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ÓÄÊ 5.681.3

Àëãîðèòìè ðîçâ’ÿçàííÿ ë³í³éíèõ îáìåæåíü ó ê³ëüö³ ö³ëèõ ÷èñåë / Ñ.Ë. Êðèâèé // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 5. Ñ. 3–15.

Àíîòàö³ÿ. Çàïðîïîíîâàíî àëãîðèòìè ïîáóäîâè ïåðåäáàçèñó òà áàçèñó ìíîæèíè ðîçâ’ÿçê³â ñèñòåì
ë³í³éíèõ îáìåæåíü òèïó ð³âíîñòåé ³ íåð³âíîñòåé â îáëàñò³ ö³ëèõ ÷èñåë, ÿê³ ´ðóíòóþòüñÿ íà êîìá³íóâàíí³
êîåô³ö³ºíò³â îáìåæåíü. Ðîçãëÿíóòî àëãîðèòìè ïîáóäîâè ïåðåäáàçèñó òà áàçèñó ñèñòåì ë³í³éíèõ ð³âíÿíü
é àëãîðèòìè ïîáóäîâè ôóíäàìåíòàëüíî¿ ñèñòåìè ðîçâ’ÿçê³â äëÿ ñèñòåì ë³í³éíèõ îäíîð³äíèõ ³ ë³í³éíèõ
íåîäíîð³äíèõ íåð³âíîñòåé.

Êëþ÷îâ³ ñëîâà: ê³ëüöå ö³ëèõ ÷èñåë, ñèñòåìè ë³í³éíèõ îáìåæåíü, àëãîðèòìè.
_________________________________________________________________________________________

Algorithms for solving linear constraints in the ring of integer numbers / S. Kryvyi // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 5. P. 3–15.

Abstract. The author proposes algorithms for constructing a pre-basis and the basis of the set of solutions
for systems of linear constraints of the type of equalities and inequalities in the domains of integers, which are
based on combined coefficients of constraints. The article considers the algorithm for constructing the pre-basis
and basis of systems of linear equations and algorithms for constructing the fundamental system of solutions for
systems of linear homogeneous and linear inhomogeneous inequalities.

Keywords: ring of integer numbers, systems of linear constraints, algorithms.
===============================================================================

ÓÄÊ 519.217.2

Òåîðåìà ïðî íåïîâíîòó äëÿ îá÷èñëþâàíèõ çàäà÷ / À.Ì. Ãóïàë, Î.À. Âàã³ñ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 5. Ñ. 16–19.

Àíîòàö³ÿ. Ó òåîð³¿ ðåêóðñèâíèõ ôóíêö³é çà ä³àãîíàëüíèì ìåòîäîì Êàíòîðà îòðèìàíî ðåêóðñèâíî
ïåðåë³÷íó ìíîæèíó K x x Wx� �{ | }, àëå íå ðåêóðñèâíó. Íà îñíîâ³ òåîð³¿ Ä³îôàíòîâèõ ìíîæèí ìíîæèíà

K âèçíà÷àºòüñÿ äåÿêèì ïîë³íîìîì, ÿêèé ìàº äîäàòí³ êîðåí³. Íàâïàêè, ìíîæèíà K x x Wx� �{ | } íå º ðå-

êóðñèâíî ïåðåë³÷íîþ. Æîäíà ç îá÷èñëþâàíèõ ôóíêö³é íå ìîæå ïåðåë³÷èòè âñ³õ åëåìåíò³â ìíîæèíè K .

Óíàñë³äîê ïðîäóêòèâíîñò³ ìíîæèíè K ³ñíóº ïàðàìåòð, äëÿ ÿêîãî ïîë³íîì íå ìàº äîäàòíèõ êîðåí³â, àëå

äîâåñòè ¿õíþ â³äñóòí³ñòü íåìîæëèâî, îñê³ëüêè öåé ïàðàìåòð íå íàëåæèòü ðåêóðñèâíî ïåðåë³÷í³é ìíî-
æèí³.

Êëþ÷îâ³ ñëîâà: ä³àãîíàëüíèé ìåòîä, Ä³îôàíòîâà ìíîæèíà, ðåêóðñèâíî ïåðåë³÷í³ ìíîæèíè.
_________________________________________________________________________________________

Incompleteness theorem for computable problems / A.M. Gupal, O.A. Vagis // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 5. P. 16–19.

Abstract. In the theory of recursive functions, a recursively enumerable (but not recursive) set
K x x Wx� �{ | } is obtained by Cantor’s diagonal method. Based on Diophantine sets, K is expressed by some

polynomial that has positive roots. On the contrary, the set K x x Wx� �{ | } is not recursively enumerable.

None of the computable functions can enumerate all the elements of the set K . As a result of the productivity of

the set K , a parameter exists for which the polynomial has no positive roots. However, it is impossible to prove

their absence since this parameter does not belong to any recursively enumerable set.

Keywords: diagonal method, Diophantine set, recursively enumerable sets.
===============================================================================

ÓÄÊ 004.8, 004.93

Âèêîðèñòàííÿ ïðîñòîðîâèõ âàãîâèõ ìàñîê ç íåçáàëàíñîâàíèìè äàòàñåòàìè äëÿ çàäà÷³ ñåãìåíòàö³¿
ñóïóòíèêîâèõ çí³ìê³â / À.Î. Îõð³ìåíêî, Í.Ì. Êóññóëü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024.
Òîì 60, ¹ 5. Ñ. 20–31.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó íåçáàëàíñîâàíèõ äàòàñåò³â ó çàäà÷³ ñåãìåíòàö³¿ ñóïóòíèêîâèõ
çí³ìê³â, ó ÿê³é ìîäåë³ ìàøèííîãî íàâ÷àííÿ ÷àñòî ³ãíîðóþòü êëàñè ç ìàëîþ ê³ëüê³ñòþ åêçåìïëÿð³â íà êî-
ðèñòü êëàñ³â ç á³ëüøîþ ê³ëüê³ñòþ. Çàïðîïîíîâàíî âèêîðèñòîâóâàòè âàãîâ³ ïðîñòîðîâ³ ìàñêè ï³ä ÷àñ îá-
÷èñëåííÿ ôóíêö³¿ âòðàò äëÿ âðàõóâàííÿ ïîêàçíèêà íàä³éíîñò³ îêðåìèõ ï³êñåë³â. Ïîêàçàíî, ùî çàïðîïî-
íîâàíèé ï³äõ³ä ï³äâèùóº ÿê³ñòü ñåãìåíòàö³¿, çîêðåìà çíà÷íî ïîêðàùóº ìåòðèêè äëÿ êëàñ³â ç ìàëîþ
ê³ëüê³ñòþ åêçåìïëÿð³â. Ðîçãëÿíóòî ìåòîä ðîçøèðåííÿ äàòàñåòó ç âèêîðèñòàííÿì ãåíåðàòèâíèõ çìàãàëü-
íèõ ìåðåæ (GAN), ÿêèé òàêîæ äåìîíñòðóº íåçíà÷í³ ïîêðàùåííÿ ó ðîçï³çíàâàíí³ ìåíø ïðåäñòàâëåíèõ
ó äàòàñåò³ êóëüòóð, òà âèêîíàíî éîãî ïîð³âíÿííÿ ³ç çàïðîïîíîâàíèì ìåòîäîì. Äîñë³äæåíî îäíî÷àñíå âè-
êîðèñòàííÿ ìåòîäó âàãîâèõ ìàñîê òà ãåíåðàòèâíèõ ìåðåæ.

