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Ñóïåðñèíãóëÿðíûå ñêðó÷åííûå êðèâûå Ýäâàðäñà íàä ïðîñòûì ïîëåì. I. Ñóïåðñèíãóëÿðíûå
ñêðó÷åííûå êðèâûå ýäâàðäñà ñ j-èíâàðèàíòàìè, ðàâíûìè íóëþ è 123 / À.Â. Áåññàëîâ,
Ë.Â. Êîâàëü÷óê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 3–10.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 15 íàçâ.

Àííîòàöèÿ. Äàí àíàëèç óñëîâèé ñóùåñòâîâàíèÿ ñóïåðñèíãóëÿðíûõ ñêðó÷åííûõ êðèâûõ Ýäâàðäñà
íàä ïðîñòûì ïîëåì. Côîðìóëèðîâàíû è äîêàçàíû òåîðåìû îá óñëîâèÿõ ñóùåñòâîâàíèÿ ñóïåðñèíãóëÿðíûõ

êðèâûõ ñ j-èíâàðèàíòàìè, ðàâíûìè íóëþ è 123, â ðàçíûõ êëàññàõ êðèâûõ. Íà îñíîâàíèè ýòèõ ðåçóëüòàòîâ

ïîëó÷åíû êîíêðåòíûå ïàðàìåòðû äëÿ íåêîòîðûõ ñóïåðñèíãóëÿðíûõ êðèâûõ. Ïðèâåäåíî îáîáùåíèå ïîëó-
÷åííûõ ðàíåå ðåçóëüòàòîâ, èñïîëüçóþùåå èçîìîðôèçì êðèâûõ â ôîðìàõ Âåéåðøòðàññà è Ýäâàðäñà.

Êëþ÷åâûå ñëîâà: ñóïåðñèíãóëÿðíàÿ êðèâàÿ, ïîëíàÿ êðèâàÿ Ýäâàðäñà, ñêðó÷åííàÿ êðèâàÿ Ýäâàðäñà,
êâàäðàòè÷íàÿ êðèâàÿ Ýäâàðäñà, ïàðà êðó÷åíèÿ, ïîðÿäîê òî÷êè, ñèìâîë Ëåæàíäðà, êâàäðàòè÷íûé âû÷åò,
êâàäðàòè÷íûé íåâû÷åò.

————————————

Ñóïåðñèíãóëÿðí³ ñêðó÷åí³ êðèâ³ Åäâàðäñà íàä ïðîñòèì ïîëåì. I. Ñóïåðñèíãóëÿðí³ ñêðó÷åí³ êðèâ³
Åäâàðäñà ç j-³íâàð³àíòàìè, ÿê³ äîð³âíþþòü íóëþ òà 123 / À.Â. Áåññàëîâ, Ë.Â. Êîâàëü÷óê //

Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 3–10.

Àíîòàö³ÿ. Ïðîàíàë³çîâàíî óìîâè ³ñíóâàííÿ ñóïåðñèíãóëÿðíèõ ñêðó÷åíèõ êðèâèõ Åäâàðäñà íàä
ïðîñòèì ïîëåì. Côîðìóëüîâàíî òà äîâåäåíî òåîðåìè ïðî óìîâè ³ñíóâàííÿ ñóïåðñèíãóëÿðíèõ êðèâèõ ç

j-³íâàð³àíòàìè, ÿê³ äîð³âíþþòü íóëþ òà 123, â ð³çíèõ êëàñàõ êðèâèõ. Íà îñíîâ³ öèõ ðåçóëüòàò³â îòðèìà-

íî êîíêðåòí³ ïàðàìåòðè äëÿ äåÿêèõ ñóïåðñèíãóëÿðíèõ êðèâèõ. Íàâåäåíî óçàãàëüíåííÿ îòðèìàíèõ
ðàí³øå ðàçóëüòàò³â, ùî âèêîðèñòîâóº ³çîìîðô³çì êðèâèõ ó ôîðìàõ Âåéºðøòðàñà òà Åäâàðäñà.

Êëþ÷îâ³ ñëîâà: ñóïåðñèíãóëÿðíà êðèâà, ïîâíà êðèâà Åäâàðäñà, ñêðó÷åíà êðèâà Åäâàðäñà, êâàäðàòè÷íà
êðèâà Åäâàðäñà, ïàðà êðó÷åííÿ, ïîðÿäîê òî÷êè, ñèìâîë Ëåæàíäðà, êâàäðàòè÷íèé ëèøîê, êâàäðàòè÷íèé
íåëèøîê.
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Supersingular twisted Edwards curves over prime fields. I. Supersingular twisted Edwards curves with
¼-invariants 0 and 123 / A.V. Bessalov, L.V. Kovalchuk // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3.
P. 3–10.

Àbstract. The analysis is given of the conditions of the existence of supersingular twisted Edwards
curves over prime fields. Theorems are formulated and proved about these conditions for supersingular twisted

Edwards curves with j-invariants 0 and 123, for different classes of curves. Parameters for some supersingular

curves are obtained using these results. Generalization of some previously obtained results is given, using
isomorphism of curves in Weierstrass form and Edwards form.

Keywords: supersingular curve, complete Edwards curve, twisted Edwards curve, quadratic Edwards curve,
twisted pair, order of point, Legendre symbol, quadratic residue, quadratic non-residue.
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ÓÄÊ 004.4

Ôîðìèðîâàíèå íîâîé êîíöåïöèè è ïàðàäèãìû ïîñòðîåíèÿ ñèñòåì êèáåðáåçîïàñíîñòè /
Â.Â. Õèëåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 11–16.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Ñôîðìóëèðîâàíû íîâàÿ êîíöåïöèÿ è ïàðàäèãìà ïîñòðîåíèÿ ñèñòåì êèáåðáåçîïàñíîñ-
òè, àäåêâàòíûõ óãðîçàì íåñàíêöèîíèðîâàííîãî äåêîäèðîâàíèÿ ïðè ñóùåñòâóþùèõ è ïðîãíîçèðóåìûõ
ìîùíîñòÿõ ñóïåðêîìïüþòåðîâ è íåéðîñåòåé. Îáîñíîâàíà íåîáõîäèìîñòü ïåðåõîäà ê ïîñòðîåíèþ è èñ-
ïîëüçîâàíèþ â ñîâðåìåííûõ óñëîâèÿõ ñèñòåì êèáåðáåçîïàñíîñòè, îòâå÷àþùèõ ñôîðìóëèðîâàííûì ïðè-
íöèïàì è ïîëîæåíèÿì.

Êëþ÷åâûå ñëîâà: êèáåðáåçîïàñíîñòü, êîíöåïöèÿ, ïàðàäèãìà, ñóïåðêîìïüþòåð, íåéðîñåòü.
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Ôîðìóâàííÿ íîâî¿ êîíöåïö³¿ òà ïàðàäèãìè ïîáóäîâè ñèñòåìè ê³áåðáåçïåêè / Â.Â. Õèëåíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 11–16.

Àíîòàö³ÿ. Ñôîðìóëüîâàíî íîâó êîíöåïö³þ ³ ïàðàäèãìó ïîáóäîâè ñèñòåì ê³áåðáåçïåêè, àäåêâàò-
íèõ çàãðîçàì íåñàíêö³îíîâàíîãî äåêîäóâàííÿ äëÿ íàÿâíèõ ³ ïðîãíîçîâàíèõ ïîòóæíîñòåé ñóïåðêîìï’þ-
òåð³â ³ íåéðîìåðåæ. Îá´ðóíòîâàíî íåîáõ³äí³ñòü ïåðåõîäó äî ïîáóäîâè òà âèêîðèñòàííÿ â ñó÷àñíèõ óìî-
âàõ ñèñòåì ê³áåðáåçïåêè, ùî â³äïîâ³äàþòü ñôîðìóëüîâàíèì ïðèíöèïàì ³ ïîëîæåííÿì.

Êëþ÷îâ³ ñëîâà: ê³áåðáåçïåêà, êîíöåïö³ÿ, ïàðàäèãìà, ñóïåðêîìï’þòåð, íåéðîìåðåæà.
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Creating a new concept and paradigm for building cybersecurity systems / V.V. Khilenko // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 3. P. 11–16.

Abstract. A new concept and paradigm of building cybersecurity systems adequate to the threats of
unauthorized decoding with the available and predicted capacities of supercomputers and neural networks has
been formulated. The necessity of the transition to the construction and use in modern conditions of cyber
security systems that meet the formulated principles and provisions is substantiated.

Keywords: cybersecurity, concept, paradigm, supercomputer, neural network.
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 517.988

Ñõîäèìîñòü äâóõýòàïíîãî ìåòîäà ñ ðàñõîæäåíèåì Áðýãìàíà äëÿ âàðèàöèîííûõ íåðàâåíñòâ /
Ä.À. Íîìèðîâñêèé, Á.Â. Ðóáëåâ, Â.Â. Ñåì¸íîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3.
Ñ. 17–27.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 23 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí íîâûé äâóõýòàïíûé ìåòîä äëÿ ïðèáëèæåííîãî ðåøåíèÿ âàðèàöèîííûõ
íåðàâåíñòâ ñ ïñåâäîìîíîòîííûìè è ëèïøèöåâûìè îïåðàòîðàìè, êîòîðûé ÿâëÿåòñÿ ìîäèôèêàöèåé íå-
ñêîëüêèõ èçâåñòíûõ äâóõýòàïíûõ àëãîðèòìîâ ñ èñïîëüçîâàíèåì ðàñõîæäåíèÿ Áðýãìàíà âìåñòî åâêëèäî-
âîãî ðàññòîÿíèÿ. Êàê è äðóãèå ïîäîáíûå ñõåìû, äàííûé ìåòîä â íåêîòîðûõ ñëó÷àÿõ ïîçâîëÿåò ÿâíî
ó÷åñòü ñòðóêòóðó äîïóñòèìîãî ìíîæåñòâà çàäà÷è. Äîêàçàíà òåîðåìà ñõîäèìîñòè ìåòîäà. Äëÿ ìîíîòîí-
íîãî îïåðàòîðà è âûïóêëîãî êîìïàêòíîãî äîïóñòèìîãî ìíîæåñòâà ïîëó÷åíû íåàñèìïòîòè÷åñêèå îöåíêè
åãî ýôôåêòèâíîñòè.

Êëþ÷åâûå ñëîâà: âàðèàöèîííîå íåðàâåíñòâî, ïñåâäîìîíîòîííîñòü, ìîíîòîííîñòü, óñëîâèå Ëèïøèöà,
äâóõýòàïíûé ìåòîä, ðàñõîæäåíèå Áðýãìàíà, ñõîäèìîñòü.

—————————————
Çá³æí³ñòü äâîåòàïíîãî ìåòîäó ç ðîçá³æí³ñòþ Áðåãìàíà äëÿ âàð³àö³éíèõ íåð³âíîñòåé /
Ä.À. Íîì³ðîâñüêèé / Á.Â. Ðóáëüîâ, Â.Â. Ñåìåíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55,
¹ 3. Ñ. 17–27.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íîâèé äâîåòàïíèé ìåòîä äëÿ íàáëèæåíîãî ðîçâ’ÿçàííÿ âàð³àö³éíèõ
íåð³âíîñòåé ç ïñåâäîìîíîòîííèìè òà ë³ïøèöåâèìè îïåðàòîðàìè, ùî º ìîäèô³êàö³ºþ äåê³ëüêîõ â³äîìèõ
äâîåòàïíèõ àëãîðèòì³â ç âèêîðèñòàííÿì ðîçá³æíîñò³ Áðåãìàíà çàì³ñòü åâêë³äîâî¿ â³äñòàí³. ßê ³ ³íø³
ïîä³áí³ ñõåìè, äàíèé ìåòîä â äåÿêèõ âèïàäêàõ äîçâîëÿº ÿâíî âðàõóâàòè ñòðóêòóðó äîïóñòèìî¿ ìíîæèíè
çàäà÷³. Äîâåäåíî òåîðåìó çá³æíîñò³ ìåòîäó. Äëÿ ìîíîòîííîãî îïåðàòîðà òà îïóêëî¿ êîìïàêòíî¿ äîïóñòè-
ìî¿ ìíîæèíè îòðèìàíî íåàñèìïòîòè÷í³ îö³íêè éîãî åôåêòèâíîñò³.

