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ÓÄÊ512.61:519.61

Èòåðàöèîííûå ìåòîäû äëÿ âû÷èñëåíèÿ âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö ñî ñìåøàííûìè
âåñàìè / Í.À. Âàðåíþê, Å.Ô. Ãàëáà, È.Â. Ñåðãèåíêî, Í.È. Òóêàëåâñêàÿ // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2021. Òîì 57, ¹ 3. Ñ. 3–20.

Àííîòàöèÿ. Ïîëó÷åíû è èññëåäîâàíû ðàçëîæåíèÿ âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö ñî ñìå-
øàííûìè âåñàìè (îäíà âåñîâàÿ ìàòðèöà ïîëîæèòåëüíî-îïðåäåëåííàÿ, à äðóãàÿ — íåâûðîæäåííàÿ çíàêî-
íåîïðåäåëåííàÿ) â ìàòðè÷íûå ñòåïåííûå ðÿäû ñ ïîëîæèòåëüíûìè ïîêàçàòåëÿìè ñòåïåíåé. Íà îñíîâàíèè
òàêèõ ðàçëîæåíèé ïîñòðîåíû è èçó÷åíû èòåðàöèîííûå ìåòîäû äëÿ âû÷èñëåíèÿ âçâåøåííûõ ïñåâäîîá-
ðàòíûõ ìàòðèö ñî ñìåøàííûìè âåñàìè. Ðàññìîòðåíû ðàçëè÷íûå âàðèàíòû âçâåøåííûõ ïñåâäîîáðàòíûõ
ìàòðèö ñî ñìåøàííûìè íåâûðîæäåííûìè âåñàìè è ïîñòðîåíû èõ ðàçëîæåíèÿ â ìàòðè÷íûå ñòåïåííûå
ðÿäû.

Êëþ÷åâûå ñëîâà: âçâåøåííûå ïñåâäîîáðàòíûå ìàòðèöû ñ èíäåôèíèòíûìè è ñìåøàííûìè âåñàìè, ìàò-
ðè÷íûå ñòåïåííûå ðÿäû, èòåðàöèîííûå ìåòîäû.

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

²òåðàö³éí³ ìåòîäè äëÿ îá÷èñëåííÿ çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü ç³ çì³øàíèìè âàãàìè /
Í.À. Âàðåíþê, ª.Ô. Ãàëáà, ².Â. Ñåðã³ºíêî, Í.². Òóêàëåâñüêà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021.
Òîì 57, ¹ 3. Ñ. 3–20.

Àíîòàö³ÿ. Îòðèìàíî ³ äîñë³äæåíî ðîçâèíåííÿ çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü ç³ çì³øàíèìè
âàãàìè (îäíà âàãîâà ìàòðèöÿ äîäàòíî-îçíà÷åíà, à ³íøà — íåâèðîäæåíà çíàêîíåâèçíà÷åíà) â ìàòðè÷í³
ñòåïåíåâ³ ðÿäè ç äîäàòíèìè ïîêàçíèêàìè ñòåïåí³â. Íà îñíîâ³ òàêèõ ðîçâèíåíü ïîáóäîâàíî ³ âèâ÷åíî ³òå-
ðàö³éí³ ìåòîäè äëÿ îá÷èñëåííÿ çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü ç³ çì³øàíèìè âàãàìè. Ðîçãëÿíóòî
ð³çí³ âàð³àíòè çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü ç³ çì³øàíèìè íåâèðîäæåíèìè âàãàìè ³ ïîáóäîâàíî
¿õí³ ðîçâèíåííÿ â ìàòðè÷í³ ñòåïåíåâ³ ðÿäè.

Êëþ÷îâ³ ñëîâà: çâàæåí³ ïñåâäîîáåðíåí³ ìàòðèö³ ç ³íäåô³í³òíèìè ³ çì³øàíèìè âàãàìè, ìàòðè÷í³ ñòåïå-
íåâ³ ðÿäè, ³òåðàö³éí³ ìåòîäè.

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

Iterative methods for calculation of weighted pseudoinverse matrices with mixed weights /
N.A. Vareniuk, E.F. Galba, I.V. Sergienko, N.I. Tukalevska // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 3. P. 3–20.

Abstract. The decompositions of weighted pseudoinverse matrices with mixed weights (one of weighted
matrix is positive definite and other is nonsingular indefinite) into matrix power series with positive exponents
are obtained and investigated. Iterative methods for calculation of weighted pseudoinverce matrices with mixed
weights are generated and investigated on the basis of the obtained expansions of weighted pseudoinverse
matrices. Different variants of weighted pseudoinverce matrices with mixed nonsingular weights are analyzed
and developed into matrix power series.

Keywords: weighted pseudoinverse matrices with indefinite and mixed weights, matrix power series, iterative
methods.

