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ÓÄÊ 519.11.176

Çàäà÷³ øòó÷íîãî ³íòåëåêòó òà êîìá³íàòîðíà îïòèì³çàö³ÿ / Í.Ê. Òèìîô³ºâà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 4. Ñ. 3–11.

Àíîòàö³ÿ. Îïèñàíî ñïîñ³á ìîäåëþâàííÿ çàäà÷ øòó÷íîãî ³íòåëåêòó ³ç çàñòîñóâàííÿì òåîð³¿
êîìá³íàòîðíî¿ îïòèì³çàö³¿. Ó ðåçóëüòàò³ öèõ äîñë³äæåíü âñòàíîâëåíî êîìá³íàòîðíó ïðèðîäó çàäà÷ öüîãî
êëàñó, âèÿâëåíî ïðè÷èíó íåâèçíà÷åíîñò³ ð³çíèõ âèä³â, ÿêà âèíèêàº â ïðîöåñ³ ¿õíüîãî ðîçâ’ÿçàííÿ, òà ïî-
ÿñíåíî ïðèðîäó íå÷³òêîñò³ âõ³äíèõ äàíèõ. Íà ïðèêëàä³ çàäà÷³ êëàñòåðèçàö³¿ ðîçãëÿíóòî ñèòóàö³þ íåâèç-
íà÷åíîñò³, çóìîâëåíîþ ñòðóêòóðîþ àðãóìåíòó (êîìá³íàòîðíî¿ ìíîæèíè).

Êëþ÷îâ³ ñëîâà: êîìá³íàòîðíà îïòèì³çàö³ÿ, øòó÷íèé ³íòåëåêò, êîìá³íàòîðí³ êîíô³ãóðàö³¿, çàäà÷à êëàñòå-
ðèçàö³¿, ñèòóàö³ÿ íåâèçíà÷åíîñò³.
_________________________________________________________________________________________

Artificial intelligence problems and combinatorial optimization / N.Ê. Timofieva // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 4. P. 3–11.

Abstract. The method of modeling artificial intelligence problems using the theory of combinatorial
optimization is described. As a result of these studies, the combinatorial nature of problems of this class was
established, the cause of uncertainty of various types, which arises in the process of their solution, was revealed,
and the nature of the fuzziness of the input data was explained. An example of the clustering problem is used to
consider the situation of uncertainty caused by the structure of the argument (combinatorial set).

Keywords: combinatorial optimization, artificial intelligence, combinatorial configurations, clustering problem,
uncertainty situation.
===============================================================================

ÓÄÊ 519.71

Ï³äâèùåííÿ øâèäêîä³¿ áàíê³âñüêèõ ñèñòåì ê³áåðáåçïåêè íà îñíîâ³ ³íòåëåêòóàëüíîãî àíàë³çó
äàíèõ òà àëãîðèòì³â øòó÷íîãî ³íòåëåêòó äëÿ ïðîãíîçóâàííÿ ê³áåðàòàê. ×. 1 / Â. Õèëåíêî,
Á. Àõìåòîâ, Ð. Áåðäèáàºâ, Â. Ëàõíî, Þ. Õàð÷åíêî, Âåí-Ë³àíã Õâàíã, Â. Õèëåíêî ìîë. // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 4. Ñ. 12–19.

Àíîòàö³ÿ. Ðîçãëÿíóòî ï³äâèùåííÿ øâèäêîä³¿ òà ÿêîñò³ ðîáîòè ñèñòåì ê³áåðçàõèñòó áàíê³âñüêèõ
óñòàíîâ â óìîâàõ ïîñòêâàíòóìíî¿ åðè. Çàïðîïîíîâàíî ìàòåìàòè÷íèé àïàðàò äëÿ ñèñòåì ïðîãíîçóâàííÿ
ê³áåðàòàê òà àëãîðèòì âèçíà÷åííÿ ìîìåíòó âêëþ÷åííÿ ðåæèìó ï³äâèùåíî¿ çàõèùåíîñò³. Âðàõîâàíî ìîæ-
ëèâ³ñòü îðãàí³çàö³¿ ê³áåðàòàê çà äîïîìîãîþ íåéðîìåðåæ òà àëãîðèòì³â øòó÷íîãî ³íòåëåêòó. Íàâåäåíî
ïðèêëàä ôîðìóâàííÿ òà àíàë³çó êëàñòåðà ï³äîçð³ëèõ îïåðàö³é ³ç âèêîðèñòàííÿì ìîâè Julia.

Êëþ÷îâ³ ñëîâà: ê³áåðçàõèñò áàíê³âñüêèõ óñòàíîâ, çàãðîçè ïîñòêâàíòóìíî¿ åðè, ñèñòåìà ïðîãíîçóâàííÿ
ê³áåðàòàê, çàïîá³ãàííÿ ê³áåðàòàêàì, êëàñòåðèçàö³ÿ.
_________________________________________________________________________________________

Increasing the speed of banking cyber security systems based on intelligent data analysis and artificial
intelligence algorithms for predicting cyber attacks. P. 1 / V. Khilenko, B. Akhmetov, R. Berdibayev,
V. Lakhno, Yu. Harchenko, Wen-Liang Hwang, V. Khylenko, Jr. // Kibernetyka ta Systemnyi Analiz. 2023.
Vol. 59, N 4. P. 12–19.

Abstract. An increase in the speed and quality of the cyber protection systems of banking institutions in
the post-quantum era is considered. A mathematical apparatus for cyber attack prediction systems and an
algorithm for choosing the moment of switching on the enhanced security mode are proposed. The possibility of
organizing cyber attacks using neural networks and AI algorithms is taken into account. An example of the
formation and analysis of a cluster of suspicious transactions using the Julia language is considered.

Keywords: cyber protection of banking institutions, threats of the post-quantum era, system of prediction and
prevention of cyber attacks, clustering.
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 004.942

Ðîçðîáêà àëãîðèòìó ðîçâ’ÿçàííÿ çàäà÷³ àñèìåòðè÷íî¿ ìàðøðóòèçàö³¿íà îñíîâ³ ìåòîäó ìóðàøèíî¿
êîëîí³¿ / Ñ.Æ. Ðàõìåòóë³íà, Ã. Æîìàðòêèçè, Þ.Â. Êðàê, À.À. Êàìºëîâà // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2023. Òîì 59, ¹ 4. Ñ. 20–29.