Êëþ÷îâ³ ñëîâà: âàð³àö³éíà íåð³âí³ñòü, ïñåâäîìîíîòîíí³ñòü, ìîíîòîíí³ñòü, óìîâà Ë³ïøèöÿ, äâîåòàïíèé
ìåòîä, ðîçá³æí³ñòü Áðåãìàíà, çá³æí³ñòü.
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Convergence of two-step method with Bregman divergence for solving variational inequalities /
D.A. Nomirovskii, B.V. Rublyov, V.V. Semenov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3.
P. 17–27.

Abstract. A new two-step method for the approximate solution of variational inequalities with
pseudo-monotone and Lipschitz-continuous operators acting in a finite-dimensional linear normed space is
proposed. This method is a modification of several previously studied two-stage algorithms using the Bregman
divergence instead of the Euclidean distance. Like other schemes using Bregman divergence, the proposed
method can sometimes efficiently take into account the structure of the feasible set of the problem. A theorem
on the convergence of the method is proved and, in the case of a monotone operator and convex compact
feasible set, non-asymptotic estimates of the efficiency of the method are obtained.

Keywords: variational inequality, pseudo-monotonicity, monotonicity, Lipschitz condition, two-step method,
Bregman divergence, convergence.
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ÓÄÊ 519.86:51.77:330.5.057.7:336

Ìåæîòðàñëåâàÿ øàõìàòêà íåîïðåäåëåííîñòè è åå ïðèìåíåíèå: ïðîãíîçèðîâàíèå, ýêîíîìè÷åñêàÿ
ïîëèòèêà, ôèñêàëüíûé ðèñê, îáùåå ðàâíîâåñèå / À.È. ßñòðåìñêèé // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 28–36.

²ë.: 5. Òàáë. 0. Á³áë³îãð.: 16 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíû ìåòîäû ïîñòðîåíèÿ ìåæîòðàñëåâîé øàõìàòêè íåîïðåäåëåííîñòè. Ñ èñ-
ïîëüçîâàíèåì ðåàëüíûõ áàç äàííûõ ðàññ÷èòàíû âîëàòèëüíîñòè êîýôôèöèåíòîâ ïðÿìûõ çàòðàò, ïîòîêè
íåîïðåäåëåííîñòè ìåæäó îòðàñëÿìè. Ðàññìîòðåíî ïðèìåíåíèå ýòîé øàõìàòêè äëÿ àíàëèçà îáùåãî ðàâ-
íîâåñèÿ, ôèñêàëüíîãî ðèñêà, óñòîé÷èâîñòè íàöèîíàëüíîé ýêîíîìèêè, ïðåäïðèíèìàòåëüñòâà.

Êëþ÷åâûå ñëîâà: ñõåìà «çàòðàòû–âûïóñê», íåîïðåäåëåííîñòü, âîëàòèëüíîñòü, øàõìàòêà íåîïðåäåëåí-
íîñòè, óñòîé÷èâîñòü íàöèîíàëüíîé ýêîíîìèêè, òðàíñìèññèÿ íåîïðåäåëåííîñòè.



Ì³æãàëóçåâà øàõ³âíèöÿ íåâèçíà÷åíîñò³ òà ¿¿ çàñòîñóâàííÿ: ïðîãíîçóâàííÿ, åêîíîì³÷íà ïîë³òèêà,
ô³ñêàëüíèé ðèçèê, çàãàëüíà ð³âíîâàãà / Î.². ßñòðåìñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019.
Òîì 55, ¹ 3. Ñ. 28–36.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîäè ïîáóäîâè ì³æãàëóçåâî¿ øàõ³âíèö³ íåâèçíà÷åíîñò³. Ç âèêîðèñòàí-
íÿì ðåàëüíèõ áàç äàíèõ ðîçðàõîâàíî âîëàòèëüíîñò³ êîåô³ö³ºíò³â ïðÿìèõ âèòðàò ³ ïîòîêè íåâèçíà÷åíîñò³
ì³æ ãàëóçÿìè. Ðîçãëÿíóòî çàñòîñóâàííÿ ö³º¿ øàõ³âíèö³ äëÿ àíàë³çó çàãàëüíî¿ ð³âíîâàãè, ô³ñêàëüíîãî ðè-
çèêó, ñò³éêîñò³ íàö³îíàëüíî¿ åêîíîì³êè, ï³äïðèºìíèöòâà.

Êëþ÷îâ³ ñëîâà: ñõåìà «âèòðàòè–âèïóñê», íåâèçíà÷åí³ñòü, âîëàòèëüí³ñòü, øàõ³âíèöÿ íåâèçíà÷åíîñò³,
ñò³éê³ñòü íàö³îíàëüíî¿ åêîíîì³êè, òðàíñì³ñ³ÿ íåâèçíà÷åíîñò³.
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Input-output chessboard of uncertainty and its applications: forecasting, economic policy, fiscal risk,
general equilibrium / O. Yastremskii // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3. P. 28–36.

Abstract. The paper proposes the methods of uncertainty input-output chessboard construction. Using
real data, volatility of Direct Requirements, the interindustries flows of uncertainty are computed. Different
applications are discussed. Among them are: general equilibrium, fiscal risk, stability of the national economy,
entrepreneurship.

Keywords: input-output scheme, uncertainty, volatility, chessboard of uncertainty, national economyrigidity,
uncertainty transmission.
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ÓÄÊ 517.988

Áðýãìàíîâñêèé ýêñòðàãðàäèåíòíûé ìåòîä ñ ìîíîòîííîé ðåãóëèðîâêîé øàãà / Ñ.Â. Äåíèñîâ,
Â.Â. Ñåì¸íîâ, Ï.È. Ñòåöþê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 37–44.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 24 íàçâè.

Àííîòàöèÿ. Ïðåäëîæåí íîâûé âàðèàíò ýêñòðàãðàäèåíòíîãî ìåòîäà äëÿ ïðèáëèæåííîãî ðåøåíèÿ
âàðèàöèîííûõ íåðàâåíñòâ ñ ïñåâäîìîíîòîííûìè è ëèïøèöåâûìè îïåðàòîðàìè, äåéñòâóþùèìè â êîíå÷-
íîìåðíîì ëèíåéíîì íîðìèðîâàííîì ïðîñòðàíñòâå. Â ìåòîäå èñïîëüçîâàíî ðàñõîæäåíèå (ðàññòîÿíèå)
Áðýãìàíà âìåñòî åâêëèäîâîãî ðàññòîÿíèÿ è íîâàÿ ðåãóëèðîâêà âåëè÷èíû øàãà, íå òðåáóþùàÿ çíàíèÿ
êîíñòàíòû Ëèïøèöà äëÿ îïåðàòîðà. Â îòëè÷èå îò ïðèìåíÿâøèõñÿ ðàíåå ïðàâèë âûáîðà âåëè÷èíû øàãà â
ïðåäëàãàåìîì ìåòîäå íå òðåáóåòñÿ äîïîëíèòåëüíûõ âû÷èñëåíèé çíà÷åíèé îïåðàòîðà è ïðîêñ-îòîáðàæå-
íèÿ. Äîêàçàíà òåîðåìà ñõîäèìîñòè ìåòîäà.

Êëþ÷åâûå ñëîâà: âàðèàöèîííîå íåðàâåíñòâî, ïñåâäîìîíîòîííîñòü, óñëîâèå Ëèïøèöà, ýêñòðàãðàäèåí-
òíûé ìåòîä, ðàñõîæäåíèå Áðýãìàíà, ñõîäèìîñòü.

———

Áðåãìàí³âñüêèé åêñòðàãðàä³ºíòíèé ìåòîä ç ìîíîòîííèì ðåãóëþâàííÿì êðîêó / Ñ.Â. Äåíèñîâ,
Â.Â. Ñåìåíîâ, Ï.². Ñòåöþê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 37–44.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íîâèé âàð³àíò åêñòðàãðàä³åíòíîãî ìåòîäó äëÿ íàáëèæåíîãî ðîçâ’ÿçàííÿ
âàð³àö³éíèõ íåð³âíîñòåé ç ïñåâäîìîíîòîííèìè òà ë³ïøèöåâèìè îïåðàòîðàìè, ùî ä³þòü â ñê³í÷åííî-
âèì³ðíîìó ë³í³éíîìó íîðìîâàíîìó ïðîñòîð³. Ó ìåòîä³ âèêîðèñòàíî ðîçá³æí³ñòü (â³äñòàíü) Áðåãìàíà
çàì³ñòü åâêë³äîâî¿ â³äñòàí³ òà íîâå ðåãóëþâàííÿ âåëè÷èíè êðîêó, ùî íå âèìàãàº çíàííÿ êîíñòàíòè
Ë³ïøèöÿ äëÿ îïåðàòîðà. Íà â³äì³íó â³ä ïðàâèë âèáîðó âåëè÷èíè êðîêó, ùî çàñòîñîâóâàëèñÿ ðàí³øå, â çà-
ïðîïîíîâàíîìó ìåòîä³ íå ïîòð³áíî äîäàòêîâî îá÷èñëþâàòè çíà÷åííÿ îïåðàòîðà òà ïðîêñ-â³äîáðàæåííÿ.
Äîâåäåíî òåîðåìó çá³æíîñò³ ìåòîäó.

Êëþ÷îâ³ ñëîâà: âàð³àö³éíà íåð³âí³ñòü, ïñåâäîìîíîòîíí³ñòü, óìîâà Ëèïøèöÿ, åêñòðàãðàä³ºíòíèé ìåòîä,
ðîçá³æí³ñòü Áðåãìàíà, çá³æí³ñòü.

————

Bregman extragradient method with monotone rule of step size tuning / S.V. Denisov, V.V. Semenov,
P.I. Stetsyuk // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3. P. 37–44.

Abstract. A new extragradient-type method for the approximate solution of variational inequalities with
pseudo-monotone and Lipschitz-continuous operators acting in a finite-dimensional linear normed space is
proposed. The method uses the Bregman divergence (distance) instead of the Euclidean distance and the new
adjustment of the step size which does not require knowledge of the Lipschitz constant of operator. In contrast
to the previously used rules for choosing the step size, the proposed method does not perform additional
calculations for the operator values and prox-map. A theorem on the convergence of the method is proved.

Keywords: variational inequality, pseudo-monotonicity, Lipschitz condition, extragradient method, Bregman
divergence, convergence.

