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ÓÄÊ 519.17

Ìåòîä ìîäèô³êîâàíîãî ïîøóêó ó ãðàô³ âãëèá äëÿ ïîáóäîâè âñ³õ ìîæëèâèõ êîä³â Ãðåÿ çàäàíî¿
äîâæèíè / Ñ.Ì. Í³êîëàºâ, Î.Ì. Ðîìàíîâ, À.Ì. Íèùóê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023.
Òîì 59, ¹ 3. Ñ. 3–9.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ïîøóêó ìîæëèâèõ âàð³àíò³â êîäó Ãðåÿ äëÿ ³íòåðïðåòàö³¿ ÷àñòîò-
íî-÷àñîâèõ ìàòðèöü, ÿê³ çàñòîñîâóþòüñÿ ï³ä ÷àñ ïðîºêòóâàííÿ êàíàë³â ïåðåäàâàííÿ ³íôîðìàö³¿. Ïîáóäî-
âàíî íåîð³ºíòîâàíèé îäíîð³äíèé íåïîâíèé öèðêóëÿíòíèé ãðàô 4-ãî ñòåïåíÿ. Çàïðîïîíîâàíî ìåòîä ³ àë-
ãîðèòì ðåàë³çàö³¿ ìîäèô³êîâàíîãî ïîøóêó ó ãðàô³, çà äîïîìîãîþ ÿêîãî ìîæíà ïîáóäóâàòè âñ³ êîäè Ãðåÿ
çàäàíî¿ äîâæèíè. Íàâåäåíî ôîðìóëó äëÿ îá÷èñëåííÿ ê³ëüêîñò³ âàð³àíò³â öèõ êîä³â.

Êëþ÷îâ³ ñëîâà: á³òîâèé ïîò³ê, ÷àñòîòíî-÷àñîâà ìàòðèöÿ, êîä Ãðåÿ, íåîð³ºíòîâàíèé ãðàô.
_________________________________________________________________________________________

Method of modified depth graph search for constructing all possible Gray codes of a specified length /
S. Nikolaev, O. Romanov, À. Nyshchuk // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 3–9.

Abstract. The problem of finding possible variants of the Gray code for the interpretation of
time-frequency matrices, which are used in the design of information transmission channels, is considered. An
undirected homogeneous incomplete circulant 4-degree graph is constructed. A method and algorithm for
implementing a modified search in the graph are proposed, which can be used to construct all the Gray codes of
a given length. A formula for calculating the number of variants of these codes is given.

Keywords: bitstream, time-frequency matrix, Gray code, undirected graph.
===============================================================================

ÓÄÊ 681.322.012

Ðåêóðñèâí³ êë³òèíí³ ìåòîäè ìíîæåííÿ ìàòðèöü / Ë.Ä. ªëô³ìîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2023. Òîì 59, ¹ 3. Ñ. 10–20.

Àíîòàö³ÿ. Çàïðîïîíîâàíî äâà ðåêóðñèâí³ êë³òèíí³ ìåòîäè ìíîæåííÿ ìàòðèöü ïàðíîãî òà íåïàðíî-
ãî ïîðÿäêó, à ñàìå: n r

q
� 2 òà n r

q
� 3 (q �1, r — ïîðÿäîê êë³òèíè, n r m/ � ), ÿê³ ïîáóäîâàíî íà îñíîâ³

â³äîìèõ øâèäêèõ êë³òèííèõ ìåòîä³â ìíîæåííÿ ìàòðèöü ïîðÿäêó n r� �2 1� �( ) òà n r� �3 1� �( ), ùî çà-
ñòîñîâóþòüñÿ ÿê áàçîâ³, êîëè � � �2 0q

q( ) òà � � �3 0q
q( ). Íàäàí³ ìåòîäè ìíîæåííÿ êë³òèííèõ

(m m� )-ìàòðèöü îïåðóþòü ÷èñåëüíèìè ( )r r� -êë³òèíàìè, âàð³þþòü ¿õí³é ïîðÿäîê òà õàðàêòåðèçóþòüñÿ
íàéìåíøîþ íà â³äì³íó â³ä â³äîìèõ êë³òèííèõ ìåòîä³â ìóëüòèïë³êàòèâíîþ ñêëàäí³ñòþ, ÿêà äîð³âíþº
â³äïîâ³äíî O m( , ).1 14 2 807 òà O m( , ).1 17 2 854 êë³òèííèì îïåðàö³ÿì ìíîæåííÿ. Íîâ³ ìåòîäè äàþòü çìîãó îò-

ðèìàòè êë³òèíí³ àíàëîãè â³äîìèõ àëãîðèòì³â ìíîæåííÿ ìàòðèöü ³ç ìàêñèìàëüíî ì³í³ì³çîâàíîþ ìóëü-
òèïë³êàòèâíîþ ñêëàäí³ñòþ, îö³íêó ÿêî¿ ïîäàíî íà ïðèêëàä³ òðàäèö³éíîãî àëãîðèòìó ìíîæåííÿ ìàòðèöü.

Êëþ÷îâ³ ñëîâà: ë³í³éíà àëãåáðà, ñ³ì’ÿ êë³òèííèõ ìåòîä³â ìíîæåííÿ ìàòðèöü, êë³òèíí³ àíàëîãè àëãî-
ðèòì³â ìíîæåííÿ ìàòðèöü.
_________________________________________________________________________________________

Recursive cellular methods of matrix multiplicaion / L.D. Jelfimova // Kibernetyka ta Systemnyi Analiz.
2023. Vol. 59, N 3. P. 10–20.

Abstract. Two recursive cellular methods for multiplying matrices of even and odd order, namely:
n r

q
� 2 and n r

q
� 3 (q �1, r is the order of the cellules, n r m/ � ) are proposed. These methods are based on the

well-known fast cellular methods for multiplying matrices of order n r� �2 1� �( ) and n r� �3 1� �( ). New
methods for multiplying cellular (m m� )-matrices operate by numerical ( )r r� -cellules, variate their order, and
are characterized by the lowest (compared to the well-known cellular methods) multiplicative complexity,
which equal, respectively, to O m( , ).1 14 2 807 and O m( , ).1 17 2 854 cellular operations of multiplication. These

methods allow obtaining cellular analogs of the well-known matrix multiplication algorithms with maximally
minimized multiplicative complexity, whose estimation is illustrated by the example of the traditional matrix
multiplication algorithm.

Keywords: linear algebra, family of cellular matrix multiplication methods, cellular analogs of matrix
multiplication algorithms.
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519. 21

Îïòèì³çàö³ÿ òà ³äåíòèô³êàö³ÿ ñòîõàñòè÷íèõ ñèñòåì / Ï.Ñ. Êíîïîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2023. Òîì 59, ¹ 3. Ñ. 21–32.

Àíîòàö³ÿ. Ó ðîáîò³ íàâåäåíî îãëÿä äåÿêèõ øèðîêî â³äîìèõ íàóêîâèõ ðåçóëüòàò³â ç òåîð³¿ ñòîõàñ-
òè÷íî¿ îïòèì³çàö³¿ òà òåîð³¿ ðèçèêó, îäåðæàíèõ àêàäåì³êîì ÍÀÍ Óêðà¿íè Þ.Ì. ªðìîëüºâèì, éîãî êîëå-
ãàìè òà ó÷íÿìè. Ðîçãëÿíóòî ïðèêëàäè ç òåîð³¿ ïàðàìåòðè÷íîãî òà íåïàðàìåòðè÷íîãî îö³íþâàííÿ.
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Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷íà îïòèì³çàö³ÿ, îö³íþâàííÿ, ðîçïîä³ë, ðèçèê.ë³í³éíîãî ïðîãðàìóâàííÿ,
AMPL, Gurobi, CPLEX, îïòèìàëüíå ðîçáèòòÿ ìíîæèíè, p-ìåä³àíà ãðàôó, ìåòîä k-ñåðåäí³õ, ìàòåð³àëü-
íî-òåõí³÷íå çàáåçïå÷åííÿ.
_________________________________________________________________________________________

Optimization and identification of stochastic systems / P.S. Knopov // Kibernetyka ta Systemnyi Analiz.
2023. Vol. 59, N 3. P. 21–32.

