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Áëî÷íî-äèàãîíàëüíûé ïîäõîä ê íåîòðèöàòåëüíîé ôàêòîðèçàöèè ðàçðåæåííûõ ëèíãâèñòè÷åñêèõ
ìàòðèö è òåíçîðîâ ñâåðõáîëüøîé ðàçìåðíîñòè ñ èñïîëüçîâàíèåì ëàòåíòíîãî ðàñïðåäåëåíèÿ Äè-
ðèõëå / À.Â. Àíèñèìîâ, À.À. Ìàð÷åíêî, Ý.Ì. Íàñèðîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018.
Òîì 54, ¹ 6. Ñ. 3–10.

²ë.: 5. Òàáë.: 0. Á³áë³îãð.: 15 íàçâ.

Àííîòàöèÿ. Îïèñàíû àëãîðèòìû íåîòðèöàòåëüíîé ôàêòîðèçàöèè ðàçðåæåííûõ ìàòðèö è òåíçîðîâ.
Ðàññìîòðåíî èñïîëüçîâàíèå ëàòåíòíîãî ðàñïðåäåëåíèÿ Äèðèõëå äëÿ ïðèâåäåíèÿ ìàòðèö è òåíçîðîâ ê
áëî÷íî-äèàãîíàëüíîé ôîðìå äëÿ ïàðàëëåëèçàöèè âû÷èñëåíèé è óñêîðåíèÿ íåîòðèöàòåëüíîé ôàêòîðèçà-
öèè ëèíãâèñòè÷åñêèõ ìàòðèö è òåíçîðîâ ñâåðõáîëüøîé ðàçìåðíîñòè. Ïðåäëîæåííàÿ ìîäåëü ïîçâîëÿåò
äîïîëíÿòü ìîäåëè íîâûìè äàííûìè áåç íåîáõîäèìîñòè âûïîëíÿòü íåîòðèöàòåëüíóþ ôàêòîðèçàöèþ âñå-
ãî ñâåðõáîëüøîãî òåíçîðà çàíîâî.

Êëþ÷åâûå ñëîâà: èñêóññòâåííûé èíòåëëåêò, êîìïüþòåðíàÿ ëèíãâèñòèêà, ïàðàëëåëüíûå âû÷èñëåíèÿ.
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Áëî÷íî-ä³àãîíàëüíèé ï³äõ³ä äî íåâ³ä’ºìíî¿ ôàêòîðèçàö³¿ ðîçð³äæåíèõ ë³íãâ³ñòè÷íèõ ìàòðèöü ³ òåí-
çîð³â íàäâåëèêî¿ ðîçì³ðíîñò³ ç âèêîðèñòàííÿì ëàòåíòíîãî ðîçïîä³ëó Ä³ð³õëå / À.Â. Àí³ñ³ìîâ, Î.Î.
Ìàð÷åíêî, Å.Ì. Íàñ³ðîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 3–10.

Àíîòàö³ÿ. Îïèñàíî àëãîðèòìè íåâ³ä’ºìíî¿ ôàêòîðèçàö³¿ ðîçð³äæåíèõ ìàòðèöü ³ òåíçîð³â. Ðîçãëÿ-
íóòî âèêîðèñòàííÿ ëàòåíòíîãî ðîçïîä³ëó Ä³ð³õëå äëÿ ïðèâåäåííÿ ìàòðèöü ³ òåíçîð³â äî áëî÷íî-ä³àãî-
íàëüíî¿ ôîðìè äëÿ ïàðàëåë³çàö³¿ îá÷èñëåíü ³ ïðèñêîðåííÿ íåâ³ä’ºìíî¿ ôàêòîðèçàöèè ë³íãâ³ñòè÷íèõ ìàò-
ðèöü ³ òåíçîð³â íàäâåëèêî¿ ðîçì³ðíîñò³. Çà äîïîìîãîþ çàïðîïîíîâàíî¿ ìîäåë³ ìîæíà äîïîâíþâàòè ìî-
äåë³ íîâèìè äàíèìè áåç íåîáõ³äíîñò³ çíîâó âèêîíóâàòè íåâ³ä’ºìíó ôàêòîðèçàö³þ âñüîãî íàäâåëèêîãî
òåíçîðà.

Êëþ÷îâ³ ñëîâà: øòó÷íèé ³íòåëåêò, êîìï’þòåðíà ë³íãâ³ñòèêà, ïàðàëåëüí³ îá÷èñëåííÿ.
----

Block diagonal approach to the non-negative sparse linguistic extra large matrices and tensors
factorization using the latent Dirichlet distribution / À.V. Anisimov, Î.Î. Marchenko, E.Ì. Nasirov //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 6. P. 3–10.

Abstract. In this paper, algorithms for the non-negative factorization of sparse matrices and tensors, a
popular technology in artificial intelligence in general and in computer linguistics in particular, are described. It is
proposed to use the latent Dirichlet distribution to reduce matrices and tensors to block-diagonal form for
parallelizing computations and accelerating the non-negative factorization of linguistic matrices and tensors of
extremely large dimension. The proposed model also allows the models to be supplemented with new data without
having to perform non-negative factorization of the entire super-large tensor anew from the very beginning.

Keywords: artificial intelligence, computational linguistics, parallel computations.
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ÓÄÊ 004.8 + 519.2

Ñèíåðãåòè÷åñêèå àñïåêòû ìîäåëèðóåìûõ òåõíîëîãèé / Þ.È. Äóáðîâ // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2018. Òîì 54, ¹ 6. Ñ. 11–17.

²ë.: 2. Òàáë.: 1. Á³áë³îãð.: 13 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà ñàìîîðãàíèçàöèÿ, êàê ñïîñîáíîñòü îòêðûòûõ ñèñòåì ê ñàìîñîâåðøå-
íñòâîâàíèþ. Ïîêàçàíî, ÷òî â ïðîöåññå ñàìîîðãàíèçàöèè ëþáîé òåõíîëîãèè âñåãäà ïðèñóòñòâóåò àíòðî-
ïîìîðôíàÿ ñîñòàâëÿþùàÿ. Îòìå÷åíî, ÷òî îðãàíèçàöèÿ è ñàìîîðãàíèçàöèÿ ïðîåêòèðóåìîé ñèñòåìû âñåã-
äà ìîæåò áûòü îïðåäåëåíà. Ïðèâåäåí êîíêðåòíûé ïðèìåð îïðåäåëåíèÿ ñàìîîðãàíèçàöèè òåõíîëîãèè ðà-
áîòû òåïëîìàññîîáìåííîãî àïïàðàòà. Ðàññìîòðåíû ñèíåðãåòè÷åñêèå àñïåêòû òåõíîëîãèè, äàíî
îáîñíîâàíèå êðèòåðèÿ ðàáîòîñïîñîáíîñòè òåõíîëîãèè, îñóùåñòâëåíà ôîðìàëèçàöèÿ òåõíîëîãèè, ñôîð-
ìóëèðîâàíû âûâîäû è ðåêîìåíäàöèè. Îòìå÷åíî, ÷òî àáñîëþòíîå âçàèìîäåéñòâèå ïàðû ýëåìåíòîâ òåõ-
íîëîãèè (ìàêñèìàëüíàÿ îðãàíèçàöèÿ) äîñòèãàåòñÿ ïðè ïðîïîðöèîíàëüíîì ðàñïðåäåëåíèè ðàáî÷åãî ìàòå-
ðèàëà ïî âçàèìîäåéñòâóþùèì ýëåìåíòàì, à íàèëó÷øèé ðåçóëüòàò (ìàêñèìàëüíàÿ îðãàíèçîâàííîñòü) —
ïðè àáñîëþòíîì ñîîòâåòñòâèè ýíòðîïèé âçàèìîäåéñòâóþùèõ ýëåìåíòîâ òåõíîëîãèè.

Êëþ÷åâûå ñëîâà: ñèíåðãåòèêà, îðãàíèçîâàííîñòü, ñàìîîðãàíèçàöèÿ, òåõíîëîãèÿ, òåïëîìàññîîáìåííûé
àïïàðàò.
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Ñèíåðãåòè÷í³ àñïåêòè ìîäåëüîâàíèõ òåõíîëîã³é / Þ.². Äóáðîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2018. Òîì 54, ¹ 6. Ñ. 11–17.

Àíîòàö³ÿ. Ñàìîîðãàí³çàö³þ ðîçãëÿíóòî ÿê ñàìîâäîñêîíàëåííÿ â³äêðèòèõ ñèñòåì. Ïîêàçàíî, ùî â
ïðîöåñ³ ñàìîîðãàí³çàö³¿ áóäü-ÿêî¿ òåõíîëîã³¿ çàâæäè º àíòðîïîìîðôíà ñêëàäîâà. Çàçíà÷åíî, ùî
îðãàí³çàö³þ ³ ñàìîîðãàí³çàö³þ ïðîåêòîâàíî¿ ñèñòåìè ìîæíà âèçíà÷èòè çàâæäè. Íàâåäåíî êîíêðåòíèé
ïðèêëàä âèçíà÷åííÿ ñàìîîðãàí³çàö³¿ òåõíîëîã³¿ ðîáîòè òåïëîìàñîîáì³ííîãî àïàðàòà, ùî âêëþ÷àº ñèíåðãå-
òè÷í³ àñïåêòè òåõíîëîã³¿, îá´ðóíòóâàííÿ êðèòåð³þ ïðàöåçäàòíîñò³ òåõíîëîã³¿, ôîðìàë³çàö³þ òåõíîëîã³¿,
âèñíîâêè òà ðåêîìåíäàö³¿. Çàçíà÷åíî, ùî àáñîëþòíà âçàºìîä³ÿ ïàðè åëåìåíò³â òåõíîëîã³¿ (ìàêñèìàëüíà
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îðãàí³çàö³ÿ) äîñÿãàºòüñÿ äëÿ ïðîïîðö³éíîãî ðîçïîä³ëó ðîáî÷îãî ìàòåð³àëó ïî ïîâåðõí³ åëåìåíò³â, ùî
âçàºìîä³þòü. Íàéêðàùèé ðåçóëüòàò (ìàêñèìàëüíà îðãàí³çîâàí³ñòü) äîñÿãàºòüñÿ äëÿ àáñîëþòíî¿
â³äïîâ³äíîñò³ åíòðîï³é âçàºìîä³þ÷èõ åëåìåíò³â òåõíîëîã³¿.

Êëþ÷îâ³ ñëîâà: ñèíåðãåòèêà, îðãàí³çîâàí³ñòü, ñàìîîðãàí³çàö³ÿ, òåõíîëîã³ÿ, òåïëîìàñîîáì³ííèé àïàðàò.
-----

Synergetic aspects of simulated technologies / Yu.I. Dubrov // Kibernetika i sistemnyj analiz. 2018. Vol. 54,
N 6. P. 11–17.

Abstract. In the paper, self-organization is considered as self-improvement of open systems. It is shown that
in the process of self-organization of any technology, there is always an anthropomorphic component. It is noted that
organization and self-organization of the projected system can always be determined. A specific example of the
determination of self-organization of the heat-exchange equipment operation technology is given, which includes:
synergetic aspects of technology, justification of the working capacity of the technology, technology formalization,
conclusions and recommendations. It is noted that absolute interaction of a pair of technology elements (maximal
organization) is achieved when the working material is proportionally distributed over the interacting elements. The
best result (maximum organization) is achieved when the entropy of the interacting elements of technology is
absolutely consistent.

