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Àâòîìàòû íà êîíå÷íûõ Ò-êâàçèãðóïïàõ / Â.Â. Ñêîáåëåâ, Â.Ã. Ñêîáåëåâ // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 3–16.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Èññëåäîâàíû ñåìåéñòâà àâòîìàòîâ áåç âûõîäà, à òàêæå ñåìåéñòâà îáðàòèìûõ àâòîìà-
òîâ Ìèëè è Ìóðà, çàäàííûå ðåêóððåíòíûìè ñîîòíîøåíèÿìè íàä êîíå÷íûìè T-êâàçèãðóïïàìè. Íà îñíî-
âå ðàçëîæåíèÿ àáåëåâîé ãðóïïû â ïðÿìóþ ñóììó ïðèìàðíûõ öèêëè÷åñêèõ ãðóïï ïðåäëîæåí óíèôèöèðî-
âàííûé ïîäõîä ê àïïàðàòíîìó è ïðîãðàììíîìó ñèíòåçàì ðàññìàòðèâàåìûõ àâòîìàòîâ. Íàéäåíû îöåíêè
âðåìåííîé è åìêîñòíîé ñëîæíîñòåé âû÷èñëåíèé, îñóùåñòâëÿåìûõ ýòèìè àâòîìàòàìè íà îäíîì òàêòå àâ-
òîìàòíîãî âðåìåíè.

Êëþ÷åâûå ñëîâà: êîíå÷íûå Ò-êâàçèãðóïïû, àâòîìàòû áåç âûõîäà, àâòîìàòû Ìèëè è Ìóðà.

—-

Àâòîìàòè íà ñê³í÷åííèõ Ò-êâàç³ãðóïàõ / Â.Â. Ñêîáåëºâ, Â.Ã. Ñêîáåëºâ // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2018. Òîì 54, ¹ 3. Ñ. 3–16.

Àíîòàö³ÿ. Äîñë³äæåíî ñ³ì’¿ àâòîìàò³â áåç âèõîäó, à òàêîæ ñ³ì’¿ îáîðîòíèõ àâòîìàò³â Ì³ë³ òà
Ìóðà, ÿê³ âèçíà÷åíî ðåêóðåíòíèìè ñï³ââ³äíîøåííÿìè íà ñê³í÷åííèõ Ò-êâàç³ãðóïàõ. Íà îñíîâ³
ðîçêëàäàííÿ àáåëåâî¿ ãðóïè â ïðÿìó ñóìó ïð³ìàðíèõ öèêë³÷íèõ ãðóï çàïðîïîíîâàíî óí³ô³êîâà-
íèé ï³äõ³ä äî àïàðàòíîãî òà ïðîãðàìíîãî ñèíòåç³â öèõ àâòîìàò³â. Çíàéäåíî îö³íêè ÷àñîâî¿ òà
ºìí³ñíî¿ ñêëàäíîñòåé îá÷èñëåíü, ÿê³ âèêîíóþòüñÿ öèìè àâòîìàòàìè çà îäèí òàêò àâòîìàòíîãî
÷àñó.

Êëþ÷îâ³ ñëîâà: ñê³í÷åíí³ Ò-êâàç³ãðóïè, àâòîìàòè áåç âèõîäó, àâòîìàòè Ì³ë³ òà Ìóðà.

—-

Automata over finite T-quasigroups / V.V. Skobelev, V.G. Skobelev // Kibernetika i sistemnyj analiz. 2018.
Vol. 54, N 3. P. 3–16.

Abstract. This paper investigates families of automata without outputs and also families of reversible
Mealy and Moore automata specified by recurrence relations over finite T-quasigroups. Based on the
decomposition of an Abelian group into the direct sum of primary cyclic groups, a unified approach is proposed
to the hardware and software synthesis of such automata. Estimates are found for the time and space
complexities of computations executed by these automata during one clock cycle.

Keywords: finite T-quasigroup, automaton without outputs, Mealy automaton, Moore automaton
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ÓÄÊ 517.977

Îïòèìàëüíîå óïðàâëåíèå ïåðåíîñîì ëåêàðñòâ èç ñèñòåì ìèêðîèãË / Ñ.È. Ëÿøêî, Ä.À. Êëþøèí,
Â.Â. Îíîöêèé, Í.È. Ëÿøêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 17–26.

²ë.: 2. Òàáë. 2. Á³áë³îãð.: 19 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû ìîäåëèðîâàíèå è îïòèìèçàöèÿ òðàíñäåðìàëüíîãî òðàíñïîðòà ëåêàðñòâ
èç ðàñòâîðèìûõ ìèêðîèãë. Ðåøåíà äâóìåðíàÿ çàäà÷à âåðòèêàëüíîãî ïåðåíîñà ðàñòâîðèìûõ ïðåïàðàòîâ
÷åðåç ïîðèñòóþ ñðåäó ñ òî÷å÷íûìè èñòî÷íèêàìè, èìèòèðóþùèìè ðàñòâîðèìûå ìèêðîèãëû. Ïîêàçàíî,
÷òî, óïðàâëÿÿ èíòåíñèâíîñòüþ è çàäàâàÿ êîîðäèíàòû èñòî÷íèêîâ, ìîæíî ðåøèòü çàäà÷ó îïòèìàëüíîãî
óïðàâëåíèÿ òðàíñäåðìàëüíûì ïåðåíîñîì ëåêàðñòâ è äîñòè÷ü íåîáõîäèìîé êîíöåíòðàöèè â ýïèäåðìèñå ñ
ïðèåìëåìîé òî÷íîñòüþ. Äëÿ ðåøåíèÿ íà÷àëüíî-êðàåâûõ çàäà÷ èñïîëüçîâàíû êîíå÷íîðàçíîñòíûå ìåòî-
äû è äâóõøàãîâûé ñèììåòðèçîâàííûé àëãîðèòì.

Êëþ÷åâûå ñëîâà: òðàíñäåðìàëüíàÿ äèôôóçèÿ, ñèñòåìà ìèêðîèãë, ìîäåëèðîâàíèå, îïòèìèçàöèÿ, òî÷å÷-
íûé èñòî÷íèê, ðàçíîñòíàÿ ñõåìà.
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Îïòèìàëüíå êåðóâàííÿ ïåðåíåñåííÿì ë³ê³â ³ç ñèñòåì ì³êðîãîëîê / Ñ.². Ëÿøêî, Ä.À. Êëþøèí,
Â.Â. Îíîöüêèé, Í.². Ëÿøêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 3. Ñ. 17–26.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìîäåëþâàííÿ òà îïòèì³çàö³þ òðàíñäåðìàëüíîãî òðàíñïîðòóâàííÿ ë³ê³â ç
ðîç÷èííèõ ì³êðîãîëîê. Ðîçâ’ÿçàíî äâîâèì³ðíó çàäà÷ó âåðòèêàëüíîãî ïåðåíåñåííÿ ðîç÷èííèõ ïðåïàðàò³â
÷åðåç ïîðèñòå ñåðåäîâèùå ç òî÷êîâèìè äæåðåëàìè, ùî ³ì³òóþòü ðîç÷èíí³ ì³êðîãîëêè. Ïîêàçàíî, ùî, êå-
ðóþ÷è ³íòåíñèâí³ñòþ ³ çàäàþ÷è êîîðäèíàòè äæåðåë, ìîæíà ðîçâ’ÿçàòè çàäà÷ó îïòèìàëüíîãî êåðóâàííÿ
òðàíñäåðìàëüíèì ïåðåíåñåííÿì ë³ê³â ³ äîñÿãíóòè íåîáõ³äíî¿ êîíöåíòðàö³¿ â åï³äåðì³ñ³ ç ïðèéíÿòíîþ
òî÷í³ñòþ. Äëÿ ðîçâ’ÿçàííÿ ïî÷àòêîâî-êðàéîâèõ çàäà÷ âèêîðèñòàíî ñê³í÷åííîð³çíèöåâ³ ìåòîäè ³ äâîêðî-
êîâèé ñèìåòðèçîâàíèé àëãîðèòì.

Êëþ÷îâ³ ñëîâà: òðàíñäåðìàëüíà äèôóç³ÿ, ñèñòåìà ì³êðîãîëîê, ìîäåëþâàííÿ, îïòèì³çàö³ÿ, òî÷êîâå äæå-
ðåëî, ð³çíèöåâà ñõåìà.
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Optimal control of drug delivery from microneedles systems / S.I. Lyashko, D.A. Klyushin,
V.V. Onotskyi, N.I. Lyashko // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 17–26.

Abstract. We consider simulation and optimal control of transdermal drug transport from systems of solvable
microneedles. We solve a two-dimensional problem of vertical transport of solvable drugs through a porous medium
with point sources simulating solvable microneedles. It is shown that, by controlling the intensity and specifying the
coordinates of the sources, the problem of optimal control of transdermal drug transport can be solved and a desired
distribution of drugs in epidermis can be achieved with acceptable accuracy. To solve initial-boundary value
problems, finite-difference methods and a two-step symmetrizable algorithm are used.

Keywords: transdermal diffusion, microneedle system, simulation, optimization, point source, microneedle.
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ÓÄÊ: 004.2

Îïðåäåëåíèå îáëàñòè ýôôåêòèâíîãî ïðèìåíåíèÿ ìèêðîïðîãðàììíîãî àâòîìàòà ñ îïåðàöèîííûì
àâòîìàòîì ïåðåõîäîâ / Ð.Ì. Áàáàêîâ, À.À. Áàðêàëîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018.
Òîì 54, ¹ 3. Ñ. 27–37.

