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ÑÒÐÓÊÒÓÐÍÎ ÄÅÒÅÐÌÈÍÈÐÎÂÀÍÍÛÅ ÍÅÐÀÂÅÍÑÒÂÀ ÄËß ÊÎÐÐÅËßÖÈÉ Â ÖÈÊËÅ
ËÈÍÅÉÍÛÕ ÇÀÂÈÑÈÌÎÑÒÅÉ / À.Ñ. Áàëàáàíîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54,
¹ 2. Ñ. 3–16.

²ë.: 4. Òàáë. 1. Á³áë³îãð.: 18 íàçâ.

Àííîòàöèÿ. Ñôîðìóëèðîâàíû è äîêàçàíû îãðàíè÷åíèÿ (òèïà íåðàâåíñòâî) äëÿ êîððåëÿöèé, âûòå-
êàþùèå èç ëèíåéíîñòè è ìàðêîâñêèõ ñâîéñòâ ìîäåëè ñ ðîìáîâèäíîé ñòðóêòóðîé (öèêë ñ îäíèì êîëëàé-
äåðîì). Ïðåäñòàâëåííûå íåðàâåíñòâà ñïåöèôè÷íû äëÿ áàçîâîé ìîäåëè è íåêîððåêòíû äëÿ àëüòåðíàòèâ-
íûõ ìîäåëåé, îòëè÷àþùèõñÿ ìàðêîâñêèìè ñâîéñòâàìè èç-çà ïðèñóòñòâèÿ äîïîëíèòåëüíîé ñâÿçè. Ïðàâ-
äîïîäîáíîñòü íàðóøåíèÿ ýòèõ íåðàâåíñòâ â àëüòåðíàòèâíûõ ìîäåëÿõ îöåíèâàåòñÿ ñòîõàñòè÷åñêîé
ñèìóëÿöèåé. Ïîêàçàíî, ÷òî ïðåäñòàâëåííûå íåðàâåíñòâà ïîëåçíû äëÿ âàëèäàöèè ìîäåëè â ñèòóàöèè íå-
ïîëíîé íàáëþäàåìîñòè.

Êëþ÷åâûå ñëîâà: êîððåëÿöèÿ, îãðàíè÷åíèå òèïà íåðàâåíñòâî, ñèñòåìà ëèíåéíûõ ñòðóêòóðàëüíûõ óðàâ-
íåíèé, ðîìáîâèäíàÿ ñòðóêòóðà ìîäåëè, ìàðêîâñêèå ñâîéñòâà.
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ÑÒÐÓÊÒÓÐÍÎ ÄÅÒÅÐÌ²ÍÎÂÀÍ² ÍÅÐ²ÂÍÎÑÒ² ÄËß ÊÎÐÅËßÖ²É Ó ÖÈÊË² Ë²Í²ÉÍÈÕ
ÇÀËÅÆÍÎÑÒÅÉ / Î.Ñ. Áàëàáàíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 3–16.

Àíîòàö³ÿ. Ñôîðìóëüîâàíî ³ äîâåäåíî äåê³ëüêà îáìåæåíü (òèïó íåð³âí³ñòü) äëÿ êîðåëÿö³é, ÿê³ âèïëè-
âàþòü ç ë³í³éíîñò³ òà ìàðêîâñüêèõ âëàñòèâîñòåé ìîäåë³ ç ðîìáîâèäíîþ ñòðóêòóðîþ (öèêë ñ îäíèì êîë³çî-
ðîì). Ïðåçåíòîâàí³ íåð³âíîñò³ º ñïåöèô³÷íèìè äëÿ áàçîâî¿ ìîäåë³ é íåêîðåêòíèìè äëÿ àëüòåðíàòèâíèõ ìî-
äåëåé, ÿê³ â³äð³çíÿþòüñÿ ìàðêîâñüêèìè âëàñòèâîñòÿìè ÷åðåç íàÿâí³ñòü äîäàòêîâîãî çâ’ÿçêó. Ïðàâäî-
ïîä³áí³ñòü ïîðóøåííÿ öèõ íåð³âíîñòåé â àëüòåðíàòèâíèõ ìîäåëÿõ îö³íþºòüñÿ ñòîõàñòè÷íîþ ñèìóëÿö³ºþ.
Ïîêàçàíî, ùî âñòàíîâëåí³ íåð³âíîñò³ êîðèñí³ äëÿ âàë³äàö³¿ ìîäåë³ â ñèòóàö³¿ íåïîâíî¿ ñïîñòåðåæóâàíîñò³.

Êëþ÷îâ³ ñëîâà: êîðåëÿö³ÿ, îáìåæåííÿ òèïó íåð³âí³ñòü, ñèñòåìà ë³í³éíèõ ñòðóêòóðàëüíèõ ð³âíÿíü, ðîì-
áîâèäíà ñòðóêòóðà ìîäåë³, ìàðêîâñüê³ âëàñòèâîñò³.
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INEQUALITY CONSTRAINTS ON CORRELATIONS, STRUCTURALLY IMPLIED BY CYCLE
OF LINEAR DEPENDENCIES / O.S. Balabanov // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2.
P. 3–16.

Abstract. We state and prove several simple inequality constraints on correlations, which are entailed by
linearity and Markov properties of rhombus-like causal model (structured as cycle with one collider). The
inequalities are specific for the basic model and are likely to be violated in alternative models, which differ in
Markov properties due to existence of additional edge (connection). Plausibility of violation of the inequalities
in alternative models is evaluated via simulation. We outline some ways by which the inequalities can assist in
the model verification under partial observability.

Keywords: correlation, inequality constraint, system of linear structural equations, rhombus-like structure,
Markov properties.
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 512.61

ÏÐÅÄÑÒÀÂËÅÍÈÅ ÂÇÂÅØÅÍÍÛÕ ÏÑÅÂÄÎÎÁÐÀÒÍÛÕ ÌÀÒÐÈÖ ÑÎ ÑÌÅØÀÍÍÛÌÈ
ÂÅÑÀÌÈ ×ÅÐÅÇ ÄÐÓÃÈÅ ÏÑÅÂÄÎÎÁÐÀÒÍÛÅ ÌÀÒÐÈÖÛ / Å.Ô. Ãàëáà, Í.À. Âàðåíþê //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 17–25.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 10 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ âçâåøåííàÿ ïñåâäîîáðàòíàÿ ìàòðèöà, êîãäà îáå âåñîâûå ìàòðèöû ñèì-
ìåòðè÷íûå, ïðè÷åì îäíà èç íèõ ïîëîæèòåëüíî-îïðåäåëåííàÿ, à âòîðàÿ — íåâûðîæäåííàÿ çíàêîíåîïðåäå-
ëåííàÿ. Ïîëó÷åíû ôîðìóëû äëÿ ïðåäñòàâëåíèÿ ýòèõ ìàòðèö ÷åðåç ïñåâäîîáðàòíóþ ìàòðèöó Ìóðà–Ïåíðî-
óçà è ÷åðåç äðóãèå âçâåøåííûå ïñåâäîîáðàòíûå ìàòðèöû.

Êëþ÷åâûå ñëîâà: âçâåøåííûå ïñåâäîîáðàòíûå ìàòðèöû ñî çíàêîíåîïðåäåëåííûìè âåñàìè, ïñåâäîîáðàò-
íûå ìàòðèöû Ìóðà–Ïåíðîóçà, âçâåøåííûå ïñåâäîîáðàòíûå ìàòðèöû ñî ñìåøàííûìè âåñàìè.
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ÏÐÅÄÑÒÀÂËÅÍÍß ÇÂÀÆÅÍÈÕ ÏÑÅÂÄÎÎÁÅÐÍÅÍÈÕ ÌÀÒÐÈÖÜ ²Ç ÇÌ²ØÀÍÈÌÈ ÂÀÃÀÌÈ
×ÅÐÅÇ ²ÍØ² ÏÑÅÂÄÎÎÁÅÐÍÅÍ² ÌÀÒÐÈÖ² / ª.Ô. Ãàëáà, Í.À. Âàðåíþê // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 17–25.

Àíîòàö³ÿ. Ðîçãëÿíóòî çâàæåíó ïñåâäîîáåðíåíó ìàòðèöþ, êîëè îáèäâ³ âàãîâ³ ìàòðèö³ ñèìåòðè÷í³,
ïðè÷îìó îäíà ³ç íèõ äîäàòíî-îçíà÷åíà, à äðóãà — íåâèðîäæåíà çíàêîíåâèçíà÷åíà. Îòðèìàíî ôîðìóëè
äëÿ ïðåäñòàâëåííÿ öèõ ìàòðèöü ÷åðåç ïñåâäîîáåðíåíó ìàòðèöþ Ìóðà–Ïåíðîóçà ³ ÷åðåç ³íø³ çâàæåí³
ïñåâäîîáåðíåí³ ìàòðèö³.
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Êëþ÷îâ³ ñëîâà: çâàæåí³ ïñåâäîîáåðíåí³ ìàòðèö³ ³ç çíàêîíåâèçíà÷åíèìè âàãàìè, ïñåâäîîáåðíåí³ ìàò-
ðèö³ Ìóðà–Ïåíðîóçà, çâàæåí³ ïñåâäîîáåðíåí³ ìàòðèö³ ³ç çì³øàíèìè âàãàìè.
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REPRESENTING WEIGHTED PSEUDOINVERSE MATRICES WITH MIXED WEIGHTS IN
TERMS OF OTHER PSEUDOINVERSE MATRICES / E.F. Galba, N.A. Vareniuk // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 2. P. 17–25.

Abstract. The paper considers weighted pseudoinverse matrix, when both weighted matrices are symmetric and
one of them is positive definite matrix and the other is nonsingular and indefinite. Formulas are obtained for representing
these matrices in terms of the pseudoinverse Moore–Penrose matrix and other weighted pseudoinverse matrices.

Keywords: weighted pseudoinverse matrices with indefinite weights, Moore– Penrose pseudoinverse matrices,
weighted pseudoinverse matrices with mixed weights.
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ÓÄÊ 517.9: 519.6

×ÈÑËÅÍÍÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ ÄÐÎÁÍÎ-ÄÈÔÔÅÐÅÍÖÈÀËÜÍÎÉ ÔÈËÜÒÐÀÖÈÎÍÍÎ-
ÊÎÍÑÎËÈÄÀÖÈÎÍÍÎÉ ÄÈÍÀÌÈÊÈ Â ÐÀÌÊÀÕ ÌÎÄÅËÅÉ Ñ ÍÅÑÈÍÃÓËßÐÍÛÌ ßÄÐÎÌ
/ Â.Ì. Áóëàâàöêèé, Â.À. Áîãàåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 26–37.

²ë.: 13. Òàáë. 0. Á³áë³îãð.: 23 íàçâè.

