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ÓÄÊ 519.686.2

Àíàëèç ñòðóêòóðû àòðèáóòíûõ òðàíçèöèîííûõ ñèñòåì áåç ñêðûòûõ ïåðåõîäîâ / Â.Â. Ñêîáåëåâ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 3–15.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 11 íàçâ.

Ïðîâåäåí òåîðåòèêî-ìíîæåñòâåííûé àíàëèç ñòðóêòóðû àòðèáóòíûõ òðàíçèöèîííûõ ñèñòåì áåç
ñêðûòûõ ïåðåõîäîâ. Ïðåäëîæåíû ÷àñòè÷íûå îïåðàöèè êîìïîçèöèè èñòîðèé è òðàññ. Ïîêàçàíà âîçìîæ-
íîñòü èõ ïðèìåíåíèÿ äëÿ ðàñïàðàëëåëèâàíèÿ ïîñòðîåíèÿ ïîêðûòèé ìíîæåñòâ èñòîðèé è òðàññ. Îïðåäå-
ëåíû îòíîøåíèÿ ýêâèâàëåíòíîñòè íà ìíîæåñòâå ñîñòîÿíèé. Â òåðìèíàõ ñèñòåì ñ âûäåëåííûìè íà÷àëü-
íûìè è ôèíàëüíûìè ñîñòîÿíèÿìè, à òàêæå ñèñòåì ñ âûäåëåííûìè íà÷àëüíûìè ñîñòîÿíèÿìè è ìíîæåñ-
òâàìè ôèíàëüíûõ ïðåäåëüíûõ ìíîæåñòâ ñîñòîÿíèé îïðåäåëåíû êëàññû áåçîïàñíûõ è êîððåêòíûõ
ñèñòåì. Ïîñòðîåíà àëãåáðà òàêèõ ñèñòåì.

Êëþ÷åâûå ñëîâà: àòðèáóòíûå òðàíçèöèîííûå ñèñòåìû áåç ñêðûòûõ ïåðåõîäîâ è èõ êîìïîçèöèè, áåçî-
ïàñíîñòü è êîððåêòíîñòü, ñòðóêòóðà ìíîæåñòâ ñîñòîÿíèé, èñòîðèé è òðàññ.

Àíàë³ç ñòðóêòóðè àòðèáóòíèõ òðàíçèö³éíèõ ñèñòåì áåç ïðèõîâàíèõ ïåðåõîä³â / Â.Â. Ñêîáåëºâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 2. Ñ. 3–15.

Ïðîâåäåíî òåîðåòèêî-ìíîæèííèé àíàë³ç ñòðóêòóðè àòðèáóòíèõ òðàíçèö³éíèõ ñèñòåì áåç ïðèõîâà-
íèõ ïåðåõîä³â. Çàïðîïîíîâàíî ÷àñòêîâ³ îïåðàö³¿ êîìïîçèö³¿ ³ñòîð³é ³ òðàñ. Ïîêàçàíî ìîæëèâ³ñòü ¿õíüîãî
çàñòîñóâàííÿ äëÿ ðîçïàðàëåëþâàííÿ ïîáóäîâè ïîêðèòò³â ìíîæèí ³ñòîð³é òà òðàñ. Âèçíà÷åíî â³äíîøåííÿ
åêâ³âàëåíòíîñò³ íà ìíîæèí³ ñòàí³â. Ó òåðì³íàõ ñèñòåì ³ç çàäàíèìè ïî÷àòêîâèìè ³ ô³íàëüíèìè ñòàíàìè,
à òàêîæ ñèñòåì ç çàäàíèìè ïî÷àòêîâèìè ñòàíàìè ³ ìíîæèíàìè ô³íàëüíèõ ãðàíè÷íèõ ìíîæèí ñòàí³â âèç-
íà÷åíî êëàñè áåçïå÷íèõ ³ êîðåêòíèõ ñèñòåì. Ïîáóäîâàíî àëãåáðó òàêèõ ñèñòåì.

Êëþ÷îâ³ ñëîâà: àòðèáóòí³ òðàíçèö³éí³ ñèñòåìè áåç ïðèõîâàíèõ ïåðåõîä³â òà ¿õí³ êîìïîçèö³¿, áåçïåêà òà
êîðåêòí³ñòü, ñòðóêòóðà ìíîæèí ñòàí³â, ³ñòîð³é òà òðàc.

Analysis of the structure of attributed transition systems without hidden transitions / V.V. Skobelev //
Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 3–15.

The paper carries out set-theoretic analysis of the structure of attributed transition systems without hidden
transitions. Partial operations of composition of histories and traces are proposed. It is shown that they can be
used to parallelize the design of coverings of sets of histories and traces. Equivalence relations on the set of
states are extracted. In terms of systems with distinguished initial and final states, as well as systems with
distinguished initial states and sets of final limit sets of states, classes of safe and correct systems are defined.
The algebra of such systems is proposed.

Keywords: attributed transition systems without hidden transitions and their compositions, safeness and
correctness, the structure of sets of states, histories and traces.
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ÓÄÊ 519.21

Äèíàìè÷åñêîå ñëèÿíèå ãëîáàëüíîé è ëîêàëüíîé ìîäåëåé äëÿ óñòîé÷èâîãî ïëàíèðîâàíèÿ
çåìëåïîëüçîâàíèÿ ñ ó÷åòîì ãëîáàëüíûõ ïðîåêöèé GLOBIOM è ëîêàëüíûõ òåõíèêî-ýêîíîìè÷åñêèõ
è ðåñóðñíûõ îãðàíè÷åíèé / Åðìîëüåâà Ò.Þ., Þ.Ì. Åðìîëüåâ, Ï. Õàâëèê, À. Ìîíüå, Ä. Ëåêëåð,
Ñ. Ôðèòö, Õ. Âàëèí, Ì. Îáåðøòàéíýð, Ñ.Â. Êèðèçþê, Å.Í. Áîðîäèíà // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 16–30.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 19 íàçâ.

Â öåëÿõ ïðîâåäåíèÿ èññëåäîâàíèé è ïîëó÷åíèÿ ïðîãíîçîâ íà òðåáóåìîì ïðîñòðàíñòâåííîì ðàçðå-
øåíèè îáúåäèíåíû äâå ìîäåëè: âû÷èñëåíèå ãëîáàëüíûõ è ðåãèîíàëüíûõ ïðîåêöèé îñóùåñòâëÿåòñÿ ñ ïî-
ìîùüþ ãëîáàëüíîé äèíàìè÷åñêîé ìîäåëè ÷àñòè÷íîãî ðàâíîâåñèÿ GLOBIOM (Global Biosphere
Management Model), à óìåíüøåíèå ðàçìåðíîñòè ïîëó÷åííûõ ðåçóëüòàòîâ äî íåîáõîäèìûõ ïðîñòðà-
íñòâåííûõ ðàçðåøåíèé ïðîâîäèòñÿ ñ ïîìîùüþ äèíàìè÷åñêîé ðåêóðñèâíîé ìîäåëè ðàçóêðóïíåíèÿ, èñ-
ïîëüçóþùåé ïðèíöèï êðîññ-ýíòðîïèè. Ïðåäëîæåííûé ïîäõîä ïîçâîëÿåò ó÷åñòü äàííûå, èìåþùèåñÿ íà
ðàçíûõ ðàçðåøåíèÿõ è èç ðàçíûõ èñòî÷íèêîâ. Â ïðàêòè÷åñêèõ èññëåäîâàíèÿõ, ïðîâåäåííûõ â Êèòàå è
Óêðàèíå, ïðåäëîæåííûé ïîäõîä ïîçâîëèë ïîëó÷èòü ëîêàëüíûå ïðîãíîçû ðàçâèòèÿ è èçìåíåíèÿ çåìëå-
ïîëüçîâàíèÿ, ñîîòâåòñòâóþùèå ðåàëüíûì òåíäåíöèÿì è îæèäàíèÿì. Ðàçóêðóïíåííûå äàííûå è ïðîåê-
öèè èñïîëüçîâàëèñü â íàöèîíàëüíûõ ìîäåëÿõ ïëàíèðîâàíèÿ óñòîé÷èâîãî çåìëåïîëüçîâàíèÿ è ñåëüñêî-
õîçÿéñòâåííîãî ðàçâèòèÿ.

Êëþ÷åâûå ñëîâà: ãëîáàëüíàÿ ìîäåëü ïëàíèðîâàíèÿ çåìëåïîëüçîâàíèÿ, ìîäåëü ðîáàñòíîãî ðàçóêðóïíå-
íèÿ, äèíàìè÷åñêîå ñëèÿíèå ìîäåëåé, íåîïðåäåëåííîñòè, ëîêàëüíûå ïðîåêöèè çåìëåïîëüçîâàíèÿ.
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Äèíàì³÷íå çëèòòÿ ãëîáàëüíî¿ ³ ëîêàëüíî¿ ìîäåëåé äëÿ ñòàëîãî ïëàíóâàííÿ çåìëåêîðèñòóâàííÿ ç
óðàõóâàííÿì ãëîáàëüíèõ ïðîåêö³é GLOBIOM ³ ëîêàëüíèõ òåõí³êî-åêîíîì³÷íèõ ðåñóðñíèõ
îáìåæåíü / Ò.Þ. ªðìîëüºâà, Þ.Ì. ªðìîëüºâ, Ï. Õàâëèê, À. Ìîíüº, Ä. Ëåêëåð, Ñ. Ôð³òö, Õ. Âàë³í,
Ì. Îáåðøòàéíåð, Ñ.Â. Êèðèçþê, O.M. Áîðîä³íà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53,
¹ 2. Ñ. 16–30.

