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ÓÄÊ 159.93

Ïðîáëåìí³ ïèòàííÿ ùîäî áóäîâè òà ôóíêö³îíóâàííÿ ñ³òê³âêè îêà ëþäèíè: ê³áåðíåòè÷íèé ï³äõ³ä /
Â.Ï. Áîþí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 1. Ñ. 3–20.

Àíîòàö³ÿ. Ïðîâåäåíî àíàë³ç ïðîáëåìíèõ ïèòàíü îðãàí³çàö³¿ ñ³òê³âêè îêà ëþäèíè ç ïîãëÿäó ê³áåð-
íåòèêè. Çîêðåìà, ñôîðìóëüîâàíî ã³ïîòåçè â³äíîñíî óìîâ êîíöåíòðè÷íî¿îðãàí³çàö³¿ ðåöåïòèâíèõ ïîë³â,
âèä³ëåííÿ ³íôîðìàòèâíèõ îçíàê, ìîæëèâîñòåé ïåðåáóäîâè ðåöåïòèâíèõ ïîë³â òà ¿õí³õ îáìåæåíü, ïåðåäà-
âàííÿ ³íôîðìàö³¿ ÷åðåç ãàíãë³îçí³ êë³òèíè ç ïðèâ’ÿçêîþ ¿¿ äî ì³ñöåïîëîæåííÿ íà ñ³òê³âö³, à òàêîæ ùîäî
îñîáëèâîñòåé ðîáîòè çîðîâî¿ ñèñòåìè â ð³çíèõ ðåæèìàõ. Âèçíà÷åíî óìîâè êîðåêòíîãî ôóíêö³îíóâàííÿ
on- ³ off-öåíòð³â ðåöåïòèâíèõ ïîë³â íà áàç³ á³ïîëÿð³â ç êîëáî÷êîþ ÿê öåíòðàëüíî¿ çîíè çáóäæåííÿ òà îòî-
÷óþ÷èõ ïàëè÷îê ÿê çîíè ãàëüìóâàííÿ, îðãàí³çîâàíî¿ çà äîïîìîãîþ ãîðèçîíòàëüíèõ êë³òèí äëÿ on-öåí-
òðà, ³ íàâïàêè — äëÿ off-öåíòðà. Îá´ðóíòîâàíî óìîâè âèä³ëåííÿ ³íôîðìàòèâíèõ îçíàê íà áàç³ on- ³
off-öåíòð³â ó âèãëÿä³ òî÷êîâèõ çíà÷åíü ïåðåïàä³â ÿñêðàâîñò³ ì³æ ñóñ³äí³ìè åëåìåíòàìè. Îá´ðóíòîâàíî
æîðñòêó îðãàí³çàö³þ ðåöåïòèâíèõ ïîë³â ãàíãë³îçíèõ êë³òèí òà îáìåæåí³ ìîæëèâîñò³ ¿¿ ïåðåáóäîâè. Çàï-
ðîïîíîâàíî ã³ïîòåçó ùîäî îðãàí³çàö³¿ ïåðåäà÷³ ³íôîðìàö³¿ ïðî ïåðåïàäè ÿñêðàâîñò³ ç á³ïîëÿð³â ÷åðåç
ãàíãë³îçí³ êë³òèíè ï³ä êåðóâàííÿì àìàêðèíîâèõ êë³òèí ç ïðèâ’ÿçêîþ äî ì³ñöåïîëîæåííÿ íà ñ³òê³âö³.
Ñôîðìóëüîâàíî ã³ïîòåçó ïðî íåïåðåðâíå ñïðèéíÿòòÿ çîáðàæåííÿ ðåöåïòîðàìè ñ³òê³âêè òà äèñêðåòíå
ñïðèéíÿòòÿ ³íôîðìàö³¿ ìîçêîì. Ðîçãëÿíóòî îñîáëèâîñò³ ðîáîòè çîðîâî¿ ñèñòåìè â ðåæèìàõ ñïîãëÿäàííÿ,
ïîøóêó îá’ºêòà â çîáðàæåíí³, â³äñòåæåííÿ éîãî òà äåòàëüíîãî ðîçãëÿäàííÿ ³ ðîçï³çíàâàííÿ.

Êëþ÷îâ³ ñëîâà: ïåðèôåðè÷íà ñ³òê³âêà, öåíòðàëüíà ÿìêà, ïàëè÷êè ³ êîëáî÷êè, ãîðèçîíòàëüí³, á³ïîëÿðí³,
àìàêðèíîâ³ ³ ãàíãë³îçí³ êë³òèíè (íåéðîíè), on- ³ off-öåíòðè, ðåöåïòèâí³ ïîëÿ, êîíöåíòðè÷íà îðãàí³çàö³ÿ,
íåéðîìåðåæà, ³íôîðìàòèâí³ îçíàêè, ïåðåäà÷à ³íôîðìàö³¿, ðåæèìè ôóíêö³îíóâàííÿ çîðîâî¿ ñèñòåìè.
_________________________________________________________________________________________

The issues regarding the organization of the human retina: A cybernetic approach / V.P. Boyun //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 3–20.

Abstract. The issues in the organization of the human retina are analyzed from the point of view of
cybernetics. In particular, hypotheses are formulated regarding the conditions of the concentric organization of
receptive fields, the extraction of informative features, the possibilities of restructuring the receptive fields and
their limitations, the transmission of information through ganglion cells with its binding to the location on the
retina, as well as regarding the peculiarities of the visual system in different modes. The conditions for the
correct operation of on- and off-centers of receptive fields based on bipolars with a cone as the central zone of
excitation and the surrounding rods as an inhibition zone, organized with the help of horizontal cells for the
on-center, and vice versa — for the off-center, are determined. The conditions for the extraction of informative
features based on on- and off-centers in the form of point values of brightness differences between neighboring
elements are substantiated. The rigid organization of the receptive fields of ganglion cells and the limited
possibilities of its reconstruction are substantiated. A hypothesis on the organization of the transmission of
information about brightness differences from bipolar cells through ganglion cells under the control of amacrine
cells with reference to the location on the retina is proposed. A hypothesis on the continuous perception of the
image by the retina receptors and the discrete perception of information by the brain is formulated. The features
of the visual system in the modes of contemplation, searching for an object in an image, tracking it, and detailed
examination and recognition are considered.

Keywords: peripheral retina, fovea, rods and cones, horizontal, bipolar, amacrine and ganglion cells (neurons),
on- and off-centers, receptive fields, concentric organization, neural network, informative features, information
transmission, modes of functioning of the visual system.
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ÓÄÊ 621.391:519.2:519.7

Krip: âèñîêîøâèäê³ñíèé àïàðàòíî-îð³ºíòîâàíèé ïîòîêîâèé øèôð, ïîáóäîâàíèé íà îñíîâ³
íåàâòîíîìíîãî íåë³í³éíîãî ðåã³ñòðó çñóâó / Ë.Â. Êîâàëü÷óê, ².Â. Êîðÿêîâ, À.Ì. Îëåêñ³é÷óê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 1. Ñ. 21–32.

