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1 | INTRODUCTION

Hyperbolic equations with strong dissipation arise in the study of various problems of mechanics and physics with viscosity

Summary

In this paper, we study a mixed problem for the nonlinear hyperbolic equation with
a strong dissipation and a dynamical transmission condition. The existence and

uniqueness theorems of local and global solutions are proved.
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A mixed problem with dynamic boundary conditions or with dynamic transmission conditions also arises in the mathematical

modelling of various problems of mechanics

4151617181011 0111112

The mixed problem for wave equations with strong dissipation was studied in'31#15, A mixed problem with dynamic boundary
conditions for one - dimensional wave equations with strong dissipation was studied in''®. The asymptotic of the solutions of the

mixed problem for wave equations with strong dissipation was studied in

14L1SH7018

Recently, numerous studies of nonlocal problems for various evolution equations have been carried out. Among these problems,
mixed problems with integral boundary conditions are of particular interest (see'?, as well as the literature cited in these works).
In this paper, we study a mixed problem for one - dimensional wave equations with strong dissipation and a dynamic transmission
condition. We investigate the correctness of the considered problem in L, — type spaces.

2 | STATEMENT OF THE PROBLEM AND MAIN RESULT

In the domain Qp = [0, T] X [0, 2] we consider the mixed problem:

uy = (U (Ouy) —muy, = )+ & (1,x), 0<r<T, 0<x<I, ey

Uy — (X0, )y — ()0, = L)+ &, x), 0<r<T, 1<x<2 )

with the boundary conditions

u®0=0, o(t2) =0, 3)

This is an example for title footnote.
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the transmission conditions

ut, 1) = v(t, 1) = (1),

D (D) + 71Uy (1, 1) = 0, @, 1) + pu, (1, 1) — fru, (2, 1) = h(P) + &)
and the initial conditions
u(0,x) =uy(x), u,(0,x)=u;(x),

¢'(0) = ¢,.

Assume that the following conditions are satisfied:
(i) m () €C'O 1], uy(-) € C'[1,2];
) u;(x)>0, 0<x<1, wuwx)>0, 1<x<L2;
(i) () € Ly, (0, 1),  m(-) € Lo(1,2);
i) v, >0, ¥ >0
V) b1 by €R;
(vi) & () € C'([0,T]x L,(0, 1));
(vii) & () € C([0,T]1x L,(1,2));
(viii) g(-) € C'[0,TT;
(ix) |fk(1'2) - fk(rl)| <ci(m, 1)) |12 - T1| , k=12, c¢/()€CRXR);

(%) |hk(12) — hk(rl)| < cy)(1y, Ty) |72 -1 | , k=12, ¢()ERXR

We denote by |||, the norm in the space L,(0, 1), and by |||, the norm in the space L,(1,2), respectively, i.e.

P P

1 2
lull,, = /Iu(X)I” dx| Llloll,, = /IU(X)II’ dx
0 1

By I/Vp1 ((a, b); c), where ¢ € [a, b] denote the following subspace of the Sobolev space I/Vp] (a,b),ie.

I’Vpl((a, b);c) = {w Twe VVpl(a, b), w(c) = 0} ,
We will also use the following spaces:

X,={w:w=@uva),ucL,01),veL,,2), aeC}

with norm
1 ? 2 »
lwlly, = / lluGllh dx |+ / lo@ollh dx | +lal,
0 1
and
— . — 2 1 .
Y, = {w L w = (0, ¢), ue WXO,1) [ W, (0, 1);0),
v € W(1,2) [ W, ((1,2);2), u(l) = v(1) = ¢}
with norm

elly, = lataxllp + el + Moellpz + oell,z-

“

&)

(6)

)
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Theorem 1. Let the conditions (i) - (x) be satisfied, then for any u,(:) € VVPZ(O, DN VVpl((O, 1);0), u1(-) € L,(0,1), vy(-) €
I/sz(l, 2N VV;((], 2);2), v;(-) € L,(1,2), ¢, € R there is such Ty, that problem (T) - (3) has a unique solution (u, v, ¢) such

that
u(-) € C([0, Ty] x Wp‘((O, 1);0) " C'((0,Ty) x L,[0,1])

