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The relevance of the research topic.The rapid development of information processes
necessary to achieve management goals in any industry has brought the creation of
information system components to the forefront. The growth in the volume of scientific,
technical, political, and economic information for practical work in relevant areas of human
activity creates the need for the widespread use of information technologies in management.
Accordingly, in the scientific, technical and economic spheres, there is an increasing need for
the development of information systems of various types. Today, the possibility of using
economic and mathematical methods and models for making operational decisions, matching
analytical data with specific processes, and analyzing specific financial and production
conditions is relevant. Since the controls in such models are specific volumes of financing,
then when planning, it is necessary to determine the optimal, from the point of view of one or
another criterion, volumes of financing by industry, sector, and direction of the economy in
order to transition over a given period time in one or another state of the economic system.

The research carried out in the dissertation relates to approaches to applying the SDRE
methodology to economic systems, one of the most dynamically developing areas of
mathematical control theory in recent years. The possibility of solving planning problems,
where mathematical models can also contain restrictions on control values in the form of
closed sets, was obtained for the first time in the SDRE approach. The dissertation work
included investments in sectors of the country's economy, determination of balance sheet
relations of labour resources, creation of a database of statistical data, and mathematical
modelling of three-sector closed economic systems. Breaking down the impact of a country's
economy into sectors allows decisions to be made about the allocation of resources to a
development strategy by assessing the effectiveness of each sector's share.

Based on the above, the relevance of the dissertation work:

— Determining the adequate amount of financing of sectors to bring the economic system
to the desired state over a certain period when planning the effective allocation of
resources, since the problem of financing industries arises as management in economic
models.

— Considering the limited resources allocated and the nonlinearity of the economic model,
due to the complexity of the mathematical model being created, in the short- and long-
term planning of economic systems, it is advisable to constantly develop approaches to
the balanced distribution of labour and investment resources and search for new
approaches.

The purpose of the research:

— Study of information system parameters for a three-sector economic model described by
ordinary differential equations and a system of algebraic equations.

— Creation of an algorithm for constructing synthetic control for a three-branch economic
model described by ordinary differential equations and a system of algebraic equations.

Research objectives:To achieve the goal set in the dissertation, the following
problems are considered



— Creation of a database taking into account the main commodity stocks distributed by
sectors of the country's economy, the volume of production in these sectors and the
number of employees;

— Development of a module for the distribution of limited resources for an information
system for managing economic sectors;

— Processing of numerical solutions to problems of managing the distribution of limited
labour and investment resources for short-term and long-term planning of nonlinear
economic systems;

— Programmatically implement an algorithm for planning resource allocation, considering
the restrictions imposed on investment and labour resources in economic systems.

The object of the research is a mathematical model of a three-sector economic
system, which is described by a system of nonlinear ordinary differential equations and
nonlinear algebraic equations.

The subject of research: determination of labor and investment resources for a three-
sector economic model that ensures balanced economic growth.

Research methods: Krotov extension method, Lagrange multiplier method, successive
approximation method, SDRE method, programming languages.

The scientific novelty of the research work.

— An algorithm has been developed for the synthesis of a nonlinear feedback controller for

nonlinear systems (SDC) on an unlimited interval based on the SDRE approach, which is
distinguished by the presence of special functions A (t), 4, (t) to ensure the distribution

of investment and labor resources balance ratios in long-term planning of three-sector
economic systems.

— An algorithm has been developed for the synthesis of a nonlinear feedback controller for
nonlinear systems (SDC) on a finite interval based on the SDRE approach, which is
distinguished by the presence of special functions A (t), 4,(t), W(t), q(y,t) to ensure

distribution of investment and labor resources balance ratios in short-term planning of a
three-sector economic system.

The main provisions of the dissertation submitted for defense:

- Study the economic model for the distribution of investment and labour resources when
performing balance sheet relations and create an information system module that
implements an algorithm for solving management problems for economic systems;

- Application of an information system module in the process of short-term and long-term
planning for a nonlinear three-sector economic model of an object;

- Creation of synthesis control, which depends on the state of the trajectory for nonlinear
dynamic systems for planning resource allocation;

The results obtained are used to distribute economic sectors into sectors that ensure
balanced growth of the country's economy and to plan the effective distribution of
investment and labour resources in these sectors.