Keywords: synergetics, organization, self-organization, technology, heat and mass transfer apparatus.
=====

ÓÄÊ 0048/519.7

Ðåøåíèå ïðîáëåìû äèíàìè÷åñêîé àäàïòèâíîñòè ñèñòåì èñêóññòâåííîãî èíòåëëåêòà, îñóùåñòâëÿ-
þùèõ óïðàâëåíèå äèíàìè÷åñêèìè òåõíè÷åñêèìè îáúåêòàìè / Â.Â. Õèëåíêî, Ð. Ñòðæåëåöêè,
È. Êîòóëÿê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 6. Ñ. 18–26.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Èññëåäîâàíû âîïðîñû ïîâûøåíèÿ áûñòðîäåéñòâèÿ è óñòîé÷èâîñòè ñèñòåì èñêóññòâåí-
íîãî èíòåëëåêòà, óïðàâëÿþùèõ äèíàìè÷åñêèìè òåõíè÷åñêèìè îáúåêòàìè. Ðàññìîòðåíà ïðîáëåìà âû÷èñëå-
íèÿ îïòèìàëüíîãî ìîìåíòà ïåðåêëþ÷åíèÿ ñèñòåìîé èñêóññòâåííîãî èíòåëëåêòà ñ îäíîãî êëàññà ïðîãðàì-
ìíîãî îáåñïå÷åíèÿ íà äðóãîé ïî êðèòåðèþ ñòåïåíè æåñòêîñòè ìîäåëè îáúåêòà óïðàâëåíèÿ. Ïðåäëîæåíî
ðåøåíèå äàííîé ïðîáëåìû äëÿ îáùåãî ñëó÷àÿ äèíàìèêè îáúåêòà óïðàâëåíèÿ, êîãäà ñòåïåíü æåñòêîñòè åãî
ìàòåìàòè÷åñêîé ìîäåëè ìîæåò ñóùåñòâåííî èçìåíÿòüñÿ âî âðåìÿ ôóíêöèîíèðîâàíèÿ è íåîáõîäèìî äèíà-
ìè÷åñêîå îïðåäåëåíèå ìîìåíòà ïåðåõîäà îò ñòàíäàðòíûõ ìåòîäîâ ÷èñëåííîãî èíòåãðèðîâàíèÿ ê ñïåöèàëè-
çèðîâàííûì ÷èñëåííûì ìåòîäàì, ïðåäíàçíà÷åííûì äëÿ ðàñ÷åòà æåñòêèõ ìîäåëåé.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, óïðàâëåíèå òåõíè÷åñêèìè ñèñòåìàìè, èñêóññòâåííûé
èíòåëëåêò.

------
Ðîçâ’ÿçàííÿ ïðîáëåìè äèíàì³÷íî¿ âàð³àòèâíîñò³ ñèñòåì øòó÷íîãî ³íòåëåêòó, ùî çä³éñíþþòü êåðóâàí-
íÿ äèíàì³÷íèìè òåõí³÷íèìè îá’ºêòàìè / Â.Â. Õèëåíêî, Ð. Ñòðæåëåöê³, ². Êîòóëÿê // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 18–26.

Àíîòàö³ÿ. Âèâ÷åíî ïèòàííÿ ï³äâèùåííÿ øâèäêîä³¿ ³ ñò³éêîñò³ ñèñòåì øòó÷íîãî ³íòåëåêòó, ùî êåðóþòü
äèíàì³÷íèìè òåõí³÷íèìè îá’ºêòàìè. Ðîçãëÿíóòî çàäà÷ó îá÷èñëåííÿ îïòèìàëüíîãî ìîìåíòó ïåðåìèêàííÿ
ñèñòåìîþ øòó÷íîãî ³íòåëåêòó ç îäíîãî êëàñó ïðîãðàìíîãî çàáåçïå÷åííÿ íà ³íøèé çà êðèòåð³ºì ñòóïåíÿ æî-
ðñòêîñò³ ìîäåë³ îá’ºêòà êåðóâàííÿ. Çàïðîïîíîâàíî ðîçâ’ÿçàííÿ ö³º¿ ïðîáëåìè äëÿ çàãàëüíîãî âèïàäêó äè-
íàì³êè îá’ºêòà êåðóâàííÿ, êîëè ñòóï³íü æîðñòêîñò³ éîãî ìàòåìàòè÷íî¿ ìîäåë³ ìîæå ³ñòîòíî çì³íþâàòèñÿ ï³ä
÷àñ ôóíêö³îíóâàííÿ ³ ïîòð³áíî äèíàì³÷íî âèçíà÷àòè ìîìåíò ïåðåõîäó â³ä ñòàíäàðòíèõ ìåòîä³â ÷èñåëüíîãî
³íòåãðóâàííÿ äî ñïåö³àë³çîâàíèõ ÷èñåëüíèõ ìåòîä³â, ïðèçíà÷åíèõ äëÿ ðîçðàõóíêó æîðñòêèõ ìîäåëåé.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, êåðóâàííÿ òåõí³÷íèìè ñèñòåìàìè, øòó÷íèé èíòåëåêò.
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Solving the problems of dynamic variability of artificial intelligence systems that control dynamic
technical objects / V.V. Khilenko, R. Strzelecki, I. Kotuliak // Kibernetika i sistemnyj analiz. 2018. Vol. 54,
N 6. P. 18–26.

Abstract. The paper investigates increase in performance and stability of artificial intelligence systems that
control dynamic technical objects. The problem of calculating the optimal switching time of the artificial intelligence
system between the software classes by the criterion of the degree of rigidity of the model of the control object is
considered. The solution of this problem is proposed for the general case of the control object dynamics when the
rigidity of its mathematical model can significantly change during the operation and it is necessary to dynamically
determine the transition time from standard methods of numerical integration to specialized numerical methods
intended for calculating rigid models.

Keywords: mathematical modeling, control of engineering systems, artificial intelligence.
====

Àëãåáðàè÷åñêèå ñâîéñòâà ÿäåð îáîáùåííûõ íåéðîôóíêöèé / Ô.Ý. Ãå÷å, Î.Þ. Ìóëåñà // Êèáåðíåòè-
êà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 6. Ñ. 27–36.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 20 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû îáîáùåííûå íåéðîííûå ýëåìåíòû, îïðåäåëåíû óñëîâèÿ ðåàëèçóåìîñòè
ôóíêöèé àëãåáðû ëîãèêè íà òàêèõ ýëåìåíòàõ. Ââåäåíî ïîíÿòèå ìîäèôèöèðîâàííîãî ÿäðà áóëåâûõ ôóíêöèé
îòíîñèòåëüíî ñèñòåìû õàðàêòåðîâ ãðóïïû, íà êîòîðîé çàäàþòñÿ ôóíêöèè àëãåáðû ëîãèêè. Ïðèâåäåíû êðèòå-
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ðèè ïðèíàäëåæíîñòè ýòèõ ôóíêöèé ê êëàññó îáîáùåííûõ íåéðîôóíêöèé. Èññëåäîâàíà àëãåáðàè÷åñêàÿ
ñòðóêòóðà ÿäåð áóëåâûõ íåéðîôóíêöèé. Íà îñíîâå ñâîéñòâ ìàòðèö òîëåðàíòíîñòè óñòàíîâëåí ðÿä íåîáõîäè-
ìûõ óñëîâèé ðåàëèçóåìîñòè áóëåâûõ ôóíêöèé îäíèì îáîáùåííûì íåéðîííûì ýëåìåíòîì. Ïîëó÷åííûå â
ðàáîòå ðåçóëüòàòû ïîçâîëÿþò ðàçðàáîòàòü ýôôåêòèâíûå ìåòîäû ñèíòåçà öåëî÷èñëåííûõ îáîáùåííûõ íåé-
ðîííûõ ýëåìåíòîâ ñ áîëüøèì ÷èñëîì âõîäîâ, êîòîðûå ìîãóò áûòü óñïåøíî ïðèìåíåíû â çàäà÷àõ êîìïðåñ-
ñèè è ïåðåäà÷è èíôîðìàöèè, à òàêæå â çàäà÷àõ ðàñïîçíàâàíèÿ äèñêðåòíûõ ñèãíàëîâ.

Êëþ÷åâûå ñëîâà: îáîáùåííûé íåéðîííûé ýëåìåíò, ÿäðî ôóíêöèè, ñïåêòð ôóíêöèè, õàðàêòåð ãðóïïû,
ñèíòåç, ìàòðèöà òîëåðàíòíîñòè.
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ÓÄÊ 681.5+519.7

Àëãåáðà¿÷í³ âëàñòèâîñò³ ÿäåð óçàãàëüíåíèõ íåéðîôóíêö³é / Ô.Å. Ãå÷å, Î.Þ. Ìóëåñà // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 27–36.

Àíîòàö³ÿ. Ðîçãëÿíóòî óçàãàëüíåí³ íåéðîíí³ åëåìåíòè, âñòàíîâëåíî óìîâè ðåàë³çîâíîñò³ ôóíêö³é
àëãåáðè ëîã³êè íà öèõ åëåìåíòàõ. Óâåäåíî ïîíÿòòÿ ìîäèô³êîâàíîãî ÿäðà áóëåâèõ ôóíêö³é â³äíîñíî ñèñ-
òåìè õàðàêòåð³â ãðóïè, íà ÿê³é çàäàþòüñÿ ôóíêö³¿ àëãåáðè ëîã³êè, íàâåäåíî êðèòåð³¿ íàëåæíîñò³ öèõ
ôóíêö³é äî êëàñó óçàãàëüíåíèõ íåéðîôóíêö³é. Äîñë³äæåíî àëãåáðà¿÷íó ñòðóêòóðó ÿäåð áóëåâèõ íåéðî-
ôóíêö³é, íà îñíîâ³ âëàñòèâîñòåé ìàòðèöü òîëåðàíòíîñò³ îòðèìàíî íèçêó íåîáõ³äíèõ óìîâ ðåàë³çîâíîñò³
áóëåâèõ ôóíêö³é îäíèì óçàãàëüíåíèì íåéðîííèì åëåìåíòîì. Îäåðæàí³ ðåçóëüòàòè äàþòü çìîãó ðîçðî-
áèòè åôåêòèâí³ ìåòîäè ñèíòåçó ö³ëî÷èñëîâèõ óçàãàëüíåíèõ íåéðîííèõ åëåìåíò³â ç âåëèêèì ÷èñëîì
âõîä³â, ÿê³ ìîæíà óñï³øíî çàñòîñîâóâàòè â çàäà÷àõ êîìïðåñ³¿ ³ ïåðåäàâàííÿ ³íôîðìàö³¿, à òàêîæ ó çàäà-
÷àõ ðîçï³çíàâàííÿ äèñêðåòíèõ ñèãíàë³â.

Êëþ÷îâ³ ñëîâà: óçàãàëüíåíèé íåéðîííèé åëåìåíò, ÿäðî ôóíêö³¿, ñïåêòð ôóíêö³¿, õàðàêòåð ãðóïè, ñèíòåç,
ìàòðèöÿ òîëåðàíòíîñò³.
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The algebraic properties of cores of generalized neurofunctions / F. Geche, O. Mulesa // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 6. P. 27–36.

Abstract. In this paper, we consider generalized neural elements and study the conditions for the
implementation of the functions of the algebra of logic with such elements. The concept of a modified core of
Boolean functions is introduced in relation to the systems of groups’ character where the functions of the algebra
of logic are defined. The criteria for belonging these functions to a class of generalized neural functions are given.
The algebraic structure of the core of Boolean neurofunctions is investigated and number of necessary conditions
for the implementation of Boolean functions by one generalized neural element are established based on the
properties of tolerance matrices. The received results allow elaborating efficient methods of synthesis of integer
generalized neural elements with many inputs, which can be used in problems of information compression and
transmission and discrete signal recognition.

