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We study the dissipative case of the Zakharov system with periodic
boundary conditions in the two-dimensional thin domain. We prove that
this system has a unique strong solution. Our proof is based on the Galerkin
method of approximations.

1. Introduction

In this paper we are interested in the long time behavior of solution of dis-
sipative Zakharov system in the two-dimensional thin domain. This system has
the form

1
pntt+ant+ﬁn—A(n+|E|2) =f
iBy+AE —nE+ivE =g (1)

n(0,z,s) =nq(z,s), n(0,z,s) =no(z,s), E(0,z,s) = Ey(z,s)

where F : R, x Ry x Rz“ — Candn: R, xRy x ]Rzr — R. The complex function E
represents an envelop of the electric field, and n is a fluctuation of the ion density
about its equilibrium value. The parameter A is proportional to the ion acoustic
speed. (More precisely see [11]). The damping parameters a > 0, v > 0, the
external forces f(z) and g(z) and parameter § > 0 are given.

We consider (1) in the rectangle domain

Q. = {((L‘,S) € [Ov 1] X [0’6]}3

where ¢ > 0 is a given parameter. Moreover, we assume the periodic boundary

conditions for n and E. As in [5] and [1] we change the thin variable s — s
€
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Dissipative Zakharov system in two-dimensional thin domain

Hereafter, our domain . will be replaced by the fixed domain Q = [0, 1]%. Before
rewriting system (1) for a new variable we (as [3| and [9]) introduce a new function
m = ny + dn, where § > 0 is a fixed parameter which will be chosen later. After
this remark we can rewrite our system (1) as

m=n; +on

my + (aX? — §)m — 0 (aX? — 0) n+ XN2A. (n+ |E|?) — BA%|E|? = N2 f

By — A E—nE+ (B+iv)E=g

m(0,xz,s) = mo(z,s), n(0,z,s) =ng(z,s), E0,z,s) = Ey(x, s)

Y (2)

0? 1 62
whereAg—BI—AE_BI—(@_;_g_Z@ )

Let us remark that A, with periodic boundary conditions is a selfadjoint po-
sitive operator. Therefore we can define a sequence of norms

e = 142 ullo,
where ||u||o is a usual L? norm in

ng, ={ue L}, (R), u(z,s) =u(z+1,8) = u(z,s +1)}.

loc

The corresponding inner product in spaces

H),, = {u(z) € H[,, (R*) ,u(z,s) =u(z +1,s) = u(z,s + 1)}

per

is defined as
(uav)r,a = (A§/2,U'1A§/2”)03
where (u,v)o is a standard inner product in Hp,, (we also note that Hy,, =

D (Agﬂ)). As in [9] we also define a product space &, = Hy.! x Hj,. x Hyd,

where Hpd' = {u(z) +iv(z)|u,v € HJ31L . We note that every element u(z) €
H},,. (or u(z) € H},

per per

) can be represented in the form

+o0o
u(z,s) = Z up exp {2mwi(kz +1s)},

k,=—o00

where in the real case the Fourier coefficients uy; possess the property uy; =
U—f,—1 and

+o0o 2
!
lull} = Y Moy luegl®, where Mgy = B+ 4n’k” + 47r26—2.

k,=—o00
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In the one-dimensional case system (2) was studied by several authors. This
system with Dirichlet boundary conditions and S = 0 was considered by I. Flahaut
[3]. She proved that problem (2) has a strong solution and generates a dissipative
dynamical system wich possesses a weak attractor. This result was improved by
O. Goubet and I. Moise [4], who proved that system (2) with Dirichlet boundary
conditions possesses a compact global attractor. The case of periodic boundary
conditions was considered in [9]. It was proved that in this case system (2) has
a unique solution in the energetic space €, and generates a dissipative dynamical
system. The main result of [9] is the existence of a compact global attractor which
belongs to some Gevrey class. In particular, it means that the elements of the
attractor are analytic functions of the spatial variable.

In this paper we consider Zakharov system on the two-dimensional thin do-
main. The main goal of this work is to prove of the existence and uniqueness of
a global solution of (2). The proof of this fact is based on the Galerkin method
of approximations. The idea of realization of this method is similar to the one
in [3] and [9]. But in comparison with the one-dimensional case we have some
technical difficulties. The source of this difficulties is the absence of Agmon and
Gagliardo—Nirenberg inequalities as in the one-dimensional case. Indeed, in the
case of one spatial variable we have H;é,fl C L*, but in our case we have only

ng/,? C L*. The same situation one can see with L>-norms. These facts imply
that we can not use technic of previous works in the two-dimensional (but not
thin) rectangle domain.

