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ÓÄÊ 004.93.12

Âèçíà÷åííÿ öåíòðî¿äà ëàçåðíî¿ ïëÿìè ó ïëîùèí³ ôîòîñåíñîðà ìóëüòèìåä³éíîãî òèðó íà îñíîâ³
ìåòîä³â ³íòåðïîëÿö³¿ òà ô³ëüòðàö³¿ ôðàãìåíòà çîáðàæåííÿ / Ñ.Â. ßðåìåíêî, Þ.Â. Êðàê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4. Ñ. 3–11.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó âèçíà÷åííÿ öåíòðî¿äà ïðîºêö³¿ ëàçåðíî¿ ïëÿìè íà ïëîùèí³ ôîòîñåíñî-
ðà ó ìóëüòèìåä³éíîìó òèð³. Çàïðîïîíîâàíî äâîåòàïíèé ï³äõ³ä äî ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³. Äîñë³äæåíî ìîæ-
ëèâîñò³ ï³äâèùåííÿ òî÷íîñò³ âèçíà÷åííÿ öåíòðî¿äà çà ðàõóíîê ÿâíîãî âèä³ëåííÿ êîíòóð³â ïëÿìè (äðóãèé
åòàï îáðîáëåííÿ) çàì³ñòü âèçíà÷åííÿ êðà¿â ïëÿìè ç âèêîðèñòàííÿì ïîðîãîâî¿ á³íàðèçàö³¿. Ïðîâåäåíî
àíàë³ç ï³äõîä³â äî âèçíà÷åííÿ êðà¿â ïëÿìè. Äëÿ ðîçâ’ÿçàííÿ çàäà÷³ çá³ëüøåíî ìàñøòàá ôðàãìåíòà çîáðà-
æåííÿ çà ðàõóíîê ³íòåðïîëÿö³¿ íîâèõ òî÷îê. Äîñë³äæåíî ìîæëèâîñò³ âèä³ëåííÿ êîíòóðó ïëÿìè øëÿõîì îá-
ðîáëåííÿ ôðàãìåíòà çîáðàæåííÿ ô³ëüòðàìè íèçüêèõ òà âèñîêèõ ÷àñòîò. Ïðîâåäåíî ïîð³âíÿëüíó îö³íêó
òî÷íîñò³ áàçîâîãî àëãîðèòìó ïîð³âíÿíî ç ìîäèô³êîâàíèì âàð³àíòîì. Ïîêàçàíî, ùî ìîäèô³êîâàíèé àëãî-
ðèòì çàáåçïå÷óº ï³äâèùåííÿ òî÷íîñò³ âèçíà÷åííÿ öåíòðî¿äà íà 30 %. Ï³äâèùåííÿ òî÷íîñò³ äîñÿãíóòî çà-
âäÿêè òîìó, ùî ìîäèô³êîâàíèé ìåòîä íàäàº çìîãó çíàõîäèòè êîíòóðè ïëÿìè â ÿâíîìó âèãëÿä³.

Êëþ÷îâ³ ñëîâà: ìóëüòèìåä³éíèé òèð, ëàçåðíà ïëÿìà, êîíòóð, öåíòð âàãè, ô³ëüòðè öèôðîâîãî çîáðàæåííÿ.
—————————————————————————————————————————————

Determining the centroid of a laser spot in the plane of a multimedia shooting gallery sensor based on the
methods of interpolation and filtering of the image fragment / S. Yaremenko, Iu. Krak // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 4. P. 3–11.

Abstract. The authors consider the problem of determining the position of the centroid of a laser spot on
the plane of the photosensor in a multimedia shooting gallery. A two-stage approach to solving this problem is
proposed. The possibilities of increasing the accuracy of determining the centroid by explicitly highlighting the
contours of the spot (2nd stage of processing) instead of determining the boundaries of the laser spot through
threshold binarization are investigated. The approaches to determining the contours of the spot are analyzed. To
solve the problem, the scale of the image fragment was increased through the interpolation of new points. The
possibilities of highlighting the contour of the spot by processing a fragment of the image with filters of low
and high frequencies are investigated. A comparative assessment of the accuracy of the basic algorithm and that
of the modified version was carried out, which showed that the modified algorithm increases the accuracy of
determining the centroid by 30%. Higher accuracy was achieved because the modified method made it possible
to find the explicit contours of the spot.

Keywords: multimedia shooting range, laser spot, contour, centroid, digital image filters.
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ÓÄÊ 004.891.2:614.446

²íòåëåêòóàëüíà ñèñòåìà ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü äëÿ åï³äåì³îëîã³÷íî¿ ä³àãíîñòèêè. II.
²íôîðìàö³éí³ òåõíîëîã³¿ / Ê.Î. Áàç³ëåâè÷, Ä.². ×óìà÷åíêî, Ë.Ô. Ãóëÿíèöüêèé, ª.Ñ. Ìåíÿéëîâ,
Ñ.Â. ßêîâëåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4. Ñ. 12–23.

Àíîòàö³ÿ. Ó ñòàòò³ çàïðîïîíîâàíî êîìïîíåíòè ³íòåëåêòóàëüíî¿ ñèñòåìè ï³äòðèìêè ïðèéíÿòòÿ
ð³øåíü äëÿ åï³äåì³îëîã³÷íî¿ ä³àãíîñòèêè òà äîñë³äæåíî ¿õíþ âçàºìîä³þ ç êîðèñòóâà÷åì. Äî ñêëàäîâèõ
ñèñòåìè âêëþ÷åíî áàíê ìîäåëåé òà ìåòîä³â ìàøèííîãî íàâ÷àííÿ, áàíê ìîäåëåé ïîïóëÿö³éíî¿ äèíàì³êè,
çàñîáè â³çóàë³çàö³¿ ³ ôîðìóâàííÿ çâ³ò³â, áëîê ôîðìóâàííÿ óïðàâë³íñüêèõ ð³øåíü. Íàäàíî çàãàëüíó êîí-
öåïö³þ ³íôîðìàö³éíî¿ òåõíîëîã³¿ äëÿ ãàðàíòóâàííÿ á³îáåçïåêè íàñåëåííÿ. Ðîçðîáëåíî ìîäåëü âàð³àíò³â
âèêîðèñòàííÿ çàçíà÷åíî¿ ³íôîðìàö³éíî¿ òåõíîëîã³¿ êîðèñòóâà÷åì òà ïîáóäîâàíî ä³àãðàìó ïîñë³äîâíîñ-
òåé. Çàïðîïîíîâàíî ìîäåëü êîìïîíåíò³â ³íôîðìàö³éíî¿ òåõíîëîã³¿ òà øëÿõè ¿õ ðîçãîðòàííÿ íà ñåðâåð³.

Êëþ÷îâ³ ñëîâà: ñèñòåìà ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü, ³íôîðìàö³éíà òåõíîëîã³ÿ, åï³äåì³îëîã³÷íà ä³àã-
íîñòèêà, ìàøèííå íàâ÷àííÿ, ïîïóëÿö³éíà äèíàì³êà.
—————————————————————————————————————————————

Intelligent decision support system for epidemiological diagnostics. II. Information technology
development / K.O. Bazilevych, D.I. Chumachenko, L.F. Hulianytskyi, I.S. Meniailov, S.V. Yakovlev //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 12–23.

