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ÓÄÊ 004.274

Îïòèì³çàö³ÿ ñõåìè àâòîìàòà m³ë³ â çì³øàíîìó åëåìåíòíîìó áàçèñ³ / Î.Î. Áàðêàëîâ,
Ë.Î. Ò³òàðåíêî, Î.Ì. Ãîëîâ³í, Î.Â. Ìàòâ³ºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 4.
Ñ. 3–18.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä çìåíøåííÿ ê³ëüêîñò³ åëåìåíò³â LUT ó ñõåì³ àâòîìàòà Ì³ë³, ÿêà
ðåàë³çóºòüñÿ â áàçèñ³ FPGA. Ïðè öüîìó ÷àñòèíà ñõåìè ðåàë³çóºòüñÿ çà äîïîìîãîþ áëîêà ïàì’ÿò³ EMB.
Ìåòîä áàçóºòüñÿ íà ïîäâ³éíîìó êîäóâàíí³ ñòàí³â ³ êîäóâàíí³ íàáîð³â ì³êðîîïåðàö³é. Íàâåäåíî ïðèêëàä
ñèíòåçó ñõåìè ÌÏÀ ç âèêîðèñòàííÿì çàïðîïîíîâàíîãî ìåòîäó. Çà âèêîíàííÿ ïåâíèõ óìîâ ñõåìà ÌÏÀ
ìàº òî÷íî òðè ð³âí³ ëîã³÷íèõ åëåìåíò³â. Ðîçãëÿíóòî ìåòîäè ïîë³ïøåííÿ õàðàêòåðèñòèê ñõåìè, ÿê³ áàçó-
þòüñÿ íà îïòèìàëüíîìó êîäóâàíí³ ñòàí³â ³ íàáîð³â ì³êðîîïåðàö³é.

Êëþ÷îâ³ ñëîâà: ì³êðîïðîãðàìíèé àâòîìàò Ì³ë³, ñèíòåç, FPGA, EMB, LUT, êîäóâàííÿ.

_________________________________________________________________________________________

Optimization of Mealy FSM circuit in mixed element basis / A.A. Barkalov, L.A. Titarenko,
O.M. Golovin, A.V. Matviienko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 3–18.

Abstract. A method of reducing LUT count in the FPGA-based circuit of Mealy finite state machine
(FSM). A part of the circuit is implemented using embedded memory block (EMB). The method is based on the
twofold state assignment and encoding collections of microoperations. An example of the synthesis of FSM
circuit using the proposed method is given. When certain conditions are met, there are exactly three levels of
logic elements in the FSM circuit. Methods for improving the characteristics of a circuit based on optimal
coding of states and collections of microoperations are considered.

Keywords: Mealy FSM, synthesis, FPGA, EMB, LUT, encoding.
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519. 21

Êåðîâàí³ ñòîõàñòè÷í³ ñèñòåìè / Ï.Ñ. Êíîïîâ, Ò.Â. Ïåïåëÿºâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2024. Òîì 60, ¹ 4. Ñ. 19–35.

Àíîòàö³ÿ. Ðîçãëÿíóòî êåðîâàí³ ìàðêîâñüê³ òà íàï³âìàðêîâñüê³ ïðîöåñè òà ñèñòåìè. Íàâåäåíî
îãëÿä ïðèêëàäíèõ çàäà÷ êåðóâàííÿ çàïàñàìè. Ðîçãëÿíóòî îäíî- òà áàãàòîíîìåíêëàòóðí³ ìîäåë³ ç ð³çíèìè
òèïàìè ôóíêö³¿ âèòðàò òà êðèòåð³ÿìè îïòèìàëüíîñò³. Äîñë³äæåíî óìîâè îïòèìàëüíîñò³ òà âèãëÿä îïòè-
ìàëüíèõ ñòðàòåã³é ó öèõ çàäà÷àõ.

Êëþ÷îâ³ ñëîâà: ìàðêîâñüê³ ïðîöåñè, íàï³âìàðêîâñüê³ ïðîöåñè, êåðóâàííÿ çàïàñàìè, -ñòðàòåã³ÿ, êðèòåð³é
îïòèìàëüíîñò³, îïòèìàëüíà ñòðàòåã³ÿ.

_________________________________________________________________________________________

Controlled stochastic systems / P.S. Knopov, T.V. Pepelyaeva // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 4. P. 19–35.

Abstract. Controlled Markov and semi-Markov processes and systems are considered. A review of
inventory control problems is provided. One- and multiproduct models with different types of cost function and
optimality criteria are considered. The optimality conditions and structures of optimal strategies in the problems
are investigated.

Keywords: Markov processes, semi-Markov processes, inventory control, -strategy, optimality criterion,
optimal strategy.
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ÓÄÊ 517.9:519.6

Ïðî äåÿê³ óçàãàëüíåííÿ á³ïîðÿäêîâî¿ äðîáîâî¿ ïîõ³äíî¿ Õ³ëüôåðà / Â.Ì. Áóëàâàöüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 4. Ñ. 36–49.

Àíîòàö³ÿ. Ðîçãëÿíóòî óçàãàëüíåííÿ ïîíÿòòÿ á³ïîðÿäêîâî¿ äðîáîâî¿ ïîõ³äíî¿ Õ³ëüôåðà, ðàí³øå çà-
ïðîâàäæåíî¿ â ðîáîò³ àâòîðà. Çîêðåìà, ââåäåíî ïîíÿòòÿ á³ïîðÿäêîâî¿ äðîáîâî¿ ïîõ³äíî¿ Õ³ëüôåðà
ôóíêö³¿ ùîäî ³íøî¿ ôóíêö³¿ òà ïðîïîðö³éíî¿ á³ïîðÿäêîâî¿ ïîõ³äíî¿ Õ³ëüôåðà ôóíêö³¿ ùîäî ³íøî¿
ôóíêö³¿. Íàâåäåíî îñíîâí³ êîìïîçèö³éí³ âëàñòèâîñò³ äëÿ îïåðàòîð³â á³ïîðÿäêîâèõ äðîáîâèõ ïîõ³äíèõ òà
³íòåãðàë³â. Îòðèìàíî ôîðìóëó ïåðåòâîðåííÿ Ëàïëàñà ïðîïîðö³éíî¿ á³ïîðÿäêîâî¿ ïîõ³äíî¿ Õ³ëüôåðà, ïî-
áóäîâàíî çàìêíåí³ ðîçâ’ÿçêè çàäà÷ òèïó Êîø³ äëÿ ë³í³éíèõ ð³âíÿíü ç çàçíà÷åíèìè óçàãàëüíåíèìè á³ïî-
ðÿäêîâèìè äðîáîâèìè ïîõ³äíèìè Õ³ëüôåðà.

