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ÓÄÊ 519.6, 539.3

×èñëåííîå èññëåäîâàíèå ñèñòåì ñèíãóëÿðíûõ èíòåãðàëüíûõ óðàâíåíèé ïåðâîãî ðîäà è ñ íåîïðåäåëÿ-
åìûì èíäåêñîì â çàäà÷å î äèôðàêöèè ïëîñêèõ âîëí íà íåïîäâèæíîì âêëþ÷åíèè / Á.Å. Ïàí÷åíêî,
Þ.Ä. Êîâàëåâ, È.Í. Ñàéêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 4. Ñ. 3–17.

²ë.: 7. Òàáë.: 2. Á³áë³îãð.: 23 íàçâè.

Àííîòàöèÿ. Ñâåäåíèåì ê äâóì ðàçíûì òèïàì ñèñòåì ñèíãóëÿðíûõ èíòåãðàëüíûõ óðàâíåíèé
(ÑÈÓ) ïðîâåäåíî ÷èñëåííîå èññëåäîâàíèå çàäà÷è ìàòåìàòè÷åñêîé ôèçèêè î âîçäåéñòâèè ñòàöèîíàðíûõ
âîëí ïëîñêîé äåôîðìàöèè íà íåïîäâèæíîå âêëþ÷åíèå (çàùåìëåííîå îòâåðñòèå) ñ ïðîèçâîëüíûì êîíòó-
ðîì, íàõîäÿùèìñÿ â áåñêîíå÷íîé èçîòðîïíîé ñðåäå. Çàäà÷à ðåøåíà ñ èñïîëüçîâàíèåì ñèñòåìû ÑÈÓ
ïåðâîãî ðîäà, à òàêæå ñèñòåìû ÑÈÓ âòîðîãî ðîäà ñ íåîïðåäåëÿåìûì èíäåêñîì. Èññëåäîâàíà îáóñëîâ-
ëåííîñòü ìîäåëåé ñ èñïîëüçîâàíèåì êëàñòåðíûõ âûñîêîòî÷íûõ âû÷èñëèòåëüíûõ ñõåì.

Êëþ÷åâûå ñëîâà: ñèíãóëÿðíûå èíòåãðàëüíûå óðàâíåíèÿ, èíäåêñ óðàâíåíèÿ, ÷èñëî îáóñëîâëåííîñòè, ÷èñ-
ëåííûé ýêñïåðèìåíò, äèôðàêöèÿ ïëîñêèõ âîëí, íåïîäâèæíîå æåñòêîå âêëþ÷åíèå (çàùåìëåííîå îòâåðñòèå).

—————————————————————————————————————————————

×èñåëüíå äîñë³äæåííÿ ñèñòåì ñèíãóëÿðíèõ ³íòåãðàëüíèõ ð³âíÿíüïåðøîãî ðîäó òà ç íåâèçíà÷óâàíèì
³íäåêñîì ó çàäà÷³ ïðî äèôðàêö³þ ïëîñêèõ õâèëü íà íåðóõîìîìó âêëþ÷åíí³ / Á.ª. Ïàí÷åíêî, Þ.Ä. Êî-
âàëüîâ, ².Ì. Ñàéêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 4. Ñ. 3–17.

Àíîòàö³ÿ. Øëÿõîì çâåäåííÿ äî äâîõ ð³çíèõ òèï³â ñèñòåì ñèíãóëÿðíèõ ³íòåãðàëüíèõ ð³âíÿíü (Ñ²Ð)
ïðîâåäåíî ÷èñåëüíå äîñë³äæåííÿ çàäà÷³ ìàòåìàòè÷íî¿ ô³çèêè ïðî ä³þ ñòàö³îíàðíèõ õâèëü ïëîñêî¿ äå-
ôîðìàö³¿ íà íåðóõîìå âêëþ÷åííÿ (çàòèñíåíèé îòâ³ð) ç äîâ³ëüíèì êîíòóðîì, ùî ³íòåãðîâàíå â íåñê³í÷åí-
íå ³çîòðîïíå ñåðåäîâèùå. Çàäà÷ó ðîçâ’ÿçàíî ç âèêîðèñòàííÿì ñèñòåìè Ñ²Ð ïåðøîãî ðîäó, à òàêîæ Ñ²Ð
äðóãîãî ðîäó ç íåâèçíà÷óâàíèì ³íäåêñîì. Îáóìîâëåí³ñòü ìîäåëåé äîñë³äæåíî ç âèêîðèñòàííÿì êëàñòåð-
íèõ âèñîêîòî÷íèõ îá÷èñëåíü.

Êëþ÷îâ³ ñëîâà: ñèíãóëÿðí³ èíòåãðàëüí³ ð³âíÿííÿ, ³íäåêñ ð³âíÿííÿ, ÷èñëî îáóìîâëåíîñò³, ÷èñëîâèé åê-
ñïåðèìåíò, äèôðàêö³ÿ ïëîñêèõ õâèëü, íåðóõîìå æîðñòêå âêëþ÷åííÿ (çàòèñíåíèé îòâ³ð).

—————————————————————————————————————————————

Numerical analysis of systems of singular integral equations of the first kind with an indefinable index in
the problem of the diffraction of plane waves on a rigid inclusion / B.E. Panchenko, Yu.D. Kovalev,
I.N. Saiko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P.3–17.

Abstract. By reducing the systems of singular integral equations (SIE) to two types, we have carried out
a numerical analysis of the problem of mathematical physics about the interaction of stationary plane strain
waves with a rigid inclusion (cavity with a clamped contour) located in an infinite isotropic elastic medium. The
problem is solved using the systems of SIEs of the 1st and 2nd kinds, where the latter has an indefinable index.
The conditionality of the models is analyzed using cluster high-precision computational schemes.

Keywords: singular integral equations, equation index, condition number, numerical experiment, plane wave
diffraction, rigid stiff inclusion (clamped cavity)
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ÓÄÊ 004.93.1

Èíôîðìàöèîííî-ýêñòðåìàëüíîå ìàøèííîå îáó÷åíèå áîðòîâîé ñèñòåìû ðàñïîçíàâàíèÿ òðàíñïîðò-
íîãî ñðåäñòâà / À.Ñ. Äîâáûø, Í.Í. Áóäíèê, Â.Þ. Ïÿòà÷åíêî, Í.È. Ìèðîíåíêî // Êèáåðíåòèêà è ñèñ-
òåìíûé àíàëèç. 2020. Òîì 56, ¹ 4. Ñ. 18–27.

²ë.: 7. Òàáë.: 0. Á³áë³îãð.: 10 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíû êàòåãîðèéíàÿ ìîäåëü è àëãîðèòì èíôîðìàöèîííî-ýêñòðåìàëüíîãî ìà-
øèííîãî îáó÷åíèÿ áîðòîâîé ñèñòåìû ðàñïîçíàâàíèÿ ìàëîãàáàðèòíûõ íàçåìíûõ òðàíñïîðòíûõ ñðåäñòâ.
Ïîñòðîåííûå â ðåçóëüòàòå ìàøèííîãî îáó÷åíèÿ ðåøàþùèå ïðàâèëà ÿâëÿþòñÿ èíâàðèàíòíûìè ê ïðîèç-
âîëüíîìó ïîëîæåíèþ îáúåêòà ðàñïîçíàâàíèÿ â êàäðå çîíû èíòåðåñà.

Êëþ÷åâûå ñëîâà: èíôîðìàöèîííî-ýêñòðåìàëüíàÿ èíòåëëåêòóàëüíàÿ òåõíîëîãèÿ, ìàøèííîå îáó÷åíèå,
èíôîðìàöèîííûé êðèòåðèé îïòèìèçàöèè, áîðòîâàÿ ñèñòåìà ðàñïîçíàâàíèÿ, ïîëÿðíàÿ ñèñòåìà êîîðäè-
íàò, íàçåìíûé îáúåêò, àâòîìîáèëü.

—————————————————————————————————————————————

²íôîðìàö³éíî-åêñòðåìàëüíå ìàøèííå íàâ÷àííÿ áîðòîâî¿ ñèñòåìè ðîçï³çíàâàííÿ íàçåìíîãî
îá’ºêòà / À.Ñ. Äîâáèø, Ì.Ì. Áóäíèê, Â.Þ. Ï’ÿòà÷åíêî, Ì.². Ìèðîíåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2020. Òîì 56, ¹ 4. Ñ. 18–27.

Àíîòàö³ÿ. Çàïðîïîíîâàíî êàòåãîð³éíó ìîäåëü ³ àëãîðèòì ³íôîðìàö³éíî-åêñòðåìàëüíîãî ìàøèííî-
ãî íàâ÷àííÿ áîðòîâî¿ ñèñòåìè ðîçï³çíàâàííÿ ìàëîãàáàðèòíèõ íàçåìíèõ òðàíñïîðòíèõ çàñîá³â. Ïîáóäî-
âàí³ çà ðåçóëüòàòàìè ìàøèííîãî íàâ÷àííÿ âèð³øóâàëüí³ ïðàâèëà º ³íâàð³àíòíèìè äî äîâ³ëüíîãî ïîëî-
æåííÿ îá’ºêòà ðîçï³çíàâàííÿ â êàäð³ çîíè ³íòåðåñó.
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Êëþ÷îâ³ ñëîâà: ³íôîðìàö³éíî-åêñòðåìàëüíà ³íòåëåêòóàëüíà òåõíîëîã³ÿ, ìàøèííå íàâ÷àííÿ, ³íôîð-
ìàö³éíèé êðèòåð³é îïòèì³çàö³¿, áîðòîâà ñèñòåìà ðîçï³çíàâàííÿ, ïîëÿðíà ñèñòåìà êîîðäèíàò, íàçåìíèé
îá’ºêò, àâòîìîá³ëü.
—————————————————————————————————————————————

Information-extremå machine learning of on-board vehicle recognition system / A.S. Dovbysh, M.M. Budnyk,
V.Yu. Piatachenko, M.I. Myronenko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 18–27.

Abstract. The article proposes a categorical model and algorithm for information-extreme machine
learning of the on-board recognition system for small ground vehicles. The decision rules constructed as a result
of machine learning are invariant to an arbitrary position of the object of recognition in the frame of the region
of interest.

Êeywords: information and extreme intelligent technology, machine learning, information criterion of
optimization, on-board recognition system, ground-based object, polar coordinate system, vehicle.
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.6

Ñóùåñòâîâàíèå è åäèíñòâåííîñòü âçâåøåííîãî íîðìàëüíîãî ïñåâäîðåøåíèÿ / À.Í. Õèìè÷,
Å.À. Íèêîëàåâñêàÿ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 4. Ñ. 28–34.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 31 íàçâô.

Àííîòàöèÿ. Èññëåäîâàíà çàäà÷à âçâåøåííûõ íàèìåíüøèõ êâàäðàòîâ ñ ïîëîæèòåëüíî-îïðåäåëåí-
íûìè âåñàìè M è N äëÿ ìàòðèö ïðîèçâîëüíîãî âèäà è ðàíãà. Äîêàçàíû ñóùåñòâîâàíèå è åäèíñòâåííîñòü
M-âçâåøåííîãî ðåøåíèÿ íàèìåíüøèõ êâàäðàòîâ ñ ìèíèìàëüíîé N-íîðìîé ñèñòåìû Ax=b.

