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ÓÄÊ 004.822

Àëãîðèòì ðîçâ’ÿçàííÿ ë³í³éíèõ ð³âíÿíü â àñîö³àòèâíèõ ê³ëüöÿõ ç îäèíèöåþ / Ñ.Ë. Êðèâèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 3–12.

Àíîòàö³ÿ. Çàïðîïîíîâàíî àëãîðèòìè ðîçâ’ÿçàííÿ ë³í³éíèõ ð³âíÿíü òà ñèñòåì òàêèõ ð³âíÿíü
â àñîö³àòèâíèõ íåêîìóòàòèâíèõ ê³ëüöÿõ ç îäèíèöåþ çà óìîâè, ùî âñ³ êîåô³ö³ºíòè â ð³âíÿííÿõ º ä³ëüíè-
êàìè îäèíèö³. Íàâåäåíî îñíîâí³ ïîíÿòòÿ òåîð³¿ ê³ëåöü òà ïðèêëàäè ðîáîòè çàïðîïîíîâàíèõ àëãîðèòì³â.
Ñêëàäí³ñòü ðîáîòè àëãîðèòì³â çàëåæèòü â³ä âëàñòèâîñòåé åëåìåíò³â ê³ëüöÿ, íàä ÿêèì ðîçãëÿäàþòüñÿ
ð³âíÿííÿ òà ñèñòåìè ð³âíÿíü

Êëþ÷îâ³ ñëîâà: ë³í³éíe ð³âíÿííÿ, íåêîìóòàòèâíå ê³ëüöe, ä³ëüíèê îäèíèö³, àëãîðèòì.

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

Algorithms for solvig linear equations over associative rings with unity element / S. Kryvyi // Kibernetyka
ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 3–12.

Abstract. The author proposes algorithms for solving linear equations and systems of such equations in
associative non-commutative rings with unity under the condition that all the coefficients in the equations are
divisors of unity. The basic concepts of ring theory and examples of operation of the proposed algorithms are
provided. The complexity of the algorithms depends on the properties of elements of the ring over which the
equations and systems of equations are considered.

Keywords: linear equation, non-commutative ring, divisor of unit, algorithm.
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ÓÄÊ 004.932.4

Îö³íþâàííÿ ³íôîðìàòèâíîñò³ íàâ÷àëüíî¿ âèá³ðêè äëÿ êëàñèô³êàö³¿ çîáðàæåíü ìåòîäàìè
ãëèáîêîãî íàâ÷àííÿ / Á.Ï. Ðóñèí, Î.À. Ëóöèê, Ð.ß. Êîñàðåâè÷ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2021. Òîì 57, ¹ 6. Ñ. 13–24.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íîâèé ï³äõ³ä äî îö³íþâàííÿ ³íôîðìàòèâíîñò³ íàâ÷àëüíî¿ âèá³ðêè ï³ä
÷àñ ðîçï³çíàâàííÿ çîáðàæåíü, îòðèìàíèõ çàñîáàìè äèñòàíö³éíîãî çîíäóâàííÿ. Ïîêàçàíî, ùî ÿê³ñòü íà-
â÷àëüíî¿ âèá³ðêè ìîæíà â³äîáðàçèòè íàáîðîì õàðàêòåðèñòèê, êîæíà ç ÿêèõ îïèñóº ïåâí³ âëàñòèâîñò³ äà-
íèõ. Âñòàíîâëåíî çàëåæí³ñòü ì³æ õàðàêòåðèñòèêàìè íàâ÷àëüíî¿ âèá³ðêè òà òî÷í³ñòþ ðîáîòè êëàñèô³êà-
òîðà, òðåíîâàíîãî íà îñíîâ³ ö³º¿ âèá³ðêè. Ðîçðîáëåíèé ï³äõ³ä çàñòîñîâàíî äî ð³çíèõ òåñòîâèõ íàâ÷àëüíèõ
âèá³ðîê òà íàâåäåíî ðåçóëüòàòè ¿õíüîãî îö³íþâàííÿ. Ïîêàçàíî, ùî îö³íþâàííÿ íàâ÷àëüíî¿ âèá³ðêè ç âè-
êîðèñòàííÿì íîâîãî ï³äõîäó çä³éñíþºòüñÿ çíà÷íî øâèäøå, í³æ ïðîöåñ íàâ÷àííÿ íåéðîííî¿ ìåðåæ³. Öå
íàäàº çìîãó çàñòîñîâóâàòè çàïðîïîíîâàíèé ï³äõ³ä äî ïîïåðåäíüîãî îö³íþâàííÿ íàâ÷àëüíî¿ âèá³ðêè â çà-
äà÷àõ ðîçï³çíàâàííÿ çîáðàæåíü ìåòîäàìè ãëèáîêîãî íàâ÷àííÿ.

Êëþ÷îâ³ ñëîâà: ãëèáîêå íàâ÷àííÿ, âèä³ëåííÿ îçíàê, íàâ÷àëüíà âèá³ðêà, çãîðòêîâà íåéðîìåðåæà.

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

Evaluating the informativity of training sample for classification of images by deep learning methods /
B.P. Rusyn, O.A. Lutsyk, R.Y. Kosarevych // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 13–24.

Abstract. A new approach to evaluate the informativeness of the training sample when recognizing images
obtained by means of remote sensing is proposed. It is shown that the informativeness of the training sample can
be represented by a set of characteristics, each of which describes certain properties of the data. A relationship
between the characteristics of the training sample and the accuracy of the classifier trained on the basis of this
sample is established. The proposed approach is applied to various test training samples and the results of their
evaluation are presented. When evaluating the training set by the proposed approach, the process is shown to be
much faster than training a neural network. This makes it possible to use the proposed approach for preliminary
estimation of the training sample in the problems of image recognition using deep learning methods.

Keywords: deep learning, feature selection, training sample, convolution network.
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.85

Ðîçð³äæåíå çáàëàíñîâàíå êîìïîíóâàííÿ åë³ïñî¿ä³â / Þ.Ã. Ñòîÿí, Ò.ª. Ðîìàíîâà, Î.Â. Ïàíêðàòîâ,
Ï.². Ñòåöþê, Ñ.Â. Ìàêñèìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 25–35.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ãåíåðóâàííÿ ñôåðî¿äíèõ ïîðîæíèí ó òðèâèì³ðí³é îáëàñò³, ùî ìàº
ñêëàäíó ãåîìåòð³þ ç óðàõóâàííÿì îáìåæåíü íà «ðîçð³äæåí³ñòü» ðîçì³ùåííÿ ïîðîæíèí òà óìîâè ð³âíî-
âàãè. Çàäà÷ó çâåäåíî äî îïòèì³çàö³éíî¿ çàäà÷³ êîìïîíóâàííÿ åë³ïñî¿ä³â îáåðòàííÿ â îïóêëîìó êîíòåé-
íåð³ (öèë³íäð³ àáî êóáî¿ä³) ç óðàõóâàííÿì çîí çàáîðîíè, îáìåæåíü íà äîïóñòèì³ â³äñòàí³ ì³æ åë³ïñî¿äà-
ìè òà óìîâ áàëàíñó ç ìåòîþ ìàêñèì³çàö³¿ ì³í³ìàëüíî¿ â³äñòàí³ ì³æ êîæíîþ ïàðîþ åë³ïñî¿ä³â òà åë³ïñî¿-
äîì ³ ìåæåþ êîíòåéíåðà. Âèçíà÷åíî ïñåâäîíîðìàë³çîâàí³ êâàç³-phi-ôóíêö³¿ äëÿ àíàë³òè÷íîãî îïèñó
îáìåæåíü ðîçì³ùåííÿ. Ïîáóäîâàíî ìàòåìàòè÷íó ìîäåëü ó âèãëÿä³ çàäà÷³ íåë³í³éíîãî ïðîãðàìóâàííÿ.
Çàïðîïîíîâàíî ìåòîä ðîçâ’ÿçàííÿ ³ç ñòðàòåã³ºþ ìóëüòèñòàðòó, àëãîðèòìè ïîøóêó äîïóñòèìèõ òà ëîêàëü-
íî-îïòèìàëüíèõ ðîçâ’ÿçê³â. Íàâåäåíî ðåçóëüòàòè îá÷èñëþâàëüíèõ åêñïåðèìåíò³â.

ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2021, òîì 57, ¹ 6 1



Êëþ÷îâ³ ñëîâà: ðîçð³äæåíå êîìïîíóâàííÿ, åë³ïñî¿ä îáåðòàííÿ (ñôåðî¿ä), êâàç³-phi-ôóíêö³ÿ, íåë³í³éíå

ïðîãðàìóâàííÿ, r-àëãîðèòì Øîðà.

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

Sparse balanced layout of ellipsoids / Y.G. Stoyan, T.E. Romanova, O.V. Pankratov, P.I. Stetsyuk,
S.V. Maximov // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 25–35.

Abstract. The authors consider the problem of generating spheroidal voids in a three- dimensional

domain of complex geometry, taking into account the constraints on the “sparseness” of the placement of voids

subject to the system balance. The problem is reduced to the optimized layout of ellipsoids of revolution in a

convex container (cylinder or cuboid), taking into account the prohibited zones, constraints on the allowable

distances between objects, and the balancing condition. The problem is aimed to maximize the minimum

distance between each pair of ellipsoids and each ellipsoid and the boundary of the container. Adjusted

quasi-phi-functions for analytical description of the placement constraints are defined. A mathematical model is

constructed in the form of a nonlinear programming problem. A solution method is proposed that uses the

multistart strategy in combination with smart algorithms to search for feasible and locally optimal solutions.

The results of computational experiments are presented.

Keywords: sparse layout, ellipsoid of revolution, quasi-phi-function, nonlinear programming, r-algorithm.
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Ïðî îäíó äåñêðèïòîðíó ãðó ïåðåñë³äóâàííÿ / Ë.À. Âëàñåíêî, À.Ã. Ðóòêàñ, Â.Â. Ñåìåíåöü,
À.Î. ×èêð³é // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 36–45.

Àíîòàö³ÿ. Äîñë³äæåíî äèôåðåíö³àëüíó ãðó ïåðåñë³äóâàííÿ ó äåñêðèïòîðí³é ñèñòåì³. Åâîëþö³þ

ñèñòåìè îïèñàíî ë³í³éíèì äèôåðåíö³àëüíî-àëãåáðà¿÷íèì ð³âíÿííÿì. Ðîçâ’ÿçêè ð³âíÿííÿ ïðåäñòàâëåíî çà

äîïîìîãîþ ôîðìóëè âàð³àö³¿ ñòàëèõ ÷åðåç ïî÷àòêîâ³ äàí³ òà áëîê êåðóâàííÿ. Âèêîðèñòàíî òåõí³êó ìíî-

ãîçíà÷íèõ â³äîáðàæåíü òà ¿õí³õ ñåëåêòîð³â, à òàêîæ îáìåæåííÿ íà ôóíêö³îíàëè, ùî âèçíà÷àþòüñÿ ïî-

âåä³íêàìè ïåðåñë³äóâà÷à ³ âò³êà÷à. Ñòàòòÿ ì³ñòèòü ïðèêëàäè, ùî ³ëþñòðóþòü äèôåðåíö³àëüíó ãðó ó

ðàä³îòåõí³÷íèõ ñèñòåìàõ. Çîêðåìà, âèâ÷åíî êîíôë³êòíî-êåðîâàí³ ïåðåõ³äí³ ïðîöåñè ó ÷îòèðèïîëþñíèõ

ô³ëüòðàõ.

Êëþ÷îâ³ ñëîâà: äåñêðèïòîðíà ñèñòåìà, äèôåðåíö³àëüíî-àëãåáðà¿÷íå ð³âíÿííÿ, äèôåðåíö³àëüíà ãðà,

ðàä³îòåõí³÷íèé ô³ëüòð.

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

On a descriptor pursuit game / L.A. Vlasenko, A.G. Rutkas, V.V. Semenets, A.O. Chikrii // Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 6. P. 36–45.

Abstract. A pursuit differential game in a descriptor system is analyzed. The evolution of the system is

described by a linear differential algebraic equation. Solutions of the equation are presented with the help of the

formula of variation of constants by the initial data and the control block. We use the technique of set-valued

mappings and their selectors, as well as constraints on the functionals defined by the behaviors of the pursuer

and evader. The paper contains examples to illustrate the differential game in radio engineering systems. In

particular, conflict-controlled transient states in forth-order filters are analyzed.

Keywords: descriptor system, differential algebraic equation, differential game, radio engineering filter.
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ÓÄÊ 517.9

Íàáëèæåíèé îïòèìàëüíèé ðåãóëÿòîð äëÿ ñëàáêî íåë³í³éíîãî åâîëþö³éíîãî ð³âíÿííÿ
ïàðàáîë³÷íîãî òèïó / Í.Â. Ãîðáàíü, Î.À. Êàïóñòÿí, Î.Â. Êàïóñòÿí // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 46–52.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó îïòèìàëüíîãî êåðóâàííÿ ðîçâ’ÿçêàìè ïàðàáîë³÷íîãî ð³âíÿííÿ ç ïðà-

âîþ ÷àñòèíîþ âèäó � F y( ), äå ��� — ìàëèé ïàðàìåòð, ç êîåðöèòèâíèì ö³ëüîâèì ôóíêö³îíàëîì òà îá-

ìåæåíèì êåðóâàííÿì. Âèêîðèñòàâøè ôîðìóëó îïòèìàëüíîãî ðåãóëÿòîðà íåçáóðåíî¿ çàäà÷³, îáãðóíòîâà-

íî ôîðìó íàáëèæåíîãî ðåãóëÿòîðà ç ïåðåìèêàííÿìè äëÿ âèõ³äíî¿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: îïòèìàëüíå êåðóâàííÿ, íåë³í³éíå ïàðàáîë³÷íå ð³âíÿííÿ, îïòèìàëüíèé ðåãóëÿòîð.

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

Approximate optimal controller for a weakly nonlinear evolutionary equation of parabolic type /
N.V. Gorban, O.V. Kapustyan, O.A. Kapustian // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 46–52.

Abstract. We consider the optimal control problem for solutions of a parabolic equation with the

right-hand side of the form � F y( ), where ��� is a small parameter, with a coercive cost functional and

bounded control. Using the formula of the optimal controller of the undisturbed problem, the form of the

approximate controller with switching for the initial problem is substantiated.

Keywords: optimal control, nonlinear parabolic equation, optimal controller.
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ÓÄÊ 519.816

Ï³äõ³ä äî îö³íþâàííÿ ñò³éêîñò³ ðàíæóâàííÿ àëüòåðíàòèâ, îòðèìàíîãî ìåòîäîì àíàë³çó ³ºðàðõ³é /
².Ñ. Ðîìàí÷åíêî, Ì.Ì. Ïîòüîìê³í, Ì.Â. Í³êîëàºíêî, Ä.². Ãðàç³îí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.

2021. Òîì 57, ¹ 6. Ñ. 53–60.

