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ÓÄÊ 004.274

Îïòèìèçàöèÿ ñõåìû ñîâìåùåííîãî àâòîìàà â áàçèñå ASIC / À.À. Áàðêàëîâ, Ë.À. Òèòàðåíêî,
À.Â. Áàåâ, À.Â. Ìàòâèåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 6. Ñ. 3–11

²ë.: 6. Òàáë.: 1. Á³áë³îãð.: 26 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä óìåíüøåíèÿ ïëîùàäè êðèñòàëëà, çàíèìàåìîé ñõåìîé ñîâìåùåííî-
ãî àâòîìàòà. Ìåòîä îñíîâàí íà êîäèðîâàíèè êëàññîâ ïñåâäîýêâèâàëåíòíûõ ñîñòîÿíèé àâòîìàòà Ìóðà
äîïîëíèòåëüíûìè ïåðåìåííûìè. Ýòîò ïîäõîä ïîðîæäàåò ÷åòûðåõóðîâíåâóþ ñõåìó, ðåàëèçóåìóþ â âèäå
äâóõ íàíî-ÏËÌ, è ïîçâîëÿåò óìåíüøèòü ïëîùàäü íàíî-ÏËÌ, ôîðìèðóþùåé ìèêðîîïåðàöèè àâòîìàòà
Ìóðà è äîïîëíèòåëüíûå ïåðåìåííûå. Ðàññìîòðåí ïðèìåð ñèíòåçà ñõåìû ñ èñïîëüçîâàíèåì ïðåäëîæåí-
íîãî ìåòîäà. Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé ýôôåêòèâíîñòè ìåòîäà ñ èñïîëüçîâàíèåì áèáëèîòåêè
ñòàíäàðòíûõ òåñòîâûõ àâòîìàòîâ.

Êëþ÷åâûå ñëîâà: ñîâìåùåííûé ìèêðîïðîãðàììíûé àâòîìàò, ñèíòåç, íàíî-ÏËÌ, ASIC, ïñåâäîýêâèâà-
ëåíòíûå ñîñòîÿíèÿ.

_________________________________________________________________________________________

Îïòèì³çàö³ÿ ñõåìè ñóì³ùåíîãî àâòîìàòà â áàçèñ³ ASIC / Î.Î. Áàðêàëîâ, Ë.Î. Ò³òàðåíêî, À.Â. Áàºâ,
Î.Â. Ìàòâ³ºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6. Ñ. 3–11.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä çìåíøåííÿ ïëîù³ êðèñòàëà, ÿêó çàéìàº ñõåìà ñóì³ùåíîãî àâòîìà-
òà. Ìåòîä áàçóºòüñÿ íà êîäóâàíí³ êëàñ³â ïñåâäîåêâ³âàëåíòíèõ ñòàí³â àâòîìàòà Ìóðà äîäàòêîâèìè
çì³ííèìè. Öåé ï³äõ³ä ïîðîäæóº ÷îòèðèð³âíåâó ñõåìó, ÿêà ðåàë³çóºòüñÿ ó âèãëÿä³ äâîõ íàíî-ÏËÌ, ³ äàº
çìîãó çìåíøèòè ïëîùó íàíî-ÏËÌ, ÿêà ôîðìóº ì³êðîîïåðàö³¿ àâòîìàòà Ìóðà òà äîäàòêîâ³ çì³íí³. Ðîç-
ãëÿíóòî ïðèêëàä ñèíòåçó ñõåìè ³ç çàñòîñóâàííÿì çàïðîïîíîâàíîãî ìåòîäó. Íàâåäåíî ðåçóëüòàòè
äîñë³äæåíü åôåêòèâíîñò³ ìåòîäó ç âèêîðèñòàííÿì á³áë³îòåêè ñòàíäàðòíèõ òåñòîâèõ àâòîìàò³â.

Êëþ÷îâ³ ñëîâà: ñóì³ùåíèé ì³êðîïðîãðàìíèé àâòîìàò, ñèíòåç, íàíî-ÏËÌ, ASIC, ïñåâäîåêâ³âàëåíòí³
ñòàíè.
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Optimizing the scheme of a combined automaton in the asic basis / A.A. Barkalov, L.A. Titarenko,
A.V. Baiev, A.V. Matviienko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 3–11.

Abstract. A method is proposed for decreasing the area of the ASIC occupied by the scheme of a
combined automaton. The method is based on encoding of the classes of pseudoequivalent states of Moore
automaton by additional variables. This approach leads to a four-level scheme implemented as two nano-PLAs
and decreases the area of nano-PLA generating microoperations of the Moore automaton and additional
variables. An example of synthesis with the use of the proposed scheme is considered. The results of the
efficiency analysis of the proposed method with the use of a library of benchmarks are presented.

Keywords: combined microprogrammed automaton, synthesis, nano-PLA, ASIC, pseudo-equivalent states.
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UDC 519. 72

Ãåíåðàöèÿ (2,3)-êîäîâ / À.Â. Àíèñèìîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 6.
Ñ. 12–18.

²ë.: 0. Òàáë.: 2. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Â (2,3)-ïðåäñòàâëåíèè öåëûõ ÷èñåë èñïîëüçîâàíà ñìåøàííàÿ ñèñòåìà ñ÷èñëåíèÿ ïî
îñíîâàíèþ 2 è âñïîìîãàòåëüíîìó îñíîâàíèþ 3. Ýòî ïðåäñòàâëåíèå ïîðîæäàåò óíèâåðñàëüíîå ïðåôèê-
ñíî-ñâîáîäíîå äâîè÷íîå êîäèðîâàíèå âñåõ íàòóðàëüíûõ ÷èñåë, êîòîðîå èìååò ìíîãî ïîëåçíûõ ñâîéñòâ:
ðîáàñòíîñòü (ñàìîñèíõðîíèçàöèÿ), ëîêàëüíûå èñïðàâëåíèÿ îøèáîê, ñòàòèñòè÷åñêèå çàêîíîìåðíîñòè ïà-
ðàìåòðîâ êîäà è ò. ï. Îïèñàíà ïðîöåäóðà ìîíîòîííîé ãåíåðàöèè (2,3)-êîäîâûõ ñëîâ â ïîðÿäêå âîçðàñòà-
íèÿ èõ äëèí.

Êëþ÷åâûå ñëîâà: ñèñòåìà ñ÷èñëåíèÿ, îñíîâàíèå, öåëî÷èñëåííîå êîäèðîâàíèå, ïðåôèêñíîå êîäèðîâàíèå.

_________________________________________________________________________________________

Ãåíåðóâàííÿ (2,3)-êîä³â / À.Â. Àí³ñ³ìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6.
Ñ. 12–18.

Àíîòàö³ÿ. Ó (2,3)-ïîäàíí³ ö³ëèõ ÷èñåë âèêîðèñòàíî çì³øàíó ñèñòåìó ÷èñëåííÿ çà áàçèñîì 2 òà äî-
ïîì³æíèì áàçèñîì 3. Öå ïðåäñòàâëåííÿ ïîðîäæóº óí³âåðñàëüíå áåçïðåô³êñíå äâ³éêîâå êîäóâàííÿ óñ³õ
íàòóðàëüíèõ ÷èñåë ç áàãàòüìà êîðèñíèìè âëàñòèâîñòÿìè: ðîáàñòí³ñòü (ñàìîñèíõðîí³çàö³ÿ), ëîêàëüí³ âèï-
ðàâëåííÿ ïîìèëîê, ñòàòèñòè÷í³ çàêîíîì³ðíîñò³ ïàðàìåòð³â êîäó òîùî. Îïèñàíî ïðîöåäóðó ìîíîòîííîãî
ãåíåðóâàííÿ (2,3)-êîäîâèõ ñë³â ó ïîðÿäêó çðîñòàííÿ ¿õí³õ äîâæèí.

Êëþ÷îâ³ ñëîâà: ñèñòåìà ÷èñëåííÿ, áàçèñ, ö³ëî÷èñåëüíå êîäóâàííÿ, ïðåô³êñíå êîäóâàííÿ.
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Generating (2,3)-codes / A.V. Anisimov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 12–18.

Abstract. The (2,3)-representation of integers utilizes the mixed numeration base of the radix-2 and the auxillary
radix-3. This representation yields a universal prefix-free binary encoding of all natural numbers with a variety of
useful properties: robustness (self-synchronization), local error corrections, statistic regularities of code parameters, etc.
The paper describes a procedure of monotonic generation of (2,3)-codewords in ascending order of their lengths.

Keywords: numeration system, radix, integer encoding, prefix encoding.
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ÓÄÊ 004.415.2:621.337.1

Êèáåðôèçè÷åñêèå ñèñòåìû: ëèíãâèñòè÷åñêèé àñïåêò / À.Á. Ãîäëåâñêèé, Ì.Ê. Ìîðîõîâåö // Êèáåð-
íåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 6. Ñ. 19–37.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 20 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ïîäõîä ê ïðîåêòèðîâàíèþ ñèñòåì óïðàâëåíèÿ òåõíè÷åñêèìè îáúåêòàìè,
îñîáåííîñòüþ êîòîðîãî ÿâëÿåòñÿ ëèíãâèñòè÷åñêè óïðàâëÿåìîå ïðîåêòèðîâàíèå. Ïðåäñòàâëåíà ðàçðàáî-
òàííàÿ íà îñíîâå ýòîãî ïîäõîäà ìåòîäèêà ïðîåêòèðîâàíèÿ ñèñòåì óïðàâëåíèÿ, ïðåäíàçíà÷åííàÿ äëÿ èñ-
ïîëüçîâàíèÿ íà ñòàäèè ïðîåêòèðîâàíèÿ, êîòîðàÿ ïðåäøåñòâóåò ïîñòðîåíèþ ôîðìàëüíîé ìîäåëè.

Êëþ÷åâûå ñëîâà: ñèñòåìà óïðàâëåíèÿ, ëèíãâèñòè÷åñêè óïðàâëÿåìîå ïðîåêòèðîâàíèå, ìåòîäèêà ïðîåê-
òèðîâàíèÿ ñèñòåì óïðàâëåíèÿ, êèáåðôèçè÷åñêàÿ ñèñòåìà.
_________________________________________________________________________________________

Ê³áåðô³çè÷í³ ñèñòåìè: ë³íãâ³ñòè÷íèé àñïåêò / Î.Á. Ãîäëåâñüêèé, Ì.Ê. Ìîðîõîâåöü // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6. Ñ. 19–37.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî ïðîºêòóâàííÿ ñèñòåì êåðóâàííÿ òåõí³÷íèìè îá’ºêòàìè, îñîá-
ëèâ³ñòþ ÿêîãî º ë³íãâ³ñòè÷íî êåðîâàíå ïðîºêòóâàííÿ. Ïîäàíî ðîçðîáëåíó íà áàç³ öüîãî ï³äõîäó ìåòîäè-
êó ïðîºêòóâàííÿ ñèñòåì êåðóâàííÿ, ïðèçíà÷åíó äëÿ çàñòîñóâàííÿ íà ñòàä³¿ ïðîºêòóâàííÿ, ùî ïåðåäóº ïî-
áóäîâ³ ôîðìàëüíî¿ ìîäåë³.

