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ÓÄÊ 004.274

Ñìåøàííîå êîäèðîâàíèå íàáîðîâ ìèêðîîïåðàöèé â ìèêðîïðîãðàììíîì àâòîìàòå /
À.À. Áàðêàëîâ, Ë.À. Òèòàðåíêî, À.Â. Áàåâ, À.Â. Ìàòâèåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020.
Òîì 56, ¹ 3. Ñ. 3–16.

²ë.: 8. Òàáë.: 9. Á³áë³îãð.: 27 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä óìåíüøåíèÿ êîëè÷åñòâà LUT â ñõåìå ìèêðîïðîãðàììíîãî àâòîìàòà
Ìèëè, ðåàëèçóåìîãî â áàçèñå FPGA. Ìåòîä îñíîâàí íà óäàëåíèè èç íàáîðîâ ìèêðîîïåðàöèé íåêîòîðûõ
ýëåìåíòîâ äëÿ ðåàëèçàöèè íà áëîêå ïàìÿòè EMB. Òàêîé ïîäõîä ïîçâîëÿåò óìåíüøèòü ÷èñëî óðîâíåé ëî-
ãèêè è ìåæñîåäèíåíèé â ñõåìå, ðåàëèçóåìîé íà ýëåìåíòàõ LUT. Ïðåäëîæåí àëãîðèòì ðàçáèåíèÿ ìíî-
æåñòâà ìèêðîîïåðàöèé. Ïðèâåäåí ïðèìåð ñèíòåçà è ïîêàçàíû ðåçóëüòàòû ïðîâåäåííûõ èññëåäîâàíèé.

Êëþ÷åâûå ñëîâà: àâòîìàò Ìèëè, ñèíòåç, FPGA, LUT, EMB, êîäèðîâàíèå íàáîðîâ ìèêðîîïåðàöèé.

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

Çì³øàíå êîäóâàííÿ íàáîð³â ì³êðîîïåðàö³é ó ì³êðîïðîãðàìíîìó àâòîìàò³ / Î.Î. Áàðêàëîâ,
Ë.Î. Ò³òàðåíêî, À.Â. Áàºâ, Î.Â. Ìàòâ³ºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3.
Ñ. 3–16.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä çìåíøåííÿ ê³ëüêîñò³ LUT ó ñõåì³ ì³êðîïðîãðàìíîãî àâòîìàòà
Ì³ë³, ÿêèé ðåàë³çóºòüñÿ â áàçèñ³ FPGA. Ìåòîä hðóíòóºòüñÿ íà âèëó÷åíí³ ç íàáîð³â ì³êðîîïåðàö³é äåÿêèõ
åëåìåíò³â äëÿ ðåàë³çàö³¿ íà áëîö³ ïàì’ÿò³ EMB. Òàêèé ï³äõ³ä äàº çìîãó çìåíøèòè ê³ëüê³ñòü ð³âí³â ëîã³êè ³
ì³æç’ºäíàíü ó ñõåì³, ÿêà ðåàë³çóºòüñÿ íà åëåìåíòàõ LUT. Çàïðîïîíîâàíî àëãîðèòì ðîçáèòòÿ ìíîæèíè
ì³êðîîïåðàö³é. Íàâåäåíî ïðèêëàä ñèíòåçó ³ ðåçóëüòàòè ïðîâåäåíèõ äîñë³äæåíü.

Êëþ÷îâ³ ñëîâà: àâòîìàò Ì³ë³, ñèíòåç, FPGA, LUT, EMB, êîäóâàííÿ íàáîð³â ì³êðîîïåðàö³é.

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

Mixed encoding of collections of microoperations for microprogrammed automata / A.A. Barkalov,
L.A. Titarenko, A.V. Baiev, A.V. Matviienko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 3–16.

Abstract. A method is proposed for reducing the number of LUTs in the circuit of a microprogrammed
Mealy FSM. The method is based on elimination of some elements from the sets of microoperations for their
implementation by EMB. This approach reduces logic levels and interconnections for a circuit implemented
with LUTs. An algorithm is proposed for searching a partition of the set of micro-operations. An example of
synthesis is given as well as results of the investigations.

Keywords: Mealy FSM, synthesis, FPGA, LUT, EMB, encoding of collections of micro-operations.

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

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.7

Ïðîáëåìà ìàòåìàòè÷åñêîé èíòåðïðåòàöèè äàííûõ. II. Ñèñòåìû ñ ðàñïðåäåëåííûìè ïàðàìåòðàìè
/ Â.Ô. Ãóáàðåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 3. Ñ. 17–29.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 16 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà ïðîáëåìà ìàòåìàòè÷åñêîé èíòåðïðåòàöèè ýêñïåðèìåíòàëüíûõ äàííûõ
â ñèñòåìàõ ñ ðàñïðåäåëåííûìè ïàðàìåòðàìè ñ èñïîëüçîâàíèåì ìîäåëè, êîòîðàÿ ïðåäïîëàãàåòñÿ àäåêâàò-
íîé èññëåäóåìûì îáúåêòàì. Äëÿ ëèíåéíûõ ñèñòåì íà îñíîâå ôóíêöèé Ãðèíà ðàçðàáîòàíû òåîðåòè÷åñêèå
îñíîâû, ïîçâîëÿþùèå îñóùåñòâëÿòü ïîñòàíîâêó ðàçíîîáðàçíûõ îáðàòíûõ çàäà÷, ê êîòîðûì ñâîäèòñÿ
ïðîáëåìà èíòåðïðåòàöèè. Ðåêîìåíäîâàíû è îïèñàíû ïðîöåäóðû ðåãóëÿðèçàöèè, ïîçâîëÿþùèå íàõîäèòü
ïðèáëèæåííûå ðåøåíèÿ, ñîãëàñîâàííûå ïî òî÷íîñòè ñ ïîãðåøíîñòÿìè äàííûõ. Âàæíàÿ ðîëü îòâîäèòñÿ
ïðåäñòàâëåíèþ êëàññà ìîäåëåé â âèäå ðàçëîæåíèé, àñèìïòîòè÷åñêè ïðèáëèæàþùèõñÿ ê òî÷íîìó îïèñà-
íèþ. Ïðèâåäåíû êîíñòðóêòèâíûå àëãîðèòìû ðåøåíèÿ çàäà÷ èíòåðïðåòàöèè.

Êëþ÷åâûå ñëîâà: çàäà÷è èíòåðïðåòàöèè, àññèìèëÿöèÿ äàííûõ, îáðàòíûå çàäà÷è, ðàñïðåäåëåííûå ñèñ-
òåìû, ðåãóëÿðèçàöèÿ, èäåíòèôèêàöèÿ, àñèìïòîòè÷åñêèå ìîäåëè.

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

Ïðîáëåìà ìàòåìàòè÷íî¿ èíòåðïðåòàö³¿ äàíèõ. ii. ñèñòåìè ç ðîçïîä³ëåíèìè ïàðàìåòðàìè /
Â.Ô. Ãóáàðåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3. Ñ. 17–29.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó ìàòåìàòè÷íî¿ ³íòåðïðåòàö³¿ åêñïåðèìåíòàëüíèõ äàíèõ ó ñèñòåìàõ
ç ðîçïîä³ëåíèìè ïàðàìåòðàìè ç âèêîðèñòàííÿì ìîäåë³, ÿêó ââàæàþòü àäåêâàòíîþ äîñë³äæóâàíèì
îá’ºêòàì. Äëÿ ë³í³éíèõ ñèñòåì íà áàç³ ôóíêö³é Ãð³íà ðîçðîáëåíî òåîðåòè÷í³ îñíîâè, ùî äàþòü çìîãó
çä³éñíþâàòè ïîñòàíîâêó ð³çíîìàí³òíèõ îáåðíåíèõ çàäà÷, äî ÿêèõ çâîäèòüñÿ ïðîáëåìà ³íòåðïðåòàö³¿. Ðå-
êîìåíäîâàíî ³ îïèñàíî ïðîöåäóðè ðåãóëÿðèçàö³¿, ùî óìîæëèâëþþòü ïîøóê íàáëèæåíèõ ðîçâ’ÿçê³â,
óçãîäæåíèõ çà òî÷í³ñòþ ç ïîõèáêàìè äàíèõ. Âàæëèâå çíà÷åííÿ ìàº ïðåäñòàâëåííÿ êëàñó ìîäåëåé ó âèã-
ëÿä³ ðîçâèíåíü, ùî àñèìïòîòè÷íî íàáëèæóþòüñÿ äî òî÷íîãî îïèñó. Íàâåäåíî êîíñòðóêòèâí³ àëãîðèòìè
ðîçâ’ÿçàííÿ çàäà÷ ³íòåðïðåòàö³¿.
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Êëþ÷îâ³ ñëîâà: çàäà÷³ ³íòåðïðåòàö³¿, àñèì³ëÿö³ÿ äàíèõ, îáåðíåí³ çàäà÷³, ðîçïîä³ëåí³ ñèñòåìè, ðåãóëÿðè-
çàö³ÿ, ³äåíòèô³êàö³ÿ, àñèìïòîòè÷í³ ìîäåë³.
—————————————————————————————————————————————

Problems of mathematical data interpretation. ii. distributed parameter systems / V.F. Gubarev //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 17–29.

Abstract. The problem of mathematical interpretation of experimental data is considered for distributed
parameter system with the use of models supposed to be adequate to the objects under study. For linear systems,
on the basis of Green functions, theoretical foundations are developed, which allow setting different inverse
problems associated with the interpretation problem. Many of them are treated as ill-posed. So, regularized
procedures that make it possible to find approximate solutiond consistent with errors in available data are
recommended and described. In this connection, representation of the model class in the form of expansionsthat
asymptotically approach the exact description is important. Constructive algorithms to solve interpretation
problem are given.