Êëþ÷åâûå ñëîâà: âçâåøåííàÿ ïñåâäîîáðàòíàÿ ìàòðèöà, âçâåøåííîå íîðìàëüíîå ïñåâäîðåøåíèå, çàäà÷à
âçâåøåííûõ íàèìåíüøèõ êâàäðàòîâ.
—————————————————————————————————————————————

²ñíóâàííÿ òà ºäèí³ñòü çâàæåíîãî íîðìàëüíîãî ïñåâäîðîçâ’ÿçêó / Î.Ì. Õ³ì³÷, Î.À. Í³êîëàºâñüêà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 4. Ñ. 28–34.

Àíîòàö³ÿ. Äîñë³äæåíî çàäà÷ó çâàæåíèõ íàéìåíøèõ êâàäðàò³â ç äîäàòíî-âèçíà÷åíèìè âàãàìè M òà
N äëÿ ìàòðèöü äîâ³ëüíîãî âèãëÿäó òà ðàíãó. Äîâåäåíî ³ñíóâàííÿ òà ºäèí³ñòü M-çâàæåíîãî ðîçâ’ÿçêó íàé-
ìåíøèõ êâàäðàò³â ç ì³í³ìàëüíîþ N-íîðìîþ ñèñòåìè Ax=b.

Êëþ÷îâ³ ñëîâà: çâàæåíà ïñåâäîîáåðíåíà ìàòðèöÿ, çâàæåíèé íîðìàëüíèé ïñåâäîðîçâ’ÿçîê, çàäà÷à çâà-
æåíèõ íàéìåíøèõ êâàäðàò³â.
—————————————————————————————————————————————

Existence and uniqueness of the weighed normal pseudosolution / À.N. Khimich, E.A. Nikolaevskaya //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 28–34.

Abstract. The problem of weighted least squares with positive definite weights M and N for matrices of
arbitrary form and rank is analyzed. The existence and uniqueness of the M-weighted least-squares solution
with a minimal N-norm of the system Ax=b are proved.

Keywords: weighted pseudoinverse matrix, weighted normal pseudosolution, weighted least squares problem.
===============================================================================

ÓÄÊ 519.217.2

Àíàëèç íåéðîõèðóðãè÷åñêèõ ïàòîëîãèé ñ ïðèìåíåíèåì áàéåñîâñêèõ ïðîöåäóð ðàñïîçíàâàíèÿ äëÿ
ïîêàçàòåëåé ïîâåðõíîñòíîãî ïëàçìîííîãî ðåçîíàíñà ïðè àãðåãàöèè êëåòîê êðîâè / Í.ß. Ãðèäèíà,
À.Ì. Ãóïàë, À.Ë. Òàðàñîâ, Þ.Â. Óøåíèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 4.
Ñ. 35–45.

²ë.: 2. Òàáë.: 4. Á³áë³îãð.: 15 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíî èñïîëüçîâàíèå áàéåñîâñêîé ïðîöåäóðû ðàñïîçíàâàíèÿ äëÿ ïîêàçàòåëåé
ïîâåðõíîñòíîãî ïëàçìîííîãî ðåçîíàíñà. Ïîêàçàíî, ÷òî ýôôåêòèâíîñòü ðàñïîçíàâàíèÿ íåéðîõèðóðãè÷åñ-
êèõ îïóõîëåâûõ ïàòîëîãèé çíà÷èòåëüíî ïîâûøàåòñÿ ïðè äîáàâëåíèÿõ â êðîâü âåðàïàìèë-ãèäðîõëîðèäà
è êåòàìèíà, ÷åì ïðè èññëåäîâàíèÿõ ïî îáðàçöàì êðîâè áåç äîáàâîê. Ñðàâíåíèå ðåçóëüòàòîâ ðàñïîçíàâà-
íèÿ ïàòîëîãèé ïî ìåòîäèêàì ïîâåðõíîñòíîãî ïëàçìîííîãî ðåçîíàíñà ïðè äîáàâëåíèè êåòàìèíà è ìîäè-
ôèöèðîâàííîé ñêîðîñòè îñåäàíèÿ ýðèòðîöèòîâ ïîêàçàëî âûñîêóþ ýôôåêòèâíîñòü ðàñïîçíàâàíèÿ ìåòî-
äîì ïîâåðõíîñòíîãî ïëàçìîííîãî ðåçîíàíñà.

Êëþ÷åâûå ñëîâà: áàéåñîâñêèå ïðîöåäóðû ðàñïîçíàâàíèÿ, ãëèîìû ãîëîâíîãî ìîçãà, ìåòàñòàçû, ÷åðåï-
íî-ìîçãîâàÿ òðàâìà, ïîâåðõíîñòíûé ïëàçìîííûé ðåçîíàíñ, äèôôåðåíöèàëüíàÿ äèàãíîñòèêà,
ìîäèôèöèðîâàííàÿ ñêîðîñòü îñåäàíèÿ ýðèòðîöèòîâ.
—————————————————————————————————————————————
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Àíàë³ç íåéðîõ³ðóðã³÷íèõ ïàòîëîã³é ç âèêîðèñòàííÿì áàºñ³âñüêî¿ ïðîöåäóðè ðîçï³çíàâàííÿ äëÿ ïî-
êàçíèê³â ïîâåðõíåâîãî ïëàçìîííîãî ðåçîíàíñó ï³ä ÷àñ àãðåãàö³¿ êë³òèí êðîâ³ / Í.ß. Ãðèä³íà,
À.Ì. Ãóïàë, À.Ë. Òàðàñîâ, Þ.Â. Óøåí³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 4.
Ñ. 35–45.

Àíîòàö³ÿ. Ðîçãëÿíóòî âèêîðèñòàííÿ áàºñ³âñüêî¿ ïðîöåäóðè ðîçï³çíàâàííÿ äëÿ ïîêàçíèê³â ïîâåð-
õíåâîãî ïëàçìîííîãî ðåçîíàíñó. Ïîêàçàíî, ùî åôåêòèâí³ñòü ðîçï³çíàâàííÿ íåéðîõ³ðóðã³÷íèõ ïóõëèííèõ
ïàòîëîã³é çíà÷íî ï³äâèùóºòüñÿ ç äîäàâàííÿì ó êðîâ âåðàïàì³ë-ã³äðîõëîð³äó ³ êåòàì³íó ïîð³âíÿíî ç
äîñë³äæåííÿì ÷èñòèõ çðàçê³â êðîâ³. Ïîð³âíÿííÿ ðåçóëüòàò³â ðîçï³çíàâàííÿ ïàòîëîã³é çà ìåòîäèêàìè ïî-
âåðõíåâîãî ïëàçìîííîãî ðåçîíàíñó ç äîäàâàííÿì êåòàì³íó ³ ìîäèô³êîâàíî¿ øâèäêîñò³ îñ³äàííÿ åðèòðî-
öèò³â çàñâ³ä÷èëî âèñîêó åôåêòèâí³ñòü ðîçï³çíàâàííÿ ìåòîäîì ïîâåðõíåâîãî ïëàçìîííîãî ðåçîíàíñó.

Êëþ÷îâ³ ñëîâà: áàºñ³âñüêà ïðîöåäóðà ðîçï³çíàâàííÿ, ãë³îìè ãîëîâíîãî ìîçêó, ìåòàñòàçè, ÷åðåïíî-ìîç-
êîâà òðàâìà, ïîâåðõíåâèé ïëàçìîííèé ðåçîíàíñ, äèôåðåíö³àëüíà ä³ãíîñòèêà, ìîäèô³êîâàíà øâèäê³ñòü
îñ³äàííÿ åðèòðîöèò³â.
—————————————————————————————————————————————

Analysis of neurosurgical pathologies using bayesian recognition procedures for indicators of surface
plasmon resonance in the aggregation of blood cells / N.Ya. Gridina, A.M. Gupal, A.L. Tarasov,
Yu.V. Ushenin // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 35–45.

Abstract. The use of the Bayesian recognition procedure for surface plasmon resonance with the addition
of verapamil hydrochloride and ketamine to the blood in the analysis of neurosurgical tumor pathologies
significantly improved recognition compared to pure blood samples. An analysis of the difference in such
pathologies due to the method of surface plasmon resonance with the addition of ketamine made it possible to
improve the results of recognition of pathologies as compared with the method of the modified erythrocyte
sedimentation rate. It has been possible to achieve a sufficiently high recognition efficiency between tumor
pathologies and a healthy state of people.

Keywords: Bayesian recognition procedure, brain gliomas, metastases, traumatic brain injury, surface plasmon
resonance, differential diagnosis, modified erythrocyte sedimentation rate.
===============================================================================

ÓÄÊ 519.8

Ðàçðåçû â íåîðèåíòèðîâàííûõ ãðàôàõ. I / Ô.À. Øàðèôîâ, Ë.Ô. Ãóëÿíèöêèé // Êèáåðíåòèêà è ñèñ-
òåìíûé àíàëèç. 2020. Òîì 56, ¹ 4. Ñ. 46–55.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 20 íàçâ.

Àííîòàöèÿ. Èññëåäîâàíû íîâûå ñâîéñòâà ðàçðåçîâ â íåîðèåíòèðîâàííûõ ãðàôàõ, ïðèâåäåíû ðàç-
ëè÷íûå ìîäåëè äëÿ çàäà÷è ìàêñèìàëüíîãî ðàçðåçà íà îñíîâå óñòàíîâëåííîãî ñîîòâåòñòâèÿ ìåæäó ðàçðå-
çàìè â çàäàííîì ãðàôå è ñïåöèôè÷åñêèìè áàçàìè ðàñøèðåííîãî ïîëèìàòðîèäà, àññîöèèðîâàííîãî ñ
ýòèì ãðàôîì. Äëÿ ìîäåëè, ñôîðìóëèðîâàííîé êàê çàäà÷à íàõîæäåíèÿ ìàêñèìóìà âûïóêëîé ôóíêöèè íà
êîìïàêòíîì ìíîæåñòâå — ðàñøèðåííîì ïîëèìàòðîèäå, äîêàçàíî, ÷òî ëîêàëüíûå è ãëîáàëüíûå ìàêñèìó-
ìû ñîâïàäàþò ïî çíà÷åíèþ öåëåâîé ôóíêöèè, ò.å. äëÿ ðåøåíèÿ çàäà÷è ìàêñèìàëüíîãî ðàçðåçà äîñòàòî÷-
íî íàéòè áàçó ðàñøèðåííîãî ïîëèìàòðîèäà êàê ëîêàëüíûé èëè ãëîáàëüíûé ìàêñèìóì öåëåâîé ôóíêöèè.

Êëþ÷åâûå ñëîâà: ãðàôû, ðàçðåçû, âûïóêëàÿ ôóíêöèÿ, ñïåöèàëüíûå ìíîãîãðàííèêè.
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Ðîçð³çè â íåîð³ºíòîâàíèõ ãðàôàõ. ² / Ô.À. Øàð³ôîâ, Ë.Ô. Ãóëÿíèöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2020. Òîì 56, ¹ 4. Ñ. 46–55.

