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Equations are formulated for the evolution of the particle distribution and of the nonequilibrium field
created by parametric action of a strong ultrahigh frequency field in a turbulent plasma. Application
of the theory to the case of the kinetic instability of a nonisothermal plasma, due to the Cerenkov
effect on electrons, indicates an anomalous increase of dissipative high frequency conductivity of the
plasma, due to the increased intensity of the plasma oscillations.

l. Recent investigations have shown that when a plasma
interacts with a strong microwave field, peculiar
parametric instability effects are produced as the re-
sult of the oscillatory motion of the electrons relative
to the ions (see the review!’’). The existing theory of
parametric resonance in a plasma considers the non-
linear influence of a strong external field on the plasma,
and in this sense it is nonlinear. On the other hand,
such a theory, being confined to the linear approxima-
tion relative to the amplitudes of the growing perturba-
tions in the unstable plasma, leaves unanswered the
question of the influence of the developing instability on
the plasma.

In this article we consider a parametric theory, non-
linear in the growing perturbations, of the interaction
between a microwave field and a plasma. The theory
described below corresponds to the description of the
weakly- turbulent state of the plasma. It takes into ac-
count the influence of the perturbations of the field on
the particle distribution, and neglects at the same time,
for example when kinetic instability sets in'®!, the
processes of induced scattering of the waves®™?.

The general premises of the theory are obtained by
investigating the consequences that follow from the
equation for the paired correlation function of the sys-
tem of charged particles'!*). Detailed equations are ob-
tained for the description of the kinetics of the plasma
instability when low-frequency oscillations develop as a
result of the high-frequency Cerenkov effect on the elec-
trons'??. In addition, we reveal, for such an instability
of a non-isothermal plasma, an effect wherein the dissi-
pative high-frequency conductivity of the plasma increa-
ses, corresponding to anomalous acceleration of plasma
heating as the result of the increase of the plasma-
oscillation intensity.

As usual'™ | in the theory of parametric resonance
in a plasma, we assume that the external electric field
is spatially homogeneous and monochromatic

E(t) = Eo sin wot. (1.1)

Then, bearing in mind the development of instabilities
connected with the potential field of the perturbations,
we can construct the plasma theory with the aid of
kinetic equations for the particle distribution functions
f; and the equations for the correlation functions. More-
over, neglecting effects of the interaction on the plasma
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waves with one another, we confine ourselves only to
allowance for pair correlations (cf.®?). To simplify the
derivations, we confine ourselves to spatially-homo-
geneous distributions. We can then write the following
system of equations describing the plasma kinetics'®:

0fa(Pa, t) Ifa(Pa, t) [ 0fa :l
= eB () — =
ol Ope at st
a dk  4megep
= — k t .
o § ap, i MG ppnn),  (L2)
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where ey is the charge of particle of type a, Gy, is the
component of the Fourier expansion of the pair-corre-
lation function. In (1.3) we have omitted the inhomogene
ous part describing the usual particle collisions.

The system (1.2) and (1.3) makes it possible to des-
cribe the weakly-turbulent state that occurs when
parametric instabilities develop, and also the process
of anomalous interaction between the microwave field
and the plasma.

2. Unlike the theory of collision integrals, for a
stable plasma in a strong field!*! we are interested in
time intervals within which the pair correlations have
not yet relaxed to their asymptotic values that are fully
determined by the single-particle distributions. On the
other hand, we are interested in plasma states which,
from the point of view of the linear theory, are unstable
and therefore lead to the occurrence of high-intensity
oscillations. It is precisely these oscillations which
determine the pair-correlation function. The latter
means that the inhomogeneous part of (1.3) is relatively
small. This is why we have omitted it.

The solution of (1.3) can be represented in the form

Gab (K, Pa, Po, 1) = Pa(k, pa, 1) V6 (—k, po, t), (2.1)
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where the functions ¥ satisfy an equation of the type’)

0fa(Pa,
{ + ikvg + eaE (?) ——-}wa(k Par ) = zea(pk(t)k—f—(l:’—t)— (2.2)
and the function ¢ is defined by
ek (1) = (2.3)

% De S dpepe (K, pe, t).
c

In accordance with (2.1), the collision integral of the
kinetic equation (1.2) takes the form

Gfs 6 dk

[Tt] s 0pa ) (27)®

From the kinetic equation there follow here the follow-
ing energy and momentum conservation laws:

o3t Kgx(t) Ya(k, pa, 1). (2.4)

d
v %Sdpapampat)

dk k2
= § Gy g @ Qe T EQ). Zeanpafa, (2.5)
d dk k2
dt { 2 S afa (P, £) _+ S (2m)3 81’( (t)‘Pk(t)}
=E() 2 e § dpovafe. (2.6)

a

It is easy to see that i (t) is the potential of the elec-
tric field of the perturbations that develop when turbu-
lent states occur.