Êëþ÷îâ³ ñëîâà: äðîáîâà ïîõ³äíà Õ³ëüôåðà, á³ïîðÿäêîâà äðîáîâà ïîõ³äíà Õ³ëüôåðà, á³ïîðÿäêîâà äðîáî-
âà ïîõ³äíà Õ³ëüôåðà ôóíêö³¿ ùîäî ³íøî¿ ôóíêö³¿, ïðîïîðö³éíà á³ïîðÿäêîâà äðîáîâà ïîõ³äíà Õ³ëüôåðà,
êîìïîçèö³éí³ âëàñòèâîñò³, ïåðåòâîðåííÿ Ëàïëàñà, çàäà÷³ òèïó Êîø³, çàìêíåí³ ðîçâ’ÿçêè.
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On some generalizations of the bi-ordinal Hilfer’s fractional derivative / V.M. Bulavatsky // Kibernetyka
ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 36–49.

Abstract. The article is devoted to the generalization of the concept of bi-ordinal Hilfer’s fractional
derivative, previously introduced in an author’s work. In particular, the concept of the bi-ordinal Hilfer’s
derivative of a function with respect to another function and proportional bi-ordinal Hilfer derivative of a
function with respect to another function are introduced, the main compositional properties for operators of
bi-ordinal fractional derivatives and integrals are given, a formula for the Laplace transform of the proportional
bi-ordinal Hilfer derivative is obtained, and closed-form solutions to the Cauchy-type problems for linear
equations with the mentioned generalized bi-ordinal Hilfer’s fractional derivatives are constructed.

Keywords: Hilfer’s fractional derivative, bi-ordinal Hilfer’s fractional derivative, bi-ordinal Hilfer’s fractional
derivative of a function with respect to another function, proportional bi-ordinal Hilfer’s fractional derivative,
composite properties, Laplace transform, Cauchy-type problems, closed-form solutions.
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ÓÄÊ 681.51

Ðîçùåïëåííÿ ñèñòåìè ë³í³éíèõ ð³âíÿíü íà áëîêè / Þ.Ì. Áàçèëåâè÷, ².À. Êîñòþøêî, Î.Ä. Ñòàí³íà,
Â.Ñ. Òêà÷îâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 4. Ñ. 50–57.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä ð³çíèõ çàäà÷ ïðî ïðèâåäåííÿ ñèñòåìè ë³í³éíèõ äèôåðåíö³àëüíèõ
ð³âíÿíü äî äåê³ëüêîõ íåçàëåæíèõ ï³äñèñòåì ìåíøîãî ïîðÿäêó. Îá´ðóíòîâàíî ïîáóäîâó äîïîì³æíèõ
êâàäðàòíèõ ìàòðèöü, äëÿ ÿêèõ çàñòîñîâóºòüñÿ ïåðåòâîðåííÿ ïîä³áíîñò³. Öå äàº çìîãó âèêîðèñòîâóâàòè
äëÿ ð³çíèõ êëàñ³â çàäà÷ ðåçóëüòàòè, ÿê³ áóëè îòðèìàí³ äëÿ ïðèâåäåííÿ äâîõ êâàäðàòíèõ ìàòðèöü, à ñàìå:
îòðèìàííÿ ìàêñèìàëüíî ìîæëèâî¿ ê³ëüêîñò³ áëîê³â, äîêàç ºäèíîñò³ îäåðæàíîãî ðîçùåïëåííÿ, ïîøóê
ñõîâàíî¿ ñèìåòð³¿ äîñë³äæóâàíî¿ ñèñòåìè, âèÿâëåííÿ ñëàáêî ïîâ’ÿçàíèõ ï³äñèñòåì ³ ñòâîðåííÿ åôåêòèâ-
íèõ îá÷èñëþâàëüíèõ àëãîðèòì³â ðîçùåïëåííÿ.

Êëþ÷îâ³ ñëîâà: ìàòðèö³, ñèñòåìè ð³âíÿíü, äåêîìïîçèö³ÿ, ìàêñèìàëüíà ê³ëüê³ñòü ï³äñèñòåì.

_________________________________________________________________________________________

Decoupling a system of linear differential equations into blocks / Yu.M. Bazylevych, I.A. Kostiushko,
O.D. Stanina, V.S. Tkachov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 50–57.

Abstract. Problems on reducing a system of linear differential equations to several independent
low-order subsystems are considered. Construction of the auxiliary square matrices for which similarity
transformation is applied is substantiated. This allows transferring the results obtained for the problem of
reducing two square matrices to different classes of problems: obtaining the maximum possible number of
blocks, proof of the unity of the obtained decoupling, detection of the symmetry of the system under study,
detection of loosely coupled subsystems, and creation of efficient computational splitting algorithms.

Keywords: matrices, systems of equations, decomposition, maximum number of subsystems.
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ÓÄÊ 519.6

Ïðèéíÿòòÿ ð³øåíü ó ðàç³ ïðîãíîçóâàííÿ äèíàì³êè â³ðóñíî¿ ³íôåêö³¿ ç óðàõóâàííÿì
äèôóç³éíî-êîíâåêö³éíî¿ ì³ãðàö³¿ ä³þ÷èõ ÷èííèê³â äåê³ëüêîìà øëÿõàìè â óìîâàõ ³ìóíîòåðàï³¿ /
Ñ.Â. Áàðàíîâñüêèé, À.ß. Áîìáà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 4. Ñ. 58–69.

