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ÓÄÊ 519.8

Óäîñêîíàëåíèé ìåòîä Áåðëåêåìïà–Ìåññ³ ÿê îñíîâà ïîøóêó ïåð³îäè÷íîñòåé ó á³òîâèõ ïîòîêàõ /
Ñ.Ì. Í³êîëàºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 1. Ñ. 5–14.

Àíîòàö³ÿ. Çàïðîïîíîâàíî âäîñêîíàëåííÿ ìåòîäó Áåðëåêåìïà–Ìåññ³ ó ðàç³ éîãî çàñòîñóâàííÿ äëÿ
ïîøóêó ïåð³îäè÷íîñòåé ó á³òîâèõ ïîòîêàõ ç ïîìèëêàìè. Ñóòü óäîñêîíàëåííÿ ïîëÿãàº â ³íàêøîìó ðîç-
áèòò³ á³òîâîãî ïîòîêó íà áëîêè, âèêîðèñòàíí³ ïîñë³äîâíîãî ïîá³òîâîãî çñóâó ïåðåä êîæíèì îá÷èñëåí-
íÿì ïàðàìåòð³â, à òàêîæ ó ïðèéíÿòò³ ð³øåííÿ ïðî äîâæèíó ðåã³ñòðà ³ çíà÷åííÿ ïîë³íîìà çâîðîòíîãî
çâ’ÿçêó íà îñíîâ³ çàïðîïîíîâàíîãî ìàòåìàòè÷íîãî âèðàçó.

Êëþ÷îâ³ ñëîâà: ðåã³ñòð çñóâó ç ë³í³éíèì çâîðîòíèì çâ’ÿçêîì, äîâæèíà ðåã³ñòðà, ïîë³íîì çâîðîòíîãî
çâ’ÿçêó, á³òîâèé ïîò³ê, ìåòîä Áåðëåêåìïà–Ìåññ³.

_________________________________________________________________________________________

Advanced Berlekamp–Massey method as a basis for finding periodicities in bitstreams / S. Nikolaev //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 5–14.

Abstract. The author has proposed an improvement of the Berlekamp–Massey method when used for
searching periodicities in bitstreams with errors. The essence of the improvement is another splitting of
à bitstream into blocks, using a consistent bit shift before every parameter processing, and making decisions
about the register’s length and feedback polynomial based on proposed mathematical formulas.

Keywords: linear feedback shift register, register length, feedback polynomial, bitstream, Berlekamp–Massey
method.
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ÓÄÊ 004.75

Ðåàë³çîâí³ñòü ä³àãðàì ïîä³é òà ³ñíóâàííÿ ëîã³÷íèõ ãîäèííèê³â / Ã.Ì. Æîëòêåâè÷, À.Â. Çîçóëÿ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 1. Ñ. 15–26.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó çâ’ÿçêó ì³æ êîðåêòí³ñòþ ä³àãðàìè ïîä³é ðîçïîä³ëåíîãî îá÷èñëåí-
íÿ ç ïîãëÿäó êîìóí³êàö³¿ ì³æ ëîêàëüíèìè ïðîöåñàìè öüîãî îá÷èñëåííÿ òà ³ñíóâàííÿì äëÿ òàêî¿ ä³àãðàìè
ëîã³÷íîãî ãîäèííèêà. Ïðîáëåìó äîñë³äæåíî çà äîïîìîãîþ ïðîãðàìè The Coq Proof Assistant áåç ïðèïó-
ùåííÿ ïðî ñïðàâåäëèâ³ñòü çàêîíó âèêëþ÷åííÿ òðåòüîãî. ²íàêøå êàæó÷è, îòðèìàí³ ðåçóëüòàòè º êîðåê-
òíèìè ç ïîãëÿäó êîíñòðóêòèâíî¿ ëîã³êè, ùî âàæëèâî äëÿ êîìï’þòåðíèõ íàóê. Ôîðìàëüíî äîâåäåíî, ùî
³ñíóâàííÿ ëîã³÷íîãî ãîäèííèêà äëÿ ðîçïîä³ëåíîãî îá÷èñëåííÿ çàáåçïå÷óº ³ððåôëåêñèâí³ñòü ïðè÷èí-
íî-íàñë³äêîâîãî çâ’ÿçêó, ïîâ’ÿçàíîãî ç öèì îá÷èñëåííÿì. Ñôîðìóëüîâàíî ã³ïîòåçó ïðî ñïðàâåäëèâ³ñòü
îáåðíåíîãî òâåðäæåííÿ.

Êëþ÷îâ³ ñëîâà: ðîçïîä³ëåí³ îá÷èñëåííÿ, õìàðíà ïëàòôîðìà, áëîê÷åéí, öèôðîâ³ ðîçïîä³ëåí³ ðåºñòðè,
ãëîáàëüíèé ÷àñ, ëîã³÷íèé ãîäèííèê, âïîðÿäêóâàííÿ ïîä³é.

_________________________________________________________________________________________

Realizability of event diagrams and existence of logical clocks / G. Zholtkevych, A. Zozulia // Kibernetyka
ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 15–26.

Abstract. This paper addresses the problem of the relationship between the correctness of the event
diagram of distributed computing from the standpoint of communication between local processes of this
computing and the existence of a logical clock for that diagram. The problem is analyzed using The Coq Proof
Assistant software without assuming the fairness of the principle of excluded middle. That is, the obtained
results are correct from the point of view of constructive logic, which is essential for computer science. It has
been formally proved that the existence of a logical clock for distributed computing ensures the irreflexivity of
the causal relation related to that computing. The conjecture about the fairness of the converse statement has
been claimed.

Keywords: distributed computing, cloud platform, blockchain, digital distributed ledgers, global time, logical
clock, event ordering.

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

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.8

Äèâåðñèô³êàö³ÿ ïîøóêó â àëãîðèòìàõ ÎÌÊ òà ¿¿ çàñòîñóâàííÿ / Ë.Ô. Ãóëÿíèöüêèé // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 1. Ñ. 27–42.

