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ÓÄÊ 519.7

Öèôðîâà àâòåíòèô³êàö³ÿ «ñâ³é-÷óæèé» / À.Â. Àí³ñ³ìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024.
Òîì 60, ¹ 3. Ñ. 3–14.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ïðîòîêîë áàãàòîðàçîâî¿ öèôðîâî¿ äâîðàóíäîâî¿ àâòåíòèô³êàö³¿ òèïó
«ñâ³é-÷óæèé» äëÿ ãðóïè êîðèñòóâà÷³â. Â îñíîâó ïðîòîêîëó ïîêëàäåíî òàêó êîíñòðóêö³þ. Â êîæí³é ñåñ³¿
àâòåíòèô³êàö³¿ ÷ëåíè ãðóïè ï³äïèñîì Â³íòåðí³òöà ï³äïèñóþòü îêðåì³ w-áëîêè ïîâ³äîìëåííÿ, ÿêå íàäàº
âåðèô³êàòîð. Â³í ïåðåâ³ðÿº âàë³äí³ñòü âñüîãî ï³äïèñó. Ïîòî÷í³ ïóáë³÷í³ êëþ÷³ ïåðåñèëàþòüñÿ âåðèô³êà-
òîðó â ïîïåðåäí³é ñåñ³¿. Ó òàêèé ñïîñ³á ïóáë³÷í³ êëþ÷³ óòâîðþþòü ñòðóêòóðó áëîê÷åéíó. Áåçïåêà ïðîòî-
êîëó âèïëèâàº ³ç â³äîìî¿ áåçïåêè ï³äïèñó Â³íòåðí³òöà ³ áëîê÷åéíó ïóáë³÷íèõ êëþ÷³â. Ó êðèïòîãðàô³÷í³é
ìîäåë³ âèïàäêîâîãî îðàêóëà çàïðîïîíîâàíèé ïðîòîêîë òàêîæ ìàº âëàñòèâ³ñòü «äîâåäåííÿ ç íóëüîâèì
ðîçãîëîøåííÿì».

Êëþ÷îâ³ ñëîâà: àâòåíòèô³êàö³ÿ, êîàë³ö³éíà ãðóïà, öèôðîâèé ï³äïèñ, ï³äïèñ Â³íòåðí³òöà, áëîê÷åéí.
_________________________________________________________________________________________

Digital authentication “friend-or-foe” / A.V. Anisimov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60,
N 3. P. 3–14.

Abstract. Based on a modified one-time Winternitz signature scheme, we develop a multi-time
two-round group authentication protocol of the type “friend-or-foe.” The main construction is as follows. At
each authentication session, members of a group sign only designated w-blocks of a random message. The
verifier checks the validity of the whole Winternitz signature. Session public keys are created and sent to the
verifier at the previous session. This way, they form a hash-connected blockchain. Security of the Winternitz
signature and blockchain structure of public keys imply the security of the suggested protocol. A trusted third
party is needed for establishing first “genesis” keys. Also, the protocol has the property “honest verifier zero
knowledge.”

Keywords: authentication, coalition group, digital signature, the Winternitz signature, blockchain.
===============================================================================

ÓÄÊ 519.816(045)

Àëãåáðà¿÷íèé ìåòîä ñèíòåçó áåçïîìèëêîâî¿ á³íàðíî¿ íåéðîííî¿ ìåðåæ³ / Î.ª. Ëèòâèíåíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 3. Ñ. 15–25.

Àíîòàö³ÿ. Íàâåäåíî ìàòåìàòè÷íó ìîäåëü çàäà÷³ îá÷èñëåííÿ âàãîâèõ êîåô³ö³ºíò³â á³íàðíî¿ íåé-
ðîííî¿ ìåðåæ³. Äîâåäåíî, ùî ó ðàç³ ñòóï³í÷àñòèõ ôóíêö³é àêòèâàö³¿ íåéðîí³â òàêîþ ìîäåëëþ º ñèñòåìà
ë³í³éíèõ íåð³âíîñòåé, ÿêà ó á³ëüøîñò³ ïðàêòè÷íèõ çàäà÷ º íåñóì³ñíîþ. Çàïðîïîíîâàíî ìåòîä àíàë³çó
ñèñòåìè íåð³âíîñòåé, ÿêèé äàº çìîãó îá÷èñëèòè çíà÷åííÿ âàãîâèõ êîåô³ö³ºíò³â òà ñèíòåçóâàòè ñòðóêòóðó
íåéðîííî¿ ìåðåæ³, ùî çàáåçïå÷óº àáñîëþòíó òî÷í³ñòü âèõ³äíèõ ñèãíàë³â. Íàâåäåíî àëãîðèòì òà ïðèêëàä
ðåàë³çàö³¿ çàïðîïîíîâàíîãî ìåòîäó.

Êëþ÷îâ³ ñëîâà: íåéðîííà ìåðåæà, ìàòåìàòè÷íà ìîäåëü, àíàë³ç, ñèíòåç, ïîìèëêà.
_________________________________________________________________________________________

An algebraic method for synthesizing error-free binary neural network / À. Litvinenko // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 3. P. 15–25.

Abstract. A mathematical model of the problem of calculating the weighting coefficients of a binary
neural network is given. It is proved that in the case of step functions of neuron activation, this model is a
system of linear inequalities, which is incompatible for most practical problems. A method of analyzing the
system of inequalities is proposed, which allows calculating the values of the weighting coefficients and
synthesizing the structure of the neural network, which ensures the absolute accuracy of the output signals. The
algorithm and an implementation example are given.

Keywords: neural network, mathematical model, analysis, synthesis, error.
===============================================================================

ÓÄÊ 004.855:519.216

Âèÿâëåííÿ êàóçàëüíèõ â³äíîøåíü ç ìàðêîâñüêèõ âëàñòèâîñòåé â óìîâàõ ëàòåíòíèõ êîíôàóíäåð³â
/ Î.Ñ. Áàëàáàíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 3. Ñ. 26–44.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìè âèâåäåííÿ ñòðóêòóð êàóçàëüíèõ ìîäåëåé íà îñíîâ³ ôàêò³â óìîâíî¿
íåçàëåæíîñò³ â ñèòóàö³¿, êîëè êàóçàëüí³ çâ’ÿçêè ìîæóòü áóòè ï³ä ä³ºþ ëàòåíòíèõ êîíôàóíäåð³â. Ïðîäå-
ìîíñòðîâàíî óìîâè ³ ìîæëèâîñò³ ÷àñòêîâîãî òà ïîâíîãî âèÿâëåííÿ êàóçàëüíèõ â³äíîøåíü, à òàêîæ ³äåí-
òèô³êàö³¿ ëàòåíòíèõ êîíôàóíäåð³â. Ñôîðìóëüîâàíî îíîâëåí³ ³ìïë³êàòèâí³ ïðàâèëà âèâåäåííÿ îð³ºíòàö³é
ðåáåð (çâ’ÿçê³â) ìîäåë³. Äåÿê³ íîâ³ ïðàâèëà çäàòí³ âèÿâëÿòè êîíôàóíäîâàíèé êàóçàëüíèé çâ’ÿçîê òà àðêó,
ñïèðàþ÷èñü íà çàáîðîíó ïåâíèõ àâòåíòè÷íèõ ðåáåð. (Çàáîðîíà ðåáðà ìîæå áóòè àïð³îðíîþ àáî àðãóìåí-
òîâàíà ñâ³ä÷åííÿì òèïó ñòðèìóâàííÿ Âåðìà.)

