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Ôîðìàë³çîâàíà ìîäåëü ôîðìóâàííÿ àòèòþäó ÿê ³íñòðóìåíò àíàë³çó ïîâåä³íêîâèõ ïàòåðí³â /
Î.Â. Ïàëàã³í, Ä.². Ñèìîíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 5. Ñ. 3–13.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìîäåëü ôîðìóâàííÿ àòèòþäó, ùî äàº çìîãó àíàë³çóâàòè ïîâåä³íêîâ³ ïàòåðíè
³íäèâ³ä³â ó ñêëàäíèõ ñîö³àëüíèõ ñèñòåìàõ. Çàïðîïîíîâàíà ìîäåëü áàçóºòüñÿ íà äèíàì³÷íèõ ñèñòåìàõ ³
âðàõîâóº áàëàíñ ì³æ ðàö³îíàëüí³ñòþ òà êîðèñí³ñòþ ïðèéíÿòèõ ð³øåíü. Óâåäåíî ïîíÿòòÿ ³íäåêñó ãàð-
ìîí³¿, ùî îïèñóº âçàºìîä³þ âíóòð³øí³õ ³ çîâí³øí³õ ôàêòîð³â, à òàêîæ ôóíêö³þ ðàö³îíàëüíîñò³, ÿêà âèç-
íà÷àº ñòóï³íü óçãîäæåíîñò³ ð³øåíü ³ç êîãí³òèâíèìè óñòàíîâêàìè îñîáè. Îñîáëèâó óâàãó ïðèä³ëåíî âïëè-
âó ³íôîðìàö³éíîãî ñåðåäîâèùà íà ïðîöåñ ïðèéíÿòòÿ ð³øåíü, ùî ìîäåëþºòüñÿ ÷åðåç åíòðîï³éíèé ï³äõ³ä
äî àíàë³çó ³íôîðìàö³éíîãî øóìó òà ìàí³ïóëÿö³é. Ðîçãëÿíóòî ìàòåìàòè÷íèé îïèñ àäàïòàö³¿ àòèòþäó òà
çàïðîïîíîâàíî ëîã³ñòè÷íó ìîäåëü éîãî çì³íè ï³ä âïëèâîì çîâí³øí³õ ôàêòîð³â. Ïîêàçàíî ïðàêòè÷íå çíà-
÷åííÿ ðîáîòè äëÿ ïðîãíîçóâàííÿ ïîâåä³íêè ñîö³àëüíèõ ãðóï, îö³íþâàííÿ ñòàá³ëüíîñò³ ñóñï³ëüíèõ ñèñòåì
òà äîñë³äæåííÿ ìåõàí³çì³â ³íôîðìàö³éíîãî âïëèâó.

Êëþ÷îâ³ ñëîâà: äèíàì³÷í³ ñèñòåìè, äèíàì³êà ïîâåä³íêè, ³íäåêñ ãàðìîí³¿, ôóíêö³ÿ ðàö³îíàëüíîñò³,
ôóíêö³ÿ êîðèñíîñò³.

_________________________________________________________________________________________

Formalized model of attitude formation as a tool for analyzing behavioral patterns / Î. Palagin,
D. Symonov // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 3–13.

Abstract. The article presents a model of attitude formation that enables the analysis of individual
behavioral patterns in complex social systems. The proposed model is based on dynamic systems and considers
the balance between rationality and the utility of decision-making. The concept of a harmony index is
introduced, describing the interaction between internal and external factors, along with a rationality function,
which determines the degree of alignment between decisions and an individual’s cognitive predispositions.
Special attention is given to the influence of the informational environment on the decision-making process,
modeled through an entropy-based approach to analyzing informational noise and manipulations.
A mathematical description of attitude adaptation is provided, and a logistic model of attitude change under the
influence of external factors is proposed. The study has practical significance for predicting social group
behavior, assessing the stability of social systems, and investigating the mechanisms of informational influence.

Keywords: dynamic systems, behavior dynamics, harmony index, rationality function, utility function.
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ÓÄÊ 51.681.3

Ñèñòåìà îáì³íó ³íôîðìàö³¿ íà îñíîâ³ â³äîáðàæåíü ê³ëåöü / Ñ.Ë. Êðèâèé // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2025. Òîì 61, ¹ 5. Ñ. 14–23.

Àíîòàö³ÿ. Çàïðîïîíîâàíî êðèïòîñèñòåìó îáì³íó ³íôîðìàö³¿ ì³æ àáîíåíòàìè íà îñíîâ³ ñþð’ºêòèâ-
íèõ â³äîáðàæåíü ñê³í÷åííèõ àñîö³àòèâíî-êîìóòàòèâíèõ ê³ëåöü ç îäèíèöåþ òà ñèñòåì ë³í³éíèõ êîíãðó-
åíö³é íàä òàêèìè ê³ëüöÿìè. Íàâåäåíî àëãîðèòìè ïîáóäîâè ñþð’ºêòèâíèõ â³äîáðàæåíü ê³ëåöü, à òàêîæ
ïðîòîêîë îáì³íó ³íôîðìàö³¿ òà îá÷èñëþâàëüí³ îñîáëèâîñò³ çàñîá³â ðåàë³çàö³¿ ïðîòîêîëó. Ñèñòåìà íå ïî-
òðåáóº ãðîì³çäêèõ îá÷èñëåíü òà ïîáóäîâè òàáëèöü îïåðàö³é ê³ëåöü ³ ¿¿ ñò³éê³ñòü ´ðóíòóºòüñÿ íà êîìá³íà-
òîðí³é ñêëàäíîñò³ ìíîæèíè ñþð’ºêòèâíèõ â³äîáðàæåíü òà ³çîìîðô³çì³â ì³æ ñê³í÷åííèìè ê³ëüöÿìè
ïîð³âíÿíî íåâåëèêèõ ïîðÿäê³â. Àëãîðèòìè ðîçâ’ÿçàííÿ ñèñòåì ë³í³éíèõ êîíãðóåíö³é, ÿê³ ô³ãóðóþòü ó
ïðîòîêîë³ îáì³íó ³íôîðìàö³¿, ñëóãóþòü äëÿ øèôðóâàííÿ ïîâ³äîìëåíü ³ ìàþòü ïîë³íîì³àëüíó ñêëàäí³ñòü.
Ðîáîòó êðèïòîñèñòåìè ïðîäåìîíñòðîâàíî íà ïðèêëàäàõ.

Êëþ÷îâ³ ñëîâà: êðèïòîãðàô³ÿ, ñèìåòðè÷íà êðèïòîñèñòåìà, ñê³í÷åíí³ ê³ëüöÿ, ³çîìîðô³çì, ñèñòåìà
ë³í³éíèõ êîíãðóåíö³é.

_________________________________________________________________________________________

Information exchange system based on maps of rings / S. Kryvyi // Kibernetyka ta Systemnyi Analiz. 2025.
Vol. 61, N 5. P. 14–23.

Abstract. A cryptosystem for information exchange between subscribers based on surjective mappings of
finite associative commutative rings with unity and systems of linear congruences over such rings is proposed.
Algorithms for constructing surjective mappings of rings are presented, as well as a protocol for information
exchange and the computational features of the means for implementing the protocol. The system does not
require cumbersome calculations and construction of ring operation tables, and its stability is based on the
combinatorial complexity of the set of surjective mappings and isomorphisms between finite rings of relatively
small orders. The algorithms for solving systems of linear congruences that appear in the information exchange
protocol are used to encrypt messages and have polynomial complexity. The operation of the cryptosystem is
demonstrated with examples.

Keywords: cryptography, symmetric cryptosystem, finite rings, isomorphism, system of linear congruences.
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ÓÄÊ 005.8

Íàï³âêåðîâàíå ïðîãíîçóâàííÿ ìóëüòèìîäàëüíî¿ òðàºêòîð³¿ ðóõó òðàíñïîðòèõ çàñîá³â íà îñíîâ³
òðàíñôîðìåð³â / Â.Ì. Ñèíºãëàçîâ, Ê.Ñ. Ëåñîãîðñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025.
Òîì 61, ¹ 5. Ñ. 24–38.

