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1n the dipole representation 111 

N h 1 
Н м = r; 1 . П r .r rz ; r rz 1 ± > r = 2 1 ± > r 

1 
r rz = 2urz 

where пр is 
interaction 
operator 

the transition frequency of an f-th emitter. The 
between the field and matter is described Ьу the 

1i -~ HF., = N 2 2 
-~~ 1~ 

1 lkx r + - + -ikxr - + 1 
g k blte (r r + ,.,. r r ) + blt е (r r + ,.,. rr ) . 

м _ r it 

Here ~r is а radius-vector of the f-th emitter; .11-,- а real pa
rameter, and 

g~ = v2тrp n(d2-(kd)2)112, 
k 1'1wk 

where р = N/ V is the 
the matrix element of 
unit vector k= k/lkl. 

density of emitters in the syste~, d 1s 
the dipole moment operator, and k is the 

It should Ье noted that some effects due to the direct elec
trostatic dipolar coupling were examined in papers 1 Б,&/ . 

The equilibrium pro~erties of the Hamiltonian (1) were ri
Rorously studied in 13• • 81• It has been estaЬlished that the 
Hamiltonian (1) describes an ~quilibrium phase transition into 
а state with the spontaneous polarization of the ferroelectric 
type. For such а state the mean occupation number of а r~sonant 
mode is proportional to the specific polarization of matter in 
the second degree / 8 / . 

But the radiation process is nonequilibrium and thus it 
ought to Ье described in the framework of the kinetic theory. 
The derivation of an exact kinetic equation for the Dicke •type 
system (1) is, however, confronted with consideraЬle mathemati
cal ditficulties. Therefore suc·h а derivation is usually accom
panied Ьу supplementary physical assumptions and simplifications. 

As usual, the semiphenomenological Markoffian Master Equa
tion is used to describe the spontaneous radiation process in а 
system with the Hamiltonian (1)

191
• The Non-Markoffian effects 

. d d . 1 10/ . h. h . h d 1111 were cons1 ere 1n w1t 1n t е Zwanz1ng met Q • 

Recently, а new approach to the kinetics of the matter+boson 
field syste~ has been developed in papers 112• 131 in .connection 
with the polaron proЬlem. An appreciaЬle analORY in the mathe
rnatical formulation of the Dicke-type model and of the polaron 
proЬlem suggests an idea that the method mentioned above can Ье 
applied for the derivation of the exact kinetic equation for 

/ 14 / the system ( 1) • 
In this paper we shall consider in detail the derivation of 

the exact kinetic equation for the systems (1). Some results 
for spontaneous - radiation processes will Ье obtained here 
on the basis of the mentioned equation.r:=,~ . 1 
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2. ТНЕ HIERARCY FOR ТНЕ M-SUBSYSTEM 

Nonequilibrium characteristics of the system (1) can Ье des
cribed with the aid of statistical operator Dt which obeys the 
Liouville equation 

ffi.!...ot =[Н, Dt ]. 
дt 

We shall consider initial conditions of the special f orm 

Dt = Рм 8 DF, DF = exp(-,9HF)/Тr exp(-tШF), Tr Рм= 1 . 
0 (F) (М) 

(2) 

(З) 

Here t 0 is the initial point, Рм is the equilibrium statistical 
operator f 6 r an М -subsystem, and DF the same "for the field
subsystem. These conditions (З) describe the situation when in
teraction between the initially equilibrium subsystems started . 
at а nioment t = t 0 • It is easily seen that Tr Dt = 1. The equations 

