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ÓÄÊ 621.513.8

Ïðîáëåìû ïîñòðîåíèÿ èíòåëëåêòóàëüíûõ ñèñòåì. èíòåëëåêòóàëüíîå ìîäåëèðîâàíèå /
Â.Þ. Ìåéòóñ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 4. Ñ. 3–19.

Àííîòàöèÿ. Èññëåäîâàí è äåòàëèçèðîâàí ïðîöåññ èíòåëëåêòóàëüíîãî ìîäåëèðîâàíèÿ ïðåäìåòíûõ
îáëàñòåé êàê ñîñòàâëÿþùàÿ äåéñòâèé èíòåëëåêòóàëüíîãî ñóáúåêòà, ñâÿçàííûõ ñ ðåøåíèåì çàäà÷ â ýòîé
îáëàñòè. Ðàññìîòðåíî ïîñòðîåíèå ìîäåëè ïðåäìåòíîé îáëàñòè êàê ìíîæåñòâà çíàíèé îá îòäåëüíûõ ñî-
ñòàâëÿþùèõ ýòîé îáëàñòè. Îïèñàíèå çíàíèé êàæäîé ñîñòàâëÿþùåé âêëþ÷àåò ëîãè÷åñêîå è îíòîëîãè÷åñ-
êîå ïðåäñòàâëåíèå, ïðèçíàêè ýòîé ñîñòàâëÿþùåé è åå ñâÿçè ñ äðóãèìè ýëåìåíòàìè. Ïîêàçàíî, ÷òî äëÿ
îïèñàíèÿ ïðåäìåòíîé îáëàñòè êàê àáñòðàêòíîãî ïðåäñòàâëåíèÿ ìîæåò áûòü èñïîëüçîâàíà ïðèåìëåìàÿ
ìàòåìàòè÷åñêàÿ ñòðóêòóðà. Ðàññìîòðåí ðÿä òàêèõ ñòðóêòóð è ðàçëè÷íûå âàðèàíòû ëîãèêè.

Êëþ÷åâûå ñëîâà: èíòåëëåêò, èíòåëëåêòóàëüíîå ìîäåëèðîâàíèå, ëîãèêà, çíàíèÿ, ìàòåìàòè÷åñêèå ñòðóê-
òóðû, ïðåäñòàâëåíèå çíàíèé, àëãîðèòì ìîäåëèðîâàíèÿ, îíòîëîãèÿ.
—————————————————————————————————————————————

Ïðîáëåìè ïîáóäîâè ³íòåëåêòóàëüíèõ ñèñòåì. ³íòåëåêòóàëüíå ìîäåëþâàííÿ / Â.Þ. Ìåéòóñ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 4. Ñ. 3–19.

Àíîòàö³ÿ. Äîñë³äæåíî ³ äåòàë³çîâàíî ïðîöåñ ³íòåëåêòóàëüíîãî ìîäåëþâàííÿ ïðåäìåòíèõ îáëàñòåé
ÿê ñêëàäîâî¿ ä³é ³íòåëåêòóàëüíîãî ñóá’ºêòà, ïîâ’ÿçàíèõ ç ðîçâ’ÿçàííÿì çàâäàíü ó ö³é ãàëóç³. Ðîçãëÿíóòî
ïîáóäîâó ìîäåë³ ïðåäìåòíî¿ îáëàñò³ ÿê ñóêóïíîñò³ çíàíü ïðî îêðåì³ ñêëàäîâ³ ö³º¿ îáëàñò³. Îïèñ çíàíü
êîæíî¿ ñêëàäîâî¿ ì³ñòèòü ëîã³÷íå ³ îíòîëîã³÷íå ïîäàííÿ, îçíàêè ö³º¿ ñêëàäîâî¿ ³ ¿¿ çâ’ÿçêó ç ³íøèìè åëå-
ìåíòàìè. Ïîêàçàíî, ùî äëÿ îïèñó ïðåäìåòíî¿ îáëàñò³ ÿê àáñòðàêòíîãî ïðåäñòàâëåííÿ ìîæå áóòè âèêî-
ðèñòàíà â³äïîâ³äíà ìàòåìàòè÷íà ñòðóêòóðà. Ðîçãëÿíóòî íèçêó òàêèõ ñòðóêòóð ³ ð³çí³ âàð³àíòè ëîã³êè.

Êëþ÷îâ³ ñëîâà: ³íòåëåêò, ³íòåëåêòóàëüíå ìîäåëþâàííÿ, ëîã³êà, çíàííÿ, ìàòåìàòè÷í³ ñòðóêòóðè, ïðåä-
ñòàâëåííÿ çíàíü, àëãîðèòì ìîäåëþâàííÿ, îíòîëîã³ÿ.
—————————————————————————————————————————————

Problems of construction of intelligent systems. intelligent simulation / V.Yu. Meitus // Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 3. P. 3–19.

Abstract. The author analyzes in detail the process of intelligent simulation of subject areas. This process
arises as a component of the actions of an intelligent subject associated with solving problems in this area. A subject
domain model is built as a set of knowledge about the individual components of this domain. The description of
knowledge of each component includes a logical and ontological representation, signs of this component, and its
relationship with other elements. It is shown that a suitable mathematical framework can be used to describe the
domain as an abstract representation. A number of such structures and various variants of logic are considered.

Keywords: intelligence, intelligent simulation, logic, knowledge, mathematical structures, knowledge
representation, modeling algorithm, ontology.
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.6

Îïòèìèçàöèÿ ïàðàìåòðîâ â îáîáùåííîé ôîðìóëå Äàëàìáåðà äëÿ ôóíêöèé äâóõ ïåðåìåííûõ /
È.Â. Ñåðãèåíêî, Î.Í. Ëèòâèí, Î.Î. Ëèòâèí, À.Â. Òêà÷åíêî, À.À. Áåëîáîðîäîâ // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 4. Ñ. 20–29.

Àííîòàöèÿ. Ðàññìîòðåíû êëàññû ôóíêöèé, êîòîðûå òî÷íî âîññòàíàâëèâàþòñÿ ñ ïîìîùüþ ôîðìóëû
Äàëàìáåðà, îáîáùåííîé Î.Í. Ëèòâèíîì â 1989 ã. Èçâåñòíî, ÷òî ýòà ôîðìóëà â ÷àñòíîì ñëó÷àå äàåò ïîëè-
íîì Òåéëîðà ðàçëîæåíèÿ ôóíêöèé ïî îäíîé ïåðåìåííîé, íî â îòëè÷èå îò ïîëèíîìà Òåéëîðà ñîõðàíÿåò òîò
æå êëàññ äèôôåðåíöèðóåìîñòè, êîòîðîìó ïðèíàäëåæèò ïðèáëèæàåìàÿ ôóíêöèÿ, äàæå åñëè ÷àñòíûå ïðîèç-
âîäíûå s-ãî ïîðÿäêà ( , , , )s N� �1 2 íå ïðèíàäëåæàò òîìó æå êëàññó äèôôåðåíöèðóåìîñòè, êîòîðîìó ïðè-
íàäëåæèò ïðèáëèæàåìàÿ ôóíêöèÿ. Ïðè ýòîì èñïîëüçóåòñÿ ñèñòåìà ïàðàìåòðîâ � � �0 1, , ,� N . Ïðåäëîæåí
ìåòîä îïòèìàëüíîãî âûáîðà ýòèõ ïàðàìåòðîâ, à òàêæå ñôîðìóëèðîâàí è äîêàçàí ðÿä òåîðåì î êëàññàõ
ôóíêöèé, êîòîðûå òî÷íî âîññòàíàâëèâàþòñÿ îáîáùåííûìè îïåðàòîðàìè Äàëàìáåðà.

Êëþ÷åâûå ñëîâà: èíòåðïîëÿöèÿ, îïåðàòîð, îñòàòîê, îïòèìèçàöèÿ.
—————————————————————————————————————————————

Îïòèì³çàö³ÿ ïàðàìåòð³â â óçàãàëüíåí³é ôîðìóë³ Äàëàìáåðà äëÿ ôóíêö³¿ äâîõ çì³ííèõ /
I.Â. Ñåðã³ºíêî, Î.Ì. Ëèòâèí, Î.Î. Ëèòâèí, Î.Â. Òêà÷åíêî, À.À. Á³ëîáîðîäîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 4. Ñ. 20–29.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïèòàííÿ ïðî êëàñè ôóíêö³é, ÿê³ òî÷íî â³äíîâëþþòüñÿ çà äîïîìîãîþ ôîðìó-
ëè Äàëàìáåðà, óçàãàëüíåíî¿ Î.Ì. Ëèòâèíîì ó 1989 ð. Â³äîìî, ùî öÿ ôîðìóëà â îêðåìîìó âèïàäêó äàº
ïîë³íîì Òåéëîðà ðîçâèíåííÿ ôóíêö³¿ çà îäí³ºþ çì³ííîþ, àëå íà â³äì³íó â³ä ïîë³íîìà Òåéëîðà çáåð³ãàº
òîé ñàìèé êëàñ äèôåðåíö³éîâíîñò³, ÿêîìó íàëåæèòü íàáëèæóâàíà ôóíêö³ÿ, íàâ³òü ÿêùî ÷àñòèíí³ ïîõ³äí³
s-ãî ïîðÿäêó ( , , , )s N� �1 2 íå íàëåæàòü òîìó ñàìîìó êëàñó äèôåðåíö³éîâíîñò³, ÿêîìó íàëåæèòü íàáëè-
æóâàíà ôóíêö³ÿ. Ïðè öüîìó âèêîðèñòàíî ñèñòåìó ïàðàìåòð³â � � �0 1, , ,� N . Çàïðîïîíîâàíî ìåòîä
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îïòèìàëüíîãî âèáîðó öèõ ïàðàìåòð³â, à òàêîæ ñôîðìóëüîâàíî òà äîâåäåíî òåîðåìè ïðî êëàñè ôóíêö³é,
ÿê³ òî÷íî â³äíîâëþþòüñÿ óçàãàëüíåíèìè îïåðàòîðàìè Äàëàìáåðà.

Êëþ÷îâ³ ñëîâà: ³íòåðïîëÿö³ÿ, îïåðàòîð, çàëèøîê, îïòèì³çàö³ÿ.

—————————————————————————————————————————————

Optimization of parameters in the generalized D’Alembert formula for a function of two variables /
I.V. Sergienko, O.M. Lytvyn, O.O. Lytvyn, O.V. Tkachenko, A.A. Biloborodov // Kibernetyka ta Systemnyi
Analiz. 2021. Vol. 57, N 3. P. 20–29.

