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Professor Dulat Dzhumabaev: a life dedicated to science

Professor Dulat Syzdykbekovich Dzhumabaev, Doctor of
Physical and Mathematical Sciences, was a prominent scientist,
a well-known specialist in the field of the qualitative theory of
differential and integro-differential equations, the theory of
nonlinear operator equations, and numerical and approximate
methods for solving boundary value problems.

Dzhumabaev D.S. was born in Kantagi, Turkistan distinct,
South Kazakhstan region, on April 11, 1954. From 1961 to
1971, he attended secondary school in Turkistan. In 1971, he
entered the Faculty of Mechanics and Mathematics of Kazakh
State University named after S. Kirov (how Al-Farabi Kazakh
National University). After graduating with honors from the

Department of Mathematics in 1976, he continued to pursue postgraduate studies at the
Institute of Mathematics and Mechanics of the Academy of Sciences of the Kazakh SSR. His
scientific activity began under the guidance of Academician Orymbek Akhmetbekovich Zhautykov,
an outstanding scientist and mathematician, who made a huge contribution to the creation and
development of the mathematical science in Kazakhstan. After successful completion of
postgraduate school in 1979, Dzhumabaev D.S. joined the Laboratory of Ordinary Differential
Equations headed by Academician Zhautykov O.A. He went from being a junior researcher to
becoming the head of the Laboratory of Differential Equations, one of the leading divisions of the
Institute of Mathematics. He chaired the laboratory from 1996 to 2012.

In 1980, Dzhumabaev D.S. defended his dissertation "Boundary value problems with a
parameter for ordinary differential equations in a Banach space" and earned the degree of Candidate
of Physical and Mathematical Sciences in the specialty 01.01.02 -Differential Equations.

Dzhumabaev D.S. was a successful scientist and versatile specialist in the field of mathematics
and its applications. He devoted his talent and hard work to the study of nonlinear operator
equations, and to the creation and development of qualitative methods in the theory of boundary
value problems for differential equations.

The doctoral dissertation “Singular boundary value problems for ordinary differential equations
and their approximation” by Dzhumabaev D.S. is a fundamental work that underwent
comprehensive approbation in leading scientific centers, such as the Computing Center of the
Russian Academy of Sciences, the Institute of Applied Mathematics of the Russian Academy of
Sciences, Lomonosov Moscow State University, Institute of Mathematics NAS of Ukraine,
Voronezh State University, |. Vekua Institute of Applied Mathematics of Thilisi State University,
and Kiev State University named after T. Shevchenko. The doctoral dissertation was defended at
the Specialized Council of the Institute of Mathematics of the NAS of Ukraine in 1994,

Dzhumabaev D.S. introduced the definition of a linearizer that generalizes the concept of the
Frechet derivative to the case of unbounded nonsmooth operators, and proposed a method for
proving the convergence of iterative processes that takes into account the specificities of unbounded
operator equations. This made it possible to extend the well-known Newton-Kantorovich method to
unbounded nonsmooth operator equations and apply it to nonlinear boundary value problems for
differential equations. These results were published in the journal “News of the Academy of
Sciences of the Kazakh SSR. Series: Physics and Mathematics”, 1984 (1, 3), and, at the request of
the American Mathematical Society, were translated and published in the journal “American
Mathematical Society Translations”, 1989, Vol. 142 [1-2], as well as in the journal "Mathematical
Notes" [3].
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Dzhumabaev D.S. developed the parametrization method of investigation and solving boundary
value problems. The method was originally offered in [4] for solving two-point boundary value
problems for a linear differential equation. The basic idea behind the method is to reduce the
problem in question to an equivalent problem with a parameter whose solution is determined as the
limit of a sequence of systems of pairs consisting of the parameter and a function. The parameter is
found from a system of linear equations determined by the matrices of the differential equation and
boundary conditions. The functions are solutions of Cauchy problems on the partition subintervals
for the found values of the parameter. The introduction of parameters made it possible to obtain
conditions for the convergence of proposed algorithms and, at the same time, for the existence of a
solution, in terms of the input data. This makes the parameterization method different from the
shooting method and its modifications, where shooting parameters are found from equations
determined through the general solutions of differential equations and conditions for the
convergence of algorithms are also given in terms of general solutions.

The parametrization method was then applied to the study of singular problems for which the
problem of approximation by regular two-point boundary value problems was solved [5-8]. The
method was extended to various boundary value problems for ordinary differential equations on a
finite interval and on the whole real line; necessary and sufficient conditions for the unique
solvability of problems under consideration were obtained [9-10]. The results obtained allowed us
to solve nonlocal boundary value problems for systems of second-order hyperbolic equations in two
independent variables [11-18]. The problem of finding a bounded solution of families of systems of
ordinary differential equations was solved in [19].

The parametrization method was generalized to nonlinear boundary value problems [20-22].
On the basis of the parametrization method, constructive algorithms were developed for finding
solutions to periodic, two-point boundary value problems for integro-differential and loaded
equations. For a two-point boundary value problem for Fredholm integro-differential equations, a
coefficient criterion for the well-posedness was established in terms of approximating boundary
value problems for loaded differential equations [23-29].

In 1998, Dzhumabaev D.S. was awarded the title of professor (specialty 01.01.00 -
Mathematics). Under his guidance, two doctoral, twenty candidate’s dissertations, and one PhD
thesis were defended. He supervised five PhD students.

In 2004-2005, Dzhumabaev D.S. was the chair of the Expert Commission on Mathematics and
Computer Science of the Committee on Supervision and Certification in Education and Science of
the MES RK.

Dzhumabaev D.S. was a highly qualified expert in the theory of differential, integral and
nonlinear operator equations, computer and mathematical modeling of application problems. He
published more than 300 works in scientific journals, including authoritative periodicals like
“Journal of Computational and Applied Mathematics”, “Journal of Mathematical Analysis and
Applications”, “Mathematical Methods in Applied Sciences”, “Computational Mathematics and
Mathematical Physics”, “Mathematical Notes”, “Journal of Mathematical Sciences”, “Ukrainian
Mathematical Journal”, “Eurasian Mathematical Journal”, etc. The research findings were presented
and discussed at many international symposia and conferences. His scientific results were widely
recognized in Kazakhstan and at the international level by experts in the field of differential
equations and computational mathematics. The scientific direction formed by Dzhumabaev D.S. has
been further developed by his students, who successfully work at the Institute of Mathematics and
Mathematical Modeling and leading universities in Kazakhstan, including the International
Information Technology University (Uteshova R.E. and Kadirbayeva Zh.M.).

For a number of years, Dzhumabaev D.S. was the scientific leader of grant projects carried out
at the Institute of Mathematics and Mathematical Modeling of the MES RK. For many years, he
lectured at leading universities in Kazakhstan, such as Al-Farabi Kazakh National University,
Akhmet Yassawi International Kazakh-Turkish University, and K. Zhubanov Aktobe Regional
State University.

International Journal of Information and Communication Technologies, Vol.1, Issue 2, June, 2020
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In 2014, at the invitation of the university authorities, Professor Dzhumabaev began to deliver
lectures at International Information Technology University. He taught such courses as
“Mathematical Analysis”, “Methods of solving linear and nonlinear boundary value problems for
ordinary differential equations”, ‘“Problems for integro-differential equations of processes with
consequences”, “Boundary value problems, their applications and methods for solving”. It should
be noted that his scientific results of recent years were obtained under the influence of teaching at
IITU. While giving lectures and conducting practical classes, he realized with great clarity the
importance of developing numerical methods for solving application problems. Having set himself
the goal of bringing to the final numerical implementation the theoretical results and algorithms of
the parameterization method [30], he made a breakthrough in the field of mathematical and
computer modeling.

Under scientific supervision of Professor Dzhumabaev, master students and undergraduates of
the International University of Information Technology carried out research in the area of numerical
methods for solving boundary value problems for differential and integro-differential equations.
This helped them choose their future career in applied mathematics (A. Zharmagambetov, A.
Zhumabekova, and others).

It is known that Volterra integro-differential equations are solvable for any right-hand side and
have classical general solutions. However, there exist linear loaded differential equations and
Fredholm integro-differential equations that do not admit classical general solutions. The question
arises as to whether it is possible to construct such general solutions that exist for all differential and
integro-differential equations and would allow solving boundary value problems for these
equations.

Dzhumabaev D.S. offered a novel approach to the concept of the general solution for a linear
ordinary Fredholm integro-differential equation based on the parametrization method [31]. The
domain interval is partitioned and the values of the solution at the left endpoints of the subintervals
are considered as additional parameters. By introducing new unknown functions on the partition
subintervals, a special Cauchy problem for a system of integro-differential equations with
parameters is obtained. Using the solution of this problem, a new general solution of the linear
Fredholm integro-differential equation was constructed. This general solution, unlike the classical
general solution, exists for all linear Fredholm integro-differential equations. The new general
solution made it possible to propose numerical and approximate methods for solving linear
boundary value problems for Fredholm integro-differential equations [31-32]. These methods are
based on the construction and solution of a system of linear algebraic equations for arbitrary vectors
of the new general solution. The coefficients and the right-hand sides of this system are determined
using solutions of the Cauchy problems for linear ordinary differential equations on the subintervals
and solutions of a linear Fredholm integral equation of the second kind. Using the new general
solution, solvability criteria were established for linear boundary value problems for Fredholm
integro-differential equations.

The results and methods were extended to nonlocal boundary value problems for systems of
nonlinear loaded hyperbolic equations and Fredholm hyperbolic integro-differential equations [33].

The new approach to the general solution became the basis of methods for research and solving
nonlinear boundary value problems for differential and integro-differential equations [34-37]. The
methods are based on the construction and solving systems of nonlinear algebraic equations for
arbitrary vectors of new general solutions. To solve nonlocal boundary value problems for nonlinear
partial differential and integro-differential equations, a modification of Euler’s broken lines method
is utilized, as well as methods for solving nonlinear boundary value problems for ordinary loaded
differential equations and Fredholm integro-differential equations.

These results were further extended to multipoint problems, periodic problems with impulse,
and control problems for various classes of differential, loaded differential, integro-differential, and
partial differential equations [38-45].

International Journal of Information and Communication Technologies, Vol.1, Issue 2, June, 2020
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Professor Dzhumabaev made a great contribution to the academic community. He led a
scientific seminar on the qualitative theory of differential equations at the Institute of Mathematical
and Computer Modeling. He was a scientific expert of State Expertise of the Ministry of Education
and Science of the RK. For many years, Dzhumabaev D.S. was a member of the Dissertation
Councils at the Institute of Mathematics, Al-Farabi Kazakh National University, Abai Kazakh
National Pedagogical University, and K.Zhubanov Aktobe Regional State University. He chaired
the Mathematics Section of Academic Council of the Institute of Mathematics and Mathematical
Modeling. He was a member of the editorial board of the scientific journals "News of NAS RK.
Series: Physics and Mathematics”, "Kazakh Mathematical Journal”, and "Bulletin of Karaganda
State University. Series: Mathematics".

Dzhumabaev D.S. was awarded the lapel badge "For Contribution to the Development of
Science and Technology" and Certificate of Merit of the Ministry of Education and Science of the
Republic of Kazakhstan.

Since 2018, Dzhumabaev D.S. headed the Department of Mathematical Physics and
Mathematical Modeling at the Institute of Mathematics and Mathematical Modeling. In 2019, his
research team, together with mathematicians from Ukraine, Belarus, Uzbekistan, Azerbaijan,
Germany, and the Czech Republic, received funding from the European Union's Horizon 2020
research and innovation programme under EC grant agreement 873071-H2020-MSCA-PISE-2019
(Marie Sklodowska-Curie Research and Innovation Staff Exchange), for the project entitled
“Spectral Optimization: From Mathematics to Physics and Advanced Technology” (SOMPATY).
The first publication in the framework of this project is devoted to the application of the
parameterization method to multipoint problems for Fredholm integro-differential equations [46].

At the end of 2019, having submitted to the competition from the International Information
Technology University, professor Dzhumabaev became the recipient of the grant “Best University
Teacher 2019” of the Ministry of Education and Science of the Republic of Kazakhstan.

A prominent scientist, an outstanding teacher, and a talented organizer, Dulat Syzdykbekovich
Dzhumabaev passed away on February 20, 2020.

His memory will live in the hearts of his loved ones, students, and colleagues. His research,
scientific ideas and plans will be continued and implemented by his students.
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RESEARCH OF A NONLOCAL BOUNDARY VALUE PROBLEM
BY THE PARAMETERIZATION METHOD

Abstract. A nonlocal boundary value problem with an integral condition for a system of second order
partial differential equations is considered. Sufficient coefficients conditions of well-posed solvability of the
problem are obtained by the parameterization method as well as an algorithm for finding a solution are of-
fered.

Keywords: integral condition, nonlocal boundary value problem, Friedrichs, algorithm.

Introduction

Among boundary value problems for partial differential equations, problems in which the con-
ditions connect the desired solution and its derivatives at various points lying on the border or in-
side the considered area are of considerable interest. Boundary value problems with nonlocal condi-
tions for a wide class of partial differential equations have been studied by many authors using vari-
ous methods. Note the works [1]-[2], where you can find a detailed overview and bibliography on
these problems.

Finding effective signs of the solvability of boundary value problems for some classes of partial
differential equations, developing new effective approaches to the study of boundary value prob-
lems, and developing iterative methods for partial differential equations are relevant both for ex-
panding the class of well-posed solvable boundary value problems, and for applying mathematical
methods to the problems under study.

Boundary value problems for systems of hyperbolic equations with mixed derivative are inves-
tigated and solved by the method of introduction of functional parameters [3], which is a modifica-
tion of the parameterization method [4] developed by Doctor of Physical and Mathematical Scienc-
es, Professor D. S. Dzhumabaev for solving boundary value problems of ordinary differential equa-
tions.

Nonlocal problems with integral conditions arise in mathematical modelling of various physical
phenomena. Nonlocal boundary value problems with integral conditions for partial differential
equations began to be studied relatively recently. In [5], a nonlocal boundary value problem with
integral condition for a time variable for the system of hyperbolic equations with a mixed derivative
is considered.

Problem statement
The nonlocal boundary value problem for the system of partial differential equations

D{;u}:A(x,t)2J(+S(x,t)u+ f(xt), UeR", (1)
ou T

0 0
B2 (10 s+ COI T 6T g+ [KG0S) B s -a). @
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u(t,t)="¥(t), telo,T] (3)

is considered in Q={(xt):t<x<t+w0<t<T}, T >0, ©>0.

Here, u(xt)=col(u,(xt)u,(xt)...u,(xt)) is an unknown function; D =§+§; A(x,1), S(x,t),

K(x,t) are (nxn) matrices, N is vector-function f(x,t), (nxn) are matrices B(x), C(x), 1 is
vector-function d(x) and is function w(t) continuous on Q, [0,], [0,T] accordingly.

Let C(Q,R") be a space of functionsu: G — R" that are continuous on Q , with the norm
Jull, = maxu(x,);

1, = max] ()

In the present work, we investigate questions of well-posed solvability to the wide extent of the
nonlocal boundary value problem (1)-(3).

X,t)EQ

Al :(maxHA(x,t] = ma&m@xzn:
j=1

(xt)eQ i=1n <=

2, (). [, = maxJa ().

Xe[O,w

Main results
Using the ideas of [3] and [5], we introduce new unknown functions [6] v(x,t) = g—u(x,t), and
X

the problem under study is reduced to the equivalent problem for the system of first-order hyperbol-
ic equations

Dv=A(xth+S(xtu+f(xt) (xt)eQ, (4)
B(X)V(X,OX xeo.0] T C(X)V(X,TX xeJT.T+0] T j K(x,sh(x,s)ds = d(x), (5)
Uk )= W)+ [vintdn,  tefo,T] (6)

t

A pair (v(x,t),u(x,t)) of continuous functions on Q is called a solution to problem (4)-(6) to

the wide extent of Friedrichs if the function V(X,t)e C(f_l, Rn) has a continuous derivative with
respect to t along characteristic and satisfies the family of ordinary differential equations, and con-
dition (5), in which the functions u(x,t) and v(x,t) are linked by the functional relation (6).

Using the method of characteristic, we getin H={(£,7):0<¢<0,0<7<T}, T>0, 0>0:

F R oF +SEnaE )+ T @), reoT] ™
BEW(0)+ CENET)+ [REF(E e =) £eol, ®

E+T

a(&,7)="(r)+ J\7(g, r)dg, re[0,T], ©)

where (z,0)=v(e+e,7) o T(Ee)=u(Erre) . AET)=AErTT) . SEr)=S(Erne) |
IZ(é",f):K(err,r), ?(5,2’): f(£+7,7); the (nxn) matrices A(gﬁ,r), 5(5,1), K(ﬁ,r),n-vector-function
f(¢,7) is continuous on H; (nxn) are matrices B(¢), C(¢), N-vector-function d (&) is continuous
on [0,w], and N-vector-function w(z) is continuously differentiable on [o,T].

Let C(H,R”) be the space of continuous functions V:H —R" on H with norm

V1, = mex max v (&, 7).
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A continuous function ¥(&,7z) on H is called a solution to problems (7)-(9) if the func-

tion V(4,7)e C(H,R") has a continuous derivative with respect to 7 and satisfies the family of

boundary value problems for the system of ordinary differential equations, and condition (8), in
which the functions G(g,7) and v(&,7) by the functional relation (9).

A continuous function u(x,t)=a(x—t,t) on Q is called a solution to the wide extent of

boundary value problems for the system of partial differential equations (1) with nonlocal integral
conditions (2) and (3).

For solving boundary value problems (7)-(9), we offer the following algorithm.

Step-0: in (7) accepting G(&,7)=¥(z), and solving boundary value problems (7)- (8) we shall

define initial approach \7(0)(5,7). Using the \7(§,f) (5 T) from correlation (9) find U (5 T)

Step-1: taking U(f, T):U(O)(f, r) in the right hand side of (7) and solving boundary value
problems (7)-(8), we define initial approximationV (f T) Substituting in (9) the function v (§ T)
found, we find U (§ Z’)

And so on.
On step & : continuing this process we get (V(k)(é,f),ﬁ(k)(f, T))
On each step of the offered algorithm we use the parameterization method [4].For fixed
i(&,7), &£ [0, ], problems (7)-(8) become the problems for equations
&AW +Gler), refor] (10)

with condition (8).

A continuous function v : H — R" that has a continuous derivative with respect to 7 on H is
called a solution of the family of two point boundary value problems (10) and (8) if it satisfies sys-
tem (10) and condition (8) for all (f,r)e H and £ ¢ [0, w], respectively.

Definition 1. A family of two point boundary value problems (10) and (8) is said to be well-
posed and solvable if it has a unique solution V(£ r)eC(ﬁ,R”) for any functions G(&,7) and d (&)
and this solution satisfies the estimate

max|7(.7) = K (£)max( max|G(z. ) Jd], ).

where K(f) is a continuous function on [0, »] independent of G(é,z')and d (5)

Definition 2. The boundary value problems (1)-(3) are said to be well-posed solvable if they
have a unique solution u*(x,t)eC(ﬁ,R”) for any functions f (x,t), d(x) and w(t) and this solution
satisfies the estimate

max[ = j K max(| ], |1, ),
0

where K =const independent of f(x,t), d(x), ¥(t).

To solve families of two-point boundary value problems for ordinary differential equations, the
method of parameterization [4] is used.

Sufficient conditions are obtained for the unique and well-posed solvability of the problem in
the terms of invertibility of the matrix, and boundary condition.

Since problems (7)-(9) are equivalent to problems (4)-(6), as well as boundary value problems
(4)-(6) being equivalent to (1)-(3), the nonlocal boundary value problem with integral condition for
the system of partial differential equations of the second order (1)-(3) has the unique solution

u'(xt)eC(QR").
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Theorem. Let boundary value problems (10) and (8) be well-posed. Then the sequence

(\7(”(5, r),ﬁ(k)(g,r)) converges to the unique solution of problems (7)-(9), and nonlocal boundary
value problems (1)-(3) are solvable in the wide extent.

Conclusion

When investigating and solving a nonlocal boundary value problem for a system of partial dif-
ferential equations, the parameterization method is used, which allows us to establish the well-
posed solvability of the problem along with unique solvability. The coefficient conditions for well-
posed solvability of a nonlocal boundary value problem for a system of equations are established.
Sufficient conditions for the well-posed solvability of a boundary value problem with a nonlocal
condition are established in terms of a matrix formed through the right side of the equation system
and the boundary condition.

If a solution built to the wide extent, is continuously differentiable with respect to X and ¢, i.e.
u(x,t) has continuous partial derivatives ‘Z_Lt’ ,Z_u, D{aﬁu} and satisfies equation (1) for all
X X

(X,t)eﬁ and conditions (2)-(3), then it is a classical solution of nonlocal boundary value problems

(1)-(3).
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MISTIITIMAUTITIHIH KETKUTIKTI MapTTaphl aJIbIHFAH KOHE MICTTiM/Il Ta0y alroOpuTMi YChIHBUIFaH.
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DZHUMABAEV PARAMETERIZATION METHOD
FOR SOLVING AN INITIAL-BOUNDARY VALUE PROBLEM
FOR HIGHER ORDER PARTIAL DIFFERENTIAL EQUATIONS

Abstract. We consider an application of the Dzhumabaev parameterization method for solving initial-
boundary value problems for higher order partial differential equations with two variables. These problems
are reduced to nonlocal problems for system of hyperbolic equations of second order with mixed derivatives,
or to the family of boundary value problems for hybrid systems consisting of first order partial differential
equations, or systems of ordinary differential equations with a parameter and functional relations. A family
of multipoint boundary value problems for higher order differential equations is solved by the Dzhumabaev
parameterization method. The methods and results are developed to nonlocal problems for higher order par-
tial differential equations with loading and delay arguments, nonlocal problems with integral conditions and
impulse effects for higher order partial differential equations.

Key words: initial-boundary value problems, higher order partial differential equations, Dzhumabaev
parameterization method, system of hyperbolic equations second order, nonlocal problems, unique solvabil-

ity.

Introduction.

The Dzhumabaev parameterization method was created for investigating and solving linear
boundary value problems for systems of ordinary differential equations [1]. On the basis of this
method, the coefficient criteria for unique solvability of linear two-point boundary value problems
for systems of ordinary differential equations were established. The Dzhumabaev parameterization
method and these results were developed to various classes of boundary value problems for differ-
ential equations [2-11]. Further, the Dzhumabaev parameterization method was extended to the lin-
ear two-point boundary value problems for integro-differential equations. Application of the Dzhu-
mabaev parameterization method made it possible to establish necessary and sufficient conditions
for the solvability and unique solvability of linear boundary value problems for ordinary Fredholm
integro-differential equations [12-16]. Algorithms of the parameterization method for solving these
problems are proposed in [17, 18]. These results are extended to nonlinear boundary value problems
for ordinary Fredholm integro-differential equations and loaded differential equations [19-22]. Nec-
essary and sufficient conditions for solvability and the unique solvability of these problems are re-
ceived.

The theory of nonlocal boundary value problems for systems of second order hyperbolic equa-
tions has been developed in the work of many authors. At present, different conditions for solvabil-
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ity of nonlocal boundary value problems for hyperbolic equations have been received. Criteria for
unique solvability of some classes of linear boundary value problems for hyperbolic equations with
variable coefficients have been obtained quite recently. We are proposing a method of introducing
of functional parameters for solving nonlocal boundary value problems for ayatem of hyperbolic
equations of the second order. The method of introduction of functional parameters is a modifica-
tion and generalization of the Dzhumabaev parameterization method to partial differential equations
with two variables. By means of the method of introduction of functional parameters, the nonlocal
boundary value problems for the systems of hyperbolic equations with mixed derivatives were in-
vestigated, the algorithms for finding the solutions are constructed, and the conditions for the exist-
ence of unique classical solution to the considered problem are obtained [23-25].

Using new unknown functions in [26, 27] the nonlocal boundary value problem with data on
the characteristics for the systems of hyperbolic equations was reduced to the problem, which con-
sists of a family of two-point boundary value problems for ordinary differential equations and the
functional relations. It is established that the well-posed solvability of nonlocal boundary value
problems with data on the characteristics for the systems of hyperbolic equations is equivalent to
the well-posed solvability of a family of two-point boundary value problems for the systems of or-
dinary differential equations. Criteria of well-posed solvability of linear nonlocal boundary value
problems for systems of hyperbolic equations with mixed derivatives in terms of initial data are ob-
tained. These results are extended to a nonlocal boundary value problem with integral condition
for the system of hyperbolic equations [28], nonlocal boundary value problems for system of
loaded hyperbolic equations [29] and periodic problems for the system of hyperbolic equations
with finite time delay [30].

Main results.

Currently, the problems of mathematical physics connected with the description of the wave
motion of liquids of different nature are drawing great attention. This interest is caused not only by
the significant applied importance of these problems, but their new theoretical and mathematical
content often do not have analogues in classical mathematical physics. One of the important classes
of such problems are the initial-boundary value problems for higher order partial differential equa-
tions. To date, various methods for researching and solving the initial-boundary value problems for
higher order partial differential equations of hyperbolic and composite types have been developed
(see bibliography in [31]). In order to investigate various boundary value problems for higher order
partial differential equations along with the classical methods of mathematical physics (the Fourier
method, the method of Green's functions, Poincare's metric concept) we apply the method of differ-
ential inequalities and other methods of qualitative theory of ordinary differential equations. Based
on them, the conditions for solvability of considered boundary value problems are obtained, and the
ways for finding their solutions are offered. However, finding the effective signs of unique solvabil-
ity of initial-boundary value problems, the analog of multipoint boundary value problems for higher
order partial differential equations, still remains an active problem.

It is known that higher order ordinary differential equations can be reduced to a system of first
order ordinary differential equations by replacement. Using the methods of the qualitative theory of
differential equations for the received system conditions of solvability can be formulated in the
terms of a fundamental matrix of a differential part or the right part of system . A similar approach
can be applied to higher order hyperbolic equations with two independent variables and the equa-
tions can be reduced to the system of second order hyperbolic equations with mixed derivatives by
replacement. Then, using the known methods for solving boundary value problems for systems of
hyperbolic equations with mixed derivatives, the conditions of solvability can be established in dif-
ferent terms. Mathematical modeling of many problems of physics, mechanics, chemistry, biology,
etc., resulted in the necessity of research of multipoint and nonlocal boundary value problems for
higher order partial differential equations of the hyperbolic type. Applying the methods of qualita-
tive theory of differential equations directly to these problems, we can establish conditions of their
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solvability. Also by means of replacement, the multipoint and nonlocal boundary value problems
for higher order partial differential equations of the hyperbolic type are reduced to the nonlocal
boundary value problems for systems of second order hyperbolic equations.

In the present paper, the Dzhumabaev parameterization method and its modifications are the
basic methods used to investigate and solve the initial-boundary value problems for higher order
partial differential equations. We establish the conditions for unique solvability of initial-boundary
value problems, the analog of multipoint boundary value problems for higher order partial differen-
tial equations of the hyperbolic type. Criteria for the well-posed solvability of family of multipoint
boundary value problems for higher order differential equations are received. Special attention in
the article is given to the initial-boundary value problems for third and fourth order partial differen-
tial equations, which often arise in the mathematical modeling of processes of the movement of
stratified liquid, during investigation research of an ion-sound wave in non-magnetized plasma, and
when studying the wave processes in various environments and rheological schemes of crust [32-
38]. Conditions for the solvability of initial-boundary value problems, and of nonlocal boundary
value problems for these equations are obtained by the method of characteristics, Riemann's meth-
od, the method of Green's functions and differential inequalities. The conditions for the unique
solvability of initial-boundary value problems and analog multipoint boundary value problems for
third and fourth order partial differential equations are established in the terms of solvability to non-
local boundary value problems for systems of hyperbolic equations of the second order. Considered
problems also are reduced to the family of boundary value problems for hybrid systems consisting
of first order partial differential equations and ordinary differential equations with parameter and
functional relations. On the basis of the Dzhumabaev parameterization method, the algorithms for
finding the solution and coefficient conditions for the well-posed solvability of investigated prob-
lem are proposed.

The theory of boundary value problems for higher order partial differential equations is closely
related to the theory of boundary value problems for higher order ordinary differential equations.
Conditions for the existence of solutions to the boundary value problem and Vallee-Poussin prob-
lem for higher order hyperbolic equations are established, using the properties (the existence of so-
lutions, uniqueness of solutions, the continuous dependence on initial data) of the family of corre-
sponding homogeneous boundary value problems for higher order ordinary differential equations.
Applying the method of the introduction of functional parameters to the nonlocal boundary value
problems for systems of hyperbolic equations also led to the family of boundary value problems for
ordinary differential equations. Using the fact that well-posed solvability of boundary value prob-
lems with data on the characteristics for systems of hyperbolic equations is equivalent to the well-
posed solvability of the family of two-point boundary value problems for ordinary differential equa-
tions, made it possible to establish a criterion for well-posed solvability. In addition, the families of
boundary value problems for higher order ordinary differential equations are of independent interest
as non-Fredholm problems. In this regard, the project will investigate the family of multipoint
boundary value problems for higher order differential equations by the Dzhumabaev parameteriza-
tion method. On the basis of this method, the coefficient criteria for unique solvability of linear reg-
ular boundary value problems for the systems of ordinary differential equations were established.
By means of modification of the parameterization method, the algorithms for finding the solutions
are proposed, and the conditions for well-posed solvability of the family of multipoint boundary
value problems for higher order differential equations in terms of the initial data are established [39,
40].

The principal difference between the Dzhumabaev parameterization method and these results
from the existing analogs consists in the establishment of coefficient conditions for the existence of
solutions to the specified problems and in the construction effective algorithms for finding their so-
lutions.

Thus, the Dzhumabaev parameterization method and its modifications for finding the approx-
imate solutions to the initial-boundary value problems, the families of multipoint boundary value
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problems for higher order differential equations, the boundary value problems for higher order hy-
perbolic equations with loading and with a delay argument, the nonlocal problems with integral
conditions, with impulse effects of higher order partial differential equations will be offered, and the
conditions for the existence of a solution in the terms of initial data will be established.

Conclusion

The theory of boundary value problems for higher order partial differential equations is actively
developing, and it finds numerous applications in various fields of applied mathematics. Works of
many authors are devoted to the research of these problems and development of methods for finding
their solutions. Study of the qualitative properties of initial-boundary value problems, multipoint
boundary value problems and the development of effective methods for finding their solutions are
the main problems of this theory. The coefficient conditions for unique solvability of initial-
boundary value problems and a family of multipoint boundary value problems for higher order par-
tial differential equations, which will be established as well as the approximate methods which will
be developed in this paper, will become a powerful contribution to the theory of boundary value
problems for higher order partial differential equations.

Funding: The work was supported by grant NeAP05131220 of Ministry of Education and Sci-
ence of the Republic of Kazakhstan (2018-2020).
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HNmanuneB A.E.*, Aouabaaea A./l., Munriubaena b.b.
Koraprbl perTi Aepodec TYbIHABLIBI AU((epeHIHANIBIK TeHaeyJiep YIliH
O0acTanKpI-IeTTIK ecenTepAi memyre apHajaran 2KymadaeBTbhIH mapamMeTpJiey dici
Annarna: Exi aliHbBIManbIchl 0ap >KOFapFbl peTTi JepOec TYBIHIABUIB AuddepeHInanabK

TeHJIeyJIep VIIIH OacTamnKbl-IIETTIK ecenTepAi mienryre apHauran JKymaOaeBTHIH MapaMeTpliey
omiCiHIH KeWOip KOJIIaHbICTaphl KapacThIphlIaabl. byi ecentep apanac TYBIHIABUIBI TUTIEPOOIATBIK

International Journal of Information and Communication Technologies, VVol.1, Issue 2, June, 2020

21



B PA3PABOTKA IIPOTPAMMHOI'O OBECIIEYEHUS U WHXXEHEPUS 3HAHU MW

TEHJEeyJep JKyHeci yuIiH Oeiokan ecentepre, Hemece OipiHIN peTTi JAepOec TYbIHIBLIbI
mudepeHIMANIBIK TEHACYISPACH TYpPaThIH THOPHUATI JKYHeJIep YIIiH IIETTIK ecenTep oyJeTiHe,
HeMece mapamMerpiiepi Oap xail nuddepeHIMaANIBIK TEHACYIEp Kyhenaepi MeH (yHKITMOHAJIBIK
KaTblHacTapra Kentipiaemi. JKoraprel perti auddepeHnuanaplK TEHISYJep YIIiH KOMHYKTe
merTik ecentep ayneri JKymaGaeBThIH mHapameTpriey oici apKbUIbl MIemrieni. OmicTep MeH
aNbIHFAH HOTIDKENEP JKYKTEMEJIepi MEH KeIIryji apryMmMeHTTepi Oap >KOraprbl peTTi aepbec
TYBIHIBUIBL JU(GEepeHINAIAbIK TeHASYIep YIIiH Oeiokan ecenrtepre, >KOFaprbl peTTi aepoec
TYBIHABUTBL TUGGEPSHIMAIABIK TEHACYJASp VIIH HMHTETPAJABIK [IApTTapbl MEH HWMITYJIBCTIK
oceprepi Oap Oeistokan ecenTepre 1aMbIThLIA b,

Tyitinai ce3aep: 6acTanKpI-MIETTIK €CENTEP, KOFAPFBI PETT1 1EPOEC TYBIHIBLIBI
muddepeHmanbk Tenaeyiep, JKymadbaeBTeIH TapaMeTpiiey dici, eKiHII PeTTi THUIIEPOOIaIBIK
TEeHJIEYJIep KYyheci, OIpMOHII MISTIIUTIMILITIK

HNmanuneB A.E.*, AounbaaeBa A.Jl., Munriau6aea b.b.
Metoa napamerpu3annu /[:;kymadaeBa penleHusi HA4aJIbHO-KPaeBbIX 32/1a4 JIA
nuddepeHuNANBbHBIX YPABHEHHIT B YACTHBIX MPOU3BOIHBIX BHICOKOI0 NMOPSAKA
AnHOTanus. PaccMaTpuBarOTCsl HEKOTOPBIE IPUMEHEHUsI METoAa napameTpusanuu Jxymada-
€Ba JIJIs pelIeHMs] HayallbHO-KPaeBbIX 3a1a4 Uil 1uddepeHnaibHbIX YpaBHEHUH B YaCTHBIX MPO-
HU3BOJHBIX BBICOKOI'O MopsgaKa ¢ IByMs IEPECMCHHBIMU. 9TI/I 3ada4YU CBOIATCA K HCJIOKAJIBHBIM 3a1a-
YaMm i CUCTEMbI TUIIEPOOTMYECKUX YpaBHEHUI BTOPOro MOPsAKa CO CMEUIaHHBIMU MPOU3BOIHbI-
MU, WM K CEMEUCTBY KPaeBbIX 3a/1a4 I THOPUIHBIX CUCTEM, COCTOSIINX U3 AU PepeHINATHHBIX
YpaBHEHU C YACTHBIMU MPOU3BOJHBIMH MEPBOTO MOPSIKA, MU K CHCTEeMaM OOBIKHOBEHHBIX -
(bepeHIaTbHBIX YpaBHEHUH € mapamerpamMu W (DYHKIHOHAJIBHBIM COOTHOIICHUSIM. CeMeHCTBO
MHOTOTOYEUHBIX KpaeBbIX 3a/a4 g AuQdepeHInanbHbIX YPaBHEHUH BBICOKOTO MOPsAKa pelaeT-
csl METO/IOM Mapamerpusanuu J>xymabaeBa. MeToabl U MONTyYeHHBIE pe3yIbTaThl Pa3BUTHI Ha He-
JOKaNbHBIE 3aaun s AuddepeHInaIbHbIX YPaBHEHUH B YaCTHBIX MPOU3BOJHBIX BBHICOKOTO TIO-
pAaaKa ¢ Harpy>XCHUSAMU U 3alla3JibIBAIOIUMU apryMCHTaMH, HEJIOKAJIbHBIC 3a1a4i C MHTCTPaJIbHbI-
MU YCIOBUSMH M HMITYJIbCHBIMU BO3JEHCTBUSIMHU JIi YPaBHEHUH B  YACTHBIX IMPOM3BOIHBIX
BBICOKOI'O ITOpsAJIKa.
KuroueBble ciioBa: HauanbHO-KpaeBble 3anaud, nuddepeHIanbuble YpaBHEHHUS] B YaCTHBIX
MIPOU3BOHBIX BBICOKOTO MOpPsAKA, METOJA mapaMmerpusamnuu J[>xymabaeBa, cucrema rurnepoosu-
YECKUX YPaBHEHHUI BTOPOTO MOPsIIKA, OJJHO3HAYHAs Pa3peIMMOCTb.
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ON THE CORRECT SOLVABILITY OF A LINEAR TWO-POINT BOUNDARY VALUE
PROBLEM WITH IMPULSE ACTION BY THE PARAMETERIZATION METHOD

Abstract. A linear two-point boundary value problem with impulse action for a system of ordinary dif-
ferential equations is considered. The necessary and sufficient conditions for the correct solvability of the
problem are established.

Key words: boundary value problem, impulse, parameterization method, correct solvability

Mathematical modeling of the evolution of real processes with short-term disturbances, the du-
ration of which can be neglected, leads to the need to study differential equations with impulse ef-
fects.

Such problems attracted the attention of scientists as early as the end of the 19th and beginning
of the 20th centuries, at the stage of the formation of nonlinear mechanics, and first of all aroused
the attention of physicists with the possibility of an adequate description of processes in nonlinear
oscillatory systems. Intensive development of the latest technology has led to an increase in the in-
terest of mathematicians in the further study of systems with discontinuous trajectories. Examples
of applications include pulse control systems, pulse computing systems, etc. The research results are
used in many engineering, technical, economic, biomedical and other problems.

It is known that the presence of an impulse significantly affects the solvability properties of
boundary value problems and the properties of their solutions. For example, Perestyuk showed the
positive effect of the impulse action on the continuability of a solution of a nonlinear ordinary dif-
ferential equation. The dissertation contains examples showing both the positive and negative influ-
ence of the impulse on the solvability of periodic boundary-value problem for an ordinary differen-
tial equation. This fact, among others, generates the urgent problem of researching properties and
developing algorithms for finding solutions to boundary value problems with impulse effect. The
qualitative theory of differential equations with impulse effects dates back to works by A. D. Mysh-
kis, A. M. Samoilenko [3], A. Khalanai, D. Veksler [4] and other mathematicians. The theory of
boundary value problems for ordinary differential equations with impulse action was substantially
developed in the works of the Kiev school of mathematicians. Boundary and periodic boundary
value problems for ordinary differential equations with impulse effect are considered in the works
of A.M. Samoilenko, A.A. Perestyuk, Shavkoplyas, Trofimchuk, Rogovchenko, Karanjulov and
other mathematicians. Various methods have been developed and applied by them both to investi-
gate the solvability of boundary value problems with impulsive effect, and to find their solution.

In particular, a numerical - analytical method proposed by A.M.Samoilenko for ordinary differ-
ential equations with impulsive effect is widely used. We note that using the general solution of a
system of ordinary differential equations allows us to obtain the necessary and sufficient conditions
for the unique solvability of a linear boundary-value problem with impulse effect in terms of the
fundamental matrix. However, given that it is possible to construct the fundamental matrix for sys-
tems of differential equations with variable coefficients in rare cases, this criterion for the unique
solvability is applicable only for a narrow class of boundary value problems. For nonlinear bounda-
ry value problems with impulsive effect, only sufficient conditions for their solvability are estab-
lished, which allow us to study classes of boundary value problems that satisfy certain assumptions.
If the general solution of the considered system of nonlinear ordinary differential equations is
known, then using the conditions of the impulse effect condition and boundary conditions, we can
construct a system of nonlinear equations with respect to arbitrary constants. The solvability of the
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problem will be equivalent to the existence of a solution to the constructed system. Since for non-
linear systems of ordinary differential equations, as a rule, a general solution cannot be found, this
sign of solvability of a nonlinear boundary value problem with impulsive effect is applicable in ex-
ceptional cases.

Therefore, we study the following questions:

1) To obtain coefficient criteria for the unique solvability of a linear two-point boundary value
problem with impulse action without using fundamental matrix;

2) To establish necessary and sufficient conditions for the existence of an isolated solution of a
periodic boundary problem for a nonlinear system of ordinary differential equations with impulse
action in terms of the input data;

3) To build effective algorithms for solving boundary value problems for systems of ordinary
differential equations with impulse action.

These issues are resolved based on the parameterization method proposed by D.S. Dzhuma-
baev.

On the interval [0.T], we consider the linear two-point boundary value problem with an impulse
action at fixed moments of time for a system of ordinary differential equations

= = AMx+f().t [OL.TI\B,.8;..... 80}, 6 € (0.T), i = Tm,x € R" (1)
Byx(0) + Cox(T) = d, d € R™, @)
Bix(f; —0)— Gx(8; +0) =p. p; €R™, 3)

where the matrix A(t) and the vector function f(t) are piecewise continuous on [0.T] with pos-
sible discontinuity points of the first kind 8. i=1.m. B, C. i=(0.m) are constant matrices;
llell = macxlxl, Al = mﬁngﬁﬂhij-{m = a If@©)ll, = maxlifgll.

A solution of problem (1)-(3) is piecewise continuously differentiable on [0.T] vector function
x(t), which satisfies the differential equation (1) on [0.T] except points &. as well as conditions (2)
and (3). By ¢([o, 7], R*) we denote the space of piecewise continuous on [0.T] function x: [0.T] = R"
with the norm llxll; = max, sup lxe)ll, where 8, = 0, 8., = T.

Ceeld 8iaqd

The need to study boundary value problems for systems of differential equations with impulse
action is caused by many problems of physics, engineering and biology, which describe real pro-
cesses subject to impulse effect. A review and bibliography of works devoted to the study of sys-
tems of differential equations with impulsive effect can be found in [1-6]. In [7], a periodic problem
with a pulsed effect at an internal point of the interval was studied by the parameterization method
[8]. Algorithms for finding a solution are proposed and sufficient conditions for their convergence
are established, that provide the unique solvability of the problem under consideration. In [9], algo-
rithms were proposed for finding a solution to problems (1) - (3) in terms of the matrix

Qulhy by by ), VEN, by =6 —6_,,j=1m+1, 8 =0 8,.,=T, composed of the matrices A(t),
B. C..i=(0,m), and g, the conditions for their convergence were obtained. Criteria for the unique
solvability of problem (1) - (3) were established in terms of the matrix @, (k. k;..... by +1). IN the pre-

sent work, the effect of changing the partition step for a fixed algorithm for convergence, v, leads to
the unique solvability of problems (1) - (3).

Let us take a number : e ¥ and make the partition [0.T) = Uy [t .6, ) 6 = 0.8, = £, + 72, r=T],
F _— F 50
b=t 42, r=T 412 ..t =t + 2 I Lm+ DL A = max b, b= min k8 ==,
' L i=tm+1 i=tm+1 g
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By x.(t) we denote the restriction of the function x(t) to the partition subinterval [tr_i,tr) and
reduce problems (1) - (3) to a multipoint boundary value problem with an impulse effect.

d, S
= A)x, + F(E), te[tt,). r=T(m+ DL (4)
Bnr_'-z:;-::l_nxi':n:] + Cnrfﬁ[_\x(muﬁ{t] =d, (5)
Eit_{ft’-?i?f_nxﬁ{f] — Coxgltye) =g 1 =1m (6)

Jim 10 = %o (), 5 = [Lem+ DGR, i =T, (7)

Here (7) are the conditions for matching the solution at the interior points of the partition.
If x(£) is a solution to problems (1) - (3), then the system of its restrictions

x[t] = (xy (&) x2(E). ,mm{tj} is a solution to problems (4) - (7). And vice versa, if the system of
vector functions z[£] = (£, (). #,(£).. ,“m{t]} is a solution to problems (4)-(7), then the function
#(t), defined by the equalities () = #,(t). t € [t..t, ).r =T.(m + DL 2(T) = lim % i (2), ill be the
solution to the original problem. We introduce the notation i, = x.(t._;) and make the substitution

uy(t) = x,(£) — 4, at each subinterval [t,_i,tr). Then the problems (4)-(7) are reduced to an equivalent
multipoint boundary value problem with parameters

dt -
2 = A [u, @) + A, ]+ (), te [t 8 ) u(t,) =0, r=T(m+ DL, (8)
Bpdy + Enrﬁﬂnuujmuji{t] + Cpdimaery = d. ©)
B[r_{fﬁ?_nu[[{t:] + Bidy— Cidjy = gy i=1m. (10)

Lot lim ug(t) = Aevs s={Lom+ D\GD, i= (1)

If a pair (1,u[t]) with

A=(Apdge Agmery) € R0 wlf] = (a4 (6) (8o e 1 (8))
is a solution to problems (8)-(11), then the function system
wlt] = (g + (). 22+ 15 eyt + Ugmasi(8)

will be a solution to problems (4)-(7).
Vice versa, if 2[f] = (#,(t). %.(5).. ,mm{t]} is a solution to problems (4)-(7), then (ia[e])

with £ = (2,00, 2t s Zmasi(T))

] = (£,(8) — #1000, %2(8) — F20t2drer s Fpmay1 () — Fpma 191 Epma sy .)) will be a solution to problem
(8)-(11). However, problems (8)-(11) dlffer from (4)-(7) in that there appear the initial conditions at
the points t = t,_,. » = 1, (m + 1)1, which allow us to determine u,(t).t € [t,_,.t,).r =1, (m + 1)i, from
the Volterra integral equation of the second kind

u () = fy

=1

Instead of substituting the corresponding right-hand side of (12) and repeating this pro-

A [u, (7)) + 1, 1d7 + fr:_if{rjdr, telt_.t), r=1,(m+ 1)L (12)

cess v (v = 1.2,...) once, we obtain a representation of a function of the form
ur (t) = Dv,r (t)/lr + Fv,r (t) +Gv,r (u7t)’ t € [ r-1? )' r= :L(m +1)| (13)
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D, (t)= z j AZ)... T'IZA(TV,l)TA(TV )z, .. de
6. )= [ Aw)-. [ Ale, 6,00,

F.M)= If(z’ Yz, +Z .[ Az)... .fA(rH) j f(z,)dz, .. dz,.

From (13) we find that o 1 h

r Ef},"’”:n“rm =D, (t)A +E, (t)+ G, (u.t) r=1,(m+ DI

Substituting the corresponding right-hand parts (14) in conditions (9),(10), we get the system of

equations for unknown parameters ., ;... 4 g
Q,(A = —E,(1) - G, (u.1), & € RM™+DL, (15)

A solution of the multipoint boundary value problem with parameters (4) - (7) is found as the
limit of the sequence of pairs (1%, ™ [¢]), determined by the following algorithm:

Step 0. (@) Assuming that for some [ € N. v € N, the matrix @, ([}: RP™+0I . grim+4l g inverti-
ble, the initial approximation of the parameter ie r™m™+3i js found from @A™ = —E, ).
A% = -l@, (I E(D);

(b) Using vector components A” e R"™™*" and solving the Cauchy problem (8) with
A, = A on the subintervals [t, ,,t. ), we find functions u'” (t), r=1,(m-+2)I.

Step 1. (a) Substituting found ™) to the right-hand side of (15), from equation
0,(4 = —E, (I} — G, (u™,1} we determine the first approximation of the parameter i;

(b) Solving the Cauchy problem (8) on the subintervals [¢,_.. ). with 4, =", we find func-
tions u™ ¢}, » = 1, (m + 1)I. And so on.

Continuing the process, on Step & we get the pair system (A.u¥)), k=01.2..
r=1(m+1)L

The following theorem provide sufficient conditions for the feasibility and convergence of the
proposed algorithm to a unique solution to the boundary value problem with impulsive effect (1) -

).

Theorem 1. Suppose that for some | e N and ve N the matrix Q (I): R"™?' — R"™' is
invertible and the following inequalities hold:
[Q. 01" 7.0) (16)

.= ()max| 1 max'L 16| "= e, | an

X{exp(ar j _g},(ar j }

Then the boundary value problem with impulse effect (1)-((3) has a unique solution x*(t) and
the following estimation is true

<L, (1 max(d], p.[) (18)

where L, (1) does not depend on f(t),d , p, and is calculated through B, C;. i = ©o,m), «,
0
SO HONTEE

r=1m+1)l (e[t
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The following statements establish that the conditions of Theorem 1 are not only sufficient but
necessary for the unique solvability of problems (1) - (3).
Theorem 2. The boundary value problem with impulse action (1) - (3) is uniquely solvable if

and only if for any i € ¥ there exists v & ¥ such that the matrix Q, (I): R"™' — R"™' is invertible

and inequalities (16) and (17) of Theorem 1 are satisfied.
Theorem 3. The boundary value problem with impulse action (1) - (3) is uniquely solvable if

and only if for any v N there exists [ = {(v) = 0, [ € N, such that the matrix Q (I): R"™?" — R"™!

is invertible and inequalities (16) and (17) of Theorem 1 are satisfied.
The following statements establish the relationship between the constant of the correct

solvability and an upper bound of the norm of the matrix @, ().
Theorem 4. If the boundary value problem with impulsive action (1) - (3) is uniquely solvable

with a constant K, then for any = = 0.v € N there exists [, =,{=v) such that @,(l) is invertible for
any | = 1, (zv) and the following estimate is valid:

IE-*g, 1= + &K
where

[

H=l diag (hml:, holoou bl Ry L hol, o hgd s b D g oL, hml:).
Theorem 5. Let for some v € N there exists [, = I,(x) such that for all [ = 1, the matrix @,(1)
is invertible and its inverse satisfies the inequality
IE-*Q 1 M =y,
where y is a constant independent of I. Then problems (1) - (3) are correctly solvable with the
constant K = y.
One of the main conditions for the feasibility of the algorithm and the unique solvability of the

two-point boundary value problem with an impulse effect is the invertibility of the matrix @,(1) for
some v, . The block band structure of the matrix @,(I) allows us to get the recurrence formulas that
block-wise determine the elements of [@,()]~*. Assuming that the matrices C;.i = (1,m). are inverti-
ble, we establish the equivalence of the invertibility of @.(1) to that of the (nlim + 1)1 x n(m + 1}0)
matrix M, (1) defined as

mi+1 1 F—13i+1
MO =B+C || +D.cl]] {r:;lsz- [T i+ D.,._Sirg]}

E=m+131 j=m s=jI
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ON ONE APPROACH TO SOLVE A NONLOCAL PROBLEM
WITH PARAMETER FOR A SECOND ORDER PARTIAL INTEGRO-
DIFFERENTIAL EQUATION OF HYPERBOLIC TYPE

Abstract. A linear nonlocal problem with a parameter for partial integro-differential equations of hy-
perbolic type is considered. This problem is investigated by the Dzhumabaev parameterization method. We
offer an algorithm for solving nonlocal problems with parameter for partial integro-differential equations of
hyperbolic type. First, the original problem is reduce to an equivalent problem consisting a family of bound-
ary value problems for ordinary integro-differential equations with parameters and integral relations. Then,
we reduced the family of boundary value problems for ordinary integro-differential equations with parame-
ters to a family of special Cauchy problems for ordinary integro-differential equations with parameters in
subdomains and functional relations. At fixed values of parameters the family of special Cauchy problems
for ordinary integro-differential equations in subdomains has a unique solution. A system of linear function-
al equations with respect to parameters is compiled. We propose an algorithm for finding an approximate
solution to the equivalent problem. This algorithm includes the approximate solution of the family of Cauchy
problems for ordinary differential equations and solving the linear system of functional equations.

Key words: nonlocal problem with parameters, partial integro-differential equations of hyperbolic type,
family of boundary value problems with parameter, ordinary integro-differential equations, Dzhumabaev
parameterization method, algorithm.

The problem of constructing effective mathematical models finds its solution in many areas of
life sciences and technology. A modern approach in the theory of control and identification of
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parameters should be connected to the development of new constructive methods and modifications
of known methods for solving nonlocal problems with parameter for partial integro-differential
equations of hyperbolic type. The theory of nonlocal problems with parameters for partial integro-
differential equations of hyperbolic type is developing intensively and is used in various fields of
biomedicine, chemistry, biology, etc. [1-12]. In spite of this, the questions of establishing the
coefficient criterions of a unique solvability and constructing the approximate algorithms for
finding the solutions of nonlocal problems with parameter for the partial integro-differential
equations of hyperbolic type still remain open. One of the constructive methods for investigating
and solving the problems with parameters for the differential equations is the Dzhumabaev
parameterization method [13]. The Dzhumabaev parameterization method was developed for
investigating and solving the boundary value problems for the system of ordinary differential
equations. On the basis of this method, coefficient criteria for the unique solvability of linear
boundary value problems for the system of ordinary differential equations were obtained.
Algorithms for finding the approximate solutions were also proposed and their convergence to the
exact solution of the problem studied was established. Later, the parameterization method was
developed for the two-point boundary value problems for the Fredholm integro-differential
equations [14-25]. Necessary and sufficient conditions for the solvability and unique solvability are
established, the algorithms for finding the approximate solutions of the problems considered are
constructed. In [18], methods for solving the linear boundary value problems for the Fredholm
integro-differential equation on the basis of new algorithms of the parameterization method are
offered. In [21] these methods are used to solve a nonlocal problem for a system of loaded and
integro-differential equations of hyperbolic type.

In the present paper we propose a new approach based on the Dzhumabaev parameterization
method for solving a nonlocal problem with parameters for partial integro-differential equations of
hyperbolic type. We offer an approximate method to solve a nonlocal problem with parameter for
partial integro-differential equations of hyperbolic type.

On the domain Q=[0,T]x[0, @] consider the linear nonlocal problem with parameters for the

second order partial integro-differential equations of hyperbolic type

aatzjx = A(t,X)Z_;Jﬁ B(t, x)—+C(t X)u +fK(t X)——— au(t X g +D (6, ) u(x) + T(t,X), @
pix )au(() X) 4 S(x )au(l' X)—qol(x), x [0, w], 2

u(t,0) = !//(t)v te[0T], ©

au(aé)’( X) »,(x), x€[0,m], (4)

where u(t,x) is an unknown function, u(x) is an unknown functional parameter, the
functions A(t,x), B(t,x), C(t,x), K(t,x), D(t,x),and f(t,x) are continuous on Q, the functions
P(x), S(x), @(x), @ (x) are continuous on [0,®], and the function w(t) is continuously
differentiable on [0,T].

Let c(,R) (C([0,w],R)) denote the space of continuous functions u:Q—R (u:[0,0] >R)
with the norm |uf, = max Ju(t, x)|| (|, =

(t,x)eQ xe[0,0]
A solution to problems (1)-(4) is a pair (u(t, x), " (X)), with u*(t,x)eC(Q,R), #'(x)eC([0,»],R),
where the function u®(t,x) has partial derivatives au*a(xt’x)eC(Q, R) , au*(,gtt’x)eC(Q, R) ,

o°u*(t, X)
otox
u(x) = 1" (x) and boundary conditions (2), (3) and (4).

e C(Q,R) and satisfies the partial integro-differential equation of hyperbolic type (1) with

International Journal of Information and Communication Technologies, VVol.1, Issue 2, June, 2020
29



B PA3PABOTKA IIPOTPAMMHOI'O OBECIIEYEHUS U WHXXEHEPUS 3HAHU MW

Introduce the new functions v(t, x) = u(t, x) , W(t, x) = 6ugt, X) :
We reduce problems (1)-(4) to an equvalent problem
% = A(t, x)v+} K (t, X)v(t, x)dt +D(t, x) 2(x) + B(t, x)w(t, x) + C(t, X)u(t, x) + f (t, x), (5)
0 P(x)v(0,x) + S()V(T,X) =@, (x), Xxe[0, o], (6)
V(0. X) =p,(x), x€[0,a], (7)

ov(t,$)
ot

UEX) =y + [Vt A, Wt =p(t)+ [ de, (8)

where condition (3) takes account into relations (8).
A solution to problems (5)-(8) is a quadruple (V'(t,X), 2 (x),u”(t,x),w"(t,x)) , with
Vi(t,x) eC(QR), u#'(X)eC([0,m],R), u(t,x) eC(Q,R), W'(t,x) e C(©,R), where the function

v'(t,x) has partial derivative WEC(Q, R) and satisfies the integro-differential equation (5)

for all (t,x) e Q with u(x)=4"(x), u(t,x)=u’(t,x), w(t,x)=w"(t,x) and boundary conditions
(6) and (7), here the functions u”(t,x) and w'(t,x) are connected with functions v*(t,x) and
oV (t, x)

ot
Further, we apply the Dzhumabaev parameterizaion method.
Given the points:t, =0<t, <t, <...<t =0<..<ty, <ty =T, and let A (0, ) be the partition

by integral relations (8).

r=1

By c(@,A,(6,0),R") we denote the space of function systems v([t], x) = (v, (t, X),V, (t, X),..., vy (t, X)),
where v, :Q, — R are continuous and have finite left-hand limits tIitrrlovr(t,x) for all r=12,..,N,

with the norm V], = max suplv, (t, X))\
r=1,N teQ,

Denote by v, (t,x) the restriction of function v(t,x) to the r -th domain Q, and reduce prob-

lems (1)-(4) to the equivalent family of multipoint problems with parameter for the ordinary in-
tegro-differential equations

%Vtr = A(t, x)v, +i jK(t, X)V; (t, X)dt + D(t, X) (x) + B(t, x)w(t, X) + C(t, x)u(t, x) + f (t, %), 9)

=y,

r=212,...,N, P(X)v,(0,x) + S(X)v (T, xX) =, (x), xe[0,w], (10)
Vi (0, X) =9,(X), x€[0,w], (11)
tlitm_ovp(t, X) =V, (t,, X), p=12..,N-1, (12)

u(t,x):y/(t)+fvr(t,§)d§, w(t,x):z/)(t)+Jx.avr§[’§)d§, tx) e, r=12..,N, (13)

where (12) are conditions for matching the solution at the interior points of partition A (6, ®).
The solution of problems (9)-(13) is a quadruple (v*([t], x), 2" (x),u"(t, x),w"(t, x)) with elements
VE([t], X) = (V] (t, X), V5 (t, X),..., V5, (t, X)) e C(, A (6, ), R") , #'(X)eC([0,0],R) u"(t,x)eC(R) ,
w'(t,x) eC(,R) , where functions v,(t,x), r=12..N , are continuously differentiable on
Q. , which satisfies system of integro-differential equations (9) with u(x)=x"(X) ,

r
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u(t,x)=u"(t,x), w(t,x)=w'(t,x), and boundary conditions (10) and (11) and continuity condi-

tions (12), the functions u*(t,x) and w’(t,x) are connected with functions v, (t,x) and av,*g,x)

by integral relations (13) for (t,x)eQ,, r=12,...,N.

We introduce additional parameters A4 (x) =v,(t, ,,X), r=212,..,N, and A, ,(X) = x«(x). Mak-
ing the substitution V. (t,x) =V, (t,x) — 4,(x), on every r —th domain Q,, r=12...,N, we obtain
the family of multipoint problems with parameters

a(;/t = A(t, X)V, + At, X)1,(X) + i jK(t, X)[V; (t, x) + A;(x)]dt + D(t, X) Ay, (X) +

+ B(t, x)w(t, X) +C(t, x)u(t,x)+ f (t,x), (t,x)eQ,, r=12..,N, (14)
V.(t ., x)=0, r=12..N, (15)

PO)A(X) +S () Ay (X) =@, (X) = S(X)Vy (T, X),  x<[0, ], (16)
Ani(X) =¢,(X),  x€[0, @], (17)

Ay (X) = A,,1(X) :—tLitTOVp(t, X) , p=12..,N-1, (18)

Ut X) = O+ [0, ) + 4,001, w(t,x>:¢(t)+javr§@dg, (tX)eQ, r=12..N, (19

A quadruple (V*([t], X), 2 (X),u"(t, x),w" (t, x)) with elements A (X) = (4 (X), 4 (X),..., 4.1(X)),
A(X)eC([0,@],R) , r=12..,N+1 V*([t],x)= (V' (t, X),% (t,X),...,V: (t,X)) e C(Q,A (8, ®),R"),
u“(t,x) e C(,R), w'(t,x) e C(Q,R), is said to be a solution to problems (14)-(19) if the functions
V'(t,x), r=212,.,N, are continuously differentiable on Q_ and satisfy (14) with 4 (x) =4 (x),
r=12,.,N+1 u(t,x) =u"(t, x), w(t,x) =w"(t,x), and initial conditions (15), boundary conditions
(16) and (17) and continuity conditions (18), the functions u”(t,x) and w"(t, x) are connected with

oV (t, X)

functions v'(t,x) and rat by integral relations (19) for (t,x)eQ,,r=212,..,N.

At fixed 4,(X), u(t,x), w(t,x) problems (14) and (15) are a family of special Cauchy prob-
lems for integro-differential equations, where r=12,...,N +1. The variable x changes on [0, w] and
plays role of the parameter of the family.

For fixed X €[0,®@] and 4.(x), u(t,x), w(t, x), we have a special Cauchy problem for integro-
differential equations. This problem is studied in [14-17]. Conditions of unique solvability are es-
tablished in the terms of initial data.

Algorithm. The unknown function v ([t], x) will be determined from family of special Cauchy
problems for integro-differential equations (14) and (15). The unknown parameters A.(X) ,
r=212,...,N+1 will be found from functional equations (16)-(18). The unknown functions u(t, x)
and w(t, x) will be found from integral relations (19).

If we know the functions 4.(x), r=12,..,N+1, u(t,x), w(t,x), then from family of special
Cauchy problem for integro-differential equations (14) and (15) we find the function V([t],x).
Conversely, if we know the function v([t], x), then from functional equations (16)-(18) we find the
functions A4.(x), r=12,...,N+1. Further, using founded functions, from integral relations we
determine u(t,x) and w(t, x).
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Since the functions v([t],x), 4,(X), u(t,x) and w(t,x) are unknown, for finding a solution
to problems (14)--(19) we use an iterative method. The solution to problems (14)--(19) is a quad-
ruple of functions (V" ([t], x), A" (X),u”(t, X),w"(t, X)) which we define as the limit of the sequence of
quadruples (V®([t], x), A% (x),u®(t, x), w*(t,x)) , k =0,1,2,... according to the following algo-
rithm:

Step 0. 1) Setting V,(t,x)=0, (t,x)eQ,, s=12..,N, in the right-hand part of the system of
functional equations (16)-(19), we find the initial approximation A%(x) for all x€[0,«] ,
r=212,..,N+1;

2) In the right-hand part of the system, setting A, (x) = A2(x), r=12,.,N+1, u(t,x)=w(t),
w(t, x) =y (t), from the family of special Cauchy problem for integro-differential equations we
find the initial approximations V% (t,x) for (t,x)eQ,, $=12,..,N;

3) From integral relations (19) under v, (t,x) =v(t,x), (t,x)eQ,, $s=12,.,N, 4 (X)=A?(x),
r=12...N, we find the function u@(t,x) and w®(t,x) forall (t,x) eQ.

Step 1. 1) Suppose in the right-hand part of the system of functional equations (16)-(19)
V.(t, X) =VO(t, x), (t,x)eQ,,5=12,..,N, from system (16)--(19) we find the first approximation
A(x) forall xe[0,w], r=212,..,N+1;

2) Suppose in the right-hand part of the system A (x)=A"(x) , r=12..,N+1 ,
u(t,x) =u@(t,x), w(t,x)=w(t,x), from the family of special Cauchy problems for integro-
differential equations we find the first approximations V. (t,x) for (t,x)eQ,, s=12,..,N;

3) From integral relations (19) under v (t,x)=v®(t,x), s=12,..,N, A (x)=A"(x),
r=12,..,N, we find the function u®(t,x) and w®(t,x) forall (t,x) Q.