Êëþ÷îâ³ ñëîâà: ñèñòåìà êåðóâàííÿ, ë³íãâ³ñòè÷íî êåðîâàíå ïðîºêòóâàííÿ, ìåòîäèêà ïðîºêòóâàííÿ ñèñ-
òåì êåðóâàííÿ, ê³áåðô³çè÷íà ñèñòåìà.
_________________________________________________________________________________________

Cyber-physical systems: Linguistic aspect / A.B. Godlevsky, M.K. Morokhovets // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 6. P. 19–37.

Abstract. An approach to the design of control systems for engineering objects is proposed. Its
peculiarity is a linguistically driven design. The methodology for control systems design developed on the base
of this approach is given. It is intended for use at the design stage preceding the construction of a formal model.

Keywords: control system, linguistically-driven design, methodology for control systems design,
cyber-physical system.
===============================================================================

ÓÄÊ 004.83

Îöåíêà êîãåðåíòíîñòè òåêñòà ñ ïîìîùüþ ïîñòðîåíèÿ ãðàôàñåìàíòè÷åñêîé è ëåêñèêî-ãðàììàòè-
÷åñêîé ñîãëàñîâàííîñòèñëîâîñî÷åòàíèé ïðåäëîæåíèé / Ñ.Ä. Ïîãîðåëûé, À.À. Êðàìîâ // Êèáåðíåòè-
êà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 6. Ñ. 38–45.

²ë.: 2. Òàáë.: 1. Á³áë³îãð.: 18 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä îöåíêè êîãåðåíòíîñòè òåêñòîâ ñ ïîìîùüþ ïîñòðîåíèÿ ãðàôà ñåìàí-
òè÷åñêîé è ëåêñèêî-ãðàììàòè÷åñêîé ñîãëàñîâàííîñòè ñëîâîñî÷åòàíèé ïðåäëîæåíèé. Îñóùåñòâëåíà ýêñ-
ïåðèìåíòàëüíàÿ ïðîâåðêà ýôôåêòèâíîñòè ìåòîäà íà àíãëîÿçû÷íîì êîðïóñå. Ïîëó÷åííûå ðåçóëüòàòû
ðàññ÷èòàííûõ ìåòðèê ïðåäëîæåííîãî ìåòîäà ïðåâûøàþò ñîîòâåòñòâóþùèå çíà÷åíèÿ äðóãèõ ñîâðåìåí-
íûõ ïîäõîäîâ. Ìåòîä ìîæåò áûòü ïðèìåíåí ê òåêñòàì äðóãèõ ÿçûêîâ ïóòåì çàìåíû ëèíãâèñòè÷åñêîé
ìîäåëè â ñîîòâåòñòâèè ñ îñîáåííîñòÿìè êîíêðåòíîãî ÿçûêà.

Êëþ÷åâûå ñëîâà: îáðàáîòêà åñòåñòâåííîãî ÿçûêà, îöåíêà êîãåðåíòíîñòè òåêñòà, äâóäîëüíûé ãðàô ñëî-
âîñî÷åòàíèé, ìåòîä ðàñ÷åòà êîãåðåíòíîñòè òåêñòîâ íà îñíîâå ãðàôà, ëåêñèêî-ãðàììàòè÷åñêàÿ ñîãëàñî-
âàííîñòü ïðåäëîæåíèé.
_________________________________________________________________________________________

Îö³íþâàííÿ êîãåðåíòíîñò³ òåêñòó çà äîïîìîãîþ ïîáóäîâè ãðàôó ñåìàíòè÷íî¿ òà ëåêñèêî-ãðàìà-
òè÷íî¿ óçãîäæåíîñò³ ñëîâîñïîëó÷åíü ðå÷åíü / Ñ.Ä. Ïîãîð³ëèé, À.À. Êðàìîâ // Ê³áåðíåòèêà òà ñèñòåì-
íèé àíàë³ç. 2020. Òîì 56, ¹ 6. Ñ. 38–45.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä îö³íþâàííÿ êîãåðåíòíîñò³ òåêñò³â çà äîïîìîãîþ ïîáóäîâè ãðàôó ñå-
ìàíòè÷íî¿ òà ëåêñèêî-ãðàìàòè÷íî¿ óçãîäæåíîñò³ ñëîâîñïîëó÷åíü ðå÷åíü. Âèêîíàíî åêñïåðèìåíòàëüíó ïå-
ðåâ³ðêó åôåêòèâíîñò³ ìåòîäó íà àíãëîìîâíîìó êîðïóñ³. Îòðèìàí³ ðåçóëüòàòè ðîçðàõîâàíèõ ìåòðèê ïðîïîíî-
âàíîãî ìåòîäó ïåðåâèùóþòü â³äïîâ³äí³ çíà÷åííÿ ³íøèõ ñó÷àñíèõ ï³äõîä³â. Ìåòîä ìîæå áóòè çàñòîñîâàíèé
äî ³íøîìîâíèõ òåêñò³â øëÿõîì çàì³íè ë³íãâ³ñòè÷íèõ ìîäåëåé â³äïîâ³äíî äî îñîáëèâîñòåé ïåâíî¿ ìîâè.

Êëþ÷îâ³ ñëîâà: îáðîáêà ïðèðîäíî¿ ìîâè, îö³íþâàííÿ êîãåðåíòíîñò³ òåêñòó, äâî÷àñòêîâèé ãðàô ñëîâîñ-
ïîëó÷åíü, ìåòîä ðîçðàõóíêó êîãåðåíòíîñò³ òåêñò³â íà îñíîâ³ ãðàôó, ëåêñèêî-ãðàìàòè÷íà óçãîäæåí³ñòü
ðå÷åíü.

2 ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2020, òîì 56, ¹ 6



Assessment of text coherence by constructing the graph of semantic, lexical and grammatical consistency
of phrases of sentences / S.D. Pogorilyy, A.A. Kramov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6.
P. 38–45.

Abstract. The graph-based method of coherence evaluation of texts based on the analysis of semantic,
grammatical, and lexical consistency of sentence phrases has been suggested. The experimental verification of
the efficiency of the method has been performed on the English-language corpus. The metrics obtained can
indicate that the suggested method outperforms other state-of-the-art approaches. The method can be applied to
other languages by replacing the linguistic models according to the features of a certain language.

Keywords: natural language processing, evaluation of text coherence, bipartite graph of phrases, graph-based
method of coherence assessment of texts, lexical and grammatical consistency of sentences.

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

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 517.95:519.63

Âàðèàöèîííûå ïîñòàíîâêè è äèñêðåòèçàöèÿ êðàåâîé çàäà÷è òåîðèè óïðóãîñòè ïðè çàäàííûõ íà
ãðàíèöå îáëàñòè íàïðÿæåíèÿõ / Í.À. Âàðåíþê, Å.Ô. Ãàëáà, È.Â. Ñåðãèåíêî // Êèáåðíåòèêà è ñèñòåì-
íûé àíàëèç. 2020. Òîì 56, ¹ 6. Ñ. 46–60.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 37 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû óðàâíåíèÿ óïðóãîãî ðàâíîâåñèÿ òåë â ïåðåìåùåíèÿõ ñ çàäàííûìè íà ïî-
âåðõíîñòè òåëà íàïðÿæåíèÿìè. Òàêàÿ çàäà÷à íå èìååò åäèíñòâåííîãî ðåøåíèÿ íà âñåì ïðîñòðàíñòâå âåê-
òîð-ôóíêöèé, ãäå îíî ñóùåñòâóåò. Â ðàáîòå ïðåäëîæåíû è èññëåäîâàíû äâå âàðèàöèîííûå çàäà÷è äëÿ
ðàññìàòðèâàåìîé ñòàòè÷íîé çàäà÷è òåîðèè óïðóãîñòè ñ åäèíñòâåííûì ðåøåíèåì íà âñåì ïðîñòðàíñòâå.
Ìàòåìàòè÷åñêèì àïïàðàòîì èññëåäîâàíèÿ ñëóæèò îäèí èç âàðèàíòîâ íåðàâåíñòâà Êîðíà, äîêàçàííîãî â
ñòàòüå. Ðàññìîòðåí âîïðîñ äèñêðåòèçàöèè ýòèõ âàðèàöèîííûõ çàäà÷ ìåòîäîì êîíå÷íûõ ýëåìåíòîâ è ñõî-
äèìîñòè äèñêðåòíûõ ðåøåíèé.

Êëþ÷åâûå ñëîâà: çàäà÷à òåîðèè óïðóãîñòè, âàðèàöèîííûå ïîñòàíîâêè, ñóùåñòâîâàíèå åäèíñòâåííîãî
ðåøåíèÿ â ôóíêöèîíàëüíûõ ïðîñòðàíñòâàõ, äèñêðåòíûå çàäà÷è, ìåòîäû ðåøåíèÿ äèñêðåòíûõ çàäà÷.

_________________________________________________________________________________________

Âàð³àö³éí³ ïîñòàíîâêè òà äèñêðåòèçàö³ÿ êðàéîâî¿ çàäà÷³ òåîð³¿ ïðóæíîñò³ ³ç çàäàíèìè íà ãðàíèö³
îáëàñò³ íàïðóãàìè / Í.À. Âàðåíþê, ª.Ô. Ãàëáà, ².Â. Ñåðã³ºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2020. Òîì 56, ¹ 6. Ñ. 46–60.

Àíîòàö³ÿ. Ðîçãëÿíóòî ð³âíÿííÿ ïðóæíî¿ ð³âíîâàãè ò³ë ó ïåðåì³ùåííÿõ ³ç çàäàíèìè íà ïîâåðõí³
ò³ëà íàïðóãàìè. Çàçíà÷åíà çàäà÷à íå ìàº ºäèíîãî ðîçâ’ÿçêó íà âñüîìó ïðîñòîð³ âåêòîð-ôóíêö³é, äå â³í
³ñíóº. Â ðîáîò³ çàïðîïîíîâàíî ³ äîñë³äæåíî äâ³ âàð³àö³éí³ çàäà÷³ äëÿ ðîçãëÿäóâàíî¿ ñòàòè÷íî¿ çàäà÷³
òåîð³¿ ïðóæíîñò³ ç ºäèíèì ðîçâ’ÿçêîì íà âñüîìó ïðîñòîð³. Ìàòåìàòè÷íèì àïàðàòîì äîñë³äæåííÿ ñëóãóº
îäèí ³ç âàð³àíò³â íåð³âíîñò³ Êîðíà, äîâåäåíî¿ ó ñòàòò³. Ðîçãëÿíóòî ïèòàííÿ äèñêðåòèçàö³¿ öèõ
âàð³àö³éíèõ çàäà÷ ìåòîäîì ñê³í÷åííèõ åëåìåíò³â ³ çá³æíîñò³ äèñêðåòíèõ ðîçâ’ÿçê³â.