Àíîòàö³ÿ. Îäí³ºþ ç ãîëîâíèõ ïðîáëåì òðàíñïîðòíî¿ ëîã³ñòèêè º ïëàíóâàííÿ îïòèìàëüíèõ ìàð-
øðóò³â äîñòàâêè. Ï³ä ÷àñ ¿¿ ðîçâ’ÿçàííÿ âèíèêàº ïîòðåáà ó äîñë³äæåíí³ çàäà÷³ ìàðøðóòèçàö³¿ òðàíñïîðòó,
ÿêà º çàäà÷åþ êîìá³íàòîðíî¿ îïòèì³çàö³¿. Ó ñòàòò³ çàïðîïîíîâàíî àëãîðèòì ðîçâ’ÿçàííÿ çàäà÷³ ìàðøðó-
òèçàö³¿ íà îñíîâ³ ìåòîä³â îïòèì³çàö³¿. Ðîçãëÿíóòî àñèìåòðè÷íó çàäà÷ó ìàðøðóòèçàö³¿ òðàíñïîðòó ç îáìå-
æåííÿì âàíòàæîï³äéîìíîñò³ òðàíñïîðòíîãî çàñîáó, òðèâàëîñò³ ìàðøðóòó òà ð³çíîð³äíèì ïàðêîì òðàíñ-
ïîðòíèõ çàñîá³â. Ðîçðîáëåíî âåáçàñòîñóíîê, â ÿêîìó ðåàë³çîâàíî çàïðîïîíîâàíèé àëãîðèòì ðîçâ’ÿçàííÿ
ö³º¿ çàäà÷³ íà îñíîâ³ ìåòîäó ìóðàøèíî¿ êîëîí³¿. Ïðîâåäåíî ïîð³âíÿëüí³é àíàë³ç îòðèìàíèõ îïòèìàëüíèõ
ìàðøðóò³â òà ðåçóëüòàò³â ïîáóäîâè ìàðøðóò³â ç âèêîðèñòàííÿì ³íøèõ êàðòîãðàô³÷íèõ ñåðâ³ñ³â. Ïîêàçà-
íî, ùî çàïðîïîíîâàíèé àëãîðèòì çàáåçïå÷èâ íàéêðàùèé ðåçóëüòàò.
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Êëþ÷îâ³ ñëîâà: îïòèì³çàö³ÿ, àñèìåòðè÷í³ çàäà÷³ ìàðøðóòèçàö³¿, ãðàô ïîøóêó ìàðøðóòó, âåáçàñòîñóíîê,
ìåòîä ìóðàøèíî¿ êîëîí³¿.

_________________________________________________________________________________________

Development of an algorithm for solving an asymmetric routing problem based on the ant colony method
/ S. Rakhmetullina, G. Zhomartkyzy, Iu. Krak, A. Kamelova // Kibernetyka ta Systemnyi Analiz. 2023.
Vol. 59, N 4. P. 20–29.

Abstract. One of the major problems of transport logistics is planning optimal delivery routes. Solving
this problem leads to combinatorial optimizations that require complex computations. The present research
considers an asymmetric problem of transport routing with a limitation of the carrying capacity of transport
facilities, the duration of the route and a heterogeneous transport facilities fleet. An algorithm for solving the
routing problem based on the ant colony method is proposed. The web application that has been developed
implements the proposed algorithm for solving this problem. The obtained optimal routes were compared with
the results of route building by other cartographic services. The proposed algorithm showed the best result.

Keywords: optimization, asymmetric routing problems, graph route search, web applications, ant colony
method.

===============================================================================

ÓÄÊ 517.9

Ìàòåìàòè÷íå ìîäåëþâàíííÿ âïëèâó êë³ìàòè÷íèõ çì³í íà âçàºìîçâ’ÿçêè ñåêòîð³â åêîíîì³êè /
Ê.Ë. Àòîºâ, Ï.Ñ. Êíîïîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 4. Ñ. 30–42.

Àíîòàö³ÿ. Ðîçðîáëåíî ìàòåìàòè÷íó ìîäåëü äëÿ âèçíà÷åííÿ óìîâ, ÿê³ çàáåçïå÷óþòü ì³í³ì³çàö³þ
øâèäêîñò³ çðîñòàííÿ êîíöåíòðàö³¿ ïàðíèêîâèõ ãàç³â (ÏÃ) â àòìîñôåð³ òà ï³äòðèìàííÿ çàäàíîãî ð³âíÿ
ÿêîñò³ æèòòÿ íàñåëåííÿ. Ìîäåëü îá’ºäíóº â ºäèí³é ñòðóêòóð³ îïèñàí³ â îäíàêîâèé ñïîñ³á ñåêòîðè åêî-
íîì³êè, êîæåí ç ÿêèõ ðîçãëÿíóòî â òåðì³íàõ ð³âí³â ïðîäóêòèâíîñò³, ê³ëüêîñò³ ðîáî÷èõ ì³ñöü ³ ñòðóêòóð-
íèõ ïîðóøåíü (øåñòèñåêòîðíà ìîäåëü Ëîðåíöà ç³ çì³íþâàíèìè êîåô³ö³ºíòàìè, ÿê³ çàëåæàòü â³ä ð³âíÿ
ÏÃ). Ìîäåëü äàº çìîãó äîñë³äèòè, ÿê çì³íè ð³âíÿ ÏÃ òà âçàºìîçâ’ÿçêè ì³æ ð³çíèìè ñåêòîðàìè åêîíîì³êè
âïëèâàþòü íà ðèçèêè, ùî çàãðîæóþòü ñòàëîìó ðîçâèòêó, òà ð³âåíü ÿêîñò³ æèòòÿ íàñåëåííÿ. Âèçíà÷åíî
óìîâè âèíèêíåííÿ òóðáóëåíòíèõ ðåæèì³â ôóíêö³îíóâàííÿ, ÿê³ ïðèçâîäÿòü äî çðîñòàííÿ ñóìàðíî¿
ê³ëüêîñò³ ñòðóêòóðíèõ ïîðóøåíü òà çíèæåííÿ ñóìàðíîãî ð³âíÿ ïðîäóêòèâíîñò³. Çàïðîïîíîâàíî ï³äõ³ä äî
îö³íþâàííÿ ð³âíÿ çàãðîç ñòàëîìó ðîçâèòêó â óìîâàõ êë³ìàòè÷íèõ çì³í.

Êëþ÷îâ³ ñëîâà: ìîäåëü Ëîðåíöà, ìàòåìàòè÷íå ìîäåëþâàííÿ, ìîäåëü åêîíîì³÷íîãî ðîçâèòêó, îïòèìàëü-
íå êåðóâàííÿ, äåòåðì³íîâàíèé õàîñ, êë³ìàòè÷í³ çì³íè.

_________________________________________________________________________________________

Mathematical modeling of the influence of climate changes on relationships of sectors of the economy /
K.L. Atoyev, P.S. Knopov // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 30–42.

Abstract. A mathematical model has been developed to determine the conditions whereby the growth
rate of the concentration of greenhouse gases (GHG) in the atmosphere is minimized and the given standard of
living of the population is maintained. The model combines in a single structure identically described sectors of
the economy, each being considered in terms of productivity levels, number of jobs and structural violations
(six-sector Lorenz model with variable coefficients that depend on the GHG level). The model makes it possible
to investigate how changes in the level of GHG and the interrelationships between different sectors of the
economy affect the risks of sustainable development and the general level of the quality of life of the
population. The conditions for the emergence of turbulent modes of operation, which lead to an increase in the
total number of structural violations and a decrease in the total level of productivity, have been determined. An
approach to assessing the level of threats to sustainable development under climate change is proposed.

Keywords: Lorentz model, mathematical modeling, model of economic development, optimal ñontrol,
deterministic chaos, climate changes.