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

ÓÄÊ 517.9, 519.6

Àíàëîã ìåòîäà Ãàëåðêèíà â çàäà÷àõ ïåðåíîñà ëåêàðñòâ â áèîëîãè÷åñêèõ òêàíÿõ /
Ä.À. Êëþøèí, Ñ.È. Ëÿøêî, Í.È. Ëÿøêî, Å.Ñ. Áîíäàð, À.À. Òèìîøåíêî // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2021. Òîì 57, ¹ 3. Ñ. 21–29.

Àííîòàöèÿ. Ïðåäëîæåí àíàëîã ìåòîäà Ãàëåðêèíà äëÿ íà÷àëüíî-êðàåâîé çàäà÷è, îïèñûâàþùåé ïå-
ðåíîñ ëåêàðñòâ â ñòåíêå àðòåðèè ïðè èñïîëüçîâàíèè ñòåíòà, ïîêðûòîãî ëåêàðñòâàìè. Ïîñòðîåí ìåòîä
÷èñëåííîãî ðåøåíèÿ ïîñòàâëåííîé íà÷àëüíî-êðàåâîé çàäà÷è è äîêàçàíû òåîðåìû î åãî ñõîäèìîñòè ê ðå-
øåíèþ.

Êëþ÷åâûå ñëîâà: ìåòîä Ãàëåðêèíà, êîíâåêòèâíàÿ äèôôóçèÿ, ïåðåíîñ ëåêàðñòâ, ñòåíò.

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

Àíàëîã ìåòîäó Ãàëüîðê³íà â çàäà÷àõ ïåðåíîñó ë³ê³â ó á³îëîã³÷íèõ òêàíèíàõ / Ä.À. Êëþøèí,
Ñ.². Ëÿøêî, Í.². Ëÿøêî, Î.Ñ. Áîíäàð, À.À. Òèìîøåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021.
Òîì 57, ¹ 3. Ñ. 21–29.

Àíîòàö³ÿ. Çàïðîïîíîâàíî àíàëîã ìåòîäó Ãàëüîðê³íà äëÿ ïî÷àòêîâî-êðàéîâî¿ çàäà÷³, ÿêà îïèñóº ïå-
ðåíåñåííÿ ë³ê³â ó ñò³íö³ àðòåð³¿ ó âèïàäêó âèêîðèñòàííÿ ñòåíòà, ïîêðèòîãî ë³êàìè. Ïîáóäîâàíî ìåòîä ÷èñåëü-
íîãî ðîçâ’ÿçêó ïîñòàâëåíî¿ ïî÷àòêîâî-êðàéîâî¿ çàäà÷³ òà äîâåäåíî òåîðåìè ïðî éîãî çá³æí³ñòü äî ðîçâ’ÿçêó.

Êëþ÷îâ³ ñëîâà: ìåòîä Ãàëüîðê³íà, êîíâåêòèâíà äèôóç³ÿ, ïåðåíåñåííÿ ë³ê³â, ñòåíò.

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

An analog of the Galerkin method in problems of drug transfer in biological tissues / D.A. Klyushin,
S.I. Lyashko, N.I. Lyashko, O.S. Bondar, A.A. Tymoshenko // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 3. P. 21–29.
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Abstract. The paper proposes an analog of the Galerkin method for the initial-boundary problem that
describes the transfer of drugs in the artery wall using a drug-coated stent. The method of numerical solution of
the initial-boundary-value problem is constructed and the theorems on its convergence to the solution are
proved.

Keywords: Galerkin method, convection-diffusion, drug delivery, stent.

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

ÓÄÊ 004.827+519.87

Ôîðìàëèçàöèÿ ïðîöåññîâ âëèÿíèÿ íå÷åòêîãî îïèñàíèÿ òå÷åíèÿ âðåìåíè íà ðåøåíèÿ çàäà÷
ðàñïðåäåëåíèÿ âðåìåííîãî ðåñóðñà / Å.Â. Èâîõèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57,
¹ 3. Ñ. 30–41.