Àíîòàö³ÿ. Çàïðîïîíîâàíî àëãîðèòì ïîòîêîâîãî øèôðóâàííÿ, ïîáóäîâàíèé íà îñíîâ³ íåàâòîíîì-
íîãî íåë³í³éíîãî ðåã³ñòðó çñóâó äîâæèíè 2 íàä àëôàâ³òîì ïîòóæíîñò³ 2^256. Öåé ðåã³ñòð ôóíêö³îíóº
àíàëîã³÷íî øèôðó Ôåéñòåëÿ ç ðàóíäîâîþ ôóíêö³ºþ, ùî âèêîðèñòîâóºòüñÿ â àëãîðèòì³ øèôðóâàííÿ
Kalyna. Ïîêàçàíî, ùî çà ñò³éêîñò³ íà ð³âí³ 2^256 øèôð Krip çàáåçïå÷óº ÷îòèðèêðàòíèé âèãðàø ó øâèä-
êîä³¿ ïîð³âíÿííî ç ïðèéíÿòèì ñòàíäàðòîì ïîòîêîâîãî øèôðóâàííÿ Óêðà¿íè òà ìàéæå äâàäöÿòèêðàòíèé
ïîð³âíÿííî ç ñó÷àñíèì àëãîðèòìîì øèôðóâàííÿ Espresso.

Êëþ÷îâ³ ñëîâà: ïîòîêîâèé àëãîðèòì øèôðóâàííÿ, ñõåìà Ôåéñòåëÿ, íåë³í³éíèé ðåã³ñòð çñóâó, ãåíåðàòîð
ïñåâäîâèïàäêîâèõ ïîñë³äîâíîñòåé, àëãåáðà¿÷í³ àòàêè, êîðåëÿö³éí³ àòàêè, Strumok, Espresso, Krip.
_________________________________________________________________________________________
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Krip: High-speed hardware-oriented stream cipher based on non-autonomous non-linear shift register /
L.V. Kovalchuk, ².V. Koriakov, À.N. Alekseychuk // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 21–32.

Abstract. A stream cipher based on a non-autonomous non-linear shift register of length 2 over the alphabet
of 2^256 symbols is proposed. This register works like a Feistel cipher with a round function, used in cipher Kalyna.
It is shown that under the security level 2^256 the cipher Krip is four times faster than the current National
Encryption Ukrainian Standard and is almost 20 times faster than the modern stream cipher Espresso.

Keywords: stream cipher, Feistel scheme, non-linear shift register, generator of pseudorandom sequences,
algebraic attacks, correlation attacks, Strumok, Espresso.
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ÓÄÊ: 004.274

Ïîäâ³éíå êîäóâàííÿ ñòàí³â ó ì³êðîïðîãðàìíèõ àâòîìàòàõ Ìóðà / Î.Î. Áàðêàëîâ, Ë.Î. Ò³òàðåíêî,
À.Â. Áàºâ, Î.Â. Ìàòâ³ºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 1. Ñ. 33–45.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä çìåíøåííÿ àïàðàòóðíèõ âèòðàò ó ñõåì³ àâòîìàòà Ìóðà, ùî
ðåàë³çóºòüñÿ â áàçèñ³ EMB ³ LUT. Ìåòîä ´ðóíòóºòüñÿ íà ðîçáèòò³ ìíîæèíè ñòàí³â íà êëàñè, êîæåí ç ÿêèõ
â³äïîâ³äàº îäíîìó áëîêó ëîã³÷íèõ åëåìåíò³â. Ïðè öüîìó êîæíèé ñòàí ìàº äâà êîäè. Òàêèé ï³äõ³ä ïðèâîäèòü
äî òðèð³âíåâî¿ ñõåìè àâòîìàòà Ìóðà. Ðîçãëÿíóòî ïðèêëàä ñèíòåçó ñõåìè ÌÏÀ Ìóðà ç âèêîðèñòàííÿì çàïðî-
ïîíîâàíîãî ìåòîäó. Ðîçãëÿíóòî óìîâè éîãî çàñòîñóâàííÿ. Äîñë³äæåííÿ íà áàç³ ñòàíäàðòíèõ àâòîìàò³â ïîêà-
çàëè, ùî çàïðîïîíîâàíèé ìåòîä äàº çìîãó çìåíøèòè àïàðàòóðí³ âèòðàòè â ïîð³âíÿíí³ ç ³íøèìè ìåòîäàìè.

Êëþ÷îâ³ ñëîâà: àâòîìàò Ìóðà, ñèíòåç, EMB, LUT, ñòðóêòóðíà äåêîìïîçèö³ÿ, ðîçáèòòÿ.
_________________________________________________________________________________________

Twofold state assignment for Moore finite state machines / A.A. Barkalov, L.A. Titarenko, A.V. Baev,
A.V Matviienko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 33–45.

Abstract. A method is proposed for reducing hardware in circuits of Moore finite-state machines (FSMs)
implemented with EMB and LUTs. The method divides a set of states into classes, each corresponding to one
block of logical elements. Moreover, each state has two codes. This approach leads to the three-level circuit of
the Moore FSM. An example of the Moore FSM synthesis using the proposed method and the application
conditions for this method are considered. Studies based on standard benchmark FSMs have shown that the
proposed method reduces the hardware amount compared to other known solutions.

Keywords: Moore FSM, synthesis, EMB, LUT, structural decomposition, partition.
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ÓÄÊ 519.681.5

Ïàðàëåëüí³ àëãîðèòìè öèôðîâî¿ ô³ëüòðàö³¿ äàíèõ / Ì.Ñ. ßäæàê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2023. Òîì 59, ¹ 1. Ñ. 46–56.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ïàðàëåëüí³ àëãîðèòìè ðîçâ’ÿçàííÿ çàäà÷ öèôðîâî¿ ô³ëüòðàö³¿ ð³çíî¿
ðîçì³ðíîñò³ íà ñó÷àñíèõ îá÷èñëþâàëüíèõ çàñîáàõ óí³âåðñàëüíîãî ïðèçíà÷åííÿ. Îäåðæàíî òåîðåòè÷í³
îö³íêè ñêëàäíîñò³ òà ïðèñêîðåííÿ, ÿê³ ï³äòâåðäæóþòü âèñîêó åôåêòèâí³ñòü öèõ àëãîðèòì³â. Çä³éñíåíî
ïðîãðàìíó ðåàë³çàö³þ äåÿêèõ ³ç çàïðîïîíîâàíèõ ïàðàëåëüíèõ àëãîðèòì³â íà êîìï’þòåðàõ ³ç áàãàòîÿäåð-
íèì ïðîöåñîðîì ³ îäåðæàíî ðåàëüí³ îö³íêè ïðèñêîðåííÿ, ÿê³ äîáðå óçãîäæóþòüñÿ ³ç òåîðåòè÷íèìè.

Êëþ÷îâ³ ñëîâà: öèôðîâà ô³ëüòðàö³ÿ, ïàðàëåëüíèé àëãîðèòì, ïðèñêîðåííÿ îá÷èñëåíü, îáìåæåíèé ïàðà-
ëåë³çì, åêâ³âàëåíòí³ñòü àëãîðèòì³â, îá÷èñëþâàëüíà ñèñòåìà.
_________________________________________________________________________________________

Parallel algorithms of digital data filtering / M.S. Yadzhak // Kibernetyka ta Systemnyi Analiz. 2023.
Vol. 59, N 1. P. 46–56.

Abstract. The paper proposes parallel algorithms for solving digital filtering problems of different
dimensions using modern universal computing systems. Theoretical estimates of the complexity and speed-up
are obtained, which confirm the high efficiency of these algorithms. The software implementation of some of
the proposed parallel algorithms using computers with a multi-core processor is carried out, and real estimates
of the speed-up are obtained, which agree well with the theoretical ones.

