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ÓÄÊ 681.3

Ýâîëþöèîííûé ìåòîä ïîñòðîåíèÿ ñèñòåì èñêóññòâåííîãî èíòåëëåêòà / À.Â. Àíèñèìîâ, À.À. Ìàð-
÷åíêî, Â.Ð. Çåìëÿíñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 1. Ñ. 3–13.

²ë.: 1. Òàáë. 1. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ïðåäñòàâëåíà ýâîëþöèîííàÿ ìîäåëü ïîñòðîåíèÿ èñêóññòâåííîãî èíòåëëåêòà, ïðåäíàç-
íà÷åííàÿ äëÿ ïðîåêòèðîâàíèÿ è ðàçðàáîòêè èíòåëëåêòóàëüíûõ ñèñòåì. Êëþ÷åâûì áàçîâûì ýëåìåíòîì
ïðåäëîæåííîé ìîäåëè ÿâëÿåòñÿ òàê íàçûâàåìûé ALF — èíòåëëåêòóàëüíûé àãåíò ñî ñïîñîáíîñòÿìè ê ñà-
ìîîáó÷åíèþ, êîììóíèêàöèè, ñàìîîðãàíèçàöèè è ñîâìåñòíûì äåéñòâèÿì ñ ïîäîáíûìè àãåíòàìè. Â îñíî-
âó ALF-àãåíòîâ çàëîæåíû ýâîëþöèîííûå ïðèíöèïû ñ ïðèìåíåíèåì ãåíåòè÷åñêèõ àëãîðèòìîâ. Ðåàëèçà-
öèÿ ïðåäëîæåííîãî ïîäõîäà âûïîëíåíà â âèäå èãðîâîé ìîäåëè. Ðàçðàáîòàííàÿ ñòðóêòóðà è ôóíêöèî-
íàëüíîñòü ALF-àãåíòîâ îáóñëîâëèâàþò ãèáêîñòü è ýôôåêòèâíîñòü ìîäåëè, ÷òî ïîäòâåðæäåíî
â ïðîâåäåííûõ ýêñïåðèìåíòàõ.

Êëþ÷åâûå ñëîâà: èñêóññòâåííûé èíòåëëåêò, ìóëüòèàãåíòíûå ñèñòåìû, ýâîëþöèîííîå ïðîãðàììèðîâàíèå.
——

Åâîëþö³éíèé ìåòîä ïîáóäîâè ñèñòåì øòó÷íîãî ³íòåëåêòó / À.Â. Àí³ñ³ìîâ, Î.Î. Ìàð÷åíêî,
Â.Ð. Çåìëÿíñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 1. Ñ. 3–13.

Àíîòàö³ÿ. Îïèñàíî åâîëþö³éíó ìîäåëü ïîáóäîâè øòó÷íîãî ³íòåëåêòó, ïðèçíà÷åíó äëÿ ïðîåêòó-
âàííÿ òà ðîçðîáëåííÿ ³íòåëåêòóàëüíèõ ñèñòåì. Êëþ÷îâèì áàçîâèì åëåìåíòîì çàïðîïîíîâàíî¿ ìîäåë³ º
òàê çâàíèé ALF — ³íòåëåêòóàëüíèé àãåíò ç ìîæëèâîñòÿìè äëÿ ñàìîíàâ÷àííÿ, êîìóí³êàö³¿, ñï³ëüíèõ ä³é ³
ñàìîîðãàí³çàö³¿ ñåðåä ïîä³áíèõ àãåíò³â. Â îñíîâó ALF-àãåíò³â ïîêëàäåíî åâîëþö³éí³ ïðèíöèïè, ðåàë³çî-
âàí³ ç âèêîðèñòàííÿì ãåíåòè÷íèõ àëãîðèòì³â. Ðåàë³çàö³þ çàïðîïîíîâàíîãî ï³äõîäó âèêîíàíî ó âèãëÿä³
³ãðîâî¿ ìîäåë³. Óí³êàëüíà ñòðóêòóðà òà ôóíêö³îíàëüí³ñòü ALF-àãåíò³â çóìîâëþþòü çíà÷íó ãíó÷ê³ñòü ³
åôåêòèâí³ñòü ìîäåë³, ïðîäåìîíñòðîâàí³ â ïðîâåäåíèõ åêñïåðèìåíòàõ.

Êëþ÷îâ³ ñëîâà: øòó÷íèé ³íòåëåêò, ìóëüòèàãåíòí³ ñèñòåìè, åâîëþö³éíå ïðîãðàìóâàííÿ
———

Evolutionary method of constructing artificial intelligence systems / À.V. Anisimov, Î.Î. Marchenko,
V.R. Zemlianskyi // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 3–13.

Abstract. The paper describes an evolutionary model for artificial intelligence construction, designed for
the development of intelligent systems. It allows describing a variety of subject areas with the construction of
knowledge bases. The model has universal means for formal description of tasks, as well as environment for
implementing computational processes of their solution. The key element of the proposed model is a so-called
ALF, which is an intelligent agent with the ability of learning, communication, self-organization, and joint
action with other agents. The development of ALF agents is based on evolutionary principles implemented with
the use of genetic algorithms. The implementation of the proposed approach was performed as a game model.
A considerable flexibility and efficiency of the model demonstrated in the experiments are due to the unique
structure and functionality of ALF agents.

Keywords: artificial intelligence, multi-agent systems, evolutionary programming.
=====

ÓÄÊ 004.383

Êâàíòîâûå âû÷èñëåíèÿ: îáçîð è àíàëèç / Ì.Í. Ñàâ÷óê, À.Â. Ôåñåíêî // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2019. Òîì 55, ¹ 1. Ñ. 14–29.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 17 íàçâ.

Àííîòàöèÿ. Âûïîëíåí îáçîð è àíàëèç îñíîâíûõ ïîíÿòèé è ïîëîæåíèé êâàíòîâîé ìîäåëè âû÷èñ-
ëåíèÿ, ýôôåêòèâíûõ êâàíòîâûõ àëãîðèòìîâ, ïîñëåäíèõ ðåçóëüòàòîâ, âîçìîæíîñòåé è ïåðñïåêòèâ â ïî-
ñòðîåíèè ìàñøòàáèðîâàííîãî êâàíòîâîãî êîìïüþòåðà. Ðàññìîòðåí íåêîòîðûé êëàññ àëãåáðàè÷åñêèõ çà-
äà÷ â êâàíòîâîé ìîäåëè âû÷èñëåíèé, äëÿ êîòîðûõ ñóùåñòâóåò ýôôåêòèâíûé êâàíòîâûé àëãîðèòì ðåøå-
íèÿ. Ïðîâåäåí äåòàëüíûé àíàëèç ñóùåñòâóþùèõ ïðàêòè÷åñêèõ ðåàëèçàöèé êâàíòîâîãî êîìïüþòåðà è
ïîêàçàíî, ÷òî ïîêà ÷òî íåò äîñòàòî÷íîãî ïðîãðåññà â ïîñòðîåíèè ìàñøòàáèðîâàííîãî êâàíòîâîãî âû÷èñ-
ëèòåëüíîãî óñòðîéñòâà, íî, òåì íå ìåíåå, áîëüøèíñòâî èññëåäîâàòåëåé îæèäàþò ñîçäàíèå ïîëíîöåííîãî
êâàíòîâîãî êîìïüþòåðà â òå÷åíèå ñëåäóþùèõ 10–15 ëåò.

Êëþ÷åâûå ñëîâà: êâàíòîâàÿ ìîäåëü âû÷èñëåíèé, êâàíòîâàÿ êðèïòîãðàôèÿ, êâàíòîâûé êîìïüþòåð, ýô-
ôåêòèâíûå êâàíòîâûå àëãîðèòìû, ïîñòêâàíòîâûå êðèïòîãðàôè÷åñêèå ïðèìèòèâû.

———

Êâàíòîâ³ îá÷èñëåííÿ: îãëÿä òà àíàë³ç / Ì.Ì. Ñàâ÷óê, À.Â. Ôåñåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2019. Òîì 55, ¹ 1. Ñ. 14–29.

Àíîòàö³ÿ. Çðîáëåíî îãëÿä òà àíàë³ç îñíîâíèõ ïîíÿòü ³ ïîëîæåíü êâàíòîâî¿ ìîäåë³ îá÷èñëåíü,
åôåêòèâíèõ êâàíòîâèõ àëãîðèòì³â, îñòàíí³õ ðåçóëüòàò³â, ìîæëèâîñòåé òà ïåðñïåêòèâ ó ïîáóäîâ³ ìàñøòà-
áîâàíîãî êâàíòîâîãî êîìï’þòåðà. Ðîçãëÿíóòî ïåâíèé êëàñ àëãåáðà¿÷íèõ çàäà÷ ó êâàíòîâ³é ìîäåë³ îá÷èñ-
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ëåíü, äëÿ ÿêèõ ³ñíóº åôåêòèâíèé êâàíòîâèé àëãîðèòì ðîçâ’ÿçêó. Ïðîâåäåíî äåòàëüíèé àíàë³ç íàÿâíèõ
ïðàêòè÷íèõ ðåàë³çàö³é êâàíòîâîãî êîìï’þòåðà. Ïîêàçàíî, ùî íà ñüîãîäí³ íåìàº äîñòàòíüîãî ïðîãðåñó ó
ïîáóäîâ³ ìàñøòàáîâàíîãî êâàíòîâîãî îá÷èñëþâàëüíîãî ïðèñòðîþ, ïðîòå á³ëüø³ñòü äîñë³äíèê³â î÷³êó-
þòü íà ñòâîðåííÿ ïîâíîö³ííîãî êâàíòîâîãî êîìï’þòåðà âïðîäîâæ íàñòóïíèõ 10–15 ðîê³â.

Êëþ÷îâ³ ñëîâà: êâàíòîâà ìîäåëü îá÷èñëåíü, êâàíòîâà êðèïòîãðàô³ÿ, êâàíòîâèé êîìï’þòåð, åôåêòèâí³
êâàíòîâ³ àëãîðèòìè, ïîñòêâàíòîâ³ êðèïòîãðàô³÷í³ ïðèì³òèâè.