Theoretical and practical significance of the study. The use of the method of
Lagrange multipliers of a special type for a mathematical model of a three-sector economic
system, given by balanced relative balance ratios, makes it possible to plan a sector
economy.

Structure and scope of the dissertation work. The dissertation work consists of an
introduction, four sections, a conclusion, a list of references and 3 appendices. It is 114 pages
of typewritten text, which includes 6 tables, 20 figures.

The introduction reflects the relevance of the topic of the dissertation work, the
purpose of the research work, the objectives of the research work, the object of research, the
subject of research, the method of research, the scientific novelty of the research work, the




main conditions for the defense are formulated. There is also a list of articles published in the
course of the study.

In the first section, the concept of nonlinear economic systems is given, an overview
of works on the study of management accounting of three-sector economic systems, the work
of scientists who have studied sectoral economic systems. The mathematical formulation of
the problem of managing economic systems will also be presented.

In the second section, a mathematical representation of this system is given by
introducing new designations into nonlinear economic systems defined by a system of
differential equations, the problem of stabilization, synthesis of nonlinear systems whose
coefficients depend on the control object is considered. The analytical solution of control
problems of nonlinear systems is determined, the limits of the trajectory of which are set by
various constraints, and algorithms for their solution are constructed.

The third section provides a summary of the concept of an information management
system, the history of their occurrence. We present an algorithm for solving the problem of
managing three-sector economic systems. The indicators and parameters of the economic
system are determined. Using statistical data from an open data source database of the Agent
of the Republic of Kazakhstan for statistics and planning, quantitative parameters of
management accounting of a three-sector economic model are determined.

In the fourth section, in the second section, experimental calculation work is carried
out on algorithms for determining the solution of effective management accounting for one
class of economic systems, graphs of the trajectory of the system and effective management,
effective distribution of labor and investment resources are constructed. For the guantitative
parameter required to implement the algorithm, the parameters defined in the third section
are taken.

The final section reflects the main results and conclusions of the dissertation work.

Applicant's contribution.The applicant obtained the main results on the construction
of stabilizing and synthesizing control methods, the development of research methods,
algorithms for numerical calculations, and the interpretation of the results of computational
experiments, tables, and graphs. Statements of optimal control problems for dynamic
systems and methods for their solution were proposed by the supervisor Z.N. Murzabekov
and agreed upon by the foreign consultant M.G. Dmitriev.

Approbation of the results of the dissertation. The main content of the dissertation
was discussed at scientific seminars and reported at scientific conferences: "1V International
scientific conference of students and young scientists "FARABI ALEMI", Almaty, April 11-
15, 2017, KazNU; XLI International scientific and practical conference: "Innovative
technologies in transport: education, science, practice”, Almaty, 3-4 April 2017 and 18 April
2018, KazATC; "International Conference on Differential Equations and Dynamic Systems",
Russia, Suzdal, 06 - 11 July 2018; 11l International Scientific Conference "Informatics and
Applied Mathematics” c. Almaty, September 26-29, 2018, IICT MES RK; "23rd
International Conference on System Theory, Control and Computing (ICSTCC)" Romania,
Sinaya, 09 -11 October 2019; 17th International Asian School-Seminar "Problems of
optimization of complex systems (OPCS21)", Novosibirsk, Russia, 13-17 September 2021.
The dissertation work was discussed at the scientific seminars of the department
"Information Systems", Kazakh National University named after Al-Farabi.