²ë.: 3. Òàáë. 6. Á³áë³îãð.: 10 íàçâ.
Àííîòàöèÿ. Ïðîâåäåíû èññëåäîâàíèÿ ýôôåêòèâíîñòè ìèêðîïðîãðàììíîãî àâòîìàòà ñ îïåðàöèîí-

íûì àâòîìàòîì ïåðåõîäîâ â ñðàâíåíèè ñ êàíîíè÷åñêèì àâòîìàòîì ïî êðèòåðèþ àïïàðàòóðíûõ çàòðàò â
ëîãè÷åñêîé ñõåìå àâòîìàòà. Äëÿ èññëåäîâàííûõ ñòðóêòóð îïðåäåëåíà îáëàñòü èõ ýôôåêòèâíîãî ïðèìå-
íåíèÿ, âûðàæàåìàÿ ñîâîêóïíîñòüþ äèàïàçîíîâ çíà÷åíèé ïàðàìåòðîâ àâòîìàòà.

Êëþ÷åâûå ñëîâà: ìèêðîïðîãðàììíûé àâòîìàò, îïåðàöèîííûé àâòîìàò ïåðåõîäîâ, îïòèìèçàöèÿ àïïàðà-
òóðíûõ çàòðàò, îáëàñòü ýôôåêòèâíîãî ïðèìåíåíèÿ.

—-
Âèçíà÷åííÿ îáëàñò³ åôåêòèâíîãî çàñòîñóâàííÿ ì³êðîïðîãðàìíîãî àâòîìàòà ç îïåðàö³éíèì
àâòîìàòîì ïåðåõîä³â / Ð.Ì. Áàáàêîâ, Î.Î. Áàðêàëîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54,
¹ 3. Ñ. 27–37.

Àíîòàö³ÿ. Ïðîâåäåíî äîñë³äæåííÿ åôåêòèâíîñò³ ì³êðîïðîãðàìíîãî àâòîìàòà ç îïåðàö³éíèì àâòî-
ìàòîì ïåðåõîä³â ó ïîð³âíÿíí³ ç êàíîí³÷íèì àâòîìàòîì çà êðèòåð³ºì àïàðàòóðíèõ âèòðàò ó ëîã³÷í³é ñõåì³
àâòîìàòà. Äëÿ äîñë³äæåíèõ ñòðóêòóð âèçíà÷åíî îáëàñòü ¿õíüîãî åôåêòèâíîãî çàñòîñóâàííÿ, âèðàæåíó ñó-
êóïí³ñòþ ä³àïàçîí³â çíà÷åíü ïàðàìåòð³â àâòîìàòà.

Êëþ÷îâ³ ñëîâà: ì³êðîïðîãðàìíèé àâòîìàò, îïåðàö³éíèé àâòîìàò ïåðåõîä³â, îïòèì³çàö³ÿ àïàðàòóðíèõ
âèòðàò, îáëàñòü åôåêòèâíîãî çàñòîñóâàííÿ.

—-
Determination of the field of efficient application of a microprogrammed finite-state machine with
datapath of transitions / R.M. Babakov, A.A. Barkalov // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3.
P. 27–37.

Abstract. Investigations of the efficiency of a microprogrammed finite-state machine with datapath of
transitions in comparison with a canonical finite -state machine by the criterion of hardware expenses in the
logical circuit of the finite-state machine are carried out. For the structures studied, the area of their efficient
application is determined, which is expressed by a set of value ranges of finite-state machine parameters.

Keywords: microprogrammed finite-state machine, datapath of transitions, optimization of hardware expenses,
area of efficient application.
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ÓÄÊ 519-7/339.9

Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå ýôôåêòà «âûïëåñêèâàíèÿ» è îïòèìèçàöèÿ óïðàâëåíèÿ
áàíêîâñêîé è ýêîíîìè÷åñêîé ñèñòåìàìè â óñëîâèÿõ ãëîáàëèçàöèè / Â.Â. Õèëåíêî // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 38–50.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 12 íàçâ.
Àííîòàöèÿ. Ðàññìîòðåíà ïðîáëåìà ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ýôôåêòà «âûïëåñêèâàíèÿ»,

îòìå÷åííîãî ïðàêòèêàìè, âûíóæäåííûìè ïðèíèìàòü óïðàâëÿþùèå ðåøåíèÿ, âëèÿþùèå íà äèíàìèêó
áàíêîâñêîé è ýêîíîìè÷åñêîé ñèñòåì, è ÿâëÿþùåãîñÿ îäíèì èç âàæíûõ ýôôåêòîâ, êîòîðûé íåîáõîäèìî
ó÷èòûâàòü â ñèñòåìàõ ïîääåðæêè ïðèíÿòèÿ ðåøåíèé íîâîãî ïîêîëåíèÿ. Ñôîðìóëèðîâàíî ìàòåìàòè÷åñ-
êîå îïðåäåëåíèå êîýôôèöèåíòà ãëîáàëèçàöèè ìèðîâîé áàíêîâñêîé ñèñòåìû.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, óïðàâëåíèå áàíêîâñêîé è ýêîíîìè÷åñêèìè ñèñòå-
ìàìè, ñèñòåìû ïîääåðæêè ïðèíÿòèÿ ðåøåíèé, èñêóññòâåííûé èíòåëëåêò

—
Ìàòåìàòè÷íå ìîäåëþâàííÿ åôåêòó «âèõëþïóâàííÿ» ³ îïòèì³çàöèÿ óïðàâë³ííÿ áàíê³âñêîþ òà
åêîíîì³÷íîþ ñèñòåìàìè â óìîâàõ ãëîáàë³çàö³¿ / Â.Â. Õèëåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2018. Òîì 54, ¹ 3. Ñ. 38–50.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó ìàòåìàòè÷íîãî ìîäåëþâàííÿ åôåêòó «âèõëþïóâàííÿ», â³äçíà÷å-
íîãî ïðàêòèêàìè, âèìóøåíèìè ïðèéìàòè óïðàâë³íñüê³ ð³øåííÿ, ùî âïëèâàþòü íà äèíàì³êó áàíê³âñüêî¿ ³
åêîíîì³÷íî¿ ñèñòåì, ³ ÿêèé º îäíèì ç âàæëèâèõ åôåêò³â, ùî ìàº áóòè âðàõîâàíèé â ñèñòåìàõ ï³äòðèìêè
ïðèéíÿòòÿ ð³øåíü íîâîãî ïîêîë³ííÿ. Ñôîðìóëüîâàíî ìàòåìàòè÷íå âèçíà÷åííÿ êîåô³ö³ºíò³â ãëîáàë³çàö³¿
ñâ³òîâî¿ áàíê³âñüêî¿ ñèñòåìè.



Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, óïðàâë³ííÿ áàíê³âñüêîþ òà åêîíîì³÷íîþ ñèñòåìàìè, ñèñòå-
ìè ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü, øòó÷íèé ³íòåëåêò

——

Mathematical modeling of the effect of “splashing out” and optimization of management of banking and
economic systems under globalization conditions / V.V. Khilenko // Kibernetika i sistemnyj analiz. 2018.
Vol. 54, N 3. P. 38–50.

Abstract. The problem of mathematical modeling of the “splashing out” effect is considered. The
existence of this phenomenon was observed some time ago by specialists (practitioners) who were forced to
make management decisions affecting the dynamics of banking and economic systems. The influence of this
effect as one of important new phenomena must be taken into account in decision support systems of new
generation. Mathematical definitions of the coefficient of globalization of the world banking system is
formulated.

Keywords: mathematical modeling, management of banking and economic systems, decision support systems,
artificial intelligence
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ÓÄÊ 519.176

Î ïîëíûõ è êâàçèïîëíûõ äâóõêðèòåðèàëüíûõ çàäà÷àõ íà ãðàôàõ / Â.À. Ïåðåïåëèöà,
Ý.Â. Òåðåùåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 51–57.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Èçó÷àþòñÿ äîñòàòî÷íûå óñëîâèÿ íàëè÷èÿ ñâîéñòâà ïîëíîòû èëè êâàçèïîëíîòû
â äâóõêðèòåðèàëüíûõ çàäà÷àõ äèñêðåòíîé îïòèìèçàöèè ñ îäèíàêîâûìè è ðàçëè÷íûìè êðèòåðèÿìè âåñî-
âîãî âèäà. Âû÷èñëåíà îöåíêà ìîùíîñòåé ìíîæåñòâ äîïóñòèìûõ ðåøåíèé, ïàðåòîâñêîãî ìíîæåñòâà è ïî-
ëíîãî ìíîæåñòâà àëüòåðíàòèâ äëÿ ðÿäà çàäà÷ ñ äâóìÿ êðèòåðèÿìè.

Êëþ÷åâûå ñëîâà: ìíîãîêðèòåðèàëüíàÿ îïòèìèçàöèÿ, ïàðåòîâñêîå ìíîæåñòâî, ïîëíîå ìíîæåñòâî àëü-
òåðíàòèâ, ïîëíàÿ çàäà÷à, êâàçèïîëíàÿ çàäà÷à.

——

Ïðî ïîâí³ ³ êâàç³ïîâí³ äâîêðèòåð³éí³ çàäà÷³ íà ãðàôàõ / Â.Î. Ïåðåïåëèöÿ, Å.Â. Òåðåùåíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 3. Ñ. 51–57.

