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ÓÄÊ 004.93.12
Íîâûå ñðåäñòâà àëüòåðíàòèâíîé êîììóíèêàöèè äëÿ ëþäåé ñ îãðàíè÷åííûìè âîçìîæíîñòÿìè /
Þ.Ã. Êðèâîíîñ, Þ.Â. Êðàê, À.Â. Áàðìàê, Ð.À. Áàãðèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. —
Òîì 52, ¹ 5. — Ñ. 3–13.

²ë.: 3. Òàáë.: 2. Á³áë³îãð.: 13 íàçâ.

Ïðåäëîæåíà èíôîðìàöèîííàÿ òåõíîëîãèÿ, ïîçâîëÿþùàÿ ñ èñïîëüçîâàíèåì ñîâðåìåííûõ
IT-óñòðîéñòâ (íåòáóêè, ïëàíøåòû, òåëåôîíû è ò.ä.) îñóùåñòâëÿòü àëüòåðíàòèâíóþ êîììóíèêàöèþ äëÿ
ëþäåé, ó êîòîðûõ îòñóòñòâóåò (âðåìåííî èëè ïîñòîÿííî) îñíîâíîé êàíàë âåðáàëüíîé êîììóíèêàöèè. Ðå-
àëèçîâàòü òàêóþ êîììóíèêàöèþ ïðåäëîæåíî ïóòåì èíòåëëåêòóàëèçàöèè ïðîöåññà ââîäà òåêñòîâîé èí-
ôîðìàöèè ñ ïðèìåíåíèåì îãðàíè÷åííîãî ÷èñëà ñîîòâåòñòâóþùèõ óïðàâëåíèé, çàäàâàåìûõ ðóêîé.
Èññëåäîâàíà ìîäåëü ñêåëåòà ÷åëîâåêà â öåëÿõ îïðåäåëåíèÿ îãðàíè÷åííîãî êîëè÷åñòâà äâèæåíèé è êîí-
ôèãóðàöèé ðóêè, óñòîé÷èâûõ ê ðàñïîçíàâàíèþ ñðåäñòâàìè IT-óñòðîéñòâ.

Êëþ÷åâûå ñëîâà: àëüòåðíàòèâíàÿ êîììóíèêàöèÿ, êîíòðîëëåð Leap Motion, êëàñòåðèçàöèÿ,
èíôîðìàöèîííàÿ òåõíîëîãèÿ.

Íîâ³ çàñîáè àëüòåðíàòèâíî¿ êîìóí³êàö³¿ äëÿ ëþäåé ç îáìåæåíèìè ìîæëèâîñòÿìè / Þ.Ã. Êðèâîíîñ, Þ.Â.
Êðàê, Î.Â. Áàðìàê, Ð.Î. Áàãð³é // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 5. — Ñ. 3–13.

Çàïðîïîíîâàíî ³íôîðìàö³éíó òåõíîëîã³þ, ùî äîçâîëÿº ç âèêîðèñòàííÿì ñó÷àñíèõ ²Ò-ïðèñòðî¿â
(íåòáóêè, ïëàíøåòè, òåëåôîíè òîùî) çä³éñíþâàòè àëüòåðíàòèâíó êîìóí³êàö³þ äëÿ ëþäåé, ó ÿêèõ
â³äñóòí³é (òèì÷àñîâî ÷è ïîñò³éíî) îñíîâíèé êàíàë âåðáàëüíî¿ êîìóí³êàö³¿. Ðåàë³çóâàòè òàêó êîìó-
í³êàö³þ çàïðîïîíîâàíî øëÿõîì ³íòåëåêòóàë³çàö³¿ ïðîöåñó ââåäåííÿ òåêñòîâî¿ ³íôîðìàö³¿ ³ç çàñòîñóâàí-
íÿì îáìåæåíî¿ ê³ëüêîñò³ â³äïîâ³äíèõ êåðóâàíü, ùî çàäàþòüñÿ ðóêîþ. Äîñë³äæåíî ìîäåëü ñêåëåòà ëþäè-
íè ç ìåòîþ âèçíà÷åííÿ îáìåæåíî¿ ê³ëüêîñò³ ðóõ³â òà êîíô³ãóðàö³é ðóêè, ñò³éêèõ äî ðîçï³çíàâàííÿ çàñî-
áàìè IT-ïðèñòðî¿â.

Êëþ÷îâ³ ñëîâà: àëüòåðíàòèâíà êîìóí³êàö³ÿ, êîíòðîëåð Leap Motion, êëàñòåðèçàö³ÿ, ³íôîðìàö³éíà
òåõíîëîã³ÿ.

New tools of alternative communication for people with disabilities / Iu.G. Kryvonos, Iu.V. Krak,
O.V. Barmak, R.O. Bagriy // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 5. — P. 3–13.

The paper presents an information technology that uses modern IT devices (netbooks, tablets, phones,
etc.) to implement alternative communication for people who do not have (temporarily or permanently) the
main channel of verbal communication. The author propose to implement alternative communication through
intellectualization of the input of text information with a limited number of relevant controls specified by
a hand. The human skeleton model is investigated to identify a limited number of hand configurations and
motions, resistant to IT device recognition.

Keywords: alternative communication, controller Leap Motion, clustering, information technology.

ÓÄÊ 681.3.06
Àëãîðèòìû ãåíåðàöèè áàçîâîé òî÷êè êðèâîé Ýäâàðäñà ñ èñïîëüçîâàíèåì êðèòåðèåâ äåëèìîñòè
òî÷êè / Êîâàëü÷óê Ë.Â., Áåññàëîâ À.Â., Áåñïàëîâ À.Þ. // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016.
— Òîì 52, ¹ 5. — Ñ. 14–24.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 9 íàçâ.

Ñôîðìóëèðîâàíû è äîêàçàíû êðèòåðèè äåëèìîñòè òî÷êè êðèâîé Ýäâàðäñà íà 2, 4 è äðóãèå íàòó-
ðàëüíûå ÷èñëà. Ñ èñïîëüçîâàíèåì ýòèõ êðèòåðèåâ ïîñòðîåíû àëãîðèòìû èçâëå÷åíèÿ êîðíÿ ïðîèçâîëü-
íîé ñòåïåíè â ãðóïïå òî÷åê êðèâîé Ýäâàðäñà, à òàêæå ïîëó÷åíû íîâûå àëãîðèòìû ãåíåðàöèè áàçîâîé
òî÷êè êðèâîé, êîòîðûå, êàê ïîêàçàë ñðàâíèòåëüíûé àíàëèç, èìåþò ðÿä ïðåèìóùåñòâ.

Êëþ÷åâûå ñëîâà: êðèâûå Ýäâàðäñà, äåëèìîñòü òî÷êè, ãåíåðàöèÿ áàçîâîé òî÷êè.

Àëãîðèòìè ãåíåðàö³¿ áàçîâî¿ òî÷êè íà êðèâ³é Åäâàðäñà ç âèêîðèñòàííÿì êðèòåð³¿â ïîä³ëüíîñò³
òî÷êè / Ë.Â. Êîâàëü÷óê, À.Â. Áåññàëîâ, Î.Þ. Áåñïàëîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016.
— Òîì 52, ¹ 5. — Ñ. 14–24.

Ñôîðìóëüîâàíî òà äîâåäåíî êðèòåð³¿ ïîä³ëüíîñò³ òî÷êè êðèâî¿ Åäâàðäñà íà 2, 4 òà ³íø³ íàòóðàëüí³
÷èñëà. Ç âèêîðèñòàííÿì öèõ êðèòåð³¿â ïîáóäîâàíî àëãîðèòìè äîáóâàííÿ êîðåíÿ äîâ³ëüíîãî ñòåïåíÿ
ó ãðóï³ òî÷îê êðèâî¿ Åäâàðäñà, à òàêîæ îòðèìàíî íîâ³ àëãîðèòìè ãåíåðàö³¿ áàçîâî¿ òî÷êè êðèâî¿, êîòð³,
ÿê ïîêàçàâ ïîð³âíÿëüíèé àíàë³ç, ìàþòü íèçêó ïåðåâàã.

