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ÓÄÊ 519.68+681.3

Î íåêîòîðûõ çàäà÷àõ àíàëèçà ãèáðèäíûõ àâòîìàòîâ / Â.Â. Ñêîáåëåâ, Â.Ã. Ñêîáåëåâ // Êèáåðíåòèêà
è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 4. Ñ. 3–15.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 13 íàçâ.

Àííîòàöèÿ. Îïðåäåëåí êëàññ 1-ìåðíûõ ãèáðèäíûõ àâòîìàòîâ, â êîòîðûõ â êàæäîì äèñêðåòíîì
ñîñòîÿíèè äëÿ ðàçëè÷íûõ ìíîæåñòâ íà÷àëüíûõ çíà÷åíèé íåïðåðûâíîãî ñîñòîÿíèÿ äèíàìèêà ìîæåò áûòü
ïðåäñòàâëåíà ðàçëè÷íûìè äèôôåðåíöèàëüíûìè óðàâíåíèÿìè, è çàäàíà êîíå÷íàÿ ïðîäîëæèòåëüíîñòü
ýòîé äèíàìèêè, êîòîðàÿ ìîæåò áûòü ðàçëè÷íîé äëÿ ðàçíûõ ìíîæåñòâ íà÷àëüíûõ çíà÷åíèé íåïðåðûâíîãî
ñîñòîÿíèÿ. Ïðåäëîæåíû àëãîðèòìû ðåøåíèÿ çàäà÷ óñòðàíåíèÿ ïðîòèâîðå÷èÿ â îáúåêòàõ, îïðåäåëÿþùèõ
ãèáðèäíûé àâòîìàò, ñîãëàñîâàíèÿ ýòèõ îáúåêòîâ îäèí ñ äðóãèì, íàõîæäåíèÿ ìèíèìàëüíîãî ÷èñëà ïåðå-
êëþ÷åíèé è îöåíêè ìèíèìàëüíîãî âðåìåíè, çà êîòîðîå äèñêðåòíûå ñîñòîÿíèÿ äîñòèæèìû èç ìíîæåñòâà
íà÷àëüíûõ äèñêðåòíûõ ñîñòîÿíèé.

Êëþ÷åâûå ñëîâà: ãèáðèäíûå àâòîìàòû, âåðèôèêàöèÿ.
——

Ïðî äåÿê³ çàäà÷³ àíàë³çó ã³áðèäíèõ àâòîìàò³â / Â.Â. Ñêîáåëºâ, Â.Ã. Ñêîáåëºâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 4. Ñ. 3–15.

Àíîòàö³ÿ. Âèçíà÷åíî êëàñ 1-âèì³ðíèõ ã³áðèäíèõ àâòîìàò³â, ó ÿêèõ ó êîæíîìó äèñêðåòíîìó ñòàí³
äëÿ ð³çíèõ ìíîæèí ïî÷àòêîâèõ çíà÷åíü íåïåðåðâíîãî ñòàíó äèíàì³êà ìîæå áóòè ïðåäñòàâëåíà ð³çíèìè
äèôåðåíö³àëüíèìè ð³âíÿííÿìè, òà çàäàíî ñê³í÷åííó òðèâàë³ñòü ö³º¿ äèíàì³êè, ÿêà ìîæå áóòè ð³çíîþ äëÿ
ð³çíèõ ìíîæèí ïî÷àòêîâèõ çíà÷åíü íåïåðåðâíîãî ñòàíó. Çàïðîïîíîâàíî àëãîðèòìè ðîçâ’ÿçàííÿ çàäà÷
âèëó÷åííÿ ñóïåðå÷íîñòåé â îá’ºêòàõ, ÿê³ âèçíà÷àþòü ã³áðèäíèé àâòîìàò, óçãîäæåííÿ öèõ îá’ºêò³â îäèí ç
îäíèì, çíàõîäæåííÿ ì³í³ìàëüíîãî ÷èñëà ïåðåìèêàíü òà îö³íêè ì³í³ìàëüíîãî ÷àñó, çà ÿêèé äèñêðåòí³ ñòà-
íè äîñÿæí³ ç ìíîæèíè ïî÷àòêîâèõ äèñêðåòíèõ ñòàí³â.

Êëþ÷îâ³ ñëîâà: ã³áðèäí³ àâòîìàòè, âåðèô³êàö³ÿ.

——-
Some problems from the analysis of hybrid automata / V.V. Skobelev, V.G. Skobelev // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 4. P. 3–15.

Abstract. A class of 1-dimensional hybrid automata is defined, such that in each discrete state, the
dynamics can be presented by different differential equations for different sets of initial values of continuous
state, each dynamics duration is finite, and can be different for different sets of initial values of continuous
state. Algorithms are proposed to solve problems of eliminating contradictions in objects that define the hybrid
automata, of coordinating these objects with each other, calculating the minimum number of switchings, and
estimating the minimum time for reachability of discrete states from the set of initial discrete states.

Keywords: hybrid automata, verification.
====

ÓÄÊ 519.713.1

Ñèíòåç �-àâòîìàòîâ, ñïåöèôèöèðîâàííûõ â ëîãè÷åñêèõ ÿçûêàõ LP è LF ïåðâîãî ïîðÿäêà /
À.Í. ×åáîòàðåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 4. Ñ. 16–31.

²ë.: 2. Òàáë. 0. Á³áë³îãð.: 6 íàçâ.

Àííîòàöèÿ. Ïðèâåäåíû ìåòîäû ñèíòåçà �-àâòîìàòîâ ïî ñïåöèôèêàöèè â ÿçûêå LP ñ äåòåðìèíèðî-
âàííîé ñåìàíòèêîé è â ÿçûêå LF ñ íåäåòåðìèíèðîâàííîé ñåìàíòèêîé. Â îñíîâå ýòèõ ìåòîäîâ ëåæèò ýê-
âèâàëåíòíîå ïðåîáðàçîâàíèå ôîðìóëû âèäà �tF t( ) â òàê íàçûâàåìóþ íîðìàëüíóþ ôîðìó, ñòðóêòóðà êî-
òîðîé ñîîòâåòñòâóåò ãðàôó ïåðåõîäîâ ñïåöèôèöèðîâàííîãî �-àâòîìàòà.

Êëþ÷åâûå ñëîâà: �-àâòîìàò, LP-ôîðìóëà, LF-ôîðìóëà, àâòîìàòíàÿ ñåìàíòèêà, íîðìàëüíàÿ ôîðìà,
îðòîãîíàëèçàöèÿ.

——-

Ñèíòåç �-àâòîìàò³â, ùî ñïåöèô³êîâàí³ ó ëîã³÷íèõ ìîâàõ LP ³ LF ïåðøîãî ïîðÿäêó /
À.Ì. ×åáîòàðüîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 4. Ñ. 16–31.

Àíîòàö³ÿ. Íàâåäåíî ìåòîäè ñèíòåçó �-àâòîìàò³â çà ñïåöèô³êàö³ÿìè ó ìîâ³ LP ç äåòåðì³íîâàíîþ
ñåìàíòèêîþ ³ ó ìîâ³ LF ç íåäåòåðì³íîâàíîþ ñåìàíòèêîþ. Â îñíîâ³ öèõ ìåòîä³â ëåæèòü åêâ³âàëåíòíå ïå-
ðåòâîðåííÿ ôîðìóëè âèãëÿäó �tF t( ) â òàê çâàíó íîðìàëüíó ôîðìó, ñòðóêòóðà ÿêî¿ â³äïîâ³äàº ãðàôó ïå-
ðåõîä³â ñïåöèô³êîâàíîãî �-àâòîìàòà.

Êëþ÷îâ³ ñëîâà: �-àâòîìàò, LP-ôîðìóëà, LF-ôîðìóëà, àâòîìàòíà ñåìàíòèêà, íîðìàëüíà ôîðìà, îðòîãî-
íàë³çàö³ÿ.

———
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Synthesis of �-automata specified in the first-order logical languages LP and LF / A.N. Chebotarev //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 16–31.

Abstract. This paper presents methods for synthesizing �-automata from specifications in the language
LP with deterministic semantics and in the language LF with nondeterministic semantics. These methods are
based on the equivalent transformation of the formula of the form �tF t( ) into a so called normal form whose
structure corresponds to the state transition graph of a specified automaton.

Keywords: �-automaton, LP-formula, LF-formula, automatic semantics, normal form, orthogonalization.
===

ÓÄÊ 004.896

Ïðîáëåìû ïîñòðîåíèÿ èíòåëëåêòóàëüíûõ ñèñòåì. Óðîâíè èíòåëëåêòà / Â.Þ. Ìåéòóñ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 4. Ñ. 32–44.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 10 íàçâ.
Àííîòàöèÿ. Îïèñàíà ðàçðàáîòêà òåîðèè ïîñòðîåíèÿ èíòåëëåêòóàëüíûõ ñèñòåì, ñîçäàííûõ äëÿ ðå-

øåíèÿ çàäà÷ â ïðîèçâîëüíûõ ïðåäìåòíûõ îáëàñòÿõ. Ðàññìîòðåíû ïðîöåññû ìîäåëèðîâàíèÿ ïðåäìåòíîé
îáëàñòè íà îñíîâå èñïîëüçîâàíèÿ îíòîëîãè÷åñêîãî ïðåäñòàâëåíèÿ, âêëþ÷àþùåãî ëîãèêó, è çàäàíèÿ îò-
äåëüíûõ ýëåìåíòîâ ìîäåëè êàê òðèàä, ñîñòîÿùèõ èç ýêñòåíñèîíàëà, èíòåíñèîíàëà è êîííîòàöèè. Ïðåä-
ëîæåíû îïðåäåëåíèÿ óðîâíåé èíòåëëåêòà, êàæäûé èç êîòîðûõ ñîîòâåòñòâóåò óðîâíþ âîçìîæíîñòåé èí-
òåëëåêòóàëüíîé ñèñòåìû.

Êëþ÷åâûå ñëîâà: èíòåëëåêò, èíòåëëåêòóàëüíàÿ ñèñòåìà, óðîâåíü èíòåëëåêòà, ïðåäìåòíàÿ îáëàñòü, îíòî-
ëîãèÿ, îíòîëîãè÷åñêàÿ ìîäåëü.

