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ÓÄÊ 51.681.3

Ñòèñíåííÿ äàíèõ ç âèêîðèñòàííÿì ðåâåðñíèõ ìóëüòèðîçä³ëüíèêîâèõ êîä³â / À.Â. Àí³ñ³ìîâ,
Î.². Çàâàäñüêèé, Ò.Ñ. ×óäàêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 1. Ñ. 3–18.

Àíîòàö³ÿ. Ó ñòàòò³ äîñë³äæåíî á³íàðí³ ðåâåðñí³ ìóëüòèðîçä³ëüíèêîâ³ (ÐÌÐ) ñòèñêàëüí³ êîäè.
ÐÌÐ-êîäè ìàþòü íèçêó êîðèñíèõ âëàñòèâîñòåé, ÿê-îò: îäíîçíà÷íà äåêîäîâí³ñòü, ïîâíîòà, óí³âåðñàëüí³ñòü,
ñèíõðîí³çîâí³ñòü, ðîçï³çíàâàííÿ çà äîïîìîãîþ ñê³í÷åííîãî àâòîìàòà, à òàêîæ ìîæëèâ³ñòü øâèäêîãî ïîøóêó
äàíèõ ó çàêîäîâàíîìó ôàéë³. Ïîáóäîâàíî ïðîñòå ìîíîòîííå â³äîáðàæåííÿ ç ìíîæèíè ö³ëèõ íåâ³ä’ºìíèõ ÷è-
ñåë íà ìíîæèíó êîäîâèõ ñë³â, à íà éîãî îñíîâ³ — øâèäêèé ïîáàéòîâèé äåêîäóâàëüíèé àëãîðèòì. Êîìï’þ-
òåðí³ åêñïåðèìåíòè äåìîíñòðóþòü, ùî ÐÌÐ-êîä ìîæíà äåêîäóâàòè ìàéæå ç ò³ºþ ñàìîþ øâèäê³ñòþ, ùî é
êîä SCDC é ó ðàçè øâèäøå, í³æ êîä Ô³áîíà÷÷³. ßêùî ïîð³âíÿòè ç â³äîìèìè êîäàìè ïîä³áíîãî òèïó,
ÐÌÐ-êîäè äåìîíñòðóþòü êðàùèé êîåô³ö³ºíò ñòèñíåííÿ ïðèðîäíîìîâíèõ òåêñò³â (á³ëüø í³æ ó 4 ðàçè áëèæ÷å
äî åíòðîï³éíî¿ ìåæ³, í³æ SCDC). Òàêîæ îïèñàíî òåõíîëîã³þ ïåðåäîáðîáëåííÿ ïðèðîäíîìîâíèõ òåêñò³â, ÿêà
â ïîºäíàíí³ ç êîäóâàííÿì ÐÌÐ-êîäàìè ï³äâèùóº åôåêòèâí³ñòü ïîòóæíèõ ñó÷àñíèõ àðõ³âàòîð³â.

Êëþ÷îâ³ ñëîâà: ñòèñíåííÿ, àðõ³âàòîð, êîä, ìóëüòèðîçä³ëüíèêîâèé.
_________________________________________________________________________________________

Natural-language text compression using reverse multi-delimiter codes / A.V. Anisimov, I.O. Zavadskyi,
T.S. Chudakov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 3–18.

Abstract. We study a class of binary reverse multi-delimiter (RMD) data compression codes in
application to natural language text compression. The RMD-codewords start with delimiters, i.e., prefixes of the
form 01 0m that cannot occur in other places of the codeword. The position of the delimiter in an RMD
codeword differs from its position in “direct” multi-delimiter (MD) codes, where delimiters are codeword
suffixes. RMD and MD codes possess many useful properties, such as unique decodability, completeness,
universality, synchronizability, asymptotic densities, and finite automaton acceptability. For RMD-codes, we
construct a monotonic mapping from the set of natural numbers to the set of codewords. For original MD-codes,
hitherto, this was an open question. The discovered mapping and the byte quantification of a decoding automaton
allow us to develop very fast byte-aligned algorithms for decoding and direct Boyer–Moore style search in
compressed files. Compared with the known byte (SCDC) and Fibonacci codes, RMD codes demonstrate the best
compression ratio on natural language texts (more than four times closer to the entropy bound than that of SCDC).
Computer experiments demonstrate that RMD codes can be decoded almost as fast as SCDC and times faster than
Fibonacci codes. In natural language text compression, we also practiced the RMD-encoding as a preprocessing
tool, which improves the performance of the known modern powerful archivers.

Keywords: compression, archiver, code, multi-delimiter.
===============================================================================

ÓÄÊ 007+004.8

Îñîáëèâîñò³ ñòâîðåííÿ øòó÷íîãî ³íòåëåêòó çàñîáàìè ³íôîðìàòèêè òà ê³áåðíåòèêè / Â.Ï. Áîþí //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 1. Ñ. 19–31.

Àíîòàö³ÿ. Âèçíà÷åíî îñîáëèâîñò³ é óòî÷íåíî ñôåðè çàñòîñóâàííÿ íàóêîâèõ ìåòîä³â ³íôîðìàòèêè
òà ê³áåðíåòèêè íà îñíîâ³ âèçíà÷åíîãî Â.Ì. Ãëóøêîâèì ïîíÿòòÿ ³íôîðìàö³¿, à òàêîæ çàçíà÷åíî, ùî ïî-
íÿòòÿ «øòó÷íèé ³íòåëåêò» íàëåæèòü öèì íàóêîâèì ãàëóçÿì. Äîâåäåíî íåìîæëèâ³ñòü âèêîðèñòàííÿ òðà-
äèö³éíèõ òåîðåòè÷íèõ ³ ïðàêòè÷íèõ îñíîâ äèñêðåòèçàö³¿, êâàíòóâàííÿ é êîäóâàííÿ ñèãíàë³â ó ñèñòåìàõ
ðåàëüíîãî ÷àñó òà íàãîëîøåíî íà ïîòðåá³ ó ðîçðîáëåíí³ íîâèõ òåîðåòè÷íèõ îñíîâ íà áàç³ ì³ðè çì³í äëÿ
ê³áåðíåòè÷íèõ ñèñòåì. Çàïðîïîíîâàíî ñë³äêóâàëüíó ìîäåëü àíàëîãî-³íêðåìåíòíîãî ïåðåòâîðåííÿ íåïå-
ðåðâíèõ ñèãíàë³â ç ïðèðîñòàìè, êðàòíèìè ñòåïåíåâ³ 2, òà ìåòîäè ¿õíüîãî óçãîäæåííÿ ³ç çàñîáàìè îáðîá-
ëåííÿ ³íôîðìàö³¿. Íàãîëîøåíî íà äîö³ëüíîñò³ âèêîðèñòàííÿ äèíàì³÷íî¿ òåîð³¿ ³íôîðìàö³¿ íà îñíîâ³ �-åí-
òðîï³¿ äëÿ âèä³ëåííÿ êîðèñíî¿ (äèíàì³÷íî¿) ³íôîðìàö³¿ ³ç ñèãíàë³â, çîáðàæåíü, â³äåî, ³òåðàö³éíèõ ïðî-
öåñ³â ³ âçàãàë³ ç äàíèõ ïðî çì³íè â åâîëþö³éíèõ ïðîöåñàõ. Çàïðîïîíîâàíî ï³äõîäè äî ñèíòåçó íîâèõ
òåõí³÷íèõ ð³øåíü íà îñíîâ³ ìåòîäó ïðèðîñò³â çíàíü. Âèçíà÷åíî îñîáëèâîñò³ ñòâîðåííÿ øòó÷íîãî ³íòå-
ëåêòó ìåòîäàìè ³íôîðìàòèêè ³ ê³áåðíåòèêè òà íåîáõ³äí³ñòü ¿õíüî¿ ñèíåðã³¿ ç ³íøèìè ãàëóçÿìè íàóê.

