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ÓÄÊ 004.2

Ñòðóêòóðíàÿ êëàññèôèêàöèÿ ìåòîäîâ ñèíòåçà ìèêðîïðîãðàììíîãî àâòîìàòà ñ îïåðàöèîííûì
àâòîìàòîì ïåðåõîäîâ / Ð.Ì. Áàáàêîâ, À.À. Áàðêàëîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019.
Òîì 55, ¹ 2. Ñ. 3–9.

²ë.: 8. Òàáë.: 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíî èñïîëüçîâàòü ïðåäñòàâëåíèå ìåòîäîâ ñèíòåçà ìèêðîïðîãðàììíîãî àâòî-
ìàòà ñ îïåðàöèîííûì àâòîìàòîì ïåðåõîäîâ â âèäå ñòðóêòóðû, áëîêè êîòîðîé ñîîòâåòñòâóþò ýëåìåíòàì
ìàòåìàòè÷åñêîé ìîäåëè àâòîìàòà. Ðàçðàáîòàíû ïÿòü ñòðóêòóð, ó÷èòûâàþùèõ ðàçëè÷èÿ â èñõîäíûõ äàí-
íûõ è ðåçóëüòàòàõ ìåòîäîâ ñèíòåçà. Îïèñàííûå è ïîäîáíûå ñòðóêòóðû ìîæíî èñïîëüçîâàòü äëÿ êëàññè-
ôèêàöèè ñóùåñòâóþùèõ è ðàçðàáàòûâàåìûõ â áóäóùåì ìåòîäîâ ñèíòåçà äàííîãî êëàññà àâòîìàòîâ.

Êëþ÷åâûå ñëîâà: ìèêðîïðîãðàììíûé àâòîìàò, îïåðàöèîííûé àâòîìàò ïåðåõîäîâ, ìåòîä ñèíòåçà, êëàñ-
ñèôèêàöèÿ.
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Ñòðóêòóðíà êëàñèô³êàö³ÿ ìåòîä³â ñèíòåçó ì³êðîïðîãðàìíîãî àâòîìàòà ç îïåðàö³éíèì àâòîìàòîì
ïåðåõîä³â / Ð.Ì. Áàáàêîâ, Î.Î. Áàðêàëîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 3–9.

Àíîòàö³ÿ. Çàïðîïîíîâàíî âèêîðèñòîâóâàòè ïðåäñòàâëåííÿ ìåòîä³â ñèíòåçó ì³êðîïðîãðàìíîãî àâ-
òîìàòà ç îïåðàö³éíèì àâòîìàòîì ïåðåõîä³â ó âèãëÿä³ ñòðóêòóðè, áëîêè ÿêî¿ â³äïîâ³äàþòü åëåìåíòàì ìà-
òåìàòè÷íî¿ ìîäåë³ àâòîìàòà. Ðîçðîáëåíî ï’ÿòü ñòðóêòóð, ùî âðàõîâóþòü â³äì³ííîñò³ ó âõ³äíèõ äàíèõ
³ ðåçóëüòàòàõ ìåòîä³â ñèíòåçó. Ö³ é ïîä³áí³ ñòðóêòóðè ìîæóòü áóòè âèêîðèñòàí³ äëÿ êëàñèô³êàö³¿ òå-
ïåð³øí³õ òà ðîçðîáëþâàíèõ ó ìàéáóòíüîìó ìåòîä³â ñèíòåçó öüîãî êëàñó àâòîìàò³â.

Êëþ÷îâ³ ñëîâà: ì³êðîïðîãðàìíèé àâòîìàò, îïåðàö³éíèé àâòîìàò ïåðåõîä³â, ìåòîä ñèíòåçó, ìàòåìàòè÷íà
ìîäåëü, ñòðóêòóðà.

———-

Structural classification of the methods of synthesis of a microprogram finite-state machine with datapath
of transitions / R.M. Babakov, A.A. Barkalov // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 5. P. 3–9.

Abstract. The authors propose to use the representation of methods of synthesis of a microprogram
finite-state machine with datapath of transitions in the form of a structure whose blocks correspond to elements
of the mathematical model of the finite state machine. Five structures have been developed that take into
account differences in the initial data and the results of the synthesis methods. These and similar structures can
be used to classify the available and future methods of synthesis of this class of finite-state machines.

Keywords: microprogram finite-state machine, datapath of transitions, synthesis method, mathematical model,
structure.
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ÓÄÊ 004.855:519.216

Âåðõíÿÿ ãðàíèöà äëÿ ñóììû êîððåëÿöèé òðåõ èíäèêàòîðîâ â îòñóòñòâèå îáùåãî ôàêòîðà /
À.Ñ. Áàëàáàíîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 10–21.

²ë.: 5. Òàáë.: 0. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Ïîêàçàíî, ÷òî â ëèíåéíîé ìîäåëè ñ òðåìÿ èíäèêàòîðíûìè ïåðåìåííûìè, ãäå êàæäàÿ
ïàðà èíäèêàòîðîâ èìååò îòäåëüíûé «ïàðíûé» ôàêòîð, ñóììà òðåõ êîððåëÿöèé îãðàíè÷åíà ñâåðõó. Íàðó-
øåíèå óñòàíîâëåííîãî íåðàâåíñòâà ñâèäåòåëüñòâóåò î òîì, ÷òî êàóçàëüíàÿ ñòðóêòóðà ãåíåðàòèâíîé ìîäå-
ëè îòëè÷àåòñÿ îò ïðåäïîëàãàåìîé. Â ñëó÷àå íàðóøåíèÿ íåðàâåíñòâà ìîæíî óòâåðæäàòü, ÷òî ñóùåñòâóåò
îáùàÿ ïðè÷èíà òðåõ èíäèêàòîðîâ èëè ÷òî îäíà èç íèõ êàóçàëüíî âëèÿåò íà äðóãóþ. Îãðàíè÷åíèå ìîæåò
ðåçóëüòàòèâíî ïðèìåíÿòüñÿ äàæå â ñèòóàöèè íåïîëíîé íàáëþäàåìîñòè (â ÷àñòíîñòè, êîãäà íàáëþäàþòñÿ
òîëüêî äâå èíäèêàòîðíûå ïåðåìåííûå).

Êëþ÷åâûå ñëîâà: êîððåëÿöèÿ, îãðàíè÷åíèå òèïà íåðàâåíñòâî, öèêë ñ òðåìÿ êîëëàéäåðàìè, ñêðûòàÿ îá-
ùàÿ ïðè÷èíà, ñèñòåìà ëèíåéíûõ ñòðóêòóðàëüíûõ óðàâíåíèé.
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Âåðõíÿ ìåæà äëÿ ñóìè êîðåëÿö³é òðüîõ ³íäèêàòîð³â çà â³äñóòíîñò³ ñï³ëüíîãî ôàêòîðà /
Î.Ñ. Áàëàáàíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 3–12.

Àíîòàö³ÿ. Ïîêàçàíî, ùî â ë³í³éí³é ìîäåë³ ç òðüîìà ³íäèêàòîðíèìè çì³ííèìè, äå êîæíà ïàðà ³íäè-
êàòîð³â ìàº îêðåìèé ïðèõîâàíèé «ïàðíèé» ôàêòîð, ñóìà òðüîõ êîðåëÿö³é îáìåæåíà çâåðõó. Ïîðóøåííÿ
âñòàíîâëåíîãî îáìåæåííÿ ñâ³ä÷èòü ïðî òå, ùî êàóçàëüíà ñòðóêòóðà ãåíåðàòèâíî¿ ìîäåë³ â³äð³çíÿºòüñÿ
â³ä ïðèïóùåíî¿. Ó âèïàäêó ïîðóøåííÿ íåð³âíîñò³ ìîæíà ñòâåðäæóâàòè, ùî ³ñíóº çàãàëüíà ïðè÷èíà
òðüîõ ³íäèêàòîð³â, àáî ùî îäíà ç ³íäèêàòîðíèõ çì³ííèõ êàóçàëüíî âïëèâàº íà ³íøó. Îáìåæåííÿ ìîæíà
åôåêòèâíî çàñòîñîâóâàòè íàâ³òü çà íåïîâíî¿ ñïîñòåðåæóâàíîñò³ (çîêðåìà, êîëè ñïîñòåð³ãàþòüñÿ ò³ëüêè
äâ³ ³íäèêàòîðí³ çì³íí³).

Êëþ÷îâ³ ñëîâà: êîðåëÿö³ÿ, îáìåæåííÿ òèïó íåð³âí³ñòü, öèêë ç òðüîìà êîë³çîðàìè, ïðèõîâàíà çàãàëüíà
ïðè÷èíà, ñèñòåìà ë³í³éíèõ ñòðóêòóðàëüíèõ ð³âíÿíü.
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Upper bound on correlation sum for three indicators under absence of common factor / O.S. Balabanov //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 5. P. 10–21.

Abstract. We demonstrate that in linear model with three indicator variables, where each pair of
indicators is associated by separate hidden pairwise factor, the sum of correlations is upper bounded. The
inequality constraint violation manifests that the underlying causal structure differs from the supposed one. In
the case of the inequality violation, one may suggest that there is a common cause of the three indicators, or one
indicator variable causally influences the other one. The inequality constraint remains efficient under partial
observability (for instance, when two indicators only are observed).

Keywords: correlation, inequality constraint, cycle with three colliders, hidden common cause, linear SEM.
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ÓÄÊ 510+004.94

Êîíñòðóêòèâíî-ïðîäóêöèîííîå ïðåäñòàâëåíèå ãåîìåòðè÷åñêèõ ôðàêòàëîâ / Â.È. Øèíêàðåíêî //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 22–35.

²ë.: 28. Òàáë.: 0. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí êîíñòðóêòèâíî-ïðîäóêöèîííûé ïîäõîä ïîðîæäåíèÿ ôðàêòàëîâ, êîòîðûé
ÿâëÿåòñÿ áîëåå îáùèì, ÷åì äðóãèå èçâåñòíûå ïîäõîäû. Ïîêàçàíû âîçìîæíîñòè ïðèìåíåíèÿ áîëüøîé âà-
ðèàòèâíîñòè àòðèáóòèêè è èñõîäíûõ ýëåìåíòîâ ôîðìèðîâàíèÿ ôðàêòàëîâ, à òàêæå êîìáèíèðîâàíèÿ
ôðàêòàëîâ â ìóëüòèôðàêòàëàõ. Âîçìîæíîñòè ôîðìèðîâàíèÿ ôðàêòàëîâ ðàñøèðåíû ïóòåì óñòðàíåíèÿ íå-
îáõîäèìûõ ïðè äðóãèõ ïîäõîäàõ îãðàíè÷åíèé. Ïðåäëîæåííûé ïîäõîä ïîçâîëèë óñòàíîâèòü íåñêîëüêî
íåèçâåñòíûõ ðàíåå ñâîéñòâ äðîáíîé ðàçìåðíîñòè, êîòîðûå çàêëþ÷àþòñÿ â âîçìîæíîñòè åå èçìåíåíèÿ
â ïðîöåññå ïîðîæäåíèÿ ôðàêòàëà è íåñîâïàäåíèÿ äðîáíûõ ðàçìåðíîñòåé ïðåäåëà ôîðì â ïðîöåññå ïî-
ðîæäåíèÿ è ïðåäåëüíîãî ôðàêòàëà. Äàíî ïðîñòîå îïðåäåëåíèå äåòåðìèíèðîâàííîãî ãåîìåòðè÷åñêîãî
ôðàêòàëà, ó÷èòûâàþùåãî âñå õàðàêòåðèçóþùèå åãî ñâîéñòâà.