Àíîòàö³ÿ. Âèâ÷àþòüñÿ äîñòàòí³ óìîâè íàÿâíîñò³ âëàñòèâîñò³ ïîâíîòè àáî êâàç³ïîâíîòè ó äâîêðè-
òåð³éíèõ çàäà÷àõ äèñêðåòíî¿ îïòèì³çàö³¿ ç îäíàêîâèìè ³ ð³çíèìè êðèòåð³ÿìè âàãîâîãî âèãëÿäó. Îá÷èñëå-
íî îö³íêó ïîòóæíîñòåé ìíîæèí äîïóñòèìèõ ðîçâ’ÿçê³â, ïàðåòîâñüêî¿ ìíîæèíè ³ ïîâíî¿ ìíîæèíè àëüòåð-
íàòèâ äëÿ íèçêè çàäà÷ ç äâîìà êðèòåð³ÿìè.

Êëþ÷îâ³ ñëîâà: áàãàòîêðèòåð³éíà îïòèì³çàö³ÿ, ïàðåòîâñüêà ìíîæèíà, ïîâíà ìíîæèíà àëüòåðíàòèâ, ïî-
âíà çàäà÷à, êâàç³ïîâíà çàäà÷à.

——

On complete and quasi-complete two-criteria optimization problems on graphs / V.A. Perepelitsa,
E.V. Tereschenko // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 51–57.

Abstract. This article is devoted to the study of sufficient conditions for using the completeness or
quasicompleteness properties in two-criteria discrete optimization problems with the same and different
weight-type criteria. The authors evaluated the cardinalities of sets of acceptable solutions, the Pareto set, and a
complete set of alternatives for several two-criteria problems.

Keywords: vector optimization, Pareto set, complete set of alternatives, complete problem, quasi-complete
problem.
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ÓÄÊ 681.513.6

Èíâàðèàíòíîå óïðàâëåíèå âîçäóøíûì ñóäíîì ïðè âîçäåéñòâèè âåòðîâûõ âîçìóùåíèé /
Ñ.Â. Ïàâëîâà, Í.Í. Êîìàð // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 58–64.

²ë.: 10. Òàáë. 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ðàçðàáîòàí ìåòîä êîìïåíñàöèè ïîñëåäñòâèé âîçäåéñòâèÿ âíåøíèõ âîçìóùåíèé, âîç-
íèêàþùèõ âî âðåìÿ ïîëåòà. Îîñóùåñòâëåíî åãî êîìïüþòåðíîå ìîäåëèðîâàíèå. Â ñòàòüå ðàññìîòðåí
ïîäõîä, îñíîâàííûé íà ìåòîäàõ òåîðèè àáñîëþòíîé íåëèíåéíîé èíâàðèàíòíîñòè. Ïðèâåäåíû ðåçóëüòà-
òû êîìïüþòåðíîãî ìîäåëèðîâàíèÿ ðàçðàáîòàííîãî ìåòîäà êîìïåíñàöèè âëèÿíèÿ òóðáóëåíòíîé àòìîñôå-
ðû íà ïîëåò ñàìîëåòà äëÿ åãî ñðàâíåíèÿ ïî ýôôåêòèâíîñòè ñ èìåþùèìñÿ ìåòîäîì êîìïåíñàöèè âëèÿíèÿ
òóðáóëåíòíîé àòìîñôåðû. Èñïîëüçîâàíèå êîíöåïöèè óïðàâëåíèÿ äâèæåíèåì ëåòàòåëüíîãî àïïàðàòà íà
îñíîâå òåîðèè àáñîëþòíîé íåëèíåéíîé èíâàðèàíòíîñòè â ïðîåêòèðîâàíèè ñèñòåì àâòîìàòè÷åñêîãî
óïðàâëåíèÿ ïîçâîëèò ðåàëèçîâàòü ýôôåêòèâíûé ìåòîä óïðàâëåíèÿ ïîëåòîì â óñëîâèÿõ íåîïðåäåëåííîñ-
òè è âíåøíèõ âîçìóùåíèé, îáëàäàþùèé ïðåèìóùåñòâàìè ïî ñðàâíåíèþ ñ ñóùåñòâóþùèìè ìåòîäàìè,
êîòîðûé îáåñïå÷èò êîìôîðò ïàññàæèðîâ è áåçîïàñíîñòü ïîëåòîâ.

Êëþ÷åâûå ñëîâà: âîçìóùåíèÿ, êîìïåíñàöèÿ, óïðàâëåíèå, ñàìîëåò, èíâàðèàíòíîñòü.
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²íâàð³àíòíå êåðóâàííÿ ïîâ³òðÿíèì ñóäíîìâ óìîâàõ â³òðîâèõ çáóðåíü / Ñ.Â. Ïàâëîâà, Ì.Ì. Êîìàð
// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 3. Ñ. 58–64.

Àíîòàö³ÿ. Ðîçðîáëåíî ìåòîä êîìïåíñàö³¿ íàñë³äê³â âïëèâó çîâí³øí³õ çáóðåíü, ÿê³ âèíèêàþòü ï³ä
÷àñ ïîëüîòó. Çä³éñíåíî éîãî êîìï’þòåðíå ìîäåëþâàííÿ. Ðîçãëÿíóòî ï³äõ³ä, â îñíîâó ÿêîãî ïîêëàäåíî
ìåòîäè òåîð³¿ àáñîëþòíî¿ íåë³í³éíî¿ ³íâàð³àíòíîñò³. Íàâåäåíî ðåçóëüòàòè êîìï’þòåðíîãî ìîäåëþâàííÿ
ðîçðîáëåíîãî ìåòîäó êîìïåíñàö³¿ âïëèâó òóðáóëåíòíî¿ àòìîñôåðè íà ïîë³ò ë³òàêà äëÿ éîãî ïîð³âíÿííÿ
çà åôåêòèâí³ñòþ ç íàÿâíèì ìåòîäîì êîìïåíñàö³¿ âïëèâó òóðáóëåíòíî¿ àòìîñôåðè. Çàñòîñóâàííÿ êîí-
öåïö³¿ êåðóâàííÿ ðóõîì ë³òàëüíîãî àïàðàòà íà çàñàäàõ òåîð³¿ àáñîëþòíî¿ íåë³í³éíî¿ ³íâàð³àíòíîñò³ ó ïðî-
åêòóâàíí³ ñèñòåì àâòîìàòè÷íîãî êåðóâàííÿ äàº çìîãó ðåàë³çóâàòè åôåêòèâíèé ìåòîä ³íâàð³àíòíîãî êåðó-
âàííÿ ïîëüîòîì â óìîâàõ íåâèçíà÷åíîñòåé òà çîâí³øí³õ çáóðåíü. Çàïðîïîíîâàíèé ìåòîä ìàº ïåðåâàãè
ïîð³âíÿíî ç íàÿâíèìè ìåòîäàìè òà çàáåçïå÷óº êîìôîðò ïàñàæèð³â ³ áåçïåêó ïîëüîò³â.

Êëþ÷îâ³ ñëîâà: çáóðåííÿ, êîìïåíñàö³ÿ, êåðóâàííÿ, ë³òàê, ³íâàð³àíòí³ñòü.
—-

Invariant aircraft control under the influence of wind disturbances / S.V. Pavlova, M.M. Komar //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 58–64.

Abstract. A method is developed for compensating the effect of wind disturbances on the flight path of
an aircraft. Computer simulation of the method is performed. An approach is considered based on methods of
the theory of absolute nonlinear invariance. The results of computer simulation of the developed method for
compensating the influence of turbulent atmosphere on the flight of an aircraft are presented with a view to
comparing its efficiency with an available method for compensating the influence of turbulent atmosphere. The
use of the conception of aircraft control based on the theory of absolute nonlinear invariance in designing
automatic control systems will make it possible to implement an efficient method for flight control under
uncertainty and external disturbances that has advantages over existing methods and will provide the comfort of
passengers and safeness of flights.

Keywords: disturbance, compensation, control, aircraft, invariance.
===

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.61

Ìåòîäû âû÷èñëåíèÿ âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö è âçâåøåííûõ íîðìàëüíûõ
ïñåâäîðåøåíèé ñ âûðîæäåííûìè âåñàìè / Å.Ô. Ãàëáà, È.Â. Ñåðãèåíêî // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 65–93.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 51 íàçâa.
Àííîòàöèÿ. Ñòàòüÿ ïîñâÿùåíà îáçîðó ðàáîò, â êîòîðûõ ïîñòðîåíû è èññëåäîâàíû ïðÿìûå è èòå-

ðàöèîííûå ìåòîäû âû÷èñëåíèÿ âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö è âçâåøåííûõ íîðìàëüíûõ ïñåâäî-
ðåøåíèé ñ âûðîæäåííûìè âåñàìè. Ðàññìîòðåííûå ìåòîäû ïîñòðîåíû ãëàâíûì îáðàçîì íà îñíîâå ñòàòåé
àâòîðîâ, ïîñâÿùåííûõ ðàçâèòèþ òåîðèè âçâåøåííîé ïñåâäîèíâåðñèè â íàïðàâëåíèè èññëåäîâàíèÿ
ñâîéñòâ âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö è âçâåøåííûõ íîðìàëüíûõ ïñåâäîðåøåíèé ñ âûðîæäåííû-
ìè âåñàìè. Èñïîëüçîâàíû ïîëó÷åííûå è èññëåäîâàííûå àâòîðàìè ðàçëîæåíèÿ âçâåøåííûõ ïñåâäîîáðàò-
íûõ ìàòðèö â ìàòðè÷íûå ñòåïåííûå ðÿäû è ïðîèçâåäåíèÿ, ïðåäåëüíûå ïðåäñòàâëåíèÿ ýòèõ ìàòðèö,
îïðåäåëåíèÿ ðàçëîæåíèé âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö íà îñíîâå âçâåøåííûõ ñèíãóëÿðíûõ ðàç-
ëîæåíèé ìàòðèö ñ âûðîæäåííûìè âåñàìè.

