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On the Strong Solvability of a Nonlocal Boundary
Value Problem for the Laplace Equation in an Un-
bounded Domain

B.T. Bilalov*, N.P. Nasibova, V.Q. Alili

Abstract. In this work a nonlocal problem for the Laplace equation in an unbounded
domain is considered. The notion of a strong solution of this problem is defined. Using
the Fourier method, we prove the correct solvability of the considered problem in Sobolev
spaces generated by a weighted mixed-norm. This problem in the classical formulation
was previously considered by E. I. Moiseev [1]. The same type of problem was considered
in the work of M. E. Lerner and O. A. Repin [2].
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1. Introduction

Consider the following nonlocal boundary value problem (so far formal) for a
degenerate elliptic equation:

Consider the following nonlocal boundary value problem (so far formal) for a
degenerate elliptic equation

Y Ugy + Uy =0, m>-=2, 0<x<27m, y>0, (1)
U(QS‘,O):f(.T), u(O,y):u(l,y) ) (2)
uz (0,y) =0, 0<zx<2r,y>0. (3)

This problem is nonlocal, and the support boundary condition are semi-infinite
lines, and one of them has a normal derivative. Such problems exhibit specific
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features compared to those with local boundary conditions. Earlier, F.I. Frankl
[3]; [4, p. 453-456] considered a problem with a nonlocal boundary condition for
a mixed type equation.

The Bitsadze-Samarskii problem [5] for elliptic equations is also nonlocal with
supports on a part of the boundary of the domain and, moreover, the supports
are free from other boundary conditions. In the work of N.I. Ionkin and E.I.
Moiseev [6], for multidimensional parabolic equations, a boundary value problem
was solved with a nonlocal condition of the form (2), was supported by the
characteristic and improper parts of the domain boundary. Problem (1)-(3) in
the classical formulation was considered in [1] and [2].

In this article, we consider problem (1)-(3) in the case m = 0, i.e. for the
Laplace equation in a weighted Sobolev space with a weight from the Macken-
houpt class. The notion of a strong solution of this problem is defined. The
correct solvability of this problem is proved by the Fourier method. It should be
noted that the study of the solvability of elliptic equations in weighted Sobolev
spaces encounters certain difficulties in comparison with the non-weighted case.
Therefore, very few works are devoted to this direction (see, e.g. [12, 13, 14, 15])
and the development of the corresponding theory is still far from being completed.

We define the notion of a strong solution for this problem. The correct solv-
ability of the problem is proved using the Fourier method. It should be noted
that the study of the solvability of elliptic equations in weighted Sobolev spaces
encounters certain difficulties compared to the non-weighted case. As a result,
very few works have been devoted to this direction (see, e.g., [12, 13, 14, 15]),
and the development of the corresponding theory is still far from complete.

2. Auxiliary facts and notation

We will use the following standard notation./N — will be the set of natural num-
bers, o = (a1; a2) € Zy x Z;— will be the multiindex, where Z, = {0; 1;...}.

Accept 0%u = %, where |a| = a1 + ag. |M|— will stand for the Lebesgue
measure of the set M; M —is a closure of the set M; C™® (M ) —are infinitely dif-
ferentiable functions on M; C§° (M) — are infinitely differentiable and compactly
supported functions in M. Throughout this paper we will assume that p’ is the
number conjugate to p, 1 < p < +o00: ]% + % = 1.

Let us define the weighted Sobolev space we need. Let v : [0,27] — (0, +00) —
be some weight function, i.e. ‘1/‘1 {0; 400} | = 0. In the sequel, we will assume
that the weight v(-) satisfies v(2m — z) = v(z), a.e. for x € (0,27) and and that
it is periodically continued along the real axis R with a period of 2.

Denote by Ly, (II) the Banach function space on IT = (0, 27) x (0, +00) with
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mixed norm

1
+oo 2 P
ey = [ ([ 1@l v@an) an, 1p <o,

Sobolev space generated by the norm

HUHWI?W = Z Haau”Lp;y(H)

o] <2

denote by W;?;u (IT). We also denote by Ly, (I), where I = (0, 27), the weighted
Lebesgue space with the norm

V£l = ( [t @pv@ dw);

We also consider a weighted Sobolev space Wp%V (I) on I, generated by the
norm

1wz, oy = Wz cy + 1My oy + 17y -

We need the class of Muckenhoupt weights A,, (I). This is the class of weights
that satisfy the condition

L \P1
sup / dt) < / v P 1> < 400,
up <|J| a1 J, 1 or

where sup is taken over all intervals J C I and |J| — is a length of the interval J.