The key argument of our realization of thin domain technique is the fact that

if [lullo < —; with some 0 < v < 1, then, taking ¢ small enough, we can obtain
£
the inequality

lullze < sllullfe +

(see Lemma 1 below). There & is less then some fixed constant, depending on the
parameters of the problem.
The main result of the paper is

Theorem 1. There exist numerical constants k;, j = 1, 4, and there exists g
such that for any e < eqg if

eO0 gl < ymis e0gll L < s €20Ngl3. < ks 5
_ (073} _ aKs3 _ QK4
NI < 57 e OB < S AR < 5
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where €0 is an any (less then v) power of €, then every initial data from
B, = {(mn,B)€&: el ml2,, <y £ ml < r
AR < s SR <5 @)
SPBIR < i OB, < o5 OB, < 55 )

provides a global solution which belongs to Cy(RT,Ey) — the set of the bounded
continuous functions.

We note that in [1, Prop. 2.1] there exist conditions of the type (3) and (4).
The difficulties of our conditions will be discussed later. The technique of thin
domain was applied in [6] for the parabolic equations. The most famous result of
this technique is the existence of global solution for Navier—Stokes equations on
thin 3D domain (see [§]).

As in corollary of Theorem 1, we prove a global existence of the solution of
Zakharov system in the two-dimensional square domain in the case of the small
external forces and the initial data.

2. Existence and uniqueness of the solution

2.1. Functional setting

Let us recall without proof two inequalities for our norms:

1
luall§ + lluslis < llullt (5)

and . 1
[t |[5 + g—glluxsllg + gllussllg < ull3. (6)

which will be useful for us.
We use the Galerkin method of approximation to prove the existence of the
solution of the Zakharov problem. We take
m? = Za\kl-l-\l\gaN me,z(t) exp {2mi(kz +1s)}, MN, =MN_ >
nN =3 ks p<en k1 (8) exp (2mi(kz +1s)}, TN = 0N (7)
EN =3 i pi<en Bri(t) exp (2mi(ka +1s)}
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and find (mV,n", EN) as a solution of the approximate problem:

(mY =n) 4+ nV
mi¥ + (aX? — §)mPY — 0 (ar? — 6) nV + A2A, (nV + Py|EN|?)
— BX*Py|EN? = NPyf o, (8)
iEN — A.EN — Py(nVEN) 4+ (B +iv)EN = Pyg

\ (mN,nN,EN)(O,x,s) = (PNmU, PN”Ua PNE())(H?,S)

where Py is the orthoprojector, defined by formula
Pyu = Zalk\-l-llISEN un, ,(t) exp {2mi(kz +1s)} .

We remark that Py commutes with the operator A", so that, in particular
means, PyA"E = A"PyE. 1t is obvious that the system (8) is a system of
ordinary differential equations. Therefore, by the standard existence theorem, we
obtain that (8) has a unique solution (m™,n"v, EN) for t € [0,Tw]. It is easy to
see that uniform estimates for the norm of this solution imply that this solution
can be extended to [0,+00) and (m,nN, EN) € L®(R*,&;). Taking the limit
N — oo, we obtain the existence of the solution (m,n, E) of the problem (2) in
L>®(R*, &9).

2.2. Time uniform a priori estimates

First of all we recall the well-known Sobolev inequality for u € Hp,. (Q) that
will be useful for us:

lullze < Cllullg (lullo + [lusllo) (lullo + llusllo)

We will use this inequality as

Lemma 1. Let u € H),, () and there exist a constant C such that ||u(t)||} <

B per
C . . 1—v A . .
L where 0 < v < 1. Then for any fized k inequality e 7 C < k implies
C(C, k)
lullzs < wllullf - + - (9)

R em ar k. Our technic of the proof of a priori estimates is based on the
induction. First of all we prove a priori estimate for ||E||f2. Taking into account
this estimate and Lemma 1, we obtain a new a priori estimate for ||m|| g-1, ||n||z2
and || E|| g1, and etc. Since we can prove uniqueness of the solution of the problem
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(2) only in the space €2 then we have to use Lemma 1 three times. Let us note

1
that after each using of this Lemma the exponent of — is multiplied on 3. Since
€
on the last step we need to have the power of — being less then 1, we conclude
€
1
that in the first step it is necessary 51/9_0||EH%2 < C. The powers of — in the
€

conditions (3) and (4) in the Theorem 1 was appeared by these arguments.

