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ÓÄÊ 004.93.12

Ïðåäèêòèâíàÿ ñèñòåìà íàáîðà òåêñòà äëÿ óêðàèíñêîãî ÿçûêà / Þ.Ã. Êðèâîíîñ, Þ.Â. Êðàê,
À.Â. Áàðìàê, Ð.À. Áàãðèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 4. Ñ. 3–11.

²ë.: 6. Òàáë. 2. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Èññëåäîâàíà èíòåëëåêòóàëèçàöèÿ ââîäà èíôîðìàöèè ñ ïîìîùüþ ñèñòåìû óñêîðåííî-
ãî ââîäà òåêñòà â öèôðîâûå óñòðîéñòâà â öåëÿõ ïîñòðîåíèÿ ìîäåëè êîðïóñà ðàçãîâîðíîãî óêðàèíñêîãî
ÿçûêà è ñèñòåìû íàáîðà òåêñòà, áàçèðóþùåéñÿ íà ýòîé ìîäåëè. Òàêàÿ ñèñòåìà èñïîëüçóåò ìåíüøåå êîëè-
÷åñòâî êîìàíä äëÿ ââîäà áóêâ è ïðîãíîçèðóåò âàðèàíòû ñëîâ, îñíîâûâàÿñü íà äàííûõ êîðïóñà ñëîâ è
ñëîâîñî÷åòàíèé äëÿ îáùåíèÿ. Ýêñïåðèìåíòàëüíî ïîêàçàíî, ÷òî äëÿ ïîñòðîåííîãî êîðïóñà äîñòàòî÷íî
ýôôåêòèâåí ââîä òåêñòà ñ ïîìîùüþ ÷åòûðåõ è øåñòè êëàâèø-êîìàíä.

Êëþ÷åâûå ñëîâà: àëüòåðíàòèâíàÿ êîììóíèêàöèÿ, ôîðìèðîâàíèå êîðïóñà ñëîâ, N-ãðàììû, ïðîãíîçèðîâàíèå.
---

²íòåëåêòóàëüíà ñèñòåìà íàáîðó òåêñòó äëÿ óêðà¿íñüêî¿ ìîâè / Þ.Ã. Êðèâîíîñ , Þ.Â. Êðàê,
Î.Â. Áàðìàê, Ð.Î. Áàãð³é // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 4. Ñ. 3–11.

Àíîòàö³ÿ. Äîñë³äæåíî ³íòåëåêòóàë³çàö³þ ââåäåííÿ ³íôîðìàö³¿ çà äîïîìîãîþ ñèñòåìè ïðèñêîðåíî-
ãî ââåäåííÿ òåêñòó â öèôðîâ³ ïðèñòðî¿ ç ìåòîþ ïîáóäîâè ìîäåë³ êîðïóñó ðîçìîâíî¿ óêðà¿íñüêî¿ ìîâè òà
ñèñòåìè íàáîðó òåêñòó, ÿêà áàçóºòüñÿ íà ö³é ìîäåë³. Òàêà ñèñòåìà âèêîðèñòîâóº ìåíøó ê³ëüê³ñòü êîìàíä
äëÿ ââåäåííÿ áóêâ òà ïðîãíîçóº âàð³àíòè ñë³â, áàçóþ÷èñü íà äàíèõ êîðïóñó ñë³â òà ñëîâîñïîëó÷åíü äëÿ
ñï³ëêóâàííÿ. Åêñïåðèìåíòàëüíî ïîêàçàíî, ùî äëÿ ïîáóäîâàíîãî êîðïóñó äîñòàòíüî åôåêòèâíèì º ââå-
äåííÿ òåêñòó çà äîïîìîãîþ ÷îòèðüîõ òà øåñòè êëàâ³ø-êîìàíä.

Êëþ÷îâ³ ñëîâà: àëüòåðíàòèâíà êîìóí³êàö³ÿ, ôîðìóâàííÿ êîðïóñó ñë³â, N-ãðàìè, ïðîãíîçóâàííÿ.
---

Predictive text typing system for the Ukrainian language / Iu.G. Kryvonos, Iu.V. Krak, O.V. Barmak,
R.O. Bagriy // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 4. P. 3–11.

Abstract. The paper investigated intellectualization of text input by a predictive text input system in
order to construct a model of the corps of spoken Ukrainian language and text typing system based on this
model. This system uses fewer instructions to input letters and predicts versions of words based on the corpus
of words and phrases for communication. It is shown experimentally that text input using 4 and 6 command
keys is very efficient for the constructed corps.

Keywords: alternative communication, formation of the corpus of words, N-grams, prediction.
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ÓÄÊ 004.318

Íîîñôåðíàÿ ïàðàäèãìà ðàçâèòèÿ íàóêè è èñêóññòâåííûé èíòåëëåêò / À.Â. Ïàëàãèí, À.Ô. Êóðãàåâ,
À.È. Øåâ÷åíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 4. Ñ. 12–21.

²ë.: 5. Òàáë. 0. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû äèñöèïëèíàðíàÿ, òðàíñäèñöèïëèíàðíàÿ è íîîñôåðíàÿ ïàðàäèãìû ðàçâè-
òèÿ íàóêè, åñòåñòâåííî-íàó÷íàÿ êàðòèíà Ìèðà. Îïèñàíà ðîëü íàóêè, åå èíôîðìàöèîííî-òåõíîëîãè÷åñêîé
ñîñòàâëÿþùåé, èñêóññòâåííîãî èíòåëëåêòà â ýâîëþöèè ñîâðåìåííîãî îáùåñòâà è íîîñôåðîãåíåçà â öåëîì.
Îáîñíîâàíû è ñôîðìóëèðîâàíû îñíîâíûå ïðèíöèïû ñîâðåìåííîé ïàðàäèãìû íàóêè, ñóùíîñòü êîòîðûõ
ñîñòîèò â ýôôåêòèâíîì ñî÷åòàíèè ïðîáëåì ïîçíàíèÿ Ïðèðîäû è ýâîëþöèè îáùåñòâà â ïðåäåëàõ òðàíñ-
äèñöèïëèíàðíîé ïàðàäèãìû.

Êëþ÷åâûå ñëîâà: äèñöèïëèíàðíàÿ è òðàíñäèñöèïëèíàðíàÿ ïàðàäèãìû, íîîñôåðîãåíåç, åñòåñòâåííî-íà-
ó÷íàÿ êàðòèíà Ìèðà, èíôîðìàöèîííî-òåõíîëîãè÷åñêèé ïîäõîä, îíòîëîãè÷åñêèé èíæèíèðèíã, çíà-
íèå-îðèåíòèðîâàííûå ñèñòåìû, èñêóññòâåííûé èíòåëëåêò.

---

Íîîñôåðíà ïàðàäèãìà ðîçâèòêó íàóêè òà øòó÷íèé ³íòåëåêò / Î.Â. Ïàëàã³í, Î.Ï. Êóðãàºâ,
À.². Øåâ÷åíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 4. Ñ. 12–21.

Àíîòàö³ÿ. Ðîçãëÿíóòî äèñöèïë³íàðíó, òðàíñäèñöèïë³íàðíó òà íîîñôåðíó ïàðàäèãìè ðîçâèòêó íàóêè,
ïðèðîäíè÷î-íàóêîâó êàðòèíó Ñâ³òó. Îïèñàíî ðîëü íàóêè, ¿¿ ³íôîðìàö³éíî-òåõíîëîã³÷íî¿ ñêëàäîâî¿, øòó÷-
íîãî ³íòåëåêòó â åâîëþö³¿ ñó÷àñíîãî ñóñï³ëüñòâà é íîîñôåðîãåíåçó â ö³ëîìó. Îá´ðóíòîâàíî òà ñôîðìóëüî-
âàíî îñíîâí³ ïðèíöèïè ñó÷àñíî¿ ïàðàäèãìè íàóêè, ñóòí³ñòü ÿêèõ ïîëÿãàº â åôåêòèâíîìó ïîºäíàíí³ ïðî-
áëåì ï³çíàííÿ Ïðèðîäè ³ åâîëþö³¿ ñóñï³ëüñòâà â ìåæàõ òðàíñäèñöèïë³íàðíî¿ ïàðàäèãìè.

Êëþ÷îâ³ ñëîâà: äèñöèïë³íàðíà òà òðàíñäèñöèïë³íàðíà ïàðàäèãìè, íîîñôåðîãåíåç, ïðèðîäíè÷î-íàóêîâà
êàðòèíà Ñâ³òó, ³íôîðìàö³éíî-òåõíîëîã³÷íèé ï³äõ³ä, îíòîëîã³÷íèé ³íæèí³ðèíã, çíàííÿ-îð³ºíòîâàí³ ñèñòåìè,
øòó÷íèé ³íòåëåêò.
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The noosphere paradigm of the development of science and artificial intelligence / A.V. Palagin,
A.F. Kurgaev, A.I. Shevchenko // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 4. P. 12–21.

Abstract. The paper overviews the disciplinary, transdisciplinary, and noosphere paradigms of the
development of science, the scientific conception of the World. The role of science, its
information-technological component, the role of artificial intelligence in the evolution of modern society and
of noospherogenesis as a whole are described. The basic concepts of the modern paradigm of science are
validated and introduced. The essence of these concepts is efficient combining of the problems of cognition of
the Nature and evolution of the society in terms of the transdisciplinary paradigm.

