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ÓÄÊ 004.89

Âïëèâ ìîâè íà òðèâàë³ñòü æèòòÿ ïîïóëÿö³é øòó÷íîãî ³íòåëåêòó / À.Â. Àí³ñ³ìîâ, Î.Î. Ìàð÷åíêî,
Â.Ð. Çåìëÿíñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 5. Ñ. 3–11.

Àíîòàö³ÿ. Íàâåäåíî åâîëþö³éíó ìîäåëü øòó÷íîãî ³íòåëåêòó, ïðèçíà÷åíó äëÿ ïðîºêòóâàííÿ ³ ðîçðîá-
ëåííÿ ³íòåëåêòóàëüíèõ ñèñòåì. Êëþ÷îâèì áàçîâèì åëåìåíòîì çàïðîïîíîâàíî¿ ìîäåë³ º ALF — ³íòåëåêòó-
àëüíèé àãåíò ç³ çä³áíîñòÿìè äî ñàìîíàâ÷àííÿ, êîìóí³êàö³¿, ñï³ëüíèõ ä³é ³ ñàìîîðãàí³çàö³¿ ñåðåä ïîä³áíèõ
àãåíò³â. Â îñíîâó ALF-àãåíò³â çàêëàäåíî åâîëþö³éí³ ïðèíöèïè. Äîñë³äæåíî ôàêòîð âïëèâó óñêëàäíåííÿ
ïðèðîäíî¿ ìîâè ÿê îñíîâíîãî çàñîáó êîìóí³êàö³¿ ALF-àãåíò³â íà ïîêàçíèêè òðèâàëîñò³ ¿õíüîãî æèòòÿ.

Êëþ÷îâ³ ñëîâà: øòó÷íèé ³íòåëåêò, ìóëüòèàãåíòí³ ñèñòåìè, îáðîáëåííÿ ïðèðîäíî¿ ìîâè.
----------------------------------------------------------------------------------------------------------------------------------------

The influence of language on the lifespan of populations of artificial intelligence / À.V. Anisimov,
À.À. Marchenko, V.R. Zemlianskyi // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 3–11.

Abstract. The article describes an evolutionary model for artificial intelligence construction, designed for the
development of intelligent systems. The key element of the proposed model is a so-called ALF, which is an
intellectual agent with the ability for learning, communication, to joint action and self-organization among other
agents. The development of ALF agents is based on evolutionary principles. In the article, we analyze the influence
of complication of natural language as the main means of communication among ALF agents on their lifespan.

Keywords: artificial intelligence, multi-agent systems, natural language processing.
===============================================================================

ÓÄÊ 519.713.1

Ïåðåòèí � �-ðåãóëÿðíèõ âèðàç³â / À.Ì. ×åáîòàðüîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57,

¹ 5. Ñ. 12–21.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ïîáóäîâè � �-ðåãóëÿðíîãî âèðàçó, ùî çàäàº ïåðåòèí ìíîæèí � �-ñë³â,

ïîäàíèõ ó âèãëÿä³ � �-ðåãóëÿðíèõ âèðàç³â R1 ³ R2. Òàêà ïîáóäîâà çä³éñíþºòüñÿ áåç ïåðåõîäó äî �-àâòîìàò³â,
òîáòî áåçïîñåðåäí³ì ïåðåòâîðåííÿì âèðàçó R R R� �1 2. Ïðîöåñ ïîáóäîâè � �-ðåãóëÿðíîãî âèðàçó, ùî
çàäàº ïåðåòèí R R1 2� , ïîäàíî ó âèãëÿä³ äåðåâà ïåðåòèí³â, âåðøèíè ÿêîãî â³äïîâ³äàþòü ïåðåòèíàì ïðîñòèõ
� �-ðåãóëÿðíèõ âèðàç³â, îòðèìàíèõ ï³ä ÷àñ ïåðåòâîðåííÿ ïåðåòèíó R R1 2� . Ïîáóäîâàíå äåðåâî ïåðåòèí³â
âèçíà÷àº ñèñòåìó ë³í³éíèõ ð³âíÿíü ç³ çì³ííèìè, çíà÷åííÿìè ÿêèõ º ìíîæèíè � �-ñë³â. Îäíà ç öèõ çì³ííèõ R

â³äïîâ³äàº ìíîæèí³ � �-ñë³â, ùî çàäàºòüñÿ ïåðåòèíîì R R1 2� , òîáòî âèðàç, ÿêèé çàäàº ïåðåòèí � �-ðåãóëÿð-
íèõ âèðàç³â R1 ³ R2, º çíà÷åííÿì çì³ííî¿ R ó ðîçâ’ÿçêó ö³º¿ ñèñòåìè ë³í³éíèõ ð³âíÿíü.

Êëþ÷îâ³ ñëîâà: çâîðîòíå íàäñëîâî, � �-ðåãóëÿðíèé âèðàç, ïðîñòèé � �-ðåãóëÿðíèé âèðàç, � �-ðîçãîð-

òêà, *-ðîçãîðòêà, äåðåâî ïåðåòèí³â.
----------------------------------------------------------------------------------------------------------------------------------------

Intersection of � �-regular expressions / A.N. Chebotarev // Kibernetyka ta Systemnyi Analiz. 2021.

Vol. 57, N 5. P. 12–21.

Abstract. A method is proposed for constructing the � �-regular expression that defines the intersection

of sets of � �-words represented by � �-regular expressions R1 and R2. Such constructing is carried out without
passing to �-automata, that is by direct transformation of the expression R R R� �1 2. The process of
constructing ��-regular expression defining the intersection R R1 2� is represented in the form of an
intersection tree, whose vertices correspond to intersections of simple � �-regular expressions obtained during
the transformation of the intersection R R1 2� . A tree constructed in this way defines a linear equation system
with variables whose values are sets of � �-words. One of these variables R corresponds to the set of � �-words
defined by R R1 2� .The � �-regular expression defining the intersection R R1 2� is the value of the variable R

in the solution for this linear equation system.

Keywords: left-infinite word (� �-word), � �-regular expression, simple � �-regular expression, #-expansion,

*-expansion, intersection tree.
===============================================================================

ÓÄÊ 004.274

Îïòèì³çàö³ÿ ñõåìè êîìïîçèö³éíîãî ì³êðîïðîãðàìíîãî ïðèñòðîþ êåðóâàííÿ ç ðîçä³ëåííÿì êîä³â /
Î.Î. Áàðêàëîâ, Ë.Î. Ò³òàðåíêî, À.Â. Áàºâ, Î.Â. Ìàòâ³ºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021.
Òîì 57, ¹ 5. Ñ. 22–34.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä çìåíøåííÿ ê³ëüêîñò³ åëåìåíò³â LUT ó ñõåì³ êîìïîçèö³éíîãî
ì³êðîïðîãðàìíîãî ïðèñòðîþ êåðóâàííÿ (ÊÌÏÊ) ç ðîçä³ëåííÿì êîä³â. Ìåòîä ´ðóíòóºòüñÿ íà ïîäâ³éíîìó
êîäóâàíí³ îïåðàòîðíèõ ë³í³éíèõ ëàíöþã³â. Êîæíèé ëàíöþã ìàº êîä ÿê åëåìåíò çàãàëüíî¿ ìíîæèíè ÎËË
³ ÿê åëåìåíò êëàñó ö³º¿ ìíîæèíè. Òàêèé ï³äõ³ä äàº çìîãó îòðèìàòè äâîð³âíåâó ñõåìó àäðåñàö³¿ ì³êðîêî-
ìàíä. Êåðóâàëüíó ïàì’ÿòü ÊÌÏÊ ðåàë³çîâàíî íà âáóäîâàíèõ áëîêàõ ïàì’ÿò³ EMB. Ðîçãëÿíóòî ïðèêëàä
ñèíòåçó ³ íàâåäåíî àíàë³ç çàïðîïîíîâàíîãî ìåòîäó.