==========
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Àííîòàöèÿ. Ïðåäñòàâëåíû íîâûå ðåçóëüòàòû è êðàòêèé îáçîð íîâûõ ìåòîäîâ òåîðèè äèíàìè÷åñêèõ
ñèñòåì íà ìíîãîîáðàçèÿõ íàä ëîêàëüíûìè ïîëÿìè è ôîðìàëüíûõ ãðóïï íàä ëîêàëüíûìè êîëüöàìè. Äëÿ
èññëåäîâàíèÿ n-ìåðíûõ ìíîãîîáðàçèé, äèíàìè÷åñêèõ ñèñòåì íà òàêèõ ìíîãîîáðàçèÿõ èñïîëüçîâàíû ôîð-
ìàëüíûå ñòðóêòóðû, â ÷àñòíîñòè n-ìåðíûå ôîðìàëüíûå ãðóïïû. Â òåðìèíàõ ôîðìàëüíûõ ãðóïï ïðåä-
ñòàâëåíû èíôèíèòåçèìàëüíûå äåôîðìàöèè. Èçâåñòíûé îäíîìåðíûé ñëó÷àé ðàñøèðåí íà n-ìåðíûå

(n �1) àíàëèòè÷åñêèå îòîáðàæåíèÿ îòêðûòîãî p-àäè÷åñêîãî ïîëèäèñêà (-äèñêà) D p
n. Ââåäåíû n-ìåðíûå

àíàëîãè ìîäóëåé, âîçíèêàþùèå â ôîðìàëüíûõ è íåàðõèìåäîâûõ äèíàìè÷åñêèõ ñèñòåìàõ, äàíà èõ ôîð-
ìàëüíî-àëãåáðàè÷åñêàÿ ñòðóêòóðà. Êðàòêî ïðåäñòàâëåíû æåñòêèå ñòðóêòóðû, îáúåêòû è ìåòîäû. Ñ òî÷êè
çðåíèÿ ñèñòåìíîãî àíàëèçà ââåäåíû è îïèñàíû íîâûå, à èìåííî ôîðìàëüíûå è íåàðõèìåäîâû ãðàíè è
ñòðóêòóðû ñèñòåì, îòîáðàæåíèÿ è èòåðàöèè îòîáðàæåíèé ìåæäó íèìè.

Êëþ÷åâûå ñëîâà: ôîðìàëüíàÿ ãðóïïà, ëîêàëüíîå êîëüöî, êîììóòàòèâíàÿ ôîðìàëüíàÿ ãðóïïîâàÿ ñõåìà,
äåôîðìàöèÿ, ôîðìàëüíûé ìîäóëü, äèíàìè÷åñêàÿ ñèñòåìà, ìîäóëü äèôôåðåíöèàëîâ.

————

Ôîðìàëüí³ òà íåàðõ³ìåäîâ³ ñòðóêòóðè äèíàì³÷íèõ ñèñòåì íà ìíîãîâèäàõ / Â.Ï. Õàð÷åíêî,
Ì.Ì. Ãëàçóíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 45–55.

Àíîòàö³ÿ. Íàâåäåíî íîâ³ ðåçóëüòàòè ³ êîðîòêèé îãëÿä íîâèõ ìåòîä³â òåîð³¿ äèíàì³÷íèõ ñèñòåì íà
ìíîãîâèäàõ íàä ëîêàëüíèìè ïîëÿìè ³ ôîðìàëüíèõ ãðóï íàä ëîêàëüíèìè ê³ëüöÿìè. Äëÿ äîñë³äæåííÿ
n-âèì³ðíèõ ìíîãîâèä³â, äèíàì³÷íèõ ñèñòåì íà òàêèõ ìíîãîâèäàõ âèêîðèñòàíî ôîðìàëüí³ ñòðóêòóðè, çîê-
ðåìà, n-âèì³ðí³ ôîðìàëüí³ ãðóïè. Ó òåðì³íàõ ôîðìàëüíèõ ãðóï ïðåäñòàâëåíî ³íô³í³òåç³ìàëüí³ äåôîð-
ìàö³¿. Ðîçøèðåíî â³äîìèé îäíîâèì³ðíèé âèïàäîê, ðîçãëÿíóòî n-âèì³ðí³ (n �1) àíàë³òè÷í³ â³äîáðàæåííÿ

â³äêðèòîãî p-àäè÷íîãî ïîë³äèñêà (n-äèñêà) D p
n. Óâåäåíî n-âèì³ðí³ àíàëîãè ìîäóë³â, ÿê³ âèíèêàþòü

â ôîðìàëüíèõ ³ íåàðõ³ìåäîâèõ äèíàì³÷íèõ ñòðóêòóðàõ, íàâåäåíî ¿õíþ (ôîðìàëüíî)-àëãåáðà¿÷íó ñòðóêòó-
ðó. Çàóâàæåíî íà æîðñòêèõ ñòðóêòóðàõ, îá’ºêòàõ òà ìåòîäàõ. Ç òî÷êè çîðó ñèñòåìíîãî àíàë³çó ââåäåíî òà
äîñë³äæåíî íîâ³ ôîðìàëüí³ òà íåàðõ³ìåäîâ³ ãðàí³ òà ñòðóêòóðè ñèñòåì, â³äîáðàæåííÿ òà ³òåðàö³¿ â³äîáðà-
æåíü ì³æ íèìè.

Êëþ÷îâ³ ñëîâà: ôîðìàëüíà ãðóïà, ëîêàëüíå ê³ëüöå, êîìóòàòèâíà ôîðìàëüíà ãðóïîâà ñõåìà, äèíàì³÷íà
ñèñòåìà, äåôîðìàö³ÿ, ôîðìàëüíèé ìîäóëü, ìîäóëü äèôåðåíö³àë³â.

———-----

Formal and nonarchimedian structures of dynamic systems on manifolds / V.P. Kharchenko,
N.M. Glazunov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3. P. 45–55.

Abstract. New results are presented and a brief review of new methods and results of the theory of
dynamic systems on manifolds over local fields and formal groups over local rings is given. For the analysis of
n-dimensional manifolds and their dynamics, dynamic systems on such manifolds, formal structures are used, in
particular, n-dimensional formal groups. Infinitesimal deformations are presented in terms of formal groups.
The well-known one-dimensional case extends, and n-dimensional (n �1) analytic mappings of an open p-adic

polydisc (n-disk) D p
n are considered. We introduce and investigate the n-dimensional analogs of modules

arising in formal and non-Archimedean dynamic structures. Attention is drawn to rigid structures, objects and
methods. From the point of view of system analysis, new, namely, formal and non-Archimedean, faces and
structures of systems, maps and iterations of mappings between these faces and structures are introduced and
investigated.

Keywords: formal group, local ring, commutative formal group scheme, deformation, formal module, dynamic
system, module of differentials.

=====

ÓÄÊ 532.59

Äèôðàêöèÿ óïðóãèõ âîëí íà ñôåðå â ïîëóîãðàíè÷åííîé îáëàñòè / È.Ò. Ñåëåçîâ // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 56–63.

²ë.: 3. Òàáë. 0. Á³áë³îãð.: 10 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à ðàññåÿíèÿ ïëîñêèõ óïðóãèõ âîëí íà æåñòêîé ñôåðå âáëèçè ïëîñ-
êîé æåñòêîé ãðàíèöû, ÷òî ïðèâîäèò ê ïîÿâëåíèþ ìíîãîêðàòíî ïåðåîòðàæåííûõ äèëàòàöèîííûõ è ñäâè-
ãîâûõ âîëí. Ýòî ïîðîæäàåò ñèëüíûå îñöèëëÿöèè âîëíîâîãî ïîëÿ. Ïðèâåäåíà ïîñòàíîâêà çàäà÷è è ñâåäå-
íèå åå ê îïðåäåëåíèþ ñêàëÿðíûõ ôóíêöèé è òàêæå äëÿ ñäâèãîâûõ âîëí êàê ñëåäñòâèå ñèììåòðèè. Ïðåä-
ñòàâëåíû ïðèáëèæåííûå ôîðìóëû äëÿ ïîëÿ â äàëüíåé çîíå è â ñëó÷àå äëèííîâîëíîâîãî ðýëååâñêîãî
ïðèáëèæåíèÿ. Ïîëó÷åíû îöåíêè ïîñòðîåíèÿ ìíîãîêðàòíî ïåðåîòðàæåííûõ âîëí ìåòîäîì èçîáðàæåíèé.
Ïðîâåäåíû ðàñ÷åòû ðàññåÿííûõ âîëíîâûõ ïîëåé, ïðåäñòàâëåííûå â âèäå äèàãðàìì ðàññåÿíèÿ.

Êëþ÷åâûå ñëîâà: äèôðàêöèÿ âîëí, ñôåðà, ïîëóîãðàíè÷åííàÿ îáëàñòü, ìåòîä èçîáðàæåíèé.
———————————————-

Äèôðàêö³ÿ ïðóæíèõ õâèëü íà ñôåð³ ó íàï³âîáìåæåí³é îáëàñò³ / ².Ò. Ñåëåçîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 56–63.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ðîçñ³ÿííÿ ïëîñêèõ ïðóæíèõ õâèëü íà æîðñòê³é ñôåð³ ïîáëèçó ïëîñ-
êî¿ æîðñòêî¿ ãðàíèö³, ùî ïðèçâîäèòü äî ïîÿâè áàãàòîêðàòíî ïåðåâ³äáèòèõ äèëàòàö³éíèõ òà çñóâíèõ
õâèëü. Öå ïîðîäæóº ñèëüí³ îñöèëÿö³¿ õâèëüîâîãî ïîëÿ. Íàâåäåíî ïîñòàíîâêó çàäà÷³ ³ çâåäåííÿ ¿¿ äî âèç-
íà÷åííÿ ñêàëÿðíèõ ôóíêö³é ³ äëÿ çñóâíèõ õâèëü òàêîæ, ÿê ñâ³ä÷åííÿ ñèìåòð³¿. Ïðåäñòàâëåíî íàáëèæåí³
ôîðìóëè äëÿ ïîëÿ â äàëüí³é çîí³ ³ ó âèïàäêó äîâãîõâèëüîâîãî ðåëåºâñüêîãî íàáëèæåííÿ. Îäåðæàíî

4 ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2019, òîì 55, ¹ 3



îö³íê³ ïîáóäîâè áàãàòîêðàòíî ïåðåâ³äáèòèõ õâèëü ìåòîäîì çîáðàæåíü. Ïðîâåäåíî ðîçðàõóíêè ðîçñ³ÿíèõ
õâèëüîâèõ ïîë³â, ïðåäñòàâëåí³ ó âèãëÿä³ ä³àãðàì ðîçñ³ÿííÿ.

Êëþ÷îâ³ ñëîâà: äèôðàêö³ÿ õâèëü, ñôåðà, íàï³âîáìåæåíà îáëàñòü, ìåòîä çîáðàæåíü.
——————————-

Diffraction of elastic waves by sphere in the semibounded region / I.T. Selezov // Kibernetika i sistemnyj
analiz. 2019. Vol. 55, N 3. P. 56–63.

Abstract. The problem of scattering of plane elastic waves by a rigid sphere near a plane rigid boundary,
which causes multiply re-reflected dilatational and shear waves, is considered. This generates strong
oscillations of the wave field. The problem is formulated and reduced to the definition of scalar functions and
for shear waves also as a consequence of symmetry. Approximate formulas for the field in the far zone and in
the case of the long wavelength Rayleigh approximation are presented. Estimations of the construction of
multiply re-reflected waves by the image method are obtained. Calculations of scattered wave fields, presented
in the form of scattering diagrams, are carried out.

Keywords: wave diffraction, sphere, semibounded region, image method.
——————————

ÓÄÊ 519.853

Ïðîáëåìû îïðåäåëåíèÿ êîýôôèöèåíòîâ òî÷íûõ øòðàôíûõ ôóíêöèé / Þ.Ï. Ëàïòèí,
Ò.À. Áàðäàäûì // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 64–79.

