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ÓÄÊ 519.72, 003.26
Äîâåðèòåëüíûå âû÷èñëåíèÿ ñ èñïîëüçîâàíèåì ñêëàäûâàþùåé ìàøèíû. I / À.Â. Àíèñèìîâ,
À.Ê. Íîâîêøîíîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 5. Ñ. 3–13.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 16 íàçâ.
Àííîòàöèÿ. Ïðåäëîæåíî ðåøåíèå ïðîáëåìû öåëîñòíîñòè àðèôìåòè÷åñêèõ ïðîãðàìì, âûïîëíÿå-

ìûõ íà óäàëåííîì âû÷èñëèòåëüíîì ðåñóðñå. Ðåøåíèå ñîñòîèò â çàìåíå àðèôìåòè÷åñêèõ îïåðàöèé, òàêèõ
êàê óìíîæåíèå è äåëåíèå, ïðîöåäóðàìè ñêëàäûâàþùåé ìàøèíû (addition machine), ââåäåííîé Ð. Ôëîé-
äîì è Ä. Êíóòîì. Âû÷èñëåíèÿ è ïîðÿäîê ñëåäîâàíèÿ êîìàíä ïîäïèñûâàþòñÿ äèíàìè÷åñêè èçìåíÿåìîé
öèôðîâîé ïîäïèñüþ, ãîìîìîðôíîé ïî ñëîæåíèþ/âû÷èòàíèþ. Âåðèôèêàöèÿ öèôðîâûõ ïîäïèñåé ãàðàí-
òèðóåò îáíàðóæåíèå ëþáûõ íåñàíêöèîíèðîâàííûõ èçìåíåíèé â èñõîäíîì òåêñòå ïðîãðàììû è ðåçóëüòà-
òàõ âû÷èñëåíèé.

Êëþ÷åâûå ñëîâà: ñêëàäûâàþùàÿ ìàøèíà, öèôðîâàÿ ïîäïèñü, ãîìîìîðôíàÿ êðèïòîãðàôèÿ.

Äîâ³ð÷³ îá÷èñëåííÿ ç âèêîðèñòàííÿì äîäàâàëüíî¿ ìàøèíè. I / À.Â. Àí³ñ³ìîâ, À.Ê. Íîâîêøîíîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 5. Ñ. 3–13.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ðîçâ’ÿçàííÿ ïðîáëåìè ö³ë³ñíîñò³ àðèôìåòè÷íèõ ïðîãðàì, ÿê³ âèêîíóþòüñÿ
íà â³ääàëåíîìó îá÷èñëþâàëüíîìó ðåñóðñ³. Ï³äõ³ä äî ðîçâ’ÿçàííÿ ïîëÿãàº ó çàì³í³ àðèôìåòè÷íèõ îïåðàö³é,
òàêèõ ÿê ìíîæåííÿ ³ ä³ëåííÿ, ïðîöåäóðàìè äîäàâàëüíî¿ ìàøèíè (addition machine), ââåäåíî¿ Ð. Ôëîéäîì ³
Ä. Êíóòîì. Îá÷èñëåííÿ ³ ïîñë³äîâí³ñòü êîìàíä ï³äïèñóþòüñÿ äèíàì³÷íèì öèôðîâèì ï³äïèñîì, ùî º ãîìî-
ìîðôíèì çà äîäàâàííÿì/â³äí³ìàííÿì. Âåðèô³êàö³ÿ öèôðîâèõ ï³äïèñ³â ãàðàíòóº âèÿâëåííÿ áóäü-ÿêèõ íå-
ñàíêö³îíîâàíèõ çì³í ó âèõ³äíîìó òåêñò³ ïðîãðàìè ³ ðåçóëüòàòàõ îá÷èñëåíü.

Êëþ÷îâ³ ñëîâà: äîäàâàëüíà ìàøèíà, öèôðîâèé ï³äïèñ, ãîìîìîðôíà êðèïòîãðàô³ÿ.

Trusted computing with addition machines. I / A.V. Anisimov, A.K. Novokshonov // Kibernetika i
sistemnyi analiz. 2017. Vol. 53, N 3. P. 3–13.

Abstract. A solution of the integrity problem for arithmetic programs running on a remote computing
resource is proposed. The solution is to replace the arithmetic operations such as multiplication and division by
procedures of the addition machine introduced by R. Floyd and D. Knuth. The order of instructions as well as
current meanings of variables are signed by dynamic digital signatures, which are homomorphic with respect to
addition and subtraction. Verification of digital signatures ensures detection of any unauthorized changes to the
source code of the program and to the results of calculations.

Keywords: addition machine, digital signature, homomorphic cryptography.
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ÓÄÊ 512.548.7+519.713
Àâòîìàòû íà àáñòðàêòíûõ êîíå÷íûõ êâàçèãðóïïàõ / Â.Â. Ñêîáåëåâ, Â.Ã. Ñêîáåëåâ // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 5. Ñ. 14–21.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 13 íàçâ.
Àííîòàöèÿ. Èññëåäîâàíà ñòðóêòóðà ñåìåéñòâ àâòîìàòîâ áåç âûõîäà, çàäàííûõ ðåêóððåíòíûìè ñî-

îòíîøåíèÿìè íà àáñòðàêòíûõ êîíå÷íûõ êâàçèãðóïïàõ. Îáîñíîâàíà öåëåñîîáðàçíîñòü èõ èñïîëüçîâàíèÿ
äëÿ ïîñòðîåíèÿ ñåìåéñòâ èòåðèðîâàííûõ õýø-ôóíêöèé ñ äîñòàòî÷íî âûñîêîé âû÷èñëèòåëüíîé ñòîéêîñ-
òüþ. Ïîêàçàíî, êàê íà îñíîâå ýòèõ ñåìåéñòâ àâòîìàòîâ áåç âûõîäà ìîæíî ïîñòðîèòü ñåìåéñòâà îáðàòè-
ìûõ àâòîìàòîâ Ìèëè è Ìóðà. Îáîñíîâàíà öåëåñîîáðàçíîñòü èñïîëüçîâàíèÿ ïðåäëîæåííûõ ñåìåéñòâ àâ-
òîìàòîâ Ìèëè è Ìóðà äëÿ ïîñòðîåíèÿ ìàòåìàòè÷åñêîé ìîäåëè ïîòî÷íûõ øèôðîâ.

Êëþ÷åâûå ñëîâà: êîíå÷íûå êâàçèãðóïïû, àâòîìàòû áåç âûõîäà, àâòîìàòû Ìèëè è Ìóðà.

Àâòîìàòè íà àáñòðàêòíèõ ñê³í÷åííèõ êâàç³ãðóïàõ / Â.Â. Ñêîáåëºâ, Â.Ã. Ñêîáåëºâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 5. Ñ. 14–21.

Àíîòàö³ÿ. Äîñë³äæåíî ñòðóêòóðó ñ³ìåé àâòîìàò³â áåç âèõîäó, ÿê³ âèçíà÷åíî ðåêóðåíòíèìè
ñï³ââ³äíîøåííÿìè íà àáñòðàêòíèõ ñê³í÷åííèõ êâàç³ãðóïàõ. Îá´ðóíòîâàíî äîö³ëüí³ñòü ¿õíüîãî âèêîðèñ-
òàííÿ äëÿ ïîáóäîâè ñ³ìåé ³òåðîâàíèõ ãåø-ôóíêö³é ç äîñòàòíüî âèñîêîþ îá÷èñëþâàëüíîþ ñò³éê³ñòþ. Ïî-
êàçàíî, ÿê íà áàç³ öèõ ñ³ìåé àâòîìàò³â áåç âèõîäó ìîæíà ïîáóäóâàòè ñ³ì’¿ îáîðîòíèõ àâòîìàò³â Ì³ë³ òà
Ìóðà. Îá´ðóíòîâàíî äîö³ëüí³ñòü âèêîðèñòàííÿ çàïðîïîíîâàíèõ ñ³ìåé àâòîìàò³â Ì³ë³ òà Ìóðà äëÿ ïîáó-
äîâè ìàòåìàòè÷íèõ ìîäåëåé ïîòîêîâèõ øèôð³â.

Êëþ÷îâ³ ñëîâà: ñê³í÷åíí³ êâàç³ãðóïè, àâòîìàòè áåç âèõîäó, àâòîìàòè Ì³ë³ òà Ìóðà.
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Automata over abstract finite quasigroups / V.V. Skobelev, V.G. Skobelev // Kibernetika i sistemnyi analiz.
2017. Vol. 53, N 3. P. 14–21.

Abstract. The paper analyzes the structure of families of automata without output mapping that are
defined by recurrence relations on abstract finite quasigroups. The expediency of their use to design iterated
hash functions with sufficiently high security is justified. It is shown how some families of reversible Mealy
and Moore automata can be constructed based on these families of automata without output mapping. The
expediency of using the proposed families of Mealy and Moore automata as the basis for construction of
mathematical models for stream ciphers is justified.

Keywords: finite quasigroups, automata without output mapping, Mealy and Moore automata.
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ÓÄÊ 519.713.1
Ïðîáëåìû ñèíòåçà �-àâòîìàòîâ, ñïåöèôèöèðîâàííûõ â ÿçûêàõ LP è LF ëîãèêè ïåðâîãî ïîðÿäêà /
À.Í. ×åáîòàðåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 5. Ñ. 22–33.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 13 íàçâ.