N CHO, Tl x W0, D) W,(0,1);0) () C*((0, Ty) X L, [0, 1),

v() € C([0. Tyl X W,}((1,2):2)) N C'((0. Ty) x L,[1,2D)
NCHO.T] x W (1,2) W,/ ((1,2):2) (| C*(0.Ty) X L,[1,2]),

#(-) € C[0, T,1 N C'(0, T1 N C*(0, Tp), u, (-, 1), v,(-, 1) € C(0, Ty),
utt('a 1)5 U[z('9 1)7 uxt('a 1)5 Ux[(" 1) € C(O’ T())
If T’ the length of the maximum interval for the existence of a global solution, then one of the following statements is true:

a) T' = +o0;
b tim sup{ugell,, + il + foello + loll) = +oo.
Proof. In the space X, we define a linear operator A, where

D(A) =Y, = {w L w=(uv,¢), u€ WX0,1) [ W,'(0, 1);0),

v € W(1,2) [ W, ((1,2);2), u(l) = v(1) = ¢},
Aw = (=(p (D) (x), =((x)0,) (), (1) = 70, (1), w = (u, v, ),

similarly linear operator B, where

DB)=Y,= {w cw=®Wuv¢Q), ue W;(o, 1) ﬂ I/Vpl((O, 1);0),

v e W(1,2) [ W,((1,2);2), u(l) = v(1) = ¢} :

Bw = (=1, (x)u, (%), =)0, (x), fru (1) = prv,(1)),
w = (u,v, ).
The mixed problem (IJ) - (3) can be written as the following Cauchy problem in the space X "

w' + Aw' + Bw = F(w) + G(¢t), (8)

w(0) = wy, w(0)=w, 9
where wy = (4, vy, Pg), Pg = ug(1) = vo(1), wy = (uy, vy, @), F(w) = (f1 W), fr(v), K(P)), G@) = (& (1,), &(1,-), g@). T

Lemma 1. Let the conditions (i), (i1), (iv) be satisfied and p > 1, then A - is a sectorial operator in X .

Note that the definition of a sectorial operator can be found in?"2!

main properties of a sectorial operator are also is given.

, as well as in the literature cited there. In these papers, the

Lemma 2. Let the conditions (iii) - (v) be satisfied and p > 1, then B - linear bounded operator, acting from Y, in X ,.
The following lemmas are obtained from conditions (viii)-(x), by virtue of the embedding theorem:s.

Lemma 3. Let the conditions (ix) - (xii) be satisfied and p > 1, then nonlinear operator F acting from Y, in X, satisfies the
local Lipshits condition, i.e. for all w;, w, inequality is true

[FQo) = Fy)ly < ewly, - [lwaly,) [ = wally, -
Lemma 4. Let the conditions (vi) - (viii) be satisfied, then G(t) € C'([0,T]; X )

1

By virtue of the Lemmalinear operator A generates the analytic semigroup U(¢) = e™*4 in the space X »- It is known that

“ tAe™

<C, 0<t<T(see???), (10)

P P
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where C > 0 is a constant.
The problem (8), (©) can be reduced to the problem

0 = S0+ ®0) + (), (11)

0(0) =6, (12)
in the Banach space E = Yp X X » where

3 (v _ [ w@® _{ wo _ 0 (0
o=00= (1) = (iatn ) 0= (i) 2= ( ey )70 = ()

0 I 0 0
S=SO+S,,SO=<O _A>,S1=<_B 0>.

In the space E = Y, X X, the linear operator S, generates the strongly continuous semigroup
t
500, = (wy + / e wdr, e w)).
0

Taking (I0) into account, we see that

HtSoe’SO
It follows that .S, generates an analytic semigroup.
On the other hand, the linear operator .S is bounded on the space E = Y, X X, hence, the operator S also generates an analytic
semigroup 221122
Taking into account the Lemma [3|and Lemma[4]

@) — @@z < (|61 1021 ) 161 — 02| »
¥(t) e CY([0,T]; E).

