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ABSTRACT

Report 52 pp., 18 sources, 2 appendix.

POLYHARMONIC EQUATION, DIRICHLET PROBLEM, NEUMAN PROBLEM, ROBEN'S PROBLEM, UNIQUENESS, NONLOCAL EQUATION, INTEGRAL REPRESENTATION, BOUNDARY VALUE PROBLEM, RIEMANN- LIOUVILLE  OPERATOR, HADAMARD OPERATOR, EXISTENCE, SOLVABILITY, POISSON EQUATION, GREEN'S FUNCTION

Object of the research is classical and non-classical boundary value problems for elliptic equations, integral-differential operators of fractional order.

The aim of this work is to develop methods for constructing resolving operators of elliptic boundary value problems and to study  solvability of new well-posed classes of boundary value problems for elliptic equations and their nonlocal analogues.

Research methods. To solve the project problems, the classical methods of the theory of boundary value problems, operator methods and their modifications, specially selected for solving problems, are used.

The following new scientific results were obtained in the work:

Methods on constructing Green's function of  Neumann and Robin problems for Poisson equation have been developed, and integral representations of the Green's function for analogs of the Neumann and Robin problem for biharmonic equation have been constructed.

New well-posed boundary value problems for Laplace equation and non-homogeneous biharmonic equation have been investigated. The considered problems are the Bitsadze - Samarskii type problems and generalize the classical  Dirichlet, Neumann and Robin problems. Theorems on existence and uniqueness of solutions to the problems have been proved. The exact conditions for solvability of the problems have been found depending on parameters involved in the boundary conditions.

Fractional analogs of the Dirichlet, Neumann and Robin boundary value problems for the Laplace equation and for nonlocal analogs of the biharmonic and polyharmonic equations have been studied. Exact conditions for solvability of the considered problems have been found depending on order of the boundary operators.

For elliptic equations of the second order and their nonlocal analogs, boundary value problems with an oblique derivative with periodic conditions have been investigated. 

Fulfillment degree of the tasks planned in the project. All tasks planned in the project calendar plan have been completed, all set goals have been achieved.
РЕФЕРАТ

Отчет 52 с., 18 источников, 2 приложение.

ПОЛИГАРМОНИЧЕСКОЕ УРАВНЕНИЕ, ЗАДАЧА ДИРИХЛЕ, ЗАДАЧА НЕЙМАНА, ЗАДАЧА РОБЕНА, ЕДИНСТВЕННОСТЬ, НеЛОКАЛЬНОЕ УРАВНЕНИЕ, ИНТЕГРАЛЬНОЕ ПРЕДСТАВЛЕНИЕ, КРАЕВАЯ ЗАДАЧА, ОПЕРАТОР РИМАНА-ЛИУВИЛЛЯ, ОПЕРАТОР АДАМАРА , СУЩЕСТВОВАНИЕ,. РАЗРЕШИМОСТЬ,УРАВНЕНИЕ ПУАССОНА, ФУНКЦИЯ ГРИНА 

Объектом исследования являются классические и неклассические краевые задачи  для эллиптических уравнений, интегро-дифференциальные операторы дробного порядка. 

Целью работы является разработка методов построения разрещающих операторов эллиптических краевых задач и исследования разрешимости новых корректных классов краевых задач для эллиптических уравнений и их нелокальных аналогов.

Методы исследований. При решении задач проекта используются классические методы теории краевых задач, операторные методы и их модификации, специально подбираемые для решения задач. 

В работе получены следующие новые научные результаты:

Разработаны методы построения функции Грина задач Неймана и Робена для уравнения Пуассона, а также построены интегральые представления функции Грина аналогов задачи Неймана и Робена для полигармонического уравнения. 

Исследованы новые корректные краевые задачи для уравнения Лапласа и бигармонического уравнения. Рассматриваемые задачи относятся к задачам типа Бицадзе – Самарского и обобщают классические задачи Дирихле, Неймана и Робена. Доказаны теоремы о существования и единственности решения исследуемых задач. 
Изучены дробные аналоги краевых задач Дирихле, Неймана и Робена для уравнения Лапласа, для нелокальных аналогов бигармонического и полигармонического уравнения. Найдены точные условия разрешимости рассматриваемых задач в зависимости от порядка граничных операторов.

Для эллиптических уравнений второго порядка и их нелокальных аналогов исследованы краевые задачи с наклонной производной с периодическими условиями. 
Степень выполнения поставленных в проекте задач. Все предусмотренные в календарном плане по проекту задачи выполнены, все намеченные цели достигнуты.

CONTENT

	
	INTRODUCTION………………………………………………………………..
	6

	
	MAIN PART OF THE R&D REPORT
	

	1
	Construction of Green's function of the Neumann and Robin problems for the Poisson equation……………………………………………………………………..
	10

	2
	Green's function of the Neumann and Robin problems analogues for polyharmonic equation……………………………………………………………………………...
	14

	3
	On fractional analogs of Dirichlet and Neumann problems for the Laplace equation
	17

	4
	Boundary value problems for a nonlocal polyharmonic equation with fractional boundary operators ………………………………………………………………….
	21

	5
	On analogs of periodic problems for the Laplace equation with oblique derivative in boundary conditions………………………………………………………………
	24

	6
	Periodic boundary value problems with oblique derivative for  nonlocal analogue of second order elliptic equation…………………………………………………….
	33

	7
	On boundary value problems for fractional analogues of elliptic equations………..
	36

	
	CONCLUSION……………………………………………………………………..
	39

	
	THE LIST OF USED REFERENCES ……...................................................
	41

	
	APPLICATION А List of publications by theme executors for 2018-2020………...
	43

	
	APPLICATION В Calendar plan for 2018-2020……………………………………
	49


INTRODUCTION

Content of the report. This final report (three years of the project) of the project presents results of studies on construction of the Green's function of the classical Neumann and Robin boundary value problems for the Poisson equation, biharmonic and polyharmonic equations, as well as research on solvability of boundary value problems with boundary operators of fractional order for the Laplace equations, for nonlocal analogues of elliptic equations. Moreover, results on new well-posed boundary value problems for elliptic equations with degenerate operators are given in the boundary conditions. Basic boundary value problems for fractional analogues of the Laplace equation are also investigated in cylindrical domains. 
Significance of the project lies in the fact that the studied objects - construction of resolving operators (Green's functions) of boundary value problems for elliptic type equations and study of non-classical boundary value problems - are new and well posed. Developing methods of solving boundary value problems with boundary operators of fractional order, as well as degenerate boundary value problems with periodic conditions and basic boundary value problems for fractional analogs of elliptic equations in the multidimensional case, new properties of solutions of elliptic equations, in particular, harmonic, biharmonic, and polyharmonic functions, will be found. The considered problems are mostly not investigated or investigated for special cases. Therefore, the obtained results will be understandable to scientists all over the world; and can be used by them for further research. This allows us to speak about the international scale of the project's significance.

