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ÓÄÊ 681.3

Î ïðèáëèæåííîì âû÷èñëåíèè ìåðû âåðîÿòíîñòè íå÷åòêîãî ñîáûòèÿ / À.È. Ïðîâîòàð,
Î.À. Ïðîâîòàð // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 1. Ñ. 3–11.

Àííîòàöèÿ. Ïðåäëîæåí ïîäõîä, êîòîðûé ïîçâîëÿåò (ïðè íåîáõîäèìîñòè) âû÷èñëÿòü ìåðû èíäè-
âèäóàëüíûõ âåðîÿòíîñòåé íå÷åòêèõ ñîáûòèé. Ïðèâåäåíû ðåçóëüòàòû èñïîëüçîâàíèÿ ýòîãî ïîäõîäà ïðè
ðåøåíèè êîíêðåòíûõ âåðîÿòíîñòíûõ çàäà÷ â íå÷åòêîé ôîðìóëèðîâêå.

Êëþ÷åâûå ñëîâà: íå÷åòêèå ìíîæåñòâà, âåðîÿòíîñòü íå÷åòêîãî ñîáûòèÿ, íå÷åòêèå òðåóãîëüíûå ÷èñëà.

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

Ïðî íàáëèæåíå îá÷èñëåííÿ ì³ðè éìîâ³ðíîñò³ íå÷³òêî¿ ïîä³¿ / Î.². Ïðîâîòàð, Î.Î. Ïðîâîòàð //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 1. Ñ. 3–11.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä, ÿêèé äàº çìîãó (çà ïîòðåáè) îá÷èñëþâàòè ì³ðè ³íäèâ³äóàëüíèõ
³ìîâ³ðíîñòåé íå÷³òêèõ ïîä³é. Íàâåäåíî ðåçóëüòàòè çàñòîñóâàííÿ öüîãî ï³äõîäó äî ðîçâ’ÿçàííÿ
éìîâ³ðí³ñíèõ çàäà÷ ó íå÷³òêîìó ôîðìóëþâàíí³.

Êëþ÷îâ³ ñëîâà: íå÷³òê³ ìíîæèíè, éìîâ³ðí³ñòü íå÷³òêî¿ ïîä³¿, íå÷³òê³ òðèêóòí³ ÷èñëà.

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

Approximate calculation of the probability measure of a fuzzy event / O.I. Provotar, O.O. Provotar //
Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 3–11.

Abstract. An approach which allows (if necessary) calculating the measures of individual probabilities of
fuzzy events is proposed. The results of using this approach to solve specific probabilistic problems in fuzzy
formulation are given.

Keywords: fuzzy event, probability of fuzzy event, triangular fuzzy number.

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

ÓÄÊ 004.8:519.7

Àëãîðèòì î÷åâèäíîñòè è ñèñòåìû SAD: ïðîøëîå è âîçìîæíîå áóäóùåå / À.Â. Ëÿëåöêèé //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 1. Ñ. 12–20.

Àííîòàöèÿ. Ðàáîòà ïîñâÿùåíà ïðîãðàììå «Àëãîðèòì Î÷åâèäíîñòè», èíèöèèðîâàííîé àêàäåìè-
êîì Â. Ì. Ãëóøêîâûì â 1970 ã. è íàøåäøåé ñâîå âîïëîùåíèå â âèäå ðóññêîÿçû÷íîé è àíãëîÿçû÷íîé
ñèñòåì SAD, ïðåäíàçíà÷åííûõ äëÿ àâòîìàòèçèðîâàííîãî ïðîâåäåíèÿ äåäóêöèè. Äàíî îïèñàíèå èõ õà-
ðàêòåðíûõ ÷åðò è îñîáåííîñòåé. Ïðèâåäåíû ïðèìåðû, äåìîíñòðèðóþùèå âîçìîæíîñòü èõ èñïîëüçîâà-
íèÿ äëÿ ðåøåíèÿ ìàòåìàòè÷åñêèõ è ïîâñåäíåâíûõ çàäà÷, òðåáóþùèõ âûïîëíåíèÿ äåäóêòèâíûõ ïîñòðîå-
íèé. Îïèñàíû âîçìîæíûå ïóòè äàëüíåéøåãî ðàçâèòèÿ àíãëîÿçû÷íîé ñèñòåìû SAD.

Êëþ÷åâûå ñëîâà: Àëãîðèòì Î÷åâèäíîñòè, ñèñòåìà SAD, àâòîìàòèçàöèÿ ðàññóæäåíèé, àâòîìàòèçàöèÿ
ïîèñêà äîêàçàòåëüñòâ òåîðåì, ïðóâåð.

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

Àëãîðèòì î÷åâèäíîñòè ³ ñèñòåìè SAD: ìèíóëå òà ìîæëèâå ìàéáóòíº / Î.Â. Ëÿëåöüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 1. Ñ. 12–20.

Àíîòàö³ÿ. Ðîáîòó ïðèñâÿ÷åíî ïðîãðàì³ «Àëãîðèòì Î÷åâèäíîñò³», ùî áóëà ³í³ö³éîâàíà àêàäåì³êîì
Â. Ì. Ãëóøêîâèì ó 1970 ðîö³ ³ çíàéøëà ñâîº âò³ëåííÿ ó âèãëÿä³ ðîñ³éñüêîìîâíî¿ òà àíãëîìîâíî¿ ñèñòåì
SAD, ïðèçíà÷åíèõ äëÿ àâòîìàòèçîâàíîãî ïðîâåäåííÿ äåäóêö³¿. Íàäàíî îïèñ ¿õí³õ õàðàêòåðíèõ ðèñ òà
îñîáëèâîñòåé. Íàâåäåíî ïðèêëàäè, ÿê³ äåìîíñòðóþòü ìîæëèâ³ñòü ¿õ âèêîðèñòàííÿ äëÿ ðîçâ’ÿçàííÿ ìàòå-
ìàòè÷íèõ ³ ïîâñÿêäåííèõ çàäà÷, ùî ïîòðåáóþòü âèêîíàííÿ äåäóêòèâíèõ ïîáóäîâ. Îïèñàíî ìîæëèâ³
øëÿõè ïîäàëüøîãî ðîçâèòêó àíãëîìîâíî¿ ñèñòåìè SAD.

Êëþ÷îâ³ ñëîâà: Àëãîðèòì Î÷åâèäíîñò³, ñèñòåìà SAD, àâòîìàòèçàö³ÿ ì³ðêóâàíü, àâòîìàòèçàö³ÿ ïîøóêó
äîâåäåíü òåîðåì, ïðóâåð.

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

Evidence algorithm and SAD systems: Past and possible future / A.V. Lyaletski // Kibernetika i sistemnyj
analiz. 2021. Vol. 57, N 1. P. 12–20.

Abstract. The paper is devoted to the Evidence Algorithm program on automated reasoning initiated by
Academician Glushkov in 1970 and found its expression in the form of the Russian-language and
English-language SAD systems intended for automated deduction. Some of their characteristic peculiarities and
features are described. Examples demonstrating the possibility of their use for solving mathematical and
common problems that require deductive constructions are provided. Possible ways of the further development
of the English-language SAD system are given.

Keywords: Evidence Algorithm, SAD system, automated reasoning, automated theorem proving, prover.
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.21

Ñîñòîÿòåëüíîñòü è ñâîéñòâà áîëüøèõ óêëîíåíèé ýìïèðè÷åñêèõ îöåíîê â çàäà÷å ñòîõàñòè÷åñêîé
îïòèìèçàöèè äëÿ îäíîðîäíîãî ñëó÷àéíîãî ïîëÿïðè íåîäíîðîäíûõ è îäíîðîäíûõ íàáëþäåíèÿõ /
Ï.Ñ. Êíîïîâ, Å.È. Êàñèöêàÿ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 1. Ñ. 21–34.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à ñòîõàñòè÷åñêîãî ïðîãðàììèðîâàíèÿ, ãäå ýìïèðè÷åñêàÿ ôóíêöèÿ
ñòðîèòñÿ ïî íåîäíîðîäíûì íàáëþäåíèÿì îäíîðîäíîãî ñëó÷àéíîãî ïîëÿ. Èññëåäîâàíî îäíîðîäíîå â
óçêîì ñìûñëå ñëó÷àéíîå ïîëå, óäîâëåòâîðÿþùåå óñëîâèþ ñèëüíîãî ïåðåìåøèâàíèÿ. Ïðèâåäåíû óñëî-
âèÿ, ïðè êîòîðûõ ýìïèðè÷åñêàÿ îöåíêà ÿâëÿåòñÿ ñîñòîÿòåëüíîé è îöåíèâàþòñÿ åå áîëüøèå óêëîíåíèÿ
äëÿ îäíîðîäíûõ íàáëþäåíèé.

Êëþ÷åâûå ñëîâà: çàäà÷à ñòîõàñòè÷åñêîãî ïðîãðàììèðîâàíèÿ, îäíîðîäíîå â óçêîì ñìûñëå ñëó÷àéíîå
ïîëå, íåîäíîðîäíûå íàáëþäåíèÿ, óñëîâèå ñèëüíîãî ïåðåìåøèâàíèÿ, áîëüøèå óêëîíåíèÿ.
—————————————————————————————————————————————

Êîíçèñòåíòí³ñòü ³ âëàñòèâîñò³ âåëèêèõ â³äõèëåíü åìï³ðè÷íèõ îö³íîê â çàäà÷³ ñòîõàñòè÷íî¿
îïòèì³çàö³¿ äëÿ îäíîð³äíîãî âèïàäêîâîãî ïîëÿ çà íåîäíîð³äíèõ òà îäíîð³äíèõ ñïîñòåðåæåíü /
Ï.Ñ. Êíîïîâ, ª.É. Êàñ³öüêà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 1. Ñ. 21–34.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ñòîõàñòè÷íîãî ïðîãðàìóâàííÿ, ó ÿê³é åìï³ðè÷íó ôóíêö³þ áóäóþòü çà
íåîäíîð³äíèìè ñïîñòåðåæåííÿìè îäíîð³äíîãî âèïàäêîâîãî ïîëÿ. Äîñë³äæåíî îäíîð³äíå ó âóçüêîìó ðî-
çóì³íí³ âèïàäêîâå ïîëå, ùî çàäîâîëüíÿº óìîâ³ ñèëüíîãî ïåðåì³øóâàííÿ. Íàâåäåíî óìîâè, çà ÿêèõ
åìï³ðè÷íà îö³íêà º êîíçèñòåíòíîþ, òà îö³íåíî ¿¿ âåëèê³ â³äõèëåííÿ äëÿ îäíîð³äíèõ ñïîñòåðåæåíü.

Êëþ÷îâ³ ñëîâà: çàäà÷à ñòîõàñòè÷íîãî ïðîãðàìóâàííÿ, îäíîð³äíå ó âóçüêîìó ðîçóì³íí³ âèïàäêîâå ïîëå,
íåîäíîð³äí³ ñïîñòåðåæåííÿ, óìîâà ñèëüíîãî ïåðåì³øóâàííÿ, âåëèê³ â³äõèëåííÿ.
—————————————————————————————————————————————

Consistency and properties of large deviations of empirical estimates in stochastic optimization problems
for homogeneous random fields under nonhomogeneous and homogeneous observations / P.S. Knopov,
E.J. Kasitskaya // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 21–34.

