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Optimization is a complex process of defining a set of solutions
for a wide range of problems, including management decision-making.

One of the approaches to increasing the efficiency of solving op-
timization problems is metaheuristic algorithms. The problem solved
in the study is to increase decision-making efficiency in the problems
of assessing the state of hierarchical systems while ensuring a given
reliability, regardless of its hierarchy. The object of the study is hie-
rarchical systems. The subject of the study is the decision-making
process in management problems using an advanced Tasmanian devil
algorithm (TDA) and evolving artificial neural networks. A metho-
dical approach using a metaheuristic algorithm is proposed. For TDA
training, evolving artificial neural networks are used.

The originality of the proposed method lies in setting TDA tak-
ing into account the uncertainty of the initial data, improved global
and local search procedures. Also, the originality of the study lies in
determining TDA feeding locations, which allows prioritizing the

search in a given direction. The next original element of the study is
the possibility of choosing a TDA hunting strategy, which allows a ra-
tional use of available system computing resources. Another original
element of the study is determining the initial velocity of each TDA.
This makes it possible to optimize the speed of exploration by each
TDA in a specific direction. Using the methodical approach provides
a 14—17 % increase in data processing efficiency by using additional
improved procedures. The proposed methodical approach should be
used to solve the problems of evaluating hierarchical systems.

Keywords: hierarchical systems, artificial neural networks,
swarm algorithms, optimization, multimodal functions.
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The object of this study is the process of analyzing the volume
of product sales in the retail market, where producers and consumers
with different levels of social responsibility operate. Advancements
are aimed at solving the problem of insufficient consideration of the
social responsibility of economic entities in modern economic and
mathematical models. In the work, the improvement of the linear
programming model, intended for the evaluation of sales of alter-
native variants of goods with different social utility to consumers
with different social responsibility, by taking into account some
real conditions of making purchases, was carried out. As a result
of the study, a modification of the model was proposed that makes
it possible to take into account the behavior of buyers who choose
a product randomly. Also, with the help of additional restrictions,
the model takes into account the fact that consumers with different
social responsibility make purchases in parallel in time. In addition,
the approach to identifying a set of consumer groups in the aspect
of social responsibility using the method of questionnaires of the
ranking type and building a decision tree of consumers is described.

The proposed modification of the model was tested on the exam-
ple of evaluating the sales volumes of environmentally-friendly and
non-environmentally-friendly varieties of goods in the office paper
market. It is shown that not taking into account the added restrictions
in the model could significantly affect the estimates of sales volumes.

The proposed improvements to the model make it possible to
obtain more realistic estimates of the volume of sales of goods, taking



into account the social responsibility of consumers, as well as quan-
titative and qualitative characteristics of competitors’ offers. This
contributes to better decision-making support for manufacturing
socially useful products, in particular, environmentally-friendly ones.
Keywords: environmentally-conscious consumption, environ-
mentally-friendly products, sales structure in the market, linear
programming.

References

. Cater, T, Cater, B., Mili¢, P,, Zabkar, V. (2023). Drivers of corporate

environmental and social responsibility practices: A comparison of
two moderated mediation models. Journal of Business Research, 159,
113652. https://doi.org/10.1016/j.jbusres.2023.113652

. Potrashkova, L. V. (2017). Conceptual framework for simulation of

socially responsible activities of an enterprise. Actual Problems of
Economics, 6 (192), 243-253.

. Potrashkova, L. V. (2018). The Support of Decision-Making for

Strategic Planning of the Socially Responsible Activity of Enterprise
on the Basis of Evaluation of its Potential. Business Inform, 11, 187—
201. Available at: https://www.business-inform.net/annotated-cata-
logue/?year=2018&abstract=2018_11_0&lang=ua&stqa=27

. Mahmud, A. (2024). How and when consumer corporate social

responsibility knowledge influences green purchase behavior: A mo-
derated-mediated model. Heliyon, 10 (3), €24680. https://doi.org/
10.1016/j.heliyon.2024.¢24680

. Benos, T, Burkert, M., Hiittl-Maack, V., Petropoulou, E. (2022).

When mindful consumption meets short food supply chains: Empi-
rical evidence on how higher-level motivations influence consumers.
Sustainable Production and Consumption, 33, 520-530. https://
doi.org/10.1016/j.spc.2022.07.028

. Rios, K., Finkelstein, S. R., Landa, J. (2014). Is There a «Fair» in Fair-

Trade? Social Dominance Orientation Influences Perceptions of and
Preferences for Fair-Trade Products. Journal of Business Ethics,
130 (1), 171-180. https://doi.org/10.1007 /s10551-014-2221-9

. Saboya de Aragdo, B., Alfinito, S. (2021). The relationship between

human values and conscious ecological behavior among consumers:
Evidence from Brazil. Cleaner and Responsible Consumption, 3,
100024. https://doi.org/10.1016/j.clrc.2021.100024

. Swaen, V., Demoulin, N., Pauwels-Delassus, V. (2021). Impact of

customers’ perceptions regarding corporate social responsibility and
irresponsibility in the grocery retailing industry: The role of corpo-
rate reputation. Journal of Business Research, 131, 709-721. https://
doi.org/10.1016/j.jbusres.2020.12.016

. Laguna Salvad¢, L., Villeneuve, E., Masson, D., Abi Akle, A., Bur, N.

(2022). Decision Support System for technology selection based
on multi-criteria ranking: Application to NZEB refurbishment.
Building and Environment, 212, 108786. https://doi.org/10.1016/
j.buildenv.2022.108786

. Kadzinski, M., Rocchi, L., Miebs, G., Grohmann, D., Menconi, M. E.,

Paolotti, L. (2017). Multiple Criteria Assessment of Insulating Mate-
rials with a Group Decision Framework Incorporating Outranking Pre-
ference Model and Characteristic Class Profiles. Group Decision and Ne-
gotiation, 27 (1), 33-59. https://doi.org/10.1007/510726-017-9549-3

. McFadden, D.; Zarembka, P. (Ed.) (1974). Conditional logit analysis

of qualitative choice behavior. Frontiers in Econometrics. Academic
Press, 105-142. Available at: https://eml.berkeley.edu/reprints/
mcfadden/zarembka.pdf

. Jirkenbeck, K., Schulze, M. (2024). Consumer preferences and will-

ingness to pay for apples from agrivoltaics. Journal of Cleaner Pro-
duction, 465, 142854. https://doi.org/10.1016 /j.jclepro.2024.142854

. De Marchi, E., Scappaticci, G., Banterle, A., Alamprese, C. (2024).