Àííîòàöèÿ. Äëÿ äâóõ ôðàãìåíòîâ, LP è LF, ëîãèêè ïåðâîãî ïîðÿäêà ñ îãðàíè÷åííûìè êâàíòîðàìè
ñôîðìóëèðîâàíû è äîêàçàíû ñîîòâåòñòâóþùèå âàðèàíòû òåîðåìû î ñïåöèôèêàöèè, ïîçâîëÿþùèå ñâåñòè
ïðîöåäóðó ñèíòåçà �-àâòîìàòîâ, ñïåöèôèöèðîâàííûõ ôîðìóëàìè ýòèõ ëîãèê, ê ýêâèâàëåíòíîìó ïðåîá-
ðàçîâàíèþ ôîðìóë.

Êëþ÷åâûå ñëîâà: ëîãèêè ïåðâîãî ïîðÿäêà, ñïåöèôèêàöèÿ, �-àâòîìàò, LP-ôîðìóëà, LF-ôîðìóëà, àâòî-
ìàòíàÿ ñåìàíòèêà, òåîðåìà î ñïåöèôèêàöèè.

Ïðîáëåìè ñèíòåçó �-àâòîìàò³â, ñïåöèô³êîâàíèõ ìîâàìè LP ³ LF ëîã³êè ïåðøîãî ïîðÿäêó /
À.Ì. ×åáîòàðüîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 5. Ñ. 22–33.

Àíîòàö³ÿ. Äëÿ äâîõ ôðàãìåíò³â, LP ³ LF, ëîã³êè ïåðøîãî ïîðÿäêó ç îáìåæåíèìè êâàíòîðàìè ñôîð-
ìóëüîâàíî ³ äîâåäåíî â³äïîâ³äí³ âàð³àíòè òåîðåìè ïðî ñïåöèô³êàö³þ, ÿê³ äàþòü ìîæëèâ³ñòü çâåäåííÿ
ïðîöåäóðè ñèíòåçó �-àâòîìàò³â, ùî ñïåöèô³êîâàí³ ôîðìóëàìè öèõ ëîã³ê, äî åêâ³âàëåíòíîãî ïåðåòâîðåí-
íÿ ôîðìóë.

Êëþ÷îâ³ ñëîâà: ëîã³êè ïåðøîãî ïîðÿäêó, ñïåöèô³êàö³ÿ, �-àâòîìàò, LP-ôîðìóëà, LF-ôîðìóëà, àâòîìàòíà
ñåìàíòèêà, òåîðåìà ïðî ñïåöèô³êàö³þ.

Problems of synthesis of �-automata specified in languages LP and LF of first order logic /
A.N. Chebotarev // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 22–33.

Abstract. For two fragments LP and LF of monadic first-order logic with bounded quantifiers, the
corresponding versions of specification theorem are formulated and proved, which enables the �--automata
synthesis procedure to be reduced to the equivalent transformation of formulas.

Keywords: first order logics, specification, -automaton, LP-formula, LF-formula, automatic semantics,
specification theorem.
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ÓÄÊ 004.8
Îïðåäåëåíèå ÿçûêîâ XML/RDF Semantic Web â ìåòàÿçûêå íîðìàëüíûõ ôîðì çíàíèé /
À.Ô. Êóðãàåâ, Ñ.Í. Ãðèãîðüåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 5. Ñ. 34–42.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 10 íàçâ.
Àííîòàöèÿ. Äàíû ôîðìàëüíûå òåêñòîâûå îïèñàíèÿ ïðîáëåìíî-îðèåíòèðîâàííûõ ÿçûêîâ

XML/RDF — áàçîâûõ ÿçûêîâ Semantic Web. Íàëè÷èå òàêèõ îïèñàíèé ãàðàíòèðóåò ðåàëèçóåìîñòü ÿçû-
êîâ XML/RDF ñ èñïîëüçîâàíèåì èíòåðïðåòàòîðà ìåòàÿçûêà íîðìàëüíûõ ôîðì çíàíèé (ÍÔÇ). Ïîêàçàíî,
÷òî âûðàçèòåëüíûå âîçìîæíîñòè ìåòàÿçûêà ÍÔÇ äëÿ îïèñàíèÿ ñèíòàêñèñà ýòîé ïàðû ÿçûêîâ âïîëíå ñî-
ïîñòàâèìû ñ âûðàçèòåëüíûìè âîçìîæíîñòÿìè EBNF.
Êëþ÷åâûå ñëîâà: ìåòàÿçûê íîðìàëüíûõ ôîðì çíàíèé, ôîðìàëüíîå îïèñàíèå ìåòàÿçûêà, eXtensible
Markup Language, Resource Description Framework, Semantic Web.

Âèçíà÷åííÿ ìîâ XML/RDF Semantic Web ó ìåòàìîâ³ íîðìàëüíèõ ôîðì çíàíü / Î.Ï. Êóðãàºâ,
Ñ.Ì. Ãðèãîð’ºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 5. Ñ. 34–42.

Àíîòàö³ÿ. Íàâåäåíî ôîðìàëüí³ òåêñòîâ³ îïèñè ïðîáëåìíî-îð³ºíòîâàíèõ ìîâ XML/RDF — áàçîâèõ
ìîâ Semantic Web. Íàÿâí³ñòü òàêèõ îïèñ³â ãàðàíòóº ðåàë³çîâí³ñòü ìîâ XML/RDF ç âèêîðèñòàííÿì ³íòåð-
ïðåòàòîðà ìåòàìîâè íîðìàëüíèõ ôîðì çíàíü (ÍÔÇ). Ïîêàçàíî, ùî âèðàçí³ ìîæëèâîñò³ ìåòàìîâè ÍÔÇ
äëÿ îïèñó ñèíòàêñèñó ö³º¿ ïàðè ìîâ ö³ëêîì ïîð³âíÿíí³ ç âèðàçíèìè ìîæëèâîñòÿìè EBNF.

Êëþ÷îâ³ ñëîâà: ìåòàìîâà íîðìàëüíèõ ôîðì çíàíü, ôîðìàëüíèé îïèñ ìåòàìîâè, eXtensible Markup
Language, Resource Description Framework, Semantic Web.



Definition of XML/RDF Semantic Web languages in the normal forms of knowledge metalanguage /
A.F. Kurgaev, S.N. Grigoriev // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 34–42.

Abstract. Provided are the formal text descriptions of the problem-oriented XML/RDF languages, which are the
basic Semantic Web languages. The availability of such descriptions guarantees the ability to implement the
XML/RDF languages with the implementation of the interpreter of the NFK metalanguage. It is shown that the
expressiveness of the NFK metalanguage in describing the syntax of the given pair of languages is quite compa-
rable with EBNF expressiveness.

Keywords: Normal Forms of Knowledge Metalanguage, formal description of Metalanguage, eXtensible
Markup Language, Resource Description Framework, Semantic Web.
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.8
Òåîðèÿ è ïðîãðàììíûå ðåàëèçàöèè r-àëãîðèòìîâ Øîðà / Ï.È. Ñòåöþê // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2017. Òîì 53, ¹ 5. Ñ. 43–57.

²ë.: 1. Òàáë. 1. Á³áë³îãð.: 20 íàçâ.
Àííîòàöèÿ. Ðàññìîòðåíû òðè âû÷èñëèòåëüíûå ôîðìû r-àëãîðèòìîâ c ðàçëè÷íûì îáúåìîì âû÷èñëå-

íèé íà îäíîé èòåðàöèè. Ïðèâåäåíû ðåçóëüòàòû î ñõîäèìîñòè ïðåäåëüíîãî âàðèàíòà r-àëãîðèòìîâ äëÿ âû-
ïóêëûõ ãëàäêèõ ôóíêöèé è r� �( )-àëãîðèòìà äëÿ âûïóêëûõ êóñî÷íî-ãëàäêèõ ôóíêöèé. Îáñóæäåíû ïðàêòè-
÷åñêèå àñïåêòû âàðèàíòà r( )� -àëãîðèòìîâ ñ ïîñòîÿííûì � — êîýôôèöèåíòîì ðàñòÿæåíèÿ ïðîñòðàíñòâà, è
àäàïòèâíûì ñïîñîáîì ðåãóëèðîâêè øàãà â íàïðàâëåíèè íîðìèðîâàííîãî àíòèñóáãðàäèåíòà â ïðåîáðàçî-
âàííîì ïðîñòðàíñòâå ïåðåìåííûõ.

Êëþ÷åâûå ñëîâà: ñóáãðàäèåíòíûé ìåòîä, íàèñêîðåéøèé ñïóñê, ðàçíîñòü ñóáãðàäèåíòîâ, ðàñòÿæåíèå
ïðîñòðàíñòâà, r-àëãîðèòì, ìåòîä ñîïðÿæåííûõ ãðàäèåíòîâ, àäàïòèâíûé øàã, ïðîãðàììíàÿ ðåàëèçàöèÿ.

Òåîð³ÿ òà ïðîãðàìí³ ðåàë³çàö³¿ r-àëãîðèòì³â Øîðà / Ï.². Ñòåöþê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2017. Òîì 53, ¹ 5. Ñ. 43–57.