And so on.

Step k. 1) Suppose in the right-hand part of the system of functional equations (16)-(19)
V.(t,x) =V*V(, %), t,x)eQ,,s=12,..,N, from systems (16)--(19) we find the k th approxima-
tion A(x) forall xe[0,w], r=12,..,N+1;

2) Suppose in the right-hand part of the system A (x)=AY(x) , r=12,..,N+1,
u(t, x) =u® 2, x), w(t,x) =w*?(t,x), from the family of special Cauchy problem for integro-
differential equations we find the k th approximations V. (t, x) for (t,x) eQ,, s=12,...,N;

3) From integral relations (19) under v (t,x)=v¥(t,x), s=12,..,N, 4 (xX)=A“(x),
r=12,..,N, we find the function u®(t,x) and w®(t,x) forall (t,x) Q.

k=123,....

Conditions of feasibility and convergence of the constructed algorithm and the conditions of
the existence of a unique solution to problems (14)-(19) are established.

For obtaining conditions of the unique solvability to original problems (1)-(4) we use results
obtained in [26-31].
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AcanoBa A.T., Kanup6aesa K. M.
Exinmi perrti runep0oaJbIK TekTec 1epdec TybIHAbLIbI
HHTerpaaabIK-1u¢pdepeHunaNIbIK TeHaeyJiep YLl napamerpi 6ap
Oeil10KaJ1 ecenTi WIenIyre apHaJaraH Oip TICia Typasbl

Anparna: Exinmn perTi runepOonaliblK TeKTeC aepOec TYBIHABUIB WHTErpaIIbIK-aud depeH-
UK TEHJCYNep YILIiH mapamerpi 0ap ChI3BIKTHI Oeilyiokan ecen KapacTbipbliaabl. Ocbl ecen
XKymaOaeBThIH mapameTpiey diciMeH 3epTrenesl. bi3 runepOonanblk TekTec nepOec TYbIHABLIbI
UHTETpaIAbIK-TuhdepeHINaNAbIK TeHAeYIep YILIIH napameTpi 0ap ChI3BIKTBI OEHIOKand ecemTi
HIeNIyAIH aJrOpUTMIH YChiHaMbI3. BipiHmiigeH, Oyn ecen mapamerpiiepi 0ap »kail MHTETrpaabIK-
muddepeHIMaNIbIK TEHACYNep YIIIH MIETTIK ecenTep OyJeTi MEH WHTEerpajiblK KaThlHACTap/AaH
TypaThlH mapa-map ecemnke kentipuieni. ComaH KeiliH, mapamerpiepi 0ap ’kall MHTETrpasbIK-
muddepeHIMaNIbIK TEHIeYyIep YIIiH IETTIK ecenTep dyyleTi iIKi oOnbIcTapiarbl mapameTpiepi
Oap »kail MHTEerpanIblK-IudQepeHunanIplK TeHaeyaep yiiH apHaiiel Komm ecentepi oyneriHe
KoHe (DYHKIIMOHANIBIK KaTblHacTapra kenrtipiteni. Ilapamerprepain OekiTUINeH MOHJIEpiHAE 1MIKi
oOJbIcTapIarsl apaMmeTpiiepi 0ap skail HHTerpanAblK-TuddepeHIHaNAbIK TeHASYIep YILIiH apHailbl
Komm ecentepi oyneTiHiH kainFbl3 memimi Oap Oonazabl. Ilapamerpiiepre KaTbICThl CBI3BIKTHI
GYHKIMOHAIABIK TeHAeyNep »Kyieci Kyppuiaabl. [lapa-map ecenTiH >KybIK LICIIIMIH TaOyIbIH
anroput™Mi Oepineni. byn anroput™m kail uHTErpanblK-IudGepeHIHaIIbIK TeHIeyIep YIIiH
apHaiipl Komm ecenrepi oyJeTiH >KyBIKTall HIENIyJl OHE ChI3BIKTHI (YHKIIMOHAJABIK TEHAEYIIEP
KYHECIH ey i KAMTH/IBL.

Tyitinai ce3mep: mapamerpi Oap Oeiiokan ecer, rUNEpPOOTANBIK TEKTEC AepOec TYBIHIBLIBI
UHTETpAIAbIK-TupdepeHaNAbBIK TeHIACYIep, NapaMeTpi Oap MIETTIK ecemnTep oyJeTi, Kal
WHTETpaIILIK-AuddhepeHnanabpiK TeHaeynep, XKymabaeBThIH mapaMeTpIiey d9/IiCi, alrOPUTM
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AcanoBa A.T., Kagupo6aesa 7K. M.
00 ogHOM MOAX0/€e K PelICHUI0 HEJIOKAJIbHOM 321a4M ¢ MapaMeTPoM s
HHTErpo-Au(pepeHunalIbLHbIX YPABHEHUH B
YACTHBIX MPOU3BOJAHBIX IMIIEPOOJIHYECKOr0 THIIA BTOPOIO MOPSAKA

AHHoTanus. PaccmarpuBaeTcs nuHeliHas HEJIOKalbHas 3a7ada ¢ IapaMeTpoM sl UHTErpo-
audQepeHIHanbHbIX YPaBHEHUH B YAaCTHBIX MPOU3BOJAHBIX TMIIEPOOIMYECKOro Thma. JTa 3ajada
UCClieyeTcs MeToJoM mnapaMerpusauuu Jxymabaesa. Ilpeanaraercst anroputM pelIeHUs HENo-
KaJbHOM 3a7jaudl C IapaMeTpoM Ul MHTErpo-Aud@epeHnanbHbIX YpaBHEHUH B YaCTHBIX IPOU3-
BOAHBIX TUIEPOOJMYECKOro TuIla. Bo-mepBbIX, MCXOIHAs 3ajada CBOJAUTCA K HSKBUBAJIEHTHOU
3ajjaye, COCTOSILEH W3 ceMeHCTBa KpaeBbIX 3a7ay Uil OOBIKHOBEHHBIX HHTErpo-auddepeH-
LUAIbHBIX YPaBHEHUHW M HMHTETPAJbHBIX COOTHOLIEHWH. 3aTeM, ceMeilcTBa KpaeBbIX 3aaad Juis
OOBIKHOBEHHBIX HMHTErpo-Au(QepeHInanbHbIX YPaBHEHUH CBOJATCS K CEMEHCTBY CIELHUAIbHBIX
3amay Komm mis OOBIKHOBEHHBIX HHTErpo-au(depeHIalbHbIX YpaBHEHUM € MapamMeTpaMu Ha
no100/1acTAX U (GYHKUMOHAIBHBIM COOTHOLIEHUAM. [Ipu (pUKCHpOBaHHBIX 3HAYEHHUSAX MAPAMETPOB
CEeMEHCTBO CIeNUaNbHBIX 3a1a4 Komu it 0OBIKHOBEHHBIX MHTErpo-IuddepeHIInaIbHbIX ypaBHE-
HUI nMeeT eAnHCTBeHHOe peuieHue. CocTaBisercs JuHelHas cucteMa (yHKIHOHAIbHBIX ypaBHe-
HUN OTHOCHUTENIBLHO NapameTpoB. [Ipeasaraerca aaroputM HaxOXACHUs MPUOJUKEHHBIX pEIICHUN
9KBUBAJICHTHOU 3a/1a4H.

JIaHHBIN aNTOPUTM BKIIHOYAET NPUOJIMKEHHOE pellleHUe ceMelcTBa crenuaibHbIX 3a1a4 Komm
Ui OOBIKHOBEHHBIX HHTETPO-Iu(p(EepeHIHATBHBIX YPaBHEHUI W pEIICHHE JHHEHHOW CHCTEMBI
(GYHKLIHNOHATIBHBIX YPaBHEHUH.

KiroueBble ci10Ba: HelOKaJdbHASA 33jada C IMapaMeTpoM, HHTErpo-AudQepeHnnaibHble ypaB-
HEHMsI B YaCTHBIX MPOM3BOIHBIX THIEPOOIMUYECKOrO THIIA, CEMEHCTBa KpaeBbIX 3ajjay C Mapamer-
pPOM, OOBIKHOBEHHBIE MHTETrpo-AudQepeHnnanbable ypaBHEHUs, METO]l apaMerpuzanuu Jxyma-
0aeBa, aJrOpUTM.
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PREDICTIVE MODELING OF FUTURE FLOODS IN THE ALMATY REGION
USING MACHINE LEARNING METHODS
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Abstract. The development of modern science and technology allows us to realize many opportunities
that are not yet available. For example, the study of various natural phenomena and their hidden dangers, as
well as forecasting, can prevent or intensify preventive measures. The impact, the region and frequency of
their occurrence affect our lives to an unprecedented extent. It is very difficult to prevent these events in the
short term, but a risk prevention plan can reduce the negative consequences of an accident. The present
study is focused on the evaluation of flood potential within Malaya Almatinka river basin in Almaty using
Sfour prediction models RandomForest, LinearRegression, DecisionTree and XGBoost.

Key words: prediction of flood, machine learning, RandomForestRegressor, LinearRegressionRegres-
sor, DecisionTreeRegressor and XGBoostRegressor.

1. Introduction

Floods belong to one of the most frequent as well as devastating natural disasters worldwide [1].
Due to ongoing climate change and increasing anthropic pressure on the landscape [2], the frequency
and magnitude of future flood situations is expected to rise while the development of the population’s
resilience against floods is questionable, especially, in developing countries [3-5].

A lot of scientific papers are devoted to topics such as predicting flooding, for determining an area
as having very low to very high flood potential, through approaches that use hydrological-hydraulic
models for flood modeling. And there are also works dedicated to the study of flood susceptibility
through geospatial technologies [6-15] and a lot of references to these are given in the work [16]. All
flood studies were conducted using data from different countries of the world, but not from Kazakhstan.

In the summer of 1921, the Malaya Almatinka river was transported to the center of the villages.
From the large stones destroyed along with the mudslide, Almaty turned into rubble and sank into the
mud. More than 500 people were killed in the accident. "This was a great loss of life for a city built
from the logs of single-story houses with a population of only thirty thousand people. The city was se-
verely affected by this flood, all the streets are filled with water. In six hours, flood water delivered 7
million cubic meters of water and 3,250,000 cubic meters of rock, sand and mud to the city. In [17, p.
146-152] there is a description of the flood. The paper presents methods for the calculation of flooding
zones in a territory with the use of a digital elevation model on the basis of successive pools [18,19].

In this paper we used the Malaya Almaty river basin in Almaty to study the prediction of flooding
using four prediction models RandomForest, LinearRegression, DecisionTree and XGBoost. 10 flood
predictors, 8 flood locations, and 8 non-flood locations were used. As input, the model used the percent-
age of 70% of the places where flooding and flooding occurred. Of the input data, 70% were used as a
training sample, and 30% were used as a test sample. The highest accuracy was obtained by the Ran-
domForestRegressor model in terms of testing (0.853) samples. Checking the results performed by the
R2 method emphasizes that the RandomForestRegressor model gave the most accurate results.

2. Study area

Malaya Almatinka is a river in Almaty, a right tributary of the Kaskelen river. It originates from the
Tuyuksu glaciers of the Zailiysky Alatau range. With a length of 125 km, it has a catchment area of 710
km?. The main tributaries are Sarysay (Yellow Log), Kuigensay (Gorelnik), Kimasar, Zharbulak (Ka-
zachka), Battery (Bedelbay), Butakovka, Karasu-Turksib, Esentai, Karasu and Terenkara.
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Physical and geographical characteristics. The Malaya Almatinka is located in three different
landscape zones: mountain, foothill and plain. The riverbed in the mountain zone is moderately mean-
dering, composed of boulder-pebble deposits, width 3-13 m; river depth from 0.15 to 0.5 m; the average
long-term annual flow of the river is 0.32 m%s, at the meteorological station mynzhilki, 2.3 m¥s.

All the catastrophic floods in the twentieth century, which almost covered Almaty, were in the
month of July in 1921, 1956, 1963, 1973 and 1977. In particular, these events happened on July 8th, 7th,
15th and the August 3rd [20]. In October 1966, an anti-settlement dam was built in the Medeu tract by a
directional explosion in the river basin. At the exit from the Malaya Almaty gorge the river divides into
3 branches: Esentai (Vesnovka a), zharbulak (Cossack) and the Malaya Almatinka. In the city of Al-
maty, the Malaya Almatinka flows through the Eastern part of the city, and its banks are concreted. The
river basin has 46 lakes, ponds and reservoirs with a total surface area of 2.5 km?.

3. Data

Given the fact that the main purpose of this study is to predict future flooding, the data used in this
case were taken from different sources. In the present case, the historical flood events were collected
from the books and web sites [21-24]. 10 factors affecting flooding were taken such as maximum and
minimum temperature, date, rainfall, slope, land use, elevation, and region and target.

Data sets consist of 1100 pieces of data. Data were taken for Big Almaty lake, Chimbulak, Ka-
menskoye plateau, Medeo, Alamty city, the district Airport, Issyk city, Kapchagai city etc. For the 10
factors listed above, data is collected from 1921 to 2020 for 8 locations. The flood conditioning factors
are briefly described below.

Slope angle directly influences the velocity of surface runoff and water accumulation potential and,
therefore, is considered one of the main factors which contributes to flood phenomena genesis. In the
case of the present research, the slope angle values, range from 0° to 18°. Precipitation (rainfall) is an —
atmospheric phenomena associated with the presence of water in the atmosphere in a liquid or solid
state, falling from clouds or deposited from the air on the Earth's surface and any objects. Precipitation
is measured by the thickness of the fallen water layer in millimeters. On average, the globe receives
about 1000 mm of precipitation per year, and in deserts and high latitudes, there is less than 250 mm per
year. In this study, precipitation values vary from 0 to 374.

Land use is the characterization of land based on what can be built on it and what the land can be
used for. It takes only 3 forms in the context of the study: mountainous, urban, and rural.

Elevation (Elevation Height) is the height above sea level or absolute height. This is the difference
between a point on land and the height of the sea. It is usually calculated based on average sea level, the
part of a particular area that vertically exceeds above sea level. The starting point of elevation is called
the zero point of elevation or zero point of level, which is the average surface of the sea on a particular
coast. This is calculated based on long-term records of the local wave station by getting the average
state of the sea surface. The elevation is an important flood predictor due to the fact that it differentiates
the areas located at high altitude, where phenomena are less likely than in areas located at low altitudes,
which are more exposed to the flood phenomena due to the direction of water runoff from high altitudes
to low altitudes [25]. We have 8 regions for research: mountain, rural and urban, and each of them has a
corresponding Elevation (Elevation Height). Attribute targets consist of the two values 0 and 1, where 0
means ‘N0 flood” and 1 means ‘flood present’.

All these factors are included for different times starting from 1921 to 2020 (including the month of
March), but not all years and months are taken into account. The resulting dataset consists of 1100 rows
and 10 attributes.

4, Methods used for predicting flooding

For the study, several machine learning algorithms were built, four of which were selected, which
gave good results. The dataset was split into a training set and a test set. The model was built on 70% of
the data, and checked on 30%, and to implement the algorithms we used the methods of the sklearn li-
brary on Python. We designated all of the attribute values as X, except Target, Y, which is a vector con-
sisting of the value of the Target in the data set. Below is a diagram of the implementation of the predic-
tion models (Fig.1).
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Metrics

Temperature
T(Max) RandomForestRegressor
T(Min) Linear Regression
RRR XGBoostRegressor

Slop DecisionTreeRegressor
Elevation
Target

70 % - training sample
30 % - Test sample

Figure-1. The scheme of prediction models

4.1 Linear Regression

The algorithms for regression are one of the types of control algorithms. An algorithm is used
for building a model using data from a test suite, and then computed using test data from this mod-
el. In linear regression the target value is expected to be a linear combination of the features. In
mathematical notation, if §(w,x) =w, +wx +...+W X,

we designate the vector w= (W, W,,...,W,) as coef_and w, as intercept_.
fits a linearregression model with coefficients W=(W1,W2,...,Wp) to minimize the residual

sum of squares between the observed targets in the dataset, and the targets predicted by the linear
approximation. Mathematically it solves a problem of the form:

min xw—y| @)

LinearRegression will take in its fit method arrays X and y and will store the coefficients w of
the linear model in its coef_ member. X is the matrix which consists of all attribute values, except
Target, Y, which is Target for 70% of them for training and 30% for testing.

4.2 Decision Tree Regression

Regression Tree is a simple but powerful tool used to build prediction models from a large set
of data, once it identifies which auxiliary variables are able to explain the variability of the response
variable. The models are obtained by recursive partitioning of all the data concentrated in the root
node (according to the most significant auxiliary variable) and fitting a simple prediction model
within each partition [26]. According to [27], regression trees can fit almost every kind of tradition-
al statistical model, including least squares, quantile, logistic, Poisson and proportional hazard mod-
els, as well as models for longitudinal and multiresponse data. The quality criterion in a desition

tree regressor is D=}'z(y, —}IZY»)’ where | is the number of objects in the sheet and Y, is the values
I i=1 I I i=1 I

of the target attribute. We minimize the variance around the average, and we look for features that
break down the sample so that the values of the target feature in each sheet are approximately equal.

4.3 XGboost Regression

Through boosting - a training sample at each iteration is determined based on classification er-
rors at previous iterations. The process of XGBoost involves assembling a base model for the pre-
existing model, for example, training an initial tree, constructing a second tree combined with the
initial tree, and repeating the second step until the expected number of trees is reached.
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The idea of gradient boosting is to train each subsequent algorithm on a discrepancy with real
answers, to move towards reducing empirical risk. Let it be h(x,8) - based algorithms.

(0 =3 Ah(x.0)

Q = Zl, L(Ol, y.)
Boosting step for r =1 R

VQ = {‘M—l'yi) (x )}

da,,
6 =learn(X,VQ)

. ~argmin 3 (Lt (0)+B-0(%,6)).y)

ar :ar—l(x) +ﬂr ' h(X,Hr),
where @ — is learning rate. In the initial step learning rate was equal to 0.1 and 3 =0 was

chosen by default, and L —is loss function, which depends on the type of problem being solved. It
must be differentiable, and in our case the difference is squared between observed and predicted
data, such as (1).

4.4 Random Forest Regression

Random forest is a bagging technique and not a boosting technique. The trees in random forests
are run in parallel. There is no interaction between these trees while building the trees.

Random Forest is a set of decision trees. In the regression problem, their responses are aver-
aged; in the classification problem, the decision is made by majority vote. All trees are built inde-
pendently according to the following scheme:

- a sub-sample of the training sample is selected and a tree is built based on it (each tree has its
own sub — sample).

- to build each split in the tree, view the max_features of random features (each new split has
its own random features).

- choosing the best features and splitting it. The tree is usually built before the selection is ex-
hausted, but modern implementations have parameters that limit the height of the tree, the number
of objects in the leaves, and the number of objects in the subsample at which splitting is performed.

Data for training and testing is taken as indicated above. The best random forest regression
parameters are selected using the methods of the sklearn library. Below is a model with parameters
in our case:

RandomForestRegressor(bootstrap=True, criterion="mse’', max_depth=None,

max_features="auto’, max_leaf nodes=None,
min_impurity_decrease=0.0, min_impurity_split=None,
min_samples_leaf=1, min_samples_split=2,
min_weight_fraction_leaf=0.0, n_estimators=100,
n_jobs=None, oob_score=False, random_state=42, verbose=0,
warm_start=False)

5. Results

The results validation was made using the testing dataset, and prediction data with the help of
the training dataset. Regarding the Success Rate, the Random Forest Regression was the most per-
formant model with the R? equal to 0,853, MSE equal to 0,032, MAE is equal to 0,032 and RMSE
equal to 0,179, followed by the XGBoost regressor. All the results of metrics are shown in Fig. 2
and Fig.3.

Metrics for evaluating model results.

International Journal of Information and Communication Technologies, VVol.1, Issue 2, June, 2020
39



B PA3PABOTKA IIPOTPAMMHOI'O OBECIIEYEHUS U WHXXEHEPUS 3HAHU MW

MAE (Mean absolute error): MAE=1i\a(x.)— y
niz ' '

RMSE (Root mean squared error): RMSE = Ei(a(xi)_ Y, )2 ,
nizx

MSE (Mean squared error): MsSg = lz":(a(x,) —y )2,
n 1 I

i=1

R? (Coefficient of determination): p. _; 4 (e(x)-y) ,
é(y - yi)2

often called R? represents the predictive power of the model as a value between 0 and 1. Zero
means that the model is random (i.e. it does not explain anything); 1 means that there is a perfect fit.

Where a(x) - based algorithms, y_ . (x)=a(x)+&, & is N(0,0;)- normal distribution,

o is root of the variance, Y, observations, Y is the observation’s overall mean.

Metrics
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Figure 2. Metrics of models used by histogram
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Figure 3. Metrics of models used by line
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While minimizing errors and finding weights with fewer errors, we can also use a lot of meth-
ods. When we find weights so that there are minimal errors, we will use the gradient descent meth-
od, and we can also take derivatives equal to zero and obtain a system of equations for weights. To
solve such systems, we can use different methods, one of which is given [28] for the general case.

6. Discussion

The Almaty region is one of the regions affected by mudflows. According to historical data,
there were several large floods precisely along the Malaya Almatinka River. We are talking about
mountain glaciers. Therefore, temperature and rainfall in the mountains affect the presence of
floods. Below, in Fig.4, you see that one of the most important variables for the incidence of exist-
ing flood is the minimum temperature, followed by RRR meaning rainfall. This can be explained by
the fact that when there are low temperatures after rain, it will snow, especially in the mountains.
After a low temperature, according to statistical studies of the temperature in the districts of Al-
maty, there is always a high temperature, which affects the appearance of floods.

Variable Importances
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=
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) I
. —.. I
- = = e o
f % % f
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T{Min'
Elevation

Variable
Figure 4. Feature importances

7. Conclusion

In the present study, the capability of four models was tested in terms of flood susceptibility
prediction. This study comes in the context of the urgent measures, that should be taken to reduce
the negative effects of floods. It should be remarked that in order to train the models and in the
same time to evaluate their performance, the initially established training dataset was also divided
into a sample used to train the models (70%) and another sample used to test the model perfor-
mance (30%). To achieve good results, some model parameters were optimized using the 15-folds
cross-validation procedure.

Thus, with the highest performance, the model built using the random forest algorithm gave the
best result. The prediction using the model gave a positive result, that is, the forecast for floods in
Almaty and Almaty region during the summer periods of 2020 and 2021 along the Malaya Al-
matinka river, will not occur with a probability of 83%.

At the moment, prediction using machine learning methods in Almaty has not been investigat-
ed. This work will be investigated in the future, supplemented with different datasets, such as satel-
lite images, and so on.
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Kaoapaxosa C.C.
AJMaThl 00JIBICBIHIAFBI 00J1AIAK Cy TACKbIHIAPbIH
MAIIMHAJIBIK OKBITY J/1iCTePiH MaiiajaHa OThIPbIN 00JKAY

Anparna: Kasipri 3aMaHfbl FBUIBIM MEH TEXHHMKAHBIH JaMybl O13re ol KOJI JKEeTIMl eMec
KONTEreH MYMKIHAIKTEpJI JKy3ere acblpyFa MYMKIHIIK Oepeni. Mplcaibl, opTypii TaOusu
KYOBUIBICTAD MEH OJIapJbIH KACHIPBIH KAayiNTepiH 3epTTey, COHAAl-aK ajJblH aja amarThl
OonapIpMayblH O0JKay, HEMECe CaKTaHy iC 9peKeTTep/l XKacayFa MYMKIHJIIK TyJbIpajibl. AMaK, cy
TAaCKBIHBIHBIH 9CEpl JKOHE OHBIH Maija 0oty >KuiIri Oi3/1H eMipiMi3re OypbIH-COHIBI OOJIMaraH
nopexene ocep eremi. Kpicka Mep3iMae Oy OKWFalapAblH alAblH aly ©Te KWbIH, Oipak
ToyeKemepai OoJabIpMay JKOCHaphl amaTThIH Tepic calgapbhlH a3aWTyel MYMKiH. bByn 3eprrey
KYMBICHl KE3/IEHCOK OpMaH arallbl, CBHI3BIKTHIK perpeccus, MICeNIiM KaOblIaay aramibl >KOHE
TPaIMCHTTIK OYCTHHT 9/IiCTepl KOMETIMEH OOJDKAyABIH TOPT MOJECIIIH Maii1aiaHa OTHIPHIT, AJTMATHI
KanaceiHaarbl Kimni AnmMaTsl e3eH1 6acceiHIHET1 Cy TACKBIHBIHBIH OOJTYBIH OOJKayFa apHaJFaH.

Tyiinai ce3aep: cy TacKbIHBIH OOJDKay, MalIMHANBIK OKBITY, KE3JEMCOK OpMaH aFallibl 9Jicl,
CBI3BIKTBIK PETPECcCHsl 9JIiCl, IIeniM KaOblIaay aFallibl 9iCi XKoHe IPaJUueHTTIK OYCTHHT oJicl.

Kab6apaxosa C.C.
IIpornosupoBanue Oyaymmx HaBoiHeHUI B AJIMATHHCKOMH 00J1acTH €
HCIOJIb30BAHMEM METO10B MAIIHHHOI0 00y4eHH s
AHHOTanusA. Pa3BuTHEe COBPEMEHHOW HAyKW U TEXHUKH MO3BOJIAECT HAM PEAIM30BaTh MHOTHE
BO3MOKHOCTH, KOTOpBIE elle He A0CTynHbl. Hanpumep, ndyyenue pa3andHbIX IPUPOIHBIX ABICHUN
U UX CKPBITBIX OIIACHOCTEH, a TaKXKE IMPOTHO3MPOBAHME MOTYT IPEIOTBPATUTh WIH YCHWINUTBH IIPO-
¢unakTuyeckue MeponpusTHs. PeruoH, HaBOAHEHUS M YAaCTOTa €r0 BO3HMKHOBEHHUS BIUSIOT Ha
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HaIlly )KM3Hb B OecrpereleHTHOM cterneHu. OueHb TPyIHO HMPEAOTBPATUTH ATU COOBITHS B KPATKO-
CPOYHOM MEPCIIEKTUBE, HO TIJIaH MPEIOTBPAIICHUS PUCKOB MOXKET YMEHBIIIUTh HETATUBHBIC ITOCIIE/I-
cTBUs aBapun. HacTosiiee uccieaoBanne MOCBSIICHO OLICHKE MOTSHIINANIa HAaBOJTHEHUH B OacceiiHe
pekun Manas AnMaThHKa B AJIMaThl C HWCIIOJIB30BAaHUEM YETHIPEX MOJENeH MPOTHO3UPOBAHMS
CITy4aifHOT O Jieca, TMHEHHON PEerpeccuy, IepeBO PElIeHUH 1 IPpaueHTOro OyCTHHTA.

KutroueBblie cjioBa: MPOrHO3UPOBAHKME HABOJHEHUS, MAIIMHHOE O0YUYEHHUE, METOJT CIIYIaitHOTO
Jieca, METOJT IMHEWHOHN perpeccuu, MeTo I IepeBa PEeIICHUH U METO/I IPAJUCHTHOTO OYCTHHTA.
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BOUNDED SOLUTIONS OF DIFFERENTIAL SYSTEMS
WITH SINGULARITIES AND THEIR APPROXIMATIONS

Abstract. Singular boundary value problems for a linear nonhomogeneous system of ordinary differ-
ential equations on a finite interval are considered. It is supposed that improper integrals of the norm of the
coefficient matrix over semiaxes are infinite

Key words: ordinary differential equations, singular boundary value problem, bounded solution, ap-
proximation, behavior of solutions at singular points, the parameterization method.

Numerous application problems give rise to differential equations on an infinite interval or
with singularities at an endpoint. Various problems for such equations have been studied by many
authors (see [1-8] and references therein). A survey of results on singular boundary value problems
for second order ordinary differential equations, as well as examples of specific physical processes
leading to them, can be found in [4].

It is known that one of the main issues of the theory of singular problems is the problem of
their approximation by regular boundary value problems. The resolution of this problem allows us
not only to construct an approximate method for finding solutions to singular boundary value prob-
lems, but also to establish effective criteria for their well-posedness in terms of approximating regu-
lar boundary value problems.
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In [7,8], the questions of the existence of a unique solution of a linear differential equation
bounded on the whole real line were studied by the parameterization method proposed by D. S.
Dzhumabaev [9]. Approximating regular two-point boundary value problems were constructed to
find the restriction of the bounded solution to a finite interval.

In the present paper, we consider the differential equation

%—A(t)m f(t), xeR", 1)

where t e (0,T), A(t), f(t) are continuous on (0,T), &(t) = [|A()I| = max EE., la; ()], i=12,...n, is
. . . .. T/2 b

a function continuous on (0,T) and satisfying the conditions . j&'(t)dt:oo lim '[&(t)dt=oo-

a—0+0 3 —>T70.|./2

Let 6(J : R”) denote the space of functions x:J — R" continuous and bounded on J < (0,T)

with the norm || x ||,= sup|| x(t) ||> bY él,a(J : R”) we denote the space of functions f:J —R" con-
ted

tinuous and bounded with the weight 1/«(t), equipped with the norm |, ¢ Il = Sup|—2 f(t)
e ted (t)
The problem of finding a solution of Eq. (1) bounded on (0,T) when f (t) eC, ( WI||

be referred to as Problem 1 ,.

In [10], Problem 1, was studied using the parameterization method [9] with nonuniform par-
titioning of the interval (0,T), where the partition points are chosen taking into account the values
of the equation coefficients.

Let us take 90,1, :;50 >0 and make the partition (g 1) = G[trfl’tr)’ where the points
r=—0
tr
t., r e Z, are determined from the relations Ia(t)dt _g alt)=max(a(t),5 )

t
Let h(g) denote a two-sided infinite sequence of numbers h. =t, -t ;, re Z, and m, be the

space of bounded two-sided infinite sequences 4. eR" with the norm
121lo=[C- 2 Ar 1, ), =sUpll 2¢ L T € Z-
r

r-1

Definition. Problem 1, is called well-posed if, for any f (t) eél,a((O,T), R”), it admits a
unique solution x(t) eE((o,T),R”), and the following inequality is valid: ||, <K|f|| , where K is a
constant independent of f (t). We call K the constant of well-posedness of Problem 1 .

In [10], necessary and sufficient conditions for the well-posedness of Problem 1, in terms of
a two-sided infinite block band matrix Q,.hy : My =My, of the form

o | 0 14D.h) - 0 0
vh@) | 0o 0 |+Dv,r+1(hr+l) -0

where 1 is the identity matrix of order n,

D, (h )= Z J‘A(Tl) IA(TJ+1)jTJ+1 dzy, t=t, re’.

i=0t,,
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In [11], the problem of finding an approximate solution to Problem 1 , is studied, to which we
refer to as Problem 2,. Given & > 0, it is required to determine numbers T;, T, € (0,T), real

(nxn)—matrices B,C, and n-vector d, such that the solution x. . (¢) to the two-point boundary

value problem

3)t‘=A(t)x+ f(t), te(T,T,), xeR", (2)

BX(T,) + Cx(T,) =d, 3

satisfies the inequality max HXT (D) - x “(t M < &, where x*(£) is a solution to Problem 1.

xe[T,, T
Problem 2, is studied under the following assumptions:
1. The relations

A(t) A
A I Re&” #0,Reé& #0,
t—>0+0 a(t) = 5To a(t) =Ar & &
hold, where #f and £7,i = 1,n are the eigenvalues of the matrices A, and A;. respectively.
2. fim 1O _ fo, lim T _ fr.
t—0+0 x(t) t->T-0 (t)

The construction of approximating regular boundary value problems and establishing a mutual
relationship between the well-posedness of the original problem and that of approximating prob-
lems in [11], as well as in [10], were carried out using the parameterization method with nonuni-
form partitioning.

In the present paper we study the behavior of the solution of Eq. (1) near the singular points.
We consider the following problem.

Problem 3. For given functions g (t) and 8- (¢) continuous on (0;T /2] and [T /2,T), respec-
tively, it is required to find a solution x*(t) of Eqg. (1) satisfying the following conditions:

. *on _ i * () — -0. 4
Jim (1@ = Bo® =0, lim [IX"(t) - Br () [I=0 “)

In order to investigate Problem 3, we introduce the concept of a “limit solution” to Eq.
(1) with weight 1/a(t) ast —-0+0 (t >T —-0).

Definition. A function x; (t) continuously differentiable on [T /2,T) is called the limit solu-
tion to Eq. (1) with weight 1/ «(t) ast —»T -0, if

i % - AQX O~ f©)
t—T —0\ a(t) \

The limit solution X, (t) of Eq. (1) with weight 1/ «(t) as t — 0+0 is defined in an analogous
way.
ft)
a(t)
(1) bounded on [T /2,T) satisfy the equation t_|ern OHX(t)H =0.

Theorem 1. Let Assumption 1 be fulfilled and |jm
t—>T-0

—0. Then all solutions x(t) of Eq.

Let x; (t) be a limit solution of Eq. (1) with weight 1/ «(t) as t - T —0. We denote the set of
solutions of Eq. (1) satisfying the condition x(#) — xr(#) € €T/ 1), 8™ by X ([T /2,T)). The fol-
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lowing theorem establishes an attracting property of the limit solution with weight 1/ «(t) as

t—>T-0.
Theorem 2. Let Problem 1, be well-posed and x; (t) be a limit solution of Eq. (1) with weight

1/a(t) as t—>T—0. Then X;([T/2,T))= @, and any solution x(t) of Eq. (1) belonging to
X+ ([T /2,T)) satisfies the equation fim || x(t) — X, (t) ||=O.
t—>T-0
Note that analogous theorems hold true for the limit solution as t -0+ 0.

Suppose that Problem 1, is well-posed and there exist limit solutions X, (t) and Xt (t) of Eq.
(1) with weight 1/ «(t) ast —0+0 and t —T -0, respectively, that satisfy the conditions

Jim %o (1) =A@ =0, im {lxr () = Ar () ]I=0- (5)

Let us choose some numbers T, €(0,T /2], T, [T /2,T), a function z(¢) continuously differen-
tiable on [T,,T,]< (0,T) that satisfies the conditions X(T,) =X, (T,), X(T,) =7 (T,), and construct
the following function continuously differentiable on (0,T):

%o (1), te(0,T,],
X(t)=1 x(@), te[l,T,]
xr (1), tell,,T)

By the substitution y(t) = x(£) — Z(£) we get

(;}t/:A(t)er F(t), te(0,T), yeR", (6)
where F(t) =—X(t) + AG)X(t) + f(t)e(fj/a((o,T),R”) and lim O'Eg; =0, lim OIEE:; =0.
—0+0|x d | Y24

Since Problem 1, is well-posed, Eq. (6) admits a unique solution y*(t) bounded on (0,T). By
Theorem 1 we get

lim
t—>0+0

y'(®)]=0, @l =o -

It follows from (5)-(7) that the function X" (t) =y (t) + X(t) satisfies Eq. (1) and relations (4).
Assume that x(t) is another solution of Problem 3. Then the function x”(t) — (t) is a bound-

ed on (0,T) solution of the homogeneous equation ax _ A(t)x. Due to the well-posedness of Prob-
dt

lem 1, we have x"(t) = &(t), meaning that- Problem 3_ has only one solution. Thus, the following
statement holds true.
Theorem 3. Let Problem 1, be well-posed and there exist limit solutions x,(t) and X; (t) of

Eq. (1) with weight 1/«(t) ast—-0+0 and t —»T —0, respectively, that satisfy conditions (5).

Then Problem 3, has a unique solution.

Let us note in conclusion that under assumptions 1 and 2 and conditions of Theorem 3 for the
coefficients and the right-hand side of Eqg. (6), the regular two-point boundary value problem

‘3{=A(t)y+ﬁ(t), te(T,T,) (8)

PSoAoY(T) + PoSt Ary(T,) =d, (9)
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approximating the problem of finding a solution of Eq. (6) bounded on (0,T) (see Theorem 2 in
[11]), allows one, with a given accuracy, to determine a restriction of the solution of problem 3, to

any interval [T;,T,]< (0,T). Here 5; and 5; are real nonsingular (» x n) matrices that reduce the ma-

. . . _ AL 0

trices Ayand A , respectively, to the generalized Jordan form 4, =5.4,5,""= El A |l
AT, 0

Ar=5A45"t="2 .

S 0 Az

Here A% and A), (A and AJ,) consist of generalized Jordan boxes corresponding to the ei-
genvalues of the matrices 4, (4;) with negative and positive real parts, respectively; we denote

| OP 0 O
0,2_0|n21

m

their numbers by n? and ng (n/ and n; ); p -
0

where |, =12 are the
r

identity matrices of order n.=n’=n/ , r=12.
Taking into account x”(t) = y  (t)+ X(t), we can conclude that the approximation estimate for

Problem 3, depends on that for y*(t) by the solutions of two-point boundary value problems (8)
and (9), where F(t) and the right-hand side of (9) are determined via X (t).
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AN APPROACH TO SOLVING A NONLINEAR BOUNDARY
VALUE PROBLEM FOR A FREDHOLM INTEGRO-DIFFERENTIAL EQUATION

Summary. A nonlinear boundary value problem for a Fredholm integro-differential equation is consid-
ered. The interval where the problem is considered is partitioned and the values of a solution to the problem
at the left endpoints of the subintervals are introduced as additional parameters. The introduction of addi-
tional parameters gives initial values at the left endpoints of subintervals for new unknown functions. The
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considered integro-differential equation is reduced to a special Cauchy problem with parameters for a sys-
tem of integro-differential equations. If this problem is solvable, then its solution can be represented using
the introduced parameters and known values of the integro-differential equation. By substituting these repre-
sentations into the boundary condition and the continuity conditions of the solution at the interior partition
points, a system of nonlinear algebraic equations in the introduced parameters is constructed. The solvabil-
ity of the boundary value problem is reduced to that of the system of algebraic equations. The conditions for
the existence of a solution to the auxiliary system of algebraic equations are established.

Key words: nonlinear boundary value problem for the Fredholm integro-differential equation, special
Cauchy problem, Dzhumabaev parameterization method.

Introduction

Integro-differential equations often occur in various fields of natural science as mathematical
models of real processes. As a rule, these processes are governed by nonlinear laws and,
consequently, are described by nonlinear equations. The non-linearity of integro-differential
equations leads to fundamental difficulties in solving problems for these equations and in
establishing their qualitative properties.

Various initial and boundary value problems for integro-differential equations have been stud-
ied by many authors. They developed qualitative research methods, approximate and numerical
methods for finding solutions to problems for integro-differential equations. Fredholm integro-
differential equations have a number of features that should be taken into account when setting
problems for these equations and developing methods for solving them.

In particular, as shown in [1, 2], a linear inhomogeneous Fredholm integro-differential equation
can be unsolvable without additional conditions to the solution. Note that the criteria for solvability
and unique solvability of linear boundary value problems for Fredholm integro-differential equa-
tions were obtained relatively recently [3]. In [4], the solvability conditions for the linear Fredholm
integro-differential equation and boundary value problems for this equation are established.

Nonlinear problems are mainly solved by iterative methods. In this paper, we study the solva-
bility of a nonlinear boundary value problem for the Fredholm integro-differential equation using
the Dzhumabaev parametrization method [5].

Methods and results

We consider the nonlinear boundary value problem for the Fredholm integro-differential equa-
tion

% = £t + f £(t.o.x())dr, tel0,Tl, xeR"
’ (1)
glx(0)Lx(M] =0, )
where f,: [0.T] x R® — R™, £,:[0.T] x [0.T] x R™ - R™, g: R™ x R™ — R™ are continuous, llxll = max; _z|x;l.
Let c([0.TL.R")} denote the space of continuous functions =x:[0.T]1 —=R™ with the norm

lx (e, = masx,cpppllx @I,

The solution to problems (1) and (2) is continuously differentiable on [0.T] vector function
x(t) e C([0.T].R™) that satisfies the system of integro-differential equations (1) (at the points t=0,
t=T, the system (1) is satisfied by one-sided derivatives x g, (0), # e.(T)) @nd having at t = 0. t =T
the values =(0}. =(T). for which equality (2) is true.

We divide the interval [0.T) into N parts: [0.7)=UY_,[(-—1)hrh) with step size
h=0:Nh=T(N=12..). Let x,(t) denote the restriction of the function x(t} on the »th subinterval

[r —1hrh), i x.(t) = x(t) for t e [ — 1)k rh). Problems (1) and (2) are reduced to the equivalent
multipoint problem
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__fn{t_r]+z J‘ fi trx{ﬂ)
=1 te[lr —1)hrh), r =1,N. ©)

g [x:@. lim x,@)]=

(4)
lim x A =x,,(sh),s =1, N -1, (5)

where (5) are the continuity conditions of a solution at the interior partition points.

We denote by c(lo.T].h.B™) the space of function systems x[] = (x,(£), x,(£), ... x,(£)), where
xp:[r— 1R, vR) — R™ are continuous functions having finite left-sided limits lim,_,_p x,.(t). r = TN,
with the norm llx[-1l; = max, _og supee - a2

If x*(¢) is a solution to boundary value problems (1) and (2), then the system of its restrictions
x*[8] = (x3(8), x3(8), ..., x5 (8)) is a solution to multipoint boundary value problem (3)-(5). Conversely,
if a function system of #[¢] = (z,(£), #,(8), ....#,(£)) is a solution to problems (3)-(5), then the function
#(t) obtained by splicing the function system is a solution to boundary value problems (1) and (2).

By introducing parameters i, = x, ({r — 1)) and substituting u, () =x,(t) —i,.» = T.N, on each »
th subinterval, we get the multipoint boundary value problem with parameters

N in
du,
di = fltu, + 1,0+ Z J‘ FAL () + .l_i-]ldr,
t ol
J=Lii-1n te[(r—1)h.rh), (6)
u(r—1n) =0, +r=1T7, @)
g [‘11"1”-'_ rL[:rm_nH”{ﬂ] =0 (8)
A+ A lg?m_nug{t:] = Adoiqs s=1N-1 )

A pair (a7u"[t1) with elements 1* = (43,23, ... 230 € 8™, w*[#] = (w3 (), w3 (®), ... uy () € ([0, 7], R™) iS
called a solution to problems (6) to (9) if the function w;{t) is continuously differentiable on

[(r —1)hrh), » = TN, and, for 1 = 1*, satisfies systems (6), (8) and (9) and initial condition (7).
In [6], sufficient conditions for the existence of a unique solution to special Cauchy problems
(6) and (7) and an estimate of the difference of its solutions corresponding to different values of the

parameter were obtained. By using the algorithm proposed in [7] for fixed values of ieR™, the
system of functions «[¢ i] can be determined from the special Cauchy problem for the system of
integro-differential equations (6) and (7).

If =(t) is a solution to problems (1) and (2), then we compose the vector
I=(#@,#0...2(0-Dr)) er and the function system l¢] = (@i, (0. i, (), ... G, (&), where i,(z) is the
restriction of the function z(#) — #((- — 1)x) on the rth interval. It is obvious that lt] € ¢([0,T], b ™)
and the pair (1,z[]) is a solution to problems (6)-(9). And vice versa, if u*[t] =ult.1*] and the pair
(A"u*[e]) is a solution to problems (6)-(9), the function x*(t). defined by the equalities

International Journal of Information and Communication Technologies, VVol.1, Issue 2, June, 2020
51



B PA3PABOTKA IIPOTPAMMHOI'O OBECIIEYEHUS U WHXXEHEPUS 3HAHU MW

) =2y +us). e e [r — Uhrh), » =T, N and =*(T) = 4} + lim,_;_, u}(#), is a solution to the original
problems (1) and (2).

For a fixed value of the parameter i € ™, the problems (6) and (7) is equivalent to the system
of Volterra integral equations of the second kind

t oy t
u,(f) = J‘ Z J‘ filrytu (@) + 2 )drdr, + f flrpa )+ 4,0dr,,  tellr—1n+n), +=1TN.
(r—1h J=1 (j—1)k (r—1lk (10)

Defining lim,_,;_y x,(t). » = TN, from (10) and substituting them in (8) and (9), we obtain the

system of nonlinear algebraic equations in the parameters A:

NE w Nh
gldady + J‘ Z J‘ _ﬁ_{ri T, U (1) +4; }dmfri j folrpuy(z ) + Ay, | =0.
(- :L"r‘.l 1-'_| 11k (w-11k (11)
o i zh
Ag+ J Z J‘ ﬁ_{rl,r,uj-{rj ¥ Jl_i-}drdr,_ + J‘ flryuy (o )+ 4 0dry —4,,, =0 s=T N -1
z—DhJj=1(j-1k (z—11k (12)
We write the system of equations (10) and (11) as follows:
Q.(h; 1) =0, i1eR™, (13)
Given a vector @ = (27,27, 2%) e ™, we define the piecewise constant vector-function

=9 (£) by the equalities () = 4,". t & [ — Dh,rh), r = T, x (1) =22,
Let PC([0.T]. k. R™) denote the space of piecewise continuous functions x(t): [0.T]1 — R™ with the

possible discontinuity points ¢; = (i — 1)k, i = TN — 1, with the norm llxll ; = sup,. o7 lx ().
Taking some numbers pg; = 0.p = ;. We compose the sets
Golp) = {t.x):t e [0.7], [lx — =@ @ < p}.
G (p) = {(t.5,x):t € [0,TLs € [0.TL][x — x| < p}.
5(29.p) = {1 e R™:l2 - 27 < i},
S(x@ (), p) = {x(® e o0, TL o, E"): llx — x,ll; < ok
500,p,) = {ult]l € L0, 7L R R™): lul-1ll; < o, b 2, < p— 1.
Condition A. The functions f(t.x). £ (t.s.x} are continuous in ¢,(o). &, (s). respectively, have

. ) L. f(ex) 3fy(tzx) Ixe
continuous partial derivatives =, _— = - and satisfy the inequalities || H 2 Ly, (t.2) € Gy(p).

=2 < 1y es ) € 6, (.

Condition B. The function g({v.w) has uniformly continuous partial derivatives g;(v.w) and
Gu(vw) NG p) = {ww) e R |lv - YW@ <p. | w - =T < p}.

Theorem 1. Let 1* € 5(1", 5, ) be a solution to equation (13) and u*[t] € 5(0.5,) be a solution to
special Cauchy problems (6) and (7) for 2 =2*. Then the function x*(t). defined by the equalities
= =4 +urlt) t e (b — Vh+h), » =T.N, and =" (T} = 4} + lim,__,uj(t). is a solution to problems

(1) and (2) and x*(&) € 5(x"(£), o).
To solve the system of nonlinear algebraic equations (13), we use the following statement.
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Theorem 2. Let the following conditions be fulfilled:

0] the Jacobi matrix W is uniformly continuous in (A2, p, );

(ii) 80, (Apid)

is invertible and ||[2tax:] ™
fa [ aa ]

<y forall 3 e s(a®,p,), ¥is const;

() ylle.(ay: 2] < pa-
Then there exists e, =1 such that for any « = «, the sequence {1%+2}, generated by the
iterative process

gyt
‘;ll:i'+1:| — A[i‘j _ l %ﬁl Q-(‘ﬂﬁr:ﬂim}’ E=0,12, ..
“ (14)
converges to 4*, an isolated solution to equation (14) in 5(1®, 5, ), and
I = 2% = v*llg.Cay: 2%)). (15)

Conclusion

In this paper, we proposed an approach to solving a nonlinear boundary value problem for the
Fredholm integro-differential equation. This approach is based on the parameterization method.
This research is supported by the Ministry of Education and Science of the Republic Kazakhstan
Grant Ne AP 05132486.
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Mpbinbaesa C.T., Kapakenosa C.I'.
®pearoabM HHTErpaJabIK-1u(pPepeHHATIBIK TeHaeyi YIIiH
CBI3BIKTBI eMeC IIeTTIK ecenTi menryAin 0ip Taciai TypaJbl
Anaarna: Opearosbm HHTETPAABIK-TA(PGEepeHITNANIBIK TEH Y] YIIIIH ChI3BIKTHI €MeC METTIK
ecell KapacThlpbliaibl. Ecen KapacThIpbUIaThIH apaibIK OesikTepre OesiHe Il XKoHe ecell MeIiMiHIH
1K1 apaibIKTapIblH OacTankel HYKTENIEpiHIErT MoHAEpl KOChIMINA TapaMmeTpiiep PEeTiHIE €HTi-
3ineni. Koceimina mapamerpiiepii eHrizy skaHa 0enriciz GpyHKIusuap yIiH 1Kl apaabIKTapAblH COJl
JKaK IMIETKI HYKTeJepiHae OacTamkbl MoHACP/l Oepesi. 3epTTemin OThIpFaH HMHTETpaabIK-audde-
PEHLMAIIBIK TEHICY HHTETPAIIBbIK-TU(PepeHHaIAbIK TeHASYyIep KYHecl YIIiH napamerpiepi 6ap
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apHaiibl Komm eceGine kentipineni. Erep Oyn ecem memrimimai Oosica, OHAAa OHBIH IIEUTIMIH
EHTI3UITeH TapameTpiep MEH HHTErpaiablK-muddepeHuanaplK TeHACYAIH Oenrin ImaManapsl
apKbUIbl epHeKTeyre Oomanel. OCkl ©pHEKTEpJI MIETTIK MIAPTKa KOHE OONIKTEYHiH 1K HYKTe-
JIepIHACT] MICIIMHIH Y3LTICCI3MIK MapTTapblHa KOS OTHIPHII, CHTI3UINeH MmapaMeTpiiepre KaTbICThI
CBI3BIKTBI €MeC alureOpajiblK TeHueyJep >kyieci Kypbuiaapl. LerTik ecenTiH MmemIimiMIUTIr
anre0pasibIK TeHACYJep KYHECIHIH menmmautirine kenripiaeai. KeMekin anre0paibik TeHACYIEp
KYHeECiHIH menimMinig 6ap 00y mapTTapsl aJlbIHIbL.

Tyitinai ce3nep: @penroabM HHTErPATALIK-AUGdOEPEHIUATIBIK TCHACYl YIIH CHI3BIKTBI eMec
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ON A BOUNDARY VALUE PROBLEM FOR SYSTEMS OF
DIFFERENTIAL EQUATIONS WITH SINGULARITIES

Abstract. The parametrization method is used to investigate a linear two-point boundary value problem
for a system of differential equations with singularities. The necessary conditions for the existence of a solu-
tion to the problem under consideration are established and an algorithm for finding their solution is pro-
posed.

Key words: Boundary value problem, system of differential equations, conformable derivative,
conformable integral, the parameterization method.

Introduction.
In [1-10], definitions and basic properties of the conformable derivative were introduced.

Definition 1. Let the function f :[O,oo) — R. Then, for all t >0, the conformable derivative of
the function f is defined as

o ftett ) - £ (1)
T, () =lim ~ ;

—0

where o €(0,1). If f is differentiable in o orderin (0,a),a>0,andthereisa glm f (@) (t) then
(0= lim ().
Definition 2. The Conformable integral of the f function of order o €(0,1] is defined by the
equality
Ij(f)(t):jr“‘lf (r)dz-

Lemma 1. Let for t >0 the functions f and g be differentiable in the order « (0,1). Then

1) T (af +bg)=aT (f)+bT,(g), forall a,beR.
2) T,(c)=0, forall f(t)=const.
3) T.(fg)=fT (f)+T,(f)g.
4) Ta[i} M(N-T.(Ng.
g g
df

5) If f isdifferentiable, then Ta(f)(t):tl’“a(t)-

Lemma?2. Let a e (0,1] and f functions be continuous under t > a, then

T (F)O)="1().
In this paper we consider a two point boundary value problem for systems of differential equations
with a conformable derivative on the segment [0, T]

T, (X)) = At)x+ f(t), te[0,T], 1)
Bx(0)+Cx(T)=d , d e R", )
where (Nxn)-matrix t“*A(t)and n-dimensional vector-function f (t) are continuous on [0,T],
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| A |I= trerll%{miaxzn:h” (t)|} <a.

We need to find a vector function [0,T] that is continuous on (0,T) and continuously
differentiable on x(t) that satisfies the system of differential equations (1) and boundary conditions
(2).

The boundary value problems (1) and (2) are investigated by using the parametrization method
proposed by Professor D. Dzhumabaev [11]. Based on this method, the necessary conditions for the
solvability of the problem under study are established and an algorithm for finding a solution is
proposed.

Methods.
We take the step h >0, which N times fits on the segment [0,T]and we will produce splitting

[0T)= LNJ[(r —1h,rh)-

The narrowing of the function X(t)to r —the interval [(r —1)h,rh) is denoted by x (t), i.e.,

X, (t) is a system of vector functions defined and coinciding with X(t) on [(r —1)h, rh). Then the

original two point boundary value problem for systems of differential equations will be reduced to
an equivalent multi point boundary value problem

T, (% )(® = Alt)x + £ (), te[(r-2h,rh), (3)
Bx,(0)+C lim x, (t)=d, 4)
tIﬁisrhr]o X, (t) =x,,(sh), s=LN-1. (5)

Here (5) are the gluing conditions at the inner points of the split t = jh,, j=1 N —1.

If the function X(t) is the solution of problems (1) and (2), the system contractions
X[t] = (x (1), X, (t),..., X, (t))" will be the solution of multipoint boundary value problems (3) - (5).
Conversely, if the system of vector functions X[t]= (X (t),X,(t),...,X,(t))" is the solution of
problems (3) - (5), the function X(t) defined by the equalities X(t)=%X(t)
te[(r—1)h,rh), r=1N, X(T) :tﬂmozN (t) is the solution to the initial boundary value problems (1)
and (2).

Using A, , we denote the value of the x (t) functions at the t=(r —1)h point and replace
[(r —Dh,rh) at each interval of x (t)=u,(t)+ 4., r=1N. then problems (3) - (5) are reduced to an
equivalent multipoint boundary value problem with parameters

T, (U)®) = AD[, + 4]+ f (t), (6)
u[(r =Dh]=0, t e[(r —Dh, rh), r =L, N, (7)
BA +CA, +Ctﬂpjou,\,(t):d, (8)
/15+tlishrrjous(t)=/1$+l, s=1LN-1. ©))

Tasks (3) to (5) and (6) to (9) are equivalent in the sense that if the system functions
X[t]= (X (), X, (t),..., X, (t))" is the solution of problems (3) - (5), the pair (4,u[t]) Where
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A= (%,(0), X (1), ec Xy (N =D)Y U] = (%, (8) = %,(0), X, ) — Xy (1), %y (6) % (N ~D)h)) , Wil be the
solution of problem (6) - (9). Conversely, if the pair (1,a[t]) where 1=(1,A,...A)
art]= (4, (t),u, (t),...,a, (t))" is the solution of problems (6)-(9), the system functions
[t]= (A + 0, (t), 4, + 0, (t),..., 4, +0, (t))’, are the solution of problems (3)-(5).

The appearance of the initial conditions y [(r-1)h]=0, r=1,N, allow for fixed values of
A= (A, Ay, Ay, ) 1O determine the functions of u, (t), r =1,N, from systems of integral equations

u, (t) = j AU, (T)d T+ j r“ A7) Ad7 + j 2 (7)dr,  te[(r-Dh,rh), r=LN. (10)

(r-Dh (r-Dh (r-h

From (10) defining fim u,(t), lim u,(t), s=1,N —1, substituting their corresponding expres-
t—>Nh-0 t—sh-0

sions in conditions (8) and (9) and multiplying both parts (8) by h >0, we get a system of linear
equations with respect to unknown parameters A, r =1 N:

Nh Nh Nh
hBA, +hC4, +hC j r**A(z)d7A, =hd —hC j % (r)dr —hC j A ()dz,  (11)
(N=1)h (N=1)h (N-1)h
sh sh sh

A+ j r“IAD)AdT - A, =— j “IA(T) Uy () d7 — j “M()dr, s=LN-1. (12)

(s-1)h (s-1)h (s-1)h

The matrix of dimension nN x nN corresponding to the left side of the systems of linear equa-
tions (11) and (12) is denoted by Q(h). Then the system of linear equations (11) and (12) is written
as

QA =-F(h)-G(u,h), 2eR™, (13)

where
Nh h (N-1)h
F(h) :(—hd +hC [ M f(r)de, [ (o)dr, ..,

(N=1)h 0 (N=2)h

7 f (T)dZ'J :

Nh h (N-1)h
G(u, h) :[hc j *A(r)u,dr, j A (D)d7,...,

" A(r)u,, (7)dz
(N-Dh 0 (N=-2)h

Thus, to find the unknown pairs (A,u[t]), the solution of problems (6)-(9), we have a closed

system of equations (10) and (13). The solution of multipoint boundary value problems (6)-(9) is
found as the limit of the sequence of pairs (1'®,u®Jt]), k=0,1,2,... determined by the following

algorithm:

’ Step 0. a) Assuming that the Q(h) matrix is invertible, we define the initial approximation from
the Q(h)A =—F (h)equation using the 1@ = (A4, A2 ,...,1?) e R™ parameter :

29 =—Q(MI*F(h).
b) Substituting the /1r(°), r=1,N found in the right part of the system of integro-differential
equations (6) and solving the Cauchy problem with conditions (7) we find the
u@Ltl = (u” ©),u” @), ud (1)
Step 1. a) Substituting the found u®(t), r=1,N, in the right part (13) of the equation

[Q(NIA =-F(h) -G(u®,h), we define 2¥ = (42, 27,...27).
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b) Substituting the found /Ir(l),, r=1,N in the right part of the system of integro-differential

equations (6) and solving the Cauchy problem with conditions (7) we find
u®t] = U ),uP ),...,u (t))"., etc.

Continuing the process, by following the algorithm we find a system of pairs (1, u®[t]),
k=012,...

Based on the proposed algorithm for finding the solution, as well as theorem 1 of [11, page 53],

it follows:
Theorem 1. Let the Q(h) matrix be invertible for some h>0: Nh=T and the inequalities are

satisfied:
Q)T < 70)+ - qh) = »(hy maxc guc"{exp[%j _1} <1

Then the two-point boundary value problems (1) and (2) have a unique solution.
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K. Ha3zaposa, K. Ycmanos, JI. AcbliixaHoBa
Epexmediri 0ap nudggepeHnunanabik TeHaeyaep xKyieci yIIiH HIeTTiK ecen
Annarna: [lapametpiey omiciMeH epekmenikTepi 6ap nuddepeHIranabK TeHaeyaep xyneci
YILIiH CBI3BIKTBIK €Ki HYKTEIN MIeTTIK eceln 3epTTeneii. KapacThIpbUIbI OThIPFaH MOCEJIeH] ey IiH
Ka)KeTT1 MapTTaphl OENTUIeH/ 1 )KOHE OJIapIbIH LIEHIIMIH Ta0y adropuTMi YCHIHBUIIBL.
Tyiiinai ce3nep: lerrtik ecen, auddepeHunanapik TeHaeyaep Kyieci, KOHGOPMABI TYbIH/BI,
KOH(OPM/IbI UHTErpall, MapaMeTpiiey 9Jicl

K. Ha3zaposa, K. Ycmanos, JI. AcbliixaHoBa
O kpaesBoii 3axa4e 4715 cucTeM I PepeHIHATbHBIX YPABHEHHH ¢ 0COOCHHOCTAMH
AHHOTamusA. MeTo0oM MapaMeTpu3aluy UCCIEAYETCsl JIMHEHHAs NBYXTOUYEYHas KpaeBas 3a-
nada Juisi cucTeMbl qudGepeHINaTbHbIX YPaBHEHUN ¢ OCOOEHHOCTSIMH. Y CTaHOBJICHBI HEO0OXOIH-

International Journal of Information and Communication Technologies, VVol.1, Issue 2, June, 2020
58



B PA3PABOTKA IIPOTPAMMHOI'O OBECIIEYEHUS U WHXXEHEPUS 3HAHU MW

MBI€ YCJIOBHSA CYIIECTBOBAHUS PEIICHUS pAaCCMAaTPUBAEMOM 3a/1a4M U MPEII0KEH AITOPUTM HaXO0XK-
JCHUS UX PELICHUS.

KiroueBble cjioBa: KpaeBble 3a7auu, cucreMa quddepeHInaabHbIX YpaBHEHUH, KOH(pOpMHAs
POU3BOAHAS, KOH(GOPMHBII HHTErpal, METO/ TapaMeTpU3aIIHH.
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ON ONE PROPERTY OF A SOLUTION OF
A THIRD ORDER PSEUDOPARABOLIC EQUATION

Abstract. Sufficient conditions for the boundedness of the highest derivative of a third-order partial dif-
ferential equation are established and a coercive estimate is obtained in the norm of the space C.(Q2,R).
Key words: pseudoparabolic equation, diagonal dominance, coercive estimate.

1. Introduction. Let Q =[0, @] x (=00, +0) . Consider the third-order pseudoparabolic equation
Uy =8, (X t)u, +a, (X, t)u, +a, (X, t)u, +a, (X, thu+ f (x,t) 1)

where the functions a (x,t) (i=0,3), f (x,t) are assumed to be continuous and, generally speaking,

unbounded onQ.

At present, studies of local and nonlocal boundary value problems for equation (1) are very
actively studied and arouse great practical and theoretical interest due to the fact that applied
problems of physics, mechanics, and biology are reduced to such equations.

Local and nonlocal boundary value problems for pseudoparabolic equations of the third order
are investigated in the works of M.Kh. Shkhanukov. [1-4]. A.M.Nakhushev [5-8] pointed out ex-
amples of the practical application of the results of the study of boundary value problems for the
equations under study in the study of moisture transfer processes in porous media and in problems
of mathematical biology.
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Nonlocal problems for pseudoparabolic equations of the third order were also considered in [9—
11], where A.A. Samarskii investigated them by the method of passing from a problem with a non-
classical boundary condition to a problem with a classical condition, but for a nonclassical equation
there is the so-called loaded equation [12].

In this paper, in contrast to the studies above, we consider the case of equation (1) with contin-
uous and generally speaking unbounded coefficients given in an infinite domain. New problems
arising due to the unboundedness of the coefficients of differential equations in the 1970s gave im-
petus to the creation of the theory of separability in the works of the English mathematicians Everitt
and Geertz [13,14].The main task of the separability theory is to obtain nonlocal weighted estimates
of the solution and its derivatives in the corresponding function spaces, called coercive estimates of
the solution.Separability conditions for an ordinary differential operator of the second order in the
space of continuous and bounded functions on the entire axis by the parametrization method were
established in the works of D.S. Dzhumabaev and R.A. Medetbekova [15], D.S. Dzhumabaev [16]
and M.M. Medetbekov [17]. The works of M. Otelbaev and A. Birgebaev [18], T.T. Amanova
[19], M.B. Muratbekov and Zh.Zh. Aitkozha [20] are devoted to the establishment of coercive
estimates for the solution of a singular differential equation of the third order. Multidimensional
boundary value problems for them were systematically studied in the works of T.D. Dzhuraev [21]
and others.

2. Ancillary results.We denote by C. (Q, R) the space of bounded functions continuous with re-

spect to teR uniformly with respect to t € R and continuous with respect t0 xe[0,0] . Let
IV (%), =stgFE)\N(x,t) ,where |V (x,t)| = rlrlzla%(N, (x,t)
The properties of the solution u(x,t) to equation (1), satisfy the conditions
u(0,t)=w(t), u(x,t),u (x,t),u,(x1),u,(x,t)e C.(Q,R) (2)
a(x,t) v

1
1500 0(xt) = !q(x,r)dr.