In obtaining the main results, we will use the fact that the classical trigono-
metric system is a basis in weighted Lebesgue spaces. From the results of the
work of R.A. Hunt, W.S. Young [16], it follows that the following proposition is
true.

Proposition 1. The trigonometric system {1; cosnx; sinnx}, .y forms a basis
for the weighted Lebesgue space Ly, (I) , 1 <p<+oo & ve Ay(I).

It should be noted that similar questions regarding perturbed trigonometric
systems were studied in [17, 18, 19].

From v € A,(I), 1 < p < +o0, it follows that a continuous embedding
Ly, (I) C L1 (I) holds. As a result, it is clear that the continuous embedding
W2, () ¢ W (M) is also true. Therefore, every function u € Wy, (II) has
a trace u/srp on the boundary OII (well-defined with respect to the Lebesgue
measure on OII).

So let’s accept the following
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Definition 1. We will say that a function u € WP%V (IT) is a strong solution of
problem (1)—(3) if equality (1) is satisfied a.e. (x;y) € II, and its trace u/gn
satisfies relations (2), (3).

Let us introduce into consideration the following systems of functions

{1; cosnx; wsinna}, oy, (4)
{uo (2) 5 un (2) 5 v (2)}nen s (5)
where
L.
ug (v) = 5— (27 — x) ;un (z) = —5 (27 — x) cosnx; v, (z) = —sinnz, n € N,
2 m T

In obtaining the main result, we will essentially use the following

Theorem 1. Let v € A,(I), 1 < p < +oo. Then the system (4) forms a basis
for Ly, (I).

Proof. The dual space of Ly, (I) is Ly, (I). It is quite obvious that the
system (5) belongs to L., (/) and, moreover, it is biorthonormalized with the
system (4) (see [1]). This implies that system (4) is minimal in Ly, (I). Let
us prove that it is also complete in Ly, (I). It is obvious that if v € A, (1),
1 < p < +o0, then C§° (I) is dense in Ly, (I). Indeed

veA,(I) = Ipoe(l,400) = ve Ly (I).

Regarding this fact, one can see e.g. [7, 9, 10]. We have

/I|f|pudx < (/I\f|f’p6dx>”16 (/Iypodx>pl°.

Hence it follows that Ly, (I) C Ly, (I), where p; = ppj, i.e. it is valid

115ty < C UL, o1 -

where C' > 0 is a constant, independent of f. Since C§° (I) is dense in Ly, (I),
then it follows from the previous inequality that it is also dense in Ly, (I).

Let f € C§°(I) be an arbitrary function. Put g = % (2 —x) f(x). It is
clear that g € C§° (I). We have

1 2m 2m
= (x) (27 — z) cosnzdx = / g (x) cosnxdx =
0

_7r20
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1 1 27

27
= / d (x) sinnzdr = —
0

g" (x) cosnzdr =
n

n20

C

= \f;\g Vn e N.

2 )
n
Similarly, it is established that

i< 5. yneN,

where
1 27

fo =— (x) sinnz dx.
T Jo

Consequently, the series

1

" 2r

27 o0
F () /0 2m —x) f(x) dm+z (f;f cosnz + f, wsinnz),  (6)

n=1

converges uniformly on /. Since, according to the results of [1], system (4) forms
a basis for Lo (I), it is clear that F' = f. It follows from the uniform convergence
that the series (6) converges to f and in L., (/). This implies the completeness
of system (4) in Ly, (I).

Let us prove the basicity of system (4) in L,,, (). Consider projectors

n

Snem (f) = Z(uk, f)coska:+2(vk; flxsinkz,Yvn>0; Vm>1,
k=0 k=1

where the denotation )
™

(9; )= [ [lx)g(x)dz,

0
is accepted. We have

(uo; f) = <217TF) s (ugs f) = <7rlzcoskx; F> ,VkeN;

where F' (z) = (2r — x) f (z). Taking into account these relations, we obtain

2T —x n o2m —x
1um (Dl 1) < < = ;F)+Z( T coska, f> cos ki

k=1

+
Lpw (1)

<

Ly (1)

/1
—sinkx; 4 in k
+ x;<ﬂ_sm x; wf) sin kx
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< / from the basicity { 1; cosnx; sinnz} in Ly, (I) / <
< (IFllg,, 1)+ 2m 147 Fllp, 1)) < ellflz,,m - Yn=0; Vm=1,

where ¢ > 0 is an absolute constant (may be different in different places). Conse-
quently, the projectors {Sy.,} are uniformly bounded, and as a result, it follows
from the basicity criterion that the system (4) forms a basis for Ly, (I). Theorem
is proved.

