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ÓÄÊ 51.681.3

Ñèìåòðè÷íà ñèñòåìà îáì³íó ³íôîðìàö³ºþ íà îñíîâ³ ³çîìîðô³çìó ê³ëåöü / Ñ.Ë. Êðèâèé,
Â.Ì. Îïàíàñåíêî, Î.Î. Ãð³íåíêî, Þ.Î. Íîðòìàí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58,
¹ 5. Ñ. 3–15.

Àíîòàö³ÿ. Ïðîïîíóþòüñÿ àëãîðèòìè îáì³íó ïîâ³äîìëåííÿìè ì³æ àáîíåíòàìè íà îñíîâ³ âëàñòèâîñ-
òåé ñê³í÷åííèõ àñîö³àòèâíî-êîìóòàòèâíèõ ê³ëåöü ç îäèíèöåþ òà ä³îôàíòîâèõ ð³âíÿíü íàä òàêèìè ê³ëüöÿ-
ìè. Íàâåäåíî àëãîðèòìè ïîáóäîâè ñê³í÷åííèõ ê³ëåöü, àäèòèâí³ ãðóïè ÿêèõ ïîâíîöèêë³÷í³, òà àëãîðèòìè
ïîáóäîâè ³çîìîðô³çìó ì³æ ê³ëüöåì k-ãî ïîðÿäêó, àäèòèâíà ãðóïà ÿêîãî ïîâíîöèêë³÷íà, ³ ê³ëüöåì ëèøê³â
Z

k
çà ìîäóëåì k.

Êëþ÷îâ³ ñëîâà: êðèïòîãðàô³÷íèé ïðîòîêîë, ³çîìîðô³çì, ê³ëüöå, àëãîðèòì.
—————————————————————————————————————————————
Symmetric information exchange system based on ring isomorphism / S.L. Kryvyi, V.N. Opanasenko,
E.A. Grinenko, Yu.A. Nortman // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 3–15.

Abstract. The algorithms for exchange of information between subscribers on the basis of finite
associative-commutative rings with unity and linear Diophantine equations over such rings are proposed.
Algorithms for construction of finite rings whose additive groups are full-cycle, and algorithms for construction
of the izomorphism between a ring of k-th order whose additive group is full-cycle and the residue ring Z

k

modulo k are presented.

Keywords: cryptographical protocol, izomorphism, ring, algorithm.
===============================================================================

ÓÄÊ 519.766:004.415.5

Çàñòîñóâàííÿ òà ðîçðîáëåííÿ çàñîá³â ë³íãâ³ñòè÷íîãî ïðîãðàìíîãî çàáåçïå÷åííÿ äëÿ àíàë³çó òà
ïåðåòâîðåííÿ òåêñò³â âèìîã äî ïðîãðàìíèõ ñèñòåì / Ì.Ê. Ìîðîõîâåöü, Í.Ì. Ùîãîëåâà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5. Ñ. 16–24.

Àíîòàö³ÿ. Ïðîâåäåíî åêñïåðèìåíòàëüí³ äîñë³äæåííÿ òåêñò³â âèìîã äî ïðîãðàìíèõ ñèñòåì çà äîïî-
ìîãîþ ÷àñòîòíîãî àíàë³çó. Çà ðåçóëüòàòàìè åêñïåðèìåíò³â âèä³ëåíî «ìîâó òàéìåð³â» — ñóêóïí³ñòü ðå-
÷åíü ïðèðîäíî¿ ìîâè, ùî ìàþòü ïåâíó ñòðóêòóðó òà îïèñóþòü ä³¿ ç òàéìåðàìè. Ðîçðîáëåíî çàñîáè ïåðå-
òâîðåííÿ ðå÷åíü ìîâè òàéìåð³â ó ïîçíà÷åí³ ñòðóêòóðîâàí³ âèðàçè ïðîì³æíî¿ ìîâè, ÿêó ìîæíà âèêîðèñ-
òîâóâàòè ÿê äîïîì³æíèé çàñ³á ó ëàíöþæêó êðîê³â â³ä òåêñòó âèìîã äî ñèñòåìè, ïîäàíîãî ïðèðîäíîþ
ìîâîþ, äî ôîðìàëüíî¿ ìîäåë³ ö³º¿ ñèñòåìè.

Êëþ÷îâ³ ñëîâà: ÷àñòîòíèé àíàë³ç, ìîâíèé ïðîöåñîð, ôîðìàë³çàö³ÿ ñïåö³àë³çîâàíèõ òåêñò³â, ìîâà òàé-
ìåð³â.
—————————————————————————————————————————————

Application and development of linguistic software tools for analising and transforming the texts of
requirements for software systems / M.K. Morokhovets, N.M. Shchogoleva // Kibernetyka ta Systemnyi
Analiz. 2022. Vol. 58, N 5. P. 16–24.

Abstract. Experimental analysis of the texts of requirements for software systems by means of frequency
analysis is carried out. The “timer language,” i.e., a set of natural-language sentences of definite structure that
describe actions with timers, is distinguished according to the results of the experiments. Means for
transforming sentences of timer language into marked structured expressions of intermediate language are
developed. The intermediate language proposed can be used as an auxiliary mean in the chain of steps from the
natural-language text of requirements for a system to the formal model of this system.

Keywords: frequency analysis, language processor, formalization of specialized texts, timer language.
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.872

Ïîð³âíÿëüíèé àíàë³ç äâîõ ìîäèô³êîâàíèõ ìåòîä³â ïðèñêîðåíîãî ìîäåëþâàííÿ éìîâ³ðíîñò³
â³äìîâè ñèñòåìè ðàíãîâî¿ ñòðóêòóðè / Ì.Þ. Êóçíºöîâ, ².Ì. Êóçíºöîâ, À.À. Øóìñüêà // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5. Ñ. 25–36.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìîäåëü â³äíîâëþâàíî¿ ðåçåðâîâàíî¿ ñèñòåìè ðàíãîâî¿ ñòðóêòóðè,
ôóíêö³îíóâàííÿ ÿêî¿ ç ïîãëÿäó íàä³éíîñò³ âèçíà÷àºòüñÿ ðîçïîä³ëàìè çàãàëüíîãî âèäó. Íàâåäåíî äâà ìî-
äèô³êîâàíèõ ìåòîäè ïðèñêîðåíîãî ìîäåëþâàííÿ éìîâ³ðíîñò³ â³äìîâè ñèñòåìè ó ô³êñîâàíîìó ïðîì³æêó
÷àñó. Âèñíîâêè ùîäî òî÷íîñò³ öèõ ìåòîä³â çàëåæíî â³ä õàðàêòåðèñòèê íàä³éíîñò³ åëåìåíò³â ñèñòåìè
ïðî³ëþñòðîâàíî ÷èñëîâèì ïðèêëàäîì.