Êëþ÷îâ³ ñëîâà: êîìïîçèö³éíèé ì³êðîïðîãðàìíèé ïðèñòð³é êåðóâàííÿ, LUT, EMB, ðîçä³ëåííÿ êîä³â.
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Optimization of CMCU with code sharing / A.A. Barkalov, L.A. Titarenko, A.V. Baiev, A.V. Matviienko
// Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 22–34.

Abstract. The article proposes a method for reducing the number of LUT elements in the circuit of a
compositional microprogram control unit (CMCU) with code sharing. The method is based on two-fold
encoding of operator linear chains (OLC). Each chain has a code as an element of the OLC set and as a class
element of this set. This approach allows obtaining a two-level microinstruction addressing circuit. The control
memory of the CMCU is implemented on the embedded memory blocks. The article considers an example of
synthesis and provides an analysis of the proposed method.

Keywords: ñompositional microprogram control unit, LUT, EMB, code sharing.
===============================================================================

ÓÄÊ 519.14+519.17

Çíàêîâèé ³íôîðìàö³éíèé ïðîñò³ð òà «çîëîòå» ÷èñëî / Í.Ê. Òèìîô³ºâà // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2021. Òîì 57, ¹ 5. Ñ. 35–42.

Àíîòàö³ÿ. Îïèñàíî çíàêîâèé ³íôîðìàö³éíèé ïðîñò³ð, äëÿ ÿêîãî âèêîíóþòüñÿ àêñ³îìè çíàêîâîãî
êîìá³íàòîðíîãî ïðîñòîðó òà ÿêèé ³ñíóº ó äâîõ ñòàíàõ — çãîðíóòîìó òà ðîçãîðíóòîìó. Çãîðíóòèé ïðîñò³ð
çàäàþòü ³íôîðìàö³éíèì çíàêîì, ÿêèé ì³ñòèòü óñ³ âëàñòèâîñò³ ðîçãîðíóòîãî ïðîñòîðó. Âïîðÿäêîâàíèé
êîìá³íàòîðíèé ïðîñò³ð õàðàêòåðèçóºòüñÿ òèì, ùî ï³ä ÷àñ éîãî ðîçãîðòàííÿ óòâîðþþòüñÿ êîìá³íàòîðí³
÷èñëà (÷èñëà Ô³áîíà÷÷³), ÷åðåç ÿê³ â æèâ³é ïðèðîä³ ïðîÿâëÿºòüñÿ «çîëîòå» ÷èñëî. Âîíî âëàñòèâå ³ âïî-
ðÿäêîâàíîìó ³íôîðìàö³éíîìó ïðîñòîðó, çàâäÿêè ÿêîìó ïðîÿâëÿºòüñÿ ãàðìîí³ÿ ìèñëåííÿ, à õàîñ çâîäèòü-
ñÿ äî ì³í³ìóìó.

Êëþ÷îâ³ ñëîâà: çíàêîâèé ³íôîðìàö³éíèé ïðîñò³ð, êîìá³íàòîðíà êîíô³ãóðàö³ÿ, ñïîëó÷åííÿ, ðîçì³ùåííÿ
ç ïîâòîðåííÿìè, ÷èñëà Ô³áîíà÷÷³, «çîëîòå» ÷èñëî.
----------------------------------------------------------------------------------------------------------------------------------------

Sign information space and “gold” number / N.K. Òimofeeva // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 5. P. 35–42.

Abstract. The article describes a sign information space for which axioms of a sign combinatorial space
are fulfilled and which exists in two states: collapsed and expanded. Collapsed space is given by an information
sign that contains all the properties of the expanded space. Ordered combinatorial space is characterized by the
fact that upon its deployment, combinatorial numbers (Fibonacci numbers) are formed, through which a “gold”
number is manifested in wildlife. This number is also inherent in ordered information space, through which the
harmony of thinking is manifested, and chaos is minimized.

Keywords: sign information space, combinatorial configuration, combination, placement with repetitions,
Fibonacci numbers, “gold” number.
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS
Ïðî âåëèê³ â³äõèëåííÿ åìï³ðè÷íèõ îö³íîê â çàäà÷³ ñòîõàñòè÷íîãî ïðîãðàìóâàííÿ äëÿ îäíîð³äíîãî
âèïàäêîâîãî ïîëÿ ç äèñêðåòíèì ïàðàìåòðîì / Ï.Ñ. Êíîïîâ ª.É., Êàñ³öüêà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 5. Ñ. 43–53.

Àíîòàö³ÿ. Äîñë³äæåíî çàäà÷ó ñòîõàñòè÷íî¿ îïòèì³çàö³¿, äå âèïàäêîâèì ÷èííèêîì º îäíîð³äíå ó
âóçüêîìó ðîçóì³íí³ âèïàäêîâå ïîëå ç äèñêðåòíèì ïàðàìåòðîì, ùî çàäîâîëüíÿº óìîâó ñèëüíîãî ïå-
ðåì³øóâàííÿ. Ïåðâ³ñíà ôóíêö³ÿ êðèòåð³þ çàì³íþºòüñÿ íà åìï³ðè÷íó, ïîáóäîâàíó çà ñïîñòåðåæåííÿìè
ïîëÿ. Çã³äíî ç ðåçóëüòàòàìè ç ôóíêö³îíàëüíîãî àíàë³çó òà òåîð³¿ âåëèêèõ â³äõèëåíü âèçíà÷åíî âåëèê³
â³äõèëåííÿ åìï³ðè÷íèõ îö³íîê.

Êëþ÷îâ³ ñëîâà: çàäà÷à ñòîõàñòè÷íî¿ îïòèì³çàö³¿, îäíîð³äíå ó âóçüêîìó ðîçóì³íí³ âèïàäêîâå ïîëå ç äèñ-
êðåòíèì ïàðàìåòðîì, óìîâà ñèëüíîãî ïåðåì³øóâàííÿ, ïðèíöèï âåëèêèõ â³äõèëåíü.
----------------------------------------------------------------------------------------------------------------------------------------

On large deviations of empirical estimates in a stochastic programming problem for a homogeneous
random field with a discrete parameter / P.S. Knopov, E.J. Kasitskaya // Kibernetyka ta Systemnyi Analiz.
2021. Vol. 57, N 5. P. 43–53.

Abstract. The authors analyze a stochastic optimization problem where a random factor is a
homogeneous, in a strict sense, random field with a discrete parameter satisfying a strong mixing condition. The
first criterion function is approximated by empirical one constructed on observations of the field. Large
deviations of the empirical estimates are considered using the results from functional analysis and large
deviations theory.