Êëþ÷îâ³ ñëîâà: îö³íêà ÿêîñò³ äàòàñåòó, íåçáàëàíñîâàíèé äàòàñåò, êëàñèô³êàö³ÿ, ñåãìåíòàö³ÿ, ãåíåðà-
òèâí³ çìàãàëüí³ ìåðåæ³, ãåíåðàö³ÿ íàâ÷àëüíèõ äàíèõ.
_________________________________________________________________________________________
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Using weight reliability masks on imbalanced datasets for satellite image segmentation / A. Okhrimenko,
N. Kussul // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 20–31.

Abstract. This study addresses the issue of imbalanced datasets in satellite image segmentation tasks,
where machine learning models often neglect minority classes in favor of majority ones. We propose using
spatial weight masks for the loss function computation to take into account the reliability score of individual
pixels. This approach enhances segmentation quality, significantly improving metrics for minority classes.
Additionally, a dataset augmentation method using generative adversarial networks (GANs) is explored,
showing slight improvements in recognizing less represented crop types in the dataset, and it is compared with
the proposed method. The simultaneous usage of weighted masks and generative networks is investigated.

Keywords: dataset quality assessment, imbalanced datasets, classification, segmentation, generative adversarial
networks, training data generation.

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

ÓÄÊ 004.912

Ïîð³âíÿëüíèé àíàë³ç âèêîðèñòàííÿ ð³çíèõ îçíàê òåêñòó, ìîäåëåé òà ìåòîä³â äëÿ ðîçï³çíàâàííÿ
àâòîðà òåêñòó / Ð.Á. Àç³ìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 5. Ñ. 32–50.

Àíîòàö³ÿ. Ó êîìï’þòåðí³é ñèñòåì³ ðîçï³çíàâàííÿ àâòîðñòâà òåêñò³â çàñòîñîâàíî ð³çíîìàí³òí³ ìå-
òîäè òà ìîäåë³ äëÿ âèçíà÷åííÿ àâòîð³â íà ïðèêëàäàõ òåêñò³â ïèñüìåííèê³â Àçåðáàéäæàíó. Ïîð³âíÿíî
åôåêòèâí³ñòü âèêîðèñòàííÿ ð³çíèõ îçíàê òåêñòó òà çàïðîïîíîâàíèõ ïðîöåäóð â³äáîðó îçíàê. Ïðîâåäåíî
êîìï’þòåðí³ åêñïåðèìåíòè íà òâîðàõ ê³ëüêîõ â³äîìèõ ïèñüìåííèê³â Àçåðáàéäæàíó, íàïèñàíèõ àçåðáàé-
äæàíñüêîþ ìîâîþ. Ïðîàíàë³çîâàíî îòðèìàí³ ðåçóëüòàòè.

Êëþ÷îâ³ ñëîâà: ðîçï³çíàâàííÿ àâòîðà, ³äåíòèô³êàö³ÿ àâòîðà, ðîçï³çíàâàííÿ àâòîðñòâà ë³òåðàòóðíèõ
òâîð³â, ³íæèí³ðèíã îçíàê òåêñòó.
_________________________________________________________________________________________

Comparative analysis of using different text features, models, and methods in text author recognition /
R.B. Azimov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 32–50.

Abstract. Various methods and models are used in the text author recognition computer system for
recognizing the authorship of texts on the example of Azerbaijani writers. A comparative analysis is carried out
for the efficiency of using different text features and proposed feature selection procedures. Computer
experiments are conducted using the works of several famous Azerbaijani writers in Azerbaijani language, and
the results are analyzed.

Keywords: author recognition, author identification, authorship recognition of literary works, text feature
engineering.

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

ÓÄÊ 517.977.5

Ñèñòåìè êåðóâàííÿ ïðîöåñîì ãðàíóëþâàííÿ ì³íåðàëüíèõ äîáðèâ ó ïñåâäîçð³äæåíîìó øàð³ /
Á.ß. Êîðí³ºíêî, Ë.Ð. Ëàä³ºâà, Â.Ã. Ïèñàðåíêî, Þ.Â. Ïèñàðåíêî, À.Î. Íåñòåðóê // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 5. Ñ. 51–61.

Àíîòàö³ÿ. Ïîáóäîâàíî ÷îòèðè ñèñòåìè êåðóâàííÿ äëÿ ïðîöåñó ãðàíóëþâàííÿ ó ïñåâäîçð³äæåíîìó
øàð³ çà äîïîìîãîþ ïðîãðàìíîãî çàáåçïå÷åííÿ Matlab íà îñíîâ³ ð³çíèõ ðåãóëÿòîð³â, à ñàìå PID-ðåãóëÿòî-
ðà ³ îïòèìàëüíîãî LQR-ðåãóëÿòîðà äëÿ ë³í³éíèõ ñèñòåì, à òàêîæ MPC-ðåãóëÿòîðà òà ðåãóëÿòîð³â íà
îñíîâ³ íå÷³òêî¿ ëîã³êè äëÿ íåë³í³éíèõ ñèñòåì. Äëÿ êîæíî¿ ñèñòåìè êåðóâàííÿ îòðèìàíî ïåðåõ³äíó õàðàê-
òåðèñòèêó òà íàâåäåíî ïîêàçíèêè åôåêòèâíîñò³ ñèñòåìè.