Proof Indeed, taking into account |ju(t)||2 < Ce™ and (5), we obviously
have

o o2 /2
lullfs < ;(W + “uxHO)(W + llusllo)
K K C? C(C, k) C(C, k)
< 5““”%,5 + 5“%”% + m“usﬂg t—= = wllullf . + o

Now we can start to prove a priori estimate for the solution of (8). For the
sake of simplicity in the next formulas we will drop the subscript V.

2
Proposition 1. If 61/9_0(||E0||% + M) < Co,1 and
Y

_o A
e'/? YA+ ImollZie + N¥limollg + 20| Boll7,.) < Chn

for the suitable constants Co1 and C1,1, then there exist constant Coy such that
for the solution of (8) the following estimate holds:

0 (D)2 1,c + NI + 22 [E@E,) < Can, (10)

where Cy1 does not depend on € and on the number of the Galerkin approzimation.

Proof Let us multiply the third equation of (8) by 2E and integrate the
imaginary part of the resulting equation over 2. We have

d
Il + 2411 E[§ = 23(g, E)o.- (11)
Taking into account that

1
2/(g, E)o| <~ EI§ + ;Ilgllﬁ,
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from the Gronwall lemma we derive that
2 2 -t HQH% ot 2 -t ||g“%
1EII5 < [[Eollge™ " + S (I—e ) <|Eollge ™ + o (12)

Now we multiply the third equation of (8) by —2F; — 2yFE and integrate the
real part of the resulting equation over £2:

d
7 LBl = BIEIG + 2R(g, E)o } + 27 {IIEIIT. — BIEIG + R(g, E)o} (13)
+2R(nE, E; +vE) = 0.

Taking into account that

d
2R(E, Fr)o = 5 (n, | BP)o = (m, [ B)o + 5(n, | B o

we rewrite (13) as

d

- UIBIR . = BIENG + 2%(g, E)o + (n, |E")o} + 29 {IIEIIY — BIEG (14)
+§R(ga E)O + (na |E|2)0} - (ma |E|2)0 + 6(”? |E|2)0 =0.

Now we multiply the second equation of (8) by 2A-'m and integrate over €.

d
Sl e + X2 R) + 2002 = &) ml2 . + 202l
T 25(A2 = 0)(m, )1 + 2X2(| B2, m)y — 26X2(| B2, m) 1. = 2X2(f,m) 1 ..

(15)
Taking into account that
1F1124
2|(fam)—1,a| < T,E + a“mH%l,E
1
[(n,m)—1e] < lImll-rellnl-1e < \/—BHmll—l,allnllo,
aX?
it is easy to prove that if § = min {T, 2—} then (15) implies that
«@
d
Z(Iml2 1 + A [Inl5) + 6(llm]2 1. + A2 [Inl5) + 23* (| B[, m)o (16)

)\2
< ;IIfIIQ_LE +2BX%(| B, m) -1 e.

Let us consider the combination 2A2(14) + (16)

d 4] A2
V1) +0Vi(t) + §(|Im||2_1,g +X%nlfg) +292%| B . < EHfHQ—l,E

+2X%(3 + )|(1EI%, n)ol + C{I(IE[*,m) 1| + |(g, E)o| + | Ellg} = Rl(t),(m
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4]
where 6 = min {7, 5} and

Vi(t) = [ml% o + X2[lnll§ + 2X 2 Bl . — 28X B

18
+4X2R(g, E)o + 2X2(n, |E|?)o. (18)
Taking into account that
oN? 2X2(0 + )2
222(5 + (1B, m)o] < 2y + 2Dy,
from Lemma 1 (for s o ), we deduce
= =), W
2(0 +7)?
52 C
225+ (B, ol < Sl + B« + =
Arguing as above, it is easy to obtain
Ri(t) < S(ml2, . + X2ml) + 2922 B2, + 22, + =S (19)
1(8) < SlmllZyc + AlInlle) + 29NN EIT . + — 171 + 7735
2 « el/

Substituting this estimate for R;(¢) into (17) and using the Gronwall lemma, we
obtain

C
£1/3=0"

Vi(t) < Vi(0)e ? +

Similarly to (19) we derive from (18)

) C
Vi(t) > S(Imll 1 + A nll) + NI B — e
The last two formulas imply (10). [ ]

