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ÓÄÊ 004.655

Òî÷íûå îöåíêè âðåìåííîé ñëîæíîñòè ðåàëèçàöèè àëãîðèòìîâ òåîðåòèêî-ìíîæåñòâåííûõ
îïåðàöèé â òàáëè÷íûõ àëãåáðàõ / Â.Í. Ðåäüêî, Ä.Á. Áóé, È.Ñ. Êàíàðñêàÿ, À.Ñ. Ñåí÷åíêî //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2017. — Òîì 53, ¹ 1. — Ñ. 3–15.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 12 íàçâ.

Èññëåäîâàíû àëãîðèòìû, ðåàëèçóþùèå ïåðåñå÷åíèå, îáúåäèíåíèå è ðàçíîñòü â òàáëè÷íûõ àëãåá-
ðàõ. Ïðåäëîæåíû ìîäèôèêàöèè íàèáîëåå ðàñïðîñòðàíåííûõ àëãîðèòìîâ, ïîçâîëÿþùèå ñîêðàòèòü êîëè-
÷åñòâî âû÷èñëåíèé. Íà îñíîâå îöåíêè ñëîæíîñòè â õóäøåì ñëó÷àå è â ñðåäíåì äëÿ ìîäèôèöèðîâàííûõ
àëãîðèòìîâ íàéäåí íàèáîëåå áûñòðûé àëãîðèòì äëÿ êàæäîé îïåðàöèè. Ðàçðàáîòàíà ïðîãðàììíàÿ ñèñòå-
ìà, ýêñïåðèìåíòàëüíî ïîäòâåðæäàþùàÿ òåîðåòè÷åñêèå îöåíêè.

Êëþ÷åâûå ñëîâà: ñëîæíîñòü àëãîðèòìà, áàçà äàííûõ, òàáëè÷íàÿ àëãåáðà.

Òî÷í³ îö³íêè ÷àñîâî¿ ñêëàäíîñò³ ðåàë³çàö³¿ àëãîðèòì³â òåîðåòèêî-ìíîæèííèõ îïåðàö³é
â òàáëè÷íèõ àëãåáðàõ / Â.Í. Ðåäüêî, Ä.Á. Áóé, ².Ñ. Êàíàðñüêà, Î.Ñ. Ñåí÷åíêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. — 2017. — Òîì 53, ¹ 1. — Ñ. 3–15.

Äîñë³äæåíî àëãîðèòìè, ùî ðåàë³çóþòü ïåðåòèí, îá’ºäíàííÿ ³ ð³çíèöþ â òàáëè÷íèõ àëãåáðàõ. Çàï-
ðîïîíîâàíî ìîäèô³êàö³¿ íàéá³ëüø ïîøèðåíèõ àëãîðèòì³â, ÿê³ äîçâîëÿþòü ñêîðîòèòè ê³ëüê³ñòü îá÷èñ-
ëåíü. Íà îñíîâ³ îö³íêè ñêëàäíîñò³ â ã³ðøîìó âèïàäêó ³ â ñåðåäíüîìó äëÿ ìîäèô³êîâàíèõ àëãîðèòì³â
çíàéäåíèé íàéá³ëüø øâèäêèé àëãîðèòì äëÿ êîæíî¿ îïåðàö³¿. Ðîçðîáëåíî ïðîãðàìíó ñèñòåìó, ùî åêñïå-
ðèìåíòàëüíî ï³äòâåðäæóº òåîðåòè÷í³ îö³íêè.

Êëþ÷îâ³ ñëîâà: ñêëàäí³ñòü àëãîðèòìó, áàçà äàíèõ, òàáëè÷íà àëãåáðà.

Precise estimates of the time complexity of implementing the algorithms of set-theoretic operations in
table algebra / V.N. Red’ko, D.B. Buy, I.S. Kanarskaya, A.S. Senchenko // Kibernetika i sistemnyi analiz.
— 2017. — Vol. 53, N 1. — P. 3–15.

The algorithms implementing intersection, union, and difference in table algebras are investigated.
Modifications of the most common algorithms reducing the amount of computation are proposed. Based on the
evaluated complexities in the worst case and in the average for the modified algorithms, the fastest algorithm
for each operation is found. The program experimentally confirming the theoretical estimates is developed.

Keywords: complexity of algorithms, database, table algebra.
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ÓÄÊ 531/534:57

Ìîäåëèðîâàíèå ïóëüñîâûõ âîëí äàâëåíèÿ ïðè êàðäèîøóíòèðîâàíèè / È.Ò. Ñåëåçîâ,
Þ.Ã. Êðèâîíîñ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2017. — Òîì 53, ¹ 1. — Ñ. 16–25.

²ë.: 2. Òàáë. 1. Á³áë³îãð.: 17 íàçâ.

Èññëåäîâàíà äèíàìèêà êàðäèîøóíòèðîâàíèÿ äëÿ îïðåäåëåíèÿ îïòèìàëüíûõ ïàðàìåòðîâ ôóíêöèîíè-
ðîâàíèÿ. Ïðåäñòàâëåíû óðàâíåíèÿ, îïèñûâàþùèå ðàñïðîñòðàíåíèå ïóëüñîâûõ âîëí äàâëåíèÿ â êðîâåíîñ-
íûõ ñîñóäàõ, â äèôôåðåíöèàëüíîé è â ïðèáëèæåííîé ôîðìàõ äëÿ îñðåäíåííûõ âåëè÷èí, îñíîâàííûõ íà
çàêîíàõ ñîõðàíåíèÿ. Èç ðåøåíèÿ íà÷àëüíî-êðàåâîé çàäà÷è äëÿ ñòûêà ñîñóäîâ ïîêàçàíî èõ ñîîòâåòñòâèå.
Èçó÷åíî âëèÿíèå ðàçëè÷íûõ ïàðàìåòðîâ — äèàìåòðîâ, òîëùèí ñòåíîê, óïðóãèõ ñâîéñòâ ñîñóäîâ — íà ýô-
ôåêòèâíîñòü øóíòà. Â ÷àñòíîñòè, èññëåäîâàíî âëèÿíèå ôîðìû, ïëîùàäè ñòûêà øóíòà è óãëà åãî ñîåäè-
íåíèÿ ñ êîðîíàðíûì ñîñóäîì íà ïðîõîæäåíèå êðîâè è êîàãóëÿöèþ. Íà îñíîâå ïðîâåäåííûõ ðàñ÷åòîâ
ñäåëàíû âûâîäû î âëèÿíèè ðàçëè÷íûõ ïàðàìåòðîâ íà äèíàìèêó êàðäèîøóíòèðîâàíèÿ.

Êëþ÷åâûå ñëîâà: êàðäèîøóíòèðîâàíèå, êîðîíàðíàÿ àðòåðèÿ, ãèäðàâëè÷åñêèå ïîòåðè, ôèçèêî-ìåõàíè-
÷åñêèå ñâîéñòâà ñîñóäîâ.

Ìîäåëþâàííÿ ïóëüñîâèõ õâèëü òèñêó ïðè êàðä³îøóíòóâàíí³ / ².Ò. Ñåëåçîâ, Þ.Ã. Êðèâîíîñ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2017. — Òîì 53, ¹ 1. — Ñ. 16–25.

Äîñë³äæåíî äèíàì³êó êàðä³îøóíòóâàííÿ äëÿ âèçíà÷åííÿ îïòèìàëüíèõ ïàðàìåòð³â ôóíêö³îíóâàííÿ.
Íàâåäåíî ð³âíÿííÿ, ùî îïèñóþòü ïîøèðåííÿ ïóëüñîâèõ õâèëü òèñêó â êðîâîíîñíèõ ñóäèíàõ, ó äèôå-
ðåíö³àëüí³é ³ íàáëèæåí³é ôîðìàõ äëÿ óñåðåäíåíèõ âåëè÷èí, ùî áàçóþòüñÿ íà çàêîíàõ çáåðåæåííÿ. ²ç
ðîçâ’ÿçàííÿ ïî÷àòêîâî-êðàéîâî¿ çàäà÷³ äëÿ ñòèêó ñóäèí ïîêàçàíî ¿õíþ â³äïîâ³äí³ñòü. Âèâ÷åíî âïëèâ
ð³çíèõ ïàðàìåòðâ — ä³àìåòð³â, òîâùèí ñò³íîê, ïðóæíèõ âëàñòèâîñòåé ñóäèí — íà åôåêòèâí³ñòü øóíòà.
Çîêðåìà, äîñë³äæåíî âïëèâ ôîðìè, ïëîù³ ñòèêó øóíòà ³ êóòà éîãî ç’ºäíàííÿ ç êîðîíàðíîþ ñóäèíîþ íà
ïðîõîäæåííÿ êðîâ³ ³ êîàãóëÿö³þ. Íà îñíîâ³ ïðîâåäåíèõ ðîçðàõóíê³â çðîáëåíî âèñíîâêè ïðî âïëèâ
ð³çíèõ ïàðàìåòð³â íà äèíàì³êó êàðä³îøóíòóâàííÿ.

Êëþ÷îâ³ ñëîâà: êàðä³îøóíòóâàííÿ, êîðîíàðíà àðòåð³ÿ, ã³äðàâë³÷í³ âòðàòè, ô³çèêî-ìåõàí³÷í³ âëàñòèâîñò³
ñóäèí.
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Modeling of pressure pulse waves in bypass graftinG / I.T. Selezov, Iu.G. Kryvonos // Kibernetika i
sistemnyi analiz. — 2017. — Vol. 53, N 1. — P. 16–25.