Àíîòàö³ÿ. Äîñë³äæåíî íîâ³ âëàñòèâîñò³ ðîçð³ç³â ó íåîð³ºíòîâàíèõ ãðàôàõ, íàâåäåíî ð³çí³ ìîäåë³
äëÿ çàäà÷³ ìàêñèìàëüíîãî ðîçð³çó íà îñíîâ³ âñòàíîâëåíî¿ â³äïîâ³äíîñò³ ì³æ ðîçð³çàìè â çàäàíîìó ãðàô³ ³
ñïåöèô³÷íèìè áàçàìè ðîçøèðåíîãî ïîë³ìàòðî¿äà, àñîö³éîâàíîãî ç öèì ãðàôîì. Äëÿ ìîäåë³, ñôîðìóëüî-
âàíî¿ ÿê çàäà÷à çíàõîäæåííÿ ìàêñèìóìó îïóêëî¿ ôóíêö³¿ íà êîìïàêòí³é ìíîæèí³ (ðîçøèðåíîìó ïîë³ìàò-
ðî¿ä³) äîâåäåíî, ùî ëîêàëüí³ ³ ãëîáàëüí³ ìàêñèìóìè çá³ãàþòüñÿ çà çíà÷åííÿì ö³ëüîâî¿ ôóíêö³¿, òîáòî äëÿ
ðîçâ’ÿçàííÿ çàäà÷³ ìàêñèìàëüíîãî ðîçð³çó äîñòàòíüî çíàéòè áàçó ðîçøèðåíîãî ïîë³ìàòðî¿äà ÿê ëîêàëü-
íèé àáî ãëîáàëüíèé ìàêñèìóì ö³ëüîâî¿ ôóíêö³¿.

Êëþ÷îâ³ ñëîâà: ãðàôè, ðîçð³çè, îïóêëà ôóíêö³ÿ, ñïåö³àëüí³ áàãàòîãðàííèêè.
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Cuts in undirected graphs. I / F. Sharifov, L. Hulianytskyi // Kibernetika i sistemnyj analiz. 2020. Vol. 56,
N 4. P. 46–55.

Abstaract. This part of the paper analyzes new properties of cuts in undirected graphs, presents various
models for the maximum cut problem, based on the established correspondence between the cuts in this graph
and the specific bases of the extended polymatroid associated with this graph. With respect to the model,
formulated as the maximization of the convex function on the compact set (extended polymatroid), it was
proved that the objective function has the same value at any local and global maximum, i.e., to solve the
maximum cut problem, it needs to find a base of the extended polymatroid as a local or global maximum of the
objective function.

Keywords: graphs, cuts, convex function, special polyhedra.
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ÓÄÊ 519.6

Òî÷íàÿ òðåõòî÷å÷íàÿ ñõåìà è ñõåìû âûñîêîãî ïîðÿäêà òî÷íîñòè äëÿ îáûêíîâåííîãî äèôôåðåíöè-
àëüíîãî óðàâíåíèÿ ÷åòâåðòîãî ïîðÿäêà / Â.Ã. Ïðèêàç÷èêîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
2020. Òîì 56, ¹ 4. Ñ. 56–67.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíû òî÷íàÿ òðåõòî÷å÷íàÿ ñõåìà è ñõåìû âûñîêîãî ïîðÿäêà òî÷íîñòè, êîòî-
ðûå ïðåäñòàâëÿþò ñîáîé äâå ñèñòåìû ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé. Êàæäîå óðàâíåíèå ñèñòåìû
ñîäåðæèò ïÿòü íåèçâåñòíûõ çíà÷åíèé èñêîìîãî ðåøåíèÿ è åãî ïåðâîé ïðîèçâîäíîé â òðåõ òî÷êàõ ñåòêè
íà îòðåçêå. Ïðè ïîñòðîåíèè ñõåì èñïîëüçîâàëñÿ ïðèíöèï ñóïåðïîçèöèè ðåøåíèé è ÷åòûðåõ ëèíåéíî íå-
çàâèñèìûõ ðåøåíèé çàäà÷è Êîøè. ×àñòè÷íûå ñóììû ôóíêöèîíàëüíûõ ðÿäîâ, ïðåäñòàâëÿþùèõ íåçàâè-
ñèìûå ðåøåíèÿ, äàþò ñõåìû ëþáîãî ïîðÿäêà òî÷íîñòè äëÿ ãðàíè÷íîé è ñïåêòðàëüíîé çàäà÷. Äëÿ ðåøå-
íèÿ ëèíåéíûõ ñèñòåì ïðåäëîæåí ìåòîä ìîäèôèöèðîâàííîé ïðîãîíêè.

Êëþ÷åâûå ñëîâà: äèôôåðåíöèàëüíûå óðàâíåíèÿ ÷åòâåðòîãî ïîðÿäêà, ãðàíè÷íàÿ çàäà÷à, ñïåêòðàëüíàÿ
çàäà÷à, çàäà÷à Êîøè, ëèíåéíî íåçàâèñèìûå ðåøåíèÿ, îïðåäåëèòåëü Âðîíñêîãî, ñóïåðïîçèöèÿ ðåøåíèé,
ôóíêöèÿ Ãðèíà, ìåòîä ñåòîê, òî÷íàÿ ñõåìà, ñõåìû âûñîêîãî ïîðÿäêà òî÷íîñòè, ôóíêöèîíàëüíûå ðÿäû,
ñèñòåìà ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé, ìåòîä ïðîãîíêè.
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Òî÷íà òðèòî÷êîâà ñõåìà òà ñõåìè âèñîêîãî ïîðÿäêó òî÷íîñò³ äëÿ çâè÷àéíîãî äèôåðåíö³àëüíîãî
ð³âíÿííÿ ÷åòâåðòîãî ïîðÿäêó / Â.Ã. Ïðèêàç÷èêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56,
¹ 4. Ñ. 56–67.

Àíîòàö³ÿ. Çàïðîïîíîâàíî òî÷íó òðèòî÷êîâó ñõåìó òà ñõåìè âèñîêîãî ïîðÿäêó òî÷íîñò³, ÿê³ º äâî-
ìà ñèñòåìàìè ë³í³éíèõ àëãåáðà¿÷íèõ ð³âíÿíü. Êîæíå ð³âíÿííÿ ñèñòåìè ìàº ï’ÿòü íåâ³äîìèõ çíà÷åíü øó-
êàíîãî ðîçâ’ÿçêó òà éîãî ïåðøî¿ ïîõ³äíî¿ â òðüîõ òî÷êàõ ñ³òêè íà â³äð³çêó. Äëÿ ïîáóäîâè ñõåìè âèêîðèñ-
òàíî ïðèíöèï ñóïåðïîçèö³¿ ðîçâ’ÿçê³â òà ÷îòèðüîõ íåçàëåæíèõ ðîçâ’ÿçê³â çàäà÷³ Êîø³. ×àñòèíí³ ñóìè
ôóíêö³îíàëüíèõ ðÿä³â, ÿê³ º íåçàëåæíèìè ðîçâ’ÿçêàìè, äàþòü ñõåìè äîâ³ëüíîãî ïîðÿäêó òî÷íîñò³ äëÿ
êðàéîâî¿ òà ñïåêòðàëüíî¿ çàäà÷. Äëÿ ðîçâ’ÿçóâàííÿ ë³í³éíèõ ñèñòåì çàïðîïîíîâàíî ìåòîä ìîäèô³êîâàíî¿
ïðîãîíêè.

Êëþ÷îâ³ ñëîâà: äèôåðåíö³àëüíå ð³âíÿííÿ ÷åòâåðòîãî ïîðÿäêó, êðàéîâà çàäà÷à, ñïåêòðàëüíà çàäà÷à, çà-
äà÷à Êîø³, ë³í³éíî íåçàëåæí³ ðîçâ’ÿçêè, âèçíà÷íèê Âðîíñüêîãî, ñóïåðïîçèö³ÿ ðîçâ’ÿçê³â, ôóíêö³ÿ Ãð³íà,
ìåòîä ñ³òîê, òî÷íà ñõåìà, ñõåìà âèñîêîãî ïîðÿäêó òî÷íîñò³, ôóíêö³îíàëüí³ ðÿäè, ñèñòåìà ë³í³éíèõ àëãåá-
ðà¿÷íèõ ð³âíÿíü, ìåòîä ïðîãîíêè.
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Exact three-point scheme and schemes of high order of accuracy for a forth-order ordinary differential
equation / V. Prikazchikov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 56–67.

Abstract. We propose a exact three-point scheme and schemes of high order of accuracy, which are two
systems of linear algebraic equations. Each equation of the system contains five unknown values of the exact
solution and its first derivative at three grid points on the interval. In constructing the scheme, the principle of
superposition of solutions was used. Partial sums of the functional series representing independent solutions
give schemes of arbitrary order of accuracy for the boundary problem and for the spectral one. To solve systems
of linear equations, the modified ribbon matrix algorithm is proposed.

Keywords: forth-order differential equation, boundary-value problem, spectral problem, initial value problem,
linearly independent solutions, Wronskian, superposition of solutions, Green function, grid method, exact
scheme, scheme of high order of accuracy, functional series, system of linear algebraic equations, ribbon matrix
algorithm.
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ÓÄÊ 621.391

Óñîâåðøåíñòâîâàíèå ñèãíàòóðíî-ñèñòåìíîãî ìåòîäàñ ïðèìåíåíèåì ïðèîðèòåòíûõ ïðèçíàêîâ
â ñîñòàâå ñèãíàòóðîáúåêòîâ ìîíèòîðèíãà äëÿ îáåñïå÷åíèÿ ìàêñèìàëüíîéâåðîÿòíîñòè ïðàâèëüíî-
ãî ðàñïîçíàâàíèÿ / Î.À. Èëüÿøîâ, Â.Ñ Êîìàðîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56,
¹ 4. Ñ. 68–78.

²ë.: 3. Òàáë.: 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ïîäõîä ê óñîâåðøåíñòâîâàíèþ ñèãíàòóðíî-ñèñòåìíîãî ìåòîäà äîáûâàíèÿ
è îáðàáîòêè èíôîðìàöèè ïóòåì ïðèîðèòèçàöèè ìîíèòîðèíãîâûõ ïðèçíàêîâ â ñîñòàâå ñèãíàòóð èñòî÷íè-
êîâ (îáúåêòîâ) ìîíèòîðèíãà ñ îïðåäåëåíèåì èõ ðàöèîíàëüíîãî êîëè÷åñòâà. Èñïîëüçîâàíèå áèãàóññîâ-
ñêîé ìàòåìàòè÷åñêîé ìîäåëè ñèãíàëîâ èñòî÷íèêîâ ðàäèîèçëó÷åíèé è ïðèîðèòåòíûõ ìîíèòîðèíãîâûõ
ïðèçíàêîâ êàê èíôîðìàöèîííîãî îáåñïå÷åíèÿ ñèãíàòóðíî-ñèñòåìíîãî ìåòîäà ïîâûñèò ýôôåêòèâíîñòü
åãî èñïîëüçîâàíèÿ â óñëîâèÿõ ÷àñòè÷íîé èëè ïîëíîé íåîïðåäåëåííîñòè èñõîäíûõ äàííûõ.