Abstract. The author overviews some well-known scientific results from the theory of stochastic
optimization and theory of risk, obtained by the academician of the National Academy of Sciences of Ukraine
Y. M. Ermoliev, his colleagues, and students. Examples from the theory of parametric and non-parametric
estimation are considered.

Keywords: stochastic optimization, evaluation, distribution, risk.

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

ÓÄÊ 330.115

Çâ’ÿçêè ì³æ ñò³éêîþ ñòàòèñòè÷íîþ îö³íêîþ, íàä³éíèì ïðèéíÿòòÿì ð³øåíü ³ç äâîåòàïíîþ
ñòîõàñòè÷íîþ îïòèì³çàö³ºþ òà íàä³éíèìè ïðîáëåìàìè ìàøèííîãî íàâ÷àííÿ / T. ªðìîëüºâà, Þ.
ªðìîëüºâ, Ï. Ãàâëèê, A. Ëåññà-Äåðñ³-Àóãóñòèí÷èê, Í. Êîìåíäàíòîâà, T. Êàõ³ë, Äæ. Áàëêîâ³÷,
Ð. Ñêàëüñüê³, Ê. Ôîëáåðò, Ï.Ñ. Êíîïîâ, Ã. Âîíã (Ã. Âàíã) // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023.
Òîì 59, ¹ 3. Ñ. 33–47.

Àíîòàö³ÿ. Ðîçãëÿíóòî çâ’ÿçêè ì³æ çàäà÷àìè äâîåòàïíîãî ñòîõàñòè÷îãî ïðîãðàìóâàííÿ, ïðîáëåìà-
ìè âèçíà÷åííÿ ðîáàñòíèõ ð³øåíü, ðîáàñòíèìè ìåòîäàìè ó ñòàòèñòèö³ òà ìàøèííîìó íàâ÷àíí³. Â óìîâàõ
íåâèçíà÷åíîñò³, ìîæëèâîãî íàñòàííÿ åêñòðåìàëüíèõ ïîä³é òà ñèòóàö³é, ö³ çàäà÷³ ïîòðåáóþòü ðîçãëÿäó òà
îïòèì³çàö³¿ ñèñòåì ç êâàíòèëüíèìè êðèòåð³ÿìè, îáìåæåííÿìè òà ³íäèêàòîðàìè ÿêîñò³ ðåçóëüòàò³â
(ôóíêö³ÿìè çáèòê³â). Çàäà÷³ äâîåòàïíîãî ñòîõàñòè÷íîãî ïðîãðàìóâàííÿ ìîæíà åôåêòèâíî ðîçâ’ÿçàòè ³òå-
ðàòèâíèìè ìåòîäàìè ñòîõàñòè÷íèõ êâàç³ãðàä³ºíò³â (SQG). Ìåòîäè SQG äàþòü çìîãó ðîçâ’ÿçóâàòè íå-
ãëàäê³, ìîæëèâî ðîçðèâí³ òà íåîïóêë³ çàäà÷³ ìàøèííîãî íàâ÷àííÿ, íàïðèêëàä, çàäà÷³ êâàíòèëüíî¿ ðåã-
ðåñ³¿ òà íàâ÷àííÿ íåéðîííî¿ ìåðåæ³. Òàê³ ïîíÿòòÿ, ÿê äîïóñòèì³ ðîçâ’ÿçêè, îïòèìàëüí³ñòü òà ðîáàñòí³ñòü
ó çàãàëüíèõ çàäà÷àõ ïðèéíÿòòÿ ð³øåíü âèçíà÷àþòüñÿ êîíêðåòíîþ ñèòóàö³ºþ ïðèéíÿòòÿ ð³øåíü. Çàäà÷³
ðîáàñòíîãî ñòàòèñòè÷íîãî îö³íþâàííÿ òà ìàøèííîãî íàâ÷àííÿ ìîæíà ³íòåãðóâàòè ó çàäà÷³ ïëàíóâàííÿ
äèñöèïë³íàðíèõ òà ì³æäèñöèïë³íàðíèõ ñèñòåì, ÿê-îò: ñèñòåì çåìëåêîðèñòóâàííÿ, ñ³ëüñüêîãîñïîäàð-
ñüêèõ, åíåðãåòè÷íèõ, òèõ, ùî ñëóãóþòü äëÿ ï³äòðèìêè ïðèéíÿòòÿ ðîáàñòíèõ ð³øåíü â óìîâàõ íåâèçíà÷å-
íîñòåé, çðîñòàþ÷èõ ñèñòåìíèõ çàëåæíîñòåé òà íåâ³äîìèõ ðèçèê³â.

Êëþ÷îâ³ ñëîâà: äâîåòàïíà çàäà÷à ñòîõàñòè÷íî¿ îïòèì³çàö³¿, ðîáàñòíå ïðèéíÿòòÿ ð³øåíü òà ñòàòèñòè÷íå
îö³íþâàííÿ, ðîáàñòíà êâàíòèëüíà ðåãðåñ³ÿ, ìàøèííå íàâ÷àííÿ, çàãàëüí³ ïðîáëåìè ïðèéíÿòòÿ ðîáàñòíèõ
ð³øåíü, ñèñòåìí³ ðèçèêè, íåâèçíà÷åíîñò³.
_________________________________________________________________________________________

Connections between robust statistical estimation, robust decision-making with two-stage stochastic
optimization, and robust machine learning problems / T. Ermolieva, Y. Ermoliev, P. Havlik,
A. Lessa-Derci-Augustynczik, N. Komendantova, T. Kahil, J. Balkovic, R. Skalsky, C. Folberth, P.S.
Knopov, G. Wang // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 33–47.

Abstract. The paper discusses connections between the problems of two-stage stochastic programming,
robust decision-making, robust statistical estimation, and machine learning. In the conditions of uncertainty,
possible extreme events and outliers, these problems require quantile-based criteria, constraints, and
“goodness-of-fit” indicators. The two-stage STO problems with quantile-based criteria can be effectively solved
with the iterative stochastic quasigradient (SQG) solution algorithms. The SQG methods provide a new type of
machine learning algorithms that can be effectively used for general-type nonsmooth, possibly discontinuous,
and nonconvex problems, including quantile regression and neural network training. In general problems of
decision-making, feasible solutions and concepts of optimality and robustness are characterized from the
context of decision-making situations. Robust ML approaches can be integrated with disciplinary or
interdisciplinary decision-making models, e.g., land use, agricultural, energy, etc., for robust decision-making in
the conditions of uncertainty, increasing systemic interdependencies, and “unknown risks.”