===============================================================================

ÓÄÊ 681.5

Îñîáëèâîñò³ ìîäåëþâàííÿ òà ³äåíòèô³êàö³¿ êîãí³òèâíèõ êàðò â óìîâàõ íåâèçíà÷åíîñò³ /
Â.Ô. Ãóáàðåâ, Þ.Ë. Ì³ëÿâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 4. Ñ. 43–59.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîöåñ ³äåíòèô³êàö³¿ ñêëàäíèõ ñèñòåì. Âñòàíîâëåíî, ùî ñòâîðèòè óí³âåð-
ñàëüíèé ìåòîä ³äåíòèô³êàö³¿ íåìîæëèâî. Ëèøå äëÿ äîáðå ³äåíòèô³êîâàíî¿ ñèñòåìè ç âèñîêèì â³äíîøåí-
íÿì ñèãíàë–øóì äëÿ êîæíî¿ îêðåìî¿ ìîäè ñèñòåìè ìîæíà ðåêîíñòðóþâàòè ìîäåëü âèñîêî¿ ÿêîñò³.
Â ³íøèõ âèïàäêàõ, ÿêùî ³ñíóþòü ìîäè ç äîñòàòíüî íèçüêèì â³äíîøåííÿì ñèãíàë–øóì, ìîæíà îòðèìàòè
ëèøå ñóðîãàòíó ìîäåëü. Äëÿ êîãí³òèâíèõ êàðò ðîçðîáëåíî òåîðåòè÷í³ îñíîâè, ÿê³ ìîæíà çàñòîñóâàòè â
ï³äõîäàõ äî ïîøóêó ñóðîãàòíî¿ ìîäåë³, à ïîò³ì äëÿ ïîêðàùåííÿ ðåçóëüòàòó ç âèêîðèñòàííÿì ð³çíèõ àëãî-
ðèòì³â íàëàøòóâàííÿ òà íàâ÷àííÿ. Äëÿ äîñë³äæåííÿ ïðîöåñó ³äåíòèô³êàö³¿ çàñòîñîâàíî ÷èñëîâå ìîäåëþ-
âàííÿ.

Êëþ÷îâ³ ñëîâà: êîãí³òèâíà êàðòà, ³äåíòèô³êàö³ÿ ñèñòåì, ìåòîä âèä³ëåíîãî ï³äïðîñòîðó, ñêëàäíà ñèñòå-
ìà, ïîãàíà îáóìîâëåí³ñòü, ðåãóëÿðèçàö³ÿ.

_________________________________________________________________________________________

2 ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2023, òîì 59, ¹ 4



Features of modeling and identification of cognitive maps under uncertainty / V.F. Gubarev,
Yu.L. Miliavskyi // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 43–59.

Abstract. A process of complex systems identification is examined in this paper. It was established that it

is impossible to create a universal identification method. Only for a well-identifiable system with a high

signal-to-noise ratio for each individual system mode, a high-quality model can be reconstructed. In other cases,

if modes with sufficiently small signal-to-noise ratio exist, only a surrogate model can be obtained. For

cognitive maps, theoretical foundations are developed, which may be used in approaches to find a surrogate

model and then to improve the result using different tuning and learning algorithms. Numerical simulation was

used to analyze the identification process.

Keywords: cognitive map, system identification, subspace method, complex system, ill-conditioning,

regularization.

===============================================================================

ÓÄÊ 519.8

Ðåãóëÿðèçàö³ÿ âåêòîðíî¿ çàäà÷³ ç êâàäðàòè÷íèìè êðèòåð³ÿìè îïòèì³çàö³¿ çà Ïàðåòî /
Ò.Ò. Ëåáºäºâà, Í.Â. Ñåìåíîâà, Ò.². Ñåðã³ºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 4.

Ñ. 60–66.

Àíîòàö³ÿ. Ñòàòòÿ ïðèñâÿ÷åíà íîâèì ðåçóëüòàòàì ùîäî ðåãóëÿðèçàö³¿ âåêòîðíèõ (áàãàòîêðè-

òåð³éíèõ) çàäà÷ îïòèì³çàö³¿ íà äîïóñòèì³é ìíîæèí³ äîâ³ëüíî¿ ñòðóêòóðè çà ìîæëèâèõ çáóðåíü âõ³äíèõ

äàíèõ âåêòîðíîãî êðèòåð³þ. Ðîçðîáëåíî ³ îá´ðóíòîâàíî ï³äõ³ä äî ðåãóëÿðèçàö³¿ çàäà÷ ç êâàäðàòè÷íèìè

êðèòåð³àëüíèìè ôóíêö³ÿìè ïîøóêó ìíîæèíè Ïàðåòî.

Êëþ÷îâ³ ñëîâà: âåêòîðíà çàäà÷à, âåêòîðíèé êðèòåð³é, îïòèìàëüí³ñòü çà Ïàðåòî, ìíîæèíà Ñëåéòåðà,

ñò³éê³ñòü çàäà÷³, çáóðåííÿ âõ³äíèõ äàíèõ, êâàäðàòè÷í³ êðèòåð³àëüí³ ôóíêö³¿, ðåãóëÿðèçàö³ÿ.

_________________________________________________________________________________________

Regularization of the vector problem with quadratic criteria of Pareto optimization / T.T. Lebedeva,
N.V. Semenova, T.I. Sergienko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 60–66.

Abstract. The article is devoted to new results related to regularization of vector (multicriteria)

optimization problems on a feasible set of an arbitrary structure under possible perturbations of input data of a

vector criterion. An approach to regularization of the problems of finding the Pareto set with quadratic criterion

functions has been developed and substantiated.

Keywords: vector problem, vector criterion, Pareto optimality, Slater’s set, stability of the problem,

perturbations of initial data, quadratic criterion functions, regularization.

===============================================================================

ÓÄÊ 519.6

Òåîðåìà ïðî ì³í³ìàêñ ôóíêö³é íà äåêàðòîâîìó äîáóòêó ðîçãàëóæåíèõ ëàìàíèõ ë³í³é /
Ì.². Øëåç³íãåð // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 4. Ñ. 67–81.

Àíîòàö³ÿ. Äîâåäåíî òåîðåìó ïðî ì³í³ìàêñ äëÿ ñïåöèô³÷íîãî êëàñó ôóíêö³é, âèçíà÷åíèõ íå íà

îïóêëèõ ï³äìíîæèíàõ ë³í³éíîãî ïðîñòîðó, à íà ëàìàíèõ ë³í³ÿõ ó ë³í³éíîìó ïðîñòîð³. ²ñíóâàííÿ ñ³äëîâî¿

òî÷êè äëÿ òàêèõ ôóíêö³é íå âèïëèâàº áåçïîñåðåäíüî ç êëàñè÷íî¿ òåîðåìè ïðî ì³í³ìàêñ ³ ïîòðåáóº

³íäèâ³äóàëüíîãî àíàë³çó, ùî ãðóíòóºòüñÿ íà ñï³ëüíîìó âèêîðèñòàíí³ ìåòîä³â îïóêëîãî àíàë³çó òà òåîð³¿

ãðàô³â. Ó ñòàòò³ âèêîíàíî ñàìîäîñòàòí³é àíàë³ç çàäà÷³. Âîíà ì³ñòèòü ó ñîá³ âñå, ùî ïîòð³áíî äëÿ ÿñíîãî

ðîçóì³ííÿ ³ äîâåäåííÿ îñíîâíîãî ðåçóëüòàòó áåç çàëó÷åííÿ ïîíÿòü, ùî âèõîäÿòü çà ìåæ³ ñòàíäàðòíî¿ ìà-

òåìàòè÷íî¿ îñâ³òè ³íæåíåð³â. Ñòàòòþ àäðåñîâàíî äîñë³äíèêàì, ÿê³ âèêîðèñòóþòü ìåòîäè îïòèì³çàö³¿ ó

ïðèêëàäí³é ìåõàí³ö³, åëåêòðîòåõí³ö³ òà ³íøèõ ïðèêëàäíèõ íàóêàõ, à òàêîæ ìàòåìàòèêàì-âèêëàäà÷àì

îïóêëîãî àíàë³çó òà ìåòîä³â îïòèì³çàö³¿ äëÿ ³íæåíåð³â.

Êëþ÷îâ³ ñëîâà: ì³í³ìàêñ, ñ³äëîâà òî÷êà, îïóêëèé àíàë³ç, îïòèì³çàö³ÿ, ðîçãàëóæåíà ëàìàíà ë³í³ÿ.

_________________________________________________________________________________________

Minimax theorem for functions on the carthesian product of branching polylines / M.I. Schlesinger //

Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 67–81.

