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GENERAL CHARACTERISTIC

Actuality of the work and the degree of elaboration. An active
development of numerical methods for solving hypersingular integral
equations is of considerable interest in modern numerical analysis.
This is due to the fact that hypersingular integral equations have
numerous applications in acoustics, aerodynamics, fluid mechanics,
electrodynamics, elasticity, fracture mechanics, geophysics and etc.
Therefore the construction and justification of numerical schemes for
approximate solutions of hypersingular integral equations is a topical
issue and numerous works are devoted to their development.The
development of constructive methods for solving hypersingular
integral equations is impossible without studying the properties of
hypersingular integral operators contained in these equations, and is
associated with the approximation of such operators, which indicates
the actuality of the subject of dissertation research.Hypersingular
integrals were introduced by J. Hadamard for the solution of the
Cauchy problem for a linear partial differential equations of a
hyperbolic type.They also arise in solving Neumann problem for the
Laplace equation, in solving integral equations of the linear theory
of a bearing surface, in inverting generalized Riesz potentials, when
presenting some classes of pseudo-differential operators and in other
areas of mathematics and mechanics.

Approximations of hypersingular integrals and the
construction of constructive methods for solution of hypersingular
integral equations with Cauchy kernel and Hilbert kernel, the theory
of which is well described in monographs are devoted to the works
of A.Yu. Anfinogenov, I. K. Lifanov, P.I. Lifanov , R. B. Babaev, B.
V. Boykov , G. M. Vainikko, 1. K. Lifanov, L.N. Poltavsky, K.
Buhring, Z. Chen, Y. Zhou , D. Chien, K. Atkinson , M. De Bonis,
D. Occorsio , V. Ervin, E. Stephan, S. Fata, L. Gray, H. Feng, X.
Zhang , J. Huang, Z. Wang, R.Zhu , AVKostenko, R. Kress, A. Sidi
and other authors. In 2006 a new constructive method for solution of
the singular integral equations with the Cauchy kernel was worked
out by R.A.Aliev, in which singular integral operator is
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approximated by operators preserving main properties of the singular
integral operator and that enables to obtain more exact results than
traditional methods in terms of the convergence rate and requires less
computational cost because it allows to find approximate solutions
explicitly (and not at individual points), herewith the coefficients of
the corresponding systems of linear algebraic equations are easily
calculated. In present dissertation work this constructive method is
worked out and is justified for solution of hypersingular integral
equations with Hilbert kernel and Cauchy kernel in the space of the
square-integrable functions and and in the Holder spaces.

The aim and objectives of the research. The aim of the
work is construction of approximation hypersingular integral
operator with Hilbert kernel and Cauchy kernel, construction and
justification of constructive method for solution of hypersingular
integral equations with Cauchy kernel and Hilbert kernel.

Research methods. In order to justificate the results obtained
in the dissertation the methods of the theory of functions of a real and
complex variable, the theory of singular integral equations,
functional analysis, linear algebra and the general theory of
approximate methods are used.

Key points of the dissertation which will be defended.

e the error estimates of the approximation of hypersingular
integral operators with Cauchy kernel and with Hilbert kernel in the
space of the square-integrable functions and in the Holder spaces;

e presentation and justification of the constructive method for
solution of hypersingular integral equations with Hilbert kernel and
with Cauchy kernel in the space of the square-integrable functions;

e the application of given constructive method to the 2D inner
Neumann problem for Laplace equation and using numerical
experiments to show the efficiency of this method;

Scientific novelty of the research.

e the error estimates of the approximation of hypersingular
integral operators with Cauchy kernel and with Hilbert kernel in the
space of the square-integrable functions and in the Holder spaces;

e the constructive method for solution of hypersingular integral
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equations with Hilbert kernel and with Cauchy kernel is presented
and justificated in the space of the square-integrable functions;

e the application of given constructive method to the 2D inner
Neumann problem for Laplace equation is described and results of
numerical examples confirming the efficiency of the proposed
method are given.

Scientific and practical value of the research. The
dissertation is mainly theoretical in nature. However, the obtained
results can find application in the further development of numerical
methods for solution of the singular integral equations and other
problems of analysis. They can also be applied in solving various
theoretical and applied problems, which are reduced to hypersingular
integral equations considered in the dissertation.