—-

Ïðîáëåìè ïîáóäîâè ³íòåëåêòóàëüíèõ ñèñòåì. Ð³âí³ ³íòåëåêòó / Â.Þ. Ìåéòóñ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 4. Ñ. 32–44.

Àíîòàö³ÿ. Îïèñàíî ðîçðîáëåííÿ òåîð³¿ ïîáóäîâè ³íòåëåêòóàëüíèõ ñèñòåì, ñòâîðåíèõ äëÿ ðîçâ’ÿ-
çàííÿ çàäà÷ ó äîâ³ëüíèõ ïðåäìåòíèõ îáëàñòÿõ. Ðîçãëÿíóòî ïðîöåñè ìîäåëþâàííÿ ïðåäìåòíî¿ îáëàñò³ íà
îñíîâ³ âèêîðèñòàííÿ îíòîëîã³÷íîãî ïîäàííÿ, ùî âêëþ÷àº ëîã³êó, ³ âèçíà÷åííÿ îêðåìèõ åëåìåíò³â ìîäåë³
ÿê òð³àä, ÿê³ ñêëàäàþòüñÿ ç åêñòåíñ³îíàëà, ³íòåíñ³îíàëà ³ êîíîòàö³¿. Çàïðîïîíîâàí³ îçíà÷åííÿ ð³âí³â ³íòå-
ëåêòó, êîæíèé ç ÿêèõ â³äïîâ³äàº ð³âíþ ìîæëèâîñòåé ³íòåëåêòóàëüíî¿ ñèñòåìè.

Êëþ÷åâûå ñëîâà: ³íòåëåêò, ³íòåëåêòóàëüíà ñèñòåìà, ð³âåíü ³íòåëåêòó, ïðåäìåòíàîáëàñòü, îíòîëîã³ÿ,
îíòîëîã³÷íà ìîäåëü.

——-
Problems of constructing intelligent systems. Levels of intelligence / Meytus V. // Kibernetika i sistemnyj
analiz. 2018. Vol. 54, N 4. P. 32–44.

Abstract. The study is devoted to the development of the theory of construction of intelligent systems
(IS), created to solve problems in arbitrary subject areas. The decision process consists of modeling the subject
area based on the use of an ontological representation, involving logic, and assigning individual elements of the
model as triads consisting of an extensional, intensional, and connotation. The paper proposes definitions of the
levels of intelligence. Each such level determines its level of capabilities of the intelligent system.

Keywords: intellect, intelligent system, intelligence level, subject area, ontology, ontological model.
=====

ÓÄÊ 517.9

Óñèëåííîå ïàðåòîâñêîå ðàâíîâåñèå äëÿ èãð íà ïåðåñåêàþùèõñÿ ìíîæåñòâàõ / Ý.Ð. Ñìîëüÿêîâ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 4. Ñ. 45–55.

²ë.: 3. Òàáë. 0. Á³áë³îãð.: 20 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíî íîâîå ïîíÿòèå ðàâíîâåñèÿ. Åãî ìîæíî èñïîëüçîâàòü äëÿ îïðåäåëåíèÿ
ñïðàâåäëèâîãî ðàñïðåäåëåíèÿ â êîîïåðàòèâíûõ èãðàõ íà ïåðåñåêàþùèõñÿ èãðîâûõ ìíîæåñòâàõ è óòî÷-
íåíèÿ èåðàðõè÷åñêîé çàâèñèìîñòè ìåæäó èçâåñòíûìè ðàâíîâåñèÿìè.

Êëþ÷åâûå ñëîâà: êîíôëèêòíûå çàäà÷è íà ïåðåñåêàþùèõñÿ ìíîæåñòâàõ, èãðîâûå ðàâíîâåñèÿ.
—---

Ï³äñèëåíà ïàðåòîâñüêà ð³âíîâàãà äëÿ ³ãîð íà ïåðåòèííèõ ìíîæèíàõ / Å.Ð. Ñìîëüÿêîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 4. Ñ. 45–55.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íîâå ïîíÿòòÿ ð³âíîâàãè. Éîãî ìîæíà âèêîðèñòîâóâàòè äëÿ âèçíà÷åííÿ
ñïðàâåäëèâîãî ðîçïîä³ëó ó êîîïåðàòèâíèõ ³ãðàõ íà ïåðåòèííèõ ³ãðîâèõ ìíîæèíàõ òà óòî÷íåííÿ
³ºðàðõ³÷íî¿ çàëåæíîñò³ ì³æ â³äîìèìè ð³âíîâàãàìè.

Êëþ÷îâ³ ñëîâà: êîíôë³êòí³ çàäà÷³ íà ïåðåòèííèõ ìíîæèíàõ, ³ãðîâ³ ð³âíîâàãè.
——-

Strongest pareto equilibrium for games on crossing sets / E.R. Smol’yakov // Kibernetika i sistemnyj analiz.
2018. Vol. 54, N 4. P. 45–55.

Abstract. A new concept of equilibrium is proposed. It can be used for definition of just sharing in
cooperative games on crossing sets and for definition of more strict dependence between different equilibria.



Keywords: conflict prolems on intersected sets, game equilibria.
====

ÓÄÊ 519.854.33

Ïðèáëèæåííûé àëãîðèòì ëåêñèêîãðàôè÷åñêîãî ïîèñêà âî ìíîãèõ ïîðÿäêàõ ðåøåíèÿ
ìíîãîìåðíîé áóëåâîé çàäà÷è î ðàíöå / Ñ.Â. ×óïîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54,
¹ 4. Ñ. 56–69.

²ë.: 4. Òàáë. 3. Á³áë³îãð.: 14 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíà íîâàÿ ñõåìà ïðèáëèæåííîãî ëåêñèêîãðàôè÷åñêîãî ïîèñêà ðåøåíèÿ ìíî-
ãîìåðíîé áóëåâîé çàäà÷è î ðàíöå. Îñíîâíàÿ èäåÿ àëãîðèòìà ñîñòîèò â ïîñòåïåííîì îïðåäåëåíèè ëåêñè-
êîãðàôè÷åñêîãî ïîðÿäêà (óïîðÿäî÷åíèÿ ïåðåìåííûõ), â êîòîðîì «êà÷åñòâåííûå» ðåøåíèÿ çàäà÷è ïðè-
íàäëåæàò ïðÿìîìó äâóñòîðîííåìó ëåêñèêîãðàôè÷åñêîìó îãðàíè÷åíèþ, âåðõíÿÿ ãðàíèöà êîòîðîãî —
ëåêñèêîãðàôè÷åñêèé ìàêñèìóì ìíîæåñòâà äîïóñòèìûõ ðåøåíèé çàäà÷è â ýòîìó ïîðÿäêå. Ïîñêîëüêó ïî-
èñê «êà÷åñòâåííûõ» ðåøåíèé â êàæäîì ïîðÿäêå îñóùåñòâëÿåòñÿ íà îãðàíè÷åííîì ëåêñèêîãðàôè÷åñêîì
èíòåðâàëå, ïðåäëàãàåìûé àëãîðèòì íàçâàí îãðàíè÷åííûì ëåêñèêîãðàôè÷åñêèì ïîèñêîì. Êà÷åñòâî ðàáî-
òû ïðèáëèæåííîãî ìåòîäà îãðàíè÷åííîãî ëåêñèêîãðàôè÷åñêîãî ïîèñêà èññëåäóåòñÿ ñ ïîìîùüþ ðåøå-
íèÿ òåñòîâûõ çàäà÷ èç èçâåñòíûõ íàáîðîâ Beasley è F. Glover–G.A. Kochenberger.

Êëþ÷åâûå ñëîâà: ëåêñèêîãðàôè÷åñêèé ïîðÿäîê, ëåêñèêîãðàôè÷åñêèé ìàêñèìóì, ìíîãîìåðíàÿ áóëåâà
çàäà÷à î ðàíöå, àëãîðèòì ëåêñèêîãðàôè÷åñêîãî ïîèñêà.

——-
Íàáëèæåíèé àëãîðèòì ëåêñèêîãðàô³÷íîãîïîøóêó ó áàãàòüîõ ïîðÿäêàõ ðîçâ’ÿçêó áàãàòîâèì³ðíî¿
áóëåâî¿ çàäà÷³ ïðî ðàíåöü / Ñ.Â. ×óïîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 4.
Ñ. 56–69.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íîâó ñõåìó íàáëèæåíîãî ëåêñèêîãðàô³÷íîãî ïîøóêó ðîçâ’ÿçêó áàãàòî-
âèì³ðíî¿ áóëåâî¿ çàäà÷³ ïðî ðàíåöü. Îñíîâíà ³äåÿ àëãîðèòìó ïîëÿãàº ó ïîñòóïîâîìó âèçíà÷åíí³ ëåêñè-
êîãðàô³÷íîãî ïîðÿäêó (âïîðÿäêóâàííÿ çì³ííèõ), ó ÿêîìó «ÿê³ñí³» ðîçâ’ÿçêè çàäà÷³ íàëåæàòü ïðÿìîìó
äâîñòîðîííüîìó ëåêñèêîãðàô³÷íîìó îáìåæåííþ, âåðõíÿ ìåæà ÿêîãî º ëåêñèêîãðàô³÷íèì ìàêñèìóìîì
ìíîæèíè äîïóñòèìèõ ðîçâ’ÿçê³â çàäà÷³ ó öüîìó ïîðÿäêó. Îñê³ëüêè ïîøóê «ÿê³ñíèõ» ðîçâ’ÿçê³â ó êîæíî-
ìó ïîðÿäêó çä³éñíþºòüñÿ íà îáìåæåíîìó ëåêñèêîãðàô³÷íîìó ³íòåðâàë³, çàïðîïîíîâàíèé àëãîðèòì íàçâà-
íî îáìåæåíèì ëåêñèêîãðàô³÷íèì ïîøóêîì. ßê³ñòü ðîáîòè íàáëèæåíîãî ìåòîäó îáìåæåíîãî ëåêñèêîã-
ðàô³÷íîãî ïîøóêó äîñë³äæºòüñÿ çà äîïîìîãîþ ðîçâ’ÿçàííÿ òåñòîâèõ çàäà÷ ç â³äîìèõ íàáîð³â Beasley òà
F. Glover–G.A. Kochenberger.