Êëþ÷îâ³ ñëîâà: êðèâ³ Åäâàðäñà, ïîä³ëüí³ñòü òî÷êè, ãåíåðàö³ÿ áàçîâî¿ òî÷êè.
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Algorithms of base point generation on edwards curve using point divisibility criteria / L.V. Kovalchuk,
A.V. Bessalov, O.Yu. Bespalov // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 5. — P. 14–24.

New criteria for Edwards curve point divisibility by 2, 4, and other natural numbers are obtained and proved
in this paper. These results are used to construct new algorithms for arbitrary power root extraction on the Edwards
curve group and to create new algorithms of base point generation that are proved to have some advantages.

Keywords: Edwards curves, point divisibility, base point generation.

ÓÄÊ 519.766:004.415.5
Ìåòîäèêà ðàçðàáîòêè è ñðåäñòâà ôîðìàëèçàöèè ôóíêöèîíàëüíûõ ñïåöèôèêàöèé ñèñòåì è
óñòðîéñòâ / À.Á. Ãîäëåâñêèé, Í.Ì. Ìèùåíêî, Ì.Ê. Ìîðîõîâåö, Î.Ä. Ôåëèæàíêî, Í.Í. Ù¸ãîëåâà //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 5. — Ñ. 25–42.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 12 íàçâ.

Ïðåäëîæåí ïîäõîä ê ïîñòðîåíèþ ôóíêöèîíàëüíûõ ñïåöèôèêàöèé è ê àâòîìàòèçàöèè ïåðåõîäà îò
ñïåöèôèêàöèé íà åñòåñòâåííûõ ÿçûêàõ ê ôîðìàëüíûì ìîäåëÿì â ôîðìàòå, óäîáíîì äëÿ ïîñëåäóþùèõ
âåðèôèêàöèè ýòèõ ìîäåëåé è âàëèäàöèè ïîñòðîåííûõ ïî íèì ïðîãðàììíûõ êîäîâ. Ïðåîáðàçîâàíèå òåê-
ñòîâ â ìîäåëè îñóùåñòâëÿåòñÿ ñ ïîìîùüþ èíòåðàêòèâíîé ñèñòåìû ÎÅÑ. Îïèñàííûé ïîäõîä èëëþñòðè-
ðóåòñÿ ðàçâåðíóòûì ïðèìåðîì.

Êëþ÷åâûå ñëîâà: ôóíêöèîíàëüíàÿ ñïåöèôèêàöèÿ, ïîâåäåí÷åñêàÿ ìîäåëü, ôîðìàëüíàÿ ñïåöèôèêàöèÿ
ñèñòåì è óñòðîéñòâ, ÿçûêîâîé ïðîöåññîð.

Ìåòîäèêà ðîçðîáêè òà çàñîáè ôîðìàë³çàö³¿ ôóíêö³îíàëüíèõ ñïåöèô³êàö³é ñèñòåì ³ ïðèñòðî¿â / Î.Á.
Ãîäëåâñüêèé, Í.Ì. Ì³ùåíêî, Ì.Ê. Ìîðîõîâåöü, Î.Ä. Ôåë³æàíêî, Í.Ì. Ùîãîëåâà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 5. — Ñ. 25–42.

Çàïðîïîíîâàíî ï³äõ³ä äî ïîáóäîâè ôóíêö³îíàëüíèõ ñïåöèô³êàö³é òà äî àâòîìàòèçàö³¿ ïåðåõîäó â³ä
ñïåöèô³êàö³é, ïîäàíèõ ïðèðîäíèìè ìîâàìè, äî ôîðìàëüíèõ ìîäåëåé ó ôîðìàò³, ùî º çðó÷íèì äëÿ ïîä-
àëüøî¿ âåðèô³êàö³¿ öèõ ìîäåëåé òà âàë³äàö³¿ ïîáóäîâàíèõ çà íèìè ïðîãðàìíèõ êîä³â. Ïåðåòâîðåííÿ
òåêñò³â ó ìîäåë³ çä³éñíþºòüñÿ çà äîïîìîãîþ îïèñàíî¿ ³íòåðàêòèâíî¿ ñèñòåìè ÎÅÑ. Îïèñàíèé ï³äõ³ä ³ëþñò-
ðóºòüñÿ ðîçãîðíóòèì ïðèêëàäîì.

Êëþ÷îâ³ ñëîâà: ôóíêö³îíàëüíà ñïåöèô³êàö³ÿ, ïîâåä³íêîâà ìîäåëü, ôîðìàëüíà ñïåöèô³êàö³ÿ ñèñòåì òà
ïðèñòðî¿â, ìîâíèé ïðîöåñîð.

A development technique and formalization means for functional specifications of systems
and devices / A.B. Godlevsky, N.M. Mishchenko, M.K. Morokhovets, O.D. Felizhanko,
N.N. Shchîgoleva // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 5. — P. 25–42.

In this paper, we propose an approach to the construction of functional specifications and to automation of the
transition from specifications in natural language to formal models in a format suitable for the subsequent
verification of these models and validation of software code built on them. Converting texts to models is carried out
by means of the interactive system OEC described in the paper. Our approach is illustrated by a detailed example.

Keywords: functional specification, behaviour model, the formal specification of systems and devices,
language processor.

ÓÄÊ 519.7
Àëãîðèòìè÷åñêèå àñïåêòû îïðåäåëåíèÿ ôóíêöèé ãëóáèíû â ïðîöåäóðå âûáîðà îïòèìàëüíîé
ãèïîòåçû äëÿ çàäà÷ êëàññèôèêàöèè äàííûõ / À.À. Ãàëêèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. —
2016. — Òîì 52, ¹ 5. — Ñ. 43–55.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 10 íàçâ.

Èññëåäóþòñÿ ïðîáëåìû âûáîðà îïòèìàëüíîé ãèïîòåçû â çàäà÷àõ êëàññèôèêàöèè íà îñíîâå êëàññà
ãèïîòåç, ðàñïðåäåëåííîãî îòíîñèòåëüíî àïîñòåðèîðíîé âåðîÿòíîñòè. Ïðåäëîæåí ìåòîä, áàçèðóþùèéñÿ
íà êîíöåïöèè îòíîñèòåëüíîãî âçâåøåííîãî ñðåäíåãî çíà÷åíèÿ è ôóíêöèÿõ ãëóáèíû, êîòîðûå âûïîëíÿ-
þòñÿ â ïðîñòðàíñòâå ôóíêöèé êëàññèôèêàöèè. Ðàçðàáîòàíû àëãîðèòìû äëÿ àïïðîêñèìàöèè îòíîñèòåëü-
íîé ãëóáèíû äàííûõ è îòíîñèòåëüíîãî âçâåøåííîãî ñðåäíåãî çíà÷åíèÿ, îáåñïå÷èâàþùèå ïîëèíîìèàëü-
íûå ïðèáëèæåíèÿ ê ïîëóïðîñòðàíñòâåííûì àíàëîãàì.

Êëþ÷åâûå ñëîâà: âçâåøåííîå ñðåäíåå çíà÷åíèå, ôóíêöèÿ îòíîñèòåëüíîé ãëóáèíû, îïòèìàëüíàÿ
ãèïîòåçà Áàéåñà.

Àëãîðèòì³÷í³ àñïåêòè âèçíà÷åííÿ ôóíêö³é ãëèáèíè ó ïðîöåäóð³ âèáîðó îïòèìàëüíî¿ ã³ïîòåçè äëÿ çàäà÷
êëàñèô³êàö³¿ äàíèõ / Î.À. Ãàëê³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 5. — Ñ. 43–55.

Äîñë³äæóþòüñÿ ïðîáëåìè âèáîðó îïòèìàëüíî¿ ã³ïîòåçè â çàäà÷àõ êëàñèô³êàö³¿ íà îñíîâ³ êëàñó ã³ïî-
òåç, ðîçïîä³ëåíîãî â³äíîñíî àïîñòåð³îðíî¿ éìîâ³ðíîñò³. Çàïðîïîíîâàíî ìåòîä, ÿêèé áàçóºòüñÿ íà êîíöåïö³¿
â³äíîñíîãî çâàæåíîãî ñåðåäíüîãî çíà÷åííÿ òà ôóíêö³ÿõ ãëèáèíè, ùî âèêîíóþòüñÿ ó ïðîñòîð³ ôóíêö³é êëà-
ñèô³êàö³¿. Ðîçðîáëåíî àëãîðèòìè äëÿ àïðîêñèìàö³¿ â³äíîñíî¿ ãëèáèíè äàíèõ òà â³äíîñíîãî çâàæåíîãî ñå-
ðåäíüîãî çíà÷åííÿ, ùî çàáåçïå÷óþòü ïîë³íîì³àëüí³ íàáëèæåííÿ äî íàï³âïðîñòîðîâèõ àíàëîã³â.

