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ÓÄÊ 519.713.1

Îò ôîðìóë âèäà F(t) ÿçûêà LP ê � �-ðåãóëÿðíûì âûðàæåíèÿì / À.Í. ×åáîòàðåâ // Êèáåðíåòèêà è

ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 5. Ñ. 3–17.

²ë.: 2. Òàáë.: 0. Á³áë³îãð.: 5 íàçâ.

Àííîòàöèÿ. Ïðè ñèíòåçå �-àâòîìàòà, ñïåöèôèöèðîâàííîãî â ÿçûêå LP, âîçíèêàåò çàäà÷à ïðåäñòàâ-
ëåíèÿ ìíîæåñòâà îáðàòíûõ ñâåðõñëîâ, çàäàâàåìûõ ôîðìóëîé F(t), â âèäå � �-ðåãóëÿðíîãî âûðàæåíèÿ.

Ïîñòðîåíèå ýòîãî âûðàæåíèÿ îñíîâàíî íà ñîîòâåòñòâèè ìåæäó ñòðóêòóðíûìè ýëåìåíòàìè ôîðìóë è
� �-ðåãóëÿðíûõ âûðàæåíèé. Äëÿ îáåñïå÷åíèÿ òàêîãî ñîîòâåòñòâèÿ ââåäåíû äâå äîïîëíèòåëüíûå îïåðà-
öèè íàä � �-ðåãóëÿðíûìè ìíîæåñòâàìè, ñîîòâåòñòâóþùèå îïåðàöèÿì êâàíòèôèêàöèè â ôîðìóëàõ. Ðàñ-
ñìîòðåíû ìåòîäû ïðåäñòàâëåíèÿ ýòèõ îïåðàöèé â òåðìèíàõ ÿçûêà � �-ðåãóëÿðíûõ âûðàæåíèé. Ïîëó÷å-
íû ðåçóëüòàòû, ïîçâîëÿþùèå ñòðîèòü � �-ðåãóëÿðíûå âûðàæåíèÿ äëÿ äîñòàòî÷íî øèðîêîãî êëàññà ôîð-
ìóë âèäà F(t) ÿçûêà LP.

Êëþ÷åâûå ñëîâà: ëîãèêà LP, îáðàòíîå ñâåðõñëîâî, îãðàíè÷åííàÿ ñïðàâà ôîðìóëà, � �-ðåãóëÿðíîå

âûðàæåíèå, ïðåôèêñíî çàìêíóòîå ìíîæåñòâî îáðàòíûõ ñâåðõñëîâ.

_________________________________________________________________________________________

Âiä ôîðìóë âèãëÿäó F(t) ìîâè LP äî � �-ðåãóëÿðíèõ âèðàç³â / À.Ì. ×åáîòàðüîâ // Ê³áåðíåòèêà òà

ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 5. Ñ. 3–17.

Àíîòàö³ÿ. Ï³ä ÷àñ ñèíòåçó �-àâòîìàòà, ñïåöèô³êîâàíîãî ìîâîþ LP, âèíèêàº çàäà÷à ïîäàííÿ ìíî-
æèíè çâîðîòíèõ íàäñë³â, ùî çàäàº ôîðìóëà F(t), ó âèãëÿä³ -ðåãóëÿðíîãî âèðàçó. Ïîáóäîâà öüîãî âèðàçó
áàçóºòüñÿ íà â³äïîâ³äíîñò³ ì³æ ñòðóêòóðíèìè åëåìåíòàìè ôîðìóë ³ � �-ðåãóëÿðíèõ âèðàç³â. Äëÿ çàáåçïå-
÷åííÿ òàêî¿ â³äïîâ³äíîñò³ çàïðîâàäæåíî äâ³ äîäàòêîâ³ îïåðàö³¿ íàä � �-ðåãóëÿðíèìè ìíîæèíàìè, ùî
â³äïîâ³äàþòü îïåðàö³ÿì êâàíòèô³êàö³¿ ó ôîðìóëàõ. Ðîçãëÿíóòî ìåòîäè ïîäàííÿ öèõ îïåðàö³é ó òåðì³íàõ
ìîâè � �-ðåãóëÿðíèõ âèðàç³â. Îòðèìàíî ðåçóëüòàòè, ÿê³ äàþòü ìîæëèâ³ñòü áóäóâàòè â³äïîâ³äí³ � �-ðåãó-
ëÿðí³ âèðàçè äëÿ äîñòàòíüî øèðîêîãî êëàñó ôîðìóë âèãëÿäó F(t) ìîâè LP.

Êëþ÷îâ³ ñëîâà: ëîã³êà LP, çâîðîòíå íàäñëîâî, îáìåæåí³ ñïðàâà ôîðìóëè, � �-ðåãóëÿðíèé âèðàç,

ïðåô³êñíî çàìêíóòà ìíîæèíà çâîðîòíèõ íàäñë³â.

_________________________________________________________________________________________

From LP formulas of the form F(t) to � �-regular expressions / A.N. Chebotarev // Kibernetika i sistemnyj

analiz. 2020. Vol. 56, N 5. P. 3–17.

Abstract. In synthesis of a �-automaton specified in the language LP, the problem arises how to
represent the set of left-infinite words defined by the formula F(t), in the form of a � �-regular expression.

Construction of this representation is based on the correspondence between structural components of formulas
and � �-regular expressions. To provide such a correspondence, two additional operations on � �-regular sets
relating to the operation of quantification in formulas are introduced. The paper focuses on the representation of
these operations in terms of the � �-regular language. The results presented in this paper allow constructing
� �-regular expressions for a wide class of LP formulas of the form F(t).

Keywords: logic LP, left-infinite word, right-bounded formulas, � �-regular expression, prefix closed set of

left-infinite words.

===============================================================================

ÓÄÊ 519.1

Î ãðóïïîâûõ ðàçìåòêàõ íåêîòîðûõ ãðàôîâ / Ì.Ô. Ñåìåíþòà, Ã.À. Äîíåö // Êèáåðíåòèêà è ñèñòåì-
íûé àíàëèç. 2020. Òîì 56, ¹ 5. Ñ. 18–28.

²ë.: 1. Òàáë.: 2. Á³áë³îãð.: 19 íàçâ.

Àííîòàöèÿ. Èññëåäîâàíû ãðóïïîâûå ðàçìåòêè ìàãè÷åñêîãî è àíòèìàãè÷åñêîãî òèïîâ. Óñòàíîâëå-
íà âçàèìîñâÿçü ìåæäó íèìè äëÿ ãðàôà è åãî äîïîëíåíèÿ. Ââåäåíî ïîíÿòèå çàêðûòîé ãðóïïîâîé äèñòàí-

öèîííîé ìàãè÷åñêîé ðàçìåòêè. Íàéäåíû óñëîâèÿ ñóùåñòâîâàíèÿ Z2
2m-äèñòàíöèîííîé ìàãè÷åñêîé ðàç-

ìåòêè ãðàôà C
m
4 , ïðåäëîæåí ñïîñîá åå ïîñòðîåíèÿ. Îïðåäåëåíû óñëîâèÿ ñóùåñòâîâàíèÿ Z2

r -äèñòàíöèîí-

íîé ìàãè÷åñêîé è àíòèìàãè÷åñêîé ðàçìåòîê äåêàðòîâîãî ïðîèçâåäåíèÿ ðåãóëÿðíûõ ãðàôîâ. Ïîëó÷åíû
ðåçóëüòàòû îòíîñèòåëüíî ãðóïïîâîé äèñòàíöèîííîé ìàãè÷åñêîé ðàçìåòêè ñîåäèíåíèÿ äâóõ ãðàôîâ.

Êëþ÷åâûå ñëîâà: D-äèñòàíöèîííàÿ ìàãè÷åñêàÿ ðàçìåòêà, ãðóïïîâàÿ äèñòàíöèîííàÿ ìàãè÷åñêàÿ ðàçìåò-
êà, ãðóïïîâàÿ äèñòàíöèîííàÿ àíòèìàãè÷åñêàÿ ðàçìåòêà.

_________________________________________________________________________________________
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Ïðî ãðóïîâ³ ðîçì³òêè äåÿêèõ ãðàô³â / Ì.Ô. Ñåìåíþòà, Ã.Ï. Äîíåöü // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2020. Òîì 56, ¹ 5. Ñ. 18–28.

Àíîòàö³ÿ. Âèâ÷àþòüñÿ ãðóïîâ³ ðîçì³òêè ìàã³÷íîãî ³ àíòèìàã³÷íîãî òèï³â. Âñòàíîâëåíî âçàºìîçâ’ÿ-
çîê ì³æ íèìè äëÿ ãðàôà òà éîãî äîïîâíåííÿ. Óâåäåíî ïîíÿòòÿ çàêðèòî¿ ãðóïîâî¿ äèñòàíö³éíî¿ ìàã³÷íî¿

ðîçì³òêè. Çíàéäåíî óìîâè ³ñíóâàííÿ Z2
2m-äèñòàíö³éíî¿ ìàã³÷íî¿ ðîçì³òêè ãðàôà C

m
4 , çàïðîïîíîâàíî

ñïîñ³á ¿¿ ïîáóäîâè. Âèçíà÷åíî óìîâè ³ñíóâàííÿ Z2
r -äèñòàíö³éíî¿ ìàã³÷íî¿ ³ àíòèìàã³÷íî¿ ðîçì³òîê äåêàð-

òîâîãî äîáóòêó ðåãóëÿðíèõ ãðàô³â. Îòðèìàíî ðåçóëüòàòè ãðóïîâî¿ äèñòàíö³éíî¿ ìàã³÷íî¿ ðîçì³òêè
ç’ºäíàííÿ äâîõ ãðàô³â.

Êëþ÷îâ³ ñëîâà: D-äèñòàíö³éíà ìàã³÷íà ðîçì³òêà, ãðóïîâà äèñòàíö³éíà ìàã³÷íà ðîçì³òêà, ãðóïîâà äèñ-
òàíö³éíà àíòèìàã³÷íà ðîçì³òêà.

_________________________________________________________________________________________

On group labeling of some graphs / Ì.F. Semeniuta, G.A. Donets // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 5. P. 18–28.

Abstract. We analyze group labeling of magic and antimagic types. The relationship between them for
graph and its addition is established. The concept of closed group distance magic labeling is introduced. The

conditions for the existence of Z2
2m-distance magic labeling of a graph C

m
4 are found, and a method for its

construction is proposed. The conditions for the existence of Z2
r -distance magic and antimagic labelings of the

Cartesian product of regular graphs are established. The results of group remote magic labeling of the
connection of two graphs are obtained.

Keywords: D-distance magic labeling, group distance magic labeling, group distance antimagic labeling.

===============================================================================

ÓÄÊ 004.05, 004.42

Ìîäåëüíûé ñïîñîá ðàçðàáîòêè àëãîðèòìîâ öèôðîâûõ ñèñòåì íà ïðîãðàììèðóåìûõ ëîãè÷åñêèõ
èíòåãðàëüíûõ ñõåìàõ / À.À. Ëåòè÷åâñêèé, Â.Ñ. Ïåñ÷àíåíêî, Â.Ñ. Õàð÷åíêî, Â.À. Âîëêîâ,
Î.Ì. Îäàðóùåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 5. Ñ. 29–37.

²ë.: 3. Òàáë.: 1. Á³áë³îãð.: 25 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû ñîâðåìåííûå òåíäåíöèè â îáëàñòè àâòîìàòèçèðîâàííîé ðàçðàáîòêè àï-
ïàðàòíîãî îáåñïå÷åíèÿ, â ÷àñòíîñòè ðàçðàáîòêè öèôðîâûõ ñèñòåì ñ èñïîëüçîâàíèåì ïðîãðàììèðóåìûõ
ëîãè÷åñêèõ èíòåãðàëüíûõ ñõåì íà ïðèìåðå âåíòèëüíèõ ìàòðèö, ïðîãðàììèðóåìûõ ïîëüçîâàòåëåì. Ïðåä-
ëîæåí ìîäåëüíûé ìåòîä ðàçðàáîòêè, â êîòîðîì èñïîëüçîâàíà àëãåáðàè÷åñêàÿ ìîäåëü ñïåöèôèêàöèé äèç-
àéíà, òðåáîâàíèé è áèíàðíîãî êîäà äëÿ ïðèìåíåíèÿ ôîðìàëüíûõ ìåòîäîâ âåðèôèêàöèè, ìîäåëüíîãî òåñ-
òèðîâàíèÿ è ìåòîäîâ àëãåáðàè÷åñêîé ñîïîñòàâëåíèÿ. Â êà÷åñòâå ñïåöèôèêàöèé àëãåáðàè÷åñêîé ìîäåëè
àïïàðàòíîãî îáåñïå÷åíèÿ ñëóæèò àëãåáðà ïîâåäåíèé, îïðåäåëåííàÿ íà ìíîæåñòâå äåéñòâèé è ïîâåäåíèé.