Àíîòàö³ÿ. Ó ñòàòò³ íàâåäåíî çàãàëüíèé îïèñ ìåòîäó àíàë³çó ³ºðàðõ³é òà âèêîíàíî àíàë³ç ïðîáëåìè
îö³íþâàííÿ ñò³éêîñò³ ðàíæóâàííÿ àëüòåðíàòèâ, îòðèìàíîãî öèì ìåòîäîì. Ïîêàçàíî, ùî îö³íþâàííÿ
ñò³éêîñò³ º âàæëèâîþ ñêëàäîâîþ âèñíîâê³â ïðî ìîæëèâ³ñòü ïðàêòè÷íîãî âèêîðèñòàííÿ ðåçóëüòàò³â ðàí-
æóâàííÿ. Çàïðîïîíîâàíî ï³äõ³ä äî îö³íþâàííÿ ñò³éêîñò³, ÿêèé ´ðóíòóºòüñÿ íà ³íòåðàêòèâí³é ïðîöåäóð³ ³
íàäàº çìîãó çíà÷íî ñêîðîòèòè îáñÿãè ðîçðàõóíê³â. Çàâäÿêè çàñòîñóâàííþ öüîãî ï³äõîäó ìîæíà ï³äâèùè-
òè îá´ðóíòîâàí³ñòü ðåêîìåíäàö³é, ðîçðîáëþâàíèõ íà îñíîâ³ ìåòîäó àíàë³çó ³ºðàðõ³é çà íàÿâíîñò³ äîñòàò-
íüî îá’ºêòèâíîãî âèñíîâêó ïðî ñò³éê³ñòü ïð³îðèòåò³â ðîçãëÿäóâàíèõ àëüòåðíàòèâ.

Êëþ÷îâ³ ñëîâà: ìåòîä àíàë³çó ³ºðàðõ³é, åêñïåðòíå îïèòóâàííÿ, åôåêò ðåâåðñó ðàíã³â, ïîõèáêà åêñïåð-
òíî¿ îö³íêè, ñò³éê³ñòü ðàíæóâàííÿ.

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

Approach to assessing the stability of ranking alternatives obtained by analytic hierarchy process /
².S. Romanchenko, M.M. Potomkin, M.V. Nikolaienko, D.I. Grazion // Kibernetyka ta Systemnyi Analiz.

2021. Vol. 57, N 6. P. 53–60.

Abstract. The article provides a general description of the analytic hierarchy process and analyzes the
problem of assessing the stability of ranking alternatives obtained by this process. Stability assessment is shown
to be an important component of conclusions on the possibility of practical use of ranking results. An approach
to assessing the stability is proposed, which is based on an interactive procedure. This can significantly reduce
the amount of calculation. Using this approach increases the argumentation of recommendations developed on
the basis of the analytic hierarchy process due to the presence of a fairly objective conclusion on the stability of
the priorities of the considered alternatives.

Keywords: analytic hierarchy process, expert survey, ranks reversal effect, expert estimation error, ranking
stability.
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ÓÄÊ 004.827+519.87

Ìîäåëþâàííÿ ïðîöåñ³â ðîçïîâñþäæåííÿ ³íôîðìàö³¿ íà îñíîâ³ äèôóç³éíèõ ð³âíÿíü ç íå÷³òêèì
îáë³êîì ÷àñó / ª.Â. ²âîõ³í, Î.Ô. Âîëîøèí, Ì.Ô. Ìàõíî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021.

Òîì 57, ¹ 6. Ñ. 61–71.

Àíîòàö³ÿ. Ðîçãëÿíóòî ï³äõ³ä äî ôîðìóëþâàííÿ òà çíàõîäæåííÿ ðîçâ’ÿçê³â ñêàëÿðíèõ ð³âíÿíü äè-
ôóç³¿ ç óðàõóâàííÿì íå÷³òêîãî ñïðèéíÿòòÿ ïëèíó ÷àñó ó ïðîöåñàõ ïîøèðåííÿ ô³çè÷íèõ ðå÷îâèí òà
³íôîðìàö³éíèõ ïîòîê³â. Îïèñ íåòðàäèö³éíîãî ñïîñîáó îáë³êó òå÷³¿ ÷àñó ´ðóíòóºòüñÿ íà âèêîðèñòàíí³
íå÷³òêèõ ñòðóêòóðîâàíèõ ÷èñëîâèõ ìíîæèí, â îñíîâó ÷îãî ïîêëàäåíî ïðèíöèï ôîðìóâàííÿ íå÷³òêîãî
îðèã³íàëó ç ïîäàëüøîþ ðåïë³êàö³ºþ éîãî íà ÷èñëîâ³é îñ³. Ôîðìàë³çàö³ÿ íå÷³òêîãî îðèã³íàëó ïîëÿãàº ó
âèçíà÷åíí³ äâîõ ïàðàìåòðè÷íî çàäàíèõ íà â³äð³çêó [0, 1] ôóíêö³é, ùî âèçíà÷àþòü òåìï ñóá’ºêòèâíîãî
ñïðèéíÿòòÿ îäèíèö³ ÷àñó. Çàïðîïîíîâàíî òà ïðîâåäåíî àíàë³ç ð³âíÿííÿ äèôóç³¿, ùî îïèñóº ïîøèðåííÿ
³íôîðìàö³¿ â ñîö³àëüíîìó ñåðåäîâèù³. Îòðèìàíî ðîçâ’ÿçîê, ÿêèé âèçíà÷àº ñòàí ïðîöåñó ðîçïîâñþäæåí-
íÿ ç óðàõóâàííÿì «øâèäêîãî» òà «ïîâ³ëüíîãî» ïëèíó ÷àñó. Çàïðîïîíîâàíà ìåòîäèêà íàäàº çìîãó ôîð-
ìàë³çóâàòè çàâäàííÿ íå÷³òêîãî îïèñó òà îáë³êó ñóá’ºêòèâíîãî ñïðèéíÿòòÿ â³äë³êó ÷àñó, ðîçâ’ÿçóþ÷è ð³çí³
çàâäàííÿ äèíàì³êè.

Êëþ÷îâ³ ñëîâà: ôîðìàë³çàö³ÿ íå÷³òêîãî îáë³êó ÷àñó, äèôóç³éí³ ð³âíÿííÿ, ìîäåë³ ðîçïîâñþäæåííÿ
³íôîðìàö³¿.

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

Simulation of information dissemination processes based on diffusion equations with fuzzy time
accounting / E.V. Ivohin, O.F. Voloshyn, M.F. Makhno // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57,

N 6. P. 61–71.

Abstract. The paper considers an approach to formulating and finding solutions to scalar diffusion
equations taking into account the fuzzy perception of the flow of time in the processes of propagation of
physical substances and information flows. The description of an unconventional method of accounting for the
passage of time is based on the use of fuzzy structured numerical sets, which is based on the principle of
forming a fuzzy original with its subsequent replication on the numerical axis. Formalization of the fuzzy
original is to define two functions, parametrically set on [0, 1], that determine the rate of subjective perception
of a unit of time. The diffusion equation describing the dissemination of information in the social environment
is proposed and analyzed. A solution was obtained that determines the state of the propagation process taking
into account the “fast” and “slow” flows of time. The proposed methodology allows one to formalize the tasks
of fuzzy description and taking into account the subjective perception of time counting when solving various
problems of dynamics.

Keywords: fuzzy time formalization, diffusion equations, information dissemination models.
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ÓÄÊ 519.6

Ìàòåìàòè÷íå ìîäåëþâàííÿ êâàäðàòè÷íî íåë³í³éíèõ ïðîñòîðîâî ðîçïîä³ëåíèõ ñèñòåì. ²². Âèïàäîê
íåïåðåðâíî âèçíà÷åíèõ ïî÷àòêîâî-êðàéîâèõ çîâí³øíüîäèíàì³÷íèõ çáóðåíü / Â.À. Ñòîÿí //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 72–83.