²ë.: 0. Òàáë. 3. Á³áë³îãð.: 27 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû íîâûå ïîäõîäû ê îöåíèâàíèþ êîýôôèöèåíòîâ òî÷íûõ øòðàôíûõ ôóíê-
öèé äëÿ îïòèìèçàöèîííûõ çàäà÷ ñ îãðàíè÷åíèÿìè. Ïðèâåäåíû ðåçóëüòàòû âû÷èñëèòåëüíûõ ýêñïåðèìåí-
òîâ ñ èñïîëüçîâàíèåì óïðîùåííûõ ïðîöåäóð îöåíèâàíèÿ êîýôôèöèåíòîâ ïðè ðåøåíèè íåêîòîðûõ êëàñ-
ñîâ çàäà÷. Íàèáîëåå àêòóàëüíû òàêèå ïîäõîäû ïðè ïðèìåíåíèè ìåòîäîâ äåêîìïîçèöèè ïî ïåðåìåííûì
(îáîáùåííûõ ìåòîäîâ äåêîìïîçèöèè Áåíäåðñà). Ýòî ïîçâîëÿåò ïðåîäîëåâàòü ïðîáëåìû, ñâÿçàííûå ñ íå-
ÿâíûì îïèñàíèåì äîïóñòèìîé îáëàñòè êîîðäèíèðóþùåé çàäà÷è.

Êëþ÷åâûå ñëîâà: òî÷íûå øòðàôíûå ôóíêöèè, ñòðóêòóðèðîâàííûå çàäà÷è îïòèìèçàöèè, ìåòîäû äåêîìïîçèöèè.
———

Ïðîáëåìè âèçíà÷åííÿ êîåô³ö³ºíò³â òî÷íèõ øòðàôíèõ ôóíêö³é / Þ.Ï. Ëàïò³í, Ò.Î. Áàðäàäèì //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 64–79.

Àíîòàö³ÿ. Ðîçãëÿíóòî íîâ³ ï³äõîäè äî îö³íþâàííÿ êîåô³ö³ºíò³â òî÷íèõ øòðàôíèõ ôóíêö³é äëÿ
îïòèì³çàö³éíèõ çàäà÷ ç îáìåæåííÿìè. Íàâåäåíî ðåçóëüòàòè îá÷èñëþâàëüíèõ åêñïåðèìåíò³â ç âèêîðèñòàííÿì
ñïðîùåíèõ ïðîöåäóð îö³íþâàííÿ êîåô³ö³ºíò³â äëÿ ðîçâ’ÿçàííÿ äåÿêèõ êëàñ³â çàäà÷. Íàéá³ëüø àêòóàëüíèìè
òàê³ ï³äõîäè º äëÿ ìåòîä³â äåêîìïîçèö³¿ çà çì³ííèìè (óçàãàëüíåíèõ ìåòîä³â äåêîìïîçèö³¿ Áåíäåðñà). Öå äîç-
âîëÿº çàïîá³ãàòè òðóäíîùàì, ïîâ’ÿçàíèì ç íåÿâíèì îïèñîì äîïóñòèìî¿ îáëàñò³ êîîðäèíóâàëüíî¿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: òî÷í³ øòðàôí³ ôóíêö³¿, ñòðóêòóðîâàí³ çàäà÷³ îïòèì³çàö³¿, ìåòîäè äåêîìïîçèö³¿.
——————

Problems related to estimation of the coefficients of exact penalty functions / Yu.P. Laptin,
T.O. Bardadym // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3. P. 64–79.

Abstract. New approaches to estimation of the coefficients of exact penalty functions for constrained
optimization problems are considered. The results of computational experiments on the use of simplified
coefficient estimation procedures for solving certain classes of problems are presented. Such approaches are
most relevant when using the methods of decomposition in variables (generalized Benders decomposition). This
allows us to overcome the issues related to implicit description of feasible region in the master problem.

Keywords: exact penalty functions, structured optimization problems, decomposition methods.
============

ÓÄÊ 519.6

Âîññòàíîâëåíèå ñòðóêòóðû ðàçðûâíîãî ïëàñòà ñ èñïîëüçîâàíèåì òîìîãðàôè÷åñêèõ ìåòîäîâ /
Î.Í. Ëèòâèí, Î.Î. Ëèòâèí, Â.Â. Äðàãóí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3.
Ñ. 80–89.

²ë.: 1. Òàáë. 2. Á³áë³îãð.: 14 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí ìåòîä ïîñòðîåíèÿ ìàòåìàòè÷åñêîé ìîäåëè âíóòðåííåé ñòðóêòóðû ãåîëî-
ãè÷åñêîé ñðåäû, êîãäà ôóíêöèÿ, îïèñûâàþùàÿ ýòó ìîäåëü, èìååò ðàçðûâ ïåðâîãî ðîäà. Ìîäåëü ïðåäëà-
ãàåòñÿ èñïîëüçîâàòü â øàõòíîé ñåéñìè÷åñêîé òîìîãðàôèè. Ðåçóëüòàòû âû÷èñëèòåëüíîãî ýêñïåðèìåíòà
ïîêàçûâàþò, ÷òî ïðè íåáîëüøîì ïîðÿäêå ñóìì Ôóðüå èõ êîýôôèöèåíòû Ôóðüå, íàéäåííûå ñ ïîìîùüþ
ïåðâûõ ìîìåíòîâ âðåìåíè ïîñòóïëåíèÿ ñåéñìè÷åñêîãî ñèãíàëà îò èñòî÷íèêîâ â òî÷êè íàáëþäåíèÿ,
áëèçêè ê êîýôôèöèåíòàì Ôóðüå, íàéäåííûì äëÿ òåñòîâîé ôóíêöèè, îïèñûâàþùåé çàäàííîå èçîáðàæå-
íèå ðåëüåôà ñ òåêòîíè÷åñêèì ïîâðåæäåíèåì. Oïèñàííûå ïîäõîäû ìîãóò èñïîëüçîâàòüñÿ äëÿ óëó÷øåíèÿ
çíà÷åíèé ìàòåìàòè÷åñêîé ìîäåëè ðàñïðåäåëåíèÿ ìåäëèòåëüíîñòè ðàñïðîñòðàíåíèÿ ñåéñìè÷åñêèõ âîëí â
çàäàííîé îáëàñòè ãåîëîãè÷åñêîé ñðåäû

Êëþ÷åâûå ñëîâà: êîìïüþòåðíàÿ òîìîãðàôèÿ, øàõòíàÿ òîìîãðàôèÿ, êîýôôèöèåíòû Ôóðüå.

ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2019, òîì 55, ¹ 3 5



Â³äíîâëåííÿ ñòðóêòóðè ðîçðèâíîãî ïëàñòà ç âèêîðèñòàííÿì òîìîãðàô³÷íèõ ìåòîä³â /
Î.Ì. Ëèòâèí, Î.Î. Ëèòâèí, Â.Â. Äðàãóí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3.
Ñ. 80–89.

Àíîòàö³ÿ. Äîñë³äæåíî ìåòîä ïîáóäîâè ìàòåìàòè÷íî¿ ìîäåë³ âíóòð³øíüî¿ ñòðóêòóðè ãåîëîã³÷íîãî
ñåðåäîâèùà, êîëè ôóíêö³ÿ, ÿêà îïèñóº öþ ìîäåëü, ìàº ðîçðèâ ïåðøîãî ðîäó. Ìîäåëü çàïðîïîíîâàíî âèêî-
ðèñòîâóâàòè ó øàõòí³é ñåéñì³÷í³é òîìîãðàô³¿. Ðåçóëüòàòè îá÷èñëþâàëüíîãî åêñïåðèìåíòó ïîêàçóþòü, ùî
çà íåâåëèêîãî ïîðÿäêó ñóì Ôóð’º ¿õí³ êîåô³ö³ºíòè Ôóð’º, çíàéäåí³ çà äîïîìîãîþ ³íôîðìàö³¿ ïðî ïåðø³ ìî-
ìåíòè ÷àñó íàäõîäæåííÿ ñåéñì³÷íîãî ñèãíàëó â³ä äæåðåë ó òî÷êè ñïîñòåðåæåííÿ, áëèçüê³ äî êîåô³ö³ºíò³â
Ôóð’º, çíàéäåíèõ äëÿ òåñòîâî¿ ôóíêö³¿, ùî îïèñóº çàäàíå çîáðàæåííÿ ðåëüºôó ç òåêòîí³÷íèì ïîøêîäæåí-
íÿì. Îïèñàí³ ï³äõîäè ìîæóòü âèêîðèñòîâóâàòèñÿ äëÿ ïîë³ïøåííÿ çíà÷åíü ìàòåìàòè÷íî¿ ìîäåë³ ðîçïîä³ëó
ïîâ³ëüíîîñò³ ðîçïîâñþäæåííÿ ñåéñì³÷íèõ õâèëü ó çàäàí³é ä³ëÿíö³ ãåîëîã³÷íîãî ñåðåäîâèùà.

Êëþ÷îâ³ ñëîâà: êîìï’þòåðíà òîìîãðàô³ÿ, øàõòíà òîìîãðàô³ÿ, êîåô³ö³ºíòè Ôóð’º.
—————————————

Restoration of the structure of the discontinuity layer by tomographic methods / O.M. Lytvyn,
Î.O. Lytvyn, V.V. Dragun // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3. P. 80–89.

Abstract. The method of constructing a mathematical model of the internal structure of the geological
environment is considered, when the function describing this model has a first-order gap. The model is
proposed for use in shaft seismic tomography. The results of the computational experiment show that, even with

small orders of Fourier sums, the Fourier coefficients, which are found by means of information about the first
times of the arrival of the seismic signal from the sources at the observation points, are close to the Fourier
coefficients found for the test function, which describes the given terrain image with tectonic damage. The
described approaches can be used to improve the mathematical model of the distribution of the slowness of the
spread of seismic waves in a given section of the geological environment.

Keywords: computer tomography, mine tomography, Fourier coefficients.
======================

ÓÄÊ 65.015.11:621.3.011.711

Ñèñòåìíûé ïîäõîä â ýðãîíîìè÷íîì îáåñïå÷åíèè óñëîâèé äâèæåíèÿ íà äîðîãå / Í.È. Êóëüáàøíàÿ,
Ê.À. Ñîðîêà, È.Ý. Ëèííèê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 90–99.

²ë.: 5. Òàáë. 0. Á³áë³îãð.: 15 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíî äëÿ ôîðìèðîâàíèÿ ýðãîíîìè÷íûõ óñëîâèé äâèæåíèÿ â ñèñòåìå «âîäè-
òåëü–àâòîìîáèëü–äîðîæíàÿ ñåðåäà» èñïîëüçîâàòü ìàòåìàòè÷åñêóþ ìîäåëü òåîðèè àâòîìàòè÷åñêîãî
óïðàâëåíèÿ, â êîòîðîé îñîáåííîñòè ðåãóëèðîâàíèÿ äâèæåíèÿ îïðåäåëÿþò ïåðåõîäíûì ïðîöåññîì, îïè-
ñàííûì ïåðåäàòî÷íûìè ôóíêöèÿìè àâòîìîáèëÿ è âîäèòåëÿ. Ïðåäëîæåííàÿ ìîäåëü äàåò âîçìîæíîñòü
ìîäåëèðîâàòü ïðîöåññû ðåãóëèðîâàíèÿ ñêîðîñòè äâèæåíèÿ â ñîîòâåòñòâèè ñ äîðîæíîé îáñòàíîâêîé,
âëèÿíèå êîòîðîé íà âîäèòåëÿ îöåíèâàåòñÿ êîìïëåêñíîé õàðàêòåðèñòèêîé — ìàêñèìàëüíîé ýíòðîïèåé
ñðåäû äâèæåíèÿ.

Êëþ÷åâûå ñëîâà: óñëîâèÿ äâèæåíèÿ, ýíòðîïèÿ ñðåäû, ñêîðîñòü äâèæåíèÿ, ïåðåäàòî÷íàÿ ôóíêöèÿ.
———-

Ñèñòåìíèé ï³äõ³ä â åðãîíîì³÷íîìó çàáåçïå÷åíí³ óìîâ ðóõó íà äîðîç³ / Í.². Êóëüáàøíà,
Ê.Î. Ñîðîêà, ².Å. Ëèííèê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 90–99.