Êëþ÷åâûå ñëîâà: ñèãíàòóðíî-ñèñòåìíûé ìåòîä, áèãàóññîâñêàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ñèãíàëîâ èñòî÷-
íèêîâ ðàäèîèçëó÷åíèé, ìîíèòîðèíãîâûé ïðèçíàê, ñèãíàòóðà.
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Óäîñêîíàëåííÿ ñèãíàòóðíî-ñèñòåìíîãî ìåòîäó³ç çàñòîñóâàííÿì ïð³îðèòåòíèõ îçíàê ó ñêëàä³ ñèã-
íàòóð îá’ºêò³â ìîí³òîðèíãó äëÿ çàáåçïå÷åííÿ ìàêñèìàëüíî¿ éìîâ³ðíîñò³ ïðàâèëüíîãî ðîçï³çíà-
âàííÿ / Î.À. ²ëüÿøîâ, Â.Ñ. Êîìàðîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 4. Ñ. 68–78.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî óäîñêîíàëåííÿ ñèãíàòóðíî-ñèñòåìíîãî ìåòîäó çäîáóâàííÿ òà
îáðîáëåííÿ ³íôîðìàö³¿ øëÿõîì ïð³îðèòèçàö³¿ ìîí³òîðèíãîâèõ îçíàê ó ñêëàä³ ñèãíàòóð äæåðåë (îá’ºêò³â)
ìîí³òîðèíãó ç âèçíà÷åííÿì ¿õíüî¿ ðàö³îíàëüíî¿ ê³ëüêîñò³. Çàñòîñóâàííÿ á³´àóñ³âñüêî¿ ìàòåìàòè÷íî¿ ìî-
äåë³ ñèãíàë³â äæåðåë ðàä³îâèïðîì³íþâàíü òà ïð³îðèòåòíèõ ìîí³òîðèíãîâèõ îçíàê ÿê ³íôîðìàö³éíîãî çà-
áåçïå÷åííÿ ñèãíàòóðíî-ñèñòåìíîãî ìåòîäó íàäàñòü çìîãó ï³äâèùèòè åôåêòèâí³ñòü éîãî çàñòîñóâàííÿ
â óìîâàõ ÷àñòêîâî¿ àáî ïîâíî¿ íåâèçíà÷åíîñò³ âèõ³äíèõ äàíèõ.

Êëþ÷îâ³ ñëîâà: ñèãíàòóðíî-ñèñòåìíèé ìåòîä, á³´àóñ³âñüêà ìàòåìàòè÷íà ìîäåëü ñèãíàë³â äæåðåë
ðàä³îâèïðîì³íþâàíü, ìîí³òîðèíãîâà îçíàêà, ñèãíàòóðà.
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Improvement of the signature-system method by applying priority features in the signatures of
monitoring objects to ensure maximum probability of their proper recognition / O. Iliashov, V. Êomarov
// Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 68–78.

Abstract. The paper is devoted to improving the signature system method of obtaining and processing
information by prioritizing monitoring sign in the signatures of monitoring sources (objects) with the
determination of their rational qiantity. The use of the bi-Gaussian mathematical model of signals from radio
emission sources and priority monitoring sign as information support for the signature system method will
increase the efficiency of its use under partial or complete uncertainty of initial data.

Keywords: signature system method, bi-Gaussian mathematical model of signal sources from radio emitting,
monitoring sign, signature.
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ÓÄÊ 355.41

Ìåòîä ïëàíóâàííÿ ïðîöåñó îíîâëåííÿ òåõí³÷íèõ çàñîá³â âèðîáíèöòâà íà ï³äïðèºìñòâàõ / Ï.Ñ. Çà-
êóñèëî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 4. Ñ. 79–84.

²ë.: 0. Òàáë.: 1. Á³áë³îãð.: 9 íàçâ.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ïëàíóâàííÿ ïðîöåñó çàì³íè (îíîâëåííÿ) òåõí³÷íèõ çàñîá³â âèðîá-
íèöòâà íà ï³äïðèºìñòâàõ, ÿêèé íàäàº çìîãó âèçíà÷èòè ïîðÿäîê âèêîíàííÿ ðîçðàõóíê³â, ïîâ’ÿçàíèõ ç ïëà-
íóâàííÿì çàì³íè (îíîâëåííÿ) çàñîá³â âèðîáíèöòâà ç ð³çíèì ñòóïåíåì âèòðàòè ô³çè÷íîãî ðåñóðñó íîâèìè
çðàçêàìè.

Êëþ÷îâ³ ñëîâà: òåõí³÷í³ çàñîáè, ðåñóðñ, òåðì³í ñëóæáè, åêñïëóàòàö³éíà âàðò³ñòü, âèòðàòè ðåñóðñó.
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Ìåòîä ïëàíèðîâàíèÿ îáíîâëåíèÿ òåõíè÷åñêèõ ñðåäñòâ ïðîèçâîäñòâà íà ïðåäïðèÿòèÿõ / Ï.Ñ. Çàêó-
ñèëî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 4. Ñ. 79–84.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä ïëàíèðîâàíèÿ ïðîöåññà çàìåíû (îáíîâëåíèÿ) òåõíè÷åñêèõ ñðåäñòâ
ïðîèçâîäñòâà íà ïðåäïðèÿòèÿõ, êîòîðûé ïîçâîëÿåò îïðåäåëèòü ïîðÿäîê âûïîëíåíèÿ ðàñ÷åòîâ, ñâÿçàí-
íûõ ñ ïëàíèðîâàíèåì çàìåíû (îáíîâëåíèÿ) ñðåäñòâ ïðîèçâîäñòâà ñ ðàçëè÷íîé ñòåïåíüþ ðàñõîäà ôèçè-
÷åñêîãî ðåñóðñà, íîâûìè îáðàçöàìè.

Êëþ÷åâûå ñëîâà: òåõíè÷åñêèå ñðåäñòâà, ðåñóðñ, ñðîê ñëóæáû, ýêñïëóàòàöèîííàÿ ñòîèìîñòü, ðàñõîä ðå-
ñóðñà.
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Method of planning the process of replacement of production equipment at enterprises / P. S. Zakusylo //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 79–84.

Abstract. The author proposes a method for planning a replacement (renovation) of technical means of
production at enterprises, which allows determining the order of calculations associated with planning of
replacement (renewal) of the means of production with different degrees of consumption of physical useful life
with new samples.

Keywords: technical means, useful life, service life, lifetime, operating cost, resource consumption.

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

ÓÄÊ 519.86: 51.77: 330.5.057.7: 336

Ìåæîòðàñëåâîé àíàëèç çàòðàòíîñòè è ïðîäóêòèâíîñòè ýêîíîìèêè Óêðàèíû: ñðàâíèòåëüíûé àíà-
ëèç âî âðåìåíè è ìåæäó ñòðàíàìè / À.È. ßñòðåìñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020.
Òîì 56, ¹ 4. Ñ. 85–97.

²ë.: 2. Òàáë.: 4. Á³áë³îãð.: 25 íàçâ.

Àííîòàöèÿ. Ââåäåíî ïîíÿòèå çàòðàòíîñòè è ïðîäóêòèâíîñòè íàöèîíàëüíîé ýêîíîìèêè. Ïðèâåäåíà
êëàññèôèêàöèÿ îòðàñëåé ïî êðèòåðèÿì «çàòðàòíîñòü è ïðîäóêòèâíîñòü», à òàêæå ðåçóëüòàòû ðàñ÷åòîâ
äëÿ ýêîíîìèêè Óêðàèíû. Ïðåäëîæåí àíàëèç îïèñàòåëüíîé ñòàòèñòèêè ïî íîâûì ïîêàçàòåëÿì. Ïðîâåäåí
âûáîðî÷íûé ñðàâíèòåëüíûé àíàëèç âî âðåìåíè è ìåæäó ñòðàíàìè.
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Êëþ÷åâûå ñëîâà: cõåìà «çàòðàòû–âûïóñê», êëþ÷åâûå îòðàñëè, ïðîäóêòèâíûå îòðàñëè, ñðàâíèòåëüíûé
àíàëèç, ïðÿìûå çàòðàòû, ïîëíûå çàòðàòû.

—————————————————————————————————————————————

Ì³æãàëóçåâèé àíàë³ç âèòðàòíîñò³ òà ïðîäóêòèâíîñò³ åêîíîì³êè Óêðà¿íè: ïîð³âíÿííÿ ó ÷àñ³ ³ ì³æ
êðà¿íàìè / Î.². ßñòðåìñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 4. Ñ. 85–97.

Àíîòàö³ÿ. Óâåäåíî ïîíÿòòÿ âèòðàòíîñò³ òà ïðîäóêòèâíîñò³ íàö³îíàëüíî¿ åêîíîì³êè. Çàïðîïîíîâà-
íî êëàñèô³êàö³þ ãàëóçåé çà êðèòåð³ÿìè «âèòðàòí³ñòü ³ ïðîäóêòèâí³ñòü». Äîñë³äæåíî îïèñîâó ñòàòèñòèêó
ïîêàçíèê³â âèòðàòíîñò³ òà ïðîäóêòèâíîñò³. Íàâåäåíî ðåçóëüòàòè ðîçðàõóíê³â äëÿ Óêðà¿íè. Ïðîâåäåíî
âèá³ðêîâèé ïîð³âíÿëüíèé àíàë³ç ó ÷àñ³ ³ ì³æ êðà¿íàìè.

Êëþ÷îâ³ ñëîâà: ñõåìà «âèòðàòè–âèïóñê», êëþ÷îâ³ ãàëóç³, ïðîäóêòèâí³ ãàëóç³, ïîð³âíÿëüíèé àíàë³ç,
ïðÿì³ âèòðàòè, ïîâí³ âèòðàòè.

—————————————————————————————————————————————

Input–output productivity–cost analysis of the economy of Ukraine: selected cross-countries and
intertemporal comparison / O. Yastremskii // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 85–97.

Abstract. The paper studies input–output analysis of the productivity and cost of Ukraine’s industries.
A classification in the space ‘productivity – cost’ of the industries is proposed. The paper reflects computation
results on real data. Descriptive statistics of productivity, cost indexes is presented. Selected cross-countries and
intertemporal comparison is discussed.

Keywords: input–output scheme, key industries, productive industries, comparative analysis, direct
requirements, total requirements.

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

ÓÄÊ 519.816

Óñîâåðøåíñòâîâàíèå ìåòîäà àíàëèçà èåðàðõèé íà îñíîâå óòî÷íåíèÿ ïðîöåäóð ôîðìèðîâàíèÿ ìàò-
ðèö ïàðíûõ ñðàâíåíèé / Ì.Ì. Ïîòåìêèí, Ì.Â. Íèêîëàåíêî, Ä.È. Ãðàçèîí // Êèáåðíåòèêà è ñèñòåì-
íûé àíàëèç. 2020. Òîì 56, ¹ 4. Ñ. 98–107.

²ë.: 3. Òàáë.: 3. Á³áë³îãð.: 17 íàçâ.