Àíîòàö³ÿ. Âèêîíàíî äîñë³äæåííÿ äâîõ êëàñ³â íåë³í³éíèõ ïðîñòîðîâî ðîçïîä³ëåíèõ äèíàì³÷íèõ
ñèñòåì, íåïåðåðâíî ñïîñòåðåæóâàíèõ çà ãðàíè÷íî-ïî÷àòêîâèìè òà ïðîñòîðîâî ðîçïîä³ëåíèìè
çîâí³øíüîäèíàì³÷íèìè çáóðåííÿìè. Äëÿ êîæíî¿ ç íèõ ïîáóäîâàíî àíàë³òè÷í³ çàëåæíîñò³ ôóíêö³¿ ñòàíó,
ÿêà çà ñåðåäíüîêâàäðàòè÷íèì êðèòåð³ºì óçãîäæóºòüñÿ ç íàÿâíîþ ³íôîðìàö³ºþ ïðî çîâí³øíüîäèíàì³÷í³
óìîâè ¿õíüîãî ôóíêö³îíóâàííÿ. Ðîçâ’ÿçîê ïî÷àòêîâî-êðàéîâèõ çàäà÷ äëÿ ðîçãëÿäóâàíèõ ñèñòåì âèçíà-
÷àºòüñÿ ÷åðåç ìíîæèíè âåêòîð³â, ÿê³ çà ñåðåäíüîêâàäðàòè÷íèì êðèòåð³ºì ìîäåëþþòü çàäàíèé ïî÷àòêî-
âî-êðàéîâèé ñòàí ðàçîì ç ïðîñòîðîâî ðîçïîä³ëåíèìè çîâí³øíüîäèíàì³÷íèìè çáóðåííÿìè. Íàâåäåíî
óìîâè òî÷íîñò³ ³ îäíîçíà÷íîñò³ îòðèìàíèõ ìàòåìàòè÷íèõ ðåçóëüòàò³â. Ðîçãëÿíóòî âèïàäêè íåîáìåæåíèõ
ïðîñòîðîâèõ îáëàñòåé òà óñòàëåíî¿ äèíàì³êè ñèñòåì.

Êëþ÷îâ³ ñëîâà: ïñåâäîðîçâ’ÿçêè, ìàòåìàòè÷íå ìîäåëþâàííÿ äèíàì³÷íèõ ñèñòåì, ïðîñòîðîâî ðîç-
ïîä³ëåí³ äèíàì³÷í³ ñèñòåìè, ñèñòåìè ç íåâèçíà÷åíîñòÿìè, íåêîðåêòí³ ïî÷àòêîâî-êðàéîâ³ çàäà÷³.

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

Mathematical modeling of quadratically nonlinear spatially distributed systems. II. The case of
continuously defined initial-boundary external-dynamic disturbances / V.A. Stoyan // Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 6. P. 72–83.

Abstract. Two classes of nonlinear spatially distributed dynamical systems, discretely observed according to
the initial-boundary and spatially distributed external-dynamic disturbances are analyzed. For each of them,
analytical dependences are constructed for the state function, which agrees, according to the root-mean square
criterion, with the available information on the external-dynamic conditions of their operation. Solution of the
initial-boundary-value problems for the systems under study is defined in terms of a set of vectors, which, according
to the root-mean square criterion, model the given initial-boundary environment, including the spatially distributed
external-dynamic perturbations. Conditions of the accuracy and uniqueness of the obtained mathematical results are
presented. The cases of unbounded spatial dmains and systems’ steady-state dynamics are considered.

Keywords: pseudosolutions, mathematical modeling of dynamic systems, spatially distributed dynamical
systems, systems with uncertainties, ill-posed initial-boundary-value problems.

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

ÓÄÊ 517.95

²íòåãðàëüíèé îïåðàòîð Ð³ìàíà äëÿ ñòàö³îíàðíèõ òà íåñòàö³îíàðíèõ ïðîöåñ³â /
².Ì. Àëåêñàíäðîâè÷, Ñ.². Ëÿøêî, Ì.Â.-Ñ. Ñèäîðîâ, Í.². Ëÿøêî, Î.Ñ. Áîíäàð // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 84–93.

Àíîòàö³ÿ. Ïîáóäîâàíî ³íòåãðàëüí³ îïåðàòîðè, îñíîâîþ ÿêèõ º ôóíêö³ÿ Ð³ìàíà, ùî ïåðåâîäÿòü
äîâ³ëüí³ àíàë³òè÷í³ ôóíêö³¿ â ðåãóëÿðí³ ðîçâ’ÿçêè ð³âíÿíü åë³ïòè÷íîãî, ïàðàáîë³÷íîãî òà ã³ïåðáîë³÷íîãî
òèï³â äðóãîãî ïîðÿäêó. Îäåðæàíî óçàãàëüíåííÿ îïåðàòîðíîãî ìåòîäó Ð³ìàíà ùîäî á³îîñåñèìåòðè÷íîãî
ð³âíÿííÿ Ãåëüìãîëüöÿ. Ðîçðîáëåíî ìåòîä çíàõîäæåííÿ â àíàë³òè÷íîìó âèãëÿä³ ðîçâ’ÿçê³â çàçíà÷åíèõ
âèùå ð³âíÿíü. Ó ðÿä³ âèïàäê³â ïîáóäîâàíî ôîðìóëè îáåðíåííÿ ³íòåãðàëüíèõ ïðåäñòàâëåíü ðîçâ’ÿçê³â.
Ñôîðìóëüîâàíî óìîâè ðîçâ’ÿçàííÿ çàäà÷³ Êîø³ äëÿ îñåñèìåòðè÷íîãî ð³âíÿííÿ Ãåëüìãîëüöÿ.

Êëþ÷îâ³ ñëîâà: ³íòåãðàëüíèé îïåðàòîð, ðåãóëÿðí³ ðîçâ’ÿçêè, àíàë³òè÷í³ ôóíêö³¿.

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

Riemann integral operator for stationary and non-stationary processes / I.M. Alexandrovich,
S.I. Lyashko, M.V-S. Sydorov, N.I. Lyashko, O.S. Bondar // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 6. P. 84–93.

Abstract. Integral operators based on the Riemann function, which transform arbitrary analytical
functions into regular solutions of equations of elliptic, parabolic, and hyperbolic types of second order are
constructed. The Riemann operator method is generalized for the biaxisymmetric Helmholtz equation.
A method for finding solutions of the above equations in analytical form is developed. In some cases, formulas
for inverting integral representations of solutions are constructed. The conditions for solving the Cauchy
problem for the axisymmetric Helmholtz equation are formulated.

Keywords: integral operator, regular solutions, analytical functions.

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

ÓÄÊ 519.6

²äåíòèô³êàö³ÿ ñòðóêòóðè ´ðóíòîâèõ ìàñèâ³â ÷èñëîâèìè ìåòîäàìè êâàç³êîíôîðìíèõ â³äîáðàæåíü /
À.ß. Áîìáà, Ì.Â. Áîé÷óðà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 94–105.

Àíîòàö³ÿ. Ìåòîäèêó ³äåíòèô³êàö³¿ ïàðàìåòð³â ñòðóêòóðè íåâåëèêèõ çà ðîçì³ðîì îá’ºêò³â, â ÿê³é
âçÿòî äî óâàãè íàÿâí³ñòü íà ìåæ³ îáëàñò³ (äëÿ êîæíî¿ ³ç â³äïîâ³äíèõ ³íæåêö³é) ëèøå åêâ³ïîòåíö³àëüíèõ
ë³í³é (³ç çàäàíèìè íà íèõ çíà÷åííÿìè ñèëè ñòðóìó àáî ôóíêö³¿ òå÷³¿) òà ë³í³é òå÷³¿ (³ç â³äîìèìè ðîç-
ïîä³ëàìè ïîòåíö³àëó íà íèõ), àäàïòîâàíî íà âèïàäêè ðåêîíñòðóêö³¿ çîáðàæåíü âåëèêèõ ´ðóíòîâèõ ìà-
ñèâ³â. Ñóòòºâîþ ïåðåâàãîþ ðîçðîáëåíîãî àëãîðèòìó íàä â³äîìèìè º óíèêíåííÿ «òðàäèö³éíî¿» ïðîöåäó-
ðè øòó÷íîãî «óð³çàííÿ» íåñê³í÷åííî¿ îáëàñò³, çà ðàõóíîê çâóæåííÿ ëîêàë³çàö³¿ ñèíãóëÿðíîñò³ â îê³ë ïåâ-
íî¿ òî÷êè. Ïðîâåäåíî ÷èñëîâ³ åêñïåðèìåíòè òà ïîð³âíÿííÿ ¿õí³õ ðåçóëüòàò³â ç â³äîìèìè ðîçâ’ÿçêàìè.
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Êëþ÷îâ³ ñëîâà: åëåêòðè÷íà òîìîãðàô³ÿ, êâàç³êîíôîðìí³ â³äîáðàæåííÿ, ³äåíòèô³êàö³ÿ, îáåðíåí³ çàäà÷³,
÷èñëîâ³ ìåòîäè.

