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GENERAL CHARACTERISTICS OF THE WORK

Rationale of the topic and the degree of development. This
dissertation is devoted to study mixed problems for the nonlinear
wave equations with transmission acoustic conditions and mixed
problems for nonlinear hyperbolic and parabolic equations with
memory operators.

Some problems in fluid and gas mechanics are reduced to
solving mixed problems with acoustic boundary conditions. In this
area, the first mathematical research was carried out in the work of
J.T.Beale, S.I.Rosencrans. In this work, the authors derived the

equations in the domain Q < R® with the boundary T":
u, —Au=0 in Qx(0,:),
a—uzét on T'x(0,00),
ov
m&, +dd, +kd =—pu, on T'x(0,00),
as a theoretical model to describe the irrotational perturbations of a
fluid. Here p,,m,d, k are physical constants, the function u(x,t) is

the velocity potential of the fluid and &(x,t) models the normal

displacement of the point x eI at the time t. To obtain this model
the authors assumed that each point of the surface T" acts like a
spring in response to the excess pressure and that each point of I
does not influence each other. Surfaces with this characteristic are
called locally reacting.

Numerous works are devoted to the study of mixed problems
with acoustic boundary conditions, in which the results similar to
those for the case of mixed problems with Dirichlet or Neumann
boundary conditions are obtained. In some works acoustic boundary
conditions are imposed together with the homogeneous Dirichlet
condition on a part of the boundary. In the work of A.T. Cousin, C.L.
Frota, N.A. Larkin the existence, uniqueness and exponential decay
of global solutions for the mixed problem for a generalized system of
equations of the Klein-Gordon type with acoustic boundary
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conditions on one part of the boundary and a homogeneous Dirichlet
condition on the remaining part of the boundary are proved. In the
work of C.L.Frota, A.T.Cousin, N.A.Larkin the authors obtained
results on the decay of solutions for the nonlinear wave equation
when n=1; similar results were obtained by J.Y. Park, S.H. Park.
C.L.Frota, J.A.Goldstein proved the existence and uniqueness of
global solutions for a mixed problem with acoustic boundary
conditions on one part of the boundary and a homogeneous Dirichlet
condition on the remaining part of the boundary. In some works,
acoustic boundary conditions are imposed on an entire boundary.
C.L.Frota, L.A.Medeyros, A.Vicente proved the existence,
uniqueness and exponential decay of global solutions for a mixed
problem in a domain with a nonlocally reacting surface, and also the
existence and uniqueness of solutions in the case of a nhonmonotone
dissipative term. J.M.Jeong, J.Y.Park, Y.H.Kang proved the blow-up
of solutions for a quasilinear wave equation with acoustic boundary
conditions on one part of the boundary and a homogeneous Dirichlet
condition on the remaining part of the boundary. In the work of
P.J.Graber, B.Said-Houari results on local existence, global
existence, decay and blow-up of solutions of a mixed problem for the
wave equation with semilinear acoustic boundary conditions are
obtained.

Transmission problems arise in some applications of physics
and biology. Transmission problems for hyperbolic equations are
investigated in the work of R.Dautray, J.L.Lions, where the
uniqueness and regularity of solutions for the linear problem are
proved. In the work of J.E. Mufioz Rivera, H. Portillo Oquendo the
transmission problem for viscoelastic waves is considered and the
exponential decay of solutions is proved. D.Andrade, L.H.Fatori,
J.E.Mufioz Rivera proved the existence and exponential decay of
global solutions for the transmission problem. In the work of J.J.Bae
the transmission problem is studied, where one component is
clamped, and the other is in a viscoelastic fluid, and a result on the
exponential decay of solutions is obtained. In the work of
W.D.Bastos, C.A. Raposo the transmission problem with friction
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dissipation was studied and a result on the existence and uniqueness
of solutions was obtained and the exponential stability of the total
energy was established. A.B.Aliev, E.H.Mammadhasanov studied
the transmission problem, for which a result on the existence and
uniqueness of solutions was established by the method of dynamic
regularization of boundary conditions and transmission conditions.

But none of these works considered mixed problems with
transmission acoustic conditions, to the solution of which some
problems of fluid and gas mechanics are reduced. In the dissertation
work such mixed problems with transmission acoustic conditions for
nonlinear wave equations are considered.

Differential equations with memory, especially the equations
with hysteresis, are of great importance among nonlinear partial
differential equations. The concept of a hysteresis operator was first
introduced in the work of M.A.Krasnoselsky and A.V.Pokrovsky.
Studying the solvability of the Cauchy problem and initial-boundary
value problems for partial differential equations with such
nonlinearities is a nontrivial problem. Equations with memory are
especially difficult if the memory operator is under the time
differentiation operator. The global solvability and the absence of
global solutions for quasilinear Sobolev equations, when the
nonlinear term is under the differentiation operator with respect to t,
have been studied in sufficient detail in the monograph by A.G.
Sveshnikov, A.B. Alshin, M.O. Korpusov and Yu.D. Pletner. Of the
subsequent studies carried out in this direction, one can note the
works of M.O.Korpusov and A.G. Sveshnikov. In the works of A.
Visintin, M. Hilpert the corresponding problems with a memory
operator are investigated applying the results of the theory of
nonlinear semigroups. The existence, uniqueness, asymptotic
character of periodic solutions of similar problems for semilinear and
quasilinear hyperbolic equations were investigated in the works of
P.Krejci. In the dissertation work, initial-boundary value problems
with memory operators are studied in more detail, in which the
memory operator is under the differentiation operator with respect to
t.



In the dissertation work two main areas are considered.

1. Mixed problems with transmission acoustic conditions for
nonlinear wave equations are studied. It is of great interest to prove
the existence of a minimal global attractor for such problems.

2. Initial-boundary value problems for nonlinear hyperbolic
and parabolic equations with memory operators under the time
differentiation operator are studied.

Object and subject of the research. The main object of the
dissertation work is mixed problems with transmission acoustic
conditions for nonlinear wave equations and initial-boundary value
problems for nonlinear hyperbolic and parabolic equations with
memory operators. The subject of this research is the study of the
behaviour of solutions of mixed problems with transmission acoustic
conditions for wave equations with nonlinear focusing and
defocusing sources and initial-boundary value problems for
hyperbolic and parabolic equations with memory operators and
hysteresis nonlinearities.

Goal and tasks of the research. The main goal and objective
of the research is to study initial-boundary value problems with
transmission acoustic conditions for nonlinear wave equations, to the
solution of which some problems of fluid and gas mechanics are
reduced; as well as to study initial boundary value problems for
nonlinear hyperbolic and parabolic equations with memory operators
and hysteresis nonlinearities, that arise in various biological,
technological and chemical processes.

Investigation methods. The dissertation work uses the
methods of the theory of differential equations, the theory of
functional analysis, the theory of semigroups, including the
compactness method, embedding theorems, the principle of
contracting mappings and the discretization method.

Key points of the dissertation which will be defended:

« the investigation of the existence and uniqueness of solutions to the
initial-boundary value problem with transmission acoustic conditions
for nonlinear wave equations with focusing sources;



« the study of the behaviour of solutions of the initial-boundary value
problem with transmission acoustic conditions for nonlinear wave
equations with focusing sources;
» the investigation of the existence of solutions to the initial-
boundary value problem with nonlinear transmission acoustic
conditions for nonlinear wave equations with focusing sources;
« the investigation of the existence of solutions to the initial-
boundary value problem with transmission acoustic conditions for
nonlinear strongly dissipative wave equations with focusing sources;
« the investigation of the existence of solutions to the initial-
boundary value problem with transmission acoustic conditions for
nonlinear wave equations with defocusing sources;
« the study of the behaviour of solutions of the initial-boundary value
problem with transmission acoustic conditions for nonlinear wave
equations with defocusing sources;
« the investigation of the existence of a minimal global attractor for
an initial-boundary value problem with transmission acoustic
conditions for nonlinear wave equations with defocusing sources;
« the investigation of the existence and behaviour of solutions of
initial-boundary value problems for semilinear hyperbolic and
quasilinear parabolic equations with memory operators;
« the investigation of the existence of solutions to a mixed problem
for a system of semilinear hyperbolic equations with memory
operators;
« the investigation of the existence of weak solutions of a mixed
problem with acoustic boundary conditions for a semilinear
hyperbolic equation with a memory operator.

Scientific novelty of the research. The following main
results were obtained.
+ the existence and uniqueness of local weak and local strong
solutions of the initial-boundary value problem with transmission
acoustic transmission conditions for nonlinear wave equations with
focusing sources were proved,;
o if pSmin{ql, qz}, a result on the existence of global weak

solutions for an initial-boundary value problem with transmission
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acoustic conditions for nonlinear wave equations with focusing
sources was obtained and if p> max{ql, qz}, a result on the blow-

up of weak solutions of this problem in a finite time was obtained;

« a result on the existence and uniqueness of local weak solutions of
an initial-boundary value problem with nonlinear transmission
acoustic conditions for nonlinear wave equations with focusing
sources was obtained,;

* the existence of local weak solutions of the initial-boundary value
problem with transmission acoustic conditions for nonlinear strongly
dissipative wave equations with focusing sources was proved;

* the existence, uniqueness and exponential decay of global strong
solutions of the initial-boundary value problem with transmission
acoustic conditions for nonlinear wave equations with defocusing
sources were proved,;

+ a result on the existence of a minimal global attractor for an initial-
boundary value problem with transmission acoustic conditions for
nonlinear wave equations with defocusing sources was obtained;

* the existence and uniqueness of solutions to the initial-boundary
value problem for a semilinear hyperbolic equation with a memory
operator were proved, a result on the existence of a minimal global
attractor for this problem was obtained;

« the existence of solutions to the initial-boundary value problem for
a quasilinear parabolic equation with a memory operator was proved
and the result on the uniqueness of solutions in the case of hysteresis
nonlinearity was obtained;

« the result on the existence of solutions to the initial-boundary value
problem for a fourth-order semilinear hyperbolic equation with a
memory operator was obtained; the existence of a minimal global
attractor for this problem was proved,

« the result on the existence of solutions to the mixed problem for a
system of semilinear hyperbolic equations with memory operators
was obtained;

* the existence and uniqueness of solutions to the mixed problem for
the Timoshenko system with a memory operator were proved;
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* a result on the existence of weak solutions of a mixed problem with
acoustic boundary conditions for a semilinear hyperbolic equation
with a memory operator was obtained.