Abstract. The article projects the components of the intelligent decision support system for
epidemiological diagnostics and investigates their interaction with the user. The system includes a bank of
models and machine learning methods, a bank of population dynamics models, visualization and reporting
tools, and management decision-making unit. The concept of information technology to ensure biosafety of the
population is provided. A model of specified information technology use cases is developed and a sequence
diagram is constructed. A model of information technology components and ways of their deployment on a
server are proposed.

Keywords: decision support system, information technology, epidemiological diagnostics, machine learning,
population dynamics.
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ÓÄÊ 519.854.3

Àëãîðèòì ðîçâ’ÿçóâàííÿ ñóïåðìîäóëÿðíèõ (max, +) çàäà÷ ðîçì³òêè ³ç ñàìîêîíòðîëåì íà îñíîâ³
ñóáãðàä³ºíòíîãî ñïóñêó / Â.Ì. Êðèã³í, Ð.Î. Õîìåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58,
¹ 4. Ñ. 24–31.

Àíîòàö³ÿ. Ðîçãëÿíóòî àëãîðèòì, ÿêèé äëÿ áóäü-ÿêî¿ ïîäàíî¿ íà âõ³ä (max, +) çàäà÷³ ðîçì³òêè ç
ö³ëî÷èñåëüíèìè âàãàìè íàäàñòü íà âèõ³ä îäíó ç äâîõ â³äïîâ³äåé: àáî ðîçâ’ÿçîê ó ôîðì³ îïòèìàëüíî¿
ðîçì³òêè, àáî ôðàçó «çàäà÷à íå º ñóïåðìîäóëÿðíîþ», ïðè öüîìó áóäü-ÿêà â³äïîâ³äü ãàðàíòîâàíî áóäå êî-
ðåêòíîþ. Ñàìîêîíòðîëü ó ðîçï³çíàâàíí³ îáðàç³â ïîëÿãàº ó òîìó, ùî íå êîðèñòóâà÷ ïðèéìàº ð³øåííÿ, íà
ÿêå ïèòàííÿ òðåáà â³äïîâ³ñòè, à ñàì àëãîðèòì âèð³øóº, ùî ïîòðàïëÿº ó çîíó éîãî êîìïåòåíòíîñò³. ²íøîþ
îñîáëèâ³ñòþ àëãîðèòìó º òå, ùî â³í íå ïîòðåáóº â³äîìî¿ âïîðÿäêîâàíîñò³ ì³òîê äëÿ ñóïåðìîäóëÿðíèõ çà-
äà÷. Ãàðàíò³þ ñê³í÷åííî¿ ê³ëüêîñò³ êðîê³â çàáåçïå÷óº âèêîðèñòàííÿ ñóáãðàä³ºíòíîãî ñïóñêó ³ ö³ëî÷è-
ñåëüí³ñòü âàã âåðøèí òà ðåáåð.

Êëþ÷îâ³ ñëîâà: (max, +) çàäà÷³ ðîçì³òêè, ñóïåðìîäóëÿðí³ çàäà÷³ ðîçì³òêè, ñàìîêîíòðîëü ó ðîçï³çíà-
âàíí³ îáðàç³â, äèñêðåòíà îïòèì³çàö³ÿ, ãðàôîâ³ ìîäåë³, ñòðóêòóðíå ðîçï³çíàâàííÿ îáðàç³â.
—————————————————————————————————————————————

Self-driven algorithm for solving supermodular (max, +) labeling problems based on subgradient descent
/ V. Krygin, R. Khomenko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 24–31.

Abstract. An algorithm presented in this article gives a correct answer to one of the two questions for
any (max, +) labeling problem with integer weights: either “What is the best labeling?” or “Is the problem
supermodular?”, and this answer is guaranteed to be correct. The algorithm is called self-driven because the
user cannot decide which of the two questions will be answered — this decision is up to the algorithm. Also,
the algorithm does not need to know the order of labels if the problem is supermodular. The finite execution
time of the algorithm is guaranteed for integer weights of vertices and edges and use of subgradient descent.

Keywords: (max, +) labeling problems, supermodular labeling problems, self-driven pattern recognition,
discrete optimization, graphical models, structural pattern recognition.
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.217.2+616.006

Àíàë³ç á³ëêîâèõ ñòðóêòóð ïëàçìè êðîâ³ ïðè ãë³îìàõ ç âèêîðèòñàííÿì Áàºñîâèõ ïðîöåäóð
ðîçï³çíàâàííÿ íà ìîäåëÿõ ëàíöþã³â Ìàðêîâà / À.Ì. Ãóïàë, À.Ë. Òàðàñîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4. Ñ. 32–37.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàñòîñóâàííÿ Áàºñîâèõ ïðîöåäóð ðîçï³çíàâàííÿ íà ìîäåë³ ëàíöþã³â Ìàðêî-
âà äî âèâ÷åííÿ çàïàëüíèõ ïðîöåñ³â ïðè ãë³îìàõ. Ïðîàíàë³çîâàíî ïîêàçíèêè á³ëêîâèõ ñòðóêòóð ïëàçìè
êðîâ³ ïðè ãë³îìàõ, ìåòàñòàçàõ òà ÷åðåïíî-ìîçêîâîìó ñòðóñ³, îòðèìàí³ çà äîïîìîãîþ ëàçåðíîãî ñïåêòðîã-
ðàôà. Çðîáëåíî ïîð³âíÿëüíèé àíàë³ç ðåçóëüòàò³â ðîçï³çíàâàííÿ íà áàç³ á³ëêîâèõ ñòðóêòóð çà ïîêàçíèêàìè
ïîâåðõíåâîãî ïëàçìîâîãî ðåçîíàíñó òà ìîäèô³êîâàíî¿ øâèäêîñò³ îñ³äàííÿ åðèòðîöèò³â ïðè ãë³îìàõ.

Êëþ÷îâ³ ñëîâà: Áàºñîâ³ ïðîöåäóðè ðîçï³çíàâàííÿ, ëàíöþãè Ìàðêîâà, ãë³îìè ãîëîâíîãî ìîçêó, ìåòàñòà-
çè, ëàçåðíèé ñïåêòðîãðàô, á³ëêîâ³ ñòðóêòóðè ïëàçìè êðîâ³.
—————————————————————————————————————————————

Analysis of protein structures of blood plasma in gliomas using Bayesian recognition procedures on the
Markov chain model / A.M. Gupal, A.L. Tarasov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4.
P. 32–37.

Abstract. The authors consider the application of Bayesian recognition procedures on Markov chain
models to the inflammatory processes in gliomas. Indicators of protein structures of blood plasma in gliomas,
metastases, and craniocerebral disease obtained with the help of a laser spectrograph are analyzed.
A comparative analysis of the results of recognition on the basis of protein structures in relation to the
indicators of surface plasmon resonance and modified erythrocyte sedimentation rate in gliomas is carried out.