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

Identifying the structure of soil massifs by numerical quasiconformal mapping methods / A.Ya. Bomba,
M.V. Boichura // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 94–105.

Abstract. A method of identifying the parameters of the structure of small-sized objects, which assumes
the presence at the domain boundary (for each of the corresponding injections) of only equipotential lines (with
given values of current or flow function) and streamlines (with known potential distributions), is adapted for the
cases of image reconstruction of large soil massifs. A significant advantage of the developed algorithm over the
known ones is the avoidance of the “traditional” procedure of artificial “cutting” of an infinite domain due to
narrowing the localization of this singularity to the neighborhood of a certain point. Numerical experiments are
carried out and their results are compared with the known solutions.

Keywords: electrical resistivity tomography, quasiconformal mappings, identification, inverse problems,
numerical methods.

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

ÓÄÊ 533.6.013.42

Ïîáóäîâà àäàïòèâíèõ àëãîðèòì³â ðîçâ’ÿçàííÿ áàãàòîõâèëüîâèõ çàäà÷ / Þ.². Êàëþõ, Î.Ã. Ëåá³äü //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 106–117.

Àíîòàö³ÿ. Óäîñêîíàëåíî ÷èñåëüíèé ìåòîä îá÷èñëåííÿ áàãàòîõâèëüîâèõ ìîäåëåé äëÿ ï³äâèùåííÿ
øâèäêîä³¿ ³ ìîíîòîí³çàö³¿ (çìåíøåííÿ îñöèëÿö³é ÷èñåëüíèõ ðîçðàõóíê³â) ðîçâ’ÿçàííÿ áàãàòîõâèëüîâèõ
çàäà÷ äèíàì³êè ïðîòÿæíèõ ñèñòåì, òàêèõ ÿê êîñì³÷í³ çâ’Õçêè äîâæèíîþ ó äåñÿòêè ê³ëîìåòð³â, òðóáîïðî-
âîäè â ïîâ³òð³ òà â ð³äèí³, ï³äâîäí³ áóêñèðóâàí³ ñèñòåìè, åðë³ôòè äëÿ âèäîáóòêó ì³íåðàë³â ç äíà Ñâ³òîâî-
ãî îêåàíó ïðîòÿæí³ñòþ â 5–10 êì òîùî. Â³í áàçóºòüñÿ íà äåêîìïîçèö³¿ ÷èñåëüíîãî àëãîðèòìó çà òèïàìè
õâèëü ³ øâèäêîñòÿìè ¿õíüîãî ïîøèðåííÿ. Ïîêàçàíî, ùî â îá÷èñëåííÿõ çà ðàõóíîê ð³çíîãî ñòóïåíÿ êâàí-
òóâàííÿ ïîçäîâæí³õ ³ ïîïåðå÷íèõ õâèëü ìîæíà äîìîãòèñÿ ïîäàëüøîãî çá³ëüøåííÿ øâèäêîñò³ îá÷èñëåíü
ïîð³âíÿíî ç àëãîðèòìîì õâèëüîâî¿ ôàêòîðèçàö³¿ ³ ïîð³âíÿíî ç ðîçâ’ÿçàííÿì âèõ³äíî¿ ñèñòåìè ð³âíÿíü. Äî
òîãî æ ÷èñåëüíî îòðèìàíî, ùî ä³àïàçîí ñò³éêîãî îá÷èñëåííÿ íå ñêîðî÷óºòüñÿ. Ó ï³äñóìêó çá³ëüøåííÿ
øâèäêîñò³ îá÷èñëåíü ïðîãðàìè ñòàíîâèòü íå ìåíøå 50–200 % â çàëåæíîñò³ â³ä ïîòð³áíî¿ òî÷íîñò³ òà
âàð³àíò³â äåêîìïîçèö³¿ áàãàòîõâèëüîâèõ ìîäåëåé. Öÿ ìîäèô³êàö³ÿ ìåòîäó õâèëüîâî¿ ôàêòîðèçàö³¿ àêòó-
àëüíà äëÿ ðîçâ’ÿçàííÿ çàäà÷ êåðóâàííÿ ðîçïîä³ëåíèìè ñèñòåìàìè, îïåðàòèâíîãî àíàë³çó ïåðåõ³äíèõ ðå-
æèì³â ðóõó òîùî, äå øâèäêîä³ÿ îá÷èñëåíü º êðèòè÷íî íåîáõ³äíîþ. Ïðîâåäåíî ïîð³âíÿëüíå îö³íþâàííÿ
òî÷íîñò³ ìåòîäó õâèëüîâî¿ ôàêòîðèçàö³¿, ìåòîäó äåêîìïîçèö³¿ çà òèïàìè õâèëü ³ øâèäêîñòÿìè ¿õíüîãî
ïîøèðåííÿ òà âèõ³äíîãî àëãîðèòìó íà ïðèêëàä³ ÷èñåëüíîãî ðîçâ’ÿçàííÿ çàäà÷³ ïðî 3D-åâîëþö³þ ïðî-
òÿæíî¿ ñèñòåìè, ÿêùî ñóäíî-áóêñèðóâàëüíèê ðóõàºòüñÿ íà öèðêóëÿö³¿. Ïîð³âíÿëüíèé àíàë³ç ðîçðàõóíêî-
âèõ äàíèõ ïîêàçàâ ìîíîòîí³çàö³þ ïðîô³ëþ ÷èñåëüíîãî ðîçâ’ÿçàííÿ íà îñíîâ³ ôàêòîðèçîâàíèõ àëãî-
ðèòì³â, ¿õíþ ìåíøó ÷óòëèâ³ñòü äî ïîõèáîê ó âèõ³äíèõ äàíèõ. Ïîáóäîâàíî ôàêòîðèçîâàíó çà íàïðÿìêàìè
ðîçïîâñþäæåííÿ çáóðåíü ³ òèïàìè õâèëü ñê³í÷åííîð³çíèöåâó ñõåìó ³ç çì³ííèìè äèñïåðñ³éíî-äèôóç³éíè-
ìè âëàñòèâîñòÿìè.

Êëþ÷îâ³ ñëîâà: áàãàòîõâèëüîâ³ ìîäåë³, òèïè òà øâèäê³ñòü ïîøèðåííÿ õâèëü, äåêîìïîçèö³ÿ, àëãîðèòì,
ïðîòÿæíà ñèñòåìà.

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

Constructing the adaptive algorithms for solving multi-wave problems / Iu. Kaliukh, O. Lebid //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 106–117.

Abstract. The authors improve the numerical method of calculating multiwave models to increase the
speed and monotony of the numerical solution of problems of multiwave dynamics for long systems such as
space communications of the length of tens of kilometers; pipelines in both air and liquid; underwater towed
systems; airlifts for the extraction of minerals from the bottom of the oceans of the length of 5 to 10 km, etc.
The method is based on the decomposition of the numerical algorithm by wave types and wave velocities. The
test analysis of the two-mode problem on acceleration of the towed long system allowed establishing the ranges
of its application. It is shown that due to quantization in calculating longitudinal and transverse waves, it is
possible to achieve a further increase in the computation speed compared to the wave factorization algorithm
and compared to solving the full system of equations, without reducing the range of sustainable calculation. The
final increase in the productivity of the program code is at least 50–200% when performing calculations,
depending on the required accuracy and options for the decomposition of multiwave models. This modification
of the wave factorization method is relevant in solving the problems of controlling a distributed system,
operative analysis of transient motion modes, etc., where the pace of calculations is critically important.
A comparative evaluation of the accuracy of the full algorithm, the wave factorization method, the
decomposition algorithm by wave types and wave velocities has been carried out. Comparative analysis of the
calculated data showed the monotonicity of the numerical solution profile on the basis of factorized algorithms,
their lower sensitivity to errors in the original data. A finite-difference scheme factorization by perturbation
directions and wave types with variable dispersion-diffusion properties is constructed.