Êëþ÷îâ³ ñëîâà: ³íôîðìàòèêà, ê³áåðíåòèêà, ³íôîðìàö³ÿ, øòó÷íèé ³íòåëåêò, îá÷èñëþâàëüíà òåõí³êà, ñòàòè÷-
íà ³íôîðìàö³ÿ, äèíàì³÷íà ³íôîðìàö³ÿ, ì³ðà çì³í, �-åíòðîï³ÿ, ³íôîðìàòèâí³ñòü, ïðèðîñòè çíàíü, åâðèñòèêè.
_________________________________________________________________________________________

Features of creation of artificial intelligence using informatics and cybernetics / V.P. Boyun // Kibernetyka
ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 19–31.

Abstract. Peculiarities are determined, and scopes of application of the methods of informatics and
cybernetics are specified based on V.M. Glushkov’s definition of the concept of information. The concept of
artificial intelligence is noted to belong to these branches of science. The impossibility of using the traditional
theoretical and practical foundations of discretization, quantization, and signal transmission in real-time systems
and the need to develop new theoretical foundations based on the measure of changes for cybernetic systems
have been proved. A tracking model of analog-incremental transformation of continuous signals with increments,
multiple of the degree of 2, and methods of their coordination with the information processing means are
proposed. The basis of the dynamic theory of information based on �-entropy is proposed for excreting useful
(dynamic) information from signals, images, videos, iterative processes and, in general, from the data on
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changes in evolutionary processes. Approaches to the synthesis of new technical solutions based on the method
of knowledge increments are proposed. The peculiarities of creating artificial intelligence by the methods of
informatics and cybernetics and the need for their synergy with other fields of science are determined.

Keywords: computer science, cybernetics, information, artificial intelligence, computational technique, statistic
information, dynamic information, measure of change, �-entropy, information, knowledge gain, heuristics.
===============================================================================

ÓÄÊ 51.681.3

Àíàë³ç ïðèðîäíîìîâíèõ çíàíü â óìîâàõ íåâèçíà÷åíîñò³ íà îñíîâ³ äåñêðèïòèâíèõ ëîã³ê /
Ñ.Ë. Êðèâèé, Ã.². Ãîãåð÷àê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 1. Ñ. 32–47.

Àíîòàö³ÿ. Ïðåäñòàâëåíî îãëÿä çàñîá³â îïèñó òà ôîðìàëüíîãî àíàë³çó çíàíü, äîáóòèõ ç ïðèðîäíîìîâ-
íîãî òåêñòó ç ìîæëèâèìè íåâèçíà÷åíîñòÿìè. Ðîçãëÿíóòî ñ³ì’þ êëàñè÷íèõ àòðèáóòèâíèõ ìîâ ³ ëîã³ê, ÿê³ íà
íèõ ´ðóíòóþòüñÿ, âëàñòèâîñò³ öèõ ëîã³ê, ïðîáëåìè ³ ñïîñîáè ¿õíüîãî ðîçâ’ÿçàííÿ. Ïðåäñòàâëåíî îãëÿä ïðî-
ïîçèö³éíèõ n-çíà÷íèõ ëîã³ê ³ íå÷³òêèõ ëîã³ê, ¿õíüîãî ñèíòàêñèñó ³ ñåìàíòèêè. Íà îñíîâ³ ðîçãëÿíóòèõ êî-
íñòðóêö³é öèõ ëîã³ê çàïðîïîíîâàíî ñèíòàêñèñ ³ òåîðåòèêîìíîæèííó ³íòåðïðåòàö³þ äåñêðèïòèâíî¿ n-çíà÷-
íî¿ ëîã³êè ALCOn, ÿêà îïèñóº âëàñòèâîñò³ êîíöåïò³â çà äîïîìîãîþ îïåðàö³é ïåðåòèíó, îá’ºäíàííÿ, äîïîâ-
íåííÿ òà îáìåæåíèõ êâàíòîð³â. Ðîçãëÿíóòî çàñîáè ðîçâ’ÿçàííÿ êëþ÷îâèõ ïðîáëåì äëÿ òàêèõ ëîã³ê:
âèêîí¿íí³ñòü, ðîçøèðåííÿ, åêâ³âàëåíòí³ñòü òà äèç’þíêòèâí³ñòü. ßê àëãîðèòì äëÿ îá÷èñëåííÿ ñòóïåíÿ âèêî-
íóâàíîñò³ çàïðîïîíîâàíî çàñòîñóâàòè ðîçøèðåíèé àëãîðèòì ñåìàíòè÷íîãî òàáëî, ÿêèé âèêîðèñòîâóþòü ó
ëîã³ö³ ïðåäèêàò³â ïåðøîãî ïîðÿäêó äëÿ ðîçâ’ÿçàííÿ ïðîñòèõ ÷èñëîâèõ îáìåæåíü. Äîâåäåíî, ùî ïðîïîíî-
âàíèé àëãîðèòì º òåðì³íàëüíèì, ïîâíèì ³ íåñóïåðå÷íèì. Íàâåäåíî ïðèêëàäè çàñòîñóâàííÿ äëÿ ôîðìàëüíî-
ãî ïðåäñòàâëåííÿ é îáðîáëåííÿ ïðèðîäíîìîâíîãî òåêñòó, ÿê³ ì³ñòÿòü äåÿê³ ðåçóëüòàòè ìîäåëåé ìàøèííîãî
íàâ÷àííÿ, êîìá³íóâàííÿ çíàíü ç áàãàòüîõ äæåðåë ³ ôîðìàëüíèé îïèñ ñóìí³âíèõ ôàêò³â.

Êëþ÷îâ³ ñëîâà: áàçà çíàíü, äåñêðèïòèâí³ ëîã³êè, íå÷³òê³ ëîã³êè, n-çíà÷í³ ëîã³êè, îáðîáëåííÿ ïðèðîäíî-
ìîâíèõ òåêñò³â, äîáóâàííÿ çíàíü
_________________________________________________________________________________________

Analyzing natural-language knowledge under uncertainty on the basis of description logic / S. Kryvyi,
H. Hoherchak // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 32–47.

Abstract. The article overviews the means for describing and formally analyzing natural-language text
knowledge under uncertainty. We consider a family of classic attribute languages and logics based on them,
their properties, problems, and solution tools. We also give an overview of propositional n-valued logics and
fuzzy logics, their syntax, and semantics. Based on the considered logical constructions, we propose syntax and
set-theoretic interpretation of n-valued description logic ALCOn that provides means for describing concept
intersection, union, complement, value restrictions, and qualitative and quantitative constraints. We consider the
means for solving key problems of reasoning over such logics: executability, augmentation, equivalence, and
disjunctivity. As an algorithm for calculating executability degree, we consider an extension of the tableau
algorithm often used for first-order logic with solving simple numerical constraints. We prove that the
algorithm is finite, complete, and non-contradictory. We also provide several applications for the provided
formal representation in natural language processing, including extending results of machine learning models,
combining knowledge from multiple sources, and formally describing uncertain facts.