Àíîòàö³ÿ. Äîñë³äæåíî ïðîãíîçóâàííÿ òðàºêòîð³¿ ðóõó òðàíñïîðòíèõ çàñîá³â ³ç âèêîðèñòàííÿì
øòó÷íèõ íåéðîííèõ ìåðåæ. Ðîçãëÿíóòî íàÿâí³ ï³äõîäè òà ìåòîäè ðîçâ’ÿçàííÿ çàäà÷³ ïåðåäáà÷åííÿ
òðàºêòîð³¿ ðóõó òðàíñïîðòíèõ çàñîá³â òà ¿õí³ îáìåæåííÿ. Çàäà÷ó ïðîãíîçóâàííÿ ðóõó íàâåäåíî ó ñöåíî-
öåíòðè÷íîìó íàëàøòóâàíí³ ³ç çàñòîñóâàííÿì âõ³äíîãî ïðåäñòàâëåííÿ ñïðîùåííîãî âèäó ç âèñîòè ïòàøè-
íîãî ïîëüîòó òà âèõ³äíîãî ïðåäñòàâëåííÿ ìàïè çàéíÿòîñò³. Äëÿ ïîïåðåäíüîãî îáðîáëåííÿ óí³ìîäàëüíîãî
íàáîðó äàíèõ òà óòâîðåííÿ ìóëüòèìîäàëüíîãî íàáîðó äàíèõ çàïðîïîíîâàíî íàï³âêåðîâàíó ô³çè÷íî-ìà-
íåâðîâó ìîäåëü, ùî ðîçâ’ÿçóº çàäà÷ó îáìåæåíîñò³ íàáîðó äàííèõ äëÿ íàâ÷àííÿ. Ìîäèô³êîâàíèé âàð³àíò
àðõ³òåêòóðè øòó÷íèõ íåéðîííèõ ìåðåæ Transformer âèêîðèñòîâóºòüñÿ äëÿ ïåðåäáà÷åííÿ òðàºêòîð³¿, à òà-
êîæ äîäàòêîâî ìîäèô³êóºòüñÿ äëÿ îáðîáëåííÿ âåëèêèõ ïðîñòîðîâî-÷àñîâèõ çâ’ÿçê³â. Åôåêòèâí³ñòü çà-
ïðîïîíîâàíîãî ìåòîäó ïîð³âíÿíî ç äâîìà êðàùèìè àãåíòîöåíòðè÷íèìè òà ñöåíîöåíòèð÷íèìè àëãîðèò-
ìàìè. Çàïðîïîíîâàíèé ìåòîä ïîêðàùóº åôåêòèâí³ñòü â³äîìèõ ìåòîä³â äî 40 % ó ïåâíèõ ìåòðèêàõ òà äî-
ñÿãàº ðåçóëüòàò³â, ïîð³âíþâàíèõ ç íàéêðàùèìè àãåíòîöåíòðè÷íèìè ï³äõîäàìè.

Êëþ÷îâ³ ñëîâà: ïðîãíîçóâàííÿ ðóõó, ïðîãíîçóâàííÿ òðàºêòîð³¿, íàï³âêåðîâàíå íàâ÷àííÿ, òðàíñôîðìåð,
ãëèáîêå íàâ÷àííÿ.
_________________________________________________________________________________________

Semi-supervised prediction of multimodal vehicle trajectory based on transformers / V.M. Sineglazov,
K.S. Lesohorskyi // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 24–38.

Abstract. The prediction of vehicle motion trajectories using artificial neural networks is investigated.
Existing approaches and methods for predicting vehicle motion trajectories, along with their limitations, are
considered. The traffic prediction problem is presented in a scene-centric setting, using a simplified bird’s eye
view (BEV) input representation and an occupancy map output representation. A semi-supervised physical
maneuver model is proposed to reprocess the unimodal dataset and generate a multimodal dataset, thereby
solving the problem of limited dataset for training. A modified version of the Transformer artificial neural
network architecture is used for trajectory prediction. The Transformer architecture is also further modified to
handle large spatio-temporal relationships. The efficiency of the proposed method is compared with the two
best agent-centric and scene-centric algorithms. The proposed method improves the efficiency of known
methods by up to 40% in certain metrics and achieves results comparable to the best agent-centric approaches.

Keywords: motion prediction, trajectory prediction, semi-supervised learning, transformers, deep learning.
===============================================================================

ÓÄÊ 519.7:532.5+556.5-026:517.9

Ìåòîäè êîìïëåêñíîãî àíàë³çó ïðîãíîçóâàííÿ êåðîâàíèõ ðóõ³â ïîâåðõíåâèõ òà ô³ëüòðàö³éíèõ âîä /
À.ß. Áîìáà, Ñ.Ñ. Êàøòàí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 5. Ñ. 39–54.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî ìîäåëþâàííÿ ³äåàëüíî¿ òå÷³¿ ó âîäíîìó ñåðåäîâèù³, îáìåæå-
íîìó ë³í³ÿìè òå÷³¿ òà åêâ³ïîòåíö³àëüíèìè ïîâåðõíÿìè, çîêðåìà ó âîäîéì³ ç ïðèòîêàìè. Àíàë³ç ã³äðî-
ëîã³÷íîãî ðåæèìó âîäíîãî îá’ºêòà âêàçóº íà ñêëàäíó âçàºìîä³þ ï³äçåìíèõ ´ðóíòîâèõ âîä òà ïîâåðõíå-
âèõ âîäíèõ ìàñ. Ó ö³é ðîáîò³ âïëèâ ÿê ïîâåðõíåâèõ òàê ³ ï³äçåìíèõ âîä, ùî ï³äòðèìóþòü îñíîâíó òå÷³þ
(íàïðèêëàä, ïðèòîêè äî âîäîéìè), íà ïî÷àòêîâîìó åòàï³ çàïðîïîíîâàíî ìîäåëþâàòè ÿê ä³ëÿíêè (äæåðå-
ëà) ïîïåðå÷íèõ çáóðåíü áàçîâîãî ñòîêó. Ðîçãëÿíóòî ïîâ³ëüí³ ðóõè (áëèçüê³ äî ³äåàëüíèõ) âîäè ó òàêèõ
âîäîéìàõ, ùî ìîæóòü áóòè îïèñàí³, ÿê ³ â ´ðóíòàõ, çà äîïîìîãîþ àíàëîãó çàêîíó Äàðñ³. Çàëåæíî â³ä çíà-
÷åíü ïîòåíö³àë³â (íàïîð³â) íà â³äïîâ³äíèõ åêâ³ïîòåíö³àëüíèõ ë³í³ÿõ, ìîæëèâ³ ð³çí³ âèïàäêè ôîðìóâàííÿ
òå÷³¿ ó âîäîéì³ (ô³çè÷í³é îáëàñò³), à îòæå — êîíô³ãóðàö³é â³äïîâ³äíèõ îáëàñòåé êîìïëåêñíîãî ïî-
òåíö³àëó. Ìåòîäîëîã³ÿ ìîäåëþâàííÿ òàêèõ ïðîöåñ³â ´ðóíòóºòüñÿ íà ðîçâèòêó òà àäàïòàö³¿ ÷èñëîâèõ ìå-
òîä³â êîìïëåêñíîãî àíàë³çó, ùî çàáåçïå÷óº ìîæëèâ³ñòü åôåêòèâíî îïèñóâàòè ³ ïðîãíîçóâàòè äèíàì³êó
âîäíèõ ñèñòåì íà ãëîáàëüíîìó ð³âí³, ïðèéìàòè ð³øåííÿ ùîäî êåðóâàííÿ ðîçãëÿäóâàíèì ïðîöåñîì. Íàá-
ëèæåí³ ðîçâ’ÿçêè â³äïîâ³äíèõ, òàê çâàíèõ îáåðíåíèõ êðàéîâèõ çàäà÷ íà êîíôîðìí³ â³äîáðàæåííÿ (äëÿ
îáëàñòåé ç ä³ëÿíêàìè çáóðåííÿ ãðàíè÷íèõ ë³í³é òå÷³¿) çíàõîäèìî çà äîïîìîãîþ àëãîðèòìó, ÿêèé ´ðóí-
òóºòüñÿ íà ïî÷åðãîâ³é ïàðàìåòðèçàö³¿ âåëè÷èí êîíôîðìíèõ ³íâàð³àíò³â, ãðàíè÷íèõ ³ âíóòð³øí³õ âóçë³â
ñ³òêîâî¿ îáëàñò³ ç âèêîðèñòàííÿì ³äåé ìåòîäó áëî÷íî¿ ³òåðàö³¿. Çàïðîïîíîâàíèé ï³äõ³ä, îêð³ì ðîçðàõóíêó
êðèâèõ ðîçä³ëó âîäíèõ ìàñ, çàáåçïå÷óº ìîæëèâ³ñòü ïàðàëåëüíî çíàõîäèòè õàðàêòåðèñòè÷íó ôóíêö³þ
òå÷³¿, êîìïëåêñíèé ïîòåíö³àë, ïîâíó âèòðàòó, âåëè÷èíè ð³çíèõ ïåðåòîê³â, áóäóâàòè â çàäàí³é îáëàñò³
ã³äðîäèíàì³÷íó ñ³òêó, ðîçðàõîâóâàòè ïîëå øâèäêîñò³ ðóõó òà êåðóâàòè ïðîöåñîì.