Keywords: Bayesian recognition procedure, Markov chains, brain gliomas, metastases, laser spectrograph,
protein structures of blood plasma.
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ÓÄÊ 519.21

Äåÿê³ áàãàòîâèì³ðí³ ñòîõàñòè÷í³ ìîäåë³ êåðóâàííÿ çàïàñàìè ³ç ñåïàðàáåëüíîþ ôóíêö³ºþ âèòðàò /
Ï.Ñ. Êíîïîâ, Ò.Â. Ïåïåëÿºâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4. Ñ. 38–45.

Àíîòàö³ÿ. Äîñë³äæåíî áàãàòîíîìåêëàòóðí³ ìîäåë³ òåîð³¿ çàïàñ³â ç âèêîðèñòàííÿì ôàêò³â òåîð³¿ áà-
ãàòîêîìïîíåíòíèõ êåðîâàíèõ âèïàäêîâèõ ïðîöåñ³â. Ðîçãëÿíóòî ìàðêîâñüê³ òà íàï³âìàðêîâñüê³ êåðîâàí³
ñòîõàñòè÷í³ ñèñòåìè. Âèçíà÷åíî ñòðóêòóðó îïòèìàëüíî¿ ñòðàòåã³¿ äëÿ áàãàòîíîìåíêëàòóðíî¿ ñèñòåìè çà-
ïàñ³â.

Êëþ÷îâ³ ñëîâà: ìàðêîâñüê³ ïðîöåñè, êåðóâàííÿ çàïàñàìè, (s, S)-ñòðàòåã³ÿ, êðèòåð³é îïòèìàëüíîñò³,
îïòèìàëüíà ñòðàòåã³ÿ.
—————————————————————————————————————————————
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Some multi-dimentional stochastic models in inventory control with separable cost function /
P.S. Knopov, T.V. Pepelyaeva // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 38–45.

Abstract. Multi-task models of the inventory theory are investigated with the use of the facts of the
theory of multi-component controlled random processes. Markov and semi-Markov controlled stochastic
systems are considered. The structure of optimal strategy for multi-task inventory system is determined.

Keywords: Markov processes, inventory control, (s, S)-strategy, optimality criterion, optimal strategy.

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

ÓÄÊ 519.85

Îïòèì³çàö³éí³ çàäà÷³ äëÿ ìàêñèìàëüíîãî k-ïëåêñà / Ï.I. Ñòåöþê, Î.Ì. Õîì’ÿê, ª.À. Áëîõ³í,
À.À. Ñóïðóí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4. Ñ. 46–58.

Àíîòàö³ÿ. Ïîáóäîâàíî êâàäðàòè÷íó îïòèì³çàö³éíó çàäà÷ó äëÿ çíàõîäæåííÿ ìàêñèìàëüíîãî
k-ïëåêñà ó íåîð³ºíòîâàíîìó ãðàô³. Íàâåäåíî äâà ñ³ìåéñòâà ôóíêö³îíàëüíî íàäëèøêîâèõ êâàäðàòè÷íèõ
îáìåæåíü, ÿê³ îòðèìàíî çà äîïîìîãîþ îáìåæåíü Áóëåâî¿ çàäà÷³ äëÿ ìàêñèìàëüíîãî k-ïëåêñà. Äîñë³äæå-
íî âïëèâ ôóíêö³îíàëüíî íàäëèøêîâèõ îáìåæåíü íà ïîêðàùåííÿ òî÷íîñò³ Ëàãðàíæåâèõ äâî¿ñòèõ îö³íîê
äëÿ ö³ëüîâî¿ ôóíêö³¿ êâàäðàòè÷íî¿ çàäà÷³. Ðîçðîáëåíî àëãîðèòì ïîøóêó âñ³õ ìàêñèìàëüíèõ k-ïëåêñ³â òà
íàâåäåíî ðåçóëüòàòè òåñòîâèõ åêñïåðèìåíò³â äëÿ éîãî ðåàë³çàö³¿ çà äîïîìîãîþ ïðîãðàìíîãî ïàêåòà
GLPK (GNU Linear Programming Kit).

Êëþ÷îâ³ ñëîâà: ìàêñèìàëüíèé k-ïëåêñ, ìàêñèìàëüíà êë³êà, êâàäðàòè÷íà îïòèì³çàö³éíà çàäà÷à, Áóëåâà
çàäà÷à ë³í³éíîãî ïðîãðàìóâàííÿ, ôóíêö³îíàëüíî-íàäëèøêîâå îáìåæåííÿ, Ëàãðàíæåâà äâî¿ñòà îö³íêà.

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

Optimization problems for the maximum k-plex / P.I. Stetsyuk, Î.M. Khomiak, Ye.A. Blokhin,
A.A. Suprun // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 46–58.

Abstract. A quadratic optimization problem for finding the maximum k-plex in an undirected graph is
constructed. Two families of superfluous quadratic constraints are presented, which are obtained by means of
constraints of the Boolean linear programming problem for the maximum k-plex. The influence of superfluous
constraints on the improvement of the accuracy of Lagrangian dual bounds for the objective function of the quadratic
problem is investigated. An algorithm for searching all the maximum k-plexes is developed and the results of test
experiments for its implementation using the GLPK software package (GNU Linear Programming Kit) are presented.

Keywords: k-plex, undirected graph, quadratic optimization problem, dual bound.

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

ÓÄÊ 519.85

Ðåø³ò÷àñòå ïîêðèòòÿ êóáî¿äà ì³í³ìàëüíîþ ê³ëüê³ñòþ ï³âcôåð / Þ.Ã. Ñòîÿí, Ò.ª. Ðîìàíîâà,
Î.Â. Ïàíêðàòîâ, À.Ä. Òåâÿøåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4. Ñ. 59–69.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ÷àñòêîâîãî ðåø³ò÷àñòîãî ïîêðèòòÿ êóáî¿äà çàäàíèõ ðîçì³ð³â
ì³í³ìàëüíîþ ê³ëüê³ñòþ îäíàêîâèõ ï³âñôåð ³ç çàäàíèì êîåô³ö³ºíòîì ïîêðèòòÿ. Ïîáóäîâàíî ìàòåìàòè÷íó
ìîäåëü ó âèãëÿä³ çàäà÷³ çì³øàíîãî ö³ëî÷èñëîâîãî íåë³í³éíîãî ïðîãðàìóâàííÿ. Çàïðîïîíîâàíî ìåòîä ðîç-
â’ÿçàííÿ, â ÿêîìó çàñòîñîâàíî ³äåþ ðåëàêñàö³¿ çàäà÷³ òðèâèì³ðíîãî ïîêðèòòÿ äî çàäà÷³ ïîêðèòòÿ ïðÿìî-
êóòíî¿ îáëàñò³ ñ³ì’ºþ îäíàêîâèõ êðóã³â ðàä³óñà, ùî çàëåæèòü â³ä âèñîòè êóáî¿äà, ðàä³óñà ï³âñôåð òà
â³äñòàí³ ì³æ öåíòðàìè ñóñ³äí³õ ï³âñôåð. Íàâåäåíî ðåçóëüòàòè îá÷èñëþâàëüíèõ åêñïåðèìåíò³â äëÿ ïðè-
êëàäíî¿ çàäà÷³ îïòèì³çàö³¿ ðîçì³ùåííÿ ñåíñîð³â ó çàäàí³é òðèâèì³ðí³é îáëàñò³.