(F,M) 

of motions for the boson operators are 

it.Lьi(t)' =- -Ъw;ь~(t) -ЪА;(t), 
дt ' 

ffi2_ b;(t) = 1iwkbk(t) + iA~(t) , 
дt ' ' 

where 

-~ · ik;r + -
~(t) = N -~g1 e [r/t)+~tr r (t)] , 

Their formal solutions are 

+ twi(t- t ) + t iwk(t-r) . + + 
Ь.:. (t) = е 0 Ь-+ (t0 ) + i f е A-+k (т )dr , · b-+k(t) = (bk(t)) • ( 4) 

k k . t 
о 

Let О t(M) Ье an operator of an М -suЪsystem in the Heisenberg 
representation. It means that О(М) acts on the eigenfunctions . 
of the Hamiltonian (1) only as on functions of the variaЬles of 
the M- subsystem. The suitable · ,equation of motion is 

ii~ Ot(M) = [Ot (М), Н]. 
дt 

Its right-hand side contains the terms 
-+-+ 

~ -~ ikx . -
nN · I. I g.,. ь~ (t) е r [О t (М), (r + + ~tr ) ] , k r к k rt . rt 

1iN-~ I. I. g_. b~(t) е -tk;r [Ot (М), (rr~ ·+ llrr: )] · 
; r k k 

(5) 

Substituting here the fo rmal expressions (4) instead of b~(t) , 
b-+(t) one can obtain k 

k 

4 

~ + i<иc:'(t-tti + t iw .. (t-r) + 
ni. b~(t0 )e k [Ot(M), A ,.(t)] + ifii. f е k ~(r)[Ot(M),~(t)]dr 

k к k 1t t 0 ( 6) 

and а conjugate expression follows iппnediately. Now we shall 
perform the following action in (5) 

i't Tr (..i_O (M))D = Tr I[Ot(M), H]\Dt • 
(F,M) дt t to (F,M) о 

Then using the expression (б) and the evident equalities 

Tr IA(t)Dt 1 = Tr IADtl, [b_.(t),Ot(M)]=[b~(t),Ot(M)] = O 
(F,M) 0 (F,M) k k 

. / 12/ together w1th the Lеппnа of Bogolubov 

Tr 1 ь _. (t
0 

)'U D (F)I = (1 + N .. ) Tr \[ Ь .. (t0), 'U ] D (F) 1 , 
(F) k k (F) k 

Tr lb :_ (t ) 'UD (F) 1 = - N _. Tr \[ Ь~ (t 0), 'U ] D (F) 1 , 
(F) k О k(F) k 

-~ 1t w .. / 2 а 
N _. = е k / 2sh(,.шw .. /2) , 

k k 
nne can obtain the following equation 

дрмt 
Tr 1 О(М) -- - 1 [ I. О r r r , О(М) ] Рм t \ = 
(М ) дt r z 

t -lw (t-r) + 
= I. ( dr Tr е k IN A_.(r)[O (M),A .. (t)] + 

k to (F,M) k k t k 

(7) 

+ + (1 + Nk ) [А _. (t), Ot (М)] А _. (r) 1 D t + 
k k о 

t iwk (t-r) + 
+ I. ( dr Tr е \(1 + Nk)A .. (r)[Ot (М), A .. (t)] + 

kto (F,M) t k 
+ 

+ Nk [A .. (t), Ot(M)]A_.(r)\Dt 
k k о 

There is some hierarchy because the right-hand side contains the 
averages of а higher order that the left-hand side. This hierar
chy is exact. It can Ье rewritten in terms of the collective 
variaЬles 1 9, 141 . Let the vectors 3 correspond to the modes in the 
volume Vc,and lettheir number Ье equal toN: v = 2m1 / L. ; а= 

• . . а . а а 
= х, у, z. Here na 1s an 1nteger. Then the collect1ve operators of 
the emitters are 

+ + + .. -+ ...... ~ ~ ... 

R- _ "<' - _tv-xr ~ _ "<' illxr . n _ N-1"<' n -111xr .. - *' r r е , - ""' r r е , u - ""' ~' r е 11 r z rz 11 r 

It is obvious that 
-+ ... , ... ... .... ... 

