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Ñîãëàñîâàíèå ñïåöèôèêàöèé àâòîìàòîâ, ïðåäñòàâëåííûõ â ÿçûêå L / À.Í. ×åáîòàðåâ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 3. — Ñ. 3–15.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 6 íàçâ.

Ðàññìîòðåíû äâà ìåòîäà ñîãëàñîâàíèÿ ñïåöèôèêàöèé âçàèìîäåéñòâóþùèõ àâòîìàòîâ. Ñïåöèôèêà-
öèè ïðåäñòàâëåíû ìíîæåñòâàìè äèçúþíêòîâ â ÿçûêå L. Îáà ìåòîäà îñíîâàíû íà ìåòîäå ñîãëàñîâàíèÿ
àâòîìàòîâ, èñïîëüçóþùåì èõ ïàðàëëåëüíóþ êîìïîçèöèþ. Ïðèâåäåíû äâà ñïîñîáà îïðåäåëåíèÿ ñåìàíòè-
êè ÿçûêà L, ïðèíÿòûå â îïèñàííûõ ìåòîäàõ ñîãëàñîâàíèÿ ñïåöèôèêàöèé.

Êëþ÷åâûå ñëîâà: ñïåöèôèêàöèÿ àâòîìàòà, ÿçûê L, ñîãëàñîâàíèå ñïåöèôèêàöèé, êîìïîçèöèÿ ñïåöèôè-
êàöèé, êîððåêòíîñòü êîìïîçèöèè.

Óçãîäæåííÿ ñïåöèô³êàö³é àâòîìàò³â, ùî ïîäàí³ ìîâîþ L / À.Ì. ×åáîòàðüîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 3. — Ñ. 3–15.

Ðîçãëÿíóòî äâà ìåòîäè óçãîäæåííÿ ñïåöèô³êàö³é àâòîìàò³â, ùî âçàºìîä³þòü. Ñïåöèô³êàö³¿ ïîäàí³
ó âèãëÿä³ ìíîæèí äèç’þíêò³â ó ìîâ³ L. Îáèäâà ìåòîäè áàçóþòüñÿ íà ìåòîä³ óçãîäæåííÿ àâòîìàò³â, ÿêèé
âèêîðèñòîâóº ¿õíþ ïàðàëåëüíó êîìïîçèö³þ. Íàâåäåíî äâà ñïîñîáè âèçíà÷åííÿ ñåìàíòèêè ìîâè L, ïðèé-
íÿò³ ó ðîçãëÿíóòèõ ìåòîäàõ óçãîäæåííÿ ñïåöèô³êàö³é.

Êëþ÷îâ³ ñëîâà: ñïåöèô³êàö³ÿ àâòîìàòà, ìîâà L, óçãîäæåííÿ ñïåöèô³êàö³é, êîìïîçèö³ÿ ñïåöèô³êàö³é, êî-
ðåêòí³ñòü êîìïîçèö³¿.

Harmonization of automata specifications represented in the language L / A.N. Chebotarev // Kibernetika
i sistemnyi analiz. — 2016. — Vol. 52, N 4. — P. 3–15.

The author considers two methods for harmonization of automata specifications represented as sets of
clauses in the language L. Both methods are based on the automata harmonization technique, which uses their
parallel composition. Two ways to determine language L semantics that are used in the harmonization methods
are described.

Keywords: automaton specification, language L, harmonization of specification, composition of specification,
composition correctness.

ÓÄÊ 621.391:519.2:519.7

Î êðèïòîãðàôè÷åñêèõ ñâîéñòâàõ íîâîãî íàöèîíàëüíîãî ñòàíäàðòà øèôðîâàíèÿ Óêðàèíû /
À.Í. Àëåêñåé÷óê, Ë.Â. Êîâàëü÷óê, À.Ñ. Øåâöîâ, Ñ.Â. ßêîâëåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
— 2016. — Òîì 52, ¹ 3. — Ñ. 16–31.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 6 íàçâ.

Èññëåäîâàí ðÿä êðèïòîãðàôè÷åñêèõ ñâîéñòâ áëî÷íîãî øèôðà «Êàëèíà», ïðèíÿòîãî â êà÷åñòâå íîâî-
ãî íàöèîíàëüíîãî ñòàíäàðòà øèôðîâàíèÿ Óêðàèíû. Ïðîàíàëèçèðîâàíû âàæíåéøèå ñâîéñòâà êîìïîíåíò
ýòîãî øèôðà. Ïîêàçàíî, ÷òî åãî ðàóíäîâûå ïðåîáðàçîâàíèÿ ïîðîæäàþò çíàêîïåðåìåííóþ ãðóïïó ïîäñòà-
íîâîê, à ñàì øèôð ÿâëÿåòñÿ îáîñíîâàííî ñòîéêèì îòíîñèòåëüíî ðàçíîñòíîãî è ëèíåéíîãî êðèïòîàíàëèçà.

Êëþ÷åâûå ñëîâà: ñèììåòðè÷íàÿ êðèïòîãðàôèÿ, áëî÷íûé øèôð, êîíå÷íàÿ ãðóïïà ïîäñòàíîâîê, ðàçíîñòíûé
êðèïòîàíàëèç, ëèíåéíûé êðèïòîàíàëèç, íàöèîíàëüíûé ñòàíäàðò øèôðîâàíèÿ Óêðàèíû, øèôð «Êàëèíà».

Ïðî êðèïòîãðàô³÷í³ âëàñòèâîñò³ íîâîãî íàö³îíàëüíîãî ñòàíäàðòó øèôðóâàííÿ Óêðà¿íè /
À.Ì. Îëåêñ³é÷óê, Ë.Â. Êîâàëü÷óê, À.Ñ. Øåâöîâ, Ñ.Â. ßêîâëºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. —
2016. — Òîì 52, ¹ 3. — Ñ. 16–31.

Äîñë³äæåíî íèçêó êðèïòîãðàô³÷íèõ âëàñòèâîñòåé áëîêîâîãî øèôðó «Êàëèíà», ïðèéíÿòîãî ÿê íî-
âèé íàö³îíàëüíèé ñòàíäàðò øèôðóâàííÿ Óêðà¿íè. Ïðîàíàë³çîâàíî íàéâàæëèâ³ø³ âëàñòèâîñò³ êîìïîíåíò
öüîãî øèôðó. Ïîêàçàíî, ùî éîãî ðàóíäîâ³ ïåðåòâîðåííÿ ïîðîäæóþòü çíàêîçì³ííó ãðóïó ï³äñòàíîâîê,
ùî ñâ³ä÷èòü ïðî ñò³éê³ñòü äî àëãåáðà¿÷íèõ àòàê, ïîáóäîâàíèõ íà ãîìîìîðô³çìàõ, à ñàì øèôð º îá´ðóíòî-
âàíî ñò³éêèì â³äíîñíî ð³çíèöåâîãî òà ë³í³éíîãî êðèïòîàíàë³çó.

Êëþ÷îâ³ ñëîâà: ñèìåòðè÷íà êðèïòîãðàô³ÿ, áëîêîâèé øèôð, ñê³í÷åííà ãðóïà ï³äñòàíîâîê, ð³çíèöåâèé
êðèïòîàíàë³ç, ë³í³éíèé êðèïòîàíàë³ç, íàö³îíàëüíèé ñòàíäàðò øèôðóâàííÿ Óêðà¿íè, øèôð «Êàëèíà».

Cryptographic properties of the new national encryption standard of Ukraine / A.N. Alekseychuk, L.V. Kovalchuk,
A.S. Shevtsov, S.V. Yakovliev // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 16–31.

Block cipher “Kalyna” has been recently accepted as a new national encryption standard of Ukraine.
In the paper we analyze the most important properties of components of this cipher. We show that round
transformations of “Kalyna” generate a sign-alternating group of substitutions. As a result, “Kalyna” is secure
against algebraic attacks based on homomorphisms. Also we demonstrate that this cipher is reasonably secure
against differential and linear cryptanalysis.
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Keywords: symmetric cryptography, block cipher, finite permutation group, differential cryptanalysis, linear
cryptanalysis, national encryption standard of Ukraine, cipher “Kalyna.”

ÓÄÊ 681.3

Ìåòîä àâòîìàòè÷åñêîãî ïîñòðîåíèÿ îíòîëîãè÷åñêèõ áàç çíàíèé. III. Àâòîìàòè÷åñêàÿ ãåíåðàöèÿ
òàêñîíîìèè êàê îñíîâû îíòîëîãèè / À.À. Ìàð÷åíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. —
Òîì 52, ¹ 3. — Ñ. 32–38.

²ë.: 0. Òàáë.: 2. Á³áë³îãð.: 11 íàçâ.

Ðàçðàáîòàí ìåòîä àâòîìàòè÷åñêîãî ïîñòðîåíèÿ îíòîëîãè÷åñêèõ áàç çíàíèé. Ñîçäàí àëãîðèòì âû-
äåëåíèÿ ÿâíûõ ñåìàíòè÷åñêèõ îòíîøåíèé ìåæäó êîíöåïòàìè îíòîëîãèè èç âåêòîðîâ èõ ñåìàíòèêî-ñèí-
òàêñè÷åñêîé âàëåíòíîñòè. Âåêòîðû ñåìàíòèêî-ñèíòàêñè÷åñêèõ âàëåíòíîñòåé òàêæå èñïîëüçîâàíû â êà-
÷åñòâå êîíòåêñòíûõ âåêòîðîâ â àëãîðèòìå ôîðìàëüíîãî êîíöåïòóàëüíîãî àíàëèçà, ÷òî ïîçâîëèëî ðàçðà-
áîòàòü ìåòîä àâòîìàòè÷åñêîé ãåíåðàöèè òàêñîíîìèé âûñîêîãî êà÷åñòâà. Â ðåçóëüòàòå ñîçäàí áàçîâûé
àëãîðèòì àâòîìàòè÷åñêîãî ïîñòðîåíèÿ îíòîëîãè÷åñêèõ áàç çíàíèé íà îñíîâå ðàçðàáîòàííîé òåíçîðíîé
ñåìàíòèêî-ñèíòàêñè÷åñêîé ìîäåëè åñòåñòâåííîãî ÿçûêà.