What is the role of environmental sustainability knowledge in food
choices? A case study on egg consumers in Italy. Journal of Cleaner
Production, 141038. https://doi.org/10.1016/j.jclepro.2024.141038

14. Gracia, A., de Magistris, T. (2008). The demand for organic foods
in the South of Ttaly: A discrete choice model. Food Policy, 33 (5),
386-396. https://doi.org/10.1016/j.foodpol.2007.12.002

15. Risius, A., Hamm, U., Janssen, M. (2019). Target groups for fish
from aquaculture: Consumer segmentation based on sustainability
attributes and country of origin. Aquaculture, 499, 341-347. https://
doi.org/10.1016/j.aquaculture.2018.09.044

16. Qian, L., Soopramanien, D. (2015). Incorporating heterogeneity to
forecast the demand of new products in emerging markets: Green
cars in China. Technological Forecasting and Social Change, 91,
33-46. https://doi.org/10.1016 /j.techfore.2014.01.008

17. Madudova, E., David, A. (2019). Identifying the derived utility func-
tion of transport services: case study of rail and sea container trans-
port. Transportation Research Procedia, 40, 1096—-1102. https://
doi.org/10.1016/j.trpro.2019.07.153

18. Shoji, Y., Kim, H., Tsuge, T., Kuriyama, K. (2023). Impact of user fees
for visitors to national parks in the presence of alternative sites. An-
nals of Tourism Research Empirical Insights, 4 (2), 100104. https://
doi.org/10.1016/j.annale.2023.100104

19. Gallego, G., Ratliff, R., Shebalov, S. (2015). A General Attraction
Model and Sales-Based Linear Program for Network Revenue
Management Under Customer Choice. Operations Research, 63 (1),
212-232. https://doi.org/10.1287 /opre.2014.1328

20. Vasilyev, A., Maier, S., Seifert, R. W. (2023). Assortment optimi-
zation using an attraction model in an omnichannel environment.
European Journal of Operational Research, 306 (1), 207-226.
https://doi.org/10.1016/j.¢jor.2022.08.002

21. Potrashkova, L. (2018). Some models of demand for benefits, offered
by an enterprise. Economics of Development, 17 (3), 30—41. https://
doi.org/10.21511/ed.17(3).2018.03

DOI: 10.15587/1729-4061.2024.308983
DEVELOPMENT OF A METHOD FOR ASSESSING
THE LEVEL OF DIGITAL COMPETENCIES OF
HIGHER EDUCATION TEACHERS BASED ON THE
CALCULATION OF THE MULTIDIMENSIONAL
POLYTOPE VOLUME (p. 26-34)

Aidos Mukhatayev

«Higher Education Development National Center» of the Ministry
of Science and Higher Education of the Republic of Kazakhstan,
Astana, Republic of Kazakhstan

Astana I'T University, Astana, Republic of Kazakhstan

ORCID: https://orcid.org/0000-0002-8667-3200

Serik Omirbayev
Astana I'T University, Astana, Republic of Kazakhstan
ORCID: https://orcid.org/0000-0001-7643-3513

Oleksandr Kuchanskyi

Astana I'T University, Astana, Republic of Kazakhstan
Uzhhorod National University, Uzhhorod, Ukraine
ORCID: https://orcid.org/0000-0003-1277-8031

Andrii Biloshchytskyi

Astana I'T University, Astana, Republic of Kazakhstan
Kyiv National University of Construction and
Architecture, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0001-9548-1959

Svitlana Biloshchytska

Astana I'T University, Astana, Republic of Kazakhstan
Kyiv National University of Construction and
Architecture, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0002-0856-5474

Safura Omarova
Astana I'T University, Astana, Republic of Kazakhstan
ORCID: https://orcid.org/0000-0001-5097-7555



The object of the study is the method for assessing the level of
digital competencies of higher education teachers. Teachers with
a high level of digital competencies can create more interactive, in-
teresting and more effective learning materials, which has a positive
impact on education quality. The ability to ensure the continuity
and quality of the educational process in remote conditions is rele-
vant. To improve the qualification level of teachers, it is necessary to
form a measuring system of indicators. A method for calculating the
potential for changing the digital competency level was developed
and trajectories of forming digital competencies of higher education
teachers based on the project-vector methodology were formed. The
method was implemented and verified as part of the state project
in the Republic of Kazakhstan with the participation of the Higher
Education Development National Center and Astana IT University.
Testing of 62 teachers of Astana IT University, Karaganda Buketov
University and Toraighyrov University was taken as a basis. The
analysis involved measuring the achievement of their competency
level in four categories: didactic, design, monitoring, and personal.
The results obtained allow a systematic approach to the process of
assessing and forming the competencies of higher education teachers.
The result obtained is due to integrating the project-vector manage-
ment methodology into the process of digital competency assessment.
The value of the method is the possibility of using it both personally
by teachers to track the level of competency achievement, and by the
management of higher educational institutions for motivation and
when signing contracts. In the future, the results of the pilot project
are planned to be distributed to other higher education institutions
in the Republic of Kazakhstan. And then extend its results to higher
education institutions in Central Asia and Eastern Europe.

Keywords: digital competencies, higher education, competency
assessment, multidimensional polytope, project-vector management.
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This paper considers objects that affect the social security of
the country. The complexity of such objects makes the development
of computer systems in sociological research a difficult algorithmic
task because of information uncertainty. Human thinking is based on
inaccurate, approximate data, the analysis of which makes it possible
to formulate clear decisions. In practice, there are usually no precise
mathematical models that describe social objects. In such cases, it is
advisable to use fuzzy mathematics as a tool for solving this problem.
The main advantage of this approach compared to other artificial
intelligence methods is the ability to interpret the results obtained.
To assess the level of social well-being of the population, we used
the mathematical apparatus of fuzzy set theory and fuzzy inference.
The study is based on the OECD Better Life Index, which was
developed by the Organization for Economic Cooperation and De-
velopment (OECD) to help countries assess and improve the quality
of life of their citizens. In the course of the study, a fuzzy inference
system was built to measure the social well-being of the population
based on the indicators of the OECD Better Life Index. Since deter-
mining the level of social well-being is a complex task, a hierarchical
structure with two main groups of social well-being indicators was
constructed to simplify it. The resultant system evaluates each social
indicator included in the OECD’s Better Life Index. Using the fuzzy
inference model built, it was possible to assess the social well-being
of the country’s population in a simple and transparent way in com-
parison with the OECD member countries. The results of the study
make it possible to understand which indicators of social well-being
of the country’s population are desirable or need to be improved
in the future.