Keywords: knowledge bases, description logics, fuzzy logics, n-valued logics, natural language processing,
knowledge extraction.
===============================================================================

ÓÄÊ 004.942, 519.177, 519.233.3

Ïðî îäèí êëàñ âèïàäêîâèõ ìàòðèöü / Î.Ë. Êèðè÷åíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024.
Òîì 60, ¹ 1. Ñ. 48–54.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìåòîäè îö³íþâàííÿ ðîçïîä³ëó åëåìåíò³â ñòîõàñòè÷íî¿ ìàòðèö³ ç ïðèïóùåííÿì
ïðî åêñïîíåíö³àëüíèé ðîçïîä³ë åëåìåíò³â â³äïîâ³äíî¿ ìàòðèö³ ñóì³æíîñò³ ãðàôó. Îïèñàíî äâà âèïàäêè,
â ïåðøîìó ç ÿêèõ çðîáëåíî ïðèïóùåííÿ ïðî îäíîð³äí³ñòü óñ³õ âåðøèí ãðàôó, à â äðóãîìó — ïðî íå-
îäíîð³äí³ñòü ðîçïîä³ëó âåðøèí ç â³äïîâ³äíèì îá÷èñëåííÿì ù³ëüíîñòåé åëåìåíò³â. Äëÿ â³äïîâ³äíèõ ðîç-
ïîä³ë³â ñôîðìóëüîâàíî òåñòè ïåðåâ³ðêè ã³ïîòåçè ïðî íàëåæí³ñòü äâîõ âåðøèí ãðàôó òîìó ñàìîìó êëàñòåðó.

Êëþ÷îâ³ ñëîâà: âèïàäêîâà ìàòðèöÿ, øòó÷íèé ³íòåëåêò, äèñêðåòíèé ëàíöþã Ìàðêîâà, bootstrap-ìåòîä,
³íôîðìàö³ÿ çà Ô³øåðîì.
_________________________________________________________________________________________

A class of random matrices / O.L. Kyrychenko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1.
P. 48–54.

Abstract. The paper examines methods for assessing the distribution of elements in a stochastic matrix
assuming an exponential distribution of elements in the corresponding adjacency matrix of a graph. Two cases
are considered: the first assumes homogeneity of all graph vertices, while the second assumes heterogeneity in
the distribution of vertices with corresponding density calculations. Hypothesis testing tests are formulated for
the respective distributions to determine the membership of two graph vertices in the same cluster.

Keywords: random matrix, artificial intelligence, discrete Markov chain, bootstrap method, Fisher information.
===============================================================================
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ÓÄÊ 004.94.2

Óäîñêîíàëåíà ìîäåëü ïàðàëåëüíîãî àëãîðèòìó ñîðòóâàííÿ ç ôîðìóâàííÿì ðàíã³â /
Ò.Á. Ìàðòèíþê, Á.². Êðóê³âñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 1. Ñ. 55–60.

Àíîòàö³ÿ. Óäîñêîíàëåíî ìîäåëü ïàðàëåëüíîãî ñîðòóâàííÿ ìàñèâó ÷èñåë ç ðàíæóâàííÿì íà áàç³ îä-
íî÷àñíîãî çàñòîñóâàííÿ øâèäê³ñíèõ îïåðàö³é äåêðåìåíòó/³íêðåìåíòó â³äïîâ³äíî äî ìàñèâó ÷èñåë ³ ìà-
ñèâó ¿õí³õ ðàíã³â. Ïðèñêîðåííÿ çàïðîïîíîâàíîãî àëãîðèòìó äîñÿãàºòüñÿ çàâäÿêè ô³êñóâàííþ ðåçóëüòàòó
îáíóë³ííÿ (n-1) åëåìåíò³â ìàñèâó ÷èñåë çàì³ñòü ïîâíîãî éîãî îáíóë³ííÿ. Íàâåäåíî îïèñ àëãîðèòìó ïàðà-
ëåëüíîãî ñîðòóâàííÿ ç ôîðìóâàííÿì ðàíã³â ó êîìïàêòí³é ôîðì³ ç âèêîðèñòàííÿì áàçèñó ñèñòåìè àëãî-
ðèòì³÷íèõ àëãåáð (ÑÀÀ) Ãëóøêîâà.

Êëþ÷îâ³ ñëîâà: ñèñòåìà àëãîðèòì³÷íèõ àëãåáð, ïàðàëåëüíå ñîðòóâàííÿ, ìàñêà, ðàíã, äåêðåìåíò/³íêðåìåíò.
_________________________________________________________________________________________

Advanced model of parallel sorting algorithm with rank formation / T.B. Martyniuk, B.I. Krukivskyi //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 55–60.

Abstract. The model of parallel sorting of a number array with ranking based on the simultaneous application
of high-speed decrement/increment operations according to the array of numbers and the array of their ranks is
improved. Acceleration of the proposed algorithm is achieved by fixing the result of zeroing (n-1) elements of the
number array instead of its complete zeroing. The description of the algorithm of parallel sorting with the formation
of ranks in a compact form using the basis Glushkov’s system of algorithmic algebras (SAA) is given.

Keywords: system of algorithmic algebras, parallel sorting, mask, rank, decrement/increment.
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.21

Âèçíà÷åííÿ êóñêîâî-ë³í³éíîãî òðåíäó íåñòàö³îíàðíîãî ÷àñîâîãî ðÿäó íà îñíîâ³ ³íòåëåêòóàëüíîãî
àíàë³çó äàíèõ. ². Îïèñ òà îá´ðóíòóâàííÿ ìåòîäó / Ï.Ñ. Êíîïîâ, À.Ñ. Êîðõ³í // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 1. Ñ. 61–72.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ðîçãëÿäàòè òðåíä íåñòàö³îíàðíîãî ÷àñîâîãî ðÿäó ÿê ë³í³éíó ðåãðåñ³þ ç
íåâ³äîìèìè òî÷êàìè ïåðåìèêàííÿ. Îïèñàíî òà îáãðóíòîâàíî ìåòîä îö³íþâàííÿ òî÷îê ïåðåìèêàííÿ, ùî
áàçóºòüñÿ íà ³íòåëåêòóàëüíîìó àíàë³ç³ äàíèõ ç âèêîðèñòàííÿì ñòàòèñòè÷íèõ êðèòåð³¿â.

Êëþ÷îâ³ ñëîâà: ë³í³éíà ðåãðåñ³ÿ, àëãîðèòì, ÷àñîâèé ðÿä, òðåíä, ìåòîäè, ìàòåìàòè÷íå ïðîãðàìóâàííÿ.
_________________________________________________________________________________________

Determining a piecewise linear trend of a nonstationary time series based on intelligent data analysis. I.
Description and justification of the method / P.S. Knopov, A.S. Korkhin // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 1. P. 61–72.