Keywords: digital filtering, parallel algorithm, speed up of computations, limited parallelism, equivalence of
algorithms, computing system.
===============================================================================

ÓÄÊ 004.42

Ïîáóäîâà óçàãàëüíåíèõ ñóô³êñíèõ äåðåâ íà ðîçïîä³ëåíèõ ïàðàëåëüíèõ ïëàòôîðìàõ /
À.Ì. Ãëèáîâåöü, Â.Î. Ä³äåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 1. Ñ. 57–70.

Àíîòàö³ÿ. Çàïðîïîíîâàíî àëãîðèòì ïîáóäîâè óçàãàëüíåíèõ ñóô³êñíèõ äåðåâ ç âèêîðèñòàííÿì ðîç-
ïîä³ëåíèõ ïàðàëåëüíèõ ïëàòôîðì, ÿêèé º îïòèìàëüíèì ÿê ç ïîãëÿäó ÷àñîâî¿ ñêëàäíîñò³, òàê ³ âèêîðèñ-
òàííÿ ïàì’ÿò³. Ðîçïîä³ëåíèé ï³äõ³ä äî ïîáóäîâè äàº çìîãó ïðàöþâàòè ç âåëèêèìè àëôàâ³òàìè òà äóæå
äîâãèìè ðÿäêàìè. Àëãîðèòì º åôåêòèâíèì ùîäî ìàñøòàáîâàíîñò³ íà ðîçïîä³ëåíèõ ïàðàëåëüíèõ ïëàò-
ôîðìàõ ³ ï³äòðèìóº ñóô³êñè ³íäåêñóâàííÿ äëÿ ð³çíîìàí³òíèõ äîâãèõ ðÿäê³â, ïî÷èíàþ÷è â³ä îäíîãî äîâ-
ãîãî ðÿäêà äî ê³ëüêîõ äîâãèõ ðÿäê³â ð³çíî¿ äîâæèíè.

Êëþ÷îâ³ ñëîâà: ñóô³êñíå äåðåâî, óçàãàëüíåíå ñóô³êñíå äåðåâî, ERa, àëãîðèòì, ïàðàëåëüíà ïîáóäîâà
ñóô³êñíîãî äåðåâà.
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Construction of generalized suffix trees on distributed parallel platforms / A. Hlybovets, V. Didenko //

Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 57–70.

Abstract. This paper proposes an algorithm for constructing generalized suffix trees using distributed
parallel platforms, which is optimal from the point of both time complexity and memory consumption. The
distributed construction approach allows operating with large alphabets and very long strings. The algorithm is
efficient for scalability on distributed parallel platforms. It supports indexing suffixes for various long strings,
ranging from a single long string to multiple long strings of varying lengths.

Keywords: suffix tree, generalized suffix tree, ERa, algorithm, parallel construction of a suffix tree.

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

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 51.092

Ñòàíîâëåííÿ òà ðîçâèòîê íàóêîâî¿ øêîëè ìàòåìàòè÷íî¿ òåîð³¿ ô³ëüòðàö³¿. Äî 100-ð³÷÷ÿ ç äíÿ
íàðîäæåííÿ àêàäåì³êà / ².². Ëÿøêà².Â. Ñåðã³ºíêî, Î.Ì. Õ³ì³÷, Ä.À. Êëþøèí, Â.². Ëÿøêî,
Ñ.². Ëÿøêî, Â.Â. Ñåìåíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 1. Ñ. 71–81.

Àíîòàö³ÿ. Â îãëÿäi âèñâiòëåíî îñíîâíi åòàïè ñòàíîâëåííÿ òà ðîçâèòêó êè¿âñüêîþ øêîëè ìàòåìà-
òè÷íî¿ òåîð³¿ ô³ëüòðàö³¿. Îñíîâíà óâàãà ïðèä³ëåíà íàóêîâèì ³äåÿì òà ðåçóëüòàòàì ¿¿ ë³äåðà — âèäàòíîãî
óêðà¿íñüêîãî â÷åíîãî àêàäåì³êà ÍÀÍ Óêðà¿íè Iâàíà Iâàíîâè÷à Ëÿøêà. Æóðíàë «Ê³áåðíåòèêà òà ñèñòåì-
íèé àíàë³ç» ñèñòåìàòè÷íî ïóáë³êóº ðîáîòè ó÷í³â ².². Ëÿøêà, ó ÿêèõ éîãî ³äå¿ ³ çäîáóòêè îòðèìàëè ïîä-
àëüøèé ðîçâèòîê.

Êëþ÷îâ³ ñëîâà: òåîð³ÿ ô³ëüòðàö³¿, ïðèêëàäíà ìàòåìàòèêà, îá÷èñëþâàëüíà ìàòåìàòèêà, ê³áåðíåòèêà, ñèñ-
òåìè ç ðîçïîä³ëåíèìè ïàðàìåòðàìè.

_________________________________________________________________________________________

Formation and development of the scientific school of the mathematical theory of filtration. To the 100th
anniversary of the birth of I.I. Lyashko / I.V. Sergienko, O.M. Khimich, D.A. Klyushin, V.I. Lyashko,
S.I. Lyashko, V.V. Semenov // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 71–81.

Abstract. The review describes the main stages of the formation and development of the Kyiv School of
the mathematical filtration theory. The main attention is paid to the scientific ideas and results of its leader, an
outstanding Ukrainian scientist, Academician of the National Academy of Sciences of Ukraine, Ivan Ivanovich
Lyashko.

Keywords: theory of filtration, applied mathematics, computational mathematics, cybernetics, systems with
distributed parameters.mming problem, AMPL, Gurobi, CPLEX, optimal set partition, ð-median, k-means,
material and technical support.

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

ÓÄÊ 519.872

Çíàõîäæåííÿ ãðàä³ºíòà éìîâ³ðíîñò³ â³äìîâè ñèñòåìè ðàíãîâî¿ ñòðóêòóðè ìåòîäîì ïðèñêîðåíîãî
ìîäåëþâàííÿ / Ì.Þ. Êóçíºöîâ, ².Ì. Êóçíºöîâ, À.À. Øóìñüêà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.

2023. Òîì 59, ¹ 1. Ñ. 82–94.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìîäåëü â³äíîâëþâàíî¿ ðåçåðâîâàíî¿ ñèñòåìè ðàíãîâî¿ ñòðóêòóðè,
ôóíêö³îíóâàííÿ ÿêî¿ ç ïîãëÿäó íàä³éíîñò³ âèçíà÷àºòüñÿ ðîçïîä³ëàìè çàãàëüíîãî âèãëÿäó. Äëÿ çíàõîä-
æåííÿ ãðàä³ºíòà éìîâ³ðíîñò³ â³äìîâè ñèñòåìè ó çàäàíîìó ïðîì³æêó ÷àñó çàïðîïîíîâàíî ìåòîä ïðèñêî-
ðåíîãî ìîäåëþâàííÿ. Íàâåäåíî ÷èñëîâèé ïðèêëàä, ùî ³ëþñòðóº âèêîðèñòàííÿ öüîãî ìåòîäó äëÿ îö³íþ-
âàííÿ âïëèâó øâèäêîñòåé â³äíîâëåííÿ åëåìåíò³â ð³çíîãî òèïó íà íàä³éí³ñòü âñ³º¿ ñèñòåìè â ö³ëîìó.

