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Ïðîáëåìû ïîñòðîåíèÿ èíòåëëåêòóàëüíûõ ñèñòåì. Ïðåäñòàâëåíèå çíàíèé / Â.Þ. Ìåéòóñ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 3–14.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíî ïîñòðîåíèå ôîðìàëüíîé ìîäåëè ïðåäìåòíîé îáëàñòè äëÿ èíòåëëåêòóàëü-
íîé ñèñòåìû, èñïîëüçóþùåé èíòåëëåêò ñ äåñêðèïöèîííîé ëîãèêîé. Ñîçäàíû òðè âçàèìîñâÿçàííûå êàòå-
ãîðèàëüíûå ìîäåëè. Â ÷àñòíîñòè îïðåäåëåíî ïðåäñòàâëåíèå çíàíèé î ïðåäìåòíîé îáëàñòè â âèäå êàòåãî-
ðèè çíàíèé. Ðàññìîòðåíû îòäåëüíûå ñâîéñòâà ââåäåííûõ êàòåãîðèé è ñâÿçü êàòåãîðèè çíàíèé ñ âîçìîæ-
íîñòüþ ðåøåíèÿ çàäà÷ â ìîäåëèðóåìîé ïðåäìåòíîé îáëàñòè.

Êëþ÷åâûå ñëîâà: èíòåëëåêò, èíòåëëåêòóàëüíàÿ ñèñòåìà, ïðåäìåòíàÿ îáëàñòü, äåñêðèïöèîííàÿ ëîãèêà,
ìîäåëü ïðåäìåòíîé îáëàñòè, çíàíèå, èíòåíñèîíàë, îíòîëîãèÿ, êàòåãîðèÿ çíàíèé.

——————————————————-

Ïðîáëåìè ïîáóäîâè ³íòåëåêòóàëüíèõ ñèñòåì. Ïîäàííÿ çíàíü / Â.Þ. Ìåéòóñ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 3–14.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïîáóäîâó ôîðìàëüíî¿ ìîäåë³ ïðåäìåòíî¿ îáëàñò³ äëÿ ³íòåëåêòóàëüíî¿ ñèñòå-
ìè, ùî âèêîðèñòîâóº ³íòåëåêò ç äåñêð³ïö³éíîþ ëîã³êîþ. Ñòâîðåíî òðè âçàºìîïîâ’ÿçàí³ ìîäåë³ ó âèãëÿä³
êàòåãîð³é. Çîêðåìà, âèçíà÷åíî ïîäàííÿ çíàíü ïðî ïðåäìåòíó îáëàñòü ó âèãëÿä³ êàòåãîð³¿ çíàíü. Ðîçãëÿíó-
òî îêðåì³ âëàñòèâîñò³ ââåäåíèõ êàòåãîð³é ³ çâ’ÿçîê êàòåãîð³¿ çíàíü ç ìîæëèâ³ñòþ ðîçâ’ÿçàííÿ çàäà÷ ó
ïðåäìåòí³é îáëàñò³, ùî ìîäåëþºòüñÿ.

Êëþ÷îâ³ ñëîâà: ³íòåëåêò, ³íòåëåêòóàëüíà ñèñòåìà, ïðåäìåòíà îáëàñòü, äåñêð³ïö³éíà ëîã³êà, ìîäåëü ïðåä-
ìåòíî¿ îáëàñò³, çíàííÿ, ³íòåíñ³îíàë, îíòîëîã³ÿ, êàòåãîð³ÿ çíàíü.

—————————————————-

Problems of constructing intelligent systems. Knowledge representation / V. Meytus // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 4. P. 3–14.

Abstract. Construction of a formal domain model for an intelligent system using intelligence with
descriptive logic is considered. Three interrelated category models are created. In particular, the representation
of knowledge about the subject area is defined as a category of knowledge. The individual properties of the
introduced categories and the relationship of the category of knowledge with the ability to solve problems in the
modeled subject area are considered.

Keywords: intelligence, inteligent system, subject domain, description logic, domain model, knowledge,
intensional, ontology, category of knowledge.
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ÓÄÊ 517.9

Ýôôåêòèâíûé ìåòîä èññëåäîâàíèÿ óñòîé÷èâîñòè ñóùåñòâåííî íåëèíåéíûõ äèíàìè÷åñêèõ ñèñòåì /
Ý.Ð. Ñìîëüÿêîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 15–23.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 5 íàçâ.

Àííîòàöèÿ. Ïðèâåäåí ïðîñòîé è áûñòðûé ìåòîä îöåíêè àñèìïòîòè÷åñêîé óñòîé÷èâîñòè ñóùåñ-
òâåííî íåëèíåéíûõ äèíàìè÷åñêèõ ñèñòåì, â ÷àñòíîñòè ñèñòåì áîëüøîé ðàçìåðíîñòè, äëÿ êîòîðûõ ðÿäû
Òåéëîðà ðàçëîæåíèÿ ïðàâûõ ÷àñòåé äèôôåðåíöèàëüíûõ óðàâíåíèé ñõîäÿòñÿ ìåäëåííî è ñóììà ÷ëåíîâ
âûøå âòîðîãî ïîðÿäêà ìàëîñòè ìîæåò çíà÷èòåëüíî ïðåâûøàòü âåëè÷èíó ëþáîãî ÷ëåíà âòîðîãî ïîðÿäêà.
Â òàêîì ñëó÷àå ìåòîä ôóíêöèé Ëÿïóíîâà íå ìîæåò ãàðàíòèðîâàòü êîððåêòíóþ îöåíêó óñòîé÷èâîñòè. Â
îñíîâå ïðåäëîæåííîãî ìåòîäà — ïðîöåäóðà ìàêñèìèçàöèè ñêîðîñòè èçìåíåíèÿ ìåòðèêè ïðîñòðàíñòâà
âîçìóùåííîãî ñîñòîÿíèÿ, êîòîðàÿ òîëüêî â ÷àñòíûõ ñëó÷àÿõ ìîæåò îêàçàòüñÿ îäíîâðåìåííî è ôóíêöèåé
Ëÿïóíîâà. Îïèñàííàÿ ìåòîäèêà íå ðàññ÷èòàíà íà îöåíêó óñòîé÷èâîñòè ëèíåéíûõ ñèñòåì.

Êëþ÷åâûå ñëîâà: óñòîé÷èâîñòü äâèæåíèÿ, íåëèíåéíûå äèíàìè÷åñêèå ñèñòåìû.

—————————————-

Åôåêòèâíèé ìåòîä äîñë³äæåííÿ ñò³éêîñò³ ³ñòîòíî íåë³í³éíèõ äèíàì³÷íèõ ñèñòåì / Å.Ð. Ñìîëüÿêîâ
// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 15–23.

Àíîòàö³ÿ. Íàâåäåíî ïðîñòèé ³ øâèäêèé ìåòîä îö³íþâàííÿ àñèìïòîòè÷íî¿ ñò³éêîñò³ ³ñòîòíî
íåë³í³éíèõ äèíàì³÷íèõ ñèñòåì, çîêðåìà ñèñòåì âåëèêî¿ ðîçì³ðíîñò³, äëÿ ÿêèõ ðÿäè Òåéëîðà ðîçâèíåííÿ
ïðàâèõ ÷àñòèí äèôåðåíö³àëüíèõ ð³âíÿíü çá³ãàþòüñÿ ïîâ³ëüíî ³ ñóìà ÷ëåí³â âèùå äðóãîãî ïîðÿäêó ìà-
ëîñò³ ìîæå ñóòòºâî ïåðåâèùóâàòè âåëè÷èíó áóäü-ÿêîãî ÷ëåíà äðóãîãî ïîðÿäêó. Ó òàêîìó âèïàäêó ìåòîä
ôóíêö³é Ëÿïóíîâà íå ìîæå ãàðàíòóâàòè êîðåêòíî¿ îö³íêè ñò³éêîñò³. Â îñíîâ³ çàïðîïîíîâàíîãî ìåòîäó —
ïðîöåäóðà ìàêñèì³çàö³¿ øâèäêîñò³ çì³íè ìåòðèêè ïðîñòîðó çáóðåíîãî ñòàíó, ÿêà ëèøå â îêðåìèõ âèïàä-
êàõ ìîæå áóòè îäíî÷àñíî ³ ôóíêö³ºþ Ëÿïóíîâà. Îïèñàíà ìåòîäèêà íå ðîçðàõîâàíà íà îö³íþâàííÿ
ñò³éêîñò³ ë³í³éíèõ ñèñòåì.

Êëþ÷îâ³ ñëîâà: ñò³éê³ñòü, íåë³í³éí³ äèíàì³÷í³ ñèñòåìè.
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An efficient method of stability analysis for highly nonlinear dynamic systems / E.R. Smol’yakov //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 15–23.

Abstract. A simple and quick method is proposed for estimation of the asymptotic stability of highly
nonlinear dynamic systems, in particular, of the high-dimensional systems for which Tailor series of the
right-hand sides of the differential equations converge very slowly. In this case, the sum of terms of the order of
smallness higher than two can substantially exceed the value of any term of second order. In this case, Lyapunov’s
method cannot guarantee correct stability estimate. The new method is based on the procedure of maximization of
the velocity of variation in metrics of the perturbed state space. This metrics can at the same time also be a
Lyapunov function. The proposed new method is not intended for the stability estimate of linear systems.

Keywords: motion stability, nonlinear dynamic systems.
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ÓÄÊ 514.01

Àêñèîìû íåîäíîðîäíîé ãåîìåòðèè / Þ.Ã. Ãðèãîðüÿí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019.
Òîì 55, ¹ 4. Ñ. 24–32.

²ë.: 4. Òàáë. 0. Á³áë³îãð.: 6 íàçâ.

Àííîòàöèÿ. Ðàáîòà îñíîâàíà íà ãèïîòåçå Ëîáà÷åâñêîãî, ÷òî ïðîñòðàíñòâî íà ðàçëè÷íûõ ó÷àñòêàõ
óäîâëåòâîðÿåò ðàçëè÷íûì ãåîìåòðèÿì: åâêëèäîâîé, íååâêëèäîâîé, ïðîåêòèâíîé. Íà áàçå òåîðèè àðèôìå-
òè÷åñêèõ ãðàôîâ ïîñòðîåíû òðè ñèñòåìû àëãåáðàè÷åñêèõ óðàâíåíèé, âëîæåííûõ â äèñêðåòíîå ìåòðè÷åñ-
êîå ïðîñòðàíñòâî, â êîòîðîì òî÷êà — öåëîå ÷èñëî, ïîçâîëÿþùåå îïðåäåëèòü ïðÿìóþ, ïëîñêîñòü è äðó-
ãèå ýëåìåíòû, èñêëþ÷åíèåì ÿâëÿåòñÿ 0.

Êëþ÷åâûå ñëîâà: íåêëàññè÷åñêàÿ ãåîìåòðèÿ, ìîäåëü, ãåîìåòðèÿ, ïðîñòàíñòâî.
——————————-

Àêñ³îìè íåîäíîð³äíî¿ ãåîìåòð³¿ / Þ.Ã. Ãðèãîð’ÿí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55,
¹ 4. Ñ. 24–32.

Àíîòàö³ÿ. Ðîáîòà ´ðóíòóºòüñÿ íà ã³ïîòåç³ Ëîáà÷åâñüêîãî, ùî ïðîñò³ð íà ð³çíèõ ä³ëÿíêàõ çàäîâîëü-
íÿº ð³çí³é ãåîìåòð³¿: åâêë³äîâ³é, íååâêë³äîâ³é, ïðîåêòèâí³é. Íà áàç³ òåîð³¿ àðèôìåòè÷íèõ ãðàô³â ïîáóäî-
âàíî òðè ñèñòåìè àëãåáðà¿÷íèõ ð³âíÿíü, óêëàäåíèõ ó äèñêðåòíèé ìåòðè÷íèé ïðîñò³ð, â ÿêîìó òî÷êà — öå
ö³ëå ÷èñëî, ùî äîçâîëÿº âèçíà÷èòè ïðÿìó, ïëîùèíó òà ³íø³ åëåìåíòè, âèíÿòêîì º 0.