Thus, all conditions for the existence and uniqueness of a local solution for nonlinear equations in a Banach space are
satisfied?022? |

<C, 0Z:<T.
E-FE

Theorem 2. Let p = 2 and the conditions (i) - (x) be satisfied. Suppose, that the following conditions are additionally satisfied:
(xi) |Fk(t)| <c(1+1#"), 0=<v, <2, where F (f) = /Ot fi®ds, k=1,2;
i) [HO| < e +1t]"), 0<v<2, where H(t) = [ h(s)ds;

u (D) n (D)
Y1 B

Then for any uy(-) € VT/22(O, 1) ﬂ VVzl (0,1);0), u; (-) € Ly(0,1), vy(-) € VVZZ(I, 2) ﬂ I/Vzl((l, 2);2), v,(-) € Ly(1,2), ¢, € R
problem (I)) - (3) has a unique solution (u, v, ¢) such that

u(-) € C([0,T1x W,'((0,1);0)) (| C'((0,T) X L,[0, 1)

N C'(0,T] x VVZZ(O, HN I’Vzl((O, 1);0) () C*((0,T) X L,[0,1]),

v(-) € C([0, T] X 1’1/21((1,2);2)) N C'(0,T)x L,[1,2D)

N C'((0,T] x VVQZ(L )N VVQI((LZ); 2)( CX(0,T) x L,[1,2]),

#() € C[0,TINCHO, TI C*0,T),u,(-, 1), v,(-,1) € CO,T),

u,(-, 1), v, 1), u,(-, 1), v,(-. 1) € CO,T).

Proof. If for a local solution the following a priori estimate is true

Hy (1) (1)

o no b

=0, =0.

1 2 1 2
/|ut(t,x)|2dx+/|U,(t,x)|2dx+/|uxx(t,x)|2dx+/|Uxx(t,x)|2dx§C, 0<t<T, (13)
0 1 0 1

then, by virtue of Theorem [T} this solution can be globally continued on the entire interval [0, T'].

In order to get an a priori estimate (T3)), first, we multiply both sides of (I]) by y—‘u,(t, x) and integrate in [0, ¢] X [0, 1]. Then,

(1)
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we multiply both sides of () by

(1)

2u, (1)/|Mr(t x)| dx+2 (1)/;71(x)|u (t, x)| dx+

"2 2 14 )
+2M2(1)1/|vr(t,x)| dX+2M2(1)1/n2(x)|vx(t,x)| dx+

t 1 PR
! Y
+#1(11)0/0/,ul(x)|u Mz(zl)0//#2(X)|UX,(S,X)|2dxds+

1 2
+— //nlx(x)ux(s,x)u,(s,x)dxds+ L //n2x(x)vx(s,x)v,(s,x)dxds+
i (1) s ) Hy(1) )

1 2

+1 o, = / Fy(u(t, x))dx + / Fy(u(t, x))dx + H($(1)+

/41(1)//5 (s, x)u,(s, x)dxds + 2(1)'/_/52@ X, (s, x)dxd s+

/g(S)¢t(S)dS+2 (1)/|u1( | dX+2 (1)/’11(X)|M0x(x)| dx+

0

1
+¢£%)/Wmuﬁdx+5%%3/ﬁxmwm@ﬁdx+zwdﬂf—
1 2

—/Fl(uo(x))dx—/Fz(uo(x))dx—H(d>(0)).