Àíîòàö³ÿ. Çàïðîïîíîâàíî äëÿ ôîðìóâàííÿ åðãîíîì³÷íèõ óìîâ ðóõó â ñèñòåì³ «âîä³é–àâòî-
ìîá³ëü–äîðîæíº ñåðåäîâèùå» âèêîðèñòîâóâàòè ìàòåìàòè÷íó ìîäåëü àâòîìàòè÷íîãî êåðóâàííÿ, â ÿê³é
îñîáëèâîñò³ ðåãóëþâàííÿ ðóõó âèçíà÷àþòü çà ïåðåõ³äíèì ïðîöåñîì, ùî îïèñóºòüñÿ ïåðåäàâàëüíèìè
ôóíêö³ÿìè àâòîìîá³ëÿ ³ âîä³ÿ. Ïðîïîíîâàíà ìîäåëü äàº çìîãó ìîäåëþâàòè ïðîöåñè ðåãóëþâàííÿ øâèä-
êîñò³ ðóõó àâòîìîá³ëÿ çã³äíî ç äîðîæíüîþ îáñòàíîâêîþ, âïëèâ ÿêî¿ íà âîä³ÿ îö³íþºòüñÿ êîìïëåêñíîþ
õàðàêòåðèñòèêîþ — ìàêñèìàëüíîþ åíòðîï³ºþ ñåðåäîâèùà ðóõó.

Êëþ÷îâ³ ñëîâà: óìîâè ðóõó, åíòðîï³ÿ ñåðåäîâèùà, øâèäê³ñòü ðóõó, ïåðåäàâàëüíà ôóíêö³ÿ.
—————————-

Systems approach to ergonomic provision of road traffic conditions / N.I. Kulbashna, K.Î. Soroka,
I.E. Lynnyk // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3. P. 90–99.

Abstract. It is proposed to use a mathematical model of the automatic control theory, in which the
features of traffic control are determined by the transition process described by the transfer functions of the car
and the driver, to form ergonomic driving conditions in the system “driver–car–road environment.” The
proposed model makes it possible to simulate speed control processes in accordance with the traffic situation
whose impact on the driver is estimated by the complex characteristic: the maximum entropy of the traffic
environment.

Keywords: motion conditions, entropy of the medium, speed of motion, transfer function.
======

ÓÄÊ 330.101.541-336.7

Îïòèìèçàöèÿ ñòàâêè íàëîãà íà äîõîä ïðîèçâîäñòâà / Á.Á. Äóíàåâ // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 99–111.

²ë.: 5. Òàáë. 2. Á³áë³îãð.: 24 íàçâ.
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Àííîòàöèÿ. Îïðåäåëåíà îïòèìàëüíàÿ ñòàâêà íàëîãà íà äîõîä ïðîèçâîäñòâà, ïðè êîòîðîé ñòàáèëü-
íî âîçðàñòàþò ÷èñòàÿ ïðèáûëü è äîõîä ãîñóäàðñòâåííîãî áþäæåòà, îáåñïå÷èâàåòñÿ ñòàáèëüíûé ðîñò
ïðîèçâîäñòâà. Ïðè ñòàâêå, ìåíüøå îïòèìàëüíîé, ïðîèñõîäèò óñêîðåííûé ðîñò ïðîèçâîäñòâà, à ïðè áîëü-
øåé — óâåëè÷èâàåòñÿ äîõîä áþäæåòà çà ñ÷åò çàìåäëåíèÿ ðîñòà ïðîèçâîäñòâà. Îïðåäåëåíà ôóíêöèÿ
ïðåäåëüíîé ñòàâêè íàëîãà, ïðè êîòîðîé îòñóòñòâóåò ÷èñòàÿ ïðèáûëü è ïðîèçâîäñòâî òåðÿåò ñìûñë. Ìàê-
ðîýêîíîìè÷åñêîå ìîäåëèðîâàíèå ðàçâèòèÿ ýêîíîìèêè ñòðàíû âî âðåìåíè ïîêàçàëî, ÷òî ñ óìåíüøåíèåì
÷èñòîé ïðèáûëè ïðè ðîñòå ñòàâêè íàëîãà íà äîõîä ïðîèçâîäñòâà ïðîèñõîäèò óâåëè÷åíèå àìïëèòóäû è
óìåíüøåíèå ÷àñòîòû êîíúþíêòóðíûõ êîëåáàíèé èçìåíåíèÿ ðåàëüíîãî âàëîâîãî âíóòðåííåãî ïðîäóêòà.

Êëþ÷åâûå ñëîâà: ýêîíîìèêà, ðàâíîâåñèå, ñïðîñ, ïðåäëîæåíèå, êðèçèñ, ðûíîê, äîõîä, íàëîã, ïðèáûëü,
êîíúþíêòóðà, òðóä, êàïèòàë, äåíüãè, àìîðòèçàöèÿ, èíâåñòèöèè, èíôëÿöèÿ.

———————————-

Îïòèì³çàö³ÿ ñòàâêè ïîäàòêó íà äîõ³ä âèðîáíèöòâà / Á.Á. Äóíàºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2019. Òîì 55, ¹ 3. Ñ. 99–111.

Àíîòàö³ÿ. Âèçíà÷åíî îïòèìàëüíó ñòàâêó ïîäàòêó íà äîõ³ä âèðîáíèöòâà, çà ÿêî¿ ñòàá³ëüíî çðîñòà-
þòü ÷èñòèé ïðèáóòîê ³ äîõ³ä äåðæàâíîãî áþäæåòó, çàáåçïå÷óºòüñÿ ñòàá³ëüíå çðîñòàííÿ âèðîáíèöòâà. Çà
ìåíøî¿ ñòàâêè â³äáóâàºòüñÿ ïðèñêîðåíå çðîñòàííÿ âèðîáíèöòâà, à çà á³ëüøî¿ — çá³ëüøóºòüñÿ äîõ³ä áþä-
æåòó çà ðàõóíîê óïîâ³ëüíåííÿ çðîñòàííÿ âèðîáíèöòâà. Âèçíà÷åíî ôóíêö³þ ãðàíè÷íî¿ ñòàâêè ïîäàòêó, çà
ÿêî¿ íåìàº ÷èñòîãî ïðèáóòêó ³ âèðîáíèöòâî íå ìàº ñåíñó. Ìàêðîåêîíîì³÷íå ìîäåëþâàííÿ ðîçâèòêó åêî-
íîì³êè êðà¿íè â ÷àñ³ çàñâ³ä÷óº, ùî ç³ çìåíøåííÿì ÷èñòîãî ïðèáóòêó ³ç çðîñòàííÿì ñòàâêè ïîäàòêó íà
äîõ³ä âèðîáíèöòâà â³äáóâàºòüñÿ çá³ëüøåííÿ àìïë³òóäè ³ çíèæåííÿ ÷àñòîòè êîí’þíêòóðíèõ êîëèâàíü
çì³íè ðåàëüíîãî ÂÂÏ.

Êëþ÷îâ³ ñëîâà: åêîíîì³êà, ð³âíîâàãà, ïîïèò, ïðîïîíóâàííÿ, êðèçà, ðèíîê, äîõ³ä, ïîäàòîê, ïðèáóòîê,
êîí’þíêòóðà, ïðàöÿ, êàï³òàë, ãðîø³, àìîðòèçàö³ÿ, ³íâåñòèö³¿, ³íôëÿö³ÿ.

————————————

Optimization of the tax rate on the income of production / B.B. Dunaev // Kibernetika i sistemnyj analiz.
2019. Vol. 55, N 3. P. 99–111.

Abstract. The optimal rate of the tax on the income of production is determined, at which the net profit
and the state budget revenue are steadily increasing, and a stable growth of production is ensured. With a lower
rate, there is an accelerated growth in production, and with a larger rate, the budget revenue is increased due to
a slowdown in production growth. The function of the marginal tax rate is expressed, under which there is no
net profit and production loses its meaning. The conducted macroeconomic modeling of the development of the
country’s economy in time has shown that with a decrease in net profit with an increase in the tax rate on the
production income, the amplitude and the frequency of fluctuations in the fluctuations in the real GDP change.

Keywords: economy, equilibrium, demand, supply, crisis, market, income, tax, profit, conjuncture, labor,
capital, money, depreciation, investment, inflation.

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

ÓÄÊ 519.1:512.643

Ìàòðèöû, àññîöèèðîâàííûå ñ D-äèñòàíöèîííûìè ìàãè÷åñêèìè ãðàôàìè, è èõ ñâîéñòâà / Ì.Ô.
Ñåìåíþòà, Â.À. Øóëüãèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 112–120.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû ìàòðèöû, àññîöèèðîâàííûå ñ D-äèñòàíöèîííûìè ìàãè÷åñêèìè ãðàôà-
ìè. Ïîëó÷åíû ðåçóëüòàòû îòíîñèòåëüíî ñïåêòðàëüíûõ ñâîéñòâ ýòèõ ìàòðèö. Äîêàçàíî, ÷òî åñëè äâà ãðà-

ôà G è H îäèíàêîâîãî ïîðÿäêà èìåþò ïîäîáíûå äèñòàíöèîííûå ìàòðèöû AD
1

è AD
2

ñîîòâåòñòâåííî, òî

ãðàô G ÿâëÿåòñÿ D1-äèñòàíöèîííûì ìàãè÷åñêèì òîãäà è òîëüêî òîãäà, êîãäà H áóäåò D2-äèñòàíöèîííûì
ìàãè÷åñêèì ãðàôîì. Ãðàôû G è H íàçâàíû ìàãè÷åñêèìè äèñòàíöèîííî-ïîäîáíûìè è äîêàçàíî, ÷òî èõ
äèñòàíöèîííûå ìàãè÷åñêèå ïîñòîÿííûå ñîâïàäàþò.

Êëþ÷åâûå ñëîâà: D-îêðåñòíîñòü, D-äèñòàíöèîííàÿ ìàãè÷åñêàÿ ðàçìåòêà, D-äèñòàíöèîííàÿ ìàòðèöà, ìàòðèöà
ðàçìåòêè, D-äèñòàíöèîííàÿ ìàãè÷åñêàÿ ìàòðèöà.

———————————

Ìàòðèö³, àñîö³éîâàí³ ç D-äèñòàíö³éíèìè ìàã³÷íèìè ãðàôàìè òà ¿õí³ âëàñòèâîñò³ / Ì.Ô. Ñåìåíþòà,
Â.À. Øóëüã³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 112–120.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìàòðèö³, àñîö³éîâàí³ ç D-äèñòàíö³éíèìè ìàã³÷íèìè ãðàôàìè. Îòðèìàíî ðå-
çóëüòàòè ùîäî ñïåêòðàëüíèõ âëàñòèâîñòåé öèõ ìàòðèöü. Äîâåäåíî, ùî â òîìó ðàç³, ÿêùî äâà ãðàôè G ³ H

îäíàêîâîãî ïîðÿäêó ìàþòü ïîä³áí³ äèñòàíö³éí³ ìàòðèö³ AD
1

³ AD
2

â³äïîâ³äíî, òî ãðàô G º D1-äèñ-

òàíö³éíèì ìàã³÷íèì òîä³ é ò³ëüêè òîä³, êîëè H áóäå D2-äèñòàíö³éíèì ìàã³÷íèì ãðàôîì. Ãðàôè G ³ H íà-
çâàíî ìàã³÷íèìè äèñòàíö³éíî-ïîä³áíèìè ³ äîâåäåíî, ùî ¿õí³ äèñòàíö³éí³ ìàã³÷í³ ñòàë³ çá³ãàþòüñÿ.