Keywords: multiwave models, types and speed of waves, decomposition, algorithm, lengthy system.
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ÓÄÊ 681.5

Àëãîðèòì³÷íå çàáåçïå÷åííÿ äëÿ êåðóâàííÿ àâòîìàòèçîâàíèì ïðîºêòóâàííÿì ãíó÷êèõ âèðîáíè÷èõ
ñèñòåì òà ¿õíüîãî îáëàäíàííÿ / Äæ. Ìàìåäîâ, ². Àë³ºâ, Ã. Ãóñåéíîâà, Ã. Îðóäæîâà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 118–127.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ñòðóêòóðó ñèñòåìè êåðóâàííÿ àâòîìàòèçîâàíèì ïðîºêòóâàííÿì äëÿ ðîç-
ðîáëåííÿ êîìïëåêñíî¿ ñèñòåìè àâòîìàòèçîâàíîãî ïðîºêòóâàííÿ ãíó÷êî¿ âèðîáíè÷î¿ ñèñòåìè, ùî çàáåç-
ïå÷óº âèñîêó ïðîäóêòèâí³ñòü, ãíó÷ê³ñòü, óí³âåðñàëüí³ñòü ³ òî÷í³ñòü âèêîíàííÿ ïðîºêòíèõ ïðîöåäóð ó
ìåæàõ ºäèíîãî ñèñòåìíîãî ³íòåðôåéñó. Ðîçðîáëåíî àëãîðèòì³÷íå çàáåçïå÷åííÿ êåðóâàííÿ àâòîìàòèçîâà-
íèì ïðîöåñîì ïðîºêòóâàííÿ ãíó÷êî¿ âèðîáíè÷î¿ ñèñòåìè äëÿ ðåàë³çàö³¿ ïðîöåñó êîìïëåêñíîãî àâòîìàòè-
çîâàíîãî ïðîºêòóâàííÿ. Çàïðîïîíîâàíî àëãîðèòì äëÿ åêñïåðèìåíòàëüíîãî äîñë³äæåííÿ ïðîºêòíèõ ïðî-
öåäóð ç³ ñòâîðåííÿ ñêëàäíèõ ãðàô³÷íèõ äàíèõ ìåõàòðîííèõ ÷àñòèí ïðîìèñëîâîãî ðîáîòà òà ôîðìóâàííÿ
áàçè ðîçðàõóíêîâèõ äàíèõ ³ ãðàô³÷íèõ åëåìåíò³â.

Êëþ÷îâ³ ñëîâà: ãíó÷êà âèðîáíè÷à ñèñòåìà, ñèñòåìà êåðóâàííÿ àâòîìàòèçîâàíèì ïðîºêòóâàííÿì, åëå-
ìåíòè 2- ³ 3-âèì³ðíî¿ ãðàô³êè, óçàãàëüíåíå êðåñëåííÿ.

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

Algorithmic support for the management of the computer-aided design of flexible manufacture system
and its equipment / J. Mammadov, I. Aliyev, G. Huseynova, G. Orujova // Kibernetyka ta Systemnyi
Analiz. 2021. Vol. 57, N 6. P. 118–127.

Abstract. The authors propose a structure of the computer-aided design management system (CADMS)
for the development of an integrated computer-aided design system for a flexible manufacture system (FMS),
which provides high performance, flexibility, versatility, and accuracy of project procedures within a single
system interface. The algorithmic support is developed for the management of the computer-aided design
process of FMS for the implementation of the integrated computer-aided design process. An algorithm is
proposed for the experimental analysis of design procedures of creating complex graphical data of mechatronic
parts of an industrial robot and generating a database of calculated parameters and graphic elements.

Keywords: flexible manufacture system, computer-aided design management system, 2- and 3-dimensional
graphical elements, generalized drawing.

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

ÓÄÊ 517.988

Àäàïòèâíèé äâîåòàïíèé áðåãìàí³âñüêèé ìåòîä äëÿ âàð³àö³éíèõ íåð³âíîñòåé / Â.Â. Ñåìåíîâ,
Ñ.Â. Äåíèñîâ, À.Â. Êðàâåöü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 128–137.

Àíîòàö³ÿ. Ðîçãëÿíóòî äâîåòàïíèé áðåãìàí³âñüêèé ìåòîä Ïîïîâà ç íîâèì àäàïòèâíèì ïðàâèëîì
âèáîðó âåëè÷èíè êðîêó, ùî íå ïîòðåáóº çíàííÿ Ë³ïøèöåâèõ êîíñòàíò òà îá÷èñëåííÿ çíà÷åíü îïåðàòîðà
â äîäàòêîâèõ òî÷êàõ. Äëÿ âàð³àö³éíèõ íåð³âíîñòåé ç ïñåâäîìîíîòîííèìè òà Ë³ïøèöåâèìè îïåðàòîðàìè,
ùî ä³þòü ó ñê³í÷åííîâèì³ðíîìó ë³í³éíîìó íîðìîâàíîìó ïðîñòîð³, äîâåäåíî òåîðåìó çá³æíîñò³ ìåòîäó.

Êëþ÷îâ³ ñëîâà: âàð³àö³éíà íåð³âí³ñòü, ïñåâäîìîíîòîíí³ñòü, äèâåðãåíö³ÿ Áðåãìàíà, äâîåòàïíèé ìåòîä,
àäàïòèâí³ñòü, çá³æí³ñòü.

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

Adaptive two-step bregman method for variational inequalities / V.V. Semenov, S.V. Denisov,
A.V. Kravets // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 128–137.

Abstract. The authors analyze the two-step Popov method with Bregman divergence and a new adaptive rule
for choosing the step size, which does not require knowledge of Lipschitz constants and calculation of operator
values at additional points. For variational inequalities with pseudo-monotone and Lipschitz continuous operators
acting in a finite-dimensional normed linear space, a convergence theorem for the method is proved.

Keywords: variational inequality, pseudomonotonicity, Bregman divergence, two-step method, adaptivity,
convergence.

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

ÓÄÊ 30.101.541-336.7

Ìîäåëü òàðãåòóâàííÿ ³íôëÿö³¿ â ìàêðîåêîíîì³ö³ / Ò.². ªôèìåíêî, Á.Á. Äóíàºâ, Î.Î. Ëþá³÷ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 138–148.

Àíîòàö³ÿ. Ïîêàçàíî, ùî åìï³ðè÷íå òàðãåòóâàííÿ çíèæåííÿì ³íôëÿö³¿ äî ãðàíè÷íîãî ð³âíÿ, ùî
âèêëèêàº ãðîøîâó äåôëÿö³þ ³ ïåðåõ³ä ó äåïðåñ³þ, çá³ëüøóº çðîñòàííÿ ðåàëüíîãî ÂÂÏ, à ï³äâèùåííÿì
³íôëÿö³¿ â³ä ãðàíè÷íîãî ð³âíÿ çìåíøóº çðîñòàííÿ ðåàëüíîãî ÂÂÏ. ²íôëÿö³þ âèçíà÷åíî çà òåîð³ºþ
â³äòâîðåííÿ åêîíîì³êè êðà¿íè ìàòåìàòè÷íîþ ôóíêö³ºþ ê³ëüêîñò³ ãðîøåé â îá³ãó, âàëþòíî¿ ãîò³âêè, ïðî-
öåíòíî¿ ñòàâêè, âàðòîñò³ âèêîðèñòîâóâàíîãî ó âèðîáíèöòâ³ êàï³òàëó, êîåô³ö³ºíòà ìàòåð³àëîì³ñòêîñò³ âè-
ðîáíèöòâà òà ð³âíÿ áåçðîá³òòÿ. Ðîçðîáëåíî ìîäåëü ðåãóëþâàííÿ åêîíîì³êè òàðãåòóâàííÿì ³íôëÿö³¿, ÿêà
äàº çìîãó Öåíòðàëüíîìó áàíêó âèçíà÷àòè ö³ëüîâ³ ïîêàçíèêè ðîçãëÿäóâàíîãî ïåð³îäó çà ñòàòèñòè÷íèìè
ïîêàçíèêàìè ïîïåðåäíüîãî ïåð³îäó ³ çà íîìîãðàìîþ ôóíêö³¿ ³íôëÿö³¿ â³ä ¿¿ àðãóìåíò³â. Ïðîâåäåíî ìîäå-
ëþâàííÿ çðîñòàííÿ åêîíîì³êè Óêðà¿íè ç ö³ëüîâî¿ ³íôëÿö³ºþ ÷îòèðè â³äñîòêè ïðîòÿãîì 2021–2023 ðîê³â
ï³ñëÿ ñïàäó â 2020 ðîö³, âèêëèêàíîãî ïàíäåì³ºþ COVID-19.

