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ÓÄÊ 519.713.4

Ïðîáëåìà ×åðí³ äëÿ àâòîìàò³â ³ç ïðîñòèìè ³äåìïîòåíòàìè / ².Ê. Ðèñöîâ // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 3–10.

Àíîòàö³ÿ. Îòðèìàíî äâ³ òî÷í³ îö³íêè ôóíêö³¿ ×åðí³ C A( ) äëÿ àâòîìàò³â ³ç ïðîñòèìè ³äåìïîòåíòà-

ìè (Ï²-àâòîìàò³â). Ïîêàçàíî, ùî C A n( ) � � 1 äëÿ Ï²-àâòîìàòà A ç n ñòàíàìè ³ òðèâ³àëüíîþ ãðóïîþ òà

C A n( ) ( )� � 1 2 äëÿ Ï²-àâòîìàòà A ç n ñòàíàìè ³ ðåãóëÿðíîþ ãðóïîþ.

Êëþ÷îâ³ ñëîâà: ñê³í÷åíí³ àâòîìàòè, ïðîáëåìà ×åðí³.
—————————————————————————————————————————————

On the Cerny problem for automata with simple idempotents / I.K. Rystsov // Kibernetyka ta Systemnyi
Analiz. 2022. Vol. 58, N 1. P. 3–10.

Abstract. In this paper, two tight bounds of the Cherny function C A( ) are obtained for automata with

simple idempotents (SI-automata). It is shown that C A n( ) � � 1 for the SI-automaton A with n states and

a trivial group and C A n( ) ( )� � 1 2 for the SI-automaton A with n states and a regular group.

Keywords: finite automata, Cerny’s conjecture.
===============================================================================

ÓÄÊ 621.317+681.849

Íàäëèøêîâ³ñòü ³íôîðìàö³¿ ó ïîáóäîâ³ ñèñòåì åêñïåðòèçè çâóêîâèõ ñèãíàë³â íà íåéðîííèõ
ìåðåæàõ ãëèáîêîãî íàâ÷àííÿ / Â.². Ñîëîâéîâ, Î.Â. Ðèáàëüñüêèé, Â.Â. Æóðàâåëü, Î.Ì. Øàáëÿ,
ª.Â. Òèìêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 11–20.

Àíîòàö³ÿ. Îïèñàíî ìåòîäè ïîïåðåäíüîãî îáðîáëåííÿ ñèãíàë³â, ÿê³ âèêîðèñòîâóþòü äëÿ ñòâîðåííÿ

íîâîãî ³íñòðóìåíòàð³þ åêñïåðòèçè ìàòåð³àë³â ³ çàñîá³â öèôðîâîãî çâóêîçàïèñó. Ïîêàçàíî, ùî çàñòîñó-

âàííÿ íàäëèøêîâîñò³ ³íôîðìàö³¿ ó ñòâîðåíí³ áàçè íàâ÷àííÿ íåéðîííèõ ìåðåæ ãëèáîêîãî íàâ÷àííÿ, ÿê³

âèêîðèñòîâóþòüñÿ äëÿ ö³º¿ åêñïåðòèçè, çàáåçïå÷óº ï³äâèùåííÿ åôåêòèâíîñò³ ³äåíòèô³êàö³¿ äèêòîðà çà ïà-

ðàìåòðàìè õàðàêòåðèñòèê ãîëîñó ïðèáëèçíî íà 15 %. Ï³äòâåðäæåíî, ùî çàïðîïîíîâàí³ ìåòîäè îáðîá-

ëåííÿ çàáåçïå÷èëè ìîæëèâ³ñòü ³äåíòèô³êàö³¿ äèêòîðà çà ôîíîãðàìàìè òðèâàë³ñòþ â³ä 1 ñ.

Êëþ÷îâ³ ñëîâà: âåéâëåò Ìîðëå, ÷àñîâå â³êíî, ÷àñî-÷àñòîòíå ïåðåòâîðåííÿ, äèêòîð, ³äåíòèô³êàö³ÿ, íàä-

ëèøêîâ³ñòü, íåéðîííà ìåðåæà, ñïåêòð, ôîíîãðàìà.

—————————————————————————————————————————————

Information redundancy in constructing the systems for audio signal examination on deep learning
neural networks / V.I. Solovyov, O.V. Rybalskiy, V.V. Zhuravel, A.N. Shablya, E.V. Tymko // Kibernetyka
ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 11–20.

Abstract. The methods of preliminary signal processing used to create a new toolkit for the examination
of materials and means of digital sound recording are described. It is shown that the information redundancy in
creating a training base for deep learning neural networks used for such an examination increases the efficiency
of speaker identification based on the parameters of voice characteristics by about 15%. The proposed
processing methods made it possible to identify the speaker from phonograms with a duration of 1 sec.

Keywords: Morlet wavelet, time window, time-frequency transformation, speaker, identification, redundancy,
neural network, spectrum, phonogram.
===============================================================================

ÓÄÊ 004.891

Ðîçðîáëåííÿ òà äîñë³äæåííÿ ìîäåë³ ïðåäñòàâëåííÿ ñåìàíòèêè ðå÷åíü / Â.Í. Âðóáëåâñüêèé,
Î.Î. Ìàð÷åíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 21–30.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä åôåêòèâíî¿ òà ïðîñòî¿ ìîäåë³ ïðåäñòàâëåííÿ ñåìàíòèêè ðå÷åíü ó
êîíòåêñò³ çàäà÷³ ³äåíòèô³êàö³¿ ïàðàôðàç³â. Äåðåâî çàëåæíîñòåé îáðàíî ÿê îñíîâíó ñòðóêòóðó äëÿ
ïðåäñòàâëåííÿ çâ’ÿçê³â ì³æ ñëîâàìè ó ðå÷åíí³. Äëÿ ïðåäñòàâëåííÿ ñåìàíòèêè ñëîâà âèêîðèñòàíî ïî-
ïåðåäíüî íàâ÷åí³ ìîäåë³ ïðåäñòàâëåííÿ ñë³â. Íà îñíîâ³ öèõ äâîõ êëþ÷îâèõ ñêëàäîâèõ ðîçðîáëåíî
äåê³ëüêà îçíàê, ÿê³ äîïîìàãàþòü òî÷íî âèçíà÷èòè ïàðàôðàçè. Ïðîâåäåí³ åêñïåðèìåíòè äîâåëè, ùî
ìîäåëü º åôåêòèâíîþ. Ðåçóëüòàòè ¿¿ çàñòîñóâàííÿ º â³äíîñíî áëèçüêèìè äî ðåçóëüòàò³â íàéñó-
÷àñí³øèõ ìîäåëåé.