In obtaining the main results, we will essentially use the following Minkowski
inequality (see, e.g., [20, p. 24]), for the integrals.

Proposition 2. [20]. Let (My; o, ; i), k = 1, 2- be measurable space with
o-finite measure py and F (z;y) p1 X pe be a measurable function. Then

H [ F @)

< [ Iy o ().

Lp(ug)

where )
P 3
11,0 = ( [ 157d) "
3. Main results
Let us first take the notation I'y = {(0;y): Yy >0}, and Ty =
{(2m; y) , Yy > 0}. Consider the following nonlocal problem
Au:07 (.’L‘;y)GH, (7)
U/I:f7 u/FOZU/F%v ux/pozo. (8)

Under the solution of this problem we mean a function u € Wp%V (IT), satisfying
a.e. in II the equality (7) and with respect to the traces on the boundary 0II =
I'JToUT2x of which relations (8) hold. First we prove the uniqueness of the
solution. It is true the following

Theorem 2. Let v € Ay(I), 1 < p < 400, and f € W7, (I) & f(2m) =
f(0) = f'(0) = 0. Then if the problem (7), (8) has a solution in W2, (II), then
it 15 unique.

Proof. Let u € Wgﬂ, (IT) be some solution of the problem (7), (8). Let
y > 0 be an arbitrary number and assume I'y = {(x;y) : x € I}. It is clear that
u € W (IT). The trace of a function on Iy is denoted by uy : u, = u/p,. Let
us show that u, € Ly, (I). Put II, = {(2;¢) : v € I & £ € (0,y)}. It is obvious
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that u € Wp%l, (IT,). It follows from the condition w € A, (I) that w € A, (II,)
(it is verified directly) and as a result C* (IL,) is dense in W7, (IL,). Let’s
first assume that v € C (ﬁy). Without loss of generality, we assume that
u(z;0) =0, V x € I. Consequently

Yy .
uy(x):u(a:;y):/ E)uéaz,f)dg, a.e. x € 1.
0 ¢
Applying here the Minkowski inequality (Proposition 2), we obtain
0
o i < 5 <ol -
v ay Ly (Iy) 7

Using this estimate and the fact that C*° (ﬁy) is dense in Wp%l, (I1), it is proved
in exactly the same way as in the non-weighted case that the trace V u € W}%V (11)
on I'y satisfies the estimate

Iyl < lellwz, -

If u satisfies (7), then it is known that w € C*° (I) = wuy (z) =u(z;y) , Vo € I.
Suppose u (+;-) is a solution to problem (7), (8). Consider

uo (y) = o= [ u(z;y) (2m —x) da |

un (y) = =5 fo% u(z;y) (2r — x) cosnx dx | 9)

vn (y) = 1 OZWu(ac;y) sinnzdr, ne N .

It is quite obvious that for a.e. x € I it holds

+h :
u(z; y+h) —u(z;y) :/y Mdt , Vy>0.
y ot
Since g—; € Ly (II), it follows from Theorem 1.1.1 of the monograph [8, p.13] that
the functions {u,; v, } are twice differentiable and can be differentiated under the
integral sign. Considering that u satisfies equation (7), multiplying it by sinnx
and integrating over I, for v, (-) we obtain the following relation

o (y) = nPun (y) =0, y > 0. (10)

Let ao € C*° (R) be such that a(y) = 1 in a sufficiently small neighborhood
of the point y = 0 and a(y) = 0, Yy : |y| > 1. Considering the function
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F(z;y) = a(y) u(z;y), we get F (x;y) =0,V y > 1. Therefore, in the following
calculations, we will assume that u (z;y) =0, ¥ y > 1. So, we have

1 .
u(x;y):—/ Wdf, ae zel=
y

= f(:p):u(x;O):/O auéagg)df, a.e. x € 1.