Êëþ÷îâ³ ñëîâà: çàäà÷à òåîð³¿ ïðóæíîñò³, âàð³àö³éí³ ïîñòàíîâêè, ³ñíóâàííÿ ºäèíîãî ðîçâ’ÿçêó ó
ôóíêö³îíàëüíèõ ïðîñòîðàõ, äèñêðåòí³ çàäà÷³, ìåòîäè ðîçâ’ÿçóâàííÿ äèñêðåòíèõ çàäà÷.

_________________________________________________________________________________________

Variational statements and discretization of the boundary-value problem of the elasticity theory when
tension on the boundary of the domain is known / N.A. Vareniuk, E.F. Galba, I.V. Sergienko //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 46–60.

Abstract. The equations of elastic equilibrium of bodies in displacements with the stresses set on the
surface of the body are considered. Under the conditions that ensure the solution of this boundary-value
problem, its solution will be unique in the whole space of vector functions where it exists. Two variational
problems for the considered static problem of the theory of elasticity with a unique solution in the whole space
are proposed and investigated. The mathematical apparatus of the study is one of the variants of the Korn
inequality that is proved in the article. Discretization of these variational problems by the finite-element method
and convergence of discrete solutions is considered.

Keywords: elasticity theory problem, variational statements, existence of a unique solution in function spaces,
discrete problems, methods for solving discrete problems.
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ÓÄÊ 519.6

Ïàðàëëåëüíûé àëãîðèòì ðåøåíèÿ ÷àñòè÷íîé ïðîáëåìû ñîáñòâåííûõ çíà÷åíèé äëÿ áëî÷íî-äèàãî-
íàëüíûõ ìàòðèö ñ îêàéìëåíèåì / À.Í. Õèìè÷, À.Â. Ïîïîâ, À.Â. ×èñòÿêîâ, Â.À. Ñèäîðóê // Êèáåð-
íåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 6. Ñ. 61–74.

²ë.: 3. Òàáë.: 1. Á³áë³îãð.: 25 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ãèáðèäíûé àëãîðèòì ìåòîäà èòåðàöèé íà ïîäïðîñòðàíñòâå ðåøåíèÿ ÷àñ-
òè÷íîé îáîáùåííîé ïðîáëåìû ñîáñòâåííûõ çíà÷åíèé äëÿ ñèììåòðè÷íûõ ïîëîæèòåëüíî-îïðåäåëåííûõ
ðàçðåæåííûõ ìàòðèö áëî÷íî-äèàãîíàëüíîé ñòðóêòóðû ñ îêàéìëåíèåì íà ãèáðèäíûõ êîìïüþòåðàõ ñ ãðà-
ôè÷åñêèìè ïðîöåññîðàìè. Ïîëó÷åíû êîýôôèöèåíòû ýôôåêòèâíîñòè àëãîðèòìà. Ïðîâåäåíà àïðîáàöèÿ
ðàçðàáîòàííîãî àëãîðèòìà íà òåñòîâûõ è ïðàêòè÷åñêèõ çàäà÷àõ.
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Êëþ÷åâûå ñëîâà: àëãåáðàè÷åñêàÿ ïðîáëåìà ñîáñòâåííûõ çíà÷åíèé, êîìïüþòåð ãèáðèäíîé àðõèòåêòó-
ðû, ãèáðèäíûé àëãîðèòì, ìåòîä èòåðàöèé íà ïîäïðîñòðàíñòâå, ýôôåêòèâíîñòü ïàðàëëåëüíûõ àëãîðèò-
ìîâ, ìåëêîïëèòî÷íûé àëãîðèòì.
_________________________________________________________________________________________

Ïàðàëåëüíèé àëãîðèòì ðîçâ’ÿçóâàííÿ ÷àñòêîâî¿ ïðîáëåìè âëàñíèõ çíà÷åíü äëÿ áëî÷íî-ä³àãî-
íàëüíèõ ìàòðèöü ç îáðàìëåííÿì / Î.Ì. Õ³ì³÷, Î.Â. Ïîïîâ, Î.Â. ×èñòÿêîâ, Â.À. Ñèäîðóê // Ê³áåðíå-
òèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6. Ñ. 61–74.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ã³áðèäíèé àëãîðèòì ìåòîäó ³òåðàö³é íà ï³äïðîñòîð³ ðîçâ’ÿçàííÿ ÷àñòêî-
âî¿ óçàãàëüíåíî¿ ïðîáëåìè âëàñíèõ çíà÷åíü äëÿ ñèìåòðè÷íèõ äîäàòíî îçíà÷åíèõ ðîçð³äæåíèõ ìàòðèöü
áëî÷íî-ä³àãîíàëüíî¿ ñòðóêòóðè ç îáðàìëåííÿì íà ã³áðèäíèõ êîìï’þòåðàõ ç ãðàô³÷íèìè ïðîöåñîðàìè.
Íàâåäåíî êîåô³ö³ºíòè åôåêòèâíîñò³ àëãîðèòìó. Âèêîíàíî àïðîáàö³þ ðîçðîáëåíîãî àëãîðèòìó íà òåñòî-
âèõ òà ïðàêòè÷íèõ çàäà÷àõ.

Êëþ÷îâ³ ñëîâà: àëãåáðà¿÷íà ïðîáëåìà âëàñíèõ çíà÷åíü, êîìï’þòåð ã³áðèäíî¿ àðõ³òåêòóðè, ã³áðèäíèé àë-
ãîðèòì, ìåòîä ³òåðàö³é íà ï³äïðîñòîð³, åôåêòèâí³ñòü ïàðàëåëüíèõ àëãîðèòì³â, äð³áíîïëèòêîâèé àëãîðèòì.
_________________________________________________________________________________________

A parallel algorithm for solving the partial eigenvalue problemfor block-diagonal bordered matrices /
Î.Ì. Khimich, O.V. Popov, O.V. Chistyakov, V.A. Sidoruk // Kibernetika i sistemnyj analiz. 2020. Vol. 56,
N 6. P. 61–74.

Abstract. A hybrid algorithm of the iteration method for the subspace of solution of a partial generalized
eigenvalue problem for symmetric positive definite sparse matrices of block-diagonal structure with bordering
on hybrid computers with graphic processors is proposed, efficiency coefficients of the algorithm are obtained,
and the algorithm is tested against test and practical problems.

Keywords: algebraic eigenvalue problem, computer of hybrid architecture, hybrid algorithm, subspace iteration
method, efficiency of parallel algorithm.
===============================================================================

ÓÄÊ 517.9

Î äåêîìïîçèöèè äåñêðèïòîðíûõ ñèñòåì óïðàâëåíèÿ / Ë.À. Âëàñåíêî, À.Ã. Ðóòêàñ, Â.Â. Ñåìåíåö,
À.À. ×èêðèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 6. Ñ. 75–85.

²ë.: 3. Òàáë.: 0. Á³áë³îãð.: 26 íàçâ.

Àííîòàöèÿ. Óñòàíîâëåíû óñëîâèÿ, ïðè êîòîðûõ ñëîæíàÿ äåñêðèïòîðíàÿ ñèñòåìà óïðàâëåíèÿ äî-
ïóñêàåò ðàçëîæåíèå íà áîëåå ïðîñòûå ïîäñèñòåìû. Ñîñòîÿíèå è âûõîä ñèñòåìû îïèñàíû ëèíåéíûìè
óðàâíåíèÿìè, íå ðàçðåøåííûìè îòíîñèòåëüíî ïðîèçâîäíîé ñîñòîÿíèÿ. Ðàññìîòðåíû äâà òèïà ðàçëîæå-
íèé ðåãóëÿðíîé ñèñòåìû — ïîñëåäîâàòåëüíàÿ äåêîìïîçèöèÿ è ïàðàëëåëüíàÿ äåêîìïîçèöèÿ. Óñëîâèÿ äëÿ
äåêîìïîçèöèè ñôîðìóëèðîâàíû â òåðìèíàõ ñóùåñòâîâàíèÿ èíâàðèàíòíûõ ïàð ïîäïðîñòðàíñòâ îïåðà-
òîðíûõ ïó÷êîâ, ñîñòîÿùèõ èç êîýôôèöèåíòîâ ñèñòåìû. Ðåçóëüòàòû ïðîèëëþñòðèðîâàíû íà ïðèìåðå äåñ-
êðèïòîðíîé ñèñòåìû, êîòîðàÿ îïèñûâàåò ïåðåõîäíûå ïðîöåññû â ðàäèîòåõíè÷åñêîì ôèëüòðå. Îñóùå-
ñòâëåíà êàñêàäíî-ïàðàëëåëüíàÿ äåêîìïîçèöèÿ ôèëüòðà ÷åòâåðòîãî ïîðÿäêà íà ïðîñòåéøèå ôèëüòðû ïåð-
âîãî ïîðÿäêà, ñîäåðæàùèå ïî îäíîìó èíåðöèîííîìó ýëåìåíòó.

Êëþ÷åâûå ñëîâà: äåñêðèïòîðíàÿ ñèñòåìà óïðàâëåíèÿ, õàðàêòåðèñòè÷åñêèé ïó÷îê îïåðàòîðîâ,
èíâàðèàíòíàÿ ïàðà ïîäïðîñòðàíñòâ, ïîñëåäîâàòåëüíàÿ äåêîìïîçèöèÿ, ïàðàëëåëüíàÿ äåêîìïîçèöèÿ, êàñ-
êàäíî-ïàðàëëåëüíàÿ äåêîìïîçèöèÿ ðàäèîòåõíè÷åñêîãî ôèëüòðà.
_________________________________________________________________________________________

Ïðî äåêîìïîçèö³þ äåñêðèïòîðíèõ ñèñòåì êåðóâàííÿ / Ë.À. Âëàñåíêî, À.Ã. Ðóòêàñ, Â.Â. Ñåìåíåöü,
À.Î. ×èêð³é // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6. Ñ. 75–85.

Àíîòàö³ÿ. Âñòàíîâëåíî óìîâè, çà ÿêèõ ñêëàäíà äåñêðèïòîðíà ñèñòåìà êåðóâàííÿ äîïóñêàº ðîçêëàä
íà á³ëüø ïðîñò³ ï³äñèñòåìè. Ñòàí òà âèõ³ä ñèñòåìè îïèñàíî ë³í³éíèìè ð³âíÿííÿìè, ùî º íå ðîçâ’ÿçàíèìè
â³äíîñíî ïîõ³äíî¿ ñòàíó. Ðîçãëÿíóòî äâà òèïè ðîçêëàä³â ðåãóëÿðíî¿ ñèñòåìè — ïîñë³äîâíà äåêîìïîçèö³ÿ
òà ïàðàëåëüíà äåêîìïîçèö³ÿ. Óìîâè äëÿ äåêîìïîçèö³¿ ñôîðìóëüîâàíî ó òåðì³íàõ ³íâàð³àíòíèõ ïàð
ï³äïðîñòîð³â îïåðàòîðíèõ æìóòê³â, ùî ñêëàäàþòüñÿ ³ç êîåô³ö³ºíò³â ñèñòåìè. Ðåçóëüòàòè ïðî³ëþñòðîâàíî
ïðèêëàäîì äåñêðèïòîðíî¿ ñèñòåìè, ùî îïèñóº ïåðåõ³äí³ ïðîöåñè ó ðàä³îòåõí³÷íîìó ô³ëüòð³. Çä³éñíåíî
êàñêàäíî-ïàðàëåëüíó äåêîìïîçèö³þ ô³ëüòðà ÷åòâåðòîãî ïîðÿäêó íà íàéïðîñò³ø³ ô³ëüòðè ïåðøîãî ïîðÿä-
êó, ùî ì³ñòÿòü ïî îäíîìó ³íåðö³éíîìó åëåìåíòó.