The dynamics of a bypass in terms of determining the optimum parameters of its operation is
investigated. The equations describing the propagation of pressure pulse waves in the blood vessels are
presented in differential form and in approximate form for the averaged values based on the conservation laws.
The correspondence of these forms is shown from the solutions of the initial boundary-value problem for
vascular junction. The influence of the parameters such as various diameters, wall thicknesses, and elastic
properties of blood vessels on the shunt effectiveness is investigated. In particular, we investigate the influence
of the shunt form and junction area, as well as the angle of the shunt connection with the vessel, on the passage
of the coronary vessels and blood coagulation. On the basis of the calculations, conclusions about the influence
of various parameters on the dynamics of bypass are made.

Keywords: bypass grafting, coronary artery, hydraulic losses, physical and mechanical properties of blood
vessels.

ÓÄÊ 519.6

Ñðàâíåíèå ïî ýíåðãèè ñõîäèìîñòè îäíîøàãîâîãî è äâóõøàãîâîãî èòåðàöèîííûõ ìåòîäîâ /
Â.Ã. Ïðèêàç÷èêîâ, À.Í. Õèìè÷ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2017. — Òîì 53, ¹ 1. —
Ñ. 26–30.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 3 íàçâè.

Óñòàíîâëåí òî÷íûé êîýôôèöèåíò ñæàòèÿ ýíåðãèè ïîãðåøíîñòè íà êàæäîì øàãå äâóõøàãîâîãî ìåòî-
äà ñ îïòèìàëüíûìè ïîñòîÿííûìè ïàðàìåòðàìè, êîòîðûé ïîêàçûâàåò íà êàæäîì øàãå ëó÷øóþ ñêîðîñòü
ñõîäèìîñòè ïî ñðàâíåíèþ ñ îäíîøàãîâûì ìåòîäîì ñ ïîñòîÿííûì ïàðàìåòðîì. Ðåêîìåíäîâàí äâóõøàãî-
âûé ìåòîä ñ ïàðàìåòðàìè, èñïîëüçóþùèìè çîëîòîå ñå÷åíèå.

Êëþ÷åâûå ñëîâà: èòåðàöèîííûå ìåòîäû, îöåíêà ñêîðîñòè ñõîäèìîñòè, ýíåðãåòè÷åñêàÿ íîðìà, õàðàêòå-
ðèñòè÷åñêîå óðàâíåíèå, êîíñòàíòû ýíåðãåòè÷åñêîé ýêâèâàëåíòíîñòè.

Ïîð³âíÿííÿ ïî åíåðã³¿ çá³æíîñò³ îäíîêðîêîâîãî ³ äâîêðîêîâîãî ³òåðàö³éíèõ ìåòîä³â /
Â.Ã. Ïðèêàç÷èêîâ, Î.Ì. Õ³ì³÷ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2017. — Òîì 53, ¹ 1. —
Ñ. 26–30.

Âñòàíîâëåíî òî÷íèé êîåô³ö³ºíò ñòèñíåííÿ åíåðã³¿ ïîõèáêè íà êîæíîìó êðîö³ äâîêðîêîâîãî ìåòîäó
ç îïòèìàëüíèìè ñòàëèìè ïàðàìåòðàìè, ÿêèé íà êîæíîìó êðîö³ ïîêàçóº êðàùó øâèäê³ñòü çá³æíîñò³
â ïîð³âíÿíí³ ç îäíîêðîêîâèì ìåòîäîì ç îïòèìàëüíèì ñòàëèì ïàðàìåòðîì. Ðåêîìåíäîâàíî äâîêðîêîâèé
ìåòîä ç ïàðàìåòðàìè, ùî âèêîðèñòîâóþòü çîëîòèé ïåðåð³ç.

Êëþ÷îâ³ ñëîâà: ³òåðàö³éí³ ìåòîäè, îö³íêà øâèäêîñò³ çá³æíîñò³, åíåðãåòè÷íà íîðìà, õàðàêòåðèñòè÷íå
ð³âíÿííÿ, êîíñòàíòè ýíåðãåòè÷íî¿ åêâ³âëåíòíîñò³.

Comparing one-step and two-step iterative methods in convergence energy / V.G. Prikazchikov,
A.N. Khimich // Kibernetika i sistemnyi analiz. — 2017. — Vol. 53, N 1. — P. 26–30.

The paper establishes the exact error energy compression ratio on each step of the two-step method,
which shows a better convergence rate compared with the one-step method with optimal parameter.

Keywords: iterative methods, convergence rate, energy norm, characteristic equation, energy equivalence
constants.

ÓÄÊ 519.21

Ìåòîäû ðîáàñòíîãî ðàçóêðóïíåíèÿ äàííûõ è ïðîåêöèé ïðè íåîïðåäåëåííîñòÿõ: èññëåäîâàíèÿ
èçìåíåíèé çåìåëüíîãî ïîêðîâà è çåìëåïîëüçîâàíèÿ / Þ.Ì. Åðìîëüåâ, Ò.Þ. Åðìîëüåâà,
Ï. Õàâëèê, À. Ìîíüå, Ä. Ëåêëåð, Ñ. Ôðèòö, Ì. Îáåðøòàéíýð, Ñ.Â. Êèðèçþê, Å.Í. Áîðîäèíà //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2017. — Òîì 53, ¹ 1. — Ñ. 31–41.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 12 íàçâ.

Ðàññìîòðåíû âçàèìîçàâèñèìîñòè ìåæäó ñèñòåìàìè çåìëåïîëüçîâàíèÿ íà ëîêàëüíîì, íàöèîíàëü-
íîì è ãëîáàëüíîì óðîâíÿõ, êîòîðûå îáóñëîâëèâàþò íåîáõîäèìîñòü ðàçðàáîòêè íîâûõ ìåòîäîâ ñèñòåì-
íîãî àíàëèçà äëÿ èíòåãðàöèè ìîäåëåé çåìëåïîëüçîâàíèÿ ðàçíûõ ìàñøòàáîâ. Ðàçðàáîòàíû íîâûå îáùèå
ïîäõîäû ïîëó÷åíèÿ ðàçóêðóïíåííûõ îöåíîê íà îñíîâàíèè ïðèíöèïà êðîññ-ýíòðîïèè, êîòîðûå ðîáàñòíû
îòíîñèòåëüíî ìíîæåñòâà âîçìîæíûõ ïðàåðîâ. Ìåòîäû ðîáàñòíîãî ðàçóêðóïíåíèÿ ó÷èòûâàþò òàê íàçû-
âàåìûå íåáàéåñîâñêèå íåîïðåäåëåííîñòè, ò.å. íåïîëíîòó, îòñóòñòâèå, îøèáêè â äàííûõ. Â ìíîãî÷èñëåí-
íûõ ïðàêòè÷åñêèõ èññëåäîâàíèÿõ, ïðîâåäåííûõ â Êèòàå, ñòðàíàõ Àôðèêè, Áðàçèëèè, Óêðàèíå, ïðåäëî-
æåííûå ïîäõîäû ïîçâîëèëè ïîëó÷èòü ëîêàëüíûå ïðîãíîçû ðàçâèòèÿ è èçìåíåíèÿ çåìëåïîëüçîâàíèÿ, ñî-
îòâåòñòâóþùèå ðåàëüíûì òåíäåíöèÿì è îæèäàíèÿì.

Êëþ÷åâûå ñëîâà: ïëàíèðîâàíèå óñòîé÷èâîãî ðàçâèòèÿ, íåîïðåäåëåííîñòè, ðîáàñòíîå ðàçóêðóïíåíèå,
ëîêàëüíî-ãëîáàëüíûå çàâèñèìîñòè.



Ìåòîäè ðîáàñòíîãî ðîçóêðóïíåííÿ äàíèõ ³ ïðîåêö³é ïðè íåâèçíà÷åíîñòÿõ: äîñë³äæåííÿ çì³í
çåìåëüíîãî ïîêðèâó òà çåìëåêîðèñòóâàííÿ / Þ.Ì. ªðìîëüºâ, Ò.Þ. ªðìîëüºâà, Ï. Õàâëèê,
À. Ìîíüº, Ä. Ëåêëåð, Ñ. Ôð³òö, Ì. Îáåðøòàéíåð, Ñ.Â. Êèðèçþê, O.M. Áîðîä³íà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. — 2017. — Òîì 53, ¹ 1. — Ñ. 31–41.

Ðîçãëÿíóòî âçàºìîçàëåæíîñò³ ì³æ ñèñòåìàìè çåìëåêîðèñòóâàííÿ íà ëîêàëüíîìó, íàö³îíàëüíîìó òà
ãëîáàëüíîìó ð³âíÿõ, ÿê³ îáóìîâëþþòü íåîáõ³äí³ñòü ðîçðîáëåííÿ íîâèõ ìåòîä³â ñèñòåìíîãî àíàë³çó äëÿ
³íòåãðàö³¿ ìîäåëåé çåìëåêîðèñòóâàííÿ ð³çíèõ ìàñøòàá³â. Ðîçðîáëåíî íîâ³ çàãàëüí³ ï³äõîäè îäåðæàííÿ
ðîçóêðóïíåíèõ îö³íîê íà ï³äñòàâ³ ïðèíöèïó êðîñ-åíòðîï³¿, ÿê³ º ðîáàñòíèìè â³äíîñíî ÷èñåëüíîñò³ ìîæ-
ëèâèõ ïðàåð³â. Ìåòîäè ðîáàñòíîãî ðîçóêðóïíåííÿ âðàõîâóþòü òàê çâàí³ íåáàºñ³âñüê³ íåâèçíà÷åíîñò³,
òîáòî íåïîâíîòó àáî â³äñóòí³ñòü äàíèõ, ïîìèëêè ó íèõ. Ó ÷èñåëüíèõ ïðàêòè÷íèõ äîñë³äæåííÿõ, ïðîâåäå-
íèõ ó Êèòà¿, êðà¿íàõ Àôðèêè, Áðàçèë³¿ òà Óêðà¿í³, çàïðîïîíîâàí³ ï³äõîäè äîçâîëèëè îòðèìàòè ëîêàëüí³
ïðîãíîçè ðîçâèòêó ³ çì³íè çåìëåêîðèñòóâàííÿ â³äïîâ³äíî äî ðåàëüíèõ òåíäåíö³é ³ î÷³êóâàíü.