Êëþ÷îâ³ ñëîâà: íàä³éí³ñòü, ðåçåðâîâàíà ñèñòåìà ç â³äíîâëåííÿì, ðàíã, ìîäåëþâàííÿ ³ç çàáîðîíîþ, ìå-
òîä ñóòòºâî¿ âèá³ðêè, îö³íêà, äèñïåðñ³ÿ.
—————————————————————————————————————————————
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Comparative analysis of two modified fast simulation methods for the evaluation of the failure
probability of a rank structure system / M.Yu. Kuznetsov, I.M. Kuznetsov, A.A. Shumska // Kibernetyka
ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 25–36.

Abstract. A model of a redundant repairable system of the rank structure is considered. Its time operation is
determined by distributions of general form. Two modified fast simulation methods for the evaluation of the
system failure probability on a fixed time interval are proposed. The conclusions on the accuracy of these methods
depending on the reliability characteristics of the system components are illustrated by a numerical example.

Keywords: reliability, redundant repairable system, rank, simulation with prohibition, importance sampling,
estimate, variance.
===============================================================================

ÓÄÊ 519.9

Ðîçðîáëåííÿ ìàòåìàòè÷íî¿ ìîäåë³ ìîäóëþâàëüíîãî äçåðêàëà, çàêð³ïëåíîãî íà àêòèâíèõ îïîðàõ.
äåòåðì³íîâàíà çàäà÷à / Ã.Ì. Çðàæåâñüêèé, Â.Ô. Çðàæåâñüêà, Î.Ì. Ãîëîäí³êîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5. Ñ. 37–47.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìàòåìàòè÷íó äåòåðì³íîâàíó ìîäåëü ìîäóëþâàëüíîãî äçåðêàëà,
çàêð³ïëåíîãî íà àêòèâíèõ îïîðàõ, çà ïðèïóùåííÿ, ùî äçåðêàëî ìîæå ì³ñòèòè äåôåêòè. Çàäà÷à ïîëÿãàº ó
çíàõîäæåíí³ îïòèìàëüíîãî ðîçòàøóâàííÿ îïîð, à òàêîæ ñèë êåðóâàííÿ, ÿê³ áè çàáåçïå÷èëè íàéêðàùå íà-
áëèæåííÿ çàäàíî¿ ôîðìè òà ðîçïîä³ëó ôàç êîëèâàíü ÿê îäíîð³äíîãî äçåðêàëà, òàê ³ äçåðêàëà ç äåôåêòàìè,
ùî ìàþòü çàäàí³ ãåîìåòðè÷í³ òà ìåõàí³÷í³ õàðàêòåðèñòèêè. Äëÿ îïèñó äçåðêàëà îáðàíî ìîäåëü ïëàñòèíè
Ê³ðõãîôà. Ìîäåëþâàííÿ äåôåêò³â âèêîíàíî ç âèêîðèñòàííÿì íåîäíîð³äíîñòåé ìàëèõ ðîçì³ð³â ç³ çì³íå-
íèìè ïðóæíèìè õàðàêòåðèñòèêàìè. Ðîçðîáëåíî ³òåðàö³éíèé ìåòîä ìîäåëþâàííÿ äåôåêò³â îáìåæåíîãî
ðîçì³ðó íà ïëàñòèí³ Ê³ðõãîôà ç âèêîðèñòàííÿì òî÷êîâèõ êâàäðóïîë³â. Ìîäåëþâàííÿ ³çîëüîâàíèõ àêòèâ-
íèõ îïîð âèêîíàíî òî÷êîâèìè ñèëàìè. Ïàðàìåòðàìè îïòèì³çàö³¿ º ðîçòàøóâàííÿ îïîð, àìïë³òóäè òà
ôàçè ñèë, ùî ïðîäóêóþòü êîëèâàííÿ. ßê êðèòåð³é îïòèìàëüíîñò³ âèêîðèñòàíî ì³í³ìóì ñåðåäíüîêâàäðà-
òè÷íîãî â³äõèëåííÿ õâèëüîâî¿ ôîðìè ïëàñòèíè â³ä çàäàíî¿.

Êëþ÷îâ³ ñëîâà: ìîäóëþâàëüíå äçåðêàëî, ïëàñòèíà ç äåôåêòàìè, îïòèìàëüíå çáóäæåííÿ.
—————————————————————————————————————————————

Developing a model for modulating mirror fixed on active supports. deterministic problem / G. Zrazhevsky,
V. Zrazhevska, Î. Golodnikov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 37–47.

Abstract. We consider a problem of a modulating a mirror fixed on active supports. It is assumed that the
mirror may have several defects. The problem is to find optimal locations of supports as well as control forces
providing the best approximation of a given shape and phase of the oscillations for a homogeneous mirror as well
as a plate with defects that have definite geometric and mechanical characteristics. The model of the Kirchhoff
plate is chosen to describe the mirror. Defects are modeled by small inhomogeneities with changed elastic
characteristics. An iterative technique for modeling finite-size defects in the Kirchhoff plate by point quadrupoles
is developed. Isolated active supports are modeled by point forces. The optimization parameters are: the location
of the supports and the amplitudes and phases of forces that generate vibrations. As an optimality criterion, the
minimum of the root-mean-square deviation of the waveform of the plate from the given pattern is used.

Keywords: modulating mirror, defected plate, optimal excitation.
===============================================================================

ÓÄÊ 517.9

Çàñòîñóâàííÿ ðîáàñòíèõ ìåòîä³â îö³íþâàííÿ ïàðàìåòð³â ðîçïîä³ë³â ç àïð³îðíî çàäàíèìè
îáìåæåííÿìè íà ïàðàìåòðè â åêîíîì³ö³ òà òåõí³ö³ / Ê.Ë. Àòîºâ, Ï.Ñ. Êíîïîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5. Ñ. 48–56.

Àíîòàö³ÿ. Ðîçðîáëåíî ï³äõ³ä äî îö³íþâàííÿ ïàðàìåòð³â ðîçïîä³ë³â ç àïð³îðíî çàäàíèìè îáìåæåí-
íÿìè. Ïîáóäîâàíî øåñòèñåêòîðíó ìîäåëü Ëîðåíöà, çà äîïîìîãîþ ÿêî¿ ïðîâåäåíî äîñë³äæåííÿ âçàºìîç-
â’ÿçê³â ì³æ ïðîäîâîëü÷èìè, åíåðãåòè÷íèìè òà âîäíèìè ðåñóðñàìè, ñèñòåìàìè ïîñòà÷àííÿ, åï³äåì³÷íîþ
òà ñîö³àëüíîþ ñèòóàö³ºþ. Äîñë³äæåíî, ÿê ïîñë³äîâíèé ïåðåõ³ä âçàºìîïîâ’ÿçàíèõ ñåêòîð³â ó ðåæèì äå-
òåðì³íîâàíîãî õàîñó â³äîáðàæàºòüñÿ íà ðåæèì³ ôóíêö³îíóâàííÿ ñèñòåìè â ö³ëîìó. Ñòâîðåíî ìåòîä
îö³íþâàííÿ ðèçèê³â äëÿ ïðîäîâîëü÷î¿ áåçïåêè òà óïðàâë³ííÿ íèìè.