Àíîòàö³ÿ. Íàâåäåíî ï³äõ³ä äî ðîçðîáëåííÿ äèâåðñèô³êîâàíèõ àëãîðèòì³â îïòèì³çàö³¿ ìóðàøèíè-
ìè êîëîí³ÿìè — îäíîãî ç íàéïîøèðåí³øèõ ìåòîä³â êîìá³íàòîðíî¿ îïòèì³çàö³¿. Äèâåðñèô³êàö³ÿ â àëãî-
ðèòìàõ ÎÌÊ îñíîâàíà íà ðîçãëÿä³ âàð³àíò³â ïðîäîâæåííÿ ïîáóäîâè ïîòî÷íîãî ôðàãìåíòà ðîçâ’ÿçêó, ùî
âðàõîâóþòü íå îäíó, ÿê çàçâè÷àé, à äåê³ëüêà âåðøèí ãðàôó çàäà÷³, ÿê³ ìîæóòü áóòè âêëþ÷åí³ â öåé ìàð-
øðóò. Ìîæëèâ³ñòü ïåðåãëÿäó ìóðàõàìè âàð³àíò³â ïîøóêó íà äåê³ëüêà êðîê³â âïåðåä äàº çìîãó ï³äâèùèòè
éìîâ³ðí³ñòü óíèêíåííÿ ñóáîïòèìàëüíèõ ðîçâ’ÿçê³â òà çíàõîäèòè á³ëüø òî÷í³ ðîçâ’ÿçêè. Çàïðîïîíîâàíèé
ï³äõ³ä âèêîðèñòîâóºòüñÿ äëÿ ñòâîðåííÿ ìåòàåâðèñòè÷íèõ àëãîðèòì³â ðîçâ’ÿçóííÿ ð³çíèõ çàäà÷ êîìá³íà-
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òîðíî¿ îïòèì³çàö³¿. Íàâåäåíî ðåçóëüòàòè ïðîâåäåíèõ îá÷èñëþâàëüíèõ åêñïåðèìåíò³â ³ç ðîçâ’ÿçóâàííÿ
ñåð³¿ ïðèêëàäíèõ çàäà÷ êîìá³íàòîðíî¿ îïòèì³çàö³¿ ç ð³çíèõ êëàñ³â, ÿê³ ï³äòâåðäèëè ìîæëèâ³ñòü óñï³øíî¿
ìîäèô³êàö³¿ â³äîìèõ ìóðàøèíèõ àëãîðèòì³â.

Êëþ÷îâ³ ñëîâà: êîìá³íàòîðíà îïòèì³çàö³ÿ, îïòèì³çàö³ÿ ìóðàøèíèìè êîëîí³ÿìè, ìàðøðóòèçàö³ÿ, çàäà÷à
êîì³âîÿæåðà, ÁïËÀ, îïòèì³çàö³ÿ àâ³àïåðåëüîò³â, îá÷èñëþâàëüí³ åêñïåðèìåíòè.

_________________________________________________________________________________________

Search diversification in aco algorithms and its application / L.F. Hulianytskyi // Kibernetyka ta Systemnyi
Analiz. 2025. Vol. 61, N 1. P. 27–42.

Abstract. This paper presents a novel approach to the development of diversified ant colony optimization
(ACO) algorithms, which are among the most widely used methods in combinatorial optimization. The
proposed diversification in ACO algorithms is based on considering multiple options for extending the current
solution fragment by incorporating several vertices of the problem graph into the route instead of just one, as is
typically done. The ability of ants to foresee multiple search steps ahead increases the likelihood of avoiding
suboptimal solutions and finding more accurate ones. This approach is applied to create metaheuristic
algorithms for solving various combinatorial optimization problems. The results of computational experiments
on a series of applied combinatorial optimization problems across different classes demonstrate the successful
modification of the known ACO algorithms.

Keywords: combinatorial optimization, Ant Colony Optimization, routing, traveling salesman problem, UAV,
optimization of flight routes, computational experiment.

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

ÓÄÊ 519.7

Ø²-ìåòîäîëîã³ÿ äëÿ ìîäåëþâàííÿ á³ëêîâèõ âçàºìîä³é ó á³îëîã³÷íèõ ñèñòåìàõ / Ì.Ç. Çãóðîâñüêèé,
Ï.Î. Êàñüÿíîâ, Ë.Á. Ëåâåí÷óê, Â.Ð. Íîâèêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 1.
Ñ. 43–51.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîäîëîã³þ ðîçðîáëåííÿ ³íòåëåêòóàëüíî¿ ñèñòåìè øòó÷íîãî ³íòåëåêòó
äëÿ ìîäåëþâàííÿ á³ëêîâèõ âçàºìîä³é ó á³îëîã³÷íèõ ñèñòåìàõ, ùî ´ðóíòóºòüñÿ íà ð³âíÿííÿõ ðåàêö³¿-äè-
ôóç³¿ ç áàãàòîçíà÷íèìè ôóíêö³ÿìè âçàºìîä³¿. Îñíîâíîþ ìåòîþ äîñë³äæåííÿ º àïðîêñèìàö³ÿ ðîçâ’ÿçê³â
öèõ ð³âíÿíü çà äîïîìîãîþ âèñîêîåôåêòèâíèõ îá÷èñëþâàëüíèõ ìåòîä³â, çîêðåìà ô³çè÷íî-³íôîðìàö³éíèõ
íåéðîííèõ ìåðåæ (PINN) òà ìåòîäó Ãàëüîðê³íà ãëèáîêîãî íàâ÷àííÿ (DLGM). Çàïðîïîíîâàíà ñèñòåìà
âèêîðèñòîâóº ìàøèííå íàâ÷àííÿ äëÿ ìîäåëþâàííÿ ñêëàäíèõ á³îëîã³÷íèõ ïðîöåñ³â ç óðàõóâàííÿì ðåàëü-
íèõ êë³òèííèõ óìîâ. Àâòîðè ðîçðîáèëè òà îá´ðóíòóâàëè îá÷èñëþâàëüíèé àëãîðèòì, ÿêèé íà ñó÷àñíîìó
ð³âí³ ìàòåìàòè÷íî¿ ñòðîãîñò³ çàáåçïå÷óº àïðîêñèìàö³þ ðîçâ’ÿçê³â íåñê³í÷åííîâèì³ðíèõ ñòîõàñòè÷íèõ
çàäà÷ îïòèì³çàö³¿ òà äåìîíñòðóº á³ëüø âèñîêó åôåêòèâí³ñòü ïîð³âíÿíî ç òðàäèö³éíèìè ìåòîäàìè. Âèñîêà
òî÷í³ñòü òà øâèäê³ñòü îòðèìàíèõ ðåçóëüòàò³â äàþòü çìîãó ðîçøèðèòè çàñòîñóâàííÿ ö³º¿ ìåòîäîëîã³¿ íà
³íø³ òèïè äèôåðåíö³àëüíèõ ð³âíÿíü ç ÷àñòèííèìè ïîõ³äíèìè, çîêðåìà äëÿ á³îëîã³÷íèõ ³ ìåäè÷íèõ
äîñë³äæåíü.

Êëþ÷îâ³ ñëîâà: ð³âíÿííÿ ðåàêö³¿-äèôóç³¿, áàãàòîçíà÷í³ ôóíêö³¿ âçàºìîä³¿, ìàøèííå íàâ÷àííÿ, ô³çè÷-
íî-³íôîðìàö³éíà íåéðîííà ìåðåæà, àïðîêñèìàö³éíèé ðîçâ’ÿçîê.

_________________________________________________________________________________________

AI methodology for modeling protein interactions in biological systems / M.Z. Zgurovsky, P.O. Kasyanov,
L.B. Levenchuk, V.R. Novykov // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 43–51.

Abstract. This paper proposes a methodology for developing an artificial intelligence system for
modeling protein interactions in biological systems based on reaction-diffusion equations with multivalued
interaction functions. The primary goal of the research is to approximate the solutions of these equations using
highly efficient computational methods, specifically physics-informed neural networks (PINN) and the deep
learning Galerkin method (DLGM). The proposed system utilizes machine learning to model complex
biological processes while accounting for real cellular conditions. The authors have developed and rigorously
justified a computational algorithm that, on the current level of mathematical rigor, ensures the approximation
of solutions to infinite-dimensional stochastic optimization problems and demonstrates superior efficiency
compared to traditional methods. The high accuracy and speed of the obtained results enable extending this
methodology to other types of partial differential equations, particularly for biological and medical applications.

