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1 • ON ТНЕ ACCOUNT OF ТНЕ ELECTRON-PHONON INTERACТION 
IN ТНЕ FRAМEWORK OF ТНЕ RANDOM РНАSЕ APPROXIМATION 

It is well known tnat the electron-phonon inter~ction plays 
an important role in may pro.cesses in .solids (see, for 
example, 111 ). In investigating such processes one usually takes 
into account this interaction in the framework of the random 
phase approximation (RPA), where ·all interparticle interactions 
are involved in the self-consistent field, and so the collision 
effects are neglected (see 121). Consider, for instance, the 
situation in the theory of nonlinear action of high-power 
electromagnetic radiation fields on solids. Here, in the opti­
cal region of tne spectrum, w.here the conduction electrons 
interact mainly w~th the optical ghonons, the kinetic eq~ati~n 
for the pertuтbat1on part f(p + q, р, t) of the quantum d1str1-
bution function of electrons 

+ + -+ -+-+ 
< а а+ >t = < а а > o-+ 0 +f(p+q,p,t) 

р р q р р q, ( 1) 

contains the self-consisten~ electromagnetic field with the 
scalar ф(1, t) and vector A(r: t) poi::entials rather than the 
phonon operators Ь~, Ь q in an explicit form. In the formula 
(1) at(ap) is the creation (annihilation) operator of an elec-. . -:.. 
tron w1 th the canon1cal momentum Р and mass m; the symbol 
< ... > t means the quantum statistical averaging with the use of 
the Hamj.ltonian depending bn time in а general case. The poten­
tials А, ф in their turn оЬеу the Мaxwell 'equations with the 
dielectric function corresponding to the solid considered with 
its concrete phonon structure. The mentioned equation for f is 
of the form I '.I! 

д .............. е-+ ..................... 
1-i- + E + -l lf(p+q,p,t) =-(A 0(t).q)f(p+q,p,t) + 

дt Р q Р mc 
(2) 

_, е_, 1 -> е-+ _,_, 
+ 1 еф(q, t) - -(р + -

2 
q --A 0 (t)) A(q, t) \[ n + (t) -np(t)]. rnc · с Р q 

Here lp is the kinetic energy of an electron, А0 (t) is the vec­
tor potential of the pumping field which is expressed in the di­
pole approximation Ьу an oscillatory electric field E0(t)=E0 sirкu0 t. 
The equilibrium distribution function np(t) "' < а; ар> t in this 
approximation is set t o Ье of the Fermi о~ Maxwell-Boltzma nn 
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form in the quantum and classical cases, respectively. In the 
more general case of the interaction of electrons with phonons 
of arbitrary kinds, one has the following systems of equations 
for r<.P + q, р, t) instead of (2) (the retardation effect is 
neglected, see 1 41): 

. д 1 -+ -+ -+ 4"е 2 
l-1дt +ЕР +q- ( Р f(p + q, р, t) + [ -qг-onq(t) + LqQq(t))[nP- n p+q] + 

е .. дАо(t) _, _, _, 
+ --(q. ----) f(p + q, р, t) =о. 

дt 

(3) 

rnccu 0 

а2 
1-- + cu 2 \Q (t} =- L*on (t), 
дt2 q q q q (4.) 

from which the phonon coordinate Qq (t) = bq-(t) + b~q (t) сап Ье 
easily eliminated. In equations (3), (4) on (t) ". ~ f(p + q. р~. t) , 

q р 

cuq is the phonon frequency;and 
action coefficient. 

Lq ,the electron-phonon inter-

Thus, we see that the RPA consideraЬly simplifies the pro­
cedure of solving the equations of motion for all the com­
ponents of the particle system. On the other hand, it is obvi­
ous that а more adequate account of the electron-phonon inter­
ac·tion is really essential for the ana·lysis of the behaviour 
of equilibтium distribution functions o-f particles as well. as 
of the relaxation processes in the presence of external fields. 
In. the next s.ection an attempt is made to obtain t .he kinetic 
equation with such an account of the electron-phonon inter-
action. 