Keywords: interpretation problem, assimilation data, inverse problems, distributed systems, regularization,
identification, asymptotic models.
===============================================================================

ÓÄÊ 519.85

Òåîðèÿ è ìåòîäû åâêëèäîâîé êîìáèíàòîðíîé îïòèìèçàöèè: ñîâðåìåííîå ñîñòîÿíèå è
ïåðñïåêòèâû / Þ.Ã. Ñòîÿí, Ñ.Â. ßêîâëåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 3.
Ñ. 30–46.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 119 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí êëàññ çàäà÷ åâêëèäîâîé êîìáèíàòîðíîé îïòèìèçàöèè êàê çàäà÷ äèñêðåò-
íîé îïòèìèçàöèè íà ìíîæåñòâå êîìáèíàòîðíûõ êîíôèãóðàöèé, îòîáðàæåííîì â àðèôìåòè÷åñêîå åâêëè-
äîâî ïðîñòðàíñòâî. Äàí îáçîð ñîâðåìåííûõ ìåòîäîâ åâêëèäîâîé êîìáèíàòîðíîé îïòèìèçàöèè. Îïèñàíû
ñâîéñòâà ñîîòâåòñòâóþùèõ îáðàçîâ êîìáèíàòîðíûõ ìíîæåñòâ. Ïðåäëîæåíà òåîðèÿ íåïðåðûâíûõ ôóíê-
öèîíàëüíûõ ïðåäñòàâëåíèé è âûïóêëûõ ïðîäîëæåíèé äëÿ ðåøåíèÿ óêàçàííîãî êëàññà çàäà÷. Îòìå÷åíû
îáëàñòè ïðàêòè÷åñêîãî ïðèëîæåíèÿ è ïåðñïåêòèâíûå íàïðàâëåíèÿ èññëåäîâàíèé.

Êëþ÷åâûå ñëîâà: êîìáèíàòîðíàÿ êîíôèãóðàöèÿ, åâêëèäîâî êîìáèíàòîðíîå ìíîæåñòâî, åâêëèäîâû ìî-
äåëè, îïòèìèçàöèÿ.
—————————————————————————————————————————————

Òåîð³ÿ ³ ìåòîäè åâêë³äîâî¿ êîìá³íàòîðíî¿ îïòèì³çàö³¿: ñó÷àñíèé ñòàí ³ ïåðñïåêòèâè / Þ.Ã. Ñòîÿí,
Ñ.Â. ßêîâëåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3. Ñ. 30–46..

Àíîòàö³ÿ. Ðîçãëÿíóòî êëàñ çàäà÷ åâêë³äîâî¿ êîìá³íàòîðíî¿ îïòèì³çàö³¿ ÿê çàäà÷ äèñêðåòíî¿
îïòèì³çàö³¿ íà ìíîæèí³ êîìá³íàòîðíèõ êîíô³ãóðàö³é, â³äîáðàæåí³é â àðèôìåòè÷íèé åâêë³ä³â ïðîñò³ð.
Íàâåäåíî îãëÿä ñó÷àñíèõ ìåòîä³â åâêë³äîâî¿ êîìá³íàòîðíî¿ îïòèì³çàö³¿. Îïèñàíî âëàñòèâîñò³
â³äïîâ³äíèõ îáðàç³â êîìá³íàòîðíèõ ìíîæèí. Çàïðîïîíîâàíî òåîð³þ íåïåðåðâíèõ ôóíêö³îíàëüíèõ ïðåä-
ñòàâëåíü ³ îïóêëèõ ïðîäîâæåíü äëÿ ðîçâ’ÿçàííÿ çàçíà÷åíîãî êëàñó çàäà÷. Âèçíà÷åíî îáëàñò³ ïðàêòè÷íî-
ãî çàñòîñóâàííÿ òà ïåðñïåêòèâí³ íàïðÿìêè äîñë³äæåíü.

Êëþ÷îâ³ ñëîâà: êîìá³íàòîðíà êîíô³ãóðàö³ÿ, åâêë³äîâà êîìá³íàòîðíà ìíîæèíà, åâêë³äîâ³ ìîäåë³,
îïòèì³çàö³ÿ.
—————————————————————————————————————————————

Theory and methods of euclidian combinatorial optimization: current state and prospects / Yu.G. Stoyan,
S.V. Yakovlev // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 30–46..

Abstract. Euclidean combinatorial optimization problems are considered as discrete optimization
problems on a set of combinatorial configurations mapped into an arithmetic Euclidean space. Modern methods
of Euclidean combinatorial optimization are overviewed. The properties of the corresponding images of
combinatorial sets are described. A theory of continuous functional representations and convex extensions is
proposed for solving this class of problems. Areas of practical application and promising research areas are
indicated.

Keywords: combinatorial configuration, Euclidean combinatorial set, Euclidean models, optimization.
===============================================================================

ÓÄÊ 519.626.6

Ñèíòåç óïðàâëåíèÿ ïðîöåññîì ïîääåðæàíèÿ òåìïåðàòóðû â îäíîé çàäà÷å òåïëîñíàáæåíèÿ /
Ê.Ð. Àéäà-çàäå, Â.Ì. Àáäóëëàåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 3. Ñ. 47–59.

²ë.: 2. Òàáë.: 4. Á³áë³îãð.: 24 íàçâè.

Àííîòàöèÿ. Ðàññìîòðåíî ðåøåíèå çàäà÷è îïòèìàëüíîãî óïðàâëåíèÿ ïðîöåññîì íàãðåâà òåïëîíî-
ñèòåëÿ, öèðêóëèðóþùåãî â ñèñòåìå òåïëîñíàáæåíèÿ. Îáúåì ïîäàâàåìîãî òåïëà äëÿ íàãðåâà òåïëîíîñè-
òåëÿ â ïå÷è îïðåäåëÿåòñÿ ëèíåéíîé çàâèñèìîñòüþ îò òåìïåðàòóðû, èçìåðÿåìîé â òî÷êàõ çàìåðà. Çàäà÷à
çàêëþ÷àåòñÿ â îïòèìèçàöèè ïàðàìåòðîâ ëèíåéíîé îáðàòíîé ñâÿçè, ìåñò ðàñïîëîæåíèÿ è ÷èñëà òî÷åê çà-
ìåðà. Ïîëó÷åíû ôîðìóëû äëÿ ãðàäèåíòà îïòèìèçèðóåìîãî ôóíêöèîíàëà, êîòîðûå èñïîëüçóþòñÿ â ìåòî-
äàõ îïòèìèçàöèè ïåðâîãî ïîðÿäêà. Ïðèâåäåíû ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ.



Êëþ÷åâûå ñëîâà: óïðàâëåíèå íàãðåâîì òåïëîíîñèòåëÿ, òî÷êà çàìåðà, îáðàòíàÿ ñâÿçü, ãðàäèåíò ôóíêöè-
îíàëà.
—————————————————————————————————————————————

Ñèíòåç êåðóâàííÿ ïðîöåñîì ï³äòðèìàííÿ òåìïåðàòóðè â îäí³é çàäà÷³ òåïëîïîñòà÷àííÿ /
Ê.Ð. Àéäà-çàäå, Â.Ì. Àáäóëàºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3. Ñ. 47–59.

Àíîòàö³ÿ. Ðîçãëÿíóòî ðîçâ’ÿçóâàííÿ çàäà÷³ êåðóâàííÿ ïðîöåñîì íàãð³âàííÿ òåïëîíîñ³ÿ, ùî öèðêó-
ëþº â ñèñòåì³ òåïëîïîñòà÷àííÿ. Îá’ºì òåïëà, ùî ïîäàºòüñÿ äëÿ íàãð³âàííÿ òåïëîíîñ³ÿ â ïå÷³, âèçíà-
÷àºòüñÿ ë³í³éíîþ çàëåæí³ñòþ â³ä çàì³ð³â òåìïåðàòóðè ó òî÷êàõ çàì³ðþâàííÿ. Çàäà÷à ïîëÿãàº â
îïòèì³çàö³¿ ïàðàìåòð³â ë³í³éíîãî çâîðîòíîãî çâ’ÿçêó, ì³ñöü ðîçòàøóâàííÿ òà ê³ëüêîñò³ òî÷îê çàì³ðþâàí-
íÿ. Îòðèìàíî ôîðìóëè äëÿ ãðàä³ºíòà îïòèì³çîâíîãî ôóíêö³îíàëà, ÿê³ çàñòîñîâóþòüñÿ ó ìåòîäàõ
îïòèì³çàö³¿ ïåðøîãî ïîðÿäêó. Íàâåäåíî ðåçóëüòàòè ÷èñëîâèõ åêñïåðèìåíò³â.

Êëþ÷îâ³ ñëîâà: êåðóâàííÿ íàãð³âàííÿì òåïëîíîñ³ÿ, òî÷êà çàì³ðþâàííÿ, çâîðîòíèé çâ’ÿçîê, ãðàä³ºíò
ôóíêö³îíàëà.
—————————————————————————————————————————————

Control synthesis for temperature maintaining process in a heat supply problem K.R. Aida-zade,
V.M. Abdullayev // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 47–59.