Êëþ÷îâ³ ñëîâà: äåñêðèïòîðíà ñèñòåìà êåðóâàííÿ, õàðàêòåðèñòè÷íèé æìóòîê îïåðàòîð³â, ³íâàð³àíòíà
ïàðà ï³äïðîñòîð³â, ïîñë³äîâíà äåêîìïîçèö³ÿ, ïàðàëåëüíà äåêîìïîçèö³ÿ, êàñêàäíî-ïàðàëåëüíà äåêîìïî-
çèö³ÿ ðàä³îòåõí³÷íîãî ô³ëüòðà.
_________________________________________________________________________________________

On the decomposition of descriptor control systems / L.A. Vlasenko, A.G. Rutkas, V.V. Semenets,
A.A. Chikrii // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 75–85.

Abstract. We establish the conditions to decompose a complicated descriptor control system into simpler
subsystems. The system state and input are described by equations not solved with respect to the derivative of
the state. We consider two types of decompositions: sequential and parallel decompositions. The decomposition
conditions are formulated in terms of the existence of invariant pairs of subspaces for operator pencils
consisting of system coefficients. The results are illustrated on an example of a descriptor system that describes
transient states in a radio-engineering filter. We carry out the cascade parallel decomposition of forth-order
filter into the simplest first-order filters, each containing one inertial element.
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Keywords: descriptor control system, characteristic operator pencil, sequential decomposition, parallel
decomposition, cascade-parallel decomposition of radio-engineering filter.
===============================================================================

ÓÄÊ 517.9

Àñèìïòîòè÷åñêèå ðåøåíèÿ ñòóïåí÷àòîãî òèïà äëÿ óðàâíåíèÿ Êîðòåâåãà–äå Ôðèçà ñ ïåðåìåííûìè
êîýôôèöèåíòàìè è ìàëûì ïàðàìåòðîì ïðè ñòàðøåé ïðîèçâîäíîé / Ñ.È. Ëÿøêî, Â.Ã. Ñàìîéëåíêî,
Þ.È. Ñàìîéëåíêî, Í.È. Ëÿøêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 6. Ñ. 86–95.

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

Àííîòàöèÿ. Ðàññìîòðåíî óðàâíåíèå Êîðòåâåãà–äå Ôðèçà ñ ïåðåìåííûìè êîýôôèöèåíòàìè è ìà-
ëûì ïàðàìåòðîì ïåðâîé ñòåïåíè ïðè ñòàðøåé ïðîèçâîäíîé. Ââåäåíî ïîíÿòèå àñèìïòîòè÷åñêîãî ðåøå-
íèÿ ñòóïåí÷àòîãî òèïà. Íà îñíîâå íåëèíåéíîãî ìåòîäà ÂÊÁ ðàçðàáîòàí àëãîðèòì ïîñòðîåíèÿ òàêèõ ðå-
øåíèé è äàíî åãî îáîñíîâàíèå. Óñòàíîâëåí ïîðÿäîê ïî ìàëîìó ïàðàìåòðó àñèìïòîòè÷åñêîé òî÷íîñòè, ñ
êîòîðîé ïîñòðîåííîå ïðèáëèæåííîå ðåøåíèå óäîâëåòâîðÿåò èñõîäíîìó óðàâíåíèþ.

Êëþ÷åâûå ñëîâà: óðàâíåíèå Êîðòåâåãà–äå Ôðèçà ñ ïåðåìåííûìè êîýôôèöèåíòàìè, ñîëèòîíîïîäîáíûå
ðåøåíèÿ, àñèìïòîòè÷åñêèå ðåøåíèÿ, ñèíãóëÿðíûå âîçìóùåíèÿ.
_________________________________________________________________________________________

Àñèìïòîòè÷í³ ðîçâ’ÿçêè òèïó ñõîäèíêè äëÿ ð³âíÿííÿ Êîðòåâåãà-äå Ôð³çà ç³ çì³ííèìè êîåô³ö³ºíòà-
ìè ³ ìàëèì ïàðàìåòðîì ïðè ñòàðø³é ïîõ³äí³é / Ñ.². Ëÿøêî, Â.Ã. Ñàìîéëåíêî, Þ.². Ñàìîéëåíêî,
Í.². Ëÿøêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6. Ñ. 86–95.

Àíîòàö³ÿ. Ðîçãëÿíóòî ð³âíÿííÿ Êîðòåâåãà-äå Ôð³çà ç³ çì³ííèìè êîåô³ö³ºíòàìè ³ ìàëèì ïàðàìåò-
ðîì ïåðøîãî ñòåïåíÿ ïðè ñòàðø³é ïîõ³äí³é. Çàïðîïîíîâàíî ïîíÿòòÿ àñèìïòîòè÷íîãî ðîçâ’ÿçêó òèïó ñõî-
äèíêè. Íà îñíîâ³ íåë³í³éíîãî ìåòîäó ÂÊÁ ðîçðîáëåíî àëãîðèòì ïîáóäîâè òàêèõ ðîçâ’ÿçê³â ³ íàâåäåíî
éîãî îá´ðóíòóâàííÿ. Âñòàíîâëåíî ïîðÿäîê çà ìàëèì ïàðàìåòðîì àñèìïòîòè÷íî¿ òî÷íîñò³, ç ÿêîþ ïîáó-
äîâàíèé íàáëèæåíèé ðîçâ’ÿçîê çàäîâîëüíÿº âèõ³äíîìó ð³âíÿííþ.

Êëþ÷îâ³ ñëîâà: ð³âíÿííÿ Êîðòåâåãà-äå Ôð³çà ç³ çì³ííèìè êîåô³ö³ºíòàìè, ñîë³òîíîïîä³áí³ ðîçâ’ÿçêè,
àñèìïòîòè÷í³ ðîçâ’ÿçêè, ñèíãóëÿðí³ çáóðåííÿ.
_________________________________________________________________________________________

Asymptotic step-like solutions to the Korteweg-de Vries equation with variable coefficients and a small
parameter at the highest derivative / S.I. Lyashko, V.H. Samoilenko, Yu.I. Samoilenko, N.I. Lyashko //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 86–95.

Abstract. The paper deals with the Korteweg-de Vries equation with variable coefficients and a small
parameter of the first degree at the highest derivative. The notion of an asymptotic solution of a step type is
proposed. By means of the non-linear WKB technique, an algorithm for constructing such solutions is proposed
and justified. The order, on the small parameter, of the asymptotic accuracy with which the constructed
approximate solution satisfies the given equation is established.

Keywords: Korteweg-de Vries equation with variable coefficients, soliton-like solutions, asymptotic solutions,
singular pertubation.
===============================================================================

ÓÄÊ 519.233.5

Ñòàòèñòè÷åñêèé àíàëèç äèíàìèêèèíôèöèðîâàíèÿ êîðîíàâèðóñîì ñ ïîìîùüþ ïîøàãîâîé ðåãðåñ-
ñèè ñ ïåðåêëþ÷åíèÿìè / Ï.Ñ. Êíîïîâ, À.Ñ. Êîðõèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56,
¹ 6. Ñ. 96–106.

²ë.: 4. Òàáë.: 1. Á³áë³îãð.: 18 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíî ìîäåëèðîâàíèå äèíàìèêè èíôèöèðîâàíèÿ êîðîíàâèðóñîì ñ èñïîëüçîâàíè-
åì ðåãðåññèè ñ ïåðåêëþ÷åíèÿìè, òî÷êè ïåðåêëþ÷åíèÿ êîòîðîé íåèçâåñòíû. Îïèñàí ïîøàãîâûé ïðîöåññ
ïîñòðîåíèÿ ðåãðåññèè âî âðåìåíè. Èññëåäîâàíà äèíàìèêà èíôèöèðîâàíèÿ êîðîíàâèðóñîì â Óêðàèíå.

Êëþ÷åâûå ñëîâà: ðåãðåññèÿ, òî÷êè ïåðåêëþ÷åíèÿ, ïàðàìåòðû ðåãðåññèè, ïîøàãîâîå îöåíèâàíèå, èíôè-
öèðîâàíèå, êîðîíàâèðóñ.
_________________________________________________________________________________________

Ñòàòèñòè÷íèé àíàë³ç äèíàì³êè ³íô³êóâàííÿ êîðîíàâ³ðóñîì çà äîïîìîãîþ ïîêðîêîâî¿ ðåãðåñ³¿ ç ïå-
ðåìèêàííÿìè / Ï.Ñ. Êíîïîâ, À.Ñ. Êîðõ³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6.
Ñ. 96–106.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìîäåëþâàòè äèíàì³êó ³íô³êóâàííÿ êîðîíàâ³ðóñîì ç âèêîðèñòàííÿì ðåã-
ðåñ³¿ ç ïåðåìèêàííÿìè, òî÷êè ïåðåìèêàííÿ ÿêî¿ íåâ³äîì³. Îïèñàíî ïîêðîêîâèé ïðîöåñ ïîáóäîâè ðåãðåñ³¿
ó ÷àñ³. Äîñë³äæåíî äèíàì³êó ³íô³êóâàííÿ êîðîíàâ³ðóñîì â Óêðà¿í³.

Êëþ÷îâ³ ñëîâà: ðåãðåñ³ÿ, òî÷êè ïåðåìèêàííÿ, ïàðàìåòðè ðåãðåñ³¿, ïîêðîêîâå îö³íþâàííÿ, ³íô³êóâàííÿ,
êîðîíàâ³ðóñ.
_________________________________________________________________________________________

Statistical analysis of the coronavirus infection dynamics using stepwise switching regression /
P.S. Knopov, A.S. Korkhin // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 96–106.

Abstract. It is proposed to model the coronavirus infection dynamics using switching regression whose
switching points are unknown. The step-by-step process of constructing the regression in time is described. The
dynamics of the coronavirus infection in Ukraine is analyzed.

Keywords: regression, switch points, regression parameters, stepwise estimation, infection, coronavirus.
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ÓÄÊ 519.8

Ìíîãîêðèòåðèàëüíàÿ çàäà÷à îïòèìèçàöèè: óñòîé÷èâîñòü ê âîçìóùåíèÿì âõîäíûõ äàííûõ âåê-
òîðíîãî êðèòåðèÿ / Ò.Ò. Ëåáåäåâà, Í.Â. Ñåìåíîâà, Ò.È. Ñåðãèåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíà-
ëèç. 2020. Òîì 56, ¹ 6. Ñ. 107–114.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 14 íàçâ.