Êëþ÷åâûå ñëîâà: ïðîãðàììèðóåìûå ïîëüçîâàòåëåì âåíòèëüíûå ìàòðèöû, ñèìâîëüíîå ìîäåëèðîâàíèå,
àëãåáðàè÷åñêîå ñîïîñòàâëåíèå, àëãåáðà ïîâåäåíèé.

_________________________________________________________________________________________

Ìîäåëüíèé ñïîñ³á ðîçðîáëåííÿ àëãîðèòì³â öèôðîâèõ ñèñòåì íà ïðîãðàìîâàíèõ ëîã³÷íèõ ³íòåã-
ðàëüíèõ ñõåìàõ / Î.Î. Ëåòè÷åâñüêèé, Â.Ñ. Ïåñ÷àíåíêî, Â.Ñ. Õàð÷åíêî, Â.À. Âîëêîâ, Î.Ì. Îäàðó-
ùåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 5. Ñ. 29–37.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñó÷àñí³ òåíäåíö³¿ â ãàëóç³ àâòîìàòèçîâàíîãî ðîçðîáëåííÿ àïàðàòíîãî çàáåç-
ïå÷åííÿ, çîêðåìà, ðîçðîáëåííÿ öèôðîâèõ ñèñòåì ç âèêîðèñòàííÿì ïðîãðàìîâàíèõ ëîã³÷íèõ ³íòåãðàëüíèõ
ñõåì íà ïðèêëàä³ ïðîãðàìîâàíèõ êîðèñòóâà÷åì âåíòèëüíèõ ìàòðèöü. Çàïðîïîíîâàíî ìîäåëüíèé ìåòîä
ðîçðîáëåííÿ, â ÿêîìó âèêîðèñòàíî àëãåáðà¿÷íó ìîäåëü ñïåöèô³êàö³é äèçàéíó, âèìîã òà á³íàðíîãî êîäó
äëÿ çàñòîñóâàííÿ ôîðìàëüíèõ ìåòîä³â âåðèô³êàö³¿, ìîäåëüíîãî òåñòóâàííÿ òà ìåòîä³â àëãåáðà¿÷íîãî
ç³ñòàâëåííÿ. Ñïåöèô³êàö³ÿìè àëãåáðà¿÷íî¿ ìîäåë³ àïàðàòíîãî çàáåçïå÷åííÿ ñëóãóº àëãåáðà ïîâåä³íîê,
âèçíà÷åíà íà ìíîæèí³ ä³é òà ïîâåä³íîê.

Êëþ÷îâ³ ñëîâà: ïðîãðàìîâàí³ êîðèñòóâà÷åì âåíòèëüí³ ìàòðèö³, ñèìâîëüíå ìîäåëþâàííÿ, àëãåáðà¿÷íå
ç³ñòàâëåííÿ, àëãåáðà ïîâåä³íîê.

_________________________________________________________________________________________

Model-driven development of digital system algorithms on programmable logic integrated circuits /
O.O. Letychevskyi, V.S. Peschanenko, V.S. Kharchenko, V.A. Volkov, O.M. Odarushchenko //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 29–37.

Abstract. The paper considers the current trends in the field of automated hardware development, in
particular, the development of digital systems using programmable logic integrated circuits on the example of
FPGA (Field-Programmable Gate Array). A model-driven development method is proposed that uses an
algebraic model of design specifications, requirements, and binary code to apply formal verification methods,
model testing, and algebraic matching methods. The specifications of an algebraic hardware model is a behavior
algebra defined over set of actions and behaviors.

Keywords: Field-Programmable Gate Array, symbolic modeling, algebraic matching, behavior algebra.
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ÓÄÊ 519-7/339.9

Ìîäåëèðîâàíèå óïðàâëÿþùèõ âîçäåéñòâèé áàíêîâñêîé ñèñòåìû íà ôóíêöèîíèðîâàíèå ýêîíîìè-
êè. ²². Âûáîð è îñîáåííîñòè ïðèìåíåíèÿ îïòèìèçàöèîííûõ àëãîðèòìîâ / Â.Â. Õèëåíêî // Êèáåðíå-
òèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 5. Ñ. 38–47.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 27 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí ìàòåìàòè÷åñêèé ôîðìàëèçì ó÷åòà ýôôåêòîâ âûïëåñêèâàíèÿ, âñïåíèâàíèÿ
è îáðàòíîãî èìïóëüñà ïðè ôîðìèðîâàíèè ïîëíûõ ìàòåìàòè÷åñêèõ ìîäåëåé äèíàìèêè ôèíàíñîâî-ýêîíî-
ìè÷åñêîé ñèñòåìû. Îïðåäåëåí àëãîðèòì ïðèìåíåíèÿ èçâåñòíûõ ñõåì äâóõýòàïíîé îïòèìèçàöèè äëÿ âû-
÷èñëåíèÿ îïòèìàëüíûõ óïðàâëÿþùèõ âîçäåéñòâèé.

Êëþ÷åâûå ñëîâà: ôèíàíñîâî-ýêîíîìè÷åñêàÿ ñèñòåìà, ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, ðàñ÷åò è ïðîãíî-
çèðîâàíèå äèíàìèêè, îïòèìèçàöèÿ óïðàâëåíèÿ, ðàñ÷åò óïðàâëÿþùèõ âîçäåéñòâèé, ýôôåêòû âûïëåñêèâà-
íèÿ, âñïåíèâàíèÿ è îáðàòíîãî èìïóëüñà.

_________________________________________________________________________________________

Ìîäåëþâàííÿ êåðóâàëüèõ âïëèâ³â áàíê³âñüêî¿ ñèñòåìè íà ôóíêö³îíóâàííÿ åêîíîì³êè. ²². Âèá³ð ³
îñîáëèâîñò³ çàñòîñóâàííÿ îïòèì³çàö³éíèõ àëãîðèòì³â / Â.Â. Õèëåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2020. Òîì 56, ¹ 5. Ñ. 38–47.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìàòåìàòè÷íèé ôîðìàë³çì îáë³êó åôåêò³â âèïë³ñêóâàííÿ, ñï³íþâàííÿ ³ çâî-
ðîòíîãî ³ìïóëüñó äëÿ ôîðìóâàííÿ ïîâíèõ ìàòåìàòè÷íèõ ìîäåëåé äèíàì³êè ô³íàíñîâî-åêîíîì³÷íî¿ ñèñ-
òåìè. Âèçíà÷åíî àëãîðèòì çàñòîñóâàííÿ â³äîìèõ ñõåì äâîåòàïíî¿ îïòèì³çàö³¿ äëÿ îá÷èñëåííÿ îïòèìàëü-
íèõ êåðóâàëüíèõ âïëèâ³â.

Êëþ÷îâ³ ñëîâà: ô³íàíñîâî-åêîíîì³÷íà ñèñòåìà, ìàòåìàòè÷íå ìîäåëþâàííÿ, ðîçðàõóíîê ³ ïðîãíîçóâàííÿ
äèíàì³êè, îïòèì³çàö³ÿ óïðàâë³ííÿ, ðîçðàõóíîê êåðóâàëüíèõ âïëèâ³â, åôåêòè âèïë³ñêóâàííÿ, ñï³íþâàííÿ ³
çâîðîòíîãî ³ìïóëüñó.

_________________________________________________________________________________________

Modeling the control effects of the banking system on the functioning of the economy. ²². Selection and
special features of application of optimization algorithms / V.V. Khilenko // Kibernetika i sistemnyj analiz.
2020. Vol. 56, N 5. P. 38–47.

Abstract. The mathematical formalism of accounting for the effects of splashing out, foaming, and
reverse momentum in the formation of complete mathematical models of the dynamics of the financial and
economic system is considered. An algorithm is determined for applying the well-known two-stage
optimization schemes for calculating optimal control actions.

Keywords: financial and economic system, mathematical modeling, calculation and forecasting of dynamics,
optimization of control, calculation of control actions, effects of splashing out, foaming out and reverse
impulse.

===============================================================================

ÓÄÊ 621.391:519.2

Êîëè÷åñòâî èíôîðìàöèè î êëþ÷å, ñîäåðæàùåéñÿ â íàáîðàõ îòêðûòûõ è øèôðîâàííûõ òåêñòîâ
ñèììåòðè÷íîé ðàíäîìèçèðîâàííîé êðèïòîñèñòåìû Ìàê-Ýëèñà / Ñ.Â. Ìèòèí // Êèáåðíåòèêà è ñèñ-
òåìíûé àíàëèç. 2020. Òîì 56, ¹ 5. Ñ. 48–53.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 10 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà ñèììåòðè÷íàÿ êîäîâàÿ êðèïòîñèñòåìà, àíàëîãè÷íàÿ ðàíäîìèçèðîâàííîé
(àñèììåòðè÷íîé) ñõåìå øèôðîâàíèÿ Ìàê-Ýëèñà. Ïîëó÷åíî âûðàæåíèå äëÿ êîëè÷åñòâà èíôîðìàöèè î ñåê-
ðåòíîì êëþ÷å, êîòîðóþ ìîæíî èçâëå÷ü èç îòêðûòûõ è ñîîòâåòñòâóþùèõ èì øèôðîâàííûõ ñîîáùåíèé
êðèïòîñèñòåìû. Ïîêàçàíî, ÷òî ïðè íàëè÷èè ýòîé èíôîðìàöèè ñòîéêîñòü ñèììåòðè÷íîé êðèïòîñèñòåìû ê
àòàêàì íà îñíîâå èçâåñòíîãî øèôðîâàííîãî òåêñòà ñîâïàäàåò ñî ñòîéêîñòüþ åå àñèììåòðè÷íîãî àíàëîãà.

Êëþ÷åâûå ñëîâà: êðèïòîãðàôèÿ íà îñíîâå êîäîâ, ñõåìà øèôðîâàíèÿ Ìàê-Ýëèñà, ðàíäîìèçèðîâàííàÿ
êîäîâàÿ êðèïòîñèñòåìà, êîëè÷åñòâî èíôîðìàöèè.

_________________________________________________________________________________________

Ê³ëüê³ñòü ³íôîðìàö³¿ ïðî êëþ÷³, ùî ì³ñòèòüñÿ â íàáîðàõ â³äêðèòèõ ³ øèôðîâàíèõ òåêñò³â ñèìåò-
ðè÷íî¿ ðàíäîì³çîâàíî¿ êðèïòîñèñòåìè Ìàê-Åë³ñà / Ñ.Â. Ì³ò³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2020. Òîì 56, ¹ 5. Ñ. 48–53.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñèìåòðè÷íó êîäîâó êðèïòîñèñòåìó, àíàëîã³÷íó ðàíäîì³çîâàí³é (àñèìåò-
ðè÷í³é) ñõåì³ øèôðóâàííÿ Ìàê-Åë³ñà. Îòðèìàíî âèðàç äëÿ ê³ëüêîñò³ ³íôîðìàö³¿ ïðî ñåêðåòíèé êëþ÷,
ÿêó ìîæíà âèäîáóòè ç â³äêðèòèõ ³ â³äïîâ³äíèõ ¿ì øèôðîâàíèõ ïîâ³äîìëåíü êðèïòîñèñòåìè. Ïîêàçàíî,
ùî çà íàÿâíîñò³ ö³º¿ ³íôîðìàö³¿ ñò³éê³ñòü ñèìåòðè÷íî¿ êðèïòîñèñòåìè äî àòàê íà îñíîâ³ â³äîìîãî øèôðî-
âàíîãî òåêñòó çá³ãàºòüñÿ ç³ ñò³éê³ñòþ ¿¿ àñèìåòðè÷íîãî àíàëîãà.

Êëþ÷îâ³ ñëîâà: êðèïòîãðàô³ÿ íà îñíîâ³ êîä³â, ñõåìà øèôðóâàííÿ Ìàê-Åë³ñà, ðàíäîì³çîâàíà êîäîâà
êðèïòîñèñòåìà, ê³ëüê³ñòü ³íôîðìàö³¿.
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Amount of key information contained in open and encrypted text sets of the symmetric randomized
McEliece cryptosystem / S.V. Mitin // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 48–53.