Êëþ÷îâ³ ñëîâà: ëåêñèêîãðàô³÷íèé ïîðÿäîê, ëåêñèêîãðàô³÷íèé ìàêñèìóì, áàãàòîâèì³ðíà áóëåâà çàäà÷à
ïðî ðàíåöü, àëãîðèòì ëåêñèêîãðàô³÷íîãî ïîøóêó.

——-

An approximate algorithm for lexicographic search in multiple orders for the solution of the
multidimensional Boolean knapsack problem / S.V. Chupov // Kibernetika i sistemnyj analiz. 2018. Vol. 54,
N 4. P. 56–69.

Abstract. A new scheme of approximate lexicographic search is proposed for the solution of the
multidimensional boolean knapsack problem. The main idea of the algorithm is gradual definition of
lexicographic order (ordering of variables) in which “qualitative” solutions of the problem belong to a direct
two-sided lexicographic constraint whose upper bound is the lexicographic maximum of the set of feasible
solutions of the problem in this order. Since the search for “qualitative” solutions in each order is carried out on
a bounded lexicographic interval, the proposed algorithm is called a bounded lexicographic search. The quality
of the approximate method of bounded lexicographic search is investigated by solving test problems from the
well-known Beasley and Glover–Kochenberger sets.

Keywords: lexicographic order, lexicographic maximum, multidimensional boolean knapsack problem,
lexicographic search algorithm.

=====

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.85

Îáîáùåííûé ìåòîä ýëëèïñîèäîâ / Ï.È. Ñòåöþê, À.Â. Ôåñþê, Î.Í. Õîìÿê // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 4. Ñ. 70–80.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ïðèâåäåí àëãîðèòì ñ ðàñòÿæåíèåì ïðîñòðàíñòâà, êîòîðûé ïðè îïðåäåëåííîì âûáîðå
êîýôôèöèåíòà ðàñòÿæåíèÿ ÿâëÿåòñÿ ìåòîäîì îïèñàííûõ ýëëèïñîèäîâ. ×àñòíûì åãî ñëó÷àåì ÿâëÿåòñÿ
ìåòîä ýëëèïñîèäîâ Þäèíà–Íåìèðîâñêîãî–Øîðà. Îïèñàíî ïðèìåíåíèå àëãîðèòìà äëÿ ðåøåíèÿ çàäà÷è
âûïóêëîãî ïðîãðàììèðîâàíèÿ è çàäà÷è ïîèñêà ñåäëîâîé òî÷êè âûïóêëî-âîãíóòîé ôóíêöèè.

Êëþ÷åâûå ñëîâà: ìåòîä ýëëèïñîèäîâ, îïåðàòîð ðàñòÿæåíèÿ ïðîñòðàíñòâà, ëîêàëèçóþùèé ýëëèïñîèä,
çàäà÷à âûïóêëîãî ïðîãðàììèðîâàíèÿ, ñåäëîâàÿ òî÷êà âûïóêëî-âîãíóòîé ôóíêöèè.

————-
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Óçàãàëüíåíèé ìåòîä åë³ïñî¿ä³â / Ï.². Ñòåöþê, Î.Â. Ôåñþê, Î.Ì. Õîì’ÿê // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2018. Òîì 54, ¹ 4. Ñ. 70–80.

Àíîòàö³ÿ. Íàâåäåíî àëãîðèòì ç ðîçòÿãîì ïðîñòîðó, ÿêèé çà ïåâíîãî âèáîðó êîåô³ö³ºíòà ðîçòÿãó º
ìåòîäîì îïèñàíèõ åë³ïñî¿ä³â. Éîãî ÷àñòêîâèì âèïàäêîì º ìåòîä åë³ïñî¿ä³â Þä³íà–Íåìèðîâñüêî-
ãî–Øîðà. Îïèñàíî çàñòîñóâàííÿ àëãîðèòìó äëÿ ðîçâ’ÿçàííÿ çàäà÷³ îïóêëîãî ïðîãðàìóâàííÿ ³ çàäà÷³ ïî-
øóêó ñ³äëîâî¿ òî÷êè îïóêëî–óâ³ãíóòî¿ ôóíêö³¿.

Êëþ÷îâ³ ñëîâà: ìåòîä åë³ïñî¿ä³â, îïåðàòîð ðîçòÿãíåííÿ ïðîñòîðó, ëîêàë³çóþ÷èé åë³ïñî¿ä, çàäà÷à îïóê-
ëîãî ïðîãðàìóâàííÿ, ñ³äëîâà òî÷êà îïóêëî–óâ³ãíóòî¿ ôóíêö³¿.

——-

Generalized ellipsoid method / P.I. Stetsyuk, O.V. Fesiuk, O.N. Khomyak // Kibernetika i sistemnyj analiz.
2018. Vol. 54, N 4. P. 70–80.

Abstract. An algorithm with space dilation is presented, which is the circumscribed ellipsoid method
under a certain choice of tensile coefficient. It is shown that its partial case is the Yudin–Nemirovsky–Shor
ellipsoid method. The application of the algorithm for solving a convex programming problem and the problem
of finding a saddle point of a convex-concave function are described.

Keywords: ellipsoid method, space dilation operator, localizing ellipsoid, convex programming problem,
saddle point of convex-concave function.

====

ÓÄÊ 519.85

Î äâóõ ïîäõîäàõ ê ìîäåëèðîâàíèþ è ðåøåíèþ çàäà÷è óïàêîâêè âûïóêëûõ ìíîãîãðàííèêîâ /
Þ.Å. Ñòîÿí, À.Ì. ×óãàé, À.Â. Ïàíêðàòîâ, Ò.Å. Ðîìàíîâà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018.
Òîì 54, ¹ 4. Ñ. 81–90.

²ë.: 2. Òàáë. 1. Á³áë³îãð.: 24 íàçâè.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à óïàêîâêè âûïóêëûõ ìíîãîãðàííèêîâ â ïàðàëëåëåïèïåä ìèíè-
ìàëüíîãî îáúåìà. Äëÿ àíàëèòè÷åñêîãî îïèñàíèÿ îòíîøåíèé íåïåðåñå÷åíèÿ ìíîãîãðàííèêîâ, äîïóñêàþ-
ùèõ íåïðåðûâíûå òðàíñëÿöèè è ïîâîðîòû, èñïîëüçîâàíû phi-ôóíêöèè èëè êâàçè-phi-ôóíêöèè. Ïîñòðîå-
íà ìàòåìàòè÷åñêàÿ ìîäåëü â âèäå çàäà÷è íåëèíåéíîãî ïðîãðàììèðîâàíèÿ, èññëåäîâàíû åå ñâîéñòâà. Íà
îñíîâàíèè îáùåé ñòðàòåãè ðåøåíèÿ ïðåäëîæåíî äâà ïîõîäà, ó÷èòûâàþùèå îñîáåííîñòè phi-ôóíêöèé è
êâàçè-phi-ôóíêöèé. Ïðèâåäåíû ðåçóëüòàòû ñðàâíåíèÿ ýôôåêòèâíîñòè ýòèõ ïîäõîäîâ ïî çíà÷åíèþ ôóíê-
öèè öåëè è âðåìåíè ðåøåíèÿ.

Êëþ÷åâûå ñëîâà: óïàêîâêà, âûïóêëûå ìíîãîãðàííèêè, phi-ôóíêöèÿ, êâàçè-phi-ôóíêöèÿ, ìàòåìàòè÷åñ-
êàÿ ìîäåëü, íåëèíåéíàÿ îïòèìèçàöèÿ.

——

Ïðî äâà ï³äõîäè äî ìîäåëþâàííÿ òà ðîçâ’ÿçàííÿ çàäà÷³ ïàêóâàííÿ îïóêëèõ áàãàòîãðàííèê³â /
Þ.ª. Ñòîÿí, À.Ì. ×óãàé, Î.Â. Ïàíêðàòîâ, Ò.ª. Ðîìàíîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018.
Òîì 54, ¹ 4. Ñ. 81–90.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ïàêóâàííÿ îïóêëèõ áàãàòîãðàííèê³â ó ïàðàëåëåï³ïåä³ ì³í³ìàëüíîãî
îá’ºìó. Äëÿ àíàë³òè÷íîãî îïèñó â³äíîøåíü íåïåðåòèíàííÿ áàãàòîãðàííèê³â, ùî äîïóñêàþòü áåçïåðåðâí³
òðàíñëÿö³¿ òà ïîâîðîòè, âèêîðèñòàíî phi-ôóíêö³¿ àáî êâàç³-phi-ôóíêö³¿. Ïîáóäîâàíî ìàòåìàòè÷íó ìîäåëü ó
âèãëÿä³ çàäà÷³ íåë³í³éíîãî ïðîãðàìóâàííÿ òà äîñë³äæåíî ¿¿ âëàñòèâîñò³. Íà áàç³ çàãàëüíî¿ ñòðàòåã³¿ ðîçâ’ÿ-
çàííÿ çàäà÷³ çàïðîïîíîâàíî äâà ï³äõîäè, ùî âðàõîâóþòü îñîáëèâîñò³ phi-ôóíêö³é ³ êâàç³-phi-ôóíêö³é. Íà-
âåäåíî ðåçóëüòàòè ïîð³âíÿííÿ åôåêòèâíîñò³ öèõ ï³äõîä³â çà çíà÷åííÿì ôóíêö³¿ ö³ë³ òà ÷àñó ðîçâ’ÿçàííÿ.

Êëþ÷îâ³ ñëîâà: ïàêóâàííÿ, îïóêë³ áàãàòîãðàííèêè, phi-ôóíêö³ÿ, êâàç³-phi-ôóíêö³ÿ, ìàòåìàòè÷íà ìî-
äåëü, íåë³í³éíà îïòèì³çàö³ÿ.

——

On two approaches to model and solve the packing problem for convex polytopes / Y.E. Stoian,
A.M. Chugay, A.V. Pankratov, T.E. Romanova // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4.
P. 81–90.