Êëþ÷åâûå ñëîâà: àâòîìàòè÷åñêîå èçâëå÷åíèå çíàíèé, êîðïóñíàÿ ëèíãâèñòèêà, îíòîëîãèÿ, íåîòðèöà-
òåëüíàÿ ôàêòîðèçàöèÿ òåíçîðîâ.

Ìåòîä àâòîìàòè÷íî¿ ïîáóäîâè îíòîëîã³÷íèõ áàç çíàíü. III. Àâòîìàòè÷íà ãåíåðàö³ÿ òàêñîíîì³¿ ÿê
îñíîâè îíòîëîã³¿ / Î.Î. Ìàð÷åíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 3. —
Ñ. 32–38.

Ðîçðîáëåíî ìåòîä àâòîìàòè÷íî¿ ïîáóäîâè îíòîëîã³÷íèõ áàç çíàíü. Ñòâîðåíî àëãîðèòì âèä³ëåííÿ
ÿâíèõ ñåìàíòè÷íèõ â³äíîøåíü ì³æ êîíöåïòàìè îíòîëîã³¿ ç âåêòîð³â ¿õíüî¿ ñåìàíòèêî-ñèíòàêñè÷íî¿ âà-
ëåíòíîñò³. Âåêòîðè ñåìàíòèêî-ñèíòàêñè÷íèõ âàëåíòíîñòåé òàêîæ âèêîðèñòàíî ÿê êîíòåêñòí³ âåêòîðè â
àëãîðèòì³ ôîðìàëüíîãî êîíöåïòóàëüíîãî àíàë³çó, ùî äîçâîëèëî ñòâîðèòè ìåòîä àâòîìàòè÷íî¿ ãåíåðàö³¿
òàêñîíîì³é âèñîêî¿ ÿêîñò³. Â ðåçóëüòàò³ ñòâîðåíî áàçîâèé àëãîðèòì àâòîìàòè÷íî¿ ïîáóäîâè îíòî-
ëîã³÷íèõ áàç çíàíü íà îñíîâ³ ðîçðîáëåíî¿ òåíçîðíî¿ ñåìàíòèêî-ñèíòàêñè÷íî¿ ìîäåë³ ïðèðîäíî¿ ìîâè.

Êëþ÷îâ³ ñëîâà: àâòîìàòè÷íå äîáóâàííÿ çíàíü, êîðïóñíà ë³íãâ³ñòèêà, îíòîëîã³¿, íåâ³ä’ºìíà ôàêòîðè-
çàö³ÿ òåíçîð³â.

A method for automatic construction of ontological knowledge bases. III. Automatic generation of
taxonomy as the foundation of ontology / O.O. Marchenko // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52,
N 3. — P. 32–38.

The author develops à method for automatic generation of ontological knowledge bases. An algorithm for
extraction of explicit semantic relationships between concepts of ontology on the basis of their semantic-syntactic
valence vectors has been developed. Vectors of semantic-syntactic valences of words have been also used as
context vectors for formal concept analysis algorithm, which has allowed us to develop the method of automatic
generation of high-quality taxonomies. A basic algorithm for automatic construction of ontological knowledge
bases has been developed on the basis of the tensor semantic-syntactic model of natural language.

Keywords: automatic extraction of knowledge, corpus linguistics, ontologies, non-negative tensor
factorization.

ÓÄÊ 519.854

Ñëîæíîñòü ðåîïòèìèçàöèè çàäà÷è âû÷èñëåíèÿ õðîìàòè÷åñêîãî ÷èñëà ãðàôà ñ çàäàííûì
ìíîæåñòâîì îïòèìàëüíûõ ðåøåíèé / Â.À. Ìèõàéëþê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. —
Òîì 52, ¹ 3. — Ñ. 39–48.

²ë.: 1. Òàáë.: 0. Á³áë³îãð.: 14 íàçâ.

Èñïîëüçóþòñÿ ñâåäåíèÿ, ââîäÿùèå è ñîõðàíÿþùèå ðàçðûâ. Ïîêàçàíî, ÷òî äëÿ ìíîæåñòâåííîé ðå-
îïòèìèçàöèè çàäà÷è î âû÷èñëåíèè õðîìàòè÷åñêîãî ÷èñëà ãðàôà ñ çàäàííûì ýêñïîíåíöèàëüíûì ìíîæåñ-
òâîì îïòèìàëüíûõ ðåøåíèé ïðè âñòàâêå ïðîèçâîëüíîé âåðøèíû ñ íå áîëåå ÷åì äâóìÿ ðåáðàìè, åé èíöè-
äåíòíûìè, à òàêæå ïðè óäàëåíèè ïðîèçâîëüíîé âåðøèíû ñî âñåìè èíöèäåíòíûìè åé ðåáðàìè íå ñóùåñò-
âóåò ïîëèíîìèàëüíî ïðèáëèæåííîé ñõåìû (PTAS). Òàêîé æå ðåçóëüòàò èìååò ìåñòî äëÿ îáû÷íîé
ðåîïòèìèçàöèè.

Êëþ÷åâûå ñëîâà: ìíîæåñòâåííàÿ ðåîïòèìèçàöèÿ, ñâåäåíèÿ çàäà÷, ââîäÿùèõ è ñîõðàíÿþùèõ ðàçðûâ,
APX-òðóäíîñòü, ïîëèíîìèàëüíî ïðèáëèæåííûå ñõåìû (PTAS).

Ñêëàäí³ñòü ðåîïòèì³çàö³¿ çàäà÷³ îá÷èñëåííÿ õðîìàòè÷íîãî ÷èñëà ãðàôà ³ç çàäàíîþ ìíîæèíîþ
îïòèìàëüíèõ ðîçâ’ÿçê³â / Â.Î. Ìèõàéëþê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52,
¹ 3. — Ñ. 39–48.



Âèêîðèñòàíî çâåäåííÿ, ùî ââîäÿòü ³ çáåð³ãàþòü ðîçðèâ. Ïîêàçàíî, ùî äëÿ ìíîæèííî¿ ðåîï-
òèì³çàö³³ çàäà÷³ ïðî îá÷èñëåííÿ õðîìàòè÷íîãî ÷èñëà ãðàôà ³ç çàäàíîþ åêñïîíåíö³àëüíîþ ìíîæèíîþ
îïòèìàëüíèõ ðîçâ’ÿçê³â ïðè óñòàâëåíí³ äîâ³ëüíî¿ âåðøèíè ç íå á³ëüø í³æ äâîìà ðåáðàìè, ¿é ³íöèäåíòíè-
ìè, à òàêîæ ïðè âèäàëåíí³ äîâ³ëüíî¿ âåðøèíè ç óñ³ìà ³íöèäåíòíèìè ¿é ðåáðàìè íå ³ñíóº ïîë³íîì³àëüíî
íàáëèæåíî¿ ñõåìè (PTAS). Òàêèé æå ðåçóëüòàò ìàº ì³ñöå äëÿ çâè÷àéíî¿ ðåîïòèì³çàö³³.

Êëþ÷îâ³ ñëîâà: ìíîæèííà ðåîïòèì³çàö³ÿ; çâåäåííÿ çàäà÷, ÿê³ ââîäÿòü ³ çáåð³ãàþòü ðîçðèâ;
APX-ñêëàäí³ñòü, ïîë³íîì³àëüíî íàáëèæåí³ ñõåìè (PTAS).

Hardness of reoptimization of the problem of calculating the chromatic number of a graph with a given
set of optimal solutions / V.A. Mikhailyuk // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 39–48.

The author uses gap-introducing and gap-preserving reductions and shows that for multiple
reoptimization of the problem of calculating the chromatic number of a graph with a given exponential set of
optimal solutions, when an arbitrary vertex with no more than two edges incident to it is inserted as well as
when any vertex with all incident edges is deleted, polynomial time approximation scheme (PTAS) does not
exist. The same result holds for ordinary reoptimization..

Keywords: multiple reoptimization, gap-introducing (gap-preserving) reductions, APX-difficulty, polynomial
time approximation schemes (PTAS).

ÓÄÊ 004.93'1

Ñíèæåíèå ðàçìåðîâ äîñòàòî÷íîé äëÿ îáó÷åíèÿ âûáîðêè çà ñ÷åò ñèììåòðèçàöèè êîððåëÿöèîííûõ
ñâÿçåé áèîìåòðè÷åñêèõ äàííûõ / À.È. Èâàíîâ, Ï.Ñ. Ëîæíèêîâ, Þ.È. Ñåðèêîâà // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 3. — Ñ. 49–56.

²ë.: 3. Òàáë.: 0. Á³áë³îãð.: 14 íàçâ.

Ïîêàçàíî, ÷òî íà ìàëûõ òåñòîâûõ âûáîðêàõ êîýôôèöèåíòû êîððåëÿöèè áèîìåòðè÷åñêèõ äàííûõ
èìåþò çíà÷èòåëüíóþ ïîãðåøíîñòü. Ýòî ïðåïÿòñòâóåò èõ èñïîëüçîâàíèþ ïðè îáó÷åíèè (íàñòðîéêå) êëàññè-
÷åñêèõ êâàäðàòè÷íûõ ôîðì è ñåòåé Áàéåñà. Ïðåäëîæåíî èñïîëüçîâàòü ñïîñîá ñèììåòðèçàöèè êîððåëÿöè-
îííûõ ñâÿçåé. Äîêàçàíî, ÷òî â ýòîì ñëó÷àå òðåáîâàíèÿ ê îáúåìó áèîìåòðè÷åñêèõ äàííûõ ñóùåñòâåííî
ñíèæàþòñÿ. Êàê ñëåäñòâèå, íàñòðîéêà (îáó÷åíèå) êâàäðàòè÷íûõ ôîðì è íàñòðîéêà ñåòåé íàèáîëüøåãî ïðàâ-
äîïîäîáèÿ Áàéåñà ñòàíîâÿòñÿ ãîðàçäî áîëåå óñòîé÷èâûìè çàäà÷àìè. Ïîñëåäíåå ýêâèâàëåíòíî ìíîãîêðàòíî-
ìó ñíèæåíèþ òðåáîâàíèé ê ðàçìåðàì îáó÷àþùåé âûáîðêè ïðèìåðîâ áèîìåòðè÷åñêîãî îáðàçà «ñâîé».