Êëþ÷îâ³ ñëîâà: çâàæåíå ñåðåäíº çíà÷åííÿ, ôóíêö³ÿ â³äíîñíî¿ ãëèáèíè, îïòèìàëüíà ã³ïîòåçà Áàºñà.



Algorithmic aspects of determining the depth functions in selecting the optimal hypothesis for data
classification problems / O.A. Galkin // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 5. — P. 43–55.

The paper analyzes optimal hypothesis selection in classification problems based on the hypothesis class
distributed with respect to the posterior probability. A method is proposed that is based on the concept of
a relative weighted average value and depth functions operating in the space of classification functions.
Algorithms are constructed to approximate the relative depth of the data and relative weighted average value
providing polynomial approximation to the half-space analogs.

Keywords: weighted average value, relative depth function, optimal Bayesian hypothesis

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 512.61
Âçâåøåííàÿ ïñåâäîèíâåðñèÿ ñ âûðîæäåííûìè âåñàìè / È.Â. Ñåðãèåíêî, Å.Ô. Ãàëáà // Êèáåðíåòèêà
è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 5. — Ñ. 56–80.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 46 íàçâ.

Ñòàòüÿ íîñèò îáçîðíûé õàðàêòåð è ïîñâÿùåíà ðàçâèòèþ òåîðèè âçâåøåííîé ïñåâäîèíâåðñèè.
Îïðåäåëÿþòñÿ è èññëåäóþòñÿ âçâåøåííûå ïñåâäîîáðàòíûå ìàòðèöû ñ âûðîæäåííûìè âåñàìè. Ïðèâåäå-
íû òåîðåìû ñóùåñòâîâàíèÿ è åäèíñòâåííîñòè ýòèõ ìàòðèö. Óñòàíîâëåíà ñâÿçü âçâåøåííûõ ïñåâäîîáðàò-
íûõ ìàòðèö ñ âûðîæäåííûìè âåñàìè ñî âçâåøåííûìè íîðìàëüíûìè ïñåâäîðåøåíèÿìè. Äàíî ïðåäñòàâ-
ëåíèå âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö ñ âûðîæäåííûìè âåñàìè â òåðìèíàõ êîýôôèöèåíòîâ õàðàê-
òåðèñòè÷åñêèõ ìíîãî÷ëåíîâ ñèììåòðè÷íûõ è ñèììåòðèçóåìûõ ìàòðèö, ïîëó÷åíû ðàçëîæåíèÿ ýòèõ
ìàòðèö â ìàòðè÷íûå ñòåïåííûå ðÿäû è ïðîèçâåäåíèÿ, ïðåäåëüíûå ïðåäñòàâëåíèÿ ýòèõ ìàòðèö, ïîëó÷åíû
âçâåøåííûå ñèíãóëÿðíûå ðàçëîæåíèÿ ìàòðèö ñ âûðîæäåííûìè âåñàìè, íà îñíîâå êîòîðûõ îïðåäåëåíû
ðàçëîæåíèÿ âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö.

Êëþ÷åâûå ñëîâà: âçâåøåííûå ïñåâäîîáðàòíûå ìàòðèöû ñ âûðîæäåííûìè âåñàìè, ìàòðè÷íûå
ñòåïåííûå ðÿäû è ïðîèçâåäåíèÿ, ïðåäåëüíûå ïðåäñòàâëåíèÿ âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö,
âçâåøåííîå ñèíãóëÿðíîå ðàçëîæåíèå ìàòðèö ñ âûðîæäåííûìè âåñàìè.

Çâàæåíà ïñåâäî³íâåðñ³ÿ ç âèðîäæåíèìè âàãàìè / ².Â. Ñåðã³ºíêî, ª.Ô. Ãàëáà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 5. — Ñ. 56–80.

Ñòàòòÿ íîñèòü îãëÿäîâèé õàðàêòåð ³ ïðèñâÿ÷åíà ðîçâèòêó òåîð³¿ çâàæåíî¿ ïñåâäî³íâåðñ³¿. Âèçíà÷à-
þòüñÿ òà äîñë³äæóþòüñÿ çâàæåí³ ïñåâäîîáåðíåí³ ìàòðèö³ ç âèðîäæåíèìè âàãàìè. Íàâåäåíî òåîðåìè
³ñíóâàííÿ òà ºäèíîñò³ öèõ ìàòðèöü. Âñòàíîâëåíî çâ’ÿçîê çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü ç âèðîäæå-
íèìè âàãàìè ç³ çâàæåíèìè íîðìàëüíèìè ïñåâäîðîçâ’ÿçêàìè. Íàâåäåíî ïðåäñòàâëåííÿ çâàæåíèõ ïñåâäîî-
áåðíåíèõ ìàòðèöü ç âèðîäæåíèìè âàãàìè â òåðì³íàõ êîåô³ö³ºíò³â õàðàêòåðèñòè÷íèõ ìíîãî÷ëåí³â ñèìåò-
ðè÷íèõ ìàòðèöü òà ìàòðèöü, ùî ñèìåòðèçóþòüñÿ, îäåðæàíî ðîçêëàä öèõ ìàòðèöü â ìàòðè÷í³ ñòåïåíåâ³
ðÿäè òà äîáóòêè, ãðàíè÷í³ ïðåäñòàâëåííÿ öèõ ìàòðèöü, îäåðæàíî çâàæåí³ ñèíãóëÿðí³ ðîçêëàäè ìàòðèöü ç
âèðîäæåíèìè âàãàìè, íà îñíîâ³ ÿêèõ âèçíà÷åíî ðîçêëàäè çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü.

Êëþ÷îâ³ ñëîâà: çâàæåí³ ïñåâäîîáåðíåí³ ìàòðèö³ ç âèðîäæåíèìè âàãàìè, ìàòðè÷í³ ñòåïåíåâ³ ðÿäè ³ äîáóòêè,
ãðàíè÷í³ çîáðàæåííÿ çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü, çâàæåíèé ñèíãóëÿðíèé ðîçêëàä ìàòðèöü ç âèðîä-
æåíèìè âàãàìè.

Weighted pseudoinversion with singular weights / I.V. Sergienko, E.F. Galba // Kibernetika i sistemnyi

analiz. — 2016. — Vol. 52, N 5. — P. 56–80.

The paper reviews the development of the theory of weighted pseudoinversion. Weighted pseudoinverse
matrices with singular weights are determined and investigated. Theorems of the existence and uniqueness of these
matrices are provided. Weighted pseudoinverse matrices with singular weights are related with weighted normal
pseudosolutions. Weighted pseudoinverse matrices with singular weights are represented in therms of coefficients of
characteristic polynomials of symmetric and symmetrizable matrices. Their expansions in matrix power series and
products and limit representations are obtained. Decompositions of weighed pseudoinverse matrices are determined
on the basis of the obtained weighed singular decomposition of matrices with singular weights.

Keywords: weighted pseudoinverse matrices with singular weights, matrix power series and products, limit
representations of weighted pseudoinverse matrices, weighed singular decomposition of matrices with singular weights.

ÓÄÊ 519.21
Îá îäíîé ïîëóìàðêîâñêîé ìîäåëè óïðàâëåíèÿ çàïàñàìè / Ï.Ñ. Êíîïîâ, Ò.Â. ÏåïåëÿåâÀ,
È.Þ. Äåì÷åíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 5. — Ñ. 81–88.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 21 íàçâ.