Êëþ÷îâ³ ñëîâà: êàóçàëüíèé çâ’ÿçîê, d-ñåïàðàö³ÿ, óìîâíà íåçàëåæí³ñòü, ëàòåíòíèé êîíôàóíäåð,
îð³ºíòàö³ÿ ðåáåð, àðêà.
_________________________________________________________________________________________
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Causal discovery from Markov properties under latent confounders / O.S. Balabanov // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 3. P. 26–44.

Abstract. We address the problems of causal structure reconstruction given conditional independence
facts when latent confounders are allowed. We examine the conditions that allow one to partially or fully
identify authentic causal links and latent confounders. The updated implicative rules for orienting edges under
confounding are suggested. As demonstrated, it is possible to construct the new rules, which can reveal
confounded causal edges and bows. The rules rely on facts of the absence of certain authentic edges (such facts
may be justified by non-independence constraints, like Verma constraint, or subject-based requirements).

Keywords: causal relation, d-separation, conditional independence, latent confounder, edge orientation, bow
(arc).
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.86

Îïòèì³çàö³ÿ ðîçïîä³ëó êàï³òàëüíèõ ³íâåñòèö³é íà îñíîâ³ äèíàì³÷íî¿ åêîíîì³êî-ìàòåìàòè÷íî¿
ìîäåë³ / À.Ì. Ãóïàë, Ñ.Â. Ïàøêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 3. Ñ. 45–53.

Àíîòàö³ÿ. Ðîçãëÿíóòî äèíàì³÷í³ åêîíîì³êî-ìàòåìàòè÷í³ åêñòðåìàëüí³ çàäà÷³ îïòèì³çàö³¿ ðîçïîä³ëó
³íâåñòèö³é ì³æ ãàëóçÿìè åêîíîì³êè êðà¿íè. Âèêîðèñòàíî ìîäåëü «âèòðàòè–âèïóñê» Ëºîíòüºâà òà ìîäåëü
Ñîëîó äëÿ ïîáóäîâè åêñòðåìàëüíèõ çàäà÷, â ÿêèõ ìàêñèì³çóºòüñÿ ïðèâåäåíèé âàëîâèé âíóòð³øí³é ïðî-
äóêò çà óìîâ îáìåæåíîñò³ îáñÿã³â ³íâåñòèö³é. Äîâåäåíî, ùî ïîáóäîâàíà çàäà÷à ìàòåìàòè÷íîãî ïðîãðàìó-
âàííÿ íàëåæèòü êëàñó ãëàäêèõ òà îïóêëèõ åêñòðåìàëüíèõ çàäà÷. Çà äîïîìîãîþ ìåòîäó óìîâíîãî
ãðàä³ºíòà ðîçðàõîâàíî îïòèìàëüíèé ðîçïîä³ë ³íâåñòèö³é äëÿ åêîíîì³êè Óêðà¿íè.

Êëþ÷îâ³ ñëîâà: îïòèì³çàö³ÿ, ðîçïîä³ë ³íâåñòèö³é, åêîíîì³êî-ìàòåìàòè÷íà ìîäåëü, âèðîáíè÷à ôóíêö³ÿ,
âàëîâèé âíóòð³øí³é ïðîäóêò, ìåòîä.
_________________________________________________________________________________________

Optimization of capital investment distribution based on a dynamic mathematical model / À.Ì. Gupal,
S.V. Pashko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 45–53.

Abstract. The article considers dynamic optimization problems for the distribution of investments
between sectors of the country’s economy. Leontiev’s «input-output» and Solow’s models were used to
construct extremum problems. The objective is to maximize the gross domestic product under limited
investment volumes. The constructed mathematical programming problem is proved to belong to the class of
smooth and convex extremum problems. By using the conditional gradient method, the optimal distribution of
investments for the Ukrainian economy was calculated.

Keywords: optimization, investment distribution, mathematical model, production function, gross domestic
product, method.
===============================================================================

ÓÄÊ 531.011; 004.942; 621.31; 37.036.5

Ìàòåìàòè÷íà ìîäåëü ìàãí³òíîãî íàäïðîâ³äíîãî ï³äâ³ñó / Ñ.Ñ. Çóá, ².Ã. ßëîâåãà, Ñ.². Ëÿøêî,
Â.C. Ëÿøêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 3. Ñ. 54–63.

Àíîòàö³ÿ. Ç âèêîðàííÿì îòðèìàíî¿ ó ÿâíîìó âèãëÿä³ ôóíêö³¿ ïîòåíö³àëüíî¿ åíåðã³¿ ìàãí³òíî¿ ñèñ-
òåìè, ùî ñêëàäàºòüñÿ ç íàäïðîâ³äíîãî ê³ëüöÿ òà ìàãí³òíîãî äèïîëÿ â îäíîð³äíîìó ïîë³ ñèëè òÿæ³ííÿ,
ïðîâåäåíî ïîâíå äîñë³äæåííÿ ñò³éêîñò³ ñòàòè÷íî¿ ð³âíîâàãè â ñèñòåì³. Çíàéäåíî àíàë³òè÷í³ óìîâè ³ñíó-
âàííÿ ð³âíîâàãè òà ïîáóäîâàíî îáëàñòü ñò³éêîñò³. Ïîêàçàíî, ùî çà çíàéäåíèõ óìîâ â îêîë³ îñ³ ê³ëüöÿ ìàº
ì³ñöå ñòàòè÷íà ìàãí³òíà ëåâ³òàö³ÿ ó ôîðì³ ï³äâ³ñó. Âèêîíàí³ îá÷èñëåííÿ äåìîíñòðóþòü ñò³éê³ñòü ð³âíî-
âàãè ó ôîðì³ ï³äâ³ñó íà îñíîâ³ ìåõàí³çìó ìàãí³òíî¿ ëåâ³òàö³¿, çàïðîïîíîâàíîãî Â. Êîçîð³çîì.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íà ìîäåëü, ìàãí³òíà ëåâ³òàö³ÿ, ìàãí³òíà ïîòåíö³àëüíà åíåðã³ÿ, ñò³éê³ñòü ð³âíî-
âàãè, íàäïðîâ³äíà êîòóøêà, ïîñò³éíèé ìàãí³ò.
_________________________________________________________________________________________

Mathematical model of magnet superconducting suspension / S.S. Zub, I.H. Yalovega, V.S. Lyashko,
S.I. Lyashko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 54–63.