Êëþ÷åâûå ñëîâà: áèîìåòðè÷åñêàÿ èäåíòèôèêàöèÿ, ñèììåòðèçàöèÿ êîððåëÿöèîííûõ ñâÿçåé, îáó÷åíèå
íà ìàëûõ òåñòîâûõ âûáîðêàõ.

Çìåíøåííÿ ðîçì³ð³â äîñòàòíüî¿ äëÿ íàâ÷àííÿ âèá³ðêè çà ðàõóíîê ñèìåòðèçàö³¿ êîðåëÿö³éíèõ
çâ’ÿçê³â á³îìåòðè÷íèõ äàíèõ / Î.². ²âàíîâ, Ï.Ñ. Ëîæíèêîâ, Þ.². Ñºðèêîâà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 3. — Ñ. 49–56.

Ïîêàçàíî, ùî íà ìàëèõ òåñòîâèõ âèá³ðêàõ êîåô³ö³ºíòè êîðåëÿö³¿ á³îìåòðè÷íèõ äàíèõ ìàþòü çíà÷-
íó ïîõèáêó, ùî íå äîçâîëÿº âèêîðèñòîâóâàòè ¿õ äëÿ íàâ÷àííÿ (íàëàøòóâàííÿ) êëàñè÷íèõ êâàäðàòè÷íèõ
ôîðì ³ ìåðåæ Áåºñà. Çàïðîïîíîâàíî ñêîðèñòàòèñÿ ñïîñîáîì ñèìåòðèçàö³¿ êîðåëÿö³éíèõ çâ’ÿçê³â. Äîâåäå-
íî, ùî ó öüîìó âèïàäêó âèìîãè äî îáñÿãó á³îìåòðè÷íèõ äàíèõ ³ñòîòíî çíèæóþòüñÿ. ßê íàñë³äîê, íàëàø-
òóâàííÿ (íàâ÷àííÿ) êâàäðàòè÷íèõ ôîðì ³ íàëàøòóâàííÿ ìåðåæ íàéá³ëüøî¿ ïðàâäîïîä³áíîñò³ Áåºñà ñòà-
þòü íàáàãàòî á³ëüø ñò³éêèìè çàäà÷àìè, ùî º åêâ³âàëåíòíèì áàãàòîðàçîâîìó çíèæåííþ âèìîã äî
ðîçì³ð³â íàâ÷àëüíî¿ âèá³ðêè ïðèêëàä³â á³îìåòðè÷íîãî îáðàçó «ñâ³é».

Êëþ÷îâ³ ñëîâà: á³îìåòðè÷íà ³äåíòèô³êàö³ÿ, ñèìåòðèçàö³ÿ êîðåëÿö³éíèõ çâ’ÿçê³â, íàâ÷àííÿ íà ìàëèõ òåñ-
òîâèõ âèá³ðêàõ.

Reducing the size of training-sufficient sampling due to symmetrization of correlation relationshps of
biometric data / A.I. Ivanov, P.S. Lozhnikov, Yu.I. Serikova // Kibernetika i sistemnyi analiz. — 2016. —
Vol. 52, N 3. — P. 49–56.

The paper shows that coefficients of correlation for biometric data are of considerable uncertainty if used
for small test samples. This fact prevents from using them for machine learning (setting) of classical quadratic
forms and Bayesian networks. The method of symmetrizing correlations is proposed to be used. It is proved that
the requirements to the volume of biometric data are lower in this case. As a consequence, setting (teaching) of
quadratic forms and maximum likelihood Bayesian networks become a much more stable problem. This is
equivalent to the multiple reduction of requirements to the size of the training sample for “own” samples.

Keywords: biometric identification, symmetrization of correlations, machine learning based on small test
samples.

ÓÄÊ 519.7

Ãëóáèííûé ìåòîä êëàññèôèêàöèè íà îñíîâå óäàëåííîé ìåðû êîíöåíòðàöèè äëÿ îáðàáîòêè
àñèììåòðè÷íûõ äàííûõ / À.À. Ãàëêèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 3.
— Ñ. 57–66.

²ë.: 2. Òàáë.: 0. Á³áë³îãð.: 10 íàçâ.
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Ðàçðàáîòàí è èññëåäîâàí ãëóáèííûé ìåòîä êëàññèôèêàöèè íà îñíîâå óäàëåííîé ìåðû êîíöåíòðà-
öèè äëÿ îáðàáîòêè àñèììåòðè÷íûõ äàííûõ. Ìîòèâàöèåé ïîñòðîåíèÿ ìåòîäà ñòàëà íåýôôåêòèâíîñòü èñ-
ïîëüçîâàíèÿ áîëüøèíñòâà àôôèííî-èíâàðèàíòíûõ êëàññèôèêàòîðîâ ïðè èõ ñî÷åòàíèè ñ ôóíêöèÿìè ãëó-
áèíû, êîòîðûå îáðàùàþòñÿ â íóëü çà ïðåäåëàìè âûïóêëîé îáîëî÷êè äàííûõ. Èäåÿ ïðåäëîæåííîãî ìåòî-
äà çàêëþ÷àåòñÿ â îòîáðàæåíèè äèñòàíöèîííîãî ïðîñòðàíñòâà ñ èñïîëüçîâàíèåì óäàëåííîé ìåðû
êîíöåíòðàöèè, ìåðû óäàëåííîñòè Øòàõåëÿ–Äîíîõüþ è ìåðû ñêîððåêòèðîâàííîé óäàëåííîñòè.

Êëþ÷åâûå ñëîâà: ôóíêöèÿ ãëóáèíû, óäàëåííàÿ ìåðà êîíöåíòðàöèè, ìíîãîìåðíàÿ êëàññèôèêàöèÿ.

Ãëèáèííèé ìåòîä êëàñèô³êàö³¿ íà îñíîâ³ â³ääàëåíî¿ ì³ðè êîíöåíòðàö³¿ äëÿ îáðîáêè àñèìåòðè÷íèõ
äàíèõ / Î.À. Ãàëê³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 3. — Ñ. 57–66.

Ðîçðîáëåíî òà äîñë³äæåíî ãëèáèííèé ìåòîä êëàñèô³êàö³¿ íà îñíîâ³ â³ääàëåíî¿ ì³ðè êîíöåíòðàö³¿
äëÿ îáðîáêè àñèìåòðè÷íèõ äàíèõ. Ìîòèâàö³ºþ ïîáóäîâè ìåòîäó ñòàëà íååôåêòèâí³ñòü âèêîðèñòàííÿ
á³ëüøîñò³ àô³ííî-³íâàð³àíòíèõ êëàñèô³êàòîð³â ïðè ¿õ ïîºäíàíí³ ç ôóíêö³ÿìè ãëèáèíè, ÿê³ ïåðåòâîðþ-
þòüñÿ â íóëü çà ìåæàìè îïóêëî¿ îáîëîíêè äàíèõ. ²äåÿ çàïðîïîíîâàíîãî ìåòîäó ïîëÿãàº ó â³äîáðàæåíí³
äèñòàíö³éíîãî ïðîñòîðó ç âèêîðèñòàííÿì â³ääàëåíî¿ ì³ðè êîíöåíòðàö³¿, ì³ðè â³ääàëåíîñò³ Øòàõåëÿ–Äî-
íîõüþ òà ì³ðè ñêîðåêòîâàíî¿ â³ääàëåíîñò³.

Êëþ÷îâ³ ñëîâà: ôóíêö³ÿ ãëèáèíè, â³ääàëåíà ì³ðà êîíöåíòðàö³¿, áàãàòîâèì³ðíà êëàñèô³êàö³ÿ.

The depth-based classification method based on remote concentration measure for asymmetric data
processing / O.A. Galkin // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 57–66.

The author develops and investigates the depth-based classification method based on remote
concentration measure for asymmetric data processing. The motivation for the construction of the method was
inefficient use of affine invariant classifiers in combination with depth functions, which vanish outside the
convex hull. The idea of the proposed method is to map a remote space using a remote concentration measure,
Stahel–Donoho remoteness measure, and adjusted remoteness measure.

Keywords: depth function, remote concentration measure, multi-dimensional classification.

ÓÄÊ 517.698.519.6

×èñëåííûé ìåòîä ðåøåíèÿ ñèñòåìû ãèïåðñèíãóëÿðíûõ èíòåãðàëüíûõ óðàâíåíèé âòîðîãî ðîäà è
åãî îáîñíîâàíèå / À.Â. Êîñòåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 3. —
Ñ. 67–82.

²ë.: 3. Òàáë.: 3. Á³áë³îãð.: 17 íàçâ.

Ïðåäñòàâëåí ÷èñëåííûé ìåòîä ðåøåíèÿ ñèñòåìû ãèïåðñèíãóëÿðíûõ èíòåãðàëüíûõ óðàâíåíèé âòî-
ðîãî ðîäà. Äîêàçàíà òåîðåìà ñóùåñòâîâàíèÿ è åäèíñòâåííîñòè ðåøåíèÿ. Ïîëó÷åíà îöåíêà ñêîðîñòè ñõî-
äèìîñòè ïðèáëèæåííîãî ðåøåíèÿ ê òî÷íîìó.

Êëþ÷åâûå ñëîâà: ñèñòåìà èíòåãðàëüíûõ óðàâíåíèé, ÷èñëåííûé ìåòîä, èíòåãðàë â ñìûñëå êîíå÷íîé
÷àñòè ïî Àäàìàðó, ñóùåñòâîâàíèå è åäèíñòâåííîñòü ðåøåíèÿ, ñêîðîñòü ñõîäèìîñòè.

×èñåëüíèé ìåòîä ðîçâ’ÿçóâàííÿ ñèñòåìè ã³ïåðñèíãóëÿðíèõ ³íòåãðàëüíèõ ð³âíÿíü äðóãîãî ðîäó òà
éîãî îáãðóíòóâàííÿ / Î.Â. Êîñòåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 3. —
Ñ. 67–82.

Íàâåäåíî ÷èñåëüíèé ìåòîä ðîçâ’ÿçóâàííÿ ñèñòåìè ã³ïåðñèíãóëÿðíèõ ³íòåãðàëüíèõ ð³âíÿíü äðóãîãî
ðîäó. Äîâåäåíî òåîðåìó ³ñíóâàííÿ òà ºäèíîñò³ ðîçâ’ÿçêó. Îòðèìàíî îö³íêó øâèäêîñò³ çá³æíîñò³ íàáëè-
æåíîãî ðîçâ’ÿçêó äî òî÷íîãî.