Êëþ÷îâ³ ñëîâà: îáðîáëåííÿ ïðèðîäíî¿ ìîâè, ³äåíòèô³êàö³ÿ ïàðàôðàç³â, ñåìàíòè÷íà ïîä³áí³ñòü, äåðåâî
çàëåæíîñòåé, âåêòîðíå ïðåäñòàâëåííÿ ñë³â.
—————————————————————————————————————————————

ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2022, òîì 58, ¹ 1 1



2 ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2022, òîì 58, ¹ 1

Development and analysis of the model for sentence semantic representation / V. Vrublevskyi,
O. Marchenko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 21–30.

Abstract. The authors overview an efficient and simple model of sentence semantic representation for the

paraphrase identification problem. The dependency tree was chosen as the main structure to represent the

relationships between words in a sentence. To represent the word semantics, pre-trained general-purpose word

embeddings are used. Based on these two key components, several features that can help to identify paraphrases

are designed. The experiments were conducted, which proved the model efficiency. The results of the model

application are rather close to those for state-of-the-art models.

Keywords: natural language processing, paraphrase identification, semantic similarity, dependency tree, word

embeddings.

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

ÓÄÊ 004.94.2

Îñîáëèâîñò³ ïàðàëåëüíîãî àëãîðèòìó ñîðòóâàííÿ ç ôîðìóâàííÿì ðàíã³â / Ò.Á. Ìàðòèíþê,
Á.². Êðóê³âñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 31–36.

Àíîòàö³ÿ. Ïðîàíàë³çîâàíî íîâèé ï³äõ³ä äî îðãàí³çàö³¿ ïàðàëåëüíîãî ñîðòóâàííÿ ìàñèâó ÷èñåë ç
ôîðìóâàííÿì ¿õí³õ ðàíã³â. Ó ïðîöåñ³ ñîðòóâàííÿ ðåàë³çîâàíî òàê³ îïåðàö³¿, ÿê îïåðàö³ÿ äåêðåìåíòà äëÿ
îáðîáëåííÿ åëåìåíò³â ÷èñëîâîãî ìàñèâó òà îïåðàö³ÿ ³íêðåìåíòà äëÿ ôîðìóâàííÿ ¿õí³õ ðàíã³â. Çàïðîïî-
íîâàíî îïèñ àëãîðèòìó ïàðàëåëüíîãî ñîðòóâàííÿ ç ôîðìóâàííÿì ðàíã³â ó áàçèñ³ ñèñòåìè àëãîðèòì³÷íèõ
àëãåáð (ÑÀÀ) Ãëóøêîâà.

Êëþ÷îâ³ ñëîâà: ñèñòåìà àëãîðèòì³÷íèõ àëãåáð, ïàðàëåëüíå ñîðòóâàííÿ, ÷èñëîâèé çð³ç, ðàíã, ìàñêà.
—————————————————————————————————————————————

Peculiarities of the parallel sorting algorithm with rank formation / T.B. Martyniuk, B.I. Krukivskyi //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 31–36.

Abstract. A new approach to parallel sorting of an array of numbers with the formation of their ranks is

analyzed. In the process of sorting, such operations are implemented as a decrement operation for the

processing of elements of a numerical array and an increment operation for the formation of their ranks.

A description of the parallel sorting algorithm with the formation of ranks in the basis of Glushkov’s System of

Algorithmic Algebras (SAA) is proposed.

Keywords: system of algorithmic algebras, parallel sorting, numerical slice, rank, mask.

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

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.1

Ïðî çàäà÷ó îïòèìàëüíîãî ïîøóêó ëîêàëüíî-äîïóñòèìèõ ðîçâ’ÿçê³â ë³í³éíî¿ ôóíêö³¿ íà
ïåðåñòàíîâêàõ / Ã.Ï. Äîíåöü, Â.². Á³ëåöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1.
Ñ. 37–44.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó îïòèìàëüíîãî ïîøóêó ëîêàëüíî-äîïóñòèìèõ ðîçâ’ÿçê³â ë³í³éíî¿

ôóíêö³¿ íà ïåðåñòàíîâêàõ, íà ÿêèõ ë³í³éíà ôóíêö³ÿ íàáóâàº çíà÷åíü ³ç çàäàíîãî ³íòåðâàëó. Çàïðîïîíîâà-

íî íîâèé ìåòîä ðîçâ’ÿçàííÿ òàêî¿ çàäà÷³ ç âèêîðèñòàííÿì ö³ëåñïðÿìîâàíîãî ïîøóêó ïåðåñòàíîâîê, ÿê³

äàþòü ëîêàëüíî-äîïóñòèì³ ðîçâ’ÿçêè ç íàéìåíøîþ ê³ëüê³ñòþ ïåðåáîð³â âàð³àíò³â.

Êëþ÷îâ³ ñëîâà: ë³í³éíà ôóíêö³ÿ, ïåðåñòàíîâêà, òðàíñïîçèö³ÿ, áàëàíñ, ïîçèö³ÿ, îïåðàö³ÿ.

—————————————————————————————————————————————

On the problem of optimal search for locally feasible solutions of a linear function on permutations /
G.P. Donets, V.I. Biletskyi // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 37–44.

Abstract. We consider the problem of optimal search for locally feasible solutions of a linear function on

those permutations where the linear function takes the values from the given interval. We describe a new

method of solving such problem by goal seeking for the permutations that provide locally feasible solutions

with minimal search.

Keywords: linear function, permutation, transposition, balance, position, operation.

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



ÓÄÊ 517.9

Ïðèíöèï ðîçòÿãóâàííÿ ÷àñó â ³ãðîâèõ çàäà÷àõ äèíàì³êè / Ã.Ö. ×èêð³é, À.Î. ×èêð³é // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 45–54.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ðîçâ’ÿçàííÿ ³ãðîâî¿ çàäà÷³ çáëèæåííÿ òðàºêòîð³¿ êâàç³ë³í³éíî¿ íå-
ñòàö³îíàðíî¿ ñèñòåìè ç öèë³íäðè÷íîþ òåðì³íàëüíîþ ìíîæèíîþ, ùî çì³íþºòüñÿ ç ÷àñîì. Ðîçãëÿíóòî ñè-
òóàö³þ, êîëè óìîâà Ïîíòðÿã³íà (óìîâà ïåðåâàãè ïåðøîãî ãðàâöÿ) íå âèêîíóºòüñÿ. Óâåäåíî ôóíêö³þ ðîç-
òÿãóâàííÿ ÷àñó, ÿêà â³äòåðì³íîâóº ÷àñ çàê³í÷åííÿ ãðè, ³ ç ¿¿ äîïîìîãîþ — ìîäèô³êîâàíó óìîâó Ïîí-
òðÿã³íà, ÿêà íàäàº çìîãó çä³éñíèòè âèì³ðíèé âèá³ð êåðóâàííÿ. Áàçîâèì º ìåòîä ðîçâ’ÿçóâàëüíèõ ôóíêö³é.
Ç âèêîðèñòàííÿì òåõí³êè áàãàòîçíà÷íèõ â³äîáðàæåíü òà ¿õí³õ ñåëåêòîð³â ïîáóäîâàíî ñòðàòåã³¿, ÿê³ ãàðàí-
òóþòü ðîçâ’ÿçàííÿ çàäà÷³. Ïðîöåñ çáëèæåííÿ òðàºêòîð³¿ ç òåðì³íàëüíîþ ìíîæèíîþ ñêëàäàºòüñÿ ç äâîõ
ä³ëÿíîê: àêòèâíî¿ òà ïàñèâíî¿, äå îáèðàºòüñÿ êåðóâàííÿ ïåðøîãî ãðàâöÿ ç âèêîðèñòàííÿì êåðóâàííÿ äðó-
ãîãî ãðàâöÿ ç ïåâíèì çàï³çíåííÿì ó ÷àñ³, ùî çàëåæèòü â³ä ôóíêö³¿ ðîçòÿãóâàííÿ ÷àñó. Îïèñàíî ñõåìó ìå-
òîäó òà îòðèìàíî äîñòàòí³ óìîâè çàê³í÷åííÿ ãðè çà ñê³í÷åííèé ÷àñ.