Keywords: generalized neural element, core of function, function’s spectrum, group character, synthesis,
tolerance matrix.
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ÓÄÊ 519.766:004.415.5

Íîâûå ôóíêöèîíàëüíûå âîçìîæíîñòè ñèñòåìû îáðàáîòêè åñòåñòâåííîÿçûêîâûõ ñïåöèôèêàöèé è
ñðåäà åå ôóíêöèîíèðîâàíèÿ / Í.Ì. Ìèùåíêî, Ì.Ê. Ìîðîõîâåö, Î.Ä. Ôåëèæàíêî, Å.Â. Øòåëèê,
Í.Í. Ù¸ãîëåâà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 6. Ñ. 37–46.

²ë.: 4. Òàáë.: 0. Á³áë³îãð.: 3 íàçâ.

Àííîòàöèÿ. Îïèñàíà ñðåäà ôóíêöèîíèðîâàíèÿ ÿçûêîâîãî ïðîöåññîðà, ïðåäíàçíà÷åííîãî äëÿ îá-
ðàáîòêè ìîäåëåé ïîâåäåíèÿ ñèñòåì, ïðåäñòàâëåííûõ íà åñòåñòâåííîì ÿçûêå. Äàííàÿ ñðåäà îáåñïå÷èâàåò
íàñòðîéêó ÿçûêîâîãî ïðîöåññîðà, îñíîâíûì ýòàïîì êîòîðîé ÿâëÿåòñÿ ïîñòðîåíèå ñèíòàêñè÷åñêîé òàáëè-
öû. Ïðåäëîæåí ïîäõîä ê àâòîìàòèçàöèè ïîñòðîåíèÿ ïðîäóêöèé ãðàììàòèêè, ïðåäíàçíà÷åííûõ äëÿ ïî-
ïîëíåíèÿ ñèíòàêñè÷åñêîé òàáëèöû, èñïîëüçóåìîé ÿçûêîâûì ïðîöåññîðîì.

Êëþ÷åâûå ñëîâà: ôóíêöèîíàëüíàÿ ñïåöèôèêàöèÿ, ÿçûêîâîé ïðîöåññîð, ÊÑ-ãðàììàòèêà, ñëîâàðü êëþ-
÷åâûõ ñëîâ.
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Íîâ³ ôóíêö³îíàëüí³ ìîæëèâîñò³ ñèñòåìè îáðîáêè ïðèðîäíîìîâíèõ ñïåöèô³êàö³é òà ñåðåäîâèùå ¿¿
ôóíêö³îíóâàííÿ / Í.Ì. Ì³ùåíêî, Ì.Ê. Ìîðîõîâåöü, Î.Ä. Ôåë³æàíêî, ª.Â. Øòåëèê, Í.Ì. Ùîãîëåâà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 37–46.

Àíîòàö³ÿ. Îïèñàíî ñåðåäîâèùå ôóíêö³îíóâàííÿ ìîâíîãî ïðîöåñîðà, ÿêèé ïðèçíà÷åíî äëÿ îáðîá-
êè ìîäåëåé ïîâåä³íêè ñèñòåì, ùî ïîäàí³ íàòóðàëüíîþ ìîâîþ. Öå ñåðåäîâèùå çàáåçïå÷óº íàëàøòóâàííÿ
ìîâíîãî ïðîöåñîðà, îñíîâíèì åòàïîì ÿêîãî º ïîáóäîâà ñèíòàêñè÷íî¿ òàáëèö³. Çàïðîïîíîâàíî ï³äõ³ä äî
àâòîìàòèçàö³¿ ïîáóäîâè ïðîäóêö³é ãðàìàòèêè, ùî ïðèçíà÷åí³ äëÿ ïîïîâíåííÿ ñèíòàêñè÷íî¿ òàáëèö³, ÿêó
âèêîðèñòîâóº ìîâíèé ïðîöåñîð.

Êëþ÷îâ³ ñëîâà: ôóíêö³îíàëüíà ñïåöèô³êàö³ÿ, ìîâíèé ïðîöåñîð, ÊÂ-ãðàìàòèêà, ñëîâíèê êëþ÷îâèõ ñë³â.
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New functionalities of the system for natural-language specifications processing and its operating
environment / N.M. Mishchenko, M.K. Morokhovets, O.D. Felizhanko, Y.V. Shtelik, N.N. Shchogoleva //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 6. P. 37–46.
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Abstract. The paper describes the operating environment of the language processor intended for for handling
behavior models of systems represented in natural language. This environment provides tuning of the language
processor; the main stage of this tuning is construction of a syntax table. An approach is proposed for automating the
construction of grammar rules intended for replenishment of the syntactic table that the language processor uses.

Keywords: functional specification, language processor, context-free grammar, keyword dictionary.
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ÓÄÊ 681.322.012

Óëüòðàáûñòðûé êëåòî÷íûé ìåòîä óìíîæåíèÿ ìàòðèö / Ë.Ä. Åëôèìîâà // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2018. Òîì 54, ¹ 6. Ñ. 47–55.

²ë.: 3. Òàáë.: 0. Á³áë³îãð.: 7 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí óëüòðàáûñòðûé êëåòî÷íûé ìåòîä óìíîæåíèÿ ìàòðèö, êîòîðûé îïåðèðóåò
êëåòî÷íûìè ïîäìàòðèöàìè, âçàèìîäåéñòâóåò ñ èçâåñòíûìè êëåòî÷íûìè ìåòîäàìè óìíîæåíèÿ ìàòðèö è ìè-
íèìèçèðóåò âû÷èñëèòåëüíóþ ñëîæíîñòü ïîëó÷åííûõ íà èõ îñíîâå êëåòî÷íûõ àíàëîãîâ èçâåñòíûõ àëãîðèò-
ìîâ óìíîæåíèÿ ìàòðèö íà 12.5 %. Âçàèìîäåéñòâèå óëüòðàáûñòðîãî ìåòîäà ñ îáúåäèíåííûì êëåòî÷íûì ìå-
òîäîì ïîçâîëÿåò äîñòè÷ü íàèâûñøèé ïî ñðàâíåíèþ ñ èçâåñòíûìè êëåòî÷íûìè ìåòîäàìè ïðîöåíò ìèíèìèçà-
öèè (45.2 %) ìóëüòèïëèêàòèâíîé, àääèòèâíîé è îáùåé ñëîæíîñòåé èçâåñòíûõ àëãîðèòìîâ óìíîæåíèÿ
ìàòðèö. Îöåíêà âû÷èñëèòåëüíîé ñëîæíîñòè óëüòðàáûñòðîãî ìåòîäà äàíà íà ïðèìåðàõ ïîëó÷åíèÿ êëåòî÷íûõ
àíàëîãîâ òðàäèöèîííîãî àëãîðèòìà óìíîæåíèÿ ìàòðèö.

Êëþ÷åâûå ñëîâà: ëèíåéíàÿ àëãåáðà, êëåòî÷íûå ìåòîäû, ñåìåéñòâî êëåòî÷íûõ ìåòîäîâ óìíîæåíèå ìàò-
ðèö, êëåòî÷íûå àíàëîãè àëãîðèòìîâ óìíîæåíèÿ ìàòðèö.
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Óëüòðàøâèäêèé êë³òèííèé ìåòîä ìíîæåííÿ ìàòðèöü / Ë.Ä. ªëôiìîâà // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 47–55.

Àíîòàöiÿ. Ðîçãëÿíóòî óëüòðàøâèäêèé êë³òèííèé ìåòîä ìíîæåííÿ ìàòðèöü, ÿêèé îïåðóº êë³òèííèìè
ï³äìàòðèöÿìè, âçàºìîä³º ç â³äîìèìè êë³òèííèìè ìåòîäàìè ìíîæåííÿ ìàòðèöü òà ì³í³ì³çóº îá÷èñëþâàëüíó
ñêëàäí³ñòü îòðèìàíèõ íà ¿õí³é îñíîâ³ êë³òèííèõ àíàëîã³â â³äîìèõ àëãîðèòì³â ìíîæåííÿ ìàòðèöü íà 12.5 %.
Âçàºìîä³ÿ óëüòðàøâèäêîãî ìåòîäó ç îá’ºäíàíèì êë³òèííèì ìåòîäîì ìíîæåííÿ ìàòðèöü çàáåçïå÷óº íàéâèùèé
ïîð³âíÿíî ç â³äîìèìè êë³òèííèìè ìåòîäàìè â³äñîòîê ì³í³ì³çàö³¿ (45.2 %) ìóëüòèïë³êàòèâíî¿, àäèòèâíî¿ òà çà-
ãàëüíî¿ ñêëàäíîñò³ â³äîìèõ àëãîðèòì³â ìíîæåííÿ ìàòðèöü. Îö³íêó îá÷èñëþâàëüíî¿ ñêëàäíîñò³ óëüòðàøâèäêîãî
ìåòîäó íàâåäåíî íà ïðèêëàäàõ îòðèìàííÿ êë³òèííèõ àíàëîã³â òðàäèö³éíîãî àëãîðèòìó ìíîæåííÿ ìàòðèöü.

Êëþ÷îâ³ ñëîâà: ë³í³éíà àëãåáðà, êë³òèíí³ ìåòîäè, ñ³ì’ÿ êë³òèííèõ ìåòîä³â ìíîæåííÿ ìàòðèöü, êë³òèíí³
àíàëîãè àëãîðèòì³â ìíîæåííÿ ìàòðèöü.
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An ultrafast cellular method of matrix multiplication / L.D. Jelfimova // Kibernetika i sistemnyj analiz.
2018. Vol. 54, N 6. P. 47–55.

Abstract. The author considers the ultrafast cellular method of matrix multiplication, which operates by
cellular submatrices, interacts with well-known matrix multiplication cellular methods, and minimizes by 12.5%
the computational complexity of cellular analogs of well-known matrix multiplication algorithms derived on
their basis. The interaction of the ultrafast cellular method with the unified cellular method of matrix
multiplication provides the highest (in comparison with well-known methods) percentage (equal to 45.2%) of
minimizing of the multiplicative, additive, and overall complexities of the well-known matrix multiplication
algorithms. The computational complexity of the ultrafast method is estimated using the models of getting
cellular analogs of the traditional matrix multiplication algorithm.

Keywords: linear algebra, cellular methods, family of cellular methods of matrix multiplication, cellular
analogs of matrix multiplication algorithms.
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.21:658.7

Ìàðêîâñêèå ìîäåëè ñèñòåì ñ äâóìÿ òèïàìè çàÿâîê è ðàçëè÷íûìè ïîëèòèêàìè ïîïîëíåíèÿ çàïà-
ñîâ / À.Ç. Ìåëèêîâ, Ë.À. Ïîíîìàðåíêî, È.À. Àëèåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54,
¹ 6. Ñ. 56–74.

²ë.: 5. Òàáë.: 5. Á³áë³îãð.: 20 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíû ìàðêîâñêèå ìîäåëè ñèñòåì îáñëóæèâàíèÿ–çàïàñàíèÿ ñ äâóìÿ òèïàìè çà-
ÿâîê, â êîòîðûõ èñïîëüçóþòñÿ äâå ïîëèòèêè ïîïîëíåíèÿ çàïàñîâ: â îäíîé ïîëèòèêå îáúåì ïîñòàâëÿåìûõ
çàïàñîâ ÿâëÿåòñÿ ïîñòîÿííîé âåëè÷èíîé, à â äðóãîé ïîëèòèêå — ïåðåìåííîé. Äëÿ äîñòóïà çàÿâîê âûñî-
êîãî ïðèîðèòåòà íåò îãðàíè÷åíèé, çàÿâêè íèçêîãî ïðèîðèòåòà ïðèíèìàþòñÿ ëèøü òîãäà, êîãäà ñóììàð-
íîå ÷èñëî çàÿâîê â ñèñòåìå ìåíüøå çàäàííîãî ïîðîãîâîãî çíà÷åíèÿ. Ðàçðàáîòàíû ìåòîäû ðàñ÷åòà õàðàê-
òåðèñòèê èçó÷àåìûõ ñèñòåì è ðåøåíû çàäà÷è èõ îïòèìèçàöèè. Ïðèâåäåíû ðåçóëüòàòû ÷èñëåííûõ ýêñïå-
ðèìåíòîâ.