Abstract. The authors consider classes of functions that can be exactly restored using the d’Alembert
formula generalized by O.M. Lytvyn in 1989. This formula as a special case is know to give the Taylor
polynomial of the one variable function, but in opposite to the Taylor polynomial it preserves the same
differentiability class to which the approximated function belongs, even if its partial derivatives of s order
( , , , )s N� �1 2 do not belong to the same differentiability class. In such case, the system of parameters
� � �0 1, , ,� N is used. The authors propose a method for the choice of optimal parameters and provide and
prove several theorems related to classes of functions that can be exactly restored by the generalized
d’Alembert operators.

Keywords: interpolation, operator, remainder, optimization.

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

ÓÄÊ 519.872

Óñêîðåííîå ìîäåëèðîâàíèå âåðîÿòíîñòè áëîêèðîâêè òðåáîâàíèé â ñåòÿõ îáñëóæèâàíèÿ ñ
ìíîæåñòâåííûì äîñòóïîì / Í.Þ. Êóçíåöîâ, È.Í. Êóçíåöîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021.
Òîì 57, ¹ 4. Ñ. 30–43.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ ìîäåëü ñåòè îáñëóæèâàíèÿ, â êîòîðóþ ïîñòóïàþò ðàçíîòèïíûå ïóàñ-
ñîíîâñêèå ïîòîêè òðåáîâàíèé, òðåáóþùèå ñîåäèíåíèÿ ìåæäó çàäàííûìè òåðìèíàëàìè. Ïóòü ñîåäèíåíèÿ
çàâèñèò îò òèïà ïîñòóïàþùåãî òðåáîâàíèÿ, îò çàïðàøèâàåìîãî ðåñóðñà, îò çàíÿòûõ â äàííûé ìîìåíò ïó-
òåé è îò çàãðóæåííîñòè âñåõ êàíàëîâ ñâÿçè ñåòè. Ïðåäëîæåí ìåòîä óñêîðåííîãî ìîäåëèðîâàíèÿ âåðîÿò-
íîñòè áëîêèðîâêè òðåáîâàíèé îïðåäåëåííîãî ïîòîêà ñ çàïðàøèâàåìûì ðåñóðñîì íå íèæå çàäàííîãî.

Êëþ÷åâûå ñëîâà: ñåòü îáñëóæèâàíèÿ, ìíîæåñòâåííûé äîñòóï, âåðîÿòíîñòü áëîêèðîâêè, ìåòîä Ìîí-
òå-Êàðëî, ìåòîä ðàññëîåííîé âûáîðêè, óñêîðåííîå ìîäåëèðîâàíèå, äèñïåðñèÿ îöåíêè.

—————————————————————————————————————————————

Ïðèñêîðåíå ìîäåëþâàííÿ éìîâ³ðíîñò³ áëîêóâàííÿ âèìîã ó ìåðåæàõ îáñëóãîâóâàííÿ ³ç
ìíîæèííèì äîñòóïîì / Ì.Þ. Êóçíºöîâ, ².Ì. Êóçíºöîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021.
Òîì 57, ¹ 4. Ñ. 30–43.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìîäåëü ìåðåæ³ îáñëóãîâóâàííÿ, â ÿêó íàäõîäÿòü ð³çíîòèïí³ ïóàññîí³âñüê³
ïîòîêè âèìîã, ùî ïîòðåáóþòü ç’ºäíàííÿ ì³æ çàäàíèìè òåðì³íàëàìè. Øëÿõ ç’ºäíàííÿ çàëåæèòü â³ä òèïó
âèìîãè, â³ä ðåñóðñó, ùî âèìàãàºòüñÿ äëÿ ¿¿ îáñëóãîâóâàííÿ, â³ä çàéíÿòèõ ó öåé ìîìåíò øëÿõ³â òà â³ä çà-
âàíòàæåíîñò³ âñ³õ êàíàë³â çâ’ÿçêó ìåðåæ³. Çàïðîïîíîâàíî ìåòîä ïðèñêîðåíîãî ìîäåëþâàííÿ éìîâ³ðíîñò³
áëîêóâàííÿ âèìîã ïåâíîãî ïîòîêó ³ç íåîáõ³äíèì äëÿ îáñëóãîâóâàííÿ ðåñóðñîì, ð³âåíü ÿêîãî íå íèæ÷å
çàäàíîãî.

Êëþ÷îâ³ ñëîâà: ìåðåæà îáñëóãîâóâàííÿ, ìíîæèííèé äîñòóï, éìîâ³ðí³ñòü áëîêóâàííÿ, ìåòîä Ìîí-
òå-Êàðëî, ìåòîä ðîçøàðîâàíî¿ âèá³ðêè, ïðèñêîðåíå ìîäåëþâàííÿ, äèñïåðñ³ÿ îö³íêè.

—————————————————————————————————————————————

Fast simulation of the customer blocking probability in queueing networks with multicast access /
N.Yu. Kuznetsov, I.N. Kuznetsov // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 30–43.

Abstract. A model of a queuing network with several input Poisson flows is considered. These flows
require connections between given terminals. The connection path depends on the type of the customer, on the
requested resource, on the paths currently occupied and on the load on all communication channels of the
network. A fast simulation method for the evaluation of the blocking probability for customers of the certain
flow with a required resource not lower than a given one is proposed.

Keywords: queueing network, multicast access, blocking probability, Monte Carlo method, stratified sampling,
fast simulation method, variance of estimate.

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

ÓÄÊ 519.85
Ðàçðåæåííîå ñáàëàíñèðîâàííîå ðàçìåùåíèå ñôåðè÷åñêèõ ïóñòîòâ òðåõìåðíûõ îáëàñòÿõ /
Þ.Ã. Ñòîÿí, Ò.Å. Ðîìàíîâà, À.Â. Ïàíêðàòîâ, Ï.È. Ñòåöþê, Þ.Å. Ñòîÿí // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2021. Òîì 57, ¹ 4. Ñ. 44–55.

Àííîòàöèÿ. Ðàññìîòðåíà îïòèì èçàöèîííàÿ çàäà÷à ðàçìåùåíèÿ ñôåðè÷åñêèõ ïóñòîò â òðåõìåð-
íûõ îáëàñòÿõ, îãðàíè÷åííûõ öèëèíäðè÷åñêèìè, ñôåðè÷åñêèìè ïîâåðõíîñòÿìè è ïëîñêîñòÿìè, êîòîðàÿ
ñâîäèòñÿ ê çàäà÷å êîìïîíîâêè ñôåðè÷åñêèõ îáúåêòîâ â ñîñòàâíîì êîíòåéíåðå ñ ó÷åòîì îãðàíè÷åíèé íà
«ðàçðåæåííîñòü» ðàçìåùåíèÿ îáúåêòîâ è óñëîâèé áàëàíñà (ïîëîæåíèå öåíòðà òÿæåñòè ñèñòåìû). Ïîñ-
òðîåíà ìàòåìàòè÷åñêàÿ ìîäåëü â âèäå çàäà÷è íåëèíåéíîãî ïðîãðàììèðîâàíèÿ. Ïðåäëîæåí ìåòîä áûñ-
òðîãî ïîèñêà äîïóñòèìûõ ðåøåíèé, îñíîâàííûé íà áàëàíñíûõ ãîìîòåòè÷íûõ ïðåîáðàçîâàíèÿõ 3D-îáú-
åêòîâ, è ìåòîäû ïîèñêà ëîêàëüíî-îïòèìàëüíûõ ðåøåíèé ñ ïðèìåíåíèåì àëãîðèòìà äåêîìïîçèöèè è r-àë-
ãîðèòìà. Ïðèâåäåíû ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ.
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Êëþ÷åâûå ñëîâà: ðàçðåæåííàÿ êîìïîíîâêà, ñôåðè÷åñêèå îáúåêòû, phi-ôóíêöèÿ, íåëèíåéíîå ïðîãðàì-
ìèðîâàíèå, r-àëãîðèòì.

—————————————————————————————————————————————

Ðîçð³äæåíå çáàëàíñîâàíå ðîçì³ùåííÿ ñôåðè÷íèõ ïîðîæíèí ó òðèâèì³ðíèõ îáëàñòÿõ / Þ.Ã. Ñòîÿí,
Ò.ª. Ðîìàíîâà, Î.Â. Ïàíêðàòîâ, Ï.². Ñòåöþê, Þ.ª. Ñòîÿí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021.
Òîì 57, ¹ 4. Ñ. 44–55.

Àíîòàö³ÿ. Ðîçãëÿíóòî îïòèì³çàö³éíó çàäà÷ó ðîçì³ùåííÿ ñôåðè÷íèõ ïîðîæíèí ó òðèâèì³ðíèõ îá-
ëàñòÿõ, îáìåæåíèõ öèë³íäðè÷íèìè ³ ñôåðè÷íèìè ïîâåðõíÿìè òà ïëîùèíàìè, ÿêà çâîäèòüñÿ äî çàäà÷³
êîìïîíóâàííÿ ñôåðè÷íèõ îá’ºêò³â ó ñêëàäåíîìó êîíòåéíåð³ ç óðàõóâàííÿì îáìåæåíü íà «ðîçð³äæåí³ñòü»
ðîçì³ùåííÿ îá’ºêò³â òà óìîâ áàëàíñó (ðîçì³ùåííÿ öåíòðà âàãè ñèñòåìè). Ïîáóäîâàíî ìàòåìàòè÷íó ìî-
äåëü ó âèãëÿä³ çàäà÷³ íåë³í³éíîãî ïðîãðàìóâàííÿ. Çàïðîïîíîâàíî øâèäêèé ìåòîä ïîøóêó äîïóñòèìèõ
ðîçâ’ÿçê³â, ùî ´ðóíòóºòüñÿ íà áàëàíñíèõ ãîìîòåòè÷íèõ ïåðåòâîðåííÿõ 3D-îá’ºêò³â, òà ìåòîäè ïîøóêó
ëîêàëüíî-îïòèìàëüíèõ ðîçâ’ÿçê³â ³ç çàñòîñóâàííÿì àëãîðèòìó äåêîìïîçèö³¿ òà r-àëãîðèòìó. Íàâåäåíî
ðåçóëüòàòè ÷èñåëüíèõ åêñïåðèìåíò³â.

Êëþ÷îâ³ ñëîâà: ðîçð³äæåíå êîìïîíóâàííÿ, ñôåðè÷í³ îá’ºêòè, phi-ôóíêö³ÿ, íåë³í³éíå ïðîãðàìóâàííÿ,
r-àëãîðèòì.

—————————————————————————————————————————————

Sparse balanced distribution of spherical voids in three-dimensional domains / Y.G. Stoyan,
T.E. Romanova, O.V. Pankratov, P.I. Stetsyuk, Y.E. Stoian // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 3. P. 44–55.

Abstract. The paper considers the optimization problem of generating spherical voids in
three-dimensional domains bounded by cylindrical and spherical surfaces and planes. The problem is reduced to
the problem of arranging spherical objects in a composite container, taking into account constraints on
“sparseness” of the objects and balancing conditions (a location of the gravity center of the system).
A mathematical model in the form of a nonlinear programming problem is provided. A fast method of finding
allowable solutions based on the balanced homothetic transformations of 3D objects and methods of finding
locally optimal solutions using the decomposition algorithm and r-algorithm are proposed. The results of
numerical experiments are given.