Êëþ÷îâ³ ñëîâà: ìàêðîåêîíîì³êà, ðåãóëþâàííÿ, ðèíîê, ð³âíîâàãà, ïðàöÿ, êàï³òàë, ãðîø³, ïðîöåíòíà ñòàâ-
êà, êóðñ âàëþòè, êðèçà, ³íôëÿö³ÿ, òàðãåòóâàííÿ.

—————————————————————————————————————————————
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Inflation targeting model in macroeconomics / T.I. Iefymenko, B.B. Dunaev, A.A. Lyubich // Kibernetyka
ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 138–148.

Abstract. Empirical targeting by lowering inflation to the marginal level that causes monetary deflation
and transition to depression is shown to increase the growth of real GDP, while increasing inflation from the
marginal level reduces the growth of real GDP. Inflation is expressed according to the theory of reproduction of
the country’s economy by the mathematical function of the amount of money in circulation, hard currency,
interest rate, the cost of capital loaded in production, the coefficient of material consumption of production, and
unemployment rate. A model for regulating the economy by targeting inflation is developed, which allows the
Central Bank to determine the target indicators for the period under consideration based on the statistical
indicators of the previous period and the nomogram of the inflation function of its arguments. The growth of the
Ukrainian economy was simulated with a target inflation of four percent during 2021–2023 after the recession
in 2020 caused by the coronavirus pandemic.

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

ÓÄÊ 303.444

Ìîäåëü òåõíîëîã³÷íîãî ôîðñàéòó íà îñíîâ³ íå÷³òêî¿ ëîã³êè / À.Â. Êóï÷èí, Â.Ñ. Êîìàðîâ,
².Â. Áîðîõâîñòîâ, Î.Ì. Êóïð³íåíêî, Â.Â. Ñîòíèê, Ì.Î. Á³ëîêóð, Â.Â. Îëåêñ³þê // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 149–161.

Àíîòàö³ÿ. Ðîçðîáëåíî ìîäåëü òåõíîëîã³÷íîãî ïðîãíîçóâàííÿ, â ÿê³é ìåæ³ êðèòè÷íîñò³ òåõíîëîã³é
íå âèçíà÷àþòüñÿ åêñïåðòîì, à ðîçðàõîâóþòüñÿ íà îñíîâ³ çàïðîïîíîâàíèõ åêâ³äèñòàíòíèõ òî÷îê. Ïîêàçà-
íî âïëèâ çàñòîñóâàííÿ ð³çíèõ ôóíêö³é íàëåæíîñò³ íà îö³íêó êðèòè÷íîñò³. Ïðîâåäåíî ïîð³âíÿííÿ ³ç ñó-
÷àñíîþ ìåòîäèêîþ òåõíîëîã³÷íîãî ôîðñàéòó.

Êëþ÷îâ³ ñëîâà: êðèòè÷í³ òåõíîëîã³¿, íå÷³òêà ëîã³êà, âèçíà÷åííÿ ôóíêö³¿ íàëåæíîñò³, òåõíîëîã³÷íèé
ôîðñàéò.
—————————————————————————————————————————————

Technology foresight model based on fuzzy logic / A. Kupchyn, V. Komarov, I. Borokhvostov,
A. Kuprinenko, V. Sotnyk, M. Bilokur, V. Oleksiiuk // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6.
P. 149–161.

Abstract. The developed technology foresight model allows eliminating the human from
decision-making. The criticality limits of technologies are not determined by an expert, but are calculated on the
basis of the proposed equidistant points. The paper shows the influence of different membership functions on
the criticality assessment. A comparison with the existing method of technology foresight is made.

Keywords: critical technologies, fuzzy logic, membership function determination, technology foresight.
===============================================================================

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 519.6

Àäàïòèâí³ êîìï’þòåðí³ òåõíîëîã³¿ ðîçâ’ÿçóâàííÿ çàäà÷ îá÷èñëþâàëüíî¿ òà ïðèêëàäíî¿
ìàòåìàòèêè / Î.Ì. Õ³ì³÷, Ò.Â. ×èñòÿêîâà, Â.À. Ñèäîðóê, Ï.Ñ. ªðøîâ // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 162–171.

Àíîòàö³ÿ. Çàïðîïîíîâàíî òåõíîëîã³þ àâòîìàòèçàö³¿ ïðîöåñó ðîçâ’ÿçóâàííÿ çàäà÷ ç ³ííîâàö³éíèìè
ìîæëèâîñòÿìè íà êëàñ³ çàäà÷ — ñèñòåìè ë³í³éíèõ àëãåáðà¿÷íèõ ð³âíÿíü. Åôåêòèâí³ñòü çàñòîñóâàííÿ
êîìï’þòåðíèõ òåõíîëîã³é ðîçãëÿíóòî ùîäî ìîæëèâîñò³ ðåàë³çàö³¿ òðüîõ îñíîâíèõ ïàðàäèãì ìàòåìàòè÷-
íîãî ìîäåëþâàííÿ: êîìï’þòåðíî¿ ìàòåìàòèêè, âèñîêîïðîäóêòèâíèõ îá÷èñëåíü ³ ³íòåëåêòóàëüíîãî ³íòåð-
ôåéñó. Ðåàë³çàö³ÿ öèõ ÷èííèê³â ó ïîð³âíÿíí³ ç òðàäèö³éíèìè òåõíîëîã³ÿìè äàº çìîãó ³ñòîòíî ïåðåðîç-
ïîä³ëèòè ðîáîòè ùîäî ïîñòàíîâêè ³ ðîçâ’ÿçóâàííÿ çàäà÷ ì³æ êîðèñòóâà÷åì ³ êîìï’þòåðîì, ñêîðîòèòè
òåðì³íè ðîçðîáëåííÿ çàñòîñóíê³â äëÿ ðîçâ’ÿçóâàííÿ íàóêîâî-òåõí³÷íèõ çàäà÷ òà ï³äâèùèòè äîñ-
òîâ³ðí³ñòü êîìï’þòåðíèõ ðîçâ’ÿçê³â.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, ïàðàëåëüí³ êîìï’þòåðè, íàáëèæåí³ äàí³, çì³ííà ðîç-
ðÿäí³ñòü, íåéðîíí³ ìåðåæ³, ³íòåëåêòóàëüíå ïðîãðàìíå çàáåçïå÷åííÿ.
—————————————————————————————————————————————

Adaptive computer technologies for solving problems of computational and applied mathematics /
Î.Ì. Khimich, T.V. Chistyakova, V.A. Sidoruk, P.S. Yershov // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 6. P. 162–171.