Abstract. The paper proves the minimax theorem for a specific class of functions that are defined on

branching polylines in a linear space, not on convex subsets of a linear space. The existence of a saddle point

for such functions does not follow directly from the classical minimax theorem and needs individual

consideration based both on convex analysis and on graph theory. The paper presents a self-sufficient analysis

of the problem. It contains everything that enables plain understanding of the main result and its proof and

avoids using concepts outside the scope of obligatory mathematical education of engineers. The paper is

adressed to researchers in applied mechanics, engineering and other applied sciences as well as to

mathematicians who lecture convex analysis and optimization methods to non-mathematicians.

Keywords: minimax, saddle point, convex analysis, optimization, branching polyline.

===============================================================================
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ÓÄÊ 517.977

Ìîäèô³êîâàíèé ìåòîä ðîçâ’ÿçóâàëüíèõ ôóíêö³é äëÿ ³ãðîâèõ çàäà÷ êåðóâàííÿ ç ³íòåãðàëüíèìè
îáìåæåííÿìè / À.Î. ×èêð³é, É.Ñ. Ðàïïîïîðò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 4.
Ñ. 82–93.

Àíîòàö³ÿ. Ðîçãëÿäàþòüñÿ ë³í³éí³ äèôåðåíö³àëüí³ ³ãðè ç ³íòåãðàëüíèìè îáìåæåííÿìè. Ñôîðìóëüî-
âàíî äîñòàòí³ óìîâè çàê³í÷åííÿ ãðè çà ñê³í÷åííèé ãàðàíòîâàíèé ÷àñ ó ðàç³, êîëè óìîâà Í³êîëüñüêîãî íå
âèêîíóºòüñÿ. Óâåäåíî áàãàòîçíà÷í³ â³äîáðàæåííÿ, ùî ïîðîäæóþòü âåðõí³ ³ íèæí³ ðîçâ’ÿçóâàëüí³ ôóíêö³¿
ñïåö³àëüíîãî òèïó. Çàïðîïîíîâàíî ìîäèô³êîâàí³ ñõåìè ïðÿìîãî ìåòîäó Í³êîëüñüêîãî òà ìåòîäó ðîçâ’ÿ-
çóâàëüíèõ ôóíêö³é, ùî çàáåçïå÷óþòü çàâåðøåííÿ ãðè çà ñê³í÷åííèé ãàðàíòîâàíèé ÷àñ â êëàñ³ êâàç³ñòðà-
òåã³é òà ñòðîáîñêîï³÷íèõ ñòðàòåã³é. Íîâ³òí³ òåîðåòè÷í³ ðåçóëüòàòè ïðî³ëþñòðîâàíî íà êîíòðîëüíîìó
ïðèêëàä³ Ïîíòðÿã³íà ç îäíîòèïíèìè îá’ºêòàìè.

Êëþ÷îâ³ ñëîâà: ë³í³éíà äèôåðåíö³àëüíà ãðà, ³íòåãðàëüí³ îáìåæåííÿ, áàãàòîçíà÷íå â³äîáðàæåííÿ, ðîç-
â’ÿçóâàëüí³ ôóíêö³¿, ñòðîáîñêîï³÷íà ñòðàòåã³ÿ.
_________________________________________________________________________________________

A modified method of resolving functions for control game problems with integral constraints /
A.A Chikrii, I.S. Rappoport // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 82–93.

Abstract. The paper considers linear differential games with integral constraints. Sufficient conditions
for the game termination in a finite guaranteed time are formulated for the case where Nikolsky’s condition is
not satisfied. Multivalued mappings that generate the upper and lower resolving functions of special type are
introduced. The modified schemes of Nikolsky’s direct method and the method of resolving functions are
proposed, which ensure the game termination in a finite guaranteed time in the class of quasi-strategies and
stroboscopic strategies. The most recent theoretical results are illustrated by the reference Pontryagin’s example
with objects of the same type.

Keywords: linear differential game, integral constraints, multivalued mapping, resolving functions,
stroboscopic strategy.
===============================================================================

ÓÄÊ 519.21

Óñåðåäíåííÿ â çàäà÷³ êåðóâàííÿ äëÿ äèôóç³éíîãî ïðîöåñó ïåðåíîñó ç íàï³âìàðêîâñüêèìè
ïåðåìèêàííÿìè / ß.M. ×àáàíþê, À.Â. Íiêiòií, Ó.Ò. Õ³ìêà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023.
Òîì 59, ¹ 4. Ñ. 94–105.

Àíîòàö³ÿ. Ïîáóäîâàíî ãðàíè÷í³ ãåíåðàòîðè äëÿ ñèñòåìè ñòîõàñòè÷íèõ äèôåðåíö³àëüíèõ ð³âíÿíü
ç íàï³âìàðêîâñüêèìè ïåðåìèêàííÿìè òà äèôóç³éíèì çáóðåííÿì â óìîâàõ ³ñíóâàííÿ ºäèíî¿ òî÷êè ð³âíî-
âàãè êð³òåð³þ ÿêîñò³. Ðîçâ’ÿçàíî äâîð³âíåâó çàäà÷ó çà ïðèïóùåííÿ ³ñíóâàííÿ ºäèíîãî êåðóâàííÿ íà êîæ-
íîìó ³íòåðâàë³. Äîñë³äæåíî çàëåæí³ñòü ïîâåä³íêè ãðàíè÷íîãî ïðîöåñó â³ä äîãðàíè÷íîãî íîðìóâàííÿ
ñòîõàñòè÷íî¿ ñèñòåìè â åðãîäè÷íîìó íàï³âìàðêîâñüêîìó ñåðåäîâèù³.

Êëþ÷îâ³ ñëîâà: âèïàäêîâà åâîëþö³ÿ, ñòîõàñòè÷íà îïòèì³çàö³ÿ, íàï³âìàðêîâñüê³ ïåðåìèêàííÿ.
_________________________________________________________________________________________

Averaging in the control problem for the diffuison transfer process with semi-Markov switches /
Y.M. Chabanyuk, A.V. Nikitin, U.T. Khimka // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4.
P. 94–105.

Abstract. The limit generators were constructed for the system of stochastic differential equations with
semi-Markov switches and diffusion perturbance under the conditions of the existence of a single equilibrium
point of the performance criterion. Assuming the existence of a single control on each interval, we solve a
two-level problem. The article examines how the behavior of the limit process depends on the pre-limit
normalization of the stochastic system in the ergodic semi-Markov environment.

Keywords: random evolution, stochastic optimization, semi-Markov switches.
===============================================================================

ÓÄÊ 519.6

Óçàãàëüíåííÿ ìîäåë³ ³íôåêö³éíîãî çàõâîðþâàííÿ äëÿ âðàõóâàííÿ ñîðáö³éíî¿ òåðàï³¿ â óìîâàõ
äèôóç³éíèõ çáóðåíü / Ñ.Â. Áàðàíîâñüêèé, À.ß. Áîìáà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023.
Òîì 59, ¹ 4. Ñ. 106–116.