Keywords: disciplinary and transdisciplinary paradigms, noospherogenesis, scientific concept of the World,
information technology approach, ontological engineering, knowledge-based systems, artificial intelligence.
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ÓÄÊ 519.713.1

Íåêîòîðûå ïîäìíîæåñòâà ìîíàäè÷åñêîé ëîãèêè ïåðâîãî ïîðÿäêà (MFO), èñïîëüçóåìûå äëÿ
ñïåöèôèêàöèè è ñèíòåçà �-àâòîìàòîâ / À.Í. ×åáîòàðåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017.
Òîì 53, ¹ 4. Ñ. 22–36.

²ë.: 5. Òàáë. 0. Á³áë³îãð.: 14 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû äâà ôðàãìåíòà, LP è LF, ëîãèêè ïåðâîãî ïîðÿäêà ñ îãðàíè÷åííûìè êâàí-
òîðàìè, èñïîëüçóåìûå äëÿ ñïåöèôèêàöèè òðàíñäüþñåðîâ. Ëîãèêà LP ïîçâîëÿåò õàðàêòåðèçîâàòü òåêóùåå
ïîâåäåíèå ñèñòåìû íà îñíîâå åå ïîâåäåíèÿ â ïðîøëîì, à LF — íà îñíîâå ïîâåäåíèÿ â áóäóùåì. Îïðåäå-
ëåíû äâà âèäà ñåìàíòèê äëÿ ýòèõ ëîãèê è èññëåäîâàíû ñâîéñòâà ñïåöèôèöèðóåìûõ â íèõ àâòîìàòîâ.

Êëþ÷åâûå ñëîâà: ëîãèêè ïåðâîãî ïîðÿäêà, ôîðìóëû ïðîøåäøåãî âðåìåíè, ôîðìóëû áóäóùåãî âðåìåíè,
àâòîìàòíàÿ ñåìàíòèêà, ñèììåòðè÷íûå ôîðìóëû.

---

Äåÿê³ ï³äìíîæèíè ìîíàäè÷íî¿ ëîã³êè ïåðøîãî ïîðÿäêó (MFO), ùî âèêîðèñòîâóþòüñÿ äëÿ
ñïåöèô³êàö³¿ ³ ñèíòåçó �-àâòîìàò³â / À.Ì. ×åáîòàðüîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017.
Òîì 53, ¹ 4. Ñ. 22–36.

Àíîòàö³ÿ. Ðîçãëÿíóòî äâà ôðàãìåíòè, LP ³ LF, ëîã³ê ïåðøîãî ïðÿäêó ç îáìåæåíèìè êâàíòîðàìè,
ÿê³ âèêîðèñòîâóþòüñÿ äëÿ ñïåöèô³êàö³¿ òðàíñä’þñåð³â. Ëîã³êà LP äîçâîëÿº õàðàêòåðèçóâàòè ïîòî÷íó ïî-
âåä³íêó ñèñòåìè íà îñíîâ³ ¿¿ ìèíóëî¿ ïîâåä³íêè, à LF — íà îñíîâ³ ìàéáóòíüî¿ ïîâåä³íêè. Âèçíà÷åíî äâà
âèäè ñåìàíòèê äëÿ öèõ ëîã³ê òà äîñë³äæåíî âëàñòèâîñò³ àâòîìàò³â, ùî â íèõ ñïåöèô³êóþòüñÿ.

Êëþ÷îâ³ ñëîâà: ëîã³êè ïåðøîãî ïîðÿäêó, ôîðìóëè ìèíóëîãî ÷àñó, ôîðìóëè ìàéáóòíüîãî ÷àñó, àâòîìàò-
íà ñåìàíòèêà, ñèìåòðè÷í³ ôîðìóëè.

---

Some subsets of monadic first order logic (MFO) used for specification and synthesis of �-automata /
A.N. Chebotarev // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 4. P. 22–36.

Abstract. Two fragments, LP and LF, of first-order logic with bounded quantifiers used for specification
of transducers are considered. Fragment LP enables the current behaviour of a system to be characterized on the
basis of its past behaviour, and LF relies on the future behaviour. Two kinds of semantics are defined for logics
LP and LF, and the properties of automata specified in these logics are investigated.

Keywords: first order logics, past formulas, future formulas, automatic semantics, symmetric formulas.
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ÓÄÊ 519.686.2

Àòðèáóòíûå òðàíçèöèîííûå ñèñòåìû ñî ñêðûòûìè ïåðåõîäàìè / Â.Â. Ñêîáåëåâ // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 4. Ñ. 37–49.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Â ðàáîòå ñîäåðæèòñÿ òåîðåòèêî-ìíîæåñòâåííûé àíàëèç ñòðóêòóðû àòðèáóòíûõ òðàí-
çèöèîííûõ ñèñòåì ñî ñêðûòûìè ïåðåõîäàìè â ïðåäïîëîæåíèè, ÷òî ìíîæåñòâî äîîïðåäåëÿåìûõ ñîñòîÿ-
íèé çàôèêñèðîâàíî è íå èçìåíÿåò ñòðóêòóðû ñèñòåìû. Èññëåäîâàíû ñëó÷àè, êîãäà ïðèîðèòåòû ñêðûòûõ
è äîñòóïíûõ äåéñòâèé ñîâïàäàþò ëèáî ïðèîðèòåò ñêðûòûõ äåéñòâèé âûøå, ÷åì ïðèîðèòåò äîñòóïíûõ
äåéñòâèé. Â òåðìèíàõ ñèñòåì ñ âûäåëåííûìè íà÷àëüíûìè è ôèíàëüíûìè ñîñòîÿíèÿìè îïðåäåëåíû è îõà-
ðàêòåðèçîâàíû êëàññû äîïóñòèìûõ, áåçîïàñíûõ è êîððåêòíûõ ñèñòåì. Ïîñòðîåíà àëãåáðà òàêèõ ñèñòåì.

Êëþ÷åâûå ñëîâà: àòðèáóòíûå òðàíçèöèîííûå ñèñòåìû, ñêðûòûå ïåðåõîäû, äîïóñòèìîñòü,
áåçîïàñíîñòü è êîððåêòíîñòü ñèñòåì.

---

Àòðèáóòí³ òðàíçèö³éí³ ñèñòåìè ç ïðèõîâàíèìè ïåðåõîäàìè / Â.Â. Ñêîáåëºâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 4. Ñ. 37–49.

Àíîòàö³ÿ. Íàâåäåíî òåîðåòèêî-ìíîæèííèé àíàë³ç ñòðóêòóðè àòðèáóòíèõ òðàíçèö³éíèõ ñèñòåì ç
ïðèõîâàíèìè ïåðåõîäàìè ó ïðèïóùåíí³, ùî ìíîæèíà ñòàí³â, ÿê³ ìîæíà äîâèçíà÷èòè, çàô³êñîâàíà ³ íå
çì³íþº ñòðóêòóðè ñèñòåìè. Äîñë³äæåíî âèïàäêè, êîëè ïð³îðèòåòè ïðèõîâàíèõ ³ äîñòóïíèõ ä³é çá³ãàþòüñÿ
àáî ïð³îðèòåò ïðèõîâàíèõ ä³é âèùèé, í³æ ïð³îðèòåò äîñòóïíèõ ä³é. Ó òåðì³íàõ ñèñòåì ç âèä³ëåíèìè ïî-



÷àòêîâèìè ³ ô³íàëüíèìè ñòàíàìè âèçíà÷åíî òà îõàðàêòåðèçîâàíî êëàñè äîïóñòèìèõ, áåçïå÷íèõ ³ êîðåêò-
íèõ ñèñòåì. Ïîáóäîâàíî àëãåáðó òàêèõ ñèñòåì.

Êëþ÷îâ³ ñëîâà: àòðèáóòí³ òðàíçèö³éí³ ñèñòåìè, ïðèõîâàí³ ïåðåõîäè, äîïóñòèì³ñòü, áåçïåêà òà êî-
ðåêòí³ñòü ñèñòåì.

---
Attributed transition systems with hidden transitions / V.V. Skobelev // Kibernetika i sistemnyi analiz.
2017. Vol. 53, N 4. P. 37–49.

Abstract. The given paper conducts set-theoretic analysis of the structure of attributed transition systems
with hidden transitions on the assumptions that the set of states for which the set of transitions can be extended
is fixed and do not change the structure of the system. The cases are investigated where either priorities of
hidden and available actions coincide or where the priority of hidden actions is higher than the priority of
available actions. In terms of systems with selected initial and final states, the classes of admissible, safe, and
correct systems are defined and characterized. The algebra of such systems is proposed.