Ç ìåòîþ ïðîâåäåííÿ äîñë³äæåíü ³ îòðèìàííÿ ïðîãíîç³â íà íåîáõ³äí³é ïðîñòîðîâ³é îäèíèö³ çàïðî-
ïîíîâàíî îá’ºäíàòè äâ³ ìîäåë³: îá÷èñëåííÿ ãëîáàëüíèõ ³ ðåã³îíàëüíèõ ïðîåêö³é çä³éñíþþòü çà äîïîìî-
ãîþ ãëîáàëüíî¿ äèíàì³÷íî¿ ìîäåë³ ÷àñòêîâî¿ ð³âíîâàãè GLOBIOM (Global Biosphere Management Model),
à çìåíøåííÿ ðîçì³ðíîñò³ îòðèìàíèõ ðåçóëüòàò³â äî íåîáõ³äíî¿ ïðîñòîðîâî¿ îäèíèö³ îòðèìóþòü çà äîïîìî-
ãîþ äèíàì³÷íî¿ ðåêóðñèâíî¿ ìîäåë³ ðîçóêðóïíåííÿ, ùî âèêîðèñòîâóº ïðèíöèï êðîñ-åíòðîï³¿. Çàïðîïîíî-
âàíèé ï³äõ³ä äîçâîëÿº âðàõóâàòè íàÿâí³ íà ð³çíèõ ïðîñòîðîâèõ îäèíèöÿõ ³ ç ð³çíèõ äæåðåë äàí³. Ó ïðàê-
òè÷íèõ äîñë³äæåííÿõ, ïðîâåäåíèõ ó Êèòà¿ òà Óêðà¿í³, çàïðîïîíîâàíèé ï³äõ³ä äîçâîëèâ îòðèìàòè ëîêàëüí³
ïðîãíîçè ðîçâèòêó ³ çì³íè çåìëåêîðèñòóâàííÿ, ùî â³äïîâ³äàþòü ðåàëüíèì òåíäåíö³ÿì ³ î÷³êóâàííÿì. Ðî-
çóêðóïíåí³ äàí³ ³ ïðîåêö³¿ âèêîðèñòàíî â íàö³îíàëüíèõ ìîäåëÿõ ïëàíóâàííÿ ñòàëîãî çåìëåêîðèñòóâàííÿ
òà ñ³ëüñüêîãîñïîäàðñüêîãî ðîçâèòêó.

Êëþ÷îâ³ ñëîâà: ãëîáàëüíà ìîäåëü ïëàíóâàííÿ çåìëåêîðèñòóâàííÿ, ìîäåëü ðîáàñòíîãî ðîçóêðóïíåííÿ,
äèíàì³÷íå çëèòòÿ ìîäåëåé, íåâèçíà÷åíîñò³, ëîêàëüí³ ïðîåêö³¿ çåìëåêîðèñòóâàííÿ.

Dynamic linkage of global and local models for sustainable land use planning accounting for global
projections from GLOBIOM and local feasibility and resource constraints / T.Y. Ermolieva,
Y.M. Ermoliev, P. Havl�k, A. Mosnier, D. Leclere, S. Fritz, H. Valin, M. Obersteiner, S.V. Kyryzyuk,
E.N. Borodina // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 16–30.

In this paper, in order to conduct research at required spatial resolution, we propose a model fusion
involving interlinked calculations of regional projections by a global dynamic model GLOBIOM (Global
Biosphere Management Model) and a robust dynamic downscaling model, based on cross-enthropy principle,
for deriving spatially resolved projections. The proposed procedure allows incorporating data from satellite
images, statistics, expert opinions, as well as data from global land use models. In numerous case studies in
China and Ukraine, the approach allowed to estimate local land use and land use change projections
correspondingto real trends and expectations. The disaggregated data and projections were used in national
models for planning sustainable land use and agricultural development.

Keywords: global land use model, robust downscaling, dynamic model fussion, uncertainities, local land use
projections.

ÓÄÊ 519.6

Ìåòîäû ïîñòðîåíèÿ òî÷íîé ðàçíîñòíîé ñõåìû äëÿ îáûêíîâåííîãî äèôôåðåíöèàëüíîãî
óðàâíåíèÿ ÷åòâåðòîãî ïîðÿäêà / Ïðèêàç÷èêîâ Â.Ã. // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53,
¹ 2. Ñ. 31–37.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 9 íàçâ.

Ðàññìàòðèâàåòñÿ ïîñòðîåíèå òî÷íûõ ðàçíîñòíûõ ñõåì äëÿ óðàâíåíèÿ ÷åòâåðòîãî ïîðÿäêà ñ ïåðå-
ìåííûìè êîýôôèöèåíòàìè. Äëÿ ïîñòðîåíèÿ èñïîëüçîâàíû ïîëó÷åííûå â ÿâíîì âèäå ðåøåíèÿ çàäà÷è
Êîøè.

Êëþ÷åâûå ñëîâà: òî÷íàÿ ðàçíîñòíàÿ ñõåìà, çàäà÷à Êîøè, ñïëàéíû, îäíîðîäíîå óðàâíåíèå.

Ìåòîäè ïîáóäîâè òî÷íî¿ ð³çíèöåâî¿ ñõåìè äëÿ çâè÷àéíîãî äèôåðåíö³àëüíîãî ð³âíÿííÿ ÷åòâåðòîãî
ïîðÿäêó / Â.Ã. Ïðèêàç÷èêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 2. Ñ. 31–37.

Ðîçãëÿíóòî ïîáóäîâó òî÷íèõ ð³çíèöåâèõ ñõåì äëÿ ð³âíÿííÿ ÷åòâåðòîãî ïîðÿäêó ç³ çì³ííèìè
êîåô³ö³ºíòàìè. Äëÿ ïîáóäîâè âèêîðèñòàíî îòðèìàí³ â ÿâíîìó âèãëÿä³ ðîçâ’ÿçêè çàäà÷³ Êîø³.

Êëþ÷îâ³ ñëîâà: òî÷íà ð³çíèöåâà ñõåìà, çàäà÷à Êîø³, ñïëàéíè, îäíîð³äíå ð³âíÿííÿ.

Methods to construct the exact difference scheme for a differential equation of order 4 /
V.G. Prikazchikov // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 31–37.

The paper deals with the construction of exact difference schemes for fourth-order equations with
variable coefficients. To this end, we use the explicit solutions of the Cauchy problem.

Keywords: exact difference scheme, Cauchy problem, splines, homogeneous equation.
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Îá óñòîé÷èâîñòè ðàçíîñòíûõ ñõåì ðàñùåïëåíèÿ äëÿ óðàâíåíèÿ êîíâåêòèâíîé äèôôóçèè /
À.Â. Ãëàäêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 38–50.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 16 íàçâ.

Ðàññìîòðåíà çàäà÷à ÷èñëåííîãî ìîäåëèðîâàíèÿ ïðîöåññîâ ðàñïðîñòðàíåíèÿ çàãðÿçíåíèé â àòìîñ-
ôåðå íà îñíîâå ìåòîäà ãåîìåòðè÷åñêîãî ðàñùåïëåíèÿ òðåõìåðíûõ íåñòàöèîíàðíûõ óðàâíåíèé êîíâåê-
òèâíîé äèôôóçèè. Äëÿ ðåøåíèÿ ïîëó÷åííûõ îäíîìåðíûõ çàäà÷ ïîñòðîåíû ðàçíîñòíûå ñõåìû ðàñùåïëå-
íèÿ áåãóùåãî ñ÷åòà. Èññëåäîâàíû âîïðîñû àïïðîêñèìàöèè, ìîíîòîííîñòè è óñòîé÷èâîñòè ïðåäëîæåí-
íûõ ðàçíîñòíûõ ñõåì.

Êëþ÷åâûå ñëîâà: óðàâíåíèå êîíâåêöèè-äèôôóçèè, ìåòîäû ðàñùåïëåíèÿ, ÷èñëåííûé ìåòîä, ðàçíîñòíàÿ
ñõåìà, óñòîé÷èâîñòü.

Ïðî ñò³éê³ñòü ð³çíèöåâèõ ñõåì ðîçùåïëåííÿ äëÿ ð³âíÿííÿ êîíâåêòèâíî¿ äèôóç³¿ / À.Â. Ãëàäêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 2. Ñ. 38–50.

Ðîçãëÿíóòî çàäà÷ó ÷èñåëüíîãî ìîäåëþâàííÿ ïðîöåñ³â ïîøèðåííÿ çàáðóäíåíü ó ïîâ³òðÿíîìó ñåðå-
äîâèù³ íà îñíîâ³ ìåòîäó ãåîìåòðè÷íîãî ðîçùåïëåííÿ òðèâèì³ðíèõ íåñòàö³îíàðíèõ ð³âíÿíü êîíâåêòèâ-
íî¿ äèôóç³¿. Äëÿ ðîçâ’ÿçàííÿ îòðèìàíèõ îäíîâèì³ðíèõ çàäà÷ ïîáóäîâàíî ð³çíèöåâ³ ñõåìè ðîçùåïëåííÿ ó
âèãëÿä³ ñõåì ç ÿâíîþ îðãàí³çàö³ºþ îá÷èñëåíü. Äîñë³äæåíî ïèòàííÿ àïðîêñèìàö³¿, ìîíîòîííîñò³ òà
ñò³éêîñò³ çàïðîïîíîâàíèõ ð³çíèöåâèõ ñõåì.

Êëþ÷îâ³ ñëîâà: ð³âíÿííÿ êîíâåêö³¿-äèôóç³¿, ìåòîäè ðîçùåïëåííÿ, ÷èñëîâèé ìåòîä, ð³çíèöåâà ñõåìà,
ñò³éê³ñòü.

Stability of difference splitting schemes for the convective-diffusion equation / A.V. Gladky // Kibernetika
i sistemnyi analiz. 2017. Vol. 53, N 2. P. 38–50.