Êëþ÷îâ³ ñëîâà: ñèñòåìà êåðóâàííÿ, ðåãóëÿòîð, ãðàíóëþâàííÿ, ïñåâäîçð³äæåíèé øàð.
_________________________________________________________________________________________

Control systems for the granulation process of mineral fertilizers in a fluidized bed / B.Y. Korniyenko,
L.R. Ladieva, V.G. Pisarenko, J.V. Pisarenko, A.O. Nesteruk // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 5. P. 51–61.

Abstract. Four control systems are generated using Matlab software based on different controllers for the
granulation process in a fluidized bed: controllers for linear systems — PID and optimal LQR, controllers for
nonlinear systems — MPC and those based on fuzzy logic. For each control system, transient characteristics are
obtained and system efficiency indicators are given.

Keywords: control system, regulator, granulation, fluidized bed.

===============================================================================
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.85, 51.13

Àëãîðèòì³çàö³ÿ òà îïòèì³çàö³éí³ ìîäåë³ ïàö³ºíòîöåíòðè÷íèõ ðåàá³ë³òàö³éíèõ ïðîãðàì /
Ä.Â. Âàêóëåíêî, Î.Â. Ïàëàã³í, ².Â. Ñåðã³ºíêî, Ï.². Ñòåöþê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024.
Òîì 60, ¹ 5. Ñ. 62–81.

Àíîòàö³ÿ. Ïîáóäîâàíî àëãîðèòì ïðîöåñó ðåàá³ë³òàö³¿ ç óðàõóâàííÿì îáìåæåíü íà ðåàá³ë³òàö³éíó
ïðîãðàìó ïàö³ºíòà. Ïðåäñòàâëåíî ³äåíòèô³êàö³þ ó÷àñíèê³â ðåàá³ë³òàö³¿, åòàï³â òà çàñîá³â îö³íþâàííÿ ¿¿
åôåêòèâíîñò³. Ïîáóäîâàíî äâ³ ñ³ì’¿ îïòèì³çàö³éíèõ ìîäåëåé äëÿ çíàõîäæåííÿ îïòèìàëüíèõ çà âàðò³ñòþ
òà çâàæåí³ñòþ ðåàá³ë³òàö³éíèõ ïðîãðàì ïàö³ºíòà. Ïåðøà äàº çìîãó âèáèðàòè ê³ëüê³ñòü âòðó÷àíü äëÿ
ôàõ³âö³â ìóëüòèäèñöèïë³íàðíî¿ êîìàíäè, à äðóãà ôîðìóº öþ êîìàíäó äëÿ âèêîíàííÿ ðåàá³ë³òàö³éíî¿
ïðîãðàìè. Íàâåäåíî ðîçðàõóíêè äëÿ ìîäåëüíîãî ïðèêëàäó, äå ðåàá³ë³òàö³éíà ïðîãðàìà ïàö³ºíòà âèçíà-
÷àºòüñÿ ÷îòèðìà ôàõ³âöÿìè ìóëüòèäèñöèïë³íàðíî¿ êîìàíäè òà çà òðüîìà êîäàìè Ì³æíàðîäíî¿ êëà-
ñèô³êàö³¿ ôóíêö³îíóâàííÿ, îáìåæåííÿ æèòòºä³ÿëüíîñò³ òà çäîðîâ’ÿ.

Êëþ÷îâ³ ñëîâà: ïàö³ºíòîöåíòðè÷íèé ï³äõ³ä, ðåàá³ë³òàö³éíà ïðîãðàìà ïàö³ºíòà, àëãîðèòì ðåàá³ë³òàö³¿,
çàäà÷à ö³ëî÷èñëîâîãî ë³í³éíîãî (êâàäðàòè÷íîãî) ïðîãðàìóâàííÿ, Gurobi.

_________________________________________________________________________________________

Algorithmization and optimization models of patient-centric rehabilitation programs / D.V. Vakulenko,
O.V. Palagin, I.V. Sergienko, P.I. Stetsyuk // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 62–81.

Abstract. An algorithm for the rehabilitation process is created, considering the constraints of the
patient’s rehabilitation program. The identifications of rehabilitation participants, the stages, and the means of
the rehabilitation efficiency evaluation are presented. Two families of optimization models are generated to find
patient rehabilitation programs optimal in terms of cost and weight. The first family allows for the selection of
interventions for specialists in the multidisciplinary team, and the second family forms a multidisciplinary team
for implementing the rehabilitation program. Calculations are provided for a model example, where the
patient’s rehabilitation program is determined by four specialists of the multidisciplinary team and three codes
of the International Classification of Functioning, Disability, and Health (ICF).

Keywords: patient-centric approach, patient rehabilitation program, rehabilitation algorithm, integer linear
(quadratic) programming problem, Gurobi.

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

ÓÄÊ 517.9

Äèôåðåíö³àëüí³ îïåðàòîðè, ùî âèçíà÷àþòü ðîçâ’ÿçîê ³òåðîâàíîãî ð³âíÿííÿ ã³ïåðáîë³÷íîãî òèïó /
Ñ.². Ëÿøêî, Ì.Â.-Ñ. Ñèäîðîâ, Í.². Ëÿøêî, ².Ì. Àëåêñàíäðîâè÷ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2024. Òîì 60, ¹ 5. Ñ. 82–88.

Àíîòàö³ÿ. Äëÿ ðîçâ’ÿçàííÿ çàäà÷, ïîâ’ÿçàíèõ ç ÿâèùàìè â³áðàö³¿ òà ³íøèìè çàäà÷àìè ìåõàí³êè òà
ìàòåìàòè÷íî¿ ô³çèêè, øèðîêî âèêîðèñòîâóþòüñÿ äèôåðåíö³éí³ ð³âíÿííÿ ã³ïåðáîë³÷íîãî òèïó òà ¿õ ³òå-
ðàö³¿. Ìåòîäàìè ðîçâ’ÿçóâàííÿ òàêèõ ð³âíÿíü º ñòâîðåííÿ äèôåðåíö³àëüíèõ òà ³íòåãðàëüíèõ îïåðàòîð³â.
Ó ðîáîò³ ïîáóäîâàíî äèôåðåíö³àëüí³ îïåðàòîðè, ÿê³ ïåðåâîäÿòü äîâ³ëüí³ ôóíêö³¿ â ðåãóëÿðí³ ðîçâ’ÿçêè
ð³âíÿííÿ ã³ïåðáîë³÷íîãî òèïó äðóãîãî òà âèùèõ ïîðÿäê³â. Ðîçâ’ÿçàíî çàäà÷ó Ð³ê’º äëÿ ð³âíÿííÿ ã³ïåð-
áîë³÷íîãî òèïó ÷åòâåðòîãî ïîðÿäêó.