Abstract. We consider the packing problem for convex polytopes in a cuboid of minimum volume. To
describe analytically the non-overlapping constraints for convex polytopes that allow continuous translations
and rotations, we use phi-functions and quasi-phi-functions. We provide an exact mathematical model in the
form of an NLP-problem and analyze its characteristics. Based on the general solution strategy, we propose two
approaches that take into account peculiarities of phi-functions and quasi-phi-functions. Computational results
to compare the efficiency of our approaches are given with respect to both the value of the objective function
and runtime.

Keywords: packing, convex polytopes, phi-function, quasi-phi-function, mathematical model, nonlinear
optimization.
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ÓÄÊ 519.816

Ìíîãîêðèòåðèàëüíîå ïðèíÿòèå ðåøåíèé íà îñíîâå èñïîëüçîâàíèÿ ìíîæåñòâà îïòèìèçàöèîííûõ
ìåòîäîâ / Ì.Ì. Ïîòåìêèí, È.Þ. Ñâèäà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 4.
Ñ. 91–97.

²ë.: 1. Òàáë. 3. Á³áë³îãð.: 10 íàçâ.

Àííîòàöèÿ. Ïðèâåäåí ïîäõîä ê ìíîãîêðèòåðèàëüíîìó ïðèíÿòèþ ðåøåíèé ïðè èññëåäîâàíèÿõ
ñëîæíûõ ñèñòåì, îñíîâàííûé íà èñïîëüçîâàíèè ðåçóëüòàòîâ, ïîëó÷åííûõ ñ ïðèìåíåíèåì ìíîæåñòâà ìå-
òîäîâ (êàê ðàíæèðîâàíèÿ, òàê è ôîðìèðîâàíèÿ ÿäðà), ÷òî îáåñïå÷èâàåò óâåëè÷åèå ñòåïåíè îáîñíîâàí-
íîñòè ïîëó÷àåìûõ ðåçóëüòàòîâ çà ñ÷åò ïîâûøåíèÿ ïîëíîòû ñðàâíåíèÿ àëüòåðíàòèâ.

Êëþ÷åâûå ñëîâà: àëüòåðíàòèâà, ìíîãîêðèòåðèàëüíîå ïðèíÿòèå ðåøåíèé, ìíîãîêðèòåðèàëüíûé ìåòîä,
ïîëíîòà ñðàâíåíèÿ, ïðèîðèòåòíûé ðÿä, ñëîæíàÿ ñèñòåìà, ÿäðî àëüòåðíàòèâ.

———

Áàãàòîêðèòåð³éíå ïðèéíÿòòÿ ð³øåíü íà îñíîâ³ âèêîðèñòàííÿ ìíîæèíè îïòèì³çàö³éíèõ ìå-
òîä³â / Ì.Ì. Ïîòüîìê³í, ².Þ. Ñâèäà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 4. Ñ. 91–97.

Àíîòàö³ÿ. Íàâåäåíî ï³äõ³ä äî áàãàòîêðèòåð³éíîãî ïðèéíÿòòÿ ð³øåíü ï³ä ÷àñ äîñë³äæåíü ñêëàäíèõ
ñèñòåì, ÿêèé ãðóíòóºòüñÿ íà âèêîðèñòàíí³ ðåçóëüòàò³â, îòðèìàíèõ çàñòîñóâàííÿì ìíîæèíè ìåòîä³â (ÿê
ðàíæóâàííÿ, òàê ³ ôîðìóâàííÿ ÿäðà), ùî çàáåçïå÷óº çá³ëüøåííÿ ñòóïåíþ îá´ðóíòîâàíîñò³ îòðèìóâàíèõ
ðåçóëüòàò³â çà ðàõóíîê ï³äâèùåííÿ ïîâíîòè ïîð³âíÿííÿ àëüòåðíàòèâ.

Êëþ÷îâ³ ñëîâà: àëüòåðíàòèâà, áàãàòîêðèòåð³éíå ïðèéíÿòòÿ ð³øåíü, áàãàòîêðèòåð³éíèé ìåòîä, ïîâíîòà
ïîð³âíÿííÿ, ïð³îðèòåòíèé ðÿä, ñêëàäíà ñèñòåìà, ÿäðî àëüòåðíàòèâ.

——-

Multi-criteria decision making based on using a set of optimization methods / M.M. Potiomkin, I.Y. Svida
// Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 91–97.

Abstract. The authors provide an approach to multi-criteria decision making in the analysis of complex
systems. It is based on the results obtained from a number of methods (ranking as well as forming of the
kernel), which increases the substantiation of the results due to increasing the completeness of alternatives
comparison.

Keywords: alternative, multi-criteria decision making, multi-criteria method, completeness of comparison,
preferred range, complicated system, kernel of alternatives.

====

ÓÄÊ 620.179.1.001.5

Î âîçìîæíîñòè ìíîãîâîëíîâîé èäåíòèôèêàöèè äåôåêòîâ â ñâàÿõ / À.Í. Òðîôèì÷óê, Þ.È. Êàëþõ,
Â.À. Äóíèí, ß.À. Áåð÷óí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 4. Ñ. 98–108.

²ë.: 4. Òàáë. 0. Á³áë³îãð.: 21 íàçâà.

Àííîòàöèÿ. Îáîñíîâàíà íåîáõîäèìîñòü ñîçäàíèÿ îáîáùåííîé ìîäåëè ñâàè, êîòîðàÿ ïîçâîëÿëà áû
ïîëó÷àòü áîëåå ïðàâäîïîäîáíûå ñèãíàëîãðàììû âîëíîâûõ ïðîöåññîâ â æåëåçîáåòîííûõ ñâàÿõ. Èñïîëü-
çîâàíèå ñóùåñòâóþùèõ íà ñåãîäíÿøíèé äåíü ìîäåëåé íå ïîçâîëÿåò äèàãíîñòèðîâàòü äåôåêòû â ñâàÿõ
ñ äîñòàòî÷íîé òî÷íîñòüþ. Ðàçðàáîòàíî íåñêîëüêî âîëíîâûõ ìîäåëåé ñèãíàëîãðàìì, îñíîâàííûõ íà ìå-
òîäå êîíå÷íûõ ðàçíîñòåé è ó÷èòûâàþùèõ ðàçëè÷íûå âèäû êîëåáàòåëüíûõ ïðîöåññîâ â æåëåçîáåòîííûõ
ñâàÿõ â ãðóíòå. Ìîäåëè ñïîñîáíû îïèñàòü ðàçëè÷íûå òèïû è ìåñòîïîëîæåíèÿ äåôåêòîâ ïî äëèíå ñâàè,
ó÷åñòü ãðóíòîâûå óñëîâèÿ ñòðîèòåëüíîé ïëîùàäêè è äð. Îíè ïîçâîëÿþò èìèòèðîâàòü íà ñèãíàëîãðàììå
ýõî îò äåôåêòîâ ñ çàäàííûì øàãîì. Òåïåðü ìîæíî áóäåò íå òîëüêî îïðåäåëÿòü äëèíó ñâàè è ìåñòîíà-
õîæäåíèå äåôåêòîâ, íî è äåëàòü èäåíòèôèêàöèþ äåôåêòîâ ìàëûõ ðàçìåðîâ (ìåíåå 30% îò ïëîùàäè ïî-
ïåðå÷íîãî ñå÷åíèÿ ñâàè). Â îäíîìåðíîì ñëó÷àå ïîëó÷åííûå ìîäåëè ñîâïàäàþò ñ óæå èçâåñòíûìè,
à â òðåõìåðíîì — ÿâëÿþòñÿ èõ îáîáùåíèåì

Êëþ÷åâûå ñëîâà: èäåíòèôèêàöèÿ, äåôåêòû, ñâàÿ, îòðàæåííûå âîëíû, ÷èñëåííîå ìîäåëèðîâàíèå.
———

Ïðî ìîæëèâ³ñòü áàãàòîõâèëüîâî¿ ³äåíòèô³êàö³¿ äåôåêò³â ó ïàëÿõ / Î.Ì. Òðîôèì÷óê, Þ.². Êàëþõ,
Â.À. Äóí³í, ß.Î. Áåð÷óí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 4. Ñ. 98–108.

Àíîòàö³ÿ. Îá´ðóíòîâàíî ïîòðåáó ó ïîáóäîâ³ óçàãàëüíåíî¿ ìîäåë³ ïàë³, ÿêà á çàáåçïå÷èëà îòðèìàí-
íÿ á³ëüø ïðàâäîïîä³áíèõ ñèãíàëîãðàì õâèëüîâèõ ïðîöåñ³â ó çàë³çîáåòîííèõ ïàëÿõ. Âèêîðèñòàííÿ ñó÷àñ-
íèõ ìîäåëåé íå äàº çìîãè ä³àãíîñòóâàòè äåôåêòè â ïàëÿõ ç äîñòàòíüîþ òî÷í³ñòþ. Ðîçðîáëåíî äåê³ëüêà
õâèëüîâèõ ìîäåëåé ñèãíàëîãðàì, ùî áàçóþòüñÿ íà ìåòîä³ ñê³í÷åííèõ ð³çíèöü òà âðàõîâóþòü ð³çí³ âèäè
êîëèâàëüíèõ ïðîöåñ³â ó çàë³çîáåòîííèõ ïàëÿõ ó ´ðóíò³. Ìîäåë³ çäàòí³ îïèñàòè ð³çí³ òèïè òà ì³ñöÿ ðîçòà-
øóâàííÿ äåôåêò³â ïî äîâæèí³ ïàë³, âðàõóâàòè ´ðóíòîâ³ óìîâè áóä³âåëüíîãî ìàéäàí÷èêà òîùî. Âîíè äà-
þòü çìîãó ³ì³òóâàòè íà ñèãíàëîãðàìàõ â³äëóííÿ â³ä äåôåêò³â ³ç çàäàíèì êðîêîì. Òåïåð ìîæíà íå ëèøå
âèçíà÷àòè äîâæèíó ïàë³ òà ì³ñöåçíàõîäæåííÿ äåôåêò³â, àëå é çä³éñíþâàòè ³äåíòèô³êàö³þ äåôåêò³â ìàëèõ
ðîçì³ð³â (ìåíøå 30 % â³ä ïëîù³ ïîïåðå÷íîãî ïåðåð³çó ïàë³). Â îäíîâèì³ðíîìó âèïàäêó îòðèìàí³ ìîäåë³
çá³ãàþòüñÿ ç óæå â³äîìèìè, à ó òðèâèì³ðíîìó — º ¿õí³ì óçàãàëüíåííÿì.

