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ÓÄÊ 681.3

Ê âîïðîñó îá èíòåðïðåòàöèè âîçìîæíîñòè / À.È. Ïðîâîòàð, À.À. Ïðîâîòàð // Êèáåðíåòèêà è

ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 6. — Ñ. 3–10.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 5 íàçâ.

Ïðåäëàãàåòñÿ ñîäåðæàòåëüíàÿ èíòåðïðåòàöèÿ ïîíÿòèÿ «âîçìîæíîñòè» êàê âåðõíåé ãðàíè âåðîÿò-

íîñòè. Ïðè ýòîì âîçìîæíîñòü è âåðîÿòíîñòü çàäàþòñÿ òðåóãîëüíûìè ÷èñëàìè. Ïðèâåäåíû ñîîòíîøåíèÿ

äëÿ âåðîÿòíîñòåé è âîçìîæíîñòåé íå÷åòêèõ ñîáûòèé.

Êëþ÷åâûå ñëîâà: âåðîÿòíîñòü, âîçìîæíîñòü, íå÷åòêîå ÷èñëî, íå÷åòêîå ñîáûòèå.

Äî ïèòàííÿ ïðî ³íòåðïðåòàö³þ ìîæëèâîñò³ / Î.². Ïðîâîòàð, Î.Î. Ïðîâîòàð // Ê³áåðíåòèêà òà

ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 6. — Ñ. 3–10.

Çàïðîïîíîâàíî çì³ñòîâíó ³íòåðïðåòàö³þ ïîíÿòòÿ «ìîæëèâîñò³» ÿê âåðõíüî¿ ìåæ³ éìîâ³ðíîñò³. Ïðè

öüîìó ìîæëèâîñò³ ³ éìîâ³ðíîñò³ çàäàþòüñÿ òðèêóòíèìè ÷èñëàìè. Íàâåäåíî ñï³ââ³äíîøåííÿ äëÿ

éìîâ³ðíîñòåé ³ ìîæëèâîñòåé íå÷³òêèõ ïîä³é.

Êëþ÷îâ³ ñëîâà: éìîâ³ðí³ñòü, ìîæëèâ³ñòü, íå÷³òêå ÷èñëî, íå÷³òêà ïîä³ÿ.

On possibility interpretation / O.I. Provotar, O.Î. Provotar // Kibernetika i sistemny analiz. — 2016. —

Vol. 52, N 6. — P. 3–10.

A meaningful interpretation of the concept of “possibility” as the upper bound of probability is proposed.
Possibility and probability are defined by triangular numbers. The relations for the probability and possibility of
fuzzy events are presented.

Keywords: probability, possibility, fuzzy number, fuzzy event.

ÓÄÊ 004.8

Ìåòàÿçûê íîðìàëüíûõ ôîðì çíàíèé / À.Ô. Êóðãàåâ, Ñ.Í. Ãðèãîðüåâ // Êèáåðíåòèêà è ñèñòåìíûé

àíàëèç. — 2016. — Òîì 52, ¹ 6. — Ñ. 11–20.

²ë.: 5. Òàáë. 0. Á³áë³îãð.: 4 íàçâè.

Ïðåäñòàâëåí ìåòàÿçûê íîðìàëüíûõ ôîðì çíàíèé, äàíû åãî òåêñòîâîå è ãðàôè÷åñêîå îïèñàíèÿ.

Â òåêñòîâîé è ãðàôè÷åñêîé ôîðìàõ äàíû ôîðìàëüíûå îïèñàíèÿ ìíîæåñòâà ëèíãâèñòè÷åñêèõ ïðèìåðîâ,

â òîì ÷èñëå ñèíòàêñèñà ïîäìíîæåñòâà ïðîñòûõ ïðåäëîæåíèé àíãëèéñêîãî ÿçûêà è ìåòàÿçûêà Extended

Backus–Naur Form. Ñäåëàíî çàêëþ÷åíèå îá àäåêâàòíîñòè ïðåäëîæåííîãî ìåòàÿçûêà âîçìîæíîñòÿì ÷åëî-

âåêà ïðåäñòàâëÿòü è èñïîëüçîâàòü çíàíèÿ.

Êëþ÷åâûå ñëîâà: ñèíòàêñèñ, ìåòàÿçûê íîðìàëüíûõ ôîðì çíàíèé, ãðàôè÷åñêèå ñðåäñòâà ìåòàÿçûêà,

ôîðìàëüíîå îïèñàíèå ìåòàÿçûêà, ìåòàÿçûê Extended Backus–Naur Form, ñèíòàêñèñ àíãëèéñêîãî

ïðåäëîæåíèÿ.

Ìåòàìîâà íîðìàëüíèõ ôîðì çíàíü / Î.Ï. Êóðãàºâ, Ñ.Ì. Ãðèãîð'ºâ// Ê³áåðíåòèêà òà ñèñòåìíèé

àíàë³ç. — 2016. — Òîì 52, ¹ 6. — Ñ. 11–20.

Ïðåäñòàâëåíà ìåòàìîâà íîðìàëüíèõ ôîðì çíàíü, äàíî ¿¿ òåêñòîâèé é ãðàô³÷íèé îïèñè. Ó òåêñòîâ³é

³ ãðàô³÷í³é ôîðìàõ äàíî ôîðìàëüí³ îïèñè ìíîæèíè ë³íãâ³ñòè÷íèõ ïðèêëàä³â, ó òîìó ÷èñë³ ñèíòàêñèñó

ï³äìíîæèíè ïðîñòèõ ðå÷åíü àíãë³éñüêî¿ ìîâè é ìåòàìîâè Extended Backus–Naur Form. Çðîáëåíî âèñíîâîê

ïðî àäåêâàòí³ñòü ïðåäñòàâëåíî¿ ìåòàìîâè ìîæëèâîñòÿì ëþäèíè ùîäî ïîäàííÿ é âèêîðèñòàííÿ çíàíü.

Êëþ÷îâ³ ñëîâà: ñèíòàêñèñ, ìåòàìîâà íîðìàëüíèõ ôîðì çíàíü, ãðàô³÷í³ çàñîáè ìåòàìîâè, ôîðìàëüíèé

îïèñ ìåòàìîâè, ìåòàìîâà Extended Backus–Naur Form, ñèíòàêñèñ àíãë³éñüêîãî ðå÷åííÿ.

Meta-language of normal forms of knowledge / A.F. Kurgaev, S.N. Grigoriev // Kibernetika i sistemny

analiz. — 2016. — Vol. 52, N 6. — P. 11–20.

The meta-language of normal forms of knowledge is presented and its graphic and text descriptions are

provided. The formal descriptions of numerous linguistic examples (including syntax of a subset of simple

English sentences and the meta-language of extended Backus–Naur forms) are set out in text and graphic forms.

It has been concluded that the meta-language presented can be favorably compared to human capabilities of

knowledge representation and usage.

Keywords: syntax, meta-language of Normal Forms of Knowledge, graphic tools of the meta-language,

meta-language formal description, Extended Backus–Naur Form, syntax of English sentence.
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ÓÄÊ 519.7

Ðàñïîçíàâàíèå äåéñòâèé ìåäèöèíñêèõ ðàáîòíèêîâ íà îñíîâå ïîêàçàòåëåé àêñåëåðîìåòðîâ
ñ èñïîëüçîâàíèåì ãëóáèííîé ñåòè óáåæäåíèé / À.À. Ãàëêèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. —
2016. — Òîì 52, ¹ 6. — Ñ. 21–29.

²ë.: 0. Òàáë. 4. Á³áë³îãð.: 8 íàçâ.

Èññëåäóåòñÿ è àíàëèçèðóåòñÿ ðåàëüíîå ìíîæåñòâî áîëüøèõ ïî îáúåìó ìåäèêî-ñòàòèñòè÷åñêèõ
äàííûõ, èñïîëüçóåìûõ äëÿ ðàñïîçíàâàíèÿ äåéñòâèé ìåäèöèíñêèõ ðàáîòíèêîâ íà îñíîâå ïîêàçàòåëåé àê-
ñåëåðîìåòðîâ â îïðåäåëåííûé ìîìåíò âðåìåíè. Â ïðîöåññå ðàñïîçíàâàíèÿ ïðèìåíåíà ãëóáèííàÿ ñåòü
óáåæäåíèé íà íåðàçìå÷åííûõ äàííûõ, ïîñëå ÷åãî ïðîâåäåíî îáó÷åíèå ñ ó÷èòåëåì ìåòîäîì îáðàòíîãî
ðàñïðîñòðàíåíèÿ îøèáêè. Ïîëó÷åííûå ðåçóëüòàòû ïîêàçàëè áîëåå âûñîêóþ òî÷íîñòü ðàñïîçíàâàíèÿ ïî
ñðàâíåíèþ ñ áàçîâûìè ìåòîäàìè. Äîñòèãíóòî òàêæå çíà÷èòåëüíîå óëó÷øåíèå îòíîñèòåëüíî ïðîäîëæè-
òåëüíîñòè äåéñòâèé ìåäïåðñîíàëà.

Êëþ÷åâûå ñëîâà: ãëóáèííàÿ ñåòü óáåæäåíèé, àêñåëåðîìåòð, ãëóáèííàÿ íåéðîííàÿ ñåòü.

Ðîçï³çíàâàííÿ ä³é ìåäè÷íèõ ïðàö³âíèê³â íà îñíîâ³ ïîêàçíèê³â àêñåëåðîìåòð³â
çâ èêîðèñòàííÿì ãëèáèííî¿ ìåðåæ³ ïåðåêîíàíü / Î.À. Ãàëê³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. —
2016. — Òîì 52, ¹ 6. — Ñ. 21–29.