Àíîòàö³ÿ. Çä³éñíåíî ìîäèô³êàö³þ ìàòåìàòè÷íî¿ ìîäåë³ ³íôåêö³éíîãî çàõâîðþâàííÿ äëÿ âðàõóâàí-
íÿ âïëèâó ð³çíèõ øëÿõ³â ì³ãðàö³¿ ä³þ÷èõ ÷èííèê³â ó âíóòð³øíüîìó ñåðåäîâèù³ îðãàí³çìó ëþäèíè ç îãëÿ-
äó íà ñêëàäí³ñòü âèîêðåìëåííÿ ð³çíèõ óìîâ ðîçïîâñþäæåííÿ àíòèãåí³â, àíòèò³ë òà ë³êàðñüêèõ ðå÷îâèí ó
ì³æêë³òèííîìó ïðîñòîð³ ³ ë³ìôàòè÷í³é ñèñòåì³ ï³ä ÷àñ ïðîãíîçóâàííÿ äèíàì³êè â³ðóñíî¿ ³íôåêö³¿. Ðîç-
â’ÿçîê ìîäåëüíî¿ ñèíãóëÿðíî çáóðåíî¿ çàäà÷³ ³ç çàï³çíåííÿì îòðèìàíî íà îñíîâ³ àäàïòîâàíî¿ îá÷èñëþ-
âàëüíî¿ òåõíîëîã³¿, ÿêà çàáåçïå÷óº ïîåòàïíå ÷èñëîâî-àñèìïòîòè÷íå íàáëèæåííÿ ñïåö³àëüíî ïîáóäîâàíî¿
ïîñë³äîâíîñò³ çàäà÷ áåç çàï³çíåííÿ, ÿê çáóðåííÿ ðîçâ’ÿçê³â â³äïîâ³äíèõ âèðîäæåíèõ çàäà÷. Íàâåäåí³ ðå-
çóëüòàòè êîìï’þòåðíîãî ìîäåëþâàííÿ ³ëþñòðóþòü ïðîãíîçíèé âíåñîê äåê³ëüêîõ øëÿõ³â ì³ãðàö³¿ ä³þ÷èõ
÷èííèê³â ó ïðîöåñ ðîçâèòêó ³íôåêö³éíîãî çàõâîðþâàííÿ. Çàçíà÷åíî, ùî íà åôåêòèâí³ñòü ä³¿ ³ìóííèõ ïðå-
ïàðàò³â, îêð³ì ³íøîãî, ìàòèìóòü âïëèâ ùå é óìîâè, ùî âèçíà÷àþòüñÿ øëÿõîì ì³ãðàö³¿ äîíîðñüêèõ àí-
òèò³ë ó ñåðåäîâèù³ îðãàí³çìó. Öåé âïëèâ íåîáõ³äíî âðàõîâóâàòè â ñèñòåìàõ ïðèéíÿòòÿ ð³øåíü ùîäî
ôîðìóâàííÿ â³äïîâ³äíèõ ðàö³îíàëüíèõ ïðîãðàì ë³êóâàííÿ çàõâîðþâàííÿ.

Êëþ÷îâ³ ñëîâà: ìîäåëü ³íôåêö³éíîãî çàõâîðþâàííÿ, äèíàì³÷í³ ñèñòåìè ³ç çàï³çíåííÿì, ãåòåðîäèôóç³ÿ
äâîìà øëÿõàìè, àñèìïòîòè÷í³ ìåòîäè, ñèíãóëÿðíî çáóðåí³ çàäà÷³, çîñåðåäæåí³ âïëèâè.

_________________________________________________________________________________________

Decision-making when predicting the dynamics of a viral infection taking into account the
diffusion-convection migration of active factors by several ways in the conditions of immunotherapy /
S.V. Baranovsky, A.Ya. Bomba // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 58–69.

Abstract. Based on the problem of distinguishing different conditions for the spread of antigens,
antibodies, and medicinal substances in the intercellular space and the lymphatic system, when predicting the
dynamics of a viral infection, a modification of the mathematical model of an infectious disease was carried out
for to take into account the influence of various ways of migration of active factors in the body’s environment.
The solution of the model singularly perturbed problem with a delay is obtained based on adapted computing
technology, which provides a stepwise numerical asymptotic approximation of a specially constructed sequence
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of problems without delay as a perturbation of the solutions of the corresponding degenerate problems. The
results of computer modeling illustrate the predictive contribution of several ways of migration of active factors
to the process of infectious disease development. It is noted that the effectiveness of immunological drugs,
among other things, will be influenced by the conditions determined by the migration of donor antibodies in the
body’s environment, which must be taken into account in decision-making systems regarding the formation of
appropriate rational disease treatment programs.

Keywords: infectious disease model, dynamic systems with delay, heterodiffusion in two ways, asymptotic
methods, singularly perturbed problems, concentrated influences.

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

ÓÄÊ 519.65

×åáèøîâñüêå íàáëèæåííÿ ôóíêö³é áàãàòüîõ çì³ííèõ ñòåïåíåâèì âèðàçîì / Ï.Ñ. Ìàëà÷³âñüêèé,
Ë.Ñ. Ìåëüíè÷îê, ß.Â. Ï³çþð // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 4. Ñ. 70–78.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ïîáóäîâè ÷åáèøîâñüêîãî íàáëèæåííÿ ç â³äíîñíîþ ïîõèáêîþ
ôóíêö³é áàãàòüîõ çì³ííèõ ñòåïåíåâèì âèðàçîì. Â³í ïîëÿãàº â ïîáóäîâ³ ïðîì³æíîãî ÷åáèøîâñüêîãî íà-
áëèæåííÿ ç â³äíîñíîþ ïîõèáêîþ ïîë³íîìîì çíà÷åíü êîðåíÿ â³äïîâ³äíîãî ñòåïåíÿ â³ä íàáëèæóâàíî¿
ôóíêö³¿. Ïàðàìåòðè íàáëèæåííÿ ïîë³íîìîì îá÷èñëåíî ÿê ãðàíè÷íå ñåðåäíüîñòåïåíåâå íàáëèæåííÿ çà
³òåðàö³éíîþ ñõåìîþ ç âèêîðèñòàííÿì ìåòîäó íàéìåíøèõ êâàäðàò³â ç³ çì³ííîþ âàãîâîþ ôóíêö³ºþ. Íàâå-
äåíî òåñòîâ³ ïðèêëàäè, ÿê³ ï³äòâåðäæóþòü øâèäêó çá³æí³ñòü ìåòîäó ïîáóäîâè ÷åáèøîâñüêîãî íàáëèæåí-
íÿ ôóíêö³é îäí³º¿, äâîõ ³ òðüîõ çì³ííèõ ñòåïåíåâèì âèðàçîì..