Àííîòàöèÿ. Äëÿ âåêòîðíîé çàäà÷è îïòèìèçàöèè ñ íåïðåðûâíûìè ÷àñòíûìè êðèòåðèàëüíûìè
ôóíêöèÿìè è ìíîæåñòâîì äîïóñòèìûõ ðåøåíèé ïðîèçâîëüíîé ñòðóêòóðû èçó÷åíû óñëîâèÿ óñòîé÷èâîñ-
òè îòíîñèòåëüíî âîçìóùåíèé âõîäíûõ äàííûõ âåêòîðíîãî êðèòåðèÿ. Ïîëó÷åíû äîñòàòî÷íûå è íåîáõî-
äèìûå óñëîâèÿ óñòîé÷èâîñòè òðåõ òèïîâ äëÿ çàäà÷è ïîèñêà Ïàðåòî-îïòèìàëüíûõ ðåøåíèé.

Êëþ÷åâûå ñëîâà: âåêòîðíàÿ çàäà÷à îïòèìèçàöèè, âåêòîðíûé êðèòåðèé, óñòîé÷èâîñòü, Ïàðåòî-îïòè-
ìàëüíûå ðåøåíèÿ, ìíîæåñòâî Ñëåéòåðà, ìíîæåñòâî Ñìåéëà, âîçìóùåíèÿ âõîäíûõ äàííûõ.
_________________________________________________________________________________________

Áàãàòîêðèòåð³éíà çàäà÷à îïòèì³çàö³¿: ñò³éê³ñòü äî çáóðåíü âõ³äíèõ äàíèõ âåêòîðíîãî êðèòåð³þ /
Ò.Ò. Ëåáºäºâà, Í.Â. Ñåìåíîâà, Ò.². Ñåðã³ºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6.
Ñ. 107–114.

Àíîòàö³ÿ. Äëÿ âåêòîðíî¿ çàäà÷³ îïòèì³çàö³¿ ç íåïåðåðâíèìè ÷àñòêîâèìè êðèòåð³éíèìè ôóíêö³ÿìè ³
ìíîæèíîþ äîïóñòèìèõ ðîçâ’ÿçê³â äîâ³ëüíî¿ ñòðóêòóðè âèâ÷åíî óìîâè ñò³éêîñò³ ùîäî çáóðåíü âõ³äíèõ
äàíèõ âåêòîðíîãî êðèòåð³þ. Îòðèìàíî äîñòàòí³ ³ íåîáõ³äí³ óìîâè ñò³éêîñò³ òðüîõ òèï³â äëÿ çàäà÷³ ïîøó-
êó Ïàðåòî-îïòèìàëüíèõ ðîçâ’ÿçê³â.

Êëþ÷îâ³ ñëîâà: âåêòîðíà çàäà÷à îïòèì³çàö³¿, âåêòîðíèé êðèòåð³é, ñò³éê³ñòü, Ïàðåòî-îïòèìàëüí³ ðîçâ’ÿç-
êè, ìíîæèíà Ñëåéòåðà, ìíîæèíà Ñìåéëà, çáóðåííÿ âõ³äíèõ äàíèõ.
_________________________________________________________________________________________

Multi-objective optimization problem: stability with respect to initial data perturbations in vector
criterion / Ò.Ò. Lebedeva, N.V. Semenova, Ò.². Sergienko // Kibernetika i sistemnyj analiz. 2020. Vol. 56,
N 6. P. 107–114.

Abstract. The conditions of stability with respect to initial data perturbations in vector criterion for
multi-objective optimization problem with continuous partial criterion functions and feasible set of arbitrary
structure are established. The sufficient and necessary conditions of three types of stability for the problem of
finding Pareto-optimal solutions are proved.

Keywords: vector optimization problem, vector criterion, stability, Pareto optimal solutions, Slater set, Smale
set, perturbations of initial data.
===============================================================================

ÓÄÊ 621.391

Ïîäõîä ê ïîñòðîåíèþ ìàòåìàòè÷åñêîé ìîäåëè ñèãíàòóðû îïðåäåëåíèÿ îáúåêòîâ ìîíèòîðèíãà ñ
èñïîëüçîâàíèåì èíôîðìàòèâíîñòè åå ìîíèòîðèíãîâûõ ïðèçíàêîâ / À.À. Èëüÿøîâ, Â.Ñ. Êîìàðîâ,
Î.Â. Þð÷åíêî, À.Â. Äåéíåãà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 6. Ñ. 115–119.

²ë.: 1. Òàáë.: 0. Á³áë³îãð.: 6 íàçâ.

Àííîòàöèÿ. Â ñòàòüå ðàññìîòðåíà çàäà÷à èñïîëüçîâàíèÿ èíôîðìàòèâíîñòè ìîíèòîðèíãîâûõ ïðè-
çíàêîâ ñèãíàòóðû îáúåêòîâ ìîíèòîðèíãà äëÿ êîíêðåòíûõ óñëîâèé ðåøåíèÿ ïðèêëàäíûõ çàäà÷ ðàñïîçíà-
âàíèÿ. Èññëåäîâàí ïðåäëîæåííûé ïîäõîä ê ïîñòðîåíèþ ìàòåìàòè÷åñêîé ìîäåëè ñèãíàòóðû îïðåäåëåíèÿ
îáúåêòîâ ìîíèòîðèíãà ïóòåì ó÷åòà èçìåíåíèÿ âåëè÷èíû ðàçíèöû ìåæäó âåðîÿòíîñòÿìè ðàñïîçíàâàíèÿ
îáúåêòîâ ìîíèòîðèíãà.

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

Ï³äõ³ä äî ïîáóäîâè ìàòåìàòè÷íî¿ ìîäåë³ ñèãíàòóðè âèçíà÷åííÿ îá’ºêò³â ìîí³òîðèíãó ³ç çàñòîñó-
âàííÿì ³íôîðìàòèâíîñò³ ¿¿ ìîí³òîðèíãîâèõ îçíàê / Î.À. ²ëüÿøîâ, Â.Ñ. Êîìàðîâ, Î.Â. Þð÷åíêî,
Î.Â. Äåéíåãà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6. Ñ. 115–119.

Àíîòàö³ÿ. Ó ñòàòò³ ðîçãëÿíóòî çàäà÷ó âèêîðèñòàííÿ ³íôîðìàòèâíîñò³ ìîí³òîðèíãîâèõ îçíàê ñèãíà-
òóðè îá’ºêò³â ìîí³òîðèíãó äëÿ êîíêðåòíèõ óìîâ ðîçâ’ÿçàííÿ ïðèêëàäíèõ çàäà÷ ðîçï³çíàâàííÿ. Äîñë³äæå-
íî çàïðîïîíîâàíèé ï³äõ³ä äî ïîáóäîâè ìàòåìàòè÷íî¿ ìîäåë³ ñèãíàòóðè âèçíà÷åííÿ îá’ºêò³â ìîí³òîðèíãó
øëÿõîì âàð³þâàííÿ âåëè÷èíîþ ð³çíèö³ ì³æ ³ìîâ³ðíîñòÿìè ðîçï³çíàâàííÿ îá’ºêò³â ìîí³òîðèíãó.

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

An approach to constructing a mathematical model of the signature to determine the monitoring objects
using the informativity of its monitoring features / O. Iliashov, V. Êomarov, O. Yurchenko, O. Deineha //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 115–119.

Abstract. The authors consider the use of informativity of monitoring attributes of a signature of objects
of monitoring for specific conditions of solving applied recognition problems. The approach to construction of
the mathematical model of a signature of definition of objects of monitoring by varying the difference between
the probabilities of recognition of the objects of monitoring is proposed.

Keywords: monitoring sign, signature, information content of the monitoring sign.
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ÓÄÊ 519.85

Ïîñòðîåíèå âíåøíåãî êîíòóðà ñîïëà ôðàíêëÿ ñ èñïîëüçîâàíèåìs-îáðàçíûõ êðèâûõ ñ êâàäðàòè÷-
íûì çàêîíîì ðàñïðåäåëåíèÿ êðèâèçíû / Ï.È. Ñòåöþê, À.Â. Òêà÷åíêî, Î.Í. Õîìÿê, Î.Ë. Ãðèöàé //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 6. Ñ. 120–135.

²ë.: 6. Òàáë.: 6. Á³áë³îãð.: 22 íàçâè.

Àííîòàöèÿ. Ðàçðàáîòàíà ìàòåìàòè÷åñêàÿ ìîäåëü, àëãîðèòì è ïðîãðàììíîå îáåñïå÷åíèå äëÿ çàäà-
÷è ïîñòðîåíèÿ S-îáðàçíîé êðèâîé, ïðîõîäÿùåé ÷åðåç äâå çàäàííûå òî÷êè ñ çàäàííûìè óãëàìè íàêëîíà
êàñàòåëüíûõ â íèõ è îáåñïå÷èâàþùåé çàäàííûé óãîë íàêëîíà êàñàòåëüíîé â òî÷êå ñ çàäàííîé àáñöèññîé.
Äëÿ óïðàâëåíèÿ òî÷êîé ïåðåãèáà S-îáðàçíîé êðèâîé ñ êâàäðàòè÷íûì çàêîíîì ðàñïðåäåëåíèÿ êðèâèçíû â
íàòóðàëüíîé ïàðàìåòðèçàöèè èñïîëüçóåòñÿ óãîë íàêëîíà êàñàòåëüíîé â òî÷êå ñ çàäàííîé àáñöèññîé.
Àëãîðèòì îñíîâàí íà ìîäèôèêàöèè ìåòîäà ñ ðàñòÿæåíèåì ïðîñòðàíñòâà â íàïðàâëåíèè ðàçíîñòè äâóõ
ïîñëåäîâàòåëüíûõ îáîáùåííûõ ãðàäèåíòîâ. Âû÷èñëèòåëüíûå ýêñïåðèìåíòû ïîêàçàëè ýôôåêòèâíîñòü
ðàçðàáîòàííîãî àëãîðèòìà äëÿ ïðîåêòèðîâàíèÿ âíåøíåãî êîíòóðà ñîïëà Ôðàíêëÿ.

Êëþ÷åâûå ñëîâà: âíåøíèé êîíòóð ñîïëà, S-îáðàçíàÿ êðèâàÿ, íàòóðàëüíàÿ ïàðàìåòðèçàöèÿ, êâàäðàòè÷-
íàÿ êðèâèçíà, íåãëàäêàÿ îïòèìèçàöèÿ, r-àëãîðèòì.
_________________________________________________________________________________________

Ïîáóäîâà çîâí³øíüîãî êîíòóðó ñîïëà ôðàíêëÿ ç âèêîðèñòàííÿì S-ïîä³áíèõ êðèâèõ ³ç êâàäðàòè÷-
íèì çàêîíîì ðîçïîä³ëó êðèâèíè / Ï.I. Ñòåöþê, Î.Â. Òêà÷åíêî, Î.Ì. Õîì’ÿê, Î.Ë. Ãðèöàé // Ê³áåð-
íåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6. Ñ. 120–135.