mmmﬂmséy

From this it immediately follows

[tz - £ |m<//

Since |{(x;&) : (z;&) € I x (0,y)}| — 0, y — +0, then it is clear that wu, (-) —
f(), y— +0,in Ly (I). Tt is easy to see that v, () € W2 (0, +0c0). Hence it

follows that 3 hIEOVn (y) = v, (0), Vn € N. It follows directly from these two
Yy—

Consequently

Oou (z;€)
73

' d¢, a.e. x €.

a“ u(w;8) ’ d¢ du.

relations that
1 27

v (0) = — f(z)sinnzxdr, VneN, (11)
™ Jo
is true. On the other hand

2
o) =00 0) = = [ (wlasy) —uai0) sinnedo =

1 27 Yy .
— / / Ou (1) sinnzdtdr =
Y 0 875

da: dy < +o00.

= |vn (y) — v (
From this it immediately follows

sup |vp, (y)| < 4o0. (12)
y>0

The solution to problem (10)-(12) is

1 21

v (y) = - ; f(z)sinnzxdre ™ ¥V ne N. (13)
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Similarly for u, we obtain

1 2w
uo (y) = o J, (z) (27 — x) dz,
1 2m 2w
up (y) = 2, (z) (2 — ) cosnz dz e_”y+; ; (z) sinnxdrye ™,V n € N.

(14)
These relations directly imply the uniqueness of the problem. In fact, if f = 0,
then it is clear that ug (y) = un(y) = vn(y) = 0, Yy > 0, Vn € N. As
Uy € Ly, (I), Vy > 0, then from the basicity of the system (4) in L, , (1) follows
that uy (z) =0, a.e. € I and Yy > 0. Hence it follows that u (z;y) = 0, a.e.
(z;y) € II. Consequently, the homogeneous problem has only a trivial solution,
and this proves its uniqueness.
Theorem is proved.

Let us prove the existence of a solution. The following theorem is true.
Theorem 3. Let v € Ay (I), 1 < p < 400, the boundary function f satisfies

the conditions

fEWZ, (1) & £(0) = f(2m) = £ (0) = 0.

Then problem (7), (8) has a (unique) solution in W7, (I) and moreover it is
valid the following estimate

<
[u HW,?;V(H) <cllf ||Wg;y(1) )
where ¢ > 0 is a constant independent of f.

Proof. Consider the function

o0

u(z;y) =uo(y)+ Y (un(y) cosnz + vy, (y) xsinnz) , (x;y) €11,

n=1

where the coefficients ug (+) , un () , vn(-) , n € N, are defined by expressions
(13), (14). Let us show that the function u belongs to W2, (II). First, consider
the series

o0
up (x;y) = Zvn (y) x sinnx.

n=1

We have (formally differentiating term by term)

32u1 > " .
el Zvn (y) x sinnx,
y n=1
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au1 00 . 0
o Z vp (y) sinnz + Z nu, (y) * cosnx,
x

n=1 n=1

8%“ > >
922 2 Z nuy, (y) cosnx — Z n?vy, (y) = sinnz.
n=1 n=1

Denote

[e.e]
w(z;y) = Zn%n (y) x sinnx.
n=1

Let us show that the function w (-;-) belongs to Ly, (II). Set

1 27
fa=— (x) sinnz dx,
T Jo
consequently
vy (y) = fne”™, neN.
We have
1 21 1 27
o= [T @ deosns =L (sem - 1O - [ ) cosneds ) -
™ Jo ™ 0
1 2 2
— / _ " s _ iz
= ] I (z) cosnazd:v—w ; (x) smn:cd:c—ﬁ o
Thus
o
w(z;y) = Z Mr sinnx e ™.
n=1

It is known that if v € A, (I), then 36 >0 : v € L145(I) (see e.g. [10, p. 395]).
Let a=1+9, é + % = 1. Applying the Holder inequality, we obtain

1
2m 2w o
/ |w<x;y>|Pu(x>dec</ rw<x;y>|mdx> ,
0 0

where ¢ is a constant independent of w (+;-). Consider the following cases.
I. p > 2. Consequently p; = pa’ > 2. Applying the classical Hausdorff-Young
theorem (see e.g. [21, p. 154] ) from the previous inequality, we have

</027r ol i) dx); =¢ </02“ w (z;9)[" dx>pll <
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o0 i’ o0
" —ny P 1 1" ,—ny
<c E | frle ™| §c§ | fre ™.
n=1 n=1