Keywords: attributed transition systems, hidden transitions, admissibility, safeness and correctness of systems.
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 531/534:57

Ìîäåëèðîâàíèå ðàñïðîñòðàíåíèÿ ìåäèöèíñêîãî ïðåïàðàòà â òêàíè â îáîáùåííîé ïîñòàíîâêå /
È.Ò. Ñåëåçîâ, Þ.Ã. Êðèâîíîñ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 4. Ñ. 50–58.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 24 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà íîâàÿ îáîáùåííàÿ ìîäåëü ðàñïðîñòðàíåíèÿ ìåäèöèíñêîãî ïðåïàðàòà â
òêàíè. Âìåñòî òðàäèöèîííîé äèôôóçèîííîé ìîäåëè, îïèñûâàåìîé ïàðàáîëè÷åñêèì óðàâíåíèåì, ïîñòó-
ëèðóåòñÿ ìîäåëü, îïèñûâàåìàÿ áîëåå îáùèì ãèïåðáîëè÷åñêèì óðàâíåíèåì, ïðåäñêàçûâàþùèì êîíå÷-
íóþ ñêîðîñòü ðàñïðîñòðàíåíèÿ âîçìóùåíèé. Â ðåçóëüòàòå ìåäèöèíñêèé ïðåïàðàò äîñòàâëÿåòñÿ â ïîðà-
æåííóþ çîíó ñ êîíå÷íîé ñêîðîñòüþ. Ïåðâîå âîçìóùåíèå (ïðåäâåñòíèê) íåñåò èíôîðìàöèþ îò èíúåêöèè
â ëþáóþ òî÷êó â òêàíè è, ÷òî âàæíî, â ïîðàæåííóþ çîíó, îòêóäà ïîñòóïàåò èíôîðìàöèÿ â ìîçã â âèäå
íåðâíîãî âîçáóæäåíèÿ. Ðàññìîòðåíî îáîáùåííîå ðåøåíèå çàäà÷è. Äàíî êðàòêîå îáîáùåíèå çàäà÷è Áåë-
ëìàíà î ââåäåíèè ìåäèöèíñêîãî ïðåïàðàòà ñ ó÷åòîì âðåìåíè èíúåêöèè.

Êëþ÷åâûå ñëîâà: ìåäèöèíñêèé ïðåïàðàò, òêàíü, ðàñïðîñòðàíåíèå ïðåïàðàòà, äèôôóçèÿ, ãèïåðáîëè÷åñ-
êîå óðàâíåíèå.

---

Ìîäåëþâàííÿ ïîøèðåííÿ ìåäè÷íîãî ïðåïàðàòó â òêàíèí³ â óçàãàëüíåí³é ïîñòàíîâö³ / ².Ò.
Ñºëºçîâ, Þ.Ã. Êðèâîíîñ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 4. Ñ. 50–58.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íîâó óçàãàëüíåíó ìîäåëü ïîøèðåííÿ ìåäè÷íîãî ïðåïàðàòó â òêàíèí³.
Çàì³ñòü òðàäèö³éíî¿ äèôóç³éíî¿ ìîäåë³, îïèñóâàíî¿ ïàðàáîë³÷íèì ð³âíÿííÿì, ïîñòóëþºòüñÿ ìîäåëü, îïèñó-
âàíà á³ëüø çàãàëüíèì ã³ïåðáîë³÷íèì ð³âíÿííÿì, ùî ïåðåäáà÷àº ñê³í÷åííó øâèäê³ñòü ïîøèðåííÿ çáóðåíü.
Â ðåçóëüòàò³ ìåäè÷íèé ïðåïàðàò äîñòàâëÿºòüñÿ â óðàæåíó çîíó ç³ ñê³í÷åíîþ øâèäê³ñòþ. Ïåðøå çáóðåííÿ
(ïðîâ³ñíèê) íåñå ³íôîðìàö³þ â³ä ³í’ºêö³¿ â áóäü-ÿêó òî÷êó â òêàíèí³ ³, ùî âàæëèâî, â óðàæåíó çîíó, çâ³äêè
íàäõîäèòü ³íôîðìàö³ÿ ó ìîçîê ó âèãëÿä³ íåðâîâîãî çáóäæåííÿ. Ðîçãëÿíóòî óçàãàëüíåíèé ðîçâ’ÿçîê çàäà÷³.
Äàíî ñêîðî÷åíå óçàãàëüíåííÿ çàäà÷³ Áåëìàíà ùîäî ââåäåííÿ ìåäè÷íîãî ïðåïàðàòó ç óðàõóâàííÿì ÷àñó
³í’ºêö³¿.

Êëþ÷îâ³ ñëîâà: ìåäè÷íèé ïðåïàðàò, òêàíèíà, ïîøèðåííÿ ïðåïàðàòó, äèôóç³ÿ, ãèïåðáîë³÷íå ð³âíÿííÿ.
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Modeling the propagation of medications in tissue in generalized statement / I.T. Selezov,
Iu.G. Kryvonos // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 4. P. 50–58.

Abstract. A new generalized model of propagation of a medication in tissue is considered. Instead of the
traditional diffusion model described by a parabolic equation, the model described by a more general hyperbolic
equation is postulated, which predicts a finite velocity of disturbance propagation. As a result, the medical drug is
delivered to the invaded tissue with a finite velocity. The first disturbance (precursor) carries information from the
injection to any point in the tissue and, what is important, to the affected zone, wherefrom information arrives at the
brain in the form of neurological disorder. The generalized solution of the problem is considered. A brief generalization
of the Bellman problem is given concerning the introduction of medication with respect to the time of injection.

Keywords: medical preparation, tissue, preparation propagation, diffusion, hyperbolic equation.
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Àííîòàöèÿ. Ïðåäëîæåíà ìîäåëü ñèñòåìû îáñëóæèâàíèÿ-çàïàñàíèÿ ñ ñåðâåðîì íà «ïðîãóëêå» è
ñêîðîïîðòÿùèìèñÿ çàïàñàìè, â êîòîðîé âðåìÿ îáñëóæèâàíèÿ çàÿâîê — ïîëîæèòåëüíàÿ ñëó÷àéíàÿ âåëè-
÷èíà. Ñåðâåð óõîäèò íà «ïðîãóëêó» â ñëó÷àå îòñóòñòâèÿ çàïàñîâ è/èëè î÷åðåäè çàÿâîê. Ïî îêîí÷àíèè
«ïðîãóëêè» îí íåìåäëåííî íà÷èíàåò îáñëóæèâàíèå çàÿâîê ïðè íàëè÷èè çàïàñîâ; èíà÷å ñåðâåð âîçâðàùà-
åòñÿ â ðåæèì îæèäàíèÿ. Çàÿâêè â î÷åðåäè ÿâëÿþòñÿ «íåòåðïåëèâûìè», è ïîïîëíåíèå çàïàñà îñóùåñòâëÿ-
åòñÿ ñîãëàñíî ïîëèòèêå äâóõ óðîâíåé. Ðàçðàáîòàí ìåòîä àñèìïòîòè÷åñêîãî àíàëèçà ñèñòåìû. Ïðèâåäåíû
ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ.

Êëþ÷åâûå ñëîâà: ñèñòåìà îáñëóæèâàíèÿ çàïàñàíèÿ, «ïðîãóëêà» ñåðâåðà, ïîëèòèêà äâóõ óðîâíåé, ñêîðî-
ïîðòÿùèåñÿ çàïàñû.
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Àñèìïòîòè÷íèé àíàë³ç ñèñòåìè ³ç ñåðâåðîì íà «ïðîãóëÿíö³» òà øâèäêîïñóâíèìè çàïàñàìè /
Â.Ñ. Êîðîëþê, À.Ç. Ìåë³êîâ, Ë.À. Ïîíîìàðåíêî, À.Ì. Ðóñòàìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2017. Òîì 53, ¹ 4. Ñ. 59–70.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìîäåëü ñèñòåìè îáñëóãîâóâàííÿ-çàïàñàííÿ ³ç ñåðâåðîì, ÿêèé «ïðîãó-
ëþºòüñÿ», ³ øâèäêîïñóâíèìè çàïàñàìè, â ÿê³é ÷àñ îáñëóãîâóâàííÿ âèìîã º äîäàòíîþ âèïàäêîâîþ âåëè-
÷èíîþ. Ñåðâåð éäå íà «ïðîãóëÿíêó» ïðè â³äñóòíîñò³ çàïàñ³â ³/àáî ÷åðãè çàÿâîê. Ïî çàê³í÷åíí³ «ïðîãóëÿí-
êè» â³í ìèòòºâî ïî÷èíàº îáñëóãîâóâàííÿ âèìîã ïðè íàÿâíîñò³ çàïàñ³â; ³íàêøå ñåðâåð ïîâåðòàºòüñÿ ó ðå-
æèì î÷³êóâàííÿ. Âèìîãè ó ÷åðç³ º «íåòåðïëÿ÷èìè», ³ ïîïîâíåííÿ çàïàñ³â çä³éñíþºòüñÿ çã³äíî
ç ïîë³òèêîþ äâîõ ð³âí³â. Ðîçðîáëåíî ìåòîä àñèìïòîòè÷íîãî àíàë³çó ñèñòåìè. Íàâåäåíî ðåçóëüòàòè ÷èñ-
ëîâèõ åêñïåðèìåíò³â.

Êëþ÷îâ³ ñëîâà: ñèñòåìà îáñëóãîâóâàííÿ-çàïàñàííÿ, «ïðîãóëÿíêà» ñåðâåðà, ïîë³òèêà äâîõ ð³âí³â.
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Asymptotic analysis of the system with server vacation and perishable inventory / V.S. Koroliuk,
A.Z. Melikov, L.A. Ponomarenko, A.M. Rustamov // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 4.
P. 59–70.