Àíîòàö³ÿ. Ðîçðîáëåíî ìàòåìàòè÷íó ìîäåëü, àëãîðèòì òà ïðîãðàìíå çàáåçïå÷åííÿ äëÿ çàäà÷³ ïîáóäîâè
S-ïîä³áíî¿ êðèâî¿, ÿêà ïðîõîäèòü ÷åðåç äâ³ çàäàí³ òî÷êè ³ç çàäàíèìè êóòàìè íàõèëó äîòè÷íèõ ó íèõ òà çàáåç-
ïå÷óº çàäàíèé êóò íàõèëó äîòè÷íî¿ â òî÷ö³ ³ç çàäàíîþ àáñöèñîþ. Äëÿ êåðóâàííÿ òî÷êîþ ïåðåãèíó S-ïîä³áíî¿
êðèâî¿ ç êâàäðàòè÷íèì çàêîíîì ðîçïîä³ëó êðèâèíè â íàòóðàëüí³é ïàðàìåòðèçàö³¿ âèêîðèñòîâóºòüñÿ êóò íàõè-
ëó äîòè÷íî¿ â òî÷ö³ ³ç çàäàíîþ àáñöèñîþ. Àëãîðèòì ´ðóíòóºòüñÿ íà ìîäèô³êàö³¿ ìåòîäó ç ðîçòÿãîì ïðîñòîðó
â íàïðÿì³ ð³çíèö³ äâîõ ïîñë³äîâíèõ óçàãàëüíåíèõ ãðàä³ºíò³â. Îá÷èñëþâàëüí³ åêñïåðèìåíòè ïîêàçàëè åôåê-
òèâí³ñòü ðîçðîáëåíîãî àëãîðèòìó äëÿ ïðîºêòóâàííÿ çîâí³øíüîãî êîíòóðó ñîïëà Ôðàíêëÿ.

Êëþ÷îâ³ ñëîâà: çîâí³øí³é êîíòóð ñîïëà, S-ïîä³áíà êðèâà, íàòóðàëüíà ïàðàìåòðèçàö³ÿ, êâàäðàòè÷íà êðè-
âèíà, íåãëàäêà îïòèì³çàö³ÿ, r-àëãîðèòì.
_________________________________________________________________________________________

Constructing the external contour of the frankl nozzle using s-shaped curves with quadratic distribution
of the curvature / P.I. Stetsyuk, O.V. Tkachenko, Î.M. Khomyak, O.L. Gritsay // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 6. P. 120–135.

Abstract. A mathematical model, algorithm, and software are developed for the problem of constructing an
S-shaped curve, which passes through two given points with given tangent inclination angles at them and provides
a given tangent inclination angle at a point with a given abscissa. To control the inflection point of the S-shaped
curve with quadratic distribution of curvature in natural parameterization, the tangent inclination angle at the point
with the known abscissa is used. The algorithm is based on a modification of the method with space dilation in the
direction of the difference of two successive generalized gradients. Computational experiments have shown the
efficiency of the developed algorithm for constructing the external contour of a Frankl-type nozzle.

Keywords: external nozzle contour, S-shaped curve, natural parameterization, quadratic curvature, nonsmooth
optimization, r-algorithm.
===============================================================================

ÓÄÊ 517.988

Àäàïòèâíûé äâóõýòàïíûé ïðîêñèìàëüíûé àëãîðèòì äëÿ çàäà÷è î ðàâíîâåñèè â ïðîñòðàíñòâàõ
Àäàìàðà / ß.È. Âåäåëü, Ã.Â. Ñàíäðàêîâ, Â.Â. Ñåìåíîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020.
Òîì 56, ¹ 6. Ñ. 136–148.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 33 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû çàäà÷è î ðàâíîâåñèè â ìåòðè÷åñêèõ ïðîñòðàíñòâàõ Àäàìàðà. Äëÿ ïðè-
áëèæåííîãî ðåøåíèÿ çàäà÷ ïðåäëîæåí è èçó÷åí íîâûé àäàïòèâíûé äâóõýòàïíûé ïðîêñèìàëüíûé àëãî-
ðèòì. Â îòëè÷èå îò ïðèìåíÿåìûõ ðàíåå ïðàâèë âûáîðà âåëè÷èíû øàãà â ïðåäëàãàåìîì àëãîðèòìå íå
ïðîâîäÿòñÿ âû÷èñëåíèÿ çíà÷åíèé áèôóíêöèè â äîïîëíèòåëüíûõ òî÷êàõ è íå òðåáóåòñÿ çíàíèÿ èíôîðìà-
öèè î âåëè÷èíå ëèïøèöåâûõ êîíñòàíò áèôóíêöèè. Äëÿ ïñåâäîìîíîòîííûõ áèôóíêöèé ëèïøèöåâîãî
òèïà äîêàçàíà òåîðåìà î ñëàáîé ñõîäèìîñòè ïîðîæäåííûõ àëãîðèòìîì ïîñëåäîâàòåëüíîñòåé. Ïðåäëî-
æåííûé àëãîðèòì ïðèìåíèì ê ïñåâäîìîíîòîííûì âàðèàöèîííûì íåðàâåíñòâàì â ãèëüáåðòîâûõ ïðî-
ñòðàíñòâàõ.

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

Àäàïòèâíèé äâîåòàïíèé ïðîêñèìàëüíèé àëãîðèòì äëÿ çàäà÷³ ïðî ð³âíîâàãó â ïðîñòîðàõ Àäàìàðà /
ß.². Âåäåëü, Ã.Â. Ñàíäðàêîâ, Â.Â. Ñåìåíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6.
Ñ. 136–148.

Àíîòàö³ÿ. Pîçãëÿíóòî çàäà÷³ ïðî ð³âíîâàãó â ìåòðè÷íèõ ïðîñòîðàõ Àäàìàðà. Äëÿ íàáëèæåíîãî
ðîçâ’ÿçàííÿ çàäà÷ çàïðîïîíîâàíî òà äîñë³äæåíî íîâèé ³òåðàö³éíèé àäàïòèâíèé äâîåòàïíèé ïðîêñèìàëü-
íèé àëãîðèòì. Íà â³äì³íó â³ä ïðàâèë âèáîðó âåëè÷èíè êðîêó, ùî çàñòîñîâóâàëèñÿ ðàí³øå, â çàïðîïîíî-
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âàíîìó àëãîðèòì³ íå âèêîíóþòüñÿ îá÷èñëåííÿ çíà÷åíü á³ôóíêö³¿ â äîäàòêîâèõ òî÷êàõ, à òàêîæ çíàííÿ
³íôîðìàö³¿ ïðî âåëè÷èíó ë³ïøèöåâèõ êîíñòàíò á³ôóíêö³¿ íå ïîòð³áíî. Äëÿ ïñåâäîìîíîòîííèõ á³ôóíêö³é
ë³ïøèöåâîãî òèïó äîâåäåíî òåîðåìó ïðî ñëàáêó çá³æí³ñòü ïîðîäæåíèõ àëãîðèòìîì ïîñë³äîâíîñòåé. Çàï-
ðîïîíîâàíèé àëãîðèòì ìîæíà çàñòîñóâàòè äî ïñåâäîìîíîòîííèõ âàð³àö³éíèõ íåð³âíîñòåé ó ã³ëüáåðòî-
âèõ ïðîñòîðàõ.

Êëþ÷îâi ñëîâà: ïðîñò³ð Àäàìàðà, çàäà÷à ïðî ð³âíîâàãó, ïñåâäîìîíîòîíí³ñòü, äâîåòàïíèé ïðîêñèìàëü-
íèé àëãîðèòì, àäàïòèâí³ñòü, çá³æí³ñòü.

_________________________________________________________________________________________

An adaptive two-stage proximal algorithm for equilibrium problems in Hadamard spaces / Ya.I. Vedel,
G.V. Sandrakov, V.V. Semenov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 136–148.

Abstract. Equilibrium problems in Hadamard metric spaces are considered in the paper. For an
approximate solution of problems, a new iterative adaptive two-stage proximal algorithm is proposed and
analyzed. In contrast to the previously used rules for choosing the step size, the proposed algorithm does not
calculate bifunction values at additional points and does not require knowledge of the value of bifunction’s
Lipschitz constants. For pseudo-monotone bifunctions of Lipschitz type, the theorem on weak convergence of
the sequences generated by the algorithm is proved. It is shown that the proposed algorithm is applicable to
pseudo-monotone variational inequalities in Hilbert spaces.

Keywords: Hadamard space, equilibrium problem, pseudo-monotonicity, two-stage proximal algorithm,
adaptivity, convergence.

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

ÓÄÊ 519.816

Ñðàâíåíèå ìåòîäîâ, èñïîëüçóåìûõ ïðè ìíîãîêðèòåðèàëüíîì ïðèíÿòèè ðåøåíèÿ äëÿ ïîëó÷åíèÿ
çíà÷åíèé êîýôôèöèåíòîâ âàæíîñòè ïîêàçàòåëåé, êîòîðûå õàðàêòåðèçóþò ñëîæíóþ ñèñòåìó /
Ì.Ì. Ïîòåìêèí, À.À. Ñåäëÿð, À.Â. Äåéíåãà, Î.Ï. Êðàâåö // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020.
Òîì 56, ¹ 6. Ñ. 149–159.

²ë.: 0. Òàáë.: 7. Á³áë³îãð.: 22 íàçâ.

Àííîòàöèÿ. Ïðèâåäåíî îáùåå îïèñàíèå òèïîâûõ ìåòîäîâ, êîòîðûå èñïîëüçóþòñÿ ïðè ìíîãîêðè-
òåðèàëüíîì ïðèíÿòèè ðåøåíèÿ äëÿ ïîëó÷åíèÿ çíà÷åíèé êîýôôèöèåíòîâ âàæíîñòè ïîêàçàòåëåé, õàðàêòå-
ðèçóþùèõ ñëîæíóþ ñèñòåìó: àíàëèçà èåðàðõèé, êðèòè÷åñêîãî ðàññòîÿíèÿ, ïàðíûõ ñðàâíåíèé, ðàíãîâ,
Ôèøáåðíà, CRITIC, ýíòðîïèéíîãî. Îïðåäåëåíû îñîáåííîñòè ýòèõ ìåòîäîâ, âûïîëíåíû ðàñ÷åòû, êîòî-
ðûå èëëþñòðèðóþò îòëè÷èÿ çíà÷åíèé êîýôôèöèåíòîâ âàæíîñòè ïîêàçàòåëåé, ïîëó÷àåìûõ ñ èõ èñïîëüçî-
âàíèåì, à òàêæå ïðèâåäåíû ðåêîìåíäàöèè ïî èõ ïðàêòè÷åñêîìó ïðèìåíåíèþ.