Theoretical and practical value of the research. The results
obtained in the dissertation are new and are of theoretical and applied
interest. They can be used in some problems of fluid and gas
mechanics, as well as in various biological, technological and
chemical processes.

Approbation and application. The results of the dissertation
were presented at the seminars of the department of the faculty of
Mechanics and Mathematics of Baku State University “Differential
and integral equations” (doc. of phys.-math. sc. Y.T.Mehraliyev), at
the seminars of the faculty of Mechanics and Mathematics of Baku
State University (doc. of phys.-math. sc., prof. N.Sh.Isgandarov), at
the seminars of the department of the faculty of Applied
Mathematics and Cybernetics of Baku State University “Equations of
mathematical physics” (doc. of phys.-math. sc., acad.
Y.A.Mamedov), at the seminars of the department “Differential
equations” (doc. of phys.-math. sc., prof. A.B.Aliev), at the seminars
of the Institute of Mathematics and Mechanics of the National
Academy of Sciences of Azerbaijan (corr.-member of NASA, doc. of
phys.-math. sc., prof. M.J.Mardanov); at the international conference
on mathematics and mechanics dedicated to the 50th anniversary of
the Institute of Mathematics and Mechanics of the National Academy
of Sciences of Azerbaijan (Baku, 2009), at the Third Congress of the
World Mathematical Society of Turkish Countries (Almaty, 2009), at
the 1V international conference "Functional Differential Equations
and their applications” (Makhachkala, 2009), at the international
conference dedicated to the 80th anniversary of acad. F.G.Maksudov
“Spectral theory and its applications” (Baku, 2010), at the
international school-seminar “Nonlinear analysis and extremal
problems” (Irkutsk, 2010), at the international conference dedicated
to the 100th anniversary of acad. Z.I1.Khalilov (Baku, 2011), at the VI
international scientific conference “Functional differential equations
and their applications” (Makhachkala, 2013), at the international
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conference dedicated to the 55th anniversary of the Institute of
Mathematics and Mechanics of the National Academy of Sciences of
Azerbaijan (Baku, 2014), at the V International Scientific
Conference “International Kolmogorov Readings - X1V, dedicated to
the 100th anniversary of prof. Z.A.Skopets” (Koryazhma, 2017), at
the XII international conference “Fundamental and applied problems
of mathematics and informatics” (Makhachkala, 2017), at the VI
congress of the Turkic world mathematical society (Astana, 2017), at
the international conference dedicated to 100th anniversary of
S.G.Krein (Voronezh, 2017), at the international conference
dedicated to the 70th anniversary of prof. G.A.lsakhanly (Baku,
2018), at the international scientific-practical conference ”The latest
achievements and successes in the development of technical
sciences” (Krasnodar, 2018), at the VI International Conference on
Control and Optimization with Industiral Applications (Baku, 2018),
at the IX International Conference of the Georgian Mathematical
Union (Batumi-Thbilisi, 2018), at the international scientific-practical
conference “Contemporary Mathematics and its Applications”
(Grozny, 2018), at the V International conference dedicated to the
95th anniversary of L.D.Kudryavtsev "Functional spaces” (Moscow,
2018), at the international conference dedicated to the 90th
anniversary of acad. Azad Mirzadzhanyzade (Baku, 2018), at the
international conference dedicated to the 80th anniversary of acad.
Mirabbas Kasimov (Baku, 2019), VIII International Eurasian
Conference on Mathematical Sciences and Applications Dedicated to
the 100th Anniversary of Baku State University (IECMSA-2019)
(Baku, 2019), at the XIII international conference dedicated to the
55th anniversary of the Faculty of Mathematics and Computer
Sciences (Makhachkala, 2019), at the IV Russian Conference with
international participation “Mathematical Modeling and Information
Technologies” (Syktyvkar, 2020).

Personal contribution of the author. All the results obtained
in the dissertation belong to the author.
- A result on the existence of global weak solutions for an initial-
boundary value problem with transmission acoustic conditions for
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nonlinear wave equations with focusing sources was obtained, if
p<min{q,q,{ and a result on the blow-up of weak solutions of

this problem in a finite time was obtained, if p > max {ql, a, };

- A result on the existence of a minimal global attractor for an initial-
boundary value problem with transmission acoustic conditions for
nonlinear wave equations with defocusing sources was obtained;

- A result on the existence of a minimal global attractor for an initial-
boundary value problem for a semilinear hyperbolic equation with a
memory operator was obtained.

Publications. 53 scientific works have been published on the
topic of the dissertation: publications in editions recommended by
HAC under the President of the Republic of Azerbaijan- 21,
conference materials - 1, abstracts - 31.

The name of the institution where the dissertation work
was performed. Baku State University and Institute of Mathematics
and Mechanics of the National Academy of Sciences of Azerbaijan.

Structure and volume of the dissertation (in signs,
indicating the volume of each structural subsection separately).
The title page consists of 389 signs, contents - 3321 signs, the
introduction — 76000 signs, the main content of the dissertation —
388000 signs (I chapter — 136000, Il chapter — 76000, Il chapter —
108000, 1V chapter — 68000), conclusions - 1328 signs and a list of
used literature - 21886 signs. The total volume of the dissertation
consists of 490924 signs.
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THE MAIN CONTENT OF THE DISSERTATION

The dissertation consists of an introduction, four chapters,
conclusions and a list of used literature.

The introduction justifies the relevance of the research topic
and shows the degree of its development, formulates the purpose and
task of the research, provides scientific novelty, notes the theoretical
and practical value of the research, and also provides information on

the approbation of the work.
First, we introduce some notation and definitions.

RM — N - dimensional Euclidean space (R1 = R);
x=(x,...,Xy ) — the point from R";

R* :{teR1:t>O};

Z" - the set of non-negative integers;

— the domain in R";
— the boundary of the domain Q;

Q ={x1):xeQ,te(0,T)};

u, :(uxl, oy u

Xy /!

N
ux UX = Zuxluxi ’
i=1

D(Q2) —the space of infinitely differentiable functions with compact

supportin Q;
D'(Q2) —the conjugate space of D(Q2) — the space of distributions in

Q;

L° (Q) —the space of functions summable with the p -th degree in Q
1/p

by the measure dx =dx, ... dx, ; |f||Lp (“ (x)° dx] ;

L*(Q2) —the space of functions bounded almost everywhere in Q,

|t

o) = esiiup| f(x);
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W™ (Q)= {u:D“ue L*(Q), |of <m },

1/p a og+..+ta
p o AT

T
a:(al,...,aN), |a|=a1+...+aN, a,eZ”,i=1.,N;
W,"P(Q2) — closure of D(Q2) in W™(Q);
H™(Q)=W"*(Q);
HE'(Q)=Wq"*(©);

Ho"(@)=(Hp @)f =w (@)
H*(Q) — the Sobolev space of non-integer order s;
Ck(ﬁ), keZ" — the space of k times continuously differentiable

functions in Q ;
if X — Banach space, then

LP(0,T;X)={f : f - measurable mapping [0,T]— X,

D%

o

T Up
[I”f(t)”i dt) <o if 1< p<oo, supess|f(t)|, <o if p=oo};
0 T)

te(0,
D((0,T);X) — the space of C”- mappings (0,T)—X with
compact support in (0,T);
C*([0,T];X),kez" — the space of k times continuously
differentiable mappings [0,T]— X ;
M(Q;CO([O,T])) — the space of measurable functions acting from
Q to C°([o,T));
L(X;Y) — the space of continuous linear mappings of the
topological vector space X into the topological vector space Y ;
D'((0,T); X)=L(D(0,T); X ) — the space of distributions on (0,T)
with the valuesin X ;
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H(A,Q)z{u S Hl(Q)' AU € LZ(Q)},

1/2
e =l = (o 1A )

(u,0). = j u(x)o(x)dx, |ul. :L j (u(x)y? dx} — the scalar product

Q

and the norm in L(€,), where Q, is a domain in R™ (i =12);

= [s(x)e(x)dr, ||5||r=U (§(x))2d1“] _  the scalar

r
product and the norm in L*(I'), where T is a boundary of the
domain Q;
the mapping y,: H'(Q)— HY?(') — the trace operator of zero
order;
the mapping 7, : H(A,Q)— H™?(T") — the Neumann trace operator;
Hﬁl(Q):{u e HY(Q): 7,(u)=0 ae. on T}, where T, — is a part of
the boundary T of the domain Q;

wrlEf8) e

We introduce well-known definitions of some concepts.

Definition 1. If {S(t)},., is a semigroup defined on the metric
space (X : d), then the smallest non-empty bounded closed set
A c X which is invariant under the dynamical system generating the
semigroup {S(t)}.., and which satisfies the relation

ul

lim supinf d(S(t)o, u)=0

© peB UE
for arbitrary bounded set B < X, is called a minimal global attractor
of the semigroup {S(t)} o -
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Definition 2. Let {S(t)}., be a semigroup defined on the
metric space (X,d). The set B, X is called an absorbing set if for
arbitrary bounded set B — X there exists the number t,(B) such that

S(t)B B,
forall t>t,(B).