Àíîòàö³ÿ. Ðîçãëÿíóòî òðè îá÷èñëþâàëüí³ ôîðìè r-àëãîðèòì³â ç ð³çíèì îáñÿãîì îá÷èñëåíü íà
îäí³é ³òåðàö³¿. Íàâåäåíî ðåçóëüòàòè ïðî çá³æí³ñòü ãðàíè÷íîãî âàð³àíòà r-àëãîðèòì³â äëÿ îïóêëèõ ãëàä-
êèõ ôóíêö³é ³ r� �( )-àëãîðèòìó äëÿ îïóêëèõ êóñêîâî-ãëàäêèõ ôóíêö³é. Îáãîâîðåíî ïðàêòè÷í³ àñïåêòè
âàð³àíòà r( )� -àëãîðèòì³â ç ïîñò³éíèì � — êîåô³ö³ºíòîì ðîçòÿãó ïðîñòîðó ³ àäàïòèâíèì ñïîñîáîì ðåãó-
ëþâàííÿ êðîêó â íàïðÿìêó íîðìîâàíîãî àíòèñóáãðàä³ºíòà â ïåðåòâîðåíîìó ïðîñòîð³ çì³ííèõ.

Êëþ÷îâ³ ñëîâà: ñóáãðàä³ºíòíèé ìåòîä, íàéøâèäøèé ñïóñê, ð³çíèöÿ ñóáãðàä³ºíò³â, ðîçòÿã ïðîñòîðó,
r-àëãîðèòì, ìåòîä ñïðÿæåíèõ ãðàä³ºíò³â, àäàïòèâíèé êðîê, ïðîãðàìíà ðåàë³çàö³ÿ.

Theory and software implementations of Shor’s r-algorithms / P.I. Stetsyuk // Kibernetika i sistemnyi
analiz. 2017. Vol. 53, N 3. P. 43–57.

Abstract. Three computational forms of r-algorithms with different amount of computation per iteration
are considered. The results on the convergence of the limit variant of r-algorithms for convex smooth functions
and the r� �( )-algorithm for convex piecewise smooth functions are presented. Practical aspects of the variant of
r( )� -algorithms with a constant coefficient of space dilation � and an adaptive method for step adjustment in
the direction of the normalized anti-subgradient in the transformed space of variables are discussed.

Keywords: subgradient method, steepest descent, difference of subgradients, space dilation, r-algorithm,
conjugate gradient method, adaptive step, software implementation.
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ÓÄÊ 517.977
Î ðàñòÿæåíèè âðåìåíè â äèôôåðåíöèàëüíûõ èãðàõ ñ èìïóëüñíûìè óïðàâëåíèÿìè / Ã.Ö. ×èêðèé
// Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 5. Ñ. 58–66.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 21 íàçâà.
Àííîòàöèÿ. Â ðàçâèòèå èäåé àêàäåìèêà Á.Í. Ïøåíè÷íîãî ðàññìîòðåíà ëèíåéíàÿ äèôôåðåíöèàëü-

íàÿ èãðà ñáëèæåíèÿ ñ èìïóëüñíûìè óïðàâëåíèÿìè. Ïðåäëîæåíà ìåòîäèêà èññëåäîâàíèÿ, îñíîâàííàÿ íà
ðàñòÿæåíèè âðåìåíè è îðèåíòèðîâàííàÿ íà ñèòóàöèþ, êîãäà êëàññè÷åñêîå óñëîâèå Ïîíòðÿãèíà íå èìå-
åò ìåñòà. Ïîëó÷åíû äîñòàòî÷íûå óñëîâèÿ êîíå÷íîñòè ãàðàíòèðîâàííîãî âðåìåíè ñáëèæåíèÿ. Ïðèâåäåí
èëëþñòðàòèâíûé ïðèìåð.

Êëþ÷åâûå ñëîâà: ôóíêöèÿ ðàñòÿæåíèÿ âðåìåíè, äèôôåðåíöèàëüíàÿ èãðà, èìïóëüñíîå óïðàâëåíèå,
ìíîãîçíà÷íîå îòîáðàæåíèå, ãåîìåòðè÷åñêàÿ ðàçíîñòü Ìèíêîâñêîãî, óñëîâèå Ïîíòðÿãèíà.
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Ïpo ðîçòÿãóâàííÿ ÷àñó ó äèôåðåíö³àëüíèõ ³ãðàõ ç ³ìïóëüñíèìè êåðóâàííÿìè / Ã.Ö. ×èêð³é //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 5. Ñ. 58–66.

Àíîòàö³ÿ. Ó ðîçâèòîê ³äåé àêàäåì³êà Á.Í. Ïøåíè÷íîãî ðîçãëÿíóòî ë³í³éíó äèôåðåíö³àëüíó ãðó ç
³ìïóëüñíèìè êåðóâàííÿìè. Çàïðîïîíîâàíî ìåòîäèêó äîñë³äæåííÿ, ùî áàçóºòüñÿ íà ðîçòÿãóâàíí³ ÷àñó ³
îð³ºíòîâàíà íà ñèòóàö³þ, êîëè êëàñè÷ía óìîâà Ïîíòðÿã³íà íå ìàº ì³ñöÿ. Îòðèìàíî äîñòàòí³ óìîâè
ñê³í÷åííîñò³ ãàðàíòîâàíîãî ÷àñó çáëèæåííÿ. Íàâåäåíî ³ëþñòðàòèâíèé ïðèêëàä.

Êëþ÷îâ³ ñëîâà: ôóíêö³ÿ ðîçòÿãóâàííÿ ÷àñó, äèôåðåíö³àëüíà ãðà, ³ìïóëüñíå êåðóâàííÿ, áàãàòîçíà÷íå
â³äîáðàæåííÿ, ãåîìåòðè÷íà ð³çíèöÿ Ì³íêîâñüêîãî, óìîâà Ïîíòðÿã³íà.

On the time extension in differential games with impulse controls / G.Ts. Chikrii // Kibernetika i sistemnyi
analiz. 2017. Vol. 53, N 3. P. 58–66.

Abstract. In the development of ideas of B.N. Pshenichnyi, the paper considers a linear differential
game with impulse controls. A research technique is proposed, which is based on time extension and oriented to
the case where the classical Pontryagin condition does not hold. Sufficient conditions for the finiteness of the
guaranteed approach time are obtained. An illustrative example is given.

Keywords: function of the time extension, differential game, impulse control, set-valued mapping, Minkowski’
geometric difference, Pontryagin’s condition.
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ÓÄÊ 519.8

Èñïîëüçîâàíèå êîíè÷åñêîé ðåãóëÿðèçàöèè ïðè âû÷èñëåíèè ëàãðàíæåâûõ îöåíîê â çàäà÷àõ
êâàäðàòè÷íîé îïòèìèçàöèè / Þ.Ï. Ëàïòèí, Î.À. Áåðåçîâñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
2017. Òîì 53, ¹ 5. Ñ. 67–81.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 30 íàçâ.

Àííîòàöèÿ. Äëÿ íåâûïóêëûõ çàäà÷ êâàäðàòè÷íîé îïòèìèçàöèè ðàññìàòðèâàåòñÿ âû÷èñëåíèå îöå-
íîê çíà÷åíèé ãëîáàëüíûõ ýêñòðåìóìîâ íà îñíîâå ëàãðàíæåâûõ ðåëàêñàöèé èñõîäíûõ çàäà÷. Íà ãðàíèöå
äîïóñòèìîé îáëàñòè îöåíî÷íîé çàäà÷è åå ôóíêöèè ÿâëÿþòñÿ ðàçðûâíûìè è ïëîõî îáóñëîâëåííûìè, ÷òî
íàêëàäûâàåò îïðåäåëåííûå òðåáîâàíèÿ íà âû÷èñëèòåëüíûå àëãîðèòìû. Ïðåäëîæåí íîâûé ïîäõîä, îñíî-
âàííûé íà èñïîëüçîâàíèè êîíè÷åñêèõ ðåãóëÿðèçàöèé âûïóêëûõ çàäà÷ îïòèìèçàöèè ïîçâîëÿþùèé
ó÷åñòü óêàçàííûå îñîáåííîñò, à òàêæå ïîñòðîèòü ýêâèâàëåíòíóþ çàäà÷ó áåçóñëîâíîé îïòèìèçàöèè, öåëå-
âàÿ ôóíêöèÿ êîòîðîé îïðåäåëåíà íà âñåì ïðîñòðàíñòâå ïåðåìåííûõ çàäà÷è è óäîâëåòâîðÿåò óñëîâèþ
Ëèïøèöà.

Êëþ÷åâûå ñëîâà: çàäà÷è êâàäðàòè÷íîé îïòèìèçàöèè, ëàãðàíæåâà ðåëàêñàöèÿ, óñëîâèå íåîòðèöàòåëüíîé
îïðåäåëåííîñòè ìàòðèöû, êîíè÷åñêàÿ ðåãóëÿðèçàöèÿ.

Âèêîðèñòàííÿ êîí³÷íî¿ ðåãóëÿðèçàö³¿ ïðè îá÷èñëåíí³ ëàãðàíæåâèõ îö³íîê ó çàäà÷àõ êâàäðàòè÷íî¿
îïòèì³çàö³¿ / Þ.Ï. Ëàïò³í, Î.À. Áåðåçîâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 5.
Ñ. 67–81.