Keywords: stochastic optimization problem, a homogeneous in a strict sense random field with a discrete
parameter, strong mixing condition, large deviations principle.
===============================================================================
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UDC 517.2+519.977.58+519.8

Ñòîõàñòè÷í³ óçàãàëüíåí³ ãðàä³ºíòí³ ìåòîäè íàâ÷àííÿ íåîïóêëèõ íåãëàäêèõ íåéðîííèõ ìåðåæ /
Â.². Íîðê³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 5. Ñ. 54–71.

Àíîòàö³ÿ. Ó ñòàòò³ â³äì³÷åíî ïîä³áí³ñòü ì³æ ñòîõàñòè÷íèì îïòèìàëüíèì êåðóâàííÿì äèñêðåòíèìè
äèíàì³÷íèìè ñèñòåìàìè òà íàâ÷àííÿì áàãàòîøàðîâèõ íåéðîííèõ ìåðåæ. Ðîáîòó çîñåðåäæåíî íà
äîñë³äæåíí³ ñó÷àñíèõ ãëèáîêèõ ìåðåæàõ ç íåîïóêëèìè íåãëàäêèìè ôóíêö³ÿìè âòðàò òà àêòèâàö³¿. Ïðîá-
ëåìè ìàøèííîãî íàâ÷àííÿ ðîçãëÿíóòî ÿê íåîïóêë³ íåãëàäê³ çàäà÷³ ñòîõàñòè÷íî¿ îïòèì³çàö³¿. ßê ìîäåëü
íåãëàäêèõ íåîïóêëèõ çàëåæíîñòåé âèêîðèñòàíî òàê çâàí³ óçàãàëüíåíî äèôåðåíö³éîâí³ ôóíêö³¿. Ìåòîä
çâîðîòíîãî îá÷èñëåííÿ ñòîõàñòè÷íèõ óçàãàëüíåíèõ ãðàä³ºíò³â ôóíêö³îíàëó ÿêîñò³ íàâ÷àííÿ äëÿ òàêèõ
ñèñòåì îá´ðóíòîâàíî íà îñíîâ³ ôîðìàë³çìó Ãàì³ëüòîíà–Ïîíòðÿã³íà. Ñòîõàñòè÷í³ óçàãàëüíåí³ àëãîðèòìè
ãðàä³ºíòíîãî íàâ÷àííÿ ïîøèðåíî äëÿ íàâ÷àííÿ íåîïóêëèõ íåãëàäêèõ íåéðîííèõ ìåðåæ. Åôåêòèâí³ñòü
ñòîõàñòè÷íîãî óçàãàëüíåíîãî ãðàä³ºíòíîãî àëãîðèòìó ïðî³ëþñòðîâàíî ïðèêëàäîì ë³í³éíî¿ áàãàòîêëàñî-
âî¿ êëàñèô³êàö³éíî¿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: ìàøèííå íàâ÷àííÿ, ãëèáîêå íàâ÷àííÿ, áàãàòîøàðîâ³ íåéðîíí³ ìåðåæ³, íåãëàäêà íåîïóê-
ëà îïòèì³çàö³ÿ, ñòîõàñòè÷íà îïòèì³çàö³ÿ, ñòîõàñòè÷íèé óçàãàëüíåíèé ãðàä³ºíò.
----------------------------------------------------------------------------------------------------------------------------------------

Stochastic generalized gradient methods for training nonconvex nonsmooth neural networks /
V.I. Norkin // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 54–71.

Abstract. The paper observes a similarity between the stochastic optimal control of discrete dynamical
systems and the learning multilayer neural networks. It focuses on contemporary deep networks with
nonconvex nonsmooth loss and activation functions. The machine learning problems are treated as nonconvex
nonsmooth stochastic optimization problems. As a model of nonsmooth nonconvex dependences, the so-called
generalized-differentiable functions are used. The backpropagation method for calculating stochastic
generalized gradients of the learning quality functional for such systems is substantiated basing on
Hamilton–Pontryagin formalism. Stochastic generalized gradient learning algorithms are extended for training
nonconvex nonsmooth neural networks. The performance of a stochastic generalized gradient algorithm is
illustrated by the linear multiclass classification problem.

Keywords: machine learning, deep learning, multilayer neural networks, nonsmooth nonconvex optimization,
stochastic optimization, stochastic generalized gradient.
===============================================================================

ÓÄÊ 519.21

Âèêîðèñòàííÿ ïðèõîâàíèõ ìàðêîâñüêèõ ìîäåëåé â îö³íþâàíí³ ïàðàìåòð³â ³ºðàðõ³÷íèõ ñèñòåì /
Î.À. Âîéíà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 5. Ñ. 72–83.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìåòîä ïàðàìåòðè÷íîãî îö³íþâàííÿ äëÿ ³ºðàðõ³÷íèõ ñòîõàñòè÷íèõ ìîäåëåé â
óìîâàõ íåïîâíèõ ñïîñòåðåæåíü. Ìåòîä ´ðóíòóºòüñÿ íà âèêîðèñòàíí³ îñîáëèâîñòåé êîðåëÿö³éíî¿ ñòðóêòó-
ðè ³ºðàðõ³÷íèõ ìîäåëåé. Ãîëîâíó óâàãó ïðèä³ëåíî ïðàêòè÷í³é ðåàë³çàö³¿ ìåòîäó. Çàïðîïîíîâàíî, çîêðå-
ìà, ï³äõ³ä, ùî ïåðåäáà÷àº ïîºäíàííÿ àíàë³òè÷íèõ äîñë³äæåíü ç åìï³ðè÷íîþ âåðèô³êàö³ºþ îòðèìàíèõ
ðîçâ’ÿçê³â. Íàâåäåíî êîíêðåòí³ ïðèêëàäè ïîáóäîâè ñïðîìîæíèõ îö³íîê âåêòîðíèõ ïàðàìåòð³â ôóíêö³¿
äåôîðìàö³¿ ç áåçïîñåðåäí³ìè ðîçðàõóíêàìè íà ÷èñëîâèõ äàíèõ ³ì³òàö³éíî¿ ìîäåë³.

Êëþ÷îâ³ ñëîâà: ïðèõîâàíà ìàðêîâñüêà ìîäåëü, ñèñòåìà ìàñîâîãî îáñëóãîâóâàííÿ, ñòàòèñòè÷íå îö³íþ-
âàííÿ, ôóíêö³ÿ äåôîðìàö³¿.
----------------------------------------------------------------------------------------------------------------------------------------

Using hidden markov models in estimating the parameters of hierarchical systems / O.A. Voina //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 72–83.

Abstract. The method of parametric estimation for hierarchical stochastic models under incomplete
observations is considered. The method is based on the features of the correlation structure of hierarchical
models. The main attention is paid to the practical implementation of the method. In particular, an approach is
proposed that combines analytical studies and empirical verification of the solutions. Specific examples of
constructing consistent estimates of the vector parameters of the deformation function are provided and
illustrated by direct calculations with numerical data of the simulation model.

