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The purpose of this paper is to establish existence and uniqueness of solution of
a nonlinear coupled system with variable coefficients of a nonlinear equation with the
second order time derivative and a nonlinear equation with the first time derivative
in a bounded domain of R" with smooth boundary.
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1. Problems for evolution system with the time variable derivatives of different orders
is considered by many authors [1], [2]. Specifically, in domains which are bounded
by spatial variables, the mixed problems for semilinear evolution coupled system wi-
th internal damping are quite well studied in [1] and there are established existence,
uniqueness, and asymptotic behavior of solutions. Messaoudi [3] considered a multidi-
mensional semilinear system of thermoelasticity and showed that the energy of any weak
solution blows up in finite time if the initial energy is negative. Clark and Lima in [4]
studied the existence of weak solutions of the nonlinear unilateral mixed problem.

The non-linearity |v|?v usually appears in relativistic quantum mechanic (see Schiff [5]
or Segal [6]), and has been considered by various authors for hyperbolic, parabolic and
elliptic equations. Lions [7] studied the wave equation with the same non-linearity, i.e.,
|v|Pv, in a smooth-bounded-open domain © of R™ with n € N and proved existence and
uniqueness of solution using Faedo-Galerkin’s and compactness’ methods.

Clark at al [2] investigated system (2.1)-(2.2) with equal to zero and feedback-
homogeneous conditions over a part of the boundary. They established global existence
of strong and weak solutions by Faedo-Galerkin’s method using a particular basis of the
space H} ()N H?(Q) introduced by Medeiros & Milla Miranda in [9] and the exponenti-
al stability of total energy associated to the weak solution using Komornik-Zuazua’s
method [10].
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In this article we study the initial boundary value problem for nonlinear evolution
coupled system. Based in the theory developed in the papers of Clark at al [2] and
Lions [7] (Theorems 1.1, 1.2 and 1.3), we will prove that problem (2.1)-(2.4) has a unique
solution.

The outline of this article is as follows. In Section 2 the basic notations are laid out
and existence of solution of nonlinear evolution coupled system in bounded domain are
issued, existence and uniqueness of problem is aired in Sections 3, 4.

2. Problem formulation. Let Q2 be any bounded domain in € R™ with regular in
Calderon’s sense [11] boundary 9 and let T' be a positive number, Qr = (0,7) x Q, 0 <
<T <400, Qty 1, = (t1,t2) X Q, {t1, 2} € [0,T], t1 < t2; Q7 = Qo,7; 2 = {t = 7} NQT;
St = (O,T) x Of.

We will consider the following problem in the domain Q7 :

ug(t, ) — Z (asjug, (t,))z; + Zai(t,x)uri (t,z) + Zbi(t,x)ﬂzi—i—

ij=1 i=1 i=1
+ ao(t, 2)ult, z) + ay(t, 2)0(t, ) + v1(t, ) |ue[P>us = fi(t, z), (2.1)
Ht(tv x) - Z (Cijafﬂi (ta x))ij - Z(Ci(tv x)ut)L + Zdi(tv x)u”m (ta Z‘)—f—

i,j=1 i=1 i=1

+ Zei(t, 2)0, + Bo(t, z)u(t, z) + Bi(t,z)0(t, ) + Yo (t,z)|0]9720 = fo(t,z)  (2.2)

i=1
with boundary
u(z,t) =0, O(x,t)=0 on St (2.3)
and initial
u(0,2) = uo(x), ue(0,2) =u1(x), 6(0,2)=60(z) on (2.4)
conditions. Here p,q € (2, +00).
We will make the following assumptions concerning the coefficients, nonhomogeneous
terms and initial data of problem (2.1)-(2.4):
(A) {aij,aijt} € L=®(Qr), aij(t,z) = a;i(t,z) almost everywhere in Qr;

n

aolé]* < ) ai(t,2)&& < a®l¢)?