Êëþ÷îâ³ ñëîâà: íåêëàñè÷íà ãåîìåòð³ÿ, ìîäåëü, ãåîìåòð³ÿ, ïðîñò³ð.
—————————-

Axioms of heterogeneous geometry / Yu. Grigoryan // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4.
P. 24–32.

Abstract. The study is based on Lobachevski’s hypothesis that the space at different areas satisfies
various geometries: Euclidean, non-Euclidean, projective. On the basis of the arithmetic graph theory, three
systems of algebraic equations were constructed. The systems are embedded in a discrete metric space in which
point is an integer that allows defining a straight line, a plane, and other elements, except for 0.

Keywords: nonclassical geometry, model, geometry, space.
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ÓÄÊ 681.322.012

Íîâûé áûñòðûé ðåêóðñèâíûé àëãîðèòì óìíîæåíèÿ ìàòðèö / Ë.Ä. Åëôèìîâà // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 33–38.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 7 íàçâ.

Àííîòàöèÿ. Çàïðîïîíîâàíî íîâèé ðåêóðñèâíèé àëãîðèòì ìíîæåííÿ ìàòðèöü ïîðÿäêó n q
� 2

( )q �1 , â ÿêîìó ÿê áàçîâèé çàñòîñîâóºòüñÿ øâèäêèé ã³áðèäíèé àëãîðèòì ìíîæåííÿ ìàòðèöü ïîðÿäêó

n � 4 �, êîëè � �
�2 1q ( )q �0 . Ïîð³âíÿíî ç â³äîìèìè ðåêóðñèâíèìè àëãîðèòìàìè Øòðàñåíà òà Âèíîãðà-

äà– Øòðàñåíà öåé àëãîðèòì äîçâîëÿº ì³í³ì³çóâàòè íà 7% ìóëüòèïë³êàòèâíó ñêëàäí³ñòü, ÿêà äîð³âíþº

W nì � 0 932 2 807. . îïåðàö³é ìíîæåííÿ íà ãëèáèí³ ðåêóðñ³¿ d n� �log2 3, òà ñêîðîòèòè âåêòîð îá÷èñëåíü íà

òðè ðåêóðñèâíèõ êðîêè. Íàâåäåíî îö³íêó ìóëüòèïë³êàòèâíî¿ ñêëàäíîñò³ ïðåäñòàâëåíîãî àëãîðèòìó.

Êëþ÷åâûå ñëîâà: ëèíåéíàÿ àëãåáðà, áëî÷íî-ðåêóðñèâíûå àëãîðèòìû Øòðàññåíà è Âèíîãðàäà–Øòðàñ-
ñåíà, ñåìåéñòâî áûñòðûõ ãèáðèäíûõ àëãîðèòìîâ óìíîæåíèÿ ìàòðèö.

—————————-
Íîâèé øâèäêèé ðåêóðñèâíèé àëãîðèòì ìíîæåííÿ ìàòðèöü / Ë.Ä. ªëôiìîâà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 33–38.

Àíîòàöiÿ. Ïðåäëîæåí íîâûé ðåêóðñèâíûé àëãîðèòì óìíîæåíèÿ ìàòðèö ïîðÿäêà n q
� 2 ( )q �1 , â êîòî-

ðîì â êà÷åñòâå áàçîâîãî ïðèìåíÿåòñÿ áûñòðûé ãèáðèäíûé àëãîðèòì óìíîæåíèÿ ìàòðèö ïîðÿäêà 4 � ïðè

� �
�2 1q ( )q �0 . Ïî ñðàâíåíèþ ñ èçâåñòíûìè ðåêóðñèâíûìè àëãîðèòìàìè Øòðàññåíà è Âèíîãðàäà–Øòðàñ-

ñåíà äàííûé àëãîðèòì ïîçâîëÿåò ìèíèìèçèðîâàòü íà 7% ìóëüòèïëèêàòèâíóþ ñëîæíîñòü, ðàâíóþ

W nì � 0 932 2 807. . îïåðàöèé óìíîæåíèÿ íà ãëóáèíå ðåêóðñèè d n� �log2 3, è ñîêðàòèòü âåêòîð âû÷èñëåíèé

íà òðè ðåêóðñèâíûõ øàãà. Äàíà îöåíêà ìóëüòèïëèêàòèâíîé ñëîæíîñòè ïðåäñòàâëåííîãî àëãîðèòìà.
Êëþ÷îâ³ ñëîâà: ë³í³éíà àëãåáðà, áëî÷íî-ðåêóðñèâí³ àëãîðèòìè Øòðàñåíà òà Âèíîãðàäà–Øòðàñåíà,
ñ³ìåéñòâî øâèäêèõ ã³áðèäíèõ àëãîðèòì³â ìíîæåííÿ ìàòðèöü.



A new fast recursive matrix multiplication algorithm / L.D. Jelfimova // Kibernetika i sistemnyj analiz.
2019. Vol. 55, N 4. P. 33–38.

Abstract. A new recursive algorithm is proposed for multiplying matrices of order n q
� 2 ( )q �1 . This

algorithm is based on fast hybrid algorithm for multiplying matrices of order n � 4 � for � �
�2 1q ( )q �0 . As

compared with the well-known recursive Strassen’s and Winograd–Strassen’s algorithms, the new algorithm

minimizes by 7% the multiplicative complexity equal to W nì � 0 932 2 807. . multiplication operations at

recursive level d n� �log2 3 and reduces the computation vector by three recursive steps. The multiplicative
complexity of the algorithm is estimated.

Keywords: linear algebra, Strassen’s and Winograd-Strassen’s block-recursive matrix multiplication
algorithms, family of fast hybrid matrix multiplication algorithms.
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 517.9

Êà÷åñòâåííûé è êîëè÷åñòâåííûé àíàëèç ñëàáûõ ðåøåíèé ýíåðãîáàëàíñíûõ êëèìàòîëîãè÷åñêèõ
ìîäåëåé / Ì.Ç. Çãóðîâñêèé, Ï.Î. Êàñüÿíîâ, Í.Â. Ãîðáàíü, Ë.Ñ. Ïàëèé÷óê // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 39–49.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 30 íàçâ.

Àííîòàöèÿ. Ïðîâåäåí êà÷åñòâåííûé àíàëèç äèíàìèêè ðåøåíèé êëèìàòîëîãè÷åñêîé ìîäåëè ýíåð-
ãåòè÷åñêîãî áàëàíñà Áóäûêî–Ñåëëåðñà, ðàññìîòðåííîé íà ðèìàíîâîì ìíîãîîáðàçèè áåç êðàÿ. Óñòàíîâ-
ëåíî ãëîáàëüíîå ñóùåñòâîâàíèå ñëàáîãî ðåøåíèÿ èññëåäóåìîé çàäà÷è ñ ïðîèçâîëüíûìè íà÷àëüíûìè
äàííûìè èç ôàçîâîãî ïðîñòðàíñòâà, èçó÷åíû åãî ñâîéñòâà è ðåãóëÿðíîñòü. Äîêàçàíû òåîðåìû ñóùåñòâî-
âàíèÿ ãëîáàëüíîãî è òðàåêòîðíîãî àòòðàêòîðîâ äëÿ ìíîãîçíà÷íîãî ïîëóïîòîêà, ïîðîæäåííîãî âñåìè
ñëàáûìè ðåøåíèÿìè çàäà÷è. Èçó÷åíû ñâîéñòâà àòòðàêòîðîâ, óñòàíîâëåíà âçàèìîñâÿçü ìåæäó íèìè è
ïðîñòðàíñòâîì ïîëíûõ òðàåêòîðèé çàäà÷è. Èññëåäîâàíû õàðàêòåð ïðèòÿæåíèÿ ðåøåíèé ê ãëîáàëüíîìó è
òðàåêòîðíîìó àòòðàêòîðàì è ñòðóêòóðà àòòðàêòîðîâ. Óñòàíîâëåíà êîíå÷íîìåðíîñòü ñ òî÷íîñòüþ äî ìà-
ëîãî ïàðàìåòðà äèíàìèêè ðåøåíèé çàäà÷è.

Êëþ÷åâûå ñëîâà: êëèìàòîëîãè÷åñêàÿ ìîäåëü ýíåðãåòè÷åñêîãî áàëàíñà Áóäûêî–Ñåëëåðñà, ãëîáàëüíûé
àòòðàêòîð, òðàåêòîðíûé àòòðàêòîð, êîíå÷íîìåðíîñòü ñ òî÷íîñòüþ äî ìàëîãî ïàðàìåòðà, ìíîãîçíà÷íûé
ïîëóïîòîê, ñëàáîå ðåøåíèå, óðàâíåíèå ðåàêöèè–äèôôóçèè.

————————————-

ßê³ñíèé ³ ê³ëüê³ñíèé àíàë³ç ñëàáêèõ ðîçâ’ÿçê³â åíåðãîáàëàíñíèõ êë³ìàòîëîã³÷íèõ ìîäåëåé / Ì.Ç.
Çãóðîâñüêèé, Ï.Î. Êàñüÿíîâ, Í.Â. Ãîðáàíü, Ë.Ñ. Ïàë³é÷óê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019.
Òîì 55, ¹ 4. Ñ. 39–49.

Àíîòàö³ÿ. Ïðîâåäåíî ÿê³ñíèé àíàë³ç äèíàì³êè ðîçâ’ÿçê³â êë³ìàòîëîã³÷íî¿ ìîäåë³ åíåðãåòè÷íîãî áà-
ëàíñó Áóäèêî–Ñåëëåðñà, ÿêà ðîçãëÿíóòà íà ð³ìàíîâîìó ìíîãîâèä³ áåç êðàþ. Âñòàíîâëåíî ãëîáàëüíå ³ñíó-
âàííÿ ñëàáêîãî ðîçâ’ÿçêó äîñë³äæóâàíî¿ çàäà÷³ ç äîâ³ëüíèìè ïî÷àòêîâèìè äàíèìè ç ôàçîâîãî ïðîñòîðó,
âèâ÷åíî éîãî âëàñòèâîñò³ òà ðåãóëÿðí³ñòü. Äîâåäåíî òåîðåìè ³ñíóâàííÿ ãëîáàëüíîãî òà òðàºêòîðíîãî àò-
ðàêòîð³â äëÿ áàãàòîçíà÷íîãî íàï³âïîòîêó, ïîðîäæåíîãî âñ³ìà ñëàáêèìè ðîçâ’ÿçêàìè çàäà÷³. Âèâ÷åíî âëàñ-
òèâîñò³ àòðàêòîð³â, âñòàíîâëåíî âçàºìîçâ’ÿçîê ì³æ íèìè òà ïðîñòîðîì ïîâíèõ òðàºêòîð³é çàäà÷³.
Äîñë³äæåíî õàðàêòåð ïðèòÿãíåííÿ ðîçâ’ÿçê³â äî ãëîáàëüíîãî ³ òðàºêòîðíîãî àòðàêòîð³â òà ¿õíþ ñòðóêòóðó.
Âñòàíîâëåíî ñê³í÷åííîâèì³ðí³ñòü ç òî÷í³ñòþ äî ìàëîãî ïàðàìåòðà äèíàì³êè ðîçâ’ÿçê³â çàäà÷³.

Êëþ÷îâ³ ñëîâà: êë³ìàòîëîã³÷íà ìîäåëü åíåðãåòè÷íîãî áàëàíñó Áóäèêî–Ñåëëåðñà, ãëîáàëüíèé àòðàêòîð,
òðàºêòîðíèé àòðàêòîð, ñê³í÷åííîâèì³ðí³ñòü ç òî÷í³ñòþ äî ìàëîãî ïàðàìåòðà, áàãàòîçíà÷íèé íàï³âïîò³ê,
ñëàáêèé ðîçâ’ÿçîê, ð³âíÿííÿ ðåàêö³¿–äèôóç³¿.

——————-

Qualitative and quantitative analysis of weak solutions of energy-balance climatological models /
M.Z. Zgurovsky, P.O Kasyanov, N.V. Gorban, L.S. Paliichuk // Kibernetika i sistemnyj analiz. 2019.
Vol. 55, N 4. P. 39–49.