Àíîòàö³ÿ. Äëÿ íåîïóêëèõ çàäà÷ êâàäðàòè÷íî¿ îïòèì³çàö³¿ ðîçãëÿíóòî îá÷èñëåííÿ îö³íîê çíà÷åíü
ãëîáàëüíèõ åêñòðåìóì³â íà îñíîâ³ ëàãðàíæåâî¿ ðåëàêñàö³¿ ïî÷àòêîâèõ çàäà÷. Íà ãðàíèö³ äîïóñòèìî¿ îá-
ëàñò³ îö³íî÷íî¿ çàäà÷³ ¿¿ ôóíêö³¿ ðîçðèâí³ òà ïîãàíî îáóìîâëåí³, ùî íàêëàäàº ïåâí³ âèìîãè íà îá÷èñëþ-
âàëüí³ àëãîðèòìè. Çàïðîïîíîâàí íîâèé ï³äõ³ä äëÿ óðàõóâàííÿ çàçíà÷åíèõ îñîáëèâîñòåé, ÿêèé áàçóºòüñÿ
íà âèêîðèñòàíí³ êîí³÷íèõ ðåãóëÿðèçàö³é îïóêëèõ çàäà÷ îïòèì³çàö³¿. Â³í äîçâîëÿº ïîáóäóâàòè åêâ³âàëåí-
òíó çàäà÷ó áåçóìîâíî¿ îïòèì³çàö³¿, ö³ëüîâà ôóíêö³ÿ ÿêî¿ âèçíà÷åíà íà âñüîìó ïðîñòîð³ çì³ííèõ çàäà÷³
³ çàäîâîëüíÿº óìîâ³ Ë³ïøèöÿ.

Êëþ÷îâ³ ñëîâà: çàäà÷à êâàäðàòè÷íî¿ îïòèì³çàö³¿, ëàãðàíæåâà ðåëàêñàö³ÿ, óìîâà íåâ³ä’ºìíî¿ âèçíà÷å-
íîñò³ ìàòðèö³, êîí³÷íà ðåãóëÿðèçàö³ÿ.

Using conical regularization in calculating Lagrangian estimates in quadratic optimization problems /
Yu.P. Laptin, O.A. Berezovskyi // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 67–81.

Abstract. For nonconvex quadratic optimization problems, calculation of global extreme value estimates
on the basis of Lagrangian relaxation of the original problems is considered. On the boundary of the feasible
region of the estimation problem, the functions of the problem are discontinuous, ill-conditioned, which
imposes certain requirements on the computational algorithms. The paper presents a new approach taking into
account these features, based on the use of conical regularizations of convex optimization problems. It makes it
possible to construct an equivalent unconditional optimization problem, whose objective function is defined on
the entire space of problem variables and satisfies the Lipschitz condition.

Keywords: quadratic optimization problem, Lagrangian relaxation, condition of non-negative definiteness of
the matrix, conical regularization.
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ÓÄÊ 519.85

Ìåòîä èñêóññòâåííîãî ðàñøèðåíèÿ ïðîñòðàíñòâà â çàäà÷àõ ðàçìåùåíèÿ ãåîìåòðè÷åñêèõ îáúåêòîâ
/ Ñ.Â. ßêîâëåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 5. Ñ. 82–89.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 30 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ çàäà÷à îïòèìàëüíîãî ðàçìåùåíèÿ ãåîìåòðè÷åñêèõ îáúåêòîâ ñ çàäàí-
íûìè ôîðìîé è ôèçèêî-ìåòðè÷åñêèìè ïàðàìåòðàìè. Âûäåëÿåòñÿ êîìáèíàòîðíàÿ ñòðóêòóðà çàäà÷è. Íà
îñíîâå èñêóññòâåííîãî ðàñøèðåíèÿ ðàçìåðíîñòè ïðîñòðàíñòâà ñôîðìóëèðîâàíà ýêâèâàëåíòíàÿ ïîñòà-
íîâêà èñõîäíîé çàäà÷è, â êîòîðîé ôèçèêî-ìåòðè÷åñêèå ïàðàìåòðû ÿâëÿþòñÿ íåçàâèñèìûìè ïåðåìåííû-
ìè. Ðàññìîòðåí ïðèìåð ïîñòðîåíèÿ ðàâíîâåñíîé ìîäåëè çàäà÷è óïàêîâêè êðóãîâ â êðóã ìèíèìàëüíîãî
ðàäèóñà.

Êëþ÷åâûå ñëîâà: îïòèìàëüíîå ðàçìåùàíèå, êîìáèíàòîðíîå ìíîæåñòâî, ðàâíîâåñíàÿ óïàêîâêà.

Ìåòîä øòó÷íîãî ðîçøèðåííÿ ïðîñòîðó ó çàäà÷àõ ðîçì³ùåííÿ ãåîìåòðè÷íèõ îá’ºêò³â /
Ñ.Â. ßêîâëºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 5. Ñ. 82–89.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó îïòèìàëüíîãî ðîçì³ùåííÿ ãåîìåòðè÷íèõ îá’ºêò³â ³ç çàäàíèìè ôîðìîþ ³
ô³çèêî-ìåòðè÷íèìè ïàðàìåòðàìè. Âèä³ëåíî êîìá³íàòîðíó ñòðóêòóðó çàäà÷³. Íà îñíîâ³ øòó÷íîãî ðîçøèðåííÿ
ðîçì³ðíîñò³ ïðîñòîðó ñôîðìóëüîâàíî åêâ³âàëåíòíó ïîñòàíîâêó âèõ³äíî¿ çàäà÷³, ó ÿêî¿ ô³çèêî-ìåòðè÷í³ ïàðà-
ìåòðè º íåçàëåæíèìè çì³ííèìè. Ðîçãëÿíóòî ïðèêëàä ïîáóäîâè ð³âíîâàæíî¿ ìîäåë³ çàäà÷³ óïàêîâêè êðóã³â ó
êðóã ì³í³ìàëüíîãî ðàä³óñó.

Êëþ÷îâ³ ñëîâà: îïòèìàëüíå ðîçì³ùåííÿ, êîìá³íàòîðíà ìíîæèíà, ð³âíîâàæíå ïàêóâàííÿ.

The method of artificial space expansion in problems of optimal placement of geometric objects /
S.V. Yakovlev // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 82–89.

Abstract. The problem of optimal placement of geometric objects with specified shape and physical-metric
parameters is considered. The combinatorial structure of the problem is defined. An equivalent problem is
formulated based on the artificial expansion of space dimension with physical-metric parameters being
independent variables. The proposed approach is illustrated by the solution of balanced circular packing problem.

Keywords: optimal packing problem, combinatorial set, balanced packing.
===

ÓÄÊ 517.9:519.6

Ðåøåíèÿ íåêîòîðûõ çàäà÷ äðîáíî-äèôôåðåíöèàëüíîé ôèëüòðàöèîííîé äèíàìèêè íà îñíîâå
ìîäåëè ñ ABC-äðîáíîé ïðîèçâîäíîé / Â.Ì. Áóëàâàöêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017.
Òîì 53, ¹ 5. Ñ. 90–101.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 29 íàçâ.

Àííîòàöèÿ. Äëÿ ãåîôèëüòðàöèîííîé ìàòåìàòè÷åñêîé ìîäåëè ñ äðîáíîé ïðîèçâîäíîé
Àòàíãàíà–Áàëåàíó ïîëó÷åíû çàìêíóòûå ðåøåíèÿ êðàåâûõ çàäà÷ òåîðèè ôèëüòðàöèè â îäíîðîäíîì è ñëî-
èñòîì ìàññèâàõ êîíå÷íîé ìîùíîñòè. Ïðèâåäåíû ïîñòàíîâêè è ðåøåíèÿ çàäà÷è ñ íåëîêàëüíûìè ãðàíè÷-
íûìè óñëîâèÿìè è îáðàòíîé çàäà÷è äðîáíî-äèôôåðåíöèàëüíîé ôèëüòðàöèîííîé äèíàìèêè.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, äðîáíî-äèôôåðåíöèàëüíàÿ äèíàìèêà ôèëüòðàöèîííûõ
ïðîöåññîâ, ãåîïîðèñòûå ñðåäû, íåêëàññè÷åñêèå ìîäåëè, óðàâíåíèå ôèëüòðàöèè ñ ABC-äðîáíîé ïðîèç-
âîäíîé, êðàåâûå çàäà÷è, çàìêíóòûå ðåøåíèÿ.

Ðîçâ’ÿçêè äåÿêèõ çàäà÷ äðîáîâî-äèôåðåíö³éíî¿ ô³ëüòðàö³éíî¿ äèíàì³êè íà îñíîâ³ ìîäåë³ ç
ABC-äðîáîâîþ ïîõ³äíîþ / Â.Ì. Áóëàâàöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 5.
Ñ. 90–101.

Àíîòàö³ÿ. Äëÿ ãåîô³ëüòðàö³éíî¿ ìàòåìàòè÷íî¿ ìîäåë³ ç äðîáîâîþ ïîõ³äíîþ Àòàíãàíà–Áàëåàíó
îäåðæàíî çàìêíåí³ ðîçâ’ÿçêè êðàéîâèõ çàäà÷ òåîð³¿ ô³ëüòðàö³¿ â îäíîð³äíîìó òà øàðóâàòîìó ìàñèâàõ
ñê³í÷åííî¿ ïîòóæíîñò³. Íàâåäåíî ïîñòàíîâêè ³ ðîçâ’ÿçàííÿ çàäà÷³ ç íåëîêàëüíèìè ãðàíè÷íèìè óìîâàìè
òà îáåðíåíî¿ çàäà÷³ äðîáîâî-äèôåðåíö³éíî¿ ô³ëüòðàö³éíî¿ äèíàì³êè.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, äðîáîâî-äèôåðåíö³éíà äèíàì³êà ô³ëüòðàö³éíèõ ïðîöåñ³â,
ãåîïîðèñò³ ñåðåäîâèùà, íåêëàñè÷í³ ìîäåë³, ð³âíÿííÿ ô³ëüòðàö³¿ ç ABC-äðîáîâîþ ïîõ³äíîþ, êðàéîâ³ çà-
äà÷³, çàìêíåí³ ðîçâ’ÿçêè.