We consider the problem of numerical modeling of the propagation of contamination in the air processes
on the basis of geometry splitting method for three-dimensional nonstationary convection-diffusion equations.
Splitting difference schemes in the form of schemes with explicit computing are proposed to solve the obtained
one-dimensional problems. The approximation, monotonicity, and stability of difference schemes are
investigated.

Keywords: convection-diffusion equation, splitting methods, numerical method, finite difference scheme,
stability.

ÓÄÊ 517.9:519.6

Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå äðîáíî-äèôôåðåíöèàëüíîé ôèëüòðàöèîííîé äèíàìèêè íà îñíîâå
ìîäåëè ñ ïðîèçâîäíîé Õèëüôåðà–Ïðàáõàêàðà / Â.Ì. Áóëàâàöêèé // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 51–64.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 24 íàçâ.

Ïîñòðîåíà îáîáùåííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü äëÿ îïèñàíèÿ äðîáíî-äèôôåðåíöèàëüíîé äèíàìè-
êè ïðîöåññîâ ôèëüòðàöèè â òðåùèíîâàòî-ïîðèñòûõ ñðåäàõ, îñíîâàííàÿ íà èñïîëüçîâàíèè ïîíÿòèÿ äðîá-
íîé ïðîèçâîäíîé Õèëüôåðà–Ïðàáõàêàðà. Â ðàìêàõ óêàçàííîé ìîäåëè ïîëó÷åíû çàìêíóòûå ðåøåíèÿ
ðÿäà êðàåâûõ çàäà÷ òåîðèè ôèëüòðàöèè î ìîäåëèðîâàíèè äèíàìèêè äàâëåíèé ïðè ïóñêå ñêâàæèí â ñëó÷àå
ïëîñêî-ðàäèàëüíîé ôèëüòðàöèè, à òàêæå ðàáîòå ãàëåðåé â óñëîâèÿõ ïëîñêî-ïàðàëëåëüíîé ôèëüòðàöèè.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, äðîáíî-äèôôåðåíöèàëüíàÿ äèíàìèêà ôèëüòðàöèîí-
íûõ ïðîöåññîâ, òðåùèíîâàòî-ïîðèñòûå ñðåäû, íåêëàññè÷åñêèå ìîäåëè, óðàâíåíèå ôèëüòðàöèè ñ äðîáíîé
ïðîèçâîäíîé Õèëüôåðà–Ïðàáõàêàðà, êðàåâûå çàäà÷è, çàìêíóòûå ðåøåíèÿ.

Ìàòåìàòè÷íå ìîäåëþâàííÿ äðîáîâî-äèôåðåíö³éíî¿ ô³ëüòðàö³éíî¿ äèíàì³êè íà îñíîâ³ ìîäåë³ ç ïîõ³äíîþ
Õ³ëüôåðà–Ïðàáõàêàðà / Â.Ì. Áóëàâàöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 2.
Ñ. 51–64.

Ïîáóäîâàíî óçàãàëüíåíó ìàòåìàòè÷íó ìîäåëü äëÿ îïèñó äðîáîâî-äèôåðåíö³éíî¿ äèíàì³êè ïðî-
öåñ³â ô³ëüòðàö³¿ â òð³ùèíóâàòî-ïîðèñòèõ ñåðåäîâèùàõ, ÿêà ´ðóíòóºòüñÿ íà âèêîðèñòàíí³ ïîíÿòòÿ äðîáî-
âî¿ ïîõ³äíî¿ Õ³ëüôåðà–Ïðàáõàêàðà. Ó ðàìêàõ çàçíà÷åíî¿ ìîäåë³ îäåðæàíî çàìêíåí³ ðîçâ’ÿçêè íèçêè êðà-
éîâèõ çàäà÷ òåîð³¿ ô³ëüòðàö³¿ ùîäî ìîäåëþâàííÿ äèíàì³êè òèñê³â ïðè ïóñêó ñâåðäëîâèí ó âèïàäêó ïëàñ-
êîðàä³àëüíî¿ ô³ëüòðàö³¿, à òàêîæ ðîáîò³ ãàëåðåé çà óìîâ ïëàñêîïàðàëåëüíî¿ ô³ëüòðàö³¿.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, äðîáîâî-äèôåðåíö³éíà äèíàì³êà ô³ëüòðàö³éíèõ ïðîöåñ³â,
òð³ùèíóâàòî-ïîðèñò³ ñåðåäîâèùà, íåêëàñè÷í³ ìîäåë³, ð³âíÿííÿ ô³ëüòðàö³¿ ç äðîáîâîþ ïîõ³äíîþ Õ³ëüôå-
ðà–Ïðàáõàêàðà, êðàéîâ³ çàäà÷³, çàìêíåí³ ðîçâ’ÿçêè.
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Mathematical modeling of fractional differential filtration dynamics based on models with
Hilfer–Prabhakar derivative / V.M. Bulavatsky // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2.
P. 51–64.

We construct a generalized mathematical model to describe the fractional differential dynamics of
filtration processes in fractured porous media, based on the use of the concept of Hilfer-Prabhakar fractional
derivative. Within the framework of this model, we obtain a number of closed solutions to boundary-value
problems of filtration theory for modeling the dynamics of pressures at launch of wells in case of plane-radial
filtration, as well as by activity of galleries under plane-parallel filtration.

Keywords: mathematical modeling, fractional-differential dynamics of filtration processes, fractured porous
media, non-classical models, equation of filtration with Hilfer–Prabhakar fractional derivative, boundary value
problems, closed form solutions.

ÓÄÊ 519.2
Íàèáîëüøàÿ òî÷íàÿ íèæíÿÿ ãðàíèöà âåðîÿòíîñòè îòêàçà ñèñòåìû â ñïåöèàëüíîì èíòåðâàëå
âðåìåíè ïðè íåïîëíîé èíôîðìàöèè î ôóíêöèè ðàñïðåäåëåíèÿ âðåìåíè äî îòêàçà ñèñòåìû /
Ë.Ñ. Ñòîéêîâà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 65–73.

²ë.: 0. Òàáë. 2. Á³áë³îãð.: 7 íàçâ.

Ðåøàåòñÿ çàäà÷à íàõîæäåíèÿ òî÷íûõ íèæíèõ ãðàíèö âåðîÿòíîñòè F F u( ) ( )� � , 0 � � � �u � , ãäå
u m m� � � �� � � �� � �3 3 3 3, , — çàäàííàÿ äèñïåðñèÿ â ìíîæåñòâå ôóíêöèé ðàñïðåäåëåíèÿ F x( ) íå-

îòðèöàòåëüíûõ ñëó÷àéíûõ âåëè÷èí ñ óíèìîäàëüíîé äèôôåðåíöèðóåìîé ïëîòíîñòüþ ñ ìîäîé, ðàâíîé m, è
äâóìÿ ïåðâûìè ôèêñèðîâàííûìè ìîìåíòàìè � �1 2, . Ðàññìàòðèâàåòñÿ ñëó÷àé, êîãäà ìîäà ñîâïàäàåò ñ ïåð-
âûì ìîìåíòîì: m � �1. Íàéäåíà íàèáîëüøàÿ âåðîÿòíîñòü èç âñåõ òî÷íûõ íèæíèõ ãðàíèö âåðîÿòíîñòåé äëÿ
ðåøàåìîé çàäà÷è, è îíà ÿâëÿåòñÿ áëèçêîé ê åäèíèöå, ò.å. ðàâíîé 0,98430.

Êëþ÷åâûå ñëîâà: ýêñòðåìóì ëèíåéíîãî ôóíêöèîíàëà, êëàññ óíèìîäàëüíûõ ôóíêöèé ðàñïðåäåëåíèÿ
ñ äâóìÿ ïåðâûìè ôèêñèðîâàííûìè ìîìåíòàìè, ðàçáèåíèå îáëàñòè ïàðàìåòðîâ.

Íàéá³ëüøà òî÷íà íèæíÿ ãðàíèöÿ éìîâ³ðíîñò³ â³äìîâè ñèñòåìè â ñïåö³àëüíîìó ³íòåðâàë³ ÷àñó ïðè
íåïîâí³é ³íôîðìàö³¿ ùîäî ôóíêö³¿ ðîçïîä³ëó ÷àñó äî â³äìîâè ñèñòåìè / Ë.C. Ñòîéêîâà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 2. Ñ. 65–73.

Ðîçâ'ÿçóºòüñÿ çàäà÷à çíàõîäæåííÿ òî÷íèõ íèæí³õ ãðàíèöü ³ìîâ³ðíîñò³ F F u( ) ( )� � , 0 � � � �u � , äå
u m� � � �3 3, � � �� �m 3 3, � � — ô³êñîâàíà äèñïåðñ³ÿ â ìíîæèí³ ôóíêö³é ðîçïîä³ëó F x( )

íåâ³ä'ºìíèõ âèïàäêîâèõ âåëè÷èí ç óí³ìîäàëüíîþ äèôåðåíö³éîâàíîþ ù³ëüí³ñòþ ç ìîäîþ, ð³âíîþ m,
³ äâîìà ïåðøèìè ô³êñîâàíèìè ìîìåíòàìè � �1 2, . Ðîçãëÿíóòî âèïàäîê, êîëè ìîäà çá³ãàºòüñÿ ç ïåðøèì
ìîìåíòîì: m � �1. Çíàéäåíî íàéá³ëüøó éìîâ³ðí³ñòü ³ç âñ³õ òî÷íèõ íèæí³õ ãðàíèöü éìîâ³ðíîñòåé äëÿ äà-
íî¿ çàäà÷³, ³ âîíà º áëèçüêîþ äî 1, à ñàìå ð³âíà 0,98430.