Abstract. A qualitative analysis of the solutions behavior for the Budyko–Sellers energy balance climate
model, considered on the Riemannian manifold without boundary is carried out. The global existence of the
weak solution for the investigated problem with arbitrary initial data from the phase space is established.
Solutions’ properties and regularity are analyzed. The theorems on the existence of global and trajectory
attractors for multi-valued semi-flow generated by all weak solutions of the problem are proved. The properties of
attractors are analyzed. The relationship between attractors and the space of complete trajectories for the problem
is established. The character of attraction of solutions to global and trajectory attractors and their structure are
investigated. The finite-dimensionality up to a small parameter of the solutions dynamics is obtained.

Keywords: Budyko–Sellers energy balance climate model, global attractor, trajectory attractor,
finite-dimensionality up to a small parameter, multi-valued semi-flow, weak solution, reaction–diffusion
equation.
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ÓÄÊ 519.168

Çàäà÷à âûáîðà ïðîïóñêíûõ ñïîñîáíîñòåé äóã ñ îãðàíè÷åíèåì íà âðåìÿ çàäåðæêè ïîòîêîâ /
À.Í. Òðîôèì÷óê, Â.À. Âàñÿíèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 50–60.

²ë.: 4. Òàáë. 1. Á³áë³îãð.: 20 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à âûáîðà ïðîïóñêíûõ ñïîñîáíîñòåé äóã èç çàäàííîãî íàáîðà, àêòó-
àëüíàÿ ïðè ðàñïðåäåëåíèè ïîòîêîâ â ìíîãîïðîäóêòîâûõ êîììóíèêàöèîííûõ ñåòÿõ ñ îãðàíè÷åíèåì íà
âðåìÿ çàäåðæêè ïîòîêîâ. Äîêàçàíî, ÷òî òàêàÿ çàäà÷à ÿâëÿåòñÿ NP-òðóäíîé. Ïðèâåäåíû àëãîðèòìû ïðè-
áëèæåííîãî ðåøåíèÿ çàäà÷è è ðåçóëüòàòû èõ ýêñïåðèìåíòàëüíîãî ñðàâíåíèÿ ñ òî÷íûì ïåðåáîðíûì àë-
ãîðèòìîì íà îñíîâå ãåíåðàöèè ïîñëåäîâàòåëüíîñòè äâîè÷íî-îòðàæåííûõ êîäîâ Ãðåÿ. Îòìå÷åíî, ÷òî ïî-
ëó÷åíèå òî÷íîãî ðåøåíèÿ âîçìîæíî ñ èñïîëüçîâàíèåì ïñåâäîïîëèíîìèàëüíûõ àëãîðèòìîâ äëÿ 0–1 çàäà-
÷è î ðàíöå ñ ìóëüòèâûáîðîì.

Êëþ÷åâûå ñëîâà: ïîòîêè â ñåòÿõ, âðåìÿ çàäåðæêè ïîòîêîâ, çàäà÷è êîìáèíàòîðíîé îïòèìèçàöèè.

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

Çàäà÷à âèáîðó ïðîïóñêíèõ ñïðîìîæíîñòåé äóã ç îáìåæåííÿì íà ÷àñ çàòðèìêè ïîòîê³â /
Î.Ì. Òðîôèì÷óê, Â.Î. Âàñÿí³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 50–60.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó âèáîðó ïðîïóñêíèõ ñïðîìîæíîñòåé äóã ³ç çàäàíîãî íàáîðó, àêòóàëüíó
äëÿ ðîçïîä³ëó ïîòîê³â â áàãàòîïðîäóêòîâèõ êîìóí³êàö³éíèõ ìåðåæàõ ç îáìåæåííÿì íà ÷àñ çàòðèìêè ïî-
òîê³â. Äîâåäåíî, ùî òàêà çàäà÷à º NP-ñêëàäíîþ. Íàâåäåíî àëãîðèòìè íàáëèæåíîãî ðîçâ’ÿçàííÿ çàäà÷³ òà
ðåçóëüòàòè ¿õíüîãî åêñïåðèìåíòàëüíîãî ïîð³âíÿííÿ ç òî÷íèì ïåðåáîðíèì àëãîðèòìîì íà îñíîâ³ ãåíåðàö³¿
ïîñë³äîâíîñò³ äâ³éêîâî-â³äîáðàæåíèõ êîä³â Ãðåÿ. Â³äçíà÷åíî, ùî îòðèìàííÿ òî÷íîãî ðîçâ’ÿçêó ìîæëèâî ç
âèêîðèñòàííÿì ïñåâäîïîë³íîì³àëüíèõ àëãîðèòì³â äëÿ 0–1 çàäà÷³ ïðî ðàíåöü ç ìóëüòèâèáîðîì.

Êëþ÷îâ³ ñëîâà: ïîòîêè ó ìåðåæàõ, ÷àñ çàòðèìêè ïîòîê³â, çàäà÷³ êîìá³íàòîðíî¿ îïòèì³çàö³¿.

————----------------

Choosing the capacity of arcs with constraint on flow delay time / O.M. Trofymchuk, V.A. Vasyanin //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 50–60.

Abstract. The authors consider the problem of choosing the capacity arcs from a given set, which is
important in flow distribution in multicommodity communication networks with constraint on flow delay time.
It is proved that such problem is NP-hard. The algorithms for the approximate solution of the problem and
results of heir experimental comparison with exact algorithm based on generating a sequence of binary reflected
Gray codes are given. It is noted that obtaining an exact solution is possible with the use of pseudopolynomial
algorithms for the 0–1 Multiple-choice Knapsack Problem.

Keywords: flows in networks, flow delay time, combinatorial optimization problems

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

ÓÄÊ 519.63

Äèñêðåòíûé ñïåêòð îïåðàòîðà Ëàïëàñà ñ ðàçíûìè óñëîâèÿìè íà ãðàíèöå ïðîèçâîëüíîãî
òðåóãîëüíèêà / Â.Ã. Ïðèêàç÷èêîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 61–70.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 2 íàçâ.

Àííîòàöèÿ. Íàéäåíû â ÿâíîì âèäå ôîðìóëû äëÿ ìíîæåñòâà ñîáñòâåííûõ ôóíêöèé è ñîáñòâåííûõ
÷èñåë îïåðàòîðà Ëàïëàñà ñ ðàçíûìè êðàåâûìè óñëîâèÿìè íà ñòîðîíàõ ïðîèçâîëüíîãî òðåóãîëüíèêà. Ïî-
ëó÷åíû íîâûå ðåçóëüòàòû â ñïåêòðàëüíîé òåîðèè, êîòîðûå èìåþò ïðàêòè÷åñêèé èíòåðåñ ïðè èçó÷åíèè
÷àñòîò è ôîðì âèáðàöèè òðåóãîëüíûõ ìåìáðàí ïðîèçâîëüíîé ôîðìû.

Êëþ÷åâûå ñëîâà: ñïåêòð, îïåðàòîð Ëàïëàñà, òðåóãîëüíèê, êðàåâûå óñëîâèÿ Äèðèõëå è Íåéìàíà.

———————————————

Äèñêðåòíèé ñïåêòð îïåðàòîðà Ëàïëàñà ç ð³çíèìè óìîâàìè íà ìåæ³ äîâ³ëüíîãî òðèêóòíèêà /
Â.Ã. Ïðèêàç÷èêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 61–70.

Àíîòàö³ÿ. Çíàéäåíî â ÿâíîìó âèãëÿä³ ôîðìóëè äëÿ ìíîæèí âëàñíèõ ôóíêö³é òà âëàñíèõ çíà÷åíü
îïåðàòîðà Ëàïëàñà ç ð³çíèìè êðàéîâèìè óìîâàìè íà ñòîðîíàõ äîâ³ëüíîãî òðèêóòíèêà. Îòðèìàíî íîâ³ ðå-
çóëüòàòè â ñïåêòðàëüí³é òåîð³¿, ÿê³ ñòàíîâëÿòü ïðàêòè÷íèé ³íòåðåñ ó âèâ÷åíí³ ÷àñòîò ³ ôîðì â³áðàö³¿ òðè-
êóòíèõ ìåìáðàí äîâ³ëüíî¿ ôîðìè.

Êëþ÷îâ³ ñëîâà: ñïåêòð, îïåðàòîð Ëàïëàñà, òðèêóòíèê, êðàéîâ³ óìîâè Ä³ð³õëå òà Íåéìàíà.

——————————————————-

Discrete spectrum of the Laplace operator for an arbitrary triangle with different boundary conditions /
V.G. Prikazchikov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 61–70.

Abstract. In the paper, we obtain the explicit formulas for a set of eigenvalues and eigenfunctions of the
Laplace operator in an arbitrary triangle with different boundary conditions. The paper presents new results in
the spectral theory, which are of practical interest in the analysis of the vibrations of triangular membranes.

Keywords: spectrum, Laplace operator, triangle, Dirichlet’s and Neumann’s boundary conditions.
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ÓÄÊ 519.85

Ôîðìàëèçàöèÿ çàäà÷ îïòèìèçàöèè ïðîñòðàíñòâåííûõ êîíôèãóðàöèé ñ èñïîëüçîâàíèåì ñïåöèàëüíîãî
êëàññà ôóíêöèé / Ñ.Â. ßêîâëåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 71–80.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 41 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ïîäõîä ê èññëåäîâàíèþ çàäà÷ îïòèìèçàöèè ïðîñòðàíñòâåííûõ êîíôèãó-
ðàöèé íà îñíîâå ôîðìèðîâàíèÿ êîíôèãóðàöèîííûõ ïðîñòðàíñòâ ãåîìåòðè÷åñêèõ îáúåêòîâ. Â çàâèñèìîñ-
òè îò âûáîðà îáîáùåííûõ ïåðåìåííûõ èññëåäîâàíû ðàçëè÷íûå êëàññû ïðîñòðàíñòâåííûõ êîíôèãóðà-
öèé. Ââåäåí êëàññ ôóíêöèé â êîíôèãóðàöèîííîì ïðîñòðàíñòâå ãåîìåòðè÷åñêèõ îáúåêòîâ, ïîçâîëÿþùèé
ïðåäëîæèòü íîâûå è ðàçâèòü ñóùåñòâóþùèå ïîäõîäû äëÿ ôîðìàëèçàöèè çàäà÷ îïòèìèçàöèè ïðîñòðà-
íñòâåííûõ êîíôèãóðàöèé. Ðàññìîòðåíà çàäà÷à ðàçìåùåíèÿ êðóãîâûõ îáúåêòîâ â îãðàíè÷åííîé îáëàñòè
ïî êðèòåðèþ ìèíèìèçàöèè ñóììàðíîé ïëîùàäè èõ ïîïàðíûõ ïåðåñå÷åíèé.

Êëþ÷åâûå ñëîâà: ãåîìåòðè÷åñêèé îáúåêò, êîíôèãóðàöèîííîå ïðîñòðàíñòâî, îáîáùåííûå ïåðåìåííûå,
îïòèìèçàöèÿ, ðàçìåùåíèå, ïîêðûòèå.

————-----------------------

Ôîðìàë³çàö³ÿ çàäà÷ îïòèì³çàö³¿ ïðîñòîðîâèõ êîíô³ãóðàö³é ç âèêîðèñòàííÿì ñïåö³àëüíîãî êëàñó
ôóíêö³é / Ñ.Â. ßêîâëºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ.71–80.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî äîñë³äæåííÿ çàäà÷ îïòèì³çàö³¿ ïðîñòîðîâèõ êîíô³ãóðàö³é íà
îñíîâ³ ôîðìóâàííÿ êîíô³ãóðàö³éíèõ ïðîñòîð³â ãåîìåòðè÷íèõ îá’ºêò³â. Çàëåæíî â³ä âèáîðó óçàãàëüíåíèõ
çì³ííèõ äîñë³äæåíî ð³çí³ êëàñè ïðîñòîðîâèõ êîíô³ãóðàö³é. Óâåäåíî êëàñ ôóíêö³é â êîíô³ãóðàö³éíîìó
ïðîñòîð³ ãåîìåòðè÷íèõ îá’ºêò³â, ùî äîçâîëÿº çàïðîïîíóâàòè íîâ³ ³ ðîçâèíóòè íàÿâí³ ï³äõîäè äî ôîð-
ìàë³çàö³¿ çàäà÷ îïòèì³çàö³¿ ïðîñòîðîâèõ êîíô³ãóðàö³é. Ðîçãëÿíóòî çàäà÷ó ðîçì³ùåííÿ êðóãîâèõ îá’ºêò³â
â îáìåæåí³é îáëàñò³ çà êðèòåð³ºì ì³í³ì³çàö³¿ ñóìàðíî¿ ïëîù³ ¿õí³õ ïîïàðíèõ ïåðåòèí³â.