Keywords: fuzzy sets, social well-being, fuzzy modelling, FIS-
tree, fuzzy inference system.
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The object of the study is epidemiological grouping using the
SEIR mathematical model on a machine learning-based multilayer
network. The problems in this research are related to managing
epidemiological data on a large scale to determine disease patterns
and identification such as the number of recovered cases, number
of infected cases and number of deaths and demographic factors.
In the process, traditional methods make it difficult to carry out
processes such as determining patterns and identifying diseases. So,
it is necessary to use machine learning and the SEIR (Susceptible-
Exposed-Infectious-Recovered) mathematical model which can be
integrated with multilayer networks to increase accuracy and ef-
fectiveness in identifying diseases and determining patterns. The
results obtained from this research are a model that can identify and
determine patterns of disease spread in large-scale epidemiological
data. In its application, the SEIR mathematical model combined into
a social layer and an environmental layer in a multilayer network.
This research is research with a level of novelty in the application of
the SEIR mathematical model to multilayer networks and machine
learning so that the model formed can be used to view the distribu-
tion of epidemiological data for disease-related information. Machine
learning aims to process large-scale data in minimal time resulting
in clustering and identification of diseases such as flu, Covid-19 and
pneumonia. This research has an accuracy of 94 % using the MAPE
evaluation technique. It is hoped that the resulting model can be

used in the world of health for disease mapping in certain areas as
a reference for mitigating the spread of disease.

Keywords: SEIR mathematical models, clustering, epidemiolo-
gy, multilayer networks, machine learning,
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The object of research is the process of inductive modeling of
complex systems. The studies that were conducted related to the
application of algorithms of the fuzzy logic theory were to coordinate
the conclusions of top-level experts in system information-analytical
research (STAR) in the tasks of innovative design. The possibili-
ties of constructing elements of expert matrices of results, as well
as evaluating the effectiveness of such applications, are defined.
Thanks to this, obtaining formal expert evaluations in numerical
form became possible. Experimental studies have confirmed that the
proposed approach to the application of fuzzy logic algorithms to
the construction of matrices of expert evaluations of SIAR results is
quite effective and simple to implement. In addition, this approach
fits well into the general paradigm of the Group Method of Data
Handling (GMDH). In particular, it was established that the pos-
sibility of «retraining» such a block without significant efforts of
professional experts can have a positive result, as well as have a good
effect on the economic and time parameters of the research project.
The main calculation formulas for the algorithm for building a fuzzy
system using a neural network in a system with two rules are given.
The construction of a fuzzy information output system trained
on expert evaluations in the Matlab system is shown. As a result,
a technologically acceptable standard deviation of 0.28268 mg/1
was obtained. It has been established that by accumulating a data-
base (knowledge) and/or using an information monitoring system,
it is possible to «additionally train» a fuzzy system periodically or
according to the established quality criterion in the program mode,
without involving experts in this process. Thus, there are reasons to
assert the importance of using a fuzzy system as one of the tools in
inductive STAR procedures.

Keywords: inductive approach, fuzzy logic, criterion of rele-
vance, criterion of corelevance, expert evaluations.
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The object of this study is a large class of mathematical pro-
gramming problems under conditions of uncertainty of initial data.
The formulated object generates a subclass of problems of rational
distribution of a limited resource under conditions of initial data de-
scribed in terms of fuzzy mathematics. The conventional, standardly
used method for solving such problems is based on optimization on
average. To obtain such a solution, it is sufficient to replace all fuzzy
initial data with their modal values in the analytical description
of the mathematical model of the corresponding problem. To solve
the resulting deterministic problem, one can use known methods
of mathematical programming. However, the results of such a solu-
tion can be used in practice if the carriers of fuzzy parameters are
specified compactly, that is, the intervals of possible values of fuzzy
parameters of the problem are small. Otherwise, the implementation
of this solution may lead to unpredictably large losses. Other alter-
native approaches are based on the use of insufficiently informative
estimates of the best or worst possible values of fuzzy parameters
of the problem. These circumstances make the statement of the
problem and the objective of the study relevant: devising a method
for solving the problem of rational distribution of a limited resource
under conditions of fuzzy initial data. To solve the stated problem
of rational distribution of a limited resource, a productive idea
of constructing the proposed general optimization method under
conditions of uncertainty of the initial data has been constructively
implemented. In this case, the initial problem is reduced to a clear
problem of optimizing a complex criterion constructed on the basis
of the objective function of the initial problem and a set of mem-
bership functions of its fuzzy parameters. An example of solving the
problem has been considered, leading to a solution that is better
than that obtained on the basis of the modal values of the fuzzy
parameters of the problem.

Keywords: distribution problem of mathematical programming,
fuzzy initial data, method for solving the problem.
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PO3POBKA METO/IMYHOIO IIIZIXOAY 3 OIIHKU CTAHY IEPAPXIYHUX CUCTEM 3 BUKOPCTAHHAM
METAEBPUCTHUYHOTIO HIAXOAY (c. 6-14)

I. A. Imurpies, H. I. Kyuyk, O. JI. Cranoscskuii, O. B. €Epumenko, I. A. Ilnexosa, I0. B. Bakyxenko, JI. M. [lerrsippoBa,
H. M. IIporac, H. B. Anensko, M. B. Caiinor

OnTuMmisaliis € CKJIQJIHIM IIPOIEeCOM BIU3HAYEHHS MHOKHMHU PillleHb I HIMPOKOTO KOJIA 3aB/laHb, B TOMY YNCJI 1 U1 TIPUIHATTS yIpaB-
JIHCBKUX PillIeHb.