2. ТНЕ GENERALIZED KINEТIC EQUAТION FOR ELECTRON-PHONON 
SYSTEMS INTERACТING WITH HIGН-INTENSIТY ELECTROМAGNEТIC 
WAVE FIELDS 

We shall proceed from the method of elimination of boson 
operators in kinetic equations for the dynamical systems inte­
racting with а phonon fields developed recently Ьу N.N.B0 golu-

/ 5-7/ . bov and N.N.Bogolubov (Jr.) . Th1s method has proved to Ье 
effective in the treatment of а set of proЬlems of solid state 
theory such as the polaron proЬlem, the proЬlem of electrical 
and heat conduction in metals and semiconductors (see 1B1 ), 
etc. 

I 1 5"71 • h ь h h h . . п 1t as een s own t at;,. t е equat1on of mot1on for 
an arbitrary dynamical operator O(St) of the system S inte-

lhf.lillit'~: .·~ !\ !~нm.ттуt: 1 
Utpl{h1! lll~ r ;)f:liOLi:!ЩПi1 
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racting with the boson field ~ can be .written in the follow­
ing form not containing the boson operators ьt , bk : 

(S) дt 

Г(t,S)O(S) -6<S)Г(tS) 
+ pt ( S) 1 Sp 1 б(s) дрt (S) 

t А 

~ ( dтSp exp[-iwk(t-т))INkC:(т,S, )[O(St),Ck(t,St)) + 
k t

0 
(S,~) 

+ А 

+ (l+Nk)[Ck(t,S ),O(S ))Сk(т, S )IDt + 
1 t t т о 

(5) 

t А + 
+ ~ ( dт Sp exp[iwk(t -т)){(!+ Nk)Ck(т, s, )[O(St ), Ck(t, St )) + 

k to (S,l) 

+ А 

+ Nk[Ck(t, St), O(St))Ck{т, S,)IDt 
о 

Here Nk = < b~bk> = [exp(wlt/T)-1Г 1is the equilibrium boson dis­
tribution; Dt is the statistical operator of the total 
(S, l) -system ( to is the moment when the external fields and 
interactions are turned on), р t(S) is the reduced statistical 

operator defined as р t (S) = SpDt • Note, that the dynamical 
. h . 1 (~) . . г s . s ystem S w~th t е part~a Ham~lton~an (t, ) can ~nclude the 

action of external fields but should not depend pn the vari­
aЬles of the boson field ~ , the interaction between the sub­
systems ~ and S being expressed Ьу the Hamiltonian of the 
forщ 

Hint ~ 1 ck (t, S)ь + c+(t, s)ь +1. 
rt ·k k k 

(б) 

Now, followi.ng the notation of 15' 71 , we can present the 
Hamiltonian of our electron-phonon system subjected to the .ac­
tion of а high-power electromagnetic radiation field and а 
weak d.c. electric field in the form 

H(t, S, l, у) = H(t, S) + Н(~) + Н(у) + 

+ + 
+ l 1 С k (t, S) bk + С k (t, S) Ь k 1 , 

11 
(7) 

н( S) 1 ~ [ -> · ft е ·... ) 2 + t, = - ~ р -е -А (t) а а 
2m -+ с О ps ps p,s 

4 . 

ае ->е-> .. + 
-е - ~ [р- -А (t)] A(q) а а + mc -> -+ с О p+qs ps 

p,q,s 

1 ft 
+ -е 

2 
~· ф а+ а + а ~ ф о + ... ... q р + q s р ":...q s ' р 's ' а р s + ... ... q ар + q s ар s • (8) 

p,q, s p,q,s ... , , 
р .,s 

H(l) = 
+ !- wk 1Jk bk (wk > О) • 

(9) 

k 

Н( у) ~ (k 'с) с~ с , , ( 1 О) 
... , k v k v 
k ' v 

Ck(t,S) = eft Lk ... l a;+ksaps' C~(t,S) =eft L~ ... l a;8 ap+ks' (\1) 
p, s p,s 

Here c:v(ckv) is the creat ion (annihilation) oper~tor of а 
"self-consistent" photon with the quasi-momentum k and polari­
zation vector ekv ; ф = 4"e2/ q2 represents the Coulomb interac­
tion between electron~; 

3 ... д ... 
ф о = (21Тi) е (Е · с-::;-) 8 ( q) • 

q дq ... 
where Е is the d.c. electric field vector (this field is ~n-
troduced for embracing the conductivity proЬlem) and 8(~ is 
the Dirac delta-function; 

->-> 27ТС 1h + -+ 
A(k) = l (-k-) (ckv + c-kv) е kv ( 12) 

v 

· is the space Fourier component of the self-consistent field 
vector potential; the term eft indicates the adiabatic switch 
on of all the external fields and interactions at tbe moment 
t = - оо (in the final results it should Ье set f =+О ) • The sys­
tem of units with 11=1 is used. 