Abstract. A complete study of the stability of static equilibrium in the system was carried out using the
explicitly obtained function of the potential energy of the magnetic system, which consists of a superconducting
ring and a magnetic dipole in a uniform gravitational field. The conditions for equilibrium were analytically
found, and the stability domain was constructed. It is shown that when the found conditions are met, a static
magnetic levitation in the form of a suspension takes place around the axis of the ring. The performed
calculations demonstrate the stability of equilibrium in the form of a suspension based on the magnetic
levitation mechanism proposed by V. Kozoriz.

Keywords: mathematical model, magnetic levitation, magnetic potential energy, stability of equilibrium,
superconducting suspension, permanent magnet.
===============================================================================
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ÓÄÊ 517.988
Ñèëüíà çá³æí³ñòü ðåãóëÿðèçîâàíîãî àëãîðèòìó îïåðàòîðíî¿ åêñòðàïîëÿö³¿ äëÿ âàð³àö³éíèõ
íåð³âíîñòåé / Â.Â. Ñåìåíîâ, Î.Ñ. Õàðüêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 3.
Ñ. 64–76.

Àíîòàö³ÿ. Çàïðîïîíîâàíî òà äîñë³äæåíî íîâèé àëãîðèòì äëÿ ðîçâ’ÿçàííÿ âàð³àö³éíèõ íåð³âíîñòåé
â ã³ëüáåðòîâèõ ïðîñòîðàõ. Çàïðîïîíîâàíèé ³òåðàö³éíèé àëãîðèòì º ðåãóëÿðèçîâàíèì çà äîïîìîãîþ ñõå-
ìè Ãàëüïåðíà çà ìåòîäîì îïåðàòîðíî¿ åêñòðàïîëÿö³¿. Çà îáñÿãîì íåîáõ³äíèõ äëÿ çä³éñíåííÿ ³òåðàö³éíîãî
êðîêó îá÷èñëåíü àëãîðèòì ìàº ïåðåâàãó íàä åêñòðàãðàä³ºíòíèì ìåòîäîì Êîðïåëåâè÷ òà ìåòîäîì åêñòðà-
ïîëÿö³¿ ç ìèíóëîãî. Äëÿ âàð³àö³éíèõ íåð³âíîñòåé ç ìîíîòîííèìè, ë³ïøèöåâèìè îïåðàòîðàìè, ùî ä³þòü â
ã³ëüáåðòîâîìó ïðîñòîð³, äîâåäåíî òåîðåìó ïðî ñèëüíó çá³æí³ñòü ìåòîäó.

Êëþ÷îâ³ ñëîâà: âàð³àö³éíà íåð³âí³ñòü, ñ³äëîâà çàäà÷à, ìîíîòîííèé îïåðàòîð, ìåòîä îïåðàòîðíî¿ åêñòðà-
ïîëÿö³¿, ìåòîä Ãàëüïåðíà, ðåãóëÿðèçàö³ÿ, ñèëüíà çá³æí³ñòü.
_________________________________________________________________________________________

Strong convergence of the regularized operator extrapolation algorithm for variational inequalities /
V.V. Semenov, O.S. Kharkov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 64–76.

Abstract. The article proposes and investigates a new algorithm for solving variational inequalities in
Hilbert spaces. The proposed iterative algorithm is regularized by the operator extrapolation method using the
Halpern scheme. In terms of the amount of computation required for the iterative step, the algorithm has an
advantage over the Korpelevich extragradient method and the method of extrapolation from the past. For
variational inequalities with monotone, Lipschitz continuous operators acting in Hilbert space, a theorem on the
strong convergence of the method is proved.

Keywords: variational inequality, saddle point problem, monotone operator, operator extrapolation method,
Halpern method, regularization, strong convergence.
===============================================================================

ÓÄÊ 517.9: 519.6
Äåÿê³ êðàéîâ³ çàäà÷³, â³äïîâ³äí³ ìîäåë³ äðîáîâî-äèôåðåíö³éíî¿ ô³ëüòðàö³éíî¿ äèíàì³êè
â òð³ùèíóâàòî-ïîðèñòîìó ñåðåäîâèù³ çà óìîâ ÷àñîâî¿ íåëîêàëüíîñò³ / Â.Ì. Áóëàâàöüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 3. Ñ. 77–89.

Àíîòàö³ÿ. Îäåðæàíî çàìêíåí³ ðîçâ’ÿçêè äåÿêèõ êðàéîâèõ çàäà÷ äðîáîâî-äèôåðåíö³éíî¿
ãåîô³ëüòðàö³éíî¿ äèíàì³êè â òð³ùèíóâàòî-ïîðèñòîìó ñåðåäîâèù³ äëÿ ìîäåë³ ç³ ñëàáêîïðîíèêíèìè ïîðèñ-
òèìè áëîêàìè. Çîêðåìà, ðîçâ’ÿçàíî ïðÿìó ³ îáåðíåíó êðàéîâ³ çàäà÷³ ô³ëüòðàö³¿ äëÿ øàðó ñê³í÷åííî¿ ïîòóæ-
íîñò³, íàâåäåíî óìîâè ³ñíóâàííÿ ¿õí³õ ðåãóëÿðíèõ ðîçâ’ÿçê³â, çíàéäåíî ðîçâ’ÿçîê çàäà÷³ ô³ëüòðàö³éíî¿ äè-
íàì³êè ç íåëîêàëüíèìè ãðàíè÷íèìè óìîâàìè. Äëÿ îêðåìîãî âèïàäêó ô³ëüòðàö³éíî¿ ìîäåë³ ðîçãëÿíóòî çà-
äà÷ó ìîäåëþâàííÿ àíîìàëüíî¿ äèíàì³êè ô³ëüòðàö³éíèõ ïîë³â òèñê³â íà ç³ðêîïîä³áíîìó ãðàô³.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, äðîáîâî-äèôåðåíö³éíà äèíàì³êà ô³ëüòðàö³éíèõ ïðîöåñ³â,
òð³ùèíóâàòî-ïîðèñò³ ñåðåäîâèùà, íåêëàñè÷í³ ìîäåë³, êðàéîâ³ çàäà÷³, îáåðíåí³ çàäà÷³, çàäà÷³ ç íåëîêàëü-
íèìè óìîâàìè, çàìêíåí³ ðîçâ’ÿçêè.
_________________________________________________________________________________________

Some boundary-value problems corresponding to the model of fractional-differential filtration dynamics
in a fractured-porous medium under time non-locality / V.M. Bulavatsky // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 3. P. 77–89.