Abstract. We consider the solution to the problem of optimal control of the heating process of a heat
carrier circulating in the heating system. The amount of heat supplied to the heat carrier in the furnace is
determined by a linear dependence on temperature measurements at some measuring points. The problem is to
optimize the linear feedback parameters, the locations and the number of measuring points. We have obtained
formulas for the gradient of the optimized functional, which are used to apply first-order optimization methods.
The results of numerical experiments are given.

Keywords: heat carrier control, measuring point, feedback, gradient of functional.
===============================================================================

ÓÄÊ 519.21+62

Àñèìïòîòè÷åñêàÿ äèññèïàòèâíîñòü äëÿ óêðóïíåííûõ ñòîõàñòè÷åñêèõ ýâîëþöèîííûõ ñèñòåì ñ
ìàðêîâñêèìè ïåðåêëþ÷åíèÿìè è èìïóëüñíûìè âîçìóùåíèÿìè â óñëîâèÿõ àïïðîêñèìàöèè Ëåâè /
È.Â. Ñàìîéëåíêî, À.Â. Íèêèòèí, Á.Â. Äîâãàé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 3.
Ñ. 60–69.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Äëÿ óêðóïíåííîé ñèñòåìû ñòîõàñòè÷åñêèõ äèôôåðåíöèàëüíûõ óðàâíåíèé ñ ìàðêîâ-
ñêèìè ïåðåêëþ÷åíèÿìè è èìïóëüñíûì âîçìóùåíèåì â óñëîâèÿõ àïïðîêñèìàöèè Ëåâè ïîëó÷åíû óñëîâèÿ
àñèìïòîòè÷åñêîé äèññèïàòèâíîñòè. Â ÷àñòíîñòè, èçó÷åí âîïðîñ î òîì, êàê ïîâåäåíèå ïðåäåëüíîãî ïðî-
öåññà çàâèñèò îò äîïðåäåëüíîé íîðìèðîâêè ñòîõàñòè÷åñêîé ýâîëþöèîííîé ñèñòåìû â ýðãîäè÷åñêîé ìàð-
êîâñêîé ñðåäå â óñëîâèÿõ àïïðîêñèìàöèè Ëåâè.

Êëþ÷åâûå ñëîâà: ñëó÷àéíàÿ ýâîëþöèÿ, àïïðîêñèìàöèÿ Ëåâè, àñèìïòîòè÷åñêàÿ äèññèïàòèâíîñòü.
—————————————————————————————————————————————

Àñèìïòîòè÷íà äèñèïàòèâí³ñòü äëÿ óêðóïíåíèõ ñòîõàñòè÷íèõ åâîëþö³éíèõ ñèñòåì ç
ìàðêîâñüêèìè ïåðåìèêàííÿìè òà ³ìïóëüñíèìè çáóðåííÿìè â óìîâàõ àïðîêñèìàö³¿ Ëåâ³ /
².Â. Ñàìîéëåíêî, À.Â. Í³ê³ò³í, Á.Â. Äîâãàé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3.
Ñ. 60–69.

Àíîòàö³ÿ. Äëÿ óêðóïíåíî¿ ñèñòåìè ñòîõàñòè÷íèõ äèôåðåíö³àëüíèõ ð³âíÿíü ç ìàðêîâñüêèìè ïåðå-
ìèêàííÿìè òà ³ìïóëüñíèì çáóðåííÿì ó ñõåì³ àïðîêñèìàö³¿ Ëåâ³ âñòàíîâëåíî óìîâè àñèìïòîòè÷íî¿ äèñè-
ïàòèâíîñò³. Çîêðåìà, äîñë³äæåíî ïèòàííÿ, ÿê ïîâåä³íêà ãðàíè÷íîãî ïðîöåñó çàëåæèòü â³ä äîãðàíè÷íîãî
íîðìóâàííÿ ñòîõàñòè÷íî¿ åâîëþö³éíî¿ ñèñòåìè â åðãîäè÷íîìó ìàðêîâñüêîìó ñåðåäîâèù³ â óìîâàõ àï-
ðîêñèìàö³¿ Ëåâ³.

Êëþ÷îâ³ ñëîâà: âèïàäêîâà åâîëþö³ÿ, àïðîêñèìàö³ÿ Ëåâ³, àñèìïòîòè÷íà äèñèïàòèâí³ñòü.
—————————————————————————————————————————————

Asymptotic dissipativity for merged stochastic evolutionary systems with markov switchings and impulse
perturbations under conditions of Levy aproximations / ².V. Sàmîilånkî, À.V. N³k³t³n, B.V. Dîvhài //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 60–69.

Abstract. Conditions for asymptotic dissipativity are established for the merged system of stochastic
differential equations with Markov switchings and impulse perturbations under conditions of Levi
approximation. In particular, it is analyzed how the behavior of the boundary process depends on the
pre-limiting normalization of a stochastic evolution system in the ergodic Markovian environment under the
conditions of Levi approximation.

Keywords: random evolution, Levi approximation, asymptotic dissipativity.
===============================================================================
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ÓÄÊ 517. 95

Èíòåãðàëüíûå îïåðàòîðû, îïðåäåëÿþùèå ðåøåíèå èòåðèðîâàííîãî óðàâíåíèÿ ãèïåðáîëè÷åñêîãî
òèïà / È.Í. Àëåêñàíäðîâè÷, Å.Ñ. Áîíäàðü, Ñ.È. Ëÿøêî, Í.È. Ëÿøêî, Í.Â.-Ñ. Ñèäîðîâ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 3. Ñ. 70–79.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 14 íàçâ.

Àííîòàöèÿ. Ïîñòðîåíû èíòåãðàëüíûå îïåðàòîðû, ïåðåâîäÿùèå ïðîèçâîëüíûå ôóíêöèè â ðåãóëÿð-
íûå ðåøåíèÿ óðàâíåíèÿ ãèïåðáîëè÷åñêîãî òèïà âòîðîãî è âûñøèõ ïîðÿäêîâ. Ðåøåíà çàäà÷à Êîøè äëÿ
óðàâíåíèÿ ãèïåðáîëè÷åñêîãî òèïà ÷åòâåðòîãî ïîðÿäêà. Èñïîëüçîâàíèå àïïàðàòà ñïåöèàëüíûõ ôóíêöèé
ïîçâîëèëî ïîëó÷èòü ïðåäñòàâëåíèå ðåøåíèé óðàâíåíèé â ÷àñòíûõ ïðîèçâîäíûõ â óäîáíîì äëÿ èññëåäî-
âàíèé âèäå. Ïîïóòíî ðåøåíû èíòåãðàëüíûå óðàâíåíèÿ òèïà ñâåðòêè ñî ñïåöèàëüíûìè ôóíêöèÿìè â
ÿäðå.

Êëþ÷åâûå ñëîâà: èíòåãðàëüíûé îïåðàòîð, èòåðèðîâàííûå óðàâíåíèÿ ãèïåðáîëè÷åñêîãî òèïà, ðåãóëÿð-
íûå ðåøåíèÿ, ìàòåìàòè÷åñêàÿ èíäóêöèÿ.
—————————————————————————————————————————————

²íòåãðàëüí³ îïåðàòîðè, ùî âèçíà÷àþòü ðîçâ’ÿçîê ³òåðîâàíîãî ð³âíÿííÿ ã³ïåðáîë³÷íîãî òèïó /
².Ì. Àëåêñàíäðîâè÷, Î.Ñ. Áîíäàð, Í.². Ëÿøêî, Ñ.². Ëÿøêî, Ì.Â.-Ñ. Ñèäîðîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3. Ñ. 70–79.

Àíîòàö³ÿ. Ïîáóäîâàíî ³íòåãðàëüí³ îïåðàòîðè, ùî ïåðåâîäÿòü äîâ³ëüí³ ôóíêö³¿ â ðåãóëÿðí³ ðîçâ’ÿç-
êè ð³âíÿííÿ ã³ïåðáîë³÷íîãî òèïó äðóãîãî ³ âèùèõ ïîðÿäê³â. Ðîçâ’ÿçàíî çàäà÷ó Êîø³ äëÿ ð³âíÿííÿ ã³ïåð-
áîë³÷íîãî òèïó ÷åòâåðòîãî ïîðÿäêó. Âèêîðèñòàííÿ àïàðàòó ñïåö³àëüíèõ ôóíêö³é íàäàëî çìîãó îäåðæàòè
çîáðàæåííÿ ðîçâ’ÿçê³â ð³âíÿíü ó ÷àñòèííèõ ïîõ³äíèõ ó çðó÷íîìó äëÿ äîñë³äæåííÿ âèãëÿä³. Ïîïóòíî ðîç-
â’ÿçàíî ³íòåãðàëüí³ ð³âíÿííÿ òèïó çãîðòêè ç³ ñïåö³àëüíèìè ôóíêö³ÿìè â ÿäð³.

Êëþ÷îâ³ ñëîâà: ³íòåãðàëüíèé îïåðàòîð, ³òåðîâàí³ ð³âíÿííÿ ã³ïåðáîë³÷íîãî òèïó, ðåãóëÿðí³ ðîçâ’ÿçêè,
ìàòåìàòè÷íà ³íäóêö³ÿ.
—————————————————————————————————————————————

Integral operators that determine the solution of an iterated hyperbolic-type equation /
I.M. Alexandrovich, O.S. Bondar, S.I. Lyashko, N.I. Lyashko, M.V.-S. Sydorov // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 3. P. 70–79.

Abstract. Integral operators that translate arbitrary functions into regular solutions of the hyperbolic
equation of the second and higher orders are constructed. The Cauchy problem for the fourth-order hyperbolic
equation is solved. The use of the theory of special functions helped us to obtain the image of solutions of
partial derivative equations in a form convenient for the analysis. Along the way, solvable integral equations
with special functions in the kernel are solved.