Fundamental difference between the ideas of the Project and existing analogues is that earlier research on construction of an explicit form of the Green's function was carried out for operators of the second order (or higher order) in two-dimensional and three-dimensional cases, and research on solvability of boundary value problems for particular cases of operators of fractional order. In this project, it is planned to consider multidimensional cases of domains, as well as general operators that will generalize the previously considered problems for a more general case, provide clarification of new properties of solutions and study new classes of well-posed problems.

Scientific methods used in the project. To solve the problems of the project, both the classical methods of the theory of elliptic equations and their modifications specially selected for solving problems are used. Construction of the Green function of Neumann and Robin is reduced to construction of inverse operator, which can be represented in integral form. Moreover, explicit form of the Green's function of the Dirichlet problem for the polyharmonic equation is widely used. Furthermore, the resulting integral form is reduced to representation in terms of elementary functions by calculating special integrals. To study new classes of well-posed boundary value problems for elliptic equations and their nonlocal analogues, methods of solving classical problems are used, as well as well-known statements of the theory of Fredholm integral equations.

Main idea of the project is to construct an explicit form of the Green's functions of the classical Neumann and Robin boundary value problems for the multidimensional Poisson equation and the polyharmonic equation. In contrast to the well-known Green function of the Dirichlet problem, the Green function of the Neumann and Robin problem was constructed in an explicit form only for unit balls on the plane and in three-dimensional space. And for the polyharmonic equation only in the two-dimensional case. And these problems in the general case for a multidimensional ball is an open problem. New well-posed boundary value problems with fractional-order boundary operators are generalizations of the classical Dirichlet and Neumann problems. And boundary value problems with an oblique derivative with periodic conditions are generalizations of classical periodic problems to circular and symmetric domains of general form. Investigating these problems, we obtain new properties of solutions of elliptic equations of the second and higher orders.

Aim of the project is to construct explicitly the Green's functions of Neumann and Robin boundary value problems for a polyharmonic equation in a unit ball. As well as research solvability of nonclassical boundary value problems for elliptic equations and their nonlocal analogs and for fractional analogs of elliptic equations in a multidimensional cylindrical domain.

Objectives of the project for the entire period of its implementation (for three years) are the following:

Construct an explicit form of the Green's function of Neumann and Robin boundary value problems for a multidimensional Poisson equation in a unit ball. Representation will be obtained in an integral form based on the constructed inverse operators of these problems.

Research solvability of analogs of Neumann and Robin boundary value problems and their fractional analogs for biharmonic equation. Find necessary and sufficient conditions for solvability of these boundary value problems.

Construct an explicit form of the Green's function for analogs of Neumann and Robin boundary value problems for biharmonic equation. Representation will be obtained by reducing the studied problems to the equivalent Dirichlet problem and using properties of the Green's function of the Dirichlet problem.

Construct an explicit form of the Green's function of an analogue of Robin's boundary value problem for a polyharmonic equation in a ball. Representation will be obtained in an integral form based on properties of the Green's function of the Dirichlet problem for the polyharmonic equation.

Research non-classical boundary value problems for a nonlocal polyharmonic equation 
with boundary operators of fractional order, in particular, study fractional analogs of the Neumann problem.

Investigate degenerate boundary value problems with periodic conditions for the Poisson equation in circular domains (ball and ellipse). The problem will be solved by reducing them to Dirichlet and Neumann auxiliary problems for the Poisson equation.

Investigate degenerate boundary value problems with periodic conditions for general second-order elliptic equations. Boundary conditions will involve operators with an oblique derivative. The problem will be solved by reducing them to Dirichlet and Neumann auxiliary problems for second-order elliptic equations.

Research the Dirichlet and Poincaré problem for fractional analogs of second order elliptic equations in a multidimensional cylindrical domain. The problem will be solved by representing the solution in the form of a converging series in spherical harmonics.

Novelty degree of the obtained results. All scientific results presented in the report are new.

In the final report of the work, the following new scientific results were obtained and formulated:

Two methods on constructing the Green's function of the Neumann and Robin problems for the Poisson equation have been developed. The first method for constructing an explicit form of the Green's function is based on obtaining an integral representation of this function in the class of polynomial data. Further, theorem was proved that the obtained explicit form of the Green's function can be used in the class of continuously differentiable functions.

The second method for constructing the integral representation of the Green's function is based on constructing the inverse operator for the Neumann and Robin problems. First, the Neumann and Robin problems were reduced to an equivalent Dirichlet problem with an additional condition. Next, using the explicit form of the Green function of the Dirichlet problem, the Green functions of the Neumann and Robin problem were constructed. This method is further used to construct the Green's function of the Neumann and Robin problem analogs for biharmonic and polyharmonic equations. Constructing the Green function of the Robin problem, various analogs of the Robin problem were considered.

Three types of fractional boundary operators were considered, namely, derivatives in the Riemann-Liouville, Caputo, and Hadamard sense. Exact conditions for solvability of the considered problems were found, depending on order of the boundary operators. For biharmonic and polyharmonic equations, boundary value problems with involution were investigated. These problems generalize the well-known Dirichlet and Neumann problems.

By using orthogonal matrices, new classes of partial differential equations have been introduced - nonlocal analogues of elliptic equations, and the main boundary value problems, as well as boundary value problems with boundary operators of fractional order, have been studied for them. In particular, for the nonlocal Poisson equation, questions on solvability of the Dirichlet, Neumann, Robin boundary value problems were investigated. For nonlocal analogues of biharmonic and polyharmonic equations, boundary value problems with boundary operators of fractional order, generalizing the well-known Neumann and Robin problems were investigated. Fractional analogs of the Dirichlet, Neumann, and Robin problems for the Laplace equation were also studied.

For second-order elliptic equations and their nonlocal analogs, new classes of well-posed boundary value problems with an oblique derivative were also investigated. Boundary conditions are specified as periodic conditions. Necessary and sufficient conditions for solvability of the considered problems were established.

Dirichlet and Poincaré boundary value problems have been investigated for fractional analogs of elliptic equations. The problem was solved by using the Fourier method.

Fulfillment degree of the tasks set in the project. All tasks planned in the project calendar plan have been completed, all set goals have been achieved.