Êëþ÷åâûå ñëîâà: âçâåøåííûå ïñåâäîîáðàòíûå ìàòðèöû ñ âûðîæäåííûìè âåñàìè, âçâåøåííûå íîð-
ìàëüíå ïñåâäîðåøåíèÿ ñ âûðîæäåííûìè âåñàìè, èòåðàöèîííûå ìåòîäû, ðåãóëÿðèçîâàííûå çàäà÷è.

—-
Ìåòîäè îá÷èñëåííÿ çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü ³ çâàæåíèõ íîðìàëüíèõ ïñåâäîðîçâ’ÿçê³â
ç âèðîäæåíèìè âàãàìè / ª.Ô. Ãàëáà, ².Â. Ñåðã³ºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54,
¹ 3. Ñ. 65–93.

Àíîòàö³ÿ. Ñòàòòÿ ïðèñâÿ÷åíà îãëÿäó ðîá³ò, â ÿêèõ ïîáóäîâàíî ³ äîñë³äæåíî ïðÿì³ òà ³òåðàö³éí³ ìå-
òîäè îá÷èñëåííÿ çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü ³ çâàæåíèõ íîðìàëüíèõ ïñåâäîðîçâ’ÿçê³â ç âèðîä-
æåíèìè âàãàìè. Ðîçãëÿíóò³ ìåòîäè ïîáóäîâàíî ãîëîâíèì ÷èíîì íà îñíîâ³ ñòàòåé àâòîð³â, ïðèñâÿ÷åíèõ
ðîçâèòêó òåîð³¿ çâàæåíî¿ ïñåâäî³íâåðñ³¿ â íàïðÿìêó äîñë³äæåííÿ âëàñòèâîñòåé çâàæåíèõ ïñåâäîîáåðíå-
íèõ ìàòðèöü ³ çâàæåíèõ íîðìàëüíèõ ïñåâäîðîçâ’ÿçê³â ç âèðîäæåíèìè âàãàìè. Âèêîðèñòàíî îäåðæàí³ òà
äîñë³äæåí³ àâòîðàìè ðîçêëàäè çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü â ìàòðè÷í³ ñòåïåíåâ³ ðÿäè ³ äîáóòêè,
ãðàíè÷íi ïðåäñòàâëåííÿ öèõ ìàòðèöü, âèçíà÷åííÿ ðîçêëàäó çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü íà
îñíîâ³ çâàæåíèõ ñèíãóëÿðíèõ ðîçêëàä³â ìàòðèöü ç âèðîäæåíèìè âàãàìè.

Êëþ÷îâ³ ñëîâà: çâàæåí³ ïñåâäîîáåðíåí³ ìàòðèö³ ç âèðîäæåíèìè âàãàìè, çâàæåí³ íîðìàëüí³ ïñåâäîðîç-
â’ÿçêè ç âèðîäæåíèìè âàãàìè, ³òåðàö³éí³ ìåòîäè, ðåãóëÿðèçîâàí³ çàäà÷³.
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Methods for computing weighted pseudoinverse matrices and weighted normal pseudosolutions with
singular weights / E.F. Galba, I.V. Sergienko // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 65–93.

Abstract. This paper surveys articles in which direct and iterative methods are constructed and
investigated for computing weighted pseudoinverse matrices and weighted normal pseudosolutions with
singular weights. The considered methods are mainly constructed based on the authors’ articles devoted to the
development of the theory of weighted pseudoinversion in the direction of investigating the characteristics of
both weighted pseudoinverse matrices and weighted normal pseudosolutions with singular weights. This article
uses the following results obtained and investigated by the authors: expansions of weighted pseudoinverse
matrices into matrix power series and products, limit representations of such matrices, and determination of
decompositions of weighted pseudoinverse matrices based on weighted singular decompositions of matrices
with singular weights.

Keywords: weighted pseudoinverse matrix with singular weights, weighted normal pseudosolution with
singular weights, iterative method, regularized problem.

===

ÓÄÊ 519.21

Ïîëèýäðàëüíûå êîãåðåíòíûå ìåðû ðèñêà ïðè íåòî÷íûõ ñöåíàðíûõ îöåíêàõ / Â.Ñ. Êèðèëþê //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 94–105.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 10 íàçâè.

Àííîòàöèÿ. Ïðèìåíåíèå ïîëèýäðàëüíûõ êîãåðåíòíûõ ìåð ðèñêà ðàñøèðåíî íà ñëó÷àé íåòî÷íûõ
ñöåíàðíûõ îöåíîê ñëó÷àéíûõ âåëè÷èí. Ðàññìîòðåíû ïðîáëåìû îïòèìèçàöèè ïðè íåîïðåäåëåííîñòè,
îõâàòûâàþùèå øèðîêèé êëàññ çàäà÷ ñòîõàñòè÷åñêîãî ïðîãðàììèðîâàíèÿ è ðîáàñòíîé îïòèìèçàöèè. Ïî-
êàçàíî, êàê â ëèíåéíîì ñëó÷àå îíè ñâîäÿòñÿ ê çàäà÷àì ëèíåéíîãî ïðîãðàììèðîâàíèÿ. Ðàññìîòðåíû çàäà-
÷è îïòèìèçàöèè ïîðòôåëÿ ïî ñîîòíîøåíèþ âîçíàãðàæäåíèå–ðèñê.

Êëþ÷åâûå ñëîâà: ïîëèýäðàëüíàÿ êîãåðåíòíàÿ ìåðà ðèñêà, conditional value-at-risk, ñïåêòðàëüíàÿ êîãå-
ðåíòíàÿ ìåðà ðèñêà, íåòî÷íûå îöåíêè, ëèíåéíîå ïðîãðàììèðîâàíèå, îïòèìèçàöèÿ ïîðòôåëÿ, ñîîòíîøå-
íèå âîçíàãðàæäåíèå–ðèñê.

—-

Ïîë³åäðàëüí³ êîãåðåíòí³ ì³ðè ðèçèêó ç íåòî÷íèìè ñöåíàðíèìè îö³íêàìè / Â.Ñ. Êèðèëþê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 3. Ñ. 94–105.

Àíîòàö³ÿ. Çàñòîñóâàííÿ ïîë³åäðàëüíèõ êîãåðåíòíèõ ì³ð ðèçèêó ðîçïîâñþäæåíî íà âèïàäîê íåòî÷-
íèõ ñöåíàðíèõ îö³íþâàíü âèïàäêîâèõ âåëè÷èí. Ðîçãëÿíóòî ïðîáëåìè îïòèì³çàö³¿ ç íåâèçíà÷åíîñòþ, ùî
îõîïëþþòü øèðîêèé êëàñ çàäà÷ ñòîõàñòè÷íîãî ïðîãðàìóâàííÿ òà ðîáàñòíî¿ îïòèì³çàö³¿. Ïîêàçàíî, ÿê â
ë³í³éíîìó âèïàäêó âîíè çâîäÿòüñÿ äî çàäà÷ ë³í³éíîãî ïðîãðàìóâàííÿ. Ðîçãëÿíóòî çàäà÷³ îïòèì³çàö³¿ ïî-
ðòôåëÿ çà ñï³ââ³äíîøåííÿì âèíàãîðîäà–ðèçèê.

Êëþ÷îâ³ ñëîâà: ïîë³åäðàëüíà êîãåðåíòíà ì³ðà ðèçèêó, conditional value-at-risk, ñïåêòðàëüíà êîãåðåíòíà
ì³ðà ðèçèêó, íåòî÷í³ îö³íêè, ë³í³éíå ïðîãðàìóâàííÿ, îïòèì³çàö³ÿ ïîðòôåëÿ, ñï³ââ³äíîøåííÿ âèíàãîðî-
äà–ðèçèê.

—-

Polyhedral coherent risk measures in the case of imprecise scenario estimates / V.S. Kirilyuk //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 94–105.

Abstract. Polyhedral coherent risk measures are extended to the case of imprecise scenario estimates of
random variables. Optimization problems under uncertainty are considered that cover a wide class of stochastic
programming and robust optimization problems. It is shown how they are reduced to linear programming
problems in the linear case. Problems of portfolio optimization by the reward-to-risk ratio are considered.

Keywords: polyhedral coherent risk measure, conditional value-at-risk, spectral coherent risk measure,
imprecise estimate, linear programming, portfolio optimization, reward-to-risk ratio.
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ÓÄÊ 539.3

Ðàçâèòèå è ïðèëîæåíèå ìåòîäà Êîøè–Ïóàññîíà â ýëàñòîäèíàìèêå ñëîÿ è óðàâíåíèå Òèìîøåíêî /
È.Ò. Ñåëåçîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 106–115.