Presentation and application of the work. The main results
of the dissertation have been presented at the seminars of the chair
of “Mathematical analysis” in BSU (Chief of the chair D.p.-m.s.,
prof. Mirzoev S.S), at the seminars of the chair of “Theory of
functions and functional analysis” in BSU (Chief of the chair D.p.-
m.s., prof. Akhmedov A.M), at the seminars of the department
“Theory of functions” in IMM NAS of Azerbaijan (Chief of the dep.
prof. Ismailov V.E), at international conference devoted to the 85™
anniversary of prof. Y.Mammadov, Baku 2015, at international
conference on “Actual problems of theoretical and practical
mathematics” devoted to the 100" anniversary of M.L.Rasulov,
Baku 2016, at the republican conference on “Functional analysis and
its applications”
devoted to the 100" anniversary of A.Habibzade, Baku 2016, at
international conference on “Modern problems of Mathematics and
Mechanics” dedicated to the 80-th anniversary of academician
A.Gadjiev, Baku 2017, at 1st International Science and Engineering
Coference, Baku 2018, at international conference on “Operators,
Functions and Systems of Mathematical Physics” , Baku 2019, at
international conference on “Operators in general Morrey-Type
Spaces and Applications” (OMTSA 2019), Turkey,2019.


http://mechmath.bsu.edu.az/en/content/ali_akhmedov_534
http://mechmath.bsu.edu.az/en/content/ali_akhmedov_534

Personal contribution of the author. All the results obtained
in the dissertation belong to the author.

The name of the institution where the thesis is performed.
The work was performed at Baku State University the department of
" Mathematical Analysis"

Publications of the author. The main results of the
dissertation work have been published in 13 author’s publications
given at the end of the report.

Structure and volume of the dissertation (in signs,
indicating the volume of each structural subsection separately).
The total volume of the dissertation —211669 signs (the title page-
1706 and content 570 signs, introduction — 36000 signs, chapter I —
64000 signs, chapter I — 42000 signs, chapter III — 66000 signs
Conclusion — 1393 signs). The list of references consists of 71 names

CONTENT OF DISSERTATION

The disertation is divided into introduction, three chapters,
conclusion and references. The first chapter describes the
approximation of hypersingular integral operator with Cauchy
kernel in the space of the square-integrable functions and in the
Holder spaces. The main results of this chapter were published in the
following publications of the author [1, 2, 3, 4,5, 10,11].

Consider the following integral

A e, ves,, (1)

7 (T - t)
where the function (p(t) is Lebesgue integrable on the unit circle
Vo = {t eC :|t| = 1}. If we define the integral (1) similar to the Cauchy

integral, even if @=1, we get the divergent integral. Therefore,

using the idea of Hadamard finite part integral, we will define the
integral (1) as follows.
Definition 1. If a finite limit



lim[ [ (c"(f) dr+2l¢(t)J,

2
c—0) .
T t) -t

exists, then the value of this limit is referred to as the hypersingular

o(r)
(z—1)
| olz)

(r—t)2 dr, where y, :{reyo :|z'—t|>5}.
70

In 1.1 the hypersingular integral (1) is investigated, as well
as the integrals of the form

integral of the function

on the circle y, and is denoted by

[ ¢’(T)mdr ,m23,meN,tey,, 3)
s (r—1)

4d¢(|Tm)M T, meN,ﬂe[O,l), tey, . 4)
Tt

where the function ¢(¢) is Lebesgue integrable on the circle 7, .
Theorem 1. If the function ¢ is absolutely continuous on ¥, ,

then the hypersingular integral (1) exists for almost all # € y, and
the following integration by parts formula holds:

J(T(o_(z—))z dr= %Tt)dz_ .

70 70
Theorem 2. If the function ¢ has absolutely continuous
(m—2) order derivatives on J, , then the hypersingular integral
(0.3) exists for almost all # € y, and the following equality holds:
I ¢(T)m dr = ! I 4 (T)H dr .
YO(T_t) m_l}’o(r_t)

Corollary 1. If the function ¢ has absolutely continuous

(m - 2) order derivatives on ¥, , then the following equality holds:



J. olr) dr ! J‘cp(ml)(r)dr, 4)
s (r—t)" (m—1) , Tt
where the integral standing in the right side is understood in the
sense of the Cauchy principal value.
Corollary 2. If the function ¢ is differentiable (m—l) times
at the point ¢, then the following equality holds:
G,
( ) (0(7)_2 il (T_t)
J’ e dr = J‘ =0 1
A i A P
where the integral standing in the right side is understood in the
sense of the Cauchy principal value.
Theorem 3. If the function ¢(¢) is differentiable (m—1)

times on the circle ¥, and (m—1)th derivative of the function ¢(¢)

ar,

is Holder continuous with exponent A<a<I in p,, then the
hypersingular integral (3) exists forall £ € y, .
Let L,(y,) be the space of the functions square-integrable on

7, with the norm

1

1 2 )

el 2 e
and let ,"(y,) be the space of functions having (m—1) th order
absolutely continuous derivative on y, and whose m th order

derivative belongs to L, (y, ), with the norm

nio) ;H‘”(k) L)

Since the singular integral operator with Cauchy kernel is
bounded in L,(y,) , then from the Theorem 1 and Corollary 1 it

||(D w3 (vo) - ||(0

follows that the following hypersingular integral operator with
Cauchy kernel



( (/’Xf E— 4dr tey,, m=23,.

~1)"

(in the case m =2 we w111 denote Hp=H (2)g0) is bounded from the
space W,""(y,) into the space L,(y,), and
<
i) T (m—1)
In 1.2 the approximations of hypersingular integral

(m)

and is described that these approximations preserve the main
properties of the hypersingular integral operator and is obtained an
appropriate estimate of the convergence.

Consider the sequence of operators

Je,

operator H with Cauchy kernel are given in the space L, (7/0)

z(/’(z'z/m) ( )AT()

2k+1 2 te}/07 :1927"7

70 k=0 (T2k+1 _t)
where ) = ¢ .1 A7) = (r,&)l —z )L= 2ie*” -t-6, k=0,2n,
sin @
0=""
n

Theorem 4. The operators H,, n=12,... is bounded from

the space W, (70) on the space L, (7/0), then the following relation
holds:
|42,

Wz 70)—>L2(J/0) < 1 ’

and for any algebraic polynomial q qu t* with degree less

—n+1

than n—1 the following relation holds

(H,q)t) = (Hg)).



— 1s the best
W;’(}/o)

Suppose that E, ((p; w,)" )= inf ||g0()— q,0)
q¢T,
approximation of the function (peWz’"(yo) by polynomials 7,

where T, — is the set of polynomials of the form Zaktk ,a,€C.
k=—n

Theorem 5. The sequence of operators {Hn} strongly

converges to the operator H , and, for any ¢ €W, (;/0) the following
estimate holds:

i S 2B, 02
Now consider the sequence of operators
(HO)0)=(H,5,H,)p(t).

(")) :(HnSan >)¢( ), m=345,..,
where

(1)
(S ¢) zli (TZkH) Afgk)ﬂ, ZE]/O, n—12

7 k=0 TZk+l —1
Theorem 6. The operators H ,E’”), n=12,.. is bounded from
the space W,"(y, ) into the space L, (7/0), then
T

"0 )Ly (7 )

and for an—l for any algebraic polynomial
n—m+1

q(t): qut" with degree less than n—m+1 the following

k=—n+m-1
(2g)0) = (1")q ).

Theorem 7. The sequence of operators {H (’")} strongly

n

relation holds:

=1
converges to the operator H'"™ and, for any ¢ e W,"" 1(7 ) the
following estimate holds: HH p—H" go” | S2E, m+1( W 1)
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Let A,(7,), 0<a<1 be the space of Holder continuous

functions with exponent o in y, 1e. the space of the functions
which satisfies the following condition

M >0 Vit,t,ey,: |(0(t1)—g0(t2)|SM~|t1 -,
with the norm

a
2

lel., =lel. +#lp:a),

lole)- e, )
|t1 B t2|
From the Theorem 3 it follows that, if @e A (y,) then

hypersingular integral (4) exists for all z € y,, where A <a <1.

where

o, =maxiole). hloia)= sup{ by €ty }

In 1.3 the approximations of hypersingular integral operator
with Cauchy kernel are given :

(H(””gDXt):l' §0(TI)M dr, 0<A<1,
71170|r—t

in the space A_(,), where peA_(y,), A<a<1 and is obtained

an appropriate estimate of the convergence.

The second chapter describes the approximations of
hypersingular integral operator with Hilbert kernel in the space of
the square-integrable functions and in the Holder spaces. The main
results of this chapter were published in the following publications of
the author [ 7,12, 13].