Keywords: two-stage STO, robust decision-making and statistical estimation, robust quantile regression,
machine learning, general problems of robust decision-making, systemic risks, uncertainties.
===============================================================================

ÓÄÊ 504.06

Îãëÿä ìåòîä³â ìîäåëþâàííÿ êë³ìàòè÷íèõ çì³í / Â.À. Ïåïåëÿºâ, Î.Ì. Ãîëîäí³êîâ,
Í.Î. Ãîëîäí³êîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 3. Ñ. 48–58.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä îñíîâíèõ ï³äõîä³â äî âèâ÷åííÿ êë³ìàòè÷íèõ çì³í. Ãîëîâíèì ìåòîäîì
äîñë³äæåííÿ º ìàòåìàòè÷íå ìîäåëþâàííÿ. Êë³ìàòè÷í³ ìîäåë³ ´ðóíòóþòüñÿ íà ô³çè÷íèõ çàêîíàõ ³ âðàõî-
âóþòü ñöåíàð³¿ åì³ñ³é ïàðíèêîâèõ ãàç³â. ¯õ âèêîðèñòîâóþòü äëÿ äîñë³äæåííÿ ïðîöåñ³â, ÿê³ â³äáóâàþòüñÿ
ó êë³ìàòè÷í³é ñèñòåì³, òà ïðîãíîçóâàííÿ ìîæëèâîãî êë³ìàòè÷íîãî ìàéáóòíüîãî. Îñîáëèâó óâàãó
ïðèä³ëåíî âçàºìîçâ’ÿçêó ì³æ ãëîáàëüíèìè êë³ìàòè÷íèìè ìîäåëÿìè (GCM), ðåã³îíàëüíèìè êë³ìàòè÷íè-
ìè ìîäåëÿìè (RCM) ³ ìåòîäàìè çìåíøåííÿ ìàñøòàáó. Ðîçãëÿíóòî ï³äõ³ä äî àíàë³çó òà â³äòâîðåííÿ
êë³ìàòè÷íèõ çì³í, ÿêèé ïîëÿãàº ó ïîð³âíÿíí³ ðåçóëüòàò³â áàãàòîðàçîâîãî ìîäåëþâàííÿ ì³æ ñîáîþ òà ç
äàíèìè ñïîñòåðåæåíü.
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Êëþ÷îâ³ ñëîâà: çì³íà êë³ìàòó, ãëîáàëüíà êë³ìàòè÷íà ìîäåëü, ðåã³îíàëüíà êë³ìàòè÷íà ìîäåëü, ñòàòèñ-
òè÷íèé äàóíñêåéë³íã, ñöåíàð³¿ âèêèä³â ïàðíèêîâèõ ãàç³â.
_________________________________________________________________________________________

Review of climate change modeling methods / V.A. Pepelyaev, A.N. Golodnikov, N.A. Golodnikova //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 48–58.

Abstract. This authors overview the main approaches to the analysis of climate change. Climate models
are based on physical laws and take into account scenarios of greenhouse gas emissions. They are used to
analyze the processes in the climate system and predict possible climate future. The authors focus on the
relationship between global climate models (GCMs), regional climate models (RCMs), and downscaling
methods. An approach to the analysis and reproduction of climatic changes is also considered, which compared
the results of multiple simulations with each other and with observational data.

Keywords: climate change, climate models, statistical downscaling, scenarios of greenhouse gas emissions.
===============================================================================

ÓÄÊ 519.8

Íåäîì³íîâàí³ àëüòåðíàòèâè äëÿ íå÷³òêî¿ ìíîæèíè åêñïåðò³â / Ñ.Î. Ìàùåíêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 3. Ñ. 59–70.

Àíîòàö³ÿ. Äîñë³äæåíî ìíîæèíó íåäîì³íîâàíèõ àëüòåðíàòèâ â çàäà÷³ ãðóïîâîãî ïðèéíÿòòÿ ð³øåí-
íÿ íå÷³òêîþ ìíîæèíîþ åêñïåðò³â. Ïîêàçàíî, ùî âîíà º íå÷³òêîþ ìíîæèíîþ òèïó-2 (T2FS). Ïîáóäîâàíî
ôóíêö³þ íàëåæíîñò³ òèïó-2 ö³º¿ ìíîæèíè. Äëÿ äîñë³äæåííÿ T2FS íåäîì³íîâàíèõ àëüòåðíàòèâ âèêîðèñ-
òàíî äåêîìïîçèö³éíèé ï³äõ³ä. Ïîêàçàíî, ùî T2FS íåäîì³íîâàíèõ àëüòåðíàòèâ ìîæå áóòè ðîçêëàäåíîþ
çà âòîðèííèìè ñòóïåíÿìè íàëåæíîñò³ íà ñê³í÷åííèé íàá³ð íå÷³òêèõ ìíîæèí òèïó-1. Êîæíà ç íèõ º ìíî-
æèíîþ íåäîì³íîâàíèõ àëüòåðíàòèâ äëÿ ÷³òêî¿ ìíîæèíè åêñïåðò³â, ÿêà º â³äïîâ³äíèì a-ïåðåð³çîì
âèõ³äíî¿ íå÷³òêî¿ ìíîæèíè. Íàâåäåíî ïðèêëàäè.

Êëþ÷îâ³ ñëîâà: ïðèéíÿòòÿ ð³øåíü, íå÷³òêå â³äíîøåííÿ ïåðåâàãè, íå÷³òêà ìíîæèíà òèïó-2.
_________________________________________________________________________________________

Non-dominated alternatives of fuzzy set of experts / S.O. Mashchenko // Kibernetyka ta Systemnyi Analiz.
2023. Vol. 59, N 3. P. 59–70.

Abstract. The author analyzes a set of non-dominated alternatives in the problem of group
decision-making by a fuzzy set of experts and shows that it is a type-2 fuzzy set (T2FS). The corresponding
type-2 membership function is generated. The decomposition approach is used to analyze the T2FS of
non-dominated alternatives. It is shown that the T2FS of non-dominated alternatives can be decomposed
according to secondary membership grades into a finite collection of type-1 fuzzy sets, each being the set of
non-dominated alternatives for a crisp set of experts, which is the corresponding a-cut of the original fuzzy set.
Illustrative examples are given.

Keywords: decision making; fuzzy preference relation; type-2 fuzzy set.
===============================================================================

ÓÄÊ 517.988

²ìïóëüñíà òðàºêòîðíî-ô³íàëüíà êåðîâàí³ñòü ïàðàáîë³÷íî-ã³ïåðáîë³÷íèõ ñèñòåì / Â.Â. Ñåìåíîâ,
Ñ.Â. Äåíèñîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 3. Ñ. 71–82.

Àíîòàö³ÿ. Äîñë³äæåíî ïèòàííÿ ³ñíóâàííÿ òà ºäèíîñò³ óçàãàëüíåíèõ ðîçâ’ÿçê³â ãðàíè÷íèõ çàäà÷
äëÿ ð³âíÿíü ïàðàáîë³÷íî-ã³ïåðáîë³÷íîãî òèïó ç óçàãàëüíåíèìè ôóíêö³ÿìè ñê³í÷åííîãî ïîðÿäêó ó ïðàâèõ
÷àñòèíàõ. Ìîòèâàö³ºþ º àíàë³ç çàäà÷ òðàºêòîðíî¿ òà ô³íàëüíî¿ êåðîâàíîñò³ ñèñòåì, ùî âèçíà÷àþòüñÿ
öèìè ãðàíè÷íèìè çàäà÷àìè ³ çàçíàþòü çîñåðåäæåíèõ âïëèâ³â òèïó ³ìïóëüñíèõ àáî òî÷êîâèõ. Ðîçãëÿíóò³
ñèñòåìè ìîæíà ââàæàòè «³ãðàøêîâèìè ìîäåëÿìè» âçàºìîä³¿ òâåðäîãî ò³ëà òà ð³äèíè. Îòðèìàíî àïð³îðí³
îö³íêè â íåãàòèâíèõ íîðìàõ. Äîâåäåíî òåîðåìè ³ñíóâàííÿ òà ºäèíîñò³ óçàãàëüíåíèõ ðîçâ’ÿçê³â òà òåîðå-
ìè òðàºêòîðíî-ô³íàëüíî¿ êåðîâàíîñò³ ñèñòåì ç ñèíãóëÿðíèìè âïëèâàìè.