Results with high level. New methods for constructing the Green's function for the Neumann and Robin problem and their analogs have been developed. Solvability of analogs of Neumann and Robin boundary value problems has been established for biharmonic and polyharmonic equations. Investigation of boundary value problems with boundary operators of fractional order, study of new classes of non-local differential equations in partial derivatives are serious achievement. These results were reported at international scientific conferences and published in rating journals with the impact factor ISI Web of Knowledge and Scopus.

Use of scientific papers and literature. During the project, various mathematical sources, both monographs and journal articles, were used. Both sources from near and far abroad. And Kazakhstani sources are used. All necessary references to the sources are given in the text of the report.
Let us consider the main content of the report. Due to the limited pages of the report, we present only some results without theorem proofs.


MAIN PART OF THE R&D REPORT

1 Construction of Green's function of the Neumann and Robin problems for the Poisson equation
In this section аn explicit representation of the Green's function of the Neumann and Robin (third boundary value problem) problems for the Poisson equation in the unit ball is given.

It is well known (see [1]) that the Green function of the Dirichlet problem for the Poisson equation in the unit ball has the form
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An explicit form of the Green function in the sector for biharmonic and three-harmonic equations has been given in [2,3]. We also mention papers [4,5], which are devoted to construction of the Green function for the Dirichlet problem for a polyharmonic equation in the unit ball. In [6] a representation of the Green function has been given for classical Neumann problems for the Poisson equation in the unit ball from 
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 is an external unit normal to 
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Lemma 1. Let 
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and the solution is unique up to an arbitrary constant. If 
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Transform the solution (1.2) to another form.

Theorem 1. Suppose that, as in Lemma 1 
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where the Green function (or Neumann function) 
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We get rid from the condition of polynomiality of the function 
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Now we consider the third boundary value problem for the Laplace equation:
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Let first in the problem (1.6) the function 
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We get rid of the condition that the function 
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Theorem 1.3. Suppose that 
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where the Green function 
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Remark 2. The case 
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 is not covered by Theorem 1.3, and therefore Theorem 1.2 supplements Theorem 1.3.

2 Green's function of the Neumann and Robin problems analogues for polyharmonic equation
The Dirichlet problem for an inhomogeneous polyharmonic equation 
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 is a classical and well-studied problem. If the function 𝐹 (𝑥) is smooth, then problem (2.1) is uniquely solvable and is represented by means of the Green function:
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 is unit ball the Green function for the Dirichlet problem was constructed explicitly in various ways. For instance, it was shown in [8] that the function 

 reads as
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The properties and applications of the operators like 
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 in the class of harmonic functions were studied in [9]. 

In the present work we provide a method for constructing the Green function for the following analogue of the Robin problem: 
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A solution to this problem is a function 
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We proceed to a main statement on the Green function for problem (2.4).
Theorem 2.1. Let 
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Corollary 2.1. As 
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This corollary was obtained in work [10].

In the same way as above we can study the following problem.
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We give a main statement on problem (2.5) with the proof. 
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In the same way as above we can study the following the Neumann type problem: 
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Theorem 2.2. Let 
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Then a solution the problem (2.6) can be represented as
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where the Green function 
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3 On fractional analogs of Dirichlet and Neumann problems for the Laplace equation

In the section we investigate solvability of a fractional analogue of the Neumann problem for the Laplace equation. As a boundary operator we consider operators of fractional differentiation in the Hadamard, Riemann–Liouville and Caputo sense. The problem is solved by reduction to the integral Fredholm equation. Theorem on existence and uniqueness of the problem solution is proved
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is called an operator of  integration of the 
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 order in the Hadamard sense [11]. Furthermore, we will assume, that  
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In the section we study a certain generalization of the classical Neumann problem for fractional orders of boundary operators.

Let 
[image: image122.wmf]1

0...1,

m

aaa

<<<<£

 
[image: image123.wmf]0,1,2,...,,

  1,2,...,

j

m

ajm

=

³=

 
[image: image124.wmf](

)

1

j

m

mj

j

PDDaD

a

a

=

=+

å

 

On the domain 
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 we consider the following problem:
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As a solution of the problem (3.1) - (3.2) we call a function 
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To investigate the problems (3.1) - (3.2) first we study the following auxiliary problem.
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Theorem 3.1. Let 
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If a solution of the problem А exists, then it is unique.

Now we give the main statement about the problem (3.1)-(3.2). 
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If a solution of the problem exists, then it is unique up to a constant value and is represented in the form: 
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where 
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Thus, if 
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 is a solution of the problem (3.1) - (3.2), then the function 
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Hence, solution of the problem (1.1) - (1.2) is represented in the form (3.8) up to an arbitrary 
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i.е. boundary condition also holds. Theorem is proved.

Similar statements are also true in the cases when 
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The following statements are true.
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Теорема 3.4.  Пусть в задаче (3.1) - (3.2) 
[image: image189.wmf]()()

jj

C

DuxDux

aa

º

 и 
[image: image190.wmf]1

0...1,

m

aaa

<<<<£

 
[image: image191.wmf](

)

(

)

0, 1,2,...,, 

j

ajmfxC

³=Î¶W

. Then the problem (3.1) - (3.2) is solvable if and only if the condition (3.3) holds. If a solution of the problem exists, then it is unique up to a constant value.

4 Boundary value problems for a nonlocal polyharmonic equation with fractional boundary operators
In this section studies the some boundary value problems with fractional order for a non-local polyharmonic equation.
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The following assertions were proved in [12] for problem (4.3).
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If there exists a solution of the problem, then it is unique up to a constant term, belongs to the class 
[image: image246.wmf](

)

2

m

C

l

+

W

.

Next, we give the uniqueness and existence of the solution of the problem equation (4.1) and (4.2). The following proposition is true.
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subject to the condition 
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.
5 On analogs of periodic problems for the Laplace equation with oblique derivative in boundary conditions
In this section, we study solvability of new classes of nonlocal boundary value problems for the Laplace equation in a ball. The considered problems are multidimensional analogues (in the case of a ball) of classical periodic boundary value problems in rectangular regions. To study the main problem, first, for the Laplace equation, we consider an auxiliary boundary value problem with an inclined derivative. This problem generalizes the well-known Neumann problem and is conditionally solvable. The main problems are solved by reducing them to sequential solution of the Dirichlet problem and the problem with an inclined derivative. It is proved that in the case of periodic conditions, the problem is conditionally solvable; and in this case the exact condition for solvability of the considered problem is found. When boundary conditions are specified in the anti-periodic conditions form, the problem is certainly solvable. 
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Problem 5.2. Find a harmonic function  
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We will call Problem 1 as a periodic boundary value problem, and Problem  2 as an anti-periodic. Note that Problems 1 and 2 for the case 
[image: image293.wmf]0

a

º

 have been studied in [14]-[16]. 
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Therefore for existence of a smooth solution to Problem 5.1 it is necessary the following matching conditions:
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Similar conditions are required for existence of a smooth solution to Problem 5.2, namely 
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The following statement is true..