Êëþ÷îâ³ ñëîâà: äèôåðåíö³àëüíèé îïåðàòîð, ðåãóëÿðí³ ðîçâ’ÿçêè, ³òåðîâàí³ ð³âíÿííÿ ã³ïåðáîë³÷íîãî òèïó.

_________________________________________________________________________________________

Differential operators determining the solution of an iterated equation of hyperbolic type / S.I. Lyashko,
M.V.-S. Sydorov, N.I. Lyashko, I.M. Alexandrovich // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5.
P. 82–88.

Abstract. Hyperbolic-type differential equations and their iterations are widely used in analyzing
problems related to vibration phenomena and other problems of mechanics and mathematical physics. The
solution methods for such equations are creating differential and integral operators. In the article, differential
operators are constructed that translate arbitrary functions into regular solutions of a hyperbolic equation of the
second and higher orders. The Riquet problem for the hyperbolic equation of the fourth order is solved.

Keywords: differential operator, regular solutions, iterated hyperbolic-type equations.

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

ÓÄÊ 517.9

Ìàòåìàòè÷íå ìîäåëþâàííÿ åêîíîì³÷íèõ íàñë³äê³â ïàíäåì³¿ COVID-19 / Ê.Ë. Àòîºâ, Ï.Ñ. Êíîïîâ
// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 5. Ñ. 89–100.

Àíîòàö³ÿ. Äëÿ äîñë³äæåííÿ çâ’ÿçê³â ì³æ äèíàì³êîþ ðîçâèòêó ïàíäåì³¿ COVID-19 òà ñòàíîì åêî-
íîì³êè ðîçðîáëåíî ñòîõàñòè÷íó ìîäåëü, ÿêà îõîïëþº åï³äåì³÷íèé òà åêîíîì³÷íèé áëîêè ³ ñèñòåìó
âçàºìîçâ’ÿçê³â ì³æ íèìè. Çàïðîïîíîâàíî ï³äõ³ä äî äîñë³äæåííÿ âçàºìîçâ’ÿçê³â ñåêòîð³â åêîíîì³êè, ïî-
â’ÿçàíèõ ç âèðîáíèöòâîì ïðîäóêò³â õàð÷óâàííÿ ³ òðàíñïîðòíèìè ëàíöþãàìè ¿õíüîãî ïîñòà÷àííÿ òà ìå-
äè÷íîþ ãàëóççþ, íà îñíîâ³ òðèñåêòîðíî¿ ìîäåë³ Ëîðåíöà. Öÿ ìîäåëü îá’ºäíóº çàçíà÷åí³ ãàëóç³ åêîíîì³êè
â ºäèíó ñòðóêòóðó, äå êîæíó ãàëóçü ðîçãëÿäàþòü ç ïîãëÿäó ð³âíÿ ïðîäóêòèâíîñò³, ê³ëüêîñò³ ðîáî÷èõ
ì³ñöü òà ñòðóêòóðíèõ ïîðóøåíü. Ïðîâåäåíî ìîäåëüíèé àíàë³ç çàëåæíîñò³ äèíàì³êè ïàíäåì³¿ â³ä ïî÷àòêî-
âèõ óìîâ òà ïàðàìåòð³â êåðóâàííÿ åï³äåì³÷íèì ïðîöåñîì, à òàêîæ âïëèâó ïàíäåì³¿ íà çì³íè ó áàëàíñ³ ïî-
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ïèòó òà ïðîïîçèö³¿ â ñåêòîðàõ åêîíîì³êè, ïîâ’ÿçàíèõ ç âèðîáíèöòâîì ïðîäîâîëüñòâà, éîãî òðàíñïîðòó-
âàííÿì òà ìåäè÷íîþ ãàëóççþ.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, ìîäåëü ïîøèðåííÿ COVID-19, äåòåðì³íîâàíèé õàîñ, åêî-
íîì³÷í³ íàñë³äêè ïàíäåì³¿.
_________________________________________________________________________________________

Mathematical modeling of the economic consequences of the COVID-19 pandemic / K.L. Atoyev,
P.S. Knopov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 89–100.

Abstract. To study the relationship between the dynamics of the COVID-19 pandemic and the state of
the economy, a stochastic model is developed that covers the epidemic and economic blocks and the system of
relationships between them. An approach is proposed to analyze the interrelations of economic sectors related
to food production, transport chains of their delivery, and the medical sector, using the three-sector Lorenz
model. This model combines the described sectors of the economy into a single structure, each of which is
considered from the point of view of the level of productivity, the number of jobs, and structural disturbances.
Model studies are carried out to analyze the dependence of the dynamics of the pandemic on the initial
conditions and parameters for managing the epidemic process and the impact of the pandemic on changes in the
balance of supply and demand in sectors of the economy related to food production, transport, and the medical
sector.

Keywords: mathematical modeling, spread of COVID-19, deterministic chaos, economic consequences of the
pandemic
===============================================================================

ÓÄÊ 519.6

Â³äíîâëåííÿ äèôåðåíö³àëüíîãî ð³âíÿííÿ ç ïîë³íîì³àëüíèìè êîåô³ö³ºíòàìè çà ³íôîðìàö³ºþ ïðî
éîãî ðîçâ’ÿçêè / Â.Ë. Ìàêàðîâ, Í.Â. Ìàéêî, Â.Ë. Ðÿá³÷åâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024.
Òîì 60, ¹ 5. Ñ. 101–114.

Àíîòàö³ÿ. Ðîçðîáëåíî òà îá´ðóíòîâàíî àëãîðèòì â³äøóêàííÿ çâè÷àéíîãî äèôåðåíö³àëüíîãî
ð³âíÿííÿ ì³í³ìàëüíîãî ïîðÿäêó ç ïîë³íîì³àëüíèìè êîåô³ö³ºíòàìè íàä ïîëåì ðàö³îíàëüíèõ ÷èñåë, ðîç-
â’ÿçêàìè ÿêîãî º çàäàíà ñèñòåìà ïîë³íîì³â (çîêðåìà, ñèñòåìà ìîäèô³êîâàíèõ ïîë³íîì³â Ëàãåððà–Êåë³).