Êëþ÷îâ³ ñëîâà: íàä³éí³ñòü, ðåçåðâîâàíà ñèñòåìà ç â³äíîâëåííÿì, ðàíã, ìîäåëþâàííÿ ³ç çàáîðîíîþ,
ãðàä³ºíò, íåçì³ùåíà îö³íêà, äèñïåðñ³ÿ.

_________________________________________________________________________________________

Evaluation of the gradient of the probability of failure of a rank structure system by the fast simulation
method / M.Yu. Kuznetsov, I.M. Kuznetsov, A.A. Shumska // Kibernetyka ta Systemnyi Analiz. 2023.

Vol. 59, N 1. P. 82–94.

Abstract. A model of a redundant repairable system of the rank structure is considered. Its time operation
is determined by distributions of a general form. In order to evaluate the gradient of the probability of system
failure in a given time interval, a fast simulation method is proposed. A numerical example illustrates the
application of this method to assess how the repair rates of different components types affect the reliability of
the entire system as a whole.

Keywords: reliability, redundant repairable system, rank, simulation with prohibition, gradient, estimate,
variance.
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ÓÄÊ 519.85

Ïðîïîðö³éíå ïàêóâàííÿ êðóã³â ó êðóãîâîìó êîíòåéíåð³ / Ò.ª. Ðîìàíîâà, Ï.². Ñòåöþê, À. Ô³øåð,
Ã.Ì. ßñüêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 1. Ñ. 95–103.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ïàêóâàííÿ êðóã³â çàäàíèõ òèï³â ó êðóãîâîìó êîíòåéíåð³. Êðóãàì äîç-
âîëåíî ïåðåòèíàòè ìåæó êîíòåéíåðà ó çàçäàëåã³äü âèçíà÷åíîìó îêîë³, ÿêèé çàëåæèòü â³ä òèïó êðóã³â
(óìîâà ïñåâäîâêëþ÷åííÿ). Ñ³ì’ÿ êðóã³â ðîçì³ùóºòüñÿ ó êîíòåéíåð³ çà óìîâè íåïåðåòèíó êðóã³â, ïñåâäîâ-
êëþ÷åííÿ òà äîòðèìàííÿ çàäàíèõ ïðîïîðö³é òèï³â êðóã³â (óìîâà ïðîïîðö³éíîñò³) çàäëÿ ìàêñèì³çàö³¿ çà-
ãàëüíî¿ ê³ëüêîñò³ êðóã³â. Ïîáóäîâàíî ìàòåìàòè÷íó ìîäåëü ÿê çàäà÷ó çì³øàíîãî ö³ëî÷èñëîâîãî
íåë³í³éíîãî ïðîãðàìóâàííÿ. Çàïðîïîíîâàíî åâðèñòè÷íèé àëãîðèòì, ÿêèé çàñòîñîâóº çàäà÷ó íåë³í³éíîãî
ïðîãðàìóâàííÿ äëÿ ïàêóâàííÿ çàäàíî¿ ê³ëüêîñò³ êðóã³â ó êðóãîâîìó êîíòåéíåð³, ìàêñèì³çóþ÷è çì³íí³
ðàä³óñè êðóã³â. Íàâåäåíî ðåçóëüòàòè îá÷èñëþâàëüíèõ åêñïåðèìåíò³â.

Êëþ÷îâ³ ñëîâà: ïðîïîðö³éíå ïàêóâàííÿ, êðóãè, êðóãîâèé êîíòåéíåð, ïñåâäîâêëþ÷åííÿ, îïòèì³çàö³ÿ

_________________________________________________________________________________________

Proportion packing of circles in a circular container / T.E. Romanova, P.I. Stetsyuk, A. Fischer,
G.M. Yaskov // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 95–103.

Abstract. The paper considers the optimization problem of packing circles into a larger fixed circular
container with non-standard placement conditions. A family of circles is assigned to a given set of circle types.
Proportions of the different types of circles appearing in the packing are defined. The circles are allowed
predefined overhanding of the container boundary. The problem is aimed to arrange as much non-overlapping
circles in the container as possible subject to the proportion and pseudo-containment conditions.
A mathematical model as a mixed integer nonlinear mathematical programming problem (MINLP) is
constructed and a solution algorithm is proposed. It reduces the MINLP to a sequence of nonlinear
programming problems for packing of circles with variable metrical characteristics meeting the proportion
conditions in a given circular container. The computational results are provided.

Keywords: proportional packing, circles, circular container, pseudo-containment, optimization.

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

ÓÄÊ 519.21

Ïîë³åäðàëüíà êîãåðåíòíà ì³ðà ðèçèêó òà ðîáàñòíà çà ðîçïîä³ëîì îïòèì³çàö³ÿ ïîðòôåëÿ /
Â.Ñ. Êèðèëþê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 1. Ñ. 104–115.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïîë³åäðàëüí³ êîãåðåíòí³ ì³ðè ðèçèêó òà ¿õí³ êîíñòðóêö³¿ íàéã³ðøîãî âèïàä-
êó çà ìíîæèíîþ íåîäíîçíà÷íîñò³. Äëÿ âèïàäêó äèñêðåòíîãî ðîçïîä³ëó òà ïîë³åäðàëüíî¿ ìíîæèíè íå-
îäíîçíà÷íîñò³ îá÷èñëåííÿ òàêèõ ì³ð ðèçèêó çâîäèòüñÿ äî çàäà÷ ë³í³éíîãî ïðîãðàìóâàííÿ. Âèâ÷åíî çà-
äà÷³ ðîáàñòíî¿ çà ðîçïîä³ëîì îïòèì³çàö³¿ ïîðòôåëÿ çà ñï³ââ³äíîøåííÿì âèíàãîðîäà–ðèçèê ç âèêîðèñòàí-
íÿì êîíñòðóêö³é íàéã³ðøîãî âèïàäêó çà ïîë³åäðàëüíîþ ìíîæèíîþ íåîäíîçíà÷íîñò³ äëÿ öèõ ì³ð ðèçèêó
òà ñåðåäíüîãî äîõîäó. Ö³ çàäà÷³ çâåäåíî äî â³äïîâ³äíèõ çàäà÷ ë³í³éíîãî ïðîãðàìóâàííÿ.

Êëþ÷îâ³ ñëîâà: êîãåðåíòíà ì³ðà ðèçèêó, ïîë³åäðàëüíà êîãåðåíòíà ì³ðà ðèçèêó, Ñonditional Value-at-Risk
(CVaR), ìíîæèíà íåîäíîçíà÷íîñò³, ðîáàñòíà çà ðîçïîä³ëîì îïòèì³çàö³ÿ, îïòèì³çîâàíèé åêâ³âàëåíò âèç-
íà÷åíîñò³, îïòèì³çàö³ÿ ïîðòôåëÿ, ì³ðà â³äõèëåííÿ.

_________________________________________________________________________________________

Polyhedral coherent risk measure and distributionally robust portfolio optimization / V.S. Kirilyuk //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 104–115.

Abstract. Polyhedral coherent risk measures and their worst-case constructions on an ambiguity set are
considered. For the case of a discrete distribution and a polyhedral ambiguity set calculating such risk measures
is reduced to linear programming problems. The distributionally robust portfolio optimization problems based
on the reward-risk ratio using worst-case constructions on the polyhedral ambiguity set for these risk measures
and average return are analyzed. They are reduced to the appropriate linear programming problems.