i,j=1
a.e. for (t,z) € Qr and for every £ € R”, ag and a® are positive constants;
(C) Acij,cije} € L=(Qr), cij(t,x) = cji(t,z) almost everywhere in Qr;

n

colé? < Y et w)6i&s < el

ij=1

a.e. for (t,2) € Q7 and for every £ € R", ¢ and ¢ are positive constants;
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(D) {a'iv 5 Aty biv bitv Ci, Cit, div ditv €, eit} S LOO(QT)7
(E) aOaaotaalaﬁ()vﬂl S LOO(QT),

(F) {flvf?afltant} € L2(QT)7 Up € H2(QO) N Hol(QO)a uy € Hol(QO) N L2(p71)(90)7
0o € H?(Q0) N H (Qo) N L2~V (Qy);

(G) 71,72 € L>®(Q1); n1(t,x) = A1,72(t,x) = F2 almost everywhere in Qr, 1 1 42
are positive constants.

Definition 1. A pair of functions (u,0), which v € L2(0,T;H*(Q) N H(Q))N
NC(0,T; L*(Q)), u, € L?(0,T; HX(Q)) N LP(Qr) N C(0,T; L3 (), 0 € L*(0,T; H*(2)N
NHY(Q))NLYQr)NC(0,T; L3(R)), is said to be a generalized solution of problem (2.1)-
(2.4) if (u,0) satisfies

/utv dxr — /ul(x)v dx + / [—utvt + Z i (t, T)Ug, Ve +

Qr Qo Qr by=1

+ ) ai(t,2)ue, v+ _bi(t,2)02,0 + ao(t, z)uv+

i=1 i=1
+ aq(t, z)0v + 71 (¢, x)|ut|p_2utv} dx dt = / f1(t, z)v dx dt, (2.5)
Qr
/ {Htw + Z Cij(t, )0z, Wy, + Zci(t, T)UpWy, + Zdi(t, ) Uy, Wt
Or ij=1 i=1 i=1

n

+ Z ei(t, )8z, w + Bo(t, x)uw + B1(t, z)0w+
i=1
+72(t,2)|0)720w] dz dt = / fo(t, z)w dx dt (2.6)
Qr
for all v,w € C*(0,T;C§° () and initial conditions u(0,x) = ug(z), 6(0,z) = Op(z).
3. Existence of solution.

Theorem 1. Let assumptions (A) — (G) hold and {aiju, cijie, @1t, Bot, e, Yie, Vitts
Yat, Yorr} € L°(Qr). Then problem (2.1)-(2.4) has a generalized solution (u,0).

Remark 1. Equations (2.1) and (2.2) are given in sense of distributions.

Proof. To show the existence of generalized solution of problem (2.1)-(2.4) we will
use the Faedo-Galerkin method. We consider (w*)ren a complete sequence of linearly
independent dense everywhere in H?(Q) N Hg(Q) N L2max{r.a}=1)(Q) set of functions
("basis") which are orthonormal in L?((2). Denote W,,, = [w1, w2, ..., wy,] the subspace
of H?(Q) N HY(Q) N L2max{r.a}=1) () spanned by the m first vectors of (w*)ren. Let us
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consider sequences

u () =Y g™ (@),  0"(tr) =Y Z"M(Hw" ()
=1

k=1

for v*,w', k,1 = 1,...,m belonging to W,,. The approximated system associated to
system (2.1)-(2.2), where ¢ and z]" are solutions to the Cauchy problem, is given by

n n n
/ [u:gvk + 37 ayt o)k + 3 it 2)ul ok + 3 bi(t,2)0m o + aolt, @)u vk +
Q i,j=1 i=1 i=1

+ oy (t, )0 o" + ’yl(t,x)|u;n|p_2u;nvk] dx = /f1 (t, z)v" da, (3.1)
Q

/[Hlnwl + Z Cij (t,x)@ﬁwi_j + Zci(t, r)uwh + Zdi(t,x)u;ﬁwl—i—

ij=1 i=1 i=1

o)

n

+ Z e;(t, x)ﬁgiwl + Bolt, x)u™w' + By (t, 2)0mw'+

=1
T ot )67 720! do = /fg(t,x)wl o, te(0,7), (3.2)
Q
u™(0) = ug', uy'(0) = ui®, 0™(0) = 60", 1 < k,l<m, (3.3)

where v¥ and w' belong to W,,.

