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Ê²ÁÅÐÍÅÒÈÊÀ CYBERNETICS

ÓÄÊ 51.681.3

Àíàë³ç ïðèðîäíîìîâíèõ òåêñò³â: àíòèìåìè, ñóïåðå÷í³ñòü, îíòîëîã³¿ / Ñ.Ë. Êðèâèé, Í.Ï. Äàð÷óê,
Ò.Ê. Ñêðèïíèê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 2. Ñ. 3–17.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìè àíàë³çó ïðèðîäíîìîâíîãî òåêñòó. Çàïðîïîíîâàíî ï³äõîäè äî ÷àñ-
òêîâîãî ðîçâ’ÿçàííÿ ïðîáëåì ïåðåâ³ðêè ëîã³÷íî¿ ñóïåðå÷íîñò³/íåñóïåðå÷íîñò³ ôàêò³â, äîáóòèõ ³ç òåêñòó,
ïîøóêó àíòèìåì òà ïîáóäîâè îíòîëîã³é çà ðåçóëüòàòàìè ë³íãâ³ñòè÷íîãî (ñåìàíòèêî-ñèíòàêñè÷íîãî)
àíàë³çó òåêñòó. Íàâåäåíî ëîã³÷íèé àíàë³ç òåêñòó íà îñíîâ³ ÷èñëåííÿ âèñëîâëþâàíü òà ìåòîä³â îá´ðóíòó-
âàííÿ âèñíîâê³â ó öüîìó ÷èñëåíí³.

Êëþ÷îâ³ ñëîâà: àíòèìåìè, îíòîëîã³¿, áàçè çíàíü.
—————————————————————————————————————————————

Natural languages analysis: antimems, contradictions, ontologies / S. Kryvyi, N. Darchuk, T. Skrypnyk //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 3–17.

Abstract. Problems of the analysis of natural-language texts are considered. In particular, algorithms for
the partial solution of problems of logical consistency/inconsistency of facts derived from the text, search for
antimems, and construction of ontologies based on the results of linguistic (semantic-syntactic) analysis of the
text are proposed. Logical analysis of the text is performed on the basis of propositional calculus and methods
of proof in this calculus.

Keywords: antimems, ontologies, knowledge base.
===============================================================================

ÓÄÊ 004.2:004.94

Ìàòðè÷íèé ñïîñ³á âèçíà÷åííÿ ôîðìàëüíèõ ðîçâ’ÿçê³â çàäà÷³ àëãåáðà¿÷íîãî ñèíòåçó
ì³êðîïðîãðàìíîãî àâòîìàòà ç îïåðàö³éíèì àâòîìàòîì ïåðåõîä³â / Ð.Ì. Áàáàêîâ, Î.Î. Áàðêàëîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 2. Ñ. 18–26.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íîâèé ñïîñ³á âèçíà÷åííÿ ôîðìàëüíèõ ðîçâ’ÿçê³â çàäà÷³ àëãåáðà¿÷íîãî
ñèíòåçó ì³êðîïðîãðàìíîãî àâòîìàòà ç îïåðàö³éíèì àâòîìàòîì ïåðåõîä³â. Öåé ñïîñ³á ïîëÿãàº ó ïðåäñòàâ-
ëåíí³ ìíîæèíè ïåðåõîä³â àâòîìàòà ó âèãëÿä³ ìàòðèö³, ÿêà ì³ñòèòü ³íôîðìàö³þ ïðî ïîòî÷íå êîäóâàííÿ
ñòàí³â ³ ÿê³é ç³ñòàâëåíî îá’ºäíàíó ìàòðèöþ îïåðàö³é, ùî ì³ñòèòü óñ³ ìîæëèâ³ âàð³àíòè ïåðåòâîðåííÿ
êîä³â ñòàí³â çà äîïîìîãîþ çàäàíî¿ ìíîæèíè îïåðàö³é ïåðåõîä³â. Òàêèé ï³äõ³ä äàº çìîãó îäíî÷àñíî ç³ñòà-
âèòè âñ³ îïåðàö³¿ ïåðåõîä³â êîæíîìó àâòîìàòíîìó ïåðåõîäó, ùî çìåíøóº ê³ëüê³ñòü ïåðåâ³ðîê íà íà-
ÿâí³ñòü ôîðìàëüíîãî ðîçâ’ÿçêó çàäà÷³ àëãåáðà¿÷íîãî ñèíòåçó. Ðåçóëüòàòîì º ñêîðî÷åííÿ ÷àñó âèêîíàííÿ
áóäü-ÿêèõ àëãîðèòì³â àëãåáðà¿÷íîãî ñèíòåçó ì³êðîïðîãðàìíîãî àâòîìàòà ç îïåðàö³éíèì àâòîìàòîì ïåðå-
õîä³â, ùî áàçóþòüñÿ íà ïåðåáîð³ âàð³àíò³â âèêîðèñòàííÿ îïåðàö³é äëÿ ðåàë³çàö³¿ àâòîìàòíèõ ïåðåõîä³â.

Êëþ÷îâ³ ñëîâà: ì³êðîïðîãðàìíèé àâòîìàò, îïåðàö³éíèé àâòîìàò ïåðåõîä³â, ãðàô-ñõåìà àëãîðèòìó, àë-
ãåáðà¿÷íèé ñèíòåç, ìàòðèöÿ ïåðåõîä³â, îá’ºäíàíà ìàòðèöÿ îïåðàö³é.
—————————————————————————————————————————————

A matrix method for detecting formal solutions of the problem of algebraic synthesis of a finite-state
machine with a datapath of transitions / R.M. Babakov, A.A. Barkalov // Kibernetyka ta Systemnyi Analiz.
2023. Vol. 59, N 2. P. 18–26.

Abstract. For a finite state machine with datapath of transitions, a new method for detecting formal
solutions to an algebraic synthesis problem is proposed. It represents the set of finite-state machine transitions
in the form of a matrix that contains information about the current state encoding. This matrix is matched with
the merged matrix of operations, which contains all possible transformations of state codes using a given set of
transition operations. Such an approach allows one to simultaneously compare all transition operations with
each finite-state machine transition, which reduces the number of situations that claim to be a formal solution to
the problem of algebraic synthesis. The result is a reduction in the execution time of any algorithms of algebraic
synthesis of a finite-state machine with a datapath of transitions based on the enumeration of ways of using the
operations to implement automatic transitions.

Keywords: finite state machine, datapath of transitions, graph-scheme of algorithm, algebraic synthesis, matrix
of transitions, merged matrix of operations.
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ÓÄÊ 004.8, 004.048

Òðèåòàïíèé 2D–3D àíñàìáëü çãîðòêîâèõ íåéðîííèõ ìåðåæ äëÿ ñåãìåíòàö³¿ çëîÿê³ñíèõ ïóõëèí
ãîëîâíîãî ìîçêó íà ÌÐÒ-çîáðàæåííÿõ / Â.Ì. Ñèíºãëàçîâ, Ê.Ä. Ðÿçàíîâñüêèé, Î.Â. Êëàíîâåöü //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 2. Ñ. 27–41.