Äîñë³äæóºòüñÿ òà àíàë³çóºòüñÿ ðåàëüíà ìíîæèíà âåëèêèõ çà îáñÿãîì ìåäèêî-ñòàòèñòè÷íèõ äàíèõ,
ùî âèêîðèñòîâóþòüñÿ äëÿ ðîçï³çíàâàííÿ ä³é ìåäè÷íèõ ïðàö³âíèê³â íà îñíîâ³ ïîêàçíèê³â àêñåëåðîìåòð³â
ó âèçíà÷åíèé ìîìåíò ÷àñó. Ó ïðîöåñ³ ðîçï³çíàâàííÿ çàñòîñîâàíî ãëèáèííó ìåðåæó ïåðåêîíàíü íà íå-
ðîçì³÷åíèõ äàíèõ, ï³ñëÿ ÷îãî ïðîâåäåíî íàâ÷àííÿ ç ó÷èòåëåì ìåòîäîì çâîðîòíîãî ïîøèðåííÿ ïîìèëêè.
Îòðèìàí³ ðåçóëüòàòè ïîêàçàëè á³ëüø âèñîêó òî÷í³ñòü ðîçï³çíàâàííÿ ó ïîð³âíÿíí³ ç áàçîâèìè ìåòîäàìè.
Äîñÿãíóòî òàêîæ çíà÷íå ïîêðàùåííÿ â³äíîñíî òðèâàëîñò³ ä³é ìåäïåðñîíàëó.

Êëþ÷îâ³ ñëîâà: ãëèáèííà ìåðåæà ïåðåêîíàíü, àêñåëåðîìåòð, ãëèáèííà íåéðîííà ìåðåæà.

Recognition of actions of medical workers on the basis of readings of accelerometers using a deep belief
network / O.A. Galkin // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 21–29.

The paper analyzes the real set of large-volume medical and statistical data to be used for recognition of
actions of medical workers on the basis of readings of accelerometers at a particular moment of time. During the
recognition, deep belief network is applied on unlabeled data, and then trained with supervised learning by
backward propagation of errors. The obtained results show a higher recognition accuracy as compared with the
basic methods A significant improvement is achieved as to the duration of actions of medical staff.

Keywords: deep belief network, accelerometer, deep neural network.

ÓÄÊ 519.7

Èññëåäîâàíèå ìíîãîýòàïíûõ ñòîõàñòè÷åñêèõ çàäà÷ ïîðòôåëüíîé îïòèìèçàöèè / Î.À. Ãàëêèíà //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 6. — Ñ. 30–39.

²ë.: 3. Òàáë. 2. Á³áë³îãð.: 8 íàçâ.

Èññëåäóþòñÿ ìíîãîýòàïíûå ñòîõàñòè÷åñêèå çàäà÷è îïòèìèçàöèè ïîðòôåëÿ ñ ïðèìåíåíèåì ìåðû
ðèñêîâ ïî Êóñóîêè è ñïåêòðàëüíîé êîãåðåíòíîé ìåðû ðèñêîâ. Äëÿ îöåíêè ýôôåêòèâíîñòè ìîäåëåé ñ èñ-

ïîëüçîâàíèåì èñõîäíûõ äàííûõ ðàçðàáîòàí ïðîöåññ áýê-òåñòèðîâàíèÿ. Íà ðàçíûõ âðåìåíí�õ ýòàïàõ äëÿ
ìîäåëåé ñ ìåðîé ðèñêîâ ïî Êóñóîêè è ñïåêòðàëüíîé êîãåðåíòíîé ìåðîé ðèñêîâ íàéäåíî ïðîïîðöèîíàëü-
íîå ñîîòíîøåíèå àêòèâîâ äëÿ çàäàííîãî ïîðòôåëÿ. Ìíîãîýòàïíûå ñòîõàñòè÷åñêèå ìîäåëè îïòèìèçàöèè

ïîðòôåëÿ èçìåðÿþòñÿ òåñòèðîâàíèåì îòíîñèòåëüíî ñòîèìîñòè ïîðòôåëÿ. Äëÿ ðàçëè÷íûõ âðåìåíí�õ ýòà-
ïîâ ïîäñ÷èòàíû ìèíèìàëüíûå ïîðòôåëüíûå ïîòåðè.

Êëþ÷åâûå ñëîâà: ïîðòôåëüíàÿ îïòèìèçàöèÿ, ìåðû ðèñêîâ, àêòèâû.

Äîñë³äæåííÿ áàãàòîåòàïíèõ ñòîõàñòè÷íèõ çàäà÷ ïîðòôåëüíî¿ îïòèì³çàö³¿ / Î.À. Ãàëê³íà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 6. — Ñ. 30–39.

Äîñë³äæóþòüñÿ áàãàòîåòàïí³ ñòîõàñòè÷í³ çàäà÷³ îïòèì³çàö³¿ ïîðòôåëÿ ³ç çàñòîñóâàííÿì ì³ðè ðè-
çèê³â çà Êóñóîê³ ³ ñïåêòðàëüíî¿ êîãåðåíòíî¿ ì³ðè ðèçèêó. Äëÿ îö³íêè åôåêòèâíîñò³ ìîäåëåé ç âèêîðèñ-
òàííÿì âèõ³äíèõ äàíèõ ðîçðîáëåíî ïðîöåñ áåê-òåñòóâàííÿ. Íà ð³çíèõ ÷àñîâèõ åòàïàõ äëÿ ìîäåëåé ç
ì³ðîþ ðèçèêó çà Êóñóîê³ ³ ñïåêòðàëüíîþ êîãåðåíòíîþ ì³ðîþ ðèçèê³â çíàéäåíî ïðîïîðö³éíå ñï³ââ³äíî-
øåííÿ àêòèâ³â äëÿ çàäàíîãî ïîðòôåëÿ. Áàãàòîåòàïí³ ñòîõàñòè÷í³ ìîäåë³ îïòèì³çàö³¿ ïîðòôåëÿ âèì³ðþ-
þòüñÿ òåñòóâàííÿì â³äíîñíî âàðòîñò³ ïîðòôåëÿ. Äëÿ ð³çíèõ ÷àñîâèõ åòàï³â îá÷èñëåíî ì³í³ìàëüí³ ïîð-
òôåëüí³ âòðàòè.

Êëþ÷îâ³ ñëîâà: ïîðòôåëüíà îïòèì³çàö³ÿ, ì³ðè ðèçèê³â, àêòèâè.



Research of the multistage stochastic portfolio optimization problems / O.A. Galkina // Kibernetika i
sistemny analiz. — 2016. — Vol. 52, N 6. — P. 30–39.

The author investigates multistage stochastic portfolio optimization problems with application of
Kusuoki’s and spectral coherent risk measures. The back-testing process is developed to evaluate the
performance of the models using historical data. Proportionate share of the portfolio assets is found at different
time stages for models with Kusuoki’s and spectral coherent risk measures. The multistage stochastic portfolio
optimization models are measured by testing in terms of the portfolio value. Minimum portfolio losses are
calculated for different time stages.

Keywords: portfolio optimization, risk measures, assets.

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.872

Èåðàðõè÷åñêèé àëãîðèòì ôàçîâîãî óêðóïíåíèÿ äëÿ àíàëèçà òàíäåìíûõ îòêðûòûõ ñåòåé
îáñëóæèâàíèÿ / À.Ç. Ìåëèêîâ, Ë.À. Ïîíîìàðåíêî, À.Ì. Ðóñòàìîâ // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. — 2016. — Òîì 52, ¹ 6. — Ñ. 40–52.

²ë.: 8. Òàáë. 0. Á³áë³îãð.: 26 íàçâ.

Ïðåäëîæåíà ìîäåëü îòêðûòîé òàíäåìíîé ñåòè ìàññîâîãî îáñëóæèâàíèÿ ñ îãðàíè÷åííûìè áóôåðà-
ìè è îáðàòíîé ñâÿçüþ, â êàæäûé óçåë êîòîðîé ïîñòóïàþò íåçàâèñèìûå ïóàññîíîâñêèå ïîòîêè çàÿâîê.
×àñòü çàÿâîê ïîñëå îáñëóæèâàíèÿ â ïåðâîì óçëå ìãíîâåííî ïîñòóïàåò âî âòîðîé (åñëè â íåì èìååòñÿ
ñâîáîäíîå ìåñòî), îñòàëüíûå çàÿâêè îêîí÷àòåëüíî ïîêèäàþò ñåòü. Ïîñëå çàâåðøåíèÿ îáñëóæèâàíèÿ âî
âòîðîì óçëå çàÿâêà ïîêèäàåò ñåòü ëèáî ïðè íàëè÷èè ñâîáîäíîãî ìåñòà ìãíîâåííî ïîñòóïàåò â ïåðâûé
óçåë, ëèáî â îðáèò è ïîñëå ñëó÷àéíîé çàäåðæêè òðåáóåò ïîâòîðíîãî îáñëóæèâàíèÿ. Ïîêàçàíî, ÷òî ìàòå-
ìàòè÷åñêîé ìîäåëüþ äàííîé ñåòè ÿâëÿåòñÿ òðåõìåðíàÿ öåïü Ìàðêîâà, ïðåäëîæåí èåðàðõè÷åñêèé àëãî-
ðèòì ôàçîâîãî óêðóïíåíèÿ äëÿ ðàñ÷åòà âåðîÿòíîñòåé åå ñîñòîÿíèé. Ïðèâåäåíû ðåçóëüòàòû ÷èñëåííûõ
ýêñïåðèìåíòîâ.