Abstract. The paper considers a stochastic programming problem with the empirical function constructed
from nonhomogeneous observations of a homogeneous random field. The field satisfying the strong mixing
condition is investigated in the problem. The conditions whereby the empirical estimate is consistent are given,
and large deviations of the estimate for homogeneous observations are considered.

Keywords: stochastic programming problem, a random field homogeneous in a strict sense, nonhomogeneous
observations, strong mixing condition, large deviations.
===============================================================================

ÓÄÊ 519.21

Ìåðû ðèñêà â âèäå èíôèìàëüíîé êîíâîëþöèè / Â.Ñ. Êèðèëþê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
2021. Òîì 57, ¹ 1. Ñ. 35–54.

Àííîòàöèÿ. Èçó÷åíû ñâîéñòâà ìåð ðèñêà, ïîñòðîåííûõ â âèäå èíôèìàëüíîé êîíâîëþöèè. Îïèñà-
íî äâîéñòâåííîå ïðåäñòàâëåíèå òàêèõ ìåð, èõ ñóáäèôôåðåíöèàë, óñëîâèÿ ýêñòðåìóìà, ïðåäñòàâëåíèå
äëÿ îïòèìèçàöèè è èñïîëüçîâàíèÿ â îãðàíè÷åíèÿõ. Ðåçóëüòàòû èññëåäîâàíèÿ äåìîíñòðèðóþòñÿ íà ïðè-
ìåðàõ èçâåñòíûõ ìåð ðèñêà òàêîé êîíñòðóêöèè. Ýòî ïîçâîëÿåò ñèñòåìàòèçèðîâàòü èçâåñòíûå ðåçóëüòàòû
è îáëåã÷èòü ïîòåíöèàëüíûé ïîèñê íîâûõ âàðèàíòîâ ìåð ðèñêà.

Êëþ÷åâûå ñëîâà: èíôèìàëüíàÿ êîíâîëþöèÿ, âûïóêëàÿ ìåðà ðèñêà, êîãåðåíòíàÿ ìåðà ðèñêà, conditional
value-at-risk, äâîéñòâåííîå ïðåäñòàâëåíèå, ñóáäèôôåðåíöèàë, îæèäàåìàÿ ïîëåçíîñòü, äåòåðìèíèðîâàí-
íûé ýêâèâàëåíò.
—————————————————————————————————————————————

Ì³ðè ðèçèêó ó âèãëÿä³ ³íô³ìàëüíî¿ êîíâîëþö³¿ / Â.Ñ. Êèðèëþê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2021. Òîì 57, ¹ 1. Ñ. 35–54.

Àíîòàö³ÿ. Âèâ÷åíî âëàñòèâîñò³ ì³ð ðèçèêó, ïîáóäîâàíèõ ó âèãëÿä³ ³íô³ìàëüíî¿ êîíâîëþö³¿. Îïè-
ñàíî äâî¿ñòå ïðåäñòàâëåííÿ òàêèõ ì³ð, ¿õí³é ñóáäèôåðåíö³àë, óìîâè åêñòðåìóìó, ïðåäñòàâëåííÿ äëÿ
îïòèì³çàö³¿ òà âèêîðèñòàííÿ â îáìåæåííÿõ. Ðåçóëüòàòè âèâ÷åííÿ äåìîíñòðóþòüñÿ íà ïðèêëàäàõ â³äîìèõ
ì³ð ðèçèêó òàêî¿ êîíñòðóêö³¿. Öå äàº çìîãó ñèñòåìàòèçóâàòè â³äîì³ ðåçóëüòàòè ³ ïîëåãøèòè ïîòåíö³éíèé
ïîøóê íîâèõ âàð³àíò³â ì³ð ðèçèêó.

Êëþ÷îâ³ ñëîâà: ³íô³ìàëüíà êîíâîëþö³ÿ, îïóêëà ì³ðà ðèçèêó, êîãåðåíòíà ì³ðà ðèçèêó, conditional
value-at-risk, äâî¿ñòå ïðåäñòàâëåííÿ, ñóáäèôåðåíö³àë, î÷³êóâàíà êîðèñí³ñòü, äåòåðì³íîâàíèé åêâ³âàëåíò.
—————————————————————————————————————————————

Risk measures in the form of infimal convolution / V.S. Kirilyuk // Kibernetika i sistemnyj analiz. 2021.
Vol. 57, N 1. P. 35–54.

Abstract. The properties of risk measures in the form of infimal convolution are studied. The dual
representation of such measures, their subdifferential, extremum conditions, representation for optimization and
use in constraints are described. The results of the study are demonstrated by examples of known risk measures
of such construction. This allows systematization of the well-known results and facilitates a potential search for
new variants of risk measures.



Keywords: infimal convolution, convex risk measure, coherent risk measure, conditional value-at-risk, dual

representation, subdifferential, expected utility, deterministic equivalent.
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ÓÄÊ 004.82.855’24

Ôîðìàëèçàöèÿ ïðîöåäóðû ôîðìèðîâàíèÿ äèíàìè÷åñêîãî ðàâíîâåñèÿ àëüòåðíàòèâ â ìíîãîàãåíòíîé
ñðåäå â ïðîöåññàõ ïðèíÿòèÿ ðåøåíèé áîëüøèíñòâîì ãîëîñîâ / À.Â. Îëåöêèé, Å.Â. Èâîõèí //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 1. Ñ. 55–66.

Àííîòàöèÿ. Ñ öåëüþ àíàëèçà èíäèâèäóàëüíîãî è êîëëåêòèâíîãî ïîâåäåíèÿ àãåíòîâ ïðåäëîæåíà

ìîäåëü «ñîñòîÿíèå-âåðîÿòíîñòü âûáîðà». Îíà îñíîâàíà íà ÿâíîì ðàññìîòðåíèè âåðîÿòíîñòåé âûáîðà

àëüòåðíàòèâ è íà ìàðêîâñêîé öåïè èçìåíåíèÿ ýòèõ âåðîÿòíîñòåé. Öåíòðàëüíîå ìåñòî â ìîäåëè çàíèìàåò

ìàòðèöà «ñîñòîÿíèå-âåðîÿòíîñòü âûáîðà», ñòðîêè êîòîðîé ñîîòâåòñòâóþò ñîñòîÿíèÿì, à ñòîëáöû–àëü-

òåðíàòèâàì. Â ðàìêàõ ýòîé ìîäåëè óñòàíîâëåíû íåêîòîðûå äîñòàòî÷íûå óñëîâèÿ äèíàìè÷åñêîãî ðàâíî-

âåñèÿ äâóõ àëüòåðíàòèâ, åñëè ðåøåíèÿ ïðèíèìàþòñÿ ïðîñòûì áîëüøèíñòâîì ãîëîñîâ. Äèíàìè÷åñêîå

ðàâíîâåñèå îçíà÷àåò, ÷òî ïî î÷åðåäè âûáèðàþòñÿ ðàçíûå àëüòåðíàòèâû, è ïðè ìíîãîêðàòíîì âûáîðå

êàæäàÿ èç íèõ íå èìååò ïðåèìóùåñòâà íàä äðóãèìè. Ïîëó÷åí òàêæå êîíñòðóêòèâíûé ñïîñîá ôîðìèðîâà-

íèÿ ìàòðèö «ñîñòîÿíèå-âåðîÿòíîñòü âûáîðà», äëÿ êîòîðûõ îáåñïå÷èâàåòñÿ äèíàìè÷åñêîå ðàâíîâåñèå

àëüòåðíàòèâ.

Êëþ÷åâûå ñëîâà: ñèòóàöèÿ ïðèíÿòèÿ ðåøåíèÿ, äèíàìè÷åñêîå ðàâíîâåñèå, àãåíòû.

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

Ôîðìàë³çàö³ÿ ïðîöåäóðè ôîðìóâàííÿ äèíàì³÷íî¿ ð³âíîâàãè àëüòåðíàòèâ ó áàãàòîàãåíòíîìó
ñåðåäîâèù³ ó ïðîöåñàõ ïðèéíÿòòÿ ð³øåíü á³ëüø³ñòþ ãîëîñ³â / Î.Â. Îëåöüêèé, ª.Â. ²âîõ³í //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 1. Ñ. 55–66.

Àíîòàö³ÿ. Ç ìåòîþ àíàë³çó ³íäèâ³äóàëüíî¿ òà êîëåêòèâíî¿ ïîâåä³íêè àãåíò³â çàïðîïîíîâàíî ìîäåëü

ï³ä íàçâîþ «ñòàí–³ìîâ³ðí³ñòü âèáîðó». Âîíà ´ðóíòóºòüñÿ íà ÿâíîìó ðîçãëÿä³ éìîâ³ðíîñòåé âèáîðó àëü-

òåðíàòèâ òà íà ìàðêîâñüêîìó ëàíöþç³ çì³íè öèõ ³ìîâ³ðíîñòåé. Öåíòðàëüíå ì³ñöå â ìîäåë³ çàéìàº ìàòðè-

öÿ «ñòàí–³ìîâ³ðí³ñòü âèáîðó», ðÿäêè ÿêî¿ â³äïîâ³äàþòü ñòàíàì, à ñòîâïö³ — àëüòåðíàòèâàì. Ó ìåæàõ ö³º¿

ìîäåë³ âñòàíîâëåíî äåÿê³ äîñòàòí³ óìîâè äèíàì³÷íî¿ ð³âíîâàãè äâîõ àëüòåðíàòèâ, ÿêùî ð³øåííÿ ïðèéìà-

þòüñÿ ïðîñòîþ á³ëüø³ñòþ ãîëîñ³â. Äèíàì³÷íà ð³âíîâàãà îçíà÷àº, ùî ïî ÷åðç³ âèáèðàþòüñÿ ð³çí³ àëüòåð-

íàòèâè, ³ ó âèïàäêó áàãàòîðàçîâîãî âèáîðó æîäíà ç íèõ íå ìàº ïåðåâàã íàä ³íøèìè. Îòðèìàíî òàêîæ êî-

íñòðóêòèâíèé ñïîñ³á ôîðìóâàííÿ ìàòðèöü «ñòàí–³ìîâ³ðí³ñòü âèáîðó», äëÿ ÿêèõ çàáåçïå÷óºòüñÿ äè-

íàì³÷íà ð³âíîâàãà àëüòåðíàòèâ.

Êëþ÷îâ³ ñëîâà: ñèòóàö³ÿ ïðèéíÿòòÿ ð³øåíü, äèíàì³÷íà ð³âíîâàãà, àãåíòè.

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

Formalizing the procedure for the formation of a dynamic equilibrium of alternatives in a multi-agent
environment in decision-making by majority of votes / O.V. Oletsky, E.V. Ivohin // Kibernetika i sistemnyj
analiz. 2021. Vol. 57, N 1. P. 55–66.