Àíîòàö³ÿ. Ðîçâ’ÿçàíî çàäà÷ó á³íàðíî¿ ñåìàíòè÷íî¿ ñåãìåíòàö³¿ ïóõëèí ãîëîâíîãî ìîçêó çà ÌÐÒ-çîá-
ðàæåííÿìè. Âèêîíàíî ïîï³êñåëüíå âèçíà÷åííÿ ìåæ³ àíîìàëüíî¿ ä³ëÿíêè çà íàÿâíîñò³ øóìó â íàâ÷àëüí³é
âèá³ðö³ òà âõ³äíèõ äàíèõ. Ïîêàçàíî, ùî ó ðàç³ âèêîðèñòàííÿ 2D-ìîäåëåé äëÿ ðîçâ’ÿçàííÿ çàäà÷ 3D-ñåãìåí-
òàö³¿ ïðîñòîðîâó ³íôîðìàö³þ ì³æ ñóñ³äí³ìè çð³çàìè íå âðàõîâóþòü òà íå âèêîðèñòîâóþòü. Çàïðîïîíîâàíî
íîâèé ï³äõ³ä äî îïòèì³çàö³¿ îáðîáëåííÿ 3D ìåäè÷íèõ çîáðàæåíü ³ç çàñòîñóâàííÿì àíñàìáëåâèõ òîïîëîã³é
ó òðè åòàïè. Íà ïåðøîìó åòàï³ çä³éñíþþòü 2D-îáðîáëåííÿ çîáðàæåíü àíñàìáëåì ó òðüîõ ïëîùèíàõ äëÿ
ìàêñèì³çàö³¿ êðèòåð³þ ð³çíîìàí³òíîñò³ ³ òî÷íîãî çàõîïëåííÿ îáëàñò³ ³íòåðåñó (region of interest, ROI). Äðó-
ãèé åòàï ïåðåäáà÷àº àíñàìáëåâå îáðîáëåííÿ 3D-îáëàñòåé ROI, âèä³ëåíèõ íåéðîííèìè ìåðåæàìè, ç ð³çíè-
ìè 3D-ðîçì³ðàìè âõ³äíèõ áëîê³â äëÿ çàáåçïå÷åííÿ ð³çíîìàí³òíîñò³. Íà òðåòüîìó åòàï³ îá’ºäíóþòü âèä³ëåí³
àíîìàëüí³ ä³ëÿíêè (çëîÿê³ñí³ ïóõëèíè) ç ïåðøîãî òà äðóãèõ åòàï³â øëÿõîì ¿õíüîãî çâàæåíîãî ñóìóâàííÿ
òà âèêîíàííÿ îïåðàö³¿ ïîðîãîâîãî îáðîáëåííÿ (thresholding) äëÿ îòðèìàííÿ îñòàòî÷íî¿ á³íàðíî¿ 3D-ìàñêè
ïóõëèíè ìîçêó. Ïðîâåäåíî òåñòóâàííÿ çàïðîïîíîâàíîãî ï³äõîäó íà äàòàñåò³ LGG Brain MRI Segmentation
Dataset. Ïîêðàùåíî òî÷í³ñòü ñåãìåíòàö³¿ çà ñóòòºâèìè ìåòðèêàìè dice score òà mIoU çàâäÿêè ñêîðî÷åííþ
îáñÿãó âèêîðèñòîâóâàíèõ îá÷èñëþâàëüíî-âèòðàòíèõ 3D ìåðåæ.

Êëþ÷îâ³ ñëîâà: çãîðòêîâà íåéðîííà ìåðåæà, àíñàìáëåâà òîïîëîã³ÿ, ïóõëèíè ãîëîâíîãî ìîçêó, ÌÐÒ, 3D
íåéðîíí³ ìåðåæ³.
—————————————————————————————————————————————

A three-stage 2D-3D convolutional network ensemble for segmentation of malignant brain tumors on
MRI images / V. Sineglazov, K. Riazanovskiy, O. Klanovets // Kibernetyka ta Systemnyi Analiz. 2023.
Vol. 59, N 2. P. 27–41.

Abstract. In this paper, the problem of brain tumor binary semantic segmentation from MRI images is
solved. The pixel-by-pixel determination of the anomaly region boundary is performed given the presence of
noise in the training sample and input data. It is shown that in the case of using 2D models for solving 3D
segmentation problems, spatial information between neighboring slices is not considered and not utilized. A
new approach for optimizing the processing of 3D medical images using ensemble topologies in three stages is
proposed. The first stage involves 2D ensemble processing of images in three dimensions to maximize the
diversity criterion and accurately capture the region of interest (ROI). The second stage involves ensemble
processing of 3D ROI regions extracted by neural networks with different 3D input block sizes to ensure
diversity. In the third stage, the extracted abnormal regions (malignant tumors) from the first and second stages
are aggregated by weighted summation and thresholding to obtain the final binary 3D mask of the brain tumor.
The proposed approach was tested on the LGG Brain MRI Segmentation Dataset. It is shown that the
segmentation accuracy is significantly improved in terms of dice score and mIoU, reducing the use of
computationally expensive 3D networks.

Keywords: convolutional neural network, ensemble topology, brain tumor, MRI, 3D neural network.
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 517.9, 519.6

Ìîäåëþâàííÿ ïðîöåñ³â ô³ëüòðàö³¿ äëÿ íåîäíîð³äíèõ ñåðåäîâèù òà îñåðåäíåííÿ / Ã.Â. Ñàíäðàêîâ,
Ñ.². Ëÿøêî, Â.Â. Ñåìåíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 2. Ñ. 42–63.

Àíîòàö³ÿ. Äîñë³äæåíî äèíàì³÷í³ ïðîöåñè ô³ëüòðàö³¿ ó ïîðèñòèõ ñåðåäîâèùàõ. Ðîçãëÿíóòî ïîðèñò³
ïåð³îäè÷í³ ñåðåäîâèùà, óòâîðåí³ âåëèêîþ ê³ëüê³ñòþ «áëîê³â» ç íèçüêîþ ïðîíèêí³ñòþ, ðîçä³ëåíèõ ñïî-
ëó÷íîþ ñèñòåìîþ «ðîçëàì³â» ç âèñîêîþ ïðîíèêí³ñòþ. Âðàõóâàííÿ ñòðóêòóðè òàêèõ ñåðåäîâèù äëÿ ìî-
äåëþâàííÿ çóìîâëþº çàëåæí³ñòü ð³âíÿíü ô³ëüòðàö³¿ òà ¿õí³õ êîåô³ö³ºíò³â â³ä ìàëèõ ïàðàìåòð³â, ùî õà-
ðàêòåðèçóþòü ì³êðîìàñøòàá ïîðèñòîãî ñåðåäîâèùà òà ïðîíèêí³ñòü áëîê³â. Ðîçãëÿíóòî ïî÷àòêîâî-êðà-
éîâ³ çàäà÷³ äëÿ íåñòàö³îíàðíèõ ð³âíÿíü ô³ëüòðàö³¿ ó öèõ ïîðèñòèõ ñåðåäîâèùàõ. Íàâåäåíî îñåðåäíåí³
çàäà÷³, ÿê³ âèçíà÷àþòü íàáëèæåíó àñèìïòîòèêó ðîçâ’ÿçê³â òàêèõ çàäà÷. Îñåðåäíåí³ çàäà÷³ ñôîðìóëüîâà-
íî ÿê ïî÷àòêîâî-êðàéîâ³ çàäà÷³ äëÿ ³íòåãðî-äèôåðåíö³àëüíèõ ð³âíÿíü ç³ çãîðòêàìè. Äîâåäåíî îö³íêè òî÷-
íîñò³ àñèìïòîòèêè òà â³äïîâ³äí³ òåîðåìè çá³æíîñò³. Âñòàíîâëåíî òâåðäæåííÿ ïðî ðîçâ’ÿçí³ñòü ³ ðåãó-
ëÿðí³ñòü äëÿ òàêèõ çàäà÷, ÿê³ º îïòèìàëüíèìè òà íå çàëåæàòü â³ä ïàðàìåòð³â.