Àííîòàöèÿ. Ðàññìîòðåí ïîäõîä ê ïîñòðîåíèþ íå÷åòêèõ ñòðóêòóðèðîâàííûõ ÷èñëîâûõ ìíîæåñòâ, â
îñíîâó êîòîðîãî ïîëîæåí ïðèíöèï ôîðìèðîâàíèÿ íå÷åòêîãî îðèãèíàëà ñ ïîñëåäóþùåé ðåïëèêàöèåé åãî
íà ÷èñëîâîé îñè. Ôîðìàëèçàöèÿ íå÷åòêîãî îðèãèíàëà ñîñòîèò â îïðåäåëåíèè íå÷åòêîãî òðåóãîëüíîãî
÷èñëà ñ ñîîòâåòñòâóþùèì íîñèòåëåì. Ðàññìîòðåí âàðèàíò ôîðìèðîâàíèÿ íå÷åòêèõ ÷èñëîâûõ ìíîæåñòâ,
êîòîðûå ôîðìàëèçóþò «áûñòðîå» è «ìåäëåííîå» òå÷åíèå âðåìåíè. Ïðåäëîæåííàÿ ìåòîäèêà ïîçâîëÿåò
ôîðìàëèçîâàòü çàäà÷ó íå÷åòêîãî îïèñàíèÿ è ó÷åòà äèíàìèêè îòñ÷åòà âðåìåíè ïðè ðåøåíèè ðàçëè÷íûõ
îïòèìèçàöèîííûõ çàäà÷. Ðàññìîòðåíû ïðèìåðû ïðèìåíåíèÿ íå÷åòêîãî òå÷åíèÿ âðåìåíè äëÿ ðàçëè÷íûõ
ïîñòàíîâîê çàäà÷, âîçíèêàþùèõ ïðè îïðåäåëåíèè ïîñëåäîâàòåëüíîñòè âûïîëíåíèÿ ñîâîêóïíîñòè çàäà-
íèé â ïðåäåëàõ çàäàííîãî âðåìåííîãî ïðîìåæóòêà ñ ó÷åòîì èëè áåç ó÷åòà äîïîëíèòåëüíûõ îãðàíè÷åíèé
íà ïðîöåññ âûïîëíåíèÿ. Ïðåäëîæåí ïîäõîä äëÿ êîððåêöèè íà÷àëüíûõ ïëàíîâ âðåìåííîãî ðàñïðåäåëå-
íèÿ, ó÷èòûâàþùèé ðàçíûå òåìïû îòñ÷åòà âðåìåíè. Ñôîðìóëèðîâàí ñïîñîá ïîñòðîåíèÿ äîïóñòèìûõ ðå-
øåíèé íà îñíîâå æàäíûõ ýâðèñòèê.

Êëþ÷åâûå ñëîâà: ðàñïðåäåëåíèå ðåñóðñîâ, íå÷åòêèå âðåìåííûå ïàðàìåòðû, çàäà÷à ïðî ðþêçàê.

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

Ôîðìàë³çàö³ÿ ïðîöåñ³â âïëèâó íå÷³òêîãî îïèñó â³äë³êó ÷àñó íà ðîçâ’ÿçóâàííÿ çàäà÷ ðîçïîä³ëó
÷àñîâîãî ðåñóðñó / ª.Â. ²âîõ³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 3. Ñ. 30–41.

Àíîòàö³ÿ. Ðîçãëÿíóòî ï³äõ³ä äî ïîáóäîâè íå÷³òêèõ ñòðóêòóðîâàíèõ ÷èñëîâèõ ìíîæèí, â îñíîâó
ÿêîãî ïîêëàäåíî ïðèíöèï ôîðìóâàííÿ íå÷³òêîãî îðèã³íàëó ç íàñòóïíîþ ðåïë³êàö³ºþ éîãî íà ÷èñëîâ³é
îñ³. Ôîðìàë³çàö³ÿ íå÷³òêîãî îðèã³íàëó ïîëÿãàº ó âèçíà÷åíí³ íå÷³òêîãî òðèêóòíîãî ÷èñëà ç â³äïîâ³äíèì
íîñ³ºì. Ðîçãëÿíóòî âàð³àíò ôîðìóâàííÿ íå÷³òêèõ ÷èñëîâèõ ìíîæèí, ÿê³ ôîðìàë³çóþòü «øâèäêèé» òà
«ïîâ³ëüíèé» ïëèí ÷àñó. Çàïðîïîíîâàíî ìåòîäèêó, ùî äîçâîëÿº ôîðìàë³çóâàòè çàäà÷ó íå÷³òêîãî îïèñó òà
âðàõîâóâàòè äèíàì³êó â³äë³êó ÷àñó äëÿ ðîçâ’ÿçóâàííÿ ð³çíèõ îïòèì³çàö³éíèõ çàäà÷. Ðîçãëÿíóòî ïðèêëàäè
çàñòîñóâàííÿ íå÷³òêîãî ïëèíó ÷àñó äëÿ ð³çíèõ ïîñòàíîâîê çàäà÷, ùî âèíèêàþòü ï³ä ÷àñ âèçíà÷åííÿ
ïîñë³äîâíîñò³ âèêîíàííÿ ñóêóïíîñò³ çàâäàíü â ìåæàõ çàäàíîãî ÷àñîâîãî ïðîì³æêó ç óðàõóâàííÿì àáî áåç
óðàõóâàííÿ äîäàòêîâèõ îáìåæåíü íà ïðîöåñ âèêîíàííÿ. Çàïðîïîíîâàíî ï³äõ³ä äî êîðåêö³¿ ïî÷àòêîâèõ
ïëàí³â ÷àñîâîãî ðîçïîä³ëó, ùî âðàõîâóº ð³çí³ òåìïè â³äë³êó ÷àñó. Ñôîðìóëüîâàíî ñïîñ³á ïîáóäîâè äî-
ïóñòèìèõ ðîçâ’ÿçê³â íà îñíîâ³ æàä³áíèõ åâðèñòèê.