The following result was established in [22].

We put P, s(xt) =

Theorem 1.Let the functions &, (x,t) (i = 0,3) of equation (1) be continuous on Q) , 7,7,y con-
tinuous and bounded on R and the following conditions are satisfied:

a) a,(x,t)=y>0, y is constant;

b) a, (x,t)

—<catt,feR:t—f|<d, c,d is constant;
a, (xt)

¢) for each &> 0 there is & >0, a number such that the inequality ai(x"t)(‘al§x"’t)<g holds for
a,(x"t

all t from Rand X', x"€[0, w]:|X - x'|<5.
AP, (XD <K,P, _ (X1),P, . (x1),P, (xt) eC.(QAR).

Then there is a unique solution u(x,t) to problems (1) and (2) and the following estimate is
valid:

e ux, ), Ju, Ol 0 Ju (1), < €
where C —const , depending only on the norms of functions f,y, of constants y,K,c,d, ¢.

3. Main result. When the coefficients of equation (1) are not bounded, this theorem cannot
guarantee the boundedness of the derivative u,, (X,t). The purpose of this work is to find conditions

for belonging U, (X,t)to a space C.(Q, R) and obtain an estimate for |u, (x,-)||l.
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Theorem 2.
Let the assumptions of Theorem 1 and be satisfied f (x,t),\/0(x,t)w (t), \/O(x, 1)y (t) e C.(Q, R?).
Then there is a unique solution u(x,t) to problems (1) and (2), moreover u, eC.(Q,R)and the
estimate
U, + B0t +Rutts ], + o], +Jlsul, < €. &)
Here C depends on the norms of functions f,y, of constants y,K,c,d,s.
Proof.We introduce new functions u, (x,t) and u, (x,t)
U (x,)=u(x1), u,(x,t)=u,(x) (3)
and put U(x,t) = (u,(x,t),u, (x,t), V(x,t)=U,(xt).
Then problem (1), (2) is reduced to the following problem
V, (x,1)= AtV +C(x, U (x, 1) + F(x,1), (x,t)eQ, V(x,t) eC,(Q,R?), 4)

U(x,t) = P(t) + fv (EDdE, (x1) e, )

where

[ 0 1 j ( 0 0 j
A(x,t) = , C(xt)= ,
a(xt) a(xt) a;(x,t) a,(xt)

1
F(x.0)= ( f (?( t)} Wt = (;’:8}

If the vector function U(X,t) is known, then solving problem (4) we find V(xt). If
V (x,t) known, then from (5) we find U (x,t) . Then u(x,t)=u,(x,t) is a solution to problem (1), (2).

To find a solution to problem (4), (5), we use the method of successive approximations.

We take the function U(x,t) as the zero approximation W(t) , and find the function

VO(x,t) = (v (x,1),v{ (x,1)) as a solution to the problem
VO (x,t)= AV @ +C(x )P(H) + F(x,t), VO(xt)eC,(QR?). (6)
U@ (x,t) we find from the relation

U©@(x,t)=P(t)+ fv O (£ t)de. (7

By the equalities
V2 (6 1) =00 () +77 (1), vE? (xt) = KYO(x 1) (1,7 (x,£) =7 (x,1)), 8)
we introduce new unknown functions v, (x,t),V? (x,t). As @(x,t)>y >0, since transformation
(8) is reversible and

70 (%) =%[vf°> (1) + 22 0. (X’t))} 7O (1) =1[ 0 (x,0)- 22 %0 ]

K{O(x,t 2 K{O(x,1)
As a result, (6) is reduced V @ (x,t) = (7@ (x,1), V% (x,t)) to the problem
VO (x,t)= AtV @ +C(x, 1) P(t) + F(x,t), VO(xt)eC,(QR?). ©)

Here A(xt)=(E () s COxt) =G (x0)7

_ _1 a, (x,t) _ 6, (x1)
a,(x,t) = 2|:K o(x,t) + KO0t 300 29(x,t):|'
a, (x1) 6, (x.1)

a,(x,t)+

KJo(xt) 20(x,1)

a,,(x,t) :—;|:K 0(x,t) +

International Journal of Information and Communication Technologies, VVol.1, Issue 2, June, 2020
61



B PA3PABOTKA IIPOTPAMMHOI'O OBECIIEYEHUS U WHXXEHEPUS 3HAHU MW

521(X,t)=;{K o(x,t) — a (x,t) (x,t)+‘91(x't)}

KJoxn 20(x,1)

a0t =+ __akh) ALY
e e e

~ _ 1 a(x) a;(x,t) L
& (1) = Z{K\/H(x,t) ’ K\/e(x,t)} (1=12)
() ayx )
~ 1 a,(xt a. (Xt . ow [ofv 0
(X, 1) =—=| —22 L A% =12), F | 2K{O(x,1)
¢2; (%) Z{K\/G(x,t) KJa(x,t)} (=12 F(en - RS
2KAJO(x,1)

Note that all conditions of Theorem 1 are fulfilled.From the conditionb) and b) after simple
transformations it follows,
a,(x,t)
o(x,t)
which implies, taking d) into account that the function C(x,t)¥(t) + F(x,t) belongs to the
space C, (Q, R?).
Then it follows from (9) by Theorem 4 [23] that the function 704 t) = KOOV © (%) iy also
C.(12.RY).

€C.(Q.R) (10)

belong to
The function 7(x,t) satisfies the equation

= - ~ Kla,(xt+d) —a,(X,t)]\50 11
7 (60)= A7+ KO DC YO + KB DF () + SR Ot 0. (4D

From (10) and the conditions of the theorem, we obtain that the function

KO DC (X )W () + KO DF (x.t) + K[ai(xz’; \*/g () —t?ﬂx")]v © (x,t)
X,

belongs to space ¢, (Q,R?). Then from (11) by Theorem 4 from [23] it follows

WO (x,1) = [O(x, )m(x,t) = KXtV @ (x,t) € C, (O, R?).
Taking into account (11), the function W@ (x,t) satisfies the equation
WO (x,t)= A(X W + KC (X, 1)O(x, ) P(t) + KO HF (x, 1) + KG,(x, hV @ (x,t). Under the condi-

(12)

tions of the theorem, the matrix ,&(X,t) = (5”. (X,t))iz'j:1 has a diagonal dominance in rows with the

function gy =&Y e

Ko(x,t)’
lay; (x,1)] > i‘aij (x,t)‘ +O(x,t), =12,

j=1
j=i

where §(x,t) >6,>0-isa Q continuous function, 6, —const.

Taking into account the conditions of the theorem, it is easy to prove that the ratio of the sum of
the last three terms on the right-hand side of (12) to the value of the diagonal dominance §(x,t)
belongs to C,(Q,R?).

Then the results of [36] imply the existence of a unique solution
WO (x,t) = (W (x,1), W (x,1)) € C. (4, R?) to (12) and the inequality

W@, <. (13)
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C,depends on the norms of the functions f,y, of constants y,K,c,d, ¢.

By virtue of (8), the coordinates v{” (x,t), i =1,2 of the vector V@ (x,t) are represented by the
formulas

v (x,t) = L [w® (x,1) + W (x,1)], v (x,t) = W (x,t) —w® (x,1)]. (14)

T KO(x,1) o(x,t)
Since W@ (x,t) e C, (Q, R?), taking into account (10), we have
a, (% VO (x,1), a, (%, )V (x,1)) € C,(Q,R?). Using the conditions b), d)of Theorem 1 and inequality
(13), we obtain the estimates
2, O (), < [ WtV (1), < e (15)
Here ¢,, ¢, are constants that depend only on the norms of the functions f,y, of constants
7, K,c,d,¢.
Substituting (14) into relation (7), we find a function U© (x,t) = u{® (x,t),u{? (x,t)), its belong-

ing to the space C,(Q, R?)is ensured by

Theorem 1. For functions a, (x,t)u{” (x,t), a, (x,t)ul” (x,t) , the following relations hold:
w2 €0+ W (D)

as(X,t)ul(O) (x,t) = a; (X, t)w(t) + !as(x,t) KOEY) ¢,
©) _ . T Wl(o) (&.1) _Wéo) (¢.1) 1
a, (x us” (x,t) = a, (x,yr(t) + j S e R (16)

Dividing the segment [0, @] into parts of the same length g, less in view of the condition c) of

4o
X = : . .
Theorem 1, we have  sup % <(+¢&)? =y,. From this and from the notation 6(x,t) it
X1, X €[0,0] XZ'

follows that the expression is finite  sup M
x %el0,0] B(X;,1)
Therefore, according to the conditions of the theorem, the functions
_ a(xt)  Ja(xt)
a;(x, )y (t) = o J300 \JO(x, ty () and
a(xt) _ a(xt) 1 a(xt) g(xt)
KOE D)  Kya(xt) Jaxt) Oxt) 0EL)
belong to space C,(Q,R?). Then from (16) we have a,(x,t)u{®(x,t) e C,(Q,R?).

¢ €[0,a],

In the same way one can show that a, (x,t)u{” (x,t) € C,(Q,R?). Using them and (13), from (16)
we obtain the validity of the inequalities: Ha3(x,-)u1(°) (x,-)H1 <e,, Ha2 (x,)u (x,-)H1 <c¢,. Here
c;, ¢, are constants that depend only on the norms of the functions f,y, of constants y,K,c,d, .

We put WO (x,t) = KO, )V © (x,t)(k =1,2,...), which is the V® —k— approximation of

problems (4) and (5).The fact that functions W® (x,t)(k =1,2,...)belong to a space C,(Q,R?)is
proved similarly to the case k=0, based on the results of [36]. The function

W®O(xt)(k=12..) satisfies the system W% (xt)= AW + KC(x,t)A(x,t)U D (x,t) +
+KO(X,)F (x,t) + K8, (x,t)V ©(x,t). Using the same approach as used fork =0, the belonging of
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functions a, (X, v (x,t), a, (X, IV (x,1), a;(x,ul (x,t) and a, (x,t)ul’ (x,t) space C,(Q,R?)are
established.
The sequence {\N () (x,t)}f:1 converges in the norm of the space C, (Q2, R?) to the func-

tionW ) (x,t), which is proved in the same way as in Theorem 1. Therefore, representations similar
to (16) for sequences

00 00

fa, (V@ (D), fao GV (1], {8, (6 U (.0} {a, (x,u (x,t) |, imply their conver-
gence to functions a, (X,t)v? (x,t), a, (X, v (x,t), a, (x,t)ul” (x,t), a, (x,t)ul? (x,t), respectively,
and for the W™ (x,t) inequality holds:
W), <, (17)
C, depends on the norms of the functions f,y/, of constantsy,K,c,d, .
The function (v (x,t),v{?(x,t)) - is the solution to problem (4), and (u{”(x,t),ul”(x,t))
through them is determined by (5).Hence, taking into account the replacements made by us, we
have u, eC.(Q,R) .Using (17), we establish the boundedness of the norms [a,(x)v{” (x)

(18”0, s 06 (%) e O 0087 (1,0

The coercive estimate (*) follows from this and equation (1).The theorem is proved.
This work was supported by project AR05131649 of the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan.
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A MODIFICATION OF ALGORITHMS OF THE DZHUMABAEV
PARAMETERIZATION METHOD AND A NUMERICAL METHOD

Abstract. The article deals with a modification of the algorithms of D. S. Dzhumabaev's paramet-
rization method. Additional parameters are introduced at the internal partition points and at both ends of the
interval. Sufficient conditions for convergence of these algorithms in terms of input data are given. Using the
right-hand part of the system of differential equations and the boundary condition function, a nonlinear
operator equation was constructed to find initial approximations of unknown parameters. A numerical
method is proposed for finding a solution to a nonlinear two-point boundary value problem for a system of
ordinary differential equations. The numerical method was implemented in a test example.

Key words: nonlinear two-point boundary value problem, the Dzhumabaev parametrization method,
sufficient conditions, an isolated solution, numerical method.

In Memory of Professor Dulat S. Dzhumabaev

We consider a nonlinear two-point boundary value problem for a system of ordinary
differential equations
dx

Ezf(t’x)’ te[0,T], xeR", 1)
g(x(0),x(T)) =0, (2)

where f:[0,T]xR"—R" and g:R"xR" — R" are continuous and || = max|x;] -
i=1l,n

By c([0,T1,R") we denote a space of continuous functions x:[0,T]—R" with norm [x|, =
max [ x(t)] -
te[0,T]

Problems of solvability and construction of approximate methods for the solution of problems
(1) and (2) are studied in numerous papers [1-11]. For the bibliography and detailed analysis of the
works dealing with the main groups of methods aimed at the investigation and solution of
boundary-value problems, see [11].

The main goal of the work is using one modification of the algorithms of the Dzhumabaev
parametrization method [12-14], to establish sufficient conditions for the existence of an isolated
solution of boundary value problems (1) and (2), and to propose a numerical method for solving
boundary value problems (1) and (2).

For the chosen points A, :0=t, <t <t,<...<t, =T, where N=1.2,..., we perform the

partition [o,T):UL[tr_l,tr). Denote by x, (t) the function x(t) restricted to the r th interval

[t ,.t) . By C([O,T],AN,R”N) we denote a space of the systems of functions
x[t]:(xl(t),xz(t),...,xN (t)), where x, :[t,_,,t.)—R" are continuous and have finite left limits

limes: —0X (t) for all r=1,N with the norm HX[]HZ = mf%( sup er (t)H It is clear that
r =LN teft, , t, )

C([O,T], Ay, R”N) is a complete space.
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Denote by A, the value of x (t) at t=t,, (r=1,N) and A, the limit |im x,(t) . Here in

t»tN

contrast to the classical parameterization method the parameter is also entered at the point t =T, so
we will use notations A=(4,4,..., A4y, Ay,,) €R"™ and 1=(4,4,....4,)eR™ . We change the

variable according to u, (t) = x,(t)—A, on each interval [t ,,t.). Then, we obtain the boundary
value problem with parameters

ddu{=f(t,ur+ﬂr), telt ), r=1N, 3)

u,(t,_)=0, r=1,N, 4

(4, Ay.1) =0, (5)

A+ |imour(t)—/1r+1:0, r=1N. (6)
t—>tr—

Let X(t) be a solution to problems (1) and (2). Then, the system of pairs (4, =x.(t, ),
u (t)=x (t)—x(t_,)), r=1,N, is a solution to problems (3)-(6) (here, x (t) is a restriction of x(t)
on [t, ,,t.)). Conversely, if (Zr,ﬁr(t))r:ﬁ, is a solution to (3)-(6), then the function X(t) defined
A +0.(t), fortelt ,t), r=1N,
ZM, fort=t,,
What makes the parametric problem advantageous over (3)-(6) is the presence of the initial
conditions u,(t, ;) =0, r=1,N. For a fixed 4., Cauchy problems (3) and (4) are equivalent to the
Volterra nonlinear integral equation

u (t) = f f(r, A +u())dz, teft_,t), r=1N. @)

Replace u, () on the right-hand side of (7) by its integral representation. Then, u,(t) can be
written as

by the equalities X(t) :{ is a solution to problems (1) and (2).

0= f(rl,/lr R ICws +ur(rz))dz'2)drl, telt ,t), r=LN.
From this relation, we find lim u (t) (r=1,N). Substituting these values into (5) and (6), we
t—t, -0

obtain the following system of nonlinear equations for 4, e R":
g(ﬂl’/’i’N+1) =0,
2, +j: f [rl,,lr +J't f(z,, A, +ur(z'2))dz'2)dz'l —A4,.,=0, r=1,N.
We write this system in the form
Qua, (AW =0, A= (A Ay Ay Ayg) € RV, (8)
Condition A. There exists A, such that the system of nonlinear equations Q4 (A0)=0 has a
solution A® = (12, 49,..., 49,49, )e R"™D, for 1% = (40, 49,...,A9)eR™ the Cauchy problem
‘L“tf = f{t,A%+u,) u(t,)=0 telt ,t),
has a solution u®(t) for all r =1, N, and the system of functions is such that
Ot = (WO ), U0 (t),...,u® ) e C[0,T1, Ay, R™)
We define the function x©(t) as follows:
(1) = {,19) +u@(t), forteft ,t), r=1N,
A9, fort=t,.
We take the numbers p, >0, p, >0, and p >0 and compose the sets

International Journal of Information and Communication Technologies, VVol.1, Issue 2, June, 2020
67



B PA3PABOTKA IIPOTPAMMHOI'O OBECIIEYEHUS U WHXXEHEPUS 3HAHU MW

< pl}’

ﬂ‘r _A’EO) < pl}'

A, =22

r=1,N+1

S(A(O),pl): {A e R"N+D :”A—A(O)“ = max

S(ﬂ(o),pl):{ﬂ: U oo ) €R™ 1= 29 = e

r=1,N

UM, p, )= b1 e C[0.T1 Ay R™): L1 -u®L], < o,
Glp,)= {(t, x) 1t e[O,T],Hx—x‘O’(t)“ < px},
G, p)= v W) R : =29 < p, Jw—22, | < p, }
Condition B. The functions f and g have uniformly continuous partial derivatives f, in

Gl(p,), and g, in G(p,,p,),and g, in GY(p,,n,), and the following inequalities are true:
L=l o.ew|=L, |g.mw|=L,
where L and L, and L, are constants.

Let Condition A be met. We take the system of pairs (ﬂﬁo),uﬁo’(t)), r=1,N. Let's define the
sequence of pairs (/I(rk),ufk) (t)), r=1,N, by the following algorithm.

Step 1. (a) Determine the parameter A‘l):(ﬂf),...,/l‘,ﬁ), (,ﬁll)e R"™* from Eg. (8) with
u=u®; (b) Find u®(t), telt,_,.t,), solving Cauchy problems (3) and (4) with 4, =A®, r=1,N .

Step 2. (a) Replacing u by the calculated function u® and solving Eq. (8), determine
A® e R"™D: (b) Find u®(t), te[t,,,t), solving Cauchy problems (3) and (4) with 4 = A?,
r=1,N.

Continuing this process, at the k th step of the algorithm, we obtain the system of pairs
(/lﬁk),uﬁk)(t)) , r=1,N. Using (ﬂ‘rk),ufk)(t)),r =1,N, form the pair (ﬂ(k’,u(k)[t]), where
A9 = (29, A9) and u®[t]= P @),...,uP ).

The algorithms of the parameterization method open up the prospect for further development of
constructive methods that allow simultaneous investigation of the existence and construction of so-

lutions to boundary value problems for differential equations.
Theorem. 1Assume that there exist A, o, >0, p, >0 and p, >0 for which Conditions A

an,AN (A,u)

and B are satisfied, the (n(N +1)xn(N +1)) Jacobi matrix RN RMN) s invertible

forall Ae S(A(O),pﬂ) and uft]e S(u@)[t],pu) and the following inequalities are true:

1) [anvAgA(A’u)Jl <y,(A,), Where y,(Ay) is constant,

2) 6x(A) = 72(A) max {exp(L(tr ~t.,)) —Z(L(“Jf”} <1,

3 72 o, (0 <,

9 L0 el (L, -, D) -3, 40| <,

5) rp:%{pﬂ max ZS—(L““ _Jlt ) + Py max —(L(tz p_jrla)l) p71}Dpx-
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Then, the sequence of pairs (/l‘k),u(")[t]), k=0,1,..., is contained in S(A?, p, )x S(u®[t], p,)and
converges to (A*,u*[t]), which is a solution to problem (3)-(6) belonging to S(i(o),pl)x S(U(o)[t],pu).
Furthermore, the following estimates are valid:

A0 «_72(Ay) ® 4oY, k=012 ...,
(a) A A H&(QZ(AN)) 1-q,(Ay) QZ,AN (A u 1 B
(b)

ur () —u )< oLt -t ) -k -4 telt .t), r=1N.
Moreover, any solution to problem (3)-(6) belonging to S(A?, p, )xS(u®It], p, ) is isolated.
Based on the proved Theorem, we propose a numerical method for solving problems (1) and

(2):
1) A system of equations Qz,AN (4,0) =0 is compiled.

2) Some vector A%? e R*™*) s selected and an iterative process [13] is constructed to find the
solution of the 2% equation Q,,, (4,0)=0:

0Q,., (A°™.0)
oA
3) The solution to the Cauchy problem is found

ddxtr = f(t,Xr), te[tr—litr)’ Xr ER”’ r=1’N’

A(O,m+l) = l(O,ITI) _1
o

-1
j Qs (A"™,0), M=012,....

X (t)=22, r=1,N.
4) According to Theorem 1, the piecewise continuous function
X(O) (t) = Xﬁo) (t)v t € [tr—l'tr)! r :11 N!
VAT S
IS an approximate solution of the problem (1), (2) with an error not exceeding

_ 72(Ay) 0 0
= sup Eexp(L(t—t =1+1 | AU
: ([‘Jﬁﬁteﬁ,ﬁ,){xp( t-t, )1} Jl_qz( 2o, (.u)

Example.
We consider a nonlinear two point boundary value problem for a second order ordinary
differential equation [15]

y'=y?+27° cos 2t —sin‘ 4, te(n6,11424) yeR, 9)
7Z. -_—
atan[y[GjJ =0.782647, (10)

1 (7 1 ,(11r
=yl Z || -exp| - =y == | | = 0.165009.
eo ;{5 ool -2 (%)

We will perform a replacement: y =x;, y'=x,. We will get the boundary value problem for
the system of ordinary diffferential equations

dx,
— =X,
& i te(76,11424), %X, R, (11)
d—tz = X12 + 272 ¢0s 27t —sin* t,
atan (”j = 0.782647
He)) o (12)

1 T 1 ,(11x
- - - - - .1 .
exp( XZ(GD exp( 2x1(2 jj 0.165009
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For the chosen points A :t =2+ == -~ ,

P (11;; ﬂj , r=08 , we perform the partition
6 8124 6
6 112 4)‘0[”(25 +7r)1192, z(32 + 7r)192) - We will write down a system of nonlinear algebraic

r=1

equations Q, 4, (A,0)=0:
atan(4, ,)—0.782647 =0, exp (1 zmj —exp (-U@J —0.165009 = 0,

2 2
74??77;8/1"1+17ST7; 2~ At 61744S'n( (25; 7r)) Y(l;GAE;ﬂ) in(= (2956+7r))_
2 2
_Cos(ﬂ (Eiz;r?r))+cos(7r (iz;ﬂr))+ 41 (7r (32+7r)) 1 (72' (32+7r))
72’
1 ,, 2 (25+7r), 1 7%(25+7r), 4977
— R — :O, :1,8,
6ar? 0 T gg )t g2 008 S 192 ) 1oe608 O "
T 497 3437°
_ﬂ’rl_—ﬂ’rlﬂ’rz—i_— 3,2_ I’+l,2_
192 36864 2123366£21
7°(32+7r . o (32+7r
Y )) sin(Z_ 32+ 70y |
327r 48 96
! sin(® (25+7r)) 1 sin(® (25+7r))
32r 48 7[ 96
+”sin(M)_ﬁsin(M)_7_”=o' r=18.
9 96 512
0,0) 0,0) (0,0) .. . .
We take the vector 0o - A , &x Al 1, . 1) as the initial approximation
we L)L) ()

of the solution and find the solution to this system using Theorem 1 [13]. We construct the

following iterative process:

1(8Q,, (A°™ o))"
[Mga(A)J 'Qz,Ag(A(Ovm)’O)’ m=01...

Let's take A®*™ as A?, since Q, (A®*90)=0:
o _ o0 [( 0994513)( 0.823050)( 0.492786)( 0.166653
A = A ' = ) Ll H )
—0.469637 ) | —2.394092 ) | —3.135266 ) | —2.321885
0.006523) (0.092625) ( 0.382507 ) (0.732087 ) ( 0.968376
—0.353855 )'( 1.792282 J'| 3.050756 )'| 2.800015 '{ 1.168976

Now we will find solutions of Cauchy problems (at the points t, = 7+(r 1)@ (k- )%,

=18, k=1,6):
ax,, _

ddt
X
"2 = x?, +2x° cos 2zt —sin* t,

r2?

te[r(25+7r)192, 7(32+7r)/192], r=18,

X (r(25+7r)192) = AV, X, ,(7(25+7r)/[192) = AV, r=18,
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using the method of Runge-Kutta of fourth-order accuracy with a step g%zo.ozzgor We will

define the function
O 1) = {xﬁ?}(t), t e[7(25+7r)/192, 7(32+7r)/1192), r=17,
X (t), te[4337960,11724].
The exact solution to the boundary value problems (1) and (2) is the function y(t) =sin®(at),

and the approximate solution is the function x®(t).

The following table shows the values of the numerical solution of the boundary value problems
(1) and (2), as well as the difference between the numerical solution and the exact solution at the

points £ =7 1 (j-1)'% , j=141, where f, =~ ~0.523599, f,, = -7 ~1.430897
6 960 6 24
Table 1
] tj Xl(O)(tj) Xi(O)(tj)_y(tj) J tj Xl(O)(tj) Xl(O)(tj)_y(tj)
1 0,523599 | 0,994513 -0,000001 | 21 | 0,981748 | 0,006523 0,003239
2 0,546506 | 0,978678 -0,000127 | 22 | 1,004655 | 0,003582 0,003368
3 [ 0,569414 | 0,952041 10,000254 | 23 | 1,027563 | 0,010977 0,003498
4 [ 0,592321 | 0,917831 10,000381 | 24 | 1,050470 | 0,028557 0,003627
5 [ 0,615220 | 0,874072 10,000508 | 25 | 1,073377 | 0055962 0,003756
6 0,638136 | 0,823050 -0,000152 | 26 | 1,096285 | 0,092625 0,003883
7 0,661043 | 0,765054 -0,000086 | 27 | 1,119192 | 0,137793 0,004009
8 | 0,683951 | 0,701576 10,000018 | 28 | 1,142100 | 0,190535 0,004136
9 [ 0,706858 | 0,633028 0,000048 | 29 | 1,165007 | 0,49764 0,004265
10 | 0,729766 | 0,563512 0,000115 | 30 | 1,187915 | 0,314257 0,004394
11 | 0,752673 | 0,492786 0,001184 | 31 | 1,210822 | 0,382507 0,004349
12 | 0,775581 | 0,421301 0,001320 | 32 | 1,233730 | 0,453412 0,004438
13 | 0,798488 | 0,351471 0001455 | 33 | 1,056637 | 0,525374 0,004529
14 | 0,82139 | 0,84743 0,001591 | 34 | 1,279545 | 0,596908 0004623
15 | 0,844303 | 0,222500 0,001728 | 35 | 1,302452 | 0,666536 0,004720
16 | 0,867210 | 0,166653 0,002486 | 36 | 1,325359 | 0,732087 0,004086
17 | 0,890118 | 0,117121 0,002614 | 37 | 1,348267 | 0,793651 0,004181
18 | 0,013025 | 0,075562 0002742 | 38 | 1371174 | 0,849233 0,004280
10 | 0,035933 | 0,042837 0,002870 | 39 | 1,394082 | 0,897684 0,004381
20 | 0,958840 | 0,019627 0,003000 | 40 | 1,416989 | 0,938006 0,004488
41 | 1,439897 | 0,969366 0,004597

As can be seen from Table 1, the estimate holds:
m%(lll xl(fj)— y(fj) |< 0.0046.
=1,

Due to the fact that the algorithms of the Dzhumabaev parameterization method are convenient
for numerical implementation, in the future they can become one of universal tools for identifying
and finding approximate solutions to nonlinear boundary value problems.
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C.M. TememeBa
KymabaeBThIH MapamMeTpJiey dici aIropuTMaepiHin MoIuGUKAIUSIChI
JK9He CaH/BIK d/ic

Anparna: Makanana JI.C. XXymabaeBTbIH mapaMeTpiey 9ici alropuTMiepiHiy 0ip Moaudu-
Kalusichl KapacTelpbuiazbl. KocbiMIia mapamerpriep KeCiHAIHIH 1IKI OeJliHy HYKTEelepiHe >KOHE
KEeCIHJIIHIH €Ki YIIbIHAa JAa eHridimeai. byn anroputMaepliH KUHAKTATYBIHBIH IKETKITIKTI
mapTTapbl Oacrankbl OepuriMaep TepMuHAepiHae Kenrtipiaeni. uddepeHunanablk TeHAEynep
KYHECIHIH OH >KarblH JKOHE IIeKapalblK apT (yHKIMACHIH KOJIJaHa OTBIPHII, OeNrici3 mapamerp-
JepiH 0acTanKbl )KYbIKTayblH Taly YIIIH CBI3BIKTBIK €MEC ONepaTOpIbIK TeHAEYl Kypbliaabl. XKait
g depeHIManIbIK TeHICYNep )KYHeci YIIIiH ChI3BIKTBHIK eMeC €Ki HyKTeNl MIETTIK eCenTiH IMenIiMiH
TaOyAbIH CaHBIK 9/1iC1 YChIHBUIAAEI. CaHIBIK 9/1IC TECTUTIK MBICAJIFa KOJITAHBLIA IbI.

Tyiiinai ce3aep: ChI3BIKTHIK €MeC €Ki HYKTell MeTTiK ecen, Kyma0aeBThIH napaMeTpIaey dJicl,
KETKUTIKTI IIapTTap, OKIIAyJaHFaH LIeIiM, CaHIbIK 9/iC

C.M. TemeumeBa
Mopandukanus aJroputMoB MeToga napamerpusanum /JsxkymadaeBa
U YUCJICHHBIN MeTO/

AHHoTanusi. B cratbe paccmaTtpuBaercs o1Ha MOJU(HKAIMS aJrOPUTMOB METOAA IMapame-
tpuzamuu JI.C. [IxymabaeBa. JlOomONHHUTENbHBIE MapaMeTPhl BBOASTCS BO BHYTPEHHHUX TOYKAX
pa3bueHust oTpe3ka U Ha 000OMX KOHIAX orpeska. [IpuBeneHb! 10CTaTOYHBIE YCIOBHS CXOAMMOCTH
3TUX aJITOPUTMOB B TEPMUHAX MUCXOJHBIX JaHHBIX. C MOMOIIBIO TPaBOK YacTH cucTteMsl Tuddepen-
[UAIBHBIX ypaBHEHUH W (YHKIMHM KpPAaeBOIO YCIOBHs IOCTPOCHO HETUHEHHOE OIepaTOpHOe
ypaBHEHHE I HaXOXKACHUS HaYaJIbHBIX NMPUOIMKEHUH HEU3BECTHBIX MapaMmeTpoB. [Ipemnaraercs
YUCJICHHBIM METOJ HAaxXOXJEHUs PCIICHWS HEIUHEWHOM JBYXTOYEYHOM KpacBOM 3amauu Jyisd
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cHCcTeMbl OOBIKHOBEHHBIX IU(p(epeHInalbHBIX ypaBHEHUH. UHMCICHHBIM METOJ| peanu30BaH Ha
TECTOBOM IIPUMEDE.

KuiroueBble ci10Ba: HelnuHEHHas [BYXTOYEYHAs KpaeBas 3ajada, METOJ IapaMeTpU3aluU
JlxymabaeBa, 1OCTaTOUHBIE YCIOBUS, U30JIMPOBAHHOE PELICHUE, YUCIECHHBIN METO.
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SINGULAR BOUNDARY VALUE PROBLEMS
FOR A NONLINEAR DIFFERENTIAL EQUATION

Abstract. The paper deals with a nonlinear ordinary differential equation with singularities at the end-
points of a finite interval. The definition of a limit with a weight solution is introduced and its attracting
property is established. A singular boundary value problem for the differential equation is studied, where the
boundary condition imposed on a solution is the requirement of its belonging to a functional ball centered at
the limit solution.

Key words: nonlinear differential equation, singular boundary value problem, limit with a weight solu-
tion, approximation.

On (0.T), we consider a differential equation
2= fe) R, llxll =
dr_f x) xeR5, xll = max; 1 |x;]. (1)

where fit.x): (0.T) x " — K" is a continuous function with singularities at the endpoints mentioned
in what follows in condition C,.

Equations with singularities at the endpoint are often encountered in applications. Various
problems for such equations have been studied by numerous authors (see [1-3] and references there-
in). To investigate the behavior of solutions of (1) at singular points, one can use so-called “limit
solutions”.

In [4], for a nonlinear differential equation considered on the whole real line, the concept of a

“limit solution as t = @ was introduced. The conditions were established under which all solutions

to the differential equation that belong to a functional ball coincide with a limit solution as t — .
Using Lyapunov transformations and limit solutions, regular two-point boundary value problems
were constructed that allow us, to a given degree of accuracy, to determine the restrictions of solu-
tions bounded on the whole real line to a finite interval. To this end, iterative processes for un-
bounded operator equations [6] and the results obtained in [7] were used where analogous problems
were studied for a linear ordinary differential equation.

It was proved that, under certain assumptions about the right-hand side of the equation, the lim-

it solution x;(t) possesses an attracting property; i.e. there exists a functional ball centered at x,(t)
where the differential equation has at least one solution, and all solutions from this ball coincide
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with x4 (£). This property made it possible to solve the problem of approximation of a bounded on
the whole real line solution to the differential equation.

Note that the attracting property of the limit solution x,(t) as t — == was established under the

assumption that the differential equation linearized along the limit solution

% = £t x,(E))y. yeRY,
admits an exponential dichotomy on E. However, in the case where the differential equation has
certain singularities on its domain, it is necessary to take into account these features.

The concept of a limit solution was extended in [7] to the case of a nonlinear differential equa-
tion with a singularity at the left endpoint of the domain interval. In this case the limit solution was
introduced with a weight that accounts for singularities of the equation considered. An attracting
property of the limit with a weight solution was established.

This paper deals with singular boundary value problems for Eq. (1) on a finite interval. We de-
fine the concept of a limit solution at singular points and establish conditions under which this solu-
tion possesses an attracting property. We then construct approximating regular two-point boundary
value problems that allow us to yield solutions of the singular boundary value problem of any speci-
fied accuracy.

Let r be a positive constant and x,(t) be a function continuously differentiable on (0.T).
We will use the following notation:

£¢3.B™) is a space of functions x:7 — R" continuous and bounded on 7 < (0.T) with the norm

=1y = sup; o5 |l=(B1];
5xo(0,7,7) = {x(® e €, B"): x(t) — x, (&) € C(LEM, lx — x,ll, < vk

G{xn{ﬂ,l?{] = {{t,.r]: tedllx - .r,:.|| <k,

The following conditions are assumed to be met:
Ci. The function £'(t. x) is uniformly continuous in G{x,(t). (0.T).7).
C,. The function a(t) = lIf, "(t. x, ()|l satisfies the relations

E{—E:m-n [z a(f)dt = o, E{—Emn .r:r,-': a(t)dt = o]

fer (txg(£))
a(t)

FAEN )
&(t)

values have nonzero real parts: Re 1;(4,) = 0.Re 1;(4;) = 0. i = Tn.

Cs. lim,_p.p = Ay, limer_p = A, where 4; and Ay are constant matrices whose eigen-

. Frex) . Flex)
Cy. limepeo o= fo(x) aNd lim,; o= = £ ().

ety e
Definition. A function x (£} continuously differentiable on (0, T) is called a limit solution of Eq.
(1) with weight 1/a(t) ast =T -0 if

M) = f a0
im =0
E=T—D (L)

By 5; and 5 we denote some real nonsingular (n x n) matrices that reduce the matrices 4, and
Ar, respectively, to the generalized Jordan form

o, (4% o . (AL, 0
Anzsnﬂnsnlz(gl A?:), AT:STATSTL:(SL A7 ]
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where 4% and 4%, i = 1.2, consist of generalized Jordan boxes corresponding to the eigenvalues of
the matrices 4; and A; with negative and positive real parts, respectively. Let n, and »; denote the

respective numbers of eigenvalues of 4; with negative real parts and eigenvalues of A; with positive
real parts.
Consider the problem

dx

5 =flex),  tell-6T)L0<6=T, (2
PS5 x(T—6)—x,(T-8)]=d, deR™, 3
() e Sx (6L [T -5 Thn), n =0, (4)

where B = (0.1, is an (n; x n) matrix.

Theorem 1. Suppose that = (z) is a limit solution with weight 1/«(t) ast - T -0 of Eq. (1) and
the conditions C; —Cj3 are satisfied. Then there exist numbers &, € (0.T), , =0, and g, = 0 such that,
for any & £ (0.4,], problems (2) - (4) possesseses a unique solution for all & € B"2 satisfying the ine-

quality lldll < g,.
The following theorem establishes an attracting property of the limit solution.

Theorem 2. Suppose x(£) is a limit solution of Eqg. (1) with weight 1/«(t) ast—-T -0 and
conditions C; — Cs are satisfied. Then:

() there exist numbers &, = 0 and , € (0,r] such that Eq. (1) has at least one solution in
S(xp (), [T — 8, T) 75
(if) any solution x(t) of Eq. (1) belonging to S(x,(t),[T — &,,T),,) satisfies the limit relation
lim, g llx(2) —x ()l = 0.
In an analogous way, we can define a limit solution x(t) of Eq. (1) with weight 1/«(t) as

t — 0 +0 and prove its attracting property.
We now proceed to a singular boundary value problem for Eg. (1). As a boundary condition we
place the requirement on solutions to belong to a functional ball centered at a limit solution.

Problem 1 is to find a solution #(t) to Eq. (1) that belongs to the functional ball
#() € 5(xgr .0, TY7),

where x4 (£} is a limit solution of Eq. (1) with weight 1/a(t) ast - 0+0and t =T - 0.
To find an approximate solution to Problem 1 we pose the following problem.
Problem 2. Given = = 0 it is required to determine a number &= 0 and a continuous function

g: B" x B" — R" for which a solution x:(t) of the two-point boundary value problem
d
.:Ti = f(t.x), te(T-8), xeRY,

glx(&)x(T - 811 =0,

satisfies the inequality

max, |1x5(8) = xor(®ll <,

where x,(t) Is a solution to Problem 1.
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Let us construct the (n x n) matrices

I,, 0O 0 0
Plz(gi UJandfg:(n I;«J’

here 1,,_are the identity matrices of order n,, » = 1.2. Under conditions C1-C4, we have constructed

a regular two-point boundary value problem approximating Problem 1:

dx
E:f(t,x], e (5T —8) re R",

P55 (x(8)) + .S £ (x(T =860 = 0.

It can be shown that there is a mutual relationship between the solvability of Problem 1 and that
of its approximating two-point regular boundary value problem.
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Yr1emona P.E.
Beiicb3bIKTBI 1M depeHnnaJIbIK TeHAeY YIIIH CHHIYJISIPJbI HIETTIiK ecenrTep

Angatna: OH XarbIHBIH apaJibIKThIH LIETTEPIHAE eJeyil epeKiienikrepl 6ap Oeil ChI3bIKTHI
xail muddepeHInanabpK TeHIey KapacThipbuiaabl. CaaMakThl HIeri 0ap MIeiMHIH YFBIMBI €HT1311-
I'eH, OHBIH TapTy KacHeTi aHbIKTaJIbl. bepuireH TeHjey ylliH CUHTYISPIIbI METTIK ecel 3epTTei-
HEJi, OHBIH IIeKapaJblK LIApThl IIEMIMiHIH Oenriai Oip (QyHKIHMOHAIIBI IIApFa >XKaTaThIHBIFBI
001l TaObLUTAAEL.

Tyiiinai ce3nep: Geich3bIKTH AU depeHInANIBIK TEHACY, CUHTYISAPIbl MIETTIK ece, caj-
MaKThI 1Ieri Oap MIenIiM, anmpoKCUMAaIIHs

Yremona P.E.
CuHryJasipHble KpaeBble 321241 1JIs1 HeJIMHEeHOro 1 depeHInaIBLHOT0 YPaBHEHUA
AnHoTanusi. B cratbe paccmarpuBaeTcsi HeIMHEHHOE OOBIKHOBEHHOE auddepeHImanbHoe
ypaBHEHHE C OCOOCHHOCTSIMHU B KOHEUHBIX TOUKAaX MHTepBaja. BBOIUTCS MOHSTHE MPENeIbHOTO C
BECOM PELICHUS U YCTaHABIMBAETCS €r0 MPUTATUBAIOLIEe CBOMCTBO. M3yuaeTcst CUHTyIIsIpHas Kpae-
Bas 3ajava g JaHHOTO ypaBHEHUs, B KOTOPOM KadecTBE KPAaeBOTO YCIOBHS BHICTYMAeT TpeboBa-
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HUE TPUHAUICKHOCTH PEIIEHUS] K HEKOTOpOMY (YHKIMOHAJIHLHOMY LIapy, HEHTPOM KOTOPOTO SIB-
JI€TCsA MPEACIIBHOE ¢ BECOM PELLIECHHUE.

KutoueBble ciioBa: HenuHeliHoe quddepeHnnanb-Hoe ypaBHEeHHE, CHHTYIIIpHas KpaeBas 3aja-
4a, [IPe/IeIbHOE C BECOM PEILIECHUE, APOKCUMAIIHSL.
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NUMERICAL SOLUTION OF THE BOUNDARY VALUE PROBLEMS FOR THE
LOADED DIFFERENTIAL AND FREDHOLM INTEGRO-DIFFERENTIAL EQUATIONS

Abstract. The article presents a computational method to solve boundary value problems for the loaded
differential and Fredholm integro-differential equations. Solving a problem for the loaded differential and
Fredholm integro-differential equations is reduced to solving a system of linear algebraic equations in rela-
tion to the additional parameters introduced. A numerical method for finding a solution of the problem is
suggested, which is based on solving the constructed system and the Bulirsch-Stoer method for solving Cau-
chy problems on the subintervals. The result is illustrated by example.

Key words: integro-differential equation, loaded differential equation, parametrization method, numeri-
cal method.

Introduction. Loaded differential equations are used to solve problems of long-term prediction
and control of the groundwater level and soil moisture [1, 2]. Various problems for loaded differen-
tial equations and methods of finding their solutions are considered in [1, 3-8].

A new concept of a general solution of a linear loaded differential equation was proposed in
[9]. A new general solution was introduced for the linear Fredholm integro-differential equation in
[10]. Replacing the integral term of an integro-differential equation with a quadrature formula also
leads to a loaded differential equation. Therefore, numerical and approximate methods for solving
boundary value problems for loaded differential equations are also used in solving boundary value
problems for integro-differential equations.

On the basis of the parametrization method [11], in [10], a new approach to the general solution
of the linear Fredholm integro-differential equation was proposed. The interval where the equation
is considered is divided into parts, and the values of the solution at the starting points of subinter-
vals are taken as additional parameters. With the help of newly introduced unknown functions on
the sub-intervals, a special Cauchy problem for a system of integro-differential equations with pa-
rameters is received. Using the solution of the special Cauchy problem, a new general solution of
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the Fredholm linear integro-differential equation is constructed. This general solution, in contrast to
the classical general solution, exists for all Fredholm linear integro-differential equations. The new
general solution allowed us to propose numerical and approximate methods for solving linear
boundary value problems for Fredholm integro-differential equations. The basis of these methods is
to construct and solve systems of linear algebraic equations with respect to arbitrary vectors of the
new general solution. Coefficients and right-hand sides of the systems are determined by solving
the Cauchy problems for linear ordinary differential equations on sub-intervals and solving the line-
ar Fredholm integral equation of the second kind. In [12-14], the linear ordinary Fredholm integral-
differential equation is approximated by a loaded differential equation. The interrelation between
the well-posed solvability of linear boundary value problems for the initial Fredholm integro-
differential equation and the approximated loaded differential equation is established. The necessary
and sufficient conditions for the well-posed solvability of a linear two-point boundary value prob-
lem for the system of Fredholm integro-differential equations, containing the derivative in the inte-
gral member, in terms of the fundamental matrix and the solvability of the second-kind Fredholm
equation, were established in [15].

Despite the large number of papers devoted to the study and solving of boundary value prob-
lems for loaded differential and integro-differential equations, many questions related to the solva-
bility of boundary value problems for the loaded differential and Fredholm integro-differential
equations remain unsolved.

Statement of problem. Consider the boundary value problems for the loaded differential and
Fredholm integro-differential equations

T = 40x + I, Iy ox O i) x(s)ds + T, 40x(8) + £, t € 0.1, (1)

Bx(0) + Cx(T)=d. deR" xe&R" (2)

where the (nx n)-matrices 4;(t), j =0 N, ¢;(t) and ¥, (z) are continuous on [0.T]. k =T,m; the n-
vector f(&) is continuous on [0.T] ; B and C are constant (nx=n) - matrices, and
0=8, <8, < <8 <8y, =T, lIxll = max; _r=x;l.

Let c(o.7.R*) denote the space of continuous on [0.T] functions x(t) with norm
Ixl, = MaXy g p 1) =)l

The solution to problems (1) and (2) is a continuously differentiable on (0.T) function

=(t) e C([0.T].R™) satisfying the system of loaded differential and Fredholm integro-differential
equations (1) and boundary condition (2).

Scheme of parametrization method. Given the points: 0 =68, < 8 < <8 <8,,,=T, and
let 4, denote the partition of interval [0.T) into ¥ + 1 subintervals [0.T)} = UYZ([6,_,.6,).

Define the space c([0.T]. 4, R™¥+1y of systems of functions x[t]l = (x,(t). x,(8). ... x4, ()],
where x,:[6,_,.8) — R are continuous on [8,_.. &) and have finite left-sided limits lim,_,__, x,(£) for
all »=TN+1,withnorm llx[]ll; = max, gz sup;cpe._, a5 llx, @

The restriction of the function x(t) to the r —th interval [8,_,.5.) is denoted by x.(f), i.e.
x(t)==x(t) for te[f_.8) , r=TN+1. Then we introduce additional parameters
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A,=x.08,_,) »r=TNE+1. Making the substitution =x.(t)=u.(t) +1, on every r -th interval
le._,.8.), »=T1,N +1,we obtain the boundary value problem with parameters

di 8j
T = 4O + 41+ T [ en @) [y + 4]as +
+IY AWML+ FO, tels_.8), r=TN+1 (3)
u,6,_)=0 r=TN+1. 4)
Biy+ CAyyy + Climyr_guy,(t) = d, (5)
A+ Hmr—.-ﬂs—nus{ﬂ =dopp 5= 1N (6)

where (6) are conditions for matching the solution at the interior points of partition 4.

A pair (u'[tLA") with elements w’le] = (ui (), us (), .. un o (£)) € CCL0.T] Ay RPV+EY
A* = (AL A% Ay ) € R™™*Y s said to be a solution to problems (3)-(6) if the functions
ur(t), » =T,N + 1, are continuously differentiable on [8,_,.4.) and satisfy (3) and additional condi-
tions (5) and (6) with 4; = 1}, j = T.W + 1. and initial conditions (4).

Problems (1), (2) and (3)-(6) are equivalent. If the x*(t) is a solution of problems (1) and (2),
then the pair (u[tLA*). where u*lt] = (x*(£) — x* (). x*(t) — x*(8, ). ... x* (&) — x*(By)) , and
A" = (x"(8,), x"(By). ... x"(By)), is a solution of problems (3)-(6). Conversely, if a pair (al#], 1) with
elements lt] = (i, (£, i, (), oo iy o (£)) € CC[0.T] A RP¥ 0y I = (A 45 Aye ) e RPY*Y s g
solution of (3)-(6), then the function =(t} defined by the equalities  #(t) =a.(t) +1, ,

teld,_..8), r=1T.N +1, and (T =lim,.r_p iy, (£) + L5.4, Will be the solution of the original prob-
lems (1) and (2).

Fixed 4; problems (3) and (4) are special Cauchy problems for the system of Fredholm integro-
differential equations. We have ¥ + 1 Cauchy problems on the intervals [6,_,. 8.}, r =T W + 1,and the
system of integro-differential equations includes of the sum of integrals of all ¥ + 1 functions u, ()
with degenerate kernels on the segments [&,_;.6,].

Using the fundamental matrix %, (t) of differential equation %= A(t)x on [8._,.5.], we reduce

the special Cauchy problem for the system of integro-differential equations with parameters (3) and
(4) to the equivalent system of integral equations

t t N
() = X [ X-H() Ay () dodg 44, () f 5@ 4@, dr+
i=1

-1 B‘F-i

5@ f_ % @I @ ve@)luE) + Adsdr +
+%,0 [ X '@f@dr, telf_.6) r=TNF1, 7

Let u; = EY¢ J’gi_"_i Ue(s)u;(s)ds, k=1, m, and rewrite the system of integral equations (7) in the
following form

u, () = B X, () fgi_i.k'r'l{r]cpk{r] druy +
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+%,00 [ X0 A@drh 4% (0 [ X1 @ TV, A O 1, dr +
+X, (t) JI.E:. X By o (o) BN fﬁ,  Yr(s)dsdr +

+%,0 f,_ X'@f@dr, teld,_.6) r=TN+1. (8)
Multiplying both sides of (8) by w,(t), integrating on the interval [, _;.&] and summing up over
r, we get the system of linear algebraic equations with respect to u = (uy.uz. ... iy, ) € R™™
tp = EFCy G (A e + BV (004, + BV, W, 0804, + g,(F.4y) p=Tm,  (9)
with the (n x n) matrices

Gp i (8y) = "ﬂfﬂ, Y @%@ [5_ X' (Ddsdr, k=Tm
N+l m

b= [ v@n e f @A dsdr+ Y Y. f >

Bt Jj=1 k=1 -

* k: () JFHT__ %'_1{'51:]?&':11] drydT JFBY_ Wy (slds, r=TN ¥1,

=

W (8y) = T2 [ 0, @X (@ 5 X7 '()4,Gdsdr, j=TN
and vectors of dimension n

gn{f Ay) = E*.r+1_|’97 T.Ln':ﬂk' (z) _Iﬂi;r X s flsddsdr, p=1.m,

Using the matrices &, ,(a,). V. (a,), W, (a,) form the c(a,) ={Gﬂ.k{ﬂ;‘rj),ﬁk =1,m, and

viay) = (%,0y)). p=Tm r=TN+1, and w(a,) = (W, ;(8,)). p=Tm j=TN. Then the sys-
tem (9) has the form
[ — 6(ayNu = V(a4 + W(ALE + g(f. 8y, (10)
where I is the identity matrix of dimension nm, £ = (1;.15....45,,3 € B™ and
9(F. 830 = (g (F. 8y). g2 (F. ), o g (F. B)) € RP™,

Definition 1. Partition 4 is called regular if the matrix 1 — G{a) is invertible.
Let =(m. [0.T]) denote the set of regular partitions 4, of [0.T] for the equation (1).

Definition 2. The special Cauchy problems (3) and (4) is called uniquely solvable, if for any

Ae R+ fe) e C([0.T1. R™) they have a unique solution.
Special Cauchy problems (3) and (4) is equivalent to the system of integral equations (7). This
system by virtue of the kernel degeneracy is equivalent to the system of algebraic equations (9) with

respect to u = (u,.uq. ... uy) € R™™, Therefore, the special Cauchy problem is uniquely solvable if and

only if the partition 4,, generating this problem, is regular.
Since the special Cauchy problem is uniguely solvable for the sufficiently small partition step

h = 0 (see [14]), the set =(m. [0.T]) is not empty.
Take e o(m. [0.T]) and present [ — (A, )17* in the next form
1= 681" = (M, (8y)), kop = Tom,

where M, , (4,) are the square matrices of dimension .

International Journal of Information and Communication Technologies, VVol.1, Issue 2, June, 2020
80



B PA3PABOTKA IIPOTPAMMHOI'O OBECIIEYEHUS U WHXXEHEPUS 3HAHU MW

Then according to (10) the elements of vector » € "™ can be determined by the equalities
= DI Mep () (AR, + B (T0 My o (AW, (83) A +
+ XN My () g, O 8y) K =T.om, (11)
In (8), substituting the right-hand side of (11) instead of w;, we get the representation of func-
tions u,(t) viad;, j = TN +1:

u,(t) = ]Z X () J‘ XD ey ) ISETZ My () 1*;_;{1:'-;-;:]} A +
p=1

N+1

+Z

Jj=1

m

Z X, (1) f @) dr J‘:inb {sjds} A+

m

Z X, (&) f Xt eyl dri My, (A, 0W, ; mN]} Ajpr +

k=1

5

j=1

+x () f ~L) Ay (Ddr L 4K (8) J‘ l{f:]ZH':t]ll+1dT+
- -1

12,0 [ X4
5y

D 0@ Y Moy 031G, 80 + f(ﬂ] dr,
k=1 p=1

telg _.68) r=1,N+1. (12)
Introduce the notations:

D, () =TI, %, (6,) [y X (D epy e [T, My, (8,)V, () +
+5) we(ds], jEr nj=TNFL,
Dy () = T, X, (6 o™ X i) an[m, My, (B W, , (8y) +
o w(s)ds]+%, @) [ X @A, dr, r=TN 1,
E, () = ZF X, (8,) [y X7 () @y ()t iy My (B )W, (A +
+%,8) [y X%1@DA B dr j=TN,

F(ay) = S % (8) [ X7 @pe® S, My, (8))g, (. 80) + F@)]az
Then from (12) we get

llmr_;.ﬂ,r o Uy {t:] = E‘.f+:l. Dr-_l{f:'n;:]-l +Ev_1_ErJ{J':'n|r:]-l i+1 +F {1':'!1;:] (13)
Substituting the right-hand side of (13) into the boundary condition (5) and conditions of
matching solution (6), we have the following system of linear algebraic equations with respect to

parameters 4., r = 1.N + 1:
[E + I:'_BBIHLj.':‘ﬂil.r:]:|‘:]'1_ + E?:: I:'_ﬂ:'HL_i'':":"Jl.r:]*;lf_i' + E[I + DN+LN+L{‘ﬂN:]]*1N+1 +

+Ej}r=1 CE:ijmN]‘lj'u =d — Chy,, (4,), (14)

1+ Dy @)l = 1= Dopes B )dus L5y £ 41, = R0, p=TF (15)
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Denoting by @.(4,) the matrix corresponding to the left-hand side of the system of equations
(14) and (15), we get
Q.(8,)4 = —E(Ay), 4 e RV, (16)
where F.(4,) = {_d + CFy, (8y) R (8y). ... Fy ':*':":.r]}-

It is not difficult to establish that the solvability of the boundary value problems (6) and (7) is
equivalent to the solvability of the system (16). The solution of the system (16) is a vector

A= (A5 A%, Ax,e) € R™+Y consists of the values of the solutions of the original problems (6) and

(7) in the initial points of subintervals, i.e. ;= x*(8,_,), r =1T.N + 1.
Further we consider the Cauchy problems for ordinary differential equations on subintervals

Z=aWz+PO, 206, =0, telg_.8] r=TN+1L 17)

where P(t) is either (n % n) matrix, or n vector, both continuous on [8,_,.8,]. r=1.N + 1. Conse-

quently, the solution to problem (17) is a square matrix or a vector of dimension n. Denote by a(P. t)
the solution to the Cauchy problem (17). Obviously,

r
a(P, ) = X, (&) j X 1P dr, te (8081
By

where X, (t) is a fundamental matrix of differential equation (17) on the r-th interval.

Numerical implementation of the parametrization method. We offer the following numeri-
cal implementation of the parametrization method. The algorithm is based on the Bulirsch-Stoer
method to solve the Cauchy problems for ordinary differential equations and it is based on Simp-
son’s method for estimation of the definite integrals.

1. Suppose we have a partition: 0 =6, <8, <-- <8, < 8,., =T. Divide each r-th interval
[6,_,.6,]. r=T N+ 1, into n_parts with step n_= (6, —8,._,)/N,. Assume on each interval [8,_,,8,]
the variable & takes its discrete values:6=6,_,,6 =6,_, +h,,.., §=86,_, + (N,— 1)h,, 6 =6,
and denote by {8, _,, 8,1 the set of such points.

2. Using the Bulirsch-Stoer method, we find the numerical solutions to Cauchy problems (17)
and define the values of (n X n) matrices a}(¢,,8) onthe set {8, _,,6,}, r=T N+ 1, k=Tm.

3. Using the values of (n x =) matrices ¥, (s) and a7 (g,.8) on {f,_,,6,} and Simpson’s

method, we calculate the (n x n) matrices

By

Prrle) = | ¢,(@al (@ dr, pk=Tm, r=TN+1
E."—‘_

Summing up the matrices ¥, (@) over ». we find the (= x n) matrices GF L (ay) = TN ﬂ';:_‘;{cp;;:l,
where i = (hy. by o by, ) € B® Using them, we compose the nm x nm matrix cRa,) = (r:_f_;l.mmj],
.k = Tm. Check the invertibility of matrix [1 — ¢F(a,)]:r™™ — g™™,

If this matrix is invertible, we find [ - 67a,)] " = (MF4(8)). ».k =Tm. If it has no inverse,

then we take a new partition. In particular, each subinterval can be divided into two.
4. Solving the Cauchy problems for ordinary differential equations
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dz —
e Atz + A8, =8, _,) =0, telf._,.8] i=0N,

dz -
i Az + fle), =z(8,_,0=0, telf_,.68] r=TN+1.

by using again the Bulirsch-Stoer method, we find the values of (n x n) matrices a, (4,.4), a,(A;. &),
i =1T,N,and n vector a,(7,6) on {8,_,.6,}, r=T,N + 1.

5. Applying Simpson’s method on the set {6,._,, 8,.}, we evaluate the definite integrals

r—1

B = Jy ¥,(ds, $n(4) = [ ¢, (@al (4, 1)dr, i=0N,

Byn(F) = fi’_‘_% (Day (f,)dr, p=Tm r=TNTL

By the equalities
. . ~hj ~Fiy —
Vo) = 7 (o) + DI IR0, o) ¥l - =TT

Wi (4, By) = TN2EG 00, 1= TN, gf(£.0,) = Vg0, p=Tm,

we define the (n x=) matrices L;Frfﬂwl r=TN+1, 1-1{,” (4 8y), 1= TN, and n vectors g7 (7, Ay),

respectively, » = T,m.
6. Construct the system of linear algebraic equations with respect to parameters

QF (Ay)A = —FF(ay), 1€ R™WH, (18)
The elements of matrix ¢F(a,) and vector F*(a,) = {—d + CRE, (A, EF(ay), .. mv]] are defined
by the equalities Dy ;{Ay) = £, a'" (;. 6,) [E fﬂN] H;"J (a0 + ?,L ] jEr. rj=1TN+1,

ﬂr?r'{":"w:l = E?:i ﬂ-::r ':'5?3';;: BFJ[ELR:i‘“FEp {*':";'.r:”?:r_:rmnr:] +T|E;1;r] + ﬂ_?f{‘.qm Bi—'l
EF (0y) = TP, 0/ (g, 6, ) E0, ME, 0 )WE (8y) + &7 (4. 8,), j =TT
E-Emmj =X GET (o 8, Eg=1M;Ep {ﬂnr:].gfmwj + ﬂ'::r{ﬁ & lr=TN+1.
Solving the system (18), we find #*. As noted above, the elements of AE:(.FLE, F - N+1) are
the values of approximate solution to problems (1) and (2) in the starting points of sublntervals.
xfr(g_)=aF r=TN +1.

7. To define the values of approximate solution at the remaining points of set {8,._,,8,}, we
first find

T

N+ N m
uf = Z (Z (8y) t;?j-(an,])ﬂ,f + Z (Z Mmf, mN]1-vjj-mN])1f+l +
=i Jj=t \p=1

+Z ‘HEPmN]Qf{fsﬂml Ek=1m
p=1
and then solve the Cauchy problems

dx - -
e Alt)x+F (), =x(g_)=x" telg_.6] r=1TN+1
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where F*(£) = BT, @, (t) [Hf. + Y5 T.E;‘;-"jr] + I, 400N, + F@).

And the solutions to Cauchy problems are found by the Bulirsch-Stoer method. Thus, the
algorithm allows us to find the numerical solution to the problems (1) and (2).

To illustrate the proposed approach for the numerical solving linear boundary value problems
for the loaded differential and Fredholm integro-differential equations (1) and (2) on the basis of the
parameterization method, let us consider the following example.

Example. We consider linear boundary value problems for the loaded differential and
Fredholm integro-differential equations

2 = 4©Ox + ] 0,9, ()x(s)ds + 4,0x(6) + FD. t€ .7, (19)
Bx(D) + Cx(T) =d, deR® =xeR> (20)
—_ _1 T __ (sint 1 (4t
Here BD - Ua BII_ - Ea E: - T - 1; HD'&:] _{ t: EDSt]’ Hl{tj - (gf U]a
_f(t+1 ¢* ; _{ s s _f2 7 _(1 0
p® =1 ), we=(, ) 2= 5. c=G 7)
252 ” _ . 24712 23
ﬂ+ Bsint — 6t sint — £ sint — £ — ol +4—
Q= (_1_?) fl&) = 15 A i &0 15
—327 Et+51: —=1-t:|:|:|st+‘!!r —6t* —t% 4+ Tteost — 7

B0

We use the numerical implementation of the algorithm. The accuracy of the solution depends
on the accuracy of solving the Cauchy problem on subintervals and evaluating definite integrals.
We provide the results of the numerical implementation of the algorithm by partitioning the
subintervals [0, 0.5] and [0.5, 1] with step h = 0.05.

The exact solution of problems (19) and (20) is x*() = (*!‘;g:ﬁf?_t %),

Table 1 provides the x*(t,), k = 0.20, exact solution values and #{¢, ).k = 0,20, numerical
solution values.

Table 1. Results received by using MathCad15

t £, x3(¢) £5(E) x5 ()
0 -8.00000313 -8 0.00000045 0
0.05 -7.98487798 -7.984875 -0.33999959 -0.34
0.1 -7.93900282 -7.939 -0.65999964 -0.66
0.15 -7.86162766 -7.861625 -0.95999969 -0.96
0.2 -7.75200248 -7.752 -1.23999974 -1.24
0.25 -7.6093773 -7.609375 -1.49999981 -15
0.3 -7.4330021 -7.433 -1.73999988 -1.74
0.35 -7.22212689 -7.222125 -1.95999995 -1.96
0.4 -6.97600167 -6.976 -2.16000004 -2.16
0.45 -6.69387643 -6.693875 -2.34000012 -2.34
0.5 -6.37500117 -6.375 -2.50000021 25
0.55 -6.01862589 -6.018625 -2.64000031 -2.64
0.6 -5.62400059 -5.624 -2.7600004 2.76
0.65 -5.19037526 -5.190375 -2.86000049 -2.86
0.7 -4.7169999 -4.717 -2.94000058 -2.94
0.75 -4.20312451 -4.203125 -3.00000066 -3
0.8 -3.64799908 -3.648 -3.04000072 -3.04
0.85 -3.05087361 -3.050875 -3.06000077 -3.06
0.9 -2.41099809 -2.411 -3.06000078 -3.06
0.95 -1.72762251 -1.727625 -3.04000077 -3.04
1 -0.99999687 -1 -3.0000007 -3
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For the difference of the corresponding values of the exact and constructed solutions of the
problem the following estimate is true:

max |5y — #¢2)ll < 0.000003.

Conclusion. In this work, we propose a numerical implementation of parametrization method
for finding solutions to linear boundary value problems for the loaded differential and Fredholm in-
tegro-differential equations. Using the parametrization method, we reduce the considered problem
to the equivalent boundary value problem with parameters. The unknown functions are determined
from the Cauchy problems for the system of ordinary differential equations, and the introduced
parameters are determined from the system of algebraic equations. A numerical algorithm for
finding solution to the considered problem is constructed. The Cauchy problem is solved by the Bu-
lirsch-Stoer method. The example illustrating the numerical algorithm of parametrization method is
provided.

