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ÓÄÊ 004.8

Ïîð³âíÿëüíèé àíàë³ç íåéðîìåðåæåâèõ ìîäåëåé äëÿ çàäà÷ êëàñèô³êàö³¿ òåêñò³â / À.Â. Àí³ñ³ìîâ,
Î. Ìàð÷åíêî, Å.Ì. Íàñ³ðîâ, Â.Þ. Òàðàíóõà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 3. Ñ. 3–13.

Àíîòàö³ÿ. Ó ðîáîò³ äîñë³äæåíî çàäà÷ó êëàñèô³êàö³¿ ôåéêîâèõ ïîâ³äîìëåíü òà ï³äõîäè äî ¿¿ ðîçâ’ÿçàííÿ.
Ïðîâåäåíî ïîð³âíÿëüíèé àíàë³ç åôåêòèâíîñò³ âèêîðèñòàííÿ ð³çíèõ íåéðîìåðåæåâèõ ìîäåëåé äëÿ çàäà÷ ïîøóêó
òà êëàñèô³êàö³¿ ôðàãìåíò³â òåêñòó, ùî ì³ñòÿòü íåïðàâäèâ³ ïîâ³äîìëåííÿ. Äîñë³äæåíî âïëèâ ðîçì³ðíîñò³ ìîäå-
ëåé íà øâèäê³ñòü íàâ÷àííÿ, òî÷í³ñòü âèçíà÷åííÿ òà çäàòí³ñòü àäàïòóâàòèñÿ äî íåâ³äîìèõ äàíèõ.

Êëþ÷îâ³ ñëîâà: øòó÷íèé ³íòåëåêò, êîìï’þòåðíà ë³íãâ³ñòèêà, íåéðîìåðåæà.
_________________________________________________________________________________________

Comparative analysis of neural models for text classification problems / A.V. Anisimov, O.O. Marchenko,
E.M. Nasirov, V.Y. Taranukha // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 3–13.

Abstract. The paper investigates the phenomenon of fake messages and approaches to their detection.
A comparative analysis of the effectiveness of using different neural network models for the tasks of searching
and classifying text fragments containing false messages is conducted. The influence of model’s dimension on
the learning speed, detection accuracy, and ability to adapt to unknown data is investigated.

Keywords: artificial intelligence, computational linguistics, neural network.
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ÓÄÊ 004.94:004.2

Àëãîðèòì ðîçâ’ÿçàííÿ çàäà÷³ àëãåáðà¿÷íîãî ñèíòåçó ì³êðîïðîãðàìíîãî àâòîìàòà ç îïåðàö³éíèì
àâòîìàòîì ïåðåõîä³â íà îñíîâ³ ìàòðè÷íîãî ï³äõîäó / Ð.Ì. Áàáàêîâ, Î.Î. Áàðêàëîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 3. Ñ. 14–21.

Àíîòàö³ÿ. Äëÿ ì³êðîïðîãðàìíîãî àâòîìàòà ç îïåðàö³éíèì àâòîìàòîì ïåðåõîä³â çàïðîïîíîâàíî íîâèé
àëãîðèòì ðîçâ’ÿçàííÿ çàäà÷³ àëãåáðà¿÷íîãî ñèíòåçó, ùî äàº çìîãó çíàéòè ôîðìàëüí³ ðîçâ’ÿçêè çàäà÷³ äëÿ çà-
äàíî¿ ìíîæèíè îïåðàö³é ïåðåõîä³â. Àëãîðèòì áàçóºòüñÿ íà ïðåäñòàâëåíí³ ñïîñîáó êîäóâàííÿ ñòàí³â ó âèã-
ëÿä³ ìàòðèö³ ïåðåõîä³â. Ö³é ìàòðèö³ ç³ñòàâëÿºòüñÿ îá’ºäíàíà ìàòðèöÿ îïåðàö³é, ÿêà ì³ñòèòü óñ³ ìîæëèâ³
âàð³àíòè ïåðåòâîðåííÿ êîä³â ñòàí³â çà äîïîìîãîþ çàäàíî¿ ìíîæèíè îïåðàö³é ïåðåõîä³â. Ïîåëåìåíòíå ç³ñòàâ-
ëåííÿ ìàòðèöü äàº çìîãó âèÿâèòè íàÿâí³ñòü ôîðìàëüíîãî ðîçâ’ÿçêó äëÿ âèáðàíîãî íàáîðó êîä³â ñòàí³â. Ïîêà-
çàíî, ùî çàïðîïîíîâàíèé àëãîðèòì çíàõîäèòü óñ³ ìîæëèâ³ ðîçâ’ÿçêè çà óìîâè ïîâíîãî ïåðåáîðó ñïîñîá³â êî-
äóâàííÿ ñòàí³â. Îö³íåíî øâèäêîä³þ çàïðîïîíîâàíîãî àëãîðèòìó ó ðàç³ éîãî ðåàë³çàö³¿ íà ìîâ³ Python.

Êëþ÷îâ³ ñëîâà: ì³êðîïðîãðàìíèé àâòîìàò, îïåðàö³éíèé àâòîìàò ïåðåõîä³â, ãðàô-ñõåìà àëãîðèòìó, àë-
ãåáðà¿÷íèé ñèíòåç, êîäóâàííÿ ñòàí³â.
_________________________________________________________________________________________

Algorithm for solving the problem of algebraic synthesis of a finite state machine with datapath of
transitions based on a matrix approach / R.M. Babakov, A.A. Barkalov // Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 3. P. 14–21.

Abstract. A new algorithm for solving the problem of algebraic synthesis is proposed for a finite state
machine with a datapath of transitions, which allows finding formal solutions to the problem for a given set of
transition operations. The algorithm is based on the presentation of states encoding in the form of a transition matrix.
This matrix is associated with a combined matrix of operations, which contains all possible options for the
transformation of state codes using a given set of transition operations. The element-by-element comparison of
matrices allows revealing the availability of a formal solution for the selected set of state codes. It is shown that the
proposed algorithm makes it possible to find all possible solutions using a complete enumeration of the ways of state
encoding. The speed of the proposed algorithm was evaluated when it was implemented in the Python language.

Keywords: finite state machine, datapath of transitions, graph-scheme of algorithm, algebraic synthesis, states
encoding.
===============================================================================

ÓÄÊ 004.89

Íåéðîìåðåæåâ³ ìåòîäè â³äáîðó òà ãåíåðàö³¿ ñèíòåòè÷íèõ âàð³àö³é êîìá³íàòîðíèõ çàäà÷ /
À.Ä. Í³êîëàºâ, À.Â. Àí³ñ³ìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 3. Ñ. 22–32.

Àíîòàö³ÿ. Äîñë³äæåíî íåéðîìåðåæåâ³ ìåòîäè äëÿ â³äáîðó òà ãåíåðàö³¿ ñèíòåòè÷íèõ âàð³àö³é ìàòå-
ìàòè÷íèõ êîìá³íàòîðíèõ çàäà÷ çà äîïîìîãîþ âåëèêèõ ìîâíèõ ìîäåëåé. Â³äô³ëüòðîâàíî 1000 çàäà÷ ³ç íà-
áîðó äàíèõ NuminaMath-CoT òà ââåäåíî òðè íîâ³ âàð³àö³¿: õóäîæíþ, íàäëèøêîâó òà ïðèõîâàíó. Çàïðîïî-
íîâàíî ïîêàçíèê âàð³àö³éíî¿ óçãîäæåíîñò³, ÿêèé â³äîáðàæàº òî÷í³ñòü ìîäåë³ ó ðîçâ’ÿçàíí³ âàð³àö³é çàäà÷
òà ¿õíþ êîðåëÿö³þ ç îðèã³íàëüíèìè çàäà÷àìè. Òåñòóâàííÿ GPT-4o-mini ïîêàçàëî ñòàá³ëüí³ñòü ðîáîòè
ó ïðîöåñ³ ãåíåðàö³¿ ç íàéâèùèìè ðåçóëüòàòàìè â õóäîæí³é âàð³àö³¿, ùî ìàº íàéäîâøó ñåðåäíþ äîâæèíó
òåêñò³â çàäà÷, òà íàéíèæ÷èìè — ó ïðèõîâàí³é âàð³àö³¿. Âñòàíîâëåíî, ùî ìîäåëü çáåð³ãàº ìàòåìàòè÷íó
ñóòí³ñòü çàäà÷ â ïðîöåñ³ ñòâîðåííÿ íîâèõ âàð³àö³é çàäà÷.