0 1
Taking into account conditions (xi), (xii) and applying the Holder and Young inequalities, we obtain that

1

/Fl(u(t x))a’x<c/(1+|u(t x)|”1)dx<c<l+< 2 >+ce/|u (@, x)| dx;

0
2

/Fz(v(t,x))dx§c<l+<g 2 >+ce/|v (t.)|" dx;

1

|H@@Nsﬁ(;+ewm|y

also following inequality

ro1

//cfl(s,x)u,(s,x)dxds //|§1(s x)| dxds+e/
0 0 0
ro2
//fz(s,x)vt(s,x)dxds //|<§2(s x)| a’xds+e/
01 0

|ua, (s, x)|2 dxds;

v, s, x)|2 dxds;

h _\u\) o\_

1

to1 to1
//nlx(x)ux(s,x)ut(s,x)dxds <c //|ut(s,x)|2dxds+//|ux(s,x)|2dxds ;
0 0 0 0 0 0

(¢, x) and integrate in [0,#] X [1,2]. Lastly we multiply both sides of () by ¢,(¢) and
integrate in [0, 7]. Next, by applylng the mtegratlon by parts and using the conditions (3)), @), (6) and (7) we can get

(14)

s)

(16)

a7

(18)

19)

(20)
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r2 ) ¢ 2
//nZX(x)Ux(s,x)v,(s,x)dxds <c //|Ut(s,x)|2 dxds+//|vx(s,x)|2 dxds |. 21)
0 1 0 1 0 1

Taking into account inequalities (T3)) - (ZI) in (T4) and applying the Gronwall’s lemma, we obtain the following a priori estimate
1

1 2 2
/|u,(t,x)|2dx+/|ux(t,x)|2dx+/|v,(t,x)|2dx+/|vx(t,x)|2dx+
0 1 1

0

t

1 2
+/ |tti(s, )| dxds + / / |0y (s, 0| dxds + |, @) < C. (22)
00 01
Now multiply both sides of (T)) by y,u,, (7, x) and integrate in [0, ¢] X [0, 1]. Then, we multiply both sides of (Z) by y,v,,(f, x)
and integrate in [0, #] X [1,2]. Lastly we multiply both sides of (B) by ¢,() and integrate in [0, 7].
Next, by applying the integration by parts and using the conditions (3)), @), (€) and (7) we can get

2

1
_%/M1(X)|uxx(t, x)l2 dx — % Hz(X)|Uxx(t»x)|2dx_
) 1

t

t t 2

1
—yl//ylx(x)uxx(s,x)ux,(s,x)dxa’s—yz//;42x(x)vxx(s,x)vx,(s,x)dxds+
0 0 0 1
1

t 1 2

+7, / u (¢, X)u,(t, x)dx + y, / / Jo4, (s, x)|2 dxds +y, / v, (t, X)u,(t, x)d x+
0 00

1

t 2 t 1 t 2
+7, / / |0, (s, x)|2 dxds —y, / / 7,(x) |uxx(s,x)|2 dxds —y, / / 1,(x) |Uxx(s,x)|2 dxds+
0 1 00 0 1

1 2

+% |¢r(t)|2 =7 /uoxx(x)ul(x)dx +7, / Uoxx ()0 (x)dx + % |¢1|2 +

0 1

t t

1 2
+ / /[fl (u(s, x)) + & (u(s, x)]u, (s, x)dxds + / [fo(v(s, x)) + & (v(s, x))]v,, (s, x)dxd s+
0 0

0 1
t
+/[h(¢(s)) +8(s),(s)dss. (23)
0
Using Holder inequality and taking into account a priori estimate (22)) from (23], we have
1 2 i 2

/ |t (2, )| dx +/ vt 0 dx <€) + cz/ / |t (2, )| dx + / |Vt )| dx | dt, (24)

0 1 o Lo 1

where C; > 0 and C, > 0 constants independent of 7, x, u and v.
From 24), in view of Gronwall lemma, it follows
1 2

/ |t (1, )| dx + / o0 dx<C, 0<1<T. (25)
0 1
It follows from (22), (24) that the local solution presented in Theorem|I]satisfies a priori estimate (I3).
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3 | PROOF OF THE LEMMAI]