Àííîòàöèÿ. Ïîñòðîåíû íåêëàññè÷åñêèå ìàòåìàòè÷åñêèå ìîäåëè äëÿ îïèñàíèÿ äðîáíî-äèôôåðåí-
öèàëüíîé ôèëüòðàöèîííî-êîíñîëèäàöèîííîé äèíàìèêè íàñûùåííûõ ñîëåâûìè ðàñòâîðàìè ãðóíòîâûõ
ñðåä, îñíîâàííûå íà ïîíÿòèè äðîáíîé ïðîèçâîäíîé Êàïóòî–Ôàáðèöèî. Ïîñòàâëåíû ñîîòâåòñòâóþùèå
êðàåâûå çàäà÷è äëÿ ñèñòåìû äðîáíî-äèôôåðåíöèàëüíûõ óðàâíåíèé ôèëüòðàöèè è ñîëåïåðåíîñà. Ðàçðà-
áîòàíà ìåòîäèêà èõ ÷èñëåííîãî ðåøåíèÿ, èçëîæåí ïîäõîä ê ðàñïàðàëëåëèâàíèþ âû÷èñëåíèé. Ïðèâåäå-
íû ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ ïî ìîäåëèðîâàíèþ äèíàìèêè èçó÷àåìîãî ïðîöåññà.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, äèíàìèêà ôèëüòðàöèîííî-êîíñîëèäàöèîííûõ ïðî-
öåññîâ, äðîáíî-äèôôåðåíöèàëüíûå ìàòåìàòè÷åñêèå ìîäåëè, ìîäåëè ñ íåñèíãóëÿðíûì ÿäðîì, êðàåâûå
çàäà÷è, êîíå÷íî-ðàçíîñòíûå ðåøåíèÿ, ðàñïàðàëëåëèâàíèå âû÷èñëåíèé.
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×ÈÑÅËÜÍÅ ÌÎÄÅËÞÂÀÍÍß ÄÐÎÁÎÂÎ-ÄÈÔÅÐÅÍÖ²ÉÍÎ¯ Ô²ËÜÒÐÀÖ²ÉÍÎ-
ÊÎÍÑÎË²ÄÀÖ²ÉÍÎ¯ ÄÈÍÀÌ²ÊÈ Â ÐÀÌÊÀÕ ÌÎÄÅËÅÉ Ç ÍÅÑÈÍÃÓËßÐÍÈÌ ßÄÐÎÌ /
Â.Ì. Áóëàâàöüêèé, Â.Î. Áîãàºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 26–37.

Àíîòàö³ÿ. Ïîáóäîâàíî íåêëàñè÷í³ ìàòåìàòè÷í³ ìîäåë³ äëÿ îïèñó äðîáîâî-äèôåðåíö³éíî¿
ô³ëüòðàö³éíî-êîíñîë³äàö³éíî¿ äèíàì³êè íàñè÷åíèõ ñîëüîâèìè ðîç÷èíàìè ãðóíòîâèõ ñåðåäîâèù, ÿê³ áà-
çóþòüñÿ íà ïîíÿòò³ äðîáîâî¿ ïîõ³äíî¿ Êàïóòî–Ôàáð³ö³î. Ïîñòàâëåíî â³äïîâ³äí³ êðàéîâ³ çàäà÷³ äëÿ ñèñòå-
ìè äðîáîâî-äèôåðåíö³éíèõ ð³âíÿíü ô³ëüòðàö³¿ òà ñîëåïåðåíîñó. Ðîçðîáëåíî ìåòîäèêó ¿õíüîãî ÷èñåëüíî-
ãî ðîçâ’ÿçàííÿ, îïèñàíî ï³äõ³ä äî ðîçïàðàëåëþâàííÿ îá÷èñëåíü. Íàâåäåíî ðåçóëüòàòè ÷èñåëüíèõ åêñïå-
ðèìåíò³â ç ìîäåëþâàííÿ äèíàì³êè äîñë³äæóâàíîãî ïðîöåñó.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, äèíàì³êà ô³ëüòðàö³éíî-êîíñîë³äàö³éíèõ ïðîöåñ³â,
äðîáîâî-äèôåðåíö³éí³ ìàòåìàòè÷í³ ìîäåë³, ìîäåë³ ç íåñèíãóëÿðíèì ÿäðîì, êðàéîâ³ çàäà÷³, ñê³í÷åí-
íî-ð³çíèöåâ³ ðîçâ’ÿçêè, ðîçïàðàëåëþâàííÿ îá÷èñëåíü.
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NUMERICAL SIMULATION OF FRACTIONAL-DIFFERENTIAL FILTRATION-CONSOLIDATION
DYNAMICS WITHIN THE FRAMEWORK OF MODELS WITH NON-SINGULAR KERNEL /
V.M. Bulavatsky, V.O. Bohaienko // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 26–37.

Abstract. Non-classical mathematical models to describe the fractional-differential filtration-consolidation
dynamics of soil media saturated with saline solutions are constructed based on the concept of the fractional
derivative of Caputo–Fabrizio. The corresponding boundary-value problems for the system of fractional-
differential equations of filtration and salt transfer are posed, the technique for their numerical solution is
developed, an approach to the parallelization of computations is presented and the results of numerical
experiments on modeling the dynamics of the process are given.

Keywords: mathematical modeling, dynamics of filtration-consolidation processes, fractional-differential
mathematical models, models with non-singular kernel, boundary-value problems, finite difference solutions,
parallelization of computations.
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ÓÄÊ 519.21+62

ÀÑÈÌÏÒÎÒÈ×ÅÑÊÀß ÄÈÑÑÈÏÀÒÈÂÍÎÑÒÜ ÑËÓ×ÀÉÍÛÕ ÏÐÎÖÅÑÑÎÂ Ñ ÈÌÏÓËÜÑÍÛÌ
ÂÎÇÌÓÙÅÍÈÅÌ Â ÑÕÅÌÅ ÏÓÀÑÑÎÍÎÂÎÉ ÀÏÏÐÎÊÑÈÌÀÖÈÈ / È.Â. Ñàìîéëåíêî,
ß.Ì. ×àáàíþê, À.Â. Íèêèòèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 38–44.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Èññëåäîâàíà àñèìïòîòè÷åñêàÿ äèññèïàòèâíîñòü äîãðàíè÷íîé íîðìèðîâàííîé ñòîõàñ-
òè÷åñêîé ýâîëþöèîííîé ñèñòåìû â ýðãîäè÷åñêîé ìàðêîâñêîé ñðåäå, ñóùåñòâåííî âëèÿþùåé íà ïîâåäå-
íèå ãðàíè÷íîãî ïðîöåññà.
Êëþ÷åâûå ñëîâà: äèññèïàòèâíîñòü, ìàðêîâñêèé ïðîöåññ, ãåíåðàòîð, ïóàññîíîâà àïïðîêñèìàöèÿ.

---



ÀÑÈÌÏÒÎÒÈ×ÍÀ ÄÈÑÈÏÀÒÈÂÍ²ÑÒÜ ÂÈÏÀÄÊÎÂÈÕ ÏÐÎÖÅÑ²Â Ç ²ÌÏÓËÜÑÍÈÌ
ÇÁÓÐÅÍÍßÌ Ó ÑÕÅÌ² ÏÓÀÑÑÎÍÎÂÎ¯ ÀÏÐÎÊÑÈÌÀÖ²¯ / ².Â. Ñàìîéëåíêî,
ß.Ì. ×àáàíþê, À.Â. Í³ê³ò³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 38–44.

Àíîòàö³ÿ. Äîñë³äæåíî àñèìïòîòè÷íó äèñèïàòèâí³ñòü äîãðàíè÷íî¿ íîðìîâàíî¿ ñòîõàñòè÷íî¿ åâî-
ëþö³éíî¿ ñèñòåìè â åðãîäè÷íîìó ìàðêîâñüêîìó ñåðåäîâèù³, ÿêà ñóòòºâî âïëèâàº íà ïîâåä³íêó ãðàíè÷íî-
ãî ïðîöåñó.

Êëþ÷îâ³ ñëîâà: äèñèïàòèâí³ñòü, ìàðêîâñüêèé ïðîöåñ, ãåíåðàòîð, ïóàññîíîâà àïðîêñèìàö³ÿ.
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ASYMPTOTIC D²SSIPATION FOR RANDOM PROCESSES WITH IMPULSE PERTURBATION
IN THE POISSON APPROXIMATION SCHEME / I.V. Samoilenko, Y.M. Chabanyuk, A.V.
Nikitin // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 38–44.

Abstract. On the basis of the results on the asymptotic behavior of the generator of a normalized
stochastic evolution system in the Poisson approximation scheme, conditions for the asymptotic dissipation of
the limiting stochastic evolution system are obtained in the article. The limiting process consists of two parts:
deterministic drift and Poisson jumps. The conditions are imposed on the characteristics of the pre-limit system,
which allows one to draw conclusions about the properties of the limiting process, on the basis of information
about the initial normalized process.

Keywords: dissipativity, Markov process, stochastic approximation procedure,
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ÓÄÊ 519.21

ÄÈÍÀÌÈ×ÅÑÊÎÅ ÓÏÐÀÂËÅÍÈÅ ÐÈÑÊÎÌ Â ÌÍÎÃÎÌÅÐÍÛÕ ÌÀÐÊÎÂÑÊÈÕ ÌÎÄÅËßÕ /
Àë.À. Âîéíà, Àí.À. Âîéíà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 45–54.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà òèïè÷íàÿ äëÿ ìíîãèõ îáëàñòåé ïðèêëàäíîé ìàòåìàòèêè ìîäåëü âûáîðà
îïòèìàëüíûõ ðåøåíèé â ñòîõàñòè÷åñêèõ ñèñòåìàõ. Óïðàâëÿåìûé íà ïðîìåæóòêå ñëó÷àéíîé äëèíû ìíî-
ãîìåðíûé ïðîöåññ ãèáåëè, êîòîðûé èçó÷àåòñÿ â ñòàòüå, ìîæåò îïèñûâàòü ÿâëåíèÿ, âîçíèêàþùèå â ýêîíî-
ìè÷åñêèõ, áèîëîãè÷åñêèõ, ìåäèöèíñêèõ, òåõíè÷åñêèõ è äðóãèõ ïðèëîæåíèÿõ. Ïðåäëîæåíî íåñêîëüêî
ïîäõîäîâ ê îïðåäåëåíèþ êðèòåðèÿ îïòèìàëüíîñòè è èçó÷åíû ñâîéñòâà ñîîòâåòñòâóþùèõ ôóíêöèé ðèñ-
êà, à òàêæå ðàçðàáîòàí êîíñòðóêòèâíûé âû÷èñëèòåëüíûé àëãîðèòì ïîñòðîåíèÿ îïòèìàëüíûõ ñòàöèîíàð-
íûõ ñòðàòåãèé.

Êëþ÷åâûå ñëîâà: îïòèìàëüíûå ñòàöèîíàðíûå ñòðàòåãèè, óïðàâëÿåìûå ïðîöåññû, ìàðêîâñêèå ïðîöåññû
ïðèíÿòèÿ ðåøåíèé, ôóíêöèÿ ðèñêà, ïðîöåññû ãèáåëè è ðîæäåíèÿ, èòåðàöèîííûå àëãîðèòìû.

----

ÄÈÍÀÌ²×ÍÅ ÊÅÐÓÂÀÍÍß ÐÈÇÈÊÎÌ Ó ÁÀÃÀÒÎÂÈÌ²ÐÍÈÕ ÌÀÐÊÎÂÑÜÊÈÕ ÌÎÄÅËßÕ /
Î.À. Âîéíà, À.Î. Âîéíà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 45–54.