Êëþ÷åâûå ñëîâà: ñèñòåìà îáñëóæèâàíèÿ–çàïàñàíèÿ, ïîëèòèêà ïîïîëíåíèÿ çàïàñîâ, ðàçíîòèïíûå
çàÿâêè, ìåòîä ðàñ÷åòà, îïòèìèçàöèÿ.
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Ìàðêîâñüê³ ìîäåë³ ñèñòåì ç äâîìà òèïàìè âèìîã ³ ð³çíèìè ïîë³òèêàìè ïîïîâíåííÿ çàïàñ³â / À.Ç.
Ìåë³êîâ, Ë.À. Ïîíîìàðåíêî, ².À. Àë³ºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6.
Ñ. 56–74.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìàðêîâñüê³ ìîäåë³ ñèñòåì îáñëóãîâóâàííÿ–çàïàñàííÿ ç äâîìà òèïàìè âèìîã,
â ÿêèõ âèêîðèñòîâóþòüñÿ äâ³ ïîë³òèêè ïîïîâíåííÿ çàïàñ³â: â îäí³é ïîë³òèö³ îáñÿã îòðèìóâàíèõ çàïàñ³â º
ïîñò³éíîþ âåëè÷èíîþ, à â ³íø³é ïîë³òèö³ — çì³ííîþ. Äëÿ äîñòóïó âèìîã âèñîêîãî ïð³îðèòåòó íåìàº îáìå-
æåíü, âèìîãè íèæ÷îãî ïð³îðèòåòó âèêîíóþòüñÿ ëèøå òîä³, êîëè ñóìàðíà ê³ëüê³ñòü âèìîã ó ñèñòåì³ º ìåíøîþ
â³ä çàäàíîãî ïîðîãîâîãî çíà÷åííÿ. Ðîçðîáëåíî ìåòîäè îá÷èñëåííÿ õàðàêòåðèñòèê äîñë³äæóâàíèõ ñèñòåì ³
ðîçâ’ÿçàíî çàäà÷³ ¿õíüî¿ îïòèì³çàö³¿. Íàâåäåíî ðåçóëüòàòè ÷èñëîâèõ åêñïåðèìåíò³â.

Êëþ÷îâ³ ñëîâà: ñèñòåìà îáñëóãîâóâàííÿ–çàïàñàííÿ, ïîë³òèêà ïîïîâíåííÿ çàïàñ³â, ð³çíîòèïí³ âèìîãè,
ìåòîä ðîçðàõóíêó, îïòèì³çàö³ÿ.
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Markov models of systems with two types of customers and different replenishment policies /
A.Z. Melikov, L.A. Ponomarenko, I.A. Aliyev // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 6. P. 56–74.

Abstract. Markov models of queuing-inventory systems with two types of customers are proposed. In
these systems, two kinds of replenishment policies are used: policies with fixed and variable size of order.
High-priority customers have no access constraints while low-priority customers are accepted if the total
number of customers in the system is less than a given threshold. Methods are developed to calculate
performance measures of the systems under study and problems of their optimization are solved. Results of the
numerical experiments are shown.

Keywords: conveyor, queuing-inventory system, replenishment policy, customers of different types,
calculation method, optimization.
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ÓÄÊ 330.115

Îïòèìèçàöèîííûå ìîäåëè àíòèòåððîðèñòè÷åñêîé çàùèòû / Â.È. Íîðêèí // Êèáåðíåòèêà è ñèñòåìíûé àíà-
ëèç. 2018. Òîì 54, ¹ 6. Ñ. 75–88.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 33 íàçâ.

Àííîòàöèÿ. Äàí îáçîð ìàòåìàòè÷åñêèõ ìîäåëåé è çàäà÷ ïî ïëàíèðîâàíèþ àíòèòåððîðèñòè÷åñêèõ
è ñïåöèàëüíûõ îïåðàöèé: çàäà÷ êîíòðîëÿ òåððèòîðèè, çàäà÷ çàùèòû êðèòè÷åñêîé èíôðàñòðóêòóðû (îïè-
ñûâàåìîé îïòèìèçàöèîííûìè ìîäåëÿìè), áëîêèðîâêè òðàíñïîðòíûõ è èíôîðìàöèîííûõ ñåòåé. Ïîêàçà-
íî, ÷òî ìíîãèå çàäà÷è êîíòðîëÿ òåððèòîðèè ñâîäÿòñÿ ê èçâåñòíûì îïòèìèçàöèîííûì çàäà÷àì òåîðèè
ãðàôîâ, ïîèñêó êðàò÷àéøèõ ïóòåé è ìèíèìàëüíûõ ïîêðûòèé. Çàäà÷è çàùèòû êðèòè÷åñêîé èíôðàñòðóê-
òóðû è áëîêèðîâêè ñåòåé ñâîäÿòñÿ ê ðåøåíèþ èãðîâûõ ñòîõàñòè÷åñêèõ ìèíèìàêñíûõ çàäà÷. Ïðåäëàãà-
þòñÿ ÷èñëåííûå ìåòîäû ðåøåíèÿ ýòèõ çàäà÷.

Êëþ÷åâûå ñëîâà: àíòèòåððîðèñòè÷åñêèå îïåðàöèè, êîíòðîëü òåððèòîðèè, çàùèòà êðèòè÷åñêîé èíôðàñ-
òðóêòóðû, ñòîõàñòè÷åñêàÿ îïòèìèçàöèÿ, îïòèìèçàöèÿ íà ãðàôàõ, áëîêèðîâêà ñåòåé, ìèíèìàêñíûå çàäà÷è.
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Îïòèì³çàö³éí³ ìîäåë³ àíòèòåðîðèñòè÷íîãî çàõèñòó / Â.². Íîðê³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2018. Òîì 54, ¹ 6. Ñ. 75–88.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä ìàòåìàòè÷íèõ ìîäåëåé ³ çàäà÷ ç ïëàíóâàííÿ àíòèòåðîðèñòè÷íèõ òà
ñïåö³àëüíèõ îïåðàö³é: çàäà÷ êîíòðîëþ òåðèòîð³¿, çàäà÷ çàõèñòó êðèòè÷íî¿ ³íôðàñòðóêòóðè (îïèñóâàíî¿
îïòèì³çàö³éíèìè ìîäåëÿìè), áëîêóâàííÿ òðàíñïîðòíèõ òà ³íôîðìàö³éíèõ ìåðåæ. Ïîêàçàíî, ùî áàãàòî
çàäà÷ êîíòðîëþ òåðèòîð³¿ çâîäÿòüñÿ äî â³äîìèõ îïòèì³çàö³éíèõ çàäà÷ òåîð³¿ ãðàô³â, ïîøóêó íàéêîðîò-
øèõ øëÿõ³â ³ ì³í³ìàëüíèõ ïîêðèòò³â. Çàäà÷³ çàõèñòó êðèòè÷íî¿ ³íôðàñòðóêòóðè ³ áëîêóâàííÿ ìåðåæ çâî-
äÿòüñÿ äî ðîçâ’ÿçàííÿ ³ãðîâèõ ñòîõàñòè÷íèõ ì³í³ìàêñíèõ çàäà÷.

Êëþ÷îâ³ ñëîâà: àíòèòåðîðèñòè÷í³ îïåðàö³¿, êîíòðîëü òåðèòîð³¿, çàõèñò êðèòè÷íî¿ ³íôðàñòðóêòóðè, áëî-
êóâàííÿ ìåðåæ, ñòîõàñòè÷íà îïòèì³çàö³ÿ, îïòèì³çàö³ÿ íà ãðàôàõ, ì³í³ìàêñí³ çàäà÷³.
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Optimization models of anti-terrorist protection / V.I. Norkin // Kibernetika i sistemnyj analiz. 2018.
Vol. 54, N 6. P. 75–88.

Abstract. The paper gives an overview of a number of mathematical models and problems on planning
anti-terrorist and special operations. These are problems of monitoring a territory, protecting critical
infrastructure (described by optimization models), interdicting transport and information networks. It is shown
that many territory control problems are reduced to well-known optimization problems on graphs, shortest paths
search, and minimal coverages on graphs. The problems of protecting critical infrastructure and interdicting
networks are reduced to stochastic minimax game problems.

Keywords: anti-terrorist operations, territory control, critical infrastructure protection, network interdiction,
stochastic optimization, optimization on graphs, minimax problems.
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Àííîòàöèÿ. Ïðèâåäåí ïîäõîä ê îöåíèâàíèþ îáîñíîâàííîñòè ðåøåíèé, êîòîðûå ïðèíèìàþòñÿ îòíî-
ñèòåëüíî ñëîæíûõ ñèñòåì ñ èñïîëüçîâàíèåì ìíîãîêðèòåðèàëüíûõ ìåòîäîâ. Ïðåäëîæåíî îöåíèâàòü îá-
îñíîâàííîñòü ïî ñîîòâåòñòâóþùåìó êðèòåðèþ, êîòîðûé ïðåäïîëàãàåò íå òîëüêî âûïîëíåíèå îöåíêè ðå-
çóëüòàòîâ, ïîëó÷åííûõ ñ ïîìîùüþ ìíîãîêðèòåðèàëüíûõ ìåòîäîâ, íî è ó÷åò ïðåäâàðèòåëüíûõ ýòàïîâ, ñâÿ-
çàííûõ ñ ïîäãîòîâêîé èñõîäíûõ äàííûõ.

Êëþ÷åâûå ñëîâà: àëüòåðíàòèâà, êðèòåðèé îáîñíîâàííîñòè, ìíîãîêðèòåðèàëüíîå ïðèíÿòèå ðåøåíèé,
ìíîãîêðèòåðèàëüíûé ìåòîä, îáîñíîâàííîñòü, ïîêàçàòåëü îáîñíîâàííîñòè.
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Îö³íþâàííÿ îá´ðóíòîâàíîñò³ ïðèéíÿòòÿ áàãàòîêðèòåð³éíèõ ð³øåíü / Ì.Ì. Ïîòüîìê³í // Ê³áåðíåòè-
êà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 89–95.

Àíîòàö³ÿ. Íàâåäåíî ï³äõ³ä äî îö³íþâàííÿ îá´ðóíòîâàíîñò³ ð³øåíü, ÿê³ ïðèéìàþòüñÿ ñòîñîâíî
ñêëàäíèõ ñèñòåì ç âèêîðèñòàííÿì áàãàòîêðèòåð³éíèõ ìåòîä³â. Çàïðîïîíîâàíî îö³íþâàòè îá´ðóíòî-
âàí³ñòü çà â³äïîâ³äíèì êðèòåð³ºì, ÿêèé ïåðåäáà÷àº íå ëèøå îö³íþâàííÿ ðåçóëüòàò³â, îòðèìàíèõ çà áàãà-
òîêðèòåð³éíèìè ìåòîäàìè, à é óðàõóâàííÿ ïîïåðåäí³õ åòàï³â, ïîâ’ÿçàíèõ ç ï³äãîòîâêîþ âèõ³äíèõ äàíèõ.

Êëþ÷îâ³ ñëîâà: àëüòåðíàòèâà, áàãàòîêðèòåð³éíå ïðèéíÿòòÿ ð³øåííÿ, áàãàòîêðèòåð³éíèé ìåòîä, êðèòåð³é
îá´ðóíòîâàíîñò³, îá´ðóíòîâàí³ñòü, ïîêàçíèê îá´ðóíòîâàíîñò³.
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Evaluating the substantiation of multicriteria decision-making / M.M. Potomkin // Kibernetika i sistemnyj
analiz. 2018. Vol. 54, N 6. P. 89–95.