Abstract. In order to investigate individual and collective behavior of agents, the model called the

“state–probability of choice” has been suggested. The model is based on implicit regarding of choice

probabilities and on the Markov chain of changing these probabilities. The main point of the model is a

“state–probability of choice” matrix whose rows correspond to states and the columns correspond to

alternatives. Within this model, some sufficient conditions of the dynamic equilibrium between two alternatives

have been established. The dynamic equilibrium means that different alternatives are being chosen by rotation,

and any of them has no advantage over others. The way of forming “state–probability of choice” matrices

providing the dynamic equiibrium has been suggested.

Keywords: decision-making situation, dynamic equilibrium, agents.

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

ÓÄÊ 519.872

Èññëåäîâàíèå ÑÌÎ âèäà M|M|N ñ îáðàòíîé ñâÿçüþ ìåòîäîì àñèìïòîòè÷åñêîãî àíàëèçà /
À.À. Íàçàðîâ, À.Ç. Ìåëèêîâ, Å.À. Ïàâëîâà, Ñ.Ã. Àëèåâà, Ë.À. Ïîíîìàðåíêî // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 1. Ñ. 67–76.

Àííîòàöèÿ. Ðàññìîòðåíà ìàòåìàòè÷åñêàÿ ìîäåëü ïîâòîðíîãî îáñëóæèâàíèÿ çàÿâîê â âèäå ñèñòå-

ìû ìàññîâîãî îáñëóæèâàíèÿ ñ N îáñëóæèâàþùèìè ïðèáîðàìè, ìãíîâåííîé è îòñðî÷åííîé îáðàòíûìè

ñâÿçÿìè è îðáèòîì. Ñ÷èòàåòñÿ, ÷òî îáúåì îðáèòà äëÿ çàÿâîê, òðåáóþùèõ ïîâòîðíîãî îáñëóæèâàíèÿ, ÿâ-

ëÿåòñÿ áåñêîíå÷íûì. Âõîäÿùèé ïîòîê ïóàññîíîâñêèé. Äëÿ íàõîæäåíèÿ ñîâìåñòíîãî ðàñïðåäåëåíèÿ âå-

ðîÿòíîñòåé ÷èñëà çàíÿòûõ ïðèáîðîâ â ñèñòåìå è ÷èñëà çàÿâîê â îðáèòå èñïîëüçîâàí ìåòîä àñèìïòîòè÷åñ-

êîãî àíàëèçà. Ïðèâåäåíû ðåçóëüòàòû ÷èñëåííîãî ýêñïåðèìåíòà.

Êëþ÷åâûå ñëîâà: ìíîãîêàíàëüíàÿ ñèñòåìà ìàññîâîãî îáñëóæèâàíèÿ, ìãíîâåííàÿ îáðàòíàÿ ñâÿçü, îòñðî-

÷åííàÿ îáðàòíàÿ ñâÿçü, îðáèòà, ìåòîä àñèìïòîòè÷åñêîãî àíàëèçà.
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Äîñë³äæåííÿ ÑÌÎ âèäó M|M|N ³ç çâîðîòíèì çâ’ÿçêîì ìåòîäîì àñèìïòîòè÷íîãî àíàë³çó /
À.À. Íàçàðîâ, À.Ç. Ìåë³êîâ, Ê.Î. Ïàâëîâà, Ñ.Ã. Àë³ºâà, Ë.À. Ïîíîìàðåíêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 1. Ñ. 67–76.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìàòåìàòè÷íó ìîäåëü ïîâòîðíîãî îáñëóãîâóâàííÿ çàÿâîê ó âèãëÿä³ ñèñòåìè
ìàñîâîãî îáñëóãîâóâàííÿ ç N îáñëóæíèìè ïðèëàäàìè, ìèòòºâèì ³ â³äñòðî÷åíèì çâîðîòíèìè çâ’ÿçêàìè
òà îðá³òîì. Ââàæàºòüñÿ, ùî ðîçì³ð îðá³òó äëÿ çàÿâîê, ùî ïîòðåáóþòü ïîâòîðíîãî îáñëóãîâóâàííÿ, º
íåñê³í÷åííèì. Âõ³äíèé ïîò³ê º ïóàññîí³âñüêèì. Äëÿ çíàõîäæåííÿ ñï³ëüíîãî ðîçïîä³ëó éìîâ³ðíîñòåé
ê³ëüêîñò³ çàéíÿòèõ ïðèëàä³â ó ñèñòåì³ ³ ê³ëüêîñò³ çàÿâîê â îðá³ò³ âèêîðèñòàíî ìåòîä àñèìïòîòè÷íîãî
àíàë³çó. Íàâåäåíî ðåçóëüòàòè ÷èñåëüíîãî åêñïåðèìåíòó.

Êëþ÷îâ³ ñëîâà: áàãàòîêàíàëüíà ñèñòåìà ìàñîâîãî îáñëóãîâóâàííÿ, ìèòòºâèé çâîðîòíèé çâ’ÿçîê,
â³äñòðî÷åíèé çâîðîòíèé çâ’ÿçîê, îðá³ò, ìåòîä àñèìïòîòè÷íîãî àíàë³çó.
—————————————————————————————————————————————

Method of asymptotic analysis of an M|M|N queueing system with feedback / A. Nazarov, A. Melikov,
E. Pavlova, S. Aliyeva, L. Ponomarenko // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 67–76.

Abstract. In this paper, we consider a mathematical model for re-servicing customers in the form of
a queuing system with N servers, instant and delayed feedback, and an orbit. It is believed that the orbit size for
customers requiring re-service is infinite. The input flow is Poisson. To find the joint probability distribution of
the number of occupied servers in the system and the number of customers in orbit, the asymptotic analysis
method is used. The results of a numerical experiment are presented.

Keywords: multichannel queueing system, instant feedback, delayed feedback, orbit, asymptotic analysis
method.
===============================================================================

ÓÄÊ 519.6

Ïñåâäîîáðàùåíèå ìàòåìàòè÷åñêèõ ìîäåëåé ðàñïðåäåëåííûõ äèôôåðåíöèàëüíûõ ñèñòåì ñ
àäèòèâíî îïðåäåëåííîé íåëèíåéíîñòüþ / Â.À. Ñòîÿí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021.
Òîì 57, ¹ 1. Ñ. 77–93.

Àííîòàöèÿ. Ðàññìîòðåíû ïðîñòðàíñòâåííî ðàñïðåäåëåííûå äèíàìè÷åñêèå ñèñòåìû, ëèíåéíàÿ ìà-
òåìàòè÷åñêàÿ ìîäåëü êîòîðûõ äîïîëíÿåòñÿ íåëèíåéíûì äèôôåðåíöèàëüíûì ÷ëåíîì, ïîëó÷åííûì ïðî-
èçâåäåíèåì ëèíåéíûõ äèôôåðåíöèàëüíûõ ïðåîáðàçîâàíèé ôóíêöèè ñîñòîÿíèÿ èëè çàìåíîé òàêèìè ïðå-
îáðàçîâàíèÿìè êîýôôèöèåíòîâ ëèíåéíîãî ïðèáëèæåíèÿ ìîäåëè. Ïîñòðîåíû ïñåâäîîáðàùåíèÿ ïðèâå-
äåííûõ ìàòåìàòè÷åñêèõ ìîäåëåé, êîòîðûå ïî ñðåäíåêâàäðàòè÷åñêîìó êðèòåðèþ ñîãëàñóþòñÿ ñ èõ
äèôôåðåíöèàëüíûì ïðåäñòàâëåíèåì.

Êëþ÷åâûå ñëîâà: ïñåâäîîáðàùåíèå, íåëèíåéíûå äèíàìè÷åñêèå ñèñòåìû, ñèñòåìû ñ ðàñïðåäåëåííûìè
ïàðàìåòðàìè, ïðîñòðàíñâåíî ðàñïðåäåëåííûå äèíàìè÷åñêèå ñèñòåìû.
—————————————————————————————————————————————

Ïñåâäîîáåðíåííÿ ìàòåìàòè÷íèõ ìîäåëåé ðîçïîä³ëåíèõ äèôåðåíö³àëüíèõ ñèñòåì ç àäèòèâíî
âèçíà÷åíîþ íåë³í³éí³ñòþ / Â.À. Ñòîÿí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 1.
Ñ. 77–93.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîñòîðîâî ðîçïîä³ëåí³ äèíàì³÷í³ ñèñòåìè, ë³í³éíà ìàòåìàòè÷íà ìîäåëü
ÿêèõ äîïîâíþºòüñÿ íåë³í³éíèì äèôåðåíö³àëüíèì ÷ëåíîì, îòðèìàíèì äîáóòêîì ë³í³éíèõ äèôåðåíö³àëü-
íèõ ïåðåòâîðåíü ôóíêö³¿ ñòàíó àáî çàì³íîþ òàêèìè ïåðåòâîðåííÿìè êîåô³ö³ºíò³â ë³í³éíîãî íàáëèæåííÿ
ìîäåë³. Ïîáóäîâàíî ïñåâäîîáåðíåííÿ íàâåëåíèõ ìàòåìàòè÷íèõ ìîäåëåé, ÿê³ çà ñåðåäíüîêâàäðàòè÷íèì
êðèòåð³ºì óçãîäæóþòüñÿ ç ¿õí³ì äèôåðåíö³àëüíèì ïðåäñòàâëåííÿì.

Êëþ÷îâ³ ñëîâà: ïñåâäîîáåðíåííÿ, íåë³í³éí³ äèíàì³÷í³ ñèñòåìè, ñèñòåìè ç ðîçïîä³ëåíèìè ïàðàìåòðàìè,
ïðîñòîðîâî ðîçïîä³ëåí³ äèíàì³÷í³ ñèñòåìè.
—————————————————————————————————————————————

Pseudo-inversion of the mathematical models of distributed differential systems with additively definite
nonlinearity / V.À. Stoyan // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 77–93.

Abstract. The author considers spatially distributed dynamic systems whose linear mathematical model is
complemented by a nonlinear differential term, obtained as the product of linear differential transformations of
state function or by replacing such transformations of coefficients of the linear approximation of the model.
Pseudo-inversions of the considered mathematical models, which are consistent with their differential
representation according to the root-mean-square criteria, are generated.

Keywords: Pseudo-inversion, nonlinear dynamic systems, distributed-parameter systems, spatially distributed
dynamic systems.
===============================================================================
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ÓÄÊ 681.518.2, 681.514

Ðåøåíèå ïðîáëåìû ôîðìèðîâàíèÿ óñòîé÷èâûõ è ñîñòîÿòåëüíûõ îöåíîê êîððåëÿöèîííîé
ìàòðèöû íàáëþäåíèé ìåòîäîì äèíàìè÷åñêîé ðåãóëÿðèçàöèè / Â.Â. Ñêà÷êîâ, Â.Â. ×åïêèé,
À.Í. Åôèì÷èêîâ, À.Þ. Êîðêèí, À.À. Ãîí÷àðóê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57,
¹ 1. Ñ. 94–103.