Abstract. A symmetric code cryptosystem, which is similar to the randomized (asymmetric) McEliece
encryption scheme, is considered. An expression for the amount of information about the secret key, which can
be extracted from the open and the corresponding encrypted messages of the cryptosystem, is obtained. It is
shown that with this information, the security of the symmetric cryptosystem to the attacks based on known
ciphertext coincides with the security of its asymmetric counterpart.

Keywords: code-based cryptography, McEliece encryption scheme, randomized code cryptosystem, amount of
information.
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.24

Äèôôóçèîííûé ïðîöåññ ñ ýâîëþöèåé è îöåíêà åãî ïàðàìåòðà / Â.Ñ. Êîðîëþê, Ä. Êîðîëþê,
Ñ.À. Äîâãèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 5. Ñ. 55–62.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Ïîêàçàíî, ÷òî äèñêðåòíûé ìàðêîâñêèé ïðîöåññ â àñèìïòîòè÷åñêîé äèôôóçèîííîé
ñðåäå ñ ðàâíîìåðíîé ýðãîäè÷åñêîé âëîæåííîé öåïüþ Ìàðêîâà ìîæåò áûòü ïðèáëèæåí ïðîöåññîì
Îðíøòåéíà–Óëåíáåêà ñ ýâîëþöèåé. Îöåíêà ïàðàìåòðà äðåéôà ïîëó÷åíà ñ èñïîëüçîâàíèåì ñòàöèîíàð-
íîñòè ãàóññîâñêîãî ïðåäåëüíîãî ïðîöåññà.

Êëþ÷åâûå ñëîâà: äèñêðåòíûé ìàðêîâñêèé ïðîöåññ, äèôôóçèîíàÿ àïïðîêñèìàöèÿ, àñèìïòîòè÷åñêàÿ
äèôôóçèîííàÿ ñðåäà, ïðîöåññ Îðíøòåéíà–Óëåíáåêà, ôàçîâîå óêðóïíåíèå, îöåíêà ïàðàìåòðà ñäâèãà.
_________________________________________________________________________________________

Äèôóç³éíèé ïðîöåñ ç åâîëþö³ºþ òà îö³íþâàííÿ éîãî ïàðàìåòðà / Â.Ñ. Êîðîëþê, Ä. Êîðîëþê,
Ñ.Î. Äîâãèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 5. Ñ. 55–62.

Àíîòàö³ÿ. Ïîêàçàíî, ùî äèñêðåòíèé ìàðêîâñüêèé ïðîöåñ â àñèìïòîòè÷íîìó äèôóç³éíîìó ñåðåäî-
âèù³ ç ð³âíîì³ðíèì åðãîäè÷íèì âêëàäåíèì ëàíöþãîì Ìàðêîâà ìîæå áóòè íàáëèæåíèé ïðîöåñîì
Îðíøòåéíà–Óëåíáåêà ç åâîëþö³ºþ. Îö³íêó ïàðàìåòðà äðåéôó îòðèìàíî ç âèêîðèñòàííÿì ñòàö³îíàðíîñò³
ãàóñ³âñüêîãî ãðàíè÷íîãî ïðîöåñó.

Êëþ÷îâ³ ñëîâà: äèñêðåòíèé ìàðêîâñüêèé ïðîöåñ, äèôóç³éíà àïðîêñèìàö³ÿ, àñèìïòîòè÷íå äèôóç³éíå ñå-
ðåäîâèùå, ïðîöåñ Îðíøòåéíà–Óëåíáåêà, ôàçîâå óêðóïíåííÿ, îö³íêà ïàðàìåòðà çñóâó.
_________________________________________________________________________________________

Diffusion process with evolution and its parameter estimation / V.S. Koroliuk, D. Koroliouk, S.Î. Dovgyi
// Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 55–62.

Abstract. A discrete Markov process in an asymptotic diffusion environment with a uniformly ergodic
embedded Markov chain can be approximated by an Ornstein–Uhlenbeck process with evolution. The drift
parameter estimation is obtained using the stationarity of the Gaussian limit process.

Keywords: discrete Markov process, diffusion approximation, asymptotic diffusion environment,
Ornstein–Uhlenbeck process, phase merging, drift parameter estimation.
===============================================================================

UDC 519.246

Îá îäíîé ñòàòèñòè÷åñêîé ìîäåëè ÷àñòîòû îøèáîê â ïîòîêå ïàêåòíîé ïåðåäà÷è äàííûõ ïî êàíà-
ëàì ñâÿçè / Ñ.À. Äîâãèé, À.È. Þðèêîâ, Ì.Î. Çîçþê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56,
¹ 5. Ñ. 63–69.

²ë.: 6. Òàáë.: 1. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíà ñòàòèñòè÷åñêàÿ ìîäåëü ÷àñòîòû îøèáîê ïðè ïåðåäà÷å ïàêåòíûõ äàííûõ
ïî êàíàëàì ñâÿçè — ñòîõàñòè÷åñêàÿ ïîñëåäîâàòåëüíîñòü, îïðåäåëÿåìàÿ êàê óñðåäíåííàÿ äîëÿ îøèáî÷-
íûõ ïàêåòîâ äàííûõ. Èñïîëüçîâàíî äèôôóçèîííîå ïðèáëèæåíèå òàêîé ïîñëåäîâàòåëüíîñòè — äèñêðåò-
íàÿ ìàðêîâñêàÿ äèôôóçèÿ, êîòîðàÿ îïðåäåëÿåòñÿ ðàçíîñòíûì ñòîõàñòè÷åñêèì óðàâíåíèåì. Îöåíêà ïàðà-
ìåòðîâ ìîäåëè âûïîëíåíà ñ èñïîëüçîâàíèåì êîâàðèàöèîííîé ñòàòèñòèêè ïî òðàåêòîðèÿì ñòîõàñòè÷åñ-
êîé ïîñëåäîâàòåëüíîñòè îøèáîê ïåðåäà÷è ñèãíàëà.

Êëþ÷åâûå ñëîâà: ñòàòèñòè÷åñêàÿ ìîäåëü, ðàçíîñòíîå ñòîõàñòè÷åñêîå óðàâíåíèå, ñòàöèîíàðíûé
ïðîöåññ, ðàâíîâåñèå, êîâàðèàöèîííàÿ ñòàòèñòèêà, îöåíêà ïàðàìåòðîâ ïî òðàåêòîðèÿì.
_________________________________________________________________________________________

Ïðî îäíó ñòàòèñòè÷íó ìîäåëü ÷àñòîòè ïîìèëîê ó ïîòîö³ ïàêåòíî¿ ïåðåäà÷³ äàíèõ êàíàëàìè çâ’ÿç-
êó / Ñ.Þ. Äîâãèé, Î.². Þð³êîâ, Ì.Î. Çîçþê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 5.
Ñ. 63–69.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ñòàòèñòè÷íó ìîäåëü ÷àñòîòè ïîìèëîê ó ïîòîö³ ïàêåòíî¿ ïåðåäà÷³ ñèãíà-
ëó êàíàëàìè çâ’ÿçêó — ñòîõàñòè÷íó ïîñë³äîâí³ñòü, ùî âèçíà÷àºòüñÿ ÿê óñåðåäíåíà ñóìà ³íäèêàòîð³â ïî-
ìèëêîâèõ ïàêåò³â äàíèõ. Çàñòîñîâàíî äèôóç³éíå íàáëèæåííÿ òàêî¿ ïîñë³äîâíîñò³ — äèñêðåòíó ìàðêî-
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âñüêó äèôóç³þ, ùî âèçíà÷àºòüñÿ ð³çíèöåâèì ñòîõàñòè÷íèì ð³âíÿííÿì. Îö³íþâàííÿ ïàðàìåòð³â ìîäåë³
çä³éñíåíî ç âèêîðèñòàííÿì êîâàð³àö³éíèõ ñòàòèñòèê çà òðàºêòîð³ÿìè ñòîõàñòè÷íî¿ ïîñë³äîâíîñò³ ïîìè-
ëîê ïåðåäà÷³ ñèãíàëó.

Êëþ÷îâ³ ñëîâà: ñòàòèñòè÷íà ìîäåëü, ð³çíèöåâå ñòîõàñòè÷íå ð³âíÿííÿ, ñòàö³îíàðíèé ïðîöåñ, ð³âíîâàãà,
êîâàð³àö³éíà ñòàòèñòèêà, îö³íêà ïàðàìåòð³â çà òðàºêòîð³ÿìè.
_________________________________________________________________________________________

About one statistical model of error ratein the stream of packet data transmission through
communication channels / S.O. Dovgyi, O.I. Yurikov, M.O. Zozyuk // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 5. P. 63–69.

Abstract. A statistical model of the frequency of errors in the packet data transmission through
communication channels is proposed. This is a stochastic sequence defined as the averaged proportion of
erroneous data packets. A diffusion approximation of such a sequence is used: discrete Markov diffusion,
which is defined by a difference stochastic equation. The parameters of such a model are estimated using
covariance statistics on the trajectories of the stochastic sequence of signal transmission errors.

Keywords: statistical model, difference stochastic equation, stationary process, equilibrium, covariance
statistics, parameters estimation along trajectories.
===============================================================================

ÓÄÊ 519.8

Ðàçðåçû â íåîðèåíòèðîâàííûõ ãðàôàõ. II / Ô.À. Øàðèôîâ, Ë.Ô. Ãóëÿíèöêèé // Êèáåðíåòèêà è ñèñ-
òåìíûé àíàëèç. 2020. Òîì 56, ¹ 5. Ñ. 70–79.

²ë.: 5. Òàáë.: 0. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíû äâà àëãîðèòìà ïðåîáðàçîâàíèÿ òåêóùåé áàçû ïîëèìàòðîèäà â íîâóþ äëÿ
óëó÷øåíèÿ çíà÷åíèÿ öåëåâîé ôóíêöèè. Óñòàíîâëåíà ýêâèâàëåíòíîñòü çàäà÷è ìàêñèìàëüíîãî ðàçðåçà íà
çàäàííîì ãðàôå è çàäà÷è íàõîæäåíèÿ ìèíèìàëüíîãî ðàçðåçà, îòäåëÿþùåãî èñòî÷íèê è ñòîê â ñåòè, ïî-
ñòðîåííîé îòíîñèòåëüíî íåêîòîðîé áàçû ðàñøèðåííîãî ïîëèìàòðîèäà. Ñôîðìóëèðîâàíû íåîáõîäèìûå
è äîñòàòî÷íûå óñëîâèÿ îïòèìàëüíîñòè ðåøåíèÿ çàäà÷è ìàêñèìàëüíîãî ðàçðåçà íà íåîðèåíòèðîâàííûõ
ãðàôàõ â òåðìèíàõ òåîðèè ïîòîêîâ.

Êëþ÷åâûå ñëîâà: ãðàôû, ðàçðåçû, âûïóêëàÿ ôóíêöèÿ, ñïåöèàëüíûå ìíîãîãðàííèêè, ïîëèìàòðîèä.
_________________________________________________________________________________________

Ðîçð³çè â íåîð³ºíòîâàíèõ ãðàôàõ. I² / Ô.À. Øàð³ôîâ, Ë.Ô. Ãóëÿíèöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2020. Òîì 56, ¹ 5. Ñ. 70–79.

Àíîòàö³ÿ. Çàïðîïîíîâàíî äâà àëãîðèòìè ïåðåòâîðåííÿ ïîòî÷íî¿ áàçè ïîë³ìàòðî¿äà äî íîâî¿ ç ìå-
òîþ ïîë³ïøåííÿ çíà÷åííÿ ö³ëüîâî¿ ôóíêö³¿. Âñòàíîâëåíî åêâ³âàëåíòí³ñòü çàäà÷³ ìàêñèìàëüíîãî ðîçð³çó
íà çàäàíîìó ãðàô³ ³ çàäà÷³ çíàõîäæåííÿ ì³í³ìàëüíîãî ðîçð³çó, ùî â³äîêðåìëþº äæåðåëî ³ ñò³ê â ìåðåæ³,
ïîáóäîâàíî¿ â³äíîñíî äåÿêî¿ áàçè ðîçøèðåíîãî ïîë³ìàòðî¿äà. Ñôîðìóëüîâàíî íåîáõ³äí³ òà äîñòàòí³ óìî-
âè îïòèìàëüíîñò³ ðîçâ’ÿçóâàííÿ çàäà÷³ ìàêñèìàëüíîãî ðîçð³çó íà íåîð³ºíòîâàíèõ ãðàôàõ â òåðì³íàõ
òåîð³¿ ïîòîê³â.

