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Ðåøåíèå äâóõýòàïíîé íåïðåðûâíî-äèñêðåòíîé çàäà÷è îïòèìàëüíîãî ðàçáèåíèÿ–ðàñïðåäåëåíèÿ
ñ çàäàííûì ïîëîæåíèåì öåíòðîâ ïîäìíîæåñòâ / Å.Ì. êèñåëåâà, Î.Ì. Ïðèòîìàíîâà, Ñ.À. Óñ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 3–15.

²ë.: 1. Òàáë.: 0. Á³áë³îãð.: 22 íàçâè.

Àííîòàöèÿ. Ïðåäëîæåíû ìåòîä è àëãîðèòì ðåøåíèÿ äâóõýòàïíîé íåïðåðûâíî-äèñêðåòíîé çàäà÷è
îïòèìàëüíîãî ðàçáèåíèÿ–ðàñïðåäåëåíèÿ, ÿâëÿþùåéñÿ îáîáùåíèåì, ñ îäíîé ñòîðîíû, êëàññè÷åñêîé
òðàíñïîðòíîé çàäà÷è íà ñëó÷àé, êîãäà îáúåìû ïðîèçâîäñòâà (õðàíåíèÿ, ïåðåðàáîòêè) â çàäàííûõ ïóí-
êòàõ íå èçâåñòíû çàðàíåå, à îòûñêèâàþòñÿ êàê ðåøåíèå ñîîòâåòñòâóþùåé íåïðåðûâíîé çàäà÷è îïòè-
ìàëüíîãî ðàçáèåíèÿ ìíîæåñòâà íåïðåðûâíî ðàñïðåäåëåííûõ ïîòðåáèòåëåé (ïîñòàâùèêîâ) íà ñôåðû îá-
ñëóæèâàíèÿ èõ ýòèìè ïóíêòàìè, ñ äðóãîé ñòîðîíû, äèñêðåòíûõ äâóõýòàïíûõ ïðîèçâîäñòâåííî-òðàíñ-
ïîðòíûõ çàäà÷ íà ñëó÷àé íåïðåðûâíî ðàñïðåäåëåííîãî ïîòðåáèòåëÿ. Ðàáîòà ïðåäëîæåííîãî àëãîðèòìà
ïðîèëëþñòðèðîâàíà íà ðåøåíèè ìîäåëüíîé çàäà÷è.

Êëþ÷åâûå ñëîâà: áåñêîíå÷íîìåðíîå ìàòåìàòè÷åñêîå ïðîãðàììèðîâàíèå, îïòèìàëüíîå ðàçáèåíèå-ðàñ-
ïðåäåëåíèå, òðàíñïîðòíàÿ çàäà÷à, íåäèôôåðåíöèðóåìàÿ îïòèìèçàöèÿ.
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Ðîçâ’ÿçàííÿ äâîåòàïíî¿ íåïåðåðâíî-äèñêðåòíî¿ çàäà÷³ îïòèìàëüíîãî ðîçáèòòÿ-ðîçïîä³ëó ³ç
çàäàíèì ðîçòàøóâàííÿì öåíòð³â ï³äìíîæèí / Î.Ì. Ê³ñåëüîâà, Î.Ì. Ïðèòîìàíîâà, Ñ.À. Óñ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 3–15.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ³ àëãîðèòì ðîçâ’ÿçàííÿ äâîåòàïíî¿ íåïåðåðâíî-äèñêðåòíî¿ çàäà÷³
îïòèìàëüíîãî ðîçáèòòÿ-ðîçïîä³ëó, ÿêà º óçàãàëüíåííÿì, ç îäíîãî áîêó, êëàñè÷íî¿ òðàíñïîðòíî¿ çàäà÷³ íà
âèïàäîê, êîëè îáñÿãè âèðîáíèöòâà (çáåð³ãàííÿ, ïåðåðîáêè) â çàäàíèõ ïóíêòàõ íå â³äîì³ çàçäàëåã³äü,
à â³äøóêóþòüñÿ ÿê ðîçâ’ÿçîê â³äïîâ³äíî¿ íåïåðåðâíî¿ çàäà÷³ îïòèìàëüíîãî ðîçáèòòÿ ìíîæèíè íåïåðåð-
âíî ðîçïîä³ëåíèõ ñïîæèâà÷³â (ïîñòà÷àëüíèê³â) íà ñôåðè îáñëóãîâóâàííÿ ¿õ öèìè ïóíêòàìè, ç ³íøîãî
áîêó, äèñêðåòíèõ äâîåòàïíèõ âèðîáíè÷î-òðàíñïîðòíèõ çàäà÷ íà âèïàäîê íåïåðåðâíî ðîçïîä³ëåíîãî ñïî-
æèâà÷à. Ðîáîòó çàïðîïîíîâàíîãî àëãîðèòìó ïðî³ëþñòðîâàíî íà ðîçâ’ÿçóâàíí³ ìîäåëüíî¿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: íåñê³í÷åííîâèì³ðíå ìàòåìàòè÷íå ïðîãðàìóâàííÿ, îïòèìàëüíå ðîçáèòòÿ–ðîçïîä³ëåííÿ,
òðàíñïîðòíà çàäà÷à, íåäèôåðåíö³éîâíà îïòèì³çàö³ÿ.

————————————————————————————————————-

Solving a two-stage continuous-discrete optimal partitioning-allocation problem with a given position of
the subsets centers / Å.Ì. Kiseleva, O.M. Prytomanova, S.A. Us // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 1. P. 3–15.

Abstract. A method and algorithm of solving a two-stage continuous-discrete optimal
partitioning-allocation problem are proposed. On the one hand, this problem is a generalization of the classical
transportation problem to the case where production (storage, recycling) volumes at specified points are
unknown in advance, and are sought as a solution of the corresponding continuous problem of optimal
partitioning of a set of continuously distributed consumers (suppliers) into their service areas by these points.
On the other hand, this problem generalizes discrete two-stage production-transportation problems in the case
of a continuously distributed consumer. The operation of the proposed algorithm is demonstrated by solving
a model problem.

Keywords: infinite-dimensional mathematical programming, optimal partitioning-allocation, transportation
problem, non-differentiable optimization.
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ÓÄÊ 681.3

Óëó÷øåíèå êà÷åñòâà ãåíåðàöèè òåêñòà ñ ïîìîùüþ ìåðû ñâÿçíîñòè / À.À. Ìàð÷åíêî,
Î.Ñ. Ðàäèâîíåíêî, Ò.Ñ. Èãíàòîâà, Ï.Â. Òèòàð÷óê, Ä.Â. Æåëåçíÿêîâ // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 16–25.

²ë.: 3. Òàáë.: 4. Á³áë³îãð.: 22 íàçâè.

Àííîòàöèÿ. Âçàèìîäåéñòâèå íà îñíîâå òåêñòà ñ èñïîëüçîâàíèåì ìîáèëüíûõ óñòðîéñòâ ñòàëî ïî-
âñåìåñòíûì, åãî îñíîâíûìè èñòî÷íèêàìè ÿâëÿþòñÿ ñîöèàëüíûå ñåòè, ìåññåíäæåðû, ýëåêòðîííûå ïèñü-
ìà, âèðòóàëüíûå ïîìîùíèêè, ïðèëîæåíèÿ äëÿ îáåñïå÷åíèÿ äîñòóïíîñòè è ò.ä. Ýòî ïîäðàçóìåâàåò íåîá-
õîäèìîñòü ñîçäàíèÿ ñèñòåì îáëåã÷åíèÿ ââîäà òåêñòà ïîëüçîâàòåëåì è ðàçðàáîòêè ñïîñîáîâ ïîääåðæêè
âåðáàëüíîé îáðàòíîé ñâÿçè. Â ýòîé ñòàòüå ìû îáñóæäàåì ìåòîä ãåíåðàöèè óíèêàëüíîãî òåêñòà äëÿ ìî-
áèëüíûõ óñòðîéñòâ è ìåòîäîëîãèþ åãî îöåíêè â êà÷åñòâå ðåøåíèÿ îáåèõ çàÿâëåííûõ ïðîáëåì. Ìû ðàñ-
ñìàòðèâàåì âîçìîæíîñòè, ïðåäîñòàâëÿåìûå èñïîëüçîâàíèåì êîíòåêñòà (ìåñòîïîëîæåíèå, ïîãîäà, çàïëà-
íèðîâàííûå ñîáûòèÿ è ò.ä.), îãðàíè÷åíèÿ âû÷èñëèòåëüíûõ ðåñóðñîâ è èñïîëüçîâàíèÿ äàííûõ, à òàêæå
ïðèñóùóþ ñóáúåêòèâíîñòü îöåíêè òâîð÷åñêîé çàäà÷è ñ ó÷åòîì ðàçíîîáðàçèÿ âîçìîæíûõ ïðèåìëåìûõ
ðåçóëüòàòîâ. Ñðàâíåíèå ñ äðóãèìè ìåòîäàìè ãåíåðàöèè òåêñòîâ ïîêàçûâàåò, ÷òî èñïîëüçîâàíèå ìåòðèê
ñâÿçíîñòè ïîìîãàåò äîñòè÷ü áîëåå âûñîêîãî êà÷åñòâà ñ òî÷êè çðåíèÿ ÷åëîâå÷åñêîãî âîñïðèÿòèÿ. Êîððå-
ëÿöèÿ Ñïèðìåíà ìåæäó çíà÷åíèÿìè ïðåäëàãàåìîé ìåòðèêè ñâÿçíîñòè è ÷åëîâå÷åñêîé îöåíêîé ÷èòàáåëü-
íîñòè òåêñòà ñîñòàâëÿåò 0.86, ÷òî ñâèäåòåëüñòâóåò î âûñîêîì êà÷åñòâå ìåòðèêè è ýôôåêòèâíîñòè ìåòîäà
â öåëîì.
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Êëþ÷åâûå ñëîâà: êîìïüþòåðíàÿ ëèíãâèñòèêà, àâòîìàòè÷åñêàÿ ãåíåðàöèÿ åñòåñòâåííî-ÿçûêîâûõ òåê-
ñòîâ, ñâÿçíîñòü òåêñòîâ, ìåòðèêè ñâÿçíîñòè òåêñòîâ.

———————————————————————————————————————
Ïîêðàùåííÿ ÿêîñò³ ãåíåðóâàííÿ òåêñòó çà äîïîìîãîþ ì³ðè çâ’ÿçíîñò³ / À.À. Ìàð÷åíêî,
Î.Ñ. Ðàäèâîíåíêî, Ò.Ñ. ²ãíàòîâà, Ï.Â. Òèòàð÷óê, Ä.Â. Æåëåçíÿêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 16–25.

Àíîòàö³ÿ. Âçàºìîä³ÿ, ùî ´ðóíòóºòüñÿ íà òåêñò³ ç âèêîðèñòàííÿì ìîá³ëüíèõ ïðèñòðî¿â, ñòàëà ïî-
âñþäíîþ, ¿¿ îñíîâíèìè äæåðåëàìè º ñîö³àëüí³ ìåðåæ³, ìåñåíäæåðè, åëåêòðîíí³ ëèñòè, â³ðòóàëüí³
ïîì³÷íèêè, çàñòîñóíêè äëÿ çàáåçïå÷åííÿ äîñòóïíîñò³ òîùî. Öå ïåðåäáà÷àº ïîòðåáó ó ñòâîðåíí³ ñèñòåì
ïîëåãøåííÿ ââåäåííÿ òåêñòó êîðèñòóâà÷åì òà ðîçðîáëåíí³ ñïîñîá³â ï³äòðèìêè âåðáàëüíîãî çâîðîòíîãî
çâ’ÿçêó. Îïèñàíî ìåòîä ãåíåðàö³¿ óí³êàëüíîãî òåêñòó äëÿ ìîá³ëüíèõ ïðèñòðî¿â òà ìåòîäîëîã³þ éîãî
îö³íþâàííÿ ÿê ðîçâ’ÿçêè îáîõ çàçíà÷åíèõ âèùå çàäà÷. Ðîçãëÿíóòî ìîæëèâîñò³, íàäàí³ âèêîðèñòàííÿì
êîíòåêñòó (ì³ñöåçíàõîäæåííÿ, ïîãîäà, çàïëàíîâàí³ ïîä³¿ òîùî), îáìåæåííÿ îá÷èñëþâàëüíèõ ðåñóðñ³â òà
âèêîðèñòàííÿ äàíèõ, à òàêîæ ïðèòàìàííó ñóá’ºêòèâí³ñòü îö³íþâàííÿ òâîð÷î¿ çàäà÷³ ç óðàõóâàííÿì
ð³çíîìàí³òòÿ ìîæëèâèõ ïðèéíÿòíèõ ðåçóëüòàò³â. Ïîð³âíÿííÿ ç ³íøèìè ìåòîäàìè ãåíåðàö³¿ òåêñò³â
ñâ³ä÷èòü ïðî òå, ùî âèêîðèñòàííÿ ìåòðèê çâ’ÿçíîñò³ äàº çìîãó äîñÿãòè á³ëüø âèñîêîãî ð³âíÿ ÿêîñò³ ç ïî-
ãëÿäó ñïðèéíÿòòÿ ëþäèíîþ. Êîðåëÿö³ÿ Ñï³ðìåíà ì³æ çíà÷åííÿìè ïðîïîíîâàíî¿ ìåòðèêè òà îö³íêîþ ÷è-
òàáåëüíîñò³ òåêñòó ëþäèíîþ ñòàíîâèòü 0.86, ùî ñâ³ä÷èòü ïðî âèñîêó ÿê³ñòü ìåòðèêè òà åôåêòèâí³ñòü ìå-
òîäó â ö³ëîìó.