Proposition 2. If 61/3*002,1 < Ci2 for a suitable constant Cy 2 and

Lo N
VOIS + Ngllt + lmollg + A lImollt . + 2X%| Eoll3.) < Coyo

™

then there exists a constant Ca3 such that for the solution of (8) the following
estimate holds:

e (Im@5 + Nn@®17 . + 22 E@)5,) < Cag, (20)

and Ca 3 does not depend on € and of the number of the Galerkin approzimation.
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Proof. Let us multiply the third equation in (8) by —2 (AEE + fyAEE),
and then integrate the real part of the result over Q:

d
7 UBIS = BIBIT . +2R(g, E)1.c } + 2y {| B3, = BIEIT . + R(g, B)e }

+2R(nE, Ey + vE)1 . = 0.
(21)
Taking into account that

d
R(nE,Ei)1 . = a%(nE, E)ie —R(ME,E)1c+ (6 +7)R(E,E) .
+03(nE,E)1 . — S(nPn(nk), E) .,

we rewrite (21) as
d
2 UIBIE: = BIEIR - + 2R(g, E)1.c + 2R(nE, BN } + 2y {| BI5, — BIE.

+ %(g, E)Lg + %(’I’LE, E)I,E} — 2§R(mE, E)I,E — 2%(PN(’I’LE), ’I’LAEE)O
< C(|(77,E, E)l,e + |(97E)1,5|)-

(22)
From the third equation in (8) we can see that

nA.E = inE; — nPn(nE) + (8 +iy)nE — nPyg.
From this equality we obviously have
2S(Pn (nE),nA.E)y = —2R(Py(nE),nE; + nE) + 2R(Pn(nE)E, m)

~ 2y + R(Px(nE), nE)o — 23(Px(nE),ng)o = - | Py(nE)
F2R(PY () B,m)o 207+ 8) [Py (nE) 3 — 23(Py(n ), mao.

Substituting this relation into (22), we get

d
%VZ,I(t) +29Vo,1(t) — 2R(mE, E)1. < Ry, (23)

where

Vou(t) = |3, - BIE

ﬁ,e + 2§R(gaE)1,5 + 2§R(77,E, E)l,e + ||PN(77,E)||3 (24)
and

Ry = |(nE, E)1| + | Py (nB)|[g + | B} . +(Pn (nE)E,m)o]
+ [(Pn(nE),ng)ol + (9, B)1.¢l-
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Now we take the second equation in (8), multiply it by 2m and integrate
2
over €. As usually we can choose § = min {QT, g}, and then we have
@

d
7 {lImlg + XlIn 122} + 0 {llmllg + N*lInll7} + 22 (m, [BI) (26)

)\2
< 21713~ 28X( 2P m).
Taking the combination (26) + 2X2(23) and choosing 20 = min {6, 2y}, we get

d
7 {mllG + X2 nllt e +232Van (8)} + 0 {llmllg + A*[lnlli . +22Vaa (1)}
) 52
F o lml + il + 200 BB, <2 (2R0mE, B}y — (m, |EP), )
>\_2 2 201 2
+—lIfllo + 2BA°(1EI, m)o + CiRz (2).
(27)

Now, using the Cauchy inequality, (5) and (10), we start to estimate the

right-hand side of the last inequality as

‘2%(mE, B). — (m, |E|2)1,E‘ < [2R(ME, B), . — 2R (m, EA.E) |
2
+ 2| (m, [B2) | + 55 [ (ma [ Bs|?)o| + 8 | (ms | EI)

1
< 2[mllo (IIE 174 + —2||Es!|%4> + Blmllol1E]174

5 62 C
< el + %5 (1Bl + ZIBI) + 5.

1
Taking into account Lemma 1 for u = —F, and u = E,;, we obtain
€

C

J 2 7 2
< WHmHo + §||E||2,a to5

‘28%(mE, E)i . — (m, |E|2)1,5

In the same way

d C
(B2, m)o| < lmlloll Ell7: < CllmllollE]?, < Wllmllﬁ + 250

((nE, E)y, < [1Ell2clInllpa | ]l s

27)\ (5 C )
< 30 —IE “25 8Cy ||”||la 21-0"