Ðàññìîòðåíû óïðàâëÿåìûå ïîëóìàðêîâñêèå ïðîöåññû äëÿ èññëåäîâàíèÿ ìíîãîíîìåíêëàòóðíîé ìî-
äåëè òåîðèè óïðàâëåíèÿ çàïàñàìè. Äëÿ äàííîé ìîäåëè ïðè óáûâàþùèõ ôóíêöèÿõ îáùèõ èçäåðæåê íàé-
äåíû óñëîâèÿ ñóùåñòâîâàíèÿ îïòèìàëüíîé ñòðàòåãèè, à òàêæå äîêàçàíî ñóùåñòâîâàíèå îïòèìàëüíîé
( , )s S -ñòðàòåãèè óïðàâëåíèÿ çàïàñàìè.

Êëþ÷åâûå ñëîâà: ïîëóìàðêîâñêèå ïðîöåññû, óïðàâëåíèå çàïàñàìè, ( , )s S -ñòðàòåãèÿ, êðèòåðèé îïòè-

ìàëüíîñòè, îïòèìàëüíàÿ ñòðàòåãèÿ.
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Ïðî îäíó íàï³âìàðêîâñüêó ìîäåëü êåðóâàííÿ çàïàñàìè / Ï.Ñ. Êíîïîâ, Ò.Â. Ïåïåëÿºâà,
².Þ. Äåì÷åíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 5. — Ñ. 81–88.

Ðîçãëÿíóòî êåðîâàí³ íàï³âìàðêîâñüê³ ïðîöåñè äëÿ äîñë³äæåíü áàãàòîíîìåíêëàòóðíî¿ ìîäåë³ òåîð³¿
êåðóâàííÿ çàïàñàìè. Äëÿ òàêî¿ ìîäåë³ ïðè ñïàäíèõ ôóíêö³ÿõ çàãàëüíèõ âèòðàò çíàéäåíî óìîâè ³ñíóâàííÿ
îïòèìàëüíî¿ ñòðàòåã³¿, à òàêîæ äîâåäåíî ³ñíóâàííÿ îïòèìàëüíî¿ ( , )s S -ñòðàòåã³¿ êåðóâàííÿ çàïàñàìè.

Êëþ÷îâ³ ñëîâà: íàï³âìàðêîâñüê³ ïðîöåñè, óïðàâë³ííÿ çàïàñàìè, ( , )s S -ñòðàòåã³ÿ, êðèòåð³é îïòèìàëü-

íîñò³, îïòèìàëüíà ñòðàòåã³ÿ.

A semi-Markov model of inventory control / P.S. Knopov, T.V. Pepelyaeva, I.Yu. Demchenko //

Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 5. — P. 81–88.

We consider controlled semi-Markov processes as applied to the analysis of a multi-task model in
inventory control theory. The existence conditions for the optimal strategy are found for this model, with
decreasing functions of common costs and the existence of optimal ( , )s S -strategy in inventory control is
proved.

Keywords: semi-Markov processes, inventory control, ( , )s S -strategy, optimality criterion, the optimal strategy.

ÓÄÊ 517.9:519.6
Äðîáíî-äèôôåðåíöèàëüíûé àíàëîã áèïàðàáîëè÷åñêîãî ýâîëþöèîííîãî óðàâíåíèÿ è íåêîòîðûå
åãî ïðèìåíåíèÿ / Â.Ì. Áóëàâàöêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 5. —
Ñ. 89–100.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 19 íàçâ.

Èññëåäîâàí äðîáíî-äèôôåðåíöèàëüíûé àíàëîã èçâåñòíîãî áèïàðàáîëè÷åñêîãî ýâîëþöèîííîãî
óðàâíåíèÿ, ïðåäíàçíà÷åííûé äëÿ îïèñàíèÿ äèíàìèêè ïðîöåññîâ òåïëîìàññîïåðåíîñà â óñëîâèÿõ èõ âðå-
ìåííîé íåðàâíîâåñíîñòè. Ïîëó÷åíû çàìêíóòûå ðåøåíèÿ ðÿäà çàäà÷, â ÷àñòíîñòè çàäà÷è òèïà Êîøè è
êðàåâîé çàäà÷è äëÿ êîíå÷íîãî ïðîìåæóòêà. Ïðåäëîæåíà íîâàÿ (äðîáíî-äèôôåðåíöèàëüíàÿ) ìàòåìàòè-
÷åñêàÿ ìîäåëü äëÿ îïèñàíèÿ íåðàâíîâåñíîé äèíàìèêè ôèëüòðàöèîííûõ ïðîöåññîâ â òðåùèíîâàòî-ïî-
ðèñòûõ ñðåäàõ.

Êëþ÷åâûå ñëîâà: áèïàðàáîëè÷åñêîå ýâîëþöèîííîå óðàâíåíèå, äðîáíî-äèôôåðåíöèàëüíûé àíàëîã,
ôóíäàìåíòàëüíîå ðåøåíèå, îäíîìåðíàÿ çàäà÷à òèïà Êîøè, êðàåâàÿ çàäà÷à íà êîíå÷íîì ïðîìåæóòêå,
ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå äðîáíî-äèôôåðåíöèàëüíîé äèíàìèêè ôèëüòðàöèîííûõ ïðîöåññîâ,
íåêëàññè÷åñêèå ìîäåëè.

Äðîáîâî-äèôåðåíö³éíèé àíàëîã á³ïàðàáîë³÷íîãî åâîëþö³éíîãî ð³âíÿííÿ òà äåÿê³ éîãî
çàñòîñóâàííÿ / Â.Ì. Áóëàâàöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 5. —

Ñ. 89–100.

Äîñë³äæåíî äðîáîâî-äèôåðåíö³éíèé àíàëîã â³äîìîãî á³ïàðàáîë³÷íîãî åâîëþö³éíîãî ð³âíÿííÿ,
ïðèçíà÷åíîãî äëÿ îïèñó äèíàì³êè ïðîöåñ³â òåïëîìàñîïåðåíîñó çà óìîâ ¿õíüî¿ ÷àñîâî¿ íåð³âíîâàæíîñò³.
Îäåðæàíî çàìêíåí³ ðîçâ’ÿçêè íèçêè çàäà÷, çîêðåìà çàäà÷³ òèïó Êîø³ òà êðàéîâî¿ çàäà÷³ äëÿ ñê³í÷åííîãî
ïðîì³æêó. Çàïðîïîíîâàíî íîâó (äðîáîâî-äèôåðåíö³éíó) ìàòåìàòè÷íó ìîäåëü äëÿ îïèñó íåð³âíîâàæíî¿
äèíàì³êè ô³ëüòðàö³éíèõ ïðîöåñ³â ó òð³ùèíóâàòî-ïîðèñòèõ ñåðåäîâèùàõ.

Êëþ÷îâ³ ñëîâà: á³ïàðàáîë³÷íå åâîëþö³éíå ð³âíÿííÿ, äðîáîâî-äèôåðåíö³éíèé àíàëîã, ôóíäàìåíòàëüíèé
ðîçâ’ÿçîê, îäíîì³ðíà çàäà÷à òèïó Êîø³, êðàéîâà çàäà÷à íà ê³íöåâîìó ïðîì³æêó, ìàòåìàòè÷íå ìîäåëþ-
âàííÿ äðîáîâî-äèôåðåíö³éíî¿ äèíàì³êè ô³ëüòðàö³éíèõ ïðîöåñ³â, íåêëàñè÷í³ ìîäåë³.

Fractional differential analog of biparabolic evolution equation and some its applications /
V.M. Bulavatsky // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 5. — P. 89–100.

The authors analyze the fractional differential analog of the well- known biparabolic evolution equation
intended to describe the dynamics of heat and mass transfer processes in terms of their non-equilibrium in time.
Closed solution of some problems, in particular, the problem of Cauchy type and boundary-value problem for
a finite interval, are obtained. A new (fractional differential) mathematical model is proposed to describe
the non-equilibrium dynamics of filtrational processes in fractured porous media.

Keywords: biparabolic evolution equation, fractional-differential analog, fundamental solution, Cauchy-type
one-dimensional problem, boundary value problem on a finite interval, mathematical modeling of
fractional-differential dynamics of filtration processes, non-classical models.