REFERENCES
1. Nakhushev A.M. Loaded equations and their applications. -M.: Nauka, 2012. -232 p. [in Rus-
sian].
2. Nakhushev A.M. Equations of mathematical biology. -M.: Vyshaiya shkola, 1995. -205 p. [in
Russian].

3. Dzhenaliev M.T. Loaded equations with periodic boundary conditions // Differential equa-
tions. -2001. -V. 37, No. 1. - P. 51-57.

4. Abdullaev V.M., Aida-zade K.R. Numerical method of solution to loaded nonlocal boundary
value problems for ordinary differential equations // Comp. Math. and Mathematical Physics. -
2014. -V.54, No 7. —P. 1096-1109.

5. Aida-zade K.R., Abdullaev V.M. On the numerical solution to loaded systems of ordinary dif-
ferential equations with non-separated multipoint and integral conditions // Numerical Analysis
and Applications. -2014. -V. 7, No. 1. - P. 1-14.

6. Assanova A. T., Imanchiyev A. E., Kadirbayeva Zh. M. Numerical solution of systems of load-
ed ordinary differential equations with multipoint conditions // Comp. Math. and Mathematical
Physics. —2018. - V.58, No.4. — P.508-516.

7. Assanova A.T., Kadirbayeva Zh.M. On the numerical algorithms of parametrization method for
solving a two-point boundary-value problem for impulsive systems of loaded differential equa-
tions // Computational and Applied Mathematics. - 2018. -V. 37, No 4. - P. 4966-4976.

8. Assanova A.T., Bakirova E.A., Kadirbayeva Zh.M. Numerical implementation of solving a
boundary value problem for a system of loaded differential equations with parameter // news of
the nas rk. phys.-math. series. - 2019. —v 3, no 325. -p. 77-84.

9. Dzhumabaev D.S. Computational methods of solving the boundary value problems for the
loaded differential and Fredholm integro-differential equations // Math. Methods in the Applied
Sciences. — 2018. V. 41, No 4. —P. 1439-1462.

10. Dzhumabaev D.S. New general solutions to linear Fredholm integro-differential equations and
their applications on solving the boundary value problems, Journal of Comp. and Applied
Math. -2018. -V.327, No 1. -P. 79-108.

11. Dzhumabayev D.S. Criteria for the unique solvability of a linear boundary-value problem for
an ordinary differential equation // U.S.S.R. Comput. Maths. Math. Phys. -1989. -V. 29, No 1. -
P. 34-46.

12. Dzhumabaev D.S., Bakirova E.A. Criteria for the well-posedness of a linear two-point bounda-
ry value problem for systems of integro-differential equations // Differential equations. -2010. -
V. 46, No 4. -P.553-567.

13. Dzhumabaev D.S., Bakirova E.A. Criteria for the unique solvability of a linear two-point
boundary value problem for systems of integro-differential equations // Differential Equations.
-2013. -V. 49, No 9. -P.1087-1102.

International Journal of Information and Communication Technologies, VVol.1, Issue 2, June, 2020
85


https://doi.org/10.1134%2FS0965542514070021
https://doi.org/10.1134%2FS0965542514070021

B PA3PABOTKA IIPOTPAMMHOI'O OBECIIEYEHUS U WHXXEHEPUS 3HAHU MW

14. Dzhumabaev D.S., On one approach to solve the linear boundary value problems for
Fredholm integro-differential equations // J. Comput. Appl. Math. -2016. —V.294. —P. 342-
357.

15. Dzhumabaev D.S., Usmanov K.I. On the correct solvability of a linear boundary value problem
for systems of the integro-differential equations with close kernels // Math. journal. -2010. -V.
10, No 2(36). -P. 39-47. [in Russian].

J.A. bakuposa, 7K.M. KagupoaeBa
Kykreared 1udpepeHuHAIABIK KIHe PpeAroibM HHTErpaIAbIK-TU(epeHunATAbIK
TeH/1eyJiepi YIIiH IIeTTiK ecenTepai CAHAbIK ey

AngaTna: Makanaja KykTelareH audepeHnuanibk xone OpearoasM HHTErpaAbIK-Tud de-
pEHIMAABIK TeHIEYJIep] YIIIH MIETTIK €CenTep/li MEyAiH eCeNnTey 9/1ici YChIHbIUIFaH. JKyKTenreH
nuddepeHIMAIIBIK KoHe DpearonbM HHTETpAIABIK-TudGepeHIANIBIK TCHISYIEpl YIIiH ecer-
TEpAl HIeNly EHTI3UIreH KOCBIMIA MapaMeTpiiepre KaThICThI CHI3BIKTBHIK anreOpaliblK TEeHIeyIep
KyHeciH memryre kentipineni. Imki uarepBangapaa Komm ece6in menry ymria bBymupm-LITép omici
MEH KYPBUIFaH KYHEHI IIellyre HeTi3[eNreH eCemnTiH LIeMiMiH TaObyablH CaHIBIK o/ici OepiireH.
Hotmxe MbIcaMeH cuIaTTalagbl.

Tyiinai ce3gep: uHTErpanabK-AuQGepeHInanablK TeHAeY, KYKTenreH auddepeHnnanibk
TEHJCY, TapaMeTpIIey SIICi, CAH IBIK JJIiC

J.A. bakuposa, ’K.M. Kagupo6aeBa
YuciieHHOE peleHue KpaeBbIxX 32124 /151 HArpysKeHHbIX Ju(depeHuaabHbIX 1
HHTErpo-Au(pepeHunaTbLHBIX ypaBHeHU Ppearojabma

AHHOTanus. B cTarbe npelncTaBieH BBIYMCIUTEIBHBIM METOJ PELICHHUS KPaeBbIX 3a1ad Ul
Harpy>keHHbIX AU QepeHnaIbHbIX U UHTErpo-auddepeHanbHbIx ypaBHeHuil dpenronsma. Pe-
IIEHUE 33/1a4M U1 Harpy>KeHHBIX AU depeHnanbHbIX U HHTErpo-1udepeHINaTbHbIX YpaBHEHUH
®penronbma CBOAUTCS K PELIEHUIO CUCTEMBI JIMHEHHBIX alreOpandyeckux ypaBHEHHI OTHOCUTEINb-
HO BBEJICHHBIX JIONOJHUTEIBHBIX MMapaMeTpoB. [IpennokeH YncieHHbIi METOI HaX0KIEHUs pelie-
HHUS 337]a4¥, OCHOBAHHBII Ha PEUIEHUH MTOCTPOEHHOM cucTeMbl U Metoja bynupma-IlITépa nns pe-
nieHust 3aaauu Komm Ha nmoguHTepBanax. Pe3ynpraT WIIIIOCTpUPYETCS: IPUMEPOM.

KuroueBsble ciioBa: nHrerpo-nuddepeHnuanbHoe ypaBHEHUE, HarpyKeHHOe AU depeHnanb-
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A PERIODIC BOUNDARY VALUE PROBLEM FOR A SYSTEM OF LINEAR
DIFFERENTIAL EQUATIONS WITH A DELAY ARGUMENT

Abstract. In the paper, a periodic boundary value problem for a system of linear differential equations
with a delay argument is considered. On the basis of the parameterization method, a two-parametric family
of algorithms for finding a solution of the periodic boundary value problem is offered.

Key words: parameterization method, differential equations, delay argument, algorithm, unique solu-
tion

In various applications, there has been an increasing interest in the theory of linear boundary
value problems for differential equations with a delay argument. Due to applications in physics, bi-
ology, epidemiology, and other fields, most of the literature on delay differential equations has been
focused on the existence of a periodic solution, oscillations, etc. An analysis of the literature indi-
cates that in recent decades, boundary value problems for delay differential equations have been
extensively studied; see, for example, [1-4].

We consider the periodic boundary value problem for the system of linear differential equations
with a delay argument

dx(t)

= AD)X() + BOX( —1) + f(t), te[0,T], xeR", 1)
X(z) =diag[x(0)]- 9(2), z<[-7,0], 2
x(0) = x(T), 3)

where the matrices A(t), B(t), and the vector function f(t) are continuous on [0,T], ¢(t) is a con-
tinuous vector function given on the initial set [-,0], such that ¢;(0) =1, i =1n, t>0 isacon-

stant delay,

A<t>=?“f§.zj;ai,-(t>3a, [BO)| <. a.,p-const., [x(t)] = max|xi|.
J=

A solution of problems (1)-(3) is a vector-function X(t) continuous on [-1,T] and continuously
differentiable on [-t,0) U(0,T] that satisfies the system of differential equations (1) on [0,T], coin-
cides with the function diag[x(0)]-o(t) on [-7,0], and have the values at the points t=0,t =T for
which equality (3) is valid.

Using the parameterization method [5], a partition of the interval [, T) is performed with step
size h=1/l: Nt=T,leN

[-0)L[0.T) = U[t _1)UU[t_1t)

s=I
where ty =0, —t; =—sh, s=11, t, =rh, r=1IN.
The restriction of the functlon X(t) to the r-th subinterval [t,;,t;) is denoted by

X, (1), r=1IN . By o4 (t), s=11, we denote the restrictions of the initial function ¢@(t) to the s-th
subinterval [t|_¢s_1),—t_s) . If the argument t —< is changed on [t, 4 ;,t,;), then
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[tr_1_|,tr_|), if r-1-1>0,r-12>1,

t ,t _ = .
[r—l—l r I) {[—t|(r1),—t|r), if r—1-1 <0, r—I <l,

therefore, the function X(t —t) is the same as the function x,_; (t—1).
Introducing the parameters A, =Xx(t,_;) and making the substitution the functions
u, (t) = x(t) — A, on each r-th subinterval, we get the boundary-value problem with parameters:

d:tf = AU, ©) + 24, )+ BOD, -ty + F(1), telt, g t,) r=11, 4)
%zA(t)(ur(t)+kr)+ B)(uy (t—1t)+ A,y )+ F(t), r=I1+1IN, (5)
Ur(tr_l)zo, r:m, (6)

A=Ay +t—|£¥n—ou'N(t)' (7

xs+tlitm0us(t):xs+1, s=1IN -1, (8)

where @, (t—1) isan (nxn) matrix of the form diag[o, (t—7)], r=11.
If X(t) is a solution of problem (1)-(3), then the system of pairs (?ur,ur (t)), r=1IN, is asolu-
tion to problems (4)-(8). Conversely, if the system (Xr U, (t)), r=1IN, is a solution of problems (4)-
(8), then the function
_ A +0, @), telt,q,t), r=1IN,
XO =130+ lim G0, t=T,
t—>T-0

is a solution of problem (1)-(3).
In problems (4)-(8), initial conditions (6) appeared that allow us to determine unknown func-
tions from the Volterra integral equations of the 2-nd kind. The functions u, (t), te[t,_;,t,),

r=11, fora fixed parameter A, , are defined from the equation

t t t

U, () = IA(S)[ur(s)+kr]ds+ jB(s)@,(s—r)dSJr If(s)ds’ (©)
g tra trg

and the function u,(t), te[t,_4,t;), r=1+1IN, forafixed A,, A, ,u,(t—1), is defined from

the equation

t t t
u, (t) = IA(S)[ur(s)+kr]ds+ jB(s)[u,,. (s—7)+ 7, Jds + jf(s)ds' (10)

tr trq tr
where the pair (A,,u,(t)), r=211 , satisfies equation (9), and the pairs (n,, U, ()
r=I1+L1+2,...,1(N —1), satisfy the equations

t ‘ ‘ telt t_)
U ®= [AO O +a s+ [BO o= 2 alis+ [f(s)ds, r-1-1tr-1).

g tryg toa

In (9), replacing u, (s) by the right-hand side of this equation, and repeating the process
v (v=12,..) times, we get the following representation of the function u, (t), t e[t,_;,t,),

r=211:
Uy (8) = Dy (LA, + Eyr (L0)2g + Fup (t, ) +Gyr (U, ) (11)
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In the same way, from (10) we get the following representation of U, ;(t), i=LN-1, j=11,:

Uiy ® =Dyt @O Rity  + Poity It Ey ity (6D Aq +
i

+Z P Tt Hy i (6 (k= D)7) + Py it j [0 Dyt j (G KOTT- Ay j + (12)
k=

i
k_
+ Z Pt Py @ fie) + Gy it j G UG+ k)]s t € Mty gt )

k=0
where
v-1 L
Dy j (t,me) = I A(s; - m)... IA(s,k+1 — mr)ds,q..dsy,
k=0 tigjt igj1
t v—1 t
Hy it (6, me) = jB(sl ~mo)ds; + > jA(sl—mr)...
Girs 1 k Lty
Sk-1
I A(s, —m) IB(SM —mr)ds 4 dsy...ds;
tirejo1 Gitej1
vl t
Fuite (6 fnd = [ 1o =modsy+ > [ Alsy =ma)..
iy ja k=1 Gy ja
Sk-1
J' A(s, ) j F(Saq —M)dS, g S . Oy,
Gty j Gy j

t Sy_2 Sy-1
Gyt QUi jme) = | At —moe. [ Asys—mo) [As,s —moui,;(s,)ds,ds, 1..ds,

Girja Girja Girja
v1
Poitsj G UG_1yi4jme) = IB(Sl = (M=D1)U(_g4j(Sy —mr)ds; + Z IA(Sl —(m-D7) ...
Gitsj1 K1t
Sk_1
J. A(sk —(m—-1)7) IB(Skﬂ (M =D UG_11+ j (Sksa — MT)dSy g A ... dS 2
Girja i ja
t veg t
Ey i (t,me) = IB(sl—m'c)d)j(sl—(m +Dds; + IA(sl—mr)
Gt ja K<Lty ja
Sk-1
J' A(s, —mr) J' B(Skst — MO | (Syq — (M-+1)7)dsy,q . dsp
Gty ja Gty ja

m=0,i, i=LN-1, j=LI, P°[t,yl=y, PX[t,y]=P[t,P* [t y]]
In (11) and (12), passing to the limits and substituting them in the boundary conditions (7) and
the continuity conditions (9), we obtain a system of linear algebraic equations in unknown parame-
ters Aq,A5,..., Ay - This system can be written in the matrix form

Qu()-A=—-F,(f,1)-G,(u,l), (13)
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here Q, (I)is an (nIN x nIN ) matrix composed of the coefficients of unknown parameters
dop F=LIN, =0k Mgy ondyy) € R™,

E 1) = (- E (). Fa). Foato)n B st o)) € RN,

Gy () = (- Gy (U T). Gy (Uty), Gy (Ut G 1 Uty 1)) € RV,
i
Foitej i) = vak,il+j[til+j’Fv,il+j(t1 fkr)]’
k=0

|
Gy ity j (Ut ) = vak,ilﬂ[til+jva,iI+j(t’u(i—k)l+j,kr)]’ i=0,N-1, j=11I.
k=0
Thus, we have the system of equations (9), (10) and (13) for finding the pair (x,u[t]), where

=, Agy i)y Ult]= (W), up(®), - U ().

We find a solution (i,u[t]) of problems (4)-(8) as the limit of the sequence (x("),u(k)[t]),
k=012,..., using the following algorithm:
Step 0. (a) Assuming that the matrix Q, (1) is invertible for some v and I, the initial approxima-
tion for the parameter )(© =(x1(°), 2,9, ...,MN(O)) is determined from the equation Q,(1)-x = -F, (1),
that is 2© = Q,(HT*F,(1);
(b) By solving the Cauchy problems (4) and (6) on [t, ,.t,) with &, =2, we find u@(t), r=11.
Substituting A, Ar_y, Uy (t —7) in (5) by the corresponding values A, 2%, u®® (t — 1) and solv-
ing the Cauchy problems (5) and (6) on [t,_;,t.), I = 1+1IN, we find u 50) ®, r=1+1IN.
Step 1. (a) Substituting u§°) (t) found above in the right-hand side of (13), we determine 2D from
the equation Q,(1)-A=—F, (f,1)=G,u@,1);
(b) on the interval [t,_4,t,), solving the Cauchy problems (4) and (6) with A, = x(rl) , we find
u®(ty, r=1,1. Substituting A, y_y, U (t—7) by 2P, 2D, u®, (t—1), respectively, we solve
the Cauchy problems (5) and (6) on the interval [t,_j,t,), r=1+1IN, and find uﬁl) ),
r=1+1IN.

And s0 on. Continuing the process, in the k —th step, we get a system of pairs (x(k),u(k)[t]). Suf-
ficient conditions for convergence and feasibility of the proposed algorithm is established.
Theorem 1. Let for some |, | €N, and v, v €N the matrix Q, (l) : RnIN — RnIN be invertible

and the inequalities

(a) [SHO) I EM0!
(b) 1(ox)" L (e 1 (o) |
qv(l)=vv(l)v!(|j m;d{lgw[lj J P <1
hold, where

P(I)_max{max sup {ealt 1+$-e0:ruq>j(t(i+1)l)“}

I jslteft; ot
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ot j ot ky ot ot i+l
max - sup eIZ[BT-e'J +el 1+[Bt-elj o t— G+
';0le teltiy ja.ti=j) ky=0 I I
Then the sequence of pairs (x(k),u(") [t]) converges to a unique solution (k* , u*[t]) of the problem
(4)-(8) as k — oo.
Due to the equivalence of problems (1)-(3) and (4)-(8), the following statement holds true.
Theorem 2. Let the conditions of Theorem 1 be fulfilled. Then problem (1)-(3) has a unique

solution x™(t) and the estimate

R B

x max_ Yy — B"'Vil(j p-M(I)(l+P(I)) te0,T]
|0N—l p' Ik k! ' s

is valid, where x®(t)is a functlon piecewise continuously differentiable on [0, T], for which the
function 200 +u® (), r =1IN, k =0,,2,... is a restriction on [t,_;,t,), r=1IN .
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H.b. UckakoBa, H.T. Opymb6aeBa, H. Hypxkyma
KewiryJi aprymenTi 6ap cbI3bIKTBIK TH(}epeHunanibIK
TeH ieyJiep Kyiieci yuIiH NepruoATHIK LIETTIK ecen
Anparna: Makanana Kewiryni apryMeHTi 0ap ChI3BIKTHIK AuddepeHnunanplk TeHaeyIep
Kyiecl YIIIH NepUOATHIK IIETTIK ecen KapacThIpbulabl. [lapameTpusarus sici Heri3iHae nepuo-
TBIK LIETTIK €CEMNTiH IIEeNIiMiH Ta0y YIIiH alrOpUTMAEPAIH €Ki HapaMeTpiliK TOObI YCHIHBUIAII.
Tyiinai ce3nep: mapamerpusamus 9aici, TuddepeHTnaNIbIK TEHALYIep, KEITTyl apryMeHT,
AJITOPUTM, JKAJIFBI3 HISHIIM

H.b. UckakoBa, H.T. Opymo0aesa, H. Hypxkyma
Hepnozmqemcaﬂ KpaeBas 3aava AJd CUCTEMbI JUHEHHBIX
AU depeHIHANbHBIX YPABHEHHUH € 3a11a31bIBAIOIIUM APT'YMEHTOM
AHHOTanus. B craThe paccmaTpuBaeTcs IepHOAMYECKas KpaeBas 3ajada Uil CUCTEMBI JIU-
HelHbIX auddepeHnnanbHbIX ypaBHEHHH € 3ama3IpIBalonuM aprymenToM. Ha ocHoBe meTona ma-
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paMeTpu3aluy IpeUIaracTcs AByXnapaMeTpuueckoe CEMENCTBO alrOPUTMOB JUIsl HAXOXKACHUS pe-
LICHUSI TIEPUOIUNYECKON KPaeBoil 3a/1auH.

KiroueBble cjioBa: MeTol mapamerpuszanu, TuddepeHaabHble YpaBHEHHs, 3ama3/bIBato-
U apryMeHT, aIrOpUTM, €IMHCTBEHHOE pPEllICHHUE.
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YK 004.413.2
Amun I'.T.
MexayHapoaHbI YHUBEPCUTET HH(GOPMAITMOHHBIX TEXHOJIOTHH, AnmaTel, Kazaxcran

YIIPABJIEHUE ITPOEKTAMMUM PA3PABOTKHU ITPOI'PAMMHOI'O OBECIIEYEHU
MPOLECC PABPABOTKHU WBS ITPOEKTA

Annomauusa: 6 0anHoOU cmMamve pacCMampusaromcs 0owue XapaKxmepucmuk U OCHOGHbvIE MEeXHOO-
2UU YNpagneHus npoyeccom Gopmuposanus u pazpadomxu cmpykmypvl pabom npoexma é ooiacmu paspa-
bomxu npocpamMmusix npodykmos. Onpedenenvl co8pemeHHble H00X00bl K YNPAGIEHUIO NPOYECcom paspa-
bomxu cmpykmypsl pabom npoeKkma, paccMompeHsbl 03MOICHbIE BAPUAHMBL, BOZHUKAIOWUE 8 npoyecce Oe-
Komnosuyuu u evipabomxu mpedoganuti kK WBS 6 xonmexcme onmumanvrozo cocmagnenus cmemol u ynpas-
nenus. B cmamve paccmampusaemcs HeoOX00UMOCMb ONMUMU3AYUY U AHATU3A pabOm npoekma 0.1 obec-
neuenus KOHeUHO20 YCnexa 6 pearu3ayuu NPpoeKmos paspabdomKu npopammHo20o 0becneyenus.

Knwouesvie cnosa: |T-npoexmul, onmumuzayuu niaHuposanus, mexHoro2uy ynpasieHus npoekmamu,
0eKOMNO3UYUsl CMpyKmypul pabom npoexkma.

Beenenune

[TnanupoBaHue 10O0TO MPOEKTA — ATO OMPENIETICHUE TOTO, «U4TO» OyAET CHAENAaHO, «KaK» 0y-
JIeT CIIeJIaHO, «KTO» OYIeT 3aHMMAThCS JESATEIBbHOCTBIO U «CKOJBKO» 3TO OyJeT CTOUThb. B 3TOM
CMbICJIE IMJIAHUPOBAHUE IMPEACTABISAET COOOW MpPOLECC ONMpe/eNeHNs pa3OMBKU CTPYKTYpbl padboT
npoekta WBS («uarto»), pa36uBku opranu3ainoHHoi cTpykTypbl OBS («kT0»), pa30UBKM CTPYKTY-
psl croumoctu CBS («kak») [4 €.89], ucxons 3 3a1aHHBIX CTIENUBUKAIMA 1 HAKOHEII, KaK TOJIBKO
IUIAHUPOBAHUE 3aBEPLICHO, IUIAHUPOBAaHME MOXKET OBITh BBINOJIHEHO, T.€. OINpeaesseTcs
SCHEDULING — «xorma» 310 MOXeT OBITh crienano (puc. 1).

WBS (What) Specifications|

Work Breakdown (How)

Structure

—

OBS (Who) { } CBS (How Much)
Organizational Cost Breakdown
Breakdown Structure
Structure F

SCHEDULING

= L
\/

Pucynok 1 — Bzaumooeiicmsue komnonenm WBS, OBS u CBS ¢
npoyecce onpedenenusi pacnucanuss SCHEDULING

Koraa nmpoekThl IPOCTHI U COCTOSAT M3 HECKOJIILKUX OMPEICIICHHBIX BUIOB JACATCILHOCTH, OJIHH
YeIIOBEK MOXET OCO3HATh OOIYIO CTPYKTYpPY MpoekTa 6e3 0coObix 3arpymHeHuil. K coxanenuro,
OOJIBIIMHCTBO MPOEKTOB, JJISI KOTOPBIX TOTOBATCS O(QHIIHATBHBIC TUIAHBI, KaK MPABUIIO, ONpEIeIs-
I0TCA ACCATKAMH, a TO U COTHJIMHU HJIM ThICAYaMHU BHUJOB ACATCIIBHOCTH:. YEM 60HBHI€ IMPOCKT, TCM
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OOJIBIIIE YKCIIO BUOB JCATCIBHOCTU W TCM BBIIIC YPOBCHbL ACTAJIM3allWHU, KOTOpBIﬁ MPpUXOAUTCA
BBIIIOJIHATE MCHCIPKEPAM.

Pa3ouBka crpykTypsbl padot npoekra WBS — «Uto»

Korna rian mpoekra COCTOMT M3 MHOXECTBA 3a/IaHUil, 4aCTO PEKOMEHYeTCsl OpraHU30BaTh
3aJJaHus TaK, YTOOBI 00ECIICYHUTh CBSI3b MEXKIY IUIAHOM M MH(pOpMAIMEn JIIsl ero MCIIOJHUTENEH ¢
TEM, 4TOOBI 00€CIIeYNTh TOHMMAaHUE Pa3JIMYHBIX ACMEKTOB IIaHa MpoekTa. HecMoTpst Ha TO, 4TO
CYIIECTBYET MHOTO CIIOCOOOB OpraHH3alliy IUIaHa, OJTHOW M3 PACIPOCTPAHCHHBIX MPAKTUK SBIISICT-
cs cTpykrypa pa3ousku pador (WBS). WBS — 310 ymoOHBIi METO]] pallHOHAIBHOTO Pa3I0XKCHHUS
CIIO)KHOCTH TIPOCKTa Ha pabodvre MakeThl U dIIEMEHTapHbIe 3a1aHus. HekoTopeie GpupMbl mpemno-
YUTAIOT UCTOJIh30BATh CBOM CTAHIAPTHI IS UACHTH(PHUKAIMN pabOuuX MAKETOB, OOIIME IS BCEX
MOJTOOHBIX TPOEKTOB. DTU pabouyure MaKeThl 3aTEM KOJIUPYIOTCS, YTOOBI MOKHO OBLIO KOHTPOJIHPO-
BaTh KaK WX 3aTPaThl, TaK W IrpadUK MX BBITOJHECHUA. 3aTEM K 3aJaHUSIM IMPUMEHSETCs o0mas cu-
creMa (DMHAHCOBOTO ydYeTa TakK, YTOObl KOJAMPOBAHUE YKa3bIBaJIO Ha CHEIUPHUECKUE (PaKTOPBHI,
HaIpuMep, THIT UCIIOJIb3YEMOT0 MaTepralia Wik PU3NIeCKOe MECTOIIOIOKECHHE U T.II. ECTeCTBeHHO,
gyto yem ganbiie B WBS, TeM Oolibllie TpaHy IIpHOCTh Pa3jIoKEHUST M KOJIMYeCTBO Aeraneid. Hesa-
BHCHMO OT CPEJCTB, UCIOJB3YEMBIX UIS ONMPEICIICHUS JJIEMEHTOB, OT/ACIbHBIC 3aJaHUs JTOJIKHBI
OTIPENENATHCS JJISi CAMOT'O HU3KOTO YPOBHS B H€PAPXHUU WIIM HA CAMOM BBICOKOM YPOBHE JIeTalln3a-
IIUH, KOTOPBIN TpeOyeTcs JJIs aIeKBaTHOTO YIIPABJICHUS M KOHTPOJIS IIPOIIECCa BBITOIHEHHS TPOSK-
Ta.

Hcnonp3yemblii ypOBeHb JeTalu3allu OyIET ONPEACSThCS MOTPEOHOCTSIMU TUNIAHUPOBAHUS U
ucnosHuTeNer, npocmarpuBaromux WBS. Hanpumep, ecimu BB SBISICTECHh YIIPABIISIONIAM ITPOCKTA,
TO Bac 0OJIbIIIE BCETO MHTEPECYET JaTa 3aBEPIICHHS POEKTa U CMETa, TOTJa KaK Balll UCTIOJTHHUTEb
OyZeT B MEPBYIO OUYEPE/lb HMHTEPECOBATHCS MH(OPMAIUEH, OTHOCSIIEHCS KOHKPETHO K 3ajade, 3a
KOTOPYIO OH HECET MPSIMYI0 OTBETCTBEHHOCTh. OOBIYHO CylecTByeT Tpu ocHOBHBIX Tuna WBS, a
umenHo: [TpoextHas WBS, Crangaptaas WBS u Kontpaktaas WBS [4 ¢.93]. [Tpoekt WBS — 310
OTepaTHUBHBIA MHCTPYMEHT, OOBIYHO MOJATOTOBIECHHBIN /11 MOHUTOPUHTA M KOHTPOJISI pabOTHI (CM.

PHUCYHOK 2).

-
Software Product
Release 5.0
Project Product Detail c truct Intagration
Managemeant Requirements Design and Test
] Planning - Software - Software - Software = Software
| ] M | | User - Usear | | Usar || User
eetings Documentation Documentation Documentation Dacumeantation
L | L . || Training Program L_| Training Program || Training Program || Training Program
Administration Materials Materials Materials Materials
The WES Is llustrative only. It 15 not Intended to represent the Tull project scope of any specifllc project,
nor to Imply that this I1s the only way to organize a WBS on this type of project.
»

Pucynox 2 — Illpumep WBS npoexma pazpabomku npoepammuoeo npooykma

Kak mpasmiio, WBS siBrisieTcst CTpyKTypoil pa30MBKHM JCHCTBUH, BBITOJHEHHBIX B MPOILIOM
ISl aHAJIOTMYHOTO TIpoekTa [5, ¢ 125]: WBS B npomuioM mpoeKkTe MOKET HCIOIb30BaThCsl B Kaye-
cTBe madoHa g HoBoro. Ha pucynke 3 mokasaHbl HauBBICIIHE ypOBHU oOpasia madmona WBS,
KOTOPBIH MO>KHO HCIIOJIb30BATh ISl pa3pabOTKH caiiTa KIMEHTA.
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Hosting Contract

Domain name

Web-site purchasing

commissioning

Requirements
L E— Design — Coding — Testing
elicitation

Pucynox 3 — IIpumep WBS npoexma paspabomxu Web-catima kiuenma

3areM KOHTPAKT COTJIACOBBIBACTCS MEXIY 3aKa3UMKOM M HCIIOJHUTENEeM. B HeM HeoO0Xoaumo
MIPEJICTaBUTh pa3jioxkeHnue o0bemMa paboT Ha OCHOBHBIE AJIEMEHTHI, KOTOpPbIe OYAYT UCIOJIb30BAThCS
JUTSL U3MEPEHHS MPOTpecca, KOHTPOJISI MTPOCKTA U YIUIAThl KOHTPAKTHOU IeHbl. OH MOXET cojep-
»KaTh MEHbIIIE AeTayel, yem npoekt WBS.

[ToxBoas uTOr, MOXHO cKa3aTh, uTo WBS sBisieTcss OpHeHTUPOBAHHON Ha PE3yNbTaT JEKOM-
no3uiueil oobema mpoekrta [3 €.283] 1o Tex mop, Mmoka JOCTaTOYHBIM ypOBEHb JETalu3alid He
MTO3BOJIAT JIETKO OINPEACITUTh BCIO WH(POPMALIUIO, HEOOXOAMMYIO ISl BBITIOJHEHHUS U YIPABICHUS
noApoOHbIMH 3afaHusIMH. Ellle 0HON pexoMeHanuei uis onpeaeneHus: HeoOX0IuMOro ypoBHS
JeTaIM3alUN SIBIISIETCS pekoMeHaanus 8-80 pabounx YacoB, BBIACISIEMBIX JUIS BBITOJHEHUS 3a]1a-
HUS HIDKHETO YPOBHs, T.€. €C/IM 3ajaHue TpeOyeT MeHee 8 4acoB, TO €CTh OMACHOCTb MHUKpPO-
MEHEPKMEHTA WJIHM, €Clid 3aJaHue TpedyeT Oonee 80 4acoB, TO pEKOMEHAYETCS MPOJOJIKHUTH €ro
JIEKOMIIO3HIIHUIO.

Pa30uBka opranuzaunonnoi crpykrypbl OBS — «KTto»

[Tocne ompeneneHus: TOro, YT0 HEOOXOIUMO CeNIaTh, HEOOXOMMO OTIPEICITUThH BCE YelloBeYe-
CKHE pecypchl, HeOOXOAUMBIE JIJIsl BBIMOJIHEHUS MpoeKkTa. B 3aBucuMocTr OT 4actu oObema pador,
MIPOEKTY MOTYT IMOTPeOOBATHCSI MHKEHEPHBIE HABBIKH, BO3MOXXHOCTH 3aKYIOK, TPYA Pa3padOTINKOB
(ucnionmHUTENEH), yrIpaBlieHYecKuil nepcoHan u T.4. CTpykrypa pa3dousku opranuzamuu OBS — 310
MPAKTUYECKUA METOJ| pa3jokKeHus o0beMa JIOJACKHX PEeCcypcoB, HEOOXOIUMBIX JUISL HMCIIOHEHHS
BcexX o0JsiacTeil KOMIETEHIINH, a 3aTeM Ha POJIM MPOEKTa, HE3aBUCHUMO OT YKCJIa YYACTHUKOB JIUIIA,
KOTOPBIM OyJIeT Ha3HAUYeHa orpe/esieHHast poib [2 €. 80].

4 )
Pecypcbl npoekKTa

BHyTpeHHMe pecypcbl

* HomaHga ynpas/ieHMA NPoeKToM
* MeHegxep npoekTa
* MeHenxep otgena pazpaboTku
*  TMNaHUPOBLIMK 3808HMIA

* WMHAMHUPKWHI gM3aidHa
*  MHMeHep-amsaiHep
* CeTeBoM ApXuTEKTOpR
* HHmeHep-DesonacHuk

* MHMMHWUPUHT pa3paboTM
*  Beaylwmi crieumanmct
* Pa3paboTyMKkm

Pucynok 4 — Ipumep cmpyxmypul
pazbuexu OBS opeanuzayuu

BHewHwme pecypcbl
+ CyBnoapagyMkm
*  XOCTMHI
*  PazpaboTuMKm

* MAT.O.

* [locTaBLlWMKKM MmaTepmanos
*  AHKTMBHOrO 0BOpYOOBaHWA
* MporpammHoro obecnedeHna u
NMUEH3MPOBAHNWA
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OBS mnoxrorosnex ¢ uueei, yro kaxaoe 3aaanue B WBS nomkHO ObITH Ha3HAUYEHO HA POJIb
Wi Habop posieit. JlpyruMu cioBaMu, posid pacpeesisioTcs Ha MOAPOOHBIE 3a/1aHus C yKa3aHHBIM
KOJIMYECTBOM PECYPCOB M COOTBETCTBYIONICH TpeoiaraeMoi pabodeil Harpy3Koil, He00X0uMOon
JUISL BHITIOJTHEHUS 3aaHMUS.

MpossT CHY,
BHEWHAA SaEHME
ofnacro
Menemep chyg e
—_—— e — — = —_,— —— — — — — — — — — — | ¥npaeneunR
MpoekxTa
BHEWHKHS
Brgeo Aezph CMCTEMDS
HHseHepo | mamepwm | | _Zmmmw |  |(&THHRM QDIME
FaEp TP E]
Mocrasupwsn | | ¥pswwwese | | vowomnep | |vewnepanypm
EMErEEncy
SERIIE I | meEgTRAE | KHOMEM

Pucynok 5 — Ilpumep WBS u OBS npoexma

Pucynok 5 mpencrarisier co0oil ympoineHHOe U300paxeHue Toro, kak cootHocstcs WBS u
OBS. Ha »sTrane MOHUTOpPHHTA U KOHTPOJIS IPOEKTa 0053aTeNbHO, YTOOBI 32 KAKAYIO JesTeIbHOCTD
OTBEYaJl OTBETCTBEHHBIM YelOBeK. TakuM 00pa3oM, MOJBOMAS WTOTH TIpoIecca IUIAaHHPOBAHUS,
MO>KHO 3aKJIIOYUTh, YTO MbI co3aanu WBS u tenepp BKIIOYMIN OTBETCTBEHHOTO MCIIOJIHUTENS WIN
Ipyny UCHOJIHUTENEH U3 MPeA0CTaBICHHOro o0beMa JoACKuX pecypcoB. Ilo cytu, nns 3aganuid,
omnpeneneHHbix B WBS, Mb1 pacnipenenunu pecypcesl uepe3z OBS.

Pa3ouBka crpykrypsl 3arpat CBS — “Ckojbk0”

Temnepp, korna Mel 00cynmiH «4to» Oyaer nocturayro uepe3 WBS u «kto» Oyner BHIOTHATH
neiictBus yepe3 OBS, KIMEHTHI U UCTIOHUTEIN XOTAT 3HAaTh, CKOJIBKO 3T0 OyaeT ctouth. Ompene-
JICHHE CTOMMOCTH OCYIIECTBIISICTCS uepe3 CTpyKTypy pa3ouBku 3atpat (CBS). CBS — sto cucrema
JUIS pa3[ieieHHs MPOEKTa Ha alllapaTHhIE dJIEMEHTHl U MOJPJIEMEHTHI, GYHKIMHA U MOAPYHKIIUH U
KaTeropuu 3arpar. ITO Hepapxuieckas CTpyKTypa, KOTopas KiacCu(QUIUPYeT pecypchl 1Mo cyeTaM
3aTpat, Kak MpaBUIIO, YEITOBEYECKHE PECYPChI, MaTepHAIIbI U IpyrUe MpsMble 3aTpathl. Kpome Toro,
OH MPEJCTABIIAET SKOHOMUYECKYIO Pa30MBKY IIPOEKTa Ha OIOIKETHI 10 MakeraM paboT. ITo MO3BO-
JUT PYKOBOJMUTENIO MPOEKTAa OTCIECKUBATH XOJ BBIMOTHEHHS MIPOEKTa U €r0 PacXoJibl B COOTBET-
CTBUH C 3alUIAaHMPOBAHHOW pa3OMBKOW 3anaHuii U o0s3anHOCTel. CBS BKiIOYaeT B cebs BCIO Tipsi-
MYIO TIOJTHYEO CTOUMOCTH TPY/a UCIIOJIHUTENICH, MaTepHalioB, a TAKXKE TaK Ha3bIBaeMbIe HAKJIATHBIC
pacxopl 0 TPOEKTY, KOTOPHIE MO-TIPEKHEMY SBIISIOTCS MPAMBIMA 3aTpaTaMu, HEOOXOTUMBIMHA IS
BBITIOJTHEHUS POEKTA.

HaxmanHpie pacxoasl BKIIIOYAOT CTOMMOCTh 000pyA0BaHUs (KaK MpaBUJIO, B YCIOBUSX CpeEIl-
HEl aMOpTHU3alliK aKTUBOB), YIIPABIECHUE MPOCKTOM, YCIYTH IO MPOSKTHUPOBAHUIO, MOJIyUEHUE He-
00XOJMMBIX JIMIIEH3WH W PAacXOJbl MO yIpaBieHuto puckamu U T.1. B CBS He HyXHO BKIIOYATh
HaKJIQJHbIE PACXObl KOMIAHUH, HE CBS3aHHBIE C MPOEKTOM, TaKMe Kak OOIue 3apIuiaThl, KOMMY-
HaJbHbBIE YCIYTH, CTPAXOBAaHUE, HAJIIOTH, MIPOLIEHTHI U IPYTUe PacX0/bl, KOTOPbIE HE HAXOIATCS MO/
HETOCPEICTBEHHBIM KOHTPOJIEM KOMaH]Ibl IIPOEKTa, & CKOPEe CBSA3AHBI C ACUCTBUSIMH BBICIIETO PY-
KOBOJICTBa KoMmanuu [3 €.273].
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CymiecTByeT JBa OCHOBHBIX MOJXOJa K CTPYKTYpHUPOBAHUIO MpsIMOW pa3OuBKm 3arpar. Kax-
JBIA TIOZXOJT MCTIOJIB3YETCS B ONPENEICHHBIX 00CTOSITEIbCTBAX B 3aBUCHMOCTH OT Pa3JIMYHBIX IIe-
JIed ydera 3arpar.

[epBorit mogxox ucnonbsyer WBS B kadecTBe CTPYKTYphl YIpaBJICHHUS 3aTpaTaMu IPOCKTA,
tak 4yto CBS 1 WBS nmeror ognHakoBy0 CTpYKTYpY, U KaKIbIH CUET 3aTpaT COTIacyercs ¢ Mmake-
TOM paboT WK MOJPOOHBIM 3aiaHueM. J{pyruMu ciioBaMu, CTPYKTypa (MHAHCOBOTO y4eTa — 3TO Ta
xe WBS, koropas Obuia 3anonHeHa nHpopManuei o 3aTpaTax: KOHEUHBIH pe3yabTaT — 3TO Hepap-
XHUECKas CTPYKTypa 3aTpar, Kotopas OyAeT UCIOIb30BaThCsl KOMaHI0M POEKTa Il COCTABICHUS
Oropkerta, yuera U koutposis. C ganHbIM moxoaoM noctpoenust CBS ceszan meton Activity Based
Costing (ABC) [4 ¢.94], koTopblii omnpeaeaseT OleHKy OlKeTa Kak U ydeT (GaKTHUIECKHX Pacxo-
noB. [IpernMyIiecTBo COCTOUT B TOM, YTO OFOJKETHPOBAHUE U OTCIICKUBAHUE MPOCKTa pa3padaThl-
Batotcsa Ha WBS TouHO Tak, kak OyAeT BBINOJIHEH MPOEKT, C MOJPOOHBIM aHATU30M Ha KOHEYHOM
ypoBHe paznoxenus WBS: cToMMOCTh 351eMEHTapHOTO 3aJaHMsI MOXET BKJIIOYATh B ce0s CyMMHU-
pPOBaHUE CTOMMOCTH OIUIATHI TPY/a UCTIOJIHUTENCH CHIIbI, KOJMYECTBO MaTepralia, 000pyJI0BaHUS U
CTOMMOCTH CYOITOApsIa HITH YCITYTH.

Cucrema KOJMPOBAHUS MOXKET ObITh (DMPMEHHOW WIIM CTaHIAPTU3UPOBAHHOM, HAIIPUMEP, Ta-
KO Kak IMpejjiaraeT cuctemMa (PMHaHCOBOTO yueTa KOMITaHHH.

Bropoii moaxox k cocraBiaenuto 6romkera CBS 3akimrouaercs B ucnoab3oBanuu Meroaa Agile
[1 c.3] B kOoprOpaTHBHBIX MPOEKTAX B KAYECTBE CHCTEMbI pacyera 3aTpaT 1o mpoekTy. C MmoMOIIbIo
aToro meroaa kaxmaoe 3amanue WBS nomkHO OBITH CBSI3aHO CO CYETOM 3aTpaT C MOMOIIBIO OIle-
HOYHBIX MeTomoB Scrum Poker [2 ¢.183] uwiu Wideband Delphi [8, ¢ 10]. CtanaapTHbiii IOAX0/
merona Agile 3akirouaercs B ClIeAYIOIIEM:
e Pas6uBka (ompezeneHne) NpoeKTa Ha HCTOPUH MOJIb30BAHHUS;
e JIeKOMITO3HIIHSI HCTOPHUiA MIOJIb30BAHMS HA 3aaHus (M OMIMOHAIBHO Ha TO13a/1aHHs);
e Ucnone3oBanue metogoB Scrum Poker miun Wideband Delphi mis onpenesnenus Tpy10eMKOCTH U

BBIIIOJITHCHUA 3aI[aHPII>i B TCPMHUHAX YCJIOBEKO-4aCOB U COOTBETCTBCHHO BPEMCHU U JCHET,

e OmpeneneHne oOIIMX 3aTPAT HA BBIMOJHEHHUE BCEX 3aIaHHi U MMO/[3aJaHHIl POCKTa;
e Jlob6asnenue 30% 3amaca;
e JlobaBieHre CTOMMOCTH HEOOXOAUMBIX MATEPUAIOB, 000PYIOBAHHS M CPEIICTB.
Wmroctparust Toro, Kak 4acTo MOTYT OBITh TIPEICTABICHBI HCTOPUU TIOJIB30BAHUS, TIPHBEJIC-
Ha Hmke B Tabmume 1 [1 €.139].

Tab6anna 1 — IIpumep ucTopuU MOJIL30BAHUA

Hpe,I[LICTOpI/IHZ MCHCUKED OTACJIAa KaApPOB XOYCT CO34aTh CUCTEMY aBTOMATHU3UPOBAHHBIX TECTOB I IMPOBCIACHUA
HWHTEPBbIO KAHAUIATOB HAa OTKPBITHIC IMMO3UIIUN KOMITAHUN

Kak menemxkep, s X049y IPOCMOTPETh CBOM CYMIECTBYIOIIME TECTHI, YTOOBI s MOT' BCHOMHHUTB, YTO Y MEHS €CTh B
HAJIMYHHA, U BBISICHUTH, MOTY JIH 5 IPOCTO TOBTOPHO KCIOJIH30BATh MM OOHOBHUTH CYIIECTBYIOIIMN TECT VIS TO3UIUH, B
KOTOpOI s ceifyac Hy»K1al0Ch.

Kak MeHemkep mo mepcoHaty, s X094y COIMOCTABUTh TPeOyeMble HABBIKM OTKPBITOW MO3UIUHN C TEMaMHU JISl TECTOB,
YTOOBI 51 MOT CO3/1aTh TECT, TOAXO AN ISl 0TOOpa KaHIUATOB.

Kak MeHemxep 10 epcoHaIy, st X094y OTIPaBUTh YEPHOBOH TeCT PYHKINOHATEHOMY MEHEDKEPY, YTOOB yOeauThCs,
YTO 51 PACCMOTPEJ IPaBUIIbHBIE TEMBI B KOHTPOJIbHOM NIPOBEPKE.

Kak ¢pyHKIHMOHANTBHBIA MEHEIKED, S X0Uy OTHPABUTH OT3BIB O KOHTPOJIBHOM TECTE MEHEIDKEPY IO MEepCOHANy, YTO-
051 yOeIuThCS, YTO MPOBEPKA KaHIANUAATOB MTPOXOANUT HAWIYUIINM 00pa3oM.

Kak meHemxep 1Mo mepcoHany, MHE HYXXHO MPHUOOPECTH OOHOBJICHHBIM YPOBEHb OOCTYXKHUBAHUS CHUCTEMBI, YTOOBI S
MOT 0OaBUTH JOMOJHUTEIbHBIE TEMbI K MOUM TECTaM.

Kax MCHEKED IO IEPCOHAITY, A X049y }1063BI/ITB JOIIOJIHUTEIbHBIC BOIIPOCHI B TECT, 4TOOBI MBI OXBaTHIN JOIIOJTHU-
TCJIBHBIC TEMBI, KOTOPBIC BAXXHBI JIsA Cl)yHKLII/IOHaJIBHOFO MCHEKEPA.

Kax MeHemxkep 1Mo mepcoHaiy, s X049y monpo0oBaTh CKPUHHUHT-TECT, YTOOBI YOSIUTHCS, YTO OH pabdoTaeT Tak, Kak s
OKHJIaJ, ¥ YTO 5 TOTOB MEpelaTh e¢ KaHAUAATaM U MOJCIUThCS PEe3yIbTaTaMU C (PYHKIIMOHAIBHBIM MCHEKEPOM.
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Hecmotrps Ha BuamMmyro pasHuily B monaxoxae ompenencnus CBS, B ciydae mcmonb3oBaHus
noxaxona Agile koneunast CBS Tak ke, Kak U B IIEPBOM CJIydae, B KOHCYHOM CYETE OIPEeIseTCs
MPOM3BEICHUEM CTOMMOCTH OTICIBHOIO MOJYJS Ha KOJMYECTBO BBINOJIHEHHBIX MOjylei. B pe-
3ynabTare, yame Bcero codcrsenHas CBS ucnonmnuTens, ucrmonsdyemas Ui ydeTa 3aTpar, mpel-
CTaBJIICTCS KaK OCHOBa JUIsl KOHTpakTa. [Ipu Takux oOCTOSTENbCTBAX OCHOBHAsS 3a/iadya COCTOHT B
TOM, YTOOBI KOPPEKTHO YU4ECTh BCE HEOOXOANMBIC 3aTPAThl B CIIydae NMePEeKPHIBAIOIINXCS (YHKIIHO-
HAJIBHBIX MOJYJIEH.

B npoekrax mporpammuoii paspadorkun WBS koHTpakTa rOTOBUTCS CaMHUM HCHOJHHUTEIEM H,
cienoBaTenbHO, oH paBeH WBS mpoekra. Cymma nmakeToB pabOT MO KOHTPAKTY SIBJISIETCS 3aTpat-
HOW CTOMMOCTBIO IUTIOC IIeHA KOHTPAKTa OIUIAYMBAETCsl HA OCHOBE XOa BHIMOJIHEHUs poekTa. [1o-
CKOJIbKY BBIpYyYKa ABIIsieTCsl (yHKIMEH crouMoctd, To mpoekT WBS nomken otpaxars CBS, ecnu
TpeOyeTcsi KOPIOPAaTUBHBIA KOHTPOJb 3aTpar. Eciu 310 TpeOyeTcs, To peKOMEHIyeTCs UCIIOIb30-
Bath CBS Gosee BRICOKOTO YpPOBHS, a 3aT€M pa30MBaTh UX B COOTBETCTBUU C MOTPEOHOCTSIMHU pado-
TBI

3akiioueHune

Taxum o0pa3om, 3a7auu IUIAHUPOBAHUS BKIIIOYAIOT B ce0s onpezeneHue oobema padot, ux uc-
MOJTHUTEJICH M COCTAaBJICHUE OFOJKETA, KaK OCHOBHOE HEOOXOIMMOE YCJIOBHE JUIS TUIAHUPOBAHHUS
MPE/IoIaracMoro BpeMEHHU BBIMIOHEHUsS mpoekTa. OCHOBOM 3ajaueil sSBISICTCS ONpe/elicHHE He-
obxomumoro ypoBHs aekommosumuu WBS u pacnipenenenue ucnonauteneid nz OBS mns onpene-
JIEHUsI KOMIIOHEHT OrokeTa npoekta CBS.
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Amun I'.T.

Barnapaamaibik KaMmTamMachi3 eTy kodacbiH 6ackapy: WBS xob0achiHbIH 1amMy npouecci

Anparna: byn makanana OarmapiamMaiblK jKacaKTama jkacay callaChIHAAFbl dKOOABIK KYMBIC
KYPBUIBIMBIH KJIBIIITACTHIPY OHE JIAMBITY TPOIECIH OacKapyIbIH JKaJIbl CHIIATTaMajiapbl MEH
HETI3rl TEeXHOJOTHSIIAPhl KapacThIpbuUIafbl. JK0OambIK >KYMBIC KYPBUIBIMBIH KYpPYy IPOIIECIH
OackapyablH 3aMaHayu TACLIAepl alKbIHIANIbI, OHTAMIBI OI0/KETTEY KoHe OacKapy KOHTEKCTIH[Ee
JIbb-Fa KOWBLIATHIH TaJanTap/IblH bIIBIPAYbl MCH JIaMybl KE3iHJIe Taii1a O0IaThIH MYMKIHIIUTIKTED
alikpIHIaIpl. Makanana OarmapiiaMaibiK sKacaKTaMaHbl d3ipiiey ykoOanapbhlH iCKe achIpyda YIKEH
KETICTIKKE KETY YIIiH )K00aHbl OHTAHIAHIBIPY KOHE TalAay KaXETTUIIr TaTKbUIaHAbI.

Tyiinai ce3mep: IT-xo0anap, xocnapiayasl OHTAWIAHABIPY, KoOarapasl 6ackapy TEXHOJIO-
THSUIApBbI, K002 KYMBICHIHBIH KYPBUIBIMBIH BIIBIPATY

Alin G.T.
Software development project management: the process of WBS composing.

Abstract: this article discusses the general characteristics and basic technologies for manag-
ing the process of formation and development of the project work structure in the area of software
development. The modern approaches to managing the process of developing the project work
structure are identified, possible options that arise during the decomposition and development of
requirements for WBS in the context of optimal budgeting and management are considered. The
article discusses the need for optimization and analysis of the project to ensure ultimate success in
the implementation of software development projects.

Key words: IT projects, planning optimization, project management technologies, decompo-
sition of the project work structure.
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MEJUIIAHCKU TPEHAXKEP CMEHEAHHOI‘/'I PEAJIBHOCTHU IJIA
IMPOBEJEHHNA KOPOHAPHOU AHI'MOIIJIACTHKH

Annomauus. Pazpabomxa mpeHnasicepos 6 ¢hopme npoepammno2o obecnedenus Oas UCNONIb308AHUS 8
MEOUYUHCKOM 00pA308aHUU S6ISAEMCS HOBLLM MPEHOOM. DMo 00YCI061eHO MeM, YMO GUPIMYATbHbIN mpe-
Haodcep Oeuiesne, Oe30nAcHee U NO CPABHEHUID CO CREYUATUSUPOSAHHBIMU YCIMPOoUcmeamu 0onee 2ubKuil u
@yHKYUOHAbHDLIL.

B 0annoti cmamve npedcmasinen supmyanbublli mpenaxjcep, nO380IIOWUL RPOBOOUMb NPOYEOYPY KO-
POHAPHOU AHSUONACIMUKY, C UCHOTb308AHUEM MEXHOA0UU CMEWAHHOU PealbHOCIU 8 (popme 83aumooel-
CMBUsL NOAL306aMeNs U NpuLodceHus: yepes konmpoanep Leap Motion. Ilpoexm paspaboman na 6aze uepo-
6020 dsudicka Unity, koo nanucan na asvike C#.

Knwuesvie cnosa: supmyanvhas peanrbHOCb, CMEUWAHHAS PEeANbHOCHb, OONOIHEHHAS PealbHOCHb,
3D-mooenuposanue, Unity3D, C # (CSharp), meouyuna.

Beenenue

3a0oneBaHuss KPOBEHOCHOM CHCTEMBI SIBIISIOTCA CaMbIMH pacrnpocTpaHeHHbIMU B mupe. B Ka-
3aXCTaHe YUCIO JII0JEH, CTPaJaloluX OT MOBBIIIEHHOTO apTepUaIbHOTO AaBJIEHUs, KOjieOIeTcs B
patione 20-30% ot uucia B3pocioro HaceneHud. I1o 3Toil mpuynHe OJHUM U3 TJIaBHBIX HaIlpaBlie-
Huil gestenbHocTH Becemupnoit Opranuszanuu 31paBOOXpaHEHUs SBIISIOTCS MPEBEHTHUBHBIC MEPHI
JUISl CHUKEHUSI JaHHBIX Mokaszateneil [1]. g npoBeaeHus: KaueCTBEHHBIX YIYYIIEHUH B CUCTEME
3/IpaBOOXPaHEHUS B TIOCJIEIHEE BPEMsI BCE Yallle MCIIOJIb3YIOTCSI HOBBIE TIOX0/Ibl U HHCTPYMEHTHI.

Onaum u3 3(pPEeKTUBHBIX METOJIOB, CIIOCOOHBIX pealn30BaTh JaHHBIC YIYUIICHUS, SBISIOTCS
cpeactea MKT.

MupoBoOil ONBIT AEMOHCTPUPYET YCHEIIHbIE ClIydal BHEAPEHHUS BUPTYAJIbHBIX TPEHAKEPOB B
KaueCcTBEe MHCTPYMEHTA ISl IPAKTUKHU CTICIHAIIUCTOB. B cuity TOTO, 4TO ¢ pa3BUTHEM TEXHHKU Me-
HSIOTCS MHCTPYMEHTBI, & TaK)Ke METOJUKHU MPOLIEYpP, BpauaM HEOOXOJUMO BCeria ObITh MOATOTOB-
JIEHHBIMU K CUTYyaIl1H.

Kak yxe OblI10 CKa3aHO BBIIIE, JAaHHBIE TEXHOJIOTHH CETOAHS IIUPOKO MCIONb3YIOTCS B MEIU-
1uuHe. Bo-nepBbIx, HCIIOIb30BaHNE BUPTYAJIIbHOM cpeibl Oe30IMacHee pealbHbIX ONepaluuid mo npu-
YUHE OTCYTCTBHS PUCKOB KakK JJIs )KM3HU MALMEHTOB, TaK U JUJIS crienuanuctoB. [Ipu 3ToM ypoBeHb
MOTPY>KEHUS] — UMMEPCHUBHOCTH 3a CYET BBICOKOKAYECTBEHHOW BHU3yaIM3allMUd MOMOTAET CHUBHTH
CTpecC B MOCJIEONEPALIMOHHBIN TEPHO/.

O0630p COBpEMEHHBIX CIIy4aeB BHEAPEHUS BUPTYaIbHBIX TPEHAXEPOB, MPOBEAEHHBIN B [2], ne-
MOHCTPHUPYET BBICOKUI MOTEHIIMA MTOJIX0/1a U BO3MOXKHOCTh M3YyUEHHUS Tella YEIOBEKa B CAMBIX IO-
JTPOOHBIX JETaNSIX.

[Ipoekt, onucanHblil B [3] — 3TO TpeHaxep, KOTOPBIA MOMOTAET MOTYyYUTh HHPOPMAITUIO O pa3-
JUYHBIX yacTsx yepena. [Iporpamma oOyuyaeT mosib3oBaTenel, BUyaIU3Upys pa3Hble (GU3HOIOTH-
YECKHE MPOIIECCHI, 3aTEM UM IMpe/iaraeTcs 3aKpenuTh 3HaHUS, IPONIS TECTUPOBAHUE.

Tpenaxep s cTOMAaTOJIOrOB M BOBCE 3aMEHSIET JOPOroil crenualn3upoBaHHBIN ammapar 3a
CYeT BO3MOKHOCTH BBITIONIHATH ONpeAeTICHHBIN HAOOp omnepainuii B BUpTyaabHOU cpene [4].

Bomnpoc camxenus 3atpar 6e3 motepb 3G (HEKTUBHOCTH TAK)KE PEIIAeTCs ITyTeM BHEAPECHHS TO-
NOOHBIX TpeHakepoB. Hampumep, B [5] mpencraBiena odydaromiasi cuctema s paboOTHUKOB HEOT-
JIO’)KHOW MMOMOIIH. 3a CYET TOCTYIMHOCTU MPUIOKEHUS METULIUHCKNE YUPEKICHUS MOTYT COKPATUTh
3aTpaThl Ha MOBHIICHNUE KBATU(UKAIINY TTEPCOHAA.

TexHonorus cMemaHHON peanbHOCTH 00J1a1aeT MHOTUMHU cBOMCTBaMU. OCHOBHBIMU SIBIISIOTCS
0€30MMacHOCTh, UMMEPCUBHOCTh. OHH rapaHTUPYIOT 0€30MaCHOCTh, a TAK)KE HEOOXOIUMBIA YPOBEHB
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MOTPY>KEHUS TIOJIH30BATENS B MPOLEAYPY. TaKkke U3BECTHBI CIydau MCHOJb30BaHUSI BUPTYaIbHOU
TEXHOJIOTUHU B Ka4eCTBE BCIIOMOTATEIbHOIO MHCTPYMEHTA aHECTE3UH I MPOBEACHUS BEpXHEH IH-
JIOCKOTIUH YKEITyZI0YHO-KUIIIEYHOT0 TpakTa [6].

BrniepBrie Takoe MCMOIB30BaHUE TEXHOJIOTHMH ObLIO mpesiokeHo Xoddmanom B 1998 [7]. B
pe3ynbTaTe ObUTH MOJIYYEHBI BHICOKUE TIOKA3aTeNId B YMEHBIIEHUH 00JIA B CITyYasiX 05KOTOB.

Eme oqHuM CBOMCTBOM TEXHOJIOTHU SBIISETCS BO3MOXHOCTh BU3YaJU3UPOBATH CIIOKHBIE CO-
CTOSIHUS M HEIOCTYITHBIC YacTu Tesa. Takol pe3ynpTaT MmoixydeH B padore [8], rae ObuT MpoBeneH
aHaJIu3 MPOEKTOB, UCIIOIB3YIOIINX BUPTYAIbHYIO PEaIbHOCTh B MEHUIIMHE.

Taxxke MonyasipHO UCTIOIB30BAHUE BUPTYAILHBIX HHCTPYMEHTOB KaK MOCOOUS ISl TPCHHPOBKU
HaBbIKOB. B [9] ommchiBaeTcs MpOEKT, MOMOTAIOIMA MEIUIIMHCKUM pPabOTHHKAM OTTAvyuBaTh
HaBBIKH Y€pe3 BU3YAIM3ALMIO U TECTUPOBAHUE BHYTPH MPUIIOKECHHUS.

ABTOpbI cTathu [10] OLIECHMBAIOT pa3IMuHbIC BUPTYAIbHBIE TPEHAXKEPHI, UCIIOJIb3YEMbIE B XHU-
pypruu, yrnpasieHuu 00JIbI0, Tepalluid MEHTAJbHBIX 3a00JI€BaHUMN.

Bce 3t paboThl 1€MOHCTPUPYIOT HEOOXOJUMOCTh CO3JaHUS MPUIOKEHUHN ISl TPEHUPOBKU
MEIUIIMHCKIX PAaOOTHUKOB U MX TOJIE3HOCTh B Ka4eCTBE MHCTPYMEHTA MPO(HIAKTHKY /IS HAC e-
JIEHUS.

MeTtoasbl

B kadectBe MeToza pa3pabotku BbiOpaHa Agile. Takoii moaxo/ MO3BOJISET IIAHUPOBATH, CO-
3/aBaTh AM3aiiH, pa3padaTbiBaTh, TECTHPOBATH, NENIATh PEIU3bI M MPOBOJIUTH TECTHI MPU KaKIOU
utepauuu. Takum o0pazoM paboTa BBINOIHAECTCS MO BCEM HANpPaBICHHUSM B YMEHBIIEHHOM Mac-
mrade. Agile co3maer rubkue ycinoBust i pabOThI HAJ| MPOSKTOM M U3MEHSThH €ro B JIFOOOH MO-
MeHT. briaromaps yactoMy OOHOBIICHHUIO BCeTa BUHO Kakas cdepa TpedyeT HanOoIIbIIero BHIMa-
HUSL.

OcHoBHas ues MpPoeKTa

Wnes nmpoekTa 3aKiIr04aeTcs B CO3JaHUU BUPTYAJIBHOTO TPEHAXKEPA, TTO3BOJISIOLIETO IIPOBOIUTH
CUMYJISIINY aHTUOTUIACTUKHY B PEKUME CMEIIaHHOUM peanbHocTH. Ha pucynke 1 mpeacTasieH mnpo-
TOTHM ciieHbl. OOIN KOHIIENT MPAKTUYECKOM CIIEHBI COCTOUT B TOM, YTOOBI Y MOJIb30BaTeNs ObI-
J1a BO3MOKHOCTb BBIITOJHUTH XUPYPTUUYECKYI0 CUMYJISIIUIO B BUPTYAJIbHOM Cpelie.

Human body model,
tools and user's
hands

Description panel, with
guidance and hints

The panel with EKG

HELP&HINTS

)

Panel with coronary

angiogram

Pucynox 1 — Dcxu3z enasnozo okua supmyanvHou (husuiecko 1abopamopuu

JlanHoe mpuiokeHue OyIET MOJIE3HO IS CTYACHTOB MEIUITMHCKUX KOJUIC/HKEH U YHHBEPCUTE-
TOB B paMKax MEPENOrOTOBKY W TOBBIIICHUS KBATU(UKAIIMA METUIIMHCKAX PAOOTHHKOB, a TAKKE
JUTsl OOBIYHBIX TTOJIB30BATENIEH, HY)KIAIOIIMXCS B OCBEIIEHUN BOTIPOCA CEPACYHO-COCYIUCTHIX 3a00-
JIEBAaHUMU.
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JluarpamMma Ha pPUCYHKE 2 JE€MOHCTPUPYET 3aBUCHMOCTh KOMIIOHEHTOB BHYTPU CUCTEMBI. B
MPUJIOKEHUH MMEETCS TJIABHBIM WMHTEpQEic, KOTOphIA 3amyckaeT Bce mpuiioxeHue. [Iporpamma
COCTOUT U3 CIIEHBI, COJEpIKaIIeil MOJENIH, KOTOphIe paboTaloT ¢ MOMOIIBIO MPOrPaMMHOTO KOJA.
UtoObl MOIENU BBHITJISACIN PEATUCTUYHO UMEETCS Malka ¢ aHUMAalUsIMH, TeKCTYpaMH, LeiaepaMmu
1 3BYKOBBIMHU 3¢ ¢ekramu. Tak kak mpuiiokeHue mojajaepxuBaer kontpoiwiep Leap Motion, To B
KOMITOHEHTAaX MPHUCYTCTBYET MAaKET, OPraHU3YIOUIUN ero KOPPEeKTHYIO paboTy U B3aUMOJCICTBHE C
JIPYTUMH OOBEKTaMH.