Êëþ÷åâûå ñëîâà: îòêðûòàÿ òàíäåìíàÿ ñåòü, îáðàòíàÿ ñâÿçü, òðåõìåðíàÿ öåïü Ìàðêîâà, èåðàðõè÷åñêèé
àëãîðèòì ôàçîâîãî óêðóïíåíèÿ.

²ºðàðõ³÷íèé àëãîðèòì ôàçîâîãî óêðóïíåííÿ äëÿ àíàë³çó òàíäåìíèõ â³äêðèòèõ ìåðåæ
îáñëóãîâóâàííÿ / À.Ç. Ìåë³êîâ, Ë.À. Ïîíîìàðåíêî, À.Ì. Ðóñòàìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. — 2016. — Òîì 52, ¹ 6. — Ñ. 40–52.

Çàïðîïîíîâàíî ìîäåëü â³äêðèòî¿ òàíäåìíî¿ ìåðåæ³ ìàñîâîãî îáñëóãîâóâàííÿ ç îáìåæåíèìè áóôå-
ðàìè òà çâîðîòíèì çâ’ÿçêîì, íà êîæíèé âóçîë ÿêî¿ íàäõîäÿòü íåçàëåæí³ ïóàñîí³âñüê³ ïîòîêè çàÿâîê. ×àñ-
òèíà çàÿâîê ï³ñëÿ îáñëóãîâóâàííÿ ó ïåðøîìó âóçë³ ìèòòºâî íàäõîäèòü ó äðóãèé (ÿêùî òàì º â³ëüí³
ì³ñöÿ), ³íø³ çàÿâêè îñòàòî÷íî ïîêèäàþòü ìåðåæó. Ï³ñëÿ çàâåðøåííÿ îáñëóãîâóâàííÿ ó äðóãîìó âóçë³ çà-
ÿâêà ïîêèäàº ìåðåæó àáî çà íàÿâíîñò³ â³ëüíîãî ì³ñöÿ ìèòòºâî íàäõîäèòü ó ïåðøèé âóçîë, àáî â îðá³ò ³
ï³ñëÿ âèïàäêîâî¿ çàòðèìêè âèìàãàº ïîâòîðíîãî îáñëóãîâóâàííÿ. Ïîêàçàíî, ùî ìàòåìàòè÷íîþ ìîäåëëþ
ö³º¿ ìåðåæ³ º òðèâèì³ðíèé ëàíöþã Ìàðêîâà, çàïðîïîíîâàíî ³ºðàðõ³÷íèé àëãîðèòì ôàçîâîãî óêðóïíåííÿ
äëÿ ðîçðàõóíêó éìîâ³ðíîñòåé ¿¿ ñòàí³â. Íàâåäåíî ðåçóëüòàòè ÷èñåëüíèõ åêñïåðèìåíò³â.

Êëþ÷îâ³ ñëîâà: â³äêðèòà òàíäåìíà ìåðåæà, çâîðîòíèé çâ’ÿçîê, òðèâèì³ðíèé ëàíöþã Ìàðêîâà,
³ºðàðõ³÷íèé àëãîðèòì ôàçîâîãî óêðóïíåííÿ.

Hierarchical space merging algorithm for the analysis of open tandem queuing networks / A.Z. Melikov,
L.A. Ponomarenko, A.M. Rustamov // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 40–52.

The Markov model of two-stage queuing network with feedback is proposed. Poisson flows arrive to both
stages from outside. A part of already serviced calls at the first node instantaneously enter the second node (if
there is free space here) while the other calls leave the network. After the service is completed at the second
node, there are three possibilities: (1) it leaves the network; (2) it instantaneously feeds back to the first node (if
there is free space here); (3) it feeds back to the first node after some delay in orbit. All feedbacks are
determined by known probabilities. Both nodes have finite capacities. The mathematical model of the
investigated network is a three-dimensional Markov chain, and a hierarchical space merging algorithm is
developed to calculate its steady-state probabilities. The results of numerical experiments are demonstrated.

Keywords: open two stage queuing network, feedback, three dimensional Markov chain, hierarchical space
merging algorihtm.

ÓÄÊ 658.52

Oñíîâíûå ïîíÿòèÿ è ìàòåìàòè÷åñêèå àñïåêòû â çàäà÷àõ êàíàëüíîãî êîäèðîâàíèÿ:
ìíîãîàëüòåðíàòèâíûå ïðàâèëà / À.Ê. Þäèí, Þ.Ê. Çèàòäèíîâ, À.Í. Âîðîíèí, À.Â. Èëüåíêî //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 6. — Ñ. 53–59.

²ë.: 2. Òàáë. 1. Á³áë³îãð.: 8 íàçâ.
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Ïîñòðîåíà ìîäåëü ðåøàþùèõ ïðîöåäóð ñòàòèñòè÷åñêèõ ïðàâèë äëÿ îïðåäåëåíèÿ âîçìîæíîñòè èñ-
ïîëüçîâàíèÿ ìíîãîàëüòåðíàòèâíûõ ìåòîäîâ ïðèíÿòèÿ ðåøåíèÿ â çàäà÷àõ äåêîäèðîâàíèÿ ïîëíîé êîäî-
âîé êîíñòðóêöèè. Îïðåäåëåíû ïðàâèëà è ìåðû êîëè÷åñòâà èíôîðìàöèè, à òàêæå óñòàíîâëåíû ïîðîãè
ïðèíÿòèÿ ðåøåíèÿ ñ öåëüþ âîçìîæíîãî âîññòàíîâëåíèÿ ïîëíîé êîäîâîé êîíñòðóêöèè èíôîðìàöèîííîãî
ïîòîêà äàííûõ.

Êëþ÷åâûå ñëîâà: ìíîãîàëüòåðíàòèâíûå ìåòîäû, öåëîñòíîñòü äàííûõ, êàíàëüíîå êîäèðîâàíèå, ñòàòèñòè-
÷åñêèå ïðàâèëà, ãèïîòåçû.

Îñíîâí³ ïîíÿòòÿ òà ìàòåìàòè÷í³ àñïåêòè â çàäà÷àõ êàíàëüíîãî êîäóâàííÿ: áàãàòîàëüòåðíàòèâí³
ïðàâèëà / Î.Ê. Þä³í, Þ.Ê. Ç³àòä³íîâ, À.Ì. Âîðîí³í, À.Â. ²ëüºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
— 2016. — Òîì 52, ¹ 6. — Ñ. 53–59.

Ïîáóäîâàíî ìîäåëü âèð³øàëüíèõ ïðîöåäóð ñòàòèñòè÷íèõ ïðàâèë äëÿ âèçíà÷åííÿ ìîæëèâîñò³ âèêî-
ðèñòàííÿ áàãàòîàëüòåðíàòèâíèõ ìåòîä³â ïðèéíÿòòÿ ð³øåííÿ â çàäà÷àõ äåêîäóâàííÿ ïîâíî¿ êîäîâî¿ êî-
íñòðóêö³¿. Âèçíà÷åíî ïðàâèëà ³ ì³ðè ê³ëüêîñò³ ³íôîðìàö³¿, à òàêîæ âñòàíîâëåíî ïîðîãè ïðèéíÿòòÿ ð³øåí-
íÿ ç ìåòîþ â³ðîã³äíîãî â³äíîâëåííÿ ïîâíî¿ êîäîâî¿ êîíñòðóêö³¿ ³íôîðìàö³éíîãî ïîòîêó äàíèõ.

Êëþ÷îâ³ ñëîâà: áàãàòîàëüòåðíàòèâí³ ìåòîäè, ö³ë³ñí³ñòü äàíèõ, êàíàëüíå êîäóâàííÿ, ñòàòèñòè÷í³ ïðàâèëà,
ã³ïîòåçè.

Basic concepts and mathematical aspects in channel coding: Multi-alternative rules / O.K. Yudin,
Y.K. Ziatdinov, A.N. Voronin, A.V. Ilyenko // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. —
P. 53–59.

The result of the research in this paper is a mathematical model of procedures of statistical rules to
determine the possibility of using multi-alternative methods of decision-making in problems of decoding a code
construction. Rules and measures of information are defined, and decision thresholds are established in order to
restore full information flow data.

Keywords: multi-alternative methods, the integrity of information, channel encoding, statistical rules,
hypotheses.

UDC 519.21

Ñòîõàñòè÷åñêèå ìîäåëè ïîâåäåíèÿ. Êëàññèôèêàöèÿ / Ä.Â. Êîðîëþê, Ì.Ë. Áåðòîòòè, Â.Ñ. Êîðîëþê
// Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 6. — Ñ. 60–72.

²ë.: 10. Òàáë. 0. Á³áë³îãð.: 11 íàçâ.

Ñòîõàñòè÷åñêèå ìîäåëè ïîâåäåíèÿ îïðåäåëÿþòñÿ ðàçíîñòíûìè ýâîëþöèîííûìè óðàâíåíèÿìè äëÿ
âåðîÿòíîñòåé áèíàðíûõ àëüòåðíàòèâ. Êëàññèôèêàöèÿ ñòîõàñòè÷åñêèõ ìîäåëåé ïîâåäåíèÿ îñóùåñòâëÿåò-
ñÿ ïî ïðåäåëüíîìó ïîâåäåíèþ àëüòåðíàòèâ âåðîÿòíîñòåé. Îñíîâíîå ñâîéñòâî êëàññèôèêàöèè õàðàêòåðè-
çóåòñÿ òðåìÿ òèïàìè ðàâíîâåñèÿ: ïðèòÿãèâàþùèì, îòòàëêèâàþùèì è äîìèíèðóþùèì. Êëàññèôèêàöèÿ
ñòîõàñòè÷åñêèõ ìîäåëåé ïîâåäåíèÿ îñóùåñòâëÿåòñÿ ñ èñïîëüçîâàíèåì äèôôóçèîííîé àïïðîêñèìàöèè.