ÓÄÊ 519.161
Ðåêóððåíòíûé àëãîðèòì ðåøåíèÿ çàäà÷è î âçâåøåííîì ïàðîñî÷åòàíèè / Î.Á. Ìàöèé, À.Â. Ìîðîçîâ,
À.Â. Ïàíèøåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 5. — Ñ. 101–112.

²ë.: 6. Òàáë.: 0. Á³áë³îãð.: 4 íàçâè.
Èçâåñòíàÿ çàäà÷à î âçâåøåííîì ïàðîñî÷åòàíèè â ïðîèçâîëüíîì ãðàôå H ñ n âåðøèíàìè ñâîäèòñÿ ê

îäíîé èç çàäà÷ î ïàðîñî÷åòàíèè äëÿ äâóäîëüíîãî ãðàôà ñ 2n âåðøèíàìè. Ìàêñèìàëüíîå ïàðîñî÷åòàíèå

ãðàôà H ñ ìèíèìàëüíîé ñóììîé âåñîâ ðåáåð, çàäàííûõ ìàòðèöåé [ ]cij n, íàõîäèòñÿ çà âðåìÿ O n( )3 ïîñëå

óïîðÿäî÷åíèÿ ïî íåóáûâàíèþ çíà÷åíèé c
ij

, ðàñïîëîæåííûõ íàä ãëàâíîé äèàãîíàëüþ.
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Êëþ÷åâûå ñëîâà: ïàðîñî÷åòàíèå, çàäà÷à î âçâåøåííîì ïàðîñî÷åòàíèè, äâóäîëüíûé ãðàô, óâåëè÷èâàþ-
ùèé ïóòü, çàäà÷à î íàçíà÷åíèÿõ.

Ðåêóðåíòíèé àëãîðèòì ðîçâ’ÿçàííÿ çàäà÷³ ïðî çâàæåíó ïàðîñïîëóêó / Î.Á. Ìàöèé, À.Â. Ìîðîçîâ,
À.Â. Ïàí³øåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 5. — Ñ. 101–112.

Â³äîìà çàäà÷à ïðî çâàæåíó ïàðîñïîëóêó â äîâ³ëüíîìó ãðàô³ H ç n âåðøèíàìè çâîäèòüñÿ äî îäí³º¿

³ç çàäà÷ ïðî ïàðîñïîëóêó äëÿ äâî÷àñòêîâîãî ãðàôà ç 2n âåðøèíàìè. Ìàêñèìàëüíà ïàðîñïîëóêà ãðàôà H ç

ì³í³ìàëüíîþ ñóìîþ âàã ðåáåð, çàäàíèõ ìàòðèöåþ [ ]cij n , çíàõîäèòüñÿ çà ÷àñ O n( )3 ï³ñëÿ âïîðÿäêóâàííÿ

çà íåñïàäàííÿì çíà÷åíü cij , ðîçòàøîâàíèõ íàä ãîëîâíîþ ä³àãîíàëëþ.

Êëþ÷îâ³ ñëîâà: ïàðîñïîëóêà, çàäà÷à ïðî çâàæåíó ïàðîñïîëóêó, äâî÷àñòêîâèé ãðàô, çá³ëüøóþ÷èé øëÿõ,

çàäà÷à ïðî ïðèçíà÷åííÿ.

A recurrent algorithm to solve weighted matching problem / O.B. Matsiy, A.V. Morozov, A.V. Panishev //
Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 5. — P. 101–112.

The well-known problem of weighted matching in an arbitrary graph H with n vertices is reduced to a of
matching problem for a bipartite graph with 2n vertices. The maximum matching of graph H with the minimum

sum of weights of edges specified by matrix [ ]cij n is found in time O n( )3 after ordering the values cij above

the main diagonal in non-decreasing order.

Keywords: matching, the problem of the weighted matching, bipartite graph, increasing path, the assignment
problem.

ÓÄÊ 519.6

Îöåíêà òî÷íîñòè ðàçíîñòíîé ñõåìû äëÿ äâóìåðíîãî óðàâíåíèÿ Ïóàññîíà ñ ó÷åòîì ýôôåêòà îò
êðàåâûõ óñëîâèé / Í.Â. Ìàéêî, Â.Ë. Ðÿáè÷åâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52,
¹ 5. — Ñ. 113–124.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 8 íàçâ.

Ïîëó÷åíà àïðèîðíàÿ îöåíêà ñêîðîñòè ñõîäèìîñòè ñåòî÷íîãî ðåøåíèÿ ê îáîáùåííîìó ðåøåíèþ
äâóìåðíîãî óðàâíåíèÿ Ïóàññîíà â ñëó÷àå ñìåøàííîãî êðàåâîãî óñëîâèÿ (êðàåâûå óñëîâèÿ ïåðâîãî è
òðåòüåãî ðîäà). Ïîêàçàíî, ÷òî òî÷íîñòü ñõåìû âûøå âáëèçè òåõ ñòîðîí êâàäðàòà, íà êîòîðûõ çàäàíî êðà-
åâîå óñëîâèå Äèðèõëå.

Êëþ÷åâûå ñëîâà: óðàâíåíèå Ïóàññîíà, êðàåâàÿ çàäà÷à, ðàçíîñòíàÿ ñõåìà, îöåíêà ñ âåñîì, ó÷åò âëèÿíèÿ
êðàåâîãî óñëîâèÿ.

Îö³íêà òî÷íîñò³ ð³çíèöåâî¿ ñõåìè äëÿ äâîâèì³ðíîãî ð³âíÿííÿ Ïóàññîíà ç óðàõóâàííÿì åôåêòó â³ä
êðàéîâèõ óìîâ / Í.Â. Ìàéêî, Â.Ë. Ðÿá³÷åâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52,
¹ 5. — Ñ. 113–124.

Îòðèìàíî àïð³îðíó îö³íêó øâèäêîñò³ çá³æíîñò³ ñ³òêîâîãî ðîçâ’ÿçêó äî óçàãàëüíåíîãî ðîçâ’ÿçêó äâî-
âèì³ðíîãî ð³âíÿííÿ Ïóàññîíà ó âèïàäêó ì³øàíî¿ êðàéîâî¿ óìîâè (êðàéîâ³ óìîâè ïåðøîãî ³ òðåòüîãî ðîäó).
Ïîêàçàíî, ùî òî÷í³ñòü ñõåìè âèùà ïîáëèçó òèõ ñòîð³í êâàäðàòà, íà ÿêèõ çàäàíà êðàéîâà óìîâà Ä³ð³õëå.

Êëþ÷îâ³ ñëîâà: ð³âíÿííÿ Ïóàññîíà, êðàéîâà çàäà÷à, ð³çíèöåâà ñõåìà, îö³íêà ç âàãîþ, óðàõóâàííÿ âïëèâó
êðàéîâî¿ óìîâè.

The boundary effect in the error estimate of the finite-difference scheme for Poisson’s equation /
N.V. Mayko, V.L. Ryabichev // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 5. — P. 113–124.

We obtain the weighted error estimate of the finite-difference scheme for Poisson’s equation in a unit
square, which takes into account the effect of the first boundary condition. We prove that the accuracy order is
higher near the sides of the domain where the Dirichlet boundary condition is specified.

Keywords: Poisson’s equation, mixed boundary condition, finite-difference scheme, weighted error estimate,
boundary effect.

ÓÄÊ 519.21

Ìåòîä ïîòåíöèàëîâ äëÿ ñèñòåì òèïà M/G/1/m ñ ãèñòåðåçèñíûìè ñòðàòåãèÿìè ôóíêöèîíèðîâàíèÿ /
Þ.Â. Æåðíîâûé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 5. — Ñ. 125–138.

²ë.: 0. Òàáë.: 2. Á³áë³îãð.: 16 íàçâ.