Êëþ÷îâ³ ñëîâà: íåéðîìåðåæåâ³ ìåòîäè, îáðîáëåííÿ ïðèðîäíî¿ ìîâè, âåëèê³ ìîâí³ ìîäåë³, ãåíåðàö³ÿ
ñèíòåòè÷íèõ äàíèõ, ìàòåìàòè÷í³ çàäà÷³.
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Neural network methods for selecting and generating synthetic variations of combinatorial problems /
A. Nikolaiev, A. Anisimov // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 22–32.

Abstract. This study explores neural network methods for selecting and generating synthetic variations
of mathematical combinatorial problems using large language models. We filter 1000 problems from the
NuminaMath-CoT dataset and introduce three new variations: fictional, adversarial, and contextual disguise.
We propose the Variation Consistency Score to measure the accuracy in the solution generation rate of the
variations and their correlation rate with the original problems. Experiments with GPT-4o-mini showed
consistent performance in the generation process, demonstrating the highest score on the fictional variation with
the greatest average statement length and the lowest score on the contextual disguise variation. The model
demonstrates the ability to generate diverse variations while preserving their mathematical core.

Keywords: Neural Network Methods; Natural Language Processing; Large Language Models; Synthetic Data
Generation; Mathematical Problems.
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 004.021+004.89

NLP-Âåðèô³êàö³ÿ äîñòîâ³ðíîñò³ ïîâ³äîìëåíü íà îñíîâ³ àíàë³çó ñåìàíòè÷íèõ ìåðåæ /
Ì.Ç. Çãóðîâñüêèé, À.Î. Áîëäàê, Ê.Â. ºôðåìîâ, Î.Â. Ñòóñü, Î.Î. Äìèòðåíêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 3. Ñ. 33–45.

Àííîòàö³ÿ. Öÿ ñòàòòÿ ïðèñâÿ÷åíà ìåòîäàì ³ ï³äõîäàì äî ôîðìóâàííÿ ñåìàíòè÷íèõ ìåðåæ äëÿ òåê-
ñòîâèõ (íîâèííèõ) ïîâ³äîìëåíü ó ìåä³à-ïîòîêàõ ç ìåòîþ âèÿâëåííÿ ïîòåíö³éíèõ äæåðåë äåç³íôîðìàö³¿.
Îñíîâíà ³äåÿ ïîëÿãàº ó ñòâîðåíí³ ö³ë³ñíî¿ ìåòîäèêè ïîáóäîâè òàêèõ ìåðåæ, äå êëþ÷îâ³ òåðì³íè àáî ³ìå-
íîâàí³ ñóòíîñò³ âèêîðèñòîâóþòüñÿ ÿê áàçèñ äëÿ ñåìàíòè÷íîãî ìîäåëþâàííÿ. Àâòîðè àíàë³çóþòü ð³çí³
òåõí³êè îáðîáêè òåêñò³â, âêëþ÷àþ÷è ïîïåðåäíþ êîìï’þòåðèçîâàíó îáðîáêó, âèä³ëåííÿ êëþ÷îâèõ
òåðì³í³â ³ âñòàíîâëåííÿ ñåìàíòè÷íèõ âçàºìîçâ’ÿçê³â ì³æ íèìè. Îñîáëèâà óâàãà ïðèä³ëÿºòüñÿ ðîçðîáö³
ìåòðèêè äëÿ âèì³ðþâàííÿ ñåìàíòè÷íî¿ áëèçüêîñò³ ì³æ ³íôîðìàö³éíèìè ïîâ³äîìëåííÿìè, ïðåäñòàâëåíè-
ìè ó âèãëÿä³ ñåìàíòè÷íèõ ìåðåæ. Çàïðîïîíîâàíà ìåòðèêà, çàñíîâàíà íà ê³ëüê³ñí³é ì³ð³ Ôðîáåí³óñà, äîç-
âîëÿº åôåêòèâíî îö³íþâàòè ð³âåíü ñõîæîñò³ òà âçàºìîçâ’ÿçêó ì³æ òåêñòàìè. Öå ñïðèÿº òî÷í³øîìó
àíàë³çó ñåìàíòè÷íîãî êîíòåíòó, âèÿâëåííþ ïðèõîâàíèõ ñìèñëîâèõ çâ’ÿçê³â ³ ñòðóêòóðèçàö³¿ ³íôîðìàö³¿.
Íà îñíîâ³ âèêîðèñòàííÿ ìåòðèêè Ôðîáåí³óñà ó ñòàòò³ çàïðîïîíîâàíî ï³äõ³ä äî âèçíà÷åííÿ íàä³éíèõ ³ íå-
íàä³éíèõ ³íôîðìàö³éíèõ äæåðåë, ùî çàáåçïå÷óº ìîæëèâ³ñòü ïîäàëüøî¿ âàë³äàö³¿ ôàêò³â, ïðåäñòàâëåíèõ
ó íîâèííèõ ïîâ³äîìëåííÿõ. Çàñòîñóâàííÿ òàêîãî ï³äõîäó äîçâîëÿº ï³äâèùèòè åôåêòèâí³ñòü ³íôîð-
ìàö³éíîãî àíàë³çó, âèÿâëÿòè òåíäåíö³¿ òà ïðîãíîçóâàòè ðîçâèòîê ïîä³é ó íîâèííîìó ïðîñòîð³. Íàéâàæ-
ëèâ³øèì º çäàòí³ñòü âèÿâëÿòè ³íôîðìàö³éí³ âïëèâè, ùî ñïðèÿº íå ëèøå çáåðåæåííþ ³íôîðìàö³éíî¿ áåç-
ïåêè, àëå é çàáåçïå÷óº íàö³îíàëüíó ñò³éê³ñòü ïåðåä çîâí³øí³ìè çàãðîçàìè.

Êëþ÷îâ³ ñëîâà: ñåìàíòè÷íà ìåðåæà, ì³ðà Ôðîáåí³óñà, òåêñòîâèé àíàë³ç, Directed Weighted Network of
Terms, Part-of-Speech tagging, ëåìàòèçàö³ÿ, Global Term Frequency, Horizontal Visibility Graph algorithm
_________________________________________________________________________________________

UDC 004.021+004.89

NLP-based verification of message reliability using semantic network analysis / M. Z. Zgurovsky,
A.O. Boldak, K. V. Yefremov, O. V. Stus, O. O. Dmytrenko // Kibernetyka ta Systemnyi Analiz. 2025.
Vol. 61, N 3. P. 33–45.

Abstract. This article focuses on methods and approaches for constructing semantic networks for textual
(news) messages in media streams to identify potential sources of disinformation. The main idea involves
developing a comprehensive methodology for building such networks, where key terms or named entities are
used as the foundation for semantic modeling. The authors analyze various text processing techniques,
including preliminary computational text processing, extraction of key terms, and the identification of semantic
relationships between them. Particular attention is given to the development of a metric for measuring semantic
proximity between information messages represented as semantic networks. The proposed metric, based on the
Frobenius norm, enables an effective evaluation of the similarity and interconnection between texts. This
enhances the accuracy of semantic content analysis, uncovers hidden semantic relationships, and facilitates the
structuring of information. Using the Frobenius-based metric, the article proposes an approach for identifying
reliable and unreliable information sources, enabling further validation of the facts presented in news messages.
This approach enhances the efficiency of information analysis, identifies trends, and predicts the development
of events within the news space. Most importantly, it allows for detecting information influences, contributing
not only to maintaining information security but also to ensuring national resilience against external threats.