Êëþ÷îâ³ ñëîâà: ï³âñôåðà, ðåø³ò÷àñòå ïîêðèòòÿ, êóáî¿ä, ìàòåìàòè÷íà ìîäåëü, îïòèì³çàö³ÿ.

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

Lattice coverage of a cuboid with minimum number of semispheres / Yu. Stoyan, T. Romanova,
O. Pankratov, A. Tevyashev // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 59–69.

Abstract. The problem of partial lattice coverage of a cuboid of given dimensions with a minimum
number of identical hemispheres with a given coverage factor is considered. A mathematical model in the form
of a mixed integer nonlinear programming problem is constructed. A solution algorithm is proposed. The
problem of three-dimensional coverage is reduced to the problem of covering a rectangular area by a family of
identical circles of radius that depends on the height of the cuboid, the radius of the hemispheres, and the
distance between the centers of neighboring hemispheres. The results of computational experiments for the
problem of optimizing the placement of sensors in a given three-dimensional domain are provided.

Keywords: hemisphere, lattice coverage, cuboid, mathematical model, optimization.
===============================================================================

ÓÄÊ 517.9: 519.6

Äåÿê³ äâîâèì³ðí³ êðàéîâ³ çàäà÷³ ô³ëüòðàö³éíî¿ äèíàì³êè äëÿ ìîäåëåé ç ïðîïîðö³éíîþ ïîõ³äíîþ
Êàïóòî / Â.Ì. Áóëàâàöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4. Ñ. 70–81.

Àíîòàö³ÿ. Îäåðæàíî çàìêíåí³ ðîçâ’ÿçêè äåÿêèõ äâîâèì³ðíèõ íåñòàö³îíàðíèõ êðàéîâèõ çàäà÷
ô³ëüòðàö³éíî¿ äèíàì³êè â òð³ùèíóâàòî-ïîðèñòèõ ïëàñòàõ, ïîñòàâëåíèõ äëÿ äðîáîâî-äèôåðåíö³éíèõ ìà-
òåìàòè÷íèõ ìîäåëåé. Âêàçàí³ ìàòåìàòè÷í³ ìîäåë³ ïîáóäîâàíî ç âèêîðèñòàííÿì óçàãàëüíåíî¿ (ïðî-
ïîðö³éíî¿) ïîõ³äíî¿ Êàïóòî çà ÷àñîâîþ çì³ííîþ òà ïîõ³äíèõ Ð³ìàíà–Ë³óâ³ëëÿ çà ãåîìåòðè÷íèìè çì³ííè-
ìè. Ðàçîì ç ïðÿìîþ çàäà÷åþ ðîçãëÿíóòî ³ äâîâèì³ðíó îáåðíåíó êðàéîâó çàäà÷ó âèçíà÷åííÿ íåâ³äîìî¿
ôóíêö³¿ äæåðåëà, çàëåæíî¿ ëèøå â³ä ãåîìåòðè÷íèõ çì³ííèõ. Íàâåäåíî óìîâè ³ñíóâàííÿ ðåãóëÿðíèõ ðîç-
â’ÿçê³â ðîçãëÿíóòèõ çàäà÷. Äëÿ îêðåìîãî âèïàäêó ëèøå ÷àñîâî¿ íåëîêàëüíîñò³ ô³ëüòðàö³éíîãî ïðîöåñó
ðîçâ’ÿçàíà êðàéîâà çàëà÷à ç íåëîêàëüíèìè ãðàíè÷íèìè óìîâàìè.
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Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, äðîáîâî-äèôåðåíö³éíà äèíàì³êà ô³ëüòðàö³éíèõ ïðîöåñ³â,
òð³ùèíóâàòî-ïîðèñò³ ñåðåäîâèùà, íåêëàñè÷í³ ìîäåë³, ïðîïîðö³éíà ïîõ³äíà Êàïóòî, ïîõ³äíà
Ð³ìàíà–Ë³óâ³ëëÿ, äâîâèì³ðí³ êðàéîâ³ çàäà÷³, îáåðíåí³ çàäà÷³, çàäà÷³ ç íåëîêàëüíèìè óìîâàìè, çàìêíåí³
ðîçâ’ÿçêè.
—————————————————————————————————————————————

Some two-dimensional boundary-value problems of filtration dynamics for models with proportional
Caputo derivative / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 70–81.

Abstract. Closed solutions are obtained for some two-dimensional non-stationary boundary-value
problems of filtration dynamics in fractured-porous formations, posed within the framework of
fractional-differential mathematical models. These mathematical models are constructed using the generalized
(proportional) Caputo derivative with respect to the time variable and Riemann–Liouville derivatives with
respect to geometric variables. Along with the direct problem, we also consider a two-dimensional inverse
boundary-value problem for determining the unknown source function that only depends on geometric
variables. Conditions for the existence of regular solutions of the considered problems are given. For a separate
case of only time nonlocality of the filtration process, a boundary-value problem with nonlocal boundary
conditions is solved.

Keywords: mathematical modeling, fractional-differential dynamics of filtration processes, fractured-porous
media, non-classical models, proportional Caputo derivative, Riemann–Liouville derivative, two-dimensional
boundary-value problems, inverse problems, problems with non-local conditions, closed-form solutions.

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

ÓÄÊ 517.988

Çá³æí³ñòü ìåòîäó åêñòðàïîëÿö³¿ ç ìèíóëîãî äëÿ âàð³àö³éíèõ íåð³âíîñòåé â ð³âíîì³ðíî îïóêëèõ
Áàíàõîâèõ ïðîñòîðàõ / Â.Â. Ñåìåíîâ, Ñ.Â. Äåíèñîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58,
¹ 4. Ñ. 82–93.

Àíîòàö³ÿ. Äîñë³äæåíî äâà íîâ³ àëãîðèòìè äëÿ ðîçâ’ÿçàííÿ âàð³àö³éíèõ íåð³âíîñòåé ó Áàíàõîâèõ
ïðîñòîðàõ. Ïåðøèé àëãîðèòì — ìîäèô³êàö³ÿ äâîåòàïíîãî ìåòîäó Ïîïîâà, ùî âèêîðèñòîâóº óçàãàëüíåíó
ïðîºêö³þ Àëüáåðà çàì³ñòü ìåòðè÷íî¿. Äðóãèé àëãîðèòì º àäàïòèâíèì âàð³àíòîì ïåðøîãî, äå âèêîðèñòî-
âóºòüñÿ ïðàâèëî ïîíîâëåííÿ âåëè÷èíè êðîêó, ùî íå âèìàãàº çíàííÿ Ë³ïøèöåâèõ êîíñòàíò òà îá÷èñëåíü
çíà÷åíü îïåðàòîðà â äîäàòêîâèõ òî÷êàõ. Äëÿ âàð³àö³éíèõ íåð³âíîñòåé ç ìîíîòîííèìè, Ë³ïøèöåâèìè îïå-
ðàòîðàìè, ùî ä³þòü â 2-ð³âíîì³ðíî îïóêëîìó òà ð³âíîì³ðíî ãëàäêîìó Áàíàõîâîìó ïðîñòîð³, äîâåäåíî òå-
îðåìè ïðî ñëàáêó çá³æí³ñòü ìåòîä³â.