Êëþ÷îâ³ ñëîâà: êîíôë³êòíî-êåðîâàíèé ïðîöåñ, áàãàòîçíà÷íå â³äîáðàæåííÿ, ìîäèô³êîâàíà óìîâà Ïîí-
òðÿã³íà, ôóíêö³ÿ ðîçòÿãóâàííÿ ÷àñó, âèì³ðíèé âèá³ð.
—————————————————————————————————————————————

Time dilation principle in dynamic game problems / G.Ts. Chikrii, A.Î. Chikrii // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 1. P. 45–54.

Abstract: A method for solving the game problem of the trajectory of a quasi-linear non-stationary
system approaching a cylindrical terminal set that varies with time is proposed. A case is considered where the
Pontryagin condition (the condition of the first player’s advantage) is not satisfied. The time dilation function is
introduced, which postpones the time of the game termination, and with its help a modified Pontryagin’s
condition, which allows making a measurable choice of control. The basic method is the method of resolving
functions. Using the technique of set-valued mappings and their selectors, strategies are generated, which
guarantee the problem solution. The process of the trajectory approaching the terminal set consists of two
sections: active and passive, where the control of the first player is selected, using the control of the second
player with a certain time delay, which depends on the function of time dilation. The scheme of the method is
outlined and sufficient conditions for the game termination in a finite time are obtained.

Keywords: conflict-controlled process, set-valued mapping, modified Pontryagin’s condition, function of time
dilation, measurable choice.
===============================================================================

ÓÄÊ 330.115

Ðîáàñòíå óïðàâë³ííÿ äëÿ áåçïåêè ó âçàºìîçàëåæí³é ñèñòåì³ïðîäîâîëüñòâî–åíåðã³ÿ–âîäà–äîâê³ëëÿ:
ïðîöåäóðà ñòîõàñòè÷íèõ êâàç³ãðàä³ºíò³â äëÿ çâ’ÿçóâàííÿ ðîçïîä³ëåíèõ îïòèì³çàö³éíèõ ìîäåëåé
â óìîâàõ àñèìåòðè÷íî¿ ³íôîðìàö³³ òà íåâèçíà÷åíîñò³ / Þ. ªðìîëüºâ, À. Çàãîðîäí³é, Â. Áîãäàíîâ,
Ò. ªðìîëüºâà, Ï. Ãàâë³ê, Î. Ðîâåíñüêà, Í. Êîìåíäàíòîâà, Ì. Îáåðøòàéíåð // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 55–69.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ïîñë³äîâíèé àëãîðèòì äëÿ çâ’ÿçóâàííÿ äåöåíòðàë³çîâàíèõ ðîçïîä³ëåíèõ
îïòèì³çàö³éíèõ ðåã³îíàëüíèõ ³ ñåêòîðàëüíèõ ìîäåëåé â óìîâàõ àñèìåòðè÷íî¿ ³íôîðìàö³¿ òà íåâèçíà÷å-
íîñò³ íà îñíîâ³ ³òåðàòèâíèõ ïðîöåäóð ñòîõàñòè÷íèõ êâàç³ãðàä³ºíò³â, ðîçðîáëåíèõ äëÿ íåãëàäêî¿ òà íåäè-
ôåðåíö³éîâíî¿ îïòèì³çàö³¿. Ðîçðîáëåíó ïðîöåäóðó âèêîðèñòîâóþòü äëÿ îá’ºäíàííÿ ³íäèâ³äóàëüíèõ
ðåã³îíàëüíèõ ³ ñåêòîðàëüíèõ ìîäåëåé äëÿ ³íòåãðîâàíîãî âçàºìîçàëåæíîãî àíàë³çó òà óïðàâë³ííÿ áåçïå-
êîþ â ñèñòåì³ ïðîäîâîëüñòâî–åíåðã³ÿ–âîäà–äîâê³ëëÿ.

Êëþ÷îâ³ ñëîâà: ï³äòðèìêà ï³ä ÷àñ ïðèéíÿòòÿ ð³øåíü, àñèìåòðè÷íà ³íôîðìàö³ÿ, çâ’ÿçóâàííÿ, ïðîöåäóðè
ñòîõàñòè÷íèõ êâàç³ãðàä³ºíò³â, íåãëàäêà îïòèì³çàö³ÿ, ñóáãðàä³ºíò, ³íòåãðîâàíå ìîäåëþâàííÿ, óïðàâë³ííÿ
âçàºìîçàëåæíîñòÿìè â ñèñòåì³ ïðîäîâîëüñòâî–åíåðã³ÿ–âîäà–äîâê³ëëÿ.
—————————————————————————————————————————————

Robust food–energy–water–environmental security management: stochastic quasigradient procedure for
linkage of distributed optimization models under asymmetric information and uncertainty / Y. Ermoliev,
A.G. Zagorodny, V.L. Bogdanov, T. Ermolieva, P. Havlik, E. Rovenskaya, N. Komendantova,
M. Obersteiner // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 55–69.

Abstract. The paper presents a consistent algorithm for regional and sectoral distributed models’ linkage
and optimization under asymmetric information based on iterative stochastic quasigradient (SQG) solution
procedure of, in general, non-smooth nondifferentiable optimization. The procedure is used for linking
individual sectoral and regional models for integrated and interdependent food–energy–water–environmental
security analysis and management.