²ë.: 2. Òàáë. 0. Á³áë³îãð.: 25 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíî îáîáùåíèå ìåòîäà Êîøè–Ïóàññîíà íà n-ìåðíîå åâêëèäîâî ïðîñòðàíñòâî
è åãî ïðèëîæåíèå ê ïîñòðîåíèþ ãèïåðáîëè÷åñêèõ àïïðîêñèìàöèé âûñîêîãî ïîðÿäêà. Â åâêëèäîâîì ïðî-
ñòðàíñòâå ââåäåíû îãðàíè÷åíèÿ íà ïðîèçâîäíûå. Ðàññìîòðåíî ãèïåðáîëè÷åñêîå âûðîæäåíèå ïî ïàðà-
ìåòðàì è ïðèâåäåíà åãî ðåàëèçàöèÿ â âèäå íåîáõîäèìûõ è äîñòàòî÷íûõ óñëîâèé. Â êà÷åñòâå ÷àñòíîãî
ñëó÷àÿ ÷åòûðåõìåðíîãî åâêëèäîâà ïðîñòðàíñòâà ñ ñîõðàíåíèåì îïåðàòîðîâ äî øåñòîãî ïîðÿäêà ïîëó÷å-
íî îáîáùåííîå ãèïåðáîëè÷åñêîå óðàâíåíèå ïîïåðå÷íûõ êîëåáàíèé ïëàñòèí ñ êîýôôèöèåíòàìè, çàâèñÿ-
ùèìè òîëüêî îò ÷èñëà Ïóàññîíà. Ýòî óðàâíåíèå âêëþ÷àåò êàê ÷àñòíûå ñëó÷àè âñå èçâåñòíûå óðàâíåíèÿ
Áåðíóëëè–Ýéëåðà, Êèðõãîôà, Ðåëåÿ, Òèìîøåíêî. Îòìå÷åíî íåòðèâèàëüíîå ïîñòðîåíèå Òèìîøåíêî óðàâ-
íåíèÿ èçãèáíûõ êîëåáàíèé áàëêè è ñîîòâåòñòâèå ñ òåîðèåé Êîññåðà êàê ðàçâèòèÿ èññëåäîâàíèé Ìàê-
ñâåëëà è Ýéíøòåéíà î ðàñïðîñòðàíåíèè âîçìóùåíèé ñ êîíå÷íîé ñêîðîñòüþ â ñïëîøíîé ñðåäå.

Êëþ÷åâûå ñëîâà: ìåòîä Êîøè–Ïóàññîíà, åâêëèäîâî ïðîñòðàíñòâî, ýëàñòîäèíàìèêà, óïðóãèé ñëîé.

——
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Ðîçâèòîê òà çàñòîñóâàííÿ Ìåòîäó Êîø³–Ïóàñîíà äî åëàñòîäèíàì³êè øàðó òà ð³âíÿííÿ Òèìîøåíêà
/ ².Ò. Ñåëåçîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 3. Ñ. 106–115.

Àíîòàö³ÿ. Ðîçãëÿíóòî óçàãàëüíåííÿ ìåòîäó Êîø³–Ïóàñîíà íà n-âèì³ðíèé åâêë³ä³â ïðîñò³ð ³ éîãî
çàñòîñóâàííÿ äî ïîáóäîâè ã³ïåðáîë³÷íèõ àïðîêñèìàö³é âèñîêîãî ïîðÿäêó. Â åâêë³äîâîìó ïðîñòîð³ ââå-
äåíî îáìåæåííÿ íà ïîõ³äí³. Ðîçãëÿíóòî ã³ïåðáîë³÷íîå âèðîäæåííÿ çà ïàðàìåòðàìè ³ íàâåäåíî éîãî
ðåàë³çàö³þ ó âèãëÿä³ íåîáõ³äíèõ ³ äîñòàòí³õ óìîâ. ßê îêðåìèé âèïàäîê ÷îòèðèâèì³ðíîãî åâêë³äîâîãî
ïðîñòîðó ç³ çáåðåæåííÿì îïåðàòîð³â äî øîñòîãî ïîðÿäêó îòðèìàíî óçàãàëüíåíå ã³ïåðáîë³÷íå ð³âíÿííÿ
ïîïåðï÷íèõ êîëèâàíü ïëàñòèí ç êîåô³ö³ºíòàìè, çàëåæíèìè ò³ëüêè â³ä ÷èñëà Ïóàñîíà. Öå ð³âíÿííÿ âêëþ-
÷àº ÿê îêðåì³ âèïàäêè âñ³ â³äîì³ ð³âíÿííÿ Áåðíóë³–Åéëåðà, Ê³ðõãîôà, Ðåëåÿ, Òèìîøåíêà. Â³äçíà÷åíî íå-
òðèâ³àëüíó ïîáóäîâó ð³âíÿííÿ Òèìîøåíêà çãèííèõ êîëèâàíü áàëêè ÿê ðîçâèòîê äîñë³äæåíü Ìàêñâåëà ³
Åéíøòåéíà ïðî ïîøèðåííÿ çáóðåíü ³ç ñê³í÷åííîþ øâèäê³ñòþ â ñóö³ëüíîìó ñåðåäîâèù³ òà â³äïîâ³äí³ñòü
äî òåîð³¿ Êîñåðà.

Êëþ÷îâ³ ñëîâà: ìåòîä Êîø³–Ïóàñîíà, åâêë³ä³â ïðîñò³ð, åëàñòîäèíàì³êà, ïðóæíèé øàð.
—-

Development and application of the Cauchy–Poisson method to elastodynamics of layer Timoshenko’s
equation / I.T. Selezov // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 106–115.

Abstract. We consider a generalization of the Cauchy–Poisson method to an n-dimensional Euclidean
space and its application to the construction of hyperbolic approximations. In Euclidean space, constraints on
derivatives are introduced. The principle of hyperbolic degeneracy in terms of parameters is formulated and its
implementation in the form of necessary and sufficient conditions is given. As a particular case of
a 4-dimensional space with preserving operators up to the 6th order and dimensioning, a generalized hyperbolic
equation is obtained for bending vibrations of plates with coefficients depending only on the Poisson number.
As special cases, this equation includes all the well-known equations of Bernoulli–Euler, Kirchhoff, Rayleigh,
and Timoshenko. As a development of Maxwell’s and Einstein’s research on the propagation of perturbations
with finite velocity in a continuous medium, the Tymoshenko’s non-trivial construction of the equation for
bending vibrations of a beam is noted.

Keywords: Cauchy–Poisson method, Euclidean space, elastodynamics, elastic layer.
====

ÓÄÊ 519.233.5

Î ïîñòðîåíèè ðåãðåññèè ñ ïåðåêëþ÷åíèÿìè ñ íåèçâåñòíûìè òî÷êàì ïåðåêëþ÷åíèé / À.Ñ. Êîðõèí
// Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 116–130.

²ë.: 6. Òàáë. 5. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà ðåãðåññèÿ ñ ïåðåêëþ÷åíèÿìè, êîãäà òî÷êè ïåðåêëþ÷åíèÿ íåèçâåñòíû.
Îïèñàí îáùèé ìåòîä îöåíèâàíèÿ òî÷åê ïåðåêëþ÷åíèÿ è ïàðàìåòðîâ ëèíåéíîé ðåãðåññèè ñ ïåðåêëþ÷å-
íèÿìè îáùåãî âèäà. Ïðèâåäåíû ïðèìåðû åãî èñïîëüçîâàíèÿ.

Êëþ÷åâûå ñëîâà: ðåãðåññèÿ, ïåðåêëþ÷åíèÿ, ïàðàìåòðû ðåãðåññèè, îöåíèâàíèå.
—-

Ïðî ïîáóäîâó ðåãðåñ³¿ ç ïåðåìèêàííÿìè ç íåâ³äîìèìè òî÷êàìè ïåðåìèêàíü / À.Ñ. Êîðõ³í //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 3. Ñ. 116–130.

Àíîòàö³ÿ. Ðîçãëÿíóòî ðåãðåñ³þ ç ïåðåìèêàííÿìè, ÿêùî òî÷êè ïåðåìèêàííÿ íåâ³äîì³. Îïèñàíî çà-
ãàëüíèé ìåòîä îö³íþâàííÿ òî÷îê ïåðåìèêàííÿ ³ ïàðàìåòð³â ë³í³éíî¿ ðåãðåñ³¿ ç ïåðåìèêàííÿìè çàãàëüíî-
ãî âèãëÿäó. Íàâåäåíî ïðèêëàäè éîãî âèêîðèñòàííÿ.

Êëþ÷îâ³ ñëîâà: ðåãðåñ³ÿ, ïåðåìèêàííÿ, ïàðàìåòðè ðåãðåñ³¿, îö³íþâàííÿ.
—-

On constructing a switching regression with unknown switching points / A.S. Korkhin // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 3. P. 116–130.

Abstract. Regression with switching is considered. Switching points are unknown. A general method is
described for estimating switching points and parameters of linear regression with switching. Examples of its
use are given.