Êëþ÷îâ³ ñëîâà: êåðîâàí³ñòü, ð³âíÿííÿ ïàðàáîë³÷íî-ã³ïåðáîë³÷íîãî òèïó, àïð³îðí³ îö³íêè, íåãàòèâí³
íîðìè, óçàãàëüíåíèé ðîçâ’ÿçîê, ³ìïóëüñíå êåðóâàííÿ.
_________________________________________________________________________________________

Impulse trajectory and final controllability of parabolic-hyperbolic systems / V.V. Semenov, S.V. Denisov
// Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 71–82.

Abstract. The authors investigate the existence and uniqueness of generalized solutions of
boundary-value problems for equations of the parabolic-hyperbolic type with generalized functions of finite
order on the right-hand sides. The motivation is the analysis of the problems of trajectory and final
controllability of systems described by these boundary-value problems and subjected to concentrated influences
of the impulse or point type. The systems can be considered “toy models” of the interaction of a solid body and
a liquid. A priori inequalities in negative norms are obtained. The theorems of existence and uniqueness of
generalized solutions and theorems of trajectory and final controllability of systems with singular influences are
proved.

Keywords: controllability, equations of parabolic-hyperbolic type, a priori inequalities, negative norms,
generalized solution, impulse control.
===============================================================================
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ÓÄÊ 519.83:517.7

Ðîçâ’ÿçàííÿ çàäà÷³ ì’ÿêîãî çáëèæåííÿ êåðîâàíèõ êîëèâíèõ ñèñòåì ç âèêîðèñòàííÿì ïðèíöèïó
ðîçòÿãóâàííÿ ÷àñó / Ã.Ö. ×èêð³é, Â.Ì. Êóçüìåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59,
¹ 3. Ñ. 83–94.

Àíîòàö³ÿ. Ðîçãëÿíóòî ³ãðîâó çàäà÷ó ïðî ì’ÿêó çóñòð³÷ êåðîâàíèõ êîëèâíèõ ñèñòåì, òîáòî ïðî ¿õíº
îäíî÷àñíå çáëèæåííÿ çà ãåîìåòðè÷íèìè êîîðäèíàòàìè ³ øâèäêîñòÿìè. Çàçíà÷åíî, ùî áåçïîñåðåäíº çà-
ñòîñóâàííÿ ïåðøîãî ïðÿìîãî ìåòîäó Ë.Ñ. Ïîíòðÿã³íà äî ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³ º íåìîæëèâèì, îñê³ëüêè
äëÿ íå¿ íå âèêîíóºòüñÿ óìîâà, íà ÿê³é áàçóºòüñÿ öåé ìåòîä. Âîíà ïîëÿãàº ó ìèòòºâ³é ïåðåâàç³ â ðåñóðñàõ
êåðóâàííÿ ïåðåñë³äóâà÷à (òîãî, õòî áàæàº òàêî¿ çóñòð³÷³) íàä âò³êà÷åì (òèì, õòî ¿¿ óíèêàº). Ó çàïðîïîíî-
âàíîìó ìåòîä³ çàñòîñîâàíî ïðèíöèï ðîçòÿãóâàííÿ ÷àñó, ÿêèé äàº ìîæëèâ³ñòü ïîñëàáèòè çãàäàíó óìîâó òà
çàâåðøèòè ãðó çà ïîäîâæåíèé ÷àñ. Îïèñàíî ìåòîä ðîçâ’ÿçàííÿ çàäà÷³, ùî âèêîðèñòîâóº ïåâíó ôóíêö³þ
ðîçòÿãóâàííÿ ÷àñó, à òàêîæ àëãîðèòì, âàð³àíòè ïîáóäîâè êåðóâàííÿ ïåðåñë³äóâà÷à òà ïðèêëàä êîìï’þ-
òåðíî¿ ðåàë³çàö³¿ ïðîöåñó çáëèæåííÿ íà ïëîùèí³.

Êëþ÷îâ³ ñëîâà: äèôåðåíö³àëüíà ãðà, ì’ÿêå çáëèæåííÿ, ôóíêö³ÿ ðîçòÿãóâàííÿ ÷àñó, ìîäèô³êîâàíà óìîâà
Ïîíòðÿã³íà, ñåëåêòîð áàãàòîçíà÷íîãî â³äîáðàæåííÿ.
_________________________________________________________________________________________

Solving the problem of soft meeting for controlled oscillatory systems based on the principle of time
stretching / G.Ts. Chikrii, V.M. Kuzmenko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 83–94.

Abstract. The game problem of a soft meeting of controlled oscillating systems, i.e., their simultaneous
coincidence of geometric coordinates and velocities, is considered. Applying Pontryagin’s first direct method
[1] to solve this problem is impossible since the condition underlying this method is not satisfied. This
condition is an instantaneous advantage of the pursuer (the one who strives to achieve this meeting) over the
evader (the one who tries to avoid it). In the method, we apply the principle of time stretching, which weakens
this condition and makes it possible to terminate the game in a finite time. The paper outlines the problem
solution method that employs a certain time-stretching function. Also, an algorithm, variants of constructing the
pursuer control, and an example of computer implementation of the convergence process on the plane are
provided.

Keywords: differential game, soft meeting, time stretching function, modified Pontryagin’s condition, selection
of set-valued mapping.
===============================================================================

ÓÄÊ 004.891.3

Îö³íþâàííÿ êîðèñíîñò³ á³íàðíîãî êëàñèô³êàòîðà íà îñíîâ³ óäîñêîíàëåíîãî ìåòîäó ROC-àíàë³çó /
Î.À. Æóêîâñüêà, Ë.Ñ. Ôàéíç³ëüáåðã // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 3. Ñ. 95–105.

