHa 
Koppen.11uuii Bcer,11;a paBHa nonirnii IIIHPHHe f' . C iiaIIIeii 
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TO'IKH 3peHHH nocne,n;Hee YTBep)K,IJ;eHHe_ MO)KeT 6LITh cnpa

Be,IJ;JIHBO TOJILKO npH YCJIOBHH r << nD. IlpH r > nD MLI 

MO)KeM Q)KH,IJ;aTL cymecTBeHHOro OTJIH'IHH YHHTapiioii TeOpHH 

qlJIIOKTyauHii 3q>q>eKTHBHhlX ceqeHHH OT TeopHH 3pHKCOHa. 

B qaCTHOCTH, Ha OCHOBe q>OpMyJI npe,n;LI.IJ;ymero pa3,IJ;eJia 

HeTpy,n;HO IlOJIY'IHTh CJie,n;yromee Bhlpa)KeHHe ·,IJ;JIH K03qlq>H· 

UHeHTa KOppeJIHUHH IlOJIHLIX ceqeHHH B YCJIOBHHX CHJihHOrO 

nepeKpLIBaHHH YPOBHeii ( .!::... » 1): 
nD 

2 <a. (E)a. (E-E)>"' . -<a. <E)>E 
R =' I I r, 0 1 , 0 

i 2 2 <a. (E)>"' -<a. (E)>,., 
1 r, 0 1 r. 0 

r 2 I' 2 2rr f 2rr f 
= cos(-----) exp (- -----). 

2 2 ~ 2 2 nD (r + f ) nD (I + f ) 

/43/ 

IlpH n=l q>opMyJia / 43/ coana,n;aeT c · cooTBeTcTBYIOIUHM 

· Bhlpa)KeHHeM, noJiy'leHHLIM B 191. . 
AaTop BLipa)KaeT i:ny6oKyIO 6narq,n;apHOCTL M.H.IIo,n;

ropeuKoMy 3a IlJIO,IJ;OTBOPHLie 06Cy)K,IJ;eHHH. 

Jlumepamypa 

1. Wigner E.P. Phys.Rev., 1955, 98, 145. 
2. Goldberger M.L., Watson K. W. Phys.Rev., 1962, 

127, 2284. .' ,• .. 
3 .. Fraissart M., Goldberger M.L., Watson K.'.M. 

Phys.Rev., 1963, 131, 2820. 
4. Smith F. T. Phys.Rev., 1960, 118, 349. .· . , 
5. Ohmura T. Suppl.Progr. Theoret.Phys., 1964, 29, 

108. . 
6. Fong R. Phys.Rev., 1965, 140B, 762. 
7. Boll D., Osborn T.A. Phys.Rev., 1976, 13D, 299. 
8. Yazaki K., Yoshida S. Nucl.Phys., 1974, 232A, 

249. 

18 

9. JI106owu11 B.JI., Iloozope11Kuu M. H . .R<P, 1976, 24, 214. 
l0.Konb111oe I'.H., JI106owu11 B.JI., Iloozope11Kuu M.H. 

OH.RH, Pl-9688, ,l!y6tta, 1976. 
11. Simonius M. Nucl.Phys., 1974, 218A, 53. 
12. Weidenmuller H.A. Phys.Rev., 1974, 9C, 1202. 
13. Simonius M. Phys.Lett., 1974, 52B, 279. 
14. Moldauer P.A. Phys.Rev., 1969, 177, 1841. 
15. JI106owu11 B.JI., IloozopeijKUU M.H. OH.RH, P2-1O138, 

,l!y6Ha, 1976. 
16. Friedman F.L., Weiskopf V.P. Niels Bohr and the 

Development_ of Physics, London, 1955, p. 134. 
/CM. nepeeoo <PpuoMaH <P.JI., Bauc,conrp B.II. Hu11bc 
Eop u pa3eumue rpu3uKu, HJI, 1958/. 

17. Hamer C,J.--Nucl.Phys., 1976, 105B, 153. 
18. Moldauer P.A. Phys.Rev., 1975, llC, 426. 
19. Ericson T.E.O. Ann. of Phys., 1963, 23, 390; 

Ericson T.E. 0., Mayer-Kuckuk T. Ann.Rev.Nucl. 
Sci., 1966, 16, 183. . 

" 

PyKOilHCh IlOCTYilHJia B H3,IJ;a TeJILCKHH OT,IJ;eJI 
2~ anpeJIH 1977 ro,n;a. 

19 