Êëþ÷åâûå ñëîâà: ýâîëþöèîííûé ïîâåäåí÷åñêèé ïðîöåññ, ñòîõàñòè÷åñêèé ïðîöåññ ïîâåäåíèÿ, ðàâíîâå-
ñèå, ïðèòÿãèâàþùàÿ ìîäåëü, îòòàëêèâàþùàÿ ìîäåëü, äîìèíèðóþùèå ìîäåëè, ãåíåðàòîð äèñêðåòíîãî
ìàðêîâñêîãî ïðîöåññà.

Ñòîõàñòè÷í³ ìîäåë³ ïîâåä³íêè. Êëàñèô³êàö³ÿ / Ä.Â. Êîðîëþê, Ì.Ë. Áåðòîòò³, Â.Ñ. Êîðîëþê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 6. — Ñ. 60–72.

Ñòîõàñòè÷í³ ìîäåë³ ïîâåä³íêè âèçíà÷àþòüñÿ ð³çíèöåâèìè åâîëþö³éíèìè ð³âíÿííÿìè äëÿ

éìîâ³ðíîñòåé á³íàðíèõ àëüòåðíàòèâ. Êëàñèô³êàö³ÿ ñòîõàñòè÷íèõ ìîäåëåé ïîâåä³íêè çä³éñíþºòüñÿ ïî

ãðàíè÷í³é ïîâåä³íö³ àëüòåðíàòèâ éìîâ³ðíîñòåé. Îñíîâíà âëàñòèâ³ñòü êëàñèô³êàö³¿ õàðàêòåðèçóºòüñÿ

òðüîìà òèïàìè ð³âíîâàãè: ïðèòÿãóâàëüíèì, â³äøòîâõóâàëüíèì ³ äîì³íàíòíèì. Êëàñèô³êàö³ÿ ñòîõàñòè÷-

íèõ ìîäåëåé ïîâåä³íêè çä³éñíþºòüñÿ ç âèêîðèñòàííÿì äèôóç³éíî¿ àïðîêñèìàö³¿.

Êëþ÷îâ³ ñëîâà: åâîëþö³éíèé ïîâåä³íêîâèé ïðîöåñ, ñòîõàñòè÷íèé ïðîöåñ ïîâåä³íêè, ð³âíîâàãà, ïðèòÿãó-

âàëüíà ìîäåëü, â³äøòîâõóâàëüíà ìîäåëü, äîì³íàíòí³ ìîäåë³, ãåíåðàòîð äèñêðåòíîãî ìàðêîâñüêîãî ïðîöåñó.

Stochastic behavioral models. Classification / D.V. Koroliouk, M.L. Bertotti, V.S. Koroliuk // Kibernetika i
sistemny analiz. — 2016. — Vol. 52, N 6. — P. 60–72.

Stochastic behavioral models are specified by a difference evolutionary equation for the probabilities of
binary alternatives. The classification of stochastic behavioral models is analyzed by the limit comportment of
alternatives probabilities. The main property of classification is characterized by three types of equilibrium:
attractive, repulsive, and dominant. The stochastic behavioral models are classified by using the stochastic
approximation.

Keywords: evolutionary behavioral process, stochastic behavioral process, equilibrium, attractive model,
repulsive model, dominant models, generator of discrete Markov process.
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ÓÄÊ 519.85

Íå÷åòêèå ëèíåéíûå ñèñòåìû óðàâíåíèé: ñèëüíàÿ ðàçðåøèìîñòü è ñèëüíàÿ äîïóñòèìîñòü /
Î.À. Åìåö, À.Î. Åìåö // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 6. — Ñ. 73–83.

²ë.: 1. Òàáë. 1. Á³áë³îãð.: 22 íàçâ.

Ðàññìîòðåíû âîïðîñû ñèëüíîé äîïóñòèìîñòè è ñèëüíîé ðàçðåøèìîñòè íå÷åòêîé ëèíåéíîé ñèñòå-
ìû óðàâíåíèé â ïÿòè ñìûñëàõ (÷åòêîì, êâàçè÷åòêîì, ïîëó÷åòêîì, êâàçèíå÷åòêîì è íå÷åòêîì).

Êëþ÷åâûå ñëîâà: íå÷åòêèå ìíîæåñòâà, èíòåðâàëüíàÿ ìàòðèöà, íå÷åòêàÿ ìàòðèöà, èíòåðâàëüíûå ñèñòå-
ìû óðàâíåíèé, íå÷åòêèå ñèñòåìû óðàâíåíèé, ñèëüíàÿ ðàçðåøèìîñòü ñèñòåìû ëèíåéíûõ óðàâíåíèé,
ñèëüíàÿ äîïóñòèìîñòü ñèñòåìû ëèíåéíûõ óðàâíåíèé.

Íå÷³òê³ ë³í³éí³ ñèñòåìè ð³âíÿíü: ñèëüíà ðîçâ’ÿçí³ñòü ³ ñèëüíà äîïóñòèì³ñòü / Î.Î. ªìåöü,
Îë-ðà Î. ªìåöü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 6. — Ñ. 73–83.

Ðîçãëÿíóòî ïèòàííÿ ñèëüíî¿ äîïóñòèìîñò³ ³ ñèëüíî¿ ðîçâ’ÿçíîñò³ íå÷³òêî¿ ë³í³éíî¿ ñèñòåìè ð³âíÿíü
ó ï’ÿòè ñåíñàõ (÷³òêîìó, êâàç³÷³òêîìó, íàï³â÷³òêîìó, êâàç³íå÷³òêîìó ³ íå÷³òêîìó).

Êëþ÷îâ³ ñëîâà: íå÷³òê³ ìíîæèíè, ³íòåðâàëüíà ìàòðèöÿ, íå÷³òêà ìàòðèöÿ, ³íòåðâàëüí³ ñèñòåìè ð³âíÿíü,
íå÷³òê³ ñèñòåìè ð³âíÿíü, ñèëüíà ðîçâ’ÿçí³ñòü ñèñòåìè ë³í³éíèõ ð³âíÿíü, ñèëüíà äîïóñòèì³ñòü ñèñòåìè
ë³í³éíèõ ð³âíÿíü.

Fuzzy linear systems of equations: strong solvability and strong feasibility / O.O. Iemets, O.O. Yemets’ //
Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 73–83.

The authors consider strong solvability and strong feasibility of uncertain linear systems of eguations in
five grades (exact, quasi-exact, semi-exact, quasi-fuzzy and fuzzy).

Keywords: fuzzy sets, interval matrix, fuzzy matrix interval systems of equations, uncertain systems of
equations, strong solvability of systems of linear equations, strong feasibility of systems of linear equations.

ÓÄÊ 519.2

Òî÷íûå íèæíèå ãðàíèöû âåðîÿòíîñòè îòêàçà ñèñòåìû â èíòåðâàëå âðåìåíè ïðè íåïîëíîé
èíôîðìàöèè î ôóíêöèè ðàñïðåäåëåíèÿ âðåìåíè äî îòêàçà ñèñòåìû / Ë.Ñ. Ñòîéêîâà,
Ñ.Í. Êðàñíèêîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 6. — Ñ. 84–94.

²ë.: 0. Òàáë. 4. Á³áë³îãð.: 17 íàçâ.

Ðåøàþòñÿ çàäà÷è íàõîæäåíèÿ òî÷íûõ íèæíèõ ãðàíèö âåðîÿòíîñòè F F u u( ) ( ),� �� � � � �0 ,
â ìíîæåñòâå ôóíêöèé ðàñïðåäåëåíèÿ F x( ) íåîòðèöàòåëüíûõ ñëó÷àéíûõ âåëè÷èí ñ óíèìîäàëüíîé ïëîòíîñ-
òüþ ñ ìîäîé m , u m� � � , è äâóìÿ ïåðâûìè ôèêñèðîâàííûìè ìîìåíòàìè.

Êëþ÷åâûå ñëîâà: ýêñòðåìóì ëèíåéíîãî ôóíêöèîíàëà, óíèìîäàëüíàÿ ôóíêöèÿ ðàñïðåäåëåíèÿ ñ ìîäîé
m è äâóìÿ ôèêñèðîâàííûìè ìîìåíòàìè, ðàçáèåíèå îáëàñòè ïàðàìåòðîâ.

Òî÷í³ íèæí³ ãðàíèö³ ³ìîâ³ðíîñò³ â³äìîâè ñèñòåìè â ³íòåðâàë³ ÷àñó ïðè íåïîâí³é ³íôîðìàö³¿ ùîäî
ôóíêö³¿ ðîçïîä³ëó ÷àñó äî â³äìîâè ñèñòåìè / Ë.C. Ñòîéêîâà, Ñ.Ì. Êðàñí³êîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 6. — Ñ. 84–94.

Ðîçâ’ÿçàíî çàäà÷³ çíàõîäæåííÿ òî÷íèõ íèæí³õ ãðàíèöü ³ìîâ³ðíîñò³ F F u u( ) ( ),� �� � � � �0 ,
â ìíîæèí³ ôóíêö³é ðîçïîä³ëó F x( ) íåâ³ä’ºìíèõ âèïàäêîâèõ âåëè÷èí ç óí³ìîäàëüíîþ ù³ëüí³ñòþ ç ìîäîþ
m u m, � � �, ³ äâîìà ïåðøèìè ô³êñîâàíèìè ìîìåíòàìè.