6 A2 C
1PN (nE) g < Inll7ll BN, < 8—C4||n||%,g +t 10
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And finally

- 0 52 C
(PN (nE)E,m)o| < |Imllollnllpa| El7s < 3—04“ mlfg + —4|| nllf . + T

|(Py(nE),ng)ol + (9, E)1.el < llgllollEllze + lgllzall Bl palinll7s
(5)\ 2')/)\ C
80 H Hla HE||28 81,0'

Then we rewrite (27) as

d
7 UmllG + X%l + 223%Vaa (8)} + 0 {llmllg + N[l +22*Vaa (1)}

0 52 21 112
+ 5lmlis + == llnlli . + 2927 B3,

)

SA? C
< Slimlig + - linll . + 2722

-0

As in Proposition 1 from the Gronwall lemma we get

1 Coo
3 (Imlls + X[l - + 2221 Bl3.) < [Imll§ + A Inlli . + 2X*Va,(f) < S0
]
Proposition 3. If 61_002’3 < (5 for a suitable constant C3 and
50,20 2
e” (—IIfILe o) <C
o
then for the solutions of (8) we get
o _
[m@)7 . + X [n@)]5 + 2V E@)3, < =0 T Coe o, (28)

where Cy depends on initial data and C and Cy does not depend on e, and on the
number of the Galerkin approzimation.

P roof. The proof of this proposition is very similar to the proof of the
previous ones. But in this proof we can use the fact that in two-dimensional case
H? is an algebra and H3/? ¢ L°. In particular,

e < Cllally?lully/2. (29)

As in the previous propositions it is easy to obtain that

d 4]
5 V3 +0V3(t) + §||m||ig + 5+ 2N EIl5 .

<ANQ(nALE, E)op + 222 {2R(mE, E)o . — (|E|*,m)2.} + C5Rs3(t),

(30)
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where 2 2 2 2 2 2 2
Va(t) = [lmlli. + Alnllze + 29A°(Ell3 . — 26737 B3, (31)
+4>‘2§R(93 E)2,E + 4)\2§]%(TLE, E)Q,a
and
NIIE > 2
Ry(t) = — = +1Blze + (1B, m)1el +1(9, B)2e| + (B, B)zel (39

+ |(’flPN(’flE), E)2,E

+ |(ng, E)a.|.

Taking into account (5), (6) and (20), we can estimate the terms in the r.h.s of
(30) as

1
S(nAE, AEE)I,E < |(’erAEE, AEECE)0| + 8_2|(nsAaEa AEES)0|

1
< 1BlsellnallpallA-Ellps + [ Ellsellnsll e Ac Bl e

1
From Lemma 1 for u = A.F, u = n; and u = —ny it follows
€

C
2
|2,e + g3-0"

)
5.+

SMAE,AE) < LI + 5l

For the same reason

2R(mE, E)yc — (|E,m)sc| < ClimlpallEllscllEll2e + Cllmllol| A-El|7 4
0 9 292 9 C
< 2—05Hm||1,gJr EHEH&EJF&?,—,O-

We remark that in the above estimate A?|E|? consists from a lot of different
terms. But we can divide them into three groups. The first group consists from
EA?E + E A%2E. This terms are canceled. The second group consists from the
terms which contain the three spatial derivatives on E and one on E or vice versa
are estimated by ||m/||p4||E||3¢]|E||2,.. The last group consists from all the rest
terms and are estimated by [[m/|o|A-E||2,. Then, using Lemma 1 for u = A.E,
we obtain the above estimate.
Taking into account that H' C L?, we obtain

|((nPy (nE), B)2e < 2 (Inallzs + Zlinsliza) Inllos | Ellzs | Ells.e

52 C

29\? 2 2
+ (1 Bellps + LI Bsl pa) [Inl2sl| B3, < 3—C5||E||3,a + EH”HQ,E t373-
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Using the fact that H?(f2) is an algebra, we can estimate all another terms in the
r.h.s of (30) can be estimate as

NI
(67

—||n +
~6C; " %F

and arguing as in Proposition 2, we get Proposition 3. ]

B3 + (1B, m)u.
o

230"

+ |(gaE)2,€| + |(nE, E)2,5

+ |(ng,E)2’€|

Taking into account (28), we conclude that the solution of (8) can be extended
on the half-axe [0,400). Since there is no difference between limiting transitions
(as N — 00) in our case and the one-dimensional case (see [9]), we omit the proof
of this fact. The continuity of the solution of problem (2) (as in previous works
(see [3] and [9]) indirectly follows from results in [10] and [7] for Srédinger and
wave equation correspondently.