Taking the dynamical operator O(St) in the form 

А + а > 
O(S t) = <a ps P+11.s t (13) 

(s is the electron spin) and using equation (5) with the Ha­
miltonian (7)- ( 11) (where Г(t, S) = H(t, S) +Н(у)), we can obtain 
after some algebraic procedure the quantum kinetic equation for 
the generalized distribution function < а+ а > ps p+qs t 

д н 2 Nk 
1-i~ + Wp+q -WP- е ... l LkJf(Л)J2 ,(Л)[( . + 

дt k n f' W + f - f - f w - 10 't, k р +k р о 
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Nk + l lcu 0(fЦ)t N -k + l 
+ )е -( -----+ 

cuk+c -с k-fcu0 -i0 p+q p+q- си k +с Р- cp+k+fcuo+ iO 

+ 
N k -icu0(f'-f)t 

(j) +с n . )е ]!<а+ а > 
k p+q+k -fP+q+Lcu0н0 ps p+qs t 

(t е -+ -+ е .....,. -+ , а + 
= е I 1[- (р + q - -А 

0 
)А ( q ) - ф , ] < а а , > 

-+ , mc с q р s р + q -q s t 
q 

- [ ....!L (р - ~А 0) А ( q ') - ф ~] < а++ , а + > 1 
] + е 0 I 1 ф k -

mc с q Р q s Р qs Р ', s ', 1t 

1cu 0(f'-l) t - tcu 0 (f'-Ot 
- L 2 I 

k 
Р.Р' 

е е 
Jf (Л) Jу,(Л)[ . + . ]!х 

cuk +c ,-с 'k -fcu0 -10 си k+c ,k-c •+ fcu 0 +10 
р р- - р- р 

+ + + + 
х [ < ap+ksap'-ks'ap's' ap +qs > t- < apsap'-ksap's'ap + q-ks > t]-

- ен I 
"k,U' 

iCU (f:..f)t N_k + 1 + 
L2J• (Л)J0 ,Щiе 0 

[ +с -с -fcu
0

-iO 
k r ' си -k р + q- k Р + q 

N k -icu0(f:..f>t N_k + 1 
+ ---- ] -е [ ---------- + 

cuk+cp-cp-k -fcu 0 -i0 cu_k+cp-k-cp + fcu 0+ i0 

+ - Nk си +с _с . Jl < а+_ а ..., k p+q p+ q-k+fcu
0
+10 Р ks p+ q-ks · t 

( 14) 

Here Wp =[p-(e/ c)A0 (t)] 2 / 2m ; JyЩ__,is-+the Bessel function of 
the first kind of the argument Л = е(Е о· q) 1 mcu 5 ; f , f' are in­
tegers. То give а more clear physical interpretation of equation 
(14), we write down its solution in the form (1) and perform the 
linearization procedure as а result of which we have the follo~­
ing equations for the eэuiliЬlium distribution function np(t) 
and its perturbation f(p + q, р, t) under the action of the pump-
ing field: 

il..iL + eE..L!n (t) 
дt д~ р 

ен I L2 J. (Л)J.,(Л)I[N + l)n -N n] х 
-+. f, k [ [ k р+ k k р 
k,[. 

6 

.;t 

t си 0(f' -f>t 
х ( е 

cuk +еР+ k -с Р -fcu0 -i0 

е -icu о (f , -f) t 

си +с ) + [Nn (N k p+k-cp-fcuo+iO kp-k- k+l)It>]x 

tcu 0(t:..f)t 

х ( е 
-tcu0 (f'-f>t 

е 
---------)1' (15) 

cuk +ер- с p-k -fcu0 -i0 cuk+cp-cp-k -tcu0 + iO 

1 · д е -+ -+ · (f ' t ) 
-1at+cP+q -ер --;;;-(Ao(t).q)-eн__,I L~Jf(Л)Jf,(Л)[elcuo- t х 

k, f,f' 

N k + 1 - tcu 0(f'-f)t 
х ( 

Nk + 
----~--------)-е х 

cuk+cP+k-cp -fси 0-Ю cuk +cp+q-cp+q-k-tcu0 -i0 

Nk + 1 Nk __, -• _. 
х ( + )Jif(p+q,p,t) 

cuk + cp-cp-k- Pcu 0+i0 cuk+cp+q+k-cp+q-fcu 0+i0 

= ен I....!L(p- ~А (t))A(q, t) + I Ф f(p'+q,p',t)-L 2 ~ Jy .(Л)J., щ " 
mc с о __,, , q q • , , L 

р ,s р • s 
f, f' 

icu 0(f'-l) t -tcuc)(f'-l)t 
х [---~ + е 

си +с ·-с, -fcu0 -i0 q р р -q 

]f('-+-+ 
cu_q+c, -с •+f··· .