Êëþ÷îâ³ ñëîâà: ïëàíóâàííÿ ñòàëîãî ðîçâèòêó, íåâèçíà÷åíîñò³, ðîáàñòí³ ðîçóêðóïíåííÿ, ëîêàëüíî-ãëî-
áàëüí³ çàëåæíîñò³.

Robust downscaling approaches to disaggregation of data and projections under uncertainties: Case of
land use and land use change systems / Y.M. Ermoliev, T.Y. Ermolieva, P. Havlik, A. Mosnier,
D. Leclere, S. Fritz, M. Obersteiner, S.V. Kyryzyuk, O.M. Borodina // Kibernetika i sistemnyi analiz. —
2017. — Vol. 53, N 1. — P. 31–41.

The interdependencies among land use systems at national and global levels motivate the development of
advanced systems analysis approaches for integration of land use models operating at different scales. The
paper develops novel general approaches based on cross-entropy principle for downscaling aggregate data and
projections, which are robust with respect to feasible priors. Robust downscaling methods account for the
so-called non-Bayesian uncertainties, i.e., not complete, unobservable, or erroneous information or data. In
numerous case studies in China, Ukraine, Brazil, the approaches allowed to derive local development
projections of land use and land use change consistently with existing trends and expectations.

Keywords: sustainable development planning, uncertainties, robust downscaling, local-global
interdependencies.

ÓÄÊ 517.9+518.6

×èñëåííûé ìåòîä ðåøåíèÿ çàäà÷è Êîøè ñ ïðåäûñòîðèåé / Â.À. Ïðóñîâ, À.Å. Äîðîøåíêî //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2017. — Òîì 53, ¹ 1. — Ñ. 42–67.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 23 íàçâ.

Èññëåäîâàíû òåîðåòè÷åñêèå àñïåêòû ïîñòðîåíèÿ ñåìåéñòâà ìíîãîøàãîâûõ îäíîñòàäèéíûõ ìåòî-
äîâ ðåøåíèÿ çàäà÷è Êîøè ñ ïðåäûñòîðèåé äëÿ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé. Ðàññìîò-
ðåíû îáùèå âîïðîñû, ñâÿçàííûå ñ ïðîáëåìàìè äèñêðåòèçàöèè, àïïðîêñèìàöèè, ñõîäèìîñòè è óñòîé÷è-
âîñòè. Äåòàëüíî èçó÷åíà ïðîáëåìà ïîâûøåíèÿ òî÷íîñòè ÷èñëåííîãî ðåøåíèÿ. Ïðåäñòàâëåííûå ðåçóëü-
òàòû ïðèãîäíû òàêæå ïðè ÷èñëåííîì ðåøåíèè óðàâíåíèé â ÷àñòíûõ ïðîèçâîäíûõ.

Êëþ÷åâûå ñëîâà: îáûêíîâåííîå äèôôåðåíöèàëüíîå óðàâíåíèå, ìíîãîøàãîâûé îäíîñòàäèéíûé ìåòîä,
äèñêðåòèçàöèÿ, àïïðîêñèìàöèÿ, ñõîäèìîñòü, ñèëüíàÿ óñòîé÷èâîñòü.

×èñåëüíèé ìåòîä ðîçâ’ÿçóâàííÿ çàäà÷³ Êîø³ ç ïåðåä³ñòîð³ºþ / Â.À. Ïðóñîâ, À.Þ. Äîðîøåíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2017. — Òîì 53, ¹ 1. — Ñ. 42–67.

Äîñë³äæåíî òåîðåòè÷í³ àñïåêòè ïîáóäîâè ñ³ìåéñòâà áàãàòîêðîêîâèõ îäíîñòàä³éíèõ ìåòîä³â ðîç-
â’ÿçàííÿ çàäà÷³ Êîø³ ç ïåðåä³ñòîð³ºþ äëÿ çâè÷àéíèõ äèôåðåíö³àëüíèõ ð³âíÿíü. Ðîçãëÿíóòî çàãàëüí³ ïè-
òàííÿ, ïîâ’ÿçàí³ ç ïðîáëåìàìè äèñêðåòèçàö³¿, àïðîêñèìàö³¿, çá³æíîñò³ òà ñò³éêîñò³. Äåòàëüíî äîñë³äæåíî
ïðîáëåìó ï³äâèùåííÿ òî÷íîñò³ ÷èñåëüíîãî ð³øåííÿ. Íàâåäåí³ ðåçóëüòàòè ïðèäàòí³ äëÿ ÷èñåëüíîãî ðîç-
â’ÿçóâàííÿ ð³âíÿíü â ÷àñòèííèõ ïîõ³äíèõ.

Êëþ÷îâ³ ñëîâà: çâè÷àéíå äèôåðåíö³àëüíå ð³âíÿííÿ, áàãàòîêðîêîâèé îäíîñòàä³éíèé ìåòîä, äèñêðåòè-
çàö³ÿ, àïðîêñèìàö³ÿ, çá³æí³ñòü, ñèëüíà ñò³éê³ñòü.

Numerical method to solve the Cauchy problem with prehistory / V.A. Prusov, A.Yu. Doroshenko //
Kibernetika i sistemnyi analiz. — 2017. — Vol. 53, N 1. — P. 42–67.

The paper is devoted to the theoretical aspects of constructing a family of single-stage multi-step methods
for solving the Cauchy problem with prehistory for ordinary differential equations. The paper includes general
issues related to discretization, approximation, convergence, and stability. The problem of improving the
accuracy of numerical solutions is analyzed in detail. Many of the results presented in the paper go beyond its
title and are suitable for the numerical solution of partial differential equations.

Keywords: ordinary differential equations, one-stage multi-step method, discretization, approximation,
convergence, strong stability.
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ÓÄÊ 621.37
Ðàíæèðîâàíèå ýëåìåíòîâ ñèñòåìû íà îñíîâå íå÷åòêîãî îòíîøåíèÿ âëèÿíèÿ è òðàíçèòèâíîãî
çàìûêàíèÿ / À.Ï. Ðîòøòåéí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2017. — Òîì 53, ¹ 1. — Ñ. 68–78.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 5 íàçâ.

Ïðåäëîæåí ìåòîä ðàíæèðîâàíèÿ ýëåìåíòîâ ìíîãîôóíêöèîíàëüíîé ñèñòåìû ñ ïðèìåíåíèåì òåî-
ðèè íå÷åòêèõ îòíîøåíèé. Çàäà÷à ñâåäåíà ê àâòîìàòè÷åñêîé êëàññèôèêàöèè íà îñíîâå òðàíçèòèâíîãî çà-
ìûêàíèÿ íå÷åòêîãî îòíîøåíèÿ ñõîäñòâà. Èñõîäíàÿ èíôîðìàöèÿ î ñèñòåìå çàäàíà â âèäå íå÷åòêîãî îòíî-
øåíèÿ âëèÿíèÿ îòêàçîâ ýëåìåíòîâ íà âûïîëíåíèå ôóíêöèé. Ñòåïåíè âëèÿíèÿ ýëåìåíòîâ íà ôóíêöèè ñèñ-
òåìû âû÷èñëÿþòñÿ ïóòåì ñðàâíåíèÿ ñ íàèìåíüøèì âëèÿíèåì ïî äåâÿòèáàëëüíîé øêàëå Ñààòè.
Ðàññìîòðåííûé ìåòîä íå èìååò îãðàíè÷åíèé, ñâÿçàííûõ ñ äîïóùåíèÿìè î áèíàðíîì ñâîéñòâå íàäåæíîñ-
òè: «åñòü îòêàç — íåò îòêàçà», åãî ìîæíî ïðèìåíÿòü â ìíîãîôóíêöèîíàëüíûõ ñèñòåìàõ ñ ïëîõî îïðåäå-
ëåííîé ñòðóêòóðîé — îðãàíèçàöèîííûõ, ýðãàòè÷åñêèõ, âîåííûõ è äð.

Êëþ÷åâûå ñëîâà: ìíîãîôóíêöèîíàëüíàÿ ñèñòåìà, íåîïðåäåëåííîñòü, âàæíîñòü ýëåìåíòà, íå÷åòêîå îò-
íîøåíèå, àâòîìàòè÷åñêàÿ êëàññèôèêàöèÿ.

Ðàíæóâàííÿ ýëåìåíò³â ñèñòåìè íà îñíîâ³ íå÷³òêîãî â³äíîøåííÿ âïëèâó ³ òðàíçèòèâíîãî
çàìèêàííÿ / Î.Ï. Ðîòøòåéí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2017. — Òîì 53, ¹ 1. — Ñ. 68–78.

²ë.: 1. Òàáë. 3. Á³áë³îãð.: 15 íàçâ.