Êëþ÷îâ³ ñëîâà: êîìï’þòåðíà ë³íãâ³ñòèêà, àâòîìàòè÷íå ãåíåðóâàííÿ ïðèðîäíîìîâíèõ òåêñò³â, çâ’ÿçí³ñòü
òåêñò³â, ìåòðèêè çâ’ÿçíîñò³ òåêñò³â.
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Improving text generation through introducing coherence metrics / O.O. MARCHENKO,
O.S. Radyvonenko, T.S. Ignatova, P.V. Titarchuk, D.V. Zhelezniakov // Kibernetika i sistemnyj analiz.
2020. Vol. 56, N 1. P. 16–25.

Abstract. Text-based interaction using mobile devices is now ubiquitous, its main outlets being social
networks, messengers, email conversations, virtual assistants, accessibility applications, etc. Its status implies
the need to facilitate text input by the user and to devise ways to provide verbal feedback. In this paper, we
discuss a method of unique text generation for mobile devices and its evaluation methodology as a solution for
both stated challenges. We consider the opportunities given by the use of context (location, weather, scheduled
events, etc.), the limitations in terms of computational resources and data usage, and the inherent subjectivity of
creative task assessment given the number variety of possibly acceptable outputs. The comparison with other
text generation approaches shows that the use of coherence metrics helps to achieve higher quality in terms of
human perception. The Spearman correlation between the values of the proposed coherence metric and the
human assessment of text readability is 0.86, which indicates the high quality of the metrics and the
effectiveness of the method as a whole.

Keywords: natural language processing, automatic natural language text generation, coherency, coherence
metrics.
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ÓÄÊ 519-7/339.9

Ìîäåëèðîâàíèå óïðàâëÿþùèõ âîçäåéñòâèé áàíêîâñêîé ñèñòåìû íà ôóíêöèîíèðîâàíèå
ýêîíîìèêè. I. Äèíàìèêà è êîððåêòèðîâêà êðèçèñíûõ ñèòóàöèé / Â.Â. Õèëåíêî // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 26–34.

²ë.: 1. Òàáë.: 0. Á³áë³îãð.: 15 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí âîïðîñ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ äèíàìèêè ìèðîâîé ôèíàíñî-
âî-ýêîíîìè÷åñêîé ñèñòåìû. Îòìå÷åíû îñîáåííîñòè ïîëíîé ìàòåìàòè÷åñêîé ìîäåëè ôèíàíñîâî-ýêîíî-
ìè÷åñêîé ñèñòåìû. Îáîñíîâàí âûáîð ìàòåìàòè÷åñêîãî àïïàðàòà, îïòèìàëüíîãî äëÿ èññëåäîâàíèÿ äàííî-
ãî êëàññà ìîäåëåé.

Êëþ÷åâûå ñëîâà: ôèíàíñîâî-ýêîíîìè÷åñêàÿ ñèñòåìà, ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, îïòèìèçàöèÿ óïðàâ-
ëåíèÿ, ýôôåêò «âñïåíèâàíèÿ», òèõîíîâñêèå ñèñòåìû, èññëåäîâàíèå áîëüøèõ ñèñòåì, òåîðåìà Õèëåíêî.

—————————————————————————————————————-
Ìîäåëþâàííÿ êåðóþ÷èõ âïëèâ³â áàíê³âñüêî¿ ñèñòåìè íà ôóíêö³îíóâàííÿ åêîíîì³êè. I. Äèíàì³êà ³ êîðèãó-
âàííÿ êðèçîâèõ ñèòóàö³é / Â.Â. Õèëåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 26–34.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïèòàííÿ ìàòåìàòè÷íîãî ìîäåëþâàííÿ äèíàì³êè ñâ³òîâî¿ ô³íàíñîâî-åêîíîì³÷íî¿
ñèñòåìè. Íàâåäåíî îñîáëèâ³ âëàñòèâîîñò³ ïîâíî¿ ìàòåìàòè÷íî¿ ìîäåë³ ô³íàíñîâî-åêîíîì³÷íî¿ ñèñòåìè.
Îáãðóíòîâàíî âèá³ð ìàòåìàòè÷íîãî àïàðàòó, îïòèìàëüíîãî äëÿ äîñë³äæåííÿ òàêîãî êëàñó ìîäåëåé.

Êëþ÷îâ³ ñëîâà: ô³íàíñîâî-åêîíîì³÷íà ñèñòåìà, ìàòåìàòè÷íå ìîäåëþâàííÿ, îïòèì³çàö³ÿ óïðàâë³ííÿ,
åôåêò «ñï³íåííÿ», òèõîíîâñüê³ ñèñòåìè, äîñë³äæåííÿ âåëèêèõ ñèñòåì, òåîðåìà Õèëåíêî.

—————————————————————————
Modeling the control effects of the banking system on the functioning of the economy. I. Dynamics and
adjustment of crisis situations / V.V. Khilenko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 26–34.

Abstract. The paper is devoted to mathematical modeling of the dynamics of the global financial and
economic system. The features of the full mathematical model of the financial-economic system are indicated
and the choice of the mathematical apparatus optimal for the study of this class of models is justified.



Keywords: financial and economic system, mathematical modeling, control optimization, «splashing out»
effect, Tikhonov’s systems, the study of large systems, Khilenko’s theorem.
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Íå÷åòêàÿ ìàòåìàòèêà ïðè îãðàíè÷åííûõ âîçìîæíîñòÿõ íàçíà÷åíèÿ ôóíêöèé ïðèíàäëåæíîñòè /
Þ.Í. Ìèíàåâ, Î.Þ. Ôèëèìîíîâà, Þ.È. Ìèíàåâà, Ã.À. Ôèëèìîíîâ // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 35–48.

²ë.: 3. Òàáë.: 3. Á³áë³îãð.: 23 íàçâè.

Àííîòàöèÿ. Ðàññìîòðåíî ðåøåíèå çàäà÷ â óñëîâèÿõ íåîïðåäåëåííîñòè â ôîðìå íå÷åòêîé ìàòåìà-
òèêè íà îñíîâå ìåòîäîâ è ìîäåëåé òåîðèè íå÷åòêèõ ìíîæåñòâ ïðè îãðàíè÷åííûõ âîçìîæíîñòÿõ îïðåäå-
ëåíèÿ (íàçíà÷åíèÿ) ôóíêöèè ïðèíàäëåæíîñòè. Ïðåäëîæåí ìåòîä ðåøåíèÿ çàäà÷ ïîäîáíîãî òèïà, ñîñòîÿ-
ùèé â îïðåäåëåíèè ñêðûòûõ çíàíèé â âèäå ïîäìíîæåñòâ óïîðÿäî÷åííûõ ïàð, âû÷èñëåííûõ ñ èñïîëüçî-
âàíèåì ñèíãóëÿðíîé äåêîìïîçèöèè ñïåöèàëüíûõ (òåïëèöåâûõ, ãàíêåëåâûõ è äð.) ìàòðèö,
ñôîðìèðîâàííûõ íà îñíîâå óíèâåðñàëüíîãî ìíîæåñòâà. Ïðèâåäåíû ïðèìåðû, èëëþñòðèðóþùèå ýôôåê-
òèâíîñòü ïðåäëîæåííîãî ìåòîäà.

Êëþ÷åâûå ñëîâà: íå÷åòêîå ìíîæåñòâî, òåíçîðíàÿ äåêîìïîçèöèÿ, íå÷åòêàÿ ìàòåìàòèêà, ñïåöèàëüíûå
ìàòðèöû.

———————————————————————————————-

Íå÷³òêà ìàòåìàòèêà çà îáìåæåíèõ ìîæëèâîñòåé âèçíà÷åííÿ ôóíêö³é íàëåæíîñò³ / Þ.Ì. Ì³íàºâ,
Î.Þ. Ô³ë³ìîíîâà, Þ.². Ì³íàºâà, Ã.Î. Ô³ë³ìîíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56,
¹ 1. Ñ. 35–48.

Àíîòàö³ÿ. Ðîçãëÿíóòî ðîçâ’ÿçóâàííÿ çàäà÷ â óìîâàõ íåâèçíà÷åíîñò³ ó ôîðì³ íå÷³òêî¿ ìàòåìàòèêè
íà ï³äñòàâ³ ìåòîä³â ³ ìîäåëåé òåîð³¿ íå÷³òêèõ ìíîæèí çà îáìåæåíèõ ìîæëèâîñòåé âèçíà÷åííÿ ôóíêö³¿
íàëåæíîñò³. Çàïðîïîíîâàíî ìåòîä ðîçâ’ÿçàííÿ çàäà÷ ïîä³áíîãî òèïó, ÿêèé ïîëÿãàº ó âèçíà÷åíí³ ïðèõîâà-
íèõ çíàíü ó âèãëÿä³ ï³äìíîæèí óïîðÿäêîâàíèõ ïàð, îá÷èñëåíèõ ç âèêîðèñòàííÿì ñèíãóëÿðíî¿ äåêîìïî-
çèö³¿ ñïåö³àëüíèõ (òåïëèöåâèõ, ãàíêåëåâèõ òà ³í.) ìàòðèöü, ñôîðìîâàíèõ íà îñíîâ³ óí³âåðñàëüíî¿ ìíîæè-
íè. Íàâåäåíî ïðèêëàäè, ùî ³ëþñòðóþòü åôåêòèâí³ñòü çàïðîïîíîâàíîãî ìåòîäó.

Êëþ÷îâ³ ñëîâà: íå÷³òêà ìíîæèíà, òåíçîðíà äåêîìïîçèö³ÿ, íå÷³òêà ìàòåìàòèêà, ñïåö³àëüí³ ìàòðèö³.

———————————————————————————————————

Fuzzy mathematics under limited possibilities of assignment of membership functions / Yu.N. Minaev,
O.Yu. Filimonova, J.I. Minaeva, G.A. Filimonov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1.
P. 35–48.

Abstract. We consider solution of problems under uncertainty in the form fuzzy of mathematics on the
basis of methods and models of fuzzy set theory under limited possibilities of definition (assignment) of
membership functions. We propose a method to solve such kind of problems, which defines hidden knowledge
as subsets of ordered pairs computed with the use of singular value decomposition of special (Toeplitz, Hankel,
and other’s) matrices formed on the basis of universal set. We present examples that illustrate the efficiency of
the proposed method.

Keywords: fuzzy set, tensor decomposition, fuzzy mathematics, special matrices.

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

ÓÄÊ 519.7

Ìåòîä îöåíèâàíèÿ ñòîéêîñòè SNOW 2.0-ïîäîáíûõ øèôðîâ îòíîñèòåëüíî êîððåëÿöèîííûõ àòàê
íàä êîíå÷íûìè ðàñøèðåíèÿìè ïîëÿ èç äâóõ ýëåìåíòîâ / À.Í. Àëåêñåé÷óê, Ñ.Í. Êîíþøîê,
Ì.Â. Ïîðåìñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 49–63.