Êëþ÷îâ³ ñëîâà: åêñòðåìóì ë³í³éíîãî ôóíêö³îíàëó, êëàñ óí³ìîäàëüíèõ ôóíêö³é ðîçïîä³ëó ç äâîìà ïåð-
øèìè ô³êñîâàíèìè ìîìåíòàìè, ðîçáèòòÿ îáëàñò³ ïàðàìåòð³â.

Greatest lower bound of system failure probability in a special time interval under incomplete
information about the distribution function of the time to failure of system / L.S. Stoikova // Kibernetika i
sistemnyi analiz. 2017. Vol. 53, N 2. P. 65–73.

The author solves the problem of finding exact lower bounds for the probability F F u( ) ( )� � ,
0 � � � �u � where u m� � � �3 3, � � �� �m 3 3, and � � is a fixed dispersion in the set of distribution

functions F x( ) of non-negative random variables with unimodal differentiable density with mode m and two
first fixed moments � �1 2, . The case is considered where the mode coincides with the first moment: m � �1.
The greatest lower bound of all possible exact lower bounds for this problem is obtained and it is nearly one,
namely, is equal to 0.98430.

Keywords: extremum of a linear functional, the set of unimodal distribution functions with two first fixed
moments, partition of the domain of parameters.

ÓÄÊ 621.39:623.624+623.77

Ìàòåìàòè÷åñêàÿ ìîäåëü øóìîâîé ïîìåõè äëÿ çàùèòû èíôîðìàöèè îò óòå÷êè ïî òåõíè÷åñêèì
êàíàëàì / Ñ.À. Èâàí÷åíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 74–82.

²ë.: 3. Òàáë. 0. Á³áë³îãð.: 15 íàçâ.

Îáîñíîâàíà ìàòåìàòè÷åñêàÿ ìîäåëü øóìîâîé ïîìåõè, ó÷èòûâàþùàÿ ñòàòèñòè÷åñêóþ ñâÿçü îòñ÷å-
òîâ ñ÷èòûâàíèÿ, äëÿ ãàðàíòèðîâàííîé çàùèòû èíôîðìàöèè îò óòå÷êè ïî òåõíè÷åñêèì êàíàëàì. Ìîäåëü
âíîñèò ïîïðàâêè â ìàòåìàòè÷åñêîå îæèäàíèå è äåéñòâóþùåå ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå, êîòî-
ðûå ñìåùàþò ñðåäíþþ òî÷êó ïîìåõè è îïðåäåëÿþò åå äåéñòâóþùóþ ìîùíîñòü.

Êëþ÷åâûå ñëîâà: øóì, øóìîâàÿ ïîìåõà, ìàòåìàòè÷åñêàÿ ìîäåëü, ãàðàíòèðîâàííàÿ çàùèòà èíôîðìà-
öèè, óòå÷êà èíôîðìàöèè, òåõíè÷åñêèå êàíàëû óòå÷êè.
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Ìàòåìàòè÷íà ìîäåëü øóìîâî¿ çàâàäè äëÿ çàõèñòó ³íôîðìàö³¿ â³ä âèòîêó òåõí³÷íèìè êàíàëàìè /
Ñ.Î. ²âàí÷åíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 2. Ñ. 74–82.

Îá´ðóíòîâàíî ìàòåìàòè÷íó ìîäåëü øóìîâî¿ çàâàäè, ÿêà âðàõîâóº ñòàòèñòè÷íèé çâ’ÿçîê â³äë³ê³â
ç÷èòóâàííÿ, äëÿ ãàðàíòîâàíîãî çàõèñòó ³íôîðìàö³¿ â³ä âèòîêó òåõí³÷íèìè êàíàëàìè. Ìîäåëü âíîñèòü ïî-
ïðàâêè â ìàòåìàòè÷íå ñïîä³âàííÿ òà ä³éîâå ñåðåäíüîêâàäðàòè÷íå â³äõèëåííÿ, ÿê³ çì³ùóþòü ñåðåäíþ
òî÷êó çàâàäè ³ âèçíà÷àþòü ä³éîâó ïîòóæí³ñòü.

Êëþ÷îâ³ ñëîâà: øóì, øóìîâà çàâàäà, ìàòåìàòè÷íà ìîäåëü, ãàðàíòîâàíèé çàõèñò ³íôîðìàö³¿, âèò³ê
³íôîðìàö³¿, òåõí³÷í³ êàíàëè âèòîêó.

Mathematical model of noise interference for information protection against leakage by technical
channels / S.À. Ivanchenko // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 74–82.

The author substantiates the mathematical model of noise interference that takes into account statistical
relation of readout samples for secure information protection against leakage by technical channels. The model
amends the mathematical expectation and root-mean-square deviation, which shifts the midpoint of noise
interference and determoines its effective capacity.

Keywords: noise, noise interference, mathematical model, secure information protection, information leakage,
technical channels of leakage.

ÓÄÊ 517.988

Âàðèàíò ìåòîäà çåðêàëüíîãî ñïóñêà äëÿ âàðèàöèîííûõ íåðàâåíñòâ / Â.Â. Ñåì¸íîâ // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 83–93.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 29 íàçâè.

Ìåòîä çåðêàëüíîãî ñïóñêà áûë ïðåäëîæåí â êîíöå 70-õ ãîäîâ XX â. äëÿ çàäà÷ âûïóêëîé îïòèìèçà-
öèè. Îí èñïîëüçóåòñÿ äëÿ ðåøåíèÿ çàäà÷ î÷åíü áîëüøèõ ðàçìåðíîñòåé. Îïèñàí íîâûé âàðèàíò ýòîãî ìå-
òîäà äëÿ ðåøåíèÿ âàðèàöèîííûõ íåðàâåíñòâ ñ ïñåâäîìîíîòîííûìè îïåðàòîðàìè. Åãî ìîæíî ïðîèíòåð-
ïðåòèðîâàòü êàê ìîäèôèêàöèþ äâóõýòàïíîãî àëãîðèòìà Ïîïîâà ñ èñïîëüçîâàíèåì ïðîåêòèðîâàíèÿ íà
äîïóñòèìîå ìíîæåñòâî â ñìûñëå ðàññòîÿíèÿ Áðýãìàíà. Äîêàçàíà òåîðåìà ñõîäèìîñòè ìåòîäà.

Êëþ÷åâûå ñëîâà: âàðèàöèîííîå íåðàâåíñòâî, ïñåâäîìîíîòîííîñòü, ðàññòîÿíèå Áðýãìàíà, ðàññòîÿíèå
Êóëüáàêà–Ëåéáëåðà, ìåòîä çåðêàëüíîãî ñïóñêà, ñõîäèìîñòü.

Âàð³àíò ìåòîäó äçåðêàëüíîãî ñïóñêó äëÿ âàð³àö³éíèõ íåð³âíîñòåé / Â.Â. Ñåìåíîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 2. Ñ. 83–93.

Ìåòîä äçåðêàëüíîãî ñïóñêó áóîð çàïðîïîíîâàíî â ê³íö³ 70-õ ðîê³â XX ñò. äëÿ çàäà÷ îïóêëî¿
îïòèì³çàö³¿. Â³í âèêîðèñòîâóºòüñÿ äëÿ ðîçâ’ÿçàííÿ çàäà÷ äóæå âåëèêèõ ðîçì³ðíîñòåé. Îïèñàíî íîâèé
âàð³àíò öüîãî ìåòîäó äëÿ ðîçâ’ÿçàííÿ âàð³àö³éíèõ íåð³âíîñòåé ç ïñåâäîìîíîòîííèìè îïåðàòîðàìè. Éîãî
ìîæíà ïðî³íòåðïðåòóâàòè ÿê ìîäèô³êàö³þ äâîåòàïíîãî àëãîðèòìó Ïîïîâà ç âèêîðèñòàííÿì ïðîåêòóâàí-
íÿ íà äîïóñòèìó ìíîæèíó ó ðîçóì³íí³ â³äñòàí³ Áðåãìàíà. Äîâåäåíî òåîðåìó ïðî çá³æí³ñòü ìåòîäó.

Êëþ÷îâ³ ñëîâà: âàð³àö³éíà íåð³âí³ñòü, ïñåâäîìîíîòîíí³ñòü, â³äñòàíü Áðåãìàíà, â³äñòàíü Êóëüáàêà–Ëåé-
áëåðà, ìåòîä äçåðêàëüíîãî ñïóñêó, çá³æí³ñòü.

A variant of mirror descent method to solve variational inequalities / V.V. Semenov // Kibernetika i
sistemnyi analiz. 2017. Vol. 53, N 2. P. 83–93.

The mirror descent algorithm was proposed by Nemirovski and Yudin in the end of 1970s to solve
convex optimization problems. This method is suitable to solve huge-scale optimization problems. In the paper,
we describe a new version of the mirror descent method to solve variational inequalities with pseudomonotone
operators. The method can be interpreted as a modification of Popov’s two-step algorithm with the use of
Bregman projections on the feasible set. We prove the convergence of the sequences generated by the proposed
method.

Keywords: variational inequality, pseudomonotonicity, Bregman distance, Kullback–Leibler distance, mirror
descent method, convergence.

ÓÄÊ 519.85

Ëåêñèêîãðàôè÷åñêàÿ ýêâèâàëåíòíîñòü â ÷àñòè÷íî êîìáèíàòîðíîé îïòèìèçàöèè äðîáíî-
ëèíåéíûõ ôóíêöèé íà ðàçìåùåíèÿõ / Î.À. Åìåö, Ò.Í. Áàðáîëèíà // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 94–106.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 14 íàçâ.