Keywords: coherent risk measure, polyhedral coherent risk measure, conditional value-at-risk, ambiguity set,
distributionally robust optimization, optimized certainty equivalent, portfolio optimization, deviation measure.

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

UDC 519.9

Ðîçðîáëåííÿ ìîäåë³ ìîäóëþâàëüíîãî äçåðêàëà, çàêð³ïëåíîãî íà àêòèâíèõ îïîðàõ: ñòîõàñòè÷íà
ìîäåëü / Ã.Ì. Çðàæåâñüêèé, Â.Ô. Çðàæåâñüêà, Î.Ì. Ãîëîäí³êîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2023. Òîì 59, ¹ 1. Ñ. 116–123.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ñòîõàñòè÷íó âåðñ³þ ìîäåë³ ìîäóëþâàëüíîãî äçåðêàëà, çàêð³ïëåíîãî íà
àêòèâíèõ îïîðàõ çà ïðèïóùåííÿ, ùî íà ïîâåðõí³ äçåðêàëà ìîæóòü áóòè äåôåêòè ç âèïàäêîâèìè ïàðàìåò-
ðàìè. Çàäà÷à ïîëÿãàº â ïîøóêó òàêèõ ñèë êåðóâàííÿ, ÿê³ á çàáåçïå÷èëè íàéêðàùå íàáëèæåííÿ çàäàíî¿
ôîðìè òà ôàçè êîëèâàíü îäíîð³äíîãî äçåðêàëà, à òàêîæ âðàõîâóâàëè äåôåêòè ç âèïàäêîâèìè ãåîìåòðè÷-
íèìè òà ìåõàí³÷íèìè õàðàêòåðèñòèêàìè. Çðîáëåíî ïðèïóùåííÿ, ùî ñèñòåìà ïðàöþº íåàäåêâàòíî (òîáòî
«â³äìîâëÿº»), ÿêùî ôàçà àáî àìïë³òóäà â³äõèëÿþòüñÿ â³ä çàäàíèõ çíà÷åíü íà âåëè÷èíó, á³ëüøó çà ïåâíèé
çàäàíèé ïîð³ã. Ï³ä ÷àñ ì³í³ì³çàö³¿ ðèçèêó öüîãî â³äõèëåííÿ âèêîðèñòàíî bPOE (ì³ðà ðèçèêó).

Êëþ÷îâ³ ñëîâà: ðèçèê, CVaR, bPOE, ñòðóêòóðíà íàä³éí³ñòü, ìîäóëÿö³ÿ äçåðêàëà, àìïë³òóäà ³ ôàçà êîëè-
âàíü, îïòèì³çàö³ÿ.
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Developing a model for the modulating mirror fixed on active supports: A stochastic model /
G. Zrazhevsky, V. Zrazhevska, O. Golodnikov // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1.
P. 116–123.

Abstract. The paper proposes a stochastic version of the problem of modulating a mirror fixed on active
supports. It is assumed that the mirror has several defects of elliptical form with stochastic parameters. The
problem is to find the control forces that provide the best approximation of a given shape and phase of the
mirror oscillation taking into consideration defects with undefined geometric and mechanical characteristics. It
is supposed that the system works inappropriately (i.e., “fails”) if the phase or amplitude deviates from the
target more than some specified threshold. To minimize the risk of such deviation, we use Buffered Probability
of Exceedance (bPOE) as a measure of risk.

Keywords: risk; CVaR; bPOE; structural reliability; modulating a mirror; amplitude and phase of oscillation;
optimization.

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

ÓÄÊ 514.18: 519.8

Êîíöåïö³ÿ ìîäåëþâàííÿ çàäà÷ ðîçì³ùåííÿ òà ïîêðèòòÿ ç âèêîðèñòàííÿì ñó÷àñíèõ ïàêåò³â
îá÷èñëþâàëüíî¿ ãåîìåòð³¿ / Ñ.Â. ßêîâëåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 1.
Ñ. 124–138.

Àíîòàö³ÿ. Ðîçãëÿíóòî êëàñ ãåîìåòðè÷íèõ çàäà÷ ðîçì³ùåííÿ òà ïîêðèòòÿ. Çàïðîïîíîâàíî íîâó êîí-
öåïö³þ ¿õíüîãî ìàòåìàòè÷íîãî ìîäåëþâàííÿ ç âèêîðèñòàííÿì ñïåö³àëüíîãî êëàñó ôóíêö³é. Äëÿ ðîçâ’ÿ-
çóâàííÿ çàäà÷ âèêîðèñòàíî ñïåö³àëüí³ á³áë³îòåêè ïðîãðàì îá÷èñëþâàëüíî¿ ãåîìåòð³¿, ÿê³ íå ïîòðåáóþòü
àíàë³òè÷íîãî âèãëÿäó ôóíêö³é, ùî îïèñóþòü óìîâè ðîçì³ùåííÿ òà ïîêðèòòÿ, àëå äàþòü çìîãó çä³éñíþâà-
òè ¿õíþ ïåðåâ³ðêó. Îá´ðóíòîâàíî ñêîðî÷åííÿ îá÷èñëþâàëüíèõ âèòðàò, ùî ðîçøèðþº ìîæëèâîñò³ åôåê-
òèâíîãî çàñòîñóâàííÿ ìåòîä³â ëîêàëüíî¿ òà ãëîáàëüíî¿ îïòèì³çàö³¿. Íàâåäåíî ðåçóëüòàòè ðîçâ’ÿçóâàííÿ
òåñòîâèõ çàäà÷ ìàêñèìàëüíîãî ïîêðèòòÿ ïðÿìîêóòíî¿ îáëàñò³ ñóêóïí³ñòþ åë³ïñ³â çàäàíèõ ðîçì³ð³â òà çà-
äà÷ó ðîçì³ùåííÿ åë³ïñ³â ó ïðÿìîêóòíèêó ì³í³ìàëüíî¿ ïëîù³.

Êëþ÷îâ³ ñëîâà: çàäà÷³ ðîçì³ùåííÿ òà ïîêðèòòÿ, ìàòåìàòè÷íå ìîäåëþâàííÿ, ïàêåòè îá÷èñëþâàëüíî¿ ãåî-
ìåòð³¿, îïòèì³çàö³ÿ.

_________________________________________________________________________________________

The concept of simulation packing and covering problems using modern computational geometry
software / S.V. Yakovlev // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 124–138.

Abstract. A class of geometric packing and covering problems is considered. A new concept of
mathematical modeling using a special class of functions is proposed. To solve the problems, special libraries of
computational geometry programs are used. They do not require an analytical view of the functions that
describe the packing and covering conditions but allow their verification. The reduction of the computing costs
is substantiated, which expands the possibilities of the efficient application of local and global optimization
methods. The results of solving the test problems of the maximum coverage of a rectangular area with a set of
ellipses of given sizes and the problem of placing ellipses in a rectangle of minimum area are given.

Keywords: packing and covering problems, mathematical modeling, computational geometry software,
optimization.

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

ÓÄÊ 533.6.013.42

Îñîáëèâîñò³ çàñòîñóâàííÿ ìåòîäó ñê³í÷åííèõ ð³çíèöü äëÿ ðîçâ’ÿçàííÿ íåë³í³éíèõ çàäà÷ äèíàì³êè
ðîçïîä³ëåíèõ ñèñòåì ó ïîòîö³ / Þ.². Êàëþõ, Î.Ì. Òðîôèì÷óê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2023. Òîì 59, ¹ 1. Ñ. 139–155.