Êëþ÷îâ³ ñëîâà: íåë³í³éí³ êðàéîâ³ çàäà÷³, êîíôîðìí³ â³äîáðàæåííÿ, ìîäåëþâàííÿ, êåðóâàííÿ, îñíîâíèé
ïîò³ê âîäíèõ ìàñ, ÷èñëîâ³ ìåòîäè, ³íòåëåêòóàëüíèé àíàë³ç äàíèõ.
_________________________________________________________________________________________

Methods of complex analysis for forecasting the controllable flows of surface and filtration waters /
À.Y. Bomba, S.S. Kashtan // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 39–54.

Abstract. An approach to modeling an ideal flow in a water environment limited by flow lines and
equipotential surfaces, in particular, a reservoir with tributaries, is proposed. Analysis of the hydrological
regime of a water body indicates a complex interaction of underground groundwater and surface water masses.
In this work, the influence of both surface and underground waters supporting the main flow (for example,
tributaries to the reservoir) at the initial stage is proposed to be modeled as areas (sources) of transverse
disturbances to the base flow. Slow movements (close to ideal) of water in such reservoirs are considered,
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which can be described, as in soils, with the help of an analogue of Darcy’s law. Depending on the values of
potentials (pressures) on the corresponding equipotential lines, different cases of flow formation in the reservoir
(physical area) are possible, and therefore, configurations of the corresponding areas of complex potential. The
modeling methodology for this kind of process is based on the development and adaptation of numerical
methods of complex analysis, which enables the effective description and prediction of the dynamics of water
systems at the global level and decision-making regarding the management of the process under consideration.
Approximate solutions of the corresponding, so-called, inverse boundary value problems on conformal
mappings (for areas with sources of perturbation of boundary flow lines that arise at certain stages of
computational processes) are found using an algorithm based on the alternate parameterization of the values of
conformal invariants, boundary and internal nodes of the grid area using the ideas of the block iteration method.
The proposed approach, in addition to calculating the water mass interface curves, provides the ability to
simultaneously determine the characteristic flow function, complex potential, total discharge, and values of
various types of flows. It also enables the construction of a hydrodynamic grid in a given area, calculation of
the velocity field, and control of the process.

Keywords: nonlinear boundary value problems, conformal mappings, modeling, flow control, baseflow,
numerical methods, intelligent data analysis.
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.863

Î÷³êóâàíèé âïëèâ êë³ìàòè÷íèõ çì³í íà âðîæàéí³ñòü çåðíîâèõ êóëüòóð ó ×åðêàñüê³é îáëàñò³
Óêðà¿íè / Â.À. Ïåïåëÿºâ, Î.Ì. Ãîëîäí³êîâ, À.À. Ïàíòåëåéìîíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2025. Òîì 61, ¹ 5. Ñ. 55–63.

Àíîòàö³ÿ. Çä³éñíåíî ìîäåëþâàííÿ âïëèâó êë³ìàòè÷íèõ çì³í íà âðîæàéí³ñòü îçèìîãî òà ÿðîãî ÿ÷-
ìåíþ, îçèìîãî æèòà òà êóêóðóäçè â ×åðêàñüê³é îáëàñò³. Çàïðîïîíîâàíî ìàòåìàòè÷íèé ³íñòðóìåíòàð³é
äëÿ ïðîãíîçóâàííÿ âðîæàéíîñò³ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð çà óìîâ êë³ìàòè÷íèõ çì³í. Â³í äàº çìîãó
îö³íèòè êâàíòèë³ ôóíêö³é ðîçïîä³ëó âðîæàéíîñò³ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð â óìîâàõ çì³íè
êë³ìàòó ³ âèçíà÷èòè, ÿê³ êóëüòóðè íàéêðàùå ïðèñòîñîâàí³ äî ãëîáàëüíîãî ïîòåïë³ííÿ.

Êëþ÷îâ³ ñëîâà: àäàïòàö³ÿ, êë³ìàòè÷í³ çì³íè, ìîäåëþâàííÿ âðîæàéíîñò³, êâàíòèëüíà ðåãðåñ³ÿ.
_________________________________________________________________________________________

Expected impact of climate change on the yield of cereal crops in the Cherkasy region of Ukraine /
V.A. Pepelyaev, A.N. Golodnikov, A.À. Panteleymonov // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61,
N 5. P. 55–63.

Abstract. The impact of climate change on the yield of winter and spring barley, winter rye, and corn in
Cherkasy region is modeled. A mathematical toolkit is proposed for predicting crop yields under climate
change. It enables the estimation of quantiles of crop yield distribution functions under climate change and the
identification of crops best adapted to global warming.

Keywords: adaptation, climate change, yield modeling, quantile regression.
===============================================================================

ÓÄÊ 517.9:519.6

Ìàòåìàòè÷íå ìîäåëþâàííÿ äðîáîâî-äèôåðåíö³àëüíî¿ äèíàì³êè êîìï’þòåðíèõ â³ðóñ³â íà îñíîâ³
ìîäåë³ ç ïîõ³äíèìè êàïóòî êóñêîâî-ñòàëîãî ïîðÿäêó / Â.Ì. Áóëàâàöüêèé, Â.Î. Áîãàºíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 5. Ñ. 64–77.

Àíîòàö³ÿ. Ðîçãëÿíóòî óçàãàëüíåíèé äðîáîâî-äèôåðåíö³àëüíèé àíàëîã â³äîìèõ ìîäåëåé äèíàì³êè
ïîøèðåííÿ êîìï’þòåðíèõ â³ðóñ³â, ïîáóäîâàíèé ç âèêîðèñòàííÿì ïîõ³äíèõ Êàïóòî êóñêîâî-ñòàëîãî ïî-
ðÿäêó. Ðîçðîáëåíî êîìá³íîâàíó ìåòîäèêó îäåðæàííÿ ÷èñëîâî-àíàë³òè÷íîãî ðîçâ’ÿçêó â³äïîâ³äíî¿ çàäà÷³
Êîø³ äëÿ íåë³í³éíî¿ ñèñòåìè äðîáîâî-äèôåðåíö³àëüíèõ ð³âíÿíü êóñêîâî-ñòàëîãî ïîðÿäêó. Íàâåäåíî ðå-
çóëüòàòè ÿê³ñíîãî àíàë³çó óìîâ êîðåêòíîñò³ ö³º¿ çàäà÷³ Êîø³, àíàë³çó ñò³éêîñò³ çàäà÷³ çà Óëà-
ìîì–Õàºðñîì òà äåÿê³ ðåçóëüòàòè êîìï’þòåðíîãî ìîäåëþâàííÿ äðîáîâî¿ äèíàì³êè ïîøèðåííÿ êîìï’þ-
òåðíèõ â³ðóñ³â íà îñíîâ³ ðîçãëÿíóòî¿ ìîäåë³ êîìï’þòåðíî¿ â³ðóñîëîã³¿.

Êëþ÷îâ³ ñëîâà: äèíàì³êà ïîøèðåííÿ êîìï’þòåðíèõ â³ðóñ³â, ìàòåìàòè÷íå òà êîìï’þòåðíå ìîäåëþâàí-
íÿ, äðîáîâî-äèôåðåíö³àëüí³ ìàòåìàòè÷í³ ìîäåë³, ïîõ³äí³ Êàïóòî êóñêîâî-ñòàëîãî ïîðÿäêó, íåë³í³éí³
ìîäåë³, ÿê³ñíèé àíàë³ç, UH-ñò³éê³ñòü.
_________________________________________________________________________________________

Mathematical modeling of fractional-differential dynamics of computer viruses based on a model with
Caputo-derivatives of piecewise-constant order / V.M. Bulavatsky, V.O. Bohaienko // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 5. P. 64–77.

