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ÓÄÊ 519.711

Ìåòîäû íàõîæäåíèÿ ðåãóëÿðèçèðîâàííîãî ðåøåíèÿ ïðè èäåíòèôèêàöèè ëèíåéíûõ ìíîãîìåðíûõ
ìíîãîñâÿçíûõ äèñêðåòíûõ ñèñòåì / Â.Ô. Ãóáàðåâ, Â.Ä. Ðîìàíåíêî, Þ.Ë. Ìèëÿâñêèé // Êèáåðíåòèêà
è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 6. Ñ. 3–16.

²ë.: 5. Òàáë. 1. Á³áë³îãð.: 16 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à ñòðóêòóðíî-ïàðàìåòðè÷åñêîé èäåíòèôèêàöèè ñëîæíîé

ìíîãîìåðíîé ìíîãîñâÿçíîé äèñêðåòíîé ñèñòåìû â êëàññå ìîäåëåé â ïðîñòðàíñòâå ñîñòîÿíèé.

Ïðåäïîëàãàåòñÿ, ÷òî èçâåñòíû òîëüêî âõîäíûå è âûõîäíûå êîîðäèíàòû ñèñòåìû íà íåêîòîðîì

èíòåðâàëå âðåìåíè è äèàïàçîí ïîãðåøíîñòè èçìåðåíèé. Çà îñíîâó ïðèíÿò ìåòîä âûäåëÿåìîãî

ïîäïðîñòðàíñòâà, êîòîðûé ïðåäïîëàãàåò, ÷òî ðàçìåðíîñòü ñèñòåìû (âåêòîðà ñîñòîÿíèÿ) èçâåñòíà.

Îäíàêî ýòî íå âñåãäà âûïîëíÿåòñÿ íà ïðàêòèêå. Êðîìå òîãî, ââèäó çàâèñèìîñòè îò óðîâíÿ øóìà

íåâîçìîæíî êîððåêòíî èäåíòèôèöèðîâàòü ñèñòåìó áîëüøîé ðàçìåðíîñòè. Ïîýòîìó ïðåäëîæåíî

ðàññìàòðèâàòü ðàçìåðíîñòü â êà÷åñòâå ðåãóëÿðèçèðóþùåãî ïàðàìåòðà. Ðàçðàáîòàíû òðè ñïîñîáà âûáîðà

ïðèáëèæåííîé ðàçìåðíîñòè ìîäåëè â çàâèñèìîñòè îò äëèòåëüíîñòè èíòåðâàëà íàáëþäåíèé è

âîçìîæíîñòè àêòèâíîãî ýêñïåðèìåíòà. Ïðåäëàãàåìûå ìåòîäû àïðîáèðîâàíû íà ïðèìåðå çàäà÷è

èäåíòèôèêàöèè êîãíèòèâíîé êàðòû êîììåð÷åñêîãî áàíêà â èìïóëüñíîì ïðîöåññå.

Êëþ÷åâûå ñëîâà: ñòðóêòóðíî-ïàðàìåòðè÷åñêàÿ èäåíòèôèêàöèÿ, àïïðîêñèìèðóþùàÿ ìîäåëü, ìåòîä

âûäåëÿåìîãî ïîäïðîñòðàíñòâà (4SID), ðåãóëÿðèçàöèÿ, ìíîãîñâÿçíàÿ ñèñòåìà, êîãíèòèâíàÿ êàðòà,

èìïóëüñíûé ïðîöåññ.

Ìåòîäè çíàõîäæåííÿ ðåãóëÿðèçîâàíîãî ðîçâ’ÿçêó äëÿ ³äåíòèô³êàö³¿ ë³í³éíèõ áàãàòîâèì³ðíèõ
áàãàòîçâ’ÿçíèõ äèñêðåòíèõ ñèñòåì / Â.Ô. Ãóáàðåâ, Â.Ä Ðîìàíåíêî, Þ.Ë. Ì³ëÿâñüêèé // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6. Ñ. 3–16.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ñòðóêòóðíî-ïàðàìåòðè÷íî¿ ³äåíòèô³êàö³¿ ñêëàäíî¿ áàãàòîâèì³ðíî¿

áàãàòîçâ’ÿçíî¿ äèñêðåòíî¿ ñèñòåìè â êëàñ³ ìîäåëåé ó ïðîñòîð³ ñòàí³â çà ïðèïóùåííÿ, ùî â³äîì³ ò³ëüêè

âõ³äí³ ³ âèõ³äí³ êîîðäèíàòè ñèñòåìè íà äåÿêîìó ³íòåðâàë³ ÷àñó òà ä³àïàçîí ïîõèáêè âèì³ðþâàíü. Çà

îñíîâó ïðèéíÿòî ìåòîä âèä³ëåíîãî ï³äïðîñòîðó, ÿêèé ïåðåäáà÷àº, ùî ðîçì³ðí³ñòü ñèñòåìè (âåêòîðà

ñòàíó) â³äîìà. Ïðîòå öå íå çàâæäè âèêîíóºòüñÿ íà ïðàêòèö³. Êð³ì òîãî, çàëåæíî â³ä ð³âíÿ øóìó áóâàº

íåìîæëèâî êîðåêòíî ³äåíòèô³êóâàòè ñèñòåìó âåëèêî¿ ðîçì³ðíîñò³. Òîìó çàïðîïîíîâàíî ðîçãëÿäàòè

ðîçì³ðí³ñòü ÿê ïàðàìåòð ðåãóëÿðèçàö³¿. Ðîçðîáëåíî òðè ñïîñîáè âèáîðó íàáëèæåíî¿ ðîçì³ðíîñò³ ìîäåë³

çàëåæíî â³ä òðèâàëîñò³ ³íòåðâàëó ñïîñòåðåæåíü òà ìîæëèâîñò³ ðåàë³çàö³¿ àêòèâíîãî åêñïåðèìåíòó.

Çàïðîïîíîâàí³ ìåòîäè àïðîáîâàíî íà ïðèêëàä³ çàäà÷³ ³äåíòèô³êàö³¿ êîãí³òèâíî¿ êàðòè êîìåðö³éíîãî

áàíêó â ³ìïóëüñíîìó ïðîöåñ³.

Êëþ÷îâ³ ñëîâà: ñòðóêòóðíî-ïàðàìåòðè÷íà ³äåíòèô³êàö³ÿ, àïðîêñèìóâàëüíà ìîäåëü, ìåòîä âèä³ëåíîãî

ï³äïðîñòîðó (4SID), ðåãóëÿðèçàö³ÿ, áàãàòîçâ’ÿçíà ñèñòåìà, êîãí³òèâíà êàðòà, ³ìïóëüñíèé ïðîöåñ.

Methods of finding regularized solution in identification of linear multivariable multi-connected discrete
systems / V.F. Gubarev, V.D. Romanenko, Yu.L. Miliavskyi // Kibernetika i sistemnyj analiz. 2019. Vol. 55,
N 6. P. 3–16.

Abstract. The article deals with the problem of structural and parametric identification of a complex

multivariable multi-input multi-output (MIMO) discrete system in state space model class. It is assumed that

only the input and output coordinates of the system during certain time interval and range of measurement er-

rors are known. The basis is the subspace (4SID) method, which, however, assumes that dimension of the sys-

tem (state vector) is known, which is not always feasible in practice. Moreover, depending of the noise level, it

is impossible to correctly identify a high-dimensional system. Therefore, it is proposed to use dimension as a

regularizing parameter. Three methods for choosing of approximate model dimension are suggested depending

on the length of the observation period and possibility of active experiment design. The proposed methods are

verified on the example of identification problem of a commercial bank’s cognitive map in impulse process.

Keywords: structural and parametric identification, approximate model, subspace method (4SID), regulariza-

tion, MIMO system, cognitive map, impulse process.
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ÓÄÊ 519.85

Òåõíîëîãèè ïàðàëëåëüíûõ âû÷èñëåíèé äëÿ ðåøåíèÿ îïòèìèçàöèîííûõ çàäà÷ ãåîìåòðè÷åñêîãî
ïðîåêòèðîâàíèÿ / Ò.Å. Ðîìàíîâà, Ï.È. Ñòåöþê, À.Ì. ×óãàé, Ñ.Á. Øåõîâöîâ // Êèáåðíåòèêà è

ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 6. Ñ. 17–29.

²ë.: 5. Òàáë. 1. Á³áë³îãð.: 35 íàçâ.

Àííîòàöèÿ. Â ðàáîòå îïèñàíî ïðèìåíåíèå òåõíîëîãèé ïàðàëëåëüíûõ âû÷èñëåíèé íà ñèñòåìàõ ñ

îáùåé ïàìÿòüþ è ðàñïðåäåëåííîé ïàìÿòüþ äëÿ ðåøåíèÿ îïòèìèçàöèîííûõ çàäà÷ ãåîìåòðè÷åñêîãî

ïðîåêòèðîâàíèÿ. Ïåðâàÿ òåõíîëîãèÿ áàçèðóåòñÿ íà ìàêñèìèííûõ ñâîéñòâàõ phi-ôóíêöèé äëÿ ñîñòàâíûõ

îáúåêòîâ, à âòîðàÿ òåõíîëîãèÿ èñïîëüçóåò ñòðàòåãèþ ìóëüòèñòàðòà è ìåòîäû ìèíèìèçàöèè íåãëàäêèõ

ôóíêöèé. Ýòî ïîçâîëèëî â íåñêîëüêî ðàç óìåíüøèòü çàòðàòû âðåìåíè ïðè ïîèñêå ëîêàëüíî

îïòèìàëüíûõ ðàçìåùåíèé 2D è 3D îáúåêòîâ è ïîëó÷èòü ëó÷øèå ðåçóëüòàòû ïî çíà÷åíèþ öåëåâîé

ôóíêöèè.

Êëþ÷åâûå ñëîâà: ðàçìåùåíèå ãåîìåòðè÷åñêèõ îáúåêòîâ, phi-ôóíêöèÿ, íåëèíåéíîå ïðîãðàììèðîâàíèå,

ïàðàëëåëüíûå âû÷èñëåíèÿ.

Òåõíîëîã³¿ ïàðàëåëüíèõ îá÷èñëåíü äëÿ ðîçâÿ’çàííÿ îïòèì³çàö³éíèõ çàäà÷ ãåîìåòðè÷íîãî
ïðîºêòóâàííÿ / Ò.ª. Ðîìàíîâà, Ï.I. Ñòåöþê, À.Ì. ×óãàé, Ñ.Á. Øåõîâöîâ // Ê³áåðíåòèêà òà ñèñòåìíèé

àíàë³ç. 2019. Òîì 55, ¹ 6. Ñ. 17–29.