Êëþ÷îâ³ ñëîâà: ãðàôè, ðîçð³çè, îïóêëà ôóíêö³ÿ, ñïåö³àëüí³ áàãàòîãðàííèêè, ïîë³ìàòðî¿ä.
_________________________________________________________________________________________

Cuts in undirected graphs. I² / F. Sharifov, L. Hulianytskyi // Kibernetika i sistemnyj analiz. 2020. Vol. 56,
N 5. P. 70–79.

Abstract. To improve the value of the objective function, two algorithms are proposed for transforming
the current base into a new one. It is shown that the maximum cut problem on an undirected graph can be
reduced to finding the base of the extended polynomial, for which the value of the minimum cut that separates
the source and the sink is maximum. The necessary and sufficient conditions for optimality of the solution of
the maximum cut problem on non-oriented graphs in terms of flow theory are formulated.

Keywords: graphs, cuts, convex function, special polyhedral, polymatroid.
===============================================================================

ÓÄÊ 519.87

Ôðàãìåíòàðíàÿ ìîäåëü äëÿ çàäà÷è çåìëåïîëüçîâàíèÿ íà ãèïåðãðàôàõ / È.Â. Êîçèí, Í.Ê. Ìàêñèø-
êî, Â.À. Ïåðåïåëèöà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 5. Ñ. 80–85.

²ë.: 1. Òàáë.: 0. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà ìàòåìàòè÷åñêàÿ ìîäåëü çàäà÷è çåìëåïîëüçîâàíèÿ íà ãèïåðãðàôàõ. Ïîêà-
çàíî, ÷òî â ðàìêàõ ýòîé ìîäåëè çàäà÷ó ìîæíî ñôîðìóëèðîâàòü êàê çàäà÷ó îïòèìèçàöèè íà ôðàãìåíòàð-
íîé ñòðóêòóðå. Ïðè ýòîì ñàìà çàäà÷à ïîèñêà îïòèìàëüíîãî ðåøåíèÿ ñâîäèòñÿ ê çàäà÷å áåçóñëîâíîé êîì-
áèíàòîðíîé îïòèìèçàöèè íà ìíîæåñòâå ïåðåñòàíîâîê. Ïðåäëîæåíû âàðèàíòû ãèáðèäíîãî àëãîðèòìà ïî-
èñêà ïðèáëèæåííûõ ðåøåíèé çàäà÷è íà îñíîâå êîìáèíàöèè ôðàãìåíòàðíîãî àëãîðèòìà è àëãîðèòìà
ìóðàâüèíîé êîëîíèè.

Êëþ÷åâûå ñëîâà: çàäà÷à çåìëåïîëüçîâàíèÿ, ãèïåðãðàô, ôðàãìåíòàðíàÿ ñòðóêòóðà, êîìáèíàòîðíàÿ îïòè-
ìèçàöèÿ, àëãîðèòì ìóðàâüèíîé êîëîíèè.
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Ôðàãìåíòàðíà ìîäåëü äëÿ çàäà÷³ çåìëåêîðèñòóâàííÿ íà ã³ïåðãðàôàõ / ².Â. Êîç³í, Í.Ê. Ìàêñèøêî,
Â.Î. Ïåðåïåëèöÿ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 5. Ñ. 80–85.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìàòåìàòè÷íó ìîäåëü çàäà÷³ çåìëåêîðèñòóâàííÿ íà ã³ïåðãðàôàõ. Ïîêàçàíî,
ùî â ìåæàõ ö³º¿ ìîäåë³ çàäà÷ó ìîæíà ñôîðìóëþâàòè ÿê çàäà÷ó îïòèì³çàö³¿ íà ôðàãìåíòàðí³é ñòðóêòóð³.
Äî òîãî æ ñàìà çàäà÷à ïîøóêó îïòèìàëüíîãî ðîçâ’ÿçêó çâîäèòüñÿ äî çàäà÷³ áåçóìîâíî¿ êîìá³íàòîðíî¿
îïòèì³çàö³¿ íà ìíîæèí³ ïåðåñòàâëåíü. Çàïðîïîíîâàíî âàð³àíò ã³áðèäíîãî àëãîðèòìó ïîøóêó íàáëèæåíèõ
ðîçâ’ÿçê³â çàäà÷³ íà îñíîâ³ êîìá³íàö³¿ ôðàãìåíòàðíîãî àëãîðèòìó òà àëãîðèòìó ìóðàøèíî¿ êîëîí³¿.

Êëþ÷îâ³ ñëîâà: çàäà÷à çåìëåêîðèñòóâàííÿ, ã³ïåðãðàô, ôðàãìåíòàðíà ñòðóêòóðà, êîìá³íàòîðíà
îïòèì³çàö³ÿ, àëãîðèòì ìóðàøèíî¿ êîëîí³¿.

_________________________________________________________________________________________

A fragmented model for the problem of land use on hypergraphs / I.V. Kozin, N.K. Maksyshko,
V.A. Perepelitsa // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 80–85.

Abstract. The paper considers a mathematical model of the land use problem on hypergraphs. It is shown
that, within the framework of this model, the problem can be formulated as an optimization problem on
a fragmented structure. Moreover, the problem of finding the optimal solution itself reduces to the problem of
unconditional combinatorial optimization on a set of permutations. A variant of a hybrid algorithm for finding
approximate solutions to the problem based on a combination of a fragmented algorithm and an ant colony
algorithm is proposed.

Keywords: land use problem, hypergraph, fragmentary structure, combinatorial optimization, evolutionary
algorithm, ant colony algorithm.

===============================================================================

ÓÄÊ 517.9, 519.6

Îáîáù¸ííàÿ îïòèìèçàöèÿ ïðîöåññîâ ïåðåíîñà ëåêàðñòâ â îïóõîëÿõ / Ä.À. Êëþøèí, Ñ.È. Ëÿøêî,
Í.È. Ëÿøêî, Å.Ñ. Áîíäàðü, À.À. Òèìîøåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 5.
Ñ. 86–94.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 26 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû âîïðîñû îïòèìèçàöèè è óïðàâëÿåìîñòè ñèñòåì, îïèñûâàåìûõ äèôôå-
ðåíöèàëüíûìè óðàâíåíèÿìè â ÷àñòíûõ ïðîèçâîäíûõ, ñ êîýôôèöèåíòàìè è ïðàâûìè ÷àñòÿìè, ïðèíàäëå-
æàùèìè ðàçíûì ôóíêöèîíàëüíûì ïðîñòðàíñòâàì. Ê òàêèì ìîäåëÿì ñâîäÿòñÿ, â ÷àñòíîñòè, çàäà÷è ôàð-
ìàêîêèíåòèêè. Èññëåäîâàíà ìîäåëü, êîòîðàÿ îïèñûâàåòñÿ îáùèì äèôôåðåíöèàëüíûì óðàâíåíèåì ñ íó-
ëåâûìè íà÷àëüíûìè è ãðàíè÷íûìè óñëîâèÿìè. Â ïðåäïîëîæåíèè, ÷òî êîýôôèöèåíòû óðàâíåíèÿ
ÿâëÿþòñÿ ïîëîæèòåëüíûìè â îáëàñòè, âûïîëíåíî ìîäåëèðîâàíèå ñîñðåäîòî÷åííûõ èñòî÷íèêîâ ñ èñ-
ïîëüçîâàíèåì äåëüòà-ôóíêöèè Äèðàêà. Âûïîëíåí ïîèñê äîïóñòèìîãî óïðàâëåíèÿ, êîòîðîå îáåñïå÷èâàåò
ìèíèìèçàöèþ ôóíêöèîíàëà êà÷åñòâà. Íà îñíîâå ïðîñòðàíñòâà èçìåðèìûõ èíòåãðèðóåìûõ ñ êâàäðàòîì
ôóíêöèé ââåäåíî ïîïîëíåíèå ãëàäêèõ â èññëåäóåìîé îáëàñòè ôóíêöèé ïî íîðìå, à òàêæå ïîñòðîåíà ñî-
ïðÿæåííàÿ çàäà÷à. Äëÿ ñîïðÿæåííîé çàäà÷è ââåäåíû íåãàòèâíûå ïðîñòðàíñòâà è èññëåäîâàíî îáîáùåí-
íîå ðåøåíèå ïîñòàâëåííûõ çàäà÷.

Êëþ÷åâûå ñëîâà: îïòèìèçàöèÿ, óïðàâëÿåìîñòü, óðàâíåíèÿ â ÷àñòíûõ ïðîèçâîäíûõ.

_________________________________________________________________________________________

Óçàãàëüíåíà îïòèì³çàö³ÿ ïðîöåñ³â ïåðåíåñåííÿ ë³ê³â ó ïóõëèíàõ / Ä.À. Êëþøèí, Ñ.². Ëÿøêî,
Í.². Ëÿøêî, Î.Ñ. Áîíäàð, À.À. Òèìîøåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 5.
Ñ. 86–94.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïèòàííÿ îïòèì³çàö³¿ òà êåðîâàíîñò³ ñèñòåì, ùî îïèñóþòüñÿ äèôåðåíö³àëüíè-
ìè ð³âíÿííÿìè â ÷àñòèííèõ ïîõ³äíèõ ç êîåô³ö³ºíòàìè òà ïðàâèìè ÷àñòèíàìè, ÿê³ íàëåæàòü ð³çíèì
ôóíêö³îíàëüíèì ïðîñòîðàì. Äî òàêèõ ìîäåëåé çâîäÿòüñÿ, çîêðåìà, çàäà÷³ ôàðìàêîê³íåòèêè. Äîñë³äæåíî
ìîäåëü, ùî îïèñóºòüñÿ çàãàëüíèì äèôåðåíö³àëüíèì ð³âíÿííÿì ç íóëüîâèìè ïî÷àòêîâèìè òà ãðàíè÷íèìè
óìîâàìè. Çà ïðèïóùåííÿ, ùî êîåô³ö³ºíòè ð³âíÿííÿ º äîäàòíèìè â îáëàñò³, çä³éñíåíî ìîäåëþâàííÿ êîí-
öåíòðîâàíèõ äæåðåë ç âèêîðèñòàííÿì äåëüòà-ôóíêö³¿ Ä³ðàêà. Âèêîíàíî ïîøóê äîïóñòèìîãî êåðóâàííÿ,
ùî çàáåçïå÷óº ì³í³ì³çàö³þ ôóíêö³îíàëó ÿêîñò³. Íà îñíîâ³ ïðîñòîðó âèì³ðíèõ ³íòåãðîâíèõ ç êâàäðàòîì
ôóíêö³é óâåäåíî ïîïîâíåííÿ ãëàäêèõ ó äîñë³äæóâàí³é îáëàñò³ ôóíêö³é çà íîðìîþ òà ïîáóäîâàíî ñïðÿ-
æåíó çàäà÷ó. Äëÿ ñïðÿæåíî¿ çàäà÷³ ââåäåíî íåãàòèâí³ ïðîñòîðè òà äîñë³äæåíî óçàãàëüíåíèé ðîçâ’ÿçîê
ïîñòàâëåíèõ çàäà÷.

Êëþ÷îâ³ ñëîâà: îïòèì³çàö³ÿ, êåðîâàí³ñòü, ð³âíÿííÿ â ÷àñòèííèõ ïîõ³äíèõ.

_________________________________________________________________________________________

Generalized optimization of drug transport in tumors / D.A. Klyushin, S.I. Lyashko, N.I. Lyashko.
O.S. Bondar, A.A. Tymoshenko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 86–94.

Abstract. Optimization and controllability problems for systems described by partial differential
equations, where coefficients and the right-hand side belong to different functional spaces, are considered. In
particular, pharmacokinetic problems lead to such models. A model described by a general differential equation
with zero initial and boundary conditions is analyzed. Coefficients are assumed positive in the area,
concentrated sources are modeled by the Dirac delta function. The search of feasible control that minimizes the
quality functional is performed. Based on the space of measurable and square integrable functions, adjunction
for functions smooth in the research area according to åðó norm and conjugate problem are constructed.
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Negative spaces are introduced for the conjugate problem and generalized solution of the problems is
investigated.