Àíîòàö³ÿ. Ðîçãëÿíóòî òèïîâó äëÿ áàãàòüîõ ãàëóçåé ïðèêëàäíî¿ ìàòåìàòèêè ìîäåëü âèáîðó îïòèìàëü-
íèõ ð³øåíü ó ñòîõàñòè÷íèõ ñèñòåìàõ. Êåðîâàíèé íà ïðîì³æêó âèïàäêîâî¿ äîâæèíè áàãàòîâèì³ðíèé ïðîöåñ
çàãèáåë³, ùî âèâ÷àºòüñÿ ó ñòàòò³, ìîæå áóòè âèêîðèñòàíî äëÿ àíàë³çó ÿâèù, ÿê³ âèíèêàþòü â åêîíîì³÷íèõ,
á³îëîã³÷íèõ, ìåäè÷íèõ, òåõí³÷íèõ òà ³íøèõ çàñòîñóíêàõ. Çàïðîïîíîâàíî äåê³ëüêà ï³äõîä³â äî âèçíà÷åííÿ
êðèòåð³þ îïòèìàëüíîñò³ ³ âèâ÷åíî âëàñòèâîñò³ â³äïîâ³äíèõ ôóíêö³é ðèçèêó, à òàêîæ ðîçðîáëåíî êîíñòðóê-
òèâíèé îá÷èñëþâàëüíèé àëãîðèòì ïîáóäîâè îïòèìàëüíèõ ñòàö³îíàðíèõ ñòðàòåã³é.

Êëþ÷îâ³ ñëîâà: îïòèìàëüí³ ñòàö³îíàðí³ ñòðàòåã³¿, êåðîâàí³ ïðîöåñè, ìàðêîâñüê³ ïðîöåñè ïðèéíÿòòÿ
ð³øåíü, ôóíêö³ÿ ðèçèêó, ïðîöåñè çàãèáåë³ òà íàðîäæåííÿ, ³òåðàö³éí³ àëãîðèòìè.
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DYNAMIC RISK CONTROL IN MULTIDIMENSIONAL MARKOV MODELS / O.A. Voina,
A.O. Voyna // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 45–54.

Abstract. Typical model used in many fields of applied mathematics regarding selection of optimal
decisions in stochastic systems is considered. The multidimensional death process controlled on an interval of
random length, which is analyzed in the paper, can be used to describe phenomena that appear in economical,
biological, medical, engineering, and other applications. Several approached are proposed to determine the of
optimality criteria, the properties of corresponding risk function are investigated, and a computing algorithm is
developed for construction of optimal stationary strategies.

Keywords: optimal stationary strategies, controlled processes, Markov decision processes, risk function,
birth-death processes, iterative algorithms.
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Àííîòàöèÿ. Ðàññìîòðåíà îïòèìèçàöèîííàÿ çàäà÷à áàëàíñíîé êîìïîíîâêè çàäàííîãî ìíîæåñòâà
3D-îáúåêòîâ â êîíòåéíåðå, ðàçäåëåííîì ãîðèçîíòàëüíûìè ñòåëëàæàìè íà ïîäêîíòåéíåðû. Äëÿ àíàëèòè÷åñ-
êîãî îïèñàíèÿ óñëîâèé íåïåðåñå÷åíèÿ îáúåêòîâ è ðàçìåùåíèÿ îáúåêòîâ â ïîäêîíòåéíåðàõ èñïîëüçîâàí ìå-
òîä phi-ôóíêöèé. Îïðåäåëåíû êîìáèíàòîðíûå êîíôèãóðàöèè, îïèñûâàþùèå êîìáèíàòîðíóþ ñòðóêòóðó çà-
äà÷è. Íà îñíîâàíèè ââåäåííûõ êîíôèãóðàöèé ïîñòðîåíà ìàòåìàòè÷åñêàÿ ìîäåëü, â êîòîðîé ïðè ïðîåêòèðî-
âàíèè êîìïîíîâêè ó÷èòûâàþòñÿ íå òîëüêî îãðàíè÷åíèÿ ðàçìåùåíèÿ è ìåõàíè÷åñêèå ñâîéñòâà ñèñòåìû, íî è
êîìáèíàòîðíûå îñîáåííîñòè çàäà÷è, ñâÿçàííûå ñ ãåíåðàöèåé ðàçáèåíèé ìíîæåñòâà îáúåêòîâ, ðàçìåùàåìûõ
âíóòðè ïîäêîíòåéíåðîâ. Ïðåäëîæåíà ñòðàòåãèÿ ðåøåíèÿ. Ïðèâåäåíû ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ.

Êëþ÷åâûå ñëîâà: áàëàíñíàÿ êîìïîíîâêà, êîìáèíàòîðíûå êîíôèãóðàöèè, 3D-îáúåêòû, ìåòîä phi-ôóíê-
öèé, ìàòåìàòè÷åñêàÿ ìîäåëü, îïòèìèçàöèÿ.
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ÊÎÌÏÎÍÎÂÊÈ / ².Â. Ãðåáåíí³ê, Ã.À. Êîâàëåíêî, Ò.ª. Ðîìàíîâà, ².À. Óðíÿºâà, Ñ.Á. Øåõîâöîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 55–67.

Àíîòàö³ÿ. Ðîçãëÿíóòî îïòèì³çàö³éíó çàäà÷ó áàëàíñíî¿ êîìïîíîâêè çàäàíî¿ ìíîæèíè 3D-îá’ºêò³â ó
êîíòåéíåð³, ðîçä³ëåíîìó ãîðèçîíòàëüíèìè ñòåëàæàìè íà ï³äêîíòåéíåðè. Äëÿ àíàë³òè÷íîãî îïèñó óìîâ
íåïåðåòèíàííÿ îá’ºêò³â ³ ðîçì³ùóâàííÿ îá’ºêò³â ó ï³äêîíòåéíåðàõ âèêîðèñòàíî ìåòîä phi-ôóíêö³é. Âèç-
íà÷åíî êîìá³íàòîðí³ êîíô³ãóðàö³¿, ùî îïèñóþòü êîìá³íàòîðíó ñòðóêòóðó çàäà÷³. Â³äïîâ³äíî äî ââåäåíèõ
êîíô³ãóðàö³é ïîáóäîâàíî ìàòåìàòè÷íó ìîäåëü, â ÿê³é äëÿ ïðîåêòóâàííÿ êîìïîíóâàííÿ âðàõîâóþòüñÿ íå
ò³ëüêè îáìåæåííÿ ðîçì³ùåííÿ ³ ìåõàí³÷í³ âëàñòèâîñò³ ñèñòåìè, à é êîìá³íàòîðí³ îñîáëèâîñò³ çàäà÷³, ïî-
â’ÿçàí³ ç ãåíåðóâàííÿì ðîçáèòòÿ ìíîæèíè îá’ºêò³â, ùî ðîçì³ùóþòüñÿ âñåðåäèí³ ï³äêîíòåéíåð³â. Çàïðî-
ïîíîâàíî ñòðàòåã³þ ðîçâ’ÿçàííÿ. Íàâåäåíî ðåçóëüòàòè ÷èñåëüíèõ åêñïåðèìåíò³â.

Êëþ÷îâ³ ñëîâà: áàëàíñíà êîìïîíîâêà, êîìá³íàòîðí³ êîíô³ãóðàö³¿, 3D-îá’ºêòè, ìåòîä phi-ôóíêö³é, ìàòå-
ìàòè÷íà ìîäåëü, îïòèì³çàö³ÿ.
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COMBINATORIAL CONFIGURATIONS IN BALANCE LAYOUT OPTIMIZATION PROBLEMS /
I.V. Grebennik, À.À. Kovalenko, Ò.Å. Romanova, I.À. Urniaieva, S.B. Shekhovtsov // Kibernetika i sistemnyj
analiz. 2018. Vol. 54, N 2. P. 55–67.

Abstract. The balance layout optimization problem for a given set of 3D-objects in a container divided by
horizontal shelves into subcontainers is considered. For analytical description of non-overlapping and containment
constraints, the phi-function technique is used. Combinatorial configurations describing the combinatorial
structure of the problem are defined. Based on the introduced configurations, a mathematical model is constructed
that takes into account not only the placement constraints and mechanical properties of the system but also the
combinatorial features of the problem associated with generation of partitions of the set of objects placed inside
the subcontainers. A solution strategy is proposed. The results of numerical experiments are provided.

Keywords: balance layout, combinatorial configurations, 3D-objects, phi-function method, mathematical
model, optimization.
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²ë.: 0. Òàáë. 0. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ðåøåí êîìïëåêñ çàäà÷ ïî ïîñòðîåíèþ òðåõìåðíîãî ïîëÿ óïðóãèõ äèíàìè÷åñêèõ ñìå-
ùåíèé òî÷åê ïëîñêîé óïðóãîé ïëèòû ñ ïðîèçâîëüíîé ãðàíè÷íî-òîðöåâîé ïîâåðõíîñòüþ. Ïðåäïîëàãàåò-
ñÿ, ÷òî ãðàíè÷íîå ñîñòîÿíèå ïëèòû çàäàíî ÷åðåç ñèëîâûå âîçìóùàþùèå ôàêòîðû èëè ôóíêöèþ âåêòîðà
ñìåùåíèé. Ðåøåíèå çàäà÷ ïîñòðîåíî íà áàçå êëàññè÷åñêèõ óðàâíåíèé Ëÿìå ïðîñòðàíñòâåííîé òåîðèè
óïðóãîñòè ïðè åãî ñðåäíåêâàäðàòè÷åñêîì ñîãëàñîâàíèè ñ èìåþùèìèñÿ âíåøíåäèíàìè÷åñêèìè íàáëþäå-
íèÿìè çà ñîñòîÿíèåì ïëèòû. Âûïîëíåíà îöåíêà òî÷íîñòè óêàçàííîãî ñîãëàñîâàíèÿ. Ñôîðìóëèðîâàíû
óñëîâèÿ îäíîçíà÷íîñòè ðåøåíèÿ ðàññìàòðèâàåìûõ çàäà÷.

Êëþ÷åâûå ñëîâà: ïðîñòðàíñòâåííî ðàñïðåäåëåííûå äèíàìè÷åñêèå ñèñòåìû, ïðîñòðàíñòâåííûå çàäà÷è
òåîðèè óïðóãîñòè, ïñåâäîèíâåðñèÿ, òîëñòûå óïðóãèå ïëèòû.
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ÏËÈÒ / Â.À. Ñòîÿí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 68–77.