From (3.3) we see that u*, u", 6" belong to W, and satisfy

ul' — ug strongly in H?(Qo) N H (o), (3.4)
O — 6y strongly in H?(Q0) N HE () N L27~Y(Qy), (3.5)
ul" — uy strongly in Hg (Qo) N L2P=Y(Qy). (3.6)

Thus, from the conditions of the theorem we can conclude that the functions (u,#)
satisfy the conditions of Caratheodory Theorem [12, p.54]. Then there exists conti-
nuously differentiable solution of problem (3.1)-(3.3) which is determined in some interval
[0,¢™], t™ < T and has absolutely continuous derivative. This interval will be extended
to any interval (0,7") thanks to the first estimate below.

Estimate I. We will multiply equation (3.1) by the functions ¢} (t) and equation (3.2)
by the functions z]"(t) respectively, summing over k and [ from 1 to m respectively and
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integrating over ¢ from 0 to 7, 0 < 7 < t™. We get

/{uttut —|—Za”txu$tum +Zaltxu uy” —l—Zb t,x)0 ug”

Q- Hi=t
+ ao(t, z)u™uf + aq (¢, )0 u) + 1 (¢, x)|u{”|p} dx dt = / fiuytdx dt,  (3.7)
Qr
/[0,’?0’” Z cij(t, )05, 07" + Zci(t,x)ufﬂg + Zdi(t,x)u$0m+
i=1 i=1

Q- nI=t

n

+ Z ei(t, 2)0, 0™ + Bo(t, z)u™0™ + B1(t, 2)0™ 0™ +

i=1
ta(t, 2)0™]] da dt = / o0 da dt. (3.8)
Qr

Let us transform and establish estimates for every term in (3.7) using assumptions of
the Theorem 1. It is easy to show that

1
If:/uttut dx dt = /|u;n|2dx—§/|u§”2
Q. Qo

-

By assumption (A), we have

5= [ 3wt dr > “°/|v R

Q, =1 Qo

- = / |Vu™|? dx dt, where a' = esssup Z |aiji(t, )2

a. e ij=1

From (D) we obtain

1 e m 1
I3 = /Zal t,x)uy uf” dr dt < 5/ {Va50|Vu 1> + 0|Ut |2} dz dt,

Qr

a - mo, 1 1 a m 1 m
I§ = /Zbi(t,x)ﬁmut dx dt < 5/ [Vb51|Vt9 |2—|—E|ut |2} dz dt,
O =1

Q-

where v, = maxesssupg,. |a;(t,2)|?, v, = maxesssupg,. |bi(t, )%, 6§ > 0, ¢ >0 — any
(2 (2

constants.



212 Maksym NECHEPURENKO

By assumption (E) we find

1 1
15 = [aottonrap dear> 3 [ (200,077 + ) P dedes
2

T T

+ VaoégT/ lug| dz,  where vy, = esssup |ag(t, )|, 65 > 0,
Qr

Qo

since

/uz(t, x) dx dt < 2T/u(2)(x) dx + 27> / u?(t,x) dx dt. (3.9

Qr Qo Q-
Next

a m, m 1 al, m|2 1 m |2
I¢ = | ai(t,2)0Muy" de dt < 5 Vo, 05 ug | + 5—a|9 |7 dz dt,
3
Q- Q-

where vq, = esssupg,. o (t, 2)[?, 0§ > 0.
From (F), (G) we get

I¢ = /’yl(t,x)|u;”|p dr dt > ¥ / |ui*|P dx dt,
Q- Qr
a m 1 a 2 1 m|2 a
Ig = | fiyg dxdt<§ o] f1l +5—a|ut || dxdt, oy > 0.
4
Q- Qr

Constants 63 >0, k=0,...,4.