Àíîòàö³ÿ. Îïèñàíî çàñòîñóâàííÿ òåõíîëîã³é ïàðàëåëüíèõ îá÷èñëåíü ó ñèñòåìàõ ç³ ñï³ëüíîþ

ïàì’ÿòòþ òà ðîçïîä³ëåíîþ ïàì’ÿòòþ äëÿ ðîçâ’ÿçàííÿ îïòèì³çàö³éíèõ çàäà÷ ãåîìåòðè÷íîãî

ïðîºêòóâàííÿ. Ïåðøà òåõíîëîã³ÿ ´ðóíòóºòüñÿ íà âëàñòèâîñòÿõ ìàêñèì³ííèõ phi-ôóíêö³é äëÿ ñêëàäåíèõ

ãåîìåòðè÷íèõ îá’ºêò³â, à â äðóã³é òåõíîëîã³¿ âèêîðèñòàíî ñòðàòåã³þ ìóëüòèñòàðòó òà ìåòîäè ì³í³ì³çàö³¿

íåãëàäêèõ ôóíêö³é. Öå äàëî çìîãó â äåê³ëüêà ðàç³â çìåíøèòè âèòðàòè ÷àñó ï³ä ÷àñ ïîøóêó ëîêàëüíî

îïòèìàëüíèõ ðîçì³ùåíü 2D òà 3D îá’ºêò³â òà îòðèìàòè êðàù³ ðåçóëüòàòè çà çíà÷åííÿì ö³ëüîâî¿ ôóíêö³¿.

Êëþ÷îâ³ ñëîâà: ðîçì³ùåííÿ ãåîìåòðè÷íèõ îá’ºêò³â, phi-ôóíêö³ÿ, íåë³í³éíå ïðîãðàìóâàííÿ, ïàðàëåëüí³

îá÷èñëåííÿ.

Parallel computing technologies for solving optimization problems of geometric design / T.E. Romanova,
P.I. Stetsyuk, A.M. Chugay, S.B. Shekhovtsov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 17–29.

Abstract. The paper describes the use of parallel computing technologies on systems with shared mem-

ory and distributed memory for solving optimization geometric design problems. The first technology is based

on the maxmin properties of phi-functions for composed objects, and the second technology uses the multi-start

strategy and methods for minimizing non-smooth functions. This made it possible to reduce several times the

computational time spent in searching for locally optimal placements of 2D and 3D objects and to get the best

results in terms of the objective function value.

Keywords: placement of geometric objects, phi-function, nonlinear programming, parallel computing.

ÓÄÊ 519.8

Äâóõóðîâíåâàÿ çàäà÷à îïòèìèçàöèè ðàñïðåäåëåíèÿ ìåæáþäæåòíûõ òðàíñôåðòîâ ïðè çàäàííûõ
îãðàíè÷åíèÿõ / È.Â. Ñåðãèåíêî, Í.Â. Ñåìåíîâà, Â.Â. Ñåìåíîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.

2019. Òîì 55, ¹ 6. Ñ. 30–40.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 34 íàçâ.

Àííîòöèÿ. Ñôîðìóëèðîâàíû è èññëåäîâàíû çàäà÷è îïòèìàëüíîãî ðàñïðåäåëåíèÿ òðàíñôåðòîâ ïðè

çàäàííûõ áþäæåòíûõ îãðàíè÷åíèÿõ. Ìàòåìàòè÷åñêàÿ ìîäåëü ïðåäñòàâëåíà êàê äâóõóðîâíåâàÿ ëèíåéíàÿ

çàäà÷à, ñîäåðæàùàÿ ëèíåéíûå çàäà÷è öåëî÷èñëåííîé îïòèìèçàöèè íèæíåãî óðîâíÿ. Ðàññìîòðåíû

îïòèìèñòè÷åñêàÿ è ïåññèìèñòè÷åñêàÿ ïîñòàíîâêè çàäà÷è. Äëÿ ïðèáëèæåííîãî ðåøåíèÿ

îïòèìèñòè÷åñêîé ïîñòàíîâêè ïðåäëîæåí àëãîðèòì íàõîæäåíèÿ ëîêàëüíûõ ðåøåíèé ïàðàìåòðè÷åñêèõ

çàäà÷ öåëî÷èñëåííîãî ïðîãðàììèðîâàíèÿ íèæíåãî óðîâíÿ íà îñíîâå ìåòîäà íàïðàâëÿþùèõ

îêðåñòíîñòåé. Ðåøåíèå âñïîìîãàòåëüíîé öåëî÷èñëåííîé çàäà÷è ñ áóëåâûìè ïåðåìåííûìè äëÿ

îòûñêàíèÿ ðåøåíèé çàäà÷è âåðõíåãî óðîâíÿ îñóùåñòâëÿåòñÿ àëãîðèòìàìè ëîêàëüíîãî ïîèñêà.

Êëþ÷åâûå ñëîâà: äâóõóðîâíåâàÿ çàäà÷à îïòèìèçàöèè, öåëî÷èñëåííàÿ îïòèìèçàöèÿ, ïàðàìåòðè÷åñêîå

ïðîãðàììèðîâàíèå, áóëåâûå ïåðåìåííûå, ëîêàëüíûé àëãîðèòì.
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Äâîð³âíåâà çàäà÷à îïòèì³çàö³¿ ðîçïîä³ëó ì³æáþäæåòíèõ òðàíñôåðò³â ³ç çàäàíèìè îáìåæåííÿìè /
².Â. Ñåðã³ºíêî, Í.Â. Ñåìåíîâà, Â.Â. Ñåìåíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6.

Ñ. 30–40.

Àíîòàö³ÿ. Ñôîðìóëüîâàíî ³ äîñë³äæåíî çàäà÷³ îïòèìàëüíîãî ðîçïîä³ëó òðàíñôåðò³â ³ç çàäàíèìè

áþäæåòíèìè îáìåæåííÿìè. Ìàòåìàòè÷íó ìîäåëü ïðåäñòàâëåíî ÿê äâîð³âíåâó ë³í³éíó çàäà÷ó, ùî

ì³ñòèòü ë³í³éí³ çàäà÷³ ö³ëî÷èñëîâî¿ îïòèì³çàö³¿ íèæíüîãî ð³âíÿ. Ðîçãëÿíóòî îïòèì³ñòè÷íó ³

ïåñèì³ñòè÷íó ïîñòàíîâêè çàäà÷³. Äëÿ íàáëèæåíîãî ðîçâ’ÿçàííÿ îïòèì³ñòè÷íî¿ ïîñòàíîâêè

çàïðîïîíîâàíî àëãîðèòì çíàõîäæåííÿ ëîêàëüíèõ ðîçâ’ÿçê³â ïàðàìåòðè÷íèõ çàäà÷ ö³ëî÷èñëîâîãî

ïðîãðàìóâàííÿ íèæíüîãî ð³âíÿ íà îñíîâ³ ìåòîäó íàïðÿìíèõ îêîë³â. Ðîçâ’ÿçàííÿ äîïîì³æíî¿

ö³ëî÷èñëîâî¿ çàäà÷³ ç áóëåâèìè çì³ííèìè äëÿ çíàõîäæåííÿ ðîçâ’ÿçê³â çàäà÷³ âåðõíüîãî ð³âíÿ

çä³éñíþºòüñÿ àëãîðèòìàìè ëîêàëüíîãî ïîøóêó.

Êëþ÷îâ³ ñëîâà: äâîð³âíåâà îïòèì³çàö³éíà çàäà÷à, ö³ëî÷èñëîâà îïòèì³çàö³ÿ, ïàðàìåòðè÷íå

ïðîãðàìóâàííÿ, áóëåâ³ çì³íí³, ëîêàëüíèé àëãîðèòì.

Bilevel optimization problems of distribution of interbudgetary transfers under given limitations /
I.V. Sergienko, N.V. Semenova, V.V. Semenov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 30–40.

Abstract. The problems of optimal distributing of transfers within given budget limitations are defined

and investigated. The mathematical model is presented as a bilevel linear optimization problem that contain lin-

ear problems of integer optimization at the bottom level. Both optimistic and pessimistic versions of the prob-

lem were considered. For the approximate solution of the optimistic version the algorithm of finding local solu-

tions for parametric lower-level integer programming problems on the basis of the method of directing neigh-

borhoods was proposed. The auxiliary integer programming problem with Boolean variables of a higher level is

solved based on local algorithms.

Keywords: bilevel optimization problem, integer optimization, parametric programming, Boolean variables, lo-

cal algorithm.

ÓÄÊ 519.2

Òî÷íûå îöåíêè íåêîòîðûõ ëèíåéíûõ ôóíêöèîíàëîâ îò óíèìîäàëüíûõ ôóíêöèé ðàñïðåäåëåíèÿ
ïðè íåïîëíîé èíôîðìàöèè / Ë.Ñ. Ñòîéêîâà, Ë.Â. Êîâàëü÷óê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.

2019. Òîì 55, ¹ 6. Ñ. 41–53.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Íàéäåíû òî÷íûå îöåíêè âåðîÿòíîñòåé ïîïàäàíèÿ íåîòðèöàòåëüíûõ óíèìîäàëüíûõ

ñëó÷àéíûõ âåëè÷èí � â èíòåðâàë ( , )m m� �� �� � â ñëó÷àå, êîãäà ìîäà m ñîâïàäàåò ñ ôèêñèðîâàííûì

ïåðâûì ìîìåíòîì ñëó÷àéíîé âåëè÷èíû �, à � �
2 åñòü äèñïåðñèÿ �. Äàíû âàæíûå âñïîìîãàòåëüíûå

ñâåäåíèÿ î íàõîæäåíèè òàêèõ îöåíîê ñ ïðèìåðàìè, óòâåðæäåíèÿìè è çàìå÷àíèÿìè, êîòîðûå

ó÷èòûâàþòñÿ ïðè ïîëó÷åíèè îñíîâíîãî ðåçóëüòàòà. Äàííûé ðåçóëüòàò ìîæåò áûòü ïðèìåíåí ïðè

ðàñ÷åòå âåðîÿòíîñòè ïîïàäàíèÿ ñíàðÿäà â ïîëîñó ïðè ïðèöåëüíîé ñòðåëüáå.

Êëþ÷åâûå ñëîâà: ëèíåéíûå ôóíêöèîíàëû îò óíèìîäàëüíûõ ôóíêöèé ðàñïðåäåëåíèÿ è èõ

ýêñòðåìàëüíûå çíà÷åíèÿ, ïðåîáðàçîâàíèå Äæîíñîíà– Ðîäæåðñà, òî÷íûå îáîáùåííûå íåðàâåíñòâà

×åáûøåâà äëÿ óíèìîäàëüíûõ ôóíêöèé ðàñïðåäåëåíèÿ.

Òî÷í³ îö³íêè äåÿêèõ ë³í³éíèõ ôóíêö³îíàë³â â³ä óí³ìîäàëüíèõ ôóíêö³é ðîçïîä³ëó ïðè íåïîâí³é
³íôîðìàö³¿ / Ë.Ñ. Ñòîéêîâà, Ë.Â. Êîâàëü÷óê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6.

Ñ. 41–53.

Àíîòàö³ÿ. Çíàéäåíî òî÷í³ îö³íêè éìîâ³ðíîñòåé ïîïàäàííÿ íåâ³ä’ºìíèõ óí³ìîäàëüíèõ âèïàäêîâèõ

âåëè÷èí � â ³íòåðâàë ( , )m m� �� �� � , äå ìîäà m çá³ãàºòüñÿ ç ô³êñîâàíèì ïåðøèì ìîìåíòîì âåëè÷èíè

� , à � �
2 º äèñïåðñ³ºþ �. Íàâåäåíî äîïîì³æí³ â³äîìîñò³ ïðî çíàõîäæåííÿ òàêèõ îö³íîê ³ç ïðèêëàäàìè,

òâåðäæåííÿìè, çàóâàæåííÿìè, ùî áóëè âèêîðèñòàí³ äëÿ îòðèìàííÿ îñíîâíîãî ðåçóëüòàòó. Öåé ðåçóëüòàò

ìîæíà çàñòîñóâàòè äëÿ îö³íþâàííÿ éìîâ³ðíîñò³ ïîïàäàííÿ ñíàðÿäó â ñìóãó ï³ä ÷àñ ïðèö³ëüíî¿ ñòð³ëüáè.