Keywords: semantic network, Frobenius measure, text analysis, Horizontal Visibility Graph algorithm,
Directed Weighted Network of Terms, verification of message reliability.
===============================================================================

ÓÄÊ 004.9

Äåêîìïîçèö³éí³ ìåòîäè ñèñòåìíîãî àíàë³çó â îïòèì³çàö³¿ òà êîîïåðàö³éí³é åâîëþö³¿ ³íòåðàêòèâíèõ
ãåî³íôîðìàö³éíèõ ñåðâ³ñ³â / Î.Â. Ïàëàã³í, À.Ì. Êàñ³ì, Ì.Ì. Êàñ³ì // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2025. Òîì 61, ¹ 3. Ñ. 46–64.

Àíîòàö³ÿ. Äîñë³äæåíî äåêîìïîçèö³éí³ ìåòîäè ñèñòåìíîãî àíàë³çó äëÿ îïòèì³çàö³¿ ³íòåð- àêòèâíèõ
ãåî³íôîðìàö³éíèõ ñåðâ³ñ³â (²Ã²Ñ) ÷åðåç ñèíåðãåòè÷íó ³íòåãðàö³þ, êîíñîë³äîâàíó êîîïåðàö³þ òà àäàï-
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òàö³þ äî ð³çíèõ äîìåí³â, çàäà÷ ³ äàíèõ. Âèçíà÷åíî êëþ÷îâ³ ìåõàí³çìè åâîëþö³¿ ²Ã²Ñ (åíåðãåòè÷íèé,
³íôîðìàö³éíèé, ìåðåæåâèé, ãåíåòè÷íèé, êîìóí³êàö³éíèé ³ êîîïåðàö³éíèé), ùî ôîðìóþòü êîìïëåêñíó
ñòðàòåã³þ ¿õíüîãî ðîçâèòêó. Çàïðîïîíîâàíî îíòîëîã³÷íó ñèñòåìó âçàºìîä³¿ ²Ã²Ñ ó ìåæàõ äîìåííèõ êëàñ-
òåð³â, ÿêà çàáåçïå÷óº ñåìàíòè÷íèé áàçèñ äëÿ ñï³ëüíîãî ðîçâ’ÿçàííÿ ñêëàäíèõ çàäà÷. Â³äïîâ³äíî äî ïàðà-
äèãìè INSPIRE ðîçðîáëåíî ìîäåëü òðàícäîìåííî¿ ³íôðàñòðóêòóðè ãåîïðîñòîðîâèõ äàíèõ, ùî ï³äâèùóº
³íòåðîïåðàáåëüí³ñòü ñåðâ³ñ³â ó âåáñåðåäîâèù³. Ïîêàçàíî åôåêòèâí³ñòü êîîïåðàö³¿ ²Ã²Ñ íà ïðèêëàä³
îïòèì³çàö³¿ ìàðøðóò³â åêñòðåíèõ ñëóæá ó ìåãàïîë³ñ³ ç âèêîðèñòàííÿì òåîð³¿ ³ãîð.

Êëþ÷îâ³ ñëîâà: ³íòåðàêòèâíèé ãåî³íôîðìàö³éíèé ñåðâ³ñ, INSPIRE, êîîïåðàö³ÿ, åâîëþö³ÿ, ñèíåðã³ÿ, êàð-
òîãðàô³÷íèé êîíòåíò, â³ðòóàëüíèé îáðàç ñèòóàö³¿, îíòîëîã³ÿ, äåêîìïîçèö³ÿ, êëàñòåðè êîíâåðãåíö³¿ äî-
ìåí³â, êîíôë³êò, ñòðàòåã³ÿ, ìàòðèöÿ âèãðàøó, Ïàðåòî-îïòèìàëüíèé ðîçâ’ÿçîê, àäàïòèâí³ñòü, ³íòåðîïåðà-
áåëüí³ñòü, ³íòåãðàö³ÿ.

_________________________________________________________________________________________

Decompositional methods of system analysis in the optimization and cooperative evolution of interactive
geoinformational services / O.V. Palagin, A.M. Kasim, M.M. Kasim // Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 3. P. 46–64.

Abstract. Decompositional methods of system analysis are investigated for optimizing interactive
geoinformational services (IGIS) through synergistic integration, consolidated cooperation, and adaptation to
various domains, tasks, and data. Key mechanisms of IGIS evolution (energetic, informational, network,
genetic, communicational, and cooperational) are defined, which form a comprehensive strategy for their
development. An ontological system of IGIS interaction within domain clusters is proposed, which provides a
semantic basis for joint solution of complex tasks. In accordance with the INSPIRE paradigm, a model of
transdomain infrastructure of geospatial data is developed, which increases the interoperability of services in
the web medium. The effectiveness of IGIS cooperation is shown in the example of optimizing emergency
service routes in a megalopolis using game theory.

Keywords: interactive geoinformational service, INSPIRE, cooperation, evolution, synergy, map content,
virtual image of the situation, ontology, decomposition, domain convergence clusters, conflict, strategy, gain
matrix, Pareto-optimal solution, adaptability, interoperability, integration.

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

ÓÄÊ 517.9:519.6

Ïðî îäíó íåëîêàëüíó êðàéîâó çàäà÷ó äëÿ íåë³í³éíîãî äðîáîâî-äèôåðåíö³àëüíîãî ð³âíÿííÿ ç
á³ïîðÿäêîâîþ ïîõ³äíîþ Ã³ëüôåðà / Â.Ì. Áóëàâàöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025.
Òîì 61, ¹ 3. Ñ. 65–73.

Àíîòàö³ÿ. Ðîçãëÿíóòî êðàéîâó çàäà÷ó ç íåëîêàëüíîþ ³íòåãðàëüíîþ óìîâîþ äëÿ íåë³í³éíîãî äðî-
áîâî-äèôåðåíö³àëüíîãî ð³âíÿííÿ ç óçàãàëüíåíîþ (á³ïîðÿäêîâîþ) êîìïîçèòíîþ ïîõ³äíîþ Ã³ëüôåðà. Ïî-
íÿòòÿ á³ïîðÿäêîâî¿ Ã³ëüôåð-ïîõ³äíî¿ ãðóíòóºòüñÿ íà ³íòåðïîëÿö³éí³é êîíöåïö³¿ ç çàñòîñóâàííÿì
ïîõ³äíèõ Êàïóòî òà Ð³ìàíà–Ë³óâ³ëëÿ ð³çíèõ ïîðÿäê³â. Âèñâ³òëþþòüñÿ ïèòàííÿ ³ñíóâàííÿ ðîçâ’ÿçêó, ºäè-
íîñò³ òà ñò³éêîñò³ ùîäî çàçíà÷åíî¿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: íåë³í³éí³ äðîáîâî-äèôåðåíö³àëüí³ ð³âíÿííÿ, á³ïîðÿäêîâà ïîõ³äíà Ã³ëüôåðà, êðàéîâ³ çà-
äà÷³, íåëîêàëüí³ óìîâè, ³ñíóâàííÿ, ºäèí³ñòü, ñò³éê³ñòü.

_________________________________________________________________________________________

On one nonlocal boundary-value problem for a nonlinear fractional differential equation with Hilfer’s
bi-ordinal derivative / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 65–73.

Abstract. We consider a boundary-value problem with a nonlocal integral condition for a nonlinear
fractional differential equation with a generalized (bi-ordinal) composite Hilfer’s derivative. The notion of
a bi-ordinal Hilfer’s derivative is based on the interpolation concept with the use of Caputo and
Riemann–Liouville derivatives of different orders. The existence of a solution and the uniqueness and stability
of this problem are discussed.

Keywords: nonlinear fractional-differential equations, bi-ordinal Hilfer’s derivative, boundary-value problem,
nonlocal conditions, existence, uniqueness, stability.