Abstract. The authors propose a model of queueing-inventory system with perishable inventory and
server vacations in which service times are positive random quantities. Server takes vacations if either inventory
level is zero or queue is empty or both cases happen. At the end of vacation, server immediately starts serving
the calls if inventory level is not zero; otherwise it takes new vacation. Calls in the queue are impatient and
restocking follows the two-level policy. The method of asymptotic system analysis is developed and results of
numerical experiments are presented.

Keywords: queueing-inventory system, server vacations, two-level policy, perishable inventory.
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ÓÄÊ 517.937

Ê ãåîìåòðè÷åñêèì îñíîâàì äèôôåðåíöèàëüíîé ðåàëèçàöèè äèíàìè÷åñêèõ ïðîöåññîâ
â ãèëüáåðòîâîì ïðîñòðàíñòâå / Â.À. Ðóñàíîâ, À.Â. Äàíååâ, Þ.Ý. Ëèíêå // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2017. Òîì 53, ¹ 4. Ñ. 71–83.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 29 íàçâ.

Àííîòàöèÿ. Â êîíòåêñòå êà÷åñòâåííîé òåîðèè ðåàëèçàöèè áåñêîíå÷íîìåðíûõ äèíàìè÷åñêèõ ñèñ-
òåì ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé ãåîìåòðè÷åñêèõ ñâîéñòâ ñåìåéñòâ íåïðåðûâíûõ óïðàâëÿåìûõ
äèíàìè÷åñêèõ ïðîöåññîâ (îòîáðàæåíèé «âõîä-âûõîä») â çàäà÷å ðàçðåøèìîñòè äèôôåðåíöèàëüíîé ðåà-
ëèçàöèè ýòîãî ñåìåéñòâà â êëàññå ëèíåéíûõ îáûêíîâåííûõ íåñòàöèîíàðíûõ äèôôåðåíöèàëüíûõ
óðàâíåíèé â ñåïàðàáåëüíîì ãèëüáåðòîâîì ïðîñòðàíñòâå.

Êëþ÷åâûå ñëîâà: äèôôåðåíöèàëüíàÿ ðåàëèçàöèÿ, íåñòàöèîíàðíàÿ ( , , )#
A B B 2-ìîäåëü, ÎËÄ/ÐËÄ-ñî-

âìåñòèìîñòü.
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Äî ãåîìåòðè÷íèõ îñíîâ äèôåðåíö³àëüíî¿ ðåàëèçàö³¿ äèíàì³÷íèõ ïðîöåñ³â ó ã³ëüáåðòîâîìó ïðîñòîð³ /
Â.À. Ðóñàíîâ, Î.Â. Äàíººâ, Þ.Å Ë³íêå // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 4. Ñ. 71–83.

Àíîòàö³ÿ. Ó êîíòåêñò³ ÿê³ñíî¿ òåîð³¿ ðåàë³çàö³¿ íåñê³í÷åííîâèì³ðíèõ äèíàì³÷íèõ ñèñòåì íàâåäåíî
ðåçóëüòàòè äîñë³äæåíü ãåîìåòðè÷íèõ ÿêîñòåé ñ³ì’¿ íåïåðåðâíèõ êåðîâàíèõ äèíàì³÷íèõ ïðîöåñ³â (â³äîá-
ðàæåíü «âõ³ä-âèõ³ä») ó çàäà÷³ ðîçâ’ÿçíîñò³ äèôåðåíö³àëüíî¿ ðåàë³çàö³¿ ö³º¿ ñ³ì’¿ ó êëàñ³ ë³í³éíèõ çâè÷àé-
íèõ íåñòàö³îíàðíèõ äèôåðåíö³àëüíèõ ð³âíÿíü ó ñåïàðàáåëüíîìó ã³ëüáåðòîâîìó ïðîñòîð³.

Êëþ÷îâ³ ñëîâà: äèôåðåíö³àëüíà ðåàë³çàö³ÿ, íåñòàö³îíàðíà ( , , )#
A B B 2-ìîäåëü, ÎËÄ. ÐËÄ-ñîâìåñòè-

ìîñòü.
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To the geometrical theory of differential implementation of dynamic processes in a Hilbert space /
V.A. Rusanov, A.V. Daneev, Yu.E. Linke // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 4. P. 71–83.

Abstract. In the context of the qualitative theory of implementation of infinite-dimensional dynamic
systems, the authors demonstrate some results related to investigation of the geometrical properties of families of
continuous control dynamic processes ( “input–output” mappings) in the problem of solvability of this differential
realization in a class of linear ordinary nonstationary differential equations in a separable Hilbert space.
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Keywords: differential implementation, nonstationary ( , , )#
A B B 2-model, OLD- compatibility,

DLD-compatibility.
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ÓÄÊ 517.95:519.86:539.3

Î çàäà÷àõ óïðàâëåíèÿ äèíàìèêîé íåïîëíî îïðåäåëåííûõ òðåõìåðíûõ óïðóãèõ òåë. I. Ñëó÷àé
íåïðåðûâíî çàäàííîãî æåëàåìîãî ñîñòîÿíèÿ / Â.À. Ñòîÿí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017.
Òîì 53, ¹ 4. Ñ. 84–95.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 6 íàçâ.

Àííîòàöèÿ. Ðåøåíû çàäà÷è óïðàâëåíèÿ ëèíåéíî ïðåîáðàçîâàííîé âåêòîð-ôóíêöèåé ñìåùåíèé òî-
÷åê òðåõìåðíîãî óïðóãîãî òåëà â öåëÿõ ñðåäíåêâàäðàòè÷åñêîãî ïðèáëèæåíèÿ åå ê íåïðåðûâíî çàäàííûì
çíà÷åíèÿì. Çàäà÷è ðåøàþòñÿ áåç îãðàíè÷åíèé íà ãåîìåòðèþ òåëà è ïðè íåïðåðûâíî îïðåäåëåííûõ íà-
áëþäåíèÿõ çà åãî íà÷àëüíî-êðàåâûì ñîñòîÿíèåì. Â êà÷åñòâå óïðàâëÿþùèõ ôàêòîðîâ ðàññìàòðèâàþòñÿ
îáúåìíî-, 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. I. Âèïàäîê
íåïåðåðâíî çàäàíîãî áàæàíîãî ñòàíó / Â.À. Ñòîÿí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53,
¹ 4. Ñ. 84–95.

Àíîòàö³ÿ. Ðîçâ’ÿçàíî çàäà÷³ êåðóâàííÿ ë³í³éíî ïåðåòâîðåíîþ âåêòîð-ôóíêö³ºþ çì³ùåíü òî÷îê
òðèâèì³ðíîãî ïðóæíîãî ò³ëà ç ìåòîþ ñåðåäíüîêâàäðàòè÷íîãî íàáëèæåííÿ ¿¿ äî íåïåðåðâíî çàäàíèõ çíà-
÷åíü. Çàäà÷³ ðîçâ’ÿçóþòüñÿ áåç îáìåæåíü íà ãåîìåòð³þ ò³ëà ³ çà óìîâè íåïåðåðâíî âèçíà÷åíèõ ñïîñòåðå-
æåíü 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 not fully determined three-dimensional elastic bodies. I. The case
of continuously defined desired state / V.A. Stoyan // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 4.
P. 84–95.

Abstract. The author solves problems of control of a linearly transformed vector function of
displacements of points of a three-dimensional elastic body with the purpose of root-mean-square
approximation to its continuously defined values. No constraints are imposed on body’s geometry and
observations of its initial– boundary state are continuously defined. Spatial, superficial and initially distributed
external-dynamic perturbations are considered as controlling factors. The accuracy and uniqueness of control
are evaluated.

Keywords: spatially distributed dynamic systems, spatial problems of elastic theory, pseudoinversion, control.
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ÓÄÊ 519.217; 519.718

Óñòîé÷èâîñòü ñòîõàñòè÷åñêèõ ñèñòåì ñëó÷àéíîé ñòðóêòóðû ñ ìàðêîâñêèìè ïåðåêëþ÷åíèÿìè è
âîçìóùåíèÿìè / Ò.Î. Ëóêàøèâ, Â.Ê. ßñèíñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53,
¹ 4. Ñ. 96–104.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 21 íàçâà.

Àííîòàöèÿ. Ñ ïîìîùüþ àïïàðàòà ôóíêöèîíàëîâ Ëÿïóíîâà–Êðàñîâñêîãî èññëåäîâàíà óñòîé÷è-
âîñòü ïî âåðîÿòíîñòè, àñèìïòîòè÷åñêàÿ ñòîõàñòè÷åñêàÿ óñòîé÷èâîñòü, óñòîé÷èâîñòü â ñðåäíåì êâàäðàòè-
÷åñêîì, ýêñïîíåíöèàëüíàÿ óñòîé÷èâîñòü â ñðåäíåì êâàäðàòè÷åñêîì â öåëîì ñòîõàñòè÷åñêèõ äèíàìè÷åñ-
êèõ ñèñòåì ñëó÷àéíîé ñòðóêòóðû ñ ìàðêîâñêèìè ïåðåêëþ÷åíèÿìè è âîçìóùåíèÿìè.