Keywords: hidden Markov model, queuing system, statistical estimation, the deformation function.
===============================================================================

ÓÄÊ 519.6

Ìàòåìàòè÷íå ìîäåëþâàííÿ êâàäðàòè÷íî íåë³í³éíèõ ïðîñòîðîâî ðîçïîä³ëåíèõ ñèñòåì. ². Âèïàäîê
äèñêðåòíî âèçíà÷åíèõ ïî÷àòêîâî-êðàéîâèõ çîâí³øíüîäèíàì³÷íèõ çáóðåíü / Â.À. Ñòîÿí //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 5. Ñ. 84–97.

Àíîòàö³ÿ. Âèêîíàíî äîñë³äæåííÿ äâîõ êëàñ³â íåë³í³éíèõ ïðîñòîðîâî ðîçïîä³ëåíèõ äèíàì³÷íèõ
ñèñòåì, äèñêðåòíî ñïîñòåðåæóâàíèõ çà ãðàíè÷íî-ïî÷àòêîâèìè òà ïðîñòîðîâî ðîçïîä³ëåíèìè çîâí³øíüî-
äèíàì³÷íèìè çáóðåííÿìè. Äëÿ êîæíî¿ ç íèõ ïîáóäîâàíî àíàë³òè÷í³ çàëåæíîñò³ ôóíêö³¿ ñòàíó, ÿêà çà ñå-
ðåäíüîêâàäðàòè÷íèì êðèòåð³ºì óçãîäæóºòüñÿ ç íàÿâíîþ ³íôîðìàö³ºþ ïðî çîâí³øíüîäèíàì³÷í³ óìîâè
¿õíüîãî ôóíêö³îíóâàííÿ. Ðîçâ’ÿçîê ïî÷àòêîâî-êðàéîâèõ çàäà÷ äëÿ ðîçãëÿäóâàíèõ ñèñòåì âèçíà÷àºòüñÿ
÷åðåç ìíîæèíè âåêòîð³â, ÿê³ çà ñåðåäíüîêâàäðàòè÷íèì êðèòåð³ºì ìîäåëþþòü çàäàíó ïî÷àòêîâî-êðàéîâó
îáñòàíîâêó, âêëþ÷íî ç ïðîñòîðîâî ðîçïîä³ëåíèìè çîâí³øíüîäèíàì³÷íèìè çáóðåííÿìè. Íàâåäåíî óìîâè
òî÷íîñò³ é îäíîçíà÷íîñò³ îòðèìàíèõ ìàòåìàòè÷íèõ ðåçóëüòàò³â. Ðîçãëÿíóòî âèïàäêè íåîáìåæåíèõ ïðî-
ñòîðîâèõ îáëàñòåé òà óñòàëåíî¿ äèíàì³êè ñèñòåì.
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Êëþ÷îâ³ ñëîâà: ïñåâäîðîçâ’ÿçêè, ìàòåìàòè÷íå ìîäåëþâàííÿ äèíàì³÷íèõ ñèñòåì, ïðîñòîðîâî ðîç-
ïîä³ëåí³ äèíàì³÷í³ ñèñòåìè, ñèñòåìè ç íåâèçíà÷åíîñòÿìè, íåêîðåêòí³ ïî÷àòêîâî-êðàéîâ³ çàäà÷³.
----------------------------------------------------------------------------------------------------------------------------------------

Mathematical modeling of quadratically nonlinear spatially distributed systems. I. The case of discrete
definite initial-boundary external-dynamic distubances / V.A. Stoyan // Kibernetyka ta Systemnyi Analiz.
2021. Vol. 57, N 5. P. 84–97.

Abstract. Two classes of nonlinear spatially distributed dynamic systems discretely observed according
to the initial-boundary and spatially distributed external-dynamic disturbances are analyzed. For each of them,
analytical dependences are constructed for the state function, which agrees, according to the root-mean square
criterion, with the available information on external-dynamic conditions of their operation. Solution of the
initialboundary-value problems for the systems under study is defined in terms of a set of vectors, which,
according to the root-mean square criterion, model the given initial-boundary environment, including the
spatially distributed external-dynamic disturbances. Conditions of the accuracy and uniqueness of the obtained
mathematical results are presented. The cases of unrestricted spatial domains and systems’ stable dynamics are
considered.

Keywords: pseudo-solutions, mathematical modeling of dynamical systems, spatially distributed dynamical
systems, systems with non-definitions, incorrect initial-boundary problems.
===============================================================================

ÓÄÊ 519.6

Àíàë³ç ðåçóëüòàò³â îá÷èñëþâàëüíîãî åêñïåðèìåíòó â³äíîâëåííÿ ðîçðèâíèõ ôóíêö³é äâîõ çì³ííèõ
çà äîïîìîãîþ ïðîºêö³é. ² / Î.Ì. Ëèòâèí, Î.Ã. Ëèòâèí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021.
Òîì 57, ¹ 5. Ñ. 98–107.

Àíîòàö³ÿ. Íàâåäåíî îñíîâí³ òâåðäæåííÿ ìåòîäó íàáëèæåííÿ ðîçðèâíèõ ôóíêö³é äâîõ çì³ííèõ, ùî
îïèñóþòü çîáðàæåííÿ ïîâåðõí³ 2D ò³ëà àáî çîáðàæåííÿ âíóòð³øíüî¿ ñòðóêòóðè 3D ò³ëà â äåÿê³é ïëî-
ùèí³, çà äîïîìîãîþ ïðîºêö³é, ÿê³ íàäõîäÿòü ç êîìï’þòåðíîãî òîìîãðàôà. Ìåòîä áàçóºòüñÿ íà âèêîðèñ-
òàíí³ ñïåö³àëüíî ñêîíñòðóéîâàíèõ ðîçðèâíèõ ñïëàéí³â äâîõ çì³ííèõ ³ ñê³í÷åííèõ ñóì Ôóð’º,
êîåô³ö³ºíòè Ôóð’º ó ÿêèõ çíàõîäÿòüñÿ çà äîïîìîãîþ ïðîºêö³éíèõ äàíèõ. Ð³çíèöÿ ì³æ íàáëèæóâàíîþ
ôóíêö³ºþ ³ çàçíà÷åíèì ðîçðèâíèì ñïëàéíîì º íåïåðåðâíîþ ôóíêö³ºþ ³ ìîæå íàáëèæóâàòèñÿ ñê³í÷åííè-
ìè ñóìàìè Ôóð’º áåç ÿâèùà Ã³ááñà. Çã³äíî ç åêñïåðèìåíòàëüíèìè äàíèìè íàáëèæóâàíà ôóíêö³ÿ ìàòèìå
ðîçðèâè ïåðøîãî ðîäó íà çàäàí³é ñèñòåì³ âêëàäåíèõ îäèí â îäíîãî êðóã³â òà åë³ïñ³â. Àíàë³ç ðåçóëüòàò³â
îá÷èñëåíü ï³äòâåðäèâ òåîðåòè÷í³ òâåðäæåííÿ ðîáîòè. Çàïðîïîíîâàíèé ìåòîä äàº çìîãó îòðèìóâàòè çà-
äàíó òî÷í³ñòü íàáëèæåííÿ çà ìåíøîþ ê³ëüê³ñòþ ïðîºêö³é, òîáòî çà ìåíøèì îïðîì³íþâàííÿì.