Êëþ÷îâ³ ñëîâà: ðîçïîä³ë ðåñóðñ³â, íå÷³òê³ ÷àñîâ³ ïàðàìåòðè, çàäà÷à ïðî ðþêçàê.

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

Formalizing the processes of the influence of fuzzy time flow on the solutions of time resource
distribution problems / E.V. Ivohin // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 30–41.

Abstract. The paper considers an approach to constructing fuzzy structured numerical sets, which is
based on the principle of generating a fuzzy original with its subsequent replication on the numerical axis. The
formalization of a fuzzy original consists in determining a fuzzy triangular number with an appropriate support.
The option of generating fuzzy number sets that formalize the «fast» and «slow» flow of time is considered.
The proposed technique allows us to formalize the problem of fuzzy description and taking into account the
dynamics of the time frame when solving various optimization problems. Examples of the use of fuzzy flow of
time for different statements of problems that arise when determining the order of the set of tasks within a given
time interval with or without additional constraints on the execution process are considered. An approach is
proposed for the correction of the initial time distribution plans, taking into account different rates of time
counting. A method for constructing feasible solutions based on greedy heuristics is formulated.

Keywords: resource allocation, fuzzy time parameters, knapsack problem.

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

ÓÄÊ 519.8

Ñóììà äèñêðåòíûõ íå÷åòêèõ ÷èñåë ñ íå÷åòêèì ìíîæåñòâîì ñëàãàåìûõ / Ñ.Î. Ìàùåíêî //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 3. Ñ. 42–52.

Àííîòàöèÿ. Èññëåäóåòñÿ îïåðàöèÿ ñëîæåíèÿ äèñêðåòíûõ íå÷åòêèõ ÷èñåë ñ íå÷åòêèì ìíîæåñòâîì èí-
äåêñîâ ñëàãàåìûõ êàê îáîáùåíèå îïåðàöèè ñóììû ñ ÷åòêèì ìíîæåñòâîì îïåðàíäîâ. Ïîêàçàíî, ÷òî ðåçóëüòà-
òîì ýòîé îïåðàöèè ÿâëÿåòñÿ íå÷åòêîå ìíîæåñòâî òèïà-2 (ÍÌÒ-2). Ïîñòðîåíà ôóíêöèÿ ïðèíàäëåæíîñòè
òèïà-2 ýòîãî ìíîæåñòâà. Ââåäåíî ïîíÿòèå ÍÌÒ-2 ñóììû äèñêðåòíûõ ÷èñåë ñ íå÷åòêèì ìíîæåñòâîì èíäåê-
ñîâ ñëàãàåìûõ. ÍÌÒ-2 ñóììû ìîæåò áûòü äåêîìïîçèðîâàíî ïî âòîðè÷íûì ñòåïåíÿì ïðèíàäëåæíîñòè íà íà-
áîð ñîîòâåòñòâóþùèõ äèñêðåòíûõ íå÷åòêèõ ÷èñåë. Ýòî ïîìîãàåò ïðåäñòàâèòü ðåçóëüòèðóþùåå ÍÌÒ-2 â
óäîáíîé äëÿ ïîíèìàíèÿ è ïðèìåíåíèÿ ôîðìå. Ïðèâåäåíû èëëþñòðàòèâíûå ïðèìåðû.

Êëþ÷åâûå ñëîâà: íå÷åòêîå ÷èñëî, äèñêðåòíîå íå÷åòêîå ÷èñëî, íå÷åòêîå ìíîæåñòâî.
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Ñóìà äèñêðåòíèõ íå÷³òêèõ ÷èñåë ç íå÷³òêîþ ìíîæèíîþ äîäàíê³â / Ñ.Î. Ìàùåíêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 3. Ñ. 42–52.