Êëþ÷îâ³ ñëîâà: ñèñòåìà ³íòåãðàëüíèõ ð³âíÿíü, ÷èñåëüíèé ìåòîä, ³íòåãðàë ó ñåíñ³ ñê³í÷åííî¿ ÷àñòèíè çà
Àäàìàðîì, ³ñíóâàííÿ òà ºäèí³ñòü ðîçâ’ÿçêó, øâèäê³ñòü çá³æíîñò³.

A numerical method of solution of a system of hypersingular integral equations of second kind /
O.V. Kostenko // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 67–82.

À numerical method of solution of a system of hypersingular integral equations of second kind is
presented. The existence and uniqueness theorems are proved. The rate of convergence of the approximate
solution to the exact one was obtained.

Keywords: system of integral equations, numerical method, integral in sense of Hadamard finite part, existence
and uniqueness of solution, convergence rate.

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 681.5+513.6+517.9

Äèôôåðåíöèàëüíî-àëãåáðàè÷åñêèå óðàâíåíèÿ è äèíàìè÷åñêèå ñèñòåìû íà ìíîãîîáðàçèÿõ /
Þ.Ã. Êðèâîíîñ, Â.Ï. Õàð÷åíêî, Í.Ì. Ãëàçóíîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. —
Òîì 52, ¹ 3. — Ñ. 83–96.

²ë.: 3. Òàáë.: 3. Á³áë³îãð.: 17 íàçâ.
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Ðàññìîòðåíû àêòóàëüíûå ïðîáëåìû ñîâðåìåííîé òåîðèè äèíàìè÷åñêèõ ñèñòåì íà ìíîãîîáðàçèÿõ,
àêòèâíî ðàçâèâàþùèõñÿ â íàñòîÿùåå âðåìÿ. Äàí êðàòêèé îáçîð òàêèõ íàïðàâëåíèé òåîðèè äèíàìè÷åñ-
êèõ ñèñòåì. Ñ èñïîëüçîâàíèåì àëãåáð äóàëüíûõ ÷èñåë, êâàòåðíèîííûõ àëãåáð, àëãåáð áèêâàòåðíèîíîâ
(äóàëüíûõ êâàòåðíèîíîâ) ðàçðàáîòàíû ïðèëîæåíèÿ ê èññëåäîâàíèþ áåñêîíå÷íî ìàëûõ îêðåñòíîñòåé è èí-
ôèíèòåçèìàëüíûõ äåôîðìàöèé ìíîãîîáðàçèé (ñõåì). Êðàòêî ïðåäñòàâëåíû òåîðèÿ äèôôåðåíöèàëüíî-àë-
ãåáðàè÷åñêèõ óðàâíåíèé íàä ïîëåì âåùåñòâåííûõ ÷èñåë è èõ äèíàìèêà, à òàêæå ýëåìåíòû îïòèìèçàöèè
òðàåêòîðèé ñîîòâåòñòâóþùèõ äèíàìè÷åñêèõ ñèñòåì. Íà îñíîâå ñâÿçíîñòè â ðàññëîåíèÿõ äàíî ðàñøèðåíèå
òåîðèè äèôôåðåíöèàëüíî-àëãåáðàè÷åñêèõ óðàâíåíèé íà àëãåáðàè÷åñêèå ìíîãîîáðàçèÿ è ñõåìû íàä ïðî-
èçâîëüíûìè ïîëÿìè è ñõåìàìè ñîîòâåòñòâåííî.

Êëþ÷åâûå ñëîâà: äóàëüíîå ÷èñëî, äóàëüíûé êâàòåðíèîí, êâàòåðíèîííàÿ àëãåáðà, àëãåáðàè÷åñêîå ìíî-
ãîîáðàçèå, ñõåìà, äåôîðìàöèÿ, äèôôåðåíöèàëüíî-àëãåáðàè÷åñêîå óðàâíåíèå, ìàòåìàòè÷åñêàÿ ìîäåëü,
äèíàìè÷åñêàÿ ñèñòåìà, äèôôåðåíöèàëüíîå óðàâíåíèå íà àëãåáðàè÷åñêîì ìíîãîîáðàçèè.

Äèôåðåíö³àëüíî-àëãåáðà¿÷í³ ð³âíÿííÿ ³ äèíàì³÷í³ ñèñòåìè íà ìíîãîâèäàõ / Þ.Ã. Êðèâîíîñ,
Â.Ï. Õàð÷åíêî, Ì.Ì. Ãëàçóíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 3. —
Ñ. 83–96.

Ðîçãëÿíóòî àêòóàëüí³ ïðîáëåìè ñó÷àñíî¿ òåîð³¿ äèíàì³÷íèõ ñèñòåì íà ìíîãîâèäàõ, ÿê³ àêòèâíî ðîç-
âèâàþòüñÿ íà öåé ÷àñ. Íàâåäåíî ñòèñëèé îãëÿä òàêèõ íàïðÿì³â òåîð³¿ äèíàì³÷íèõ ñèñòåì. Ç âèêîðèñòàí-
íÿì àëãåáð äóàëüíèõ ÷èñåë, êâàòåðí³îííèõ àëãåáð, àëãåáð á³êâàòåðí³îí³â (äóàëüíèõ êâàòåðí³îí³â) ðîç-
ðîáëåíî çàñòîñóíêè äî äîñë³äæåííÿ íåñê³í÷åííî ìàëèõ îêîëèöü òà ³íô³í³òåçèìàëüíèõ äåôîðìàö³é ìíî-
ãîâèä³â (ñõåì). Ñòèñëî íàâåäåíî òåîð³þ äèôåðåíö³àëüíî-àëãåáðà¿÷íèõ ð³âíÿíü íàä ïîëåì ä³éñíèõ ÷èñåë
òà ¿õíþ äèíàì³êó, à òàêîæ åëåìåíòè îïòèì³çàö³¿ òðàºêòîð³é â³äïîâ³äíèõ äèíàì³÷íèõ ñèñòåì. Íà îñíîâ³
çâ’ÿçíîñò³ â ðîçøàðóâàííÿõ íàâåäåíî ðîçøèðåííÿ òåîð³¿ äèôåðåíö³àëüíî-àëãåáðà¿÷íèõ ð³âíÿíü íà àëãåá-
ðà¿÷í³ ìíîãîâèäè ³ ñõåìè íàä äîâ³ëüíèìè ïîëÿìè ³ ñõåìàìè â³äïîâ³äíî.

Êëþ÷îâ³ ñëîâà: äóàëüíå ÷èñëî, äóàëüíèé êâàòåðí³îí, êâàòåðí³îííà àëãåáðà, àëãåáðà¿÷íèé ìíîãîâèä,
ñõåìà, äåôîðìàö³ÿ, äèôåðåíö³àëüíî-àëãåáðà¿÷íå ð³âíÿííÿ, ìàòåìàòè÷íà ìîäåëü, äèíàì³÷íà ñèñòåìà, äè-
ôåðåíö³àëüíå ð³âíÿííÿ íà àëãåáðà¿÷íîìó ìíîãîâèä³.

Differential-algebraic equations and dynamical systems on manifolds / Iu.G. Kryvonos,
V.P. Kharchenko, N.M. Glazunov // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 83–96.

The authors consider actual problems of the modern theory of dynamical systems on manifolds, which are
being actively developed. A brief review of the fields of the theory of dynamical systems is given. The results
of the algebra of dual numbers, quaternionic algebra, biquaternions (dual quaternion) and their application to
the study of infinitesimal neighborhoods and infinitesimal deformations of varieties (schemes) are presented.
Summarized the theory of differential-algebraic equations over the field of real numbers and their dynamics, as
well as relevant elements of trajectory optimization of dynamic systems. On the basis of the connection in the
bundles, an extension of the theory of differential-algebraic equations to algebraic manifolds and schemes over,
arbitrary fields and schemes, respectively, is given.

Keywords: dual number, dual quaternion, motor, quaternionic algebra, algebraic manifold, scheme,
deformation, differential-algebraic equation, mathematical model, dynamical system, differential equation on
algebraic manifold.

ÓÄÊ 519.85

Óïàêîâêà íåðàâíûõ øàðîâ â ðàçëè÷íûå êîíòåéíåðû / Þ.Ã. Ñòîÿí, Ã. Øàéòõàóåð, Ã.Í. ßñüêîâ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 3. — Ñ. 97–105.

²ë.: 1. Òàáë.: 1. Á³áë³îãð.: 15 íàçâ.

Ðàññìàòðèâàåòñÿ îïòèìèçàöèîííàÿ çàäà÷à óïàêîâêè ðàçíûõ øàðîâ â êîíòåéíåðû òèïà êóáîèä, øàð,
ïðÿìîé êðóãîâîé öèëèíäð, êîëüöåâîé öèëèíäð è ñôåðè÷åñêèé ñëîé. Ïðåäïîëàãàåòñÿ, ÷òî ðàäèóñû øàðîâ
ïåðåìåííûå. Ýòî ïîçâîëÿåò ïðåäëîæèòü íîâûé ñïîñîá ïîëó÷åíèÿ íà÷àëüíûõ òî÷åê, ïðèíàäëåæàùèõ îá-
ëàñòè äîïóñòèìûõ ðåøåíèé çàäà÷è, à òàêæå îñóùåñòâëÿòü ïåðåáîð ëîêàëüíûõ ýêñòðåìóìîâ, èñïîëüçóÿ
ìîäèôèêàöèþ àëãîðèòìà JA (jump-àëãîðèòì), êîòîðûé ðåàëèçóåò ïëàâíûé ïåðåõîä îò îäíîãî ëîêàëüíî-
ãî ìèíèìóìà ê äðóãîìó ñ ëó÷øèì çíà÷åíèåì ôóíêöèè öåëè. Óìåíüøåíèå ðàçìåðíîñòè çàäà÷è è ïîïàð-
íûå ïåðåñòàíîâêè øàðîâ ïîçâîëÿþò óëó÷øèòü çíà÷åíèå ôóíêöèè öåëè. Ïîëó÷åííûå ðåçóëüòàòû ñðàâíè-
âàþòñÿ ñ ëó÷øèìè èçâåñòíûìè.