Àííîòàöèÿ. Äàí àíàëèç ñîñòîÿòåëüíîñòè óñòîé÷èâûõ îöåíîê êîððåëÿöèîííîé ìàòðèöû íàáëþäå-
íèÿ ïðè èõ ñòàòè÷åñêîé è äèíàìè÷åñêîé ðåãóëÿðèçàöèè. Äîêàçàíî ïðåèìóùåñòâî ìåòîäà äèíàìè÷åñêîé
ðåãóëÿðèçàöèè ñ îïòèìàëüíûì ïàðàìåòðîì â êîíòåêñòå ðàçðåøåíèÿ ïðîòèâîðå÷èÿ «âû÷èñëèòåëüíàÿ
óñòîé÷èâîñòü – ñîñòîÿòåëüíîñòü» âûáîðî÷íûõ îöåíîê êîððåëÿöèîííîé ìàòðèöû íàáëþäåíèé. Ïîëó÷åí
àëãîðèòì âû÷èñëåíèÿ îïòèìàëüíîãî ïàðàìåòðà äèíàìè÷åñêîé ðåãóëÿðèçàöèè, êîòîðûé íå èñïîëüçóåò
äàííûõ ïðîãíîçèðîâàíèÿ è íå òðåáóåò äîïîëíèòåëüíûõ âû÷èñëèòåëüíûõ çàòðàò.

Êëþ÷åâûå ñëîâà: ðåãóëÿðèçàöèÿ, ñîñòîÿòåëüíîñòü, óñòîé÷èâîñòü, ñõîäèìîñòü, îöåíêà.
—————————————————————————————————————————————

Ðîçâ’ÿçàííÿ ïðîáëåìè ôîðìóâàííÿ ñò³éêèõ ³ êîíçèñòåíòíèõ îö³íîê êîðåëÿö³éíî¿ ìàòðèö³
ñïîñòåðåæåíü ìåòîäîì äèíàì³÷íî¿ ðåãóëÿðèçàö³¿ / Â.Â. Ñêà÷êîâ, Â.Â. ×åïê³é, Î.Ì. ªôèì÷èêîâ,
Î.Þ. Êîðê³í, À.À. Ãîí÷àðóê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 1. Ñ. 94–103.

Àíîòàö³ÿ. Íàâåäåíî àíàë³ç êîíçèñòåíòíîñò³ ñò³éêèõ îö³íîê êîðåëÿö³éíî¿ ìàòðèö³ ñïîñòåðåæåííÿ
çà ¿õíüî¿ ñòàòè÷íî¿ òà äèíàì³÷íî¿ ðåãóëÿðèçàö³¿. Äîâåäåíî ïåðåâàãó ìåòîäó äèíàì³÷íî¿ ðåãóëÿðèçàö³¿ ç
îïòèìàëüíèì ïàðàìåòðîì ó êîíòåêñò³ ðîçâ’ÿçàííÿ ñóïåðå÷íîñò³ «îá÷èñëþâàëüíà ñò³éê³ñòü – êîíçèñ-
òåíòí³ñòü» âèá³ðêîâèõ îö³íîê êîðåëÿö³éíî¿ ìàòðèö³ ñïîñòåðåæåíü. Îòðèìàíî àëãîðèòì îá÷èñëåííÿ îïòè-
ìàëüíîãî ïàðàìåòðà äèíàì³÷íî¿ ðåãóëÿðèçàö³¿, ÿêèé íå âèêîðèñòîâóº äàíèõ ïðîãíîçóâàííÿ òà íå ïîòðå-
áóº äîäàòêîâèõ îá÷èñëþâàëüíèõ âèòðàò.

Êëþ÷îâ³ ñëîâà: ðåãóëÿðèçàö³ÿ, êîíçèñòåíòí³ñòü, ñò³éê³ñòü, çá³æí³ñòü, îö³íêà.
—————————————————————————————————————————————

Solving the problem of generating stable and consistent estimates of the correlation matrix of
observations by the dynamic regularization method / V.V. Skachkov, V.V. Chepkii, O.M. Yefymchykov,
O.Yu. Korkin, A.A. Goncharuk // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 94–103.

Abstract. The consistency of stable estimates of the correlation matrix of observations with their static
and dynamic regularization is analyzed. The advantage of the dynamic regularization method with the optimal
parameter in the context of resolving the contradiction of computational stability and consistency of sample
estimates of the correlation matrix of observations is proved. An algorithm is obtained for calculating the
optimal dynamic regularization parameter, which does not use forecasting data and does not require additional
computational costs.

Keywords: regularization, consistency, stability, convergence, evaluation.
===============================================================================

ÓÄÊ 517.988

Àäàïòèâíûé àëãîðèòì äëÿ âàðèàöèîííîãî íåðàâåíñòâà íà ìíîæåñòâå ðåøåíèé çàäà÷è
î ðàâíîâåñèè / ß.È. Âåäåëü, Ñ.Â. Äåíèñîâ, Â.Â. Ñåìåíîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021.
Òîì 57, ¹ 1. Ñ. 104–114.

Àííîòàöèÿ. Ðàññìîòðåíû äâóõóðîâíåâûå çàäà÷è: âàðèàöèîííûå íåðàâåíñòâà íà ìíîæåñòâå ðåøå-
íèé çàäà÷ î ðàâíîâåñèè. Ïðèìåðîì òàêèõ çàäà÷ ÿâëÿåòñÿ ïîèñê íîðìàëüíîãî ðàâíîâåñèÿ Íýøà. Äëÿ èõ
ðåøåíèÿ ïðåäëîæåí èòåðàöèîííûé àëãîðèòì, ñî÷åòàþùèé â ñåáå èäåè äâóõýòàïíîãî ïðîêñèìàëüíîãî
ìåòîäà, àäàïòèâíîñòè è èòåðàòèâíîé ðåãóëÿðèçàöèè. Â îòëè÷èå îò ïðèìåíÿåìûõ ðàíåå ïðàâèë âûáîðà
âåëè÷èíû øàãà â ïðåäëàãàåìîì àëãîðèòìå íå ïðîâîäèòñÿ âû÷èñëåíèé çíà÷åíèé áèôóíêöèè â äîïîëíè-
òåëüíûõ òî÷êàõ, íå òðåáóþòñÿ çíàíèÿ èíôîðìàöèè î ëèïøèöåâûõ êîíñòàíòàõ áèôóíêöèè, êîíñòàíòàõ
ëèïøèöåâîñòè è ñèëüíîé ìîíîòîííîñòè îïåðàòîðà. Äëÿ ìîíîòîííûõ áèôóíêöèé ëèïøèöåâîãî òèïà è
ñèëüíî ìîíîòîííûõ ëèïøèöåâûõ îïåðàòîðîâ äîêàçàíà òåîðåìà î ñèëüíîé ñõîäèìîñòè àëãîðèòìà. Ïîêà-
çàíî, ÷òî ïðåäëîæåííûé àëãîðèòì ïðèìåíèì ê ìîíîòîííûì äâóõóðîâíåâûì âàðèàöèîííûì íåðàâå-
íñòâàì â ãèëüáåðòîâûõ ïðîñòðàíñòâàõ.

Êëþ÷åâûå ñëîâà: äâóõóðîâíåâàÿ çàäà÷à, âàðèàöèîííîå íåðàâåíñòâî, çàäà÷à î ðàâíîâåñèè, äâóõýòàïíûé
ïðîêñèìàëüíûé ìåòîä, àäàïòèâíîñòü, èòåðàòèâíàÿ ðåãóëÿðèçàöèÿ, ñèëüíàÿ ñõîäèìîñòü.
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Àäàïòèâíèé àëãîðèòì äëÿ âàð³àö³éíî¿ íåð³âíîñò³ íà ìíîæèí³ ðîçâ’ÿçê³â çàäà÷³ ïðî ð³âíîâàãó /
ß.². Âåäåëü, Ñ.Â. Äåíèñîâ, Â.Â. Ñåìåíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 1.
Ñ. 104–114.

Àíîòàö³ÿ. Ðîçãëÿíóòî äâîð³âíåâ³ çàäà÷³: âàð³àö³éí³ íåð³âíîñò³ íà ìíîæèí³ ðîçâ’ÿçê³â çàäà÷ ïðî
ð³âíîâàãó. Ïðèêëàäîì òàêèõ çàäà÷ º ïîøóê íîðìàëüíî¿ ð³âíîâàãè Íåøà. Äëÿ ¿õ ðîçâ’ÿçàííÿ çàïðîïîíîâà-
íî ³òåðàö³éíèé àëãîðèòì, ùî ïîºäíóº ó ñîá³ ³äå¿ äâîåòàïíîãî ïðîêñèìàëüíîãî ìåòîäó, àäàïòèâíîñò³ òà
³òåðàòèâíî¿ ðåãóëÿðèçàö³¿. Íà â³äì³íó â³ä ïðàâèë âèáîðó âåëè÷èíè êðîêó, ùî çàñòîñîâóâàëèñÿ ðàí³øå, â
çàïðîïîíîâàíîìó àëãîðèòì³ íå ïðîâîäèòüñÿ îá÷èñëåíü çíà÷åíü á³ôóíêö³¿ â äîäàòêîâèõ òî÷êàõ òà íå
ïîòð³áíî çíàííÿ ³íôîðìàö³¿ ïðî âåëè÷èíó ë³ïøèöåâèõ êîíñòàíò á³ôóíêö³¿, êîíñòàíò ë³ïøèöåâîñò³ òà
ñèëüíî¿ ìîíîòîííîñò³ îïåðàòîðà. Äëÿ ìîíîòîííèõ á³ôóíêö³é ë³ïøèöåâîãî òèïó òà ñèëüíî ìîíîòîííèõ
ë³ïøèöåâèõ îïåðàòîð³â äîâåäåíî òåîðåìó ïðî ñèëüíó çá³æí³ñòü àëãîðèòìó. Ïîêàçàíî, ùî çàïðîïîíîâà-
íèé àëãîðèòì ìîæíà çàñòîñóâàòè äî ìîíîòîííèõ äâîð³âíåâèõ âàð³àö³éíèõ íåð³âíîñòåé â ã³ëüáåðòîâèõ
ïðîñòîðàõ.
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An adaptive algorithm for the variational inequality over the set of solutions of the equilibrium problem /
Ya.I. Vedel, S.V. Denisov, V.V. Semenov // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 104–114.

Àbstract. In this paper, we consider bilevel problems: variational inequality problems over the set of
solutions of the equilibrium problem. An example of such a problem is finding a normal Nash equilibrium. To
solve these problems, an iterative algorithm is proposed that combines the ideas of a two-stage proximal
method, adaptability, and iterative regularization. In contrast to the previously used rules for choosing the step
size, the proposed algorithm does not calculate bifunction values at additional points and does not require
knowledge of information on bifunction’s Lipschitz constants and operator’s Lipschitz and strong monotonicity
constants. For monotone bifunctions of Lipschitz type and strongly monotone Lipschitz operators, the theorem
on strong convergence of sequences generated by the algorithm is proved. It is shown that the proposed
algorithm is applicable to monotone bilevel variational inequalities in Hilbert spaces.