Êëþ÷åâûå ñëîâà: ìåòîä àíàëèçà èåðàðõèé, ìåòîä êðèòè÷åñêîãî ðàññòîÿíèÿ, ìåòîä ïàðíûõ ñðàâíåíèé, ìå-
òîä ðàíãîâ, ìåòîä Ôèøáåðíà, ìåòîä CRITIC, êîýôôèöèåíò âàæíîñòè ïîêàçàòåëåé, ýíòðîïèéíûé ìåòîä.

_________________________________________________________________________________________

Ïîð³âíÿííÿ ìåòîä³â, âèêîðèñòîâóâàíèõ ï³ä ÷àñ ïðèéíÿòòÿ ð³øåííÿ äëÿ îòðèìàííÿ çíà÷åíü
êîåô³ö³ºíò³â âàæëèâîñò³ ïîêàçíèê³â, ùî õàðàêòåðèçóþòü ñêëàäíó ñèñòåìó / Ì.Ì. Ïîòüîìê³í,
À.À. Ñåäëÿð, Î.Â. Äåéíåãà, Î.Ï. Êðàâåöü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6.
Ñ. 149–159.

Àíîòàö³ÿ. Íàâåäåíî çàãàëüíèé îïèñ òèïîâèõ ìåòîä³â, âèêîðèñòîâóâàíèõ ï³ä ÷àñ ïðèéíÿòòÿ ð³øåí-
íÿ äëÿ îòðèìàííÿ çíà÷åíü êîåô³ö³ºíò³â âàæëèâîñò³ ïîêàçíèê³â, ùî õàðàêòåðèçóþòü ñêëàäíó ñèñòåìó:
àíàë³çó ³ºðàðõ³é, êðèòè÷íî¿ â³äñòàí³, ïàðíèõ ïîð³âíÿíü, ðàíã³â, Ô³øáåðíà, CRITIC, åíòðîï³éíîãî. Âèçíà-
÷åíî îñîáëèâîñò³ öèõ ìåòîä³â, âèêîíàíî ðîçðàõóíêè, ÿê³ ³ëþñòðóþòü â³äì³ííîñò³ çíà÷åíü êîåô³ö³ºíò³â
âàæëèâîñò³, îòðèìóâàíèõ çà íèìè, à òàêîæ íàâåäåíî ðåêîìåíäàö³¿ ùîäî ¿õíüîãî ïðàêòè÷íîãî âèêîðèñ-
òàííÿ.

Êëþ÷îâ³ ñëîâà: ìåòîä àíàë³çó ³ºðàðõ³é, ìåòîä êðèòè÷íî¿ â³äñòàí³, ìåòîä ïàðíèõ ïîð³âíÿíü, ìåòîä
ðàíã³â, ìåòîä Ô³øáåðíà, ìåòîä CRITIC, êîåô³ö³ºíò âàæëèâîñò³ ïîêàçíèê³â, åíòðîï³éíèé ìåòîä.

_________________________________________________________________________________________

Comparison of the methods used in multicriteria decision making to determine the values of the
coefficients of importance of indicators that characterize a composite system / M.M. Potomkin,
A.A. Sedlyar, O.V. Deineha, O.P. Kravets // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 149–159.

Abstract. The paper provides a general description of typical methods that are used in multi-criteria
decision making to determine the values of the coefficients of importance of indicators that characterize a
composite system: analytic hierarchy process, critical distance, pairwise comparisons, ranks, Fishburn, CRITIC,
entropy. The features of these methods are determined and calculations are carried out that illustrate the
differences in the values of the coefficients of importance of the obtained indicators with their use. The
recommendations on the practical application of these methods are provided.

Keywords: analytic hierarchy process, critical distance method, pair wise comparison method, rank method,
Fishburn method, CRITIC method, coefficients of importance of indicators, entropy method.

===============================================================================
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ÓÄÊ 519.9

Ìíîãîêðèòåðèàëüíàÿ îïòèìèçàöèÿ: ñèñòåìíûé ïîäõîä / À.Í. Âîðîíèí, À.Ñ. Ñàâ÷åíêî // Êèáåðíå-
òèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 6. Ñ. 160–174.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 13 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ñèñòåìíûé ïîäõîä ê ðåøåíèþ çàäà÷ ìíîãîêðèòåðèàëüíîé îïòèìèçàöèè.
Òàêîé ïîäõîä ïîçâîëÿåò îáúåäèíèòü ìîäåëè îòäåëüíûõ ñõåì êîìïðîìèññîâ â åäèíóþ öåëîñòíóþ ñòðóê-
òóðó, àäàïòèðóþùóþñÿ ê ñèòóàöèè ïðèíÿòèÿ ìíîãîêðèòåðèàëüíîãî ðåøåíèÿ. Ïðåèìóùåñòâîì êîíöåï-
öèè íåëèíåéíîé ñõåìû êîìïðîìèññîâ ÿâëÿåòñÿ âîçìîæíîñòü ïðèíÿòèÿ ìíîãîêðèòåðèàëüíîãî ðåøåíèÿ
ôîðìàëüíî áåç íåïîñðåäñòâåííîãî ó÷àñòèÿ ÷åëîâåêà. Àïïàðàò íåëèíåéíîé ñõåìû êîìïðîìèññîâ, ðàçðà-
áîòàííûé êàê ôîðìàëèçîâàííûé èíñòðóìåíò äëÿ èññëåäîâàíèÿ ñèñòåì óïðàâëåíèÿ ñ ïðîòèâîðå÷èâûìè
êðèòåðèÿìè, ïîçâîëÿåò ïðàêòè÷åñêè ðåøàòü ìíîãîêðèòåðèàëüíûå çàäà÷è øèðîêîãî êëàññà.

Êëþ÷åâûå ñëîâà: ñèñòåìà, îïòèìèçàöèÿ, ìíîãîêðèòåðèàëüíîñòü, ôóíêöèÿ ïîëåçíîñòè, ñêàëÿðíàÿ ñâåð-
òêà, íåëèíåéíàÿ ñõåìà êîìïðîìèññîâ.

_________________________________________________________________________________________

Áàãàòîêðèòåð³éíà îïòèì³çàö³ÿ: ñèñòåìíèé ï³äõ³ä / À.Ì. Âîðîí³í, À.Ñ. Ñàâ÷åíêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6. Ñ. 160–174.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ñèñòåìíèé ï³äõ³ä äî ðîçâ’ÿçàííÿ çàäà÷ áàãàòîêðèòåð³éíî¿ îïòèì³çàö³¿.
Òàêèé ï³äõ³ä äîçâîëèâ îá’ºäíàòè ìîäåë³ îêðåìèõ ñõåì êîìïðîì³ñ³â â ºäèíó ö³ë³ñíó ñòðóêòóðó, ÿêà àäàï-
òóºòüñÿ äî ñèòóàö³¿ ïðèéíÿòòÿ áàãàòîêðèòåð³éíîãî ð³øåííÿ. Ïåðåâàãîþ êîíöåïö³¿ íåë³í³éíî¿ ñõåìè êîì-
ïðîì³ñ³â º ìîæëèâ³ñòü ïðèéíÿòòÿ áàãàòîêðèòåð³éíîãî ð³øåííÿ ôîðìàëüíî áåç áåçïîñåðåäíüî¿ ó÷àñò³ ëþ-
äèíè. Àïàðàò íåë³í³éíî¿ ñõåìè êîìïðîì³ñ³â, ðîçðîáëåíèé ÿê ôîðìàë³çîâàíèé ³íñòðóìåíò äëÿ äîñë³äæåí-
íÿ ñèñòåì êåðóâàííÿ ç ñóïåðå÷ëèâèìè êðèòåð³ÿìè, äîçâîëÿº ïðàêòè÷íî ðîçâ’ÿçóâàòè áàãàòîêðèòåð³éí³
çàäà÷³ øèðîêîãî êëàñó.

Êëþ÷îâ³ ñëîâà: ñèñòåìà, îïòèì³çàö³ÿ, áàãàòîêðèòåð³éí³ñòü, ôóíêö³ÿ êîðèñíîñò³, ñêàëÿðíà ñâåðòêà,
íåë³í³éíà ñõåìà êîìïðîì³ñ³â.

_________________________________________________________________________________________

A systematic approach to multiobjective optimization / A.N. Voronin, A.S. Savchenko // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 6. P. 160–174.

Abstract. A systematic approach to solving multiobjective optimization problems is proposed. The
system approach allows combining the models of individual schemes of compromises into an integrated
structure that adapts to the situation of making multiobjective decisions. An advantage of the concept of
non-linear scheme of compromises is the possibility of making a multiobjective decision formally, without a
direct human participation. The apparatus of the non-linear scheme of compromises, developed as a formalized
tool for the analysis of control systems with conflicting criteria, makes it possible to solve practically
multicriteria problems of a broad class.

Keywords: system, optimization, multicriteria, utility function, scalar convolution, nonlinear scheme of
compromises.

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

ÍÎÂ² ÇÀÑÎÁÈ Ê²ÁÅÐÍÅÒÈÊÈ,
²ÍÔÎÐÌÀÒÈÊÈ, ÎÁ×ÈÑËÞÂÀËÜÍÎ¯
ÒÅÕÍ²ÊÈ ² ÑÈÑÒÅÌÍÎÃÎ ÀÍÀË²ÇÓ

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 516.813

Ëîãè÷åñêèå îïåðàöèè íàä íå÷åòêèìè ìíîæåñòâàìè è îòíîøåíèÿìè â àâòîìàòíîé èíòåðïðåòàöèè /
Ñ.Ë. Êðûâûé, Â.Í. Îïàíàñåíêî, Ñ.Á. Çàâüÿëîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56,
¹ 6. Ñ. 175–183.

²ë.: 8. Òàáë.: 5. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàþòñÿ ëîãè÷åñêèå îïåðàöèè íàä íå÷åòêèìè ìíîæåñòâàìè è îòíîøåíèÿìè
â àâòîìàòíîé èíòåðïðåòàöèè ñðåäñòâàìè ëîãè÷åñêèõ ñåòåé ñ âîçìîæíîñòüþ àäàïòàöèè. Ïðèâåäåíû ïðè-
ìåðû ñèíòåçà ñåòåé ñ ïîìîùüþ ðàññìîòðåííûõ àâòîìàòîâ íà îñíîâå ñòðóêòóð âûðàæåíèé äëÿ çàäàííûõ
íå÷åòêèõ ìíîæåñòâ è îòíîøåíèé.

Êëþ÷åâûå ñëîâà: íå÷åòêèå ìíîæåñòâà, îòíîøåíèÿ, ëîãè÷åñêèå îïåðàöèè.

_________________________________________________________________________________________

Ëîã³÷í³ îïåðàö³¿ íàä íå÷³òêèìè ìíîæèíàìè ³ â³äíîøåííÿìèâ àâòîìàòí³é ³íòåðïðåòàö³¿ / Ñ.Ë. Êðè-
âèé, Â.Ì. Îïàíàñåíêî, Ñ.Á. Çàâ’ÿëîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 6.
Ñ. 175–183.