Êëþ÷îâ³ ñëîâà: ñèñòåìà ïîë³íîì³â Ëàãåððà–Êåë³, ôóíêö³ÿ Ì³òòàã-Ëåôôëåðà, çâè÷àéíå äèôåðåíö³àëüíå
ð³âíÿííÿ, ïîë³íîì³àëüí³ êîåô³ö³ºíòè, ðàö³îíàëüí³ ÷èñëà.
_________________________________________________________________________________________

Reconstruction of the PDE with polynomial coefficients based on the information about its solutions /
V.L. Makarov, N.V. Mayko, V.L. Ryabichev // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5.
P. 101–114.

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

Keywords: system of the Laguerre–Cayley polynomials, the Mittag-Leffler function, ordinary differential
equation, polynomial coefficient, rational number.
===============================================================================

ÓÄÊ 517.988

Øâèäê³ñòü çá³æíîñò³ àëãîðèòìó åêñòðàïîëÿö³¿ ç ìèíóëîãî òà àëãîðèòìó îïåðàòîðíî¿
åêñòðàïîëÿö³¿ / Â.Â. Ñåìåíîâ, Î.Ñ. Õàðüêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 5.
Ñ. 115–124.

Àíîòàö³ÿ. Ðîçãëÿíóòî âàð³àö³éí³ íåð³âíîñò³ â ã³ëüáåðòîâîìó ïðîñòîð³ òà äâà ìåòîäè ¿õíüîãî íàáëè-
æåíîãî ðîçâ’ÿçàííÿ — àëãîðèòì åêñòðàïîëÿö³¿ ç ìèíóëîãî òà àëãîðèòì îïåðàòîðíî¿ åêñòðàïîëÿö³¿. ²òå-
ðàö³ÿ öèõ àëãîðèòì³â äåøåâøà çà ³òåðàö³þ åêñòðàãðàä³ºíòíîãî àëãîðèòìó çà ê³ëüê³ñòþ îá÷èñëåíü çíà-
÷åíü îïåðàòîðà: îäíå ïðîòè äâîõ. Äëÿ âàð³àö³éíèõ íåð³âíîñòåé ç ë³ïøèöåâèìè îïåðàòîðàìè, ùî çàäî-
âîëüíÿþòü óìîâó òèïó óçàãàëüíåíî¿ ñèëüíî¿ ìîíîòîííîñò³, îòðèìàíî íåàñèìïòîòè÷í³ îö³íêè ë³í³éíî¿
øâèäêîñò³ çá³æíîñò³ àëãîðèòì³â. Çäîáóò³ ðåçóëüòàòè º íîâèìè òà óòî÷íþþòü â³äîì³.

Êëþ÷îâ³ ñëîâà: âàð³àö³éíà íåð³âí³ñòü, ñ³äëîâà çàäà÷à, ë³í³éíà çá³æí³ñòü, ìåòîä åêñòðàïîëÿö³¿ ç ìèíóëî-
ãî, ìåòîä îïåðàòîðíî¿ åêñòðàïîëÿö³¿.
_________________________________________________________________________________________

Convergence rate of the extrapolation from the past and operator extrapolation algorithms /
V.V. Semenov, O.S. Kharkov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 115–124.

Abstract. The paper considers variational inequalities in the Hilbert space and two methods of their
approximate solution: extrapolation from the past and operator extrapolation algorithms. Both algorithms have
less computationally expensive iterations than the classical extragradient algorithm: only one operator
computation is needed instead of two. Non-asymptotic linear convergence rate estimates are proved for
variational inequalities with the Lipschitz continuous operator, which also satisfy the generalized strong
monotonicity condition. The results are new and improve the available estimates.

Keywords: variational inequality, saddle-point problem, linear convergence, extrapolation from the past,
operator extrapolation.
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ÓÄÊ 519.8

Îïòèì³çàö³éí³ õàðàêòåðèñòèêè îïåðàòîðà ç äåëüòàïîä³áíèì ÿäðîì äëÿ êâàç³ãëàäêèõ ôóíêö³é /
À.Ì. Øóòîâñüêèé, Â.Â. Ïðèò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 5. Ñ. 125–132.

Àíîòàö³ÿ. Îòðèìàíî ðåçóëüòàòè äîñë³äæåííÿ, ÿê³ ïîºäíóþòü ó ñîá³ ìåòîäè òåîð³¿ íàáëèæåíü ³ ìå-
òîäè òåîð³¿ îïòèìàëüíèõ ð³øåíü. À ñàìå, ðîçâ’ÿçàíî çàäà÷ó îïòèì³çàö³éíîãî õàðàêòåðó äëÿ á³ãàð-
ìîí³éíîãî ³íòåãðàëà Ïóàññîíà ó âåðõí³é ï³âïëîùèí³ ÿê îäíîãî ç íàéîïòèìàëüí³øèõ ðîçâ’ÿçê³â á³ãàð-
ìîí³éíîãî ð³âíÿííÿ ó äåêàðòîâèõ êîîðäèíàòàõ. Àïðîêñèìàòèâí³ âëàñòèâîñò³ á³ãàðìîí³éíîãî îïåðàòîðà
Ïóàññîíà ó âåðõí³é ï³âïëîùèí³ íà êëàñàõ êâàç³ãëàäêèõ ôóíêö³é îòðèìàíî ó âèãëÿä³ òî÷íî¿ ð³âíîñò³ äëÿ
â³äõèëåííÿ êâàç³ãëàäêèõ ôóíêö³é â³ä ðîçãëÿäóâàíîãî äîäàòíîãî îïåðàòîðà.

Êëþ÷îâ³ ñëîâà: á³ãàðìîí³éíå ð³âíÿííÿ ó äåêàðòîâèõ êîîðäèíàòàõ, êâàç³ãëàäê³ ôóíêö³¿,
_________________________________________________________________________________________

Optimization characteristics of an operator with delta-shaped kernel for quasi-smooth functions /
A.M. Shutovskyi, V.V. Pryt // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 125–132.