Êëþ÷îâ³ ñëîâà: îñåðåäíåí³ çàäà÷³, ïàðàáîë³÷í³ çàäà÷³, íàáëèæåí³ àñèìïòîòèêè, ðîçâ’ÿçí³ñòü, àïð³îðí³
îö³íêè, ïåðåòâîðåííÿ Ëàïëàñà.
—————————————————————————————————————————————

Simulation of filtration processes for inhomogeneous media and homogenization / G.V. Sandrakov,
S.I. Lyashko, V.V. Semenov // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 42–63.

Abstract. The investigation of the dynamic processes of filtration in porous media are analyzed. Porous
periodic media, formed by a large number of “blocks” with low permeability and separated by a connected
system of “faults” with high permeability, are considered. Taking into account the structure of such media in
modeling leads to the dependence of the filtration equations and their coefficients on a small parameter
characterizing the microscale of the porous medium and the permeability of the blocks. Thus,
initialboundary-value problems for nonstationary equations of filtration in such porous media are considered.
Homogenized problems (whose solutions determine approximate asymptotics for solutions of the original

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



problems) are presented. The homogenized problems have the form of initialboundary-value problems for
integro-differential equations in convolutions. Estimates for the accuracy of the asymptotics and relevant
convergence theorems are discussed. Statements about the solvability and regularity for the problems and the
homogenized problems are proved. The statements are optimal and do not depend on the parameters.

Keywords: homogenized problems, parabolic problems, approximate asymptotics, solvability, a priori
estimates, Laplace transforms.
===============================================================================

ÓÄÊ 519.2

Àëüòåðíàòèâíå äîâåäåííÿ íåð³âíîñòåé Ãàóñà / Ë.Ñ. Ñòîéêîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2023. Òîì 59, ¹ 2. Ñ. 64–71.

Àíîòàö³ÿ. Äàíî ÷³òêå ôîðìóëþâàííÿ äâîõ íåð³âíîñòåé Ãàóñà. Ïðåäñòàâëåíî ïðîçîðå ¿õíº äîâåäåí-
íÿ, ùî ãðóíòóºòüñÿ íà â³äîìèõ ôóíäàìåíòàëüíèõ ðåçóëüòàòàõ. Çàïðîïîíîâàíî ïðîñòèé ñïîñ³á ïîáóäîâè
ðîçáèòòÿ îáëàñò³ ïàðàìåòð³â çàäà÷³. Çíàéäåíî ÿâíèé âèãëÿä åêñòðåìàëüíèõ ôóíêö³é ðîçïîä³ëó.

Êëþ÷îâ³ ñëîâà: åêñòðåìàëüí³ çíà÷åííÿ, ë³í³éí³ ôóíêö³îíàëè, êëàñè óí³ìîäàëüíèõ ôóíêö³é ðîçïîä³ëó.
—————————————————————————————————————————————
—————

Alternative proof of Gauss’s inequalities / L.S. Stoikova // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59,
N 2. P. 64–71.

Abstract. A clear formulation of Gauss’s inequalities is given. A transparent proof based on the
well-known fundamental results is presented. In this proof, a simple way of constructing a partition of the
domain of the problem parameters is proposed. An explicit form of the extremum distribution functions is also
formulated.

Keywords: extremum values of linear functionals in classes of unimodal distribution functions.
===============================================================================

ÓÄÊ 338.2:338.3:338.4:330.5

Ñèñòåìíèé àíàë³ç òà ìîäåëþâàííÿ áàãàòîãàëóçåâî¿ åêîíîì³êè íà îñíîâ³ ìîäåë³ «âèòðàòè–âèïóñê»
(ïðèêëàä åêîíîì³êè ßïîí³¿) / Ñ.Ñ. Ãàñàíîâ, À.Â. Êóëèê, Â.Â. Êóëèê // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2023. Òîì 59, ¹ 2. Ñ. 72–86.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàñòîñóâàííÿ ñõåìè «âèòðàòè–âèïóñê» åêîíîì³êè ßïîí³¿ äëÿ ñèñòåìíîãî
àíàë³çó òà ìîäåëþâàííÿ áàãàòîãàëóçåâî¿ åêîíîì³êè ßïîí³¿ (òàáëèöÿ «âèòðàòè–âèïóñê» ó ö³íàõ âèðîá-
íèê³â, 37 àãðåãîâàíèõ ãàëóçåé, 2015 ð.). Àãðåãîâàíî 107-ãàëóçåâó òàáëèöþ «âèòðàòè–âèïóñê» åêîíîì³êè
ßïîí³¿ äî ðîçì³ðíîñò³ 37 óêðóïíåíèõ ãàëóçåé. Íà îñíîâ³ ö³º¿ ìîäåë³ ïðîâåäåíî ñèñòåìíèé àíàë³ç òà ìî-
äåëþâàííÿ ì³æãàëóçåâèõ çâ’ÿçê³â åêîíîì³êè ßïîí³¿ çã³äíî ç òðàäèö³éíî çàñòîñîâóâàíèìè ïðîöåäóðàìè
àíàë³çó òà ìîäåëþâàííÿ ì³æãàëóçåâèõ çâ’ÿçê³â. Ïðîàíàë³çîâàíî êîåô³ö³ºíòè äîäàíî¿ âàðòîñò³, ³ìïîðòó,
âïëèâó, â³äêëèêó. Ïðîâåäåíî êëàñèô³êàö³þ ãàëóçåé çà îçíàêîþ âèòðàòíîñò³ (íà êëþ÷îâ³, ç ïðÿìèì âïëè-
âîì, ç îáåðíåíèì âïëèâîì òîùî). Âèçíà÷åíî ãàëóçåâó ñòðóêòóðó ÂÂÏ. Ï³äãîòîâëåíî âèñíîâêè ùîäî
ìîæëèâîñò³ âèêîðèñòàííÿ âêàçàíèõ ìåòîä³â àíàë³çó òà ìîäåëþâàííÿ ùîäî åêîíîì³êè Óêðà¿íè òà ïåð-
ñïåêòèâè ïîäàëüøèõ äîñë³äæåíü.

Êëþ÷îâ³ ñëîâà: ñõåìà «âèòðàòè–âèïóñê», åêîíîì³êà ßïîí³¿, ãàëóçåâà ñòðóêòóðà åêîíîì³êè, àãðåãîâàíà
òàáëèöÿ «âèòðàòè–âèïóñê», âèäè åêîíîì³÷íî¿ ä³ÿëüíîñò³, àãðåãóâàííÿ äàíèõ, ñèñòåìíèé àíàë³ç, ìîäåëþ-
âàííÿ ì³æãàëóçåâèõ çâ’ÿçê³â.
—————————————————————————————————————————————

Systems analysis and modelling of multi-sectoral economy based on the input–output model (example of
Japanese economy) / S.S. Gasanov, A.V. Kulyk, V.V. Kulyk // Kibernetyka ta Systemnyi Analiz. 2023.
Vol. 59, N 2. P. 72–86.