0 
P+Q,p',t)l[n.-n]-

P -q р ~0 + 1 P+q р 

ft -е I 2 k,Y,f' LkJf (Л)1, Щleicuo(f'-l)t [ (N +l)f(p+k+q,P+k,t) 

cuk + cp+q+k-cp+q-fшo-iO 

Nkr<P-k+q,p-k,t) Nkr<P-k+q,p-k,t) 
--~-----------]- [ + 
cuk +cp-cp-k -fw0-i0 cuk+cp+q-cp+q-k-fw0 +i0 

..... -+ -... . ....... ...... 
(Nk+l)f(p+k+q,p+k,t)] -icu 0 (f'-l)~ + е 1. 

cuk + cp +k- с Р- fw о+ iO 
( 1 б) 

The right-hand side of equation (15) defines the deviation of 
the distribution function from the usual Fermi (or Maxwell­
Boltzmann) form. In the approximation with f=f' that we call 
"the slow oscillation approximation" the collision integral is 
consideraЬly simplified, and we obtain the known equation 191 
f or np(t): 
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Nk + l lcи 0(fЦ)t 
+ )е -( 

N -k + l + 

сиk+с -с k-fcи0 -i0 p+q p+ q- си k +с Р- cp+k +fси 0 + iO 

+ 
N k -icи 0(f'-f}t 

си +с - n . )е Jl<a+ а > 
k p+q+k lP+q+Lcи0н0 ps p+qs t 

(t е .... .... е .....,. -+ , а + 
= е l 1[- (р + q - -А 

0 
)А ( q ) - ф , ] < а а , > 

-. , mc с q р s р + q -q s t 
q 

- [~(p-~A0)A(q')- ф~]<a;+q'sap+qs > 1 ]+ ect_,,l,.}Фk-
mc с q р, s, к 

1си 0(f'-l) t - tcи 0 (f'-Ot 
- L 2 l 

k 
U' 

е е 
Jf (Л) Jf,(Л)[ . + . )! х 

сиk+с ,-с, k -fси0 -1О си k+c, k-c •+ fcи 0 +I0 
р р- - р- р 

[ + + + + 
х < ар + k s а р '-k s ' а р 's ' а р + q s > t - < а р s а р '- k s' ар' s' а р + q- k s > t] -

- ect l 
"k.U' 

iси (f:..f)t N_k + 1 + 
L 2 J,(Л)J,,(Л)Ie 0 

[ +с -с -fcu
0

-iO 
k r ' си -k р + q- k р + q 

N k -icи 0(f:..f}t N_k + 1 
+ --- ] -е [ --------- + 

cиk +c p-cp-k -fcи 0 -i0 cи_k+cp-k-cp + fcи 0+ i0 

+ - Nk си +с с Jl < a+ а '> k p+q- p + q-k+fcи0+i0 p-ks p+ q-ks t 
( 14) 

Here Wp =[p-(e/ c)A0 (t)] 2 / 2m ; Jr(Л)_,is_,the Besse1 function of 
the first kind of the argument Л= е(Ео · q) / mси5 ; е, f' are in­
tegers. То give а more c1ear physica1 interpretation of equation 
(14), we write down its so1ution in the form (1) and perform the 
1inearization procedure as а result of which we have the follo~­
ing equations for the eэuiliЬlium distribution function np(t) 
and its perturbation f(p + q, р, t) under the action of the pump-
ing field: 

ii..L + eE..L!n (t) 
дt д!} р 

ect l L2 J0 (Л)J,,(Л)I[N + 1)n -N n] х 
-+. f, k ( ( k р+ k k р 
k,t, 

6 

.~ ( 

~ l 
,{ 

tси 0(f'-f>t 
х ( е 

сиk +еР+ k -с Р -fcи 0 -i0 

е -tсио (f, -f) t 

си + с ) + [ N n (N k p+k- с р -fcиo+iO k p-k- k+ l)Jt>]x 

tси 0(f:..f)t -tcи 0 (f'-f}t 

х ( е е ) 1 ' (15) 