Êëþ÷åâûå ñëîâà: ñòîõàñòè÷åñêàÿ äèíàìè÷åñêàÿ ñèñòåìà, àñèìïòîòè÷åñêàÿ óñòîé÷èâîñòü, ýêñïîíåíöè-
àëüíàÿ óñòîé÷èâîñòü, óñòîé÷èâîñòü ïî âåðîÿòíîñòè, óñòîé÷èâîñòü â ñðåäíåì êâàäðàòè÷åñêîì.
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Ñò³éê³ñòü ñòîõàñòè÷íèõ ñèñòåì âèïàäêîâî¿ ñòðóêòóðè ç ìàðêîâñüêèìè ïåðåìèêàííÿìè ³
çáóðåííÿìè / Ò.Î. Ëóêàø³â, Â.Ê. ßñèíñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 4.
Ñ. 96–104.

Àíîòàö³ÿ. Çà äîïîìîãîþ àïàðàòó ôóíêö³îíàë³â Ëÿïóíîâà–Êðàñîâñüêîãî äîñë³äæåíî ñò³éê³ñòü çà
éìîâ³ðí³ñòþ, àñèìïòîòè÷íó ñòîõàñòè÷íó ñò³éê³ñòü, ñò³éê³ñòü â ñåðåäíüîìó êâàäðàòè÷íîìó, åêñïî-
íåíö³éíó ñò³éê³ñòü â ñåðåäíüîìó êâàäðàòè÷íîìó â ö³ëîìó ñòîõàñòè÷íèõ äèíàì³÷íèõ ñèñòåì âèïàäêîâî¿
ñòðóêòóðè ç ìàðêîâñüêèìè ïåðåìèêàííÿìè ³ çáóðåííÿìè.
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Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷íà äèíàì³÷íà ñèñòåìà, àñèìïòîòè÷íà ñò³éê³ñòü, åêñïîíåíö³éíà ñò³éê³ñòü,
ñò³éê³ñòü ïî âèðîã³äíîñò³, ñò³éê³ñòü â ñðåäíüîìó êâàäðàòè÷íîìó.
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Stability of stochastic systems of random structure with markov switchings and perturbations /
T.O. Lukashiv, V.K. Yasinsky // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 4. P. 96–104.

Abstract. The authors use Lyapunov–Krasovsky functionals to investigate the stability in probability,
asymptotic stability in probability, stability in the mean square, exponential stability in the mean square in the
whole of stochastic dynamic systems of random structure with Markov switchings and perturbation.

Keywords: stochastic dynamic systems, asymptotic stability, exponential stability, stability over probability,
stability in the mean square.

===

ÓÄÊ 656.7.084

Ìîäåëèðîâàíèå èíâàðèàíòíîãî ìåòîäà ðàçðåøåíèÿ äèíàìè÷åñêèõ êîíôëèêòîâ âîçäóøíûõ ñóäîâ /
Ñ.Â. Ïàâëîâà, À.Å. Âîëêîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 4. Ñ. 105–112.

²ë.: 4. Òàáë. 1. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Ïðèâîäÿòñÿ îïèñàíèå è ðåçóëüòàòû ìîäåëèðîâàíèÿ íîâîãî ìåòîäà ðàçðåøåíèÿ äèíà-
ìè÷åñêèõ êîíôëèêòíûõ ñèòóàöèé âîçäóøíûõ ñóäîâ. Ðàçðàáàòûâàåìûé ìåòîä îñíîâàí íà òåîðèè èíâà-
ðèàíòíîñòè è ìåòîäàõ ìàòåìàòè÷åñêîãî àíàëèçà è íàïðàâëåí íà ãàðàíòèðîâàííîå ïðåäóïðåæäåíèå
óãðîçû ñòîëêíîâåíèÿ âîçäóøíûõ ñóäîâ äëÿ îáåñïå÷åíèÿ âûñîêîãî óðîâíÿ áåçîïàñíîñòè ïîëåòîâ â öå-
ëÿõ ïåðåõîäà íà íîâóþ êîíöåïöèþ ïîëåòîâ “FreeFlight”.

Êëþ÷åâûå ñëîâà: êîíôëèêòíàÿ ñèòóàöèÿ, âîçäóøíîå ñóäíî, ïðåäóïðåæäåíèå ñòîëêíîâåíèé, ìîäåëèðî-
âàíèå, êîíöåïöèÿ “FreeFlight”.

---

Ìîäåëþâàííÿ ³íâàð³àíòíîãî ìåòîäó âèð³øåííÿ äèíàì³÷íèõ êîíôë³êò³â ïîâ³òðÿíèõ êîðàáë³â /
Ñ.Â. Ïàâëîâà, Î.ª. Âîëêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 4. Ñ. 105–112.

Àíîòàö³ÿ. Íàâäåíî îïèñ ³ ðåçóëüòàòè ìîäåëþâàííÿ íîâîãî ìåòîäó âèð³øåííÿ äèíàì³÷íèõ
êîíôë³êòíèõ ñèòóàö³é ïîâ³òðÿíèõ ñóäåí. Ðîçðîáëþâàíèé ìåòîä îñíîâàíèé íà òåîð³¿ ³íâàð³àíòíîñò³ òà ìå-
òîäàõ ìàòåìàòè÷íîãî àíàë³çó ³ ñïðÿìîâàíèé íà ãàðàíòîâàíå óïåðåäæåííÿ çàãðîçè ç³òêíåííÿ ïîâ³òðÿíèõ
ñóäåí äëÿ çàáåçïå÷åííÿ âèñîêîãî ð³âíÿ áåçïåêè ïîëüîò³â ç ìåòîþ ïåðåõîäó íà íîâó êîíöåïö³þ ïîëüîò³â
“FreeFlight”.

Êëþ÷îâ³ ñëîâà: êîíôë³êòíà ñèòóàö³ÿ, ïîâ³òðÿíå ñóäíî, ïîïåðåäæåííÿ ç³òêíåíü, ìîäåëþâàííÿ, êîíöåïö³ÿ
“FreeFlight”.

---

Modeling the invariant method of dynamic resolution of aircraft conflicts / S.V. Pavlova, O.E. Volkov //
Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 4. P. 105–112.

Abstract. The authors present the description and the results of simulation of a new method to resolve
dynamic aircraft conflicts. The method is based on the theory of invariance and methods of mathematical
analysis and is aimed to prevent a threat of aircraft collision to provide high-level flight safety in order to switch
to the new “FreeFlight” concept.

Keywords: conflict situation, aircraft, collision avoidance, simulation, “FreeFlight” concept.
===

ÓÄÊ 519.85

Ðåøåíèå ýêñòðåìàëüíûõ çàäà÷ ñ äðîáíî-ëèíåéíûìè ôóíêöèÿìè öåëè íà êîìáèíàòîðíîé
êîíôèãóðàöèè ïåðåñòàíîâîê ïðè óñëîâèè ìíîãîêðèòåðèàëüíîñòè / Ë.Í. Êîëå÷êèíà, Å.À. Äâåðíàÿ
// Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 4. Ñ. 113–123.

²ë.: 4. Òàáë. 5. Á³áë³îãð.: 10 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà ýêñòðåìàëüíàÿ çàäà÷à îïòèìèçàöèè ñ äðîáíî-ëèíåéíûìè ôóíêöèÿìè öåëè
íà êîìáèíàòîðíîé êîíôèãóðàöèè ïåðåñòàíîâîê ïðè óñëîâèè ìíîãîêðèòåðèàëüíîñòè. Ïðîàíàëèçèðîâàíû ìå-
òîäû ðåøåíèÿ äðîáíî-ëèíåéíûõ çàäà÷ äëÿ âûáîðà ïîäõîäà ê ðåøåíèþ ïîñòàâëåííîé çàäà÷è. Ïðåäëîæåí
ïîäõîä ê ðåøåíèþ òàêèõ çàäà÷ íà îñíîâå òåîðèè ãðàôîâ. Îïèñàí àëãîðèòì ïîäïðîãðàììû ìîäèôèöèðîâàí-
íîãî êîîðäèíàòíîãî ìåòîäà ñ îïòèìèçàöèåé ïîèñêà òî÷åê êîíôèãóðàöèè, êîòîðàÿ ïðåäíàçíà÷åíà äëÿ ôîðìè-
ðîâàíèÿ ìíîæåñòâà òî÷åê, óäîâëåòâîðÿþùèõ äîïîëíèòåëüíûì îãðàíè÷åíèÿì çàäà÷è. Ïðåäëîæåí îáùèé àë-
ãîðèòì ðåøåíèÿ çàäà÷è, ïîçâîëÿþùèé èçáåæàòü ëèíåàðèçàöèè ôóíêöèè, è åãî áëîê-ñõåìà. Ïðèâåäåíû ïðè-
ìåðû ðàáîòû àëãîðèòìà.

Êëþ÷åâûå ñëîâà: ýêñòðåìàëüíûå çàäà÷è, êîìáèíàòîðíûå êîíôèãóðàöèè, äðîáíî-ëèíåéíûå ôóíêöèè,
óñëîâèå ìíîãîêðèòåðèàëüíîñòè, ìîäèôèöèðîâàííûé êîîðäèíàòíûé ìåòîä, îïòèìèçàöèÿ ïîèñêà.
---
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Ðîçâ’ÿçóâàííÿ åêñòðåìàëüíèõ çàäà÷ ç äðîáîâî-ë³í³éíèìè ôóíêö³ÿìè ö³ë³ íà êîìá³íàòîðí³é
êîíô³ãóðàö³¿ ïåðåñòàâëåíü çà óìîâè áàãàòîêðèòåð³éíîñò³ / Ë.Ì. Êîëº÷ê³íà, Î.À. Äâ³ðíà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 4. Ñ. 113–123.