Keywords: reaction-diffusion equation, multivariate interaction functions, machine learning, physical
information neural network, approximation solution.

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

ÓÄÊ 519. 21

Äåÿê³ ïðèêëàäí³ çàäà÷³ òåîð³¿ êåðîâàíèõ âèïàäêîâèõ ïðîöåñ³â / Ï.Ñ. Êíîïîâ, Ò.Â. Ïåïåëÿºâà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 1. Ñ. 52–65.

Àíîòàö³ÿ. Äîñë³äæåíî äåÿê³ ïðèêëàäí³ çàäà÷³ òåîð³¿ êåðîâàíèõ âèïàäêîâèõ ïðîöåñ³â, ùî âèíèêà-
þòü ó òåîð³¿ íàä³éíîñò³ òà òåîð³¿ ìàñîâîãî îáñëóãîâóâàííÿ. Íàâåäåíî óìîâè, çà ÿêèõ çíàõîäæåííÿ îïòè-
ìàëüíî¿ ñòðàòåã³¿ çâîäèòüñÿ äî ðîçâ’ÿçàííÿ äåÿêèõ çàäà÷ ìàòåìàòè÷íîãî ïðîãðàìóâàííÿ, à òàêîæ ÷èñëîâ³
ìåòîäè ¿õíüîãî ðîçâ’ÿçàííÿ.

Êëþ÷îâ³ ñëîâà: ìàðêîâñüê³ ïðîöåñè, íàï³âìàðêîâñüê³ ïðîöåñè, îïòèìàëüíå êåðóâàííÿ, êðèòåð³é îïòè-
ìàëüíîñò³, îïòèìàëüíå ïëàíóâàííÿ, ñèñòåìà ìàñîâîãî îáñëóãîâóâàííÿ, îïòèìàëüíà ñòðàòåã³ÿ.
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Some applied problems of the theory of controlled random processes / P.S. Knopov, T.V. Pepelyaeva //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 52–65.

Abstract. Some applied problems of the theory of controlled random processes arising in the reliability
and queueing theories are analyzed. The conditions whereby finding the optimal strategy is reduced to some
mathematical programming problems and numerical methods of their solution are given.

Keywords: Markov processes, semi-Markov processes, optimal control, optimality criterion, optimal planning,
queueing systems, optimal strategy.
===============================================================================

ÓÄÊ 519.6

Çíàõîäæåííÿ ðåêóðåíòíîãî ñï³ââ³äíîøåííÿ äëÿ ñèñòåìè ïîë³íîì³â ó çàäà÷³ ç äðîáîâîþ ïîõ³äíîþ /
Â.Ë. Ìàêàðîâ, Í.Â. Ìàéêî, Â.Ë. Ðÿá³÷åâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 1.
Ñ. 66–80.

Àíîòàö³ÿ. Ðîçðîáëåíî òà îá´ðóíòîâàíî àëãîðèòì â³äøóêàííÿ ðåêóðåíòíîãî ñï³ââ³äíîøåííÿ ç
ïîë³íîì³àëüíèìè êîåô³ö³ºíòàìè íàä ïîëåì ðàö³îíàëüíèõ ÷èñåë äëÿ çàäàíî¿ ñèñòåìè ïîë³íîì³â (íà ïðè-
êëàä³ ñèñòåìè ïîë³íîì³â Ëàãåððà–Êåë³).

Êëþ÷îâ³ ñëîâà: ñèñòåìà ïîë³íîì³â Ëàãåððà–Êåë³, ôóíêö³ÿ Ì³òòàã-Ëåôôëåðà, ðåêóðåíòíå ñï³ââ³äíîøåí-
íÿ, ïîë³íîì³àëüí³ êîåô³ö³ºíòè, ðàö³îíàëüí³ ÷èñëà.
_________________________________________________________________________________________

Reconstructing the recurrence relation for a system of polynomials used in a problem with a fractional
derivative / V.L. Makarov, N.V. Mayko. V.L. Ryabichev // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61,
N 1. P. 66–80.

Abstract. We develop and substantiate the algorithm of finding the recurrence relation of minimum order
with polynomial coefficients over the field of rational numbers, whose solutions are a given system of
polynomials (here, a system of the modified Laguerre–Cayley polynomials).

Keywords: system of the Laguerre–Cayley polynomials, the Mittag-Leffler function, recurrence relation,
polynomial coefficient, rational number.

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

ÓÄÊ 517.977.5

Îïòèìàëüíå êåðóâàííÿ ã³ïåðáîë³÷íèìè ³íòåãðî-äèôåðåíö³àëüíèìè ñèñòåìàìè / À.Â. Àí³êóøèí,
Õ.Ì. Ãðàí³øàê, Â.Ñ. Ëÿøêî, Î.Ñ. Ñàìîñüîíîê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 1.
Ñ. 81–93.

Àíîòàö³ÿ. Äîâåäåíî àïð³îðí³ íåð³âíîñò³ äëÿ êëàñó ë³í³éíèõ ³íòåãðî-äèôåðåíö³àëüíèõ ð³âíÿíü
ã³ïåðáîë³÷íîãî òèïó, ùî âèíèêàþòü ï³ä ÷àñ äîñë³äæåííÿ â’ÿçêîïðóæíèõ ñåðåäîâèù. Ñôîðìóëüîâàíî
òåîðåìè ³ñíóâàííÿ òà ºäèíîñò³ óçàãàëüíåíîãî ðîçâ’ÿçêó, íåïåðåðâíî¿ çàëåæíîñò³ ðîçâ’ÿçêó â³ä ïðàâî¿ ÷àñ-
òèíè ð³âíÿííÿ. Íàâåäåíî çàäà÷ó îïòèìàëüíîãî êåðóâàííÿ òà ñôîðìóëüîâàíî òåîðåìó ïðî ³ñíóâàííÿ ¿¿
ðîçâ’ÿçêó.

Êëþ÷îâ³ ñëîâà: àïð³îðí³ îö³íêè, óçàãàëüíåíà ðîçâ’ÿçí³ñòü, îïòèìàëüíå êåðóâàííÿ, ³íòåãðî-äèôå-
ðåíö³àëüíå ð³âíÿííÿ, ã³ïåðáîë³÷íå ð³âíÿííÿ.
_________________________________________________________________________________________

Optimal control of hyperbolic integro-differential systems / A.V. Anikushyn, Kh.M. Hranishak,
V.S. Lyashko, O.S. Samosonok // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 81–93.

Abstract. We prove a priori inequalities for the class of linear integro-differential equations of hyperbolic
type that arise in the analysis of viscoelastic media. Theorems of the existence and uniqueness of the
generalized solution and the continuous dependence of the solution on the equation’s right-hand side are
formulated. The problem of optimal control is given, and a theorem on the existence of its solution is
formulated.