Àíîòàö³ÿ. Äîñë³äæóºòüñÿ îïåðàö³ÿ äîäàâàííÿ äèñêðåòíèõ íå÷³òêèõ ÷èñåë ç íå÷³òêîþ ìíîæèíîþ
³íäåêñ³â äîäàíê³â ÿê óçàãàëüíåííÿ îïåðàö³¿ ñóìè ç ÷³òêîþ ìíîæèíîþ îïåðàíä³â. Ïîêàçàíî, ùî ðåçóëüòà-
òîì ö³º¿ îïåðàö³¿ º íå÷³òêà ìíîæèíà òèïó-2 (ÍÌÒ-2). Ïîáóäîâàíà ôóíêö³ÿ íàëåæíîñò³ òèïó-2 ö³º¿ ìíî-
æèíè. Óâåäåíî ïîíÿòòÿ ÍÌÒ-2 ñóìè äèñêðåòíèõ ÷èñåë ç íå÷³òêîþ ìíîæèíîþ ³íäåêñ³â äîäàíê³â. ÍÌÒ-2
ñóìè ìîæå áóòè äåêîìïîçîâàíà çà âòîðèííèìè ñòóïåíÿìè íàëåæíîñò³ íà íàá³ð â³äïîâ³äíèõ äèñêðåòíèõ
íå÷³òêèõ ÷èñåë. Öå äîïîìàãàº ïðåäñòàâèòè ðåçóëüòóþ÷ó ÍÌÒ-2 â çðó÷í³é äëÿ ðîçóì³ííÿ ³ çàñòîñóâàííÿ
ôîðì³. Íàâåäåíî ³ëþñòðàòèâí³ ïðèêëàäè.

Êëþ÷îâ³ ñëîâà: íå÷³òêå ÷èñëî, äèñêðåòíå íå÷³òêå ÷èñëî, íå÷³òêà ìíîæèíà.

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

Sum of discrete fuzzy numbers with fuzzy set of summands / S.O. Mashchenko // Kibernetyka ta Systemnyi
Analiz. 2021. Vol. 57, N 3. P. 42–52.

Abstract. We investigate the operation of addition of discrete fuzzy numbers with a fuzzy set of
summand indices. This is a generalization of the sum operation with a crisp set of operands. We show that the
result of this operation is a type-2 fuzzy set of (T2FS). We construct the type-2 membership function of this set.
We introduce the concept of a sum T2FS of discrete numbers with a fuzzy set of summand indices. The sum
T2FS can be decomposed according to secondary membership grades into the corresponding collection of fuzzy
numbers. It helps to represent the resultant T2FS in a form which is convenient for a proper understanding and
applications. Illustrative examples are given.

Keywords: fuzzy number, discrete fuzzy number, fuzzy set.
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ÓÄÊ 517.954:532.546

Çàìêíóòûå ðåøåíèÿ íåêîòîðûõ êðàåâûõ çàäà÷ ôèëüòðàöèîííî-êîíñîëèäàöèîííîé äèíàìèêè â
ðàìêàõ äðîáíî-ôðàêòàëüíîãî ïîäõîäà / Â.Ì. Áóëàâàöêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021.
Òîì 57, ¹ 3. Ñ. 53–66.

Àííîòàöèÿ. Ïîñòðîåíû äðîáíî-ôðàêòàëüíàÿ ìàòåìàòè÷åñêàÿ ìîäåëü äèíàìèêè ïðîöåññà ôèëüòðà-
öèîííîé êîíñîëèäàöèè ãðóíòîâîé ñðåäû, ìîäåëü äèíàìèêè ïðîöåññà ôèëüòðàöèîííîé êîíñîëèäàöèè
ìàññèâîâ ôðàêòàëüíîé ñòðóêòóðû ñ ó÷åòîì ïîëçó÷åñòè ãðóíòîâîãî ñêåëåòà (ïðÿìàÿ è îáðàòíàÿ ðåòðîñ-
ïåêòèâíàÿ çàäà÷è), à òàêæå äðîáíî-ôðàêòàëüíàÿ ìàòåìàòè÷åñêàÿ ìîäåëü äèíàìèêè ïðîöåññà ôèëüòðàöè-
îííîé êîíñîëèäàöèè íàñûùåííûõ ñîëåâûìè ðàñòâîðàìè ãðóíòîâûõ ñðåä. Â ðàìêàõ óêàçàííûõ ìîäåëåé
âûïîëíåíû ïîñòàíîâêè è ïîëó÷åíû çàìêíóòûå ðåøåíèÿ íåêîòîðûõ îäíîìåðíûõ ïî ãåîìåòðè÷åñêîé ïå-
ðåìåííîé êðàåâûõ çàäà÷ î êîíñîëèäàöèè âîäîíàñûùåííûõ ãðóíòîâûõ ìàññèâîâ ôðàêòàëüíîé ñòðóêòóðû
â óñëîâèÿõ âðåìåííËé íåëîêàëüíîñòè ïðîöåññà óïëîòíåíèÿ.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, ôèëüòðàöèîííî-êîíñîëèäàöèîííûå ïðîöåññû, íå-
êëàññè÷åñêèå ìîäåëè, ãðóíòîâûå ñðåäû ôðàêòàëüíîé ñòðóêòóðû, äèíàìèêà, äðîáíî-ôðàêòàëüíûé ïîä-
õîä, ïðÿìûå è îáðàòíûå çàäà÷è, çàìêíóòûå ðåøåíèÿ.