Definition 3. The semigroup {S(t)},., defined on the metric
space (X,d), is called asymptotically compact, if for arbitrary
bounded set B < X such that US(t)B is bounded in (X,d), an

t>0
arbitrary sequence of the form
{s(t, o }r,, where t, >, v, €B,

has a convergent subsequence.
Definition 4. Let a system which is characterized by two

scalar variables u(t) and w(t) (depending on time) in the Banach
space X be given, and at each moment of time t<[0,T] wit)
depends not only on u(t), but also on the previous values of u(t)
(that is, on u )): w(t)=[F(u,&°)|t) for vte[0,T], where £° e R
is a given number. Then F(u,fo) is called a memory operator in X .
Definition 5. For given &£°eR', the memory operator

F(u,fo):u—>w is called a hysteresis operator, if this operator
satisfies the condition:

{[F(Ul)](nt)= [F(u,))(-t) for wu,, u, € Dom(F)
such that u, =u, on [0,t] for Vt[0,T]
and the trajectory of the pair (u(t),w(t)) is invariant with respect to
arbitrary increasing diffeomorphism ¢:[0,T]—[0,T], that is,
Fluep,&°)=Fu,&%)op on [0,T],
in other words, if u—w, then ucp —>wop.
Let's move on a summary of the content of the work.
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First chapter consists of six sections. In the first section of
the first chapter the following mixed problem with focusing
nonlinear source terms and transmission acoustic conditions is
considered:

Uy —AU+[u " Tu =[u)" U in @ x(0,), (1)
Uy —Az)+|z)t|qz_lut = |U|p_1l) in Q,x(0,00), 2)
My + D& +KS =t on T, x(0,00), 3)
u=0 on T,x(0,0), )
u=u,é‘t:6—u—@ on I, x(0,00) , (%)
ov ov
u(x,0)=uy(x), u,(x0)=uy(x), xe €y, (6)
v(x,0)=0y(x), v (x0)=0y(x), xeQ,, (7)
5(x0)=5,(x),5,(x.0)= 52 -2 = 5,(x), xeT,, (@)
ov ov

where Q< R"(n>1) is a bounded domain with the smooth
boundary I, Q, cQ is a subdomain with the smooth boundary T,
and Q =Q\(Q,Ur,) is a subdomain with the boundary

=T, UT,, such that NI, =3; v(x) — the unit outward normal

vector to I' at the point xeI'; M,D,K:T,—>R,
Uy Ut Q >R, 0,01 Q, >R, 6,: I, >R —known functions;

p>1,q >1,i=12.
The definitions of weak and strong solutions to the problem
(1)-(8) are introduced.
Definition 6. A triple of functions (u(x,t)v(xt),8(x1)),
where
u:Qx[0,T]>R, v:Q,x[0,T]>R, §:T,x[0,T]>R
is called a weak solution to the problem (1)-(8) if
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uel(0,T;H:(Q)), vel(0,T;HY (Q,)),
7(U)=7,(v) a.e.on T, x(0,T),
u eLl”(0,T; 3(@))N Ly, x(0,T)),
b eL”(0,T;2(Q,))N L%, x (0,T)),
5,6,e”(0T;2(T,))
and the following equalities hold:

4 (U, @)+ (Vu, VD) + (jut|q1_lut ,CD)1+%(UI,‘I’)2 +(Vo,V¥), +

o= 00 %) ~ (62 @)), = (U u,0)+ (o o, w)
for v@eH; (), V¥ eHYQ,) such that ®=%¥ on T,, in the
sense of distributions in D'(0,T) and
((u)+ M3, e}, +(Ds, +Kd,e), =0
for ve e L(T,), in the sense of distributions in D’(0,T ), and also:
u(x,0)=u,(x), u,(x,0)=u,(x) a.e.in Q,,
v(x,0)=0,(x), 0,(x,0)=0,(x) a. e in Q,,
5(x,0)=5,(x), 6,(x,0)=5,(x) a.e.on T.
Definition 7. A triple of functions (u(x,t)o(xt),8(x1t)),
where
u:Qx[0,T]>R, 0:Q,x[0,T]>R, 5:T,x[0,T]>R,
is called a strong solution to the problem (1)-(8) if
uel"(0T;HL (), u e L7(0,T; HE (@))NLE (@, x[0,T)),
u, e L7(0.T;2()),
vel”(0T;HY(Q,)), v € L"(0.T;HY(Q,))NL¥*(Q, x[0,T)),
v, € L7(0,T;12(2,)),
u(t)eH(A,Q,), v(t)e H(A,Q,) a.e.on (0,T),
5,65,,6, €L (0T;1(T),
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and
Ug —Au+|u]* M =u"u aein @ x(0,T),
Uy —Au+|ut|qz_lut =|U|p_1l) a.e.in Q,x(0,T),
7o(U)+ M3, + D3, +Ks =0, 7,(u)=7,(v) a e.on T, x(0,T),
<7/1(u(t)_ U(t))’70(¢)>H—1/2(r2)xH1/2(r2) = (5t (t)’ 7o(§0))r2
for Vpe HE (@) a.e.on (0,T),
u(x,0)=u,(x), u,(x,0)=u,(x) a.e.in Q,,
v(x,0)=0v,(x), v,(x,0)=0,(x) a.e.in Q,,
5(x,0)=5,(x), 6,(x,0)=5,(x) a.e.on T,.
The following theorem on the existence and uniqueness of

local weak solutions for the problem (1)-(8) is proved.
Theorem 1. Let the following conditions be satisfied:

M,D,KeC(T},), M(x) >0, D(x) >0, K(x) >0, xeT,; (9)
p>1 if n=12, 1< psn—”z if N>3. (10)

Then for
V(Uo 1Up ’50) € HE(Ql)X Hl(Qz)X LZ(FZ) (11)
v(ul7ul’5l) € qul(Ql)x Lo (Qz)x LZ(Fz)
there exists the number T >0 such that the problem (1)-(8) has a
unique weak solution (u,u, 5), satisfying the conditions:

uec(o.ThHL (@), u eco.Th(@)NL (@ x(@T)),
vec(o, TR ,)), vy ec(0,T]L2(@,)NLE(Q,x(0,T)),
5,6, eL°(0,T;1(L,));
moreover, if T, >0 — the length of the maximum interval of the

existence of the solution (u,0,5), then the following alternative is
valid: either
18



T . =+0;

max

or

. 2 2 2 2 2 2
t J;go(nutnl ol + [V} + [Vl + V™ 4 [VKs ) jz 0.
In the second section of the first chapter the following result
on the existence and uniqueness of local strong solutions to the
problem (1)-(8) was established.
Theorem 2. Let the conditions (9)-(10) be satisfied and

q >1 if n:1,2;1<qigL2 if n>3 (i=12).
n_

Suppose that p<min {q, ,q,  and
Uy € Hé (Ql)ﬂ H Z(Ql)’ U € Hé (Ql)ﬂ Lo (Ql)’
v, e HA(Q,), v, e HY(Q,)NL*%(Q,), &,,5, € L2(T,).
Then there exists the number T >0 such that the problem (1)-

(8) has a unique strong solution (u,,5).

In the third section of the first chapter the following theorem
on the existence of global weak solutions to the problem (1)-(8) is

proved under the condition p <min {q_,q, |.

Theorem 3. Let the conditions of Theorem 1 and the
condition

p <min {ql,qz}
be satisfied. Then the local weak solution (u,v,5) to the problem

(1)-(8) is global and T can be taken arbitrarily large.
In the fourth section of the first chapter the following energy
function is defined:
2
)

1 2
O [ T % o N M N

- o),

p+1 p+1
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where (u,v,d5) is a weak solution to the problem (1)-(8) and the
following result on the blow-up of solutions to this problem in a
finite time is established.

Theorem 4. Let

(uo Uy ’50) € HE(Ql)X Hl(Qz)X LZ(FZ),

(u1' Uy 51)6 qul(Ql)x quz(Qz)X LZ(FZ)
and the conditions (9), (10) be satisfied. Suppose that

p>max {q,q §, Kx)2=1(xel,),

0<E(0)<E, Elzaf(l—ij,

Vuf; + ool > a2, =87
where B is a positive constant depending on Q,, Q,, p. Then the

weak solution to the problem (1)-(8) blows up in a finite time.

In the fifth section of the first chapter an initial-boundary
value problem for nonlinear wave equations with focusing sources
with nonlinear transmission acoustic conditions:

u=v, a—u—a—u+,o(ut):5t on T, x(0,0)
ov ov
is considered. The theorem on the existence and uniqueness of local
weak solutions to this problem is proved under the following

conditions on nonlinearity p:
peCl(—oo;Jroo),
[pls)| < csfsf* (cs > 0);
p(s) is a monotone increasing function on (—oo;+ ).

In the sixth section of the first chapter the existence and
uniqueness of local weak solutions of the initial-boundary value
problem for nonlinear strongly dissipative wave equations with
focusing sources:
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U — AU, —AU+|u [* U, = F(U) in @, x(0,50),

v, — AL, —Au+|ut|qz_1ut =g(v) in Q,x(0,%),

with transmission acoustic conditions:
Ms, + DS, + Ké =—u,,
u=vou,
_ou_ov +%_ ou,
ov oOv oOv oOv
on I, x(0,) is proved.
The second chapter consists of three sections. In the first
section of the second chapter the mixed problem (12), (13), (3)-(8)

with defocusing nonlinear sources and transmission acoustic
conditions is considered:

U, —AU+g,(u )+ f,(u)=0 in Q x(0,:), (12)
Uy — AL+ 0, () + F,(0)=0 in Q,x(0,00). (13)
It is assumed that the following conditions are satisfied:
g,€C'(R), i=12,
and there exist constants k,,, k,,, k; >0 (i =1,2) such that
|0:(s) <ky|s" if [s|>1and |g;(s)<k|s| if |s<1, (14)

”*; if n>3and q>1 if

where q satisfies the inequality 1<q<

n<2;
9/(s)>k, >0 for vseR; (15)
f eC'R), i=12
and there exist constants c,, C,,, C,,C;, >0 (i =1,2) such that

£(s)| <Culs|"" + . (16)

f.(s)|<cyls” +ci,,

where p satisfies the inequality 1< p < n2 if n>3 and p>1

ifn<2;
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0<F (s)=i £ (s)ds < Iiiﬂsfi (s) a7

for vseR*, I >1,i=12.

The following theorem on the existence and uniqueness of
global strong solutions to the problem (12), (13), (3)-(8) is proved.