Êëþ÷îâ³ ñëîâà: ë³í³éí³ ôóíêö³îíàëè â³ä óí³ìîäàëüíèõ ôóíêö³é ðîçïîä³ëó òà ¿õ åêñòðåìàëüí³ çíà÷åííÿ,

ïåðåòâîðåííÿ Äæîíñîíà–Ðîäæåðñà, òî÷í³ óçàãàëüíåí³ íåð³âíîñò³ ×åáèøîâà äëÿ óí³ìîäàëüíèõ ôóíêö³é

ðîçïîä³ëó.
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Exact estimations for some linear functionals of unimodal distribution functions under incomplete
information / L.S. Stoikova, L.V. Kovalchuk // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 41–53.

Abstract. Exact estimations are found for the probability that a non-negative unimodal random variable �

gets in the interval ( , )m m� �� �� � where the mode m coincides with fixed first moment and � �
2 is fixed

variance of random variable �. Also, a brief important auxiliary information is given with examples, statements,

and author’s notations, which simplify obtaining the main result. The results of this study may be useful in eval-

uating the probability of hitting the projectile zone when aimed shooting.

Keywords: linear functionals of unimodal distribution functions and their extremal values, transformation of

Johnson–Rogers, exact generalized Chebyshoff inequalities for unimodal distribution functions.

ÓÄÊ 519.872

Ñèñòåìû îáñëóæèâàíèÿ ñ öèêëè÷åñêèì âðåìåíåì âîçâðàùåíèÿ çàÿâîê è äèñïåò÷åðèçàöèåé /
Å.Â. Êîáà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 6. Ñ. 54–61.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 10 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû ñèñòåìû îáñëóæèâàíèÿ ñ öèêëè÷åñêèì âîçâðàùåíèåì M/D/1 è GI/D/m.

Â îòëè÷èå îò ñèñòåì òèïà Ëàêàòîøà ââåäåíà äèñïåò÷åðèçàöèÿ çàÿâîê, îòïðàâëåííûõ íà îðáèòó, è íå

ïðåäóñìîòðåíî óñëîâèå îáñëóæèâàíèÿ â ïîðÿäêå î÷åðåäè. Äëÿ ýòèõ ñèñòåì ïîñòðîåíû âëîæåííûå öåïè

Ìàðêîâà è âûâåäåíû äîñòàòî÷íûå óñëîâèÿ èõ ýðãîäè÷íîñòè.

Êëþ÷åâûå ñëîâà: ñèñòåìû ìàññîâîãî îáñëóæèâàíèÿ ñ âîçâðàùåíèåì, ñèñòåìû òèïà Ëàêàòîøà, îðáèòà,

öèêë îðáèòû, óñòîé÷èâîñòü ñèñòåì îáñëóæèâàíèÿ, ýðãîäè÷íîñòü ñèñòåì îáñëóæèâàíèÿ, âëîæåííàÿ öåïü

Ìàðêîâà, äèñïåò÷åðèçàöèÿ.

Ñèñòåìè îáñëóãîâóâàííÿ ç öèêë³÷íèì ÷àñîì ïîâåðíåííÿ çàÿâîê ³ äèñïåò÷åðèçàö³ºþ / Î.Â. Êîáà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6. Ñ. 54–61.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñèñòåìè îáñëóãîâóâàííÿ M/D/1 ³ GI/D/m ç öèêë³÷íèì ÷àñîì ïîâåðíåííÿ

çàÿâîê. Íà â³äì³íó â³ä ñèñòåì òèïó Ëàêàòîøà, ââåäåíî äèñïåò÷åðèçàö³þ çàÿâîê, ùî áóëè â³äïðàâëåí³ íà

îðá³òó, òà çíÿòî óìîâó îáñëóãîâóâàííÿ ó ïîðÿäêó ÷åðãè. Äëÿ öèõ ñèñòåì ïîáóäîâàíî âêëàäåí³ ëàíöþãè

Ìàðêîâà òà âèâåäåíî äîñòàòí³ óìîâè ¿õíüî¿ åðãîäè÷íîñò³.

Êëþ÷îâ³ ñëîâà: ñèñòåìè ìàñîâîãî îáñëóãîâóâàííÿ ç ïîâåðíåííÿì, ñèñòåìè òèïó Ëàêàòîøà, îðá³òà, öèêë

îðá³òè, ñò³éê³ñòü ñèñòåì îáñëóãîâóâàííÿ, åðãîäè÷í³ñòü ñèñòåì îáñëóãîâóâàííÿ, âêëàäåíèé ëàíöþã

Ìàðêîâà, äèñïåò÷åðèçàö³ÿ.

Cycliñ-retrial queueing systems with dispatching / E.V. Koba // Kibernetika i sistemnyj analiz. 2019.
Vol. 55, N 6. P. 54–61.

Abstract. Cyclic-retrial queueing systems M/D/1 and GI/D/m are considered. Unlike Lakatos-type sys-

tems, dispatching of customers sent to orbit is introduced, and FIFO service is not considered. Embedded

Markov chains are constructed for these systems and their sufficient ergodicity conditions are deduced.

Keywords: retrial queues, Lakatos-type systems, orbit, orbit cycle, stability of queues, ergodicity of queues,

embedded Markov chain, dispatching.

ÓÄÊ 519.8

Ìàêñèìèçèðóþùèå àëüòåðíàòèâû â çàäà÷å ïðèíÿòèÿ ðåøåíèé ñ öåëåâûì íå÷åòêèì ìíîæåñòâîì
òèïà-2 / Ñ.Î. Ìàùåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 6. Ñ. 62–72.

²ë.: 2. Òàáë. 0. Á³áë³îãð.: 17 íàçâ.

Àííîòàöèÿ. Ïîäõîä Áåëëìàíà è Çàäå ïðèìåíÿåòñÿ äëÿ çàäà÷è ïðèíÿòèÿ ðåøåíèé, êîòîðàÿ çàäàíà

íà íå÷åòêèõ ìíîæåñòâàõ òèïà-2 (ÍÌÒ-2). Îïðåäåëåíî ÍÌÒ-2 ðåøåíèé. Äëÿ ñðàâíåíèÿ íå÷åòêèõ

ìíîæåñòâ ñòåïåíåé ïðèíàäëåæíîñòè àëüòåðíàòèâ èñïîëüçîâàíî ðàñøèðåíèå îòíîøåíèÿ åñòåñòâåííîãî

ïîðÿäêà íà êëàññ íå÷åòêèõ ìíîæåñòâ. Íà îñíîâå ýòîãî îòíîøåíèÿ ïðåäïî÷òåíèÿ ïîñòðîåíî íå÷åòêîå

ìíîæåñòâî íåäîìèíèðóåìûõ àëüòåðíàòèâ. Ââåäåíî ïîíÿòèå íåäîìèíèðóåìîé àëüòåðíàòèâû óðîâíÿ � .

Ïîêàçàíî, ÷òî åå ìîæíî ïîëó÷èòü èç îïòèìèçàöèîííîé çàäà÷è, â êîòîðîé ìàêñèìèçèðóåòñÿ ïåðâè÷íàÿ

ñòåïåíü ïðèíàäëåæíîñòè ÍÌÒ-2 ðåøåíèé ïðè îãðàíè÷åííîé âòîðè÷íîé ñòåïåíè. Èññëåäîâàí âîïðîñ

ñóùåñòâîâàíèÿ íåäîìèíèðóåìûõ àëüòåðíàòèâ óðîâíÿ � � 1. Ñôîðìóëèðîâàíà çàäà÷à âûáîðà àëüòåðíàòèâ

ïî äâóì êðèòåðèÿì (ïåðâè÷íîé è âòîðè÷íîé ñòåïåíÿì ïðèíàäëåæíîñòè ÍÌÒ-2 ðåøåíèé).

Êëþ÷åâûå ñëîâà: íå÷åòêîå ìíîæåñòâî, íå÷åòêîå ìíîæåñòâî òèïà-2, íå÷åòêîå ìàòåìàòè÷åñêîå

ïðîãðàììèðîâàíèå, ïðèíÿòèå ðåøåíèé.
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Ìàêñèì³çóâàëüí³ àëüòåðíàòèâè â çàäà÷³ ïðèéíÿòòÿ ð³øåíü ç ö³ëüîâîþ íå÷³òêîþ ìíîæèíîþ òèïó-2
/ Ñ.Î. Ìàùåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6. Ñ. 62–72.

Àíîòàö³ÿ. Ï³äõ³ä Áåëìàíà ³ Çàäå çàñòîñîâóºòüñÿ äî çàäà÷³ ïðèéíÿòòÿ ð³øåíü, ÿêó çàäàíî íà

íå÷³òê³é ìíîæèí³ òèïó-2 (ÍÌÒ-2). Âèçíà÷åíî ÍÌÒ-2 ðîçâ’ÿçê³â. Äëÿ ïîð³âíÿííÿ íå÷³òêèõ ìíîæèí

ñòóïåí³â íàëåæíîñò³ àëüòåðíàòèâ âèêîðèñòàíî ðîçøèðåííÿ â³äíîøåííÿ ïðèðîäíîãî ïîðÿäêó íà êëàñ

íå÷³òêèõ ìíîæèí. Çà öèì â³äíîøåííÿì ïåðåâàãè ïîáóäîâàíî íå÷³òêó ìíîæèíó íåäîì³íîâàíèõ

àëüòåðíàòèâ. Óâåäåíî ïîíÿòòÿ íåäîì³íîâàíî¿ àëüòåðíàòèâè ð³âíÿ � . Ïîêàçàíî, ùî ¿¿ ìîæíà îäåðæàòè ç

îïòèì³çàö³éíî¿ çàäà÷³, â ÿê³é ìàêñèì³çóºòüñÿ ïåðâèííèé ñòóï³íü íàëåæíîñò³ ÍÌÒ-2 ðîçâ’ÿçê³â äëÿ

îáìåæåíîãî âòîðèííîãî ñòóïåíÿ. Äîñë³äæåíî ïèòàííÿ ³ñíóâàííÿ íåäîì³íîâàíèõ àëüòåðíàòèâ ð³âíÿ � � 1.

Ñôîðìóëüîâàíî çàäà÷ó âèáîðó àëüòåðíàòèâ çà äâîìà êðèòåð³ÿìè (ïåðâèííîìó ³ âòîðèííîìó ñòóïåíÿì

íàëåæíîñò³ ÍÌÒ-2 ðîçâ’ÿçê³â).

Êëþ÷îâ³ ñëîâà: íå÷³òêà ìíîæèíà, íå÷³òêà ìíîæèíà òèïó-2, íå÷³òêå ìàòåìàòè÷íå ïðîãðàìóâàííÿ,

ïðèéíÿòòÿ ð³øåíü.