Solutions of some problems of fractional-differential filtration dynamics based on models with
ABC-fractional derivative / V.M. Bulavatsky // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 90–101.

Abstract. For geofiltration mathematical model with Atangana–Baleanu fractional derivative, closed
solutions of boundary-value problems of filtration theory in homogeneous and layered arrays of finite size are
obtained. Problems with nonlocal boundary conditions and the inverse problem of fractional differential
filtration dynamics are formulated and solved.

Keywords: mathematical modeling, fractional-differential dynamics of filtration processes, geoporous media,
non-classical models, equation of filtration with ABC-fractional derivative, boundary-value problems, closed
form solutions.
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ÓÄÊ 517.95:519.86:539.3

Î çàäà÷àõ óïðàâëåíèÿ äèíàìèêîé íåïîëíî îïðåäåëåííûõ òðåõìåðíûõ óïðóãèõ òåë. II. Ñëó÷àé
äèñêðåòíî çàäàííîãî æåëàåìîãî ñîñòîÿíèÿ / Â.À. Ñòîÿí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017.
Òîì 53, ¹ 5. Ñ. 102–112.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 7 íàçâ.

Àííîòàöèÿ. Ðåøåíû çàäà÷è óïðàâëåíèÿ ëèíåéíî ïðåîáðàçîâàííîé âåêòîð-ôóíêöèåé ñìåùåíèé òî-
÷åê òðåõìåðíîãî óïðóãîãî òåëà â öåëÿõ ñðåäíåêâàäðàòè÷åñêîãî ïðèáëèæåíèÿ åå ê äèñêðåòíî çàäàííûì
çíà÷åíèÿì. Çàäà÷è ðåøàþòñÿ áåç îãðàíè÷åíèé íà ãåîìåòðèþ òåëà è ïðè äèñêðåòíî îïðåäåëåííûõ íàáëþ-
äåíèÿõ çà åãî íà÷àëüíî-êðàåâûì ñîñòîÿíèåì. Â êà÷åñòâå óïðàâëÿþùèõ ôàêòîðîâ ðàññìàòðèâàþòñÿ îáú-
åìíî-, ïîâåðõíîñòíî- è íà÷àëüíî-ðàñïðåäåëåííûå âíåøíåäèíàìè÷åñêèå âîçìóùåíèÿ. Âûïîëíåíà îöåíêà
òî÷íîñòè è îäíîçíà÷íîñòè óïðàâëåíèÿ.

Êëþ÷åâûå ñëîâà: ïðîñòðàíñòâåííî ðàñïðåäåëåííûå äèíàìè÷åñêèå ñèñòåìû, ïðîñòðàíñòâåííûå çàäà÷è
òåîðèè óïðóãîñòè, ïñåâäîèíâåðñèÿ, óïðàâëåíèå.

Ïðî çàäà÷³ êåðóâàííÿ äèíàì³êîþ íåïîâíî âèçíà÷åíèõ òðèâèì³ðíèõ ïðóæíèõ ò³ë. ²I. Âèïàäîê
äèñêðåòíî çàäàíîãî áàæàíîãî ñòàíó / Â.À. Ñòîÿí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53,
¹ 5. Ñ. 102–112.

Àíîòàö³ÿ. Ðîçâ’ÿçàíî çàäà÷³ êåðóâàííÿ ë³í³éíî ïåðåòâîðåíîþ âåêòîð-ôóíêö³ºþ çì³ùåíü òî÷îê òðè-
âèì³ðíîãî ïðóæíîãî ò³ëà ç ìåòîþ ñåðåäíüîêâàäðàòè÷íîãî íàáëèæåííÿ ¿¿ äî äèñêðåòíî çàäàíèõ çíà÷åíü. Çà-
äà÷³ ðîçâ’ÿçóþòñÿ áåç îáìåæåíü íà ãåîìåòð³þ ò³ëà ³ ïðè äèñêðåòíî âèçíà÷åíèõ ñïîñòåðåæåííÿõ çà éîãî ïî-
÷àòêîâî-êðàéîâèì ñòàíîì. ßê êåðóâàëüí³ ôàêòîðè ðîçãëÿíóòî îá'ºìíî-, ïîâåðõíåâî- ³ ïî÷àòêîâî-ðîçïîä³ëåí³
çîâí³øíüîäèíàì³÷í³ çáóðåííÿ. Ïðîâåäåíî îö³íþâàííÿ òî÷íîñò³ òà îäíîçíà÷íîñò³ êåðóâàííÿ.

Êëþ÷îâ³ ñëîâà: ïðîñòîðîâî ðîçïîä³ëåí³ äèíàì³÷í³ ñèñòåìè, ïðîñòîðîâ³ çàäà÷³ òåîð³¿ ïðóæíîñò³, ïñåâ-
äî³íâåðñ³ÿ, êåðóâàííÿ.

Problems of control of the dynamics of incompletely defined three-dimensional elastic bodies. II. The case
of discretely defined desired state / V.A. Stoyan // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3.
P. 102–112.

Abstract. The author solves the problems of control of linearly transformed vector function of displacement
points of three-dimensional elastic body with the purpose of root-mean-square approximation to its discretely
defined values. The problems are solved without constraints on the body geometry and under discretely defined
observations of its initial-boundary state. Space, superficial, and initially distributed outward perturbations are
considered as control factors. The evaluation of accuracy and uniqueness of control is conducted.

Keywords: spatially distributed dynamical systems, spatial problems of elasticity theory, pseudoinversion,
control.
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ÓÄÊ 519.8

Ñîâåðøåííûå ïàðîñî÷åòàíèÿ è ïîëèìàòðîèäû / Ô.À. Øàðèôîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
2017. Òîì 53, ¹ 5. Ñ. 113–119.

²ë.: 2. Òàáë. 0. Á³áë³îãð.: 7 íàçâ.

Àííîòàöèÿ. Ïîêàçàíî, ÷òî ïðîèçâîëüíûé ãðàô ñîäåðæèò ñîâåðøåííîå ïàðîñî÷åòàíèå òîãäà è
òîëüêî òîãäà, êîãäà ñïåöèàëüíî îïðåäåëåííûé âåêòîð ÿâëÿåòñÿ áàçîé ðàñøèðåííîãî ïîëèìàòðîèäà, îïè-
ñàííîãî ñóáìîäóëÿðíîé ôóíêöèåé, îïðåäåëåííîé íà ïîäìíîæåñòâàõ ìíîæåñòâà âåðøèí. Íà áàçå ýòîãî
ôàêòà ìîæíî ïðèìåíèòü ðàçëè÷íûå àëãîðèòìû ðåøåíèÿ çàäà÷è î äîïóñòèìûõ ïîòîêàõ íà ñåòÿõ äëÿ íà-
õîæäåíèÿ ñîâåðøåííîãî ïàðîñî÷åòàíèÿ â çàäàííîì ãðàôå.

Êëþ÷åâûå ñëîâà: ñîâåðøåííîå ïàðîñî÷åòàíèå, ãðàô, ðàñøèðåííûé ïîëèìàòðîèä.

Äîñêîíàë³ ïàðíîñïîëóêè ³ ïîë³ìàòðî¿äè / Ô.À. Øàð³ôîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017.
Òîì 53, ¹ 5. Ñ. 113–119.

Àíîòàö³ÿ. Ïîêàçàíî, ùî äîâ³ëüíèé ãðàô ì³ñòèòü äîñêîíàëó ïàðíîñïîëóêó òîä³ ³ ò³ëüêè òîä³, êîëè
ñïåö³àëüíî âèçíà÷åíèé âåêòîð º áàçîþ ðîçøèðåíîãî ïîë³ìàòðî¿äà, îïèñàíîãî ñóáìîäóëÿðíîþ ôóíêö³ºþ, âèç-
íà÷åíîþ íà ï³äìíîæèíàõ ìíîæèí âåðøèí. Íà áàç³ öüîãî ôàêòó ìîæíà çàñòîñîâóâàòè ð³çí³ àëãîðèòìè ðîçâ’ÿ-
çàííÿ çàäà÷³ ïðî äîïóñòèì³ ïîòîêè â ìåðåæàõ äëÿ çíàõîäæåííÿ äîñêîíàëî¿ ïàðíîñïîëóêè ó çàäàíîìó ãðàô³.

Êëþ÷îâ³ ñëîâà: äîñêîíàë³ ïàðíîñïîëóêè, ãðàô, ðîçøèðåíèé ïîë³ìàòðî¿ä.

Perfect matching and polymatroids / F.A. Sharifov // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3.
P. 113–119.

Abstract. It is shown that any graph has a perfect matching if and only if a specially defined vector is the base
of the extended polymatroid associated with the submodular function defined on subsets of the vertex set. Based on this
fact, different algorithms for testing flow feasibility can be used to find some perfect matching in a given graph.