Êëþ÷îâ³ ñëîâà: ÷åáèøîâñüêå íàáëèæåííÿ ôóíêö³é áàãàòüîõ çì³ííèõ, ñòåïåíåâèé âèðàç, ñåðåäíüîñòåïå-
íåâå íàáëèæåííÿ, ìåòîä íàéìåíøèõ êâàäðàò³â, çì³ííà âàãîâà ôóíêö³ÿ.

_________________________________________________________________________________________

Chebyshev approximation of the multivariable functions by power expression / P. S. Malachivskyy,
L.S. Melnychok, Ya.V. Pizyur // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 70–78.

Abstract. A method of constructing the Chebyshev approximation with the smallest relative error of
multivariable functions by a power expression is proposed. It consists in constructing an intermediate
Chebyshev approximation of the function, which is the root of the corresponding power of the given function
by a polynomial. The parameters of the polynomial approximation are calculated as the limiting mean-power
approximation according to the iterative scheme using the least squares method with a variable weight function.
Test examples are given that confirm the fast convergence of the method of constructing the Chebyshev
approximation using the power expression of functions of one, two, and three variables.

Keywords: Chebyshev approximation of the multivariable functions, power expression, mean-power
approximation, least squares method, variable weight function.
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ÓÄÊ 517.977

Äîñòàòí³ óìîâè çáëèæåííÿ êîíôë³êòíî-êåðîâàíèõ îá’ºêò³â ç ð³çíîþ ³íåðö³éí³ñòþ / À.Î. ×èêð³é,
É.Ñ. Ðàïïîïîðò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 4. Ñ. 79–102.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó çáëèæåííÿ êåðîâàíèõ îá’ºêò³â ç ð³çíîþ ³íåðö³éí³ñòþ â ³ãðîâèõ
çàäà÷àõ äèíàì³êè. Äëÿ òàêèõ êåðîâàíèõ îá’ºêò³â õàðàêòåðíèì º íåâèêîíàííÿ óìîâè Ïîíòðÿã³íà íà äåÿêî-
ìó ³íòåðâàë³ ÷àñó. Äëÿ ðîçâ’ÿçàííÿ ïðîáëåìè óâåäåíî ñïåö³àëüí³ áàãàòîçíà÷íå â³äîáðàæåííÿ ³ ìàòðè÷íà
ôóíêö³ÿ äëÿ âèð³âíþâàííÿ ðåñóðñ³â êåðóâàííÿ ãðàâö³â, à ïîò³ì äîäàòêîâèé ðåñóðñ êîìïåíñóºòüñÿ çà ðà-
õóíîê ò³ëåñíî¿ ñêëàäîâî¿ öèë³íäðè÷íî¿ òåðì³íàëüíî¿ ìíîæèíè. Çà äîïîìîãîþ íèæíüî¿ ðîçâ’ÿçóâàëüíî¿
ôóíêö³¿ äëÿ îá’ºêò³â ç ð³çíîþ ³íåðö³éí³ñòþ çàïðîïîíîâàíî äâ³ ìîäèô³êîâàí³ ñõåìè ïåðøîãî ïðÿìîãî ìå-
òîäó Ïîíòðÿã³íà, ùî ãàðàíòóþòü óñï³øíå çàâåðøåííÿ êîíôë³êòíî-êåðîâàíîãî ïðîöåñó â êëàñ³ êîíòðêå-
ðóâàíü. Óâåäåíî âåðõíþ ðîçâ’ÿçóâàëüíó ôóíêö³þ òà ðîçãëÿíóòî â³äïîâ³äí³ ìîäèô³êîâàí³ ñõåìè ìåòîäó
ðîçâ’ÿçóâàëüíèõ ôóíêö³é äëÿ êåðîâàíèõ îá’ºêò³â ç ð³çíîþ ³íåðö³éí³ñòþ â êëàñ³ êâàç³ñòðàòåã³é òà êîíòðêå-
ðóâàíü. Íîâ³ òåîðåòè÷í³ ðåçóëüòàòè ïðî³ëþñòðîâàíî íà ìîäåëüíîìó ïðèêëàä³.

Êëþ÷îâ³ ñëîâà: êåðîâàí³ îá’ºêòè ç ð³çíîþ ³íåðö³éí³ñòþ, êâàç³ë³í³éíà äèôåðåíö³àëüíà ãðà, áàãàòîçíà÷íå
â³äîáðàæåííÿ, âèì³ðíèé ñåëåêòîð, ñòðîáîñêîï³÷íà ñòðàòåã³ÿ, ðîçâ’ÿçóâàëüíà ôóíêö³ÿ.

_________________________________________________________________________________________

Sufficient approach conditions for conflict controlled objects with different inertia / A.A. Chikrii,
I.S. Rappoport // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 79–102.

Abstract. The problem of convergence of controlled objects with different inertia in dynamic game
problems is considered. For controlled objects with different inertia, it is characteristic that the Pontryagin
condition is not satisfied on a time interval. To solve the problem, a special multivalued mapping and a matrix
function are introduced to equalize the players’ control resources, and then the additional resource is
compensated by the body component of the cylindrical terminal set. With the help of the lower resolving
function for objects with different inertia, two modified schemes of the first direct Pontryagin method are
proposed, which guarantee the successful completion of the conflict-controlled process in the class of
countercontrols. The upper resolving function is introduced and the corresponding modified schemes of the
method of resolving functions for controlled objects with different inertia in the class of quasi-strategies and
counter-controls are presented. New theoretical results are illustrated by a model example.