Maximizing alternatives to the decision-making problem with a goal type-2 fuzzy set / S.O. Mashchenko //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 62–72.

Abstract. The Bellman and Zadeh approach is applied to the decision-making problem, which is defined

on type-2 fuzzy sets (T2FSs). T2FS Solution is defined. An extension of the natural order ratio to the class of

fuzzy sets is used for comparison of fuzzy sets of alternatives membership degrees. A fuzzy set of non-domi-

nated alternatives is constructed by this preference relation. The notion of the �-level non-dominated alternative

is introduced. It is shown that this is an optimization problem solution. In this problem, the primary membership

degree of a T2FS solution is maximized with a constrained secondary degree. The existence of 1-level

non-dominated alternatives is investigated. The problem of choosing alternatives by two criteria (the primary

and secondary degrees of membership to the T2FS solution) is formulated.

Keywords: a fuzzy set, a type-2 fuzzy set, a fuzzy mathematical programming, a decision making.

ÓÄÊ 519.87

Ôðàãìåíòàðíûå ñòðóêòóðû â çàäà÷å äâóìåðíîé óïàêîâêè â ïîëóîãðàíè÷åííóþ ïîëîñó /
È.Â. Êîçèí, C.Å. Áàòîâñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 6. Ñ. 73–79.

²ë.: 7. Òàáë. 0. Á³áë³îãð.: 16 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà îáùàÿ çàäà÷à äâóìåðíîé óïàêîâêè â ïîëóîãðàíè÷åííóþ ïîëîñó.
Ïîêàçàíî, ÷òî åå ìîæíî ðàññìàòðèâàòü êàê çàäà÷ó îïòèìèçàöèè íà ôðàãìåíòàðíîé ñòðóêòóðå, êîòîðàÿ
ñâîäèòñÿ ê çàäà÷å êîìáèíàòîðíîé îïòèìèçàöèè íà ìíîæåñòâå ïåðåñòàíîâîê. Ðàññìîòðåíû
óíèâåðñàëüíûé ñïîñîá ïðåäñòàâëåíèÿ ïëîñêèõ ôèãóð è àëãîðèòì èõ óïàêîâêè â ïîëîñó. Ïðåäëîæåí
ñïîñîá ìîäèôèêàöèè èñõîäíîé çàäà÷è äëÿ äîñòèæèìîñòè îïòèìàëüíîãî ðåøåíèÿ.

Êëþ÷åâûå ñëîâà: äèñêðåòíàÿ îïòèìèçàöèÿ, ôðàãìåíòàðíàÿ ñòðóêòóðà, äâóìåðíàÿ óïàêîâêà â ïîëîñó,
ýâîëþöèîííûé àëãîðèòì.

Ôðàãìåíòàðí³ ñòðóêòóðè â çàäà÷³ äâîâèì³ðíîãî ïàêóâàííÿ ó íàï³âîáìåæåíó ñìóãó / ².Â. Êîç³í,
Ñ.ª. Áàòîâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6. Ñ. 73–79.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàãàëüíó çàäà÷ó äâîâèì³ðíîãî ïàêóâàííÿ â íàï³âîáìåæåíó ñìóãó. Ïîêàçàíî,

ùî ¿¿ ìîæíà ðîçãëÿäàòè ÿê çàäà÷ó îïòèì³çàö³¿ íà ôðàãìåíòàðí³é ñòðóêòóð³, ÿêà çâîäèòüñÿ äî çàäà÷³

êîìá³íàòîðíî¿ îïòèì³çàö³¿ íà ìíîæèí³ ïåðåñòàâëåíü. Ðîçãëÿíóòî óí³âåðñàëüíèé ñïîñ³á ïðåäñòàâëåííÿ

ïëîñêèõ ô³ãóð òà àëãîðèòì ¿õíüîãî ïàêóâàííÿ â ñìóãó. Çàïðîïîíîâàíî ñïîñ³á ìîäèô³êàö³¿ ïî÷àòêîâî¿

çàäà÷³ äëÿ äîñÿæíîñò³ îïòèìàëüíîãî ðîçâ’ÿçêó.

Êëþ÷îâ³ ñëîâà: äèñêðåòíà îïòèì³çàö³ÿ, ôðàãìåíòàðíà ñòðóêòóðà, äâîâèì³ðíå ïàêóâàííÿ ó ñìóãó,

åâîëþö³éíèé àëãîðèòì.

Fragmentary structures in two-dimensional strip packing problem / I.V. Kozin, S.E. Batovskyi //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 73–79.

Abstract. The paper considers a two-dimensional strip packing problem. It is shown that the problem can

be considered as an optimization problem on a fragmented structure, which reduces to the problem of combina-

torial optimization on a set of permutations. A universal approach of representing two-dimensional figures and

the algorithm of their packing into the strip are considered. An approach to the modification of the original

problem for the attainability of the optimal solution is proposed.

Keywords: discrete optimization, fragmentary structure, two-dimensional strip packing, evolutionary algorithm.
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ÓÄÊ 519.8

Î ðàäèóñå êâàçèóñòîé÷èâîñòè ìíîãîêðèòåðèàëüíîé çàäà÷è öåëî÷èñëåííîãî ëèíåéíîãî
ïðîãðàììèðîâàíèÿ íàõîæäåíèÿ ýêñòðåìàëüíûõ ðåøåíèé / Â.À. Åìåëè÷åâ, Þ.Â. Íèêóëèí //

Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 6. Ñ. 80–89.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 46 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ ìíîãîêðèòåðèàëüíàÿ çàäà÷à öåëî÷èñëåííîãî ëèíåéíîãî

ïðîãðàììèðîâàíèÿ ñ öåëåâûì íàáîðîì îïòèìàëüíûõ ðåøåíèé, êàæäîå èç êîòîðûõ ìèíèìèçèðóåò õîòÿ

áû îäèí èç êðèòåðèåâ, ò.å. ÿâëÿåòñÿ ýêñòðåìóìîì. Â äàííîé ðàáîòå íèæíèå è âåðõíèå äîñòèæèìûå

îöåíêè ðàäèóñà êâàçèóñòîé÷èâîñòè ìíîæåñòâà ýêñòðåìàëüíûõ ðåøåíèé äîêàçàíû â ñèòóàöèè, êîãäà â

ïðîñòðàíñòâàõ ðåøåíèé è êðèòåðèåâ çàäàíû ðàçëè÷íûå íîðìû Ã¸ëüäåðà. Â êà÷åñòâå ñëåäñòâèÿ ïîëó÷åíà

àíàëèòè÷åñêàÿ ôîðìóëà ðàäèóñà êâàçèóñòîé÷èâîñòè äëÿ ñëó÷àÿ, êîãäà â ïðîñòðàíñòâå êðèòåðèåâ çàäàíà

íîðìà ×åáûø¸âà. Â ðàáîòå òàêæå êðàòêî îáñóæäåíû íåêîòîðûå âîïðîñû, ñâÿçàííûå ñ âû÷èñëèìîñòüþ.

Êëþ÷åâûå ñëîâà: öåëî÷èñëåííîå ëèíåéíîå ïðîãðàììèðîâàíèå, ìíîãîêðèòåðèàëüíàÿ îïòèìèçàöèÿ,

ýêñòðåìàëüíûå ðåøåíèÿ, îïòèìàëüíîñòü ïî Ïàðåòî, àíàëèç óñòîé÷èâîñòè, ðàäèóñ êâàçèóñòîé÷èâîñòè,

íîðìû Ã¸ëüäåðà, íîðìà ×åáûø¸âà.

Ïðî ðàä³óñ êâàç³ñò³éêîñò³ äëÿ áàãàòîêðèòåð³éíî¿ ö³ëî÷èñåëüíî¿ çàäà÷³ ë³í³éíîãî ïðîãðàìóâàííÿ
ïðî çíàõîäæåííÿ åêñòðåìàëüíèõ ðîçâ’ÿçê³â / Â.Î. ªìºë³÷åâ, Þ.Â. Í³êóë³í // Ê³áåðíåòèêà òà

ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6. Ñ. 80–89.

Àíîòàö³ÿ. Ðîçãëÿíóòî áàãàòîêðèòåð³éíó çàäà÷ó ö³ëî÷èñåëüíîãî ë³í³éíîãî ïðîãðàìóâàííÿ ç

ö³ëüîâèì íàáîðîì îïòèìàëüíèõ ðîçâ’ÿçê³â, êîæåí ç ÿêèõ ì³í³ì³çóº õî÷à á îäèí ç êðèòåð³¿â, òîáòî º

åêñòðåìóìîì. Íèæí³ òà âåðõí³ äîñÿæí³ îö³íêè ðàä³óñà êâàç³ñò³éêîñò³ ìíîæèíè åêñòðåìàëüíèõ ðîçâ’ÿçê³â

äîâåäåíî ó ñèòóàö³¿, êîëè ó ïðîñòîðàõ ðîçâ’ÿçê³â òà êðèòåð³¿â çàäàí³ ð³çí³ íîðìè Ãüîëüäåðà. ßê íàñë³äîê

îòðèìàíî àíàë³òè÷íó ôîðìóëó äëÿ ðàä³óñó êâàç³ñò³éêîñò³ ó âèïàäêó, êîëè ó ïðîñòîð³ êðèòåð³¿â çàäàíà

íîðìà ×åáèøîâà. Ó ðîáîò³ òàêîæ êîðîòêî îáãîâîðþþòüñÿ äåÿê³ ïèòàííÿ ïîâ’ÿçàí³ ç îá÷èñëþâàíí³ñòþ.

Êëþ÷îâ³ ñëîâà: ö³ëî÷èñåëüíå ë³í³éíå ïðîãðàìóâàííÿ, áàãàòîêðèòåð³éíà îïòèì³çàö³ÿ, åêñòðåìàëüí³

ðîçâ’ÿçêè, îïòèìàëüí³ñòü çà Ïàðåòî, àíàë³ç ñò³éêîñò³, ðàä³óñ êâàç³ñò³éêîñò³, íîðìè Ãüîëüäåðà, íîðìà

×åáèøîâà.

On a quasistability radius for multicriteria integer linear programming problem of finding extremum
solutions / V. Emelichev, Yu. Nikulin // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 80–89.

Abstract. We consider a multicriteria integer linear programming problem with a targeting set of optimal

solutions given by the set of all individual criterion minimizers (extrema). In this study, the lower and upper at-

tainable bounds on the quasistability radius of the set of extremum solutions are obtained when solution and cri-

terion spaces are endowed with different Holder’s norms. As a corollary, an analytical formula for the

quasistability radius is obtained for the case where criterion space is endowed with Chebyshev’s norm. Some

computational challenges are also discussed.

Keywords: integer linear programming, multicriteria optimization, extremum solutions, Pareto optimality, sta-

bility analysis, quasistability radius, Holder’s norms, Chebyshev’s norm.

ÓÄÊ 681.5.015:007

Íå÷åòêî-êîãíèòèâíûé ïîäõîä ê ðàíæèðîâàíèþ ôàêòîðîâ, âëèÿþùèõ íà íàäåæíîñòü
÷åëîâåêî-ìàøèííûõ ñèñòåì / À.Ï. Ðîòøòåéí, Ä.È. Êàòåëüíèêîâ, À.À. Êàøêàíîâ // Êèáåðíåòèêà è

ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 6. Ñ. 90–98.