Keywords: perfect matching, graph, extended polymatroid.
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ÓÄÊ 519.6+004.02

Ïîâûøåíèå ýôôåêòèâíîñòè ÷åáûøåâñêîé ñåãìåíòíîé äðîáíî-ðàöèîíàëüíîé àïïðîêñèìàöèè /
Ë.Ï. Âàêàë, À.À. Êàëåí÷óê-Ïîðõàíîâà, Å.Ñ. Âàêàë // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53,
¹ 5. Ñ. 120–128.

²ë.: 0. Òàáë. 2. Á³áë³îãð.: 21 íàçâà.

Àííîòàöèÿ. Ïðåäñòàâëåí àëãîðèòì ÷åáûøåâñêîé ñåãìåíòíîé àïïðîêñèìàöèè ñî ñâîáîäíûìè
óçëàìè. Â êà÷åñòâå àïïðîêñèìèðóþùèõ ôóíêöèé íà ïîäûíòåðâàëàõ èñïîëüçîâàíû ðàöèîíàëüíûå äðîáè.
Äëÿ ïîèñêà îïòèìàëüíûõ óçëîâ ïðèìåíåí àëãîðèòì äèôôåðåíöèàëüíîé ýâîëþöèè. Ïðèâåäåíû ÷èñëåí-
íûå ðåçóëüòàòû ïî ñåãìåíòíîé àïïðîêñèìàöèè ôóíêöèé ñ îïòèìàëüíûìè óçëàìè.

Êëþ÷åâûå ñëîâà: ÷åáûøåâñêàÿ ñåãìåíòíàÿ àïïðîêñèìàöèÿ, çàäà÷à ìíîãîìåðíîé íåëèíåéíîé îïòèìèçà-
öèè, ðàöèîíàëüíûå äðîáè, îïòèìàëüíûå óçëû, àëãîðèòì äèôôåðåíöèàëüíîé ýâîëþöèè.

Ï³äâèùåííÿ åôåêòèâíîñò³ ÷åáèøîâñüêî¿ ñåãìåíòíî¿ äðîáîâî-ðàö³îíàëüíî¿ àïðîêñèìàö³¿ /
Ë.Ï. Âàêàë, À.Î. Êàëåí÷óê-Ïîðõàíîâà, ª.Ñ. Âàêàë // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53,
¹ 5. Ñ. 120–128.

Àíîòàö³ÿ. Ïðåäñòàâëåíî àëãîðèòì ÷åáèøîâñüêî¿ ñåãìåíòíî¿ àïðîêñèìàö³¿ ç â³ëüíèìè âóçëàìè. ßê
àïðîêñèìóþ÷³ ôóíêö³¿ íà ï³ä³íòåðâàëàõ âèêîðèñòîâóþòü ðàö³îíàëüí³ äðîáè. Äëÿ ïîøóêó îïòèìàëüíèõ
âóçë³â çàñòîñîâóºòüñÿ àëãîðèòì äèôåðåíö³àëüíî¿ åâîëþö³¿. Íàâåäåíî ÷èñåëüí³ ðåçóëüòàòè ùîäî ñåãìåí-
òíî¿ àïðîêñèìàö³¿ ôóíêö³é ç îïòèìàëüíèìè âóçëàìè.

Êëþ÷îâ³ ñëîâà: ÷åáèøîâñüêà ñåãìåíòíà àïðîêñèìàö³ÿ, çàäà÷à áàãàòîâèì³ðíî¿ íåë³í³éíî¿ îïòèì³çàö³¿,
ðàö³îíàëüí³ äðîáè, îïòèìàëüí³ âóçëè, àëãîðèòì äèôåðåíö³àëüíî¿ åâîëþö³¿.

Increasing the efficiency of Chebyshev segment rational fractional approximation / L.P. Vakal,
A.A. Kalenchuk-Porkhanova, E.S. Vakal // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 120–128..

Adstract. An algorithm for Chebyshev segment approximation with free nodes is presented. Rational
fractions are used as approximating functions on subintervals. The differential evolution algorithm is used to find
optimal nodes. Numerical results concerning segment approximation of functions with optimal nodes are given.

Keywords: Chebyshev segment approximation, multidimensional nonlinear optimization problem, rational
fractions, optimal node, differential evolution algorithm.

===

ÓÄÊ 621.396

Ìîäåëü ðàáîòû ëîêàëüíîãî ïëàíèðîâùèêà íà îñíîâå ðåøåíèÿ çàäà÷ íåëèíåéíîãî áóëåâîãî
ïðîãðàììèðîâàíèÿ / Å.Ñ. Ëèñòðîâàÿ, Â.À. Áðûêñèí, Ì.Ñ. Êóðöåâ // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2017. Òîì 53, ¹ 5. Ñ. 129–140.

²ë.: 4. Òàáë. 3. Á³áë³îãð.: 7 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà èìèòàöèîííàÿ ìîäåëü ðàáîòû ãðèä-ñèñòåìû, ïîçâîëÿþùàÿ ñðàâíèâàòü
ñóùåñòâóþùèå ìåòîäû ïëàíèðîâàíèÿ âûïîëíåíèÿ çàäàíèé, è äàíî ìàòåìàòè÷åñêîå îïèñàíèå èññëåäóå-
ìûõ â ìîäåëè õàðàêòåðèñòèê. Ïðèâåäåí ïðèìåð ðåøåíèÿ çàäà÷è íà îñíîâå ìåòîäà ãðóïïîâîé âûáîðêè.
Ïîëó÷åíû ýêñïåðèìåíòàëüíûå ðåçóëüòàòû, äîêàçûâàþùèå ïðåèìóùåñòâà ìåòîäà ïëàíèðîâàíèÿ âûïîë-
íåíèÿ çàäàíèé íà îñíîâå ðåøåíèÿ çàäà÷ áóëåâîãî íåëèíåéíîãî ïðîãðàììèðîâàíèÿ.

Êëþ÷åâûå ñëîâà: ãðèä-ñèñòåìû, ïëàíèðîâàíèå, ðåñóðñ, êëàñòåð, ïàêåòíàÿ îáðàáîòêà, ãðóïïîâàÿ âûáîðêà.

Ìîäåëü ðîáîòè ëîêàëüíîãî ïëàíóâàëüíèêà íà îñíîâ³ ðîçâ’ÿçàííÿ çàäà÷ íåë³í³éíîãî áóëåâîãî
ïðîãðàìóâàííÿ / Î.Ñ. Ë³ñòðîâà, Â.Î. Áðèêñ³í, Ì.Ñ. Êóðöåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017.
Òîì 53, ¹ 5. Ñ. 129–140.

Àíîòàö³ÿ. Ðîçãëÿíóòî ³ì³òàö³éíó ìîäåëü ðîáîòè ãð³ä-ñèñòåìè, ÿêà äîçâîëÿº ïîð³âíþâàòè íàÿâí³
ìåòîäè ïëàíóâàííÿ âèêîíàííÿ çàâäàíü, òà äàíî ìàòåìàòè÷íèé îïèñ äîñë³äæóâàíèõ â ìîäåë³ õàðàêòåðèñ-
òèê. Íàâåäåíî ïðèêëàä ðîçâ’ÿçàííÿ çàäà÷³ íà îñíîâ³ ìåòîäó ãðóïîâî¿ âèá³ðêè. Îòðèìàíî åêñïåðèìåí-
òàëüí³ ðåçóëüòàòè, ùî äîâîäÿòü ïåðåâàãè ìåòîäó ïëàíóâàííÿ âèêîíàííÿ çàâäàíü íà îñíîâ³ ðîçâ’ÿçàííÿ
çàäà÷ áóëåâîãî íåë³í³éíîãî ïðîãðàìóâàííÿ.

Êëþ÷îâ³ ñëîâà: ãð³ä-ñèñòåìè, ïëàíóâàííÿ, ðåñóðñ, êëàñòåð, ïàêåòíå îáðîáëåííÿ, ãðóïîâà âèá³ðêà.

Modeling local planner operation based on solution of nonlinear boolean programming problems /
E.S. Listrovaya, V.A. Bryksin, M.S. Kurtsev // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3.
P. 129–140.

Abstract. The simulation model of grid system operation is considered, which allows comparing
available job scheduling methods. The mathematical description of the characteristics analyzed in the model is
given. An example of problem solution based on cluster sampling method is presented. The experimental results
are obtained, which demonstrate the advantages of scheduling method based on the solution of Boolean linear
programming problems.

Keywords: grid systems, planning, resource, cluster, batch processing, sample group.
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ÓÄÊ 519.21

Îïðåäåëåíèå ñòàöèîíàðíûõ õàðàêòåðèñòèê íåêîòîðûõ ñèñòåì îáñëóæèâàíèÿ ñ ýðëàíãîâñêèìè
ðàñïðåäåëåíèÿìè / Þ.Â. Æåðíîâûé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 5.

Ñ. 141–150.

²ë.: 0. Òàáë. 3. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä èññëåäîâàíèÿ ñèñòåì îáñëóæèâàíèÿ M E ms/ / /1 , E E mr s/ / /1 è

E M n mr / / / , âêëþ÷àÿ ñëó÷àé m � �. Ïîëó÷åíû ðåêóððåíòíûå ñîîòíîøåíèÿ äëÿ âû÷èñëåíèÿ ñòàöèî-
íàðíîãî ðàñïðåäåëåíèÿ ÷èñëà çàÿâîê â ñèñòåìå è ñòàöèîíàðíûõ õàðàêòåðèñòèê. Ïîñòðîåííûå àëãîðèòìû
ïðîâåðåíû íà ïðèìåðàõ ñ èñïîëüçîâàíèåì èìèòàöèîííûõ ìîäåëåé, ñîçäàííûõ ñ ïîìîùüþ èíñòðóìåí-
òàëüíûõ ñðåäñòâ GPSS World.