Îáîñíîâàí ìåòîä ïîñòðîåíèÿ ëåêñèêîãðàôè÷åñêîé ýêâèâàëåíòíîñòè äëÿ ðåøåíèÿ ÷àñòè÷íî êîìáè-
íàòîðíûõ îïòèìèçàöèîííûõ çàäà÷ íà ðàçìåùåíèÿõ ñ äðîáíî-ëèíåéíîé öåëåâîé ôóíêöèåé è ëèíåéíûìè
äîïîëíèòåëüíûìè îãðàíè÷åíèÿìè. Ìåòîä ïðåäóñìàòðèâàåò íàïðàâëåííûé ïåðåáîð êëàññîâ ýêâèâàëåíò-
íîñòè, ïîëó÷åííûõ ïðè ðàçáèåíèè ìíîãîãðàííîãî ìíîæåñòâà íà îñíîâå îòíîøåíèÿ ýêâèâàëåíòíîñòè.
Ïðåäëîæåíû êàê òî÷íûå, òàê è ïðèáëèæåííûé àëãîðèòìû. Ïîñëåäíèé ïîçâîëÿåò ïîëó÷àòü çíà÷åíèå öå-
ëåâîé ôóíêöèè, îòëè÷àþùååñÿ îò îïòèìóìà íå áîëüøå, ÷åì íà çàäàííóþ âåëè÷èíó.
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Êëþ÷åâûå ñëîâà: åâêëèäîâà çàäà÷à êîìáèíàòîðíîé îïòèìèçàöèè, çàäà÷à îïòèìèçàöèè íà ðàçìåùåíèÿõ,
ëåêñèêîãðàôè÷åñêàÿ ýêâèâàëåíòíîñòü, äðîáíî-ëèíåéíàÿ ôóíêöèÿ.

Ëåêñèêîãðàô³÷íà åêâ³âàëåíòí³ñòü ó ÷àñòêîâî êîìá³íàòîðí³é îïòèì³çàö³¿ äðîáîâî-ë³í³éíèõ
ôóíêö³é íà ðîçì³ùåííÿõ / Î.Î. ªìåöü, Ò.Ì. Áàðáîë³íà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017.
Òîì 53, ¹ 2. Ñ. 94–106.

Îá´ðóíòóâàíî ìåòîä ïîáóäîâè ëåêñèêîãðàô³÷íî¿ åêâ³âàëåíòíîñò³ äëÿ ðîçâ’ÿçóâàííÿ ÷àñòêîâî
êîìá³íàòîðíèõ îïòèì³çàö³éíèõ çàäà÷ íà ðîçì³ùåííÿõ ç äðîáîâî-ë³í³éíîþ ö³ëüîâîþ ôóíêö³ºþ òà
ë³í³éíèìè äîäàòêîâèìè îáìåæåííÿìè. Ìåòîä ïåðåäáà÷àº ñïðÿìîâàíèé ïåðåá³ð êëàñ³â åêâ³âàëåíòíîñò³,
îòðèìàíèõ ïðè ðîçáèòò³ áàãàòîãðàííî¿ ìíîæèíè íà îñíîâ³ â³äíîøåííÿ åêâ³âàëåíòíîñò³. Çàïðîïîíîâàíî
ÿê òî÷í³, òàê ³ íàáëèæåíèé àëãîðèòìè. Îñòàíí³é äîçâîëÿº îòðèìóâàòè çíà÷åííÿ ö³ëüîâî¿ ôóíêö³¿, ùî
â³äð³çíÿºòüñÿ â³ä îïòèìóìó íå á³ëüøå, í³æ íà çàäàíó âåëè÷èíó.

Êëþ÷îâ³ ñëîâà: åâêë³äîâà çàäà÷à êîìá³íàòîðíî¿ îïòèì³çàö³¿, çàäà÷à îïòèì³çàö³¿ íà ðîçì³ùåííÿõ, ëåêñè-
êîãðàô³÷íà åêâ³âàëåíòí³ñòü, äðîáîâî-ë³í³éíà ôóíêö³ÿ.

Lexicographic equivalence in mixed combinatorial optimization of linear-fractional functions on
arrangements / O.O. Iemets, T.M. Barbolina // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 1. P. 94–106.

The paper substantiates the method of constructing the lexicographic equivalence to solve mixed
combinatorial optimization problems on arrangements with linear-fractional objective function and linear
additional constraints. The method involves directed search of equivalence classes obtained by splitting
polyhedral set using equivalence relation. The authors propose exact methods as well as an approximate one.
The approximate method allows getting the objective function value that differs from the optimum by no more
than a predetermined value.

Keywords: Euclidian problem of combinatorial optimization, optimization problem on arrangements,
lexicographic equivalence, linear-fractional function.

ÓÄÊ 621.391

Áèãàóññîâñêàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ñèãíàëîâ èñòî÷íèêîâ ðàäèîèçëó÷åíèé â èíôîðìàöèîííîé
ñðåäå òåëåêîììóíèêàöèîííûõ ñèñòåì / À.À. Èëüÿøîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017.
Òîì 53, ¹ 2. Ñ. 107–113.

²ë.: 3. Òàáë. 0. Á³áë³îãð.: 6 íàçâ.

Ïðîàíàëèçèðîâàíû ïðè÷èíû íåïðèãîäíîñòè îäíîìåðíîé ãàóññîâñêîé ìîäåëè äëÿ àíàëèçà è ñèíòå-
çà èçìåðåíèé ïàðàìåòðîâ ñëîæíûõ ñèãíàëîâ. Îïèñàíà áèãàóññîâñêàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ñèãíàëîâ
èñòî÷íèêîâ ðàäèîèçëó÷åíèé.

Êëþ÷åâûå ñëîâà: îäíîìåðíàÿ ãàóññîâñêàÿ ìîäåëü ñèãíàëîâ èñòî÷íèêîâ ðàäèîèçëó÷åíèé, áèãàóññîâñêàÿ
ìàòåìàòè÷åñêàÿ ìîäåëü, çàêîí Ðàéñà.

Á³ãàóñ³âñüêà ìàòåìàòè÷íà ìîäåëü ñèãíàë³â äæåðåë ðàä³îâèïðîì³íþâàíü â ³íôîðìàö³éíîìó
ñåðåäîâèù³ òåëåêîìóí³êàö³éíèõ ñèñòåì / Î.À. ²ëüÿøîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017.
Òîì 53, ¹ 2. Ñ. 107–113.

Ïðîàíàë³çîâàíî ïðè÷èíè íåïðèäàòíîñò³ îäíîâèì³ðíî¿ ´àóñ³âñüêî¿ ìîäåë³ äëÿ àíàë³çó òà ñèíòå-
çó âèì³ðþâàíü ïàðàìåòð³â ñêëàäíèõ ñèãíàë³â. Îïèñàíî á³´àóñ³âñüêó ìàòåìàòè÷íó ìîäåëü ñèãíàë³â
äæåðåë ðàä³îâèïðîì³íþâàíü.

Êëþ÷îâ³ ñëîâà: îäíîâèì³ðíà ´àóñ³âñüêà ìàòåìàòè÷íà ìîäåëü ñèãíàë³â äæåðåë ðàä³îâèïðîì³íþâàíü,
á³´àóñ³âñüêà ìàòåìàòè÷íà ìîäåëü, çàêîí Ðàéñà.

The bi-Gaussian mathematical model of the signal sources from radio emitting in the information
environment in telecommunication systems / O.À. Iliashov // Kibernetika i sistemnyi analiz. 2017. Vol. 53,
N 2. P. 107–113.

This paper analyzes why the one-dimensional Gaussian model is inapplicable for the analysis and
synthesis of measurements of parameters of complex signals and describes the bi-Gaussian mathematical model
of signals of sources of radio emitting.

Keywords: one-dimensional the Gaussian mathematical model of the signals sources radio emitting, the
bi-Gaussian mathematical model, the Rice law.

ÓÄÊ 621.391:519.2

Ñòîéêèå è ïðàêòè÷íûå ðàíäîìèçèðîâàííûå ïîòî÷íûå øèôðû íà îñíîâå êîäîâ Ðèäà–Ñîëîìîíà /
À.Í. Àëåêñåé÷óê, Ñ.Â. Ãðèøàêîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 114–121.

²ë.: 0. Òàáë. 1. Á³áë³îãð.: 12 íàçâ.

Ðàññìîòðåí êëàññ ðàíäîìèçèðîâàííûõ ïîòî÷íûõ øèôðîâ, îñíîâàííûõ íà ñîâìåñòíîì ïðèìåíåíèè
øèôðîâàíèÿ, ñëó÷àéíîãî êîäèðîâàíèÿ è ïîìåõîóñòîé÷èâîãî êîäèðîâàíèÿ îòêðûòûõ ñîîáùåíèé äâîè÷íû-
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ìè ëèíåéíûìè êîäàìè. Ïîêàçàíî, ÷òî â ýòîì êëàññå ñóùåñòâóþò øèôðû, èìåþùèå ñêîëü óãîäíî âûñîêóþ
âû÷èñëèòåëüíóþ ñòîéêîñòü îòíîñèòåëüíî íàèáîëåå ìîùíîé èç èçâåñòíûõ àòàê è îáåñïå÷èâàþùèå ñêîëü
óãîäíî áëèçêèå ê åäèíèöå ñêîðîñòü ïåðåäà÷è, äîñòîâåðíîñòü ïðèåìà, à òàêæå ïðèåìëåìóþ ñëîæíîñòü âîñ-
ñòàíîâëåíèÿ îòêðûòûõ ñîîáùåíèé çàêîííûì ïîëó÷àòåëåì. Äîêàçàòåëüñòâî ÿâëÿåòñÿ êîíñòðóêòèâíûì.

Êëþ÷åâûå ñëîâà: ðàíäîìèçèðîâàííûé ïîòî÷íûé øèôð, ñëó÷àéíîå êîäèðîâàíèå, êîððåëÿöèîííàÿ àòàêà,
îáîñíîâàííàÿ ñòîéêîñòü, êîä Ðèäà–Ñîëîìîíà.