Consider the integral

27
J.csc2 TTt(p(r)dr, teT, =[0,27], (5)

0
where (p(t) is Lebesgue integrable on 7|, and 27 -periodic function.

Therefore, using the idea of Hadamard , we will define the
integral (5) as follows:
Definition 2. If a finite limit

11



£—>0+
t-1 t+e 3

(T -t Tt 8o(7)
lim [ j csc’ T(p(r)dr + j csc’ Tgp(r)dr -7,

exist, then the value of this limit is referred to as the hypersingular

Hilbert integral of the function csc’ z-—_t(p(r) on 7, and is denoted
2

2

-t
by [ese’ Z—Lo(r)dr.
y { —olr)
If according to the definition we will calculate the

T—1

2
hypersingular integral '[ csc’ dt , where t € T}, then we get
0

2z
Icsczr—_tdr:O. (6)
0 2
From the equality (6) follows that existence of hypersingular

2
. T—t . . . .
integral Icscz —(p(r)d 7 is equivalent to existence of the integral

J‘csc2 T—_t[go(r)— o(¢)ldz in the sense of the Cauchy principal value,

and the following equation holds:
2

2z
J‘csc2 T—_tga(z')dr = J.csc2 T—_t[ga(z')— o(t)ldz,
0 2 0 2
where the integral standing in the right hand side is understood in the
sense of the Cauchy principal value.
In 2.1 the hypersingular integral (5) is investigated as well as

the integrals of the form

2
Icsc’"TTt(p(r)dr, m=3, meN, tel,, (7)
0
m+A

(p(z')dz', meN, /16[0,1), teT, , (8)

27|

J

0

T—1t
csC——
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where the function ¢(t) is Lebesgue integrable on 7},.
Theorem 8. If the 27 -periodic function ¢(¢) is absolutely
continuous on 7, then the hypersingular Hilbert integral (5) exists

for almost all ¢ €7, and the following integration by parts formula
holds:

27

2z
'([cscz TT_t(o(r)dr =2 '([cthT_t(p'(f)dr :

Let L,=L,(T,) be the space of the functions square-
integrable on 7, with the norm

1
1 2z 2
e an)

and let W,"(T,) — be the space of 27 -periodic functions having

o

(m—1)th order absolutely continuous derivative and whose mth
order derivative belongs to L, (7} ), with the norm

W) ||¢||LZ(T0) + ;H(/’(HHLZ(TO) '

Since the hypersingular integral operator with Hilbert kernel
is bounded in the space L,(7,) , from the Theorem 8 it follows that,

the hypersingular integral operator with Hilbert kernel

o

(I—NIgoXt) = iTcsc2 T—_t(p(r)dr ,teT
4z 3 2 ’
is bounded from the space ¥, (T, ) into the space L, (T} ), then
1], <
"y (Ty )1, (Ty)

In 2.2 the approximations of hypersingular integral operator
H with Hilbert kernel are given in the space L,(Z,) and is described
that these approximations preserve the main properties of the
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hypersingular integral operator and is obtained an appropriate
estimate of the convergence.
Consider the sequence of operators

(ﬁn(pXt) = %’icsc2 ”(%n-’_l)[(p(t + Mj - (p(l‘)} teT,,

k=0 n
n=12,..
Theorem 9. The operators ﬁn,n =1,2,... is bounded from
the space W, (T,) on the space L, (T} ), then

1A, <1,

Wy (1) )Ly (T, )

and for any trigonometric polynomial q(t): que”“ with
f=—

degree less than n the following relation holds
(anXt) = (Hth) .
. 1 o .
Suppose that E, ((p, w, )_ ;ETf”(p()_ q, (')”WE(TO) — is the best
approximation of the function ¢ € W, (T 0) by polynomials from 7,

where T,— is the set of trigonometric polynomials of the form
Y e, a eC.
k=—n

Theorem 10. The sequence of operators {FI} strongly

converges to the operator H , and, for any @ e W, (T O) the following
estimate holds:

|ip-H,0|  <2E,(@w,).

L, (1)

Let A,(T,), 0<a <1 be the space of 27 -periodic, Holder
continuous functions with exponent & on the real axis. Note that, if
peA,(T,), 0<A<a<l, then  hypersingular integral
A+l

o(t)dz exists forall teT,.

27|

J

0

T—1t
csC——
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In 2.3 the approximations of hypersingular integral operator
with Hilbert kernel are given'

(i79)0)= I

in the space A (T,), where @ € Aa(TO), A<a<1, and is obtained

an appropriate estimate of the convergence.