Keywords: sparse layout, spherical objects, phi-function, nonlinear programming, r-algorithm.

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

ÓÄÊ 519.2, 519.61, 519.71

Ðåãóëÿðèçèðîâàííûå ðåøåíèÿ çàäà÷ èäåíòèôèêàöèè â êëàññå ìîäåëåé ëèíåéíîé ðåãðåññèè /
Â.Ô. Ãóáàðåâ, Í.Í. ÑàëüíèêîÂ, Ñ.Â. Ìåëüíè÷óê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57,
¹ 4. Ñ. 56–69.

Àííîòàöèÿ. Ðàññìîòðåíà ïðîáëåìà èäåíòèôèêàöèè ñëîæíûõ äèñêðåòíûõ ñèñòåì â êëàññå ìîäåëåé
ëèíåéíîé ðåãðåññèè. Ïðè íàëè÷èè ïîãðåøíîñòåé â äàííûõ ñîîòâåòñòâóþùàÿ çàäà÷à èäåíòèôèêàöèè â
áîëüøèíñòâå ñëó÷àåâ ÿâëÿåòñÿ íåêîððåêòíî ïîñòàâëåííîé. Â óñëîâèÿõ îãðàíè÷åííîé íåîïðåäåëåííîñòè
èñõîäíûõ äàííûõ ïðåäëàãàåòñÿ íàõîäèòü ïðèáëèæåííîå ðåãóëÿðèçèðîâàííîå ðåøåíèå è â êà÷åñòâå ðåãó-
ëÿðèçèðóþùåãî ïàðàìåòðà èñïîëüçîâàòü ðàçìåðíîñòü ìîäåëè. Ðàçðàáîòàíû è èññëåäîâàíû äâà ñïîñîáà
îïðåäåëåíèÿ ðàçìåðíîñòè ìîäåëè, ïîçâîëÿþùèå íàõîäèòü ïðèáëèæåííîå ðåøåíèå çàäà÷è èäåíòèôèêà-
öèè, ñîãëàñîâàííîå ïî òî÷íîñòè ñ ïîãðåøíîñòüþ äàííûõ. Íà îñíîâå ÷èñëåííîãî ìîäåëèðîâàíèÿ âûïîë-
íåíû èññëåäîâàíèÿ ðàçðàáîòàííûõ ñïîñîáîâ èäåíòèôèêàöèè è äàíà îöåíêà èõ ýôôåêòèâíîñòè.

Êëþ÷åâûå ñëîâà: èäåíòèôèêàöèÿ, ëèíåéíàÿ ðåãðåññèÿ, ñëîæíàÿ ñèñòåìà, ðåãóëÿðèçàöèÿ, îïðåäåëåíèå
ðàçìåðíîñòè ìîäåëè, ñèíãóëÿðíîå ðàçëîæåíèå, ÷èñëåííîå ìîäåëèðîâàíèå.

—————————————————————————————————————————————

Ðåãóëÿðèçîâàí³ ðîçâ’ÿçêè çàäà÷ ³äåíòèô³êàö³¿ â êëàñ³ ìîäåëåé ë³í³éíî¿ ðåãðåñ³¿ / Â.Ô. Ãóáàðåâ,
Ì.Ì. Ñàëüíèêîâ, Ñ.Â. Ìåëüíè÷óê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 4. Ñ. 56–69.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó ³äåíòèô³êàö³¿ ñêëàäíèõ äèñêðåòíèõ ñèñòåì â êëàñ³ ìîäåëåé
ë³í³éíî¿ ðåãðåñ³¿. Çà íàÿâíîñò³ ïîõèáîê â äàíèõ â³äïîâ³äíà çàäà÷à ³äåíòèô³êàö³¿ ó á³ëüøîñò³ âèïàäê³â º
íåêîðåêòíî ïîñòàâëåíîþ. Â óìîâàõ îáìåæåíî¿ íåâèçíà÷åíîñò³ íàÿâíèõ äàíèõ çàïðîïîíîâàíî çíàõîäèòè
íàáëèæåíèé ðåãóëÿðèçîâàíèé ðîçâ’ÿçîê ³ ÿê ðåãóëÿðèçàö³éíèé ïàðàìåòð âèêîðèñòîâóâàòè ðîçì³ðí³ñòü
ìîäåë³. Ðîçðîáëåíî òà äîñë³äæåíî äâà ñïîñîáè çíàõîäæåííÿ ðîçì³ðíîñò³ ìîäåë³, ùî äàþòü çìîãó çíàõî-
äèòè íàáëèæåíèé ðîçâ’ÿçîê çàäà÷³ ³äåíòèô³êàö³¿, óçãîäæåíèé çà òî÷í³ñòþ ç ïîõèáêîþ äàíèõ. Íà îñíîâ³
÷èñåëüíîãî ìîäåëþâàííÿ âèêîíàíî äîñë³äæåííÿ ðîçðîáëåíèõ ñïîñîá³â ³äåíòèô³êàö³¿ òà íàâåäåíî îö³íêó
¿õíüî¿ åôåêòèâíîñò³.

Êëþ÷îâ³ ñëîâà: ³äåíòèô³êàö³ÿ, ë³í³éíà ðåãðåñ³ÿ, ñêëàäíà ñèñòåìà, ðåãóëÿðèçàö³ÿ, çíàõîäæåííÿ
ðîçì³ðíîñò³ ìîäåë³, ñèíãóëÿðíèé ðîçêëàä, ÷èñåëüíå ìîäåëþâàííÿ.

—————————————————————————————————————————————

Identification of regularized models in the linear regression class / V.F. Gubarev, N.N. Salnikov,
S.V. Melnychuk // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 56–69.

Abstract. Identification of complex discrete systems in the class of linear regression models is
considered. The problem of identifying an exact model on noisy initial data is known to be ill-posed. This is
especially significant when using high-dimensional models. Within the guaranteed approach to uncertainty used
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in the article, it is proposed to use the dimension of the model as a regularization parameter. Here we suggested
and tested two techniques for estimating optimal dimension and parameters of linear regression model to ensure
its consistency in accuracy with the data error. Numerical simulations were carried out and their efficiency was
evaluated.

Keywords: identification, linear regression, complex system, regularization, model dimension estimation, SVD,
simulation.

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

ÓÄÊ 517.9:519.6

Ìàòåìàòè÷åñêèå ìîäåëè ñ ëîêàëüíîé M-ïðîèçâîäíîé è êðàåâûå çàäà÷è ãåîìèãðàöèîííîé
äèíàìèêè / Â.Ì. Áóëàâàöêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 4. Ñ. 70–87.

Àííîòàöèÿ. Â ðàìêàõ ìàòåìàòè÷åñêèõ ìîäåëåé, îñíîâàííûõ íà ïîíÿòèè ëîêàëüíîé M-ïðîèçâîä-
íîé ïî âðåìåííËé ïåðåìåííîé, âûïîëíåíû ïîñòàíîâêè è ïîëó÷åíû çàìêíóòûå ðåøåíèÿ íåêîòîðûõ äâó-
ìåðíûõ êðàåâûõ çàäà÷ êîíâåêòèâíîãî è êîíâåêòèâíî-äèôôóçèîííîãî ìàññîïåðåíîñà è ìàññîîáìåíà ðàñ-
òâîðèìûõ âåùåñòâ ïðè ãåîôèëüòðàöèè. Â ÷àñòíîñòè, ïîñòàâëåíà îáðàòíàÿ ðåòðîñïåêòèâíàÿ çàäà÷à êîí-
âåêòèâíîé äèôôóçèè ñîãëàñíî ñõåìå äâóìåðíîé ãåîôèëüòðàöèè èç áåñêîíå÷íîãî âîäîåìà ê äðåíàæó,
ïîëó÷åíî åå ðåãóëÿðèçîâàííîå ðåøåíèå, ïðèâåäåíû íåêîòîðûå îöåíêè ñõîäèìîñòè.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, ãåîìèãðàöèÿ, ãåîôèëüòðàöèÿ, ìàññîïåðåíîñ, ìàññî-
îáìåí, íåêëàññè÷åñêèå ìîäåëè, ëîêàëüíàÿ M-ïðîèçâîäíàÿ, çàäà÷è êîíâåêòèâíîãî è êîíâåêòèâíî-äèôôó-
çèîííîãî ìàññîïåðåíîñà, çàìêíóòàÿ ôîðìà ðåøåíèé.

—————————————————————————————————————————————

Ìàòåìàòè÷í³ ìîäåë³ ç ëîêàëüíîþ M-ïîõ³äíîþ òà êðàéîâ³ çàäà÷³ ãåîì³ãðàö³éíî¿ äèíàì³êè /
Â.Ì. Áóëàâàöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 4. Ñ. 70–87.

Àíîòàö³ÿ. Ó ðàìêàõ ìàòåìàòè÷íèõ ìîäåëåé, ùî áàçóþòüñÿ íà ïîíÿòò³ ëîêàëüíî¿ M-ïîõ³äíî¿ çà ÷à-
ñîâîþ çì³ííîþ, âèêîíàíî ïîñòàíîâêè òà îäåðæàíî çàìêíåí³ ðîçâ’ÿçêè äåÿêèõ äâîâèì³ðíèõ êðàéîâèõ çà-
äà÷ êîíâåêòèâíîãî ³ êîíâåêòèâíî-äèôóç³éíîãî ìàñîïåðåíîñó òà ìàñîîáì³íó ðîç÷èííèõ ðå÷îâèí ó ïðî-
öåñ³ ãåîô³ëüòðàö³¿. Çîêðåìà, ïîñòàâëåíî îáåðíåíó ðåòðîñïåêòèâíó çàäà÷ó êîíâåêòèâíî¿ äèôóç³¿ çã³äíî ç³
ñõåìîþ äâîâèì³ðíî¿ ãåîô³ëüòðàö³¿ ç íåñê³í÷åííî¿ âîäîéìè äî äðåíàæó, îäåðæàíî ¿¿ ðåãóëÿðèçîâàíèé
ðîçâ’ÿçîê, íàâåäåíî äåÿê³ îö³íêè çá³æíîñò³.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, ãåîì³ãðàö³ÿ, ãåîô³ëüòðàö³ÿ, ìàñîïåðåíîñ, ìàñîîáì³í, íåêëà-
ñè÷í³ ìîäåë³, ëîêàëüíà M-ïîõ³äíà, çàäà÷³ êîíâåêòèâíîãî òà êîíâåêòèâíî-äèôóç³éíîãî ìàñîïåðåíîñó, çà-
ìêíåíà ôîðìà ðîçâ’ÿçê³â.