-1 !(11-11 )xr -1 ill{xr- x.r') 
N I.e =l>,,N I.e 

r vv -+ 
v 

8 rr' 
5 



Then from. (7) one can obtain 

др М\ 
Tr 1 О(М) ~- i [ ~ Оу Rvz• О(М))р М\ 1 
(М) дt ~ 

t -lш (t-т) + 
~ ~~-.., J dт Tr е k {Nk Uvk(т) [Ot(M), U-y'Jt(t)) + 
k,Y,Y t 0 (F,M) ,, 

+ 
+ (1 + N k )[ t.Jvr (t), О t (М)) u ~'k (т) 1 D to + ( 8 ) 

t . lш (t- т) . + ] 
+ ~ J. .. , J dт Tr е k {(l + Nk) Ц,lt(т)[Ot (М), Uv'lt(t) + 

k, У,У t0 (F ,М) ·, 

+ 
+ Nk[U~Jt(t), Ot (M)]Uv'Jt(т)ID to • 

Here 

-~ + .. ~ - ...... u ...... (t) = N g4IR .. (t) ф (k- у)+ 1-!R .. (t) ф(k + YJI 
УК k у У 

.. - iS.; 
ф(!'!..) = N 1 ~ е с 

с 

This is а collective form of our exact hierar.chy. 
We shall example below some special consequences fr'om the 

equations (7) and (8). 

3. ТНЕ SPONTANEOUS RADIATION 

Let us consider the · special initial condition 

DF ~ \0 > < О 1 , 
(9) 

i.e., at а time t 0 the radiation is absent in the system. So, 
the rise of the field for t>t 0 can Ье interpreted as а spon
taneous radiation. Bearing in mind the condition (9) we obtain 
from the equation (9) that 

дpt.ft 
Tr { О(М) --- .i [ ~ O .. R ... , О(М)]р t.ft 1 
(М) дt v у yz 

=-+ ~ ~, 
k,v,Y 

t -iш (t-т) + 
· ( dт Tr {е k [Uч (t), Ot(M)) u ... ,k ... (т)+ 
t
0 

(F,M) У • v 

iш (t-т) + +е k U...-.(т)[О (M),U..., ... (t)]\Dt • 
vk t у, k о 

Here Dt 
0 
~ Рм е(\0 > <О 1) • 

( 1 О) 

For simplicity we shall consider below the special case of 
inhomogeneous Lorentz broadening 1 1 ~ In other words, we shall 
propose that the frequency distribution for the emitters is 

6 

syrnmetric with а central frequ ency О. Such а distribution is in
dependent of the positions of emitters ~с• Then the average with 

respect to the above distribution is ехр(Шсt) ~ eiOt e-lt\/2T , 

where the parameter Т characterises the width of the distribu
tion. Below we shall i gnore high-f requency oscillating terms 
of the type of R+R+ and R-R- in the equation ( 1 О). 

The right-hand side of (10) contains the variaЫes that de
pend on different _times т and t. But if the coupling between 
the field and the matter is small, from the definition we obtain 

R! (т) = ~ 
у 

± ±iv~c _ ± :;:iOc<t-т) 
r с (r) е = ~ r (t) е 

с с с 

= R~(t) e+i0(t-r) 
у 

е 
- (t-т ) / 2'1' 

.. ~ 
±!Ух с 

е 

So, the integration in the ri ght-hand side of (10) can Ье per
formed. For simplicity we put here 1-1 = 1. It should Ье also 
noted that the functi on ф (k- J) has а sharp maximum at k = J. 
Therefore, the function 

-1 -+ -+ -+ -+ · (t r) 
N ~ g 2ф * (k -У) ф (k - v ') е -1шk -

k k 
also has а sharp maximum at ~= J' . Thus, we obtain from (10) 