²ë.: 1. Òàáë.: 3. Á³áë³îãð.: 22 íàçâè.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä îöåíèâàíèÿ ñòîéêîñòè SNOW 2.0-ïîäîáíûõ øèôðîâ îòíîñèòåëüíî
êîððåëÿöèîííûõ àòàê, êîòîðûå ñòðîÿòñÿ ïî àíàëîãèè ñ èçâåñòíûìè àòàêàìè íà øèôð SNOW 2.0. Â îòëè-
÷èå îò ðàíåå èçâåñòíûõ ïðåäëîæåííûé ìåòîä îðèåíòèðîâàí íà îáîñíîâàíèå ñòîéêîñòè è ïîçâîëÿåò ïîëó-
÷àòü íèæíèå îöåíêè ýôôåêòèâíîñòè àòàê èç ðàññìàòðèâàåìîãî êëàññà íåïîñðåäñòâåííî ïî ïàðàìåòðàì
êîìïîíåíò ïîòî÷íûõ øèôðîâ àíàëîãè÷íî òîìó, êàê ýòî îáîñíîâûâàåò ñòîéêîñòü áëî÷íûõ øèôðîâ îòíî-
ñèòåëüíî ëèíåéíîãî êðèïòîàíàëèçà. Ïðèìåíåíèå ìåòîäà ê øèôðàì SNOW 2.0 è «Ñòðóìîê» ïîêàçûâàåò,
÷òî ëþáàÿ èç ðàññìîòðåííûõ êîððåëÿöèîííûõ àòàê íà íèõ íàä ïîëåì ïîðÿäêà 256 èìååò ñðåäíþþ âðå-

ìåííóþ ñëîæíîñòü íå ìåíåå 2146 20, è 2249 40, ñîîòâåòñòâåííî è òðåáóåò íå ìåíåå 2142 77, è 2249 38, ñîîò-
âåòñòâåííî çíàêîâ ãàììû.

Êëþ÷åâûå ñëîâà: êîððåëÿöèîííûé êðèïòîàíàëèç, êîíå÷íûé àâòîìàò, äèñêðåòíîå ïðåîáðàçîâàíèå
Ôóðüå, îáîñíîâàíèå ñòîéêîñòè, øèôð SNOW 2.0, øèôð «Ñòðóìîê».

———————————————————————————————————

Ìåòîä îö³íþâàííÿ ñò³éêîñò³ SNOW 2.0-ïîä³áíèõ øèôð³â â³äíîñíî êîðåëÿö³éíèõ àòàê íàä
ñê³í÷åííèìè ðîçøèðåííÿìè ïîëÿ ç äâîõ åëåìåíò³â / À.Ì. Îëåêñ³é÷óê, Ñ.Ì. Êîíþøîê,
Ì.Â. Ïîðåìñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 49–63.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä îö³íþâàííÿ ñò³éêîñò³ SNOW 2.0-ïîä³áíèõ øèôð³â â³äíîñíî êîðå-
ëÿö³éíèõ àòàê, ÿê³ áóäóþòüñÿ çà àíàëîã³ºþ äî â³äîìèõ àòàê íà øèôð SNOW 2.0. Íà â³äì³íó â³ä ðàí³øå
â³äîìèõ çàïðîïîíîâàíèé ìåòîä îð³ºíòîâàíèé íà îá´ðóíòóâàííÿ ñò³éêîñò³ ³ äîçâîëÿº îòðèìóâàòè íèæí³
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îö³íêè åôåêòèâíîñò³ àòàê ç ðîçãëÿíóòîãî êëàñó áåçïîñåðåäíüî çà ïàðàìåòðàìè êîìïîíåíò ïîòî÷íèõ
øèôð³â àíàëîã³÷íî òîìó, ÿê öå ðîáèòüñÿ ïðè îá´ðóíòóâàíí³ ñò³éêîñò³ áëîêîâèõ øèôð³â â³äíîñíî ë³í³éíî-
ãî êðèïòîàíàë³çó. Çàñòîñóâàííÿ ìåòîäó äî øèôð³â SNOW 2.0 ³ «Ñòðóìîê» ïîêàçóº, ùî áóäü-ÿêà ç ðîçãëÿ-

íóòèõ êîðåëÿö³éíèõ àòàê íà íèõ íàä ïîëåì ïîðÿäêó 256 ìàº ñåðåäíþ ÷àñîâó ñêëàäí³ñòü íå ìåíøå 2146 20,

³ 2249 40, â³äïîâ³äíî ³ âèìàãàº íå ìåíøå 2142 77, ³ 2249 38, â³äïîâ³äíî çíàê³â ãàìè.

Êëþ÷îâ³ ñëîâà: êîðåëÿö³éíèé êðèïòîàíàë³ç, ñê³í÷åííèé àâòîìàò, äèñêðåòíå ïåðåòâîðåííÿ Ôóð’º, îá-
ãðóíòóâàííÿ ñò³éêîñò³, øèôð SNOW 2.0, øèôð «Ñòðóìîê».

——————————————————————————————-

A method for security evaluation of SNOW 2.0-like ciphers against correlation attacks over finite
extensions of the field of two elements / A.N. Alekseychuk, S.M. Koniushok, M.V. Poremskyi //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 49–63.

Abstract. A method is proposed for security evaluation of SNOW 2.0-like ciphers against correlation
attacks, which are generated by analogy with well-known attacks against SNOW 2. Unlike the available
methods, the proposed one is oriented to the proof of security and allows us to obtain lower estimates of the
efficiency of attacks from the considered class directly using the stream cipher components in the same way as
it is done to prove the security of block ciphers against linear cryptanalysis. Application of the method to
SNOW 2.0 and “Strumok” ciphers shows that any of the considered correlational attacks against them over the

field of order 256 has an average time complexity no less than 2146 20, and 2249 40, , respectively, and requires no

less than 2142 77, and 2249 38, respectively, keysteam symbols.

Keywords: correlation cryptanalysis, finite-state machine, discrete Fourier transform, proof of security,
SNOW 2.0, “Strumok”.

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

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.854

Î ðåøåíèè êâàäðàòè÷íîé çàäà÷è î íàçíà÷åíèÿõ / È.Â. Ñåðãèåíêî, Â.Ï. Øèëî, Ñ.Â. ×óïîâ,
Ï.Â. Øèëî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 64–69.

²ë.: 2. Òàáë.: 1. Á³áë³îãð.: 17 íàçâè.

Àííîòàöèÿ. Ïðåäëîæåíû äâå ìîäèôèêàöèè ïîâòîðÿåìîãî èòåðèðîâàííîãî àëãîðèòìà òàáó ðåøå-
íèÿ êâàäðàòè÷íîé çàäà÷è î íàçíà÷åíèÿõ (ñ òåõíîëîãèåé âûäåëåíèÿ ÿäðà è áåç íå¸). Ïðîâåäåíî èññëåäî-
âàíèå ýòèõ ìîäèôèêàöèé ñðàâíèòåëüíî ñ ëó÷øèìè ñîâðåìåííûìè àëãîðèòìàìè ðåøåíèÿ ýòîé çàäà÷è.
Ïîêàçàíà ýôôåêòèâíîñòü ðàçðàáîòàííûõ àëãîðèòìîâ, â ÷àñòíîñòè, äëÿ çàäà÷ áîëüøîé ðàçìåðíîñòè, äëÿ
êîòîðûõ ñ èõ ïîìîùüþ íàéäåíû íîâûå ðåêîðäû.

Êëþ÷åâûå ñëîâà: êâàäðàòè÷íàÿ çàäà÷à î íàçíà÷åíèÿõ, ïîâòîðÿåìûé èòåðèðîâàííûé òàáó-ïîèñê, òåõíî-
ëîãèÿ âûäåëåíèÿ ÿäðà ðåøåíèÿ, ñëó÷àéíîå âîçìóùåíèå êîìïîíåíò ðåøåíèÿ, ýôôåêòèâíîñòü àëãîðèòìîâ.

——————————————————————————

Ïðî ðîçâ’ÿçàííÿ êâàäðàòè÷íî¿ çàäà÷³ ïðî ïðèçíà÷åííÿ / ².Â. Ñåðã³ºíêî, Â.Ï. Øèëî, Ñ.Â. ×óïîâ,
Ï.Â. Øèëî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 64–69.

Àíîòàö³ÿ. Çàïðîïîíîâàíî äâ³ ìîäèô³êàö³¿ ïîâòîðþâàíîãî ³òåðîâàíîãî àëãîðèòìó òàáó ðîçâ’ÿçàííÿ
êâàäðàòè÷íî¿ çàäà÷³ ïðî ïðèçíà÷åííÿ (ç òåõíîëîã³ºþ âèä³ëåííÿ ÿäðà ³ áåç íå¿). Ïðîâåäåíî äîñë³äæåííÿ
öèõ ìîäèô³êàö³é ïîð³âíÿíî ç êðàùèìè ñó÷àñíèìè àëãîðèòìàìè ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³. Ïîêàçàíî åôåê-
òèâí³ñòü ðîçðîáëåíèõ àëãîðèòì³â, çîêðåìà, äëÿ çàäà÷ âåëèêî¿ ðîçì³ðíîñò³, äëÿ ÿêèõ ç ¿õíüîþ äîïîìîãîþ
çíàéäåíî íîâ³ ðåêîðäè.

Êëþ÷îâ³ ñëîâà: êâàäðàòè÷íà çàäà÷à ïðî ïðèçíà÷åííÿ, ïîâòîðþâàíèé ³òåðîâàíèé òàáó-ïîøóê, òåõíî-
ëîã³ÿ âèä³ëåííÿ ÿäðà ðîçâ’ÿçêó, âèïàäêîâå çáóðåííÿ êîìïîíåíò ðîçâ’ÿçêó, åôåêòèâí³ñòü àëãîðèòì³â.

——————————————————————————————-

Solving the quadratic assignment problem / I.V. Sergienko, V.P. Shylo, S.V. Chupov, P.V. Shylo //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 64–69.

Abstract. This paper focuses on the development and improvement of the iterated repeated tabu
algorithms for solving the quadratic assignment problem using core allocation technology. The comparative
analysis of the empirical computational performance is presented, comparing the modern algorithms from the
literature and the algorithms proposed in this paper. The results confirm the efficiency of the modified
algorithms in terms of the solution quality and time especially for large-scale problems.

Keywords: quadratic assignment problem, repeated iterated tabu search, solution core allocation technology,
random perturbation of solution components, algorithm efficiency.

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

ÓÄÊ 368:519.21

Ñòîõàñòè÷åñêèå îïòèìèçàöèîííûå ìîäåëè ñòðàõîâîé ìàòåìàòèêè / Þ.Ì. Åðìîëüåâ, Â.È. Íîðêèí,
Á.Â. Íîðêèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 70–81.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 31 íàçâè.
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Àííîòàöèÿ. Äàí îáçîð ñòîõàñòè÷åñêèõ îïòèìèçàöèîííûõ ìîäåëåé ñòðàõîâîé ìàòåìàòèêè è ìåòî-
äîâ èõ ðåøåíèÿ íà îñíîâå ìåòîäîëîãèè ìíîãîêðèòåðèàëüíîãî ñòîõàñòè÷åñêîãî ïðîãðàììèðîâàíèÿ è
îïòèìàëüíîãî óïðàâëåíèÿ. Ýâîëþöèÿ êàïèòàëà ñòðàõîâîé êîìïàíèè ðàññìàòðèâàåòñÿ â äèñêðåòíîì âðå-
ìåíè. Îñíîâíûìè ñëó÷àéíûìè ïàðàìåòðàìè ìîäåëåé ÿâëÿþòñÿ óðîâíè ñòðàõîâûõ âûïëàò, ò.å. îòíîøå-
íèÿ îïëà÷åííûõ ñòðàõîâûõ òðåáîâàíèé ê ñîîòâåòñòâóþùèì ïðåìèÿì çà åäèíèöó âðåìåíè. Ïåðåìåííûå
îïòèìèçàöèè — ñòðóêòóðà ñòðàõîâîãî ïîðòôåëÿ (ñòðóêòóðà âàëîâîé ïðåìèè) è ðàçìåð äèâèäåíäîâ. Êðè-
òåðèÿìè ýôôåêòèâíîñòè ÿâëÿþòñÿ ïîêàçàòåëè äîõîäíîñòè ñòðàõîâîãî áèçíåñà, à ïîêàçàòåëÿìè ðèñêà —
âåðîÿòíîñòü ðàçîðåíèÿ è êàïèòàë, íåîáõîäèìûé äëÿ ïðåäîòâðàùåíèÿ ðàçîðåíèÿ. Öåëü îïòèìèçàöèè —
ïîèñê ïàðåòî-îïòèìàëüíûõ ðåøåíèé. Ïðåäëîæåíû ìåòîäû íàõîæäåíèÿ ýòèõ ðåøåíèé.