OpHKM 3 MAXOAIB 10 TiABUIIEHHS eEeKTUBHOCTI BUPIIIEHHS ONTUMI3AIiHHIX 3aBaHb € MeTaeBpUCTUYHI ajiroputmu. [Ipobiema, ska
BUPINIYETHCS B IOCIIPKEHHI, € MIBUIIEHHS ONEPATUBHOCTI IPUIAHATTS PIllIeHHs B 3aBAAHHSX OIIHKU CTaHy 1€PAPXIYHUX CUCTEM TIpu 3a6e3-
MevYeH i 3a1aHol 0CTOBIPHOCTI HesaneskHo Bij ii iepapxiunocti. O6’'eKTOM OCTiKeH s € iepapXiuni cucreMu. [IpeaMeToM JoCiKeHHs
€ TIpoleC NPUIHATTS PIillleHHs B 3aBJaHHAX YIPABJIHHSA 32 JIONIOMOTOI0 Y/IOCKOHAJIEHOTO aJIrOPUTMY TacMaHCbkUX ausBoiiB (AT/L) ta
MITYYHUX HEHPOHHUX MEPEX, 10 €BOJIOIIOHYIOTh. 3alIPOMIOHOBAHO METOAMNYHIIT Mi/IXi/l 3 BUKOPHCTAHHSIM METAEBPUCTUYHOTO AJTOPUTMY.
[l maBuanmsa AT/l BUKOPUCTOBYIOTBCS TTYYHI HEIPOHHI MepesKi, IO €BOJIOI[IOHYIOTh.

OpuriHaJIbHICTD 3aIIPOIIOHOBAHOTO METO/Y ToJisirae y podcrasierti AT/l 3 ypaxyBaHHSIM HEeBU3HAYE€HOCTI BUXIJIHUX JIAHUX, YZIOCKOHA-
JIEHUMU TIPOIIELyPaMit TIT06ATBHOTO Ta JOKATIBHOTO MOTYKY. TaKOK OPUTIHAIBHICTD TOCITI/KEHHS TIOJISITAE Y BU3HAYEHH] MiCIlb XapUyBaHHS
AT/I, o 103B0Jis€ 06paTH IPIOPUTETHICTDH [OLIYKY B 3alaHOMy HanpaMmky. HacTymHuM eseMeHTOM OPUTiHATIBHOCTI JOCIIIKEHHS € MOXKJIM-
BicTh BuGOpy crparerii mososants AT/I, 110 103BOJIsIE PaIliOHATBHO BUKOPUCTOBYBATH HasiBHI 00UMCIIOBANIBHI pecypcer cuctemu. Hacrymim
€JIEMEHTOM OPUTTHAJIBLHOCTI JOCJI/DKEHHSI € BU3HAUEHHS TTOYATKOBOI 1BUaKOCTi KoxkHoro AT/I. Ile mo3Bosisie onmTuMi3yBaTu NMIBUAKICTD
TpoBe/IeHHsT 10cTi/pKeHb KokHUM AT/l y BU3HAYeHOMY HAINpPSIMKY JOCJI/KeHb. BUKOPUCTAHHS METOANYHOTO IXO/LY 03BOJISIE IOCSTTH
T IBUTIEHHST OMlepaTHBHOCTI 06po6KN ManuXx Ha piBHI 14—17 % 3a paxyHOK BIKOPUCTAHHS IOIATKOBUX YIOCKOHATEHHX TIPOIENYP. 3ampoIio-
HOBaHWII METOANYHUI Mi/IX1/] IOLIJIbHO BUKOPUCTOBYBATHU /U1 BUPIILICHH 3a/la4 OLIHKY i€PapXi4YHUX CUCTEM.

KorouoBi ciioBa: iepapxiuti cicteMu, MTy4YHi HEWPOHHI MEPEXKi, POIOBI aTOPUTMHU, ONITHMI3AILisI, MyJIBTUMOMAIbHI (DYHKITII.

DOI: 10.15587/1729-4061.2024.310548
VIOCKOHAJIEHHSA MOJEJI JIHIINHOTO TTPOTPAMYBAHHS /171 OIITHIOBAHHS ITPOJIAYKIB TOBAPIB
3 YPAXYBAHHSAM COIIIAJIbHOT BIIITIOBITAJILHOCTI CIIOKUBAYIB (c. 15-25)

JI. B. IlorpamkoBa

O06’eKTOM JOCIIZKEHHS € TIPOIIEC aHaTi3y 00CATIB MPOAasKy TIPOMYKILi HA PO3APIOHOMY PUHKY, Ha TKOMY /II0Th BUPOOHUKHM Ta CTIOKUBavi
i3 pi3HUM piBHEM COI[aJabHOI BiANOBifanbHOCTI. PO3p0oOKH clpsAMOBaHi Ha BUPIIIEHHS MPOOJEMU HEIOCTATHHOIO BpaXyBaHHS COLIaIbHOI
BI/IIOBIZQIBHOCTI €KOHOMIYHUX CYO'€KTIB Y Cy4aCHUX EKOHOMIKO-MATEMATHYHUX MOAE/SAX. Y POOOTI 3AIHCHEHO YAOCKOHAJICHHS MOJIEIL
JIIHITHOTO TIPOTPaMyBaHHsI, TPU3HAYEHO]1 /IJIST OI[IHIOBAHHS TIPOJAKIB abTePHATHBHIX BapiaHTiB TOBAPY i3 Pi3HOIO COIAIBLHOIO0 KOPHCHICTIO
CIIOJKUBAYaM i3 pi3HOIO COLiaJbHOIO BIIIOBIAAILHICTIO, IIJIIXOM BpaXyBaHHs JIESIKMX PeaJbHUX YMOB 3/iHCHEHHs IIOKYIOK. B pesyibrari
JOCITKeHHsT GYJI0 3alPOIIOHOBAHO TaKy MOAM(MIKaIiio MOeT, sika 03BOJISIE BPAXyBaTH MOBEIIHKY TIOKYIIIIB, 0 0OMPAIOTh TOBAP BUIA/-
KOBUM 4MHOM. TAKOJK 32 JI0MOMOTOI0 JI0JIATKOBUX 0OMEKEHD Y MOJIENT BPAXOBAHO Te, IO CIIOKUBAY] 3 PI3HOIO COIIaIbHOIO Bi/IMOBIIaIbHICTIO
3/UICHIOIOTH MOKYIIKH MapasiesbHo y yaci. KpiM Toro ornmcano mifxiJ 10 BUSIBICHHS MHOKHUHH CITOKMBAIIBKUX TPYI B aCHEKTi COMialbHOT
BI/IMTOBIIA/TBHOCTI 32 IOTIOMOT0I0 METOY aHKETYBAHHsI TUITY PaHKYBaHHsI Ta TOOYIOBHU JepeBa PillleHb CIIOKUBAYIB.