дрмt 
Tr{O(M) --- i~ О [R ... , О(М)]рмt 1 ~ 
(t.f) дt J у yz 

~ .!_ ~ Tr {Г:[ R _ _;, О (М)) R.; +Г _t [It_.- , Ot(M)] R~ + (\1) 
2 ~ (F, М) У vt t Yt · v vt vt 

+Г:;* R~ [Ot(M), R::;] +Г-++* R.;"[O (М), R:!; ]\D • 
v vt Yt v vt · t vt t 0 

Here 

г + + 'Q+ .. = у .. -.1 .-+ , v у v 

2 .. .. 2 
+ 4Т з"' gk lф(k-Y)I 

y .. ~--(dk 
У (2") 3р · 1 + 4Т 2(шk + О) 2 

Q~~ sт2 (dзkg~ \ Ф07-~>12 шk+о 
У (2") з р • k 1 + 4Т2 ( шk +О )2 

The parameter О'~ .!_ ~ (Q~- QJ) characterises the so-called Bethe 
2 j) -

part of the Lamb-shift 191 , whereas 0-у ~ Q~ + Q'j defines the col-
lec tive shift of frequences. 

It should Ье noted that in the limit Т-+оо equation (11) de
velops into the Markoffian equation of paper/9/ obtained in the 
weak coupling approximation. The equation (11) describes the 
spontaneous radiation. The same result for а simple one-mode 
case was obtained in / 16/. 

1 



4 . ТНЕ EQUATION FOR < R z(t) > 

The radiation intensity is defined Ьу the derivative 
d/ dt·<Rz(t) >. Here <R(t) > = Tr .R(t)Dt. One can obtain <Rz(t)> 

(F,M) 0 

from the hierarchy (8) putting Ot(M)=Rz(t). Then 1 161 

...!_<Rz(t) > = :I ly.:<R:(t)R.1"(t)>- y_:-<R~t)H:(t)>\ 
dt ~ у у у у у у 

It can Ье rewritten in the form 

...!_ < Rz (t) > = :I \(y..t- y:;)<R~(t)R:;(t)- 2y~< R (t) > 1. dt iJ у у у у у z (12) 

Let us introduce s ome new operator S ... Ьу the expr ess i on R~R.; = 
у . у v 

=112·N+Rz+Si/' It is obvious that 

s... = 
у 

:I 
r, r' 

(rf,r'> 

+ - 1~(;,- ;,,> 
r r r r' е 

Then we obtain instead of (1 2 ) that 
+ -d у ... - у ... 

- < R z(t) > = I 1 У У N - (у j" + у .; ) < R z (t) > + 
dt у 2 v v 

+(у~- у :) < S-.(t) > \. 
v v у 

( 13) 

То solve this equation, the initial state of the M-subsystem 
should Ье defined. Here we consider а special case of an initial 
excitation of the emitters which can Ье prepared Ьу а quasi-mono
chromatic impulse with the wave-vector ko and area equal to "· 
Then · 

N .... .... .... .... 
р = П 18, ф - k 0х r > r < r./1 - k 0х 1 , 8 1 
м 1 = 1 r 

(14) 

Here 8 is the so-called Bloch angle, the parameter ф defines 
the phase of the initial state, and 

i .... -.... .... .... 
... ... - - (ф - k х ) 1 (ф - k х ) 

l8,ф- koxr >r = 1+ >r е 2 о r sin~ + 1- > r е 2 о r cos~ . 

Now we ought to define the action of the emi t ter operators 
on the functions of the initial state: 

... ... 

r - 1 8 , r./1 - k ох r > r 
1 ---

1 ... ... 
- 2 (ф - ko 1 r > . 8 1->1 е sш2 , 

1 ...... 
- (ф- k х ) 8 

1+> r е2 о r cos2 . r; 18 , r./1 - ko; r > r 

8 

·) 

... ... ... 
+ - . + - 2 -iko<1 r-- Xf') 

Then the average <r 1 r r'> 1s < r 1r1, > = 114· ·sin 8 е . 
f f, f'. It is also obvious that <Rz> = -~eoв8.Then in compliance 
with the definition of S we have · 