Lemma 5.1. Let 
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The following statement is true.
Lemma 5.2. Let 
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Let
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Then equalities (5.11) and (5.12) can be rewritten as
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We consider the following problem
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Solution of the problem (5.13)-(5.14) is called a harmonic function 
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Note that the problem (5.13)-(5.14) in the case 
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Theorem 5.1. Let 
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. Then for solvability of the problem (5.13)-(5.14) it is necessary and sufficient the following condition 
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If a solution of the problem exists, then it is unique up to a constant term and is represented as
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We study uniqueness of a solution of Problem 5.1. The following statement is true.
Theorem 5.2. If 
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 and a solution of Problem 5.1 exists, then it is unique up to a constant term.

The following statement is proved similarly. 

Theorem 5.3. If 
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Further, we study existence of solutions of Problems 5.1 and 5.2. 
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Introduce the function 
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We investigate smoothness of the function
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Using presentation of the function 
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After changing variables, the last integral can be written in the following form 
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Consequently, 
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Therefore, we have proved the following statement.

Theorem 5.4. Let 
[image: image402.wmf](

)

(

)

(

)

(

)

1

01

1,,,01

agxCgxC

ll

l

+

++

<Î¶WÎ¶W<<

. Then Problem 5.1 is solvable if and only if the condition (5.18) holds. If a solution exists, then it is unique up to a constant term.
Example 1. Suppose that in Problem 5.1: 
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We turn to study existence of a solution to Problem 5.2. The following statement is true.

Theorem 5. Let 
[image: image406.wmf](

)

(

)

(

)

(

)

1

01

1,,,01

agxCgxC

ll

l

+

++

<Î¶WÎ¶W<<

. Then a solution of Problem 5.2 exists and is unique.
Now we consider a case when solvability condition of Problem 5.1 can be simplified. The following statement is true.

Theorem 5.6. Suppose that conditions of Theorem 5.4 hold and the coefficients 
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Then solvability condition of Problem 5.1 can be rewritten in the following form
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Corollary 5.1. If 
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6 Periodic boundary value problems with oblique derivative for nonlocal analogue of second order elliptic equation
Let 
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where the coefficients 
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We introduce the operator 
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As a solution of the problem (6.1) - (6.4) we call a function 
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Problem (6.1) - (6.4) is an analogue of the periodic and antiperidic problems for equation (6.1) for circular domains. 

It is necessary to note that 
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Further, if 
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However, due to condition (6.4), equality 
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The following condition is also necessary
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and
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Furthermore, we will assume that conditions (6.6) - (6.8) are satisfied.

The following statement is true for the main problem.

Theorem 6.1. Let 
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 and the matching conditions (6.6) - (6.8) be satisfied. Then solution of the problem (6.1) - (6.4) exists, unique and belongs to the class 
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7 On boundary value problems for fractional analogues of elliptic equations
The main purpose of this paper is to study the following fractional elliptic equation 
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and 
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with 
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The equation (7.1) is a generalization of the following well-known equations:

If α = 1, β = 0 and 
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The following fractional Dirichlet-Laplacian eigenvalue problem 
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is a self-adjoint and positive definite in 
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denotes the Gagliardo (Aronszajn-Slobodeckij) seminorm. The space 
[image: image497.wmf]()

s

H

W

 is a Hilbert space; it is equipped with the norm 
[image: image498.wmf]2

()

()()

||||||||||

ss

L

HH

uuu

W

WW

=+

.

The space 
[image: image499.wmf]0

()

s

H

W

 consists of functions of 
[image: image500.wmf]()

s

H

W

 vanishing on the boundary of Ω . The domain of the operator 
[image: image501.wmf](

)

s

-D

 is


[image: image502.wmf](

)

{

}

02

()(),()()

sss

DuHuL

-D=ÎW-DÎW


Definition 7.1. The generalised solution of equation (7.1) is a function 
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Theorem 7.1.  Let 
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exists, it is unique and can be represented as:
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is a Kilbas-Saigo function [18].

Theorem 7.3. Let 
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CONCLUSION

Thus, the final report of the project contains the results of research on development of methods for constructing the Green's function of some boundary value problems for polyharmonic equation, as well as on solvability of nonclassical boundary value problems for elliptic equations of the second and higher orders. Moreover, research on solvability of basic boundary value problems is given for a new class of partial differential equations.

Main idea of ​​the project belongs to the project participants and was developed during the last years of our research.

The following new scientific results are obtained in the report:

Algorithms for constructing the Green's function of Neumann and Robin boundary value problems for polyharmonic equation have been developed;

Research on study new classes of well-posed boundary value problems has been carried out for the Poisson equation, biharmonic equation and also polyharmonic equation;

Fractional analogues of the Dirichlet, Neumann and Robin boundary value problems for the Laplace equation and for nonlocal analogues of the biharmonic and polyharmonic equations have been solved.

Questions about solvability of periodic boundary value problems for elliptic type equations of the second order have been studied.

Boundary value problems for fractional analogs of elliptic equations have been investigated.

Fulfillment degree of the tasks set in the project. All tasks planned in the project calendar plan have been completed, all set goals have been achieved.

Central results of the project final report are: development of methods for constructing the Green's function of Neumann and Robin boundary value problems for polyharmonic equation, study of solvability of new classes of boundary value problems for the Poisson equation, biharmonic equation and polyharmonic equation and their nonlocal analogues.