3anpornonosany MoaudiKario Mozesi BUIPOOYBAHO HA MPUKJIAI OIHIOBAHHST 0OCATIB MPOAAKY €KOJIOTTUHOTO Ta HEEKOIOTIYHOTO PI3HO-
BB TOBapy Ha puiKy odicHoro mamepy. [lokazamno, 1o HeBpaxyBaHHsi Y MOZEJ JOTAHNX 0OMEKEHb MOJKe CYTTEBO MO3HAYNTHCS Ha OIIHKaX
00CsATIB TIPOJAKY.

3arponoHoBaHi YZOCKOHAJIEHHS MOZIEJI T03BOJISIIOTH OTPUMYBATH OLTBII PEATICTIYHI OIIHKN 00CSTIB IIPOIAXKKy TOBAPIiB 3 yPaxyBaHHSIM
COIiaIbHOT BiIMOBIZAILHOCTI CIIOKUBAYIB, 8 TAKOK KiJIbKICHUX i AKICHUX XapaKTepPUCTUK MPONO3UIlii KOHKYpeHTiB. Ile cripusie Gisbin skicHii
HiATPUMIL TPUHHSTTS PIllIeHb MO0 BUPOOHUIITBA COI[ATBHO KOPUCHOT, 30KpeMa €KOJIOTTIHO, TTPO/IYKIIi.

Kuro4oBi ciioBa: ekoJioriyte CroKIBaHHs, €KOJIOTIYHA TIPOIYKIList, CTPYKTYpa TPOJIAKiB Ha PUHKY, JiHIHE TPOrpaMyBaHHsI.
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PO3POBKA METO/IY OIIHIOBAHHS PIBHA [IUM®POBUX KOMIETEHTHOCTE BUKJIA/IAYIB BUIIIOT OCBITH
HA OCHOBI PO3PAXYHKY OB’€EMY BATATOBUMIPHOTIO ITOJIITOIIY (c. 26-34)

Aidos Mukhatayev, Serik Omirbayev, O. 0. Kyuancokuii, A. O. Bimoupuupkuii, C. B. Bitomunpka, Safura Omarova

OG6’€KTOM JIOCII/KEHHS € METO/[ OLIHIOBAHHS PiBHST IIM(DPOBUX KOMIIETEHTHOCTEN BUKJIAIa4iB BUIOI OCBITH. BUK/Iasaui 3 BUCOKMM piB-
HeM UG POBUX KOMIIETEHIIIH MOKYTh CTBOPIOBATH IHTEPAKTHBHIII, IiKaBilm i GibIn eheKTUBHI HaBYaIbHi MaTepiasn, 10 MO3UTUBHO BILIU-
BA€ Ha SIKICTh OCBITH. AKTYQJIbHUMU € CIPOMOKHOCTI 3a0e31iedyBarit 6e31epepBHICTD i sIKICTh OCBITHBOTO MIPOIIECY B AUCTAHIIHHIX YMOBAX.
Jlst migBuiensst pisHs kBaidikaiii BUKIazadiB HeoOXiaHO ¢hOpMyBaTH BUMIPHY CHCTEMY MOKa3HUKIB. PO3poGIeHO METO PO3PaXyHKY
noTeHIiany 3MiHM PiBHS 1U(GPOBUX KOMIIETEHTHOCTEN Ta chOpMOBAHO TpaeKTopii (hopMyBaHHS HH(PPOBUX KOMIIETEHTHOCTEI BUKJIA/IAUuiB
BHUIIOI OCBITH Ha OCHOBI MTPOEKTHO-BEKTOPHOT MeTo10J10TiI. MeTos 6yii0 BUKOHAHO Ta Bepr(iKOBaHO B paMKax JepsKaBHOTO TPOEKTY B Pec-
ny6uaini Kasaxcran 3a yuacri Higher Education Development National Center ta Astana IT University. 3a 0cHOBY 6yJI0 B3SITO T€CTYBaHHS
62 Buksazauis Astana IT University, Karaganda Buketov University Ta Toraighyrov Universitet. Anasia mepea6adaB BUMIpIOBaHHSI OCST-
HEHHS iX PiBHS KOMIIETEHTHOCTI 110 YOTUPHOM KaTeropisiM: IUAaKTHYHA, TPOEKTYBaIbHA, MOHITOPUHTOBA, ocobrcTicHa. OTprMaHi pe3yibraTu



JI03BOJISTIOTH CUCTEMHO TiIITH JI0 IPOTIECY OTHIOBAHHS Ta (POPMYBAHHS KOMIIETEHTHOCTEN BUKJIAa4YiB BUIIO1 OCBITH. OTpUMaHWIl pe3ybrar
00yMOBJIEHHI THTErpaIli€io /10 MpoIecy OIiHIOBAHHS PiBHS IU(MPOBUX KOMIIETEHTHOCTEH METOMO0JIOTI TPOEKTHO-BEKTOPHOTO YIIPABJIIHHSI.
[linHiCTIO METOY € MOKJIMBICTD HOTO BUKOPHUCTAHHSI SIK 0COOMCTO BUKJIAIaYaMIt [IST BiICTEXKEHHSI PIBHST IOCSTHEHHS] KOMITETEHTHOCTE, Tak
1 KepIBHUIITBOM 3aKJIa/liB BUIOI OCBITH /11 MOTUBYBAHHA Ta LIPY HiAnucaHHi KoHTpakTiB. Hanasi pesysibraTtu MijIOTHOrO IPOEKTY ILIAHY-
€ThCS MOMUPHUTH Y THINX 3aKJa/ax BuIoi ocsitu B Pecry6urini Kazaxcran. A 3rofoM MOMMPUTH HOTO Pe3yJIbTaTi Ha 3aKJIajii BUIIOT OCBITH
IenTpanbroi Asii Ta Cxignoi €Bporn.