Theorem 5. Let the conditions (9), (14)-(17) be satisfied.
Suppose that

U, € HE(Ql)ﬂ HZ(Ql)’ u, € HE(Ql)m qu(Ql)’
v, e HA(Q,), v, e HY(Q,)NLX(Q,), &, € L(T;,).
Then for all T >0 there exists a unique strong solution to the
problem (12), (13), (3)-(8), i.e., the solution (u,v,5) such that

u,u, e L7(0,T5 HE (@), u, eL7(0,T;L2()),
0,0, e*(0,T;HYQ,)), v e *0.T;3(Q,)),
u(t, -)e H(A,Q,), uft, - )e H(A,Q,) a.e.on (0,T),
5,6,5,eL”(0,T;1%(T;))
and
u, —Au+g,(u )+ f,(u)=0 aein Qx(0T),
v, —AL+0,(v, )+ f,(0)=0 a.e.in Q,x(0,T),
70(U)+ M8, + D6, +Ks =0, 7,(u)=7,() a.e.on T,x(0,T),

<7/1(u(t)—u(t)), Yo ((p»HfUZ(rz)xHUZ(rZ) = (6’[ (t)’ 70(¢))r2
for Vpe Hy () a.e.on (0,T),
u(x,0)=u,(x), u(x,0)=u,(x) a.e.in Q,
v(x,0)=0,(x), 1,(x,0)=0,(x) a.e.in Q,,
5(x,0)=68,(x), 6,(x,0)=5,(x) a.e.on T,.
In the second section of the second chapter the following

result on the exponential decay of global strong solutions to the
problem (12), (13), (3)-(8) was established.

22



Theorem 6. Suppose that (u,v,d) is a global strong solution
to the problem (12)-(13), (3)-(8) and

1
E(t)=3 o+ 70lf +fo + o +

+ (R, + (R, VW[, 4V, |

I
Then, under the conditions of the Theorem 5, there exist
positive constants a and b such that

E(t)<aexp (~bt)

forall t>0.

In the third section of the second chapter the following mixed
problem with transmission acoustic conditions was considered in the
domain Q < R®:

U, —Au+au, +u+ f(u)=0 in Q x(0,0),  (18)
v, — AL+, +0+ F,(0)=0 in Q,x(0,x), (19)

S, + P8, +5=-u, on T,x(0,00), (20)
u=0 on TI;x(0,00), (21)
u:u,é‘tza—u—@ on T, x(0,0), (22)
ov ov

u(x,0)=u,(x), u,(x,0)=u,(x), xeQ,,
(23)

v(x,0)=0,(x), v,(x,0)=1,(x), xeQ,,
5(x,0)=5,(x), @(x,o):%—%zal(x), xel,, (24)

ov ov

where ¢, >0 (i=1,2) and g>0 — some constants;
f: R>R(i=12) — known functions; it is assumed that
f.eC*(R), i=12 and there exist constants ¢, >0,i=12, such

that
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£/(s)| < c,(1+5?), (25)

and

fiminf i8) 1,i=12: (26)

|s| >0 S
to prove the smoothness of solutions instead of continuous
differentiability of functions f. and the conditions (25), the stronger

assumptions were used: f, € C*(R), i=1,2 and there exist constants
c,, 20,1i=12, for which:
|£/(s)] < ¢,y (L+]s]), ¢, 2 0. (27)
It is introduced the phase space:

V= {w = (wy, Wy, Wy, Wy, W, W ): W, € HE(Q) w, e P(Y),
W € HHQ, ) W, < L(Q,) Wy € L2, ) wy < L2, wi, =,
which is Hilbert space with respect to the norm

o el

2 2
2(ay) ity HWalao,) +

2
5|||_2 (1) WG”LZ(FZ)
for vw=(w,W,, W, W,,W,w,)eV and the initial-boundary value
problem (18)-(24) is formulated in the following form

w, = Aw + D(w),
(28)
w(0)=w,,
where w=(u,u,,0,0,,8,8,), W, = (Ug, Uy, 05,0,,6,,6,),

A.D(A)cV -V,
AW = (W, , AW, — W, — a, W, , W,, AW, — W, — a,W,,

Ws '_W2|1-2 — W —ﬂWG),
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where w,, (i=1,2) is a derivative of the function w, along the
normal v (the condition w, =

- W3v

hlr, L 1S interpreted in a weak

sense - as a fulfillment of the equality

_[(Awlgo +VW,V)dx + I (AW, + VW,V i )dx = I W, dr,

Q Q, I,
for Voe HL(Q), Vi e HY(Q,) such that (p|1_2:l//|l_2),
®:V >V, dw)=(0, - f,(w)0, - f,(w)0,0) for vweV .

To consider strong solutions, it is also introduced the phase
space
Vi = {W: (W11W2'W3’W4’W5rW6)"E (HE(Ql)ﬂ H 2(Ql))><

1/2 1/2

x HY(Q,)x H?(Q, )x HY(Q,)x H  (T,)xH  (T}):

W1|r2 =W, .

2| | yWe =W, L

— WSV

I

which is Hilbert with respect to the norm

+

)T ”Ws”i HY(Q,)

Hrl (Q)NHZ ()

+||W5

HY2 (1) +”We HY2 ()"

The definition of a weak solution to the problem (28) is
introduced.

Definition 8. Let w, =(U,,U;,0,0,,6,,8,)€V . The function

we C°([0,00);V) is called a weak solution to the problem (28) if it
satisfies the equality

t
w(t)=e"w, +IeA(t’s)®(w(s))ds
0
forall t>0.
It is introduced the functional
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=—||vv|| IF w, )dx +j|: , (29)

2
S

where Fi(s):J' f.(s)ds, i

The main results for the problem (28) or (18)-(24) are
established in the following theorems (the method of proof of the
existence of a global attractor is based on the use of a suitable energy
equation).

Theorem 7. Let (25), (26) hold and assume that w, eV .
Then there exists a unique weak solution WECO([O,OO);V) to the
problem (28). Furthermore, if W, and W, - solutions to the problem

(28), corresponding to the initial data W, and W,, for which:
[Wol, <. [Wyl, <r (r>0), then there exists the positive number
6, depending on r such that
W, ()~ W, (t)], <e” Wy, — W,
for all t>0. Assuming in addition, that the functions f.,i=12
fulfill the conditions (27) and that w, €V,, the corresponding weak
solution satisfies the regularity property
We Cl([O,oo);V)ﬂCo([O,oo);Vl)
(and is called a strong” solution).
It is proved that for each weak solution w=(u,u,,v,v,,5,5,)
to the problem (28) the energy equation
dE, 2 2
5= altdy —ealu], -
is valid and E,()eC'([0,:)), where the functional E,(t) is

introduced in (29).
Corollary 1. Under the conditions (25), (26) the system (28)
generates a strongly continuous semigroup S(t)=S, , ,(t) in the

phase space V , which is defined by the formula
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S(t)(uo’U1’00’01!50’51):(uyut'U'Uvé"é‘t)’
where (u,u,,0,0,,8,8,)eC°([0,00);V) is a weak solution to the
problem (28) corresponding to the initial data
(uo,ul,uo,ul,50,51)ev .
Theorem 8. Let the conditions (25), (26) be satisfied. Then
there exists the constant R, >0 with the following property: for each
R >0 there exists the number t, =t,(R )> 0 such that the inequality

”S(t)WOHV < RO

holds for ww, eV with |w,|, <R and for all t >t,; therefore, the set

B, :{z eV:|z, < RO}
is a bounded absorbing set for a semigroup S(t) inVv.

Theorem 9. Let the conditions (25), (26) be satisfied and
o,=a,=c. Then the semigroup {S(t)}., is asymptotically
compact.

Theorem 10. Let conditions (25), (26) be satisfied and
a,=a,=a. Then the problem (18)-(24) has a minimal global
attractor in the phase space V which is invariant and compact.

The third chapter consists of three sections. In the first
section of the third chapter the following mixed problem is
considered in the domain Q=Qx(0,T) (QcRY(N>1) is a
bounded domain with the sufficiently smooth boundary I'):

o°u , 0

at—2+a[u+F(u)]—Au+|u|pu: f, (30)
u=0, (x,t)er'x[0,T], (31)
[u+FU)]|_, =u®+w®, %u‘tzozu‘l) : (32)

where p>0; f:Q—>R, u?, u®, w®: Q—R - known functions
and the nonlinear operator F acts from the space M(Q;C°([0,T]))
to M(Q;C°([0,T])). It is assumed that F is a memory operator; i.e.
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at any instant t, [F(u)](t) may depend not only on u(t) but also on

the previous evolution of u. It is also assumed that this operator is
applied at each point xeQ independently (i.e. the output

[Fu(x.)I(t) depends on u(x,),,. but not on u(y,},, for any
y # X ) and the following conditions are satisfied:

[F(v)](t)=[F(,)](-t) ae.in Q,
for Vo, 0, € M(Q;C°([0,T])) such that v, =, (33)
on [0,t] for vte[0,T];
{if v, —> v uniformly in M(Q;C°([0,T])),
then F(v, ) —>F(v) uniformly on [0,T],a.e. in Q;
there exist L>0and g € L*(Q) such that
IF @)% N o o) S < Lfjo(x ')||c°([o,T])+9(X) aeinQ (35
for Vv e M(Q,C (0. TD);
if the function v e M(Q; C°([0,T]))is affine
in [t,,t,] for v [t,,t,] [0, T], a.e.in Q, then (36)

{[F)](x.t,)-[F)](x.t,)}o(xt,)-o(x,1,)]> 0 ae.in Q;

thereexists 0< L, <1 such that

|FOIxt)-[FOIx L)< Lokt )-o(xt))

(34)

37)
ae. in Q,for Vo e M(Q;°([0,T])) whichiis affine
in [t,,t,] for V[t,,t,]<[0,T], ae.inQ,
u®ev, w” el?(Q), u® e L2(Q), (38)
f=1f+f, fel(Q), f,eW”(0,T;V", (39)

where V = H}(Q)N L"?(Q).
Definition 9. A function u e L*(0,T;V)NH*(0,T; L2(Q)) such
that F(u) € L*(Q) and satisfying the equality
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J'J‘{_a_u.ﬁ_U_[UJrF(u)]a—UJrVu-Vu+|u|puu}dxdt =
ot ot

- ] o(f,0), dt+ j [u(°) (x)+w(x)+u® (x)] v(x,0)dx

0 Q

for Voel?(0,T;V)NH(OT;12(Q)) ((,T)=0 a e in Q), is
called a solution to the problem (30)-(32).