The third chapter is devoted to the constructive solution of
hypersingular integral equations with Hilbert kernel and Cauchy
kernel in the space of the square-integrable functions. The main
results of this chapter were published in the following publications of
the author [6, 8, 9, 12].

In 3.1 the constructive solution of hypersingular integral
equations with Cauchy kernel is given. At First the simple
hypersingular integral equation of the first kind with Cauchy kernel
is considered:

1+

p(r)dr, 0< A <1,

—t
esc L
2

(Ho)e)= 1), €7, ©)
where f €L, (;/0). From the theorem 1 follows that, the equation (9)
is solvable onlyif

[z =0. (10)

If the condition (10) is satisfies, then the equation (9) has
infinitely many solutions in the general form

o'=d,- 3 2V (fl)rk“ saliicmg),

where ¢, (f =—I 7 f(r)dz - are Fourier’s coefficients of the

function felL, (;/0) and d,- 1s a constant.
Therefore if we consider the following equation

(o)) = 1)~ [ £(ehie. 1 €7, (12)

15



L.j@dwdo (13)
27 T

then the equation (12) - (13) is unique solvable for any
(f:d,)e L,(y,)x C and the solution of (12) - (13) is the
function ¢ (¢) defined by (11).
We will look for approximate solution of the equation (12) -

2n-1 P
(13) in the form Za,ﬁ”)(t)f(r,(j)), where a"(t), k=02n—1 -are
k=0

continuous functions, ne N .
Therefore consider the following equation

(Hn¢)(t)=f(t) > te}/(), (14)
where f €L, (7/0 ) For any ¢ € y, if the following equality holds

2n—1

2 (H,)F) 7, =0

p=0
then we obtain that, the equation (14) is solvable only if
2n-1
> fE)- =0. (15)
p=0

If the condition (15) is satisfies, then the equation (14) has infinitely
many solutions in the form

Zd £ + Z “eL(y,). (16)

k=—00 :uk+1
From the above mentloned it follows that the equation
(H go)(t ——Ze”g’ ( ) L EEY, (17)
1 2n-1 )
2w 207)=d. (18)

is unique solvable forany (f;d,)e L,(y,)x C and the
solution of (17) - (18) is the function ¢, (¢) defined by
16



the following equality

= 3w,
f=—o00 Hii
k#-1(mod 2n)

Theorem 11. For any(f;d, )€ L,(y,)x C the equation (17)-
(18) is unique solvable and the solution of this system ¢, (t)

converges to the solution of the equation (12)-(13) go*(t) in the
norm of L, (7/0 ), and the following estimate is holds

1
o) S(HZJEn(f,LZ).

Now consider the hypersingular integral equation of the first
kind with Cauchy kernel

(RpXt)=(Ho)e)+(Kp)e)= 1), tey, (19
where  (Ko)e)= [K(rdo(c)dr  and K(t,f)%p(z,f)-is

continuous function. Since for any ¢eW,(y,) the following

* *

P, —@

equalities hold:
J(Hgo)(r)dr =0, J.(K¢)(T)d2' =0,

70 70
then we obtain that the equation (19) is solvable only if the condition
(10) holds. Therefore we will consider the following equation:

(ROX)= 1)~ [ £k 1. 0)

L)y _g, e
2m 5 T

Theorem 12. If for any (f;d,)eL,(y,)xC the equation

(20)-(21) is unique solvable, then for large values of n the following
equation

17



(Hnw)<r>+(Kn¢)<t>—2— zep"’ ZK(r“’ 7" )x

n p-o k=0 (22)
x (e ”)[ Ar“)j f0-- T e pielh)
2}’1 p=0
2n-1
Z o(r) =d,, (23)

2n-1
where (K @)7) = ZK (t, 7 p(z" )( At )), are also unique
solvable for any ( fid, ) elL, (;/0 )>< C; (pn( ) of the equation (22)-(23)

converge in the norm of the space L,(y,) to the solution ¢(¢) of the
equation (20)-(21) , and the following estimat holds
(0: - (p*“Lz(m) < const - {En (f; L, ) +E, (Kgo* ; Ly )+ 47r||K||w E, ((o* 3L, )+

+4nk, | (K{En—l ((/’* L )+ “go*HLz(yo)} .