Êëþ÷åâûå ñëîâà: êîíñòðóêòîð, ôðàêòàë, ìóëüòèôðàêòàë, äðîáíàÿ ðàçìåðíîñòü, òðåóãîëüíèê Ñåðïèí-
ñêîãî, ôðàêòàëüíàÿ ãåîìåòðèÿ.

———
Êîíñòðóêòèâíî-ïðîäóêö³éíå çîáðàæåííÿ ãåîìåòðè÷íèõ ôðàêòàë³â / Â.². Øèíêàðåíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 22–35.

Àíîòàö³ÿ. Çàïðîïîíîâàíî êîíñòðóêòèâíî-ïðîäóêö³éíèé ï³äõ³ä ïîðîäæåííÿ ôðàêòàë³â, ÿêèé º
á³ëüø çàãàëüíèì, í³æ ³íø³ â³äîì³ ï³äõîäè. Ïîêàçàíî ìîæëèâîñò³ çàñòîñóâàííÿ âåëèêî¿ âàð³àòèâíîñò³ àò-
ðèáóòèêè ³ âèõ³äíèõ åëåìåíò³â ôîðìóâàííÿ ôðàêòàë³â, à òàêîæ êîìá³íóâàííÿ ôðàêòàë³â ó ìóëüòèôðàêòà-
ëàõ. Ìîæëèâîñò³ ôîðìóâàííÿ ôðàêòàë³â ðîçøèðåíî øëÿõîì óñóíåííÿ íåîáõ³äíèõ äëÿ ³íøèõ ï³äõîä³â îá-
ìåæåíü. Çàïðîïîíîâàíèé ï³äõ³ä äîçâîëèâ âñòàíîâèòè ê³ëüêà íåâ³äîìèõ ðàí³øå âëàñòèâîñòåé äðîáîâî¿
ðîçì³ðíîñò³, ùî ïîëÿãàþòü ó ìîæëèâîñò³ ¿¿ çì³íè â ïðîöåñ³ ïîðîäæåííÿ ôðàêòàëó ³ ðîçá³æíîñò³ äðîáîâèõ
ðîçì³ðíîñòåé ãðàíèö³ ôîðì ó ïðîöåñ³ ïîðîäæåííÿ ³ ãðàíè÷íîãî ôðàêòàëó. Íàâåäåíî ïðîñòå âèçíà÷åííÿ
äåòåðì³íîâàíîãî ãåîìåòðè÷íîãî ôðàêòàëó, ÿêå âðàõîâóº óñ³ éîãî õàðàêòåðèñòèêè.

Êëþ÷îâ³ ñëîâà: êîíñòðóêòîð, ôðàêòàë, ìóëüòèôðàêòàë, äðîáîâà ðîçì³ðí³ñòü, òðèêóòíèê Ñåðï³íñüêîãî,
ôðàêòàëüíà ãåîìåòð³ÿ.

———-
Constructive-synthesizing representation of geometric fractals / V.I. Shynkarenko // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 5. P. 22–35.

Abstract. A constructive-production approach to the generation of fractals is proposed, which is more
general than other known approaches. The possibilities of application are shown: great variability of the
attributes and initial elements of the formation of fractals; combination of fractals in multifractals. The
possibilities of fractal generation are extended by eliminating the constraints necessary for other approaches.
The proposed approach allowed us to establish several properties of fractional dimension that were previously
unknown, which allow its change in the process of fractal generation and mismatch of fractional dimensions of
the form limit in the process of generation and the limiting fractal. A simple definition of a deterministic
geometric fractal that takes into account all the characteristic properties is given.

Keywords: constructor, fractal, multifractal, fractional dimension, Sierpinski triangle, fractal geometry.
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ÓÄÊ 004.93

Êëàñòåðèçàöèÿ ïîñëåäîâàòåëüíîñòåé âèäåîäàííûõ íà îñíîâå ãàðìîíè÷åñêèõ k-ñðåäíèõ /
Ñ.Â. Ìàøòàëèð, Ì.È. Ñòîëáîâîé, Ñ.Â. ßêîâëåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55,
¹ 2. Ñ. 36–43.

²ë.: 3. Òàáë.: 0. Á³áë³îãð.: 22 íàçâ.

Àííîòàöèÿ. Ðàáîòà ïîñâÿùåíà ñåãìåíòàöèè–êëàñòåðèçàöèè âèäåîïîñëåäîâàòåëüíîñòåé ñ ïîìîùüþ
àíàëèçà ìíîãîìåðíûõ âðåìåííûõ ïîñëåäîâàòåëüíîñòåé. Ïðåäëîæåí ïîäõîä ê èñïîëüçîâàíèþ ãëóáîêîé
èòåðàòèâíîé âðåìåííîé äåôîðìàöèè ñîâìåñòíî ñ ìàòðè÷íûì ìåòîäîì ãàðìîíè÷åñêèõ k-ñðåäíèõ. Òàêàÿ
ïðîöåäóðà ñåãìåíòàöèè–êëàñòåðèçàöèè â îòëè÷èå îò òðàäèöèîííîãî ïîäõîäà íå÷óâñòâèòåëüíà ê íà÷àëüíî-
ìó âûáîðó öåíòðîèäîâ, ÷òî îñîáåííî óäîáíî â óñëîâèÿõ àíàëèçà ïðîèçâîëüíûõ äàííûõ áîëüøèõ îáúåìîâ.

Êëþ÷åâûå ñëîâà: ñåãìåíòàöèÿ, êëàñòåðèçàöèÿ, ìíîãîìåðíûå ïîñëåäîâàòåëüíîñòè, âèäåî, äèíàìè÷åñêàÿ
äåôîðìàöèÿ.
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Êëàñòåðèçàö³ÿ ïîñë³äîâíîñòåé â³äåîäàíèõ íà îñíîâ³ ãàðìîí³÷íèõ k-ñåðåäí³õ / Ñ.Â. Ìàøòàë³ð,
Ì.². Ñòîëáîâèé, Ñ.Â. ßêîâëåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 36–43.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñåãìåíòàö³þ–êëàñòåðèçàö³þ â³äåîïîñë³äîâíîñòåé çà äîïîìîãîþ àíàë³çó áà-
ãàòîâèì³ðíèõ ÷àñîâèõ ïîñë³äîâíîñòåé. Çàïðîïîíîâàíî ï³äõ³ä äëÿ âèêîðèñòàííÿ ãëèáîêî¿ ³òåðàòèâíî¿ ÷à-
ñîâî¿ äåôîðìàö³¿ ðàçîì ç ìàòðè÷íèì ìåòîäîì ãàðìîí³÷íèõ k-ñåðåäí³õ. Òàêà ïðîöåäóðà ñåãìåíòàö³¿–êëàñ-
òåðèçàö³¿ íà â³äì³íó â³ä òðàäèö³éíîãî ï³äõîäó íå º ÷óòëèâîþ äî ïî÷àòêîâîãî âèáîðó öåíòðî¿ä³â, ùî
îñîáëèâî çðó÷íî â óìîâàõ àíàë³çó äîâ³ëüíèõ äàíèõ âåëèêèõ îáñÿã³â.

Êëþ÷îâ³ ñëîâà: ñåãìåíòàö³ÿ, êëàñòåðèçàö³ÿ, áàãàòîâèì³ðí³ ïîñë³äîâíîñò³, â³äåî, äèíàì³÷íà äåôîðìàö³ÿ.

———-

Video sequences clustering by the k-harmonic means / S.V. Mashtalir, M.I. Stolbovyi, S.V. Yakovlev //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 5. P. 36–43.

Abstract. The study is devoted to segmentation–clustering of video sequences by the analysis of
multidimensional time sequences. An approach is proposed for using an iterative deepening time warping in
conjunction with the matrix harmonic k-means. This segmentation-clustering procedure, unlike the traditional approach,
is insensitive to the initial centroids selection, which is especially useful in the analysis of arbitrary mass data.

Keywords: segmentation, clustering, multidimensional sequences, video, dynamic time warping.
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ÓÄÊ 681.61

Äîêàçàòåëüñòâî òåîðåì â íå÷åòêîé ëîãèêå íà îñíîâå ñòðóêòóðíîé ðåçîëþöèè / Þ.ß. Ñàìîõâàëîâ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 44–58.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 22 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí ïîäõîä ê äîêàçàòåëüñòâó òåîðåì ñ íå÷åòêîé è íå âïîëíå èñòèííîé àðãóìåí-
òàÿöèåé. Â êà÷åñòâå ïðàâèëà äîêàçàòåëüíîãî ðàññóæäåíèÿ èñïîëüçóåòñÿ êîìïîçèöèîííîå ïðàâèëî âûâîäà
Ë. Çàäå, à åãî ïðîöåäóðíàÿ ðåàëèçàöèÿ îñóùåñòâëÿåòñÿ ìåõàíèçìîì îïðîâåðæåíèÿ. Â êà÷åñòâå òàêîãî ìå-
õàíèçìà ïðåäëîæåíà ñòðóêòóðíàÿ ðåçîëþöèÿ (S -ðåçîëþöèÿ), êîòîðàÿ ÿâëÿåòñÿ îáîáùåíèåì ïðèíöèïà ðå-
çîëþöèé íà íå÷åòêèå óòâåðæäåíèÿ. S -ðåçîëþöèÿ îñíîâàíà íà ñåìàíòè÷åñêèõ èíäåêñàõ ëèòåð è èõ ñõî-
äñòâå. Ñåìàíòè÷åñêèå èíäåêñû ÿâëÿþòñÿ ñóùåñòâåííûì ìîìåíòîì S -ðåçîëþöèè. Îíè ñîäåðæàò èíôîðìà-
öèþ, êîòîðàÿ èñïîëüçóåòñÿ â êà÷åñòâå óïðàâëÿþùåé â ïðîöåññå âûâîäà. À ñõîäñòâî çàêëþ÷àåòñÿ â ïîèñêå
ëèòåð äëÿ ïîëó÷åíèÿ S -ðåçîëüâåíòû. Êîìïëåêñèðîâàíèå êîìïîçèöèîííîãî ïðàâèëà âûâîäà Ë. Çàäå è S -ðå-
çîëþöèè ïîçâîëÿåò, ñ îäíîé ñòîðîíû, ñíÿòü ïðîáëåìó êîððåêòíîñòè ðåçîëüâåíò â íå÷åòêîé ëîãèêå, à ñ äðó-
ãîé — îáåñïå÷èòü ðåãóëÿðíîñòü ïðîöåññà äîêàçàòåëüñòâà êàê â äâóçíà÷íîé, òàê è â íå÷åòêîé ëîãèêå.

Êëþ÷åâûå ñëîâà: àâòîìàòè÷åñêîå äîêàçàòåëüñòâî òåîðåì, íå÷åòêàÿ òåîðåìà, ïðèíöèï ðåçîëþöèé, íå-
÷åòêàÿ ëîãèêà, ïðèáëèæåííûå ðàññóæäåíèÿ, îáîáùåííîå ïðàâèëî modus ponens, êîìïîçèöèîííîå ïðàâè-
ëî, íå÷åòêèå ïðåäèêàòû, íå÷åòêèå è ëèíãâèñòè÷åñêèå ïåðåìåííûå.