The results on the existence and uniqueness of solutions to
the problem (30)-(32) are established in the following theorems.

Theorem 11. Let the conditions (33)-(39) be satisfied. Then
the problem (30)-(32) has at least one solution u such that

ueW (0, T; 2(Q)NL*(0,T;V), Fu)e H*(0,T; ().

Theorem 12. Let the conditions of Theorem 11 be satisfied.
Suppose that

. N>3 (40)

and
{[Fo)lx.t)=[Fo,)[x, )}, (x, ) =0, (x,t)]>0 a. e.in Q, (41)
for Vu,,0, e M(@C°([0,T])) and Vvt (0,T). Then the solution to
the problem (30)-(32) is unique.
Theorem 13. Let the conditions (33)-(39), (40)-(41) be
satisfied. Then the problem (30)-(32) has a unique solution
uecC([o, T 2(@)Nc([o,T];Hi(@)) forall T >0.

Further, in the same section, the problem (30)-(32) is
considered for the case

f =h(x), he 2(Q). (42)

Under the condition (40), the equality

V = HY Q)N LP2(Q2)= H(Q) holds. Then, under the conditions of

the Theorem 13, there corresponds a semigroup {S(t)}., to the
problem (30)-(32) (with (42)) in the space
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E = H (Q)x L*(Q)x L*(Q)
which is defined by the formula
S(t)u®,u®, W)= (u,u, w),
where u is a unique solutlon of this problem.

The following theorem on the existence of a bounded
absorbing set for the semigroup {S(t)}., generated by the problem
(30)-(32) (with f=h(x)) is proved using the method of
discretization with respect to the variable t.

Theorem 14. The problem (30)-(32) (with f =h(x)) has a
bounded absorbing set in the space E under the conditions (33)-(38),
(40)-(42).

Further, it is proved that the semigroup {S(t)},., generated by
the problem (30)-(32) (with f =h(x)) is asymptotically compact in
the space E under the conditions of the Theorem 14, and then the
following theorem on the existence of a minimal global attractor for

this problem is proved.
Theorem 15. Let the conditions of the Theorem 14 be

satisfied. Then the problem (30)-(32) (with f =h(x)) has a minimal
global attractor in the space E, which is invariant and compact.

In the second section of the third chapter, the following mixed
problem for a quasilinear parabolic equation is considered in the
domain Q=Qx(0,T) (Q<R"(N>1) is a bounded domain with a
sufficiently smooth boundary T'):

%[u+F(u)]—Au +uu=f, (43)

u=0, (x,t)eI'x(0,T), (44)

[u+F(u)]|t:0 =u’+w’, (45)

where 0< pSZZN’ if N>3 and p>0, if N=1,2;

f :Qx(0,T)— R and the nonlinear operator F acts from the space
M(©;c°([0,T])) to M(Q;C°([0,T])). It is assumed that F is a
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memory operator, which is applied at each point xeQ
independently and satisfies the conditions (33)-(36), and

uw eV, w e l2(Q), (46)
f=f+f, f,el’Q), f,eW™(0,T;V), (47)
where V = H}(Q).
Definiton  10. A function ueM(QC’([0,T])N
NL*(0,T;V) such that F(u)e LZ(Q) and satisfying the equality

ﬂ{ u+F(u —+Vu Vo+u’ uu}dxdt

_I (f,0) dt+j[u ] v(x,0)dx

for Voe LZ(O,T,V)ﬂH (0,T; |_2( )) (U(~,T)—0 a. e in Q) is
called a solution to the problem (43)-(45).
Using the method of discretization with respect to the variable
t it is proved the following theorem for the problem (43)-(45).
Theorem 16. Let the conditions (33)-(36), (46), (47) be
satisfied and

0< pSZZN if N>3 and p>0if N=1,2.

Then the problem (43)-(45) has at least one solution u for
which

ueH(OT;2(Q)NL*(0,T;V), Fu)e 2(c(0,T]). “8)

The problem (43)-(45) is also considered under the additional
condition that F is a hysteresis nonlinearity of the generalized play
type.

Let for nondecreasing functions y,(c), 7,(c) eC°(R) it is
satisfied the condition

7,(0) <7 (0) (49)

for YoeR. Assume that u is a continuous, piecewise linear
function on [0,T], namely, u is linear on [t,,,t,] for i=1,2,..,N.
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For given £° e R, an operator w=E(u,&°):[0,T]—> R is called a
hysteresis nonlinearity of the generalized play type if

min {3, (u(t)), max{y, (u(t))., }}ﬁteﬂln]

(i=1,..,N) and w(0)=&° only if ¥, (u(0)) < &° < ,(u(0)).
It is assumed that

F)xt) = [l ) 20 @) aeine, (50
for vueM(Q;C’([0,T])) and for vt e[0,T]; where £° e L}(Q) and
E is a hysteresis operator of the generalized play type.

The following theorems are proved for the problem (43)-(45).

Theorem 17. Let u,& el’(Q), h(x)el?(Q) (i=12);
7,(o),7,(c) eC°(R) - are Lipschitz continuous, affinely bounded

functions and satisfy the condition (49). Define F as in (50) and
assume that

w =min{max{Z°,, %)} 7 ()} a.e.on Q (i=12).

If u, eW (0,T;LX(Q)NL2(0,T;V) are the corresponding
solutions to the problem (43)-(45) with f=h  and
w, =F(u;) (i=12), then

Hu1 +(w, —w,) xt]dx<

Wt):{min {74 (u(O)),max{yr(u(O) }} if t=0

<I[u -u3 W w2 ]dx+TJ'h1 h,)

for Vte[O,T],where () =max{(-),0}.
Theorem 18. Assume that
uw eV, & e ’(Q), he ’(Q),
the functions y,(c),7, (o) € C°(R) are Lipschitz continuous, affinely
bounded and satisfy the condition (49), and F is defined as in (50).
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Then the problem (43)-(45) (with f =h(x)) has a unique solution
that satisfies the condition (48).

Let X =H:(Q)xL2(Q). Then, under the conditions of the
Theorem 18, there corresponds a semigroup {S(t)}.., to the problem
(43)-(45) (with f =h(x)) in the space X which is defined by the

formula
S(t)u®,w°)=(u,F(u)),
where u is a unique solution to this problem.

Theorem 19. The problem (43)-(45) (with f =h(x)) has a
bounded absorbing set in the space X under the conditions of
Theorem 18.

In the third section of the third chapter the following mixed
problem is considered in the domain Q=Qx(0,T) (Qc R"(N >1)

is a bounded domain with a sufficiently smooth boundary T'):

2
ZT;J+§[U +FUu)]+Au+u’u=f, (51)
u=0, Au=0, (x,t)eI'x[0,T], (52)
ou
[u+FU)]|_, =u® +w®, E‘t:ﬁua) , (53)

where p>0; f:Q—>R, u®, u®, w?: QR - given functions
and the nonlinear operator F acts from the space M(Q;CO([O,T]))

to M(Q;C°([0,T])). It is assumed that F is a memory operator,

which is applied at each point x € Q independently and satisfies the
conditions (33)-(37), and

u® eV, w" el?(Q), u? e }(Q) , (54)
where V = HZ(Q)NL"?(Q).
Definition 11. A function ue L?(0,T;V)NH(0,T;L%(2))
such that F(u)e L*(Q) and satisfying the equality
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called a solution to the problem (51)-(53).

The results on the existence and uniqueness of solutions to
the problem (51)-(53) are established in the following theorems.

Theorem 20. Let the conditions (33)-(37), (39), (54) be
satisfied. Then the problem (51)-(53) has at least one solution u for
which

ueW (0,T; A(@Q)NL*(0,T;V), Fu)e H'(0,T; 2(Q)).

Theorem 21. Let the conditions of the Theorem 20 be satisfied.

Suppose that

2
<", N>3 55
Py (55)

and

{[Fe)Jx )= [Flv, )Jx D [vr (x.t) 0, (x )] 0 ae.in @, (56)
for Vu,,0, e M(@C°([0,T])) and Vvt (0,T). Then the solution to
the problem (51)-(53) is unique.

The following theorems on the existence of a bounded
absorbing set and a minimal global attractor for the problem (51)-
(53) are proved for the case f =h(x):

he L2(Q). (57)

Theorem 22. The problem (51)-(53) (with f =h(x)) has a

bounded absorbing set in the space
E=HZ(Q)x X(Q)x *(Q)
under the conditions (33)-(37), (54)-(57).

Theorem 23. Let the conditions of Theorem 22 be satisfied.
Then the problem (51)-(53) (with f =h(x)) has a minimal global
attractor in the space E, which is invariant and compact.
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The fourth chapter consists of three sections. In the first
section of the fourth chapter the following mixed problem for a
system of semilinear hyperbolic equations is considered in the
domain Q=Qx(0,T) (< R"(N >1) is a bounded domain with the

sufficiently smooth boundary I'):

ou 0

¥+a[u +F(v)]-Au= 1,

v 0 (58)

¥+E[U+F2(U)]—AU= f,,

u=0,0=0, (xt)eI'x[0,T], (59)
iR, =0+ u?, S=u® (60
[u+ Fz(u)] |t:0 =0 + Wgo), %‘H): o® (61)

where nonlinear operators F, F, act from the space
M(@;c°([0,T])) to M(€;C°([0,T])). It is assumed that F,, i=1,2

are memory operators, which are applied at each point xeQ
independently and satisfy the conditions (33)-(37) and

u@ e HI(Q) W2 e () u® e ’(Q), f,e’(Q),  (62)
V@ e H(Q), W e L2(Q), b¥ e LX(Q), f, e *(Q).  (63)

Definition 12. A pair of functions (u,v) such that
u,ve 2(0,T; HAQ)N H0,T; (),

F(v)e*(Q). Ru)e*@Q)

and satisfying equalities
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Q
g{_a_u'8_5_[U+F2(U)]%7+VU-VU}dxdt:
= .U f,odxdt +'[[ O (x +W (0)( )+U(1)(X)] X O

for Vo eLZ(OT Hi(Q ))mH (0,T;%(@) (@(-,T)=0 a e.in Q),is
called a solution to the problem (58)-(61).