Àíîòàö³ÿ. Ðîçãëÿíóòî åêñòðåìàëüíó çàäà÷ó îïòèì³çàö³¿ ç äðîáîâî-ë³í³éíîþ ôóíêö³ºþ ö³ë³ íà
êîìá³íàòîðí³é êîíô³ãóðàö³¿ ïåðåñòàâëåíü çà óìîâè áàãàòîêðèòåð³éíîñò³. Ïðîàíàë³çîâàíî ìåòîäè ðîçâ’ÿ-
çóâàííÿ äðîáîâî-ë³í³éíèõ çàäà÷ äëÿ âèáîðó ï³äõîäó äî ðîçâ’ÿçóâàííÿ ïîñòàâëåíî¿ çàäà÷³. Çàïðîïîíîâàíî
ï³äõ³ä äî ðîçâ’ÿçóâàííÿ òàêèõ çàäà÷ íà îñíîâ³ òåîð³¿ ãðàô³â. Îïèñàíî àëãîðèòì ï³äïðîãðàìè ìîäèô³êîâà-
íîãî êîîðäèíàòíîãî ìåòîäó ç îïòèì³çàö³ºþ ïîøóêó òî÷îê êîíô³ãóðàö³¿, ÿêà ïðèçíà÷åíà äëÿ ôîðìóâàííÿ
ìíîæèíè òî÷îê, ùî çàäîâîëüíÿþòü îáìåæåííÿì çàäà÷³. Çàïðîïîíîâàíî çàãàëüíèé àëãîðèòì ðîçâ’ÿçóâàí-
íÿ çàäà÷³, ÿêèé äîçâîëÿº óíèêíóòè ë³íåàðèçàö³¿ ôóíêö³¿, òà éîãî áëîê-ñõåìó. Íàâåäåíî ïðèêëàäè ðîáîòè
àëãîðèòìó.

Êëþ÷îâ³ ñëîâà: åêñòðåìàëüí³ çàäà÷³, êîìá³íàòîðí³ êîíô³ãóðàö³¿, äðîáîâî-ë³í³éí³ ôóíêö³¿, óìîâà áàãà-
òîêðèòåð³éíîñò³, ìîäèô³êîâàíèé êîîðäèíàòíèé ìåòîä, îïòèì³çàö³ÿ ïîøóêó.

---

Solving extremum problems with fractional-linear objective functions on combinatorial configuration of
permutations with multicriteriality condition / L.M. Koliechkina, O.A. Dvirna // Kibernetika i sistemnyi
analiz. 2017. Vol. 53, N 4. P. 113–123.

Abstract. The authors consider the extremum optimization problem with fractional-linear objective
functions on combinatorial configuration of permutations under multicriteria condition. The solution methods
for fractional-linear problems are analyzed to choose the approach to problem’s solution. A solution technique
based on graph theory is proposed. The algorithm of the modified coordinate method’s subprogram with search
optimization is described. This subprogram forms a set of points that satisfy additional constraints of the
problem. The general solution algorithm without linearization of the objective function and it’s block diagram
are proposed. Examples of the algorithm operation are described.

Keywords: extremum problems, combinatorial configurations, fractional-linear functions, multicriteriality
condition, modified coordinate method, optimization of search.

===

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 004.386

Ðàçâèòèå ñóïåðêîìïüþòåðîâ ñåðèè ÑÊÈÒ, ñîçäàííûõ â èíñòèòóòå êèáåðíåòèêè èì. Â.Ì.
Ãëóøêîâà ÍÀÍ Óêðàèíû â ïåðèîä ñ 2002 ïî 2017 ãîäû / À.Ë. Ãîëîâèíñêèé, È.Â. Ñåðãèåíêî, Â.Ã.
Òóëü÷èíñêèé, À.Ë. Ìàëåíêî, À.Þ. Áàíäóðà, Ñ.À. Ãîðåíêî, Å.Þ. Ðîãàíîâà, Å.È. Ëàâðèêîâà //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 4. Ñ. 124–129.

²ë.: 0. Òàáë. 2. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Â 2017 ã. èñïîëíèëîñü ïÿòíàäöàòü ëåò ïðîåêòó ñîçäàíèÿ îòå÷åñòâåííîé âû÷èñëèòåëüíîé
ñèñòåìû ñ êëàñòåðíîé àðõèòåêòóðîé ÑÊÈÒ. Â ðàáîòå âïåðâûå ðàññìîòðåíà ýâîëþöèÿ àðõèòåêòóðû êîì-
ïëåêñà ÑÊÈÒ è ñòàòèñòèêà ôóíêöèîíèðîâàíèÿ ñóïåðêîìïüþòåðíîãî öåíòðà â ïåðèîä ñ 2002 ïî 2017 ãã.
Ýòè ôàêòè÷åñêèå äàííûå áóäóò ïîëåçíû ðàçðàáîò÷èêàì âû÷èñëèòåëüíûõ êëàñòåðîâ è èññëåäîâàòåëÿì, êî-
òîðûå ïðîåêòèðóþò íîâûå àëãîðèòìû óïðàâëåíèÿ èìè.

Êëþ÷åâûå ñëîâà: ñóïåðêîìïüþòåð, êëàñòåð, ïàðàëëåëüíîå ïðîãðàììèðîâàíèå.

---

Ðîçâèòîê ñóïåðêîìï’þòåð³â ñåð³¿ ÑÊ²Ò, Ðîçðîáëåíèõ â ³íñòèòóò³ ê³áåðíåòèêè ³ì. Â.Ì. Ãëóøêîâà
ÍÀÍ Óêðà¿íè ó ïåð³îä ç 2002 ïî 2017 ðîêè / À.Ë. Ãîëîâèíñüêèé, ².Â. Ñåðã³ºíêî,
Â.Ã. Òóëü÷èíñüêèé, À.Ë. Ìàëåíêî, Î.Þ. Áàíäóðà, Ñ.Î. Ãîðåíêî, Î.Þ. Ðîãàíîâà, Î.². Ëàâð³êîâà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 4. Ñ. 124–129.

---

Àíîòàö³ÿ. Ó 2017 ð. âèïîâíèëîñÿ ï’ÿòíàäöÿòü ðîê³â ïðîåêòó ñòâîðåííÿ â³ò÷èçíÿíî¿ îá÷èñëþâàëü-
íî¿ ñèñòåìè ç êëàñòåðíîþ àðõ³òåêòóðîþ ÑÊ²Ò. Ó ðîáîò³ âïåðøå íàâåäåíî äàí³ ïðî åâîëþö³þ àðõ³òåêòóðè
êîìïëåêñó ÑÊ²Ò òà ñòàòèñòèêó ôóíêö³þâàííÿ ñóïåðêîìï’þòåðíîãî öåíòðó â ïåð³îä ç 2002 ïî 2017 ðð. Ö³
ôàêòè÷í³ äàí³ áóäóòü êîðèñí³ ðîçðîáíèêàì îá÷èñëþâàëüíèõ êëàñòåð³â òà äîñë³äíèêàì, ÿê³ ïðîåêòóþòü
íîâ³ àëãîðèòìè êåðóâàííÿ íèìè.

Êëþ÷îâ³ ñëîâà: ñóïåðêîìï’þòåð, êëàñòåð, ïàðàëåëüíå ïðîãðàìóâàííÿ.

Development of SCIT supercomputers family at the institute of cybernetics of NAS of Ukraine in
2002–2017 / A. Golovynskyi, I. Sergienko, V. Tulchinkyi, A. Malenko, O. Bandura, S. Gorenko,
O. Roganova, O. Lavrikova // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 4. P. 124–129.

Abstract. 2017 marks the 15th anniversary of the supercomputer project SCIT, which allows us to
summarize the results and draw conclusions. In this paper, we discuss evolution of SCIT architecture and
supercomputing center statistics for years 2002–2017. These data will be useful to computer cluster developers
and researchers who design resource management algorithms for computing clusters.

Keywords: super computer, cluster, parallel programming.
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ÓÄÊ 004.94: 004.428

Ïàðàëëåëüíûé àëãîðèòì èìèòàöèè ïåòðè-îáúåêòíîé ìîäåëè / È.Â. Ñòåöåíêî // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 4. Ñ. 130–140.

²ë.: 7. Òàáë. 0. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí ýôôåêòèâíûé àëãîðèòì èìèòàöèè äèñêðåòíî-ñîáûòèéíûõ ñèñòåì ñ áîëü-
øèì êîëè÷åñòâîì ýëåìåíòîâ. Ñ ïðèìåíåíèåì Ïåòðè-îáúåêòíîãî ìîäåëèðîâàíèÿ è ïàðàëëåëüíûõ âû÷èñ-
ëåíèé ðàçðàáîòàí àëãîðèòì, êîòîðûé îäíîâðåìåííî âîñïðîèçâîäèò ôóíêöèîíèðîâàíèå Ïåòðè-îáúåêòîâ
ìîäåëè â îòäåëüíûõ ïîòîêàõ. Ëèíåéíàÿ çàâèñèìîñòü âðåìåíè åãî âûïîëíåíèÿ îò ñëîæíîñòè ìîäåëè ïîä-
òâåðæäåíà ðåçóëüòàòàìè ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé.