<S ... > 
у 

' у 

.... .... .... .... 
1 -2 2 i(Y-ko><xr- 1 r'> 

:I 1--N <Rz> \е 
r,1' 4 

(1 -;, 1 ') 

This expression corresponds to the initial time t 0• In the so
called zero approximation 118, 181 we obtain 

+ r r ( t) = r ± ±101 t r е ; r rz (t) = r 1z t > t о • 

Taking into account the inhomogeneous Lorentz broadening we now 
get 

<r :(t) r ;: (t)> =<r+r- -ltl/т . r 1' > е . r f, r' . 

Then the last term in the right-hand side of (13) can Ье trans
formed in the following way 

-2 -2 
N < S iJ (t) > = N :I 

... ... ... ... 1 - 2 2 1 1/ е i(v- k о><х 1- 1 r' > (- - N < R (t) > ) е- t 't 
r. r' 4 z 

(r~ r ' ) 

[Л(;- ko)-N-1][~- N-2 <Rz(t) >2 ]e-ltl/т. 

Here 

( .. ... 1 -1 л v - k 0 ) = N :I 
r 

цJ- "k0> ; r 
1 

2 
е . 

.Let us introduce the following notation 

; (у;+ У:> = r - 1, :I (у.;- у-~) = ar - 1, 1(r_;- у~ )[Л(;-k ) -N-1 ] = кr - 1 
v ~ v ~ \1 v ~ v v о . 

Then the equation (13) takes the form 

_dd < R (t) > =-.!..ta2N +<R (t)>+к[N42 -<R (t)>2]e-t/ T \. 
t z r z z 

(15) 

This equation describes the spontaneous radiation in our system 
with the init i al conditions (3), (14). One can see easily that 
the func t ion Л (v- k 0) has the maximum а t : = ko. So, in the iso
trop i c system of the emitters there is the priority direction 
f or the spontaneous rad i ation which coincides with the direction 
of the vector k0• 9 



In the case of Т _, оо we obtain 

y.t=O 
v ' 

у-+ v 
1 :!t.""' 2 _, _, 2 

--
2
- Jd-кgk\ф(k-v)\ 8(cuk- 0). 

(277) р 

So а= 
form 

and t he equation (15) transforms into t h e fo llowing 

d ·. 1 \ N , ( N 2 
2 ]} -<R (t) > =-- -+<R (t)>+к -- < R (t)> 

dt z r' 2 z 4 z 
(16) 

where 

1 - - [ (-+ -+ -1] 
- = I у_, , к' = r' I у_, Л v - k 0) - N . 
r' 1- v ~ v 

Equation ( 16) coincides with the known result of Rehler and Eber·
ly / 17 / obtained on the basis of the semiphenomenologi ca l ap
proach. 

5. ТНЕ RADIATION INTENSITY 

The evolution of the radiation intensity is defined Ьу the 
expression I(t) = 1io. d/ dt·<R, (t)> . Here <R (t)> is а solution of 
the equation ( 15)-~ We introzduce the fol1o~ing notation X(t) = 
=<Rz(t) > and put here that X(t)=Y(t)et/ T, Тhen from (15) for 
the variaЬle Y(t) we obtain the following equation 

..!_ Y(t) = !S... [Y{t) - -·'-(.J.. + 1..)] 
2 

_ _ r_ (1- + .1..) 2 

dt r 2к r Т 411С r Т 

Na -t/ T 
--е 

2r 

кN 2 -2 t/ 'l' 
--е 
4r 

Ву the substitution ~ = У - r/2к ( 1/r + 1/Т) 
the general Riccati equa,tion 

it transforms into 

___<!_~ (t) = .!5. ~ 2 - а - bNe -t/ T - cN 2 е - 2t/ т 
dt r 

where 

а= _r_( 1 1 )2 
4к r +т 

а 

ь = 2r' 
IIC 

с = "'4r' 