Keywords: integral operator, hyperbolic type iterated equations, regular solutions, mathematical induction.
===============================================================================

ÓÄÊ 517.9:519.6

Íåêîòîðûå êðàåâûå çàäà÷è äðîáíî-äèôôåðåíöèàëüíîé ìîáèëüíî-íåìîáèëüíîé ìèãðàöèîííîé
äèíàìèêè â ïðîôèëüíîì ôèëüòðàöèîííîì ïîòîêå / Â.Ì. Áóëàâàöêèé, Â.À. Áîãàåíêî //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 3. Ñ. 80–96.

²ë.: 5. Òàáë.: 1. Á³áë³îãð.: 29 íàçâ.

Aííîòàöèÿ. Äëÿ äðîáíî-äèôôåðåíöèàëüíîé ìàòåìàòè÷åñêîé ìîäåëè âûïîëíåíà ïîñòàíîâêà êðàå-
âûõ çàäà÷ êîíâåêòèâíîé äèôôóçèè ðàñòâîðèìûõ âåùåñòâ ñ ó÷åòîì èììîáèëèçàöèè â óñëîâèÿõ óñòàíî-
âèâøåéñÿ ïðîôèëüíîé ôèëüòðàöèè ãðóíòîâûõ âîä èç âîäîåìà ê äðåíàæó. Â ñëó÷àå îñðåäíåíèÿ ñêîðîñòè
ôèëüòðàöèè ïî îáëàñòè êîìïëåêñíîãî ïîòåíöèàëà ïîëó÷åíû çàìêíóòûå ðåøåíèÿ êðàåâûõ çàäà÷, ñîîòâå-
òñòâóþùèõ âàðèàíòàì êëàññè÷åñêèõ è íåëîêàëüíûõ ãðàíè÷íûõ óñëîâèé. Â îáùåì ñëó÷àå ïåðåìåííîé
ôèëüòðàöèîííîé ñêîðîñòè ðàçðàáîòàíà ìåòîäèêà ÷èñëåííîãî ðåøåíèÿ êðàåâîé çàäà÷è êîíâåêòèâíîé
äèôôóçèè â äðîáíî-äèôôåðåíöèàëüíîé ïîñòàíîâêå, îñâåùåíû âîïðîñû ðàñïàðàëëåëèâàíèÿ âû÷èñëåíèé
è èçëîæåíû ðåçóëüòàòû êîìïüþòåðíûõ ýêñïåðèìåíòîâ.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, íåêëàññè÷åñêèå ìîäåëè, êîíâåêòèâíî-äèôôóçèîí-
íûé ïðîöåññ, ìîáèëüíî-íåìîáèëüíûå ìîäåëè ìèãðàöèè â ïîðèñòûõ ñðåäàõ, óðàâíåíèå äèôôóçèè äðîá-
íîãî ïîðÿäêà, êðàåâûå çàäà÷è, ïðèáëèæåííûå ðåøåíèÿ.
—————————————————————————————————————————————

Äåÿê³ êðàéîâ³ çàäà÷³ äðîáîâî-äèôåðåíö³éíî¿ ìîá³ëüíî-íåìîá³ëüíî¿ ì³ãðàö³éíî¿ äèíàì³êè â
ïðîô³ëüíîìó ô³ëüòðàö³éíîìó ïîòîö³ / Â.Ì. Áóëàâàöüêèé, Â.Î. Áîãàºíêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3. Ñ. 80–96.

Àíîòàö³ÿ. Äëÿ äðîáîâî-äèôåðåíö³éíî¿ ìàòåìàòè÷íî¿ ìîäåë³ âèêîíàíî ïîñòàíîâêó êðàéîâèõ çàäà÷ êîí-
âåêòèâíî¿ äèôóç³¿ ðîç÷èííèõ ðå÷îâèí ç óðàõóâàííÿì ³ìîá³ë³çàö³¿ çà óìîâ óñòàëåíî¿ ïðîô³ëüíî¿ ô³ëüòðàö³¿
´ðóíòîâèõ âîä ç âîäîéìè äî äðåíàæó. Ó âèïàäêó îñåðåäíåííÿ øâèäêîñò³ ô³ëüòðàö³¿ ïî îáëàñò³ êîìïëåêñíîãî
ïîòåíö³àëó îòðèìàíî çàìêíóò³ ðîçâ’ÿçêè êðàéîâèõ çàäà÷, ùî â³äïîâ³äàþòü âàð³àíòàì êëàñè÷íèõ òà íåëîêàëü-
íèõ ãðàíè÷íèõ óìîâ. Ó çàãàëüíîìó âèïàäêó çì³ííî¿ ô³ëüòðàö³éíî¿ øâèäêîñò³ ðîçðîáëåíî ìåòîäèêó ÷èñåëü-
íîãî ðîçâ’ÿçàííÿ êðàéîâî¿ çàäà÷³ êîíâåêòèâíî¿ äèôóç³¿ â äðîáîâî-äèôåðåíö³éí³é ïîñòàíîâö³, âèñâ³òëåíî ïè-
òàííÿ ðîçïàðàëåëþâàííÿ îá÷èñëåíü òà íàâåäåíî ðåçóëüòàòè êîìï’þòåðíèõ åêñïåðèìåíò³â.
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Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, íåêëàñè÷í³ ìîäåë³, êîíâåêòèâíî-äèôóç³éíèé ïðîöåñ,
ìîá³ëüíî-íåìîáèëüí³ ìîäåë³ ì³ãðàö³¿ â ïîðèñòèõ ñåðåäîâèùàõ, ð³âíÿííÿ äèôóç³¿ äðîáîâîãî ïîðÿäêó,
êðàéîâ³ çàäà÷³, íàáëèæåí³ ðîçâ’ÿçêè.
—————————————————————————————————————————————

Some boundary-value problems of fractional-differential mobile-immobile migration dynamics in a
profile filtration flow / V.M. Bulavatsky, V.O. Bohaienko // Kibernetika i sistemnyj analiz. 2020. Vol. 56,
N 3. P. 80–96.

Abstract. Within the framework of the fractional differential mathematical model, the formulation of
boundary-value problems of convective diffusion of soluble substances with regard to immobilization under the
conditions of stationary filtration of groundwater from the reservoir to drainage is performed. In the case of
averaging the filtration rate over the complex potential region, closed solutions of boundary value problems
corresponding to classical and nonlocal boundary conditions are obtained. In the general case of a variable
filtration velocity, a technique is developed for the numerical solution of a boundary-value problem of
convective diffusion in a fractional-differential formulation, the problems of parallelizing computations are
covered, and the results of computer experiments are presented.

Keywords: mathematical modeling, nonclassical models, convective-diffusion process, mobile-immobile
porous media migration models, fractional diffusion equation, boundary-value problems, approximation
solutions.
===============================================================================

ÓÄÊ 519.233.5

Ïðèáëèæåííûé ìåòîä ïîñòðîåíèÿ ðåãðåññèè ñ ïåðåêëþ÷åíèÿìè ñ íåèçâåñòíûìè òî÷êàìè
ïåðåêëþ÷åíèÿ / À.Ñ. Êîðõèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 3. Ñ. 97–110.

²ë.: 6. Òàáë.: 3. Á³áë³îãð.: 7 íàçâ.

Àííîòàöèÿ. Ìåòîä ïðèìåíèì ê ðåãðåññèÿì, ïåðåìåííûå êîòîðûõ — âðåìåííûå ðÿäû. Ìåòîä îöå-
íèâàíèÿ îñíîâàí íà òîì, ÷òî ýòè ðÿäû ðàññìàòðèâàþòñÿ êàê íàáëþäàåìûå çíà÷åíèÿ íåïðåðûâíûõ ñëó-
÷àéíûõ ôóíêöèé âðåìåíè. Ýòî ñâîéñòâî ïîçâîëÿåò ïîëó÷èòü ðåøåíèå çàäà÷è îöåíèâàíèÿ, èñïîëüçóÿ ãðà-
äèåíòíûå ìåòîäû ðåøåíèÿ çàäà÷ îïòèìèçàöèè. Ïðèâåäåíû ïðèìåðû èñïîëüçîâàíèÿ ïðåäëîæåííîãî ìå-
òîäà.

Êëþ÷åâûå ñëîâà: ðåãðåññèÿ, òî÷êè ïåðåêëþ÷åíèÿ, ïàðàìåòðû ðåãðåññèè, íåïðåðûâíîå âðåìÿ,
äèñêðåòíîå âðåìÿ, îöåíèâàíèå.
—————————————————————————————————————————————

Íàáëèæåíèé ìåòîä ïîáóäîâè ðåãðåñ³¿ ç ïåðåìèêàííÿìè ç íåâ³äîìèìè òî÷êàìè ïåðåìèêàííÿ /
À.Ñ. Êîðõ³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3. Ñ. 97–110.

Àíîòàö³ÿ. Ìåòîä ìîæíà çàñòîñîâóâàòè äî ðåãðåñ³é, çì³íí³ ÿêèõ — ÷àñîâ³ ðÿäè. Ìåòîä îö³íþâàííÿ
áàçóºòüñÿ íà òîìó, ùî òàê³ ðÿäè ðîçãëÿäàþòüñÿ ÿê ñïîñòåðåæóâàí³ çíà÷åííÿ íåïåðåðâíèõ âèïàäêîâèõ
ôóíêö³é ÷àñó. Öÿ âëàñòèâ³ñòü äàº çìîãó îòðèìàòè ðîçâ’ÿçîê çàäà÷³ îö³íþâàííÿ, âèêîðèñòîâóþ÷è
ãðàä³ºíòí³ ìåòîäè ðîçâ’ÿçàííÿ çàäà÷ îïòèì³çàö³¿. Íàâåäåíî ïðèêëàäè âèêîðèñòàííÿ çàïðîïîíîâàíîãî ìå-
òîäó.