——
Quantum computing: survey and analysis / M.M. Savchuk, A.V. Fesenko // Kibernetika i sistemnyj analiz.
2019. Vol. 55, N 1. P. 14–29.

Abstract. The authors conduct a survey and analysis of the main concepts and postulates of the quantum
computing model, efficient quantum algorithms, recent results, capabilities, and prospects in constructing
a scalable quantum computer. A certain class of algebraic problems in a quantum computation model is
considered, for which there and efficient quantum solution algorithm exists. A detailed analysis of available
quantum computer implementations has been carried out and it has been shown that sufficient progress has yet
been made in constructing a scalable quantum computing device; nevertheless, most of researchers expect
a quantum computer to be created in the next 10–15 years.

Keywords: quantum computing model, quantum cryptography, quantum computer, efficient quantum
algorithms, postquantum cryptographic primitives.

=====

ÓÄÊ 519.685.3

Ìíîãîìåðíîå øêàëèðîâàíèå ñðåäñòâàìè ïñåâäîîáðàòíûõ îïåðàöèé / Þ.Â. Êðàê, Ã.È. Êóäèí,
À.È. Êóëÿñ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 1. Ñ. 30–38.

²ë.: 0. Òàáë. 2. Á³áë³îãð.: 19 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä ìíîãîìåðíîãî øêàëèðîâàíèÿ èíôîðìàöèè íà îñíîâå ðåçóëüòàòîâ
òåîðèè âîçìóùåíèÿ ïñåâäîîáðàòíûõ è ïðîåêöèîííûõ ìàòðèö è ðåøåíèé ñèñòåì ëèíåéíûõ àëãåáðàè÷åñ-
êèõ óðàâíåíèé. Ðàçðàáîòàí àëãîðèòì êóñî÷íî-ãèïåðïëîcêîñòíîé êëàñòåðèçàöèè ñ ïðîâåðêîé çàäàííîãî
êðèòåðèÿ åå ýôôåêòèâíîñòè. Ïðèâåäåí ïðèìåð èñïîëüçîâàíèÿ ìåòîäà øêàëèðîâàíèÿ õàðàêòåðèñòè÷åñêèõ
ïðèçíàêîâ äëÿ ðàñïîçíàâàíèÿ áóêâ àëôàâèòà óêðàèíñêîãî æåñòîâîãî ÿçûêà.

Êëþ÷åâûå ñëîâà: øêàëèðîâàíèå, êëàññèôèêàöèÿ, êëàñòåðèçàöèÿ, ïñåâäîîáðàòíûå ìàòðèöû.
———-

Áàãàòîâèì³ðíå øêàëþâàííÿ çàñîáàìè ïñåâäîîáåðíåíèõ îïåðàö³é / Þ.Â. Êðàê, Ã.². Êóä³í, À.². Êó-
ëÿñ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 1. Ñ. 30–38.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä áàãàòîâèì³ðíîãî øêàëþâàííÿ ³íôîðìàö³¿ íà îñíîâ³ ðåçóëüòàò³â

òåîð³¿ çáóðåííÿ ïñåâäîîáåðíåíèõ òà ïðîåêö³éíèõ ìàòðèöü ³ ðîçâ’ÿçàííÿ ñèñòåì ë³í³éíèõ àëãåáðà¿÷íèõ
ð³âíÿíü. Ðîçðîáëåíî àëãîðèòì êóñêîâî-ã³ïåðïëîùèííî¿ êëàñòåðèçàö³¿ ç ïåðåâ³ðêîþ çàäàíîãî êðèòåð³þ
åôåêòèâíîñò³ çä³éñíåííÿ òàêî¿ êëàñòåðèçàö³¿. Íàâåäåíî ïðèêëàä âèêîðèñòàííÿ ìåòîäó øêàëþâàííÿ õà-
ðàêòåðèñòè÷íèõ îçíàê äëÿ ðîçï³çíàâàííÿ áóêâ àáåòêè óêðà¿íñüêî¿ æåñòîâî¿ ìîâè.

Êëþ÷îâ³ ñëîâà: øêàëþâàííÿ, êëàñèô³êàö³ÿ, êëàñòåðèçàö³ÿ, ïñåâäîîáåðíåí³ ìàòðèö³.
———

Multivariate scaling based on pseudo-inverse operations / Iu.V. Krak, G.I. Kudin, A.I. Kulyas //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 30–38.

Abstract. The method of multidimensional information scaling based on the results of the theory of
perturbation of pseudo-inverse and projective matrices and solutions of systems of linear algebraic equations is
proposed in the paper. The algorithm of piecewise hyperplane clasterization with the verification of a given
criterion for efficiency of such a clasterization is developed. An example of using the method of scaling
characteristic futures to recognize letters of the Ukrainian sign language alphabet is given.

Keywords: scaling, classification, clasterization, pseudo inverse matrices.
====

ÓÄÊ 519.714.7

Îá îäíîì àëãîðèòìå ïîñòðîåíèÿ ñîêðàùåííûõ ÄÍÔ ïîðÿäêîâî-âûïóêëûõ áóëåâûõ ôóíêöèé /
À.È. Òèìîøêèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 1. Ñ. 39–43.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 4 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ ïðîáëåìà ïîñòðîåíèÿ ñîêðàùåííûõ äèçúþíêòèâíûõ íîðìàëüíûõ
ôîðì ïîðÿäêîâî-âûïóêëûõ áóëåâûõ ôóíêöèé. Ïðåäëàãàåòñÿ îðèãèíàëüíûé àëãîðèòì íàõîæäåíèÿ ýòèõ
ôîðì. Aëãîðèòì èñïîëüçóåò òàêèå ïîíÿòèÿ òåîðèè óïîðÿäî÷åííûõ ìíîæåñòâ êàê èäåàë è êîèäåàë è èìå-
åò ñóùåñòâåííî ìåíüøóþ âðåìåííóþ ñëîæíîñòü, ÷åì êëàññè÷åñêèé àëãîðèòì Êâàéíà–Ìàê-Êëàñêè.

Êëþ÷åâûå ñëîâà: èìïëèêàíò, ðåøåòêà, ïîðÿäêîâî-âûïóêëîå ïîäìíîæåñòâî, èäåàë, êîèäåàë.
———-



Ïðî îäèí àëãîðèòì ïîáóäîâè ñêîðî÷åííèõ ÄÍÔ ïîðÿäêîâî-îïóêëèõ áóëåâèõ ôóíêö³é /
À.². Òiìîøêií // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 1. Ñ. 39–43.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó ïîáóäîâè ñêîðî÷åíèõ äèç’þíêòèâíûõ íîðìàëüíèõ ôîðì ïîðÿäêî-
âî-îïóêëèõ áóëåâèõ ôóíêö³é. Çàïðîïîíîâàíî îðèã³íàëüíèé àëãîðèòì çíàõîäæåííÿ öèõ ôîðì. Àëãîðèòì
âèêîðèñòîâóº òàê³ âèðàçè òåîð³¿ óïîðÿäêîâàíèõ ìíîæèí ÿê ³äåàë ³ êî³äåàë ³ ìàº ³ñòîòíî ìåíøó ÷àñîâó
ñêëàäí³ñòü, í³æ êëàñè÷íèé àëãîðèòì Êâàéíà–Ìàê-Êëàñê³.

Êëþ÷îâ³ ñëîâà: ³ìïë³êàíò, ðåø³òêà, ïîðÿäêîâî-îïóêëà ï³äìíîæèíà, ³äåàë, êî³äåàë.
———-

On an algorithm for constructing reduced DNF of order-prominent boolean functions / A.I. Timoshkin //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 39–43.

Abstract. The problem of building the reduced disjunctive normal forms of order-convex Boolean
functions is considered. An algorithm of finding the reduced disjunctive normal forms of order-convex Boolean
functions is proposed. The algorithm uses notions of partial order theory such as ideal and coideal and has much
less time complexity than classical Quine and McCluskey’s algorithm.

Keywords: implicant, lattice, order-convex subset, ideal, coideal.
========

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.217.2

Îïòèìàëüíûå ïîìåõîóñòîé÷èâûå ãåíåòè÷åñêèå êîäû / È.Â. Ñåðãèåíêî, Á.À. Áåëåöêèé, À.Ì. Ãó-
ïàë, Í.À. Ãóïàë // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 1. Ñ. 44–50.

²ë.: 0. Òàáë. 4. Á³áë³îãð.: 7 íàçâ.

Àííîòàöèÿ. Íà îñíîâå ñèììåòðèè â ÄÍÊ ïîñòðîåíû îïòèìàëüíûå ãåíåòè÷åñêèå êîäû, ïîìåõîóñ-
òîé÷èâîñòü êîòîðûõ îòíîñèòåëüíî ïîëÿðíîñòè àìèíîêèñëîò ïðè ìóòàöèÿõ â íóêëåîòèäàõ çíà÷èòåëüíî
âûøå, ÷åì ó ñòàíäàðòíîãî êîäà. Èññëåäîâàíà ïîìåõîóñòîé÷èâîñòü îïòèìàëüíûõ ñèììåòðè÷íûõ è íåñèì-
ìåòðè÷íûõ ãåíåòè÷åñêèõ êîäîâ. Ñ ó÷åòîì áàç äàííûõ ãåíåòè÷åñêèõ çàáîëåâàíèé ïîêàçàíî, ÷òî îïòè-
ìàëüíûé êîä, äëÿ êîòîðîãî ñèììåòðèÿ âûïîëíÿåòñÿ â ïîëîâèíå ñëó÷àåâ, ñîõðàíÿåò ïîëÿðíîñòü àìèíî-
êèñëîò ïðè ìóòàöèÿõ ïåðâîãî è âòîðîãî íóêëåîòèäîâ â êîäîíå ïî ñðàâíåíèþ ñî ñòàíäàðòíûì êîäîì.

Êëþ÷åâûå ñëîâà: ãåíåòè÷åñêèé êîä, ñèììåòðèÿ â ÄÍÊ, ìóòàöèè â íóêëåîòèäàõ, ïîìåõîóñòîé÷èâîñòü,
àìèíîêèñëîòà, êîäîí.