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

Çàìêíåí³ ðîçâ’ÿçêè äåÿêèõ êðàéîâèõ çàäà÷ ô³ëüòðàö³éíî-êîíñîë³äàö³éíî¿ äèíàì³êè â ðàìêàõ
äðîáîâî-ôðàêòàëüíîãî ï³äõîäó / Â.Ì. Áóëàâàöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57,
¹ 3. Ñ. 53–66.

Àíîòàö³ÿ. Ïîáóäîâàíî äðîáîâî-ôðàêòàëüíó ìàòåìàòè÷íó ìîäåëü äèíàì³êè ïðîöåñó ô³ëüòðàö³éíî¿
êîíñîë³äàö³¿ ´ðóíòîâîãî ñåðåäîâèùà, ìîäåëü äèíàì³êè ïðîöåñó ô³ëüòðàö³éíî¿ êîíñîë³äàö³¿ ìàñèâ³â ôðàê-
òàëüíî¿ ñòðóêòóðè ç óðàõóâàííÿì ïîâçó÷îñò³ ãðóíòîâîãî ñêåëåòà (ïðÿìà ³ îáåðíåíà ðåòðîñïåêòèâíà çà-
âäà÷³), à òàêîæ äðîáîâî-ôðàêòàëüíó ìàòåìàòè÷íó ìîäåëü äèíàì³êè ïðîöåñó ô³ëüòðàö³éíî¿ êîíñîë³äàö³¿
íàñè÷åíèõ ñîëüîâèìè ðîç÷èíàìè ´ðóíòîâèõ ñåðåäîâèù. Ó ðàìêàõ çàçíà÷åíèõ ìîäåëåé âèêîíàíî ïîñòà-
íîâêè ³ îòðèìàíî çàìêíåí³ ðîçâ’ÿçêè äåÿêèõ îäíîâèì³ðíèõ çà ãåîìåòðè÷íîþ çì³ííîþ êðàéîâèõ çàäà÷
ïðî êîíñîë³äàö³þ âîäîíàñè÷åíèõ ´ðóíòîâèõ ìàñèâ³â ôðàêòàëüíî¿ ñòðóêòóðè â óìîâàõ ÷àñîâî¿ íåëîêàëü-
íîñò³ ïðîöåñó óù³ëüíåííÿ.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, ô³ëüòðàö³éíî-êîíñîë³äàö³éí³ ïðîöåñè, íåêëàñè÷í³ ìîäåë³,
´ðóíòîâ³ ñåðåäîâèùà ôðàêòàëüíî¿ ñòðóêòóðè, äèíàì³êà, äðîáîâî-ôðàêòàëüíèé ï³äõ³ä, ïðÿì³ òà îáåðíåí³
çàäà÷³, çàìêíåí³ ðîçâ’ÿçêè.
—————————————————————————————————————————————

Closed solutions of some boundary-value problems of filtration-consolidation dynamics within
fractional-fractal approach / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P.
53–66.

Abstract. The autor constructs a fractional-fractal mathematical model of the dynamics of the process of
filtration consolidation of a soil media, a model of the dynamics of the process of filtration consolidation of
massifs of fractal structure, taking into account the creep of the soil skeleton (direct and inverse retrospective
problems) and a fractional-fractal mathematical model of the dynamics of the process of filtration consolidation
of saturated saline solutions of soil media. Within the framework of these models, statements have been made
and closed solutions have been obtained for some boundary-value problems, one-dimensional with respect to
the geometric variable, on the consolidation of water-saturated soil massifs of fractal structure under time
nonlocality of the consolidation process.

Keywords: mathematical modeling, filtration-consolidation processes, non-classical models, soil media of
fractal structure, dynamics, fractional-fractal approach, direct and inverse problems, closed solutions.
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ÓÄÊ 519-7/339.9

Ìîäåëèðîâàíèå óïðàâëÿþùèõ âîçäåéñòâèé áàíêîâñêîé ñèñòåìû íà ôóíêöèîíèðîâàíèå
ýêîíîìèêè. III. Ðàñ÷åò è äåêîìïîçèöèÿ ìîäåëåé ñî ñòóïåí÷àòûì ïîãðàíè÷íûì ñëîåì /
Â.Â. Õèëåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 3. Ñ. 67–75.