Àííîòàöèÿ. Ïðèâåäåíî îáùåå îïèñàíèå ìåòîäà àíàëèçà èåðàðõèé è ïîäõîäîâ ê åãî óñîâåðøå-
íñòâîâàíèþ. Ïîêàçàíî, ÷òî ïðåäïîñûëêîé äëÿ óñïåøíîãî èñïîëüçîâàíèÿ ìåòîäà àíàëèçà èåðàðõèé ÿâëÿ-
åòñÿ íàëè÷èå ìàòðèö ïàðíûõ ñðàâíåíèé, ïîëó÷åííûõ ïî ðåçóëüòàòàì ýêñïåðòíîãî îïðîñà, êîòîðûå ÿâëÿ-
þòñÿ ñîãëàñîâàííûìè è àäåêâàòíî îòîáðàæàþò ñóæäåíèÿ ýêñïåðòà. Óñòàíîâëåíî, ÷òî ñîâðåìåííûå ïîä-
õîäû íå ïîçâîëÿþò â ïîëíîé ìåðå îáåñïå÷èòü ýòî òðåáîâàíèå. Â êà÷åñòâå óñîâåðøåíñòâîâàíèé ìåòîäà
ïðåäëîæåíû äâóøàãîâàÿ ïðîöåäóðà ýêñïåðòíîãî îïðîñà ñ èñïîëüçîâàíèåì ôîðìàëèçîâàííûõ êàðòî÷åê,
ïîäëåæàùèõ çàïîëíåíèþ ýêñïåðòàìè, è ìàòåìàòè÷åñêèå çàâèñèìîñòè, îáåñïå÷èâàþùèå ïðèâåäåíèå íå-
ñîãëàñîâàííûõ ìàòðèö ïàðíûõ ñðàâíåíèé ê ñîãëàñîâàííîñòè. Âîçìîæíîñòü ïðàêòè÷åñêîãî èñïîëüçîâà-
íèÿ ïðåäëîæåííîãî ïîäõîäà äëÿ ïîëó÷åíèÿ ñîãëàñîâàííûõ ìàòðèö ïàðíûõ ñðàâíåíèé ïðîèëëþñòðèðîâà-
íà êîíêðåòíûì ïðèìåðîì ðàñ÷åòîâ. Â öåëîì ïðåäëîæåííûå óñîâåðøåíñòâîâàíèÿ îáåñïå÷èâàþò ïîâûøå-
íèå îáîñíîâàííîñòè ðåøåíèé, êîòîðûå ïðèíèìàþòñÿ íà îñíîâå ðåçóëüòàòîâ, ïîëó÷åííûõ ñ
èñïîëüçîâàíèåì ìåòîäà àíàëèçà èåðàðõèé.

Êëþ÷åâûå ñëîâà: ìåòîä àíàëèçà èåðàðõèé, ìàòðèöà ïàðíûõ ñðàâíåíèé, ñîãëàñîâàííîñòü ìàòðèöû ïàð-
íûõ ñðàâíåíèé, ýêñïåðòíûé îïðîñ.

—————————————————————————————————————————————

Óäîñêîíàëåííÿ ìåòîäó àíàë³çó ³ºðàðõ³é íà îñíîâ³ óòî÷íåííÿ ïðîöåäóð ôîðìóâàííÿ ìàòðèöü ïàð-
íèõ ïîð³âíÿíü / Ì.Ì. Ïîòüîìê³í, Ì.Â. Í³êîëàºíêî, Ä.². Ãðàç³îí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2020. Òîì 56, ¹ 4. Ñ. 98–107.

Àíîòàö³ÿ. Íàâåäåíî çàãàëüíèé îïèñ ìåòîäó àíàë³çó ³ºðàðõ³é òà ï³äõîä³â äî éîãî âäîñêîíàëåííÿ.
Ïîêàçàíî, ùî ïåðåäóìîâîþ óñï³øíîãî âèêîðèñòàííÿ ìåòîäó àíàë³çó ³ºðàðõ³é º íàÿâí³ñòü ìàòðèöü ïàð-
íèõ ïîð³âíÿíü, îòðèìàíèõ çà ðåçóëüòàòàìè åêñïåðòíîãî îïèòóâàííÿ, ÿê³ º óçãîäæåíèìè òà àäåêâàòíî
â³äîáðàæàþòü ïîãëÿäè åêñïåðòà. Âñòàíîâëåíî, ùî ñó÷àñí³ ï³äõîäè íå íàäàþòü çìîãè ïîâíîþ ì³ðîþ çà-
áåçïå÷èòè öþ âèìîãó. ßê óäîñêîíàëåííÿ ìåòîäó çàïðîïîíîâàíî äâîêðîêîâó ïðîöåäóðó åêñïåðòíîãî
îïèòóâàííÿ ç âèêîðèñòàííÿì ôîðìàë³çîâàíèõ êàðòîê, ùî ï³äëÿãàþòü çàïîâíåííþ åêñïåðòàìè, òà ìàòåìà-
òè÷í³ çàëåæíîñò³, ÿê³ çàáåçïå÷óþòü ïðèâåäåííÿ íåóçãîäæåíèõ ìàòðèöü ïàðíèõ ïîð³âíÿíü äî óçãîäæå-
íîñò³. Ìîæëèâ³ñòü ïðàêòè÷íîãî âèêîðèñòàííÿ çàïðîïîíîâàíîãî ï³äõîäó äëÿ îòðèìàííÿ óçãîäæåíèõ ìàò-
ðèöü ïàðíèõ ïîð³âíÿíü ïðî³ëþñòðîâàíî êîíêðåòíèì ïðèêëàäîì ðîçðàõóíê³â. Çàãàëîì çàïðîïîíîâàí³
âäîñêîíàëåííÿ çàáåçïå÷óþòü ï³äâèùåííÿ ñòóïåíÿ îá´ðóíòîâàíîñò³ ð³øåíü, ÿê³ ïðèéìàþòüñÿ íà îñíîâ³
ðåçóëüòàò³â, îòðèìàíèõ ç âèêîðèñòàííÿì ìåòîäó àíàë³çó ³ºðàðõ³é.

Êëþ÷îâ³ ñëîâà: ìåòîä àíàë³çó ³ºðàðõ³é, åêñïåðòíå îïèòóâàííÿ, ìàòðèöÿ ïàðíèõ ïîð³âíÿíü, óçãîäæåí³ñòü
ìàòðèöü ïàðíèõ ïîð³âíÿíü.
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Improved analytic hierarchy process on the basis of clarification of formation procedures for matrix of
paired comparisons / M.M. Potomkin, M.V. Nikolaienko, D.I. Grazion // Kibernetika i sistemnyj analiz.
2020. Vol. 56, N 4. P. 98–107.

Abstract. The paper provides a general description of analytic hierarchy process and approaches to it
improvement. It shows that premise for successful using of analytic hierarchy process is an availability of the matrix
of paired comparisons obtained according to the expert survey results, which are consistent and adequately reflects
expert judgment. It is obtained that modern approaches do not provide such a requirement in full. Therefore, the
following process improvements are proposed: a two-step expert survey procedure based on the use of formalized
cards to be filled by experts, and mathematical dependencies that bring the uncoordinated pair comparison matrices
to consistency. The possibility of practical use of the proposed approach to obtain consistent matrices of pair
comparisons is illustrated by an example of calculations. In general, the proposed improvements increase the
substantiation of decisions that are made based on the obtained results by using the analytic hierarchy process.

Keywords: analytic hierarchy process, pair comparison matrix, pair comparison matrix consistency, expert
survey.
===============================================================================

ÓÄÊ 519.633

Î ÷èñëåííîì ðåøåíèè îáðàòíîé çàäà÷è ïî âîññòàíîâëåíèþ èñòî÷íèêà ñïåöèàëüíîãî âèäà â ïàðàáî-
ëè÷åñêîì óðàâíåíèè / À.Á. Ðàãèìîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 4. Ñ. 108–118.

²ë.: 2. Òàáë.: 4. Á³áë³îãð.: 25 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ îáðàòíàÿ çàäà÷à ïî âîññòàíîâëåíèþ èñòî÷íèêà ñïåöèàëüíîãî âèäà â ïà-
ðàáîëè÷åñêîì óðàâíåíèè ïðè íà÷àëüíûõ è ãðàíè÷íûõ óñëîâèÿõ. Ñïåöèôèêà çàäà÷è ñîñòîèò â òîì, ÷òî èäåí-
òèôèöèðóåìûå ïàðàìåòðû çàâèñÿò îò âðåìåííîé ïåðåìåííîé è ÿâëÿþòñÿ ñîìíîæèòåëÿìè êîýôôèöèåíòà ñâî-
áîäíîãî ÷ëåíà ïðàâîé ÷àñòè. Ïðåäëîæåí ÷èñëåííûé ìåòîä ðåøåíèÿ çàäà÷è, îñíîâàííûé íà ìåòîäå ïðÿìûõ è
ñïåöèàëüíîì âèäå ïðåäñòàâëåíèÿ äëÿ ðåøåíèÿ. Ìåòîä íå òðåáóåò ïîñòðîåíèÿ êàêèõ-ëèáî èòåðàöèîííûõ ïðî-
öåäóð. Ïðèâîäÿòñÿ ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ, ïðîâåäåííûõ íà òåñòîâîé çàäà÷å.

Êëþ÷åâûå ñëîâà: îáðàòíàÿ çàäà÷à, íåëîêàëüíûå óñëîâèÿ, ìåòîä ïðÿìûõ, ïàðàáîëè÷åñêîå óðàâíåíèå,
ïàðàìåòðè÷åñêàÿ èäåíòèôèêàöèÿ.
—————————————————————————————————————————————

Ïðî ÷èñåëüíå ðîçâ’ÿçàííÿ îáåðíåíî¿ çàäà÷³ ç â³äíîâëåííÿ äæåðåëà ñïåö³àëüíîãî âèäó â ïàðà-
áîë³÷íîìó ð³âíÿíí³ / À.Á. Ðàã³ìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 4. Ñ. 108–118.

Àíîòàö³ÿ. Ðîçãëÿíóòî îáåðíåíó çàäà÷ó ç â³äíîâëåííÿ äæåðåëà ñïåö³àëüíîãî âèäó â ïàðàáîë³÷íîìó
ð³âíÿíí³ ç ïî÷àòêîâèìè ³ ãðàíè÷íèìè óìîâàìè. Ñïåöèô³êà çàäà÷³ ïîëÿãàº â òîìó, ùî ³äåíòèô³êîâàí³ ïà-
ðàìåòðè çàëåæàòü â³ä ÷àñîâî¿ çì³ííî¿ ³ º ñï³âìíîæíèêàìè êîåô³ö³ºíòà â³ëüíîãî ÷ëåíà ïðàâî¿ ÷àñòèíè.
Çàïðîïîíîâàíî ÷èñåëüíèé ìåòîä ðîçâ’ÿçàííÿ çàäà÷³, ùî ´ðóíòóºòüñÿ íà ìåòîä³ ïðÿìèõ ³ ñïåö³àëüíîìó
âèãëÿä³ ïîäàííÿ äëÿ ðîçâ’ÿçóâàííÿ Ìåòîä íå âèìàãàº ïîáóäîâè áóäü-ÿêèõ ³òåðàö³éíèõ ïðîöåäóð. Íàâå-
äåíî ðåçóëüòàòè ÷èñåëüíèõ åêñïåðèìåíò³â íà òåñòîâ³é çàäà÷³.