Êëþ÷åâûå ñëîâà: óïàêîâêà, óïàêîâêà øàðîâ, íåâûïóêëàÿ çàäà÷à îïòèìèçàöèè, jump-àëãîðèòì.

Ïàêóâàííÿ íåð³âíèõ êóëü ó ð³çí³ êîíòåéíåðè / Þ.Ã. Ñòîÿí, Ã. Øàéòõàóåð, Ã.Ì. ßñüêîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 3. — Ñ. 97–105.

Ðîçãëÿíóòî îïòèì³çàö³éíó çàäà÷ó ïàêóâàííÿ ð³çíèõ êóëü ó êîíòåéíåðè òèïó êóáî¿ä, êóëÿ, ïðÿìèé
êðóãîâèé öèë³íäð, ê³ëüöåâèé öèë³íäð ³ ñôåðè÷íé øàð. Ââàæàºòüñÿ, ùî ðàä³óñè êóëü çì³íí³. Öå äîçâîëÿº
çàïðîïîíóâàòè íîâèé ñïîñ³á îòðèìàííÿ ïî÷àòêîâèõ òî÷îê, ùî íàëåæàòü îáëàñò³ äîïóñòèìèõ ðîçâ’ÿçê³â
çàäà÷³, à òàêîæ çä³éñíþâàòè ïåðåá³ð ëîêàëüíèõ åêñòðåìóì³â, âèêîðèñòîâóþ÷è ìîäèô³êàö³þ àëãîðèòìó
JA (jump-àëãîðèòì), ÿêèé ðåàë³çóº ïëàâíèé ïåðåõ³ä â³ä îäíîãî ëîêàëüíîãî ì³í³ìóìó äî ³íøîãî ç êðàùèì
çíà÷åííÿì ôóíêö³¿ ö³ë³. Çìåíøåííÿ ðîçì³ðíîñò³ çàäà÷³ òà ïîïàðí³ ïåðåñòàâëåííÿ êóëü äîçâîëÿþòü ïîêðà-
ùèòè çíà÷åííÿ ôóíêö³¿ ö³ë³. Îòðèìàí³ ðåçóëüòàòè ïîð³âíþþòüñÿ ç êðàùèìè â³äîìèìè.
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Êëþ÷îâ³ ñëîâà: ïàêóâàííÿ, ïàêóâàííÿ êóëü, íåîïóêëà çàäà÷à îïòèì³çàö³¿, jump-àëãîðèòì.

Packing non-equal spheres into containers of different shapes / Yu.G. Stoyan, G. Scheithauer,
G.N. Yaskov // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 97–105.

The paper considers the optimization problem of packing different solid spheres into containers of types:
a cuboid, a sphere, a right circular cylinder, an annular cylinder, and a spherical layer. The radii of spheres are
assumed to be variables. This allows us to propose a new technique to derive initial points belonging to the
feasible region of the problem, as well as to carry out a non-exhaustive search of local extrema, using
a modification of the jump algorithm (JA), which implements a continuous transition from one local minimum
to another with a better value of the objective. A reduction of the solution space dimension of the problem and
rearrangements of sphere pairs allow improving the objective function value. The results obtained are compared
with benchmark ones.

Keywords: packing, sphere packing, non-convex optimization problem, jump algorithm.

ÓÄÊ 519.161

Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå äèíàìèêè íåðàâíîâåñíûõ âî âðåìåíè êîíâåêòèâíî-äèô-
ôóçèîííûõ ïðîöåññîâ â îáëàñòÿõ ñî ñâîáîäíûìè ãðàíèöàìè / Â.Ì. Áóëàâàöêèé, Â.À. Áîãàåíêî //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 3. — Ñ. 106–121.

²ë.: 9. Òàáë.: 0. Á³áë³îãð.: 20 íàçâ.

Ïîñòðîåíà ìàòåìàòè÷åñêàÿ ìîäåëü, îïèñûâàþùàÿ äðîáíî-äèôôåðåíöèàëüíóþ äèíàìèêó ëîêàëü-
íî-íåðàâíîâåñíîãî âî âðåìåíè êîíâåêòèâíî-äèôôóçèîííîãî ïðîöåññà ðàñòâîðèìûõ âåùåñòâ ïðè ïëîñ-
êî-âåðòèêàëüíîé óñòàíîâèâøåéñÿ ôèëüòðàöèè ñî ñâîáîäíîé ãðàíèöåé. Ïðèâåäåíà ïîñòàíîâêà ñîîòâåò-
ñòâóþùåé êðàåâîé çàäà÷è è èçëîæåíà ìåòîäèêà ïîëó÷åíèÿ åå ïðèáëèæåííîãî ðåøåíèÿ. Ðàçðàáîòàíû ïà-
ðàëëåëüíûå àëãîðèòìû ðàñ÷åòà äëÿ êëàñòåðíûõ ñèñòåì, ïðèâåäåíû ðåçóëüòàòû òåñòèðîâàíèÿ
áûñòðîäåéñòâèÿ ïàðàëëåëüíûõ àëãîðèòìîâ äëÿ ãðàôè÷åñêèõ ïðîöåññîðîâ è ðåçóëüòàòû ÷èñëåííûõ ýêñ-
ïåðèìåíòîâ ïî ìîäåëèðîâàíèþ äèíàìèêè ðàññìàòðèâàåìîãî ìèãðàöèîííîãî ïðîöåññà.

Êëþ÷åâûå ñëîâà: íåêëàññè÷åñêèå äèôôóçèîííûå ìîäåëè, íåðàâíîâåñíûé âî âðåìåíè êîíâåêòèâíî-äèô-
ôóçèîííûé ïðîöåññ, ïëîñêî-âåðòèêàëüíàÿ ôèëüòðàöèÿ â ïîðèñòîé ñðåäå, óðàâíåíèå äèôôóçèè ñ çàïàçäû-
âàíèåì, óðàâíåíèå äèôôóçèè äðîáíîãî ïîðÿäêà, êðàåâûå çàäà÷è, ïðèáëèæåííûå ðåøåíèÿ, ïàðàëëåëüíûå
àëãîðèòìû.

Ìàòåìàòè÷íå ìîäåëþâàííÿ äèíàì³êè íåð³âíîâàæíèõ ó ÷àñ³ êîíâåêòèâíî-äèôóç³éíèõ ïðîöåñ³â
â îáëàñòÿõ ç â³ëüíèìè ìåæàìè / Â.Ì. Áóëàâàöüêèé, Â.À. Áîãàºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. — 2016. — Òîì 52, ¹ 3. — Ñ. 106–121.

Ïîáóäîâàíî ìàòåìàòè÷íó ìîäåëü, ùî îïèñóº äðîáîâî-äèôåðåíö³àëüíó äèíàì³êó ëîêàëüíî-íåð³âíî-
âàæíîãî ó ÷àñ³ êîíâåêòèâíî-äèôóç³éíîãî ïðîöåñó ðîç÷èííèõ ðå÷îâèí ïðè ïëîñêî-âåðòèêàëüí³é óñòà-
ëåí³é ô³ëüòðàö³¿ ç â³ëüíîþ ìåæåþ. Íàâåäåíî ïîñòàíîâêó â³äïîâ³äíî¿ êðàéîâî¿ çàäà÷³ ³ íàâåäåíî ìåòîäè-
êó îòðèìàííÿ ¿¿ íàáëèæåíîãî ðîçâ’ÿçêó. Ðîçâèíóòî ïàðàëåëüí³ àëãîðèòìè ðîçðàõóíêó äëÿ êëàñòåðíèõ
ñèñòåì, íàâåäåíî ðåçóëüòàòè òåñòóâàííÿ øâèäêîä³¿ ïàðàëåëüíèõ àëãîðèòì³â äëÿ ãðàô³÷íèõ ïðîöåñîð³â òà
ðåçóëüòàòè ÷èñåëüíèõ åêñïåðèìåíò³â ç ìîäåëþâàííÿ äèíàì³êè ðîçãëÿíóòîãî ì³ãðàö³éíîãî ïðîöåñó.

Êëþ÷îâ³ ñëîâà: íåêëàñè÷í³ äèôóç³éí³ ìîäåë³, íåð³âíîâàæíèé ó ÷àñ³ êîíâåêòèâíî-äèôóç³éíèé ïðîöåñ,
ïëîñêî-âåðòèêàëüíà ô³ëüòðàö³ÿ ó ïîðèñòîìó ñåðåäîâèù³, ð³âíÿííÿ äèôóç³¿ ç çàï³çíåííÿì, ð³âíÿííÿ äè-
ôóç³¿ äðîáîâîãî ïîðÿäêó, êðàéîâ³ çàäà÷³, íàáëèæåí³ ðîçâ’ÿçêè, ïàðàëåëüí³ àëãîðèòìè.

Mathematical modelling of dynamics of nonequilibrium in time convective diffusion process in a domain
with free boundary / V.Ì. Bulavatsky, V.A. Bogaenko // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52,
N 3. — P. 106–121.

The authors construct a mathematical model to describe the dynamics of fractional-differential locally
nonequilibrium in time convection-diffusion process of soluble substances in the plain-vertical steady-state
filtration with a free boundary. The statement of the respective boundary-value problem is presented and the
technique of obtaining its approximated solution is set up. Developed parallel algorithms of calculation for
cluster systems, the results of testing of response parallel algorithms for the GPU and results of numerical
experiments on simulation of dynamics of considered migration process are adduced.

Keywords: non-classical diffusion models, non-equilibrium in times convective-diffusion process,
plainly-vertical filtration in porous medium, diffusion equation with delay, fractional diffusion equation,
boundary value problems, approximated solutions, parallel algorithms.