The level of conducted research corresponds to the international standards as evidenced by the level of journals where results were published: 48 works were published including 25 papers in scientific journals (19 – foreign, 5 – Kazakh): including 7 – in scientific journals indexed by Web of Science and included in the first three quartiles Q1, Q2 and Q3 ((Mediterranean Journal of Mathematics- Q1, Mathematische Nachrichten- Q2, Filomat- Q2 (2 article), Turkish journal of mathematics- Q3, Differential Equations- Q3, Mathematica Slovaca- Q3)); 5 – in scientific journals indexed only by Scopus (Advances in Pure and Applied Mathematics, Ufa mathematical journal, Siberian Advances in Mathematics, Novi Sad Journal of Mathematics, Chelyabinsk Physical and Mathematical Journal); 23 abstracts of international conferences, including 2 abstracts published in “The Bulletin of Symbolic Logic” and 2 « Journal of Physics: Conference Series», indexed by Web of Science and Scopus; the level of conferences at which results were discussed, character and level of international collaboration (ongoing discussions of research results with foreign colleagues). 
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15 Turmetov B.Kh. On a boundary value problem with involution // Abstracts international conference «Mathematical Analysis and its Application to mathematical Physics», Samarkand State University. - Samarkand.– 2018. – P. 51 – 53. (in Russian).
16 Turmetov B.Kh., Nazarova K.Dz. On  a  generalization  of  the  Neumann  problem  for  the  Laplace  equation // Fourth International Conference on Analysis and Applied Mathematics (ICAAM 2018):  THE ABSTRACT BOOK / Edited by Charyyar Ashyralyyev and Evren Hincal. Near East University, Lefkosa (Nicosia), Mersin 10, Turkey.  – 2018.  – P.113. (in English)
17 Turmetov B.Kh. On  Green’s  function  of  certain  boundary-value  problems  for  the biharmonic  equation // Fourth International Conference on Analysis and Applied Mathematics (ICAAM 2018):  THE ABSTRACT BOOK / Edited by Charyyar Ashyralyyev and Evren Hincal. Near East University, Lefkosa (Nicosia), Mersin 10, Turkey.  – 2018.  – P.113. (in English)
Domestic – 2019 
18 Karachik V. V., Turmetov B.Kh. On solvability of some nonlocal boundary value problems for polyharmonic equation// Kazakh Mathematical Journal.  – 2019. – Vol. 19, No. 1. – P. 39 – 49. (in English)
19 Turmetov B.Kh. On the Green's function of analogues of the Neumann and Robin problems for the polyharmonic equation // News of the Khoja Akhmet Yassawi kazakh-turkish international university. Mathematics, physics, computer science series.– 2019. – No. 1. – P. 71 – 90. (in Russian).
20 Alibek T., Kulakhmetova Sh. On one method of constructing a solution to an analogue of the Bessel equation // Traditional International April scientific conference in honor of the Science Day, Institute of Mathematics and Mathematical Modeling. – Almaty. – 2019. – P. 50 - 51. (in Russian).
21 Tazhimetova M., Turmetov B. On the Green's function of an analogue of the Robin problem for a polyharmonic equation // Traditional International April scientific conference in honor of the Science Day, Institute of Mathematics and Mathematical Modeling. – Almaty. – 2019. – P. 84 - 85. (in Russian).
22 Turmetov B. On some nonlocal boundary value problems for the Poisson equation // Traditional International April scientific conference in honor of the Science Day, Institute of Mathematics and Mathematical Modeling. – Almaty. – 2019. – P. 85 - 86. (in Russian).
23 Erkisheva Zh.S., Turmetov B.Kh. Green's function of the Neumann problem for a polyharmonic equation // Materials of the international scientific conference "Theoretical and applied questions of mathematics, mechanics and computer science" dedicated to the 70th anniversary of Doctor of Physical and Mathematical Sciences, prof. M.I.Ramazanova. - Karaganda. - 2019 .-- P. 74 - 75. (in Russian).
24 Turmetov B.Kh. Some boundary value problems for the nonlocal Poisson equation // Materials of the international scientific conference "Theoretical and applied questions of mathematics, mechanics and computer science" dedicated to the 70th anniversary of Doctor of Physical and Mathematical Sciences, prof. M.I.Ramazanova. - Karaganda. - 2019 .-- P. 105 - 106. (in Russian).
25 Koshanova M.D., Muratbekova M.A., Turmetov B.Kh On a boundary value problem for the nonlocal Poisson equation // The abstract book International Conference «Actual problems of analysis, differential equations and algebra» (EMJ-2019) dedicated to the 10th anniversary of the «Eurasian Mathematical Journal». – Nur-Sultan. – 2019. – P.107 – 109. (in Russian).
26 Turmetov B.Kh., Usmanov K.I.On one generalization of the Robin problem for the Laplace equation // The abstract book International Conference «Actual problems of analysis, differential equations and algebra» (EMJ-2019) dedicated to the 10th anniversary of the «Eurasian Mathematical Journal». – Nur-Sultan. – 2019. – P.155 – 156. (in Russian).
Foreign – 2019
27 Turmetov B.Kh., Nazarova K.J. On fractional analogues of Dirichlet and Neumann problems for the Laplace equation //Mediterranean Journal of Mathematics. – 2019. – Vol. 16, No. 3. – P. 1 – 17. (in English). Web of Science, Quartile for 2019 by categoryMathematics Q1. 

28 Karachik V.V., Sarsenbi A., Turmetov B.Kh. On solvability of the main boundary value problems for a non-local Poisson equation // Turkish journal of mathematics. – 2019. – Vol.43, No. 3. – P. 1604 – 1625. (in English) Web of Science, Quartile for 2019 by category Mathematics Q3. 
29 Turmetov B.Kh. Generalization of the Robin Problem for the Laplace Equation // Differential Equations. – 2019.– Vol.55, No. 9. – P. 1134 – 1142. (in English). Web of Science, Quartile за 2019 г. by category Mathematics Q3.

30 Turmetov B.Kh. On the Green's function of an analogue of the third boundary-value problem for the polyharmonic equation // Ufa mathematical journal. – 2019. – Vol.11, No. 3. – P. 80 – 89. (in English). Scopus, Percentile for 2019 by categoryGeneral Mathematics 17.

31 Karachik V.V., Turmetov B.Kh. On the Green’s Function for the Third Boundary Value Problem// Siberian Advances in Mathematics. – 2019. – Vol. 29, No. 1. – P. 32 – 43. (in English). Scopus, Percentile for 2019 by categoryGeneral Mathematics 24.

32 Turmetov B.Kh., Muratbekova M., Ahmedov A. On Solvability of Some Boundary Value Problems for the Non-Local Polyharmonic Equation with Boundary Operators of the Hadamard Type // Journal of Physics: Conference Series. – 2019. – Vol. 1366, 012065. – P.1-7. (in English).
33 Ahmedov A., Turmetov B., Ahmad Zabidi S.F.Hj. Solving boundary problems for biharmonic operator by using Integro-differential operators of fractional order // Journal of Physics: Conference Series. – 2019. –Vol. 1212, No.1. – P. 1 – 9. (in English)
34 Turmetov B.Kh. On a generalization of the third boundary value problem for the Laplace equation // Chelyabinsk Physics and Mathematics Journal. – 2019. – Vol.4, No. 1. – P. 32 - 40. (in Russian).
35 Turmetov B. On some nonlocal boundary value problems with fractional boundary operators // Contemporary problems of mathematics and mechanics: Proceedings of the international conference dedicated to the 80th anniversary of Academician of RAS V. A. Sadovnichy. - Moscow: MAKS Press, 2019. – P.371-373. (in Russian).
36 Turmetov B.Kh., Muratbekova M., Ahmedov A. On Solvability of Some Boundary Value Problems for the Non-Local Polyharmonic Equation with Boundary Operators of the Hadamard Type // 2nd International Conference on Applied & Industrial Mathematics and Statistics 2019, ICoAIMS 2019. Universiti Malaysia Pahang. Paper ID : P024. (in English)
37 Turmetov B., Shamsiev R. On a Boundary Problem for a Nonlocal Poisson Equation with Boundary Operators of the Hadamard Type // International Conference of Mathematical Sciences (ICMS 2019), 4  - 8 September 2019,  Maltepe University, Istanbul, Turkey.- P. 123. (in English)
Domestic – 2020 