Êëþ÷îâ³ ñëîâà: ãåîìåòðè÷íèé îá’ºêò, êîíô³ãóðàö³éíèé ïðîñò³ð, óçàãàëüíåí³ çì³íí³, îïòèì³çàö³ÿ,
ðîçì³ùåííÿ, ïîêðèòòÿ.

——————----------------------------

Formalization of spatial configuration optimization problems with a special function class /
S.V. Yakovlev // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 71–80.

Abstract. An approach to the study of optimization problems of spatial configurations based on the
formation of configuration spaces of geometric objects is proposed. Depending on the choice of generalized
variables, various classes of spatial configurations are investigated. A class of functions in the configuration
space of geometric objects is introduced, which allows us to propose new and develop available approaches for
the formalization of optimization problems for spatial configurations. The problem of placing circular objects in
a limited area by the criterion of minimizing the total area of their pairwise intersections is considered.

Keywords: geometric object, configuration space, generalized variables, optimization, placement, coverage.

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

UDC 519.2

Ñòàòèñòè÷åñêèé âûâîä äëÿ ìíîãîêðàòíî öåíçóðèðîâàííîé ñëåâà âûáîðêè òèïà i äëÿ
ðàñïðåäåëåíèÿ Âåéáóëëà / Ì. Ôóñåê, ß. Ìèõàëåê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55,
¹ 4. Ñ. 81–96.

²ë.: 4. Òàáë. 6. Á³áë³îãð.: 35 íàçâ.

Àííîòàöèÿ. Âî ìíîãèõ îáëàñòÿõ íàóêè ÷àñòî âñòðå÷àþòñÿ çàäà÷è ñ öåíçóðèðîâàííûìè ñëåâà äàí-
íûìè ñ îäíîé èëè íåñêîëüêèìè ãðàíèöàìè îáíàðóæåíèÿ. Â äàííîé ðàáîòå ïðåäëîæåíà ïðîöåäóðà äëÿ
âû÷èñëåíèÿ îöåíîê ìàêñèìàëüíîé ïðàâäîïîäîáíîñòè ïàðàìåòðîâ ìíîãîêðàòíîãî öåíçóðèðîâàíèÿ ñëåâà
òèïà I äëÿ ðàñïðåäåëåíèÿ Âåéáóëëà ñ ó÷åòîì ðàçíîãî ÷èñëà ãðàíèö îáíàðóæåíèÿ. Îæèäàåìàÿ èíôîðìà-
öèîííàÿ ìàòðèöà Ôèøåðà îïðåäåëåíà àíàëèòè÷åñêè è åå âèä ñðàâíåí ñ âûáîðî÷íîé (íàáëþäàåìîé) èí-
ôîðìàöèîííîé ìàòðèöåé Ôèøåðà. Ìîäåëèðîâàíèå îñíîâàíî, ãëàâíûì îáðàçîì, íà ñâîéñòâàõ îöåíîê âû-
áîðîê ìàëûõ ðàçìåðîâ. Ïðèìåðû ïðîèëëþñòðèðîâàíû íà ðåàëüíûõ äàííûõ.

Këþ÷åâûå ñëîâà: ìíîãîêðàòíî öåíçóðèðîâàííàÿ ñëåâà âûáîðêà, îöåíêà ìàêñèìàëüíîé ïðàâäîïîäîá-
íîñòè, ðàñïðåäåëåíèå Âåéáóëëà, èíôîðìàöèîííàÿ ìàòðèöà Ôèøåðà, öåíçóðèðîâàíèå òèïà ².

———————————

Ñòàòèñòè÷íå âèâåäåííÿ äëÿ áàãàòîðàçîâî öåíçóðîâàíî¿ çë³âà âèá³ðêè òèïó i äëÿ ðîçïîä³ëó
Âåéáóëëà / Ì. Ôóñåê, ß. Ì³õàëåê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 81–96.

Àíîòàö³ÿ. Ó áàãàòüîõ ãàëóçÿõ íàóêè ÷àñòî çóñòð³÷àþòüñÿ çàäà÷³ ç öåíçóðîâàíèìè çë³âà äàíèìè ç
îäí³ºþ àáî ê³ëüêîìà ìåæàìè âèÿâëåííÿ. Ó ö³é ðîáîò³ çàïðîïîíîâàíî ïðîöåäóðó äëÿ îá÷èñëåííÿ îö³íîê
ìàêñèìàëüíî¿ ïðàâäîïîä³áíîñò³ ïàðàìåòð³â áàãàòîðàçîâîãî öåíçóðóâàííÿ çë³âà òèïó I ç ðîçïîä³ëó Âåé-
áóëëà ç óðàõóâàííÿì ð³çíî¿ ê³ëüêîñò³ ìåæ âèÿâëåííÿ. Î÷³êóâàíó ³íôîðìàö³éíó ìàòðèöþ Ô³øåðà âèçíà÷å-
íî àíàë³òè÷íî òà ¿¿ âèãëÿä ïîð³âíÿíî ç âèá³ðêîâîþ (ñïîñòåðåæóâàíîþ) ³íôîðìàö³éíîþ ìàòðèöåþ
Ô³øåðà. Ìîäåëþâàííÿ çäåá³ëüøîãî ´ðóíòóºòüñÿ íà âëàñòèâîñòÿõ îö³íîê âèá³ðîê ìàëèõ ðîçì³ð³â. Ïðèê-
ëàäè ïðî³ëþñòðîâàíî íà ðåàëüíèõ äàíèõ.

Këþ÷îâ³ ñëîâà: áàãàòîðàçîâî öåíçóðîâàíà çë³âà âèá³ðêà, îö³íêà ìàêñèìàëüíî¿ ïðàâäîïîä³áíîñò³, ðîç-
ïîä³ë Âåéáóëëà, ³íôîðìàö³éíà ìàòðèöÿ Ô³øåðà, öåíçóðóâàííÿ òèïó ².
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——————————————-
Statistical inference for type I multiply left-censored samples from Weibull distribution / M. Fusek,
J. Michalek // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 81–96.

Abstract. Left-censored data with one or more detection limits occur frequently in many application
areas. In this paper, the computational procedure for calculation of maximum likelihood estimates of the
parameters for type I multiply left-censored data from underlying Weibull distribution is suggested and used
considering various numbers of detection limits. The expected Fisher information matrix is analytically
determined and its performance is compared with sample (observed) Fisher information matrix using
simulations. Simulations are focused primarily on the properties of estimators for small sample sizes. Real data
illustration is included.

Keywords: Fisher information matrix, maximum likelihood estimator, multiply left-censored sample, type I
censoring, Weibull distribution.

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

ÓÄÊ 519.622

Îïòèìèçàöèÿ ðàçìåùåíèÿ ñîñðåäîòî÷åííûõ èñòî÷íèêîâ è òî÷åê êîíòðîëÿ ïðîöåññà íàãðåâà
ïëàñòèíû / Ê.Ð. Àéäà-çàäå, Â.À. Ãàøèìîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4.
Ñ. 97–108.

²ë.: 1. Òàáë. 1. Á³áë³îãð.: 15 íàçâ.

Àííîòàöèÿ. Íà ïðèìåðå óïðàâëåíèÿ ïðîöåññîì íàãðåâà òîíêîé ïëàñòèíû ïðåäëîæåí ïîäõîä äëÿ
ñèíòåçà ñîñðåäîòî÷åííûõ óïðàâëåíèé îáúåêòàìè ñ ðàñïðåäåëåííûìè ïàðàìåòðàìè. Îäíîâðåìåííî îïòè-
ìèçèðóþòñÿ ìåñòà ðàñïîëîæåíèÿ êàê óïðàâëÿþùèõ ñîñðåäîòî÷åííûõ âîçäåéñòâèé, òàê è òî÷åê êîíòðîëÿ.
Ïîëó÷åíû ôîðìóëû äëÿ êîìïîíåíò ãðàäèåíòà ôóíêöèîíàëà ïî îïòèìèçèðóåìûì ïàðàìåòðàì, ïîçâîëÿþ-
ùèå èñïîëüçîâàòü ìåòîäû îïòèìèçàöèè ïåðâîãî ïîðÿäêà äëÿ ÷èñëåííîãî ðåøåíèÿ çàäà÷è.

Êëþ÷åâûå ñëîâà: ïðîöåññ íàãðåâà, òîíêàÿ ïëàñòèíà, ñèíòåç óïðàâëåíèÿ, òî÷å÷íûé èñòî÷íèê, òî÷êà çà-
ìåðà, íåëîêàëüíîå óñëîâèå, ìåòîä ïðîåêöèè ãðàäèåíòà.

————————————————
Îïòèì³çàö³ÿ ðîçì³ùåííÿ çîñåðåäæåíèõ äæåðåë ³ òî÷îê êîíòðîëþ çà ïðîöåñîì íàãð³âàííÿ ïëàñòèíè
/ Ê.Ð. Àéäà-çàäå, Â.À. Ãàøèìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 97–108.

Àíîòàö³ÿ. Íà ïðèêëàä³ êåðóâàííÿ ïðîöåñîì íàãð³âàííÿ òîíêî¿ ïëàñòèíè çàïðîïîíîâàíî ï³äõ³ä äî
ñèíòåçó çîñåðåäæåíèõ êåðóâàíü îá’ºêòàìè ç ðîçïîä³ëåíèìè ïàðàìåòðàìè. Îäíî÷àñíî îïòèì³çóþòüñÿ
ì³ñöÿ ðîçì³ùåííÿ ÿê êåðóâàëüíèõ çîñåðåäæåíèõ âïëèâ³â, òàê ³ òî÷îê êîíòðîëþ. Îòðèìàíî ôîðìóëè äëÿ
êîìïîíåíò³â ãðàä³ºíòà ôóíêö³îíàëó çà îïòèì³çîâíèìè ïàðàìåòðàìè, ùî äàþòü çìîãó âèêîðèñòîâóâàòè
ìåòîäè îïòèì³çàö³¿ ïåðøîãî ïîðÿäêó äëÿ ÷èñåëüíîãî ðîçâ’ÿçàííÿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: ïðîöåñ íàãð³âàííÿ, òîíêà ïëàñòèíà, ñèíòåç êåðóâàííÿ, òî÷êîâå äæåðåëî, òî÷êà âèì³ðþ-
âàííÿ, íåëîêàëüíà óìîâà, ìåòîä ïðîåêö³¿ ãðàä³ºíòà.

————————————————-
Optimizing the arrangement of lumped sources and measurement points of plate heating process /
K.R. Aida-zade, V.A. Hashimov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 97–108.

Abstract. Using the example of control of the heating process of a thin plate, the authors propose an
approach for the synthesis of lumped controls of objects with distributed parameters. At the same time, the
locations of both lumped controls and control points are optimized. Formulas for the components of the
functional gradient are obtained for the optimized parameters. They allow using first-order optimization
methods for numerical solution of the problem.

Keywords: heating, thin plate, synthesis of control, point source, measurement point, non-local condition,
gradient projection method.

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

ÓÄÊ 533.6.013.42

×èñëåííîå ðåøåíèå äâóõòî÷å÷íûõ çàäà÷ ñòàòèêè ðàñïðåäåëåííûõ ïðîòÿæåííûõ ñèñòåì
ñ ïîìîùüþ ìåòîäà Íåëäåðà–Ìèäà / Þ.È. Êàëþõ, À.Í. Òðîôèì÷óê, À.Ã. Ëåáåäü // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 109–118.

²ë.: 7. Òàáë. 0. Á³áë³îãð.: 17 íàçâ.