Ñò³éê³ òà ïðàêòè÷í³ ðàíäîì³çîâàí³ ïîòîêîâ³ øèôðè íà áàç³ êîä³â Ð³äà–Ñîëîìîíà /
À.Ì. Îëåêñ³é÷óê, Ñ.Â. Ãðèøàêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 2. Ñ. 114–121.

Ðîçãëÿíóòî êëàñ ðàíäîì³çîâàíèõ ïîòîêîâèõ øèôð³â, ùî áàçóþòüñÿ íà ñóì³ñíîìó çàñòîñóâàíí³
øèôðóâàííÿ, âèïàäêîâîãî êîäóâàííÿ òà çàâàäîñò³éêîãî êîäóâàííÿ â³äêðèòèõ ïîâ³äîìëåíü äâ³éêîâèìè
ë³í³éíèìè êîäàìè. Ïîêàçàíî, ùî â öüîìó êëàñ³ ³ñíóþòü øèôðè, ùî ìàþòü ÿê çàâãîäíî âèñîêó îá÷èñëþ-
âàëüíó ñò³éê³ñòü â³äíîñíî íàéá³ëüø ïîòóæíî¿ ç â³äîìèõ àòàê òà çàáåçïå÷óþòü ÿê çàâãîäíî áëèçüê³ äî
îäèíèö³ øâèäê³ñòü ïåðåäà÷³, äîñòîâ³ðí³ñòü ïðèéîìó, à òàêîæ ïðèéíÿòíó ñêëàäí³ñòü â³äíîâëåííÿ â³äêðè-
òèõ ïîâ³äîìëåíü çàêîííèì îäåðæóâà÷åì. Äîâåäåííÿ º êîíñòðóêòèâíèì.

Êëþ÷îâ³ ñëîâà: ðàíäîì³çîâàíèé ïîòîêîâèé øèôð, âèïàäêîâå êîäóâàííÿ, êîðåëÿö³éíà àòàêà, îá´ðóíòî-
âàíà ñò³éê³ñòü, êîä Ð³äà–Ñîëîìîíà.

Secure and practical randomized stream ciphers based on Reed–Solomon codes / A.N. Alekseychuk,
S.V. Gryshakov // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 114–121.

In this paper we consider a class of randomized stream ciphers based on joint employment of encryption,
random coding, and error-correction coding by binary linear codes. It is shown that in this class there exist ciphers
that have arbitrarily high computational security against the most powerful from all known attacks providing that
both the transmission rate and the receiving accuracy have the value arbitrarily close to 1. The complexity of
recovering plain messages by the legitimate receiver is acceptable as well. The proof is constructive.

Keywords: randomized stream cipher, random coding, correlation attack, provable security, Reed-Solomon
code.

ÓÄÊ 519.872

Îöåíêà ñòàöèîíàðíûõ âåðîÿòíîñòåé ñîñòîÿíèé ñèñòåìû îáñëóæèâàíèÿ � �/ /G ïðè ðàçëè÷íûõ
âèäàõ âõîäÿùåãî ïîòîêà òðåáîâàíèé / È.Í. Êóçíåöîâ, À.À. Øóìñêàÿ // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 122–133.

²ë.: 0. Òàáë. 2. Á³áë³îãð.: 30 íàçâ.

Ðàññìîòðåíû ïÿòü ìîäåëåé âõîäÿùåãî ïîòîêà ñóùåñòâåííî áîëåå ñëîæíîé ñòðóêòóðû, ÷åì ïóàññî-
íîâñêèé, êîãäà ñòàöèîíàðíûå âåðîÿòíîñòè ñîñòîÿíèé ñèñòåìû � �/ /G íàõîäÿòñÿ â ÿâíîì âèäå (ðàñïðå-
äåëåíèå Ïóàññîíà). Äëÿ ïðåäñòàâëåííûõ ìîäåëåé ñî÷åòàíèå ðàñïðåäåëåíèÿ Ïóàññîíà (àíàëèòè÷åñêàÿ
÷àñòü) ñî ñòàòèñòè÷åñêèì ìîäåëèðîâàíèåì (ñòàòèñòè÷åñêàÿ ÷àñòü) ïîçâîëÿåò íàõîäèòü ñòàöèîíàðíûå âå-
ðîÿòíîñòè ñîñòîÿíèé óñêîðåííûì ìîäåëèðîâàíèåì. Òî÷íîñòü ïîëó÷åííûõ îöåíîê ïðîèëëþñòðèðîâàíà
÷èñëåííûìè ïðèìåðàìè.

Êëþ÷åâûå ñëîâà: ñèñòåìà îáñëóæèâàíèÿ, ñòàöèîíàðíûå âåðîÿòíîñòè ñîñòîÿíèé, íåñòàöèîíàðíûé ïóàññî-
íîâñêèé ïðîöåññ, ðåãåíåðèðóþùèé ïðîöåññ, ïîëóìàðêîâñêèé ïðîöåññ, ïðîöåññ ñêîïëåíèé, íåñìåùåííàÿ
îöåíêà, îòíîñèòåëüíàÿ ïîãðåøíîñòü.

Îö³íêà ñòàö³îíàðíèõ éìîâ³ðíîñòåé ñòàí³â ñèñòåìè îáñëóãîâóâàííÿ � �/ /G ïðè ð³çíèõ âèäàõ
âõ³äíîãî ïîòîêó âèìîã / ².Ì. Êóçíåöîâ, À.À. Øóìñüêà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017.
Òîì 53, ¹ 2. Ñ. 122–133.

Ðîçãëÿíóòî ï'ÿòü ìîäåëåé âõ³äíîãî ïîòîêó ³ñòîòíî á³ëüø ñêëàäíî¿ ñòðóêòóðè, í³æ ïóàñîí³âñüêèé, êîëè
ñòàö³îíàðí³ éìîâ³ðíîñò³ ñòàí³â ñèñòåìè � �/ /G çíàõîäÿòüñÿ ó ÿâíîìó âèãëÿä³ (ðîçïîä³ë Ïóàñîíà). Äëÿ
íàâåäåíèõ ìîäåëåé ïîºäíàííÿ ðîçïîä³ëó Ïóàñîíà (àíàë³òè÷íà ÷àñòèíà) ³ç ñòàòèñòè÷íèì ìîäåëþâàííÿì
(ñòàòèñòè÷íà ÷èñòèíà) äîçâîëÿº çíàõîäèòè ñòàö³îíàðí³ éìîâ³ðíîñò³ ñòàí³â ïðèñêîðåíèì ìîäåëþâàííÿì.
Òî÷í³ñòü îö³íîê ïðî³ëþñòðîâàíî ÷èñëîâèìè ïðèêëàäàìè.

Êëþ÷îâ³ ñëîâà: ñèñòåìà îáñëóãîâóâàííÿ, ñòàö³îíàðí³ éìîâ³ðíîñò³ ñòàí³â, íåñòàö³îíàðíèé ïóàñîí³âñüêèé
ïðîöåñ, ðåãåíåðóâàëüíèé ïðîöåñ, íàï³âìàðêîâñüêèé ïðîöåñ, ïðîöåñ ñêóï÷åíü, íåçì³ùåíà îö³íêà,
â³äíîñíà ïîõèáêà.

The evaluation of steady-state probabilities of queueing system � �/ /G for different input flow models /
I.N. Kuznetsov, A.A. Shumskaya // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 122–133.

We consider five input flow models of more complicated structure than the Poisson one, where
steady-state probabilities of the queueing system � �/ /G can be found explicitly (the Poisson distribution). For
these models, the combination of Poisson distribution (analytical part) with statistical simulation (statistical
part) allows us to evaluate the steady-state probabilities with the fast simulation method. The accuracy of the
estimates is illustrated by numerical examples.
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Keywords: queueing system steady-state probabilities, nonstationary Poisson flow, regenerative process,
semi-Markov process, cluster process, unbiased estimate, relative error.

ÓÄÊ 519.21

Îïðåäåëåíèå ñòàöèîíàðíûõ õàðàêòåðèñòèê òðåõêàíàëüíûõ ñèñòåì ñ ýðëàíãîâñêèì
ðàñïðåäåëåíèåì âðåìåíè îáñëóæèâàíèÿ / Þ.Â. Æåðíîâûé, Ê.Þ. Æåðíîâûé // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 134–145.

²ë.: 0. Òàáë. 2. Á³áë³îãð.: 11 íàçâ.

Ïðåäëîæåí ìåòîä èññëåäîâàíèÿ ñèñòåì îáñëóæèâàíèÿ M/E2/3/m : ñòàíäàðòíîé ñèñòåìû, à òàêæå ñèñ-
òåì ñ ïîðîãîâîé è ãèñòåðåçèñíîé ñòðàòåãèÿìè ñëó÷àéíîãî îòáðàñûâàíèÿ çàÿâîê â öåëÿõ óïðàâëåíèÿ âõîäÿ-
ùèì ïîòîêîì. Ïîëó÷åíû ðåêóððåíòíûå ñîîòíîøåíèÿ äëÿ âû÷èñëåíèÿ ñòàöèîíàðíîãî ðàñïðåäåëåíèÿ ÷èñëà
çàÿâîê â ñèñòåìå è ñòàöèîíàðíûõ õàðàêòåðèñòèê. Ïîñòðîåííûå àëãîðèòìû ïðîâåðåíû íà ïðèìåðàõ ñ èñïîëü-
çîâàíèåì èìèòàöèîííûõ ìîäåëåé, ñîçäàííûõ ñ ïîìîùüþ èíñòðóìåíòàëüíûõ ñðåäñòâ GPSS World.