Àíîòàö³ÿ. Ðîçâ’ÿçàíî êîìïëåêñ çàäà÷ ç ïîáóäîâè òðèâèì³ðíîãî ïîëÿ ïðóæíèõ äèíàì³÷íèõ çì³ùåíü òî-
÷îê ïëîñêî¿ ïðóæíî¿ ïëèòè ç äîâ³ëüíîþ ãðàíè÷íî-òîðöåâîþ ïîâåðõíåþ. Ïðèïóñêàºòüñÿ, ùî ãðàíè÷íèé ñòàí
ïëèòè çàäàíî ÷åðåç ñèëîâ³ çáóðþþ÷³ ôàêòîðè àáî ôóíêö³þ âåêòîðà çì³ùåíü. Ðîçâ’ÿçêè çàäà÷ ïîáóäîâàíî íà
áàç³ êëàñè÷íèõ ð³âíÿíü Ëÿìå ïðîñòîðîâî¿ òåîð³¿ ïðóæíîñò³ çà óìîâè ¿õíüîãî ñåðåäíüîêâàäðàòè÷íîãî óçãîä-
æåííÿ ç íàÿâíèìè çîâí³øíüîäèíàì³÷íèìè ñïîñòåðåæåííÿìè çà ñòàíîì ïëèòè. Îö³íåíî òî÷í³ñòü òàêîãî
óçãîäæåííÿ. Ñôîðìóëüîâàíî óìîâè îäíîçíà÷íîñò³ ðîçâ’ÿçàííÿ ðîçãëÿäóâàíèõ çàäà÷.

Êëþ÷îâ³ ñëîâà: ïðîñòîðîâî ðîçïîä³ëåí³ äèíàì³÷í³ ñèñòåìè, ïðîñòîðîâ³ çàäà÷³ òåîð³¿ ïðóæíîñò³, ïñåâ-
äî³íâåðñ³ÿ, òîâñò³ ïðóæí³ ïëèòè.
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THREE-DIMENSIONAL INTEGRAL MATHEMATICAL MODELS OF THE DYNAMICS
OF THICK ELASTIC PLATES / V.À. Stoyan // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2.
P. 68–77.

Abstract. The complex of problems related to constructing three-dimensional field of elastic dynamic
displacement of flat elastic plate with arbitrary boundary-edge surface is solved. It is assumed that boundary
condition of the plate is given in terms of powerful perturbation factors or displacement vector function.
Problems solutions are based on classical Lame equations of spatial theory of elasticity under root meen-square
consistency of the solution with corresponding external-dynamic observations of the plate. The accuracy of
such consistency is estimated. The uniqueness conditions for the solution of the considered problems are
formulated.

Keywords: spatially distributed dynamical systems, spatial problems of elasticity theory, pseudoinversion,
thick elastic plates.
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Àííîòàöèÿ. Â êà÷åñòâå ìîäåëè äåÿòåëüíîñòè ñòðàõîâîé êîìïàíèè ðàññìîòðåíà ìîäåëü Êðàìå-
ðà–Ëóíäáåðãà. Ïîñêîëüêó ïîëó÷èòü â ÿâíîì âèäå ðåøåíèå äëÿ ôóíêöèè âåðîÿòíîñòè íåðàçîðåíèÿ ñòðà-
õîâîé êîìïàíèè ïðè ïðîèçâîëüíîì ðàñïðåäåëåíèè âåëè÷èí ñòðàõîâûõ èñêîâ íå ïðåäñòàâëÿåòñÿ âîçìîæ-
íûì, ðàññìàòðèâàåòñÿ çàäà÷à íàõîæäåíèÿ îöåíêè ñõîäèìîñòè èçíà÷àëüíîé âåðîÿòíîñòè íåðàçîðåíèÿ ê
òîé, ÷òî áóäåò ïîëó÷åíà ïîñëå àïïðîêñèìàöèè ôóíêöèè ðàñïðåäåëåíèÿ âåëè÷èí èñêîâ.
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Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 78–84.

Àíîòàö³ÿ. ßê ìîäåëü ä³ÿëüíîñò³ ñòðàõîâî¿ êîìïàí³¿ ðîçãëÿíóòî ìîäåëü Êðàìåðà–Ëóíäáåðãà.
Îñê³ëüêè îòðèìàòè â ÿâíîìó âèãëÿä³ ðîçâ’ÿçîê äëÿ ôóíêö³¿ éìîâ³ðíîñò³ íåáàíêðóòñòâà ñòðàõîâî¿ êîì-
ïàí³¿ äëÿ äîâ³ëüíîãî ðîçïîä³ëó âåëè÷èí ñòðàõîâèõ ïîçîâ³â íåìîæëèâî, äîñë³äæóºòüñÿ çàäà÷à çíàõîäæåí-
íÿ îö³íêè çá³æíîñò³ ïî÷àòêîâî¿ éìîâ³ðíîñò³ íåáàíêðóòñòâà äî éìîâ³ðíîñò³, ÿêó áóäå îòðèìàíî ï³ñëÿ àï-
ðîêñèìàö³¿ ôóíêö³¿ ðîçïîä³ëó âåëè÷èí ïîçîâ³â.
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ON THE CONTINUOUS DEPENDENCE OF NON-BANKRUPTCY PROBABILITY ON PAYMENT
DISTRIBUTION FUNCTION IN THE CLASSICAL RISK MODEL / V.O. Boldyreva, G.M. Shevchenko
// Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 78–84.

Abstract. The Cramer–Lundberg model is considered as a model of insurance company. Since it is
impossible to obtain an explicit solution for the function of non-bankruptcy probability of insurance company
for an arbitrary distribution of the values of insurance claims, the authors consider the problem of estimating the
convergence of the original non-bankruptcy probability to one that would be obtained by approximating the
values of claim distribution function.

Keywords: Cramer–Lundberg model, risk process, convergence, ruin probability.Keywords:
Cramer-Lundberg model, risk process, convergence, ruin probability.
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ÓÄÊ 519.1

ÎÏÒÈÌÀËÜÍÎÅ ÐÀÇÌÅÙÅÍÈÅ ÌÍÎÃÎÑÅÍÑÎÐÍÎÉ ÑÈÑÒÅÌÛ ÄËß ÎÁÍÀÐÓÆÅÍÈß
ÓÃÐÎÇÛ / Ñ.Â. Ïàøêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 85–94.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Îïèñàí àëãîðèòì äåòåêòèðîâàíèÿ ïîäâîäíîé óãðîçû ñ ïîìîùüþ ñèñòåìû àêóñòè÷åñ-
êèõ ñåíñîðîâ, à òàêæå ýêñòðåìàëüíûå çàäà÷è ðàçìåùåíèÿ ñåíñîðîâ. Ðàññìîòðåíû ìåòîäû ðåøåíèÿ òàêèõ
çàäà÷, äîêàçàíà òåîðåìà îá àñèìïòîòè÷åñêîé îïòèìàëüíîñòè ïîñòðîåííûõ ïëàíîâ ðàçìåùåíèÿ ñåíñîðîâ.
Èç ðåçóëüòàòîâ ÷èñëåííûõ ýêñïåðèìåíòîâ ñëåäóåò, ÷òî ïîñòðîåííûé ìåòîä ïðåâîñõîäèò èçâåñòíûé ìå-
òîä ðåøåíèÿ çàäà÷ ðàçìåùåíèÿ ñåíñîðîâ.

Êëþ÷åâûå ñëîâà: ñåíñîð, ìíîãîñåíñîðíàÿ ñèñòåìà, àëãîðèòì äåòåêòèðîâàíèÿ óãðîçû, îïòèìàëüíîå ðàñ-
ïîëîæåíèå ñåíñîðîâ, àñèìïòîòè÷åñêàÿ îïòèìàëüíîñòü.
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ÎÏÒÈÌÀËÜÍÅ ÐÎÇÌ²ÙÅÍÍß ÁÀÃÀÒÎÑÅÍÑÎÐÍÎ¯ ÑÈÑÒÅÌÈ ÄËß ÂÈßÂËÅÍÍß
ÇÀÃÐÎÇÈ / Ñ.Â. Ïàøêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 85–94.

Àíîòàö³ÿ. Îïèñàíî àëãîðèòì äåòåêòóâàííÿ ï³äâîäíî¿ çàãðîçè çà äîïîìîãîþ ñèñòåìè àêóñòè÷íèõ
ñåíñîð³â, à òàêîæ åêñòðåìàëüí³ çàäà÷³ ðîçì³ùóâàííÿ ñåíñîð³â. Ðîçãëÿíóòî ìåòîäè ðîçâ’ÿçàííÿ òàêèõ çà-
äà÷, äîâåäåíî òåîðåìó ïðî àñèìïòîòè÷íó îïòèìàëüí³ñòü ïîáóäîâàíèõ ïëàí³â ðîçì³ùåííÿ ñåíñîð³â. Ç ðå-
çóëüòàò³â ÷èñëîâèõ åêñïåðèìåíò³â âèïëèâàº, ùî ïîáóäîâàíèé ìåòîä ïåðåâåðøóº â³äîìèé ìåòîä ðîçâ’ÿ-
çàííÿ çàäà÷ ðîçì³ùóâàííÿ ñåíñîð³â.

Êëþ÷îâ³ ñëîâà: ñåíñîð, áàãàòîñåíñîðíà ñèñòåìà, àëãîðèòì äåòåêòóâàííÿ çàãðîçè, îïòèìàëüíå ðîçì³ùåí-
íÿ ñåíñîð³â, àñèìïòîòè÷íà îïòèìàëüí³ñòü.
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OPTIMAL PLACEMENT OF MULTISENSOR SYSTEM FOR THREAT DETECTION / S.V. Pashko //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 85–94.

Abstract. We consider the mathematical models for underwater acoustic sensors, the algorithm for threat
detection by a multisensory system, and optimization problems for placement of such systems. The
mathematical methods for optimal sensor placement is developed. The limit theorem on the optimality of sensor
placement is proved. The numerical experiments demonstrate that the algorithm outperforms the available
mathematical method for optimal sensor placement.

Keywords: sensor, multisensor system, algorithm for threat detection, optimal sensor placement, asymptotic
optimality.

====

ÓÄÊ 330.101.541-336.7

ÄÅÔËßÖÈÎÍÍÎÅ ÐÅÃÓËÈÐÎÂÀÍÈÅ ÐÛÍÎ×ÍÎÃÎ ÐÀÂÍÎÂÅÑÈß / Á.Á. Äóíàåâ, Ë.Â.
Êèðèëåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 95–108.

²ë.: 5. Òàáë. 2. Á³áë³îãð.: 29 íàçâè.

Àííîòàöèÿ. Äåôëÿöèÿ â ýêîíîìèêå ñòðàíû îïðåäåëåíà êàê ðåçóëüòàò óìåíüøåíèÿ öåíòðàëüíûì
áàíêîì è ôèíàíñîâûì ñåêòîðîì êîëè÷åñòâà äåíåã â îáðàùåíèè, íàðóøèâøåãî ðàâíîâåñèå, êîòîðîå âîñ-
ñòàíàâëèâàåòñÿ ðûíî÷íîé ñèñòåìîé â ïðîöåññå ñíèæåíèÿ ïðîèçâîäñòâà áëàã ÷åðåç ñîêðàùåíèå êîëè÷åñ-
òâà ðàáîòàþùèõ â ñôåðå ïðîèçâîäñòâà ïî êîíúþíêòóðå ïîòðåáèòåëüñêîãî ñïðîñà. Îïðåäåëåíû âûõîä èç
äåôëÿöèè è âîññòàíîâëåíèå ðîñòà ïðîèçâîäñòâà áëàã óñòàíîâëåíèåì öåíòðàëüíûì áàíêîì ïî ñòîèìîñòè
çàãðóæåííîãî â ñôåðå ïðîèçâîäñòâà êàïèòàëà êîëè÷åñòâà äåíåã â îáðàùåíèè, îáåñïå÷èâàþùåãî íåîáõîäè-
ìûé óðîâåíü èíôëÿöèè. Êàê ðåçóëüòàò, âûõîä èç äåôëÿöèè ïðèâîäèò ê ôèíàíñîâîé êàòàñòðîôå ñ âûñî-
êèì óðîâíåì áåçðàáîòèöû è ãèïåðèíôëÿöèåé.