Êëþ÷îâ³ ñëîâà: âàð³àö³éíà íåð³âí³ñòü, ìîíîòîííèé îïåðàòîð, óçàãàëüíåíà ïðîºêö³ÿ Àëüáåðà,
2-ð³âíîì³ðíî îïóêëèé Áàíàõ³â ïðîñò³ð, ð³âíîì³ðíî ãëàäêèé Áàíàõ³â ïðîñò³ð, àëãîðèòì, çá³æí³ñòü.

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

Convergence of extrapolation from the past method for variational inequalities in uniformly convex
Banach spaces / V.V. Semenov, S.V. Denisov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4.
P. 82–93.

Abstract. The authors analyze two new algorithms for solving variational inequalities in Banach spaces.
The first algorithm is a modification of Popov’s two-stage method that uses the Albert generalized projection
instead of the metric one. The second algorithm is an adaptive version of the first one, where the step size update
rule is used, which does not require knowledge of the Lipschitz constants and calculation of the operator values at
additional points. For variational inequalities with monotone, Lipschitz operators acting in a 2-uniformly convex
and uniformly smooth Banach space, theorems on the weak convergence of the methods are proved.

Keywords: variational inequality, monotone operator, Albert generalized projection, 2-uniformly convex
Banach space, uniformly smooth Banach space, algorithm, convergence.

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

ÓÄÊ 519.6

Óçàãàëüíåííÿ ìîäåë³ ïðîòèâ³ðóñíî¿ ³ìóííî¿ â³äïîâ³ä³ äëÿ êîìïëåêñíîãî óðàõóâàííÿ äèôóç³éíèõ çáóðåíü,
òåìïåðàòóðíî¿ ðåàêö³¿ îðãàí³çìó òà ëîã³ñòè÷íî¿ ïîïóëÿö³éíî¿ äèíàì³êè àíòèãåí³â / Ñ.Â. Áàðàíîâñüêèé,
À.ß. Áîìáà, Ñ.². Ëÿøêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4. Ñ. 94–111.

Àíîòàö³ÿ. Óçàãàëüíåíî ìàòåìàòè÷íó ìîäåëü Ìàð÷óêà–Ïåòðîâà ïðîòèâ³ðóñíî¿ ³ìóííî¿ â³äïîâ³ä³
äëÿ êîìïëåêñíîãî óðàõóâàííÿ äèôóç³éíèõ çáóðåíü, çîñåðåäæåíèõ âïëèâ³â, òåìïåðàòóðíî¿ ðåàêö³¿
îðãàí³çìó òà ëîã³ñòè÷íî¿ ïîïóëÿö³éíî¿ äèíàì³êè â³ðóñíèõ åëåìåíò³â ³ àíòèò³ë íà ðîçâèòîê ³íôåêö³éíîãî
çàõâîðþâàííÿ. Ðîçðîáëåíî ïîêðîêîâó ïðîöåäóðó ÷èñåëüíî-àñèìïòîòè÷íîãî ðîçâ’ÿçàííÿ â³äïîâ³äíèõ
ñèíãóëÿðíî çáóðåíèõ çàäà÷ ³ç çàï³çíåííÿìè. Íàâåäåíî ðåçóëüòàòè êîìï’þòåðíîãî ìîäåëþâàííÿ, ÿê³
³ëþñòðóþòü âïëèâ «ìîäåëüíîãî» çíèæåííÿ ìàêñèìàëüíîãî ð³âíÿ ê³ëüêîñò³ àíòèãåí³â â åï³öåíòð³ çàðà-
æåííÿ âíàñë³äîê ¿õíüîãî äèôóç³éíîãî «ðîçñ³þâàííÿ», òåìïåðàòóðíî¿ ðåàêö³¿ îðãàí³çìó òà ëîã³ñòè÷íî¿ ïî-
ïóëÿö³éíî¿ äèíàì³êè â³ðóñ³â íà õàðàêòåð ïåðåá³ãó ³íôåêö³éíîãî çàõâîðþâàííÿ, çîêðåìà ³ çà íàÿâíîñò³ çî-
ñåðåäæåíèõ äæåðåë àíòèãåí³â. Çàçíà÷åíî, ùî òàêà ñèñòåìíà ä³ÿ âêàçàíèõ ÷èííèê³â ìîæå ñïðè÷èíèòè
çíèæåííÿ ïî÷àòêîâî íàäêðèòè÷íî¿ êîíöåíòðàö³¿ àíòèãåí³â äî ð³âíÿ, ï³ñëÿ ÿêîãî ¿õíþ íåéòðàë³çàö³þ ³ âè-
âåäåííÿ ç îðãàí³çìó áóäå çàáåçïå÷åíî íàÿâíèì ð³âíåì ³ìóííîãî çàõèñòó, ùî º âàæëèâèì ï³ä ÷àñ ïðèé-
íÿòòÿ ð³øåíü ùîäî íåîáõ³äíîñò³ çàñòîñóâàííÿ çîâí³øíüîãî «ë³êóâàëüíîãî» âïëèâó.

Êëþ÷îâ³ ñëîâà: ìîäåëü ïðîòèâ³ðóñíî¿ ³ìóííî¿ â³äïîâ³ä³, äèíàì³÷í³ ñèñòåìè ³ç çàï³çíåííÿì, àñèìïòî-
òè÷í³ ìåòîäè, ñèíãóëÿðíî çáóðåí³ çàäà÷³, çîñåðåäæåí³ âïëèâè, ëîã³ñòè÷íà äèíàì³êà.
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Generalization of the antiviral immune response model for complex consideration of diffusion
perturbations, body temperature response, and logistic antigens population dynamics / S.V. Baranovsky,
A.Ya. Bomba, S.I. Lyashko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 94–111.

Abstract. The Marchuk–Petrov mathematical model of antiviral immune response is generalized for
complex consideration of diffusion perturbations, concentrated influences, body temperature response, and
logistic population dynamics of viral elements and antibodies to the development of infectious disease.
A step-by-step procedure for numerically asymptotic solution of the corresponding singularly perturbed
problems with delays is developed. The authors present the results of computer simulation, which illustrate the
“model” reduction of the maximum level of antigens in the epicenter of infection due to their diffusion
“scattering,” body temperature response, and logistic population dynamics of viruses on the nature of infectious
disease, including the presence of concentrated sources of antigens. It is emphasized that such a systemic effect
of these factors can reduce the initial supercritical concentration of antigens to a level after which their
neutralization and excretion will be provided by the existing level of immune protection, which is important in
deciding whether to use external “therapeutic” effects.

Keywords: model of antiviral immune response, dynamic systems with delay, asymptotic methods, singularly
perturbed problems, concentrated influences, logistic dynamics.

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

ÓÄÊ 519.22

Ìåòîä îïòèì³çàö³¿ íàä³éíîñò³, àëüòåðíàòèâíèé bPOE / Â.À. Ïåïåëÿºâ, Î.Ì. Ãîëîäí³êîâ,
Í.Î. Ãîëîäí³êîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4. Ñ. 112–116.