———-

Äîâåäåííÿ òåîðåì ó íå÷³òê³é ëîã³ö³ íà îñíîâ³ ñòðóêòóðíî¿ ðåçîëþö³¿ / Þ.ß. Ñàìîõâàëîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 44–58.

Àíîòàö³ÿ. Ðîçãëÿíóòî ï³äõ³ä äî äîâåäåííÿ òåîðåì ó íå÷³òê³é ëîã³ö³ ³ íå ö³ëêîì ³ñòèííîþ àðãóìåí-
òàö³ºþ. ßê ïðàâèëî äîêàçîâîãî ì³ðêóâàííÿ âèêîðèñòîâóþòü êîìïîçèö³éíå ïðàâèëî âèâåäåííÿ Ë. Çàäå,
à éîãî ïðîöåäóðíà ðåàë³çàö³ÿ çä³éñíþºòüñÿ ìåõàí³çìîì ñïðîñòóâàííÿ. Ñòðóêòóðíà ðåçîëþö³ÿ (S -ðåçî-
ëþö³ÿ), ÿêà º óçàãàëüíåííÿì ïðèíöèïó ðåçîëþö³é íà íå÷³òê³ òâåðäæåííÿ, çàïðîïîíîâàíà ÿê òàêèé ìåõàí³çì.
S -ðåçîëþö³ÿ áàçóºòüñÿ íà ñåìàíòè÷íèõ ³íäåêñàõ ë³òåð ³ ¿õí³é ñõîæîñò³. Ñåìàíòè÷í³ ³íäåêñè º ³ñòîòíèì ìî-
ìåíòîì S -ðåçîëþö³¿. Âîíè ì³ñòÿòü ³íôîðìàö³þ, ÿêà âèêîðèñòîâóºòüñÿ ÿê êåð³âíà ó ïðîöåñ³ âèâîäó, à
ñõîæ³ñòü ïîëÿãàº ó ïîøóêó ë³òåð äëÿ îòðèìàííÿ S -ðåçîëüâåíòè. Êîìïëåêñóâàííÿ êîìïîçèö³éíîãî ïðàâèëà
âèâîäó Ë. Çàäå ³ S -ðåçîëþö³¿ äîçâîëÿº, ç îäíîãî áîêó, çíÿòè ïðîáëåìó êîðåêòíîñò³ ðåçîëüâåíò â íå÷³òê³é
ëîã³ö³, à ç ³íøîãî — çàáåçïå÷èòè ðåãóëÿðí³ñòü ïðîöåñó äîâåäåííÿ ÿê â äâîçíà÷í³é, òàê ³ â íå÷³òê³é ëîã³ö³.

Êëþ÷îâ³ ñëîâà: àâòîìàòè÷íå äîâåäåííÿ òåîðåì, íå÷³òêà òåîðåìà, ïðèíöèï ðåçîëþö³é, íå÷³òêà ëîã³êà,
íàáëèæåí³ ì³ðêóâàííÿ, óçàãàëüíåíå ïðàâèëî modus ponens, êîìïîçèö³éíå ïðàâèëî, íå÷³òê³ ïðåäèêàòè,
íå÷³òê³ ³ ë³íãâ³ñòè÷í³ çì³íí³.

———

Proof of theorems in fuzzy logic on the basis of structural resolution / Yu.Ya. Samokhvalov // Kibernetika
i sistemnyj analiz. 2018. Vol. 54, N 5. P. 44–58.

Abstract. The author considers the approach to proof of theorems with fuzzy and not quite true
argumentation. In this approach, the Zadeh composition rule of correctness is used as a rule of evidence, and its
procedural implementation is carried out by refutation mechanism. As such a mechanism, a structural resolution
(S -resolution) is proposed, which is a generalization of the principle of resolutions to fuzzy statements.
S -resolution is based on semantic indices of letters and their similarity. Semantic indices are a key point of
S-resolution. They contain information that is used as a control for the derivation process. And similarity
implies finding letters to get S-resolvent. Combining the Zadeh compositional derivation rule and S-resolution
allows, on the one hand, solving the problem of correctness of resolvents in fuzzy logic, and on the other hand,
ensuring the regularity of the proof process in both two-valued and fuzzy logic.

Keywords: automatic proof of theorems, fuzzy theorem, principle of resolutions, fuzzy logic, approximate
reasoning, generalized rule of modus ponens, composition rule, fuzzy predicates, fuzzy and linguistic variables.
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ÓÄÊ 519.7

Ïðîáëåìà ìàòåìàòè÷åñêîé èíòåðïðåòàöèè äàííûõ. I. Ñèñòåìû ñ ñîñðåäîòî÷åííûìè ïàðàìåòðàìè
/ Â.Ô. Ãóáàðåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 59–72.

²ë.: 1. Òàáë.: 0. Á³áë³îãð.: 10 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà ïðîáëåìà èíòåðïðåòàöèè äàííûõ, ïîëó÷åííûõ â ýêñïåðèìåíòàëüíûõ èñ-
ñëåäîâàíèÿõ, êàê íåêëàññè÷åñêàÿ ìàòåìàòè÷åñêàÿ çàäà÷à, êîòîðàÿ â áîëüøèíñòâå ñëó÷àåâ ÿâëÿåòñÿ â øèðîêîì
ñìûñëå íåêîððåêòíî ïîñòàâëåííîé. Èñïîëüçîâàíà äîïîëíèòåëüíàÿ èíôîðìàöèÿ îá îáúåêòå â âèäå óðàâíåíèé ëî-
êàëüíûõ ñâÿçåé, îïðåäåëÿþùèõ åãî çàìêíóòóþ èëè íåçàìêíóòóþ ìàòåìàòè÷åñêóþ ìîäåëü. Îïèñàíû ïðîöåäóðû ðå-
ãóëÿðèçàöèè, ïîçâîëÿþùèå íàõîäèòü ïðàêòè÷åñêè ïðèãîäíûå ðåøåíèÿ, ñîãëàñîâàííûå ñ èìåþùèìèñÿ äàííûìè.

Êëþ÷åâûå ñëîâà: ýêñïåðèìåíòàëüíûå äàííûå, ìàòåìàòè÷åñêàÿ ìîäåëü, èíòåðïðåòàöèÿ, íåêîððåêòíîñòü, ðåãóëÿðè-
çàöèÿ, ðåäóêöèÿ ìîäåëè, îáîáùåííîå ðåøåíèå, âàðèàöèîííûé ìåòîä.

————

Ïðîáëåìà ìàòåìàòè÷íî¿ ³íòåðïðåòàö³¿ äàíèõ. I. Ñèñòåìè ³ç çîñåðåäæåíèìè ïàðàìåòðàìè /
Â.Ô. Ãóáàðåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 59–72.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó ³íòåðïðåòàö³¿ äàíèõ, îòðèìàíèõ â åêñïåðèìåíòàëüíèõ äîñë³äæåí-
íÿõ, ÿê íåêëàñè÷íó ìàòåìàòè÷íó çàäà÷ó, ùî ó á³ëüøîñò³ âèïàäê³â º â øèðîêîìó ñåíñ³ íåêîðåêòíî ïîñòàâ-
ëåíîþ. Âèêîðèñòàíî äîäàòêîâó ³íôîðìàö³þ ïðî îá’ºêò ó âèãëÿä³ ð³âíÿíü ëîêàëüíèõ çâ’ÿçê³â, ÿê³ âèçíà-
÷àþòü éîãî çàìêíóòó àáî íåçàìêíóòó ìàòåìàòè÷íó ìîäåëü. Îïèñàíî ïðîöåäóðè ðåãóëÿðèçàö³¿, ùî äîçâî-
ëÿþòü çíàõîäèòè ïðàêòè÷íî ïðèäàòí³ ðîçâ’ÿçêè, óçãîäæåí³ ç íàÿâíèìè äàíèìè.

Êëþ÷îâ³ ñëîâà: åêñïåðèìåíòàëüí³ äàí³, ìàòåìàòè÷íà ìîäåëü, ³íòåðïðåòàö³ÿ, íåêîðåêòí³ñòü,
ðåãóëÿðèçàö³ÿ, ðåäóêö³ÿ ìîäåë³, óçàãàëüíåíèé ðîçâ’ÿçîê, âàð³àö³éíèé ìåòîä.

————-

Problem of mathematical data interpretation. I. Systems with lumped parameters / V.F. Gubarev //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 5. P. 59–72.

Abstract. Interpretation problem for data obtained in experimental research is considered as
a nonclassical mathematical problem, which generally is ill-posed in many cases. Additional information in the
form of equations of local constraints that define its closed or open mathematical model are used for this.
Regularization procedures are described, which make possible to find applicable solutions consistent with
available data.

Keywords: experimental data, mathematical model, interpretation, incorrectness, regularization, model order
reduction, general solution, variational method.

======

ÓÄÊ 517.9:519.6

Îá îäíîé îáðàòíîé çàäà÷å äëÿ óðàâíåíèÿ àíîìàëüíîé äèôôóçèè ñ áèïîðÿäêîâîé ïðîèçâîäíîé
Õèëüôåðà / Â.Ì. Áóëàâàöêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 73–81.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 27 íàçâ.

Àííîòàöèÿ. Âûïîëíåíà ïîñòàíîâêà è ïîëó÷åíî ðåøåíèå îáðàòíîé çàäà÷è ïî îïðåäåëåíèþ ôóíê-
öèè ïîëÿ è çàâèñÿùåé îò ãåîìåòðè÷åñêîé ïåðåìåííîé ôóíêöèè èñòî÷íèêà äëÿ óðàâíåíèÿ àíîìàëüíîé
äèôôóçèè ñ áèïîðÿäêîâîé äðîáíîé ïðîèçâîäíîé Õèëüôåðà è ïåðåìåííûì íàïðàâëåíèåì âðåìåíè. Óñòà-
íîâëåíû ñóùåñòâîâàíèå è åäèíñòâåííîñòü ðåøåíèÿ äàííîé çàäà÷è.

Êëþ÷åâûå ñëîâà: àíîìàëüíàÿ äèôôóçèÿ, äðîáíî-äèôôåðåíöèàëüíîå óðàâíåíèå äèôôóçèè, áèïîðÿäêî-
âàÿ ïðîèçâîäíàÿ Õèëüôåðà, óðàâíåíèÿ ñ ïåðåìåííûì íàïðàâëåíèåì âðåìåíè, îáðàòíàÿ çàäà÷à.

————

Ïðî îäíó îáåðíåíó çàäà÷ó äëÿ ð³âíÿííÿ àíîìàëüíî¿ äèôóç³¿ ç á³ïîðÿäêîâîþ ïîõ³äíîþ Õ³ëüôåðà /
Â.Ì. Áóëàâàöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 73–81.

Àíîòàö³ÿ. Âèêîíàíî ïîñòàíîâêó òà îòðèìàíî ðîçâ’ÿçîê îáåðíåíî¿ çàäà÷³ ùîäî âèçíà÷åííÿ ôóíêö³¿
ïîëÿ òà çàëåæíî¿ â³ä ãåîìåòðè÷íî¿ çì³ííî¿ ôóíêö³¿ äæåðåëà äëÿ ð³âíÿííÿ àíîìàëüíî¿ äèôóç³¿ ç á³ïîðÿä-
êîâîþ äðîáîâîþ ïîõ³äíîþ Õ³ëüôåðà òà çì³ííèì íàïðÿìêîì ÷àñó. Âñòàíîâëåíî ³ñíóâàííÿ òà ºäèí³ñòü
ðîçâ’ÿçêó ö³º¿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: àíîìàëüíà äèôóç³ÿ, äðîáîâî-äèôåðåíö³éíå ð³âíÿííÿ äèôó³¿, á³ïîðÿäêîâà ïîõ³äíà
Õ³ëüôåðà, ð³âíÿííÿ ç³ çì³ííèì íàïðÿìîì ÷àñó, îáåðíåíà çàäà÷à.