Keywords: regression, switching, regression parameters, evaluation.
===

ÓÄÊ [623.611:621.396]:519.876.5

Ìåòîä ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ îáíàðóæåíèÿ ñèñòåìû ðàäèîñâÿçè ñèñòåìîé
ðàäèîðàçâåäêè ïðîòèâíèêà / È.Þ. Ñâèäà, À.Ï. Bîëîáóåâ, Ä.À. Áóõàë // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 131–140.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 15 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí íîâûé ìåòîä ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ îáíàðóæåíèÿ ñèñòåìîé ðà-
äèîðàçâåäêè ïðîòèâíèêà ñèñòåìû ðàäèîñâÿçè âîåííîãî íàçíà÷åíèÿ, ðàçðàáîòàííûé íà îñíîâå àïïàðàòà
òåíçîðíîãî èñ÷èñëåíèÿ ñ ó÷åòîì îñîáåííîñòåé ñèñòåì ðàäèîðàçâåäêè íîâîãî ïîêîëåíèÿ. Ìåòîä ïðåäíàç-
íà÷åí äëÿ ðåøåíèÿ çàäà÷è îöåíèâàíèÿ óðîâíÿ ðàäèîìàñêèðîâêè ñèñòåìû ðàäèîñâÿçè â õîäå îáåñïå÷åíèÿ
íåîáõîäèìîãî óðîâíÿ ðàäèîìàñêèðîâêè.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, ñèñòåìà ðàäèîñâÿçè âîåííîãî íàçíà÷åíèÿ, ðàäèîðàç-
âåäêà, ðàäèîìàñêèðîâêà, òåíçîð ýëåêòðîìàãíèòíîãî ïîëÿ.
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===
Ìåòîä ìàòåìàòè÷íîãî ìîäåëþâàííÿ âèÿâëåííÿ ñèñòåìè ðàä³îçâ’ÿçêó ñèñòåìîþ ðàä³îðîçâ³äêè
ïðîòèâíèêà / ².Þ. Ñâèäà, À.Ï. Âîëîáóºâ, Ä.À. Áóõàë // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018.
Òîì 54, ¹ 3. Ñ. 131–140.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íîâèé ìåòîä ìàòåìàòè÷íîãî ìîäåëþâàííÿ âèÿâëåííÿ ñèñòåìîþ
ðàä³îðîçâ³äêè ñèñòåìè ðàä³îçâ’ÿçêó â³éñüêîâîãî ïðèçíà÷åííÿ, ðîçðîáëåíèé íà îñíîâ³ àïàðàòó òåíçîðíîãî
÷èñëåííÿ ç óðàõóâàííÿì îñîáëèâîñòåé ñèñòåì ðàä³îðîçâ³äêè íîâîãî ïîêîë³ííÿ. Ìåòîä ïðèçíà÷åíèé äëÿ
ðîçâ’ÿçàííÿ çàâäàííÿ îö³íþâàííÿ ð³âíÿ ðàä³îìàñêóâàííÿ ñèñòåìè ðàä³îçâ’ÿçêó ï³ä ÷àñ çàáåçïå÷åííÿ
ïîòð³áíîãî ð³âíÿ ðàä³îìàñêóâàííÿ.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, ñèñòåìà ðàä³îçâ’ÿçêó â³éñüêîâîãî ïðèçíà÷åííÿ,
ðàä³îðîçâ³äêà, ðàä³îìàñêóâàííÿ, òåíçîð åëåêòðîìàãí³òíîãî ïîëÿ.

—-
Method of mathematical modeling of tactical radio finding by adversary signal intelligence / I.Y. Svida,
A.P. Volobuiev, D.A. Bukhal // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 131–140.

Abstract. This article proposes a new method for mathematical modeling of tactical radio finding by
adversary signal intelligence systems. The method was developed based on the apparatus of tensor calculus
taking into account the features of the new generation of signal intelligence systems. The method is destined for
evaluating the tactical radio system radiodisguise level in providing the required radiodisguise level.

Êeywords: mathematical modeling, tactical radio, signal intelligence, radiodisguise, electromagnetic field
tensor.

===

ÓÄÊ 519.6

Îáîáùåííàÿ èíòåðñòðèïàöèÿ ôóíêöèé äâóõ ïåðåìåííûõ / Î.Í. Ëèòâèí, Î.Î. Ëèòâèí, À.Â. Ñëàâèê
// Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 141–150.

²ë.: 5. Òàáë. 0. Á³áë³îãð.: 29 íàçâ.
Àííîòàöèÿ. Ïðåäñòàâëåí îáçîð ñóùåñòâóþùèõ ìåòîäîâ âîññòàíîâëåíèÿ ïîâðåæäåííûõ èçîáðàæå-

íèé. Ïðèâåäåíû îïåðàòîðû èíòåðñòðèïàöèè äëÿ âîññòàíîâëåíèÿ èçîáðàæåíèé â ñëó÷àå, åñëè èíôîðìà-
öèÿ èçâåñòíà ëèøü íà ñèñòåìå ïîëîñ, ïàðàëëåëüíûõ îñÿì êîîðäèíàò, ñ êðèâîëèíåéíûìè ãðàíèöàìè, ðàñ-
ïîëîæåííûõ ïîä ïðîèçâîëüíûì óãëîì, ñ ó÷åòîì øóìà íà èçâåñòíûõ ïîëîñàõ. Ïðîâåäåí ýêñïåðèìåíò äëÿ
ñðàâíåíèÿ ðàáîòû ìåòîäîâ ñ èçâåñòíûìè àíàëîãàìè.

Êëþ÷åâûå ñëîâà: èçîáðàæåíèå, äâóìåðíûé ñèãíàë, âîññòàíîâëåíèå èçîáðàæåíèé, èíòåðñòðèïàöèÿ.
—-

Óçàãàëüíåíà ³íòåðñòð³ïàö³ÿ ôóíêö³é äâîõ çì³ííèõ / Î.Ì. Ëèòâèí, Î.Î. Ëèòâèí, Î.Â. Ñëàâ³ê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 3. Ñ. 141–150.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä íàÿâíèõ ìåòîä³â â³äíîâëåííÿ ïîøêîäæåíèõ çîáðàæåíü. Îïèñàíî îïåðà-
òîðè ³íòåðñòð³ïàö³¿ äëÿ â³äíîâëåííÿ çîáðàæåíü ó ðàç³, ÿêùî ³íôîðìàö³ÿ º â³äîìîþ ëèøå íà ñèñòåì³ ñìóã,
ïàðàëåëüíèõ îñÿì êîîðäèíàò, ç êðèâîë³í³éíèìè ãðàíèöÿìè, ðîçòàøîâàíèìè ï³ä äîâ³ëüíèì êóòîì, ç âðà-
õóâàííÿì øóìó íà â³äîìèõ ñìóãàõ. Ïðîâåäåíî åêñïåðèìåíò äëÿ ïîð³âíÿííÿ ðîáîòè ìåòîä³â ç â³äîìèìè
àíàëîãàìè.

Êëþ÷îâ³ ñëîâà: çîáðàæåííÿ, äâîâèì³ðíèé ñèãíàë, â³äíîâëåííÿ çîáðàæåíü, ³íòåðñòð³ïàö³ÿ.
——

A generalized interstripation of functions of two variables / O.M. Lytvyn, O.O. Lytvyn, O.V. Slavik //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 141–150.

Abstract. An overview of existing inpainting methods for recovering damaged images is given. The
interstripation operators for image restoration are given for the case when information is known only on a
system of strips that are parallel to the coordinate axes, have curvilinear boundaries, are arranged at arbitrary
angles, and take into account noise in known strips. An experiment was conducted to compare the operation of
åðó methods with world analogues.

Keywords: image, two-dimensional signal, inpainting, interstripation.
===

ÓÄÊ 519.21

Ðåêóððåíòíûå ñîîòíîøåíèÿ äëÿ äâóêàíàëüíûõ ñèñòåì ñ ýðëàíãîâñêèì âðåìåíåì îáñëóæèâàíèÿ /
Þ.Â. Æåðíîâûé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 151–159.

²ë.: 0. Òàáë. 3. Á³áë³îãð.: 13 íàçâè.
Àííîòàöèÿ. Ïðåäëîæåí ìåòîä èññëåäîâàíèÿ ñèñòåì îáñëóæèâàíèÿ M E ms/ / /2 , M Es/ / /2 � ,

â òîì ÷èñëå ñèñòåì ñ ïðèìåíåíèåì ñëó÷àéíîãî îòáðàñûâàíèÿ çàÿâîê. Ïîëó÷åíû ðåêóððåíòíûå ñîîòíî-
øåíèÿ äëÿ âû÷èñëåíèÿ ñòàöèîíàðíîãî ðàñïðåäåëåíèÿ ÷èñëà çàÿâîê â ñèñòåìå è ñòàöèîíàðíûõ õàðàêòå-
ðèñòèê. Ïîñòðîåííûå àëãîðèòìû ïðîâåðåíû íà èìèòàöèîííûõ ìîäåëÿõ, ñîçäàííûõ ñ ïîìîùüþ èíñòðó-
ìåíòàëüíûõ ñðåäñòâ GPSS World.

Êëþ÷åâûå ñëîâà: äâóêàíàëüíàÿ ñèñòåìà îáñëóæèâàíèÿ, ýðëàíãîâñêîå âðåìÿ îáñëóæèâàíèÿ, ñëó÷àéíîå
îòáðàñûâàíèå çàÿâîê, ìåòîä ôèêòèâíûõ ôàç, ðåêóððåíòíûå ñîîòíîøåíèÿ, ñòàöèîíàðíûå õàðàêòåðèñòèêè.

—-
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Ðåêóðåíòí³ ñï³ââ³äíîøåííÿ äëÿ äâîêàíàëüíèõ ñèñòåì ñ åðëàíã³âñüêèì ÷àñîì îáñëóãîâóâàííÿ /
Þ.Â. Æåðíîâèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 3. Ñ. 151–159.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä äîñë³äæåííÿ ñèñòåì îáñëóãîâóâàííÿ M E ms/ / /2 ,

M Es/ / /2 �, â òîìó ÷èñë³ ñèñòåì ³ç çàñòîñóâàííÿì âèïàäêîâîãî â³äêèäàííÿ çàìîâëåíü. Îòðèìàíî ðåêó-
ðåíòí³ ñï³ââ³äíîøåííÿ äëÿ îá÷èñëåííÿ ñòàö³îíàðíîãî ðîçïîä³ëó ê³ëüêîñò³ çàìîâëåíü ó ñèñòåì³ òà
ñòàö³îíàðíèõ õàðàêòåðèñòèê. Ïîáóäîâàí³ àëãîðèòìè ïåðåâ³ðåíî íà ³ì³òàö³éíèõ ìîäåëÿõ, ñòâîðåíèõ çà
äîïîìîãîþ ³íñòðóìåíòàëüíèõ çàñîá³â GPSS World.

Êëþ÷îâ³ ñëîâà: äâîêàíàëüíà ñèñòåìà îáñëóãîâóâàííÿ, åðëàíã³âñüêèé ÷àñ îáñëóãîâóâàííÿ, âèïàäêîâå
â³äêèäàííÿ çàìîâëåíü, ìåòîä ô³êòèâíèõ ôàç, ðåêóðåíòí³ ñï³ââ³äíîøåííÿ, ñòàö³îíàðí³ õàðàêòåðèñòèêè.