Estimates of terms 1,3 — 5,7, 8 from (3.8) can be obtained similarly to the estimates
Ig, 1§ — 12, 1¢, I§¢. Making use of (C) we conclude that

IS = / > et 2)0 07 da dt > g / |VO™|? da dt.
QT /L’J:1 QT
From assumption (E) and inequality (3.9) we get

I§ = /ﬁo(t, z)u™ 0™ dx dt < v, 65T? / [uy™|? da dt+
o, .

1
+ 256/|9m|2 dx dt+1/505§T/|u6”|d:r,
3
- Qo

where 6§ > 0, vg, = esssupg,. |6o(t, z)[*.
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Putting the estimates of all terms into (3.7)-(3.8) we obtain inequality

/ (™ + [ + ao | Vu™ P + 6™ 2] da

Q.

+ (2¢0 — vp0] — ve0G — veS) / VO™ |* d dt + A, / |ui*|P dx dt+

5 [ 101 dodt < [ [(@rag 85T+ 203 ST+ fu -+
Qr Qo

+a0|Vu0|2+|96”|2} dm+/[5z|f1|2+5g|f2|2} da di+

Q-
o/

Qr

3
1 1
2T |u™|? + <ya05§T2 + 13, 05T? + V4, 05 + Z 50 + ?> ™2+
k=0 "k 0

4

1

+ (a' + vab§ + vadf) [Vu™|? + (5—a + ng) |9m|21 dx dt, (3.10)
3 k=1

where 6§ — 0§ and d§ — 5 are any positive constants. Now choose constants 6f, &5, 45 in
such a way that the following condition holds: 2¢o — v,0§ — V0§ — V.5 > 0.

Thus applying Gronwall’s lemma from (3.10) we obtain

/[|um|2+|u;”|2+|va|2+|9’H|2] da:+/|Vt9m|2dxdt+
Q. o,

+:y1/|u;”|dedt+:yg/|9m|dedt<CI[/[|f1|2+|f2|2] dx dt+
Qr Q- Q-

+/[|u5”|2+|u{”|2+|VugL|2+|03L|} dr| <C, 7€(0,7), (3.11)

Qo

where C7, C are positive constants independent of m.

Next, in system (3.1)-(3.2) we will multiply the first equation (3.1) by ¢}3,(0), and
the second equation (3.2) by z}7*(0) as t = 0. Because of the choice of "basis" we have

/ 2 (0, 2)[? d < C / ( S 24 ve 3 o P VO
Qo

Qo =1 =1

+ Va [ug' | + va, |05 2 + Fauf PPV + |f1(0»x)|2> dr < C3, (3.12)
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/|9Z”(0,$)|2 dr < C4/< Z|90r o
Qo

Qo

2 e Va4 v Vit | 4 ve| VO P+

+ v, |ug * + v, 052 + Al 05" PO + Ifz(O»w)I2> dx < Cs, (3.13)

where Cy, C4 are positive constants independent of m, and from (3.4)-(3.6) and system
(3.1)-(3.2) there are positive constants C5, C5 independent of m such that right-hand-
side integrals of (3.12), (3.13) are bounded.

Estimate II. Differentiating equations (3.1) and (3.2) with respect to ¢, multiplying
the first equations (3.1) by ¢}, (¢) and the second equations (3.2) by z]}'(t) respectively,
summing over k and [ respectively, integrating over ¢ from 0 to 7, 0 <7 <t"™ < T, we
get

n n n
m m m m mo,,m m m
/lutttutt + E aij(tax)“mi“tm,- + E aijt(tax)“wiutmj + E ai(t, @)y, uyy +

o, ij=1 ij=1 i=1

+Zalttxu utt—l—Zb t, )0 utt—l—antxﬁ Uy +

i=1
+ ao(t, x)utuyy + a()t(t, x)u uyy + aq(t, )07 uiy + aqe(t, )0 ul +

+ (0 = Dyt o) P72 (uf)? + e (8 o) P~ g —
— fu(t, x)u?{] dx dt =0, (3.14)