From this it immediately follows

0 +o00 0 |f//|
loly m<e> \f;{{/ edy = 3 nl,
nr n=1 0 n=1 n

Consequently
1
lwlly, a <c (Zzo:l |f7’1’|6> ? </ the Hausdorf-Young inequality /
piv

<clf” (15)

ooy
where > 2 is some number, %—l—é:l. It is known that if v € A, (1), 1<
p<+oo,then3dg: 1<g<p =vei ). Letrzg = 1<r<p We

have
1 ) 1
D 1 1 q 7
[ 1ol da= [ 1gf% vivide < (/ rgpudx)q (/dx) |
I I I I

Taking into account —%/ = 1%‘1, from v € A, (I) follows that VT € Ly (I).
Then it follows from the previous inequality that f € L, (I) and

l9llz, oy < cllgllz,.a>

holds, where ¢ > 0—is a constant independent of g. It is quite obvious that
continuous embedding L, , (I) C L, (I) is true for V a € (1,7). Let’s take 3 so
large that 1 < 8’ < r is fulfilled. Then from (15) we get

HwHLp;V(H) <c Hf”HLW(I) :

IL. p € (1, 2) Following the expression a = 1+, we choose 6 > 0 so small that
p1 = pa’ > 2 holds (this is possible because of @ — 1+ 0 = o — +00). Based
on this inequality, the further reasoning is carried out in a completely analogous
way to case I.

Other series in the expression u (;-) are evaluated in a similar way and as a
result we get

lullwz, an < el 0

where ¢ > 0 is a constant independent of f. That w (-;-) satisfies equation (7) is
verified directly.
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Let’s check the fulfillment of the boundary conditions. The trace operators
on I'g; I'or and I, will be denoted by 6y; 02, and 67, respectively. Let us show
that f;u = f. From the boundedness of the operator 6; € [Wgw (I1) 5 Ly, (I)]
it follows that if u,, — u in Wz?;v (IT), then wy, /1 — w/r in Ly, (1) .

So, consider the following functions

m

um (23y) = o (y) + > (n (y) cosnz + v, (y) wsinnz) , (z;y) € ,m € N.
n=1
We have
Ortm = U (2;0) = ug (0) + Z (un, (0) cosnz + vy, (0) xsinnz) =
n=1
1 2m
=5 ; f(z)(2m —x)dx+
m 1 27 1 27
+ Z — f(z) (27 — x) cosnxdx cosnz + — (x)sinnzdr xsinne | .
n=1 m 0 T Jo

From the basicity of the system (4) in L., (I) it follows that 0;u,, — f, m — oo,
in Ly, (1) and as a result Oyu = f.

Consider the operators 0y and 6o,. It is absolutely clear that Ggu,, = Oortm,,
Vm € N. It is obvious that Oyu,, — Opu and Oo thy, = Ooru = Ogu = Oz u.
Thus, the boundary conditions (8) are satisfied.

Theorem is proved.

Acknowledgement

This work was supported by the Azerbaijan Science Foundation. Grant No:
AEF-MGC-2024-2(50)-16/02/1-M-02.

References

[1] E.I. Moiseev, On the solution of a nonlocal boundary value problem by
the spectral method. Diff. uravn, v.35, No.8, 1999, pp. 1094-1100.

[2] M.E. Lerner and O.A. Repin, On Frank!-type problems for some elliptic
equations with degeneration of various types. Diff. uravn., v.35, No.8, 1999,
pp. 1087-1093.



104

[3]

[10]

[11]

[12]

[14]

B.T. Bilalov, N.P. Nasibova, V.Q. Alili

F.I. Frankl, Flow around airfoils by a stream of subsonic velocity with su-
personic zones terminating in a straight-line condensation shock. Prikl. Mat.
Mekh., v.20, No.2, 1956, pp. 196-202.

F.1. Frankl Selected works on gas dynamics, Moscow, 1973, 711 p.

A.V. Bitsadze and A.A. Samarsky, On some simplest generalizations of linear
elliptic boundary value problems. Reports of the USSR Academy of Sciences,
v.185, No.4, 1969, pp. 739-740.

N.I. Ionkin and E.I. Moiseev, A Problem for Heat Transfer Equation with
Two-Point Boundary Conditions. Differents. Uravneniya, v.15, No.7, 1979,
pp- 1284-1295.