According to the definition, for showing that the operator A is a sectorial, we must evalute its resolvent.
To estimate the resolvent of the operator A, we consider the equation

Al + Aii = G, (26)

where G = (&,(-),&,(), @) € X,
Equation (26) is equivalent to the boundary value problem:

Au(x) = (u (W' (x)) =& (x), 0<x<1, 7
A(x) = (i)' () = &(x), 1<x<L2, (28)
u(l) =ov(l) = ¢, (29)

u(0) = 0, (30)

v(2) =0, G1)
A+ (1) =y’ (1) = a, (32)

where 4 € C, &(x) € L,(0, 1), &) € L,(1,2),a € R,
Let u(x) and v(x) smooth functions satisfy (Z7) - (32). Following®3, we multiply both sides of (Z7) by the function a(x) [u(x)|">.
Further, integrating by parts, we obtain

1

1
/1/ |u()|” dX+/ul(X)u'(X)(ﬁ(X)Iu(X)IP_Z)xdx—141(1)1/(1)(51(1)Iu(l)l"_2) =
0

0

1
= / &, (x)i(x) |u(x)|"~* dx. (33)
0

Multiplying both sides of (28) by &i(x) |v(x)|”~ and integrating by parts, we see that
2

2
ﬂ/ lo()I” dX+/#2(X)U'(X)(5(X)IU(X)I"_z)xdx+/J2(1)U/(1)(l7(1)IU(l)I”_z) =
1

1

2
= / &(X)D(x) [v(x)|P dx. (34)
1

Next, we multiply both sides of (32) by ¢ |[¢|"2, we get
Al + [ (D) = ' D] 1617 = adp |17 (35)

Now, multiplying both sides of by -2, and multiplying both sides of by 2. If we add up the equalities that got and
wu (1) ()
(33), we obtain l ’

2
14! 72

1 2 1
A /|u<x>|”dx+ﬂ /|v(x>|”dx+x|¢|f’+/Jldx+/12dx=
(D 1D
0 1 0
1 2

1

16)
Mo (1)

= _My(ll) /fl(x)ﬁ(x) [u(x)|P2 dx + /fQ(X)U(x) [v()|P 2 dx + ad |72, (36)
1

0 1

where

_ Y1, (X)

Jl
Hy (1)

[ ()i (x) ()|~ + o’ Oax)(Ju(x))P2),], 0<x <1,
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Y2 Mo (X)

2= 2 [0 ()8 (x) [0+ V()80 (ox)P),], T<x <2
2
It can be verified directly that
[Im )| < %m—zuu(w* ”(x)”(") GOl
/ — 2
Re Jy = 2 G ) 1o 72 | + o2 [1mCZ
(1) u(x)

Hence we have

[im | P2 e 2V~ 1 [Imt
Red, =

(SN
. Ip=2]

(0= D oD, + [t * 7 2y/p=T

im | < 222 Re g,

24/p—1

|ImJ2|SM
2

i.e.

Re J,.
p—1

On the other hand, from (36) we obtain

1

2
+|¢|”)+Re/J,dx+Re/J2dx=
1

0

(1) llull?, (1)

= (1) / &,(0a(x) Ju(x)|”~ / &E)D(x) [v()|P > dx + ag ||”?

(1)
1

2
ol +|¢|p)+Im/J1dx+Im/J2dx=
1

0

(1) llull? | (1)

=1Im

1
4 / £,(0a(x) [u(x)|” dx +
i J
Inviewing of (39), (@0) we can write
1

1 2
Re/Jldx+Re/J2dx—r] Im/Jldx -7 Im/.]zd >0
0 1

0 1

V2
(1) /

where 0 <7 < |~—2|1

Taking into account this inequality, we see from (39), @]) that

(Re A+ n [ImA(—== (1) llull?, bl <

(1)

=

P

<W(l+n) /|§1(x)|pdx /|u(x)|de +

P

) / 16,007 dx / ol dx|  +alglr.