Êëþ÷îâ³ ñëîâà: ³äåíòèô³êàö³ÿ, äåôåêòè, ïàëÿ, â³äáèò³ õâèë³, ÷èñåëüíå ìîäåëþâàííÿ.
———
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On the possibility of multi-wave identification of defects in piles / O.M. Trofymchuk, Yu.I. Kaliukh,
V.A. Dunin, Y.A. Berchun // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 98–108.

Abstract. The authors substantiate the necessity of creating a generalized pile model, which would allow
obtaining more plausible signalograms of wave processes in reinforced concrete piles. Using currently available
models does not allow detecting defects in piles with sufficient accuracy. Several wave models of signalograms
are developed, which are based on the finite difference method and take into account different types of
oscillatory processes in reinforced concrete piles in the ground. The models are able to describe different types
and locations of defects by length of the pile, take into account ground conditions of the construction site, etc.
They allow simulating on the signalogram the echo of defects with specified increments. Now it will be
possible not only to determine the length of the pile and location of defects, but also to identify small defects
(less than 30% of the cross-sectional area of the pile). In the one-dimensional case, the obtained models
coincide with those already known, and in three-dimensional case the obtained models are a generalization of
the already known ones.

Keywords: identification, defects, pile, reflected waves, numerical simulation.
=====

ÓÄÊ 517.9:517.87

Îöåíêà íåñòàöèîíàðíûõ ïàðàìåòðîâ äèôôåðåíöèàëüíûõ óðàâíåíèé â óñëîâèÿõ
íåîïðåäåëåííîñòè / À.Ã. Íàêîíå÷íûé, Þ.Ì Øåâ÷óê, Â.Ê. ×èêðèé // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2018. Òîì 54, ¹ 4. Ñ. 109–121.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 10 íàçâ.

Àííîòàöèÿ. Ïðåäñòàâëåí àëãîðèòì íàõîæäåíèÿ îïòèìàëüíûõ ïî ôóíêöèîíàëó è ãàðàíòèðîâàííûõ
îöåíîê íåñòàöèîíàðíûõ ïàðàìåòðîâ ñèñòåì äèôôåðåíöèàëüíûõ óðàâíåíèé. Ïîëó÷åííûå ðåçóëüòàòû ðàñ-
ïðîñòðàíåíû íà ñëó÷àé äèñêðåòíûõ íàáëþäåíèé äëÿ ñèñòåì äèôôåðåíöèàëüíûõ óðàâíåíèé. Â êà÷åñòâå
ïðèìåðà ïðåäñòàâëåíû ðåçóëüòàòû îöåíêè ïàðàìåòðîâ äëÿ ìàòåìàòè÷åñêîé ìîäåëè ðàñïðîñòðàíåíèÿ èí-
ôîðìàöèè îäíîãî âèäà â ñîöèóìå.

Êëþ÷åâûå ñëîâà: äèôôåðåíöèàëüíûå óðàâíåíèÿ, íåñòàöèîíàðíûå ïàðàìåòðû, îïòèìàëüíûå ïî ôóíêöè-
îíàëó îöåíêè, ãàðàíòèðîâàííûå îöåíêè, íåîïðåäåëåííîñòü.

------
Îö³íêà íåñòàö³îíàðíèõ ïàðàìåòð³â äèôåðåíö³àëüíèõ ð³âíÿíü â óìîâàõ íåâèçíà÷åíîñò³ /
Î.Ã. Íàêîíå÷íèé, Þ.Ì. Øåâ÷óê, Â.Ê. ×èêð³é // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 4.
Ñ. 109–121.

Àíîòàö³ÿ. Íàâåäåíî àëãîðèòì çíàõîäæåííÿ îïòèìàëüíèõ çà ôóíêö³îíàëîì òà ãàðàíòîâàíèõ îö³íîê
íåñòàö³îíàðíèõ ïàðàìåòð³â ñèñòåì äèôåðåíö³àëüíèõ ð³âíÿíü. Îòðèìàí³ ðåçóëüòàòè ïîøèðåíî íà âèïàäîê
äèñêðåòíèõ ñïîñòåðåæåíü äëÿ ñèñòåìè äèôåðåíö³àëüíèõ ð³âíÿíü. ßê ïðèêëàä ïðåäñòàâëåíî ðåçóëüòàòè
îö³íêè ïàðàìåòð³â äëÿ ìàòåìàòè÷íî¿ ìîäåë³ ïîøèðåííÿ ³íôîðìàö³¿ îäíîãî âèäó â ñîö³óì³.

Êëþ÷îâ³ ñëîâà: äèôåðåíö³àëüí³ ð³âíÿííÿ, íåñòàö³îíàðí³ ïàðàìåòðè, îïòèìàëüí³ çà ôóíêö³îíàëîì
îö³íêè, ãàðàíòîâàí³ îö³íêè, íåâèçíà÷åí³ñòü.

———

Estimation of nonstationary parameters of differential equations under uncertainty / O.G. Nakonechnyi,
Iu.M. Shevchuk, V.K. Chikrii // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 109–121.

Abstract. The algorithms of constructing optimal functional estimates and guaranteed estimates of
nonstationary parameters of differential equations are proposed. The results are generalized to discrete-time
models. These algorithms can be used to predict the dynamics of systems of differential equations. The results
of a numerical experiment for the problem of constructing guaranteed estimates for the mathematical model of
propagation of one type of information are considered.

Keywords: differential equations, non-stationary parameters, optimal functional estimation, guaranteed
estimation, uncertainty.

====

ÓÄÊ 519.6

Ñõåìà ïîâûøåííîãî ïîðÿäêà òî÷íîñòè äëÿ äâóìåðíîãî óðàâíåíèÿ Ïóàññîíà â ïðÿìîóãîëüíèêå ñ
ó÷åòîì âëèÿíèÿ êðàåâîãî óñëîâèÿ Äèðèõëå / Í.Â. Ìàéêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018.
Òîì 54, ¹ 4. Ñ. 122–134.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 10 íàçâ.

Àííîòàöèÿ. Èçó÷åíà êîíå÷íî-ðàçíîñòíàÿ ñõåìà ïîâûøåííîãî ïîðÿäêà àïïðîêñèìàöèè íà äåâÿòè-
òî÷å÷íîì øàáëîíå äëÿ óðàâíåíèÿ Ïóàññîíà â ïðÿìîóãîëüíèêå ñ êðàåâûì óñëîâèåì Äèðèõëå. Ïîëó÷åíû
îöåíêè òî÷íîñòè ïðèáëèæåííîãî ðåøåíèÿ, ó÷èòûâàþùèå âëèÿíèå êðàåâîãî óñëîâèÿ. Ïîêàçàíî, ÷òî òî÷-
íîñòü ñõåìû âûøå â ïðèãðàíè÷íûõ óçëàõ ñåòî÷íîãî ìíîæåñòâà è ïîâûøåíèå ïîðÿäêà àïïðîêñèìàöèè íå
âëèÿåò íà ýôôåêò îò êðàåâîãî óñëîâèÿ.

Êëþ÷åâûå ñëîâà: óðàâíåíèå Ïóàññîíà, êðàåâîå óñëîâèå Äèðèõëå, ðàçíîñòíàÿ ñõåìà, äåâÿòèòî÷å÷íûé
øàáëîí, ðàçíîñòíûé îïåðàòîð, îöåíêà òî÷íîñòè, êðàåâîé ýôôåêò.

———

6 ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2018, òîì 54, ¹ 4



Ñõåìà ï³äâèùåíîãî ïîðÿäêó òî÷íîñò³ äëÿ äâîâèì³ðíîãî ð³âíÿííÿ Ïóàññîíà â ïðÿìîêóòíèêó ç
óðàõóâàííÿì âïëèâó êðàéîâî¿ óìîâè Ä³ð³õëå / Í.Â. Ìàéêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018.
Òîì 54, ¹ 4. Ñ. 122–134.

Àíîòàö³ÿ. Äîñë³äæåíî ñê³í÷åííî-ð³çíèöåâó ñõåìó ï³äâèùåíîãî ïîðÿäêó àïðîêñèìàö³¿ íà äåâ’ÿòè-
òî÷êîâîìó øàáëîí³ äëÿ ð³âíÿííÿ Ïóàññîíà â ïðÿìîêóòíèêó ç êðàéîâîþ óìîâîþ Ä³ð³õëå. Îòðèìàíî
îö³íêè òî÷íîñò³ íàáëèæåíîãî ðîçâ’ÿçêó, ÿê³ âðàõîâóþòü âïëèâ êðàéîâî¿ óìîâè. Äîâåäåíî, ùî òî÷í³ñòü
ñõåìè âèùà â ïðèìåæîâèõ âóçëàõ ñ³òêîâî¿ ìíîæèíè ³ ï³äâèùåííÿ ïîðÿäêó àïðîêñèìàö³¿ íå âïëèâàº íà
åôåêò â³ä êðàéîâî¿ óìîâè.

Êëþ÷îâ³ ñëîâà: ð³âíÿííÿ Ïóàññîíà, êðàéîâà óìîâà Ä³ð³õëå, ð³çíèöåâà ñõåìà, äåâ’ÿòèòî÷êîâèé øàáëîí,
ð³çíèöåâèé îïåðàòîð, îö³íêà òî÷íîñò³, êðàéîâèé åôåêò.

——-

The finite-difference scheme of higher order of accuracy for the two-dimensional Poisson equation in
a rectangle with allowance for the effect of the Dirichlet boundary condition / N.V. Mayko // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 4. P. 122–134.

Abstracts. We investigate the finite-difference scheme of higher order of accuracy on a nine-point
template for Poisson’s equation in a rectangle with the Dirichlet boundary condition. We substantiate the error
estimate taking into account the influence of the boundary condition. We prove that the accuracy order is higher
near the sides of the rectangle than at the inner nodes of the mesh set and increase in the approximation order
has no impact on the boundary effect.

Keywords: Poisson’s equation, Dirichlet boundary condition, finite-difference scheme, nine-point template,
discrete operator, error estimate, boundary effect.