Neglecting the initial value of ¢, and also consider-
ing times that are separated from the initial time by
many periods of the oscillations, we can write (2.2) in
the form

t t

Vo (K, Po, 1) = Sdt’ exp {ikva(t’—t)—}— o\ dt”’E(t”’)k(t”’—t’)}
mq
5

o ¢
Xieap (¢) k5= fo (Ba + o § arE), 1. (2.7)
@ ¢
Substituting this expression in (2.3) and (2.4), we obtain
the following system of equations for the potential of the
turbulent field and particle distributions:

t

- 4ne
Sdt’(pk(l') Z r;fq

-

G ()= § dp.ik—— fa< Pa+ ¢a S @), v )

Xexp{ kv, (¢ — )4 z%t{ (¢ — vy KE(1") } (2.8)
Plep et 7 S bt
¢ 2 ¢
Xi\wdt’q:k(t’)m fa< Patea § dt"E (1), z,>
e t
Xexp {ikva(t’ — )i § " (1" — ) KE (") } (2.9)

It will be convenient in what follows to introduce in
place of f5 the distribution F,, which is determined by
the relation

DA similar equation is obtained also in the theory that uses the Pri-
gogine-Balescu diagram technique for the construction of a kinetic theory
of a stable plasma [®]. In the absence of an external field — see [°].
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where account is taken of formula (1.1). In addition, for
the case of a monochromatic dependence of the external
field on the time (1.1), it is convenient to represent the
potential field and the distributions in the form of expan-
sions in terms of harmonics:

+o0

()= emineig(k, 1), (2.11)
e

Fa(payt)= D) e-inot Fym)(py,t). (2.12)

In this case, for example for the oscillations that grow
during the parametric resonance, called the low-fre-
quency oscillations, the amplitudes of such expansions
of ¢(n)(k, t) and F(n)(pa, t) will change little within the
period of the osmﬁatlons of the external electric field.
Accordingly, we have for the amplitudes the following
system of equations:

0 o - ,
Sdt/ Z 2 4ﬂke2(f S dpa eikvall ik '———OF']( ’(pa, t + : )

() (k’ t)y=

= l,m, s=— a 6P“
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aFs (pa, a dk
— inodF (pa, i)+ = pe eaZS g kik;
o0
X 2 Tmtu-n(Aa) Tusma(Aa) g™ (— K, 1)
m,l, s, u=—o0
? OF® (po,t+ ')
X Sdt’g—iuwot’+fkv,,t’(p(s)(k7 1y e WafTE) 0 (9.14)

0Opa, j

—o0

where J,, are Bessel functions and A, = e;E, - k/myw}.
This system of equations can be used to justify the esti-
mate presented in'”? for the energy contained in the
high-frequency parts of the particle distributions at
parametric resonance in a plasma situated in a strong
field of frequency close to the electron Langmuir fre-
quency wye = V4melng/mg. We note that the average
work performed by the external field on the plasma
(averaged over the period of the microwave-field os-
cillations) is determined by the amplitudes F“" and is
given by

E(1)j(t)) = Zea Sdpa Eva [F® (pa,t)— FS® (pa, )] (2.15)
This expression characterizes the rate of plasma heat-
ing.

3. A much more detailed study of the system (2.13)
and (2.14) can be performed for the case of oscillations
whose frequency turns out to be much larger than the
increment. Such a situation occurs both under param-
etric-resonance conditions in a cold plasma near the
threshold frequency of the external field!”?, and in
kinetic buildup of oscillations when the frequency of the
external field differs greatly from the electron Lang-
muir frequency™®’. However, before we proceed to
derive the corresponding averaged equations, we note
that in accordance with (2.14), at least during a rela-
tively long time, the expansion amplitudes F n) forn =0
will remain small compared with F{’. We can use for

these amplitudes the expression:
o0

n ieq2 dk
FP oty = iy 2

oo 0[) (21{)3 i ]m+l—n(Aa)]l—s(Aa)
a, i

m, s, =
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o
X (—k, 1) § i’ eitkva-taor o (K, ¢ 4 1)

We shall subsequently assume that these quantities are
small, and expression (3.1) can be used to check on
such an assumption. Accordingly, we shall henceforth
retain only F}” in formula (2.14) with n = 0 and in form-
ula (2.13).