Êëþ÷îâ³ ñëîâà: çâîðîòíà çàäà÷à, íåëîêàëüí³ óìîâè, ìåòîä ïðÿìèõ, ïàðàáîë³÷íå ð³âíÿííÿ, ïàðàìåòðè÷íà
³äåíòèô³êàö³ÿ.
—————————————————————————————————————————————

On numerical solution to an inverse problem of recovering source of a special type of parabolic equation /
A.B. Rahimov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 108–118.

Abstract. We consider an inverse problem of recovering a source of a special type of parabolic equation
with initial and boundary conditions. The specificity of the problem is that the identifiable parameters depend
only on a time variable and are factors of coefficients of the right-hand side of the equation. We propose a
numerical method to solve the problem, which is based on the use of the method of lines and a special
representation of the solution. The method does not require to construct any iterative procedures. The results of
numerical experiments conducted for test problems are provided.

Keywords: inverse problem, nonlocal conditions, method of lines, parabolic equation, parametric identification.
===============================================================================

ÓÄÊ 004.02

Ìàòåìàòè÷åñêèé èíñòðóìåíòàðèé äëÿ àíàëèçà èíòåðíåòà âåùåé / À.Â. Ìàìîíîâà, Í.Â. Ìàéäàíþê
// Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 4. Ñ. 119–127.
²ë.: 0. Òàáë.: 1. Á³áë³îãð.: 23 íàçâè.

Àííîòàöèÿ. Ïðåäñòàâëåí îáçîð ïóáëèêàöèé ïîñëåäíèõ ëåò îá èñïîëüçîâàíèè ìàòåìàòè÷åñêèõ ìå-
òîäîâ è ìîäåëåé äëÿ àíàëèçà Èíòåðíåòà âåùåé. Îòìå÷åíî, ÷òî ïðè ìîäåëèðîâàíèè Èíòåðíåòà âåùåé èñ-
ïîëüçóþòñÿ òàêèå ðàçäåëû ìàòåìàòèêè, êàê òåîðèÿ èãð, òåîðèÿ âåðîÿòíîñòåé, òåîðèÿ ñëó÷àéíûõ ïðîöåñ-
ñîâ, áóëåâà è ìàòðè÷íàÿ àëãåáðà, òåîðèÿ ãðàôîâ, òåîðèÿ ÷èñåë, òåîðèÿ ôóíêöèè êîìïëåêñíîãî ïåðåìåí-
íîãî, òåîðèÿ ìåðû, òåîðèÿ îïòèìèçàöèè, èìèòàöèîííîå ìîäåëèðîâàíèå, êëàñòåðíûé àíàëèç, ÷èñëåííûé
àíàëèç, ìàòåìàòè÷åñêèé àíàëèç.

Êëþ÷åâûå ñëîâà: Èíòåðíåò âåùåé, ìåòîäû, ìîäåëè, ìîäåëèðîâàíèå, òåõíîëîãèè, ñòðóêòóðà, ñèñòåìà.
—————————————————————————————————————————————
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Ìàòåìàòè÷íèé ³íñòðóìåíòàð³é äëÿ àíàë³çó ³íòåðíåòó ðå÷åé / Ã.Â. Ìàìîíîâà, Í.Â. Ìàéäàíþê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 4. Ñ. 119–127.

Àíîòàö³ÿ. Ïðåäñòàâëåíî îãëÿä ïóáë³êàö³é îñòàíí³õ ðîê³â ùîäî âèêîðèñòàííÿ ìàòåìàòè÷íèõ ìå-
òîä³â òà ìîäåëåé äëÿ àíàë³çó ²íòåðíåòó ðå÷åé. Â³äçíà÷åíî, ùî ï³ä ÷àñ ìîäåëþâàííÿ ²íòåðíåòó ðå÷åé âè-
êîðèñòîâóþòü òàê³ ðîçä³ëè ìàòåìàòèêè, ÿê òåîð³ÿ ³ãîð, òåîð³ÿ éìîâ³ðíîñòåé, òåîð³ÿ âèïàäêîâèõ ïðîöåñ³â,
áóëåâà òà ìàòðè÷íà àëãåáðè, òåîð³ÿ ãðàô³â, òåîð³ÿ ÷èñåë, òåîð³ÿ ôóíêö³¿ êîìïëåêñíî¿ çì³ííî¿, òåîð³ÿ ì³ðè,
òåîð³ÿ îïòèì³çàö³¿, ³ì³òàö³éíå ìîäåëþâàííÿ, êëàñòåðíèé àíàë³ç, ÷èñåëüíèé àíàë³ç, ìàòåìàòè÷íèé àíàë³ç.

Êëþ÷îâ³ ñëîâà: ²íòåðíåò ðå÷åé, ìåòîäè, ìîäåë³, ìîäåëþâàííÿ, òåõíîëîã³¿, ñòðóêòóðà, ñèñòåìà.

—————————————————————————————————————————————

Mathematical instruments for analysis of the internet of things / G. Mamonova, N. Maidaniuk //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 119–127.

Abstract. The analysis of recent years’ publications on the use of mathematical methods and models for
IoT analysis is presented. The analysis showed that the authors use sections of mathematics such as game
theory, probability theory, theory of random processes, Boolean and matrix algebra, graph theory, number
theory, theory of function of complex variable, theory of measure, theory of optimization, theory of
optimization analysis, numerical analysis, and mathematical analysis.

Keywords: Internet of Things, methods, models, modeling (simulation), technology, structure, system.
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ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 51.681.3

Ýêîñèñòåìû ïðîãðàììíîé èíæåíåðèè / Ñ.Ë. Êðûâûé, Å.À. Ãðèíåíêî // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2020. Òîì 56, ¹ 4. Ñ. 128–143.

²ë.: 10. Òàáë.: 2. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà ìîäåëü ýêîñèñòåìû, îðèåíòèðîâàííîé íà îáëàñòü ïðîãðàììíîé èíæåíå-
ðèè. Ïðåäëîæåíû äâà ïîäõîäà ê èññëåäîâàíèþ ñâîéñòâ ìîäåëè — ñåòåâîé è àâòîìàòíûé. Â ÷àñòíîñòè,
ðàññìîòðåíû ñïîñîáû ïîèñêà îïòèìàëüíîãî ïëàíà âûïîëíåíèÿ ðàáîò â ýêîñèñòåìå, èäåíòèôèêàöèè àâà-
ðèéíûõ ñèòóàöèé, âîçìîæíîñòü ïàðàëëåëüíîãî âûïîëíåíèÿ çàäàíèé.

Êëþ÷åâûå ñëîâà: ýêîñèñòåìà, òðàíçèöèîííûå ñèñòåìû, êîíå÷íûå àâòîìàòû, âðåìåííûå àâòîìàòû, ñåòè
Ïåòðè.

—————————————————————————————————————————————

Ýêîñèñòåìè ïðîãðàìíî¿ ³íæåíåð³¿ / Ñ.Ë. Êðèâèé, Î.Î. Ãð³íåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2020. Òîì 56, ¹ 4. Ñ. 128–143.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìîäåëü åêîñèñòåìè, îð³ºíòîâàíî¿ íà ãàëóçü ïðîãðàìíî¿ ³íæåíåð³¿. Ðîçãëÿíó-
òî äâà ï³äõîäè äî äîñë³äæåííÿ âëàñòèâîñòåé ìîäåë³ — ìåðåæåâèé ³ àâòîìàòíèé. Çîêðåìà, ðîçãëÿíóòî
ñïîñîáè ïîøóêó îïòèìàëüíîãî ïëàíó âèêîíàííÿ ðîá³ò â åêîñèñòåì³, ³äåíòèô³êàö³¿ àâàð³éíèõ ñèòóàö³é,
ìîæëèâ³ñòü ïàðàëåëüíîãî âèêîíàííÿ çàâäàíü.

Êëþ÷îâ³ ñëîâà: åêîñèñòåìà, òðàíçèö³éí³ ñèñòåìè, ñê³í÷åíí³ àâòîìàòè, ÷àñîâ³ àâòîìàòè, ìåðåæ³ Ïåòð³.

—————————————————————————————————————————————

Ecosystems of software engineering / S. Kryvyi, E. Grinenko // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 4. P. 128–143.

Abstract. A formal model of an ecosystem, focused on software engineering, is proposed. Two
approaches to the analysis of properties of this model, which are called network and automata approaches, are
described. In particular case, methods for searching of optimal plan for task performances in ecosystem,
identification of risk situations, possibility of paralell executions of tasks are considered.

Keywords: ecosystem, transition system, timed automata, Petri Net, sñheduling.

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

ÓÄÊ 005.8:007.001:004.415:658.5

Ìåòîäîëîãèÿ ïîñòðîåíèÿ èíôîðìàöèîííîé ñèñòåìû óïðàâëåíèÿ ïðîåêòàìè íà îñíîâå èíòåãðàöèè
ïðèëîæåíèé ïðåäïðèÿòèÿ / Ì.À. Òóëóïîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 4.
Ñ. 144–159.

²ë.: 0. Òàáë.: 3. Á³áë³îãð.: 87 íàçâ.

Àííîòàöèÿ. Ïðèâåäåí îáçîð âçàèìîñâÿçàííûõ áèçíåñ- è ÈÒ-àñïåêòîâ ïðîáëåìû ïîñòðîåíèÿ èí-
ôîðìàöèîííîé ñèñòåìû óïðàâëåíèÿ ïðîåêòàìè íà îñíîâå èíòåãðàöèè ïðèëîæåíèé ïðåäïðèÿòèÿ (EAI),
òàêèõ êàê ERP è ïðîãðàììíîå îáåñïå÷åíèå ïî óïðàâëåíèþ ïðîåêòàìè. Ìåòîäîëîãèè ïîñòðîåíèÿ òàêèõ
ñèñòåì â ëèòåðàòóðå ïðàêòè÷åñêè îòñóòñòâóþò. Ïðåäëîæåíà òåîðåòè÷åñêàÿ ìåòîäîëîãèÿ, ðàçðàáîòàííàÿ
íà îñíîâå àíàëèçà ïóáëèêàöèé, ñâÿçàííûõ ñ äàííîé ïðîáëåìîé, è àíàëîãè÷íûõ ìåòîäîëîãèé EAI, ïðèìå-
íÿåìûõ äëÿ èíòåãðàöèè ïðèëîæåíèé ïðåäïðèÿòèÿ.
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Êëþ÷åâûå ñëîâà: èíôîðìàöèîííàÿ ñèñòåìà óïðàâëåíèÿ ïðîåêòàìè, ïðèëîæåíèå ïðåäïðèÿòèÿ, èíòåãðà-
öèÿ, ERP, ïðîãðàììíîå îáåñïå÷åíèå ïî óïðàâëåíèþ ïðîåêòàìè, ìåòîäîëîãèÿ EAI.