Àíîòàö³ÿ. Ñôîðìóëüîâàíî îçíà÷åííÿ êîðèñíîñò³ á³íàðíîãî êëàñèô³êàòîðà â ñåíñ³ çìåíøåííÿ
àïð³îðíîãî ðèçèêó ïîìèëêîâî¿ êëàñèô³êàö³¿. Çàïðîïîíîâàíî äîñòàòí³ óìîâè, ùî ãàðàíòóþòü êîðèñí³ñòü
ä³àãíîñòè÷íîãî òåñòó çã³äíî ç öèì îçíà÷åííÿì. Îòðèìàí³ óìîâè íàäàëè çìîãó âäîñêîíàëèòè òðàäèö³éíèé
ROC-àíàë³ç çàâäÿêè îáìåæåííþ â³äïîâ³äíîãî ôðàãìåíòà ROC-êðèâî¿. Ïîêàçàíî, ùî ïðÿìà, ÿêà îáìåæóº
ôðàãìåíò ROC-êðèâî¿ ãàðàíòîâàíî êîðèñíîãî òåñòó, çá³ãàºòüñÿ ç â³äîìîþ ³çîë³í³ºþ åôåêòèâíîñò³, ùî
â³äïîâ³äàº ð³âíþ àïð³îðíîãî ðèçèêó. Âèçíà÷åíî äîïóñòèì³ ìåæ³ ñï³ââ³äíîøåííÿ âòðàò â³ä ïîìèëêè ïðî-
ïóñêó ö³ë³ òà õèáíî¿ òðèâîãè, çà ÿêèõ òåñò ³ç â³äïîâ³äíèìè îïåðàö³éíèìè õàðàêòåðèñòèêàìè çàëèøàºòüñÿ
êîðèñíèì äëÿ ñêðèí³íãó çàõâîðþâàííÿ ç â³äîìèì ïðåâàëåíñîì. Íà îñíîâ³ îòðèìàíèõ ðåçóëüòàò³â îá´ðóí-
òîâàíî åôåêòèâí³ñòü íîâîãî ìåòîäó àíàë³çó òà ³íòåðïðåòàö³¿ åëåêòðîêàðä³îãðàì, ÿêèé ´ðóíòóºòüñÿ íà âèç-
íà÷åíí³ îðèã³íàëüíî¿ ä³àãíîñòè÷íî¿ îçíàêè ó ôàçîâîìó ïðîñòîð³ òà íàäàº çìîãó âèÿâëÿòè îñ³á ç âèñîêèì
ðèçèêîì ³øåì³÷íî¿ õâîðîáè ñåðöÿ íà ðàíí³õ ñòàä³ÿõ çàõâîðþâàííÿ.

Êëþ÷îâ³ ñëîâà: á³íàðíèé êëàñèô³êàòîð, ROC-êðèâà, ä³àãíîñòè÷íà îçíàêà, àíàë³ç òà ³íòåðïðåòàö³ÿ ÅÊÃ.
_________________________________________________________________________________________

Evaluation of the usefulness of binary classifier based on enhanced ROC-analysis / O.A. Zhukovska,
L.S. Fainzilberg // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 95–105.

Abstract. The definition of the usefulness of the binary classifier from the point of view of reducing the
a priori risk of false classification is formulated. Sufficient conditions are proposed to guarantee the utility of
a diagnostic test according to this definition. The obtained conditions improved the traditional ROC analysis by
limiting the corresponding region of the ROC curve. The line limiting the region of the guaranteed useful test is
shown to coincide with the known iso-performance line corresponding to the a priori risk level. Permissible
limits of the ratio of losses from target misses and false alarms were determined, according to which a test with
appropriate operational characteristics remains useful for screening a disease with a known prevalence. Based
on the obtained results, the authors substantiated the effectiveness of the new method of the analysis and
interpretation of electrocardiograms, which is based on determining the original diagnostic feature in the phase
space and enables detecting persons with a high risk of coronary heart disease in the early stages of the disease.

Keywords: binary classifier, ROC curve, diagnostic feature, analysis and interpretation of ECG.
===============================================================================

4 ISSN 1019-5263. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2022, òîì 59, ¹ 3



ÓÄÊ 519.8

Äåÿê³ àñèìïòîòè÷í³ âëàñòèâîñò³ ðîçâ’ÿçê³â ð³âíÿíü Ëàïëàñà â îäèíè÷íîìó êðóç³ / Ò.Â. Æèãàëëî,
Þ.². Õàðêåâè÷ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 3. Ñ. 106–114.

Àíîòàö³ÿ. Ðîçãëÿíóòî îïòèì³çàö³éíó çàäà÷ó, ó ÿê³é äîñë³äæóºòüñÿ ³íòåãðàëüíå ïðåäñòàâëåííÿ
â³äõèëåííÿ ë³í³éíèõ äîäàòíèõ îïåðàòîð³â íà êëàñàõ �� �, )-äèôåðåíö³éîâíèõ ôóíêö³é â ³íòåãðàëüí³é ìåò-
ðèö³. ßê äîäàòíèé ë³í³éíèé îïåðàòîð âçÿòî ³íòåãðàë Ïóàññîíà, ÿêèé º ðîçâ’ÿçêîì ð³âíÿííÿ Ëàïëàñà â ïî-
ëÿðíèõ êîîðäèíàòàõ ç â³äïîâ³äíèìè ïî÷àòêîâèìè óìîâàìè, çàäàíèìè íà ìåæ³ îäèíè÷íîãî êðóãà. ²íòåã-
ðàë Ïóàññîíà â³äíîñÿòü äî îïåðàòîð³â ç äåëüòà ïîä³áíèì ÿäðîì, à îòæå, º íàéêðàùèì àïàðàòîì äëÿ ðîç-
â’ÿçóâàííÿ áàãàòüîõ çàäà÷ ïðèêëàäíî¿ ìàòåìàòèêè, à ñàìå: ìåòîä³â îïòèì³çàö³¿ òà âàð³àö³éíîãî ÷èñëåííÿ,
ìàòåìàòè÷íî¿ òåîð³¿ êåðóâàííÿ, òåîð³¿ äèíàì³÷íèõ ñèñòåì òà ³ãðîâèõ çàäà÷ äèíàì³êè, ïðèêëàäíîãî
íåë³í³éíîãî àíàë³çó òà ïîøóêó ðóõîìèõ îá’ºêò³â. Êëàñè �� �, )-äèôåðåíö³éîâíèõ ôóíêö³é, íà ÿêèõ
äîñë³äæåíî àñèìïòîòè÷í³ âëàñòèâîñò³ ðîçâ’ÿçê³â ð³âíÿíü Ëàïëàñà â îäèíè÷íîìó êðóç³, º óçàãàëüíåííÿìè
äîáðå â³äîìèõ â îïòèì³çàö³éíèõ çàäà÷àõ êëàñ³â Ñîáîëºâà, Âåéëÿ–Íàäÿ òîùî. Ðîçâ’ÿçàíà çàäà÷à äàñòü
çìîãó áóäóâàòè ÿê³ñí³ ìàòåìàòè÷í³ ìîäåë³ áàãàòüîõ ïðèðîäíè÷èõ òà ñîö³àëüíèõ ïðîöåñ³â.

Êëþ÷îâ³ ñëîâà: ð³âíÿííÿ Ëàïëàñà, �� �, )-ïîõ³äíà, îïòèì³çàö³éí³ çàäà÷³, çàäà÷à Êîëìîãîðî-

âà–Í³êîëüñüêîãî.
_________________________________________________________________________________________

Some asymptotic properties of the solutions of laplace equations in the unit disc / T.V. Zhyhallo,
Yu.I. Kharkevych // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 106–114.

Abstract. The authors consider the optimization problem related to the integral representation of the
deviation of positive linear operators on the classes of �� �, )-differentiable functions in the integral metric. The
Poisson integral is taken as a positive linear operator, being the solution of the Laplace equation in polar
coordinates with the corresponding initial conditions given on the boundary of the unit disc. The Poisson
integral refers to operators with a delta-like kernel; therefore, it is the best apparatus for solving many problems
of applied mathematics, namely: optimization methods and calculus of variations, mathematical control theory,
theory of dynamical systems and game problems of dynamics, applied nonlinear analysis and moving objects
search. The classes of �� �, )-differentiable functions are generalizations of the well-known Sobolev,
Weyl–Nagy, etc. classes in optimization problems, on which the asymptotic properties of solutions of Laplace
equations in the unit disc are analyzed. The problem solved in the paper will make it possible to generate
high-quality mathematical models of many natural and social processes.