Abstract. The paper presents research results combining the methods of approximation theory and
optimal decision theory. Namely, the optimization problem for the biharmonic Poisson integral in the upper
half-plane is considered as one of the most optimal solutions to the biharmonic equation in Cartesian
coordinates. The approximate properties of the biharmonic Poisson operator in the upper half-plane on the
classes of quasi-smooth functions are obtained in the form of an exact equality for the deviation of
quasi-smooth functions from the positive operator under consideration.

Keywords: biharmonic equation in Cartesian coordinates, quasi-smooth functions, global optimization,
biharmonic Poisson integral in the upper half-plane.
===============================================================================

ÓÄÊ 517.95

Îáåðíåíà ïî÷àòêîâà çàäà÷à äëÿ âèðîäæåíîãî çà ÷àñîì äèôåðåíö³àëüíîãî ð³âíÿííÿ ç ÷àñòèííèìè
ïîõ³äíèìè òà á³ïîðÿäêîâîþ ïîõ³äíîþ Õ³ëüôåðà / Å.Ò. Êàð³ìîâ, Í.Å. Òîêìàãàìáåòîâ, Ä.À. Óñìîíîâ
// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 5. Ñ. 133–145.

Àíîòàö³ÿ. Äîâåäåíî îäíîçíà÷íó ðîçâ’ÿçí³ñòü îáåðíåíî¿ ïî÷àòêîâî¿ çàäà÷³ äëÿ âèðîäæåíîãî çà ÷à-
ñîì äèôåðåíö³àëüíîãî ð³âíÿííÿ ç äðîáîâèìè ÷àñòèííèìè ïîõ³äíèìè. Ìåòîäîì ðîçä³ëåííÿ çì³ííèõ îòðè-
ìàíî çàäà÷ó Êîø³ äëÿ äðîáîâîãî äèôåðåíö³àëüíîãî ð³âíÿííÿ, ùî âêëþ÷àº á³ïîðÿäêîâó ïîõ³äíó Õ³ëüôå-
ðà çà ÷àñîâîþ çì³ííîþ. Ïðåäñòàâëåíî ðîçâ’ÿçîê ö³º¿ çàäà÷³ Êîø³ â ÿâí³é ôîðì³ ÷åðåç ôóíêö³þ Ê³ëüáà-
ñà-Ñàéãî. Ç âèêîðèñòàííÿì âåðõíüî¿ òà íèæíüî¿ ìåæ ö³º¿ ôóíêö³¿ äîâåäåíî ð³âíîì³ðíó çá³æí³ñòü
íåñê³í÷åííèõ ðÿä³â, ùî â³äïîâ³äàþòü ðîçâ’ÿçêó ñôîðìóëüîâàíî¿ îáåðíåíî¿ ïî÷àòêîâî¿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: îáåðíåíà ïî÷àòêîâà çàäà÷à, âèðîäæåíå äèôåðåíö³àëüíå ð³âíÿííÿ ç ÷àñòèííèìè
ïîõ³äíèìè (ÄÐ×Ï), á³ïîðÿäêîâèé îïåðàòîð Õ³ëüôåðà, ôóíêö³ÿ Ê³ëáàñà–Ñàéãî.
_________________________________________________________________________________________

Inverse-initial problem for time-degenerate PDE involving the bi-ordinal Hilfer derivative /
E.T. Karimov, N.E. Tokmagambetov, D.A. Usmonov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60,
N 5. P. 133–145.

Abstract. A unique solvability of the inverse initial problem for a time-degenerate fractional partial
differential equation is proved. Using the method of variable separation, we obtain the Cauchy problem for the
fractional differential equation involving the bi-ordinal Hilfer derivative in the time variable. The authors
present the solution to this Cauchy problem in an explicit form via the Kilbas-Saigo function. Further, using the
upper and lower bounds of this function, the authors prove the uniform convergence of the infinite series
corresponding to the solution of the formulated inverse initial problem.

Keywords: inverse-initial problem, degenerate PDE, bi-ordinal Hilfer operator, Kilbas–Saigo function.
===============================================================================

ÓÄÊ 519.8

Ïðî îäíó íåîáõ³äíó óìîâó çá³æíîñò³ ïåðåòâîðåííÿ Ôóð’º / Ð.Â. Òîâêà÷, Â.Ì. Ìåäâ³äü // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 5. Ñ. 146–155.

Àíîòàö³ÿ. Ïîêàçàíî, ùî çàñòîñóâàííÿ ïåðåòâîðåííÿ Ôóð’º âàæëèâå äëÿ ðîçâ’ÿçàííÿ áàãàòüîõ ïðè-
êëàäíèõ çàäà÷ ñèñòåìíîãî àíàë³çó. Âèâ÷åíî éîãî âëàñòèâîñò³, ùî âïëèâàþòü íà åôåêòèâí³ñòü âèêîðèñ-
òàííÿ ó çàäà÷àõ òåîð³¿ îïòèìàëüíèõ ð³øåíü. Çàäàíî íåîáõ³äíó óìîâó çá³æíîñò³ ïåðåòâîðåííÿ Ôóð’º, ùî
äàº ïîòóæíèé ³íñòðóìåíò äëÿ éîãî âèêîðèñòàííÿ ó ðåàë³çàö³¿ ïðàêòè÷íèõ çàäà÷.

Êëþ÷îâ³ ñëîâà: ïåðåòâîðåííÿ Ôóð’º, ñèñòåìíèé àíàë³ç, òåîð³ÿ îïòèìàëüíèõ ð³øåíü, íåîáõ³äíà óìîâà
çá³æíîñò³.
_________________________________________________________________________________________

A necessary condition for the convergence of the Fourier transform / R.V. Tovkach, V.M. Medvid //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 146–155.

Abstract. The authors show that the Fourier transform plays an important role in many applied problems
of system analysis. Its properties are analyzed, which directly affect the efficiency of using the optimal decision
theory in the problems. The necessary condition for the convergence of the Fourier transform is established,
which provides a powerful tool for its use in the implementation of practical problems.

Keywords: Fourier transform, system analysis, theory of optimal solutions, necessary convergence conditions.
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ÓÄÊ 519.8.812.007

Êîìïëåêñíà ìàòåìàòè÷íà ìîäåëü âèçíà÷åííÿ ôóêö³îíàëüíî¿ íàä³éíîñò³ ÷ëåí³â ëüîòíèõ åê³ïàæ³â /
Í.². Àðàëîâà, À.Î. ×èêð³é, Ë.ß.-Ã. Øàõë³íà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 5.
Ñ. 156–163.