———-

Îïòèìàëüí³ çàâàäîñò³éêè ãåíåòè÷í³ êîäè / ².Â. Ñåðã³ºíêî, Á.À. Á³ëåöüêèé, À.Ì. Ãóïàë, Ì.À. Ãóïàë
// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 1. Ñ. 44–50.

Àíîòàö³ÿ. Íà îñíîâ³ ñèìåòð³¿ â ÄÍÊ ïîáóäîâàíî îïòèìàëüí³ ãåíåòè÷í³ êîäè, çàâàäîñò³éê³ñòü ÿêèõ
â³äíîñíî ïîëÿðíîñò³ àì³íîêèñëîò äëÿ ìóòàö³é ó íóêëåîòèäàõ çíà÷íî âèùà, í³æ ó ñòàíäàðòíîãî êîäó.
Äîñë³äæåíî çàâàäîñò³éê³ñòü îïòèìàëüíèõ ñèìåòðè÷íèõ òà íåñèìåòðè÷íèõ êîä³â. Íà îñíîâ³ áàç äàíèõ ãå-
íåòè÷íèõ çàõâîðþâàíü ïîêàçàíî, ùî îïòèìàëüíèé êîä, äëÿ ÿêîãî ñèìåòð³ÿ âèêîíóºòüñÿ ó ïîëîâèí³ âè-
ïàäê³â, çáåð³ãàº ïîëÿðí³ñòü àì³íîêèñëîò äëÿ ìóòàö³é ïåðøîãî òà äðóãîãî íóêëåîòèä³â ó êîäîí³
â ïîð³âíÿíí³ ç³ ñòàíäàðòíèì êîäîì.

Êëþ÷îâ³ ñëîâà: ãåíåòè÷íèé êîä, ñèìåòð³ÿ â ÄÍÊ, ìóòàö³¿ â íóêëåîòèäàõ, çàâàäîñò³éê³ñòü, àì³íîêèñëîòà,
êîäîí.

——-

Optimal noise-immune genetic codes / I.V. Sergienko, B.A. Biletskyy, A.M. Gupal, M.A. Gupal //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 44–50.

Abstract. Optimal genetic codes are constructed using DNA symmetry, whose noise immunity with
respect to polarity of amino acids in case of mutations in nucleotides is much greater than immunity of standard
codes. Noise immunity of optimal symmetric and non-symmetric genetic codes is analyzed. Databases of
genetic diseases are used to show that optimal symmetric code for which symmetry holds in half of cases keeps
polarity of amino acids at mutations in first and second nucleotides of codon as compared with standard code.

Keywords: genetic code, symmetry in DNA, mutations in nucleotides, noise immunity, amino acid, codon.
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ÓÄÊ 519.64; 517.443; 519.254

Èñïîëüçîâàíèå ðåçåðâîâ îïòèìèçàöèè âû÷èñëåíèé ïðè ðåøåíèèñëîæíûõ çàäà÷ / Â.Ê. Çàäèðàêà //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 1. Ñ. 51–67.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Â ñòàòüå ðàññìîòðåíû ýòàïû ðàçâèòèÿ èññëåäîâàíèé ïî îïòèìèçàöèè âû÷èñëåíèé â
Óêðàèíå, â ÷àñòíîñòè â Èíñòèòóòå êèáåðíåòèêè èìåíè Â.Ì. Ãëóøêîâà ÍÀÍ Óêðàèíû, êàñàþùèõñÿ ýëå-
ìåíòîâ òåîðèè ïîãðåøíîñòåé, îïòèìàëüíûõ ïî òî÷íîñòè è áûñòðîäåéñòâèþ âû÷èñëèòåëüíûõ àëãîðèò-
ìîâ, íàóêîåìêèõ êîìïüþòåðíûõ òåõíîëîãèé ðåøåíèÿ çàäà÷ âû÷èñëèòåëüíîé è ïðèêëàäíîé ìàòåìàòèêè ñ
çàäàííûìè çíà÷åíèÿìè õàðàêòåðèñòèê êà÷åñòâà.
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Êëþ÷åâûå ñëîâà: âû÷èñëèòåëüíûé àëãîðèòì, ïðèáëèæåííîå ðåøåíèå, ïîãðåøíîñòü ïðèáëèæåííîå ðå-
øåíèå, îïòèìèçàöèÿ àëãîðèòìîâ, ðåçåðâû îïòèìèçàöèè âû÷èñëåíèé, êîìïüþòåðíûå òåõíîëîãèè.

————-

Çàñòîñóâàííÿ ðåçåðâ³â îïòèì³çàö³¿ îá÷èñëåíü äëÿ ðîçâ’ÿçàííÿ ñêëàäíèõ çàäà÷ / Â.Ê. Çàä³ðàêà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 1. Ñ. 51–67.

Àíîòàö³ÿ. Ó ñòàòò³ ðîçãëÿíóòî åòàïè ðîçâèòêó äîñë³äæåíü ç îïòèì³çàö³¿ îá÷èñëåíü â Óêðà¿í³, çîê-
ðåìà â ²íñòèòóò³ ê³áåðíåòèêè ³ìåí³ Â.Ì. Ãëóøêîâà ÍÀÍ Óêðà¿íè, ùî ñòîñóþòüñÿ åëåìåíò³â òåîð³¿ ïîõè-
áîê, îïòèìàëüíèõ çà òî÷í³ñòþ òà øâèäêîä³ºþ îá÷èñëþâàëüíèõ àëãîðèòì³â, íàóêîºìíèõ êîìï’þòåðíèõ
òåõíîëîã³é ðîçâ’ÿçàííÿ çàäà÷ îá÷èñëþâàëüíî¿ òà ïðèêëàäíî¿ ìàòåìàòèêè ³ç çàäàíèìè çíà÷åííÿìè õàðàê-
òåðèñòèêè ÿêîñò³.

Êëþ÷îâ³ ñëîâà: îá÷èñëþâàëüíèé àëãîðèòì, íàáëèæåíèé ðîçâ’ÿçîê, ïîõèáêà íàáëèæåíîãî ðîçâ’ÿçêó,
îïòèì³çàö³ÿ àëãîðèòì³â, ðåçåðâè îïòèì³çàö³¿ îá÷èñëåíü, êîìï’þòåðí³ òåõíîëîã³¿.

———-

Using reserves of optimization of calculations to solve complex problems / V.K. Zadiraka // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 1. P. 51–67.

Abstract. The paper considers stages of the development of studies in optimization of computation in
Ukraine, in particular, at the V.M. Glushkov Institute of Cybernetics of the National Academy of Sciences of
Ukraine, related to elements of the theory of errors, computational algorithms that are optimal in terms of
accuracy and speed, high-tech computer technologies for solving problems in computational and applied
mathematics with given values of quality characteristics.

Keywords: computational algorithm, approximate solution, error of approximate solution, optimization of
algorithms, optimization reserves of computation, computer technologies.
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ÓÄÊ 519.8

Î ìîäåëÿõ ñòîõàñòè÷åñêîé îïòèìèçàöèè äëÿ ìåíåäæìåíòà âîäîõðàíèëèù ñ ó÷åòîì ðèñêîâ /
Þ.Ì. Åðìîëüåâ, Ò.Þ. Åðìîëüåâà, Ò. Êàõèë, Ì. Îáåðøòàéíåð, Â.Ì. Ãîðáà÷óê, Ï.Ñ. Êíîïîâ // Êè-
áåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 1. Ñ. 68–79.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 59 íàçâ.

Àííîòàöèÿ. Â ñòàòüå ïðèâåäåí îáçîð ïóáëèêàèé ïî ìåíåäæìåíòó âîäîåìîâ è ñôîðìóëèðîâàíà íî-
âàÿ ìîäåëü ñòîõàñòè÷åñêîé äèíàìè÷åñêîé îïòèìèçàöèè äëÿ óïðàâëåíèÿ áàëàíñàìè âîäíûõ ìàññ â äàí-
íîé îáëàñòè. Ïðåäëàãàåìûé ïîäõîä ñòîõàñòè÷åñêîé îïòèìèçàöèè äîïóñêàåò èñïîëüçîâàíèå òàêèõ ìíî-
æåñòâåííûõ êëþ÷åâûõ èíäèêàòîðîâ ðåçóëüòàòèâíîìñòè, êàê ïðîèçâîäñòâî â îòðàñëè ñåëüñêîãî õîçÿ-
éñòâà è ýíåðãåòèêè, çàùèòà îò íàâîäíåíèé è âîäîîõðàíà áîëîòèñòûõ ìåñòíîñòåé, ïîääåðæêà
áèîðàçíîîáðàçèÿ è ñîõðàíåíèå âîäîåìà. Äâóõýòàïíàÿ îñîáåííîñòü ïðåäëàãàåìîé ìîäåëè èíäóöèðóåò
óñëîâèÿ áåçîïàñíîñòè íà âîäîñíàáæåíèå, èçâåñòíûå êàê âåðîÿòíîñòíûå îãðàíè÷åíèÿ â ñòîõàñòè÷åñêîé
îïòèìèçàöèè — îãðàíè÷åíèÿ áåçîïàñíîñòè â ÿäåðíîé ýíåðãåòèêå, îãðàíè÷åíèÿ óñòîé÷èâîñòè â ñòðàõî-
âîì áèçíåñå èëè îãðàíè÷åíèÿ íà óñëîâíóþ ñòîèìîñòü ïîä ðèñêîì â ôèíàíñàõ. Èñõîäíóþ íåëèíåéíóþ,
íåâûïóêëóþ è ÷àñòî ðàçðûâíóþ ìîäåëü ìîæíî ñâåñòè ê çàäà÷àì ëèíåéíîãî ïðîãðàììèðîâàíèÿ.

Êëþ÷åâûå ñëîâà: ñòîõàñòè÷åñêàÿ îïòèìèçàöèÿ, ðèñê, ìåíåäæìåíò âîäíûõ ðåñóðñîâ, äâóõýòàïíàÿ çàäà-
÷à, ýêñòðåìàëüíûå ñîáûòèÿ.