Êëþ÷îâ³ ñëîâà: êîìï’þòåðíà òîìîãðàô³ÿ, ðîçðèâíà ôóíêö³ÿ, ðîçðèâíèé ñïëàéí, ñóìà Ôóð’º.
----------------------------------------------------------------------------------------------------------------------------------------

Analysis of the results of a computational experiment to restore the discontinuous functions of two
variables using projections. ² / Î.Ì. Lytvyn, Î.G. Lytvyn // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 5. P. 98–107.

Abstract. The authors provide the main statements of the method of approximation of discontinuous
functions of two variables that describe an image of the surface of a 2D-body or an image of the internal
structure of a 3D-body in a certain plane, using the projections from a computer tomograph. The method is
based on specially designed discontinuous two-variable splines and finite Fourier sums whose Fourier
coefficients can be found using the projection data. The difference between the function being approximated
and the specified discontinuous spline is a continuous function and can be approximated by finite Fourier sums
without the Gibbs phenomenon. In the computational experiment, it was assumed that the approximated
function has discontinuities of the first kind on a given system of circles and ellipses nested into each other.
Analysis of the calculation results confirmed the theoretical statements of the study. The proposed method
makes it possible to obtain a prescribed approximation accuracy with a smaller number of projections, that is,
with less irradiation.

Keywords: computer tomography, discontinuous function, discontinuous spline, sum Fourier.
===============================================================================

ÓÄÊ 519.21

Ïðî ³ñíóâàííÿ ðîçâ’ÿçêó çàäà÷³ êîø³ äëÿ íåë³í³éíîãî ñòîõàñòè÷íîãî äèôåðåíö³àëüíî-ð³çíèöåâîãî
ð³âíÿííÿ íåéòðàëüíîãî òèïó â ÷àñòèííèõ ïîõ³äíèõ / Â.Ê. ßñèíñüêèé, ².Â. Þð÷åíêî // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 5. Ñ. 108–119.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïèòàííÿ ³ñíóâàííÿ ðîçâ’ÿçêó çàäà÷³ Êîø³ â êëàñ³ íåë³í³éíèõ ñòîõàñòè÷íèõ
äèôåðåíö³àëüíî-ð³çíèöåâèõ ð³âíÿíü íåéòðàëüíîãî òèïó â ÷àñòèííèõ ïîõ³äíèõ ç óðàõóâàííÿì âèïàäêîâèõ
çîâí³øí³õ çáóðåíü, íåçàëåæíèõ â³ä Â³íåðîâîãî ïðîöåñó. Îäåðæàíî äîñòàòí³ óìîâè íà êîåô³ö³ºíòè
íåë³í³éíîãî ñòîõàñòè÷íîãî äèôåðåíö³àëüíî-ð³çíèöåâîãî ð³âíÿííÿ íåéòðàëüíîãî òèïó, ÿê³ ãàðàíòóþòü
³ñíóâàííÿ ç ³ìîâ³ðí³ñòþ îäèíèöÿ éîãî ðîçâ’ÿçêó.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷í³ äèôåðåíö³àëüí³ ð³âíÿííÿ íåéòðàëüíîãî òèïó â ÷àñòèííèõ ïîõ³äíèõ, ³ñíó-
âàííÿ ðîçâ’ÿçêó ç ³ìîâ³ðí³ñòþ îäèíèöÿ, çàäà÷à Êîø³.
----------------------------------------------------------------------------------------------------------------------------------------
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On existence of solution of the cauchy problem for nonlinear stochastic partial differential-difference
equations of neutral type / V.K. Yasynskyy, I.V. Yurchenko // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 5. P. 108–119.

Abstract. The authors consider the existence of the solution of the Cauchy problem in the class of
nonlinear stochastic partial differential-difference equations of neutral type, with regard for random external
perturbations independent of the Wiener process. Sufficient conditions are obtained for the coefficients of the
nonlinear stochastic differential-difference equations of neutral type that guarantee the existence of the solution
with probability one.

Keywords: stochastic partial differential equations of neutral type, existence of the solution with probability
one, Cauchy problem.

===============================================================================

ÓÄÊ 517.977

Äî ðîçâ’ÿçàííÿ ïðîáëåìè çáëèæåííÿ êåðîâàíèõ îá’ºêò³â â ³ãðîâèõ çàäà÷àõ äèíàì³êè /
É.Ñ. Ðàïïîïîðò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 5. Ñ. 120–131.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó ãàðàíòîâàíîãî ðåçóëüòàòó â ³ãðîâèõ çàäà÷àõ çáëèæåííÿ êåðîâàíèõ
îá’ºêò³â. Çàïðîïîíîâàíî ìåòîä ðîçâ’ÿçóâàííÿ òàêèõ çàäà÷, ïîâ’ÿçàíèé ç ïîáóäîâîþ äåÿêèõ ñêàëÿðíèõ
ôóíêö³é, ùî ÿê³ñíî õàðàêòåðèçóþòü õ³ä çáëèæåííÿ êåðîâàíèõ îá’ºêò³â òà åôåêòèâí³ñòü óõâàëåíèõ
ð³øåíü. Òàê³ ôóíêö³¿ íàçèâàþòü ðîçâ’ÿçóâàëüíèìè. Íà â³äì³íó â³ä îñíîâíî¿ ñõåìè çãàäàíîãî ìåòîäó ðîç-
ãëÿíóòî âèïàäîê, êîëè êëàñè÷íà óìîâà Ïîíòðÿã³íà íå ìàº ì³ñöÿ. Çàì³ñòü ñåëåêòîðà Ïîíòðÿã³íà, ÿêîãî íå
³ñíóº, ðîçãëÿäàþòüñÿ äåÿê³ ôóíêö³¿ çñóâó ³ ç ¿õíüîþ äîïîìîãîþ ââîäÿòüñÿ ñïåö³àëüí³ áàãàòîçíà÷í³ â³äîá-
ðàæåííÿ. Âîíè ïîðîäæóþòü âåðõí³ ³ íèæí³ ðîçâ’ÿçóâàëüí³ ôóíêö³¿, çà äîïîìîãîþ ÿêèõ ôîðìóëþþòü äîñ-
òàòí³ óìîâè çàâåðøåííÿ ãðè çà äåÿêèé ãàðàíòîâàíèé ÷àñ. Íàâåäåíî ³ëþñòðàòèâíèé ïðèêëàä çáëèæåííÿ
êåðîâàíèõ îá’ºêò³â ç ïðîñòèì ðóõîì ç ìåòîþ îòðèìàòè â ÿâíîìó âèãëÿä³ âåðõí³ ³ íèæí³ ðîçâ’ÿçóâàëüí³
ôóíêö³¿, ùî äàþòü çìîãó ä³éòè âèñíîâêó ïðî ìîæëèâ³ñòü çàê³í÷åííÿ ãðè â ðàç³, êîëè óìîâà Ïîíòðÿã³íà
íå ìàº ì³ñöÿ.