( 17) 

This equation is not integraЬle in ~uadratures. So, we consider 
а special e ase of largeT,when e-t/ =1-t/ T • . Then from (16) 
we get 

д.. u(t) = u 2(t) + t .Q. - Е , u = .!S.. ~ , 
~ Т r 

D ак N к 2 2 =-- + --N 
2r2 2r 2 

Е .. .!..(.!.. +.!_)2 + 2a11CN+ к2N2 
4 r Т · ~ 

10 

This is the special form of the Riccati equation. Its standard 
solution is 

< R z (t) > = !_е t/ T 
к 

{.!..(.!..+..!.) -~} 
2 r Т P(t) ' 

(18) 

where 

т 113 t ' 2 т t 
312 

P{t) =(-) y'-D -Е z 118(- -(-D -Е] ) 
D Т 3 D Т • 

Here 

Zt;з<x> = с1 Juз <х> + С2N11 з<х> 

and Ja(x), Na(x) are the Bessel functions of the first and second 
order, respectively. The parameters с 1 ,с can Ье obtained from 
the initial conditions. Le t us now consiJer three special cases. 

1. t « Т. Then e-t/ T:: 1, and the equation (15) takes the 

form 

.JLx(t) =- ·L2_,!_+~X2, L= y'2aN+кN 2 

dt r r 4r 

Its solution is 

X(t) 

where 

1 
2к 

_ ~thк~ (t- tm)' 
r 

~ = 21к у' 1 + 2а к N + к2 N 2 • 

(\9) 

Т~е time tm corresponds to the maximum of the radiation inten
SI.ty I(t) 

.
1
( ) . 1i О~ . h2 t - t m 
t = -- sec , 

2rN 2rN 
(20) 

where rN= r/2к~ (see fig.1). For the special case of Т-+оо we 
have ~ -+ N/ 2 + 1/2к ; r N -+ r / (кN + 1) 
and 

to . 2 
I(t) = --(Nк-+ 1) 

4кr 

sech2 t- tm 
2-;:;-

where t = _r __ lnNк, 
m Nк +1 

when < R z(O) > = N/ 2. This particular result can Ье also obtained 
on the basis of the Rehler-Eberly equation (16) 

1171
• 

The expression (20) describes both the normal radiation and 
the superradiation. The latter is connected with the maximum 
of the radiation intensity at t =tm ,when I(tm) - N

2 

11 



1/lmax 

\n/rN t/rN ' 
Fig. 1. Temporal behaviour of 
the radiated intensity obtained 
from eqs. (20) (for t «Т)· 

Illmax 

tп!Т t/T 

Fig.2. Temporal behaviour of 
the radiated intensity obtained 
from eqs. (26) (for t- Т). 

2. t- Т. In this case the factor e-t/ T in (15) cannot Ье i ~no
red. But if for so large t-T the superradiation takes preferen
ce over the normal radiation, then from (15) we get 

< R z (t) > = ~ tanh ( tT е -t/ т- 8 ) . 

Here the parameter 8 is defined Ьу the fuse condition for the 
expression (20) and 

l(t) "'N 21in~e-t/ T sech2 ( кNTe-t/ T -8} (21) 
4r 2r 

for t- Т. Contrary to the case (20) the radiation intensity (21). 
has an asymmetric peak of the superradiation (fig.2). 