Abstract. A generalized fractional-differential analog with respect to the known models of the dynamics of
the propagation of computer viruses, built using Caputo derivatives of piecewise-constant order, is considered.
A combined technique for obtaining a numerical-analytical solution of the corresponding Cauchy problem for
a nonlinear system of fractional-differential equations of piecewise-constant order has been developed. The results
of qualitative analysis in relation to the conditions of correctness of this Cauchy problem, analysis of the
problem’s stability according to Ulam-Hyers, and some results of computer modeling of the fractional dynamics
of computer virus propagation based on this model of computer virology are presented.
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Keywords: dynamics of computer virus spread, mathematical and computer modeling, fractional differential
mathematical models, Caputo derivatives of piecewise-constant order, nonlinear models, qualitative analysis,
UH-stability.

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

ÓÄÊ 517.977

Ñòðàòåã³¿ êâàç³ïàðàëåëüíîãî çáëèæåííÿ òà ìàñêóâàííÿ ðóõó â ³ãðîâèõ çàäà÷àõ êåðóâàííÿ
ç íåô³êñîâàíèì ÷àñîì / À.Î. ×èêð³é, É.Ñ. Ðàïïîïîðò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025.
Òîì 61, ¹ 5. Ñ. 78–88.

Àíîòàö³ÿ. Ðîçãëÿíóòî êîíôë³êòíî-êåðîâàí³ ïðîöåñè ç íåô³êñîâàíèì ÷àñîì, äëÿ ÿêèõ çàïðîïîíîâà-
íî äâ³ ìîäèô³êàö³¿ ìåòîäó ðîâ’ÿçóâàëüíèõ ôóíêö³é. Âèçíà÷åíî ñòðàòåã³þ êâàç³ïàðàëåëüíîãî çáëèæåííÿ,
ÿêà çà äîïîìîãîþ ïåðøî¿ ìîäèô³êàö³¿ ìåòîäó ðîâ’ÿçóâàëüíèõ ôóíêö³é çàáåçïå÷óº óñï³øíå çàâåðøåííÿ
ïðîöåñó äî ô³êñîâàíîãî ìîìåíòó çàê³í÷åííÿ òà ó êîíòðîëüíèõ ïðèêëàäàõ çá³ãàºòüñÿ ç â³äîìèì îçíà÷åí-
íÿì ïàðàëåëüíîãî ðóõó. Äðóãà ìîäèô³êàö³ÿ ìåòîäó ðîâ’ÿçóâàëüíèõ ôóíêö³é çàáåçïå÷óº çáëèæåííÿ çà
ïðîìåíåì äî ô³êñîâàíîãî ìîìåíòó çàê³í÷åííÿ ãðè. Ñôîðìóëüîâàíî ñòðàòåã³þ ìàñêóâàííÿ ðóõó, ùî º
âàæëèâèì îêðåìèì âèïàäêîì ñòðàòåã³¿ ïåðåñë³äóâàííÿ çà ïðîìåíåì ³ ìàº ñàìîñò³éíèé ³íòåðåñ. Òåîðå-
òè÷í³ ðåçóëüòàòè ðîáîòè ïðî³ëþñòðîâàíî íà êîíòðîëüíîìó ïðèêëàä³.

Êëþ÷îâ³ ñëîâà: êîíôë³êòíî-êåðîâàí³ ïðîöåñè ç íåô³êñîâàíèì ÷àñîì, ñòðàòåã³ÿ ïàðàëåëüíîãî çáëèæåí-
íÿ, ñòðàòåã³ÿ ìàñêóâàííÿ ðóõó, ïåðåñë³äóâàííÿ çà ïðîìåíåì.

_________________________________________________________________________________________

Quasi-parallel approach and motion masking strategies in game control problems with non-fixed time /
A.A. Chikrii, I.S. Rappoport // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 78–88.

Abstract. Conflict-controlled processes with non-fixed time are considered, for which two modifications
of the method of connecting functions are proposed. A quasi-parallel convergence strategy is defined, which,
using the first modification of the method of connecting functions, ensures the successful completion of the
process by a fixed endpoint and, in control examples, coincides with the well-known definition of parallel
motion. The second modification of the method of connecting functions ensures convergence along a ray by a
fixed end point of the game. A motion masking strategy is formulated, which is an important special case of the
strategy of chasing along a ray and is of independent interest. The theoretical results of the study are illustrated
by a control example.

Keywords: conflict-driven processes with non-fixed time, parallel convergence strategy, motion masking
strategy, ray tracing.

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

ÓÄÊ 519.711

Ë³í³éí³ ñåðåäíüîêâàäðàòè÷í³ îö³íêè ñïåêòðàëüíèõ ôóíêö³é ñåðåäí³õ çíà÷åíü íåñòàö³îíàðíèõ
âèïàäêîâèõ ïðîöåñ³â â óìîâàõ íåâèçíà÷åíîñò³ / Î.Ã. Íàêîíå÷íèé, Ï.Ì. Ç³íüêî, Ò.Ï. Ç³íüêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 5. Ñ. 89–99.

Àíîòàö³ÿ. Çà ñïîñòåðåæåííÿìè ðåàë³çàö³¿ íåñòàö³îíàðíîãî âèïàäêîâîãî ïðîöåñó íà ñê³í÷åííîìó
³íòåðâàë³ òà â îêðåìèõ òî÷êàõ äîñë³äæåíî çàäà÷ó îö³íêè ë³í³éíèõ ôóíêö³îíàë³â â³ä ñïåêòðàëüíèõ
ôóíêö³é ñèãíàë³â, ÿê³ âõîäÿòü ó ñåðåäí³ çíà÷åííÿ òàêèõ ïðîöåñ³â. Çà óìîâ, ùî êîðåëÿö³éíà ôóíêö³ÿ âè-
ïàäêîâîãî ïðîöåñó ³ ñïåêòðàëüíà ôóíêö³ÿ ñèãíàëó íåâ³äîì³ òà íàëåæàòü ïåâíèì îáìåæåíèì ìíîæèíàì,
çíàéäåíî âèðàçè äëÿ ãàðàíòîâàíèõ ñåðåäíüîêâàäðàòè÷íèõ ë³í³éíèõ îö³íîê íàáîðó ë³í³éíèõ ôóíêö³îíàë³â
â³ä ñïåêòðàëüíèõ ôóíêö³é. Ó ÷àñòèííîìó âèïàäêó ïîêàçàíî, ùî òàê³ îö³íêè âèðàæàþòüñÿ ÷åðåç ðîçâ’ÿçêè
ïåâíèõ ë³í³éíèõ ³íòåãðàëüíèõ òà ë³í³éíèõ àëãåáðà¿÷íèõ ð³âíÿíü. Íà òåñòîâèõ ïðèêëàäàõ ïðî³ëþñòðîâàíî
âèêîðèñòàííÿ ãàðàíòîâàíîãî ï³äõîäó äëÿ çíàõîäæåííÿ ë³í³éíèõ ñåðåäíüîêâàäðàòè÷íèõ îö³íîê
â³äïîâ³äíèõ ë³í³éíèõ ôóíêö³îíàë³â.

Êëþ÷îâ³ ñëîâà: ðåàë³çàö³ÿ ñêàëÿðíîãî âèïàäêîâîãî ïðîöåñó, ìàòðè÷íà ôóíêö³ÿ, ñïåêòð ñèãíàëó,
ë³í³éíèé ôóíêö³îíàë, ë³í³éíà îö³íêà âåêòîðà, ãàðàíòîâàíà ñåðåäíüîêâàäðàòè÷íà îö³íêà âåêòîðà, ïîõèáêà
îö³íêè âåêòîðà.

_________________________________________________________________________________________

Linear RMS estimates of spectral functions of average values of non-stationary random processes under
conditions of uncertainty / O.G. Nakonechnyi, P.M. Zinko, T.P. Zinko // Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 5. P. 89–99.

Abstract. Based on observations of the implementation of a non-stationary random process on a finite
interval and at individual points, the problem of estimating linear functionals from spectral functions of signals
that are included in the average values of such processes was investigated. Under the conditions that the
correlation function of the random process and the spectral function of the signal are unknown and belong to
certain bounded sets, expressions for guaranteed mean-square linear estimates of a set of linear functionals from
spectral functions were found. In a particular case, it is shown that such estimates are expressed in terms of
solutions of certain linear integral and linear algebraic equations. The use of a guaranteed approach for finding
linear mean-square estimates of the corresponding linear functionals is illustrated by test examples.