Keywords: optimization, controllability, partial differential equations.
===============================================================================

ÓÄÊ 621.391

Ïîäõîä ê ïîñòðîåíèþ ìàòåìàòè÷åñêîé ìîäåëè îïðåäåëåíèÿ îáúåêòîâ ìîíèòîðèíãà ñ èñïîëüçîâà-
íèåì èíôîðìàòèâíîñòè èõ ìîíèòîðèíãîâûõ ïðèçíàêîâ / À.À. Èëüÿøîâ, Â.Ñ. Êîìàðîâ // Êèáåðíå-
òèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 5. Ñ. 95–99.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ïîäõîä ê ïîñòðîåíèþ ìàòåìàòè÷åñêîé ìîäåëè îïðåäåëåíèÿ îáúåêòîâ ìî-
íèòîðèíãà íà îñíîâå èíôîðìàòèâíîñòè èõ ìîíèòîðèíãîâûõ ïðèçíàêîâ. Ïðîâåäåíî èññëåäîâàíèå âîç-
ìîæíîñòè ðàñ÷åòà èíôîðìàòèâíîñòè îòäåëüíîãî ìîíèòîðèíãîâîãî ïðèçíàêà è îïðåäåëåíû ïóòè äàëüíåé-
øèõ èññëåäîâàíèé ðàñ÷åòà âåðîÿòíîñòè ïîãðåøíîñòè ðàñïîçíàâàíèÿ èñòî÷íèêîâ (îáúåêòîâ) ìîíèòîðèí-
ãà â çàâèñèìîñòè îò îòíîñèòåëüíîé èíôîðìàòèâíîñòè ñèãíàòóðû è àïðèîðíûõ âåðîÿòíîñòåé èñòî÷íèêîâ
(îáúåêòîâ) ìîíèòîðèíãà.

Êëþ÷åâûå ñëîâà: ìîíèòîðèíãîâûé ïðèçíàê, ñèãíàòóðà, èíôîðìàòèâíîñòü ìîíèòîðèíãîâîãî ïðèçíàêà.
_________________________________________________________________________________________

Ï³äõ³ä äî ïîáóäîâè ìàòåìàòè÷íî¿ ìîäåë³ âèçíà÷åííÿ îá’ºêò³â ìîí³òîðèíãó ³ç çàñòîñóâàííÿì ³íôîð-
ìàòèâíîñò³ ¿õí³õ ìîí³òîðèíãîâèõ îçíàê / Î.À. ²ëüÿøîâ, Â.Ñ. Êîìàðîâ // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2020. Òîì 56, ¹ 5. Ñ. 95–99.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî ïîáóäîâè ìàòåìàòè÷íî¿ ìîäåë³ âèçíà÷åííÿ îá’ºêò³â ìîí³òî-
ðèíãó ç âèêîðèñòàííÿì ³íôîðìàòèâíîñò³ ¿õí³õ ìîí³òîðèíãîâèõ îçíàê. Äîñë³äæåíî ìîæëèâ³ñòü ðîçðàõóí-
êó ³íôîðìàòèâíîñò³ îêðåìî¿ ìîí³òîðèíãîâî¿ îçíàêè òà âèçíà÷åíî íàïðÿìè ïîäàëüøèõ äîñë³äæåíü ùîäî
ðîçðàõóíêó éìîâ³ðíîñò³ ïîõèáêè ðîçï³çíàâàííÿ äæåðåë (îá’ºêò³â) ìîí³òîðèíãó çàëåæíî â³ä â³äíîñíî¿
³íôîðìàòèâíîñò³ ñèãíàòóðè òà àïð³îðíèõ ³ìîâ³ðíîñòåé äæåðåë (îá’ºêò³â) ìîí³òîðèíãó.

Êëþ÷îâ³ ñëîâà: ìîí³òîðèíãîâà îçíàêà, ñèãíàòóðà, ³íôîðìàòèâí³ñòü ìîí³òîðèíãîâî¿ îçíàêè.
_________________________________________________________________________________________

An approach to constructing a mathematical model to determine monitoring objects based on the
information content of their monitoring features / O. Iliashov, V. Êomarov // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 5. P. 95–99.

Abstract. An approach to constructing a mathematical model for determining monitoring objects on the
basis of the information content of their monitoring features is proposed. The feasibility of calculating the
information content of a particular monitoring feature and is analyzed and directions of further studies of
calculating the probability of recognition error of monitoring sources (objects) depending on the relative
information content of the signature and a priori probabilities of monitoring sources (objects) are determined.

Keywords: monitoring sign, signature, information content of the monitoring sign.
===============================================================================

ÓÄÊ 517.9:519.6

Íåêîòîðûå çàäà÷è êîíñîëèäàöèîííîé äèíàìèêè â ðàìêàõ áèïàðàáîëè÷åñêîé ìàòåìàòè÷åñêîé ìî-
äåëè è åå äðîáíî-äèôôåðåíöèàëüíîãî àíàëîãà / Â.Ì. Áóëàâàöêèé, Â.À. Áîãàåíêî // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 5. Ñ. 100–114.

²ë.: 2. Òàáë.: 0. Á³áë³îãð.: 25 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû âîïðîñû ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ äèíàìè÷åñêèõ ïðîöåññîâ ôè-
ëüòðàöèîííîé êîíñîëèäàöèè íàñûùåííûõ ãåîïîðèñòûõ ñðåä â ðàìêàõ íåêëàññè÷åñêèõ ìàòåìàòè÷åñêèõ
ìîäåëåé, îñíîâó êîòîðûõ ñîñòàâëÿþò áèïàðàáîëè÷åñêîå ýâîëþöèîííîå óðàâíåíèå è åãî äðîáíî-äèôôå-
ðåíöèàëüíûé àíàëîã. Âûïîëíåíû ïîñòàíîâêè è íàéäåíû ðåãóëÿðèçîâàííûå ðåøåíèÿ îáðàòíûõ ðåòðîñ-
ïåêòèâíûõ çàäà÷ òåîðèè êîíñîëèäàöèè ñîãëàñíî óêàçàííûì ìîäåëÿì. Ïîëó÷åíû îöåíêè ñõîäèìîñòè ðå-
ãóëÿðèçîâàííûõ ðåøåíèé è ïðèâåäåíû ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, íåêëàññè÷åñêèå ìîäåëè, ôèëüòðàöèîííî-êîíñîëèäà-
öèîííûå ïðîöåññû, äèíàìèêà, îáðàòíûå çàäà÷è, áèïàðàáîëè÷åñêîå ýâîëþöèîííîå óðàâíåíèå,
äðîáíî-äèôôåðåíöèàëüíûé àíàëîã.
_________________________________________________________________________________________

Äåÿê³ çàäà÷³ êîíñîë³äàö³éíî¿ äèíàì³êè â ðàìêàõ á³ïàðàáîë³÷íî¿ ìàòåìàòè÷íî¿ ìîäåë³ òà ¿¿ äðîáî-
âî-äèôåðåíö³éíîãî àíàëîãó / Â.Ì. Áóëàâàöüêèé, Â.O. Áîãàºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2020. Òîì 56, ¹ 5. Ñ. 100–114.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïèòàííÿ ìàòåìàòè÷íîãî ìîäåëþâàííÿ äèíàì³÷íèõ ïðîöåñ³â ô³ëüòðàö³éíî¿
êîíñîë³äàö³¿ íàñè÷åíèõ ãåîïîðèñòèõ ñåðåäîâèù â ðàìêàõ íåêëàñè÷íèõ ìàòåìàòè÷íèõ ìîäåëåé, îñíîâó
ÿêèõ ñêëàäàº á³ïàðàáîë³÷íå åâîëþö³éíå ð³âíÿííÿ òà éîãî äðîáîâî-äèôåðåíö³éíèé àíàëîã. Âèêîíàíî ïî-
ñòàíîâêè òà çíàéäåíî ðåãóëÿðèçîâàí³ ðîçâ’ÿçêè îáåðíåíèõ ðåòðîñïåêòèâíèõ çàäà÷ òåîð³¿ êîíñîë³äàö³¿
â³äïîâ³äíî äî çàçíà÷åíèõ ìîäåëåé. Îòðèìàíî îö³íêè çá³æíîñò³ çíàéäåíèõ ðåãóëÿðèçîâàíèõ ðîçâ’ÿçê³â,
íàâåäåíî ðåçóëüòàòè ÷èñåëüíèõ åêñïåðèìåíò³â.
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Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, íåêëàñè÷í³ ìîäåë³, ô³ëüòðàö³éíî-êîíñîë³äàö³éí³ ïðîöåñè,
äèíàì³êà, îáåðíåí³ çàäà÷³, á³ïàðàáîë³÷íå åâîëþö³éíå ð³âíÿííÿ, äðîáîâî-äèôåðåíö³éíèé àíàëîã.
_________________________________________________________________________________________

Some consolidation dynamics problems within the framework of the biparabolic mathematical model and
its fractional-differential analog / V.M. Bulavatsky, V.O. Bohaienko // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 5. P. 100–114.

Abstract. The paper deals with mathematical modeling of dynamic processes of filtration consolidation
in saturated geoporous media within the framework of non-classical mathematical models based on biparabolic
evolution equation and its fractional-differential analog. We state and obtain regularized solutions of inverse
retrospective problems of consolidation theory according to the above-mentioned models; obtain the
convergence estimates for the found regularized solutions; and present the results of numerical experiments.

Keywords: mathematical modeling, non-classical models, filtration-consolidation processes, dynamics, inverse
problems, biparabolic evolution equation, fractional differential analogue.
===============================================================================

ÓÄÊ 517.988

Ñõîäèìîñòü äâóõýòàïíîãî ïðîêñèìàëüíîãî àëãîðèòìà äëÿ çàäà÷è î ðàâíîâåñèè â ïðîñòðàíñòâàõ
Àäàìàðà / ß.È. Âåäåëü, Ã.Â. Ñàíäðàêîâ, Â.Â. Ñåìåíîâ, Ë.Ì. ×àáàê // Êèáåðíåòèêà è ñèñòåìíûé àíà-
ëèç. 2020. Òîì 56, ¹ 5. Ñ. 115–125.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 31 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí èòåðàöèîííûé äâóõýòàïíûé ïðîêñèìàëüíûé àëãîðèòì äëÿ ïðèáëèæåííî-
ãî ðåøåíèÿ çàäà÷ î ðàâíîâåñèè â ïðîñòðàíñòâàõ Àäàìàðà. Äàííûé àëãîðèòì ÿâëÿåòñÿ àíàëîãîì ðàíåå èç-
ó÷åííîãî äâóõýòàïíîãî àëãîðèòìà äëÿ çàäà÷ î ðàâíîâåñèè â ãèëüáåðòîâîì ïðîñòðàíñòâå. Äëÿ ïñåâäîìî-
íîòîííûõ áèôóíêöèé ëèïøèöåâîãî òèïà äîêàçàíà òåîðåìà î ñëàáîé ñõîäèìîñòè ïîðîæäåííûõ àëãîðèò-
ìîì ïîñëåäîâàòåëüíîñòåé.

Êëþ÷åâûå ñëîâà: ïðîñòðàíñòâî Àäàìàðà, çàäà÷à î ðàâíîâåñèè, ïñåâäîìîíîòîííîñòü, äâóõýòàïíûé
àëãîðèòì, ñõîäèìîñòü.
_________________________________________________________________________________________

Çá³æí³ñòü äâîåòàïíîãî ïðîêñèìàëüíîãî àëãîðèòìó äëÿ çàäà÷³ ïðî ð³âíîâàãó â ïðîñòîðàõ Àäàìàðà /
ß.². Âåäåëü, Ã.Â. Ñàíäðàêîâ, Â.Â. Ñåìåíîâ, Ë.Ì. ×àáàê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020.
Òîì 56, ¹ 5. Ñ. 115–125.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ³òåðàö³éíèé äâîåòàïíèé ïðîêñèìàëüíèé àëãîðèòì äëÿ íàáëèæåíîãî ðîç-
â’ÿçàííÿ çàäà÷ ïðî ð³âíîâàãó â ïðîñòîðàõ Àäàìàðà. Öåé àëãîðèòì º àíàëîãîì ðàí³øå äîñë³äæåíîãî äâîå-
òàïíîãî àëãîðèòìó äëÿ çàäà÷ ïðî ð³âíîâàãó â ã³ëüáåðòîâîìó ïðîñòîð³. Äëÿ ïñåâäîìîíîòîííèõ á³ôóíêö³é
ë³ïøèöåâîãî òèïó äîâåäåíî òåîðåìó ïðî ñëàáêó çá³æí³ñòü ïîñë³äîâíîñòåé, ùî ïîðîäæåí³ àëãîðèòìîì.