KiiouoBi ciioBa: 1iupoBi KOMIETEHTHOCT], BUIIA OCBiTa, OIHIOBAHHSI KOMIETEHTHOCTI, GAraTOBUMIPHUII MO TOII, TIPOEKTHO-BEKTOPHE
VIIPaBJIiHHS.

DOI: 10.15587/1729-4061.2024.310142
PO3POBKA HEYITKOT MOJIEJII 111 BUSHAYEHHS PIBHS COIIAJIBHOTO JIOBPOBYTY HACEJIEHHH (c. 35-45)

M. M. lllapkanai, A. @. [TopoBui

JlocmipKyoThest 00'€KTH, SIKI BILIMBAIOTH Ha colianbHy Gesneky kpainu. CKIagHicTh Takux 00’€KTiB poOUTH PO3POOKY KOMII'IOTEPHUX
CHCTEM B COIIOJOTIYHUX [OCITIPKEHHIX HEMPOCTUM aJITOPUTMIYHUM PIillleHHsIM i3-3a HeBU3HaYeHoCTi indopmartii. JTioacbke Mucaenus Ga-
3Y€ThCSI HA HETOUHUX, HAGJIMKEHNX [IaHUX, aHAI3 SAKUX N03BOJsE GopMyBaTH 4iTki pimrenHst. Ha mpaxTuii, K mpaBuiio, He iCHYE TOYHUX
MaTeMaTUYHUX MOJENEN, SIKi OMMCYIOTh ComianbHi 06'éKTH. B Takmx BUIazKax JOIITBHO BUKOPUCTOBYBATH allapaT HEYiTKOI MaTeMaTHKH,
SIK IHCTPYMEHT BUpilieHHs ganoi npodiaemu. OCHOBHOIO MepeBaroio AaHOro MAXoAy B HOPIBHAHI 3 THIIMMHU METOJAMU HMITYYHOTO IHTEJIEKTY
SIBJISIETHCS. MOJKJIUBICTD IHTEPIIPETANii OTPUMAHKX Pe3yIbTaTiB. [[JIs1 OI[IHKM PIBHS COMIANBHOTO 100POOYTY HaCENeHHs BUKOPHCTOBYBAJIOCS
MareMaTHYHUI arrapaT Teopil HediTKIX MHOKHH Ta He4iTKOro jorianoro BuBopy. Jlocaiukents 6asyerbest Ha ingekci kparoro suttss OECP,
stkuii 6yB po3pobuienuii Oprauisaiiero ekoHoMiuHOrO criBpobiTHuITBa Ta po3BuTKy (OECP) 115t TOro, 1106 J0MOMOrTH KpaiHaMm OIliHIOBAaTH
Ta MOKPAILYyBATH AKICTH )KUTTS CBOIX TPOMaisTH. B X011 10cizKenHA CTBOPEHO CUCTEMY HeYiTKOTO JIOTI9HOTO BUBOJLY /L7 BUMiPIOBAHHS COTLi-
aJIbHOTO 100POOYTY HaceJeHHs Ha OCHOBI MOKa3HUKIB inzekcy Kpaiioro kuttss OECP. Ockinbky BU3HAUEHHS PIBHSA COIIATbHOTO 100POOYyTY
€ KOMIUIEKCHOIO 33/1a9eo, /IS 11 CpoIeHHst GyJ10 CTBOPEHO i€papXivuHy CTPYKTYpPY 3 ABOMAa OCHOBHUMM TPYIIAMU iHAMKATOPIB COIIATIBHOTO
no6pobyTy. TTobynoBaHa cucTeMa a€ OIMiHKY KOKHOMY 3 COMIaJbHUX THMKATOPIB, M0 BXOASTH J0 ingekcy kpamtoro skutts OECP. 3a no-
TIOMOTOI0 1106ya033ﬁ0’1' Mo/ieJIi HeUiTKOrO JIOTIYHOTO BUBO/LY BJIAJIOCS Y IIPOCTUI Ta IIPO30PUIL crocib gatu OLIIHKY COIiaJIbHOTO uo6po6yTy
HaceJIeHHs KpaiHu B mopiBHsAHHI 3 Kpainamu-unenamu OECP. PesyasraTn 1ocmi ke S 1AI0Th 3MOTY 3PO3YMITH, SIKi iHANKATOPH COIIATbHOTO
n06poOyTY HaceseHHs Kpainu Gaskano abo Tpeba MOKpaIUTH B Maliby THLOMY.

KiiouoBi cioBa: HediTki MHOKUHM, comia/ibHIil 106po0yT, HeuiTke MozesoBantst, FIS-epeBo, cucrema HeYiTKOTO BUBO/LY.
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BU3HAYEHHS ENIJIEMIOJIOTTYHNX 3AKJIIOUYEHD B IIEHTUMIKAIIT 3AXBOPIOBAHDb 3 BUKOPUCTAHHSAM
MATEMATUYHNX MOJIEJIEN HA OCHOBI MAIIIMHHOTO HABYAHHS BATATOPIBHUX CTPYKTYP (c. 46-53)