Keywords: bilevel problem, variational inequality, equilibrium problem, two-stage proximal algorithm,
adaptivity, iterative regularization, strong convergence.
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ÓÄÊ 519.8

Òî÷íûå äâîéñòâåííûå îöåíêè äëÿ íåêîòîðûõ íåâûïóêëûõ ìèíèìàêñíûõ êâàäðàòè÷íûõ
îïòèìèçàöèîííûõ çàäà÷ / Î.À. Áåðåçîâñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 1.
Ñ. 115–122.

Àííîòàöèÿ. Èññëåäîâàíà íåâûïóêëàÿ ñåïàðàáåëüíàÿ ìèíèìàêñíàÿ êâàäðàòè÷íàÿ îïòèìèçàöèîííàÿ
çàäà÷à. Èçëîæåíî äâà ïîäõîäà ê åå ðåøåíèþ: ñ ïîìîùüþ SOCP-ðåëàêñàöèè è ëàãðàíæåâîé ðåëàêñàöèè
êâàäðàòè÷íîé ýêñòðåìàëüíîé çàäà÷è-àíàëîãà. Ïîëó÷åíî óñëîâèå, âûïîëíåíèå êîòîðîãî ãàðàíòèðóåò íà-
õîæäåíèå çíà÷åíèÿ è òî÷êè ãëîáàëüíîãî ýêñòðåìóìà çàäà÷è ðàññìàòðèâàåìîãî êëàññà âû÷èñëåíèåì äâî-
éñòâåííîé îöåíêè ýêâèâàëåíòíîé êâàäðàòè÷íîé ýêñòðåìàëüíîé çàäà÷è.

Êëþ÷åâûå ñëîâà: ìèíèìàêñíàÿ êâàäðàòè÷íàÿ îïòèìèçàöèîííàÿ çàäà÷à, SOCP-ðåëàêñàöèÿ, ëàãðàíæåâà
ðåëàêñàöèÿ, òî÷íàÿ äâîéñòâåííàÿ îöåíêà, ïîëîæèòåëüíî-îïðåäåëåííàÿ ìàòðèöà.

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

Òî÷í³ äâî¿ñò³ îö³íêè äëÿ äåÿêèõ íåîïóêëèõ ì³í³ìàêñíèõ êâàäðàòè÷íèõ îïòèì³çàö³éíèõ çàäà÷ /
Î.À. Áåðåçîâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 1. Ñ. 115–122.

Àíîòàö³ÿ. Äîñë³äæåíî íåîïóêëó ñåïàðàáåëüíó ì³í³ìàêñíó êâàäðàòè÷íó îïòèì³çàö³éíó çàäà÷ó. Íà-
âåäåíî äâà ï³äõîäè äî ¿¿ ðîçâ’ÿçàííÿ: çà äîïîìîãîþ SOCP-ðåëàêñàö³¿ ³ ëàãðàíæåâî¿ ðåëàêñàö³¿ êâàäðàòè÷-
íî¿ åêñòðåìàëüíî¿ çàäà÷³-àíàëîãà. Îòðèìàíî óìîâó, âèêîíàííÿ ÿêî¿ ãàðàíòóº çíàõîäæåííÿ çíà÷åííÿ ³
òî÷êè ãëîáàëüíîãî åêñòðåìóìó çàäà÷³ ðîçãëÿíóòîãî êëàñó îá÷èñëåííÿì äâî¿ñòî¿ îö³íêè åêâ³âàëåíòíî¿
êâàäðàòè÷íî¿ åêñòðåìàëüíî¿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: ì³í³ìàêñíà êâàäðàòè÷íà îïòèì³çàö³éíà çàäà÷à, SOCP-ðåëàêñàö³ÿ, ëàãðàíæåâà ðåëàê-
ñàö³ÿ, òî÷íà äâî¿ñòà îö³íêà, äîäàòíî âèçíà÷åíà ìàòðèöÿ.

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

Eõàñt dual bounds for some nonconvex minimax quadratic optimization problems / O.A. Berezovskyi //
Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 115–122.

Abstract. Nonconvex separable minimax quadratic optimization problem is analyzed. Two approaches to
solve the problem are described, namely, by using SOCP-relaxation and by using Lagrangian relaxation of a
quadratic extremum analog problem. A condition is obtained whose fulfillment guarantees finding the value
and the global extremum point of the problem of the considered class by calculating the dual bound of the
equivalent quadratic extremum problem.

Keywords: minimax quadratic optimization problem, SOCP-relaxation, Lagrangian relaxation, exact dual
bound, positive definite matrix.
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ÓÄÊ 330.101.541-336.7

Áàíêîâñêîå ðåãóëèðîâàíèå ìàêðîýêîíîìè÷åñêèõ ïðîöåññîâ / Á.Á. Äóíàåâ // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 1. Ñ. 123–141.

Àííîòàöèÿ. Îïðåäåëåíî, ÷òî ïðè îäíèõ è òåõ æå ôàêòîðàõ ïðîèçâîäñòâà áàíêîâñêîå ðåãóëèðîâà-
íèå ìàêðîýêîíîìè÷åñêèõ ïðîöåññîâ ìîæåò ïðèâåñòè ê ñòàáèëüíîìó ðîñòó ýêîíîìèêè ïðè èíôëÿöèîí-
íîì ñàìîðåãóëèðîâàíèè ðûíî÷íîãî ðàâíîâåñèÿ è ê êàòàñòðîôè÷åñêîìó ïàäåíèþ ýêîíîìèêè ïðè äåôëÿ-
öèîííîì ñàìîðåãóëèðîâàíèè ðûíî÷íîãî ðàâíîâåñèÿ. Äîêàçàíî, ÷òî ðåãóëèðîâàòü êîëè÷åñòâî äåíåã â îá-
ðàùåíèè îäíîâðåìåííûì èçìåíåíèåì ïðîöåíòíîé ñòàâêè è êóðñà âàëþòû íåâîçìîæíî, ïîñêîëüêó îíè
ôóíêöèîíàëüíî çàâèñèìû. Óñòàíîâëåíî, ÷òî ñóùåñòâóþò ïðåäåëüíàÿ ïðîöåíòíàÿ ñòàâêà è ïðåäåëüíûé
êóðñ âàëþòû, ïîñëå êîòîðûõ íåâîçìîæíî ïðîâåäåíèå âàëþòíûõ îïåðàöèé èç-çà ñîêðàùåíèÿ íàëè÷íîñòè
â îáðàùåíèè ÷åðåç îòðèöàòåëüíóþ âàëþòíóþ íàëè÷íîñòü. Ïîêàçàíî, ÷òî âûõîä ýêîíîìèêè èç ñïàäà èëè
äåïðåññèè ÷åðåç èíôëÿöèþ ïîçâîëÿåò çíà÷èòåëüíî óâåëè÷èòü ôàêòîðû ïðîèçâîäñòâà.
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êàïèòàë, äåíüãè, ïðîöåíòíàÿ ñòàâêà, âàëþòà, êóðñ âàëþòû, êðèçèñ, äåïðåññèÿ, èíôëÿöèÿ, äåôëÿöèÿ.

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

Áàíê³âñüêå ðåãóëþâàííÿ ìàêðîåêîíîì³÷íèõ ïðîöåñ³â / Á.Á. Äóíàºâ // Ê³áåðíåòèêà òà ñèñòåìíèé

àíàë³ç. 2021. Òîì 57, ¹ 1. Ñ. 123–141.

Àíîòàö³ÿ. Âèçíà÷åíî, ùî äëÿ îäíèõ ³ òèõ æå ôàêòîð³â âèðîáíèöòâà áàíê³âñüêå ðåãóëþâàííÿ ìàê-
ðîåêîíîì³÷íèõ ïðîöåñ³â ìîæå ïðèçâåñòè äî ñòàá³ëüíîãî çðîñòàííÿ åêîíîì³êè çà ³íôëÿö³éíîãî ñàìîðåãó-
ëþâàííÿ ðèíêîâî¿ ð³âíîâàãè òà äî êàòàñòðîô³÷íîãî ïàä³ííÿ åêîíîì³êè çà äåôëÿö³éíîãî ñàìîðåãóëþâàí-
íÿ ðèíêîâî¿ ð³âíîâàãè. Äîâåäåíî, ùî ðåãóëþâàòè ê³ëüê³ñòü ãðîøåé â îá³ãó îäíî÷àñíîþ çì³íîþ ïðîöåí-
òíî¿ ñòàâêè ³ êóðñó âàëþòè íåìîæëèâî, áî âîíè ôóíêö³îíàëüíî çàëåæí³. Óñòàíîâëåíî, ùî øñíóº
ãðàíè÷íà ñòàâêà â³äñîòêà ³ ãðàíè÷íèé êóðñ âàëþòè, ï³ñëÿ ÿêèõ íåìîæëèâå ïðîâåäåííÿ âàëþòíèõ îïå-
ðàö³é ÷åðåç çìåíøåííÿ ãîò³âêè â îá³ãó ÷åðåç â³ä’ºìíó âàëþòíó ãîò³âêó. Âèõ³ä åêîíîì³êè ç äåïðåñ³¿ àáî
ñïàäó ÷åðåç ³íôëÿö³þ äàº çìîãó çíà÷íî çá³ëüøèòè ôàêòîðè âèðîáíèöòâà.

Êëþ÷îâ³ ñëîâà: ìàêðîåêîíîì³êà, ðåãóëþâàííÿ, ðèíîê, ïîïèò, ïðîïîçèö³ÿ, ð³âíîâàãà, ïðàöÿ, êàï³òàë,
ãðîø³, ñòàâêà â³äñîòêà, âàëþòà, êóðñ âàëþòè, êðèçà, äåïðåñ³ÿ, ³íôëÿö³ÿ, äåôëÿö³ÿ.
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Banking regulation of macroeconomic processes / B.B. Dunaev // Kibernetika i sistemnyj analiz. 2021.

Vol. 57, N 1. P. 123–141.

Abstract. It has been determined that, given the same factors of production, bank regulation of
macroeconomic processes can lead to stable economic growth with inflationary self-regulation of market
equilibrium and a catastrophic economic decline with deflationary self-regulation of market equilibrium. It is
impossible to regulate the amount of money in circulation by simultaneously changing the interest rate and the
exchange rate, because they are functionally dependent. There is a marginal interest rate and a marginal
exchange rate, after which it is impossible to carry out foreign exchange transactions due to a reduction in cash
in circulation through negative foreign currency. The exit of the economy from recession or depression through
inflation can significantly increase the factors of production.

Keywords: macroeconomics, regulation, market, demand, supply, equilibrium, labor, capital, money, interest
rate, currency, exchange rate, crisis, depression, inflation, deflation.
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ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 519.172.1

Íîâûé ïîäõîä ê ðàáîòå ñ íåîðèåíòèðîâàííûìè äåðåâüÿìè / À.È. Èâàíåøêèí // Êèáåðíåòèêà è

ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 1. Ñ. 142–152.