ÓÄÊ 519.217; 519.718; 519.837

Îïòèìàëüíîå óïðàâëåíèå â äèôôóçèîííûõ ñòîõàñòè÷åñêèõ íåëèíåéíûõ äèôôåðåíöèàëüíî-
ôóíêöèîíàëüíûõ óðàâíåíèÿõ Èòî ñ ìàðêîâñêèìè ïàðàìåòðàìè è âíåøíèìè ìàðêîâñêèìè
ïåðåêëþ÷åíèÿìè / Â.Ê. ßñèíñêèé, Á.Â. Ñàâ÷óê, Ñ.Ì. Êîçûðü // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. —
2016. — Òîì 52, ¹ 3. — Ñ. 122–133.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 26 íàçâ.
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Âòîðûì ìåòîäîì Ëÿïóíîâà–Êðàñîâñêîãî ïîëó÷åíû äîñòàòî÷íûå óñëîâèÿ àñèìïòîòè÷åñêîé ñòîõàñ-
òè÷åñêîé óñòîé÷èâîñòè â öåëîì, óñòîé÷èâîñòè â öåëîì, ýêñïîíåíöèàëüíîé óñòîé÷èâîñòè â ñðåäíåì êâàä-
ðàòè÷åñêîì òðèâèàëüíîãî ðåøåíèÿ ñèñòåì ñòîõàñòè÷åñêèõ äèôôóçèîííûõ äèôôåðåíöèàëüíî-ôóíêöèî-
íàëüíûõ óðàâíåíèé ñ ìàðêîâñêèìè ïåðåêëþ÷åíèÿìè, à òàêæå ïðîèëëþñòðèðîâàíà òåîðèÿ íà äâóõ ìî-
äåëüíûõ çàäà÷àõ.

Êëþ÷åâûå ñëîâà: ñòîõàñòè÷åñêàÿ äèíàìè÷åñêàÿ ñèñòåìà, ñèñòåìà ñ ïîñëåäåéñòâèåì, ìàðêîâñêîå
âîçìóùåíèå.

Îïòèìàëüíå êåðóâàííÿ â äèôóç³éíèõ ñòîõàñòè÷íèõ íåë³í³éíèõ äèôåðåíö³àëüíî-ôóíêö³îíàëüíèõ
ð³âíÿííÿõ ³òî ç ìàðêîâñüêèìè ïàðàìåòðàìè òà çîâí³øí³ìè ìàðêîâñüêèìè ïåðåìèêàííÿìè /
Â.Ê. ßñèíñüêèé, Á.Â. Ñàâ÷óê, Ñ.Ì. Êîçèð // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 3.
— Ñ. 122–133.

Äðóãèì ìåòîäîì Ëÿïóíîâà–Êðàñîâñüêîãî îäåðæàíî äîñòàòí³ óìîâè àñèìïòîòè÷íî¿ ñòîõàñòè÷íî¿
ñò³éêîñò³ â ö³ëîìó, ñò³éêîñò³ â ö³ëîìó, ýêñïîíåíö³àëüíî¿ ñò³éêîñò³ â ñðåäíüîìó êâàäðàòè÷íîìó òðèâ³àëü-
íîãî ðîçâ’ÿçêó ñèñòåì ñòîõàñòè÷íèõ äèôóç³éíèõ äèôåðåíö³àëüíî-ôóíêö³îíàëüíèõ ð³âíÿíü ç ìàðêî-
âñüêèìè ïåðåìèêàííÿìè, à òàêîæ ïðî³ëþñòðîâàíî òåîð³þ íà äâîõ ìîäåëüíèõ çàäà÷àõ.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷íà äèíàì³÷íà ñèñòåìà, ñèñòåìà ç ï³ñëÿä³ºþ, ìàðêîâñüêå çáóðåííÿ.

Optimal control in diffusion stochastic nonlinear functional-differential Ito equations with markov
parameters and external Markovian switching / V.K. Yasinskyy, B.W. Savchuk, S.M. Kozyr //
Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 122–133.

The Lyapunov–Krasovskii second method is used to obtain the sufficient conditions for asymptotic
stochastic stability on the whole, global stability, the stability in mean of trivial solutions of systems of
stochastic diffusion functional-differential equations with Markov switching, and the theory is illustrated using
two model problems.

Keywords: stochastic dynamical system, system with aftereffect, Markov perturbation.

ÓÄÊ 519.6

Ïðåäåëüíàÿ õàðàêòåðèñòèêà òî÷íîñòè äèñêðåòíîãî àíàëîãà ñïåêòðàëüíîé çàäà÷è /
Â.Ã. Ïðèêàç÷èêîâ, Í.Â. Ìàéêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 3. —
Ñ. 134–140.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 7 íàçâ.

Ðàññìîòðåíà çàäà÷à íà ñîáñòâåííûå çíà÷åíèÿ äëÿ îïåðàòîðà Ëàïëàñà ñ êðàåâûì óñëîâèåì Äèðèõëå
íà ãðàíèöå äâóìåðíîé îáëàñòè ïðîèçâîëüíîé ôîðìû. Ñ ïîìîùüþ êîíå÷íî-ðàçíîñòíîé àïïðîêñèìàöèè
èñõîäíîé çàäà÷è ïîëó÷åíà ïðåäåëüíàÿ îöåíêà òî÷íîñòè ïðîñòîãî ñîáñòâåííîãî ÷èñëà. Íà îñíîâàíèè
àñèìïòîòè÷åñêîé ôîðìóëû äîêàçàíà îöåíêà ñíèçó äëÿ ïðîñòûõ ñîáñòâåííûõ ÷èñåë.

Êëþ÷åâûå ñëîâà: îïåðàòîð Ëàïëàñà, ñïåêòðàëüíàÿ çàäà÷à, ðàçíîñòíàÿ ñõåìà, àñèìïòîòè÷åñêàÿ ôîð-
ìóëà, îöåíêà ñíèçó.

Ãðàíè÷íà õàðàêòåðèñòèêà òî÷íîñò³ äèñêðåòíîãî àíàëîãà ñïåêòðàëüíî¿ çàäà÷³ / Â.Ã. Ïðèêàç÷èêîâ,
Í.Â. Ìàéêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 3. — Ñ. 134–140.

Ðîçãëÿíóòî çàäà÷ó íà âëàñí³ çíà÷åííÿ äëÿ îïåðàòîðà Ëàïëàñà ç êðàéîâèìè óìîâàìè Ä³ð³õëå íà
ìåæ³ äâîâèì³ðíî¿ îáëàñò³ äîâ³ëüíî¿ ôîðìè. Çà äîïîìîãîþ ñê³í÷åííî-ð³çíèöåâî¿ àïðîêñèìàö³¿ äîâåäåíî
ãðàíè÷íó îö³íêó òî÷íîñò³ ïðîñòîãî âëàñíîãî ÷èñëà. Ç àñèìïòîòè÷íî¿ ôîðìóëè âèâåäåíî îö³íêó çíèçó äëÿ
ïðîñòèõ âëàñíèõ ÷èñåë.

Êëþ÷îâ³ ñëîâà: îïåðàòîð Ëàïëàñà, ñïåêòðàëüíà çàäà÷à, ð³çíèöåâà ñõåìà, àñèìïòîòè÷íà ôîðìóëà, îö³íêà
çíèçó.

The limit accuracy property for the discrete analogue of the spectral problem / V.G. Prikazchikov,
N.V. Mayko // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 134–140.

The spectral problem for the Laplace operator with the Dirichlet boundary condition in a two-dimensional
domain is investigated. By using the finite-difference approximation the limit accuracy estimate for a simple
eigenvalue is obtained. From the asymptotic formula the lower estimate for a simple eigenvalue is drawn.

Keywords: Laplace operator, spectral problem, simple eigenvalue, finite-difference scheme, asymptotic
formula, estimate from below.

ÓÄÊ 519.85

Ðåøåíèå ëèíåéíûõ áåçóñëîâíûõ çàäà÷ êîìáèíàòîðíîé îïòèìèçàöèè íà ðàçìåùåíèÿõ ñî
ñòîõàñòè÷åñêîé íåîïðåäåëåííîñòüþ / Î.À. Åìåö, Ò.Í. Áàðáîëèíà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
— 2016. — Òîì 52, ¹ 3. — Ñ. 141–153.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 18 íàçâ.
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Ðàññìàòðèâàåòñÿ ðåøåíèå ëèíåéíîé áåçóñëîâíîé çàäà÷è êîìáèíàòîðíîé îïòèìèçàöèè íà ðàçìåùå-
íèÿõ ñî ñòîõàñòè÷åñêîé íåîïðåäåëåííîñòüþ. Ìèíèìóì ïðè ýòîì îïðåäåëÿåòñÿ íà îñíîâå ïîñëåäîâàòåëüíî-
ãî ñðàâíåíèÿ ÷èñëîâûõ õàðàêòåðèñòèê ñëó÷àéíûõ âåëè÷èí. Äëÿ ðàññìàòðèâàåìîé ñòîõàñòè÷åñêîé çàäà÷è
óñòàíîâëåíû ñâîéñòâà ðåøåíèÿ, èñïîëüçóþùèå ñâîéñòâà ðåøåíèÿ ñïåöèàëüíî ñôîðìóëèðîâàííûõ äåòåð-
ìèíèðîâàííûõ çàäà÷. Ïðåäëîæåí òàêæå ðåäóêöèîííûé ìåòîä ðåøåíèÿ ëèíåéíîé áåçóñëîâíîé çàäà÷è êîì-
áèíàòîðíîé ñòîõàñòè÷åñêîé îïòèìèçàöèè íà ðàçìåùåíèÿõ, îñíîâàííîé íà ïîëó÷åííûõ ñâîéñòâàõ ðåøåíèÿ.

Êëþ÷åâûå ñëîâà: åâêëèäîâà çàäà÷à êîìáèíàòîðíîé îïòèìèçàöèè, çàäà÷à îïòèìèçàöèè íà ðàçìåùåíèÿõ, ñòî-
õàñòè÷åñêàÿ íåîïðåäåëåííîñòü, ñòîõàñòè÷åñêàÿ îïòèìèçàöèÿ, ñòîõàñòè÷åñêàÿ êîìáèíàòîðíàÿ îïòèìèçàöèÿ.

Ðîçâ’ÿçóâàííÿ ë³í³éíèõ áåçóìîâíèõ çàäà÷ êîìá³íàòîðíî¿ îïòèì³çàö³¿ íà ðîçì³ùåííÿõ ç³
ñòîõàñòè÷íîþ íåâèçíà÷åí³ñòþ / Î.Î. ªìåöü, Ò.Ì. Áàðáîë³íà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. —
2016. — Òîì 52, ¹ 3. — Ñ. 141–153.