Àíîòàö³ÿ. Ðîçãëÿíóòî îñîáëèâîñò³ çàñòîñóâàííÿ ìåòîäó ñê³í÷åííèõ ð³çíèöü (ÌÑÐ) äëÿ ðîçâ’ÿçàí-
íÿ íåë³í³éíèõ äèíàì³÷íèõ çàäà÷ ðîçïîä³ëåíèõ ñèñòåì (ÐÑ) ó ïîòîö³. Ïîêàçàíî, ùî îñíîâíèìè îáìåæåí-
íÿìè çàñòîñóâàííÿ ÌÑÐ äëÿ ÷èñåëüíîãî ìîäåëþâàííÿ ïîøèðåííÿ òà â³äáèòòÿ õâèëü ó ÐÑ º îñîáëèâîñò³
âèçíà÷àëüíèõ êâàç³ë³í³éíèõ ð³âíÿíü. Âîíè çóìîâëþþòü íåîáõ³äí³ñòü îäíî÷àñíîãî îá÷èñëåííÿ çì³ííèõ,
ùî â³äïîâ³äàþòü øâèäêîïëèííèì òà ïîâ³ëüíèì õâèëüîâèì ïðîöåñàì. Äëÿ òàêèõ ñèñòåì ð³âíÿíü âèêîðèñ-
òîâóþòü òåðì³í «ñèíãóëÿðíî çáóðåíà ñèñòåìà ð³âíÿíü». Ö³ çáóðåííÿ º íàñë³äêîì çíà÷íî¿ ð³çíèö³ ó øâèä-
êîñòÿõ ïîøèðåííÿ ïîçäîâæí³õ, êîíô³ãóðàö³éíèõ, çãèíàëüíèõ ³ êðóòèëüíèõ õâèëü ó ÐÑ íà ô³çè÷íîìó
ð³âí³. Ç îãëÿäó íà öå ïîòð³áíî çàñòîñîâóâàòè ñïåö³àëüí³ ïîêðîêîâ³ çà ÷àñîì ìåòîäè ðåãóëÿðèçàö³¿ òà
ô³ëüòðàö³¿ ÷èñåëüíèõ ðåçóëüòàò³â. Öå íàêëàäàº ïåâí³ îáìåæåííÿ íà ìîæëèâ³ñòü ìîäåëþâàííÿ ðåàëüíèõ
ïðîöåñ³â òà íà òî÷í³ñòü îòðèìàíèõ ðåçóëüòàò³â ³ çìóøóº çàñòîñîâóâàòè íåÿâí³ ð³çíèöåâ³ ñõåìè òà âèñîêî-
÷àñòîòíó ô³ëüòðàö³þ. Äëÿ ðîçâ’ÿçàííÿ ñèñòåì ë³í³éíèõ àëãåáðà¿÷íèõ ð³âíÿíü ç óðàõóâàííÿì ïîãàíî¿ îá-
óìîâëåíîñò³ ìàòðèö³ êîíâåêòèâíèõ ÷ëåí³â åêñïåðèìåíòàëüíèì îá÷èñëåííÿì áóëî îáðàíî ìåòîä ðåãóëÿ-
ðèçàö³¿. Ðåçóëüòàòè ç íåîáõ³äíèì ñòóïåíåì òî÷íîñò³ ìîæíà îòðèìàòè, âèêîðèñòîâóþ÷è ð³çíèöåâó ñõåìó
Êðàíêà–Í³êîëüñîí íàâ³òü íà ãðóáèõ ñ³òêàõ ³ âèòðàòè ÷àñó ïðè öüîìó áóäóòü ì³í³ìàëüíèìè. ²íøà ñèòóàö³ÿ
ñïîñòåð³ãàºòüñÿ ó ðàç³ ïîð³âíÿííÿ ðåçóëüòàò³â íà ãðóá³é ³ á³ëüø äð³áí³é ñ³òêàõ äëÿ ð³çíèöåâî¿ ñõåìè
Åéëåðà. Íåïåðåáîðí³ ïîìèëêè â³ä ïîõèáîê àïðîêñèìàö³¿ â³äñóòí³õ ãðàíè÷íèõ óìîâ ïðèçâîäÿòü äî ùå
á³ëüøèõ ïîõèáîê.

Êëþ÷îâ³ ñëîâà: ìåòîä ñê³í÷åííèõ ð³çíèöü, ðîçïîä³ëåí³ ñèñòåìè, íåë³í³éí³ñòü, ñèíãóëÿðí³ñòü, âèñîêî-
÷àñòîòíà ô³ëüòðàö³ÿ.
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Peculiarities of applying the finite-difference method for calculation of nonlinear problems of the
dynamics of distributed systems in a flow / I. Kaliukh, O. Trofymchuk, Î. Lebid // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 1. P. 139–155.

Abstract. Peculiarities of application of the finite-difference method (FDM) for calculation of nonlinear
dynamic problems of distributed systems (DS) in a flow are considered. The main limitations for the application
of the FDM for numerical modeling of wave propagation and reflection in DS are the features of the defining
quasilinear equations. They are associated with the need to simultaneously calculate the variables responsible
for transient and slow wave processes. The term “singularly perturbed system of equations” is used for such
systems of equations. These perturbations are the result of a significant difference in the propagation velocities
of longitudinal, configurational, bending, and torsional waves in the DS at the physical level, etc. Therefore, it
is necessary to use special step-by-step methods of regularization and filtering of the numerical results. It
imposes certain contstraints on the ability to model real processes and the accuracy of the results and forces the
use of implicit difference schemes and high-frequency filtering. When solving the system of linear algebraic
equations, taking into account the poor conditioning of the matrix of convective terms, the method of
regularization was chosen by experimental calculation. Calculations according to the Crank–Nicholson
difference scheme, even using coarse grids, can give results with the required degree of accuracy. And the cost
of time will be minimal. Another picture is observed when comparing the results on coarse and fine grids for the
Euler difference scheme. Irresistible mistakes brought in by errors in approximating the missing boundary
conditions lead to greater differences.

Keywords: finite difference method, distributed systems, nonlinearity, singularity, high frequency filtering.
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ÓÄÊ 519.6

Óçàãàëüíåííÿ ìîäåë³ ³íôåêö³éíîãî çàõâîðþâàííÿ ç óðàõóâàííÿì äèôóç³éíèõ çáóðåíü, ëîã³ñòè÷íî¿
äèíàì³êè òà á³îñòèìóëÿö³¿ / Ñ.Â. Áàðàíîâñüêèé, À.ß. Áîìáà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023.
Òîì 59, ¹ 1. Ñ. 156–168.