Àíîòàö³ÿ. Óçàãàëüíåííÿì áàçîâî¿ ìîäåë³ ³íôåêö³éíîãî çàõâîðþâàííÿ ç âèêîðèñòàííÿì ³äåé ìîäå-
ëþâàííÿ ïðîöåñ³â àäñîðáö³éíîãî ìàñîïåðåíåñåííÿ òà òåîð³¿ çáóðåíü ïîáóäîâàíî ìàòåìàòè÷íó ìîäåëü
äèíàì³êè â³ðóñíî¿ ³íôåêö³¿ â óìîâàõ àäñîðáö³éíî¿ òåðàï³¿ ç óðàõóâàííÿì äèôóç³éíèõ çáóðåíü. Íà îñíîâ³
ñèíòåçó ïîêðîêîâî¿ ïðîöåäóðè, àñèìïòîòè÷íîãî òà ÷èñåëüíèõ ìåòîä³â çàïðîïîíîâàíî îá÷èñëþâàëüíó
òåõíîëîã³þ, ÿêà çàáåçïå÷óº ïîåòàïíå íàáëèæåííÿ ðîçâ’ÿçêó ìîäåëüíî¿ ñèíãóëÿðíî çáóðåíî¿ çàäà÷³ ³ç
çàï³çíåííÿì ÿê çáóðåííÿ ðîçâ’ÿçê³â â³äïîâ³äíèõ âèðîäæåíèõ çàäà÷ áåç çàï³çíåííÿ. Íàâåäåíî ðåçóëüòàòè
êîìï’þòåðíîãî ìîäåëþâàííÿ, ùî ³ëþñòðóþòü ïðîãíîçíèé âíåñîê àäñîðáö³éíî¿ òåðàï³¿ ó ïðîöåñ íåé-
òðàë³çàö³¿ â³ðóñíèõ åëåìåíò³â â îðãàí³çì³ ëþäèíè. Çàçíà÷åíî, ùî åôåêòèâí³ñòü ä³¿ àäñîðáåíò³â âèçíà÷à-
òèìåòüñÿ, çîêðåìà, ÷àñîì ¿õíüîãî ââåäåííÿ, ùî âàæëèâî âðàõîâóâàòè ï³ä ÷àñ ïðèéíÿòòÿ ð³øåíü ùîäî çà-
ñòîñóâàííÿ â³äïîâ³äíî¿ äîäàòêîâî¿ òåðàï³¿ ó ïðîãðàì³ ë³êóâàííÿ.

Êëþ÷îâ³ ñëîâà: ìîäåëü ³íôåêö³éíîãî çàõâîðþâàííÿ, ñîðáö³éíà òåðàï³ÿ, äèíàì³÷í³ ñèñòåìè ³ç çàï³çíåí-
íÿì, àñèìïòîòè÷í³ ìåòîäè, ñèíãóëÿðíî çáóðåí³ çàäà÷³, çîñåðåäæåí³ âïëèâè.
_________________________________________________________________________________________
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Generalization of the infectious disease model to account for sorption therapy in conditions of diffusion
disorders / S.V. Baranovsky, A.Ya. Bomba // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4.
P. 106–116.

Abstract. A mathematical model of the dynamics of a viral infection under the conditions of adsorption
therapy, taking into account diffusion perturbations, was formed by generalizing the basic model of an
infectious disease using the ideas of modeling adsorption mass transfer processes and perturbation theory.
Based on the synthesis of a step-by-step procedure, asymptotic and numerical methods, a computing technology
is proposed that provides a stepwise approximation of the solution of a model singularly perturbed problem
with a delay as a perturbation of the solution of the corresponding degenerate problem without a delay. The
results of the computer modeling illustrate the predictive contribution of the adsorption therapy to the process
of neutralization of viral elements in the body. It is noted that the efficiency of the adsorbents will be
determined, in particular, by the time of their introduction, which is important to consider when making a
decision on the use of appropriate additional therapy in the treatment program.

Keywords: infectious disease model, sorption therapy, dynamic systems with delay, asymptotic methods,
singularly perturbed problems, concentrated influences.
===============================================================================

ÓÄÊ 620.179.1.001.5

Îñîáëèâîñò³ çàñòîñóâàííÿ òåîð³¿ ðèçèêó òà ÷èñåëüíîãî ìîäåëþâàííÿ äëÿ âèçíà÷åííÿ ðåñóðñó
áóä³âåëü ó çîí³ áîéîâèõ ä³é / Þ.². Êàëþõ, Â.À. Äóí³í, Ì.Ã. Ìàð’ºíêîâ, Î.Ì. Òðîôèì÷óê,
Ñ.Þ. Êóðàø // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 4. Ñ. 117–128.

Àíîòàö³ÿ. Ðîçãëÿíóòî îñîáëèâîñò³ çàñòîñóâàííÿ òåîð³¿ ðèçèêó òà ÷èñåëüíîãî ìîäåëþâàííÿ äëÿ
âèçíà÷åííÿ ðåñóðñó áóä³âåëü ó çîí³ áîéîâèõ ä³é. Íàäàíî ê³ëüê³ñíó êîìïëåêñíó îö³íêó çíèæåííÿ ðåñóðñó
áóä³âåëü, ùî çàçíàëè ðóéíóâàíü. Ðîçðîáëåíî êîìïëåêñíó ïðèêëàäíó ìåòîäèêó âèçíà÷åííÿ çàëèøêîâîãî
ðåñóðñó áóä³âåëü â çîí³ áîéîâèõ ä³é. Ïîáóäîâàíî ãðàô³÷íó ìîäåëü áóä³âë³ ç óðàõóâàííÿì ðåçóëüòàò³â
â³çóàëüíîãî îáñòåæåííÿ. Çä³éñíåíî ðîçðàõóíêè äèíàì³êè íàïðóæåíî-äåôîðìîâàíîãî ñòàíó áóä³âë³.
Îö³íåíî ðèçèêè ðóéíóâàííÿ êîíñòðóêö³é áóä³âë³ òà ïîáóäîâàíî êðèâó ¿¿ æèòòºâîãî öèêëó.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, íàïðóæåíî-äåôîðìîâàíèé ñòàí, ðèçèê, áîéîâ³ äèíàì³÷í³
âïëèâè, æèòòºâèé ðåñóðñ.
_________________________________________________________________________________________

Peculiarities of applying the risk theory and numerical modeling to determine the resource of buildings in
a zone of influence of military actions / I. Kaliukh, V. Dunin, M. Marienkov, O. Trofymchuk, S. Kurash //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 117–128.

Abstract. The features of the application of the risk theory and numerical modeling to determine the
resource of buildings in the combat zone is considered. A quantitative comprehensive assessment of the
reduction in the resource of damaged buildings is given. A comprehensive applied method for determining the
residual resource of buildings in a combat zone is developed. A graphical model of the building is created,
taking into account the results of a visual survey. The dynamics of the stress-strain state of the buildings is
calculated. The risks of destruction of building structures are assessed, and a curve of their life cycle is
constructed.

Keywords: mathematical modeling, stress-strain state, risk, combat dynamic effects, life resource.
===============================================================================

ÓÄÊ 681.518.2, 681.514

Àñèìïòîòè÷íà îïòèìàëüí³ñòü àäàïòèâíèõ ñèñòåì ç àëüòåðíàòèâíèìè åòàëîíàìè â óìîâàõ
íåêëàñèô³êîâàíîãî íàâ÷àííÿ / Â.Â. Ñêà÷êîâ, Â.Â. ×åïê³é, Î.Ì. ªôèì÷èêîâ, Â.Ê. Íàáîê,
Î.Ä. ªëü÷àí³íîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 4. Ñ. 129–138.