Êëþ÷îâ³ ñëîâà: ìîäåëü Ëîðåíöà, ìàòåìàòè÷íå ìîäåëþâàííÿ, ìîäåëü åêîíîì³÷íîãî ðîçâèòêó, îïòèìàëü-
íå êåðóâàííÿ, äåòåðì³íîâàíèé õàîñ, ñòîõàñòè÷í³ ìîäåë³.
—————————————————————————————————————————————

Application of robust methods for estimation of distribution parameters with apriori constraints on
parameters in economics and engineering / K.L. Atoyev, P.S. Knopov // Kibernetyka ta Systemnyi Analiz.
2022. Vol. 58, N 5. P. 48–56.

Abstract. An approach to the estimation of distribution parameters with a priori specified constraints is
developed. The Lorentz six-sector model is generated and used to analyze on the relationships between food,
energy, and water resources, supply systems, epidemic and social situation. It is investigated how the successive
transition of interconnected sectors into the mode of deterministic chaos affects the mode of system’s operation
as a whole. A method of risk assessment for food safety and their management was created.

Keywords: Lorentz model, mathematical modeling, economic development model, optimal control,
deterministic chaos, stochastic models.
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ÓÄÊ 519.8

Ñò³éê³ñòü ³ ðåãóëÿðèçàö³ÿ âåêòîðíèõ çàäà÷ îïòèì³çàö³¿ çà ìîæëèâèõ çáóðåíü êðèòåð³¿â / Ò.Ò. Ëåáºäºâà,
Í.Â. Ñåìåíîâà, Ò.². Ñåðã³ºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5. Ñ. 57–63.

Àíîòàö³ÿ. Íàâåäåíî íîâ³ ðåçóëüòàòè ùîäî ñò³éêîñò³ òà ðåãóëÿðèçàö³¿ âåêòîðíèõ (áàãàòîêðè-
òåð³éíèõ) çàäà÷ îïòèì³çàö³¿ çà ìîæëèâèõ çáóðåíü âõ³äíèõ äàíèõ âåêòîðíîãî êðèòåð³þ, ùî ñêëàäàºòüñÿ ç
êâàäðàòè÷íèõ ÷è ë³í³éíèõ ôóíêö³é. Äîâåäåíî ñò³éê³ñòü çàäà÷ ç êâàäðàòè÷íèìè êðèòåð³ÿìè ïîøóêó ðîç-
â’ÿçê³â, îïòèìàëüíèõ çà Ñëåéòåðîì. Ó âèïàäêó îïòèì³çàö³¿ çà Ïàðåòî ðîçðîáëåíî ï³äõ³ä äî ðåãóëÿðèçàö³¿
çàäà÷ ç ë³í³éíèìè êðèòåð³àëüíèìè ôóíêö³ÿìè.

Êëþ÷îâ³ ñëîâà: âåêòîðíà çàäà÷à, Ïàðåòî-îïòèìàëüí³ ðîçâ’ÿçêè, ìíîæèíà Ñëåéòåðà, ñò³éê³ñòü çà âåêòîð-
íèì êðèòåð³ºì, çáóðåííÿ âõ³äíèõ äàíèõ, ðåãóëÿðèçàö³ÿ.
—————————————————————————————————————————————

Stability and regularization of vector optimization problems with possible perturbations of criteria /
T.T. Lebedeva, N.V. Semenova, T.I. Sergienko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 57–63.

Abstract. The article is devoted to new results related to the stability and regularization of vector
(multicriteria) optimization problems for possible perturbations of the input data of a vector criterion consisting
of quadratic or linear functions. The stability of problems with quadratic criteria for finding solutions that are
Slater-optimal is proved. In the case of Pareto optimization, an approach to regularization of problems with
linear criterion functions is developed.

Keywords: vector problem, Pareto-optimal solutions, Slater set, stability with respect to vector criterion,
perturbations of initial data, regularization.
===============================================================================

ÓÄÊ 30.101.541-336.7

Ìîäåëü ðåãóëþâàííÿ â³äòâîðþâàëüíîãîïðîöåñó åêîíîì³êè / Ò.². ªôèìåíêî, Á.Á. Äóíàºâ,
Î.Î. Ëþá³÷ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5. Ñ. 64–78.

Àíîòàö³ÿ. Äîñë³äæåíî ðåãóëþâàííÿ â³äòâîðþâàëüíîãî ïðîöåñó ó âçàºìîä³¿ ðåàëüíîãî ³ ô³íàíñîâîãî
ñåêòîð³â â åêîíîì³ö³ êðà¿íè ÷åðåç çì³íó ê³ëüêîñò³ ãîò³âêè â îá³ãó ³ ÷åðåç ³íâåñòèö³éíó ïîë³òèêó äåðæàâè, à òà-
êîæ äîñë³äæåíî íàñë³äêè ñïàäó ðèíêîâî¿ âàðòîñò³ ô³íàíñîâèõ ïàïåð³â. Âèçíà÷åíî, ùî âèðîáíè÷à ñôåðà
îá’ºäíóº âèðîáíè÷ó ñèñòåìó (âèðîáíèöòâî), áàíê³âñüêó ñèñòåìó, ðèíêîâó ñèñòåìó, çàêîðäîí òà äîìàøí³ ãîñ-
ïîäàðñòâà. Ïîêàçàíî, ùî ðåãóëÿòîðàìè â³äòâîðåííÿ åêîíîì³êè º: áàíê³âñüêà ñèñòåìà, ÿêà çä³éñíþº êðåäèòó-
âàííÿ âèðîáíèöòâà òà çàáåçïå÷óº ó ðåàëüíîìó ñåêòîð³ íåîáõ³äíó ê³ëüê³ñòü òà øâèäê³ñòü îá³ãó ãðîøåé; ô³íà-
íñîâèé ñåêòîð, ÿêèé ïðîäàº çà ãîò³âêó ô³íàíñîâ³ ïàïåðè òà ³íâåñòóº âèðîáíèöòâî; äåðæàâà, ÿêà ðåàë³çóº
ïîë³òèêó ³íâåñòèö³é äëÿ ðîçøèðåíîãî â³äòâîðåííÿ âèðîáíè÷îãî êàï³òàëó. Ïðîâåäåíî ìîäåëþâàííÿ â³äòâîðþ-
âàëüíîãî ïðîöåñó åêîíîì³êè Óêðà¿íè ïðîòÿãîì 2022–2024 ðîê³â çà ñòàòèñòè÷íèìè äàíèìè 2020 ³ 2021 ðîê³â.

Êëþ÷îâ³ ñëîâà: â³äòâîðþâàííÿ, åêîíîì³êà, ðåãóëþâàííÿ, ðèíîê, ð³âíîâàãà, ïðàöÿ, êàï³òàë, ãðîø³, ïðî-
öåíòíà ñòàâêà, êóðñ âàëþòè, êðèçà, ³íôëÿö³ÿ, òàðãåòóâàííÿ.
—————————————————————————————————————————————

Model of regulation of the reproductive process of the economy / T.I. Iefymenko, B.B. Dunaev,
A.A. Lyubich // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 64–78.