²ë.: 8. Òàáë. 1. Á³áë³îãð.: 17 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ ïîäõîä ê ìîäåëèðîâàíèþ íàäåæíîñòè ÷åëîâåêî-ìàøèííûõ ñèñòåì ñ

èñïîëüçîâàíèåì ýêñïåðòíîé èíôîðìàöèè íà îñíîâå íå÷åòêèõ êîãíèòèâíûõ êàðò. Íîâèçíà ïîäõîäà

ñîñòîèò â ó÷åòå âçàèìîäåéñòâèÿ ôàêòîðîâ, âëèÿþùèõ íà íàäåæíîñòü ñèñòåìû. Ïðåäëîæåí àëãîðèòì

îöåíêè èíäåêñîâ âàæíîñòè ýëåìåíòîâ íå÷åòêîé êîãíèòèâíîé êàðòû, ñ êîòîðûìè ñâÿçàíû âëèÿþùèå

ôàêòîðû. Àëãîðèòì èëëþñòðèðóåòñÿ íà ïðèìåðå ñèñòåìû «âîäèòåëü – àâòîìîáèëü – äîðîãà».

Êëþ÷åâûå ñëîâà: íå÷åòêàÿ êîãíèòèâíàÿ êàðòà, ìíîãîôàêòîðíûé àíàëèç, íàäåæíîñòü, èíäåêñ âàæíîñòè

ôàêòîðà, ñèñòåìà «âîäèòåëü – àâòîìîáèëü – äîðîãà».
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Íå÷³òêî-êîãí³òèâíèé ï³äõ³ä äî ðàíæóâàííÿ ôàêòîð³â, ÿê³ âïëèâàþòü íà íàä³éí³ñòü
ëþäèíî-ìàøèííèõ ñèñòåì / Î.Ï. Ðîòøòåéí, Ä.². Êàòºëüí³êîâ, À.À. Êàøêàíîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6. Ñ. 90–98.

Àíîòàö³ÿ. Ðîçãëÿíóòî ï³äõ³ä äî ìîäåëþâàííÿ íàä³éíîñò³ ëþäèíî-ìàøèííèõ ñèñòåì

ç âèêîðèñòàííÿì åêñïåðòíî¿ ³íôîðìàö³¿ íà îñíîâ³ íå÷³òêèõ êîãí³òèâíèõ êàðò. Íîâèçíà ï³äõîäó ïîëÿãàº

â óðàõóâàíí³ âçàºìîä³¿ ôàêòîð³â, ùî âïëèâàþòü íà íàä³éí³ñòü ñèñòåìè. Çàïðîïîíîâàíî àëãîðèòì îö³íêè

³íäåêñ³â âàæëèâîñò³ åëåìåíò³â íå÷³òêî¿ êîãí³òèâíî¿ êàðòè, ç ÿêèìè ïîâ’ÿçàí³ âïëèâàëüí³ ôàêòîðè. Ä³þ

àëãîðèòìó ïðî³ëþñòðîâàíî íà ïðèêëàä³ ñèñòåìè «âîä³é – àâòîìîá³ëü – äîðîãà».

Êëþ÷îâ³ ñëîâà: íå÷³òêà êîãí³òèâíà êàðòà, áàãàòîôàêòîðíèé àíàë³ç, íàä³éí³ñòü, ³íäåêñ âàæëèâîñò³

ôàêòîðà, ñèñòåìà «âîä³é – àâòîìîá³ëü – äîðîãà».

Fuzzy cognitive approach to ranking of factors affecting the reliability of human-machine systems /
A. Rotshtein, D. Katielnikov, A. Kashkanov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 90–98.

Abstract. We consider the approach to modeling of human-machine systems reliability using expert infor-

mation and fuzzy cognitive map. The novelty of this approach is that the possibility of taking into account the in-

terconnection of the factors affecting the reliability of systems. The paper includes the basic correlations of fuzzy

cognitive maps and proposes the algorithm that allows evaluating the importance index of concepts related to the

factors that affect the reliability. To demonstrate the proposed approach, we use the system “driver – car – road”.

Keywords: fuzzy cognitive map, multi-factor analysis of reliability, importance factor of concepts, system

“driver – car – road”.

ÓÄÊ 519.816

Ïîäõîä ê ðàçðàáîòêå, óñîâåðøåíñòâîâàíèþ è ìîäèôèêàöèè ìíîãîêðèòåðèàëüíûõ ìåòîäîâ
ïðèíÿòèÿ ðåøåíèé / Ì.Ì. Ïîòåìêèí, À.Â. Äóáëÿí, Ð.Á. Õîì÷àê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
2019. Òîì 55, ¹ 6. Ñ. 99–109.

²ë.: 3. Òàáë. 6. Á³áë³îãð.: 27 íàçâ.

Àííîòàöèÿ. Â ñòàòüå ïðèâåäåí ïîäõîä ê ðàçðàáîòêå, óñîâåðøåíñòâîâàíèþ è ìîäèôèêàöèè

ìíîãîêðèòåðèàëüíûõ ìåòîäîâ, êîòîðûå èñïîëüçóþòñÿ ïðè èññëåäîâàíèè ñëîæíûõ ñèñòåì. Ýòîò ïîäõîä

îñíîâûâàåòñÿ íà òèïîâîé ñõåìå ìíîãîêðèòåðèàëüíîãî ìåòîäà ïðèíÿòèÿ ðåøåíèé, âíåñåíèå èçìåíåíèé â

ýòàïû êîòîðîãî ïîçâîëÿåò ìîäèôèöèðîâàòü è óñîâåðøåíñòâîâàòü ñóùåñòâóþùèå ìåòîäû, à òàêæå

ðàçðàáàòûâàòü íîâûå. Âîçìîæíîñòü ïðàêòè÷åñêîãî èñïîëüçîâàíèÿ ïðåäëîæåííîãî ïîäõîäà

ïðîèëëþñòðèðîâàíà êîíêðåòíûì ïðèìåðîì ðàçðàáîòêè íîâîãî ìåòîäà, ðàáîòîñïîñîáíîñòü êîòîðîãî

ïîäòâåðæäåíà ñîîòâåòñòâóþùèìè ðàñ÷åòàìè.

Êëþ÷åâûå ñëîâà: àëüòåðíàòèâà, ìíîãîêðèòåðèàëüíîå ïðèíÿòèå ðåøåíèé, ìåòîä ôîðìèðîâàíèÿ ÿäðà,

ìåòîä ðàíæèðîâàíèÿ.

Ï³äõ³ä äî ðîçðîáëåííÿ, âäîñêîíàëåííÿ òà ìîäèô³êàö³¿ áàãàòîêðèòåð³éíèõ ìåòîä³â ïðèéíÿòòÿ
ð³øåíü / Ì.Ì. Ïîòüîìê³í, Î.Â. Äóáëÿí, Ð.Á. Õîì÷àê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019.
Òîì 55, ¹ 6. Ñ. 99–109.

Àíîòàö³ÿ. Íàâåäåíî ï³äõ³ä äî ðîçðîáëåííÿ, âäîñêîíàëåííÿ òà ìîäèô³êàö³¿ áàãàòîêðèòåð³éíèõ

ìåòîä³â, ÿê³ âèêîðèñòîâóþòüñÿ ï³ä ÷àñ äîñë³äæåííÿ ñêëàäíèõ ñèñòåì. Öåé ï³äõ³ä ´ðóíòóºòüñÿ íà òèïîâ³é

ñõåì³ áàãàòîêðèòåð³éíîãî ìåòîäó ïðèéíÿòòÿ ð³øåííÿ, âíåñåííÿ çì³í äî åòàï³â ÿêî¿ äàº çìîãó

ìîäèô³êóâàòè òà âäîñêîíàëþâàòè íàÿâí³ ìåòîäè, à òàêîæ ðîçðîáëÿòè íîâ³. Ìîæëèâ³ñòü ïðàêòè÷íîãî

âèêîðèñòàííÿ çàïðîïîíîâàíîãî ï³äõîäó ïðî³ëþñòðîâàíî êîíêðåòíèì ïðèêëàäîì ðîçðîáëåííÿ íîâîãî

ìåòîäó, ðîáîòîçäàòí³ñòü ÿêîãî ï³äòâåðäæåíî â³äïîâ³äíèìè ðîçðàõóíêàìè.

Êëþ÷îâ³ ñëîâà: àëüòåðíàòèâà, áàãàòîêðèòåð³éíå ïðèéíÿòòÿ ð³øåíü, ìåòîä ôîðìóâàííÿ ÿäðà, ìåòîä ðàíæóâàííÿ.

Approach to the development, improvement, and modification of multi-criteria decision-making methods /
M.M. Potomkin, O.V. Dublian, R.B. Khomchak // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 99–109.

Abstract. The paper presents an approach to the development, improvement, and modification of

multi-criteria methods that are used in the analysis of complex systems. This approach is based on the typical

scheme of the multi-criteria decision-making method. Changes introduced to its stages allow the modification

and improvement of the available methods, as well as development of new ones. The possibility of practical use

of the proposed approach is illustrated by an example of the development of a new method whose efficiency is

confirmed by appropriate calculations.

Keywords: alternative, multi-criteria decision making, kernel generation method, ranking method.
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ÓÄÊ 519.8

Àëãîðèòìû îïòèìèçàöèè ìóðàâüèíûìè êîëîíèÿìè ñ äèâåðñèôèöèðîâàííûì ïîèñêîì â çàäà÷å
îïòèìèçàöèè àâèàïåðåëåòîâ / Ë.Ô. Ãóëÿíèöêèé, À.È. Ïàâëåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
2019. Òîì 55, ¹ 6. Ñ. 110–121.

²ë.: 2. Òàáë. 2. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ñôîðìóëèðîâàíà çàäà÷à ïîèñêà îïòèìàëüíîãî ïóòè ïóòåøåñòâåííèêà â ñåòè

àâèàïåðåëåòîâ, êîòîðàÿ ó÷èòûâàåò ñòîèìîñòü ïîñòðîåííîãî ìàðøðóòà è íàëè÷èå ïîëüçîâàòåëüñêèõ

óñëîâèé ïðè çàâèñèìîé îò âðåìåíè ñòîèìîñòè ñîåäèíåíèé. Ïðåäëîæåíû àëãîðèòìû ñèñòåìû

ìóðàâüèíûõ êîëîíèé äëÿ ðåøåíèÿ çàâèñèìîé îò âðåìåíè çàäà÷è, ïðåäñòàâëåííîé ðàñøèðåííûì ãðàôîì

ïåðåëåòîâ, êîòîðûå, â îòëè÷èå îò ñóùåñòâóþùèõ ìóðàâüèíûõ àëãîðèòìîâ, ó÷èòûâàþò äèíàìè÷íîñòü

ñåòè (çàâèñèìîñòü íàëè÷èÿ è ñòîèìîñòè ñîîáùåíèÿ îò âðåìåíè) è ïîëüçîâàòåëüñêèå óñëîâèÿ.