Àíîòàö³ÿ. Â óìîâàõ íåêëàñèô³êîâàíîãî íàâ÷àííÿ äîñë³äæóºòüñÿ àñèìïòîòè÷íà îïòèìàëüí³ñòü
àäàïòèâíèõ ñèñòåì ç äâîìà àëüòåðíàòèâíèìè åòàëîíàìè. Îäèí ç íèõ â³äïîâ³äàº êëàñó ðàä³îòåõí³÷íèõ
ñòðóêòóð ç àäàïòèâíîþ àíòåííîþ ðåø³òêîþ, à äðóãèé — ç àäàïòèâíèì êîìïåíñàòîðîì ïåðåøêîä. Îïòè-
ìàëüí³ñòü âèçíà÷àºòüñÿ çà êðèòåð³ºì â³äíîøåííÿ ñèãíàë/ïåðåøêîäà. Îòðèìàíî àíàë³òè÷í³ âèðàçè äëÿ
îö³íþâàííÿ àñèìïòîòè÷íî¿ îïòèìàëüíîñò³ àäàïòèâíèõ ñèñòåì ç àëüòåðíàòèâíèìè åòàëîíàìè. Äîâåäåíî
³íâàð³àíòí³ñòü ñèñòåìè ç àäàïòèâíîþ àíòåííîþ ðåø³òêîþ äî áóäü-ÿêîãî âèäó íàâ÷àííÿ òà çáåðåæåííÿ
îïòèìàëüíîñò³ ðàä³îòåõí³÷íî¿ ñèñòåìè â ñèòóàö³¿ ç ê³íöåâèì ðîçì³ðîì íàâ÷àëüíî¿ âèá³ðêè. Îá´ðóíòîâàíî
îáîâ’ÿçêîâ³ñòü êëàñèô³êàö³¿ íàâ÷àëüíî¿ âèá³ðêè íà âõîä³ ñèñòåìè ç àäàïòèâíèì êîìïåíñàòîðîì ïåðå-
øêîä â óìîâàõ ñèãíàëüíî-ïåðåøêîäîâî¿ íåâèçíà÷åíîñò³.

Êëþ÷îâ³ ñëîâà: àñèìïòîòè÷íà îïòèìàëüí³ñòü, àäàïòèâíà ñèñòåìà, àëüòåðíàòèâíèé åòàëîí, íåêëàñèô³êî-
âàíå íàâ÷àííÿ.
_________________________________________________________________________________________
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Asymptotic optimality of adaptive systems with alternative standards in unclassified learning situations /
V.V. Skachkov, V.V. Chepkii, O.M. Yefymchykov, V.K. Nabok, O.D. Yelchaninov // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 4. P. 129–138.

Abstract. The asymptotic optimality of adaptive systems with alternative standards, one of which
corresponding to the class of radio engineering structures with an adaptive antenna array and the other to the
class with an adaptive interference compensator, is investigated in an unclassified learning situation. The
optimality is determined by the criterion of signal-to-interference ratio. The analytical expressions for
evaluating the asymptotic optimality of radio engineering systems with alternative standards are obtained. The
invariance of the system with an adaptive antenna array to any kind of training is proved, and the property of
asymptotic optimality of the system is extended to the finite size of the training sample. The unbeddingness of
the classification of the training sample at the input of a radio system with an adaptive interference compensator
under conditions of signal-interference uncertainty is substantiated.

Keywords: asymptotic optimality, adaptive system, alternative standard, unclassified learning.
===============================================================================

ÓÄÊ 519.8

Àñèìïòîòè÷í³ âëàñòèâîñò³ ðîçâ’ÿçê³â äèôåðåíö³àëüíèõ ð³âíÿíü âèùèõ ïîðÿäê³â íà óçàãàëüíåíèõ
êëàñàõ Ãåëüäåðà / Þ.². Õàðêåâè÷, Î.Ã. Õàí³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 4.
Ñ. 139–146.

Àíîòàö³ÿ. Äîñë³äæåíî äåÿê³ àñèìïòîòè÷í³ âëàñòèâîñò³ ðîçâ’ÿçê³â äèôåðåíö³àëüíèõ ð³âíÿíü
åë³ïòè÷íîãî òèïó ç âèêîðèñòàííÿì ìåòîä³â òåîð³¿ íàáëèæåíü. Ðîçãëÿíóòî àïðîêñèìàö³éí³ õàðàêòåðèñòè-
êè îïåðàòîð³â òèïó Ïóàññîíà ÿê ðîçâ’ÿçê³â äèôåðåíö³àëüíèõ ð³âíÿíü âèùèõ ïîðÿäê³â íà óçàãàëüíåíèõ
êëàñàõ Ãåëüäåðà â ð³âíîì³ðí³é ìåòðèö³. Ðîçâ’ÿçàíî çàäà÷ó Êîëìîãîðîâà–Í³êîëüñüêîãî (ó òåðì³íîëîã³¿
Î.². Ñòåïàíöÿ) ïðî çíàõîäæåííÿ âåðõíüî¿ ìåæ³ â³äõèëåíü ôóíêö³é, âèçíà÷åíèõ çà äîïîìîãîþ ìîäóëÿ íå-
ïåðåðâíîñò³, â³ä îïåðàòîð³â Àáåëÿ–Ïóàññîíà òà Ãàóññà–Âåéºðøòðàññà â ìåòðèö³ ïðîñòîðó Çãàäàí³ îïå-
ðàòîðè º îäíèì ç åôåêòèâíèõ ³íñòðóìåíò³â äîñë³äæåííÿ ìàòåìàòè÷íèõ ìîäåëåé, ÿê³ âèíèêàþòü ï³ä ÷àñ
ðîçâ’ÿçàííÿ áàãàòüîõ ïðèêëàäíèõ îïòèì³çàö³éíèõ çàäà÷.

Êëþ÷îâ³ ñëîâà: îïòèì³çàö³éí³ âëàñòèâîñò³ ôóíêö³é, àïðîêñèìàö³éí³ õàðàêòåðèñòèêè, çàäà÷à Êîëìîãîðî-
âà–Í³êîëüñüêîãî, îïåðàòîð Àáåëÿ–Ïóàññîíà, îïåðàòîð Ãàóññà–Âåéºðøòðàññà, êëàñè Ãåëüäåðà.
_________________________________________________________________________________________

Asymptotic properties of the solutions of higher-order differential equations on generalized Holder
classes / Yu.I. Kharkevych, O.G. Khanin // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 139–146.

Abstract. Some asymptotic properties of the solutions of elliptic-type differential equations are
investigated using the methods of approximation theory. The approximation characteristics of Poisson-type
operators as solutions of higher-order differential equations on generalized Hîlder classes in a uniform metric
have been investigated. In particular, the Kolmogorov–Nikol’skii problem (in O.I. Stepanets terminology) of
finding the upper bounds for the deviations of functions defined by the modulus of continuity from the
Abel–Poisson and Gauss–Weierstrass operators in the space metric is solved. The above-mentioned operators
are one of the efficient tools for the analysis of the mathematical models that arise when solving many applied
optimization problems.

Keywords: optimization properties of functions, approximative characteristics, Kolmogorov–Nikol’skii
problem, Abel–Poisson operator, Gauss–Weierstrass operator, Hîlder classes.
===============================================================================

ÓÄÊ 621.391.17

Ìåòîäèêà âèáîðó ñèíõðîïðåàìáóë äëÿ âçàºìíî íåîðòîãîíàëüíèõ öèôðîâèõ ñèãíàë³â ó ñèñòåìàõ
åëåêòðîííèõ êîìóí³êàö³é ç âèïàäêîâèì ìíîæèííèì äîñòóïîì / Â.Ô. ªðîõ³í, Î.Â. Âàêóëåíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 4. Ñ. 147–158.