Êëþ÷îâ³ ñëîâà: åêñòðåìóì ë³í³éíîãî ôóíêö³îíàëà, óí³ìîäàëüíà ôóíêö³ÿ ðîçïîä³ëó ç ìîäîþ m i äâîìà
ô³êñîâàíèìè ìîìåíòàìè, ðîçáèòòÿ îáëàñò³ ïàðàìåòð³â.

Exact lower bounds of system failure probability on a time interval under incomplete information about
the distribution function of time to failure / L.S. Stoikova, S.N. Krasnikov // Kibernetika i sistemny analiz.
— 2016. — Vol. 52, N 6. — P. 84–94.

The authors solve problems of finding exact lower bounds for the probability F F u u( ) ( ),� �� � � � �0 ,
in the set of distribution functions F x( ) of nonnegative random variables with unimodal density with mode
m u m, � � �, and two first fixed moments.

Keywords: extremum of a linear functional, unimodal distribution function with mode m and two first
moments, partition of the domain of parameters.

ÓÄÊ 519.8

Êðèòåðèè òî÷íîñòè SDP-ðåëàêñàöèé êâàäðàòè÷íûõ ýêñòðåìàëüíûõ çàäà÷ / Î.À. Áåðåçîâñêèé //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 6. — Ñ. 95–101.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 14 íàçâ.
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Èññëåäîâàíû óñëîâèÿ ïîëó÷åíèÿ òî÷íûõ ðåøåíèé êâàäðàòè÷íûõ ýêñòðåìàëüíûõ çàäà÷ îáùåãî
âèäà ñ ïîìîùüþ SDP-ðåëàêñàöèé. Íà îñíîâå èçâåñòíûõ ðåçóëüòàòîâ îòíîñèòåëüíî òî÷íîñòè äâîéñòâåí-
íûõ îöåíîê (ëàãðàíæåâûõ ðåëàêñàöèé) è èõ âçàèìîñâÿçè ñ SDP-ðåëàêñàöèÿìè ñôîðìóëèðîâàí ðÿä óñëî-
âèé, ïðè êîòîðûõ îïòèìàëüíûå çíà÷åíèÿ öåëåâûõ ôóíêöèé êâàäðàòè÷íîé ýêñòðåìàëüíîé çàäà÷è è åå
SDP-ðåëàêñàöèè ðàâíû.

Êëþ÷åâûå ñëîâà: êâàäðàòè÷íàÿ ýêñòðåìàëüíàÿ çàäà÷à, SDP-ðåëàêñàöèÿ, äâîéñòâåííàÿ îöåíêà, ôóíêöèÿ
Ëàãðàíæà, òî÷íàÿ ðåëàêñàöèÿ.

Êðèòåð³¿ òî÷íîñò³ SDP-ðåëàêñàö³é êâàäðàòè÷íèõ åêñòðåìàëüíèõ çàäà÷ / Î.À. Áåðåçîâñüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 6. — Ñ. 95–101.

Äîñë³äæåíî óìîâè îòðèìàííÿ òî÷íèõ ðîçâ’ÿçê³â êâàäðàòè÷íèõ åêñòðåìàëüíèõ çàäà÷ çàãàëüíîãî
âèãëÿäó çà äîïîìîãîþ SDP-ðåëàêñàö³é. Íà îñíîâ³ â³äîìèõ ðåçóëüòàò³â ñòîñîâíî òî÷íîñò³ äâî¿ñòèõ
îö³íîê (ëàãðàíæåâèõ ðåëàêñàö³é) ³ ¿õíüîãî âçàºìîçâ’ÿçêó ç SDP-ðåëàêñàö³ÿìè ñôîðìóëüîâàíî ðÿä óìîâ,
ïðè ÿêèõ îïòèìàëüí³ çíà÷åííÿ ö³ëüîâèõ ôóíêö³é êâàäðàòè÷íî¿ åêñòðåìàëüíî¿ çàäà÷³ òà ¿¿ SDP-ðåëàêñàö³¿
ð³âí³.

Êëþ÷îâ³ ñëîâà: êâàäðàòè÷íà åêñòðåìàëüíà çàäà÷à, SDP-ðåëàêñàö³ÿ, äâî¿ñòà îö³íêà, ôóíêö³ÿ Ëàãðàíæà,
òî÷íà ðåëàêñàö³ÿ.

Exactness criteria for SDP-relaxations of quadratic extremum problems / O.A. Berezovskyi // Kibernetika
i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 95–101.

The author analyzes the conditions of obtaining exact solutions to quadratic extremum problems of
general type by using SDP-relaxations. Based on the known results for exactness of dual bounds (lagrangian
relaxations) and their relationship with SDP-relaxations, several conditions are formulated, under which the
values of optimal objective function of the quadratic extremal problem and its SDP-relaxation are equal.

Keywords: quadratic extremal problem, SDP-relaxation, dual bound, lagrangian, exact relaxation.

ÓÄÊ 519.85

Î íåïðåðûâíûõ ïðåäñòàâëåíèÿõ è ôóíêöèîíàëüíûõ ïðîäîëæåíèÿõ â çàäà÷àõ êîìáèíàòîðíîé
îïòèìèçàöèè / Î.Ñ. Ïè÷óãèíà, Ñ.Â. ßêîâëåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52,
¹ 6. — Ñ. 102–113.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 36 íàçâ.

Ââåäåíû ïîíÿòèÿ ôóíêöèîíàëüíîãî ïðåäñòàâëåíèÿ ìíîæåñòâà òî÷åê åâêëèäîâîãî àðèôìåòè÷åñêîãî
ïðîñòðàíñòâà è ïðîäîëæåíèÿ ôóíêöèé ñ äàííîãî ìíîæåñòâà â åãî íàäìíîæåñòâî. Ïîêàçàíà ñâÿçü ôóíêöèî-
íàëüíûõ ïðåäñòàâëåíèé ìíîæåñòâ è ïðîäîëæåíèé ñ íèõ. Ïîëó÷åíû ñòðîãèå ôóíêöèîíàëüíûå ïðåäñòàâëå-
íèÿ áóëåâîãî, îáùåãî ïåðåñòàíîâî÷íîãî è ïîëèïåðåñòàíîâî÷íîãî ìíîæåñòâ. Ïðîäåìîíñòðèðîâàíû ïðåè-
ìóùåñòâà ïðèìåíåíèÿ ñòðîãèõ ïðåäñòàâëåíèé åâêëèäîâûõ êîìáèíàòîðíûõ ìíîæåñòâ â ïîñòðîåíèè ôóíê-
öèîíàëüíûõ ïðîäîëæåíèé ñ ýòèõ ìíîæåñòâ è ðåøåíèè êîìáèíàòîðíûõ çàäà÷.

Êëþ÷åâûå ñëîâà: êîìáèíàòîðíàÿ îïòèìèçàöèÿ, åâêëèäîâî êîìáèíàòîðíîå ìíîæåñòâî, íåïðåðûâíîå
ôóíêöèîíàëüíîå ïðåäñòàâëåíèå ìíîæåñòâà, ïðîäîëæåíèå ôóíêöèé, îáùåå ìíîæåñòâî ïåðåñòàíîâîê,
áóëåâî ìíîæåñòâî.

Ïðî íåïåðåðâí³ ïðåäñòàâëåííÿ òà ôóíêö³îíàëüí³ ïðîäîâæåííÿ â çàäà÷àõ êîìá³íàòîðíî¿
îïòèì³çàö³¿ / Î.Ñ. Ï³÷óã³íà, Ñ.Â. ßêîâëåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 6.
— Ñ. 102–113.

Ââåäåíî ïîíÿòòÿ ôóíêö³îíàëüíîãî ïðåäñòàâëåííÿ ìíîæèíè òî÷îê åâêë³äîâîãî àðèôìåòè÷íîãî
ïðîñòîðó ³ ïðîäîâæåííÿ ôóíêö³é ç äàíî¿ ìíîæèíè ó ¿¿ íàäìíîæèíó. Ïîêàçàíî çâ'ÿçîê ôóíêö³îíàëüíèõ
ïðåäñòàâëåíü ìíîæèí ³ ïðîäîâæåíü ç íèõ. Îòðèìàíî ñòðîã³ ôóíêö³îíàëüí³ ïðåäñòàâëåííÿ áóëåâî¿, çàãàëü-
íî¿ ïåðåñòàíîâî÷íî¿ òà ïîë³ïåðåñòàíîâî÷íî¿ ìíîæèí. Ïðîäåìîíñòðîâàíî ïåðåâàãè çàñòîñóâàííÿ ñòðîãèõ
ïðåäñòàâëåíü åâêë³äîâèõ êîìá³íàòîðíèõ ìíîæèí ó ïîáóäîâ³ ôóíêö³îíàëüíèõ ïðîäîâæåíü ç öèõ ìíîæèí ³ ðîç-
â'ÿçàíí³ êîìá³íàòîðíèõ çàäà÷.

Êëþ÷îâ³ ñëîâà: êîìá³íàòîðíà îïòèì³çàö³ÿ, åâêë³äîâà êîìá³íàòîðíà ìíîæèíà, íåïåðåðâíå ôóíêö³îíàëü-
íå ïðåäñòàâëåííÿ ìíîæèíè, ïðîäîâæåííÿ ôóíêö³é, çàãàëüíà ìíîæèíà ïåðåñòàíîâîê, áóëåâà ìíîæèíà.

Continuous representations and functional extensions in combinatorial optimization / O.S. Pichugina,
S.V. Yakovlev // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 102–113.