Keywords: controlled objects with different inertia, quasilinear differential game, multi-valued mapping,
measurable selector, stroboscopic strategy, resolving function.
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ÓÄÊ 681.5.015:007

Îïòèì³çàö³ÿ ïîêàçíèê³â ÿêîñò³ ïðîäóêö³¿ â ñèñòåì³ «âèðîáíèê-ñïîæèâà÷» íà îñíîâ³ íå÷³òêèõ
êîãí³òèâíèõ êàðò ³ ãåíåòè÷íîãî àëãîðèòìó / Î.Ï. Ðîòøòåéí, Î.Â. Çåë³íñüêà, Â.Ï. Êàì³íñüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 4. Ñ. 103–116.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî ïîñòàíîâêè òà ðîçâ’ÿçàííÿ çàäà÷³ îïòèìàëüíîãî âèáîðó âèìîã
äî ïîêàçíèê³â ÿêîñò³ ïðîäóêö³¿ ç óðàõóâàííÿì ³íòåðåñ³â âèðîáíèêà òà ñïîæèâà÷à. Ïîñòàíîâêó çàäà÷³
çä³éñíåíî â òåðì³íàõ ìàòåìàòè÷íîãî ïðîãðàìóâàííÿ. Êðèòåð³ºì îïòèì³çàö³¿ º ìàêñèìóì áëèçüêîñò³ ì³æ
ð³âíåì ïðèâàáëèâîñò³ òîâàðó ³ áàæàííÿì éîãî ïðèäáàòè; êåðîâàíèìè çì³ííèìè º ð³âí³ ïîêàçíèê³â, ñïå-
öèô³÷íèõ äëÿ âèðîáíèêà òà ñïîæèâà÷à; îáìåæåííÿìè º äîìîâëåíîñò³ ùîäî íåîáõ³äíèõ ð³âí³â ïîêàç-
íèê³â, ñï³ëüíèõ äëÿ âèðîáíèêà òà ñïîæèâà÷à. Äëÿ ïîáóäîâè çàëåæíîñòåé, ùî âõîäÿòü ó ö³ëüîâó ôóíêö³þ,
âèêîðèñòàíî íå÷³òê³ êîãí³òèâí³ êàðòè, à îïòèìàëüí³ ðîçâ’ÿçêè çíàéäåíî çà äîïîìîãîþ ãåíåòè÷íîãî àëãî-
ðèòìó. Ï³äõ³ä ïðî³ëþñòðîâàíî ïðèêëàäîì ðîáîòà-ïèëîñîñà, ÿêèé º îäíèì ³ç ïîáóòîâèõ çàñòîñóâàíü òåõ-
íîëîã³¿ øòó÷íîãî ³íòåëåêòó, ùî íàéá³ëüøå ïðîäàþòüñÿ.

Êëþ÷îâ³ ñëîâà: ÿê³ñòü ïðîäóêö³¿, ïàðàìåòðè ÿêîñò³, âèðîáíèê, ñïîæèâà÷, îïòèì³çàö³ÿ, íå÷³òêà êîãí³òèâ-
íà êàðòà, ãåíåòè÷íèé àëãîðèòì, ðîáîò-ïèëîñîñ.

_________________________________________________________________________________________

Optimization of product quality indicators in the “producer-consumer” system based on fuzzy cognitive
maps and genetic algorithm / O.P. Rotshtein, O.V. Zelinska, V.P. Kaminskyi // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 4. P. 103–116.

Abstract. An approach to the formulation and solution of the problem of optimal selection of quality
indicators for products, taking into account the interests of both the producer and the consumer, is proposed.
The problem is formulated in terms of mathematical programming. The optimization criterion is the maximum
closeness between the attractiveness level of the product and the desire to purchase it; the controlled variables
are the levels of indicators specific to the manufacturer and the consumer; the constraints are agreements
regarding the necessary levels of indicators shared by both the manufacturer and the consumer. Fuzzy cognitive
maps are used to construct the dependencies that appear in the objective function, and optimal solutions are
found using a genetic algorithm. The approach is illustrated by the example of a robotic vacuum cleaner, which
is one of the best-selling household applications of artificial intelligence.

Keywords: product quality, quality parameters, producer, consumer, optimization, fuzzy cognitive map, genetic
algorithm, robotic vacuum cleaner.

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

ÓÄÊ 519.8

Ïðî îïòèì³çàö³éí³ âëàñòèâîñò³ óçàãàëüíåíèõ ³íòåãðàë³â ×åáèøåâà–Ïóàññîíà / À.Þ. Ì³ùóê,
À.Ì. Øóòîâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 4. Ñ. 117–126.

Àíîòàöiÿ. Çàñòîñîâàíî ìíîãî÷ëåíè ×åáèøåâà ïåðøîãî ðîäó ç ìåòîþ ïîáóäîâè óçàãàëüíåíîãî
³íòåãðàëà ×åáèøåâà–Ïóàññîíà. Ðîçâ’ÿçàíî çàäà÷ó îïòèì³çàö³¿ äëÿ óçàãàëüíåíîãî îïåðàòîðà ×åáèøå-
âà–Ïóàññîíà ÿê ôóíêö³îíàëà ôóíêö³¿, âèçíà÷åíî¿ íà â³äð³çêó, òà ïðîàíàë³çîâàíî éîãî àïðîêñèìàòèâí³
âëàñòèâîñò³ íà êëàñàõ Ãåëüäåðà . Îòðèìàíî òî÷íó ð³âí³ñòü äëÿ â³äõèëåííÿ ôóíêö³é êëàñó Ãåëüäåðà â³ä
óçàãàëüíåíîãî ³íòåãðàëà ×åáèøåâà–Ïóàññîíà.

Êëþ÷îâ³ ñëîâà: ìíîãî÷ëåíè ×åáèøåâà, óçàãàëüíåíèé ³íòåãðàë ×åáèøåâà–Ïóàññîíà, êëàñ ôóíêö³é Ãåëü-
äåðà, çàäà÷à îïòèì³çàö³¿.

_________________________________________________________________________________________

On the optimization properties of generalized Chebyshev–Poisson integrals / A.Yu. Mishchuk,
A.M. Shutovskyi // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 117–126.

Abstract. Chebyshev polynomials of the first kind are used to construct the generalized
Chebyshev–Poisson integral. The optimization problem for the generalized Chebyshev–Poisson operator as a
functional of a function defined on a segment is solved, and its approximate properties on Holder classes are
analyzed. An exact equality is obtained for the deviation of Holder class functions from the generalized
Chebyshev–Poisson integral.

Keywords: Chebyshev polynomials, generalized Chebyshev–Poisson integral, class of Hlder functions,
optimization problem.