Abstract. The authors analyze the regulation of the reproduction process in the interaction of the real
and financial sectors of economy by variations in the cash in circulation and through the investment policy of
the state and the consequences of the collapse of the value of securities. The production sphere is shown to
unite the production system (production), banking system, market system, rest of the world, and households. It
is shown that the regulators of economic reproduction are: the banking system, which provides lending to
production and provides the necessary amount and speed of money in the real sector; the financial sector by
selling securities for cash and investing in production; the state that pursues an investment policy for the
expanded reproduction of productive capital. The reproduction process of the economy of Ukraine is modeled
for 2022–2024 by the statistical data of 2020 and 2021.

Keywords: macroeconomics, regulation, market, equilibrium, labor, capital, money, interest rate, currency,
exchange rate, crisis, depression, inflation, targeting.
===============================================================================

ÓÄÊ 517.988

Çá³æí³ñòü ìåòîäó îïåðàòîðíî¿ åêñòðàïîëÿö³¿ äëÿ âàð³àö³éíèõ íåð³âíîñòåé â Áàíàõîâèõ ïðîñòîðàõ /
Â.Â. Ñåìåíîâ, Ñ.Â. Äåíèñîâ, Ã.Â. Ñàíäðàêîâ, Î.Ñ. Õàðüêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022.
Òîì 58, ¹ 5. Ñ. 79–93.

Àíîòàö³ÿ. Äîñë³äæåíî íîâ³ ³òåðàö³éí³ àëãîðèòìè äëÿ ðîçâ’ÿçàííÿ âàð³àö³éíèõ íåð³âíîñòåé â
ð³âíîì³ðíî îïóêëèõ Áàíàõîâèõ ïðîñòîðàõ. Ïåðøèé àëãîðèòì — ìîäèô³êàö³ÿ ìåòîäó
«forward-reflected-backward algorithm», ùî âèêîðèñòîâóº óçàãàëüíåíó ïðîºêö³þ Àëüáåðà çàì³ñòü ìåòðè÷-
íî¿. Äðóãèé àëãîðèòì º àäàïòèâíèì âàð³àíòîì ïåðøîãî, äå âèêîðèñòîâóºòüñÿ ìîíîòîííå ïðàâèëî ïîíîâ-
ëåííÿ âåëè÷èíè êðîêó, ùî íå âèìàãàº çíàííÿ Ë³ïøèöåâèõ êîíñòàíò òà ë³í³éíîãî ïîøóêó. Äëÿ
âàð³àö³éíèõ íåð³âíîñòåé ç ìîíîòîííèìè, Ë³ïøèöåâèìè îïåðàòîðàìè, ùî ä³þòü ó 2-ð³âíîì³ðíî îïóêëîìó
òà ð³âíîì³ðíî ãëàäêîìó Áàíàõîâîìó ïðîñòîð³, äîâåäåíî òåîðåìè ïðî ñëàáêó çá³æí³ñòü ìåòîä³â. Òàêîæ
äëÿ ïåðøîãî àëãîðèòìó äîâåäåíî îö³íêó åôåêòèâíîñò³ â òåðì³íàõ ôóíêö³¿ çàçîðó.

Êëþ÷îâ³ ñëîâà: âàð³àö³éíà íåð³âí³ñòü, ìîíîòîííèé îïåðàòîð, óçàãàëüíåíà ïðîºêö³ÿ Àëüáåðà,
2-ð³âíîì³ðíî îïóêëèé Áàíàõ³â ïðîñò³ð, ð³âíîì³ðíî ãëàäêèé Áàíàõ³â ïðîñò³ð, ìåòîä îïåðàòîðíî¿ åêñòðà-
ïîëÿö³¿, ñëàáêà çá³æí³ñòü, ôóíêö³ÿ çàçîðó.
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Convergence of the operator extrapolation method for variational inequalities in Banach spaces /
V.V. Semenov, S.V. Denisov, G.V. Sandrakov, O.S. Kharkov // Kibernetyka ta Systemnyi Analiz. 2022.
Vol. 58, N 5. P. 79–93.

Abstract. New iterative algorithms for solving variational inequalities in uniformly convex Banach
spaces are analyzed. The first algorithm is a modification of the forward-reflected-backward algorithm, which
uses the Alber generalized projection instead of the metric one. The second algorithm is an adaptive version of
the first one, where the monotone step size update rule is used, which does not require knowledge of the
Lipschitz constants and linear search procedure. For variational inequalities with monotone, Lipschitz
continuous operators acting in a 2-uniformly convex and uniformly smooth Banach space, theorems on the
weak convergence of the methods are proved. Also, for the first algorithm, an efficiency estimate in terms of the
gap function is proved.

Keywords: variational inequality, monotone operator, Alber generalized projection, 2-uniformly convex
Banach space, uniformly smooth Banach space, operator extrapolation method, weak convergence, gap
function.
===============================================================================

ÓÄÊ 519.23

Ñóì³ø ðîçïîä³ë³â íà îñíîâ³ ëàíöþãà Ìàðêîâà / ß.². ªëåéêî, O.A. ßðîâà // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2022. Òîì 58, ¹ 5. Ñ. 94–97.

Àíîòàö³ÿ. Ðîçãëÿíóòî ëàíöþã Ìàðêîâà, ÿêèé ïåðåáóâàº ï³ä âïëèâîì äàíèõ çîâí³øíüîãî ñåðåäîâè-
ùà. Íà îñíîâ³ êðèòåð³þ Êîëìîãîðîâà çíàéäåíî ñóì³ø ðîçïîä³ë³â. Äëÿ âèá³ðîê íîðìàëüíèõ ðîçïîä³ë³â
ïîáóäîâàíî åìï³ðè÷í³ ôóíêö³¿ ðîçïîä³ë³â, çíàéäåíî åðãîäè÷íèé ðîçïîä³ë ëàíöþãà Ìàðêîâà òà âèçíà÷åíî
ñóì³ø ðîçïîä³ë³â.

Êëþ÷îâ³ ñëîâà: ëàíöþã Ìàðêîâà, ìàòðèöÿ ïåðåõ³äíèõ éìîâ³ðíîñòåé, êðèòåð³é Êîëìîãîðîâà, íîðìàëü-
íèé ðîçïîä³ë, ñóì³ø ðîçïîä³ë³â.
—————————————————————————————————————————————

Mixture of distributions based on the Markov chain / Ya.I. Yeleyko, O.A. Yarova // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 5. P. 94–97.

Abstract. A Markov chain under the influence of environmental data is considered. A mixture of
distributions is found on the basis of Kolmogorov’s criterion. Empirical distribution functions are constructed
for samples of normal distributions, the ergodic distribution of the Markov chain is found, and the mixture of
distributions is determined.