Êëþ÷åâûå ñëîâà: òðåõêàíàëüíàÿ ñèñòåìà îáñëóæèâàíèÿ, ïðîñòåéøèé âõîäÿùèé ïîòîê, ýðëàíãîâñêîå ðàñ-
ïðåäåëåíèå âðåìåíè îáñëóæèâàíèÿ, ñëó÷àéíîå îòáðàñûâàíèå çàÿâîê, ìåòîä ôèêòèâíûõ ôàç, ðåêóððåíòíûå
ñîîòíîøåíèÿ.

Âèçíà÷åííÿ ñòàö³îíàðíèõ õàðàêòåðèñòèê òðèêàíàëüíèõ ñèñòåì ç åðëàíã³âñüêèì ðîçïîä³ëîì ÷àñó
îáñëóãîâóâàííÿ / Þ.Â. Æåðíîâèé, Ê.Þ. Æåðíîâèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53,
¹ 2. Ñ. 134–145.

Çàïðîïîíîâàíî ìåòîä äîñë³äæåííÿ ñèñòåì îáñëóãîâóâàííÿ M/E2/3/m : ñòàíäàðòíî¿ ñèñòåìè òà ñèñ-
òåì ç ïîðîãîâîþ ³ ã³ñòåðåçèñíîþ ñòðàòåã³ÿìè âèïàäêîâîãî â³äêèäàííÿ çàìîâëåíü ç ìåòîþ óïðàâë³ííÿ
âõ³äíèì ïîòîêîì. Îòðèìàíî ðåêóðåíòí³ ñï³ââ³äíîøåííÿ äëÿ îá÷èñëåííÿ ñòàö³îíàðíîãî ðîçïîä³ëó
ê³ëüêîñò³ çàìîâëåíü ó ñèñòåì³ òà ñòàö³îíàðíèõ õàðàêòåðèñòèê. Ïîáóäîâàí³ àëãîðèòìè ïåðåâ³ðåíî íà ïðè-
êëàäàõ ç âèêîðèñòàííÿì ³ì³òàö³éíèõ ìîäåëåé, ñòâîðåíèõ çà äîïîìîãîþ ³íñòðóìåíòàëüíèõ çàñîá³â GPSS
World.

Êëþ÷îâ³ ñëîâà: òðèêàíàëüíà ñèñòåìà îáñëóãîâóâàííÿ, íàéïðîñò³øèé âõ³äíèé ïîò³ê, åðëàíã³âñüêèé ðîç-
ïîä³ë ÷àñó îáñëóãîâóâàííÿ, âèïàäêîâå â³äêèäàííÿ çàìîâëåíü, ìåòîä ô³êòèâíèõ ôàç, ðåêóðåíòí³
ñï³ââ³äíîøåííÿ.

Determination of steady-state characteristics of three-channel queueing systems with Erlangian service
times / Yu.V. Zhernovyi, K.Yu. Zhernovyi // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 134–145.

We propose a method to analyze M/E2/3/m queueing systems: standard system and systems with the
threshold and hysteretic strategies of random dropping of customers in order to control the input flow. We
obtain recurrence relations to compute the stationary distribution of the number of customers and the
steady-state characteristics. The developed algorithms are tested on the examples using simulation models
constructed with the assistance of the GPSS World tools.

Keywords: three-channel queueing system, Poisson input, Erlangian service times, random dropping of
customers, fictitious phase method, recurrence relations.

ÓÄÊ 330.101.541-336.7

Äèíàìèêà ýêîíîìè÷åñêèõ öèêëîâ / Á.Á. Äóíàåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53,
¹ 2. Ñ. 146–162.

²ë.: 2. Òàáë. 4. Á³áë³îãð.: 35 íàçâè.

Îïðåäåëåíî öèêëè÷åñêîå âî âðåìåíè ðàçâèòèå ýêîíîìèêè êàê ðåçóëüòàò èìåâøèõñÿ è èìåþùèõñÿ
èçìåíåíèé ñîîòíîøåíèÿ ñïðîñà è ïðåäëîæåíèÿ íà ðûíêå áëàã, íàðóøèâøèõ ðàâíîâåñèå, êîòîðîå âîññòà-
íàâëèâàåòñÿ ñ ïîñòîÿííûìè âðåìåííûìè ðèòìàìè â ïðîöåññå ñàìîðåãóëèðîâàíèÿ ðûíî÷íîé ñèñòåìîé êî-
ëè÷åñòâà ðàáîòàþùèõ â ñôåðå ïðîèçâîäñòâà ïî êîíúþíêòóðå ïîòðåáèòåëüñêîãî ñïðîñà. Ïîêàçàíî, ÷òî íà-
áëþäàåìûå âîëíû Êîíäðàòüåâà èçìåðÿþòñÿ â áàçîâûõ öåíàõ ðåàëüíîé ñòîèìîñòüþ èìåþùåãîñÿ â ñôåðå
ïðîèçâîäñòâà êàïèòàëà è ïðåäñòàâëÿþòñÿ åå ãðàôèêàìè âî âðåìåíè.

Êëþ÷åâûå ñëîâà: ýêîíîìèêà, ðûíîê, öèêëû, ñïðîñ, ïðåäëîæåíèå, ðàâíîâåñèå, êðèçèñ, êîíúþíêòóðà,
òðóä, êàïèòàë, äåíüãè, âîñïðîèçâîäñòâî, èíâåñòèöèè, èíôëÿöèÿ.

Äèíàì³êà ýêîíîì³÷íèõ öèêë³â / Á.Á. Äóíàºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 2.
Ñ. 146–162.

Âèçíà÷åíî öèêë³÷íèé çà ÷àñîì ðîçâèòîê åêîíîì³êè ÿê ðåçóëüòàò òèõ, ùî áóëè, ³ íàÿâíèõ çì³í
ñï³ââ³äíîøåííÿ ïîïèòó ³ ïðîïîçèö³¿ íà ðèíêó áëàã, ÿê³ ïîðóøèëè ð³âíîâàãó, ùî â³äíîâëþºòüñÿ ç
ïîñò³éíèìè òèì÷àñîâèìè ðèòìàìè â ïðîöåñ³ ñàìîðåãóëþâàííÿ ðèíêîâîþ ñèñòåìîþ ê³ëüêîñò³ ïðàö³â-
íèê³â ó ñôåð³ âèðîáíèöòâà çà êîí’þíêòóðîþ ñïîæèâ÷îãî ïîïèòó. Ïîêàçàíî, ùî ñïîñòåðåæóâàí³ õâèë³
Êîíäðàòüºâà âèì³ðþþòüñÿ â áàçîâèõ ö³íàõ ðåàëüíîþ âàðò³ñòþ íàÿâíîãî â ñôåð³ âèðîáíèöòâà êàï³òàëó ³ º
¿¿ ãðàô³êàìè ó ÷àñ³.

Êëþ÷îâ³ ñëîâà: åêîíîì³êà, ðèíîê, öèêëè, ïîïèò, ïðîïîçèö³ÿ, ð³âíîâàãà, êðèçà, êîí’þíêòóðà, ïðàöÿ,
êàï³òàë, ãðîø³, â³äòâîðåííÿ, ³íâåñòèö³¿, ³íôëÿö³ÿ.
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Dynamics of economic cycles / B.B. Dunaev // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 146–162.

Cyclic economic development results from the available and current changes in the balance between
supply and demand in the goods market that disturb the equilibrium, which is recovering at time constant
rhythms during self-regulation by the market system of the number of employees in production on market
conditions in consumer demand. It is shown that the observed Kondratieff waves measured in the real value of
the existing capital and production are its time schedules.

Keywords: economy, market, cycles, demand, supply, equilibrium, crisis, environment, labor, capital, money,
reproduction, investments, inflation.

ÓÄÊ 519.854

Ïîâòîðÿåìûé èòåðèðîâàííûé àëãîðèòì òàáó äëÿ ðåøåíèÿ êâàäðàòè÷íîé çàäà÷è î íàçíà÷åíèÿõ /
Ï.Â. Øèëî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 163–167.

²ë.: 0. Òàáë. 1. Á³áë³îãð.: 18 íàçâ.

Ðàçðàáîòàí íîâûé àëãîðèòì ïîâòîðÿåìîãî òàáó äëÿ ðåøåíèÿ êâàäðàòè÷íîé çàäà÷è î íàçíà÷åíèÿõ.
Ïðîâåäåííîå ñðàâíèòåëüíîå èññëåäîâàíèå äàííîãî àëãîðèòìà ñ ëó÷øèìè â íàñòîÿùåå âðåìÿ àëãîðèòìà-
ìè ðåøåíèÿ ýòîé çàäà÷è ïîêàçàëî åãî êîíêóðåíòîñïîñîáíîñòü êàê ïî áûñòðîäåéñòâèþ, òàê è ïî âîçìîæ-
íîñòè ïîëó÷åíèÿ ëó÷øèõ ðåøåíèé.

Êëþ÷åâûå ñëîâà: êâàäðàòè÷íàÿ çàäà÷à î íàçíà÷åíèÿõ, òàáó, âû÷èñëèòåëüíûé ýêñïåðèìåíò, ñðàâíèòåëü-
íîå èññëåäîâàíèå àëãîðèòìîâ.

Ïîâòîðþâàíèé ³òåðîâàíèé àëãîðèòì òàáó äëÿ ðîçâ’ÿçàííÿ êâàäðàòè÷íî¿ çàäà÷³ ïðî ïðèçíà÷åííÿ /
Ï.Â. Øèëî// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 2. Ñ. 163–167.

Ðîçðîáëåíî íîâèé àëãîðèòì ïîâòîðþâàíîãî òàáó äëÿ ðîçâ’ÿçàííÿ êâàäðàòè÷íî¿ çàäà÷³ ïðî ïðèçíà-
÷åííÿ. Ïðîâåäåíå ïîð³âíÿëüíå äîñë³äæåííÿ öüîãî àëãîðèòìó ç íàéêðàùèìè íà äàíèé ÷àñ àëãîðèòìàìè
ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³ ïîêàçàëî éîãî êîíêóðåíòîñïðîìîæí³ñòü ÿê çà øâèäêîä³ºþ, òàê ³ çà ìîæëèâ³ñòþ
îòðèìàííÿ êðàùèõ ðîçâ’ÿçê³â.