====

ÓÄÊ 519.622; 517.5

Êóñî÷íî-ïîëèíîìèàëüíûå àëãîðèòìû àíàëèçà ïðîöåññîâ â íåîäíîðîäíûõ ñðåäàõ / Â.È. Áèëåíêî,
Å.Â. Áîæîíîê, Ñ.Þ. Äçÿäûê, Î.Á. Ñòåëÿ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 4.
Ñ. 135–141.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 19 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíû, òåîðåòè÷åñêè îáîñíîâàíû è ïðîãðàììíî ðåàëèçîâàíû âûñîêîòî÷íûå
÷èñëåííî-àíàëèòè÷åñêèå àëãîðèòìû àïïðîêñèìàöèè ðåøåíèé çàäà÷ â íåîäíîðîäíûõ ñðåäàõ íà îñíîâå
ïðèìåíåíèÿ ëèíåéíûõ ïîëèíîìèàëüíûõ îïåðàòîðîâ.

Êëþ÷åâûå ñëîâà: êóñî÷íî-ïîëèíîìèàëüíàÿ àïïðîêñèìàöèÿ, íåîäíîðîäíûå ñðåäû, íåíàñûùàåìîñòü, íà-
èëó÷øåå ïðèáëèæåíèå, àëãåáðàè÷åñêè-íåëèíåéíûå óðàâíåíèÿ, îïòèìàëüíûå àëãîðèòìû, îïòèìèçàöèÿ
âû÷èñëåíèé, ïàðàáîëè÷åñêèå ñïëàéíû ñïåöèàëüíîãî âèäà.

——-
Êóñêîâî-ïîë³íîì³àëüí³ àëãîðèòìè àíàë³çó ïðîöåñ³â ó íåîäíîð³äíèõ ñåðåäîâèùàõ / Â.². Á³ëåíêî,
Ê.Â. Áîæîíîê, Ñ.Þ. Äçÿäèê, Î.Á. Ñòåëÿ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 4.
Ñ. 135–141.

Àíîòàö³ÿ: Çàïðîïîíîâàíî, òåîðåòè÷íî îá´ðóíòîâàíî òà ïðîãðàìíî ðåàë³çîâàíî âèñîêîòî÷í³ ÷è-
ñåëüíî-àíàë³òè÷í³ àëãîðèòìè àïðîêñèìàö³¿ ðîçâ’ÿçê³â çàäà÷ ó íåîäíîð³äíèõ ñåðåäîâèùàõ íà îñíîâ³ çà-
ñòîñóâàííÿ ë³í³éíèõ ïîë³íîì³àëüíèõ îïåðàòîð³â.

Êëþ÷îâ³ ñëîâà: êóñêîâî-ïîë³íîì³àëüíà àïðîêñèìàö³ÿ, íåîäíîð³äí³ ñåðåäîâèùà, íåíàñè÷óâàí³ñòü, íàé-
êðàùå íàáëèæåííÿ, àëãåáðà¿÷íî-íåë³í³éí³ ð³âíÿííÿ, îïòèìàëüí³ àëãîðèòìè, îïòèì³çàö³ÿ îá÷èñëåíü, ïàðà-
áîë³÷í³ ñïëàéíè ñïåö³àëüíîãî âèãëÿäó.

——-

Piecewise polynomial algorithms for analysis of processes in inhomogeneous medium / V.I. Bilenko, K.V.
Bozhonok, S.Yu. Dzyadyk, O.B. Stelya // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 135–141.

Abstract. The authors propose, theoretically substantiate, and programmatically implemented
high-precision numerical-analytical algorithms for approximation of problems solutions in inhomogeneous
media on the basis of linear polynomial operators.

Keywords: piecewise polynomial approximation, inhomogeneous medium, unsaturation, best approximation,
algebraic-nonlinear equations, optimal algorithms, computational optimization, parabolic splines of special
kind.

====

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 004.94:343.985

Ïîñòðîåíèå ñèñòåìû àâòîìàòèçàöèè äëÿ âíåäðåíèÿ ìîäåëè ïîëèöåéñêîé äåÿòåëüíîñòè,
óïðàâëÿåìîé àíàëèòèêîé, â îðãàíàõ Íàöèîíàëüíîé ïîëèöèè Óêðàèíû / À.Â. Ìîâ÷àí,
Â.Þ. Òàðàíóõà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 4. Ñ. 142–150.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 15 íàçâ.
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Àííîòàöèÿ. Ïðîàíàëèçèðîâàíû àêòóàëüíûå ïðîáëåìû âíåäðåíèÿ ìîäåëè ïîëèöåéñêîé äåÿòåëü-
íîñòè, óïðàâëÿåìîé àíàëèòèêîé, â îðãàíàõ Íàöèîíàëüíîé ïîëèöèè Óêðàèíû. Íà îñíîâàíèè ðåçóëüòàòîâ
ýòîãî àíàëèçà ïðåäëîæåíà àðõèòåêòóðà àíàëèòè÷åñêîé ñèñòåìû è ðàññìîòðåí ìàòåìàòè÷åñêèé àïïàðàò
ïîñòðîåíèÿ ýëåìåíòîâ áóäóùåé ñèñòåìû. Óñïåøíîå âíåäðåíèå è ïðèìåíåíèå íîâûõ ìåòîäîâ êðèìèíàëü-
íîãî àíàëèçà ïîçâîëèò â äàëüíåéøåì ðàñïðîñòðàíèòü åãî íà âñþ ñèñòåìó Íàöèîíàëüíîé ïîëèöèè Óêðàè-
íû, à òàêæå àêòèâíî èñïîëüçîâàòü àíàëèòè÷åñêèå ìåòîäû è òåõíîëîãèè, îáåñïå÷èâàþùèå ýôôåêòèâíîå
ðàññëåäîâàíèå óãîëîâíûõ ïðàâîíàðóøåíèé.

Êëþ÷åâûå ñëîâà: èíôîðìàöèîííî-àíàëèòè÷åñêàÿ ðàáîòà, êðèìèíàëüíûé àíàëèç, ìîäåëü ïîëèöåéñêîé
äåÿòåëüíîñòè, óïðàâëÿåìîé àíàëèòèêîé, ñðåäñòâà àâòîìàòèçàöèè, êîìïüþòåðíàÿ ëèíãâèñòèêà, óñëîâíûå
ñëó÷àéíûå ïîëÿ, ãëóáîêîå îáó÷åíèå.

——

Ïîáóäîâà ñèñòåìè àâòîìàòèçàö³¿ äëÿ âïðîâàäæåííÿ ìîäåë³ ïîë³öåéñüêî¿ ä³ÿëüíîñò³, êåðîâàíî¿
àíàë³òèêîþ, â îðãàíàõ Íàö³îíàëüíî¿ ïîë³ö³¿ Óêðà¿íè / À.Â. Ìîâ÷àí, Â.Þ. Òàðàíóõà // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 4. Ñ. 142–150.

Àíîòàö³ÿ. Ïðîàíàë³çîâàíî àêòóàëüí³ ïðîáëåìè âïðîâàäæåííÿ ìîäåë³ ïîë³öåéñüêî¿ ä³ÿëüíîñò³, êå-
ðîâàíî¿ àíàë³òèêîþ, â îðãàíàõ Íàö³îíàëüíî¿ ïîë³ö³¿ Óêðà¿íè. Íà îñíîâ³ ðåçóëüòàò³â öüîãî àíàë³çó çàïðî-
ïîíîâàíî àðõ³òåêòóðó àíàë³òè÷íî¿ ñèñòåìè òà ðîçãëÿíóòî ìàòåìàòè÷íèé àïàðàò ïîáóäîâè ñêëàäîâèõ ìàé-
áóòíüî¿ ñèñòåìè. Óñï³øíå âïðîâàäæåííÿ òà çàñòîñóâàííÿ íîâèõ ìåòîä³â êðèì³íàëüíîãî àíàë³çó äàñòü
çìîãó â ìàéáóòíüîìó ïîøèðèòè éîãî íà âñþ ñèñòåìó Íàö³îíàëüíî¿ ïîë³ö³¿ Óêðà¿íè, à òàêîæ àêòèâíî çà-
ñòîñîâóâàòè àíàë³òè÷í³ ìåòîäè òà òåõíîëîã³¿, ÿê³ çàáåçïå÷àòü åôåêòèâíå ðîçñë³äóâàííÿ êðèì³íàëüíèõ
ïðàâîïîðóøåíü.

Êëþ÷îâ³ ñëîâà: ³íôîðìàö³éíî-àíàë³òè÷íà ðîáîòà, êðèì³íàëüíèé àíàë³ç, ìîäåëü ïîë³öåéñüêî¿ ä³ÿëüíîñò³,
êåðîâàíî¿ àíàë³òèêîþ, çàñîáè àâòîìàòèçàö³¿, êîìï’þòåðíà ë³íãâ³ñòèêà, óìîâí³ âèïàäêîâ³ ïîëÿ, ãëèáîêå
íàâ÷àííÿ.

——-

Constructing an automation system to implement the intelligence-led policing into the National police of
Ukraine / A.V. Movchan, V.Yu. Taranukha // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 142–150.

Abstract. The paper analyzes implementation of the Intelligence-Led Policing into the National Police of
Ukraine. The architecture of analytical system is proposed based on the analysis of state-of-the-art in the
National Police of Ukraine. The mathematical apparatus is considered for the future components of the
analytical system. Successful implementation and application of new methods of criminal analysis will allow
expanding it to the entire system of the National Police of Ukraine in the future and to actively use analytical
methods and technologies that provide efficient investigation of criminal offenses.

Keywords: information and analytical work, criminal analysis, intelligence-led policing, automation systems,
computational linguistics, conditional random fields, deep learning.

=====

ÓÄÊ 004.75

Àâòîìàòèçàöèÿ ïðåîáðàçîâàíèÿ ðàñêðàøåííûõ ñåòåé ïåòðè ñ êà÷åñòâåííûìè ôèøêàìè
â ðàñêðàøåííûå ñåòè ïåòðè ñ êîëè÷åñòâåííûìè ôèøêàìè / Ä.Ê. Ãëîìîçäà, Í.Í. Ãëèáîâåö,
À.Í. Ìàêñèìåö // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 4. Ñ. 151–163.