Riah Ukur Ginting, Muhammad Zarlis, Poltak Sihombing, Syahril Efendi

OG6’e€KTOM JIOCJI/DKEHHSI € €IiIeMi0JIOTiuHe TPYIyBaHHs 3 BUKOpUCTaHHsIM MaTemaTinanoi Mozesi SEIR na ocnosi GaratomapoBoi me-
peki Ha OCHOBI MamMHHOTO HaBuamHs. [Ipobiema, 10 BUpiNIyBagacs, MoB's3aHa 3 KEPYBAHHIM €MiAeMIONOTIYHIMI JaHUMI Y BETHKOMY
MaciTabi 1 BUSHAYeHHsT MOJiesiell 3aXBOPIoBaHb Ta ieHTudikailii, Takux sk KiJbKiCTh BUITAAKIB OJIy’KaHHs, KIJIbKICTh BUIAJIKIB iH(IKY-
BaHHS Ta KiJTBKICTh cMepTeil Ta aemorpadiunnx dakropis. Ilpn mpoMy Tpaanililini MeTOIN YCKIAIHIOIOTh BUKOHAHHS TAKUX IIPOIECIB, SIK
BU3HAYEHHsST 3aKOHOMIpHOCTEll Ta ineHTHdiKaliss 3axBopioBaib. ToMy HEOOXiZHO BUKOPHCTOBYBATH MAIlMHHE HABYAHHS Ta MAaTEMATHYHY
moznenb SEIR (Susceptible-Exposed-Infectious-Covered), siky MoskHa iHTerpyBaTn 3 6aratonrapoBMMK MepesKamu, Mo0 MiABUIINTH TOY-
HiCTh i eheKTUBHICTD imenTrudiKallii 3aXBopIoBaHb i BU3HAUEHHS 3aKOHOMipHOCTeil. Pe3yabraTi, oTpuMani B pe3yJIbTaTi MbOTo TOCIiIKEHHS,
€ MOJIEJLITIO, SIKa MOJKe IIeHTU(hIKYBATH Ta BU3HAYUTH 3aKOHOMIPHOCTI MONIMPEHHST XBOPOOU Y BEJMKOMACIITAOHUX eITiIeMIOIOTTUHUX JTAHUX.
VY cBoemy 3actocysanni Mmatematiana Mojiesib SEIR Oyze o6’eana B comiaibHUil piBeHb 1 eKOMOTiYHIi piBeHb y GaraTopiBHEBIH MepesKi.
Tle mocJtiKeH s Mae eBHUiT piBeHb HOBU3HU B 3acTocyBaHHi MaTeMaTiaHoi Mozesi SEIR 10 6aratopiBHEBUX MepPesk i MAIIMHHOTO HaBYaHHS,
06 chopmMoBaHy MOJIETh MOKHA OYJI0 BUKOPHUCTOBYBATH /IS TIEPETJISITY PO3MOILTY eIliIeMioTOTiYHNX AaHUX /UTst iHbopMartil, moB’sizanoi i3
3axBOpIOBaHHsIMI. MallliHHEe HABYAHHSI CIIPSIMOBaHe Ha 06POOKY BEJIMKOMACIITAOHUX JMAHUX 33 MIHIMATbHUIT Yac, 110 MPU3BOAUTD [0 KJIac-
Tepusallii Ta izenTudikarii Takux 3axpopioamb, ik rputl, Covid-19 i mnesmomnis. e gocaikennsa Mae TouHicTb 94 % 3a IOMIOMOTOIO TEXHIKI
ouirkr MAPE. € wazist, o oTpuMany MoeIb MoKHa Oyie BAKOPUCTOBYBATH Y CBITI OXOPOHU 3/10pOB’s UIst KapTorpadyBaHHst 3aXBOPIOBAHb
y TIEBHUX PErioHax sK eTaJIOHY JIJIst [IOM SIKIIEHHST TIOIIMPEHHS XBOPOOH.

Kiouosi ciosa: matematuyani mozesi SEIR, kiacrepusartis, erigemiosorist, Garatormaposi Mepeski, MalHie HaBYaHHsI.
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CUHTE3 EKCIIEPTHUX MATPUIIb B IHITYKTUBHUX CUCTEMHO-AHAJITUYHUX JTJOCIIPKEHHSIX HA OCHOBI
AJITOPUTMY HEYITKOI JIOTIKU (c. 54-62)

B. B. Ocunesnxo, I. O. Koporoza, b. M. 3ixorenko, H. B. Uynpunka, B. M. fIxHo

OO0’eKTOM JIOCTIUKEHHST € TIPOIeC IHAYKTHBHOTO MOJIETIOBAHHS CKJIAMHNX cHcTeM. [IpoBesieHi OCIIKEHHST CTOCYBAIMCS 3aCTOCY-
BAaHHS AJTOPUTMIB Teopii hasijIoriku /It y3ro/KeHHsT BICHOBKIB €KCIIEPTiB BEPXHBOTO PIBHS B CHCTEMHUX iH(DOPMAIiiHO-aHATI THYHHUX
nocaipkenHsx (SIAR) B 3aj1auax iHHOBaIiitHOTO POEKTYBaHHs. BusHayeHi MOKJIMBOCTI KOHCTPYIOBAHHS €JIEMEHTIB €KCIIEPTHUX MaTPHIlb
pe3yJIbTaTiB, @ TAKOXK OIIHKH e(DEeKTHBHOCTI TAKOTO 3aCTOCYBaHHS. 3aB/SKH IIbOMY CTATO0 MOKIUBUM OTPUMAHHS (DOPMATBHUX €KCIePTHUX
OI[IHOK Y YMCJIOBOMY BU/Ii. EKCIIEpUMEHTAIbHUMU JIOCJI/KEHHSAMY TiIITBEPKEHO, 110 3alIPOIIOHOBAHUI I1i/IXi/] /0 3aCTOCYBAHHS aJITOPUT-
MiB (asisoriku 10 MOGYA0BU MATPHUIlh €KCIEPTHHUX OIHOK pe3y bratiB SIAR € gocutsb edexrtusanM i npoctum y peasnizanii. Kpim toro,
el miaxia jo6pe BIUCYEThCA B 3arajibHy MapajiirMy MeTojy rpyrnoBoro ypaxysanus aprymentis (GMDH). 3okpema BctaHoBJIEHO, 110