Publication of results.Published articles and scientific papers describe the results of
research on the topic of the dissertation. During the scientific work, 18 scientific papers were
written, including:

4 scientific article in a journal indexed by Scopus:

1. Murzabekov, Z., Milosz, M., Tussupova, K., Mirzakhmedova, G. «Problems of Optimal
Control for a Class of Linear and Nonlinear Systems of the Economic Model of a



https://www.scopus.com/authid/detail.uri?authorId=6508325243
https://www.scopus.com/authid/detail.uri?authorId=14320553400
https://www.scopus.com/authid/detail.uri?authorId=57509983200
https://www.scopus.com/authid/detail.uri?authorId=57211797525

Cluster». Vietham Journal of Computer Science, 2020, 7(2), p.109—
127 ,https://doi.org/10.1142/S2196888820500062(Scopus 2021: CiteScore-1.3;
Percentile- 26%)

Murzabekov, Z.N., Mirzakhmedova, G.A. «Construction of Control with Constraints for
Nonlinear Systems with Coefficients Depending on the Control Object State». Journal
of  Mathematical  Sciences (United  States), 2020, 250(1), p. 76-82,
https://doi.org/10.1007/s10958-020-04999-4(Scopus ~ 2021:  Q3,  CiteScore-0.6;
Percentile- 13%)

Murzabekov, Z., Milosz, M., Tussupova, K., Mirzakhmedova, G. «Development of an
algorithm for solving the problem of optimal control on a finite interval for a nonlinear
system of a three-sector economic cluster». Eastern-European Journal of Enterprise
Technologies, 2022, 1(3-115), p. 43-52, https://doi.org/10.15587/1729-
4061.2022.252866(Scopus 2021: Q2, CiteScore-2.0; Percentile- 38%)

Dmitriev, M., Murzabekov, Z., Mirzakhmedova, G.«An Algorithm for Finding
Feedback in a Problem with Constraints for One of Nonlinear Control Systems».
Automatic  Control and Computer sciences, 2022, 56(7), p. 623-633.
https://doi.org/10.3103/S0146411622070033

4 articles in journals recommended by the Committee for Quality Assurance in the

Field of Science and Higher Educationof the Republic of Kazakhstan:

1.

2.

3.

Mup3axmenoBal .A., «CBI3BIKTBI €MeC JIWHAMHKAJIBIK JKYHeJIepre apHajiFraH THIMII
Oackapy ecenrepin 3epTrey» Kaz¥T3V xabapuwicor Ne3(121), 2017, 529-534 6.
Mup3saxmenoBa ['.A., «KDKOHOMUKAJBIK Kiactepiepai 6ackapy» Kas3¥1T3Y xabapuvicel
Ne3(127), 2018, 460-465 6.
Myp3abekoB3.H., Mup3zaxmenoBal .A. «OKOHOMHKAJIBIK KJIACT€p MOJIENIHIH CHI3BIKTHI
eMecC JKYHeCiH OHTaMIbI TypakTaHabipy ecebi». Ka3¥T3Y xabapwwicor Nel(131), 2019,
€.152-158.
Murzabekov Z.N., Mirzakhmedova G.A. «Stabilization of one nonliner system with
coefficients depending on the condition of the control object», Journal of Mathematics,
Mechanics and Computer science Nel(101), 2019, p. 76-86.

3 articles have been published in foreign scientific journals:
HOmutpues M.I., MypzabexkoB 3.H., Makapos JI.A., MupzaxmenoBa [.A.
«Crabunuzanusi B MaKpOIKOHOMUYECKOH (HopManbHO JTMHEWHOUM cucTeMe yIpaBieHHs B
3aBHCAIIMMH  OT  KoddduumeHtamu».  Hugopmayuonnvlie  mexuwonrozuu  u
BLIYUCTIUMENbHBLE cucmembl, No2, 2019, c. 3-13.
doi: https://doi.org/10.14357/20718632190201
Hmutpue M.I'., Myp3abexoB 3.H., Mup3axmenoBa I'.A., «AJAropurM HaxoKIeHUs
oOpaTHOM CBSI3M B 3aJaye C OrPAaHUYEHUSIMHU JUIsl OJHOIO Kjacca HEJIMHEHHBIX
yIpaBisieMbIX cucteM». Modenupoganue u anaiu3 uHGOPMayuoHHuIX cucmem, T.28,
Ne3, 2021, c. 220-233, doi: https://doi.org/10.18255/1818-1015-2021-3-220-233
Myp3zabekoB 3.H., Mupzaxmenosa I'.A., «IlocTpoeHne orpaHMue€HHOr0 yIpaBieHUs s
OJTHOTO KJIacca HEJIMHEHWHBIX CUCTEM € KO3 (UIMEHTaMH, 3aBUCSIIUMU OT COCTOSHUS
oObeKkTa ynpaBieHUs». [Ipobremvr mamemamuyeckozo ananusa, usi.. HoBocubupck
«Tamapa Poxkosckas», 104, 2020r., c. 69-74