Keywords: a priori estimates, generalized solvability, optimal control, integro-differential equation, hyperbolic
equation.
===============================================================================

ÓÄÊ 519.65

×åáèøîâñüêå íàáëèæåííÿ ëîãàðèôìîì â³ä ðàö³îíàëüíîãî âèðàçó / Ï.Ñ. Ìàëà÷³âñüêèé,
Ë.Ñ. Ìåëüíè÷îê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 1. Ñ. 94–103.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ïîáóäîâè ÷åáèøîâñüêîãî íàáëèæåííÿ ç àáñîëþòíîþ ïîõèáêîþ
ëîãàðèôìîì â³ä ðàö³îíàëüíîãî âèðàçó. Â³í ïîëÿãàº â ïîáóäîâ³ ïðîì³æíîãî ÷åáèøîâñüêîãî íàáëèæåííÿ ç
â³äíîñíîþ ïîõèáêîþ ðàö³îíàëüíèì âèðàçîì åêñïîíåíòè íàáëèæóâàíî¿ ôóíêö³¿. Íàáëèæåííÿ ðàö³îíàëü-
íèì âèðàçîì îá÷èñëåíî çà ³òåðàö³éíîþ ñõåìîþ ÿê ãðàíè÷íå ñåðåäíüîñòåïåíåâå íàáëèæåííÿ, îäåðæàíå
ìåòîäîì íàéìåíøèõ êâàäðàò³â ³ç äâîìà çì³ííèìè âàãîâèìè ôóíêö³ÿìè. Íàâåäåí³ ðåçóëüòàòè ðîçâ’ÿçó-
âàííÿ òåñòîâèõ ïðèêëàä³â ï³äòâåðäæóþòü øâèäêó çá³æí³ñòü ìåòîäó.

Êëþ÷îâ³ ñëîâà: ÷åáèøîâñüêå íàáëèæåííÿ ëîãàðèôì³÷íèì âèðàçîì, íàáëèæåííÿ ðàö³î- íàëüíèì âèðà-
çîì, ñåðåäíüîñòåïåíåâå íàáëèæåííÿ, ìåòîä íàéìåíøèõ êâàäðàò³â, çì³ííà âàãîâà ôóíêö³ÿ.
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Chebyshev approximation by the logarithm of a rational expression / P.S. Malachivskyy, L.S. Melnychok
// Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 94–103.

Abstract. A method for constructing the Chebyshev approximation with absolute error by the logarithm
of a rational expression is proposed. It is to construct an intermediate Chebyshev approximation by a rational
expression with a relative error of the exponent of the approximated function. The approximation by the
rational expression is calculated as the boundary of mean-power approximation using an iterative scheme based
on the least squares method with two variable weight functions. The presented results of solving test examples
confirm the fast convergence of the method.

Keywords: Chebyshev approximation by logarithmic expression, approximation by rational expression,
mean-power approximation, least squares method, variable weight function.

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

ÓÄÊ 519.863

Ìîäåëþâàííÿ âïëèâó êë³ìàòè÷íèõ çì³í íà âðîæàéí³ñòü îçèìî¿ ïøåíèö³ â ë³ñîñòåïîâ³é
àãðîêë³ìàòè÷í³é çîí³ Óêðà¿íè (×åðêàñüêà îáëàñòü) / Â.À. Ïåïåëÿºâ, Î.Ì. Ãîëîäí³êîâ,
Í.Î. Ãîëîäí³êîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 1. Ñ. 104–114.

Àíîòàö³ÿ. Ïîáóòóº äóìêà, ùî çì³íà êë³ìàòó ïðèçâåäå äî çíèæåííÿ âðîæàéíîñò³ çåðíîâèõ êóëüòóð.
Äëÿ òîãî ùîá ¿¿ ï³äòâåðäèòè àáî ñïðîñòóâàòè, ïðîâåäåíî ìàòåìàòè÷íå ìîäåëþâàííÿ âïëèâó êë³ìàòè÷íèõ
çì³í íà ð³âåíü óðîæàéíîñò³ îçèìî¿ ïøåíèö³ â äåÿêèõ ðàéîíàõ ×åðêàñüêî¿ îáëàñò³, ÿê³ çíàõîäÿòüñÿ ó ë³ñî-
ñòåïîâ³é çîí³ Óêðà¿íè. Íà ïåðøîìó åòàï³ ïîáóäîâàíî ìàòåìàòè÷íó ìîäåëü çàëåæíîñò³ âðîæàéíîñò³ ö³º¿
êóëüòóðè â³ä òåìïåðàòóðè ïîâ³òðÿ òà ê³ëüêîñò³ îïàä³â. Íà äðóãîìó åòàï³ ïîáóäîâàíî ìàòåìàòè÷íó ìîäåëü
óðîæàéíîñò³ îçèìî¿ ïøåíèö³ â îäíîìó ³ç ðîçãëÿäóâàíèõ ðàéîí³â ³ ïðîâåäåíî ðîçðàõóíêè. Ìîäåëþâàííÿ
ïîêàçàëî, ùî ìåä³àíà ôóíêö³¿ ðîçïîä³ëó âðîæàéíîñò³ îçèìî¿ ïøåíèö³ ó Äðàá³âñüêîìó ðàéîí³ â ìàéáóò-
íüîìó ïåð³îä³ 2030–2060 ðð. áóäå ïåðåâèùóâàòè ³ñòîðè÷í³ çíà÷åííÿ öüîãî ïîêàçíèêà çà ïåð³îä
2005–2020 ðð. ç ³ìîâ³ðí³ñòþ 0.7. Êð³ì òîãî, ç ³ìîâ³ðí³ñòþ 0.4 âðîæàéí³ñòü îçèìî¿ ïøåíèö³ ó Äðàá³âñüêî-
ìó ðàéîí³ â ìàéáóòíüîìó ïåð³îä³ 2030–2060 ðð. áóäå ïåðåâèùóâàòè 50.7 ö/ãà. Ïðè öüîìó ìàêñèìàëüíà
âðîæàéí³ñòü ó öüîìó ðàéîí³ íå áóäå ïåðåâèùóâàòè 71.4 ö/ãà.

Êëþ÷îâ³ ñëîâà: àäàïòàö³ÿ äî êë³ìàòè÷íèõ çì³í, âðîæàéí³ñòü, êâàíòèëüíà ðåãðåñ³ÿ, ñòàòèñòè÷íà âèá³ðêà,
ìàòåìàòè÷íà ìîäåëü.

_________________________________________________________________________________________

Simulating the impact of climate changes on the yield of winter wheat in the forest-steppe agro-climatic
zone of Ukraine (Cherkasy region) / V.A. Pepelyaev, A.N. Golodnikov, N.A. Golodnikova // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 1. P. 104–114.