Keywords: Laplace equation, �� �, )-derivative, optimization problems, Kolmogorov–Nikol’skii problem.

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

ÓÄÊ 519.816

Ï³äõ³ä äî îö³íþâàííÿ ñò³éêîñò³ ðîçâ’ÿçê³â, îòðèìàíèõ áàãàòîêðèòåð³éíèìè ìåòîäàìè, äî ïîõèáîê
çíà÷åíü êîåô³ö³ºíò³â âàæëèâîñò³ ïîêàçíèê³â / ².Ñ. Ðîìàí÷åíêî, Ì.Ì. Ïîòüîìê³í, Î.Ï. Êðàâåöü,
À.À. Ñåäëÿð // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 3. Ñ. 115–126.

Àíîòàö³ÿ. Ïîêàçàíî, ùî íà ðîçâ’ÿçêè, îòðèìóâàí³ áàãàòîêðèòåð³éíèìè ìåòîäàìè (ðàíæóâàííÿ àëü-
òåðíàòèâ òà ôîðìóâàííÿ ¿õíüîãî ÿäðà), ìîæóòü âïëèâàòè ïîõèáêè çíà÷åíü êîåô³ö³ºíò³â âàæëèâîñò³ ïî-
êàçíèê³â, ÿêèìè õàðàêòåðèçóºòüñÿ äîñë³äæóâàíà ñèñòåìà. Çàçíà÷åíî, ùî îö³íþâàííÿ ñò³éêîñò³ öèõ ðîç-
â’ÿçê³â º âàæëèâîþ ñêëàäîâîþ âèñíîâê³â ïðî ìîæëèâ³ñòü ïðàêòè÷íîãî âèêîðèñòàííÿ ðåêîìåíäàö³é, ðîç-
ðîáëþâàíèõ íà ¿õí³é îñíîâ³. Çàïðîïîíîâàíî ï³äõ³ä äî îö³íþâàííÿ ñò³éêîñò³, íàâåäåíî äåê³ëüêà
ïðèêëàä³â çä³éñíåííÿ ðîçðàõóíê³â ç éîãî âèêîðèñòàííÿì. Öåé ï³äõ³ä äàñòü çìîãó ï³äâèùèòè îá´ðóíòî-
âàí³ñòü ðåçóëüòàò³â ðîçâ’ÿçàííÿ áàãàòîêðèòåð³éíèõ çàäà÷ çà ðàõóíîê îòðèìàííÿ äîñòàòíüî îá’ºêòèâíèõ
ï³äñòàâ äëÿ âèñíîâê³â ùîäî ¿õíüî¿ ñò³éêîñò³.

Êëþ÷îâ³ ñëîâà: áàãàòîêðèòåð³éíèé ìåòîä, êîåô³ö³ºíò âàæëèâîñò³, ïîõèáêà çíà÷åííÿ êîåô³ö³ºíòà âàæëè-
âîñò³, ðàíæóâàííÿ àëüòåðíàòèâ, ñò³éê³ñòü ðîçâ’ÿçêó, ÿäðî àëüòåðíàòèâè.
_________________________________________________________________________________________

The approach to assessing the stability of solutions obtained by multi-criteria methods to the errors of the
values of the importance coefficients of the indicators / ².S. Romanchenko, M.M. Potomkin, O.P. Kravets,
A.A. Sedliar // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 115–126.

Abstract. The authors show that the solutions obtained by multi-criteria methods (ranking of alternatives
and formation of their core) can be affected by errors of the values of the importance ratio of the indicators that
characterize the system under study. The stability analysis of such solutions is shown to be an important
component of the conclusions about the possibility of practical use of the recommendations developed on their
basis. The stability analysis approach is proposed and used in several examples of calculations. This approach
will increase the substantiation of the results of the solution of multi-criteria problems due to obtaining
a sufficiently objective basis for the conclusion on their stability.

Keywords: multi-criteria method, importance ratio, error of importance ratio value, ranking of alternatives,
solution stability, alternatives core.
===============================================================================
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ÓÄÊ 512.552.22:517.952

Ðîçâ’ÿçàííÿ ñèñòåìè ð³âíÿíü ïåðøîãî ïîðÿäêó ó ÷àñòèííèõ ïîõ³äíèõ ìåòîäàìè äåêîìïîçèö³¿ /
Þ.Ì. Áàçèëåâè÷, ².À. Êîñòþøêî, Î.Ä. Ñòàí³íà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 3.
Ñ. 127–132.

Àíîòàö³ÿ. Îïèñàíî ñïðîùåííÿ ñèñòåìè ð³âíÿíü øëÿõîì äåêîìïîçèö³¿ íà íåçàëåæí³ ï³äñèñòåìè
àáî ³ºðàðõ³÷íî¿ (ïîñë³äîâíî¿) äåêîìïîçèö³¿. Ðîçðîáëåíî àëãåáðà¿÷í³ ìåòîäè, ÿê³ äàþòü çìîãó çâåñòè ìàò-
ðèö³ êîåô³ö³ºíò³â äî áëî÷íî-ä³àãîíàëüíîãî àáî áëî÷íî-òðèêóòíîãî âèãëÿäó. Öå äàº ìîæëèâ³ñòü çíà÷íî
ñïðîñòèòè çàäà÷ó òà ó áàãàòüîõ âèïàäêàõ îòðèìàòè àíàë³òè÷íèé ðîçâ’ÿçîê.

Êëþ÷îâ³ ñëîâà: ìàòðèö³, ïåðåòâîðåííÿ ïîä³áíîñò³, äèôåðåíö³àëüí³ ð³âíÿííÿ ó ÷àñòèííèõ ïîõ³äíèõ, äå-
êîìïîçèö³ÿ.
_________________________________________________________________________________________

Solving a system of first-order partial differential equations using decomposition methods /
Y.N. Bazylevych, I.A. Kostiushko, O.D. Stanina // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3.
P. 127–132.

Abstract. The system of equations is simplified by decomposition into several independent subsystems
or by hierarchical (sequential) decomposition. The algebraic methods are developed, which reduce the matrix of
coefficients to a block-diagonal or block-triangular form. This significantly simplifies the problem and often
makes it possible to obtain an analytical solution.

Keywords: matrices, similarity transformations, partial differential equation, decomposition.
===============================================================================

ÓÄÊ 519-7/339.9

Êåðóâàííÿ ðèíêîì ïåðåì³ùåííÿ êàï³òàëó òà îïòèì³çàö³ÿ óïðàâë³ííÿ ñâ³òîâèìè åêîíîì³÷íîþ ³
áàíê³âñüêîþ ñèñòåìàìè â óìîâàõ ãëîáàë³çàö³¿. Ðåãóëþâàííÿ ðåãóëÿòîð³â / Â.Â. Õèëåíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 3. Ñ. 133–140.