2.3. Uniqueness of the solution

We have proved that problem (2) has a strong solution which belongs to
L>®(R*, €s). Let us prove that this solution is unique. Assume the opposite. Let
(m(l),n(l),E(l)) and (m(Z),n(Q),E@)) be two solution of the Zakharov system
in &. We set m =m) —m® n=nl) —n® and E = EO — E® . Then
(m,n, E) satisfies the following system:

m =n;+on

my+ (aX? —6) m — & (aX? — §) n+ NA.n = BA2(EME + EQE) )
— 24, (EVE + E@E)
iE, — A.E+ (B+iy)E =nWE +nE®
Taking into account that (m(k), nk), E(k)) € L>® (R, &), we note that there
exists Cr such that solution (m(t),n(t), E(t)) belongs to the ball of radius Cg in

Eo, if (mgk),n(()k), E(()k)) belong to the ball of radius R in 5. We note that there
exist some constants C7 g, Co g and C3 g such that
CLrlEll2e < 1 Etllo + [[nllo + [ Ello,
1Etllo < Co,r(I1Ell0 + [Inllo + 1 E]l2,)s (34)
C3,rl|lElse < [|1Bllie + lInllie + 1B

Let us take the third equation of (33) and differentiate it by ¢

iBy — AE + (B +i7)E = nVED 4+ nWEY _ P p@ _ 2 @)
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Then we multiply the imaginary part of this equality on 24.FE; and integrate
over €

d
B+ 2B} . = 28 BD + B 4 0P B+ 0@ B, By
< C(Imlff . + Inli3 . + I3 - + 1T .)-
Similarly from the third equation of (33) follows that
d
B3 + 27 I3, < C(Inll3 + I1B113,.).
And finally we obtain from the second equation of (33) that
d
Sl + X nllz.) + d(lmllt . + Nlnllz.) < Cllmli. + I1E]3,.)-

Summing the above inequalities and taking into account (34), we get

e +ln

e+ IBI3: + BT .) < C(lmllE . + lIn

@ m B+ 1B + 1207
Therefore
(il + Il + IEIZ, + NBJS.)
< U, + (O3, + 1EO)3, + IEO)E,) =0

This inequality implies the uniqueness of the solution of (2).
Let us prove now Theorem 1.

Co1 Cin

Proof. Letusdeﬁnem:Tande:

. If we assume that ¢ <1

3
from Proposition 1 we infer (10). Then we assume that ¢ < min {1, 1’2} and

C Ciy C
define k3 = % From Proposition 2 we get (20). Let £g = min {1, 2 ﬁ}

Then Proposition 3 implies that

_ C
il + X il + 22 B - < Va(0)e™ + .

Taking into account this estimate, we conclude the proof of Theorem 1. [
Remark. Wenote that conditions (3) and (4) can be rewrite for the initial
domain Q. = [0, 1] x [0,¢] in following way:

K
< B2 2/3+0,

2 2 2
lmollz2(.) < ai Inollzo.) < 33 s 1 Boll72(q,) <m0
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2 2 K3 2 2 K2 _9/3+0,
19570[|72(q.) + 19sm0llz2(,) < 335 192 Bollz20,) + 195 Eollz2(q.) < 5338 /349,
K3
||8€ECBE0“%2(QE) + ||8:BSE0||%2(QE) + “assEO“%?(QE) S o
and
2 aK3 2
112200,y < =33 gl 720,y < K1¥70;

QK4
100 £ 17200y + 105 f 20 < szzres 1920l + 10591720,y < 1

10509172 ) + 19559120 + 19559 17201 < 55
Let us assume that all these functions and their derivatives are continuous on €.
Taking into account that the square of €. is equal to € and the power of ¢ in
the r.h.s. of above inequalities is less then 1, we therefore infer that maximum of
absolute value of all these functions and their derivatives tends to oo, as € — +0.
It means that the set of initial conditions Ey increase in €5 when ¢ — 0.

Corollary 1. There exist the constants p1 and p2, small enough, such that if
feH,,, geH,, and

per

lgllF + 11£115 < p1, (35)
(mg, ng, Ey) € €9 and

lmol[§ + A2 Imollf + 2X32(| B3 < po, (36)
then system (2) with € = 1 has a unique strong solution, which belongs to C(R, €3).

Since for fixed € = 1 we can choose the external forces and the initial data
small enough, such that conditions (3) and (4) remains true, the proof of this
corollary is trivial.
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