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

ÓÄÊ: 517.58, 517.955

²íòåãðàëüí³ ïðåäñòàâëåííÿ òèïó Åéëåðà äëÿ äâîâèì³ðíèõ ôóíêö³é òèïó Ì³òòàã-Ëåôôëåðà /
À. Õàñàíîâ, Å. Êàð³ìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 3. Ñ. 74–84.

Àíîòàö³ÿ. Âñòàíîâëåíî ³íòåãðàëüí³ ïðåäñòàâëåííÿ òèïó Åéëåðà äëÿ äâîõ äâîâèì³ðíèõ ôóíêö³é
òèïó Ì³òòàã-Ëåôôëåðà. Çàçíà÷åí³ äâîâèì³ðí³ ôóíêö³¿ ó öèõ ³íòåãðàëüíèõ ïðåäñòàâëåííÿõ âèðàæåíî ÷å-
ðåç ñàì³ ñåáå ç ð³çíèìè ïàðàìåòðàìè, ÷åðåç â³äîì³ ã³ïåðãåîìåòðè÷í³ ôóíêö³¿ îäí³º¿ çì³ííî¿ àáî ÷åðåç
³íøó äâîâèì³ðíó ôóíêö³þ òèïó Ì³òòàã-Ëåôôëåðà.

Êëþ÷îâ³ ñëîâà: äâîâèì³ðí³ ôóíêö³¿ òèïó Ì³òòàã-Ëåôôëåðà, ³íòåãðàëè Åéëåðà, ã³ïåðãåîìåòðè÷í³ ôóíêö³¿,
³íòåãðàëüíå ïðåäñòàâëåííÿ.

_________________________________________________________________________________________
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Euler-type integral representations for two-dimensional functions of the Mittag-Leffler-type /
A. Hasanov, E. Karimov // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 74–84.

Abstract. The Euler-type integral representations for two two-dimensional functions of the
Mittag-Leffler type are established. In these integral representations, these two-dimensional functions are
represented in terms of themselves with different parameters, in terms of known hypergeometric functions of
a single variable, or via another two-dimensional function of Mittag-Leffler type.

Keywords: two-dimensional functions of Mittag-Leffler type, Euler integrals, hypergeometric functions,
integral representation.

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

ÓÄÊ 519.86

Íîâ³òí³é ïîãëÿä íà àíàë³ç ñâ³òîâî¿ òîðã³âë³ òà ãëîáàëüíî¿ åêîíîì³êè / Ì.Ñ. Ãîí÷àð, Î.Ï. Äîâæèê,
À.Ñ. Æîõ³í, Â.Ã. Êîçèðñüêèé, À.Ï. Ìàõîðò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 3.
Ñ. 85–108.

Àíîòàö³ÿ. Ñôîðìóëüîâàíî íåîáõ³äí³ é äîñòàòí³ óìîâè, çà ÿêèõ ó ìîäåë³ ñâ³òîâî¿ òîðã³âë³ ìàº ì³ñöå
ïîâíèé êë³ðèíã ðèíê³â. Îïèñàíî ð³âíîâàæí³ ñòàíè ç íàäëèøêîâîþ ïðîïîçèö³ºþ. Çàïðîïîíîâàíî àëãî-
ðèòì çíàõîäæåííÿ ð³âíîâàæíîãî ñòàíó ç íàéìåíøîþ íàäëèøêîâîþ ïðîïîçèö³ºþ çà äîïîìîãîþ ðîçâ’ÿ-
çàííÿ ïåâíî¿ çàäà÷³ êâàäðàòè÷íîãî ïðîãðàìóâàííÿ. Çà ñòðóêòóðîþ ïîïèòó çàïðîïîíîâàíî àëãîðèòì ïîáó-
äîâè ñòðóêòóðè ïðîïîçèö³¿, çà ÿêî¿ ì³æíàðîäíà òîðã³âëÿ ñïðàâåäëèâà. Ç âèêîðèñòàííÿì ïîáóäîâàíî¿ ìî-
äåë³ ñâ³òîâî¿ òîðã³âë³ äîñë³äæåíî òîðã³âëþ ì³æ êðà¿íàìè G20.

Êëþ÷îâ³ ñëîâà: ñâ³òîâà òîðã³âëÿ, åêîíîì³÷íà ð³âíîâàãà, êë³ðèíã ðèíê³â, êâàäðàòè÷íå ïðîãðàìóâàííÿ,
³äåàëüíà ð³âíîâàãà.

_________________________________________________________________________________________

A new perspective on the analysis of world trade and global economy / N.S. Gonchar, O.P. Dovzhyk,
A.S. Zhohin, W. H. Kozyrski, A. P. Makhort // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3.
P. 85–108.

Abstract. We formulate the necessary and sufficient conditions that provide full clearing of markets
within our world trade model. We describe equilibrium states with excess supply and propose an algorithm for
finding the equilibrium state with the lowest excess supply by solving a certain quadratic programming
problem. Based on the demand structure, we propose an algorithm for constructing a supply structure in which
international trade is fair. The trade between the G20 countries is analyzed using the constructed model of
world trade.

Keywords: world trade, market clearing, economic equilibrium, quadratic programming, ideal equilibrium.

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

ÓÄÊ 519.65

×åáèøîâñüêå íàáëèæåííÿ ñòåïåíåì â³ä ðàö³îíàëüíîãî âèðàçó / Ï.Ñ. Ìàëà÷³âñüêèé,
Ë.Ñ. Ìåëüíè÷îê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 3. Ñ. 109–117.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ïîáóäîâè ÷åáèøîâñüêîãî íàáëèæåííÿ ç â³äíîñíîþ ïîõèáêîþ
ðàö³îíàëüíèì âèðàçîì ó ô³êñîâàíîìó ñòåïåí³. Â³í ïîëÿãàº â ïîáóäîâ³ ïðîì³æíîãî ÷åáèøîâñüêîãî íàáëè-
æåííÿ ç â³äíîñíîþ ïîõèáêîþ ðàö³îíàëüíèì âèðàçîì çíà÷åíü êîðåíÿ öüîãî ñòåïåíÿ íàáëèæóâàíî¿
ôóíêö³¿. Íàáëèæåííÿ ðàö³îíàëüíèì âèðàçîì îá÷èñëåíî ÿê ãðàíè÷íå ñåðåäíüîñòåïåíåâå íàáëèæåííÿ çà
³òåðàö³éíîþ ñõåìîþ ç âèêîðèñòàííÿì ìåòîäó íàéìåíøèõ êâàäðàò³â ç äâîìà çì³ííèìè âàãîâèìè
ôóíêö³ÿìè. Íàâåäåíî òåñòîâ³ ïðèêëàäè, ÿê³ ï³äòâåðäæóþòü øâèäêó çá³æí³ñòü ìåòîäó ïîáóäîâè ÷åáèøî-
âñüêîãî íàáëèæåííÿ ñòåïåíåì â³ä ðàö³îíàëüíîãî âèðàçó.

Êëþ÷îâ³ ñëîâà: ÷åáèøîâñüêå íàáëèæåííÿ ñòåïåíåâèì âèðàçîì, ÷åáèøîâñüêå íàáëèæåííÿ ðàö³îíàëüíèì
âèðàçîì, ñåðåäíüîñòåïåíåâå íàáëèæåííÿ, ìåòîä íàéìåíøèõ êâàäðàò³â, çì³ííà âàãîâà ôóíêö³ÿ.

_________________________________________________________________________________________

Chebyshev approximation by the power of a rational expression / P.S. Malachivskyy, L.S. Melnychok //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 109–117.

Abstract. A method for constructing the Chebyshev approximation of the given function by a rational
expression in a fixed power with the smallest relative error is proposed. It consists in constructing an
intermediate Chebyshev approximation with a relative error by a rational expression of the values of the root of
this power of the approximated function. The rational expression approximation is calculated as a limiting
mean-power approximation by an iterative scheme using the least-squares method with two variable weight
functions. Test examples are given to confirm the fast convergence of the method for constructing the
Chebyshev approximation by the power of a rational expression.