The concepts of functional representation of a set of points of the Euclidean arithmetic space and an
extension of functions from the set onto its superset are introduced. Functional representations of sets are
related to their extensions. Strict functional representations of the Boolean set, general permutation, and
polypermutation sets are derived. The advantages of applying strict representations of Euclidean combinatorial
sets to construct functional extensions from them and to solve combinatorial problems are presented.

Keywords: combinatorial optimization, euclidean combinatorial set, continuous functional sets' prime
representation, an extension of functions, the general permutation set, the boolean set.

6 ISSN 0023-1274. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2016, òîì 52, ¹ 6



ÓÄÊ 517.958

Îáîáùåííûå ïîñòàíîâêè è ñâîéñòâà ìîäåëåé ïðîöåññîâ ïåðåíîñà â îáëàñòÿõ ñ ðàçðåçàìè /
Ä.À. Íîìèðîâñêèé, À.È. Âîñòðèêîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 6. —
Ñ. 114–126.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 12 íàçâ.

Èçó÷àåòñÿ ëèíåéíîå ïàðàáîëè÷åñêîå óðàâíåíèå â îáëàñòè ñ òîíêèì ñëàáîïðîíèöàåìûì âêëþ÷åíè-
åì. Äëÿ òàêîé çàäà÷è ïîëó÷åíà íîâàÿ ìîäåëü ñ íåèçâåñòíûìè ( , )u � . Â ðàìêàõ ýòîé ìîäåëè îñíîâíîå ïà-
ðàáîëè÷åñêîå óðàâíåíèå âòîðîãî ïîðÿäêà òðàíñôîðìèðóåòñÿ â ñèñòåìó äâóõ äèôôåðåíöèàëüíûõ óðàâíå-
íèé ïåðâîãî ïîðÿäêà ñ êîýôôèöèåíòàìè èç êëàññîâ îáîáùåííûõ ôóíêöèé. Èçó÷åíà ñâÿçü ýòîãî ïîäõîäà
ñ êëàññè÷åñêîé è ñëàáîé ïîñòàíîâêàìè çàäà÷è.

Êëþ÷åâûå ñëîâà: ïàðàáîëè÷åñêîå óðàâíåíèå, ðàçðûâíûå ðåøåíèÿ, óñëîâèÿ ïåðåíîñà, îáîáùåííûå
ôóíêöèè.

Óçàãàëüíåí³ ïîñòàíîâêè òà âëàñòèâîñò³ ìîäåëåé ïðîöåñ³â ïåðåíîñó â îáëàñòÿõ ç ðîçð³çàìè /
Ä.À. Íîì³ðîâñüêèé, Î.². Âîñòð³êîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 6. —
Ñ. 114–126.

Âèâ÷àºòüñÿ ë³í³éíå ïàðàáîë³÷íå ð³âíÿííÿ â îáëàñò³ ç òîíêèì ñëàáîïðîíèêíèì âêëþ÷åííÿì. Äëÿ
ö³º¿ çàäà÷³ îòðèìàíî íîâó ìîäåëü ç íåâ³äîìèìè ( , )u � . Â ìåæàõ ö³º¿ ìîäåë³ îñíîâíå ïàðàáîë³÷íå ð³âíÿí-
íÿ äðóãîãî ïîðÿäêó òðàíñôîðìóºòüñÿ â ñèñòåìó äâîõ äèôåðåíö³àëüíèõ ð³âíÿíü ïåðøîãî ïîðÿäêó
ç êîåô³ö³ºíòàìè ç êëàñ³â óçàãàëüíåíèõ ôóíêö³é. Äîñë³äæåíî çâ’ÿçîê öüîãî ï³äõîäó ç êëàñè÷íîþ òà ñëàá-
êîþ ïîñòàíîâêàìè çàäà÷³.

Êëþ÷îâ³ ñëîâà: ïàðàáîë³÷íå ð³âíÿííÿ, ðîçðèâí³ ðîçâ'ÿçêè, óìîâè ïåðåíåñåííÿ, óçàãàëüíåí³ ôóíêö³¿.

Generalized formulations and properties of models of transmission processes in domains with cuts /
D.A. Nomirovskii, Î.I. Vostrikov // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 114–126.

We study a linear parabolic system in a domain with a thin low-permeable insertion. A new formulation
of the problem is obtained with the unknowns ( , )u � . Under this approach, the main second-order parabolic
equation is converted to a set of first-order partial differential equations with distributional coefficients. The
relations of the approach to the classical and weak formulations of the problem are analyzed.

Keywords: parabolic equation, discontinuous solution, transmission conditions, generalized functions.

ÓÄÊ [519.245+519.214]: 519.237.8

Àëãîðèòì ïîñòðîåíèÿ ðàçäåëèìûõ �-ñåòåé äâóõ ìíîæåñòâ / Ì.À. Èâàí÷óê, È.Â. Ìàëûê //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 6. — Ñ. 127–134.

²ë.: 5. Òàáë. 0. Á³áë³îãð.: 9 íàçâ.

Ïðåäëîæåí íîâûé ìåòîä ðåøåíèÿ çàäà÷è êëàññèôèêàöèè, îñíîâàííûé íà ðàçäåëåíèè äâóõ ìíî-

æåñòâ â ïðîñòðàíñòâå R
d . Äîêàçàíû íåîáõîäèìûå è äîñòàòî÷íûå óñëîâèÿ �-ðàçäåëèìîñòè. Ñôîðìóëèðî-

âàí àëãîðèòì ïîñòðîåíèÿ ðàçäåëèìûõ �-ñåòåé äâóõ ìíîæåñòâ ðàçìåðà [ / ]2d � . Ðàññìîòðåí ïðèìåð èñ-
ïîëüçîâàíèÿ äàííîãî àëãîðèòìà äëÿ äâóõ ìíîæåñòâ, ñãåíåðèðîâàííûõ èç íîðìàëüíî ðàñïðåäåëåííûõ ñî-
âîêóïíîñòåé. Ðåçóëüòàòû êëàññèôèêàöèè ïðåäëîæåííîãî ìåòîäà ñðàâíèâàþòñÿ ñ ðåçóëüòàòàìè
êëàññèôèêàöèè ïî ìåòîäó îïîðíûõ âåêòîðîâ.

Êëþ÷åâûå ñëîâà: �-ñåòè, ðàçìåðíîñòü Âàïíèêà–×åðâîíåíêèñà, ðàçäåëåíèå ìíîæåñòâ, ðàçäåëÿþùàÿ
ïëîñêîñòü.

Àëãîðèòì ïîáóäîâè â³äîêðåìëþâàíèõ �-ñ³òîê äâîõ ìíîæèí / Ì.À. ²âàí÷óê, ².Â. Ìàëèê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 6. — Ñ. 127–134.

Çàïðîïîíîâàíî íîâèé ìåòîä ðîçâ’ÿçàííÿ çàäà÷³ êëàñèô³êàö³¿, ùî áàçóºòüñÿ íà â³äîêðåìëåíí³ äâîõ

ìíîæèí ó ïðîñòîð³ R
d . Äîâåäåíî íåîáõ³äí³ ³ äîñòàòí³ óìîâè �-â³äîêðåìëþâàíîñò³. Ñôîðìóëüîâàíèé àë-

ãîðèòì ïîáóäîâè â³äîêðåìëþâàíèõ �-ñ³òîê äâîõ ìíîæèí ðîçì³ðîì [ / ]2d � . Ðîçãëÿíóòî ïðèêëàä âèêî-
ðèñòàííÿ öüîãî àëãîðèòìó äëÿ äâîõ ìíîæèí, çãåíåðîâàíèõ ç íîðìàëüíî ðîçïîä³ëåíèõ ñóêóïíîñòåé. Ðå-
çóëüòàòè êëàñèô³êàö³¿ çàïðîïîíîâàíîãî ìåòîäó ïîð³âíÿí³ ç ðåçóëüòàòàìè êëàñèô³êàö³¿ çà ìåòîäîì îïîð-
íèõ âåêòîð³â.

Êëþ÷îâ³ ñëîâà: �-ñ³òêè, ðîçì³ðí³ñòü Âàïí³êà–×åðâîíåíê³ñà, â³äîêðåìëåííÿ ìíîæèí, â³äîêðåìëþþ÷à
ïëîùèíà.
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An algorithm to construct separable �-nets of two sets / M.A. Ivanchuk, I.V. Malyk // Kibernetika i
sistemny analiz. — 2016. — Vol. 52, N 6. — P. 127–134.

The authors propose a new method to solve classification problem based on separation of two sets in space

R
d . The necessary and sufficient conditions of �-separability are proved. The algorithm of constructing two

separable �-nets of size [ / ]2d � is proposed. The paper contains an example of applying this algorithm to two sets
generated from normally distributed sets. The classification results for the proposed method and for support vector
machines are compared.

Keywords: �-nets, VC-dimension, sets’ separation, separating plane.

ÓÄÊ 519.17

( , )a d -äèñòàíöèîííÿ àíòèìàãè÷åñêàÿ ðàçìåòêà îòäåëüíûõ òèïîâ ãðàôîâ / Ì.Ô. Ñåìåíþòà //

Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 6. — Ñ. 135–142.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 11 íàçâ.