Çàïðîïîíîâàíî ìåòîä ðàíæóâàííÿ åëåìåíò³â áàãàòîôóíêö³îíàëüíî¿ ñèñòåìè ç âèêîðèñòàííÿì
òåîð³¿ íå÷³òêèõ â³äíîøåíü. Çàäà÷ó çâåäåíî äî àâòîìàòè÷íî¿ êëàñèô³êàö³¿ íà áàç³ òðàíçèòèâíîãî çàìèêàí-
íÿ íå÷³òêîãî â³äíîøåííÿ ñõîæîñò³. Ïåðâèííó ³íôîðìàö³þ ïðî ñèñòåìó çàäàíî ó âèãëÿä³ íå÷³òêîãî â³äíî-
øåííÿ âïëèâó â³äìîâ åëåìåíò³â íà âèêîíàííÿ ôóíêö³é. Ñòóï³íü âïëèâó êîæíîãî åëåìåíòó íà ôóíêö³¿
ñèñòåìè îá÷èñëþþòü øëÿõîì ïîð³âíÿííÿ ç íàéìåíøèì âïëèâîì çà äåâ’ÿòèáàëüíîþ øêàëîþ Ñààò³. Çàï-
ðîïîíîâàíèé ìåòîä íå ìàº îáìåæåíü, ÿê³ ïîâ’ÿçàí³ ç á³íàðíîþ âëàñòèâ³ñòþ íàä³éíîñò³: «º â³äìîâà —
íåìàº â³äìîâè», éîãî ìîæíà çàñòîñîâóâàòè â áàãàòîôóíêö³îíàëüíèõ ñèñòåìàõ ç ïîãàíî âèçíà÷åíîþ
ñòðóêòóðîþ — îðãàí³çàö³éíèõ, åðãàòè÷íèõ, â³éñüêîâèõ òîùî.

Êëþ÷îâ³ ñëîâà: áàãàòîôóíêö³îíàëüíà ñèñòåìà, íåâèçíà÷åí³ñòü, âàæëèâ³ñòü åëåìåíòà, íå÷³òêå â³äíîøåí-
íÿ, àâòîìàòè÷íà êëàñèô³êàö³ÿ.

Ranking of system elements based on fuzzy reliation of influence and transitive closure / A.Ð. Rotshtein //
Kibernetika i sistemnyi analiz. — 2017. — Vol. 53, N 1. — P. 68–78.

The author proposes a method of elements ranking in multi-functional system using the fuzzy relations
theory. The problem is formulated as an automatic classification based on the transitive closure of the fuzzy
similarity relation. This allows splitting the set of system elements into disjoint classes, which are similar in
importance. The expert information about multi-functional system is given in the form of fuzzy relation of
influence of the element’s failures on the system’s functions performance. To calculate the degree of element’s
influences on the functions performance we use the comparison of all influences with the least influence by
9-point Saaty scale. The proposed method relaxes the assumption about the independence and the binary-state
(up-down) of elements. The possible fields of applications are multi-functional systems with ill-defined
structures such as organizational, ergatic, military, etc..

Keywords: multi-functional system, uncertainty, importance of element, fuzzy relation, automation
classification.

ÓÄÊ 519.85

Ñïåöèàëüíûå òðàíñïîçèöèè ýëåìåíòîâ ïåðåñòàíîâîê è ñâîéñòâà êîìïîçèöèè / È.Â. Ãðåáåííèê,
Î.Ñ. ×åðíàÿ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2017. — Òîì 53, ¹ 1. — Ñ. 79–90.

²ë.: 0. Òàáë. 2. Á³áë³îãð.: 15 íàçâ.

Ïðåäëîæåíà ñòðàòåãèÿ ðåøåíèÿ çàäà÷è îïòèìèçàöèè ëèíåéíîé ôóíêöèè íà ìíîæåñòâå öèêëè÷åñ-
êèõ ïåðåñòàíîâîê íà îñíîâå ñâîéñòâ òðàíñïîçèöèé ñïåöèàëüíîãî âèäà. Èññëåäîâàíû ñâîéñòâà ñïåöèàëü-
íîãî êëàññà òðàíñïîçèöèé, äîêàçàíû óòâåðæäåíèÿ î âëèÿíèè êîìïîçèöèé òàêèõ òðàíñïîçèöèé íà ïðîèç-
âîëüíóþ ïåðåñòàíîâêó. Äëÿ ïðèáëèæåííîãî ðåøåíèÿ, ïîëó÷åííîãî ñ ïîìîùüþ îïèñàííîé ñòðàòåãèè, îá-
îñíîâàíà îöåíêà.

Êëþ÷åâûå ñëîâà: êîìáèíàòîðíàÿ îïòèìèçàöèÿ, ëèíåéíàÿ ôóíêöèÿ, ïåðåñòàíîâêè, òðàíñïîçèöèè,
öèêëè÷åñêèå ïåðåñòàíîâêè.

Ñïåö³àëüí³ òðàíñïîçèö³¿ åëåìåíò³â ïåðåñòàíîâîê ³ âëàñòèâîñò³ êîìïîçèö³¿ / ².Â. Ãðåáåíí³ê,
Î.Ñ. ×îðíà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2017. — Òîì 53, ¹ 1. — Ñ. 79–90.

Çàïðîïîíîâàíî ñòðàòåã³þ âèð³øåííÿ çàäà÷³ îïòèì³çàö³¿ ë³í³éíî¿ ôóíêö³¿ íà ìíîæèí³ öèêë³÷íèõ ïå-
ðåñòàíîâîê íà îñíîâ³ âëàñòèâîñòåé òðàíñïîçèö³é ñïåö³àëüíîãî âèäó. Äîñë³äæåíî âëàñòèâîñò³ ñïåö³àëüíî-
ãî êëàñó òðàíñïîçèö³é, äîâåäåíî òâåðäæåííÿ ïðî âïëèâ êîìïîçèö³é òàêèõ òðàíñïîçèö³é íà äîâ³ëüíó ïå-
ðåñòàíîâêó. Äëÿ íàáëèæåíîãî ð³øåííÿ, îòðèìàíîãî çà äîïîìîãîþ îïèñàíî¿ ñòðàòåã³¿, îáãðóíòîâàíî
îö³íêó.

Êëþ÷îâ³ ñëîâà: êîìá³íàòîðíà îïòèì³çàö³ÿ, ë³í³éíà ôóíêö³ÿ, ïåðåñòàíîâêè, òðàíñïîçèö³¿, öèêë³÷í³ ïåðå-
ñòàíîâêè.
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Special transpositions of permutations elements and properties of their composition / I.V. Grebennik,
O.S. Chorna // Kibernetika i sistemnyi analiz. — 2017. — Vol. 53, N 1. — P. 79–90.

In this paper we propose a strategy for solving the problem of optimization of a linear function on the set
of cyclic permutations. The strategy is based on the properties of the transpositions of a special kind. The
properties of this class of transpositions are investigated. Assertions about the impact of compositions of such
transpositions on an arbitrary permutation are proved. For the approximate solutions obtained using the above
strategy, estimation is substantiated.

Keywords: combinatorial optimization, linear function, permutations, transpositions, cyclic permutations.

ÓÄÊ 681.3

Ñòàíäàðòèçàöèÿ â ñôåðå áåçîïàñíîñòè èíôîðìàöèîííûõ òåõíîëîãèé / À.Ì. Ôàëü // Êèáåðíåòèêà è

ñèñòåìíûé àíàëèç. — 2017. — Òîì 53, ¹ 1. — Ñ. 91–98.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 3 íàçâè.

Ïðèâåäåí îáçîð ìåæäóíàðîäíûõ ñòàíäàðòîâ, êîòîðûå ðàçðàáàòûâàþòñÿ â ÏÊ 27 «Ìåòîäû çàùèòû
ÈÒ» Îáúåäèíåííîãî òåõíè÷åñêîãî êîìèòåòà 1 ISO/IEC «Èíôîðìàöèîííûå òåõíîëîãèè». Ñòàíäàðòû
îõâàòûâàþò êðèïòîãðàôè÷åñêèå ìåõàíèçìû, îöåíêó è òåñòèðîâàíèå ïðîäóêòîâ è èíôîðìàöèîííûõ ñèñ-
òåì, êîíòðìåðû è óñëóãè áåçîïàñíîñòè. Ðàññìîòðåíû êàê îïóáëèêîâàííûå ñòàíäàðòû, òàê è íàõîäÿùèåñÿ
â ïðîöåññå ðàçðàáîòêè.

Êëþ÷åâûå ñëîâà: èíöèäåíò èíôîðìàöèîííîé áåçîïàñíîñòè, êîíôèäåíöèàëüíîñòü, íåïðåðûâíîñòü áèç-
íåñà, îöåíêà çàùèùåííîñòè, óïðàâëåíèå êëþ÷àìè, ôóíêöèîíàëüíûå óñëóãè.

Còàíäàðòèçàö³ÿ â ñôåð³ áåçïåêè ³íôîðìàö³éíèõ òåõíîëîã³é / Î.Ì. Ôàëü // Ê³áåðíåòèêà òà ñèñòåìíèé

àíàë³ç. — 2017. — Òîì 53, ¹ 1. — Ñ. 91–98.

Íàâåäåíî îãëÿä ì³æíàðîäíèõ ñòàíäàðò³â, ÿê³ ðîçðîáëÿþòüñÿ ó ÏÊ 27 «Ìåòîäè çàõèñòó ²Ò»
Îá’ºäíàíåãî òåõí³÷íîãî êîì³òåòó 1 ISO/IEC «²íôîðìàö³éí³ òåõíîëîã³¿». Ñòàíäàðòè îõîïëþþòü êðèïòîã-
ðàô³÷í³ ìåõàí³çìè, îö³íêó òà òåñòóâàííÿ çàõèùåíîñò³ ïðîäóêò³â ³ ³íôîðìàö³éíèõ ñèñòåì, êîíòðçàõîäè òà
ïîñëóãè áåçïåêè. Ðîçãëÿíóòî ÿê îïóáë³êîâà³ ñòàíäàðòè, òàê ³ ò³, ùî çíàõîäÿòüñÿ â ïðîöåñ³ ðîçðîáëåííÿ.