Abstract. The paper gives an approach to the assessment of the validity of decisions made for complex
systems using multicriteria methods. It is also proposed to evaluate the validity based on the relevant criterion,
which involves not only assessing the results obtained by the multicriteria methods but also takes into account
preliminary stages related to preparation of the initial data.

Keywords: alternative, validity criterion, multicriteria decision-making, multicriterion method, substantiation,
validity index.
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ÓÄÊ 517.988

Èíåðöèîííûå ãèáðèäíûå ìåòîäû ðàñùåïëåíèÿ äëÿ îïåðàòîðíûõ âêëþ÷åíèé / Â.Â. Ñåì¸íîâ // Êè-
áåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 6. Ñ. 96–104.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 20 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíû íîâûå èíåðöèîííûå àëãîðèòìû äëÿ ðåøåíèÿ îïåðàòîðíûõ âêëþ÷åíèé ñ
ìàêñèìàëüíûìè ìîíîòîííûìè îïåðàòîðàìè, äåéñòâóþùèìè â ãèëüáåðòîâîì ïðîñòðàíñòâå. Àëãîðèòìû
îñíîâàíû íà èíåðöèîííîé ýêñòðàïîëÿöèè è òðåõ èçâåñòíûõ ìåòîäàõ: àëãîðèòìå ðàñùåïëåíèÿ Öåíãà è
äâóõ ãèáðèäíûõ àëãîðèòìàõ äëÿ àïïðîêñèìàöèè íåïîäâèæíûõ òî÷åê íåðàñòÿãèâàþùèõ îïåðàòîðîâ. Äî-
êàçàíû òåîðåìû î ñèëüíîé ñõîäèìîñòè ïîðîæäåííûõ àëãîðèòìàìè ïîñëåäîâàòåëüíîñòåé.

Êëþ÷åâûå ñëîâà: îïåðàòîðíîå âêëþ÷åíèå, ìàêñèìàëüíûé ìîíîòîííûé îïåðàòîð, ãèëüáåðòîâî ïðîñòðà-
íñòâî, èíåðöèîííûé ìåòîä, àëãîðèòì Öåíãà, ãèáðèäíûé àëãîðèòì, ñèëüíàÿ ñõîäèìîñòü.
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²íåðö³éí³ ã³áðèäí³ ìåòîäè ðîçùåïëåííÿ äëÿ îïåðàòîðíèõ âêëþ÷åíü / Â.Â. Ñåìåíîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 96–104.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íîâ³ ³íåðö³éí³ àëãîðèòìè äëÿ ðîçâ’ÿçàííÿ îïåðàòîðíèõ âêëþ÷åíü ç ìàê-
ñèìàëüíèìè ìîíîòîííèìè îïåðàòîðàìè, ùî ä³þòü ó ã³ëüáåðòîâîìó ïðîñòîð³. Àëãîðèòìè ãðóíòóþòüñÿ íà
³íåðö³éí³é åêñòðàïîëÿö³¿ òà òðüîõ â³äîìèõ ìåòîäàõ: àëãîðèòì³ ðîçùåïëåííÿ Öåíãà ³ äâîõ ã³áðèäíèõ àëãî-
ðèòìàõ äëÿ àïðîêñèìàö³¿ íåðóõîìèõ òî÷îê íåðîçòÿãóâàëüíèõ îïåðàòîð³â. Äîâåäåíî òåîðåìè ïðî ñèëüíó
çá³æí³ñòü ïîðîäæåíèõ àëãîðèòìàìè ïîñë³äîâíîñòåé.

Êëþ÷îâ³ ñëîâà: îïåðàòîðíå âêëþ÷åííÿ, ìàêñèìàëüíèé ìîíîòîííèé îïåðàòîð, ã³ëüáåðòîâèé ïðîñò³ð,
³íåðö³éíèé ìåòîä, àëãîðèòì Öåíãà, ã³áðèäíèé àëãîðèòì, ñèëüíà çá³æí³ñòü.
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Inertial hybrid splitting methods for operator inclusion problems / V.V. Semenov // Kibernetika i sistemnyj
analiz. 2018. Vol. 54, N 6. P. 96–104.

Abstract. In this paper, new algorithms are proposed to solve operator inclusion problems with maximal
monotone operators acting in a Hilbert space. The algorithms are based on inertial extrapolation and three
well-known methods: Tseng forward-backward splitting algorithm and two hybrid algorithms for
approximation of fixed points of nonexpansive operators. Theorems on the strong convergence of the sequences
generated by the algorithms are proved.

Keywords: operator inclusion problem, maximal monotone operator, Hilbert space, inertial method, Tseng
algorithm, hybrid algorithm, strong convergence.
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Àííîòàöèÿ. Ïðèâåäåí àëãîðèòì ðåøåíèÿ áèãàðìîíè÷åñêîé çàäà÷è äëÿ æåñêî çàùåìëåííîé ïëàñ-
òèíû ìåòîäîì Ðèòöà ñ èñïîëüçîâàíèåì ÿâíûõ ôîðìóë äëÿ ñïëàéíîâ ïÿòîé ñòåïåíè íà òðåóãîëüíîé ñåòêå
óçëîâ. Ïðîâåäåí âû÷èñëèòåëüíûé ýêñïåðèìåíò ïî íàõîæäåíèþ ðåøåíèÿ çàäà÷è íà êâàäðàòíîé îáëàñòè
äëÿ ðàçëè÷íûõ ñõåì ðàçáèåíèÿ.

Êëþ÷åâûå ñëîâà: ñïëàéíû ïÿòîé ñòåïåíè, áèãàðìîíè÷åñêàÿ çàäà÷à, ñèñòåìà Ðèòöà, ïðÿìîóãîëüíàÿ
ïëàñòèíà, æåñòêî çàùåìëåííàÿ ïëàñòèíà.
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Ðîçâ’ÿçàííÿ á³ãàðìîí³÷íî¿ çàäà÷³ ïðî çãèí ïëàñòèíè ìåòîäîì Ð³Òöà ç âèêîðèñòàííÿì ÿâíèõ ôîð-
ìóë äëÿ ñïëàéí³â ï’ÿòîãî ñòåïåíÿ / Î.Ì. Ëèòâèí, Î.Î. Ëèòâèí, ².Ñ. Òîìàíîâà // Ê³áåðíåòèêà òà ñèñ-
òåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 105–109.

Àíîòàö³ÿ. Íàâåäåíî àëãîðèòì ðîçâ’ÿçàííÿ á³ãàðìîí³÷íî¿ çàäà÷³ äëÿ æîðñòêî çàùåìëåíî¿ ïëàñòèíè
ìåòîäîì Ð³òöà ç âèêîðèñòàííÿì ÿâíèõ ôîðìóë äëÿ ñïëàéí³â ï’ÿòîãî ñòåïåíÿ íà òðèêóòí³é ñ³òö³ âóçë³â.
Ïðîâåäåíî îá÷èñëþâàëüíèé åêñïåðèìåíò ³ç çíàõîäæåííÿ ðîçâ’ÿçêó çàäà÷³ íà êâàäðàòí³é îáëàñò³ äëÿ
ð³çíèõ ñõåì ðîçáèòòÿ.

Êëþ÷îâ³ ñëîâà: ñïëàéíè ï’ÿòîãî ñòåïåíÿ, á³ãàðìîí³÷íà çàäà÷à, ñèñòåìà Ð³òöà, ïðÿìîêóòíà ïëàñòèíà, æî-
ðñòêî çàùåìëåíà ïëàñòèíà.
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Solving the biharmonic problem of a closed clamped plate by the Ritz method using explicit formulas for
spline of the fifth degree / O.M. Lytvyn, O.O. Lytvyn, I.S. Tomanova // Kibernetika i sistemnyj analiz.
2018. Vol. 54, N 6. P. 105–109.

Abstract. An algorithm is represented to solve biharmonic problems for a closed clamped plate by the
Ritz method using explicit formulas for splines of the fifth degree on a triangular grid of nodes. A
computational experiment is performed to find the solution of the problem on a square domain for various
partition schemes.

Keywords: splines of the fifth degree, biharmonic problem, Ritz system, rectangular plate, closed clamped plate.
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ÓÄÊ 620.179.1.001.5

Ñíèæåíèå æèçíåííîãî ðåñóðñà çäàíèé ïðè ðåãóëÿðíûõ âçðûâíûõ âîçäåéñòâèÿõ / Þ.È. Êàëþõ,
Â.À. Äóíèí, ß.À. Áåð÷óí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 6. Ñ. 110–118.

²ë.: 6. Òàáë.: 1. Á³áë³îãð.: 14 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí ìåòîä ýêñïåðèìåíòàëüíî-òåîðåòè÷åñêîé îöåíêè óõóäøåíèÿ ðåñóðñà æåëåçîáåòîí-
íûõ êîíñòðóêöèé æèëûõ çäàíèé â óñëîâèÿõ ïîñòîÿííî äåéñòâóþùèõ ìàññîâûõ ïðîìûøëåííûõ âçðûâîâ ìîù-
íîñòüþ îò 500 äî 700 ò â êàðüåðå Þæíîãî ãîðíî-îáîãàòèòåëüíîãî êîìáèíàòà â ã. Êðèâîé Ðîã (Óêðàèíà). Íà îñíî-
âå îáðàáîòêè ìíîãî÷èñëåííûõ ýêñïåðèìåíòàëüíûõ äàííûõ è ðåçóëüòàòîâ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ïîëó-
÷åíà âåðîÿòíîñòíàÿ ìîäåëü ïðîãíîçà óõóäøåíèÿ òåõíè÷åñêîãî ñîñòîÿíèÿ æåëåçîáåòîííûõ êîíñòðóêöèé çäàíèÿ.
Ðàñ÷åòû ðèñêîâ ðàçðóøåíèÿ íåñóùèõ ýëåìåíòîâ çäàíèÿ äëÿ åãî óÿçâèìûõ çîí ïîçâîëèëè óòî÷íèòü ñðîê ýêñïëóà-
òàöèè (îí óìåíüøèëñÿ ïî ñðàâíåíèþ ñ íîðìàòèâíûì ïðèáëèçèòåëüíî íà 30 ëåò â 2012 ã.).

Êëþ÷åâûå ñëîâà: ðåñóðñ, âçðûâ, ðèñê, ðàçðóøåíèå, ýêñïåðèìåíò, ðàñ÷åò.
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Çíèæåííÿ æèòòºâîãî ðåñóðñó áóä³âåëü ï³ä âïëèâîì ðåãóëÿðíèõ âèáóõ³â / Þ.². Êàëþõ, Â.À. Äóí³í,
ß.Î. Áåð÷óí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 110–118.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìåòîä åêñïåðèìåíòàëüíî-òåîðåòè÷íîãî îö³íþâàííÿ ïîã³ðøåííÿ ðåñóðñó
çàë³çîáåòîííèõ êîíñòðóêö³é æèòëîâèõ áóäèíê³â â óìîâàõ ïîñò³éíî ä³þ÷èõ ìàñîâèõ ïðîìèñëîâèõ âè-
áóõ³â ïîòóæí³ñòþ â³ä 500 äî 700 ò íà êàð’ºð³ Ï³âäåííîãî ã³ðíè÷î-çáàãà÷óâàëüíîãî êîìá³íàòó ó ì. Êðè-
âèé Ð³ã (Óêðà¿íà). Íà îñíîâ³ îáðîáëåííÿ ÷èñëåííèõ åêñïåðèìåíòàëüíèõ äàíèõ ³ ðåçóëüòàò³â ìàòåìàòè÷-
íîãî ìîäåëþâàííÿ îòðèìàíî éìîâ³ðí³ñíó ìîäåëü ïðîãíîçó ïîã³ðøåííÿ òåõí³÷íîãî ñòàíó çàë³çîáåòîííèõ
êîíñòðóêö³é áóä³âë³ Öåíòðó äèòÿ÷î¿ òà þíàöüêî¿ òâîð÷îñò³ «Ìð³ÿ». Ðîçðàõóíêè ðèçèê³â ðóéíóâàííÿ òðè-
ìàëüíèõ åëåìåíò³â áóä³âë³ äëÿ ¿¿ âðàçëèâèõ çîí äîçâîëèëè óòî÷íèòè òåðì³í åêñïëóàòàö³¿ (â³í çìåíøèâñÿ
â ïîð³âíÿíí³ ç íîðìàòèâíèì ïðèáëèçíî íà 30 ðîê³â ó 2012 ð.).