Keywords: Markov chain, matrix of transition probabilities, Kolmogorov criterion, normal distribution,
mixture of distributions.
===============================================================================

ÓÄÊ 519.816

Ðîçâèòîê ìåòîäó àíàë³çó ³ºðàðõ³é â óìîâàõ êîëåêòèâíîãî ïðèéíÿòòÿ ð³øåíü íà îñíîâ³ àãðåãîâàíèõ
ìàòðèöü ïàðíèõ ïîð³âíÿíü / Þ.ß. Ñàìîõâàëîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5.
Ñ. 98–104.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî êîëåêòèâíîãî ïðèéíÿòòÿ ð³øåíü íà îñíîâ³ ìåòîäó àíàë³çó
³ºðàðõ³é. Öåé ï³äõ³ä áàçóºòüñÿ íà ìåõàí³çì³ ïîáóäîâè àãðåãîâàíèõ ìàòðèöü ïàðíèõ ïîð³âíÿíü. Êëþ÷îâèì
ó öüîìó ìåõàí³çì³ º óçãîäæåííÿ ïîëÿðíèõ ñóäæåíü åêñïåðò³â ùîäî ïåðåâàãè àëüòåðíàòèâ. Òàêå óçãîä-
æåííÿ ðåàë³çîâàíî çàâäÿêè âèáîðó íàéá³ëüø ñïðàâåäëèâî¿ ã³ïîòåçè íà ï³äñòàâ³ ñòóï³íÿ âïåâíåíîñò³ â ¿¿
äîñòîâ³ðíîñò³. Ñòóï³íü âïåâíåíîñò³ çàïðîïîíîâàíî îá÷èñëþâàòè çà äîïîìîãîþ ôóíêö³¿ êîìá³íóâàííÿ
Øîðòë³ôôà. Óçãîäæåííÿ ïîëÿðíèõ ñóäæåíü åêñïåðò³â ÿâëÿº ñîáîþ îá÷èñëþâàëüíó ìîäåëü ãðóïîâîãî âè-
áîðó, ÿêà º íåçàëåæíîþ êîìïîíåíòîþ ³ ìîæå áóòè âèêîðèñòàíà ÿê îñíîâà äëÿ ðîçðîáëåííÿ ïðîöåäóð êî-
ëåêòèâíîãî ïðèéíÿòòÿ ð³øåíü. Çàïðîïîíîâàíèé ï³äõ³ä º äîñòàòíüî ïðèðîäíèì òà ïðîñòèì ó âèêîðèñ-
òàíí³ ³ ãàðìîí³éíî ñòàíîâèòü îäíîö³ë³ñòü â ïðîöåñ³ àíàë³òè÷íî¿ ³ºðàðõ³¿.

Êëþ÷îâ³ ñëîâà: êîëåêòèâíå ïðèéíÿòòÿ ð³øåíü, ðàíæóâàííÿ, åêñïåðò, ìåòîä àíàë³çó ³ºðàðõ³é,
êîåô³ö³ºíòè âïåâíåíîñò³.
—————————————————————————————————————————————

Development of the analytic hierarchy process under collective decision-making based on aggregated
matrices of pairwise comparisons / Yu.Ya. Samokhvalov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58,
N 5. P. 98–104.

Abstract. An approach to collective decision-making based on the analytic hierarchy process is
proposed. This approach is based on the mechanism of constructing aggregated matrices of pairwise
comparisons. The key point of this mechanism is to reconcile the polar opinions of experts on the preference of
alternatives. Such harmonization of opinions is implemented by choosing the most fair hypothesis. The basis for
this choice is the degree of confidence in the validity of this hypothesis. The degree of confidence is calculated
using the Shortliff combination function. Coordination of polar opinions of experts is a computational model of
group choice, which is an independent component and can be used as a basis for the development of collective
decision-making procedures. In general, the proposed approach is quite natural and easy to use and
harmoniously forms a single whole within the analytic hierarchy process.

Keywords: collective decision-making, ranking, expert, analytic hierarchy process, confidence coefficients.
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ÓÄÊ 517.9

Ìàòåìàòè÷í³ ìîäåë³ åêñòðåìàëüíèõ ðåæèì³â â åêîëîã³÷íèõ ñèñòåìàõ / ².Â. Äîðîøåíêî,
Î.Ï. Êíîïîâ, Ë.Á. Âîâê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5. Ñ. 105–121.

Àíîòàö³ÿ. Ó ñòàòò³ ðîçãëÿíóòî îñíîâí³ åòàïè ñòâîðåííÿ êîìï’þòåðíî¿ ñèñòåìè ï³äòðèìêè ïðèéíÿòòÿ
ð³øåíü ó ãàëóç³ åêîëîã³÷íî¿ áåçïåêè. Ïðîàíàë³çîâàíî îñíîâí³ ôàêòîðè çàáðóäíåííÿ äîâê³ëëÿ ï³ñëÿ åêî-
ëîã³÷íèõ ³ òåõíîãåííèõ êàòàñòðîô, òèïîâ³ çáî¿ ï³ä ÷àñ åêñïëóàòàö³¿ íåáåçïå÷íèõ îá’ºêò³â. Çàïðîïîíîâàíî
ìåòîäè ê³ëüê³ñíîãî îö³íþâàííÿ ôóíêö³¿ ðèçèêó, ñòâîðåíî åêîëîãî-ìàòåìàòè÷í³ ìîäåë³, ùî äàþòü çìîãó
îö³íèòè ïîòî÷íèé ñòàí äîâê³ëëÿ é äàòè ïðîãíîç íà ìàéáóòíº òà çðîçóì³òè ñóòü ïðîöåñó, ùî ðîçãëÿäàºòüñÿ.

Êëþ÷îâ³ ñëîâà: ìîäåëü, ÷àñîâèé ðÿä, òðåíä, ìåòîä ìàêñèìàëüíî¿ ïðàâäîïîä³áíîñò³ (ÌÌÏ), ìåòîä íàé-
ìåíøèõ êâàäðàò³â (ÌÍÊ), ìåòîä íàéìåíøèõ ìîäóë³â (ÌÍÌ), ìåòîä ì³í³ìàêñó (ÌÌÌ).
—————————————————————————————————————————————

Mathematical models of extreme modes in ecological systems / I. Doroshenko, O. Knopov, L. Vovk //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 105–121.

Abstract. The authors consider the basic stages of creating a computer system for decision-making
support in ecological security. The key factors of environmental pollution caused by ecological and
technological catastrophes and typical failures in the operation of hazardous facilities are analyzed. Methods for
quantitative estimation of the risk function are proposed. Ecological and mathematical models are created that
make it possible to assess the current state of the environment, to make predictions, and provide a
comprehension of the process under consideration.

Keywords: model, time series, trend, maximal likelihood method (MLM), least squares method (LSM), least
modules method (LMM), minimax method (MMM).
===============================================================================

ÓÄÊ 519.9

Êîìïðîì³ñ ³ êîíñåíñóñ ó áàãàòîêðèòåð³àëüíèõ çàäà÷àõ / À.Ì. Âîðîí³í, À.Ñ. Ñàâ÷åíêî // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5. Ñ. 122–128.