Êëþ÷îâ³ ñëîâà: ³íöèäåíò ³íôîðìàö³éíî¿ áåçïåêè, êåðóâàííÿ êëþ÷àìè, êîíô³äåíö³éí³ñòü, íåïåðåðâí³ñòü
á³çíåñó, îö³íêà çàõèùåíîñò³, ôóíêö³îíàëüí³ ïîñëóãè.

Standardization in information technology security / O.M. Fal’ // Kibernetika i sistemnyi analiz. — 2017.

— Vol. 53, N 1. — P. 91–98.

The author overviews the international standards developed by SC 27 “IT Security techniques” of the
ISO/IEC Joint technical committee “Information technology”. The standards include cryptographic
mechanisms, evaluation and testing of products and information systems, countermeasures and security
services. Both published standards and those under development are considered..

Keywords: business continuity, confidentiality, information security incident, functional services, key
management, security assessment.

ÓÄÊ 519.6

Óëó÷øåííûå îöåíêè òî÷íîñòè ðàçíîñòíîé ñõåìû äëÿ äâóìåðíîãî ïàðàáîëè÷åñêîãî óðàâíåíèÿ ñ
ó÷åòîì ýôôåêòà îò êðàåâûõ è íà÷àëüíûõ óñëîâèé / Í.Â. Ìàéêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.

— 2017. — Òîì 53, ¹ 1. — Ñ. 99–107.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 10 íàçâ.

Ïîëó÷åíû óëó÷øåííûå îöåíêè òî÷íîñòè ñåòî÷íûõ ðåøåíèé ïåðâîé êðàåâîé çàäà÷è äëÿ äâóìåðíî-
ãî óðàâíåíèÿ òåïëîïðîâîäíîñòè, ó÷èòûâàþùèå âëèÿíèå êðàåâîãî è íà÷àëüíîãî óñëîâèé. Ïîêàçàíî, ÷òî
òî÷íîñòü ñõåìû âûøå âáëèçè áîêîâûõ ãðàíåé è äíà ïðîñòðàíñòâåííî-âðåìåííîãî ïàðàëëåëåïèïåäà.

Êëþ÷åâûå ñëîâà: ïàðàáîëè÷åñêîå óðàâíåíèå, íà÷àëüíî-êðàåâàÿ çàäà÷à, ðàçíîñòíàÿ ñõåìà, îöåíêà òî÷-
íîñòè, ó÷åò âëèÿíèÿ êðàåâîãî è íà÷àëüíîãî óñëîâèé.

Ïîêðàùåí³ îö³íêè òî÷íîñò³ ð³çíèöåâî¿ ñõåìè äëÿ äâîâèì³ðíîãî ïàðàáîë³÷íîãî ð³âíÿííÿ
ç óðàõóâàííÿì åôåêòó â³ä êðàéîâèõ ³ ïî÷àòêîâèõ óìîâ / Í.Â. Ìàéêî // Ê³áåðíåòèêà òà ñèñòåìíèé

àíàë³ç. — 2017. — Òîì 53, ¹ 1. — Ñ. 99–107.

Îòðèìàíî ïîêðàùåí³ îö³íêè òî÷íîñò³ ñê³í÷åííî-ð³çíèöåâèõ àïðîêñèìàö³é ïåðøî¿ êðàéîâî¿ çàäà÷³ äëÿ
äâîâèì³ðíîãî ð³âíÿííÿ òåïëîïðîâ³äíîñò³ ç óðàõóâàííÿì âïëèâó ïî÷àòêîâèõ ³ êðàéîâèõ óìîâ. Ïîêàçàíî, ùî
òî÷í³ñòü ñõåìè âèùà ïîáëèçó á³÷íèõ ãðàíåé ³ äíà ïðîñòîðîâî-÷àñîâîãî ïàëàëåëåï³ïåäà.

Êëþ÷îâ³ ñëîâà: ïàðàáîë³÷íå ð³âíÿííÿ, ïî÷àòêîâî-êðàéîâà çàäà÷à, ð³çíèöåâà ñõåìà, îö³íêà òî÷íîñò³, óðà-
õóâàííÿ âïëèâó êðàéîâî¿ òà ïî÷àòêîâî¿ óìîâ.
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Improved error estimates of the finite-difference scheme for the two-dimensional parabolic equation with
regard for the effect of the initial and boundary conditions / N.V. Mayko // Kibernetika i sistemnyi analiz.
— 2017. — Vol. 53, N 1. — P. 99–107.

We obtain the improved error estimates of the finite-difference scheme for a two-dimensional parabolic
equation in a unit square, considering the effect of the Dirichlet boundary condition and the initial condition.
We prove that the accuracy order is higher near the sides and the bottom of the space-time parallelepiped.

Keywords: parabolic equation, initial-boundary problem, finite-difference scheme, error estimate, boundary
and initial effects.

ÓÄÊ 519.21

Îïðåäåëåíèå ñòàöèîíàðíûõ õàðàêòåðèñòèê äâóõêàíàëüíûõ ñèñòåì ñ ýðëàíãîâñêèì
ðàñïðåäåëåíèåì âðåìåíè îáñëóæèâàíèÿ / Ê.Þ. Æåðíîâûé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. —
2017. — Òîì 53, ¹ 1. — Ñ. 108–121.

²ë.: 0. Òàáë. 3. Á³áë³îãð.: 10 íàçâ.

Ïðåäëîæåí ìåòîä èññëåäîâàíèÿ ñèñòåì îáñëóæèâàíèÿ M/E2/2/m è M/E2/2/� — ñòàíäàðòíûõ
ñèñòåì, à òàêæå ñèñòåì ñ ïîðîãîâîé è ãèñòåðåçèñíîé ñòðàòåãèÿìè ñëó÷àéíîãî îòáðàñûâàíèÿ çàÿâîê â
öåëÿõ óïðàâëåíèÿ âõîäÿùèì ïîòîêîì. Ïîëó÷åíû ðåêóððåíòíûå ñîîòíîøåíèÿ äëÿ âû÷èñëåíèÿ ñòàöè-
îíàðíîãî ðàñïðåäåëåíèÿ ÷èñëà çàÿâîê â ñèñòåìå è ñòàöèîíàðíûõ õàðàêòåðèñòèê. Ïîñòðîåííûå àëãî-
ðèòìû ïðîâåðåíû íà ïðèìåðàõ ñ èñïîëüçîâàíèåì èìèòàöèîííûõ ìîäåëåé, ñîçäàííûõ ñ ïîìîùüþ
èíñòðóìåíòàëüíûõ ñðåäñòâ GPSS World.

Êëþ÷åâûå ñëîâà: äâóõêàíàëüíàÿ ñèñòåìà îáñëóæèâàíèÿ, ïðîñòåéøèé âõîäÿùèé ïîòîê, ýðëàíãîâ-
ñêîå ðàñïðåäåëåíèå âðåìåíè îáñëóæèâàíèÿ, ñëó÷àéíîå îòáðàñûâàíèå çàÿâîê, ìåòîä ôèêòèâíûõ ôàç,
ðåêóððåíòíûå ñîîòíîøåíèÿ.

Âèçíà÷åííÿ ñòàö³îíàðíèõ õàðàêòåðèñòèê äâîêàíàëüíèõ ñèñòåì åðëàíã³âñüêèì ðîçïîä³ëîì ÷àñó
îáñëóãîâóâàííÿ / Ê.Þ. Æåðíîâèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2017. — Òîì 53, ¹ 1. —
Ñ. 108–121.

Çàïðîïîíîâàíî ìåòîä äîñë³äæåííÿ ñèñòåì îáñëóãîâóâàííÿ M/E2/2/m ³ M/E2/2/� — ñòàíäàðòíèõ
ñèñòåì òà ñèñòåì ç ïîðîãîâîþ ³ ã³ñòåðåçèñíîþ ñòðàòåã³ÿìè âèïàäêîâîãî â³äêèäàííÿ çàìîâëåíü ç ìåòîþ
óïðàâë³ííÿ âõ³äíèì ïîòîêîì. Îòðèìàíî ðåêóðåíòí³ ñï³ââ³äíîøåííÿ äëÿ îá÷èñëåííÿ ñòàö³îíàðíîãî ðîç-
ïîä³ëó 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: äâîêàíàëüíà ñèñòåìà îáñëóãîâóâàííÿ, íàéïðîñò³øèé âõ³äíèé ïîò³ê, åðëàíã³âñüêèé ðîç-
ïîä³ë ÷àñó îáñëóãîâóâàííÿ, âèïàäêîâå â³äêèäàííÿ çàìîâëåíü, ìåòîä ô³êòèâíèõ ôàç, ðåêóðåíòí³
ñï³ââ³äíîøåííÿ.

Determining the steady-state characteristics of dual-channel queueing systems with Erlangian service
times / K.Yu. Zhernovyi // Kibernetika i sistemnyi analiz. — 2017. — Vol. 53, N 1. — P. 108–121.

We propose a method to study M/E2/2/m and M/E2/2/� queueing systems: standard systems and systems
with the threshold and hysteretic strategies of random dropping of customers in order to control the input flow.
Recurrence relations are obtained to compute the stationary distribution of the number of customers and the
steady-state stationary characteristics. The constructed algorithms are tested on examples using simulation
models constructed with the assistance of the GPSS World tools.

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

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 004.75

Ïðîåêòèðîâàíèå ãðèä-ñòðóêòóð íà îñíîâå òðàíçèöèîííûõ ñèñòåì ñ îáîñíîâàíèåì ïðàâèëüíîñòè
èõ ôóíêöèîíèðîâàíèÿ / Ñ.Ë. Êðûâûé, Þ.Â. Áîéêî, Ñ.Ä. Ïîãîðåëûé, À.Ô. Áîðåöêèé,
Í.Í. Ãëûáîâåö // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2017. — Òîì 53, ¹ 1. — Ñ. 122–133.