]
Materials
Ll ] alp ]
Angioplasty module —(0O—| Scene —o— Models e momoeeee Scripts
.
! €]
“{Leap Motion Module

AGENDA
Hl Main components

= | Supportive components

Pucynok 2 — Juazpamma komnonenmos mpenasicepa

Pe3yabTaTsl

Ha pucynke 3 mnpejacraBieH CKpUHIIOT, HA KOTOPOM JIEMOHCTPUPYETCS CIIEHa B MPOIlecce BbI-
MOJTHEHUS TIpoLeypbl aHruoruiacTuku. ClieHa COMpPOBOKAAETCS TOJICKa3KaMu JUIsl TI0JIb30BaTEs,
KOTOpbIE TIOMOTAIOT €My BBINOJHATH Mpouenypy. Ilponeaypa BBINOJHAETCS € MCHOJIB30BAHUEM
peHTreH-anmnapara Jyisi Toro, YTo0bl HaOIIOIaTh MPOIIECCHI, Mpoucxoasmue B cocynax. [lo atoit
MIPUYMHE HA 3KpPaHEe UMEIOTCS 1Ba OCHOBHBIX MHCTPYMEHTA M0JIb30BATEINs: SKPaH KapAHMOMOHUTOPA
1 9Kpad aHruorpada. B xauecTBe MaHUTYJATOPA TIOJIB30BATENh UCIIOJIB3YET CBOU PYKH, Oaromaps
nojiepKKe Moyt KouTposuiepa Leap Motion. [ToMumo pyk 1moiap30BaTeto HEOOXOIUMO UCTIONb-
30BaTh MAJIOYKy JHUOO PYy4yKy, KOTOpas OyIeT Urparh poib UHCTpyMeHTa. [1o Xoay BBIMOTHEHUS
omepanny najovyka Oy/eT 0ToOpakaThCs B CIIEHE B BUJE OaJTOHA CO CTEHTOM, IITIPUIA C YEPHUIIA-
MU ISl OKpaluBaHusi cocygoB. To ecTh momMoraTte Mojib30BaTEN0 MPOBOIUTH Mpoueaypy. Ha pu-
CyHKE 3 IEMOHCTPHUPYETCS CIIEHa ¢ JaHHOU oreparuen.

Placé";, the stent

PucyHOK 3 — I'nasnoe okHO ¢ 8bINOAHEHUEM AHSUONIACMUKU

Taxum o0pa3om ObUIO CO3/1aHO MPUIIOKEHHE, UMUTHPYIOIEe B3aUMOJACHCTBIE XUpypra ¢ mna-
LIUEHTOM BO BpEeMs TPOBEICHHS KOPOHAPHON aHTUOIUIACTHKHU.
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3akiioueHne

BrimonHenue paboThl MO3BOIMIIO CO37aTh MPOTPAMMHBIN KOMILJIEKC IO BBITTOJIHEHHIO KOPO-
HapHOU aHTUOIIaCTUKU. Takke ompeenaeHbl MyTH yAyUdIlIeHHs CO3/IaHHOro npuioxenus. Co3nan
IJIaH JAIBHEHIINX JEHCTBUN JJI1 TOTO, YTOOBI BHEAPUTH MPOEKT B MEAUITMHCKHE 00pa30BaTEIbHBIC
YUpEXKACHUS, a TAKKE JIJIs TTOJIb30BAHUS HACETICHUEM.
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HNnanakosa M.T., oi .., laiinexo E.A.
KopoHapibIK aHrHONJIACTHKA YLIiH apaJac WbIHABIK MeIHIHHAIBIK TPeHaKep

Anaarna: MenunuHanbslK OimiM Oepyae KoJIJaHyFa apHaiFaH OarmapiamMalblK KacaKTama
TYPIiHJET1 TpeHaKkepiepiH AaMybl *aHa OarbIT O0sbIN TaOblIaAbl. Bys BUpTyanabl TpeHaXepaiH
MaMaHJaH IbIpbUIFaH KYPbUIFBIJIAPMEH CaJIbICThIPFaHla ap3aH, Kayilci3, UKeM[l *oHe (YHKIHUO-
HaJIJbI EKEHIIrHe OaMIaHbICTEI.

byn makamana Leap Motion KOHTpOJUIepi apKbIIbI Al aIaHyIIBI-KOCBIMIIIAHBIH ©3apa opeKeT-
Tecyl TYpIHAE apanac IIBIHIBIK TEXHOJOTHACHIH KOJIJaHAa OTBIPBIN, KOPOHAPJIBIK aHTHO-TUIACTHKA
KacayFa MYMKIHAIK OepeTiH BUPTyajabl TpeHakep ycbiHbUIFaH. XKoba Unity OMBIH KO3FalITKBbI-
IIBIHBIH HEeT131HAe *acanel, ko C # TypiHze jka3bUIFaH.

Tyiinai ce3gep: BUPTyasnbl WIBIHIBIK, apanac UIbIHIABIK, KEHEUTUITeH MIBIHABIK, 3D Monensb-
ney, Unity3D, C # (CSharp), megununa

M.T. Ipalakova, D.T. Tsoy, Y.A. Daineko
Mixed reality medical simulator for coronary angioplasty
Abstract. The development of simulators in the form of software for use in medical education
is a new trend. This is due to the fact that the virtual simulator is cheaper, safer and more flexible
and functional compared to specialized devices.
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This article presents a virtual simulator that allows you to perform coronary angioplasty using
mixed reality technology in the form of user-application interaction through the Leap Motion con-
troller. The project was developed based on the Unity game engine, the code is written in C #.

Key words: virtual reality, mixed reality, augmented reality, 3D modeling, Unity3D, C #
(CSharp), medicine
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KOHIENTYAJBHAS MOJEJIb OBPA30BATEJIBHOI'O IPOIIECCA
HA OCHOBE SMART-TEXHOJIOT U1

Annomauus. Cmamvsi ROCéAUEHA MEOPEMULECKOMY PACCMOMPEHUIO (PeHOMEHA CMAapm MexXHOI02Ull 8
COBPEMEHHOM 00pA308aHUU ¢ NOUYUL PA3GUMUSL YHUBEPCATbHLIX U NPOPECCUOHATbHBIX KOMNEmeHyull.
Ipoyecc obyuenus yuenuxos npeononazaem oopaujeHue K UHHOBAYUSIM, HOCKOIbKY NPUMEHeHUe HOBbIX meX-
HONO2UL CYWEeCMBEHHO PACUUPSAEn SPAHUYbL U NPEeNnoO0asaHuss, U NOJYYEHUs 3HAHUU, U NPUMEHEHUS. UMEIO-
WUXCsl YMEHUI U HABIKOG 8 NPAKMUYECKOl dessmelbHocmu. Braouennocms 6 oopazosamenvhoe npocmpan-
CMBO COBPEMEHH020 Y30 MAKOU UHHOBAYUU, KAK CMAPM-MEXHON02UU, 06YCI06IUsAem YeHHbI Nepexoo K
pasznocmoponnemy obyuenuro. Ilocpysicenue cmyoenmos 6 cqhepy HO8bIX 00PA308AMENbHBIX MEXHONO2UL
aKmyanusupyem paree CKpvlmvle mgopieckue U UHMeIeKmyaibHble pecypcol, MOMUBUPYEm HA UCCLe008a-
MENbLCKYIO 0esimenbHOCb, NO8blULAeNn YPOBeHb NO3HABamMeNbHo20 unmepeca. Konyenmyanvnas modenv ¢
aoanmueHoll 00pazosamenvHol OHIAUH-cucmemot, ocrosannoli Ha SMART-mexnonocusx moocem Gvimo
UCNONIL308AHA OBYMS 803MOJNICHLIMU nymsamu. Tlepeviil, kak 0ONOIHUMENbHbLI UHCMPYMEHM 01 MOOUDUKA-
Yuu MmpaouyUOHHO20 nNpoyecca 0OyYenus nymem ONMUMU3AYUY NOBMOPSIOWUXCSL INEMEHMO8, KOMOPble MO-
2ym Oblmb A8MOMAMUUPOSAHBL. BMopoil, ModepHu3uposams mexyuuli npoyecc 0OyueHust nymem eneope-
HUsL HOBbIX MemoOuKk npenodasanus, makue kax e-learning, m-learning, blended learning u opyeux. B pe-
3ynvmame pabomsi cucnmemvl HOOX00, OPUCHMUPOBAHKLILL HA npenodasamens (teacher-centric), samensem-
¢ NOOX000M, OpUEHMUPOBAHHbIM Ha cmydenma (Student-centric). Tem ne menee ocobo ommeuwaemes, umo
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POJIb Npenooasamelisi He HU8eaupyemcs, a Haobopom, npenooasamesb 8bICIMynaem 8 Kavecmee MeHmopda u
Hacmaeuuxa, komopuwii ¢ ucnonvzosanuem SMART-mexnonocutl cmoocem MaKcumaibHO packpblmv 80U
nomenyuai. Mo 8 c800 04epedb NOJIONCUMENLHO CKANCeMCs HA Kaiecmee 3HaHULl, NOJYYeHHbIX o00yyde-
MbLMU 8 IMOU 00pA308AMENbHOU cucmeMme.

Knrouesvle cnosa: e-learning, ounaiin-oyenusanue, adanmugnoe odyuenue, a0anmueHoe oyeHusanue,
adanmusHoe mecmuposaue, oepedo 3uanut, Smart-mexunonocuu, m-learning, meopus epagos.

BBenenne. B nocnenHue robl CTAHOBUTCS MOMYJISIPHBIM MOJTy4aTh 00pa3oBaHue oHiaiH. [1o-
MHMO 3TOTO B CBSI3U C MOSIBJICHUEM U PAaCHpOCTPaHEHHUEM KOPOHABHpYCa IO BCEMY MUPY B KOHIIE
2019 u nauvane 2020 roma GoJblias 4acTh KOMITAHWM OCTAHOBHUJIO JESATEIHHOCTHh WIIM TEPEILIO Ha
OHJIAMH-(YHKIMOHUPOBAHUE. DTO K€ KacaeTcs y4eOHBIX 3aBEJCHHN OT IIKOJI IO YHUBEPCHUTETOB.
BHe3anHbIli pOCT BHUMaHHS U IPUMEPOB MPAKTHUECKOTO MPUMEHEHHS WM Mepexojia Ha OHJIAH-
¢dopmar mpuBen K Oojiee MPOIYKTUBHOMY POCTY YKCia HccieaoBanuii B cepe e-learning. Martin
Ebner u npyrue mpoBenu aHanmu3 mpolecca mepexoja ydeOHOro mpoiiecca ¢ TPaaUIHOHHOIO
onaita Ha ontaiiH ¢popmar Ha mpuMepe aBcTpuiickoro yuusepcutera Graz University of Technol-
ogy (TU Graz) [1]. B Kurae npaButenpcTBOM ObLTa MHHIMHpOBaHa Kammanus «School’s Out, But
Class Ony, koTopas mojpa3zyMeBacT CO3JaHHE KPYIMHOMACHITAOHOTO OHJIAMH 00pa30BaTEIbHOTO
MIPUJIOKEHUS Uil 00ydJarommxcsi co Bceil crpanbsl [2]. M3-3a BBeneHHOro kapantuHa Oomuee 270
MUJUIMOHOB KUTAWCKUX OOYYarolUXCsl BBIHYKIEHBI ObUIM NEpeiTH B OHialH. {1 TOro, 4roObl
CHCTEMBI MOJIZICP)KUBAIM HATPY3Ky OT TAKOTO KOJIMYECTBA MOJIb30BaTeN el ObLIM UCIIOIB30BAHbI 00-
JaYyHBIe TEXHOJIOTHH, KOTOPBIE TO3BOJISIOT pa3padaThiBaTh PEIICHHs, pPacCYMTAaHHBIC HA OYEHBb
OoJyibllIie HArpy3Kd. DTO HE CIWHUYHBIA TNPUMEP HCIOJIb30BAHUS OOJAYHBIX TEXHOJOTHH B
e-learning. B craree Abderrahim EI Mhouti u apyrux npoBoaurcsi 0030p CyIIECTBYIOIIUX PEIICHHI
e-learning Ha ocHoBe 00IaYHBIX TeXHOMOIUH [3].

CTOUT OTIENIBHO OTMETHUTh POJIb TOCYIAPCTBA B pa3BuTUH €-learning B crpane. Tak, Hanpumep,
B Kutae B pamkax kammanuu «School’s Out, But Class Ony» npaBHTEIbCTBO BHECIO KOPPEKTUPOB-
KM Ha 3aKOHOJATEJIHbHOM YPOBHE JUIS PEeaM3allii MacIITaOHOTO TPOEKTa IO MPEIOCTaBICHHUIO €-
learning gopmara oOydenus ais Bceil ctpanbl. Cpequ HanboJiee UHTEPECHBIX M3MEHEHHH B 3aKO-
HaX TO, YTO TeNeph IpOLecC OOy4YeHHUs He SBISETCS OPUEHTHPOBAHHBIM Ha IMPErojaBaTelis
(teacher-centric), a mepexomuT Ha OpuUeHTHp Ha cTyaeHTa (Student-centric) u mpernojaBarenb BbI-
CTyIMaeT B POJU HACTaBHHMKA W MEHTOpa. [10/100HBIN MOIX0/ UCTIOIB30BAIM HOBAaTOphI M3 MHauu,
koTopsie pazpaboranu SMART mobile Android-nipunosxenue [4]. OcHOBHas UIest 3TOTO MPUIIOKE-
HUS COCTOUT B TOM, 4TO JJIs peanu3aiiud m-learning mporiecca o0yuenus HyxHO oT teacher-centric
noaxoza mepeiitu k Student-centric. DTu U3MEHEHUsI MPEAOCTABAT BO3MOXKHOCTD MEPCOHAIU3UPO-
BaTh IMPOIECC OOYUYCHUs, TOCTPOUTH HHANBUAYAIBHYIO TPAEKTOPHIO OOYyUEHHS U MPOBOJUTH aaal-
TUBHOE TECTUPOBAHHE Jp. MOJOKUTENbHbIE cTOpoHbI BHeApeHuss SMART-TexHonoruit B yueOHbIiH
mporecc.

Haubonee nponBuHyThiME BHIaMH €-learning cucrem siBiisitorcest — adaptive e-learning. OcHos-
Has WJesl 3aKII0YaeTCsl B MEPCOHATHM3AIMHA TPACKTOPHH OOYYECHHS O] KaXIO0TO OOYdYaromIerocs.
Jlnst Toro, 4TOOBI cucTeMa Oblla aJalTUBHON MOTYT OBITh IIPUMEHEHBI Pa3IMYHbIE MOIX0bl. HSiao-
Chien Tseng u zp. B cBoeit paboTe HCIOIB30BAIN TEOPUIO KOHICITYaIbHBIX KapT (Concept maps),
pazpadorannbiii Novak and Musonda B 1991 roay [5]. PazpaboTka mo3BoJIsieT U3 ONpeeleHHOTO
Habopa y4eOHOro MaTephalia MM KypcoB MO MMEIOIIMMCS TaHHBIM 00 00ydJaromeMcss WHAUBHY-
aJIbHO MO100PATh CIEAYIOMIUNA MaTepHal/Kypc.

Dalal Abdullah u ap. B cBoeii paboTe mpeIaratoT MoJeb aanTHBHON 00pa30BaTeIbHON CH-
CTEeMBbI, B KOTOPOM aJalTUBHBIM SIBJISIETCSI MpoliecC olleHWBaHUs, T.e. adaptive e-assessment [6].
Cucrtema MOXeT OBITh HHTETPHUPOBAHA C IPYTMMHU PEUICHUSMH, TaK Kak pa3padaThiBaeTcsi Kak OT-
IeTbHBIH MOayNb. B ciaydae ¢ aBropamu pemenne 0buto uHTEerpupoano ¢ LMS Moodle. ABTopsr
YTBEPXKIAIOT, YTO HEBO3MOXKHO CO3/aTh aJalTUBHYIO 00pa3oBaTEIbHYIO CHCTEMY, €CIIM B HEH He
aJlanTHPOBAaH MpPOIECC OLIEHUBAHMS, T.€. OOpaTHas CBA3b OT CTYJACHTA MPENOoJaBaTeio. ABTOPHI
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JaHHOW pabOTHI MOJHOCTHIO COTJIACHBI C STHM YTBEP)KICHUEM M OJHON M3 OCHOBHBIX KOMITOHEHTOB
HaIleil cuCTeMBI siBisieTcs adaptive e-assessment.

Dalal Abdullah u ap. B cBOCI 00pa30BaTENBbHOM CHCTEME KaK METOI0JIOTHYECKYIO 0a3y BbIOpa-
au Computerized Adaptive Test (CAT). Computerized Adaptive Test (CAT) — 3To 01HO U3 caMbIX
PacipoCTPaHEHHBIX TECOPUH, KOTOpast HCIIOAB3YETCs UTS pPeali3alii aaalTHBHBIX OIIEHOYHBIX CH-
creM [7]. Mbi uzyunnu noaxon CAT, ero npeuMyiiectsa U HEJOCTATKU IS PEATU3AIMN adallTHB-
HbIx cucteM. CBo# BbIOOp caenanu B monb3y Knowledge Space Theory (KST), kotopas Takxe siB-
JSIETCSl OJIHUM M3 YaCThIX BHIOOPOB aBTOPOB, pa3pabaThIBAIONIMX aalTHBHbBIC cUCTeMbI [8]. B oc-
HOBHOM 4acTu OyJeT CpaBHEHHE JIBYX MOJXOJIOB, a TaKxke MHpopMaIus o Oyaymei oopazoBaTeb-
HOU cucteme. Jlanee OynmeT mMpencTaBieHa KOHIENTyalbHass MOJIEIb 00pa30BaTEIbHOW CHCTEMBI,
KoTopas O6asupyercst Ha Teopun KST.

KonuenryanbHasi Moje/b aJanTHBHOWH 00pa3oBaTe/IbHOM OHJalH cucTeMbl. OCHOBHAs
1IEJIb CUCTEMBI: TOYHOE OIPEJICIICHUE YPOBHS 3HAHUH 110 ONPEACICHHOMY MTPEIMETY UHIUBUIYab-
HO JUTs1 KaXKI0TO 00y4Jaronierocst MyTeM MUHUMAIIBHOTO KOJIMYECTBA TECTOBBIX BOIIPOCOB.

PaccMOTpuM OCHOBHBIE KOMITOHEHTBI 3TOW CHCTEMbI. L[eHTpalbHBIM KOMITOHEHTOM SIBJISICTCSI
«aepeBo 3HaHM» Ha moxodun Knowledge Structure tree [9]. AGCTpakTHO MOKHO €roO MPEACTaBUTh
B BHUJIC OPHEHTHPOBAHHOTO Tpada/nepeBa 0e3 MUKIOB. BepmnHamu 3Tor0 rpada OyayT «eIHHHUIIBI
3HaHui» o anajgoruu ¢ Knowledge Unit, kotopast siBiseTCsS OHUM aTOMapHBIM TOHITHEM B PaM-
Kax MpeaMeTa/Kypca, KOTOpOe MOXKET OBITh MPOBEPEHO OAHUM BOMpocoM. Pebpamu B 3TOM rpade
SIBJISTIOTCSL B3aMMOCBSI3U MEXJy «SIMHUIAMH 3HaHWii». Ha puc. 3 MOXHO yBHIETh, 4TO 00y4Yaro-
IIUICSI, KOTOPBIH ocBomi ToHITHS A 1 B ToTOB K M3ydyennro matepuana C. OOpaTHOe TOKE BEpHO.
Ecnmu cucrema nosyuniaa mOATBEPIKICHHE, YTO OOyJaroIIuics ocBomi/3HaeT marepuan C, To Mo-
K€M YCJIOBHO IPUHATH, YTO MATCPUAJIbI A u B Ttakxe ocBO€EHEL.

Pucynok 3 — IIpumep
«0epesa 3HAHUILY

Crnenyroumm 1o Ba)XHOCTH KOMIIOHEHTOM siBJIsieTcsl 6a3a BompocoB. Kaxaplii BOmpoc MOXKeT
OBITH CBSI3aH C HECKOJBKUMH BEPIIMHAMHU «I€peBa 3HAHHI». DTO TOBOPUT O TOM, YTO 3TOT BOIPOC
MOKET OBbIThb HCIOJIb30BaH JJIsi NMPOBEPKH 3HAHWUN OOy4aromlerocsi Mo CBS3aHHbIM C HUM Te-
Mam/moHsATHAM. Taxke BepHO M 0OpaTHOE, OJlHA BEpIIMHA («EAMHULA 3HAHUN») MOXKET ObITh CBS-
3aHa ¢ HECKOJIbKUMH BompocaMu. YeM OoJibliie BOIPOCOB OYAET Y OJHOM BEpLIMHBI, TEM MEHBIIIE
IIAHC, YTO O0YyYaroluecs BblyyaT MPaBUIIbHBIE OTBETHI WIIM CMOTYT CIHMCATh JPYT Y ApYyra, Tak Kak
BOIIPOCHI OJINHAKOBBIE.

Crenyrone 2 KOMIIOHEHTBI: oOyuaromuiics 1 npenojaaBatens. OOydaronuiics sBiseTcs uc-
TOYHHUKOM JIaHHBIX, T.€. UCTOPHUU OTBETOB Ha BOMPOCHL. DTH JaHHbIE OyIyT HCIOIB30BATHCS IS
pacueTa pa3JInYHbIX IApaMETPOB BOIIPOCA:

1) Bamumanus/KOppeKTHOCTh BOMPOCA;
2) CII0XHOCTB;
3) HeoOXOoAMMOE KOJIMYECTBO BPEMEHH IS OTBETA,
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Vcnonb3ys BhIIEYKa3aHHBIE TApaMETPhl CUCTEMa CMOXKET:
1) BBISBJIATH U HCKIIOYATh HEKOPPEKTHBIEC BOIPOCHI;
2) ompenensaTh (aKT yraJblBaHUs CTYACHTOM;
3) mpoBepsITH OCBOCHUE «EAWHHIIBI 3HAHHUI» 00yJarOIIMMKCS.

Taxxe CTOUT OTMETUTbH, YTO O0YYAIOIIHECs CMOTYT TIOKa3bIBaTh YPOBEHB BIIAJICHUSI TEMOH Ye-
pe3 moroaHeHue 0a3bl BOIIPOCOB, T.€. CO3/IaHMsI CBOMX BONPOCOB. Co3/1aHHBIE CTYJCHTaMH BOIIPO-
CBl yKe OyIyT MpHUBS3aHBI K «EAMHHULE 3HaHUW». CHUcTeMe aajnee JOCTaTOYHO MOJYyYHTh MOJATBEP-
KJICHHWE OT IPENoJaBaTelisi, YTO BOIPOC, BapUAHTHI OTBETA U MPABUIIBHBINA OTBET, YKa3aHHBIC CTY-
JICHTOM, SIBIISTIOTCSI KOPPEKTHBIMU U OTHOCATCS K MPHUBSI3aHHOHN TeMe. [Ipu mojaoXuTeabsHoM ucxoae
CHCTeMa IOMEYaeT, 4YTO CTYAEHT OCBOWJI TEMY, TaK KaK TOJBKO CTYAEHT, KOTOPBIH MOJIHOCTBHIO
OCBOMJI 3TOT MaTepHal, CMOXET NPUIYMaTh BOIPOC 0 3TOH Teme. Jlajgee BOIpoC MPOXOIUT Bajlu-
Januio 4epes3 A00aBiIeHue K TecTaM 00yJarolIuXcsi 10 COOTBETCTBYIOIIEH TeMe. BakHO OTMETHTS,
YTO OTBETHI, JAHHBIC CTYJACHTAMH Ha HEBAJHIMPOBAHHBIC BOIPOCH], HE YUUTHIBAIOTCS, a 334al0TCS
TMIb Ui cOOpa HEOOXOAMMBIX ITAaHHBIX IS JAJbHEUIIEro IMoJjcyera MmapamMeTpoB KOHKPETHOTO
Borpoca. Ilocie cOopa HEOOXOIUMOro KOJINYECTBA JAHHBIX CHCTEMa aBTOMATHYECKU BAIUAUPYET
Borpoc. Ecnu Bompoc ycnenrHo nmpoxoauT BaJIHIaluIo, TO OH J0OaBJSIETCSl B OCHOBHYIO 0a3y Te-
CTOB M HCIIOJIB3YETCS JIJIsl TECTHPOBAHUS M OLICHUBAHUS YPOBHS 3HAHUN 00YYarOIIUXCSI.

C KOMIIOHEHTOM «00ydaroLuiicsa» TECHO CBs3aH KOMIIOHEHT «IIpernojaBateiby. Ilpenonasa-
TeJb SIBJIAETCSI ICTOYHUKOM HH(OpPMAIMU JUI TIOCTPOSHUS «AepeBa 3HaHHUI». DTO IPOUCXOIUT J10-
CTaTOYHO NPOCTO JUI MOJIB30BATEIsl CUCTEMBI. 3a/aeTcsi BOIpoc: «SIBiseTca mu tema X Clenyro-
el A u3ydeHus nocie TeMsl Y». OTBeThl Ha 110100HbIe BONIPOCHI HE TPeOyIOT OT MperoiaBaTes
MHOTO BPEMEHHU U HE MPEJOCTABIAIOT CIOKHOCTh. CHCTeMa aBTOMAaTHUYECKH, COOMpasi OTBETH Ha
3TH BOIPOCHI, IEPECTPAUBAET «IE€PEBO 3HAHMII», OCTENEHHO yiay4mas ero. Cieayer ocobo oTMme-
TUTh, YTO JUIA Hadaia paboThl CHCTEMBI IOCTATOYHO HAJMYUS JTAXKEe CAMOM MPSIMOJIMHEHHON CBSI3U
MEXJy TEeMaMH, HalpUMep, KaKk B KHUTaX — MOCJIE0BaTENbHO (pUc. 4).

Puynox 4 — Ilpumep camozo npocmozo, nocie008amenbHO20 Udd «0epesa 3HaHUY

Hpyroil ¢pyHKIMEN MpenojaBaTens B CUCTEME, TAKXKe Kak M y 00ydyaroluxcs, sIBJISEeTCsS BO3-
MO>KHOCTh CO3/[aHUsl COOCTBEHHBIX BONpocoB. Ho, B oTiimune oT oOyyaronuxcs, y npenojaBaTens
€CTh BO3MOXXHOCTb BbIOpaTh «E€AMHUILY 3HAaHUI», I KOTOPOU MIaHUpYyeTCs CO37aTh BOIIPOC.

Takum 006pazomM MOXKHO rpaduyecKy TPOMJUTIOCTPUPOBATH BCE OCHOBHbIE KOMIIOHEHTHI CHCTe-
MBI clieTyronuM odpaszom (puc. 5):

[Oepeso
3HAHUWA

O6yyvaro
wmica

[To mepeyrcaeHHBIM BBILIE XapaKTEPUCTUKAM OYEBUIHO TO, YTO CHCTEMA MOYKET MOJHOIEHHO
pabortath W3HauanbHO. HO Takke M OYEBHAHO TO, YTO CHCTeMa OyAeT Aalblle pPa3BUBATHCA H
yIIy41IaThCS TOJIBKO IIPU aKTUBHOM paboTe oOydaromuxcs U npenojaasareneil. Boznukaer Bompoc:

Pucynox 5 — Konyenmyanvnas mooens
aoanmuerol 06pazo8amenbHoU
OHAAUH-CUCTIEMbL

basza
Tectos

MNpenopg,
asaTens
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MOYEeMY CTY/CHTHI U MpernoaBareian OyayT UCIIOJIb30BaTh U aKTUBHO pa3BUBaTh cucteMmy. OTBET Ha
3TOT BOIIPOC HAXOAMUTCS B IPEUMYILECTBAX CUCTEMBI JJIs1 KOHEUHbIX M0JIb30BATENICH.

OCHOBHBIMHU MPEUMYIIECTBAMH 11 00yYarOIIErocs sIBJISIOTCS:

- B peXHMM€ OHJIAliH MOXHO IIOHATh OCBOCHHME/3HAHUE HEOOXOIMMOM TEMBI 0 CIEAYIOLIEro 3a-
HATHS. DTO OUYEHb BAKHO, TaK KaK y 00ydaromerocsi 0yseT BO3MOKHOCTh JJOYUYUTH/TIEpEeUnTaTh Ma-
Tepuai ¥ NpUNTH TOTOBBIM Ha clefyroliee 3aHsaTue. B atom ciydae obyqaromuiicst ¢ 6onblieit 1o-
Jeil BEpOSITHOCTU OCBOMUT M cienyromuii Matepuan. Ho cambIM riaBHBIM SBIISIETCS TO, 4TO 00ydYa-
IOLIUICA HE OKaXeTCd B CUTYalMM, KOIJla BUAUT OLEHKY/YpPOBEHb YCBOEHUS IPEAbIAYILEro mMaTe-
pHuasia 3a HECKOJIbKO MMHYT II€peJ CIEAYIOLUM 3aHsATHEM. Tak NpoucXoauT B TPAIULUOHHOMN CH-
creMe 00pa3oBaHMsA, KOT/la IpenojaBareib pa3faeT TeTpaju ¢ OLEHKaMM 3a JIOMalIHee 3aJaHue
nepes HayajaoM M3Y4YeHHUs CIEAYIOIIEro Marepuaia. Y oOydaromuxcsi MpU TaKOM MOAXOJIE MPOCTO
HET BO3MOXKHOCTH JJOYYUTh/IIEpEUnTaTh MPEAbLIYIIUI MaTepuai sl TOro, 4ToO0bl OBITH TOTOBBIM K
OCBOCHMIO CIIENYIOLIEH TEMBI;

- BO3MOXKHOCTb BbIOOpa: MOXHO PELIMTh 3aJa4y UM cO3JaTh CBOIO. DTO OyneT pa3BUBATh Kpe-
aTUBHOCTb Cpefu OoOyyaroluXcs, a TaKkKe MOTUBMPOBATh MX, TaK KaK CO3JaHHE HOBOI'O BOIIpOCa
BbI3bIBAET OOJIBIINI BBI30B HEXKEJIN PELICHUE 3a/1a4H.

CaMbIM OCHOBHBIM MPEUMYIIECTBOM HCIIOJIb30BAHUS CUCTEMBI JJISl MPEIOaBaTeNsl SABIIAETCS
TO, YTO HE HY)KHO BPYYHYIO IIPOBEPSTH JAOMAIlHUE 33aJaHusl U3 TeTpajeil oOyuatomuxcs. Cucrema
aBTOMAaTHYECKH MPOBEPUT BCeX OOYYArOIIMXCS U OTHPABUT JI€TAJbHBIA OTYET 110 OCBOECHHUIO Mate-
puana. Takke cucreMa CMOXKET OTIIPABHUTH JIOTIOJHUTENBHYIO HH)OPMAIMIO IEPCOHATBHO MO KaXkK-
JI0OMy 00Yy4YaromemMycs 1o CIHUCKY TeM, KOTOpble ¢ OoJbLIel 101eil BEpOSTHOCTH HE ObLIM OCBOEHBI
WA 3a0BITBI. DTO MO3BOJMT MPENOJABATENI0 BPEMs, OCBOOOAMBIIEECS 332 CUET aBTOMATHYECKOU
IIPOBEPKH JOMAIHUX 3alaHUI 00ydaromuxcs, MOCBITUTh YJIYUIIEHNIO0 Y4eOHOro MaTepuana u pa-
00Te C OTCTAIOIUMH 00YJAIOIIMUCS.

MBI paccMOTpenu OCHOBHBIE KOMITOHEHThI M KOHLENTYalbHYIO0 MO/IENb alalTUBHON 00pa3oBa-
TEJIbHOW OHJIAWH-CUCTEMBbl. MBI HaO/I0/1aeM, YTO HE BCE MOMEHTHI ObUIM OXBAau€Hbl WJIM YUTEHBI.
Taxoke npeAcTOUT AajbHENIIee UcCIel0BaHUEe TeMbI, KOTOpoe OyeT OIMCcaHo MMoipoOHee aaee.

3ak/rouenue U o0cy:kaeHue. B Tekyiiell 03HAKOMUTEIBHOW CTAaThe OIMYCTUIIM HEKOTOPHIE
KeHChl, epeunciieHbl Hanboiee 3HaYuMble U3 HUX:

- TaK KaK OCHOBHBIM MHCTPYMEHTOM OOpaTHOMN CBSI3U SIBJISIETCSI TECTUPOBAHUE C BapHaHTaMU
OTBETOB, TO €CTh BEPOSTHOCTb YIaJbIBaHUS MPABUILHOTO OTBETA CTYJEHTOM. MBI MPEAIOKUM aB-
TOPCKUH aJITOPUTM T10 BBISIBJICHUIO yraJlaHHBIX OTBETOB CTY/ICHTOB;

- ecTh o011ee 30Ty IeHNe, YTO TECTUPOBAHUE MPOBEPSIET TOJIBKO (akTorpapuuecKue 3HaHHs.
B Teopumn TectupoBaHMs MOXKHO BbIIEIUTH mopsiaka 10 BHIOB TeCTOB, MOMUMO (akTorpaduue-
CKUX;

- QJITOPUTMBI U (OPMYITBI UCIIOIB3YEMBIE CUCTEMOM;
- APXUTEKTYpa HHPOPMALIMOHHON CUCTEMBI.

[Tocne mony4deHus: MOAENU aJanTHUBHOM 00pa3oBaTeNbHON OHJIAWH-CUCTEMBI M 3aBEpIICHUS
pa3paboTKU MPOTOTHIIA, aBTOPHI IJIAHUPYIOT MPOBECTH HKCIIEPUMEHT Ha HaYaJIbHBIX -CPETHUX KJIac-
cax IIKOJIBI IO MPEeAMETY MaTeMaTuka. DKCIEepUMEHT OyJeT 3aK0uaThCsl B CPAaBHEHUH NPUPOCTa B
MOJTyYEHHBIX 3HAHUAX 2 TPYI yyaluxcs: ¢ U 0e3 UCIOIb30BAHUS OHJIAH-CUCTEMBI KaK JIOMOJIHU-
TEJIBHOTO HHCTPYMEHTA B Ipoliecce 00yueHusl.

Paboma svinonnena 3a cuem cpedcme Munucmepcemea oopazosanus u Hayku Pecnyonuxu Ka-
saxcman wa 2018-2020 20061 (Ne AP05135692).
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Zh.M. Bekaulova®, E.S. Maulenov', N.T. Duzbayev', Y.A. Daineko®, G.U. Mamatova®
Conceptual model of the educational process based on smart technologies

Abstract. The article is devoted to the theoretical consideration of the phenomenon of smart
technologies in modern education from the perspective of the development of universal and profes-
sional competencies. The process of teaching students involves turning to innovation, since the use
of new technologies significantly expands the boundaries of teaching, and obtaining knowledge,
and applying existing skills in practice. The inclusion of such innovations as smart technologies in
the educational space of a modern University leads to a valuable transition to versatile learning.
Students immersion in the sphere of new educational technologies actualizes previously hidden cre-
ative and intellectual resources, motivates research activities, and increases the level of cognitive
interest. A conceptual model with an adaptive online educational system based on SMART technol-
ogies can be used in two possible ways. The first, as an additional tool for modifying the traditional
learning process by optimizing repetitive elements that can be automated. Second, to modernize the
current learning process by introducing new teaching methods, such as e-learning, m-learning,
blended learning, and others. As a result, system promotes shift of teacher-centric approach to the
student-centric. Nevertheless, it is noted that the role of the teacher is not leveled, but rather, the
teacher acts as a mentor who will be able to maximize his/her potential using SMART technologies.
This, in turn, will positively affect the quality of knowledge received by students in this educational
system.

Key words: e-learning, online assessment, adaptive learning, adaptive assessment, adaptive
testing, knowledge graph, smart technologies, m-learning, graph theory

Bbekayisosa 7K.M., Mayaenos E.C., /ly30aeB H.T., /laiinexo E.A., MamaToBa I'.Y.
Smart TexnoJsorusi1apra Herisejaren 6iiM 6epy ypaiciHiH KoHIeNnTya abIK MoeJi
Anaarna: Makana 3ama"ayu O11iM Oepyzieri cMapT TeXHOJIOTUsIap GeHOMEHIH oMOebar xoHe
KOCIOM KY3BIPETTLTIKTI JAaMBITY TYPFBICHIHAH TEOPHUSUIBIK KapacTblpyFa apHanraH. CryaeHTTepli
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OKBITY YJIepici KaHa TEeXHOJIOTUSIIAPAbI KOJAAHBINT OKBITY MEH OUTIM aly/AblH JKOHE MPaKTHKAIIBIK
KbI3METTE Oap iCKepiiKkTep MEH JIaFablaapabl KOJJIaHYABIH IIETIH eoyip KeHEHTETIHAIKTeH, HHHO-
BalUsIapra YHACY jkacaynbl kesuedni. 3amanayun JKOO-ubpiH OimiM Oepy KEHICTITiHE cMapT-
TEXHOJIOTHSIAP CUSAKTHI WHHOBAIMSHBIH KOCBLIYBI )KaH-)KaKThl OKyFa KOIIYiH KYHIBUIBIFbIHA Ce-
6emnmri 6onagpl. CTyneHTTEp i kaHa O011iM Oepy TeXHOJIOTHsIIAPbIHBIH CajlachblHA CiHYl OYpbIH jKa-
CBIPBIH IIBIFAPMAIIBUIBIK JKOHE 3UATKEPIIIK pecypcTapibl ©3¢KTEHIIPE i, 3epTTeY KbI3METiHE bIHTA-
JAHABIPAIbI, TAHBIMJIBIK KBI3BIFYIIBUIBIKTRIH JeHTreliH apTteipansl. SMART TexHonorusmapra
HETI3JIeNITeH aJIanTUBTI OiiM Oepy Kyieci 6ap TYXKbIpbIMIaMaIbIK MOJENb €Ki BIKTUMAaJl YKOJIMEH
naiiananpuTybl MYMKiH. BipiHmmici, aBromarTaHuelpyFa OOJIaTBIH KaWTalaHATBIH 3JIEMEHTTEPII
OHTAMIAHIBIPY apPKBUIBI AOCTYPJI OKY MPOIIECIH ©3repTY/AiH KOChIMINIA Kypasbl peTinae. ExinmiiaeH,
OKBITYJIBIH JKaHa 9/IiCTEPiH, MBICAIIBI, AIEKTPOHIBIK OKBITY, MOOHIIB/II OKBITY, apajlaC OKBITY KOHE
OackajapblH €HTI3y apKbLIbl MOJEpHHU3anmsuIay. JXKyieHi eHri3y HOTHIKECIH/Ie OKBITYIIIbIFa OaFbIT-
TaJFaH OKYy TIPOIeCi OKYIIbIFa aybICThIpbUIanel. OCBhIFaH KapaMacTaH, OKBITYIIBIHBIH pei
kemimeiini, kepicinme SMART texHonorusuapabl KojlaHa OTHIPHIN, MYFaliM ©31HIH QJIEyeTiH Ja-
MBITA aJIATBIHBI EPEKIIIe aTal OTijeai. by 63 Ke3erinjae CTyAeHTTEpiH OChl O1TiM Oepy KyieciHme
anFaH Oi1iM camacbhIHa OH 9CEp eTe/Il.

Tyilinai ce3mep: >7IEKTPOHIBI OKBITY, OHJIAHH Oaranay, OCHIMIENTII OKBITY, OcHimaenriir
Oaranay, OeiiMeNril TecTiiey, OUTiM aFalibl, CMapT TEXHOJIOTHUSIIAP, MOOMIIB/II OKBITY, Irpad Teo-
PHSCHI
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HCIOJb30BAHUE HOBbIX TH®OPMAIIMOHHBIX TEXHOJIOTUH IS
PABPABOTKHN OBYYAIOILIIUX ITPOI'PAMM

Annomayusa. B cmamve paccmompeno npumenenue UT 6 cghepe evicueco obpasosanus. I[Iposeden
ananuz 6HeopeHUs: UHHOBAYUOHHBIX PA3pabomoK Ol 0OyUeHUs, a maKdice npeumMyuwecmed u 603MOICHOCIU
npumenenus 06paz08amenbHuIX pecypcos ¢ ucnoavzoganuem UT. [Ipedcmasnen cobcmeennviii npoepamm-
HbI NPOOYKM, NO3GOAAIOWUL U3YUams u3UKy ¢ nomowsto coepementnvix UT. 110006HbI N00X00 no3601UN
coenamo 83aumooeticmaue ¢ npunodceHuem 0ojee UHMEPeCHbIM U 3aNOMUHAIOWUMCS, a obyueHue Gonee
aghpexmusnvim. B xauecmee naamgpopmul paspabomku 6vina sviopana mexcniamepopmennas cpeoa Unity
3D. Ocnosnoiti ¢hynxyuonan 6vin nanucan na C#. I pagpuueckue mooenu cozoasanucy npu nomowu Substance
Painter. Taxoice npuseden onvim pabomol 8 MEHCOYHAPOOHBIX NPOEKMAX OISl NOBLIULEHUS KA4eCmed YHeOHbIX
npozpamm. Ilokazano, umo ucnonvzosanue Hoswvix UT npu 06yuenuu omxpwieaiom Hogbie NepcneKmugyl Ol
UX WUPOKO20 NPUMEHEHUSL HA PA3HBIX IMANAX 00yUeHUs 8 Y4eOHbIX 3A8€0CHUSX PA3TUUHBIX YPOBHEIL.

Knioueswie cnosa: UT, o6pazosanue, ynusepcumem, supmyaivhule rabopamopuu, Unity 3D.

BBenenue

B coBpemenHoM mupe umH(pOpMalnOHHbIE U KOMMYyHuKaunoHHble TexHosoruu (MKT) cranu
OOBIYHBIM SIBIICHHEM BO BceX c(hepax KM3HU M 00pa3oBaHue HE SBISIETCS HCKitoueHneM. OCHOBHEIC
npeumymniectsa UKT npu oOyueHuu: Hamuuue W JOCTYMHOCTh OHJIAHH-MCTOYHUKOB, THOKOE pac-
IIPENIEJICHNE BPEMEHU U MECTa, YTO TMO3BOJISET yJalIMMCsl MOJIYyYUTh JOCTYN K OHJIaliH-MaTepuanam
B JIt000€ BpeMs U M3 J000ro Mmecra, koropoe oHu mnpeanodntaroT. UKT obGnagaroT mpuHIUNomM
HarJIsiTHOCTH, TI03BOJISAS MPEIOCTaBUTh BU3YaJIbHOE M 3BYKOBOE CONpoBOkjeHue. Hanpumep, pas-
JIMYHOTO POJia 3JIEKTPOHHBIE BU3YalIM3aTOPbI CETOAHS aKTUBHO MCIOJIb3YIOTCS B 00J1aCTH (PU3UKH U
XUMHH, MTO3BOJISISI U3ydaTh U UCCIIE0OBATh SIBICHUS, HE BUAMMBIE YEIOBEKY HEBOOPYKEHHBIM IJIa-
3oM [1, 2, 3, 4]. Ucnonb3oBanne KT ocoOeHHO ompaBaaHo Ui OpraHU3alMK AUCTAHIIMOHHOTO
o0OyueHus1, MO3BOJIAIOIIEr0 PabOTAIOUINM JIFOASIM WJIU JIIOASIM C OFPaHMYEHHBIMU BO3MOXHOCTSMU
MOJIYYUTh AOCTYIl K 00pa30BaHUIO. JTO MMOMOTAET CAeNaTh B3aUMOJEHCTBIE MEXAY MperoiaBare-
JSIMH ¥ CTYZIeHTaMH 0oJiee MHTEHCUBHBIM, 00y4deHHe 0ojiee HHTEPaKTUBHBIM, a 3HaYUT OoJiee riy-
6okuM u 3¢pdexktuBHbM [5, 6]. UKT nmo3BoisA0T OpraHu30BaTh HHIAUBUAYAIU3ALNIO0 O0YUYEHUS ITy-
TE€M BBICTpaNBaHUs UHJMBUIYaJIbHOW MPOrpaMMbl OCBOCHHS HEOOXOJUMOTro yueOHOro MaTepuaia,
pacrosaras J0CTYIoM K 0a3aM JaHHBIX U K MPEnoJaBaTelito Uis KOHCYIbTallli, OCyIIeCTBIsAs ca-
MOIIPOBEPKY YEPE3 COOTBETCTBYIOLINE CUCTEMBI KOHTPOJIS 3HAHUM.

[Tpo6aema mupoxoro npumenenust KT B cdepe Briciero o6pa3zoBaHus B MocieaHee AECATH-
JIeTHe BbI3bIBA€T MOBBIIIEHHBIN HHTepec. Tak, B [7] paccmorpeHo ucnoibzoBanue UKT kbiprois-
CKHMH ydalIumucs 1 yuutensiMu. Llenpio ncciaenoBanus sSBISIOCH U3yYEHHE BOCIIPUATHS ydalluX-
csl ¥ mpenojasaresiei B oTHomeHnu ucnoas3oBanus MKT Ha Kypcax ecTecTBO3HaHUS, TEXHOJIOTHH,
umxeHepun u Matematuku (STEM) B cpennux mkonax Keipreisckoit Pecnyonuku. B [8] uccneno-
BaHUE HAMpaBJICHO Ha pa3pabOTKy MoJienH OapbepoB i MHTErpanuu HUGPOBBIX TEXHOJIOTHHA B
npernojaBaHue B yHuUBepcuTeTax. Pa3paboTaHHas MOJENTh MOMOMKET OpraHU3alusM U YUUTEIsIM
OTIpPENICNIUTh U TPEOJIONIETh KaK KOHKPETHBIE Oaphepbl, TaK U HUX CBS3b C APYTUMH (PaKTOpaMu,
yayd4inasi HHTErpauio nudpoBbIX TEXHOJIOTUN B BhIciiee oOpa3oBanue. B [9] npencrasieno mpu-
MEHEHHUE METOJIOJIOTUHN ISl OLICHKU NMPUTOAHOCTH, IPUHATUSA U UCIOIb30BaHUS HHCTPYMEHTOB MH-
dhopmarmorHsix TexHosoruit (MT) mist OTASNbHBIX ydanuxcs Py U3yYEHUHN TU3aiHa I B3aUMO-
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nerictBus denoBeka ¢ kommbiorepoMm (HCI) B yHuBepcurerax JIMTBBL. DTa METOIOJIOTHS MOXKET
ObITh UCIOJb30BaHA B PEalbHBIX JKU3HEHHBIX CUTYAlUAX, KOTJA YUUTENs JOJDKHBI IIOMOTaTh y4a-
mUMCsl TpUMeHITh UHCTpyMeHTsl UT, sBisromuecs Hambosiee MOAXOIAMIMMH, MPHUEMIIEMBIMH U
NPUTOJHBIMH UL UX HYXZ, ¥, TAKUM 00pa30M, MOBBIIIATh MOTHUBALIMIO YYAIIUXCS, YTO, B CBOIO
ouepesib, CO3AaeT YCIOBUS IS Tydniero u oosnee dddexrusHoro odyuenus. B [10] nuzyyanuce npe-
HMMYIIECTBA UCIIOIb30BaHM BUPTyalibHOU peanbHOCTH (VR) B pasnuunbix cueHapusx. VR o6mana-
eT OOJBIIMM TMOTCHIHAIOM W €€ NPUMEHEHHE B OOpa30BaHMU B IIOCIICAHEE BPEMS BBI3BIBAIOT
OOJIBIIION MCCIIEIOBATENIbCKUNA HHTEpEC. TeM He MeHee, B HaCTOALIee BpeMs CYIIECTBYET Majlo CH-
CTEeMaTU4YECKOM padoThl O TOM, KaK HCCIIEJOBAaTeNu MPUMEHSIOT UMMepcuBHY0 VR B cucreme
BBICIIETO oOpa3zoBanus. B crarbe aBTOpOB M3 YHuBepcutera Martapama [11] onuceiBaeTcss BUPTY-
asibHas 1abopaTopHsl MO KOMIUIEKCY JIeKTpuuecTBa. MX 1enpio ObLIO CO31aTh albTepPHATUBHBIN
71a00paTOPHBI KOMIUIEKC H3-3a OTpaHUYEeHHOro 0oOopymoBaHus. Pa3paboraHHble 1abopaTopHBIC
paboThl MOBBICUIIU BOBJICUEHHOCTh CTYICHTOB U UX CIOBECHO-00pa3HOe TBOPYECTBO. ABTOPHI pa-
00ThI [12] omucany BUPTYyaJIbHYIO J1IAOOPATOPHUIO ¢ MHTEPAKTUBHBIM MOJECIMPOBAHUEM OHOMACChI
JUTS BBIpaOOTKH dHeprur. OH ObUT CO3MIaH JIJIi MAaruCTPaHTOB paclpeeieHHOW BO30OHOBIISIEMON
SHEPreTUKU. B pesynpraTe aBTOPHI MOTYyYar0T OOPATHYIO CBSI3b OT CTYACHTOB O BUPTYaJIbHOH J1a00-
paTopuM KaK OTJIMYHOM IOATOTOBUTEIBHOM HHCTPYMEHTE. DJIEKTPOHHOE OOydeHue sBIISETCS pe-
BOJIFOIIMOHHOM CHJION B MEIUIMHCKOM 00pa3oBaHHM, OCOOEHHO JUIsl CTpaH C OrpaHUYCHHBIMU pe-
cypcamu, KOTOpBIE BCE €IlIe CTPaJaroT HM3-3a OCTPOW HEXBATKH PaOOTHUKOB 3PaBOOXPAHEHUS.
Hanpuwmep, B [13] nokazano, 4yto B cTpaHax AQpUKH dIIEKTPOHHOE O0y4YEeHHE I MEAUIIMHCKOTO
00pa3oBaHMs HANPABJICHO HAa YKPEIUIEHHE CHUCTEMBI 37JpaBOOXPAHEHHUS C IIENBIO YIOBJICTBOPEHHUS
MOTpeOHOCTEN HaceJIeHHUs] B MEIUIMHCKON momomnu. [Ipu 3ToM 31eKTpoHHOE 00y4YeHHUE TOJIKHO
YCTOMYMBO MHTETPUPOBATHCS B MECTHYIO 00pa3oBaTeIbHYIO Cpelly U COIJIaCOBBIBATHCS C HAILMO-
HaJbHBIMU MpHOpUTETaMU. Bo MHOTUX HcCcleA0BaHUAX ObUIM MPEANPUHATHI MOIBITKH AJs pa3pa-
OOTKM pa3IMYHBIX acleKTOB Lu(poBoro paspeiBa, B ToM uucie aoctyn k UKT, ucnonszoBanue
UKT u pesynbratel UKT. B [14] Obla mocTpoeHa KOHIENTyaldbHAass OCHOBA LU(POBBIX pazIuyMi
i npedeKTypHbIX roponoB B Kurae, paccmarpuBaeMasi MpOCTPAHCTBEHHAs arjoMepanus ¢ Hc-
I0JIb30BAHUEM KJIACTEPHOTO aHAJIM3a U U3YYEHBI BEIyIUE KOPPENIATHI C UCIOIb30BAHUEM MOJIEIH
reorpaduuecku-p3BemenHon perpeccun (GWR). HccnenoBanue mokasano, 4To BeIyIIMMH JeTep-
MUHaHTaMH [IU(PPOBOTO pa3pbiBa ABISIOTCS TOPOJICKOM KUIION 10X0A, o0umii ko3dduiueHT oxsa-
Ta CpeJHUM 00pa3oBaHMEM, JJOXOJ] B CEIbCKONH MECTHOCTH M HaceJeHUe TPYAOCIOCOOHOIro Bo3pac-
Ta. JTO yKa3blBaeT Ha TO, 4TO A ynydmeHus ucnoiszoBanuss KT u pe3ynbTatoB HEoOXoa1uMo
pEelINTh HE MHCTUTYIMOHAJIBHBIE U WHHOBAIIMOHHBIE aCIEKThI, a COIUAIbHO-I)KOHOMUYECKUE TPO-
OJIEMBI.

Taxkum o6pazom, HoBble MKT co3marorT ycrnoBusi Al MOJHOLEHHOM pealu3allid OCHOBHBIX
TPaJULIMOHHBIX IPUHIUIIOB, KOPEHHBIM 00pa30M U3MEHSSI BeCh 00pa30BaTeNIbHBII Mpoliecc.

Pe3yabTarsl

MexayHapoaHbIi YHUBEPCUTET HH(OPMAIIMOHHBIX TEXHOJIOTUH HMEET ONBIT Pa3paboTKU
AJIEKTPOHHBIX 00yYaroIuX cucTeM. Tak, aBTopamu Obula pazpaboTaHa BUpTyalibHas JabopaTopus,
npecTaBistonias codoil KoMIUIeKC J1abopaTOpHBIX paboT mo ¢usuke Ha 6aze ¢peiimBopka .NET
XNA ¢ ucnonbp3zoBanreM 3D-KOMIIBIOTEPHOIO MOJAEIIMPOBAHUSA HA Ka3aXCKOM, PYCCKOM M aHTJIMH-
CKOM $I3bIKaX, OOBbETMHEHHBIX B BUPTyalbHYIO (pru3nueckyro nadboparoputo [15, 16]. BupryanbHas
nabopaTopust YCHEIIHO MPUMEHSETCS B MpoLiecce MPenoJaBaHus TUCHUILTHHB «DU3nuKa» I CTY-
JIeHTOB MeXyHapOIHOTO YHUBEPCUTETa NH(POPMALMOHHBIX TEXHOJIOTUI MO TEXHUUYECKUM CHElH-
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anbHOCTAM. B nanpHeiineM nabopatopust MOKET UCIIOJIb30BATHCA B Mpoliecce 00yueHHUs CTYIEHTOB
TMOOBIX CHENMATBLHOCTEH, Y KOTOPBIX (PU3UKA SBISETCS 0053aTeIbHBIM IPEIMETOM.

VIRTUAL LABORATORY

ATWOOD MACHINE

Description

ATWOOD MACHINE Acquisition of skills of research of the kinematic equations
of rectilinear uniform and uniformly accelerated movement
and main equation of a material point and progress of a
firm body.

Extra

PDF
Theory

Pucynox 1 — Hnmepgpetic enagrnoeo menio npunodicenus upmyanvbHoll usuieckoll 1adopamopuu ¢ d1emMeHmamu
3D-komnbromepHo20 MOOEIUPOBAHUS C NAMBIO TAOOPAMOPHBIMU pAbOMAMU 8 COCase

B AO «MYUT» Obu10 pa3paboTaHo mporpamMmMHOe MPHIOKEHHE «DIIEKTPOHHAS TabopaTopus
(E-lab)», xoTopas peanu3oBaHa B BUJE MPHIOKCHUS C HAOOPOM NPAKTHUYCCKUX 3aJaHuil, Jadopa-
TOPHBIX paboT, aHUMALUK U TEOPETHUUECKHUX 3aJaHuil A7 U3ydeHus (PU3MKU B CPEIHUX y4eOHBIX
3aBEJICHUSX C MCIIOJb30BAaHUEM TEXHOJIOTMU JOMOJHEHHOM M BHUPTYyalbHOW peaibHOCTH. [laHHOE
MIPUIIOKEHHUE MOKET MPUMEHAThCS He TobKko B KazaxcraHe, HO M 3a pyOex oM, Tak Kak MEHIO MpH-
JIO’)KEHUS PEaTM30BaHO HA TPEX SI3bIKAX: Ka3aXCKUM, pyCCKUN U aHTJIMICKUH SI3bIKU (PUCYHOK 2).

Hauate
%

A-porpamme

4

Buitn

Pucynox 2 — «Onexmponnas nabopamopus (E-lab)»

Ha pucynke 3 moka3aHo MOOMIbHOE MPHIIOKEHUE, UCTIOIB3YIOIIEe TEXHOIOTHIO JOTIOJTHEHHOM
peanbHOCTH C HA0OPOM MPAKTHYECKUX 3aJIaHUN, SKCTIEPUMEHTOB, aHUMAIIUH U TECTOBBIX BOIIPOCOB
o ¢usuke. [lonp30Barento MpeaocTaBiIseTcs] BO3MOKHOCTh MEPEMEIIAThCs B MIPOCTPAHCTBE 3a/1a-
HUS W HAOJMIOJaTh 3a €ro UMHUTALMEN C JIFOObIX MO3ULUN WK YIJI0B 0030pa, 4TO B CBOIO OUepelb
yJIy4IlIaeT BOCIPUATUE U YCBOCHUE U3y4yaeMOro maTtepuaia. Takoe mpuMeHEHUe JAOMOTHEHHOU pe-
QTHHOCTH TIOJIOKUTEJIBHO BIMSET Ha MOTHUBAIIMIO, BHUMAaHUE, KOHIIEHTPAIUIO U TUCIUIUINHY CTY-
neHToB. Takxke MOXKHO IMPOBEPUTH 3HAHUS C TTOMOUIBIO TECTOB C HECKOJbKMUMH BapHaHTaMU OTBE-
TOB.
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Image distance: 215.34 mm

Pucynox 3 — Mobunvnoe npunodicenue ons usyuenus Qusuku

Hapsiny ¢ co3manuem BUPTYyaIbHBIX Jlaboparopuii B ompeneneHHoi odmactu, AO «MYUT»
UCIOJIb3YET BO3MOXHOCTH €BPOMNEHCKUX U APYTrUX MEXIYHAPOAHBIX MPOrpaMM JIjIsl MPOJIBUKEHUS
«TexHnonoruyecku ycoBepiieHCTBOBaHHOTO oOydenus» (TEL), koTopoe ucronp3yeTcsi He TOJIbKO
JUIS OITMCaHMsI IPUMEHEHHS TEXHOJIOTUH B TIPET0IaBaHuU U 00yYEHUH, HO TaKXKe MPeoOpa3oBbIBAET
yupexJeHus: 00pa3oBaHus 10 Hey3HaBaeMocTu. TEL oOpa3oBaHue MOXKET ObITh CHHOHUMOM 3JIEK-
TpoHHOTrO 00yueHus. Llenpto TEL siBasieTcst npegocTaBieHne COMAIBHBIX U TEXHUYECKUX WHHOBA-
Ui TSI METOI0B OOyUEHHSI KaK Ui OTACIbHBIX JIMII, TaK U JuIs opranu3ammii. TEL u E-Learning
MOTYT UCTIOJIb30BATHCS KaK CHHOHUMBI, JIaXKe €CJIM CYIIECTBYIOT 3HaUUTeNbHbIE pasnuunsi. O0paso-
BaHUE MOXHO PacCMaTPHBATh KaK MPOIECC WM KaK CHCTEMY, KOTOpasi MOIEPKUBAET M 00ecIieqn-
BaeT oOyuyeHue W moArotoBky. B cmyuae TEL oOpasoBanus mzydaercs MOTEHUUATbHOE BIHSHUE
MH(GOPMAIIMOHHBIX TEXHOJIOTUH, KOTOPBIE MOTYT OXBaTBhIBATh CIIOCOOBI MHTETPAIIMN TEXHOJOTHH B
yueOHOe 3aBeIeHHE WM B CHCTEMY IMOAJIEPKKH MPOLIECCOB MPEnoAaBaHus U 00y4eHus, HalpuMep
MCIIOJIb30BaHUE OOPATHOM CBS3H CO CTYJACHTAMH OHJIAWH WU PE3yJIbTaThl OLIEHKH MpernoaBaTeis,
IIpU 3TOM 00€ OLIEHKH MOYKHO paccMaTpuBaTh TaK, YTOObI MOXHO ObLIO YBHJIETh OOIKE YCIEXH U
HEJOCTaTKH.

[lo cyTu, TEXHOIOTUHU B 3HAYUTENIBHOM CTENEHU BBIMOIHSIIOT TO, YTO OBLIO C/ETIaHO paHee 0e3
TEXHOJIOTHH. 3a7a4a COCTOUT B TOM, YTOOBI OOYYHTH CJIENYIOIIEe MOKOJIEHUE, OTBETCTBEHHOE 3a
CO3JIaHME U PAaCHpPOCTPaHEHHE HOBBIX TEXHOJIOTUH, KOTOpbIe 00JieryaroT oOpa3oBaTeibHbIN Mpo-
1IecC, Jiesas ero 00s1ee OCMBICICHHBIM M OBICTPBIM B COOTBETCTBUHU C MEXAYHApOAHBIMU CTaHJAp-
TaMd. A MeXIyHapoIHbIe MPOEKThI, B YACTHOCTH €BpoIeiickas mporpamma Erasmus +, crmoco6-
CTBYeT pa3paboTKe HOBBIX MOJX0/10B M Meronosoruil. [Ipoekt mporpammsr Erasmus + KUTEL —
«Ka3zaxcraHckue yHUBEPCUTETHI JIJIsl COAEUCTBUS MpolieccaM O0ecrieueHusl KauecTBa B 00Y4eHUH C
UCIOJIb30BAHUEM TEXHOJIOTHI» HallpaBlieH Ha oOeclieueHue KayecTBa KypcoB W MOAYJEH, OCHO-
BaHHBIX Ha TEL. Ero ocHOBHas 11e/1b 3aKiII09aeTcst B COASHCTBUN peOPMUPOBAHUIO B MOJIEPHHU3A-
LIUM BBICIIEro oOpa3zoBaHus B KasaxcTane myTeM BHEIPEHUS HALIMOHAIBHOM CUCTEMbI 0OecrieueHus
KayecTBa Uil OOy4eHHUs C HCIOJIIb30BaHUEM TEXHONOTWi. MHTerpanus v BHEIPEHUE METO/I0B
yinydmeHus TexHonorun obOydenust (TEL) ymyumiat, pa3paboraroT/peanus3yroT pyKOBOJISIIHE
MIPUHIIMIIBI ¥ IPOLIEYPHI I 00ECTICUeHHS KaueCTBa yUeOHBIX MPOTPaMM.

Bnusinue u >Q¢exTuBHOE M3MEHEHHE O00eCIeuynuBaeTCsl MPOEKTOM IMOCPEICTBOM TPEHUHIOB,
KOTOpbIe 00ECIeUrBAIOT KOHCOIUAUPOBAHHBIE NMPO(PECCHOHANBHBIE HABBIKU MO 00ECTeYeHHUI0 Ka-
YecTBa MPErnoAaBaTeIbCKOro cocTaBa, MOJIEPHU3ALNN 00pa30BaTEIbHBIX MPOLIECCOB U MOJITOTOBKY
aJIMMHHUCTPATUBHOIO COCTaBa YUPEXKJEHUH 0Opa30BaHUs, OTBETCTBEHHBIX 3a aKKPEAUTALHUI0 U
OLIEHKY KauecTBa BbIclIero obOpa3oBaHusa. OOyueHHE MOBBICUT KOMIETEHIMHM IepcoHaia JUls
yayudieHus: cootHomenus EU/KZ cranaapTu3upoBaHHOM CUCTEMbI 00ECTICUeHHs] KauecTBa; Orpe-
JITICHUST HAITMOHAJIbHBIX cTaHaapToB st TEL ¢ ydeTom cchulok mo oOecreueHno KauecTBa U pe-
KOMEHJAIW, pa3aensieMblXx ¢ MHHHCTEPCTBOM OOpa30BaHUSA M HAYKH, & TAKXKE C YUPEKICHUSIMU
BBICITIIETO 00OpPa30BaHMS.