Keywords: Implementation of a scalar random process, matrix function, signal spectrum, linear functional,
linear vector estimate, guaranteed mean-square vector estimate, vector estimate error.

===============================================================================
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ÓÄÊ 519.8

Îïòèìàëüíà ñòðàòåã³ÿ ïåðåñë³äóâàííÿ, ùî âèêîðèñòîâóº íàïðÿìîê íà ö³ëü / Ñ.Â. Ïàøêî,
².Ï. Ñ³í³öèí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 5. Ñ. 100–112.

Àíîòàö³ÿ. Ïîáóäîâàíî ñòðàòåã³þ ïåðåñë³äóâàííÿ, ùî âèêîðèñòîâóº ò³ëüêè íàïðÿìîê íà ö³ëü òà ìàº
âëàñòèâîñò³, áëèçüê³ äî âëàñòèâîñòåé ñòðàòåã³¿ ïàðàëåëüíîãî çáëèæåííÿ. Äîâåäåíî òåîðåìó ïðî ³ñíóâàí-
íÿ, ºäèí³ñòü òà ïðîäîâæóâàí³ñòü ðîçâ’ÿçêó ñèñòåìè äèôåðåíö³àëüíèõ ð³âíÿíü, ùî îïèñóº ðóõ âò³êà÷à òà
ïåðåñë³äóâà÷à, à òàêîæ òåîðåìó ïðî îïòèìàëüí³ñòü ïîáóäîâàíî¿ ñòðàòåã³¿ ïåðåñë³äóâàííÿ. Ðîçãëÿíóòî
ïðèêëàäè çàäà÷ ïåðåñë³äóâàííÿ òà íàâåäåíî ÷èñëîâ³ åêñïåðèìåíòè, ÿê³ ï³äòâåðäæóþòü åôåêòèâí³ñòü ïî-
áóäîâàíî¿ ñòðàòåã³¿.

Êëþ÷îâ³ ñëîâà: âò³êà÷, ïåðåñë³äóâà÷, ÷àñ çàõîïëåííÿ, ö³íà ïðîöåñó, îïòèìàëüíà ñòðàòåã³ÿ.

_________________________________________________________________________________________

Optimal pursuit strategy that uses direction towards the target / S.V. Pashko, I.P. Sinitsyn // Kibernetyka
ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 100–112.

Abstract. A pursuit strategy is constructed that uses only the direction towards the target and has
properties similar to those of the parallel approach strategy. A theorem on the existence, uniqueness, and
continuity of the solution of the system of differential equations describing the motion of the evader and the
pursuer, as well as a theorem on the optimality of the constructed pursuit strategy, are proved. Examples of
pursuit problems are considered, and numerical experiments are performed, which confirm the effectiveness of
the constructed strategy.

Keywords: evader, pursuer, time of capture, process price, optimal strategy.

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

ÓÄÊ 519.8

Ë³í³éíå ïðîãðàìóâàííÿ ç íå÷³òêîþ ìíîæèíîþ íå÷³òêèõ îáìåæåíü / Ñ.Î. Ìàùåíêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 5. Ñ. 113–137.

Àíîòàö³ÿ. Äîñë³äæåíî çàäà÷ó ë³í³éíîãî ïðîãðàìóâàííÿ ç íå÷³òêîþ ìíîæèíîþ (ÍÌ) îáìåæåíü ó
ôîðì³ íå÷³òêèõ íåð³âíîñòåé. Äîâåäåíî, ùî ðîçâ’ÿçîê òàêî¿ çàäà÷³ óòâîðþº ÍÌ òèïó 2 (ÍÌÒ-2). Íàäàíî
â³äïîâ³äíó ôóíêö³þ íàëåæíîñò³ òèïó 2. Ïîêàçàíî, ùî ÍÌÒ-2 ðîçâ’ÿçêó ìîæíà ðîçêëàñòè çà âòîðèííèìè
îö³íêàìè íàëåæíîñò³ íà ñê³í÷åíèé íàá³ð ÍÌ. Êîæíà ç öèõ ÍÌ º ðîçâ’ÿçêîì â³äïîâ³äíî¿ íå÷³òêî¿ çàäà÷³
ë³í³éíîãî ïðîãðàìóâàííÿ ç ÷³òêîþ ìíîæèíîþ îáìåæåíü. Öÿ ìíîæèíà â³äïîâ³äàº ïåâíîìó ïåðåð³çó
âèõ³äíî¿ ÍÌ îáìåæåíü. Íàâåäåíî ³ëþñòðàòèâíèé ïðèêëàä.

Êëþ÷îâ³ ñëîâà: ïðèéíÿòòÿ ð³øåíü, çàäà÷à íå÷³òêîãî ë³í³éíîãî ïðîãðàìóâàííÿ, íå÷³òêà îïòèì³çàö³ÿ,
íå÷³òêà ìíîæèíà òèïó 2.

_________________________________________________________________________________________

Linear programming with a fuzzy set of fuzzy inequalities / S.O. Mashchenko // Kibernetyka ta Systemnyi
Analiz. 2025. Vol. 61, N 5. P. 113–137.

Abstract. This paper investigates a linear programming problem with a fuzzy set (FS) of constraints in
the form of fuzzy inequalities. It is shown that a solution to this problem forms a type-2 FS (T2FS). The
corresponding type-2 membership function of this T2FS is given. We prove that a solution T2FS can be
decomposed into a finite collection of FS based on secondary membership grades. Each of these is a solution to
the corresponding fuzzy linear programming problem with a crisp set of constraints. This set is the
corresponding cut of the initial FS of constraints. The illustrative example is also included for clarity.

Keywords: decision making, fuzzy linear programming problem, fuzzy optimization, type-2 fuzzy set.

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

ÓÄÊ 30.101.541-336.7

Ðåãóëþâàííÿ ïîêàçíèê³â òåõíîëîã³÷íîãî óêëàäó â åêîíîì³ö³ êðà¿íè / Á.Á. Äóíàºâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 5. Ñ. 138–148.

Àíîòàö³ÿ. Âèçíà÷åíî, ùî â åêîíîì³ö³ êðà¿íè ³íôëÿö³ÿ òà íîðìà ãîò³âêè º ôóíêö³ÿìè â³äíîøåííÿ
íîì³íàëüíîãî ÂÂÏ äî ãîò³âêè (íîðìîâàíîãî íîì³íàëüíîãî ÂÂÏ) òà øâèäêîñò³ îá³ãó ãðîøåé. Äëÿ øâèä-
êîñò³ îá³ãó ãðîøåé âèçíà÷åíî ãðàíè÷íèé íîðìîâàíèé íîì³íàëüíèé ÂÂÏ çà íóëüîâî¿ ³íôëÿö³¿. Ïîáóäîâà-
íî íîìîãðàìó ë³í³éíî¿ çàëåæíîñò³ ³íôëÿö³¿ òåõíîëîã³÷íîãî óêëàäó (ÒÓ) â³ä íîðìîâàíîãî íîì³íàëüíîãî
ÂÂÏ çà íàÿâíî¿ øâèäêîñò³ îá³ãó ãðîøåé ÒÓ, â³äïîâ³äíî äî ÿêî¿ çíà÷åííÿ ³íôëÿö³¿ ÒÓ åêîíîì³ê âèñîêî-
ðîçâèíåíèõ ³ ðîçâèíåíèõ íåìîæëèâ³ äëÿ åêîíîì³ê ³íäóñòð³àëüíèõ, ùî ðîçâèâàþòüñÿ, ³ ñëàáîðîçâèíåíèõ.
Ïîáóäîâàíî íîìîãðàìó çàëåæíîñò³ íîðìè ãîò³âêè ÒÓ â³ä íîðìîâàíîãî íîì³íàëüíîãî ÂÂÏ çà íàÿâíî¿
øâèäêîñò³ îá³ãó ãðîøåé ÒÓ, â³äïîâ³äíî äî ÿêî¿ ð³âåíü íîðì ãîò³âêè åêîíîì³ê âèñîêîðîçâèíåíèõ ³ ðîçâè-
íåíèõ íåìîæëèâèé äëÿ åêîíîì³ê, ùî ðîçâèâàþòüñÿ, òà ñëàáîðîçâèíåíèõ. Âèêîíàíî âèì³ðþâàííÿ ïîêàç-
íèê³â ÒÓ åêîíîì³êè Óêðà¿íè ó 2006–2021 ðð. òà åêîíîì³êè ÑØÀ ó 2008–2023 ðð. çà ñòàòèñòè÷íèìè äà-
íèìè: íîì³íàëüíîãî ÂÂÏ, íîì³íàëüíîãî ñóêóïíîãî ïðîäóêòó, äåôëÿòîðà ÂÂÏ, ê³ëüêîñò³ ãîò³âêè,
ê³ëüêîñò³ îá³ãîâèõ ãðîøåé, íîðìè ðåçåðâ³â êîìåðö³éíèõ áàíê³â, ÿê³ º ðåçóëüòàòîì ðåãóëþâàííÿ ïîêàç-
íèê³â ÒÓ.