/lege;” + Z cij(t, x)0%y, 0, + Z cije(t, )05 0y + Zci(t,x)uﬁﬁtmwi—i—
i=1

o, i.j=1 i.j=1

n n n
+ Z ci(t, x)ui" 0y, + Z di(t, x)ug, 07" + Z dit(t, x)uy 07"+
=1

i=1 =1
+ Zel (t,x)07, 07" + Z eit(t, 2)05. 07" 4 Bo(t, v)ui" 07" + Boe(t, x)u™ 07"+
i=1 i=1

+ 1, )07 + Bre(t, 2)0™ 07" + (g — 1)ya(t, )07 [772(07")+
+ Yor (t, ) [0™[T71OOT — for(t, )0 | da dt = 0. (3.15)
Now, we are going to make transform on the all terms of equations (3.14) -(3.15) using

assumptions (A)—(G) and conditions of Theorem 1. Owing to the fact that (3.11), (3.12)
estimates of terms 2,4 — 11,14 for equation (3.14) can be obtained similarly to the
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estimates from equation (3.7). Estimates of other terms of system (3.14) are

a m,m 1 1 m
Ji = /utttutt do dt = §/|utt|2 - §/|Utt(0a$)|2 dz,

Qr Q- Qo

n

1
s = [ 3 s, de s [ v o v e

Q. =1 Qo
1 1
a' / |Vul|? de dt — 5/ [a%gwum? + 5—a|Vum|2} da dt,
5
. Q-

n n

v} = esssup Z laijt(0,2)|%, a® = esssup Z laijie(t, )2, 6% >0,

0 =1 T =1

I =(p—1) / () [ P2 ()2 di dt >
Qr

m@cﬂ( (a1 ))] du d,

r

Jiy = /Pylt(t,x)|u?|p 2ut uyy dx dt > Hoy /|ut |P de — 71 /|u |P de—
p
Qr Q.

I
- ;1 /|u{”|p do dt, vy =esssup |y (0,2)*, pl = esssup|yiu(t,z)[.

Qo QT

In view of the fact that (3.11) and (3.13), estimates of terms 4 — 13,16 from (3.15) can
be obtained similarly to the estimates from equality (3.8). In fact, we can easily see that
estimates of other terms from equality (3.15)

Ji = /9g9md dt = /|9m|2 /|9;”(o,x)|2 dz,

Qr Qr Qo

n

Js = / S eyt )0 07 d dt > o / V62 da dt,

—
Q- " Q-
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1,j=1

.

C = m Nm Cl m Vcl m
JS = / ‘Z cije(t 2)07,07;, do dt > — / VO™ |? dx — -5 / |VO|? da dt—
Q Q- Qo

2
- % / |VO™|? do dt, v! = esssup Z |cije (0, 2)|2,
g Qo0 4 j=1

n n
ct = esssup Z |lcije(t, 2)|?,  ¢* = esssup Z |cijee (2, 2)]2.

T Q=1 T =1

Also observe that

Je=(g—1) /w(t,x)wmw—%egﬂf do dt >

Q-
- 4(g—-1) d a2 ?
S A, N\ T ) “w m| 5= gm
Z Yo 7 /[(dt (|t9 |72 6 )) dx dt,
Qr
p vy
e, = /fygt(t,x)wmw*?amer de dt > ﬂ/wmwdx— ﬂ/wgnw do—

o, 1 O, I Q0

1
_ M / |0™? d dt, 1/;2 = esssup |y2:(0, z)|?, u}m = esssup |yau (¢, )%
q Qo Qr

Putting the above estimations into (3.14)-(3.15), we obtain inequality

2 2
/[|u;';|2 + ao| V| + %wv) + VO | + %wmw da+
Q.
+ (2c0 — vp0§ — Ve0f — pebg — Ved) / VO™ |? du dt+
Qr