Êëþ÷îâ³ ñëîâà: êâàç³ë³í³éíà äèôåðåíö³àëüíà ãðà, áàãàòîçíà÷íå â³äîáðàæåííÿ, âèì³ðíèé ñåëåêòîð, ñòðî-
áîñêîï³÷íà ñòðàòåã³ÿ, ðîçâ’ÿçóâàëüíà ôóíêö³ÿ.
----------------------------------------------------------------------------------------------------------------------------------------

To solving the problem of approach of controlled objects in dynamic game problems / I.S. Rappoport //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 120–131.

Abstract. The problem of a guaranteed result in game problems of approach of controlled objects is
considered. A method for solving such problems is proposed. It involves constructing some scalar functions that
qualitatively characterize the course of approach of controlled objects and the efficiency of the decisions made.
Such functions are called resolving functions. In contrast to the main scheme of the method, the case is
considered where the classical Pontryagin condition does not hold. In this situation, instead of the Pontryagin
selector, which does not exist, some shift functions are considered and with their help special multivalued
mappings are introduced. They generate upper and lower resolving functions, which are used to formulate the
sufficient conditions for the game completion in a certain guaranteed time. An example is given to illustrate the
approach of controlled objects with a simple motion, in order to obtain upper and lower resolving functions in
explicit form, which allows making a conclusion about the possibility of ending the game when the Pontryagin
condition does not hold.

Keywords: quasilinear differential game, multi-valued mapping, measurable selector, stroboscopic strategy,
resolving function.
===============================================================================

ÓÄÊ 519.837

Äèôåðåíö³àëüíî-ð³çíèöåâ³ ³ãðè çáëèæåííÿ ç äåê³ëüêîìà çàï³çíþâàííÿìè / Ë.Â. Áàðàíîâñüêà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 5. Ñ. 132–142.

Àíîòàö³ÿ. Ðîçãëÿíóòî äèôåðåíö³àëüíî-ð³çíèöåâ³ ³ãðè çáëèæåííÿ ç äåê³ëüêîìà çàï³çíþâàííÿìè. Ðîç-
ðîáëåíî ñõåìè ìåòîäó ðîçâ’ÿçóâàëüíèõ ôóíêö³é òà ïåðøîãî ïðÿìîãî ìåòîäó Ïîíòðÿã³íà. Îäåðæàíî äîñòàòí³
óìîâè çàâåðøåííÿ ãðè. Âïåðøå â òàêèõ ³ãðàõ äëÿ ñèñòåì ç êîìóòàòèâíèìè ìàòðèöÿìè òà ñèñòåì ç ÷èñòèì
çàï³çíþâàííÿì âèêîðèñòîâóþòüñÿ çðó÷í³ äëÿ ÷èñåëüíî¿ ðåàë³çàö³¿ íîâ³ ïðåäñòàâëåííÿ ôîðìóëè Êîø³.

Êëþ÷îâ³ ñëîâà: êîíôë³êòíî-êåðîâàíèé ïðîöåñ, äèôåðåíö³àëüí³ ³ãðè, äèôåðåíö³àëüíî-ð³çíèöåâ³ ³ãðè, ìå-
òîä ðîçâ’ÿçóâàëüíèõ ôóíêö³é, ïåðøèé ïðÿìèé ìåòîä Ïîíòðÿã³íà.
----------------------------------------------------------------------------------------------------------------------------------------

Differential-difference games of approach with multiple delays / L.V. Baranovska // Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 5. P. 132–142.

Abstract. Differential-difference games of approach with multiple delays are considered. The schemes of
the method of resolving functions and of the first direct Pontryagin’s method are developed. Sufficient
conditions for the game completion are obtained. For the first time in these games, new Cauchy formulas
convenient for numerical implementation are used for systems with permutation matrices and systems with pure
delay.

Keywords: conflict-controlled process, differential games, differential-difference games, resolving function
method, Pontryagin’s first direct method.
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ÓÄÊ 004.056

Äîêóìåíòàö³ÿ ó ñòàíäàðò³ ISO/IEC 27701 / Î.Ì. Ôàëü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021.
Òîì 57, ¹ 5. Ñ. 143–149.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íàá³ð ìîæëèâèõ äîêóìåíò³â, ÿê³ îðãàí³çàö³ÿ ïîâèííà ðîçðîáèòè ³ ïðîäå-
ìîíñòðóâàòè ï³ä ÷àñ ïðîâåäåííÿ ïðîöåñó ñåðòèô³êàö³¿ ¿¿ ñèñòåìè ìåíåäæìåíòó ³íôîðìàö³éíîãî ïðàéâåñ³
íà â³äïîâ³äí³ñòü ì³æíàðîäíîìó ñòàíäàðòó ISO/IEC 27701: 2019 «Ìåòîäè çàõèñòó. Ðîçøèðåííÿ ISO/IEC
27001 òà 27002 äëÿ ìåíåäæìåíòó ³íôîðìàö³éíîãî ïðàéâåñ³. Âèìîãè òà íàñòàíîâè».

Êëþ÷îâ³ ñëîâà: äîêóìåíòàö³ÿ, ³íôîðìàö³éíà áåçïåêà, ïðàéâåñ³, ñåðòèô³êàö³ÿ, ñèñòåìà ìåíåäæìåíòó,
ñòàíäàðò.
----------------------------------------------------------------------------------------------------------------------------------------

Documentation in ISO/IEC 27701 standard / O.M. Fal’ // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57,
N 5. P. 143–149.

Abstract. The author proposes a set of possible documents that an organization must develop and
demonstrate during the certification of its information privacy management system for compliance with the
international standard ISO/IEC 27701: 2019 “Security techniques. Extension to ISO/IEC 27001 and 27002 for
privacy information management – Requirements and guidelines.”

Keywords: certification, documentation, information security, management system, privacy, standard.
===============================================================================

ÓÄÊ 517.988

²íòåðïîëÿö³éíèé ïîë³íîì Åðì³òà–Á³ðêãîôà ì³í³ìàëüíî¿ íîðìè â Ã³ëüáåðòîâîìó ïðîñòîð³ /
Î.Ô. Êàøïóð // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 5. Ñ. 150–155.

Àíîòàö³ÿ. Ðîçãëÿíóòî ³íòåðïîëÿö³éíó çàäà÷ó Åðì³òà–Á³ðêãîôà äëÿ íåë³í³éíîãî îïåðàòîðà
â Ã³ëüáåðòîâîìó ïðîñòîð³. Äëÿ ïîñòàâëåíî¿ çàäà÷³ äîâåäåíî òåîðåìó ïðî ³íòåðïîëÿö³éíèé ïîë³íîì
ì³í³ìàëüíî¿ íîðìè, ïîðîäæåíî¿ ñêàëÿðíèì äîáóòêîì ³ç ¥àóñîâîþ ì³ðîþ. Ïîêàçàíî, ùî öåé ³íòåðïîëÿíò
º ºäèíèì.

Êëþ÷îâ³ ñëîâà: ³íòåðïîëÿö³éíèé ïîë³íîì Åðì³òà–Á³ðêãîôà, äèôåðåíö³àë Ãàòî, Ã³ëüáåðò³â ïðîñò³ð,
ì³í³ìàëüíà íîðìà.
----------------------------------------------------------------------------------------------------------------------------------------

Hermite–Birkhoff interpolation polynomial of minimum norm in Hilbert space / O.F. Kashpur //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 150–155.