—————————————————————————————————————————————

Mathematical models with local M-derivative and boundary-value problems of geomigration dynamics /
V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 70–87.

Abstract. In the framework of mathematical models based on the concept of a local M-derivative with
respect to a time variable, statements are made and closed-form solutions of some two-dimensional boundary
value problems of convective and convective-diffusive mass transfer and mass exchange of soluble substances
during geofiltration are obtained. In particular, the inverse retrospective problem of convective diffusion is
posed according to the scheme of two-dimensional geofiltration from an infinite reservoir to drainage, its
regularized solution is obtained, and some estimates of convergence are given.

Keywords: mathematical modeling, geomigration, geofiltration, mass transfer, mass exchange, non-classical
models, local M-derivative, problems of convective and convective-diffusive mass transfer, closed form solutions.

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

ÓÄÊ 519.8

ßäðî óñòîé÷èâîñòè ìíîãîêðèòåðèàëüíîé çàäà÷è îïòèìèçàöèè ïðè âîçìóùåíèÿõ âõîäíûõ äàííûõ
âåêòîðíîãî êðèòåðèÿ / Ò.Ò. Ëåáåäåâà, Í.Â. Ñåìåíîâà, Ò.È. Ñåðãèåíêî // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2021. Òîì 57, ¹ 4. Ñ. 88–94.

Àííîòàöèÿ. Íà îñíîâå èñïîëüçîâàíèÿ ïîíÿòèÿ ÿäðà óñòîé÷èâîñòè ìíîãîêðèòåðèàëüíîé çàäà÷è ïî-
èñêà Ïàðåòî-îïòèìàëüíûõ ðåøåíèé ñ íåïðåðûâíûìè ÷àñòíûìè êðèòåðèàëüíûìè ôóíêöèÿìè è ìíîæåñ-
òâîì äîïóñòèìûõ ðåøåíèé ïðîèçâîëüíîé ñòðóêòóðû óñòàíîâëåíû óñëîâèÿ óñòîé÷èâîñòè çàäà÷è îòíîñè-
òåëüíî âîçìóùåíèé âõîäíûõ äàííûõ âåêòîðíîãî êðèòåðèÿ. Èçó÷åí âîïðîñ îá óñòîé÷èâîé ïðèíàäëåæ-
íîñòè äîïóñòèìûõ ðåøåíèé çàäà÷è îïðåäåëåííûì ìíîæåñòâàì åå îïòèìàëüíûõ ðåøåíèé.

Êëþ÷åâûå ñëîâà: ìíîãîêðèòåðèàëüíàÿ çàäà÷à, âåêòîðíûé êðèòåðèé, Ïàðåòî-îïòèìàëüíûå ðåøåíèÿ,
ìíîæåñòâî Ñëåéòåðà, ìíîæåñòâî Ñìåéëà, âîçìóùåíèÿ âõîäíûõ äàííûõ, óñòîé÷èâîñòü, ÿäðî óñòîé÷èâîñòè.

—————————————————————————————————————————————

ßäðî ñò³éêîñò³ áàãàòîêðèòåð³éíî¿ çàäà÷³ îïòèì³çàö³¿ çà óìîâè çáóðåííÿ âõ³äíèõ äàíèõ âåêòîðíîãî
êðèòåð³þ / Ò.Ò. Ëåáºäºâà, Í.Â. Ñåìåíîâà, Ò.². Ñåðã³ºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021.
Òîì 57, ¹ 4. Ñ. 88–94.

Àíîòàö³ÿ. Áàçóþ÷èñü íà ïîíÿòò³ ÿäðà ñò³éêîñò³ áàãàòîêðèòåð³éíî¿ çàäà÷³ ïîøóêó Ïàðåòî-îïòè-
ìàëüíèõ ðîçâ’ÿçê³â ç íåïåðåðâíèìè ÷àñòêîâèìè êðèòåð³éíèìè ôóíêö³ÿìè ³ ìíîæèíîþ äîïóñòèìèõ ðîç-
â’ÿçê³â äîâ³ëüíî¿ ñòðóêòóðè, âñòàíîâëåíî óìîâè ñò³éêîñò³ â³äíîñíî çáóðåíü âõ³äíèõ äàíèõ âåêòîðíîãî
êðèòåð³þ. Âèâ÷åíî ïèòàííÿ ñò³éêî¿ íàëåæíîñò³ äîïóñòèìèõ ðîçâ’ÿçê³â çàäà÷³ âèçíà÷åíèì ìíîæèíàì ¿¿
îïòèìàëüíèõ ðîçâ’ÿçê³â.
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Êëþ÷îâ³ ñëîâà: áàãàòîêðèòåð³éíà çàäà÷à îïòèì³çàö³¿, âåêòîðíèé êðèòåð³é, Ïàðåòî-îïòèìàëüí³ ðîçâ’ÿç-
êè, ìíîæèíà Ñëåéòåðà, ìíîæèíà Ñìåéëà, çáóðåííÿ âõ³äíèõ äàíèõ, ñò³éê³ñòü, ÿäðî ñò³éêîñò³.
—————————————————————————————————————————————

Stability kernel of multicriteria optimization problem under perturbations of input data of vector
criterion / Ò.Ò. Lebedeva, N.V. Semenova, T.I. Sergienko // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57,
N 3. P. 88–94.

Abstract. Based on the concept of the stability kernel for multicriteria optimization problem of finding
Pareto optimal solutions with continuous partial criterion functions and feasible set of arbitrary structure, the
conditions of problem stability with respect to initial data perturbations in vector criterion are established.
Stable belonging of the feasible solutions to certain sets of optimal solutions of the problem is analyzed.

Keywords: multicriterià optimization problem, vector criterion, Pareto-optimal solutions, Slater set, Smale set,
perturbations of initial data, stability, kernel of stability.
===============================================================================

ÓÄÊ 519.6:004.942

Ðåøåíèå çàäà÷è èíòåðïðåòàöèè íàáëþäåíèé ñ èñïîëüçîâàíèåì ñïëàéí-ïðèáëèæåíèÿ
ñêàíèðîâàííîé ôóíêöèè / À.Ô. Âåðëàíü, Ï.Ñ. Ìàëà÷èâñêèé, ß.Â. Ïèçþð // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 4. Ñ. 95–103.

Àííîòàöèÿ. Ïðåäñòàâëåí àíàëèç òî÷íîñòè ÷èñëîâîé ðåàëèçàöèè ÷àñòîòíîãî ìåòîäà ðåøåíèÿ èí-
òåãðàëüíîãî óðàâíåíèÿ â çàäà÷å èíòåðïðåòàöèè òåõíè÷åñêèõ íàáëþäåíèé ñ èñïîëüçîâàíèåì ñïëàéí-ïðè-
áëèæåíèÿ ñêàíèðîâàííîé ôóíêöèè. Èññëåäîâàí àëãîðèòì ðåøåíèÿ èíòåãðàëüíîãî óðàâíåíèÿ çàäà÷è èí-
òåðïðåòàöèè, îñíîâàííûé íà ïðèìåíåíèè ìåòîäà ðåãóëÿðèçàöèè Òèõîíîâà ñ ïîèñêîì ðåøåíèÿ â ÷àñòîò-
íîé îáëàñòè ñ óðåçàíèåì ñïåêòðà ÷àñòîò. Äëÿ ïîâûøåíèÿ òî÷íîñòè ðåçóëüòàòîâ èíòåðïðåòàöèè
ïðåäëîæåíî ïðèìåíåíèå ñïëàéí-ïðèáëèæåíèÿ çíà÷åíèé ñêàíèðîâàííîé ôóíêöèè, òî åñòü ïðàâîé ÷àñòè
èíòåãðàëüíîãî óðàâíåíèÿ. Ïîëó÷åíà îöåíêà òî÷íîñòè ðåøåíèÿ èíòåãðàëüíîãî óðàâíåíèÿ ñ ïðèìåíåíèåì
ìåòîäà ðåãóëÿðèçàöèè è ó÷åòîì ïîãðåøíîñòè, ÷òî ñîïðîâîæäàåòñÿ íåòî÷íîñòüþ çàäàíèÿ ïðàâîé ÷àñòè, à
òàêæå ïîãðåøíîñòè âû÷èñëåíèÿ çíà÷åíèé ÿäðà. Ïðåäëîæåí ñïîñîá âû÷èñëåíèÿ îïòèìàëüíîé ïî òî÷íîñ-
òè ñòåïåíè ñãëàæèâàþùåãî ñïëàéí-ïðèáëèæåíèÿ ñêàíèðîâàííîé ôóíêöèè.

Êëþ÷åâûå ñëîâà: çàäà÷à èíòåðïðåòàöèè, èíòåãðàëüíîå óðàâíåíèå Ôðåãîëüìà, ìåòîä ðåãóëÿðèçàöèè Òè-
õîíîâà, óðåçàíèå ñïåêòðà ÷àñòîò, ñïëàéí-ïðèáëèæåíèÿ, îöåíêà òî÷íîñòè.
—————————————————————————————————————————————

Ðîçâ’ÿçóâàííÿ çàäà÷³ ³íòåðïðåòàö³¿ ñïîñòåðåæåíü ç âèêîðèñòàííÿì ñïëàéí-íàáëèæåííÿ
ñêàíîâàíî¿ ôóíêö³¿ / À.Ô. Âåðëàíü, Ï.Ñ. Ìàëà÷³âñüêèé, ß.Â. Ï³çþð // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2021. Òîì 57, ¹ 4. Ñ. 95–103.

Àíîòàö³ÿ. Ïîäàíî àíàë³ç òî÷íîñò³ ÷èñëîâî¿ ðåàë³çàö³¿ ÷àñòîòíîãî ìåòîäó ðîçâ’ÿçóâàííÿ ³íòåãðàëü-
íîãî ð³âíÿííÿ â çàäà÷³ ³íòåðïðåòàö³¿ òåõí³÷íèõ ñïîñòåðåæåíü ³ç âèêîðèñòàííÿì ñïëàéí-íàáëèæåííÿ ñêà-
íîâàíî¿ ôóíêö³¿. Äîñë³äæåíî àëãîðèòì ðîçâ’ÿçàííÿ ³íòåãðàëüíîãî ð³âíÿííÿ çàäà÷³ ³íòåðïðåòàö³¿, ùî
´ðóíòóºòüñÿ íà çàñòîñóâàíí³ ìåòîäó ðåãóëÿðèçàö³¿ Òèõîíîâà ç ïîøóêîì ðîçâ’ÿçêó â ÷àñòîòí³é îáëàñò³ ç
óð³çàííÿì ñïåêòðó ÷àñòîò. Äëÿ ï³äâèùåííÿ òî÷íîñò³ ðåçóëüòàò³â ³íòåðïðåòàö³¿ çàïðîïîíîâàíî çàñòîñó-
âàííÿ ñïëàéí-íàáëèæåííÿ çíà÷åíü ñêàíîâàíî¿ ôóíêö³¿, òîáòî ïðàâî¿ ÷àñòèíè ³íòåãðàëüíîãî ð³âíÿííÿ.
Îòðèìàíî îö³íêó òî÷íîñò³ ðîçâ’ÿçêó ³íòåãðàëüíîãî ð³âíÿííÿ ³ç çàñòîñóâàííÿì ìåòîäó ðåãóëÿðèçàö³¿ òà
âðàõóâàííÿì ïîõèáêè, ùî ñóïðîâîäæóºòüñÿ íåòî÷í³ñòþ çàäàííÿ ïðàâî¿ ÷àñòèíè, à òàêîæ ïîõèáêè îá÷èñ-
ëåííÿ çíà÷åíü ÿäðà. Çàïðîïîíîâàíî ñïîñ³á îá÷èñëåííÿ îïòèìàëüíîãî çà òî÷í³ñòþ ñòåïåíÿ çãëàäæóâàëü-
íîãî ñïëàéí-íàáëèæåííÿ ñêàíîâàíî¿ ôóíêö³¿.