In 3.2 the constructive solution of hypersingular integral equations
with Hilbert kernel is given. First the simple hypersingular integral
equation of the first kind with Hilbert kernel is considered

(Ho)e)= 1), teT, =[027], (24)
where f € L,(T,). From the theorem 8 follows that, the equation
(24) is solvable onlyif

2z
[£(z)dz=0. (25)

0

If the condition (25) is satisfies then the equation (24) has
infinitely many solutions in the general form

o ()=, - zck(f) “ewi(r). 26)

/cEz\ | |

18



2z
where ¢, (f)= 1 J.e_”” f(z)dr- are Fourier’s coefficients of the

0
function f e L,(7,) and d,- is a constant.

From the above mentioned it follows that the equation

(Fo)o)= 10— [ ek v, e
o [oleir=a, (28)

is unique solvable for any (f;d,)e L,(T,)xC and the solution of

(27)-(28) is the function (p* (t), defined by (26).

We will look for approximate solution of the equation (27)-
2n-1

(28) in the form Za,ﬁ">(z)f(z+@j, where a"(t), k=02n-1 -
k=0 n

are continuous functions, ne N .Therefore consider the following
equation

(#,0)0)= 1) , 1T, 29)
where fel, (TO ) For any ¢ € 7 if the following equality holds
2n-1, 7#(
> (H,pke+ =0

p=0
then we obtain that, the equation (29) is solvable only if

zi:lf(t—l-@j:O. (30)

If the condition (30) is satisfies, then the equation (29) has infinitely
many solutions in the form

idkeanit + +Z.O c,k\,(({)‘) eikt c Lz (TO) ] (31)
= k#Oé(;:)?lOZn) Hi

From the above mentioned it follows that the equation

19



(#,0)0)=1()- 15 1f(t+ ”pj (32)

2n 4% n
1 2n 1
(p(t+ =d, (33)
2n P n
is unique solvable for any  (f;d,)e L,(T,)x C and the solution of

(32)-(33) is the function ¢ (¢), defined by the following equality

s)=dyr S oy
k#Ofrio_leZn) Hi

Theorem 13. For any(f;d, ) e L,(T,)x C the equation (32)-
(33) is unique solvable and the solution of this system ¢, (t) converges

to the solutiongo*(t) of the equation (27)-(28) in the norm of
L, (T, ), and the following estimate is holds

_§0*HL2(TO) <E, (f;Lz)'

Now consider the hypersingular integral equation of the first
kind with Hilbert kernel

(Ro)r)=(Ho)e)+ (Eo)e)= 1), teT,, (34)
where (ﬁ@Xt)zi!l?(t,r)(o(t)df, and I?(t,r):aatﬁ(t,r)- is

continuous function. Since for any @, (y,) the following
equalities hold:

T(FI(pXr)dr =0, T(R(/)Xf)dr =0

then we obtain that the equation (34) is solvable only if the condition
(25) holds. Therefore we will consider the following equation:

20



(Ro)r) f(r)——i1 f(t+—] (35)

—ngo(t+—j = (36)

27 5
Theorem 14. If for any (f;d,)e L,(T,)xC the equation

(35)-(36) is unique solvable, then for large values of n the following
equation

(ﬁn¢)(t) ( n("Xf —LGiunzll{ﬂr% t+%)¢(r+ﬁj=

k=0 p=0 n

2n—1
- 0)-- % f(t+@j (37)

2n 1o

2n—1
lz(/)(”@j:do, (38)
27 % n
where (~ th znle[t - ﬂkj (p(l 4 7k ), are also unique solvable
}’l k=0 n

for any (f;d,)e L,(T,)x C ; the solution ¢ (¢) of the equation (37)-

(38) converge in the norm of the space L,(7}) to the solution ¢ ()
of the equation (35)-(36) , and the following estimate holds

i Sconst-{En(f;L2)+En(.72go*;L2)+
L, ()

Ppn— @
+2|K| Eyoy ((p*; L )+ 2E,,_1(IZ{E,1_1 (co*; L, )+ H(p*H L )}} :

In 3.3 the results of numerical examples confirming the
effectiveness of the proposed method are given.
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CONCLUSION

In the present dissertation work the following main results were
obtained:

e the error estimates of the approximation of hypersingular
integral operators with Cauchy kernel and with Hilbert kernel in the
space of the square-integrable functions and in the Holder spaces are
obtained;

e the constructive method for solution of hypersingular integral
equations with Hilbert kernel and with Cauchy kernel in the space of
the square-integrable functions is presented and justificated;

e the application of given constructive method to the 2D inner
Neumann problem for Laplace equation is described and the results
of numerical examples confirming the efficiency of the proposed
method are given;