Êëþ÷åâûå ñëîâà: ñèñòåìà îáñëóæèâàíèÿ, ýðëàíãîâñêèå ðàñïðåäåëåíèÿ, ìåòîä ôèêòèâíûõ ôàç, ðå-
êóððåíòíûå ñîîòíîøåíèÿ, ñòàöèîíàðíûå õàðàêòåðèñòèêè.

Âèçíà÷åííÿ ñòàö³îíàðíèõ õàðàêòåðèñòèê äåÿêèõ ñèñòåì îáñëóãîâóâàííÿ ç åðëàíã³âñüêèìè
ðîçïîä³ëàìè / Þ.Â. Æåðíîâèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 5. Ñ. 141–150.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä äîñë³äæåííÿ ñèñòåì îáñëóãîâóâàííÿ M E ms/ / /1 , E E mr s/ / /1

òà E M n mr / / / , â òîìó ÷èñë³ äëÿ âèïàäêó m � �. Îòðèìàíî ðåêóðåíòí³ ñï³ââ³äíîøåííÿ äëÿ îá÷èñëåí-
íÿ ñòàö³îíàðíîãî ðîçïîä³ëó ê³ëüêîñò³ çàìîâëåíü ó ñèñòåì³ òà ñòàö³îíàðíèõ õàðàêòåðèñòèê. Ïîáóäîâàí³
àëãîðèòìè ïåðåâ³ðåíî íà ïðèêëàäàõ ç âèêîðèñòàííÿì ³ì³òàö³éíèõ ìîäåëåé, ñòâîðåíèõ çà äîïîìîãîþ
³íñòðóìåíòàëüíèõ çàñîá³â GPSS World.

Êëþ÷îâ³ ñëîâà: ñèñòåìà îáñëóãîâóâàííÿ, åðëàíã³âñüê³ ðîçïîä³ëè, ìåòîä ô³êòèâíèõ ôàç, ðåêóðåíòí³
ñï³ââ³äíîøåííÿ, ñòàö³îíàðí³ õàðàêòåðèñòèêè.

Determining steady-state characteristics of certain queueing systems with Erlangian distributions /
Yu.V. Zhernovyi // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 141–150.

Abstract. We propose a method to study M E ms/ / /1 , E E mr s/ / /1 , and E M n mr / / / queueing

systems, including the case of m � �. Recurrence relations are obtained to compute the stationary distribution
of the number of customers in the system and the steady-state characteristics. The developed algorithms are
tested on examples using simulation models constructed with the assistance of the GPSS World tools.

Keywords: queueing systems, Erlangian distribution, fictitious phase method, recurrence relations, steady-state

characteristics.
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ÓÄÊ 519.212

Èíòåíñèâíîñòü ïåðåñå÷åíèé çàäàííîãî óðîâíÿ îäíîðîäíûì ñëó÷àéíûì ïîëåì / Ä.Â. Åâãðàôîâ //

Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 5. Ñ. 151–159.

²ë.: 3. Òàáë. 0. Á³áë³îãð.: 16 íàçâ.

Àííîòàöèÿ. Äàíî îïðåäåëåíèå ïîíÿòèÿ èíòåíñèâíîñòè ïåðåñå÷åíèé îäíîðîäíûì ïîëåì çàäàííîãî
óðîâíÿ êàê ñðåäíåãî êîëè÷åñòâà ïîïàäàíèé òî÷åê ïîâåðõíîñòè óðîâíÿ â ðàñøèðÿþùååñÿ ïðîñòðàíñòâî.
Ïîêàçàíî, ÷òî íåçàâèñèìî îò ïîëîæåíèÿ öåíòðà ðàñøèðÿþùåãîñÿ ïðîñòðàíñòâà çàäà÷à îòûñêàíèÿ èíòåí-
ñèâíîñòè ñâîäèòñÿ ê ïîäñ÷åòó ïîâåðõíîñòåé óðîâíÿ â åäèíèöå îáúåìà. Ñôîðìóëèðîâàíà âîçìîæíîñòü
îòûñêàíèÿ êîëè÷åñòâà ïîâåðõíîñòåé óðîâíÿ êàê õàðàêòåðèñòèêè, çàâèñÿùåé îò êîëè÷åñòâà ïîâåðõíîñòíî
ïîðîæäàþùèõ òî÷åê. Íàéäåíî äèôôåðåíöèàëüíîå óðàâíåíèå, ñâÿçûâàþùåå èíòåíñèâíîñòè òî÷åê ëî-
êàëüíûõ ìàêñèìóìîâ è ëîêàëüíûõ ìèíèìóìîâ ñ èñêîìîé èíòåíñèâíîñòüþ ïîâåðõíîñòåé óðîâíÿ. Íà ãà-
óññîâîì ñòàöèîíàðíîì ïðîöåññå ïðîâåðåíà äîñòîâåðíîñòü ïîëó÷åííûõ ðåçóëüòàòîâ, êîòîðûå ïîëíîñòüþ
ñîâïàäàþò ñ âûðàæåíèåì, âïåðâûå íàéäåííûì Ðàéñîì.

Êëþ÷åâûå ñëîâà: ïåðåñå÷åíèÿ ôèêñèðîâàííîãî óðîâíÿ ñíèçó ââåðõ (ñâåðõó âíèç) ñëó÷àéíûì ïîëåì, îæè-
äàåìîå êîëè÷åñòâî âûáðîñîâ ñëó÷àéíîãî ïîëÿ, ðàñïðåäåëåíèå àáñîëþòíîãî ìàêñèìóìà ñëó÷àéíîãî ïîëÿ.

²íòåíñèâí³ñòü ïåðåòèí³â çàäàíîãî ð³âíÿ îäíîð³äíèì âèïàäêîâèì ïîëåì / Ä.Â. ªâãðàôîâ //

Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 5. Ñ. 151–159.

Àíîòàö³ÿ. Íàâåäåíî âèçíà÷åííÿ ïîíÿòòÿ ³íòåíñèâíîñò³ ïåðåòèí³â îäíîð³äíèì ïîëåì çàäàíîãî ð³âíÿ
ÿê ñåðåäíüî¿ ê³ëüêîñò³ ïîòðàïëÿííÿ òî÷îê ïîâåðõí³ ð³âíÿ ó ðîçøèðíîìó ïðîñòîð³. Ïîêàçàíî, ùî íåçàëåæíî
â³ä ïîëîæåííÿ öåíòðó ðîçøèðíîãî ïðîñòîðó çàäà÷à â³äøóêóâàííÿ ³íòåíñèâíîñò³ çâîäèòüñÿ äî ï³äðàõóíê³â
ê³ëüêîñò³ ïîâåðõîíü ð³âíÿ â îäèíèö³ îá’ºìó. Ñôîðìóëüîâàíî ìîæëèâ³ñòü â³äøóêóâàííÿ ê³ëüêîñò³ ïîâåð-
õîíü ð³âíÿ ÿê õàðàêòåðèñòèêè, ùî çàëåæèòü â³ä ê³ëüêîñò³ ïîâåðõíåâî ïîðîäæóâàëüíèõ òî÷îê. Çíàéäåíî äè-
ôåðåíö³éíå ð³âíÿííÿ, ÿêå çâ’ÿçóº ³íòåíñèâíîñò³ òî÷îê ëîêàëüíèõ ìàêñèìóì³â ³ ëîêàëüíèõ ì³í³ìóì³â ç øó-
êàíîþ ³íòåíñèâí³ñòþ ïîâåðõîíü ð³âíÿ. Íà ãàóñ³âñüêîìó ñòàö³îíàðíîìó ïðîöåñ³ ïåðåâ³ðåíî äîñòîâ³ðí³ñòü
îòðèìàíèõ ðåçóëüòàò³â, ÿê³ ïîâí³ñòþ çá³ãàþòüñÿ ç âèðàçîì, óïåðøå çíàéäåíèì Ðàéñîì.

Êëþ÷îâ³ ñëîâà: ïåðåòèíè ô³êñîâàíîãî ð³âíÿ çíèçó ââåðõ (çâåðõó âíèç) âèïàäêîâèì ïîëåì, î÷³êóâàíà
ê³ëüê³ñòü âèêèä³â âèïàäêîâîãî ïîëÿ, ðîçïîä³ë àáñîëþòíîãî ìàêñèìóìó âèïàäêîâîãî ïîëÿ.
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Intensity of crossings of a given level by a homogeneous random field / D.V. Yevgrafov // Kibernetika i

sistemnyi analiz. 2017. Vol. 53, N 3. P. 151–159.

Abstract. The author defines the concept of the intensity of crossings of a given level by a homogeneous

field as the average number of points of level surface that hit the expanding space. It is shown that irrespective

of the position of the center of expanding space, the problem of finding the intensity reduces to counting the

level surfaces per unit volume. The author formulates the possibility of finding the number of level surfaces as a

characteristic that depends on birth-surface points. A differential equation is found that relates the intensities of

points of local maxima and local minima with the desired intensity of level surfaces. The accuracy of the results

is verified for the stationary Gaussian process. The results completely coincide with the expression found by

Rice for the first time.