Óñîâåðøåíñòâîâàí ïîäõîä ê äèâåðñèôèêàöèè ïîèñêà â ìóðàâüèíûõ àëãîðèòìàõ â óñëîâèÿõ çàâèñèìîñòè

îò âðåìåíè äëÿ ïëîòíîãî ãðàôà, ÷òî ïîçâîëèëî ïîâûñèòü êà÷åñòâî ïîñòðîåííûõ ìàðøðóòîâ,

ñâÿçûâàþùèõ ðàçëè÷íûå ðåãèîíû. Ýôôåêòèâíîñòü ïðåäëîæåííûõ àëãîðèòìîâ èññëåäîâàíà íà îñíîâå

àíàëèçà ðåçóëüòàòîâ âû÷èñëèòåëüíîãî ýêñïåðèìåíòà, âûïîëíåííîãî ñ èñïîëüçîâàíèåì ðåàëüíûõ äàííûõ.

Êëþ÷åâûå ñëîâà: îïòèìèçàöèÿ ìàðøðóòîâ, ñåòü àâèàïåðåëåòîâ, ìóðàâüèíûå àëãîðèòìû,

äèâåðñèôèêàöèÿ ïîèñêà, ðàñøèðåííûå ñåòè ïî âðåìåíè, äèíàìè÷åñêîå îáíàðóæåíèå äèñêðåòèçàöèè.

Àëãîðèòìè îïòèì³çàö³¿ ìóðàøèíèìè êîëîí³ÿìè ç äèâåðñèô³êîâàíèì ïîøóêîì ó çàäà÷³ îïòèì³çàö³¿
àâ³àïåðåëüîò³â / Ë.Ô. Ãóëÿíèöüêèé, À.². Ïàâëåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55,
¹ 6. Ñ. 110–121.

Àíîòàö³ÿ. Ñôîðìóëüîâàíî çàäà÷ó ïîøóêó îïòèìàëüíîãî øëÿõó ìàíäð³âíèêà â ìåðåæ³ àâ³àïåðåëüîò³â,

ÿêà âðàõîâóº âàðò³ñòü ïîáóäîâàíîãî ìàðøðóòó òà íàÿâí³ñòü êîðèñòóâàöüêèõ óìîâ ó âèïàäêó çàëåæíî¿ â³ä

÷àñó âàðòîñò³ ñïîëó÷åíü. Çàïðîïîíîâàíî àëãîðèòìè ñèñòåì ìóðàøèíèõ êîëîí³é äëÿ ðîçâ’ÿçóâàííÿ çàëåæíî¿

â³ä ÷àñó çàäà÷³, ïîäàíî¿ ðîçøèðåíèì ãðàôîì ïåðåëüîò³â, ÿê³, íà â³äì³íó â³ä íàÿâíèõ ìóðàøèíèõ àëãîðèòì³â,

âðàõîâóþòü äèíàì³÷í³ñòü ìåðåæ³ (çàëåæí³ñòü íàÿâíîñò³ ³ âàðòîñò³ ñïîëó÷åííÿ â³ä ÷àñó) òà êîðèñòóâàöüê³

óìîâè. Âäîñêîíàëåíî ï³äõ³ä äî äèâåðñèô³êàö³¿ ïîøóêó â ìóðàøèíèõ àëãîðèòìàõ â óìîâàõ çàëåæíîñò³ â³ä

÷àñó äëÿ ù³ëüíîãî ãðàôó, ùî äàëî çìîãó ï³äâèùèòè ÿê³ñòü ïîáóäîâàíèõ ìàðøðóò³â, ÿê³ ñïîëó÷àþòü ð³çí³

ðåã³îíè. Åôåêòèâí³ñòü çàïðîïîíîâàíèõ àëãîðèòì³â äîñë³äæåíî øëÿõîì àíàë³çó ðåçóëüòàò³â îá÷èñëþâàëüíîãî

åêñïåðèìåíòó, âèêîíàíîãî ç âèêîðèñòàííÿì ðåàëüíèõ äàíèõ.

Êëþ÷îâ³ ñëîâà: îïòèì³çàö³ÿ ìàðøðóò³â, ìåðåæà àâ³àïåðåëüîò³â, ìóðàøèí³ àëãîðèòìè, äèâåðñèô³êàö³ÿ

ïîøóêó, ðîçøèðåí³ ìåðåæ³ çà ÷àñîì, äèíàì³÷íå âèÿâëåííÿ äèñêðåòèçàö³¿.

Ant colony optimization algorithms with diversified search in the problem of optimization of airtravel
itinerary / L. Hulianytskyi, A. Pavlenko // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 110–121.

Abstract. The formulated problem is to find optimal traveler’s path in airline networks, which takes into

account cost of the constructed route and user conditions with time-dependent cost of connections. Ant colony

system algorithms are proposed to solve the time-dependent problem represented by an extended flight graph.

Unlike the available ant algorithm implementations, the developed algorithms take into account the properties

of dynamic networks (time-dependent availability and connections cost) and user conditions. The improved ap-

proach to the diversification of search in ant colony system algorithms in terms of time dependence for a dense

graph increased the quality of the constructed routes from different regions. The proposed algorithms are ana-

lyzed for efficiency based on the analysis of the results of a computational experiment from real data.

Keywords: route optimization, flight network, ant algorithms, search diversification, time-expanded networks,

dynamic discretization discovery.

ÓÄÊ 517:519.6

Îá îäíîé ñõåìå ðàñùåïëåíèÿ â çàäà÷àõ äèôôóçèè è òåïëîïðîâîäíîñòè / À.Â. Ãëàäêèé,
Þ.À. Ãëàäêàÿ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 6. Ñ. 122–133.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 24 íàçâè.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ è îïòèìèçàöèè íåñòàöèîíàðíûõ

ïðîöåññîâ äèôôóçèè è òåïëîïðîâîäíîñòè. Äëÿ ÷èñëåííîãî ðåøåíèÿ ìíîãîìåðíûõ íà÷àëüíî-êðàåâûõ

çàäà÷ äèôôóçèè è òåïëîïðîâîäíîñòè ïðåäëîæåí ïîäõîä, èñïîëüçóþùèé èäåþ ðàñùåïëåíèÿ è

ðåàëèçàöèþ ïîëó÷åííûõ ðàçíîñòíûõ ñõåì ñ ïîìîùüþ ÿâíûõ ñõåì áåãóùåãî ñ÷åòà. Èññëåäîâàíû

âîïðîñû ïîñòðîåíèÿ ðàçíîñòíûõ ñõåì ðàñùåïëåíèÿ, àïïðîêñèìàöèè è óñòîé÷èâîñòè ïî íà÷àëüíûì

äàííûì. Äëÿ ÷èñëåííîãî ðåøåíèÿ çàäà÷è îïòèìàëüíîãî óïðàâëåíèÿ äëÿ ïàðàáîëè÷åñêîãî óðàâíåíèÿ

èçó÷åíû äèôôåðåíöèàëüíûå ñâîéñòâà ôóíêöèîíàëà êà÷åñòâà, ïðåäëîæåí èòåðàöèîííûé àëãîðèòì

îïðåäåëåíèÿ îïòèìàëüíîãî óïðàâëåíèÿ.
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Êëþ÷åâûå ñëîâà: ïàðàáîëè÷åñêîå óðàâíåíèå, çàäà÷à îïòèìàëüíîãî óïðàâëåíèÿ, ÷èñëåííûé ìåòîä,

ìåòîäû ðàñùåïëåíèÿ, ðàçíîñòíàÿ ñõåìà, óñòîé÷èâîñòü.

Ïðî îäíó ñõåìó ðîçùåïëåííÿ â çàäà÷àõ äèôóç³¿ òà òåïëîïðîâ³äíîñò³ / À.Â. Ãëàäêèé, Þ.À. Ãëàäêà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6. Ñ. 122–133.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ìàòåìàòè÷íîãî ìîäåëþâàííÿ òà îïòèì³çàö³¿ íåñòàö³îíàðíèõ ïðîöåñ³â

äèôóç³¿ ³ òåïëîïðîâ³äíîñò³. Äëÿ ÷èñåëüíîãî ðîçâ’ÿçàííÿ áàãàòîâèì³ðíèõ ïî÷àòêîâî-êðàéîâèõ çàäà÷ äèôóç³¿ ³

òåïëîïðîâ³äíîñò³ çàïðîïîíîâàíî ï³äõ³ä, ÿêèé âèêîðèñòîâóº ³äåþ ðîçùåïëåííÿ òà ðåàë³çàö³þ îòðèìàíèõ

ð³çíèöåâèõ ñõåì çà äîïîìîãîþ ÿâíèõ ñõåì íàñêð³çíîãî ðîçðàõóíêó. Äîñë³äæåíî ïèòàííÿ ïîáóäîâè

ð³çíèöåâèõ ñõåì ðîçùåïëåííÿ, àïðîêñèìàö³¿ òà ñò³éêîñò³ çà ïî÷àòêîâèìè äàíèìè. Äëÿ ÷èñåëüíîãî

ðîçâ’ÿçàííÿ çàäà÷³ îïòèìàëüíîãî êåðóâàííÿ äëÿ ïàðàáîë³÷íîãî ð³âíÿííÿ äîñë³äæåíî äèôåðåíö³àëüí³

âëàñòèâîñò³ ôóíêö³îíàëà ÿêîñò³, çàïðîïîíîâàíî ³òåðàö³éíèé àëãîðèòì âèçíà÷åííÿ îïòèìàëüíîãî êåðóâàííÿ.

Êëþ÷îâ³ ñëîâà: ïàðàáîë³÷íå ð³âíÿííÿ, çàäà÷à îïòèìàëüíîãî óïðàâë³ííÿ, ÷èñåëüíèé ìåòîä, ìåòîäè

ðîçùåïëåííÿ, ð³çíèöåâà ñõåìà, ñò³éê³ñòü.

About one splitting scheme for diffusion and heat conduction problems / A.V. Gladky, Y.A. Gladka //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 122–133.

Abstract. The problem of mathematical modeling and optimization of diffusion and heat conduction

non-stationary processes is considered. An approach that uses the idea of splitting and computation of the ob-

tained difference schemes using explicit schemes of running counting is proposed for the numerical solution of

multidimensional diffusion and heat conduction initial-boundary-value problems. Construction of difference

splitting schemes and approximation and stability on the initial data are investigated. Differential properties of

the quality functional are analyzed for the numerical solution of the optimal control problem for a parabolic

equation. An iterative algorithm for determining the optimal control is proposed.

Keywords: parabolic equation, optimal control problem, numerical method, splitting methods, difference

scheme, stability.

ÓÄÊ 519.21

Ïîëèýäðàëüíûå êîãåðåíòíûå ìåðû ðèñêà è ðîáàñòíàÿ îïòèìèçàöèÿ / Â.Ñ. Êèðèëþê // Êèáåðíåòèêà
è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 6. Ñ. 134–144.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 15 íàçâ.

Àííîòàöèÿ. Îïèñàíû ñâîéñòâà àïïàðàòà ïîëèýäðàëüíûõ êîãåðåíòíûõ ìåð ðèñêà, åãî âçàèìîñâÿçè ñ

çàäà÷àìè ðîáàñòíîé è ðîáàñòíîé ïî ðàñïðåäåëåíèþ îïòèìèçàöèè, à òàêæå åãî ïðèìåíåíèå â óñëîâèÿõ

íåîïðåäåëåííîñòè. Ðàññìîòðåíû ïðîáëåìû âû÷èñëåíèÿ ðîáàñòíûõ êîíñòðóêöèé ïîëèýäðàëüíûõ êîãåðåíòíûõ

ìåð ðèñêà è èõ ìèíèìèçàöèè, êîòîðûå ñâåäåíû ê ñîîòâåòñòâóþùèì çàäà÷àì ëèíåéíîãî ïðîãðàììèðîâàíèÿ.