Êëþ÷îâ³ ñëîâà: òåõíîëîã³÷íèé óêëàä åêîíîì³êè, ³íôëÿö³ÿ, íîðìîâàíèé íîì³íàëüíèé ÂÂÏ, øâèäê³ñòü
îá³ãó ãðîøåé, ð³âíîâàãà, ïðàöÿ, êàï³òàë, ãðîø³, âàëþòí³ àêòèâè, íîðìà ãîò³âêè.

_________________________________________________________________________________________
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Regulation of technological structure indicators in the country’s economy / B.B. Dunaev // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 5. P. 138–148.

Abstrract. The functions of dependence of inflation and cash norm on the ratio of nominal GDP to cash
(normalized nominal GDP) and on the velocity of money circulation are determined in the economy of the
country. For the velocity of money circulation, the marginal normalized nominal GDP is determined at zero
inflation. A nomogram of the linear dependence of inflation of the technological structure (TS) on the normalized
nominal GDP is constructed at the existing velocity of money circulation, TS, showing that the inflation values TS
of highly developed and developed economies are impossible for industrial, developing, and underdeveloped
economies. A nomogram of the dependence of the cash norm TS on the normalized nominal GDP at the existing
velocity of money circulation TS is constructed, showing that the level of cash norms of highly developed and
developed economies is impossible for developing and underdeveloped economies. Measurements of TS
indicators for the Ukrainian economy from 2006 to 2021 and the US economy from 2008 to 2023 were conducted
by statistical values: nominal GDP, gross output, GDP deflator, amount of cash, amount of money in circulation,
and reserve ratio of commercial banks, which were the results of regulating the TS indicators.

Keywords: technological structure of the economy, inflation, normalized nominal GDP, velocity of money,
market equilibrium, labor, capital, money, interest rate, foreign exchange assets, cash ratio.

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

ÓÄÊ 519.8

Îïòèì³çàö³éí³ âëàñòèâîñò³ ôîðìóëè Òåéëîðà äëÿ òðèãàðìîí³éíîãî ³íòåãðàëà Ïóàññîíà /
À.Ì. Øóòîâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 5. Ñ. 138–148.

Àíîòàö³ÿ. Ðîçãëÿíóòî îïòèì³çàö³éíó çàäà÷ó ïðî ïîáóäîâó ïîë³íîì³àëüíî¿ ñòðóêòóðè äëÿ ðîç-
â’ÿçê³â ïîë³ãàðìîí³éíèõ ð³âíÿíü. Çà îñíîâó ïðèéìàºòüñÿ òðèãàðìîí³éíå ð³âíÿííÿ ó äåêàðòîâèõ êîîðäè-
íàòàõ ³ç òðüîìà íåòðèâ³àëüíèìè ãðàíè÷íèìè óìîâàìè. Äîâåäåíî, ùî ðîçâ’ÿçîê ðîçãëÿäóâàíî¿ êðàéîâî¿
çàäà÷³ íàëåæèòü äî êëàñó ñàìå äîäàòíèõ îïåðàòîð³â. Ïîêàçàíî, ùî ïîë³íîì³àëüí³ ðîçêëàäè äëÿ ãðàíè÷-
íèõ çíà÷åíü òðèãàðìîí³éíî¿ ôóíêö³¿ ïîáëèçó ìåæ³ âåðõíüî¿ ï³âïëîùèíè ïîðîäæóþòü ôîðìóëó Òåéëîðà
òðèãàðìîí³éíîãî ³íòåãðàëà Ïóàññîíà. Çà îòðèìàíèì ðåçóëüòàòîì äîâåäåíî íàÿâí³ñòü äîäàòêîâèõ ãðàíè÷-
íèõ óìîâ äëÿ ðîçâ’ÿçê³â òðèãàðìîí³éíèõ ð³âíÿíü ó äåêàðòîâèõ êîîðäèíàòàõ.

Êëþ÷îâ³ ñëîâà: òðèãàðìîí³éíå ð³âíÿííÿ, îïòèì³çàö³éíà çàäà÷à, âåðõíÿ ï³âïëîùèíà, òðèãàðìîí³éíèé
³íòåãðàë Ïóàññîíà, ôîðìóëà Òåéëîðà.
_________________________________________________________________________________________

Optimization properties of Taylor formula for triharmonic Poisson integral / A.M. Shutovskyi //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 138–148.

Abstract. The paper is devoted to the optimization problem on establishing a polynomial structure for
solutions to polyharmonic equations. As a basis, a triharmonic equation in Cartesian coordinates with respect to
three nontrivial boundary conditions is used. It is established that the solution to the boundary-value problem
under consideration belongs to the class of positive operators. It is shown that the polynomial expansions for
the boundary values of the triharmonic function close to the upper half-plane boundary give rise to the Taylor
formula of the triharmonic Poisson integral. On the basis of this result, the existence of additional boundary
conditions for solutions to the triharmonic equations in Cartesian coordinates is proved.

Keywords: triharmonic equation, optimization problem, upper half-plane, triharmonic Poisson integral, Taylor formula.
===============================================================================

ÓÄÊ 519.622

Ñèíòåç îïòèìàëüíîãî êåðóâàííÿ ïðîöåñîì ç âèêîðèñòàííÿì ïîòî÷íèõ òà ðàí³øå ïðîâåäåíèõ
âèì³ðþâàíü éîãî ñòàíó / Â.À. Ãàøèìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 5. Ñ. 149–165.

Àíîòàö³ÿ. Äîñë³äæåíî ìåòîä ñèíòåçó îïòèìàëüíîãî êåðóâàííÿ ïðîöåñàìè (îá’ºêòàìè, ñèñòåìàìè)
³ç çîñåðåäæåíèìè ïàðàìåòðàìè, ùî îïèñóþòüñÿ íåë³í³éíèìè àâòîíîìíèìè äèôåðåíö³àëüíèìè ð³âíÿííÿ-
ìè ç³ çâè÷àéíèìè ïîõ³äíèìè. Äëÿ ñèíòåçó ïîòî÷íèõ çíà÷åíü êåðóâàííÿ ïðîöåñîì çàïðîïîíîâàíî âèêî-
ðèñòîâóâàòè ³íôîðìàö³þ ïðî éîãî ñòàí ÿê ó ïîòî÷íèé, òàê ³ â ìèíóë³ ìîìåíòè ÷àñó. Çàïðîïîíîâàíî òà
âèêîðèñòàíî ð³çí³ âèäè çàëåæíîñòåé çíà÷åíü êåðóâàëüíèõ âïëèâ³â â³ä âèì³ðÿíèõ ñòàí³â ïðîöåñó. Äëÿ
âèçíà÷åííÿ îïòèìàëüíèõ çíà÷åíü ïàðàìåòð³â çâîðîòíîãî çâ’ÿçêó, ùî âõîäÿòü ó ö³ çàëåæíîñò³, îòðèìàíî
â³äïîâ³äí³ ôîðìóëè äëÿ ãðàä³ºíòà ö³ëüîâîãî ôóíêö³îíàëà. Ïðîâåäåíî êîìï’þòåðí³ åêñïåðèìåíòè ³ç çà-
ñòîñóâàííÿì ìåòîä³â îïòèì³çàö³¿ ãðàä³ºíòíîãî òèïó.

Êëþ÷îâ³ ñëîâà: ñèíòåç êåðóâàííÿ, çâîðîòíèé çâ’ÿçîê, ïàðàìåòðè çâîðîòíîãî çâ’ÿçêó, ïîòî÷íå âèì³ðþ-
âàííÿ, ³íòåãðàëüíå âèì³ðþâàííÿ, ñê³í÷åííîâèì³ðíà îïòèì³çàö³ÿ.
_________________________________________________________________________________________

Synthesis of optimal control of process using current and previously conducted measurements of its state
/ V.A. Hashimov // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 149–165.