Abstract. The problem of identifying the trend of a non-stationary time series is often encountered in
various applications. In the article, this trend is proposed to be represented as a linear regression with unknown
switching points. Typically, such a regression is built using mathematical programming methods. Moreover, the
desired variables are mixed variables, which significantly complicates the problem’s solution. The article proposes
a different approach based on data mining using statistical criteria. The algorithms described in the article are used
to solve a number of problems, including one practical problem. The calculations showed satisfactory accuracy.

Keywords: linear regression, algorithm, time series, trend, methods, mathematical programming.
===============================================================================

ÓÄÊ 517.9: 519.6

Äåÿê³ êðàéîâ³ çàäà÷³ äðîáîâî-äèôåðåíö³éíî¿ ô³ëüòðàö³éíî¿ äèíàì³êè ùîäî á³ïàðàáîë³÷íî¿
ìàòåìàòè÷íî¿ ìîäåë³ / Â.Ì. Áóëàâàöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 1. Ñ. 73–86.

Àíîòàö³ÿ. Îäåðæàíî çàìêíåí³ ðîçâ’ÿçêè äåÿêèõ îäíîâèì³ðíèõ êðàéîâèõ çàäà÷ ìîäåëþâàííÿ àíî-
ìàëüíî¿ ô³ëüòðàö³éíî¿ äèíàì³êè â øàðóâàòîìó ãåîïîðèñòîìó ñåðåäîâèù³ â ìåæàõ äðîáîâî-äèôå-
ðåíö³éíîãî óçàãàëüíåííÿ á³ïàðàáîë³÷íîãî åâîëþö³éíîãî ð³âíÿííÿ ç ÷àñòèííèìè ïîõ³äíèìè 4-ãî ïîðÿäêó.
Çîêðåìà, íàâåäåíî ïîñòàíîâêè òà ðîçâ’ÿçàííÿ ïðÿìî¿ ³ îáåðíåíî¿ ìîäåëüíèõ êðàéîâèõ çàäà÷
ãåîô³ëüòðàö³éíî¿ äèíàì³êè íà îñíîâ³ ìàòåìàòè÷íî¿ ìîäåë³ ç óìîâàìè ñïðÿæåííÿ òà âèçíà÷åíî óìîâè
³ñíóâàííÿ ðåãóëÿðíèõ ðîçâ’ÿçê³â öèõ çàäà÷.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, äðîáîâî-äèôåðåíö³éíà äèíàì³êà ãåîô³ëüòðàö³éíèõ ïðî-
öåñ³â, íåêëàñè÷í³ ìîäåë³, á³ïàðàáîë³÷íå åâîëþö³éíå ð³âíÿííÿ, äðîáîâî-äèôåðåíö³éíèé àíàëîã á³ïàðà-
áîë³÷íîãî åâîëþö³éíîãî ð³âíÿííÿ, íåñòàö³îíàðí³ êðàéîâ³ çàäà÷³ íà ñê³í÷åííîìó ïðîì³æêó, ïðÿìà òî îá-
åðíåíà çàäà÷³, óìîâè ñïðÿæåííÿ, çàìêíåí³ ðîçâ’ÿçêè.
_________________________________________________________________________________________

Some boundary-value problems of fractional differential filtration dynamics with regard to biparabolic
mathematical model / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 73–86.

Abstract. Closed-form solutions are obtained to some one-dimensional boundary-value problems for
modeling anomalous filtration dynamics in a layered geoporous medium, posed within the framework of the
fractional-differential generalization of the biparabolic evolutionary partial differential equation of the fourth
order. In particular, the formulation and solution of the direct and inverse model boundary-value problems of
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geofiltration dynamics based on the mathematical model with conjugation conditions are presented, and the
conditions of the existence of regular solutions to these problems are defined.

Keywords: mathematical modeling, fractional-differential dynamics of geofiltration processes, nonclassical
models, biparabolic evolutionary equation, fractional-differential analog of the biparabolic evolutionary
equation, nonstationary boundary-value problems on a finite interval, direct and inverse problems, conjugation
conditions, closed-form solutions.
===============================================================================

ÓÄÊ 519.168; 519.854.3

Ìåòîäîëîã³ÿ ìàòåìàòè÷íîãî ìîäåëþâàííÿ ïåðñïåêòèâíîãî ðîçâèòêó âóçë³â ³ òðàíñïîðòíèõ
ìàðøðóò³â ó áàãàòîïðîäóêòîâ³é ³ºðàðõ³÷í³é ìåðåæ³. i. çàäà÷³ îïòèì³çàö³¿ / Â.Î. Âàñÿí³í,
Î.Ì. Òðîôèì÷óê, Ë.Ï. Óøàêîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 1. Ñ. 87–101.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîäîëîã³þ ìàòåìàòè÷íîãî ìîäåëþâàííÿ ïîåòàïíîãî ðîçâèòêó âóçë³â i
òðàíñïîðòíèõ ìàðøðóò³â â ³ºðàðõ³÷í³é ìåðåæ³ ç áàãàòîïðîäóêòîâèìè äèñêðåòíèìè ïîòîêàìè êîðåñïîí-
äåíö³é. Öÿ ìåòîäîëîã³ÿ ´ðóíòóºòüñÿ íà ðîçâ’ÿçàíí³ çàäà÷ îïòèì³çàö³¿ ñòðóêòóðè çàçíà÷åíî¿ ìåðåæ³ òà ðîç-
ïîä³ëó ïîòîê³â. ßê ïðàâèëî, òàê³ ìåðåæ³ ñêëàäàþòüñÿ ç äåöåíòðàë³çîâàíî¿ ìàã³ñòðàëüíî¿ ìåðåæ³ òà ìåðåæ
ó âíóòð³øí³õ çîíàõ îáñëóãîâóâàííÿ ìàã³ñòðàëüíèõ âóçë³â. Ó áàãàòîïðîäóêòîâ³é ìåðåæ³ êîæåí âóçîë
ìîæå îáì³íþâàòèñÿ êîðåñïîíäåíö³ÿìè (ïðîäóêòàìè, òîâàðàìè, âàíòàæàìè, ïîâ³äîìëåííÿìè) ç ³íøèìè
âóçëàìè. Êîðåñïîíäåíö³ÿ õàðàêòåðèçóºòüñÿ âóçëîì-äæåðåëîì, âóçëîì-ñòîêîì òà âåëè÷èíîþ, ÿêó äëÿ ìå-
ðåæ ïåðåäà÷³ äàíèõ çàäàíî ê³ëüê³ñòþ áàéò, ê³ëîáàéò òîùî, à äëÿ òðàíñïîðòíèõ ìåðåæ — ê³ëüê³ñòþ òàð-
íî-øòó÷íèõ âàíòàæ³â â óïàêîâö³ óí³ô³êîâàíîãî ðîçì³ðó. Ó ìàã³ñòðàëüí³é ìåðåæ³ âñ³ êîðåñïîíäåíö³¿ ïå-
ðåäàþòüñÿ êàíàëàìè çâ’ÿçêó àáî òðàíñïîðòóþòüñÿ òðàíñïîðòíèìè çàñîáàìè ó òðàíñïîðòíèõ áëîêàõ çàäà-
íîãî ðîçì³ðó (ºìíîñò³, îáñÿãó). Ðîçãëÿíóòî îñíîâí³ ïîñòóëàòè ïîáóäîâè ìàòåìàòè÷íî¿ ìîäåë³
ïåðñïåêòèâíîãî ðîçâèòêó ìàã³ñòðàëüí³é ìåðåæ³ òà íàâåäåíî ìåòîäèêó ìàòåìàòè÷íîãî ìîäåëþâàííÿ ïîå-
òàïíîãî ðîçâèòêó âóçë³â ³ òðàíñïîðòíèõ ìàðøðóò³â, ÿêà äëÿ êîæíîãî åòàïó ðîçâèòêó âêëþ÷àº ïðîãíîçó-
âàííÿ äàíèõ ³ ïàðàìåòð³â ìåðåæ³, ðîçâ’ÿçàííÿ çàäà÷³ ïàêóâàííÿ êîðåñïîíäåíö³é ³ âèá³ð ñòðóêòóðè ìå-
ðåæ³, ðîçâ’ÿçàííÿ çàäà÷³ ðîçïîä³ëó òà ìàðøðóòèçàö³¿ ïîòîê³â òðàíñïîðòíèõ áëîê³â.