Abstract. The input–output scheme of the Japanese economy is considered as applied to systems analysis
and modeling of the diversified economy of Japan (input–output table valued at producers’ prices, 37
aggregated industries, year 2015). The 107-industry input–output table of the Japanese economy has been
aggregated to the dimension of 37 aggregated industries. This model is used for systems analysis and modeling
of inter-sectoral relations of the Japanese economy in accordance with the traditionally used procedures for
analyzing and modeling inter-sectoral relations. The coefficients of added value, import, impact, and recall are
analyzed. The industries are classified (key ones, with direct impact, with inverse influence, etc.). The sectoral
structure of GDP is defined. Conclusions on the possibility of using these methods of analysis and modeling
regarding the economy of Ukraine and the prospects for further research have been prepared.

Keywords: input–output scheme, Japanese economy, sectoral structure of the economy, aggregated
input–output table, types of economic activity, data aggregation, system analysis, modelling of inter-sectoral
relations.
===============================================================================
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ÓÄÊ 517.977

Ìîäèô³êîâàíèé ìåòîä ðîç’ÿçóâàëüíèõ ôóíêö³é â ³ãðîâèõ çàäà÷àõ çáëèæåííÿ êåðîâàíèõ îá’ºêò³â
ç ð³çíîþ ³íåðö³éí³ñòþ / À.Î. ×èêð³é, É.Ñ. Ðàïïîïîðò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023.
Òîì 59, ¹ 2. Ñ. 87–103.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó çáëèæåííÿ êåðîâàíèõ îá’ºêò³â ç ð³çíîþ ³íåðö³éí³ñòþ â ³ãðîâèõ çà-
äà÷àõ äèíàì³êè. Ñôîðìóëüîâàíî ìîäèô³êîâàí³ äîñòàòí³ óìîâè çàê³í÷åííÿ ãðè çà ê³íöåâèé ãàðàíòîâàíèé
÷àñ ó ðàç³, êîëè óìîâà Ïîíòðÿã³íà íå âèêîíóºòüñÿ. Çàì³ñòü ñåëåêòîðà Ïîíòðÿã³íà ðîçãëÿäàþòüñÿ äåÿê³
ôóíêö³¿ çñóâó, à ç ¿õíüîþ äîïîìîãîþ ââîäÿòüñÿ ñïåö³àëüí³ áàãàòîçíà÷í³ â³äîáðàæåííÿ. Âîíè ïîðîäæó-
þòü âåðõí³ ³ íèæí³ ðîçâ’ÿçóâàëüí³ ôóíêö³¿ ñïåö³àëüíîãî òèïó ³ íà ¿õí³é îñíîâ³ çàïðîïîíîâàíî äâà òèïè
ìîäèô³êîâàíèõ ñõåì: ïåðøîãî ìåòîäó Ïîíòðÿã³íà òà ìåòîäó ðîçâ’ÿçóâàëüíèõ ôóíêö³é. Öå çàáåçïå÷óº çà-
âåðøåííÿ êîíôë³êòíî-êåðîâàíîãî ïðîöåñó äëÿ îá’ºêò³â ç ð³çíîþ ³íåðö³éí³ñòþ â êëàñ³ êâàç³ñòðàòåã³é ³ êî-
íòðêåðóâàíü. Íîâ³ òåîðåòè÷í³ ðåçóëüòàòè ïðî³ëþñòðîâàíî íà ìîäåëüíîìó ïðèêëàä³.

Êëþ÷îâ³ ñëîâà: êåðîâàí³ îá’ºêòè ç ð³çíîþ ³íåðö³éí³ñòþ, êâàç³ë³í³éíà äèôåðåíö³àëüíà ãðà, áàãàòîçíà÷íå
â³äîáðàæåííÿ, âèì³ðíèé ñåëåêòîð, ñòðîáîñêîï³÷íà ñòðàòåã³ÿ, ðîçâ’ÿçóâàëüíà ôóíêö³ÿ.
—————————————————————————————————————————————

Resolving functions modified method for game problems of approach of controlled objects with different
inertia / A.A. Chikrii, I.S. Rappoport // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 87–103.

Abstract. The problem of approach of controlled objects with different inertia in dynamic game problems
is considered. Modified sufficient conditions for ending the game in the finite guaranteed time in the case where
the Pontryagin condition is not satisfied are formulated. Some shift functions are considered instead of the
Pontryagin selector, and special multivalued mappings are introduced with their help. They generate the upper
and lower resolving functions of a special type and, based on them, two types of modified schemes of the first
Pontryagin method and the method of rensolving functions are proposed, which ensure the completion of the
conflict-controlled process for objects with different inertia in the class of quasi-strategies and counter-controls.
New theoretical results are illustrated by a model example.

Keywords: controlled objects with different inertia, quasilinear differential game, multi-valued mapping,
measurable selector, stroboscopic strategy, resolving function.
===============================================================================

ÓÄÊ 519.63

²äåíòèô³êàö³ÿ ãðàíè÷íîãî ðåæèìó â îäí³é òåïëîâ³é çàäà÷³ íà îñíîâ³ îäíîôàçíî¿ ìîäåë³ Ñòåôàíà /
Õ.Ì. Ãàìçàºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 2. Ñ. 104–111.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîöåñ ïëàâëåííÿ îäíîì³ðíîãî ëüîäîâîãî áëîêó øëÿõîì íàãð³âàííÿ éîãî ç
ë³âî¿ ìåæ³. Äëÿ ìàòåìàòè÷íîãî îïèñó ïðîöåñó ïëàâëåííÿ çàïðîïîíîâàíî îäíîâèì³ðíó îäíîôàçíó ìîäåëü
Ñòåôàíà, ÿêà îïèñóº çì³íó òåìïåðàòóðè â óòâîðþâàí³é òàë³é çîí³ ç ðóõîìîþ ìåæåþ. Â ìåæàõ ö³º¿ ìîäåë³
ïîñòàâëåíî çàäà÷ó ³äåíòèô³êàö³¿ ðåæèìó íàãð³âó íà ë³â³é ìåæ³ áëîêó, ÿêèé çàáåçïå÷óº ïåðåì³ùåííÿ ðó-
õîìî¿ ìåæ³ òàëî¿ çîíè çà çàäàíèì çàêîíîì. Ïîñòàâëåíà îáåðíåíà çàäà÷à äëÿ îäíîôàçíî¿ ìîäåë³ Ñòåôàíà
íàëåæèòü êëàñó ãðàíè÷íèõ îáåðíåíèõ çàäà÷. Ìåòîäîì ñïðÿìëåííÿ ôðîíò³â îáëàñòü çàäà÷³ ç ðóõîìîþ
ìåæåþ ïåðåòâîðåíî íà îáëàñòü ç ô³êñîâàíèìè ìåæàìè. Ïîáóäîâàíî äèñêðåòíèé àíàëîã îáåðíåíî¿ çàäà÷³
ç âèêîðèñòàííÿì ìåòîäó ê³íöåâèõ ð³çíèöü ³ çàïðîïîíîâàíî ñïåö³àëüíå ïðåäñòàâëåííÿ äëÿ ÷èñåëüíîãî
ðîçâ’ÿçàííÿ îäåðæàíî¿ ð³çíèöåâî¿ çàäà÷³. Â ðåçóëüòàò³ ð³çíèöåâà çàäà÷à äëÿ êîæíîãî äèñêðåòíîãî çíà-
÷åííÿ ÷àñîâî¿ çì³ííî¿ ä³ëèòüñÿ íà äâ³ íåçàëåæí³ ð³çíèöåâ³ çàäà÷³ äðóãîãî ïîðÿäêó, äëÿ ðîçâ’ÿçàííÿ ÿêèõ
çàñòîñîâàíî àáñîëþòíî ñò³éêèé ìåòîä Òîìàñà òà ë³í³éíå ð³âíÿííÿ â³äíîñíî íàáëèæåíîãî çíà÷åííÿ òåì-
ïåðàòóðè íàãð³âó íà ë³â³é ìåæ³ áëîêó. Íà îñíîâ³ çàïðîïîíîâàíîãî îá÷èñëþâàëüíîãî àëãîðèòìó ïðîâåäå-
íî ÷èñëîâ³ åêñïåðèìåíòè.