———-

An inverse problem for anomalous diffus³on with bi-ordinal Hilfer’s derivative / V.M. Bulavatsky //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 5. P. 73–81.

Abstract. The formulation is completed and solution of the inverse problem is obtained for determining
the field function and the function dependent on the geometric variable source for the anomalous diffusion
equation with bi-ordinal Hilfer’s fractional derivative and variable direction of time. The existence and
uniqueness of the solution of the considered problem are established.

Keywords: anomalous diffusion, fractional differential diffusion equation, bi-ordinal Hilfer’s derivative,
equations with variable direction of time, inverse problem.
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ÓÄÊ 681.5.015:007

Íàäåæíîñòíîå ïðîåêòèðîâàíèå óñëîâèé äåÿòåëüíîñòè ÷åëîâåêà íà îñíîâå íå÷åòêîé ïåðôåêòíîñòè
/ À.Ï. Ðîòøòåéí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 82–95.

²ë.: 5. Òàáë.: 7. Á³áë³îãð.: 20 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä ðàíæèðîâàíèÿ âàðèàíòîâ óñëîâèé äåÿòåëüíîñòè ÷åëîâåêà, âëèÿþ-
ùèõ íà íàäåæíîñòü åãî äåéñòâèé, áåç òðóäîåìêîãî âû÷èñëåíèÿ âåðîÿòíîñòè îøèáêè. Â îñíîâó ìåòîäà
ïîëîæåíû ñïåöèàëüíî ââåäåííîå ïîíÿòèå íå÷åòêîé ïåðôåêòíîñòè è òåîðèÿ ïðèíÿòèÿ ðåøåíèé â óñëîâè-
ÿõ íå÷åòêîñòè. Ïîêàçàíî, ÷òî äàííûé ìåòîä ìîæíî èñïîëüçîâàòü êàê ñàìîñòîÿòåëüíî, òàê è â ñî÷åòàíèè
ñ èçâåñòíûì CREAM-ìåòîäîì îïðåäåëåíèÿ êëàññà íàäåæíîñòè íà îñíîâå êà÷åñòâåííûõ îöåíîê óñëîâèé
äåÿòåëüíîñòè. Ïðîäåìîíñòðèðîâàíî ñîâïàäåíèå ðåçóëüòàòîâ, ïîëó÷åííûõ ïðåäëîæåííûì ìåòîäîì íå-
÷åòêîé ïåðôåêòíîñòè è íà îñíîâå âåðîÿòíîñòåé îøèáî÷íûõ äåéñòâèé.

Êëþ÷åâûå ñëîâà: óñëîâèÿ äåÿòåëüíîñòè, âåðîÿòíîñòü îøèáêè ÷åëîâåêà, íå÷åòêèé ëîãè÷åñêèé âûâîä,
íå÷åòêàÿ ïåðôåêòíîñòü, ïåðåñå÷åíèå íå÷åòêèõ êðèòåðèåâ.

————
Íàä³éí³ñíå ïðîåêòóâàííÿ óìîâ ä³ÿëüíîñò³ ëþäèíè íà îñíîâ³ íå÷³òêî¿ ïåðôåêòíîñò³ /
Î.Ï. Ðîòøòåéí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 82–95.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ðàíæèðóâàííÿ óìîâ ä³ÿëüíîñò³, ÿê³ âïëèâàþòü íà íàä³éí³ñòü, áåç
òðóäîì³ñòêîãî îá÷èñëåííÿ éìîâ³ðíîñò³ ïîõèáêè. Ìåòîä áàçóºòüñÿ íà ñïåö³àëüíî ââåäåíîìó ïîíÿòò³
íå÷³òêî¿ ïåðôåêòíîñò³ òà òåîð³¿ ïðèéíÿòòÿ ð³øåíü â óìîâàõ íå÷³òêîñò³. Ïîêàçàíî, ùî çàïðîïîíîâàíèé ìå-
òîä ìîæíà âèêîðèñòîâóâàòè ÿê ñàìîñò³éíî, òàê ³ ðàçîì ç â³äîìèì CREAM-ìåòîäîì âèçíà÷åííÿ êëàñó
íàä³éíîñò³ íà îñíîâ³ ÿê³ñíèõ îö³íîê óìîâ ä³ÿëüíîñò³. Ïðîäåìîíñòðîâàíî çá³ã ðåçóëüòàò³â, îòðèìàíèõ çà-
ïðîïîíîâàíèì ìåòîäîì íå÷³òêî¿ ïåðôåêòíîñò³ ³ íà îñíîâ³ éìîâ³ðíîñòåé ïîìèëêîâèõ ä³é.

Êëþ÷îâ³ ñëîâà: óìîâè ä³ÿëüíîñò³, éìîâ³ðí³ñòü ïîìèëêè ëþäèíè, íå÷³òêå ëîã³÷íå âèâåäåííÿ, íå÷³òêà
ïåðôåêòí³ñòü, ïåðåòèí íå÷³òêèõ êðèòåð³¿â.

—————
Reliability-based design of human performance conditions using fuzzy perfection / A. Rotshtein //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 5. P. 82–95.

Abstract. A method is proposed for selection of performance conditions that affect the human reliability
without time-consuming calculation of the probability of human error. This method is based on the specially
introduced concept of fuzzy perfection and theory of decision-making under fuzziness. It is shown that the
proposed method can be used both independently and together with the well-known CREAM method of
determining the reliability class based on cognitive assessments of human performance conditions.

Keywords: performance conditions, probability of human error, fuzzy logic inference, fuzzy perfection,
intersection of fuzzy criteria.
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ÓÄÊ 519.24

Ðàâíîâåñèå â ìîäåëÿõ ïîïóëÿöèîííîé ãåíåòèêè Ðàéòa–Ôèøåðà / Ä.Â. Êîðîëþê, Â.Ñ. Êîðîëþê //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 96–101.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 6 íàçâ.

Àííîòàöèÿ. Äëÿ ìóëüòèâàðèàíòíûõ ìîäåëåé Ðàéòà–Ôèøåðà â ïîïóëÿöèîííîé ãåíåòèêå ââåäåíû
ðàâíîâåñíûå ñîñòîÿíèÿ, âûðàæåííûå ôëóêòóàöèÿìè âåðîÿòíîñòíûõ îòíîøåíèé, â îòëè÷èå îò òðàäèöè-
îííî èñïîëüçóåìûõ ôëóêòóàöèé, âûðàæàåìûõ ðàçíîñòüþ ìåæäó òåêóùåé âåëè÷èíîé ñëó÷àéíîãî ïðîöåñ-
ñà è åãî ðàâíîâåñíûì çíà÷åíèåì. Ïîêàçàíî, ÷òî òîãäà äðåéôîâàÿ ñîñòàâëÿþùàÿ äèíàìè÷åñêîãî ïðîöåññà
÷àñòîò ãåíîâ, ïåðâîíà÷àëüíî ââåäåííàÿ êàê îòíîøåíèå äâóõ êâàäðàòè÷íûõ ôîðì, ïðåîáðàçóåòñÿ â êóáè-
÷åñêóþ ïàðàáîëó ñ íåêîòîðûì êîýôôèöèåíòîì íîðìèðîâêè.

Êëþ÷åâûå ñëîâà: ìîäåëü Ðàéòà–Ôèøåðà, ïîïóëÿöèîííàÿ ãåíåòèêà, ýâîëþöèîííûé ïðîöåññ, ðàâíîâåñíîå
ñîñòîÿíèå, ôëóêòóàöèè âåðîÿòíîñòíûõ îòíîøåíèé.

————-
Ð³âíîâàãà â ìîäåëÿõ ïîïóëÿö³éíî¿ ãåíåòèêè Ðàéòà–Ô³øåðà / Ä.Â. Êîðîëþê, Â.Ñ. Êîðîëþê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 96–101.

Àíîòàö³ÿ. Äëÿ ìóëüòèâàð³àíòíèõ ìîäåëåé Ðàéòà–Ô³øåðà â ïîïóëÿö³éí³é ãåíåòèö³ ââåäåíî ð³âíî-
âàæí³ ñòàíè, âèðàæåí³ ôëóêòóàö³ÿìè ³ìîâ³ðí³ñíèõ â³äíîøåíü, ùî â³äð³çíÿþòüñÿ â³ä òðàäèö³éíî âèêîðèñ-
òîâóâàíèõ ôëóêòóàö³é, âèðàæåíèõ ð³çíèöåþ ì³æ ïîòî÷íèì çíà÷åííÿì âèïàäêîâîãî ïðîöåñó òà éîãî
ð³âíîâàæíèì çíà÷åííÿì. Ïîêàçàíî, ùî òîä³ äðåéôîâà êîìïîíåíòà äèíàì³÷íîãî ïðîöåñó ãåíåòè÷íèõ ÷àñ-
òîò, ñïî÷àòêó ââåäåíà ÿê â³äíîøåííÿ äâîõ êâàäðàòè÷íèõ ôîðì, òðàíñôîðìóºòüñÿ â êóá³÷íó ïàðàáîëó ç
ïåâíèì êîåô³ö³ºíòîì íîðìàë³çàö³¿.

Êëþ÷îâ³ ñëîâà: ìîäåëü Ðàéòà–Ô³øåðà, ïîïóëÿö³éíà ãåíåòèêà, åâîëþö³éíèé ïðîöåñ, ð³âíîâàæíèé ñòàí,
ôëóêòóàö³¿ éìîâ³ðí³ñíèõ â³äíîøåíü.

———-
Equilibrium in Wright–Fisher models of population genetics / D. Koroliouk, V.S. Koroliuk // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 5. P. 96–101.

Abstract. For multivariant Wright–Fisher models in population genetics, we introduce equilibrium states,
expressed by fluctuations of probability ratio, in distinction of the traditionally used fluctuations, expressed by
the difference between the current value of the random process and its equilibrium value. Then the drift
component of the gene frequencies dynamic process, primarily expressed as a ratio of two quadratic forms, is
transformed into a cubic parabola with a certain normalization factor.

Keywords: Wright–Fisher model, population genetics, evolutionary process, equilibrium state, fluctuations of
probability ratio.
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ÓÄÊ 519.6

Ìåòîäû ëèíåéíîé àëãåáðû â çàäà÷àõ èññëåäîâàíèÿ íåêîòîðûõ êëàññîâ íåëèíåéíûõ äèñêðåòíî
ïðåîáðàçóþùèõ ñèñòåì. ²². Ñèñòåìû ñ àäèòèâíî âûäåëåííîé íåëèíåéíîñòüþ / Â.À. Ñòîÿí //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 102–107.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 6 íàçâ.