Êëþ÷îâ³ ñëîâà: ðåãðåñ³ÿ, òî÷êè ïåðåìèêàííÿ, ïàðàìåòðè ðåãðåñ³¿, íåïåðåðâíèé ÷àñ, äèñêðåòíèé ÷àñ,
îö³íþâàííÿ.
—————————————————————————————————————————————

An approximate method of constructing a switching regression with unknown switching points /
A.S. Korkhin // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 97–110.

Abstract. The method is applicable to regressions whose variables are time series. The estimation method
is based on the fact that these series are considered as observed values of continuous random functions of time.
This property makes it possible to solve the estimation problem using gradient methods for optimization
problems. Examples of using the proposed method are given.

Keywords: regression, switching points, regression parameters, continuous time, discrete time, estimation.
===============================================================================

ÓÄÊ 519.86

Îá îñîáåííîñòÿõ ñòàíîâëåíèÿ ýêîíîìèêè Óêðàèíû / Í.Ñ. Ãîí÷àð, À.Ñ. Æîõèí, Â.Ã. Êîçûðñêèé //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 3. Ñ. 111–121.

²ë.: 3. Òàáë.: 1. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ïðåäñòàâëåí íîâûé ìåòîä èññëåäîâàíèÿ ðàâíîâåñíûõ ñîñòîÿíèé ýêîíîìèêè. Äàíà
êëàññèôèêàöèÿ ðàâíîâåñíûõ ñîñòîÿíèé. Ñôîðìóëèðîâàí îñíîâíîé ïðèíöèï ðàâíîâåñèÿ ýêîíîìèêè ñ
îêðóæåíèåì, êîòîðûé ïðèìåíåí äëÿ ïîëó÷åíèÿ óðàâíåíèÿ îáðàùåíèÿ äåíåã. Íà ýòîé îñíîâå îïðåäåëåíî
ïîíÿòèå óñòîé÷èâîãî ýêîíîìè÷åñêîãî ðàçâèòèÿ. Ïðîàíàëèçîâàíà äèíàìèêà óêðàèíñêîé ýêîíîìèêè.
Ïðåäëîæåí ïðèíöèï àäåêâàòíîñòè îáìåííîãî êóðñà è òåìïà èíôëÿöèè îïðåäåëÿþùèì ôàêòîðàì.

Êëþ÷åâûå ñëîâà: îáìåííûé êóðñ, ïðîãíîç, óñòîé÷èâîå ýêîíîìè÷åñêîå ðàçâèòèå, ðåöåññèÿ.
—————————————————————————————————————————————
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Ïðî îñîáëèâîñò³ ñòàíîâëåííÿ åêîíîì³êè Óêðà¿íè / Ì.Ñ. Ãîí÷àð, À.Ñ. Æîõ³í, Â.Ã. Êîçèðñüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3. Ñ. 111–121.

Àíîòàö³ÿ. Ïðåäñòàâëåíî íîâèé ìåòîä äîñë³äæåííÿ ð³âíîâàæíèõ ñòàí³â åêîíîì³êè. Äàíî êëà-
ñèô³êàö³þ ð³âíîâàæíèõ ñòàí³â. Ñôîðìóëüîâàíî îñíîâíèé ïðèíöèï ð³âíîâàãè åêîíîì³êè ç äîâê³ëëÿì,
ÿêèé çàñòîñîâàíî äëÿ îòðèìàííÿ ð³âíÿííÿ îá³ãó ãðîøåé. Îçíà÷åíî ïîíÿòòÿ ñòàëîãî åêîíîì³÷íîãî ðîç-
âèòêó. Ïðîàíàë³çîâàíî äèíàì³êó óêðà¿íñüêî¿ åêîíîì³êè. Çàïðîïîíîâàíî ïðèíöèï â³äïîâ³äíîñò³ îáì³ííî-
ãî êóðñó ³ òåìïó ³íôëÿö³¿ âèçíà÷àëüíèì ÷èííèêàì.

Êëþ÷îâ³ ñëîâà: îáì³ííèé êóðñ, ïðîãíîç, ñòàëèé åêîíîì³÷íèé ðîçâèòîê, ðåöåñ³ÿ.
—————————————————————————————————————————————

On the peculiarities of establishing the Ukrainian economy / N.S. Gonchar, A.S. Zhokhin, W.H. Kozyrski
// Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 111–121.

Abstract. We have proposed a new method to analyze equilibrium states of the economy and classified
them. Also, we introduced the main principle of the economy-environment equilibrium and used it to obtain the
money circulation equation. On this basis, we have defined the notion of sustainable economic development
and analyzed the dynamics of the Ukrainian economy. We have proposed the principle of adequacy of
exchange rate and rate of inflation to the critical factors.

Keywords: exchange rate, forecast, sustainable economic development, recession.
===============================================================================

ÓÄÊ 519.816

Ìíîãîêðèòåðèàëüíàÿ îïòèìèçàöèÿ ïðè ýâîëþöèîííîì ïîèñêå ñ áèíàðíûìè îòíîøåíèÿìè
âûáîðà / Â.Ô. Èðîäîâ, Ð.Â. Áàðñóê, Ã.ß. ×åðíîìîðåö // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020.
Òîì 56, ¹ 3. Ñ. 122–128.

²ë.: 1. Òàáë.: 0. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à ìíîãîêðèòåðèàëüíîé îïòèìèçàöèè, â êîòîðîé âìåñòî îïòèìèçèðóå-
ìûõ ôóíêöèé èñïîëüçîâàíû áèíàðíûå îòíîøåíèÿ âûáîðà. Äëÿ ðåøåíèÿ òàêîé çàäà÷è ïðåäëîæåí àëãîðèòì
ýâîëþöèîííîãî ñëó÷àéíîãî ïîèñêà, â êîòîðîì âìåñòî ôóíêöèè âûáîðà â âèäå ïðåäïî÷òåíèÿ èñïîëüçóåòñÿ
ôóíêöèÿ âûáîðà â âèäå áëîêèðîâêè. Ïðîàíàëèçèðîâàíà ñõîäèìîñòü ïðåäëàãàåìûõ ýâîëþöèîííûõ àëãî-
ðèòìîâ è äëÿ íåå ñôîðìóëèðîâàíû äîñòàòî÷íûå óñëîâèÿ. Ñîïîñòàâëåíû ðåçóëüòàòû ïðåäëîæåííîãî ýâî-
ëþöèîííîãî ïîèñêà è èçâåñòíûõ ýâîëþöèîííûõ àëãîðèòìîâ äëÿ îäíîé òåñòîâîé çàäà÷è.

Êëþ÷åâûå ñëîâà: ýâîëþöèîííûé ïîèñê, ìíîãîêðèòåðèàëüíàÿ îïòèìèçàöèÿ, áèíàðíûå îòíîøåíèÿ âûáîðà.
—————————————————————————————————————————————

Áàãàòîêðèòåð³éíà îïòèì³çàö³ÿ äëÿ åâîëþö³éíîãî ïîøóêó ç á³íàðíèìè â³äíîøåííÿìè âèáîðó /
Â.Ô. ²ðîäîâ, Ð.Â. Áàðñóê, Ã.ß. ×îðíîìîðåöü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3.
Ñ. 122–128.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó áàãàòîêðèòåð³éíî¿ îïòèì³çàö³¿, â ÿê³é çàì³ñòü îïòèì³çîâíèõ ôóíêö³é
âèêîðèñòàíî á³íàðí³ â³äíîøåííÿ âèáîðó. Äëÿ ðîçâ’ÿçóâàííÿ òàêî¿ çàäà÷³ çàïðîïîíîâàíî àëãîðèòì åâî-
ëþö³éíîãî âèïàäêîâîãî ïîøóêó, â ÿêîìó çàì³ñòü ôóíêö³¿ âèáîðó ó âèãëÿä³ ïåðåâàãè âèêîðèñòàíî
ôóíêö³þ âèáîðó ó âèãëÿä³ áëîêóâàííÿ. Ïðîàíàë³çîâàíî çá³æí³ñòü çàïðîïîíîâàíèõ åâîëþö³éíèõ àëãî-
ðèòì³â ³ äëÿ íå¿ ñôîðìóëüîâàíî äîñòàòí³ óìîâè. Ïîð³âíÿíî ðåçóëüòàòè çàïðîïîíîâàíîãî åâîëþö³éíîãî
ïîøóêó ³ â³äîìèõ åâîëþö³éíèõ àëãîðèòì³â äëÿ îäí³º¿ òåñòîâî¿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: åâîëþö³éíèé ïîøóê, áàãàòîêðèòåð³éíà îïòèì³çàö³ÿ, á³íàðí³ â³äíîøåííÿ âèáîðó.
—————————————————————————————————————————————

Multi-objective optimization at evolutionary search with binary choice relations / V.F. Irodov,
R.V. Barsuk, H.Ya. Chornomorets // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 122–128.

Abstract. A multi-objective optimization problem is considered, in which binary choice relations are
used instead of optimized functions. To solve this problem, it is proposed to use an evolutionary random search
algorithm, in which instead of the choice function in the form of preference, the function of choice in the form
of a lock is used. The convergence of the proposed evolutionary algorithms is analyzed, and sufficient
conditions for convergence are formulated. The results of the proposed evolutionary search are compared with
the results of well-known evolutionary algorithms for one test problem.