Abstract. The method of synthesizing optimal control of processes (objects, systems) with concentrated
parameters, described by nonlinear autonomous differential equations with ordinary derivatives, is investigated.
To synthesize current process control values, it is proposed to use information about its state at both the current
and past moments in time. Different types of dependencies of control influence values on measured process
states are proposed and used. To determine the optimal values of the feedback parameters involved in these
dependencies, the corresponding formulas for the gradient of the objective functional were obtained. Computer
experiments were conducted using gradient-type optimization methods.
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Keywords: synthesis of control, feedback, feedback parameters, current measurement, integral measurement,
finite-dimensional optimization.
===============================================================================

ÓÄÊ 519.217

Àñèìïòîòèêà ðîçâ’ÿçêó áàãàòîâèì³ðíîãî ð³âíÿííÿ â³äíîâëåííÿ / Î.À. ßðîâà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 5. Ñ.166–169.

Àíîòàö³ÿ. Ðîçâ’ÿçàíî áàãàòîâèì³ðíå ð³âíÿííÿ â³äíîâëåííÿ â ìàòðè÷í³é ôîðì³. Çíàéäåíî àñèìïòî-
òèêó ð³âíÿííÿ â³äíîâëåííÿ ç íåë³í³éíèì ìíîæíèêîì íîðìóâàííÿ. Äîâåäåíî òåîðåìó ïðî àñèìïòîòèêó
áàãàòîâèì³ðíîãî ð³âíÿííÿ â³äíîâëåííÿ.

Êëþ÷îâ³ ñëîâà: ð³âíÿííÿ â³äíîâëåííÿ, ôóíêö³ÿ â³äíîâëåííÿ, ïðîöåñ ç íåçàëåæíèìè ïðèðîñòàìè, ñëàáêà
çá³æí³ñòü.
_________________________________________________________________________________________

Asymptotics of the multidimensional solution for renewal equation / O.A. Yarova // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 5. P. 166–169.

Abstract. This paper considers the multidimensional renewal equation in matrix form. The asymptotics
of the renewal equation with a nonlinear normalization factor are found. The theorem on the asymptotics of the
multidimensional renewal equation is proved.

Keywords: renewal equation, renewal function, process with independent increments, weak convergence.
===============================================================================

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 519.281.528.11:005.3

Ïðîãðàìíà ðåàë³çàö³ÿ ÷èñëîâîãî ìåòîäó îòðèìàííÿ ÌÌÏ-îö³íîê ïàðàìåòð³â äæåôôð³ñîâî¿
ìîäèô³êàö³¿ ðîçïîä³ëó ï³ðñîíà VII òèïó / É.Â. Äæóíü, À.Ì. ßñ³íñüêèé, Î.Â. Øïîðòüêî,
Ë.ß. Ñîëîâåé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 5. Ñ. 170–176.

Àíîòàö³ÿ. Ðîçãëÿíóòî ÷èñëîâèé ìåòîä îòðèìàííÿ ÌÌÏ-îö³íîê òðèïàðàìåòðè÷íîãî ðîçïîä³ëó
Ï³ðñîíà VII-òèïó ç ä³àãîíàëüíîþ ³íôîðìàö³éíîþ ìàòðèöåþ (PJ-ðîçïîä³ëó), ÿêèé ðåêîìåíäîâàíî âèêî-
ðèñòîâóâàòè ÿê çàãàëüíèé çàêîí ïîõèáîê ñïîñòåðåæåíü âåëèêèõ îáñÿã³â. Îïèñàíî àëãîðèòì îòðèìàííÿ
ÌÌÏ-îö³íîê PJ-ðîçïîä³ëó ïîêðîêîâèì ìåòîäîì, ùî íå ïîòðåáóº äèôåðåíö³þâàííÿ ôóíêö³¿ ìàêñèìàëü-
íî¿ ïðàâäîïîä³áíîñò³. Íàâåäåíî ïðîãðàìíó ðåàë³çàö³þ äëÿ ïîêðîêîâîãî îá÷èñëåííÿ ÌÌÏ-îö³íîê ïàðà-
ìåòð³â PJ-ðîçïîä³ëó ìîâîþ ïðîãðàìóâàííÿ C++ òà ðåçóëüòàòè ¿¿ çàñòîñóâàííÿ äëÿ çíàõîäæåííÿ öèõ
îö³íîê çà äàíèìè ðîçïîä³ëó çàëèøêîâèõ ïîõèáîê ëàçåðíèõ ñïîñòåðåæåíü øòó÷íèõ ñóïóòíèê³â Çåìë³, îò-
ðèìàíèõ ó ìåæàõ ì³æíàðîäíîãî ïðîºêòó MERIT.

Êëþ÷îâ³ ñëîâà: ÌÌÏ-îö³íêè ïàðàìåòð³â ðîçïîä³ëó, ôóíêö³ÿ ìàêñèìàëüíî¿ ïðàâäîïîä³áíîñò³, òðèïàðà-
ìåòðè÷íèé PJ-ðîçïîä³ë, ïðîãðàìóâàííÿ ìîâîþ C++.
_________________________________________________________________________________________

Software implementation of a numerical method for obtaining MMP-estimates of parameters of the
Jeffries modification of the Pearson distribution of type VII / J.V. Dzhun, A.M. Yasinsky, A.V. Shportko,
L.Ya. Solovei // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 170–176.

Abstract. A numerical method for obtaining MMP-estimates of the three-parameter Pearson distribution
of type VII with a diagonal information matrix (PJ-distribution) is considered, which the famous Cambridge
professor G. Jeffries recommends using as a general law of errors of large-scale observations. An algorithm for
obtaining MMP-estimates of the PJ-distribution by a step-by-step method that does not require differentiation of
the maximum likelihood function is described. A software implementation for step-by-step calculation of MMP
estimates of -distribution parameters in the C++ programming language and the results of its application to find
these estimates from the residual error distribution data of laser observations of artificial Earth satellites
obtained in the international MERIT project are presented.

Keywords: MMP estimates of distribution parameters, maximum likelihood function, three-parameter
PJ-distribution, programming in C++.
===============================================================================

ÓÄÊ 621.391

Îö³íþâàííÿ ÿêîñò³ çìåíøåííÿ øóìó â ñèãíàëàõ ç àìïë³òóäíîþ òà ôàçîâîþ ìàí³ïóëÿö³ºþ ³ç
âèêîðèñòàííÿì ATS-àëãîðèòìó / Ï.Þ. Êîñòåíêî, Ê.Ñ. Âàñþòà, Â.Â. Ñëîáîäÿíþê, Ð.Î. Êà÷àéëî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 5. Ñ. 177–189.

Àíîòàö³ÿ. Äîñë³äæåíî ÿê³ñòü â³äíîâëåííÿ ñïîòâîðåíîãî àäèòèâíèì øóìîì ñèãíàëó ç âèêîðèñòàí-
íÿì ATS-àëãîðèòìó (Attractor Trajectory Surrogates), ÿêèé çìåíøóº âïëèâ àäèòèâíîãî øóìó â ñïîñòåðå-
æåííÿõ ñèãíàë³â ç ASK- òà PSK-ìàí³ïóëÿö³ÿìè ¿õí³õ ïàðàìåòð³â. Äëÿ âèçíà÷åííÿ ÷èñëîâî¿ ì³ðè ÿêîñò³
â³äíîâëåííÿ ñèãíàëó çàïðîïîíîâàíî âèêîðèñòàííÿ SG-ñòàòèñòèêè, ÿêà äàº çìîãó îòðèìàòè â³äïîâ³äí³
÷èñëîâ³ çíà÷åííÿ ³íäåêñó ïåðåäáà÷óâàíîñò³ ðåçóëüòàò³â ñïîñòåðåæåííÿ ñèãíàëó òà éîãî â³äíîâëåííÿ.
Îòðèìàíî ìåòîäè÷íó ïîõèáêó â³äíîâëåííÿ ñèãíàëó, ÿêà âèíèêàº ï³ä ÷àñ çàñòîñóâàííÿ ATS-àëãîðèòìó.
Ïîêàçàíî, ùî âèêîðèñòàííÿ SG-ñòàòèñòèêè ÿê ì³ðè ïîõèáêè â³äíîâëåííÿ ñèãíàëó äàº çìîãó âèçíà÷àòè
éîãî åôåêòèâí³ñòü. Îòðèìàíî ÷èñëîâ³ çíà÷åííÿ ïîõèáîê â³äíîâëåííÿ ñèãíàë³â òà ïðîàíàë³çîâàíî ìåòî-
äè÷í³ ïîõèáêè ATS-àëãîðèòìó äëÿ ASK- òà PSK-ñèãíàë³â, ùî ìàí³ïóëüîâàí³ «á³ëèìè» òà «êîëüîðîâèìè»
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ïîâ³äîìëåííÿìè. Ç’ÿñîâàíî, ùî íà ïîõèáêó â³äíîâëåííÿ ñèãíàëó âïëèâàþòü ïàðàìåòðè àëãîðèòìó. Íàäà-
íî ðåêîìåíäàö³¿ ùîäî ïàðàìåòð³â ATS-àëãîðèòìó, ÿê³ óìîæëèâëþþòü éîãî êðàùó åôåêòèâí³ñòü ñòîñîâ-
íî ÷óòëèâîñò³ äî ð³âíÿ øóì³â òà ¿õí³õ ðîçïîä³ë³â. Ïîêàçàíî, ùî âíåñîê ìåòîäè÷íî¿ ïîõèáêè ó ïîõèáêó
â³äíîâëåííÿ ñèãíàëó çìåíøóºòüñÿ ùîäî ð³âíÿ øóìó ó ðàç³ éîãî çá³ëüøåííÿ. Ó ðàç³ çàñòîñóâàííÿ çàïðî-
ïîíîâàíîãî ATS-àëãîðèòìó îòðèìóºìî á³ëüø³ ñåðåäí³ çíà÷åííÿ SG-ñòàòèñòèêè.