Abstract. It is widely believed that climate change will reduce the yield of grain crops. In order to
confirm or refute it, the authors carried out the mathematical modeling of the influence of climatic changes on
the yield of winter wheat in some areas of the Cherkasy region, located in the forest-steppe zone of Ukraine. In
the first stage, a mathematical model of the dependence of the yield of this crop on air temperature and rainfall
was created. In the second stage, a mathematical model of winter wheat yield in one of the considered districts
was generated, and calculations were made. The conducted modeling showed that the median of the winter
wheat yield distribution function in the Drabiv district in the future period of 2030–2060 will exceed the
historical values of this indicator for the period of 2005–2020 with a probability of 0.7. Moreover, with
a probability of 0.4, the yield of winter wheat in the Drabiv district in the future period of 2030–2060 will
exceed 50.7 c/ha. At the same time, the maximum yield in this area will not exceed 71.4 c/ha.

Keywords: adaptation to climate change, crop productivity, quantile regression, statistical sampling,
mathematical model.

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

ÓÄÊ 30.101.541-336.7

Äèíàì³êà ³íôëÿö³¿ â åêîíîì³ö³ êðà¿íè / Á.Á. Äóíàºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61,
¹ 1. Ñ. 115–126.

Àíîòàö³ÿ. Âèçíà÷åíî ôóíêö³¿ ³íôëÿö³¿ òà íîðìè ãîò³âêè â³ä â³äñîòêîâî¿ ñòàâêè Öåíòðàëüíîãî áàí-
êó òà íîðìîâàíîãî ðåàëüíîãî ÂÂÏ, ÿêèé âèçíà÷àºòüñÿ â³äíîøåííÿì ðåàëüíîãî ÂÂÏ äî áåç³íôëÿö³éíî¿
ãîò³âêè. Ïîêàçàíî, ùî êîæåí òåõíîëîã³÷íèé óêëàä ìàº ñâîþ øâèäê³ñòü îá³ãó ãðîøåé, â³äñîòêîâó ñòàâêó,
íîðìó ãîò³âêè òà ³íôëÿö³þ ó ïåâíîìó ä³àïàçîí³ çì³íè íîðìîâàíîãî ðåàëüíîãî ÂÂÏ. Ïîáóäîâàíî íîìîã-
ðàìó çàëåæíîñò³ íîðìè ãîò³âêè â³ä íîðìîâàíîãî ðåàëüíîãî ÂÂÏ çà íàÿâíî¿ â³äñîòêîâî¿ ñòàâêè. Ïîáóäî-
âàíî íîìîãðàìó çàëåæíîñò³ ³íôëÿö³¿ â³ä â³äñîòêîâî¿ ñòàâêè çà íàÿâíîãî íîðìîâàíîãî ðåàëüíîãî ÂÂÏ
åêîíîì³ê, ùî ðîçâèâàþòüñÿ, ³ ñëàáîðîçâèíåíèõ, à òàêîæ íîìîãðàìó çàëåæíîñò³ ³íôëÿö³¿ â³ä â³äñîòêîâî¿
ñòàâêè çà íàÿâíîãî íîðìîâàíîãî ðåàëüíîãî ÂÂÏ ³íäóñòð³àëüíèõ ³ ðîçâèíåíèõ åêîíîì³ê. Ïîáóäîâàíî åêî-
íîì³êî-ìàòåìàòè÷íó ìîäåëü ³íôëÿö³éíîãî ðåãóëþâàííÿ åêîíîì³÷íîãî çðîñòàííÿ. Âèêîíàíî ìîäåëþâàí-
íÿ ³íôëÿö³éíîãî ðåãóëþâàííÿ çðîñòàííÿ åêîíîì³êè Óêðà¿íè â 2025–2026 ðîêàõ çà ñòàòèñòè÷íèìè äàíè-
ìè 2022–2023 ðîê³â. Ïîêàçàíî, ùî ³íôëÿö³éíå ðåãóëþâàííÿ äàº çìîãó çá³ëüøèòè çðîñòàííÿ ðåàëüíîãî
ÂÂÏ çà äâà ðîêè â 1.9 ðàçà ïîð³âíÿíî ç³ çðîñòàííÿì ó ðàç³ òàðãåòóâàííÿ ³íôëÿö³¿ çà â³äñîòêîâîþ ñòàâêîþ.

Êëþ÷îâ³ ñëîâà: åêîíîì³êà, ³íôëÿö³éíå ðåãóëþâàííÿ, ³íôëÿö³ÿ, íîðìîâàíèé ðåàëüíèé ÂÂÏ, ðèíîê,
ð³âíîâàãà, ïðàöÿ, êàï³òàë, ãðîø³, êðåäèòíèé ìóëüòèïë³êàòîð, â³äñîòêîâà ñòàâêà, âàëþòà, íîðìà ãîò³âêè.

_________________________________________________________________________________________

4 ISSN 1019-5262. Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç, 2025, òîì 61, ¹ 1



Inflation dynamics in the country’s economy / B.B. Dunaev // Kibernetyka ta Systemnyi Analiz. 2025.
Vol. 61, N 1. P. 115–126.

Abstract. The functions of the dependence of inflation and the norm of cash quantity on the interest rate
of the Central Bank and normalized real GDP are determined. Normalized real GDP is expressed by the ratio of
real GDP to the inflation-free quantity of cash. It is shown that each technological mode has its own velocity of
money circulation, interest rate, the norm of the quantity of cash, and inflation in a certain range of changes in
normalized real GDP. The nomogram of the dependence of the cash quantity rate on the normalized real GDP at
the available interest rate is constructed. The nomogram of the dependence of inflation on the interest rate at the
available normalized real GDP of developing and underdeveloped economies and the nomogram of the
dependence of inflation on the interest rate at the available normalized real GDP of industrialized and
developed economies have been constructed. An economic and mathematical model of inflationary regulation
of economic growth has been developed. The inflation regulation of the economic growth in Ukraine in
2025–2026, according to statistical data of 2022–2023, has been modeled. It is shown that inflationary
regulation allows for an increase in real GDP growth in two years by 1.9 times compared to growth with
inflation targeting the interest rate.

Keywords: economy, inflation regulation, normalized real GDP, market, equilibrium, labor, capital, money,
credit multiplier, interest rate, currency, cash rate, inflation.

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

ÓÄÊ 519.21

Àñèìïòîòè÷íà ïîâåä³íêà åêñòðåìàëüíèõ çíà÷åíü äîâæèíè ÷åðãè òà ÷àñó î÷³êóâàííÿ â ñèñòåìàõ
M G| |1 òà GI M| |1 / ².Ê. Ìàöàê, Ñ.Ì. Êðàñíèòñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61,

¹ 1. Ñ. 127–137.

Àíîòàö³ÿ. Äîñë³äæåíî àñèìïòîòè÷íó ïîâåä³íêó ìàéæå íàïåâíå åêñòðåìàëüíèõ çíà÷åíü äîâæèíè
÷åðãè òà ÷àñó î÷å³êóâàííÿ â ÷åðç³ äëÿ ñèñòåì ìàñîâîãî îáñëóãîâóâàííÿ. Íàñàìïåðåä ðîçãëÿíóòî îäíó çà-
ãàëüíó ãðàíè÷íó òåîðåìó ïðî àñèìïòîòèêó åêñòðåìàëüíèõ çíà÷åíü ðåãåíåðóþâàëüíèõ ïðîöåñ³â. Äàëi íà
îñíîâ³ ö³º¿ òåîðåìè äëÿ ñèñòåì M G| |1 òà GI M| |1 ñôîðìóëüîâàíî çàêîí ïîâòîðíîãî ëîãàðèôìà äëÿ lim
sup òà çàêîí ïîòð³éíîãî ëîãàðèôìà äëÿ lim inf, à òàêîæ äåÿê³ ¿õí³ óòî÷íåííÿ.