MOJKJIUBICTD «IlepeHaByYaTi» Takuii 610K 6e3 3HAUHUX 3yCHJIb TPOheCIiHIX eKCIePTiB MOXKe MATH TIO3UTUBHUIT PE3YJIbTaT, a TAKOXK 100pe
BILIMBATH HA €KOHOMIUHI | 4aCOBI MapamMeTpu 0CiAHUIIBKOTO TIPOEKTY. HaBeseHo OCHOBHI pO3paxyHKOBI (hOPMYJIH U1 AITOPUTMY TT00YI0BI
HEYiTKOI CHCTEMH 3a J0MIOMOTOI0 HEPOHHOI MepeXki B cucTeMi 3 1BoMa mpaBuiamit. 11okasano mo6yIoBy CHCTEMI BUBEIEHHST HEYITKOI iH-
opmaitii, HaBueHOI Ha eKCIIePTHHUX OlliHKaX B cucteMi Matlab. B pesyssrari oTprMaHO TEXHOIOTIYHO HOMYCTIME CTaHAAPTHE BiIXUJICHHS Ha
piBHi 0,28268 mr/1. Beramosieno, 1o, Hakomnayioun 6asy TaHnx (3HaHb) Ta/ab0 BUKOPICTOBYIOUN CHCTEMY iH(OPMAIIHHOTO MOHITOPHHTY,
MOJKHA TIePIOITYHO ab0 32 BCTAHOBJIEHNM KPHUTEPIEM SIKOCTI Yy IPOTPAMHOMY PEKUMI «[0ATKOBO HABYATH» HEUITKY CHCTEMY, HE 3aIy4aioqn
JI0 TIBOTO TIPOIIECY eKCIIEPTiB. TaKMM UNHOM, € MiICTaBU CTBEP/KYBATH BAKJINBICTh BUKOPHCTAHHS HEYITKOI CUCTEMH SIK OJTHOTO 3 iIHCTPYMEH-
TiB B iHyKTUBHUX Tpotieaypax SIAR.
KmouoBi ciioBa: iHAyKTHUBHUI T1i/IX1/], HEUiTKA JIOTiKa, KPUTEPIil peJIeBAHTHOCTI, KpUTEpPiil KOpesJeBaHTHOCTI, eKCIIePTHI OIHKH.
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METO/] PO3B’A3AHHA PO3IIOAIIbYNX 3ATAY MATEMATHYHOTO ITIPOTPAMYBAHH{ B YMOBAX HEUITKHUX
BUXI/IHUX TAHUX (c. 63-68)

JI. T. Packin, O. B. Cipa, A. II. Tarynos, P. M. PsiGokoub, P. C. Ciniuun

O06’ekt mocaikeHHst — OOMIUPHUIT KJIAC 3a]1a4 MAaTEMATUYHOTO IPOrPaMyBaHHs 34 YMOB HeBU3HAaUYeHOCTI BuxinHux ganux. Chopmyibo-
BaHUiT 00’€KT TOPOIKYE MiKIAC 3aBAaHb PAIliOHATBHOTO PO3TIOMLTY 0OMEKEHOTO PECYPCY YMOBAaX BUXITHWMX MaHUX, OMMCAHUX Y TEPMiHAX
HEWiTKOI MaTeMaTUKW. TpaguIiitimii, CTaHIapTHO BUKOPUCTOBYBAHIIT METO/[ BUPIIIEHHST TAKUX 3aBaHb IPYHTYEThCS Ha ONTUMI3aIli B ce-
peanboMmy. /L7151 OTPUMaHHS TAaKOTO PILIEHHS IOCTAaTHBO B aHAJIITHYHOMY OIMCI MaTeMaTHYHOI MOJieJIi BIANIOBi/IHOI 3a/1aui yci HewiTKi BUXiHI
NaHi 3aMiHUTH iX Ha MOJAJIbHI 3HAUeHH. J[Jy1sT BUpiTeH s JeTepMiHOBaHOi 3a/1a4i, 10 BUXOIUTH MPH I[bOMY, MO’KHA BUKOPUCTOBYBATH BiTOMi
METO/I MaTeMaTHYHOro IporpamyBanHs. OJIHaK, pe3yJIbTaTH TAKOTO PillleHHS MOKHA 3aCTOCOBYBATH Ha IIPAKTHUIL, SIKIIO HOCIT HEeUiTKUX 1apa-
METPIB 33/IaHi KOMITAKTHO, TOOTO IHTEPBAJIN MOKJIMBHUX 3HAYEHB, HEYITKIX TTapaMeTpiB 3a/iadi HeBeJMKi. B iHmomy Buna/Ky, peasisaitist iboro
pillleHHsT MOsKe TIPU3BECTHU 10 HerepeAdauyBaHO BEJIUKIX BTPAT. [HINI albTepHATHUBHI MiAXOMM IPYHTYIOTHCS HA BUKOPUCTAHHI HEJIOCTATHHO
iH(GOPMATHBHUX OIIHOK HAMKPAIINX YN HAUTIPIINX i3 MOJKJIMBUX 3HAYEHb HEUiTKUX mapamerpis 3agadi. [[i ob6craBunu pobJsiTh aKTyaIbHUMI
PO3pOOKY METO/LY BUPIIIEHHS 3ajiadi paIfioHaJIbHOTO PO3TOIIIY 0OMEKEHOTO Pecypey B yMOBaX HEUiTKO 3alaHuX BUXIAHUX fanuX. Jljst Bupi-
meHHst chopMyJIbOBAHOI 3a/1a4l PALliOHAIBHOTO PO3NO/LLY 0OMEKEHOr0 Pecypey KOHCTPYKTHBHO PEasi3yeThCst IIPOAYKTUBHA ijest 1100y/10BI
3aIPOTIOHOBAHOTO 3araTbHOTO METOLY ONITHMI3allii B yMOBaX HeBU3HAUYEHOCTI BUXiAHNX JanuX. [Ipn mpoMy BuXifHa 3a/1aua 3BejieHa /10 4iTKOI
3aj1aui ONTUMI3AI] KOMILIEKCHOTO KPUTEPiio, MoOYI0BaHOTO Ha OCHOBI 11i/1b0B0T (DyHKIIIT BUXiAHOI 3aaui Ta HaboOpy (DYHKILH HAIEKHOCTI He-
YiTKUX TTapaMeTpiB. Po3riistHyTo IPUKIIaj po3B’I3aHHs 3a/1a4i, 1110 TIPU3BO/IUTE /10 BUPIIIIEHHS, KPAIIOTo, Hi’K OTPUMaHe Ha OCHOBI MOJIATbHUX
3HAYEHb HEUiTKUX MTapAMETPiB 3a/1ayi.

Kmo4oBi ciioBa: po3no/iiyibHa 33/1aua MaTeMaTHYHOTO IIPOrPaMyBaHHs, HEUiTKI BUXI/IHI JaHi, METO/| pO3B’sI3aHHs 3a/1a4i.