38 Koshanova M.D., Muratbekova M.A., Turmetov B.Kh. On the solvability of some boundary value problems for a fractional analogue of the Laplace equation with the Caputo derivative // News of the Khoja Akhmet Yassawi kazakh-turkish international university. Mathematics, physics, computer science series.– 2020. – No. 1. – P. 49 – 62. (in Russian).

39 Turmetov B, Koshanova M, Muratbekova M. On the solvability of some boundary value problems with periodic conditions // Traditional international April mathematical conference devoted to Science Day in Kazakhstan, Almaty. – 2020. – P. 110-111. (in Russian).

40 Abduvaitov A.A., Tazhimetova M. Sh. On a fractional analogue of some boundary value problems for the Laplace equation // Traditional international April mathematical conference devoted to Science Day in Kazakhstan, Almaty. – 2020. – P. 64-65. (in Russian).

41 Nazarova K. Zh., Turmetov B. Kh., Usmanov K. I. On the solvability of a nonlocal boundary value problem with an oblique derivative // Traditional international April mathematical conference devoted to Science Day in Kazakhstan, Almaty. – 2020. – P. 98-99. (in Russian).

Foreign – 2020

42 Turmetov B.Kh., Nazarova K.Dz. On a generalization of the Neumann problem for the Laplace equation// Mathematische Nachrichten. – 2020. – Vol. 293, No. 1. – P.169 – 177. (in English). Web of Science, Quartile for 2019 by categoryMathematics Q2.

43 Karachik V.V., Turmetov B.Kh. On solvability of some nonlocal boundary value problems for biharmonic equation // Mathematica Slovaca. – 2020. – Vol. 70, No. 2. – P.329 – 341. (in English). Web of Science, Quartile for 2019 by categoryMathematics Q3.

44 Karachik V.V., Turmetov B.Kh. Solvability of one nonlocal Dirichlet problem for the Poisson equation // Novi Sad Journal of Mathematics. – 2020. – Vol. 50, No. 1. – P. 67 – 88. (in English). Scopus, Percentile for 2019 by category General Mathematics 20.
45 Turmetov B., Koshanova M., Muratbekova M. On some analogues of periodic problems for Laplace equation with an oblique derivative under boundary conditions // e-Journal of Analysis and Applied Mathematics. – 2020. – No.1. – C. 13 – 27. (in English)
46 Nazarova K. Zh., Turmetov B. Kh., Usmanov K. I. On a nonlocal boundary value problem with an oblique derivative // SVMO Journal. – 2020. – Vol. 22, No. 1. – P.81-93. (in Russian).
47 Turmetov B., Abduvaitov A., Tazhymetova M. On some integro-differential operators and their applications // Computational models and technologies: Abstracts of the Uzbekistan-Malaysia international online conference, Editor-in-chief: Aloev R.D., editor: Hayotov A.R., August 24-15, 2020,Tashkent. – P.148-149. (in Russian).
48 Turmetov B.Kh., Erkisheva Zh.S., Kulakhmetova Sh.B. On the solvability of some degenerate boundary value problems with involution // Computational models and technologies: Abstracts of the Uzbekistan-Malaysia international online conference, Editor-in-chief: Aloev R.D., editor: Hayotov A.R., August 24-15, 2020,Tashkent. – P.195-196. (in Russian). 
APPENDIX B

Annex 1.5

to this agreement

№__ from "___" _______ 2018 years

TIME SCHEDULE

Under the contract number 212,  March 19, 2018 year

1.Organization “International Kazakh-Turkish University named after Khoja Akhmet Yassawi”
1.1 Priority: 3. Information, telecommunication and space technologies, scientific research in the field of natural sciences. 

1.2 By sub-priority: 3.6. Scientific research in the field of natural sciences. Fundamental and applied research in mathematics. 

1.3 On the subject of the project: IRN AP05131268 "Development of methods for solving classical and non-classical boundary value problems for elliptic equations and their fractional analogues"

1.4 Total amount of the project 30 000 000 (thirty million) tenge, including with breakdown by years, for the execution of works in accordance with clause 3:

– for 2018 - in the amount of 10 000 000 (ten million) tenge;

– for 2019 - in the amount of 10 000 000 (ten million) tenge;

– for 2020 - in the amount of 10 000 000 (ten million) tenge.

2. Characteristics of scientific and technical products on the basis of qualification and economic indicators

2.1 Direction of work: Mathematics, boundary value problems.

2.2 Application: partial differential equations, theory of boundary value problems for elliptic equations and their fractional analogs, fractional integro-differential equations.

2.3 Outcome:

– for 2018: The results of the research will be published 1 article will be published presumably in the journal Siberian Advances in Mathematics included in the Scopus database, 1 article in peer-reviewed domestic scientific journals with a non-zero impact factor. The members of the research group will participate in the work of 3 international scientific conferences and the results will be published in the proceedings of the conference;

– for 2019: Based on the results of the research, 2 articles will be published presumably in the journals Acta Mathematica Scientia, Electronic Journal of Differential Equations, included in the Scopus database and Thomson Reuters. 1 article in peer-reviewed foreign scientific journals and 1 article in peer-reviewed foreign scientific journals with a non-zero impact factor. The members of the research group will participate in the work of 3 international scientific conferences and the results will be published in the proceedings of the conference;

– for the year 2020: Based on the results of the research, 2 articles will be published presumably in the journals Complex variables and elliptic equation, Differential Equations, included in the Scopus and Thomson Reuters databases. The members of the research group will participate in the work of 3 international scientific conferences and the results will be published in the proceedings of the conference.

2.4 Patentability: Not patentable.

2.5 Scientific and technical level (novelty): high level of theoretical results obtained for the first time.

2.6 The use of scientific and technical products is carried out: The performer.

2.7 Type of use of the result of scientific and (or) scientific and technical activities: for further development of non-classical boundary value problems for partial differential equations, fractional integro-differential operators and their applications to problems of mathematical physics.