²ë.: 5. Òàáë. 1. Á³áë³îãð.: 22 íàçâ.

Àííîòàöèÿ. Îïèñàí àëãîðèòì ïðåîáðàçîâàíèÿ öâåòíîé ñåòè Ïåòðè ñ êà÷åñòâåííûìè ôèøêàìè â
ðàñêðàøåííóþ ñåòü Ïåòðè ñ êîëè÷åñòâåííûìè ôèøêàìè ñ ñîõðàíåíèåì îãðàíè÷åííîñòè, âçàèìîèñêëþ-
÷àåìîñòè è æèâó÷åñòè. Òàêîå ïðåîáðàçîâàíèå ïîçâîëÿåò ïðèìåíèòü ê ðàñêðàøåííîé ñåòè Ïåòðè ìåòîä
èíâàðèàíòîâ, èñïîëüçóþùèé àëãîðèòì ïîèñêà óñå÷åííîãî ìíîæåñòâà ðåøåíèé óðàâíåíèÿ ñîñòîÿíèÿ
ñåòè Ïåòðè, êîòîðîå çàïèñûâàåòñÿ â âèäå ñèñòåì ëèíåéíûõ îäíîðîäíûõ äèîôàíòîâûõ óðàâíåíèé. Ðàáî-
òîñïîñîáíîñòü àëãîðèòìà ïðîäåìîíñòðèðîâàíà íà ïðèìåðå öâåòíîé ñåòè Ïåòðè, ìîäåëèðóþùåé ðàáîòó
ãðèä-ñèñòåìû. Ýêâèâàëåíòíîñòü ñåòåâûõ ìîäåëåé ïðîâåðåíà ïóòåì ïîñòðîåíèÿ è àíàëèçà ýêâèâàëåíòíûõ
èì êîíå÷íûõ àâòîìàòîâ.

Êëþ÷åâûå ñëîâà: ðàñêðàøåííûå ñåòè Ïåòðè, äèîôàíòîâûå óðàâíåíèÿ, êîíå÷íûå àâòîìàòû, ãðèä-ñòðóê-
òóðà.

——-

Àâòîìàòèçàö³ÿ ïåðåòâîðåííÿ êîëüîðîâèõ ìåðåæ ïåòð³ ç ÿê³ñíèìè ô³øêàìè íà êîëüîðîâ³ ìåðåæ³
ïåòð³ ç ê³ëüê³ñíèìè ô³øêàìè / Ä.Ê. Ãëîìîçäà, Ì.Ì. Ãëèáîâåöü, Î.Ì. Ìàêñèìåöü // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 4. Ñ. 151–163.

Àíîòàö³ÿ. Îïèñàíî àëãîðèòì ïåðåòâîðåííÿ êîëüîðîâî¿ ìåðåæ³ Ïåòð³ ³ç ÿê³ñíèìè ô³øêàìè íà êîëü-
îðîâó ìåðåæó Ïåòð³ ³ç ê³ëüê³ñíèìè ô³øêàìè ç³ çáåðåæåííÿì îáìåæåíîñò³, âçàºìîâèêëþ÷íîñò³ òà æèâó-
÷îñò³. Òàêå ïåðåòâîðåííÿ ðîáèòü ìîæëèâèì çàñòîñóâàííÿ äî êîëüîðîâî¿ ìåðåæ³ Ïåòð³ ìåòîäó
³íâàð³àíò³â, ùî âèêîðèñòîâóº àëãîðèòì ïîøóêó çð³çàíî¿ ìíîæèíè ðîçâ’ÿçê³â ð³âíÿííÿ ñòàíó ìåðåæ³
Ïåòð³, ÿêå çàïèñóºòüñÿ ó âèãëÿä³ ñèñòåì ë³í³éíèõ îäíîð³äíèõ ä³îôàíòîâèõ ð³âíÿíü. Ïðàöåçäàòí³ñòü àëãî-
ðèòìó ïðîäåìîíñòðîâàíî íà ïðèêëàä³ êîëüîðîâî¿ ìåðåæ³ Ïåòð³, ÿêà ìîäåëþº ðîáîòó ãð³ä-ñèñòåìè.
Åêâ³âàëåíòí³ñòü ìåðåæíèõ ìîäåëåé ïåðåâ³ðåíî øëÿõîì ïîáóäîâè òà àíàë³çó åêâ³âàëåíòíèõ ¿ì ñê³í÷åí-
íèõ àâòîìàò³â.
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Êëþ÷îâ³ ñëîâà: êîëüîðîâ³ ìåðåæ³ Ïåòð³, ä³îôàíòîâ³ ð³âíÿííÿ, ñê³í÷åíí³ àâòîìàòè, ãð³ä-ñòðóêòóðà.
——

Automating the transformation of colored petri nets with qualitative tokens into colored petri nets with
quantitative tokens / D.K. Hlomozda, M.M. Glybovets, O.M. Maksymets // Kibernetika i sistemnyj analiz.
2018. Vol. 54, N 4. P. 151–163.

Abstract. The authors describe an algorithm for transformation of colored Petri nets with qualitative
tokens into colored Petri net with quantitative tokens preserving boundedness, mutual exclusion, and liveness
properties. This transformation allows an invariance method to be applied to colored Petri nets, which uses
Truncated Set of Solutions finding algorithm for Petri net state equations expressed through systems of linear
homogenous Diophantine equations. To show the algorithm’s efficiency, it is applied to the colored Petri net
modeling the operation of a grid system. Equivalence of net models is tested by constructing and analyzing
equal finite-state automata.

Keywords: colored Petri nets, Diophantine equations, finite-state machines, grid structure.
=====

ÓÄÊ 004.9

Àâòîìàòè÷åñêîå îïðåäåëåíèå óðîâíÿ ãàóññîâîãî øóìà íà öèôðîâûõ èçîáðàæåíèÿõ ìåòîäîì
âûñîêî÷àñòîòíîé ôèëüòðàöèè äëÿ âûäåëåííûõ îáëàñòåé / Ñ.Â. Áàëîâñÿê, Õ.Ñ. Îäàéñêàÿ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 4. Ñ. 164–172.

²ë.: 6. Òàáë. 1. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ðàçðàáîòàíà ìàòåìàòè÷åñêàÿ ìîäåëü, àëãîðèòì è ïðîãðàììíîå îáåñïå÷åíèå äëÿ àâòî-
ìàòè÷åñêîãî îïðåäåëåíèÿ óðîâíÿ ãàóñcîâîãî øóìà íà öèôðîâûõ èçîáðàæåíèÿõ ìåòîäîì âûñîêî÷àñòîò-
íîé ôèëüòðàöèè. Óðîâåíü øóìà âû÷èñëåí äëÿ îáëàñòåé èíòåðåñà èçîáðàæåíèÿ, âûäåëåííûõ ñ ïîìîùüþ
íèçêî÷àñòîòíîé ôèëüòðàöèè. Ïîëó÷åíû îïòèìàëüíûå ïàðàìåòðû íèçêî÷àñòîòíîãî è âûñîêî÷àñòîòíîãî
ôèëüòðîâ. Ïîêàçàíî, ÷òî ïðè îáðàáîòêå ñåðèè òåñòîâûõ èçîáðàæåíèé ïðåäëîæåííûé ìåòîä îáåñïå÷èâà-
åò ìåíüøóþ ïîãðåøíîñòü îïðåäåëåíèÿ óðîâíÿ øóìà, ÷åì äðóãèå ìåòîäû-àíàëîãè.

Êëþ÷åâûå ñëîâà: öèôðîâàÿ îáðàáîòêà èçîáðàæåíèé, îïðåäåëåíèå óðîâíÿ øóìà, àääèòèâíûé áåëûé ãà-
óññîâûé øóì, ñâåðòêà, âûñîêî÷àñòîòíàÿ ôèëüòðàöèÿ, îáëàñòü èíòåðåñà.

——-

Àâòîìàòè÷íå âèçíà÷åííÿ ð³âíÿ ãàóñîâîãî øóìó íà öèôðîâèõ çîáðàæåííÿõ ìåòîäîì
âèñîêî÷àñòîòíî¿ ô³ëüòðàö³¿ äëÿ âèîêðåìëåíèõ îáëàñòåé / Ñ.Â. Áàëîâñÿê, Õ.Ñ. Îäàéñüêà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 4. Ñ. 164–172.

Àíîòàö³ÿ. Ðîçðîáëåíî ìàòåìàòè÷íó ìîäåëü, àëãîðèòì ³ ïðîãðàìíå çàáåçïå÷åííÿ äëÿ àâòîìàòè÷íî-
ãî âèçíà÷åííÿ ð³âíÿ ãàóñîâîãî øóìó íà öèôðîâèõ çîáðàæåííÿõ ìåòîäîì âèñîêî÷àñòîòíî¿ ô³ëüòðàö³¿.
Ð³âåíü øóìó îá÷èñëåíî äëÿ îáëàñòåé ³íòåðåñó çîáðàæåííÿ, âèîêðåìëåíèõ çà äîïîìîãîþ íèçüêî÷àñòîòíî¿
ô³ëüòðàö³¿. Îòðèìàíî îïòèìàëüí³ ïàðàìåòðè íèçüêî÷àñòîòíîãî òà âèñîêî÷àñòîòíîãî ô³ëüòð³â. Ïîêàçàíî,
ùî ïðè îáðîáëåíí³ ñåð³¿ òåñòîâèõ çîáðàæåíü çàïðîïîíîâàíèé ìåòîä çàáåçïå÷óº ìåíøó ïîõèáêó âèçíà-
÷åííÿ ð³âíÿ øóìó, í³æ ³íø³ ìåòîäè-àíàëîãè.

Êëþ÷îâ³ ñëîâà: öèôðîâå îáðîáëåííÿ çîáðàæåíü, âèçíà÷åííÿ ð³âíÿ øóìó, àäèòèâíèé á³ëèé ãàóñîâèé
øóì, çãîðòêà, âèñîêî÷àñòîòíà ô³ëüòðàö³ÿ, îáëàñòü ³íòåðåñó.

——-

Automatic determination of Gaussian noise level on digital images by the method of high-pass filtration
for the selected regions / S.V. Balovsyak, Kh.S. Odaiska // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4.
P. 164–172.