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

===============================================================================
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ÓÄÊ 519.21

Ñòîõàñòè÷íà åâîëþö³ÿ ç ìàðêîâñüêî-ìîäóëüîâàíèì ïóàññîí³âñüêèì çáóðåííÿì â ñõåì³ äèôóç³éíî¿
àïðîêñèìàö³¿ / ß.Ì. ×àáàíþê, Ñ.À. Ñåìåíþê, Ó.Ò. Õ³ìêà, Ð.À. ×èïóðêî // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2025. Òîì 61, ¹ 3. Ñ. 118–124.

Àíîòàö³ÿ. Äîñë³äæåíî àñèìïòîòè÷íó ïîâåä³íêó ñòîõàñòè÷íèõ åâîëþö³éíèõ ñèñòåì ç ìàðêî-
âñüêî-ìîäóëüîâàíèì ïóàññîí³âñüêèì çáóðåííÿì ó ñõåì³ äèôóç³éíî¿ àïðîêñèìàö³¿. Âðàõîâàíî
êîìá³íàö³þ ïóàññîí³âñüêîãî ïðîöåñó ç ìàðêîâñüêèì, ùî äàº çìîãó îïèñóâàòè âèïàäêîâ³ ïåðåõîäè ì³æ
ð³çíèìè ðåæèìàìè åâîëþö³¿. Íàâåäåíî åðãîäè÷í³ âëàñòèâîñò³ ìàðêîâñüêî-ìîäóëüîâàíîãî ïóàññîí³âñüêî-
ãî ïðîöåñó, ÿê³ çàáåçïå÷óþòü ñòàá³ëüíó ïîâåä³íêó ñèñòåìè â ñåðåäíüîìó. Ïîáóäîâàíî ãðàíè÷í³ ãåíåðàòî-
ðè äëÿ âèõ³äíî¿ ñèñòåìè ñòîõàñòè÷íèõ äèôåðåíö³àëüíèõ ð³âíÿíü. Îäåðæàí³ ðåçóëüòàòè äàþòü çìîãó
äîñë³äæóâàòè çàäà÷³ ñòîõàñòè÷íî¿ îïòèì³çàö³¿ òà îïòèìàëüíîãî êåðóâàííÿ.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷íà åâîëþö³ÿ, ìàðêîâñüêî-ìîäóëüîâàíèé ïóàññîí³âñüêèé ïðîöåñ, ñõåìà äè-
ôóç³éíî¿ àïðîêñèìàö³¿.

_________________________________________________________________________________________

Stochastic evolution under markov-modulated poisson perturbation in the diffusion approximation
scheme / Ya.M. Chabanyuk, S.A. Semenyuk, U.T. Khimka, R.A. Chypurko // Kibernetyka ta Systemnyi
Analiz. 2025. Vol. 61, N 3. P. 118–124.

Abstract. The authors study the asymptotic behavior of stochastic evolutionary systems with
Markov-modulated Poisson perturbation in the diffusion approximation scheme. They consider combining the
Poisson process with the Markov process, which allows for describing random transitions between different
modes of evolution. The ergodic properties of the Markov-modulated Poisson process that ensure the stable
behavior of the system on average are presented. Boundary generators for the original system of stochastic
differential equations are constructed. The results allow for studying stochastic optimization and optimal control
problems.

Keywords: stochastic evolution, Markov-modulated Poisson process, diffusion approximation schema.

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

ÓÄÊ 519.8

²íòåãðàëüí³ ïðåäñòàâëåííÿ ïîë³ãàðìîí³éíèõ îïåðàòîð³â / À.Ì. Øóòîâñüêèé // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 3. Ñ. 125–136.

Àíîòàö³ÿ. Ó äîñë³äæåíí³ ïðåäñòàâëåíî îïòèìàëüí³ ìàòåìàòè÷í³ ìîäåë³ â êîíòåêñò³ çàäà÷ ñèñòåì-
íîãî àíàë³çó. À ñàìå, çàñòîñîâàíî íåòðèâ³àëüí³ ãðàíè÷í³ óìîâè äî çàäà÷³ ïðî ³íòåãðóâàííÿ ïîë³ãàð-
ìîí³éíèõ ð³âíÿíü ó ïîëÿðíèõ êîîðäèíàòàõ. Ôóíêö³þ, òðèãàðìîí³éíó â îäèíè÷íîìó êðóç³, ïîäàíî ó âèã-
ëÿä³ ³íòåãðàëà ñàìå ç äåëüòàïîä³áíèì ÿäðîì. Ðîçãëÿíóòî ïèòàííÿ ïðî ³ñíóâàííÿ ñòðóêòóðíîãî çâ’ÿçêó
ì³æ ðîçâ’ÿçêàìè òðèãàðìîí³éíèõ ð³âíÿíü ó ïîëÿðíèõ êîîðäèíàòàõ òà äîäàòíèìè îïåðàòîðàìè, ÿê³ º ðîç-
â’ÿçêàìè ³íøèõ äèôåðåíö³àëüíèõ ð³âíÿíü ó ÷àñòèííèõ ïîõ³äíèõ. Ïîêàçàíî, ùî òðèãàðìîí³éíèé ³íòåãðàë
Ïóàññîíà äëÿ îäèíè÷íîãî êðóãà ìîæíà ïîäàòè ÿê ñåðåäíº çíà÷åííÿ ðîçâ’ÿçêó ð³âíÿííÿ Ëàïëàñà â ïîëÿð-
íèõ êîîðäèíàòàõ.

Êëþ÷îâ³ ñëîâà: ðÿä Ôóð’º, òðèãàðìîí³éíå ð³âíÿííÿ, îäèíè÷íèé êðóã, òðèãàðìîí³éíèé ³íòåãðàë Ïóàññî-
íà, îïåðàòîð Àáåëÿ–Ïóàññîíà.

_________________________________________________________________________________________

Integral representations of polyharmonic operators / A. M. Shutovskyi // Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 3. P. 125–136.

Abstract. The study is devoted to establishing optimal mathematical models in the context of system
analysis problems. Namely, nontrivial boundary conditions are applied to the problem of integrating
polyharmonic equations in polar coordinates. The function, which is tri-harmonic in a unit disk, is presented in
the form of an integral with a delta-like kernel. The question of the existence of a structural connection between
solutions to the tri-harmonic equations in polar coordinates and positive operators, which are solutions to other
partial differential equations, is considered. It is shown that the tri-harmonic Poisson integral for a unit disk can
be represented as an average value of the solution to the Laplace equation in polar coordinates.

Keywords: Fourier series, tri-harmonic equation, unit disk, tri-harmonic Poisson integral, Abel–Poisson
operator.

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

ÓÄÊ 519.212.2:681.51

Ñóì³ñíèé ðîçïîä³ë äåÿêèõ ïîä³é ó ñõåì³ Áåðíóëë³ ç ïàðàìåòðàìè (n, p) / Â.². Ìàñîë, Ñ.ß. Ñëîáîäÿí
// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 3. Ñ. 137–145.

Àíîòàö³ÿ. Âñòàíîâëåíî ÿâíèé âèãëÿä ñóì³ñíîãî ðîçïîä³ëó äîâ³ëüíî¿ ô³êñîâàíî¿ ïàðè ïîä³é, ùî íà-
ëåæàòü îäí³é ñê³í÷åíí³é ìíîæèí³ ïîä³é ó ñõåì³ Áåðíóëë³ ç ïàðàìåòðàìè (n, p). Âêàçàíî çâ’ÿçîê ïàðàìåò-
ðà n ç ìàêñèìàëüíèì çíà÷åííÿì êîæíîãî ç îòðèìàíèõ ñóì³ñíèõ ðîçïîä³ë³â çà óìîâè p=0.5. Íàâåäåíî
ïðèêëàäè âèêîðèñòàííÿ âñòàíîâëåíèõ ðîçïîä³ë³â äî àíàë³çó (0,1)-ïîñë³äîâíîñò³.