Àííîòàöèÿ. Ðàçðàáîòàí è ïðàêòè÷åñêè ðåàëèçîâàí â ñîçäàííîì êîìïëåêñå ïðîãðàììíûõ ñðåäñòâ
íîâûé ïîäõîä, îáåñïå÷èâàþùèé âûïîëíåíèå íà íåîðèåíòèðîâàííûõ äåðåâüÿõ øèðîêîé, äîïóñêàþùåé
ïîïîëíåíèå ñîâîêóïíîñòè áàçîâûõ îïåðàöèé. Ïîäõîä íå òðåáóåò îñâîåíèÿ è èñïîëüçîâàíèÿ ñóùåñòâóþ-
ùèõ âèäîâ ôîðìàëèçîâàííîãî ïðåäñòàâëåíèÿ äåðåâüåâ (ìàòðèöû ñìåæíîñòè, ñâÿçíîñòè, èíöèäåíòíîñòè,
ðàññòîÿíèé, ñïèñêîâ ñìåæíîñòè è ò.ä.), ñòàíäàðòèçèðîâàííûõ ÿçûêîâ îïèñàíèÿ, ñïåöèàëèçèðîâàííûõ
ïðîãðàìì äëÿ ïîñòðîåíèÿ è ñðåäñòâ âèçóàëèçàöèè èõ ñòðóêòóðû. Â äåñÿòêè (è ñîòíè) ðàç ñíèæàÿ çàòðàòû
òåõíè÷åñêèõ ðåñóðñîâ è âðåìåíè ïðè ðåøåíèè çàäà÷ èç ðàçëè÷íûõ îáëàñòåé çíàíèé, ïîäõîä äåëàåò ðàáî-
òó ìàêñèìàëüíî ïðîñòîé è ýôôåêòèâíîé, ïîçâîëÿåò ïîëó÷àòü âàæíûå äëÿ ïðàêòè÷åñêîãî ïðèìåíåíèÿ õà-
ðàêòåðèñòèêè, ðåøàòü çàäà÷ó èçîìîðôíîñòè äåðåâüåâ è ãåíåðèðîâàòü äâà âàðèàíòà ïðåäñòàâëåíèÿ ìàòðè-
öû ñìåæíîñòè.

Êëþ÷åâûå ñëîâà: ãðàô-äåðåâî, íåîðèåíòèðîâàííîå äåðåâî, èçîìîðôèçì, êîìïëåêñ ïðîãðàììíûõ
ñðåäñòâ.

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

Íîâèé ï³äõ³ä äî ðîáîòè ç íåîð³ºíòîâàíèìè äåðåâàìè / Î.². ²âàíåøê³í // Ê³áåðíåòèêà òà ñèñòåìíèé

àíàë³ç. 2021. Òîì 57, ¹ 1. Ñ. 142–152.

Àíîòàö³ÿ. Ðîçðîáëåíî òà ïðàêòè÷íî ðåàë³çîâàíî ó ñòâîðåíîìó êîìïëåêñ³ ïðîãðàìíèõ çàñîá³â íî-
âèé ï³äõ³ä, ùî çàáåçïå÷óº âèêîíàííÿ íà íåîð³ºíòîâàíèõ äåðåâàõ âåëèêî¿ ñóêóïíîñò³ áàçîâèõ îïåðàö³é,
ÿêà äîçâîëÿº ïîïîâíåííÿ. Ï³äõ³ä íå ïîòðåáóº îñâîºííÿ òà âèêîðèñòàííÿ íàÿâíèõ âèä³â ôîðìàë³çîâàíîãî
ïðåäñòàâëåííÿ äåðåâ (ìàòðèö³ ñóì³æíîñò³, çâ’ÿçêó, ³íöèäåíòíîñò³, â³äñòàíåé, ñïèñê³â ñóì³æíîñòåé òîùî),
ñòàíäàðòèçîâàíèõ ìîâ îïèñó, ñïåö³àë³çîâàíèõ ïðîãðàì äëÿ ïîáóäîâè òà çàñîá³â â³çóàë³çàö³¿ ¿õíüî¿ ñòðóê-
òóðè. Ó äåñÿòêè (òà ñîòí³) ðàç çíèæóþ÷è âèòðàòè òåõí³÷íèõ ðåñóðñ³â òà ÷àñó äëÿ ðîçâ’ÿçàííÿ çàäà÷ ç
ð³çíèõ ãàëóçåé çíàíü, ï³äõ³ä äàº çìîãó âèêîíóâàòè ðîáîòó ìàêñèìàëüíî ïðîñòî òà åôåêòèâíî, îòðèìóâà-
òè íèçêó âàæëèâèõ äëÿ ïðàêòè÷íîãî çàñòîñóâàííÿ õàðàêòåðèñòèê, ðîçâ’ÿçóâàòè çàäà÷ó ³çîìîðôíîñò³ äå-
ðåâ òà ãåíåðóâàòè äâà âàð³àíòè ïðåäñòàâëåííÿ ìàòðèö³ ñóì³æíîñò³.

Êëþ÷îâ³ ñëîâà: ãðàô-äåðåâî, íåîð³ºíòîâàíå äåðåâî, ³çîìîðô³çì, êîìïëåêñ ïðîãðàìíèõ çàñîá³â.

—————————————————————————————————————————————
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A new approach to operating with non-oriented trees / A.I. Ivaneshkin // Kibernetika i sistemnyj analiz.
2021. Vol. 57, N 1. P. 142–152.

Abstract. A new approach has been developed and practically implemented in the created software
package that ensures the implementation on wide trees that allows replenishment of the set of basic operations.
The approach does not require the development and use of existing types of formalized representation of trees
(matrices of adjacency, connectivity, incidence, distance, adjacency lists, etc.), standardized description
languages, specialized programs for constructing and visualization tools for their structure. Dozens (and
hundreds) times reducing the cost of technical resources and time when solving problems from various fields of
knowledge, the approach makes the work as simple and effective as possible, allows you to obtain a number of
characteristics that are important in practical terms, solve the problem of tree isomorphism and generate two
options of representing the adjacency matrix.

Keywords: graph tree, non-oriented tree, isomorphism, a set of software tools.

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

ÓÄÊ 621.317+681.849

Èññëåäîâàíèÿ ìîäåëåé ðàñïîçíàâàíèÿ çâóêîâ ðå÷è íà îñíîâå íåéðîííûõ ñåòåé ãëóáîêîãî
îáó÷åíèÿ äëÿ ýêñïåðòèçû öèôðîâûõ ôîíîãðàìì / Â.È. Ñîëîâüåâ, Î.Â. Ðûáàëüñêèé,
Â.Â. Æóðàâåëü, Í.Â. Ñåìåíîâà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 1. Ñ. 153–159.

Àííîòàöèÿ. Èññëåäîâàíû ìîäåëè íà îñíîâå íåéðîííûõ ñåòåé ãëóáîêîãî îáó÷åíèÿ, áàçèðóþùèåñÿ
íà îáùåì ïîäõîäå ê ïàóçàì è ñèãíàëàì ðå÷è êàê ðàçíûì âèäàì çâóêîâîé èíôîðìàöèè, çàôèêñèðîâàííîé
â ôîíîãðàììå, îòëè÷àþùèìñÿ ïî íåêîòîðûì õàðàêòåðèñòèêàì. Òàêîé ïîäõîä ïîçâîëÿåò ôîðìèðîâàòü
áàçû äàííûõ îáó÷åíèÿ ñ èñïîëüçîâàíèåì îáùèõ äëÿ ïàóç è ñèãíàëîâ ðå÷è ìåòîäîâ ïðåäâàðèòåëüíîé îá-
ðàáîòêè èíôîðìàöèè, ÷òî îáåñïå÷èâàåò áîëåå âûñîêèé óðîâåíü óíèôèêàöèè ìåòîäîâ îáó÷åíèÿ ñåòåé,
ïðåäíàçíà÷åííûõ äëÿ ðåøåíèÿ ðàçíûõ çàäà÷ ýêñïåðòèçû.

Êëþ÷åâûå ñëîâà: àïïàðàòóðà öèôðîâîé çâóêîçàïèñè, áàçà äàííûõ îáó÷åíèÿ, íåéðîííàÿ ñåòü ãëóáîêîãî
îáó÷åíèÿ, öèôðîâàÿ îáðàáîòêà ôîíîãðàìì, öèôðîâàÿ ôîíîãðàììà, ýêñïåðòèçà.

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

Äîñë³äæåííÿ ìîäåëåé ðîçï³çíàâàííÿ çâóê³â ìîâè íà îñíîâ³ íåéðîííèõ ìåðåæ ãëèáîêîãî íàâ÷àííÿ
äëÿ åêñïåðòèçè öèôðîâèõ ôîíîãðàì / Â.². Ñîëîâéîâ, Î.Â. Ðèáàëüñüêèé, Â.Â. Æóðàâåëü,
Í.Â. Ñåìåíîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 1. Ñ. 153–159.

Àíîòàö³ÿ. Äîñë³äæåíî ìîäåë³ íà îñíîâ³ íåéðîííèõ ìåðåæ ãëèáîêîãî íàâ÷àííÿ, ùî áàçóþòüñÿ íà
çàãàëüíîìó ï³äõîä³ äî ïàóç ³ ñèãíàë³â ìîâè ÿê ð³çíèõ âèä³â çàô³êñîâàíî¿ ó ôîíîãðàì³ çâóêîâî¿ ³íôîð-
ìàö³¿, ÿê³ â³äð³çíÿþòüñÿ äåÿêèìè õàðàêòåðèñòèêàìè. Òàêèé ï³äõ³ä äàº çìîãó ôîðìóâàòè áàçè äàíèõ íà-
â÷àííÿ ç âèêîðèñòàííÿì çàãàëüíèõ äëÿ ïàóç ³ ñèãíàë³â ìîâè ìåòîä³â ïîïåðåäíüîãî îáðîáëåííÿ ³íôîð-
ìàö³¿, ùî çàáåçïå÷óº âèùèé ð³âåíü óí³ô³êàö³¿ ìåòîä³â íàâ÷àííÿ ìåðåæ, ïðèçíà÷åíèõ äëÿ ðîçâ’ÿçàííÿ
ð³çíèõ çàäà÷ åêñïåðòèçè.

Êëþ÷îâ³ ñëîâà: àïàðàòóðà öèôðîâîãî çâóêîçàïèñó, áàçà äàíèõ íàâ÷àííÿ, íåéðîííà ìåðåæà ãëèáîêîãî
íàâ÷àííÿ, öèôðîâå îáðîáëåííÿ ôîíîãðàì, öèôðîâà ôîíîãðàìà, åêñïåðòèçà.

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

Analyzing the models of speech recognition on the basis of neural networks of deep learning for
examination of digital phonograms / V.I. Solovyov, O.V. Rybalskiy, V.V. Zhuravel, N.V. Semyonova //
Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 153–159.

Abstract. The authors analyze the models based on deep learning neural networks, on the basis of the
general approach to pauses and speech signals as different types of voice information fixed in a phonogram,
different in some characteristics. It is shown that such an approach allows generating the learning databases
with the use of the general for pauses and signals of speech methods of preliminary processing of information.
This provides a high level of unification of network learning methods intended for solution of various
examination problems.

Keywords: digital audio recording devices, learning database, deep learning neural network, digital treatment
of phonograms, digital phonogram, examination.