Àííîòàöèÿ. Îïèñàí ÷èñëåííûé àëãîðèòì ñâåäåíèÿ îáðàòíûõ çàäà÷ ñòàòèêè ðàñïðåäåëåííûõ ïðî-
òÿæåííûõ ñèñòåì â ïîëå ìàññîâûõ è ïîâåðõíîñòíûõ ñèë ê çàäà÷å íåëèíåéíîãî ïðîãðàììèðîâàíèÿ, äëÿ
ðåøåíèÿ êîòîðûõ àïðîáèðîâàíû ÷èñëåííûå ìåòîäû. Èçìåíåíèå ðàçìåðíîñòè ðåøàåìîé ôèçè÷åñêîé çà-
äà÷è íå ïðèâîäèò ê ìîäèôèêàöèè âñåãî ÷èñëåííîãî àëãîðèòìà, à ëèøü ê çàìåíå íåêîòîðûõ åãî áëîêîâ. Â
êà÷åñòâå ïðèìåðîâ ÷èñëåííîãî ðåøåíèÿ çàäà÷ íåëèíåéíîãî ïðîãðàììèðîâàíèÿ èññëåäîâàíû çàäà÷è
îïðåäåëåíèÿ ñèëîâûõ è ãåîìåòðè÷åñêèõ õàðàêòåðèñòèê ãëóáèííîãî âîäîçàáîðà ÀÝÑ, êîýôôèöèåíòà æåñ-
òêîñòè ÿêîðíîé ñâÿçè ïîëóïîãðóæåííîé áóðîâîé ïëàòôîðìû è îöåíêè êà÷åñòâà îòâîäèòåëÿ.

Êëþ÷åâûå ñëîâà: äâóõòî÷å÷íàÿ çàäà÷à, êâàäðàòè÷åñêàÿ ôóíêöèÿ, ïðîòÿæåííàÿ ñèñòåìà, ÷èñëåííîå ìî-
äåëèðîâàíèå, ìåòîä Íåëäåðà–Ìèäà.
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×èñåëüíå ðîçâ’ÿçàííÿ äâîòî÷êîâèõ çàäà÷ ñòàòèêè ðîçïîä³ëåíèõ ïðîòÿæíèõ ñèñòåì çà äîïîìîãîþ
ìåòîäó Íåëäåðà–Ì³äà / Þ.². Êàëþõ, Î.Ì. Òðîôèì÷óê, Î.Ã. Ëåá³äü // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 109–118.

Àíîòàö³ÿ. Îïèñàíî ÷èñåëüíèé àëãîðèòì çâåäåííÿ îáåðíåíèõ çàäà÷ ñòàòèêè ðîçïîä³ëåíèõ ïðîòÿæ-
íèõ ñèñòåì ó ïîë³ ìàñîâèõ ³ ïîâåðõíåâèõ ñèë äî çàäà÷³ íåë³í³éíîãî ïðîãðàìóâàííÿ, äëÿ ðîçâ’ÿçóâàííÿ
ÿêèõ àïðîáîâàíî ÷èñåëüí³ ìåòîäè. Çì³íà ðîçì³ðíîñò³ ðîçâ’ÿçóâàíî¿ ô³çè÷íî¿ çàäà÷³ íå ïðèçâîäèòü äî ìî-
äèô³êàö³¿ âñüîãî ÷èñåëüíîãî àëãîðèòìó, à ëèøå äî çàì³íè äåÿêèõ éîãî áëîê³â. ßê ïðèêëàäè ÷èñåëüíîãî
ðîçâ’ÿçàííÿ çàäà÷ íåë³í³éíîãî ïðîãðàìóâàííÿ äîñë³äæåíî çàäà÷³ âèçíà÷åííÿ ñèëîâèõ ³ ãåîìåòðè÷íèõ õà-
ðàêòåðèñòèê ãëèáèííîãî âîäîçàáîðó ÀÅÑ, êîåô³ö³ºíòà æîðñòêîñò³ ÿê³ðíîãî çâ’ÿçêó íàï³âçàíóðåíî¿ áóðî-
âî¿ ïëàòôîðìè òà îö³íþâàííÿ ÿêîñò³ â³äâ³äíèêà.

Êëþ÷îâ³ ñëîâà: äîòî÷êîâå çàâäàííÿ, êâàäðàòè÷íà ôóíêö³ÿ, ïðîòÿæíà ñèñòåìà, ÷èñåëüíå ìîäåëþâàííÿ,
ìåòîä Íåëäåðà–Ì³äà.

—————————————

Numerical solution of two-point static problems for distributed extended systems by means of the
Nelder–Mead method / Iu. Kaliukh, O. Trofymchuk, O. Lebid // Kibernetika i sistemnyj analiz. 2019.
Vol. 55, N 4. P. 109–118.

Abstract. A numerical algorithm is described for reducing two-point static problems of distributed
extended systems in the field of mass and surface forces to a nonlinear programming problem that can be solved
by numerical methods. A change in the dimension of the physical problem being solved does not change the
entire numerical algorithm, but only leads to the replacement of some of its blocks. Numerical examples
illustrating the described algorithm are given. The problems of determining the power and geometric
characteristics of the deep water intake of nuclear power plants, assessing the quality of the diverter and
determining the stiffness coefficient of the anchor coupling of the semi-submersible drilling platform are
considered as examples of the non-linear programming problems

Keywords: two-point problem, quadratic functions, extended system, numerical modeling, Nelder–Mead method.

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

ÓÄÊ 602.1:519.85:53.082.9:616-07

Èñïîëüçîâàíèå äèôôåðåíöèàëüíûõ óðàâíåíèé ñ çàïàçäûâàíèåì íà ãåêñàãîíàëüíîé ðåøåòêå
äëÿ ìîäåëèðîâàíèÿ èììóíîñåíñîðîâ / Â.Ï. Ìàðöåíþê, À.Ñ. Ñâåðñòþê, È.Ñ. Ãâîçäåöêàÿ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 119–132.

²ë.: 4. Òàáë. 0. Á³áë³îãð.: 21 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíà ìîäåëü èììóíîñåíñîðà, îñíîâàííàÿ íà ñèñòåìå äèôôåðåíöèàëüíûõ óðàâ-
íåíèé ñ çàïàçäûâàíèåì íà ãåêñàãîíàëüíîé ðåøåòêå. Ïðèâåäåí ðåçóëüòàò — óñëîâèÿ ëîêàëüíîé àñèìïòî-
òè÷åñêîé ñòîéêîñòè ýíäåìè÷åñêîãî ñîñòîÿíèÿ. Ïðèìåíåí ìåòîä ôóíêöèîíàëîâ Ëÿïóíîâà, ñî÷åòàþùèé
îáùèé ïîäõîä ê èõ ïîñòðîåíèþ äëÿ ìîäåëåé õèùíèê–æåðòâà c èñïîëüçîâàíèåì äèôôåðåíöèàëüíûõ
óðàâíåíèé ñ çàïàçäûâàíèåì íà ãåêñàãîíàëüíîé ðåøåòêå. ×èñëåííûì ïðèìåðîì ïîêàçàíî èõ âëèÿíèå íà
óñòîé÷èâîñòü âåëè÷èíû çàïàçäûâàíèÿ, à èìåííî ïåðåõîä îò óñòîé÷èâîãî ôîêóñà ÷åðåç áèôóðêàöèþ Õîï-
ôà ê ïðåäåëüíîìó öèêëó.

Êëþ÷åâûå ñëîâà: áèîñåíñîð, èììóíîñåíñîð, äèôôåðåíöèàëüíûå óðàâíåíèÿ íà ãåêñàãîíàëüíîé ðåøåòêå,
äèôôåðåíöèàëüíûå óðàâíåíèÿ ñ çàïàçäûâàíèåì, àñèìïòîòè÷åñêàÿ óñòîé÷èâîñòü, ôóíêöèîíàë Ëÿïóíîâà.

—————————————

Âèêîðèñòàííÿ äèôåðåíö³àëüíèõ ð³âíÿíü ³ç çàï³çíåííÿì íà ãåêñàãîíàëüí³é ðåø³òö³ äëÿ
ìîäåëþâàííÿ ³ìóíîñåíñîð³â / Â.Ï. Ìàðöåíþê, À.Ñ. Ñâåðñòþê, ².Ñ. Ãâîçäåöüêà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 119–132.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìîäåëü ³ìóíîñåíñîðà, ÿêà ´ðóíòóºòüñÿ íà ñèñòåì³ äèôåðåíö³àëüíèõ
ð³âíÿíü ³ç çàï³çíåííÿì íà ãåêñàãîíàëüí³é ðåø³òö³. Íàâåäåíî ðåçóëüòàò — óìîâè ëîêàëüíî¿ àñèìïòîòè÷-
íî¿ ñò³éêîñò³ åíäåì³÷íîãî ñòàíó. Âèêîðèñòàíî ìåòîä ôóíêö³îíàë³â Ëÿïóíîâà, ÿêèé ïîºäíóº çàãàëüíèé
ï³äõ³ä äî ïîáóäîâè ôóíêö³îíàë³â Ëÿïóíîâà ìîäåëåé õèæàê–æåðòâà ç âèêîðèñòàííÿì äèôåðåíö³àëüíèõ
ð³âíÿíü ³ç çàï³çíåííÿì íà ãåêñàãîíàëüí³é ðåø³òö³. ×èñåëüíèé ïðèêëàä ïîêàçàâ âïëèâ íà ñò³éê³ñòü âåëè÷è-
íè çàï³çíåííÿ, à ñàìå, ïåðåõ³ä â³ä ñò³éêîãî ôîêóñà ÷åðåç á³ôóðêàö³þ Õîïôà äî ãðàíè÷íîãî öèêëó.

Êëþ÷îâ³ ñëîâà: á³îñåíñîð, ³ìóíîñåíñîð, äèôåðåíö³àëüí³ ð³âíÿííÿ íà ãåêñàãîíàëüí³é ðåø³òö³, äèôå-
ðåíö³àëüí³ ð³âíÿííÿ ³ç çàï³çíåííÿì, àñèìïòîòè÷íà ñò³éê³ñòü, ôóíêö³îíàë Ëÿïóíîâà.

———————————————

Àpplication of differential equations with time delay on a hexagonal lattice for immunosensor modeling / V.
Martsenyuk, A. Sverstiuk, I.S. Gvozdetska // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 119–132.

Abstract. A model of immunosensor is proposed, which is based on the system of differential equations
with time delay on a hexagonal lattice. The main result is conditions of local asymptotic stability of endemic
state. To this end, the method of Lyapunov functionals is used. It combines the general approach to construction
of Lyapunov functionals for the predator-prey models and differential equations with time delay on a hexagonal
lattice. A numerical example shows the influence of time delay on stability, namely, we have transition from
stable focus to the limit cycle through the Hopf bifurcation.

Keywords: biosensor, immunosensor, differential equations on a hexagonal lattice, differential equations with
delay, asymptotic stability, Lyapunov functional.

ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2019, òîì 55, ¹ 4 7



ÓÄÊ 004.93.1; 681.142

Ïîäõîä ê îöåíêå öåííîñòè è êîëè÷åñòâà èíôîðìàöèè â ñèñòåìàõ ìàññîâîãî îáñëóæèâàíèÿ íà
îñíîâàíèè òåîðèè ðàñïîçíàâàíèÿ îáðàçîâ è íå÷åòêèõ ìíîæåñòâ / Â.Ì. Çàÿöü, Î.Ì. Ðûáûöüêà,
Ì.Ì. Çàÿöü // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 133–144.