Êëþ÷îâ³ ñëîâà: áàãàòîïðîäóêòîâ³ ³ºðàðõ³÷í³ ìåðåæ³, äèñêðåòíi ïîòîêè, çàäà÷³ êîìá³íàòîðíî¿
îïòèì³çàö³¿, ìàòåìàòè÷í³ ìîäåë³, êîìï’þòåðíå ìîäåëþâàííÿ
_________________________________________________________________________________________

Methodology of the mathematical modeling for perspective development of nodes and transport routes in
a multicommodity hierarchical network. I. Optimization problems / V.A. Vasyanin, O.M. Trofymchuk,
L.P. Ushakova // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 87–101.

Abstract. The paper proposes a methodology for mathematical modeling of the step-by-step development
of nodes and transport routes in a hierarchical network with multicommodity discrete flows of correspondence
based on solving the problems of optimizing its structure and distribution of flows. As a rule, such networks
consist of a decentralized trunk network and networks in the internal service areas of trunk nodes. In a
multicommodity network, each node can exchange correspondence (products, goods, cargo, messages) with
other nodes. Correspondence is characterized by a source node, a sink node, and a quantity, which for data
transmission networks is given by the number of bytes, kilobytes, etc., and for transport networks by the
number of cargo units in a package of uniform size. In the trunk network, all correspondence is transmitted via
communication channels or transported in vehicles in transport blocks of a given size (capacity, volume). The
authors considered the main postulates of generating a mathematical model of the perspective development of
the trunk network and gave a method of mathematical modeling of the step-by-step development of nodes and
transport routes, which includes, for each stage of development, the forecasting of data and network parameters,
solving the problem of packing correspondence and choosing the structure of the network, solving the problem
of distribution and routing of flows of transport blocks.

Keywords: multicommodity hierarchical networks, discrete flows, combinatorial optimization problems,
mathematical models, computer simulation.
===============================================================================

ÓÄÊ 519.21

Äåÿê³ ìîäåë³ îïòèì³çàö³¿ ð³âíÿ çàïàñ³â ó ëîã³ñòè÷íèõ ïðîöåñàõ / Î.À. Âîéíà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 1. Ñ. 102–117.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷³ îïòèìàëüíîãî êåðóâàííÿ çàïàñàìè â óìîâàõ íåâèçíà÷åíîñò³ òà çàïðî-
ïîíîâàíî ï³äõîäè äî ïîáóäîâè ñòðàòåã³é, áëèçüêèõ äî îïòèìàëüíèõ, ó ìîäåëÿõ ³ç çîâí³øí³ì ïîñòà÷àí-
íÿì ðåñóðñ³â. Ðîçãëÿíóòî, çîêðåìà, ïîêðîêîâå óçàãàëüíåííÿ â³äïîâ³äíèõ äåòåðì³íîâàíèõ çàäà÷ ââåäåí-
íÿì äî íèõ åëåìåíò³â íåâèçíà÷åíîñò³. Íà ïðèêëàäàõ êîíêðåòíèõ ïðîöåñ³â çàïàñàííÿ â ëîã³ñòè÷íèõ ñèñòå-
ìàõ, ùî õàðàêòåðèçóþòüñÿ íàÿâí³ñòþ ìîìåíò³â ðåãåíåðàö³¿, ïðî³ëþñòðîâàíî ìåòîäîëîã³þ
àíàë³òèêî-êîìï’þòåðíîãî ìîäåëþâàííÿ òà àëãîðèòìè çíàõîäæåííÿ îïòèìàëüíèõ ðîçâ’ÿçê³â.

Êëþ÷îâ³ ñëîâà: ëîã³ñòè÷í³ ïðîöåñè, êåðóâàííÿ çàïàñàìè, ðîçâ’ÿçêè â óìîâàõ íåâèçíà÷åíîñò³, çîâí³øíº
ïîñòà÷àííÿ, îïòèìàëüíà ñòðàòåã³ÿ, êîìï’þòåðíå ìîäåëþâàííÿ.
_________________________________________________________________________________________

Some models of inventory level optimization in logistics processes / O.A. Voina // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 1. P. 102–117.

Abstract. The problems of optimal inventory control under uncertainty are considered. The approaches to
the construction of nearly optimal strategies in models with external support of resources are proposed. The
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examples of stockpiling processes in logistics systems, which are characterized by the existence of moments of
regeneration, illustrate the methodology of analytical computer modeling and algorithms for finding optimal solutions.

Keywords: logistics processes, inventory control, decisions under uncertainty, external supply, optimal
strategy, computer modeling.
===============================================================================

ÓÄÊ 519.7

Îïòèì³çàö³ÿ óïðàâë³ííÿ ñâ³òîâîþ ÔÅÑ òà êîðåãóâàííÿ ¿¿ äèíàì³êè ç óðàõóâàííÿì ô³íàíñîâèõ
ïîòîê³â äåöåíòðàë³çîâàíèõ âàëþò / Â.Â. Õèëåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60,
¹ 1. Ñ. 118–124.

Àíîòàö³ÿ. Çàïðîïîíîâàíî êîðåãóâàííÿ òà äîñë³äæåíî ì³íëèâ³ñòü ìàòåìàòè÷íèõ ìîäåëåé äèíàì³êè
ñâ³òîâî¿ ô³íàíñîâî-åêîíîì³÷íî¿ ñèñòåìè (ÔÅÑ), ñïðè÷èíåíî¿ ô³íàíñîâèìè ïîòîêàìè ðóõó êàï³òàëó äå-
öåíòðàë³çîâàíèõ âàëþò. Òàê³ ìîäåë³ ïîáóäîâàíî çà ìàòðèöåþ ïåðåõðåñíîãî òðàíñêîðäîííîãî ïåðåì³ùåí-
íÿ êàï³òàëó. ¯õ âèêîðèñòîâóþòü äëÿ âèçíà÷åííÿ êåðóâàëüíèõ âïëèâ³â ðåãóëÿòîð³â, íàïðàâëåíèõ íà
îïòèì³çàö³þ óïðàâë³ííÿ ñâ³òîâîþ ÔÅÑ äëÿ çàõèñòó â³ä êðèç. Äîñë³äæåíî ìàòåìàòè÷í³ çàäà÷³, ïîâ’ÿçàí³ ç
îñîáëèâîñòÿìè òà êîðåêö³ºþ ìîäåëåé. Íàâåäåíî ðîçðàõóíêè çì³íè âëàñíèõ çíà÷åíü ìîäåëüíèõ ìàòðèöü
çà óìîâ ïåðåì³ùåííÿ, ðóõó êàï³òàëó äåöåíòðàë³çîâàíèõ âàëþò.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, ñâ³òîâà (ãëîáàëüíà) ô³íàíñîâî-åêîíîì³÷íà ñèñòåìà, îïòèì³çàö³ÿ
óïðàâë³ííÿ, ìàòðèöÿ òðàíñêîðäîííîãî ïåðåì³ùåííÿ êàï³òàëó, ÷èñåëüí³ ìåòîäè, äåöåíòðàë³çîâàí³ âàëþòè.
_________________________________________________________________________________________

Optimizing the management of the world FES and adjusting its dynamics, taking into account the
financial flows of decentralized currencies / V. Khilenko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60,
N 1. P. 118–124.