Èçó÷åíû íåîáõîäèìûå óñëîâèÿ ñóùåñòâîâàíèÿ ( , )a d -äèñòàíöèîííîé àíòèìàãè÷åñêîé ðàçìåòêè
ãðàôà G V E� ( , ) ïîðÿäêà n. Ïîëó÷åíû òåîðåìû, ðàñøèðÿþùèå ñåìåéñòâî íå ( , )a d -äèñòàíöèîííûõ àíòè-
ìàãè÷åñêèõ ãðàôîâ. Â ÷àñòíîñòè, äîêàçàíî, ÷òî êîðîíà P Pn � 1 íå äîïóñêàåò ( , )a 1 -äèñòàíöèîííîé àíòèìà-
ãè÷åñêîé ðàçìåòêè äëÿ n � 2, åñëè a � 2. Óñòàíîâëåíû çíà÷åíèÿ à, ïðè êîòîðûõ öåïü Pn ìîæåò áûòü
( , )a 1 -äèñòàíöèîííûì àíòèìàãè÷åñêèì ãðàôîì. Èññëåäîâàí îòäåëüíûé ñëó÷àé öèðêóëÿíòíîãî ãðàôà.

Êëþ÷åâûå ñëîâà: äèñòàíöèîííàÿ ìàãè÷åñêàÿ ðàçìåòêà, äèñòàíöèîííàÿ àíòèìàãè÷åñêàÿ ðàçìåòêà,
( , )a d -äèñòàíöèîííàÿ àíòèìàãè÷åñêàÿ ðàçìåòêà, öåïü, ðåãóëÿðíûé ãðàô, öèðêóëÿíòíûé ãðàô.

( , )a d -äèñòàíö³éíà àíòèìàã³÷íà ðîçì³òêà îêðåìèõ òèï³â ãðàô³â / Ì.Ô. Ñåìåíþòà // Ê³áåðíåòèêà òà

ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 6. — Ñ. 135–142.

Äîñë³äæåíî íåîáõ³äí³ óìîâè ³ñíóâàííÿ ( , )a d -äèñòàíö³éíî¿ àíòèìàã³÷íî¿ ðîçì³òêè ãðàôà G V E� ( , )
ïîðÿäêó n. Îäåðæàíî òåîðåìè, ùî ðîçøèðþþòü ñ³ìåéñòâî íå ( , )a d -äèñòàíö³éíèõ àíòèìàã³÷íèõ ãðàô³â.
Çîêðåìà, äîâåäåíî, ùî êîðîíà P Pn � 1 íå äîïóñêàº ( , )a 1 -äèñòàíö³éíî¿ àíòèìàã³÷íî¿ ðîçì³òêè äëÿ n � 2,
ÿêùî a � 2. Âñòàíîâëåíî çíà÷åííÿ a, ïðè ÿêèõ ëàíöþã Pn ìîæå áóòè ( , )a 1 -äèñòàíö³éíèì àíòèìàã³÷íèì
ãðàôîì. Äîñë³äæåíî îêðåìèé âèïàäîê öèðêóëÿíòíîãî ãðàôà.

Êëþ÷îâ³ ñëîâà: äèñòàíö³éíà ìàã³÷íà ðîçì³òêà, äèñòàíö³éíà àíòèìàã³÷íà ðîçì³òêà, ( , )a d -äèñòàíö³éíà àí-

òèìàã³÷íà ðîçì³òêà, ëàíöþã, ðåãóëÿðíèé ãðàô, öèðêóëÿíòíèé ãðàô.

( , )a d -distance antimagic labeling of some types of graphs / Ì.F. Semeniuta // Kibernetika i sistemny

analiz. — 2016. — Vol. 52, N 6. — P. 135–142.

We investigate an ( , )a d -distance antimagic labeling of a graph G V E� ( , ) of order n. Graph which
admits such a labeling is called an ( , )a d -distance antimagic graph. We analyze the necessary conditions for the
existence of this labeling. We obtain the results that expend a family of not ( , )a d -distance antimagic graphs. In
particular, we prove that the crown P Pn � 1 does not admit an ( , )a 1 -distance antimagic labeling for n � 2 if a � 2.
We determine the values of a at which path Pn can be an ( , )a 1 -distance antimagic graph. Among regular graphs,
we investigate the case of a circulant graph.

Keywords: distance magic labeling, distance antimagic labeling, ( , )a d -distance antimagic labeling, path,

regular graph, circulant graph.

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 681.391, 681.3, 621.372

Ìåòîä ïîñòðîåíèÿ ïðîñòîãî öåëî÷èñëåííîãî êîñèíóñíîãî ïðåîáðàçîâàíèÿ áîëüøîé ðàçìåðíîñòè
äëÿ êîäèðîâàíèÿ èçîáðàæåíèé è âèäåî ñ âûñîêèì ðàçðåøåíèåì / Ë.À. Ãíàòèâ // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 6. — Ñ. 145–155.

²ë.: 2. Òàáë. 7. Á³áë³îãð.: 20 íàçâ.

Ðàññìîòðåí ìàòðè÷íûé ìåòîä ïîñòðîåíèÿ ïðîñòîãî öåëî÷èñëåííîãî êîñèíóñíîãî ñòóïåí÷àòîãî
ïðåîáðàçîâàíèÿ ïîðÿäêà 32. Ïðåäëîæåíî îäíîíîðìîâîå ïðîñòîå öåëî÷èñëåííîå ïðåîáðàçîâàíèå ïîðÿäêà
32 è ðàçðàáîòàíû åãî áûñòðûå àëãîðèòìû, êîòîðûå èìåþò â 4,3 ðàçà ìåíüøóþ âû÷èñëèòåëüíóþ
ñëîæíîñòü, ÷åì â èçâåñòíûõ àëãîðèòìàõ, è â 19 ðàç — ÷åì â ñòàíäàðòå Í.265.

Êëþ÷åâûå ñëîâà: äèñêðåòíîå êîñèíóñíîå ïðåîáðàçîâàíèå, öåëî÷èñëåííîå êîñèíóñíîå ïðåîáðàçîâàíèå,
öåëî÷èñëåííîå êîñèíóñíîå ñòóïåí÷àòîå ïðåîáðàçîâàíèå, ìàñøàáèðîâàííîå ïðåîáðàçîâàíèå,
ôàêòîðèçàöèÿ, áûñòðîå ïðåîáðàçîâàíèå, ýôôåêòèâíîñòü êîäèðîâàíèÿ, êîýôôèöèåíò ñæàòèÿ,
âèäåîêîäèðîâàíèå, Í.264, H.265, AVS.
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Ìåòîä ïîáóäîâè ïðîñòîãî ö³ëî÷èñåëüíîãî êîñèíóñíîãî ïåðåòâîðåííÿ âåëèêî¿ ðîçì³ðíîñò³ äëÿ
êîäóâàííÿ çîáðàæåíü ³ â³äåî âèñîêî¿ ðîçä³ëüíî¿ çäàòíîñò³ / Ë.Î. Ãíàò³â // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. — 2016. — Òîì 52, ¹ 6. — Ñ. 145–155.

Ðîçãëÿíóòî ìàòðè÷íèé ìåòîä ïîáóäîâè ïðîñòîãî ö³ëî÷èñåëüíîãî êîñèíóñíîãî ñòóï³í÷àñòîãî ïåðå-
òâîðåííÿ ïîðÿäêó 32. Çàïðîïîíîâàíî îäíîíîðìîâå ïðîñòå ö³ëî÷èñåëüíå ïåðåòâîðåííÿ ïîðÿäêó 32 ³ ðîç-
ðîáëåíî éîãî øâèäê³ àëãîðèòìè, ÿê³ ìàþòü â 4,3 ðàçè ìåíøó îá÷èñëþâàëüíó ñêëàäí³ñòü, í³æ â³äîì³ àëãî-
ðèòìè, òà ó 19 ðàç³â, í³æ ó ñòàíäàðò³ Í.265.

Êëþ÷îâ³ ñëîâà: äèñêðåòíå êîñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñåëüíå êîñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñåëü-
íå êîñèíóñíå ñòóï³í÷àñòå ïåðåòâîðåííÿ, ôàêòîðèçàö³ÿ, øâèäêå ïåðåòâîðåííÿ, ìàñøòàáîâàíå
ïåðåòâîðåííÿ, åôåêòèâí³ñòü êîäóâàííÿ, êîåô³ö³ºíò ñòèñíåííÿ, â³äåîêîäóâàííÿ, Í.264, H.265, AVS.

Methods to construct large-size simple integer cosine transform for high-resolution image and video
coding / L.O. Hnativ // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 145–155.

A matrix method is considered to construct order-32 simple integer cosine step transform. The one-norm
order-32 simple integer transform is proposed and its fast algorithms are developed. Their computational
complexity is 4.3 times less as compared with well-known algorithms and 19 time less than in H.265 standard.

Keywords: discrete cosine transform, integer cosine transform, integer cosine step transform, scaled transform,
factorization, fast transform, coding gain, compression ratio, video coding, Í.264, H.265, AVS.
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NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 004.22 + 004.93 '11

Âåùåñòâåííûå âëîæåíèÿ è ñêåò÷è äëÿ áûñòðîé îöåíêè ðàññòîÿíèé è ñõîäñòâ / Ä.À. Ðà÷êîâñêèé //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52, ¹ 6. — Ñ. 156–180.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 153 íàçâè.