Êëþ÷îâ³ ñëîâà: ñóì³ñíèé ðîçïîä³ë, ñõåìà Áåðíóëë³, 2-ëàíöþã, öèôðîâà ñòåãàíîãðàô³ÿ, åêîíîìåòðèêà.

_________________________________________________________________________________________
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Joint distribution of some events in the Bernoulli scheme with parameters (n, p) / V.I. Masol,
S.YA. Slobodian // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 137–145.

Abstract. An explicit form of the joint distribution of an arbitrary fixed pair of events belonging to the
same finite family of events in the Bernoulli scheme with parameters (n, p) is established. The connection of the
parameter n with the maximum value of each of the obtained joint distributions under the condition p=0.5 is
indicated. Examples of the use of the established distributions for the analysis of the (0,1)-sequence are given.

Keywords: joint distribution, Bernoulli scheme, 2-chain, digital steganography, econometrics.

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

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 004.318

Ìåòîä ï³äâèùåííÿ åôåêòèâíîñò³ îáðîáëåííÿ RDF/XML-ñòðóêòóð ó ñåðåäîâèù³ Apache Jena
Semantic Web Framework / Î.Â. Ïàëàã³í, Ì.Ã. Ïåòðåíêî, Â.Â. Êàâåðèíñüêèé, Ê.Ñ. Ìàëàõîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 3. Ñ. 146–166.

Àíîòàö³ÿ. Ó ñòàòò³ äîñë³äæåíî âïëèâ ðîçáèòòÿ êîìï’þòåðíèõ OWL-îíòîëîã³é (RDF/XML-ñòðóê-
òóð âåëèêîãî ðîçì³ðó) òà ïàðàëåëüíîãî âèêîíàííÿ çàïèò³â íà ïðîäóêòèâí³ñòü îáðîáëåííÿ ñêëàäíèõ çà-
ïèò³â. Ðåçóëüòàòè äîñë³äæåííÿ ïîêàçàëè, ùî ðîçáèòòÿ îíòîëîã³é, îñîáëèâî ó ðàç³ çàïèò³â ³ç òðèâàëèì ÷à-
ñîì âèêîíàííÿ, ìîæå ñóòòºâî ñêîðîòèòè ÷àñ ¿õíüîãî îáðîáëåííÿ. Äëÿ çàïèò³â ³ç ñåðåäí³ì òà òðèâàëèì ÷à-
ñîì âèêîíàííÿ êîìá³íàö³ÿ ðîçáèòòÿ é ïàðàëåë³çàö³¿ äàº ïðèð³ñò ïðîäóêòèâíîñò³ äî 45 % ïîð³âíÿíî ç
ïîñë³äîâíèì âèêîíàííÿì. Âîäíî÷àñ äëÿ çàïèò³â ³ç êîðîòêèì ÷àñîì âèêîíàííÿ ðîçáèòòÿ ìîæå ñïðè÷èíÿ-
òè äîäàòêîâ³ çàòðèìêè, ÿê³ ÷àñòêîâî êîìïåíñóþòüñÿ ïàðàëåëüíèì îáðîáëåííÿì. Ï³ä ÷àñ äîñë³äæåííÿ òà-
êîæ ç’ÿñîâàíî, ùî ó ðàç³ ðîçáèòòÿ îíòîëîã³¿ íà ïîíàä 7–10 ÷àñòèí ïîäàëüøå ïîäð³áíåííÿ íå äàº ïîì³òíî-
ãî ï³äâèùåííÿ ïðîäóêòèâíîñò³, ðîáëÿ÷è òàêèé ï³äõ³ä íååôåêòèâíèì. Ó ñòàòò³ íàãîëîøåíî íà âàæëèâîñò³
âðàõóâàííÿ íàäëèøêîâèõ óìîâ ó çàïèòàõ, îñîáëèâî òèõ, ùî ñòîñóþòüñÿ çâ’ÿçê³â ì³æ êëàñàìè-ïðåäêàìè
òà íàùàäêàìè â ìåæàõ îíòîëîã³¿, îñê³ëüêè ¿õíº âèëó÷åííÿ ÷è îïòèì³çàö³ÿ ìîæå ñóòòºâî ïðèñêîðèòè îá-
ðîáëåííÿ. Ïðåäñòàâëåíî ôîðìàëüíó ìîäåëü, ÿêà òåîðåòè÷íî îïèñóº âïëèâ ðîçáèòòÿ îíòîëîã³¿ òà ïàðà-
ëåë³çàö³¿ îáðîáëåííÿ çàïèò³â íà ÷àñ ¿õíüîãî âèêîíàííÿ. Êð³ì òîãî, ñôîðìóëüîâàíî ôîðìàëüí³ êðèòåð³¿, çà
äîïîìîãîþ ÿêèõ âèçíà÷àþòü òèï ðåàêö³¿ çàïèò³â íà ðîçáèòòÿ îíòîëîã³¿ òà ¿õíº ïàðàëåëüíå âèêîíàííÿ.

Êëþ÷îâ³ ñëîâà: îíòîëîã³÷íà ³íæåíåð³ÿ, Semantic Web, Apache Jena Semantic Web Framework, OWL,
OWL-îíòîëîã³ÿ, RDF/XML-ñòðóêòóðà, RDF/XML, SPARQL, ïðèðîäíîìîâí³ ä³àëîãîâ³ ñèñòåìè.

_________________________________________________________________________________________

A method for enhancing the efficiency of RDF/XML-structure processing in the Apache Jena Semantic
Web Framework / O. Palagin, M. Petrenko, V. Kaverinskiy, K. Malakhov // Kibernetyka ta Systemnyi
Analiz. 2025. Vol. 61, N 3. P. 146–166.

Abstract. This study examines the impact of partitioning large-scale OWL-ontologies
(RDF/XML-structures) and parallel query execution on the performance of complex SPARQL queries. The
experimental results indicate that ontology partitioning, particularly for queries with long execution times, can
significantly reduce query processing duration. For medium- and long-execution-time queries, a combination of
ontology partitioning and parallel execution yields a performance improvement of up to 45% compared to
sequential execution. Conversely, for short-execution-time queries, ontology partitioning may introduce
additional delays, which can be partially mitigated through parallel processing. The study also finds that
partitioning an ontology into more than 7–10 segments does not yield further performance gains, rendering
excessive fragmentation an inefficient approach. The article underscores the importance of eliminating
redundant constraints in queries, particularly those concerning hierarchical relationships between parent and
descendant classes within the ontology. Optimizing or removing these constraints can significantly enhance
query execution speed. Furthermore, a formal model is presented to theoretically describe the effects of
ontology partitioning and parallel query execution on processing time. Additionally, the study establishes
formal criteria for determining the impact of these techniques on different types of queries.

Keywords: Ontology engineering, Semantic Web, Apache Jena Semantic Web Framework, OWL,
OWL-ontology, RDF/XML-structure, RDF/XML, SPARQL, Natural Language Dialogue System.