Êëþ÷åâûå ñëîâà: ýêîíîìèêà, ðûíîê, ñïðîñ, ïðåäëîæåíèå, ðàâíîâåñèå, òðóä, êàïèòàë, äåíüãè, êîíúþí-
êòóðà, âîñïðîèçâîäñòâî, èíâåñòèöèè, àìîðòèçàöèÿ, èíôëÿöèÿ, äåôëÿöèÿ.
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ÄÅÔËßÖ²ÉÍÅ ÐÅÃÓËÞÂÀÍÍß ÐÈÍÊÎÂÎ¯ Ð²ÂÍÎÂÀÃÈ / Á.Á. Äóíàºâ, Ë.Â. Êèðèëåíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 95–108.

Àíîòàö³ÿ. Äåôëÿö³þ â åêîíîì³ö³ êðà¿íè âèçíà÷åíî ÿê ðåçóëüòàò çìåíøåííÿ öåíòðàëüíèì áàíêîì ³
ô³íàíñîâèì ñåêòîðîì ê³ëüêîñò³ ãðîøåé â îá³ãó, ÿêà ïîðóøèëà ð³âíîâàãó, ùî â³äíîâëþºòüñÿ ðèíêîâîþ
ñèñòåìîþ â ïðîöåñ³ ðåãóëþâàííÿ âèðîáíèöòâà áëàã ÷åðåç çìåíøåííÿ ê³ëüêîñò³ ïðàö³âíèê³â ó ñôåð³ âè-
ðîáíèöòâà çà êîí’þíêòóðîþ ñïîæèâ÷îãî ïîïèòó. Ïîêàçàíî â³äíîâëåííÿ çðîñòàííÿ âèðîáíèöòâà áëàã ³
âèõ³ä ç äåôëÿö³éíîãî ïåð³îäó öåíòðàëüíèì áàíêîì, ÿêèé ïîâèíåí çà âàðò³ñòþ çàâàíòàæåíîãî ó ñôåð³ âè-
ðîáíèöòâà êàï³òàëó âñòàíîâèòè òàêó ê³ëüê³ñòü ãðîøåé â îá³ãó, ùî çàáåçïå÷óº íåîáõ³äíèé ð³âåíü ³íôëÿö³¿.
ßê ðåçóëüòàò, âèõ³ä ç äåôëÿö³¿ ïðèçâîäèòü äî ô³íàíñîâî¿ êàòàñòðîôè ç âèñîêèì ð³âíåì áåçðîá³òòÿ ³
ã³ïåð³íôëÿö³ºþ.

Êëþ÷îâ³ ñëîâà: åêîíîì³êà, ðèíîê, ïîïèò, ïðîïîçèö³ÿ, ð³âíîâàãà, ïðàöÿ, êàï³òàë, ãðîø³, êîí’þíêòóðà,
â³äòâîðåííÿ, ³íâåñòèö³¿, ³íôëÿö³ÿ, äåôëÿö³ÿ.

----

DEFLATIONARY REGULATION OF MARKET EQUILIBRIUM / B.B. Dunaev, L.V. Kirilenko //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 95–108.

Abstract. Deflation in the economy of a country is determined as a result of reduction of the amount of
money in circulation by the central bank and the financial sector, which violated the equilibrium. The
equilibrium can be restored by the market system in the process of regulating the production of goods through
reduction in the number of workers in the production sector in the context of consumer demand. To restore the
growth of production of goods and exit from the deflationary period, the central bank, at the cost of capital
loaded in the sphere of capital production, should establish the amount of money in circulation that ensures the
necessary level of inflation. The way out of deflation leads to a financial catastrophe with high unemployment
and hyperinflation.

Keywords: economy, market, demand, supply, equilibrium, labor, capital, money, conjuncture, reproduction,
investment, depreciation, inflation, deflation.
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ÓÄÊ 519.21

ÐÅÊÓÐÅÍÒÍ² ÑÏ²ÂÂ²ÄÍÎØÅÍÍß ÄËß ÁÀÃÀÒÎÊÀÍÀËÜÍÈÕ ÑÈÑÒÅÌ Ç
ÅÐËÀÍÃ²ÂÑÜÊÈÌ ×ÀÑÎÌ ÎÁÑËÓÃÎÂÓÂÀÍÍß ÄÐÓÃÎÃÎ ÏÎÐßÄÊÓ / Þ.Â. Æåðíîâèé,
Ê.Þ. Æåðíîâèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 109–115.

²ë.: 0. Òàáë. 3. Á³áë³îãð.: 13 íàçâ.

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

M E n/ / /2 � , ó òîìó ÷èñë³ ñèñòåì ³ç çàñòîñóâàííÿì âèïàäêîâîãî â³äêèäàííÿ çàìîâëåíü. Îòðèìàíî ðå-
êóðåíòí³ ñï³ââ³äíîøåííÿ äëÿ îá÷èñëåííÿ ñòàö³îíàðíîãî ðîçïîä³ëó ê³ëüêîñò³ çàìîâëåíü ó ñèñòåì³ òà
ñòàö³îíàðíèõ õàðàêòåðèñòèê. Ïîáóäîâàí³ àëãîðèòìè ïåðåâ³ðåíî íà ïðèêëàäàõ ç âèêîðèñòàííÿì
³ì³òàö³éíèõ ìîäåëåé, ñòâîðåíèõ çà äîïîìîãîþ ³íñòðóìåíòàëüíèõ çàñîá³â GPSS World.

Êëþ÷îâ³ ñëîâà: áàãàòîêàíàëüíà ñèñòåìà îáñëóãîâóâàííÿ, åðëàíã³âñüêèé ÷àñ îáñëóãîâóâàííÿ, âèïàäêîâå
â³äêèäàííÿ çàìîâëåíü, ìåòîä ô³êòèâíèõ ôàç, ðåêóðåíòí³ ñï³ââ³äíîøåííÿ, ñòàö³îíàðí³ õàðàêòåðèñòèêè.
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ÐÅÊÓÐÐÅÍÒÍÛÅ ÑÎÎÒÍÎØÅÍÈß ÄËß ÌÍÎÃÎÊÀÍÀËÜÍÛÕ ÑÈÑÒÅÌ
Ñ ÝÐËÀÍÃÎÂÑÊÈÌ ÂÐÅÌÅÍÅÌ ÎÁÑËÓÆÈÂÀÍÈß ÂÒÎÐÎÃÎ ÏÎÐßÄÊÀ /
Þ.Â. Æåðíîâûé, Ê.Þ. Æåðíîâûé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2.
Ñ. 95–108. Þ.Â. Æåðíîâûé, Ê.Þ. Æåðíîâûé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54,
¹ 2. Ñ. 109–115.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä èññëåäîâàíèÿ ñèñòåì îáñëóæèâàíèÿ M E n m/ / /2 , M E n/ / /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 ïðèìåðàõ ñ èñïîëüçîâàíèåì èìèòàöèîííûõ ìîäåëåé, ñî-
çäàííûõ ñ ïîìîùüþ èíñòðóìåíòàëüíûõ ñðåäñòâ GPSS World.

Êëþ÷åâûå ñëîâà: ìíîãîêàíàëüíàÿ ñèñòåìà îáñëóæèâàíèÿ, ýðëàíãîâñêîå âðåìÿ îáñëóæèâàíèÿ, ñëó÷àé-
íîå îòáðàñûâàíèå çàÿâîê, ìåòîä ôèêòèâíûõ ôàç, ðåêóððåíòíûå ñîîòíîøåíèÿ, ñòàöèîíàðíûå
õàðàêòåðèñòèêè.
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RECURRENCE RELATIONS FOR MULTICHANNEL QUEUEING SYSTEMS WITH
SECOND-ORDER ERLANGIAN SERVICE TIMES / Yu.V. Zhernovyi, K.Yu. Zhernovyi //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 109–115.

Abstract. We propose a method to analyze queueing systems M E n m/ / /2 , M E n/ / /2 �, including

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

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

===

ÓÄÊ 517.596

ÑÒÎÕÀÑÒÈ×ÅÑÊÀß m-ÒÎ×Å×ÍÀß ÇÀÄÀ×À ÊÎØÈ ÄËß ÏÀÐÀÁÎËÈ×ÅÑÊÎÃÎ
ÓÐÀÂÍÅÍÈß Ñ ÏÎËÓÂÈÍÅÐÎÂÑÊÈÌÈ ÂÎÇÌÓÙÅÍÈßÌÈ / Ã.Ì. Ïåðóí, Â.Ê. ßñèíñêèé //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 116–122.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à î ñóùåñòâîâàíèè ñ âåðîÿòíîñòüþ åäèíèöà ôóíêöèè Ãðèíà ñòîõàñ-
òè÷åñêîé m-òî÷å÷íîé çàäà÷è Êîøè äëÿ ïàðàáîëè÷åñêîãî óðàâíåíèÿ âûñøåãî ïîðÿäêà ñ âîçìóùåíèÿìè
òèïà áåëîãî øóìà òîëüêî ñ îòðèöàòåëüíûìè çíà÷åíèÿìè. Ïîëó÷åíû îöåíêè â ïðîñòðàíñòâàõ ôóíêöèé,
íîðìà êîòîðûõ ñîäåðæèò ìàòåìàòè÷åñêîå îæèäàíèå.

Êëþ÷åâûå ñëîâà: m-òî÷å÷íàÿ çàäà÷à Êîøè, ñóùåñòâîâàíèå ñ âåðîÿòíîñòüþ åäèíèöà, ôîðìóëà Èòî,
ôóíêöèÿ Ãðèíà, óñëîâèå ïàðàáîëè÷íîñòè, ìàòåìàòè÷åñêîå îæèäàíèå.

-----

ÑÒÎÕÀÑÒÈ×ÍÀ m-ÒÎ×ÊÎÂÀ ÇÀÄÀ×À ÊÎØ² ÄËß ÏÀÐÀÁÎË²×ÍÎÃÎ Ð²ÂÍßÍÍß
Ç ÍÀÏ²ÂÂ²ÍÅÐÎÂÈÌÈ ÇÁÓÐÅÍÍßÌÈ / Ã.Ì. Ïåðóí, Â.Ê. ßñèíñüêèé // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 116–122.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ïðî ³ñíóâàííÿ ç ³ìîâ³ðí³ñòþ îäèíèöÿ ôóíêö³¿ Ãð³íà ñòîõàñòè÷íî¿ m-òî÷êî-
âî¿ çàäà÷³ Êîø³ äëÿ ïàðàáîë³÷íîãî ð³âíÿííÿ âèùîãî ïîðÿäêó ç³ çáóðåííÿìè òèïó á³ëîãî øóìó ò³ëüêè ç
â³ä’ºìíèìè çíà÷åííÿìè. Îòðèìàíî îö³íêè â ïðîñòîðàõ ôóíêö³é, íîðìà ÿêèõ ì³ñòèòü ìàòåìàòè÷íå ñïîä³âàííÿ.