The results on the existence and uniqueness of solutions to
the problem (58)-(61) are established in the following theorems.

Theorem 24. Let the conditions (33)-(37), (62)-(63) be
satisfied. Then the problem (58)-(61) has at least one solution (u,u)
for which

u,0eW*(0,T; (Q))NL(0,T; Hi(©)),
F(v) F(u)e H(0,T; 2(Q)).

Theorem 25. Let the conditions of the Theorem 24 be

satisfied and

for Vr > 0 thereexists L,;(r)> 0 such that

IF. (u) u)|| o < Ly (r)u-1f o ae. in Q,

for vVt e (0,T] and Vu,v e {G e L(Q): 0] ) = r}

i =1,2. Then the solution to the problem (58)-(61) is unique.

In the second section of the fourth chapter the following
mixed problem for the Timoshenko system with a memory operator

is considered in the domain Q=(0,L)x(0,T) ((0,L) =R"), which
arises in the theory of transverse vibrations of a string:
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pp, —a(p, +y), =0, (64)
Py —by,, +alp, +y)+Fy)=0, (65)
ol o=0l.=0, v|_, = =00n(0T),  (66)

(O)’(pt|t:0 - (D(l) ! l//|t:0 - V/(O) ! l//t|t:0 - l//(l) ! F<l//}t:0 - W(O) (67)

Po=0

on (0,L), where t is the time variable, x is the coordinate of the
string of  length L at its equilibrium  position;
P2, 0@ w® w?: (0,L)>R - given functions, p,,p,,a,b -
positive constants. It is assumed that the operator F acts from the
space  M(0,L;C’([0,T]) to  M(0,L;C’([0,T]),  where
M(0,L;C°([0,T])) is the space of measurable functions acting from
(0,L) to c°([0,T]), and that F is a memory operator, which is
applied at each point x (0, L) independently: [F(y(x,-))](t) depends
on '/’(Xf)'[o,q but not on w(y,-][m] for any y = x. It is assmed that
the following conditions are satisfied:

[F)l(.t)=[F()(:t) ae.on (0,L),
for Vu,,0, e M(0, L;C°([0,T])) such that v, = v, (68)
on [0,t] for vVt e[0,T];

if v, — o uniformly in M(0,;C°([0,T])),
then F(v,) —F(v) uniformly on [0,T],a.e.on (0,L);

thereexist L, >0 and g € L?(0, L) such that
”[F(U)](X’MCO([O,T]) < Ll ”U(X"mc(’([o,T]) + g(x) (70)
forvoeM(0,L;C°([0,T])), ae. on (0,L);

(69)
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if thefunction v e M(0,L;C°([0,T]))is affine

on [t,,t,] for V[t,,t,][0,T], ae. on (0,L),then (71)
{F)(xt,) = [F)(xt)Holx.t, ) (X t,)]>0, ae.on (0,L).
o w® eH0,L), oV, W e ?(0,L). (72)

Definition 13. A pair of functions (¢,y) such that
0w e 20, T-Hl(o L))N Hl(O T;12(0,L)), F(w)e’(Q);

¢|t0 (0 l//|t0_!// W]ro_W(O) Ha (0 L)
and satisfylng the equalities

L
H{ '01_ _U+ agu, — U}dth =—p1_[(p(1)(x)u(x,0)dx ,
0
ov
”{ a7 bw.u, +apv+ayv+ F(z//)u}dxdt -

:—pjwm(x)u(x,o)dx

0
for Voel?(0,T;HX0,L)NH0,T;2(0,L)) (u(.T)=0 ae. on
(O,L)), is called a solution to the problem (64)-(67).

The results on the existence and uniqueness of solutions to
the problem (64)-(67) are established in the following theorems.

Theorem 26. Let the conditions (68)-(72) be satisfied. Then
the problem (64)-(67) has at least one solution (¢,y), for which

0. (0,7 HAO0,L))NHY 0, T; 2(0, L)) 79
F(y)e 200, L;c°([0,T])) }
Theorem 27. Let the conditions of the Theorem 26 be
satisfied and the operator F also satisfies the condition of global
Lipschitz continuity:
3L, > 0: vte(0,T], Vo0, e 2(0,L;C°([0,1])),

|Flo)-Fo,)

<L v -v,

2(0,L;c°([0,t])) 12(0,L;c0(o,t]))"
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Then the solution to the problem (64)-(67) (which satisfies
the condition (73)) is unique.

In the third section of the fourth chapter a quasilinear
hyperbolic equation is considered in the domain Q = Qx (O,T):

U, +[u+FU)], —Au=f (74)
with boundary conditions
u=0, (x,t)el,x[0,T], (75)
U, + pz, +lz, +rz=0, (x,t)el;x[0,T], (76)
2—“=zt, (x,t)el; x[0,T] (77)
14

and with the initial conditions

u+F)]l =u®@+w?, u|=u® xeQ,  (78)
ou®

Z‘tzoz 79, z, 0= gy = %, xel;, (79)

where Q< R" (N >1) is a bounded domain with the sufficiently
smooth boundary I'=T,UTI;, and I, NI =<; p,l,r: T, >R are
known functions, v(x) — the unit outward normal to T at the point
xeI' and the nonlinear operator F acts from the space
M(@;c°([0,T])) to M(@;C°([0,T])). It is assumed that F is a

memory operator which acts independently at each point x e Q and
the conditions (33)-(37) are satisfied. It is also assumed that

U@ eH,w” e}(Q), u® e 2(Q), 2,29 e L2(T)),  (80)
f e ’(Q), (81)
where H = {ue HY(Q): 7,(u)=0 ae. on I, }.

The concept of a weak solution to the problem (74)-(79) is
introduced.

Definition 14. A pair of functions (u(x,t), z(x,t)) is called a
weak solution to the problem (74)-(79), if
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uel?(0,T;H), u e 2(Q), ze’(T), z € L*(T}),
Fu)e ’(Q)
and the following equalities hold:
%(Ut’U)LZ(Q)JF%(UJFF(U)' U)LZ(Q)+(VU’VU)LZ(Q)_
_(ZU?/O(U))L?(q) = (f ’U)LZ(Q)
for Vo eH, in the sense of distributions in D'(0,T), and
%(VO(U)"' pzt’e)Lz(Q) + (|Zt + rZ'e)l_z(rl) =0
for Ve e L2(I), in the sense of distributions in D'(0,T); as well as:

[u+F@)]|_, =u®@ +w?, u|,=u® aeinQ,
= 2% a.e.onT.

t=

The result on the existence of weak solutions to the problem
(74)-(79) is established in the following theorem using the method of
discretization with respect to the variable t .

Theorem 28. Let the conditions (33)-(37), (80)-(81) be
satisfied and

Z‘tzoz A v Zy

p,l,rec(L;),
p(x)=0, I(x)>0, r(x)>0 for xeL,.
Then the problem (74)-(79) has a weak solution (u, z).
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CONCLUSIONS

The dissertation work is devoted to the study of mixed
problems with transmission acoustic conditions for nonlinear wave
equations, as well as initial-boundary value problems for nonlinear
hyperbolic and parabolic equations with memory operators and
hysteresis nonlinearities.

The following main results are obtained in the dissertation:

- a result on the existence of global weak solutions for a mixed
problem with transmission acoustic conditions for nonlinear wave
equations with focusing sources is obtained, if p<min{q_, q_ | and

a result on the blow-up of weak solutions of this problem in a finite
time, if p>max{q1, qz}‘;

- the existence, uniqueness and exponential decay of global strong
solutions of a mixed problem with transmission acoustic conditions
for nonlinear wave equations with defocusing sources is proved; a
result on the existence of a minimal global attractor for such a
problem is obtained,

- the existence and unigqueness of solutions to the initial-boundary
value problem for a semilinear hyperbolic equation with a memory
operator is proved, a result on the existence of a minimal global
attractor is obtained,

- results on the existence of solutions to mixed problems for a system
of semilinear hyperbolic equations with memory operators and for
the Timoshenko system with memory operator are obtained; a result
on the existence of weak solutions of a mixed problem with acoustic
boundary conditions for a semilinear hyperbolic equation with a
memory operator is obtained.

41



The main results of the dissertation were published in the
following works:

1. HUcaea, C.O. CmemanHas 3amadya i1 OJHOTO
TUIIEPOOJINIECKOTO ypaBHEHUS YETBEPTOTO MOpsIIKa c
3anoMuHaroumM omneparopom // — baky: Ussectust BI'Y, cepust pus.-
Mmar. Hayk, — 2015. Ne3, — c. 88-98.

2. Hcaea, C.O. CmemanHas 3amada a1  OJHOTO
MOJIYJUHEHHOrO0 THIEPOOINYECKOT0 YPAaBHEHHUS C 3alIOMHUHAIONIUM
OIIepPaToOpoOM C aKyCTHYECKMMH TpaHUYHbIMK ycioBusmu // — Baky:
Wzsectus BI'Y, cepus ¢us.-mar. vayk, — 2017. Nel, —c. 34-43.

3. Hcaesa, C.O. CmemanHas 3ajmadya JIS OJHOM CHCTEMBI
MOJTYTUHEHHBIX TUTIEPOOIMICCKUX YpPaBHEHUH C 3alIOMUHAIOIIAMHU
omeparopamu  //  — Emem: CONTINUUM  Maremaruka,
Hudopmaruka, Odpasosanue, — 2018. Ne2 (10), — c. 35-40.

4, Hcaena, C.O. CMelmanHas  3agada  JJId OJTHOTO
KBa3WJIMHEHHOTO MapabOoJHUeCKOro ypaBHEHHS ¢ rHcTepe3rcom // —
ExarepunOypr: MexayHapoAHbI  HAyYHO-UCCIIEOBATEIbCKUN
KypHai, dacts |, — 2018. Ne9 (75), — p. 24-31.

5. Hcaepa, C.D. CmemaHHas 3agada I OJHOM CHCTEMEI C

aKyCTHYECKHMH YCJIOBHSIMU compspkenus // — CrikThiBKap: BecTHHK
CoixTeiBKapckoro  YHusepcutera, Cepus 1: Maremaruka,
Mexanuka, Uadopmaruka, O6pazoBanue, — 2018. Ned (29), — c. 34-
42.