Denoting by w,(k, t) the frequency of the plasma
oscillations of the mode r, we represent the amplitude
of the field ¢(D) in the form

G (pay 4 1)

a §

. (3.1)

gk, )= D exp‘{-—- iS at'w,(k, t’)}(pn(u)r(k, ),k t), (3.2)

where w, and ¢, depend slowly on the time.

After substituting (3.2) in the right side of (2.14) with
n = 0, we have, accurate to the first time derivatives of
the slowly varying quantities,

oF " (pa,t) a dk oo
—_—T = eg? S kik; Z
ot 0Pa, ¢ (2m)3
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t
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i
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(3 3)

Here (x +i0)™' = —ind(x) + P/x, where P denotes the
principal value. The right side of formula (3.3) contains
both a slowly varying part and a part oscillating at the
frequencies of the plasma oscillations. Neglecting the
small oscillating part after averaging, we obtain

oo

dk
e,,z S g(gg-[)«* kikj Z
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% 0Fq(pa,t) [ 4 3 ']azfa(l’mt)
9pa, i 90w (k,£) Loy 0u(k,t)—kvg ) 9t0p,, ;
1 6Fy(Pa,t
X (Pﬂn( - mu(k1 t) s T k, t)(Ps((Du(ky t) ) k7 t) - *—‘(_QI"L
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d i) P
= —k
x dt[( Fou(k,?) Lo+ ou (k1) — kv )""’"( ou(k,?), =k 1)
;0 0Fa(pa, £) 8 (lwo + ou (k1) — kvy)
x Go(@u(k 1), k1) } 0pg, ; oy (k, 1)
d
X [(p_m(— ou(k,t), —k,2) »Et—q)s(mu(k, t), Kk, t)
—@s(ou(k, 1), K, 1) -vfi—q* m(— (ou(k,t),——k,t)]}, (34)

where Fa is the slowly-varying part of the function F,.
We note that neglect of the oscillating part of the

function F!” is permissible because we have assumed
in this sec%mn that the increment of the plasma oscilla-
tions is small compared with their frequency. Expres-
sion (3.4) obtained here is the analog of the kinetic
equation of the so called quasilinear theory'®:®!?, For
the investigated type of plasma instability in a strong

— i d dk
FL:") a,t): : ZS

107

microwave field, it is the fundamental equation describ-
ing, together with the field equations (3.6) derived below,
the relaxation of the particles and of the plasma oscilla-
tions. However, for a plasma in a microwave field, the
particle distribution is described not only by the zeroth
harmonic of the distribution function. In this connec-
tion, averaging (3.1) in analogy with the averaging used
in the derivation of (3.4), we get

ﬁkikj 2 — ou(k,2), —k, 1) -

(2x) 2 onl

m, [, s=—o00 u

—_— e,
nwy ‘9Pa, i
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+ oy (k, t) 4 i0 — kv,

X Je(4a)in-m(A4a) {lo)
0

[ a 1 ]d
00w (K, 1) 1oy + 0y (K, £) + 10 — kv, Jdt

1 8oy (k, t) [ o 1 }}
2 ot Ao (K, £)2 Lo+ 0y (K, 1)+ 0 — kv, JJ

"F‘a@uﬂ} (3.5)
0pa, ; ’
Finally, substituting (3.2) and (2.13) we obtain, likewise

accurate to the first derivatives with respect to the time

X {(ps(mu(k, t), k)

oo
gn(o:(kt), k) + > 3

a 8, l=—c
x0eq (@ (k, 2) + log, k, £) ps (0r (K, £), k, 2)
o0
2 J[—S(Aa)JIHI(Aa)

I, s=—00

% { d [ 06eq (0 (K, t) + Loy, k, £)

Jl—s (Aa) Jl*—n (Aa)
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dt do,(k, 1)
1 0%ea(0r(k t) +loo k) do,(k?)
5 Par (kD) 5 os(o,(k, t),k t)}, (3.6)
where
4re? 1 T UFa(pa,t)
bea(0, k1) = —= { dp. T (3.7

The last quantity is the contribution of the particles of
type a to the longitudinal dielectric constant of the
plasma.