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

ÓÄÊ 519.6

Ìåòîä ðàä³àëüíèõ áàçèñíèõ ôóíêö³é äëÿ ðîçâ’ÿçóâàííÿ ³íòåãðî-äèôåðåíö³àëüíîãî ð³âíÿííÿ
äèôóç³¿ ç íåëîêàëüíèìè åôåêòàìè / ². Áîðà÷îê, Î. Ïàëÿíèöÿ, Ð. Õàïêî // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2024. Òîì 60, ¹ 4. Ñ. 127–140.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìåòîä ðàä³àëüíèõ ôóíêö³é äëÿ íàáëèæåíîãî ðîçâ’ÿçàííÿ ³íòåãðî-äèôå-
ðåíö³àëüíîãî ð³âíÿííÿ ç ÷àñòèííèìè ïîõ³äíèìè. Äëÿ àïðîêñèìàö³¿ òî÷íîãî ðîçâ’ÿçêó âèêîðèñòàíî
ë³í³éíó êîìá³íàö³þ ðàä³àëüíèõ áàçèñíèõ ôóíêö³é ó ïåâíèõ öåíòðàëüíèõ òî÷êàõ òà ë³í³éíó êîìá³íàö³þ
ïîë³íîì³àëüíèõ áàçèñíèõ ôóíêö³é. Çàïðîïîíîâàíî ðîçòàøóâàííÿ öåíòðàëüíèõ òî÷îê ÿê äëÿ äâî-, òàê ³
äëÿ òðèâèì³ðíèõ îáëàñòåé. Êîëîêàö³ÿ â öåíòðàëüíèõ âóçëàõ äàº íàï³âäèñêðåòíó ñõåìó ç ³íòåãðàëüíèìè
êîåô³ö³ºíòàìè, äëÿ îá÷èñëåííÿ ÿêèõ âèêîðèñòàíî êâàäðàòóðí³ ôîðìóëè Ãàóññà–Ëåæàíäðà òà òðàïåö³é.
Äëÿ âèçíà÷åííÿ ïàðàìåòðà ôîðìè çàñòîñîâàíî ãåíåòè÷íèé àëãîðèòì. Íàâåäåíî ÷èñåëüí³ ðîçðàõóíêè äëÿ
äâî- òà òðèâèì³ðíèõ îáëàñòåé, ùî ï³äòâåðäæóþòü åôåêòèâí³ñòü çàïðîïîíîâàíîãî àëãîðèòìó.
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Êëþ÷îâ³ ñëîâà: åë³ïòè÷íå ³íòåãðî-äèôåðåíö³àëüíå ð³âíÿííÿ ç ÷àñòèííèìè ïîõ³äíèìè, ðàä³àëüí³ áàçèñí³
ôóíêö³¿, ãåíåòè÷íèé àëãîðèòì.
_________________________________________________________________________________________

Method of radial basis functions for a partial integro-differential equation of diffusion with non-local effects /
I. Borachok, O. Palianytsia, R. Chapko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 127–140.

Abstract. The method of radial basis functions for the numerical solution of the partial
integro-differential equation in multi-dimensional domains is considered. A linear combination of radial basis
functions at specific center points and a linear combination of polynomial basis functions are employed to
approximate the problem’s solution. The distribution of the center points is proposed for both two and
three-dimensional domains. Collocating at the center points leads to the semi-discretized system that contains
integral coefficients. Integral coefficients are calculated numerically using the Gauss-Legendre and trapezoidal
quadrature rules. A shape parameter is determined by a real-coded genetic algorithm. Numerical results both in
two- and three-dimensional domains confirm the applicability of the proposed approach.

Keywords: elliptic partial integro-differential equation, radial basis functions, polynomial basis, genetic algorithm.
===============================================================================

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 004.318

Ïðîáëåìè ³ ðîëü îíòîëîã³÷íî¿ ³íæåíåð³¿ ó ôîðìóâàíí³ ³íäóñòð³¿ çíàíü ç ïîçèö³é äîñë³äíîãî
ïðîºêòóâàííÿ / Î.Â. Ïàëàã³í, Ì.Ã. Ïåòðåíêî, Ê.Ñ. Ìàëàõîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024.
Òîì 60, ¹ 4. Ñ. 141–155.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìîäåë³ òà ìåõàí³çìè òðàíñäèñöèïë³íàðíèõ íàóêîâèõ äîñë³äæåíü äëÿ ñòâîðåí-
íÿ êëàñòåð³â êîíâåðãåíö³¿ äèñöèïë³í ³ íàóêîâèõ òåîð³é, ôîðìàëüíîãî ïðåäñòàâëåííÿ çíàíü ³ ôîðìóâàííÿ
³íäóñòð³¿ çíàíü çà äîïîìîãîþ ºäèíîãî ³íñòðóìåíòàð³þ îíòîëîã³÷íî¿ ³íæåíåð³¿. Ïðèä³ëåíî óâàãó ìîæëèâîñ-
òÿì äîñë³äíîãî ïðîºêòóâàííÿ äëÿ ñòâîðåííÿ íîâèõ çíàíü ³ òåõíîëîã³é. Ïðîàíàë³çîâàíî êîíöåïòóàëüí³
òåðì³íè îíòîëîã³÷íî¿ ³íæåíåð³¿ òà ïîêàçàíî âàæëèâ³ñòü ³ åôåêòèâí³ñòü âèêîðèñòàííÿ îíòîëîã³÷íèõ çíàíü òà
ìåõàí³çì³â äëÿ ðîçâ’ÿçàííÿ çàäà÷ êîðèñòóâà÷³â. Äåòàëüíî ðîçãëÿíóòî ïðåäìåòíó îíòîëîã³þ, ¿¿ îíòî-
ëîã³÷íèé ãðàô òà ¿õí³ ñóòòºâ³ â³äì³ííîñò³ ³ ïåðåâàãè íàä owl-îíòîëîã³ÿìè. Íàâåäåíî ïðèêëàä çàñòîñóâàííÿ
îíòîëîã³¿ çàäà÷ äëÿ ïðîºêòóâàííÿ îá÷èñëþâàëüíèõ ïðèñòðî¿â íà ïðîãðàìîâíèõ ì³êðîñõåìàõ.