Àíîòàö³ÿ. Ðîçãëÿíóòî ð³çí³ ï³äõîäè äî ðîçâ’ÿçàííÿ áàãàòîêðèòåð³àëüíèõ çàäà÷ â çàëåæíîñò³ â³ä
ðîë³ îáìåæåíü ó ïîñòàíîâêàõ çàäà÷³. ßêùî îáìåæåííÿ ô³êñîâàí³ ³ çàäàí³, òî àëãîðèòì îá÷èñëåííÿ âêëþ-
÷àº ïåðåâàãè îñîáè, ùî ïðèéìàº ð³øåííÿ, a â³äïîâ³äíà áàãàòîêðèòåð³àëüíà çàäà÷à ìàº ïðèíöèïîâî êîì-
ïðîì³ñíèé ðîçâ’ÿçîê. ßêùî âåëè÷èíè îáìåæåíü ìîæíà âàð³þâàòè, òî âèíèêàº ìîæëèâ³ñòü îòðèìàííÿ
êîíñåíñóñíèõ ðîçâ’ÿçê³â, à àëãîðèòì îá÷èñëåííÿ â³ëüíèé â³ä åâðèñòè÷íèõ åëåìåíò³â.

Êëþ÷îâ³ ñëîâà: êîìïðîì³ñ, êîíñåíñóñ, áàãàòîêðèòåð³àëüíà çàäà÷à, îáìåæåííÿ, ðåñóðñè, àëãîðèòì îá÷èñëåííÿ.
—————————————————————————————————————————————

Compromise and consensus in multicriteria problems / A.N. Voronin, A.S. Savchenko // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 5. P. 122–128.

Abstract. Various approaches to solving multicriteria problems are considered, depending on the role of
constraints in the problem statement. If the constraints are fixed and specified, then the calculation algorithm
includes the preferences of the decision maker and the corresponding multicriteria problem has a fundamentally
compromise solution. If the values of the constraints can be varied, it becomes possible to obtain consensus
decisions, and the calculation algorithm is free of heuristic elements.

Keywords: compromise, consensus, multicriteria problem, constraints, resources, calculation algorithm.
===============================================================================

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 519.6

Âèñîêîïðîäóêòèâí³ ìåòîäè ìîäåëþâàííÿ àäñîðáö³¿ç³ çâîðîòíèìè çâ’ÿçêàìè â íåîäíîð³äíèõ
áàãàòîêîìïîíåíòíèõ íàíîïîðèñòèõ ñåðåäîâèùàõ / Ì.Ð. Ïåòðèê, ².Â. Áîéêî, Î.Ì. Õ³ì³÷,
Î.Þ. Ïåòðèê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5. Ñ. 129–148.

Àíîòàö³ÿ. Ðîçðîáëåíî íîâ³ âèñîêîïðîäóêòèâí³ àíàë³òè÷í³ ìåòîäè ìîäåëþâàííÿ ïîë³â êîíöåíòðàö³é
äèôóíäîâàíèõ ãàç³â ó âíóòð³øíüî- òà ì³æ÷àñòèíêîâîìó ïðîñòîðàõ ó íåîäíîð³äíèõ -ñêëàäîâèõ íàíîïîðèñ-
òèõ ñåðåäîâèùàõ ç âèêîðèñòàííÿì îïåðàö³éíîãî ìåòîäó Ãåâ³ñàéäà òà ìàòðèöü âïëèâó Êîø³ äëÿ íå-
îäíîð³äíèõ êðàéîâèõ çàäà÷ àäñîðáö³¿ äëÿ ñèñòåì ð³âíÿíü â ÷àñòèííèõ ïîõ³äíèõ ³ç çâîðîòíèìè çâ’ÿçêàìè.

Êëþ÷îâ³ ñëîâà: àäñîðáö³ÿ ³ äèôóç³ÿ ãàç³â, ìàòåìàòè÷íå ìîäåëþâàííÿ, óìîâà ð³âíîâàãè Ëåí´ìþðà, îïå-
ðàö³éíèé ìåòîä Ãåâ³ñàéäà, ìàòðèö³ âïëèâó Êîø³, íåîäíîð³äí³ íàíîïîðèñò³ ñåðåäîâèùà.
—————————————————————————————————————————————

Highly productive methods to model the adsorption with feedback in heterogeneous multicomponent
nanoporous media / M.R. Petryk, I.V. Boyko, O.M. Khimich, O.Yu. Petryk // Kibernetyka ta Systemnyi
Analiz. 2022. Vol. 58, N 5. P. 129–148.

Abstract. New high-performance analytical methods for modeling diffuse gas concentration fields in
intra- and interparticle spaces in heterogeneous n-component nanoporous media using the Heaviside operational
method and Cauchy influence matrices for heterogeneous adsorption boundary-value problems for systems of
partial differential equations with feedback have been developed.
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Keywords: adsorption and diffusion of gases, mathematical modeling, Langmuir equilibrium condition,
Heaviside operational method, Cauchy influence matrices, heterogeneous nanoporous media.
===============================================================================

ÓÄÊ 004.421.6

Äèç’þíêòèâí³ áàçèñè ïðèêëàäíèõ àëãåáð ìíîæèí òà ¿õíº âèêîðèñòàííÿ â çàäà÷àõ êîìá³íàòîðíî¿
ãåîìåòð³¿ / Ì.Ñ. Ëüâîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5. Ñ. 149–162.

Àíîòàö³ÿ. Ââåäåíî ïîíÿòòÿ ïðèêëàäíî¿ àëãåáðè ìíîæèí, ñòàíäàðòíîãî äèç’þíêòèâíîãî áàçèñó
ïðèêëàäíî¿ àëãåáðè ìíîæèí ³ îïèñàíî àëãîðèòì ïîáóäîâè ñòàíäàðòíîãî äèç’þíêòèâíîãî áàçèñó, ÿêèé çà
àíàëîã³ºþ ç àëãîðèòìîì Áóõáåðãåðà â òåîð³¿ ïîë³íîì³àëüíèõ ³äåàë³â ³ àëãîðèòìîì Êíóòà–Áåíäèêñà â
òåîð³¿ íàï³âãðóï íàçèâàºòüñÿ àëãîðèòìîì êðèòè÷íî¿ ïàðè/ïîïîâíåííÿ. Íàâåäåíî ïðèêëàäè ð³çíèõ ïðè-
êëàäíèõ àëãåáð ìíîæèí, äî ÿêèõ íàëåæàòü àëãåáðà ñê³í÷åííèõ ìíîæèí â ðåàë³çàö³¿ íà âïîðÿäêîâàíèõ
ñïèñêàõ, àëãåáðà Ëåáåãà ìíîæèí íà ÷èñëîâ³é îñ³, àëãåáðà ë³í³éíèõ íàï³âàëãåáðà¿÷íèõ ìíîæèí íà ïëî-
ùèí³, àëãåáðà ê³ë íà ïëîùèí³, íàçâàíà àëãåáðîþ Åéëåðà. Ðîçãëÿíóòî òàêîæ ðåàë³çàö³¿ àëãîðèòìó êðèòè÷-
íî¿ ïàðè/ïîïîâíåííÿ ó öèõ ïðèêëàäíèõ àëãåáðàõ ìíîæèí. Îñíîâíèé ðåçóëüòàò ðîáîòè ïîëÿãàº â òîìó,
ùî íàÿâí³ñòü ñòàíäàðòíîãî äèç’þíêòèâíîãî áàçèñó äàº çìîãó áóäóâàòè åôåêòèâí³ çà ÷àñîì
(ïîë³íîì³àëüí³) àëãîðèòìè ðîçâ’ÿçàííÿ îñíîâíèõ ïðîáëåì ó ïðèêëàäíèõ àëãåáðàõ ìíîæèí, òàêèõ ÿê ïðî-
áëåìà ïðåäñòàâëåííÿ, ïðîáëåìà íàëåæíîñò³, ïðîáëåìà ïîð³âíÿííÿ òîùî. Àëãîðèòìè â àëãåáð³ ë³í³éíèõ
íàï³âàëãåáðà¿÷íèõ ìíîæèí íà ïëîùèí³ òà àëãåáð³ Åéëåðà íà ïëîùèí³ î÷åâèäíèì ÷èíîì ìîæíà ïîøèðè-
òè íà á³ëüø çàãàëüí³ ïðèêëàäí³ àëãåáðè ìíîæèí.