²ë.: 8. Òàáë. 0. Á³áë³îãð.: 6 íàçâ.

Ðàññìîòðåí ìåòîä ïðîåêòèðîâàíèÿ ãðèä-ñèñòåìû íà îñíîâå òðàíçèöèîííûõ ñèñòåì è èõ ñèíõðîí-
íûõ ïðîèçâåäåíèé. Ïîëó÷åííàÿ ãëîáàëüíàÿ òðàíçèöèîííàÿ ñèñòåìà òðàíñëèðóåòñÿ â ñåòü Ïåòðè (ÑÏ). Ñ
ïîìîùüþ ÑÏ ïðîâåðÿåòñÿ êîððåêòíîñòü ïðîåêòíûõ ðåøåíèé, â ÷àñòíîñòè îòñóòñòâèå òóïèêîâ, ìåðòâûõ
ïåðåõîäîâ è ò.ä.

Êëþ÷åâûå ñëîâà: ãðèä-ñòðóêòóðà, òðàíçèöèîííûå ñèñòåìû, äèîôàíòîâûå óðàâíåíèÿ.
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Ïðîåêòóâàíèÿ ãð³ä-ñòðóêòóð íà îñíîâ³ òðàíçèö³éíèõ ñèñòåì ç îáãðóíòóâàííÿì ïðàâèëüíîñò³ ¿õ
ôóíêö³îíóâàííÿ / Ñ.Ë. Êðèâèé, Þ.Â. Áîéêî, Ñ.Ä. Ïîãîð³ëèé, Î.Ô. Áîðåöüêèé, Ì.Ì. Ãëèáîâåöü //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2017. — Òîì 53, ¹ 1. — Ñ. 122–133.

Ðîçãëÿíóòî ìåòîä ïðîåêòóâàííÿ ãð³ä-ñèñòåìè íà îñíîâ³ òðàíçèö³éíèõ ñèñòåì òà ¿õí³õ ñèíõðîííèõ
äîáóòê³â. Îòðèìàíà ãëîáàëüíà òðàíçèö³éíà ñèñòåìà òðàíñëþºòüñÿ â ìåðåæó Ïåòð³ (ÌÏ). Çà äîïîìîãîþ
ÌÏ ïåðåâ³ðÿþòü êîðåêòí³ñòü ïðîåêòíèõ ð³øåíü, çîêðåìà â³äñóòí³ñòü òóïèê³â, ìåðòâèõ ïåðåõîä³â òîùî.

Êëþ÷îâ³ ñëîâà: ãð³ä-ñòðóêòóðà, òðàíçèö³éí³ ñèñòåìè, ä³îôàíòîâ³ ð³âíÿííÿ.

Design of grid structures based on transition systems with justification of the correctness of their
functioning / S.L. Kryvyi, Y.V. Boyko, S.D. Pogorilyy, A.F. Boretskyi, N.N. Glybovets // Kibernetika i
sistemnyi analiz. — 2017. — Vol. 53, N 1. — P. 122–133.

The authors consider the method of designing grid systems based on transition systems and their
products. The resulting global transition system is translated into a Petri net, which is used to verify the
correctness of the design decisions.

Keywords: grid-structures, transition systems, Diophantine equations.

ÓÄÊ 004.912

Èñïîëüçîâàíèå òåõíîëîãèè èäåíòèôèêàöèè ñåìàíòè÷åñêè ñâÿçíûõ ýëåìåíòîâ òåêñòà äëÿ îïðåäåëåíèÿ
åäèíîãî èíôîðìàöèîííîãî ïðîñòðàíñòâà / Ñ.Â. Ïåòðàñîâà, Í.Ô. Õàéðîâà // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. — 2017. — Òîì 53, ¹ 1. — Ñ. 134–144.

²ë.: 1. Òàáë. 4. Á³áë³îãð.: 23 íàçâ.

Ïðåäëîæåííàÿ òåõíîëîãèÿ ïîçâîëÿåò îïðåäåëÿòü åäèíîå èíôîðìàöèîííîå ïðîñòðàíñòâî àêòîðîâ
ñîöèàëüíûõ ñåòåé çà ñ÷åò èäåíòèôèêàöèè ñåìàíòè÷åñêîé ýêâèâàëåíòíîñòè êîëëîêàöèé â òåêñòàõ. Òåõíî-
ëîãèÿ âêëþ÷àåò ìîäåëü ôîðìàëüíîãî îïèñàíèÿ ñåìàíòèêî-ãðàììàòè÷åñêèõ õàðàêòåðèñòèê êîëëîêàòîâ,
èäåíòèôèêàöèþ êîëëîêàöèé è îïðåäåëåíèå ïðåäèêàòà ñåìàíòè÷åñêîé ýêâèâàëåíòíîñòè äâóõñëîâíûõ
êîëëîêàöèé.

Êëþ÷åâûå ñëîâà: ñåìàíòè÷åñêàÿ ñâÿçíîñòü, èíôîðìàöèîííîå ïðîñòðàíñòâî, ñåìàíòèêî-ãðàììàòè÷åñêèå
õàðàêòåðèñòèêè, ïðåäèêàò ñåìàíòè÷åñêîé ýêâèâàëåíòíîñòè, êîëëîêàò, êîëëîêàöèÿ.

Âèêîðèñòàííÿ òåõíîëîã³¿ ³äåíòèô³êàö³¿ ñåìàíòè÷íî çâ’ÿçíèõ åëåìåíò³â òåêñòó äëÿ âèçíà÷åííÿ
ºäèíîãî ³íôîðìàö³éíîãî ïðîñòîðó / Ñ.Â. Ïåòðàñîâà, Í.Ô. Õàéðîâà // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. — 2017. — Òîì 53, ¹ 1. — Ñ. 134–144.

Çàïðîïîíîâàíà òåõíîëîã³ÿ äîçâîëÿº âèçíà÷àòè ºäèíèé ³íôîðìàö³éíèé ïðîñò³ð àêòîð³â ñîö³àëüíèõ
ìåðåæ çà ðàõóíîê ³äåíòèô³êàö³¿ ñåìàíòè÷íî¿ åêâ³âàëåíòíîñò³ êîëîêàö³é ó òåêñòàõ. Òåõíîëîã³ÿ âêëþ÷àº
ìîäåëü ôîðìàëüíîãî îïèñó ñåìàíòèêî-ãðàìàòè÷íèõ õàðàêòåðèñòèê êîëîêàò³â, ³äåíòèô³êàö³þ êîëîêàö³é
òà âèçíà÷åííÿ ïðåäèêàòà ñåìàíòè÷íî¿ åêâ³âàëåíòíîñò³ äâîñë³âíèõ êîëîêàö³é.

Êëþ÷îâ³ ñëîâà: ñåìàíòè÷íà çâ’ÿçí³ñòü, ³íôîðìàö³éíèé ïðîñò³ð, ñåìàíòèêî-ãðàìàòè÷í³ õàðàêòåðèñòèêè,
ïðåäèêàò ñåìàíòè÷íî¿ ýêâ³âàëåíòíîñò³, êîëîêàò, êîëîêàö³ÿ.

Using semantically similar text elements identification technology to determine a common information
space / S.V. Petrasova, N.F. Khairova // Kibernetika i sistemnyi analiz. — 2017. — Vol. 53, N 1. —
P. 134–144.

The proposed technology allows determining a common information space of social network actors by
identifying the semantic equivalence of collocations in texts. The technology includes the model of formal
description of the semantic and grammatical characteristics of collocates, identification of collocations, and
determination of a semantic equivalence predicate of two-word collocations.

Keywords: semantic similarity, information space, semantic and grammatical characteristics, semantic
equivalence predicate, collocate, collocation.

ÓÄÊ 004:519.876, 004.93

Ôîðìàëüíà ìîäåëü ñèíòåçîâàíîãî åêðàííîãî îáðàçó äèíàì³÷íî¿ îáñòàíîâêè â ðàéîíàõ
ìîí³òîðèíãó ðóõîìèõ îá’ºêò³â òà ¿¿ ³ìïëåìåíòàö³ÿ ó âåá-îð³ºíòîâàíó ãåî³íôîðìàö³éíó ñèñòåìó /
À.Ì. Êàñ³ì // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2017. — Òîì 53, ¹ 1. — Ñ. 145–159.

²ë.: 4. Òàáë. 0. Á³áë³îãð.: 31 íàçâ.

Íà îñíîâ³ òåîðåòèêî-ìíîæèííîãî ï³äõîäó çàïðîïîíîâàíî ôîðìàëüíó ìîäåëü ñèíòåçîâàíîãî åêðàí-
íîãî îáðàçó äèíàì³÷íî¿ îáñòàíîâêè â ðàéîíàõ ìîí³òîðèíãó ðóõîìèõ îá’ºêò³â, ñóòí³ñòþ ÿêî¿ º âàð³þâàííÿ
îïèñó ìíîæèí àãðåãîâàíèõ ñòàòè÷íèõ ³ äèíàì³÷íèõ îá’ºêò³â, ùî ñêëàäàþòü ³íôîðìàö³éíå íàïîâíåííÿ
àäàïòèâíî¿ äèíàì³÷íî¿ ñöåíè ç óðàõóâàííÿì êîíòåêñòó çàäàíî¿ ïðåäìåòíî¿ îáëàñò³. Ðîçðîáëåíî ìîäåëüî-
âàíèé àëãîðèòì ïîøàðîâî¿ â³çóàë³çàö³¿ êîíòåêñòíîãî êàðòîãðàô³÷íîãî ôîíó ç âèêîðèñòàííÿì âèä³ëåíèõ
ó ìîäåë³ òèï³â êàðòîãðàô³÷íèõ îá’ºêò³â. Ìîäåëü ³ìïëåìåíòîâàíî ó âåá-îð³ºíòîâàíó ãåî³íôîðìàö³éíó
ñèñòåìó ìîí³òîðèíãó ðóõîìèõ îá’ºêò³â, ÿêà ôóíêö³îíóº çã³äíî ç êîíöåïö³ºþ MVC ³ ìàº êë³ºíò-ñåðâåðíó
àðõ³òåêòóðó. Äëÿ ¿¿ ðåàë³çàö³¿ âèêîðèñòàíî êîìïëåêñ ñó÷àñíèõ âåá-òåõíîëîã³é: íà áîö³ ñåðâåðà — PHP ³
MySQL, íà áîö³ êë³ºíòà — AJAX ³ jQuery. Ìîäóëü äîäàâàííÿ/âèäàëåííÿ ³íôîðìàö³¿ ïðî ðóõîì³ îá’ºêòè
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ó äèíàì³÷í³é ñöåí³ âçàºìîä³º ç êàðòîãðàô³÷íèì ñåðâ³ñîì Google Maps, íå ñòâîðþþ÷è ïðè öüîìó ³ñòîòíèõ
íàâàíòàæåíü íà ñåðâåðíó ÷àñòèíó ñèñòåìè.