Abstract. Closed-form solutions of some boundary-value problems of fractional-differential geofiltration
dynamics in a fractured-porous medium are obtained for a model with weakly permeable porous blocks. In
particular, the direct and inverse boundary-value problems of filtration for the finite thickness layer are solved,
the conditions for the existence of their regular solutions are given, and the solution of the problem of filtration
dynamics with nonlocal boundary conditions is found. For a particular case of the filtration model, the problem
of modeling the anomalous dynamics of filtration pressure fields on a star-shaped graph is considered.

Keywords: mathematical modeling, fractional-differential dynamics of filtration processes, fractured-porous
medium, non-classical models, boundary value problems, inverse problems, problems with non-local
conditions, closed-form solutions.
===============================================================================

ÓÄÊ 519.863
Ìåòîä îïòèì³çàö³¿ ñòðóêòóðè ïîñ³âíèõ ïëîù äëÿ àäàïòàö³¿ ðîñëèííèöòâà äî êë³ìàòè÷íèõ çì³í /
Â.À. Ïåïåëÿºâ, Î.Ì. Ãîëîäí³êîâ, Í.Î. Ãîëîäí³êîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60,
¹ 3. Ñ. 90–96.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó àäàïòàö³¿ ðîñëèííèöòâà äî êë³ìàòè÷íèõ çì³í. Äîñë³äæåíî çàäà÷ó
ïîøóêó îïòèìàëüíî¿ ñòðóêòóðè ïîñ³âíî¿ ïëîù³ â ìàéáóòíüîìó ç óðàõóâàííÿì ìîæëèâîãî ñöåíàð³þ çì³íè
êë³ìàòó. ¯¿ ñóòü ïîëÿãàº â ïîøóêó òàêîãî ðîçïîä³ëó ïîñ³âíî¿ ïëîù³ ï³ä ð³çí³ ãðóïè ñ³ëüñüêîãîñïîäà-
ðñüêèõ êóëüòóð, çà ÿêîãî ìàêñèì³çóºòüñÿ ñåðåäíüîð³÷íà âðîæàéí³ñòü çà óìîâè îáìåæåííÿ íà ðèçèê íåäî-
áîðó âðîæàþ âíàñë³äîê ðåàë³çàö³¿ íåñïðèÿòëèâîãî ñöåíàð³þ ïîãîäíèõ óìîâ. Äëÿ ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³
ðîçðîáëåíî ìàòåìàòè÷íó ìîäåëü, çà ÿêîþ ïðîâåäåíî ðîçðàõóíêè.

Êëþ÷îâ³ ñëîâà: àäàïòàö³ÿ äî êë³ìàòè÷íèõ çì³í, ðîñëèííèöòâî, ñòðóêòóðà ïîñ³âíî¿ ïëîù³, ðèçèê,
îïòèì³çàö³ÿ, âðîæàéí³ñòü.
_________________________________________________________________________________________
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Method of optimizing the structure of sowed areas for the adaptation of crop to climate changes /
V.A. Pepelyaev, A.N. Golodnikov, N.A. Golodnikova // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3.
P. 90–96.

Abstract. The article is devoted to crop production adaptation to climate change. It considers the problem
of finding the future optimal structure of the sown area, considering the possible climate change scenario. It
implies finding a distribution of the sown area for different groups of crops that would maximize the average
annual yield while limiting the risk of crop failure due to adverse weather conditions. To solve this problem, a
mathematical model was developed and used for computations.

Keywords: adaptation to climatic changes, crop production, structure of sown area, risk, optimization,
productivity.
===============================================================================

ÓÄÊ 519.85

Ìîäåëþâàííÿ çàïîâíåííÿ 3D-îá’ºìó íåñôåðè÷íèìè òà ñôåðè÷íèìè ÷àñòèíêàìè ïîðîøêó
òèòàíîâèõ ñïëàâ³â äëÿ àäèòèâíîãî âèðîáíèöòâà / Þ. Ñòîÿí, Î. Ïàíêðàòîâ, ². Ëåì³øêà,
Ç. Äóðÿã³íà, Äæ. Áåííåëë, Ò. Ðîìàíîâà, Ï. Ñòåöþê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60,
¹ 3. Ñ. 97–108.

Àíîòàö³ÿ. Ðîçðîáëåíî ï³äõ³ä äî ìîäåëþâàííÿ ïîøàðîâîãî çàïîâíåííÿ ïåâíîãî 3D-îá’ºìó ç
êîìá³íóâàííÿì íåñôåðè÷íèõ òà ñôåðè÷íèõ ÷àñòèíîê ïîðîøêó ð³çíîãî ôðàêö³éíîãî ñêëàäó. Ïîáóäîâàíî
ìàòåìàòè÷íó ìîäåëü çàäà÷³ ïàêóâàííÿ ðåãóëÿðíèõ òà íåðåãóëÿðíèõ îá’ºêò³â, ùî â³ëüíî ðóõàþòüñÿ, ³ç çà-
ñòîñóâàííÿì ìåòîäó phi-ôóíêö³é. Çàïðîïîíîâàíî åâðèñòè÷íèé àëãîðèòì, ÿêèé âèêîðèñòîâóº íåë³í³éíó
îïòèì³çàö³þ äëÿ îá÷èñëåííÿ êîåô³ö³ºíòà ù³ëüíîñò³ ïàêóâàííÿ/ïîðóâàòîñò³. Âèêîíàíî ïîð³âíÿííÿ ðå-
çóëüòàò³â ÷èñëîâîãî ìîäåëþâàííÿ ç åêñïåðèìåíòàëüíèìè äàíèìè, îòðèìàíèìè äëÿ ñóì³ø³ ñôåðè÷íèõ òà
ïîë³åäðàëüíèõ ïîðîøê³â òèòàíîâèõ ñïëàâ³â. Âñòàíîâëåíî, ùî â³äñîòêîâå ñï³ââ³äíîøåííÿ ÷àñòèíîê ïî-
ðîøêó â ìåæàõ äîñë³äæóâàíî¿ ôðàêö³¿, îòðèìàíå çà äîïîìîãîþ ðîçðîáëåíîãî àëãîðèòìó, ç âèñîêîþ
òî÷í³ñòþ â³äïîâ³äàº åêñïåðèìåíòàëüíèì ðåçóëüòàòàì. Öå äàº çìîãó âèêîðèñòîâóâàòè ðåçóëüòàòè ÷èñëî-
âîãî ìîäåëþâàííÿ çàì³ñòü äîðîãèõ åêñïåðèìåíòàëüíèõ äîñë³äæåíü. Çàñòîñóâàííÿ ìàòåìàòè÷íèõ ìîäå-
ëåé â àäèòèâíîìó âèðîáíèöòâ³ äàº ìîæëèâ³ñòü ï³äâèùèòè åôåêòèâí³ñòü êîæíîãî åòàïó òåõíîëîã³÷íîãî
ïðîöåñó, çíèçèòè ê³ëüê³ñòü áðàêîâàíèõ âèðîá³â, ðàö³îíàëüíî ïëàíóâàòè ðîçõ³ä åíåðãåòè÷íèõ ³ ìàòåð³àëü-
íèõ ðåñóðñ³â.