————

Ïðî ìîäåë³ ñòîõàñòè÷íî¿ îïòèì³çàö³¿ äëÿ ìåíåäæìåíòó âîäîñõîâèù ç óðàõóâàííÿì ðèçèê³â /
Þ.Ì. ªðìîëüºâ, Ò.Þ. ªðìîëüºâà, Ò. Êàõ³ë, Ì. Îáåðøòàéíåð, Â.Ì. Ãîðáà÷óê, Ï.Ñ. Êíîïîâ // Ê³áåð-
íåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 1. Ñ. 68–79.

Àíîòàö³ÿ. Ó ñòàòò³ íàâåäåíî îãëÿä ïóáë³êàö³é ç ìåíåäæìåíòó âîäîéì ³ ïîáóäîâàíî íîâó ìîäåëü
ñòîõàñòè÷íî¿ äèíàì³÷íî¿ îïòèì³çàö³¿ äëÿ óïðàâë³ííÿ áàëàíñàìè âîäíèõ ìàñ ó äàí³é îáëàñò³. Çàïðîïîíî-
âàíèé ï³äõ³ä ñòîõàñòè÷íî¿ îïòèì³çàö³¿ äîïóñêàº òàê³ ìíîæèíí³ êëþ÷îâ³ ³íäèêàòîðè ðåçóëüòàòèâíîñò³, ÿê
âèðîáíèöòâî ó ãàëóç³ ñ³ëüñüêîãî ãîñïîäàðñòâà òà åíåðãåòèêè, çàõèñò â³ä ïîâåíåé ³ âîäîîõîðîíà áîëîòèñ-
òèõ ì³ñöåâîñòåé, ï³äòðèìêà á³îð³çíîìàí³òòÿ ³ çáåðåæåííÿ âîäîéìè. Äâîåòàïíà îñîáëèâ³ñòü çàïðîïîíîâà-
íî¿ ìîäåë³ ³íäóêóº óìîâè áåçïåêè íà âîäîïîñòà÷àííÿ, â³äîì³ ÿê ³ìîâ³ðí³ñí³ îáìåæåííÿ ó ñòîõàñòè÷í³é
îïòèì³çàö³¿ — îáìåæåííÿ áåçïåêè â ÿäåðí³é åíåðãåòèö³, îáìåæåííÿ ñò³éêîñò³ ó ñòðàõîâîìó á³çíåñ³ ÷è
îáìåæåííÿ íà óìîâíó ì³ðó ðèçèêó ó ô³íàíñàõ. Ïî÷àòêîâó íåë³í³éíó, íåîïóêëó ³ ÷àñòî ðîçðèâíó ìîäåëü
ìîæíà çâåñòè äî çàäà÷ ë³í³éíîãî ïðîãðàìóâàííÿ.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷íà îïòèì³çàö³ÿ, ðèçèê, ìåíåäæìåíò âîäíèõ ðåñóðñ³â, äâîåòàïíà çàäà÷à,
åêñòðåìàëüí³ ïîä³¿.
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On stochastic optimization models for risk-based reservoir management / Yu. Ermoliev, T. Ermolieva, T. Kahil,
M. Obersteiner, V. Gorbachuk, P. Knopov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 68–79.

Abstract. The paper provides an overview of publications on reservoir management and formulates a
novel stochastic dynamic optimization model for controlling the water mass balances in the area affected. The
proposed stochastic optimization approach allows multiple key performance indicators such as agriculture and
energy production, wetland water and flood protection, biodiversity preservation, and reservoir storage.
A two-stage feature of the proposed model induces the safety constraints on water supply known as chance
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conditions in stochastic optimization – safety constraints in nuclear energy, stability constraints in insurance
business, or constraints on the Conditional Value-at-Risk (CVaR) in finance. The original nonlinear, nonconvex
and often discontinuous model can be reduced to linear programming problems.

Keywords: stochastic optimization, risk, water resource management, two-stage problem, extreme events.
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Êðàåâîé ýôôåêò â îöåíêå òî÷íîñòè ñåòî÷íîãî ìåòîäàäëÿ ðåøåíèÿ äèôôåðåíöèàëüíîãî óðàâíåíèÿ
ñ äðîáíîé ïðîèçâîäíîé / Â.Ë. Ìàêàðîâ, Í.Â. Ìàéêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019.
Òîì 55, ¹ 1. Ñ. 80–95.

²ë.: 0. Òàáë. 1. Á³áë³îãð.: 19 íàçâ.

Àííîòàöèÿ. Ïîñòðîåíû è èññëåäîâàíû ñåòî÷íûå ìåòîäû ðåøåíèÿ ïåðâîé êðàåâîé çàäà÷è äëÿ äèô-
ôåðåíöèàëüíîãî óðàâíåíèÿ ñ ïðîèçâîäíîé Ðèìàíà–Ëèóâèëëÿ äðîáíîãî ïîðÿäêà. Ïðè ïîìîùè ôóíêöèè
Ãðèíà êðàåâàÿ çàäà÷à ñâîäèòñÿ ê èíòåãðàëüíîìó óðàâíåíèþ Ôðåäãîëüìà, äëÿ äèñêðåòèçàöèè êîòîðîãî
ïðèìåíÿþòñÿ èíòåðïîëÿöèîííûå ïîëèíîìû Ëàãðàíæà. Äîêàçàíû âåñîâûå îöåíêè òî÷íîñòè ñåòî÷íûõ çà-
äà÷, ó÷èòûâàþùèå âëèÿíèå êðàåâîãî óñëîâèÿ Äèðèõëå. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì,
÷òî â ïðèãðàíè÷íûõ óçëàõ ñåòêè òî÷íîñòü ïðèáëèæåííîãî ðåøåíèÿ âûøå, ÷åì â åå âíóòðåííèõ óçëàõ.
Òåîðåòè÷åñêèå ðåçóëüòàòû ïðîèëëþñòðèðîâàíû ÷èñëåííûì ïðèìåðîì.

Êëþ÷åâûå ñëîâà: äèôôåðåíöèàëüíîå óðàâíåíèå, êðàåâîå óñëîâèå Äèðèõëå, ïðîèçâîäíàÿ äðîáíîãî ïî-
ðÿäêà, ñåòî÷íîå ðåøåíèå, îöåíêà ïîãðåøíîñòè, êðàåâîé ýôôåêò.
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Êðàéîâèé åôåêò â îö³íö³ òî÷íîñò³ ñ³òêîâîãî ìåòîäó äëÿ ðîçâ’ÿçóâàííÿ äèôåðåíö³àëüíîãî ð³âíÿííÿ
ç äðîáîâîþ ïîõ³äíîþ / Â.Ë. Ìàêàðîâ, Í.Â. Ìàéêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55,
¹ 1. Ñ. 80–95.

Àíîòàö³ÿ. Ïîáóäîâàíî ³ äîñë³äæåíî ñ³òêîâ³ ìåòîäè ðîçâ’ÿçóâàííÿ ïåðøî¿ êðàéîâî¿ çàäà÷³ äëÿ äè-
ôåðåíö³àëüíîãî ð³âíÿííÿ ç ïîõ³äíîþ Ð³ìàíà–Ë³óâ³ëëÿ äðîáîâîãî ïîðÿäêó. Çà äîïîìîãîþ ôóíêö³¿ Ãð³íà
êðàéîâó çàäà÷ó çâåäåíî äî ³íòåãðàëüíîãî ð³âíÿííÿ Ôðåäãîëüìà, äëÿ äèñêðåòèçàö³¿ ÿêîãî çàñòîñîâàíî
³íòåðïîëÿö³éí³ ïîë³íîìè Ëàãðàíæà. Äîâåäåíî âàãîâ³ îö³íêè òî÷íîñò³ ñ³òêîâèõ çàäà÷, ÿê³ âðàõîâóþòü
âïëèâ êðàéîâî¿ óìîâè Ä³ð³õëå. Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî òå, ùî òî÷í³ñòü íàáëèæåíîãî ðîçâ’ÿçêó
âèùà ó ïðèìåæîâèõ âóçëàõ ñ³òêè, í³æ â ¿¿ âíóòð³øí³õ âóçëàõ. Òåîðåòè÷í³ ðåçóëüòàòè ïðî³ëþñòðîâàíî ÷è-
ñåëüíèì ïðèêëàäîì.

Êëþ÷îâ³ ñëîâà: äèôåðåíö³àëüíå ð³âíÿííÿ, êðàéîâà óìîâà Ä³ð³õëå, ïîõ³äíà äðîáîâîãî ïîðÿäêó, ñ³òêîâèé
ðîçâ’ÿçîê, îö³íêà ïîõèáêè, êðàéîâèé åôåêò.
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Boundary effect in error estimate of the grid method for solving a fractional differential equation /
V.L. Makarov, N.V. Mayko // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 80–95.

Abstract. We construct and analyze grid methods for solving the first boundary-value problem for an
ordinary differential equation with the Riemann–Liouville fractional derivative. Using Green’s function, we
replace the boundaryvalue problem by the Fredholm integral equation, which is then discretized by means of
the Lagrange interpolation polynomials. We prove the weight error estimates, which take into account the
impact of the Dirichlet boundary condition. All the results give us clear evidence that the accuracy order of the
grid scheme is higher near the endpointd of the line segment than in the inner points of the mesh set. We
provide a numerical example to support the theory.

Keywords: fractional differential equation, Dirichlet boundary condition, grid solution, error estimate,
boundary effect.
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Ðàçðàáîòêà ðîáàñòíîãî àëãîðèòìà ãàðàíòèðîâàííîãî ýëëèïñîèäàëüíîãî îöåíèâàíèÿ è åãî ïðèìå-
íåíèå äëÿ îðèåíòàöèè èñêóññòâåííîãî ñïóòíèêà Çåìëè / Í.Ä. Ïàíêðàòîâà, À.Â. Øîëîõîâ // Êèáåð-
íåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 1. Ñ. 96–105.

²ë.: 3. Òàáë. 0. Á³áë³îãð.: 19 íàçâ.