Êëþ÷îâ³ ñëîâà: ñèñòåìè ìàñîâîãî îáñëóãîâóâàííÿ M|G|1, GI|M|1, åêñòðåìàëüí³ çíà÷åííÿ, àñèìïòîòè÷íà
ïîâåä³íêà ìàéæå íàïåâíå.

_________________________________________________________________________________________

Asymptotic behavior of the extreme values of the queue lengths and waiting time in M G| |1 and GI M| |1
systems / I.K. Matsak, S.M. Krasnitskiy // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 127–137.

Abstract. The asymptotic behavior of the almost surely extreme values of the queue length and queueing
time for queueing systems is analyzed. First, one general limit theorem on the asymptotics of extreme values of
regenerative processes is considered. Further, applying this theorem to queueing systems M G| |1 and GI M| |1,

the law of the repeated logarithm for lim sup and the law of the triple logarithm for lim inf are formulated, as
well as some of their refinements.

Keywords: queuing systems M G| |1, GI M| |1, extreme values, asymptotic behavior almost surely.

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

ÓÄÊ 519.6

Îïòèìàëüíå ³íòåãðóâàííÿ øâèäêîîñöèëþâàëüíèõ ôóíêö³é äëÿ îäíîãî êëàñó äèôåðåíö³éîâíèõ
ôóíêö³é â óìîâàõ íàáëèæåíîãî çàäàííÿ àïð³îðíî¿ ³íôîðìàö³¿ / Ë.Â. Ëóö // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2025. Òîì 61, ¹ 1. Ñ. 138–148.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó îá÷èñëåííÿ ³íòåãðàë³â â³ä øâèäêîîñöèëþâàëüíèõ ôóíêö³é äëÿ êëàñó
ôóíêö³é, ÿê³ ìàþòü íåïåðåðâí³ äðóã³ ïîõ³äí³ òà îáìåæåí³ óìîâîþ Ë³ïøèöÿ ç êîíñòàíòîþ Ë³ïøèöÿ ÷àñ-
òêîâî-íåïåðåðâí³ òðåò³ ïîõ³äí³. Ïðè öüîìó àïð³îðíà ³íôîðìàö³ÿ ïðî ï³ä³íòåãðàëüíó ôóíêö³þ ì³ñòèòü
ô³êñîâàí³ çíà÷åííÿ ôóíêö³¿ òà ¿¿ ïåðøî¿ ³ äðóãî¿ ïîõ³äíèõ, ÿê³ çàäàí³ ó ô³êñîâàíèõ âóçëàõ äîâ³ëüíî¿ ñ³òêè
íàáëèæåíî, ç ïåâíîþ ïîõèáêîþ. Òàêèé ñïîñ³á çàäàííÿ àïð³îðíî¿ ³íôîðìàö³¿ äàº çìîãó çâóçèòè êëàñ
ï³ä³íòåãðàëüíèõ ôóíêö³é íà òàê çâàíèé ³íòåðïîëÿö³éíèé êëàñ ôóíêö³é ³ ïîáóäóâàòè äëÿ íüîãî îïòèìàëü-
íó çà òî÷í³ñòþ êâàäðàòóðíó ôîðìóëó òà îòðèìàòè îïòèìàëüíó îö³íêó ¿¿ ïîõèáêè, çàñòîñóâàâøè ìåòîä
ãðàíè÷íèõ ôóíêö³é.

Êëþ÷îâ³ ñëîâà: ³íòåãðàëè â³ä øâèäêîîñöèëþâàëüíèõ ôóíêö³é, ³íòåðïîëÿö³éí³ êëàñè ôóíêö³é, íàáëèæå-
íî çàäàíà àïð³îðíà ³íôîðìàö³ÿ, îïòèìàëüí³ çà òî÷í³ñòþ êâàäðàòóðí³ ôîðìóëè, ìåòîä ãðàíè÷íèõ ôóíêö³é.

_________________________________________________________________________________________
Optimal integration of rapidly oscillating functions for one class of differential functions under
approximate a priori information / L.V. Luts // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1.
P. 138–148.

Abstract. The problem of calculating integrals of rapidly oscillating functions for a class of functions
with continuous second and partially continuous third derivatives limited by Lipschitz conditions with
a constant Lipschitz L is considered. The a priori information about the integrand function contains fixed values
of the function and its first and second derivatives, which are given at N fixed nodes of an arbitrary grid
approximately, with a specific error. This method of specifying a priori information narrows down the class of
integrable functions to the so-called interpolation class of functions and allows generating a quadrature formula
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optimal in terms of accuracy for it and obtaining an optimal estimate of its error by applying the method of
boundary functions.

Keywords: integrals of rapidly oscillating functions, interpolation classes of functions, approximate a priori
information, accuracy-optimal quadrature formulas, method of boundary functions.
===============================================================================

ÓÄÊ 519.8

Ïðî äåÿê³ îïòèì³çàö³éí³ âëàñòèâîñò³ îïåðàòîðà Ãàóññà–Âåºðøòðàññà / ².Â. Êàëü÷óê,
Þ.Â. Ïðèâàëîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 1. Ñ. 149–157.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó òåîð³¿ íàáëèæåííÿ ôóíêö³é ùîäî äîñë³äæåííÿ ë³í³éíèõ ìåòîä³â
ï³äñóìîâóâàííÿ ðÿä³â Ôóð’º, à ñàìå ïèòàííÿ çíàõîäæåííÿ ñåðåä íèõ îïòèìàëüíèõ ó òîìó ÷è ³íøîìó
ñåíñ³. Äëÿ âèçíà÷åííÿ îïòèìàëüíîãî ïîðÿäêó àïðîêñèìàö³¿ â ðîáîò³ âèð³øåíî äâà âàæëèâèõ ïèòàííÿ: äî-
âåäåíî, ùî îïåðàòîð Ãàóññà–Âåéºðøòðàññà º íàñè÷åíèì ìåòîäîì òà çíàéäåíî éîãî ïîðÿäîê íàñè÷åííÿ;
ïî-äðóãå, çíàéäåíî êëàñè íàñè÷åííÿ äëÿ öüîãî ìåòîäó.

Êëþ÷îâ³ ñëîâà: îïòèì³çàö³éí³ âëàñòèâîñò³ ôóíêö³é, îïåðàòîð Ãàóññà–Âåéºðøòðàññà, ïîðÿäîê íàñè÷åí-
íÿ, êëàñ íàñè÷åííÿ.
_________________________________________________________________________________________

On some optimization properties of the Gauss–Weierstrass operator / I.V. Kal’chuk, Y.V. Pryvalov //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 149–157.