Êëþ÷îâ³ ñëîâà: ïðèêëàäíà àëãåáðà ìíîæèí, àëãîðèòì êðèòè÷íî¿ ïàðè/ïîïîâíåííÿ, êîìá³íàòîðíà ãåî-
ìåòð³ÿ, ïðîáëåìà íàëåæíîñò³.
—————————————————————————————————————————————

Disjunctive bases of applied algebras of sets and their use in problems of combinatorial geometry /
M.S. Lvov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 149–162.

Abstract. In this paper, the concepts of applied algebra of sets and a standard disjunctive basis of an
applied algebra of sets are introduced. The algorithm for constructing a standard disjunctive basis is described. By
analogy with Buchberger’s algorithm in polynomial ideal theory and Knuth–Bendix’s algorithm in the theory of
semi groups of words, it is called the critical pair /completion algorithm. Examples of various applied algebras of
sets are provided. They include the algebra of finite sets in realization on ordered lists, the Lebesgue algebra of
sets on the number axis, algebra of linear semi-algebraic sets on a plane, and algebra of circles on a plane, called
the Euler algebra. Implementations of the critical pair/completion algorithm are also considered. The main result
of the study is that the presence of a standard disjunctive basis makes it possible to construct time-efficient
(polynomial) algorithms for solving basic problems in applied algebras of sets, such as the representation problem,
membership problem, equality problem, emptiness problem, etc. Algorithms in the algebra of linear semi-algebraic
sets on a plane and the Euler algebra on a plane can be extended to more general applied algebras of sets.

Keywords: applied algebra of sets, algorithm of critical pair/completion, combinatorial geometry, membership
problem, representation problem.
===============================================================================

ÓÄÊ 620.97/303.732.4

Àíàë³ç îáì³ííèõ ïðîöåñ³â äëÿ îïòèì³çàö³¿ òåõí³êî-åêîíîì³÷íèõ ïîêàçíèê³â ñèñòåì Microgrid /
Ã.Ñ. Áºëîõà, Ñ.Ï. Äåíèñþê, Â.Â. Õèëåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5.
Ñ. 163–171.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñèñòåìè Microgrid, ÿê³ ñêëàäàþòüñÿ ç ãåíåðàòîð³â òà íàâàíòàæåíü, ñòðóìè
ÿêèõ ìàþòü âèù³ ãàðìîí³êè. Ïðîàíàë³çîâàíî åíåðãåòè÷í³ õàðàêòåðèñòèêè ³ ïîêàçàíî íàÿâí³ñòü îáì³ííèõ
ïîòóæíîñòåé, êîìïåíñàö³ÿ ÿêèõ çìåíøóº ðåàêòèâíó ïîòóæí³ñòü òà âèù³ ãàðìîí³êè. Äîñë³äæåíî äèíàì³êó
îáì³ííèõ ïðîöåñ³â ó ñèñòåìàõ Microgrid ³ ðîçãëÿíóòî çàäà÷ó âèçíà÷åííÿ âàðòîñò³ åëåêòðîåíåðã³¿ çà äè-
íàì³÷íî¿ òàðèô³êàö³¿ ó ñèñòåìàõ Microgrid ç óðàõóâàííÿì ÿê åêîíîì³÷íî¿, òàê ³ òåõí³÷íî¿ ñêëàäîâî¿.

Êëþ÷îâ³ ñëîâà: ñèñòåìè Microgrid, äèíàì³êà îáì³ííèõ ïðîöåñ³â, ëîêàëüí³ åíåðãîðèíêè, äèíàì³÷íà òà-
ðèô³êàö³ÿ, ðåàêòèâíà ïîòóæí³ñòü, âèù³ ãàðìîí³êè.
—————————————————————————————————————————————

Analysis of metabolic processes to optimize the technical and economic indicators of Microgrid /
H.S. Bielokha, S.P. Denysiuk, V.V. Khilenko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5.
P. 163–171.

Abstract. The authors discuss Microgrid systems consisting of generators and loads whose currents have
higher harmonics. The energy characteristics are analyzed and the presence of exchange powers whose
compensation reduces the reactive power and high harmonics is shown. The dynamics of exchange processes in
Microgrid is analyzed and the problem of determining the cost of electricity with dynamic billing in Microgrid
is considered, taking into account both economic and technical components.

Keywords: Microgrid, dynamics of exchange processes, local energy markets, dynamic billing, reactive power,
higher harmonics.
===============================================================================
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ÓÄÊ 519.2

Áåçïîðîãîâèé ìåòîä äèñêðåòíî¿ âåéâëåò-ô³ëüòðàö³¿ çîáðàæåíü / Ä.Ì. Îíóôð³ºíêî, Þ.Ê. Òàðàíåíêî
// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5. Ñ. 172–178.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñó÷àñí³ ìåòîäè é àëãîðèòìè DWT-ô³ëüòðàö³¿ çîáðàæåíü â³ä Ãàóñîâèõ øóì³â
âèñîêîãî ð³âíÿ. Çàçíà÷åíî, ùî ö³ øóìè ìîæóòü âèíèêàòè ï³ä ÷àñ àåðîôîòîçí³ìàííÿ ì³ñöåâîñò³ â óìîâàõ
çàáðóäíåíîãî ïîâ³òðÿ. Ðîçãëÿíóòî âèêîðèñòàííÿ ºäèíîãî óí³âåðñàëüíîãî ïîðîãà îáìåæåííÿ âåé-
âëåò-êîåô³ö³ºíò³â äåòàë³çàö³¿ VisuShrink äëÿ âñ³õ ð³âí³â äåêîìïîçèö³¿ òà àäàïòèâíîãî ïîðîãà BayesShrink.
Ðîçðîáëåíî àëãîðèòì îáìåæåííÿ êîðòåæó âåéâëåò-êîåô³ö³ºíò³â çîáðàæåííÿ.