Àííîòàöèÿ. Ðàçðàáîòàí ìåòîä îöåíèâàíèÿ ëèíåéíûõ ìíîãîìåðíûõ äèíàìè÷åñêèõ óïðàâëÿåìûõ ñèñ-
òåì, âîçìóùàåìûõ òîëüêî ïî îäíîé ôàçîâîé êîîðäèíàòå. Â ñèñòåìå òàêæå äîñòóïíà èçìåðåíèþ òîëüêî
îäíà ôàçîâàÿ êîîðäèíàòà, ïî êîòîðîé íå äåéñòâóåò âîçìóùåíèå. Ñîçäàí ðîáàñòíûé àëãîðèòì ýëëèïñîè-
äàëüíîãî îöåíèâàíèÿ, ìèíèìèçèðóþùèé ñëåä ìàòðèöû ýëëèïñîèäà, êîòîðûé àïïðîêñèìèðóåò äîïóñòèìîå
ìíîæåñòâî òî÷å÷íûõ îöåíîê. Ïðèìåíåíèå ìåòîäà è ðàáîòîñïîñîáíîñòü àëãîðèòìà ïîêàçàíû íà ïðèìåðå
îöåíèâàíèÿ êóðñîâîãî óãëà èñêóññòâåííîãî ñïóòíèêà Çåìëè â ïðîöåññå åãî äâèæåíèÿ ïî îðáèòå. Äëÿ îöå-
íèâàíèÿ èñïîëüçóþòñÿ ïîêàçàíèÿ áîðòîâûõ ïîñòðîèòåëÿ ìåñòíîé âåðòèêàëè è äàò÷èêîâ óãëîâîé ñêîðîñòè.

Êëþ÷åâûå ñëîâà: ðîáàñòíûé àëãîðèòì ãàðàíòèðîâàííîãî ýëëèïñîèäàëüíîãî îöåíèâàíèÿ, îðèåíòàöèÿ
èñêóññòâåííîãî ñïóòíèêà Çåìëè, ãèðîñêîïè÷åñêèé äàò÷èê óãëîâîé ñêîðîñòè, èíôðàêðàñíûé ïîñòðîèòåëü
ìåñòíîé âåðòèêàëè.

————
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Ðîçðîáêà ðîáàñòíîãî àëãîðèòìó ãàðàíòîâàíîãî åë³ïñî¿äàëüíîãî îö³íþâàííÿ ³ éîãî çàñòîñóâàííÿ
äëÿ îð³ºíòàö³¿ øòó÷íîãî ñóïóòíèêà Çåìë³ / Í.Ä. Ïàíêðàòîâà, Î.Â. Øîëîõîâ // Ê³áåðíåòèêà òà ñèñ-
òåìíèé àíàë³ç. 2019. Òîì 55, ¹ 1. Ñ. 96–105.

Àíîòàö³ÿ. Ðîçðîáëåíî ìåòîä îö³íþâàííÿ ë³í³éíèõ áàãàòîâèì³ðíèõ äèíàì³÷íèõ êåðîâàíèõ ñèñòåì,
ÿê³ çáóðþþòüñÿ ò³ëüêè çà îäí³ºþ ôàçîâîþ êîîðäèíàòîþ. Ó ñèñòåì³ äîñòóïíà âèì³ðþâàííþ òàêîæ ò³ëüêè
îäíà ôàçîâà êîîðäèíàòà, âçäîâæ ÿêî¿ íå ä³º çáóðåííÿ. Ñòâîðåíî ðîáàñòíèé àëãîðèòì åë³ïñî¿äàëüíîãî
îö³íþâàííÿ, ÿêèé ì³í³ì³çóº ñë³ä ìàòðèö³ åë³ïñî¿äà, ùî àïðîêñèìóº äîïóñòèìó ìíîæèíó òî÷êîâèõ
îö³íîê. Çàñòîñóâàííÿ ìåòîäó ³ ïðàöåçäàòí³ñòü àëãîðèòìó ïîêàçàíî íà ïðèêëàä³ îö³íþâàííÿ êóðñîâîãî
êóòà øòó÷íîãî ñóïóòíèêà Çåìë³ â ïðîöåñ³ éîãî ðóõó ïî îðá³ò³. Äëÿ îö³íþâàííÿ âèêîðèñòîâóþòüñÿ ïîêà-
çàííÿ áîðòîâèõ ïîáóäóâà÷à ì³ñöåâî¿ âåðòèêàë³ ³ äàò÷èê³â êóòîâî¿ øâèäêîñò³.

Êëþ÷îâ³ ñëîâà: ðîáàñòíèé àëãîðèòì ãàðàíòîâàíîãî åë³ïñî¿äàëüíîãî îö³íþâàííÿ, îð³ºíòàö³ÿ øòó÷íîãî
ñóïóòíèêà Çåìë³, ã³ðîñêîï³÷íèé äàò÷èê êóòîâî¿ øâèäêîñò³, ³íôðà÷åðâîíèé ïîáóäîâóâà÷ ì³ñöåâî¿
âåðòèêàë³.

——

Development of the robust algorithm of the guaranteed ellipsoidal estimation and its application for
orientation of the Earth artificial satellite / N.D. Pankratova, O.V. Sholokhov // Kibernetika i sistemnyj
analiz. 2019. Vol. 55, N 1. P. 96–105.

Abstract. The method of estimation of linear multidimensional dynamic control systems perturbed by
only one of the phase coordinates is developed in the paper. Only one phase coordinate on which perturbation is
not operated is available for measurement in the system. A robust algorithm for ellipsoidal estimation is
developed, which minimizes the trace of the matrix of ellipsoid that approximates admissible set of point
estimates. Application of the method and efficiency of the algorithm are shown on the example of estimating
the heading angle of an artificial Earth satellite during its orbital motion. The onboard builder of local vertical
and angular velocity sensors are used for the estimation.

Keywords: robust algorithm of guaranteed ellipsoidal estimation, orientation of artificial Earth satellite,
gyroscopic thahometer, infrared builder of local vertical.
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ÓÄÊ 519.6:551.511.6

Àòìîñôåðíûå ïðîöåññû â ýëåìåíòàõ ãîðîäñêîé çàñòðîéêè / Â.À. Ïðóñîâ, À.Å. Äîðîøåíêî, Ò.À. Ñî-
ëîãóá // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 1. Ñ. 106–126.

²ë.: 11. Òàáë. 1. Á³áë³îãð.: 30 íàçâ.

Àííîòàöèÿ. Ïîêàçàíû ýôôåêòèâíîñòü è òî÷íîñòü ïðåäëàãàåìûõ ãèäðîäèíàìè÷åñêîé ìîäåëè àò-
ìîñôåðû, òóðáóëåíòíîé ìîäåëè çàìûêàíèÿ, ìåòîäîâ àïïðîêñèìàöèè ïðîèçâîäíûõ ïåðâîãî è âòîðîãî ïî-
ðÿäêîâ íà íåðàâíîìåðíîé ñåòêå è àáñîëþòíî óñòîé÷èâàÿ ðàçíîñòíàÿ ñõåìà íà îñíîâå ðåøåíèÿ ïðèêëàä-
íûõ çàäà÷. Ïðîâåäåíî ñðàâíåíèå ðåçóëüòàòîâ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ àýðîäèíàìèêè óëè÷íûõ
êàíüîíîâ ñ ñóùåñòâóþùèìè òåîðåòè÷åñêèìè è ýêñïåðèìåíòàëüíûìè äàííûìè. Èññëåäîâàíî âëèÿíèå
äëèíû óëè÷íîãî êàíüîíà è âûñîòû äîìîâ íà õàðàêòåðèñòèêè âîçäóøíîãî ïîòîêà â ãîðîäñêîé çàñòðîéêå.
Ïîêàçàíî, ÷òî èçìåíåíèå êîíôèãóðàöèè ãîðîäñêîé çàñòðîéêè ïðèâîäèò íå òîëüêî ê êîëè÷åñòâåííîìó, íî
è ê ñóùåñòâåííîìó êà÷åñòâåííîìó èçìåíåíèþ êàðòèíû òå÷åíèÿ âîçäóõà è åãî ñêîðîñòè.

Êëþ÷åâûå ñëîâà: ãèäðîäèíàìè÷åñêàÿ ìåçîìàñøòàáíàÿ ìîäåëü àòìîñôåðû, ðàçíîñòíàÿ ñõåìà, çàìûêà-
íèå ìîäåëè òóðáóëåíòíîñòè, ñêîðîñòü âåòðà, ðîòîð ñêîðîñòè, ïðÿìîóãîëüíûé êàíàë, óëè÷íûé êàíüîí, ãî-
ðîäñêàÿ çàñòðîéêà.

———-

Àòìîñôåðí³ ïðîöåñè â åëåìåíòàõ ì³ñüêî¿ çàáóäîâè / Â.À. Ïðóñîâ, À.Þ. Äîðîøåíêî, Ò.À. Ñîëîãóá //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 1. Ñ. 106–126.

Àíîòàö³ÿ. Ïðîäåìîíñòðîâàíî åôåêòèâí³ñòü ³ òî÷í³ñòü ðîçðîáëåíèõ ã³äðîäèíàì³÷íî¿ ìîäåë³ àòìîñ-
ôåðè, òóðáóëåíòíî¿ ìîäåë³ çàìèêàííÿ, ìåòîä³â àïðîêñèìàö³¿ ïîõ³äíèõ ïåðøîãî ³ äðóãîãî ïîðÿäê³â íà
íåð³âíîì³ðí³é ñ³òö³ òà àáñîëþòíî ñò³éêà ð³çíèöåâà ñõåìà íà îñíîâ³ ðîçâ’ÿçàííÿ ïðèêëàäíèõ çàäà÷. Íàâå-
äåíî ïîð³âíÿííÿ ðåçóëüòàò³â ìàòåìàòè÷íîãî ìîäåëþâàííÿ àåðîäèíàì³êè âóëè÷íèõ êàíüéîí³â ç íàÿâíèìè
òåîðåòè÷íèìè ³ åêñïåðèìåíòàëüíèìè äàíèìè. Äîñë³äæåíî âïëèâ äîâæèíè âóëè÷íîãî êàíüéîíó ³ âèñîòè
áóäèíê³â íà õàðàêòåðèñòèêè ïîâ³òðÿíîãî ïîòîêó â ì³ñüê³é çàáóäîâ³. Ïîêàçàíî, ùî çì³íà êîíô³ãóðàö³¿
ì³ñüêî¿ çàáóäîâè ïðèçâîäèòü íå ò³ëüêè äî ê³ëüê³ñíî¿, àëå é äî ³ñòîòíî¿ ÿê³ñíî¿ çì³íè êàðòèíè òå÷³¿
ïîâ³òðÿ ³ éîãî øâèäêîñò³.