Êëþ÷îâ³ ñëîâà: òåïëîïåðåíåñåííÿ ç ôàçîâèì ïåðåòâîðåííÿì, ïðîöåñ ïëàâëåííÿ ëüîäó, ðóõîìà ìåæà
ïîä³ëó ôàç, ìåòîä ñïðÿìëåííÿ ôðîíò³â, ãðàíè÷íà îáåðíåíà çàäà÷à, ð³çíèöåâèé ìåòîä.
—————————————————————————————————————————————

Identification of the boundary mode in one thermal problem based on the single-phase Stefan model /
Kh.M. Gamzaev // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 104–111.

Abstract. The process of melting a one-dimensional block of ice by heating it from the left border is
considered. A one-dimensional Stefan model is proposed for the mathematical description of the melting
process. It describes the temperature change in the resulting melt zone with a movable boundary. Within the
framework of this model, the task is to identify the heating mode on the border of the block, which ensures the
movement of the movable boundary of the melt zone according to a predetermined law. The posed inverse
problem for the single-phase Stefan model belongs to the class of inverse boundary-value problems. With the
use of the method of front straightening, the problem area with a movable boundary is transformed into
a domain with fixed boundaries. A discrete analog of the inverse problem is constructed using the
finite-difference method, and a special representation is proposed for the numerical solution of the resultant
difference problem. As a result, the difference problem for each discrete value of the time variable splits into
two independent second-order difference problems, for which the absolutely stable Thomas method is used, and
a linear equation with respect to the approximate value of the heating temperature at the left boundary of the
block. Numerical experiments were carried out on the basis of the proposed computational algorithm.

Keywords: heat transfer with phase transformation, ice melting process, movable phase interface, front
rectification method, boundary inverse problem, difference method.
===============================================================================
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ÓÄÊ 519.8

Òî÷í³ çíà÷åííÿ íàáëèæåíü äèôåðåíö³éîâíèõ ôóíêö³é ³íòåãðàëàìè òèïó Ïóàññîíà / Þ.². Õàðêåâè÷
// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 2. Ñ. 112–121.

Àíîòàö³ÿ. Äîñë³äæåíî àñèìïòîòè÷í³ âëàñòèâîñò³ ³íòåãðàë³â òèïó Ïóàññîíà íà êëàñàõ äèôå-
ðåíö³éîâíèõ ôóíêö³é ç âèêîðèñòàííÿì ñó÷àñíèõ ìåòîä³â òåîð³¿ îïòèìàëüíèõ ð³øåíü òà òåîð³¿ àïðîêñè-
ìàö³¿ ôóíêö³é. Îá÷èñëåíî òî÷í³ çíà÷åííÿ âåðõíüî¿ ìåæ³ â³äõèëåííÿ ôóíêö³é êëàñ³â Ñîáîëºâà â³ä ³íòåã-
ðàë³â òèïó Ïóàññîíà â ð³âíîì³ðíèé ìåòðèö³. Çàñòîñîâàíèé ìåòîä äîñë³äæåíü äàº ìîæëèâ³ñòü ç íàïåðåä
çàäàíîþ òî÷í³ñòþ îö³íèòè ïîõèáêó â³äõèëåííÿ êëàñ³â äèôåðåíö³éîâíèõ ôóíêö³é â³ä ¿õí³õ ïîë³ãàð-
ìîí³éíèõ ³íòåãðàë³â Ïóàññîíà. Îòðèìàíî ðåçóëüòàòè, ÿê³ â ïîäàëüøîìó ñïðèÿòèìóòü ïîáóäîâ³ ÿê³ñí³øèõ
ìàòåìàòè÷íèõ ìîäåëåé ïðèðîäíè÷èõ ³ ñîö³àëüíèõ ÿâèù, à îòæå ³ åôåêòèâí³øîìó ðîçâ’ÿçóâàííþ áàãàòü-
îõ çàäà÷ ïðèêëàäíî¿ ìàòåìàòèêè.

Êëþ÷îâ³ ñëîâà: ïîë³ãàðìîí³éí³ ð³âíÿííÿ, êëàñè Ñîáîëºâà, îïòèì³çàö³éí³ çàäà÷³, àñèìïòîòè÷í³ îö³íêè,
òî÷í³ çíà÷åííÿ â³äõèëåíü.
—————————————————————————————————————————————

Exact values of the approximations of differentiable functions by integrals of the Poisson type /
Yu.I. Kharkevych // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 112–121.

Abstract. The asymptotic properties of integrals of the Poisson type on the classes of differentiable
functions are analyzed with the use of modern methods of the theory of optimal solutions and the theory of
approximation of functions. Namely, the exact values of the upper bound of the deviation of the functions of the
Sobolev classes from integrals of the Poisson type in the uniform metric are found. The research method used in
the study makes it possible to estimate the deviation error of the classes of differentiable functions from their
polyharmonic Poisson integrals with predetermined accuracy. The results obtained in the study will further
contribute to the construction of higher-quality mathematical models of natural and social phenomena and
therefore to more efficient solution of many problems of applied mathematics.

Keywords: polyharmonic equations, the Sobolev classes, optimization problems, asymptotic estimates, exact
values of deviations.
===============================================================================

ÓÄÊ 519.217

Êðèòåð³¿ ñò³éêîñò³ òà íåñò³éêîñò³ â ñåðåäíüîìó êâàäðàòè÷íîìó äèôóç³éíèõ ñòîõàñòè÷íèõ
äèôåðåíö³àëüíî-ôóíêö³îíàëüíèõ ñèñòåì Ã³õìàíà–Iòî ï³ä ä³ºþ çîâí³øíèõ çáóðåíü òèïó
âèïàäêîâèõ âåëè÷èí / Â.Ê. ßñèíñüêèé, ².Â. Þð÷åíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023.
Òîì 59, ¹ 2. Ñ. 122–135.

Àíîòàö³ÿ. Äîñë³äæåíî àñèìïòîòè÷íó ñò³éê³ñòü ó ñåðåäíüîìó êâàäðàòè÷íîìó òðèâ³àëüíîãî ðîçâ’ÿç-
êó äèôóç³éíèõ ñòîõàñòè÷íèõ äèôåðåíö³àëüíî-ôóíêö³îíàëüíèõ ð³âíÿíü Ã³õìàíà–²òî â òåðì³íàõ âëàñíèõ
çíà÷åíü ìàòðèö³ , ÿêà ïîáóäîâàíà ç êîåô³ö³ºíò³â öèõ ð³âíÿíü.

Êëþ÷îâ³ ñëîâà: êðèòåð³é, ñò³éê³ñòü ðîçâ’ÿçêó, ñòîõàñòè÷í³ äèôåðåíö³àëüíî-ôóíêö³îíàëüí³ ð³âíÿííÿ
Ã³õìàíà–²òî, çîâí³øí³ çáóðåííÿ.
—————————————————————————————————————————————

Mean square stability and instability criteria for the Gikhman–Ito stochastic diffusion functional
differential systems subject to external disturbances of the type of random variables / V.K. Yasynskyy,
I.V. Yurchenko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 122–135.