(1)

Hence we obtain
(Re A+n [TmA([lull”, + lloll2, + 1617 <

2
/ & (0 [P dx + o 9172 |.

(37

(38)

(39)

(40)
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P

1 , 2
<cCla +i7)[/ |&,0))° dx] +(1 +n)[/ |§2(x)|pde +a|x
0 1

p—1

1 ) 2 ’
X [/ |u(x)|? de +[/ [v(x)|? dx] + ||
0 1

where
max { AN }
C = (D)7 pp(1) .
min { A }
(D)7 pp(1)

(Re A+ n | ImaD(uC? | + 102, + 1617) <

From here we get

1

I s 2
<3C(1+1n) [/ |§1(x)|pdx] +[/ |60 dx ]| +a|x
0 1

ap-1

~

P

| ) 2
X [/ |u(x)|? dx] +[/ |v(x)|? dx] + |P|
0 1

(Re A+ n [ ImAD(luCl 1 + 10O,z + @) <
<3CA +m(|& O,y + 16O, + lab.
Hence, taking into account (27), (28] and (32)), we have
(Re A+ n [ ImAD([uC)l 1 + 0Ol + ) <

<3C + my(||AuC) —u" O], + [[4vC) =" O], +

i.e.

+]40p + 1/ (1) = L (D)), 41)
We consider problem - (32) at the point A = 0. Solving the corresponding problem, we obtain
x x 1
dy 1
u(x) = pu(HK, + Ei(s)ds|dy, 0<x<1,
, () ) H(y)
y

2 2

y
d
ve0 =k 2(I)KZ/ u2<yy)+/ /421<y> [/ 52(”‘”]”’ Psxs2
X 1

X

-1 |
71 72 Y1
¢= a— /e: (s)ds |dy+
L(l)/& L () f] "Y} [ w0 fy S m(y)[ ! ]

m» H(y) u(y)
2
V2 /
+ & (s)ds|dy|,
2 d
) /, M_(yy) / Mz(Y)[

where

1
dy
K, = 1
1 [“’“()O/ul( ””‘2()/ 2(y)]
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2

1 1
1
1 ds|d ds|dy]|,
Xl“” o )/ 10) “/ 10" [/ £() S] Y ”20/ ) [/ 2 S] y]
y
d
K2_|:72/’l1(1)/ +71ﬂ2( )l/ /42();)] X

1

1
1
1 ds|d —_ ds|dy].
X[“Ml( )/”l(y) yl/ﬂz(}’) [/52(5) S] y- Vl/Ml(y) [/51(3) S] J’]
y

Taking conditions (i) - (viii), we have

O+ 16Oz + 191 < € 6O, + 16O, + lal]

ie.
lwlix, < cllAwllx, , w € D(A).
Thus, A = 0 belongs to the resolvent set of the operator A. Therefore, by virtue of (24)
R={A: ReA+nl|ImAi| >0}

is contained in the resolvent set of the linear operator A and there exists an M > 0, such that

[CE S M en,

i.e., A is a sectorial operator in X, (see”?l).

4 | PROOF OF THE LEMMA

By the definition of the operator B and the norm in X ,, we have

”Bw“Xp = ”;’ll(x)uxx(x)”pJ + ||’12(x)Uxx(x)”P’2 + |ﬁlux(1) + ﬁZUx(l)l .

Further, taking into account conditions (iii), (v) we obtain that

I1Bwlly, < elllu O, + [0 0 + (D] + o (D1 42)

By virtue of embedding theorems
lu (D] < ¢ ||“||sz(0,1) <c ”w“Yp ) 43)
|Ux(l)| <c ||U||Wp2(1,2) <c ||W||Yp . (44)

It follows from (42)) - (44) that the linear operator B is a bounded operator acting from Y, in X .