Êëþ÷åâûå ñëîâà: ñòðàõîâàÿ ìàòåìàòèêà, ïðîöåññ ðèñêà, âåðîÿòíîñòü ðàçîðåíèÿ, ñòîõàñòè÷åñêîå ïðî-
ãðàììèðîâàíèå, ìíîãîêðèòåðèàëüíûå çàäà÷è, äâóõýòàïíûå çàäà÷è, âåðîÿòíîñòíûå îãðàíè÷åíèÿ, ñòîõàñ-
òè÷åñêîå îïòèìàëüíîå óïðàâëåíèå.

———————————————————————————

Ñòîõàñòè÷í³ îïòèì³çàö³éí³ ìîäåë³ ñòðàõîâî¿ ìàòåìàòèêè / Þ.Ì. ªðìîëüºâ, Â.². Íîðê³í,
Á.Â. Íîðê³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 70–81.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä ñòîõàñòè÷íèõ îïòèì³çàö³éíèõ ìîäåëåé ñòðàõîâî¿ ìàòåìàòèêè ³ ìåòîä³â
¿õíüîãî ðîçâ’ÿçàííÿ íà îñíîâ³ ìåòîäîëîã³¿ áàãàòîêðèòåð³éíîãî ñòîõàñòè÷íîãî ïðîãðàìóâàííÿ òà îïòè-
ìàëüíîãî êåðóâàííÿ. Åâîëþö³ÿ êàï³òàëó ñòðàõîâî¿ êîìïàí³¿ ðîçãëÿäàºòüñÿ â äèñêðåòíîìó ÷àñ³. Îñíîâíè-
ìè âèïàäêîâèìè ïàðàìåòðàìè ìîäåëåé º ð³âí³ ñòðàõîâèõ âèïëàò, òîáòî â³äíîøåííÿ ñïëà÷åíèõ ñòðàõîâèõ
âèìîã äî â³äïîâ³äíèõ ïðåì³é çà îäèíèöþ ÷àñó. Çì³íí³ îïòèì³çàö³¿ — ñòðóêòóðà ñòðàõîâîãî ïîðòôåëÿ
(ñòðóêòóðà âàëîâî¿ ïðåì³¿) òà ðîçì³ð äèâ³äåíä³â. Êðèòåð³ÿìè åôåêòèâíîñò³ º ïîêàçíèêè ïðèáóòêîâîñò³
ñòðàõîâîãî á³çíåñó, à ïîêàçíèêàìè ðèçèêó — éìîâ³ðí³ñòü ðîçîðåííÿ òà êàï³òàë, íåîáõ³äíèé äëÿ çà-
ïîá³ãàííÿ ðîçîðåííþ. Ìåòîþ îïòèì³çàö³¿ º ïîøóê ïàðåòî-îïòèìàëüíèõ ð³øåíü. Çàïðîïîíîâàíî ìåòîäè
çíàõîäæåííÿ öèõ ð³øåíü.

Êëþ÷îâ³ ñëîâà: ñòðàõîâà ìàòåìàòèêà, ïðîöåñ ðèçèêó, éìîâ³ðí³ñòü ðîçîðåííÿ, ñòîõàñòè÷íå ïðîãðàìóâàí-
íÿ, áàãàòîêðèòåð³éí³ çàäà÷³, äâîåòàïí³ çàäà÷³, ³ìîâ³ðí³ñí³ îáìåæåííÿ, ñòîõàñòè÷íå îïòèìàëüíå êåðóâàí-
íÿ, ÷àñòêîâî-ö³ëî÷èñëîâå ïðîãðàìóâàííÿ, äèíàì³÷íå ïðîãðàìóâàííÿ.

——————————————————————————————————-

Stochastic optimization models of actuarial mathematics / Yu.M. Ermoliev, V.I. Norkin, B.V. Norkin //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 70–81.

Abstract. The paper overviews stochastic optimization models of actuarial mathematics and methods for
their solution from the point of view of the methodology of multicriteria stochastic programming and optimal
control. The evolution of the capital of an insurance company is considered in discrete time. The main random
parameters of the models are payment levels, i.e., the ratio of paid claims to the corresponding premiums per
unit of time. Optimization variables are the structure of the insurance portfolio (the gross premium structure)
and the size of dividends. As efficiency criteria indicators of the profitability of the insurance business are used,
and as risk indicators the probability of ruin and the recourse capital necessary to prevent the ruin are taken. The
goal of optimization is to find Pareto-optimal solutions. Methods for finding these solutions are proposed.

Keywords: insurance mathematics, risk process, ruin probability, stochastic programming, multicriteria
problems, two-stage problems, probabilistic constraints, stochastic optimal control, mixed-integer
programming, dynamic programming.

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

ÓÄÊ 519.233.5

Ìåòîä ïîñòðîåíèÿ ðåãðåññèè ñ ïåðåêëþ÷åíèÿìè â íåïðåðûâíîì âðåìåíè ñ íåèçâåñòíûìè òî÷êàìè
ïåðåêëþ÷åíèÿ / Ï.Ñ. Êíîïîâ, À.Ñ. Êîðõèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1.
Ñ. 82–96.

²ë.: 2. Òàáë.: 2. Á³áë³îãð.: 7 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà ëèíåéíàÿ ðåãðåññèÿ ñ ïåðåêëþ÷åíèÿìè â íåïðåðûâíîì âðåìåíè. Îïèñàí
ìåòîä îöåíèâàíèÿ òî÷åê ïåðåêëþ÷åíèÿ è ïàðàìåòðîâ ðåãðåññèè ñ ïåðåêëþ÷åíèÿìè. Ïðèâåäåíû ïðèìåðû
åãî èñïîëüçîâàíèÿ.

Êëþ÷åâûå ñëîâà: ðåãðåññèÿ, íåïðåðûâíîå âðåìÿ, ïåðåêëþ÷åíèÿ, ïàðàìåòðû ðåãðåññèè, îöåíèâàíèå.

——————————————————————

Ìåòîä ïîáóäîâè ðåãðåñ³¿ ç ïåðåìèêàííÿì ó íåïåðåðâíîìó ÷àñ³ ç íåâ³äîìèìè òî÷êàìè ïåðåìèêàíü /
Ï.Ñ. Êíîïîâ, À.Ñ. Êîðõ³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 82–96.

Àíîòàö³ÿ. Ðîçãëÿíóòî ë³í³éíó ðåãðåñ³þ ç ïåðåìèêàííÿìè ó íåïåðåðâíîìó ÷àñ³. Îïèñàíî ìåòîä îö³íþ-
âàííÿ òî÷îê ïåðåìèêàííÿ ³ ïàðàìåòð³â ðåãðåñ³¿ ç ïåðåìèêàííÿìè. Íàâåäåíî ïðèêëàäè éîãî âèêîðèñòàííÿ.

Êëþ÷îâ³ ñëîâà: ðåãðåñ³ÿ, íåïåðåðâíèé ÷àñ, ïåðåìèêàííÿ, ïàðàìåòðè ðåãðåñ³¿, îö³íþâàííÿ.

-------------------------------------------------------------------

Switching regression construction method in continuous time with unknown switching points /
P.S. Knopov, A.S. Korkhin // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 82–96.

Abstract. Linear switching regression in continuous time is considered. A method for estimating
switching points and regression parameters is described. Examples of its use are given.

Keywords: regression, switching, regression parameters, evaluation.
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ÓÄÊ 519.62

Òåñòèðîâàíèå ìíîãîøàãîâîãî îäíîñòàäèéíîãî ìåòîäà íà æåñòêèõ çàäà÷àõ / Â.À. Ïðóñîâ,
À.Å. Äîðîøåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 97–105.

²ë.: 7. Òàáë.: 4. Á³áë³îãð.: 15 íàçâè.

Àííîòàöèÿ. Ðàññìîòðåí ìíîãîøàãîâûé îäíîñòàäèéíûé ìåòîä, ïîçâîëÿþùèé èíòåãðèðîâàòü æåñ-
òêèå äèôôåðåíöèàëüíûå óðàâíåíèÿ è ñèñòåìû óðàâíåíèé ñ âûñîêîé òî÷íîñòüþ è ìàëûìè âû÷èñëèòåëü-
íûìè çàòðàòàìè. Íà ïðèìåðàõ ïîêàçàíî, ÷òî ïðåäëîæåííûé ìåòîä íå óñòóïàåò ëó÷øèì ìåòîäàì ïðè ðå-
øåíèè æåñòêèõ çàäà÷. Ðåçóëüòàòû ðàñ÷åòîâ ïîçâîëÿþò îïðåäåëèòü äëÿ ìíîãîøàãîâîãî îäíîñòàäèéíîãî
ìåòîäà îáëàñòè àáñîëþòíîé óñòîé÷èâîñòè, ãäå îáåñïå÷åíà âîçìîæíîñòü èçìåíåíèÿ âåëè÷èíû øàãà èí-
òåãðèðîâàíèÿ â øèðîêèõ ïðåäåëàõ ïðè ñîõðàíåíèè âû÷èñëèòåëüíîé óñòîé÷èâîñòè ìåòîäà.

Êëþ÷åâûå ñëîâà: æåñòêèå óðàâíåíèÿ è ñèñòåìû, ìíîãîøàãîâûé îäíîñòàäèéíûé ìåòîä, (4,2)-ìåòîä,
CROS, ÷åòûðåõñòàäèéíûé ÿâíûé ìåòîä Ðóíãå–Êóòòû.

—————————————————————————

Òåñòóâàííÿ áàãàòîêðîêîâîãî îäíîñòàä³éíîãî ìåòîäó íà æîðñòêèõ çàäà÷àõ / Â.À. Ïðóñîâ,
À.Þ. Äîðîøåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 97–105.

Àíîòàö³ÿ. Ðîçãëÿíóòî áàãàòîêðîêîâèé îäíîñòàä³éíèé ìåòîä, ùî äîçâîëÿº ³íòåãðóâàòè æîðñòê³ äè-
ôåðåíö³àëüí³ ð³âíÿííÿ ³ ñèñòåìè ð³âíÿíü ç âèñîêîþ òî÷í³ñòþ ³ ìàëèìè îá÷èñëþâàëüíèìè âèòðàòàìè. Íà
ïðèêëàäàõ ïîêàçàíî, ùî çàïðîïîíîâàíèé ìåòîä íå ïîñòóïàºòüñÿ êðàùèì ìåòîäàì äëÿ ðîçâ’ÿçàííÿ æî-
ðñòêèõ çàäà÷. Ðåçóëüòàòè ðîçðàõóíê³â äîçâîëÿþòü âèçíà÷èòè äëÿ áàãàòîêðîêîâîãî îäíîñòàä³éíîãî ìåòî-
äó îáëàñò³ àáñîëþòíî¿ ñò³éêîñò³, äå çàáåçïå÷åíà ìîæëèâ³ñòü çì³íè âåëè÷èíè êðîêó ³íòåãðóâàííÿ â øèðî-
êèõ ìåæàõ ³ç çáåðåæåííÿì îá÷èñëþâàëüíî¿ ñò³éêîñò³ ìåòîäó.

Êëþ÷îâ³ ñëîâà: æîðñòê³ ð³âíÿííÿ ³ ñèñòåìè, áàãàòîêðîêîâèé îäíîñòàä³éíèé ìåòîä, (4,2)-ìåòîä, CROS,
÷îòèðèñòàä³éíèé ÿâíèé ìåòîä Ðóíãå–Êóòòà.

——————————————————————————

Testing a multi-step single-stage method on hard tasks / V.A. Prusov, A.E. Doroshenko // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 1. P. 97–105.

Abstract. A multistep one-stage method is considered, which allows one to integrate hard differential
equations and systems of equations with high accuracy and low computational costs. The examples show that
the proposed method is not inferior to the best available methods in solving hard problems. The calculation
results allow us to determine the absolute stability regions for a multistep one-stage method where it is possible
to change the integration step over a wide range while maintaining the computational stability of the method.

Keywords: hard equations and systems, multistep one-stage method, (4,2) method, CROS, four-stage explicit
Runge–Kutta method.