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

ÓÄÊ 004.9:519.22

Ìåòîäîëîã³ÿ ïîáóäîâè àíàë³òè÷íî¿ ï³äñèñòåìè ºäèíî¿ ³íôîðìàö³éíî¿ ñèñòåìè ñîö³àëüíî¿ ñôåðè
Óêðà¿íè / Î.Á. Çàðóäíèé, Ð.Ã. Êîâàëü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 3.
Ñ. 167–175.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó ðîçðîáëåííÿ àíàë³òè÷íî¿ ñêëàäîâî¿ ªäèíî¿ ³íôîðìàö³éíî¿ ñèñòå-
ìè ñîö³àëüíî¿ ñôåðè Óêðà¿íè — àâòîìàòèçîâàíî¿ ï³äñèñòåìè, ïðèçíà÷åíî¿ äëÿ ³íôîðìàö³éíî-àíàë³òè÷íî-
ãî çàáåçïå÷åííÿ ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü â óïðàâë³íí³ ñîö³àëüíîþ ñôåðîþ. Âïðîâàäæåííÿ ö³º¿
ï³äñèñòåìè äàñòü çìîãó ï³äâèùèòè ÿê³ñòü ïëàíóâàííÿ òà ïðîãíîçóâàííÿ ïîòðåá íàñåëåííÿ ó ñîö³àëüíîìó
çàõèñò³ é ñîö³àëüíîìó çàáåçïå÷åíí³, îïòèì³- çóâàòè ðîçïîä³ë ô³íàíñóâàííÿ âèäàòê³â íà ñîö³àëüíèé çà-
õèñò ³ ñîö³àëüíå çàáåçïå÷åííÿ, ãàðàíòóâàòè êîíòðîëüîâàí³ñòü òà àäðåñí³ñòü âèòðàò, à òàêîæ ñïðèÿòèìå
íàëàãîäæåííþ çâîðîòíîãî çâ’ÿçêó ì³æ ñóñï³ëüñòâîì ³ äåðæàâîþ. Â îñíîâó ïðîïîíîâàíî¿ ³íôîð-
ìàö³éíî-àíàë³òè÷íî¿ ï³äñèñòåìè ïîêëàäåíî ìàòåìàòè÷í³ ìîäåë³, ìåòîäè ³íòåëåêòóàëüíîãî àíàë³çó äàíèõ
³ øòó÷íîãî ³íòåëåêòó, ñó÷àñí³ ³íôîðìàö³éí³ òåõíîëîã³¿ òîùî. Ïîºäíàííÿ ïëàòôîðìè Oracle, âèêîðèñòîâó-
âàíî¿ ó ñèñòåì³ ñîö³àëüíîãî çàõèñòó òà Ïåíñ³éíîìó ôîíä³ Óêðà¿íè, ç àíàë³òè÷íèìè ³íñòðóìåíòàìè êîì-
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ïàí³¿ SAS Institute äàñòü çìîãó ñòâîðèòè àäàïòèâíó ³íôîðìàö³éíî-àíàë³òè÷íó ï³äñèñòåìó, ñïðîìîæíó
îïðàöüîâóâàòè âåëèê³ ìàñèâè ñòðóêòóðîâàíèõ ³ íåñòðóêòóðîâàíèõ äàíèõ, îòðèìàíèõ ÿê çà â³äêðèòîãî,
òàê ³ îáìåæåíîãî äîñòóïó, à òàêîæ çàáåçïå÷óâàòè íàä³éíèé çàõèñò êîíô³äåíö³éíî¿ ³íôîðìàö³¿ òà ïåðñî-
íàëüíèõ äàíèõ ãðîìàäÿí.

Êëþ÷îâ³ ñëîâà: ³íôîðìàö³éíî-àíàë³òè÷íà ñèñòåìà, ìàòåìàòè÷í³ ìîäåë³, Big Data, ñîö³àëüíà ñôåðà, ïðî-
ãíîçóâàííÿ.
_________________________________________________________________________________________

Methodology for building an analytical subsystem of the unified information system of the social sphere
of Ukraine / O. Zarudnyi, R. Koval // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 167–175.

Abstract. The paper considers the problem of developing the analytical component of the Unified
Information System of the Social Sphere of Ukraine — an automated subsystem designed for information and
analytical support of decision-making in the management of the social sphere. The implementation of such a
subsystem will improve the quality of planning and forecasting the needs of the population in social protection
and social security, optimize the distribution of financing for social protection and social security expenditures,
ensure controllability and targeting of expenditures, and promote the establishment of feedback between society
and the state. The basis of the proposed information and analytical subsystem is mathematical models, methods
of intelligent data analysis, artificial intelligence, modern information technologies, etc. The combination of the
Oracle platform used in the social protection system and the Pension Fund of Ukraine with analytical tools from
SAS Institute will allow creating an adaptive information and analytical subsystem capable of processing large
arrays of structured and unstructured data obtained with both open and limited access, ensuring reliable
protection of confidential information and personal data of citizens.

Keywords: information and analytical system, mathematical models, Big Data, social sphere, forecasting.
===============================================================================

ÓÄÊ 621.391

Êëàñèô³êàö³ÿ ñèãíàë³â ç öèôðîâîþ ìîäóëÿö³ºþ ïàðàìåòð³â ç âèêîðèñòàííÿì SG-ñòàòèñòèêè /
Ï.Þ. Êîñòåíêî, Ê.Ñ. Âàñþòà, Â.Â. Ñëîáîäÿíþê, Ð.Î. Êà÷àéëî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2025. Òîì 61, ¹ 3. Ñ. 176–189.

Àíîòàö³ÿ. Ðîçãëÿíóòî êëàñèô³êàö³þ ñèãíàë³â ç àìïë³òóäíîþ òà ôàçîâîþ ìàí³ïóëÿö³ºþ ¿õí³õ ïàðà-
ìåòð³â ï³ä ÷àñ ñïîñòåðåæåííÿ íà ôîí³ àäèòèâíîãî Ãàóññîâîãî øóìó. Ïîêàçàíî, ùî âèêîðèñòàííÿ íåïàðà-
ìåòðè÷íî¿ SG-ñòàòèñòèêè ÿê ³íäåêñó ïåðåäáà÷óâàíîñò³ äàº çìîãó âèêîíóâàòè êëàñèô³êàö³þ ñèãíàë³â òà
¿õíº ðîçð³çíåííÿ â ìåæàõ êîæíîãî êëàñó. Çàïðîïîíîâàíî øêàëó ³íäåêñó ïåðåäáà÷óâàíîñò³, ÿêà âïîðÿäêî-
âóº ñèãíàëè çà ñêëàäí³ñòþ.

Êëþ÷îâ³ ñëîâà: ³íäåêñ ïåðåäáà÷óâàíîñò³, êëàñèô³êàö³ÿ ñèãíàë³â, àìïë³òóäíà òà ôàçîâà ìîäóëÿö³ÿ.
_________________________________________________________________________________________

Classification of signals with digital parameter modulation using SG-statistics / P. Kostenko, K. Vasiuta,
V. Slobodyanuk, R. Kachaylo // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 176–189.

Abstract. The paper deals with the classification of signals with amplitude and phase manipulation of
their parameters when observed against the background of additive Gaussian noise. It is shown that the use of
non-parametric SG-statistics as an index of predictability allows for the classification of signals and their
distinction within each class. A scale of signals according to their predictability index is proposed, which ranks
signals according to their complexity.

Keywords: predictability index, signal classification, amplitude and phase modulation.
===============================================================================

ÓÄÊ 621.396

Óäîñêîíàëåííÿ àðõ³òåêòóð òà ïîêðàùåííÿ ñèñòåìíèõ õàðàêòåðèñòèê ³íòåðàêòèâíèõ ðîçïîä³ëåíèõ
êîìï’þòåðíèõ ñèñòåì / ².Ð. Ï³òóõ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 3. Ñ. 190–204.