4. Under conditions when kinetic instability
develops'?! in a plasma situated in a strong microwave
field, for example with frequency greatly exceeding the
electron Langmuir frequency, the growing oscillations
have a frequency close to the ion Langmuir frequency
w1 = V4men;/m;. In this connection, the dispersion
properties of the oscillations vary slowly in time. In
similar cases we can neglect in Egs. (3.4)—(3.6) the
time derivatives of the frequency and of the distribution
function. Assuming these quantities negligible, we con-
sider in greater detail the case of a plasma consisting
of electrons and one type of ions with an electron tem-
perature much higher than the ion temperature. To
simplify the derivations, we neglect from the outset the
influence of the electric field on the ions, bearing in
mind the fact that the decisive factor is the relative mo-
tion of the electrons and ions in the microwave field"'*.
Then (3.6) takes the form

o0
Y+ Din(a)se (o + lo, k)@,
f=—co
{ 968’ (0 + nwo k) dq}n
4 —_—
do “dt

@ {1l + 0ei’ (0 + nowy, k)

+ 0ei”" (0 + nwo, k)@,
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pay dee (0 + Log k) dO
+ Sea( [ ("’at oo k) St ve (0 o O} =0,
= ' (4.1)
where a = eEck / meoe?, o= ok, t) m
and o0
D0,k )= D) Jis(a)ps(0,k1). (4.2)

In writing out (4.1), we took account of the fact that the
imaginary part Geg of the partial dielectric constants
are small compared with the real parts d¢j.

Multiplying (4.1) by Jy, _p(2) and summing over n
from —« to +*, we obtain

00e.’(® + mwg, k) ‘i%

O {l + be’(0© + mag, k) } +i- e i
+ou
+ ide” (0 + Mmoo, k) Pp = — D) Jms(a) {Mi'(m + swo, k)@,
i , k) dos
—}—i—‘m(—m,ﬂmt)——)ip*-}—ibei”(m +smo,k)(ps}. (4.3)
[ dt

With the aid of this relation, Eq. (4.1) can now be re-
written in the form

0ee’ (0 + lwo, k)
1+ de./(® + lwo, k)

+oo
k)}— ) Jin(a)dis(a)

1, s=—0c0

on{l + e’ (0 + no,,

oo
Xdei (0 + 500, k)@ =1 D) Ji_n(a)

l=--00

de,” ! ,L d(D

1
14 de.’ (0 + lwo, k)

4o
+ 0’ (0 + loo, k) D) Jis(a)

s==—00

06 il 1k d 'S
x [—s (@ +5008) @ (o +sw0,k)%]}

dw dt
) k) don
T _‘9&;’""” )—9 +ides” (0 +nook)gn  (4.4)

For oscillations with frequency w much lower than the
frequency wo of the external field, we can use the small-
ness of 6¢€;j(w + swo, k) when s # 0. Then

oei’ (0, k)Jn(a)

1 4 8e./ (© + mwo, k)
dei’ (o, k)

14 8¢ (0 + nonk)

8ge’ (@ + lwg, k)
1L 8 (0 +log k)

DOy = — o, (4.5)

Pn =

N 2‘, Ji(a) T 1—n () (4.6)

I=—c0

The spectrum of the low-frequency plasma oscillations
in the microwave field is then determined by the disper-
sion relation (see!™)

1 oo

M e~ 2

8ee/ (0 + lwo, k)
1+ des’ (0 + log k) *
Finally, for the temporal evolution of the field amplitude
@o we have the following equation

(4.7)

I=—

dgo( 0, k, t)

) (4.8)

—vy(0,k t)p(w,k t)=0,

where

dei” (0, k, t)

) — de.” (0 +lwog, k, 2)
y(o,kt)=— { el (o + Z‘,

VT o0/ (@ + oo )T )
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1+ ﬁsj (0 + log, k) ]}_1 .(4.9)

P 1
X'{E{ der (o 8) T 2 J’z(“

Using formulas (4.5) and (4.6), we write the equations
of evolution of the electron and ion distributions in the
form

GFa(Pa, t) 4 wre OFa(Pa, )
Ta T o M,

(4.10)

where the diffusion coefficients in momentum space for
the electrons and ions have the following respective
forms:

Dy (p) = ee § -2 k). k) |2

AJZ'% ou(

2)3

- P
0wy (k) 0y (k)—kv

JHaay

X{ﬂé(mu(k)—- kv) — y(wu K £) [

k
Dis(p)=e§ (fT)akfkj ) [o( 0 (K), K, 2) [ %064’ (0 (K) J) T
X 2 J2(a)—— ! { 8(lwo + wu(k)—kv)
T 86 (0 (K) + loo K) 0T Gu

—“Y((l)u(k),k,t) (4.12)

r P

904 (k) log+ 0u(k)— kv ]}
By virtue of the fact that the influence of the electric
field on the motion of the ions can be neglected, the ion
diffusion coefficient coincides in form with the one usu-
ally encountered in the theory that takes into account the
reaction of the oscillations on the particle distribution
in the unstable plasma'®’. To the contrary, the influ-
ence of the microwave electric field determines essen-
tially the form of the electron diffusion coefficient
(4.12).