²ë.: 4. Òàáë. 1. Á³áë³îãð.: 17 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí íîâûé ïîõîä íà îñíîâå òåîðèè íå÷åòêèõ ìíîæåñòâ, êîòîðûé ïîçâîëÿåò
êîëè÷åñòâåííî îöåíèòü öåííîñòü èíôîðìàöèè. Ðàññìîòðåíû ðàçëè÷íûå ïîäõîäû ê îïðåäåëåíèþ è âû-
÷èñëåíèþ îñíîâíûõ ïîíÿòèé òåîðèè èíôîðìàöèè, â ÷àñòíîñòè, êîëè÷åñòâà èíôîðìàöèè è îöåíêè åå öåí-
íîñòè, èñõîäÿ èç ñòàòèñòè÷åñêèõ ñîîáðàæåíèé (êëàññè÷åñêèé ïîäõîä), òåîðèè àëãîðèòìîâ (àëãîðèòìè-
÷åñêèé ïîäõîä) è òåîðèè ðàñïîçíàâàíèÿ îáðàçîâ (îáðàçíûé ïîäõîä). Ïðåäëîæåíû ïîäõîäû ê îáðàáîòêå
íå÷åòêîé èíôîðìàöèè â óñëîâèÿõ íåïîëíîãî îïðåäåëåíèÿ âåêòîðà âõîäíûõ ïðèçíàêîâ, îñíîâàííûå íà
òåîðèè ðàñïîçíàâàíèÿ îáðàçîâ è íå÷åòêèõ ìíîæåñòâ. Ïðîâåäåí èõ àíàëèç, îòìå÷åíû ïðåäåëû èõ èñïîëü-
çîâàíèÿ è îáëàñòè ýôôåêòèâíîãî ïðèìåíåíèÿ.

Êëþ÷åâûå ñëîâà: òåîðèÿ èíôîðìàöèè, òåîðèÿ ðàñïîçíàâàíèÿ îáðàçîâ, êîëè÷åñòâî èíôîðìàöèè, öåííîñòü
èíôîðìàöèè, âåðîÿòíîñòü, íå÷åòêèå ìíîæåñòâà, ðàçìûòàÿ ëîãèêà, ñèñòåìû ìàññîâîãî îáñëóæèâàíèÿ.

——————————————

Ï³äõ³ä äî îö³íþâàííÿ ö³ííîñò³ òà ê³ëüêîñò³ ³íôîðìàö³¿ â ñèñòåìàõ ìàñîâîãî îáñëóãîâóâàííÿ íà
îñíîâ³ òåîð³¿ ðîçï³çíàâàííÿ îáðàç³â òà íå÷³òêèõ ìíîæèí / Â.Ì. Çàÿöü, Î.Ì. Ðèáèöüêà, Ì.Ì. Çàÿöü
// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 133–144.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íîâèé ï³äõ³ä, ùî ´ðóíòóºòüñÿ íà òåîð³¿ íå÷³òêèõ ìíîæèí, ÿêèé äàº çìîãó
ê³ëüê³ñíî îö³íèòè ö³íí³ñòü ³íôîðìàö³¿. Ðîçãëÿíóòî ð³çí³ ï³äõîäè äî âèçíà÷åííÿ òà ðîçðàõóíêó îñíîâíèõ
ïîíÿòü òåîð³¿ ³íôîðìàö³¿, çîêðåìà, ê³ëüêîñò³ ³íôîðìàö³¿ òà îö³íþâàííÿ ¿¿ ö³ííîñò³, âèõîäÿ÷è ç³ ñòàòèñòè÷-
íèõ ì³ðêóâàíü (êëàñè÷íèé ï³äõ³ä), òåîð³¿ àëãîðèòì³â (àëãîðèòì³÷íèé ï³äõ³ä) òà òåîð³¿ ðîçï³çíàâàííÿ îá-
ðàç³â (îáðàçíèé ï³äõ³ä). Ïðåäñòàâëåíî ï³äõîäè äî îáðîáëåííÿ íå÷³òêî¿ ³íôîðìàö³¿ â óìîâàõ íåïîâíîãî
âèçíà÷åííÿ âåêòîðà âõ³äíèõ îçíàê, ùî ´ðóíòóþòüñÿ íà òåîð³¿ íå÷³òêèõ ìíîæèí. Ïðîâåäåíî ¿õí³é àíàë³ç,
çàçíà÷åíî ìåæ³ âèêîðèñòàííÿ òà ñôåðè åôåêòèâíîãî çàñòîñóâàííÿ.

Êëþ÷îâ³ ñëîâà: òåîð³ÿ ³íôîðìàö³¿, òåîð³ÿ ðîçï³çíàâàííÿ îáðàç³â, ê³ëüê³ñòü ³íôîðìàö³¿, ö³íí³ñòü ³íôîð-
ìàö³¿, éìîâ³ðí³ñòü, íå÷³òê³ ìíîæèíè, ðîçìèòà ëîã³êà, ñèñòåìè ìàñîâîãî îáñëóãîâóâàííÿ.

———————————————-

An approach to evaluating the values and quantity of information in queueing systems based on pattern
recognition and fuzzy sets theories / V.M. Zaiats, Î.Ì. Rybytska, M.M. Zaiats // Kibernetika i sistemnyj
analiz. 2019. Vol. 55, N 4. P. 133–144.

Abstract. A new approach based on the pattern recognition theory is proposed, which allows one to
quantify the value of information. Different approaches to definition and calculation of basic concepts of
information theory are considered, in particular, the amount of information and its evaluation, based on
statistical considerations (the classical approach), theory of algorithms (algorithmic approach), and theory of
pattern recognition (image approach). Approaches to processing of fuzzy information under incomplete
definition of the vector of input attributes based on the theory of fuzzy sets and measures are proposed. Their
analysis is carried out, the limits of their use and the fields of efficient application are established.

Keywords: information theory, information quantity, information value, probability, fuzzy set, fuzzy logic,
queueing systems.

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

ÓÄÊ 004.93

Àëãîðèòì ñåãìåíòàöèè ñèìâîëîâ íîìåðíîãî çíàêà òðàíñïîðòíîãî ñðåäñòâà / Ð.Õ. Õàìäàìîâ,
Õ.Ý. Ðàõìàíîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 145–151.

²ë.: 9. Òàáë. 1. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ ýôôåêòèâíûé âû÷èñëèòåëüíûé ìåòîä ñåãìåíòàöèè îòäåëüíûõ ñèì-
âîëîâ íîìåðíîãî çíàêà. Ðàçáèåíèå îáëàñòè íà áëîêè ïðîâîäèòñÿ â ïðåäïîëîæåíèè, ÷òî ñèìâîëû ëîêàëè-
çîâàíû â êîíêðåòíûõ îáëàñòÿõ. Èçîáðàæåíèå íîìåðíîãî çíàêà äåëèòñÿ íà n ÷àñòåé, ãäå n — ÷èñëî ñèì-
âîëîâ. Îïèñàí àëãîðèòì ñåãìåíòàöèè ñèìâîëîâ íîìåðíîé ïëàñòèíû, íà áàçå êîòîðîãî ðàçðàáîòàí ìîäè-
ôèöèðîâàííûé âàðèàíò äàííîãî àëãîðèòìà. Â êà÷åñòâå ìàòåìàòè÷åñêîãî àïïàðàòà äëÿ ðåøåíèÿ äàííîé
çàäà÷è èñïîëüçîâàí êîíòóðíûé àíàëèç. Ïðåäëîæåííûé àëãîðèòì ñåãìåíòàöèè ñèìâîëîâ ïîçâîëÿåò èñ-
ïîëüçîâàòü åãî â ñèñòåìàõ ðàñïîçíàâàíèÿ àâòîìîáèëüíûõ íîìåðîâ.

Êëþ÷åâûå ñëîâà: êðàåâûå òî÷êè, àíàëèç èçîáðàæåíèÿ, ñåãìåíòàöèÿ ñèìâîëîâ, êîíòóðíûé àíàëèç, ïóòü
ñ íàèìåíüøåé ñòîèìîñòüþ.

——————————-

Àëãîðèòì ñåãìåíòàö³¿ ñèìâîë³â íîìåðíîãî çíàêà òðàíñïîðòíîãî çàñîáó / Ð.Õ. Õàìäàìîâ,
Õ.Å. Ðàõìàíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 145–151.

Àíîòàö³ÿ. Ðîçãëÿíóòî åôåêòèâíèé îá÷èñëþâàëüíèé ìåòîä ñåãìåíòàö³¿ îêðåìèõ ñèìâîë³â íîìåðíî-
ãî çíàêà. Ðîçáèòòÿ ä³ëÿíêè íà áëîêè â³äáóâàºòüñÿ çàëåæíî â³ä òîãî, ÿê ñèìâîëè ëîêàë³çîâàíî â ïåâíèõ
êîíêðåòíèõ ä³ëÿíêàõ. Çîáðàæåííÿ íîìåðíîãî çíàêà ïîä³ëÿþòü íà n ÷àñòèí, äå n — ê³ëüê³ñòü ñèìâîë³â.
Îïèñàíî àëãîðèòì ñåãìåíòàö³¿ ñèìâîë³â íîìåðíî¿ ïëàñòèíè, íà áàç³ ÿêîãî ðîçðîáëåíî ìîäèô³êîâàíèé
âàð³àíò ïðîïîíîâàíîãî àëãîðèòìó. ßê ìàòåìàòè÷íèé àïàðàò äëÿ ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³ âèêîðèñòàíî êîí-
òóðíèé àíàë³ç. Çàïðîïîíîâàíèé àëãîðèòì ñåãìåíòàö³¿ ñèìâîë³â äîçâîëÿº âèêîðèñòîâóâàòè éîãî â ñèñòå-
ìàõ ðîçï³çíàâàííÿ àâòîìîá³ëüíèõ íîìåð³â.

Êëþ÷îâ³ ñëîâà: êðàéîâ³ òî÷êè, àíàë³ç çîáðàæåííÿ, ñåãìåíòàö³ÿ ñèìâîë³â, êîíòóðíèé àíàë³ç, øëÿõ ç íàé-
ìåíøîþ âàðò³ñòþ.
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An algorithm for segmentation of symbols of a vehicle license plate / R.Kh. Khamdamov,
H.E. Rakhmanov // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 145–151.

Abstract. An efficient computational method of segmentation of individual symbols at a license plate is
considered. Division into blocks is carried out on the assumption that the symbols are localized in certain
specific areas. The license plate image is divided into n parts, where n is the number of characters. The paper
also describes a segmentation algorithm that underlies a modified version of this algorithm. Contour analysis
was used as a mathematical apparatus for the solution of this problem. The proposed symbol segmentation
algorithm allows its use it in systems of recognition of vehicle license plates.

Keywords: edge points, image analysis, symbol segmentation, contour analysis, path with the lowest cost.
================================

ÓÄÊ 519.622; 517.5

Àíàëèç îáîáùåííûõ èíòåãðàëüíûõ ìîäåëåé ñ óïðàâëÿåìîé ïàìÿòüþ íà îñíîâå a-ìåòîäà
Â.Ê. Äçÿäûêà / Â.È. Áèëåíêî, Å.Â. Áîæîíîê, Ñ.Þ. Äçÿäûê, Í.Ã. Êèðèëàõà // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 152–157.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 21 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû âîïðîñû êîíñòðóèðîâàíèÿ è òåîðåòè÷åñêîãî îáîñíîâàíèÿ âû÷èñëèòåëü-
íûõ àëãîðèòìîâ äëÿ àíàëèçà îáîáùåííûõ èíòåãðàëüíûõ ìîäåëåé Ãëóøêîâà íà îñíîâå àïïðîêñèìàöèîí-
íîãî ìåòîäà Â.Ê. Äçÿäûêà.

Êëþ÷åâûå ñëîâà: êóñî÷íî-ïîëèíîìèàëüíàÿ àïïðîêñèìàöèÿ, íåíàñûùàåìîñòü, íàèëó÷øåå ïðèáëèæå-
íèå, àëãåáðàè÷åñêè-íåëèíåéíûå óðàâíåíèÿ, îïòèìàëüíûå àëãîðèòìû, îïòèìèçàöèÿ âû÷èñëåíèé, èíòåã-
ðàëüíûå ìîäåëè ñ óïðàâëÿåìîé ïàìÿòüþ.

—————————————

Àíàë³ç óçàãàëüíåíèõ ³íòåãðàëüíèõ ìîäåëåé ç êåðîâàíîþ ïàì’ÿòòþ íà îñíîâ³ à-ìåòîäó
Â.Ê. Äçÿäèêà / Â.². Á³ëåíêî, Ê.Â. Áîæîíîê, Ñ.Þ. Äçÿäèê, Í.Ã. Êèðèëàõà // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 152–157.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïèòàííÿ êîíñòðóþâàííÿ òà òåîðåòè÷íîãî îá´ðóíòóâàííÿ îá÷èñëþâàëüíèõ
àëãîðèòì³â äëÿ àíàë³çó óçàãàëüíåíèõ ³íòåãðàëüíèõ ìîäåëåé Ãëóøêîâà íà îñíîâ³ àïðîêñèìàö³éíîãî ìåòî-
äó Â.Ê. Äçÿäèêà.