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

ÓÄÊ 519.212.2:681.51

Ñîâìåñòíîå ðàñïðåäåëåíèå íåêîòîðûõ ñòàòèñòèê ñëó÷àéíîé áèòîâîé ïîñëåäîâàòåëüíîñòè /
Â.È. Ìàñîë, Ñ.Â. Ïîïåðåøíÿê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 1. Ñ. 160–167.

Àííîòàöèÿ. Äëÿ êîíå÷íîé ïîñëåäîâàòåëüíîñòè, ñîñòîÿùåé èç íåçàâèñèìûõ îäèíàêîâî ðàñïðåäå-
ëåííûõ ñëó÷àéíûõ âåëè÷èí, ïðèíèìàþùèõ çíà÷åíèå íîëü èëè åäèíèöà, óñòàíîâëåíû äâóìåðíûå è òðåõ-
ìåðíûå ðàñïðåäåëåíèÿ íåêîòîðûõ ñïåöèàëüíûõ ñòàòèñòèê, õàðàêòåðèçóþùèõ ðàñïîëîæåíèå åå ýëåìåí-
òîâ. Ïðèâåäåíû òàáëèöû, èëëþñòðèðóþùèå ïðèìåíåíèå óêàçàííûõ ðàñïðåäåëåíèé äëÿ ïîñëåäîâàòåëü-
íîñòè äëèíû 32 â ïðåäïîëîæåíèè, ÷òî åå ýëåìåíòû ïðèíèìàþò çíà÷åíèÿ íîëü èëè åäèíèöà ñ ðàâíûìè
âåðîÿòíîñòÿìè.

Êëþ÷åâûå ñëîâà: ìíîãîìåðíàÿ ñòàòèñòèêà, ñëó÷àéíàÿ ïîñëåäîâàòåëüíîñòü, s-öåïî÷êè, ñòåãàíîãðàôèÿ,
ñòàòèñòè÷åñêîå òåñòèðîâàíèå.

—————————————————————————————————————————————
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Ñóì³ñíèé ðîçïîä³ë äåÿêèõ ñòàòèñòèê âèïàäêîâî¿ á³òîâî¿ ïîñë³äîâíîñò³ / Â.². Ìàñîë,
Ñ.Â. Ïîïåðåøíÿê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 1. Ñ. 160–167.

Àíîòàö³ÿ. Äëÿ ñê³í÷åííî¿ ïîñë³äîâíîñò³, ùî ñêëàäàºòüñÿ ç íåçàëåæíèõ îäíàêîâî ðîçïîä³ëåíèõ âè-
ïàäêîâèõ âåëè÷èí, ÿê³ íàáóâàþòü çíà÷åíü íóëü àáî îäèíèöÿ, âèçíà÷åíî äâîâèì³ðí³ òà òðèâèì³ðí³ ðîç-
ïîä³ëè äåÿêèõ ñïåö³àëüíèõ ñòàòèñòèê, ùî õàðàêòåðèçóþòü ðîçòàøóâàííÿ ¿¿ åëåìåíò³â. Íàâåäåíî òàáëèö³,
ÿê³ ³ëþñòðóþòü çàñòîñóâàííÿ çàçíà÷åíèõ ðîçïîä³ë³â äëÿ ïîñë³äîâíîñò³ äîâæèíè 32 ó ïðèïóùåíí³, ùî ¿¿
åëåìåíòè íàáóâàþòü çíà÷åíü íóëü àáî îäèíèöÿ ç îäíàêîâèìè éìîâ³ðíîñòÿìè.

Êëþ÷îâ³ ñëîâà: áàãàòîâèì³ðíà ñòàòèñòèêà, âèïàäêîâà ïîñë³äîâí³ñòü, s-ëàíöþæêè, ñòåãàíîãðàô³ÿ, ñòà-
òèñòè÷íå òåñòóâàííÿ.

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

Joint distribution of some statistics of random bit sequences / V. Masol, S. Popereshnyak // Kibernetika i

sistemnyj analiz. 2021. Vol. 57, N 1. P. 160–167.

Abstract. For a finite sequence consisting of independent equally distributed random variables, taking
the value zero or one, two-dimensional and three-dimensional distributions of some special statistics
characterizing the location of its elements are obtained. The tables that illustrate the application of these
distributions to a sequence of length 32 whose elements are assumed to take values of zero or one with equal
probabilities are presented.

Keywords: multidimensional statistics, random sequence, s-chains, steganography, statistical testing.

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

ÓÄÊ 621.391.15

Ìåòîä ðàñïîçíàâàíèÿ ïàðàìåòðîâ ïîìåõîóñòîé÷èâûõ áëî÷íûõ öèêëè÷åñêèõ êîäîâ ïî
îáðàçóþùåìó ïîëèíîìó / Ñ.Í. Íèêîëàåâ, À.Í. Ðîìàíîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021.

Òîì 57, ¹ 1. Ñ. 168–177.

Àííîòàöèÿ. Îïèñàíà ñóòü ïîìåõîóñòîé÷èâîãî áëî÷íîãî öèêëè÷åñêîãî êîäèðîâàíèÿ. Ðàññìîòðåí
ìåòîä ðàñïîçíàâàíèÿ ïàðàìåòðîâ òàêîãî êîäà ïðè îòñóòñòâèè àïðèîðíîé èíôîðìàöèè ïîëíûì èõ ïåðå-
áîðîì. Îïðåäåëåíî êîëè÷åñòâî íåîáõîäèìûõ äëÿ ýòîãî âû÷èñëåíèé. Ïîêàçàíî, ÷òî èñïîëüçîâàíèå ýòîãî
ìåòîäà â ðåàëüíûõ óñëîâèÿõ çàòðóäíèòåëüíî. Èññëåäîâàíû èçâåñòíûå îáðàçóþùèå ïîëèíîìû, ïðèìåíå-
íèå êîòîðûõ íàèáîëåå âåðîÿòíî. Ñôîðìèðîâàíî ìíîæåñòâî òàêèõ ïîëèíîìîâ è ñîîòâåòñòâóþùèõ ïàðà-
ìåòðîâ. Ïðåäëîæåí ìåòîä ðàñïîçíàâàíèÿ ïàðàìåòðîâ ïîìåõîóñòîé÷èâûõ áëî÷íûõ öèêëè÷åñêèõ êîäîâ
ñðåäè èçâåñòíîãî ìíîæåñòâà, ÷òî ïîçâîëÿåò çíà÷èòåëüíî ñîêðàòèòü êîëè÷åñòâî íåîáõîäèìûõ âû÷èñëå-
íèé.

Êëþ÷åâûå ñëîâà: áèòîâûé ïîòîê, ïîìåõîóñòîé÷èâûé áëî÷íûé öèêëè÷åñêèé êîä, îáðàçóþùèé ïîëèíîì
êîäà, îñòàòîê îò ïîëèíîìèàëüíîãî äåëåíèÿ, ìàòðèöà.

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

Ìåòîä ðîçï³çíàâàííÿ ïàðàìåòð³â çàâàäîñò³éêèõ áëîêîâèõ öèêë³÷íèõ êîä³â çà óòâîðþâàëüíèì
ïîë³íîìîì / Ñ.Ì. Í³êîëàºâ, Î.Ì. Ðîìàíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 1.

Ñ. 168–177.

Àíîòàö³ÿ. Îïèñàíî ñóòü çàâàäîñò³éêîãî áëî÷íîãî öèêë³÷íîãî êîäóâàííÿ. Ðîçãëÿíóòî ìåòîä
ðîçï³çíàâàííÿ ïàðàìåòð³â òàêîãî êîäó çà â³äñóòíîñò³ àïð³îðíî¿ ³íôîðìàö³¿ ïîâíèì ¿õí³ì ïåðåáîðîì. Âèç-
íà÷åíî ê³ëüê³ñòü íåîáõ³äíèõ äëÿ öüîãî îá÷èñëåíü. Ïîêàçàíî, ùî çàñòîñóâàííÿ öüîãî ìåòîäó â ðåàëüíèõ
óìîâàõ óñêëàäíåíå. Äîñë³äæåíî â³äîì³ óòâîðþâàëüí³ ïîë³íîìè, âèêîðèñòàííÿ ÿêèõ º íàéá³ëüø
éìîâ³ðíèì. Ñôîðìîâàíî ìíîæèíó òàêèõ ïîë³íîì³â ³ â³äïîâ³äíèõ ïàðàìåòð³â. Çàïðîïîíîâàíî ìåòîä
ðîçï³çíàâàííÿ ïàðàìåòð³â çàâàäîñò³éêèõ áëîêîâèõ öèêë³÷íèõ êîä³â ñåðåä â³äîìî¿ ìíîæèíè, ùî äàº çìîãó
çíà÷íî ñêîðîòèòè ê³ëüê³ñòü íåîáõ³äíèõ îá÷èñëåíü.

Êëþ÷îâ³ ñëîâà: á³òîâèé ïîò³ê, çàâàäîñò³éêèé áëîêîâèé öèêë³÷íèé êîä, óòâîðþâàëüíèé ïîë³íîì êîäó,
çàëèøîê â³ä ïîë³íîì³àëüíîãî ä³ëåííÿ, ìàòðèöÿ.

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

Error-correcting block cyclic code parameter recognition method based on generator polynomial /
S.N. Nikolaev, A.N. Romanov // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 168–177.

Abstract. The essence of the error-correcting block cyclic coding is described. A method for recognizing
parameters of such a code in the absence of a priori information by a complete enumeration of parameters is
considered. The amount of necessary calculation is determined. The application of the considered method in
real conditions is shown to be difficult. The well-known generator polynomials whose practical use is most
probable are investigated. A set of these polynomials and related parameters is generated. A method is proposed
for recognizing parameters of error-correcting block cyclic codes among a known set, which can significantly
reduce the amount of necessary calculation.

Keywords: bitstream, error-correcting block cyclic code, a generator polynomial of code, remainder of
polynomial division, matrix.

===============================================================================
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ÓÄÊ 621.391, 519.72

Öåëî÷èñëåííûå ìîäèôèöèðîâàííûå ñèíóñ-êîñèíóñíûå ïðåîáðàçîâàíèÿ òèïà VII. Ìåòîä
ïîñòðîåíèÿ è ðàçäåëüíûå íàïðàâëåííûå àäàïòèâíûå ïðåîáðàçîâàíèÿ äëÿ intra-ïðîãíîçèðîâàíèÿ
ñ áëîêàìè ÿðêîñòè 8x8 â êîäèðîâàíèè èçîáðàæåíèé/âèäåî / Ë.À. Ãíàòèâ, Â.Ê. Ëóö // Êèáåðíåòèêà è

ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 1. Ñ. 178–190.