Keywords: evolutionary search, multi-objective optimization, binary choice relations.
===============================================================================

ÓÄÊ 519.85

Ðåøåíèÿ êîìáèíàòîðíîé çàäà÷è ñ äðîáíî-êâàäðàòè÷íîé ôóíêöèåé öåëè íà ìíîæåñòâå
ïåðåñòàíîâîê / Ë.Í. Êîëå÷êèíà, À.Í. Íàãîðíàÿ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56,
¹ 2. Ñ. 129–140.

²ë.: 1. Òàáë.: 0. Á³áë³îãð.: 26 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ ôîðìóëèðîâêà çàäà÷è ñ äðîáíî-êâàäðàòè÷íîé ôóíêöèåé öåëè íà ìíî-
æåñòâå ïåðåñòàíîâîê. Ïðåäñòàâëåí àëãîðèòì åå ðåøåíèÿ, êîòîðûé çàêëþ÷àåòñÿ â ïðåîáðàçîâàíèè äðîá-
íî-êâàäðàòè÷íîé ôóíêöèè â ñèñòåìó äâóõ ôóíêöèîíàëîâ. Ðåøåíèå äàííûõ ôóíêöèîíàëîâ îáåñïå÷èâàåò
íàõîæäåíèå îïòèìàëüíîãî ðåøåíèÿ çàäà÷è. Ïðèâåäåíû ðåçóëüòàòû âû÷èñëèòåëüíûõ ýêñïåðèìåíòîâ.
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Êëþ÷åâûå ñëîâà: óñëîâíàÿ îïòèìèçàöèÿ, äðîáíî-êâàäðàòè÷íàÿ ôóíêöèÿ, ìíîæåñòâî ïåðåñòàíîâîê,
òðàíñïîçèöèÿ ýëåìåíòîâ, ïðèðîñò ôóíêöèè, ïðèðîñò îãðàíè÷åíèÿ, ìíîæåñòâî äîïóñòèìûõ ðåøåíèé,
ìíîæåñòâî îïîðíûõ ðåøåíèé, îïòèìàëüíîå ðåøåíèå.

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

Ðîçâ’ÿçóâàííÿ êîìá³íàòîðíî¿ çàäà÷³ ç äðîáîâî-êâàäðàòè÷íîþ ôóíêö³ºþ ö³ë³ íà ìíîæèí³
ïåðåñòàíîâîê / Ë.Ì. Êîëº÷ê³íà, À.Ì. Íàã³ðíà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3.
Ñ. 129–140.

Àíîòàö³ÿ. Ðîçãëÿíóòî ôîðìóëþâàííÿ çàäà÷³ ç äðîáîâî-êâàäðàòè÷íîþ ôóíêö³ºþ ö³ë³ íà ìíîæèí³
ïåðåñòàíîâîê. Ïðåäñòàâëåíî àëãîðèòì ¿¿ ðîçâ’ÿçàííÿ, ùî ïîëÿãàº ó ïåðåòâîðåíí³ äðîáîâî-êâàäðàòè÷íî¿
ôóíêö³¿ â ñèñòåìó äâîõ ôóíêö³îíàë³â. Ðîçâ’ÿçóâàííÿ öèõ ôóíêö³îíàë³â çàáåçïå÷óº çíàõîäæåííÿ îïòè-
ìàëüíîãî ðîçâ’ÿçêó çàäà÷³. Íàâåäåíî ðåçóëüòàòè îá÷èñëþâàëüíèõ åêñïåðèìåíò³â.

Êëþ÷îâ³ ñëîâà: óìîâíà îïòèì³çàö³ÿ, äðîáîâî-êâàäðàòè÷íà ôóíêö³ÿ, ìíîæèíà ïåðåñòàíîâîê, òðàíñïî-
çèö³ÿ åëåìåíò³â, ïðèð³ñò ôóíêö³¿, ïðèð³ñò îáìåæåííÿ, ìíîæèíà äîïóñòèìèõ ðîçâ’ÿçê³â, ìíîæèíà îïîð-
íèõ ðîçâ’ÿç,ê³â îïòèìàëüíèé ðîçâ’ÿçîê.

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

Solutions of the combinatorial problem with a fractional-quadratic objective function on the set of
permutations / L. Koliechkina, A. Nahirna // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 129–140.

Abstract. The statement of the problem with fractional-quadratic objective function on the set of
permutations is considered. An algorithm for its solution is presented, which converts the fractional-quadratic
function into a system of two functionals. The solution of these functionals ensures finding the optimal solution
to the problem. The results of computational experiments are presented.

Keywords: conditional optimization, fractional-quadratic function, many permutations, transposition of
elements, function growth, constraint growth, set of feasible solutions, set of support solutions, optimal
solution.

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

ÓÄÊ 512.61

Ñóùåñòâîâàíèå è åäèíñòâåííîñòü âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö ñ íåâûðîæäåííûìè
èíäåôèíèòíûìè âåñàìè / Í.À. Âàðåíþê, Í.È. Òóêàëåâñêàÿ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
2020. Òîì 56, ¹ 3. Ñ. 141–151.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 29 íàçâ.

Àííîòàöèÿ. Äëÿ ïðîèçâîëüíûõ êîìïëåêñíûõ ìàòðèö ïîëó÷åíû íåîáõîäèìûå è äîñòàòî÷íûå óñëî-
âèÿ ñóùåñòâîâàíèÿ è åäèíñòâåííîñòè âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö ñ íåâûðîæäåííûìè çíàêîíå-
îïðåäåëåííûìè âåñàìè. Ïîëó÷åíû ïðåäñòàâëåíèÿ ýòèõ ìàòðèö â òåðìèíàõ êîýôôèöèåíòîâ õàðàêòåðèñ-
òè÷åñêèõ ìíîãî÷ëåíîâ ýðìèòåçóåìûõ ìàòðèö.

Êëþ÷åâûå ñëîâà: âçâåøåííûå ïñåâäîîáðàòíûå ìàòðèöû ñî çíàêîíåîïðåäåëåííûìè âåñàìè, ýðìèòåçóå-
ìûå ìàòðèöû.

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

²ñíóâàííÿ òà ºäèí³ñòü çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü ç íåâèðîäæåíèìè ³íäåô³í³òíèìè
âàãàìè / Í.À. Âàðåíþê, Í.². Òóêàëåâñüêà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3.
Ñ. 141–151.

Àíîòàö³ÿ. Äëÿ äîâ³ëüíèõ êîìïëåêñíèõ ìàòðèöü îòðèìàíî íåîáõ³äí³ ³ äîñòàòí³ óìîâè ³ñíóâàííÿ ³
ºäèíîñò³ çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü ç íåâèðîäæåíèìè çíàêîíåâèçíà÷åíèìè âàãàìè. Îòðèìàíî
âèãëÿä öèõ ìàòðèöü â òåðì³íàõ êîåô³ö³ºíò³â õàðàêòåðèñòè÷íèõ ìíîãî÷ëåí³â åðì³òèçîâíèõ ìàòðèöü.

Êëþ÷îâ³ ñëîâà: çâàæåí³ ïñåâäîîáåðíåí³ ìàòðèö³ ç³ çíàêîíåâèçíà÷åíèìè âàãàìè, åðì³òèçîâí³ ìàòðèö³.

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

Existence and uniqueness of weighted pseudoinverse matrices with nonsingular indefinite weights /
N.A. Vareniuk, N.I. Tukalevska // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 141–151.

Abstract. For arbitrary complex matrices, necessary and sufficient conditions for the existence and
uniqueness of weighted pseudoinverses with nonsingular indefinite weights are obtained. The representations of
these matrices are obtained in terms of the coefficients of characteristic polynomials of the Hermitizable
matrices.

Keywords: weighted pseudoinverse matrices with indefinite weights, Hermitizable matrix.

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

ÓÄÊ 519.9

Ïðèìåíåíèå áóôåðíîé âåðîÿòíîñòè ïðåâûøåíèÿ â çàäà÷àõ îïòèìèçàöèè íàäåæíîñòè /
Ã.Ì. Çðàæåâñêèé, A.Í. Ãîëîäíèêîâ, Ñ.Ï. Óðÿñüåâ, À.Ã. Çðàæåâñêèé // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2020. Òîì 56, ¹ 3. Ñ. 152–162.

²ë.: 5. Òàáë.: 0. Á³áë³îãð.: 13 íàçâ.

ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2020, òîì 56, ¹ 3 7



Àííîòàöèÿ. Ïðåäëîæåí ïîäõîä ê ðåøåíèþ çàäà÷è îïòèìèçàöèè íàäåæíîñòè ñëîæíûõ ñèñòåì ñ èñ-
ïîëüçîâàíèåì áóôåðíîé âåðîÿòíîñòè ïðåâûøåíèÿ bPOE. Â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ ðàññìîòðåíà
ìîäåëü îïòèìàëüíîãî óïðàâëåíèÿ êîëåáàíèÿìè øàðíèðíî çàêðåïëåííîé áàëêè ñî ñëó÷àéíûìè äåôåêòà-
ìè. Ïîêàçàíî, ÷òî ìèíèìèçàöèÿ bPOE â çàäà÷àõ îïòèìèçàöèè íàäåæíîñòè áîëåå ïðåäïî÷òèòåëüíà, ÷åì
ìèíèìèçàöèÿ êëàññè÷åñêîé âåðîÿòíîñòè ïðåâûøåíèÿ êðèòåðèÿ áåçîïàñíîñòè.