Àííîòàöèÿ. Ïîñòðîåíû ïñåâäîðåøåíèÿ äèñêðåòíî ïðåîáðàçóþùèõ ñèñòåì, ëèíåéíàÿ ÷àñòü êîòî-
ðûõ äîïîëíåíà íåëèíåéíîñòÿìè, ïîëó÷åííûìè ïîñëå äåêàðòîâîãî ïðåîáðàçîâàíèÿ âõîäíîãî âåêòîðà èëè
èòåðàöèîííîãî óòî÷íåíèÿ ìàòðè÷íîãî ÿäðà ïðåîáðàçîâàòåëÿ. Èññëåäîâàíû òî÷íîñòü è îäíîçíà÷íîñòü
ìíîæåñòâà ñðåäíåêâàäðàòè÷åñêèõ ïðèáëèæåíèé ê îáðàùåíèþ ìàòåìàòè÷åñêîé ìîäåëè ïðåîáðàçîâàòåëÿ.
Ðàññìîòðåíû êâàäðàòè÷åñêè íåëèíåéíûå ñèñòåìû è ñèñòåìû ñ ïðîèçâîëüíûì ïîðÿäêîì íåëèíåéíîñòè.

Êëþ÷åâûå ñëîâà: ïñåâäîîáðàùåíèå, íåëèíåéíûå äèñêðåòíî ïðåîáðàçóþùèå ñècòåìû, íåëèíåéíûå àë-
ãåáðàè÷åñêèå ñèñòåìû, íåëèíåéíûå èòåðàöèîííî óòî÷íÿåìûå ñèñòåìû.

———————-

Ìåòîäè ë³í³éíî¿ àëãåáðè â çàäà÷àõ äîñë³äæåííÿ äåÿêèõ êëàñ³â íåë³í³éíèõ äèñêðåòíî
ïåðåòâîðþâàëüíèõ ñèñòåì. ²². Ñèñòåìè ç àäèòèâíî âèä³ëåíîþ íåë³í³éí³ñòþ / Â.À. Ñòîÿí //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 102–107.

Àíîòàö³ÿ. Ïîáóäîâàíî ïñåâäîðîçâ’ÿçêè äèñêðåòíî ïåðåòâîðþâàëüíèõ ñèñòåì, ë³í³éíà ÷àñòèíà
ÿêèõ äîïîâíåíà íåë³í³éíîñòÿìè, îòðèìàíèìè ï³ñëÿ äåêàðòîâîãî ïåðåòâîðåííÿ âõ³äíîãî âåêòîðà àáî ³òå-
ðàö³éíîãî óòî÷íåííÿ ìàòðè÷íîãî ÿäðà ïåðåòâîðþâà÷à. Äîñë³äæåíî òî÷í³ñòü òà îäíîçíà÷í³ñòü ìíîæèíè
ñåðåäíüîêâàäðàòè÷íèõ íàáëèæåíü äî îáåðíåííÿ ìàòåìàòè÷íî¿ ìîäåë³ ïåðåòâîðþâà÷à. Ðîçãëÿíóòî êâàä-
ðàòè÷íî íåë³í³éí³ ñèñòåìè òà ñèñòåìè ç äîâ³ëüíèì ïîðÿäêîì íåë³í³éíîñò³.

Êëþ÷îâ³ ñëîâà: ïñåâäîîáåðíåííÿ, íåë³í³éí³ äèñêðåòíî ïåðåòâîðþâàëüí³ ñècòåìè, íåë³í³éí³ àëãåáðà¿÷í³
ñèñòåìè, íåë³í³éí³ ³òåðàö³éíî óòî÷íþâàëüí³ ñèñòåìè.

———————————-

Linear algebra methods in problems of the analysis of certain classes of nonlinear discretely
transformative systems. II. Systems with additionally highlighted nonlinearity / V.A. Stoyan // Kibernetika
i sistemnyj analiz. 2018. Vol. 55, N 2. P. 102–107.

Abstract. Pseudo-solutions of discretely transformative systems are generated; their linear part is
complemented with nonlinearities obtained after the Cartesian transformation of input vector or iterative
specification of matrix transformer kernel. Sets of root-mean-square approximations to inversion of
mathematical model of the transformer are investigated for accuracy and uniqueness. Root-mean-square
nonlinear systems and systems with arbitrary order of nonlinearity are considered.

Keywords: pseudo-inversion, nonlinear discretely transformative systems, nonlinear algebraic systems,
nonlinear iterative specified systems.

=====

ÓÄÊ 519.21+62

Äâîéíîå óêðóïíåíèå ôàçîâîãî ïðîñòðàíñòâà äëÿ äèôôåðåíöèàëüíûõ óðàâíåíèé ñî ñòîõàñòè÷åñêè
ìàëûìè äîáàâêàìè â óñëîâèÿõ ïóàññîíîâîé àïïðîêñèìàöèè / È.Â. Ñàìîéëåíêî, A.Â. Íèêèòèí //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 108–116.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 9 íàçâ.
Àííîòàöèÿ. Ïðîâåäåíî äâîéíîå óêðóïíåíèå ôàçîâîãî ïðîñòðàíñòâà ñîñòîÿíèé äëÿ ñòîõàñòè÷åñ-

êîé ýâîëþöèîííîé ñèñòåìû. Ðàññìîòðåí ñëó÷àé, êîãäà âîçìóùåíèÿ ñèñòåìû îïðåäåëÿþòñÿ èìïóëüñíûì
ïðîöåññîì â ñõåìå ïóàññîíîâîé àïïðîêñèìàöèè. Ïðåäåëüíûé ïðîöåññ ïðè òàêèõ óñëîâèÿõ èìååò äâå ñî-
ñòàâëÿþùèå: äåòåðìèíèðîâàííûé ñíîñ è ïóàññîíîâó ñêà÷êîâóþ äîáàâêó.

Këþ÷åâûå ñëîâà: ñòîõàñòè÷åñêàÿ ýâîëþöèîííàÿ ñèñòåìà, äâîéíîå óêðóïíåíèå ôàçîâîãî ïðîñòðàíñòâà,
ñõåìà ïóàññîíîâîé àïïðîêñèìàöèè.

————

Ïîäâ³éíå óêðóïíåííÿ ôàçîâîãî ïðîñòîðó äëÿ äèôåðåíö³àëüíèõ ð³âíÿíü ç³ ñòîõàñòè÷íèìè
ìàëèìè äîáàâêàìè â óìîâàõ ïóàññîíîâî¿ àïðîêñèìàö³¿ / ².Â. Ñàìîéëåíêî, À.Â. Í³ê³ò³í //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 108–116.

Àíîòàö³ÿ. Ïðîâåäåíî ïîäâ³éíå óêðóïíåííÿ ôàçîâîãî ïðîñòîðó ñòàí³â äëÿ ñòîõàñòè÷íî¿ åâî-
ëþö³éíî¿ ñèñòåìè. Ðîçãëÿíóòî âèïàäîê, êîëè çáóðåííÿ ñèñòåìè âèçíà÷àþòüñÿ ³ìïóëüñíèì ïðîöåñîì ó
ñõåì³ ïóàññîíîâî¿ àïðîêñèìàö³¿. Ãðàíè÷íèé ïðîöåñ çà òàêèõ óìîâ ìàº äâ³ ñêëàäîâ³: äåòåðì³íîâàíèé çñóâ
òà ïóàññîíîâó ñòðèáêîâó ÷àñòèíó.

Këþ÷îâ³ ñëîâà: ñòîõàñòè÷íà åâîëþö³éíà ñèñòåìà, ïîäâ³éíå óêðóïíåííÿ ôàçîâîãî ïðîñòîðó, ñõåìà ïóàñ-
ñîíîâî¿ àïðîêñèìàö³¿.

——————

Double merging of the phase space for stochastic differential equations with small additions in Poisson
approximating conditions / I.V. Samoilenko, A.V. Nikitin // Kibernetika i sistemnyj analiz. 2018. Vol. 55,
N 2. P. 108–116.

Abstract. Double merging of phase space for the stochastic evolutionary system is carried out. The case
is considered where the system’s perturbations are determined by the impulse process at the Poisson
approximation scheme. The limiting process under such conditions has two components: deterministic shift and
Poisson jump addition.

Keywords: stochastic evolutionary system, double merging of phase space, Poisson approximation scheme.
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ÓÄÊ 533.6.013.42

Ôàêòîðèçàöèÿ â çàäà÷àõ óïðàâëåíèÿ è äèíàìèêè ïðîòÿæåííûõ ñèñòåì / Þ.È. Êàëþõ,
À.Å. Âóñàòþê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 117–128.

²ë.: 2. Òàáë.: 2. Á³áë³îãð.: 13 íàçâ.

Àííîòàöèÿ. Ðàçðàáîòàí ÷èñëåííûé ìåòîä ðåøåíèÿ ïëîõî îáóñëîâëåííûõ êâàçèëèíåéíûõ óðàâíå-
íèé íåëèíåéíîé äèíàìèêè ïðîòÿæåííûõ ñèñòåì. Îí îñíîâàí íà ðàçëè÷íûõ òèïàõ ôàêòîðèçàöèè îïðåäå-
ëÿþùèõ óðàâíåíèé. Â ðåçóëüòàòå ïîñëîéíîé âðåìåííîé äåêîìïîçèöèè èñõîäíàÿ ñèíãóëÿðíîñòü óìåíü-
øàåòñÿ è ÷èñëåííî ðåøàþòñÿ õîðîøî îáóñëîâëåííûå ñèñòåìû óðàâíåíèé. Äîïîëíèòåëüíûì ïîëîæè-
òåëüíûì ýôôåêòîì ÿâëÿåòñÿ ñíèæåíèå îñöèëëÿöèé è ìîíîòîíèçàöèÿ ïðîôèëÿ ÷èñëåííîãî ðåøåíèÿ,
óñòîé÷èâîñòü ðàñ÷åòà ñëîæíûõ ïåðåõîäíûõ ïðîöåññîâ â ïðîòÿæåííûõ ñèñòåìàõ (óñêîðåíèÿ, ðûâêè, ïðî-
ñòðàíñòâåííûå ýâîëþöèè, íåëèíåéíûå êîëåáàíèÿ è ò.ä.).

Êëþ÷åâûå ñëîâà: ôàêòîðèçàöèÿ, ïðîòÿæåííàÿ ñèñòåìà, óïðàâëåíèå, äèíàìèêà, ÷èñëåííîå ìîäåëèðîâàíèå.
———————

Ôàêòîðèçàö³ÿ â çàäà÷àõ êåðóâàííÿ òà äèíàì³êè ïðîòÿæíèõ ñèñòåì / Þ.². Êàëþõ, À.ª. Âóñàòþê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 117–128.

Àíîòàö³ÿ. Ðîçðîáëåíî ÷èñåëüíèé ìåòîä ðîçâ’ÿçàííÿ ïîãàíî îáóìîâëåíèõ êâàç³ë³í³éíèõ ð³âíÿíü
íåë³í³éíî¿ äèíàì³êè ïðîòÿæíèõ ñèñòåì. Ìåòîä áàçóºòüñÿ íà ð³çíèõ òèïàõ ôàêòîðèçàö³¿ âèçíà÷àëüíèõ
ð³âíÿíü. Ó ðåçóëüòàò³ ïîøàðîâî¿ ÷àñîâî¿ äåêîìïîçèö³¿ âèõ³äíà ñèíãóëÿðí³ñòü çìåíøóºòüñÿ ³ ÷èñåëüíî
ðîçâ’ÿçóþòüñÿ äîáðå îáóìîâëåí³ ñèñòåìè ð³âíÿíü. Äîäàòêîâèì ïîçèòèâíèì åôåêòîì º çíèæåííÿ îñöè-
ëÿö³é ³ ìîíîòîí³çàö³ÿ ïðîô³ëþ ÷èñåëüíîãî ðîçâ’ÿçêó, ñò³éê³ñòü îá÷èñëåííÿ ñêëàäíèõ ïåðåõ³äíèõ ïðî-
öåñ³â ó ïðîòÿæíèõ ñèñòåìàõ (ïðèñêîðåííÿ, ðèâêè, ïðîñòîðîâ³ åâîëþö³¿, íåë³í³éí³ êîëèâàííÿ òîùî).