Êëþ÷îâ³ ñëîâà: çàäà÷à ³íòåðïðåòàö³¿, ³íòåãðàëüíå ð³âíÿííÿ Ôðåäãîëüìà, ìåòîä ðåãóëÿðèçàö³¿ Òèõîíîâà,
óð³çàííÿ ñïåêòðó ÷àñòîò, ñïëàéí-íàáëèæåííÿ, îö³íêà òî÷íîñò³.
—————————————————————————————————————————————

Solving the problem of interpreting observations using the spline approximation of the scanned function /
A.F. Verlan, P.S. Malachivskyy, Ya.V. Pizyur // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3.
P. 95–103.

Abstract. An accuracy analysis of the numerical implementation of the frequency method for solving the
integral equation in the problem of interpreting technical observations using the spline approximation of the
scanned function is presented. The algorithm for solving the integral equation of the interpretation problem,
which is based on the application of the Tikhonov regularization method with the search for a solution in the
frequency domain with a truncation of the frequency spectrum is investigated. To increase the accuracy of the
interpretation results, the use of spline approximation of the values of the scanned function, i.e., the right-hand
side of the integral equation, is proposed. An estimate of the accuracy of solving the integral equation using the
regularization method and taking into account the error accompanied by the inaccuracy of the right-hand side,
as well as the error in calculating the values of the kernel is obtained. A method for calculating the optimal
degree of smoothing spline for approximation of the scanned function that provides the required accuracy is
proposed.

Keywords: interpretation problem, Fredholm integral equation, Tikhonov regularization method, frequency
spectrum truncation, spline approximation, accuracy estimation.
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ÓÄÊ 519.622

Óïðàâëåíèå ñ îáðàòíîé ñâÿçüþ ìîùíîñòüþ äâèæóùèõñÿ èñòî÷íèêîâ ïðè íàãðåâå ñòåðæíÿ /
Ê.Ð. Àéäà-Çàäå, À.Ã. Áàãèðîâ, Â.À. Ãàøèìîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 4.
Ñ. 104–117.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à ñèíòåçà óïðàâëåíèÿ ìîùíîñòÿìè äâèæóùèõcÿ ïî çàäàííûì çàêî-
íàì è òðàåêòîðèÿì èñòî÷íèêîâ ïðè íàãðåâå ñòåðæíÿ. Òåêóùèå çíà÷åíèÿ óïðàâëåíèé îïðåäåëÿþòñÿ â çà-
âèñèìîñòè îò çíà÷åíèé òåìïåðàòóðû ñòåðæíÿ â òî÷êàõ çàìåðà. Îòíîñèòåëüíî ïàðàìåòðîâ îáðàòíîé ñâÿçè
è êîîðäèíàò óñòàíîâêè òî÷åê çàìåðà ïîëó÷åíû ôîðìóëû äëÿ êîìïîíåíò ãðàäèåíòà öåëåâîãî ôóíêöèîíà-
ëà, èñïîëüçóåìûå äëÿ ÷èñëåííîãî ðåøåíèÿ òåñòîâîé çàäà÷è ñ ïðèìåíåíèåì ÷èñëåííûõ ìåòîäîâ îïòèìè-
çàöèè ïåðâîãî ïîðÿäêà. Ïðèâîäÿòñÿ ðåçóëüòàòû êîìïüþòåðíûõ ýêñïåðèìåíòîâ.

Êëþ÷åâûå ñëîâà: íàãðåâ ñòåðæíÿ, óïðàâëåíèå ñ îáðàòíîé ñâÿçüþ, äâèæóùèåñÿ èñòî÷íèêè, òî÷êè çàìåðà
òåìïåðàòóðû, ïàðàìåòðû îáðàòíîé ñâÿçè.
—————————————————————————————————————————————

Êåðóâàííÿ ç³ çâîðîòíèì çâ’ÿçêîì ïîòóæí³ñòþ ðóõîìèõ äæåðåëï³ä ÷àñ íàãð³âàííÿ ñòðèæíÿ /
Ê.Ð. Àéäà-Çàäå, À.Ã. Áàã³ðîâ, Â.À. Ãàøèìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 4.
Ñ. 104–117.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ñèíòåçó êåðóâàííÿ ïîòóæíîñòÿìè äæåðåë, ùî ðóõàþòüñÿ çà çàäàíèìè
çàêîíàìè ³ òðàºêòîð³ÿìè ï³ä ÷àñ íàãð³âàííÿ ñòðèæíÿ. Ïîòî÷í³ çíà÷åííÿ êåðóâàíü âèçíà÷àþòüñÿ çàëåæíî
â³ä çíà÷åíü òåìïåðàòóðè ñòðèæíÿ ó òî÷êàõ çàì³ðþâàííÿ. Îòðèìàíî ôîðìóëè êîìïîíåíò³â ãðàä³ºíòà
ö³ëüîâîãî ôóíêö³îíàëó ùîäî ïàðàìåòð³â çâîðîòíîãî çâ’ÿçêó òà êîîðäèíàò òî÷îê çàì³ðþâàííÿ, ÿê³ çàñòî-
ñîâóþòü äëÿ ÷èñåëüíîãî ðîçâ’ÿçàííÿ òåñòîâî¿ çàäà÷³ ç âèêîðèñòàííÿì ÷èñåëüíèõ ìåòîä³â îïòèì³çàö³¿
ïåðøîãî ïîðÿäêó. Íàâåäåíî ðåçóëüòàòè êîìï’þòåðíèõ åêñïåðèìåíò³â.

Êëþ÷îâ³ ñëîâà: íàãð³âàííÿ ñòðèæíÿ, êåðóâàííÿ ç³ çâîðîòíèì çâ’ÿçêîì, ðóõîì³ äæåðåëà, òî÷êè çàì³ðþ-
âàííÿ òåìïåðàòóðè, ïàðàìåòðè çâîðîòíîãî çâ’ÿçêó.
—————————————————————————————————————————————

Feedback control of the power of moving sources when heating the bar / K.R. Aida-Zade, A.H. Bagirov,
V.A. Hashimov // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 104–117.

Abstract. The problem of synthesis of power control of the sources moving according to the given rules
and trajectories when the rod is heated is considered. The current values of the controls are determined
depending on the values of the temperature of the bar at the points of measurement. Formulas for the
components of the gradient of the objective functional are obtained with respect to the feedback parameters and
the coordinates of the measurement points, which are used to numerically solve the test problem using
first-order numerical optimization methods. The results of computer experiments are presented.

Keywords: bar heating, feedback control, moving sources, temperature measuring points, feedback parameters.
===============================================================================

ÓÄÊ 681.5.015:007

Íå÷åòêàÿ êîãíèòèâíàÿ êàðòà êàê àëüòåðíàòèâà ðåãðåññèè / À.Ï. Ðîòøòåéí, Ä.È. Êàòåëüíèêîâ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 4. Ñ. 118–130.

Àííîòàöèÿ. Ðàññìîòðåíà íå÷åòêàÿ êîãíèòèâíàÿ êàðòà êàê àëüòåðíàòèâà ðåãðåññèîííîãî àíàëèçà,
ò.å. àïïàðàò ìîäåëèðîâàíèÿ çàâèñèìîñòè âõîäû-âûõîä íà îñíîâå ýêñïåðòíî-ýêñïåðèìåíòàëüíîé èíôîð-
ìàöèè. Äëÿ âû÷èñëåíèÿ çíà÷åíèÿ âûõîäà ïðè çàäàííûõ çíà÷åíèÿõ âõîäîâ èñïîëüçîâàíû ïðèðàùåíèÿ ïå-
ðåìåííûõ. Îïòèìàëüíûå çíà÷åíèÿ âåñîâ äóã îïðåäåëåíû ñ ïîìîùüþ ãåíåòè÷åñêîãî àëãîðèòìà, â êîòî-
ðîì õðîìîñîìû ãåíåðèðóþòñÿ èç èíòåðâàëîâ èõ äîïóñòèìûõ çíà÷åíèé, à êðèòåðèåì ñåëåêöèè ÿâëÿåòñÿ
ñóììà êâàäðàòîâ îòêëîíåíèé ìåæäó ìîäåëüíûìè è íàáëþäàåìûìè çíà÷åíèÿìè âûõîäà.

Êëþ÷åâûå ñëîâà: íå÷åòêàÿ êîãíèòèâíàÿ êàðòà, ðåãðåññèÿ, àïïðîêñèìàöèÿ, íåèçâåñòíûå ïàðàìåòðû, íà-
ñòðîéêà, ãåíåòè÷åñêèé àëãîðèòì.
—————————————————————————————————————————————

Íå÷³òêà êîãí³òèâíà êàðòà ÿê àëüòåðíàòèâà ðåãðåñ³¿ / Î.Ï. Ðîòøòåéí, Ä.². Êàòåëüí³êîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 4. Ñ. 118–130.

Àíîòàö³ÿ. Ðîçãëÿíóòî íå÷³òêó êîãí³òèâíó êàðòó ÿê àëüòåðíàòèâó ðåãðåñ³éíîãî àíàë³çó, òîáòî àïà-
ðàòó ìîäåëþâàííÿ çàëåæíîñò³ âõîäè-âèõ³ä íà îñíîâ³ åêñïåðòíî-åêñïåðèìåíòàëüíî¿ ³íôîðìàö³¿. Äëÿ îá-
÷èñëåííÿ çíà÷åííÿ âèõîäó ó ðàç³, êîëè çíà÷åííÿ âõîä³â çàäàí³, âèêîðèñòàíî ïðèð³ñò çì³ííèõ. Îïòèìàëüí³
çíà÷åííÿ âàã äóã âèçíà÷åíî çà äîïîìîãîþ ãåíåòè÷íîãî àëãîðèòìó, â ÿêîìó õðîìîñîìè ãåíåðóþòüñÿ ç
³íòåðâàë³â ¿õí³õ äîïóñòèìèõ çíà÷åíü, à êðèòåð³ºì ñåëåêö³¿ º ñóìà êâàäðàò³â â³äõèëåíü ì³æ ìîäåëüíèìè òà
ñïîñòåðåæóâàíèìè çíà÷åííÿìè âèõîäó.