Abstract. We consider the problem of the theory of function approximation concerning the analysis of
linear summation methods of Fourier series, namely finding the optimal ones in one sense or another. To
determine the optimal approximation order, the authors solve two important problems. First, the
Gauss–Weierstrass operator is proved to be a saturated method, and its saturation order is found; second,
saturation classes for this method are found.

Keywords: optimization properties of functions, Gauss–Weierstrass operator, saturation order, saturation class.
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ÓÄÊ 519.217

Àñèìïòîòèêà ïåðåõ³äíèõ ³ìîâ³ðíîñòåé íàï³âìàðêîâñüêîãî ïðîöåñó / Î.À. ßðîâà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 1. Ñ. 158–160.

Àíîòàö³ÿ. Ðîçãëÿíóòî íàï³âìàðêîâñüêèé ïðîöåñ ç íåë³í³éíèì ìíîæíèêîì íîðìóâàííÿ. Çíàéäåíî
àñèìïòîòèêó ïåðåõ³äíèõ ³ìîâ³ðíîñòåé äëÿ íàï³âìàðêîâñüêîãî ïðîöåñó. Âèçíà÷åíî ôóíêö³¿ áàãàòî-
âèì³ðíîãî ð³âíÿííÿ â³äíîâëåííÿ.

Êëþ÷îâ³ ñëîâà: íàï³âìàðêîâñüêèé ïðîöåñ, ëàíöþã Ìàðêîâà, ôóíêö³ÿ â³äíîâëåííÿ, ïåðåõ³äí³
éìîâ³ðíîñò³.
_________________________________________________________________________________________

Asymptotics of transitional probabilities of a semi-Markov process / O.A. Yarova // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 1. P. 158–160.

Abstract. The paper considers a semi-Markov process with a nonlinear normalization factor. The
asymptotics of transitional probabilities for the semi-Markov process are found. The functions of the
multidimensional renewal equation are determined.

Keywords: semi-Markov process, Markov chain, renewal function, transitional probabilities.

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

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 621.396

Îö³íþâàííÿ íàä³éíîñò³ áåçäðîòîâèõ ñåíñîðíèõ ìåðåæ ñèñòåì ìîí³òîðèíãó ë³ñîâèõ ïîæåæ ç
óðàõóâàííÿì ôàòàëüíèõ êîìá³íàö³é ìíîæèííèõ â³äìîâ ñåíñîð³â / Ê.Ì. Ëåé÷åíêî,
Ñ.Â. Ñêîðîáîãàòüêî, Ã.Â. Ôåñåíêî, Â.Ñ. Õàð÷åíêî, Ñ.Â. ßêîâëåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2025. Òîì 61, ¹ 1. Ñ. 161–173.

Àíîòàö³ÿ. Íà ï³äñòàâ³ ïðîàíàë³çîâàíèõ äæåðåë âñòàíîâëåíî, ùî îñíîâíèìè àñïåêòàìè çàñòîñóâàí-
íÿ áåçäðîòîâèõ ñåíñîðíèõ ìåðåæ (ÁÑÌ) äëÿ âèÿâëåííÿ ïîæåæ º íàä³éí³ñòü, åíåðãîåôåêòèâí³ñòü, ìåòîäè
ìàðøðóòèçàö³¿, ðîçãîðòàííÿ ñåíñîð³â òà òåõíîëîã³¿ ìîí³òîðèíãó ë³ñîâèõ ïîæåæ. Ïðåäñòàâëåíî ïðîãðàì-
íèé çàñ³á äëÿ ãåíåðàö³¿ êîíô³ãóðàö³é ÁÑÌ òà îö³íþâàííÿ ¿¿ íàä³éíîñò³ ÷åðåç ³ì³òàö³éíå ìîäåëþâàííÿ.
Íàâåäåíî ïðèêëàä çàñòîñóâàííÿ ðîçðîáëåíîãî ïðîãðàìíîãî çàñîáó äëÿ ãåíåðóâàííÿ êàðòè ïîêðèòòÿ çàäà-
íî¿ ïëîù³ ë³ñîâîãî ãîñïîäàðñòâà ñåíñîðàìè äëÿ ìîí³òîðèíãó ë³ñîâèõ ïîæåæ òà çàäàíî¿ ê³ëüêîñò³ â³äìîâ
ñåíñîð³â, à òàêîæ âèçíà÷åííÿ íà êîæí³é ³òåðàö³¿ ôàòàëüíèõ êîìá³íàö³é íåïðàöåçäàòíèõ ñåíñîð³â
(ÔÊÍÑ). Äîñë³äæåíî âïëèâ íà éìîâ³ðí³ñòü â³äìîâè ÁÑÌ ê³ëüêîñò³ â³äìîâ ¿¿ ñåíñîð³â, ê³ëüêîñò³ ÔÊÍÑ òà
ê³ëüêîñò³ íåïðàöåçäàòíèõ ñåíñîð³â ó ¿õíüîìó ñêëàä³.

Êëþ÷îâ³ ñëîâà: áåçäðîòîâà ñåíñîðíà ìåðåæà, ë³ñîâ³ ïîæåæ³, ôàòàëüí³ êîìá³íàö³¿ íåïðàöåçäàòíèõ ñåí-
ñîð³â, íàä³éí³ñòü, ³ì³òàö³éíå ìîäåëþâàííÿ, ïðîãðàìíèé çàñ³á.
_________________________________________________________________________________________
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Assessment of the reliability of wireless sensor networks for forest fire monitoring systems considering
fatal combinations of multiple sensor failures / K. Leichenko, S. Skorobohatko, H. Fesenko,
V. Kharchenko, S. Yakovlev // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 161–173.

Abstract. Based on the analyzed sources, it is established that the main aspects of the application of
wireless sensor networks (WSNs) for fire detection include reliability, energy efficiency, routing methods,
sensor deployment, and detection technologies. A software tool for generating WSN configurations and
evaluating its reliability through simulation modeling is presented. An example of using the developed software
tool to generate a map of coverage of a given forest area by sensors for monitoring forest fires and a given
number of sensor failures, as well as to determine at each iteration the fatal combinations of failed sensors
(FCFS), is given. The influence of the number of sensor failures, the number of FSCS, and the number of
inoperable sensors in the FSCS on the probability of failure of a WSN is investigated.

Keywords: wireless sensor network, forest fires, fatal combinations of failed sensors, reliability, simulation
modeling, software tool.