Ïðåäëîæåí ìåòîä èññëåäîâàíèÿ ñèñòåì îáñëóæèâàíèÿ M/G/1/m ñ ãèñòåðåçèñíûìè ñòðàòåãèÿìè
ñëó÷àéíîãî îòáðàñûâàíèÿ çàÿâîê è óïðàâëåíèÿ âðåìåíåì îáñëóæèâàíèÿ. Ïîëó÷åíû ôîðìóëû äëÿ îïðå-
äåëåíèÿ ïðåîáðàçîâàíèé Ëàïëàñà ðàñïðåäåëåíèÿ ÷èñëà çàÿâîê â ñèñòåìå â òå÷åíèå ïåðèîäà çàíÿòîñòè,
ôóíêöèè ðàñïðåäåëåíèÿ ïåðèîäà çàíÿòîñòè è ôîðìóëû äëÿ âû÷èñëåíèÿ ñòàöèîíàðíûõ õàðàêòåðèñòèê.
Ñîîòíîøåíèÿ äëÿ ñòàöèîíàðíûõ õàðàêòåðèñòèê ïðîâåðåíû íà ïðèìåðàõ ñ ïîìîùüþ èìèòàöèîííûõ ìî-
äåëåé, ïîñòðîåííûõ ñ èñïîëüçîâàíèåì èíñòðóìåíòàëüíûõ ñðåäñòâ GPSS World.
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Êëþ÷åâûå ñëîâà: îäíîêàíàëüíàÿ ñèñòåìà îáñëóæèâàíèÿ, ãèñòåðåçèñíûå ñòðàòåãèè, ñëó÷àéíîå îòáðàñû-
âàíèå çàÿâîê, ìåòîä ïîòåíöèàëîâ.

Ìåòîä ïîòåíö³àë³â äëÿ ñèñòåì òèïó M/G/1/m ç ã³ñòåðåçèñíèìè ñòðàòåã³ÿìè ôóíêö³îíóâàííÿ /
Þ.Â. Æåðíîâèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 5. — Ñ. 125–138.

Çàïðîïîíîâàíî ìåòîä äîñë³äæåííÿ ñèñòåì îáñëóãîâóâàííÿ M/G/1/m ç ã³ñòåðåçèñíèìè ñòðàòåã³ÿìè
âèïàäêîâîãî â³äêèäàííÿ çàìîâëåíü ³ êåðóâàííÿ ÷àñîì îáñëóãîâóâàííÿ. Îòðèìàíî ôîðìóëè äëÿ âèçíà-
÷åííÿ ïåðåòâîðåíü Ëàïëàñà ðîçïîä³ëó ê³ëüêîñò³ çàìîâëåíü ó ñèñòåì³ ïðîòÿãîì ïåð³îäó çàéíÿòîñò³,
ôóíêö³¿ ðîçïîä³ëó ïåð³îäó çàéíÿòîñò³ òà ôîðìóëè äëÿ îá÷èñëåííÿ ñòàö³îíàðíèõ õàðàêòåðèñòèê.
Ñï³ââ³äíîøåííÿ äëÿ ñòàö³îíàðíèõ õàðàêòåðèñòèê ïåðåâ³ðåíî íà ïðèêëàäàõ çà äîïîìîãîþ ³ì³òàö³éíèõ
ìîäåëåé, ïîáóäîâàíèõ ³ç âèêîðèñòàííÿì ³íñòðóìåíòàëüíèõ çàñîá³â GPSS World.

Êëþ÷îâ³ ñëîâà: îäíîêàíàëüíà ñèñòåìà îáñëóãîâóâàííÿ, ã³ñòåðåçèñí³ ñòðàòåã³¿, âèïàäêîâå â³äêèäàííÿ çà-
ìîâëåíü, ìåòîä ïîòåíö³àë³â.

Potentials method for M/G/1/m systems with hysteretic operation strategies / Yu.V. Zhernovyi //
Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 5. — P. 125–138.

We propose a method to analyze M/G/1/m queueing systems with hysteretic strategies of random
dropping of customers and control of service time. We obtain formulas to determine Laplace transforms of the
distribution of the number of customers in the system during busy period and of the distribution function of
busy period and to calculate stationary characteristics. We test the relations for stationary characteristics on
examples using simulation models constructed with the assistance of the GPSS World tools.

Keywords: single-channel queueing system, hysteretic strategies, random dropping of customers, potentials
method.

ÓÄÊ 519.87

Îöåíèâàíèå ÷óâñòâèòåëüíîñòè ðåøåíèÿ ïðè èñïîëüçîâàíèè ìîäèôèöèðîâàííîãî ìåòîäà
ìîðôîëîãè÷åñêîãî àíàëèçà / È.À. Ñàâ÷åíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52,
¹ 5. — Ñ. 139–148.

²ë.: 0. Òàáë.: 4. Á³áë³îãð.: 7 íàçâ.

Ïðåäëîæåíà ìåòîäèêà îöåíèâàíèÿ ÷óâñòâèòåëüíîñòè ðåøåíèÿ, ïîëó÷åííîãî ìîäèôèöèðîâàííûì
ìåòîäîì ìîðôîëîãè÷åñêîãî àíàëèçà, ê èçìåíåíèþ èñõîäíûõ äàííûõ. Ïðèâåäåí íîâûé ñïîñîá îïðåäåëå-
íèÿ âåðîÿòíîñòåé àëüòåðíàòèâ â ìåòîäå. Íà åãî îñíîâå ðàçðàáîòàíû ïðèåìû àíàëèçà ÷óâñòâèòåëüíîñòè
ïàð àëüòåðíàòèâ îòíîñèòåëüíî ïåðåñòàíîâêè ðàíãîâ ìåæäó íèìè ïðè èçìåíåíèè êàê èñõîäíûõ îöåíîê
âåðîÿòíîñòè, òàê è çíà÷åíèé ìàòðèöû âçàèìîñâÿçåé.

Êëþ÷åâûå ñëîâà: àíàëèç ÷óâñòâèòåëüíîñòè, ìåòîä ìîðôîëîãè÷åñêîãî àíàëèçà, ïîääåðæêà ïðèíÿòèÿ ðå-
øåíèé, òåõíîëîãè÷åñêîå ïðåäâèäåíèå, ýêñïåðòíîå îöåíèâàíèå.

Îö³íþâàííÿ ÷óòëèâîñò³ ðîçâ’ÿçêó ïðè çàñòîñóâàíí³ ìîäèô³êîâàíîãî ìåòîäó ìîðôîëîã³÷íîãî
àíàë³çó / ².Î. Ñàâ÷åíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 5. — Ñ. 139–148.

Çàïðîïîíîâàíî ìåòîäèêó îö³íþâàííÿ ÷óòëèâîñò³ ðîçâ’ÿçêó, îòðèìàíîãî ìîäèô³êîâàíèì ìåòîäîì
ìîðôîëîã³÷íîãî àíàë³çó, äî çì³íè âõ³äíèõ äàíèõ. Íàâåäåíî íîâèé ñïîñ³á âèçíà÷åííÿ éìîâ³ðíîñòåé àëü-
òåðíàòèâ ó ìåòîä³. Íà éîãî îñíîâ³ ðîçðîáëåíî ïðèéîìè àíàë³çó ÷óòëèâîñò³ ïàð àëüòåðíàòèâ ùîäî çì³íè
ðàíæóâàííÿ ì³æ íèìè ïðè çì³í³ ÿê ïî÷àòêîâèõ îö³íîê éìîâ³ðíîñò³, òàê ³ çíà÷åíü ìàòðèö³ âçàºìîçâ’ÿçê³â.

Êëþ÷îâ³ ñëîâà: àíàë³ç ÷óòëèâîñò³, ìåòîä ìîðôîëîã³÷íîãî àíàë³çó, ï³äòðèìêà ïðèéíÿòòÿ ð³øåíü, òåõíî-
ëîã³÷íå ïåðåäáà÷åííÿ, åêñïåðòíå îö³íþâàííÿ.

Estimating solution sensitivity in application of modified morphological analysis method / I.O. Savchenko
// Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 5. — P. 139–148.

This paper creates a technique to estimate the sensitivity of a solution obtained by the modified
morphological analysis method against variations in input data. A new way is proposed to find alternatives
probabilities in the method. The sensitivity analysis techniques are developed on its basis for pairs of
alternatives regarding the reversal of their rankings after changing either initial probability estimates or
cross-consistency matrix values.

Keywords: sensitivity analysis, morphological analysis method, decision-making support, technology
foresight, expert estimation.