Êëþ÷îâ³ ñëîâà: íå÷³òêà êîãí³òèâíà êàðòà, ðåãðåñ³ÿ, àïðîêñèìàö³ÿ, íåâ³äîì³ ïàðàìåòðè, íàëàøòóâàííÿ,
ãåíåòè÷íèé àëãîðèòì.
—————————————————————————————————————————————

Fuzzy cognitive map vs regression / A.P. Rotshtein, D.I. Katielnikov // Kibernetyka ta Systemnyi Analiz.
2021. Vol. 57, N 3. P. 118–130.

Abstract. Fuzzy cognitive map (FCM) is considered as an alternative to regression analysis, i.e.,
apparatus for modeling the inputs-output dependence based on expert-experimental information. To calculate
the output value at given input values, increments of variables are used. The optimal values of the weights of
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the arcs are found using the genetic algorithm in which the chromosomes are generated from the intervals of
their feasible values and the selection criterion is the sum of the squared deviations between the model and
observed output values.

Keywords: fuzzy cognitive map, regression, approximation, unknown parameters, tuning, genetic algorithm

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

ÓÄÊ 621.391

Âëèÿíèå èíôîðìàòèâíîñòè ìîíèòîðèíãîâûõ ïðèçíàêîâ íà óñëîâèÿ ôîðìèðîâàíèÿ èíòåãðàëüíîãî
êðèòåðèÿ îïðåäåëåíèÿ èõ ïðèîðèòåòíîñòè / Â.Ñ. Êîìàðîâ, Â.Â. Îëåêñèþê, À.À. Èëüÿøîâ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 4. Ñ. 131–135.

Àííîòàöèÿ. Ïðåäëîæåí ïîäõîä ê êîððåêòèðîâêå èíòåãðàëüíîãî êðèòåðèÿ ìèíèìóìà ñóììû ïðè-
îðèòåòîâ ìîíèòîðèíãîâûõ ïðèçíàêîâ, ïîëó÷åííûõ ïî ÷àñòíûì (max-max)- è (max-min)-êðèòåðèÿì.
Èññëåäîâàíà âîçìîæíîñòü èñïîëüçîâàíèÿ èíôîðìàòèâíûõ ìîíèòîðèíãîâûõ ïðèçíàêîâ â ïðîöåññå ïîä-
ãîòîâêè ñîîòâåòñòâóþùèõ êîððåêòèðóþùèõ êîýôôèöèåíòîâ.

Êëþ÷åâûå ñëîâà: ìîíèòîðèíãîâûé ïðèçíàê, èíôîðìàòèâíîñòü ïðèçíàêà, âåðîÿòíîñòü îøèáî÷íûõ ðåøåíèé.

—————————————————————————————————————————————

Âïëèâ ³íôîðìàòèâíîñò³ ìîí³òîðèíãîâèõ îçíàê íà óìîâè ôîðìóâàííÿ ³íòåãðàëüíîãî êðèòåð³þ
âèçíà÷åííÿ ¿õíüî¿ ïð³îðèòåòíîñò² / Â.Ñ. Êîìàðîâ, Â.Â. Îëåêñ³þê, Î.À. ²ëüÿøîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 4. Ñ. 131–135.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî êîðèãóâàííÿ ³íòåãðàëüíîãî êðèòåð³þ ì³í³ìóìó ñóìè ïð³îðè-
òåò³â ìîí³òîðèíãîâèõ îçíàê, îòðèìàíèõ çà ÷àñòêîâèìè (max-max)- òà (max-min)-êðèòåð³ÿìè. Äîñë³äæåíî
ìîæëèâ³ñòü âèêîðèñòàííÿ ³íôîðìàòèâíèõ ìîí³òîðèíãîâèõ îçíàê ó ïðîöåñ³ ï³äãîòîâêè â³äïîâ³äíèõ êîðè-
ãóâàëüíèõ êîåô³ö³ºíò³â.

Êëþ÷îâ³ ñëîâà: ìîí³òîðèíãîâà îçíàêà, ³íôîðìàòèâí³ñòü îçíàêè, éìîâ³ðí³ñòü ïîìèëêîâèõ ð³øåíü.

—————————————————————————————————————————————

Influence of informativity of monitoring features on the conditions of generating an integral criterion for
determining their priority / V. Komarov, V. Oleksiiuk, O. Iliashov // Kibernetyka ta Systemnyi Analiz.
2021. Vol. 57, N 3. P. 131–135.

Abstract. An approach to correcting the integral criterion of the minimum sum of the priorities of
monitoring features obtained by partial (max-max) and (max-min) criteria is proposed. The possibility of using
informative monitoring features while preparing the corresponding correcting coefficients is analyzed.

Keywords: monitoring feature, informativeness of a feature, probability of erroneous decisions.

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

ÓÄÊ 519.21+62

Îñîáåííîñòè ïîñòðîåíèÿ è àíàëèç ìîäåëè èíôîðìàöèîííîé áîðüáû ñ ìàðêîâñêèìè
ïåðåêëþ÷åíèÿìè è èìïóëüñíûìè âîçìóùåíèÿìè â óñëîâèÿõ àïïðîêñèìàöèè Ëåâè /
È.Â. Ñàìîéëåíêî, À.Â. Íèêèòèí, À.Â. Âåð¸âêèíà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57,
¹ 4. Ñ. 136–145.

Àííîòàöèÿ. Ïîñòðîåíà è èçó÷åíà íåïðåðûâíàÿ ýâîëþöèîííàÿ ìîäåëü, êîòîðàÿ îïèñûâàåò êîí-
ôëèêòíîå âçàèìîäåéñòâèå äâóõ ñëîæíûõ ñèñòåì ñ íåòðèâèàëüíûìè âíóòðåííèìè ñòðóêòóðàìè. Ïîêàçà-
íî, ÷òî âíåøíåå êîíôëèêòíîå âçàèìîäåéñòâèå ìîæíî ìîäåëèðîâàòü äîïîëíèòåëüíûì âëèÿíèåì ñëó÷àé-
íûõ ôàêòîðîâ, ïðè ýòîì äèíàìèêà âíóòðåííåãî êîíôëèêòà ïîäîáíà ìîäåëè Ëîòêà–Âîëüòåððà, à èìåííî
ìîäåëè èíôîðìàöèîííîé áîðüáû. Ïðèâåäåíà èíòåðïðåòàöèÿ íîâîé ìîäåëè èíôîðìàöèîííîé áîðüáû êàê
âëèÿíèÿ ðåäêèõ ñîáûòèé, êîòîðûå áûñòðî ìåíÿþò îïðåäåëåííûå ïðåäñòàâëåíèÿ áîëüøîãî êîëè÷åñòâà
ëþäåé. Êàê ðåçóëüòàò, êîëè÷åñòâî ñòîðîííèêîâ ðàçíûõ èäåé ñîâåðøàåò ñòîõàñòè÷åñêèå ïðûæêè, êîòî-
ðûå ìîæíî óâèäåòü, èñïîëüçóÿ ñõåìó àïïðîêñèìàöèè Ëåâè. Ïðåäïîëàãàåòñÿ, ÷òî íîâàÿ ìîäåëü ÿâëÿåòñÿ
áîëåå åñòåñòâåííîé, ïîñêîëüêó íà ñåãîäíÿøíèé äåíü âàæíûå íîâîñòè îêàçûâàþò áûñòðîå èìïóëüñíîå
âîçäåéñòâèå íà àóäèòîðèþ ÷åðåç èíôîðìàöèîííûå êàíàëû è ñîöèàëüíûå ñåòè.

Êëþ÷åâûå ñëîâà: ñëó÷àéíàÿ ýâîëþöèÿ, àïïðîêñèìàöèÿ Ëåâè, ìîäåëü èíôîðìàöèîííîé áîðüáû.

—————————————————————————————————————————————

Îñîáëèâîñò³ ïîáóäîâè òà àíàë³ç ìîäåë³ ³íôîðìàö³éíî¿ áîðîòüáè ç ìàðêîâñüêèìè ïåðåìèêàííÿìè
òà ³ìïóëüñíèìè çáóðåííÿìè â óìîâàõ àïðîêñèìàö³¿ Ëåâ³ / ².Â. Ñàìîéëåíêî, À.Â. Í³ê³ò³í,
Ã.Â. Âåðüîâê³íà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 4. Ñ. 136–145.

Àíîòàö³ÿ. Ïîáóäîâàíî òà äîñë³äæåíî íåïåðåðâíó åâîëþö³éíó ìîäåëü, ÿêà îïèñóº êîíôë³êòíó
âçàºìîä³þ äâîõ ñêëàäíèõ ñèñòåì ç íåòðèâ³àëüíèìè âíóòð³øí³ìè ñòðóêòóðàìè. Ïîêàçàíî, ùî çîâí³øíþ
êîíôë³êòíó âçàºìîä³þ ìîæíà ìîäåëþâàòè äîäàòêîâèì âïëèâîì âèïàäêîâèõ ôàêòîð³â, ïðè öüîìó äè-
íàì³êà âíóòð³øíüîãî êîíôë³êòó ïîä³áíà äî ìîäåë³ Ëîòêà–Âîëüòåððà, à ñàìå ìîäåë³ ³íôîðìàö³éíî¿ áî-
ðîòüáè. Íàâåäåíî ³íòåðïðåòàö³þ íîâî¿ ìîäåë³ ³íôîðìàö³éíî¿ áîðîòüáè ÿê âïëèâó ð³äê³ñíèõ ïîä³é, ÿê³
øâèäêî çì³íþþòü ïåâí³ óÿâëåííÿ âåëèêî¿ ê³ëüêîñò³ ëþäåé. Ó ðåçóëüòàò³ ê³ëüê³ñòü ïðèõèëüíèê³â ð³çíèõ
³äåé çä³éñíþº ñòîõàñòè÷í³ ñòðèáêè, ÿê³ ìîæíà ïîáà÷èòè, âèêîðèñòîâóþ÷è ñõåìó àïðîêñèìàö³¿ Ëåâ³. Ïðè-
ïóùåíî, ùî íîâà ìîäåëü º á³ëüø ïðèðîäíîþ, îñê³ëüêè íèí³ âàæëèâ³ íîâèíè ìàþòü øâèäêèé ³ìïóëüñíèé
âïëèâ íà àóäèòîð³þ ÷åðåç ³íôîðìàö³éí³ êàíàëè òà ñîö³àëüí³ ìåðåæ³.