Êëþ÷îâ³ ñëîâà: m-òî÷êîâà çàäà÷à Êîø³, ³ñíóâàííÿ ç ³ìîâ³ðí³ñòþ îäèíèöÿ, ôîðìóëà ²òî, ôóíêö³ÿ Ãð³íà,
óìîâà ïàðàáîë³÷íîñò³, ìàòåìàòè÷íå ñïîä³âàííÿ.
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STOCHASTIC m-POINT CAUCHY PROBLEM OF PARABOLIC TYPE WITH SEMIDIFFUSION
PERTURBATIONS / G.M. Perun, V.K. Yasinsky // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2.
P. 116–122.

Abstract. The problem of the existence, with probability 1, of Green’s function of a stochastic m-point
Cauchy problem for a higher-order parabolic equation with white noise perturbations taken only with negative
values is considered. Estimates are obtained in spaces of functions whose norm contains the mathematical
expectation.

Keywords: m-point Cauchy problem, existence with probability 1, Ito’s formula, Green’s function, parabolicity
condition, mathematical expectation.
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ÓÄÊ 517.9:519.6

ÑÈÑÒÅÌÍÛÉ ÏÎÄÕÎÄ Ê ÌÀÒÅÌÀÒÈ×ÅÑÊÎÌÓ È ÊÎÌÏÜÞÒÅÐÍÎÌÓ
ÌÎÄÅËÈÐÎÂÀÍÈÞ ÃÅÎÌÈÃÐÀÖÈÎÍÍÛÕ ÏÐÎÖÅÑÑÎÂ Ñ ÈÑÏÎËÜÇÎÂÀÍÈÅÌ ÏÀÊÅÒÀ
FreeFem++ È ÐÀÑÏÀÐÀËËÅËÈÂÀÍÈß ÂÛ×ÈÑËÅÍÈÉ / Â.À. Ãåðóñ, Í.Â. Èâàí÷óê,
Ï.Í. Ìàðòûíþê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 123–133.

²ë.: 2. Òàáë. 1. Á³áë³îãð.: 25 íàçâ.

Àííîòàöèÿ. Îïèñàí ñïîñîá ïîñòðîåíèÿ ìàòåìàòè÷åñêèõ ìîäåëåé âçàèìîñâÿçàííûõ ïðîöåññîâ â
ïîðèñòûõ ñðåäàõ, èñõîäÿ èç ñëîæíîé ìíîãîêîìïîíåíòíîé ñèñòåìû. Ïîêàçàíû âîçìîæíîñòè ïàêåòà
FreeFem++ ïðè ðåøåíèè ñîîòâåòñòâóþùèõ êðàåâûõ çàäà÷ äëÿ ñèñòåì êâàçèëèíåéíûõ ïàðàáîëè÷åñêèõ
óðàâíåíèé â îáëàñòÿõ ñ ïîäâèæíûìè ãðàíèöàìè ìåòîäîì êîíå÷íûõ ýëåìåíòîâ ñ èñïîëüçîâàíèåì ðàñïà-
ðàëëåëèâàíèÿ âû÷èñëåíèé.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå è êîìïüþòåðíîå ìîäåëèðîâàíèå, ìíîãîêîìïîíåíòíûå ïîðèñòûå
ñðåäû, õèìè÷åñêàÿ è ìåõàíè÷åñêàÿ ñóôôîçèè, ôèëüòðàöèîííàÿ êîíñîëèäàöèÿ, òåïëîìàññîïåðåíîñ,
ñâîáîäíàÿ ïîäâèæíàÿ ãðàíèöà, ñèñòåìû êâàçèëèíåéíûõ ïàðàáîëè÷åñêèõ óðàâíåíèé, ìåòîä êîíå÷íûõ
ýëåìåíòîâ, FreeFem++, ïàðàëëåëüíûå âû÷èñëåíèÿ.

----

ÑÈÑÒÅÌÍÈÉ Ï²ÄÕ²Ä ÄÎ ÌÀÒÅÌÀÒÈ×ÍÎÃÎ ² ÊÎÌÏ’ÞÒÅÐÍÎÃÎ ÌÎÄÅËÞÂÀÍÍß
ÃÅÎÌ²ÃÐÀÖ²ÉÍÈÕ ÏÐÎÖÅÑ²Â Ç ÂÈÊÎÐÈÑÒÀÍÍßÌ ÏÀÊÅÒÓ FreeFem++ ÒÀ
ÐÎÇÏÀÐÀËÅËÞÂÀÍÍß ÎÁ×ÈÑËÅÍÜ / Â.À. Ãåðóñ, Í.Â. ²âàí÷óê, Ï.Ì. Ìàðòèíþê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 123–133.

Àíîòàö³ÿ. Îïèñàíî ñïîñ³á ïîáóäîâè ìàòåìàòè÷íèõ ìîäåëåé âçàºìîçâ’ÿçàíèõ ïðîöåñ³â ó ïîðèñòèõ ñåðå-
äîâèùàõ ç òî÷êè çîðó òåîð³¿ ñêëàäíèõ áàãàòîêîìïîíåíòíèõ ñèñòåì. Ïîêàçàíî ìîæëèâîñò³ ïàêåòó FreeFem++ ç
ðîçâ’ÿçóâàííÿ â³äïîâ³äíèõ êðàéîâèõ çàäà÷ äëÿ ñèñòåì êâàç³ë³í³éíèõ ïàðàáîë³÷íèõ ð³âíÿíü â îáëàñòÿõ ç ðóõî-
ìèìè ìåæàìè ìåòîäîì ñê³í÷åííèõ åëåìåíò³â ç âèêîðèñòàííÿì ðîçïàðàëåëþâàííÿ îá÷èñëåíü.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå òà êîìï’þòåðíå ìîäåëþâàííÿ, áàãàòîêîìïîíåíòí³ ïîðèñò³ ñåðåäîâèùà,
õ³ì³÷íà òà ìåõàí³÷íà ñóôîç³¿, ô³ëüòðàö³éíà êîíñîë³äàö³ÿ, òåïëîìàñîïåðåíåñåííÿ, â³ëüíà ðóõîìà ìåæà, ñèñòå-
ìè êâàç³ë³í³éíèõ ïàðàáîë³÷íèõ ð³âíÿíü, ìåòîä ñê³í÷åííèõ åëåìåíò³â, FreeFem++, ïàðàëåëüí³ îá÷èñëåííÿ.

---

A SYSTEM APPROACH TO MATHEMATICAL AND COMPUTER MODELING OF GEOMIGRATION
PROCESSES BY USING FreeFem++ AND PARALLELIZATION OF CALCULATIONS / V.A. Herus,
N.V. Ivanchuk, P.M. Martyniuk // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 123–133.

Abstract. A porous media is a complex multicomponent system. The method of constructing the
mathematical models of interrelated processes in such systems is described. The capabilities of FreeFem++
package in solving the corresponding free boundary-value problems for systems of quasilinear parabolic
equations using the finite-element method and parallel computing are shown.

Keywords: mathematical and computer modeling, multicomponent porous media, chemical and mechanical
suffusion, filtration consolidation, heat and mass transfer, free moveable boundary, system of quasilinear
parabolic equations, finite element method, FreeFem++, parallel computations.

====

ÓÄÊ 519.17

Î ( , )a d -ÄÈÑÒÀÍÖÈÎÍÍÎÉ ÀÍÒÈÌÀÃÈ×ÅÑÊÎÉ È 1-ÂÅÐØÈÍÍÎÉ ÁÈÌÀÃÈ×ÅÑÊÎÉ

ÂÅÐØÈÍÍÎÉ ÐÀÇÌÅÒÊÀÕ ÎÏÐÅÄÅËÅÍÍÛÕ ÒÈÏÎÂ ÃÐÀÔÎÂ / Ì.Ô. Ñåìåíþòà //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 134–141.

²ë.: 2. Òàáë. 0. Á³áë³îãð.: 13 íàçâ.

Àííîòàöèÿ. Îáîáùåíû ðåçóëüòàòû äëÿ êîðîíû P Pn � 1, êîòîðûå äàþò âîçìîæíîñòü óòâåðæäàòü, ÷òî

P Pn � 1 íå ÿâëÿåòñÿ ( , )a d -äèñòàíöèîííûì àíòèìàãè÷åñêèì ãðàôîì äëÿ ëþáûõ çíà÷åíèé a è d. Ïîëó÷åíî óñëî-

âèå ñóùåñòâîâàíèÿ ( , )a d -äèñòàíöèîííîé àíòèìàãè÷åñêîé ðàçìåòêè ãèïåðêóáà Qn. Íàéäåíû ôóíêöèîíàëüíûå
çàâèñèìîñòè, ïîðîæäàþùèå ýòîò òèï ðàçìåòêè äëÿ Qn. Ìåòîäîì ìàòåìàòè÷åñêîé èíäóêöèè äîêàçàíî, ÷òî Qn

ÿâëÿåòñÿ ( , )2 1 2n n n� � � -äèñòàíöèîííûì àíòèìàãè÷åñêèì ãðàôîì. Îïðåäåëåíû òðè òèïà ãðàôîâ, íå äî-

ïóñêàþùèõ 1-âåðøèííîé áèìàãè÷åñêîé âåðøèííîé ðàçìåòêè. Óñòàíîâëåíà ñâÿçü äèñòàíöèîííîé ìàãè÷åñ-
êîé ðàçìåòêè ðåãóëÿðíîãî ãðàôà G ñ 1-âåðøèííîé áèìàãè÷åñêîé âåðøèííîé ðàçìåòêîé G G� .
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Êëþ÷åâûå ñëîâà: äèñòàíöèîííàÿ ìàãè÷åñêàÿ ðàçìåòêà, ( , )a d -äèñòàíöèîííàÿ àíòèìàãè÷åñêàÿ ðàçìåòêà,

1-âåðøèííàÿ áèìàãè÷åñêàÿ âåðøèííàÿ ðàçìåòêà, n-ìåðíûé êóá, êîðîíà.
-----

ÏÐÎ ( , )a d -ÄÈÑÒÀÍÖ²ÉÍÓ ÀÍÒÈÌÀÃ²×ÍÓ ÒÀ 1-ÂÅÐØÈÍÍÓ Á²ÌÀÃ²×ÍÓ ÂÅÐØÈÍÍÓ
ÐÎÇÌ²ÒÊÈ ÎÊÐÅÌÈÕ ÒÈÏ²Â ÃÐÀÔ²Â / Ì.Ô. Ñåìåíþòà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018.
Òîì 54, ¹ 2. Ñ. 134–141.