6. MHcaea, C.D. CymecTBoBaHHE TJI00ATBHOTO aTTPAKTOpa s
OHOW 3aJauyd ¢ 3allOMMHAIOUOMM  omepatopoM //  Te3ucs
MexnyHapoiHOH KOH(EpEeHIIMM 10 MaTeMaTUKEe M MEXaHHKeE,
NOCBSIIEHHON 50-71€THI0 MHCTUTYTAa MaTeMaTUku U Mexanuku HAH
Azepbaitmkana, — baky: — 2009. — ¢. 150-151.

7. Hcaena, CO. CMemanHas  3agada O OJIHOTO
KBa3WJIMHEWHOTO TUIEPOOIIMYECKOT0 YPaBHEHMS C 3allOMUHAIOIINM
oreparopoM // Marepuanbl 4eTBEPTOM MEXIyHapOIHOW HAydHOMH
KoH(pepeHIMH “@YyHKIIMOHAIBHO - AUp@epeHnanbHble YpaBHEHUS
U UX NpuiIoxeHus , — Maxaukana: — 21 — 24 cenrts6ps, — 2009. — c.
127-128.

42



8. Hcaena, C.0. CMenrangas 3agadya I OJTHOTO
KBa3WJIMHEWHOTO THIEPOOTUYECKOT0 YPaBHEHHS C 3aTIOMHUHAIOIIUM
omeparopom //  Tesucel  MexayHapogHoOW — KOH(epeHIHH,
nocBsanieHHoi 80-netHemy roOunero akanemuka @. I'. Makcynosa

“CnexTpanbpHas Teopusi U ee npuioxkenus, — baky: — 2010. — c.
173-175.

9. Hcaesa, C.O. CmemanHas 3amada I KBa3HMJIMHEHHOIO
runepbonuyeckoro ypaBHenus // Tesucor |l MexayHnapogHoi

IKOJIbI-CeMUHAp “‘HeamHeNHbI aHaln3 U 3KCTpeMalibHbIC 3aJ1aun‘’,
— Upxkyrck: — 28 utons — 4 urons, — 2010. — ¢. 32-33.

10.  Hcaesa, C.O. Cy1ecTBoBaHue OTrpaHUYEHHOTO
MOTJIOUIAIOIIETO MHOXKECTBA JUIsl OJHOM CMEIIAHHOW 3ajadd C
3aIIOMHHAIONIMM oriepaTopoM // DYHKIIMOHATIBHBIN aHAIM3 M €ro
npuiokeHus.  Marepuansl  MexayHaponHoit — koHdepeHIuH,
nocesimenHoi 100 nernemy rodbunero akagemuka 3.M.Xamunosa, —
Bbaky: — 2011. — c. 156-159.

11.  MUcaesa, C.D. CymecTBoBaHue OTPaHUYEHHOTO
MOTJIOUIAIOIIET0 MHOXECTBA ISl OJHOW MPOOJIEMBbI C TUCTEPU3UCOM
/' Marepuanst VI MexayHaponHol HaydyHOH KOH(EpEHINU
“@yHKIMOHATBHO-TU(PepeHITnaNbHbIE YpaBHEHUS u ux
npwiokeHus, — Maxaukana: — 23 — 26 cenrsops, — 2013. — ¢. 135-
137.

12. HUcaeBa, C.D. CMemannas  3agada Ui OJHOIO
MONYTUHEHHOTO THIEePOOINYECKOTO YpaBHEHHUS C 3allOMUHAIOIINM
omneparopoM // AKTyanabHbIe TPOOJIEMbl MaTEMAaTHUKH W MEXaHUKH,
Marepuansl MexayHapoaHOM KOH(EpeHIMH, MOCBALIEHHON 55-
JIETUIO UHCTUTYTA MaTeMaTtuku u mexanuku HAH Azep6aiimkana, —
Bbaky: — 2014. — c. 180-182.

13. Hcaena, C.O. AcuMmnitoTnueckas KOMITaKTHOCTbH
MOJIYTPYIIIIBI, MOPOXKACHHON CMEIIAHHOMN 3a7a4eit InIE:
MOJTYJTHHEHHOTO THUIIEPOOIMYECKOTO YPaBHEHUSI C 3alOMHUHAIOIIAM
omepatopom // Matepuanasl MEXIYHAPOIHON  KOH(EPEHIIUU
“Ilpuxnagueie orpacnu marematuku u HWKT. HoBbeie yueOHble
texaonorun”, — I'sumxka: — 2014, — c¢. 94-101.

43



14, HcaeBa, C.D. CMemannas  3agada Ui OJHOIO
TUIEPOOTUIECKOTO ypaBHEHUS YETBEPTOrO nopsiiKa c
3alIOMHUHAIONIMM  orepaTopoM // Marepuansl peciryOIMKaHCKO
Hay4yHOU KoH(pepeHIH “AKTyaabHbIe MPOOJIEMBI MATEeMATUKH H
mexanukn”’, — baky: — 20 — 21 mas, — 2015. — c. 48-49.

15. Hcaesa, C.OD. Cmemannass 3ajmadya JJId OJHOM CHCTEMBI
MOJTYJTMHEHHBIX THUIIEPOOIUYCCKUX YpPaBHEHUH C 3allOMHHAIOIIUM

ormeparopoMm //  Marepuansl  pecmyONMKaH-CKOH  HaydyHOH
KoH(pepeHIMH “AKTyalbHBIC MPOOIEMBl MATEMATHKU U MEXaHHUKH
— baky: — 17 — 18 mas, — 2017. —c. 175-177.

16. Hcaesa, C.O3. CwmemannHas 3ajada IS OJHOIO
MONYTUHEHHOTO0 THIEePOOINYECKOr0 YpaBHEHHUS C 3allOMHHAIOIIMM
OIEepaTopoM C AaKYCTHYECKUMH TPAHUYHBIMH  YCIOBUSMH //
Marepuanst V. MexayHapoaHOH  Hay4yHOH  KOH(eEpeHIUU
“Mexaynaponnbie Konmoroposckue urenus - XIV, nocssiieHHble
100-neruto npod. 3.A.Ckomnena®, — Kopsokma: — 12 — 15 centsbps, —
2017. —c. 40-43.

17. Hcaesa, C.O. CmemanHas 3amada I OJHOM CUCTEMBI C
aKyCTMUECKMMM TpaHUYHbIMH ycioBusMmu // Marepuansr XII
MexnyHapoaHoi koHpepeHnuu “OyHaaMeHTalbHbIe U MPUKIIAIHbIE

npoOJIemMbl MaTeMaTuKu U HHpOopMaTHKu, — Maxaukana: — 19 — 22
ceHts6ps, — 2017. —c. 118-119.
18.  Hcaea, C.D. Cucrema MONyIMHEWHBIX THIEPOOTMIECCKUX

YpaBHEHMH C 3allOMHHAIOLMM omeparopoMm // Marepuainsl
pecnyOiMKaHCKOM HaydyHOU KoH(pepeHIHH “AKTyalbHble TPOOJIEMbI
MaTeMaTHKU U MexaHuku, — baky: — 2 — 3 Hos6ps, — 2017. — c. 192-
194.

19. HUcaepa, C.O. CmMemannas 3agada Ui OJHOM CHCTEMEI
NOJYIMHEHHBIX TUNEPOOIMYECKUX YPABHEHUH € 3allOMUHAIOIIUM
onepatopoMm // Marepuansl Mexaynapon-uoit  Kondepenuuu
nocBsimeHHo 100-netuto co nHa poxnenus C. I'. Kpeitna, —
Boponex: — 13 — 19 Hos16ps, — 2017. — ¢. 103-105.

20. Hcaena, C.D. CMemanHas  3agada O OJIHOTO
KBa3WJIMHEWHOTO TMapaOOJUYECKOTO YpaBHEHHUS C TUCTEpe3nucom //
Hogeiimue noCTHXEHHS M YCHEXHW Pa3BUTUS TEXHUYECKUX HAyYK,

44



Beimryck 111, COopHUK HaydHBIX TPYIOB IO UTOTaM MEXIyHAPOIHOU
HaY4YHO-TIpaKTHYECKOW KoH(pepeHmu, — KpacHogap: wurons, — 2018.
—C. 41-43.

21.  HcaeBa, C.D. CymecTBoBaHHE JIOKAJbHBIX  pEIICHUI
CMEIIaHHOM 3ajaud JUIsi BOJHOBBIX YPaBHEHHH C aKyCTHYECKUMH
ycioBusiMU compsbkenust // Marepuansl MexnyHapoIHOH HaydHO-
npakTuueckod KoHpepeHuun “CoBpeMeHHas MaTeMaTHKa H €€
npuioxenusa, YeueHckuil I'ocynmapcrBenHslii Ilemarormyeckuii
Yuusepcurert, — ['po3nsiii: — 21 — 23 oxTsa6ps, — 2018. — c. 70-72.

22. Ucaesa, C.D. CyliecTBOBaHHME JIOKAJIbHBIX PELIICHUN ISt
HEJIMHEWHBIX BOJIHOBBIX YPABHEHHMHM C aKyCTHMYECKUMHU YCIOBHUSIMHU
compsbkeHust  //  Marepuansl  pecryONMKaHCKOW — Hay4yHOM
KOH(pepeHIIH ““AKTyalabHBIC MPOOIEMBI MATEMATHKU U MEXaHHUKH
— baky: — 17 — 18 mas, — 2019. — c. 97-98.

23.  HcaeBa, C.D. CymecTBoBaHUE JOKAIBHBIX PpEIICHUH IS
HEIMHEWHBIX TUMEPOOIMUYECKUX YpaBHEHUH C aKyCTHYECKUMH
YCIOBHAMHU COMpsDKeHUs // “DyHIaMeHTalbHBIE W TPUKJIAIHBIC
npoOiemMbl  MaTemMaTukun W uHpopmatuku®, Matepuansr Xl
MexnyHapoiHOH KOH(EpeHLUH, MPUypoOuYEHHOM K S55-nmeTuro
(dakynbTeTa MaTeMaTUKM U KOMIBIOTEpHBIX Hayk, — Maxaukana: —
16 — 20 cents6ps, — 2019. — c. 74-76.