Êëþ÷îâ³ ñëîâà: D-îê³ë, D-äèñòàíö³éíà ìàã³÷íà ðîçì³òêà, D-äèñòàíö³éíà ìàòðèöÿ, ìàòðèöÿ ðîçì³òêè,
D-äèñòàíö³éíà ìàã³÷íà ìàòðèöÿ.

—————————————
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Matrices associated with D-distance magic graphs and their properties / Ì. Semeniuta, V. Shulhin //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3. P. 112–120.

Abstract. Matrices associated with D-distance magic graphs are considered in the paper. Results
regarding the spectral properties of these matrices have been obtained. It has been proved that if two graphs G

and H of the same order have similar distance matrices AD
1

and AD
2

respectively, then graph G is D1-distance

magic if and only if H is a D2-distance magic graph. Graphs G and H are called magic distance-similar and
their distance magic constants have been proved to coincide.

Keywords: D-neighborhood, D-distance magic labeling, D-distance matrix, matrix of labeling, D-distance
magic matrix.

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

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 519.6+004.02

Àëãîðèòì íàèëó÷øåé ðàâíîìåðíîé àïïðîêñèìàöèè ñïëàéíàìè ñî ñâîáîäíûìè óçëàìè /
Ë.Ï. Âàêàë, Å.Ñ. Âàêàë // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 121–128.

²ë.: 0. Òàáë. 3. Á³áë³îãð.: 22 íàçâè.

Àííîòàöèÿ. Ïðåäëîæåí àëãîðèòì íàèëó÷øåãî ðàâíîìåðíîãî ïðèáëèæåíèÿ ñïëàéíîì ñ îïòèìàëü-
íûìè óçëàìè. Äëÿ ïîèñêà îïòèìàëüíûõ óçëîâ èñïîëüçîâàíà äèôôåðåíöèàëüíàÿ ýâîëþöèÿ — îäèí èç
ëó÷øèõ ýâîëþöèîííûõ àëãîðèòìîâ, ñòàáèëüíî íàõîäÿùèé ãëîáàëüíûé îïòèìóì ôóíêöèè çà ìèíèìàëü-
íîå âðåìÿ. Êîýôôèöèåíòû ñïëàéíà îïðåäåëåíû êàê ðåøåíèå çàäà÷è ñïëàéí-àïïðîêñèìàöèè ñ ôèêñèðî-
âàííûìè óçëàìè. Ïðèâåäåíû ðåçóëüòàòû âû÷èñëèòåëüíîãî ýêñïåðèìåíòà.

Êëþ÷åâûå ñëîâà: íàèëó÷øàÿ ðàâíîìåðíàÿ àïïðîêñèìàöèÿ, ñïëàéí, îïòèìàëüíûå óçëû, äèôôåðåíöèàëü-
íàÿ ýâîëþöèÿ.

———

Àëãîðèòì íàéêðàùî¿ ð³âíîì³ðíî¿ àïðîêñèìàö³¿ ñïëàéíàìè ç â³ëüíèìè âóçëàìè / Ë.Ï. Âàêàë,
ª.Ñ. Âàêàë // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 121–128.

Àíîòàö³ÿ. Çàïðîïîíîâàíî àëãîðèòì íàéêðàùîãî ð³âíîì³ðíîãî íàáëèæåííÿ ñïëàéíîì ç îïòèìàëü-
íèìè âóçëàìè. Äëÿ ïîøóêó îïòèìàëüíèõ âóçë³â çàñòîñîâàíî äèôåðåíö³àëüíó åâîëþö³þ — îäèí ç íàé-
êðàùèõ åâîëþö³éíèõ àëãîðèòì³â, ùî ñòàá³ëüíî çíàõîäèòü îïòèìóì ôóíêö³¿ çà ì³í³ìàëüíèé ÷àñ.
Êîåô³ö³ºíòè ñïëàéíà âèçíà÷åíî ÿê ðîçâ’ÿçàííÿ çàäà÷³ ñïëàéí-àïðîêñèìàö³¿ ç ô³êñîâàíèìè âóçëàìè. Íà-
âåäåíî ðåçóëüòàòè îá÷èñëþâàëüíîãî åêñïåðèìåíòó.

Êëþ÷îâ³ ñëîâà: íàéêðàùà ð³âíîì³ðíà àïðîêñèìàö³ÿ, ñïëàéí, îïòèìàëüí³ âóçëè, äèôåðåíö³àëüíà åâî-
ëþö³ÿ.

——————————-

Algorithm for best uniform spline approximation with free knots / L.P. Vakal, E.S. Vakal // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 3. P. 121–128.

Abstract. An algorithm for best uniform spline approximation with free knots is presented in this paper.
A differential evolution is used for finding the optimal knots. It is one of the best evolutionary algorithms which
finds function’s global optimum in minimum time. Spline coefficients are computed as a solution of
a spline-approximation problem with fixed knots. Results of the numerical experiment are given.

Keywords: Best uniform approximation, spline, optimal knots, differential evolution.

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

ÓÄÊ 519.217.2

Ðàñïðåäåëåííûå áàéåñîâñêèå ïðîöåäóðû ìàøèííîãî îáó÷åíèÿ / Á.À. Áåëåöêèé // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 129–135.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû áåðíóëëèåâñêàÿ è ìóëüòèíîìèàëüíàÿ âàðèàíòû áàéåñîâñêîé ïðîöåäóðû
îáó÷åíèÿ è îáëàñòè èõ ïðèìåíåíèÿ, à òàêæå èõ ðàñïðåäåëåííàÿ ðåàëèçàöèÿ íà îñíîâå ìîäåëè ïðîãðàì-
ìèðîâàíèÿ MapReduce. Ïðåäëîæåíà ðàñïðåäåëåííàÿ êàòåãîðèàëüíàÿ áàéåñîâñêàÿ ïðîöåäóðà îáó÷åíèÿ,
îïèñàíà ñïåöèôèêà åå ðàñïðåäåëåííîé ðåàëèçàöèè è îáëàñòü ïðèìåíåíèÿ.

Êëþ÷åâûå ñëîâà: áàéåñîâñêèå ïðîöåäóðû îáó÷åíèÿ ðàñïîçíàâàíèþ, ðàñïðåäåëåííûå ìåòîäû ìàøèííî-
ãî îáó÷åíèÿ, MapReduce.

——---------

Pîçïîä³ëåí³ áàºñ³âñüê³ ïðîöåäóðè ìàøèííîãî íàâ÷àííÿ / Á.Î. Á³ëåöüêèé // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 129–135.

Àíîòàö³ÿ. Ðîçãëÿíóòî áåðíóë³¿âó òà ìóëüòèíîì³àëüíó âàð³àíòè áàºñ³âñüêî¿ ïðîöåäóðè ìàøèííîãî
íàâ÷àííÿ, à òàêîæ ¿õíþ ðîçïîä³ëåíó ðåàë³çàö³þ íà îñíîâ³ ìîäåë³ ïðîãðàìóâàííÿ MapReduce. Çàïðîïîíî-
âàíî êàòåãîð³éíó áàºñ³âñüêó ïðîöåäóðó ìàøèííîãî íàâ÷àííÿ, îáãîâîðåíî ñïåöèô³êó ¿¿ ðîçïîä³ëåíî¿
ðåàë³çàö³¿ òà ñôåðó ¿¿ çàñòîñóâàííÿ.
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Êëþ÷îâ³ ñëîâà: áàºñ³âñüê³ ïðîöåäóðè íàâ÷àííÿ ðàñï³çíàâàííþ, ðîçïîä³ëåí³ ìåòîäè ìàøèííîãî íàâ÷àí-
íÿ, MapReduce.

———

Distributed Bayesian machine learning procedures / B. Biletskyy // Kibernetika i sistemnyj analiz. 2019.
Vol. 55, N 3. P. 129–135.

Abstract. In this paper, we consider Bernoulli and Multinomial variations of Bayesian Machine Learning
procedures, as well as their distributed implementations based on MapReduce. We propose the Categorical
Bayesian Machine Learning procedure and discuss its distributed implementation and use-cases.

Keywords: Bayesian machine learning procedures for recognition, distributed methods machine learning,
MapReduce.

==========

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

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 516.813

Ðàçáèåíèå ìíîæåñòâà âåêòîðîâ ñ öåëûìè êîîðäèíàòàìè ëîãè÷åñêèìè àïïàðàòíûìè ñðåäñòâàìè /
Ñ.Ë. Êðûâûé, Â.Í. Îïàíàñåíêî, Ñ.Á. Çàâüÿëîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55,
¹ 3. Ñ. 136–148.

²ë.: 10. Òàáë. 3. Á³áë³îãð.: 16 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ çàäà÷à ðàçáèåíèÿ ìíîæåñòâà âåêòîðîâ ñ öåëûìè êîîðäèíàòàìè îòíî-
ñèòåëüíî ïîêîîðäèíàòíîãî è ëåêñèêîãðàôè÷åñêîãî ïîðÿäêà íà âåêòîðàõ ñ èñïîëüçîâàíèåì àâòîìàòíîé
èíòåðïðåòàöèè. Ïðåäëîæåíà àïïàðàòíàÿ ðåàëèçàöèÿ îïåðàöèé òðåõçíà÷íîé ëîãèêè íà áàçå êðèñòàëëîâ
FPGA äëÿ ïðîâåðêè âûïîëíèìîñòè ôîðìóë ýòîé ëîãèêè.

Êëþ÷åâûå ñëîâà: öåëî÷èñëåííûå âåêòîðû, ïîðîãîâûå çíà÷åíèÿ, êîíå÷íûå àâòîìàòû, òðåõçíà÷íàÿ ëîãè-
êà.

—————————————

Ðîçáèòòÿ ìíîæèíè âåêòîð³â ç ö³ëèìè êîîðäèíàòàìè ëîã³êîâèìè àïàðàòíèìè çàñîáàìè /
Ñ.Ë. Êðèâèé, Â.Ì. Îïàíàñåíêî, Ñ.Á. Çàâ’ÿëîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3.
Ñ. 136–148.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ðîçáèòòÿ ìíîæèíè âåêòîð³â ç ö³ëèìè êîîðäèíàòàìè â³äíîñíî ïîêîîð-
äèíàòíîãî ³ ëåêñèêîãðàô³÷íîãî ïîðÿäêó íà âåêòîðàõ ³ç âèêîðèñòàííÿì àâòîìàòíî¿ ³íòåðïðåòàö³¿. Çàïðî-
ïîíîâàíî àïàðàòíó ðåàë³çàö³þ îïåðàö³é òðèçíà÷íî¿ ëîã³êè íà áàç³ êðèñòàë³â FPGA äëÿ ïåðåâ³ðêè âèêîíó-
âàíîñò³ ôîðìóë ö³º¿ ëîã³êè.

Êëþ÷îâ³ ñëîâà: ö³ëî÷èñëîâ³ âåêòîðè, ïîðîãîâ³ çíà÷åííÿ, ñê³í÷åíí³ àâòîìàòè, òðèçíà÷íà ëîã³êà.

——————————————

Partitioning of a set of vectors with integer coordinates by means of the logical hardware / S.L. Kryvyi,
V.M. Opanasenko, S.B. Zavyalov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3. P. 136–148.

Abstract. The problem of partitioning a set of vectors with integer coordinates with respect to the
coordinate-wise and lexicographic order on vectors by using an automatic interpretation is considered. The
FPGA-based hardware implementation of three-valued logic operations for feasibility verification of the
formulas of this logic is proposed.