Êëþ÷îâ³ ñëîâà: ðåñóðñ, âèáóõ, ðèçèê, ðóéíóâàííÿ, åêñïåðèìåíò, îá÷èñëåííÿ.
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Reducing the resource of buildings because of regular impact of large-scale explosions / I. Kaliukh,
V. Dunin, Y. Berchun // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 6. P. 110–118.

Abstract. The authors consider the technique of experimental and theoretical evaluation of decreasing life
resource of reinforced concrete structures of residential buildings under permanent industrial large-scale explosions
of the capacity of 500 to 700 tons in the quarry of PGZK in Kryvyi Rih, Ukraine. On the basis of numerous
experimental data and results of mathematical modeling, a probabilistic forecast model has been obtained for
deterioration of the technical condition of reinforced concrete structures of the Children and Youth Creativity Center
“Mriya” located in the Ingulets district. Calculations of the risks of destruction of the load-bearing elements of the
building for its vulnerable areas have made it possible to correct the operation period of the building (by decreasing
it by ~ 30 years in 2012 as compared with the normative one).

Keywords: living resourse, explosion, risk, destruction, experiment, calculation.
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ÓÄÊ 519.217:519.718:519.837

Ñóùåñòâîâàíèå ôóíêöèîíàëîâ Ëÿïóíîâà–Êðàñîâñêîãî äëÿ ñòîõàñòè÷åñêèõ äèôôåðåíöèàëü-
íî-ôóíêöèîíàëüíûõ óðàâíåíèé Èòî–Ñêîðîõîäà ïðè óñëîâèè óñòîé÷èâîñòè ðåøåíèé ïî âåðîÿò-
íîñòè ñ êîíå÷íûì ïîñëåäåéñòâèåì / È.Â. Þð÷åíêî, Â.Ê. ßñèíñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíà-
ëèç. 2018. Òîì 54, ¹ 6. Ñ. 119–133.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 28 íàçâ.

Àííîòàöèÿ. Óñòàíîâëåíî, ÷òî äëÿ äèíàìè÷åñêèõ ñèñòåì ñëó÷àéíîé ñòðóêòóðû ñ êîíå÷íîé ïðåäûñ-
òîðèåé, îáëàäàþùèõ ñâîéñòâîì òîé èëè èíîé âåðîÿòíîñòíîé óñòîé÷èâîñòè, ñóùåñòâóþò ôóíêöèîíàëû
Ëÿïóíîâà–Êðàñîâñêîãî ñ îïðåäåëåííûìè ñâîéñòâàìè.

Êëþ÷åâûå ñëîâà: ñèñòåìû ñëó÷àéíîé ñòðóêòóðû, ïîñëåäåéñòâèå, óñòîé÷èâîñòü, ôóíêöèîíàëû Ëÿïóíî-
âà–Êðàñîâñêîãî.
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²ñíóâàííÿ ôóíêö³îíàë³â ëÿïóíîâà–êðàñîâñüêîãî äëÿ ñòîõàñòè÷íèõ äèôåðåíö³àëüíî-ôóíêö³îíàëü-
íèõ ð³âíÿíü ²òî–Ñêîðîõîäà çà óìîâè ñò³éêîñò³ ðîçâ’ÿçê³â çà éìîâ³ðí³ñòþ ç³ ñê³í÷åííîþ ï³ñëÿä³ºþ /
².Â. Þð÷åíêî, Â.Ê. ßñèíñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 119–133.

Àíîòàö³ÿ. Âñòàíîâëåíî, ùî äëÿ äèíàì³÷íèõ ñèñòåì âèïàäêîâî¿ ñòðóêòóðè ç³ ñê³í÷åííîþ ïå-
ðåä³ñòîð³ºþ, ÿê³ ìàþòü âëàñòèâ³ñòü ò³º¿ ÷è ³íøî¿ éìîâ³ðí³ñíî¿ ñò³éêîñò³, ³ñíóþòü ôóíêö³îíàëè Ëÿïóíî-
âà–Êðàñîâñüêîãî ç ïåâíèìè âëàñòèâîñòÿìè.

Êëþ÷îâ³ ñëîâà: ñèñòåìè âèïàäêîâî¿ ñòðóêòóðè, ï³ñëÿä³ÿ, ñò³éê³ñòü, ôóíêö³- îíàëè Ëÿïóíîâà–Êðàñîâñüêîãî.
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The existence of Lyapunov–Krasovskii functionals for stochastic differential-functional Ito–Skorokhod
equations under the condition of the solutions stability on probability with finite aftereffect /
I.V. Yurchenko, V.K. Yasynskyy // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 6. P. 119–133.

Abstract. In the paper, it is established that for dynamic systems of random structure with finite prehistory
and with the property of one or another probability stability, there exist Lyapunov–Krasovskii functionals with
definite properties.

Keywords: systems of random structure, aftereffect, stability, Lyapunov–Krasovskii functionals.
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ÓÄÊ 532.546:519.6

×èñëåííûé ìåòîä ðåøåíèÿ çàäà÷è èäåíòèôèêàöèè ìëàäøåãî êîýôôèöèåíòà è èñòî÷íèêà â óðàâ-
íåíèè êîíâåêöèè–ðåàêöèè / Õ.Ì. Ãàìçàåâ, Ñ.Î. Ãóñåéíçàäå, Ã.Ã. Ãàñûìîâ // Êèáåðíåòèêà è ñèñòåì-
íûé àíàëèç. 2018. Òîì 54, ¹ 6. Ñ. 134–140.

²ë.: 0. Òàáë.: 1. Á³áë³îãð.: 16 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à èäåíòèôèêàöèè îäíîâðåìåííî êèíåòè÷åñêîãî êîýôôèöèåíòà ðåàê-
öèè è ôóíêöèè èñòî÷íèêà, çàâèñÿùèõ ëèøü îò ïðîñòðàíñòâåííîé ïåðåìåííîé, â îäíîìåðíîì ëèíåéíîì
óðàâíåíèè êîíâåêöèè–ðåàêöèè. Â êà÷åñòâå äîïîëíèòåëüíûõ óñëîâèé çàäàíû íåëîêàëüíîå èíòåãðàëüíîå
óñëîâèå íà ðåøåíèå óðàâíåíèÿ è óñëîâèå ôèíàëüíîãî ïåðåîïðåäåëåíèÿ. Äàííàÿ çàäà÷à îòíîñèòñÿ ê êëàññó
êîìáèíèðîâàííûõ îáðàòíûõ çàäà÷. Ïóòåì èíòåãðèðîâàíèÿ óðàâíåíèÿ ñ èñïîëüçîâàíèåì äîïîëíèòåëüíîãî
èíòåãðàëüíîãî óñëîâèÿ çàäà÷à ïðåîáðàçóåòñÿ ê êîýôôèöèåíòíîé îáðàòíîé çàäà÷å ñ ëîêàëüíûìè óñëîâèÿ-
ìè. Ïðîâîäèòñÿ äèñêðåòèçàöèÿ ïðîèçâîäíîé ïî ïðîñòðàíñòâåííîé ïåðåìåííîé è ïðåäëàãàåòñÿ ñïåöèàëü-
íîå ïðåäñòàâëåíèå äëÿ ðåøåíèÿ ïîëó÷åííîé ïîëóäèñêðåòíîé çàäà÷è. Â ðåçóëüòàòå äëÿ êàæäîãî äèñêðåòíî-
ãî çíà÷åíèÿ ïðîñòðàíñòâåííîé ïåðåìåííîé ïîëóäèñêðåòíàÿ çàäà÷à ðàñïàäàåòñÿ íà äâå: çàäà÷ó Êîøè è ëè-
íåéíîå óðàâíåíèå îòíîñèòåëüíî ïðèáëèæåííîãî çíà÷åíèÿ èñêîìîãî êèíåòè÷åñêîãî êîýôôèöèåíòà. Äëÿ
îïðåäåëåíèÿ ôóíêöèè èñòî÷íèêà òàêæå ïîëó÷åíà ÿâíàÿ ôîðìóëà. Äëÿ ÷èñëåííîãî ðåøåíèÿ çàäà÷ Êîøè èñ-
ïîëüçóåòñÿ íåÿâíûé ìåòîä Ýéëåðà. Íà îñíîâå ïðåäëîæåííîãî ìåòîäà ïðîâåäåíû ÷èñëåííûå ýêñïåðèìåíòû.

Êëþ÷åâûå ñëîâà: óðàâíåíèå êîíâåêöèè–ðåàêöèè, êîìáèíèðîâàííàÿ îáðàòíàÿ çàäà÷à, êîýôôèöèåíòíàÿ îá-
ðàòíàÿ çàäà÷à, íåëîêàëüíîå èíòåãðàëüíîå óñëîâèå, ïîëóäèñêðåòíàÿ çàäà÷à.
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×èñëîâèé ìåòîä ðîçâ’ÿçàííÿ çàäà÷³ ³äåíòèô³êàö³¿ ìîëîäøîãî êîåô³ö³ºíòà òà äæåðåëà â ð³âíÿíí³
êîíâåêö³¿–ðåàêö³¿ / Õ.Ì. Ãàìçàºâ, Ñ.Î. Ãóñåéíçàäå, Ã.Ã. Ãàñ³ìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2018. Òîì 54, ¹ 6. Ñ. 134–140.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ³äåíòèô³êàö³¿ îäíî÷àñíî ê³íåòè÷íîãî êîåô³ö³ºíòà ðåàêö³¿ òà ôóíêö³¿
äæåðåëà, çàëåæíèõ ò³ëüêè â³ä ïðîñòîðîâî¿ çì³ííî¿, â îäíîâèì³ðíîìó ë³í³éíîìó ð³âíÿíí³ êîíâåêö³¿–ðåàêö³¿.
ßê äîäàòêîâ³ óìîâè çàäàíî íåëîêàëüíó ³íòåãðàëüíó óìîâó äëÿ ðîçâ’ÿçàííÿ ð³âíÿííÿ ³ óìîâó ô³íàëüíîãî ïå-
ðåâèçíà÷åííÿ. Öÿ çàäà÷à íàëåæèòü äî êëàñó êîìá³íîâàíèõ îáåðíåíèõ çàäà÷. Øëÿõîì ³íòåãðóâàííÿ ð³âíÿí-
íÿ ç âèêîðèñòàííÿì äîäàòêîâî¿ ³íòåãðàëüíî¿ óìîâè çàäà÷ó ïåðåòâîðþþòü ó êîåô³ö³ºíòíó îáåðíåíó çàäà÷ó
ç ëîêàëüíèìè óìîâàìè. Ïðîâåäåíî äèñêðåòèçàö³þ ïîõ³äíî¿ çà ïðîñòîðîâîþ çì³ííîþ òà çàïðîïîíîâàíî
ñïåö³àëüíèé âèãëÿä äëÿ ðîçâ’ÿçêó îòðèìàíî¿ íàï³âäèñêðåòíî¿ çàäà÷³. Ó ðåçóëüòàò³ äëÿ êîæíîãî äèñêðåòíî-
ãî çíà÷åííÿ ïðîñòîðîâî¿ çì³ííî¿ íàï³âäèñêðåòíà çàäà÷à ðîçêëàäàºòüñÿ íà äâ³: çàäà÷ó Êîø³ òà ë³í³éíå
ð³âíÿííÿ â³äíîñíî íàáëèæåíîãî çíà÷åííÿ øóêàíîãî ê³íåòè÷íîãî êîåô³ö³ºíòà. Äëÿ âèçíà÷åíèÿ ôóíêö³¿ äæå-
ðåëà òàêîæ îòðèìàíî ÿâíó ôîðìóëó. Äëÿ ÷èñëîâîãî ðîçâ’ÿçàííÿ çàäà÷ Êîø³ âèêîðèñòàíî íåÿâíèé ìåòîä
Åéëåðà. Íà îñíîâ³ çàïðîïîíîâàíîãî ìåòîäó ïðîâåäåíî ÷èñëîâ³ åêñïåðèìåíòè.