Êëþ÷îâ³ ñëîâà: ïàêóâàííÿ, ñôåðè÷í³ òà íåñôåðè÷í³ ÷àñòèíêè, 3D-îá’ºì, ìàòåìàòè÷íå ìîäåëþâàííÿ,
íåë³í³éíà îïòèì³çàö³ÿ, àäèòèâíå âèðîáíèöòâî.
_________________________________________________________________________________________

Simulation of 3D volume filling with non-spherical and spherical titanium alloy powder particles for
additive manufacturing / Yu. Stoyan, O. Pankratov, I. Lemishka, Z. Duriagina, J. Bennell, T. Romanova,
P. Stetsyuk // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 97–108.

Abstract. The authors developed an approach to modeling the layer-by-layer filling of a particular 3D
volume with a combination of non-spherical and spherical powder particles of different fractional composition.
A mathematical model of the problem of packing regular and irregular freely moving objects is provided using
the phi-function technique. A heuristic algorithm that uses nonlinear optimization is proposed for calculating
packing density factor/porosity. The results of numerical modeling are compared with experimental data
obtained for a mixture of spherical and polyhedral powders of titanium alloys. It is established that the relative
frequencies obtained by the developed algorithm correspond to the experimental results with high accuracy.
This indicates the possibility of using numerical modeling results instead of costly experimental studies. The
use of mathematical modeling and optimization techniques in additive manufacturing makes it possible to
improve the efficiency of each stage of the technological process, reduce the number of defective products, and
rationally plan the consumption of energy and material resources.

Keywords: packing, spherical and non-spherical particles, 3D volume, mathematical modeling, nonlinear
optimization, additive manufacturing.
===============================================================================

ÓÄÊ 517.9

Ñòîõàñòè÷íà äåñêðèïòîðíà ãðà ïåðåñë³äóâàííÿ / Ë.À. Âëàñåíêî, À.A. Ðóòêàñ, À.Ã. Ðóòêàñ,
À.Î. ×èêð³é // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 3. Ñ. 109–119.

Àíîòàö³ÿ. Äîñë³äæåíî äèôåðåíö³àëüíó ãðó ïåðåñë³äóâàííÿ ó ñòîõàñòè÷í³é äåñêðèïòîðí³é ë³í³éí³é
ñèñòåì³. Äèíàì³êó ñèñòåìè îïèñàíî ñòîõàñòè÷íèì äèôåðåíö³àëüíî-àëãåáðà¿÷íèì ð³âíÿííÿì ó ðîçóì³íí³
²òî. Ðîçâ’ÿçêè ð³âíÿííÿ ïðåäñòàâëåíî ó âèãëÿä³ ñòîõàñòè÷íî¿ ôîðìóëè âàð³àö³¿ ñòàëèõ ÷åðåç ïî÷àòêîâ³
äàí³ òà áëîê êåðóâàííÿ. Äëÿ îòðèìàííÿ óìîâ çàâåðøåííÿ ãðè âèêîðèñòàíî îáìåæåííÿ íà îïîðí³
ôóíêö³îíàëè äâîõ ìíîæèí, ùî âèçíà÷àþòüñÿ ïîâåä³íêàìè ïåðåñë³äóâà÷à ³ âò³êà÷à. Äëÿ ïîáóäîâè êåðó-
âàííÿ ïåðåñë³äóâà÷à, ùî ãàðàíòóº ïðèâåäåííÿ äèíàì³÷íîãî âåêòîðà ñèñòåìè íà òåðì³íàëüíó ìíîæèíó,
çàñòîñîâàíî ìåòîä ðîçâ’ÿçóâàëüíèõ ôóíêö³é. Ðåçóëüòàòè ïðî³ëþñòðîâàíî íà ïðèêëàä³ ñòîõàñòè÷íî¿ äåñ-
êðèïòîðíî¿ ñèñòåìè, ùî îïèñóº ïåðåõ³äí³ ðåæèìè ó ðàä³îòåõí³÷íîìó ô³ëüòð³ ç âèïàäêîâèìè çáóðåííÿìè
ó âèãëÿä³ á³ëîãî øóìó.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷íå äèôåðåíö³àëüíî-àëãåáðà¿÷íå ð³âíÿííÿ, â³íåð³âñüêèé ïðîöåñ, äåñêðèòîðíà
ñèñòåìà, äèôåðåíö³àëüíà ãðà, ðàä³îòåõí³÷íèé ô³ëüòð, á³ëèé øóì.
_________________________________________________________________________________________
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Stochastic descriptor pursuit game / L.A. Vlasenko, A.A. Rutkas, A.G. Rutkas, A.A. Chikrii //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 109–119.

Abstract. Abstract. A differential pursuit game in a stochastic descriptor linear system is analyzed. The
system dynamics is described by Ito’s stochastic differential algebraic equation. Solutions of the equation are
presented by the formula of variation of constants in terms of the initial data and control unit. Constraints on the
support functionals of two sets defined by the behaviors of the pursuer and evader are used to obtain the game
completion conditions. The method of resolving functions is applied to construct a pursuer control bringing the
dynamic vector of the system to a terminal set. The results are illustrated by an example of a stochastic
descriptor system that describes transient states in a radio technical filter with random perturbations in the form
of white noise.

Keywords: stochastic differential algebraic equation, Wiener process, descriptor system, differential game,
radio technical filter, white noise.
===============================================================================

ÓÄÊ 519.622
Çàäà÷à îïòèìàëüíîãî êåðóâàííÿ òî÷êàìè íàâàíòàæóâàííÿ òà ¿õí³ìè ôóíêö³ÿìè ðåàêö³¿ äëÿ
ïàðàáîë³÷íîãî ð³âíÿííÿ / Â.Ì. Àáäóëëàºâ, Â.À. Õàøèìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024.
Òîì 60, ¹ 3. Ñ. 120–134.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó îïòèìàëüíîãî êåðóâàííÿ òî÷êàìè íàâàíòàæóâàííÿ òà â³äïîâ³äíèìè
ôóíêö³ÿìè ðåàêö³¿, ÿêó îïèñóþòü íàâàíòàæåíèì ïàðàáîë³÷íèì ð³âíÿííÿì. Îòðèìàíî îïòèìàëüí³ óìîâè
äëÿ êåðóâàëüíèõ âïëèâ³â. Ôîðìóëè ãðàä³ºíòà ö³ëüîâîãî ôóíêö³îíàëà, ùî ì³ñòÿòüñÿ â öèõ óìîâàõ, âèêî-
ðèñòàíî â àëãîðèòì³ ÷èñëîâîãî ðîçâ’ÿçàííÿ çàäà÷³ êåðóâàííÿ ðóõîì òî÷îê íàâàíòàæóâàííÿ òà
â³äïîâ³äíèõ ôóíêö³é ðåàêö³¿ íà îñíîâ³ ìåòîä³â îïòèì³çàö³¿ ïåðøîãî ïîðÿäêó. Íàâåäåíî ðåçóëüòàòè ÷èñ-
ëîâèõ åêñïåðèìåíò³â.