A similar transformation should be carried out also
for the amplitudes of the harmonics of the electron dis-
tribution function (3.5). We note that the occurrence of
higher harmonics in the electron distribution function
can be likened to the situation occurring for a plasma
in a strong electric field when account is taken of the
usual charged-particle collisions™?, 1t is possible in
this case, in particular, to obtain an expression for the
product of the current density by the electric field inten-
sity, averaged over the period of the oscillations of the
external field:

CE(2)j(t)) = {Eosin wotj? —eS dvaO L [ o i(_nj

eEok k
(27)3 mewo "4

1 dk
Z?S

+00
x 2 Ji(a)

Z l@o(@r(k), K, 2) |46ei’ (0, (K), k)2

B (oo + 0,k )+ y(0r(K), k, ¢) (88 (oo + @, k) ) o
14 de.’ (0, (k) 4 lwo, k)
b

Jii(a)

1+ 8¢/ (0, (k) +[1 + 1]oo, k

(4.13)

where (X),, = 8X/8w. Expression (4.13), as follows from
the energy conservation law (2.6), determines the growth
of the energy of the particles and of the waves in the
plasma under the influence of the external microwave
field.

5. We shall now show that it is possible to predict,
on the basis of the described theory, the effects of an
anomalously strong interaction of a microwave field
with a plasma, leading to a relatively fast field-energy
absorption due to the anomalous increase of the dissi-

=m0
Ji—1(a)
x { 1+ 08 (0, (k) +i— oo k)
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pative high-frequency conductivity of the plasma. To
this end we turn to a consideration of the kinetic insta-
bility of a strongly non-isothermal plasma with
Te 2> Tj, the linear theory of which was developed in®!
Let the frequency of the external field wo greatly ex-
ceed the electron Langmuir frequency wy e, but let it be
at the same time bounded from above in such a way that
the following inequalities are satisfied:

le|Te | lnl:zeaeizmi} -1
e;iT; / T 3e2m,

2
1< < (5.1)

e
Then, as shown in'??, the instability becomes possible
at an external h1gh frequency electric field intensity
larger than the threshold value at which the velocity of
the electron oscillations in the external field
Vg = eEo/mgwo is approximately twice as large as the
thermal velocity vpe = Vk Te/mg. We confine ourselves
to a discussion of the case when vy, while exceeding
the threshold value ~ 2v e, still does not differ from it
in order of magnitude. In this case the growing oscilla-
tions lie in a large range of wavelengths that are small
compared with the electron Debye radius, but at the
same time are larger than vE/a)o. The frequency of the
growing oscillations practically coincides with the ion
Langmuir frequency Wi v411e2n 7m and the following
formula can be wr1tten for the estlmate of the incre-
ment:

(5.2)

Finally, on the short-wave side, the region of instability
is bounded by the inequality

y ~ orore [ k3vgd.

x> 1/ ko = rpJ—", (5.3)

Just as in the usual theory of electron-electron collision
integral due to the interaction w1th the ion-acoustic
oscillations (see, for example,*’).

Simple calculations now make it possible to write
down the following estimate for the average work (4.13)
performed by the external field on the plasma:

dk k2 kvge
050y ~ § o= 1) 2o (5.4)
(2m)3 4n k2rpg

In practice the same expression determines the time
rate of change of the average kinetic energy of the elec-
trons:

a4

)

This agrees with the fact that the plasma oscillation
energy constitutes a small fraction in the total energy
balance, and the rate of change of the ion energy is
much smaller than given by the expression (5.5).