Êëþ÷îâ³ ñëîâà: ³íäóñòð³ÿ çíàíü, îíòîëîã³÷íà ³íæåíåð³ÿ, òðàíñäèñöèïë³íàðí³ íàóêîâ³ äîñë³äæåííÿ, êëàñ-
òåðè êîíâåðãåíö³¿, äîñë³äíå ïðîºêòóâàííÿ, íîâ³ çíàííÿ òà òåõíîëîã³¿, îíòîëîã³ÿ ïðåäìåòíî¿ ãàëóç³, îíòî-
ëîã³÷íèé ãðàô, îíòîëîã³ÿ çàäà÷.
_________________________________________________________________________________________

Challenges and role of ontology engineering in creating the knowledge industry: a research-related
design perspective / O. Palagin, M. Petrenko, K. Malakhov // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 4. P. 141–155.

Abstract. The article discusses models and mechanisms of transdisciplinary research in the perspective of
creating clusters of disciplinary convergence and scientific theories, formal representation of knowledge, and
the formation of the knowledge industry using a unified ontology engineering devkit. Special attention is
focused on the possibilities of research-related design for the creation of new knowledge and technologies.
A conceptual analysis of ontology engineering is conducted, indicating the importance and effectiveness of
applying ontology knowledge and mechanisms in solving user tasks. The domain ontology, its ontology graph,
and their essential differences and advantages from owl ontologies are examined in depth. An example of the
application of task ontology to the design of programmable microchip computing devices is proposed.

Keywords: knowledge industry, ontology engineering, transdisciplinary research, convergence clusters,
research-related design, new knowledge and technologies, domain ontology, ontology graph, task ontology.
===============================================================================

ÓÄÊ 621.391:519.2:519.7

Âèçíà÷åííÿ ê³ëüêîñò³ áëîê³â ï³äòâåðäæåííÿ ó äâîð³âíåâîìó áëîê÷åéí³ ç ïðîòîêîëîì êîíñåíñóñó
Proof-of-Proof çà ð³çíèõ òèï³â êîíñåíñóñó ó ìåéí÷åéí³/ñàéä÷åéí³ äëÿ çàïîá³ãàííÿ àòàö³ ïîäâ³éíî¿
âèòðàòè. ². PoS ó ìåéí÷åéí³ ÒÀ PoW ó ñàéä÷åéí³ / Ë.Â. Êîâàëü÷óê, Í.Â. Êó÷èíñüêà,
Ì.Ñ. Êîíäðàòåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 4. Ñ. 156–167.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïèòàííÿ áåçïå÷íîãî ôóíêö³îíóâàííÿ äâîð³âíåâîãî áëîê÷åéíó ç³ ñêëàäíèì
çì³øàíèì ïðîòîêîëîì êîíñåíñóñó Proof-of-Stake â îñíîâíîìó áëîê÷åéí³ (ìåéí÷åéí³) òà ïðîòîêîëîì
Proof-of-Work ó äðóãîðÿäíîìó áëîê÷åéí³ (ñàéä÷åéí³). Äâîð³âíåâèé áëîê÷åéí ïîáóäîâàíî çà ïðèíöèïîì
ïðîòîêîëó Proof-of-Proof, êîëè ñò³éê³ñòü ñàéä÷åéíó çàáåçïå÷åíà ñò³éê³ñòþ ìåéí÷åéíó øëÿõîì ïîñèëàííÿ
áëîê³â ìåéí÷åéíó íà áëîêè ñàéä÷åéíó ç âèêîðèñòàííÿì ñïåö³àëüíèõ òðàíçàêö³é. Öÿ ñòðóêòóðà äàº çìîãó
øâèäøå ñòâîðþâàòè áëîêè ó ñàéä÷åéí³ ³ â³äïîâ³äíî øâèäøå îáðîáëÿòè òðàíçàêö³¿, íå çíèæóþ÷è
ñò³éêîñò³ òà íå çá³ëüøóþ÷è îáñÿãó áëîêó. Òàêèé äâîð³âíåâèé áëîê÷åéí º íàéá³ëüø çðó÷íèì äëÿ ñòâîðåí-
íÿ êàñêàäíî¿ ñèñòåìè äåðæàâíèõ ðåºñòð³â, ãàðàíòîâàíî çàõèùàþ÷è â³ä ï³äì³íè òà ï³äðîáêè äîêóìåíò³â.
Îñíîâíèé ðåçóëüòàò ðîáîòè — îòðèìàííÿ ÿâíèõ àíàë³òè÷íèõ âèðàç³â äëÿ îö³íêè éìîâ³ðíîñò³ àòàêè
ïîäâ³éíî¿ âèòðàòè, íàïðàâëåíî¿ íà ñàéä÷åéí ó äâîð³âíåâîìó áëîê÷åéí³ çà óìîâè íàÿâíîñò³ çëîâìèñíèêà
ÿê ó ñàéä÷åéí³, òàê ³ ó ìåéí÷åéí³.

Êëþ÷îâ³ ñëîâà: áëîê÷åéí, ìåéí÷åéí, ñàéä÷åéí, êðèïòîâàëþòè, ìàéí³íã, ïðîòîêîë êîíñåíñóñó
Proof-of-Proof, àòàêà ïîäâ³éíî¿ âèòðàòè.
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Determining the number of confirmation blocks in a two-level blockchain with Proof-of-Proof consensus
protocol for different consensus types in mainchain/sidechain to prevent double-spend attack. I. PoS in
mainchain and PoW in sidechain / L.V. Kovalchuk, N.V. Kuchynska, M.S. Kondratenko // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 4. P. 156–167.

Abstract. The paper investigates the issues of the safe operation of a two-level blockchain with a complex
mixed consensus protocol — Proof-of-Stake in the main blockchain (mainchain) and Proof-of-Work in the
secondary (sidechain). This two-level blockchain is built on the principle of the Proof-of-Proof protocol, where
the safety of the sidechain is ensured by the stability of the mainchain, by referring the mainchain blocks to the
sidechain blocks using special transactions. Such a structure allows faster issuance of blocks in the sidechain and,
accordingly, faster processing of transactions without loss of security and without increasing the volume of the
block. In turn, such a two-level blockchain is of the greatest interest for the creation of a cascade system of state
registers, which will be guaranteed to be protected against the substitution and forgery of documents. The main
results of the work are explicit analytical expressions for estimates of probability of double spend attack on such
two-level blockchain, under the condition of adversary in sidechain and in mainchain.