Àíîòàö³ÿ. Ïðîàíàë³çîâàíî òà âèçíà÷åíî ôóíêö³îíàëüí³ íåäîë³êè àðõ³òåêòóð ³íòåðàêòèâíèõ ðîç-
ïîä³ëåíèõ êîìï’þòåðíèõ ñèñòåì ³ îá´ðóíòîâàíî íàïðÿìè ¿õíüîãî óäîñêîíàëåííÿ. Äîñë³äæåíî àëãîðèòìè
ôîðìóâàííÿ òà îïðàöþâàííÿ äàíèõ íà îñíîâ³ îðòîãîíàëüíèõ ôóíêö³é, ÿê³ ïîðîäæóþòü íåïîçèö³éí³ ñèñ-
òåìè ÷èñëåííÿ. Ðîçðîáëåíî ç³ðêîâî-ìàã³ñòðàëüí³ òà ç³ðêîâî-ê³ëüöåâ³ àðõ³òåêòóðè ³íòåðàêòèâíèõ ðîç-
ïîä³ëåíèõ êîìï’þòåðíèõ ñèñòåì ç âèñîêèì ð³âíåì ðîçïàðàëåëþâàííÿ ïðîöåñ³â îáì³íó äàíèìè. Âðàõîâó-
þ÷è ïîòðåáè ùîäî îïòèì³çàö³¿ îáðîáëåííÿ ³íôîðìàö³¿ íà íèçîâèõ ð³âíÿõ ³íòåðàêòèâíèõ ðîçïîä³ëåíèõ
êîìï’þòåðíèõ ñèñòåì, ñòâîðåíî ñòðóêòóðè ñïåöïðîöåñîð³â àíàëîãî-öèôðîâîãî òà ñòàòèñòè÷íîãî îïðà-
öþâàííÿ äàíèõ. Ðåàë³çîâàíî ì³êðîåëåêòðîíí³ ñòðóêòóðè àíàëîãî-öèôðîâèõ ïåðåòâîðþâà÷³â ðîçãîðòàëü-
íîãî òèïó ç âèõ³äíèìè ìóëüòèôóíêö³îíàëüíèìè êîäàìè â áàçèñàõ Ðàäåìàõåðà–Êðåñòåíñîíà òà Õàà-
ðà–Êðåñòåíñîíà, ùî ï³äâèùóº øâèäêîä³þ òà òî÷í³ñòü îá÷èñëåíü. Îòðèìàí³ ðåçóëüòàòè äîñë³äæåííÿ
ñïðèÿþòü óäîñêîíàëåííþ àðõ³òåêòóð ³íòåðàêòèâíèõ ðîçïîä³ëåíèõ êîìï’þòåðíèõ ñèñòåì òà çóìîâëþþòü
ïîêðàùåííÿ ¿õí³õ ñèñòåìíèõ õàðàêòåðèñòèê.

Êëþ÷îâ³ ñëîâà: áàçèñè îðòîãîíàëüíèõ ôóíêö³é, ñèñòåìè ÷èñëåííÿ, ñïåöïðîöåñîðè, ³íòåðàêòèâí³ êîì-
ï’þòåðí³ ñèñòåìè.
_________________________________________________________________________________________
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Improvement of architectures and system characteristics of interactive distributed computer systems /
I. Pitukh // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 190–204.

Abstract. The functional shortcomings of the architectures of interactive distributed computer systems
(IDCS) are analyzed and identified. The algorithms of data formation and processing based on orthogonal
functions that generate non-positional number systems are investigated. The star-trunk and star-ring
architectures of the IDCS with a high level of parallelization of data exchange processes are developed. The
structures of special processors for analog-digital and statistical data processing at the lower levels of the IDCS
are developed. The microelectronic structures of analog-to-digital converters (ADC) of the unfolding type with
output multifunctional codes in the Rademacher–Christensen and Haar–Christensen bases are implemented.

Keywords: bases of orthogonal functions, number systems, special-purpose processors, interactive computer
systems.
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ÓÄÊ 519.6

Åôåêòèâíèé àëãîðèòì ï³äíåñåííÿ äî êâàäðàòà áàãàòîñë³âíèõ ÷èñåë / Â.Ê. Çàä³ðàêà,
À.Ì. Òåðåùåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 3. Ñ. 205–212.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ðåàë³çàö³¿ îïåðàö³¿ ï³äíåñåííÿ äî êâàäðàòà ÷èñëà äîâæèíîþ N

ñë³â (N
n

� 2 ), ÿêèé äàº çìîãó îá÷èñëþâàòè íà îñíîâ³ âîñüìè ìíîæåíü ÷èñåë äîâæèíîþ N / 4 ñë³â N � 4.
Îïåðàö³ÿ ï³äíåñåííÿ äî êâàäðàòà º îäí³ºþ ç îñíîâíèõ îïåðàö³é øèôðóâàííÿ, äåøèôðóâàííÿ òà âå-
ðèô³êàö³¿ êëþ÷³â àñèìåòðè÷íî¿ êðèïòîãðàô³¿. Â³ä øâèäêîä³¿ ö³º¿ îïåðàö³¿ çàëåæèòü øâèäêîä³ÿ îïåðàö³é
àñèìåòðè÷íî¿ êðèïòîãðàô³¿. Çã³äíî ç òåîðåìîþ îö³íåíî ñêëàäí³ñòü çàïðîïîíîâàíîãî ìåòîäó äëÿ ÷èñåë
äîâæèíîþ N ñë³â òà ïîêàçàíî, ùî îá÷èñëåííÿ ìîæå áóòè âèêîíàíî íà îñíîâ³ ÷îòèòðüîõ ï³äíåñåíü äî
êâàäðàòà ÷èñåë äîâæèíîþ N / 4 ñë³â òà ÷îòèðüîõ ìíîæåíü ÷èñåë äîâæèíîþ N / 4 ñë³â. Ï³äíåñåííÿ äî
êâàäðàòà ÷îòèðèñë³âíîãî ÷èñëà íà îñíîâ³ çàïðîïîíîâàíîãî ìåòîäó ìîæå áóòè âèêîíàíî ³ç çàñòîñóâàííÿì
âîñüìè ìíîæåíü, ùî íà îäíå ìíîæåííÿ ìåíüøå í³æ ó ìåòîä³ Êàðàöóáè, ÿêèé âèêîðèñòîâóºòüñÿ ðåêóð-
ñèâíî. Çàïðîïîíîâàíèé ìåòîä ìîæå áóòè çàñòîñîâàíèé ðåêóðñèâíî, ùî ï³äâèùóº ìîæëèâ³ñòü ç ðîçïàðà-
ëåëþâàííÿ îïåðàö³¿ ï³äíåñåííÿ äî êâàäðàòà âåëèêèõ ÷èñåë. Ðåçóëüòàòè ðîáîòè ìîæóòü áóòè âèêîðèñòàí³
äëÿ ðîçðîáëåííÿ øâèäêèõ àëãîðèòì³â áàãàòîñë³âíî¿ àðèôìåòèêè òà äëÿ ðåàë³çàö³¿ îïåðàö³¿ ï³äíåñåííÿ äî
êâàäðàòà âåëèêèõ ÷èñåë ó ì³êðîñõåìíîìó âèêîíàíí³.

Êëþ÷îâ³ ñëîâà: áàãàòîñë³âíà àðèôìåòèêà, áàãàòîñë³âíå ìíîæåííÿ, áàãàòîñë³âíå ï³äíåñåííÿ äî êâàäðàòà,
ï³äíåñåííÿ äî êâàäðàòà çà ìîäóëåì, àñèìåòðè÷íà êðèïòîãðàô³ÿ.
_________________________________________________________________________________________

An efficient algorithm for squaring multi-word numbers / V.K. Zadiraka, A.M. Tereshchenko //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 205–212.

Abstract. A method of implementing the operation of squaring a number with a length of N words (N
n

� 2 )
is proposed, which allows performing calculations based on eight multiplications of numbers with a length of
N / 4 words (N � 4). The squaring operation is one of the main operations of encryption, decryption, and
verification of keys in asymmetric cryptography. The speed of operations of asymmetric cryptography depends
on the speed of the square operation. The complexity of the proposed method for numbers with a length of N

words is evaluated in the form of the theorem, and it is shown that the calculation can be performed based on
four squares of numbers with a length of N / 4 words and four multiplications of numbers with a length of
N / 4 words. For squaring a 4-word number, the developed method requires eight one-word multiplication
operations, one multiplication less than in the Karatsuba‘s method, which is used recursively. The method can
be used recursively, which increases the possibility of parallelizing the implementation of squaring large
numbers. The results of the paper can be used for the development of fast multi-word arithmetic algorithms and
the implementation of the squaring of large numbers in a circuit design.

Keywords: multiword arithmetic, multiword multiplication, multiword squaring, multiword squaring by
modulo, asymmetric cryptography.
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