Êëþ÷îâ³ ñëîâà: ã³äðîäèíàì³÷íà ìåçîìàñøòàáíà ìîäåëü àòìîñôåðè, ð³çíèöåâà ñõåìà, çàìèêàííÿ ìîäåë³ òóð-
áóëåíòíîñò³, øâèäê³ñòü â³òðó, ðîòîð øâèäêîñò³, ïðÿìîêóòíèé êàíàë, âóëè÷íèé êàíüéîí, ì³ñüêà çàáóäîâà.

————-

Atmospheric processes in elements of urban construction / V.A. Prusov, A.Yu. Doroshenko, T.A. Sologub
// Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 106–126.

Abstract. The authors demonstrate the efficiency and accuracy of the developed hydrodynamic model of
the atmosphere, turbulent closure model, methods for approximating the first- and second-order derivatives on
an irregular grid, and the absolutely stable difference scheme based on the solution of applied problems. The
results of mathematical modeling of aerodynamics of street canyons are compared with available theoretical and
experimental data. The influence of the length of the street canyon and height of the houses on the
characteristics of air flow in the urban development is investigated. It is shown that changes in the configuration
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of urban development lead not only to quantitative but also to a significant qualitative change in air flow pattern
and velocity.

Keywords: hydrodynamic mesoscale model of the atmosphere, difference scheme, closure of turbulence model,
wind velocity, velocity rotor, rectangular channel, street canyon, urban development.
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ÓÄÊ 519.6

Ìåòîäû ëèíåéíîé àëãåáðû â çàäà÷àõ èññëåäîâàíèÿ íåêîòîðûõ êëàññîâ íåëèíåéíûõ äèñêðåòíî
ïðåîáðàçóþùèõ ñèñòåì. ². Ìóëüòèïëèêàòèâíî íåëèíåéíûå ñèñòåìû / Â.À. Ñòîÿí // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 1. Ñ. 127–134.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 7 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû èäåè è ìåòîäû ïñåâäîîáðàùåíèÿ ëèíåéíûõ àëãåáðàè÷åñêèõ ñèñòåì äëÿ
çàäà÷ ïîñòðîåíèÿ íàèëó÷øåãî ñðåäíåêâàäðàòè÷åñêîãî ïðèáëèæåíèÿ ê ðåøåíèþ íåëèíåéíûõ äèñêðåòíî
ïðåîáðàçóþùèõ ñèñòåì. Îïèñàíû ñëó÷àè, êîãäà ôîðìà íåëèíåéíîñòè îïðåäåëÿåòñÿ äåêàðòîâûì ïðîèçâå-
äåíèåì èëè èòåðàöèîííûì óòî÷íåíèì ëèíåéíî ïðåîáðàçîâàííãî âõîäà. Ïîñòðîåíû ïñåâäîðåøåíèÿ êâàä-
ðàòè÷åñêè íåëèíåéíûõ ñèñòåì, à òàêæå ñèñòåì ïðîèçâîëüíîãî ïîðÿäêà íåëèíåéíîñòè è èññëåäîâàíû èõ
òî÷íîñòü è îäíîçíà÷íîñòü.

Êëþ÷åâûå ñëîâà: ïñåâäîîáðàùåíèå, íåëèíåéíûå äèñêðåòíî ïðåîáðàçóþùèå ñèñòåìû, íåëèíåéíûå àë-
ãåáðàè÷åñêèå ñèñòåìû, ìóëüòèïëèêàòèâíî íåëèíåéíûå ñèñòåìû.

———-

Ìåòîäè ë³í³éíî¿ àëãåáðè â çàäà÷àõ äîñë³äæåííÿ äåÿêèõ êëàñ³â íåë³í³éíèõ äèñêðåòíî ïåðåòâîðþ-
âàëüíèõ ñèñòåì. ². Ìóëüòèïë³êàòèâíî íåë³í³éí³ ñèñòåìè / Â.À. Ñòîÿí // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2019. Òîì 55, ¹ 1. Ñ. 127–134.

Àíîòàö³ÿ. Ðîçãëÿíóòî ³äå¿ ³ ìåòîäè ïñåâäîîáåðíåííÿ ë³í³éíèõ àëãåáðà¿÷íèõ ñèñòåì äëÿ çàäà÷ ïî-
áóäîâè íàéêðàùîãî ñåðåäíüîêâàäðàòè÷íîãî íàáëèæåííÿ äî ðîçâ’ÿçê³â íåë³í³éíèõ äèñêðåòíî ïåðåòâîðþ-
âàëüíèõ ñèñòåì. Íàâåäåíî âèïàäêè, êîëè ôîðìó íåë³í³éíîñò³ âèçíà÷àþòü äåêàðòîâèì äîáóòêîì àáî ³òå-
ðàö³éíèì óòî÷íåííÿì ë³í³éíî ïåðåòâîðåíîãî âõîäó. Ïîáóäîâàíî ïñåâäîðîçâ’ÿçêè êâàäðàòè÷íî
íåë³í³éíèõ ñèñòåì ³ ñèñòåì äîâ³ëüíîãî ïîðÿäêó íå ë³í³éíîñò³ òà äîñë³äæåíî ¿õíþ òî÷í³ñòü ³ îäíî-
çíà÷í³ñòü.

Êëþ÷îâ³ ñëîâà: ïñåâäîîáåðíåííÿ, íåë³í³éí³ äèñêðåòíî ïåðåòâîðþâàëüí³ ñèñòåìè, íåë³í³éí³ àëãåáðà¿÷í³
ñèñòåìè, ìóëüòèïë³êàòèâíî íåë³í³éí³ ñèñòåìè.

———-

Methods of linear algebra in problems of the analysis of certain classes of nonlinear discretely
transformative systems. I. Multiplicatively non-linear systems / V.A. Stoyan // Kibernetika i sistemnyj
analiz. 2019. Vol. 55, N 1. P. 127–134.

Abstract. The ideas and methods of pseudo-inversion of linear algebraic systems are propagated to
problems of constructing the best root-mean square approximation to solutions of nonlinear discretely
transformative systems. The cases are considered where the form of nonlinearity is defined by a Cartesian
product or iterative specification of linearly transformed input. Pseudo-solutions of quadratic nonlinear systems
and systems of arbitrary order of nonlinearity are constructed and analyzed for accuracy and uniqueness.

Keywords: pseudo-inversion, nonlinear discretely transformative systems, nonlinear algebraic systems,
multiplicatively nonlinear systems.
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ÓÄÊ 519.6+51-74+621.791.011+539.43

Ìåòîäû ÷èñëåííîãî ïðîãíîçèðîâàíèÿ ðàáîòîñïîñîáíîñòè ñâàðíûõ êîíñòðóêöèé íà êîìïüþòåðàõ
ãèáðèäíîé àðõèòåêòóðû / Å.À. Âåëèêîèâàíåíêî, À.Ñ. Ìèëåíèí, À.Â. Ïîïîâ, Â.À. Ñèäîðóê,
À.Í. Õèìè÷ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 1. Ñ. 135–148.

²ë.: 6. Òàáë. 0. Á³áë³îãð.: 21 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû âûñîêîïðîèçâîäèòåëüíûå ðàñ÷åòíûå àëãîðèòìû äëÿ êîìïüþòåðîâ ãèá-
ðèäíîé àðõèòåêòóðû äëÿ ðåøåíèÿ çàäà÷ ïðîãíîçèðîâàíèÿ íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ îò-
âåòñòâåííûõ ñâàðíûõ êîíñòðóêöèé ñ ó÷åòîì çàðîæäåíèÿ è ðàçâèòèÿ äîêðèòè÷åñêîãî ðàçðóøåíèÿ ìåòàë-
ëà ïî ìåõàíèçìó ìàëîöèêëîâîé óñòàëîñòè. Ïðåäëîæåíû àëãîðèòìû ïðèìåíèòåëüíî ê õàðàêòåðíûì çàäà-
÷àì àíàëèçà ðàáîòîñïîñîáíîñòè ñâàðíûõ òðóáîïðîâîäíûõ ýëåìåíòîâ ñ äåôåêòàìè íåñïëîøíîñòè
ìåòàëëà êîððîçèîííîé ïðèðîäû.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, âûñîêîïðîèçâîäèòåëüíûå âû÷èñëåíèÿ, ãèáðèäíûå
àëãîðèòìû, íàïðÿæåííî-äåôîðìèðîâàííîå ñîñòîÿíèå, âÿçêîå ðàçðóøåíèå, ñâàðíûå êîíñòðóêöèè.
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Ìåòîäè ÷èñåëüíîãî ïðîãíîçóâàííÿ ðîáîòîçäàòíîñò³ çâàðíèõ êîíñòðóêö³é íà êîìï’þòåðàõ ã³áðèä-
íî¿ àðõ³òåêòóðè / Î.À. Âåëèêî³âàíåíêî, Î.Ñ. Ì³ëåí³í, Î.Â. Ïîïîâ, Â.À. Ñèäîðóê, Î.Ì. Õ³ì³÷ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 1. Ñ. 135–148.