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

ÓÄÊ 519.872

Àíàëèç ìîäåëåé ñèñòåì ñ ãåòåðîãåííûìè ñåðâåðàìè / À.Ç. Ìåëèêîâ, Ë.À. Ïîíîìàðåíêî,
Ý.Â. Ìåõáàëûåâà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 106–117.

²ë.: 6. Òàáë.: 0. Á³áë³îãð.: 32 íàçâè.

Àííîòàöèÿ. Èññëåäîâàíà ìàòåìàòè÷åñêàÿ ìîäåëü ñèñòåìû îáñëóæèâàíèÿ ñ ãåòåðîãåííûìè ñåðâå-
ðàìè è áåç î÷åðåäåé ïðè íàëè÷èè çàÿâîê äâóõ òèïîâ. Çàÿâêè âûñîêîãî ïðèîðèòåòà îáñëóæèâàþòñÿ â âû-
ñîêîñêîðîñòíûõ ñåðâåðàõ, à çàÿâêè íèçêîãî ïðèîðèòåòà — â íèçêîñêîðîñòíûõ. Â ñëó÷àÿõ çàíÿòîñòè âñåõ
ñåðâåðîâ â ñîîòâåòñòâóþùèõ ãðóïïàõ äîïóñêàåòñÿ îáñëóæèâàíèå ïîñòóïèâøåé çàÿâêè â äðóãîé ãðóïïå,
ïðè ýòîì ïåðåíàçíà÷åíèÿ çàÿâîê îñóùåñòâëÿþòñÿ ñîãëàñíî ðàíäîìèçèðîâàííîé ñõåìå. Ñ÷èòàåòñÿ, ÷òî
âåðîÿòíîñòè ïåðåíàçíà÷åíèÿ çàâèñÿò îò ÷èñëà çàíÿòûõ ñåðâåðîâ â ñîîòâåòñòâóþùåé ãðóïïå. Ðàçðàáîòàíû
ìåòîäû òî÷íîãî è ïðèáëèæåííîãî àíàëèçà õàðàêòåðèñòèê ýòîé ñèñòåìû è ïîëó÷åíû ÿâíûå ôîðìóëû äëÿ
ïðèáëèæåííîãî âû÷èñëåíèÿ åå õàðàêòåðèñòèê.

Êëþ÷åâûå ñëîâà: ãåòåðîãåííûé ñåðâåð, ñèñòåìà îáñëóæèâàíèÿ, ïðèîðèòåòû, ðàçíîòèïíûå çàÿâêè, îïòè-
ìèçàöèÿ.

——————————————————-

Àíàë³ç ìîäåëåé ñèñòåì ç ãåòåðîãåííèìè ñåðâåðàìè / À.Ç. Ìåë³êîâ, Ë.À. Ïîíîìàðåíêî,
Å.Â. Ìåõáàë³ºâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 106–117.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìàòåìàòè÷íó ìîäåëü ñèñòåìè îáñëóãîâóâàííÿ ç ãåòåðîãåííèìè ñåðâåðà-
ìè ³ áåç ÷åðã çà íàÿâíîñò³ âèìîã äâîõ òèï³â. Âèìîãè âèñîêîãî ïð³îðèòåòó îáñëóãîâóþòüñÿ ó âèñîêîø-
âèäê³ñíèõ ñåðâåðàõ, à âèìîãè íèçüêîãî ïð³îðèòåòó — â íèçüêîøâèäê³ñíèõ. Ó âèïàäêàõ çàéíÿòîñò³ âñ³õ
ñåðâåð³â ó â³äïîâ³äíèõ ãðóïàõ äîïóñêàºòüñÿ îáñëóãîâóâàííÿ âèìîãè, ùî íàä³éøëà, â ³íø³é ãðóï³, ïðè
öüîìó ïåðåïðèçíà÷åííÿ âèìîã çä³éñíþºòüñÿ çã³äíî ç ðàíäîì³çîâàíîþ ñõåìîþ. Ââàæàºòüñÿ, ùî
éìîâ³ðíîñò³ ïåðåïðèçíà÷åííÿ çàëåæàòü â³ä ê³ëüêîñò³ çàéíÿòèõ ñåðâåð³â ó â³äïîâ³äí³é ãðóï³. Ðîçðîáëåíî
ìåòîäè òî÷íîãî ³ íàáëèæåíîãî àíàë³çó õàðàêòåðèñòèê ö³º¿ ñèñòåìè. Îòðèìàíî ÿâí³ ôîðìóëè äëÿ íàáëè-
æåíîãî îá÷èñëåííÿ ¿¿ õàðàêòåðèñòèê.

Êëþ÷îâ³ ñëîâà: ãåòåðîãåííèé ñåðâåð, ñèñòåìà îáñëóãîâóâàííÿ, ïð³îðèòåòè, ð³çíîòèïí³ âèìîãè,
îïòèì³çàö³ÿ.

————————————————————————————
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Analyzing the models of systems with heterogeneous servers / A.Z. Melikov, L.A. Ponomarenko,
E.V. Mekhbaliyeva // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 106–117.

Abstract. The mathematical model of a queueing system with heterogeneous servers, without queues and
two types of calls is investigated. High priority calls are processed in fast servers while low priority calls are
processed in slow servers. If all servers in some group are busy then reassigning of calls to another group is
allowed. Reassigning is based on random schemes and reassignment probability depends on the number of busy
servers in appropriate group. Exact and approximate methods are developed for the analysis of characteristics of
the system. Explicit approximate formulas to calculate the approximate values of characteristics are proposed.

Keywords: queuing-inventory system, heterogeneous servers, priority, customers of different types,
optimization.

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

ÓÄÊ 519.6

Ê ïîñòðîåíèþ èíòåãðàëüíûõ ìàòåìàòè÷åñêèõ ìîäåëåé äâóõ êëàññîâ íåëèíåéíûõ ïðîñòðàíñòâåííî
ðàñïðåäåëåííûõ ñèñòåì. II. Ñëó÷àé íåïðåðûâíî îïðåäåëåííûõ âíåøíåäèíàìè÷åñêèõ âîçìóùåíèé
/ Â.À. Ñòîÿí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 118–128.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 7 íàçâ.

Àííîòàöèÿ. Ðåøåíû çàäà÷è ïñåâäîîáðàùåíèÿ íåëèíåéíûõ äèôôåðåíöèàëüíûõ ìîäåëåé ïðîñòðà-
íñòâåííî ðàñïðåäåëåííûõ äèíàìè÷åñêèõ ñèñòåì. Ðàññìîòðåíû ñèñòåìû, íåëèíåéíîñòü êîòîðûõ îáðàçî-
âàíà ïðîèçâåäåíèåì ëèíåéíûõ äèôôåðåíöèàëüíûõ ïðåîáðàçîâàíèé ôóíêöèè ñîñòîÿíèÿ ñèñòåìû èëè çà-
ìåíîé èìè êîýôôèöèåíòîâ ëèíåéíîãî ïðèáëèæåíèÿ ìîäåëè. Ïîñòðîåíû àíàëèòè÷åñêèå çàâèñèìîñòè
ôóíêöèè ñîñòîÿíèÿ ñèñòåìû îò íåïðåðûâíî îïðåäåëåííûõ çíà÷åíèé âíåøíåäèíàìè÷åñêèõ âîçìóùàþ-
ùèõ ôàêòîðîâ.

Êëþ÷åâûå ñëîâà: ïñåâäîîáðàùåíèå, íåëèíåéíûå äèíàìè÷åñêèå ñèñòåìû, ñèñòåìû ñ ðàñïðåäåëåííûìè
ïàðàìåòðàìè, ðàñïðåäåëåííûå ïðîñòðàíñòâåííî-âðåìåííûå ñèñòåìû.

———————————————————————————

Äî ïîáóäîâè ³íòåãðàëüíèõ ìàòåìàòè÷íèõ ìîäåëåé äâîõ êëàñ³â íåë³í³éíèõ ïðîñòîðîâî
ðîçïîä³ëåíèõ ñèñòåì. I. Âèïàäîê íåïåðåðâíî âèçíà÷åíèõ çîâí³øíüîäèíàì³÷íèõ çáóðåíü /
Â.À. Ñòîÿí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 118–128.

Àíîòàö³ÿ. Ðîçâ’ÿçàíî çàäà÷³ ïñåâäîîáåðíåííÿ íåë³í³éíèõ äèôåðåíö³àëüíèõ ìîäåëåé ïðîñòîðîâî
ðîçïîä³ëåíèõ äèíàì³÷íèõ ñèñòåì. Ðîçãëÿíóòî ñèñòåìè, íåë³í³éí³ñòü ÿêèõ óòâîðåíà äîáóòêîì ë³í³éíèõ
äèôåðåíö³àëüíèõ ïåðåòâîðåíü ôóíêö³¿ ñòàíó ñèñòåìè, àáî øëÿõîì çàì³íè íèìè êîåô³ö³ºíò³â ë³í³éíîãî
íàáëèæåííÿ ìîäåë³. Áóäóþòüñÿ àíàë³òè÷í³ çàëåæíîñò³ ôóíêö³¿ ñòàíó ñèñòåìè â³ä íåïåðåðâíî âèçíà÷åíèõ
çíà÷åíü çîâí³øíüîäèíàì³÷íèõ çáóðþþ÷èõ ôàêòîð³â.

Êëþ÷îâ³ ñëîâà: ïñåâäîîáåðíåííÿ, íåë³í³éí³ äèíàì³÷í³ ñèñòåìè, ñèñsòåìè ç ðîçïîä³ëåíèìè ïàðàìåòðà-
ìè, ïðîñòîðîâî ðîçïîä³ëåí³ äèíàì³÷í³ ñèñòåìè.

———————————————————-

Construction integral mathematical models of two classes of nonlinear spatially distributed systems. II.
The case of continuously defined external-dynamic perturbations / V.À. Stoyan // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 1. P. 118–128.

Abstract. Problems of pseudoinversion of nonlinear differential models of spatially distributed dynamic
systems are solved. Systems whose nonlinearity is formed by the product of linear differential transformations
of the function of system’s state or by replacing the coefficients of linear approximation by these
transformations are considered. Analytic dependences of the function of system’s state on continuously defined
values of external-dynamic factors are constructed.

Keywords: pseudoinversion, nonlinear dynamical systems, spatially distributed dynamical systems.

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

ÓÄÊ 519.11.176

Î ôðàêòàëüíîé ïðèðîäå êîìáèíàòîðíûõ ìíîæåñòâ è íàõîæäåíèè ôîðìóë êîìáèíàòîðíûõ ÷èñåë /
Í.Ê. Òèìîôååâà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 129–137.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà ôðàêòàëüíàÿ ñòðóêòóðà êîìáèíàòîðíûõ ìíîæåñòâ, êîòîðàÿ îáðàçóåòñÿ
â ïðîöåññå óïîðÿäî÷åíèÿ êîìáèíàòîðíûõ êîíôèãóðàöèé. Ñ èñïîëüçîâàíèåì ôðàêòàëüíûõ ñâîéñòâ îãî-
âîðåííûõ ìíîæåñòâ ðàçðàáîòàí ïîäõîä ê ðåøåíèþ ïåðå÷èñëèòåëüíûõ çàäà÷ â êîìáèíàòîðèêå. Ïðè íà-
õîæäåíèè êîìáèíàòîðíûõ ÷èñåë èñïîëüçóþòñÿ àðèôìåòè÷åñêèå ïîñëåäîâàòåëüíîñòè.

Êëþ÷åâûå ñëîâà: êîìáèíàòîðèêà, ôðàêòàëû, êîìáèíàòîðíûå êîíôèãóðàöèè, ðàçáèåíèå íàòóðàëüíîãî
÷èñëà, àðèôìåòè÷åñêèé òðåóãîëüíèê, êîìáèíàòîðíûå ÷èñëà.

—————————————————————————

Ïðî ôðàêòàëüíó ïðèðîäó êîìá³íàòîðíèõ ìíîæèí òà çíàõîäæåííÿ ôîðìóë êîìá³íàòîðíèõ ÷èñåë /
Í.Ê. Òèìîô³ºâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 129–137.