Êëþ÷îâ³ ñëîâà: âåá-îð³ºíòîâàíà ñèñòåìà ìîí³òîðèíãó ðóõîìèõ îá’ºêò³â, äèíàì³÷íà ñöåíà, êàðòîã-
ðàô³÷íèé ôîí, ñèìâîë ðóõîìîãî îá’ºêòà, ïîøàðîâà â³çóàë³çàö³ÿ, êîíòåêñò, MVC, êë³ºíò-ñåðâåðíà
àðõ³òåêòóðà.

Ôîðìàëüíàÿ ìîäåëü ñèíòåçèðîâàííîãî ýêðàííîãî îáðàçà äèíàìè÷åñêîé îáñòàíîâêè â ðàéîíàõ
ìîíèòîðèíãà ïîäâèæíûõ îáúåêòîâ è åå èìïëåìåíòàöèÿ â âåá-îðèåíòèðîâàííóþ
ãåîèíôîðìàöèîííóþ ñèñòåìó / À.Ì. Êàñèì // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2017. — Òîì 53,
¹ 1. — Ñ. 145–159.

Íà îñíîâå òåîðåòèêî-ìíîæåñòâåííîãî ïîäõîäà ïðåäëîæåíà ôîðìàëüíàÿ ìîäåëü ñèíòåçèðîâàííîãî
ýêðàííîãî îáðàçà äèíàìè÷åñêîé îáñòàíîâêè â ðàéîíàõ ìîíèòîðèíãà ïîäâèæíûõ îáúåêòîâ, ñóùíîñòüþ
êîòîðîé ÿâëÿåòñÿ âàðüèðîâàíèå îïèñàíèÿ ìíîæåñòâ àãðåãèðîâàííûõ ñòàòè÷åñêèõ è äèíàìè÷åñêèõ îáúåê-
òîâ, ñîñòàâëÿþùèõ èíôîðìàöèîííîå íàïîëíåíèå àäàïòèâíîé äèíàìè÷åñêîé ñöåíû ñ ó÷åòîì êîíòåêñòà
çàäàííîé ïðåäìåòíîé îáëàñòè. Ðàçðàáîòàí ìîäåëèðóåìûé àëãîðèòì ïîñëîéíîé âèçóàëèçàöèè êîíòå-
êñòíîãî êàðòîãðàôè÷åñêîãî ôîíà ñ èñïîëüçîâàíèåì âûäåëåííûõ â ìîäåëè òèïîâ êàðòîãðàôè÷åñêèõ îáú-
åêòîâ. Ìîäåëü èìïëåìåíòèðîâàíà â âåá-îðèåíòèðîâàííóþ ãåîèíôîðìàöèîííóþ ñèñòåìó ìîíèòîðèíãà
ïîäâèæíûõ îáúåêòîâ, êîòîðàÿ ôóíêöèîíèðóåò ñîãëàñíî êîíöåïöèè MVC è èìååò êëèåíò-ñåðâåðíóþ àð-
õèòåêòóðó. Äëÿ åå ðåàëèçàöèè èñïîëüçîâàí êîìïëåêñ ñîâðåìåííûõ âåá-òåõíîëîãèé: íà ñòîðîíå ñåðâåðà
PHP è MySQL, íà ñòîðîíå êëèåíòà AJAX è jQuery. Ìîäóëü äîáàâëåíèÿ/óäàëåíèÿ èíôîðìàöèè î ïîäâèæ-
íûõ îáúåêòàõ â äèíàìè÷åñêîé ñöåíå âçàèìîäåéñòâóåò ñ êàðòîãðàôè÷åñêèì ñåðâèñîì Google Maps, íå ñî-
çäàâàÿ ïðè ýòîì ñóùåñòâåííûõ íàãðóçîê íà ñåðâåðíóþ ÷àñòü ñèñòåìû.

Êëþ÷åâûå ñëîâà: âåá-îðèåíòèîîâàííàÿ ñèñòåìà ìîíèòîðèíãà ïîäâèæíûõ îáúåêòîâ, äèíàìè÷åñêàÿ ñöå-
íà, êàðòîãðàôè÷åñêèé ôîí, ñèìâîë äâèæóùåãîñÿ îáúåêòà, ïîñëîéíàÿ âèçóàëèçàöèÿ, êîíòåêñò, MVC, êëè-
åíò-ñåðâåðíàÿ àðõèòåêòóðà.

A formal model of the synthesized screen image of dynamic situation in the areas of mobile objects
monitoring and its implementation into the web-oriented geoinformation system / À.Ì. Qasem //
Kibernetika i sistemnyi analiz. — 2017. — Vol. 53, N 1. — P. 145–159.

On the basis of the set theory, a formal model of the synthesized screen image of dynamic situation in the
areas of mobile objects monitoring is proposed. It varies the description of the set of aggregated static and
dynamic objects that make the informative filling of adaptive dynamic scene, taking into account the context of
the subject domain. The designed algorithm of layered visualization of the context cartographic background is
developed with the use of the types of cartographic objects selected in the model. The model was implemented
into the web-oriented GIS for monitoring of moving objects, which operates under the concept of MVC and has
a client–server architecture. For its implementation, a set of modern web technologies were used: on the server
side PHP and MySQL, on the client side AJAX and jQuery. The module of addition/deletion of information
about moving objects in dynamic scenes interacts with the map service Google Maps, without creating
a significant load on the backend system.

Keywords: web-based system of monitoring of mobile objects, dynamic scene, cartographic background, symbol
of moving object, layered imaging, context, MVC, client-server architecture.
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Áèíàðíûå âåêòîðû äëÿ áûñòðîé îöåíêè ðàññòîÿíèé è ñõîäñòâ / Ä.À. Ðà÷êîâñêèé // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. — 2017. — Òîì 53, ¹ 1. — Ñ. 160–183.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 152 íàçâè.

Ðàññìîòðåíû ìåòîäû è àëãîðèòìû áûñòðîé îöåíêè ìåð ðàññòîÿíèÿ/ñõîäñòâà èñõîäíûõ äàííûõ ïî
âåêòîðíûì ïðåäñòàâëåíèÿì ñ áèíàðíûìè èëè öåëî÷èñëåííûìè êîìïîíåíòàìè, ïîëó÷åííûì èç èñõîäíûõ
äàííûõ, êîòîðûå ÿâëÿþòñÿ â îñíîâíîì âåêòîðàìè áîëüøîé ðàçìåðíîñòè ñ ðàçëè÷íûìè ìåðàìè ðàññòîÿ-
íèÿ (óãëîâîå, åâêëèäîâî è äð.) è ñõîäñòâà (êîñèíóñ óãëà, ñêàëÿðíîå ïðîèçâåäåíèå è äð.). Îáñóæäåíû ìå-
òîäû áåç îáó÷åíèÿ, èñïîëüçóþùèå ãëàâíûì îáðàçîì ñëó÷àéíîå ïðîåöèðîâàíèå ñ ïîñëåäóþùèì êâàíòî-
âàíèåì, à òàêæå ñýìïëèðîâàíèå. Ïîëó÷åííûå âåêòîðû ìîæíî ïðèìåíÿòü â àëãîðèòìàõ ïîèñêà ïî ñõî-
äñòâó, ìàøèííîãî îáó÷åíèÿ è äð.

Êëþ÷åâûå ñëîâà: ðàññòîÿíèå, ñõîäñòâî, âëîæåíèÿ, ñêåò÷è, ñëó÷àéíîå ïðîåöèðîâàíèå, ñýìïëèðîâàíèå,
áèíàðèçàöèÿ, êâàíòîâàíèå, ëåììà Äæîíñîíà–Ëèíäåíøòðàóññà, ÿäåðíîå ñõîäñòâî, ïîèñê ïî ñõîäñòâó, ëî-
êàëüíî-÷óâñòâèòåëüíîå õýøèðîâàíèå.

Á³íàðí³ âåêòîðè äëÿ øâèäêî¿ îö³íêè â³äñòàíåé òà ñõîæîñòåé / Ä.À. Ðà÷êîâñüêèé // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. — 2017. — Òîì 53, ¹ 1. — Ñ. 160–183.