S | MIXED PROBLEM WITH CONDITION OF DYNAMICAL FUNCTIONAL
TRANSMISSION FOR A ONE-DIMENSIONAL WAVE EQUATION WITH STRONG
DISSIPATION

In the domain Qp = [0, T] X [0, 2] we consider the mixed problem:
— (U uy)yy =Xy, = f(t,x), 0Lt<T, 0<x<1, 45)

Uy — (U ()0 ) — (X0, =g (tx), 0Lt<T, 1<x<Z2 46)

with the boundary conditions
u(,0=0, o2)=0, (47)



A.B. ALIEV AND G.KH. SHAFIEVA | 11

the transmission conditions

u(t, 1) =ov@, 1) = ¢, (48)
Gy (1) + yiuy (8, 1) — 70, 1) + Klu(?, -), v, )] = h(t) 49)
and the initial conditions
u(0,x) =uy(x), u,(0,x)=u(x), (50)
$,(0) = ¢y, (51)

where K[-, -] linear continuous functional, acting from Yp in R (see').
The mixed problem (@3)) - (51)) can be written as the following Cauchy problem in the space X ,:

w" + Aw' + Byw = F(w) + G(1), (52)

w0) =w,, W) =uw,, (53)
where
D(B) =Y, = {w L w = o,¢). u € WAO.1) [ W, (0.1):0).

v e WL (W (1.2:2), u(h) = (1) = ¢},

Byw = (=11, (0)u, (%), =m0, (x), K[u(), v(-)]),
w = u,v, ).
Thus, it is B; which a linear bounded operator from Y, in X, then for problem - (30) all the statements of Theorem and
Theorem 2] are valid.
Note that instead of K[u(-), v(-)] we can take an arbitrary functional. For example, a functional like the following

1 2

1
1
K[u(), v()] = Zak/D';u(x)dx+2bj/DiU(x)dx, a.b;€R, k=01, j=0,1
k=09 1

k=0

that satisfying all the requirements of Theorem I]and Theorem [2}

References

1. Lin CC, Segel LA. Mathematics Applied to Deterministic Problems in the Natural Sciences. New York: Macmillan
Publishing Company; 1974.

2. Tikhonov AN, Samarskii AA. Equations of Mathematical Physics. USA: Pergamon Press Ltd.; 1963.
3. Duvaut G, Lions JL. Inequalities in Mechanics and Physics. Berlin: Springer - Verlag; 1976.

4. Vitillaro E. Global existence for the wave equation with nonlinear boundary damping and source terms. Journal of
Differential Equations. 2002;186(20):259 — 298.

5. Zhang HW, Hu QY. Asymptotic behaviour and nonexistence of wave equation with nonlinear boundary condition. Com.
Pure Appl. Anal.. 2005;4:861 — 869.

6. Aassila M, Cavalcanti MM, Domingos Cavalcanti VN. Existence and uniform decay of the wave equation with nonlin-
ear boundary damping and boundary memory source term. Calculus of Variations and Partial Differential Equations.
2002;15:155-180.

7. Bociu L, Lasiecka I. Uniqueness of weak solutions for the semilinear wave equations with supercritical boundary interior
sources and damping. Discrete and Continuous Dynamical Systems. 2008;22(4):835-860.

8. Hongyinping Feng, Shengjia Li, Xia Zhi. Blow - up solutions for a nonlinear wave equation with boundary damping and
interior source. Nonlinear Analysis. 2012;75(4):2273-2280.



12

| A.B. ALIEV AND G.KH. SHAFIEVA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

. Cavalcanti MM, Domingos Cavalcanti VN, Lasiecka I. Well - posedness and optimal decay rates for the wave equation with

nonlinear boundary damping - source interaction. Journal of Differential Equations. 2007;236(2):407-459.

Wenjun Liu, Jun Yu. On decay and blow - up of the solution for a viscoelastic wave equation with boundary damping and
source terms. Nonlinear Anal.. 2011;74(6):2175-2190.

Lu LQ, Li SJ, Chai SG. On a viscoelastic equation with nonlinear boundary damping and source terms: global existence
and decay of the solution. Nonlinear Anal. RWA. 2011;12:295-303.