Êëþ÷îâ³ ñëîâà: âèïàäêîâà åâîëþö³ÿ, àïðîêñèìàö³ÿ Ëåâ³, ìîäåëü ³íôîðìàö³éíî¿ áîðîòüáè.
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Peculiarities of construction and analysis of the information warfare model at markov switchings and
impulse perturbations under Levy approximation conditions / ².V. Samoilenko, A.V. Nikitin,
G.V. Verovkina // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 136–145.

Abstract. We construct and analyze a continuous evolutionary model that describes the conflicting
interaction of two complex systems with non-trivial internal structures. External conflict interaction is modeled
by the additional influence of random factors. The dynamics of internal conflict is similar to the Lotka-Volterra
model, namely, the information warfare model. We interpret the new model of information warfare as the
impact of rare events that quickly change certain perceptions of a large number of people. As a result, the
number of proponents of different ideas makes stochastic leaps, which we can see using the Levy
approximation scheme. We claim that such a model is more natural, because important news now has a rapid
impulse impact on the audience through information channels and social networks.

Keywords: random evolution, Levy approximation, information warfare model.
===============================================================================

ÓÄÊ 519.21

Íàäåæíîñòü ñèñòåìû ñ ðåçåðâèðîâàíèåì, ïîñëåäîâàòåëüíûì ñîåäèíåíèåì ýëåìåíòîâ è
ïîðîãîâûìè ñòðàòåãèÿìè âîññòàíîâëåíèÿ / Þ.Â. Æåðíîâûé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
2021. Òîì 57, ¹ 4. Ñ. 146–154.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä èññëåäîâàíèÿ íàäåæíîñòè ñèñòåì ñ ðåçåðâèðîâàíèåì, ïîñëåäîâà-
òåëüíûì ñîåäèíåíèåì ýëåìåíòîâ è ñòðàòåãèÿìè âîññòàíîâëåíèÿ, êîòîðûå ïðåäóñìàòðèâàþò èçìåíåíèå
èíòåíñèâíîñòè ðåìîíòà â çàâèñèìîñòè îò ÷èñëà íåèñïðàâíûõ ýëåìåíòîâ. Ðàññìîòðåí ñëó÷àé ïîêàçàòåëü-
íîãî ðàñïðåäåëåíèÿ âðåìåíè áåçîòêàçíîé ðàáîòû ýëåìåíòîâ, íåïîêàçàòåëüíîãî ðàñïðåäåëåíèÿ âðåìåíè
âîññòàíîâëåíèÿ è íàëè÷èÿ îäíîãî êàíàëà ðåìîíòà. Ïîëó÷åíû ôîðìóëû äëÿ îïðåäåëåíèÿ ïðåîáðàçîâàíèé
Ëàïëàñà ðàñïðåäåëåíèÿ ÷èñëà íåèñïðàâíûõ ýëåìåíòîâ â òå÷åíèå ïåðèîäà çàíÿòîñòè êàíàëà ðåìîíòà,
ôóíêöèè ðàñïðåäåëåíèÿ ïåðèîäà çàíÿòîñòè è äëÿ âû÷èñëåíèÿ ñòàöèîíàðíûõ õàðàêòåðèñòèê íàäåæíîñòè.

Êëþ÷åâûå ñëîâà: íàäåæíîñòü, âîññòàíàâëèâàåìàÿ ñèñòåìà, ðåçåðâèðîâàíèå, ïîñëåäîâàòåëüíîå ñîåäèíå-
íèå ýëåìåíòîâ, ìåòîä ïîòåíöèàëîâ.
—————————————————————————————————————————————

Íàä³éí³ñòü ñèñòåìè ç ðåçåðâóâàííÿì, ïîñë³äîâíèì ç’ºäíàííÿì åëåìåíò³â ³ ïîðîãîâèìè ñòðàòåã³ÿìè
â³äíîâëåííÿ / Þ.Â. Æåðíîâèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 4. Ñ. 146–154.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä äîñë³äæåííÿ íàä³éíîñò³ ñèñòåì ³ç ðåçåðâóâàííÿì, ïîñë³äîâíèì
ç’ºäíàííÿì åëåìåíò³â ³ ñòðàòåã³ÿìè â³äíîâëåííÿ, ÿê³ ïåðåäáà÷àþòü çì³íó ³íòåíñèâíîñò³ ðåìîíòó çàëåæíî
â³ä ê³ëüêîñò³ íåñïðàâíèõ åëåìåíò³â. Ðîçãëÿíóòî âèïàäîê ïîêàçíèêîâîãî ðîçïîä³ëó ÷àñó áåçâ³äìîâíî¿ ðî-
áîòè åëåìåíò³â, íåïîêàçíèêîâîãî ðîçïîä³ëó ÷àñó â³äíîâëåííÿ ³ íàÿâíîñò³ îäíîãî êàíàëó ðåìîíòó. Îòðè-
ìàíî ôîðìóëè äëÿ âèçíà÷åííÿ ïåðåòâîðåíü Ëàïëàñà ðîçïîä³ëó ê³ëüêîñò³ íåñïðàâíèõ åëåìåíò³â ïðîòÿãîì
ïåð³îäó çàéíÿòîñò³ êàíàëó ðåìîíòó, ôóíêö³¿ ðîçïîä³ëó ïåð³îäó çàéíÿòîñò³ òà äëÿ îá÷èñëåííÿ ñòàö³îíàð-
íèõ õàðàêòåðèñòèê íàä³éíîñò³.

Êëþ÷îâ³ ñëîâà: íàä³éí³ñòü, â³äíîâëþâàíà ñèñòåìà, ðåçåðâóâàííÿ, ïîñë³äîâíå ç’ºäíàííÿ åëåìåíò³â, ìå-
òîä ïîòåíö³àë³â.
—————————————————————————————————————————————

Reliability of a series system with redundancy and threshold recovery strategies / Yu.V. Zhernovyi //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 146–154.

Abstract. We propose a method for studying the reliability of series systems with redundancy and
recovery strategies, which provide for a change in the repair intensity depending on the number of failed units.
The case of the exponential distribution of the time to failure of units, the non-exponential distribution of the
recovery time, and one repair channel are considered. Formulas to determine Laplace transforms of the
distribution of the number of failed units during the busy period of the repair channel and of the distribution
function of the busy period and to calculate the stationary reliability indices are obtained.

Keywords: reliability, recoverable system, redundancy, series system, method of potentials.
===============================================================================

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 004.4, 004.65, 004.7, 502

Ðåøåíèå ýêîëîãè÷åñêèõ ïðîáëåì â ñîîòâåòñòâèè ñ êîíöåïöèåé óñòîé÷èâîãî ðàçâèòèÿ Çåìëè /
À.À. Êàëåí÷óê-Ïîðõàíîâà, Â.Ã. Òóëü÷èíñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 4.
Ñ. 155–165.

Àííîòàöèÿ. Ðàññìàòðèâàþòñÿ íàó÷íûå îñíîâû ðàçðàáîòêè è âíåäðåíèÿ àâòîìàòèçèðîâàííûõ ñèñ-
òåì óïðàâëåíèÿ (ÀÑÓ) â ÑÑÑÐ è ïðèâîäÿòñÿ ðåçóëüòàòû ðàáîò Èíñòèòóòà êèáåðíåòèêè èìåíè
Â.Ì. Ãëóøêîâà Íàöèîíàëüíîé Àêàäåìèè íàóê Óêðàèíû ïî ñîçäàíèþ è âíåäðåíèþ ÀÑÓ ýêîëîãè÷åñêîãî
ìîíèòîðèíãà ñîãëàñíî ïðèíöèïàì óñòîé÷èâîãî ðàçâèòèÿ îáùåñòâà.

Êëþ÷åâûå ñëîâà: àâòîìàòèçèðîâàííûå ñèñòåìû, àâòîìàòèçèðîâàííûå ñèñòåìû óïðàâëåíèÿ, ýêîëîãè-
÷åñêèé ìîíèòîðèíã, óñòîé÷èâîå ðàçâèòèå.
—————————————————————————————————————————————
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Ðîçâ’ÿçàííÿ åêîëîã³÷íèõ ïðîáëåì çã³äíî ç êîíöåïö³ºþ ñòàëîãîðîçâèòêó Çåìë³ /
À.Î. Êàëåí÷óê-Ïîðõàíîâà, Â.Ã. Òóëü÷èíñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 4.
Ñ. 155–165.

Àíîòàö³ÿ. Ðîçãëÿíóòî íàóêîâ³ îñíîâè ðîçðîáëåííÿ òà âïðîâàäæåííÿ àâòîìàòèçîâàíèõ ñèñòåì
óïðàâë³ííÿ (ÀÑÓ) â ÑÐÑÐ òà íàâåäåíî ðåçóëüòàòè ðîá³ò ²íñòèòóòó ê³áåðíåòèêè ³ìåí³ Â.Ì. Ãëóøêîâà
Íàö³îíàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè ³ç ñòâîðåííÿ òà âïðîâàäæåííÿ ÀÑÓ åêîëîã³÷íîãî ìîí³òîðèíãó
çã³äíî ç ïðèíöèïàìè ñòàëîãî ðîçâèòêó ñóñï³ëüñòâà.

Êëþ÷îâ³ ñëîâà: àâòîìàòèçîâàí³ ñèñòåìè, àâòîìàòèçîâàí³ ñèñòåìè óïðàâë³ííÿ, åêîëîã³÷íèé ìîí³òîðèíã,
ñòàëèé ðîçâèòîê.

—————————————————————————————————————————————

Solving environmental problems according to the conceptof sustainable development of the Earth /
A. Kalenchuk-Porkhanova, V. Tulchinsky // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P.
155–165.

Abstract. Òhe scientific foundations for the development and implementation of automated control
systems (ACS) in the USSR are discussed and the results obtained at the V.M. Glushkov Institute of
Cybernetics of the National Academy of Sciences of Ukraine in the development and implementation of
ecology monitoring ACS according to the principles of sustainable development of the society are presented.

Keywords: automated systems, automated control systems, ecological monitoring, sustainable development.

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

ÍÎÂ² ÇÀÑÎÁÈ Ê²ÁÅÐÍÅÒÈÊÈ,
²ÍÔÎÐÌÀÒÈÊÈ, ÎÁ×ÈÑËÞÂÀËÜÍÎ¯
ÒÅÕÍ²ÊÈ ² ÑÈÑÒÅÌÍÎÃÎ ÀÍÀË²ÇÓ

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 519.21

Ìîäåëü ðàñïðîñòðàíåíèÿ èíôåêöèîííûõ çàáîëåâàíèé ñî ñêðûòûìè íîñèòåëÿìè / Ï.Ñ. Êíîïîâ,
À.Ñ. Ñàìîñ¸íîê, Ã.Ä. Áèëà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 4. Ñ. 166–176.