сиk +ер- с p-k -fcи 0 -i0 cиk+cp-cp-k -fси 0 + iO 

1 . а е -+ -+ . (f , е ) -Iдt +cp+q -еР --;;;c<Ao(t) . q) -ен_,l L~Jf(Л)Je,(Л)[ е !сио - t х 
k , f,f' 

Nk+1 -tcи 0(f'-f>t 
х ( 

Nk + 
---~---------)-е х 

cиk+cp+k-lp -/!cuO-iO сиk +cp+q-cp+q-k-fcи0 -i0 

Nk + l Nk _, -• _, 
х ( + )Jif(p+q,p,t) 

сиk + с Р- с p-k- Рсио+iО сиk +с р+ q+k- с p+q- fcu o+ iO 

= ен I~CP- .!E...A
0
(t))A(q. t) + I Ф f(p'+q,p',t)-L 2 :i Jp ·<л>J., щ " 

mc с .... , , q q • ,. , t 
р ,в р • s 

r. е, 

icи 0(f'-l) t · -tcи 0 (f'-f)t 

[ е е ] ...... , -+ .... 1[ 
х ----· + ------- --- f(p +Q,p',t) ~qnp]-

cи +с , -с , - fcи 0 -i0 си +с , -с • + fси 0 + iO q р р -q -q р -q р . 

(( -е I 2 . k,P,f' LkJf(Л)1,Щie 1cиO(f'-l)t [ (N + 1) f(i)+ k+ q, Р+ k. t) 

сиk + cp+q+k-cp+q-fcиo-iO 

Nkf(I)- k+q,p-k,t) NkfcP-k+q,p-k,t) 
--~-----------]- [ + 
сиk +cp-cp-k - fcи0-i0 cиk+cp+q-cp + q-k-fcи0 +i0 

(N k + 1) fcP+ k+ q; Р+ k, t)] - i си 0 (f '-l )t., 
+ е 1. 

сиk + cp+k- с Р- fси о+ iO 
( 16) 

The right-hand side of equation (15) defines the deviation of 
the distribution function from the usual Fermi (or Maxwell­
Boltzmann) form. In the approximation with f = f' that we call 
"the slow oscillation approximation" the collision integral is 
consideraЬly simplified, and we obtain the known equation 191 
fo r np (t): 

7 

.... 



д -+ д 
i!- + eE-::;-Inp(t) 

дt др 
2rreн l L~Jr2Щ![(Nk + l)np+k -Nknp] х 

k,f 
( 17) 

х о(сР+ k -с Р- ыk - fы0) + [Nk np-k- (Nk + l)np]o(cp-k- ер + ы k + fы 0)\. 

Now the relaxation time т can Ье introduced and determined as 
а function of the frequency and intensity of the pumping field. 
Following the calculations performed in 191 we can write down the 
formula for r as follows (see also 1 101 ) : 

т(р, Е о, ыо) 
т о,в. (р) 

(18) 2 ' F(2eE 0p/ffi(l)G> 

where т 0 •а is the relaxation tirne in the absence of external 
fields for the cases of interaction of electrons with optical 
(о ) and acoustical (а) phonons. The function F(~ is defined 
Ьу the forrnula 

1 
F(x) = _1._ J (1- у 3) Jg(xy) dy 

3 о 

"" ( n 2 l -l} (2n)! _ (~) 2n 
n=O (n +2)(2n + 1)(n !) 3 2 

(19) 

In obtaining !18) the average over all polarization directions 
of the field E 0(t) was taken and the approximation with f =0 was 
used, which is valid for the value of Е 0 and ыо satisfying the 
condition .Л « 1 and also for the narrow-band semiconductors with 
the conduction Ъand width (). « ы0 • It is interesting to note 
that the use of such an expression (18) for the renormalized 
electron relaxation time т directly introduces some correction 
in determining the threshold fields for the parametric excita­
tion of the plasmon-phonon eigenmodes of а solid under the ac­
tion of electromagnetic waves (see 131 ). Indeed, the threshold 
field Е h must Ье calculated from the equality 

o t 
- lh 

У (Е о th ' ы О) = (т 1 • т 2) ' { 2 О) 

where т 1 i s the plasmon damping coefficient which is connected 
with the electron relaxation tirne as т 1 = 2т • and т2 is the 
damping coef ficient of the phonon mode (or of the mode of other 
nature); у i s the parametric growth rate of the gi ven pair of 
rnodes. 