Êëþ÷åâûå ñëîâà: ïîëèýäðàëüíàÿ êîãåðåíòíàÿ ìåðà ðèñêà, Conditional Value-at-Risk, ðîáàñòíàÿ îïòèìèçàöèÿ,

ðîáàñòíàÿ ïî ðàñïðåäåëåíèþ îïòèìèçàöèÿ, ìíîæåñòâî íåîïðåäåëåííîñòè, ëèíåéíîå ïðîãðàììèðîâàíèå.

Ïîë³åäðàëüí³ êîãåðåíòí³ ì³ðè ðèçèêó ³ ðîáàñòíà îïòèì³çàö³ÿ / Â.Ñ. Êèðèëþê // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6. Ñ. 134–144.

Àíîòàö³ÿ. Îïèñàíî âëàñòèâîñò³ àïàðàòó ïîë³åäðàëüíèõ êîãåðåíòíèõ ì³ð ðèçèêó, éîãî çâ’ÿçîê ç

çàäà÷àìè ðîáàñòíî¿ òà ðîáàñòíî¿ çà ðîçïîä³ëîì îïòèì³çàö³¿, à òàêîæ éîãî çàñòîñóâàííÿ â óìîâàõ

íåâèçíà÷åíîñò³. Ðîçãëÿíóòî ïðîáëåìè îá÷èñëåííÿ ðîáàñòíèõ êîíñòðóêö³é ïîë³åäðàëüíèõ êîãåðåíòíèõ

ì³ð ðèçèêó òà ¿õíüî¿ ì³í³ì³çàö³¿, ÿê³ çâåäåíî äî â³äïîâ³äíèõ çàäà÷ ë³í³éíîãî ïðîãðàìóâàííÿ.

Êëþ÷îâ³ ñëîâà: ïîë³åäðàëüíà êîãåðåíòíà ì³ðà ðèçèêó, Conditional Value-at-Risk, ðîáàñòíà îïòèì³çàö³ÿ,

ðîáàñòíà çà ðîçïîä³ëîì îïòèì³çàö³ÿ, ìíîæèíà íåâèçíà÷åíîñò³, ë³í³éíå ïðîãðàìóâàííÿ.

Polyhedral coherent risk measures and robust optimization / V.S. Kirilyuk // Kibernetika i sistemnyj
analiz. 2019. Vol. 55, N 6. P. 134–144.

Abstract. Properties of the apparatus of polyhedral coherent risk measures, its relationship with problems

of robust and distributionally robust optimization, as well as its application under uncertainty are described.

Problems of calculating robust constructions of polyhedral coherent risk measures and their minimization,

which are reduced to the corresponding linear programming problems, are considered.

Keywords: polyhedral coherent risk measure, Conditional Value-at-Risk, robust optimization, distributionally

robust optimization, robust risk measure construction, uncertainty set, linear programming.
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ÓÄÊ 519.9

Ìàòåìàòè÷åñêèå ìåòîäû ïîèñêà îïòèìàëüíîãî óïðàâëåíèÿ êîëåáàíèÿìè øàðíèðíî çàêðåïëåííîé
áàëêè (äåòåðìèíèðîâàííûé ñëó÷àé) / Ã.Ì. Çðàæåâñêèé, A.Í. Ãîëîäíèêîâ, Ñ.Ï. Óðÿñüåâ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 6. Ñ. 145–164.

²ë.: 7. Òàáë. 0. Á³áë³îãð.: 6 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàþòñÿ íåñêîëüêî ïîñòàíîâîê çàäà÷è îá îïòèìàëüíîì óïðàâëÿåìîì

âîçáóæäåíèè êîëåáàíèé øàðíèðíî çàêðåïëåííîé áàëêè. Êîëåáàíèÿ ïðîèñõîäÿò ïîä âîçäåéñòâèåì

íåñêîëüêèõ âíåøíèõ ïåðèîäè÷åñêèõ ñèë. Â ïðîñòåéøåé ïîñòàíîâêå çàäà÷è ïðåäïîëàãàåòñÿ, ÷òî

ñòðóêòóðà áàëêè îäíîðîäíà. Â áîëåå ñëîæíîé ïîñòàíîâêå äîïóñêàåòñÿ íàëè÷èå íåîäíîðîäíîñòåé

(äåôåêòîâ) íà áàëêå. Öåëü óïðàâëåíèÿ êîëåáàíèÿìè áàëêè ñîñòîèò â îáåñïå÷åíèè çàäàííîé ôîðìû è

çàäàííîé ïîòî÷å÷íîé ôàçû êîëåáàíèé â îïðåäåëåííîì ÷àñòîòíîì äèàïàçîíå. Çàäà÷à ñîñòîèò â

îïðåäåëåíèè òîãî, ñêîëüêî íåîáõîäèìî ïðèëîæåííûõ ñèë (âêëþ÷àÿ èõ õàðàêòåðèñòèêè — ìåñòà

ïðèëîæåíèÿ, àìïëèòóäû è ôàçû êîëåáàíèé) äëÿ îáåñïå÷åíèÿ æåëàåìîé ôîðìû êîëåáàíèé ñ çàäàííîé

òî÷íîñòüþ. Ñ ïîìîùüþ àíàëèòè÷åñêèõ ìàòåìàòè÷åñêèõ ìåòîäîâ ðàññìàòðèâàåìûå çàäà÷è ñâîäÿòñÿ ê

áîëåå ïðîñòûì ìíîãîýêñòðåìàëüíûì çàäà÷àì ìèíèìèçàöèè îñíîâíûõ ôóíêöèîíàëîâ, êîòîðûå ÷èñëåííî

ðåøàþòñÿ ñ ïîìîùüþ ìíîãîôóíêöèîíàëüíîãî ïàêåòà AORDA PSG.

Êëþ÷åâûå ñëîâà: âèáðàöèÿ, ôîðìà êîëåáàíèé, îïòèìàëüíûå õàðàêòåðèñòèêè âîçáóæäåíèÿ.

Ìàòåìàòè÷í³ ìåòîäè ïîøóêó îïòèìàëüíîãî êåðóâàííÿ êîëèâàííÿìè øàðí³ðíî çàêð³ïëåíî¿ áàëêè
(äåòåðì³íîâàíèé âèïàäîê) / Ã.M. Çðàæåâñüêèé, Î.Ì. Ãîëîäí³êîâ, Ñ.Ï. Óðÿñ’ºâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6. Ñ. 145–164.

Àíîòàö³ÿ. Ðîçãëÿíóòî ê³ëüêà ïîñòàíîâîê çàäà÷³ ïðî îïòèìàëüíå êåðîâàíå çáóäæåííÿ êîëèâàíü

øàðí³ðíî çàêð³ïëåíî¿ áàëêè. Êîëèâàííÿ â³äáóâàþòüñÿ ï³ä âïëèâîì äåê³ëüêîõ çîâí³øí³õ ïåð³îäè÷íèõ

ñèë. Ó íàéïðîñò³ø³é ïîñòàíîâö³ çàäà÷³ ââàæàþòü, ùî ñòðóêòóðà áàëêè º îäíîð³äíîþ. Ó á³ëüø ñêëàäí³é

ïîñòàíîâö³ äîïóñêàþòü íàÿâí³ñòü íåîäíîð³äíîñòåé (äåôåêò³â) íà áàëö³. Ìåòà êåðóâàííÿ êîëèâàííÿìè

áàëêè ïîëÿãàº ó çàáåçïå÷åíí³ çàäàíî¿ ôîðìè ³ çàäàíî¿ ïîòî÷êîâî¿ ôàçè êîëèâàíü ó âèçíà÷åíîìó

÷àñòîòíîìó ä³àïàçîí³. Çàäà÷à ïîëÿãàº ó âèçíà÷åíí³ òîãî, ñê³ëüêè íåîáõ³äíî ïðèêëàäåíèõ ñèë òà ¿õí³õ

õàðàêòåðèñòèê (ì³ñöÿ ïðèêëàäåííÿ, àìïë³òóäè ³ ôàçè êîëèâàíü) äëÿ çàáåçïå÷åííÿ áàæàíî¿ ôîðìè

êîëèâàíü ³ç çàäàíîþ òî÷í³ñòþ. Çà äîïîìîãîþ àíàë³òè÷íèõ ìàòåìàòè÷íèõ ìåòîä³â ðîçãëÿíóò³ çàäà÷³

çâîäÿòüñÿ äî á³ëüø ïðîñòèõ áàãàòîåêñòðåìàëüíèõ çàäà÷ ì³í³ì³çàö³¿ îñíîâíèõ ôóíêö³îíàë³â, ÿê³ ÷èñåëüíî

ðîçâ’ÿçóþòüñÿ çà äîïîìîãîþ áàãàòîôóíêö³îíàëüíîãî ïàêåòó AORDA PSG.

Êëþ÷îâ³ ñëîâà: â³áðàö³ÿ, ôîðìà êîëèâàíü, îïòèìàëüí³ õàðàêòåðèñòèêè çáóäæåííÿ.

Mathematical methods for searching the optimal control of oscillations of a hinged beam (deterministic
case) / G. Zrazhevsky, A. Golodnikov, S. Uryasev // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6.
P. 145–164.

Abstract. We consider several problem statements for the optimal controlled excitation of oscillations of

a hinged beam. Oscillations occur under the influence of several external periodic forces. In the simplest state-

ment, it is assumed that the structure of the beam is homogeneous. In a more complex formulation,

inhomogeneities (defects) on the beam are allowed. The goal of controlling the oscillations of the beam is to

provide a predetermined shape and a predetermined pointwise phase of oscillations in a given frequency range.

The task is to determine the number of forces and their characteristics (application, amplitude and phase of os-

cillations), which provide the desired form of oscillation with a given accuracy. With the help of analytical

mathematical methods, the problems in question are reduced to simpler multiextremal problems of minimizing

basic functionals, which are numerically solved using the multifunctional package AORDA PSG.

Keywords: vibrations, waveform, optimal actuation.
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ÓÄÊ 517.977

Äîñòàòî÷íûå óñëîâèÿ ñáëèæåíèÿ óïðàâëÿåìûõ îáúåêòîâ â èãðîâûõ çàäà÷àõ äèíàìèêè. II /
È.Ñ. Ðàïïîïîðò // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 6. Ñ. 165–177.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 24 íàçâ.