Àíîòàö³ÿ. Íà îñíîâ³ òåîð³¿ ñòàòèñòè÷íèõ ð³øåíü çàïðîïîíîâàíî ï³äõ³ä äî âèáîðó ñèíõðîïðåàìáóë
äëÿ âçàºìíî íåîðòîãîíàëüíèõ öèôðîâèõ ñèãíàë³â ï³ä ÷àñ ïàêåòíî¿ ïåðåäà÷³ ó ñèñòåìàõ åëåêòðîííèõ áåç-
äðîòîâèõ êîìóí³êàö³é ç âèïàäêîâèì ìíîæèííèì äîñòóïîì. Äëÿ ðîçâ’ÿçàííÿ çàäà÷³ âèÿâëåííÿ ñòàíó ó
ñï³ëüíîìó êàíàëüíîìó ðåñóðñ³ çàñòîñîâàíî ìíîæèíè êâàç³îðòîãîíàëüíèõ ïîñë³äîâíîñòåé Ãîëäà, Êàñàì³,
Êàìàëåòäèíîâà òà ¿õí³ îá’ºäíàííÿ. Ôàêòîðèçàö³ÿ çàäà÷ âèÿâëåííÿ ñòàíó â ðàä³îêàíàë³ ³ ðîçä³ëåííÿ–äåìî-
äóëÿö³¿ ìåòîäàìè òåîð³¿ áàãàòîêîðèñòóâàöüêîãî äåòåêòóâàííÿ äàº çìîãó óíèêíóòè åêñïîíåíö³éíîãî çðîñ-
òàííÿ ñêëàäíîñò³ àëãîðèòì³â îáðîáëåííÿ ñèãíàë³â, ùî êîíôë³êòóþòü.

Êëþ÷îâ³ ñëîâà: âçàºìíî íåîðòîãîíàëüí³ öèôðîâ³ ñèãíàëè, âçàºìîêîðåëÿö³éí³ âëàñòèâîñò³ ñèãíàë³â, äèñ-
êðåòíèé ³íôîðìàö³éíèé ïàðàìåòð, ïðàâèëî ïðèéíÿòòÿ ð³øåíü, ñèíõðîïðåàìáóëà, éìîâ³ðíîñò³ ïðàâèëüíî-
ãî òà õèáíîãî âèÿâëåííÿ ïàêåòà.
_________________________________________________________________________________________
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Method of choosing synchro preamble of mutually non-orthogonal digital signals in electronic
communication systems with random multiple access / V.F. Yerokhin, O.V. Vakulenko // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 4. P. 147–158.

Abstract. Using the theory of statistical decisions, an approach to the selection of synchro preambles for
mutually non-orthogonal digital signals during packet transmission in telecommunication systems with random
multiple access is proposed. It is proposed to use sets of quasi-orthogonal Gold, Kasami, Kamaletdinov
sequences and their combinations to solve the state detection problem in a common channel resource.
Factorization of the problems of state detection in the radio channel and separation-demodulation by the
methods of the theory of multi-user detection allows avoiding the exponential growth in the complexity of
algorithms for processing conflicting signals.

Keywords: mutually non-orthogonal digital signals, mutual correlation properties of signals, discrete
information parameter, decision rule, synchro preamble, probabilities of correct and false packet detection.
===============================================================================

ÓÄÊ 517.9: 519.6

Êðàéîâ³ çàäà÷³ äðîáîâî-äèôåðåíö³éíî¿ êîíñîë³äàö³éíî¿ äèíàì³êè äëÿ ìîäåë³ ç ïîõ³äíîþ
Êàïóòî–Ôàáð³ö³î / Â.Ì. Áóëàâàöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 4.
Ñ. 159–168.

Àíîòàö³ÿ. Îäåðæàíî çàìêíåí³ ðîçâ’ÿçêè äåÿêèõ êðàéîâèõ çàäà÷ äðîáîâî-äèôåðåíö³éíî¿
ô³ëüòðàö³éíî-êîíñîë³äàö³éíî¿ äèíàì³êè ñòîñîâíî íåêëàñè÷íî¿ ìàòåìàòè÷íî¿ ìîäåë³ ç óðàõóâàííÿì ïðî-
ñòîðîâî-÷àñîâî¿ íåëîêàëüíîñò³ ïðîöåñó. Öÿ ìàòåìàòè÷íà ìîäåëü ñôîðìóëüîâàíà ç âèêîðèñòàííÿì
ïîõ³äíî¿ Êàïóòî–Ôàáð³ö³î çà ÷àñîâîþ çì³ííîþ òà Ð³ìàíà–Ë³óâ³ëëÿ çà ãåîìåòðè÷íîþ çì³ííîþ. Ðàçîì ç
ïðÿìîþ çàäà÷åþ êîíñîë³äàö³¿ äëÿ ìàñèâó ñê³í÷åííî¿ ïîòóæíîñò³ ðîçãëÿíóòî îáåðíåí³ êðàéîâ³ çàäà÷³
ùîäî âèçíà÷åííÿ íåâ³äîìèõ ôóíêö³é äæåðåëà, çàëåæíèõ ëèøå â³ä ãåîìåòðè÷íî¿ àáî ÷àñîâî¿ çì³ííî¿. Íà-
âåäåíî óìîâè ³ñíóâàííÿ ðåãóëÿðíèõ ðîçâ’ÿçê³â ðîçãëÿíóòèõ çàäà÷.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, äðîáîâî-äèôåðåíö³éíà äèíàì³êà êîíñîë³äàö³éíèõ ïðîöåñ³â,
ãåîïîðèñò³ ñåðåäîâèùà, íåêëàñè÷í³ ìîäåë³, ïîõ³äí³ Êàïóòî–Ôàáð³ö³î òà Ð³ìàíà–Ë³óâ³ëëÿ, êðàéîâ³ çàäà÷³,
çàìêíåí³ ðîçâ’ÿçêè, ïðÿì³ òà îáåðíåí³ çàäà÷³.
_________________________________________________________________________________________

Boundary-value problems of fractional-differential consolidation dynamics for the model with the
Caputo–Fabrizio derivative / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4.
P. 159–168.

Abstract. Closed-form solutions to some boundary-value problems of fractional-differential
filtration-consolidation dynamics with respect to the non-classical mathematical model taking into account the
space-time nonlocality of the process are obtained. This mathematical model is formulated using the
Caputo–Fabrizio derivative for the time variable and the Riemann-Liouville derivative for the geometric
variable. Along with the direct consolidation problem for an array of finite thickness, the inverse
boundary-value problems are considered to determine the unknown source functions that only depend on the
geometric or time variable. Conditions for the existence of regular solutions to the considered problems are
given.