3. Name of work, deadlines for their implementation and results

	The code of the task
	Name of work under the Contract and the main stages of its implementation *
	Deadline *
	Expected result *

	
	
	Beginning
	ending
	

	I
	Study properties of the Green's function of the Neumann problem for the Poisson equation 
	January 2018
	March 1 2018
	Properties of the Green's function of the Neumann problem for the Poisson equation will be investigated. An integral representation of the Green's function of the Neumann boundary value problem will be constructed 

	III
	Study properties of the Green's function of the Robin problem for the Poisson equation.
	April 2018
	June 

2018 
	Properties of the Green's function of the Robin problem for the Poisson equation will be investigated. An integral representation of the Green's function of the Robin boundary value problem will be constructed.

	III
	Investigate properties of the Green's function of the Dirichlet problem for a biharmonic equation
	Juley 

2018
	November 1 2018
	We will investigate the properties of the Green's function of the Dirichlet problem for the biharmonic equation. Properties of  fundamental solution of the biharmonic equation will be studied

	IV
	Investigate solvability of analogues of Neumann boundary value problems for a biharmonic equation
	October 2018
	November 1 2018
	Solvability of analogues of the Neumann boundary value problems for biharmonic equation will be investigated. An explicit form of the Green's function of the Neumann problem will be constructed.

	V
	Construct the Green's function of Robin problems analogues for a biharmonic equation.
	October 2018
	November 1 2018
	Solvability of analogues of the Robin boundary value problems for biharmonic equation will be investigated. An explicit form of Green's function of the Robin problem will be constructed, and their properties will be investigated. The results of the research will be published 1 article will be published presumably in the journal Siberian Advances in Mathematics included in the Scopus database, 1 article in peer-reviewed domestic scientific journals with a non-zero impact factor. The members of the research group will participate in the work of 3 international scientific conferences and the results will be published in the proceedings of the conference;

	VI
	Construct the Green's function of  the  Neumann problems analogues for a polyharmonic equation 


	January 2019
	March 2019
	An explicit form of the Green's function of the Neumann problem analogues for a polyharmonic equation will be constructed

	VVII
	Construct the Green's function of Robin's problems analogues for a polyharmonic equation
	April 2019
	June 

2019 
	An explicit form of the Green's function of the Robin problem analogues for a polyharmonic equation will be constructed

	VVIII
	Study solvability of boundary value problems for a biharmonic equation with boundary operators of fractional order
	Juley

2019
	September 2019
	Questions of solvability of boundary value problems for a biharmonic equation with boundary operators of fractional order will be investigated. Conditions for solvability of boundary value problems with boundary operators of fractional order will be established 

	3IX
	Investigate solvability of boundary value problems for a polyharmonic equation with boundary operators of fractional order
	October 2019
	November 1 2019
	      Questions of solvability of boundary value problems for a poliharmonic equation with boundary operators of fractional order will be investigated. Necessary and sufficient conditions for solvability of boundary value problems with boundary operators of fractional order will be established.

Based on the results of the research, 2 articles will be published presumably in the journals Acta Mathematica Scientia, Electronic Journal of Differential Equations, included in the Scopus database and Thomson Reuters. 1 article in peer-reviewed foreign scientific journals and 1 article in peer-reviewed foreign scientific journals with a non-zero impact factor. The members of the research group will participate in the work of 3 international scientific conferences and the results will be published in the proceedings of the conference.

	X

X
	Study solvability of degenerate boundary-value problems with periodic conditions in circular domains
	January 2020
	March 2020
	Questions of solvability of degenerate boundary value problems with periodic conditions in circular domains. Conditions for solvability of degenerate boundary value problems with periodic conditions will be established

	XI
	Study solvability of degenerate boundary-value problems with periodic conditions in  general case
	April 2020
	June 

2020 
	Questions of solvability of degenerate boundary value problems with periodic conditions in general case. Conditions for solvability of degenerate boundary value problems with periodic conditions will be established

	XXII
	Investigate Dirichlet and Poincaré problems for fractional analogues of elliptic equations in a cylindrical domain
	Juley

2020
	November 1 2020
	The problems of Dirichlet and Poincaré problems for fractional analogues of elliptic equations in a cylindrical domain will be investigated. Correctness of boundary value problems for fractional analogues of elliptic equations will be proved. Based on the results of the research, 2 articles will be published presumably in the journals Complex variables and elliptic equation, Differential Equations, included in the Scopus and Thomson Reuters databases. The members of the research group will participate in the work of 3 international scientific conferences and the results will be published in the proceedings of the conference.

	From Consumer:                                                                                      

The chairman PA "Committee of Science of the Ministry of Education and Science of the Republic of Kazakhstan"

___________________Abdrasilov B.S.
            stamp


	From Contractor:

Rector of the institution "International 

Kazakh-Turkish University named after 

Khoja Akhmet Yasavi"

__________________ Abdibekov U.S. 

              stamp                

Briefed on:

Scientific Project Leader

__________________ Turmetov B.Kh.

            (signature)
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® Jlorosopy Xe __ ot 2018
Ha parToBoe gimancnposac

TEXHUMECKAS CHEIHONKALWS 1
KAJEHIAPHBIH TLIAH PABOT

Tlo zorosopy Ne {2 ot {8 suapmil 2018 roza

1. VIPERIEHHE «MEKTYHAPOIHEIN KASAXCKO-TYPELKHI YHHBEPCHTET
HMEHH XOJUKH AXMETA ACABH

11 Tlo. npuoputery: 3. MHGOpMAHONISE, TETCKOMMYMHKAIHONIHE W KOCMICEKHE
TCXHONOIK, HayHHC HCCTEAOBAINAS B OGTACTH ECTECTRCHHAX HAYK.

1.2 o nozupwopuTery: 3.6 Haysie CEneAORaH#S B OGIACTH €CTECTBENHIN HaYK.

- DyRAIMEHTATLIE W IDHKTTHIE HCCTEAOBANHE B OGTACTH MATCATHKH.

1.3 Tlo Tene mpoexta: Ne APOS131268 (PaspaGorka MCTOI08 pellicHs KaccHvECKinX i
HEKTACCHCKIX KPACRIX 34134 1A SNTHITTIIECKITX YPAREHHL 1 X ZPOGHLIX QHLIOTOB)

14 OGuas cywo npockta 30000000 (mpudyame MuLIONOS) menze, B TOM SHCrE ©
Pa3GHBKOHi 10 TOTaM, /U BTIOTHEHHS PAGOT COTAACHO MYHKTY3:

-Ha 2018 rox -  cywaic 10000000 (ccaTh MnIHOHOB) menze;

-2 2019 ron - 5 cymaee /0000000 (ecATs MuRTHONOB) menee;

-2 2020 rox - B cymue /0000000 (ecAT: MinIwOHOB) menze.