Àííîòàöèÿ. Ðåøåíà çàäà÷à ñáëèæåíèÿ óïðàâëÿåìûõ îáúåêòîâ íà îñíîâå ìåòîäà ðàçðåøàþùèõ

ôóíêöèé. Ïðåäëîæåíû íîâûå äîñòàòî÷íûå óñëîâèÿ îêîí÷àíèÿ èãðû çà êîíå÷íîå ãàðàíòèðîâàííîå âðåìÿ

â ñëó÷àå, êîãäà óñëîâèå Ïîíòðÿãèíà íå âûïîëíÿåòñÿ. Ââåäåíû ðàçðåøàþùèå ôóíêöèè ñïåöèàëüíîãî

òèïà è íà èõ îñíîâå ðàçðàáîòàíû äâå ñõåìû ìåòîäà ðàçðåøàþùèõ ôóíêöèé, îáåñïå÷èâàþùèõ

çàâåðøåíèå äèôôåðåíöèàëüíîé èãðû â êëàññå êâàçèñòðàòåãèé è êîíòðóïðàâëåíèé. Ïðèâåäåíû ôîðìóëû

äëÿ âû÷èñëåíèÿ ðàçðåøàþùèõ ôóíêöèé. Ðåçóëüòàòû èëëþñòðèðóþòñÿ íà ìîäåëüíîì ïðèìåðå.

Êëþ÷åâûå ñëîâà: êâàçèëèíåéíàÿ äèôôåðåíöèàëüíàÿ èãðà, ìíîãîçíà÷íîå îòîáðàæåíèå, èçìåðèìûé

ñåëåêòîð, ñòðîáîñêîïè÷åñêàÿ ñòðàòåãèÿ, ðàçðåøàþùàÿ ôóíêöèÿ.

Äîñòàòí³ óìîâè çáëèæåííÿ êåðîâàíèõ îá’ºêò³â â ³ãðîâèõ çàäà÷àõ äèíàì³êè. ²² / É.Ñ. Ðàïïîïîðò //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6. Ñ. 165–177.

Àíîòàö³ÿ. Ðîçâ’ÿçàíî çàäà÷ó çáëèæåííÿ êåðîâàíèõ îá’ºêò³â íà îñíîâ³ ìåòîäó ðîçâ’ÿçóâàëüíèõ

ôóíêö³é. Çàïðîïîíîâàíî íîâ³ äîñòàòí³ óìîâè çàê³í÷åííÿ ãðè çà ñê³í÷åííèé ãàðàíòîâàíèé ÷àñ â ðàç³, êîëè

óìîâà Ïîíòðÿã³íà íå âèêîíóºòüñÿ. Óâåäåíî ðîçâ’ÿçóâàëüí³ ôóíêö³¿ ñïåö³àëüíîãî òèïó ³ íà ¿õí³é îñíîâ³

ðîçðîáëåíî äâ³ ñõåìè ìåòîäó ðîçâ’ÿçóâàëüíèõ ôóíêö³é, ùî çàáåçïå÷óþòü çàâåðøåííÿ äèôåðåíö³àëüíî¿

ãðè â êëàñ³ êâàç³ñòðàòåã³é ³ êîíòðêåðóâàíü. Íàâåäåíî ôîðìóëè äëÿ îá÷èñëåííÿ ðîçâ’ÿçóâàëüíèõ ôóíêö³é.

Ðåçóëüòàòè ³ëþñòðóþòüñÿ íà ìîäåëüíîìó ïðèêëàä³.

Êëþ÷îâ³ ñëîâà: êâàç³ë³í³éíà äèôåðåíö³àëüíà ãðà, áàãàòîçíà÷íå â³äîáðàæåííÿ, âèì³ðíèé ñåëåêòîð,

ñòðîáîñêîï³÷íà ñòðàòåã³ÿ, ðîçâ’ÿçóâàëüíà ôóíêö³ÿ.

Sufficient conditions of approach of the controlled objects in dynamic game problems. II / I.S. Rappoport
// Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 165–177.

Abstract. The problem of approach of control objects is solved on the basis of the method of resolving

functions. New sufficient conditions for game termination in a finite guaranteed time are proposed for the case

where the Pontryagin condition is not satisfied. Resolving functions of special type are introduced and are used

to develop two schemes of the method of resolving functions that ensure termination of the differential game in

the class of quasi-strategies and counter-controls. The formulas for calculating the resolving functions are

given. The results are illustrated by a model example.

Keywords: quasilinear differential game, multivalued mapping, measurable selector, stroboscopic strategy, re-

solving function.
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Áûñòðûé ïîèñê ñõîäíûõ ãðàôîâ ïî ðàññòîÿíèþ ðåäàêòèðîâàíèÿ / Ä.À. Ðà÷êîâñêèé // Êèáåðíåòèêà
è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 6. Ñ. 178–194.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 70 íàçâ.

Àííîòàöèÿ. Äàí îáçîð èíäåêñíûõ ñòðóêòóð äëÿ áûñòðîãî ïîèñêà ïî ñõîäñòâó îáúåêòîâ,

ïðåäñòàâëåííûõ äåðåâüÿìè è ãðàôàìè. Â êà÷åñòâå ìåðû ñõîäñòâà èñïîëüçîâàíî ðàññòîÿíèå

ðåäàêòèðîâàíèÿ. Ðàññìîòðåíî âûïîëíåíèå çàïðîñîâ òî÷íîãî ïîèñêà ïî ñõîäñòâó. Â îñíîâíîì

ïðåäñòàâëåíû àëãîðèòìû íà îñíîâå ñòðàòåãèè ôèëüòðàöèè è óòî÷íåíèÿ, èñïîëüçóþùèå îáðàòíîå

èíäåêñèðîâàíèå. Êðîìå òîãî, ðàññìîòðåíû àëãîðèòìû òî÷íîãî âû÷èñëåíèÿ ðàññòîÿíèÿ ðåäàêòèðîâàíèÿ

ãðàôîâ è åãî íèæíèõ è âåðõíèõ ãðàíèö.

Êëþ÷åâûå ñëîâà: ïîèñê ïî ñõîäñòâó, ãðàôû, ðàññòîÿíèå ðåäàêòèðîâàíèÿ, áëèæàéøèé ñîñåä, èíäåêñíûå

ñòðóêòóðû, îáðàòíîå èíäåêñèðîâàíèå.
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Øâèäêèé ïîøóê ñõîæèõ ãðàô³â çà â³äñòàííþ ðåäàãóâàííÿ / Ä.À. Ðà÷êîâñüêèé // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6. Ñ. 178–194.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä ³íäåêñíèõ ñòðóêòóð äëÿ øâèäêîãî ïîøóêó çà ñõîæ³ñòþ îá’ºêò³â,

ïîäàíèõ äåðåâàìè òà ãðàôàìè. ßê ì³ðó ñõîæîñò³ âèêîðèñòàíî â³äñòàíü ðåäàãóâàííÿ. Ðîçãëÿíóòî

âèêîíàííÿ çàïèò³â òî÷íîãî ïîøóêó çà ñõîæ³ñòþ. Â îñíîâíîìó îïèñàíî àëãîðèòìè íà îñíîâ³ ñòðàòåã³¿

ô³ëüòðàö³¿ òà óòî÷íåííÿ, ÿê³ âèêîðèñòîâóþòü îáåðíåíå ³íäåêñóâàííÿ. Êð³ì òîãî, ðîçãëÿíóòî àëãîðèòìè

òî÷íîãî îá÷èñëåííÿ â³äñòàí³ ðåäàãóâàííÿ ãðàô³â òà ¿¿ íèæí³õ ³ âåðõí³õ ìåæ.

Êëþ÷îâ³ ñëîâà: ïîøóê çà ñõîæ³ñòþ, ãðàôè, â³äñòàíü ðåäàãóâàííÿ, íàéáëèæ÷èé ñóñ³ä, ³íäåêñí³

ñòðóêòóðè, îáåðíåíå ³íäåêñóâàííÿ.

Fast search for similar graphs by edit distance / D.A. Rachkovskij // Kibernetika i sistemnyj analiz. 2019.
Vol. 55, N 6. P. 178–194.

Abstract. This survey article considers index structures for fast similarity search for objects represented

by trees and graphs. Edit distance is used as a measure of similarity. The execution of exact similarity search

queries is considered. Algorithms based on the filter-and-refine strategy using inverted indexing are mainly pre-

sented. Algorithms for exact calculation of the graph edit distance and its lower and upper bounds are also con-

sidered.

Keywords: similarity search, graphs, edit distance, nearest neighbor, index structures, inverted indexing.

ÓÄÊ 519.615

Ìåòîä ãëîáàëüíîé ìèíèìèçàöèè ôóíêöèé ñ èñïîëüçîâàíèåì îïåðàòîðà Êðàâ÷èêà / Â.Þ. Ñåìåíîâ,
Å.Â. Ñåìåíîâà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 6. Ñ. 195–202.

²ë.: 3. Òàáë. 0. Á³áë³îãð.: 14 íàçâ.

Àííîòàöèÿ. Â ðàáîòå ïðåäëîæåí ìåòîä ãëîáàëüíîé ìèíèìèçàöèè äâàæäû

íåïðåðûâíî-äèôôåðåíöèðóåìûõ ôóíêöèé íåñêîëüêèõ ïåðåìåííûõ íà çàäàííîì èíòåðâàëå. Ìåòîä

îñíîâàí íà ðåøåíèè ñèñòåìû íåëèíåéíûõ óðàâíåíèé, îáðàçîâàííîé ÷àñòíûìè ïðîèçâîäíûìè öåëåâîé

ôóíêöèè ñ ïîìîùüþ îïåðàòîðà Êðàâ÷èêà. Ïðèìåíåíèå ìåòîäà ïðîäåìîíñòðèðîâàíî íà ÷èñëåííûõ

ïðèìåðàõ.

Êëþ÷åâûå ñëîâà: ãëîáàëüíàÿ ìèíèìèçàöèÿ, îïåðàòîð Êðàâ÷èêà, ïîèñê êîðíåé, ãåññèàí.

Ìåòîä ãëîáàëüíî¿ ì³í³ì³çàö³¿ ôóíêö³é ç âèêîðèñòàííÿì îïåðàòîðà Êðàâ÷èêà / Â.Þ. Ñåìåíîâ,
ª.Â. Ñåìåíîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 6. Ñ. 195–202.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ãëîáàëüíî¿ ì³í³ì³çàö³¿ äâ³÷³ íåïåðåðâíî-äèôåðåíö³éîâíèõ

ôóíêö³é â³ä äåê³ëüêîõ çì³ííèõ íà çàäàíîìó ³íòåðâàë³. Ìåòîä ´ðóíòóºòüñÿ íà ðîçâ’ÿçàíí³ ñèñòåìè

íåë³í³éíèõ ð³âíÿíü, óòâîðåíî¿ ÷àñòêîâèìè ïîõ³äíèìè ö³ëüîâî¿ ôóíêö³¿, çà äîïîìîãîþ îïåðàòîðà

Êðàâ÷èêà. Çàñòîñóâàííÿ ìåòîäó ïðîäåìîíñòðîâàíî íà ÷èñåëüíèõ ïðèêëàäàõ.

Êëþ÷îâi ñëîâà: ãëîáàëüíà ì³í³ì³çàö³ÿ, îïåðàòîð Êðàâ÷èêà, ïîøóê êîðåí³â, ãåññ³àí.

Global minimization method based on krawczyk operator / V.Yu. Semenov, Ye.V. Semenova //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 6. P. 195–202.

Abstract. Global minimization method for twice differentiable functions of several variables on the given
interval is proposed. The method is based on the solution of systems of nonlinear equations formed by partial
derivatives of the objective function with the use of Krawczyk operator. The application of the method is
illustrated by numerical examples.

Keywords: global minimization, Krawczyk operator, rootfinding, Hessian.
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