Êëþ÷åâûå ñëîâà: áóôåðíàÿ âåðîÿòíîñòü ïðåâûøåíèÿ bPOE, îïòèìèçàöèÿ íàäåæíîñòè, ôîðìà êîëåáà-
íèé, äåôåêòû, îøèáêà àïïðîêñèìàöèè.

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

Çàñòîñóâàííÿ áóôåðíî¿ ³ìîâ³ðíîñò³ ïåðåâèùåííÿ â çàäà÷àõ îïòèì³çàö³¿ íàä³éíîñò³ /
Ã.Ì. Çðàæåâñüêèé, Î.Ì. Ãîëîäí³êîâ, Ñ.Ï. Óðÿñüºâ, Î.Ã. Çðàæåâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2020. Òîì 56, ¹ 3. Ñ. 152–162.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî ðîçâ’ÿçàííÿ çàäà÷³ îïòèì³çàö³¿ íàä³éíîñò³ ñêëàäíèõ ñèñòåì ç
âèêîðèñòàííÿì áóôåðíî¿ éìîâ³ðíîñò³ ïåðåâèùåííÿ bPOE. ßê îá’ºêò äîñë³äæåííÿ ðîçãëÿíóòî ìîäåëü
îïòèìàëüíîãî êåðóâàííÿ êîëèâàííÿìè øàðí³ðíî çàêð³ïëåíî¿ áàëêè ç âèïàäêîâèìè äåôåêòàìè. Ïîêàçàíî,
ùî ì³í³ì³çàö³ÿ bPOE â çàäà÷àõ îïòèì³çàö³¿ íàä³éíîñò³ º êðàùîþ, í³æ ì³í³ì³çàö³ÿ êëàñè÷íî¿ éìîâ³ðíîñò³
ïåðåâèùåííÿ êðèòåð³þ áåçïåêè.

Êëþ÷îâ³ ñëîâà: áóôåðíà éìîâ³ðí³ñòü ïåðåâèùåííÿ bPOE, îïòèì³çàö³ÿ íàä³éíîñò³, ôîðìà êîëèâàíü, äå-
ôåêòè, ïîìèëêà àïðîêñèìàö³¿.

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

Application of the buffered probability of exceedance in reliability optimization problems /
G.M. Zrazhevsky, A.N. Golodnikov, S.P. Uryasev, A.G. Zrazhevsky // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 3. P. 152–162.

Abstract. We propose an approach to solving the problem of optimizing the reliability of complex
systems using Buffered Probability of Exceedance (bPOE). As a research subject, we consider the model of
optimal control of oscillations of a hinged beam with random defects. This example shows that minimizing
bPOE in reliability optimization problems is more preferable than minimizing the classical probability of
exceedance.

Keywords: bPOE, reliability optimization, waveform, defects, approximation error.

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

ÓÄÊ 519.85

Ëèíåéíûé êëàññèôèêàòîð è ïðîåêöèÿ íà ïîëèòîï / Í.Ã. Æóðáåíêî // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2020. Òîì 56, ¹ 3. Ñ. 163–170.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 13 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí àëãîðèòì ïîñòðîåíèÿ ëèíåéíûõ áèíàðíûõ êëàññèôèêàòîðîâ. Îáúåêòû
ðàñïîçíàâàíèÿ ïðåäñòàâëÿþòñÿ òî÷êàìè n-ìåðíîãî åâêëèäîâà ïðîñòðàíñòâà. Àëãîðèòì îñíîâàí íà ðåøå-
íèè çàäà÷è ïðîåêòèðîâàíèÿ íóëÿ íà âûïóêëóþ îáîëî÷êó êîíå÷íîãî ÷èñëà òî÷åê åâêëèäîâà ïðîñòðàíñòâà.

Êëþ÷åâûå ñëîâà: ëèíåéíûé êëàññèôèêàòîð, âûïóêëàÿ îáîëî÷êà, ïðîåêöèÿ íà ïîëèòîï, øòðàôíûå
ôóíêöèè.

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

Ë³í³éíèé êëàñèô³êàòîð ³ ïðîºêö³ÿ íà ïîë³òîï / Ì.Ã. Æóðáåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2020. Òîì 56, ¹ 3. Ñ. 163–170.

Àíîòàö³ÿ. Çàïðîïîíîâàíî àëãîðèòì ïîáóäîâè ë³í³éíèõ á³íàðíèõ êëàñèô³êàòîð³â. Îá’ºêòè
ðîçï³çíàâàííÿ ïðåäñòàâëåíî òî÷êàìè -âèì³ðíîãî åâêë³äîâîãî ïðîñòîðó. Àëãîðèòì ´ðóíòóºòüñÿ íà ðîçâ’ÿ-
çàíí³ çàäà÷³ ïðîºêòóâàííÿ íóëÿ íà îïóêëó îáîëîíêó ê³íöåâîãî ÷èñëà òî÷îê åâêë³äîâîãî ïðîñòîðó.

Êëþ÷îâ³ ñëîâà: ë³í³éíèé êëàñèô³êàòîð, îïóêëà îáîëîíêà, ïðîºêö³ÿ íà ïîë³òîï, øòðàôí³ ôóíêö³¿.

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

Linear classifier and projection onto a polytope / N.G. Zhurbenko // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 3. P. 163–170.

Abstract. An algorithm for constructing linear binary classifiers is proposed. Recognition objects are
represented by points of n-dimensional Euclidean space. The algorithm is based on solving the problem of
projecting zero onto the convex hull of a finite number of points of Euclidean space.

Keywords: linear classifier, convex hull, projection on polytope, penalty functions.

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

ÓÄÊ 519.6

Ñóïåðýêñïîíåíöèàëüíàÿ ñêîðîñòü ñõîäèìîñòè ìåòîäà ïðåîáðàçîâàíèÿ Êýëè äëÿ àáñòðàêòíîãî
äèôôåðåíöèàëüíîãî óðàâíåíèÿ / Í.Â. Ìàéêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 3.
Ñ. 171–183.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 14 íàçâ.
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Àííîòàöèÿ. Ðàññìîòðåíà êðàåâàÿ çàäà÷à äëÿ àáñòðàêòíîãî äèôôåðåíöèàëüíîãî óðàâíåíèÿ 2-ãî ïî-
ðÿäêà ñ îïåðàòîðíûì êîýôôèöèåíòîì â ãèëüáåðòîâîì ïðîñòðàíñòâå. Ñ ïîìîùüþ ïðåîáðàçîâàíèÿ Êýëè
îïåðàòîðíîãî êîýôôèöèåíòà À è ïîëèíîìîâ òèïà Ìàéêñíåðà îò àðãóìåíòà õ ðåøåíèå çàäà÷è ïðåäñòàâëå-
íî â âèäå áåñêîíå÷íîãî ðÿäà. Â êà÷åñòâå ïðèáëèæåííîãî ðåøåíèÿ âçÿòà êîíå÷íàÿ ñóììà N ñëàãàåìûõ
ýòîãî ðÿäà. Äîêàçàíû îöåíêè (ñ âåñîì) òî÷íîñòè òàêîé àïïðîêñèìàöèè â çàâèñèìîñòè íå òîëüêî îò ïàðà-
ìåòðà äèñêðåòèçàöèè N, íî è îò ðàññòîÿíèÿ îò àðãóìåíòà õ äî ãðàíè÷íûõ òî÷åê îòðåçêà. Ïðåäëîæåííûé
àëãîðèòì èìååò ñóïåðýêñïîíåíöèàëüíóþ ñêîðîñòü ñõîäèìîñòè.

Êëþ÷åâûå ñëîâà: êðàåâàÿ çàäà÷à, ãèëüáåðòîâî ïðîñòðàíñòâî, îïåðàòîðíûé êîýôôèöèåíò, ïðåîáðàçîâà-
íèå Êýëè, îöåíêè ñ âåñîì, ñóïåðýêñïîíåíöèàëüíàÿ ñêîðîñòü ñõîäèìîñòè.

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

Ñóïåðåêñïîíåíö³àëüíà øâèäê³ñòü çá³æíîñò³ ìåòîäó ïåðåòâîðåííÿ Êåë³ äëÿ àáñòðàêòíîãî
äèôåðåíö³àëüíîãî ð³âíÿííÿ / Í.Â. Ìàéêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3.
Ñ. 171–183.

Àíîòàö³ÿ. Ðîçãëÿíóòî êðàéîâó çàäà÷ó äëÿ àáñòðàêòíîãî äèôåðåíö³àëüíîãî ð³âíÿííÿ 2-ãî ïîðÿäêó ç
îïåðàòîðíèì êîåô³ö³ºíòîì ó ã³ëüáåðòîâîìó ïðîñòîð³. Çà äîïîìîãîþ ïåðåòâîðåííÿ Êåë³ îïåðàòîðíîãî
êîåô³ö³ºíòà A òà ïîë³íîì³â òèïó Ìàéêñíåðà â³ä àðãóìåíòó x ðîçâ’ÿçîê çàäà÷³ çîáðàæåíî ó âèãëÿä³ ðÿäó.
Çà íàáëèæåíèé ðîçâ’ÿçîê óçÿòî ñê³í÷åííó ñóìó N äîäàíê³â öüîãî ðÿäó. Äîâåäåíî îö³íêè (ç âàãîþ) òî÷-
íîñò³ ö³º¿ àïðîêñèìàö³¿ çàëåæíî íå ò³ëüêè â³ä ïàðàìåòðà äèñêðåòèçàö³¿ N, àëå é â³ä â³äñòàí³ àðãóìåíòó õ

äî ìåæîâèõ òî÷îê ïðîì³æêó. Çàïðîïîíîâàíèé àëãîðèòì ìàº ñóïåðåêñïîíåíö³àëüíó øâèäê³ñòü çá³æíîñò³.