Êëþ÷îâ³ ñëîâà: ñèñòåìà ç ðîçïîä³ëåíèìè ïàðàìåòðàìè, íàâàíòàæåíå äèôåðåíö³àëüíå ð³âíÿííÿ, íå-
îáõ³äíà óìîâà îïòèìàëüíîñò³, ãðàä³ºíò ôóíêö³îíàëà.
_________________________________________________________________________________________

A problem of optimal control of loading points and their reaction functions for a parabolic equation /
V.M. Abdullayev, V.A. Hashimov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 120–134.

Abstract. We consider the problem of optimal control of loading points and the corresponding reaction
functions described by a loaded parabolic equation. Optimality conditions for control actions are obtained. The
objective functional gradient formulas contained in these conditions are used in the algorithm for numerically
solving the problem of optimization of loading points and reaction functions based on first-order optimization
methods. The results of numerical experiments are provided.

Keywords: distributed-parameter system, loaded differential equation, necessary optimality condition,
functional gradient.
===============================================================================

ÓÄÊ 519.21
Îö³íêè ôóíêö³¿ ðîçïîä³ëó íàïðàöþâàííÿ íà â³äìîâó âèñîêîíàä³éíî¿ ñèñòåìè N – 1 ç N ó âèïàäêó
ïîêàçíèêîâèõ ðîçïîä³ë³â ³íòåðâàë³â ðîáî÷îãî ñòàíó óñ³õ àëüòåðíóâàëüíèõ ïðîöåñ³â / Î.Î. Êóøí³ð,
Â.Ï. Êóøí³ð // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 3. Ñ. 135–140.

Àíîòàö³ÿ. Íàâåäåíî ê³ëüê³ñí³ îö³íêè øâèäêîñò³ çá³æíîñò³ ôóíêö³¿ ðîçïîä³ëó íàïðàöþâàííÿ íà
â³äìîâó âèñîêîíàä³éíî¿ ìàæîðèòàðíî¿ â³äíîâëþâàíî¿ ñèñòåìè N – 1 ç N äî ïîêàçíèêîâî¿ çà ïðèïóùåííÿ,
ùî ³íòåðâàëè ðîáî÷îãî ñòàíó óñ³õ àëüòåðíóâàëüíèõ ïðîöåñ³â ìàþòü ïîêàçíèêîâèé ðîçïîä³ë. Îö³íåíî ãà-
ðàíòîâàíèé ÷àñ áåçâ³äìîâíî¿ ðîáîòè ö³º¿ ñèñòåìè.

Êëþ÷îâ³ ñëîâà: àëüòåðíóâàëüíèé ïðîöåñ â³äíîâëåííÿ, ìàæîðèòàðíà â³äíîâëþâàíà ñèñòåìà, òåîðåìà
Ðåíü¿, íàï³âìàðêîâñüêèé ïðîöåñ.
_________________________________________________________________________________________

Estimation of the time-to-failure distribution function in a highly reliable N–1-out-of-N: G repairable
system in the case of exponential distributions of working periods of all alternating renewal processes /
O.O Kushnir, V.P. Kushnir // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 135–140.

Abstract. Some quantitative bounds on a convergence rate of the time-to-failure distribution function to
an exponential distribution function in a highly reliable N–1-out-of-N: G repairable system are obtained in the
case of exponential working periods of alternating renewal processes. The confident time to failure of this
system is also bounded.

Keywords: alternating renewal process, N–1-out-of-N: G repairable system, Renyi’s theorem, semi-Markov
process.
===============================================================================
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ÓÄÊ 519.21
Ïðî ³ñíóâàííÿ îïòèìàëüíîãî êåðóâàííÿ äëÿ ñòîõàñòè÷íèõ äèôåðåíö³àëüíî-ôóíêö³îíàëüíèõ
ð³âíÿíü ï³ä ä³ºþ çîâí³øíèõ çáóðåíü / Â.Ê. ßñèíñüêèé, ².Â. Þð÷åíêî // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2024. Òîì 60, ¹ 3. Ñ. 141–151.

Àíîòàö³ÿ. Ðîçãëÿíóòî òåîðåìó ïîð³âíÿííÿ äëÿ ðîçâ’ÿçê³â ñòîõàñòè÷íèõ äèôåðåíö³àëüíî-ôóíêö³îíàëü-
íèõ ð³âíÿíü ï³ä ä³ºþ çîâí³øíèõ çáóðåíü òà ¿¿ çàñòîñóâàííÿ äëÿ îäí³º¿ çàäà÷³ ñòîõàñòè÷íîãî êåðóâàííÿ.

Êëþ÷îâ³ ñëîâà: òåîðåìà ïîð³âíÿííÿ, ñòîõàñòè÷íå êåðóâàííÿ, ñòîõàñòè÷í³ ôóíêö³îíàëüíî- äèôå-
ðåíö³àëüí³ ð³âíÿííÿ.
_________________________________________________________________________________________

On the existence of optimal control for stochastic functional differential equations under the influence of
external disturbances / V.K. Yasynskyy, I.V. Yurchenko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60,
N 3. P. 141–151.

Abstract. The article discusses the comparison theorem for solutions of stochastic functional differential
equations under the influence of external disturbances and its application to one stochastic control problem.

Keywords: comparison theorem, stochastic control, stochastic functional differential equations.
===============================================================================

ÓÄÊ 519.8
Äåÿê³ àñèìïòîòè÷í³ âëàñòèâîñò³ ðîçâ’ÿçê³â òðèãàðìîí³éíèõ ð³âíÿíü / À.Ì. Øóòîâñüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 3. Ñ. 152–160.