- 8(p—1) d ¢ ez N\
+71T/<a (|ut | = uy )) dx dt+

T

8(q—1 d g2 2
+ﬁ2¥/<£ (|9m|29m)> dx dt < Cg+

-

b [ bl + 5l fl?) e+ [ (10,207 + VP + v 35+
Q- Qo
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1
+ | Vul']* +

of

-

+ds + P+

+ (6° + 2up, + va,6§) |07 +

where Cg, d >0, 67 >0, 0y >0(k=6,...,10

2v,
%IUTIP +167(0,2) % + v, 165"

2’“’72

vl
+ iwmq) do+
q

1
(804 v 52 ) P + (6285 + 207 + 0,08 4 vad§ VP

2 1
’;”1 P 4 (82 + ¢ + 11.0) VO™ 2+

|om|q] dz dt, (3.16)

), 07 >0, (I=4,...,10), 6 >0, 6°>0

and constants vg,, Vg, (s, ftc dependent on functions 51, d;, , b, ci respectively and

defined as

vs, = esssup B (t, 2)|2,

Qr

e = Max ess sup |Cit(ta $)|27
1

Qr

1y, = maxess sup [bye (¢, )|,
3

Qr

pa = max esssup |d (t, )|,
' Qr

Choose any positive constants dg, %, d¢, 6§ in such a way that the following condition

hold: (2¢o — 1408 — VeOE — 110§ —

ve0%) > 0. From (3.12), (3.13), conditions of Theorem 1,

Gronwall’s lemma and from (3.16) implies that

[+ 96 4 e + V6™ o+ jo? + o7 ] o

.

+/|v0;n|2dxdt+/< (|ut|
Qr Q

r

2
)) dz di+

d a—2 2
_ m 5 m <
+/<dt (|9 = )) drdt < Cq, 7€ (0,T), (3.17)

.

where C7 is a positive constant independent of m.

We still can obtain from (3.11), (3.17) the following subsequences u™

as the original sequences):

u" —u x-weak in
uyt — uy k-weak in
Uy — Ut x-weak in
0" — 6 x-weak in
07" — 0, x-weak in
Juf™ [P~ 2ul — oy weakly in
079720 — 4y weakly in

,0™ (still denoted

L>=(0,T; H*(Q) N Hy (Q)),

L>=(0,T; Hy(2)) and weakly in L?(Qr),
L(0,T; L*(92)),

L>=(0,T; H3()) and weakly in LY(Qr),
L>(0,T; L)),

L;D/(:D—l)(

—~~

Qr),
LY@=D(Qr). (3.18)
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By Lions’ compactness theorem (cf. Lions [7, p.70, theorem 5.1])

uyt — uy strongly in L*(Qr) and a.e. in Qr,

0" — 0 strongly in L*(Qr) and a.e. in Qr (3.19)
as m — oo. From (3.18), (3.19) and Lions’ lemma 1.3 (cf. Lions [7, p.25, lemma 1.3])
1 = |ug[P~%u; and o = [0|P720.
Remark 2. Moreover,

p—

% (|u§” Tgu;") bounded in L?*(Qr),
%(|9m|¥9m) bounded in L?*(Qr).

To complete the proof of the Theorem 1, we shall show that the pair of functions (u, )
is a generalized solution of problem (2.1)-(2.4). From (3.1), (3.2) we obtain the following
system of equations

Jurorede = [up@pre o [ a4 Y sz

Qr Qo Qr =1

+ Zai(t, T)uy 0™ + Zbi(t, )0 0™ + ag(t, x)u ™0+ (3.20)
i=1 i=1

+ ay (¢, )™V + (1, x)|u{”|p*2u{”vm0} do dt = / fi(t, x)v™° dx dt,

Qr
/ [Hmwmg + Zn: Cij (t,x)eggwgzo + Zn:ci(t,x)u;”w;fg + Zn:di(t, r)uyw™ +
Or ij=1 i=1 i=1
+ i ei(t, z)0 w™ + Bo(t, x)u™w™ + Bi(t, 2)0"w™ + (3.21)
i=1
+ 72 (t, @) |09 20w ™ ] da dt = / fo(t,x)w™ de dt, 0™, w™ € Wy,.