Abstract. Òhe authors investigate the asymptotic stability in the mean square of the trivial solution of the
stochastic diffusion Gikhman–Ito functional differential equations in terms of the eigenvalues of the matrix
constructed from the coefficients of these equations.

Keywords: criterion, stability of the solution, stochastic functional differential Gikhman–Ito equations, external
disturbances.
===============================================================================

ÓÄÊ 519.6

Ìàòåìàòè÷íå ìîäåëþâàííÿ ïðîñòîðîâî-ðîçïîä³ëåíèõ ñèñòåì, ïîë³íîì³àëüíî çàëåæíèõ â³ä
ë³í³éíèõ äèôåðåíö³àëüíèõ ïåðåòâîðåíü ôóíêö³¿ ñòàíó / Â.À. Ñòîÿí // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2023. Òîì 59, ¹ 2. Ñ. 136–145.

Àíîòàö³ÿ. Ïîñòàâëåíî ³ çà ñåðåäíüîêâàäðàòè÷íèì êðèòåð³ºì ðîçâ’ÿçàíî ïî÷àòêîâî-êðàéîâ³ çàäà÷³
äèíàì³êè íåë³í³éíèõ ïðîñòîðîâî-ðîçïîä³ëåíèõ ñèñòåì. Ðîçãëÿíóòî ñèñòåìè, ë³í³éíà ìàòåìàòè÷íà ìîäåëü
ÿêèõ äîïîâíåíà ïîë³íîì³àëüíî âèçíà÷åíîþ çàëåæí³ñòþ â³ä äèôåðåíö³àëüíèõ ïåðåòâîðåíü ¿õíüî¿ ôóíêö³¿
ñòàíó. Áóäóþòüñÿ àíàë³òè÷í³ çàëåæíîñò³ ö³º¿ ôóíêö³¿ çà íàÿâíîñò³ äèñêðåòíî ³ íåïåðåðâíîâèçíà÷åíèõ ïî-
÷àòêîâî-êðàéîâèõ ñïîñòåðåæåíü çà íèìè áåç îáìåæåíü íà ê³ëüê³ñòü òà ÿê³ñòü îñòàíí³õ. Îö³íåíî òî÷í³ñòü
ìíîæèí îòðèìàíèõ ðîçâ’ÿçê³â òà äîñë³äæåíî ¿õíþ îäíîçíà÷í³ñòü.

Êëþ÷îâ³ ñëîâà: íåë³í³éí³ äèíàì³÷í³ ñèñòåìè, ñèñòåìè ç íåâèçíà÷åíîñòÿìè, ñèñòåìè ç ðîçïîä³ëåíèìè ïà-
ðàìåòðàìè, ïðîñòîðîâî-ðîçïîä³ëåí³ ñèñòåìè, ïñåâäîðîçâ’ÿçêè, íåêîðåêòí³ ïî÷àòêîâî-êðàéîâ³ çàäà÷³.
—————————————————————————————————————————————

ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2023, òîì 59, ¹ 2 5



Mathematical modeling of spatially distributed systems, polynomially dependent on linear differential
transformations of the state function / V.A. Stoyan // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2.
P. 136–145.

Abstract. Initialboundary-value problems of the dynamics of nonlinear spatially distributed systems are
formulates and solved according to the root-mean-square criterion. Systems whose linear mathematical model is
supplemented by the polynomially defined dependence on the differential transformation of their state function
are considered. Analytical dependences of this function are generated under the presence of their discretely and
continuously defined initialboundary-value observations, without constraints on the number and quality of the
latter. The accuracy of the sets of the obtained solutions is evaluated, and their uniqueness is analyzed.

Keywords: nonlinear dynamical systems, systems with uncertainties, distributed-parameter systems, spatially
distributed systems, pseudosolutions, ill-posed initialboundary-value problems.
===============================================================================

ÓÄÊ 517.9

Ïðî â³äìîâó êåðóâàëüíèõ ïðèñòðî¿â ðóõîìèõ îá’ºêò³â ó êîíôë³êòí³é ñèòóàö³¿ / Î.². Âîñêîëîâè÷,
Ê.À. ×èêð³é // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 2. Ñ. 146–157.

Àíîòàö³ÿ. Ðîçãëÿíóòî íåñòàö³îíàðíó ³ãðîâó çàäà÷ó êåðóâàííÿ ðóõîìèìè îá’ºêòàìè ç ïîðóøåííÿìè
â äèíàì³ö³, ïðè÷èíîþ ÿêèõ º â³äìîâà àáî ïîëîìêà êåðóâàëüíèõ ïðèñòðî¿â. Äîñë³äæåíî ñèòóàö³þ, êîëè
ìîìåíò ïîëîìêè íåâ³äîìèé, à ÷àñ íà ¿¿ ë³êâ³äàö³þ º çàäàíèì. Âñòàíîâëåíî äîñòàòí³ óìîâè ïðèâåäåííÿ
òðàºêòîð³¿ êîíôë³êòíî-êåðîâàíîãî ïðîöåñó íà çàäàíó ìíîæèíó çà ñê³í÷åííèé ÷àñ. Îòðèìàí³ ðåçóëüòàòè
ïðî³ëþñòðîâàíî ìîäåëüíèì ïðèêëàäîì ç ïðîñòèì ðóõîì.

Êëþ÷îâ³ ñëîâà: êîíôë³êòíî-êåðîâàíèé ïðîöåñ, áàãàòîçíà÷íå â³äîáðàæåííÿ, ðîçâ’ÿçóâàëüíà ôóíêö³ÿ,
â³äìîâà êåðóâàëüíèõ ïðèñòðî¿â, ñòðîáîñêîï³÷íà ñòðàòåã³ÿ, óìîâà Ïîíòðÿã³íà, ³íòåãðàë Àóìàííà.
—————————————————————————————————————————————

Failure of control devices under conflict conditions / Î.². Voskolovych, K.A. Chikrii // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 2. P. 146–157.

Abstract. The authors consider a nonstationary game problem of control of moving objects in the case of
violations in their dynamics caused by a breakdown or failure of the control devices. A game situation is
analyzed where the moment of failure of control devices is a priori unknown, and the time required to eliminate
it is given. The sufficient conditions for bringing the trajectory of the conflict-controlled process to the terminal
set in a certain finite time are established. The results are illustrated using a model example with simple motion.