Àíîòàö³ÿ. Ðîçãëÿíóòî îïòèì³çàö³éíó çàäà÷ó äëÿ òðèãàðìîí³éíîãî ð³âíÿííÿ çà íàÿâíîñò³ ïåâíèõ
ãðàíè÷íèõ óìîâ. Âíàñë³äîê öüîãî áóëî ïîáóäîâàíî òðèãàðìîí³éíèé ³íòåãðàë Ïóàññîíà ó äåêàðòîâèõ êî-
îðäèíàòàõ äëÿ âåðõíüî¿ ï³âïëîùèíè. Äîñë³äæåíî àñèìïòîòè÷í³ âëàñòèâîñò³ öüîãî îïåðàòîðà íà êëàñàõ
Ë³ïøèöÿ â ð³âíîì³ðí³é ìåòðèö³. Çíàéäåíî òî÷íó ð³âí³ñòü äëÿ âåðõíüî¿ ìåæ³ â³äõèëåííÿ ôóíêö³é êëàñó
Ë³ïøèöÿ â³ä òðèãàðìîí³éíîãî ³íòåãðàëà Ïóàññîíà, âèçíà÷åíîãî â äåêàðòîâèõ êîîðäèíàòàõ äëÿ âåðõíüî¿
ï³âïëîùèíè â ìåòðèö³ ïðîñòîðó . Çàñâ³ä÷åíî íàÿâí³ñòü çâ’ÿçêó ì³æ ìåòîäàìè òåîð³¿ íàáëèæåíü ³ ïðèíöè-
ïàìè òåîð³¿ îïòèìàëüíèõ ð³øåíü.

Êëþ÷îâ³ ñëîâà: îïòèì³çàö³éíà çàäà÷à, êëàñ ôóíêö³é Ë³ïøèöÿ, ð³âíîì³ðíà ìåòðèêà, òðèãàðìîí³éíèé
³íòåãðàë Ïóàññîíà.
_________________________________________________________________________________________

On some asymptotic properties of solutions of triharmonic equations / A.M. Shutovskyi // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 3. P. 152–160.

Abstract. The author considers the optimization problem for the triharmonic equation in the presence of
specific boundary conditions. As a result, the triharmonic Poisson integral was constructed in Cartesian
coordinates for the upper half-plane. The asymptotic properties of this operator on Lipschitz classes in a
uniform metric were studied. An exact equality was found for the upper bound of the deviation of the Lipschitz
class functions from the triharmonic Poisson integral defined in Cartesian coordinates for the upper half-plane
in the metric space. The results obtained in the article demonstrate the connection between the methods of
approximation theory and the principles of optimal decision theory.

Keywords: optimization problem, class of Lipschitz functions, uniform metric, triharmonic Poisson integral.
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ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 004.41
Ï³äâèùåííÿ â³äìîâîñò³éêîñò³ â ì³êðîñåðâ³ñí³é àðõ³òåêòóð³ / À.Ì. Ãëèáîâåöü, ².À. Ïàïðîöüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 3. Ñ. 161–172.

Àíîòàö³ÿ. Ì³êðîñåðâ³ñíó àðõ³òåêòóðó øèðîêî âèêîðèñòîâóþòü ï³ä ÷àñ ïîáóäîâè ðîçïîä³ëåíèõ çàñòî-
ñóíê³â. Óæå ðîçâ’ÿçàíî áàãàòî ïðîáëåì, ùî áóëè íàÿâí³ íà ïî÷àòêó âèêîðèñòàííÿ öüîãî ï³äõîäó. Àëå äîñ³ çà-
ëèøàºòüñÿ íå ðîçâ’ÿçàíîþ îäíà ç ôóíäàìåíòàëüíèõ ïðîáëåì, ùî ñåðéîçíî âïëèâàº íà â³äìîâîñò³éê³ñòü ñèñ-
òåìè. Âîíà ìàº íàçâó «ãàðàíòîâàíà äîñòàâêà ïîâ³äîìëåíü ì³æ ñåðâ³ñàìè». Ó ñòàò³ ïðîàíàë³çîâàíî ñòàíäàðòí³
ï³äõîäè äî ðîçâ’ÿçàííÿ ö³º¿ ïðîáëåìè. Íà îñíîâ³ ïðîâåäåíîãî àíàë³çó âèîêðåìëåíî ïàòåðí Circuit Breaker òà
çä³éñíåíî éîãî ìîäèô³êàö³þ, ùî äàëî çìîãó çìåíøèòè çàòðèìêó ïåðåõîäó ì³æ ñòàíàìè, à â³äïîâ³äíî é
â³äïðàâëåííÿ ïîâ³äîìëåíü ñåðâ³ñîì. Åêñïåðèìåíòàëüíî ï³äòâåðäæåíî åôåêòèâí³ñòü çàïðîïîíîâàíî¿ ìî-
äèô³êàö³¿. Ðåçóëüòàò ìîäèô³êàö³¿ îôîðìëåíî ó âèãëÿä³ øâèäêî¿ êîíô³ãóðàö³¿ äëÿ Spring Boot.

Êëþ÷îâ³ ñëîâà: ì³êðîñåðâ³ñíà àðõ³òåêòóðà, â³äìîâîñò³éê³ñòü, ì³êðîñåðâ³ñ, ïàòåðí, Circuit Breaker.
_________________________________________________________________________________________

Increasing the fault tolerance in microservice architecture / A. Hlybovets, I. Paprotskyi // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 3. P. 161–172.

Abstract. Microservice architecture is widely used in the development of distributed applications. Many
problems present at the beginning of using this approach have already been solved. However, one of the
fundamental problems that seriously affects the system’s fault tolerance remains unsolved. This fundamental
problem is known as guaranteed delivery of messages between services. The article analyzed standard
approaches to solving this problem. Based on the analysis, the Circuit Breaker pattern was isolated, and its
modification was carried out, which reduced the delay in the transition between states and, accordingly, the
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sending of messages by the service. The efficiency of the proposed modification has been confirmed
experimentally. The result of the modification is presented in the form of a quick configuration for Spring Boot.

Keywords: microservice architecture, fault tolerance, microservice, programming pattern, Circuit Breaker.
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NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 519.6, 539.3
Ìàòåìàòè÷íå ìîäåëþâàííÿ ñèìåòðè÷íî¿ êðàéîâî¿ çàäà÷³ äëÿ ïîñëàáëåíîãî íàñêð³çíèì îòâîðîì
øàðó ç ïîêðèòèìè ä³àôðàãìîþ òîðöÿìè / Á.ª. Ïàí÷åíêî, Þ.Ä. Êîâàëüîâ, Ò.Î. Êàë³í³íà,
².Ì. Ñàéêî, Ë.Ì. Áóêàòà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 3. Ñ. 173–179.