Àíîòàö³ÿ. Ðîçðîáëåíî íîâèé ìåòîä îïòèì³çàö³¿ íàä³éíîñò³, àëüòåðíàòèâíèé ìåòîäó bPOE. Äëÿ
ïîð³âíÿííÿ åôåêòèâíîñò³ ðîáîòè çàïðîïîíîâàíîãî ìåòîäó òà îðèã³íàëüíîãî ìåòîäó bPOE áóëî ïðîâåäå-
íî ÷èñåëüí³ åêñïåðèìåíòè ç âèêîðèñòàííÿì äâîõ ð³çíèõ íàáîð³â äàíèõ. Àíàë³ç ðåçóëüòàò³â îá÷èñëåíü ïî-
êàçàâ, ùî âîíè îäíàêîâ³ äëÿ îáîõ ìåòîä³â.

Êëþ÷îâ³ ñëîâà: bPOE, CVaR, ì³í³ì³çàö³ÿ éìîâ³ðíîñò³ â³äìîâ, õâ³ñò ôóíêö³¿ ðîçïîä³ëó, ôóíêö³ÿ âòðàò,
ïîð³ã.

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

Reliability optimization method alternative to bPOE / V.A. Pepelyaev, A.N. Golodnikov,
N.A. Golodnikova // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 112–116.

Abstract. A new method of reliability optimization, alternative to the bPOE method, is developed. To
compare the efficiency of the proposed method and of the original bPOE method, numerical experiments were
performed using two different data sets. Analysis of the calculations showed that both methods gave the same
results.

Keywords: bPOE, CVaR, minimization of failure probability, tail distribution function, loss function,
threshold.

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

ÓÄÊ 519.6

Ìàòåìàòè÷íå ìîäåëþâàííÿ ñòàíó äèíàì³÷íèõ ìóëüòèïë³êàòèâíî íåë³í³éíèõ ñèñòåì / Â.À. Ñòîÿí //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4. Ñ. 117–128.

Àíîòàö³ÿ. Ïîñòàâëåíî ³ çà ñåðåäíüîêâàäðàòè÷íèì êðèòåð³ºì ðîçâ’ÿçàíî ïî÷àòêîâî-êðàéîâ³ çàäà÷³
äèíàì³êè íåë³í³éíèõ ïðîñòîðîâî ðîçïîä³ëåíèõ ñèñòåì. Ðîçãëÿíóòî ñèñòåìè, ìàòåìàòè÷íà ìîäåëü ÿêèõ
ïîáóäîâàíà äîáóòêîì äâîõ (àáî ê³ëüêîõ) äèôåðåíö³àëüíèõ ïåðåòâîðåíü ¿õí³õ ôóíêö³¿ ñòàíó. Áóäóþòüñÿ
àíàë³òè÷í³ çàëåæíîñò³ ö³º¿ ôóíêö³¿ çà íàÿâíîñò³ äèñêðåòíî ³ íåïåðåðâíî âèçíà÷åíèõ ïî÷àòêîâî-êðàéîâèõ
ñïîñòåðåæåíü çà íèìè, áåç îáìåæåíü íà ê³ëüê³ñòü òà ÿê³ñòü îñòàíí³õ. Îö³íåíî òî÷í³ñòü ìíîæèí îòðèìà-
íèõ ðîçâ’ÿçê³â òà äîñë³äæåíî ¿õíþ îäíîçíà÷í³ñòü.

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

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

Mathematical modeling of the state of dynamic multiplicative nonlinear systems / V.A. Stoyan //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 117–128.

Abstract. The author formulates and solves, by the root-mean-square criterion, the
initial-boundary-problems of the dynamics of nonlinear spatially distributed systems. Systems whose
mathematical model is generated by the product of two or more differential transformations of their functions of
state are considered. Analytical dependencies of this function are constructed in the presence of their discretely
and continuously defined initial-boundary observations, without constraints for the number and quality of the
latter. The accuracy of the sets of the obtained solutions is evaluated and their uniqueness is analyzed.

Keywords: nonlinear dynamical systems, systems with uncertainties, systems with distributed parameters,
spatially distributed systems, pseudosolutions, ill-posed initial-boundary-value problems.

===============================================================================
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ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 004.056.55

Àñèìåòðè÷í³ àëãîðèòìè øèôðóâàííÿ ó ñèñòåì³ çàëèøêîâèõ êëàñ³â / ß.Ì. Íèêîëàé÷óê,
².Ç. ßêèìåíêî, Í.ß. Âîçíà, Ì.Ì. Êàñÿí÷óê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4.
Ñ. 129–138.

Àíîòàö³ÿ. Ðîçðîáëåíî òåîðåòè÷í³ îñíîâè àñèìåòðè÷íîãî øèôðóâàííÿ íà áàç³ ñèñòåìè çàëèøêîâèõ
êëàñ³â òà ¿¿ ìîäèô³êîâàíî¿ äîñêîíàëî¿ ôîðìè. Ïðè öüîìó ìîäóë³ ñèñòåìè çàëèøêîâèõ êëàñ³â ÿâëÿþòü ñî-
áîþ òàºìí³ êëþ÷³. Ï³ä ÷àñ â³äíîâëåííÿ ÷èñëà çà éîãî çàëèøêàìè ìíîæåííÿ â³äáóâàºòüñÿ íà äîâ³ëüíî
âèáðàí³ êîåô³ö³ºíòè (â³äêðèò³ êëþ÷³). Âñòàíîâëåíî, ùî êðèïòîñò³éê³ñòü çàïðîïîíîâàíèõ àëãîðèòì³â
´ðóíòóºòüñÿ íà ðîçâ’ÿçàíí³ çàäà÷³ ôàêòîðèçàö³¿ àáî ïîâíîãî ïåðåáîðó íàáîð³â ìîäóë³â. Ðîçðîáëåí³ ï³äõî-
äè äàþòü çìîãó ïðàêòè÷íî íåîáìåæåíî çá³ëüøóâàòè áëîê â³äêðèòîãî òåêñòó, óñóâàþ÷è íåîáõ³äí³ñòü âè-
êîðèñòàííÿ ð³çíèõ ðåæèì³â øèôðóâàííÿ.

Êëþ÷îâ³ ñëîâà: ñèñòåìà çàëèøêîâèõ êëàñ³â, êðèïòîàëãîðèòì, àñèìåòðè÷íà êðèïòîñèñòåìà, øèôðòåêñò,
êðèïòîàíàë³ç, ñò³éê³ñòü.

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

Residue number system asymmetric ñryptoalgorithms / Ya.M. Nykolaychuk, I.Z. Yakymenko,
N.Ya. Vozna, M.M. Kasianchuk // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 129–138.

Abstract. Theoretical foundations of asymmetric encryption based on the residue number system and its
modified perfect form are developed. The selected moduli of the residue number system are considered to be
secret keys. When recovering a number from its residues, multiplication by arbitrarily selected coefficients
(public keys) takes place. It is established that cryptostability of the proposed algorithms is based on solving the
problem of factorization or exhaustive search of sets of moduli. The developed approaches allow us to increase
the block of plaintext almost indefinitely, eliminating the need to use different encryption modes.