Êëþ÷åâûå ñëîâà: ñòîõàñòè÷åñêàÿ ñåòü Ïåòðè, àëãîðèòì èìèòàöèè, ïàðàëëåëüíûå âû÷èñëåíèÿ.
---

Ïàðàëåëüíèé àëãîðèòì ³ì³òàö³¿ Ïåòð³-îá’ºêòíî¿ ìîäåë³ / ².Â. Ñòåöåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2017. Òîì 53, ¹ 4. Ñ. 130–140.

Àíîòàö³ÿ. Ðîçãëÿíóòî åôåêòèâíèé àëãîðèòì ³ì³òàö³¿ äèñêðåòíî-ïîä³éíèõ ñèñòåì ç âåëèêîþ
ê³ëüê³ñòþ åëåìåíò³â. ²ç çàñòîñóâàííÿì Ïåòð³-îá’ºêòíîãî ìîäåëþâàííÿ òà ïàðàëåëüíèõ îá÷èñëåíü ðîçðîá-
ëåíî àëãîðèòì, ÿêèé îäíî÷àñíî â³äòâîðþº ôóíêö³þâàííÿ Ïåòð³-îá’ºêò³â ìîäåë³ â îêðåìèõ ïîòîêàõ.
Ë³í³éíó çàëåæí³ñòü ÷àñó éîãî âèêîíàííÿ â³ä ñêëàäíîñò³ ìîäåë³ ï³äòâåðäæåíî ðåçóëüòàòàìè åêñïåðèìåí-
òàëüíèõ äîñë³äæåíü.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷íà ìåðåæà Ïåòð³, àëãîðèòì ³ì³òàö³¿, ïàðàëåëüí³ îá÷èñëåííÿ.
---

The parallel petri-object simulation algorithm / I.V. Stetsenko // Kibernetika i sistemnyi analiz. 2017.
Vol. 53, N 4. P. 130–140.

Abstract. The paper considers the development of efficient simulation algorithm for discrete event
systems with a great number of elements. With the use of Petri-object simulation and parallel computing, the
algorithm is developed that simultaneously reproduces model’s Petri-objects operation in separate streams. The
linear dependence of the runtime of the developed algorithm on model’s complexity is confirmed by
experimental results.

Keywords: stochastic Petri net, simulation algorithm, parallel computing.
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ÓÄÊ 681.391, 681.3, 621.372

Öåëî÷èñëåííîå êîñèíóñíîå ïðåîáðàçîâàíèå âûñîêîãî ïîðÿäêà: ìåòîä ïîñòðîåíèÿ è áûñòðûå
àëãîðèòìû äëÿ êîäèðîâàíèÿ èçîáðàæåíèé è âèäåî ñ âûñîêèì ðàçðåøåíèåì / Ë.À. Ãíàòèâ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 4. Ñ. 141–154.

²ë.: 1. Òàáë. 8. Á³áë³îãð.: 19 íàçâ.

---

Àííîòàöèÿ. Ïðåäëîæåí ìàòðè÷íûé ìåòîä ïîñòðîåíèÿ îäíîíîðìîâîãî öåëî÷èñëåííîãî êîñèíóñíîãî
ïðåîáðàçîâàíèÿ âûñîêîãî ïîðÿäêà. Ïîñòðîåíî îäíîíîðìîâîå öåëî÷èñëåííîå ïðåîáðàçîâàíèå ïîðÿäêà 32 è
ðàçðàáîòàíû åãî áûñòðûå àëãîðèòìû íèçêîé âû÷èñëèòåëüíîé ñëîæíîñòè (ìåíüøåé â 3,24 ðàçà, ÷åì â èç-
âåñòíûõ àëãîðèòìàõ, è â 15,6 ðàç — ÷åì â ñòàíäàðòå Í.265), è îíè òðåáóþò òîëüêî öåëî÷èñëåííûõ îïåðà-
öèé. Ýòî ïðåîáðàçîâàíèå íå òîëüêî íàèáîëåå áëèçêîå ê äèñêðåòíîìó êîñèíóñíîìó ïðåîáðàçîâàíèþ, íî è
èìååò ïðåâîñõîäíûå õàðàêòåðèñòèêè êîäèðîâàíèÿ.

Êëþ÷åâûå ñëîâà: äèñêðåòíîå êîñèíóñíîå ïðåîáðàçîâàíèå, öåëî÷èñëåííîå êîñèíóñíîå ïðåîáðàçîâàíèå,
ìàñøòàáèðîâàííîå ïðåîáðàçîâàíèå, ôàêòîðèçàöèÿ, áûñòðîå ïðåîáðàçîâàíèå, ýôôåêòèâíîñòü êîäèðîâàíèÿ,
âû÷èñëèòåëüíàÿ ñëîæíîñòü, êîýôôèöèåíò ñæàòèÿ, âèäåîêîäèðîâàíèå, Í.264, H.265, AVS.

---

Ö³ëî÷èñåëüíå êîñèíóñíå ïåðåòâîðåííÿ âèñîêîãî ïîðÿäêó: ìåòîä ïîáóäîâè ³ øâèäê³ àëãîðèòìè äëÿ
êîäóâàííÿ çîáðàæåííÿ ³ â³äåî âèñîêî¿ ðîçä³ëüíî¿ çäàòíîñò³ / Ë.Î. Ãíàò³â // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2017. Òîì 53, ¹ 4. Ñ. 141–154.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìàòðè÷íèé ìåòîä ïîáóäîâè îäíîíîðìîâîãî ö³ëî÷èñåëüíîãî êîñèíóñíî-
ãî ïåðåòâîðåííÿ âèñîêîãî ïîðÿäêó. Ïîáóäîâàíî îäíîíîðìîâå ö³ëî÷èñåëüíå ïåðåòâîðåííÿ ïîðÿäêó 32 ³
ðîçðîáëåíî éîãî øâèäê³ àëãîðèòìè íèçüêî¿ îá÷èñëþâàëüíî¿ ñêëàäíîñò³ (ÿêà ìåíøà â 3,24 ðàçè, í³æ
ó â³äîìèõ àëãîðèòìàõ, òà â 15,6 ðàçè — í³æ ó ñòàíäàðò³ Í.265), ³ âîíè ïîòðåáóþòü ò³ëüêè ö³ëî÷èñåëüíèõ
îïåðàö³é. Öå ïåðåòâîðåííÿ íå ò³ëüêè íàéáëèæ÷å äî äèñêðåòíîãî êîñèíóñíîãî ïåðåòâîðåííÿ, àëå òàêîæ
ìàº â³äì³íí³ õàðàêòåðèñòèêè êîäóâàííÿ.

Êëþ÷îâ³ ñëîâà: äèñêðåòíå êîñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñåëüíå êîñèíóñíå ïåðåòâîðåííÿ, ìàñøòàáî-
âàíå ïåðåòâîðåííÿ, ôàêòîðèçàö³ÿ, øâèäêå ïåðåòâîðåííÿ, åôåêòèâí³ñòü êîäóâàííÿ, îá÷èñëþâàëüíà
ñêëàäí³ñòü, êîåô³ö³ºíò ñòèñíåííÿ, â³äåîêîäóâàííÿ, Í.264, H.265, AVS.
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High-order integer cosine transform: construction method and fast algorithms for high-resolution image
and video coding / L.O. Hnativ // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 4. P. 141–154.

Abstract. Matrix method of constructing one-norm high integer cosine transform is proposed. The
one-norm order-32 integer transform is constructed and its fast algorithms of low computational complexity are
developed, whose computational complexity is 3.24 times less than that in the well-known algorithms and is
15.6 times less than one in standard H.265 and requires integer operations only. This transform is not only very
close to the discrete cosine transform, but also has excellent coding performance.

Keywords: discrete cosine transform, integer cosine transform, scaled transform, factorization, fast transform,
coding gain, computational complexity, compression ratio, video coding, Í.264, H.265,AVS.
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ÓÄÊ 51.681.3

Ñèíòåç íåéðîïîäîáíûõ ñåòåé íà îñíîâå ïðåîáðàçîâàíèé öèêëè÷åñêèõ êîäîâ Õåììèíãà //
Â.Í. Îïàíàñåíêî, Ñ.Ë. Êðûâûé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 4. Ñ. 155–164.

²ë.: 6. Òàáë. 3. Á³áë³îãð.: 15 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ ñèíòåç íåéðîïîäîáíîé ñåòè Õåììèíãà äëÿ ðåàëèçàöèè çàäà÷è êëàñ-
ñèôèêàöèè âõîäíîãî ìíîæåñòâà äâîè÷íûõ âåêòîðîâ. Ôîðìèðîâàíèå îòñîðòèðîâàííîé ïîñëåäîâàòåëü-
íîñòè ïî ìåðå áëèçîñòè (ðàññòîÿíèå Õåììèíãà) îñíîâàíî íà ïðåîáðàçîâàíèÿõ öèêëè÷åñêèõ êîäîâ Õåì-
ìèíãà. Äîêàçàíà êîððåêòíîñòü ñèíòåçà òàêîé ðåàëèçàöèè äëÿ ïðîèçâîëüíîãî çíà÷åíèÿ ðàññòîÿíèÿ Õåì-
ìèíãà è ïðîèçâîëüíîé ðàçðÿäíîñòè âõîäíîãî âåêòîðà.