Êëþ÷îâ³ ñëîâà: ïðîñò³ð Àäàìàðà, çàäà÷à ïðî ð³âíîâàãó, ïñåâäîìîíîòîíí³ñòü, äâîåòàïíèé àëãîðèòì,
çá³æí³ñòü.
_________________________________________________________________________________________

Convergence of a two-stage proximal algorithm for equilibrium problems in Hadamard spaces /
Ya.I. Vedel, G.V. Sandrakov, V.V. Semenov, L.M. Chabak // Kibernetika i sistemnyj analiz. 2020. Vol. 56,
N 5. P. 115–125.

Abstract. An iterative two-stage proximal algorithm for the approximate solution of equilibrium
problems in Hadamard spaces is proposed. This algorithm is an analog of the previously studied two-stage
algorithm for equilibrium problems in Hilbert space. For Lipschitz-type pseudo-monotone bifunctions,
a theorem on the weak convergence of sequences generated by the algorithm is proved.

Êeywords: Hadamard space, equilibrium problem, pseudo-monotonicity, two-stage algorithm, convergence.
===============================================================================

ÓÄÊ 517.9

Ïðèáëèæåííîå ìèíèìàêñíîå îöåíèâàíèå ôóíêöèîíàëîâ îò ðåøåíèé âîëíîâîãî óðàâíåíèÿ ïðè íå-
ëèíåéíîì íàáëþäåíèè / Å.À. Êàïóñòÿí, À.Ã. Íàêîíå÷íûé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020.
Òîì 56, ¹ 5. Ñ. 126–135.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 14 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à ìèíèìàêíîãî îöåíèâàíèÿ ôóíêöèîíàëà îò ðåøåíèÿ âîëíîâîãî
óðàâíåíèÿ ñ áûñòðî êîëåáëþùèìèñÿ êîýôôèöèåíòàìè è ïðè óñëîâèè, ÷òî íàáëþäåíèå ÿâëÿåòñÿ íåëè-
íåéíûì (èìååò îïåðàòîð òèïà ñóïåðïîçèöèè). Ïðè çíà÷åíèè ìàëîãî ïàðàìåòðà ñóùåñòâîâàíèå ðåøåíèÿ
èñõîäíîé çàäà÷è óñòàíàâëèâàåòñÿ ñ ïîìîùüþ òðàäèöèîííîãî ìèíèìàêñíîãî ïîäõîäà. Ïåðåõîä ê çàäà÷å ñ
óñðåäíåííûìè ïàðàìåòðàìè ïîçâîëÿåò îñâîáîäèòüñÿ îò íåëèíåéíîñòè â íàáëþäåíèè. Îñíîâíîé ðåçóëü-
òàò ðàáîòû — ýòî äîêàçàòåëüñòâî òîãî, ÷òî ìèíèìàêñíàÿ îöåíêà çàäà÷è ñ óñðåäíåííûìè êîýôôèöèåíòà-
ìè ÿâëÿåòñÿ ïðèáëèæåííîé ìèíèìàêñíîé îöåíêîé èñõîäíîé çàäà÷è.

Êëþ÷åâûå ñëîâà: ìèíèìàêñíîå îöåíèâàíèå, âîëíîâîå óðàâíåíèå, áûñòðî êîëåáëþùèåñÿ êîýôôèöèåí-
òû, óñðåäíåííàÿ çàäà÷à, íåîïðåäåëåííîñòü, ïðèáëèæåííàÿ îöåíêà.
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Íàáëèæåíå ì³í³ìàêñíå îö³íþâàííÿ ôóíêö³îíàë³â â³ä ðîçâ’ÿçê³â õâèëüîâîãî ð³âíÿííÿ ç íåë³í³éíèì
ñïîñòåðåæåííÿì / Î.À. Êàïóñòÿí, Î.Ã. Íàêîíå÷íèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56,
¹ 5. Ñ. 126–135.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ì³í³ìàêñíîãî îö³íþâàííÿ ôóíêö³îíàëó â³ä ðîçâ’ÿçêó õâèëüîâîãî
ð³âíÿííÿ ç³ øâèäêî êîëèâíèìè êîåô³ö³ºíòàìè òà çà óìîâè, ùî ñïîñòåðåæåííÿ º íåë³í³éíèì (ìàº îïåðà-
òîð òèïó ñóïåðïîçèö³¿). Äëÿ çíà÷åííÿ ìàëîãî ïàðàìåòðà ³ñíóâàííÿ ðîçâ’ÿçêó âèõ³äíî¿ çàäà÷³ âñòàíîâ-
ëþºòüñÿ çà äîïîìîãîþ òðàäèö³éíîãî ì³í³ìàêñíîãî ï³äõîäó. Ïåðåõ³ä äî çàäà÷³ ç óñåðåäíåíèìè ïàðàìåò-
ðàìè äàº çìîãó óíèêíóòè íåë³í³éíîñò³ ó ñïîñòåðåæåíí³. Îñíîâíèì ðåçóëüòàòîì ðîáîòè º äîâåäåííÿ òîãî,
ùî ì³í³ìàêñíà îö³íêà çàäà÷³ ç óñåðåäíåíèìè êîåô³ö³ºíòàìè º íàáëèæåíîþ ì³í³ìàêñíîþ îö³íêîþ
âèõ³äíî¿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: ì³í³ìàêñíå îö³íþâàííÿ, õâèëüîâå ð³âíÿííÿ, øâèäêî êîëèâí³ êîåô³ö³ºíòè, óñåðåäíåíà
çàäà÷à, íåâèçíà÷åí³ñòü, íàáëèæåíà îö³íêà.

_________________________________________________________________________________________

Approximate minimax estimation of functionals of solutions to the wave equation under nonlinear
observations / O.A. Kapustian, O.G. Nakonechnyi // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5.
P. 126–135.

Abstract. The paper deals with the problem of minimax estimation of a functional of the solution to the
wave equation with rapidly oscillating coefficients. The observation (output signal) is nonlinear (has the
operator of superposition type). For the small parameter, the existence of the solution of original problem is
proved using the traditional minimax approach. Transition to homogenized parameter problem allows us to
remove the nonlinearity in the observation. The main result of the paper is to prove that the estimate of the
problem with homogenized parameters is an approximate minimax estimate of the original problem.

Keywords: minimax estimation, wave equation, rapidly oscillating coefficients, homogenized problem,
uncertainty, approximate estimate.

===============================================================================

ÓÄÊ 519.85

Ô-ôóíêöèè 2D-îáúåêòîâ ñ ãðàíèöàìè â âèäå êðèâûõ âòîðîãî ïîðÿäêà / Í.È. Ãèëü, Â.Í. Ïàöóê //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 5. Ñ. 136–145..

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 21 íàçâa.

Àííîòàöèÿ. Ðàññìîòðåí îäèí èç ïîäõîäîâ ê ïðåäñòàâëåíèþ â àíàëèòè÷åñêîì âèäå óñëîâèé íåïåðå-
ñå÷åíèÿ è âêëþ÷åíèÿ íåîðèåíòèðîâàííûõ âûïóêëûõ 2D-îáúåêòîâ, ãðàíèöàìè êîòîðûõ ÿâëÿþòñÿ êðèâûå
âòîðîãî ïîðÿäêà êàíîíè÷åñêîãî âèäà. Ïðèâåäåíû óñëîâèÿ âçàèìíîãî íåïåðåñå÷åíèÿ ïàðû ýëëèïñîâ, ýë-
ëèïñà è îáëàñòè, îãðàíè÷åííîé ïàðàáîëîé, à òàêæå óñëîâèÿ âêëþ÷åíèÿ êðóãà â ýëëèïñ, ýëëèïñà â ýëëèïñ,
ýëëèïñà â îáëàñòü, îãðàíè÷åííóþ ïàðàáîëîé. Àíàëèòè÷åñêèå óñëîâèÿ ïðåäñòàâëåíû íà îñíîâàíèè óðàâíå-
íèé ãðàíèö ñîîòâåòñòâóþùèõ îáúåêòîâ (îáëàñòåé) è ïðèâåäåíû ê âèäó ñèñòåìû íåðàâåíñòâ, çàâèñÿùèõ îò
ïàðàìåòðîâ ðàçìåùåíèÿ îáúåêòîâ è ïàðàìåòðà, êîòîðûé ÿâëÿåòñÿ ðåøåíèåì íåêîòîðîãî óðàâíåíèÿ îäíîé
ïåðåìåííîé. Íà îñíîâàíèè ïîëó÷åííûõ ñèñòåì íåðàâåíñòâ ïîñòðîåíû ñîîòâåòñòâóþùèå Ô-ôóíêöèè.

Êëþ÷åâûå ñëîâà: ýëëèïñû, ïàðàáîëà, íåïåðåñå÷åíèå, âêëþ÷åíèå, Ô-ôóíêöèè.

_________________________________________________________________________________________

Ô-ôóíêö³¿ 2D-îá’ºò³â ç ãðàíèöÿìè ó âèãëÿä³ êðèâèõ äðóãîãî ïîðÿäêó / Ì.². Ã³ëü, Â.Ì. Ïàöóê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 5. Ñ. 136–145.

Àíîòàö³ÿ. Ðîçãëÿóòî îäèí ç ï³äõîä³â äî ïîáóäîâè â àíàë³òè÷íîìó âèãëÿä³ óìîâ íåïåðåòèíó ³ âêëþ-
÷åííÿ íåîð³ºíòîâàíèõ îïóêëèõ 2D-îá’ºêò³â, ãðàíèöÿìè ÿêèõ º êðèâ³ äðóãîãî ïîðÿäêó êàíîí³÷íîãî âèäó.
Íàâåäåíî óìîâè âçàºìíîãî íåïåðåòèíó ïàðè åë³ïñ³â; åë³ïñà ³ îáëàñò³, îáìåæåíî¿ ïàðàáîëîþ; óìîâè
âêëþ÷åííÿ êîëà â åë³ïñ, åë³ïñà â åë³ïñ, åë³ïñà â îáëàñòü, îáìåæåíó ïàðàáîëîþ. Àíàë³òè÷í³ óìîâè íàâåäå-
íî â³äïîâ³äíî äî ð³âíÿíü ãðàíèöü â³äïîâ³äíèõ îá’ºêò³â (îáëàñòåé) ³ ïðèâåäåíî äî âèãëÿäó ñèñòåìè
íåð³âíîñòåé, ùî çàëåæàòü â³ä ïàðàìåòð³â ðîçì³ùåííÿ îá’ºêò³â ³ ïàðàìåòðà, ÿêèé º ðîçâ’ÿçêîì äåÿêîãî
ð³âíÿííÿ îäí³º¿ çì³ííî¿. Ç óðàõóâàííÿì îòðèìàíèõ ñèñòåì íåð³âíîñòåé ïîáóäîâàíî â³äïîâ³äí³ Ô-ôóíêö³¿.

Êëþ÷îâ³ ñëîâà: åë³ïñè, ïàðàáîëà, íåïåðåòèí, âêëþ÷åííÿ, Ô-ôóíêö³¿.

_________________________________________________________________________________________

PHI-functions of 2D objects with boundaries being second-order curves / M.I. Gil, V.M. Patsuk //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 136–145..

Abstract. An approach to constructing analytical conditions of non-intersection and inclusion of
non-oriented convex 2D objects is considered, the boundaries of objects being second-order curves in the
canonical form. In particular, the conditions of mutual non-intersection of a pair of ellipses; an ellipse and an
area bounded by a parabola; conditions of containment of a circle in an ellipse, an ellipse in an ellipse, an
ellipse in a region bounded by a parabola are constructed. The analytical conditions are constructed on the basis
of the equations of the boundaries of the corresponding objects (areas) and then are reduced to the form of
a system of inequalities depending on the placement parameters of the objects and the parameter, which is the
solution of a certain equation of one variable. Based on the obtained systems of inequalities, the corresponding
Ô-functions are constructed.

Keywords: ellipses, parabola, non-intersection, containment, Ô-functions.
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ÓÄÊ 519.65

×åáûøåâñêîå ïðèáëèæåíèå ðàöèîíàëüíûì âûðàæåíèåì ôóíêöèé ìíîãèõ ïåðåìåííûõ / Ï.Ñ. Ìà-
ëà÷èâñêèé, ß.Â. Ïèçþð, Ð.Ï. Ìàëà÷èâñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 5.
Ñ. 146–156.