Àíîòàö³ÿ. Çàïðîïîíîâàíî êîìïëåêñíó ìàòåìàòè÷íó ìîäåëü äëÿ âèçíà÷åííÿ ôóíêö³îíàëüíî¿
íàä³éíîñò³ îñ³á ëüîòíîãî ñêëàäó. Ñêëàäîâèìè êîìïîíåíòàìè ìîäåë³ º ìîäåëü ðåãóëþâàííÿ êèñíåâèõ ðå-
æèì³â îðãàí³çìó ëþäèíè, ìîäåëü òðàíñïîðòó òà ìîäåëü ìàñîîáì³íó ðåñï³ðàòîðíèõ ãàç³â â îðãàí³çì³ ëþ-
äèíè, ìîäåëü ñàìîîðãàí³çàö³¿ ñèñòåìè äèõàííÿ òà àäàïòàö³¿ îðãàí³çìó ëþäèíè äî åêñòðåìàëüíèõ çáó-
ðåíü. Ïîêàçàíî, ùî çàïðîïîíîâàíà ìàòåìàòè÷íà ìîäåëü äàº çìîãó â ðàç³ íàÿâíîñò³ ìàñèâó â³äïîâ³äíèõ
äàíèõ âèçíà÷èòè çäàòí³ñòü êîíêðåòíî¿ îñîáè äî àäàïòàö³¿ äî âèêîíàííÿ ðîáîòè â åêñòðåìàëüíèõ óìîâàõ
ïðîôåñ³éíî¿ ä³ÿëüíîñò³.

Êëþ÷îâ³ ñëîâà: ôóíêö³îíàëüíà íàä³éí³ñòü ëüîò÷èêà, ôóíêö³îíàëüíà ñèñòåìà äèõàííÿ, ìàòåìàòè÷íà ìî-
äåëü êàðä³îðåñï³ðàòîðíî¿ ñèñòåìè, àäàïòàö³ÿ îðãàí³çìó äî åêñòðåìàëüíèõ çáóðåíü, ïðîôåñ³éíà ä³ÿëüí³ñòü
ëüîò÷èêà.
_________________________________________________________________________________________

A complex mathematical model of the value of functional reliability of flight crew members /
A.O. Chikriy, N.I. Aralova, L.Ya.-G. Shakhlina // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5.
P. 156–163.

Abstract. A complex mathematical model to determine the functional reliability of flight crew members
is proposed. The components of the model are the model of control of oxygen modes in the human body, the
model of transport and mass exchange of respiratory gases in the human body, the model of self-organization of
the respiratory system, and the model of adaptation of the human body to extreme disturbances. It is shown that
the model allows (given a corresponding data array) one to determine if a particular individual can adapt to
work under extreme conditions of professional activity.

Keywords: functional reliability of the pilot, functional respiratory system, mathematical model of the
cardiorespiratory system, adaptation of the body to extremes, professional activity of the pilot.
===============================================================================

ÓÄÊ 004.421

Ðåàë³çàö³ÿ ìíîæåííÿ Ìîíòãîìåð³ äëÿ ïðèñêîðåííÿ îá÷èñëåííÿ ìîäóëÿðíîãî åêñïîíåíöiþâàííÿ
áàãàòîðîçðÿäíèõ ÷èñåë / ².Î. Ïðîöüêî, Î.Â. Ãðèùóê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60,
¹ 5. Ñ. 164–173.

Àíîòàö³ÿ. Ïðîâåäåíî ïîð³âíÿííÿ òà àíàë³ç âèêîðèñòàííÿ ðîçðîáëåíî¿ ïðîãðàìíî¿ ðåàë³çàö³¿ êëàñó
MontgomeryArithmetic äëÿ îá÷èñëåííÿ ìîäóëÿðíîãî åêñïîíåíöiþâàííÿ. Âèêîíàíî ïîð³âíÿííÿ øâèäêîñò³
âèêîíàííÿ ðîçðîáëåíîãî ìîäóëÿðíîãî ìíîæåííÿ Ìîíòãîìåð³ òà çâè÷àéíîãî ìîäóëÿðíîãî ìíîæåííÿ äëÿ
îá÷èñëåííÿ ìîäóëÿðíîãî åêñïîíåíöiþâàííÿ íà îñíîâ³ ìåòîäó äâ³éêîâîãî ï³äíåñåííÿ ñïðàâà íàë³âî äëÿ
ô³êñîâàíî¿ îñíîâè ç ïîïåðåäí³ì îá÷èñëåííÿì ñêîðî÷åíîãî íàáîðó çàëèøê³â. Îòðèìàí³ ðåçóëüòàòè îá÷èñ-
ëåíü ìîäóëÿðíîãî åêñïîíåíöiþâàííÿ ç ðîçïàðàëåëþâàííÿì íà îñíîâ³ áàãàòîïîòîêîâîñò³ òà ç âèêîðèñòàí-
íÿì ðîçðîáëåíîãî ìîäóëÿðíîãî ìíîæåííÿ Ìîíòãîìåð³ íà êîìï’þòåðàõ çàãàëüíîãî ïðèçíà÷åííÿ ñâ³ä÷àòü
ïðî ïðèøâèäøåííÿ îá÷èñëåíü ó ñåðåäíüîìó â 1.5 ðàçà ïîð³âíÿíî ç ôóíêö³ÿìè ìîäóëÿðíîãî ï³äíåñåííÿ
äî ñòåïåíÿ ç ïðîãðàìíèõ á³áë³îòåê MPIR, OpenSSL, Crypto++.

Êëþ÷îâ³ ñëîâà: ìîäóëÿðíå ìíîæåííÿ, ìîäóëÿðíå åêñïîíåíöiþâàííÿ, ïàðàëåëüí³ áàãàòîïîòîêîâ³ îá÷èñ-
ëåííÿ, ïåðåäîá÷èñëåííÿ, áàãàòîðîçðÿäí³ ÷èñëà.
_________________________________________________________________________________________

Implementation of Montgomery multiplication to speed up the computation of modular exponentiation
over multi-bit numbers / I. Prots’ko, A. Gryshchuk // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5.
P. 164–173.