Keywords: conflict-controlled process, set-valued mapping, resolving function, failure of control devices,
stroboscopic strategy, Pontryagin’s condition, Aumann’s integral.
===============================================================================

ÓÄÊ 519.65

×åáèøîâñüêå íàáëèæåííÿ ôóíêö³é áàãàòüîõ çì³ííèõ ëîãàðèôì³÷íèì âèðàçîì /
Ï.Ñ. Ìàëà÷³âñüêèé, Ë.Ñ. Ìåëüíè÷îê, ß.Â. Ï³çþð // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59,
¹ 2. Ñ. 158–165.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ïîáóäîâè ÷åáèøîâñüêîãî íàáëèæåííÿ ôóíêö³é áàãàòüîõ çì³ííèõ
ëîãàðèôì³÷íèì âèðàçîì ç àáñîëþòíîþ ïîõèáêîþ. Éîãî ñóòü ïîëÿãàº â ïîáóäîâ³ ïðîì³æíîãî ÷åáèøî-
âñüêîãî íàáëèæåííÿ ïîë³íîìîì ç â³äíîñíîþ ïîõèáêîþ çíà÷åíü åêñïîíåíòè â³ä íàáëèæóâàíî¿ ôóíêö³¿.
Ïîáóäîâà ÷åáèøîâñüêîãî íàáëèæåííÿ ïîë³íîìîì ´ðóíòóºòüñÿ íà îá÷èñëåíí³ ãðàíè÷íîãî ñåðåäíüîñòåïå-
íåâîãî íàáëèæåííÿ çà ³òåðàö³éíîþ ñõåìîþ ç âèêîðèñòàííÿì ìåòîäó íàéìåíøèõ êâàäðàò³â ³ç â³äïîâ³äíî
ñôîðìîâàíèìè çíà÷åííÿìè çì³ííî¿ âàãîâî¿ ôóíêö³¿. Ïðåäñòàâëåí³ ðåçóëüòàòè ðîçâ’ÿçóâàííÿ òåñòîâèõ
ïðèêëàä³â ï³äòâåðäæóþòü øâèäêó çá³æí³ñòü ìåòîäó ï³ä ÷àñ îá÷èñëåííÿ ïàðàìåòð³â ÷åáèøîâñüêîãî íà-
áëèæåííÿ ëîãàðèôì³÷íèì âèðàçîì ôóíêö³é îäí³º¿, äâîõ ³ òðüîõ çì³ííèõ.

Êëþ÷îâ³ ñëîâà: ÷åáèøîâñüêå íàáëèæåííÿ ôóíêö³é áàãàòüîõ çì³ííèõ, ëîãàðèôì³÷íèé âèðàç, ñåðåäíüîñ-
òåïåíåâå íàáëèæåííÿ, ìåòîä íàéìåíøèõ êâàäðàò³â, çì³ííà âàãîâà ôóíêö³ÿ.
—————————————————————————————————————————————

Chebyshev approximation of multivariable functions by a logarithmic expression / P.S. Malachivskyy,
L.S. Melnychok, Ya.V. Pizyur // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 158–165.

Abstract. A method for constructing a Chebyshev approximation of the multivariable functions by
a logarithmic expression with absolute error is proposed. It implies constructing an intermediate Chebyshev
approximation by a polynomial with the relative error of the exponential value of the function being
approximated. Construction of the Chebyshev approximation by a polynomial is based on calculating the limit
mean-power approximation by the least squares method in accordance with the prevailing values of the variable
weight function. The presented results of solving test examples confirm the rapid convergence of the method
when calculating the parameters of the Chebyshev approximation by the logarithmic expression of the functions
of one, two, and three variables.

Keywords: Chebyshev approximation of multivariable functions, logarithmic expression, mean-power
approximation, least squares method, variable weight function.
===============================================================================
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ÓÄÊ 519.21

Âàð³àíòè ñòîõàñòè÷íèõ ìîäåëåé sir òà ñòðàòåã³¿ ïðîâåäåííÿ âàêöèíàö³¿ / Î.Â. Áîãäàíîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 2. Ñ. 166–172.

Àíîòàö³ÿ. Íàâåäåíî äåê³ëüêà âàð³àíò³â ñòîõàñòè÷íî¿ ìîäåë³ åï³äåì³¿ SIR ç îáìåæåíèì ë³êóâàííÿì.
Äîñë³äæåíî åôåêòèâí³ñòü âèêîðèñòàííÿ ð³çíèõ ñòðàòåã³é çàïðîâàäæåííÿ âàêöèíàö³¿ òà çàïðîïîíîâàíî
ìåòîä ïîøóêó îïòèìàëüíî¿ ñòðàòåã³¿ âàêöèíóâàííÿ äëÿ ì³í³ì³çàö³¿ ôóíêö³îíàëà ö³íè.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷íà ìîäåëü, åï³äåì³ÿ, îïòèìàëüíà ñòðàòåã³ÿ.
—————————————————————————————————————————————

Variants of the stochastic sir models and vaccination strategies / O. Bogdanov // Kibernetyka ta Systemnyi
Analiz. 2023. Vol. 59, N 2. P. 166–172.

Abstract. Several options of the stochastic SIR epidemics model with limited treatment are proposed. For
these models, the effect of different vaccination strategies is demonstrated, and a method to obtain the optimal
vaccination strategy minimizing the cost functional is proposed.

Keywords: stochastic model, epidemic, optimal strategy.
===================================================================

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 53.088.3+53.088.7

Ô³ëüòðóâàííÿ òà ñòèñíåííÿ ñèãíàë³â ìåòîäîì äèñêðåòíîãî âåéâëåò-ïåðåòâîðåííÿ â îäíîâèì³ðí³
ðÿäè / Ä.Ì. Îíóôð³ºíêî, Þ.Ê. Òàðàíåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 2.
Ñ. 173–181.

Àíîòàö³ÿ. Ðîçâ’ÿçàííÿ çàäà÷³ ³äåíòèô³êàö³¿ ñïåö³àëüíèõ ñèãíàë³â, â óìîâàõ àïð³îðíî¿ íåâèçíà÷å-
íîñò³ ¿õí³õ äæåðåë, º íàäçâè÷àéíî âàæëèâèì, íàïðèêëàä, ï³ä ÷àñ âèÿâëåííÿ ëîêàòîð³â, ùî ñë³äêóþòü çà
ðóõîìèìè îá’ºêòàìè. Ìåòîä âèêîðèñòîâóþòü äëÿ ô³ëüòðàö³¿ ñèãíàë³â â³ä ïîòóæíèõ øóì³â (äî ð³âíÿ
ó 12äÁ) òà âèçíà÷åííÿ ôîðìè ñèãíàëó. Ðîçãëÿíóòî ³äåíòèô³êàö³þ, ô³ëüòðàö³þ òà ñòèñíåííÿ ñèãíàë³â, ùî
´ðóíòóþòüñÿ íà ïîð³âíÿíí³ áëèçüêîñò³ îäíîâèì³ðíèõ ðÿä³â âåéâëåò-êîåô³ö³ºíò³â. Çàïðîïîíîâàíî ïðÿìå
ïåðåòâîðåííÿ âêëàäåíèõ ìàñèâ³â êîåô³ö³ºíò³â àïðîêñèìàö³¿ òà äåòàë³çàö³¿ ó îäíîâèì³ðíèé ðÿä ³ç ïîïå-
ðåäí³ì âèçíà÷åííÿì ñòðóêòóðè âêëàäåíèõ ìàñèâ³â äëÿ ïîäàëüøî¿ ðåêîíñòðóêö³¿ îäíîâèì³ðíîãî ðÿäó ó
ñèãíàë, ùî ³äåíòèô³êóºòüñÿ. Ïåðåâ³ðåíî ñò³éê³ñòü çàïðîïîíîâàíîãî àëãîðèòìó äî ëîêàëüíèõ çì³í ôîðìè
òåñòîâîãî ñèãíàëó â³äïîâ³äíî äî âèìîã ³äåíòèô³êàö³¿.