Abstract. The Hermite-Birkhoff interpolation problem for a nonlinear operator in the Hilbert space is
considered. For this problem, the theorem on the interpolation polynomial of minimum norm generated by
a scalar product with a Gaussian measure is proved. It is shown that such interpolant is unique.

Keywords: Hermit–Birkhoff interpolation polynomial, Gato differential, Hilbert space, minimum norm.
===============================================================================

ÓÄÊ 519.83

Ð³âíîâàãà íåøà â îñîáëèâîìó âèïàäêó ñèìåòðè÷íèõ ³ãîð âèäîáóòêó ðåñóðñ³â / ².Â. Ñèëåíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 5. Ñ. 156–167.

Àíîòàö³ÿ. Íàâåäåíî íîâ³ ðåçóëüòàòè ùîäî ³ñíóâàííÿ ð³âíîâàãè Íåøà â ³ãðàõ âèäîáóòêó ðåñóðñ³â ç
äîâ³ëüíîþ ê³ëüê³ñòþ àãåíò³â. Ó ïîáóäîâàí³é ìîäåë³ âïîäîáàííÿ ãðàâö³â º ³äåíòè÷íèìè, ôóíêö³ÿ êîðèñ-
íîñò³ ìàº ñòåïåíåâèé âèãëÿä, ïîñë³äîâí³ñòü ñòàí³â ç³ ñï³ëüíèõ ³íâåñòèö³é ó÷àñíèê³â ôîðìóºòüñÿ ãåîìåò-
ðè÷íèì âèïàäêîâèì áëóêàííÿì. Çàñòîñîâàíî ³òåðàòèâíèé ìåòîä ïîáóäîâè íåðàíäîì³çîâàíî¿ ñòàö³îíàð-
íî¿ ð³âíîâàãè Íåøà ó ãð³ ç íåñê³í÷åííèì ãîðèçîíòîì. Äîâåäåíî íàëåæí³ñòü ïîëîæåííÿ ð³âíîâàãè äî
ìíîæèíè íåîïòèìàëüíèõ çà Ïàðåòî ñòðàòåã³é.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷í³ ³ãðè, âèäîáóòîê ðåñóðñ³â, íàêîïè÷åííÿ êàï³òàëó, ñòàö³îíàðíà ð³âíîâàãà
Íåøà, ñòåïåíåâà ôóíêö³ÿ êîðèñíîñò³, ãåîìåòðè÷íå âèïàäêîâå áëóêàííÿ.
----------------------------------------------------------------------------------------------------------------------------------------

Nash equilibrium in a special case of symmetric resource extraction games / ². Sylenko // Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 5. P. 156–167.

Abstract. The study complements available results on the existence of Nash equilibrium in resource
extraction games with an arbitrary number of agents. In the proposed model, it is assumed that the players have
identical preferences, the utility function is a power function, and the sequence of states from the joint
investments is determined via geometric random walk. An iterative method is used for constructing a
nonrandomized stationary Nash equilibrium in the infinite horizon game. It is shown that the equilibrium
belongs to the set of Pareto inefficient strategies.

Êeywords: stochastic games, resource extraction, capital accumulation, stationary Nash equilibrium, power
utility function, geometric random walk.
===============================================================================
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ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 004.421.6

Àëãîðèòì ïîïîâíåííÿ â àëãåáðàõ ìíîæèí / Ì.Ñ. Ëüâîâ, Þ.Ã. Òàðàñ³÷ // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2021. Òîì 57, ¹ 5. Ñ. 168–174.

Àíîòàö³ÿ. Îïèñàíî àëãîðèòì, ÿêèé çà àíàëîã³ºþ ç àëãîðèòìàìè Áóõáåðãåðà ³ Êíóòà–Áåíäèêñà
ìîæíà íàçâàòè àëãîðèòìîì ïîïîâíåííÿ. Íàâåäåíî êîíêðåòí³ ðåàë³çàö³¿ òåîðåòè÷íî¿ êîíñòðóêö³¿
(àáñòðàêòíî¿ ñèñòåìè ðåäóêö³é) â àëãåáðàõ ñê³í÷åíèõ, ÷èñëîâèõ, ë³í³éíèõ íàï³âàëãåáðà¿÷íèõ ìíîæèí òà
àëãåáðè ìóëüòèìíîæèí. Ðîçãëÿíóòî çàäà÷ó åëåìåíòàðíî¿ òåîð³¿ ÷èñåë, ÿêà ìîæå áóòè ³íòåðïðåòîâàíà ÿê
çàäà÷à àëãåáðè ìóëüòèìíîæèí. Îñíîâíà ìåòà ðîáîòè — ïðèâåðíóòè óâàãó äî ïðîñòèõ ïðèêëàä³â çàñòîñó-
âàííÿ àëãîðèòìó ïîïîâíåííÿ.

Êëþ÷îâ³ ñëîâà: àëãîðèòì ïîïîâíåííÿ, êîíñòðóêòèâíà àëãåáðà ìíîæèí, ñòàíäàðòíèé áàçèñ.
—————————————————————————————————————————————

The replenishment algorithm in algebra of sets / Michael Lvov, Yuliia Tarasich // Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 5. P. 168–174.

Abstract. The algorithm, which, by analogy with the Buchberger and Knuth-Bendix algorithms, can be
called the replenishment algorithm, is described. Specific implementations of the theoretical construction
(abstract reduction system) in algebras of finite, numerical, linear semi-algebraic sets and in the algebra of
multisets are described. The problem of elementary number theory, which can be interpreted as a problem of
multiset algebra, is considered. The main purpose of this study is to draw attention to simple examples of
application of the replenishment algorithm.

Keywords: replenishment algorithm, critical pair, constructive algebras, algebra of sets, algebra of multisets,
standard basis.
===============================================================================