Àíîòàö³ÿ. Ðîçãëÿíóòî îñîáëèâîñò³ ðåãóëþâàííÿ äèíàì³êè ñâ³òîâî¿ ô³íàíñîâî-åêîíîì³÷íî¿ ñèñòåìè
(ÔÅÑ) â óìîâàõ ãëîáàë³çàö³¿. Çàïðîïîíîâàíî âèêîðèñòàííÿ ìàòðèö³ ïåðåõðåñíîãî ïåðåì³ùåííÿ êàï³òàëó
ÿê ìîäåë³ àíàë³çó ðóõó ³íâåñòèö³é ³ óïðàâë³ííÿ ñâ³òîâîþ ÔÅÑ. Îá´ðóíòîâàíî íåîáõ³äí³ñòü ñêîîðäèíîâà-
íèõ ä³é ðåãóëÿòîð³â ñâ³òîâèõ åêîíîì³ê ³ ðîçðîáëåíî ìîäåëü ä³é ðåãóëÿòîð³â äëÿ çáåðåæåííÿ ñòàëî¿ äè-
íàì³êè ñâ³òîâî¿ ÔÅÑ. Ðîçãëÿíóòî âïëèâ ðèíêó ïåðåì³ùåííÿ êàï³òàëó íà ïàðàìåòðè õâèëü Êîí-
äðàòüºâà–Øóìïåòåðà. Çàïðîïîíîâàíî ìàòåìàòè÷íó ìîäåëü âèçíà÷åííÿ åôåêòèâíîñò³ âëèâàíü «ãåë³êîï-
òåðíèõ ãðîøåé». Äëÿ îö³íêè ñòàíó åêîíîì³êè â óìîâàõ ãëîáàë³çàö³¿ çàïðîïîíîâàíî âèêîðèñòîâóâàòè
êîìá³íàö³þ ³íäèêàòîðà Áàôôåòà, ³íäèêàòîðà âèõëþïóâàííÿ, êîåô³ö³ºíòà ñï³íþâàííÿ òà ³íäèêàòîðà
øâèäêîñò³ çì³íè ÷àñòêè ïîçèêîâèõ ³íâåñòèö³é.

Êëþ÷îâ³ ñëîâà: îïòèì³çàö³ÿ óïðàâë³ííÿ ñâ³òîâîþ ÔÅÑ â óìîâàõ ãëîáàë³çàö³¿, ìàòðèöÿ ïåðåõðåñíîãî ïå-
ðåì³ùåííÿ êàï³òàëó, ðèíîê ïåðåì³ùåííÿ êàï³òàëó, åêîíîì³÷í³ öèêëè, ìàòåìàòè÷íå ìîäåëþâàííÿ,
îïòèì³çàö³ÿ êåðóâàëüíèõ âïëèâ³â ðåãóëÿòîð³â, ³íäèêàòîð Áàôôåòà, ³íäèêàòîð âèõëþïóâàííÿ, ³íäèêàòîð
øâèäêîñò³ çì³íè ÷àñòêè ïîçèêîâèõ ³íâåñòèö³é.
_________________________________________________________________________________________

Management of the capital transfer market and optimization of management of the world economic and
banking systems in the conditions of globalization. Regulation of regulators / V.V. Khilenko // Kibernetyka
ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 133–140.

Abstract. The peculiarities of regulating the dynamics of the world financial and economic system (FES)
in the conditions of globalization are considered. It is proposed to use the matrix of the cross movement of
capital as a model for the analysis of the movement of investments and management of the global FES. The
need for coordinated actions of regulators of world economies is substantiated, and a model of actions of
regulators to preserve the sustainable dynamics of the global FES is developed. The impact of the capital
transfer market on the parameters of Kondratiev–Schumpeter waves is considered. A mathematical model for
determining the effectiveness of “helicopter money” injections is proposed. To assess the state of the economy
in the conditions of globalization, it is proposed to use a combination of the Buffett indicator, the splashing out
indicator, foaming coefficient, and the indicator of the rate of change in the share of loan investments.

Keywords: optimization of the management of the world FES in the conditions of globalization, matrix of
cross capital movement, capital movement market, economic cycles, mathematical modeling, optimization of
the controlling influence of regulators, Buffett indicator, the splashing out indicator, foaming coefficient,
indicator of the rate of change of the share of loan investments.
===============================================================================
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ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 519.6

Ðîçâ’ÿçóâàííÿ çàäà÷ íà âëàñí³ çíà÷åííÿ â çì³ííîìó êîìï’þòåðíîìó ñåðåäîâèù³ ñóïåðêîìï’þòåð³â
/ Î.Ì. Õ³ì³÷, Î.Â. Ïîïîâ, Î.Â. ×èñòÿêîâ, Â.Î. Êîõàíîâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2023. Òîì 59, ¹ 3. Ñ. 141–156.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìàòåìàòè÷íå çàáåçïå÷åííÿ äëÿ äîñë³äæåííÿ òà ðîçâ’ÿçóâàííÿ íà êîì-
ï’þòåð³ MIMD àðõ³òåêòóðè ç ãðàô³÷íèìè ïðîöåñîðàìè àëãåáðà¿÷íî¿ ïðîáëåìè âëàñíèõ çíà÷åíü. Äî ñêëà-
äó ìàòåìàòè÷íîãî çàáåçïå÷åííÿ âõîäÿòü ïàðàëåëüí³ àëãîðèòìè òà ïðîãðàìè ç ôóíêö³ÿìè àâòîìàòè÷íîãî
àäàïòèâíîãî íàëàøòóâàííÿ çì³ííîãî êîìï’þòåðíîãî ñåðåäîâèùà (áàãàòîð³âíåâèé ïàðàëåë³çì, çì³ííà òî-
ïîëîã³ÿ ì³æïðîöåñîðíèõ çâ’ÿçê³â, çì³øàíà ðîçðÿäí³ñòü, êåøèçàö³ÿ òîùî) íà âèÿâëåí³ â êîìï’þòåð³ ìàòå-
ìàòè÷í³ âëàñòèâîñò³ çàäà÷³ òà éîãî àðõ³òåêòóðí³ îñîáëèâîñò³ äëÿ çàáåçïå÷åííÿ äîñòîâ³ðíîñò³ ðåçóëüòàò³â
ðîçâ’ÿçóâàííÿ ³ åôåêòèâíîãî âèêîðèñòàííÿ îá÷èñëþâàëüíèõ ðåñóðñ³â.

Êëþ÷îâ³ ñëîâà: àëãåáðà¿÷íà ïðîáëåìà âëàñíèõ çíà÷åíü (ÀÏÂÇ), çì³ííå êîìï’þòåðíå ñåðåäîâèùå, àäàï-
òèâí³ àëãîðèòìè, ìåòîä ñïðÿæåíèõ ãðàä³ºíò³â, ìåòîä ³òåðàö³é íà ï³äïðîñòîð³, áàãàòîÿäåðíèé êîìï’þòåð
MIMD-àðõ³òåêòóðè ç ãðàô³÷íèìè ïðîöåñîðàìè.
_________________________________________________________________________________________

Adaptive algorithms for solving eigenvalue problems in a variable computer environment of
supercomputers / Î.Ì. Khimich, O.V. Popov, O.V. Chistyakov, V.O. Kokhanovskyi // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 3. P. 141–156.

Abstract. The authors propose software for the analysis and solution of the algebraic eigenvalue problem
using a MIMD computer with GPUs, which includes parallel algorithms and programs with the functions of
adaptive configuration of the variable computer environment (multilevel parallelism, variable topology of
interprocessor communications, mixed word length, caching, etc.) on the mathematical properties of the
problem identified in the computer and the architectural features of the computer to ensure the reliability of the
solution results with the efficient use of computing resources.