Ðîçãëÿäàºòüñÿ ðîçâ’ÿçóâàííÿ ë³í³éíî¿ áåçóìîâíî¿ çàäà÷³ êîìá³íàòîðíî¿ îïòèì³çàö³¿ íà ðîçì³ùåííÿõ ç³
ñòîõàñòè÷íîþ íåâèçíà÷åí³ñòþ. Ì³í³ìóì ïðè öüîìó âèçíà÷àºòüñÿ íà îñíîâ³ ïîñë³äîâíîãî ïîð³âíÿííÿ ÷èñëîâèõ
õàðàêòåðèñòèê âèïàäêîâèõ âåëè÷èí. Äëÿ ðîçãëÿíóòî¿ ñòîõàñòè÷íî¿ çàäà÷³ âñòàíîâëåíî âëàñòèâîñò³ ðîçâ’ÿçêó,
ÿê³ âèêîðèñòîâóþòü âëàñòèâîñò³ ðîçâ’ÿçêó ñïåö³àëüíî ñôîðìóëüîâàíèõ äåòåðì³íîâàíèõ çàäà÷. Çàïðîïîíîâàíî
òàêîæ ðåäóêö³éíèé ìåòîä ðîçâ’ÿçóâàííÿ ë³í³éíî¿ áåçóìîâíî¿ çàäà÷³ êîìá³íàòîðíî¿ ñòîõàñòè÷íî¿ îïòèì³çàö³¿ íà
ðîçì³ùåííÿõ, ÿêà ´ðóíòóºòüñÿ íà îäåðæàíèõ âëàñòèâîñòÿõ ðîçâ’ÿçêó.

Êëþ÷îâ³ ñëîâà: åâêë³äîâà çàäà÷à êîìá³íàòîðíî¿ îïòèì³çàö³¿, çàäà÷à îïòèì³çàö³¿ íà ðîçì³ùåííÿõ, ñòîõàñòè÷íà
íåâèçíà÷åí³ñòü, ñòîõàñòè÷íà îïòèì³çàö³ÿ, ñòîõàñòè÷íà êîìá³íàòîðíà îïòèì³çàö³ÿ.

Solving linear unconditional problems of combinatorial optimization on arrangements under stochastic
uncertainty / O.O. Iemets, T.M. Barbolina // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. —
P. 141–153.

Linear unconditional problem of combinatorial optimization on arrangements under stochastic
uncertainty is solved. The minimum is defined as the result of consecutive comparison of numerical
characteristic of random variables. The properties of the solution of the considered optimization problem are
obtained. These properties use the properties of special constructed deterministic problems. We also propose the
reducing method of solution of linear unconditional problem of combinatorial stochastic optimization, which is
based on obtained solution’s properties.

Keywords: Euclidian combinatorial optimization problem, optimization on arrangements, stochastic
uncertainty, stochastic optimization, stochastic combinatorial optimization.

ÓÄÊ 519.161

Áûñòðûé àëãîðèòì íàõîæäåíèÿ 2-ôàêòîðà ìèíèìàëüíîãî âåñà / Î.Á. Ìàöèé, À.Â. Ìîðîçîâ,
À.Â. Ïàíèøåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 3. — Ñ. 154–163.

²ë.: 5. Òàáë.: 0. Á³áë³îãð.: 6 íàçâ.

Ðàññìîòðåíà çàäà÷à ìèíèìèçàöèè â ãðàôå H V U� ( , ) ñóììû âåñîâ ðåáåð ïîäìíîæåñòâà � �U U ,
îáðàçóþùèõ ñîâîêóïíîñòü íåïåðåñåêàþùèõñÿ â âåðøèíàõ � �V ïðîñòûõ öèêëîâ è ïîêðûâàþùèõ V . Ðàñ-
ñìàòðèâàåìàÿ çàäà÷à (çàäà÷à 2- f ) ïîëèíîìèàëüíî ðàçðåøèìà àëãîðèòìàìè, êîòîðûå õàðàêòåðèçóþòñÿ
òåõíè÷åñêèìè òðóäíîñòÿìè, ïðåïÿòñòâóþùèìè óñêîðåíèþ ïðîöåññà âû÷èñëåíèé. Ðåøåíèå çàäà÷è 2- f
íàõîäèòñÿ ñâåäåíèåì åå ê áîëåå ïðîñòîìó äâóäîëüíîìó ñëó÷àþ. Ðåçóëüòàò ïðåäñòàâëåí ñîâåðøåííûì
ïàðîñî÷åòàíèåì äâóäîëüíîãî ãðàôà, ñîîòâåòñòâóþùèì ðåøåíèþ çàäà÷è î íàçíà÷åíèÿõ, â öèêëîâîì ðàç-
ëîæåíèè êîòîðîé êàæäûé êîíòóð ñîäåðæèò íå ìåíåå òðåõ äóã.

Êëþ÷åâûå ñëîâà: 2-ôàêòîð, çàäà÷à î íàçíà÷åíèÿõ, ïàðîñî÷åòàíèå, äâóäîëüíûé ãðàô, óâåëè÷èâàþùèé ïóòü.

Øâèäêèé àëãîðèòì çíàõîäæåííÿ 2-ôàêòîðà ì³í³ìàëüíî¿ âàãè / Î.Á. Ìàöèé, À.Â. Ìîðîçîâ,
À.Â. Ïàí³øåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 3. — Ñ. 154–163.

Ðîçãëÿíóòî çàäà÷ó ì³í³ì³çàö³¿ ó ãðàô³ H = (V, U) ñóìè âàã ðåáåð ï³äìíîæèíè � �U U , ùî óòâîðþ-
þòü ñóêóïí³ñòü ïðîñòèõ öèêë³â, ÿê³ íå ïåðåòèíàþòüñÿ ó âåðøèíàõ � �V ³ ïîêðèâàþòü V. Ðîçãëÿíóòà çàäà-
÷à (çàäà÷à 2-f) ìîæå áóòè ïîë³íîì³àëüíî ðîçâ’ÿçàíà àëãîðèòìàìè, ÿê³ õàðàêòåðèçóþòüñÿ òåõí³÷íèìè
òðóäíîùàìè, ùî ïåðåøêîäæàþòü ïðèñêîðåííþ ïðîöåñó îá÷èñëåíü. Ðîçâ’ÿçîê çàäà÷³ 2-f çíàõîäèòüñÿ çâå-
äåííÿì ¿¿ äî á³ëüø ïðîñòîãî äâî÷àñòêîâîãî âèïàäêó. Ðåçóëüòàò ïðåäñòàâëåíî äîñêîíàëîþ ïàðîñïîëóêîþ
äâî÷àñòêîâîãî ãðàôà, â³äïîâ³äíîþ ðîçâ’ÿçêó çàäà÷³ ïðî ïðèçíà÷åííÿ, ó öèêëîâîìó ðîçâèíåíí³ ÿêî¿ êîæ-
íèé êîíòóð ì³ñòèòü íå ìåíøå òðüîõ äóã.

Êëþ÷îâ³ ñëîâà: 2-ôàêòîð, çàäà÷à ïðî ïðèçíà÷åííÿ, ïàðîñïîëóêà, äâî÷àñòêîâèé ãðàô, çá³ëüøóâàëüíèé øëÿõ.

Fast algorithm to find the 2-factor of minimum weight / O.B. Matsiy, A.V. Morozov, A.V. Panishev //
Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 154–163.

The paper considers the minimization of the sum of weights of edges forming a subset of the set of
disjoint simple cycles at the vertices in the graph H = (V, U) and cover V. This problem (2-f problem) is
solvable in polynomial algorithms, which are characterized by technical difficulties that hinder accelerate
computing. The solution of 2-f is reducing it to a simple bipartite case. The desired result is represented by
a perfect matching of a bipartite graph corresponding to the solution of the assignment problem, in which
each expansion cycle circuit comprises at least three arcs.
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Keywords: 2-factor, the assignment problem, matching, bipartite graph, increasing path.

UDC 519.21

Small-time limit behavior of the probability that a L�vy process stays positive / V.P. Knopova //
Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 164–169.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 8 íàçâ.

In the paper, we find analytically the upper and lower limits (as the time parameter tends to zero) of the

probability that the L�vy process staring at 0 stays positive. We confine ourselves to the situation where the real
and imaginary parts of the characteristic function are regularly varying at infinity. In this case, we can calculate
the bound, and sometimes the exact values of the respective upper and lower limits.

Keywords: L�vy process, probability measure, limit behaviour in small time.

Ïðî ãðàíè÷íó ïîâåä³íêó ó ìàëîìó ÷àñ³ éìîâ³ðíîñò³ çíàõîäæåííÿ ïðîöåñó Ëåâ³ íà äîäàòí³é ï³âîñ³ /
Â.Ï. Êíîïîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 3. — Ñ. 164–169.

Ðîçãëÿíóòî àíàë³òè÷íèé ìåòîä çíàõîäæåííÿ âåðõíüî¿ òà íèæíüî¿ ãðàíèöü ïðè ÷àñîâîìó ïàðàìåòð³,
ùî ïðÿìóº äî íóëÿ, éìîâ³ðíîñò³ òîãî, ùî ïðîöåñ Ëåâ³, ÿêèé ñòàðòóº ç íóëÿ, çàëèøàºòüñÿ íà äîäàòí³é
ï³âîñ³. Äîë³äæåíî ò³ëüêè âèïàäîê, êîëè óÿâíà òà ä³éñíà ÷àñòèíè õàðàêòåðèñòè÷íî¿ åêñïîíåíòè ðåãóëÿðíî
çì³íþþòüñÿ íà íåñê³í÷åííîñò³. Ó öüîìó âèïàäêó çíàéäåíî îö³íêè, à ó äåÿêèõ âèïàäêàõ ³ òî÷í³ çíà÷åííÿ
ðîçãëÿíóòèõ ãðàíèöü.

Êëþ÷îâ³ ñëîâà: ïðîöåñ Ëåâ³, éìîâ³ðí³ñíà ì³ðà, ãðàíè÷íà ïîâåä³íêà ó ìàëîìó ÷àñ³.