Abstract. A technology is proposed for automatic solving of problems with innovative capabilities on the
class of problems: systems of linear algebraic equations. The efficiency of application of computer technologies
is considered from the point of view of implementing three basic paradigms of computer modeling: computer
mathematics, HPC, and intellectual interface. Realization of these factors as compared with traditional
technologies allows substantial redistribution of works in the process of mathematical modeling between the
user and computer, shortening the terms of development of applications for solving scientific and technical
problems, and improving the quality of computer solutions.

Keywords: mathematical modeling, parallel computers, approximate data, mixed bit, neural network
technologies, intelligent software.
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ÓÄÊ 519.6

Ñèñòåìà êîìï’þòåðíîãî ìîäåëþâàííÿ íåë³í³éíèõ ïðîöåñ³â, ÿê³ îïèñóþòüñÿ ð³âíÿííÿì
Áþðãåðñà–Êîðòåâåãà-äå Ôð³çà / ².Â. Ãàðÿ÷åâñüêà, Ä.Î. Ïðîòåêòîð // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2021. Òîì 57, ¹ 6. Ñ. 172–182.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñèñòåìó êîìï’þòåðíîãî ìîäåëþâàííÿ íåë³í³éíèõ ïðîöåñ³â, ÿê³ îïèñóþòüñÿ
ð³âíÿííÿì Áþðãåðñà–Êîðòåâåãà-äå Ôð³çà. Ðåàë³çîâàíî ÷èñåëüíèé ðîçâ’ÿçîê äèôåðåíö³àëüíîãî ð³âíÿííÿ
Áþðãåðñà–Êîðòåâåãà-äå Ôð³çà çà áåçñ³òêîâîþ ñõåìîþ ç âèêîðèñòàííÿì ðàä³àëüíèõ áàçèñíèõ ôóíêö³é. ßê
ðàä³àëüí³ áàçèñí³ ôóíêö³¿ â ñèñòåì³ êîìï’þòåðíîãî ìîäåëþâàííÿ âèêîðèñòàíî Ãàóñîâó, ìóëüòèêâàäðà-
òè÷íó, îáåðíåíó êâàäðàòè÷íó, îáåðíåíó ìóëüòèêâàäðàòè÷íó ôóíêö³¿, à òàêîæ ôóíêö³þ Âó ç êîìïàêòíèì
íîñ³ºì. Ïîêàçàíî, ùî ðîçâ’ÿçîê íåë³í³éíîãî îäíîâèì³ðíîãî íåñòàö³îíàðíîãî ð³âíÿííÿ Áþðãåðñà–Êîðòå-
âåãà-äå Ôð³çà â ñèñòåì³ êîìï’þòåðíîãî ìîäåëþâàííÿ â³çóàë³çóºòüñÿ ó âèãëÿä³ òðèâèì³ðíî¿ ïîâåðõí³.
Ïðîäåìîíñòðîâàíî åôåêòèâí³ñòü ÷èñåëüíîãî ðîçâ’ÿçêó â ñèñòåì³ êîìï’þòåðíîãî ìîäåëþâàííÿ íà ïðè-
êëàä³ òåñòîâî¿ çàäà÷³, äëÿ ÿêî¿ îòðèìàíî ÷èñåëüí³ ðîçâ’ÿçêè, à òàêîæ îá÷èñëåíî ñåðåäíþ â³äíîñíó, ñåðåä-
íþ àáñîëþòíó òà ìàêñèìàëüíó ïîõèáêè.

Êëþ÷îâ³ ñëîâà: íåë³í³éíå îäíîâèì³ðíå ð³âíÿííÿ Áþðãåðñà–Êîðòåâåãà-äå Ôð³çà, ñèñòåìà êîìï’þòåðíîãî
ìîäåëþâàííÿ, íåñòàö³îíàðíà êðàéîâà çàäà÷à, áåçñ³òêîâèé ìåòîä, ðàä³àëüí³ áàçèñí³ ôóíêö³¿.
—————————————————————————————————————————————

Computer simulation system for nonlinear processes described by the Korteweg-de Vries–Burgers
equation / I.V. Hariachevska, D.O. Protektor // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6.
P. 172–182.

Abstract. The article discusses the computer simulation system of nonlinear processes described by the
Korteweg-de Vries–Burgers equation. The numerical solution of the Korteweg-de Vries–Burgers differential
equation is implemented by the meshless approach using radial basis functions. The computer simulation
system uses the following radial basis functions: Gaussian, multiquadric, inverse quadratic, inverse
multiquadric, and Wu’s compactly-supported radial function. The solution of the nonlinear one-dimensional
non-stationary Korteweg-de Vries–Burgers equation in the computer simulation system is visualized as a
three-dimensional surface. The efficiency of the numerical solution in the computer simulation system is
demonstrated by a benchmark problem for which numerical solutions were obtained, and the average relative
error, average absolute error, and maximum error were calculated.

Keywords: nonlinear one-dimensional Korteweg-de Vries–Burgers equation, computer simulation system,
non-stationary boundary-value problem, meshless method, radial basis functions.
===============================================================================

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

NEW TOOLS IN CYBERNETICS, COM-
PUTER SCIENCE, AND SYSTEM ANALYSIS

ÓÄÊ 681.391

Áëî÷íî-öèêë³÷íà ñòðóêòóðèçàö³ÿ áàçèñó ïåðåòâîðåííÿ êëàñó Ôóð’º íà îñíîâ³ öèêë³÷íî¿
ï³äñòàíîâêè / ².Î. Ïðîöüêî, Ì.Â. Ì³ùóê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 6.
Ñ. 183–192.

Àíîòàö³ÿ. Ðîçãëÿíóòî âèêîðèñòàííÿ ï³äñòàíîâêè ÿê ïðèì³òèâíîãî åëåìåíòó äëÿ ôîðìóâàííÿ
öèêë³÷íî¿ áàçèñíî¿ ìàòðèö³ ïåðåòâîðåííÿ êëàñó Ôóð’º. Çàñòîñîâàíî öèêë³÷íó ï³äñòàíîâêó äëÿ áëî÷-
íî-öèêë³÷íî¿ ñòðóêòóðèçàö³¿ ãàðìîí³÷íîãî áàçèñó, ùî íàäàº çìîãó ñèíòåçóâàòè àëãîðèòìè øâèäêèõ äèñ-
êðåòíèõ ïåðåòâîðåíü êëàñó Ôóð’º äîâ³ëüíèõ îáñÿã³â íà îñíîâ³ öèêë³÷íèõ çãîðòîê. Ïîêàçàíî, ùî
âíàñë³äîê çì³íè ïîðÿäêó öèêë³â òà ¿õí³õ ïåðøèõ åëåìåíò³â ó öèêë³÷íèõ ï³äñòàíîâêàõ çìåíøóºòüñÿ
ê³ëüê³ñòü îá÷èñëåíü öèêë³÷íèõ çãîðòîê ó øâèäêèõ àëãîðèòìàõ äèñêðåòíèõ ïåðåòâîðåíü êëàñó Ôóð’º.

Êëþ÷îâ³ ñëîâà: öèêë³÷íà ï³äñòàíîâêà, äèñêðåòíå êîñèíóñíå ïåðåòâîðåííÿ, ñèíòåç àëãîðèòìó, áëî÷-
íî-öèêë³÷íà ñòðóêòóðà áàçèñó, öèêë³÷í³ çãîðòêè.
_________________________________________________________________________________________

Block-cyclic structuring of the basis of Fourier class transforms based on cyclic substitution / I. Prots’ko,
M. Mishchuk // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 172–182.

Abstract. A cyclic substitution is used for block-cyclic structuring of the harmonic basis, which allows
synthesizing the algorithms for fast discrete transforms of Fourier class of arbitrary size based on cyclic
convolutions. The peculiarities of the form of recording of cyclic substitution for formation of block-cyclic
structure of the basis are investigated. A special form of cyclic substitution notation is shown to reduce the
amount of computation of cyclic convolutions in fast algorithms of discrete Fourier transforms.

Keywords: cyclic substitution, discrete cosine transform, synthesis of algorithm, block-cyclic structure, cyclic
convolutions.
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