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

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

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 004.93:004.89

Ìîäåëü àëãîðèòì³â ðîçï³çíàâàííÿ, ÿêà áàçóºòüñÿ íà ïîðîãîâèõ ôóíêö³ÿõ îö³íö³ áëèçüêîñò³
îá’ºêò³â / Â.Ì. Îïàíàñåíêî, Ø.Õ. Ôàçèëîâ, Ì.Í. Ì³ðçàºâ, Ø.Ñ. Êàõàðîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 1. Ñ. 174–189.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïîáóäîâó ìîäåë³ àëãîðèòì³â ðîçï³çíàâàííÿ äëÿ ðîçâ’ÿçàííÿ çàäà÷ êëà-
ñèô³êàö³¿ îá’ºêò³â, ïðåäñòàâëåíèõ â îçíàêîâîìó ïðîñòîð³ âåëèêî¿ ðîçì³ðíîñò³. Çàïðîïîíîâàíî íîâèé
ï³äõ³ä äî ðîçðîáëåííÿ òàêî¿ ìîäåë³, îñíîâàíèé íà ôîðìóâàíí³ íàáîðó ðåïðåçåíòàòèâíèõ îçíàê òà âèçíà-
÷åíí³ â³äïîâ³äíî¿ ñóêóïíîñò³ òðèâèì³ðíèõ ïîðîãîâèõ ôóíêö³é ó ïðîöåñ³ ïîáóäîâè åêñòðåìàëüíîãî àëãî-
ðèòìó ðîçï³çíàâàííÿ. Íàâåäåíî ñòðóêòóðíèé îïèñ çàïðîïîíîâàíî¿ ìîäåë³ àëãîðèòì³â ðîçï³çíàâàííÿ ó
âèãëÿä³ ïîñë³äîâíîñò³ îá÷èñëþâàëüíèõ ïðîöåäóð. Çä³éñíåíî ïàðàìåòðèçàö³þ öèõ àëãîðèòì³â, ùî äàº
çìîãó â ïîäàëüøîìó ôîðìóëþâàòè ³ ðîçâ’ÿçóâàòè çàäà÷ó âèçíà÷åííÿ åêñòðåìàëüíîãî àëãîðèòìó
ðîçï³çíàâàííÿ â ìåæàõ ïîáóäîâàíî¿ ìîäåë³. Íàâåäåíî ðåçóëüòàòè ïîð³âíÿëüíîãî àíàë³çó çàïðîïîíîâàíèõ
òà â³äîìèõ àëãîðèòì³â ðîçï³çíàâàííÿ.

Êëþ÷îâ³ ñëîâà: ðîçï³çíàâàííÿ îáðàç³â, ìîäåëü àëãîðèòì³â ðîçï³çíàâàííÿ, àëãîðèòìè îá÷èñëåííÿ
îö³íîê, ï³äìíîæèíà ñèëüíîïîâ’ÿçàíèõ îçíàê, ðåïðåçåíòàòèâíà îçíàêà, òðèâèì³ðíà ãðàíè÷íà ôóíêö³ÿ.

_________________________________________________________________________________________

A model of recognition algorithms based on threshold functions for assessing proximity of objects /
V.M. Opanasenko, Sh.Kh. Fazilov, N.M. Mirzaev, Sh.S. Kakharov // Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 1. P. 174–189.

Abstract. A model of recognition algorithms for solving the problems of classifying the objects
presented in a feature space of large dimensions is constructed. A new approach to developing such a model is
proposed based on constructing a set of representative features and determining a suitable set of n/a
three-dimensional threshold functions in the process of generating an extreme recognition algorithm.
A structural description of the proposed model of recognition algorithms in the form of a sequence
of computational procedures is given. Parameterization of these algorithms has been carried out, which makes it
possible to set and solve the problem of determining an extreme recognition algorithm within the limits of the
created model. The results of a comparative analysis of the proposed and known recognition algorithms are
given.

Keywords: pattern recognition, model of recognition algorithms, algorithms for calculating estimates, subset of
strongly related features, representative feature, three-dimensional threshold function.

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

ÓÄÊ 519.6, 539.3

Ìàòåìàòè÷íà ìîäåëü ðîçâ’ÿçàííÿ êîñîñèìåòðè÷íî¿ êðàéîâî¿ çàäà÷³ äëÿ ïîñëàáëåíîãî äâîìà
íàñêð³çíèìè îòâîðàìè øàðó ç êîâçíèì çàùåìëåííÿì òîðö³â / Á.ª. Ïàí÷åíêî, Þ.Ä. Êîâàëüîâ,
À.Î. ×åïîê, Ë.Ì. Áóêàòà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 1. Ñ. 190–196.

Àíîòàö³ÿ. Íàâåäåíî íîâó ìàòåìàòè÷íó ìîäåëü ðîçâ’ÿçàííÿ ñòàòè÷íî¿ ñèìåòðè÷íî¿ êðàéîâî¿ çàäà÷³
äëÿ ïîñëàáëåíîãî äâîìà íàñêð³çíèìè îòâîðàìè øàðó ç êîâçíèì çàùåìëåííÿì òîðö³â. Ðîçðîáëåíî òà ÷è-
ñåëüíî àïðîáîâàíî íîâèé ìåòîä, îñíîâàíèé íà ñèñòåì³ øåñòè ñèíãóëÿðíèõ ³íòåãðàëüíèõ ð³âíÿíü.
Óíàñë³äîê âèñîêîòî÷íîãî ÷èñåëüíîãî äîñë³äæåííÿ âèÿâëåíî, ùî ç³ çìåíøåííÿì ì³æöåíòðîâî¿ â³äñòàí³
÷è êîåô³ö³ºíòà Ïóàññîíà â³äáóâàºòüñÿ çðîñòàííÿ â³äíîñíîãî îêðóæíîãî íàïðóæåííÿ, à ç³ çá³ëüøåííÿì
êîåô³ö³ºíòà Ïóàññîíà çä³éñíþºòüñÿ çñóâ ìàêñèìóìó â³äíîñíîãî îêðóæíîãî íàïðóæåííÿ â³ä îñíîâè øàðó
â éîãî ãëèáèíó. Ïîêàçàíî, ùî çà ïåâíî¿ êîìá³íàö³¿ ïàðàìåòð³â åôåêò ³ñíóâàííÿ â øàð³ ³íøîãî îòâîðó íå
ñïîñòåð³ãàºòüñÿ. Íàâåäåíî â³äïîâ³äí³ ãðàô³êè çàëåæíîñòåé.

Êëþ÷îâ³ ñëîâà: òðèâèì³ðí³ êðàéîâ³ çàäà÷³, ñèíãóëÿðí³ ³íòåãðàëüí³ ð³âíÿííÿ, ÷èñåëüíèé åêñïåðèìåíò,
ñòàòè÷íèé çã³í, íàñêð³çí³ îòâîðè.
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A skew-symmetric boundary value problem for a layer weakened by two through holes with sliding
sealing of the ends / B.E. Panchenko, Yu.D. Kovalev, A.O. Chepok, L.M. Bukata // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 1. P. 190–196.

Abstract. The paper presents a new mathematical model for solving a static skew-symmetric
boundary-value problem for a layer weakened by two through holes with sliding sealing of its ends. A new
method based on a system of six singular integral equations has been developed and tested numerically. As
a result of a high-precision numerical study, it was found that with a decrease in the center-to-center distance or
Poisson’s ratio, an increase in the relative circumferential stress occurs. And with an increase in the Poisson’s
ratio, the maximum relative circumferential stress shifts from the bases of the layer to its depth. Under certain
combinations of parameters, the effect of the presence of the second hole in the layer ceases to affect. The
corresponding values are given. The paper presents the respective dependency graphs.

Keywords: three-dimensional boundary-value problems, singular integral equations, numerical experiment,
static bending, through holes.
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