3. t»T. Then e-t/ T~o and the equation (15) takes the fol
lowing form 

d Na 1 
- < R (t) > = - - - - < R (t) > 
dt z 2r r z 

Its solution is 

Na -t/ r < R (t) > = - - + N <=е • z 2 

where the constant <= is defined Ьу the initial conditions. So, 
the intensity is 

I(t) = 'to N<=e-t/r. 
r 

It corresponds to the exponential fading of the normal radiance 
as t-+oo.It is obvious that <R (t)>-+ -Na/2 > -N/2,when t-.oo.For z -

12 

the system withought inhomogeneous Lor;entz broadening ·а = 1 
and lim < R (t)> =- N/2. It means that the whole energy of the 

t>>T z . , · 

initial excitations transforms into the radiation.For finite 
values of the broadening parameter т · : a<l and so lim <R (t) > 

. t>>T z 

=- Na/2>-N/ 2.Hence some portion of the initial energy is 
served in the system. Such а residual .energy permits one 
explain the photon echo phenomenon 1 11 

б. CONCLUSIONS 

con
to 

Thus, it is shown tnat the kinetics of the Dicke-type system 
(1) can Ье rigorously described witb the aid of the Bogolubov 
method / 12,13/ .This approach leads to the exact hierarchy (7) 
or (8). The processes of the normal radiation and superradiation 
can Ье examined on the basis of this hierarchy. In this way we 
have obtained here some generalizations for the known semi
phenomenological results connected with the spontaneous radia
tion. For instance, the expression (18) was estaЬlished here. 
This expression gives us the general form of the radiation in- . 
tensity. The known result of Rehler and Eberly can Ье obtained 
from (18) in some particular case. 

It should Ье emphasized that only the simplest consequences 
from the exact hierarchy (7) or (8) were examined in the pre
sent paper. А more detailed investigation is а subject of sub
sequent pepers. 

ACKNOWLEDGEМENTS 

We are deeply grateful to the Academician N.N.Bogolubov 
for discussions and scientific support. We also thank Prof. 
E.Caianiello, Prof. S.V.Peletminsky, Prof. I.R.Yukhnovsky, 
Dr. Vo Hong Anh and Dr. V.I.Yukalov for useful comments. 

REFERENCES • 

1. Allen L., Eberly J.H. Optical Resonance and Two-Level Atoms. 
John Wiley. N.Y., 1975. 

2. Dicke R.H. Phys.Rev., 1954, 93, р. 99. 
3. Нерр К., Lieb Е. Ann.Phys. N.Y., 1973, 7б, р. 3б0. 

4. Klemm А., Zagrebnov V.A. Physica.8бA, 197б, р. 400. 
5. Kudryavtsev I.K., Shumovsky A.S. Optica Acta, 1979, ·2б,р.827. 

б. Kudryavtsev I.K., Melechko A.N., Shumovsky A.S. Quantum 
Electronics (USSR), 1979, б, р. 2573. 

13 



7. Brankov J.G., Zagrebnov V.A.~ Tonchev N.S. JINR, Pl7-7735, 
Dubna, 1974. 

8. Bogolubov N.N. (Jr . ), Plechko V.N. Physics,82A, 1976, р.lбЗ. 
9. Banfi G., Bonifacio R. Phys.Rev., 1976, Al2, р. 2068. 

10. Mandel Р. Phys.Lett., 1974, 47А, р. 304. 
lt. Zwanzig R. Physi ca, 1964,30, р. \\09. 
12. Bogolubov N.N. JINR, Е17-11822, Dubna, 1978. 
13. Bogolubov N.N., Bogolubov N.N. (Jr.). Elementary Particles 

and Nuclei,USSR, 1980, 11, р. 245. 
14. Bogolubov N.N. (Jr.), Fam Le Kien, Shumovsky A.S. JINR, 

Р17-81-465, Dubna, 1981. 
15. Bonifacio R., Schwendimann Р., Haake F. Phys. Rev., 1971, А4, 

р.р.ЗО2, 854. 
16. Bogolubov N.N. (Jr.), Fam Le Kien, Shumovsky A.S. JINR, 

Р17-83-648, Dubna, )983. 
17. Rehler N.E., Eberly J.H. Phys.Rev. ·, 1971, АЗ, р. 1735. 

14 

Received Ьу PuЫishing Department 
on Janyary б, 1984. 