Êëþ÷îâ³ ñëîâà: DWT, VisuShrink, BayesShrink, àëãîðèòì, Åâêë³äîâà íîðìà, êîðòåæ âåéâ-
ëåò-êîåô³ö³ºíò³â.
—————————————————————————————————————————————

Threshold-free method of discrete wavelet filtration of images / D. Onufriienko, Yu. Taranenko //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 172–178.

Abstract. Modern methods and algorithms for DWT image filtering from high-level Gaussian noise are
considered. It is indicated that these noises can occur during aerial photography under air pollution conditions.
The use of a single universal threshold for limiting VisuShrink wavelet coefficients for all levels of
decomposition and an adaptive BayesShrink threshold are considered. An algorithm for limiting the tuple of
image wavelet coefficients is developed.

Keywords: DWT, VisuShrink, BayesShrink, algorithm, Euclidean norm, wavelet coefficient tuple.
===============================================================================

ÍÎÂ² ÇÀÑÎÁÈ Ê²ÁÅÐÍÅÒÈÊÈ,
²ÍÔÎÐÌÀÒÈÊÈ, ÎÁ×ÈÑËÞÂÀËÜÍÎ¯
ÒÅÕÍ²ÊÈ ² ÑÈÑÒÅÌÍÎÃÎ ÀÍÀË²ÇÓ

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 303.444

Ìåòîäè÷íèé ï³äõ³ä äî ³äåíòèô³êàö³¿ îá’ºêò³â ìîí³òîðèíãó / Â.Ñ. Êîìàðîâ, Â.Â. Îëåêñ³þê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 5. Ñ. 179–188.

Àíîòàö³ÿ. Çà ðåçóëüòàòàìè ïðîâåäåíèõ òåîðåòè÷íèõ òà ïðèêëàäíèõ äîñë³äæåíü ðîçðîáëåíî ìåòî-
äè÷íèé ï³äõ³ä äî ³äåíòèô³êàö³¿ îá’ºêò³â ìîí³òîðèíãó. Éîãî ïðàêòè÷íå çàñòîñóâàííÿ äàº çìîãó ðîçðàõóâà-
òè êîðèãóâàëüí³ êîåô³ö³ºíòè ³íòåãðàëüíîãî êðèòåð³þ âèçíà÷åííÿ âàæëèâîñò³ òà ³íôîðìàòèâíîñò³ ìîí³òî-
ðèíãîâèõ îçíàê ³ âèçíà÷èòè íàéá³ëüø åôåêòèâíèé âàð³àíò êîìïëåêñó òåõí³÷íèõ çàñîá³â ìîí³òîðèíãó
â³äïîâ³äíèõ äæåðåë (îá’ºêò³â) ìîí³òîðèíãó.

Êëþ÷îâ³ ñëîâà: ìîí³òîðèíãîâà îçíàêà, òåõí³÷íèé çàñ³á ìîí³òîðèíãó, ñèãíàòóðà, ïð³îðèòåòí³ñòü ìîí³òî-
ðèíãîâèõ îçíàê.
—————————————————————————————————————————————

Methodological approach to identification of monitoring objects / V. Komarov, O. Iliashov, V. Oleksiiuk
// Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 179–188.

Abstract. A methodological approach to identification of monitoring objects, based on the results of
theoretical and applied research, is developed. Its practical application makes it possible to calculate the
adjustment factors of the integrated criterion for determining the importance and informativeness of the
monitoring features and to determine the most efficient version of the set of technical means of monitoring of
the relevant sources (objects) of monitoring.

Keywords: monitoring feature, technical monitoring tool, signature, monitoring features priority.
===============================================================================

ÓÄÊ 004.22 + 004.93’11

Ïåðåòâîðåííÿ âèõîäó ë³í³éíî¿ ñèñòåìè äëÿ ðîçð³äæåíî¿ àïðîêñèìàö³¿ / Î.Â. Òèùóê,
Î.Î. Äåñÿòåðèê, Î.ª. Âîëêîâ, Î.Ã. Ðåâóíîâà, Ä.À. Ðà÷êîâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.

2022. Òîì 58, ¹ 5. Ñ. 189–202.

Àíîòàö³ÿ. Ðîçãëÿíóòî ï³äõ³ä, ùî çàáåçïå÷óº ñò³éêå ïåðåòâîðåííÿ âèõîäó ë³í³éíî¿ ñèñòåìè ó âèõ³ä
ñèñòåìè ³ç çàäàíèì áàçèñîì. Ìàòðèöÿ áàçèñíèõ ôóíêö³é ë³í³éíî¿ ñèñòåìè ìàº âèñîêå ÷èñëî îáóìîâëå-
íîñò³, ³ ðÿä ¿¿ ñèíãóëÿðíèõ ÷èñåë ïëàâíî ñïàäàº äî íóëÿ. Ðîçðîáëåíî äâà òèïè ñò³éêèõ ìåòîä³â ïåðåòâî-
ðåííÿ âèõîäó ç âèêîðèñòàííÿì àïðîêñèìàö³¿ ìàòðèöü íà îñíîâ³ óñ³÷åíîãî ñèíãóëÿðíîãî ðîçêëàäàííÿ òà
íà îñíîâ³ âèïàäêîâî¿ ïðîºêö³¿ ç ð³çíèìè òèïàìè âèïàäêîâèõ ìàòðèöü. Ïîêàçàíî, ùî çà ðàõóíîê ïåðåòâî-
ðåííÿ âèõîäó ÿê ïîïåðåäíüîãî îáðîáëåííÿ ìîæíà çá³ëüøèòè òî÷í³ñòü ðîçâ’ÿçàííÿ çàäà÷ ðîçð³äæåíî¿ àï-
ðîêñèìàö³¿. Ðîçãëÿíóòî ïðèêëàä âèêîðèñòàííÿ ìåòîäó â çàäà÷³ âèçíà÷åííÿ àêòèâíîñò³ ñëàáêèõ äæåðåë
ðàä³îàêòèâíîãî âèïðîì³íþâàííÿ.

Êëþ÷îâ³ ñëîâà: ðîçð³äæåíà àïðîêñèìàö³ÿ, äèñêðåòíà íåêîðåêòíà çàäà÷à, âèïàäêîâà ïðîºêö³ÿ, ñèíãóëÿð-
íå ðîçêëàäàííÿ.
—————————————————————————————————————————————
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A linear system output transformation for sparse approximation / O.V. Tyshchuk, O.E. Volkov,
E.G. Revunova, D.A. Rachkovskij // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 189–202.

Abstract. We propose an approach that provides a stable transformation of the output of a linear system
into the output of a system with a desired basis. The matrix of the basis functions of a linear system has a large
condition number, and the series of its singular numbers gradually decreases to zero. Two types of methods for
stable output transformation are developed using approximation of matrices based on the truncated singular
value decomposition and on the random projection with different types of random matrices. It is shown that the
use of the output transformation as a preprocessing makes it possible to increase the accuracy of solving sparse
approximation problems. An example of using the method in the problem of determining the activity of weak
radiation sources is considered.

Keywords: sparse approximation, discrete ill-posed problem, random projection, singular value decomposition.
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