Keywords: vectors with integer items, threshold value, finite automata, three-valued logic.

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

ÓÄÊ 681.322

Àëãîðèòìû ðåøåíèÿ çàäà÷ êðèïòîçàùèòû ïèêñåëåé öâåòíûõ èçîáðàæåíèé â áàçèñå Ðàäåìàõåðà è
îñòàòî÷íûõ êëàññàõ / Í.ß. Âîçíà, ß.Í. Íèêîëàé÷óê, Î.È. Âîëûíñêèé // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 149–163.

²ë.: 6. Òàáë. 0. Á³áë³îãð.: 21 íàçâà.

Àííîòàöèÿ. Îáîñíîâàíà àêòóàëüíîñòü ðàçðàáîòêè òåîðåòè÷åñêèõ îñíîâ, ìåòîäîâ è àëãîðèòìîâ êî-
äèðîâàíèÿ ïèêñåëåé öâåòíûõ èçîáðàæåíèé ïóòåì ïðîáëåìíî-îðèåíòèðîâàííîé ïîëèôóíêöèîíàëüíîé
ñòðóêòóðèçàöèè äàííûõ è ïðåäñòàâëåíèÿ êîäîâ ïèêñåëåé öâåòíûõ èçîáðàæåíèé â òåîðåòèêî-÷èñëîâûõ
áàçèñàõ Ðàäåìàõåðà, Ðàäåìàõåðà–Êðåñòåíñîíà, Õààðà–Êðåñòåíñîíà è Ãàëóà. Èññëåäîâàíà âîçìîæíîñòü
ïîâûøåíèÿ áûñòðîäåéñòâèÿ àëãîðèòìîâ ïðåîáðàçîâàíèÿ, îáðàáîòêè è ðàñïîçíàâàíèÿ öèôðîâûõ èçîáðà-
æåíèé ñ ïðèìåíåíèåì ìîäóëüíîé àðèôìåòèêè îñòàòî÷íûõ êëàññîâ íà îñíîâå ìàòåìàòèêè àðèôìåòè÷åñ-
êèõ îïåðàöèé íåïîçèöèîííîé ñèñòåìû èñ÷èñëåíèÿ îñòàòî÷íûõ êëàññîâ.

Êëþ÷åâûå ñëîâà: àëãîðèòìû, êðèïòîçàùèòà, öâåòíûå èçîáðàæåíèÿ, òåîðåòèêî-÷èñëîâûå áàçèñû.

—————————-
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Àëãîðèòìè ðîçâ’ÿçàííÿ çàäà÷ êðèïòîçàõèñòó ï³êñåë³â êîëüîðîâèõ çîáðàæåíü ó áàçèñ³ Ðàäåìàõåðà
òà çàëèøêîâèõ êëàñàõ / Í.ß. Âîçíà, ß.Ì. Íèêîëàé÷óê, Î.². Âîëèíñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 149–163.

Àíîòàö³ÿ. Îáãðóíòîâàíî àêòóàëüí³ñòü ðîçðîáëåííÿ òåîðåòè÷íèõ çàñàä, ìåòîä³â òà àëãîðèòì³â
êðèïòîçàõèñòó ï³êñåë³â êîëüîðîâèõ çîáðàæåíü øëÿõîì ïðîáëåìíî-îð³ºíòîâàíî¿ ïîë³ôóíêö³îíàëüíî¿
ñòðóêòóðèçàö³¿ äàíèõ òà ïðåäñòàâëåííÿ êîä³â ï³êñåë³â êîëüîðîâèõ çîáðàæåíü ó òåîðåòèêî-÷èñëîâèõ áàçè-
ñàõ Ðàäåìàõåðà, Ðàäåìàõåðà–Êðåñòåíñîíà, Õààðà–Êðåñòåíñîíà òà Ãàëóà. Äîñë³äæåíî ìîæëèâ³ñòü ï³äâè-
ùåííÿ øâèäêîä³¿ àëãîðèòì³â ïåðåòâîðåííÿ, îïðàöþâàííÿ òà ðîçï³çíàâàííÿ öèôðîâèõ çîáðàæåíü ³ç çàñòî-
ñóâàííÿì ìîäóëüíî¿ àðèôìåòèêè çàëèøêîâèõ êëàñ³â íà îñíîâ³ ìàòåìàòèêè àðèôìåòè÷íèõ îïåðàö³é íåïî-
çèö³éíî¿ ñèñòåìè ÷èñëåííÿ çàëèøêîâèõ êëàñ³â.

Êëþ÷îâ³ ñëîâà: àëãîðèòìè, êðèïòîçàõèñò, êîëüîðîâ³ çîáðàæåííÿ, òåîðåòèêî-÷èñëîâ³ áàçèñè.
————————————-

Algorithms for solving problems of color pixels cryptic protection in the Rademacher and residue
number systems / N.Y. Vozna, Y.M. Nykolaychuk, O.I. Volynskyi // Kibernetika i sistemnyj analiz. 2019.
Vol. 55, N 3. P. 149–163.

Abstract. The relevance of the development of theoretical foundations, methods and algorithms for
encoding color image pixels by the problem-oriented multifunctional data structuring and the representation of
color image code pixels in Rademacher, Krestenson, Rademacher–Krestenson, Haar–Krestenson, and Galois
systems is substantiated in this paper. The purpose of the research is to increase the efficiency of the algorithms
for digital image transforms, processing and recognition using modular arithmetics with residue number system
on the basis of mathematics of arithmetic operations of a non-positional residue number system.

Keywords: algorithms, cryptic protection, color images, theoretical and numerical bases.
========

ÓÄÊ 681.3:519.72:003.26

Òåõíîëîãèÿ «áëîê÷åéí»: âîïðîñû àíàëèçà è ñèíòåçà / À.Ì. Êóäèí, Á.À. Êîâàëåíêî,
È.Â. Øâèä÷åíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 164–172.

²ë.: 1. Òàáë. 1. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà ðîëü òåõíîëîãèè áëîê÷åéí â ðåàëèçàöèè îäíîé èç òåíäåíöèé ðàçâèòèÿ
ñîâðåìåííûõ èíôîðìàöèîííûõ ñèñòåì — äåöåíòðàëèçàöèè. Ïðîàíàëèçèðîâàíà îáùàÿ ìîäåëü ôóíêöèî-
íèðîâàíèÿ áëîê÷åéí-ñèñòåìû è ïðåäëîæåíà èäåÿ ïîñòðîåíèÿ íîâîãî òèïà ïðîòîêîëîâ êîíñåíñóñà (ïðî-
òîêîë «proof-of-accuracy»), îáúåäèíÿþùåãî ïðåèìóùåñòâà ïðîòîêîëîâ òèïà «proof-of-work» è
«proof-of-stake». Èññëåäîâàíû ïóòè ðåàëèçàöèè ïðîòîêîëà «proof-of-accuracy».

Êëþ÷åâûå ñëîâà: ðàñïðåäåëåííûå êîìïüþòåðíûå ñèñòåìû, áåçîïàñíîñòü èíôîðìàöèè, êðèïòîëîãèÿ,
áëîê÷åéí, êðèïòîâàëþòû, ïðîòîêîëû êîíñåíñóñà, îáùàÿ òåîðèÿ îïòèìàëüíûõ àëãîðèòìîâ, ïðîòîêîë ñî-
ãëàñîâàíèÿ òèïà «proof-of-accuracy».

—————————-

Òåõíîëîã³ÿ áëîê÷åéí: ïèòàííÿ àíàë³çó òà ñèíòåçó / À.Ì. Êóä³í, Á.À. Êîâàëåíêî, ².Â. Øâ³ä÷åíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 164–172.

Àíîòàö³ÿ. Ðîçãëÿíóòî ðîëü òåõíîëîã³¿ áëîê÷åéí ó ðåàë³çàö³¿ îäí³º¿ ç òåíäåíö³é ðîçâèòêó ñó÷àñíèõ
³íôîðìàö³éíèõ ñèñòåì, à ñàìå äåöåíòðàë³çàö³¿. Ïðîàíàë³çîâàíî çàãàëüíó ìîäåëü ôóíêö³îíóâàííÿ áëîê-
÷åéí-ñèñòåìè, çàïðîïîíîâàíî ³äåþ ïîáóäîâè íîâîãî òèïó ïðîòîêîë³â êîíñåíñóñó (ïðîòîêîë
«proof-of-accuracy»), ÿêèé îá’ºäíóº ïåðåâàãè ïðîòîêîë³â òèïó «proof-of-works» ³ «proof-of-stake».
Äîñë³äæåíî øëÿõè ðåàë³çàö³¿ ïðîòîêîëó «proof-of-accuracy».

Êëþ÷îâ³ ñëîâà: ðîçïîä³ëåí³ êîìï’þòåðí³ ñèñòåìè, áåçïåêà ³íôîðìàö³¿, êðèïòîëîã³ÿ, áëîê÷åéí, êðèïòî-
âàëþòè, ïðîòîêîëè êîíñåíñóñó, çàãàëüíà òåîð³ÿ îïòèìàëüíèõ àëãîðèòì³â, ïðîòîêîë óçãîäæåííÿ òèïó
«proof-of-accuracy».

—————————-

Blockchain technology: analysis and synthesis / A.M. Kudin, B.A. Kovalenko, I.V. Shvidchenko //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3. P. 164–172.

Abstract. The role of the blockchain technology in decentralization of the modern computer system is
discussed. Authors analyze general model of operation of the blockchain system. The idea of a new type of
consensus protocols (proof-of-accuracy protocol) is proposed. According to authors’ opinion, the new protocol
have the benefits of “proof-of-work” and “proof-of-stake” protocols. The ways of implementation of the
“proof-of-accuracy” protocol are discussed.

Keywords: distributed computing systems, information security, cryptology, blockchain, cryptocurrency,
consensus protocols, proof-of-accuracy consensus protocol.

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

ÓÄÊ 004.82

Ìåòîä ïîñòðîåíèÿ çàïîìèíàþùèõ óñòðîéñòâ ñî ñâåðõâûñîêîé ïëîòíîñòüþ çàïèñè èíôîðìàöèè /
Í.È. Õîäàêîâñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 173–181.

²ë.: 0. Òàáë. 2. Á³áë³îãð.: 13 íàçâ.
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Àííîòàöèÿ. Ðàçðàáîòàí ìåòîä ïîñòðîåíèÿ çàïîìèíàþùèõ óñòðîéñòâ ñî ñâåðõâûñîêîé ïëîòíîñòüþ
çàïèñè èíôîðìàöèè íà îñíîâå èñïîëüçîâàíèÿ ïðèíöèïîâ ðàáîòû ìîëåêóëÿðíûõ ñèñòåì íåéðîíà è åãî
ÿäåðíûõ êîìïîíåíòîâ — ÄÍÊ è ÐÍÊ. Ïðåäëîæåíà ìîäåëü ïåðåäà÷è èìïóëüñîâ ìåæäó ñèíàïñàìè íåéðî-
íîâ è ñòðóêòóðàìè íåéðîíîâ â ïðîöåññå èçìåíåíèÿ ïîðîãà ÷óâñòâèòåëüíîñòè íåéðîíà â çàâèñèìîñòè îò
âåëè÷èíû òîêà. Ïðåäëîæåííûå óñòðîéñòâà ìîãóò áûòü èñïîëüçîâàíû êàê çàïîìèíàþùèå ìîäóëè íàíî-
ðàçìåðíûõ ñåíñîðîâ.

Êëþ÷åâûå ñëîâà: ñâåðõâûñîêàÿ ïëîòíîñòü çàïèñè èíôîðìàöèè, ìîäåëü ïåðåäà÷è èìïóëüñîâ ìåæäó ñè-
íàïñàìè íåéðîíîâ; çàïèñü èíôîðìàöèè íà îðãàíè÷åñêèõ íîñèòåëÿõ.