Abstract. A comparison and analysis of the use of the developed software implementation of the class
MontgomeryArithmetic for computing modular exponentiation are conducted. The computation speed of the
developed Montgomery modular multiplication is compared to the regular modular multiplication for
calculating the modular exponentiation based on the right-to-left binary elevation method for a fixed basis with
a preliminary calculation of a reduced set of remainders. The obtained results of performing modular
exponentiation computations with parallelization based on multithreading on general-purpose computers speed
up the computations by an average of 1.5 times using the developed modular Montgomery multiplication
compared to the modular exponentiation functions of the MPIR, OpenSSL, and Crypto++ software libraries.

Keywords: modular multiplication, modular exponentiation, multithreading, precomputation, large numbers.
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Ðîçï³çíàâàííÿ çîáðàæåíü íåïåðåðâíèõ âåéâëåò-ñïåêòð³â çàøóìëåíèõ ðàä³îëîêàö³éíèõ ñèãíàë³â
ç âèêîðèñòàííÿì çãîðòêîâî¿ íåéðîííî¿ ìåðåæ³ / Ä.Ì. Îíóôð³ºíêî, Þ.Ê. Òàðàíåíêî,
Î.Þ. Îë³éíèê, Â.Â. Ëîïàò³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 5. Ñ. 174–186.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìåòîäè ðîçï³çíàâàííÿ çîáðàæåíü íåïåðåðâíèõ âåéâëåò-ñïåêòð³â çàøóìëåíèõ
ñèãíàë³â ç ë³í³éíîþ òà íåë³í³éíîþ ÷àñòîòíèìè ìîäóëÿö³ÿìè ç âèêîðèñòàííÿì çãîðòêîâèõ íåéðîííèõ ìå-
ðåæ. Çàïðîïîíîâàíî ïðîöåäóðó ï³äãîòîâêè çîáðàæåíü ñïåêòð³â äëÿ îáðîáëåííÿ ó íåéðîíí³é ìåðåæ³, ÿêà
çàáåçïå÷óº äîñòàòíþ âèñîêó éìîâ³ðí³ñòü ðîçï³çíàâàííÿ çàäàíîãî òèïó ñèãíàëó ç äâàäöÿòè ìîæëèâèõ.
Ìåòîäîëîã³ÿ ðîçâ’ÿçàííÿ ïîñòàâëåíî¿ çàäà÷³ ïîëÿãàº ó ïîøóêó àëãîðèòìó ï³äãîòîâêè çîáðàæåíü, ÿêèé çà-
áåçïå÷óº àóãìåíòàö³¿ çîáðàæåíü ìåòîäîì çì³íè íåïåðåðâíèõ âåéâëåò³â äëÿ ³äåíòèô³êàö³¿ ñèãíàë³â â óìî-
âàõ îáìåæåíîñò³ ðåçîíàíñíî¿ ÷àñòîòè òà ñìóãè ïðîïóñêàííÿ. Â àëãîðèòì³ ïåðåäáà÷åíî çì³íó ÷àñòîòè íå-
ïåðåðâíîãî ñïåêòðà îáðîáëåííÿì ñèãíàëó ôàçîâî¿ ðåø³òêè ð³çíèìè íåïåðåðâíèìè âåéâëåòàìè ï³ñëÿ äî-
äàâàííÿ íåñòàö³îíàðíîãî øóìó. Ï³äãîòîâëåí³ ó òàêèé ñïîñ³á ñèãíàëè ç ë³í³éíîþ òà íåë³í³éíîþ
ìîäóëÿö³ÿìè, à òàêîæ ñïåêòðè ñèãíàë³â ³íøèõ ðåãóëÿðíèõ ôîðì âèêîðèñòîâóþòüñÿ ÿê âõ³äí³ äàí³ çãîð-
òêîâî¿ íåéðîííî¿ ìåðåæ³. Ïðîöåäóðà ïîä³ëó çîáðàæåíü âåéâëåò-ñïåêòð³â íà êëàñè âèêîíóºòüñÿ ïå-
ðåâ³ðêîþ îäíîð³äíîñò³ êëàñó çà çíà÷åííÿì åíòðîï³¿ Øåííîíà. Ì³í³ìàëüíå çíà÷åííÿ åíòðîï³¿ ñâ³ä÷èòü
ïðî îäíîð³äí³ñòü ï³äìíîæèíè ³ â³äñóòí³ñòü «äîì³øîê» ³ç çîáðàæåíü ³íøèõ êëàñ³â. Ðîçðîáëåíà ìîäåëü íå-
éðîííî¿ ìåðåæ³ ç àóãìåíòàö³ºþ íåïåðåðâíèìè âåéâëåò-ñïåêòðàìè â óìîâàõ îáìåæåíîãî íàáîðó äàíèõ
ìàº òî÷í³ñòü ìàéæå 97.95 %.

Êëþ÷îâ³ ñëîâà: àóãìåíòàö³ÿ, âåéâëåò-ñïåêòð, çãîðòêîâ³ íåéðîíí³ ìåðåæ³, íåïåðåðâí³ âåéâëåòè,
áåçï³ëîòí³ ë³òàëüí³ àïàðàòè.
_________________________________________________________________________________________

Recognition of images of continuous wavelet spectra of noised radio location signals using a convolutional
neural network / D. Onufriienko, Yu. Taranenko, O. Oliinyk, V. Lopatin // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 5. P. 174–186.

Abstract. The paper considers the existing methods of image recognition of continuous wavelet spectra
of noisy signals with linear and nonlinear frequency modulation using convolutional neural networks.
A procedure for preparing spectral images for processing in a neural network is proposed, which ensures
a sufficient probability of recognizing a given type of signal out of twenty possible ones. The methodology for
solving the problem consists of finding an image preparation algorithm that provides image augmentation by
the method of changing continuous wavelets, which ensures the identification of signals under conditions of
limited resonance frequency and bandwidth. The algorithm involves changing the frequency of the continuous
spectrum by processing the phase grating signal with different continuous wavelets after the additive addition
of non-stationary noise. Signals with linear and nonlinear modulation prepared in this way, as well as signal
spectra of other regular forms, are used as input data of the convolutional neural network. The procedure of
dividing wavelet spectrum images into classes is performed by checking the homogeneity of the class based on
the Shannon entropy value. The minimum entropy value indicates the homogeneity of the subset and the
absence of “impurities” from images of other classes. The developed model of a neural network with
augmentation by continuous wavelet spectra in the conditions of a limited data set has an accuracy of up to
97.95%.

Keywords: augmentation, wavelet spectrum, convolutional neural networks, continuous wavelets, unmanned
aerial vehicles.
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