Keywords: decision support, asymmetric information, linkage, SQG solution procedure, non-smooth
optimization, subgradient, integrated modeling, food–energy–water–environmental nexus.
===============================================================================
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ÓÄÊ 519.21

Ñòîõàñòè÷í³ ìîäåë³ â çàäà÷àõ ïðîãíîçóâàííÿ åï³äåì³îëîã³÷íî¿ ñèòóàö³¿ / Î.Â. Áîãäàíîâ,
Ï.Ñ. Êíîïîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 70–76.

Àíîòàö³ÿ. Ó ðîáîò³ äîñë³äæóþòüñÿ äåÿê³ ñòîõàñòè÷í³ ìîäåë³ ç äèñêðåòíèì òà íåïåðåðâíèì ÷àñîì
äëÿ ðîçâ’ÿçàííÿ âàæëèâèõ çàäà÷ ïðîãíîçóâàííÿ ïîøèðåííÿ åï³äåì³îëîã³÷íèõ çàõâîðþâàíü ñåðåä íàñå-
ëåííÿ. Âðàõîâóþòüñÿ ð³çí³ ôàêòîðè ïîøèðåííÿ åï³äåì³é òà îñíîâí³ ïàðàìåòðè, ùî âïëèâàþòü íà îö³íþ-
âàííÿ ïðîãíîçó. Ïðîâåäåíî òåñòîâ³ ðîçðàõóíêè, ÿê³ ñïèðàþòüñÿ íà çàïðîïîíîâàí³ ìåòîäè.

Êëþ÷îâ³ ñëîâà: ìåòîäè, îïòèì³çàö³ÿ, ìîäåëþâàííÿ, ñòîõàñòè÷í³ ð³âíÿííÿ, îö³íþâàííÿ, åï³äåì³ÿ, äèñ-
êðåòíèé òà íåïåðåðâíèé ÷àñ.
—————————————————————————————————————————————

Stochastic models in the problems of forecasting the epidemiological situation / O.V. Bogdanov,
P.S. Knopov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 70–76.

Abstract. The paper investigates some stochastic models with discrete and continuous time to solve
important problems in predicting the spread of epidemiological diseases among the population. Various factors
of epidemic spread and the main parameters influencing the assessment of the forecast are taken into account.
Some test calculations based on the proposed methods have been performed.

Keywords: methods, optimization, modeling, stochastic equations, estimation, epidemic, discrete and
continuous time.
===============================================================================
ÓÄÊ 517.9: 519.6

Äåÿê³ êðàéîâ³ çàäà÷³ ô³ëüòðàö³éíî¿ äèíàì³êè, â³äïîâ³äí³ ìîäåëÿì äðîáîâî¿ äèôóç³¿ ðîçïîä³ëåíîãî
ïîðÿäêó / Â.Ì. Áóëàâàöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 77–89.

Àíîòàö³ÿ. Íà îñíîâ³ ìîäåëåé äðîáîâî¿ äèôóç³¿ ðîçïîä³ëåíîãî ïîðÿäêó âèêîíàíî ïîñòàíîâêè òà
îäåðæàíî çàìêíåí³ ðîçâ’ÿçêè äåÿêèõ êðàéîâèõ çàäà÷ àíîìàëüíî¿ ãåîô³ëüòðàö³éíî¿ äèíàì³êè, çîêðåìà çà-
äà÷³ ïðî ïðèò³ê äî ãàëåðå¿, ðîçì³ùåíî¿ ì³æ äâîìà êîíòóðàìè æèâëåííÿ â òðèøàðîâîìó ãåîïîðèñòîìó ñå-
ðåäîâèù³. Äëÿ ñïðîùåíîãî âàð³àíòó ô³ëüòðàö³éíî¿ ìîäåë³ ðîçïîä³ëåíîãî ïîðÿäêó îäåðæàíî ðîâ’ÿçêè
ïðÿìî¿ òà îáåðíåíî¿ êðàéîâèõ çàäà÷ ô³ëüòðàö³éíî¿ äèíàì³êè, à òàêîæ çàäà÷³ ô³ëüòðàö³¿ ç íåëîêàëüíèìè
ãðàíè÷íèìè óìîâàìè.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, äðîáîâî-äèôåðåíö³éíà äèíàì³êà ô³ëüòðàö³éíèõ ïðîöåñ³â,
ãåîïîðèñò³ ñåðåäîâèùà, íåêëàñè÷í³ ìîäåë³, ìîäåëü ô³ëüòðàö³¿ ç ïîõ³äíîþ ðîçïîä³ëåíîãî ïîðÿäêó, êðà-
éîâ³ çàäà÷³, çàìêíåí³ ðîçâ’ÿçêè.
—————————————————————————————————————————————

Some boundary-value problems of filtration dynamics corresponding to fractional diffusion models of
distributed order / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 77–89.

Abstract. On the basis of distributed-order fractional diffusion models, statements are made and closed
solutions are obtained for some boundary-value problems of anomalous geofiltration dynamics, in particular,
the problem of inflow to a gallery located between two supply lines in a three-layer geoporous medium. For
a simplified version of the filtration model of distributed order, solutions are obtained for the direct and inverse
boundary-value problems of filtration dynamics, as well as for the filtration problem with nonlocal boundary
conditions.

Keywords: mathematical modeling, fractional-differential dynamics of filtration processes, geoporous media,
non-classical models, model of filtration with distributed order derivative, boundary-value problem,
closed-form solution.
===============================================================================

ÓÄÊ 531.01:519.876.5

Ìàòåìàòè÷íà ìîäåëü âçàºìîä³¿ ïîñò³éíèõ ìàãí³ò³â òà íàäïðîâ³äíèõ êîòóøîê / C.². Ëÿøêî,
Ñ.Ñ. Çóá, ².Ã. ßëîâåãà, Â.Ñ. Ëÿøêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 90–97.

Àíîòàö³ÿ. Ðîçðîáëåíî ôîðìàë³çì Ëàãðàíæà, ùî äàº çìîãó çíàõîäèòè ìàãí³òíó ïîòåíö³àëüíó
åíåðã³þ âçàºìîä³¿ â ñèñòåì³, ÿêà ñêëàäàºòüñÿ ç êîòóøîê ³íäóêòèâíîñò³ ç ïîñò³éíèì ìàãí³òíèì ïîòîêîì
(íàäïðîâ³äí³ êîòóøêè) òà ïîñò³éíèì ñòðóìîì (ïîñò³éí³ ìàãí³òè). Â ÿâíîìó âèãëÿä³ îòðèìàíî ïîòåíö³àëü-
íó åíåðã³þ ìàãí³òíî¿ ñèñòåìè, ÿêà ñêëàäàºòüñÿ ç íàäïðîâ³äíèõ êîòóøîê ³ ïîñò³éíèõ ìàãí³ò³â, ùî äàº çìî-
ãó ïðîâåñòè ïîâíå äîñë³äæåííÿ ñò³éêîñò³ ð³âíîâàãè òà ðóõó â òàêèõ ìàãí³òíèõ ñèñòåìàõ. Âêàçàíî ðîáîòè,
â ÿêèõ çàïðîïîíîâàíèé ï³äõ³ä ìîæå áóòè êîðèñíèì äëÿ ìîäåëþâàííÿ ê³áåðô³çè÷íèõ àáî òåõí³÷íèõ ñèñ-
òåì ìàãí³òíî¿ ëåâ³òàö³¿.