Keywords: up-crossings (down-crossings) of the fixed level by random field, expected number of excursion

sets for the random field, distribution of absolute maximum of random field.
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ÓÄÊ: 656.09:519.832.3

Ôîðìèðîâàíèå ìàòðèöû âûèãðûøåé â ôîðìàëèçîâàííîé èãðå ìåæäó ñóäîâëàäåëüöåì è
ìåíåäæåðñêîé êîìïàíèåé / Å.Ñ. Ìåëåøåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 5.

Ñ. 160–166.

²ë.: 0. Òàáë. 3. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ðàçðåøåí êîíôëèêò ìåæäó ñóäîâëàäåëüöåì è ìåíåäæåðîì ïî äîãîâîðó ñóäîâîãî ìå-
íåäæìåíòà ïîñðåäñòâîì èñïîëüçîâàíèÿ ìåòîäîëîãè÷åñêîãî àïïàðàòà òåîðèè èãð. Ïðåäñòàâëåíû ñòðàòå-
ãèè ïîâåäåíèÿ èãðîêîâ — ñóäîâëàäåëüöà è ìåíåäæåðà, íà îñíîâàíèè êîòîðûõ ñôîðìèðîâàíû ìàòðèöû

âûèãðûøåé, ñïîñîáñòâóþùèå ïðèíÿòèþ ðåøåíèé ïî îáåñïå÷åíèþ óñòîé÷èâîãî è ýôôåêòèâíîãî âçàèìî-
äåéñòâèÿ.

Êëþ÷åâûå ñëîâà: òåîðèÿ èãð, ìàòðèöà âûèãðûøåé, ñóäîâëàäåëåö, ìåíåäæåðñêàÿ êîìïàíèÿ, ñòðàòåãèÿ.

Ôîðìóâàííÿ ìàòðèö³ âèãðàø³â ó ôîðìàë³çîâàíié ãð³ ì³æ ñóäíîâëàñíèêîì ³ ìåíåäæåðñüêîþ
êîìïàí³ºþ / Ê.Ñ. Ìåëåøåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 5. Ñ. 160–166.

Àíîòàö³ÿ. Ðîçâ’ÿçàíî êîíôë³êò ì³æ ñóäíîâëàñíèêîì ³ ìåíåäæåðîì çà äîãîâîðîì ñóäíîâîãî ìåíåä-

æìåíòó çà äîïîìîãîþ âèêîðèñòàííÿ ìåòîäîëîã³÷íîãî àïàðàòó òåîð³¿ ³ãîð. Ïðåäñòàâëåíî ñòðàòåã³¿ ïî-

âåä³íêè ãðàâö³â — ñóäíîâëàñíèêà ³ ìåíåäæåðà, íà ï³äñòàâ³ ÿêèõ ñôîðìîâàíî ìàòðèö³ âèãðàø³â, ùî ñïðèÿ-

þòü ïðèéíÿòòþ ð³øåíü ùîäî çàáåçïå÷åííÿ ñòàëî¿ òà åôåêòèâíî¿ âçàºìîä³¿.

Êëþ÷îâ³ ñëîâà: òåîð³ÿ ³ãîð, ìàòðèöÿ âèãðàø³â, ñóäíîâëàñíèê, ìåíåäæåðñüêà êîìïàí³ÿ, ñòðàòåã³ÿ.

Forming the payoff matrix in the formalized game between shipowner and managing company /
K.S. Meleshenko // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 160–166.

Abstract. The settlement of the conflict between the shipowner and manager under a contract of marine

management can be realized through the use of methodological apparatus of game theory. The paper presents the

strategies of behavior of players (shipowner and manager), on the basis of which the matrixes of wins are formed and

decision-making for sustainable and effective interaction.

Keywords: game theory, payoff matrix, shipowner, management company, strategy.
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ÍÎÂ² ÇÀÑÎÁÈ Ê²ÁÅÐÍÅÒÈÊÈ,
²ÍÔÎÐÌÀÒÈÊÈ, ÎÁ×ÈÑËÞÂÀËÜÍÎ¯
ÒÅÕÍ²ÊÈ ² ÑÈÑÒÅÌÍÎÃÎ ÀÍÀË²ÇÓ

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 004.22 + 004.93’11

Èíäåêñíûå ñòðóêòóðû äëÿ áûñòðîãî ïîèñêà ïî ñõîäñòâó áèíàðíûõ âåêòîðîâ / Ä.À. Ðà÷êîâñêèé //

Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 5. Ñ. 167–192.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 134 íàçâ.

Àííîòàöèÿ. Äàí îáçîð èíäåêñíûõ ñòðóêòóð äëÿ áûñòðîãî ïîèñêà ïî ñõîäñòâó îáúåêòîâ, ïðåäñòàâ-

ëåííûõ áèíàðíûìè âåêòîðàìè (ñ êîìïîíåíòàìè 0 èëè 1). Ðàññìîòðåíû ñòðóêòóðû êàê äëÿ òî÷íîãî, òàê è

äëÿ ïðèáëèæåííîãî ïîèñêà ïî ðàññòîÿíèþ Õýììèíãà è äðóãèì ìåðàì ñõîäñòâà. Ïðåäñòàâëåíû, ãëàâíûì

îáðàçîì, èíäåêñíûå ñòðóêòóðû íà îñíîâå õýø-òàáëèö, ñîõðàíÿþùåãî ñõîäñòâî õýøèðîâàíèÿ, à òàêæå

äðåâîâèäíûõ ñòðóêòóð, ãðàôîâ ñîñåäñòâà è íåéðîñåòåâîé ðàñïðåäåëåííîé àâòîàññîöèàòèâíîé ïàìÿòè.

Èçëîæåíû èäåè èçâåñòíûõ è ïðåäëîæåííûõ â ïîñëåäíåå âðåìÿ àëãîðèòìîâ.

Êëþ÷åâûå ñëîâà: ïîèñê ïî ñõîäñòâó, ðàññòîÿíèå Õýììèíãà, áëèæàéøèé ñîñåä, áëèæíèé ñîñåä, èíäåê-

ñíûå ñòðóêòóðû, ìóëüòèèíäåêñíîå õýøèðîâàíèå, ëîêàëüíî-÷óâñòâèòåëüíîå õýøèðîâàíèå, äðåâîâèäíûå

ñòðóêòóðû, ãðàô ñîñåäñòâà, íåéðîñåòåâàÿ àâòîàññîöèàòèâíàÿ ïàìÿòü.
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²íäåêñí³ ñòðóêòóðè äëÿ øâèäêîãî ïîøóêó çà ñõîæ³ñòþ á³íàðíèõ âåêòîð³â / Ä.À. Ðà÷êîâñüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 5. Ñ. 167–192.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä ³íäåêñíèõ ñòðóêòóð äëÿ øâèäêîãî ïîøóêó çà ñõîæ³ñòþ îá’ºêò³â, ùî
ïðåäñòàâëåí³ á³íàðíèìè âåêòîðàìè (³ç êîìïîíåíòàìè 0 àáî 1). Ðîçãëÿíóòî ñòðóêòóðè ÿê äëÿ òî÷íîãî, òàê
³ äëÿ íàáëèæåíîãî ïîøóêó çà â³äñòàííþ Õåìì³íãà òà ³íøèìè ì³ðàìè ñõîæîñò³. Îïèñàíî, ãîëîâíèì ÷è-
íîì, ³íäåêñí³ ñòðóêòóðè íà îñíîâ³ õåø-òàáëèöü, õåøóâàííÿ, ùî çáåð³ãàº ñõîæ³ñòü, à òàêîæ äåðåâîâèäíèõ
ñòðóêòóð, ãðàô³â ñóñ³äñòâà òà íåéðîìåðåæåâî¿ ðîçïîä³ëåíî¿ àâòîàñîö³àòèâíî¿ ïàì’ÿò³. Âèêëàäåíî ³äå¿
êîíêðåòíèõ àëãîðèòì³â (â³äîìèõ òà íåùîäàâíî çàïðîïîíîâàíèõ).

Êëþ÷îâ³ ñëîâà: ïîøóê çà ñõîæ³ñòþ, â³äñòàíü Õåìì³íãà, íàéáëèæ÷èé ñóñ³ä, áëèæí³é ñóñ³ä, ³íäåêñí³
ñòðóêòóðè, ìóëüòè³íäåêñíå õåøóâàííÿ, ëîêàëüíî-÷óòëèâå õåøóâàííÿ, äåðåâîâèäí³ ñòðóêòóðè, ãðàô
ñóñ³äñòâà, íåéðîìåðåæåâà àâòîàñîö³àòèâíà ïàì’ÿòü.

Index structures for fast similarity search of binary vectors / D.A. Rachkovskij // Kibernetika i sistemnyi
analiz. 2017. Vol. 53, N 3. P. 167–192.

Abstract. We survey index structures for fast similarity search of objects represented by binary vectors
(with components 0 or 1). Structures for both exact and approximate search by Hamming distance and other
similarity measures are considered. Mainly, we present index structures based on hash tables,
similarity-preserving hashing, as well as tree structures, neighborhood graphs, and neural distributed
autoassociative memory. The ideas of specific algorithms, including the recently proposed ones, are outlined.

Keywords: similarity search, Hamming distance, nearest neighbor, near neighbor, index structures, multi-index
hashing, locally-sensitive hashing, treelike structures, neighborhood graph, neural autoassociative memory.
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