Equation (17) ha s been considered in connection with the 
conductivity proЬl~rn in crystals in the high- and low-frequency 
lirnits in 19,1 11 • An atternpt has been made in / 12,13/ t o ob tain 
s olutions f or n p(t) in particular cases of а nondegenerat e so-

8 
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lid state plasma interacting with equilibrium acoustical pho...:' 
nons. 

The analysis of the dispersion properties of an electron­
phonon system placed under the action of а strong electromagne­
tic wave field on the basis of equation (16) and the system of 
Maxwell equations will Ье made elswhere. Here, in conclusion, 
we present the form of this equation tA.at is convenient for the 
above-rnentioned purpose. Thus, introducing the new variaЬle 
f = f ехр[-iЛ sinы 0 t] and transiting to the Fourier representa­
tion, we come to the following equation: 

--+ ....... -+ --+ ......... 2 
lf(p+q,p,ы)+P(q,ы)!ф l f(P+q,p,w)+Lq l Jf(Л)Jc{Л) х 
,.. q,.. -+пе• , 
р р р, L, 

f(p+q,p , ы-ыof) f(p+q,p,ы+ыol) Jl+ l L2 J 0 (Л)J~,(Л) x 
х [ · + -+-+ k L L 

n ·о + ( ( - flиo-iO p,k (l) + ( - ( + L(l) o+l (l)-q р- p-q . n n• 
q p-q р L, L 

--+ -+-+ -

! Nkf(p+q, p,ы-ы 0 f) 1 
х . [--------------- 1 ] + 

(l)k Нр -cp+k+ fы0 + i0 (l) + f p+k- ( р + k+q+ iO ы+cp-cp+q+iO 

--+ -+-+ -
(Nk+1)C(p+q,p,ы-ыvf) 1 

+ [-------------- 1 ]+ 
Ыk+fp+q-k- cp+q + fы0+i0 ы + cp-k- с p-k+q+iO ы+cp-fp+q+iO 

--+ -+-+ -

+ (Nk+l)f(p+q,p,ы+ыof\ 1 1 ] + 
ыk + с Р -k- с Р + fы О- iO (l) + ( р - ( р +q + iO ы + cp-k- с p-k+q+ iO 

_..,. -+-+ -

1 + Ni/CP+q,p,ы+ы00 [----------- 1 _ J!=O. · 

~+с p+q- cp+q+k+fы 0-i0 ы нр- cp+q + iO (l) + (p+k- ( p-k+q+ iO 

(21) 

Here Р(q,ы) =; [(np+q-np) / (ы+cp -cp+q + iO)] 1s the elec-
р 

tron polarizability; [= i'- f ; the sumrnation over р was intro-
duced and the terms with А( q, t) representing the retardation 
interaction in the system were omitted f or simplicity. 
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Во Хонг Ань El7-83-293 
Электрон-фононное взаимодействие и обобщенное кинетическое 

уравнение для систем, взаимодействующих с сильными полями 

электромагнитных волн 

На основе метода исключения бозонных операторов Н.Н.Бого­

любова выводится обобщенное кинетическое уравнение для системы 

взаимодействующих электронов и фононов, находящихся под воз­

действием сильного поля электромагнитной волны, с учетом эф­

фектов электрон-фононных столкновений. Рассматриваются усло­

вия, при которых интеграл столкновений допускает введение вре­

мени релаксации, и вычисляется последнее как функция частоты и 

интенсивности поля накачки. 

Работа выполнена в Лаборатории теоретической физики ОИЯИ. 
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Vo Hong Anh Е 17-83-293 
Electron-Phonon Interaction and the Generalized Kinetic 
Equation for Systems Interacting with High-Intensity 
Electromagnetic Wave Fields 

The generalized kinetic equation for an electron-phonon 
system subjected to the action of an intense electromagnetic 
wave field is derived on the basis of the Bogolubov method of 
elimination of boson operators, taking into account the elec­
tron-phonon collision effects. The conditions are considered 
under which the collision integr.al allows the introduction of 
the relaxati~n time, and the latter is calculated as а func-

p_, 1 tion of the frequency and intensity of the driving field. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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