Àíîòàö³ÿ. Ðîçãëÿíóòî ôðàêòàëüíó ñòðóêòóðó êîìá³íàòîðíèõ ìíîæèí, ÿêà óòâîðþºòüñÿ â ïðîöåñ³
âïîðÿäêóâàííÿ êîìá³íàòîðíèõ êîíô³ãóðàö³é. Ç âèêîðèñòàííÿì ôðàêòàëüíèõ âëàñòèâîñòåé îãîâîðåíèõ
ìíîæèí ðîçðîáëåíî ï³äõ³ä äî ðîçâ’ÿçàííÿ ïåðåë³÷óâàëüíèõ çàäà÷ ó êîìá³íàòîðèö³. Äëÿ çíàõîäæåííÿ
êîìá³íàòîðíèõ ÷èñåë âèêîðèñòàíî àðèôìåòè÷í³ ïîñë³äîâíîñò³.
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Êëþ÷îâ³ ñëîâà: êîìá³íàòîðèêà, ôðàêòàëè, êîìá³íàòîðí³ êîíô³ãóðàö³¿, ðîçáèòòÿ íàòóðàëüíîãî ÷èñëà,
àðèôìåòè÷íèé òðèêóòíèê, êîìá³íàòîðí³ ÷èñëà.

——————————————————————————-
On the fractal nature of combinatorial sets and finding of formulas for combinatorial numbers /
N.K. Timofieva // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 129–137.

Abstract. The fractal structure of combinatorial sets, which is formed in ordering of combinatorial
configurations, is considered. Using the fractal properties of contracted sets, an approach to solving
enumeration problems in combinatorics is developed. Arithmetic sequences are used to find combinatorial
numbers.

Keywords: combinatorics, fractals, combinatorial configurations, partitioning of a natural number, arithmetic
triangle, combinatorial numbers.
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ÓÄÊ 519.65

×åáèøåâñêîå ïðèáëèæåíèå ôóíêöèé ìíîãèõ ïåðåìåííûõ / Ï.Ñ. Ìàëà÷èâñêèé, ß.Â. Ïèçþð,
Ð.Ï. Ìàëà÷èâñêèé, Î.Ì. Óõàíñêàÿ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1.
Ñ. 138–146.

²ë.: 2. Òàáë.: 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä ïîñòðîåíèÿ ÷åáûøåâñêîãî ïðèáëèæåíèÿ ôóíêöèé ìíîãèõ ïåðåìåí-

íûõ îáîáùåííûì ïîëèíîìîì êàê ïðåäåëüíîãî ïðèáëèæåíèÿ â íîðìå ïðîñòðàíñòâà L
p ïðè p � �. Îí

îñíîâûâàåòñÿ íà ïîñëåäîâàòåëüíîì ïîñòðîåíèè ñðåäíåñòåïåííûõ ïðèáëèæåíèé ñ èñïîëüçîâàíèåì ìåòî-
äà íàèìåíüøèõ êâàäðàòîâ ñ ïåðåìåííîé âåñîâîé ôóíêöèåé. Ñõîäèìîñòü ìåòîäà îáåñïå÷èâàåò îðèãè-
íàëüíûé ñïîñîá ïîñëåäîâàòåëüíîãî óòî÷íåíèÿ çíà÷åíèé âåñîâîé ôóíêöèè, ó÷èòûâàþùèé ðåçóëüòàòû
ïðèáëèæåíèÿ íà âñåõ ïðåäûäóùèõ èòåðàöèÿõ. Îïèñàíû ñïîñîáû âû÷èñëåíèÿ ÷åáûøåâñêîãî ïðèáëèæå-
íèÿ ñ àáñîëþòíîé è îòíîñèòåëüíîé ïîãðåøíîñòüþ. Ïðåäñòàâëåííûå ðåçóëüòàòû ðåøåíèÿ òåñòîâûõ ïðè-
ìåðîâ ïîäòâåðæäàþò ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ìåòîäà äëÿ ïîëó÷åíèÿ ÷åáûøåâñêîãî ïðèáëèæåíèÿ
òàáëè÷íî çàäàííûõ íåïðåðûâíûõ ôóíêöèé îäíîé, äâóõ è òðåõ ïåðåìåííûõ.

Êëþ÷åâûå ñëîâà: ôóíêöèè ìíîãèõ ïåðåìåííûõ, ÷åáûøåâñêîå (ðàâíîìåðíîå) ïðèáëèæåíèå, ñðåäíåñòå-
ïåííîå ïðèáëèæåíèå, ìåòîä íàèìåíüøèõ êâàäðàòîâ, ïåðåìåííàÿ âåñîâàÿ ôóíêöèÿ.

——————————————————————————————-
×åáèøîâñüêå íàáëèæåííÿ ôóíêö³é áàãàòüîõ çì³ííèõ / Ï.Ñ. Ìàëà÷³âñüêèé, ß.Â. Ï³çþð,
Ð.Ï. Ìàëà÷³âñüêèé, Î.Ì. Óõàíñüêà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 138–146.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ïîáóäîâè ÷åáèøîâñüêîãî íàáëèæåííÿ ôóíêö³é áàãàòüîõ çì³ííèõ

óçàãàëüíåíèì ïîë³íîìîì ÿê ãðàíè÷íîãî íàáëèæåííÿ ó íîðì³ ïðîñòîðó L
p äëÿ p � �. Â³í ´ðóíòóºòüñÿ íà

ïîñë³äîâí³é ïîáóäîâ³ ñåðåäíüîñòåïåíåâèõ íàáëèæåíü ç âèêîðèñòàííÿì ìåòîäó íàéìåíøèõ êâàäðàò³â ç³
çì³ííîþ âàãîâîþ ôóíêö³ºþ. Çá³æí³ñòü ìåòîäó çàáåçïå÷óº îðèã³íàëüíèé ñïîñ³á ïîñë³äîâíîãî óòî÷íåííÿ
çíà÷åíü âàãîâî¿ ôóíêö³¿, ÿêèé âðàõîâóº ðåçóëüòàòè íàáëèæåííÿ íà âñ³õ ïîïåðåäí³õ ³òåðàö³ÿõ. Îïèñàíî
ñïîñîáè îá÷èñëåííÿ ÷åáèøîâñüêîãî íàáëèæåííÿ ç àáñîëþòíîþ òà â³äíîñíîþ ïîõèáêîþ. Ïîäàí³ ðåçóëü-
òàòè ðîçâ’ÿçóâàííÿ òåñòîâèõ ïðèêëàä³â ï³äòâåðäæóþòü åôåêòèâí³ñòü âèêîðèñòàííÿ ìåòîäó äëÿ îòðèìàí-
íÿ ÷åáèøîâñüêîãî íàáëèæåííÿ òàáëè÷íî çàäàíèõ íåïåðåðâíèõ ôóíêö³é îäí³º¿, äâîõ ³ òðüîõ çì³ííèõ.

Êëþ÷îâ³ ñëîâà: ôóíêö³¿ áàãàòüîõ çì³ííèõ, ÷åáèøîâñüêå (ð³âíîì³ðíå) íàáëèæåííÿ, ñåðåäíüîñòåïåíåâå
íàáëèæåííÿ, ìåòîä íàéìåíøèõ êâàäðàò³â, çì³ííà âàãîâà ôóíêö³ÿ.

————————————————————————————————
Chebyshev approximation of functions of several variables / P.S. Malachivskyy, Ya.V. Pizyur,
R.P. Malachivskyi, O.M. Ukhanska // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 138–146.

Abstract. The algorithm of uniform approximation for functions of several variables with generalized

polynomial is described as approximation in norm of space L
p for p � �. It is based on sequential

construction of power-average approximations using the least squares method with variable weight function.
The convergence of the method provides an original way to consistently refine the values of the weight
function, which takes into account the results of approximation at all previous iterations. Methods of calculating
the Chebyshev approximation with absolute and relative errors are described. The results of test examples
confirm the efficiency of using the method to obtain the Chebyshev approximation of tabular continuous
functions of one, two, and three variables.

Keywords: functions of several variables, Chebyshev (uniform) approximation, power-average approximation,
least squares method, variable weight function.
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ÓÄÊ 330.101.541-336.7

Ìîäåëü ôóíêöèîíèðîâàíèÿ ýêîíîìèêè ïðè ðûíî÷íîì êóðñå âàëþòû / Á.Á. Äóíàåâ, À.À. Ëþáè÷ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 147–162.

²ë.: 2. Òàáë.: 1. Á³áë³îãð.: 28 íàçâ.

Àííîòàöèÿ. Ïðåäñòàâëåíà ìîäåëü ôóíêöèîíèðîâàíèÿ îòêðûòîé ýêîíîìèêè ñ âàëþòíûì ðûíêîì, êî-
òîðàÿ ïîçâîëÿåò îïðåäåëèòü ìàêðîýêîíîìè÷åñêèå ïîêàçàòåëè â ñðåäíåñðî÷íîé ïåðñïåêòèâå ïðè ìîíåòàð-
íîì ðåãóëèðîâàíèè Öåíòðàëüíûì áàíêîì (ÖÁ) êîëè÷åñòâà îáðàùàþùèõñÿ äåíåã, ñòàâêè ïðîöåíòà è ñîîò-
íîøåíèÿ íàëè÷íîñòè ê äåïîçèòàì äî âîñòðåáîâàíèÿ è ïðè ãîñóäàðñòâåííîì ðåãóëèðîâàíèè âîñïðîèçâî-
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äñòâà èìåþùåãîñÿ â ïðîèçâîäñòâå êàïèòàëà. Îïðåäåëåí êóðñ âàëþòû ôóíêöèåé, ïðÿìî ïðîïîðöèîíàëüíîé
äåíåæíîé èíôëÿöèè è ðåàëüíîìó ïîòðåáèòåëüñêîìó ñïðîñó è îáðàòíî ïðîïîðöèîíàëüíîé âàëþòíîé èí-
òåðâåíöèè ÖÁ è òðàíñàêöèÿì. Ïîêàçàíî, ÷òî êóðñ âàëþòû, îáðàòíî ïðîïîðöèîíàëüíûé âàëþòíûì èíòåð-
âåíöèÿì è òðàíñàêöèÿì, ìîæåò èçìåíÿòüñÿ îò áåñêîíå÷íîñòè äî åäèíèöû. Ïîýòîìó ïðè îòñóòñòâèè ïîñòî-
ÿííîãî êîíòðîëÿ è êîððåêòèðîâêè öåíòðàëüíûì áàíêîì âàëþòíîãî êóðñà âîçìîæåí åãî ðåçêèé ìíîãîêðàò-
íûé ðîñò â ðåçóëüòàòå âàëþòíûõ ñïåêóëÿöèé, ïðèâîäÿùèé ê ýêîíîìè÷åñêîé êàòàñòðîôå ÷åðåç äåôîëò
îáðàùàþùèõñÿ äåíåã, à òàêæå âîçìîæåí ñïàä ðåàëüíîãî ÂÂÏ è îáâàë ôèíàíñîâûõ ðûíêîâ.

Êëþ÷åâûå ñëîâà: ýêîíîìèêà, ðûíîê, ñïðîñ, ïðåäëîæåíèå, ðàâíîâåñèå, äåíüãè, âàëþòà, áàíêîâñêàÿ ñèñ-
òåìà, ñòàâêà ïðîöåíòà, âàëþòíûé ðûíîê, êóðñ âàëþòû, êðèçèñ, èíôëÿöèÿ.

——————————————————————————————

Ìîäåëü ôóíêö³îíóâàííÿ åêîíîì³êè çà ðèíêîâîãî êóðñó âàëþòè / Á.Á. Äóíàºâ, Î.Î. Ëþá³÷ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 147–162.