—————————————————————————————————————————————

Ìåòîäîëîã³ÿ ïîáóäîâè ³íôîðìàö³éíî¿ ñèñòåìè óïðàâë³ííÿ ïðîåêòàìè íà îñíîâ³ èíòåãðàö³¿ êîðïî-
ðàòèâíèõ ïðîãðàì ï³äïðèºìñòâà / Ì.Î. Òóëóïîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56,
¹ 4. Ñ. 144–159.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä âçàºìîïîâ’ÿçàíèõ á³çíåñ- òà ²Ò-àñïåêò³â ïðîáëåìè ïîáóäîâè ³íôîð-
ìàö³éíî¿ ñèñòåìè óïðàâë³ííÿ ïðîåêòàìè íà îñíîâ³ ³íòåãðàö³¿ êîðïîðàòèâíèõ ïðîãðàì ï³äïðèºìñòâà
(EAI), à ñàìå: ERP ³ ïðîãðàìíîãî çàáåçïå÷åííÿ ç óïðàâë³ííÿ ïðîåêòàìè. Ìåòîäîëîã³¿ ïîáóäîâè òàêèõ
ñèñòåì â ë³òåðàòóð³ ïðàêòè÷íî â³äñóòí³. Çàïðîïîíîâàíî òåîðåòè÷íó ìåòîäîëîã³þ, ðîçðîáëåíó íà îñíîâ³
àíàë³çó ïóáë³êàö³é, ïîâ’ÿçàíèõ ç ö³ºþ ïðîáëåìîþ, ³ àíàëîã³÷íèõ ìåòîäîëîã³é EAI, ùî çàñòîñîâóþòüñÿ
äëÿ ³íòåãðàö³¿ êîðïîðàòèâíèõ ïðîãðàì ï³äïðèºìñòâà.

Êëþ÷îâ³ ñëîâà: ³íôîðìàö³éíà ñèñòåìà óïðàâë³ííÿ ïðîåêòàìè, êîðïîðàòèâí³ ïðîãðàìè ï³äïðèºìñòâ,
³íòåãðàö³ÿ, ERP, ïðîãðàìíå çàáåçïå÷åííÿ ç óïðàâë³ííÿ ïðîåêòàìè, ìåòîäîëîã³ÿ EAI.

—————————————————————————————————————————————

Methodology for constructing a project management information system based on the enterprise
application integration / M.A. Tulupov // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 144–159.

Abstract. A review of the interrelated business and IT aspects of constructing a project management
information system based on the enterprise application integration (EAI), such as ERP and software, is
performed. Methodologies for constructing PMIS in the literature are practically absent. A theoretical
methodology is proposed that is developed based on the analysis of the literature related to the problem and
similar EAI methodologies used for enterprise application integration.

Keywords: PMIS, enrerprise applications, integration, ERP, projec managment software, EAI methodology.

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

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

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 330. 4:519. 622. 1:51-77

Èíôîðìàöèîííàÿ ìîäåëü öåíîîáðàçîâàíèÿ íà ýëåêòðîííûõ ðûíêàõ / Â.Ñ. Ñàæåíþê, Ã.À. ×åðíîóñ,
Þ.À. ßðìîëåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 4. Ñ. 160–171.

²ë.: 1. Òàáë.: 1. Á³áë³îãð.: 25 íàçâ.

Àííîòàöèÿ. Ðàçðàáîòàí ïîäõîä ê ìîäåëèðîâàíèþ è ïðîãíîçèðîâàíèþ öåíû ðûíî÷íîãî áëàãà íà
îñíîâå èçìåíåíèé èíôîðìàöèîííîãî ôàêòîðà ñ èñïîëüçîâàíèåì àïïàðàòà äèôôåðåíöèàëüíûõ óðàâíåíèé
ïåðâîãî ïîðÿäêà. Ïîñòðîåíà èíôîðìàöèîííàÿ ìîäåëü öåíîîáðàçîâàíèÿ ïóòåì ðåøåíèÿ çàäà÷è Êîøè.
Ïîêàçàíî, ÷òî ïðåäëîæåííàÿ ìîäåëü ìîæåò áûòü ïîëåçíîé êàê äëÿ ïðîãíîçèðîâàíèÿ öåí àêòèâîâ íà ôîí-
äîâîé è âàëþòíîé áèðæå, òàê è íà òîâàðíûõ ýëåêòðîííûõ ðûíêàõ. Ïðåäñòàâëåí ïðîöåññ ïîäãîòîâêè äàí-
íûõ äëÿ ðåàëèçàöèè ìîäåëè.

Êëþ÷åâûå ñëîâà: èíôîðìàöèÿ, çàäà÷à Êîøè, ìåòîä øòðàôà, ðàçíîñòíàÿ ñõåìà, èíôîðìàöèîííûé ôàê-
òîð, ìîäåëü öåíîîáðàçîâàíèÿ, ïðîãíîçèðîâàíèå öåí.

—————————————————————————————————————————————

²íôîðìàö³éíà ìîäåëü ö³íîóòâîðåííÿ íà åëåêòðîííèõ ðèíêàõ / Â.Ñ. Ñàæåíþê, Ã.Î. ×îðíîóñ,
Þ.À. ßðìîëåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 4. Ñ. 160–171.

Àíîòàö³ÿ. Ðîçðîáëåíî ï³äõ³ä äî ìîäåëþâàííÿ òà ïðîãíîçóâàííÿ ö³íè ðèíêîâîãî áëàãà íà îñíîâ³
çì³í ³íôîðìàö³éíîãî ôàêòîðó ç âèêîðèñòàííÿì àïàðàòó äèôåðåíö³àëüíèõ ð³âíÿíü ïåðøîãî ïîðÿäêó. Ïî-
áóäîâàíî ³íôîðìàö³éíó ìîäåëü ö³íîóòâîðåííÿ øëÿõîì ðîçâ’ÿçàííÿ çàäà÷³ Êîø³. Ïîêàçàíî, ùî çàïðîïî-
íîâàíà ìîäåëü ìîæå áóòè êîðèñíîþ ÿê äëÿ ïðîãíîçóâàííÿ ö³í àêòèâ³â íà ôîíäîâ³é òà âàëþòí³é á³ðæ³,
òàê ³ íà òîâàðíèõ åëåêòðîííèõ ðèíêàõ. Ïðåäñòàâëåíî ïðîöåñ ï³äãîòîâêè äàíèõ äëÿ ðåàë³çàö³¿ ìîäåë³.

Êëþ÷îâ³ ñëîâà: ³íôîðìàö³ÿ, çàäà÷à Êîø³, ìåòîä øòðàôó, ð³çíèöåâà ñõåìà, ³íôîðìàö³éíèé ôàêòîð, ìî-
äåëü ö³íîóòâîðåííÿ, ïðîãíîçóâàííÿ ö³í.

————————————————————————————————————————————-

Information model for pricing on electronic markets / V.S. Sazheniuk, G.O. Chornous, Iu.A. Iarmolenko
// Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 160–171.

Abstract. The research is focused on the development of an approach to modeling and forecasting a
market good prices based on information changes. The process is described by first order differential equations,
and the solution of a corresponding Cauchy problem made it possible to develop an information pricing model.
The proposed model is shown to be useful both for predicting asset prices on the stock and currency exchanges,
and on commodity electronic markets. Data preparation stage before modeling is presented too.

Keywords: information, Cauchy problem, penalization method, difference scheme, information factor, pricing
model, price forecasting.
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ÓÄÊ 681.32

Íîâûå ïîäõîäû ê àíàëèçó è èíòåðïðåòàöèè ôîðìû öèêëè÷åñêèõ ñèãíàëîâ / Ë.Ñ. Ôàéíçèëüáåðã //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 4. Ñ. 172–184.

²ë.: 5. Òàáë.: 1. Á³áë³îãð.: 28 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíû íîâûå ìåòîäû èçâëå÷åíèÿ ëîêàëèçîâàííîé äèàãíîñòè÷åñêîé èíôîðìà-
öèè èç öèêëè÷åñêèõ ñèãíàëîâ ñëîæíîé ôîðìû. Ïîêàçàíû ïðåèìóùåñòâà àëüòåðíàòèâíîãî ìåòîäà îöåíêè
ôîðìû óñðåäíåííîãî öèêëà, îñíîâàííîãî íà ïåðåõîäå îò ñêàëÿðíîãî ñèãíàëà ê åãî îòîáðàæåíèþ íà ôà-
çîâîé ïëîñêîñòè. Ïðåäëîæåíû îðèãèíàëüíûå ìåòîäû îöåíêè äèíàìèêè ïàðàìåòðîâ, õàðàêòåðèçóþùèõ
ôîðìó èíôîðìàòèâíûõ ôðàãìåíòîâ ñèãíàëà, îñíîâàííûå íà ïîñòðîåíèè âûïóêëîé îáîëî÷êè ôàçîâîãî
ïîðòðåòà ïåðåñòàíîâî÷íîé ýíòðîïèè è ðàññòîÿíèè Ëåâåíøòåéíà.

Êëþ÷åâûå ñëîâà: öèêëè÷åñêèé ñèãíàë, ôàçîâûé ïîðòðåò, ïåðåñòàíîâî÷íàÿ ýíòðîïèÿ, ðàññòîÿíèå Ëåâåí-
øòåéíà.

—————————————————————————————————————————————

Íîâ³ ï³äõîäè äî àíàë³çó òà ³íòåðïðåòàö³¿ ôîðìè öèêë³÷íèõ ñèãíàë³â / Ë.Ñ. Ôàéíç³ëüáåðã // Ê³áåðíå-
òèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 4. Ñ. 172–184.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íîâ³ ìåòîäè âèëó÷åííÿ ëîêàë³çîâàíî¿ ä³àãíîñòè÷íî¿ ³íôîðìàö³¿ ç
öèêë³÷íèõ ñèãíàë³â ñêëàäíî¿ ôîðìè. Ïîêàçàíî ïåðåâàãè àëüòåðíàòèâíîãî ìåòîäó îö³íþâàííÿ ôîðìè óñå-
ðåäíåíîãî öèêëó, ÿêèé áàçóºòüñÿ íà ïåðåõîä³ â³ä ñêàëÿðíîãî ñèãíàëó äî éîãî â³äîáðàæåííÿ íà ôàçîâ³é
ïëîùèí³. Çàïðîïîíîâàíî îðèã³íàëüí³ ìåòîäè îö³íþâàííÿ äèíàì³êè ïàðàìåòð³â, ùî õàðàêòåðèçóþòü ôîð-
ìó ³íôîðìàòèâíèõ ôðàãìåíò³â ñèãíàëó, îñíîâàí³ íà ïîáóäîâ³ îïóêëî¿ îáîëîíêè ôàçîâîãî ïîðòðåòà ïåðå-
ñòàâíî¿ åíòðîï³¿ òà â³äñòàí³ Ëåâåíøòåéíà.

Êëþ÷îâ³ ñëîâà: öèêë³÷íèé ñèãíàë, ôàçîâèé ïîðòðåò, ïåðåñòàâíà åíòðîï³ÿ, â³äñòàíü Ëåâåíøòåéíà.

—————————————————————————————————————————————

New approaches to analysis and interpretation of cyclic signal’s shape / L.S. Fainzilberg // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 4. P. 172–184.

Abstract. New methods for extracting localized diagnostic information from cyclic signals of complex
shape are proposed. The advantages of an alternative method for estimating the shape of an averaged cycle
based on the transition from a scalar signal to its mapping on the phase plane are shown. Original methods for
estimating the dynamics of parameters characterizing the shape of informative fragments of the signal based on
the construction of the convex hull of the phase portrait of the permutation entropy and the Levenshtein
distance are proposed.