Keywords: blockchain, mainchain, sidechain, cryptocurrencies, mining,
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ÓÄÊ 53.088.3+53.088.7

Âèêîðèñòàííÿ ïîðîãîâèõ òà áåçïîðîãîâèõ ìåòîä³â äèñêðåòíî¿ âåéâëåò-ô³ëüòðàö³¿ ðàä³îëîêàö³éíèõ
ñèãíàë³â / Þ.Ê. Òàðàíåíêî, Î.Þ. Îë³éíèê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 4.
Ñ. 168–179.

Àíîòàö³ÿ. Äîñë³äæåíî åôåêòèâí³ñòü ïîðîãîâèõ ³ áåçïîðîãîâèõ ìåòîä³â âåéâëåò-ô³ëüòðàö³¿ øóì³â
äëÿ îáðîáëåííÿ ðàä³îëîêàö³éíèõ ñèãíàë³â. Ðîçãëÿíóòî òðè ìåòîäè âåéâëåò-àíàë³çó: ³ç çàãàëüíèì ïîðîãîì
îáìåæåííÿ âåéâëåò-êîåô³ö³ºíò³â äåòàë³çàö³¿, ç óí³âåðñàëüíèì ïîðîãîì äëÿ âñ³õ âåéâëåò-äåêîìïîçèö³é, à
òàêîæ ìåòîä áåç ïîðîãó, ùî áàçóºòüñÿ íà îáíóëåíí³ êîåô³ö³ºíò³â äåòàë³çàö³¿ íà ïåâíèõ ð³âíÿõ âåé-
âëåò-äåêîìïîçèö³¿ ñèãíàëó. Îö³íåíî åôåêòèâí³ñòü âåéâëåò-ô³ëüòðàö³¿ çà â³äíîøåííÿì ñèãíàë/øóì äî ³
ï³ñëÿ ô³ëüòðàö³¿, åíòðîï³ºþ ñèãíàëó òà çíà÷åííÿì ñåðåäíüîêâàäðàòè÷íî¿ ïîõèáêè ìîäåë³. Âñòàíîâëåíî,
ùî ó øèðîêîìó ä³àïàçîí³ âèñîêèõ øóì³â â³ä –12 äÁ äî –7.5 äÁ ìåòîä ³ç çàãàëüíèì ïîðîãîì çàáåçïå÷óº
åôåêòèâí³øó ô³ëüòðàö³þ øóìó ïîð³âíÿíî ç ³íøèìè ìåòîäàìè.

Êëþ÷îâ³ ñëîâà: äèñêðåòíèé âåéâëåò-àíàë³ç, áåçïîðîãîâ³ ìåòîäè, ðàä³îëîêàö³éíèé ñèãíàë, åíòðîï³ÿ, ïî-
ðîãîâà ôóíêö³ÿ.
_________________________________________________________________________________________

Using threshold and no-threshold methods of discrete wavelet filtering of radio location signals /
Yu.K. Taranenko, O.Yu. Oliinyk // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 168–179.

Abstract. The paper examines the effectiveness of threshold and non-threshold wavelet noise filtering
methods in processing radar signals. Three methods of wavelet analysis are analyzed: a method with a general
threshold for limiting wavelet coefficients of detail; a method with a universal threshold for all wavelet
decompositions; and a method without a threshold, based on zeroing the coefficients of detail at certain levels
of the wavelet decomposition of the signal. The effectiveness of wavelet filtering is evaluated by the
signal-to-noise ratio before and after filtering, signal entropy, and the model’s mean square error (MSE) value.
It is found that over a wide range of high noise from –12 dB to –7.5 dB, the common threshold method provides
more effective noise filtering than other methods.

Keywords: discrete wavelet analysis, threshold method, radar signal, entropy, threshold function.
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ÓÄÊ 621.391

Ï³äâèùåííÿ çàâàäîñò³éêîñò³ OFDM-êàíàë³â çâ’ÿçêó ç äâîêàñêàäîâèì ñòðîáóâàííÿì òà
I/Q-äåìîäóëÿö³ºþ / Â.². Ñëþñàð, Í.Ñ. Á³ãóí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 4.
Ñ. 180–196.

Àíîòàö³ÿ. Ïðåäñòàâëåíî íîâèé ï³äõ³ä äî çá³ëüøåííÿ ê³ëüêîñò³ öèôðîâèõ â³äë³ê³â â àíàëîãî-
âî-öèôðîâèõ ñèñòåìàõ ç âèêîðèñòàííÿì ìåòîäó ñòðîáóâàííÿ ó ðåæèì³ «sliding window». Îñîáëèâó óâàãó
ïðèä³ëåíî îïòèì³çàö³¿ ñèíôàçíî¿/êâàäðàòóðíî¿ äåìîäóëÿö³¿ äëÿ ñèãíàë³â ç îðòîãîíàëüíèì ÷àñòîòíèì
ìóëüòèïëåêñóâàííÿì. Ïðîàíàë³çîâàíî àìïë³òóäíî-÷àñòîòí³ õàðàêòåðèñòèêè íîâèõ I/Q-äåìîäóëÿòîð³â òà
ïðîäåìîíñòðîâàíî çìåíøåííÿ á³÷íèõ ïåëþñòîê àìïë³òóäíî-÷àñòîòíî¿ õàðàêòåðèñòèêè.

Êëþ÷îâ³ ñëîâà: àìïë³òóäíî-÷àñòîòíà õàðàêòåðèñòèêà, àíàëîãî-öèôðîâèé ïåðåòâîðþâà÷, öèôðîâå îá-
ðîáëåííÿ ñèãíàëó, öèôðîâèé ô³ëüòð ðîçêâàäðàòóðåíèõ ñèãíàë³â, I/Q-äåìîäóëÿö³ÿ.
_________________________________________________________________________________________

Enhancing noise immunity in OFDM communication channels with two-stage strobing and I/Q
demodulation / V. Slyusar, N. Bihun // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 180–196.

Abstract. The article presents an innovative approach to increasing the number of digital samples in
analog-to-digital systems using a strobing method in a “sliding window” mode. Particular attention is paid to
optimizing the in-phase/quadrature demodulation for signals with orthogonal frequency division multiplexing.
The study analyzes the amplitude-frequency characteristics of the latest I/Q demodulators, demonstrating
a reduction in the side lobes of the frequency response.

Keywords: amplitude-frequency characteristic, analog-digital converter, digital signal processing, digital signal
quadrature filter (DSQF), I/Q demodulation.
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