Àíîòàö³ÿ. Óçàãàëüíåíî ðåçóëüòàòè äëÿ êîðîíè P Pn � 1, ÿê³ äàþòü çìîãó ñòâåðäæóâàòè, ùî P Pn � 1

íå º ( , )a d -äèñòàíö³éíèì àíòèìàã³÷íèì ãðàôîì äëÿ äîâ³ëüíèõ çíà÷åíü a ³ d . Îäåðæàíî óìîâó ³ñíóâàííÿ
( , )a d -äèñòàíö³éíî¿ àíòèìàã³÷íî¿ ðîçì³òêè ã³ïåðêóáà Qn. Çíàéäåíî ôóíêö³îíàëüí³ çàëåæíîñò³, ùî ïîðîä-
æóþòü öåé òèï ðîçì³òêè äëÿ Qn. Ìåòîäîì ìàòåìàòè÷íî¿ ³íäóêö³¿ äîâåäåíî, ùî Qn º

( – , )2 1 2n n n� � -äèñòàíö³éíèì àíòèìàã³÷íèì ãðàôîì. Âèçíà÷åíî òðè òèïè ãðàô³â, ÿê³ íå äîïóñêàþòü

1-âåðøèííî¿ á³ìàã³÷íî¿ âåðøèííî¿ ðîçì³òêè. Âñòàíîâëåíî çâ’ÿçîê äèñòàíö³éíî¿ ìàã³÷íî¿ ðîçì³òêè ðåãó-
ëÿðíîãî ãðàôà G ç 1-âåðøèííîþ á³ìàã³÷íîþ âåðøèííîþ ðîçì³òêîþ G G� .

Êëþ÷îâ³ ñëîâà: äèñòàíö³éíà ìàã³÷íà ðîçì³òêà, ( , )a d -äèñòàíö³éíà àíòèìàã³÷íà ðîçì³òêà, 1-âåðøèííà

á³ìàã³÷íà âåðøèííà ðîçì³òêà, n-âèì³ðíèé êóá, êîðîíà.
----

ON ( , )a d -DISTANCE ANTIMAGIC AND 1-VERTEX BIMAGIC VERTEX LABELINGS

OF CERTAIN TYPES OF GRAPHS / Ì.F. Semeniuta // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2.
P. 134–141.

Abstract. We have generalized the results for corona P Pn � 1, which make it possible to state that P Pn � 1

is not an ( , )a d -distance antimagic graph for all a and d. We have obtained the condition for the existence of an
( , )a d -distance antimagic labeling of a hypercube Qn. We found functional relationships that generate this type
of labeling for Qn and used the method of mathematical induction to prove that Qn is a

( , )2 1 2n n n� � � -distance antimagic graph. We have defined two types of graphs that do not allow 1-vertex

bimagic vertex labeling. We also established a relation between the distance magic labeling of a regular graph G
with 1-vertex bimagic vertex labeling G G� .

Keywords: distance magic labeling, ( , )a d -distance antimagic labeling, 1-vertex bimagic vertex labeling,

n-dimensional cube, crown.
===

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 004.93

ÏÎÄÕÎÄ Ê ÊËÀÑÑÈÔÈÊÀÖÈÈ ÑÎÑÒÎßÍÈß ÑÅÒÈ ÍÀ ÎÑÍÎÂÅ ÑÒÀÒÈÑÒÈ×ÅÑÊÈÕ
ÏÀÐÀÌÅÒÐÎÂ ÄËß ÎÁÍÀÐÓÆÅÍÈß ÀÍÎÌÀËÈÉ Â ÈÍÔÎÐÌÀÖÈÎÍÍÎÉ ÑÒÐÓÊÒÓÐÅ
ÂÛ×ÈÑËÈÒÅËÜÍÎÉ ÑÈÑÒÅÌÛ / È.Â. Ðóáàí, Â.À. Ìàðòîâèöêèé, Í.Â. Ëóêîâà-×óéêî //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 142–150.

²ë.: 2. Òàáë. 6. Á³áë³îãð.: 13 íàçâè.

Àííîòàöèÿ. Èññëåäîâàí ïîäõîä ê êëàññèôèêàöèè ñîñòîÿíèÿ ñåòè íà îñíîâå ñòàòèñòè÷åñêèõ ïàðà-
ìåòðîâ. Óñòàíîâëåíû íåäîñòàòêè ìåòîäîâ êëàññèôèêàöèè ñîñòîÿíèÿ ñåòè, ðàññìîòðåíà áàçîâàÿ ðåàëèçà-
öèÿ êîìèòåòà êëàññèôèêàòîðîâ. Ïðåäëîæåíà ìîäèôèêàöèÿ êîìèòåòà êëàññèôèêàòîðîâ ñ èñïîëüçîâàíèåì
íåéðîííîé ñåòè â êà÷åñòâå ìåòàêëàññèôèêàòîðà. Ïðîâåäåíû ýêñïåðèìåíòû äëÿ êëàññèôèêàöèè ñîñòîÿ-
íèÿ ñåòè.

Êëþ÷åâûå ñëîâà: ñòåêèíã, êëàññèôèêàöèÿ, ìàøèííîå îáó÷åíèå, âû÷èñëèòåëüíûå ñèñòåìû, ìåòàîáó÷åíèå.
---

Ï²ÄÕ²Ä ÄÎ ÊËÀÑÈÔ²ÊÀÖ²¯ ÑÒÀÍÓ ÌÅÐÅÆ² ÍÀ ÎÑÍÎÂ² ÑÒÀÒÈÑÒÈ×ÍÈÕ ÏÀÐÀÌÅÒÐ²Â
ÄËß ÂÈßÂËÅÍÍß ÀÍÎÌÀË²É Â ²ÍÔÎÐÌÀÖ²ÉÍ²É ÑÒÐÓÊÒÓÐ² ÎÁ×ÈÑËÞÂÀËÜÍÎ¯
ÑÈÑÒÅÌÈ / ².Â. Ðóáàí, Â.Î. Ìàðòîâèöüêèé, Í.Â. Ëóêîâà-×óéêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2018. Òîì 54, ¹ 2. Ñ. 142–150.

Àíîòàö³ÿ. Äîñë³äæåíî ï³äõ³ä äî êëàñèô³êàö³¿ ñòàíó ìåðåæ³ íà îñíîâ³ ñòàòèñòè÷íèõ ïàðàìåòð³â.
Âñòàíîâëåíî íåäîë³êè ìåòîä³â êëàñèô³êàö³¿ ñòàíó ìåðåæ³, ðîçãëÿíóòî áàçîâó ðåàë³çàö³þ êîì³òåòó êëà-
ñèô³êàòîð³â. Çàïðîïîíîâàíî ìîäèô³êàö³þ êîì³òåòó êëàñèô³êàòîð³â ç âèêîðèñòàííÿì íåéðîííî¿ ìåðåæ³
ÿê ìåòàêëàñèô³êàòîðà. Íàâåäåíî åêñïåðèìåíòè äëÿ êëàñèô³êàö³¿ ñòàíó ìåðåæ³.

Êëþ÷îâ³ ñëîâà: ñòåê³íã, êëàñèô³êàö³ÿ, ìàøèííå íàâ÷àííÿ, îá÷èñëþâàëüí³ ñèñòåìè, ìåòàíàâ÷àííÿ.
----

APPROACH TO CLASSIFICATION OF NETWORK CONDITION ON THE BASIS OF
STATISTICAL PARAMETERS FOR DETECTION OF ANOMALIES IN THE INFORMATION
STRUCTURE OF THE COMPUTING SYSTEM / I. Ruban, V. Martovytskyi, N. Lukova-Chuiko //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 142–150.

Abstract. The authors investigate the approach to classification of network condition on the basis of
statistical parameters. The shortcomings of the methods of classification of network condition are revealed and
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basic implementation of the committee of qualifiers is considered. A modification of the committee of qualifiers
with use of a neural network as the meta qualifier is proposed. Experiments are carried out for classification of
network condition.

Keywords: stacking, classification, machine learning, computing systems, meta-learning.

===

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

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 51.681.3

ÐÀÇÁÈÅÍÈÅ ÌÍÎÆÅÑÒÂÀ ÂÅÊÒÎÐÎÂ Ñ ÖÅËÛÌÈ ÍÅÎÒÐÈÖÀÒÅËÜÍÛÌÈ
ÊÎÎÐÄÈÍÀÒÀÌÈ Ñ ÈÑÏÎËÜÇÎÂÀÍÈÅÌ ËÎÃÈ×ÅÑÊÈÕ ÀÏÏÀÐÀÒÍÛÕ ÑÐÅÄÑÒÂ /
Ñ.Ë. Êðûâûé, Â.Í. Îïàíàñåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 151–161.

²ë.: 2. Òàáë. 0. Á³áë³îãð.: 13 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû çàäà÷è ðàçáèåíèÿ ìíîæåñòâà âåêòîðîâ ñ öåëûìè íåîòðèöàòåëüíûìè êî-
îðäèíàòàìè îòíîñèòåëüíî ïîðîãîâîãî çíà÷åíèÿ è ïîðîãîâîãî îòíîøåíèÿ íà äâà êëàññà ñðåäñòâàìè àäàï-
òèðóåìûõ ëîãè÷åñêèõ ñåòåé. Îáîñíîâàíà êîððåêòíîñòü àëãîðèòìîâ ðåàëèçàöèè òàêîãî ðàçáèåíèÿ äëÿ
ïðîèçâîëüíîãî ïîðîãîâîãî çíà÷åíèÿ è ðàçìåðíîñòè âåêòîðîâ.

Êëþ÷åâûå ñëîâà: áóëåâà ôóíêöèÿ, êëàññèôèêàöèÿ, öåëî÷èñëåííûå âåêòîðû, ïîðîãîâûå îòíîøåíèÿ.

----

ÐÎÇÁÈÒÒß ÌÍÎÆÈÍÈ ÂÅÊÒÎÐ²Â Ç Ö²ËÈÌÈ ÍÅÂ²Ä’ªÌÍÈÌÈ ÊÎÎÐÄÈÍÀÒÀÌÈ
Ç ÂÈÊÎÐÈÑÒÀÍÍßÌ ËÎÃ²ÊÎÂÈÕ ÀÏÀÐÀÒÍÈÕ ÇÀÑÎÁ²Â / Ñ.Ë. Êðèâèé, Â.Ì. Îïàíàñåíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 151–161.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷³ ðîçáèòòÿ ìíîæèíè âåêòîð³â ç ö³ëèìè íåâ³ä’ºìíèìè êîîðäèíàòàìè
â³äíîñíî ïîðîãîâîãî çíà÷åííÿ ³ ïîðîãîâîãî â³äíîøåííÿ íà äâà êëàñè çàñîáàìè ëîã³êîâèõ ìåðåæ ç³
çäàòí³ñòþ àäàïòàö³¿. Îá´ðóíòîâàíî êîðåêòí³ñòü àëãîðèòì³â ðåàë³çàö³¿ òàêîãî ðîçáèòòÿ äëÿ äîâ³ëüíîãî ïî-
ðîãîâîãî çíà÷åííÿ ³ ðîçì³ðíîñò³ âåêòîð³â.

Êëþ÷îâ³ ñëîâà: áóëåâà ôóíêö³ÿ, êëàñèô³êàö³ÿ, ö³ëî÷èñëîâ³ âåêòîðè, ïîðîãîâ³ â³äíîøåííÿ.