MVYUT pa3pabotan cBOM MOAYIH AJIsi IPOJBUKEHUS YUEOHBIX IPOrPaMM, TEM CaMbIM CIIOCO0-
CTBYSl TE€XHOJIOTH3AIUH TIpoliecca 00y4eHHs, UCTOb3Ys Ul 3TOT0 HEJAaBHO CO3AAHHYIO MYJIbTH-
Menuiinyto naboparoputo KUTEL, xoTopasi BHOCUT 3HAaUMTENbHBIN BKJIAJ B TEPEX0] K OHJIAiH-
00y4YeHHIO.
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HenaBHo wieHbl KOMaH bl IPOEKTA 3aMMCAIN HOBBIC JIEKIMU I OHJIaiH-00yyeHus. OnHuM U3
HUX siBnsieTcs naekuus «KoHTposbp kauecTBa MyJIbTUMEIUHHBIX MPOIYKTOB (C aKIIEHTOM Ha HYXJIbI
CTY/IGHTOB C OCOOBIMHU TOTPEOHOCTSIMH)». JIEKIIHMsI OCHOBaHA Ha MCIIOJIb30BAaHUH MYJIbTHMEINA, KO-
TOpOE OMpeeIaeTcs Kak J1r00as KOMOMHALIUS TeKCTa, TpaduKH, 3BYKa, BUACO U aHUMAIUH. Myib-
THMEJMa MOKET OBITh JOCTaBJICHA IOJb30BATENI0 C MOMOUIbIO 3JEKTPOHHBIX WM HUGPOBBIX
CpeAcTB ynpasieHus. YToObI cO3aTh XOPOLINA MyJIbTUMEIUHHBINA MTPOEKT, BBl JOJKHBI OBITH Kpe-
aTUBHBIMU, TEXHUYECKHUMH, OPTaHU3AlIMOHHBIMUA M UMETh JieJoBble HaBbIKU. ABTOpHI ([ly36aeB H.,
MumuHa A.) 0c000 MOAYEPKUBAIN TMOTPEOHOCTH YYAIMXCS C OTPAaHUUYECHHBIMU BO3MOXKHOCTSIMH,
1IoMorasi UM OBbITh TAKMMH K€ YCIEIIHBIMU, KaK U OOBIYHBIE CTYACHTHI.

Bropas neknus, pazpadborannas npenonaabarensimu PaxmerymnaeBoit C. u Cepbunom B., mo-
csmeHa Teme «CoBmectHas BupTyanbHas cpena» (CVE), u oObscHsAET, 4TO COBMECTHAsI BHPTY-
allbHAas cpelia — 3TO MPOCTPAHCTBO, B KOTOPOM HECKOJIBKO YEJIOBEK B3aUMOJEUCTBYIOT IPYT C OpY-
rOM, YaCTO HAaXOJACh B pa3iM4HbIX MecTax. Llenb cocTout B TOM, 4TOOBI 3TH JIIO U OOMEHUBAIUCH
UJESIMU U ONBITOM B Cpelie COTPYAHMUYECTBA — OTCIOAAa M Ha3BaHue. COBMECTHbIE BUPTYajibHbIE
Cpelbl UCIONB3YIOTCS AJII COBMECTHOM pabOThI M B3aUMOJIECHCTBUSI MHOTHX YYaCTHHUKOB, KOTOPbHIE
MOTYT PaclpoCTPaHATHCS Ha OOJIBIINE PACCTOSHUSA. THUIMYHBIME TIPUMEpPaMHU SBISIFOTCS pacrpeie-
JIEHHOE MOJIEJINPOBaHKE, MHOIOII0JIb30BaTeIbCcKUe 3D-Urpsel, mporpaMMHOe oOecrneueHue Jisi CoB-
MeCTHOM pa3pabotku u apyrue. [Ipunoxxennus oObIYHO OCHOBAHBI Ha OOIIel BUPTyalbHO cperne. B
CBSI3M C pacIpe/ielICeHUEM YYaCTHUKOB M 3a/I€pKKaMH B CBSI3U, HEKOTOPbIE MOJIETN COIJIACOBAaHHO-
CTH JIaHHBIX JIOJDKHBI UCIIOJIB30BAThCS JUIsl 00€CTIeYeHHUS] HMEHHO JJIsl COTJIACOBAHUS TAHHBIX.

DNeKTpoHHOE 00y4YeHHE 00ECIIeUNBACT CBA3h MEXKIY JIFOJBMU M PECypCaMy C MOMOIIBI0 KOM-
MYHUKAIIMOHHBIX TEXHOJIOTUM IS 1IeJIeH, OTHOCSIIMXCS K 00yduenuto. OHlaiiH-00yueHrne B TEpMU-
HaxX ATOr0 ONPEIENICHUsS OTHOCUTCS K JEUCTBUSAM, KOTOPBIE OCyIlecTBIsoTcs uepe3 Mutepuer. U,
KOHEYHO K€, 3HAYUTEIbHAs 9aCTh POCTA AKTUBHOCTH B 00JIACTH 3JIEKTPOHHOTO 00yUEHHUs 00YCIIOB-
neHa eHOMeHaNbHBIM pocToM MHTepHeTa, MOOMIIbHBIX MPUIIOKEHUH 1 TEXHOJIOTUI B IIETIOM.

3ak/roueHue

O4eBHIHO, UTO B JAJIBHEHIIEM KOJIMYECTBO CTYIEHTOB, UCIOIb3YIOIIMUX HA 3aHATUSAX IIEPEHOC-
HBIC MEPCOHAIBHBIC KOMIIBIOTCPHI, 6YI[€T YBCIUMYUBATHCA TaK KC€, KaK U YPOBCHb HCIIOJIb30OBAHHA
HMU COBPEMCHHBIX TEXHOJIOTHH. COOTBGTCTBGHHO, HYXHO HMCIIOJIB30BAaTh 3TOT MOTCHIMAI JJIsI MO-
JiepHU3alMK y4eOHOro Mpolecca U MHAUBUAyaIu3anuu B oOyueHud. [Ipu 3tom oOpa3oBartesbHble
yUpeXJIeHUs JOJHKHBI ObITh TOTOBBI K IOCTPOEHUIO yueOHOro mpoiecca ¢ ucrosb3oBanueMm UKT.

Bmusane UKT Ha Tpancdopmainio yueOHOro mpoiecca HOCTOSHHO pacTeT. ABTOPBI CUMTAIOT,
YTO HCIIOJIb30BAaHUE HOBEMIINX TEXHUUYECKHUX CPEACTB IIOMOIAET CO3/1aBaTh COBEPIICHHO IPYTHE,
OpPUTHHAJIBHBIE 110 CBOEH CTPYKType 0Oydaroliue MporpamMMmbl, HHTEPECHbIE HBIHEIIHEMY MOKOJIE-
HUIO CTYACHTOB M Y4YalIMXCs MHBIX Y4eOHBIX 3aBelleHHH. B HacTosIee Bpems aBTOpaMu BeaeTcCs
MOCTOsIHHAs padoTa Mo pa3pabOTKe HOBBIX NMPAKTUYECKUX 3a/laHui M UX MHTErpalu B COCTaB Ja-
O6opaTopuu.

Paboma evinonnena npu gunancosoii noodepcke KH MOH PK no npoepamme epanmosozo
Qunancuposarus Hayunvix ucciedosanui Ha 2018-2020 22., epanm NeAP05135692.
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Jaiinexo E.A., 3akuposa I'.l., Umanakosa M.T., Loii .., Ceiitnyp A.M.
OKpITY OaraapjaaMasiapbiH J3ipJiey YUIiH KaAHA AKNAPATTHIK TEXHOJOTHSIJIAPAbI NAalIaJaHy

AngaTna: Makanana sxorapsl OutiM Oepy canmaceiiga AT konmany kKapacTeipeuirad. OKBITY
YIIiH WHHOBALMSUTBIK O3ipJieMelNiepAl eHrizyre, coHmai-ak AT makpmanaHy apKelibl OuUTiM Oepy
pecypcTapbiH KOJJaHYABIH apTHIKIIBUIBIKTAphl MEH MYMKIHJIKTepiHe Tajiay Kyprizingi. 3amanayu
AT xemeriMeH (u3uKaHbl YHPEHYre MYMKIHJIK OCpeTiH jkeKe OarmapiaMaiblK ©HIM YCHIHBUIFaH.
MyHpaii Tocin KonganOaMeH e3apa iC-KUMBUIIBI KBI3BIKTHI KOHE €CTe KaJapibIKTail eTil, OKBITY
THIMJIPEK eTyre MyMKIiHAIK Oepai. O3ipney miatdopmacel petinae Unity 3D mmardgopma apanbik
optacel Tapaanael. [ padukansik Mmoaensaep Substance Paint kemerimen xacanasl. CoHmaii-ak, oKy
OarnapiiaMallapblHBIH CaIlachlH apTTHIPY YIIH XalbIKApaJIbIK >KOOaapAarbl KYMBIC TaxipuOeci
kentipinred. OKpITy Ke3iHae kaHa AT-Hbl maiiganmaHy opTypili JEHTeWIeri OKy OpBIHIapbIHAA
OKBITYIBIH CaH TYpPJi KE3CHICpiHAE oJlap/bl KCHIHEH KOJJaHy YIIiH »aHa IepCleKTUBaIap
aIIaTHIHBI KOPCETIITEH.

Tyiiinai ce3nep: AKT, Ginim, yHHUBEpCUTET, BUPTYyaabl 3epTxananap, Unity 3D

Y.A. Daineko, Zakirova G.D., M.T. Ipalakova, D.D. Tcoy, A.M. Seitnur
Using new information technologies to develop training programs

Abstract. The article discusses the use of IT in higher education. An analysis of the implemen-
tation of innovative developments for training, as well as the advantages and opportunities of using
educational resources using IT. We present our own software product that allows you to study phys-
ics with the help of modern IT. This approach made interaction with the app more interesting and
memorable, and training more effective. The cross-platform Unity 3D environment was chosen as
the development platform. The main functionality was written in C#. Graphic models were created
using Substance Painter. Experience in working in international projects to improve the quality of
training programs is also given. It is shown that the use of new IT in training opens up new pro-
spects for their wide application at different stages of training in educational institutions of different
levels.

Key words: ICT, education, University, virtual laboratories, Unity 3D
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ANALYSIS OF METHODS AND MODELS FOR AUTOMATIC
PROCESSING SYSTEMS OF SPEECH SYNTHESIS

Abstract. The article considers the current state of models and methods of speech synthesis. Their ad-
vantages and disadvantages are presented, as well as metrics for the quality of speech synthesis. The method
of speech synthesis by rules is based on a programmed knowledge of acoustic and linguistic limitations and
does not directly use elements of human speech.

Key words: Speech synthesis, speech recognition, model of speech synthesis, quality metrics, TTS.

Introduction

Artificial creation of human speech has long been of interest to scientists and practical re-
searchers. The tasks facing speech synthesizers have changed significantly over time. Speech syn-
thesis has evolved from simply producing speech-like sounds and voicing a limited set of phrases to
voicing any text with the desired intonation and emotional coloring, and in a voice, that accurately
imitates the speech of a person. If we consider the synthesizer not just as a tool for pronouncing cer-
tain texts, but as part of the speech interface system for communication between a person and a
computer, then it currently faces even more complex tasks. For example, the so-called ‘reactive’
synthesis must track the effect it has on the listener and change its characteristics accordingly. A
pertinent problem today is also multi-language adaptive speech synthesis, that is, speech synthesis
in different languages by the voice of a single speaker, who may not even know the target language.

Speech is the main means of communication between people. Speech synthesis, the automatic
generation of speech signals, has been developed for several decades [1]. Subsequent advances in
speech synthesis have created synthesizers with very high intelligibility, but sound quality and natu-
ralness are still a serious problem. However, the quality of existing products has reached an ade-
quate level for several applications, such as multimedia and telecommunications. With some audio-
visual information or facial animation, speech intelligibility can be significantly improved [2].

The text-to-speech synthesis (TTS) procedure consists of two main stages. The first is text
analysis, where the input text is transcribed into a phonetic or some other linguistic representation,
and the second is speech signal generation, when an acoustic output is created based on this phonet-
ic and prosodic information. These two phases are usually referred to as high-level and low-level
synthesis. A simplified version of the procedure is shown in Fig. 1. Input text can be, for example,
data from a word processor, standard ASCII from an email, a mobile text message, or scanned text
from a newspaper. The character string is then pre-processed and analyzed into a phonetic represen-
tation, which is usually a string of phonemes with some additional information for correct intona-
tion, duration, and stress. The speech sound is finally generated using a low-level synthesizer based
on information from a high-level synthesizer.
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Figure 1 - Simple procedure to convert text to speech

The easiest way to create synthesized speech is to play long pre-recorded samples of natural
speech, such as individual words or sentences. This method of combining provides high quality and
naturalness but has a limited vocabulary and usually only one voice. The method is very suitable for
some information and information systems. However, there is no database of all the words and
common names in the world. It may even be inappropriate to call this speech synthesis because it
contains only recordings. Thus, for unlimited speech synthesis (text-to-speech conversion), we must
use shorter fragments of the speech signal, such as syllables, phonemes, diphones, or even shorter
segments.

Another widely used method for creating synthesized speech is formant synthesis, which is
based on the speech filter model of the production source. This method is sometimes called terminal
analogy because it simulates only the sound source and formant frequencies, and not any physical
characteristics of the vocal tract [3]. The excitation signal can be voiced with a basic frequency (F0)
or non-vocalized noise. The mixed arousal of these two can also be used for voiced consonants and
some aspiration sounds. The arousal is then obtained and filtered by a voice path filter that consists
of resonators like natural speech formats.

Theoretically, the most accurate method for creating artificial speech is direct modeling of the
human speech production system [4]. This method, called articulatory synthesis, typically involves
models of the human articulators and vocal cords. Articulators are usually modeled using a set of
functions for small tube sections. The vocal cord model is used to generate the corresponding exci-
tation signal, which can be, for example, a two-mass model with two vertically moving masses [5].
Articulation synthesis promises high-quality synthesized speech.

All synthesis methods have their own advantages and problems, and it is quite difficult to say
which method is the best. With concatenative and formant synthesis, very promising results have
been achieved recently, but articulation synthesis may also emerge as a potential method in the fu-
ture. Various synthesis methods, algorithms, and methods will be discussed in more detail later.

Implementation of speech synthesis

Speech synthesis is the creation of sound based on text. Speech synthesis may be required in all
cases when the recipient of information is a person. The quality of a speech synthesizer is primarily
judged by its similarity to the human voice, as well as its ability to be understood.

A wide variety of speech synthesis methods are currently available. There are two main factors
that determine the choice of synthesis technology in an implementation:

1. Task. Depending on the requirements for the quality of the final product, the capabilities of
synthesized speech vary. The simplest synthesized speech can be created by combining parts of
recorded speech that will be stored in a database. Of course, if you need to synthesize a complex
text, this method cannot be used, since at the junction of the composed sound fragments, there may
be intonation distortions and breaks that are noticeable to the ear. In addition, you will need a very
large database to store all the necessary audio fragments.

2. The structure of the language. The main phonological laws, stress rules, morphological and
syntactic structures are used in constructing the output speech wave.

3. Technological capabilities. First, this is the amount of memory available for the information
system. Depending on the amount of stored synthesized vocabulary, both its complexity and the
quality of the resulting signal change. The computing power of the device plays an equally im-
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portant role in choosing the method. Choosing a complex speech synthesis method, coupled with
low hardware performance, will result in a huge amount of computing time.

Speech synthesizers are generally divided into two types: with a limited and unlimited diction-
ary. In devices with a limited dictionary, speech is stored in the form of words and sentences that
are output in a certain sequence when synthesizing a speech message.

The main methods with a limited dictionary are the compilation synthesis model and paramet-
ric representation. [6]

2. Quality metrics

Before talking about which models of speech synthesis are better, we need to determine the
quality metrics that will be used for comparing algorithms.

Since the same text can be read in an infinite number of ways, there is no a priori correct way
to pronounce a phrase. Therefore, metrics of speech synthesis quality are often subjective and de-
pend on the listener's perception.

The standard metric is the MOS (mean opinion score), an average rating of natural speech giv-
en by assessors for synthesized audio on a scale from 1 to 5. One means a completely improbable
sound, and five means speech that is indistinguishable from human speech. Real people's records
usually get values of about 4,5, and a value greater than 4 is considered high enough. Speech syn-
thesis works as follows. The first step to building any speech synthesis system is to collect data for
training. Usually these are high-quality audio recordings where the announcer reads specially se-
lected phrases. The approximate size of the dataset required for training unit selection models is 10-
20 hours of pure speech [7], while for neural network parametric methods, the upper estimate is ap-
proximately 25 hours [10, 11].

Today, speech synthesis problems are solved mainly using two approaches:

- Unit selection [8], or the compilation approach. It is based on merging fragments of recorded
audio. Since the late 90's, it has long been considered the de facto standard for developing speech
synthesis engines. For example, a voice using the unit selection method can be found in Siri [7].

- Parametric speech synthesis [9], the essence of which is to construct a probabilistic model that
predicts the acoustic properties of an audio signal for a given text.

The speech of unit selection models (Fig. 2) is of high quality, low variability, and requires a
large amount of data for training. At the same time, much less data is needed to train parametric
models, they generate more diverse intonations. The compilation synthesis model assumes speech
synthesis by concatenating recorded samples of individual sounds voiced by the speaker (Fig. 2).

/_ Text-to-Speech Syntesis

Dictionary

Letter-to-
Soubd

Conversion

| Speech Databaze ‘

_ . Zpeach
' Utierance Composzed of Phones - Selection of Capsration

Units Module

Figure 2 - Model of compiled synthesis or unit selection
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The compilation synthesis model assumes speech synthesis by concatenating recorded samples
of individual sounds uttered by the speaker.

When using this model, a database of audio fragments is compiled, from which speech will be
synthesized in the future. The size of the synthesis elements is usually no less than a word.

Usually, the recorded speech of the speaker cannot cover all possible cases in which synthesis
will be used. Therefore, the essence of the method is to split the entire audio database into small
fragments called units, which are then glued together using minimal post-processing. The units are
usually minimal acoustic units of the language, such as semitones or diphones [7].

Parametric speech synthesis

To solve two main problems of compilation synthesis, a parametric type of signal has been de-
veloped that is abstracted from the speech wave, which represents certain parameters. This ap-
proach reduces the amount of memory required for the dictionary and provides more flexibility
compared to the compiled model.

Parameters display the most characteristic information or time or frequency zones. One way to
configure it is to display the speech wave with the addition of individual harmonics at a given fre-
quency.

Another variant of parametric vision of the speech path is artificial speech, creating the neces-
sary set of formant resonances. This system works with the settings of the main tone and formants.

Formants are an economical way to store speech information, more than by reducing the re-
quired amount of memory compared to the compiled method.

The second advantage of this approach is its inherent flexibility. Semantic information consists
of formants and the melody (intonation, speech dynamics, etc.) at the stage of the main tone and
during the temporary division of speech, which allows you to divide what is pronounced and how
the formant representation is pronounced. [9]

Thus, the formant approach requires less memory than the compiler, but it requires large calcu-
lations to reproduce the initial speech signal. Appropriate digital techniques and knowledge of
speech formation models are required, but the linguistic structure of the language is not used.

The parametric approach is based on the idea of creating a probable model that estimates the
propagation of acoustic features of a given text.

The full synthesis according to the rules

When synthesizing speech according to rules, the compilation and parametric encoding meth-
ods are also used, but at the syllable level.

In search of a compromise between the flexibility of full speech synthesis by rules and its cost-
effectiveness, speech synthesis by rules using pre-memorized segments of natural language was de-
veloped.

This method is a variation of the conventional synthesis by the rules. Depending on the size of
the initial synthesis elements, the following types of synthesis are distinguished: microsegment (mi-
crowave); allophonic; diphonic; semi-syllabic; syllabic; synthesis from units of any size.

Usually, these elements are used as semi-syllables-segments containing half of a consonant and
half of a vowel adjacent to it.

The quality of this synthesis does not match the quality of natural speech, because distortions
often occur at the borders of the cross-linking of diphones. Compiling speech from pre-recorded
word forms also does not solve the problem of high-quality synthesis of arbitrary messages since words
change depending on the type of phrase and the place of the word in the phrase. This position does not
change even when using large amounts of memory to store word forms. However, this method of speech
generation will give a higher quality sound output, compared to the simple method of synthesis by rules.

Conclusion
Today, speech synthesis is widely used in various areas of infrastructure. There are a small
number of libraries for high-level programming languages that allow you to use the technologies
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described above without resorting to a large amount of hardware power since the speech synthesis
service itself is located on a cloud server. With the development of this direction, it will be almost
impossible to distinguish artificial speech from a human speech in the future.

The paper considered the current state of models and methods of speech synthesis. Their ad-
vantages and disadvantages are presented, as well as metrics for the quality of speech synthesis. The
method of speech synthesis by rules is based on a programmed knowledge of acoustic and linguistic
limitations and does not directly use elements of human speech.

To remember this information requires little memory, but to extract parameters from it, you
need the knowledge of an expert. Text analysis is a linguistic task and includes the definition of
basic phonetic, syllabic, morphemic and syntactic forms, plus the extraction of semantic infor-
mation. Text-to-speech conversion systems are the most complex speech synthesis systems that in-
clude knowledge about the structure of the human speech apparatus and the linguistic structure of
the language.

Thus, this method gives complete freedom to model parameters and allows you to reproduce
almost any text; it significantly saves memory, without requiring the storage of a large amount of
information. However, synthesized speech sounds worse than natural speech (and, as a rule, worse
than synthesized speech by other methods described above); such a system is difficult to develop.
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Coiliiey CHHTE3iHIH aBTOMATTHI OH/IeY KYylieJIepiHiH d1icTepi MeH yJrijiepin Tajagay
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COMJIeY JIIEMEHTTEPIH TiKeJIeH mairananOai b,

Tyiinai ce3nep: Ceilney cunTtesi, ceiieyal TaHy, ceiliey CHHTE31HIH YITICi, cama KepceT-
kimrepi, TTS.

9iitim 9.K.*, Carbi6aaauena P.2K.
AHaJIM3 METO10B U MOJIeJIell CHCTEM aBTOMATHYECKO 00pad0TKH CHHTE3a pedyu
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peun. [lpeacraBieHsl X AJOCTOMHCTBA M HEIOCTATKU, a TAK)K€ METPUKH KAadeCTBA CHHTE3a PEYH.
MeTto/ cuHTE3a pedH Mo mpaBuiaM 0a3upyercs Ha 3apOrpaMMUPOBAHHOM 3HAHUU aKyCTUYECKUX U
JIMHTBUCTUYECKUX OTPAHUYCHUN M HE MCIOJIB3YET HEMOCPEACTBEHHO JIEMEHTHI YeJIOBEUECKOM pe-
YH.

KuioueBblie cji0Ba: CHHTE3 peyu, paclo3HaBaHUE PEYM, MOJIENb CHHTE3a PEeUd, METPHUKHU Ka-
yecTBa, 1 1S.

Caenennst 00 aBTopax:

OiiTiM Iiirepim KaiipaTrkpi3bl, MarucTp TeEXHHYECKUX HayK, CEHHOP-JIEKTOp Kadeapsl «H-
(opMalMOHHBIX CUCTEM», MeXayHapOIHbI YHUBEPCUTET HH(POPMAIIMOHHBIX TEXHOJIOTHH.

CarpifanineBa Poicxan 7KakaHoBHA, KaHAMIAT TEXHUYECKMX HAyK, acCOLMUPOBAHHBIM
npodeccop kadenpsl «MHPOpManmoHHbIE cUCTEMBI», MeXIyHapOAHbI YHUBEpCUTET MH(pOpMa-
LIMOHHBIX TEXHOJIOTH.

About authors:

Aigerim K. Aitim, master of technical sciences, senior-lecturer of the "Information Systems"
department, International Information Technology University.

Ryskhan Zh. Satybaldiyeva, candidate of technical sciences, associate professor of the "In-
formation Systems" department, International Information Technology University.

International Journal of Information and Communication Technologies, Vol.1, Issue 2, June, 2020
123



[ | NHTEJUIEKTYAJIBHBIE CUCTEMBbI [ |

YK 681.5
Xacenosa I'.W.}, Maiinbi6aes E.K.Z, YmobeToB Y.Y.3, Hcaiikun I[.B.4

1Xanbn<aganbn< aKnapaTTHIK TEXHOJOTHsIIAp YHUBEpcUTeTi, Anmatsl, Kazakcran
Kazak KatbeiHac >xosapsl yHuBepcuteTi, AnMatsl, Kazakcran
3 . . .
Koxa Axmert Scayn aTeiHgarbl XaiublKapaiblK Ka3aK-TypiK yHuBepcureTi, Typkicran, Kazakcran
% Kazax kaTeIHac &KoJszapsl yHuBepcurteTi, Anmarsl, Kasakcran

MAIINHA KACAY OHAIPICIHAEI'T K¥YPBIJIF BIVIAP/IBIH TOPAIITAPBIH
JKOBAJIAYJIBI ABTOMATTAH/BIPY KYWEJIEPI

Anoamna: Byn maxana Kypwiigeliap KYPoLIbIMbIH KONIK H#cacay OHOIpICiHOe KOIOAHbLIAMbIH Npoe-
pammanap apxwiivl manoay scacayea apranzan. Cananvl apmmolpy Vulin OHIMHIY He2i3el napamempiaepin
oxmaunanovipy Kadicem. Illaiioanel scone eme Kbimbam emec 0aA0apramanvly niamgopmansvl natoaiany
MAybI30bL JHCOHE Ka3ipei 3amanzbl mpeHO 060avin mabdwviiadsl. Kypulizeinel dcobanay ke3inoe unmezpai-
Oanamuli 6AL0APIAMANAP HCAHA MOOYIbOEP KYpyea MYMKIHOIK bepedi. Kasipei 3amanzvl backapy scyiie-
JIEPiHiY KYpoliebl KOHCMPYKYUSCHIHbIY JiceKe OONIKMepIHiy Heei3el dleMenmmepin manioay yutin ba2oap-
aamanapea woiry odscacandel. Kobanayowr Trace Mode 6azdapramacel apxwiivbi dcyzeze acvlpy UOEACHL
kepcemindi. Trace Mode eniminde scana cananvl snemeHmmepoi HodaAnqay Jicone 3epmmeyee ApHAleaH
MOOyavoep bap exenoici kopceminoi.

Tyiiinoi co3dep. sxcobanay, mooenvoey, 6a20apIAMANBIK HCACAKMAMA, MANOAY.

Kipicne

MammuHa >kacay KOCIMOPBIHAAPBIHAA OHIIPICTIK MPOIECTe KOMIBIOTEPIIIK TEXHOJIOTHUSIIAP/IbI
KOJIJaHy YJIKEH KapXKbUIBIK caidbIMAapabl Tanan ereai. COHIBIKTAH IypbIC LIENIIMHIH HETi3ri
MakKcaThl 3ayBITTaFbl OHJIPICTIK TpoIecC YIIH OarmapiamManblK IaaTdhopMaHbl AYPHIC TaHIAY
Oonbin TaObUTaBl. KoMIbroTepiik o3ipieMeneplli €HTi3YAlH Herisri ypJici HapbIKTarbl jKaHa
HIerMaep i KamMTysl Taic [1-2].

Mammuna :kacaygarbl matepuajgap ymwin MSC OaraapiaamMaliblK TOOBIHBIH OHIMJepiH
KOJIIaHY

Kazipri yakpITTa MyJIbTHIMCHMIUIMHAPIBIK MIHAETTEpI Oap 3epTreynep KYpriziieTiH
MyJIbTU(DU3UKAIBIK MOJIENIbJIEY 3€PTXaHACBIH KYpy ©3€KT1 Macesie Oousbll TaObLIaabl. 3epTXaHaja
O0BEKT Typasibl TOJBIK akmapar, 3D, >kemigik KeHICTIKTeri 3amMaHayW BeO-opTa, dYaTTap.blH
aTpuOyTTapsl, OeliHe oHe ayauo, 3D - anumanus TypiHae naijananpuiafbl. bipiHI cyperTte
MSC Software ToObIHa KipeTiH OaraapiaaManapaarbl 00bEKTUIEP/l KECKIHIEY KOPCETUIreH.

1 cypem - MSC.MARC 6az0apramacwinoa exi onuemoi mopobviy
6ip Kabamoln yu eauemoi Kabamxa mypreHoipy
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2 cypem - Simufact additive bazoapramacvbinOa apHaiivl 60KCeNbOi MOPMEH HCACANLAH eCenmiK Ya2ici

Exinmi cyperre Simufact additive GarmapiaManiblk kacaKTaMachIHa KO3FAJITKBIII ()parMeHTIH
xobanay kepcerinreH. byn Oarnapiama TeMmeHri AeHreilsi GaraapiaManapMeH Kakchl yilieceni
xoHe NASTRAN, PATRAN »xone T. 0. CHAKTHI KOFaphl JEHreii OarmapiaManapMeH KUBIHIBIK-
ChI3 OIpIKTIpiIEai.

Benmekti »xobamay ymin MSC OarmapiaMaiblK >KacaKTaMachlH KapacThIPAMbIK, MbICAIT
peringe, Adams OarnapiamMacblHa TOKTaJdaWbIK. YUIIHIII CYpeTTe cepmiMJi KOMIIOHEHTTEpAiH
WKEMIUTITIH eCKepe OTBIPHIN, KaHAaT MeXaHW3alMsCHIHBIH >KYMbICBIH Adams OarmapiamachiHIa
MoJienpaey KepceTuireH. Omap TopanThlK (opMaTTa >KbUIy JepeKTep OJIOTBIHBIH ©picTepiH
xobamayra MyMKiHAIK Oepermi. Byn Omokra mapamerpiep peTiHIE YakKbITTHI, TeMIIepaTypaHbl
Hemece Oacka Toyenci3 aWHBIMalbIHBI Kepceryre Oosazsl. Marc OarjgapiaaMachl  allJIbIHFBI
TangayaspH HoTkenepin 2D-3D ymriH jkaHa Tangay MozeliMeH aBTOMATTBI TYP/E CABICTHIPAJIBL.
XKobanay keneci ke3eHIEp/I KAMTUIBI: KEPTUTIKTI (YCaK YSIMIBIKTHI) aHAIUTUKAIBIK MOJIETb KYPY,
KYKTEMeNlep MEeH MIeKapalblK IapTTapAbl KOJJIaHy, COJaH KEHiH AJIeMEHTTEep MEH MaTepHalgap
KAaCHUETTEPiHIH XKaHa MOJICIIIH TarailblHAay. AJJIBIHFBI TaJAAYAbIH IeKapabIK MIapTTapPbIH aHBIKTAY
YIIiH TaiJaNaHblUIaThIH HOTWXKE (DalIbIH KepceTe OTHIPHIN, TarchlpMaHbl OanTam COJaH COH
xi0epyre Oosazapl. XKorapbl camaibl MJIACTUKTI KaJbIITAy >XYMBICTApbl OCTTIH OapliblK ayaaHbl
OOMBIHIIIA KOJIIAHBUTATHIH KBICBIMHBIH apHaWbl KYKTEMECIH Tajam eTedi. byi epkiH kejemjeri
alfHbIMaJIbl KBICBIMHBIH 3JeMeHTi. Adams KeMeriMeH COHFbl 3JEMEHTTEepAl KOJJaHy apKbLIbI
OemmIeKTepAiH mapaMmeTpiaepl YIIiH YHEPTUSIHBI eCENTeyre 0O0JaIbl.

MonenbaiH op 37eMeHTi Oip skoHe Tek Oip aitMaKThIH Oesiri 0OJbIN TaObUIATHIH 3JE€MEHTTEPAl
HaKThUIayFa apHaiFaH. bip OeIIexTiH mekapackiHaa OpHAJIacKaH TopanTap MmeKapaaarbl 0apIibIK
TopanTapaa Kaitamanansl. Ochliaiiiia, 3JI€MEHTTEPHAIH JKalIMbl CaHbl  TOPANTapblH Kb
CaHBIHBIH KOMTITIHE KapaMacTaH Ti30eKTi icke Koca amanbl. Kypelnreliapaarsl opOip ecenrteysep
KeKe IMpolecTep apKbpUIbl OpbIHAaNanbl. TanmmaylnslH opTYpsi Ke3eHIepiHAe MpolecTep e3apa
JIEpPEeKTEPMEH anmacysl THic. bys mporecc Oaittanbic MPOTOKOJIBIMEH OH/IeNe 1. OpOip KiacTep To-
palbl Kem mpoleccopiiblK MamuHa 00aysl MyMKiH. MSC Garmapnamanapbl MaTpULAIBIK LIEHIIM-
Jepal Tapajiyiesib OPbIHAAM OTHIPHINT KaJFaH Tajljayjaapabl Ti30eKTi Typae opbIiHAal amanbl. byn
mporpaMMa OpTaK >kaabl Oap MallMHaJapMeH Karap KIacTepiepiife KOJNAAHATHIH IMIeNriMaepi
nainananaapl. baiaaHbIC yimiH TYpii OJ0KTHIK OaraapiaManap KojagaHbiaas! [3-4].
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4 cypem - SimDesigner baz0apramacbiHOa JcyKmemenep apKvlivl YULAKmMapowvl sHcodanay

TepriHm cyperTe MonenbaAeyaiH AeTanu3anusichl SimDesigner 6arqapiaMachiHa jKacaaraH.
SimDesigner 6armapnamacsl MSC Nastran, Marc, Adams CHSIKTbI HHTETpalUsIIaHFAaH KyaTThl
OarmapiiaMaliblK  OHIMIEPAIH MYMKIHIIKTEpIH maigananansl. JKpUTy JKYKTEMeJepiH KoJJaaHa
4 KOHCTPYKUHUSHBIH AeQOpMAIMSUIBIK CHIHAKTApBIH OaKbLIay
omicTepiHiy Oipi Oonbin TabbuIambl. byn Oarmapnamanap ecentepii *KOFaphl MOJIIKIICH IICIIyTe

OTBIPBIN, K00aHbI Oaranay,

KOHE YKOFaPhI )KBUIIAMIBIKIICH MOACIBICYTe MyMKIH/IIK Oepe/ii.

International Journal of Information and Communication Technologies, Vol.1, Issue 2, June, 2020

126




[ | NHTEJUIEKTYAJIBHBIE CUCTEMBbI [ |

YaepicTi ecenrTey :KoHe BH3yaJM3aIMA/IAYy YIIIH Tpaccajay pe:XMMiHAe J3ipJIeHreH
JKaA0ABIKTAP MeH 0araapjaMajiap MYMKIHAIKTepi.

OTaHOBpIK ©OHEPKACINl YIIIH HHTETpalusUIaHFaH  OargapiaMaiblk — IiaTGopma  KakeT.
WuTerpanusiianran 0arnapiaMabIK )KacaKTaMachIHBIH MbIcaibl peTinae Adastra Ltd koMmanusce
o3ipyiereH, acmanTapAbl Oakpulay pEeXHMi, TEXHOJOTHSJIBIK IpoLecTepiai Oackapy JKoHE
TEXHOJIOTHSIHBI OacKapy KYpbUIFbUIApBIH Ko0anay MyMKiHaikTepi 6ap Trace Mode GarmapiamackiH
KapacTeipyra Oomanel. Kazipri yakeitra OarmapinamanbiH Trace mode 6 HYCKachl ©HEPKICINTIH
TYpJl cajanapblHIa KEHIHEH KOJJAaHbUIaIbl oHe KemeHAl namybl ycringe. Ocehuiaiimia,
KOCIMOPBIHHBIH OHIIPICTIK MPOIECTEPiHIH Ke3-KelreH 0eirin aBToMaTTanaslpy yuIiH Trace mode 6
OarmapiiamMachlH MMainananyra Oosanbl. bapnwlk aeHreimeri opOip jxo0a OipbIHFal acIanThIK
KyHene xone 0ip jxo00a meHOepinae Kypbliaabl. ABTOMaTTaHIbIPBUIFAH OacKapy KyleciH xobanay
TEXHOJIOTHUSCHI JiepekTep 0a3zachiH, plc O6ackapynb, OPC cepBepiH, onepaTOpAbIH KYMbBIC OPHBIH,
XKaOIBIKTapIbl, KBI3BMETKEP/Ii, aKIapaT eHipiCiH KaMTHIbL. bakpliay peskuMi KYPBUIFBIHBI j)K00aIay
ke3igae Oec Oarmapiamanay TuTiH NaijanaHa anansl. Trace mode OargapiamMachIHBIH OapIibIK
GbyHKIMsIapel aBTOMATTH KoOanmayra HerizgenreH. Trace mode 6 wHTerpauusuianran Oaraap-
JaMallbIK KAMTaMachl3 €Ty OMEePaLUsIIBIK PECYPCTAPbIHBIH CHIMBIMIBLIBIFBIHA KOHE OJIIICY KYHeCiH
OipHemie JeHreiiie aBTOMATTAaHABIPY jKoOajapeiHa MHeMorpammanapnasl, FBD  Gmokrapmsl,
KYpBUIBIMIAIIFaH MOTIHAEP/I1, AUarpaMMaiap/sl naiaanaHaabl.

AcnanTblK OJOKTBIH JM3alHBIH KapacThIpalbIK. OJIIEHETIH MOHJIEpP KipiC >KOHE IIBIFBIC
apryMeHTTEpl apKbUIBl OpHATHUIAABL. OpOip CUTHAIFAa THI, OUT koHE T. 0. MoHuep Oepineni,
OChbUIalllla  HEri3ri  MEeTPOJOTHSUIBIK — TapaMeTpiiep TaraiblHIananbl. beciHmii — cyperrte
MaTeMaTHKaNbIK QyHkusuiap FBD-0mokTapbiHBIH MaTeMaTHKANBIK OarapiaManay TuUTi apKbUIbI
CUTHAJ allybl KOPCETLITEH.

K+Y A2
false false
— —

3 9 v 25

3I>—X © X OF—— ouput
Input >—2‘Y . E

5 cypem - FBD Ouacpammanapul apKblLivbl MamMeMamuKaibik #ooanay npuHyuni

JlepekTep CHUTHaJIbl MaTeMaTHKalblK MOJENbJCp TYpiHAE eHueneni koHe FBD Gmokrapsl
petinae Oepineni. Trace mode uHTErpausIaHFan OaraapiaaMalbK PeXKUMi 0a3albIK KOHE apHAMbBI
MallliHa jkacay cajlaJIblK OiiM Oepyie >Kypri3ijeTiH NpaKTUKAIbIK )KOHE 3€PTXaHAIBIK )KYMBICTAp
yiriH KomkeTimal [S]. BarmapiamManblH SKOHOMUKAIBIK MOJYJI YKOHOMHKAJBIK €CENTeyep MEH
OoipKamIapasl €cKepe OTBIPbIN, XO00aHbl Kypy YIIiH Kousainbl. JKoOamapnael Kypy Ke3iHIe
pecypctap MeH KaOABIKTapIblH aFbIMIAFbl CHIIATTaMaliapbl, JKOHJEY, TOKTalm Kaly IKoHE
MaTepHalAbIK pecypcTapra KaTbICThl OeiikrepieH TypaThlH Trace Mode OGarmapiiaMmachlHBIH
pexuMIepiH maigamanyra 6omaasl [6,7]. Trace Mode OGarmapimamachblH MOOWIIBII KYPBUIFBUIAP
apkbuibl Oackapyra Oonaapl. Trace Mode »xoGamapbl HeETi3iHIE NPAKTUKAIBIK JOpicTepl
WHKEHEPJIIK MaMaHBIKTap/la OKUTBIH OUTIM alyImIbUIapAbIH TYpPJi TMOHACPIHE EHTI3yre OOJajbl.
XKobanay Oaprsichinaa Oec 3amanayu OarnapiaMansblk cTanfapTTap naiinananansl: SFC (Sequential
Function Chart), LD (Ladder Diagram), fbd (Function Block Diagram), st (Structured Text) >xone
IL (Instruction List), Oyn cranmaprrap kociOum OarjapnaMamibuiap OoOJIbIT  TaOBIIMAWTBIH
WH)KEHEepJIepre KYMBIC jKo0amapbIH Tepe3esep pekuMi apKbUIbI )kKacayFa MYMKIHIIK Oepe/i.

"HaBuratop", MOAy/i apKbUIbl OUTIM alylIblIapra bIHFAMIBI o0a TypiH TaHgayFa OoJajbl.
backapy KypbUIFbUIapblH Kypy OapbIChIHAA KeJlecl mpolielypaiap KOJAaHblIalbl: OepaTop Hemece
OuTiM anmymsl pecypctap / AETEeKTopiap TOOBIH Kypajbl, CONAH KEiliH CUTHaJd TeHepaTOpbIH
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TAaHJANU]Ibl: CHHYCOUAANBIIBI, K€3/IEHCOK KoHE T.0., TPEHTI JKYKTEY kKoHE JaepeKtepaAl exaey Trace
mode MHTETpalnusiiaHFal OarapiiaMachl HET131HIe KYPBUIFBIHBI KYPY TIPOIIECIHIH Keleci Ke3eHaepi
OO0JIBITT TAOBLTA B,

KopbIThIHABI

OPTYpJIi JCHTEII CTaHIapTTapAbl KAKBIHIACTBIPY OarmapiaMaliblK Kypagapbl HEFYPIbIM
THIMJI TalajgaHyFa >KOHE KYpACNdi eJllIey aclmanTapblH JjkoOajay Ke3iHAe KaTelep MeH
TONICI3MIKTEp CaHBIH a3aliTyFa MYMKIHIIK Tyabipaabl. OTaHABIK kKOHE MICTEIIIK CTaHgapTTapiaa
YCHIHBIIFAH OPTYpJl  KOMITBIOTEPIIIK ~ OarmapiaManapabl  OIpiKTIpe OTBHIPHIN, KoOajlayablH
TYKBIPBIMIAMAJBIK CalachlH AHBIKTAYJBIH TOJIBIK JKOHE IOMEKTI Typiiepi apKbUIbl BHPTYaJIbl
KCHICTIKTe OacKapy »JJIEeMEHTTEpIMEH Kepi OaljaHbIC (QYHKUIMSCHIH MaigajiaHa OTBIPHII, TOJIBIK
eJIIIIey KYHECIH Kypa ajJambl3. bimiM amymbuiapIsl OKBITY YIIiH OCBIHIAH TEXHOIOTUsIApAbI €HI13Y
KOMITBIOTEPIIIK FHUIBIMIAP/IbI JKOHE KAIIBIKTHIKTaH OacKapy/bl YHpeTin KaHa KoWMail, HHTEPHETTI
KOHE KAIIBIKTBIKTaH OacKapynbl TaijaliaHa OTBIPBIT JKYPTi3UITeH 3epTTeyre apHalFaH
UIBIFBIHIAP/IBI A3aUTaIBI.
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Xacenosa I'.W.}, Maiinbi6aes E.K.Z, Vméeros V.Y.}, Ucaiiknn I[.B.4
CucremMbl aBTOMATU3AIMH NPOEKTHPOBAHUSA Y3JIOB YCTPOIiCTB B
MAIIMHOCTPOUTEIHHOM NMPOU3BO/ICTBE
AHHOTaNUsA. JTa CTAThsl MOCBAIICHA AHAJIMU3Y CTPYKTYPhl YCTPOMCTB C MOMOIIBIO ITPOrpamMm
JUISL TPOU3BOJICTBA TPAHCIIOPTHBIX CPENCTB. [ MOBBIIEHUSI KauecTBa HEOOXOMMO ONTUMHU3HPO-
BaThb OCHOBHBIC IMapaMeTphl NpoaykTa. Mcronb3oBaHHWE MOJE3HOW U HEIOPOroM IPOrpamMMHON
1aTGOPMBI SBISETCS BAXHBIM U COBPEMEHHBIM TpeHAOM. [Ipu mpoekTupoBaHuM YCTpOICTBa MH-
TErPUPOBAHHBIE MPOTPaMMbl MO3BOJISIIOT CO3/1aBaTh HOBBIe Moaynu. IIpoBeneH 0630p mporpamm
JUTsl aHAJIM3a OCHOBHBIX 3JIEMEHTOB OTACJIBHBIX YacTeW KOHCTPYKIIMU YCTPONCTBA COBPEMEHHBIX
CUCTEeM yIpaBJeHHs. B 3Toil cTaTbe MpOJEMOHCTPUpPOBAHA WIES peald3ally MPOESKTUPOBAHUS C
nmomoInkko nmporpammel Trace Mode. B npoaykre Trace Mode nokasaHo, 94TO CyIIECTBYIOT MOAYJIN
JUIS IPOCKTUPOBAHUS U UCCIIEIOBAHMS HOBBIX KQUE€CTBEHHBIX 3JIEMEHTOB.
KutoueBble cji0Ba: MPOSKTUPOBAHUE, MOACIMPOBAHKE, TPOrpaMMHOE 00ecriedeHre, aHallu3.

G.I. Khasenova, Y.M. Mailybayev, U.U. Umbetov, D.V. Isaikin
Automation design systems for mechanical engineering and device node Design

Summary. This paper is concerned with the analysis of the construction of devices with soft-
ware programs for the engineering production. It is necessary to optimize the basic parameters of
production for quality improvement. The important and modern trend is the development of a pro-
gram platform for useful and inexpensive software. The integrating program allows us to create new
modules of software for design devices. We present an overview of the programs for analyzing the
main elements of the individual parts of construction devices for the modern control systems. It was
shown that the idea of construction connected possible with integrated software system Trace mode.
This product has a module for design and investigation of apparatuses with new quality of elements.
Concepts relating to design issues are interpreted by different approaches in international standards.

Key words: design, modeling, software, analysis.
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Kobadilov B.N.*, Omarov G.B.
University of International Business, Almaty, Kazakhstan

ADOPTION OF FINANCIAL TECHNOLOGIES INNOVATION BY
KAZAKHSTAN’S FINANCIAL TECHNOLOGIES MARKET

Abstract. The banking sector in Kazakhstan is a system forming industry in the financial market of the
country. The relevance of this work is due to the thesis that fintech is today the cornerstone in enhancing the
competitiveness of Kazakhstan’s financial market, which is essentially important billion for the banking in-
dustry in Kazakhstan. Today, banks are obliged to adopt fintech to stay competitive. The purpose of the
study is to provide scientific novelty by analyzing the development of the financial technology industry and
the level of application by banks in Kazakhstan of innovation in financial technology to increase the com-
petitiveness of banking products. The main object of research is second-tier banks, but secondary research
objects fintech ecosystem of Kazakhstan, which are defined by the fintech research methodology as compa-
nies serving commercial banks, the regulator, financial market participants that offer common fintech prod-
uct, organizations that represent the state's interests in the development of fintech industry and their like-
minded people. The article starts with definition of fintech and fintech products. Then it continues with a re-
view of the financial market and Kazakhstan'’s fintech market. The paper gradually justifies the low fintech
adoption index assigned by well-known business analysts like Deloitte.

Key words: fintech market, financial market, Kazakhstan, financial inclusion, bank products, innova-
tion.

Introduction

Fintech, according to well-known dictionary of the world, Merriam Webster, is defined as “the
products and services that employ newly developed digital and online technologies in the banking
and financial services industries”. In other words, the concept of fintech goes beyond the borders of
the banking industry and according to this definition, it also includes companies that are not regis-
tered as organizations that are named as “banks”. If a programmer who registers a company that can
offer a financial service or product to public, it can be assessed as fintech industry player. On the
other hand, this definition comes against to those parties that claim that fintech is an industry of on-
ly where disrupters act and includes traditional banks into the concept of fintech [1].

The fintech sphere in terms of technologies used, can be divided into 8 big segments: pay-
ments, insurance, planning, lending and crowdfunding, blockchain, trading and investments, data
analysis and analytics and security. According to fintech researcher Al Ajlouni they can be classi-
fied like it is illustrated in the next visualization of fintech funding by the amount attracted by them.
Each segment consists of various technologies that are offered by companies or support the industry
as a whole technology that function as a source of innovation [2].

International Journal of Information and Communication Technologies, Vol.1, Issue 2, June, 2020
130



| OU®POBBIE TEXHOJIOI'X B SdKOHOMUKE U MEHE/I’KMEHTE [ |

The global FinTech landscape can be mapped across 8 broad categories
- Payments - Blockchain

+ Payment processing, Money » Digital currency, Smart
transfer Mobile payments, contracts, Payments &
Forex, Credit cards, Prepaid settlement via blockchain,
cards, Reward programs Asset tracking, Identity mgmt.,
Examples: AliPay, Transferwise, Blockchain protocol developers
PayPal, Square, Klarna, Lightspeed Examples: Coinbase, Ripple Labs

Insurance - Trading & Investments

Investment mgmt.,

Roboadyvisory, Trade pricing &

algos, Trading IT, Trading

platforms, Brokerage, Clearing
Examples: Succession Advisory,
Wealthfront, Motif Investing, Nutmeg,
Fuscent

& - Data & Analytics

+ Big Data solutions, Data
visualization, Predictive
analytics, Data providers

Examples: Credit Benchmark, Solovis,
Zenefits, DocuSign, Kreditech

- Security

Broking, Underwriting, Claims,
Risk tools
Examples: Oscar, Insureon,
Lemonade, Knip, Analyze, ClearRisk

Planning

» Personal finance, Retirement
planning, Enterprise resource
mgmt., Tax & budgeting, CRM,
Compliance & KYC, Data
storage, Infrastructure services

Examples: Strands, Slice
Techologies, Mint

Lending / Crowdfunding

« Crowdfunding platforms, Peer-
to-peer lending, Mortgages &
corporate loans Digital identity, Authentication,

Examples: Avant Credit, SoFi, Asset Fraud mgmt. , Cybersecurity,
Avenue, Lending Club, Funding Data encryption
Circle, DianRong, Kabbage Examples: Bit9, Veracode, TeleSign

Visualization based on ~1,800 FinTechs receiving the highest amount of private funding. Dataset mapped with Quid and allowed to cluster based on similar products, technologies, customers etc

1) Data based on over 8,800 companies which were discovered across over 10 data sources. Total funding based on date of funding. Total companies based on founding year. Data as of November
2016.

Source: Quid, BCG /Expand/BCG Digital Venture/B Capital analysis

Picture 1 — visualization of world fintech market development and technology segmentation. (Al Ajlouni 2019)

Kazakhstan’s financial market

Kazakhstan’s macroeconomic indicators for 2018 are a real GDP of $171 billion and a GDP
per capita of $9237 with a population of 18.7 million. The inflation rate is 4%. Domestic debt is
around 28 percent. Foreign Exchange and gold reserves are at the level of 30.747 million. GDP
growth remained at around 5 percent in the period between 2015 and 2019 [3].

According to reports of financial consultants, the volume of the Financial market of Kazakh-
stan is relatively small from the point of view of potential investors. A big portion of this belongs to
banks. Assets of banks equals 40 percent of Real GDP and earns 21 percent return on equity each
year. The reasons for this size of the market has resulted from historical and political changes that
Kazakhstan experienced in last 30 years and the waives of economic changes in the formation of
today’s financial market. Small number and the large poor segment of the population along with
destructive and constructive effects from economic planners can be the reason for such a weak mar-
ket [4]. However, according to the report of the World Bank 59 percent of adults own an account in
financial institutions and 92 percent of companies and SME’s have an account in registered finan-
cial institutions. Consequently, if the market merely belongs to commercial banks then it is clear
that financial inclusion besides banks is at weak point. Moreover, most of the branches of commer-
cial banks are found in the two biggest cities of the country Almaty and Nur-Sultan [5]. Other re-
gions enjoy financial inclusion at relatively low level. This is justified by the low demand level of
regions and results in low competition among banks in these regions compared to the two big cities
of Kazakhstan. From all the population of Kazakhstan 77 percent use the Internet and 33 percent are
active mobile Internet users and there are an average of 1.2 cards owned by each person.

However, compared to CIS countries Kazakhstan has relatively more banks and the leverage
level of Kazakhstan is higher than other countries. The ratio of loans issued to GDP is high. In the
mentioned indicators Kazakhstan’s financial market is close to Russia, not by size and scale, but in
terms of efficiency [4].
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There are 3 types of payment system that exist in Kazakhstan-interbank clearing, interbank
money transfers and the international payment systems, Visa and Master card, that perform 95% of
all monetary transactions [6].

Kazakhstan’s insurance market is less monopolized compared to other sectors, but the majority
of insurance companies are owned by dominating commercial banks of Kazakhstan. Below, the rat-
ing of insurance companies is exposed.

In 2018, the insurance industry of Kazakhstan was comprised of 29 companies, 20 of which
provide general insurance and 6 grant life insurance policies. All assets of these companies was
equal to 1.88 percent of the country’s GDP in 2018. Most of these assets belong to the same indi-
viduals that own assets in other industries as well. In terms of possession and market share the in-
surance market is monopolized [7].

Table 1 — Kazakhstan’s insurance companies rating (Forbes Kazakhstan 2019)

Rating of insurance companies of Kazakhstan Asset amount expressed in billion

tenge
1 AO «SK Evrasia» 251
2 AO «DO Narodnogo banka Kazakhstana «SK «Halyk» 115,3
3 AO «SK «Nomad inshurans» 23,9
4 AO «SK «Viktoria» 94,36
5 AO «SK «Komesk omir» 22
6 AO «Kaspi Strahovanie» 14,7
7 AO «SK «Kazakhmys» 40,5
8 AO «SK «ASKO» 3,79
9 AO «SK «Sentras inshurans» 16,8
10 AO «Neftenaya strahovaya kompania» 1,8
11 AO «Eksportnaya strahovaya kompania» 48,6
12 AO «CK «London Almaty» 5,58
13 AO «SK«Jysan Garanty
14 AO «KK ZIMS «Intertich» 6,09
15 AO «Zernovaya SK»
16 AO «SK «Sinoasia B&R» (Sinoazia B and R)» 2,15
17 AO «SK «Freedom Finance Insurance» 2,3
18 AO «SK «Amanaty»
19 AO «SK «Transoil» 3,36

According to reports of the National Bank in 2019 there were 157 Micro Credit Organiza-
tions operating in Kazakhstan and their number is constantly growing year by year. MCO’s total
asset value in 2018 reached 286.55 billiion Tenge, which is 52 percent higher compared with the
previous period. In the same period all MCO’s made loans totalling 219.11 billion tenge [8].

Table 2 — Kazakhstan’s MCQ’s rating (Musapirova 2019)

MCOQO's listed by rating

01.01.2019 | change

1 KMF 129,2 33,50%
2 Toyota financial services Kazakhstan 35,5 54,30%
3 BIK Finance 30

4 Arnur Kredit 14,8 72,90%
5 YRYS 10,3 -3,10%
6 Online Kazfinans 58 820,50%
7 Asean credit fund 58 27,90%
8 Shinkhan finans 45 43%

9 RIC "Kyzylorda" 4,2 144,60%
10 ERG Microfinance 3,6 -22,20%
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Online micro credit organizations started to operate actively in Kazakhstan from 2014 and
experienced a devaluation period in 2015 for very start cycle of their life. From 2014 to 2018
OMCO’s loaned 39.8 billion Tenge. According to industry reports this is 1 percent of commercial
bank’s and MCQ’s loan portfolio. In 2017, 944000 online loan contracts were issued by 250000
consumers, which makes an average of 3.8 contracts for each customer. Due to complaints of very
high interest rates, in 2018 the National Bank prepared some limitations that would regulate the
OMCO’s [8].

After the unification process of pension fund companies in 2013 there is only one pension fund
operating in Kazakhstan named “Unified accumulative pension fund” joint stock company (UAPF).
The UAPF registered over 9 million pension accounts, from which 5.6 million are active, which ac-
counts for 66 percent of the employed population. SAPF accrued $21 billion since its inception,
which is 15 percent of GDP. Most of the resources of UAPF used to purchase government securities
44 percent and corporate bonds of Kazakhstani commercial banks 20 percent [8].

Table — 3 Financial inclusion in Kazakhstan (Kapparov 2018)

2011 2014 2017

Debit card ownership (% age 15+) 31 32 40
Credit card ownership (% age 15+) 9 11 20
Credit card used in the past year (% age 15+) 5 17
Used a debit or credit card to make a purchase in the past year (% age 15+) 15 26
Borrowed any money in the past year (% age 15+) 45 45
Borrowed from a financial institution (% age 15+) 13 16 20
Outstanding housing loan (% age 15+) 15 21
Received domestic remittances in the past year (% age 15+) 12 18
Received domestic remittances through a financial institution (% age 15+) 2 8

Sent domestic remittances in the past year (% age 15+) 14 16
Sent domestic remittances through a financial institution (% age 15+) 5 9

Paid utility bills in the past year (% age 15+) 65 64
Paid utility bills using a financial institution account (% age 15+) 3 21
Received wages in the past year (% age 15+) 45 44
Received wages in cash only (% age 15+) 14 14
Deposit in the past year (% with a financial institution account, age 15+) 72 83
Made or received digital payments in the past year (% age 15+) 40 54
Made digital payments in the past year (% age 15+) 23 38
Received digital payments in the past year (% age 15+) 42 43

KASE, Kazakhstan’s stock exchange was established in 1993 and is currently made up of 142
companies. KASE mainly performs transactions with foreign exchange rates and repurchase agree-
ments (REPO). Market capitalization of KASE reached to $47 billion for equities and a long-term
debt market of $24 billion.

Kazakhstan’s financial market encountered huge cash outflows and comparatively tiny cash in-
flows during the formation of the current financial market.

30 percent of monetary relation in financial system occurs in the form of e-money and accord-
ing to data from 2017 reached $1 billion [8].

Analysis of the development of the financial technology industry

The size of the fintech market of Kazakhstan is 17 billion Tenge. The expected market growth
is 16 percent for 2019. In general, the market has remained active since 2013, so the market activity
period is 5 years. 1675 specialists of various levels work in the Kazakhstan fintech market and, on
average, each fintech company employed 42 fintech specialists of the region. On average, each
fintech company serves 58,000 private sector customers and 370 legal entity clients. The coefficient
of customer optimism in relation to the provided fintech services is 0.08, and the prospects of the
company from the point of view of employees are 0.65. Also, optimism regarding the development
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and prospects of the fintech market is 0.55, but if we take the experience of working with fintech
companies, the optimism of customers is above 0.7. The market potential is 0.4. The coefficient of
uncertainty over the future for fintech companies is, according to fintech companies themselves, -
0.3[9].

Kazakhstan received 23.6 points in the world ranking for the development of the fintech mar-
ket, tentatively with the USA, which is the leader, this rating is 446 points. The market is under de-
velopment and there is still no company with a market capitalization of $ 1 billion. The largest mar-
ket participant is Credit24. The index of sustainable development is 68.1. Popular and developing
financial technologies and investment attraction sectors are online payments and online loans [10].

Kazakhstan’s fintech market is at an early stage of market development. The government
shows a desire to develop the market by attracting foreign investment and helps in every way to
regulate the online loan market and venture financing. The government also founded the Astana In-
ternational Financial Center, where there is a special zone with privileges for fintech startups.

Objectives Opportunities
Ecosystem
13% . 25%
1.1
State regulation
22% e e 78%
1.3
Banking infrastructure
33% - 56%
0.9
Labor market
44% . 22%
0.0
Market capacity
14% e 86%
0.7
Competition
33% e 56%
1.3

Figure 1-Fintech market affecting factors classified by positive (green) and negative (grey) impact
(Deloitte CIS Research Center 2018)

According to experts working in the fintech industry, ecosystem and staffing are a weakness in
the organization of the market. But in turn, market regulation, banking industry infrastructure, com-
petition, along with market self-sufficiency, are positive factors that can contribute to market devel-
opment [11].

The markets of Russia and Kazakhstan are very similar, since they have a common history and
development paths. However, there are differences. Unlike Russia, the economy of Kazakhstan is
not subject to sanctions, although it is closely related to the Russian economy since Russia is the
main trading partner of Kazakhstan. As a result, in both countries a similar economic structure is
dominated by large state-owned companies. Tenge, the Kazakh currency, is very volatile, as it is
tied to the Russian ruble. Companies that will develop in Kazakhstan will have to launch their
products at the international level, which is quite possible, given the openness of the local market.
However, the main financial institutions of Kazakhstan are not transparent, like their Russian coun-
terparts, which creates barriers for new market participants. Startups do not have easy access to the
experience gained by large players, which prevents them from achieving success in business [12].
The venture capital market is underdeveloped. These circumstances create risks that can slow down
the development of fintech technologies. Another slowdown factor affecting fintech is the small
number of graduates of higher technical educational institutions with sufficient knowledge in the
field of exponential technologies and their application for commercial purposes. Market participants
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also complain that the regulator imposes stringent conditions on microfinance organizations in the
form of established interest rates. Participants argue that there is no dialogue between market partic-
ipants and the regulator. The intervention of the regulator is imperative and punitive [13].

The majority of fintech specialists are optimistic about the further development of the scenario
in the market and the majority of specialists working in the industry are satisfied with the position
of their company and its perspective. Assessing the political and economic uncertainty affecting the
adoption of strategic decisions in fintech companies, half of the respondents indicated that they are
very uncertain, and this factor negatively affects decision-making, while only 10 percent indicated
low uncertainty. It should be noted that government steps to regulate the market, the organization of
special economic zones and the devaluation of the currency very sharply change the situation with
uncertainty. In the Global Innovation Index for 2018 Kazakhstan takes 74th place which is a weak
position. By the same rating agency Kazakhstan takes 64th position due to a comfortable and orga-
nized business environment, which is also bad news for the development of fintech in this country.
World Talent Rank reports that Kazakhstan holds 40th position in availability of specialists that are
capable to enhance the situation. Access to 3G and 4G internet bandwidth is good compared to CIS
countries. Financial inclusion and online purchases are low compared to Russia and Belarus but
comparatively better than other CIS countries [13].

Astana International Finance Centre reports that in terms of government regulation on financial
technologies Kazakhstan has already adopted laws on remote identification, blockchain, artificial
intelligence and cloud technologies, and did not regulate the internet of things. Regulation of Open
API technology is in process [14].

Moreover, AIFC reports that there are more than 10 accelerators that address the problem of
talent management in a given sphere operating in Kazakhstan and projects of law on accelerators
regulatory sandbox, laws regulating regarding capital, government funds and tax privileges in the
fintech sphere have already been discussed and adopted by the government. Besides, the govern-
ment has discussed and adopted laws on government funds and venture capital [14].

Due to tax regulations in the country, Kazakhstan was compared to CIS and Caucasus coun-
tries, where Kazakhstan shows good results with the lowest VAT tax rates of 12 percent, while cor-
porate income tax rate is at the same level as the other countries at 20 percent. In terms of the pro-
portion of tax revenue to GDP, Kazakhstan is among countries with the lowest revenues from tax.
However, the tax payment system experienced by taxpayers were at a satisfactory 56" place. The
number of tax payment types are 7, which is good indicator compared to Kyrgyzstan which practic-
es 51 types of tax that economic players should pay. Kazakhstan practices tax discounts on corpo-
rate income tax and value added tax. Besides, resident fintech companies of special technological
zones such as AIFC enjoy differentiated tax rates [13].