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 51.681.3

Àëãîðèòìû ðåøåíèÿ ñèñòåì ëèíåéíûõ óðàâíåíèé â êîëüöàõ âû÷åòîâ / Ñ.Ë. Êðûâûé //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 5. — Ñ. 149–160.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 6 íàçâ.
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Ïðåäëîæåíû ïîëèíîìèàëüíûå àëãîðèòìû ïîñòðîåíèÿ áàçèñà ìíîæåñòâà ðåøåíèé ñèñòåìû ëèíåé-
íûõ îäíîðîäíûõ è íåîäíîðîäíûõ äèîôàíòîâûõ óðàâíåíèé â êîëüöå âû÷åòîâ ïî ìîäóëþ íåêîòîðîãî ÷èñ-
ëà ïðè óñëîâèè èçâåñòíîãî ðàçëîæåíèÿ ìîäóëÿ íà ïðîñòûå ìíîæèòåëè.

Êëþ÷åâûå ñëîâà: êîëüöî âû÷åòîâ, ëèíåéíûå äèîôàíòîâûå óðàâíåíèÿ, áàçèñ ìíîæåñòâà ðåøåíèé.

Àëãîðèòìè ðîçâ’ÿçàííÿ ñèñòåì ë³í³éíèõ ð³âíÿíü â ê³ëüöÿõ ëèøê³â / Ñ.Ë. Êðèâèé // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 5. — Ñ. 149–160.

Çàïðîïîíîâàíî ïîë³íîì³àëüí³ àëãîðèòìè ïîáóäîâè áàçèñó ìíîæèíè ðîçâ’ÿçê³â ñèñòåìè ë³í³éíèõ
îäíîð³äíèõ ³ íåîäíîð³äíèõ ä³îôàíòîâèõ ð³âíÿíü â ê³ëüö³ ëèøê³â çà ìîäóëåì äåÿêîãî ÷èñëà ïðè óìîâ³
â³äîìîãî ðîçêëàäó ìîäóëÿ íà ïðîñò³ ìíîæíèêè.

Êëþ÷îâ³ ñëîâà: ê³ëüöå ëèøê³â, ë³í³éí³ ä³îôàíòîâ³ ð³âíÿííÿ, áàçèñ ìíîæèíè ðîçâ’ÿçê³â.

Solution algorithms for systems of linear equations over residue rings / S.L. Kryvyi // Kibernetika i
sistemnyi analiz. — 2016. — Vol. 52, N 5. — P. 149–160.

The author proposes polynomial algorithms to construct the base of the set of solutions of a system of
linear Diophantine homogeneous and inhomogeneous equations in residue ring modulo some number provided
that prime factorization of the modulo is known.

Keywords: ring of residues, linear Diophantine equations, set of basis solutions

ÓÄÊ 681.391, 681.3, 621.372.397

Öåëî÷èñëåííûå êîñèíóñíûå ïðåîáðàçîâàíèÿ äëÿ âûñîêîýôôåêòèâíîãî êîäèðîâàíèÿ èçîáðàæåíèé
è âèäåî / Ë.À. Ãíàòèâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 5. — Ñ. 161–176.

²ë.: 3. Òàáë.: 9. Á³áë³îãð.: 18 íàçâ.

Ðàññìîòðåíû ìàòðè÷íûå ìåòîäû ïîñòðîåíèÿ îäíîíîðìîâûõ öåëî÷èñëåííûõ êîñèíóñíûõ ïðåîáðà-
çîâàíèé ïîðÿäêîâ 8, 16. Ïðåäëîæåíû îäíîíîðìîâûå öåëî÷èñëåííûå ïðåîáðàçîâàíèÿ ïîðÿäêîâ 8, 16 è
ðàçðàáîòàíû èõ áûñòðûå àëãîðèòìû íèçêîé âû÷èñëèòåëüíîé ñëîæíîñòè, êîòîðàÿ ìåíüøå â 3–5 ðàç, ÷åì
â èçâåñòíûõ àëãîðèòìàõ, è â 10 ðàç — ÷åì â ñòàíäàðòå Í.265.

Êëþ÷åâûå ñëîâà: äèñêðåòíîå êîñèíóñíîå ïðåîáðàçîâàíèå, öåëî÷èñëåííîå êîñèíóñíîå ïðåîáðàçîâàíèå,
ôàêòîðèçàöèÿ, áûñòðîå ïðåîáðàçîâàíèå, ìàñøòàáèðîâàííîå ïðåîáðàçîâàíèå, ýôôåêòèâíîñòü êîäèðîâàíèÿ,
êîýôôèöèåíò ñæàòèÿ, âû÷èñëèòåëüíàÿ ñëîæíîñòü, âèäåîêîäèðîâàíèå, Í.264, H.265, HEVÑ, AVS.

Ö³ëî÷èñåëüí³ êîñèíóñí³ ïåðåòâîðåííÿ äëÿ âèñîêîåôåêòèâíîãîêîäóâàííÿ çîáðàæåíü ³ â³äåî /
Ë.Î. Ãíàò³â // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 5. — Ñ. 161–176.

Ðîçãëÿíóòî ìàòðè÷í³ ìåòîäè ïîáóäîâè îäíîíîðìîâèõ ö³ëî÷èñåëüíèõ êîñèíóñíèõ ïåðåòâîðåíü ïî-
ðÿäê³â 8, 16. Çàïðîïîíîâàíî îäíîíîðìîâ³ ö³ëî÷èñåëüí³ ïåðåòâîðåííÿ ïîðÿäê³â 8, 16 òà ðîçðîáëåíî ¿õí³
øâèäê³ àëãîðèòìè íèçüêî¿ îá÷èñëþâàëüíî¿ ñêëàäíîñò³, ÿêà ìåíøà â 3–5 ðàç³â, í³æ ó â³äîìèõ àëãîðèòì³â,
òà â 10 ðàç³â ìåíøà, í³æ ó ñòàíäàðò³ Í.265.

Êëþ÷îâ³ ñëîâà: äèñêðåòíå êîñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñåëüíå êîñèíóñíå ïåðåòâîðåííÿ, ôàêòîðè-
çàö³ÿ, øâèäêå ïåðåòâîðåííÿ, ìàcøòàáîâàíå ïåðåòâîðåííÿ, åôåêòèâí³ñòü êîäóâàííÿ, êîåô³ö³ºíò ñòèñíåí-
íÿ, îá÷èñëþâàëüíà ñêëàäí³ñòü, â³äåîêîäóâàííÿ, Í.264, H.265, HEVC, AVS.

²nteger cosine transforms for high-efficiency image and video coding / L.O. Hnativ // Kibernetika i
sistemnyi analiz. — 2016. — Vol. 52, N 5. — P. 161–176.

Matrix methods of constructing one-norm integer cosine transforms of order-8,16 are considered. The
one-norm order-8 and 16 integer transforms are proposed and their fast algorithms of low computational
complexity are developed whose computational complexity is 3 to 5 time less than that in the well-known
algorithms and is 10 time less than one in standard H.265.

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

ÓÄÊ 004.42:004.94

Äîïîëíåíèå Nadra-3D add-on äëÿ ïðîãðàììíîãî êîìïëåêñà Blender / Ì.Â. Áåëîóñ // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 5. — Ñ. 177–185.

²ë.: 6. Òàáë.: 0. Á³áë³îãð.: 5 íàçâ.

Ðàññìîòðåí ïàêåò äîïîëíåíèÿ Nadra-3D add-on äëÿ ïðîãðàììíîãî êîìïëåêñà Blender, ïîçâîëÿþ-
ùèé èñïîëüçîâàòü ïðîãðàììíûå ïàêåòû Blender, TetGen, ParaView äëÿ ïðåä/ïîñòîáðàáîòêè äàííûõ êî-
íå÷íî-ýëåìåíòíîãî ðåøàòåëÿ Nadra-3D, ïðåäíàçíà÷åííîãî äëÿ ìîäåëèðîâàíèÿ ïðîñòðàíñòâåííûõ ïðî-
öåññîâ ôèëüòðàöèè, òåïëîïðîâîäíîñòè, èçìåíåíèÿ íàïðÿæåííîäåôîðìèðîâàííîãî ñîñòîÿíèÿ.