²ë.: 2. Òàáë.: 0. Á³áë³îãð.: 15 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä ïîñòðîåíèÿ ÷åáûøåâñêîãî ïðèáëèæåíèÿ ðàöèîíàëüíûì âûðàæåíèåì
äëÿ òàáëè÷íî çàäàííûõ ôóíêöèé ìíîãèõ ïåðåìåííûõ. Èäåÿ ìåòîäà îñíîâûâàåòñÿ íà ïîñòðîåíèè ïðåäåëü-

íîãî ñðåäíåñòåïåííîãî ïðèáëèæåíèÿ â íîðìå ïðîñòðàíñòâà E
p ïðè p � � . Äëÿ ïîñòðîåíèÿ ñðåäíåñòåïåí-

íûõ ïðèáëèæåíèé èñïîëüçîâàíà èòåðàöèîííàÿ ñõåìà íà îñíîâå ìåòîäà íàèìåíüøèõ êâàäðàòîâ ñ óòî÷íåíè-
åì çíà÷åíèé äâóõ âåñîâûõ ôóíêöèé, îäíà èç êîòîðûõ îáåñïå÷èâàåò ïîñòðîåíèå ñðåäíåñòåïåííîãî ïðèáëè-
æåíèÿ, à âòîðàÿ — óòî÷íåíèå ïàðàìåòðîâ ðàöèîíàëüíîãî âûðàæåíèÿ ïî ñõåìå ëèíåàðèçàöèè. Ñõîäèìîñòü
ìåòîäà îáåñïå÷èâàåòñÿ îðèãèíàëüíûì ñïîñîáîì ïîñëåäîâàòåëüíîãî óòî÷íåíèÿ çíà÷åíèé âåñîâûõ ôóíê-
öèé. Îïèñàíû àëãîðèòìû âû÷èñëåíèÿ ïàðàìåòðîâ ÷åáûøåâñêîãî ïðèáëèæåíèÿ ôóíêöèé ìíîãèõ ïåðåìåí-
íûõ ðàöèîíàëüíûì âûðàæåíèåì ñ àáñîëþòíîé è îòíîñèòåëüíîé ïîãðåøíîñòÿìè.

Êëþ÷åâûå ñëîâà: ÷åáûøåâñêîå ïðèáëèæåíèå ðàöèîíàëüíûì âûðàæåíèåì, ôóíêöèè ìíîãèõ ïåðåìåí-
íûõ, ñðåäíåñòåïåííîå ïðèáëèæåíèå, ìåòîä íàèìåíüøèõ êâàäðàòîâ.
_________________________________________________________________________________________

×åáèøîâñüêå íàáëèæåííÿ ðàö³îíàëüíèì âèðàçîì ôóíêö³é áàãàòüîõ çì³ííèõ / Ï.Ñ. Ìàëà÷³âñüêèé,
ß.Â. Ï³çþð, Ð.Ï. Ìàëà÷³âñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 5. Ñ. 146–156.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ïîáóäîâè ÷åáèøîâñüêîãî íàáëèæåííÿ ðàö³îíàëüíèì âèðàçîì äëÿ
òàáëè÷íî çàäàíèõ ôóíêö³é áàãàòüîõ çì³ííèõ. Â³í ´ðóíòóºòüñÿ íà ïîáóäîâ³ ãðàíè÷íîãî ñåðåäíüîñòåïåíå-

âîãî íàáëèæåííÿ ó íîðì³ ïðîñòîðó E
p äëÿ p � � . Äëÿ ïîáóäîâè ñåðåäíüîñòåïåíåâèõ íàáëèæåíü âèêî-

ðèñòàíî ³òåðàö³éíó ñõåìó íà îñíîâ³ ìåòîäó íàéìåíøèõ êâàäðàò³â ç óòî÷íåííÿì çíà÷åíü äâîõ âàãîâèõ
ôóíêö³é, îäíà ç ÿêèõ çàáåçïå÷óº ïîáóäîâó ñåðåäíüîñòåïåíåâîãî íàáëèæåííÿ, à äðóãà — óòî÷íåííÿ ïàðà-
ìåòð³â ðàö³îíàëüíîãî âèðàçó çà ñõåìîþ ë³íåàðèçàö³¿. Çá³æí³ñòü ìåòîäó çàáåçïå÷åíî çàâäÿêè îðèã³íàëüíî-
ìó ñïîñîáó ïîñë³äîâíîãî óòî÷íåííÿ çíà÷åíü âàãîâèõ ôóíêö³é. Îïèñàíî àëãîðèòìè îá÷èñëåííÿ ïàðà-
ìåòð³â ÷åáèøîâñüêîãî íàáëèæåííÿ ôóíêö³é áàãàòüîõ çì³ííèõ ðàö³îíàëüíèì âèðàçîì ç àáñîëþòíîþ òà
â³äíîñíîþ ïîõèáêàìè.

Êëþ÷îâ³ ñëîâà: ÷åáèøîâñüêå íàáëèæåííÿ ðàö³îíàëüíèì âèðàçîì, ôóíêö³¿ áàãàòüîõ çì³ííèõ, ñåðåäíüîñ-
òåïåíåâå íàáëèæåííÿ, ìåòîä íàéìåíøèõ êâàäðàò³â.
_________________________________________________________________________________________

Chebyshev approximation by the rational expression of functions of many variables / P.S. Malachivskyy,
Ya.V. Pizyur, R.P. Malachivsky³ // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 146–156.

Abstract. The method of constructing the Chebyshev approximation by a rational expression for
functions of many variables is proposed. The idea of the method is based on constructing the boundary

mean-power approximation in E
p norm with p � � . The least squares method with two variable weight

functions is used to construct this approximation. One weight function ensures the construction of mean-power
approximation, and another one refines parameters of rational expression by linearization scheme. The
convergence of the method is provided by the original method of sequentially refining the values of the weight
functions. Algorithms for calculating the parameters of the Chebyshev approximation of functions of many
variables by a rational expression with absolute and relative errors is described.

Keywords: Chebyshev approximation by rational expression, functions of many variables, mean-power
approximation, least squares method.
===============================================================================

ÓÄÊ 517.977

Ïðîáëåìà ñáëèæåíèÿ óïðàâëÿåìûõ îáúåêòîâ â èãðîâûõ çàäà÷àõ äèíàìèêè ñ òåðìèíàëüíîé ôóíê-
öèåé ïëàòû / È.Ñ. Ðàïïîïîðò // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 5. Ñ. 157–173.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 24 íàçâè.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä ðåøåíèÿ ïðîáëåìû ñáëèæåíèÿ óïðàâëÿåìûõ îáúåêòîâ â èãðîâûõ
çàäà÷àõ äèíàìèêè ñ òåðìèíàëüíîé ôóíêöèåé ïëàòû, êîòîðûé çàêëþ÷àåòñÿ â ñèñòåìàòè÷åñêîì èñïîëüçî-
âàíèè èäåé Ôåíõåëÿ–Ìîðî ïðèìåíèòåëüíî ê îáùåé ñõåìå ìåòîäà ðàçðåøàþùèõ ôóíêöèé. Ñóòü ïðåäëà-
ãàåìîãî ìåòîäà çàêëþ÷àåòñÿ â òîì, ÷òî ðàçðåøàþùóþ ôóíêöèþ óäàåòñÿ âûðàçèòü ÷åðåç ñîïðÿæåííóþ ê
ôóíêöèè ïëàòû è, èñïîëüçóÿ èíâîëþòèâíîñòü îïåðàòîðà ñîïðÿæåíèÿ äëÿ âûïóêëîé çàìêíóòîé ôóíêöèè,
ïîëó÷èòü ãàðàíòèðîâàííóþ îöåíêó òåðìèíàëüíîãî çíà÷åíèÿ ôóíêöèè ïëàòû, êîòîðàÿ ïðåäñòàâëÿåòñÿ ÷å-
ðåç çíà÷åíèå ïëàòû â íà÷àëüíûé ìîìåíò è èíòåãðàë îò ðàçðåøàþùåé ôóíêöèè. Ââåäåíû ïîíÿòèÿ âåð-
õíåé è íèæíåé ðàçðåøàþùèõ ôóíêöèé äâóõ òèïîâ è ïîëó÷åíû äîñòàòî÷íûå óñëîâèÿ ãàðàíòèðîâàííîãî
ðåçóëüòàòà â äèôôåðåíöèàëüíîé èãðå ñ òåðìèíàëüíîé ôóíêöèåé ïëàòû â ñëó÷àå, êîãäà óñëîâèå Ïîíòðÿ-
ãèíà íå èìååò ìåñòà. Ðàññìîòðåíû äâå ñõåìû ìåòîäà ðàçðåøàþùèõ ôóíêöèé, ïîñòðîåíû ñîîòâåòñòâóþ-
ùèå ñòðàòåãèè óïðàâëåíèÿ è äàíî ñðàâíåíèå ãàðàíòèðîâàííûõ âðåìåí. Ðåçóëüòàòû èëëþñòðèðóþòñÿ íà
ìîäåëüíîì ïðèìåðå.

Êëþ÷åâûå ñëîâà: òåðìèíàëüíàÿ ôóíêöèÿ ïëàòû, êâàçèëèíåéíàÿ äèôôåðåíöèàëüíàÿ èãðà, ìíîãîçíà÷íîå
îòîáðàæåíèå, èçìåðèìûé ñåëåêòîð, ñòðîáîñêîïè÷åñêàÿ ñòðàòåãèÿ, ðàçðåøàþùàÿ ôóíêöèÿ.
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Ïðîáëåìà çáëèæåííÿ êåðîâàíèõ îá’ºêò³â â ³ãðîâèõ çàäà÷àõ äèíàì³êè ç òåðì³íàëüíîþ ôóíêö³ºþ
ïëàòè / É.Ñ. Ðàïïîïîðò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 5. Ñ. 157–173.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ðîçâ’ÿíàííÿ ïðîáëåìè çáëèæåííÿ êåðîâàíèõ îá’ºêò³â â ³ãðîâèõ

çàäà÷àõ äèíàì³êè ç òåðì³íàëüíîþ ôóíêö³ºþ ïëàòè, ÿêèé ïîëÿãàº â ñèñòåìàòè÷íîìó âèêîðèñòàíí³ ³äåé

Ôåíõåëÿ–Ìîðî ñòîñîâíî çàãàëüíî¿ ñõåìè ìåòîäó ðîçâ’ÿçóâàëüíèõ ôóíêö³é. Ñóòí³ñòü çàïðîïîíîâàíîãî

ìåòîäó ïîëÿãàº â òîìó, ùî ðîçâ’ÿçóâàëüíó ôóíêö³þ ìîæíà âèçíà÷èòè ÷åðåç ñïðÿæåíó äî ôóíêö³¿ ïëàòè ç

âèêîðèñòàííÿì ³íâoëþòèâíîñò³ îïåðàòîðà ñïðÿæåííÿ äëÿ îïóêëî¿ çàìêíåíî¿ ôóíêö³¿, ³ îòðèìàòè ãàðàí-

òîâàíó îö³íêó òåðì³íàëüíîãî çíà÷åííÿ ôóíêö³¿ ïëàòè, ÿêó ïðåäñòàâëåíî ÷åðåç çíà÷åííÿ ïëàòè â ïî÷àòêî-

âèé ìîìåíò òà ³íòåãðàë â³ä ðîçâ’ÿçóâàëüíî¿ ôóíêö³¿. Íàâåäåíî ïîíÿòòÿ âåðõíüî¿ òà íèæíüî¿ ðîçâ’ÿçóâàëü-

íèõ ôóíêö³é äâîõ òèï³â ³ îòðèìàíî äîñòàòí³ óìîâè ãàðàíòîâàíîãî ðåçóëüòàòó â äèôåðåíö³àëüí³é ãð³ ç

òåðì³íàëüíîþ ôóíêö³ºþ ïëàòè ó ðàç³, êîëè óìîâà Ïîíòðÿã³íà íå ìàº ì³ñöÿ. Çàïðîïîíîâàíî äâ³ ñõåìè ìå-

òîäó ðîçâ’ÿçóâàëüíèõ ôóíêö³é, ïîáóäîâàíî â³äïîâ³äí³ ñòðàòåã³¿ êåðóâàííÿ ³ íàâåäåíî ïîð³âíÿííÿ ãàðàí-

òîâàíèõ ÷àñ³â. Ðåçóëüòàòè ³ëþñòðîâàíî íà ìîäåëüíîìó ïðèêëàä³.