Àíîòàö³ÿ. Ðîçãëÿíóòî âèñîêîïðîäóêòèâí³ ðîçðàõóíêîâ³ àëãîðèòìè äëÿ êîìï’þòåð³â ã³áðèäíî¿
àðõ³òåêòóðè ç ìåòîþ ðîçâ’ÿçàííÿ çàäà÷ ïðîãíîçóâàííÿ íàïðóæåíî-äåôîðìîâàíîãî ñòàíó â³äïîâ³äàëüíèõ
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çâàðíèõ êîíñòðóêö³é ç óðàõóâàííÿì çàðîäæåííÿ ³ ðîçâèòêó äîêðèòè÷íîãî ðóéíóâàííÿ ìåòàëó çà ìå-
õàí³çìîì ìàëîöèêëîâî¿ âòîìè. Çàïðîïîíîâàíî àëãîðèòìè äëÿ ñïåöèô³÷íèõ çàäà÷ àíàë³çó ðîáîòîçäàò-
íîñò³ çâàðíèõ òðóáîïðîâ³äíèõ åëåìåíò³â ç äåôåêòàìè íåñóö³ëüíîñò³ ìåòàëó êîðîç³éíî¿ ïðèðîäè.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, âèñîêîïðîäóêòèâí³ îá÷èñëåííÿ, ã³áðèäí³ àëãîðèòìè, íàïðó-
æåíî-äåôîðìîâàíèé ñòàí, â’ÿçêå ðóéíóâàííÿ, çâàðí³ êîíñòðóêö³¿.

——

Methods of numerical forecasting of the working performance of welded structures on computers of
hybrid architecture / E.A. Velikoivanenko, A.S. Milenin, A.V. Popov, V.A. Sidoruk, A.N. Khimich //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 135–148.

Abstract. The authors consider high-performance computational algorithms for computers of hybrid
architecture to solve problems of predicting the stress-strain state of critical welded structures with regard for
initiation and development of subcritical fracture of metal in accordance with the characteristic problems of
analyzing the operability of welded pipeline elements with corrosive defects of metal discontinuity according to
mechanism of low-cycle fatigue.

Keywords: mathematical modeling, high-performance computing, hybrid algorithms, stress-strain state, ductile
fracture, welded structures.

=====

ÓÄÊ 517.977

Ñòðàòåãèè ãðóïïîâîãî ñáëèæåíèÿ â ìåòîäå ðàçðåøàþùèõ ôóíêöèé äëÿ êâàçèëèíåéíûõ êîíôëèê-
òíî-óïðàâëÿåìûõ ïðîöåññîâ / È.Ñ. Ðàïïîïîðò // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 1.
Ñ. 149–163.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 29 íàçâ.

Àííîòàöèÿ. Èññëåäîâàí ìåòîä ðàçðåøàþùèõ ôóíêöèé äëÿ ñòðàòåãèé ãðóïïîâîãî ñáëèæåíèÿ
â êâàçèëèíåéíûõ êîíôëèêòíî-óïðàâëÿåìûõ ïðîöåññàõ. Ïðåäëîæåíà ìîäèôèöèðîâàííàÿ ñõåìà ìåòîäà,
îáåñïå÷èâàþùàÿ îêîí÷àíèå èãðû çà îïðåäåëåííîå ãàðàíòèðîâàííîå âðåìÿ â êëàññå ñòðîáîñêîïè÷åñêèõ
ñòðàòåãèé áåç äîïîëíèòåëüíûõ óñëîâèé. Ïîêàçàíû ðåçóëüòàòû ñðàâíåíèÿ ãàðàíòèðîâàííûõ âðåìåí ðàç-
ëè÷íûõ ñõåì ìåòîäà ðàçðåøàþùèõ ôóíêöèé.

Êëþ÷åâûå ñëîâà: ñòðàòåãèÿ óïðàâëåíèÿ, ãðóïïîâîå ñáëèæåíèå, ðàçðåøàþùàÿ ôóíêöèÿ, ñòðîáîñêîïè-
÷åñêàÿ ñòðàòåãèÿ.

——

Ñòðàòåã³¿ ãðóïîâîãî çáëèæåííÿ ó ìåòîä³ ðîçâ’ÿçóâàëüíèõ ôóíêö³é äëÿ êâàç³ë³í³éíèõ
êîíôë³êòíî-êåðîâàíèõ ïðîöåñ³â / É.Ñ. Ðàïïîïîðò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55,
¹ 1. Ñ. 149–163.

Àíîòàö³ÿ. Äîñë³äæåíî ìåòîä ðîçâ’ÿçóâàëüíèõ ôóíêö³é äëÿ ñòðàòåã³é ãðóïîâîãî çáëèæåííÿ ó
êâàç³ë³í³éíèõ êîíôë³êòíî-êåðîâàíèõ ïðîöåñàõ. Çàïðîïîíîâàíî ìîäèô³êîâàíó ñõåìó ìåòîäó, ùî çàáåçïå-
÷óº çàê³í÷åííÿ ãðè çà ïåâíèé ãàðàíòîâàíèé ÷àñ ó êëàñ³ ñòðîáîñêîï³÷íèõ ñòðàòåã³é áåç äîäàòêîâèõ óìîâ.
Íàâåäåíî ðåçóëüòàòè ïîð³âíÿííÿ ãàðàíòîâàíèõ ÷àñ³â ð³çíèõ ñõåì ìåòîäó ðîçâ’ÿçóâàëüíèõ ôóíêö³é.

Êëþ÷îâ³ ñëîâà: ñòðàòåã³ÿ êåðóâàííÿ, ãðóïîâå çáëèæåííÿ, ðîçâ’ÿçóâàëüíà ôóíêö³ÿ, ñòðîáîñêîï³÷íà ñòðà-
òåã³ÿ.

———-

Strategies of group approach in the method of resolving functions for quasilinear conflict-controlled
processes / J.S. Rappoport // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 149–163.

Abstract. The paper analyzed the resolving-functions method as applied to strategies of group approach
for quasilinear conflict-controlled processes. A modified scheme of the method is proposed. This scheme
ensures the end of a game within a certain guaranteed time period in the class of stroboscopic strategies without
any subsidiary conditions. The guaranteed times for various schemes of the resolving-functions method are
compared.

Keywords: control strategies, group approach, resolving-function, stroboscopic strategy.
======

ÓÄÊ 532.22

Íåïðåðûâíàÿ ìîäåëü ðàçðóøèòåëüíîé îñöèëëÿöèîííîé äèíàìèêè ëîêàëüíîé ïîïóëÿöèè âðåäèòå-
ëÿ ëåñà â Êàíàäå / À.Þ. Ïåðåâàðþõà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 1.
Ñ. 164–177.

²ë.: 9. Òàáë. 0. Á³áë³îãð.: 19 íàçâ.

Àííîòàöèÿ. Îïèñàíî ðåçêîå è ïðîäîëæèòåëüíîå èçìåíåíèå â ðàçâèòèè ïîïóëÿöèîííûõ ïðîöåññîâ,
òðåáóþùåå óñîâåðøåíñòâîâàíèÿ ìàòåìàòè÷åñêèõ ìåòîäîâ. Íåîáû÷íàÿ ñìåíà ôàç â ðàçâèòèè ìàññîâûõ
ðàçìíîæåíèé âðåäèòåëåé ëåñà îáóñëîâèëà èäåþ ðàçðàáîòêè íîâîé ìîäåëè, â êîòîðîé âàæåí íå èòîãîâûé
âèä àñèìïòîòè÷åñêè óñòîé÷èâîãî ñîñòîÿíèÿ ïîñëå áèôóðêàöèé, à ïåðåõîäíûé ðåæèì. ßâëåíèå, îòîæäå-
ñòâëÿåìîå â èññëåäîâàíèÿõ ïî ýêîëîãèè ñ ïîïóëÿöèîííûìè âñïûøêàìè (íåñòàöèîíàðíûìè ðàçíîðîäíû-
ìè ïðîöåññàìè), â êîíêðåòíîé ñèòóàöèè ïðåäëîæåíî ðàññìàòðèâàòü â êîíòåêñòå äëèòåëüíîãî êîëåáà-
òåëüíîãî ðåæèìà êàê ïèê ôàçû ðåçêèõ íåãàðìîíè÷åñêèõ îñöèëëÿöèé. Íîâàÿ äèíàìè÷åñêàÿ ìîäåëü â ôîð-
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ìå äèôôåðåíöèàëüíîãî óðàâíåíèÿ îïèñûâàåò óáûâàþùóþ ïñåâäîïåðèîäè÷åñêóþ òðàåêòîðèþ çàòóõàíèÿ
âíåçàïíûõ ðåçêèõ êîëåáàíèé, ðåàëèçóþùèõ áåçáèôóðêàöèîííûé ñöåíàðèé ñàìîïðîèçâîëüíîãî çàâåðøå-
íèÿ äëÿ îñîáîãî âàðèàíòà ìàññîâûõ ðàçìíîæåíèé âðåäèòåëÿ ëåñà íà ïðèìåðå ñèòóàöèè â äâóõ ïðîâèíöè-
ÿõ Âîñòî÷íîé Êàíàäû.

Êëþ÷åâûå ñëîâà: íåïðåðûâíàÿ ìîäåëü ïîïóëÿöèè, âçðûâîîáðàçíàÿ äèíàìèêà ïîïóëÿöèîííîé âñïûøêè
íàñåêîìûõ, ïåðåõîäíûé ðåæèì îñöèëëÿöèé, çàòóõàíèå öèêëà, âñïûøêè âðåäèòåëÿ ëåñà â Êàíàäå.

————

Íåïåðåðâíà ìîäåëü ðóéí³âíî¿ êîëèâàëüíî¿ äèíàìèêè ëîêàëüíî¿ïîïóëÿö³¿ øê³äíèêà ë³ñó â Êàíàä³
/ À.Þ. Ïåðåâàðþõà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 1. Ñ. 164–177.