Keywords: algebraic eigenvalue problem (APEV), changeable computing environment, adaptive algorithms,
gradient conjugation method, subspace iteration method, multi-core computers of MIMD-architecture with
graphic processors.
===============================================================================

ÓÄÊ 004.93.1

Ñèñòåìà ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü äëÿ ä³àãíîñòóâàííÿ îíêîïàòîëîã³é ìîëî÷íî¿ çàëîçè çà
ã³ñòîëîã³÷íèìè çîáðàæåííÿìè / À.Ñ. Äîâáèø, ².Â. Øåëåõîâ, À.Ì. Ðîìàíþê, Ð.À. Ìîñêàëåíêî,
Ò.Ð. Ñàâ÷åíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 3. Ñ. 157–167.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ³íôîðìàö³éíî-åêñòðåìàëüíîãî ìàøèííîãî íàâ÷àííÿ ñèñòåìè
ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü äëÿ ä³àãíîñòóâàííÿ îíêîïàòîëîã³é ìîëî÷íî¿ çàëîçè çà ã³ñòîëîã³÷íèìè çîá-
ðàæåííÿìè. Öåé ìåòîä íà â³äì³íó â³ä â³äîìèõ ìåòîä³â, âêëþ÷àþ÷è íåéðîïîä³áí³ ñòðóêòóðè, ðîçðîáëåíî
ó ìåæàõ ôóíêö³îíàëüíîãî ï³äõîäó äî ìîäåëþâàííÿ êîãí³òèâíèõ ïðîöåñ³â ôîðìóâàííÿ ³ ïðèéíÿòòÿ
ð³øåíü ïðèðîäíèì ³íòåëåêòîì. Âîäíî÷àñ ïîáóäîâàí³ ó ìåæàõ ãåîìåòðè÷íîãî ï³äõîäó âèð³øàëüí³ ïðàâè-
ëà º ïðàêòè÷íî ³íâàð³àíòíèìè äî áàãàòîâèì³ðíîñò³ ïðîñòîðó ä³àãíîñòè÷íèõ îçíàê. Ðîçðîáëåíèé ìåòîä
äàº çìîãó ñòâîðèòè ³íôîðìàö³éíå, àëãîðèòì³÷íå òà ïðîãðàìíå çàáåçïå÷åííÿ àâòîìàòèçîâàíîãî ðîáî÷îãî
ì³ñöÿ ë³êàðÿ-ã³ñòîëîãà äëÿ ä³àãíîñòóâàííÿ îíêîïàòîëîã³é ð³çíîãî ãåíåçó.

Êëþ÷îâ³ ñëîâà: ³íôîðìàö³éíî-åêñòðåìàëüíå ìàøèííå íàâ÷àííÿ, ³íôîðìàö³éíèé êðèòåð³é îïòèì³çàö³¿,
ñèñòåìà ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü, ã³ñòîëîã³÷íå çîáðàæåííÿ, ðàê ìîëî÷íî¿ çàëîçè.
_________________________________________________________________________________________

A decision support system for diagnosis of breast oncopathologies by histological images / À.S. Dovbysh,
I.V. Shelehov, A.M. Romaniuk, R.A. Moskalenko, T.R. Savchenko // Kibernetyka ta Systemnyi Analiz.
2023. Vol. 59, N 3. P. 157–167.

Abstract. The authors propose the method of information-extreme machine learning of the decision
support system for diagnosing breast oncopathologies by histological images. In contrast to the available
methods, including neuro-like structures, this method was developed as part of a functional approach to
modeling cognitive processes of generating and making decisions by natural intelligence. At the same time, the
decision rules constructed within the framework of the geometric approach are practically invariant to the
multidimensionality of the diagnostic feature space. The developed method allows the creation of information
and algorithmic support and software of the automated workplace of a histologist for diagnosing
oncopathologies of different genesis.

Keywords: information-extreme machine learning, information criterion of optimization, decision support
system, histological image, breast cancer.
===============================================================================
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ÓÄÊ 519.172.1

Íåîð³ºíòîâàí³ ãðàôè âèäó çì³øàíîãî ë³ñó. Ïîáóäîâà ³çîìîðôíèõ àíàëîã³â òà ñåëåêòèâíå
ïàêóâàííÿ ñòðóêòóðè / Î.². ²âàíåøê³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 3.
Ñ. 168–178.

Àíîòàö³ÿ. Ðîçðîáëåíî ìåòîäè é àëãîðèòìè, ùî äàëè çìîãó çíà÷íî ðîçøèðèòè ôóíêö³îíàëüí³ ìîæ-
ëèâîñò³ òà ñôåðó ïðàêòè÷íîãî çàñòîñóâàííÿ ñòâîðþâàíî¿ íîâî¿ ³íôîðìàö³éíî¿ software-òåõíîëîã³¿. Âñ³
âîíè ðåàë³çîâàí³ ó 32 ïðîãðàìíèõ ìîäóëÿõ òà ïðèçíà÷åí³ äëÿ ìàêñèìàëüíî îïåðàòèâíî¿ ïîáóäîâè
íàéð³çíîìàí³òí³øèõ ³çîìîðôíèõ àíàëîã³â îá’ºêò³â, ÿê³ º ð³çíîâèäîì äîâ³ëüíî¿ ñòðóêòóðè íåîð³ºíòîâàíèõ
ãðàô³â ³ º âèäîì çì³øàíîãî ë³ñó, à òàêîæ äëÿ îäíîìîìåíòíîãî âèëó÷åííÿ ç íèõ ñóêóïíîñòåé ñåëåêòèâíî
âèáðàíèõ âåðøèí ³ ã³ëîê. Äëÿ åôåêòèâíî¿ ðîáîòè íà îá’ºêòàõ, ùî âêëþ÷àþòü äî 65536 âåðøèí, ÿê³ ìîæ-
íà ðîçì³ñòèòè íà 6400 â³ðòóàëüíèõ X-ð³âíÿõ åêðàíà ìîí³òîðà, òåõíîëîã³ÿ ïîòðåáóº ëèøå 4 áàéòè ³íôîð-
ìàö³¿ ùîäî êîæíî¿ âåðøèíè ç óðàõóâàííÿì ¿¿ âëàñíîãî íîìåðà, ÿêèé º íàòóðàëüíèì ÷èñëîì ç ³íòåðâàëó
[0; 65535]. Ðîçðîáëåíî òà ðåàë³çîâàíî ìåòîä, ùî äàº çìîãó àäàïòóâàòè òåõíîëîã³þ äî ðîáîòè ç îá’ºêòàìè,
ÿê³ ìàþòü äî 4 1019

� âåðøèí ³ ÿê³ â³í çäàòíèé ðîçï³çíàâàòè.

Êëþ÷îâ³ ñëîâà: ãðàô-äåðåâî, íåîð³ºíòîâàíå äåðåâî, ñàäæàíåöü, çì³øàíèé ë³ñ, êîìïëåêñ ïðîãðàìíèõ çà-
ñîá³â (ÊÏÇ).
_________________________________________________________________________________________

Undirected mixed-forest graphs. Construction of isomorphic analogs and selective structure packing /
A.I. Ivaneshkin // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 3. P. 168–178.

Abstract. Methods and algorithms have been developed that have made it possible to significantly
expand the functionality and scope of the new universal information software technology being created. All of
them are implemented in 32 software modules and are designed for the most efficient construction of
isomorphic analogs of the undirected mixed-forest graphs of arbitrary structure and simultaneous removal of
selectively chosen sets of nodes and branches from them. To work effectively on objects containing up to
65,536 nodes, which can be placed on 6400 virtual X-levels of the monitor screen, the technology requires only
4 bytes of information for each node, taking into account its number, which is a natural number from the
interval [0; 65535]. A method has been developed and implemented that allows adapting the technology to
work with objects with up to 4 1019

� nodes that it can recognize.

Keywords: graph tree, undirected tree, sapling, mixed forest, set of software tools.
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