Ðàññìîòðåíû ìåòîäû è àëãîðèòìû áûñòðîé îöåíêè ìåð ðàññòîÿíèÿ/ñõîäñòâà äàííûõ ïî ôîðìèðóå-
ìûì âåùåñòâåííûì âåêòîðàì ìàëîé ðàçìåðíîñòè. Ïðèâåäåíû ìåòîäû áåç îáó÷åíèÿ, èñïîëüçóþùèå ãëàâ-
íûì îáðàçîì ñëó÷àéíîå ïðîåöèðîâàíèå è ñýìïëèðîâàíèå. Èñõîäíûå äàííûå ÿâëÿþòñÿ â îñíîâíîì âåêòî-
ðàìè áîëüøîé ðàçìåðíîñòè ñ ðàçëè÷íûìè ðàññòîÿíèÿìè (åâêëèäîâûì, ìàíõýòòåíîâûì, ñòàòèñòè÷åñêèìè
è äð.) è ñõîäñòâàìè (ñêàëÿðíûì ïðîèçâåäåíèåì è äð.). Îáñóæäàþòñÿ è âåêòîðíûå ïðåäñòàâëåíèÿ íåâåê-
òîðíûõ äàííûõ. Ïîëó÷àåìûå âåêòîðû ìîæíî òàêæå ïðèìåíÿòü â àëãîðèòìàõ ïîèñêà ïî ñõîäñòâó, ìà-
øèííîãî îáó÷åíèÿ è äð.

Êëþ÷åâûå ñëîâà: ðàññòîÿíèå, ñõîäñòâî, âëîæåíèÿ, ñêåò÷è, ñíèæåíèå ðàçìåðíîñòè, ñëó÷àéíîå ïðîåöè-
ðîâàíèå, ñýìïëèðîâàíèå, ëåììà Äæîíñîíà–Ëèí- äåíøòðàóññà, ÿäåðíîå ñõîäñòâî, ïîèñê ïî ñõîäñòâó.

Ä³éñí³ âêëàäåííÿ ³ ñêåò÷³ äëÿ øâèäêî¿ îö³íêè â³äñòàíåé òà ñõîæîñòåé / Ä.Î. Ðà÷êîâñüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 6. — Ñ. 156–180.

Ðîçãëÿíóòî ìåòîäè ³ àëãîðèòìè øâèäêî¿ îö³íêè ì³ð â³äñòàí³/ñõîæîñò³ äàíèõ çà ä³éñíèìè âåêòîðíè-
ìè ïðåäñòàâëåííÿìè ìàëî¿ ðîçì³ðíîñò³. Äîñë³äæåíî ìåòîäè áåç íàâ÷àííÿ, ç âèêîðèñòàííÿì âèïàäêîâî¿
ïðîåêö³¿ òà ñåìïë³þâàííÿ. Âõ³äí³ äàí³ º, â îñíîâíîìó, âåêòîðàìè âåëèêî¿ ðîçì³ðíîñò³ ç ð³çíèìè ì³ðàìè
â³äñòàí³ (åâêë³äîâå, ìàíõåòòåíîâå, ñòàòèñòè÷íå òà ³í.) ³ ñõîæîñò³ (ñêàëÿðíèé äîáóòîê òà ³í.). Îáãîâîðþ-
þòüñÿ òàêîæ âåêòîðí³ ïðåäñòàâëåííÿ íåâåêòîðíèõ äàíèõ. Îòðèìàí³ âåêòîðè ìîæóòü òàêîæ çàñòîñîâóâà-
òèñÿ â àëãîðèòìàõ ïîøóêó çà ñõîæ³ñòþ, ìàøèííîãî íàâ÷àííÿ òîùî.

Êëþ÷îâ³ ñëîâà: â³äñòàíü, ñõîæ³ñòü, âêëàäåííÿ, ñêåò÷³, çíèæåííÿ ðîçì³ðíîñò³, âèïàäêîâ³ ïðîåö³þâàííÿ,
ñåìïë³þâàííÿ, ëåìà Äæîíñîíà–Ë³íäåíøòðàóñà, ÿäåðíà ñõîæ³ñòü, ïîøóê çà ñõîæ³ñòþ.

Real-valued embeddings and sketches for fast distanceand similarity estimation / D.A. Rachkovskij //
Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 156–180.

This survey paper focuses on methods and algorithms for fast estimation of data distance/similarity
measures. The estimation is done by real-valued vector representations of small dimension. The discussed
methods do not use learning and mainly use random projection and sampling. Initial data are mainly
high-dimensional vectors with different distance measures (Euclidean, Manhattan, statistical, etc.) and
similarities (dot product etc.). Vector representations of non-vector data are discussed as well. The resultant
vectors can also be used for similarity search algorithms, machine learning, etc.

Keywords: distance, similarity, embeddings, sketches, dimensionality reduction, random projection, sampling,
Johnson–Lindenstrauss lemma, kernel similarity, similarity search.
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ÄÈÑÊÓÑ²ÉÍ² ÏÎÂ²ÄÎÌËÅÍÍß DISCUSSIONS

ÓÄÊ 517.946 + 517.948 + 612.821.6

Íîâàÿ ìîäåëü ôóíêöèîíèðîâàíèÿ æèâîé íåéðîñåòè, ó÷èòûâàþùàÿ çàïàçäûâàþùåå
âçàèìîäåéñòâèå íåéðîíîâ / Â.Ã. Ïèñàðåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2016. — Òîì 52,
¹ 6. — Ñ. 181–192.

²ë.: 2. Òàáë. 1. Á³áë³îãð.: 38 íàçâ.

Ïðåäëîæåíà ìîäåëü ôóíêöèîíèðîâàíèÿ æèâîé íåéðîñåòè, â êîòîðîé îáîñíîâàí íîâûé ìàòåìàòè-
÷åñêèé áàçèñ ìåõàíèçìà çàïîìèíàíèÿ è íàêîïëåíèÿ âàæíîé äëÿ âûæèâàíèÿ îðãàíèçìà èíôîðìàöèè,
îñíîâàííîãî íà ó÷åòå çàïàçäûâàíèÿ âçàèìîäåéñòâèÿ íåéðîíîâ â ïðîöåññå ïåðåäà÷è èíôîðìàöèè. Ñ ïî-
ìîùüþ äàííîé ìîäåëè ìîæíî îïèñàòü îñíîâó ïðîöåññà âçàèìîäåéñòâèÿ íåéðîííûõ àíñàìáëåé ïðè çàïî-
ìèíàíèè è ñîõðàíåíèè æèçíåííî âàæíîé èíôîðìàöèè.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêàÿ ìîäåëü, ôóíêöèîíèðîâàíèå æèâîé íåéðîñåòè, íåéðîôèçèîëîãèÿ, ìà-
òåìàòèêà, íåéðîôèçèêà, íåéðîñåòü, ïðè÷èíû ïñèõè÷åñêèõ è íàñëåäñòâåííûõ çàáîëåâàíèé ìîçãà, ìåõà-
íèçì çàïîìèíàíèÿ, çàïîìèíàíèå èíôîðìàöèè â ìîçãå, ó÷åò îãðàíè÷åííîñòè ñêîðîñòè ïåðåäà÷è
èíôîðìàöèè ìåæäó íåéðîíàìè.

Íîâà ìîäåëü ôóíêö³îíóâàííÿ æèâî¿ íåéðîìåðåæ³, ùî âðàõîâóº çàï³çí³ëó âçàºìîä³þ íåéðîí³â /
Â.Ã. Ïèñàðåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. — 2016. — Òîì 52, ¹ 6. — Ñ. 181–192.

Çàïðîïîíîâàíî ìîäåëü ôóíêö³îíóâàííÿ æèâî¿ íåéðîìåðåæ³, â ÿê³é ñòâîðåíî íîâèé ìàòåìàòè÷íèé
áàçèñ äëÿ îïèñó ìåõàí³çìó çàïàì’ÿòîâóâàííÿ òà íàêîïè÷åííÿ âàæëèâî¿ äëÿ âèæèâàííÿ îðãàí³çìó ³íôîð-
ìàö³¿, ùî ãðóíòóºòüñÿ íà âðàõóâàíí³ íàÿâíîñò³ çàï³çí³ëî¿ âçàºìîä³¿ íåéðîí³â ó ïðîöåñ³ ïåðåäàâàííÿ
³íôîðìàö³¿. Çà äîïîìîãîþ ìîäåëi ìîæíà îïèñóâàòè îñíîâó ïðîöåñó âçàºìîä³¿ àíñàìáë³â íåéðîí³â ïðè çà-
ïàì’ÿòîâóâàíí³ òà çáåðåæåííi æèòòºâî âàæëèâî¿ ³íôîðìàö³¿.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íà ìîäåëü, ôóíêö³îíóâàííÿ æèâî¿ íåéðîìåðåæ³, íåéðîô³ç³îëîã³ÿ, ìàòåìàòèêà,
íåéðîô³çèêà, íåéðîìåðåæà, ïðè÷èíè ïñèõ³÷íèõ ³ ñïàäêîâèõ çàõâîðþâàíü ìîçêó, ìåõàí³çì çàïàì’ÿòîâó-
âàííÿ, çàïàì’ÿòîâóâàííÿ ³íôîðìàö³¿¿ ó ìîçêó, óðàõóâàííÿ îáìåæåíîñò³ øâèäêîñò³ ïåðåäàâàííÿ ³íôîð-
ìàö³¿ ì³æ íåéðîíàìè.

A new model of functions for alive neuronet that takes into account retarded interactions for neurons /
V.G. Pisarenko // Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 6. — P. 181–192.

A new model is proposed to describe the operation of an alive neural network. For this model, the new
mathematical ansaz for retarded neuron interaction in alive neuronet is obtained. This model can describe the
fundamentals of the interaction of neuron ensembles during storing and extracting information from neuron
memory.

Keywords: mathematical model, function of alive neuronet, neurophysics, neuronet, cause of psychological
and genetics-mind diseases,storage information mechanism, genetic disease in mind, taking into account
limitation for speed translation information between neurons.
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