Keywords: residue number system, cryptoalgorithm, asymmetric cryptosystem, ciphertext, cryptanalysis,
stability.
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ÓÄÊ 519.6

Îïòèì³çàö³ÿ áàãàòîðîçðÿäíî¿ îïåðàö³¿ ìíîæåííÿ íà îñíîâ³ äèñêðåòíèõ ïåðåòâîðåíü (Ôóð’º,
êîñèíóñíèõ, ñèíóñíèõ) ó ïàðàëåëüí³é ìîäåë³ îá÷èñëåííÿ / Â.Ê. Çàä³ðàêà, À.Ì. Òåðåùåíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4. Ñ. 139–161.

Àíîòàö³ÿ. Ðîçãëÿíóòî îïåðàö³þ áàãàòîðîçðÿäíîãî ìíîæåííÿ, â³ä øâèäêîä³¿ ÿêî¿ çàëåæèòü øâèä-
êîä³ÿ àñèìåòðè÷íèõ êðèïòîãðàô³÷íèõ ïðîãðàìíî-àïàðàòíèõ êîìïëåêñ³â. Çàïðîïîíîâàíî àëãîðèòìè
ðåàë³çàö³¿ îïåðàö³¿ ìíîæåííÿ äâîõ -ðîçðÿäíèõ ÷èñåë íà îñíîâ³ äèñêðåòíèõ êîñèíóñíèõ òà ñèíóñíèõ ïåðå-
òâîðåíü (ÄÊÏ òà ÄÑÏ). Çà ðàõóíîê âèêîðèñòàííÿ ÄÊÏ òà ÄÑÏ ðîçä³ëåíî îá÷èñëåííÿ äëÿ ä³éñíî¿ òà óÿâ-
íî¿ ÷àñòèí äèñêðåòíîãî ïåðåòâîðåííÿ Ôóð’º (ÄÏÔ) ä³éñíîãî ñèãíàëó ïàðíî¿ äîâæèíè, ùî äàº çìîãó ïå-
ðåâåñòè îá÷èñëåííÿ ç ïîëÿ êîìïëåêñíèõ ÷èñåë ó ïîëå ä³éñíèõ ÷èñåë òà çìåíøèòè ñêëàäí³ñòü áàãàòîðîç-
ðÿäíî¿ îïåðàö³¿ ìíîæåííÿ çà ê³ëüê³ñòþ îäíîðîçðÿäíèõ îïåðàö³é êîìïëåêñíîãî ìíîæåííÿ. Ïðîâåäåíî
çàì³íó îïåðàö³é àëãîðèòìó äëÿ çáåðåæåííÿ ñèìåòð³¿ ó ä³éñí³é àáî óÿâí³é ÷àñòèíàõ áàãàòîðîçðÿäíèõ ÷è-
ñåë, ùî äàº çìîãó âèêîðèñòîâóâàòè ÄÊÏ òà ÄÑÏ ìåíøî¿ ðîçðÿäíîñò³ N / 2 1� òà ðîçøèðþº ìîæëèâîñò³
ç ðîçïàðàëåëþâàííÿ ï³ä ÷àñ ðåàë³çàö³¿ áàãàòîðîçðÿäíîãî ìíîæåííÿ.

Êëþ÷îâ³ ñëîâà: áàãàòîðîçðÿäíå ìíîæåííÿ, áàãàòîðîçðÿäíà àðèôìåòèêà, àñèìåòðè÷íà êðèïòîãðàô³ÿ,
äèñêðåòíå êîñèíóñíå ïåðåòâîðåííÿ, äèñêðåòíå ñèíóñíå ïåðåòâîðåííÿ, äèñêðåòíå ïåðåòâîðåííÿ Ôóð’º,
øâèäêèé àëãîðèòì îá÷èñëåííÿ Ôóð’º.

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

Optimization of multidigit multiplication based on discrete transforms (Furie, cosine, sine) in parallel
computational model / V.K. Zadiraka, A.M. Tereshchenko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58,
N 4. P. 139–161.

Abstract. This paper considers the multidigit multiplication operation, on whose speed the speed of
asymmetric cryptographic software and hardware depends. Algorithms for implementation of the multiplication
of two-digit numbers based on discrete cosine and sine transforms (DCT and DST) are proposed. Due to the use
of DCT and DST, the calculations for the real and imaginary parts of the discrete Fourier transform (DFT) of
a real even-length signal are separated, which allows translating the complex number calculations to real
number calculations. Algorithm operations are replaced to preserve symmetry in real or imaginary parts of
multidigit numbers, which allows the use of DCT and DST of lower length N / 2 1� and increases the
possibility of parallelism in the implementation of multidigit multiplication.

Keywords: multidigit multiplication, multidigit arithmetic, asymmetric cryptography, discrete cosine transform,
discrete sine transform, discrete Fourier transform, fast Fourier calculation algorithm.
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ÓÄÊ 004

Òåõíîëîã³¿ â³ðòóàë³çàö³¿, ùî âëàñòèâ³ æèâèì ³ñòîòàì / Î.Â. Ïàëàã³í, Ì.Â. Ñåìîòþê // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4. Ñ. 162–171.

Àíîòàö³ÿ. Ðîçãëÿíóòî îäíó ³ç ñêëàäîâèõ ³íôîðìàö³éíèõ òåõíîëîã³é — òåõíîëîã³¿ â³ðòóàë³çàö³¿, ùî
âëàñòèâ³ âèíÿòêîâî æèâèì ³ñòîòàì. Ïîêàçàíî âçàºìîçâ’ÿçîê òåõíîëîã³é â³ðòóàë³çàö³¿ ç ³íøèìè ñêëàäîâè-
ìè ³íôîðìàö³éíèõ òåõíîëîã³é, ÿê-îò ê³ëüê³ñí³ òåõíîëîã³¿, òåõíîëîã³¿ äàíèõ, òåõíîëîã³¿ çíàíü. Íà ïðèêëàä³
ìîäåë³ âíóòð³øíüîãî âóõà ëþäèíè ïðîäåìîíñòðîâàíî, ÿê òåõíîëîã³¿ â³ðòóàë³çàö³¿ ïðàöþþòü íà ïðàêòèö³,
äàþ÷è çìîãó îäí³ ô³çè÷í³ ïàðàìåòðè çàì³íþâàòè íà ³íø³ â òîìó ðàç³, êîëè ìîæëèâîñò³ æèâî¿ ³ñòîòè º îá-
ìåæåíèìè.

Êëþ÷îâ³ ñëîâà: ³íôîðìàö³éí³ òåõíîëîã³¿, ð³âí³ òåõíîëîã³é, òåõíîëîã³¿ â³ðòóàë³çàö³¿, òåõíîëîã³¿ äàíèõ,
òåõíîëîã³¿ çíàíü, âåðèô³êàö³ÿ, ñòîÿ÷³ õâèë³, á³æó÷à õâèëÿ, ïîïåðå÷íèé ðåçîíàíñ, óÿâíèé åêñïåðèìåíò,
ô³çè÷íèé åêñïåðèìåíò, â³ðòóàëüíå ñë³äóâàííÿ, âíóòð³øíº âóõî, çàâèòêà, ìåìáðàíà Ðåéñíåðà, áàçèëÿðíà
ìåìáðàíà, êâàíòóâàííÿ.

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

Technologies of virtualizatin of living beings / O.V. Palagin, M.V. Semotiuk // Kibernetyka ta Systemnyi
Analiz. 2022. Vol. 58, N 4. P. 162–171.