Abstract. The author proposes an adjustment and analyzes the variability of the mathematical models of
the dynamics of the world financial and economic system (FES) caused by financial flows of capital movements
of decentralized currencies. These models are generated based on the matrix of cross-border movement of
capital and are used to calculate the governing influences of regulators, aimed at optimizing the management of
the world FES for anti-crisis protection. Computational problems related to the mathematical features and
correction of models are analyzed. Calculations of changes in the eigenvalues of the model matrices during
capital flows of decentralized currencies are given.

Keywords: mathematical modeling, world (global) financial and economic system, management optimization,
cross-border capital movement matrix, numerical methods, decentralized currencies.
===============================================================================

ÓÄÊ 519.6

Çàäà÷à ìîäåëþâàííÿ ðóõó ãåòåðîãåííèõ ïîòîê³â ëþäåé ÿê çàäà÷à ãåîìåòðè÷íîãî ïðîºêòóâàííÿ /
Â.Ì. Êîìÿê, Â.Â. Êîìÿê, Ê.Ò. Êÿç³ìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 1. Ñ. 125–133.

Àíîòàö³ÿ. Ïîêàçàíî, ùî îäí³ºþ ç àêòóàëüíèõ ïðèêëàäíèõ çàäà÷ êëàñó ãåîìåòðè÷íîãî ïðîºêòóâàí-
íÿ º çàäà÷à ìîäåëþâàííÿ ðóõó ãåòåðîãåííèõ ïîòîê³â ëþäåé. Çàïðîïîíîâàíî ìàòåìàòè÷íó ìîäåëü, ìåòîäè
òà àëãîðèòìè ìîäåëþâàííÿ ðóõó ãåòåðîãåííèõ ïîòîê³â ëþäåé, ùî ´ðóíòóþòüñÿ íà çàñòîñóâàíí³ ìåòîä³â
ëîêàëüíî¿ îïòèì³çàö³¿ ïåðåì³ùåííÿ ãåîìåòðè÷íèõ îá’ºêò³â ç óðàõóâàííÿì çì³íè ¿õíüî¿ ïðîñòîðîâî¿ ôîð-
ìè òà ìåòðè÷íèõ õàðàêòåðèñòèê. Ö³ àëãîðèòìè áàçóþòüñÿ íà àíàë³òè÷íîìó îïèñ³ óìîâ íåïåðåòèíó
îá’ºêò³â ç óðàõóâàííÿì ¿õí³õ íåïåðåðâíèõ òðàíñëÿö³é òà îáåðòàíü.

Êëþ÷îâ³ ñëîâà: êîíô³ãóðàö³éíèé ïðîñò³ð, óçàãàëüíåí³ çì³íí³, ðîçì³ùåííÿ, ìîäåëþâàííÿ ðóõó ïîòîê³â
ëþäåé, ìàòåìàòè÷íà ìîäåëü.
_________________________________________________________________________________________

Modeling the movement of heterogeneous flows of people as a geometric design problem / V.M. Komyak,
V.V. Komyak, K.T. Kyazimov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 125–133.

Abstract. The problem of modeling the movement of heterogeneous flows of people is shown to be one
of the topical applied problems of the class of geometric design. The paper proposes a mathematical model,
methods, and algorithms for modeling the movement of heterogeneous flows of people based on local
optimization methods for the movement of geometric objects, taking into account changes in their spatial shape
and metric characteristics. These algorithms are based on an analytical description of the conditions for
non-intersection of objects, taking into account their continuous translations and rotations.

Keywords: configuration space, generalized variables, placement, modeling of the movement of human flows,
mathematical model.
===============================================================================

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 004.89

Îñíîâè ìåòîäó êîìïëåêñíîãî âèêîðèñòàííÿ íåéðîìåðåæåâî¿ òà îíòîë³íãâ³ñòè÷íî¿ ïàðàäèãì /
Î.Â. Ïàëàã³í, Â.Â. Êàâåðèíñüêèé, Ê.Ñ. Ìàëàõîâ, Ì.Ã. Ïåòðåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2024. Òîì 60, ¹ 1. Ñ. 134–149.

Àíîòàö³ÿ. Îïèñàíî êîìïëåêñíèé ï³äõ³ä, ÿêèé ïåðåäáà÷àº âèêîðèñòàííÿ íåéðîìåðåæåâî¿ òà
îíòîë³íãâ³ñòè÷íî¿ ïàðàäèãì. Ðîçðîáëåíèé ìåòîä âêëþ÷àº ìåòîäîëîã³÷í³ çàñàäè, ³íôîðìàö³éíó òåõíî-
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ëîã³þ òà ñèñòåìó MedRehabBot, ÿê³ ñóêóïíî ðåàë³çóþòü îñíîâîïîëîæí³ ïðèíöèïè ìåòàíàâ÷àííÿ, ñòðóê-
òóðîâàíèõ ï³äêàçîê òà ï³äâèùóþòü åôåêòèâí³ñòü âçàºìîä³¿ ³íôîðìàö³éíî¿ ñèñòåìè ç ÷àò-áîòàìè ³ ïîøóêó
³íôîðìàö³¿ íà îñíîâ³ îíòîëîã³é. Ìåòîä çàáåçïå÷óº ìîæëèâ³ñòü àäàïòóâàííÿ ñèñòåìè MedRehabBot äî âè-
êîðèñòàííÿ â ð³çíèõ LLM-ñèñòåìàõ.

Êëþ÷îâ³ ñëîâà: òðàíñäèñöèïë³íàðí³ íàóêîâ³ äîñë³äæåííÿ, îíòîëîã³ÿ, îíòîëîã³÷íèé ³íæèí³ðèíã, îíòîëî-
ãî-êåðîâàíà ³íôîðìàö³éíà ñèñòåìà, LLM-ñèñòåìà, ChatGPT, MedRehabBot, ³íæèí³ðèíã ï³äêàçîê, ÷àò-áîò.
_________________________________________________________________________________________

Fundamentals of the integrated use of neural network and ontolinguistic paradigms: A comprehensive
approach / O. Palagin, V. Kaverinskiy, K. Malakhov, M. Petrenko // Kibernetyka ta Systemnyi Analiz.
2024. Vol. 60, N 1. P. 134–149.