22



The main results of the dissertation have been published in the
following papers:

1.AmpaxoBa, A.®., TamkueBa, UY.A. OO0 anmpoxcuMamuu
THIIEPCUHTYJISIPHOTO MHTETPAIbHOTO ONEpaTopa Ha OKPYKHOCTH // -
baky: Bectauk BI'Y, cepus ¢us.-mat.Hayk, -2015, 4, -¢.43-50.
2.AmpaxosBa, AD, T'agxuena, Y.A. Annpokcumarius
TUIEPCUHTYIISIPHOTO HMHTErpajbHOrO Oleparopa Ha OKpY>KHOCTH //
©.Habibzadonin 100 illik yubileyina hosr olunmus “Funksional
analiz vo onun totbiglori” adli respublika elmi konfransinin
materiallari, -Baki, -2016, -soh.120-121.

3.TlamxueBa, Y.A. OO anmpokcUMaIMK TUIEPCHHTYISIPHOTO
WHTErpaJibHOTO oreparopa ¢ siapoM Komm // -baky: Bectauk BI'Y,
cepus ¢u3.-mMaT.HayK, -2017, 1, -c. 76-87.

4.I'amxuena, Y.A. Anmnpokcumaruu TUTIEPCUHT YIS PHBIX
UHTETpalIbHBIX onepaTopoB ¢ sapoM Komm // Operators, Functions
and Systems of Mathematical Physics Conference - Baku:- June 10-
14, -2019, Khazar University, -p.146-148

5. Aliev, R.A., Gadjieva, Ch.A. Approximation of hypersingular
integral operators with Cauchy kernel // - London: Numerical
Functional Analysis and Optimization, -2016, 37:9, 1055-1065.
6.Aliev, R.A., Gadjieva, Ch.A. Approximate solution of
hipersingulyar integral equations with Cauchy kernel // -Baku:
Transactions of NAS of Azerbaijan, Issue Mathematics, -2017, 37:1,
-p-20-29.

7. Gadjieva, Ch.A. Approximation of hypersingular integral
operators with Hilbert kernel // Y.Mommadovun 85 illik yubileyino
hasr olunmus Beynolxalq elmi konfransin materiallari, -Baki: -2015,
-soh.79-81.

8. Gadjieva, Ch.A. A new approximate method for solving
hypersingular integral equations with Hilbert kernel // -Baku:
Proceedings of the IMM of NAS of Azerbaijan, -2016, 43:2, -p.316-
329.

9. Gadjieva, Ch.A. The approximate solution of hypersingular
integral equations of the first kind // M.L.Rasulovun 100 illik
yubileyina hosr olunmus “Nozori vo totbiqi riyaziyyatin aktual

23



mosalalori” adli respublika elmi konfransinin materiallari,- Baki: -
2016, -soh.119-120.

10. Gadjieva, Ch.A. Approximation of hypersingular integral
operators on Holder spaces // -Baku: Caspian Journal of Applied
Mathematics, Ecology and Economics, -2017, 5:2, -s.96-105.

11. Gadjieva, Ch.A. Approximation of hypersingular integral
operators on Holder spaces // Akademik Akif Haciyevin 80 illik
yubileyino hasr olunmus “Riyaziyyat vo Mexanikanin miiasir
problemlori” adli Beynoalxalq elmi konfransin materiallari, -Baki1: -
2017, -soh.69-71.

12. Gadjieva, Ch.A. The Approximate solution of hypersingular
integral equations with Hilbert kernel of the first kind // 1st
International Science and Engineering Coference Proceedings, -
Baku, -2018, -p.102-104.

13. Gadjieva, Ch., Approximation of Hypersingular integral
operators with Hilbert kernel on Holder spaces \\ Abstarct book
Operators in general Morrey-Type Spaces and Applications
(OMTSA 2019), - Turkey, Kutahya: Kutahya Dumlupinar
University, -16-20 July, -2019, -p.98-100.

24



The defense will be held on 31 May 2021 at 11% 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 26 April 2021.

25



Signed for print: 26.04.2021
Paper format: 60x84 1/16
Volume: 80000
Number of hard copies: 20

26