Êëþ÷îâ³ ñëîâà: SG-ñòàòèñòèêà, ³íäåêñ ïåðåäáà÷óâàíîñò³, ATS-àëãîðèòì, ïîõèáêè â³äíîâëåííÿ, ASK- òà
PSK-ñèãíàëè.

_________________________________________________________________________________________

Evaluation of the quality of noise reduction in signals with amplitude and phase manipulation using the
ATS algorithm / P. Kostenko, K. Vasiuta, V. Slobodyanuk, R. Kachailo // Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 5. P. 177–189.

Abstract. The article studies the quality of signal recovery distorted by additive noise using the ATS
algorithm (Attractor Trajectory Surrogates), which reduces the influence of additive noise in observations of
signals with ASK and PSK by manipulating their parameters. To determine the numerical measure of signal
recovery quality, the use of SG statistics is proposed, which allows obtaining the corresponding numerical values
of the index of predictability of the results of signal observation and recovery. The methodological error of signal
recovery that occurs when using the ATS algorithm is also considered. It is shown that the use of SG statistics as a
measure of signal recovery error allows determining its efficiency. Numerical values of signal recovery errors are
obtained, and the methodological errors of the ATS algorithm for ASK and PSK signals manipulated by “white”
and “color” messages are analyzed. It is found that the algorithm parameters affect the signal recovery error.
Recommendations are given for the parameters of the ATS algorithm, which ensure its better efficiency in terms
of sensitivity to noise levels and their distributions. It is shown that the contribution of methodological error to the
signal recovery error decreases relative to the noise level as it increases. The proposed ATS algorithm is
characterized by larger average values of SG statistics compared to the case where this algorithm is not used.

Keywords: SG statistics, predictability index, ATS algorithm, recovery errors, ASK and PSK signals.

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

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

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 53.088.3+53.088.7

Ïîáóäîâà roc-êðèâèõ ðàä³îëîêàö³éíèõ ñèãíàë³â ç ïîðîãîì âèÿâëåííÿ çà ïîêàçíèêîì Õåðñòà /
Þ.Ê. Òàðàíåíêî, Î.Þ. Îë³éíèê, Þ.Â. Õîìÿê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 5.
Ñ. 190–200.

Àíîòàö³ÿ. Ïîáóäîâàíî ROC-êðèâó, ÿêà âèçíà÷àº õàðàêòåðèñòèêó ïðèéìà÷à ñèãíàë³â ç ôðàêòàëüíî
çàëåæíèì êîåô³ö³ºíòîì âèÿâëåííÿ ðàä³îëîêàö³éíèõ ñèãíàë³â ç âèêîðèñòàííÿì íåïåðåðâíî¿ âåéâëåò-äå-
êîìïîçèö³¿ ñèãíàë³â ³ç ÷àñîâî¿ îáëàñò³ ó ÷àñòîòíó òà ç âèçíà÷åííÿì ôðàêòàëüíèõ îçíàê çà äîïîìîãîþ óçà-
ãàëüíåíîãî êîåô³ö³ºíòà Õåðñòà. Öÿ ROC-êðèâà ðîçòàøîâàíà ó âåðõíüîìó ë³âîìó êóò³ ãðàô³êà, ùî âêàçóº
íà âèñîêèé ³ñòèííî-ïîçèòèâíèé ïîêàçíèê ³ ñâ³ä÷èòü ïðî ïðàâèëüíå âèçíà÷åííÿ ïîçèòèâíèõ ðåçóëüòàò³â.
À êðèâà, ïîáóäîâàíà ç âèêîðèñòàííÿì ÿê ôðàêòàëüíèõ îçíàê êëàñè÷íîãî êîåô³ö³ºíòà Õåðñòà, ëîêàë³çîâà-
íà óçäîâæ ä³àãîíàë³ ãðàô³êà, ùî ï³äòâåðäæóº íèçüêó ÿê³ñòü âèÿâëåííÿ. Ïîêàçàíî, ùî äëÿ 2D-çîáðàæåíü
âåéâëåò-ñïåêòð³â ÿê ôðàêòàëüíà îçíàêà ìîæå áóòè çàñòîñîâàíà ðîçì³ðí³ñòü Ì³íêîâñüêîãî — çàëåæí³ñòü
ì³æ ìàêñèìóìàìè ôðàêòàëüíî¿ ðîçì³ðíîñò³ òà ïîòóæíîñò³ øóìó. Öå äàëî çìîãó ³äåíòèô³êóâàòè çîáðà-
æåííÿ ñïåêòð³â. Âèçíà÷åíî ïîð³ã òàêî¿ ³äåíòèô³êàö³¿ íà îñíîâ³ ïîð³âíÿííÿ àâòîêîãåðåíòíîñò³ ðÿä³â âåé-
âëåò-êîåô³ö³ºíò³â, ç ÿêèõ ãåíåðóþòüñÿ çàçíà÷åí³ çîáðàæåííÿ.

Êëþ÷îâ³ ñëîâà: ROC-àíàë³ç ñèãíàë³â, ôðàêòàëüíà ðîçì³ðí³ñòü, êîåô³ö³ºíò Õåðñòà, ôðàêòàëüíà
ðîçì³ðí³ñòü Ì³íêîâñüêîãî, âåéâëåò-äåêîìïîçèö³ÿ, ðàä³îëîêàö³éíèé ñèãíàë.
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Construction of ROC curves of radio location signals with detection threshold according to the Hurst index /
Yu. Taranenko, O. Oliinyk, Y.V. Khomyak // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 190–200.

Abstract. The ROC curve (receiver operating characteristic) is a modern analytical tool used in classification
tasks, displaying the true-positive and false-positive rates. It is considered the best diagnostic test method because it
shows the best cut-off value for diagnostic performance. In the paper, for the first time, an ROC-curve is constructed,
which determines the characteristics of a signal receiver with a fractally dependent coefficient of detection of radar
signals using a continuous wavelet decomposition of signals from the time domain in the frequency domain and with
the determination of fractal features using the generalized Hurst coefficient. The ROC curve constructed by the
mentioned method showed the maximum proximity to the upper left corner of the graph, indicating a high
true-positive rate and accurate determination of positive results. The use of the classic Hurst coefficient as a fractal
feature revealed proximity to the diagonal of the graph, confirming the low quality of detection. It is shown that for
2D images of wavelet spectra, the Minkowski dimension obtained by the box counting method can be used as
a fractal feature, exhibiting the maxima of the fractal dimension and the noise power. This made it possible to
identify the image of the spectra. The threshold for such identification was determined based on a comparison of the
autocoherence of the series of wavelet coefficients from which the specified images are generated.

Keywords: RÎÑ-analysis of signals, fractal dimension, Hurst coefficient, Minkowski fractal dimension,
wavelet-decomposition, radar signal.
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