Keywords: cyclic signal, phase portrait, permutation entropy, Levenshtein distance.

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

ÓÄÊ 004.2

Èñïîëüçîâàíèå òåõíîëîãèè CUDA äëÿ óñêîðåíèÿ âû÷èñëåíèé â çàäà÷àõ õèìè÷åñêîé êèíåòèêè /
Ì.C. Ñàðñåìáàåâ, Á.À. Óðìàøåâ, Í. Ìëàäåíîâè÷, B.À. Çàñëàâñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíà-
ëèç. 2020. Òîì 56, ¹ 4. Ñ. 185–195.

²ë.: 4. Òàáë.: 1. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ðàññìàòðåíà çàäà÷à õèìè÷åñêîé êèíåòèêè, ïðîâåäåí ðàñ÷åò èçìåíåíèé êîíöåíòðàöèé
âåùåñòâ â ðåàêöèÿõ ïî âðåìåíè è ñîçäàíèþ ìàññèâíî-êèíåòè÷åñêîãî èíñòðóìåíòàðèÿ äëÿ ðåøåíèÿ çàäà-
÷è ñ èñïîëüçîâàíèåì ñîâðåìåííûõ òåõíîëîãèé ðàñïàðàëëåëèâàíèÿ. Îïèñàíà ìàòåìàòè÷åñêàÿ ìîäåëü èç-
ìåíåíèÿ êîíöåíòðàöèé âåùåñòâ â ñèñòåìå ñ îäíîìåðíûì ïðèáëèæåíèåì è âîçìîæíîñòüþ óñêîðåíèÿ âû-
÷èñëåíèé ñ èñïîëüçîâàíèåì òåõíîëîãèåé CUDA. Ðàñ÷åò íà ãðàôè÷åñêèõ ïðîöåññîðàõ NVIDIA ïîêàçàë,
÷òî ñ óâåëè÷åíèåì ÷èñëà õèìè÷åñêèé ðåàêöèé âðåìÿ âû÷èñëåíèÿ íàìíîãî óìåíüøàåòñÿ ïî ñðàâíåíèþ ñî
âðåìåíåì ðàñ÷åòà íà öåíòðàëüíûõ ïðîöåññîðàõ.

Êëþ÷åâûå ñëîâà: ãîðåíèå, ìåõàíèçìû ãîðåíèÿ, ïàðàëëåëüíîå âû÷èñëåíèå, ãðàôè÷åñêèå ïðîöåññîðû,
CUDA, ìåòîä Ðóíãå–Êóòòû.
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Âèêîðèñòàííÿ òåõíîëîã³¿ CUDA äëÿ ïðèñêîðåííÿ îá÷èñëåíü â çàäà÷àõ õ³ì³÷íî¿ ê³íåòèêè /
Ì.C. Ñàðñåìáàºâ, Á.À. Óðìàøåâ, Í. Ìëàäåíîâ³÷, B.À. Çàñëàâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2020. Òîì 56, ¹ 4. Ñ. 185–195.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó õ³ì³÷íî¿ ê³íåòèêè, ïðîâåäåíî ðîçðàõóíîê çì³í êîíöåíòðàö³é ðå÷îâèí â
ðåàêö³ÿõ çà ÷àñîì ³ ñòâîðåííÿ ìàñèâíî-ê³íåòè÷íîãî ³íñòðóìåíòàð³þ äëÿ ðîçâ’ÿçàííÿ çàäà÷³ ç âèêîðèñòàí-
íÿì ñó÷àñíèõ òåõíîëîã³é ðîçïàðàëåëþâàííÿ. Îïèñàíî ìàòåìàòè÷íó ìîäåëü çì³íè êîíöåíòðàö³é ðå÷îâèí â
ñèñòåì³ ç îäíîâèì³ðíèì íàáëèæåííÿì ³ ìîæëèâ³ñòþ ïðèñêîðåííÿ îá÷èñëåíü ç âèêîðèñòàííÿì òåõíîëîã³¿
CUDA. Ðîçðàõóíîê íà ãðàô³÷íèõ ïðîöåñîðàõ NVIDIA ïîêàçàâ, ùî ç³ çá³ëüøåííÿì ÷èñëà õ³ì³÷íèõ ðåàêö³é
÷àñ îá÷èñëåííÿ íàáàãàòî çìåíøóºòüñÿ â ïîð³âíÿíí³ ç ÷àñîì ðîçðàõóíêó íà öåíòðàëüíèõ ïðîöåñîðàõ.

Êëþ÷îâ³ ñëîâà: ãîð³ííÿ, ìåõàí³çìè ãîð³ííÿ, ïàðàëåëüíå îá÷èñëåííÿ, ãðàô³÷í³ ïðîöåñîðè, CUDA, ìåòîä
Ðóíãå–Êóòòè.
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Solving the problems of chemical kinetics by using the CUDA technology / M. Sarsembayev,
B. Urmashev, N. Mladenovic, V.A. Zaslavskyi // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4.
P. 185–195.

Abstract. The paper focuses on the problem of chemical kinetics, calculation of changes in the
concentration of substances in the reactions over time, and creation of a mass kinetic solver to solve the
problem using modern parallelization technologies. A mathematical model of variation in the concentration of
substances in a system with a one-dimensional approximation and the possibility of accelerating the
calculations using the CUDA technology are described. The calculation performed on NVIDIA graphic
processor showed that an increase in the number of responses much reduces the computing time as compared
with the computing time on the central processors.

Keywords: combustion, combustion mechanisms, parallel computation, graphic processors, CUDA,
Runge–Kutta method.
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ÓÄÊ 004.4

Ìåòîäû ìîäåëèðîâàíèÿ è âåðèôèêàöèè äëÿ ïðîåêòèðîâàíèÿïðèëîæåíèé â ãåòåðîãåííûõ àðõ³òåê-
òóðàõ / Ñ.Ä. Ïîãîðåëûé, Ì.Ñ. Ñëèíüêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 4.
Ñ. 196–202.

²ë.: 4. Òàáë.: 0. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíà ìåòîäîëîãèÿ ïðîåêòèðîâàíèÿ ïðèëîæåíèé äëÿ ñèñòåì ñ ìàññîâûì ïàðàë-
ëåëèçìîì íà ïðèìåðå GPGPU-ñèñòåì, îðèåíòèðîâàííàÿ íà àëãîðèòìè÷åñêèé ýòàï ïðîåêòèðîâàíèÿ. Ðàñ-
ñìîòðåíû äâå ôàçû ïðîåêòèðîâàíèÿ: ñîçäàíèå ôîðìàëüíîé ñïåöèôèêàöèè è åå èññëåäîâàíèå è âåðèôè-
êàöèÿ. Äëÿ ïåðâîãî ýòàïà ïðåäëîæåíî èñïîëüçîâàíèå ìàòåìàòè÷åñêèõ àïïàðàòîâ ñèñòåìû àëãîðèòìè÷åñ-
êèõ àëãåáð/ìîäèôèöèðîâàííîé ñèñòåìû àëãîðèòìè÷åñêèõ àëãåáð è òðàíçèöèîííûõ ñèñòåì. Äëÿ âòîðîãî
ýòàïà ïðîàíàëèçèðîâàíî èñïîëüçîâàíèå ñåòåâûõ è àâòîìàòíûõ ìîäåëåé è ïðèâåäåíû ïðåèìóùåñòâà êàæ-
äîé èç íèõ. Â ÷àñòíîñòè, ïðîâåäåíî èññëåäîâàíèå ìîäåëè âû÷èñëåíèé â àðõèòåêòóðå NVIDIA CUDA ïðè
ïîìîùè ñåòåé Ïåòðè, à òàêæå ôîðìóë ëèíåéíî-òåìïîðàëüíîé ëîãèêè è àâòîìàòíûõ ìîäåëåé.

Êëþ÷åâûå ñëîâà: òðàíçèöèîííûå ñèñòåìû, ñèñòåìû àëãîðèòìè÷åñêèõ àëãåáð, GPGPU-ñèñòåìû, ñåòè
Ïåòðè.
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Ìåòîäè ìîäåëþâàííÿ ³ âåðèô³êàö³¿ äëÿ ïðîºêòóâàííÿ çàñòîñóíê³â ó ãåòåðîãåííèõ àðõ³òåêòóðàõ /
Ñ.Ä. Ïîãîð³ëèé, Ì.Ñ. Ñëèíüêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 4. Ñ. 196–202.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîäîëîã³þ ïðîºêòóâàííÿ çàñòîñóíê³â äëÿ ñèñòåì ³ç ìàñîâèì ïàðà-
ëåë³çìîì íà ïðèêëàä³ GPGPU-ñèñòåì, îð³ºíòîâàíó íà àëãîðèòì³÷íèé åòàï ïðîºêòóâàííÿ. Ðîçãëÿíóòî äâà
åòàïè ïðîºêòóâàííÿ: ñòâîðåííÿ ôîðìàëüíî¿ ñïåöèô³êàö³¿ òà ¿¿ äîñë³äæåííÿ ³ âåðèô³êàö³ÿ. Äëÿ ïåðøîãî
åòàïó çàïðîïîíîâàíî âèêîðèñòàííÿ ìàòåìàòè÷íèõ àïàðàò³â ñèñòåìè àëãîðèòì³÷íèõ àëãåáð/ìîäèô³êîâà-
íî¿ ñèñòåìè àëãîðèòì³÷íèõ àëãåáð òà òðàíçèö³éíèõ ñèñòåì. Äëÿ äðóãîãî åòàïó ïðîàíàë³çîâàíî âèêîðèñ-
òàííÿ ìåðåæåâèõ òà àâòîìàòíèõ ìîäåëåé ³ íàâåäåíî ïåðåâàãè êîæíî¿ ìîäåë³. Çîêðåìà, ïðîâåäåíî
äîñë³äæåííÿ ìîäåë³ îá÷èñëåíü â àðõ³òåêòóð³ NVIDIA CUDA çà äîïîìîãîþ ìåðåæ Ïåòð³, à òàêîæ ôîðìóë
ë³í³éíî-òåìïîðàëüíî¿ ëîã³êè òà àâòîìàòíî¿ ìîäåë³.

Êëþ÷îâ³ ñëîâà: òðàíçèö³éí³ ñèñòåìè, ñèñòåìè àëãîðèòì³÷íèõ àëãåáð, GPGPU-ñèñòåìè, ìåðåæ³ Ïåòð³.
—————————————————————————————————————————————

Modeling and verification methods for application design in heterogeneous architectures / S. Pogorilyy,
M. Slynko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 4. P. 196–202.

Abstract. An application design methodology for massively parallelized systems (GPGPU systems)
focused on the algorithmic design phase is proposed. Two design sub-steps are considered: creation of the
formal specification of the system; and its research and verification. The use of mathematical apparatuses
SAA/SAA-M as well as transition systems is proposed for the first step. Advantages and specifics of using
network and automaton models for the second step are given. NVIDIA CUDA architecture computation model
analysis is proposed using Petri nets (network model) and using linear-temporal logic formulas and Buchi
automaton (automaton model).

Keywords: transition systems, systems of algorithmic algebras, GPGPU-systems, Petri nets.
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