Abstract. A mathematical model, algorithm, and software are developed for automatic determination of
Gaussian noise level on digital images by the method of high-pass filtration. The noise level is calculated for
the regions of interest of image, selected by low-pass filtration. The optimal parameters of low-pass and
high-pass filters are obtained. Processing a series of test images showed that the proposed method provides the
less error of noise level determination than other analogues methods do.

Keywords: digital image processing, determination of noise level, additive white Gaussian noise, convolution,
high-pass filtration, region of interest.

======

ÍÎÂ² ÇÀÑÎÁÈ Ê²ÁÅÐÍÅÒÈÊÈ,
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ÓÄÊ 004.9

Ìàòåìàòè÷åñêèå äèôôåðåíöèàëüíûå ìîäåëè è ìåòîäû îöåíêè êèáåðáåçîïàñíîñòè
èíòåëëåêòóàëüíûõ êîìïüþòåðíûõ ñåòåé óïðàâëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåññàìè
ýëåêòðîñíàáæåíèÿ æåëåçíûõ äîðîã / À.È. Ñòàñþê, Ð.Â. Ãðèùóê, Ë.Ë. Ãîí÷àðîâà // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 4. Ñ. 173–181.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 9 íàçâ.
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Àííîòàöèÿ. Ïðîâåäåí àíàëèç ïðîáëåìû êèáåðáåçîïàñíîñòè êîìïüþòåðíûõ ñåòåé óïðàâëåíèÿ
ýëåêòðîñíàáæåíèåì íà óðîâíå æåëåçíîé äîðîãè è ïðåäëîæåí ãðàô òîïîëîãèè êîìïüþòåðíîé ñåòè óïðàâ-
ëåíèÿ ýëåêòðîïîòðåáëåíèåì. Íà îñíîâå òåîðèè äèôôåðåíöèàëüíûõ ïðåîáðàçîâàíèé Ïóõîâà ïðåäëîæåí
ðÿä äèôôåðåíöèàëüíûõ ìàòåìàòè÷åñêèõ ìîäåëåé îöåíêè óðîâíÿ êèáåðáåçîïàñíîñòè êîìïüþòåðíîé ñå-
òåé óïðàâëåíèÿ ýëåêòðîñíàáæåíèåì. Â îáëàñòè äèôôåðåíöèàëüíûõ èçîáðàæåíèé ïðåäëîæåí êðèòåðèé
êèáåðáåçîïàñíîñòè è ðàçðàáîòàí ïðèíöèï ìèíèìàêñà äëÿ íàèõóäøåãî ñî÷åòàíèÿ èíòåíñèâíîñòè êèáåðà-
òàê è ïîòîêà çàùèòíûõ äåéñòâèé. Ðàçðàáîòàí ìåòîä èíòåëëåêòóàëüíîãî ïîèñêà îïòèìàëüíîé ñòðàòåãèè
êèáåðáåçîïàñíîñòè ïóòåì èññëåäîâàíèÿ íà ýêñòðåìóì ôóíêöèîíàëà ïðè ñòîõàñòè÷åñêîé èíòåíñèâíîñòè
ïîòîêîâ êèáåðíåòè÷åñêèõ àòàê.

Êëþ÷åâûå ñëîâà: êèáåðáåçîïàñíîñòü, êèáåðïðîñòðàíñòâî, êèáåðóãðîçà, äèôôåðåíöèàëüíûå ìàòåìàòè-
÷åñêèå ìîäåëè, äèôôåðåíöèàëüíûå ïðåîáðàçîâàíèÿ, èíòåëëåêòóàëüíûå ìåòîäû, çàùèòà èíôîðìàöèè.

——-
Ìàòåìàòè÷í³ äèôåðåíö³éí³ ìîäåë³ ³ ìåòîäè îö³íêè ê³áåðáåçïåêè ³íòåëåêòóàëüíèõ êîìï’þòåðíèõ
ìåðåæ êåðóâàííÿ òåõíîëîã³÷íèìè ïðîöåñàìè åëåêòðîïîñòà÷àííÿ çàë³çíèöü / Î.². Ñòàñþê,
Ð.Â. Ãðèùóê, Ë.Ë. Ãîí÷àðîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 4. Ñ. 173–181.

Àíîòàö³ÿ. Ïðîâåäåíî àíàë³ç ïðîáëåìè ê³áåðáåçïåêè êîìï’þòåðíèõ ìåðåæ êåðóâàííÿ åëåêòðîïîñ-
òà÷àííÿì íà ð³âí³ çàë³çíèö³ ³ çàïðîïîíîâàíî ãðàô òîïîëîã³¿ êîìï’þòåðíî¿ ìåðåæ³ êåðóâàííÿ åëåêòðîñïî-
æèâàííÿì. Íà îñíîâ³ òåîð³¿ äèôåðåíö³éíèõ ïåðåòâîðåíü Ïóõîâà çàïðîïîíîâàíî ðÿä äèôåðåíö³éíèõ ìà-
òåìàòè÷íèõ ìîäåëåé îö³íêè ð³âíÿ ê³áåðáåçïåêè êîìï’þòåðíî¿ ìåðåæ³ êåðóâàííÿ åëåêòðîïîñòà÷àííÿì.
Äëÿ äèôåðåíö³éíèõ çîáðàæåíü çàïðîïîíîâàíî êðèòåð³é ê³áåðáåçïåêè ³ ðîçðîáëåíî ïðèíöèï ì³í³ìàêñó
äëÿ íàéã³ðøîãî âàð³àíòó ïîºäíàííÿ ³íòåíñèâíîñò³ ê³áåðàòàê ³ ïîòîêó çàõèñíèõ ä³é. Ðîçðîáëåíî ìåòîä
³íòåëåêòóàëüíîãî ïîøóêó îïòèìàëüíî¿ ñòðàòåã³¿ ê³áåðáåçïåêè øëÿõîì äîñë³äæåííÿ ôóíêö³îíàëó íà
åêñòðåìóì äëÿ ñòîõàñòè÷íî¿ ³íòåíñèâíîñò³ ïîòîê³â ê³áåðíåòè÷íèõ àòàê.

Êëþ÷îâ³ ñëîâà: ê³áåðáåçïåêà, ê³áåðïðîñò³ð, ê³áåðçàãðîçè, äèôåðåíö³éí³ ìàòåìàòè÷í³ ìîäåë³, äèôå-
ðåíö³éí³ ïåðåòâîðåííÿ, ³íòåëåêòóàëüí³ ìåòîäè, çàõèñò ³íôîðìàö³¿.

——
Differential mathematical models and methods for assessing the cybersecurity of intelligent computer
networks of control of technological processes of railway power supply / O.I. Stasiuk, R.V. Grishchuk,
L.L. Goncharova // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 173–181

Abstract. The authors analyze the problem of cybersecurity of computer networks of railway power
supply and propose the graph of topology of the computer network of energy consumption control. Based on
the theory of Pukhov’s differential transformations, a number of differential mathematical models are proposed
to assess the cybersecurity of computer networks of power control. In the field of differential images, a
cybersecurity criterion is proposed and the minimax principle is developed for the worst combination of the
intensity of cyber attacks and the flow of protective actions. The method of predictive search for the optimal
cyber security strategy by the extremum analysis of the functional under stochastic flow intensity of cyber
attacks is developed.

Keywords: cybersecurity, cyberspace, cyber threat, differential mathematical model, differential conversion,
intelligent technique.

====

ÓÄÊ 519.615

Èññëåäîâàíèå óñëîâèé îðòîãîíàëüíîñòè âåéâëåòîâ, îñíîâàííûõ íà ïîëèíîìàõ ßêîáè /
Â.Þ. Ñåìåíîâ, Þ. Ïðåñòèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 4. Ñ. 182–190.

²ë.: 6. Òàáë. 1. Á³áë³îãð.: 4 íàçâ.
Àííîòàöèÿ. Èññëåäîâàíû ñâîéñòâà âåéâëåòîâ, îñíîâàííûõ íà ïîëèíîìàõ ßêîáè. Ðàññìîòðåíû

óñëîâèÿ, ïðè êîòîðûõ ýòè âåéâëåòû ÿâëÿþòñÿ âçàèìíî-îðòîãîíàëüíûìè, à òàêæå óñëîâèÿ, ïðè êîòîðûõ
áàçèñ âåéâëåòîâ õàðàêòåðèçóåòñÿ ìèíèìàëüíûì îòíîøåíèåì Ðèòöà. Ýòè çàäà÷è ïðèâîäÿò ê ðåøåíèþ
ñèñòåì íåëèíåéíûõ óðàâíåíèé ñ ïîìîùüþ ìåòîäà, ðàíåå ïðåäëîæåííîãî àâòîðàìè.

Êëþ÷åâûå ñëîâà: âåéâëåòû, ïîëèíîìû ßêîáè, óñëîâèÿ îðòîãîíàëüíîñòè, ïîèñê êîðíåé.
——
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Àíîòàö³ÿ. Äîñëiäæåíî âëàñòèâîñòi âåéâëåòiâ, ùî áàçóþòüñÿ íà ïîëiíîìàõ ßêîái. Ðîçãëÿíóòî óìî-
âè, çà ÿêèõ öi âåéâëåòè º âçàºìíî-îðòîãîíàëüíèìè, à òàêîæ óìîâè, çà ÿêèõ áàçèñ âåéâëåòiâ õàðàêòåðè-
çóºòüñÿ ìiíiìàëüíèì âiäíîøåííÿì Ðiòöà. Äîñë³äèòè òàê³ çàäà÷³ ìîæëèâî, ðîçâ’ÿçóþ÷è ñèñòåìè íå-
ëiíiéíèõ ðiâíÿíü ³ç çàñòîñóâàííÿì ìåòîäó, ðàí³øå ðîçðîáëåíîãî àâòîðàìè.
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Investigating the wavelet orthogonality conditions based on jacobi polynomials / V. Semenov, J. Prestin //
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Abstract. The authors analyze the properties of wavelets based on Jacobi polynomials. In particular,
orthogonality conditions for these wavelets are considered, as well as minimization of the Riesz ratio. These
problems lead to the solution of systems of nonlinear equations by the method proposed earlier by the authors.
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