Êëþ÷îâ³ ñëîâà: ôàêòîðèçàö³ÿ, ïðîòÿæíà ñèñòåìà, êåðóâàííÿ, äèíàì³êà, ÷èñåëüíå ìîäåëþâàííÿ.
————-

Factorization in problems of control and dynamics of lengthy systems / Yu.I. Kaliukh, A.Ye. Vusatiuk //
Kibernetika i sistemnyj analiz. 2018. Vol. 55, N 2. P. 117–128.

Abstract. A numerical method for solving ill-conditioned quasilinear equations of nonlinear dynamics of
lengthy systems (LS) is developed. It is based on different types of factorization of the defining equations. As a
result of layer-by-layer time decomposition, the original singularity disappears, and well-conditioned systems of
linear equations are solved numerically. An additional positive effect is the reduction of oscillations and
monotonization of the profile of the numerical solution, stability of calculation of complex transient processes
in the LS (acceleration, jerking, spatial evolution, nonlinear oscillations, etc.).

Keywords: factorization, lengthy system, control, dynamics, numerical modeling.
==========

ÓÄÊ 517.977

Î ñòðîáîñêîïè÷åñêîé ñòðàòåãèè â èãðîâûõ çàäà÷àõ äèíàìèêè ñ òåðìèíàëüíîé ôóíêöèåé ïëàòû è
èíòåãðàëüíûìè îãðàíè÷åíèÿìè íà óïðàâëåíèÿ / È.Ñ. Ðàïïîïîðò // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 129–144.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 29 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû ëèíåéíûå äèôôåðåíöèàëüíûå èãðû ñ òåðìèíàëüíîé ôóíêöèåé ïëàòû è
èíòåãðàëüíûìè îãðàíè÷åíèÿìè íà óïðàâëåíèÿ. Ñôîðìóëèðîâàíû äîñòàòî÷íûå óñëîâèÿ îêîí÷àíèÿ èãðû
çà êîíå÷íîå ãàðàíòèðîâàííîå âðåìÿ â êëàññå êâàçèñòðàòåãèé. Ïðåäëîæåíû äâå ñõåìû ìåòîäà ðàçðåøàþ-
ùèõ ôóíêöèé, îáåñïå÷èâàþùèõ çàâåðøåíèå èãðû çà êîíå÷íîå ãàðàíòèðîâàííîå âðåìÿ â êëàññå ñòðîáîñ-
êîïè÷åñêèõ ñòðàòåãèé. Ïîêàçàíî, ÷òî áåç äîïîëíèòåëüíûõ ïðåäïîëîæåíèé ýòî âðåìÿ ñîâïàäàåò ñ ãàðàí-
òèðîâàííûì âðåìåíåì â êëàññå êâàçèñòðàòåãèé.

Êëþ÷åâûå ñëîâà: ëèíåéíàÿ äèôôåðåíöèàëüíàÿ èãðà, òåðìèíàëüíàÿ ôóíêöèÿ ïëàòû, èíòåãðàëüíûå îãðà-
íè÷åíèÿ, ìíîãîçíà÷íîå îòîáðàæåíèå, èçìåðèìûé ñåëåêòîð, ñòðîáîñêîïè÷åñêàÿ ñòðàòåãèÿ.

————————
Ïðî ñòðîáîñêîï³÷íó ñòðàòåã³þ â ³ãðîâèõ çàäà÷àõ äèíàì³êè ç òåðì³íàëüíîþ ôóíêö³ºþ ïëàòè òà
³íòåãðàëüíèìè îáìåæåííÿìè íà êåðóâàííÿ / É.Ñ. Ðàïïîïîðò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2019. Òîì 55, ¹ 2. Ñ. 129–144.

Àíîòàö³ÿ. Ðîçãëÿíóòî ë³í³éí³ äèôåðåíö³àëüí³ ³ãðè ç òåðì³íàëüíîþ ôóíêö³ºþ ïëàòè òà ³íòåãðàëüíè-
ìè îáìåæåííÿìè íà êåðóâàííÿ. Ñôîðìóëüîâàíî äîñòàòí³ óìîâè çàê³í÷åííÿ ãðè çà ñê³í÷åííèé ãàðàíòîâà-
íèé ÷àñ ó êëàñ³ êâàç³ñòðàòåã³é. Çàïðîïîíîâàíî äâ³ ñõåìè ìåòîäó ðîçâ’ÿçóâàëüíèõ ôóíêö³é, ùî çàáåçïå÷ó-
þòü çàâåðøåííÿ ãðè çà ñê³í÷åííèé ãàðàíòîâàíèé ÷àñ ó êëàñ³ ñòðîáîñêîï³÷íèõ ñòðàòåã³é. Ïîêàçàíî, ùî
áåç äîäàòêîâèõ ïðèïóùåíü öåé ÷àñ çá³ãàºòüñÿ ç ãàðàíòîâàíèì ÷àñîì ó êëàñ³ êâàç³ñòðàòåã³é.

Êëþ÷îâ³ ñëîâà: ë³í³éíà äèôåðåíö³àëüíà ãðà, òåðì³íàëüíà ôóíêö³ÿ ïëàòè, ³íòåãðàëüí³ îáìåæåííÿ, áàãà-
òîçíà÷íå â³äîáðàæåííÿ, âèì³ðíèé ñåëåêòîð, ñòðîáîñêîï³÷íà ñòðàòåã³ÿ.

———————————-

Stroboscopic strategy in game dynamic problems with terminal pay off function and integral constraints
on controls / J.S. Rappoport // Kibernetika i sistemnyj analiz. 2018. Vol. 55, N 2. P. 129–144.

Abstract. The paper considers linear differential games with a terminal payoff function and integral
constraints on controls. Sufficient conditions for game completion in a finite guaranteed time in the class of
quasi-strategies are formulated. Two schemes of the method of resolving functions are proposed that ensure
game completion in a final guaranteed time in the class of stroboscopic strategies. It is shown that without
additional assumptions, this time coincides with the guaranteed time in the class of quasistrategies.

Keywords: linear differential game, terminal payoff function, integral constraints, multivalued mapping,
measurable selector, stroboscopic strategy.
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ÓÄÊ 681.3

Ïðèìåíåíèå ìåòîäà èçìåðåíèÿ ôóíêöèîíàëüíîãî ðàçìåðà íà ïðèìåðå Íàöèîíàëüíîãî ðååñòðà
Óêðàèíû / À.Â Ãðå÷êî, À.Î. Ìåëàùåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2.
Ñ. 145–154.

²ë.: 2. Òàáë.: 3. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí ïðèìåð èñïîëüçîâàíèÿ ìåòîäà èçìåðåíèÿ ôóíêöèîíàëüíîãî ðàçìåðà
COSMIC äëÿ îïðåäåëåíèÿ ðàçìåðà Åäèíîé ãîñóäàðñòâåííîé èíôîðìàöèîííî-òåëåêîììóíèêàöèîííîé
ñèñòåìû «Ýëåêòðîííûé ðååñòð àïîñòèëåé» â ôóíêöèîíàëüíûõ òî÷êàõ COSMIC. Îáñóæäåíû ïîäõîäû ê
îöåíêå òðóäîåìêîñòè è ñòîèìîñòè ñîçäàíèÿ ýòîé ñèñòåìû íà îñíîâå åå ôóíêöèîíàëüíîãî ðàçìåðà.

Êëþ÷åâûå ñëîâà: ãîñóäàðñòâåííûé ðååñòð, æèçíåííûé öèêë ïðîãðàììíîãî îáåñïå÷åíèÿ, ìåòîä COSMIC,
èçìåðåíèå ôóíêöèîíàëüíîãî ðàçìåðà ÏÎ, òðóäîåìêîñòü ðàçðàáîòêè ÏÎ, ôóíêöèîíàëüíàÿ òî÷êà.

————

Çàñòîñóâàííÿ ìåòîäó âèì³ðþâàííÿ ôóíêö³îíàëüíîãî ðîçì³ðó íà ïðèêëàä³ Íàö³îíàëüíîãî ðåºñòðó
Óêðà¿íè / À.Â. Ãðå÷êî, À.Î. Ìåëàùåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2.
Ñ. 145–154.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðèêëàä âèêîðèñòàííÿ ìåòîäó âèì³ðþâàííÿ ôóíêö³îíàëüíîãî ðîçì³ðó
COSMIC äëÿ âèçíà÷åííÿ ðîçì³ðó ªäèíî¿ äåðæàâíî¿ ³íôîðìàö³éíî-òåëåêîìóí³êàö³éíî¿ ñèñòåìè «Åëåê-
òðîííèé ðåºñòð àïîñòèë³â» ó ôóíêö³îíàëüíèõ òî÷êàõ COSMIC. Îáãîâîðåíî ï³äõîäè äî îö³íþâàííÿ òðó-
äîì³ñòêîñò³ òà âàðòîñò³ ñòâîðåííÿ ö³º¿ ñèñòåìè íà îñíîâ³ ¿¿ ôóíêö³îíàëüíîãî ðîçì³ðó.

Êëþ÷îâ³ ñëîâà: äåðæàâíèé ðåºñòð, æèòòºâèé öèêë ïðîãðàìíîãî çàáåçïå÷åííÿ, ìåòîä COSMIC, âèì³ðþ-
âàííÿ ôóíêö³îíàëüíîãî ðîçì³ðó ÏÇ, òðóäîì³ñòê³ñòü ðîçðîáëåííÿ ÏÇ, ôóíêö³îíàëüíà òî÷êà.

—————-

Application of the method of measuring the functional size on the example of the National Register of
Ukraine / A.V. Hrechko, A.O. Melashchenko // Kibernetika i sistemnyj analiz. 2018. Vol. 55, N 2. P. 145–154.

Abstract. An example of using the COSMIC functional size estimation method for calculating the size of
the Unified State Information and Telecommunication System “Electronic Register of Apostilles” in the
COSMIC functional points is considered. The approaches to estimating the complexity and cost of creating this
system based on its functional size are discussed.

Keywords: state register, software life cycle, COSMIC method, measuring a functional size of software,
software development effort, functional point.

========

ÓÄÊ 519.21

Âåðîÿòíîñòíûé ïîäõîä â çàäà÷å ìåæäóíàðîäíîé êîíêóðåíöèè ïðîèçâîäèòåëåé ñî ñëó÷àéíûìè
ïåðåìåííûìè / Å.Â. Êîñàðåâè÷, ß.È. Åëåéêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2.
Ñ. 155–162.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 5 íàçâ.