Keywords: mathematical modeling, fractional-differential dynamics of consolidation processes, geoporous
media, non-classical models, Caputo–Fabrizio and Riemann–Liouville derivatives, boundary-value problems,
closed-form solutions, direct and inverse problems.
===============================================================================

ÓÄÊ 519.65

×åáèøîâñüêå íàáëèæåííÿ ôóíêö³¿ áàãàòüîõ çì³ííèõ ç â³äòâîðåííÿì çíà÷åíü ôóíêö³¿ òà ¿¿
÷àñòèííèõ ïîõ³äíèõ / Ï.Ñ. Ìàëà÷³âñüêèé, Ë.Ñ. Ìåëüíè÷îê, ß.Â. Ï³çþð // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2023. Òîì 59, ¹ 4. Ñ. 169–180.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ïîáóäîâè ÷åáèøîâñüêîãî íàáëèæåííÿ äèñêðåòíî¿ ôóíêö³¿ áàãàòü-
îõ çì³ííèõ ç â³äòâîðåííÿì ¿¿ çíà÷åíü ³ çíà÷åíü ¿¿ ÷àñòèííèõ ïîõ³äíèõ ó çàäàíèõ òî÷êàõ. Ìåòîä ´ðóí-
òóºòüñÿ íà ïîáóäîâ³ ãðàíè÷íîãî ñåðåäíüîñòåïåíåâîãî íàáëèæåííÿ ç â³äïîâ³äíèìè ³íòåðïîëÿö³éíèìè
óìîâàìè. Äëÿ ïîáóäîâè ñåðåäíüîñòåïåíåâîãî íàáëèæåííÿ âèêîðèñòàíî ³òåðàö³éíó ñõåìó íà îñíîâ³ ìåòî-
äó íàéìåíøèõ êâàäðàò³â ç³ çì³ííîþ âàãîâîþ ôóíêö³ºþ. Ïîäàí³ ðåçóëüòàòè íàáëèæåííÿ ôóíêö³¿ îäí³º¿
çì³ííî¿ ï³äòâåðäæóþòü âèêîíàííÿ õàðàêòåðèñòè÷íî¿ âëàñòèâîñò³ ÷åáèøîâñüêîãî íàáëèæåííÿ ç â³äòâî-
ðåííÿì çíà÷åíü ôóíêö³¿ òà çíà÷åíü ¿¿ ïîõ³äíèõ ó çàäàíèõ òî÷êàõ. Íàâåäåí³ òåñòîâ³ ïðèêëàäè çàñâ³ä÷óþòü
øâèäêó çá³æí³ñòü çàïðîïîíîâàíîãî ìåòîäó.

Êëþ÷îâ³ ñëîâà: ÷åáèøîâñüêå íàáëèæåííÿ, ÷åáèøîâñüêå íàáëèæåííÿ ç óìîâîþ, ôóíêö³¿ áàãàòüîõ
çì³ííèõ, ñåðåäíüîñòåïåíåâå íàáëèæåííÿ, ìåòîä íàéìåíøèõ êâàäðàò³â, çì³ííà âàãîâà ôóíêö³ÿ, ÷àñòèíí³
ïîõ³äí³.
_________________________________________________________________________________________
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Chebyshev approximation of multivariable functions with reproduction of the values of the function and
its partial derivatives / P.S. Malachivskyy, L.S. Melnychok, Ya.V. Pizyur // Kibernetyka ta Systemnyi
Analiz. 2023. Vol. 59, N 4. P. 169–180.

Abstract. A method for constructing the Chebyshev approximation of a discrete multivariable function
with reproduction of function’s values and partial derivatives at given points is proposed. The idea of the
method is based on the construction of the boundary mean-power approximation with the appropriate
interpolation conditions. An iterative scheme based on the least squares method with a variable weight function
is used to construct the mean-power approximation. The results of the approximation of the function of one
variable confirm the fulfillment of the characteristic property of the Chebyshev approximation with the
reproduction of the values of the function and the values of its derivatives at the given points. The test examples
confirm the fast convergence of the proposed method.

Keywords: Chebyshev approximation, Chebyshev approximation with the condition, multivariable functions,
mean-power approximation, least squares method, variable weight function, partial derivatives.
===============================================================================

ÍÎÂ² ÇÀÑÎÁÈ Ê²ÁÅÐÍÅÒÈÊÈ,
²ÍÔÎÐÌÀÒÈÊÈ,ÎÁ×ÈÑËÞÂÀËÜÍÎ¯
ÒÅÕÍ²ÊÈ ÒÀ ÑÈÑÒÅÌÍÎÃÎ ÀÍÀË²ÇÓ

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 616-76

Êîìï’þòåðíî-ìîäåëüíå âäîñêîíàëåííÿ ñèñòåìè àâòîìàòè÷íîãî êåðóâàííÿ ³íñóë³íîâîþ ïîìïîþ /
ª.². Ñîêîë, Î.². Ñîëîâéîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 4. Ñ. 181–194.

Àíîòàö³ÿ. Îïèñàíî êîìï’þòåðíî-ìîäåëüíó ìîäåðí³çàö³þ ñèñòåìè àâòîìàòè÷íîãî êåðóâàííÿ
(ÑÀÊ) á³îòåõí³÷íîþ ñèñòåìîþ (ÁÒÑ) ³íñóë³íîòåðàï³¿ «ïàö³ºíò–äîçàòîð ³íñóë³íó» ç íàéá³ëüø äîñêîíà-
ëîþ ³íòðàïåðèòîíåàëüíîþ ³íñóë³íîâîþ ïîìïîþ. Ïîáóäîâàíî ìàòåìàòè÷íó ìîäåëü, ïðîâåäåíî ÷èñëîâ³
åêñïåðèìåíòè äëÿ äîñÿãíåííÿ íîðìîãë³êåì³¿ ó ïàö³ºíòà ç öóêðîâèì ä³àáåòîì (ÖÄ) ð³çíîãî ñòóïåíÿ òÿæ-
êîñò³, ð³çíèì âèãëÿäîì éîãî ïåðâèííîãî ã³ïåðãë³êåì³÷íîãî ïðîô³ëþ òà ðåæèìîì õàð÷óâàííÿ. Âñòàíîâëå-
íî, ùî öÿ ÁÒÑ ³íñóë³íîòåðàï³¿ ïðîòÿãîì ïåðøî¿ äîáè ðîáîòè äàº ìîæëèâ³ñòü çíèçèòè áóäü-ÿêèé
ã³ïåðãë³êåì³÷íèé ïðîô³ëü ïàö³ºíòà ç ÖÄ äî ö³ëüîâîãî íîðìîãë³êåì³÷íîãî ïðîô³ëþ çäîðîâî¿ ëþäèíè ³
íàäàë³ ï³äòðèìóâàòè éîãî íåîáìåæåíî äîâãî. Ç âèêîðèñòàííÿì ö³º¿ ÁÒÑ ìîæå áóòè ðîçâ’ÿçàíà ãîëîâíà
òðèºäèíà çàäà÷à ³íñóë³íîòåðàï³¿ ùîäî ïîâíî¿ êîìïåíñàö³¿ ÖÄ ó ïàö³ºíòà.

Êëþ÷îâ³ ñëîâà: á³îòåõí³÷íà ñèñòåìà, ³íòðàïåðèòîíåàëüíà ³íñóë³íîâà ïîìïà, ìàòåìàòè÷íà ìîäåëü, ÷èñ-
ëîâ³ åêñïåðèìåíòè, ïîâíà êîìïåíñàö³ÿ ÖÄ.
_________________________________________________________________________________________

Computer-model improvement of the automatic operate system of the insulin pump / E.I. Sokol,
S.S. Lapta, O.I. Soloviova // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 181–194.

Abstract. The article describes the computer-model improvement of the automatic operate system (AOS)
of the biotechnical system (BTS) of insulin therapy “patient–insulin dispenser” with the most advanced
intraperitoneal insulin pump. The mathematical model is constructed; the numerical experiments for achieving
normoglycemia in a patient with Diabetes mellitus (DM) with varying degrees of severity, with various types of
his/her primary hyperglycemic profile and his/her nutrition regime are carried out. It is established that this BTS
of insulin therapy during the first 24 hours of its work gives the possibility to reduce any hyperglycemic profile
of the patient with DM to the target normoglycemic profile of a healthy person and then to support it for an
unlimited long time. That is, on its basis, the main triune task of insulin therapy for full compensation of
Diabetes mellitus in the patient can be solved.

Keywords: biotechnical system, intraperitoneal insulin pump, mathematical model, numerical experiments, full
compensation of Diabetes mellitus.

8 ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2023, òîì 59, ¹ 4