Abstract. The authors consider one of the components of information technology — virtualization
technologies, which are unique to living beings. The relationship of virtualization technologies with other
components of information technologies, such as quantitative technologies, data technologies, knowledge
technologies, is shown. Using the model of the human inner ear as an example, it is shown how they work in
practice, allowing some physical parameters to be replaced by others when the possibilities of a living being are
limited.

Keywords: information technologies, technology levels, virtualization technologies, data technologies,
knowledge technologies, verification, standing waves, traveling wave, transverse resonance, imaginary
experiment, physical experiment, virtual following, inner ear, helix, Reissner’s membrane, basilar membrane,
quantization.
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ÓÄÊ 516.813

Àëãåáðà¿÷í³ îïåðàö³¿ íàä íå÷³òêèìè ìíîæèíàìè ³ â³äíîøåííÿìè â àâòîìàòí³é ³íòåðïðåòàö³¿
ç ðåàë³çàö³ºþ ëîã³êîâèìè àïàðàòíèìè çàñîáàìè / Ñ.Ë. Êðèâèé, Â.Ì. Îïàíàñåíêî, Ñ.Á. Çàâ’ÿëîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 4. Ñ. 172–182.

Àíîòàö³ÿ. Ðîçãëÿíóòî àëãåáðà¿÷í³ îïåðàö³¿ íàä íå÷³òêèìè ìíîæèíàìè ³ â³äíîøåííÿìè òà ¿õíÿ
ðåàë³çàö³ÿ àïàðàòíèìè çàñîáàìè â àâòîìàòí³é ³íòåðïðåòàö³¿. Îïèñàíî äâà ñïîñîáè çîáðàæåííÿ çíà÷åíü
ôóíêö³é íàëåæíîñò³ íå÷³òêèõ ìíîæèí òà ìåòîäè ïåðåòâîðåííÿ òàêèõ çîáðàæåíü. Íàâåäåíî â³äïîâ³äí³
îö³íêè ñêëàäíîñò³ âèêîíàííÿ îïåðàö³é ç òàêèìè çîáðàæåííÿìè òà îá´ðóíòóâàííÿ êîðåêòíîñò³ àëãî-
ðèòì³â.

Êëþ÷îâ³ ñëîâà: íå÷³òê³ ìíîæèíè, â³äíîøåííÿ, àëãåáðà¿÷í³ îïåðàö³¿, ñê³í÷åíí³ àâòîìàòè, FPGA.

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

Algebraic operations over fuzzy sets and relations in automata interpretation with realization by logical
hardware means / S.L. Kryvyi, V.M. Opanasenko, S.B. Zavyalov // Kibernetyka ta Systemnyi Analiz. 2022.
Vol. 58, N 4. P. 172–182.

Abstract. Algebraic operations over fuzzy sets and relations and their implementation by hardware in
automata interpretation are considered. Two ways of representing the values of membership functions of fuzzy
sets and methods of transformation of such images are described. Appropriate estimates of the complexity of
operations with such images are given and correctness of the algorithms is substantiated.

Keywords: fuzzy sets, fuzzy relations, algebraic operations, finite automata, FPGA.
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ÓÄÊ 519.64 + 519.86: 53.072

Êàíîí³÷í³ ð³âíÿííÿ îïòè÷íîãî ã³ñòåðåçèñó / Â.Ì. Ñòàðêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022.
Òîì 58, ¹ 4. Ñ. 183–194.

Àíîòàö³ÿ. Ðîáîòó âèêîíàíî ó êîíòåêñò³ êîíêóðåíòíî¿ ³äåîëîã³¿ ñòâîðåííÿ åëåìåíòíî¿ áàçè öèôðî-
âèõ îïòè÷íèõ êîìï’þòåð³â (òðàíñôàçîðè, îïòè÷í³ êëþ÷³, îñåðåäêè ïàì’ÿò³) íà â³äì³íí³é â³ä ³íòåðôåðî-
ìåòðà Ôàáð³–Ïåðî îñíîâ³. Äîêëàäíî ðîçãëÿíóòî ìàòåìàòè÷í³ ìîäåë³ ñòàö³îíàðíî¿ (âàð³àíò ²) òà íå-
ñòàö³îíàðíî¿ (âàð³àíò ²²) ÷îòèðèïó÷êîâî¿ ëàçåðíî¿ âçàºìîä³¿ â îïòè÷íî-íåë³í³éíèõ ñåðåäîâèùàõ ó âèãëÿä³
ñèñòåìè çâè÷àéíèõ äèôåðåíö³éíèõ ð³âíÿíü ³ç çàäàíèìè ãðàíè÷íèìè óìîâàìè (²) òà ñèñòåìè ³íòåãðî-äè-
ôåðåíö³éíèõ ð³âíÿíü ³ç ãðàíè÷íèìè óìîâàìè (²²). Ââåäåíî îðèã³íàëüí³ øóêàí³ ôóíêö³¿ z x( ) (²) òà u z t( , ) ,
�( , )z t (²²). Çàâäÿêè öüîìó ðîçâ’ÿçàííÿ çàäà÷³ (²) çâåäåíî äî ðîçâ’ÿçàííÿ ïðîñòîãî òðàíñöåíäåíòíîãî
ð³âíÿííÿ (êàíîí³÷íîãî ð³âíÿííÿ îïòè÷íîãî ã³ñòåðåçèñó), à ðîçâ’ÿçàííÿ çàäà÷³ (²²) — äî ðîçâ’ÿçàííÿ ñèñ-
òåìè äâîõ íåë³í³éíèõ ³íòåãðàëüíèõ ð³âíÿíü â³äíîñíî àìïë³òóä ³íòåðôåðåíö³éíèõ êàðòèí (êàíîí³÷íî¿ ñèñ-
òåìè ð³âíÿíü íåñòàö³îíàðíîãî îïòè÷íîãî ã³ñòåðåçèñó).

Êëþ÷îâ³ ñëîâà: á³ñòàá³ëüí³ñòü, ã³ñòåðåçèc, îïòè÷íèé êîìï’þòåð, ìàòåìàòè÷íà ìîäåëü, ëàçåðíà
âçàºìîä³ÿ, ³íòåãðàëüíå ð³âíÿííÿ.
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Canonical equation of optical hysteresis / V. Starkov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4.
P. 183–194.

Abstract. The content of the study is in line with the competitive ideology of creating the element base of
digital optical computers (transphasors, optical switches, memory devices) on a basis other than the Fabry–Perot
interferometer. Mathematical models of stationary (variant I) and nonstationary (variant II) four-beam laser
interaction in optically nonlinear media are considered in detail in the form of a system of ordinary differential
equations with given boundary conditions (I) and a system of integro-differential equations with boundary
conditions (II). The original desired functions z x( ) (I) and u z t( , ) , �( , )z t (II) are introduced. As a result, the
solution of problem (I) is reduced to solving a simple transcendental equation (canonical equation of optical
hysteresis), and the solution of problem (II) is reduced to a system of two nonlinear integral equations with
respect to the amplitudes of interference patterns (canonical system of equations of nonstationary optical
hysteresis).

Keywords: bistability, hysteresis, optical computer, mathematical model, laser interaction, integral equation.
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