Àííîòàöèÿ. Ïîñòðîåíû òåîðåòèêî-èãðîâûå ìîäåëè êîíêóðåíöèè ïðîèçâîäèòåëåé íà ìåæäóíàðîä-
íîì ðûíêå îäíîðîäíîãî òîâàðà ïðè óñëîâèè, ÷òî ñòðàòåãè÷åñêèå ïåðåìåííûå ïðîèçâîäèòåëåé ÿâëÿþòñÿ
ñëó÷àéíûìè âåëè÷èíàìè. Âûäåëåí êëàññ ðàñïðåäåëåíèé ñëó÷àéíûõ ïåðåìåííûõ, êîòîðûé ãàðàíòèðóåò
ñóùåñòâîâàíèå ðåøåíèÿ áåñêîàëèöèîííûõ èãð, îïèñûâàþùèõ ìåæäóíàðîäíóþ òîðãîâëþ. Â ïîñòðîåí-
íûõ ìîäåëÿõ óñòàíîâëåíû ÿâíûå ôîðìóëû äëÿ «èñïðàâëåííîãî» ðàâíîâåñèÿ ïî Íýøó.

Êëþ÷åâûå ñëîâà: êîëè÷åñòâåííàÿ êîíêóðåíöèÿ, ñòðàòåãèÿ, çàäà÷à ìåæäóíàðîäíîé òîðãîâëè, òåîðåòè-
êî-èãðîâàÿ ìîäåëü, «èñïðàâëåííîå» ðàâíîâåñèå ïî Íýøó.

————

Éìîâ³ðí³ñíèé ï³äõ³ä ó çàäà÷³ ì³æíàðîäíî¿ êîíêóðåíö³¿ âèðîáíèê³â ç âèïàäêîâèìè çì³ííèìè /
Ê.Â. Êîñàðåâè÷, ß.². ªëåéêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 155–162.

Àíîòàö³ÿ. Ïîáóäîâàíî òåîðåòèêî-³ãðîâ³ ìîäåë³ êîíêóðåíö³¿ âèðîáíèê³â íà ì³æíàðîäíîìó ðèíêó îä-
íîð³äíîãî òîâàðó çà óìîâè, ùî ñòðàòåã³÷í³ çì³íí³ âèðîáíèê³â º âèïàäêîâèìè âåëè÷èíàìè. Âèä³ëåíî êëàñ ðîç-
ïîä³ë³â âèïàäêîâèõ çì³ííèõ, ÿêèé ãàðàíòóº ³ñíóâàííÿ ðîçâ’ÿçêó áåçêîàë³ö³éíèõ ³ãîð, ùî îïèñóþòü ì³æíàðîä-
íó òîðã³âëþ. Ó ïîáóäîâàíèõ ìîäåëÿõ âñòàíîâëåíî ÿâí³ ôîðìóëè äëÿ «âèïðàâëåíî¿» ð³âíîâàãè çà Íåøåì.

Êëþ÷îâ³ ñëîâà: ê³ëüê³ñíà êîíêóðåíö³ÿ, ñòðàòåã³ÿ, çàäà÷à ì³æíàðîäíî¿ òîðã³âë³, òåîðåòèêî-³ãðîâà ìîäåëü,
«âèïðàâëåíà» ð³âíîâàãà çà Íåøåì.

—————-

Probabilistic approach in the problem of international competition of producers with random variables /
K.V. Kosarevych, Ya.I. Yelejko // Kibernetika i sistemnyj analiz. 2018. Vol. 55, N 2. P. 155–162.

Abstract. Game-theoretical models of producers’ competition in the international market of
a homogeneous product are constructed provided that the strategic variables of the producers are random.
A class of distributions of random variables that guarantees the existence of a solution to non-cooperative
games describing international trade is distinguished. Explicit formulas for the “corrected” Nash equilibrium are
established in the constructed models.

Keywords: quantitative competition, strategy, problem of international trade, game-theoretical model,
“corrected” Nash equilibrium.

=====
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ÓÄÊ 519.17

Ïðåäñòàâëåíèå ôðàãìåíòàðíûõ ñòðóêòóð îðèåíòèðîâàííûìè ãðàôàìè / Å.Â. Êðèâöóí //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 163–170.

²ë.: 9. Òàáë.: 1. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Èññëåäîâàíû ñâîéñòâà ôðàãìåíòàðíûõ ñòðóêòóð è óñòàíîâëåíà ñâÿçü ìåæäó ôðàãìåí-
òàðíûìè ñòðóêòóðàìè è ðàçìå÷åííûìè àöèêëè÷åñêèìè îðèåíòèðîâàííûìè ãðàôàìè ñ îäíèì èñòî÷íè-
êîì, òàêæå óñòàíîâëåíî ñîîòâåòñòâèå êëàññîâ èçîìîðôíûõ ôðàãìåíòàðíûõ ñòðóêòóð íåðàçìå÷åííûì
àöèêëè÷åñêèì îðèåíòèðîâàííûì ãðàôàì îïðåäåëåííîãî âèäà, êîòîðûå íàçûâàþòñÿ äîïóñòèìûìè ãðàôà-
ìè. Îïðåäåëåíî ïîíÿòèå ðàçìåðíîñòè äîïóñòèìîãî ãðàôà è ñîîòâåòñòâóþùèõ åìó èçîìîðôíûõ ôðàãìåí-
òàðíûõ ñòðóêòóð. Ïîëó÷åíî âûðàæåíèå äëÿ íèæíåé îöåíêè ðàçìåðíîñòè. Äîêàçàíà òåîðåìà î ñâîéñòâàõ
äîïóñòèìûõ ãðàôîâ. Ïîäñ÷èòàíî êîëè÷åñòâî ôðàãìåíòàðíûõ ñòðóêòóð è êëàññîâ èçîìîðôíûõ ôðàãìåí-
òàðíûõ ñòðóêòóð ìàëûõ ðàçìåðíîñòåé.

Êëþ÷åâûå ñëîâà: ôðàãìåíòàðíàÿ ñòðóêòóðà, ÷àñòè÷íî óïîðÿäî÷åííîå ìíîæåñòâî, àöèêëè÷åñêèé
îðãðàô, ãèïåðêóá.

————-

Ïðåäñòàâëåííÿ ôðàãìåíòàðíèõ ñòðóêòóð îð³ºíòîâàíèìè ãðàôàìè / Î.Â. Êðèâöóí // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 163–170.

Àíîòàö³ÿ. Äîñë³äæåíî âëàñòèâîñò³ ôðàãìåíòàðíèõ ñòðóêòóð ³ âñòàíîâëåíî çâ’ÿçîê ì³æ íèìè òà
ðîçì³÷åíèìè àöèêë³÷íèìè îð³ºíòîâàíèìè ãðàôàìè ç îäíèì äæåðåëîì, à òàêîæ âñòàíîâëåíî
â³äïîâ³äí³ñòü êëàñ³â ³çîìîðôíèõ ôðàãìåíòàðíèõ ñòðóêòóð íåðîçì³÷åíèì àöèêë³÷íèì îð³ºíòîâàíèì ãðà-
ôàì ïåâíîãî âèäó, ÿê³ íàçèâàþòüñÿ äîïóñòèìèìè ãðàôàìè. Âèçíà÷åíî ïîíÿòòÿ ðîçì³ðíîñò³ äîïóñòèìîãî
ãðàôà òà â³äïîâ³äíèõ éîìó ³çîìîðôíèõ ôðàãìåíòàðíèõ ñòðóêòóð. Îòðèìàíî âèðàç äëÿ íèæíüî¿ îö³íêè
ðîçì³ðíîñò³. Äîâåäåíî òåîðåìó ïðî âëàñòèâîñò³ äîïóñòèìèõ ãðàô³â. Ï³äðàõîâàíî ê³ëüêîñò³ ôðàãìåíòàð-
íèõ ñòðóêòóð òà êëàñ³â ³çîìîðôíèõ ôðàãìåíòàðíèõ ñòðóêòóð ìàëèõ ðîçì³ðíîñòåé.

Êëþ÷îâ³ ñëîâà: ôðàãìåíòàðíà ñòðóêòóðà, ÷àñòêîâî âïîðÿäêîâàíà ìíîæèíà, àöèêë³÷íèé îðãðàô, ã³ïåð-
êóá.

————

Representation of fragmentary structures by oriented graphs / O.V. Kryvtsun // Kibernetika i sistemnyj
analiz. 2018. Vol. 55, N 2. P. 163–170.

Abstract. In the paper, the properties of fragmentary structures are investigated and relation between
fragmentary structures and marked acyclic oriented graphs with one source is established, also the
correspondence of isomorphic fragmentary structure classes with unmarked acyclic oriented graphs of certain
type, which are called feasible graphs, is established. The notion of the dimension of a feasible graph and its
corresponding isomorphic fragmentary structures is defined. An expression for the lower-bound estimate of the
dimension is obtained. A theorem on the properties of feasible graphs is proved. The number of fragmentary
structures and classes of isomorphic fragmentary structures of small dimensions is calculated.

Keywords: fragmentary structure, partially ordered set, DAG, hypercube.
======

ÓÄÊ 519.21

Àñèìïòîòè÷åñêîå ïîâåäåíèå ýêñòðåìàëüíûõ çíà÷åíèé äëèíû î÷åðåäè â ñèñòåìàõ ìàññîâîãî
îáñëóæèâàíèÿ M M m/ / / Á.Â. Äîâãàé, È.Ê. Ìàöàê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019.

Òîì 55, ¹ 2. Ñ. 171–179.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Èññëåäóåòñÿ àñèìïòîòè÷åñêîå ïîâåäåíèå ïî÷òè íàâåðíîå ìàêñèìàëüíîé äëèíû î÷åðå-
äè â ñèñòåìàõ ìàññîâîãî îáñëóæèâàííÿ. Äëÿ ñèñòåìû M M m/ / , 1 � � �m , óñòàíàâëèâàåòñÿ óòâåðæäå-
íèå òèïà çàêîíà ïîâòîðíîãî ëîãàðèôìà. Ðàññìàòðèâàåòñÿ òàêæå ñëó÷àé m � �, äëÿ êîòîðîãî àñèìïòîòèêà
èìååò ñîâåðøåííî äðóãîé õàðàêòåð.

Êëþ÷åâûå ñëîâà: ñèñòåìû ìàññîâîãî îáñëóæèâàíèÿ M M m/ / , ýêñòðåìóìû äëèíû î÷åðåäè, àñèìïòî-

òè÷åñêîå ïîâåäåíèå ïî÷òè íàâåðíîå.
---------

Àñèìïòîòè÷íà ïîâåä³íêà åêñòðåìàëüíèõ çíà÷åíü äîâæèíè ÷åðãè â ñèñòåìàõ ìàñîâîãî
îáñëóãîâóâàííÿ M M m/ / / Á.Â. Äîâãàé, I.K. Màöàê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55,
¹ 2. Ñ. 171–179.

Àíîòàö³ÿ. Äîñë³äæåíî àñèìïòîòè÷íó ïîâåä³íêó ìàéæå íàïåâíå ìàêñèìàëüíî¿ äîâæèíè ÷åðãè â
ñèñòåìàõ ìàñîâîãî îáñëóãîâóâàííÿ. Äëÿ ñèñòåìè M M m/ / , 1 � � �m , óñòàíîâëþºòüñÿ òâåðäæåííÿ òèïó
çàêîíó ïîâòîðíîãî ëîãàðèôìà. Ðîçãëÿíóòî òàêîæ âèïàäîê m � � , äëÿ ÿêîãî àñèìïòîòèêà ìàº ³ñòîòíî
³íøèé õàðàêòåð.

Êëþ÷îâ³ ñëîâà: ñèñòåìè ìàñîâîãî îáñëóãîâóâàííÿ M M m/ / , åêñòðåìóìè äîâæèíè ÷åðãè, àñèìïòîòè÷-
íà ïîâåä³íêà ìàéæå íàïåâíå.