Êëþ÷îâ³ ñëîâà: ³äåíòèô³êàö³éí³ âèì³ðè, ì³ðè áëèçüêîñò³ ðÿä³â, îäíîâèì³ðíèé ðÿä, äèñêðåòíèé âåé-
âëåò-àíàë³ç, ë³í³éíà òà íåë³í³éíà ìîäóëÿö³ÿ, áàçè äàíèõ.
—————————————————————————————————————————-

Filtering and compression of signals by the method of discrete wavelet transformation into
one-dimensional series / D. Onufriienko, Yu. Taranenko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59,
N 2. P. 173–181.

Abstract. Solving the problem of identifying special signals under a priori uncertainty of their sources is
extremely important, for example, when detecting locators working on moving objects. The method is used for
filtering signals from powerful noises (up to 12dB) and determining the shape of the signal. The identification,
filtering, and compression of signals based on the comparison of the proximity of one-dimensional series of
wavelet coefficients are considered. The article proposes a direct transformation of nested arrays of the
approximation and detail coefficients into a one-dimensional series with a preliminary determination of the
structure of the nested arrays for further reconstruction of the one-dimensional series into an identifiable
measurement signal. The robustness of the proposed algorithm to local changes in the shape of the test signal in
accordance with the identification requirements is verified.

Keywords: identification measurements; row proximity measures; one-dimensional series; discrete wavelet
analysis; linear and non-linear modulation, database.
===================================================================

ÓÄÊ 004.032.26

Çá³ëüøåííÿ ðåöåïòèâíîãî ïîëÿ íåéðîí³â çãîðòêîâèõ íåéðîííèõ ìåðåæ / Ñ.². Øàïîâàëîâà,
Þ.Â. Ìîñêàëåíêî, Î.Ì. Áàðàí³÷åíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 2.
Ñ. 182–189.

Àíîòàö³ÿ. Ïðîâåäåíî àíàë³ç àðõ³òåêòóð çãîðòêîâèõ íåéðîííèõ ìåðåæ äëÿ êëàñèô³êàö³¿ 1D òà 2D
ñèãíàë³â. Âèçíà÷åíî, ùî ó âèïàäêó âõ³äíîãî ñèãíàëó âåëèêî¿ ðîçì³ðíîñò³ äîñòàòíþ òî÷í³ñòü êëàñèô³êàö³¿
ìîæíà çàáåçïå÷èòè ëèøå çàñòîñóâàííÿì âåëèêî¿ ê³ëüêîñò³ øàð³â, ùî íå ìîæíà âèêîíàòè çà óìîâè îáìå-
æåíèõ îá÷èñëþâàëüíèõ ðåñóðñ³â. Îäíàê, ó ðàç³ îáìåæåííÿ ê³ëüêîñò³ øàð³â, ïî÷èíàþ÷è ç äåÿêîãî êðèòè÷-
íîãî çíà÷åííÿ ðîçì³ðíîñò³, òî÷í³ñòü çíèæóºòüñÿ. Çàïðîïîíîâàíî ñïîñ³á ìîäèô³êàö³¿ çãîðòêîâî¿ íåéðîí-
íî¿ ìåðåæ³ ç â³äíîñíî íåâåëèêîþ ê³ëüê³ñòþ øàð³â äëÿ ðîçâ’ÿçàííÿ ö³º¿ ïðîáëåìè. Åêñïåðèìåíòàëüíî äî-
âåäåíî éîãî åôåêòèâí³ñòü.

Êëþ÷îâ³ ñëîâà: çãîðòêîâ³ íåéðîíí³ ìåðåæ³, ResNet, EfficientNet, WaveNet, ðåöåïòèâíå ïîëå.
—————————————————————————————————————————————
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Increasing the receptive field of neurons of convulsional neural networks / S. Shapovalova,
Yu. Moskalenko, O. Baranichenko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 182–189.

Abstract. The convolutional neural network architectures for the classification of 1D and 2D signals are
analyzed. It has been determined that in the case of a large-dimensional input signal, sufficient classification
accuracy can be ensured by only using a large number of layers, which cannot be done under limited computing
resources. However, if the number of layers is limited, starting from some critical dimension value, the accuracy
decreases. A method of modifying a convolutional neural network with a relatively small number of layers is
proposed to solve this problem. Its effectiveness is proved experimentally.

Keywords: convolutional neural networks, ResNet, EfficientNet, WaveNet, receptive field.
===============================================================================

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

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 004.048+616-079.4

Êëàñèô³êàö³ÿ ïàòîëîã³é çà ìåäè÷íèìè çîáðàæåííÿìè àëãîðèòìîì âèïàäêîâîãî ë³ñó äåðåâ
îïòèìàëüíî¿ ñêëàäíîñò³ / Â.Î. Áàáåíêî, ª.À. Íàñòåíêî, Â.À. Ïàâëîâ, Î.Ê. Ãîðîäåöüêà, ².Ì. Äèêàí,
Á.À. Òàðàñþê, Â.Â. Ëàçîðèøèíåöü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 2. Ñ. 190–202.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî ïîáóäîâè êëàñèô³êàòîð³â ó êëàñ³ àëãîðèòì³â Random Forest.
Äëÿ âèçíà÷åííÿ îïòèìàëüíîãî ïîºäíàííÿ òà ñêëàäó àíñàìáë³â îçíàê ï³ä ÷àñ ïîáóäîâè äåðåâ ë³ñó çàñòîñî-
âàíî ãåíåòè÷íèé àëãîðèòì. Äëÿ îïòèì³çàö³¿ ñòðóêòóðè äåðåâ âèêîðèñòàíî ïðèíöèïè ìåòîäó ãðóïîâîãî
óðàõóâàííÿ àðãóìåíò³â. Îïòèì³çàö³þ ïðîöåäóðè ãîëîñóâàííÿ äåðåâ ó ë³ñ³ ðåàë³çîâàíî ³ç çàñòîñóâàííÿì
ìåòîäó àíàë³çó ³ºðàðõ³é. Íàâåäåíî ïðèêëàäè âèêîðèñòàííÿ çàïðîïîíîâàíîãî àëãîðèòìó äëÿ âèÿâëåííÿ
ïàòîëîã³é íà ìåäè÷íèõ çîáðàæåííÿõ, à òàêîæ ðåçóëüòàòè êëàñèô³êàö³¿ ïîð³âíÿíî ç ³íøèìè â³äîìèìè àíà-
ëîãàìè.

Êëþ÷îâ³ ñëîâà: êëàñèô³êàö³ÿ ïàòîëîã³é, ìåäè÷í³ çîáðàæåííÿ, Random Forest, ãåíåòè÷íèé àëãîðèòì, ìå-
òîä ãðóïîâîãî óðàõóâàííÿ àðãóìåíò³â, ìåòîä àíàë³çó ³ºðàðõ³é.
—————————————————————————————————————————————

Pathology classification from medical images by the algorithm of random forest of optimal-complexity
trees / V. Babenko, Ie. Nastenko, V. Pavlov, O. Horodetska, I. Dykan, B. Tarasiuk, V. Lazoryshinets //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 190–202.

Abstract. The authors propose an approach to the construction of classifiers in the class of random forest
algorithms. A genetic algorithm is used to determine the optimal combination and composition of features’
ensembles in the construction of forest trees. The principles of the group method of data handling are used to
optimize the trees’ structure. Optimization of the tree voting procedure in the forest is implemented by the
analytic hierarchy process. Examples of using the proposed algorithm to identify pathologies in medical images
and the classification results as compared with other known analogs are presented.

Keywords: pathology classification, medical images, random forest, genetic algorithm, group method of data
handling, analytic hierarchy process
===============================================================================
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