—-

Recurrence relations for two-channel queuing systems with Erlangian service times / Yu.V. Zhernovyi //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 151–159.

Abstract. We propose a method of studying M E ms/ / /2 , M Es/ / /2 � queueing systems including

the case of random dropping of customers. Recurrence relations are obtained for computing the stationary
distribution of the number of customers in a system and its steady-state characteristics. The developed
algorithms are tested on examples using simulation models constructed with the help of the GPSS World tools.

Keywords: two-channel queueing systems, Erlangian service times, random dropping of customers, fictitious
phase method, recurrence relations, steady-state characteristics.
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ÓÄÊ 519.217

Íåëèíåéíîå íîðìèðîâàíèå ñëó÷àéíîé ýâîëþöèè â ñõåìå àïïðîêñèìàöèè Ëåâè / Î.À. ßðîâàÿ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 160–165.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 7 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû ñëó÷àéíûå ýâîëþöèè â ñõåìå àïïðîêñèìàöèè Ëåâè. Ýâîëþöèè îïðåäå-
ëåíû íåïðåðûâíûì ñïðàâà ìàðêîâñêèì ïðîöåññîì. Ïðåäëîæåíî íîðìèðîâàíèå ïðîöåññà áåñêîíå÷íî ìà-
ëîé íåëèíåéíîé ôóíêöèåé. Ïîêàçàíà ñëàáàÿ ñõîäèìîñòü ãåíåðàòîðà ñëó÷àéíîé ýâîëþöèè ê ïðåäåëüíîìó
ãåíåðàòîðó. Íàéäåíû ôóíêöèè íîðìèðîâàíèÿ.

Êëþ÷åâûå ñëîâà: ñëó÷àéíàÿ ýâîëþöèÿ, àïïðîêñèìàöèÿ Ëåâè, ïðîöåññ ñ íåçàâèñèìûìè ïðèðàùåíèÿìè,
ïðîöåññ Ìàðêîâà.

——

Íåë³í³éíå íîðìóâàííÿ âèïàäêîâî¿ åâîëþö³¿ ó ñõåì³ àïðîêñèìàö³¿ Ëåâ³ / Î.À. ßðîâà // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 3. Ñ. 160–165.

Àíîòàö³ÿ. Ðîçãëÿíóòî âèïàäêîâ³ åâîëþö³¿ ó ñõåì³ àïðîêñèìàö³¿ Ëåâ³. Åâîëþö³¿ âèçíà÷åíî íåïåðåð-
âíèì ñïðàâà ìàðêîâñüêèì ïðîöåñîì. Çàïðîïîíîâàíî íîðìóâàííÿ ïðîöåñó íåñê³í÷åííî ìàëîþ
íåë³í³éíîþ ôóíêö³ºþ. Ïîêàçàíî ñëàáêó çá³æí³ñòü ãåíåðàòîðà âèïàäêîâî¿ åâîëþö³¿ äî ãðàíè÷íîãî ãåíåðà-
òîðà. Çíàéäåíî ôóíêö³¿ íîðìóâàííÿ.

Êëþ÷îâ³ ñëîâà: âèïàäêîâà åâîëþö³ÿ, àïðîêñèìàö³ÿ Ëåâ³, ïðîöåñ ç íåçàëåæíèìè ïðèðîñòàìè, ïðîöåñ Ìàðêîâà.
——

Nonlinear normalization of random evolution in the scheme of Levy approximation / O.A. Yarova //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 160–165.

Abstract. Random evolutions in the Levy approximation scheme are considered. The evolutions are
determined by a continuous Markov process. The normalization of the process by an infinitely small nonlinear
function is proposed. The weak convergence of the random evolution generator to the limit generator is shown.
Founding functions are found.

Keywords: random evolution, Levi approximation, process with independent increments, Markov process.
===

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 681.391, 681.3, 621.372.397

Ïðîñòîå öåëî÷èñëåííîå êîñèíóñíîå ïðåîáðàçîâàíèå âûñîêîãî ïîðÿäêà äëÿ âèäåîêîäèðîâàíèÿ ñ
âûñîêèì ðàçðåøåíèåì / Ë.À. Ãíàòèâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 3.
Ñ. 166–177.

²ë.: 0. Òàáë. 7. Á³áë³îãð.: 17 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ìàòðè÷íûé ìåòîä ïîñòðîåíèÿ ïðîñòîãî öåëî÷èñëåííîãî êîñèíóñíîãî ïðå-
îáðàçîâàíèÿ âûñîêîãî ïîðÿäêà. Íà åãî îñíîâå ïîñòðîåíî îäíîíîðìîâîå ïðîñòîå öåëî÷èñëåííîå ïðåîá-
ðàçîâàíèå ïîðÿäêà 32 è ðàçðàáîòàíû åãî áûñòðûå àëãîðèòìû íèçêîé âû÷èñëèòåëüíîé ñëîæíîñòè, êîòî-
ðàÿ ìåíüøå â 4,9 ðàçà, ÷åì â èçâåñòíûõ àëãîðèòìàõ, è â 21,6 ðàçà — ÷åì â ñòàíäàðòå Í.265. Îíè òðåáóþò
òîëüêî öåëî÷èñëåííûõ îïåðàöèé. Ýòî ïðåîáðàçîâàíèå áëèçêî ê äèñêðåòíîìó êîñèíóñíîìó ïðåîáðàçîâà-
íèþ è èìååò õîðîøèå õàðàêòåðèñòèêè êîäèðîâàíèÿ.

Êëþ÷åâûå ñëîâà: äèñêðåòíîå êîñèíóñíîå ïðåîáðàçîâàíèå, öåëî÷èñëåííîå êîñèíóñíîå ïðåîáðàçîâàíèå,
ìàñøòàáèðîâàííîå ïðåîáðàçîâàíèå, ôàêòîðèçàöèÿ, áûñòðîå ïðåîáðàçîâàíèå, ýôôåêòèâíîñòü êîäèðîâà-
íèÿ, âû÷èñëèòåëüíàÿ ñëîæíîñòü, êîýôôèöèåíò ñæàòèÿ, âèäåîêîäèðîâàíèå, Í.264, H.265, AVS.
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Ïðîñòå ö³ëî÷èñåëüíå êîñèíóñíå ïåðåòâîðåííÿ âèñîêîãî ïîðÿäêó äëÿ â³äåîêîäóâàííÿ âèñîêî¿
ðîçä³ëüíî¿ çäàòíîñò³ / Ë.Î. Ãíàò³â // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 3. Ñ. 166–177.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìàòðè÷íèé ìåòîä ïîáóäîâè ïðîñòîãî ö³ëî÷èñåëüíîãî êîñèíóñíîãî ïåðå-
òâîðåííÿ âèñîêîãî ïîðÿäêó. Íà éîãî îñíîâ³ ïîáóäîâàíî îäíîíîðìîâå ïðîñòå ö³ëî÷èñåëüíå ïåðåòâîðåííÿ
ïîðÿäêó 32 ³ ðîçðîáëåíî éîãî øâèäê³ àëãîðèòìè íèçüêî¿ îá÷èñëþâàëüíî¿ ñêëàäíîñò³, ÿêà ìåíøà
â 4,9 ðàçè, í³æ ó â³äîìèõ àëãîðèòìàõ, òà â 21,6 ðàçè, í³æ ó ñòàíäàðò³ Í.265. Âîíè ïîòðåáóþòü ò³ëüêè
ö³ëî÷èñåëüíèõ îïåðàö³é. Öå ïåðåòâîðåííÿ áëèçüêå äî äèñêðåòíîãî êîñèíóñíîãî ïåðåòâîðåííÿ ³ ìàº äîáð³
õàðàêòåðèñòèêè êîäóâàííÿ.

Êëþ÷îâ³ ñëîâà: äèñêðåòíå êîñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñåëüíå êîñèíóñíå ïåðåòâîðåííÿ, ìàñøòàáî-
âàíå ïåðåòâîðåííÿ, ôàêòîðèçàö³ÿ, øâèäêå ïåðåòâîðåííÿ, åôåêòèâí³ñòü êîäóâàííÿ, îá÷èñëþâàëüíà
ñêëàäí³ñòü, êîåô³ö³ºíò ñòèñíåííÿ, â³äåîêîäóâàííÿ, Í.264, H.265, AVS.

——

Simple high-order integer cosine transform for high-resolution video coding / L.O. Hnativ // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 3. P. 166–177.

Abstract. A matrix method is proposed for constructing a simple order-32 integer cosine transform.
Based on the method proposed, a one-norm simple order-32 integer transform is constructed and its fast
algorithms of low computational complexity are developed that require only integer operations and whose
computational complexity is 4.9 times less than those of the well-known algorithms and is 21.6 times less than
that of the standard H.2 65. This transform is close to the discrete cosine transform and has good coding
performance.

Keywords: discrete cosine transform, integer cosine transform, scaled transform, factorization, fast transform,
coding gain, computational complexity, compression ratio, video coding, Í.264, H.265, AVS.

===

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

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 004.383.3

Ìåòîä ñòðóêòóðèçàöèè äèñêðåòíîãî êîñèíóñíîãî ïðåîáðàçîâàíèÿ Ôóðüå â ìîäóëüíîé àðèôìåòèêå
òåîðåòèêî-÷èñëîâîãî áàçèñà Õààðà–Êðåñòåíñîíà / ß.Í. Íèêîëàé÷óê, Í.ß. Âîçíà,
Á.Á. Êðóëèêîâñêèé, Â.ß. Ïèõ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 178–188.