----

PARTITIONING OF A SET OF VECTORS WITH NONNEGATIVE INTEGER COORDINATES BY
MEANS OF LOGICAL HARDWARE / S.L. Kryvyi, V.M. Opanasenko // Kibernetika i sistemnyj analiz.
2018. Vol. 54, N 2. P. 151–161.

Abstract. The problems of partition of a set of vectors with nonnegative items into two classes with
respect to threshold values by using adaptive logical systems is considered. The correctness of the
corresponding algorithms for implementation of such partition is proved for an arbitrary threshold value and
vector dimension.

Keywords: Boolean function, classification, integer vectors, threshold value.
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ÈÍÄÅÊÑÍÛÅ ÑÒÐÓÊÒÓÐÛ ÄËß ÁÛÑÒÐÎÃÎ ÏÎÈÑÊÀ ÏÎ ÑÕÎÄÑÒÂÓ ÂÅÙÅÑÒÂÅÍÍÛÕ
ÂÅÊÒÎÐÎÂ. II / Ä.À. Ðà÷êîâñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 162–181.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 118 íàçâ.

Àííîòàöèÿ. Äàí îáçîð èíäåêñíûõ ñòðóêòóð äëÿ áûñòðîãî ïîèñêà ïî ñõîäñòâó îáúåêòîâ, ïðåäñòàâ-
ëåííûõ âåùåñòâåííûìè âåêòîðàìè. Ðàññìîòðåíû ñòðóêòóðû êàê äëÿ òî÷íîãî, òàê è äëÿ áîëåå áûñòðîãî,
íî ïðèáëèæåííîãî ïîèñêà. Ïðåäñòàâëåíû ãëàâíûì îáðàçîì èíäåêñíûå ñòðóêòóðû íà îñíîâå ðàçáèåíèÿ
íà îáëàñòè (â òîì ÷èñëå èåðàðõè÷åñêèå) è ãðàôîâ ñîñåäñòâà. Îáñóæäåíî òàêæå óñêîðåíèå ïîèñêà ïî ñõî-
äñòâó ñ èñïîëüçîâàíèåì ïðåîáðàçîâàíèÿ èñõîäíûõ äàííûõ. Èçëîæåíû èäåè êîíêðåòíûõ àëãîðèòìîâ,
âêëþ÷àÿ íåäàâíî ïðåäëîæåííûå. Ïðîâåäåíî ñðàâíåíèå ïîäõîäîâ ê óñêîðåíèþ ïîèñêà ïî ñõîäñòâó â èí-
äåêñíûõ ñòðóêòóðàõ ðàññìîòðåííûõ òèïîâ, à òàêæå íà îñíîâå ñîõðàíÿþùåãî ñõîäñòâî õýøèðîâàíèÿ.

Êëþ÷åâûå ñëîâà: ïîèñê ïî ñõîäñòâó, áëèæàéøèé ñîñåä, áëèæíèé ñîñåä, èíäåêñíûå ñòðóêòóðû, ìåòîä
âåòâåé è ãðàíèö, äåðåâüÿ è ëåñà, êëàñòåðèçàöèÿ, ãðàô ñîñåäñòâà, ëîêàëüíî-÷óâñòâèòåëüíîå õýøèðîâàíèå.
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²ÍÄÅÊÑÍ² ÑÒÐÓÊÒÓÐÈ ÄËß ØÂÈÄÊÎÃÎ ÏÎØÓÊÓ ÇÀ ÑÕÎÆ²ÑÒÞ Ä²ÉÑÍÈÕ ÂÅÊÒÎÐ²Â. II
/ Ä.À. Ðà÷êîâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018. Òîì 54, ¹ 2. Ñ. 162–181.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä ³íäåêñíèõ ñòðóêòóð äëÿ øâèäêîãî ïîøóêó çà ñõîæ³ñòþ îá’ºêò³â, ùî
ïðåäñòàâëåí³ ä³éñíèìè âåêòîðàìè. Ðîçãëÿíóòî ñòðóêòóðè ÿê äëÿ òî÷íîãî, òàê ³ äëÿ íàáëèæåíîãî ïîøóêó.
Ïðîàíàë³çîâàíî ãîëîâíèì ÷èíîì ³íäåêñí³ ñòðóêòóðè íà îñíîâ³ ðîçáèòòÿ íà îáëàñò³ (ó òîìó ÷èñë³
³ºðàðõ³÷í³) òà ãðàô³â ñóñ³äñòâà. Îáãîâîðåíî òàêîæ ïðèñêîðåííÿ ïîøóêó çà ñõîæ³ñòþ ç âèêîðèñòàííÿì ïå-
ðåòâîðåííÿ âõ³äíèõ äàíèõ. Âèêëàäåíî ³äå¿ êîíêðåòíèõ àëãîðèòì³â (â³äîìèõ òà íåùîäàâíî çàïðîïîíîâà-
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íèõ). Íàâåäåíî ïîð³âíÿííÿ ï³äõîä³â äî ïðèñêîðåííÿ ïîøóêó çà ñõîæ³ñòþ â ³íäåêñíèõ ñòðóêòóðàõ ðîçãëÿ-
íóòèõ òèï³â, à òàêîæ íà îñíîâ³ õåøóâàííÿ, ùî çáåð³ãàº ñõîæ³ñòü.

Êëþ÷îâ³ ñëîâà: ïîøóê çà ñõîæ³ñòþ, íàéáëèæ÷èé ñóñ³ä, áëèæí³é ñóñ³ä, ³íäåêñí³ ñòðóêòóðè, ìåòîä ã³ëîê ³
ìåæ, äåðåâà ³ ë³ñè, êëàñòåðèçàö³ÿ, ãðàô ñóñ³äñòâà, ëîêàëüíî-÷óòëèâå õåøóâàííÿ.
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INDEX STRUCTURES FOR FAST SIMILARITY SEARCH OF REAL-VALUED VECTORS. II /
Rachkovskij D.A. // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 2. P. 162–181.

Abstract. In this survey paper, we consider index structures for fast similarity search of objects represented
by real-valued vectors. Structures for both exact and faster, but approximate, similarity search are considered. We
present index structures mainly on the basis of partitioning into regions (including hierarchical ones) and
neighborhood graphs. The acceleration of the similarity search using the transformation of the original data is also
discussed. The ideas of specific algorithms, including the recently proposed ones, are outlined. The approaches to
the speed-up of similarity search in the index structures of the considered types and those based on
similarity-preserving hashing are discussed and compared.

Keywords: similarity search, nearest neighbor, near neighbor, index structures, branch and bound, trees and
forests, clustering, proximity graph, locality-sensitive hashing.

====

ÓÄÊ 681.04

ÌÅÒÎÄ ÎÏÅÐÀÒÈÂÍÎÃÎ ÄÈÀÃÍÎÑÒÈÐÎÂÀÍÈß ÄÀÍÍÛÕ, ÏÐÅÄÑÒÀÂËÅÍÍÛÕ
Â ÑÈÑÒÅÌÅ ÎÑÒÀÒÎ×ÍÛÕ ÊËÀÑÑÎÂ / Â.À. Êðàñíîáàåâ, Ñ.À. Êîøìàí // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2018. Òîì 54, ¹ 2. Ñ. 182–192.

²ë.: 0. Òàáë. 6. Á³áë³îãð.: 10 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû äâà ìåòîäà äèàãíîñòèðîâàíèÿ äàííûõ, êîòîðûå ïðåäñòàâëåíû â ñèñòåìå
îñòàòî÷íûõ êëàññîâ (ÑÎÊ). Ïîêàçàíî, ÷òî îñíîâíûì íåäîñòàòêîì ýòèõ ìåòîäîâ, ÿâëÿåòñÿ çíà÷èòåëüíîå
âðåìÿ äèàãíîñòèðîâàíèÿ äàííûõ â ÑÎÊ. Ïðåäëîæåííûé ìåòîä ïîçâîëÿåò óìåíüøèòü âðåìÿ äèàãíîñòè-
ðîâàíèÿ îøèáîê äàííûõ, ïðåäñòàâëåííûõ â ÑÎÊ, ÷òî ïîâûøàåò åãî îïåðàòèâíîñòü. Èñïîëüçîâàíèå ìå-
òîäà îïåðàòèâíîãî äèàãíîñòèðîâàíÿ äàííûõ ïîâûøàåò îáùóþ ýôôåêòèâíîñòü, ÷òî óêàçûâàåò íà öåëåñî-
îáðàçíîñòü åãî ïðèìåíåíèÿ â âû÷èñëèòåëüíûõ ñèñòåìàõ íåïîçèöèîííûõ êîäîâûõ ñòðóêòóð â ÑÎÊ.
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ÇÀËÈØÊÎÂÈÕ ÊËÀÑ²Â / Â.À. Êðàñíîáàºâ, Ñ.Î. Êîøìàí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2018.
Òîì 54, ¹ 2. Ñ. 182–192.

Àíîòàö³ÿ. Ðîçãëÿíóòî äâà ìåòîäè ä³àãíîñòóâàííÿ äàíèõ, ÿê³ ïðåäñòàâëåí³ ó ñèñòåì³ çàëèøêîâèõ
êëàñ³â (ÑÇÊ). Ïîêàçàíî, ùî îñíîâíèì íåäîë³êîì äàíèõ ìåòîä³â, º çíà÷íèé ÷àñ ä³àãíîñòóâàííÿ äàíèõ ó
ÑÇÊ. Çàïðîïîíîâàíèé ìåòîä äîçâîëÿº çìåíøèòè ÷àñ ä³àãíîñòèêè ïîìèëîê äàíèõ, ïðåäñòàâëåíèõ ó ÑÇÊ,
ùî ï³äâèùóº éîãî îïåðàòèâí³ñòü. Âèêîðèñòàííÿ ìåòîäó îïåðàòèâíîãî ä³àãíîñòóâàííÿ äàíèõ çá³ëüøóº çà-
ãàëüíó åôåêòèâí³ñòü, ùî äîâîäèòü äîö³ëüí³ñòü éîãî çàñòîñóâàííÿ â îá÷èñëþâàëüíèõ ñèñòåìàõ íåïî-
çèö³éíèõ êîäîâèõ ñòðóêòóð ó ÑÇÊ.
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THE METHOD OF OPERATIONAL DATA DIAGNOSING REPRESENTED IN THE RESIDUE
NUMBER SYSTEM / V.A. Krasnobayev, S.A. Koshman // Kibernetika i sistemnyj analiz. 2018. Vol. 54,
N 2. P. 182–192.

Abstract. Two main methods for data diagnosis, which are presented in the residue number system
(RNS) are considered in the paper. It is shown that the main problem of these methods is the considerable time
of data diagnosis in RNS. The proposed method makes it possible to reduce the errors diagnosis time for the
data presented in the RNS, which increases the efficiency of the diagnosis. The use of the proposed method of
operational data diagnosis increases the overall effectiveness and expediency of its application in computer
systems of non-position code structures in RNS.

Keywords: residue number system, data control, speed of data diagnostics, position-independent code
structure, alternative aggregate of the number.
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