Êëþ÷îâ³ ñëîâà: êóñêîâî-ïîë³íîì³àëüíà àïðîêñèìàö³ÿ, íåíàñè÷óâàí³ñòü, íàéêðàùå íàáëèæåííÿ, àëãåá-
ðà¿÷íî-íåë³í³éí³ ð³âíÿííÿ, îïòèìàëüí³ àëãîðèòìè, îïòèì³çàö³ÿ îá÷èñëåíü, ³íòåãðàëüí³ ìîäåë³ ñèñòåì ç
êåðîâàíîþ ïàì’ÿòòþ.

———————————————

Analysis of generalized glushkov integral models with controllable memory on the basis of the
V.K. Dzyadyk a-method / V.I. Bilenko, K.V. Bozhonok, S.Yu. Dzyadyk, N.G. Kyrylakha // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 4. P. 152–157.

Abstract. The problems of construction and theoretical substantiation of computational algorithms for
the analysis of generalized Glushkov integral models are considered on the basis of the V.K. Dzyadyk
approximation method.

Keywords: piecewise polynomial approximation, unsaturation, the best approximation, algebraic-nonlinear
equations, optimal algorithms, computing optimization, memory controlled integral models.

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

ÓÄÊ 519.2; 339.1

Î íåêîòîðûõ ìîäåëÿõ áèðæåâîé òîðãîâëè íà âûñîêîðèñêîâàííûõ ôèíàíñîâûõ ðûíêàõ /
Î.Â. Ñìèðíîâà, Â.Þ. Êîòëÿð // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 158–165.

²ë.: 1. Òàáë. 1. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû âûñîêîðèñêîâàííûå ôèíàíñîâûå ðûíêè, íà êîòîðûõ îñóùåñòâëÿþòñÿ
îïåðàöèè ñ ôèíàíñîâûìè èíñòðóìåíòàìè áåç ïîêðûòèÿ. Ïðîàíàëèçèðîâàíû áåçðèñêîâûå ñòðàòåãèè áèð-
æåâîé òîðãîâëè ñ ãàðàíòèðîâàííîé äîõîäíîñòüþ èëè óáûòêîì: ñêàëüïèíã, ñïóôèíã, ôëèïïèíã, ñêàëü-
ïèíã ñ õåäæèðîâàíèåì. Äëÿ íèõ ïîñòðîåíà ìàòåìàòè÷åñêàÿ ìîäåëü è ïðèâåäåíû ïðèìåðû ðàñ÷åòîâ ïîëó-
÷åííûõ àëãîðèòìîâ â ïðîöåññå òîðãîâëè îïöèîíàìè.

Êëþ÷åâûå ñëîâà: ôèíàíñîâûå èíñòðóìåíòû, ôèíàíñîâûå ðûíêè, ñêàëüïèíã, ñïóôèíã, ôëèïïèíã, áè-
íàðíûå îïöèîíû, ìîäåëü òîðãîâ.

——————————————

Ïðî äåÿê³ ìîäåë³ á³ðæîâî¿ òîðã³âë³ íà âèñîêîðèçèêîâàíèõ ô³íàíñîâèõ ðèíêàõ / Î.Â. Ñìèðíîâà,
Â.Þ. Êîòëÿð // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 158–165.

Àíîòàö³ÿ. Ðîçãëÿíóòî âèñîêîðèçèêîâàí³ ô³íàíñîâ³ ðèíêè, íà ÿêèõ çä³éñíþþòüñÿ îïåðàö³¿ ç ô³íàíñî-
âèìè ³íñòðóìåíòàìè áåç ïîêðèòòÿ. Ïðîàíàë³çîâàíî áåçðèçèêîâ³ ñòðàòåã³¿ á³ðæîâî¿ òîðã³âë³ ç ãàðàíòîâàíîþ
ïðèáóòêîâ³ñòþ àáî çáèòêîì: ñêàëüïèíã, ñïóôèíã, ôë³ïï³íã, ñêàëüïèíã ç õåäæóâàííÿì. Äëÿ íèõ ïîáóäîâàíî
ìàòåìàòè÷íó ìîäåëü ³ íàâåäåíî ïðèêëàäè ðîçðàõóíê³â îòðèìàíèõ àëãîðèòì³â ó ïðîöåñ³ òîðã³âë³ îïö³îíàìè.

Êëþ÷îâ³ ñëîâà: ô³íàíñîâ³ ³íñòðóìåíòè, ô³íàíñîâ³ ðèíêè, ñêàëüï³íã, ñïóôèíã, ôë³ïï³íã, á³íàðí³ îïö³îíè,
ìîäåëü òîðã³â.

ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2019, òîì 55, ¹ 4 9



Some models of exchange trading in high-risk financial markets / O.V. Smirnova, V.Yu. Kotlyar //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 158–165.

Abstract. High-risk financial markets, where transactions with non-reserved financial instruments are
conducted, are considered. The risk-free trading strategies with guaranteed profitability or loss are analyzed:
scalping, spoofing, flipping, scalping with hedging. A mathematical model is constructed for them. Examples of
calculations of the obtained algorithms in the process of option trading are given.

Keywords: financial instruments, financial markets, scalping, spoofing, flipping, binary options, trading model.

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

ÓÄÊ 519.1

Ìåòîäû ðåøåíèÿ çàäà÷ î ìàòåìàòè÷åñêèõ ñåéôàõ íà ìàòðèöàõ ñ ðàçíûìè òèïàìè çàìêîâ /
À.Ë. Ãóðèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 166–175.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 4 íàçâè.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ çàäà÷à î ìàòåìàòè÷åñêèõ ñåéôàõ íà ìàòðèöàõ ñ çàìêàìè ðàçëè÷íûõ
òèïîâ. Äëÿ èññëåäîâàíèÿ ïðèìåíÿåòñÿ ìåòîä âûäåëåíèÿ ïîäñèñòåì, ðàçðàáîòàííûé è îáîñíîâàííûé â
ïðåäûäóùèõ ðàáîòàõ àâòîðà äëÿ áîëåå ïðîñòûõ ñåéôîâ. Èññëåäóåòñÿ çàäà÷à äëÿ ñåéôîâ ñ çàìêàìè äâóõ
òèïîâ. Ïðèâîäÿòñÿ ïðèìåðû ðåøåíèÿ òàêîé çàäà÷è.

Êëþ÷åâûå ñëîâà: ìàòðèöà ñîñòîÿíèé, ìàòðèöà ðåøåíèÿ, ïîäñèñòåìû ïåðâîãî è âòîðîãî ðîäîâ, îáðàò-
íàÿ ìàòðèöà, îäíîòèïíûå ñåéôû, ïðîñòîé ìîäóëü, ñîñòàâíîé ìîäóëü.

—————————————————————

Ìåòîäè ðîçâ’ÿçóâàííÿ çàäà÷ ïðî ìàòåìàòè÷í³ ñåéôè íà ìàòðèöÿõ ç ð³çíèìè òèïàìè çàìê³â /
À.Ë. Ãóð³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 166–175.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ïðî ìàòåìàòè÷í³ ñåéôè íà ìàòðèöÿõ ³ç çàìêàìè ð³çíèõ òèï³â. Äëÿ
äîñë³äæåííÿ çàñòîñîâàíî ìåòîä âèä³ëåííÿ ï³äñèñòåì, ÿêèé ðîçðîáëåíî òà îáãðóíòîâàíî â ïîïåðåäí³õ ðî-
áîòàõ àâòîðà äëÿ á³ëüø ïðîñò³õ ñåéô³â. Äîñë³äæåíî çàäà÷ó äëÿ ñåéô³â ³ç çàìêàìè äâîõ òèï³â. Íàâåäåíî
ïðèêëàäè ðîçâ’ÿçàííÿ òàêî¿ çàäà÷è.

Êëþ÷îâ³ ñëîâà: ìàòðèöÿ ñòàí³â, ìàòðèöÿ ðîçâ’ÿçêó, ï³äñèñòåìè ïåðøîãî òà äðóãîãî ðîä³â, îáåðíåíà
ìàòðèöÿ, îäíîòèïí³ ñåéôè, ïðîñòèé ìîäóëü, ñêëàäåíèé ìîäóëü.
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Methods for solving the problems of mathematical safes on matrices with different types of locks /
A.L. Gurin // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 166–175.

Abstract. The paper deals with the problem of mathematical safes on matrices with locks of different
types. The method of subsystems separation is used, which was developed and substantiated in previous works
for sympler safe types. Examples of solving such problem are given.

Keywords: state matrix, solution matrix, subsystems of the first and second kind, inverse matrix, safes of the
same type, simple module.
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ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 519.687.4

Ýôôåêòèâíûå ñïîñîáû îðãàíèçàöèè ïàðàëëåëüíîé ðàáîòû îïòèìèçàöèîííûõ àëãîðèòìîâ /
Â.Ï. Øèëî, Ñ.Â. ×óïîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 176–183.

²ë.: 6. Òàáë. 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ïðèâåäåí êðàòêèé îáçîð ïðîãðàììíûõ è òåõíè÷åñêèõ ñðåäñòâ ñîâðåìåííîé âû÷èñëè-
òåëüíîé òåõíèêè, ïîçâîëÿþùèõ ñòðîèòü ýôôåêòèâíûå ñèñòåìû ïàðàëëåëüíûõ âû÷èñëåíèé. Ïðåäñòàâëå-
íû ñòðóêòóðíûå ñõåìû è äåòàëüíî îïèñàíà ðàáîòà òàêèõ îáúåäèíåíèé ïàðàëëåëüíûõ îïòèìèçàöèîííûõ
àëãîðèòìîâ, êàê ïîðòôåëü è êîìàíäà. Îòìå÷åíû îñîáåííîñòè îðãàíèçàöèè ðàáîòû àëãîðèòìîâ â ýòèõ îá-
úåäèíåíèÿõ, ñâÿçàííûå ñ ñèíõðîíèçàöèåé ïàðàëëåëüíîé ðàáîòû àëãîðèòìîâ êîìàíäû è ñîãëàñîâàííîé
îáðàáîòêîé ïîëó÷åííûõ àëãîðèòìàìè äàííûõ.

Êëþ÷åâûå ñëîâà: ïàðàëëåëüíûå àëãîðèòìû, ïîðòôåëü àëãîðèòìîâ, êîìàíäà àëãîðèòìîâ, ñèíõðîíèçàöèÿ
äîñòóïà ê îáùèì äàííûì.

————————————-

Åôåêòèâí³ ñïîñîáè îðãàí³çàö³¿ ïàðàëåëüíî¿ ðîáîòè îïòèì³çàö³éíèõ àëãîðèòì³â / Â.Ï. Øèëî,
Ñ.Â. ×óïîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 176–183.

Àíîòàö³ÿ. Íàâåäåíî êîðîòêèé îãëÿä ïðîãðàìíèõ òà òåõí³÷íèõ çàñîá³â ñó÷àñíî¿ îá÷èñëþâàëüíî¿
òåõí³êè, ÿê³ äàþòü çìîãó áóäóâàòè åôåêòèâí³ ñèñòåìè ïàðàëåëüíèõ îá÷èñëåíü. Ïðåäñòàâëåíî ñòðóêòóðí³ ñõå-
ìè òà äåòàëüíî îïèñàíî ðîáîòó îá’ºäíàíü òàêèõ ïàðàëåëüíèõ îïòèì³çàö³éíèõ àëãîðèòì³â, ÿê ïîðòôåëü ³ êî-
ìàíäà. Â³äçíà÷åíî îñîáëèâîñò³ îðãàí³çàö³¿ ðîáîòè àëãîðèòì³â ó öèõ îá’ºäíàííÿõ, ïîâ’ÿçàí³ ç ñèíõðîí³çàö³ºþ
ïàðàëåëüíî¿ ðîáîòè àëãîðèòì³â êîìàíäè òà ç óçãîäæåíèì îáðîáëåííÿì îòðèìàíèõ àëãîðèòìàìè äàíèõ.