24. Ucaea, C.3. CyliecTBoBaHUE JIOKAJIBbHBIX pEHICHUN s
OJIHOTO HEJIMHEHHOTO0 YpPaBHEHMSI C aKyCTHYECKHUMH YCIOBUSMU
compspkeHust  //  Marepuansl  pecnyOlIMKaHCKOM — Hay4yHOM
KoH(pepeHmn “AKTyanabHble TPOOIEMBbI MATEMATUKH U MEXAHUKH
— baky: — 20 — 21 mas, — 2020. — c. 135-136.

25.  HcaeBa, C.D. CymecTBoBaHHE JOKAIBHBIX PEIICHUH s
OJIHOTO HEJIIMHEHHOTO0 YpPaBHEHMsI C aKyCTHYECKHUMH YCJIOBUSMHU
conpsoxenus // IV Beepoccuiickast KOHGEpEHIIHs ¢ MEXTyHAPOTHBIM
yyactueM ‘“MaremMaTuyeckoe MOJeTUPOBaHHE W MH()OPMALMOHHBIE
TeXHOJIOTMM ~, CBIKTBIBKAPCKHI IOCYTapCTBEHHBIN YHUBEPCHUTET UM.
[Mutupuma Copokuna, — CoikTeiBKap: — 12 — 14 Hos16ps, — 2020. — c.
53.

26.  Aliev, AB., lIsayeva, S.E. The existence and behavior of
global solutions to a mixed problem with acoustic transmission

45


javascript:void(0)
javascript:void(0)

conditions for nonlinear hyperbolic equations with nonlinear
dissipation // — Moscow: Doklady Mathematics, — 2018. 98 (3), — p.
555-558.

27.  Aliev, A.B., Isayeva, S.E. Existence and nonexistence of
global solutions for nonlinear transmission acoustic problem //
Turkish Journal of Mathematics, — 2018. 42 (6), — p. 3211-3231.

28.  Aliev, AB., Isayeva, S.E. A global attractor for one
semilinear hyperbolic equation with memory operator // — Moscow:
Computational Mathematics and Mathematical Physics, — 2015. vol.
55, Nel1, —p. 1823-1835.

29.  Aliev, AB., Isayeva, S.E. Exponential stability of the
nonlinear transmission acoustic problem // Mathematical Methods in
the Applied Sciences, — 2018. 41 (16), — p. 7055-7073.

30.  Aliev, AB., Isayeva, S.E. Attractors for Semilinear Wave
Equations with Acoustic Transmission Conditions // — Moscow:
Differential Equations, — 2020. 56, — p. 447-461.

31.  Aliev, AB., Isayeva, S.E. Existence and nonexistence of
global solutions for nonlinear transmission acoustic problem //
Proceedings of the 6th International Conference on Control and
Optimization with Industiral Applications, Volume I, — Baku: — 11 —
13 july, — 2018. — p. 56-58.

32.  Aliev, AB., Isayeva, S.E. Existence of local solutions for
nonlinear wave equations with transmission acoustic conditions //
“Modern problems of innovative technologies in oiland gas
production and applied mathematics”, Proceedings of the
International Conference dedicated to 90" anniversary of acad. Azad
Mirzajanzade, ANAS, Az. State Oil and Industry University, — Baku:
— 13 — 14 december, — 2018. — p. 123-125.

33.  Aliev, A.B., Isayeva, S.E. Attractor for nonlinear
transmission acoustic problem //  Spectral Theory and its
Applications, International Workshop dedicated to 80™ anniversary
of acad. Mirabbas Geogja oglu Gasymov, IMM of NAS of
Azerbaijan, — Baku: — 7 — 8 june, — 2019. — p. 31-33.

34. Aliev, AB., Isayeva, S.E. Attractor for nonlinear
transmission acoustic problem // 8" International Eurasian

46


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Conference on Mathematical Sciences and Applications Dedicated to
the 100" Anniversary of Baku State University (IECMSA-2019),
Book of Abstracts, — Baku: — 27 — 30 august, — 2019. — p. 99-100.

35. Isayeva, S.E. The mixed problem for one semilinear
hyperbolic equation with memory // — Baku: Transactions of NAS of
Azerbaijan, — 2010. vol. XXX, Ne 1, — p. 105-112.

36. Isayeva, S.E. The mixed problem for quasilinear parabolic
equation with memory // — Baku: Proceedings of IMM of NAS of
Azerbaijan, —2010. vol. XXXII, Nel, —p. 111-118.

37. Isayeva, S.E. The existence of an absorbing set for one mixed
problem with memory operator // — Baku: Transactions issue
mathematics and mechanics series of physical-technical and
mathematical sciences, — 2011. vol. XXXI, Ne4, — p. 85-94.

38. Isayeva, S.E. The existence of an absorbing set for one mixed
problem with hysteresis // — Baku: Transactions of NAS of
Azerbaijan, — 2013. vol. XXXIII, Ne 1, — p. 27-34.

39. Isayeva, S.E., Sukurova G. D. The initial-boundary value
problem for one fourth order hyperbolic equation with memory
operator // — Baku: Transactions of NAS of Azerbaijan, Issue
Mathematics, Series of Physical-Technical and Mathematical
Sciences, —2016. vol. XXXVI, Ne 1, —p. 64-73.

40. Isayeva, S.E. The initial-boundary value problem for one
system of semilinear hyperbolic equations with memory operator // —
Baku: News of BSU, series of phus.-math. sciences, — 2018. N2, — p.
26-36.

41. Isayeva, S.E. Existence of local solutions for nonlinear wave
equations with transmission acoustic conditions // — Baku: News of
BSU, series of phus.-math. sciences, — 2018. Ne3, — p. 28-44.

42.  lsayeva, S.E. The existence of a global attractor for one fourth
order hyperbolic equation with memory operator // Universal Journal
of Mathematics and Applications, — 2019. vol. II, Issue I, ISSN
2619-9653, — p. 36-41.

43. Isayeva, S.E., Rzayeva, N.A. Timoshenko systems with
memory in external force // Applied Mathematical Sciences,
HIKARI Ltd, — 2019. vol. 13, Ne2, — p. 87-101.

47



44, Isayeva, S.E. Existence of solutions of nonlinear strongly
dissipative wave equations with acoustic transmission conditions // —
Moscow: Computational Mathematics and Mathematical Physics, —
2020. 60, — p. 286-301.

45, Isayeva, S.E. Nonlinear wave equations with nonlinear
transmission acoustic condition // — Baku: Proceedings of IMM of
NAS of Azerbaijan, — 2021. vol. 47, Ne2, — p. 232-249.

46. lsayeva, S.E. Existence of a bounded adsorbing set for one
problem with hysteresis // Tesucel MexayHapoaHoi KoH(pepeHIUN
10 (1)I/ISI/IK6, MaT€éMaTUuKC M TCXHUUYCCKHUX HAYK, — HaxuueBann. —
2008. — c. 99-100.

47. Isayeva, S.E. Existence of a bonded absorbing set for one
problem with hysteresis // Abstracts of the Third Congress of the
World Mathematical Society of Turkic Countries, — Almaty: — june
30 —july 4, vol. 1, — 2009. — p. 217.

48. Isayeva, S.E., Rzayeva N.A. Timoshenko systems with
memory operator in shear force // Marepuanbl MeXIyHAPOIHON
HayyHOU koH(epeHIU “TeopeTHueckue U MPUKIAJHBIE TPOOIEMBI
matematuku’”’, — Cymraut: — 25 — 26 mas, — 2017. — ¢. 119-120.

49. Isayeva, S.E. The existence of a global attractor for one fourth
order hyperbolic equation with memory operator // Abstracts of VI
congress of the Turkic world mathematical society, — Astana: —2 — 5
october, — 2017. —p. 71.

50. Isayeva, S.E. The existence and uniqueness of global
solutions for the nonlinear transmission acoustic problem //
Marepuainst pecyOaMKaHCKON Hay4HOU KOH(pepeHINH
“AxTyanbHble TpOOJIEMbl MaTEMAaTUKN U MeXaHUKH ', — baky: — 17 —
18 mas, — 2018. — c. 55-58.

51.  Isayeva, S.E. Existence of global solutions of one nonlinear
transmission acoustic problem // Operators, Functions, and Systems
of Mathematical Physics Conference, International conference
dedicated to Hamlet Isaxanli’s 70" anniversary, Khazar University, —
Baku: — 21 — 24 may, — 2018. — p. 103-105.

52. Isayeva, S.E. Asymptotic behaviour of solutions of one fourth
order hyperbolic equation with memory operator // IX International

48


javascript:void(0)
javascript:void(0)

Conference of the Georgian Mathematical Union, — Batumi — Thilisi:
— 3 — 8 september, — 2018. — p. 135.

53. Isayeva, S.E. The existence of a global attractor for one fourth
order hyperbolic equation with memory operator // Marepuainbi
[Taroit MexmyHapoaHOW KOH(EPEHIMH, TTOCBAEHHON 95-11eTHI0 co
1 poxaenus JI [ KynpsBuesa “@yHKIIMOHAIbHBIE IPOCTPAHCTBA™,
Poccuiickuit Yuusepcurer Jpyx6s1 Haponos (PYJIH), — Mocksa: —
26 — 29 Hos16ps1, — 2018. — c. 97-98.

49



The defense will be held on 6 May 2022 at 14% at the meeting of
the Dissertation council ED 1.04 of Supreme Attestation
Commission under the President of the Republic of Azerbaijan
operating at the Institute of Mathematics and Mechanics of National
Academy of Sciences of Azerbaijan.

Address: AZ 1141, Baku, B.Vahabzadeh, 9.

Dissertation is accessible at the Institute of Mathematics and
Mechanics of National Academy of Sciences of Azerbaijan Library

Electronic versions of dissertation and its abstract are available on

the official website of the Institute of Mathematics and Mechanics of
National Academy of Sciences of Azerbaijan.

Abstract was sent to the required addresses on 30 March 2022.

50



Signed for print: 25.02.2022
Paper format: 60x84 1/16
Volume: 76060
Number of hard copies: 20

51