Êëþ÷îâ³ ñëîâà: åëåêòðîìåõàí³÷í³ ñèñòåìè, öèêë³÷í³ êîîðäèíàòè, ìåòîä Ðàóñà, ôîðìàë³çì Ëàãðàíæà,
ñò³éê³ñòü.
—————————————————————————————————————————————
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Mathematical model of permanent magnets and superconducting coils interaction / S.I. Lyashko,
S.S. Zub, I.G. Yalovega, V.S. Lyashko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 90–97.

Abstract. A Lagrangian formalism is developed, which allows finding the magnetic potential energy of
interactions in a system of superconducting inductors (coils with constant magnetic flux) and permanent
magnets (coils with direct current). The explicit form of potential energy for a magnetic system with constant
magnetic fluxes and direct currents allows the stability analysis in such magnetic systems both at equilibrium
and motion. A number of applications are indicated, which will benefit from this approach such as modelling of
cyber-physical or technical systems of magnetic levitation.

Keywords: electromechanical systems, cyclic coordinates, Rauss method, Lagrange formalism, stability.
===============================================================================

ÓÄÊ 519.8

Îá´ðóíòóâàííÿ äèôóç³éíî¿ ìîäåë³ âïðîâàäæåííÿ ³ííîâàö³é òà ¿¿ çàñòîñóâàííÿ äî ïîøèðåííÿ
âàêöèíàö³é / Â.Ì. Ãîðáà÷óê, Ì.Ñ. Äóíàºâñüêèé, À.À. Ñèðêó, Ñ.-Á. Ñóëåéìàíîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 98–109.

Àíîòàö³ÿ. Âèâ÷àþòüñÿ ïåðåäóìîâè òà ïðèïóùåííÿ êëàñè÷íî¿ ìîäåë³ Áàññà ïîøèðåííÿ ³ííîâàö³é ç
ìåòîþ ¿¿ çàñòîñóâàííÿ äëÿ ìîäåëþâàííÿ àêòóàëüíèõ ñòîõàñòè÷íèõ ïðîöåñ³â, ùî îïèñóþòü ïàíäåì³¿. Ìî-
äåëü Áàññà äîâåëà ñâîþ óí³âåðñàëüí³ñòü ³ çàñòîñîâí³ñòü äî ð³çíèõ ñåðåäîâèù. Íàâåäåíî äåòàëüí³ ìàòåìà-
òè÷í³ îá´ðóíòóâàííÿ âëàñòèâîñòåé ìîäåë³ íà îñíîâ³ òåîð³é åêîëþö³éíèõ ð³âíÿíü ³ ñòîõàñòè÷íèõ ïðîöåñ³â
ç ìåòîþ ¿¿ ïîäàëüøîãî ðîçâèòêó, ïîøóêó ïàðàìåòð³â íåâèçíà÷åíîñò³ òà ñïîñòåðåæóâàíèõ çì³ííèõ. Îòðè-
ìàíî ðåàë³ñòè÷í³ ðåçóëüòàòè îö³íþâàííÿ ïàðàìåòð³â ìîäåë³ Áàññà äëÿ âàêöèíàö³é â Óêðà¿í³ òà Á³ëîðóñ³
íà òèæíåâèõ äàíèõ ïåðøîãî ï³âð³÷÷ÿ 2021 ð. ³ çàïðîïîíîâàíî ïðîâåäåííÿ ïîä³áíèõ äîñë³äæåíü äëÿ
³íøèõ äåðæàâ, à òàêîæ îáëàñòåé ³ ðàéîí³â Óêðà¿íè.

Êëþ÷îâ³ ñëîâà: íîâèé ïðîäóêò, êðèòè÷íà ìàñà, ïàíäåì³ÿ, ìàðêåòèíã, îõîðîíà çäîðîâ’ÿ, ñòîõàñòè÷í³
ïðîöåñè.
—————————————————————————————————————————————

Substantiation of the diffusion model for innovation implementation and its application to the
propagation of vaccinations / V.M. Gorbachuk, M.S. Dunaievskyi, A.A. Syrku, S.-B. Suleimanov //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 98–109.

Abstract. The article examines in detail the prerequisites and assumptions of the classical Bass model of
innovation diffusion in order to apply it to the modeling of topical stochastic processes related to the pandemic.
The Bass model has proven its versatility and applicability to various environments. The article presents
a thorough mathematical substantiation of the model properties for the purpose of its further development,
search of uncertainty parameters and observed variables, based on the theories of evolutionary equations and
stochastic processes. The paper provides realistic results of the Bass model parameter estimation for vaccination
in Ukraine and Belarus on the weekly data of the first half of 2021 and suggests similar studies for other
countries as well as regions and districts of Ukraine.

Keywords: new product, critical mass, pandemic, marketing, health care, stochastic processes.
===============================================================================

ÓÄÊ 519.6

Àíàë³ç ðåçóëüòàò³â îá÷èñëþâàëüíîãî åêñïåðèìåíòó â³äíîâëåííÿ ðîçðèâíèõ ôóíêö³é äâîõ çì³ííèõ
çà äîïîìîãîþ ïðîºêö³é. ²I / Î.Ì. Ëèòâèí, Î.Ã. Ëèòâèí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022.
Òîì 58, ¹ 1. Ñ. 110–121.