Àííîòàöèÿ. Ïðåäëîæåí ìàòåìàòè÷åñêèé ôîðìàëèçì ðàñ÷åòà ìàòåìàòè÷åñêèõ ìîäåëåé ôèíàíñî-
âî-ýêîíîìè÷åñêîé ñèñòåìû ÔÝÑ, ñôîðìèðîâàííûõ â âèäå ñèñòåì äèôôåðåíöèàëüíûõ óðàâíåíèé, è
îïðåäåëåíèÿ îïòèìàëüíûõ çíà÷åíèé óïðàâëÿþùèõ ïàðàìåòðîâ äëÿ ñëó÷àÿ ñòóïåí÷àòîãî ïîãðàíè÷íîãî
ñëîÿ. Ðàññìîòðåíî âëèÿíèå ýôôåêòîâ âûïëåñêèâàíèÿ, âñïåíèâàíèÿ è îáðàòíîãî èìïóëüñà íà ñîçäàíèå
óñëîâèé äëÿ çàðîæäåíèÿ êðèçèñîâ ÔÝÑ.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, îïòèìèçàöèÿ óïðàâëåíèÿ áàíêîâñêîé è ýêîíîìè÷åñ-
êîé ñèñòåìàìè, ìåòîä ïîíèæåíèÿ ïîðÿäêà, ýôôåêòû äâèæåíèÿ êàïèòàëà ãëîáàëèçàöèîííîé ýêîíîìèêè,
ñòóïåí÷àòûé ïîãðàíè÷íûé ñëîé, âîëíû Êîíäðàòüåâà, êðèçèñû ìèðîâîé ýêîíîìèêè.
—————————————————————————————————————————————

Ìîäåëþâàííÿ êåðóâàëüèõ âïëèâ³â áàíê³âñüêî¿ ñèñòåìè íà ôóíêö³îíóâàííÿ åêîíîì³êè. III.
Ðîçðàõóíîê ³ äåêîìïîçèö³ÿ ìîäåëåé ³ç ñõ³ä÷àñòèì ïðèìåæîâèì øàðîì / Â.Â. Õèëåíêî // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 3. Ñ. 67–75.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìàòåìàòè÷íèé ôîðìàë³çì ðîçðàõóíêó ìàòåìàòè÷íèõ ìîäåëåé ô³íàíñî-
âî-åêîíîì³÷íèõ ñèñòåì (ÔÅÑ), ÿê³ ïîáóäîâàíî ÿê ñèñòåìè äèôåðåíö³àëüíèõ ð³âíÿíü, òà âèçíà÷åííÿ îïòè-
ìàëüíèõ çíà÷åíü êåðóâàëüíèõ ïàðàìåòð³â ó âèïàäêó ñõ³ä÷àñòîãî ïðèìåæîâîãî øàðó. Ðîçãëÿíóòî âïëèâ
åôåêò³â âèõëþïóâàííÿ, ñï³íþâàííÿ ³ çâîðîòíîãî ³ìïóëüñó íà ñòâîðåííÿ óìîâ äëÿ çàðîäæåííÿ êðèç ÔÅÑ.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, îïòèì³çàö³ÿ óïðàâë³ííÿ áàíê³âñüêîþ ³ åêîíîì³÷íîþ ñèñòå-
ìàìè, ìåòîä ïîíèæåííÿ ïîðÿäêó, åôåêòè ðóõó êàï³òàëó ãëîáàë³çàö³éíî¿ åêîíîì³êè, ñòóï³í÷àñòèé ïðèìå-
æîâèé øàð, õâèë³ Êîíäðàòüºâà, êðèçè ñâ³òîâî¿ åêîíîì³êè.

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

Modeling the control effects of the banking system on the functioning of the economy. III. Calculation
and decomposition of models with a stepped boundary layer / V.V. Khilenko // Kibernetyka ta Systemnyi
Analiz. 2021. Vol. 57, N 3. P. 67–75.

Abstrañt. A mathematical formalism is proposed for calculating mathematical models of financial and
economic systems (FES) and determining the optimal values of control parameters for the case of a stepped
boundary layer. The influence of the effects of splashing out, foaming, and back impulse on the creation of
conditions for the onset of FES crises is considered.

Keywords: mathematical modeling, optimization of management of banking and economic systems, method of
lowering the order, effects of capital movement in the globalization economy, stepped boundary layer,
Kondratyev waves, crises of the world economy.

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

ÓÄÊ 519.86:51.77:330.5.057.7:336

Ìåæîòðàñëåâàÿ êàðòà íåîïðåäåëåííîñòè ýêîíîìèêè Óêðàèíû è åå ïðèìåíåíèÿ / À.È. ßñòðåìñêèé,
Â.Â. Êóëèê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 3. Ñ. 76–90.

Àííîòàöèÿ. Ðàññìîòðåíà ìåòîäèêà ðàñ÷åòà ìåæîòðàñëåâîé êàðòû íåîïðåäåëåííîñòè ýêîíîìèêè
Óêðàèíû, ïðèâåäåíû ðåçóëüòàòû âû÷èñëåíèé. Âûïîëíåíà èñòîðè÷åñêàÿ îöåíêà ôðàãìåíòà ôèñêàëüíûõ
ðèñêîâ, ñâÿçàííûõ ñ íàëîãîâûìè ïîñòóïëåíèÿìè îò íàëîãîâ íà ïðîäóêòû è äðóãèõ íàëîãîâ íà ïðîèçâî-
äñòâî. Êëàññèôèöèðîâàíû îòðàñëè ýêîíîìèêè Óêðàèíû ÷åðåç ïðèçìó êàðòû íåîïðåäåëåííîñòè. Ïðåäëî-
æåíî èñïîëüçîâàíèå ïðîèçâîäñòâåííîãî ïîðòôåëÿ âèäîâ ýêîíîìè÷åñêîé äåÿòåëüíîñòè â êà÷åñòâå
èíñòðóìåíòà ñìÿã÷åíèÿ ôèñêàëüíîãî ðèñêà.