Àíîòàö³ÿ. Íàâåäåíî ìîäåëü ôóíêö³îíóâàííÿ â³äêðèòî¿ åêîíîì³êè ç âàëþòíèì ðèíêîì, ÿêà äîçâîëÿº
âèçíà÷èòè ìàêðîåêîíîì³÷í³ ïîêàçíèêè ó ñåðåäíüîñòðîêîâ³é ïåðñïåêòèâ³ çà ìîíåòàðíîãî ðåãóëþâàííÿ Öåí-
òðàëüíèì áàíêîì ê³ëüêîñò³ îá³ãîâèõ ãðîøåé, ñòàâêè â³äñîòêà ³ ñï³ââ³äíîøåííÿ ãîò³âêè äî äåïîçèò³â íà âè-
ìîãó ³ çà äåðæàâíîãî ðåãóëþâàííÿ â³äòâîðåííÿ íàÿâíîãî ó âèðîáíèöòâ³ êàï³òàëó. Êóðñ âàëþòè âèçíà÷åíî
ôóíêö³ºþ, ïðÿìî ïðîïîðö³éíîþ ãðîøîâ³é ³íôëÿö³¿ ³ ðåàëüíîìó ñïîæèâ÷îìó ïîïèòó ³ îáåðíåíî ïðî-
ïîðö³éíîþ âàëþòí³é ³íòåðâåíö³¿ öåíòðàëüíîãî áàíêó òà òðàíñàêö³ÿì. Ïîêàçàíî, ùî êóðñ âàëþòè, îáåðíåíî
ïðîïîðö³éíèé äî âàëþòíèõ ³íòåðâåíö³é ³ òðàíñàêö³é, ìîæå çì³íþâàòèñÿ â³ä íåñê³í÷åííîñò³ äî îäèíèö³.
Òîìó çà â³äñóòíîñò³ ïîñò³éíîãî êîíòðîëþ ³ êîðèãóâàííÿ öåíòðàëüíèì áàíêîì âàëþòíîãî êóðñó ìîæëèâî
éîãî ð³çêå ê³ëüêàðàçîâå çðîñòàííÿ â ðåçóëüòàò³ âàëþòíèõ ñïåêóëÿö³é, ùî ïðèçâîäèòü äî åêîíîì³÷íî¿ êàòàñ-
òðîôè ÷åðåç äåôîëò îá³ãîâèõ ãðîøåé, à òàêîæ ïàä³ííÿ ðåàëüíîãî ÂÂÏ ³ îáâàë ô³íàíñîâèõ ðèíê³â.

Êëþ÷îâ³ ñëîâà: åêîíîì³êà, ðèíîê, ïîïèò, ïðîïîíóâàííÿ, ð³âíîâàãà, ãðîø³, âàëþòà, áàíê³âñüêà ñèñòåìà,
ñòàâêà â³äñîòêà, âàëþòíèé ðèíîê, êóðñ âàëþòè, êðèçà, ³íôëÿö³ÿ.

————————————————————————————-

Model of functioning of the economy at the market rate of currency / B.B. Dunaev A.A. Lyubich //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 147–162.

Abstract. A model of open economy functioning with a foreign exchange market is presented, which
allows determining macroeconomic indicators in the medium term with the Central Bank monetary regulation
of the amount of money in circulation, interest rates and the ratio of cash to demand deposits and with
government regulation of reproduction of existing capital. The currency rate is determined by a function that is
directly proportional to the decrease in monetary inflation and the growth of real consumer demand and is
inversely proportional to the increase in the currency intervention of the Central Bank and transactions. It is
shown that the exchange rate, inversely proportional to currency interventions and transactions, can vary from
infinity to unity. Therefore, in the absence of constant monitoring and adjustment by the central bank of the
exchange rate, its sharp multiple growth is possible as a result of relatively small currency speculations leading
to an economic catastrophe through the default of circulating money, a decline in real GDP and a collapse of
financial markets.

Keywords: economy, market, demand, supply, balance, money, currency, banking system, interest rate, foreign
exchange market, exchange rate, crisis, inflation.
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ÓÄÊ 532.22, 004.94

Ìîäåëèðîâàíèå ñöåíàðèÿ êîëëàïñîâ ïðîìûñëîâûõ ïîïóëÿöèé ó áåðåãîâ Êàíàäû è Àëÿñêè /
À.Þ. Ïåðåâàðþõà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 163–177.

²ë.: 5. Òàáë.: 0. Á³áë³îãð.: 21 íàçâà.

Àííîòàöèÿ. Â ïîïóëÿöèîííûõ ïðîöåññàõ ñòðåìèòåëüíî ðàçâèâàþòñÿ îñîáûå ñèòóàöèè, êîòîðûå
òðóäíî ñïðîãíîçèðîâàòü è ìîäåëèðîâàòü òðàäèöèîííûìè ìåòîäàìè. Ê âàæíåéøèì äëÿ ýêîíîìèêè íåëè-
íåéíûì ÿâëåíèÿì â ýêîñèñòåìàõ ïîìèìî âñïûøåê âðåäèòåëåé ëåñà, îòíîñèòñÿ âíåçàïíûé êîëëàïñ çàïà-
ñîâ ïîïóëÿöèé ïðîìûñëîâûõ ðûá. Ïðîâåäåííûé ñèñòåìíûé àíàëèç ñòàòèñòè÷åñêèõ äàííûõ î ïðîìûñëî-
âûõ óëîâàõ è âîñïðîèçâîäñòâå ïîïóëÿöèé ïîêàçàë ñõîæåñòü ïåðåõîäà ê ñòðåìèòåëüíîé äåãðàäàöèè ó ðàç-
ëè÷íûõ âèäîâ ðûá è âîäíûõ áåñïîçâîíî÷íûõ. Âûäåëåíû íàèáîëåå õàðàêòåðíûå ýòàïû ïðîèñõîæäåíèÿ
ÿâëåíèÿ êîëëàïñà ðåñóðñîâ. Íà îñíîâå ìåòîäà äèíàìè÷åñêè ïåðåîïðåäåëÿåìîé ãèáðèäíîé âû÷èñëèòåëü-
íîé ñòðóêòóðû ðàññìîòðåíû ñèòóàöèè êîëëàïñîâ, êîòîðûå ïðîèñõîäèëè ñ êðàáîì ó ïîáåðåæüÿ Àëÿñêè è
ñ òðåñêîé ó áåðåãîâ êàíàäñêîé ïðîâèíöèè Íüþôàóíäëåíä è Ëàáðàäîð. Ïðèâåäåíû ïîëó÷åííûå âû÷èñëè-
òåëüíûå ñöåíàðèè ðåàëèçàöèè êîëëàïñà, ñîñòîÿùèå èç òðåõ ýòàïîâ, âïëîòü äî äåãðàäàöèè áèîðåñóðñîâ.
Áèôóðêàöèè ðåàëèçóþòñÿ öåëåíàïðàâëåííî èç ëîãèêè ïðîöåññà. Îáîáùåí ìåòîä ìîäåëèðîâàíèÿ äëÿ ñëó-
÷àåâ ñî ñòàöèîíàðíûìè ïèùåâûìè ðåñóðñàìè ðûá è ñ äèíàìèêîé êîëåáàíèé îáúåìîâ êîðìîâîé áàçû.

Êëþ÷åâûå ñëîâà: ãèáðèäíûå ñèñòåìû, áèôóðêàöèè, êðèçèñ àòòðàêòîðà, ìîäåëèðîâàíèå ïîðîãîâûõ ýô-
ôåêòîâ, ïåðåîïðåäåëÿåìûå âû÷èñëèòåëüíûå ñòðóêòóðû, êîëëàïñ àòëàíòè÷åñêîé òðåñêè, äåãðàäàöèÿ âîä-
íûõ áèîðåñóðñîâ, áèîêèáåðíåòèêà.
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Ìîäåëþâàííÿ ñöåíàð³þ êîëàïñó ïðîìèñëîâèõ ïîïóëÿö³é á³ëÿ áåðåã³â Êàíàäè ³ Àëÿñêè /
À.Þ. Ïåðåâàðþõà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 163–177.

Àíîòàö³ÿ. Ó ïîïóëÿö³éíèõ ïðîöåñàõ ñòð³ìêî ðîçâèâàþòüñÿ îñîáëèâ³ ñèòóàö³¿, ÿê³ âàæêî ïðîãíîçó-
âàòè ³ ìîäåëþâàòè òðàäèö³éíèìè ìåòîäàìè. Îäíèì ç íàéâàæëèâ³øèõ äëÿ åêîíîì³êè íåë³í³éíèõ ÿâèù
â åêîñèñòåìàõ, êð³ì ñïàëàõ³â øê³äíèê³â ë³ñó, º ðàïòîâèé êîëàïñ çàïàñ³â ïîïóëÿö³é ïðîìèñëîâèõ ðèá.
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Ïðîâåäåíèé ñèñòåìíèé àíàë³ç ñòàòèñòè÷íèõ äàíèõ ïðîìèñëîâèõ âèëîâ³â âèÿâèâ ïîä³áí³ñòü åòàï³â ïåðå-
õîäó ñòð³ìêî¿ äåãðàäàö³¿ ó çîâñ³ì ð³çíèõ âèä³â ðèá ³ âîäíèõ áåçõðåáåòíèõ. Âèä³ëåíî íàéá³ëüø õàðàêòåðí³
åòàïè ïîõîäæåííÿ ÿâèùà êîëàïñó ðåñóðñ³â. Íà îñíîâ³ ìåòîäó äèíàì³÷íî ïåðåîçíà÷åíî¿ ã³áðèäíî¿ îá÷èñ-
ëþâàëüíî¿ ñòðóêòóðè ðîçãëÿíóòî ñèòóàö³¿ êîëàïñ³â, ÿê³ â³äáóâàëèñÿ ç ïîïóëÿö³ÿìè êðàá³â á³ëÿ óçáåðåææÿ
Àëÿñêè ³ òð³ñêè á³ëÿ áåðåã³â êàíàäñüêî¿ ïðîâ³íö³¿ Íüþôàóíäëåíä ³ Ëàáðàäîð. Íàâåäåíî îòðèìàí³ îá÷èñ-
ëþâàëüí³ ñöåíàð³¿ ðåàë³çàö³¿ êîëàïñó, ùî ñêëàäàþòüñÿ ç òðüîõ åòàï³â, àæ äî äåãðàäàö³¿ á³îðåñóðñ³â.
Á³ôóðêàö³¿ ðåàë³çóþòüñÿ ö³ëåñïðÿìîâàíî. Óçàãàëüíåíî ìåòîä ìîäåëþâàííÿ äëÿ âèïàäê³â ç ñòàö³îíàðíè-
ìè õàð÷îâèìè ðåñóðñàìè ³ ç äèíàì³êîþ êîëèâàíü îáñÿã³â êîðìîâî¿ áàçè.

Êëþ÷îâ³ ñëîâà: ã³áðèäí³ ñèñòåìè, á³ôóðêàö³¿, êðèçà àòðàêòîðà, ìîäåëþâàííÿ ïîðîãîâèõ åôåêò³â, ïåðå-
îçíà÷åí³ îá÷èñëþâàëüí³ ñòðóêòóðè, êîëàïñ àòëàíòè÷íî¿ òð³ñêè, äåãðàäàö³ÿ âîäíèõ á³îðåñóðñ³â.

———————————————————————————
Modeling of scenarios of collapse of the commercial aquatic populations off the coast of Canada and
Alaska / A.Yu. Perevaryukha // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 163–177.

Abstract. In population processes, special situations are rapidly developing, which are difficult to predict
and carry out modeling by traditional methods. The most important nonlinear phenomena for the economy in
ecosystems besides outbreaks of forest pests are sudden collapse of stocks of commercial fish populations.
According to the out systematic analysis of the data in the dynamics of catches, it turns out that the transition
stages of rapid degradation in completely different species of fish and aquatic invertebrates occur in a similar
way. We can distinguish the general stages on the way to the collapse of fish resources. Restoration of the
already critically depleted aquatic bioresources occurs at different rates. Based on the method of dynamically
redefinable hybrid computational structure, we considered situations of collapse that occurred with the crab off
the coast of Alaska and northern cod off the coast of the Canadian province of Newfoundland and Labrador.
The resulting computational scenarios for the implementation of the collapse consist of three stages up to
degradation of the bioresources. Bifurcations are implemented purposefully. The modeling method is
generalized for cases with stationary food resources and with oscillatory dynamics of food organisms.

Keywords: hybrid systems, bifurcations, attractor in crisis, simulation of threshold effects, redefined
computational structures, collapse of Atlantic cod, degradation of aquatic biological resources, biocybernetics.
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ÓÄÊ 004.75

Ðàçðàáîòêà è ïåðñïåêòèâû ñèñòåìû ÏÀÐÓÑ-WCF / À.Â. Àíèñèìîâ, À.Ì. Ôåäîðóñ // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 178–185.