The fact that the properties of the growing oscilla-
tions do not depend on the fine details of the electron
distribution makes it possible to conclude that it is pos-
sible to employ for the field growth the exponential law

lpo(k, 2) |* = (5.6)

which follows from the linear theory, until the increase
of the kinetic energy of the electrons becomes compara-
ble with their initial temperature. Assuming as the ini-
tial value of the square of the field the one determined
by the thermal noise,

lo(k, 0) |2 ~ T/ (2m)°k?,

ap-~ P Fe = CE(2)i()). (5.5)

2m,

[ (K, 0) |2e=2,

(5.7)
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we can now write (5.5) in the form

k:
5 kdk exp{ 2 &ﬂi t} (5.8)
Wofv g

For small values of the time, when

dne% T e
~ (E(t ~ T
dt ( B~ x T'pe

(5.9)

which corresponds to the start of the development of the
instability, we have at small values of the wave vectors

k ~ wo/VE)

dnex T, n,
# ~ nexTevol ~ E? memiz vol,

t < 0oL 2oLi?,

(5.10)

where
(5.11)

Formula (5.10), in particular, means that during the
initial stage of the development of the instability the
conductivity of the plasma is of the order of magnitude
of

Vo = ebne [ Yme(nTe) k.

en,

(5.12)

o~ vol.

mew o2

We note that in the initial stage of development of the
instability, the energy density of the oscillations is ap-
proximately KTek%, which makes it possible to under-
stand the agreement between formula (5.12) and the re-
sult of '*?! | which, to be sure, pertains to the case of
essentially lower electromagnetic-field frequencies.
Expression (5.12) exceeds the usual conductivity of the
fully ionized plasma, due to the paired collisions at Tg
> 100 T;. In the opposite limits when T < 100 T; and
in the case of time values given by (5.9), the pair colli-
sions are more important and decisively influence the
conductivity of the plasma.

In the case of large values of the time, when

wo® ore?l
P e od

formula (5.8) assumes the following relatively simple
form:

(5.13)

d(nexT, °
( eX e) ~ % Te ®o
dat vrloList

20r0Li
exp{ mz)oamL } (5.14)

This formula leads to an increase of the electron tem-
perature by an amount comparable with the initial value,
after a time of the order of

®ed
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Since the right side of formula (5.14) becomes equal by
that time to
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0@ In[rrplo Lorios)’ (5.16)
we can state, taking into account the fact that vpe ~ v,
that the plasma conductivity reaches a value
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For the time given by (5.15), the inequality (5.13) is
satisfied if the following relation holds for the number
of particles in the Debye sphere:

(5.18)

Satisfaction of this relation causes the turbulent conduc-
tivity of the plasma (5.17) to exceed greatly the value

nerped > 0ol [ OL0Le.
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given by (5.12). On the other hand, if I in the right side
of (5.18) is replaced by the Coulomb logarithm
A ~1n(ngrpg), which occurs in the usual Landau colli-
sion integral, then the turbulent conductivity turns out
to be much larger than the usual one. This can be
readily satisfied for a plasma with a Coulomb logarithm
A 2 15-20.

We note that the energy density of the plasma oscilla-
tions reaches by the time t7 an order of magnitude of

nexToori (5.19)
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and amounts to a rather small fraction of the electron
energy, which obviously is necessary for the obtained
estimates.

Simple estimating formulas that follow from (5.8)
can be used only in the case of slight heating of the elec-
trons. In the case vy ~ 2vpe considered by us, an in-
crease of the temperature of the electronic component
by an amount of the order of the initial value can lead to
stabilization of the kinetic instability. Yet the onset of
an anisotropic distribution of the electrons is also possi-
ble, accompanied by a growth of the intensity of the field
oscillations. The choice between the two alternatives
can be decided by investigating the consequences that
follows from the equations of the fourth and third sec-
tions of the present article, in which equations were
derived describing the kinetics of a weakly-turbulent
plasma situated in a strong microwave field, and the
possibility was revealed of the occurrence of anomalous
plasma conductivity even in the early stage of turbulence
development.

In conclusion we note that the analysis presented in
the last section makes it possible to carry out a definite
generalization to the case of a hydrodynamic instability
which occurs in parametric resonance in a plasma when
wo = wy,e. The maximum growth increment of the os-
cillations ¥ ~ (mg/m;)3wy e, just like (5.2), does not
depend on the details of the particle distribution. One
can therefore speak of an exponential growth of the os-
cillations until the thermal velocities of the electrons
turn out to be close to the velocities of their oscillations
in the strong microwave fields. Just as in the case of
formula (5.17), the conductivity reaches, in order of

V. P. SILIN

magnitude, a value determined by an expression in which
the role of the effective collision frequency is played by
the growth increment of the oscillations. In other words,
the conductivity turns out to be proportional to
(me/mi)l/sw Le-
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