Abstract. This article presents an integrated approach that combines neural-network and ontolinguistic
paradigms. The method encompasses methodological underpinnings, information technology, and the
MedRehabBot system. Collectively, they embody the core principles of meta-learning and structured prompts,
ultimately enhancing the efficiency of information system interaction with Chatbots and information retrieval
rooted in ontologies. The method also offers the flexibility to adapt the MedRehabBot system for utilization
within different Large Language Model (LLM) systems.

Keywords: transdisciplinary scientific research, ontology, ontological engineering, ontology-driven
information system, LLM-system, ChatGPT, MedRehabBot, prompt engineering, Chatbot.
===============================================================================

ÓÄÊ 682.32+537.8

Ïðîãðàìíî-àïàðàòíèé êîìïëåêñ äëÿ áåçêîíòàêòíèõ äîñë³äæåíü çðàçê³â òâåðäèõ ïðèðîäíèõ
âóãëåâîäí³â: ïîïåðåäí³ åêñïåðèìåíòè / Ì.À. Ïð³ì³í, Î.Â. Áóð÷àê, ².Â. Íåäàéâîäà, Î.Ê. Áàëàëàºâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 1. Ñ. 150–162.

Àíîòàö³ÿ. Ñòâîðåíî íàä÷óòëèâèé ìàãí³òîìåòðè÷íèé êîìïëåêñ íà îñíîâ³ íèçüêîòåìïåðàòóðíèõ
ÑÊÂ²Ä äëÿ áåçêîíòàêòíèõ äîñë³äæåíü ìàãí³òíèõ âëàñòèâîñòåé òâåðäèõ âóãëåâîäí³â. Ðîçðîáëåíî òåõíî-
ëîã³þ ðåºñòðàö³¿, îáðîáëåííÿ òà àíàë³çó äàíèõ ìàãí³òîìåòðè÷íèõ âèì³ðþâàíü. Íàâåäåíî ðåçóëüòàòè åê-
ñïåðèìåíòàëüíèõ äîñë³äæåíü ìàãí³òíèõ âëàñòèâîñòåé çðàçê³â âóã³ëüíî¿ ðå÷îâèíè.

Êëþ÷îâ³ ñëîâà: ÑÊÂ²Ä-ñåíñîð, ìàãí³òîìåòðè÷íà ñèñòåìà, ³íôîðìàö³éíà òåõíîëîã³ÿ, âóã³ëüíà ðå÷îâèíà,
ïðèðîäí³ âóãëåâîäí³.
_________________________________________________________________________________________

Software and hardware complex for non-contact investigation of samples of solid natural hydrocarbons:
Preliminary experiments / M. Primin, O. Burchak, I. Nedayvoda, O. Balalaev // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 1. P. 150–162.

Abstract. An ultrasensitive magnetometric complex, based on low-temperature SQUIDs, has been
created for non-contact studies of the magnetic properties of solid hydrocarbons. A technology for data
recording, processing, and analyzing from magnetometric measurements has been developed. The results of
experimental studies of the magnetic properties of coal samples are presented.

Keywords: SQUID sensor, magnetometric system, information technology, coal substance, natural hydrocarbons.
===============================================================================

ÓÄÊ 53.088.3+53.088.7

Îïòèì³çàö³ÿ àëãîðèòìó ïàêåòíî¿ âåéâëåò-ô³ëüòðàö³¿ ñèãíàë³â / Þ.Ê. Òàðàíåíêî, Î.Þ. Îë³éíèê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 1. Ñ. 163–174.

Àíîòàö³ÿ. Ðîçðîáëåíî àëãîðèòì ïàêåòíî¿ âåéâëåò-ô³ëüòðàö³¿, ÿêèé âêëþ÷àº ïåðåì³ùåííÿ ïî ã³ëêàõ
äåðåâà âåéâëåò-ïàêåòà ç îáìåæåííÿì íà êîæí³é ã³ëö³ êîåô³ö³ºíò³â àïðîêñèìàö³¿ òà äåòàë³çàö³¿ äî ìîìåí-
òó äîñÿãíåííÿ ì³í³ìàëüíî¿ ñåðåäíüîêâàäðàòè÷íî¿ ïîõèáêè çà îïòèìàëüíèõ ïàðàìåòð³â âåéâëåò-ïîðîãà òà
ïîðîãîâî¿ ôóíêö³¿. Äëÿ îá÷èñëåííÿ ñåðåäíüîêâàäðàòè÷íî¿ ïîõèáêè ô³ëüòðàö³¿ ï³ñëÿ êîæíîãî öèêëó îá-
ðîáëåííÿ êîåô³ö³ºíò³â âåéâëåò-äåêîìïîçèö³¿ âèêîíóºòüñÿ ðåêîíñòðóêö³ÿ ó ô³äô³ëüòðîâàíèé ñèãíàë â ÷à-
ñîâ³é îáëàñò³. Îòðèìàíèé ñèãíàë ó íàñòóïíîìó öèêë³ ï³äëÿãàº äåêîìïîçèö³¿ íà êîåô³ö³ºíòè àïðîêñèìàö³¿
òà äåòàë³çàö³¿ äî äîñÿãíåííÿ ñåðåäíüîêâàäðàòè÷íîþ ïîõèáêîþ ì³í³ìóìó äëÿ âñ³õ ìîæëèâèõ çíà÷åíü áà-
çîâîãî âåéâëåò-ïîðîãà òà ïîðîãîâî¿ ôóíêö³¿. Ïðîâåäåíî äîñë³äæåííÿ 20 íàéá³ëüø âèêîðèñòîâóâàíèõ
ñèãíàë³â, ñåðåä ÿêèõ ñèãíàëè ç ë³í³éíîþ òà íåë³í³éíîþ ÷àñòîòíèìè ìîäóëÿö³ÿìè, à òàêîæ ñóìè ñèíóñî¿-
äàëüíèõ ñèãíàë³â ð³çíèõ ÷àñòîò. Äëÿ ï³äòâåðäæåííÿ åôåêòèâíîñò³ ïàêåòíî¿ âåéâëåò-ô³ëüòðàö³¿ çðîáëåíî
ïîð³âíÿëüíèé àíàë³ç â³äîìèõ ìåòîä³â íà îñíîâ³ çàãàëüíîãî ïîðîãà êîåô³ö³ºíò³â äåòàë³çàö³¿ íà âñ³õ ð³âíÿõ
âåéâëåò-äåêîìïîçèö³¿.

Êëþ÷îâ³ ñëîâà: âåéâëåò-àíàë³ç, ïàêåòíà âåéâëåò-ô³ëüòðàö³ÿ, åíòðîï³ÿ, ïîðîãîâà ôóíêö³ÿ, òðåøîëäèíã.
_________________________________________________________________________________________

Optimizing the algorithm of the wavelet packet signal filtering / Yu.K. Taranenko, O.Yu. Oliinyk //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 163–174.

Abstract. A wavelet packet filtering algorithm has been developed, which includes cyclic movement along
the branches of the wavelet packet tree with a constraint on each branch of the approximation and detail
coefficients until the minimum root-mean-square error is attained, with the optimal parameters of the wavelet
threshold and threshold function. To calculate the root-mean-square error of filtering, after each cycle of
processing the wavelet decomposition coefficients, the signal is reconstructed in the time domain. In the next
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cycle, the received signal is decomposed into approximation and detail coefficients until the root-mean-square
error reaches a minimum for all possible values of the basic wavelet-threshold and the threshold function. The
study was conducted with twenty of the most commonly used signals, including signals with linear and non-linear
frequencies. To confirm the efficiency of packet wavelet filtering, a comparative analysis with the known methods
based on a common threshold of detail coefficients at all levels of wavelet decomposition is given.