———-
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Asymptotic behavior of extreme values of queue length in M M m/ / systems / B.V. Dovhai, I.K. Matsak
// Kibernetika i sistemnyj analiz. 2018. Vol. 55, N 2. P. 171–179.

Abstract. The paper investigates the asymptotic behavior of almost surely extreme values of processes
specifying queue length. For a system M M m/ / , 1 � � �m , a statement of the type of law of the iterated
logarithm is established. We also consider the case m � � , for which the asymptotic behavior is much different.

Keywords: queuing system M M m/ / , extreme values of queue length, asymptotic behavior almost surely.
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ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 624.048

×èñëåííûå ìåòîäû îïðåäåëåíèÿ æåñòêîñòíûõ õàðàêòåðèñòèê ñå÷åíèÿ ñòåðæíÿ / À.Ñ. Ãîðîäåöêèé,
Ì.Ñ. Áàðàáàø, Þ.Á. Ôèëîíåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 180–187.

²ë.: 2. Òàáë.: 0. Á³áë³îãð.: 18 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû íåêîòîðûå àñïåêòû îïðåäåëåíèÿ æåñòêîñòíûõ õàðàêòåðèñòèê ñå÷åíèÿ
ñòåðæíåâûõ ýëåìåíòîâ è ìîäåëèðîâàíèÿ íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ñòåðæíåâûõ ñèñòåì.
Ïðåäëîæåíà ìåòîäèêà îïðåäåëåíèÿ íàïðÿæåíèé íà îñíîâå íåëèíåéíûõ çàâèñèìîñòåé íàïðÿæåíèÿ–äå-
ôîðìàöèè. Ïðè ÷èñëåííîì îïðåäåëåíèè æåñòêîñòíûõ õàðàêòåðèñòèê ñå÷åíèÿ âûïîëíåí íåëèíåéíûé ðàñ-
÷åò äëÿ çàäàííîãî íàáîðà óñèëèé. Ñ ïîìîùüþ ðåàëèçîâàííîé â ïðîãðàììíîì êîìïëåêñå «ËÈÐÀ-ÑÀÏÐ»
ìåòîäèêè ïðîâåäåíèÿ íåëèíåéíîãî ðàñ÷åòà îïðåäåëåíû êàñàòåëüíûå è ñåêóùèå æåñòêîñòíûå õàðàêòå-
ðèñòèêè. Ïðåäëàãàåìûå ìåòîäû îïðåäåëåíèÿ æåñòêîñòíûõ õàðàêòåðèñòèê è ìîäåëèðîâàíèÿ ïîçâîëÿþò
áîëåå òî÷íî çàäàâàòü õàðàêòåðèñòèêè íåëèíåéíîãî äåôîðìèðîâàíèÿ ìàòåðèàëîâ è ïðèìåíÿòü èõ ê ýëå-
ìåíòàì êîíñòðóèðóåìîãî ñå÷åíèÿ.

Êëþ÷åâûå ñëîâà: ÷èñëåííûå ìåòîäû, æåñòêîñòíûå õàðàêòåðèñòèêè, êîìïüþòåðíîå ìîäåëèðîâàíèå, íà-
ïðÿæåííî-äåôîðìèðîâàííîå ñîñòîÿíèå, ìîäóëü äåôîðìàöèè, íåëèíåéíûé àíàëèç.
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×èñåëüí³ ìåòîäè âèçíà÷åííÿ æîðñòê³ñíèõ õàðàêòåðèñòèê ïåðåð³çó ñòðèæíÿ / Î.Ñ. Ãîðîäåöüêèé,
Ì.Ñ. Áàðàáàø, Þ.Á. Ô³ëîíåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 180–187.

Àíîòàö³ÿ. Ðîçãëÿíóòî äåÿê³ àñïåêòè âèçíà÷åííÿ õàðàêòåðèñòèê æîðñòêîñò³ ïåðåð³çó ñòðèæíåâèõ
åëåìåíò³â òà ìîäåëþâàííÿ íàïðóæåíî-äåôîðìîâàíîãî ñòàíó ñòðèæíåâèõ ñèñòåì. Çàïðîïîíîâàíî ìåòîäè-
êó îá÷èñëåííÿ íàïðóæåíü íà îñíîâ³ íåë³í³éíèõ çàëåæíîñòåé íàïðóæåííÿ–äåôîðìàö³¿. Äëÿ ÷èñåëüíîãî
âèçíà÷åííÿ õàðàêòåðèñòèê æîðñòêîñò³ ïåðåð³çó âèêîíàíî íåë³í³éíèé ðîçðàõóíîê äëÿ çàäàíîãî íàáîðó çó-
ñèëü. Ðåàë³çîâàíà ó ïðîãðàìíîìó êîìïëåêñ³ «Ë²ÐÀ-ÑÀÏÐ» ìåòîäèêà äîçâîëÿº âèçíà÷àòè äîòè÷í³ ³ ñ³÷í³
æîðñòê³ñí³ õàðàêòåðèñòèêè äëÿ ïðîâåäåííÿ íåë³í³éíîãî ðîçðàõóíêó. Çàïðîïîíîâàí³ ìåòîäè âèçíà÷åííÿ
õàðàêòåðèñòèê æîðñòêîñò³ òà ìîäåëþâàííÿ äîçâîëÿþòü á³ëüø òî÷íî çàäàòè õàðàêòåðèñòèêè íåë³í³éíîãî
äåôîðìóâàííÿ ìàòåð³àë³â ³ çàñòîñóâàòè ¿õ äî åëåìåíò³â êîíñòðóéîâàíîãî ïåðåð³çó.

Êëþ÷îâ³ ñëîâà: ÷èñåëüí³ ìåòîäè, æîðñòê³ñí³ õàðàêòåðèñòèêè, íàïðóæåíî-äåôîðìîâàíèé ñòàí, ìîäóëü
äåôîðìàö³¿, íåë³í³éíèé àíàë³ç.
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Numerical methods to find stiffness properties of a bar cross-section / O.S. Gorodetsky, M.S. Barabash,
Y.B. Filonenko // Kibernetika i sistemnyj analiz. 2018. Vol. 55, N 2. P. 180–187.

Abstract. The paper considers several aspects of determining stiffness properties of bar sections and
simulating stress-strain state of bar section. The authors propose a method to find stresses based on nonlinear
‘stress-strain’ dependencies. Nonlinear analysis for the specified set of forces is carried out when stiffness
properties of the section are determined numerically. This method is implemented in the LIRA-SAPR software
package and makes it possible to determine tangential and secant stiffness properties in order to carry out
nonlinear analysis. The methods proposed for computation of stiffness properties and simulation allow the user
to specify the characteristics of nonlinear strain in materials more accurately.

Keywords: numerical methods, stiffness characteristics, computer simulation, stress-strain state, deformation
modulus, nonlinear analysis.
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Ìåòîä è àëãîðèòì ïîëó÷åíèÿ ýëåìåíòîâ òåíçîðà ïðîñòðàíñòâåííûõ ïðîèçâîäíûõ âåêòîðà
ìàãíèòíîé èíäóêöèè â çàäà÷å ïîèñêà ìàãíèòíûõ àíîìàëèé / Ì.À. Ïðèìèí, È.Â. Íåäàéâîäà //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 2. Ñ. 188–200.

²ë.: 4. Òàáë.: 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ïî ïðîñòðàíñòâåííîìó ðàñïðåäåëåíèþ âåëè÷èí ïàðàìåòðîâ ìàãíèòíîãî ïîëÿ â êàæ-
äîé òî÷êå ïëîñêîñòè íàáëþäåíèÿ îïðåäåëÿþò çíà÷åíèÿ âñåõ ñîñòàâëÿþùèõ âåêòîðà ìàãíèòíîé èíäóê-
öèè è åãî ïðîñòðàíñòâåííûõ ïðîèçâîäíûõ ïåðâîãî ïîðÿäêà. Îáðàòíàÿ çàäà÷à ðåøåíà ñ ïîìîùüþ àíàëè-
òè÷åñêîãî ìåòîäà ñîáñòâåííûõ âåêòîðîâ. Ðàáîòà àëãîðèòìà ïðîìîäåëèðîâàíà íà ðåàëüíûõ äàííûõ ìàã-
íèòîìåòðè÷åñêèõ èññëåäîâàíèé â ãåîìàãíèòíîì ïîëå.

Êëþ÷åâûå ñëîâà: ìàãíèòíûå àíîìàëèè, îáðàòíàÿ çàäà÷à ìàãíèòîñòàòèêè, òåíçîð ïðîñòðàíñòâåííûõ
ïðîèçâîäíûõ, ïðåîáðàçîâàíèå Ôóðüå, ÑÊÂÈÄ-ãðàäèåíòîìåòð.
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Ìåòîä ³ àëãîðèòì îòðèìàííÿ åëåìåíò³â òåíçîðà ïðîñòîðîâèõ ïîõ³äíèõ âåêòîðà ìàãí³òíî¿ ³íäóêö³¿
â çàäà÷³ ïîøóêó ìàãí³òíèõ àíîìàë³é / Ì.À. Ïð³ì³í, ².Â. Íåäàéâîäà // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2019. Òîì 55, ¹ 2. Ñ. 188–200.

Àíîòàö³ÿ. Çà ïðîñòîðîâèì ðîçïîä³ëîì âåëè÷èí ïàðàìåòð³â ìàãí³òíîãî ïîëÿ â êîæí³é òî÷ö³ ïëîùè-
íè ñïîñòåðåæåííÿ âèçíà÷åíî çíà÷åííÿ âñ³õ ñêëàäîâèõ âåêòîðà ìàãí³òíî¿ ³íäóêö³¿ ³ éîãî ïðîñòîðîâèõ
ïîõ³äíèõ ïåðøîãî ïîðÿäêó. Îáåðíåíó çàäà÷ó ðîçâ’ÿçàíî çà äîïîìîãîþ àíàë³òè÷íîãî ìåòîäó âëàñíèõ
âåêòîð³â. Ðîáîòó àëãîðèòìó ïðîìîäåëüîâàíî íà ðåàëüíèõ äàíèõ ìàãí³òîìåòðè÷íèõ äîñë³äæåíü ó ãåî-
ìàãí³òíîìó ïîë³.

Êëþ÷îâ³ ñëîâà: ìàãí³òí³ àíîìàë³¿, îáåðíåíà çàäà÷à ìàãí³òîñòàòèêè, òåíçîð ïðîñòîðîâèõ ïîõ³äíèõ, ïåðå-
òâîðåííÿ Ôóð’º, ÑÊÂ²Ä-ãðàä³ºíòîìåòð.
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Method and algorithm for obtaining elements of the tensor of spatial derivatives of the magnetic
induction vector in the problem of magnetic anomalies search / M.A. Primin, I.V. Nedayvoda //
Kibernetika i sistemnyj analiz. 2018. Vol. 55, N 2. P. 188–200.

Abstract. The values of all the components of the magnetic induction vector and its first spatial
derivatives at the points of observation plane are obtained by the spatial distribution of the magnetic field
parameters at each observation point. The inverse problem is solved with the use of the analytic eigenvector
method. The algorithm is simulated using real data of magnetometric studies in geomagnetic field.

Keywords: magnetic anomalies, magnetostatic inverse problem, spatial derivatives tensor, Fourier
transformation, SQUID gradiometer.
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