Àíîòàö³ÿ. Íàâåäåíî íîâó ìàòåìàòè÷íó ìîäåëü ðîçâ’ÿçàííÿ ñòàòè÷íî¿ ñèìåòðè÷íî¿ êðàéîâî¿ çàäà÷³
äëÿ ïîñëàáëåíîãî íàñêð³çíèì îòâîðîì øàðó ç ïîêðèòèìè ä³àôðàãìîþ òîðöÿìè. Ðîçðîáëåíî òà ÷èñåëüíî
àïðîáîâàíî íîâèé ìåòîä, ÿêèé áàçóºòüñÿ íà ñèñòåì³ òðüîõ ñèíãóëÿðíèõ ³íòåãðàëüíèõ ð³âíÿíü. Ó ðåçóëü-
òàò³ âèñîêîòî÷íîãî ÷èñåëüíîãî äîñë³äæåííÿ âèÿâëåíî, ùî ç³ çá³ëüøåííÿì òîâùèíè øàðó â³äíîñíå
îêðóæíå íàïðóæåííÿ çðîñòàº. Ó ðàç³ çìåíøåííÿ îäíîãî ç ðàä³óñ³â åë³ïòè÷íîãî îòâîðó òàêîæ ñïîñ-
òåð³ãàºòüñÿ çðîñòàííÿ â³äíîñíîãî îêðóæíîãî íàïðóæåííÿ. Ó ðîáîò³ íàâåäåíî â³äïîâ³äí³ ãðàô³êè.

Êëþ÷îâ³ ñëîâà: òðèâèì³ðí³ êðàéîâ³ çàäà÷³, ñèíãóëÿðí³ ³íòåãðàëüí³ ð³âíÿííÿ, ÷èñåëüíèé åêñïåðèìåíò,
ñòàòè÷íå ðîçòÿãóâàííÿ–ñòèñêàííÿ, íàñêð³çíèé îòâ³ð.
_________________________________________________________________________________________

Mathematical modeling of a symmetric boundary-value problem for a layer weakened by a through hole
with the ends covered with a diaphragm / B.E. Panchenko, Yu.D. Kovalev, T.O. Kalinina, I.N. Saiko,
L.M. Bukata // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 173–179.

Abstract. The paper presents a new mathematical model for the solution of a static symmetric boundary-value
problem for a layer weakened by a through hole with ends covered with a diaphragm. A new method based on a
system of three singular integral equations has been developed and tested numerically. As a result of a high-precision
numerical study, it was found that with an increase in the thickness of the layer, an increase in the relative
circumferential stress occurs. With a decrease in one of the radii of the elliptical hole, an increase in the relative
circumferential stress is also observed. The paper presents the respective dependency graphs.

Keywords: three-dimensional boundary-value problems, singular integral equations, numerical experiment,
static stretching–compression, a through hole.
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ÓÄÊ 364.2:331
Ïîêðàùåííÿ â³äåîïîñë³äîâíîñò³ â ñèñòåìàõ â³äåîàíàë³òèêè / Î.Ì. Ãîëîâ³í // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 3. Ñ. 180–196.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ïîêðàùåííÿ â³äåî íà îñíîâ³ çàñòîñóâàííÿ ãàììà-êîðåêö³¿. Ïðîöå-
äóðà çàñòîñóâàííÿ ìåòîäó ïîëÿãàº â îáðîáëåíí³ âñ³õ êàäð³â â³äåî çà äîïîìîãîþ ºäèíîãî ï³äõîäó. Â àëãî-
ðèòì³ çàâäÿêè çáåðåæåííþ ì³æêàäðîâî¿ êîãåðåíòíîñò³ âïðîäîâæ âñüîãî â³äåî ñóòòºâî ñêîðî÷åíî ÷àñ ïî-
øóêó îïòèìàëüíîãî çíà÷åííÿ ïàðàìåòðà ãàììà, äëÿ ÿêîãî ÿê³ñòü êîæíîãî êàäðó â³äåî äîñÿãàº ìàêñè-
ìàëüíî ìîæëèâîãî ð³âíÿ â àâòîìàòè÷íîìó ðåæèì³ â ñåíñ³ ÿê â³çóàëüíîãî ñïîñòåðåæåííÿ, òàê ³
åôåêòèâíîñò³ âèÿâëåííÿ êëþ÷îâèõ òî÷îê òà âèä³ëåííÿ êîíòóð³â îá’ºêò³â ó çîáðàæåíí³. Ìåòîä õàðàêòåðè-
çóºòüñÿ âèñîêîþ àäàïòèâí³ñòþ äî ð³çêèõ çì³í â îñâ³òëåíí³ ñöåíè, çáåðåæåííÿì ì³æêàäðîâî¿ êîãåðåí-
òíîñò³ òà â³äñóòí³ñòþ áóäü-ÿêèõ ïîá³÷íèõ íåãàòèâíèõ àðòåôàêò³â ó ïîêðàùåíîìó â³äåî. Ðîçðîáëåíî
³íñòðóìåíòàð³é âèçíà÷åííÿ â àâòîìàòè÷íîìó ðåæèì³ îïòèìàëüíîãî çíà÷åííÿ ïàðàìåòðà ãàììà, ÿêèé äàº
çìîãó ñóòòºâî ï³äâèùèòè åôåêòèâí³ñòü ñèñòåì â³äåîàíàë³òèêè, ïðîöåñ³â ñåãìåíòàö³¿ òà îáðîáëåííÿ çîá-
ðàæåíü ³ â³äåî çàâäÿêè ïîñëàáëåííþ íåãàòèâíîãî âïëèâó ðåæèìó îñâ³òëåííÿ ñöåíè íà ÿê³ñòü çîáðàæåíü.

Êëþ÷îâ³ ñëîâà: ãàììà-êîðåêö³ÿ, ñèñòåìà â³äåîàíàë³òèêè, ïîêðàùåííÿ â³äåî, ã³ñòîãðàìà, êóìóëÿòèâíà
ã³ñòîãðàìà, â³äåîîáðîáëåííÿ, ì³æêàäðîâà êîãåðåíòí³ñòü.
_________________________________________________________________________________________

Video sequence enhancement in video analytics systems / O.M Golovin // Kibernetyka ta Systemnyi Analiz.
2024. Vol. 60, N 3. P. 180–196.

Abstract. A video enhancement method based on applying gamma correction is proposed. Its realization
implies processing all video frames using a single algorithm. The proposed algorithm, due to the preservation of
inter-frame coherence throughout the entire video, significantly reduces the time spent searching for the optimal
value of the gamma parameter, which ensures the highest quality of the frame reaching the maximum possible level
in the automatic mode in the sense of both visual observation and the determination of key points and the selection
of contours of objects in images. The method is characterized by high adaptability to sudden changes in the lighting
of the scene, preservation of interframe coherence, and the absence of any side negative artifacts in the enhanced
video. A toolkit for automatically determining the optimal value of the gamma parameter for video frames is
developed. It significantly increases the efficiency of video analytics systems, image and video segmentation and
processing processes due to reducing the negative impact of the scene lighting mode on image quality.

Keywords: gamma-correction, video analytics system, video sequence enhancement, histogram, cumulative
histogram, video processing, interframe coherence.
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