Êëþ÷îâ³ ñëîâà: ïàðàëåëüí³ àëãîðèòìè, ïîðòôåëü àëãîðèòì³â, êîìàíäà àëãîðèòì³â, ñèíõðîí³çàö³ÿ äîñòó-
ïó äî ñï³ëüíèõ äàíèõ.
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Efficient methods for to orgnize parallel operation of optimization algorithms / V.P. Shylo, S.V. Chupov //
Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 176–183.

Abstract. The software and hardware of modern computers, which allow generating efficient systems of
parallel computing are briefly overviewed. Structural schemes are presented and operation of combined parallel
optimization algorithms such as a portfolio and a team is described in detail. The special features of the
organization of the operation of algorithms in these unions related to both synchronization of parallel operation
of the algorithms of the team and coherent processing of the data obtained by the algorithms are specified.

Keywords: parallel algorithms, portfolio of algorithms, command of algorithms, synchronization of access to
common data.

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

ÓÄÊ 681.3:574.5

Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå òîêîâûõ ñîñòîÿíèé âîäíûõ îáúåêòîâ / À.À. Êàëåí÷óê-Ïîðõàíîâà
// Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 184–193.

²ë.: 4. Òàáë. 0. Á³áë³îãð.: 17 íàçâ.

Àííîòàöèÿ. Ñèñòåìà èìèòàöèîííîãî ìîäåëèðîâàíèÿ âîäíûõ îáúåêòîâ, ðàçðàáîòàííàÿ â Èíñòèòó-
òå êèáåðíåòèêè èì. Â.Ì. Ãëóøêîâà ÍÀÍ Óêðàèíû, âêëþ÷àåò ïîäñèñòåìû ìîäåëèðîâàíèÿ: èçìåíåíèé
êèñëîðîäíîãî ðåæèìà è ïåðåíîñà çàãðÿçíåíèé â âîäîòîêàõ, ïðîöåññîâ â ïîäçåìíûõ âîäîíîñíûõ ãîðè-
çîíòàõ, òîêîâûõ ñîñòîÿíèé â âîäîåìàõ è èíòåëëåêòóàëèçèðîâàííîãî ñïîñîáà îáðàáîòêè, ñæàòèÿ è âîñ-
ñòàíîâëåíèÿ ñ ãàðàíòèðîâàííîé òî÷íîñòüþ ìàññèâîâ ÷èñëîâûõ äàííûõ ñ èñïîëüçîâàíèåì àïïàðàòà íàè-
ëó÷øåé ÷åáûøåâñêîé àïïðîêñèìàöèè, ïðèìåíÿåìîé âî âñåõ ïîäñèñòåìàõ. Ìîäåëè äëÿ êîíêðåòíûõ âîä-
íûõ îáúåêòîâ Óêðàèíû ñîçäàíû âïåðâûå. Ñèñòåìà «îòêðûòà» äëÿ âêëþ÷åíèÿ íîâûõ ìîäåëåé è îáúåêòîâ.
Îïèñàíà ïîäñèñòåìà ìîäåëèðîâàíèÿ òîêîâûõ ñîñòîÿíèé â âîäîåìàõ.

Êëþ÷åâûå ñëîâà: ìîäåëèðîâàíèå, ïîäñèñòåìà, âîäíûé îáúåêò, òîêîâûå ñîñòîÿíèÿ âîäîåìà.
———————————-

Ìàòåìàòè÷íå ìîäåëþâàííÿ òå÷³âíèõ ñòàí³â âîäíèõ îá’ºêò³â / À.Î. Êàëåí÷óê-Ïîðõàíîâà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 184–193.

Àíîòàö³ÿ. Ñèñòåìà ³ì³òàö³éíîãî ìîäåëþâàííÿ âîäíèõ îá’ºêò³â, ðîçðîáëåíà â ²íñòèòóò³ ê³áåðíåòè-
êè ³ì. Â.Ì.Ãëóøêîâà ÍÀÍ Óêðà¿íè, ñêëàäàºòüñÿ ç ï³äñèñòåì ìîäåëþâàííÿ: çì³í êèñíåâîãî ðåæèìó ³ ïå-
ðåíåñåííÿ çàáðóäíåíü ó âîäîòîêàõ, ïðîöåñ³â ó ï³äçåìíèõ âîäîíîñíèõ ãîðèçîíòàõ, òå÷³âíèõ ñòàí³â ó âî-
äîéìàõ òà ³íòåëåêòóàëüíîãî ñïîñîáó îáðîáëåííÿ, ñòèñíåííÿ ³ â³äíîâëåííÿ ç ãàðàíòîâàíîþ òî÷í³ñòþ ìà-
ñèâ³â ÷èñëîâèõ äàíèõ ³ç çàñòîñóâàííÿì àïàðàòó íàéêðàùî¿ ÷åáèøîâñüêî¿ àïðîêñèìàö³¿, ÿêà
âèêîðèñòîâóºòüñÿ â óñ³õ ï³äñèñòåìàõ. Ìîäåë³ äëÿ êîíêðåòíèõ âîäíèõ îá’ºêò³â Óêðà¿íè ñòâîðåíî âïåðøå.
Ñèñòåìà º «â³äêðèòîþ» äëÿ âêëþ÷åííÿ íîâèõ ìîäåëåé ³ îá’ºêò³â. Îïèñàíî ï³äñèñòåìó ìîäåëþâàííÿ
òå÷³âíèõ ñòàí³â ó âîäîéìàõ.

Êëþ÷îâ³ ñëîâà: ìîäåëþâàííÿ, ï³äñèñòåìà, âîäíèé îá’ºêò, ìåòîä, òå÷³âí³ ñòàíè ó âîäîéìàõ.
—————————————

Simulation of flow states of water objects / À.A. Kalenchuk-Porkhanova // Kibernetika i sistemnyj analiz.
2019. Vol. 55, N 4. P. 184–193.

Abstract. The Simulation System of Water Objects software package was developed at the
V.M. Glushkov Institute of Cybernetics, National Academy of Sciences of Ukraine. It includes simulation
subsystems of oxygen rate changes in water flow, pollutions transfer by water flow, filtration processes in
underground water saturated layers, water reservoir flow states and intelligent processing, compressing and
recovery with guaranteed precision of data arrays based on best Chebyshev approximation, which is used in all
of other subsystems. All the models for some water objects of Ukraine were implemented for the first time.
Simulation System of Water Objects is extensible and provides tools for integration of new models and objects.
The simulation subsystem of water flow is described in the paper.

Keywords: modeling, subsystem, water-objects, flow states in water objects.
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ÓÄÊ 681.04

Ìåòîä ðåàëèçàöèè àðèôìåòè÷åñêîé îïåðàöèè ñëîæåíèÿ â ñèñòåìå îñòàòî÷íûõ êëàññîâ íà îñíîâå
èñïîëüçîâàíèÿ ïðèíöèïà êîëüöåâîãî ñäâèãà / Â.À. Êðàñíîáàåâ, Ñ.À. Êîøìàí // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 4. Ñ. 194–202.

²ë.: 0. Òàáë. 3. Á³áë³îãð.: 14 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí ìåòîä ðåàëèçàöèè àðèôìåòè÷åñêîé îïåðàöèè ñëîæåíèÿ â ñèñòåìå îñòà-
òî÷íûõ êëàññîâ (ÑÎÊ). Ìåòîä îñíîâàí íà èñïîëüçîâàíèè ïðèíöèïà êîëüöåâîãî ñäâèãà (ÏÊÑ). Îñîáåí-
íîñòü äàííîãî ìåòîäà ñîñòîèò â òîì, ÷òî ðåçóëüòàò ðåàëèçàöèè îïåðàöèè ñëîæåíèÿ ÷èñåë ìîæíî îïðåäå-
ëèòü ïóòåì ïîñëåäîâàòåëüíûõ öèêëè÷åñêèõ ñäâèãîâ äâîè÷íûõ ðàçðÿäîâ èíôîðìàöèîííîãî ñîäåðæèìîãî
áëîêîâ äàííûõ ïî ñîîòâåòñòâóþùèì ìîäóëÿì ÑÎÊ. Èñïîëüçîâàíèå ÏÊÑ ïîçâîëÿåò èñêëþ÷èòü âëèÿíèå
ìåæðàçðÿäíûõ ñâÿçåé ìåæäó ñëàãàåìûìè, ÷òî ñïîñîáñòâóåò ïîâûøåíèþ áûñòðîäåéñòâèÿ âûïîëíåíèÿ
îïåðàöèè ñëîæåíèÿ äâóõ ÷èñåë â ÑÎÊ.

Êëþ÷åâûå ñëîâà: ñèñòåìà ñ÷èñëåíèÿ, ñèñòåìà îñòàòî÷íûõ êëàññîâ, êîëüöåâîé ðåãèñòð ñäâèãà, áûñòðî-
äåéñòâèå ðåàëèçàöèè àðèôìåòè÷åñêèõ îïåðàöèé, äîñòîâåðíîñòü âû÷èñëåíèé, êîìïüþòåðíûå ñèñòåìû è
êîìïîíåíòû.

————————————
Ìåòîä ðåàë³çàö³¿ àðèôìåòè÷íî¿ îïåðàö³¿ äîäàâàííÿ ó ñèñòåì³ çàëèøêîâèõ êëàñ³â íà îñíîâ³
âèêîðèñòàííÿ ïðèíöèïó ê³ëüöåâîãî çñóâó / Â.À. Êðàñíîáàºâ, Ñ.Î. Êîøìàí // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 4. Ñ. 194–202.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìåòîä ðåàë³çàö³¿ àðèôìåòè÷íî¿ îïåðàö³¿ äîäàâàííÿ ó ñèñòåì³ çàëèøêîâèõ
êëàñ³â (ÑÇÊ). Ìåòîä áàçóºòüñÿ íà âèêîðèñòàíí³ ïðèíöèïó ê³ëüöåâîãî çñóâó (ÏÊÇ). Îñîáëèâ³ñòü ìåòîäó
ïîëÿãàº ó òîìó, ùî ðåçóëüòàò ðåàë³çàö³¿ îïåðàö³¿ äîäàâàííÿ ÷èñåë ìîæíà âèçíà÷èòè øëÿõîì ïîñë³äîâíèõ
öèêë³÷íèõ çñóâ³â äâ³éêîâèõ ðîçðÿä³â ³íôîðìàö³éíîãî âì³ñòó áëîê³â äàíèõ çà â³äïîâ³äíèìè ìîäóëÿìÿìè
ÑÇÊ. Âèêîðèñòàííÿ ÏÊÇ äîçâîëÿº ïîçáóòèñÿ âïëèâó ì³æðîçðÿäíèõ çâ’ÿçê³â ì³æ äîäàíêàìè, ùî ï³äâèùóº
øâèäêîä³þ âèêîíàííÿ îïåðàö³¿ äîäàâàííÿ äâîõ ÷èñåë ó ÑÇÊ.

Êëþ÷îâ³ ñëîâà: cèñòåìà ÷èñëåííÿ, ñèñòåìà çàëèøêîâèõ êëàñ³â, ê³ëüöåâèé ðåã³ñòð çñóâó, øâèäêîä³ÿ
ðåàë³çàö³¿ àðèôìåòè÷íèõ îïåðàö³é, äîñòîâ³ðí³ñòü îá÷èñëåíü, êîìï’þòåðí³ ñèñòåìè òà êîìïîíåíòè.

———————————————————-
The method of operational data diagnosing represented in the residue number system /
V.A. Krasnobayev, S.A. Koshman // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 4. P. 194–202.

Abstract. The method of realization of the arithmetic operation of addition in the system of residual
classes (SRÑ) is considered in the paper. The method is based on the use of the principle of circular shift (PCS).
The peculiarity of this method is that the result of the operation of adding the numbers can be determined by
successive cyclic shifts of the bits of the information content of the data blocks by the corresponding modules
of SRÑ. Using PCS allows you to get rid of the influence of inter-bit relationships between the terms, which
allows you to increase the speed of the operation of adding two numbers to SRÑ.

Keywords: number system, residue number system, circular shift register, speed of implementation of
arithmetic operations, reliability of calculations, computer systems and components.
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