Êëþ÷åâûå ñëîâà: ìîäåëèðîâàíèå, ìåòîä êîíå÷íûõ ýëåìåíòîâ, ñâîáîäíîå ïðîãðàììíîå îáåñïå÷åíèå,
ïðåä/ïîñòîáðàáîòêà äàííûõ.
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Äîïîâíåííÿ Nadra-3d add-on äëÿ ïðîãðàìíîãî êîìïëåêñó Blender / Ì.Â. Á³ëîóñ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 5. — Ñ. 177–185.

Ðîçãëÿíóòî ïàêåò äîïîâíåííÿ Nadra-3D add-on äëÿ ïðîãðàìíîãî êîìïëåêñó Blender, ÿêèé äîçâîëÿº
âèêîðèñòîâóâàòè ïðîãðàìí³ ïàêåòè Blender, TetGen, ParaView äëÿ ïåðåä/ïîñòîáðîáêè äàíèõ ñê³í÷åííî-åëå-
ìåíòíîãî ðîçâ’ÿçóâà÷à Nadra-3D, ïðèçíà÷åíîãî äëÿ ìîäåëþâàííÿ ïðîñòîðîâèõ ïðîöåñ³â ô³ëüòðàö³¿, òåï-
ëîïðîâ³äíîñò³, çì³íè íàïðóæåíî-äåôîðìîâàíîãî ñòàíó.

Êëþ÷îâ³ ñëîâà: ìîäåëþâàííÿ, ìåòîä ñê³í÷åííèõ åëåìåíò³â, â³ëüíå ïðîãðàìíå çàáåçïå÷åííÿ, ïåðåä/ïî-
ñòîáðîáêà äàíèõ.

Nadra-3d add-on for Blender software / M.V. Bilous // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52,
N 5. — P. 177–185.

Nadra-3D add-on package for Blender software is considered. This add-on allows use of Blender,
TetGen, ParaView software for data pre/post processing for finite element solver Nadra-3D, designed for
simulation of spatial processes of filtration, heat transfer and changes in the stress-strain state of
multicomponent media.

Keywords: simulation, finite element method, free software, pre/post-processing.

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

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 621.311
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Ïðîàíàë³çîâàíî ñó÷àñíèé ñòàí íàóêîâèõ äîñë³äæåíü ó ñôåð³ ³íòåëåêòóàë³çàö³¿ ìåðåæ åëåêòðîïîñòà-
÷àííÿ íà îñíîâ³ ñèíõðîííèõ âåêòîðíèõ âèì³ðþâàíü â ñèñòåì³ ðåºñòðàö³¿ ïåðâèííî¿ ³íôîðìàö³¿. Ïîêàçà-
íî, ùî îïòèì³çàö³ÿ åëåêòðîñïîæèâàííÿ çàëåæèòü â³ä ïîâíîòè ³íôîðìàòèâíîñò³ ïåðâèííèõ áàãàòîàñïåê-
òíèõ äàíèõ. Íà îñíîâ³ äèôåðåíö³éíèõ ïåðåòâîðåíü çàïðîïîíîâàíî ìàòåìàòè÷í³ ìîäåë³ ³ ìåòîäè
àíàë³òè÷íîãî îá÷èñëåííÿ ñóêóïíîñò³ Ò-äèñêðåò äëÿ âèçíà÷åííÿ ïîâíîòè ³íôîðìàòèâíîñò³ îòðèìàíèõ íå-
äåòåðì³íîâàíèõ ïåðâèííèõ äàíèõ. Ðîçãëÿíóòî ìåòîäè ³íòåëåêòóàë³çàö³¿ òåõíîëîã³é ñèíõðîííèõ âåêòîð-
íèõ âèì³ðþâàíü çà äîïîìîãîþ ïðåäñòàâëåííÿ çàðåºñòðîâàíèõ ïåðâèííèõ äàíèõ ó âèãëÿä³ Ò-ñïåêòð³â äëÿ
âèçíà÷åííÿ îêðåìèõ ãàðìîí³÷íèõ ñêëàäîâèõ ïàðàìåòð³â ïåðåõ³äíîãî ïðîöåñó åíåðãîñèñòåìè, à òàêîæ
äëÿ ïðîâåäåííÿ (íà îñíîâ³ äèôåðåíö³éíèõ çîáðàæåíü) ñïåêòðàëüíîãî àíàë³çó ³ îá÷èñëåííÿ ñïåêòðàëüíî¿
ù³ëüíîñò³, ÿê îñíîâè ôîðìóâàííÿ ³ íàêîïè÷óâàííÿ íîâèõ çíàíü.
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èçìåðåíèé ïàðàìåòðîâ ýëåêòðè÷åñêèõ ñåòåé / À.È. Ñòàñþê, Ë.Ë. Ãîí÷àðîâà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 5. — Ñ. 186–192.

Ïðîàíàëèçèðîâàíî ñîâðåìåííîå ñîñòîÿíèå íàó÷íûõ èññëåäîâàíèé â îáëàñòè èíòåëëåêòóàëèçàöèè
ñåòåé ýëåêòðîñíàáæåíèÿ íà îñíîâå ñèíõðîííûõ âåêòîðíûõ èçìåðåíèé â ñèñòåìå ðåãèñòðàöèè ïåðâè÷íîé èí-
ôîðìàöèè. Ïîêàçàíî, ÷òî îïòèìèçàöèÿ ýëåêòðîïîòðåáëåíèÿ çàâèñèò îò ïîëíîòû èíôîðìàòèâíîñòè ïåðâè÷íûõ
ìíîãîàñïåêòíûõ äàííûõ. Íà îñíîâå äèôôåðåíöèàëüíûõ ïðåîáðàçîâàíèé ïðåäëîæåíû ìàòåìàòè÷åñêèå ìîäå-
ëè è ìåòîäû àíàëèòè÷åñêîãî âû÷èñëåíèÿ ñîâîêóïíîñòè Ò-äèñêðåò äëÿ îïðåäåëåíèÿ ïîëíîòû èíôîðìàòèâ-
íîñòè ïîëó÷åííûõ íåäåòåðìèíèðîâàííûõ ïåðâè÷íûõ äàííûõ. Ðàññìîòðåíû ìåòîäû èíòåëëåêòóàëèçàöèè òåõ-
íîëîãèé ñèíõðîííûõ âåêòîðíûõ èçìåðåíèé ïóòåì ïðåäñòàâëåíèÿ çàðåãèñòðèðîâàííûõ ïåðâè÷íûõ äàííûõ â
âèäå Ò-ñïåêòðîâ äëÿ îïðåäåëåíèÿ îòäåëüíûõ ãàðìîíè÷åñêèõ ñëàãàåìûõ ïàðàìåòðîâ ïåðåõîäíîãî ïðîöåññà
ýíåðãîñèñòåìû, à òàêæå äëÿ ïðîâåäåíèÿ (íà îñíîâå äèôôåðåíöèàëüíûõ èçîáðàæåíèé) ñïåêòðàëüíîãî àíàëèçà
è âû÷èñëåíèÿ ñïåêòðàëüíîé ïëîòíîñòè êàê îñíîâû ôîðìèðîâàíèÿ è íàêîïëåíèÿ íîâûõ çíàíèé.
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Mathematical models of computer intellectualization of the technology of vector-based synchronized
measurements of electrical networks / A.I. Stasiuk, L.L. Goncharova // Kibernetika i sistemnyi analiz. —
2016. — Vol. 52, N 5. — P. 186–192.

The authors analyze the current state of scientific research in the field of intellectualization of electrical
networks based on synchronous vector measurements in the system of registration of primary information. It is
shown that optimization of energy consumption pedends on the fullness of multidimensional information
content of primary data. On the basis of differential transformations, mathematical models and methods are
proposed for analytical calculation for the aggregate of T-discretes to determine the full content of the obtained
non-deterministic initial data. The methods of intellectualization of simultaneous vector measurements are
registered through the submission of primary data in the form of T-spectra to determine individual harmonic
components for each parameter of the transition process of the energy system, as well as to conduct (in the field
of differential images) the spectral analysis and calculation of the spectral density, as the basis for the formation
and accumulation of new knowledge.
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