Êëþ÷îâ³ ñëîâà: êðàéîâà çàäà÷à, ã³ëüáåðò³â ïðîñò³ð, îïåðàòîðíèé êîåô³ö³ºíò, ïåðåòâîðåííÿ Êåë³, îö³íêè
ç âàãîþ, ñóïåðåêñïîíåíö³àëüíà øâèäê³ñòü çá³æíîñò³.

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

Super-exponential rate of convergence of the Cayley transform method for an abstract differential
equation / N.V. Mayko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 171–183.

Abstract. A boundary-value problem (BVP) for an abstract differential equation with an operator
coefficient in the Hilbert space is investigated. The exact solution is presented as an infinite series by means of
the Cayley transform of the operator coefficient A and the Meixner type polynomials in the independent
variable x. The approximate solution is given by the truncated sum of that series with N summands. The error
estimates (with the weight function) depending not only on the discretization parameter N but also on the
distance of the point x to the boundary of the interval are proven. They demonstrate that our algorithm has the
super-exponential rate of convergence.

Keywords: boundary-value problem (BVP), Hilbert space, operator coefficient, Cayley transform, weighted
estimates, super-exponentially convergent algorithm.
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ÓÄÊ 004

Õàîòè÷åñêèå àðõèòåêòóðû — íîâîå íàïðàâëåíèå ðàçâèòèÿ âû÷èñëèòåëüíîé òåõíèêè /
À.Â. Ïàëàãèí, Ì.Â. Ñåìîòþê, Ñ.Â. Óñòåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 3.
Ñ. 184–193.

²ë.: 9. Òàáë.: 1. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Ïðîâåäåí àíàëèç èíôîðìàöèîííûõ òåõíîëîãèé è âûÿâëåíû èõ ñîñòàâëÿþùèå: òåõíî-
ëîãèè âèðòóàëèçàöèè, êîëè÷åñòâåííûå òåõíîëîãèè, òåõíîëîãèè äàííûõ è òåõíîëîãèè çíàíèé. Íà îñíîâå
àíàëèçà îïðåäåëåíî, ÷òî ôîðìèðîâàíèå õàîòè÷åñêèõ àðõèòåêòóð âû÷èñëèòåëüíûõ ñèñòåì ÿâëÿåòñÿ íî-
âûì íàïðàâëåíèåì ðàçâèòèÿ ýòèõ ñèñòåì.

Êëþ÷åâûå ñëîâà: èíôîðìàöèîííûå òåõíîëîãèè, óðîâíè òåõíîëîãèé, òåõíîëîãèè âèðòóàëèçàöèè, òåõíî-
ëîãèè äàííûõ, òåõíîëîãèè çíàíèé, õàîñ, õàîòè÷åñêèå àðõèòåêòóðû, óìíûå ñèñòåìû, êîìïüþòåðû, ïàðà-
äèãìà ïðîãðàììèðîâàíèÿ, ìàøèííàÿ àëãåáðà.

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

Õàîòè÷í³ àðõ³òåêòóðè — íîâèé íàïðÿìîê ðîçâèòêó îá÷èñëþâàëüíî¿ òåõí³êè / Î.Â. Ïàëàã³í,
Ì.Â. Ñåìîòþê, Ñ.Â. Óñòåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3. Ñ. 184–193.

Àíîòàö³ÿ. Ïðîâåäåíî àíàë³ç ³íôîðìàö³éíèõ òåõíîëîã³é òà âèÿâëåíî ¿õí³ ñêëàäîâ³: òåõíîëîã³¿ â³ðòó-
àë³çàö³¿, ê³ëüê³ñí³ òåõíîëîã³¿, òåõíîëîã³¿ äàíèõ ³ òåõíîëîã³¿ çíàíü. Íà îñíîâ³ àíàë³çó âèçíà÷åíî, ùî ôîð-
ìóâàííÿ õàîòè÷íèõ àðõ³òåêòóð îá÷èñëþâàëüíèõ ñèñòåì º íîâèì íàïðÿìêîì ðîçâèòêó öèõ ñèñòåì.

Êëþ÷îâ³ ñëîâà: ³íôîðìàö³éí³ òåõíîëîã³¿, ð³âí³ òåõíîëîã³é, òåõíîëîã³¿ â³ðòóàë³çàö³¿, òåõíîëîã³¿ äàíèõ,
òåõíîëîã³¿ çíàíü, õàîñ, õàîòè÷í³ àðõ³òåêòóðè, ðîçóìí³ ñèñòåìè, êîìï’þòåðè, ïàðàäèãìà ïðîãðàìóâàííÿ,
ìàøèííà àëãåáðà.

—————————————————————————————————————————————
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Chaotic architectures: a new trend in computers / A.V. Palagin, M.V. Semotiyk, S.V. Ustenko //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 184–193.

Abstract. Information technologies are analyzed and their components are identified as virtualization
technologies, quantitative technologies, data technologies, and knowledge technologies. Based on the analysis,
it is determined that chaotic architectures of computer systems are a new trend in the development of these
systems.

Keywords: information technology, technology levels, virtualization technology, data technology, knowledge
technology, chaos, chaotic architectures, smart systems, computers, programming paradigm, machine algebra.
===============================================================================

ÓÄÊ 519.212.2:681.51

Ïðîâåðêà ñëó÷àéíîñòè ðàñïîëîæåíèÿ áèòîâ â ëîêàëüíûõ ó÷àñòêàõ (0, 1)-ïîñëåäîâàòåëüíîñòè /
Â.È. Ìàñîë, Ñ.Â. Ïîïåðåøíÿê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 3. Ñ. 194–202.

²ë.: 3. Òàáë.: 4. Á³áë³îãð.: 14 íàçâ.

Àííîòàöèÿ. Óñòàíîâëåí ÿâíûé âèä ñîâìåñòíîãî ðàñïðåäåëåíèÿ ÷èñëà 2-öåïî÷åê è ÷èñëà 3-öåïî-
÷åê ðàçëè÷íûõ ôèêñèðîâàííûõ âàðèàíòîâ â (0, 1)-ïîñëåäîâàòåëüíîñòè äëèíû n, ñîñòîÿùåé èç íóëåé è
åäèíèö. Ïðåäïîëàãàåòñÿ, ÷òî ýëåìåíòû (0, 1)-ïîñëåäîâàòåëüíîñòè — ýòî íåçàâèñèìûå îäèíàêîâî ðàñïðå-
äåëåííûå ñëó÷àéíûå âåëè÷èíû. Äàíû òàáëèöû, èëëþñòðèðóþùèå ïðèìåíåíèå óñòàíîâëåííûõ ôîðìóë
äëÿ (0, 1)-ïîñëåäîâàòåëüíîñòè äëèíû n=16.

Êëþ÷åâûå ñëîâà: s-öåïî÷êè, áèòîâàÿ ïîñëåäîâàòåëüíîñòü, ñëó÷àéíîñòü, ëîêàëüíûå ó÷àñòêè, ñîâìåñòíîå
ðàñïðåäåëåíèå.
—————————————————————————————————————————————

Ïåðåâ³ðêà âèïàäêîâîñò³ ðîçì³ùåííÿ á³ò³â ó ëîêàëüíèõ ä³ëÿíêàõ (0, 1)-ïîñë³äîâíîñò³ / Â.². Ìàñîë,
Ñ.Â. Ïîïåðåøíÿê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 3. Ñ. 194–202.

Àíîòàö³ÿ. Âñòàíîâëåíî ÿâíèé âèãëÿä ñóì³ñíîãî ðîçïîä³ëó ê³ëüêîñò³ 2-ëàíöþæê³â ³ ê³ëüêîñò³ 3-ëàí-
öþæê³â ð³çíèõ ô³êñîâàíèõ âàð³àíò³â â (0, 1)-ïîñë³äîâíîñò³ äîâæèíè n, ùî ñêëàäàºòüñÿ ç íóë³â ³ îäèíèöü.
Ââàæàºòüñÿ, ùî åëåìåíòè (0, 1)-ïîñë³äîâíîñò³ — öå íåçàëåæí³ îäíàêîâî ðîçïîä³ëåí³ âèïàäêîâ³ âåëè÷è-
íè. Íàâåäåíî òàáëèö³, ùî ³ëþñòðóþòü çàñòîñóâàííÿ âñòàíîâëåíèõ ôîðìóë äëÿ (0, 1)-ïîñë³äîâíîñò³ äîâ-
æèíè n=16.

Êëþ÷îâ³ ñëîâà: s-ëàíöþæêè, á³òîâà ïîñë³äîâí³ñòü, âèïàäêîâ³ñòü, ëîêàëüí³ ä³ëÿíêè, ñóì³ñíèé ðîçïîä³ë.
_________________________________________________________________________________________

Checking the randomness of bits location in local sections of the (0, 1)-sequence / V. Masol,
S. Popereshnyak // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 3. P. 194–202.

Abstract. An explicit form of the joint distribution of the number of 2-chains and the number of 3-chains
of various fixed variants in a (0, 1)-sequence of length n consisting of zeros and ones is established. It is
assumed that the elements of (0, 1)-sequences are independent identically distributed random variables. Tables
illustrating the application of the established formulas for a (0, 1)-sequence of length n=16 are given.

Keywords: s-chains, bit sequence, randomness, local segments, joint distribution.
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