Mugnolo D. Damped wave equations with dynamic boundary conditions. Journal of Appl. Anal.. 2011;17(2):241-275.

Webb GF. Existence and asymptotic behavior for a strongly damped nonlinear wave equation. Canadian Journal of
Mathematics. 1980;32(3):631-643.

Carvalho AN, Cholewa JW. Local well posedness for strongly damped wave equations with critical nonlinearities. Bulletin
of the Australian Mathematical Society. 2002;66:443—463.

Zhou S. Global attractor for strongly damped nonlinear wave equations. Funct. Diff. Equat.. 1999;6:451-470.

Aliev AB, Shafieva GKh. Mixed Problem with Dynamical Boundary Condition for a One-Dimensional Wave Equation with
Strong Dissipation. Mathematical Notes. 2020;107(3):518 — 521.

Eden A, Kalantarov V, Miranville A. Finite - Dimensional attractors for a general class of nonautonomous wave equations.
Applied Mathematics Letters. 2000;13(5):17-22.

Pata Vittorino, Zelik Sergey. Smooth attractors for strongly damped wave equations. Nonlinearity. 2006;19(7):1495-1506.

Pulkina LS. A nonlocal problem with inteqral conditions for Hyperbolic equation. Nanosystems: Physics, Chemistry,
Mathematics. 2011;2(4):61-70.

Krein SG. Linear Differential Equations in a Banach Space. Moscow: Nauka; 1967.
Henry D. Geometric Theory of Semilinear Parabolic Equations. Berlin - Heidelberg: Springer - Verlag; 1981.

Yaqubov SYa. On the solvability of the Cauchy problem for evolution equations. Reports USSR Academy of Sciences.
1964;156(5):1041-1044.

Sobolevskii PE. On equations of parabolic type in Banach space. Trans. Moscow Math. Soc.. 1961;10:297-350.

Efendiev M. Attractors for Degenerate Parabolic type Equations. Providence, Rhode Island: American Mathematical
Society: Mathematical Surveys and Monographs; 2013.



A.B. ALIEV AND G.KH. SHAFIEVA 13

AUTHOR BIOGRAPHY

A.B. Aliev Professor Akbar A. Aliyev is the head of the Department of Differential Equations of Azerbaijan
National Academy of Sciences. He works in in the field of partial differential equations. His main research is
defining global solvability for nonlinear hyperbolic equations and the study of the asymptotes of those solu-
tions. He has achieved a number of results in obtaining Fudcita-type criteria that determine the presence and
absence of global solutions for semilinear hyperbolic systems. More recently, he has been conducting research
to determine the presence and absence of global solutions to complex problems for semilinear hyperbolic
systems in a mixed problem with dynamic transmission conditions.

G.Kh. Shafieva Docent of Baku State University, fac. of Mathematics and Mechanics, Ph.D. More recently,
G.Kh. Shafieva carried out research on the discovery of the existence and uniqueness of classical solutions
of inverse boundary value problems for pseudoparabolic equations. She also investigated the continuous
dependence of the obtained solutions on the initial data. The modern sphere of scientific activity of G.Kh.
Shafieva - investigation of a mixed problem for nonlinear hyperbolic equations, proof of the existence and
uniqueness of local and global solutions of the problems under consideration, as well as investigation of the
asymptotes of these solutions.

How to cite this article: Aliev A.B., Shafiev G.Kh., (2020), Mixed problem with dynamical transmission condition for a
one-dimensional hyperbolic equation with strong dissipation, Math Meth Appl Sci., 2020;00:1-6.




	Mixed problem with dynamical transmission condition for a one-dimensional hyperbolic equation with strong dissipation 
	Abstract
	Introduction
	Statement of the problem and main result
	 Proof of the Lemma 1
	Proof of the Lemma 2
	 Mixed problem with condition of dynamical functional transmission for a one-dimensional wave equation with strong dissipation
	References
	Author Biography