Àíîòàö³ÿ. Ðîçãëÿíóòî ëîã³÷í³ îïåðàö³¿ íàä íå÷³òêèìè ìíîæèíàìè ³ â³äíîøåííÿìè â àâòîìàòí³é
³íòåðïðåòàö³¿ çàñîáàìè ëîã³êîâèõ ìåðåæ ç³ çäàòí³ñòþ àäàïòàö³¿. Íàâåäåíî ïðèêëàäè ñèíòåçó ìåðåæ çà äî-
ïîìîãîþ ðîçãëÿíóòèõ àâòîìàò³â íà îñíîâ³ ñòðóêòóð âèðàç³â äëÿ çàäàíèõ íå÷³òêèõ ìíîæèí ³ â³äíîøåíü.

Êëþ÷îâ³ ñëîâà: íå÷³òê³ ìíîæèíè, â³äíîñèíè, ëîã³÷í³ îïåðàö³¿.

_________________________________________________________________________________________
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Logical operations on fuzzy sets and relations through automatic interpretation / S.L. Kryvyi,
V.M. Opanasenko, S.B. Zavyalov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 6. P. 175–183.

Abstract. Logical operations on fuzzy sets and relations are considered in the automatic interpretation by
means of logical networks with the possibility of adaptation. Examples of the synthesis of networks using the
considered automata based on expression structures for the given fuzzy sets and relations are given.

Keywords: fuzzy sets, relations, logical operations.
===============================================================================

ÓÄÊ 004.8

Ðàñøèðåíèå ìåòàÿçûêà íîðìàëüíûõ ôîðì çíàíèé / À.Ô. Êóðãàåâ // Êèáåðíåòèêà è ñèñòåìíûé àíà-
ëèç. 2020. Òîì 56, ¹ 6. Ñ. 184–191.

²ë.: 9. Òàáë.: 1. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû äâà âàðèàíòà òåêñòîâîãî è ãðàôè÷åñêîãî îïèñàíèÿ ìåòàÿçûêà íîðìàëü-
íûõ ôîðì çíàíèé, ðàñøèðåííîãî ñòèëèñòè÷åñêèìè îòíîøåíèÿìè îïèñàíèÿ èíôîðìàöèîííûõ ñòðóêòóð.
Íàáîð îòíîøåíèé íîðìàëüíûõ ôîðì çíàíèé (àëüòåðíàòèâà, êîíêàòåíàöèÿ, îòðèöàíèå è èòåðàöèÿ) ðàñ-
øèðåí äâóìÿ íîâûìè îòíîøåíèÿìè: îáÿçàòåëüíîñòè — íå íóëåâûì ÷èñëîì ïîâòîðåíèé (mandatory) íå-
êîòîðîé ñòðóêòóðû, íåîáÿçàòåëüíîñòè (optional) íåêîòîðîé ñòðóêòóðû è ñòðóêòóðíûìè (grouped) ñêîáêà-
ìè. Â òåêñòîâîé è ãðàôè÷åñêîé ôîðìàõ äàíû îïèñàíèÿ íîâûõ îòíîøåíèé ÷åðåç áàçîâûå îòíîøåíèÿ.
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Ðîçøèðåííÿ ìåòàìîâè íîðìàëüíèõ ôîðì çíàíü / Î.Ï. Êóðãàºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2020. Òîì 56, ¹ 6. Ñ. 184–191.

Àíîòàö³ÿ. Ðîçãëÿíóòî äâà âàð³àíòè òåêñòîâîãî ³ ãðàô³÷íîãî îïèñó ìåòàìîâè íîðìàëüíèõ ôîðì
çíàíü, ðîçøèðåíî¿ ñòèë³ñòè÷íèìè â³äíîøåííÿìè îïèñó ³íôîðìàö³éíèõ ñòðóêòóð. Íàá³ð â³äíîøåíü íîð-
ìàëüíèõ ôîðì çíàíü (àëüòåðíàòèâà, êîíêàòåíàö³ÿ, çàïåðå÷åííÿ òà ³òåðàö³ÿ) ðîçøèðåíî äâîìà íîâèìè
â³äíîøåííÿìè: îáîâ’ÿçêîâîñò³ — íå íóëüîâîþ ê³ëüê³ñòþ ïîâòîðåíü (mandatory) äåÿêî¿ ñòðóêòóðè, íåî-
áîâ’ÿçêîâîñò³ (optional) äåÿêî¿ ñòðóêòóðè ³ ñòðóêòóðíèìè (grouped) äóæêàìè. Ó òåêñòîâ³é ³ ãðàô³÷í³é
ôîðìàõ íàâåäåíî îïèñè íîâèõ â³äíîøåíü ÷åðåç áàçîâ³ â³äíîøåííÿ.
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The extended meta-language of normal forms of knowledge / A.F. Kurgaev // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 6. P. 184–191.

Abstract. Two variants of text and graphic descriptions of the meta-language of normal forms of
knowledge, extended by the stylistic relations of the information structure descriptions, are presented. The set of
the relations of normal forms of knowledge (alternative, concatenation, negation and iteration) is extended by
two new relations: commitment relation (non-zero number of repetitions of some structure) and
non-commitment relation of some structure, and structure brackets. The descriptions of new relations in text and
graphic forms are also presented through the basic relations.

Keywords: meta-language, self-description of the meta-language, self-description graph of the meta-language,
commitment relation, non-commitment relation, structure brackets.
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ÓÄÊ 681.04

Ìåòîä ðåàëèçàöèè îïåðàöèè ñëîæåíèÿ äâóõ îñòàòêîâ ÷èñåë ïî ìîäóëþ ñèñòåìû îñòàòî÷íûõ êëàñ-
ñîâ / Â.À. Êðàñíîáàåâ, À.À. Êóçíåöîâ, Ñ.À. Êîøìàí, Å.À. Êóçíåöîâà // Êèáåðíåòèêà è ñèñòåìíûé àíà-
ëèç. 2020. Òîì 56, ¹ 6. Ñ. 192–202.

²ë.: 11. Òàáë.: 2. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí ìåòîä ðåàëèçàöèè àðèôìåòè÷åñêîé îïåðàöèè ñëîæåíèÿ äâóõ îñòàòêîâ ÷è-
ñåë ïî ìîäóëþ m

i
â ñèñòåìå îñòàòî÷íûõ êëàññîâ (ÑÎÊ). Ìåòîä îñíîâàí íà èñïîëüçîâàíèè ñóììàòîðîâ

ïî ìîäóëþ M
n

� �2 1, ñîñòîÿùèõ èç ñîâîêóïíîñòè ïîñëåäîâàòåëüíûõ äâîè÷íûõ îäíîðàçðÿäíûõ ñóììà-

òîðîâ, ïóòåì èñïîëüçîâàíèÿ äîïîëíèòåëüíûõ ñâÿçåé. Ñôîðìóëèðîâàíû ïðàâèëà ââåäåíèÿ äîïîëíèòåëü-
íûõ ñâÿçåé, ÷òî äàåò âîçìîæíîñòü ðåàëèçîâàòü îïåðàöèþ ñëîæåíèÿ ïî ïðîèçâîëüíîìó ìîäóëþ ÑÎÊ.
Ðàññìîòðåíû ïðèìåðû ñèíòåçà äâîè÷íûõ ñóììàòîðîâ è ðåàëèçàöèè îïåðàöèè ñëîæåíèÿ äâóõ îñòàòêîâ
÷èñåë ïî ìîäóëþ ÑÎÊ.

Êëþ÷åâûå ñëîâà: êîìïüþòåðíàÿ ñèñòåìà, ñèñòåìà îñòàòî÷íûõ êëàññîâ, ìàëîðàçðÿäíûé äâîè÷íûé ñóì-
ìàòîð, ïîçèöèîííàÿ ñèñòåìà ñ÷èñëåíèÿ, ìîäóëüíàÿ îïåðàöèÿ ñëîæåíèÿ.
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Ìåòîä ðåàë³çàö³¿ îïåðàö³¿ äîäàâàííÿ äâîõ çàëèøê³â ÷èñåë çà ìîäóëåìñèñòåìè çàëèøêîâèõ êëàñ³â /
Â.À. Êðàñíîáàºâ, Î.Î. Êóçíåöîâ, Ñ.Î. Êîøìàí, Ê.Î. Êóçíåöîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
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Àíîòàö³ÿ. Ðîçãëÿíóòî ìåòîä ðåàë³çàö³¿ àðèôìåòè÷íî¿ îïåðàö³¿ äîäàâàííÿ äâîõ çàëèøê³â ÷èñåë çà
ìîäóëåì m

i
ó ñèñòåì³ çàëèøêîâèõ êëàñ³â (ÑÇÊ). Ìåòîä áàçóºòüñÿ íà âèêîðèñòàíí³ ñóìàòîð³â çà ìîäóëåì

M
n

� �2 1, ùî ñêëàäàþòüñÿ ç ñóêóïíîñò³ ïîñë³äîâíèõ äâ³éêîâèõ îäíîðîçðÿäíèõ ñóìàòîð³â, øëÿõîì âè-

êîðèñòàííÿ äîäàòêîâèõ çâ’ÿçê³â. Ñôîðìóëüîâàíî ïðàâèëà ââåäåííÿ äîäàòêîâèõ çâ’ÿçê³â, ùî äàº ìîæ-
ëèâ³ñòü ðåàë³çóâàòè îïåðàö³þ äîäàâàííÿ çà äîâ³ëüíèì ìîäóëåì ÑÇÊ. Ðîçãëÿíóòî ïðèêëàäè ñèíòåçó
äâ³éêîâèõ ñóìàòîð³â òà ðåàë³çàö³¿ îïåðàö³¿ äîäàâàííÿ äâîõ çàëèøê³â ÷èñåë çà ìîäóëåì ÑÇÊ.

Êëþ÷îâ³ ñëîâà: êîìï’þòåðíà ñèñòåìà, ñèñòåìà çàëèøêîâèõ êëàñ³â, ìàëîðîçðÿäíèé äâ³éêîâèé ñóìàòîð,
ïîçèö³éíà ñèñòåìà ÷èñëåííÿ, ìîäóëüíà îïåðàö³ÿ äîäàâàííÿ.
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A method for implementing the operation of modulo addition of two numbers residues of the residual
number system / V.A. Krasnobayev, A.A. Kuznetsov, S.A. Koshman, K.O. Kuznetsovà // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 6. P. 192–202.

Abstract. The paper describes a method for implementing the arithmetic operation of modulo m
i

addition

of the residues of two numbers in the residual number system (RNS). The method is based on the use of modulo

M
n

� �2 1 adders, which consist of a set of sequential binary single-digit adders, by introducing and using

additional feedbacks. The authors formulate the rules for introducing additional feedbacks, which makes it
possible to implement the addition operation for an arbitrary modulo of RNS. Examples of the synthesis of
binary adders and examples of the operation of RNS modulo addition of two numbers residues are given.

Keywords: computer system, residual number system, small-bit binary adder, positional number system,
modular addition operation.
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