In the collections of international scientific and practical conferences indexed on the

basis of Scopus, 2 scientific articles have been published:

1.

Dmitriev, M., Murzabekov, Z., Makarov, D.,Mirzakhmedova, G., «SDRE based
stabilization of the affine control system with the stationary linear part». 23rd
International Conference on System Theory, Control and Computing, ICSTCC 2019 -
Proceedings 2019, p. 739-743, Sinaia, Romania,
https://doi.org/10.1109/ICSTCC.2019.8885437 (Scopus, Proceedings)
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2.

Dmitriev, M., Murzabekov, Z., Mirzakhmedova, G., «Stabilizing Regulator in One Class
of Continuous System with Control Constraints». 17th International Asian School-
Seminar "Optimization Problems of Complex Systems", OPCS 2021- Proceedings, 2021
p. 23-27. https://doi.org/10.1109/0PCS53376.2021.9588763 (Scopus, Proceedings)

5 scientific articles were published in the collections of international scientific

conferences:
1.

MupszaxmenoBa [.A. «/luHaMuKaNbIK >Kydenepre apHaiFaH THIMAI OacKapyablH
CBI3BIKTHI KBAAPATTHIK eceOi». «Kenikmesi UHHOBAYUATLIK MeXHoIo2usiap. Oiim,
evliblm, maxcipubey ammol XLI Xanvlkapanvikevlibimu - npaKmuKaivlk KoHGepeHyusl.
3-4 coyip 2017 x. T1, Anmarsr, 512-514 6.
MupzaxmenoBa [.A., «3agaun ONTUMAJIBHOTO YIpABIECHUE [UISI HEIMHEHHBIX
TMHAMHYECKHX cuctem». IV Meowcoynapoonas nayunas KoHhepeHyus cmyoeHmos u
monoovix  yuenvix "®APAPHU  OJIEMI". 11.04.2017-15.04.2017 r. Anmarsr:
Kazakynusepcureri, 2017 c. 203-203
Mup3axmenoBa [ A. «OKOHOMUKAIBIK MOJETBIIH THIMII CTallMOHAPIBI KYHIH 1311ey
ecebin memry». XLII Xanvikapanvix eviivlmu - npakmukaivlk KoHgepenyus. 18 cayip
2018x. T2, Anmatsl, 343-346 0.
Myp3abekoB 3. H., Aiimanos III.A., Mup3axmenoBa [.A. «KoHcTpyupoBaHnue
OTPAaHMYEHHOTO  YNPABJIIGHWS Ui  OJHOTO  Kjacca HEJIMHEHHBIX CHCTEM C
KOOQPHUIMEHTaMH,  3aBUCSIIUMH  OT  COCTOSHHUSL ~ OOBEKTa  yIpaBJICHUS.
Mesicoynapoonas xougepenyus no oughghepenyuanrbHbiM ypasHeHusim U OUHAMUYECKUM
cucmemam. Tesuce! noknanos, Cy3mans, Poccus, 6-11 urons 2018r., ¢.149-150.
Myp3zabekoB 3.H., MupzaxmenoBa ['.A. «OnTtumanbHas cTaOWiIM3anus OIHOM
HEJIMHEWHONW CHCTEMbl SKOHOMHUYECKOM MojJenu kiacrepay. [lI-Meowcoynapoonas
KoHepenyus «Mnpopmamuka u npuxiaouas mamemamurxay, 26-29 centsops 2018r.,
Anmatel, c. 154-163.
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