Êëþ÷îâ³ ñëîâà: òåðì³íàëüíà ôóíêö³ÿ ïëàòè, êâàç³ë³í³éíà äèôåðåíö³àëüíà ãðà, áàãàòîçíà÷íå â³äîáðàæåí-

íÿ, âèì³ðíèé ñåëåêòîð, ñòðîáîñêîï³÷íà ñòðàòåã³ÿ, ðîçä³ëüíà ôóíêö³ÿ.
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The problem of approximation of controlled objects in dynamic game problems with a terminal payoff
function / J.S. Rappoport // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 157–173.

Abstract. A method is proposed for solving the problem of convergence of controlled objects in dynamic

game problems with the terminal payoff function, which consists in the systematic use of Fenchel–Moreau

ideas as applied to the general scheme of the method of resolving functions. The essence of the proposed

method is that the resolving function can be expressed in terms of the function conjugate to payoff function

and, using the involution of the conjugation operator for a convex closed function, we obtain a guaranteed

estimate of the terminal value of the payoff function, which can be presented in terms of the payoff value at the

initial instant of time and integral of the resolving function. The concepts of upper and lower resolving

functions of two types are introduced and sufficient conditions for a guaranteed result in a differential game

with a terminal payoff function are obtained for the case where the Pontryagin condition does not hold. Two

schemes of the method of resolving functions are considered, the corresponding control strategies are

constructed, and guaranteed times are compared. The results are illustrated by a model example.

Keywords: terminal board function, quasilinear differential game, multi-valued mapping, measurable selector,

stroboscopic strategy, resolving function.
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ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 519.6

Âûñîêîïðîèçâîäèòåëüíûå ñóïåðêîìïüþòåðíûå òåõíîëîãèè ìîäåëèðîâàíèÿ íàíîïîðèñòûõ êèáåð-
ñèñòåì ñ îáðàòíûìè ñâÿçÿìè äëÿ àäñîðáöèîííîé î÷èñòêè ãàçîâ / Ì.Ð. Ïåòðèê, È.Â. Áîéêî,
À.Í. Õèìè÷, Ì.Ì. Ïåòðèê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 5. Ñ. 174–186.

²ë.: 4. Òàáë.: 0. Á³áë³îãð.: 20 íàçâ.

Àííîòàöèÿ. Ðàçðàáîòàíû âûñîêîïðîèçâîäèòåëüíûå òåõíîëîãèè ìîäåëèðîâàíèÿ íåèçîòåðìè÷åñêîé

àäñîðáöèè ãàçà â íàíîïîðèñòûõ êèáåðñèñòåìàõ ñ îáðàòíûìè ñâÿçÿìè íà îñíîâå îïåðàöèîííîãî ìåòîäà

Õåâèñàéäà è ïîäõîäà Ëàíäàó ê ëèíåàðèçàöèè íåëèíåéíîãî àäñîðáöèîííîãî ðàâíîâåñèÿ Ëåíãìþðà ñ ïî-

ìîùüþ ðàçëîæåíèÿ â ñõîäÿùèéñÿ ðÿä â òî÷êå òåìïåðàòóðû ôàçîâîãî ïåðåõîäà ñ ïîñëåäóþùèì ýôôåê-

òèâíûì ðàñïàðàëëåëèâàíèåì ìîäåëè ïî ìàëîìó ïàðàìåòðó. Ïðåäñòàâëåíû ðåçóëüòàòû ÷èñëåííûõ ýêñïå-

ðèìåíòîâ íà îñíîâå âûñîêîñêîðîñòíûõ ïàðàëëåëüíûõ âû÷èñëåíèé íà ìíîãîÿäåðíûõ êîìïüþòåðàõ.

Êëþ÷åâûå ñëîâà: íàíîïîðèñòûå êèáåðñèñòåìû ñ îáðàòíûìè ñâÿçÿìè, àäñîðáöèÿ è äåñîðáöèÿ ãàçîâ,

ôóíêöèÿ àäñîðáöèîííîãî ðàâíîâåñèÿ Ëåíãìþðà, îïåðàöèîííûé ìåòîä Õåâèñàéäà.

_________________________________________________________________________________________

Âèñîêîïðîäóêòèâí³ ñóïåðêîìï’þòåðí³ òåõíîëîã³¿ ìîäåëþâàííÿ íàíîïîðèñòèõ ê³áåðñèñòåì ç³ çâî-
ðîòíèìè çâ’ÿçêàìè äëÿ àäñîðáö³éíîãî î÷èùåííÿ ãàç³â / Ì.Ð. Ïåòðèê, ².Â. Áîéêî, Î.Ì. Õ³ì³÷,
Ì.Ì. Ïåòðèê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 5. Ñ. 174–186.

Àíîòàö³ÿ. Ðîçðîáëåíî âèñîêîïðîäóêòèâí³ òåõíîëîã³¿ ìîäåëþâàííÿ íå³çîòåðì³÷íî¿ àäñîðáö³¿ ãàç³â

ó íàíîïîðèñòèõ ê³áåðñèñòåìàõ ç³ çâîðîòíèìè çâ’ÿçêàìè íà îñíîâ³ îïåðàö³éíîãî ìåòîäó Ãåâ³ñàéäà òà

ï³äõîäó Ëàíäàó äî ë³íåàðèçàö³¿ íåë³í³éíî¿ àäñîðáö³éíî¿ ð³âíîâàãè Ëåí´ìþðà øëÿõîì ðîçâèíåííÿ ó

çá³æíèé ðÿä ó òî÷ö³ òåìïåðàòóðè ôàçîâîãî ïåðåõîäó ç ïîäàëüøèì åôåêòèâíèì ðîçïàðàëåëþâàííÿì ìî-

äåë³ çà ìàëèì ïàðàìåòðîì. Íàâåäåíî ðåçóëüòàòè ÷èñëîâèõ åêñïåðèìåíò³â íà îñíîâ³ âèñîêîøâèäê³ñíèõ

ïàðàëåëüíèõ îá÷èñëåíü ç âèêîðèñòàííÿì áàãàòîÿäåðíèõ êîìï’þòåð³â.

Êëþ÷îâ³ ñëîâà: íàíîïîðèñò³ ê³áåðñèñòåìè ç³ çâîðîòíèìè çâ’ÿçêàìè, àäñîðáö³ÿ òà äåñîðáö³ÿ ãàç³â,

ôóíêö³ÿ àäñîðáö³éíî¿ ð³âíîâàãè Ëåí´ìþðà, îïåðàö³éíèé ìåòîä Ãåâ³ñàéäà.
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High-performance supercomputer technologies of simulation of nanoporous cybersystems with feedback
for adsorption gas purification / M.R. Petryk, I.V. Boyko, A.M. Khimich, M.Ì. Petryk // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 5. P. 174–186.

Abstract. High-performance methods and computer technologies for modeling of non-isothermal gas
adsorption in nanoporous cyber feedback systems are based on the Heaviside operating method and Landau’s
linearization approach to Langmuir’s nonlinear adsorption equilibrium using the decomposition in a convergent
series at the temperature transition point with subsequent efficient parallelization of the model over a small
parameter are developed. The results of numerical experiments based on high-speed parallel computations on
multicore computers are presented.

Keywords: nanoporous feedback systems, adsorption and desorption of gases, Langmuir adsorption
equilibrium function, Heaviside operational method.
===============================================================================

ÓÄÊ 682.32+537.8

Áåñêîíòàêòíûå èññëåäîâàíèÿ ìàãíèòíûõïîëåé áèîëîãè÷åñêèõ îáúåêòîâ: àëãîðèòìû ðåãèñòðàöèè
è îáðàáîòêè äàííûõ / Ì.À. Ïðèìèí, È.Â. Íåäàéâîäà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020.
Òîì 56, ¹ 5. Ñ. 187–202.

²ë.: 11. Òàáë.: 0. Á³áë³îãð.: 14 íàçâ.

Àííîòàöèÿ. Íà îñíîâå íèçêîòåìïåðàòóðíûõ ÑÊÂÈÄ-ñåíñîðîâ ñîçäàíà ñâåðõ÷óâñòâèòåëüíàÿ ìàã-
íèòîìåòðè÷åñêàÿ ñèñòåìà äëÿ èññëåäîâàíèÿ íàíî÷àñòèö â áèîëîãè÷åñêèõ îáúåêòàõ. Ðàññìîòðåíû îñíîâ-
íûå îñîáåííîñòè ÑÊÂÈÄ-ìàãíèòîìåòðè÷åñêîé ñèñòåìû è èíôîðìàöèîííîé òåõíîëîãèè ïðè ðåãèñòðà-
öèè è àíàëèçå ìàãíèòíûõ ñèãíàëîâ îò îðãàíîâ ëàáîðàòîðíûõ æèâîòíûõ. Ïðèâåäåíû ýêñïåðèìåíòàëüíûå
äàííûå ðàáîòû ìàãíèòîìåòðè÷åñêîé ñèñòåìû è àëãîðèòìîâ ðåãèñòðàöèè è îáðàáîòêè äàííûõ ïðè èññëå-
äîâàíèè ôèçè÷åñêèõ ìîäåëåé (ìåëêèõ æèâîòíûõ) ñ íàíî÷àñòèöàìè.

Êëþ÷åâûå ñëîâà: ÑÊÂÈÄ-ñåíñîð, ìàãíèòîìåòðè÷åñêàÿ ñèñòåìà, èíôîðìàöèîííàÿ òåõíîëîãèÿ, îáðàò-
íàÿ çàäà÷à, áèîëîãè÷åñêèå îáúåêòû, íàíî÷àñòèöû.
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Áåçêîíòàêòí³ äîñë³äæåííÿ ìàãí³òíèõ ïîë³â á³îëîã³÷íèõ îá’ºêò³â: àëãîðèòìè ðåºñòðàö³¿ òà îáðîá-
ëåííÿ äàíèõ / Ì.À. Ïð³ì³í, ².Â.Íåäàéâîäà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 5.
Ñ. 187–202.

Àíîòàö³ÿ. Íà îñíîâ³ íèçüêîòåìïåðàòóðíèõ ÑÊÂ²Ä-ñåíñîð³â ñòâîðåíî íàä÷óòëèâó ìàãí³òîìåòðè÷-
íó ñèñòåìó äëÿ äîñë³äæåííÿ íàíî÷àñòèíîê ó á³îëîã³÷íèõ îá’ºêòàõ. Ðîçãëÿíóòî îñíîâí³ îñîáëèâîñò³
ÑÊÂ²Ä-ìàãí³òîìåòðè÷íî¿ ñèñòåìè òà ³íôîðìàö³éíî¿ òåõíîëîã³¿ äëÿ ðåºñòðàö³¿ ³ àíàë³çó ìàãí³òíèõ ñèã-
íàë³â â³ä îðãàí³â ëàáîðàòîðíèõ òâàðèí. Íàâåäåíî åêñïåðèìåíòàëüí³ äàí³ ðîáîòè ìàãí³òîìåòðè÷íî¿ ñèñòå-
ìè ³ àëãîðèòì³â ðåºñòðàö³¿ òà îáðîáëåííÿ äàíèõ, îòðèìàí³ ï³ä ÷àñ äîñë³äæåííÿ ô³çè÷íèõ ìîäåëåé
(äð³áíèõ òâàðèí) ç íàíî÷àñòèíêàìè.

Êëþ÷îâ³ ñëîâà: ÑÊÂ²Ä-ñåíñîð, ìàãí³òîìåòðè÷íà ñèñòåìà, ³íôîðìàö³éíà òåõíîëîã³ÿ, îáåðíåíà çàäà÷à,
á³îëîã³÷í³ îá’ºêòè, íàíî÷àñòèíêè.
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Non-contact analysis of magnetic fields of biological objects: algorithms for data recording and
processing / M.A. Primin, I.V. Nedayvoda // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 5. P. 187–202.

Abstract. Based on low-temperature SQUID sensors, an ultra-sensitive magnetometric system has been
created for the analysis of nanoparticles in biological objects. The main features of the SQUID magnetometric
system and information technology during registration and analysis of magnetic signals from organs of
laboratory animals are considered. Experimental data on the operation of the magnetometric system and
algorithms of data recording and processing in the study of physical models (small animals) with nanoparticles
are presented.

Keywords: SQUID sensor, magnetometric system, information technology, inverse problem, biological
objects, nanoparticles.
===============================================================================

12 ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2020, òîì 56, ¹ 5