Êëþ÷îâ³ ñëîâà: ð³âíÿííÿ êîíâåêö³¿–ðåàêö³¿, êîìá³íîâàíà îáåðíåíà çàäà÷à, êîåô³ö³ºíòíà îáåðíåíà çàäà-
÷à, íåëîêàëüíà ³íòåãðàëüíà óìîâà, íàï³âäèñêðåòíà çàäà÷à.
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A numerical method to solve identification problem for the lower ñoefficient and the source in the
convection–reaction equation / Kh.M. Gamzaev, S.O. Huseynzade, G.G. Gasimov // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 6. P. 134–140.

Abstract. We consider the problem of identifying simultaneously the kinetic reaction coefficient and
source function depending only on a spatial variable in one-dimensional linear convection–reaction equation.
As additional conditions, a non-local integral condition for the solution of the equation and the condition of the
final overdetermination are given. This problem belongs to the class of combined inverse problems. By
integrating the equation using the additional integral condition, the problem is transformed to a coefficient
inverse problem with local conditions. The derivative with respect to the spatial variable is discretized and a
special representation is proposed for solving the resultant semi-discrete problem. As a result, for each discrete
value of the spatial variable, the semidiscrete problem splits into two parts: the Cauchy problem and a linear
equation with respect to the approximate value of the unknown kinetic coefficient. To determine the source
function, an explicit formula is also obtained. The numerical solution of the Cauchy problem uses the implicit
Euler method. Numerical experiments were carried out on the basis of the proposed method.

Keywords: convection–reaction equation, combined inverse problem, coefficient inverse problem, nonlocal
integral condition, semi-discrete problem.
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ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 51.681.3

Ïðîåêòèðîâàíèå ÈÒ-èíôðàñòðóêòóðû / Ñ.Ë. Êðûâûé, Ñ.Ä. Ïîãîðåëûé, Í.Í. Ãëèáîâåö, Þ.Â. Áîé-
êî, Í.Í. Ñèäîðîâà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 6. Ñ. 141–158.

²ë.: 17. Òàáë.: 0. Á³áë³îãð.: 10 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíà ìåòîäèêà ïðîåêòèðîâàíèÿ ÈÒ-èíôðàñòðóêòóðû â óñëîâèÿõ îãðàíè÷åí-
íûõ ðåñóðñîâ. Ìåòîäèêà áàçèðóåòñÿ íà ñâîéñòâàõ àëãåáðû ãðàôîâ, ãåíåòè÷åñêèõ àëãîðèòìàõ, ñåòÿõ Ïåò-
ðè è îñîáåííîñòÿõ îãðàíè÷åíèé. Ðàññìîòðåíû äâà ïîäõîäà ê ðåøåíèþ çàäà÷è áàëàíñèðîâàíèÿ íàãðóçîê
â ÈÒ-èíôðàñòðóêòóðå.

Êëþ÷åâûå ñëîâà: àëãåáðà ãðàôîâ, òîïîëîãèÿ, ÈÒ-èíôðàñòðóêòóðà, ãåíåòè÷åñêèå àëãîðèòìû, ñåòè Ïåò-
ðè.
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Ïðîåêòóâàííÿ ²Ò-³íôðàñòðóêòóðè / Ñ.Ë. Êðèâèé, Ñ.Ä. Ïîãîð³ëèé, Ì.Ì. Ãëèáîâåöü, Þ.Â. Áîéêî,
Í.Ì. Ñèäîðîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 141–158.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîäèêó ïðîåêòóâàííÿ ²Ò-³íôðàñòðóêòóðè â óìîâàõ îáìåæåíèõ ðå-
ñóðñ³â. Ìåòîäèêà ´ðóíòóºòüñÿ íà âëàñòèâîñòÿõ àëãåáðè ãðàô³â, ãåíåòè÷íèõ àëãîðèòì³â, ìåðåæ Ïåòð³ òà
îñîáëèâîñòÿõ îáìåæåíü. Ðîçãëÿíóòî äâà ï³äõîäè äî ðîçâ’ÿçàííÿ çàäà÷³ áàëàíñóâàííÿ íàâàíòàæåíü
â ²Ò-³íôðàñòðóêòóð³.

Êëþ÷îâ³ ñëîâà: àëãåáðà ãðàô³â, òîïîëîã³ÿ, ²Ò-³íôðàñòðóêòóðà, ãåíåòè÷í³ àëãîðèòìè, ìåðåæ³ Ïåòð³.
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Development of the IT infrastructure / S.L. Kryvyy, S.D. Pogorilyy, M.M. Glybovets, Y.V. Boyko,
N. Sydorova // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 6. P. 141–158.

Abstract. A metodology for development of IT infrastructure under conditions of constraints resources is
proposed. This metodology is based on the properties of graph algebra, genetic algorithms, Petri nets, and
specific features of the constraints. Two approaches to solving load-balancing problems in IT infrastructure are
considered.

Keywords: graph algebra, topology, IT infrastructure, genetic algorithms, Petri nets.
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ÓÄÊ 004.421.6

Àëãîðèòì è èíñòðóìåíòû ïîñòðîåíèÿ êàíîíè÷åñêèõ ôîðì ëèíåéíûõ ïîëóàëãåáðàè÷åñêèõ ôîðìóë
/ Ì.Ñ. Ëüâîâ, Â.Ñ. Ïåñ÷àíåíêî, À.À. Ëåòè÷åâñêèé, Þ.Ã. Òàðàñè÷, À.Ñ. Áàåâ // Êèáåðíåòèêà è ñèñ-
òåìíûé àíàëèç. 2018. Òîì 54, ¹ 6. Ñ. 159–169.

²ë.: 1. Òàáë.: 0. Á³áë³îãð.: 34 íàçâ.

Àííîòàöèÿ. Ïîëó÷åíû ðåçóëüòàòû èñïûòàíèé èíñòðóìåíòîâ óïðîùåíèÿ ôîðìóë, à òàêæå îïèñàí
àëãîðèòì ïîñòðîåíèÿ êàíîíè÷åñêèõ ôîðì ëèíåéíûõ ïîëóàëãåáðàè÷åñêèõ ôîðìóë (ËÏÔ). Îñíîâíûì ðå-
çóëüòàòîì ðàáîòû ÿâëÿåòñÿ îïðåäåëåíèå êàíîíè÷åñêîé ôîðìû ËÏÔ, îáëàäàþùåé ñâîéñòâîì åäèí-
ñòâåííîñòè è äðóãèìè ïîëåçíûìè ñâîéñòâàìè, à òàêæå îïèñàíèå àëãîðèòìà åå ïîñòðîåíèÿ.

Êëþ÷åâûå ñëîâà: ñèñòåìû ëèíåéíûõ íåðàâåíñòâ, àëãåáðàè÷åñêîå ïðîãðàììèðîâàíèå, âåðèôèêàöèÿ ïðî-
ãðàììíîãî îáåñïå÷åíèÿ, êàíîíè÷åñêèå ôîðìû, ëèíåéíûå ïîëóàëãåáðàè÷åñêèå ôîðìóëû.
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Àëãîðèòì òà ³íñòðóìåíòè ïîáóäîâè êàíîí³÷íèõ ôîðì ë³í³éíèõ íàï³âàëãåáðà¿÷íèõ ôîðìóë /
Ì.Ñ. Ëüâîâ, Â.Ñ. Ïåñ÷àíåíêî, Î.Î. Ëåòè÷åâñüêèé, Þ.Ã. Òàðàñ³÷, À.Ñ. Áàºâ // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 159–169.

Àíîòàö³ÿ. Â³äîáðàæåíî ðåçóëüòàòè âèïðîáóâàíü ³íñòðóìåíò³â ñïðîùåííÿ ôîðìóë, à òàêîæ îïèñà-
íî àëãîðèòì ïîáóäîâè êàíîí³÷íèõ ôîðì ë³í³éíèõ íàï³âàëãåáðà¿÷íèõ ôîðìóë (ËÍÔ). Îñíîâíèì ðåçóëü-
òàòîì ö³º¿ ðîáîòè º âèçíà÷åííÿ êàíîí³÷íî¿ ôîðìè ËÍÔ ç âëàñòèâ³ñòþ óí³êàëüíîñò³ òà ³íøèìè êîðèñíèìè
âëàñòèâîñòÿìè, à òàêîæ îïèñ àëãîðèòìó ¿¿ ïîáóäîâè.

Êëþ÷îâ³ ñëîâà: ñèñòåìè ë³í³éíèõ íåð³âíîñòåé, àëãåáðà¿÷íå ïðîãðàìóâàííÿ, âåðèô³êàö³ÿ ïðîãðàìíîãî
çàáåçïå÷åííÿ, êàíîí³÷í³ ôîðìè, ë³í³éí³ íàï³âàëãåáðà¿÷í³ ôîðìóëè.
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Algorithm and tools for constructing canonical forms of linear semi-algebraic formulas / M. Lvov,
V. Peschanenko, O. Letychevskyi, Y. Tarasich, A. Baiev // Kibernetika i sistemnyj analiz. 2018. Vol. 54,
N 6. P. 159–169.

Abstract. The results of tests of formula simplification tools are presented in the first part of the paper. In
the second part, the algorithm for constructing canonical forms of linear semi-algebraic formulas is described.
The main result of the study is the definition of the canonical form of linear semi-algebraic formula, which has
the property of uniqueness and other useful properties. The algorithm of its construction is described.

Keywords: systems of linear inequalities, algebraic programming, software verification, canonical forms, linear
semialgebraic formulas.
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ÓÄÊ 681.3.06

Ìåòîä ïàðàëëåëüíîãî íå÷åòêîãî âûâîäà äëÿ ñèñòåì Òàêàãè–Ñóãåíî âûñøåãî ïîðÿäêà /
Ñ.Â. Åðøîâ, Ð.Í. Ïîíîìàðåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 6. Ñ. 170–180.

²ë.: 4. Òàáë.: 0. Á³áë³îãð.: 19 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä íå÷åòêîãî ëîãè÷åñêîãî âûâîäà äëÿ ñèñòåì Òàêàãè–Ñóãåíî âûñøåãî
ïîðÿäêà ñ ïðèìåíåíèåì îïåðàöèè ïîíèæåíèÿ ïîðÿäêà ïðàâèë. Ïðîàíàëèçèðîâàíà âîçìîæíîñòü èñïîëü-
çîâàíèÿ èåðàðõè÷åñêèõ íå÷åòêèõ ñèñòåì âûñøåãî ïîðÿäêà äëÿ óìåíüøåíèÿ êîëè÷åñòâà ïðàâèë è ðàñïà-
ðàëëåëèâàíèÿ íå÷åòêîãî âûâîäà. Ìåòîä ðåàëèçîâàí â èíòåëëåêòóàëüíîé ïðîãðàììíîé ñèñòåìå äëÿ óñêî-
ðåíèÿ âû÷èñëåíèé â çàäà÷å îöåíèâàíèÿ èíâåñòèöèîííûõ ïðîåêòîâ.