2. XapaKmepucmuka nayuo-mexuisecKo RodyKAUM O KeQUBUKaKLONNNN
mpusnasay u skonawuveckue noxaamen

2.1 Hanpancine pabors: uamexamiuxa, xpacavie 3a0au

22 O6racrs npenemus: ubepenyuarmiie ypasuena e uacmuix npoussOONY,
meopus Kpacawx sada 0w sanummuveCKCx ypasneni u wx Opobsix avazozos,  uimezpo-
Ouppepernyuarsinse ypasnenn dpoinozo nopadka.

23 Konesnuit pesynuar:

=50 2018 200: Tlo pesymmaman_ nposedennetx uccredosanuii Gydem onybruoeara |
cmamsa npednanocumenono o weypuare Siberian Advancesin Mathematics exodmuui @ Gasy
Ourunx Scopus, | CMGmbie 6 PeeRTPYENSLX OMNECGEHHBIX HayNHALY UA0GNUS C HEHYIEGEIN
wnaxm-paxmopow. Urenss uccredosamenscroii spynnss Gyoym yuacmeogams @ pabomax 3
MEXOHGPOOIST nayux Konbepemy U pesyTomamii GYOYm omyGnuKosas: 6 mpyOaX
Rongrepenyu;

~5a 2019 200: Mo pesyamamax_nposedennix ucciedosani Gyoym
omyGiurosans 2 cmameu npeonoroscumersho @ ypuarax Acta Mathematica Scienti,
Electronic Journal of Differential Equations, exoomus o Gasy danux Scopus u Thomson
Reuters. 1 cmamon a peyewupyestax  sapybescissx nayunsx wioamusr u 1 cmamoss
peyentipyestix  apyGeaux nayutx wdanux ¢ nenyreasin sunaxm-daxmopon. Yot
uceredosamesscori spynmei Gyoym yuacmaosams o pabomax 3 MeOynapodHbE HayeLs
Kondpepernyui u pesyromam Gydym onyGrukosan # mpydax Konspeperu;

30 2020 200: [lo pesysmama nposedenx uccredosani Gyoym onyGnuxosaret
2 cmambiu npednasoxcumensho s scypuaraz Complex variables and elipiicequation, Differetial
Equations, exoonuux o Gasy dausix Scopus u Thomson Reuters. Uenst uceaedosamesscoii
Zpynne Gyoym yuacmaoeams @ pabomax 3 Nexdynapodwnx Haywnx Koudepenu u
pesyasmams 6ydym onyGiauxosais ¢ mpyoax xonbepenyu.

24 Tlareutocnocobinocrs: nenamenmocnocober.

25 Hayuto-rexmuicexaii yponern.  (Howewia): avicorui yposens mecpemuuecriux
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3. Haunenosaniie pasom, cpou ux pearusauis u pesysmanss

Tingp | Hanvcroanme pabor | Cpox smmomems Owitacwal pesybTat
saamtin, | o Rorosopy e | oxoraine
Bunomcin

T [Woyicnmc  cooorn| Simaps | Mapr | Byayr mysems coficrsa _ymammt
gymasm  Tpmia| 2018T. | 2018 7. | Fpmua saaun Hewana i ypamncaes
s Helvaa 1 Tyaccora.
ypassicrua Tyaccona Byier  noctpoeua  mimerpasioe

npexcramcins gy Tpiia
pacuoi saxan Heibvana.

T [Fisyserne cooficrs | Aupers | Thiok | byayT oy cooicToa Gysmkiomn
ymaun Cpna 2018r. | 2018r. | pmma sanaum Pobena s ypasmenis
sanacn Poena i Tyaccons.
ypascini Tyaccoa. Byzer nocrpocna serpansoc

mpexcTanacins dynKuwH [pia
pacooi sazwn Pobena.

T | Hccreaomanne Thors | Camtatps | ByayT nccnczonais caoficroa
cooiicrs gy [ 2018r. | 2018, | pyweun Cputa sana Mupicne s
Fpmna sagae Anprncre Gurapwomriccxoro ypasmers.

s Grrapuomrseckoro ByayT waysens caoficroa
ypasieans. ymtamesrransioro pemcins
Gurapuonseckoro ypaske.

IV [Fccneaovanne Oxatps| [0 | ByAyT HeceA0bab BoTpoch!
nompocon 2018r. | 1 nosbps | pmpewmiocrs ananoron kpacasx
paspennmocn 20187, |saes Heliara 11 GHrapuorieckoro
ananoron xpacaix ypanscrns.
azan Heltaia 1 Byner nocrpoen amms s Gyt
Gurapuonicckoro pa sazan Heiiwana 1 ioycic
ypasnein, <woicrs 1o npwwenexn0 k sompoca

paspeumsiocTn Kpacaan sazu

'V |Toctpocrmne Gymewm |Oxeatps| Mo | byacr nocrpocma gy Lpria
Tpia awaroron saas | 2018 . | 1 HoAGpA |awaroros sanas Podena s
Pobena nan 20187 | Garapwomriccxoro ypakcs.
Gurapuommccxoro Byner noctpoen st o pyimn
ypasueies. Fprnna saaw Pobena n necneaonamss

Byzer onyGmikosana | craren
npennonoxei0 5
wyprase«Siberian Advancesin
Mathematics» mxonsuuri n Gasy
sanax Scopus,| crarus
peucpyewuy orciccacmx
oy X HATBHARK G HERYTERSIN
snamar-gaxtopow. Bynyr cenais 3
AOCI&S B MCRAYHAPOTILX HayHLIX
Konepertunx.
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reranit 3 A0KTATR B METYHAPOTIX
ayax rondpeperiss.

X | Fccncaonarna Fumaps | Mapr | Byayr nceacaonans
sonpocon 20207 | 20207, |nonpocs papewnnocr
paspeumocrn supotaomxca Kpeau 3a1at
[ nepHOTISCCKNH TR B
Kpaconax saas ¢ spyrons obzacrsx.
neprorsccrnin Byayr yerasonacis yeromis
yeromasn 8 kpyrossex pasperiocTH BpOKTAOLIXES
ofimacrax. spacanax sazar » mape n nmince.





[image: image521.png]10

X [Wccneaonamn Anpexs | Fhoms | Byayt ucencxonans sonpocit
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