Àííîòàöèÿ. Ïðåäëîæåí ìàòðè÷íûé ìåòîä ïîñòðîåíèÿ öåëî÷èñëåííîãî ìîäèôèöèðîâàííîãî ñè-

íóñ-êîñèíóñíîãî ïðåîáðàçîâàíèÿ òèïà VII ïîðÿäêà 8, íà îñíîâàíèè êîòðîãî ïîñòðîåíû äâà öåëî÷èñëåí-

íûõ ìîäèôèöèðîâàííûõ ñèíóñ-êîñèíóñíûõ ïðåîáðàçîâàíèÿ òèïà VII è ðàçðàáîòàíû àëãîðèòìû èõ áûñ-

òðîãî âû÷èñëåíèÿ, êîòîðûå òðåáóþò âûïîëíåíèÿ òîëüêî öåëî÷èñëåííûõ îïåðàöèé. Àëãîðèòìû èìåþò

íèçêóþ ìóëüòèïëèêàòèâíóþ ñëîæíîñòü, êîòîðàÿ â 7 è 10,5 ðàç ìåíüøå ïî ñðàâíåíèþ ñ èçâåñòíûì àëãî-

ðèòìîì äèñêðåòíîãî ñèíóñíîãî ïðåîáðàçîâàíèÿ òèïà VII. Ïðåîáðàçîâàíèÿ îáëàäàþò áîëåå âûñîêèìè õà-

ðàêòåðèñòèêàìè åôåêòèâíîñòè êîäèðîâàíèÿ ïî êà÷åñòâó è ñòåïåíè ñæàòèÿ ïî ñðàâíåíèþ ñ èçâåñòíûìè

ñèíóñíûìè ïðåîáðàçîâàíèÿìè. Ðàçðàáîòàíû àëãîðèòìû áûñòðîãî âû÷èñëåíèÿ 2D ðàçäåëüíûõ íàïðàâ-

ëåííûõ öåëî÷èñëåííûõ êîñèíóñíîãî è ìîäèôèöèðîâàííûõ ñèíóñ-êîñèíóñíûõ òèïà VII àäàïòèâíûõ ïðå-

îáðàçîâàíèé äëÿ intra-ïðîãíîçèðîâàíèÿ ñ áëîêàìè ÿðêîñòè 8x8. Àëãîðèòìû èìåþò íèçêóþ ìóëüòèïëèêà-

òèâíóþ ñëîæíîñòü, êîòîðàÿ â 6,6 è 16,5 ðàç ìåíüøå ïî ñðàâíåíèþ ñ èçâåñòíûìè àëãîðèòìàìè.

Êëþ÷åâûå ñëîâà: äèñêðåòíîå êîñèíóñíîå ïðåîáðàçîâàíèå, äèñêðåòíîå ñèíóñíîå ïðåîáðàçîâàíèå, äèñ-

êðåòíîå ñèíóñ-êîñèíóñíîå ïðåîáðàçîâàíèå, öåëî÷èñëåííîå êîñèíóñíîå ïðåîáðàçîâàíèå, öåëî÷èñëåííîå

ñèíóñíîå ïðåîáðàçîâàíèå, öåëî÷èñëåííîå ìîäèôèöèðîâàííîå ñèíóñ-êîñèíóñíîå ïðåîáðàçîâàíèå, ðàç-

äåëüíîå íàïðàâëåííîå àäàïòèâíîå ïðåîáðàçîâàíèå, ìàñøòàáèðóåìîå ïðåîáðàçîâàíèå, ìóëüòèïëèêàòèâ-

íàÿ ñëîæíîñòü, intra-ïðîãíîçèðîâàíèå, âèäåîêîäèðîâàíèå, Í.264, Í.265.

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

Ö³ëî÷èñëîâ³ ìîäèô³êîâàí³ ñèíóñ-êîñèíóñí³ ïåðåòâîðåííÿ òèïó VII. Ìåòîä ïîáóäîâè ³ ðîçä³ëüí³
íàïðàâëåí³ àäàïòèâí³ ïåðåòâîðåííÿ äëÿ intra-ïðîãíîçóâàííÿ ç áëîêàìè ÿñêðàâîñò³
8x8 ó êîäóâàíí³ çîáðàæåíü/â³äåî / Ë.Î. Ãíàò³â, Â.Ê. Ëóö // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021.

Òîì 57, ¹ 1. Ñ. 178–190.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìàòðè÷íèé ìåòîä ïîáóäîâè ö³ëî÷èñëîâîãî ìîäèô³êîâàíîãî ñèíóñ-êîñè-

íóñíîãî ïåðåòâîðåííÿ òèïó VII ïîðÿäêó 8, íà îñíîâ³ ÿêîãî ïîáóäîâàíî äâà ö³ëî÷èñëîâ³ ìîäèô³êîâàí³ ñè-

íóñ-êîñèíóñí³ ïåðåòâîðåííÿ òèïó VII ³ ðîçðîáëåíî àëãîðèòìè ¿õ øâèäêîãî îá÷èñëåííÿ, ÿê³ ïîòðåáóþòü

âèêîíàííÿ ò³ëüêè ö³ëî÷èñëîâèõ îïåðàö³é. Àëãîðèòìè ìàþòü íèçüêó ìóëüòèïë³êàòèâíó ñêëàäí³ñòü, ÿêà

â 7 ³ 10,5 ðàçè ìåíøà ïîð³âíÿíî ç â³äîìèì àëãîðèòìîì äèñêðåòíîãî ñèíóñíîãî ïåðåòâîðåííÿ òèïó VII.

Ïåðåòâîðåííÿ ìàþòü á³ëüø âèñîê³ õàðàêòåðèñòèêè åôåêòèâíîñò³ êîäóâàííÿ çà ÿê³ñòþ ³ ñòóïåíåì ñòèñ-

íåííÿ ïîð³âíÿíî ç â³äîìèìè ñèíóñíèìè ïåðåòâîðåííÿìè. Ðîçðîáëåíî àëãîðèòìè øâèäêîãî âèêîíàííÿ

2D ðîçä³ëüíèõ íàïðàâëåíèõ ö³ëî÷èñëîâèõ êîñèíóñíîãî ³ìîäèô³êîâàíèõ ñèíóñ-êîñèíóñíèõ òèïó VII

àäàïòèâíèõ ïåðåòâîðåíü äëÿ intra-ïðîãíîçóâàííÿ ç áëîêàìè ÿñêðàâîñò³ 8x8. Àëãîðèòìè ìàþòü íèçüêó

ìóëüòèïë³êàòèâíó ñêëàäí³ñòü, ÿêà â 6,6 ³ 16,5 ðàçè ìåíøà ïîð³âíÿíî ç â³äîìèìè àëãîðèòìàìè.

Êëþ÷îâ³ ñëîâà: äèñêðåòíå êîñèíóñíå ïåðåòâîðåííÿ, äèñêðåòíå ñèíóñíå ïåðåòâîðåííÿ, äèñêðåòíå ñè-

íóñ-êîñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñëîâå êîñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñëîâå ñèíóñíå ïåðåòâîðåííÿ,

ö³ëî÷èñëîâå ìîäèô³êîâàíå ñèíóñ-êîñèíóñíå ïåðåòâîðåííÿ, ðîçä³ëüíå íàïðàâëåíå àäàïòèâíå ïåðåòâîðåí-

íÿ, ìàñøòàáîâàíå ïåðåòâîðåííÿ, ìóëüòèïë³êàòèâíà ñêëàäí³ñòü, intra-ïðîãíîçóâàííÿ, â³äåîêîäóâàííÿ,

H.264, H.265.

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

Integer modified sine–cosine transforms type VII. A construction methodand separable directional
adaptive transforms for intra prediction with 8x8 chroma blocks in image/video coding / L.O. Hnativ,
V.K. Luts // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 1. P. 178–190.

Abstract. A matrix method for constructing a modified order-8 integer sine–cosine transform type VII is

proposed. Based on the method, two order-8 integer modified sine–cosine transforms type VII are constructed

and algorithms for fast computing of these transforms are developed, which require only integer operations.

These algorithms are of low computational complexity and their multiplicative complexity is 7 and 10.5 times

less and require 23.3 and 44.2% less of addition operations than for the well-known algorithm of the discrete

sine transform type VII. These transforms have higher coding gain performance for quality and compression

ratio as compared with the well-known sine transforms. Algorithms for fast computing of 2D separable

directional integer cosine and modified sine–cosine type VII adaptive transforms for intra prediction with 8x8

chroma blocks are developed. These algorithms have low multiplicative complexity and their computational

complexity is 6.6 and 16.5 times less than that in the well-known algorithms.

Keywords: discrete cosine transform, discrete sine transform, discrete sine cosine transform, integer cosine

transform, integer sine transform, integer modified sine cosine transform, separable directional adaptive

transform, scaled transform, multiplicative complexity, intra prediction, video coding, H.264, H.265.
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Ïðîòîêîë àãðåãîâàíîãî ï³äïèñó ç Ë³äåðîì ãðóïè / Ã.Ë. Êîç³íà, Ä.Ê. Ñàâ÷åíêî // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 1. Ñ. 191–200.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ïðîòîêîë àãðåãîâàíîãî åëåêòðîííîãî öèôðîâîãî ï³äïèñó ç Ë³äåðîì ãðó-
ïè. Ïðîòîêîë ðåàë³çîâàíî â ãðóï³ òî÷îê åë³ïòè÷íî¿ êðèâî¿ íàä ðîçøèðåíèì ïîëåì. Íàâåäåíî ïðèêëàä
ôîðìóâàííÿ ï³äïèñó íà ðåàëüíîìó äîêóìåíò³.

Êëþ÷îâ³ ñëîâà: êðèïòîãðàô³÷íèé ïðîòîêîë, åëåêòðîííèé öèôðîâèé ï³äïèñ, àãðåãîâàíèé ï³äïèñ, â³äêðè-
òèé êëþ÷.
—————————————————————————————————————————————

Ïðîòîêîë àãðåãèðîâàííîé ïîäïèñè ñ Ëèäåðîì ãðóïïû / Ã.Ë. Êîçèíà, Ä.Ê. Ñàâ÷åíêî // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 1. Ñ. 191–200.

Àííîòàöèÿ. Ïðåäëîæåí ïðîòîêîë àãðåãèðîâàííîé ýëåêòðîííîé öèôðîâîé ïîäïèñè ñ Ëèäåðîì
ãðóïïû. Ïðîòîêîë ðåàëèçîâàí â ãðóïïå òî÷åê ýëëèïòè÷åñêîé êðèâîé íàä ðàñøèðåííûì ïîëåì. Ïðèâåäåí
ïðèìåð ôîðìèðîâàíèÿ ïîäïèñè íà ðåàëüíîì äîêóìåíòå.

Êëþ÷åâûå ñëîâà: êðèïòîãðàôè÷åñêèé ïðîòîêîë, ýëåêòðîííàÿ öèôðîâàÿ ïîäïèñü, àãðåãèðîâàííàÿ ïîä-
ïèñü, îòêðûòûé êëþ÷.
—————————————————————————————————————————————

Aggregate signature protocol with group Leader / G. Kozina, D. Savchenko // Kibernetika i sistemnyj
analiz. 2021. Vol. 57, N 1. P. 191–200.

Abstract. The protocol of aggregated electronic digital signature with the group Leader is proposed. The
protocol is implemented in a group of points of an elliptic curve over an extended field. An example of
generating a signature on a real document is presented.

Keywords: cryptographic protocol, electronic digital signature, aggregate signature, public key.
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