²ë.: 3. Òàáë.: 2. Á³áë³îãð.: 14 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû äåòàëè ðåàëèçàöèè ñèñòåìû ÏÀÐÓÑ-WCF. Ñèñòåìà ÏÀÐÓÑ-WCF îáåñ-
ïå÷èâàåò ñîçäàíèå è ôóíêöèîíèðîâàíèå àñèíõðîííî-ðåêóðñèâíûõ ïðîöåññîâ ïðè ðåøåíèè çàäà÷ ïàðàë-
ëåëüíûõ âû÷èñëåíèé êàê íà îäíîì ÏÊ, òàê è íà êîìïüþòåðíîé ñåòè. Îíà ïîçâîëÿåò ðàçíûì ìîäóëÿì îá-
ìåíèâàòüñÿ èíôîðìàöèåé, îáåñïå÷èâàÿ îáìåí äàííûìè â ñèñòåìàõ ñ ðàñïðåäåëåííîé è íåðàñïðåäåëåí-
íîé ïàìÿòüþ.

Êëþ÷åâûå ñëîâà: ÏÀÐÓÑ-WCF, ÏÀÐÓÑ, ïàðàëëåëüíûå âû÷èñëåíèÿ, ñèñòåìà ðàñïðåäåëåííûõ
âû÷èñëåíèé.

————————————————————————
Ðîçðîáêà òà ïåðñïåêòèâè ñèñòåìè ÏÀÐÊÑ-WCF / À.Â. Àí³ñ³ìîâ, Î.Ì. Ôåäîðóñ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1. Ñ. 178–185.

Àíîòàö³ÿ. Íàâåäåíî äåòàë³ ðåàë³çàö³¿ ñèñòåìè ÏÀÐÊÑ-WCF. Ñèñòåìà ÏÀÐÊÑ-WCF çàáåçïå÷óº
ñòâîðåííÿ òà ôóíêö³îíóâàííÿ àñèíõðîííî-ðåêóðñèâíèõ ïðîöåñ³â äëÿ ðîçâ’ÿçàííÿ çàäà÷ ïàðàëåëüíèõ îá-
÷èñëåíü ÿê íà îäíîìó ÏÊ, òàê ³ íà êîìï’þòåðí³é ìåðåæ³. Âîíà äîçâîëÿº ð³çíèì ìîäóëÿì îáì³íþâàòèñÿ
³íôîðìàö³ºþ, çàáåçïå÷óþ÷è îáì³í äàíèìè â ñèñòåìàõ ç ðîçïîä³ëåíîþ ³ íåðîçïîä³ëåíîþ ïàì’ÿòòþ.

Êëþ÷îâ³ ñëîâà: ÏÀÐÊÑ-WCF, ÏÀÐÊÑ, ïàðàëåëüí³ îá÷èñëåííÿ, ñèñòåìà ðîçïîä³ëåíèõ îá÷èñëåíü.
———————————————————————-

Development and prospects of the PARCS-WCF system / A.V. Anisimov, O.M. Fedorus // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 1. P. 178–185.

Abstract. The paper presents details of implementation of PARCS-WCF system. The PARCS-WCF
system provides creation and operation of asynchronous-recursive processes in solving parallel computing tasks
both on a single PC and on a computer network. It allows different modules to exchange information providing
data exchange in systems with distributed and non-distributed memory.

Keywords: PARCS-WCF, PARCS, parallel computing, distributed computing system.
=======================================

ÓÄÊ 621.391, 519.725

Àëãîðèòìû áûñòðîãî âûïîëíåíèÿ 4-òî÷å÷íûõ öåëî÷èñëåííûõ ñèíóñíûõ ïðåîáðàçîâàíèé òèïà VII
áåç óìíîæåíèÿ è ðàçäåëüíûå íàïðàâëåííûå àäàïòèâíûå ïðåîáðàçîâàíèÿ äëÿ
intra-ïðîãíîçèðîâàíèÿ â êîäèðîâàíèè èçîáðàæåíèé/âèäåî. ² / Ë.À. Ãíàòèâ, Â.Ê. Ëóö // Êèáåðíåòèêà
è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 1. Ñ. 186–199.

²ë.: 1. Òàáë.: 10. Á³áë³îãð.: 30 íàçâ.
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Àííîòàöèÿ. Ïðåäëîæåíî ðàçäåëüíûå íàïðàâëåííûå àäàïòèâíûå öåëî÷èñëåííûå êîñèíóñíîå è ñè-
íóñíûå òèïà VII ïðåîáðàçîâàíèÿ ñ áëîêàìè 4x4 äëÿ intra-ïðîãíîçèðîâàíèÿ â êîäèðîâàíèè èçîáðàæåíèé è
âèäåî. Ðàçðàáîòàíû àëãîðèòìû áûñòðîãî âûïîëíåíèÿ 2D 4-òî÷å÷íûõ ðàçäåëüíûõ íàïðàâëåííûõ öåëî-
÷èñëåííûõ êîñèíóñíîãî è ñèíóñíûõ ïðåîáðàçîâàíèé. Îíè ïî ñðàâíåíèþ ñ èçâåñòíûìè àëãîðèòìàìè òðå-
áóþò â 7 ðàç ìåíüøå îïåðàöèé óìíîæåíèÿ è îáåïå÷èâàþò áîëåå âûñîêóþ ñòåïåíü ñæàòèÿ. Ïðåäëîæåíû
äâà öåëî÷èñëåííûõ ñèíóñíûõ ïðåîáðàçîâàíèÿ òèïà VII ïîðÿäêà 4 è ðàçðàáîòàíû àëãîðèòìû áûñòðîãî
âûïîëíåíèÿ 4-òî÷å÷íûõ öåëî÷èñëåííûõ ñèíóñíûõ ïðåîáðàçîâàíèé òèïà VII, êîòîðûå òðåáóþò òîëüêî
öåëî÷èñëåííûõ îïåðàöèé. Îíè ïî ñðàâíåíèþ ñ èçâåñòíûì àëãîðèòìîì ïîçâîëÿþò ñóùåñòâåííî ñîêðà-
òèòü ÷èñëî îïåðàöèé óìíîæåíèÿ èëè âîîáùå îáîéòèñü áåç íèõ. Ïðåäëîæåííûå öåëî÷èñëåííûå ñèíóñíûå
ïðåîáðàçîâàíèÿ ÿâëÿþòñÿ íàèáîëåå áëèçêèìè ê äèñêðåòíîìó ñèíóñíîìó ïðåîáðàçîâàíèþ òèïà VII è
èìåþò áîëåå âûñîêóþ ñòåïåíü ñæàòèÿ, ÷åì èçâåñòíîå ñèíóñíîå ïðåîáðàçîâàíèå, ïðèíÿòîå â ñòàíäàðòå
Í.265.

Êëþ÷åâûå ñëîâà: äèñêðåòíîå êîñèíóñíîå ïðåîáðàçîâàíèå, äèñêðåòíîå ñèíóñíîå ïðåîáðàçîâàíèå, öåëî-
÷èñëåííîå êîñèíóñíîå ïðåîáðàçîâàíèå, öåëî÷èñëåííîå ñèíóñíîå ïðåîáðàçîâàíèå, ìîäå-çàâèñèìîå íà-
ïðàâëåííîå ïðåîáðàçîâàíèå, ðàçäåëüíîå íàïðàâëåííîå àäàïòèâíîå ïðåîáðàçîâàíèå, ôàêòîðèçàöèÿ, áûñ-
òðîå âûïîëíåíèå ïðåîáðàçîâàíèÿ, intra-ïðîãíîçèðîâàíèå, ýôôåêòèâíîñòü êîäèðîâàíèÿ, âèäåîêîäèðîâà-
íèå, Í.265.
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Àëãîðèòìè øâèäêîãî âèêîíàííÿ 4-òî÷êîâèõ ö³ëî÷èñëîâèõ ñèíóñíèõ ïåðåòâîðåíü òèïó VII áåç
ìíîæåííÿ ³ ðîçä³ëüí³ íàïðàâëåí³ àäàïòèâí³ ïåðåòâîðåííÿ äëÿ intra-ïðîãíîçóâàííÿâ êîäóâàíí³
çîáðàæåíü/â³äåî. ² / Ë.Î. Ãíàò³â, Â.Ê. Ëóö // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 1.
Ñ. 186–199.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ðîçä³ëüí³ íàïðàâëåí³ àäàïòèâí³ ö³ëî÷èñëîâ³ êîñèíóñíå òà ñèíóñí³ òèïó
VII ïåðåòâîðåííÿ ç áëîêàìè 4x4 äëÿ intra-ïðîãíîçóâàííÿ â êîäóâàíí³ çîáðàæåíü ³ â³äåî. Ðîçðîáëåíî àë-
ãîðèòìè øâèäêîãî âèêîíàííÿ 2D 4-òî÷êîâèõ ðîçä³ëüíèõ íàïðàâëåíèõ ö³ëî÷èñëîâèõ êîñèíóñíîãî òà ñè-
íóñíèõ ïåðåòâîðåíü. Âîíè ïîð³âíÿíî ç â³äîìèìè àëãîðèòìàìè ïîòðåáóþòü ó ñ³ì ðàç³â ìåíøå îïåðàö³é
ìíîæåííÿ òà çàáåïå÷óþòü á³ëüø âèñîêèé ñòóï³íü ñòèñíåííÿ. Çàïðîïîíîâàíî äâà ö³ëî÷èñëîâ³ ñèíóñí³ ïå-
ðåòâîðåííÿ òèïó VII ïîðÿäêó 4 ³ ðîçðîáëåíî àëãîðèòìè øâèäêîãî âèêîíàííÿ 4-òî÷êîâèõ ö³ëî÷èñëîâèõ
ñèíóñíèõ ïåðåòâîðåíü òèïó VII, ÿê³ ïîòðåáóþòü ò³ëüêè ö³ëî÷èñëîâèõ îïåðàö³é. Âîíè ïîð³âíÿíî ç â³äî-
ìèì àëãîðèòìîì äàþòü çìîãó ñóòòºâî ñêîðîòèòè ê³ëüê³ñòü îïåðàö³é ìíîæåííÿ, àáî âçàãàë³ îá³éòèñÿ áåç
íèõ. Çàïðîïîíîâàí³ ö³ëî÷èñëîâ³ ñèíóñí³ ïåðåòâîðåííÿ º íàéáëèæ÷èìè äî äèñêðåòíîãî ñèíóñíîãî ïåðå-
òâîðåííÿ òèïó VII ³ ìàþòü á³ëüø âèñîêèé ñòóï³íü ñòèñíåííÿ, í³æ â³äîìå ñèíóñíå ïåðåòâîðåííÿ, ïðèéíÿ-
òå ó ñòàíäàðò³ Í.265.

Êëþ÷îâ³ ñëîâà: äèñêðåòíå êîñèíóñíå ïåðåòâîðåííÿ, äèñêðåòíå ñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñëîâå êî-
ñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñëîâå ñèíóñíå ïåðåòâîðåííÿ, ìîäîçàëåæíå íàïðàâëåíå ïåðåòâîðåííÿ,
ðîçä³ëüíå íàïðàâëåíå àäàïòèâíå ïåðåòâîðåííÿ, ôàêòîðèçàö³ÿ, øâèäêå âèêîíàííÿ ïåðåòâîðåííÿ,
intra-ïðîãíîçóâàííÿ, åôåêòèâí³ñòü êîäóâàííÿ, â³äåîêîäóâàííÿ, H.264, H.265.

—————————————————————————————————
Algoritms for fast implementation at 4-point integer sine transforms type VII without multiplication and
separable directional adaptive transforms for intra prediction in image/video coding. ² / L.O. Hnativ,
V.K. Luts // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 1. P. 186–199.

Abstract. The separable directional adaptive integer cosine and sine of type VII transforms with 4x4
blocks are proposed for intra prediction in image and video coding. Algorithms for fast implementation of 2D
4-point separable directional integer cosine and sine transforms are developed. These algorithms reguires 7
times less multiplication operations and provide higher compression ratio as compared with the well-known
algorithms. Two order-4 integer sine type VII transforms are proposed and algorithms are developed for fast
implementation of 4-point integer sine type VII transforms, which require integer operations only. As compared
with the known algorithm, these algorithms can significantly reduce the number of multiplication operations or
avoid them at all. These integer sine transforms are very close to discrete sine type VII transform and have
higher compression ratio than the well-known sine transform accepted in standard H.265 has.

Keywords: discrete cosine transform, discrete sine transform, integer cosine transform, integer sine transform,
mode-dependent directional transform, separate directional adaptive transform, factorization, fast transform,
coding efficiency, intra predicted, video coding, Í.264, H.265.
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