—————————-

Ìåòîä ïîáóäîâè çàïàì’ÿòîâóâàëüíèõ ïðèñòðî¿â ç íàäâèñîêîþ ù³ëüí³ñòþ çàïèñó ³íôîðìàö³¿ /
Ì.². Õîäàêîâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 173–181.

Àíîòàö³ÿ. Ðîçðîáëåíî ìåòîä ïîáóäîâè çàïàì’ÿòîâóâàëüíèõ ïðèñòðî¿â ç íàäâèñîêîþ ù³ëüí³ñòþ çà-
ïèñó ³íôîðìàö³¿ íà îñíîâ³ âèêîðèñòàííÿ ïðèíöèï³â ðîáîòè ìîëåêóëÿðíèõ ñèñòåì íåéðîíà òà éîãî ÿäåð-
íèõ êîìïîíåíò³â — ÄÍÊ ³ ÐÍÊ. Çàïðîïîíîâàíî ìîäåëü ïåðåäà÷³ ³ìïóëüñ³â ì³æ ñèíàïñàìè ³ ñòðóêòóðàìè
íåéðîí³â ó ïðîöåñ³ çì³íè ïîðîãà ÷óòëèâîñò³ íåéðîíà â çàëåæíîñò³ â³ä âåëè÷èíè ñòðóìó. Çàïðîïîíîâàí³
ïðèñòðî¿ ìîæóòü áóòè âèêîðèñòàí³ ÿê çàïàì’ÿòîâóâàëüí³ ìîäóë³ äëÿ íàíîðîçì³ðíèõ ñåíñîð³â.

Êëþ÷îâ³ ñëîâà: íàäâèñîêà ù³ëüí³ñòü çàïèñó ³íôîðìàö³¿, ìîäåëü ïåðåäà÷³ ³ìïóëüñ³â ì³æ ñèíàïñàìè, çà-
ïèñ ³íôîðìàö³¿ íà îðãàí³÷íèõ íîñ³ÿõ.

———————————

The method of constructing memory devices with ultrahigh density of information recording /
M.I. Khodakovskyi // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3. P. 173–181.

Abstract. A method is developed to construct memory devices with an ultrahigh density of information
recording based on the principles of operation of the neuron molecular systems and its nuclear components,
DNA and RNA. A model of impulse transfer between synapses and neuron structures during variation in the
neuron sensitivity threshold as a function of current is proposed. The proposed devices can be used as memory
modules in nanoscale sensors.

Keywords: ultra-high density of information recording; model of impulse transmission between synapses and
neuron structures; record information on organic memory carriers.

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

ÓÄÊ 004.9

Îáçîð ìåòîäîâ è òåõíîëîãèé èíôîðìåòðèè / Þ.Í. Ãëàâ÷åâà, Î.Â. Êàíèùåâà, Í.Â. Áîðèñîâà //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 182–193.

²ë.: 3. Òàáë. 2. Á³áë³îãð.: 37 íàçâ.

Àííîòàöèÿ. Ïðèâåäåí îáçîð ìåòîäîâ è òåõíîëîãèé â èíôîðìåòðèè. Îïðåäåëåíû åå çàäà÷è è íà-
ïðàâëåíèÿ. Ïîêàçàíà âçàèìîñâÿçü òàêèõ ïîíÿòèé, êàê íàóêîìåòðèÿ (scientometrics), áèáëèîìåòðèÿ
(bibliometrics), èíôîðìåòðèÿ (informetrie), âåáîìåòðèÿ (webometrics), àëüòìåòðèÿ (altmetrics). Ïðîàíàëè-
çèðîâàíû ñóùåñòâóþùèå ìîäåëè è ìåòîäû èíôîðìåòðèè, à òàêæå åå àêòóàëüíûå ïðîáëåìû. Ðàññìîòðå-
íû àíàëèòèêî-ïîèñêîâûå íàóêîìåòðè÷åñêèå áàçû äàííûõ è ñèñòåìû, âûÿâëåíû èõ íåäîñòàòêè è ïðåèìó-
ùåñòâà. Âûäåëåíû õàðàêòåðèñòèêè íàóêîìåòðè÷åñêèõ ñèñòåì, èõ ñîñòàâëÿþùèå è ôàêòîðû, âëèÿþùèå
íà íàóêîìåòðè÷åñêèå èíäåêñû. Íà îñíîâå ïðîâåäåííîãî èññëåäîâàíèÿ ñôîðìóëèðîâàíû ïåðñïåêòèâíûå
íàïðàâëåíèÿ ðàçâèòèÿ íàóêîìåòðè÷åñêèõ ñèñòåì.

Êëþ÷åâûå ñëîâà: íàóêîìåòðèÿ, èíôîðìåòðèÿ, íàóêîìåòðè÷åñêèå ñèñòåìû, áèáëèîìåòðè÷åñêèå ñèñòå-
ìû, ìåòðèêè, èíäåêñû öèòèðîâàíèÿ.

————————————-

Îãëÿä ìåòîä³â òà òåõíîëîã³é ³íôîðìåòð³¿ / Þ.Ì. Ãëàâ÷åâà, Î.Â. Êàí³ùåâà, Í.Â. Áîðèñîâà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 182–193.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä ìåòîä³â òà òåõíîëîã³é â ³íôîðìåòð³¿. Âèçíà÷åíî ¿¿ çàäà÷³ òà íàïðÿìêè.
Ïîêàçàíî âçàºìîçâ’ÿçîê òàêèõ ïîíÿòü, ÿê íàóêîìåòð³ÿ (scientometrics), á³áë³îìåòð³ÿ (bibliometrics), ³íôîð-
ìåòð³ÿ (informetrie), âåáîìåòð³ÿ (webometrics), àëüòìåòð³ÿ (altmetrics). Ïðîàíàë³çîâàíî íàÿâí³ ìîäåë³ ³ ìå-
òîäè ³íôîðìåòð³¿, à òàêîæ ¿¿ àêòóàëüí³ ïðîáëåìè. Ðîçãëÿíóòî àíàë³òè÷íî-ïîøóêîâ³ íàóêîìåòðè÷í³ áàçè
äàíèõ òà ñèñòåìè, âèÿâëåíî ¿õí³ íåäîë³êè òà ïåðåâàãè. Âèçíà÷åíî õàðàêòåðèñòèêè íàóêîìåòðè÷íèõ ñèñ-
òåì, ¿õí³ ñêëàäîâ³ òà ÷èííèêè, ÿê³ âïëèâàþòü íà íàóêîìåòðè÷í³ ³íäåêñè. Íà îñíîâ³ ïðîâåäåíîãî
äîñë³äæåííÿ ñôîðìóëüîâàíî ïåðñïåêòèâí³ íàïðÿìêè ðîçâèòêó íàóêîìåòðè÷íèõ ñèñòåì.

Êëþ÷îâ³ ñëîâà: íàóêîìåòð³ÿ, ³íôîðìåòð³ÿ, íàóêîìåòðè÷í³ ñèñòåìè, á³áë³îìåòðè÷í³ ñèñòåìè, ìåòðèêè,
³íäåêñè öèòóâàííÿ.

———————————

Survey of informetry methods and technologies / Yu. Hlavcheva, O. Kanishcheva, N. Borysova //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3. P. 182–193.

Abstract. The paper overviews the methods and technologies in informetry. The authors define the tasks
and directions of informetry, show the interaction of terms such as scientometrics, bibliometrics; informetry,
webometrics and altmetrics. Available informetry models, methods and current problems in a rapidly
developing information society are analyzed. The authors review the available analytic-and-search
science-based databases and systems, identify their disadvantages and advantages. As a result of the analysis,

ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2019, òîì 55, ¹ 3 11



the characteristics of scientometric systems, their components, and factors that affect scientometric indices have
been identified. On the basis of the study, the authors show the perspective directions of development of
scientometric systems.

Keywords: scientometrics, informetry, scientometric systems, bibliometric systems, metrics, citation indexes.
==============================

ÓÄÊ 519.615

Ìåòîä ëîêàëèçàöèè íóëåé àíàëèòè÷åñêèõ ôóíêöèé íà îñíîâå îïåðàòîðà Êðàâ÷èêà /
Â.Þ. Ñåìåíîâ, Å.Â. Ñåìåíîâà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 3. Ñ. 194–200.

²ë.: 2. Òàáë. 1. Á³áë³îãð.: 6 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à ëîêàëèçàöèè íóëåé àíàëèòè÷åñêèõ ôóíêöèé ñ ïîìîùüþ îïåðàòî-
ðà Êðàâ÷èêà. Ïîëó÷åíû ôîðìóëû äëÿ âû÷èñëåíèÿ îáðàçà îïåðàòîðà Êðàâ÷èêà äëÿ àíàëèòè÷åñêèõ ôóíê-
öèé. Íà îñíîâàíèè ýòîãî ïðåäëîæåí íîâûé àëãîðèòì ëîêàëèçàöèè íóëåé. Ïðèìåíåíèå ìåòîäà ïðîäåìî-
íñòðèðîâàíî íà ÷èñëåííûõ ïðèìåðàõ, âêëþ÷àÿ ïîèñê íóëåé äçåòà-ôóíêöèè Ðèìàíà.

Êëþ÷åâûå ñëîâà: íåëèíåéíîå óðàâíåíèå, àíàëèòè÷åñêàÿ ôóíêöèÿ, ëîêàëèçàöèÿ êîðíåé, îïåðàòîð Êðàâ-
÷èêà, ðàçëîæåíèå â ðÿä Òåéëîðà.

————————
Ìåòîä ëîêàë³çàö³¿ íóë³â àíàë³òè÷íèõ ôóíêö³é íà îñíîâ³ îïåðàòîðà Êðàâ÷èêà / Â.Þ. Ñåìåíîâ,
ª.Â. Ñåìåíîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 3. Ñ. 194–200.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ëîêàë³çàö³¿ íóë³â àíàë³òè÷íèõ ôóíêö³é. Äëÿ ¿¿ ðîçâ’ÿçàííÿ çàñòîñîâà-
íî îïåðàòîð Êðàâ÷èêà. Îòðèìàíî ôîðìóëè äëÿ îá÷èñëåííÿ îáðàçó îïåðàòîðà Êðàâ÷èêà. Çàïðîïîíîâàíî
àëãîðèòì ëîêàë³çàö³¿ íóë³â àíàë³òè÷íèõ ôóíêö³é. Çàñòîñóâàííÿ ìåòîäó ïðîäåìîíñòðîâàíî íà ÷èñåëüíèõ
ïðèêëàäàõ, âêëþ÷àþ÷è ïîøóê íóë³â äçåòà-ôóíêö³¿ Ð³ìàíà.

Êëþ÷îâi ñëîâà: íåëiíiéíå ðiâíÿííÿ, àíàëiòè÷íà ôóíêöiÿ, ëîêàëiçàöiÿ êîðåíiâ, îïåðàòîð Êðàâ÷èêà, ðîçâè-
íåííÿ ó ðÿä Òåéëîðà.

—————————————
Method for localization of zeros of analytic functions based on Krawczyk operator / V.Yu. Semenov,
E.V. Semenova // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 3. P. 194–200.

Abstract. Localization of zeros of analytic functions is considered. For this purpose, Krawczyk operator
is used. The formulas for calculation of Krawczyk operator are derived. As a result, algorithm for localization
of zeros is proposed. Application of the method is shown by numerical examples including search of zeros for
Riemann zeta function.

Keywords: nonlinear equation, analytic function, root localization, Krawczyk operator, Taylor’s expansion.
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