Keywords: wavelet analysis, packet wavelet filtering, entropy, threshold function, threshholding.
===============================================================================
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ÓÄÊ 004.93:004.89

Áàãàòîð³âíåâà ñèñòåìà ðîçï³çíàâàííÿ îáëè÷÷ÿ / Â.Ì. Îïàíàñåíêî, Ø.Õ. Ôàçèëîâ, Ñ.Ñ. Ðàäæàáîâ,
Ø.Ñ. Êàõàðîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 1. Ñ. 175–181.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó á³îìåòðè÷íî¿ ³äåíòèô³êàö³¿ îñîáè íà îñíîâ³ ïîêîìïîíåíòíîãî
ðîçï³çíàâàííÿ îáëè÷÷ÿ. Ïîêàçàíî, ùî ñèñòåìó ðîçï³çíàâàííÿ îáëè÷÷ÿ ìîæíà óÿâèòè ÿê ³ºðàðõ³÷íî
îðãàí³çîâàíó áàãàòîð³âíåâó ñèñòåìó, â ÿê³é àíñàìáëü ëîêàëüíèõ êëàñèô³êàòîð³â ôîðìóº «ì’ÿê³» ð³øåííÿ
ïðî íàëåæí³ñòü çîáðàæåíü îêðåìèõ êîìïîíåíò³â îñîáè çàäàíèì êëàñàì, à ïîò³ì íà îñíîâ³ ³íòåãðàö³¿ öèõ
ð³øåíü çä³éñíþºòüñÿ ôîðìóâàííÿ îñòàòî÷íîãî ð³øåííÿ ïðî íàëåæí³ñòü ðîçï³çíàâàííÿ îáëè÷÷ÿ îäíîìó ³ç
çàäàíèõ êëàñ³â. Ñôîðìóëüîâàíî òà ðîçâ’ÿçàíî çàäà÷ó ïîáóäîâè ìîäåë³ ëîêàëüíèõ êëàñèô³êàòîð³â, à òà-
êîæ âèáîðó ³íòåãðàòîðà ïðîì³æíèõ ðîçâ’ÿçê³â ëîêàëüíèõ êëàñèô³êàòîð³â.

Êëþ÷îâ³ ñëîâà: ðîçï³çíàâàííÿ îáðàç³â, áàãàòîð³âíåâà ñèñòåìà ðîçï³çíàâàííÿ, àíñàìáëü êëàñèô³êàòîð³â,
ïðàâèëî êîìá³íóâàííÿ êëàñèô³êàòîð³â, ïðèéíÿòòÿ ð³øåíü.
_________________________________________________________________________________________

Multilevel face recognition system / V.M. Opanasenko, Sh.Kh. Fazilov, S.S. Radjabov, Sh.S. Kakharov //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 175–181.

Abstract. The problem of biometric person identification based on component-based face recognition is
considered. It is shown that the face recognition system can be represented as a hierarchically organized
multilevel system in which an ensemble of local classifiers forms «soft» decisions about the belonging of
images of individual components of the face to given classes. Then, based on the integration of these decisions,
the formation of the final decision on whether the recognized face belongs to one of the given classes is
realized. The problems of constructing a model of a local classifier, as well as choosing an integrator of
intermediate solutions of local classifiers, are formulated and solved.

Keywords: pattern recognition, multilevel recognition system, classifier ensemble, classifier combination rule,
decision making.
===============================================================================

ÓÄÊ 519.6, 539.3

Ìàòåìàòè÷íå ìîäåëþâàííÿ â ñòàòè÷íèõ òðèâèì³ðíèõ êðàéîâèõ çàäà÷àõ — êîñîñèìåòðè÷íà
çàäà÷à äëÿ øàðó, ïîñëàáëåíîãî íàñêð³çíèì îòâîðîì ³ êîâçíèì çàùåìëåííÿì òîðö³â /
Á.ª. Ïàí÷åíêî, Þ.Ä. Êîâàëüîâ, Ò.Î. Êàë³í³íà, ².Ì. Ñàéêî, Ë.Ì. Áóêàòà // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2024. Òîì 60, ¹ 1. Ñ. 182–195.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä ðîçâ’ÿçàííÿ ïðîñòîðîâèõ ñòàòè÷íèõ êðàéîâèõ çàäà÷ ìàòåìàòè÷íî¿ ô³çèêè
äëÿ øàðó. Çàäà÷ó ç íåêðóãîâèì öèë³íäðè÷íèì íàñêð³çíèì îòâîðîì ðîçâ’ÿçàíî ìåòîäîì ñèíãóëÿðíèõ ³íòåã-
ðàëüíèõ ð³âíÿíü (Ñ²Ð). Ïîáóäîâàíî íîâó ìàòåìàòè÷íó ìîäåëü, à ñàìå ðîçðîáëåíî òà âèïðîáóâàíî íîâèé
ìåòîä, îñíîâàíèé íà ñèñòåì³ òðüîõ Ñ²Ð. Óíàñë³äîê âèñîêîòî÷íîãî ÷èñåëüíîãî äîñë³äæåííÿ âèÿâëåíî, ùî ç³
çá³ëüøåííÿì òîâùèíè øàðó â³äíîñíå îêðóæíå íàïðóæåííÿ çðîñòàº. Ó âèïàäêó êðóãîâîãî îòâîðó ñïîñ-
òåð³ãàºòüñÿ çì³ùåííÿ ìàêñèìóìó â³äíîñíîãî îêðóæíîãî íàïðóæåííÿ â³ä òîðö³â ó ãëèáèíó øàðó.

Êëþ÷îâ³ ñëîâà: òðèâèì³ðí³ êðàéîâ³ çàäà÷³, ñèíãóëÿðí³ ³íòåãðàëüí³ ð³âíÿííÿ, ÷èñåëüíèé åêñïåðèìåíò,
ñòàòè÷íèé çãèí, íàñêð³çíèé îòâ³ð.
_________________________________________________________________________________________

Mathematical modeling in static three-dimensional boundary-value problems: A skew-symmetric problem
for a layer weakened by a through hole with sliding sealing of its ends / B.E. Panchenko, Yu.D. Kovalev,
T.O. Kalinina, I.N. Saiko, L.M. Bukata // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 182–195.

Abstract. Spatial static boundary-value problems of mathematical physics for a layer with a non-circular
cylindrical through hole have hardly been solved using the method of singular integral equations (SIE) despite
the fact that numerous fundamental theoretical issues have been developed. Methods for the calculation of
spectral characteristics are also absent. The paper provides an overview of the methods for solving these
problems. A new mathematical model has been constructed, and a new method based on a system of three SIEs
has been developed and tested numerically. As a result of a high-precision numerical study, it was found that
with an increase in the thickness of the layer, an increase in the relative circumferential stress occurs. In the case
of a circular hole, a shift of the maximum relative circumferential stress from the ends to the depth of the layer
is observed. In the case of an elliptical hole, with a decrease in one of the radii, an increase in the relative
circumferential stress is also observed.

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