²ë.: 6. Òàáë. 1. Á³áë³îãð.: 19 íàçâ.

Àííîòàöèÿ. Èçëîæåíà òåîðèÿ è äàíî ðåøåíèå ïðèêëàäíîé çàäà÷è ñòðóêòóðèçàöèè äèñêðåòíîãî
ñïåêòðàëüíîãî êîñèíóñíîãî ïðåîáðàçîâàíèÿ Ôóðüå (ÑÊÏÔ) â ìîäóëüíîé àðèôìåòèêå òåîðåòèêî-÷èñëî-
âîãî áàçèñà Õààðà–Êðåñòåíñîíà. Ðàçðàáîòàí âûñîêîïðîèçâîäèòåëüíûé àëãîðèòì ÑÊÏÔ ìåòîäîì àäàïòà-
öèè îðòîãîíàëüíûõ ôóíêöèé áàçèñîâ Ôóðüå, Ðàäåìàõåðà, Êðåñòåíñîíà è Õààðà ê àñèìïòîòèêå àâòîêîâà-
ðèàöèè èññëåäóåìûõ ñèãíàëîâ. Ðåàëèçîâàí ìåòîä ñòðóêòóðèçàöèè àëãîðèòìà ÑÊÏÔ â ìîäóëüíîé àðèô-
ìåòèêå ñèñòåìû îñòàòî÷íûõ êëàññîâ òåîðåòèêî-÷èñëîâîãî áàçèñà Õààðà–Êðåñòåíñîíà. Ïðèâåäåíà
ñòðóêòóðà ñïåöïðîöåññîðà ðåàëèçàöèè ÑÊÏÔ, à òàêæå åãî ìèêðîýëåêòðîííûõ áàçîâûõ êîìïîíåíòîâ.

Êëþ÷åâûå ñëîâà: ñïåêòðû, êîñèíóñíîå ïðåîáðàçîâàíèå Ôóðüå, ìîäóëüíàÿ àðèôìåòèêà.

—-

Ìåòîä ñòðóêòóðèçàö³¿ äèñêðåòíîãî êîñèíóñíîãî ïåðåòâîðåííÿ Ôóð’º â ìîäóëüí³é àðèôìåòèö³
òåîðåòèêî-÷èñëîâîãî áàçèñó Õààðà–Êðåñòåíñîíà / ß.Ì. Íèêîëàé÷óê, Í.ß. Âîçíà,
Á.Á. Êðóë³êîâñüêèé, Â.ß. Ï³õ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 3. Ñ. 178–188.

Àíîòàö³ÿ. Íàâåäåíî òåîð³þ ³ äàíî ðîçâ’ÿçîê ïðèêëàäíî¿ çàäà÷³ ñòðóêòóðèçàö³¿ äèñêðåòíîãî ñïåê-
òðàëüíîãî êîñèíóñíîãî ïåðåòâîðåííÿ Ôóð’º (ÑÊÏÔ) â ìîäóëüí³é àðèôìåòèö³ òåîðåòèêî-÷èñëîâîãî áàçè-
ñó Õààðà–Êðåñòåíñîíà. Ðîçðîáëåíî âèñîêîïðîäóêòèâíèé àëãîðèòì ÑÊÏÔ øëÿõîì àäàïòàö³¿ îðòîãîíàëü-
íèõ ôóíêö³é áàçèñ³â Ôóð’º, Ðàäåìàõåðà, Êðåñòåíñîíà ³ Õààðà äî àñèìïòîòèêè àâòîêîâàð³àö³¿ äîñë³äæóâà-
íèõ ñèãíàë³â. Ðåàë³çîâàíî ìåòîä ñòðóêòóðèçàö³¿ àëãîðèòìó ÑÊÏÔ ó ìîäóëüí³é àðèôìåòèö³ ñèñòåìè
çàëèøêîâèõ êëàñ³â òåîðåòèêî-÷èñëîâîãî áàçèñó Õààðà–Êðåñòåíñîíà. Íàâåäåíî ñòðóêòóðó ñïåöïðîöåñîðà
ðåàë³çàö³¿ ÑÊÏÔ, à òàêîæ éîãî ì³êðîåëåêòðîííèõ áàçîâèõ êîìïîíåíò³â.

Êëþ÷îâ³ ñëîâà: ñïåêòðè, êîñèíóñíå ïåðåòâîðåííÿ Ôóð’º, ìîäóëüíà àðèôìåòèêà.

—-

Method of structuring the Fourier discrete cosine transform in the modular arithmetic of the
Haar–Krestenson theoretical-numerical basis / Ya.M. Nykolaichuk, N.Ya. Vozna, B.B. Krulikovskyi,
V.Ya. Pikh // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 178–188.

Abstract. The theory and solution of the applied problem of structuring the Fourier discrete spectral
cosine transform (FDSCT) in the modular arithmetic of the Haar–Krestenson theoretical-numerical basis are
presented. A high-performance algorithm for the FDSCT was developed by adapting the orthogonal functions
of the Fourier, Rademacher, Krestenson, and Haar bases to the asymptotic autocovariance of the signals being
investigated. A method for structuring the FDSCT algorithm in the modular arithmetic of the residue number
system of the Haar–Krestenson theoretical-numerical basis was implemented. The structure of a special
processor of the FDSCT implementation and its microelectronic basic components are given.

Keywords: spectrum, Fourier cosine transform, modular arithmetic.
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ÄÈÑÊÓÑ²ÉÍ² ÏÎÂ²ÄÎÌËÅÍÍß DISCUSSIONS

ÓÄÊ 517.946+517.948+612.821.6

Ìîäåëèðîâàíèå çàäà÷è âçàèìîäåéñòâèÿ íåéðîíîâ ñ ó÷åòîì çàïàçäûâàíèÿ èõ âçàèìîäåéñòâèÿ /
Â.Ã. Ïèñàðåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 3. Ñ. 189–192.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 7 íàçâ.
Àííîòàöèÿ. Ïðåäëîæåíà è ïðîàíàëèçèðîâàíà íîâàÿ ìîäåëü ôóíêöèîíèðîâàíèÿ æèâîé íåéðîñåòè,

êîòîðàÿ ÿâíî ó÷èòûâàåò çàïàçäûâàþùåå âî âðåìåíè âçàèìîäåéñòâèå ãðóïïû âçàèìîñâÿçàííûõ íåéðîíîâ.
Ïîêàçàíî, ÷òî èìèòàöèîííóþ ìîäåëü æèâîé íåéðîñåòè ìîæíî ïîñòðîèòü, íàïðèìåð, â âèäå öåïî÷åê äîñ-
òàòî÷íî áîëüøîãî ÷èñëà ñâÿçàííûõ ìåæäó ñîáîé îäíîòèïíûõ òðèàä íåéðîíîâ.

Êëþ÷åâûå ñëîâà: íåéðîôèçèîëîãèÿ, ìàòåìàòè÷åñêàÿ ìîäåëü, íåéðîñåòü, ôóíêöèîíèðîâàíèå æèâîé íåé-
ðîñåòè, ìåõàíèçì çàïîìèíàíèÿ èíôîðìàöèè, ó÷åò îãðàíè÷åííîñòè ñêîðîñòè ïåðåäà÷è èíôîðìàöèè ìåæ-
äó íåéðîíàìè.

—-
Ìîäåëþâàííÿ çàäà÷³ âçàºìîä³¿ íåéðîí³â ç óðàõóâàííÿì çàï³çíþâàííÿ ¿õíüî¿ âçàºìîä³¿ /
Â.Ã. Ïèñàðåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 3. Ñ. 189–192.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ³ ïðîàíàë³çîâàíî íîâó ìîäåëü ôóíêö³îíóâàííÿ æèâî¿ íåéðîìåðåæ³,
â ÿê³é ÿâíî âðàõîâàíî íàÿâí³ñòü çàï³çí³ëî¿ âçàºìîä³¿ ãðóïè âçàºìîçâ’ÿçàíèõ íåéðîí³â. Ïîêàçàíî, ùî
³ì³òàö³éíó ìîäåëü æèâî¿ íåéðîìåðåæ³ ìîæíà ïîáóäóâàòè, íàïðèêëàä, ó âèãëÿä³ ëàíöþæê³â âåëèêî¿
ê³ëüêîñò³ çâ’ÿçàíèõ ì³æ ñîáîþ îäíîòèïíèõ òð³àä íåéðîí³â.

Êëþ÷îâ³ ñëîâà: íåéðîô³ç³îëîã³ÿ, ìàòåìàòè÷íà ìîäåëü, íåéðîìåðåæà, ôóíêö³îíóâàííÿ æèâî¿ íåéðîìå-
ðåæ³, ìåõàí³çì çàïàì’ÿòîâóâàííÿ ³íôîðìàö³¿, âðàõóâàííÿ îáìåæåííîñò³ øâèäêîñò³ ïåðåäàâàííÿ ³íôîð-
ìàö³¿ ì³æ íåéðîíàìè.

——
Simulation of the problem of interaction of neurons taking into account the lagging of their interaction /
V.G. Pisarenko // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 3. P. 189–192.

Abstract. A new model of functioning a live neural network is proposed and analyzed. This model
explicitly takes into account the lagging interaction of a group of interconnected neurons. It is shown that
a simulation model of a live neural network can be constructed, for example, in the form of chains of
a sufficiently large number of interconnected triads of neurons.

Keywords: neurophysiology, mathematical model, neuronet, functioning of a live neural network, information
storage mechanism, allowance for a limited information transfer rate between neurons.
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