Àííîòàöèÿ. Ïðåäëîæåí àëãîðèòì îöåíêè íåèçâåñòíûõ ïàðàìåòðîâ ìîäåëè ðàñïðîñòðàíåíèÿ èí-
ôåêöèè, ïîñòðîåííîé íà îñíîâå èíñòðóìåíòàðèÿ ìàðêîâñêèõ ïîëåé ñ ïîìîùüþ ìåòîäà ìàêñèìàëüíîãî
ïðàâäîïîäîáèÿ. Ïðåäïîëàãàåòñÿ, ÷òî êàæäîå ñîñòîÿíèå öåïè ïðåäñòàâëÿåò ñîáîé íåêîòîðóþ êîíôèãóðà-
öèþ êîíå÷íîãî ìàðêîâñêîãî ñëó÷àéíîãî ïîëÿ, à ðàñïðåäåëåíèå âåðîÿòíîñòåé ñîñòîÿíèé öåïè ñîâïàäàåò
ñ îáùèì ðàñïðåäåëåíèåì âåðîÿòíîñòåé ñîñòîÿíèé ýëåìåíòîâ ãèááñîâñêîãî ñëó÷àéíîãî ïîëÿ.

Êëþ÷åâûå ñëîâà: ìàðêîâñêèå ïîëÿ, ëîêàëüíîå âçàèìîäåéñòâèå ýëåìåíòîâ ïîëÿ, ãèááñîâñêîå ðàñïðåäå-
ëåíèå, íåèçâåñòíûå ïàðàìåòðû, àëãîðèòì îöåíêè.

—————————————————————————————————————————————

Ìîäåëü ðîçïîâñþäæåííÿ ³íôåêö³éíèõ çàõâîðþâàíü ç ïðèõîâàíèìè íîñ³ÿìè / Ï.Ñ. Êíîïîâ,
Î.Ñ. Ñàìîñüîíîê, Ã.Ä. Á³ëà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 4. Ñ. 166–176.

Àíîòàö³ÿ. Çàïðîïîíîâàíî àëãîðèòì îö³íþâàííÿ íåâ³äîìèõ ïàðàìåòð³â ìîäåë³ ðîçïîâñþäæåííÿ
³íôåêö³¿, ùî ïîáóäîâàíà íà îñíîâ³ ³íñòðóìåíòàð³þ ìàðêîâñüêèõ ïîë³â çà äîïîìîãîþ ìåòîäó ìàêñèìàëü-
íî¿ â³ðîã³äíîñò³. Ïðèïóñêàºòüñÿ, ùî êîæåí ñòàí ëàíöþãà ÿâëÿº ñîáîþ ïåâíó êîíô³ãóðàö³þ ñê³í÷åííîãî
ìàðêîâñüêîãî âèïàäêîâîãî ïîëÿ, à ðîçïîä³ë éìîâ³ðíîñòåé ñòàí³â ëàíöþãà çá³ãàºòüñÿ ç³ ñï³ëüíèì ðîç-
ïîä³ëîì éìîâ³ðíîñòåé ñòàí³â åëåìåíò³â ã³ááñîâñüêîãî âèïàäêîâîãî ïîëÿ.

Êëþ÷îâ³ ñëîâà: ìàðêîâñüê³ ïîëÿ, ëîêàëüíà âçàºìîä³ÿ åëåìåíò³â ïîëÿ, ã³ááñîâñüêèé ðîçïîä³ë, íåâ³äîì³
ïàðàìåòðè, àëãîðèòì îö³íþâàííÿ.

—————————————————————————————————————————————

A model of infectious disease spread with hidden carriers / P.S. Knopov, O.S. Samosonok, G.D. Bilà //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 166–176.

Abstract. The authors consider an algorithm for estimating the unknown parameters of the infection
spread model based on the Markov field tools using the maximum likelihood method is considered. It is
assumed that each state of the Markov chain represents some configuration of a finite random Markov field, and
the probability distribution of the chain states is the same as general probability distribution of the states of
elements of the Gibbs random field.

Keywords: Markov fields, local interaction of field elements, Gibbs distribution, unknown parameters,
estimation algorithm.

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

ÓÄÊ 519.216

Àëãîðèòìû ôîðìèðîâàíèÿ ýêâèâàëåíòíûõ íîðìèðîâàííûõ êîððåëÿöèîííûõ ìàòðèö
çàøóìëåííûõ ñëó÷àéíûõ ñèãíàëîâ / Ò.À. Àëèåâ, Í.Ô. Ìóñàåâà, Í.Ý. Ðçàåâà // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 4. Ñ. 177–192.

Àííîòàöèÿ. Ïîêàçàíî, ÷òî â îáúåêòàõ óïðàâëåíèÿ ñèãíàëû îáû÷íî ïðåäñòàâëÿþò ñîáîé ðàçëè÷íûå
ôèçè÷åñêèå âåëè÷èíû, òàêèå êàê òåìïåðàòóðà, äàâëåíèå, âèáðàöèÿ è ò.ä. Ïîýòîìó ïðè ðåøåíèè çàäà÷
êîíòðîëÿ, äèàãíîñòèêè è èäåíòèôèêàöèè âîçíèêàåò íåîáõîäèìîñòü ôîðìèðîâàíèÿ íîðìèðîâàííûõ êîð-
ðåëÿöèîííûõ ìàòðèö. Ïðîàíàëèçèðîâàíû òðóäíîñòè ôîðìèðîâàíèÿ íîðìèðîâàííûõ êîððåëÿöèîííûõ
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ìàòðèö çàøóìëåííûõ âõîäíûõ-âûõîäíûõ ñèãíàëîâ òåõíè÷åñêèõ îáúåêòîâ. Ïðåäëîæåíû àëãîðèòìû
îïðåäåëåíèÿ ýêâèâàëåíòíûõ îòñ÷åòîâ ïîìåõè è ïîëåçíîãî ñèãíàëà è ïîêàçàíà âîçìîæíîñòü èõ èñïîëüçî-
âàíèÿ äëÿ ôîðìèðîâàíèÿ íîðìèðîâàííûõ êîððåëÿöèîííûõ ìàòðèö, ýêâèâàëåíòíûõ êîððåëÿöèîííûì
ìàòðèöàì ïîëåçíûõ ñèãíàëîâ çàøóìëåííûõ ñëó÷àéíûõ ïðîöåññîâ. Ïîêàçàíî, ÷òî ïðè ýòîì çíà÷èòåëüíî
óïðîùàåòñÿ ïðîöåäóðà ôîðìèðîâàíèÿ íîðìèðîâàííûõ êîððåëÿöèîííûõ ìàòðèö è ñóùåñòâåííî óìåíü-
øàåòñÿ ïîãðåøíîñòü èõ ýëåìåíòîâ.

Êëþ÷åâûå ñëîâà: ñèãíàë, ïîìåõà, çàøóìëåííûé ñèãíàë, íîðìèðîâàííûå êîððåëÿöèîííûå ìàòðèöû, îá-
úåêò, äèàãíîñòèêà.
—————————————————————————————————————————————

Àëãîðèòìè ôîðìóâàííÿ åêâ³âàëåíòíèõ íîðìîâàíèõ êîðåëÿö³éíèõ ìàòðèöü çàøóìëåííÿ
âèïàäêîâèõ ñèãíàë³â / Ò.À. Àë³ºâ, Í.Ô. Ìóñàºâà, Í.Å. Ðçàºâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2021. Òîì 57, ¹ 4. Ñ. 177–192.

Àíîòàö³ÿ. Ó êåðîâàíèõ îá’ºêòàõ ñèãíàëè çàçâè÷àé ïðåäñòàâëÿþòü ñîáîþ ð³çí³ ô³çè÷í³ âåëè÷èíè,
òàê³ ÿê òåìïåðàòóðà, òèñê, â³áðàö³ÿ òîùî. Òîìó ï³ä ÷àñ ðàçâ’ÿçàííÿ çàäà÷ êîíòðîëþ, ä³àãíîñòèêè òà ³äåí-
òèô³êàö³¿ âèíèêàº íåîáõ³äí³ñòü ôîðìóâàííÿ íîðìîâàíèõ êîðåëÿö³éíèõ ìàòðèöü. Ïðîíàë³ç³ðîâàíî òðóä-
íîù³ ôîðìóâàííÿ íîðìîâàíèõ êîðåëÿö³éíèõ ìàòðèöü çàøóìëåíèõ âõ³äíèõ-âèõ³äíèõ ñèãíàë³â òåõí³÷íèõ
îá’ºêò³â. Çàïðîïîíîâàíî àëãîðèòìè âèçíà÷åííÿ åêâ³âàëåíòíèõ â³äë³ê³â ïåðåøêîäè ³ êîðèñíîãî ñèãíàëó ³
ïîêàçàíî ìîæëèâ³ñòü ¿õíüîãî âèêîðèñòàííÿ äëÿ ôîðìóâàííÿ íîðìîâàíèõ êîðåëÿö³éíèõ ìàòðèöü, åêâ³âà-
ëåíòíèõ êîðåëÿö³éíèì ìàòðèöÿì êîðèñíèõ ñèãíàë³â çàøóìëåíèõ âèïàäêîâèõ ïðîöåñ³â. Äîâåäåíî, ùî ó
öüîìó ðàç³ çíà÷íî ñïðîùóºòüñÿ ïðîöåäóðà ôîðìóâàííÿ íîðìîâàíèõ êîðåëÿö³éíèõ ìàòðèöü ³ ñóòòºâî
çìåíøóºòüñÿ ïîõèáêà ¿õí³õ åëåìåíò³â.

Êëþ÷îâ³ ñëîâà: ñèãíàë, ïåðåøêîäà, çàøóìëåííèé ñèãíàë, íîðìîâàí³ êîðåëÿö³éí³ ìàòðèö³, îá’ºêò, ä³àã-
íîñòèêà.
—————————————————————————————————————————————

Algorithms for generating the equivalent normalized correlation matrices of noisy random signals /
T.A. Aliev, N.F. Musaeva, N.E. Rzayeva // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 177–192.

Abstract. It is shown that in control objects, signals are usually various physical quantities, such as
temperature, pressure, vibration, etc. Therefore, when solving problems of control, diagnostics, and
identification, it becomes necessary to generate normalized correlation matrices. The difficulties of generating
normalized correlation matrices of noisy input-output signals of engineering objects are analyzed. Algorithms
are proposed for determining equivalent samples of the noise and the useful signal and the possibility of their
use for generating normalized correlation matrices equivalent to the correlation matrices of useful signals of
noisy random processes is shown. It is shown that in this case, the procedure of the formation of normalized
correlation matrices is substantially simplified and the error of their elements is significantly reduced.

Keywords: signal, noise, noisy signal, normalized correlation matrices, object, diagnostics.
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