Àíîòàö³ÿ. Óçàãàëüíåíî ìàòåìàòè÷íó ìîäåëü á³³íôåêö³¿ äëÿ óìîâ çîñåðåäæåíîãî àâòîìàòèçîâàíîãî
êåðóâàííÿ ç óðàõóâàííÿì äèôóç³éíèõ çáóðåíü, á³îñòèìóëÿö³¿ òà ëîã³ñòè÷íî¿ äèíàì³êè â³ðóñíèõ åëåìåíò³â
³ àíòèò³ë. Ðîçâ’ÿçàííÿ âèõ³äíî¿ ñèíãóëÿðíî çáóðåíî¿ çàäà÷³ ³ç çàï³çíåííÿìè ïðåäñòàâëåíî ó âèãëÿä³ àäàï-
òîâàíî¿ ó â³äïîâ³äíèé ñïîñ³á ïîêðîêîâî¿ ÷èñåëüíî-àñèìïòîòè÷íî¿ ïðîöåäóðè íàáëèæåííÿ. Ïðåäñòàâëåíî
ðåçóëüòàòè êîìï’þòåðíèõ åêñïåðèìåíò³â, ÿê³ äåìîíñòðóþòü îñîáëèâîñò³ âïëèâó á³îñòèìóëÿö³¿ òà ³ìóíî-
òåðàï³¿ íà ðîçâèòîê õðîí³÷íîãî çàõâîðþâàííÿ ó ðàç³ âðàõóâàííÿ äèôóç³éíîãî «ðîçñ³þâàííÿ» òà ëîã³ñòè÷-
íî¿ ïîïóëÿö³éíî¿ äèíàì³êè â³ðóñ³â ³ àíòèò³ë. Òàêîæ ïîêàçàíî, ùî â óìîâàõ äèôóç³éíîãî «ðîçñ³þâàííÿ»
çàñòîñóâàííÿ ëèøå á³îñòèìóëÿö³¿ º íåäîñòàòí³ì äëÿ îòðèìàííÿ áàæàíîãî ë³êóâàëüíîãî åôåêòó
ó ñòàö³îíàðíîìó ñòàí³. Íàãîëîøåíî, ùî ó ïðàêòè÷íèõ ñèòóàö³ÿõ ï³ä ÷àñ ïðèéíÿòòÿ ð³øåíü ùîäî ë³êóâàí-
íÿ õðîí³÷íèõ çàõâîðþâàíü äîö³ëüíèì º çàñòîñóâàííÿ äèñêðåòíî¿ ïðîöåäóðè àäàïòèâíîãî àâòîìàòè÷íîãî
êåðóâàííÿ ³ìóííîþ ðåàêö³ºþ ç êîìïëåêñíèì âèêîðèñòàííÿì á³îñòèìóëÿö³¿ òà ³ìóíîòåðàï³¿.

Êëþ÷îâ³ ñëîâà: ìîäåëü ³íôåêö³éíîãî çàõâîðþâàííÿ, á³îñòèìóëÿö³ÿ, äèíàì³÷í³ ñèñòåìè ³ç çàï³çíåííÿì,
àñèìïòîòè÷í³ ìåòîäè, ñèíãóëÿðíî çáóðåí³ çàäà÷³, çîñåðåäæåí³ âïëèâè, ëîã³ñòè÷íà äèíàì³êà.
_________________________________________________________________________________________

Generalizing the infectious disease model taking into account diffusion perturbations, logistics dynamics,
and biostimulation / S.V. Baranovsky, A.Ya. Bomba // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1.
P. 156–168.

Abstract. A mathematical model of biinfection is generalized for the conditions of concentrated
automated control, taking into account diffusion perturbations, biostimulation, and logistic dynamics of viral
elements and antibodies. The solution of the original singularly perturbed problem with a delay is presented as
an appropriately adapted stepwise numerically asymptotic approximation procedure. The results of the
computer experiments are presented. They demonstrate the peculiarities of the influence of biostimulation and
immunotherapy on the development of a chronic disease, taking into account the diffuse “scattering” and
logistic population dynamics of viruses and antibodies. It is shown that under conditions of diffusion
“scattering,” only biostimulation is not sufficient to obtain the desired therapeutic effect in a stationary state. It
is emphasized that in practical situations of making a decision regarding the treatment of chronic diseases, it is
advisable to use a discrete procedure of adaptive automatic control of the immune response with the complex
use of biostimulation and immunotherapy.

Keywords: infectious disease model, biostimulation, dynamic systems with delay, asymptotic methods,
singularly perturbed problems, concentrated influences, logistics dynamics.
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ÓÄÊ 519.65

×åáèøîâñüêå íàáëèæåííÿ ôóíêö³é áàãàòüîõ çì³ííèõ ðàö³îíàëüíèì âèðàçîì ç óìîâîþ /
Ï.Ñ. Ìàëà÷³âñüêèé, Ë.Ñ. Ìåëüíè÷îê, ß.Â. Ï³çþð // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59,
¹ 1. Ñ. 169–179.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ïîáóäîâè ÷åáèøîâñüêîãî íàáëèæåííÿ ôóíêö³é áàãàòüîõ çì³ííèõ
ðàö³îíàëüíèì âèðàçîì ç ³íòåðïîëÿö³éíîþ óìîâîþ. ²äåÿ ìåòîäó ´ðóíòóºòüñÿ íà ïîáóäîâ³ ãðàíè÷íîãî ñå-

ðåäíüîñòåïåíåâîãî íàáëèæåííÿ ðàö³îíàëüíèì âèðàçîì ç ³íòåðïîëÿö³éíîþ óìîâîþ ó íîðì³ ïðîñòîðó L
p

äëÿ p � �. Äëÿ ïîáóäîâè òàêîãî íàáëèæåííÿ âèêîðèñòàíî ³òåðàö³éíó ñõåìó íà îñíîâ³ ìåòîäó íàéìåí-
øèõ êâàäðàò³â ç äâîìà çì³ííèìè âàãîâèìè ôóíêö³ÿìè. Îäíà âàãîâà ôóíêö³ÿ çàáåçïå÷óº ïîáóäîâó ñåðåä-
íüîñòåïåíåâîãî íàáëèæåííÿ ç óìîâîþ, à äðóãà — óòî÷íåííÿ ïàðàìåòð³â ðàö³îíàëüíîãî âèðàçó çà ñõåìîþ
éîãî ë³íåàðèçàö³¿. Çá³æí³ñòü ìåòîäó çàáåçïå÷óº îðèã³íàëüíèé ñïîñ³á ïîñë³äîâíîãî óòî÷íåííÿ çíà÷åíü âà-
ãîâèõ ôóíêö³é, ÿêèé âðàõîâóº ðåçóëüòàòè íàáëèæåííÿ íà ïîïåðåäí³õ ³òåðàö³ÿõ. Íàâåäåíî ðåçóëüòàòè òåñ-
òîâèõ ïðèêëàä³â, ùî ï³äòâåðäæóþòü øâèäêó çá³æí³ñòü çàïðîïîíîâàíîãî ìåòîäó ïîáóäîâè ÷åáèøîâñüêî-
ãî íàáëèæåííÿ ðàö³îíàëüíèì âèðàçîì ç óìîâîþ.

Êëþ÷îâ³ ñëîâà: ÷åáèøîâñüêå íàáëèæåííÿ ðàö³îíàëüíèì âèðàçîì, ÷åáèøîâñüêå íàáëèæåííÿ ç óìîâîþ,
ôóíêö³¿ áàãàòüîõ çì³ííèõ, ñåðåäíüîñòåïåíåâå íàáëèæåííÿ, ìåòîä íàéìåíøèõ êâàäðàò³â, çì³ííà âàãîâà
ôóíêö³ÿ.

_________________________________________________________________________________________

Chebyshev approximation of multivariable functions by the rational expression with the condition /
P.S. Malachivskyy, L.S. Melnychok, Ya.V. Pizyur // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1.
P. 169–179.