Êëþ÷îâ³ ñëîâà: êâàäðàòè÷íà çàäà÷à ïðî ïðèçíà÷åííÿ, òàáó, îá÷èñëþâàëüíèé åêñïåðèìåíò, ïîð³âíÿëüíå
äîñë³äæåííÿ àëãîðèòì³â.

Solving the quadratic assignment problem by the repeated iterated tabu search method / P.V. Shylo //
Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2. P. 163–167.

A novel Repeated Iterated Tabu Search for quadratic assignment problem is presented. We compare our
approach to the state-of-the-art techniques and demonstrate its advantages with respect to run times and solution
quality.

Keywords: quadratic assignment problem, tabu search, computing experiment, a comparative study of
algorithms.

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 004.04

Óïðàâëåíèå ðåñóðñàìè ðàñïðåäåëåííîé êîìïüþòåðíîé ñèñòåìû ñ ó÷åòîì óðîâíÿ äîâåðèÿ ê
âû÷èñëèòåëüíûì êîìïîíåíòàì / ×æåíáèí Õó, Â.Å. Ìóõèí, ß.È. Êîðíàãà, Î.Þ. Ãåðàñèìåíêî //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 168–180.

²ë.: 3. Òàáë. 2. Á³áë³îãð.: 31 íàçâà.

Ðàññìàòðèâàåòñÿ îáåñïå÷åíèå áåçîïàñíîé îáðàáîòêè äàííûõ â ðàñïðåäåëåííûõ êîìïüþòåðíûõ
ñèñòåìàõ (ÐÊÑ), ÷òî ÿâëÿåòñÿ âàæíûì äëÿ âûïîëíåíèÿ îïðåäåëåííîãî êëàññà çàäà÷. Ïðåäëîæåí ïîäõîä
ê óïðàâëåíèþ ðåñóðñàìè ÐÊÑ, êîòîðûé â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè ïîëüçîâàòåëÿ ïîçâîëÿåò ó÷åñòü
êàê âðåìåííûå çàòðàòû íà âûïîëíåíèå çàäàíèÿ, òàê è óðîâåíü çàùèùåííîñòè ðåñóðñîâ, ïðèâëåêàåìûõ
äëÿ åãî âûïîëíåíèÿ.

Êëþ÷åâûå ñëîâà: ðàñïðåäåëåííûå âû÷èñëåíèÿ, óïðàâëåíèå ðåñóðñàìè, ïëàíèðîâàíèå çàäà÷, áåçîïàñíàÿ
îáðàáîòêà äàííûõ, ìîíèòîðèíã ñîñòîÿíèÿ âû÷èñëèòåëüíîãî óçëà, ëîêàëüíûé àãåíò äàííûõ.

Óïðàâë³ííÿ ðåñóðñàìè ðîçïîä³ëåíî¿ êîìï’þòåðíî¿ ñèñòåìè ç óðàõóâàííÿì ð³âíÿ äîâ³ðè äî
îá÷èñëþâàëüíèõ êîìïîíåíò³â / ×æåíá³í Õó, Â.ª. Ìóõ³í, ß.². Êîðíàãà, Î.Þ. Ãåðàñèìåíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 2. Ñ. 168–180.

Ðîçãëÿíóòî ãàðàíòóâàííÿ áåçïå÷íîãî îáðîáëåííÿ äàíèõ ó ðîçïîä³ëåíèõ êîìï’þòåðíèõ ñèñòåìàõ
(ÐÊÑ), ùî º êðèòè÷íî âàæëèâèì äëÿ âèêîíàííÿ ïåâíîãî êëàñó çàäà÷. Çàïðîïîíîâàíî ï³äõ³ä äî
óïðàâë³ííÿ ðåñóðñàìè ÐÊÑ, ÿêèé â³äïîâ³äíî äî âèìîã êîðèñòóâà÷à äîçâîëÿº âðàõóâàòè ÿê âèòðàòè ÷àñó
íà âèêîíàííÿ çàâäàííÿ, òàê ³ ð³âåíü çàõèùåíîñò³ ðåñóðñ³â, ÿê³ çàëó÷àþòüñÿ äëÿ éîãî âèêîíàííÿ.

Êëþ÷îâ³ ñëîâà: ðîçïîä³ëåí³ îá÷èñëåííÿ, óïðàâë³ííÿ ðåñóðñàìè, ïëàíóâàííÿ çàâäàíü, áåçïå÷íå îáðîá-
ëåííÿ äàíèõ, ìîí³òîðèíã ñòàíó îá÷èñëþâàëüíîãî âóçëà, ëîêàëüíèé àãåíò äàíèõ.
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Resource management in distributed computer system taking into account the trust level to the
computational nodes / Zhengbing Hu, V.Ye. Mukhin, Ya.I. Kornaga, O.Yu. Herasymenko // Kibernetika i
sistemnyi analiz. 2017. Vol. 53, N 2. P. 168–180.

The safe data processing in distributed computer system (DCS) is critical for a certain class of
computational tasks. This paper describes an approach to resource management in DCS, which, according to
user’s requirements, allows taking into account the task execution time as well as the security level of system’s
resources.

Keywords: distributed computing, resource management, scheduling, secure data processing, computing node
state monitoring, local data agent.

ÓÄÊ 681.3

Îíòîëîãè÷åñêèå è àëãåáðîàëãîðèòìè÷åñêèå ñðåäñòâà àâòîìàòèçàöèè ïðîåêòèðîâàíèÿ
ïàðàëëåëüíûõ ïðîãðàìì äëÿ «îáëà÷íûõ» ïëàòôîðì / À.Å. Äîðîøåíêî, Î.Ì. Îâäåé, Å.À. ßöåíêî //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 2. Ñ. 181–192.

²ë.: 2. Òàáë. 5. Á³áë³îãð.: 20 íàçâè.

Ïðåäëîæåí ïîäõîä ê àâòîìàòèçèðîâàííîé ðàçðàáîòêå ïðîãðàìì, îñíîâàííûé íà èñïîëüçîâàíèè
ñðåäñòâ îíòîëîãèé è àëãåáðîàëãîðèòìè÷åñêîãî èíñòðóìåíòàðèÿ ïðîåêòèðîâàíèÿ è ñèíòåçà ïðîãðàìì.
Ïðèìåíåíèå ïîäõîäà ïðîèëëþñòðèðîâàíî íà ïðèìåðå ðàçðàáîòêè ïàðàëëåëüíîé ïðîãðàììû èç îáëàñòè
ìåòåîðîëîãè÷åñêîãî ïðîãíîçèðîâàíèÿ, à òàêæå ïðèëîæåíèÿ, ïðåäíàçíà÷åííîãî äëÿ âûïîëíåíèÿ ñîçäàí-
íîé ïðîãðàììû â «îáëà÷íîé» ñðåäå.

Êëþ÷åâûå ñëîâà: îíòîëîãèÿ, àëãåáðà àëãîðèòìîâ, ïðîåêòèðîâàíèå è ñèíòåç ïðîãðàìì, ïàðàëëåëüíàÿ
ïðîãðàììà, «îáëà÷íûå» âû÷èñëåíèÿ.

Îíòîëîã³÷í³ òà àëãåáðîàëãîðèòì³÷í³ çàñîáè àâòîìàòèçàö³¿ ïðîåêòóâàííÿ ïàðàëåëüíèõ ïðîãðàì
äëÿ «õìàðíèõ» ïëàòôîðì / À.Þ. Äîðîøåíêî, Î.Ì. Îâä³é, Î.À. ßöåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2017. Òîì 53, ¹ 2. Ñ. 181–192.

Çàïðîïîíîâàíî ï³äõ³ä äî àâòîìàòèçîâàíîãî ðîçðîáëåííÿ ïðîãðàì, ùî ´ðóíòóºòüñÿ íà âèêîðèñòàíí³
çàñîá³â îíòîëîã³é òà àëãåáðîàëãîðèòì³÷íîãî ³íñòðóìåíòàð³þ ïðîåêòóâàííÿ ³ ñèíòåçó ïðîãðàì. Çàñòîñó-
âàííÿ ï³äõîäó ïðî³ëþñòðîâàíî íà ïðèêëàä³ ðîçðîáëåííÿ ïàðàëåëüíî¿ ïðîãðàìè ó ñôåð³ ìåòåîðîëîã³÷íîãî
ïðîãíîçóâàííÿ, à òàêîæ ïðîãðàìíîãî çàñòîñóíêó, ïðèçíà÷åíîãî äëÿ âèêîíàííÿ ñòâîðåíî¿ ïðîãðàìè â
«õìàðíîìó» ñåðåäîâèù³.

Êëþ÷îâ³ ñëîâà: îíòîëîã³ÿ, àëãåáðà àëãîðèòì³â, ïðîåêòóâàííÿ ³ ñèíòåç ïðîãðàì, ïàðàëåëüíà ïðîãðàìà,
«õìàðí³» îá÷èñëåííÿ.

Ontological and algebra-algorithmic tools for automated design of parallel programs for cloud platforms
/ A.Yu. Doroshenko, O.M. Ovdii, O.A. Yatsenko // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 2.
P. 181–192.

We propose an approach to automated development of programs, which is based on the use of ontological
facilities and algebra-algorithmic tools for design and synthesis of programs. The approach is illustrated on the
example of developing a parallel program in the meteorological forecasting domain, as well as software
application to execute the developed program on a cloud computing platform.

Keywords: ontology, algebra of algorithms, design and synthesis of programs, parallel program, cloud
computing.
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