Êëþ÷åâûå ñëîâà: áóëåâà ôóíêöèÿ, íåéðîïîäîáíàÿ ñåòü, ðàññòîÿíèå Õåììèíãà, öèêëè÷åñêèé êîä.
---

Ñèíòåç íåéðîïîä³áíèõ ìåðåæ íà îñíîâ³ ïåðåòâîðåíü öèêë³÷íèõ êîä³â Õåì³íãà / Â.Ì. Îïàíàñåíêî,
Ñ.Ë. Êðèâèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 4. Ñ. 155–164.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñèíòåç íåéðîïîä³áíî¿ ìåðåæ³ Õåì³íãà äëÿ ðåàë³çàö³¿ çàäà÷³ êëàñèô³êàö³¿
âõ³äíî¿ ìíîæèíè äâ³éêîâèõ âåêòîð³â. Ôîðìóâàííÿ â³äñîðòîâàíî¿ ïîñë³äîâíîñò³ çà ì³ðîþ áëèçüêîñò³
(â³äñòàíü Õåì³íãà) áàçóºòüñÿ íà ïåðåòâîðåííÿõ öèêë³÷íèõ êîä³â Õåì³íãà. Äîâåäåíî êîðåêòí³ñòü ñèíòåçó
òàêî¿ ðåàë³çàö³¿ äëÿ äîâ³ëüíîãî çíà÷åííÿ â³äñòàí³ Õåì³íãà òà äîâ³ëüíî¿ ðîçðÿäíîñò³ âõ³äíîãî âåêòîðà.

Êëþ÷îâ³ ñëîâà: áóëåâà ôóíêö³ÿ, íåéðîïîä³áíà ìåðåæà, â³äñòàíü Õåì³íãà, öèêë³÷íèé êîä.
---

Synthesis of neural-like networks based on the conversion of cyclic Hamming codes / V.N. Opanasenko,
S.L. Kryvyi // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 4. P. 155–164.

Abstract. The authors consider the problem of synthesis of neural-like Hamming networks for the
implementation of the problem of classifying an input set of binary vectors. Formation of the sorted sequence
by the criterion of proximity measures (Hamming distance) is based on the conversion of cyclic Hamming
codes. The correctness of the synthesis of such implementation for an arbitrary value of Hamming distance and
arbitrary bit capacity of the input vector is proved.

Keywords: Boolean function, neural-like network, Hamming distance, cyclic code.
===

ÓÄÊ 004.22 + 004.93'11

Îñíîâàííûå íà ðàññòîÿíèÿõ èíäåêñíûå ñòðóêòóðû äëÿ áûñòðîãî ïîèñêà ïî ñõîäñòâó /
Ä.À. Ðà÷êîâñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 4. Ñ. 165–192.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 148 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí êëàññ òàêèõ èíäåêñíûõ ñòðóêòóð äëÿ áûñòðîãî ïîèñêà ïî ñõîäñòâó, ïðè
êîíñòðóèðîâàíèè è ïðèìåíåíèè êîòîðûõ èñïîëüçóåòñÿ òîëüêî èíôîðìàöèÿ î çíà÷åíèÿõ èëè ðàíãå íåêî-
òîðûõ ðàññòîÿíèé/ñõîäñòâ ìåæäó îáúåêòàìè. Îáñóæäåí ïîèñê êàê ïî ìåòðè÷åñêèì ðàññòîÿíèÿì (äëÿ ïî-
ñëåäíèõ âûïîëíÿåòñÿ íåðàâåíñòâî òðåóãîëüíèêà è äðóãèå ìåòðè÷åñêèå àêñèîìû), òàê è ïî íåìåòðè÷åñ-
êèì. Ïðåäñòàâëåíû ñòðóêòóðû, êîòîðûå âîçâðàùàþò îáúåêòû áàçû, ÿâëÿþùèåñÿ òî÷íûì îòâåòîì íà ïî-
èñêîâûé çàïðîñ, à òàêæå ñòðóêòóðû äëÿ ïðèáëèæåííîãî ïîèñêà ïî ñõîäñòâó (îíè íå ãàðàíòèðóþò
òî÷íîñòü, íî îáû÷íî âîçâðàùàþò áëèçêèå ê òî÷íûì ðåçóëüòàòû è ðàáîòàþò áûñòðåå ñòðóêòóð äëÿ òî÷íî-
ãî ïîèñêà). Èçëîæåíû îáùèå ïðèíöèïû êîíñòðóèðîâàíèÿ è ïðèìåíåíèÿ íåêîòîðûõ èíäåêñíûõ ñòðóêòóð,
à òàêæå ðàññìîòðåíû èäåè, ëåæàùèå â îñíîâå êîíêðåòíûõ àëãîðèòìîâ, êàê èçâåñòíûõ, òàê è ïðåäëîæåí-
íûõ â ïîñëåäíåå âðåìÿ.

Êëþ÷åâûå ñëîâà: ïîèñê ïî ñõîäñòâó, ïîèñê áëèæàéøåãî ñîñåäà, èíäåêñíûå ñòðóêòóðû, èíäåêñèðîâàíèå
íà îñíîâå ðàññòîÿíèé, ìåòðè÷åñêîå ðàññòîÿíèå, íåìåòðè÷åñêîå ðàññòîÿíèå, ìåòðè÷åñêîå äåðåâî, ãðàô ñî-
ñåäñòâà, ìåòîä âåòâåé è ãðàíèö.
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Îñíîâàí³ íà â³äñòàíÿõ ³íäåêñí³ ñòðóêòóðè äëÿ øâèäêîãî ïîøóêó çà ñõîæ³ñòþ / Ä.À. Ðà÷êîâñüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 4. Ñ. 165–192.

Àíîòàö³ÿ. Ðîçãëÿíóòî êëàñ òàêèõ ³íäåêñíèõ ñòðóêòóð äëÿ øâèäêîãî ïîøóêó çà ñõîæ³ñòþ, ïðè êî-
íñòðóþâàíí³ òà çàñòîñóâàíí³ ÿêèõ âèêîðèñòîâóþòü ò³ëüêè ³íôîðìàö³þ ïðî çíà÷åííÿ àáî ðàíã äåÿêèõ
â³äñòàíåé/ñõîæîñòåé ì³æ îá’ºêòàìè. Îáãîâîðåíî ïîøóê ÿê çà ìåòðè÷íèìè â³äñòàíÿìè (äëÿ ÿêèõ âèêî-
íóºòüñÿ íåð³âí³ñòü òðèêóòíèêà òà ³íø³ ìåòðè÷í³ àêñ³îìè), òàê ³ çà íåìåòðè÷íèìè. Íàâåäåíî ñòðóêòóðè,
ÿê³ ïîâåðòàþòü îá’ºêòè áàçè, ùî º òî÷íîþ â³äïîâ³ääþ íà çàïèò, à òàêîæ ñòðóêòóðè äëÿ íàáëèæåíîãî ïî-
øóêó çà ñõîæ³ñòþ (âîíè íå ãàðàíòóþòü òî÷íîñò³, àëå çàçâè÷àé ïîâåðòàþòü áëèçüê³ äî òî÷íèõ ðåçóëüòàòè
òà ïðàöþþòü øâèäøå ñòðóêòóð äëÿ òî÷íîãî ïîøóêó). Âèêëàäåíî çàãàëüí³ ïðèíöèïè êîíñòðóþâàííÿ ³ çà-
ñòîñóâàííÿ äåÿêèõ ³íäåêñíèõ ñòðóêòóð, à òàêîæ ðîçãëÿíóòî ³äå¿, íà ÿêèõ áàçóþòüñÿ êîíêðåòí³ àëãîðèòìè
(â³äîì³ òà çàïðîïîíîâàí³ îñòàíí³ì ÷àñîì).

Êëþ÷îâ³ ñëîâà: ïîøóê çà ñõîæ³ñòþ, ïîøóê íàéáëèæ÷èõ ñóñ³ä³â, ³íäåêñí³ ñòðóêòóðè, ³íäåêñóâàííÿ íà
îñíîâ³ â³äñòàíåé, ìåòðè÷íà â³äñòàíü, íåìåòðè÷íà â³äñòàíü, ìåòðè÷íå äåðåâî, ãðàô ñóñ³äñòâà, ìåòîä ã³ëîê
³ ìåæ.
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Distance-based index structures for fast similarity search / D.A. Rachkovkij // Kibernetika i sistemnyi
analiz. 2017. Vol. 53, N 4. P. 165–192.

Abstract. In this survey paper we consider the class of index structures for fast similarity search that uses
for index construction and application only information about the values or ranks of some distances/similarities
between objects. We discuss the search by metric distances (for which the triangle inequality and other metric
axioms are valid), as well as by non-metric ones. Considered index structures include those returning the
objects of the base that are exact results to the similarity search query, and index structures for approximate
similarity search, which do not guarantee the accuracy, but usually return close to accurate results and work
faster than the structures for exact search. Some general principles for construction and usage of index
structures as well as some ideas of specific algorithms, including recently proposed ones, are discussed.

Keywords: similarity search, nearest neighbor search, index structures, distance-based indexing, metric
distances, non-metric distances, metric trees, proximity graph, branch and bound.
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