Àíîòàö³ÿ. Öÿ ñòàòòÿ º ïðîäîâæåííÿì ñåð³¿ ïóáë³êàö³é ï³ä îäíîéìåííîþ íàçâîþ. Ó í³é âèêîíàíî
ïîäàëüøå âäîñêîíàëåííÿ ìåòîäó â³äíîâëåííÿ ðîçðèâíèõ ôóíêö³é äâîõ çì³ííèõ çà äîïîìîãîþ ïðîºêö³é
äëÿ ï³äâèùåííÿ òî÷íîñò³ íàáëèæåííÿ áåç ÿâèùà Ã³ááñà. Çàïðîïîíîâàíî áóäóâàòè ðîçðèâíèé ñïëàéí ó
òàêèé ñïîñ³á, ùîá ð³çíèöÿ ì³æ íàáëèæóâàíîþ ôóíêö³ºþ ³ öèì ñïëàéíîì áóëà äèôåðåíö³éîâíîþ
ôóíêö³ºþ. Öþ ôóíêö³þ â³äíîâëþþòü çà äîïîìîãîþ ñê³í÷åííèõ ñóì Ôóð’º, êîåô³ö³ºíòè Ôóð’º â ÿêèõ
çíàõîäÿòü çà äîïîìîãîþ ïðîºêö³é. Çàïðîïîíîâàíî ìåòîä îá÷èñëåííÿ öèõ êîåô³ö³ºíò³â. Âèêîíàíî îá÷èñ-
ëþâàëüíèé åêñïåðèìåíò çà ïðèïóùåííÿ, ùî íàáëèæóâàíà ôóíêö³ÿ ìàº ðîçðèâè ïåðøîãî ðîäó íà çàäàí³é
ñèñòåì³ âêëàäåíèõ îäèí â îäíèé êðóã³â àáî åë³ïñ³â. Àíàë³ç ðåçóëüòàò³â îá÷èñëåíü ï³äòâåðäèâ ¿õíþ
â³äïîâ³äí³ñòü òåîðåòè÷íèì òâåðäæåííÿì ðîáîòè. Çàïðîïîíîâàíèé ìåòîä íàäàº çìîãó îòðèìóâàòè çàäàíó
òî÷í³ñòü íàáëèæåííÿ çà ìåíøî¿ ê³ëüêîñò³ ïðîºêö³é, òîáòî çà ìåíøîãî îïðîì³íþâàííÿ.

Êëþ÷îâ³ ñëîâà: êîìï’þòåðíà òîìîãðàô³ÿ, ðîçðèâíà ôóíêö³ÿ, ðîçðèâíèé ñïëàéí, êëàñ äèôåðåíö³éîâ-
íîñò³, ÿâèùå Ã³ááñà, ñóìà Ôóð’º.
—————————————————————————————————————————————
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Analysis of the results of a computing experiment to restore the discontinuous functions of two variables
using projections. II / Î.Ì. Lytvyn, Î.G. Lytvyn // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1.
P. 110–121.

Abstract. This article continues a series of publication under the same name. It performs further
improvement of the method for recovering discontinuous functions of two variables using projections in order
to improve the accuracy of approximation without the Gibbs phenomenon. To this end, it is proposed to
construct a discontinuous spline so that the difference between the function being approximated and this spline
is a differentiable function. This function is restored using finite Fourier sums whose Fourier coefficients are
found using projections. A method for calculating these coefficients is proposed. In the computing experiment,
it was assumed that the approximated function has discontinuities of the first kind on a given system of circles
or ellipses nested into each other. Analysis of the calculation results confirmed the theoretical statement of the
study. The method makes it possible to obtain a prescribed approximation accuracy with a smaller number of
projections, i.e., with less irradiation.

Keywords: computed tomography, discontinuous function, discontinuous spline, differentiability class, Gibbs
phenomenon, Fourier sum.
===============================================================================

ÓÄÊ 519-7/339.9

Ìàòåìàòè÷íå ìîäåëþâàííÿ äèíàì³êè êðèçîâèõ ñèòóàö³é ³ îïòèì³çàö³ÿ êåðóâàííÿ ðèíêîì
ïåðåì³ùåííÿ êàï³òàëó â óìîâàõ ãëîáàë³çàö³¿ ñâ³òîâî¿ ô³íàíñîâî-åêîíîì³÷íî¿ ñèñòåìè /
Â.Â. Õèëåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 122–136.

Àíîòàö³ÿ. Ñòàòòÿ º ïðîäîâæåííÿì öèêëó ðîá³ò ç ìàòåìàòè÷íîãî ìîäåëþâàííÿ äèíàì³êè ñâ³òîâî¿
ô³íàíñîâî-åêîíîì³÷íî¿ ñèñòåìè (ÔÅÑ) â óìîâàõ ãëîáàë³çàö³¿ ³ àíàë³çó â³äïîâ³äíèõ îñîáëèâîñòåé ïå-
ðåì³ùåííÿ (ðóõó) êàï³òàëó. Ðîçãëÿíóòî îñîáëèâîñò³ ñòðóêòóðèçàö³¿ ïðîöåñ³â ïåðåì³ùåííÿ êàï³òàëó
â óìîâàõ ñó÷àñíî¿ ãëîáàë³çîâàíî¿ ÔÅÑ òà ¿õíüîãî âïëèâó íà åôåêòèâí³ñòü ³íâåñòèö³éíîãî ïîðòôåëÿ òà
åêîíîì³êó êðà¿í-äîíîð³â ³ êðà¿í-ðåöèï³ºíò³â. Âñòàíîâëåíî âçàºìîçâ’ÿçîê äèíàì³÷íèõ ïðîöåñ³â ðóõó ïî-
çèêîâîãî êàï³òàëó òà ³íäèêàòîðà Áàôôåòà ÿê õàðàêòåðíó îçíàêó âèíèêíåííÿ ³ ðîçâèòêó êðèç. Âèçíà÷åíî
óìîâè, çà ÿêèõ ïîäàëüøå âëèâàííÿ êàï³òàëó («çàëèâàííÿ êðèçè ãðîøèìà») âòðà÷àº åôåêòèâí³ñòü.

Êëþ÷îâ³ ñëîâà: ô³íàíñîâî-åêîíîì³÷íà ñèñòåìà â óìîâàõ ãëîáàë³çàö³¿, ïåðåì³ùåííÿ êàï³òàëó, åêîíîì³÷í³
öèêëè, ìàòåìàòè÷íå ìîäåëþâàííÿ, îïòèì³çàö³ÿ êåðóâàëüíèõ âïëèâ³â ðåãóëÿòîð³â, çàõèñò ðèíêó â³ä êðè-
çîâèõ ñèòóàö³é.
—————————————————————————————————————————————

Mathematical modeling of the dynamics of crisis situations and optimization of capital relocation market
management in the context of globalization of the world financial and economic system / V.V. Khilenko //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 122–136.

Abstract. The article continues a series of studies in the analysis of the features of capital relocation
(movement) and mathematical modeling of the dynamics of the world financial-economic system (FES) in the
context of globalization. The features of the structuring of capital transfer processes in the context of a modern
globalized FES and their impact on the efficiency of the investment portfolio and the economy of donor and
recipient countries are considered. The relationship between the dynamic processes of the movement of
borrowed capital and the Buffett indicator is established as a characteristic feature of the emergence and
development of crises. The conditions have been determined when further capital injection — “flooding the
crisis with money” ceases to be effective.

Keywords: financial-economic system in the conditions of globalization, capital movement, economic cycles,
mathematical modeling, optimization of control influences of regulators, protection of the market from crisis
situations.
===============================================================================

ÓÄÊ 355.41

Âèçíà÷åííÿ éìîâ³ðíîñò³ äîñÿãíåííÿ ìåòè ôóíêö³îíóâàííÿ ïðîñòîðîâî-ðîçïîä³ëåíîþ ñèñòåìîþ ç
âèêîðèñòàííÿì ïîêàçíèêà ¿¿ ä³¿ / Î.². Õàçàíîâè÷, Î.Ì. Ìîâ÷àí, Â.Ï. Õàð÷åíêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 137–144.