Abstract. A method for constructing the Chebyshev approximation by the rational expression of the
multivariable functions with the interpolation condition is proposed. The idea of the method is based on the
construction of the ultimate mean-power approximation by a rational expression with the interpolation

condition in the norm of space L
p at p � �. To construct such an approximation, an iterative scheme based on

the least squares method with two variable weight functions is used. One weight function provides the
construction of a mean-power approximation with the interpolation condition, and the second — the
specification of the parameters of a rational expression according to the scheme of its linearization. The
convergence of the method provides an original way of sequential refinement of the values of weight functions,
which takes into account the results of the approximation of previous iterations. The results of test examples
confirm the rapid convergence of the proposed method of constructing the Chebyshev approximation by
a rational expression with a condition.

Keywords: Chebyshev approximation by the rational expression, Chebyshev approximation with the condition,
multivariable functions, mean-power approximation, least squares method, variable weight function.

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

ÓÄÊ 519.8

Àïðîêñèìàòèâí³ õàðàêòåðèñòèêè óçàãàëüíåíèõ îïåðàòîð³â Ïóàññîíà íà êëàñàõ Çèãìóíäà /
Î.Ã. Õàí³í, Á.Ì. Áîðñóê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 1. Ñ. 180–190.

Àíîòàö³ÿ. Äîñë³äæåíî àïðîêñèìàòèâí³ õàðàêòåðèñòèêè óçàãàëüíåíèõ îïåðàòîð³â Ïóàññîíà íà êëà-

ñàõ ôóíêö³é Çèãìóíäà Z
� äëÿ ïîäàëüøîãî ¿õíüîãî çàñòîñóâàííÿ â òåîð³¿ îïòèìàëüíèõ ð³øåíü. Êëàñè

ôóíêö³é Çèãìóíäà Z
� ñüîãîäí³ âñå ÷àñò³øå âèêîðèñòîâóþòü â îïòèì³çàö³éíèõ ìåòîäàõ, ùî çóìîâëþº àê-

òóàëüí³ñòü ðîçâ’ÿçóâàíî¿ çàäà÷³. Îòðèìàíî îö³íêó âåðõíüî¿ ìåæ³ â³äõèëåííÿ ôóíêö³é êëàñó Çèãìóíäà Z
�

â³ä ¿õí³õ óçàãàëüíåíèõ îïåðàòîð³â Ïóàññîíà â ð³âíîì³ðí³é ìåòðèö³. Óçàãàëüíåí³ îïåðàòîðè Ïóàññîíà ÿê
ðîçâ’ÿçêè â³äïîâ³äíèõ äèôåðåíö³àëüíèõ ð³âíÿíü â ÷àñòèííèõ ïîõ³äíèõ åë³ïòè÷íîãî òèïó º ë³í³éíèìè äî-

äàòíèìè îïåðàòîðàìè, à òîìó âîíè ðåàë³çóþòü íàéêðàùå àñèìïòîòè÷íå íàáëèæåííÿ ôóíêö³é êëàñó Z
� .

Òîáòî ìàºìî êîíêðåòíó ðåàë³çàö³þ îïòèì³çàö³éíèõ çàäà÷ ìåòîäàìè òåîð³¿ íàáëèæåíü.

Êëþ÷îâ³ ñëîâà: îïòèì³çàö³éí³ âëàñòèâîñò³ ôóíêö³é, àïðîêñèìàòèâí³ õàðàêòåðèñòèêè, ë³í³éí³ äîäàòí³
îïåðàòîðè, êëàñè Çèãìóíäà.

_________________________________________________________________________________________

Approximate characteristics of generalized Poisson operators on the Zygmund classes / O.G. Khanin,
B.M. Borsuk // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 180–190.

Abstract. The paper analyzes the approximate characteristics of generalized Poisson operators on the

classes of Zygmund Z
� , with the aim of their further application in the theory of optimal solutions. Classes of

Zygmund Z
� are increasingly used in optimization methods, emphasizing the relevance of the problem. The

estimation of the upper bound of the deviation of the functions of Zygmund class Z
� from their generalized

Poisson operators in the uniform metric is obtained. Generalized Poisson operators as solutions of the
corresponding elliptic partial differential equations are positive linear operators and, therefore, they realize

asymptotic approximation of the class functions Z
� in the best way. That is, we have the specific

implementation of the optimization problems using the methods of approximation theory.

Keywords: functions optimization properties, approximate characteristics, linear positive operators, Zygmund
class.
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ÓÄÊ 517.11+519.92+519.246+519.711

Ïðîãíîçóâàííÿ íå÷³òêèõ ÷àñîâèõ ðÿä³â íà ï³äñòàâ³ êîíöåïö³¿ íàéáëèæ÷èõ íå÷³òêèõ ìíîæèí ³
òåíçîðíèõ ìîäåëåé / Þ.Ì. Ì³íàºâ, Î.Þ. Ô³ë³ìîíîâà, Þ.². Ì³íàºâà // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2023. Òîì 59, ¹ 1. Ñ. 191–204.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìåòîä ïðîãíîçóâàííÿ íå÷³òêèõ ÷àñîâèõ ðÿä³â ç ïðåäñòàâëåííÿì ñòàíäàðòíî¿
íå÷³òêî¿ ìíîæèíè ó âèãëÿä³ òåíçîðà, îòðèìàíîãî ÿê ðåçóëüòàò òåíçîðíîãî äîáóòêó êîìïîíåíò, ôîðìó-
âàííÿ òåíçîðíî¿ ïîñë³äîâíîñò³, îñòàíí³é åëåìåíò ÿêî¿ (ïðîãíîçîâàíà íå÷³òêà ìíîæèíà) îá÷èñëþºòüñÿ ÿê
íåïîâíèé òåíçîð (ç â³äñóòí³ìè åëåìåíòàìè). Cèíãóëÿðíà äåêîìïîçèö³ÿ â³äíîâëåíîãî òåíçîðà äàº çìîãó
îòðèìàòè ï³äìíîæèíó âïîðÿäêîâàíèõ ïàð, íàéáëèæ÷ó (ó ðîçóì³íí³ Ô-íîðìè) äî ïðîãíîçîâàíî¿ íå÷³òêî¿
ìíîæèíè. Íàâåäåíî ïðèêëàä ïðîãíîçóâàííÿ íå÷³òêîãî ÷àñîâîãî ðÿäó.

Êëþ÷îâ³ ñëîâà: íå÷³òêà ìíîæèíà, òåíçîð, ïðîïóùåí³ äàí³, ñèíãóëÿðíà äåêîìïîçèö³ÿ, Ô-íîðìà.
_________________________________________________________________________________________

Forecasting of fuzzy time series based on the concept of nearest fsand tensor models of time series /
Yu.M. Minaev, O.Yu. Filimonova, Yu.I. Minaeva // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1.
P. 191–204.

Abstract. Forecasting of fuzzy time series is considered by presenting a standard fuzzy set in the form of
a tensor obtained as a result of the tensor product of components, forming a tensor sequence whose last element
(the predicted fuzzy set) is calculated as an incomplete tensor (with missing elements). Singular value
decomposition of the restored tensor allows obtaining a subset of ordered pairs that is closest (in terms of the
F-norm) to the predicted fuzzy set. An example of predicting a fuzzy time series is given.

Keywords: fuzzy set, tensor, missing data, singular value decomposition, F-norm.
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