ÓÄÊ 681.391, 519.72

Äèñêðåòíå êîñèíóñ-ñèíóñíå ïåðåòâîðåííÿ òèïó VII òà øâèäê³ ö³ëî÷èñëîâ³ ïåðåòâîðåííÿ äëÿ
intra-ïðîãíîçóâàííÿ çîáðàæåíü ³ â³äåîêîäóâàííÿ / Ë.Î. Ãíàò³â // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2021. Òîì 57, ¹ 5. Ñ. 175–185.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìàòðè÷íèé ìåòîä ïîáóäîâè äèñêðåòíîãî êîñèíóñ-ñèíóñíîãî ïåðåòâî-
ðåííÿ òèïó VII ïîðÿäêó N, íà îñíîâ³ ÿêîãî ïîáóäîâàíî äâà ö³ëî÷èñëîâ³ êîñèíóñ-ñèíóñí³ ïåðåòâîðåííÿ
òèïó VII ïîðÿäêó 8 ³ ðîçðîáëåíî àëãîðèòìè ¿õíüîãî øâèäêîãî îá÷èñëåííÿ, ÿê³ ïîòðåáóþòü ò³ëüêè ö³ëî-
÷èñëîâèõ îïåðàö³é. Àëãîðèòìè ìàþòü íèçüêó ìóëüòèïë³êàòèâíó ñêëàäí³ñòü, ÿêà â 7 ³ 10.5 ðàçà ìåíøà, ³
ïîòðåáóþòü â³äïîâ³äíî íà 23.3 % ³ 44.2 % ìåíøå îïåðàö³é äîäàâàííÿ ïîð³âíÿíî ç â³äîìèì àëãîðèòìîì
äèñêðåòíîãî ñèíóñíîãî ïåðåòâîðåííÿ òèïó VII. Ïåðåòâîðåííÿ ìàþòü á³ëüø âèñîê³ õàðàêòåðèñòèêè åôåê-
òèâíîñò³ êîäóâàííÿ çà ÿê³ñòþ ³ ñòóïåíåì ñòèñíåííÿ ïîð³âíÿíî ç â³äîìèìè ñèíóñíèìè ïåðåòâîðåííÿìè.
Ðîçðîáëåíî àëãîðèòìè øâèäêîãî îá÷èñëåííÿ 2D-ðîçä³ëüíèõ íàïðàâëåíèõ ö³ëî÷èñëîâèõ êîñèíóñíîãî
³ êîñèíóñ-ñèíóñíèõ òèïó VII àäàïòèâíèõ ïåðåòâîðåíü äëÿ intra-ïðîãíîçóâàííÿ ç áëîêàìè ÿñêðàâîñò³ 8x8.
Àëãîðèòìè ìàþòü íèçüêó ìóëüòèïë³êàòèâíó ñêëàäí³ñòü, ÿêà â 6.6 ³ 16.5 ðàçà ìåíøà ïîð³âíÿíî ç â³äîìè-
ìè àëãîðèòìàìè.

Êëþ÷îâ³ ñëîâà: äèñêðåòíå êîñèíóñíå ïåðåòâîðåííÿ, äèñêðåòíå ñèíóñíå ïåðåòâîðåííÿ, äèñêðåòíå êîñè-
íóñ-ñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñëîâå êîñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñëîâå ñèíóñíå ïåðåòâîðåííÿ,
ö³ëî÷èñëîâå êîñèíóñ-ñèíóñíå ïåðåòâîðåííÿ, ìàñøòàáîâàíå ïåðåòâîðåííÿ, ðîçä³ëüíå íàïðàâëåíå àäàï-
òèâíå ïåðåòâîðåííÿ, ôàêòîðèçàö³ÿ, ìóëüòèïë³êàòèâíà ñêëàäí³ñòü, intra-ïðîãíîçóâàííÿ, â³äåîêîäóâàííÿ,
H.265.
----------------------------------------------------------------------------------------------------------------------------------------

Discrete cosine-sine transform type VII and fast integer transforms for intra-prediction images and video
coding / L.O. Hnativ // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5. P. 175–185.

Abstract. The author proposes a matrix method for constructing order N discrete cosine-sine transform
type VII. Based on the method, two order-8 integer cosine-sine transforms type VII are constructed and
algorithms for fast computing of these transforms are developed, which require only integer operations. These
algorithms are of low computational complexity and their multiplicative complexity is 7 and 10.5 times less and
require 23.3% and 44.2% less addition operations, respectively, as compared to the well-known algorithm of
the discrete sine transform type VII. These transforms have higher coding gain performance for quality and
compression ratio as compared to the well-known sine transforms. Algorithms for fast computing of 2D
separable directional integer cosine and cosine-sine type VII adaptive transforms for intra-prediction with 8x8
chroma blocks are developed. These algorithms have low multiplicative complexity, which is 6.6 and 16.5
times less than that in the well-known algorithms.

Keywords: discrete cosine transform, discrete sine transform, discrete cosine sine transform, integer cosine
transform, integer sine transform, integer cosine sine transform, scaled transform, separable directional adaptive
transform, factorization, multiplicative complexity, intra prediction, video coding, H.265.
===============================================================================
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ÍÎÂ² ÇÀÑÎÁÈ Ê²ÁÅÐÍÅÒÈÊÈ,
²ÍÔÎÐÌÀÒÈÊÈ, ÎÁ×ÈÑËÞÂÀËÜÍÎ¯
ÒÅÕÍ²ÊÈ ² ÑÈÑÒÅÌÍÎÃÎ ÀÍÀË²ÇÓ

NEW TOOLS IN CYBERNETICS, COM-
PUTER SCIENCE, AND SYSTEM ANALYSIS

ÓÄÊ 534.78, 621.391.266

Ìåòîä çàâàäîñò³éêîãî îö³íþâàííÿ ïàðàìåòð³â àâòîðåãðåñèâíî¿ ìîäåë³ â ÷àñòîòí³é îáëàñò³ /
Â.Ê. Çàä³ðàêà, Â.Þ. Ñåìåíîâ, ª.Â. Ñåìåíîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 5.
Ñ. 186–192.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó îö³íþâàííÿ ïàðàìåòð³â àâòîðåãðåñèâíîãî ñèãíàëó çà íàÿâíîñò³ ôîíî-
âîãî øóìó. Íà îñíîâ³ ÷àñòîòíîãî ïðåäñòàâëåííÿ òàêîãî ñèãíàëó ïîêàçàíî ìåòîäèêó îá÷èñëåííÿ
ôóíêö³îíàëó ïðàâäîïîä³áíîñò³ àâòîðåãðåñèâíèõ ïàðàìåòð³â, à òàêîæ ðîçãëÿíóòî ðåàë³çàö³þ ìåòîäó
Expectation-Maximization äëÿ ¿õíüîãî ³òåðàòèâíîãî îö³íþâàííÿ. Àíàë³ç ð³çíèõ ì³ð ñïîòâîðåííÿ ìîâ-
ëåííºâèõ ñèãíàë³â ïîêàçàâ, ùî çàïðîïîíîâàí³ ï³äõîäè ó ÷àñòîòí³é îáëàñò³ ìàþòü îäíàêîâó òî÷í³ñòü ³ç
â³äïîâ³äíèìè ï³äõîäàìè ó ÷àñîâ³é îáëàñò³, àëå õàðàêòåðèçóþòüñÿ ³ñòîòíî ìåíøèìè îá÷èñëþâàëüíèìè
âèòðàòàìè.

Êëþ÷îâi ñëîâà: àâòîðåãðåñèâíà ìîäåëü, ôóíêö³ÿ ïðàâäîïîä³áíîñò³, ìåòîä Expectation-Maximization,
øâèäêå ïåðåòâîðåííÿ Ôóð’º.
----------------------------------------------------------------------------------------------------------------------------------------

Method of noise-robust estimation of parameters of autoregressive model in frequency domain /
V.K. Zadiraka, V.Yu. Semenov, Ye.V. Semenova // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 5.
P. 186–192.

Abstract. The article considers the problem of estimating the parameters of the autoregressive (AR)
signal in the presence of background noise. Based on the frequency representation of the AR signal, a technique
of calculating the likelihood function of the AR parameters is shown and the implementation of the
expectation-maximization method for iterative evaluation of the AR parameters is considered. Analysis of
different measures of distortion of speech signals shows that the proposed approaches in the frequency domain
have the same accuracy with the corresponding approaches in the time domain, but are characterized by
significantly lower computing costs.

Keywords: àutoregressive model, likelihood function, Expectation-Maximization method, fast Fourier
transform.
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