Àíîòàö³ÿ. Óâåäåíî ïîíÿòòÿ ä³¿ ñèñòåìè, âèçíà÷åíî ¿¿ ïîêàçíèê òà îòðèìàíî ð³âíîñò³, ùî íàäàþòü
çìîãó âèçíà÷èòè òà ðîçðàõóâàòè éìîâ³ðí³ñòü äîñÿãíåííÿ ìåòè ôóíêö³îíóâàííÿ ïðîñòîðîâî-ðîçïîä³ëå-
íîþ ñèñòåìîþ ç âèêîðèñòàííÿì ïîêàçíèêà ä³¿ ö³º¿ ñèñòåìè. ²ç çàñòîñóâàííÿì îäåðæàíèõ ìàòåìàòè÷íèõ
ñï³ââ³äíîøåíü äîñë³äæåíî ñèñòåìó ìàòåð³àëüíîãî çàáåçïå÷åííÿ. Âèçíà÷åíî ¿¿ ä³þ òà ðîçðàõîâàíî
éìîâ³ðí³ñòü äîñÿãíåííÿ ìåòè ôóíêö³îíóâàííÿ ö³ºþ ñèñòåìîþ.

Êëþ÷îâ³ ñëîâà: ä³ÿ ñèñòåìè, ³ìîâ³ðí³ñòü äîñÿãíåííÿ ìåòè ñèñòåìîþ, ïðîñòîðîâî-ðîçïîä³ëåíà ñèñòåìà.
—————————————————————————————————————————————
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Determining the probability of achieving the purpose of a spatially distributed system using its operation
indicator / Î.². Khazanovych, Î.Ì. Ìîvchàn, V.P. Kharchenko // Kibernetyka ta Systemnyi Analiz. 2022.
Vol. 58, N 1. P. 137–144.

Abstract. The article introduces the concept of system operation, defines its indicator, and obtains
equations that allow determining and calculating the probability of achieving the purpose of the spatially
distributed system using the indicator of operation of this system. Using the obtained mathematical relations,
the material support system is analyzed. Its action is determined and the probability of achieving the purpose of
operation of this system is calculated.

Keywords: system operation, probability of achieving the purpose by the system, spatially distributed system.
===============================================================================

ÓÄÊ 519.21

Ì³í³ìàêñíà ô³ëüòðàö³ÿ ïîñë³äîâíîñòåé ç ïåð³îäè÷íî ñòàö³îíàðíèìè ïðèðîñòàìè / Ì.Ì. Ëóç,
Ì.Ï. Ìîêëÿ÷óê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 145–165.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó îïòèìàëüíî¿ ô³ëüòðàö³¿ ôóíêö³îíàë³â, ùî çàëåæàòü â³ä íåâ³äîìèõ
çíà÷åíü ñòîõàñòè÷íî¿ ïîñë³äîâíîñò³ ç ïåð³îäè÷íî ñòàö³îíàðíèìè ïðèðîñòàìè íà îñíîâ³ ñïîñòåðåæåíü
ïîñë³äîâíîñò³ ç³ ñòàö³îíàðíèì øóìîì. Äëÿ ïîñë³äîâíîñòåé ç âèçíà÷åíèìè ñïåêòðàëüíèìè ù³ëüíîñòÿìè
îòðèìàíî ôîðìóëè äëÿ îá÷èñëåííÿ çíà÷åíü ñåðåäíüîêâàäðàòè÷íèõ ïîõèáîê òà ñïåêòðàëüíèõ õàðàêòåðèñ-
òèê îïòèìàëüíèõ îö³íîê ôóíêö³îíàë³â. Çàïðîïîíîâàíî ôîðìóëè, ùî âèçíà÷àþòü íàéìåíø ñïðèÿòëèâ³
ñïåêòðàëüí³ ù³ëüíîñò³ òà ì³í³ìàêñí³ (ðîáàñòí³) ñïåêòðàëüí³ õàðàêòåðèñòèêè îïòèìàëüíèõ îö³íîê
ôóíêö³îíàë³â ó òîìó âèïàäêó, êîëè ñïåêòðàëüí³ ù³ëüíîñò³ ïîñë³äîâíîñò³ òî÷íî íå â³äîì³, òîä³ ÿê âèçíà-
÷åí³ ìíîæèíè äîïóñòèìèõ ñïåêòðàëüíèõ ù³ëüíîñòåé.

Êëþ÷îâ³ ñëîâà: ïåð³îäè÷íî ñòàö³îíàðí³ ïðèðîñòè, ì³í³ìàêñíî-ðîáàñòíà îö³íêà, íàéìåíø ñïðèÿòëèâà
ñïåêòðàëüíà ù³ëüí³ñòü.
—————————————————————————————————————————————

Minimax filtering of sequences with periodically stationary increments / M.M. Luz, M.P. Moklyachuk //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 145–165.

Abstract. The authors consider the problem of optimal filtering of linear functionals that depend on
unknown values of the stochastic sequence with periodically stationary increments based on observations of the
sequence with a stationary noise. For sequences with known spectral densities, formulas for the values of the
root-mean-square errors and spectral characteristics of the optimal estimates of the functionals are obtained.
Formulas that determine the least favorable spectral densities and minimax (robust) spectral characteristics of
the optimal linear estimates of functionals are proposed in the case where spectral densities of the sequence are
not known exactly while some sets of feasible spectral densities are given.

Keywords: periodically stationary increments, minimax-robust estimate, least favorable spectral density.
===============================================================================

ÓÄÊ 519.217

Ãðàíè÷íà òåîðåìà äëÿ áàãàòîâèì³ðíîãî ð³âíÿííÿ â³äíîâëåííÿ / Î.À. ßðîâà, ß.². ªëåéêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 166–169.

Àíîòàö³ÿ. Ðîçãëÿíóòî áàãàòîâèì³ðíå ð³âíÿííÿ â³äíîâëåííÿ â ìàòðè÷í³é ôîðì³. Çíàéäåíî ð³âíÿííÿ
â³äíîâëåííÿ äëÿ ïðîöåñó ç íåçàëåæíèìè ïðèðîñòàìè òà ñòàíàìè ìàðêîâñüêîãî ïðîöåñó. Äîñë³äæåíî
ôóíêö³þ â³äíîâëåííÿ. Äîâåäåíî ãðàíè÷íó òåîðåìó äëÿ ð³âíÿííÿ â³äíîâëåííÿ.