Êëþ÷åâûå ñëîâà: íå÷åòêèå ñèñòåìû Òàêàãè–Ñóãåíî, ïîðÿäîê íå÷åòêîé ñèñòåìû, ïîíèæåíèå ïîðÿäêà,
èåðàðõè÷åñêèå çàâèñèìîñòè, èíòåëëåêòóàëüíûå ïðîãðàììíûå ñèñòåìû, ðàñïàðàëëåëèâàíèå.
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Ìåòîä ïàðàëåëüíîãî íå÷³òêîãî âèâåäåííÿ äëÿ ñèñòåì Òàêàã³–Ñóãåíî âèùîãî ïîðÿäêó /
Ñ.Â. ªðøîâ, Ð.Ì. Ïîíîìàðåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 170–180.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä íå÷³òêîãî ëîã³÷íîãî âèâåäåííÿ äëÿ ñèñòåì Òàêàã³–Ñóãåíî âèùîãî ïî-
ðÿäêó ç âèêîðèñòàííÿì îïåðàö³¿ çíèæåííÿ ïîðÿäêó ïðàâèë. Ïðîàíàë³çîâàíî ìîæëèâ³ñòü çàñòîñóâàííÿ
³ºðàðõ³÷íèõ íå÷³òêèõ ñèñòåì âèùîãî ïîðÿäêó äëÿ çìåíøåííÿ ê³ëüêîñò³ ïðàâèë ³ ðîçïàðàëåëþâàííÿ íå÷³òêîãî
âèâåäåííÿ. Ìåòîä ðåàë³çîâàíî â ³íòåëåêòóàëüí³é ïðîãðàìí³é ñèñòåì³ äëÿ ïðèñêîðåííÿ îá÷èñëåíü â çàäà÷³
îö³íþâàííÿ ³íâåñòèö³éíèõ ïðîåêò³â.

Êëþ÷îâ³ ñëîâà: íå÷³òê³ ñèñòåìè Òàêàã³–Ñóãåíî, ïîðÿäîê íå÷³òêî¿ ñèñòåìè, çíèæåííÿ ïîðÿäêó,
³ºðàðõ³÷í³ çàëåæíîñò³, ³íòåëåêòóàëüí³ ïðîãðàìí³ ñèñòåìè, ðîçïàðàëåëþâàííÿ.
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Parallel fuzzy inference method for higher-order Takagi–Sugeno systems / S.V. Yershov,
R.M. Ponomarenko // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 6. P. 170–180.

Abstract. A method of fuzzy inference for higher-order Takagi–Sugeno systems using the operation of
decreasing the order of rules is proposed. It is shown that higher-order hierarchical fuzzy systems can be used to
reduce the number of rules and parallelize fuzzy inference. The method is implemented in an intelligent software
system to speedup computing in the problem of evaluating investment projects.

Keywords: Takagi–Sugeno fuzzy systems, fuzzy system order, order reduction, hierarchical dependencies,
intelligent software systems, parallelization.
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Ïðîãðàììíûé êîìïëåêñ ðåøåíèÿ çàäà÷è ìíîãîêðèòåðèàëüíîé îïòèìèçàöèè ñî ñòîõàñòè÷åñêèìè
îãðàíè÷åíèÿìè / Ë.Ì. Áîãäàíîâà, Ë.Â. Âàñèëüåâà, Ä.Å. Ãóçåíêî, Â.Ì. Êîëîäÿæíûé // Êèáåðíåòèêà
è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 6. Ñ. 181–188.

²ë.: 4. Òàáë.: 1. Á³áë³îãð.: 15 íàçâ.

Àííîòàöèÿ. Ïðèâåäåí ãåíåòè÷åñêèé àëãîðèòì ìíîãîêðèòåðèàëüíîé îïòèìèçàöèè ïàðàìåòðîâ òåõ-
íîëîãè÷åñêîãî ïðîöåññà, îñóùåñòâëÿþùèé ïîèñê ðåøåíèÿ íå èç íåêîòîðîé òî÷êè, à èç çàäàííîé ïîïóëÿ-
öèè. Èñïîëüçóþòñÿ öåëåâûå ôóíêöèè áåç èõ ïðîèçâîäíûõ, ïðèìåíÿþòñÿ âåðîÿòíîñòíûå ïðàâèëà âûáîðà.
Ìíîãîêðèòåðèàëüíàÿ îïòèìèçàöèÿ îñíîâûâàåòñÿ íà îòûñêàíèè ðåøåíèÿ, îäíîâðåìåííî îïòèìèçèðóþ-
ùåãî ïàðàìåòðû ìåõàíîîáðàáîòêè, êîòîðûå çàäàþòñÿ ôóíêöèÿìè ïðîèçâîäèòåëüíîñòè, ðàñõîäà èíñòðó-
ìåíòà, åãî ñòîèìîñòè è äðóãèìè ôóíêöèÿìè.
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Ïðîãðàìíèé êîìïëåêñ ðîçâ’ÿçàííÿ çàäà÷³ áàãàòîêðèòåð³éíî¿ îïòèì³çàö³¿ ç³ ñòîõàñòè÷íèìè îáìå-
æåííÿìè / Ë.Ì. Áîãäàíîâà, Ë.Â. Âàñèëüºâà, Ä.ª. Ãóçåíêî, Â.Ì. Êîëîäÿæíèé // Ê³áåðíåòèêà òà ñèñ-
òåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 181–188.

Àíîòàö³ÿ. Íàâåäåíî ãåíåòè÷íèé àëãîðèòì áàãàòîêðèòåð³éíî¿ îïòèì³çàö³¿ ïàðàìåòð³â òåõíîëîã³÷íî-
ãî ïðîöåñó, ÿêèé çä³éñíþº ïîøóê ðîçâ’ÿçêó íå ³ç äåÿêî¿ òî÷êè, à ³ç çàäàíî¿ ïîïóëÿö³¿. Âèêîðèñòàíî
ö³ëüîâ³ ôóíêö³¿ áåç ¿õí³õ ïîõ³äíèõ, çàñòîñîâàíî éìîâ³ðí³ñí³ ïðàâèëà âèáîðó. Áàãàòîêðèòåð³éíà îïòè-
ì³çàö³ÿ ´ðóíòóºòüñÿ íà çíàõîäæåíí³ ðîçâ’ÿçêó, ùî îäíî÷àñíî îïòèì³çóº ïàðàìåòðè ìåõàí³÷íîãî îáðîá-
ëåííÿ, ÿê³ çàäàþòü ôóíêö³ÿìè ïðîäóêòèâíîñò³, âèòðàò ³íñòðóìåíòó, éîãî âàðòîñò³ òà ³íøèìè ôóíêö³ÿìè.

Êëþ÷îâ³ ñëîâà: òåõíîëîã³÷íèé ïðîöåñ, ìåõàí³÷íå îáðîáëåííÿ, îïòèì³çàö³ÿ, íåéðîíí³ ìåðåæ³, ãåíåòè÷-
íèé àëãîðèòì, ã³áðèäíèé àëãîðèòì, ñòîõàñòè÷íà îïòèì³çàö³ÿ, ìîâà ïðîãðàìóâàííÿ Java.
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A software complex for solving the multi-criteria optimization problem with stochastic constraints /
L.M. Bohdanova, L.V. Vasilyeva, D.E. Guzenko, V.M. Kolodyazhny // Kibernetika i sistemnyj analiz. 2018.
Vol. 54, N 6. P. 181–188.

Abstract. The paper presents a genetic algorithm for multicriteria optimization of technological process
parameters, which searches for a solution not from a certain point but from a specified population. The objective
functions are used without their derivatives, probabilistic rules of choice are applied. Multicriteria optimization is
based on finding a solution that simultaneously optimizes the machining parameters defined by functions of
productivity, tool consumption, tool cost, etc.

Keywords: technological process, mechanical processing, optimization, neural networks, genetic algorithm,
hybrid algorithm, stochastic optimization, Java programming language.
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Àñèìïòîòè÷åñêèå ñâîéñòâà ìåòîäà ýìïèðè÷åñêèõ ñðåäíèõ äëÿ íåñòàöèîíàðíûõ ñëó÷àéíûõ ïîëåé /
Ä.À. Ãîëîëîáîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 6. Ñ. 189–192.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 4 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à ñòîõàñòè÷íîãî ïðîãðàììèðîâàíèÿ, â êîòîðîé îöåíî÷íàÿ ôóíêöèÿ
àïïðîêñèìèðóåòñÿ åå ýìïèðè÷åñêîé îöåíêîé íà îñíîâàíèè íàáëþäåíèé íåîäíîðîäíîãî ñëó÷àéíîãî ïîëÿ
ñ íåïðåðûâíûì âðåìåíåì è ñèëüíûì ïåðåìåøèâàíèåì. Èññëåäîâàíà ñèëüíàÿ ñîñòîÿòåëüíîñòü óêàçàííîé
îöåíêè è íàéäåíî åå àñèìïòîòè÷åñêîå ðàñïðåäåëåíèå ïðè óñëîâèè îãðàíè÷åíèÿ íà íåèçâåñòíûé ïàðà-
ìåòð â âèäå ñèñòåì íåðàâåíñòâ.

Êëþ÷åâûå ñëîâà: ìåòîä ýìïèðè÷åñêèõ ñðåäíèõ, ñëó÷àéíîå ïîëå, âåðîÿòíîñòü, ôóíêöèÿ, ìèíèìèçàöèÿ,
íåñòàöèîíàðíîå ïîëå, íåïðåðûâíîå âðåìÿ.
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Àñèìïòîòè÷í³ âëàñòèâîñò³ ìåòîäó åìï³ðè÷íèõ ñåðåäí³õ äëÿ íåñòàö³îíàðíèõ âèïàäêîâèõ ïîë³â / Ä.Î. Ãî-
ëîëîáîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 6. Ñ. 189–192.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ñòîõàñòè÷íîãî ïðîãðàìóâàííÿ, â ÿê³é îö³íî÷íà ôóíêö³ÿ àïðîêñè-
ìóºòüñÿ ¿¿ åìï³ðè÷íîþ îö³íêîþ íà îñíîâ³ ñïîñòåðåæåíü íåîäíîð³äíîãî âèïàäêîâîãî ïîëÿ ç íåïåðåðâíèì
÷àñîì òà ñèëüíèì ïåðåì³øóâàííÿì. Äîñë³äæåíî ñèëüíó êîíçèñòåíòí³ñòü âêàçàíî¿ îö³íêè òà çíàéäåíî ¿¿
àñèìïòîòè÷íèé ðîçïîä³ë çà óìîâè îáìåæåíü íà íåâ³äîìèé ïàðàìåòð ó âèãëÿä³ ñèñòåìè íåð³âíîñòåé.

Êëþ÷îâ³ ñëîâà: ìåòîä åìï³ðè÷íèõ ñåðåäí³õ, âèïàäêîâå ïîëå, éìîâ³ðí³ñòü, ôóíêö³ÿ, ì³í³ì³çàö³ÿ, íå-
ñòàö³îíàðíå ïîëå, íåïåðåðâíèé ÷àñ.
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Asymptotic properties of the method of empirical estimate for non-stationary random fields /
D.A. Gololobov // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 6. P. 189–192.

Abstract. The author considers a stochastic programming problem where the estimation function is
approximated by its empirical estimate for observations of a non-homogeneous random field with continuous
time and strong mixing. The strong consistency of this estimate is investigated and its asymptotic distribution is
found under the constraint imposed on the unknown parameter in the form of systems of inequalities.

Keywords: method of empirical estimate, random field, probability, function, minimization, non-stationary
field, continuous time.
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