R.R. Coifman and C. Fefferman, Weighted norm inequalities for maximal
functions and singular integrals. Studia Mathem., v. L1, 1974, pp. 241-250.

S.G. Mikhlin, Linear partial differential equations. Moscow, Visshaya shkola,
1977 (in Russian).

E.M. Dynkin and B.P. Osilenker, Weight estimates of singular integrals and
their applications. VINITI Series in Mathematical Analysis, v.21, 1983, pp.
42-128 [in Russian]

J. Garcia- Cuerva and J. L. Rubio De Francia, Weighted Norm Inequalities
and Related Topics. North- Holland, 1985, 615 p.

S. Mizohata, The Theory of Partial Differential Equations. Moscow, 1977,
504 p.

B.T. Bilalov, Y. Zeren, S.R. Sadigova and C. Seyma, Solvabil-
ity in the small of m-th order elliptic equations in weighted grand
Sobolev spaces. Turkish Journal of Mathematics, v.46, No.6, Article 3.
https://doi.org/10.55730/1300-0098.3255.

T.Q. Bui, T.A. Bui, and X.T. Duong, Global regularity estimates for
non-divergence elliptic equations on weighted variable Lebesgue spaces.
Communications in Contemprory Math., 2020, 2050014, DOI: 10. 1142/
S0219199720500145.

S.S. Byun and M. Lee, On weighted estimates for elliptic equations with
BMO coefficients in non-divergence form. Inter. Journ of Math., v.26, No.1,
2015, 1550001, DOI: 10. 1142/ S0129167X15500019.



[15]

[16]

[17]

[18]

On the Strong Solvability of a Nonlocal Boundary Value Problem 105

H. Dong and D. Kim, On L,- estimates for elliptic and parabolic equations
with weights. Trans. of Amer. Math. Soc., v.370, No.7, 2018, pp. 5081-5130.

R.A. Hunt and W.S. Young, A weighted norm inequality for Fourier series.
Bull. Amer. Math. Soc., 1974, pp. 274-277.

B.T. Bilalov and S.G. Veliev, Bases of eigenfunctions of two discontinuous
differential operators. Diff. uravn., v.42, No.9, 2006, pp. 190-192.

B.T. Bilalov and F.A. Guliyeva, On the frame properties of degenerate
system of sines. Journ. Funct. Spaces and Appl., 2012, ID 184186, doi:
10.1155/2012/184186.

B.T. Bilalov and F.A. Guliyeva, A completeness criterion for a double system
of powers with degenerate coefficients. Siberian Math. Journ., v.54, No.3,
2013, pp. 419-424.

J. Garnett, Bounded Analytic Functions. Moscow, 1984, 470 p.

A. Zygmund, Trigonometric Series. Moscow, 1965, 538 p.

B.T. Bilalov, T.M. Ahmadov, Y. Zeren and S.R. Sadigova, Solution in the
Small and Interior Schauder-type Estimate for the m-th Order Elliptic Oper-
ator in Morrey-Sobolev Spaces. Azerb. J Math., v.12, No.2, 2022, pp. 190-219.

L. Caso, R. D’Ambrosio and L. Softova, Generalized Morrey Spaces over
Unbounded Domains. Azerb. J. Math., v.10, No.1, 2020, pp. 193-208.

T.Y. Mammadov, Strong solvability of a nonlocal problem for the Laplace
equation in weighted grand Sobolev spaces, Azerb. J Math., v.13, No.1, 2023,
pp. 188-204.

Bilal T. Bilalov

Odlar Yurdu University, Baku, Azerbaijan

Institute of Mathematics and Mechanics, The Ministry of Science and Education, Baku,
Azerbaijan

Yildiz Technical University, Istanbul, Turkiye

Azerbaijan University of Architecture and Construction, Baku, Azerbaijan E-mail:
b_bilalov@mail.ru

Natavan P. Nasibova

Azerbaijan State Oil and Industry University, Baku, Azerbaijan
Western Caspian University, Baku, Azerbaijan

E-mail: natavan2008@gmail.com; natavan.nasibova@asoiu.edu.az



106 B.T. Bilalov, N.P. Nasibova, V.Q. Alili

Vafa G. Alili
Baku Slavic University, Baku, Azerbaijan
E-mail: alilivefa@mail.ru

Received 03 September 2024
Accepted 17 February 2025