Êëþ÷îâ³ ñëîâà: ð³âíÿííÿ â³äíîâëåííÿ, ôóíêö³ÿ â³äíîâëåííÿ, ìàðêîâñüêèé ïðîöåñ, ïðîöåñ ç íåçàëåæíè-
ìè ïðèðîñòàìè, ñëàáêà çá³æí³ñòü.
—————————————————————————————————————————————

Limit theorem for multidimensional renewal equation / O.A. Yarova, Ya.I. Yeleyko // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 1. P. 166–169.

Abstract. In the paper, we consider the multidimensional renewal equation in matrix form. The renewal
equation for the process with independent increments and states of the Markov process is found. The renewal
function is investigated. The limit theorem for the renewal equation is proved.

Keywords: renewal equation, renewal function, Markov process, process with independent increments, weak
convergence.
===============================================================================
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ÓÄÊ 004.75

Ðîçøèðåííÿ ðåëÿö³éíî¿ àëãåáðè ç óðàõóâàííÿì ïðîïîçèö³é DBTG CODASYL / À.Â. Àí³ñ³ìîâ,
².Î. Çàâàäñüêèé, Ï.Ï. Êóëÿáêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 170–180.

Àíîòàö³ÿ. Äîñë³äæåío ðîçâ’ÿçàííÿ ïðîáëåìè íèçüêî¿ îá÷èñëþâàëüíî¿ åôåêòèâíîñò³ ðåëÿö³éíî¿
ìîäåë³ äàíèõ. Çàïðîïîíîâàíî ðîçøèðåííÿ ðåëÿö³éíî¿ àëãåáðè çà ðàõóíîê îïåðàö³é íàä íàáîðàìè äàíèõ
— îñíîâíî¿ êîíñòðóêö³¿ ó ïðîïîçèö³ÿõ DBTG CODASYL. Êîðèñòóâà÷ó íàäàºòüñÿ ìîæëèâ³ñòü âèáèðàòè
ñïîñ³á ðåàë³çàö³¿ çâ’ÿçê³â ì³æ äàíèìè çàëåæíî â³ä âèìîã ùîäî øâèäêîñò³ ¿õíüîãî îáðîáëåííÿ: ïîâ³ëüíèõ
àëå ãíó÷êèõ, ùî áàçóþòüñÿ íà õàðàêòåðí³é äëÿ ðåëÿö³éíèõ ÑÊÁÄ ñèìâîë³÷í³é àäðåñàö³¿, ÷è øâèäêèõ, àëå
æîðñòêèõ íà ïðÿìèõ óêàç³âíèêàõ (â³äíîñíà àäðåñàö³ÿ), õàðàêòåðíèõ äëÿ ÑÊÁÄ «äîðåëÿö³éíèõ ÷àñiâ».

Êëþ÷îâ³ ñëîâà: ðåëÿö³éíèé ï³äõ³ä, ðåëÿö³éíà àëãåáðà, ïðîïîçèö³¿ DBTG CODASYL, íàá³ð äàíèõ, àëãåá-
ðà âèáîðó Äð³áàñà.
—————————————————————————————————————————————

Extension of the relational algebra on the basis of DBTG CODASYL proposals / A.V. Anisimov,
I.O. Zavadskiy, P.P. Kuliabko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 170–180.

Abstract. The problem of low computational efficiency of the relational algebra is investigated. A certain
extension of the relational algebra with the help of operations over data sets (the basic construction of DBTG
CODASYL propositions) is proposed. The user is given a choice to implement the links between data,
depending on the requirements for their processing speed, a slow but flexible option based on symbolic
addressing (which is typical for relational databases) or fast but hard on direct pointers (relative addressing),
which is typical for DBMS of the pre-relational era.

Keywords: relational approach, relational algebra, DBTG CODASYL proposals, data sets, Dribas selective
algebra.
===============================================================================

ÓÄÊ 004.05, 004.42

Òåõí³êà íå÷³òêîãî òåñòóâàííÿ òà ¿¿ âèêîðèñòàííÿâ çàäà÷àõ ê³áåðáåçïåêè / Î.Î. Ëåòè÷åâñüêèé,
Â.Ñ. Ïåñ÷àíåíêî, ß.Â. Ãðèíþê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 181–189.

Àíîòàö³ÿ. Ðîçãëÿíóòî òåõíîëîã³þ íå÷³òêîãî òåñòóâàííÿ, ÿêà ïîëÿãàº ó òåñòóâàíí³ ïðîãðàìíèõ ñèñ-
òåì ç ïîäàííÿì êðèòè÷íèõ àáî íåî÷³êóâàíèõ âõ³äíèõ äàíèõ. Íàâåäåíî îãëÿä ïîòî÷íîãî ñòàíó ïðîáëåìè
òà ïðåäñòàâëåíî îñíîâí³ ñèñòåìè íå÷³òêîãî òåñòóâàííÿ. Ïðîàíàë³çîâàíî ï³äõ³ä äî òåõíîëîã³¿ íå÷³òêîãî
òåñòóâàííÿ ç âèêîðèñòàííÿì àëãåáðè÷íèõ ìåòîä³â, çîêðåìà ñèìâîëüíîãî ìîäåëþâàííÿ. Ðîçãëÿíóòî àëãî-
ðèòì «ëåãêî¿ âàãè», ÿêèé ðîçðîáëåíî äëÿ ñêîðî÷åííÿ ÷àñó ãåíåðàö³¿ òåñò³â. Àëãîðèòì ðåàë³çîâàíî â ñåðå-
äîâèù³ ñèñòåìè ³íñåðö³éíîãî ìîäåëþâàííÿ òà àïðîáîâàíî â òåñòóâàíí³ äàâíî â³äîìèõ âåðñ³é ñèñòåì,
ðîçðîáëåíèõ â ÎÑ Linux.

Êëþ÷îâ³ ñëîâà: íå÷³òêå òåñòóâàííÿ, âðàçëèâîñò³ â ïðîãðàìíîìó çàáåçïå÷åíí³, ñèìâîëüíå ìîäåëþâàííÿ,
àëãåáðà ïîâåä³íîê, ³íñåðö³éí³ ìîäåë³.
—————————————————————————————————————————————

Fuzzing technique and its usage in cybersecurity tasks / O.O. Letychevskyi, V.S. Peschanenko,
Y.V. Hryniuk // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 181–189.

Abstract. The paper considers the technology of fuzzy testing, which involves testing software systems
with the operating of critical or unexpected input data. An overview of the current state of the problem is made
and the main systems of fuzzy testing are presented. The approach to the technology of fuzzy testing with the
use of algebraic methods, in particular symbolic modeling, is considered. The “light weight” algorithm, which
is designed to reduce the generation time of tests, is considered. The algorithm is implemented in the
environment of the insertion modeling system and applied in testing older versions of systems developed in
Linux.

Keywords: fuzzing, vulnerabily of software, symbolic modeling, behavior algebra, insertion model.
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