Conclusion

Today, fintech is important more than ever because it includes everything we previously men-
tioned in this part and they refer that banks are obliged to grasp fintech in order to stay competitive.
In the coming years, everything will be ready for expansion thanks to retail banking software, fi-
nancial software and many other components. The advent of advanced technology, combined with
the demand of customers for a safe and more convenient banking experience has led banks and fi-
nancial services to the rapid implementation of financial technology. Only time will tell how
fintech will develop further in the Kazakhstan’s banking sector. In the paper, we needed to show the
capability of Kazakhstan’s financial market in the adoption of financial innovations, and fintech
market development in Kazakhstan. Due to some restrictions, it was not possible to work out all the
issues, but a critical proportion of the work was completed. Summing up financial technologies, the
Kazakhstan banking sector takes into account and even implements technologies. But it is worth
noting that it accepts innovation selectively. This can explain the development of technology like
big data, scoring, credit technology and technology in the payment system. You can notice that Ka-
zakh banks are showing greed in new investments and show caution by investing only in technolo-
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gies that have been cash cows already and only improving these technologies further. The state
promotes development by organizing various events and companies to accelerate development, but

SO

far, the fintech industry remains underdeveloped in comparison with the world rating for the de-

velopment of fintech markets. One important reason for the pessimistic conclusions is the lack of
human capital. Responsible people for the development of this segment say that it is too early to
assess the fintech market of Kazakhstan. Given the speed of fintech development in the world, there
is a high probability of not keeping up with the participants of the fintech industry in other coun-
tries. This may lead to a losing position and reliance on outsourcing or blocking access to competi-
tors from abroad.
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Koobaguaos b.H.*, Omapos I'.b.
Ka3zakcran Pecny0imKacbIHbIH KapP Kbl TEXHOJIOTHSICHI HAPBIFBIH/IA
KAapP Kbl TEXHOJOTUSTHBIH HHHOBAIUSUIAPBIH KOJIaHY

Angarna: Ka3zakcrangarbl 6aHK CEKTOPBI — €JJIIH Kap>Kbl HAPBIFbIHIA KYHETIK KYpYyILbl cana.
Byt sKyMBICTBIH ©3eKTimiri OyriHri Tamna ¢unrex KasakcTaHHBIH Kap) bl HApBIFBIHBIH Oocekere
KaOLICTTUIH apTTBIPYIBIH HEri3l GOJIBII TaObLIATEIH TE3UCKE OailIaHbICThI, siFHI KasakcTaHqaFsl
OaHK casacsl YIIiH MaHbI3bI 30p. Kasipri yakeirra 6anKTep 6acekere KabuierTi 6oy yuuid ¢puHTeXT]
KOJIIaHyFa MIHJETTi. 3epTTeyIiH MaKCaThl — Kap>KbUIbIK TEXHOJOTUSIIAp UHAYCTPUSCHIHBIH JaMYbIH
JKOHE Ka3aKCTaHIbIK OaHKTEpAiH OaHKTIK OHIMACPIiH Oocekere Ka6ineTTiJIiriH apTTHIPYy YILIH
KapKbl TEXHOJOTUSIAPBI CallaChIHIAFbl HHHOBALMSIAPIABI KOMIaHy JCHICHiH Tajijay apKbUIbI FbI-
JBIMH JKAHATBIK KAMTAMACBI3 CTY. 3epTTey/iH Herisri 00bEKTiIep] SKIHIII ACHI eIl OaHKTep OOIbII
TabbLIaabl, OipaK eKiHIIl JeHTeUJeri 3epTrey 00beKTlIepl — Oyl FRUTBIMU-3ePTTEY SICTEeMECIMEH
KOMMEPLHSUIBIK OaHKTEPre KbI3MET KOPCeTeTIH KOMIIaHMsUIAP, PETTEYIL OpraHjap, XKaiibl GUHTeX-
OHIM YCHIHATHIH KapyKbl HaPBIFHIHBIH KATBICYIIBLIAPSI, (pHHTeXTl J@MBITY1a MEMIICKCTTIH MYJL1e-
Jnepid OUIIPETIH YibIMAAp PETIHIC aHBIKTANATBIH 3ePTTCY XKYieCi, MHIYCTPHs JKOHE OJap/blH
nikipaectepi. JKyMmbic pUHTEX OHIMIEPIH aHBIKTayJaH >koHE (PMHTEX aHbIKTaMachbIHAH OacTayajibl.
Coman keiiH Kap>Kbl HapblFbl MeH Ka3aKCTaHHBIH KapKbUIBIK TEXHOJOTHUSIAp HAPBIFbIHA IOy
KanFacyna. by xymbic Deloitte cusikThl TaHBIMAN OM3HEC-TANJAYIIBLIAD OPHATKAH «(PHUHTEX TEX-
HOJIOTHUSICBIH €HT13y HHJICKCIHY» OIpTIHICT TOIeIACH/II.

Tyiinai ce3nep: ¢uHTEX HapbIFbl, KapKbl HapbiFbl, Ka3zakcTaH, Kap>KbUIBIK KOJKETIMILTIK,
OaHK OHIM/JIEPi, MHHOBAIIHUSIIAD

Koobaguaos b.H.*, Omapos I'.b.
IIpuMeHeHne MHHOBAIMIT (PUHAHCOBBIX TEXHOJIOTHIl HA PbIHKE
(pHAHCOBBIX TEXHOJIOTMH Ka3aXCTaHA

Annoranus. bankoBckuii cektop B Kazaxcrane siBiseTcst cucTeMO0OOpa3yrolie 0Tpacibio Ha
(MHAHCOBOM pBIHKE CTpaHbl. AKTYyaJbHOCTh 3TOM pabOThl 00YCIOBIEHA TE3UCOM O TOM, 4TO (DUH-
TeX CEro/iHs SBJSETCS KPaeyrojbHbIM KaMHEM B MOBBIIIEHUH KOHKYPEHTOCIOCOOHOCTH (PMHAHCO-
Boro peiHka Kazaxcrana, 4To CyIieCTBEHHO BaXKHO JiJisi OaHKOBCKOM oTpacyiu B Kazaxcrane. banku
B Hacrosiiee BpeMms 00s3aHbl MPUMEHATh (UHTEX, YTOOBI OCTABAThCSI KOHKYPEHTOCIIOCOOHBIMHU.
[enbro uccnenoBanus sIBISIETCA NPEJOCTABICHUE HAYYHON HOBU3HBI IyTEM aHAJIN3a Pa3BUTHUS MH-
JDYCTpUHU (PMHAHCOBBIX TEXHOJIOTUH M YPOBHS MPUMEHEHUS Ka3aXxCTAaHCKUMH OaHKaMH MHHOBALUH B
o0nacTi (PMHAHCOBBIX TEXHOJIOTMH JUIsl MOBBIIMIEHHUS KOHKYPEHTOCIOCOOHOCTH OaHKOBCKHX IpO-
OyKTOB. OCHOBHBIM OOBEKTOM HCCIEIOBAHUS SBIAIOTCS OaHKM BTOPOIO YpOBHS, HO BTOPUYHbBIE
00BEKTHI HCClIe0oBaHUs dKocucTeMa (puHTeX B Kazaxcrane, KOTOpble OMpeAessitoTCs. METOA0JIOT -
el Mccae10BaHus KaKk KOMITAaHUM, 0OCTYKMBAIOIME KOMMEpUECKHe OaHKH, PEeryIMpYIOIe opra-
Hbl, YYaCTHUKU (PMHAHCOBOTO pBIHKA, KOTOpbIE Mpe/iaraoT oOmuil (GUHTEX-IPOIYKT, OpraHHu3a-
L[UH, TPEICTABIAIONINE UHTEPECHl TOCYAAPCTBA B Pa3BUTUU (DUHTEX-UHIYCTPUM U UX €IMHOMBIII-
JeHHUKOB. PaboTa HaunHaeTcs ¢ onpeaesneHust IpoAyKTOB (UHTEX U ompeneieHus GpuHTex. 3aTeM
npojaoikaercs 0030p (prHAHCOBOTO phIHKA M phIHKA (prHaHCOBBIX TexHoJorui Kasaxcrana. Pabora
MIOCTETIEHHO ONPaB/bIBAET HU3KUN «MHAEKC BHEIPEHUs (UHTEX-TEXHOJIOTHI», YCTAaHOBJICHHBIH Ta-
KUMH U3BECTHBIMU OM3Hec-aHaIuTUKaMHu, kak Deloitte.
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MMUP SI3BIKA U [IU®POBBIE TEXHOJIOT U B
MACC-MEJUA

90K 81:002
C.C. TatueBa

XanbIKapaiblK aK[apaTTHIK TEXHOJIOTHsUIAp YHUBEpcUTeTi, Anmarel, Kazakcran

AKIAPATTBIK TEXHOJIOTUSIJIAPFA HET'I3JEJITEH KYPAJIIAPIBI
KA3AK TLJII IOHIHJE YTBIM/IbBI KOJIIAHY

«XXI eacvipoa andvinevl canmasvl enoep KamapviHa 63
AHCACMAPBIHBIY UHMENNEKMYANObL HCIHE PYXAHU dNeYemiH
bapviHwia 0amsvlma aiamvlH 0Ky OpbIHOAPbIHbIY el MUiMOi
JHCYUECiH Hcacazam el 2aHa Komepiie anaobsly

H.9.Ha3zap6aesB

Angarna: byn makanaoa 6inim bepy npoyecinoe aknapammosiy MexHOA02UANAPObIH peli Kapacmbl-
poiiaovl. Convimen xamap, Ka3ax miii noHiHOe aKnapammolk JCOHE KOMNbIOMEPIK MeEeXHON02UANAPOb
KONIOaHYObIY ApMbIKUbLILIKIMAPSL MYPATbl MYCIHIK 6epineen.

Tyiiinoi co30ep. aknapammoik MeXHOLOSUANAD, MEXHUKATLIK, KYPAioap, oKy ypoici

Kipicne

Kazipri »xarnmaiina OutiM OepyliH €H ©3€KTI MIHJETI CTYAEHTTEpAIH KOMMYHUKATHBTIK
MOJCHHMETIH KanblnTacTbipy Ooibin Tabbimaabl. AKT ka3ipri yHUBEpCUTETTIH OLIiM KEHICTITiH
KEHEUTYIH eH THIMJi KypallblHa aifHaTy/a.

OKy ypaiciHze aKnapaTThIK TEXHOJOTUSHBI KOJAAHY CTYACHTTIH OKY THIMAUIITH aiTapibIKTai
apTThIpabl. Byn TexHomorusiapabl Ka3ak TUIIH OKbITY/a KOJJAAaHY apKblLIbl YJIKEH HOTHXKeJIepre
KoJ keTkizyre Oonazabl. KOO akmapaTThIK TEXHOJOTHSIApAbl KOJAAHY CTYIAEHTTEepre OalbINThI
FBUIBIMHU-3€PTTEY JKYMBICTApPbIH, MYJbTUMEIUSUIBIK MpPE3eHTAlMsIIapMeH jko0anay >KYMBICTapbIH
XKoHE T.0. KYpY MYMKIHAIKTEPIH KOPCETYTe YKOJI aIlla Ibl.

Erep 6i3 «Onictemenik Tepmunzaep cesairine» (asropiap:Aszumo E.I'., Illykun A.H.)
JKYTIHCEK, KeJieCl aHbIKTaMaHbl TabaMmbI3: aKMapaTTHIK TEXHOJOTHsUIAp AETEHIMI3 — OYJI <CKUHAY,
KHUHAKTay, caKTay, 137ey, 0epy aicTepiHiH xyieci». Komnbrorepiik GailaHbic )KeIiIepiH KoaHa
OTBIPBIN aKIapatTThl eHjaen oepy [1].

Kasipri yakpITTa ci3re aKnapaT ajly, OHbI Naiiiajany, e3iHi3 *kacay MyMKiHAiri Kaxer. AKT-Hbl
KEHIHEH KOJI/IaHy OKBITYIIbIIAPFa Ka3aK TUTIH OKBITY/Ia )KaHa MYMKIHIIKTEp alrajbl.

AKMapaTThIK TEXHOJIOTHUSIIAP, 9/IETTe, ayJHO0, BHI€0, KOMIIBIOTEP, HHTEPHET CHAKTHI TEXHHUKA-
JBIK KYpajiiap bl KOJJAHATHIH TEXHOJIOTHSIIAP JeTl aTalla/Ibl.

Kazak TiliH OKBITYZa KOMIIBIOTEPIIIK TEXHOJOTHsIAp KeHIHEH KoJiaHbu1aabl. KoMnbeoTepain
OKY KYpajbl PETIHAETI ePEeKIIEeNITri OHBIH KYPIESIUIri, oMOeOaNnThIFbl, HHTEPAKTUBTUIIIT CHSIKTHI
cUnarTamajapbiMeH OailaHbICThl. MynbTUMENUSIBIK OaFaapiaaManapra Heri3ereH HHTEPaKTUBTI
OKBITY OapJbIK 9ICTEMENIK, AUJAKTHKAIIBIK, eJarOrMKabIK KOHE TICUXOJIOTHAJIBIK PUHIUIITEP/II
TOJIBIFBIMEH JKY3€Te achlpyFa MYMKIHIIK Oepeii, oKy MpoLeciH KbI3BIKTHI ereni. CTyaeHTTepAiH
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TUINIK JTARBIHIBIFBIHBIH JEHTCeHIH ecKepy KaOileTi — WHAMBUAyaIlUs >KOHE OKyFa capajaHFaH
TOCUIIEP/Il JKY3€re achIpy YIIiH Heri3 OOJIbI TaObLIaIbl.

ConbpiMeH Oipre KOJ KETIMIUTIK KaFUJachl CaKTalaJbl )KOHE op CTYACHTTIH >K€KE KapKBIHBI
eckepineni. KommprorepaiH keMeriMeH cabakTa »KeKe, JKYITBHIK JKOHE TOMTHIK YKYMBIC TYPJEpPiH
yUBIMIACTBIpYFa Oonajpl. Anaiija, KOMIBIOTEp ca0aKTa OKBITYIIBIHBIH OpPHBIH 0aca aJIMalTHIHBIH
ecTe ycTaraH XeH. KOMIBbIOTEPMEH >XYMbBIC YaKbITBIH MYKHSAT JKOCIMapiiall, OHbl HAKThl Ka)KeT
OourFaH Ke3/1e naijanany Kaxer.

MyJabTUMeIUAIBIK OKY KYPAJIJapblH KOJIAaHY — MNeJaroruKajblK TeXHOJOrusjiap
AAMYbIHbIH TA0OUFU Ke3eHi

Kazipri yakpITTa MyIbTUMEIUSIIBIK TEXHOJIOTUSATIAP KEHIHEH KOJJaHbUIaAbL. «MyIbTUMEIN s
TEpPMUHI: KONTEreH opranapiabl Ounmipeni. MyHnail aknapaT Kypangapbl: MOTiH, ABIOBIC, OeiiHe.
AKmapaTTbhlH OapiblK OCHI TYpJIEpiH KOJAAHATHIH OaFjapiaMaiblK OHIMIEpP MYJIbTUMEIUs el
aTajaJpl.

byrinri Tanna yHuBepcuTeT OUTIMIH MOJEpHHU3AIMsIAay OAFBITTAPbIHBIH Oipi — KOMIIBIOTEPIIIK
TEXHOJIOTHSUIAD MEH MYJIbTUMEIUSIIApAbl €HTi3y. ByJl CTyleHTTepAiH aHAIUTUKAIBIK dPEKeTTepiH
YKaHIaHJbIPYyFa, IIBIFAPMAIIbUIBIK KaO1IETTEPIH allyFa, ICUXHUKAIIBIK MPOLIECTEPIH bIHTATAHBIPYFa
MYMKIHJIIK Oepei.

OKBITYIBIH JSCTYPIl SAICTepl MEH 3aMaHayH aKMapaTThIK TEXHOJOTUSIAP/bIH, OHBIH 1IIH/Ee
KOMITBIOTEP/IIH YHJIECIMI OKBITYIIIBIFA OChl KHUBIH MIHAETTEP/II 1Ienryre kemekreceai. KommbroTepai
naiiianany oKy mporeciH MOOMIIbI, capajaHFaH, KeKe eTyre MyMKIHIIK TyIbIpaJIbl.

Onickepiep AKT kypanmapeinblH OipHemie Kiaccu(UKAIMICHIH — aXbIpaTaAbl. bipiHmn
Kinaccuukanusra coiikec OuTiM Oepy xyiecinae KonganputaTeiH Oapislk AKT KypanmapeiH exi
Typre Oemyre Gonajbl: anmaparThiK (KOMIBIOTEP, IPUHTEP, CKaHEp, KaMepa, BUAeOoKamepa, ayauo
KOHE BUJIEO MArHUTO(MOH XoHE T.0.) KOHE OarapiiaMaliblK KamMTaMach3AaHABIPY (IJIEKTPOHIBIK
OKYJIBIKTap, TPEHaXKEpIIEP, TECT OPTANBIKTAphl, aKMapaTThIK CAWTTap, MHTEPHETTET! 13/1ey Kyhenepi
xoHe T.0.) [2].

Kazipri yakpitra Oombin sxkatkaH AKT camaceiHmarel cepriiic 013711 TaHBIMIBIK KbI3METTI
aKmaparThlK KaMmMTaMachl3 €Tyll YHBIMIACTBIpDY MaceseNepiH KaiTa Kapayra MoxOyp erenl.
Ocburaiiiia, AKT KypannapblHbIH €KiHIOI JKikTemeci OuTiM Oepy KbI3METiHAE aKmapaTThIK
TEXHOJIOTUSHBI KOJIJIaHy MYMKIHJIITIH KapacTeipazs! [3]:

- InternetExplorer, Mozilla Firefox T.c.c., Typni i3mey xyienepin (Yandex.ru, Rambler.ru,
Mail.ru, Google.ru, Yahoo.com, T.c.c.) KonmgaHa OThIpbil, WHTEepHETTE omeOHET 13ACYyi >KOHE
OHBIMEH JKYMBIC ICTey[i (IepeKci3, ecKepTy, aHiaTna, JIoiekce3 >xoHe T.0.); Herisri Microsoft
Office kKochIMIIanapblH MalJalaHbIl MOTIHAEPMEH >XKyMbIc ictey ymriH: Microsoft Word cisre
rpaduKanblK AU3ailHMEH MOTIHIEp JKacayFa >KOHE eHJeyre MYMKiHaik Oepeni; Microsoft
PowerPoint marepuanapl kepkemjey YIIiH ciaiarap jkacayFa MYMKIHIIK jxacaiiner; Microsoft
Excel ecenreynepai opblHAayFa, MAIIMETTEp/l Tajayra koHe OeliHeneyre jkKoHE KecTelep MeH
BeO-OeTTepaeri TidiMuepmeH kyMbic icteyre; Microsoft Office Publisher 6Garmapiamacsr
oyknerrep, Opomrtopanap xoHe T.0. (PROMTXT) asnextponnsik cesmikrepai (AbbyLingvo7.0)
KOJI/1aHa OTBIPBIN, MATIHAEP/1 aBTOMATTHI TYpAe ayAapy YIIiH;

- aknapatThl cakray yuriH (CD-, DVD-nuckinep, Flash-auckinep);

- Gaitnanbic yurie (MuaTepHer, anexktpoHaslk nomra, ICQ, Skype, MailAgent sxone T.0.);

- rpadpuka MeH JOBIOBICTBI eHAeyre xXoHe KkebOelTyre apHanran (MicrosoftMediaPlayer,
WinAmp, WinDVD, zplayer oiinatksimtapsi, ACDSee, PhotoShop, CorelDraw cypertepin kepyre
apHanFaH Oarmapiiamanap, Visio cei30anapbsl MeH chI30anapblH KypyFa apHajlfaH OarjapiamManap
T. 0.); ’Kacar, e3repryre MyMKiHJIIK Oepe/i.

AKT kypajagapsbl Ka3ak Tl cadaKTrapbIHIa KOJIAHY

Atanran AKT kypanmapel Ka3zak Tii cabakTapblHIa CTYACHTTEPIiH ©31HIIK >KYMBICHIH
YIBIMAACTBIpYFa KOJIAMIBI MYMKIHIIKTED TYyFbI3afbl. Onap KOMIBIOTEPIIK TEXHOJIOTUSHBI JKEKe
TaKBIPBINTAPIbl OKBINI-YHPEHY VIIIH Je, ajnFaH OuTiMIepiH e3iH-e31 0akbulay VIIIH ¢ KOJIJaHa
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anmagel. COHBIMEH Karap, KOMIIBIOTEp — Ke3 KEeNreH TalChIPMaHbl KaJllaraHBIHINA KalTalaWThIH,
JYpBIC XKayanka KoJ JKeTKi3€ ajlaThliH, JaFAblIapbl aBTOMATTAHABIPATHIH €H IIbIIaMIbl OKBITYIIIBI.

CabakTbl OTKI3y[iH JOCTYpil oAiCTEpiMEH OKBITYIIBl CTYAEHTTEp YIIiH HEri3ri axkmapaT
JKETKI3YIIICI PETIHIE OPEKET €Te/di, O CTYACHTTIH IIOFBIPIaHYbIH, 3€HiHIH JKOHE €CTe CaKTaybIH
Tayian ereii. bys pexumie op CTyIeHT )KYMBbIC icTei Gepmeiii.

MiHe3iH ICUXOJOTHUSIIBIK CHUITaTTaMallaphl, CTYJACHTTEPIIH KaObu1Iay Typl COTCI3AIKKE ceberr
6omansl. CoHbIMEH Kartap, OLTIM JeHreiiHe KOWBLIATHIH Ka3ipri 3aMaHFbl TajamnTap CTYACHTTIH
cabaKThIH TaKbIPBIOBIH UTEPYIHE KAKETTI aKmapaT KeJIeMiH a3aliTyFa MyMKIHIIK Oepmeiii.

Anaiiia, KOMIBIOTEPIIiK OarmapiaManapsl KOJIJaHa OTBIPHII, Ca0aKThl YIHBIMIACTHIPY Ke3iHIe
CTYJIGHTTEpPre MOTiH, Auarpamma, rpaduk, cbi30a TypiHIEe aHUMANMUIBIK 3(dekTiiepal KoamaaHa
OTBIPBII, TYPAI-TYCTi Oe3eHaipiiareH akmapar oepineai. MyHbIH 69pi, Ka3ipri AuJaKTHKara COUKec,
ci3re OKy MaTepHasblH aybI3llla TYCIHAIPYACH T'epi aHBIK JKOHE OHAMl ajdyFa MYMKIHIIK Oepeni.
MyHnaii cabakrap/ia CTyICHT 63 OSTIHIIIE jKaHa MaTePHAIAbl TYCIHIN aJifa YMTBUIA OTBHIPHII, KAXKET
OoiFaH Karjaiia TyciHOEreH MarepualiFa Opaliblll HEMEece aliFa Kapal YMTbUIa OTBIPHII, KEKe
PEKHUMIE )KYMBIC iICTEY1 6TE MAHBI3/IBI.

KomMmmbrotep cTyaeHTTepiH SpTYpiii jKayanTapblHa ajiaji: OJl CTYACHTTEpHAiH MakKTay ce3jaepi-
MEH HeMmece jkajia KaOybIMEH JKYMBIC iCTeMeimi, OyJI onapablH JepOCCTIriH JaMBITAIbl JKOHE
cabakTa KarbIMJbl QJIEYMETTIK-TICUXOJIOTUSIIBIK aTMocdepa Kacaiipl, ojlapFa ©3iHE CEHIMILIIK
Oepei, OChIFaH Opaii xeKe OACHIHBIH JaMYybl YIIiH MaHbI3/bl (PaKTOP OOJIBIN TaObLIAIBI.

CoHBIMEH, CTYICHTTEPAIH KOMIIBIOTEPMEH KYMBIC iCT€YIHIH apTHIKIIBUIBIKTAPBl MBIHA/IA!

- CTYZICHTTEP/IIH KaJIbl MOJCHH JaMYHhI;

- KOMITBIOTEPIIIK AaFAbLIapIbl KETULIIPY;

- TiJ1 IGHTeH1H KOTepy;

- KOJIAIJIBI TICUXOJIOTUSIIIBIK, KIIMMATTHI KYPY;

- CTYJIGHTTEP/IIH BIHTAChI MEH MIOHTE JeTeH KbI3bIFYIIBUIBIFBIH apTTHIPY;

- CTYJCHTTEP/I1H 631H-031 OCKITYI;

- OKBITYJIbI JapaiaHIbIpyAbl )KY3€re achblpy MYMKIHJIT;

- Kepi OailylaHbIC KaFUJaThIH ICKE achIpy;

- MaTepHualbl KOPHEK] TYpJie KOpPCeTYy IiH YIKEH MyMKIHAIKTEpi;

- TaKTaFa MaTepHa )Ka3yra YaKbITThl KOCTIaFaH/1a;

- OKBITYIIBIHBIH IIBIFBIHIAPBIH YHEM/IEY;

- CTYZIEHTTEP/IIH KYMBICBIH TEKCEPY MPOLIECIH KETUIIPY;

- OKBITYIIBIHBIH O€/I€TIiH apTTHIPY;

- OakpUIay MEH 031H-031 OaKbUIayAbIH YHIIECYI;

- CTYJICHTTIH 1C-OpEKeTiH OOBEKTHBTI KOHE yaKTbUIbI Oaranay;

- O31HIK )KYMBIC JJaFIbUTAPbIH KaHIaHIBIPY.

3amaHayu menarorukaiblK TEXHOJIOTUSIIap bl KOJJIaHy Ci3re e3repyre MyMKiHJIK Oepeni:

- OKyJIaH ecTe cakray (YHKIMSICHI pETiH/IE, OKyJaH aKbUI-0i JaMy MPOIEeCi peTiHe;

- CTATUCTHKAIBIK OLTIM MOJIETIiHEH TICHXUKAJBIK OPEKETTEPIiH JMHAMUKAIBIK JKYHeCiHe;

- opTala CTy/ICHTTIH Ha3apbIH capajaHFaH JKoHE KeKe OKy OaraapiiaManapblHa ayiapyaaH;

- CBIPTKBI MOTHBAIIUA/IAH 1IIIKI MOPAIIbJBIK-EPIKTIK peTTeyTe NeHiH.

Kazak i cabarpiHia aKmapaTThIK-KOMMYHHUKAIFSUTBIK TEXHOJIOTHSIIAPABI KOJIIaHy OKBITYIBIH
THIMJI Kypaibl peTiHJAe KOMIBIOTEpPAIH OpacaH 30p oJeyeTiH amajbsl. KoMIbIOTEpIiK OKBITY
Oargapiamanapbl ceiliey OpeKeTIHIH SpTYpJl TYpJEpiH >KATTHIKTBIPYFa *OHE OJlap/lbl OPKHIIbI
KoMOuHanusiapaa OipikTipyre, Tidl KYOBUIBICTapbIH TYCIHYTre, TIAMIK KaOlIeTTep/iH KaJlblI-
TacyblHa, KOMMYHUKAaTHUBTI >KaFJaijap[pl jkacayra, TUI MEH CeMJey OpeKeTTepiH aBTOMaTTaH-
IBIPyFa, COHBIMEH KaTap JKeKe TOCUIIIH JKY3€re achIpbUTYbIH KOHE CTYACHTTEPIiH O31iK
YKYMBICTAPBIH KYIICUTYTe€ MYMKIH/IK Oepesi.

Kazak tinmi cabarpiana AKT koHe MHTEpHET pecypcTapblH KOJIJaHY SICHAMANbIK, TUJAKTH-
KaJIbIK, €JarOrMKaJbIK KOHE MICUXOJOTUSIIBIK KaFUAaap IbIH TOJIBIK CIIEKTPIH JKY3€re achIpajbl.
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Kazak Ttinmi cabakrapblHIa KOMIBIOTEpIiK OuniM Oepy OarjapiaManapblH KOJJaHY KOMMY-
HUKATUBTI MoceJenep/Il MenTyiH THIMIUITIH apTThIpajbl, CTYACHTTEPIIH CaH TYPJl ceiey
OpEKETIHIH TYpJIEpiH IaMbITaAbl JKOHE cabakTa CTYISHTTIH Ka3aK TULAIK OENCeHAUIIrl YIIiH
TYPaKThl MOTHUBALIUSHBI KAJIBIITACTHIPAIbL.

XKobGanbIK oicTieH aKnapaTTHIK TEXHOJOTHSHBIH YiJIecyl YHUBEPCUTET CTYACHTTEpiHEe o37epi-
HIH OUTIMJIEpIH, JaFIpUIApbIH IC XKY31HIE KOJJaHyFa MYMKiHOIK Oepexi. CoHIBIKTaH OipiecKeH
YKBIMIBIK KBI3MET COTTI KY3€re achIpbUIATHIH FBHUIBIMU-TAHBIMJIBIK KBI3METTI YHBIMIACTBIPY/IBIH
O1p Typi O60bI TaObUIAAEL. BYJT Ka3ak TiJiH YHpEeHyTe IereH bIHTaHbI apTThIpyFa MYMKIHJIIK Oepe/i.

bi3ain olibiMbI3IIa, Ka3ak Tii cabareiaaa AKT MeH raaMTop pecypcrapblH naiiganany OyriHTi
KYHHIH ©3€KTUIIr1 006 Ta0butabl. OKBITYIIBI ©3 CTYJASHTTEPIHE KBI3BIKTHI, 3aMaHFa cai, ©31HiH
MeJaroTUKaJbIK MIeOepIiri MeH 3USTKEPIIIK JCHTeHiH XKETIAIpYi Kepek.

KoraMHBIH Ka3ipri JaMy Ke3eHl1 akmapaTTaHIbIpy YpAiCiIMEH cumartaiaabl. bimiM Oepyi
aKnmapaTTaHIBIPY MPOLECIHIH HETi3ri OarbITTapbIHBIH Oipi OuTiM Oepy KyleciHe jkaHa aKmapaTThIK
TEXHOJIOTUSIIApAbl €HT13y Oombin TadbUIaabl. biniM Oepyal aknmapaTTaHAbIPY HMPOIECIHIH AaMyblHa
0ailJTaHBICTHI OKY MaTePUATBIHBIH KOJIEMi MEH Ma3MYHBI ©3repy/ie.

Kasipri yakeitTa Oi1iM 6epy canacsiHaarbl MaHbI3bI ©3repictep KOO Ka3ak TilliH OKBITYFa Ja
ocep erTi. Aram aWTKaHIa, MHTEPHET-PECypCTap/bl Maiaiany, OKy MPOIECIHIEe KOMITBIOTEPIIIK
Oargapiamanapibl OKbITY CHUSKTHI )KaHa aKMapaTThIK TEXHOJIOTUSIAp eHri3iie 0acTtansl [4].

bi3 80-xblnmapAblH opTackiHia OacTaifaH ol J€ KapKbIHMEH JaMbIN KeJle KaTKaH akmapat-
TBHIK, KOMITBIOTEPIIIK PEBOIONHNA JOYipiHIAE oMip Ccypim kaTeipMbI3. Kommbrorepnep 6i3aiH eMipi-
Mi3re JKoHE Ka3ak TUIH YiipeHy mporecine ae Kipai. OKy ypaiciHAeri KoMmmbroTep — Oy
CTYACHTTEPAl OKBITY, OJAPJBIH OKY 1C-9pEKETiHIH MYMKIHIIKTepiH KeHeWTy Kypaisl. KommbroTep-
JIep OKBITYIIBUIAPABIH OKBITYIbl JapajlaHAblpy KaOUeTiH endyip apTThIpajbl *KoHE Ka3aK TUIH
OKBITYZa CTYIACHTTEP/IH TaHBIMABIK OCJICEHIUIITIH KY3eTe achIpaibl KOHE OKY MPOLECIH CTYJIeHT-
TepJIiH >XeKe epeKIIenikTepine Oeilimaeyre MyMKIHIIK Oepei.

Byrinri Tapaa KOMOBIOTEPIIIK TEXHOJOTHSIHBI JKOHE TEJICKOMMYHHUKAIMSIHBI O1p MOHAIK cajaaa
naiinanany KaOIIeTTLNIrH Kajmbl CayaTTBUIBIKTBIH ©JIIeMi peTiHAe KapacTblpy Kepek. OHbI
OYTIHT1 OKBLIBIM, >Ka3bUIBIM >KOHE THIHIAIBIM TOCUIIEPIHIH AJCTYPJl TYCIHAIPMECIMEH CcajbiC-
ThIpyFa 0oJabl.

AKDaparThlK >KOHE KOMITBIOTEPIIIK TEXHOJOTUsUIApABl KOJJAaHy Oi3re Ka3ak TUIH OKBITYAa
*aHa MyMmKingiktep amaabl. AKT-HbI KongaHa OTHIpHIN, 013 OKBITYIBIH kaHa (opmanapbl MeH
omicTepiHe Tam 00JIaMbI3, COHBIMEH KaTap OKY MPOIECiHE kKaHa TICUIIEP MEH CTUIIBACD 13/1eMMi3.

ConbimeH, 613 oKy ypaiciane AKT anemeHTTepiH kUi aTaiiMbI3:

- KOMITBIOTEp MEH MYJIbTHMEIUSIIBIK K00a, MHTEPAKTUBTI TAKTAHbI KOJIIAHY apKBLIHI;

- KOPCETUITeH JIEKTPOH B OKYIBIKTap MEH OKY KYypaaaphl;

- AJICKTPOHIBIK SHITUKJIONEIUSIIAP MCH aHBIKTaMaJIBIKTap;

- HHTEPHETTIH O11iM Oepy pecypcTapsl;

- cypeTTep MeH wttoctparusiapsl 6ap DVD xone CD guckinepi;

- OeiiHe JxoHE ayIuo KabIbIKTap;

- UHTEPaKTUBTI KOH(pEpeHUUsIap MEH KOHKYpCTap;

- KAQIIBIKTBIKTaH OKBITYFa apHaJIFaH MaTepHuaiap;

- FBUTBIMU K00ajap MeH jxobaap;

- KalIbIKTaH oKy [5].

Onapabl CTYACHTTEP/IIH COMIIEY OpEKETIHE €HTI3y YIIIH JICKCUKAIBIK JaFabUIapIbl JaMBITy —
CO3MIK KOpJbI Urepyaeri 6actol MiHAeT. JICKCHUKaNBIK JaFIbUIapabl KATBIITACTRIPYAa KOMITBIOTEP-
JIIK TEXHOJIOTHSIHBI KOJIJIAaHY TMPOIECTIH THIMIIITIH alTapJIbIKTall apTThIpaabl [6].

Ce3 MarbpIHACKHIH MBICBIKTAY YIIiH 013 CTYJACHTTEPre, MbICAIIbI, CO3/IEP Il TAKBIPBINTHIK TOMTapFa
OeJryre apHaJFaH XaTTHIFY/bl YChIHAMbI3 (MekTten: 6op, mapTa, OKbITyIIbl. OTOACKI: aHACHI, JMKECI,
oKect).
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KomnbroTep apKbulbl ce3lepAl KOJAaHyFa YHpETy VIIH CTyIEHTTepre MbIHA Ce3JepIcH
ceiyieM Kypaybl YChIHAMBI3: 0ap, YIKEH, COJ JKepJe, MEHIH, Tepe3e, xKaThlH 0eame, (MeHiH KaTbhlH
Oexmemie YIKEeH Tepese 0ap).

OKpITY Ke3eHIHJIe JKOHE CO3JIK KOPbl OHIMJI iC-OpeKeTKe MaimanaHy Ke3iHIe Cce3 TipKec-
TepiHIH Ma3MyHBIHA HETI3ZENTeH ce3aepil OipiKTipy omepauusiiapbl IIenrymi 0omaasl. OHIMII
JIEKCUKAJIBIK JIaFblIapAbl KaJbIITACThIpy YIIIH 013 KOMIBIOTEpAl MNaillanaHbll, CTyIEHTTEp.l
JIEKCUKAIIBIK OipmikTepai OipikTipyre OaliaHbICThI ic-opeKeTTepAl yiipeTremi3. MbIcalibl, KaTThIFyFa
apHaJIFaH TalcblpMa:

- ATBIHBI3IIBI, TI3IMJENTEH 3aTTap He 00Nyl MyMKiH: Yii, 6enme, ycren, kinem. CbIH ecimep
Oacka OaraHFa OpPHAJIACTHIPBUIAILI: YIKEH, €CKi, ak, ojeMi. CTyIeHT OChl ChIH ecCiMIep MEH 3ar
eciMIIepJIeH CoMIeMAepAl AyphIC KYPacTBIPHII, OJlap/bl THICTI OaraHgapAaH TOMEHJET] KOoJaapra
KBUDKBITY KepeK. COHbIMEH KaTap TOJNTHIPBUIFAH KOJJApIbIH CaHbl CTYJIEHTKE OJ ol Kypac-
ThIpMaraH 0acka Ja Tipkectep Oap ekeHiH aitansl. Ce3 TipkecTepiH Oackanapra KaparaHia Kke0ipek
KyparaH CTYACHT KeIl yIail >KuHa/1bl.

OHIMIII aFIpl KAIBIITACTHIPY YIIIH MOJIMAEMEAET] KeMIIUTIKTEPAl TONTHIPY YUIIH KATTBIFY
acanaapl. bys skaraiiaa QyphICTBIFBIHBIH KOPCETKIII — aJIMACTBIPBIIFAH JIEKCUKAIBIK O1pJIIKTIH
CEMAHTHKAJIBIK MAaFbIHACHIHBIH OIpIKKEHTe ColKec Kenmyi. MpIcanbl, 0i3 CTYIACHTTEpPre JIHajor-
TapAarbl KeMIIUTIKTEP/l THICTI JIEKCHUKAIBIK OIpIIKTEpMEH TONTHIPYABl YCHIHAMBI3, Hemece, 013
CYpakKa >kayar Oepy YIIiH ceieM i TaHAay TarnchIpMachiH Oepemis:

— Ci3 mait imeci3 6e?

a) Komr kennini3

9) Uo, erineMin

0) O3iHI3re KOMEKTECIHI3

MyHzail KaTThIFyJIapAbl KbUIJAM OpPBIHIAY YaKbITThI YHEMJIEYre OaillaHBICTBI 3€pPTTENreH
CO3MIIK KOpBIH apTThIpyFa MYMKiHIIK Oepeni. KommbioTep cOHBIMEH Katap opTypii, Oipak
Kypaeniniri Oipzelt TancelpManapabl OpbIHAAWTHIH CTYASHTTEPIe HET13/IeNreH CO31K KOPhIH OKbITY
NpPOLECIH JKaHAaHAbIpyFa cenTirin turizeni. Ceiliey opekeTiHJe JEeKCUKaNbIK OipiiKTepi
KOJITaHY/IaFbl )KaTTHIFYABIH MBICAJIBIH KEJITIPEMi3: CTYJIEHTTEp TYTAC TUAJIOT KYPYHI KEpeK.

- o Uo. OTiHeMiH, OTIHEMIH.

- Ci3 xKeMIC-KUJEK IEH UIYKBIKThI Kajaiichl3 6a?

- O31Hi3re KOMEKTECIHI3.

- Uo, eTinemin. Maran 6ec anmma Gepe anacerz 6a?

- Pakmer cisre! Maran anenbcuH yHaipl. MeH anenscuH ancam 0osia ma?

bipaeit nuanor KypraH cTyAeHTTep *Kynracaabl. Penaep OoiiblHIIA JUAIOTTapaAbl OKUJIBI KOHE
xarraiinpl. OcbliaH KeWiH auanorrap OYKUI TONTHIH anjblHAa oWHaTbuiaabl. CoHbIMEH Oipre
JMAJIOTTap/Abl THIHIANTHIH CTYJICHTTEP PEHENTHBTI JEKCHKAIBIK JaFIbLIapAbl KAJTBIITACTHIPAIbI.

JIekcuKamnbIK JafAbUIapbl KaJIBINITACTHIPY OOMBIHIIA jKacallFaH JKYMBIC JHAJIOTTIK COMIeyaiH
ceiiyiey NarIbUIapblH KaJbINITACThIpyFa Keulyre MyMKiHAIK Oepeni. Cabakrapia CTyIeHTTEpPIiH
JaFAbUIapblH  KaJBIITACTRIPYAa KOMITBIOTEPIiK OarjgapiaManapibl MaijanaHy, KOMIBIOTEPIIK
OKBITY TEXHOJIOTHSIIAPhI Ka3aK TiHIH JEKCHKACHIH OKBITY Ke3iH/le KOWBUIFaH MaKcaTTapFa TOJBIK
colikec KeJIeTIHIIrH KOpCeTTi.

Kommprorepmik TexHOnorusmapapl 013 JOCTYpl OKy KypalJapbIMEH KaTrap KOJIJIaHAMBbI3.
JlereHMeH, KOMIIBIOTEPIIIK OarnapiaamManap/bl KOJJIaHy TOKIpHOeci OKBITYIbIH IOCTYPJII d/iicTepiHe
KaparaHJa KOMIIBIOTEpJIIK TEXHOJOTUSHBIH KONTETeH apThIKIIBUIBIKTapbl 0ap €KeHiH KepceTell.
OnapIplH  KaTapblHOa CTYOSHTTEPIiH JepOecTiriH >KEKeNeHAIpy KoHe HWHTEHCHU(HUKAIUIaY,
TaHBIMJIBIK OEJICEHJUTIK TEeH BbIHTAJAHABIPYABl apTThIpY, OUlIM Oepyldi HMHTEHCUBTEHAIPY >KOHE
KOJIalJIBI OKY OpTachlH Kypy Oap.

I'pammatukanbl okpITy OapeichiHga 613 AKT-MeH KyMmbIc jKacaylblH OpTYpJi OmICTEpiH
KOJITaHYFa THIPbICAMBI3.
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bi3 xaHa epexeHi TyciHaipy Hemece OuriMiMai Tekcepy yuriH Power Point Garmapriama-
ChIHJAFbl Mpe3eHTAlMSIHbl KOJJAaHaMbl3. Typii-TyCTi Mpe3eHTalusl CTYACHTTEPre TEOPUSUIbIK
MaTepHaIbI )KaKChl €CTE CaKTayFa KOMEKTECe/I.

JlaibIHABIK Ke3eHIHAE FallaMTop akIapar >KMHay YIIiH Kojijanbuiansl. Keneci keseH: Power
Point Garnmapnamaceina npe3eHTanus xacay. Ceiliey narIbIChl: MPe3CHTAUSIAPIbI, KOMIBIOTEP-
JIK OKYJIBIKTap/Ibl, KeCTeIep i, fuarpaMmmMaiapabl KOJJJaHa OTBIPHII KY3€re achIpbliaibl.

[Ipe3enTanms xacay OapbIChIHIA CTYJISHTTEPAIH JaMYbIH OailKay ©Te KbI3BIKTBI. Op CTYACHT
yIIiH OyJI e3/epiH, KbI3BIFYIIBUIBIKTAPBIH, ajfaH JaFIbUIaphIH KOPCETyre MYMKIHIIK Oeperi.
CryneHTTep TaKbIpbITap OOWBIHINA ©3/I€pi Typaibl MPE3CHTALMsIIAp KaCaAW I, CaiITapIa e3aepi-
HiH (oTocypeTTepiH, TYHIH ce3lepiH, Co3 TIpKECTepl apKbLIbl XxabapiiamMa Kacayra KOMEKTECe/I.
MyHnaii ceiiney Aarapliapbl TOXipuOeae KONTEreH Mocenelepre KbI3bIFYIIbUIBIK TYIbIpaabl. by
TII/IE coilyieyre KaKChl bIHTAJIAHABIPY OOJIBIN TaObLIAIbI.

Keneci TakpipsinTap OoifpiHIna OasHgamanap skacanabl: «MeHiH otOaceiM», «MeHiH dyecTi-
rim», «MeHiH narepim», «MeHiH yHHUBepcUTETIM», «MeHIH TyFaH KYHIM», «MeHIH KYH TopTiOim».
CTyneHTTIK Mpe3eHTanusuiap — oJapAblH eMipi MEH aifHalachIHAarkl (pakTiyiep Typajbl oHTiMenep
FaHa eMec, COHBIMEH KaTap ojapra TyCiHikTeMe Oepy, 3 MiKipiepiH OUIIipy SpeKeTi.

AKT cabakra tectrepiai THIMII TaiiadaHyFa jkKoHE ca0akK yaKbITBIH YHEMICYre MYMKIHIIK
6epeni. CtyaeHTTep TecTileyAeH KeiliH HoTmxkenepin Oipaen Oine amaasl. AKT xongany Oaranay-
JIbIH CyOBEKTUBTLIITH OOJABIPMayFa MYMKIH/IIK Oepe/i.

KopbIThIHABI

Kazip 613 koMmbroTepi naigananoai KYMBICBIMBI3IBI €IECTETEe aIMaliMbI3. ByJT TaKBIPBIITHIK
JKocIaplayabl, cabakka JaiblHany Ke3inae, cabakka yJecTipMeni Marepuaniapabl (kapToukaiap,
KecTenep, JAuarpammainap, TecTTep), cabakka apHaJlFaH KOpHEKI MaTepHajapibl, KoOajlapisl
xKobanmaraHaa koHe T.0 KaMTuabl. OKy MpOLECiH KaJaralaiiMbl3, CTYJICHTTEpJIH MoH OOibIHINIA
yArepiMiH, HOTIKenepiH Tipkeimiz. Kaszak tim cabakrapeinga AKT kommany wmatepuaiiasi
CTY/IGHTTEepre KOpHeKi TYpJAE KeTKi3yre, OKbITYLIBIHBIH >XYMBICBIH >KEHUIJIETyre, OUTIM amymibl-
JapAbIH KBI3BIFYIIBIIBIFBIHA OaMIAaHBICTEI OKY YJTE€PIMIH apTThIpyFa, COHBIMEH KaTap MaTepUaJIbl
TYCIHIIpyre OeJiHeTIH YaKbITThl KbICKAPTHIN, TONTACTBIpYFa KOl KeHiJI 0eiayre MyMKIHJIIK Oepei.
AymuTopusga KOMITBIOTEp MEH aKIapaTThIK TEXHOJIOTHSHBI TaiIaNaHy €HJi WHHOBAILUS eMec,
KQXKETTUTIK. OUTKeH1 KOFaM YJIKeH KapKbIHMEH JaMBIIl KelleAdl, ajl CTyJEHTTEp MEH OKBITYIIbLIap
3aMaHfa cail OoJybl KepeK, ajl KOMIBIOTEPIIIK TEXHOJIOTHUSAJIAPMEH KYHIENIKTI KapbIM-KaTbIHAC
aKnapaTThIK KEHICTIKTI OHail bacKapyra MyMKIiH/IK Oepei.
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C.C. TaTueBa
PaumnonasbHoe ucnosib3oBaHue HHPOPMANMOHHBIX TEXHOJIOTHIA HA
3aHATHUSAX M0 KA3aXCKOMY SI3BIKY

AHHoTanusi. B nanHoil crathe paccMoTpeHa poiib MH(OPMALMOHHBIX TEXHOJOTU B 00pa3o-
BaTeIBbHOM Mporiecce. BBIIeIeHb MPEUMYIIecTBa HCIOIb30BaHUS WH(OPMAIMOHHO-KOMITBIOTEP-
HBIX TEXHOJIOTUH.

KiaroueBble ciioBa: MHPOPMAIMOHHBIC TEXHOJOTHH, YYCOHBIA MPOIECC, TEXHUICCKUE Cpe/I-
CTBa
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Rational use of tools based on information technology in
Kazakh language lessons
Summary. The article describes threose of information technology in the educational process.
The advantages of the use of information and computer technologies.
Key words: information technology, learning process, technical means.
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Me:x1yHapoIHbIN YHUBEpCUTET HH(GOPMALMOHHBIX TeXHOJorui, AnMaTsl, Kazaxcran

INPUMEHEHUE WHO®OPMAIIMOHHBLIX TEXHOJIOT UM ITPU
ONPEAEJIEHUU CMbICJIOBOI'O COAEP KAHUSA CIIOPHOI'O TEKCTA

Anuomauu}l: B Hacmomqeli cmambe Ha npumepe npueiedeHus OHJIalH SE0-aHanu3a OJisl GbisAGICHUS.
CMbIC106020 coaepofcauuﬂ mekcma ()eMOHcmpupyemc;z B03MOINCHOE UCNOJTb306AHUE 6 TUHC6UCMUUECKOM UC-
ClIe008aAMENbCKOM npoyecce 6 Kaiecmee OONONHUMENbHBIX npoueayp qubOpMaZ/;MOHHle mexnonozull. Ma-
mepuaiom NnoCays;HCuiu CnOpHsbLE MEKCNIbL, Komopbsle mozcyn nocniynaniv Hda uccredosanue cneyuanucmy-
JIUHZ6UCHTY 6 PA3ZHOM obveme u Konuuecmee.

Knwuesvie cnosa: aunanus mexkcma, Cmvlciloeoe codepofcaﬂue, S€0-ananuz mekcma, Kiroyeesvie Cloéd,
cemanmudeckoe ﬂ()pO, CnOprllZ meKkcm.
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BBenenue

B snoxy rno6ansHoil nudpoBuzanuu HHGOPMAIIMOHHBIE TEXHOJIOTMH aKTUBHO BHEAPSIOTCS BO
Bce c(hephl KU3HHU U JICATEIHPHOCTH YEJIOBEKa. JTOT MPOIECC 3aXBATHIBAET U HCCIICIOBATEIBCKYIO
NeSITeNIbHOCTh KaK caMmylo nepenoByto chepy. B nMHrBHCTHKE MHTErpanus S3bIKa U TEXHOJOTHA
Hayajach euie Bo BTopoil nojgosuHe 20-ro Beka. Celfuac UMEIOTCSI HE TOJBKO OT/AEIbHBIE POrpam-
MBI, HO M LeJble HAlpaBJiCHMs], CO3/IaHHbIE HA CTHIKE SI3bIKa U WH(GOPMALMOHHBIX TEXHOJIOTHH —
KOMITBIOTEpPHAS JIMHTBUCTUKA, KOPIYCHAsl JTMHTBHCTHKA, MAIIUHHBIA MEPEBOJ], WH(OPMAIIMOHHO-
MIOMCKOBBIE TeXHOJOrHH. OHAKO JaHHAs CTaThsl MOCBSIICHA MPUMEHEHHUIO OJJHOM YaCTHOW METO-
JIUKH B paMKaX MCCIIEIOBATEIbCKOTO MPOIIecca B IMHTBUCTHUKE.

[lepen TeM, Kak MPUCTYNUTh HETOCPEICTBEHHO K H3JIOKEHHUIO XOJa HCCIEJAOBAHUS CUUTAEM
HEOOXOMMBIM TIPUBECTH ONPECIICHUE JBYX OCHOBHBIX TMOHATHH. B KkauecTBe wMarepuana
UCCIIeIOBaHMs ObLT B3SIT TAKOM THUIT TEKCTOB, KaK «CHOPHble mekcmbly. JlaHHOE Ha3BaHUE SIBISETCS
YCJIOBHBIM U HUCIIOJB3YETCS IO OTHOLIEHUIO KO BCEM PEUYEBBIM MPOU3BEICHUSIM, «IPEJICTABICHHBIM
Ha CyJIeOHYIO SKCIIePTU3Y WM JMHTBUCTUYECKOE HccaeaoBanue» |1, ¢.62]. AKIeHT 31ech ienaercs
Ha MPUPOAY TEKCTa — 3TO PEUEBOE MPOU3BEACHHUE, T.€. TEKCT, CO3JaHHBIN YEIOBEKOM, pe3yibTaT
peYeBOi 1eATEeIbHOCTH YETIOBEKa.

[Ipu uccienoBaHuU CIIOPHBIX TEKCTOB MEPBBHIM M BaXKHBIM SIBJIICTCS BOIIPOC OMPEAEIICHUS €ro
cMblc08020 colepaicanusi. DakTuyecku, 6e3 TaHHOTO IIara HEBO3MOXKHO MPUCTYNHTH K JajdbHEH-
IeMy HM3Y4YeHHIO TOTO HJIM WHOTO acleKTa, MOCKOJIbKY MEXIY OMpPEIeICHUEM COJEp>KaHUs U Io-
CJIEYIOIUMU JEHUCTBUSIMHU €CTh CBSI3b, MPOSBISIONIASCS Yepe3 OTHOIICHUE «OOIee — YaCTHOE».
Mexny Tem moj codepoicanuem mexcma nonumaetcst «1. BHyTpeHHss (MOHATUHHAS, CMBICIOBAsT)
CTOpPOHA SI3BIKOBBIX €IMHMII, 10 OTHOIIEHUIO K KOTOPOM BHEIIHsS (3BYKOBas, rpaduueckasi u T.11.)
UX CTOpOHA MPUOOPETaeT CBOMCTBA BBIPAXKEHUS; 2. BHYTPEHHSSI CTOPOHA MOCTPOCHUS BhICKAa3bIBa-
HUSI, €r0 CMBICIIOBOE HAIOJHEHHE; 3. ONKMCaHue Kakoi-To cutyaruuy» [2]. [lepBbie 1Ba MOHUMAaHUS
CBSI3aHBI C JIMHTBUCTUYECKHUM KOHTEKCTOM U CEMAHTHKON MMEIOIIUXCS B TEKCTE S3BIKOBBIX €TUHMUII.
Tperbe nmoHnManue TpeOyeT BhIXOJA 3a PaMKHU JIMHTBUCTHUYECKOTO KOHTEKCTA M Iepexojia K Oosee
CII0)KHOMY SIBIIGHUIO — CUTYaIlMH (MM SKCTPATMHIBUCTHYECKOMY KOHTEKCTY), B KOTOPOU OBLI CO-
31aH TEKCT. AHaJIU3 PeUeBOW CUTYyaIlMH TpeJroiaracT odpaimieHne K (Gpopme peueBoil CUTyalluw,
MECTY, BPEMEHH, yYaCTHUKaM KOMMYHUKAIIMH, UX B3aMMOOTHOIICHHUSIM, TPOJUKTOBAHHBIM TPaBU-
JIaMH | YCIIOBUSIMH, MIPUHSATHIMHA B OOIIECTBE, HAMEPCHHUSIM U MOTHBAM TOBOPSIIIETO, HHTEPIIPETa-
MU BBICKA3BIBAHUN cIymaronmM U np. C alropuTMOM TaKOTO aHallM3a MOXKHO O3HAKOMHTHCS B
nucrounuke [3]. Hacrosmias e cTaThs 0XBAaThIBACT IEPBHIC [BA TOHUMAHUS.

Metoabl uccjie0BaHUA

Xoo (anzopumm) ucciedoganus cooepircanusi mexcma

Copepxanue Tekcta (To, 0 YeM B HEM TFOBOPUTCS) MpeAcTaBiseTcs B BuAe Hauboyiee 4acToT-
HBIX IIOHSATHM, BBIPQXKEHHBIX, KaK IPABUJIO, CJIOBAaMH, MOBTOPSAIOIIMMHUCA B TEKCTE, MOCKOJIbKY
«KOMMYHHUKaHTBI KaK Obl «XOIST KpyraMu» BOKPYT ONpeeNEHHBIX TeM, HEOAHOKPATHO BO3Bpallia-
SChb K HUM B T€UEHHUE BCETO pa3roBopay [4, ¢.26]. Takue cioBa COCTaBISAIOT cemManmuyeckoe 10po
Tekcta. Ha mepBom sTare uccienoBaHus BRISBISAIOTCS HanOoJiee YaCTOTHBIE B TUIaHE YIIOTPEOIeHUS
CJIOBA.

[Tocne yero mpou3BOIUTCS OMNpeAeNieHUE BHYTPUTEKCTOBBIX CBS3€M MEXIY BBISBIECHHBIMU
cioBamu. Yepes ycTaHOBJIIEHHE OTHOIIEHUN MEXIY KIIOYEBBIMU MOHSTHUSIMH, COCTaBIISIOIIMMU CE-
MaHTHYECKOE PO TEKCTA, ONpeeseTcsi 00BEKT pa3roBOpa, MOCKOJIbKY «CMBICIIBI OTOOpakaroT He
CTOJIbKO CaMH SIBJICHUs IEHCTBUTEIILHOCTH, CKOJIBKO CBSI3U U OTHOLIEHMS MEKIY HUMW» [5]. MHaue
TOBOPSI, CMBICII TEKCTa, CTPYKTYpa CMbICIA «OMPEAEIAOTCS COOCTBEHHO CEMaHTUYECKUMU €ANHU-
[[aM{ ¥ OTHOLICHUSIMH MEX1y HUMI» [5].

Takum 00pa3oM, Ha 3Tane ONpeAeNeHUS] OCHOBHBIX CMBICIIOB, BBIPaXKEHHBIX KOHKPETHBIMU
JICKCUUECKUMH €IUHHIIAMH, TOKa 0e3 ydera MparMaIMHIBUCTUYECKHX XapaKTEPUCTHUK CIIOPHOTO
TEKCTa, MPOUCXOTUT MOJICUET BCEX CJIOB B TEKCTE, YCTaHABIMBAIOTCA HauOoJiee 4acTo BCTpeyaro-
LIMECS CJI0BA, 3aTEM OINPEAEIIAIOTCS JEKCUKO-TPAaMMaTHUECKNE CBSA3H MEXIY HUMM.
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Kak yxe oTmeuanoch BbIlIe, YTOOBI OMPEAETUTh MOBTOPSIOMIMECS CJIOBa B TEKCTE, MPOU3BO-
JUTCSI KOJIMYECTBEHHBIN ITOACUYET CJIOB, PENPE3CHTUPYIOIIKUX TO WIM MHOE MOHATHE. [l 3TOro B
HACTOSIIEH CTaThe MPHUBIICKACTCS SE0-aHaIN3 Ha OHJIalH-pecypcee https://advego.com [6].

Xo0Ts S€0-aHaJIM3 UMEET COBEPILEHHO UHBIE LIEJIH U CBA3aH C TAKUMHU chepaMu, Kak MapKETHUHT,
NPOABMIKEHUE MPOAYKTa, B JaHHOM Cliy4ae I JIMHIBUCTUYECKOI'O MCCIEIOBAHUS BaXKHBIMH SIB-
JIIOTCS CIICAYIOIIe MOMCHTHI:

1) B xoze Se0-aHayM3a BENETCS] CTATUCTMUECKUH IOJCYET, KOTJa BBIABIISIOTCS Hanbojee ya-
CTOTHBIE CJIOBA, IIOCKOJIbKY «CEMAaHTHUYECKUI aHaIu3 MPU3BaH MOKa3aTh COOTHOUIEHHE OOLIEro Ko-
JIMYECTBA CJIOB B TEKCTE U 3HAYMMBIX CJIOB, COCTABJIAIOIINX CEMAHTUUYECKOE /Ipo» [7]; AaHHBIN 1mar
ONTUMU3UPYET pabOTy HCCIenoBaTeNsl, NOCKOIbKY MAallMHA, KaK MpaBUIO, OBICTPO BBIBOAMUT pe-
3yJIbTaT, 9KOHOMS BpEMS;

2) UCIIOJIb30BAHUE POrPAMMBI IIOJIHOCTHIO MCKITIOYACT YeJOBeUecKuil (hakTop, HHAYE TOBOPS,
CoJiepKaHue TEKCTa OMPEEIeTCs] 0OBEKTUBHO.

Pe3yabTaTsl

B kauecTBe mpuMepa B CTaThe UCMOJIb3YETCs TEKCT U3 MAaTEPUAIIOB YTOJIOBHOTO JIeja U3 apXuBa
«DKCNEPTHO-OIIEHOYHOTO IEHTpa IO T. AJMAaThl», MPEICTABICHHBIN CICIUAINCTY-JIMHIBUCTY B
pamMKax JMHTBUCTUYECKOTO uccienoBanus. J[aHHbII TekcT ObLT H30paH MOCKOJIBbKY €ro 0obeM (Ko-
JUYECTBO CJIOB) MO3BOJISIET PACCMOTPETh TEKCT B KaUeCTBE MPUMEPA B paMKaxX cTaTbu. B 1ensax co-
XpaHeHUs1 KOHPUICHIIMATHFHOCTH UMEHA COOCTBEHHBIE M3 IAHHOTO TEKCTA MOJHOCTHIO HCKITFOUCHEI.

Hccnenyemblit TEKCT:

«losopswuii: Tak, s, cnedosamens [Ha3pIBAlOTCS (haMuiIvs, UMsi, 0T4eCTBO|. Ce2co0Hs y Hac 5-
oe cenmsabpsa 2016 200a. Muow 6ydem npoeeden donpoc 8 kauecmee ceudemens .... . B nacmos-
wuii momenm y nac 10 uacos 00 mumym eeuepa, 5-oe cenmsabdps wecmuaoyamoeo 2oda. Tax,
[Ha3pIBatoTCA (haMumusi, UMsl, OTUECTBO], da? A Bam paszvscharo, umo 6 Hacmoswuil momeHm Bol
byoeme 0onpouienvl 8 kayecmee ceuoemens. B cesasu ¢ yem s Bam pasvschao Bawu npasa coenac-
Ho cmamve 78-ou, 5 Bam pazvsacusawo, umo 8 kauecmee ceuoemens Ons 0ayu NOKAZAHUL MOXCem
ObIMb BbI36AHO U OONPOULEHO 0D TUYO, KOMOPOMY MO2ym OblmMb U38eCMHbL KaKue-1ubo oocmo-
amenbcmaea, umerouue 3Haderue ons oena. Taxowce 1 Bam pasvsacusio 6 nopsdke cmambil, 8 COOM-
semcmeuu co cmamveti 110, 214, 5 Bam maxoice pazvschsaio, umo Bvl umeeme npaso omrkazamucs
om dauu nokasanuu. Komopwsie mocym noeneuv ons Bac camoii unu Bawux 61u3kux poocmeenHu-
K08, cetiuac. Donocpamma OKOHYEHA...»

TexcT BBOAUTCS B COOTBETCTBYIOIIEE OKHO (puc.l).

CEMSHTHUECKHIT 8HaMS TeKETe

AHTHIAErUET OHARIH pOrpasma NPOSEPKH JHKHANDHOCTH TPEHCAHTEDAUMA OHARIH Fenepatop URL Nposepxa opdorpadim V/hois nposepwa gowena

Teneparop naponest Y3aTo cBOH ip KorsrsecTso CHmBONOE B TEKCTE TipcsepyTs MKC carra

CeMaHTMYEeCKMIM aHaM3 TEKCTa OHﬂaljiH, S€0-aHa/IM3 TEKCTa

CeMaHTUYECKIH aHaNH3 TeKCTa AnBero AnA SEQ OHAEHH — NPOdRCCHOHANLHBIM UHCTPYMEHT AR OLU@HKM KAYECTBA TeKCTOB, S0 ONTUMM3ALMM CTATEH M NOMCKA KAION@BbIX CNOB B TeKCTe.
MpoBepbTe KONMYECTBO CHMBCNOB, TOWIKOTY W BOAHOCTL, NOTHOCTL KNKMEBLIX CACB 1 (DPa3 OHNAMH, CeMaHTHYeCKoe AAPO TekcTa Gecnnatkol

Asbix: F
Boibepure assik v

Tekcr: ofrsare

Pucynox 1 — Humepdpetic onnaiin-pecypca advego.com

Jlanee nporpamma Npou3BOAMT MOJACYET U BHIBOJUT CTATUCTUYECKUE TaHHBIE (puUC. 2).
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CTaTMCTUKa TEKCTa

Konuyectso cumBonios 871
KonnyectBo cumBoioB 6e3 npobesios 737
KonuyecTtso cnos 127
Konunyectso yHMKanbHbIX C/IOB 68
Konuyectso 3Ha4MMbIX C/10B 25
KonuyecTtso cTton-cnos 58
Boaa 80.3%
KonuyectBo rpamMmaTM4ecKmxX oLMBoK 0
Knaccuyeckas TolwHOTa AOKyMeHTa 2.24
AKageMmyecKas TOWHOTa AOKYMEHTa 15.1 %

PuC_)/HOK 2 - P€3y]lbmambl cmamucmu4ecko2o anatusa mekema

Kak BuaHO n3 PucyHka 2, cTaTUCTUYECKHE JaHHbIE 0XBATHIBAIOT CIEAYIOIINE MTapaMeTpbl: KO-
JIMYECTBO CHMBOJIOB, KOJHYECTBO CHMBOJIOB 0€3 MpOOEeIoB, KOJMYECTBO CIIOB, KOJIWYECTBO YHH-
KaJIbHBIX CJIOB, KOJMYECTBO 3HAUUMBIX CJIOB, KOJIMYECTBO CTOI-CIIOB.