Qr

Since v™°, w0 is a "basis" H}(Q) N H?(Q) N L2max{p.a)=1(Q) by denseness it follows
that the last two equations are true for all v™°, w™o € W,,,. Taking limits in (3.20)-
(3.21) as m — oo, using the fact that HJ(Q) N H?(Q) N L2ax{r.ah)=1(Q) is dense in
H}(Q) N L2max{ra)=1(Q) we obtain that (u,) satisfy (2.1), (2.2). By Lemma 1.2 |7,
p-20] {u,uw;} € C(0,T;L*(Q)), whenever {u,us,usz} € L*(Q7). Also by Lemma 1.2 |7,
p.20] 0 € C(0,T; L?*(R)), whenever {0,6,} € L*(Qr).

It is easy to show, that the initial conditions hold. Using (3.18) and Lemma 1.2
[7, p-20] we see that u™(0,2) — u(0,z), 6™(0,z) — 6(0,z) weakly in L?(2). As a
result of the fact that u™(0,2) = uJ' — wuo in H?(Qp) N HE(Qo) and 6" — 6 in
H?(Q0) N HE(Q0) N L2@=D(Qy) implyies the first and the third terms of (2.4).
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Next, due to (3.18) [uffw™ dx — [wuyw™ dx *-weakly in L>°(0,T), consequently
) )
(cf. lemma 1.2, [7, ¢.20] with X =R) we have

/u?(O,x)wk dx — /utwk dx

Qo Q

= /ut((),x)wk dx,
Q

t=0

and, inasmuch as [, uf"(0,2)w* dz — [ouiw® dz, because uf* — wy in Hg(Qo)N
NL2P=1(Qy), we obtain

/ut(O, z)wk dr = /ulwk dz for any k € N.
Qo Q0

This implies the second term of (2.4).
Hence, (u, 0) is a generalized solution of problem (2.1)-(2.4). The proof of the Theorem
is complete.

Remark 3. First and third parts of (2.3) follows from belonging « and 6 to
L(0,T; Hy ().

Corollary 1. (smoothness of solution). Suppose that conditions of Theorem 1 are
fulfilled. Moreover, {aijz,, Cijzy, GQizys Dizy, Cizgs >@izg, €izgs Q0zgr Cays Poxk
Bizrs Yans V2ur t € L2°(QT), k=1,...,n and

2n

n —

D, q < X n > 2; p,q is an arbitrary when n = 1,2. (3.22)
Under these assumptions, the generalized solution of problem (2.1)-(2.4) is the solution
almost everywhere on Q.

Proof. In similar a way to Theorem 1 we will use the Faedo-Galerkin method with
choosing a special "basis". Let w” are eigenfunctions of Dirichlet problem for operator
—A:

—AwF = F, w* =0 on 89.

Suppose that the boundary of Q is sufficiently smooth in such way that w* € H2(Q), w* €
H}(Q) and w® € L2max{p.at=1) egpecially 9Q C C?. Choose u*, ,ul*, 07" € [w', ..., w™]
in such a way, that uZ* — ug strongly in H%(Qo) N Hg (), 05 — 6 strongly in H?(Q0)N
NHE(Q0) N L2 4" — uy strongly in HE (Q9) N L2P~Y),

Therefore by chosen "basis", in system (2.5)-(2.6), which is local soluble in some
interval [0,¢™], we will multiply the first equation by the function —Au}*(¢,z) and the
second equation by the function —A#™(t,x), integrating over ¢ from 0 to 7, 0 < 7 <
< t™ < T. Taking into account (3.22) it follow that H2(Q) N H(Q) N L2(maxip.ai=1) jg
dense in Hg(£2), hence this operation is true.
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In the same manner as Theorem 1 and using Gronwall’s lemma, we conclude that

/[|Vu{”|2+|Aum|2+ao|Vut|2+|V0m|2] dx+/|At9m|da:dt+

Q, Q-

+71/Za |t|p2m)%Ut dz dt+

0™
mq 2ym g 2
+72/a |9 ") — o dx dt < Cg, (3.23)

where Cg is a positive constant independent of m.