Àíîòàöiÿ. Îïèñàíî ð³çêó ³ òðèâàëó çì³íó â ðîçâèòêó ïîïóëÿö³éíèõ ïðîöåñ³â, ùî âèìàãàº âäîñêîíà-
ëåííÿ ìàòåìàòè÷íèõ ìåòîä³â. Íåçâè÷àéíà çì³íà ôàç ó ðîçâèòêó ìàñîâèõ ðîçìíîæåíü øê³äíèê³â ë³ñó
ñïðè÷èíèëà ³äåþ ðîçðîáëåííÿ íîâî¿ ìîäåë³, ó ÿê³é âàæëèâèì áóäå íå ï³äñóìêîâèé âèãëÿä àñèìïòîòè÷íî
ñò³éêîãî ñòàíó ï³ñëÿ á³ôóðêàö³é, à ïåðåõ³äíèé ðåæèì. ßâèùå, ÿêå â äîñë³äæåííÿõ ç åêîëîã³¿ îòîòîæíþ-

þòü ç ïîïóëÿö³éíèìè ñïàëàõàìè (íåñòàö³îíàðíèìè ð³çíîð³äíèìè ïðîöåñàìè), ó êîíêðåòí³é ñèòóàö³¿ çà-
ïðîïîíîâàíî ðîçãëÿäàòè ó êîíòåêñò³ òðèâàëîãî êîëèâàëüíîãî ðåæèìó ÿê ï³ê ôàçè ð³çêèõ íåãàðìîí³éíèõ
îñöèëÿö³é. Íîâà äèíàì³÷íà ìîäåëü ó ôîðì³ äèôåðåíö³àëüíîãî ð³âíÿííÿ îïèñóº ñïàäíó ïñåâäîïåð³îäè÷íó
òðàºêòîð³þ çãàñàííÿ ðàïòîâèõ ð³çêèõ êîëèâàíü, ùî ðåàë³çóþòü áåçá³ôóðêàö³éíèé ñöåíàð³é ìèìîâ³ëüíîãî
çàâåðøåííÿ äëÿ îñîáëèâîãî âàð³àíòó ìàñîâèõ ðîçìíîæåíü øê³äíèêà ë³ñ³â íà ïðèêëàä³ ñèòóàö³¿ â äâîõ
ïðîâ³íö³ÿõ Ñõ³äíî¿ Êàíàäè.

Êëþ÷îâ³ ñëîâà: íåïåðåðâíà ìîäåëü ïîïóëÿö³¿, âèáóõîïîä³áíà äèíàì³êà ïîïóëÿö³éíîãî ñïàëàõó êîìàõ,
ïåðåõ³äíèé ðåæèì îñöèëÿö³é, çãàñàííÿ öèêëó, ñïàëàõè øê³äíèêà ë³ñó â Êàíàä³.

———-

Continuous model for the devastating oscillation dynamics of local forest pest populations in Canada /
A.Yu. Perevaryukha // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 164–177.

Abstract. A sharp and prolonged change in the development of population processes requires the
mathematical methods to be improved. Unusual phase changes in the development of mass reproduction of
insect species dictates the idea to develop a new model, where not the final form of the asymptotically stable
state after bifurcations will be important, but the transitional mode. The phenomenon, which is identified in
environmental studies with a population outbreak, in a particular situation is proposed to be considered within
the context of a long oscillatory mode, only as a peak of the phase of sharp nonharmonic oscillations. The new
dynamic model in the form of a differential equation describes a decreasing pseudoperiodic trajectory of
damping of sudden sharp oscillations, which realize a non-bifurcation scenario of spontaneous completion for a
particular variant of mass reproduction of the pest. A situation in the two provinces in East Canada are
considered as an example.

Keywords: continuous model of the population, explosive dynamics of insects, transient oscillation mode,
cycle damping, forest pest outbreaks in Canada.

===========

ÍÎÂ² ÇÀÑÎÁÈ Ê²ÁÅÐÍÅÒÈÊÈ,
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ÓÄÊ 519.64+519.86:53.072

Çàäà÷è, ìåòîäû è àëãîðèòìû â ìîäåëÿõ ôèçè÷åñêèõ îñíîâ ýëåìåíòîâ îïòè÷åñêèõ êîìïüþòåðîâ /
Â.Í. Ñòàðêîâ, Ï.Ì. Òîì÷óê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 1. Ñ. 178–192.

²ë.: 6. Òàáë. 0. Á³áë³îãð.: 25 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû äâà âàðèàíòà çàäà÷, âîçíèêàþùèõ ïðè ðàçðàáîòêå îïòè÷åñêèõ êîìïüþ-
òåðîâ. Ïåðâûé âàðèàíò ñâÿçàí ñ ìàòåìàòè÷åñêèì èññëåäîâàíèåì ïðîáëåì îïòè÷åñêîé áèñòàáèëüíîñòè
ïðè ìíîãîïó÷êîâîì âçàèìîäåéñòâèè ëàçåðíîãî èçëó÷åíèÿ â íåëèíåéíûõ ñðåäàõ. Ñóùåñòâîâàíèå îïòè-
÷åñêîé áèñòàáèëüíîñòè ïîäòâåðæäåíî ðåçóëüòàòàìè ðåøåíèÿ êðàåâîé çàäà÷è äëÿ ñèñòåìû íåëèíåéíûõ
îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé. Â îáùåì ñëó÷àå íåñòàöèîíàðíîãî ïðîöåññà çàäà÷à ñâåäå-
íà ê ðåøåíèþ ñèñòåìû äâóõ íåëèíåéíûõ èíòåãðàëüíûõ óðàâíåíèé îòíîñèòåëüíî êîìïëåêñíûõ àìïëèòóä
èíòåðôåðåíöèîííûõ êàðòèí. Èññëåäîâàíèþ ïðîöåññîâ ïîãëîùåíèÿ è ðàññåÿíèÿ ñâåòà íàíîìàòåðèàëàìè
ïîñâÿùåí âòîðîé âàðèàíò çàäà÷. Â ðåçóëüòàòå ïîëó÷åíî ìíîãîìåðíîå èíòåãðàëüíîå óðàâíåíèå îòíîñè-
òåëüíî êîìïëåêñíîé àìïëèòóäû ýëåêòðè÷åñêîãî ïîëÿ. Ïðèíöèïèàëüíî âàæíîé îñîáåííîñòüþ ýòîãî óðàâ-
íåíèÿ ÿâëÿåòñÿ åãî ñèíãóëÿðíîñòü âíóòðè íàíî÷àñòèöû.

Êëþ÷åâûå ñëîâà: áèñòàáèëüíîñòü, îïòè÷åñêèé êîìïüþòåð, ìàòåìàòè÷åñêàÿ ìîäåëü, ëàçåðíîå âçàèìî-
äåéñòâèå, èíòåãðàëüíîå óðàâíåíèå.

——-

Çàäà÷³, ìåòîäè ³ àëãîðèòìè â ìîäåëÿõ ô³çè÷íèõ îñíîâ åëåìåíò³âîïòè÷íèõ êîìï’þòåð³â /
Â.Ì. Ñòàðêîâ, Ï.Ì. Òîì÷óê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 1. Ñ. 178–192.

Àíîòàö³ÿ. Ðîçãëÿíóòî äâà âàð³àíòè çàäà÷, ùî âèíèêàþòü ï³ä ÷àñ ðîçðîáëåííÿ îïòè÷íèõ êîìï’þ-
òåð³â. Ïåðøèé âàð³àíò ïîâ’ÿçàíèé ç ìàòåìàòè÷íèì äîñë³äæåííÿì ïðîáëåì îïòè÷íî¿ á³ñòàá³ëüíîñò³ äëÿ
áàãàòîïó÷êîâî¿ ëàçåðíî¿ âçàºìîä³¿ â íåë³í³éíèõ ñåðåäîâèùàõ. ²ñíóâàííÿ îïòè÷íî¿ á³ñòàá³ëüíîñò³ ï³äòâåð-
äæóþòü ðåçóëüòàòè ðîçâ’ÿçàííÿ êðàéîâî¿ çàäà÷³ äëÿ ñèñòåìè íåë³í³éíèõ çâè÷àéíèõ äèôåðåíö³àëüíèõ
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ð³âíÿíü.Ó çàãàëüíîìó âèïàäêó íåñòàö³îíàðíîãî ïðîöåñó çàäà÷ó çâåäåíî äî ðîçâ’ÿçàííÿ ñèñòåìè äâîõ
íåë³í³éíèõ ³íòåãðàëüíèõ ð³âíÿíü â³äíîñíî êîìïëåêñíèõ àìïë³òóä ³íòåðôåðåíö³éíèõ êàðòèí. Ïðîöåñè ïî-
ãëèíàííÿ ³ ðîçñ³ÿííÿ ñâ³òëà ìàòåð³àëàìè äîñë³äæåíî â äðóãîìó âàð³àíò³ çàäà÷. Ó ðåçóëüòàò³ îäåðæàíî áà-
ãàòîâèì³ðíå ³íòåãðàëüíå ð³âíÿííÿ â³äíîñíî êîìïëåêñíî¿ àìïë³òóäè åëåêòðè÷íîãî ïîëÿ. Ïðèíöèïîâî
âàæëèâîþ âëàñòèâ³ñòþ ð³âíÿííÿ º éîãî ñèíãóëÿðí³ñòü âñåðåäèí³ íàíî÷àñòèíêè.

Êëþ÷îâ³ ñëîâà: á³ñòàá³ëüí³ñòü, îïòè÷íèé êîìï’þòåð, ìàòåìàòè÷íà ìîäåëü, ëàçåðíà âçàºìîä³ÿ, ³íòåã-
ðàëüíå ð³âíÿííÿ.

———-
Problems, methods, and algorithms in the models of physicalfundamentals of the elements of optical
computers / V.N. Starkov, P.M. Tomchuk // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 1. P. 178–192.

Abstract. The paper considers two variants of problems that arise in the development of optical
computers. The first variant is related to the mathematical analysis of optical bistability in case of multibeam
intereaction of laser radiation in nonlinear media. The presence of this phenomenon follows from the solution
of the boundary-value problem for a system of nonlinear ordinary differential equations. In the general case of
an arbitrary nonstationary process, the problem reduces to solving a system of two nonlinear integral equations
with respect to complex amplitudes describing interference patterns. The other region of our study concerns
absorption and scattering of light by nanomaterials. As the result, a multidimensional integral equation with
respect to the complex amplitude of electric field was derived. A very important property of this equation is its
singularity inside the nanoparticle.
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