OcTaHOBHUMCS JHILb HA MPEICTABIISIONINX UHTEPEC C JIMHIBUCTUYECKON MO3UIMHU COCTABIISAIO-
mux. Mtak, HHTepeCcylouMM Hac MEPBbIM MapaMeTPOM SIBJISETCS KOJIMYECTBO CIIOB. AHaIM3Upye-
MBI TEKCT cOCTOUT U3 127 cios.

Crenyroumii mapamerp — «CTOIM-CJI0Bay. 3/1€Ch YKa3bIBACTCA «KOJUYECTBO B TEKCTE CIIOB, HE
HECYIIUX CMBICIIOBOM HAarpy3KkH (IIpeasiory, COK3bl, MECTOMMEHUS U J1p.)» [7]. Bo Bpems noucka no
OIIpEeJICJIECHHOMY 3alpocy TaKHE CIOBa HE YYMTHIBAIOTCS MOMCKOBBIMHM CHCTEMAaMH, UYTO CBSA3AaHO C
UX TPAMMATHYECKUMH H JIEKCHYECKUMHU OCOOCHHOCTSIMH: TPEIJIOTH, COIO3bI 1 MECTOMMEHHSI CITy-
&KaT JIONOJHEHUEM 3HAMEHATENIbHBIX YacTell peun, He 0003HAYal0T KaK TAaKOBOI'O OCHOBHOTIO JIEK-
CHUYECKOIo 3HadeHMs. B aHamuse TekcTa B CHIIy JIEKCUYECKHMX U IpaMMaTHYECKHUX OCOOEHHOCTEH
JIaHHBIE CJIOBA TAaK)K€ HE YYUTHIBAIOTCS, TaK KAaK CEMAHTHYECKOE AP0 MOTYT COCTaBJATH CIOBA
3HAMEHATENbHBIX YaCTeH peun.

Tpetuii napameTp, NpeACTABISIOIUN UHTEPEC I JIMHIBUCTUYECKOTO UCCIIET0BAaHUS — «yHU-
KaJIbHBIE CJIOBa». DTO — UMEHa COOCTBEHHBIE, NMPEACTABISAIONINE UMEHA U (aMWINHU JItO/IeH, Ha3Ba-
HUS MECT, OpraHu3alui, yIull, FOpOJIOB U TIp.

IIpu noncyere Hanboiee YACTOTHBIX CJIOB CTATUCTUYECKUE MPOrPAMMBbI MTOKA3bIBAIOT, CKOJIBKO
pa3 ymnoTpeOIsioch OJHO CIOBO B KOHKPETHOH opme (cM. puc. 3).

CeMaHTHnYeckoe A4pPO

3.94
2.36 / 4.72
2.36
2.36
2.36
1°57
1.57 / 3.15
1.57
157
1.57°/:3:15
1.57

pasbACHATb
Ka4ecTse cBMaeTeNs
Ka4ecTso
ceuaeTens

cTaThs

5-oe

5-0e ceHTAGpS

Bal

pava

Zlaum noKasaHmm
Z0MNpPOCUTbL

NMNPMNNNMNNWWWWwOm

Pucynox 3 — Cemanmuueckoe a0po mexcma

VIMeHHO Ha JaHHOM JTaIle U TOJIBKO 10 OTHOILICHHUIO K PYCCKOMY SI3BIKY BO3HUKAIOT 3aTpyIHE-
Hus. Eciii aHTTIMHACKUH A3BIK YK€ MTOJHOCTBIO ITOAYHHEH UCKYCCTBEHHOMY MHTEIUIEKTY, C PYCCKUM
S3BIKOM, OTHOCSIIIUMCSI K (DJIEKTUBHBIM SI3bIKaM, JIeJI0 00CTOUT nHaue. [loaToMy mporpamma oJ1HO U
TO K€ CJIOBO JINOO CIOBOCOYETaHHE, HO B PA3HBIX IPaMMaTHUECKUX (opMax, T.€. C pa3HbIMU OKOH-
YaHWSIMM, CUUTBHIBAET, KaK Pa3HbIE CJIOBA, U BBIJACT KAXKIBIA pe3ynbTar oTAeibHO. [loaTomy nanee
[0CJI€ CTATUCTUYECKOro IMOJCYeTa MCCIIENOBATEN0 HEOOXOAUMO MPOaHAIU3UPOBATh PE3YJbTaThI,
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OOBEMHUTH OJHU M T€ kK€ CIOBO(MOPMBI M ONMPEIEIUTh CEMAHTHYECKYIO CBS3b KIIOYEBBIX CIIOB
MEXy COOO0H, MCXO/IS U3 MX S3BIKOBBIX XapaKTEPHCTHUK, a TAK)KE KOHTEKCTa, B KOTOPOM OHH OBLIH
ynoTpeOsIeHBbI.

[Tocne 0OpabOTKH CTATUCTUYECKUX JAHHBIX OBUIM BBISBJICHBI KITFOUEBBIC CIIOBA, COCTABIISIFOIINE
CEeMaHTHUYECKOE AP0 TEKCTA. 8 Kauecmee ceuoemelis, pa3vACHAMb Npaed, 6 COOMEEMCMEUU CO
cmamvell, 5-0e cenmsOps, 0aua nokasanutl. PacripenelieHue KIFYeBbIX CII0B B COOTBETCTBHH C MX
JICKCHYECKUM U KOHTEKCTYaJbHBIM 3HAYEHUSMHU MO3BOJWIO OINPENEIUTh CMBICIIOBOE COJEp)KaHHE
TEKCTa: 0onpoc 5-co cenmsabps 6 kawecmee ceuoemens uenoseka 0 oayu noxazanuu. Credosa-
mejb, KOMOPOMY NPUHAOTIeHCAm 8Ce 8bICKA3bIBANUS 8 MeKCme, neped HAYaI0M OONPOCA PA3bACHS-
em npasa.

3akiioueHne

Takum 06pa3om, IIpHU MPEJOCTABICHUH HA JTUHTBUCTUYECKOE UCCIIEOBAaHUE OOJBIINX MO 00B-
€My U KOJIMYECTBY TEKCTOB MPUMEHEHHE WH()OPMALMOHHBIX TEXHOJOTHI ONTUMH3HUPYET HCCIE0-
BaTeJII)CKI/Iﬁ HpOHGCC, qTo HpO?[BJISIGTC)I B OKOHOMHUHU BpeMeHI/I 151 yCI/IJII/Iﬁ JIJMHI'BUCTA, I/ICCJI@I[YIOHICFO
Marepuan. OIHAKO C YYETOM YKa3aHHBIX B CTATh€ CIOXKHOCTEH, BBI3BAHHBIX CTPYKTYPHBIMHU OCO-
6€HHOCT$IMI/I pyCCKOFO A3bIKa, OCTACTCsA HaJCXKaa, 4ToO B IlElJH:HGﬁIHGM JOAHHBIC 3a1a4YU pCIHaTCﬂ.
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AKINapaTThIK TEXHOJOTHSAIAPABI 1ayJIbl MITiHHIH
MAaFbIHAJIBIK MAa3MYHBIH aHBIKTAy/1a KOJJIaHY

AngaTna: bepiiren Makanaga MOTIHHIH MarblHAIBIK Ma3MYHBIH aHBIKTAy VIIIH OHJIAWH SEO-
aHAJIM3/Tl MTalJaJIaHy MBICAIBIHA, TUHTBUCTHKAIBIK 3ePTTEYC KOCHIMIIIA aKIMAPATTHIK TEXHOJIOTHSI-
Japabl KOJIJIaHy MYMKIHJITT KepCeTUIreH. 3epTTey MaTepralibl MaMaH-JTMHTBUCTKE OpTYpIIl KejeM-
Jie KEJIETIH Aayibl MOTiHAEp OOMbIN TaObLIaIbI.

Tyiiinai ce3gep: MOTIH Tangaybl, MaFbIHAJIBIK MAa3MYH, MOTIHHIH SE€0-Taljaysl, TYHIH ce3nep,
CEMaHTHUKAJBIK PO, 1ayJIbl MOTIH

Assel T. Shetiyeva
Application of information technologies in determining the
sense content of controversial text

Summary. This article illustrates the possible use of information technologies as an additional
procedure in the linguistic research process using an example of attracting online seo-analysis to
identify the semantic content of the text. The material of the scientific research was controversial
texts that can be provided to a linguist in different volumes and quantities.

Key words: text analysis, semantic content, text seo-analysis, keywords, semantic core, con-
troversial text.
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YK 373.1.02:372.8
Torxanosa JI.K.
MexIyHapOIHbBIN YHUBEPCUTET HH(DOPMALIMOHHBIX TeXHOJIOTUH, AnMatel, Kasaxcran

OB UCITIOJIb30BAHUHU HEKOTOPBIX METOAUYECKHUX ITPUEMOB B
HEJAX @OPMHUPOBAHUA KOMMYHUKATUBHOU KOMIIETEHIIUM B
KOHTEKCTE ITPEIIOJABAHUSA PYCCKOI'O A3BIKA B BY3E

Annomayusa:. Cmamos nocéaujena 0c06eHHOCMAM POPMUPOBAHUA KOMMYHUKAMUBHOU KOMNEMeHYUuu y
cmyoeHmos8 npu 06yueHUuU PYCCKOMY A3bIKY 8 HesI36IKOBOM BY3e.

B neii paccmampusaromes nonsamue «KOMMYHUKAMUBHASI KOMNEMEHYUA» U KOMNIEKC Memooos, Cno-
coocmeyrowux ee gopmuposanuio. llpedracaemcesa unmezspupo8antsvlili N00X00, NPedCmasiarowull cooou
Memoou4eckyro KOMOUHAYUIO PA3TUYHBIX NPOOYKMUBHBIX U AKMUGHBIX MEMO008 00y YeHUs.

Knioueswie cnosa: kommynukamusHas KomnemeHyus, obyueHue pycCKOMy A3bIKY, MemooudecKue npu-
eMbl, NO3HABAMENbHDBIL UHMepPeC, MEOPYECKULI MEeMOO, AKMUBHBLI Mmoo, MOMUBAYUSL.

BBenenue. B s1361k0BOM 00yue€HUH KITFOUEBOU SIBIISIETCSI KOMMYHHUKATUBHASI KOMITETCHIIHS CTY-
neHTta. OHa, KaK U3BECTHO, BBIPAYKAETCS BO BJIAJCHUU BCEMHU BUAAMHU PEUYEBOM JEATEIbHOCTH, YMeE-
HUMU BOCIPUHUMATh M BOCIIPOM3BOJUTH UYXKYIO P€Yb U CO37aBaTh COOCTBEHHBIC YCTHHIC M IMHUCH-
MEHHbIE BbICKa3bIBaHUA. KOMMyHHKaTHBHAass KOMIIETEHLIMSI €CTh TOTOBHOCTh aJIEKBATHO CUTYallMU
HCIOJIb30BAaTh COOTBETCTBYIOIINE PEUECBBIE YMEHUS.

®opMHUpPOBaHNE KOMMYHUKATUBHOW KOMIIETEHLIUU SIBJISIETCSA OJTHOM M3 aKTYyaJbHbIX JIMHTBOME-
TOAMYECKUX MpobsieM. B mociieiHre ropl JaHHYI0 Tpo0ieMy B paMKaX KOMMYHUKATHBHON METO-
JIMKY TIPENOAABaHMs pyccKoro s3pika paccMmarpusanu M.H. bopucosa, JI.H. U3apenkos, E.N. [1ac-
coB, B.JI. Ckankun, H.JI. T'ansckoBa, A.K. Muxansckas, C.I'. Tep-Munacosa, H.11. ®opmanoBckas
U Jp.

JlaHHOE€ METOIUYECKOEe TOHATHE aKTyaIM3UPOBAIIOCH B CBSI3U C BHEJPEHUEM B CHUCTEMY oOpa-
30BaHUs (PYHKIIMOHATHHOW MOJENM KOMIIETEHTHOCTHOTO IMOAXO0J]la U TMOJHUSA3bIYHOTO 00ydeHus. B
METOMKE MPEToAaBaHus PYCCKOTO sI3bIKa, B TOM YHCIIE KaK HEPOJHOTO (BTOPOTO) U MHOCTPAHHOTO
ObuT 0003HAYEHBI HOBBIE O0pa3OBaTeIbHBIC IIETH, CBA3aHHBIE C MPUOPUTETHOCTHIO PA3BUTHSL
(YHKIIMOHATTEHO-OPUEHTUPOBAHHBIX PEUEBBIX YMEHHI 1 HABBIKOB.

O6o3HaueHne COOTBETCTBYIOIIMX O0Opa30oBaTEeNbHBIX IleNiel, KaKk H3BECTHO, CIOCOOCTBOBAJIO
OOHOBJICHUIO COJIepKaHUsI YIEOHBIX TPOrPaMM IO PYCCKOMY SI3BIKY, B KOTOPBIX MPOCIEKUBACTCS
MHTErpamus y4eOHbIX IUCIUIUIMH U HAMPaBICHHOCTh HA O0y4YeHHE BCEM BUIAM PEUeBOMl JIesATENb-
HOCTH, TO €CTh (HOPMUPOBAHNE KOMMYHHUKATUBHOW KOMIIETEHIIMN CTABUTCS BO TJIABY yTJIa.

1. MeToauka

1.1 ITonsiTHE KKOMMYHUKATHBHASI KOMIIETCHIIUSD> B METOANYECKOM JIMTEeparype

[TonsiTne “KOMMYHUKaTHMBHasi KOMIETEHIMS OMPENECIAETCS YYEHBIMH MO-pasHOMy. Tak, OHO
IIMPOKO YHOTpPeOJIIeTCsl B METOIMKE B KauecTBe MoKa3aTels ypoBHS BiajaeHus s3vikoMm (JI.D. Hu-
3aeBa, 2016) [1].

Ilo muenuto usBectHOoro meroaucra M.P. JIbBoBa, KOMMyHHMKaTHUBHAs KOMIIETEHLIUSA — “‘Tep-
MUH, 0003HauaroIuil 3HaHUe A3bIKa (POJHOrO U HEPOJHOTO0), ero GOHETUKH, JEKCUKH, TpaMMaTH-
KM, CTUJIUCTUKH, KYJIbTYpPbl PE€UH, BIIaJIEHUE ITUMHU CPEJICTBAMM SI3bIKa U MEXAaHU3MaMU PEYH - TO-
BOPEHHUS, ayJUPOBaHUs, YTE€HUs, MUCbMaA - B MpeJesiaX COIHUAIbHBIX, TPOpECCHOHATbHBIX, KYIb-
TYpPHBIX MOTpeOHOCTEN uenoBeka. KoMMyHUKAaTUBHASI KOMIIETEHIUSL - OJIHA M3 BOKHEHIINX Xapak-
TEPUCTUK SI3BIKOBOW JIMYHOCTH, OHA “TIPHOOpEeTaeTcsi B pe3yjbTaTe €CTECTBEHHON pPEYeBOM Jes-
TEBHOCTH | B pe3ynbTaTe crnenuanbHoro ooyuenus’” (M.P.JIbBoB, 1999) [2].

H.H. ITepkoBa paccmaTpuBaeT €€ Kak “‘COBOKYITHOCTh KOMMYHUKATHBHBIX CIIOCOOHOCTEH, 3Ha-
HUI ¥ YMEHW, aIeKBaTHBIX JUIs pelieHuss KoMMyHuKaTuBHBIX 3a1a4” (H.I1. [TepkoBa, 2005). [3].
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B Mertonmuke mpernogaBaHus POJHOTO SI3bIKA KOMMYHHKATHBHAS KOMIIETEHIUS - 3TO CIIOCOO-
HOCTb U pealibHasg TOTOBHOCTh K OOILIEHUIO a/IeKBaTHO LIEesAM, chepam U CUTyalusiM OOIeHus, ro-
TOBHOCTh K PEYCBOMY B3anMoOIeiicTBUIO 1 B3aumononuManuto (E.A. beictposa u np., 2004) [4].

[To muenuto E.W. JIuTHEBCKOM, 3TO OBJIaJIEHUE BCEMHU BUIAMU PEUYECBOM JIESITEIBHOCTH U OCHO-
BaMU KYJIbTYpPhl YCTHOW W MUCHMEHHOW pedr, 0a30BBIMH YMEHUSMU W HABBIKAMH UCIIOJIb30BaHUS
S3bIKa B KU3HEHHO BAXKHBIX JJISl TaHHOTO Bo3pacTa cepax u curyanusax oduienus (E.W. JlutHes-
ckas u 1ip., 2006) [5].

CrnenoBatenbHO, B OOJIBIIMHCTBE padOT MOJ KOMMYHHUKAaTUBHOIN KOMIIETEHIIMEH MoIpa3yMeBa-
€TCsl PeYEBOE ITOBEJCHUE, aJICKBATHOE PEAIBHON KU3HECHHOW CUTYalUU.

[To muenwuto JI. baxmana, o copMUpoOBaHHOCTH KOMMYHUKAaTUBHON KOMIETEHIIMH CBUAETEb-
CTBYIOT CJIEAYIOIINE YMEHUS U HABBIKU:

- aJIeKBaTHO BOCIPUHHMMATH YCTHYIO pe€db M ObITh CIIOCOOHBIM IEpe/iaBaTh COAEpKaHHUE MPO-
CJIYIIIAHHOTO TEKCTA B CYKATOM WJIM Pa3BEPHYTOM BHUJC B COOTBETCTBUU C CHTYAIHEH OOIICHUS;

- BEIOMpATh U UCIOIB30BaTh CPEICTBA SI3bIKA B COOTBETCTBHH C KOMMYHUKATHUBHOU 3a7aueii u
CUTYyaIei oOIIeHus;

- BIIaZICTh MOHOJIOTUYECKOW U AUATIOTUYECKON Peubto, COOII0Aas STUYECKUE HOPMbI OOIICHHUS;

- BIIQJICTh HABBIKAMHU OCO3HAHHOTO, OETJIOr0 YTCHUS TEKCTOB PA3UYHBIX CTHJICH W JKaHPOB,
MIPOBOAUTH UX HHPOPMAIIIOHHO-CMBICIIOBOM aHaJN3;

- cO3/1aBaTh MUChbMEHHBIC BBICKA3bIBAHMsI, aJICKBATHO IepeaBasi coAepaHue MPOCIYIIaHHOTO
WJTU TIPOYUTAHHOTO TEKCTa C 33JJaHHOM CTENEHBI0O KOHKPETU3ALINH;

- COCTaBIIATH IJIaH, TE3UCHI, KOHCIIEKT;

- BJIJICTh WHOCTPAHHBIM SI3IKOM Ha YpOBHE (YHKIMOHaIbHOH rpamotHocTH (L.Bachman,
1996) [6].

1.2 ®opmupoBaHHe KOMMYHHMKATHBHON KOMIIETCHIIMH MOCPEICTBOM aKTHBHOH y4eOHOI
NeATeJILHOCTH

[IpenogaBaHue pyccKoro si3blka B COBPEMEHHOM HES3BIKOBOM BY3€ MMEET CBOM OCOOEHHOCTH,
CBOM crneruguieckre mpodieMbl U BOIPOCHL. Pycckuil S3bIK A1 CTY/IE€HTOB YKa3aHHOM KaTeropuu
BY30B - CPEICTBO MOJy4eHHUs HaydyHOUW WHopMaiuu, (HakTop aKTHUBHOTO BKIIOYEHHS B chepy
HAayKH, IpOU3BOACTBA U O6HI€CTB€HHOI\/'I ku3au. Kimouesas POJIb B 9TOM HAIpaBJICHUH — OCBOCHUU
0COOCHHOCTE HAyYHOTO CTHJIS PYCCKOTO SI3bIKA OTBOJUTCS M3YYEHHIO PYCCKON TEPMHHOJIOTHYE-
CKOU JICKCUKH, I/IMGIOHIGﬁ BAa>XHOC HpO(beCCI/IOHaJ'IBHO-KOMMYHI/IKaTI/IBHOG 3HAYCHUEC B ACATCIIBHOCTU
OyIylIero crenuanucTa.

OI[HaKO MMpeKAC UEM MPEACTABUTH aHpO6I/Ip0BaHHBIC HaMH aKTHUBHBIC MCTO/IbI U ITPUCMBI YCBO-
€HUSI TEPMHHOJOTHUYECKUX E€IUHUI] HA OCHOBE UTEHUS CIICHUATM3UPOBAHHBIX TEKCTOB, a TaKXkKe B
rporecce mpoheCCHOHATLHO OPUSHTHPOBAHHONH KOMMYHHKAITUH ONIPEICITUMCS C COJIEPIKaHUEM HC-
MOJIb3yeMOT0 B paMKaX JaHHOW paboThl HAYYHO-TIOHSATUIHOTO arapara, BKIoYas U CaMu TOHSITHS
mepmuH / mepmMuHoI02Usl.

Heransuo onpenenser TepmuH O.J]. MurpodanoBa, oTMedaroas, 4To TePMUH — 3TO «CJIOBO,
YCTOWYMBOE TEPMHHOJIOTHYECKOE COYeTaHHe (WITH COKPAIIEHUE ), KOTOPOE BHIPAKAET M B HM3BECTHOM
CTeTIeHH KBaMU(UIIMPYET B JAaHHOU CHCTEME TePMUHOJIOTHH OTNpeAeNieHHOEe HaydYHOe TIOHATHE, OT-
paxas B CBOEM 6y1(BaJ'II)HOM S3HAYCHHUU XapPaAKTECPHUCTUYCCKUC MPU3HAKU TCPMHUHHUPYEMOT'O Kiiacca
MPEeIMETOB U B3aUMOCBSI3U 3TOTO KJlacca C APYTMMHU C JOCTATOYHOMW JIJIsl B3aMMHOTO OOIICHHUS TOY-
HOCTBIOY [7].

B nmoHuMaHuu TepMHHA MBI COMUAAPUZUPYEMCS C TOYKON 3peHHUs aBTOPOB y4eOHHKa MO CO-
BPEMEHHOMY PYCCKOMY SI3BIKY: TEPMHUH — 3TO CJIOBO HJIM CJIOBOCOYETAHUE, SBIISIONICECS HAUMEHO-
BAHMEM HAYYHOTO WJIM TEXHUYECKOTO MOHATUS U ONpeenstoiiee ero [8].

A COBOKYIMHOCTh TEPMHUHOB Pa3JIMYHBIX 00JIACTEHl HAayKHW M TEXHUKH, QYHKIMOHUPYIOIINX B
chepe mpodeccHoHATBHOTO OOIIEHUS, TPUHITO HA3bIBATh TEPMUHOJIOTHEH, KOTOpas COCTABIISICT
OCHOBHYI0, HanboJjiee 3HaUUMyI0 ¥ HTHHOPMATUBHYIO YaCTh JIEKCHUECKON CUCTEMBI SI3bIKa HAYKH.
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B pabote ¢ TepMuUHAMEU ONPEAETSIONIYIO POJb, 0€3YCIOBHO, UTPAIOT KPUTEPUU OTOOpA TEPMHU-
HOB. Hanle BHUMaHue MpHUBJIEK CIIUCOK TaKUX KpUTEpHEB, BbleneHHbIX B.B. Jlyduunnckum: «391o
— HOPMAaTHBHOCTb, CTPOTasi CHHXPOHHOCTH JIEKCHKH, OPHEHTAIMs Ha WHAWBUIYAIBHBINA {cCIOBap-
HBII} 3amac, Ha ONpPEICIICHHBIN KPYT TeM, IleleHanpaBiIeHHOCTh oOyueHus» [9]. OgHako Oosee uc-
YepIBIBAIONIE BBITJISAUT NEPEYCHb KPUTEPUEB 0TOOpAa TepMUHOB, npenctaBieHHbii C.B. ['punes-
['puneBryeM: TeMaTHUeCKasi MPUHAJICKHOCTD (MCKIIOUEHHE TEPMUHOB CMEXHBIX 00J1acTeil), opu-
SHTaIUs Ha CIIOBAPHBIA 3arac 00y4aeMbIX (IIPeanoIaraeTcs, 4To y CTyICHTOB U CIICIUAIUCTOB yXKe
€CTh 3amac OOIIETUTEPAaTypHBIX U OOLICHAYYHBIX CJIOB M IOCJEIHHE B CJIOBAph HE BKIIOYAIOTCH),
CHCTEMHOCTH (JUIsI MCKIIIOYCHHS MPOIYCKa BAXKHBIX IMOHITHUI), TIOJIHOTA OXBaTa TEPMHHOJIEKCHKH,
CUHXPOHHOCTh (BpeMEHHOW (aKkTop), YMOTPeOUTEILHOCTh (YAaCTOTHOCTBH), CEMaHTHUYeCKas ICH-
HOCTh TEpPMHHA, TEPMHUHOOOpa3oBaTeNIbHAsI CIIOCOOHOCTH, HOPMATUBHOCTh M coueTaeMocTh [10].
JlaHHBIN CHUCOK MBI ObI BCE-TaKH JOMOJIHUIN KPUTEPUEM UeleHanpasieHHoCmuy o0yyeHus U3 me-
peuns B.B. JlyOuunHckoro, B 3TOM cily4yae, Ha Halll B3TJIsi[, EPBBIA MPHOOPETAET CaMO0CTaTOY-
HbIE XapaKTePUCTUKHU.

Haxonern, cpemnoTouneM paccMaTpuBaeMbIX Ha YYEOHBIX 3aHATHAX TEPMHHOB, KaK ITPAaBHIIO,
SBJIAETCS Y4eOHBIM TEKCT, U HAM Ba)KHO OMPEAEITUTHCS C €ro TPAKTOBKOM. 3/1€Ch MBI MPHUAEPKHUBA-
emcs onpenenenus E.Il. AnexcanapoBa, OTMEUArOIIEro, YTO YYEOHBIA TEKCT — 3TO TEKCT, C KOTO-
PBIM OCYIIECTBISIIOTCS yueOHbIE IEHCTBUS; 3TO TEKCT, C MOMOIIBIO KOTOPOTO MepeaaeTcss yueoHas
nH(pOpMaLIUS, CTUMYIUPYETCS JTUYHOCTHBINA POCT 00ydaromuxcs, GOpMUPYETCS COLUOKYIbTYPHBIH
OTIBIT, MOTHBHpYETCSI 00pa3oBaTelIbHAsI JESATEIBHOCTh, MPOMCXOINT CTAHOBICHHE, Pa3BUTHE U
yIpa)XHEHHE MO3HABaTEeNbHBIX M TBOPYECKUX CIOCOOHOCTEH, yMEHMI M HAaBBIKOB OOYYaroIIMXcs,
KOHTPOJIUPYIOTCS PE3Y/IbTaThl y4eOHO-BOCIUTATEIbHON paboThl [11].

CrnenyeT OTMETUTH, YTO MPU POPMUPOBAHUN KOMMYHUKATHBHOW KOMIIETEHIIUU O0Y4aIOUINXCs
MPUHIUIHAIBGHO U3MEHSETCS W POjb mpenojasarens. Ero rmaBHON 3ajaueil CTAHOBUTCS MOTHBH-
pOBaTh CTYJIEHTOB Ha MPOSBICHUE MHULMATHBBI U CAMOCTOSTENILHOCTH, YTO B CBOIO o4epenb 00y-
CIIOBJINBAET HEOOXOIMMOCTh MCIOJIB30BAHUS METOJIOB, CTUMYJIHPYIONMX HHTEPEC K MPEAMETY, K
YHUCIy KOTOPBIX, [0 HAllleMy MHEHHUIO, OTHOCATCS IO3HABaTENIbHBIE UTPBI, YACTUYHO-TIOUCKOBBIE,
TBOPYECKHE METO/IbI, CO3/IA0IIIE CUTYAITNH 3aHUMATEILHOCTH U COPEBHOBATEIILHOCTH.

®opMupoBaHUE KOMMYHHKAaTUBHOM KOMIIETEHIIMU CTYIEHTOB, 110 HAIleMy MHEHUIO, OyAeT pe-
3yJIbTAaTHBHBIM, €CJIA B IIpoliecce 00yUeHHsI pyCCKOMY SI3BIKY ONMHUPATHCS Ha CUCTEMY MPOIYKTHB-
HBIX METOJIOB U IIPUEMOB, 00ECTIEUMBAIOIIUX AKTUBHYIO TBOPUECKYIO 1EATEIBHOCTb.

OOyuenne pycckoMy sI3BIKY B By3€ HETIOCPEICTBEHHO CBS3aHO C MPO(ecCHOHANBHON OpUEHTH-
POBAHHOCTBHIO M HAy4YHBIM CTUJIEM peud. B CBS3M ¢ 4eM Ha 3aHATHIX MO IuciuruimHe «Pycckwuii
SI3BIK» Ha CIIEMUABHOCTAX «BBIUMCIUTENbHAS TEXHUKA U TPOrpaMMUpoBaHuey, «Crucrema HHOp-
MAaIMOHHON 0€30MaCHOCTHY MPUMEHSIETCS] TEKCTOBBIN U JIEKCUYECKHI MaTepual COOTBETCTBYIOIIEH
Hay4YHOU cephl.

Jl11s pa3BUTHS KOMMYHUKATHBHON KOMIETSHIIMM HanOoJee palliOHAIBHBIM SBJISETCS] HHTETPU-
POBaHHBIN MOAXO/, peaTU3yeMblii B KOMOMHAIIMH MTPOOIEMHO-TIOUCKOBBIX, UTPOBBIX (AKTUBHBIX) U
TBOPYECKUX, IPOAYKTUBHBIX METOJIOB OOyUEHHUSI.

OmHUM U3 aKTHBHO TMPUMEHSEMBIX aBTOPOM MPHEMOB O0YYCHUS, aKTYAIH3HPYIONINX BaKHbIC
y4eOHbIE MOHATHUS M CIIOCOOCTBYIOIMX MPOSIBICHUIO TO3HABATEIILHOTO MHTEPECA CTYJCHTOB, SIBJIS-
eTcs IprueM cpaBHEHHs. [IpOBOAMTCS B COPEBHOBATEIBHON (pOpMe: CTYACHTHI ACTATCS Ha HEOOb-
M€ TI0 COCTaBY IPYMIBI U ONpPENENAIOT W XapaKTepHU3YIOT TEPMUHBI B cdepe MH(POPMATUKH U
JMHTBUCTHKH, OMMPAsCh Ha MX MEXBHOBBIE, MEXPOJIOBEIC, BHYTPUPOIOBbIC OTHOIICHWS, HAIIPH-
Mep:

- peoakmuposanue, peyeH3uposanue;

- Auelika, 6a3a OAHHbIX;

- OnepamusHas Namamo, HeUH s NAMAMb,

- noonexcawee, ckasyemoe;

- 3anamas, Moyka c 3ansimou.
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Crnenyroumii Mmeroguueckuil mpuem “TpeTuil TUIIHKUNA CBS3aH C HAXOXKIACHUEM JIUIIHETO I10-
HATUS U 00OCHOBAaHUEM OTBETA!

- 0yghep oOMmena, 6HewHsA NAMAMb, KYPCOP;

- ouazpamma, OUANAa30H, HceCmKUll MAeHUMHBLL OUCK;

- IOKANIbHASL Cemb, 0OHOPAH208a5l CeMb, GbIYUCTIUMENbHAS CUCTEMA.

Cnenyrommii npuem “IIpogosmkurte omucaHue” MO3BOJISET MPOBEPUTh YPOBEHb BIIAICHUS
MUCHMEHHOW pycCKOW peubto. CTyIeHTaM pa3JaroTcsi KapTOYKU C ONMMCAHUEM KaKOTO-THOO MOHS-
THA, KOTOPOE HE0OX0IUMO J0MoNHUTE. K mpumMepy, ciieayromiee:

“Bvluucnumenvnan cucmema — y6ia3anHas COBOKYNHOCMb CPEOCME SbIYUCTUMENbHOU MEXHU-
KU, 8 KOMOPYIO 6X0051M He MeHee 08YX OCHOBHbIX NpOoUeccopo8 NUbO0 GblYUCIUMENbHIX MAUUH U
pazeumas cucmema nepugheputinblx yecmpoucms. Boiuuciumenshvie cucmemul umerom...”

PaboTy ¢ KOHCTpyHpOBaHHUEM TEKCTa MOKHO INpEABAPUTH MPUMEHEHUEM Ipuema “Accorua-
THUBHBIN KYCT”, KOTOPbII MO3BOJISIET aKTYaJIM3UPOBATh YK€ MMEIOIMECS 3HAHMSI, aKTUBU3UPOBATh
M03HABATENbHYIO0 aKTUBHOCTh OOYUAIOLIMXCS M MOTUBHUPOBATh MX Ha JalbHEHIIYI0 paboTy ¢ TeK-
CTOM.

[Ipumep 3ananus: [laHO KJIIOYEBOE CIOBO: CUCTEMa. 3aNUIIMTE BOKPYT HErO BCE BO3MOXKHBIC
accouuanuy (Hay4Hble MOHATHS ), 0003Hayasi CTPEIOUKAMHU CMBICIIOBBIE CBSI3U MEX]ly HUMHU.

Jlanee cocTaBisieTcs CBA3HBIA TEKCT, MPEICTABIISIONINI co00il HayuHOE MOBECTBOBAHHME WM
OTHCaHUE.

Pa3BuTHIO YCTHOM KOMMYHHKATHBHOW KOMITETCHIIMH JOCTATOYHO 3()()EKTHBHO CIIOCOOCTBYIOT
poJieBbI€ UTPBI, MPEANOIAraoe poiau 3aalero Bonpocsl 1 OTBEYar0IIero, HaNpuMep, UHTEp-
BBIO Yy M3BECTHOTO CIIEIMANUCTa B 00JacTé MH(POPMAIMOHHBIX cHcTeM. [lom00HBIE WHTEPBBHIO
MPEIoIaraloT, B TOM YHUCJI€ BOIMPOCHI, CBSI3aHHBIC C YIMOTPEOJICHHEM CIEUUaIbHBIX MOHATUH U
00BSICHEHUEM UX 3HAYCHUH.

bonpiine BO3MOXKHOCTH B pa3BUTHs KOMMYHUKATHBHOM KOMIIETEHIMH 3aJI0KEHBI B METOAAX
aKTUBHOTO OOy4Y€HHs, a UMEHHO B y4eOHOH auckyccuu. [laHHbI MeTon HanOoisiee MPUOIMKEH K
€CTECTBEHHBIM CPEJCTBAaM aKTHBM3ALMM PEUYEBBIX U MBICIUTENIBHBIX IpoueccoB. Kpome Toro, on
(hopMHUpyeT HaBBIKH IPYIIIOBOTO COTPYIHUYECTBA U B3aUMOJICHCTBUSI.

Tak, npoBoaunmch nuckyccun Ha Temsbl: “IIpoGiembl kubGepbesonacHocT”, “Mupopmarnza-
s o01ecTBa 1 npodieMa TyXoBHOU KynbTyphl”. IIpoBeaeHno AUCKyccuu MpeaiecTBoBaia mo/-
TOTOBUTENbHAs PaboTa, 3aKJIIOYaBIIascs B pa3paboTKe MO3UIMHM, apryMeHTauuu U GopMyIupoBa-
HUU BOIIPOCOB ONIOHEHTAM.

Eie onnH akTUBHBINA METOJI pojieBas UIpa, €e KOHKPETHbIN BUA - “B adupe - HoBocTH™ - 103-
BOJISIET OTpa0OTaTh MPOM3HOIICHHE, Pa3BUTh PEUYEBbIE HABBIKKW M yYMEHHUE COCTaBIATh HAy4yHO-
MOMYJISIPHbIE U MYOIUIIUCTUYECKHE TEKCTHI.

1.3 AHaauM3 U peJaKTHPOBAHHME TeKCTa — CNOcO0bI COBEpPIIEHCTBOBAHUS KOMMYHHUKA-
THBHOM KOMIIETEHIIHH

Baxxnoe 3HaueHue npu (GopMHpOBaHMM KOMMYHUKATHBHON KOMIIETEHIIMM HMeeT paboTa c
TEKCTOM, TaK KakK JaHHOE ... TOHATHE, KaKk ()EHOMEHOJOrMYEeCKOe SIBJIEHHE 00JaJaeT TaKUMHU
CBOMCTBAMHM M XapaKTEPUCTUKaMH, KOTOPbIE IMO3BOJISIIOT ONPEAEIUTh €ro B KayecTBE OCHOBBI
METOAMKH 00yueHus si3bikam” [12].

Tax, Ha 3aHATHAX PUMEHSIETCS TPOIYKTUBHBIA METO/I, TO3BOJISIOLIUI 3aKPENUTh U IPOBEPUTH
MOJTyYeHHbIE 3HaHMSA — ACMEKTHbIM aHanu3 Tekcrta. Pabora mpoBoaurcs B rpynmnax. CTyneHTam
npesiaraeTcs NpoaHalu3upoBaTh HAYUHBII TEKCT, 0XapaKTEPHU30BaB €ro S3bIKOBbIE OCOOEHHOCTH.

Bropoii BapuaHT 3TOro MeToJa OpPUEHTHUPOBAH Ha ‘‘pacmpelesieHHe” MeXAYy TIpylniaMu
MPU3HAKOB HAy4yHOTO TEKCTa, HampuMmep: | rpymnmna — CTUJIEBbIE YepThl; 2 Ipynmna — BUI CBS3H
(mapamnenbHas, uenHas); 3 rpymnma — Mopdosorndeckue cpeincTBa CBsi3u; 4 rpymnma —
CUHTAKCUYECKHE CPE/ICTBA CBSA3H.

B ¢opmupoBanuy NMCbMEHHOW KOMMYHHMKATHBHOM KOMIETEHIIMH MTOMOTAeT MPUMEHEHHE Me-
Tona ‘“PemaktupoBanue Tekcta”. Tak, /Juisl pelmakTUPOBAHHS TPEAJIAralOTCs TEKCThI, TPEOyromme
CKAaTHA U CTHJINCTUYECKON IIPABKHU, HAIIPUMED:
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OnepamusHas namames — 5mMo 00HA U3 2AGHbIX Ydcmell CUCTNeMbl KOMNbiomepa, om ee 00vemd
3asucum s¢hghexmuenocmos pabomul 8ce20 000PYO08aHUs. IMO namams ObiICmMpo2o 00CMYnd, Ko-
Mopas 3anyckaemcs ¢ noMowwlo ycmpoticmsea sanomunanus. Ckopocms oocmyna onpeoensemcs
B03MONCHOCMAMU HAKONUMENs, U OAHHble XPAHAMCA MOJIbKO 00 OmKIOYeHus: komnviomepa. Ilo-
IMOMY 8Ce MAMEPUAbl, ¢ KOMOPLIMU 8e0emcs paboma, HYHCHO coxpanams. Muoeue 3aoaromcs
BONPOCOM: KAKOU 00beM onepamusHol namsamu 0yoem 0oCmamouuvim 0 pabomel? Imo 3a6u-
cum om cucmemvl.

Peuv uoem ne o sepcuu OC, a o paspsaonocmu. Y3uamo, kakas cucmema y 8auie2o KOMnvlome-
pa, Moxcro, nocmompes e2o ceoticmaa. Ona dvieaem 08yx 6U008:

- 32-paspsonasn cucmema - He bonvwe 3 10 onepamusHol namamu,

- 64-paspsaonas cucmema — 0o 9 I'6 onepamusku.

Bvicmpomy oeticmsus komnviomepa onpedensiem npoyeccop, a OnepamusHas namsams mojbKo
gvl0aem unghopmayuio no 3anpocy. /[o mex nop, noka 06vem onepamusKu MeHbuLe YCMaHo81eHHOU,
cucmema pabomaem mowHo. Eciu dce onepamuenoii namamu manosamo, cucmema o0yoem 3aoeti-
CMB0BAMb HCeCMKULL OUCK, YMO CKANCemcsi Ha cKopocmu. 3a umo omeeuaem OnepamueHds na-
mams? 3a Xpanenue epemenHbIX ceedenull eé ewe Hazvigarom O3Y — onepamuenoe 3anomunarouee
ycmpoucmeo. YV neeo umeemcs c8otl 00vemM namsamu, Ko20a-mo OH UCHUCIANCA 8 Me2aubaumax, 8
HbIHEeWHell pealbHOCmu — 8 2u2adbatimax.

Onepamugnas namams KoMnviomepa 3adaem memn 8Cem CUCmeMdM, KO020d 6bINOJHAIMCS
npunodicenus. Yem nyuuie coticmea u 6MeCmumenrbHOCMy ONEPAmuKU, mem cmpemumenbHee Gbl-
NOJHAIOMCS 3a0ayu, KOmopvle cmagum nonvzogamens. Onepamuenas namsamos oKa3vléaem 6Jusl-
Hue:

- Ha Ovicmpomy Oelicmausl KOMnbvlomepa,

- Ha eOUHYI0 IPeKMUBHOCMb cucmembl;

- HA YMeHUe CUCTNeMbl GKIIIOYAMb MHONCECTNEO EMKUX PECYPCHBIX NPOEKMO8 0OHOBPEMEHHO.

Ymo npoucxooum, eciu He xeamaem onepamuerou namamu? Obvem onepamueku — Kpumu-
HbIU KO huyuenm, 8 3mom ciydae Ha4uHarom 0020 3a2PYHCaAmbCs CMPAHUYbl U OMKPbLBAMbCs
nanxu. IIpoepammer 3a8ucarom, uHo20a nocie onpeoeieHuss KOMaHObl 603HUKAEM NYCMAs CMpaHu-
ya. 3nauumenvHol uepmotl AGNAemcs Yacmoma 3anucu, yem 06orvuie obvbem onepamueku, mem
cKOpee OMKPOemcs HyHCHAsL UHopmayus.

3amaHue: COKpaTHTe TEKCT, COXpPAaHUB OCHOBHYIO MH(popmanuio. [IpoBeauTe CTUIMCTHYECKYIO
MPaBKy TEKCTA.

Jlanee xoTesoch Obl MPUBECTH OT/ENIbHBIE IPUMEPHI TOCTETEKCTOBBIX 3aJaHHMH.

1. Paboma 6 napax. CTyaeHTaMH BBIIHUCHIBAIOTCS TEPMUHBI, ONPENEISAETCSI CMBICIOBasl CBSA3b
MEXAY TOHATUSMU, TPYIIBI CIOB COEAMHSIIOTCS MPSMBIMH JTUHUSMHU C KJIIOUEBBHIM MOHATHEM. B
UTOT€ TIOJYYaeTCsl CTPYKTYpa, KOTopasi onpenenseT nHHOpMAIIMOHHOE T0JIe JaHHOW TeMBbl, rpadu-
YEeCKH 0TOOpakaeT MpOIecC Pa3MbIIUICHUS, CBSI3b MEXKAY TEPMUHAMHU.

2. Cocmasnenue Kiacmepa Ha OCHO8e Cnpagouynoco mamepuaia. COCTaBbTe KIIacTep, yrnops-
JIOYUB TIPEJICTABIEHHYIO B CIIPABOYHBIX MarepHanax uHpopmamuoo. (B crnpaBodHBIX MaTepuanmax
Xa0THYHO JIaHBI KOMITBIOTEPHBIC TEPMUHBI, TPECTABISIONINE JIBE POJIO-BHIOBHIE TPYIIIHI, CBSI3aH-
HBIE MKy CO00H. 3a1aya: CUCTEMaTHU3UPOBATh UX, TOYHO OOHAPYKHUB UX POJIO-BU/IOBBIE CBS3H).

3. Tepmunonocuueckuii ouxmanm. llpenogaBarenp 3a4uThIBaeT NeOUHUIIMA TEPMHHOB, HC-
MOJIb30BAHHBIX B MIPOAHAIM3UPOBAHHOM y4e€OHOM TEKCTE, a CTYJCHTHI 3alIMCHIBAIOT CaMU 3TH TEp-
MUHBI.

4. I'pynnosasa paboma. Kaxplii CTYJIEHT MOJIy4YaeT KapTOUKy C Ha3BaHUEM TeMbl, 00beIuH -
IOl PSJT TePMHHOB, PACCMOTPEHHBIX B MPOAHATM3NPOBAHHOM YUYeOHOM TekcTe. Pedsita TOoIKHBI
chOopMHUPOBAThH TPYIIIHI, CAMOCTOSTEIHHO ONPEACTUB, K KAKOH M3 HUX OHU MOTYT MPUMKHYTh. 3a-
KJIFOUUTENIBHBIM 3TalloM 3aJaHus sBiseTcs pabota mo ¢opmynupoBke nonstuil. Kaxnas rpymma
03ByuYHBaeT c(hOpMYITHPOBAHHBIC MMOHATHUS, B TO BpeMsl KaK APYryue rPYIIbl BBICTYIMAIOT B KA4eCTBE
MIPOBEPSIOLTHX.
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5. Vpoeneso-oughgpepenyuposannoe 3adanue (A1 CUIBHBIX CTYIEHTOB): CTYICHT IOJy4yaeT
WH/IMBUYAIBHYIO KapTOYKY C 3aJlaHMeM, Ha KOTOPOW HAIMCAaHO HAa3BaHUE OJJHOW M3 CIICIUATBHBIX
TEM, NPEICTABICHHBIX B HEAABHO PACCMOTPEHHOM Y4Y€OHOM TEKCTE: OTBEYAIOLIMH JOJDKEH caM
BCIIOMHUTH U HAITMCATh 3HAYCHHE TEPMUHOB, OTHOCSIIIMXCS K 3aJIaHHOU TeMe.

6. Paboma c epaghuxkamu, cxemamu, ouazpammamu u Op., NPeOCMAasieHHbIMU 6 YYeOHUKAX,
VUeOHbIX NOCOOUAX NO CNeyualIbHOCMu. a) UCTIONb30BaTh MOIIUCH (COOTBETCTBYIOIINE TEPMHHBI)
JUIs aHAJIM3a COJIEPYKAHMUS PUCYHKOB; 0) CpaBHUTH OOBEKTHI, M300pakaeMble HA PUCYHKAx; B) CO-
CTaBHUTH 10 WJUTIOCTPAIIMHM PACCKa3 C UCIOJIB30BAaHUEM aKTYaJHM3UPOBAHHBIX B paccMaTpUBACMOM
y4eOHOM TEKCTE TEPMHUHOB.

1. Hcnonvzosanue mynomumeoutinolx cpeocms. llpu nemoHcTparuu ydyeOHoro uimbma (10-
MOJTHEHHE K Y4eOHOMY TEKCTY) OTKIIFOYHUTh 3BYK M MONPOCHTH CTYACHTAa TPOKOMMEHTHPOBATH MPO-
1IECC, OCTAHOBUTH KaJp M MPEIOKUTh MPOJIOJDKUTH OMUCAHNE JTAIBHEHIIIEr0 MPOTEKAHMS MPOIIeC-
ca, MOIPOCUTH OOBSICHUTD ITPOLIECC.

8. Bvicmynnenue cmyoeHmos ¢ mMynbmumeoutinou npezenmayueti. Pabota Haa Hel U BBICTYII-
JICHUE C TPe3CHTalMell pa3BUBACT PeUb, MBINIICHHUE, MAMSTh, YIUT KOHKPETU3UPOBATH, BBHIJCIIATH
TJIABHOE, YCTAHABJIMBATh JIOTHYECKHUE CBSI3H.

9. Onpoc no yenouxe «Omeadaii mepmun!y. Pacckas oTHOTO CTYACHTA MPEPHIBACTCS B JTIOOOM
MECTE U MPaBO OTBETA MEPEACTCS APYTOMY.

10. Tpenuneu: a) «Hemsepmouii nuwnuiy. Heobxogumo yOpaTh B psiy JTUIIHUA TEPMHH,
000CHOBaTh CBOH BEIOOD; 0) «Onpederume no onucanuroy. ClieayeT MO ONMMCAHUIO «OTralaThy» CO-
OTBETCTBYIOIIEE MOHATHUE; B) «[Ipodondcume npednodicenue» u ap.

11. Cocmasnenue pacckazos no 3adannvim ciosam (0\3). /s crabvlx cmyodenmos: nath Onop-
HbIC TEPMHHBI B MTOCIIEIOBATEILHOCTH, COOTBETCTBYIOIICH B PACCMOTPEHHOM y4E€OHOM TEKCTE; 0.is
CMy0eHmo8 cpedHe20 ypo6Hs: TEPMHUHBI IaTh 0€3 ONPEIEICHHON MOCIeN0BATEIBHOCTH; 051 CUlb-
HbIX CMY0eHmo8: BHECTH «IUITHUE) CIOBA, KOTOPBIE HE HCIIOIH30BaHbI B TEKCTE.

12. «Ilucamenvy. CocTaBUTH TEKCTHI B (hOpME MPUKIIOUYSHICCKOTO paccKaza WM pacckasa o
MYTEHIECTBUH C UCIIOJIb30BAHUEM U3YYEHHBIX TEPMUHOB.

13. Coszoanue cunxeetina. 1. Tepmun. 2. OXHO3HAYHBIA, CTHIIMCTUYCCKH HEHTPATLHBIN.
3. HaswiBaer, kBanudunupyer, cuctematusupyet. 4. CloBapHbIN COCTaB ONpeAeNeHHOW Hay4IHOI
cheprl. 5. COKpOBUIIIHHIIA.

PesyabraTel. Ham onbeiT pa®oThl 10 pa3BUTHIO M COBEPIICHCTBOBAHUIO KOMMYHHKAaTHBHOM
KOMIIETEHIINM CTYIEHTOB Ha YPOKaX PYCCKOIO s13bIKAa B HESI3BIKOBOM BY3€ ITOKA3bIBAET, UTO CIEAYET
OTMHUPATHCSI HA CUCTEMY MPOIYKTUBHBIX 3aJJaHUl C OpUEHTalMe Ha Oynymryto npodeccuro odyda-
FOLLUXCS.

Haubonee 3ppexTuBHOI sBIsIeTcsl KOMOMHAIMS aKTUBHBIX U TBOPUECKUX METOJ0B. Mcnonb3o-
BaHUE Pa3HOOOpa3HBIX CIOCOOOB M3y4yeHHUsl ydyeOHOro MaTepuala pa3BUBaeT MMO3HABATEIbHBINA HH-
Tepec U MOBBILIAET PE3YJIbTaTUBHOCTh OOYUECHHUS.

[IponyunpoBanue Ha 3aHMMATEIbHON U TBOPYECKOW OCHOBE YCTHBIX M IHMCBMEHHBIX CBS3HBIX
BBICKA3bIBAHUN Pa3HOW KAaHPOBO-CTUIMCTHYCCKON NMPUHAIICKHOCTH CIIOCOOCTBYET BBIPAOOTKE Y
CTY/IEHTOB CIIOCOOHOCTH pellaTh KOMMYHHMKATHBHBIE 3a/1a4M B peXUMe JepUInTa BpeMEHH U B CO-
OTBETCTBUU C KOMMYHUKATHBHOM I11€JI€yCTaHOBKOM.

BaxHyto poib B popMHUPOBaHUM KOMMYHHKATHBHOM KOMIIETEHIIMM UIPAeT TPpyImnoBas padbora,
MO3BOJISIIONIAS CTYIEHTaM 00y4aThCsl CAMOCTOATEIBHO, B COTPYIHUYECTBE JPYT C APYTOM.

AnpoObUpOBaHHBIE aBTOPOM Ha 3aHATHSX MO TUCHMIIMHE “Pycckuii si3bIK” B HESA3BIKOBOM BYy3€
pa3iIuyHble aKTUBHBIE, TPOOJIEMHBIE, TBOPUECKHE METOAbI 00YUEHHsI OBBIIAIOT Y CTYJEHTOB ypo-
BEHb KOMMYHHUKAaTUBHOW KoMMeTeHIIMH. IX KoMOMHMpOBaHHOE TPUMEHEHHE CIIOCOOCTBYET:

- (hopMUPOBAHUIO YCTONYMBBIX KOMMYHUKATHBHBIX KOMIIETCHIINH;

- aKTUBU3ALUHU SMOLIMOHATIBHOMN MaMsATH, BOOOPaKEHUS;

- HHTEHCU(DUKALIUH [TPOLIECCOB aHAIM3a U CUHTE3a;

- IMYHOCTHOMY POCTY O0YJaroIuXxcs;
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- Pa3BUTHIO YUe€OHOI U MO3HABATEIBHON MOTHBAINH;
- IOBBILICHUIO KAYECTBA 3HAHUM.

Oo6cy:xnenmne

HpI/IMeHeHI/Ie CHUCTEMbI aKTHUBHBIX, HpO6HeMHbIX, TBOp‘-IeCKI/IX METOAOB Ha HpOd)GCCI/IOHaHBHO'
OPUEHTHPOBAHHOM MaTepuajie Mpu 00YYCHUH PYCCKOMY SI3bIKY B HES3BIKOBOM BY3€ JA€T MO3UTHUB-
HBIA pe3y/IbTaT: MOBHIIIACTCS YIeOHAsS MOTHBAIIUS U aKTUBHOCTH 00YUaIOIUXCsI, B TIPOIECCE TPYII-
MOBOM pabOTHI CTYACHTHI AaHAIM3UPYIOT U KIACCU(PUIIUPYIOT SA3bIKOBBIC U TEKCTOBBIC CAMHUIIBI, Ca-
MOCTOSTCIIBHO uimyT TBOp‘IeCKI/IC peLHCHI/DI, BBITTOJIHASA paSJII/I‘-IHLIe KOMMYHI/IKaTI/IBHBIe 3a1aHNs.

[Tonaraem, 4T0 HEOOXOAMMO HCIIOIB30BATh METOJMKY KOMOWHHMPOBAHUS Pa3JUYHBIX THIIOB
MPOAYKTHUBHBIX 3aJlaHUi, TaK Kak 3TO IO3BOJIAET OMUPATHCS HA pa3Hble (POPMBI OpraHU3alUU
y4eOHOU JACATENIBPHOCTH U CIMOCOOCTBYeT A(P()EKTHBHOMY pPa3BUTHIO KOMMYHUKATHBHOMN
KOMIIETEHIIMM. B 3TOM ciydae y4uTBHIBAlOTCS BCE AacleKThl (POPMHUPOBAHMSI  YETHIPEX BUJOB
pEeUeBOl 1eATEeIbHOCTH, Pa3BUBAIOTCS TaKME YMEHHUS U HaBBIKH, KaK:

- CO31aBaTb TCKCTHI pa3qume THUIIOB U )KaHpOB;

- apryMEHTHPOBATh CBOU OTBETHI M 3aIllMIIATh COOCTBEHHBIE UJIEH;

- BBISBJISITH T'JIAaBHOC U CYHICCTBCHHOC;

- HCIIOJIb30BaTh KHWKHYIO U HAYyYHYIO JIEKCUKY B COOTBETCTBHMH C LIENBIO U CUTyaluen oOre-
HMUS,

- IIPOBOAUTD JII/IHFBOCTI/IJII/ICTI/I‘ICCKI/Iﬁ aHaJIu3 TCKCTAa,

- TIPOAYLUUPOBATh COOCTBEHHBIA TEKCT I JAOCTHXKEHHUS OINPEAEeICHHON0 KOMMYHUKATHBHOTO
HaMEpPEHHUSI.

CTyneHThI OBNAJECBAIOT HaBBIKAMU PabOTHI B TPYIINE, MIPHOOPETAIOT CIIOCOOHOCTH K OCYIIECTB-
JICHUIO YYEOHOTO COTPYITHUYECTBA; HAOII01aeTCs IMYHOCTHBIM POCT U Pa3BUTHE MHTEIUICKTYaJIbHO-
ro MOTEHIIaIa 00yJaroIINXCS.

3akia04eHue

OpHOM 13 HaCYIIHBIX TPOOJEeM METOJIMKH MPENoIaBaHusl PyCCKOIo sI3bIKa sBIsieTcss GopMHUpo-
BaHHE KOMMYHUKATUBHON KoMreTeHIMH. C 1eTbI0 e peleH s THHIBOMETOIUKON ObLT MPEA0KeH
NeSITeIbHOCTHBIN MOAX0/, 00ECIeUnBaOIIUN CAMOCTOATEIbHYIO TBOPUYECKYIO JI€ATEIbHOCTh KaXK-
JI0T0 00yYaromerocs.

B ¢opMupoBaHny HaBBIKOB U YMEHUN YCTHOW M MHCbMEHHOM peYd Ba)XKHYIO pOJIb UTPAIOT MO-
TUBaNuA U 3¢(HEeKTUBHOCTh OPraHu3aluy 00pa3oBaTeNbLHOTO MpoIlecca.

Onupasich Ha CBOHM OMBIT MPENOJAaBAHUS PYCCKOTO SI3bIKa B HESI3bIKOBOM BY3€, MBI IOJIaraeM,
YTO HM3YYEHUE PYCCKOIO S3blKa C NMPUMEHEHUEM NPOJYKTHUBHBIX, TBOPUYECKHMX TEXHOJIOTHMI Ha
npodeccnoHalbHO-OPUEHTHPOBAHHOM MaTepHalle MO3BOJUT pa3BUTh MO3HABATENbHBIM HMHTEpEC Y
CTYJICHTOB U aKTUBU3HPOBATh UX YUEOHYIO ACSITEIHLHOCTD.

3aHMMAaTEeIbHBIA XapaKTep, AIEMEHThl COPEBHOBATEILHOCTH U TBOPUECTBA CO3JAIOT ONTHMAaIb-
HBIE YCJIOBUS JUIsl MPOABUKEHUS KaXKI0TO CTY/ICHTA.

[Ipumensiemble HAMH METOJIbI HMMEIOT CBOIO CIEeUU(UKY M JTOCTOMHCTBA, HO IMpaBWJIbHAA UX
KOMOMHaIMs 1Mo3BoysieT d(PQGEKTUBHO peliaTh JMHTBOMETOAMYECKHE MpPOOJIEMbI, B YaCTHOCTH,
(hopMUPOBATh KOMMYHHKATHBHBIC HABBIKH.

Ha ocHOBe HaOMIOICHUS U OLEHKU MPOSIBICHNS KOMMYHHUKATUBHOW KOMIETEHIIUN MBI TP UIILITH
K BBIBOJIY, YTO HCIIOJb30BAaHHE KOMIUIEKCA aKTUBHBIX, MTPOYKTUBHBIX METOJIOB BBI3BIBACT IOBBI-
meHue 3GpGeKTUBHOCTH npoiiecca 00ydeHus. CTyIeHTbI C HHTEPECOM paboTaroT, CTPEMATCS MTOJTHO
U TIyOOKO PAaCKpBITh M3y4aeMbIil BOMPOC, CAMOCTOSITEILHO COOMpAOT HEOOXOoauMyr HH(pOpMa-
IIUI0, CO3/IAaI0T U TPaHCHOPMUPYIOT TEKCTHI C COOJIFOJICHMEM CTHIJIEBBIX M JKaHPOBBIX OCOOEHHO-
CTEMH, AenaloT BEIBOALI H 0000IICHHE.

Takum 00pa3om, pa3paboTka METOAWK, OA3UPYIONIUXCS HA KOMOWHAIIUU PA3IMYHBIX TMPOAYK-
THUBHBIX, TBOPUECKUX M aKTUBHBIX METOJOB, UMEET MEPCIEKTUBBI, TAK KaK MO3BOJIUT BHECTU BKJIA]1
B JJaJIbHEHIIIee pa3BUTHE BOTIPOca 0 GOPMUPOBAHUY KOMMYHUKATUBHON KOMIICTCHIIHH.
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Tor:xkanosa JLK.
7K OO-na opblIc TijliH OKBITYIaFbl KOMMYHMKATHBTIK
KY3ipeTTUIKTI KAJbITACTBIPYABIH dAiCTeMeNiK aMaJIapbl KaWJIbI

AngaTna: Makana Oelitinnik KOO cryaeHTTepiHe OpBIC TiJiH OKBITYIaFbl KOMMYHHKATHUBTIK
KY31peTTUTIKTIH KaJIbIITacy epeKIIeTiKTepiHe apHallFaH.

Onza “KOMMYHUKATHUBTIK KY3IPeTTUTIK” TYCIHITI >KOHE OHBIH KaJbIITACybIHA BIKMAJ €TETiH
o/licTep KEIIeHI KapacThIPhLIaAbl. OPTYPIIl OHIMII jKoHE OEJICeH I OKBITY 9/1ICTEPiHIH 9/liCTEMENIK
KOMOMHAIMSCHI OOJIBINT TAaOBUIATHIH OIPIKTIPIITEH TOCUIIEMe YCBHIHBLIAAB. Makaia aBTOPBIHBIH
mikipi OOWBIHIIA, MYHJA TOCUIEME OKBITYIBIH THIMAUIITT MEH OFaphl JOpEeXeni KOMMYHHKa-
TUBTIK KY31PETTUTIKTIH KaJIBINTACYbIH KAMTaMachl3 €Tel. ¥ ChIHBUIFAH OKBITY 9JIiCTepl OKY KbI3Me-
TiH O€JICeHIIpyre BIKNAT J>KacaiJbl KOHE CTYICHTTEPJIH aybI3eKi JKoHE jkazlamia TUIIEpiH
HIBIFAPMAIIBLIBIK HET13]1€ JaMbITAIbI.

Tyiiinai ce3aep: KOMMYHHKATHBTI KY31pETTIIiK, OPBIC TUTIH OKBITY, OKBITY 9/iCTEpi, TaHBIM-
JIBIK KBI3BIFYIIBUIBIK, IIIBIFAPMAIIBUIBIK JTIC, OCTICeH/ Il 9MIC, BIHTATaHABIPY

Togzhanova L.K.
On the use of certain methodological techniques in purposes of forming communicative
competence in the context of teaching Russian language at the university

Abstract. The article is devoted to the features of the formation of communicative competence
among students in teaching Russian in a non-linguistic university. It examines the concept of
“communicative competence” and a set of methods that contribute to its formation. An integrated
approach is proposed, which is a methodological combination of various productive and active
teaching methods.

Key words: communicative competence, teaching the Russian language, teaching methods,
cognitive interest, creative method, active method, motivation.

Ceenenust 00 aBpTopax:

TorkanoBa Jlsaiinia KenskeraimeBHa, accucTeHT-ipodeccop Kadeapsl sS3bIKoB MexayHa-
POJIHOTO YHUBEpCcUTETAa NHPOPMAITMOHHBIX TEXHOIOTHA.
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