From transformations, we have

71/23 |t|p2m)

71/.2 <8m1(|u
J =

5 O = a2 s OO™ muae
72/8%209 j7-2¢ )8—xidxdt —172/2(“9 |2 )dazdt

Q. =1
~1)_ [/ 0
72/2 (8331('
Q- =1

Comparing (3.23) and (3.24), it follows that

- - o 2=2 Ouy”
_1)71/Z<|Ut |2 8;5) dr dt =
o, =1 '

P ) ) de

)) dz dt. (3.24)

/ [|Vu;”|2 + | Au™)? 4 ap|Vug)® + |V9m|2] dz + / |AO™| dx dt+

Q, Q-

4p—1) _ “ 0, mip=2
9, =1 ¢

+ 4( /zn: ( |9m|—9m)) da dt < Cs. (3.25)
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From last inequality, we obtain that

Ymen is bounded in L°°(0,T; H3(S2)),
(u™)men is bounded in L>°(0, T; H*(Q)),
(0™)men is bounded in L(0,T; H*(Q) N H}(Q)),

(ug"

1o} . . 2 o
<8x¢ (|ut | = ut ))meN is bounded in L*(2) (i=1,...,n),
(9 a—2
o™= o™ ) is bounded in L*(Q) (i=1,...,n), (3.26)
<8xi ( ) meN

The second result in (3.26) follows from the statement: A¢ > C||¢|| g2 (), where
¢ € H(Q), Ag € L*(Q), and true for a regular boundary 9.

Hence, from Theorem 1 and (3.26) the generalized solution of problem (2.1)-(2.4) is
the solution almost everywhere on Qr

Remark 4. In view of (3.26) and Remark 2. we have |u,|?=2/2u, € H'(Qr),
6]=2/26 € H'(Qr).

4. Uniqueness of solution.

Theorem 2. Suppose that conditions (A)—(E), (G) hold. Then the generalized solution
of initial-boundary value problem (2.1) — (2.4) is unique.

Proof. If (ut, 01), (u?,6?) are solutions of (2.1)-(2.4), then the pair of functions
(u,0) = (u! — u?, 0! — 6?) satisfies

/|ut| dx + / [—|ut| + Z i (b, T)Ug, Ui, —l—Zal t, T) Uy, U+

Or 2,7=1 =1
n

+ Zbi(t, )0y, us + ao(t, x)uuy + oy (t, @) Ous+

=1
ot ) [(uf P2l = %) (uf — )] | dwdt =0, (4.1)
/ 61 do + / 02+ 3 it 00,0, + S it )il +
ij=1 i=1
+ Zd (t, z)us, 0 + Zel (t,2)0.,0 + Po(t, x)ub+
=1 =1
+ Bi(t, 2) [0 + 2 (t, z) [|017720" — (6277267 (8" — 6*)]] dx dt = 0. (4.2)

Using the estimates from Theorem 1, it is easy to find estimates of terms 1-6 for the first
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equation and terms 1-7 for the second equation. Moreover, from monotonicity, we get

[ ) [t 2l =t p~u )t = )] dodt >0,
Qr

/'yg(t,x) [|6Y9=20" — [62]9-262(0" — 62)] da dt > 0.
Qr

Thus, from (4.1), (4.2) in similar way to (3.11) we obtain estimate
/ [ul® + Jw| + [Vu| + |0%] dz + / |VO|? da dt+
Q, Q.

+%/|ut|pd$dt+%/|0|qudtSO
™ Qr

for any 7 € (0,T).
Finally, according to Gronwall’s inequality it follows that « = 0, # = 0 on Q. Hence,
Theorem 2 is established.
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