Ðîçãëÿíóòî ìåòîäè òà àëãîðèòìè øâèäêî¿ îö³íêè ì³ð â³äñòàí³/ñõîæîñò³ âõ³äíèõ äàíèõ çà âåêòîðíè-
ìè ïðåäñòàâëåííÿìè ç á³íàðíèìè àáî ö³ëî÷èñåëüíèìè êîìïîíåíòàìè, ùî îòðèìàí³ ç âõ³äíèõ äàíèõ, ÿê³ º
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çäåá³ëüøîãî âåêòîðàìè âåëèêî¿ ðîçì³ðíîñò³ ç ð³çíèìè ì³ðàìè â³äñòàí³ (êóòîâà, åâêë³äîâà òà ³í.) òà ñõî-
æîñò³ (êîñèíóñ êóòà, ñêàëÿðíèé äîáóòîê òà ³í.). Îáãîâîðåíî ìåòîäè áåç íàâ÷àííÿ, ùî âèêîðèñòîâóþòü
ãîëîâíèì ÷èíîì âèïàäêîâ³ ïðîåêö³¿ ç íàñòóïíèì êâàíòóâàííÿì, à òàêîæ ñåìïëþâàííÿ. Îòðèìàí³ âåêòîðè
ìîæíà çàñòîñîâóâàòè â àëãîðèòìàõ ïîøóêó çà ñõîæ³ñòþ, ìàøèííîãî íàâ÷àííÿ òîùî.

Êëþ÷îâ³ ñëîâà: â³äñòàíü, ñõîæ³ñòü, âêëàäåííÿ, ñêåò÷³, âèïàäêîâ³ ïðîåêö³¿, ñåìïëþâàííÿ, á³íàðèçàö³ÿ, êâàíòó-
âàííÿ, ëåìà Äæîíñîíà–Ë³íäåíøòðàóñà, ÿäåðíà ñõîæ³ñòü, ïîøóê çà ñõîæ³ñòþ, ëîêàëüíî-÷óòëèâå õåøóâàííÿ.

Binary vectors for fast distance and similarity estimation / D.A. Rachkovskij // Kibernetika i sistemnyi
analiz. — 2017. — Vol. 53, N 1. — P. 160–183.

This review focuses on methods and algorithms for fast estimation of distance/similarity measures of
initial data by vector representations with binary or integer components obtained from initial data. The initial
data are mainly high-dimensional vectors with various distance measures (angular, Euclidean, etc.) or similarity
measures (cosine, inner product, etc.). The discussed methods are without training and use mostly random
projection followed by quantization, as well as sampling. The resulting vectors can be used for similarity
search, machine learning, and other algorithms.

Keywords. distance, similarity, embeddings, sketches, random projection, sampling, binarization, quantization,
Johnson-Lindenstrauss lemma, kernel similarity, similarity search, locality-sensitive hashing.

ÓÄÊ 681.325.5

Äèôåðåíö³éí³ ìàòåìàòè÷í³ ìîäåë³ äëÿ äîñë³äæåííÿ êîìï’þòåðíî¿ àðõ³òåêòóðè âñåðåæèìíî¿
ñèñòåìè êåðóâàííÿ äèñòàíö³ºþ åëåêòðîïîñòà÷àííÿ çàë³çíèöü / Î.². Ñòàñþê, Ë.Ë. Ãîí÷àðîâà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2017. — Òîì 53, ¹ 1. — Ñ. 184–192.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 5 íàçâ.

Ïðîâåäåíî àíàë³ç åâîëþö³éíîãî ðîçâèòêó ñèñòåì åëåêòðîïîñòà÷àííÿ çàë³çíèöü ³ êîìï’þòåðíèõ ìåðåæ
òà òåõíîëîã³é êåðóâàííÿ íèìè. Ïîêàçàíî, ùî îñíîâîþ îïòèì³çàö³¿ åëåêòðîñïîæèâàííÿ º íàïðÿìîê, ïîâ’ÿçàíèé
ç ³íòåëåêòóàë³çàö³ºþ ïðîöåäóð åëåêòðîïîñòà÷àííÿ. Çàïðîïîíîâàíî ãðàô, òîïîëîã³ÿ ÿêîãî àäåêâàòíî â³äîáðàæàº
òèïîâó àðõ³òåêòóðó êîìï’þòåðíî¿ ìåðåæ³ êåðóâàííÿ íà ð³âí³ äèñòàíö³¿ åëåêòðîïîñòà÷àííÿ çàë³çíèö³, äëÿ
äîñë³äæåííÿ âçàºìî³íòåãðàö³¿ åëåêòðîìåðåæåâî¿ ³íôðàñòðóêòóðè òà êîìï’þòåðíî¿ àðõ³òåêòóðè âñåðåæèìíîãî
êåðóâàííÿ íà ð³âí³ äèñòàíö³¿ åëåêòðîïîñòà÷àííÿ çàë³çíèöü. Çàïðîïîíîâàíî äèôåðåíö³éíó ìàòåìàòè÷íó ìî-
äåëü äëÿ äîñë³äæåííÿ êîìï’þòåðíî¿ àðõ³òåêòóðè âñåðåæèìíî¿ ñèñòåìè êåðóâàííÿ äèñòàíö³ºþ åëåêòðîïîñòà-
÷àííÿ òà ìåòîäè âèçíà÷åííÿ â àíàë³òè÷íîìó âèãëÿä³ çíà÷åíü éìîâ³ðíîñòåé ñòàí³â âóçë³â, ïðîïóñêíî¿ ñïðî-
ìîæíîñò³, ê³ëüêîñò³ â³äìîâ çàÿâîê ÿê îñíîâè ³íòåëåêòóàë³çàö³¿ ïðîöåäóð åëåêòðîïîñòà÷àííÿ.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷í³ ìîäåë³, ìåòîäè, äèôåðåíö³éí³ ïåðåòâîðåííÿ, ãðàô, êîìï’þòåðíà ìåðåæà,
àðõ³òåêòóðà, äèñòàíö³ÿ åëåêòðîïîñòà÷àííÿ, îïòèì³çàö³ÿ.

Äèôôåðåíöèàëüíûå ìàòåìàòè÷åñêèå ìîäåëè äëÿ èññëåäîâàíèÿ êîìïüþòåðíîé àðõèòåêòóðû
âñåðåæèìíîé ñèñòåìû óïðàâëåíèÿ äèñòàíöèåé ýëåêòðîñíàáæåíèÿ æåëåçíûõ äîðîã / À.È. Ñòàñþê,
Ë.Ë. Ãîí÷àðîâà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2017. — Òîì 53, ¹ 1. — Ñ. 184–192.

Ïðîâåäåí àíàëèç ýâîëþöèîííîãî ðàçâèòèÿ ñèñòåì ýëåêòðîñíàáæåíèÿ æåëåçíûõ äîðîã è êîìïüþ-
òåðíûõ ñåòåé òà òåõíîëîãèé óïðàâëåíèÿ èìè. Ïîêàçàíî, ÷òî îñíîâîé îïòèìèçàöèè ýëåêòðîïîòðåáëåíèÿ
åñòü íàïðàâëåíèå, ñâÿçàííîå ñ èíòåëëåêòóàëèçàöèåé ïðîöåäóð ýëåêòðîñíàáæåíèÿ. Ïðåäëîæåí ãðàô, òî-
ïîëîãèÿ êîòîðîãî àäåêâàòíî îòðàæàåò òèïîâóþ àðõèòåêòóðó êîìïüþòåðíîé ñåòè óïðàâëåíèÿ íà óðîâíå
äèñòàíöèè ýëåêòðîñíàáæåíèÿ æåëåçíûõ äîðîã, äëÿ èññëåäîâàíèÿ âçàèìíîé èíòåãðàöèè ýëåêòðîñåòåâîé
èíôðàñòðóêòóðû è êîìïüþòåðíîé àðõèòåêòóðû âñåðåæèìíîãî óïðàâëåíèÿ íà óðîâíå äèñòàíöèé ýëåêòðî-
ñíàáæåíèÿ æåëåçíûõ äîðîã. Ïðåäëîæåíà äèôôåðåíöèàëüíàÿ ìàòåìàòè÷åñêàÿ ìîäåëü äëÿ èññëåäîâàíèÿ
êîìïüþòåðíîé àðõèòåêòóðû âñåðåæèìíîé ñèñòåìû óïðàâëåíèÿ äèñòàíöèåé ýëåêòðîñíàáæåíèÿ è ìåòîäû
îïðåäåëåíèÿ â àíàëèòè÷åñêîì âèäå çíà÷åíèé âåðîÿòíîñòåé ñîñòîÿíèé óçëîâ, ïðîïóñêíîé âîçìîæíîñòè,
÷èñëà îòêàçîâ çàÿâîê êàê îñíîâû èíòåëëåêòóàëèçàöèè ïðîöåäóð ýëåêòðîñíàáæåíèÿ.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêèå ìîäåëè, ìåòîäû, äèôôåðåíöèàëüíûå ïðåîáðàçîâàíèÿ, ãðàô, êîìïüþ-
òåðíàÿ ñåòü, àðõèòåêòóðà, äèñòàíöèÿ ýëåêòðîñíàáæåíèÿ, îïòèìèçàöèÿ.

Differential mathematical models to study the computer architecture of a fully integrated management
system for distant electric supply on railways / O.I. Stasuk, L.L. Goncharova // Kibernetika i sistemnyi
analiz. — 2017. — Vol. 53, N 1. — P. 184–192.

The authors analyze the joint evolutionary development of power supply systems in railways and
computer networks and their management technologies. It is shown that the basis of energy consumption
optimization is related to intelligent power supply procedures. The authors propose a graph topology that
adequately reflects the model architecture for computer network management at the level of railway power
distance, for the mutual integration of grid infrastructure and computer architecture at all-management level of
railway supply distance. The differential mathematical model is proposed for the analysis of the computer
architecture of a fully integrated management system for power supply distance and methods are specified to
determine, in analytical form, the probability values of the nodes, throughput capabilities, the number of
failures, as the basis of intellectualization of power supply procedures.

Keywords: mathematical model, methods, differential, graph, computer network architecture, distance of
power supply, optimization.
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