Î ïðåäåëüíîì ïîâåäåíèè â ìàëîì âðåìåíè âåðîÿòíîñòè íàõîæäåíèÿ ïðîöåññà Ëåâè íà
ïîëîæèòåëüíîé ïîëóîñè / Â.Ï. Êíîïîâà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 3.
— Ñ. 164–169.

Ðàññìîòðåí àíàëèòè÷åñêèé ìåòîä íàõîæäåíèÿ âåðõíåé è íèæíåé ãðàíèö ïðè âðåìåííîì
ïàðàìåòðå, ñòðåìÿùåìñÿ ê íóëþ, âåðîÿòíîñòè òîãî, ÷òî ïðîöåññ Ëåâè, ñòàðòóþùèé èç íóëÿ, îñòàåòñÿ íà
ïîëîæèòåëüíîé ïîëóîñè. Ðàññìîòðåí òîëüêî ñëó÷àé, êîãäà äåéñòâèòåëüíàÿ è ìíèìàÿ ÷àñòè
õàðàêòåðèñòè÷åñêîé ýêñïîíåíòû ðåãóëÿðíî ìåíÿþòñÿ íà áåñêîíå÷íîñòè. Â ýòîì ñëó÷àå íàéäåíû
îöåíêè, à â íåêîòîðûõ ñëó÷àÿõ è òî÷íûå çíà÷åíèÿ âûøåíàçâàííûõ âåðõíåé è íèæíåé ãðàíèö.

Êëþ÷åâûå ñëîâà: ïðîöåññ Ëåâè, âåðîÿòíîñòíàÿ ìåðà, ïðåäåëüíîå ïîâåäåíèå â ìàëîì âðåìåíè.

ÓÄÊ 519.21

Ìåòîä ïîòåíöèàëîâ äëÿ ñèñòåì òèïà M/G/1/m ñ ïîðîãîâûìè ñòðàòåãèÿìè ôóíêöèîíèðîâàíèÿ /
Þ.Â. Æåðíîâûé, Ê.Þ. Æåðíîâûé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 3. —
Ñ. 170–181.

²ë.: 0. Òàáë.: 3. Á³áë³îãð.: 12 íàçâ.

Ïðåäëîæåí ìåòîä èññëåäîâàíèÿ ñèñòåì îáñëóæèâàíèÿ M/G/1/m ñ ôóíêöèåé ñëó÷àéíîãî îòáðàñûâà-
íèÿ çàÿâîê è ðàñïðåäåëåíèåì âðåìåíè îáñëóæèâàíèÿ, çàâèñÿùèì îò äëèíû î÷åðåäè. Ïîëó÷åíû ôîðìóëû
äëÿ îïðåäåëåíèÿ ïðåîáðàçîâàíèé Ëàïëàñà ðàñïðåäåëåíèÿ ÷èñëà çàÿâîê â ñèñòåìå â òå÷åíèå ïåðèîäà çàíÿ-
òîñòè, à òàêæå ôóíêöèè ðàñïðåäåëåíèÿ ïåðèîäà çàíÿòîñòè è äëÿ âû÷èñëåíèÿ ñòàöèîíàðíûõ õàðàêòåðèñ-
òèê. Ñîîòíîøåíèÿ äëÿ ñòàöèîíàðíûõ õàðàêòåðèñòèê ïðîâåðåíû ñ ïîìîùüþ èìèòàöèîííûõ ìîäåëåé, ïî-
ñòðîåííûõ ñ èñïîëüçîâàíèåì èíñòðóìåíòàëüíûõ ñðåäñòâ GPSS World. Ïðèâåäåí ïðèìåð ñðàâíåíèÿ ðå-
çóëüòàòîâ ïðèìåíåíèÿ ðàçëè÷íûõ ñðåäñòâ óïðàâëåíèÿ ïàðàìåòðàìè ñèñòåìû îáñëóæèâàíèÿ.

Êëþ÷åâûå ñëîâà: îäíîêàíàëüíàÿ ñèñòåìà îáñëóæèâàíèÿ, ïîðîãîâûå ñòðàòåãèè, ñëó÷àéíîå
îòáðàñûâàíèå çàÿâîê, ìåòîä ïîòåíöèàëîâ.

Ìåòîä ïîòåíö³àë³â äëÿ ñèñòåì òèïó M/G/1/m ç ïîðîãîâèìè ñòðàòåã³ÿìè ôóíêö³îíóâàííÿ /
Þ.Â. Æåðíîâèé, Ê.Þ. Æåðíîâèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 3. —
Ñ. 170–181.

Çàïðîïîíîâàíî ìåòîä äîñë³äæåííÿ ñèñòåì îáñëóãîâóâàííÿ M/G/1/m ç ôóíêö³ºþ âèïàäêîâîãî
â³äêèäàííÿ çàìîâëåíü ³ ðîçïîä³ëîì ÷àñó îáñëóãîâóâàííÿ, çàëåæíèì â³ä äîâæèíè ÷åðãè. Îòðèìàíî ôîð-
ìóëè äëÿ âèçíà÷åííÿ ïåðåòâîðåíü Ëàïëàñà ðîçïîä³ëó ê³ëüêîñò³ çàìîâëåíü ó ñèñòåì³ ïðîòÿãîì ïåð³îäó çà-
éíÿòîñò³ òà ôóíêö³¿ ðîçïîä³ëó ïåð³îäó çàéíÿòîñò³ òà äëÿ îá÷èñëåííÿ ñòàö³îíàðíèõ õàðàêòåðèñòèê.
Ñï³ââ³äíîøåííÿ äëÿ ñòàö³îíàðíèõ õàðàêòåðèñòèê ïåðåâ³ðåíî çà äîïîìîãîþ ³ì³òàö³éíèõ ìîäåëåé, ïîáó-
äîâàíèõ ³ç âèêîðèñòàííÿì ³íñòðóìåíòàëüíèõ çàñîá³â GPSS World. Íàâåäåíî ïðèêëàä ïîð³âíÿííÿ ðåçóëü-
òàò³â çàñòîñóâàííÿ ð³çíèõ çàñîá³â êåðóâàííÿ ïàðàìåòðàìè ñèñòåìè îáñëóãîâóâàííÿ.

Êëþ÷îâ³ ñëîâà: îäíîêàíàëüíà ñèñòåìà îáñëóãîâóâàííÿ, ïîðîãîâ³ ñòðàòåã³¿, âèïàäêîâå â³äêèäàííÿ çàìîâ-
ëåíü, ìåòîä ïîòåíö³àë³â.
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Potentials method for M/G/1/m systems with threshold operation strategies / Yu.V. Zhernovyi,
K.Yu. Zhernovyi // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 170–181.

We propose a method to analyze M/G/1/m queuing systems with the function of random dropping of
customers and distribution of the service time depending on the queue length. Formulas to determine Laplace
transforms of the distribution of the number of customers in the system during the busy period and of the distribution
function of the busy period and to calculate the stationary characteristics are obtained. The relations for the stationary
characteristics are tested using simulation models constructed with the assistance of the GPSS World tools. An
example of comparison of the results of the use of various control tools of system parameters is given.

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

ÓÄÊ 519.21

Îá îäíîé çàäà÷å èäåíòèôèêàöèè ñèñòåì ñ àääèòèâíûì äðîáíûì áðîóíîâñêèì ïîëåì /
Å.Í. Äåðèåâà, Ñ.Ï. Øïèãà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 3. — Ñ. 182–190.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 12 íàçâ.

Èññëåäîâàíà çàäà÷à íåïàðàìåòðè÷åñêîãî îöåíèâàíèÿ (èäåíòèôèêàöèè) äëÿ äîñòàòî÷íî øèðîêîãî
êëàññà ñëó÷àéíûõ ïîëåé íà ïëîñêîñòè, óäîâëåòâîðÿþùèõ ðåøåíèþ ñòîõàñòè÷åñêîãî äèôôåðåíöèàëüíî-
ãî óðàâíåíèÿ â ÷àñòíûõ ïðîèçâîäíûõ ñ àääèòèâíûì äðîáíûì áðîóíîâñêèì ïîëåì. Àñèìïòîòè÷åñêèå
ñâîéñòâà îöåíêè ïàðàìåòðà ñíîñà èçó÷åíû ñ èñïîëüçîâàíèåì ìåòîäà ñèòà.

Êëþ÷åâûå ñëîâà: çàäà÷à èäåíòèôèêàöèè, äðîáíîå áðîóíîâñêîå ïîëå, ïàðàìåòð ñíîñà, ìåòîä ñèòà.

Ïðî îäíó çàäà÷ó ³äåíòèô³êàö³¿ ñèñòåì ç àäèòèâíèì äðîáîâèì áðîóí³âñüêèì ïîëåì / Î.Ì. Äåð³ºâà,
Ñ.Ï. Øïèãà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 3. — Ñ. 182–190.

Äîñë³äæåíî çàäà÷ó íåïàðàìåòðè÷íîãî îö³íþâàííÿ (³äåíòèô³êàö³¿) äëÿ äîñòàòíüî øèðîêîãî êëàñó
âèïàäêîâèõ ïîë³â íà ïëîùèí³, ÿê³ çàäîâîëüíÿþòü ðîçâ'ÿçêó ñòîõàñòè÷íîãî äèôåðåíö³àëüíîãî ð³âíÿííÿ â
÷àñòèííèõ ïîõ³äíèõ ç àäèòèâíèì äðîáîâèì áðîóí³âñüêèì ïîëåì. Àñèìïòîòè÷í³ âëàñòèâîñò³ îö³íêè ïàðà-
ìåòðà çñóâó âèâ÷åíî ç âèêîðèñòàííÿì ìåòîäó ñèòà.

Êëþ÷îâ³ ñëîâà: çàäà÷à ³äåíòèô³êàö³¿, äðîáîâå áðîóí³âñüêå ïîëå, ïàðàìåòð çñóâó, ìåòîä ñèòà.

On a problem of system identification with additive fractional brownian field / O.M. Dåriyeva,
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In the paper we investigate the problem of nonparametric estimation (identification) for a sufficiently
wide class of random fields on a plane satisfying the solution of stochastic partial differential equations with
additive fractional Brownian field. The asymptotic properties of the drift parameter are analyzed using the sieve
method.

Keywords: identification problem, fractional Brownian field, drift parameter, method of sieves.
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