Êëþ÷åâûå ñëîâà: ñõåìà «çàòðàòû–âûïóñê», âèäû ýêîíîìè÷åñêîé äåÿòåëüíîñòè, èñòîðè÷åñêèé ñòàòèñòè-
÷åñêèé àíàëèç òàáëèö «çàòðàòû–âûïóñê», ôèíàíñîâûé ðèñê, ïîðòôåëü ïðîèçâîäñòâà, âîëàòèëüíîñòü ñ
óãàñàþùåé ïàìÿòüþ.
—————————————————————————————————————————————

Ì³æãàëóçåâà ìàïà íåâèçíà÷åíîñò³ åêîíîì³êè Óêðà¿íè òà ¿¿ çàñòîñóâàííÿ / Î.². ßñòðåìñüêèé,
Â.Â. Êóëèê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 3. Ñ. 76–90

Àíîòàö³ÿ. Ðîçãëÿíóòî ìåòîäèêó ðîçðàõóíêó ì³æãàëóçåâî¿ ìàïè íåâèçíà÷åíîñò³ åêîíîì³êè Óêðà¿íè
òà íàâåäåíî ðåçóëüòàòè îá÷èñëåíü. Çä³éñíåíî ³ñòîðè÷íó îö³íêó ôðàãìåíòó ô³ñêàëüíèõ ðèçèê³â, ïîâ’ÿçà-
íèõ ç ïîäàòêîâèìè íàäõîäæåííÿìè â³ä ïîäàòê³â íà ïðîäóêòè òà ³íøèõ ïîäàòê³â íà âèðîáíèöòâî. Êëà-
ñèô³êîâàíî ãàëóç³ åêîíîì³êè Óêðà¿íè ÷åðåç ïðèçìó ìàïè íåâèçíà÷åíîñò³. Çàïðîïîíîâàíî âèêîðèñòàííÿ
âèðîáíè÷îãî ïîðòôåëþ âèä³â åêîíîì³÷íî¿ ä³ÿëüíîñò³ ÿê ³íñòðóìåíòó ïîì’ÿêøåííÿ ô³ñêàëüíîãî ðèçèêó.

Êëþ÷îâ³ ñëîâà: ñõåìà «âèòðàòè-âèïóñê», âèäè åêîíîì³÷íî¿ ä³ÿëüíîñò³, ³ñòîðè÷íèé ñòàòèñòè÷íèé àíàë³ç òàá-
ëèöü «âèòðàòè–âèïóñê», ô³ñêàëüíèé ðèçèê, ïîðòôåëü âèðîáíèöòâà, âîëàòèëüí³ñòü ³ç çàòóõàþ÷îþ ïàì’ÿòòþ.

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

Input-output map of uncertainty of the economy of Ukraine and its application / O. Yastremskii,
V. Kulyk // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 76–90.

Abstract. The methodology for calculating the inter-industry map of uncertainty of the Ukrainian
economy and the results of calculations are considered.A historical assessment of a fragment of fiscal risks
associated with tax revenues from taxes on products and other production taxes is carried out. The sectors of
Ukraine’s economy are classified through the prism of the uncertainty map. It is proposed to use the production
portfolio of economic activities as a tool to mitigate fiscal risk.

4 ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2021, òîì 57, ¹ 3



Keywords: input-output scheme, types of economic activity, historical statistical analysis of input-output
tables, fiscal risk, portfolio of production, volatility with decaying memory.
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ÓÄÊ 621.391

Ôîðìàëèçàöèÿ ïîðÿäêà ðàñïðåäåëåíèÿ òåõíè÷åñêèõ ñðåäñòâ ïî îáúåêòàì ìîíèòîðèíãà íà îñíîâå
íå÷åòêèõ ìíîæåñòâ / À.À. Èëüÿøîâ, Â.Ñ. Êîìàðîâ, Â.Â. Îëåêñèþê // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2021. Òîì 57, ¹ 3. Ñ. 91–96.

Àííîòàöèÿ. Ïðåäëîæåí ïîäõîä ê ôîðìàëèçàöèè ïîðÿäêà ðàñïðåäåëåíèÿ òåõíè÷åñêèõ ñðåäñòâ ïî
îáúåêòàì ìîíèòîðèíãà íà îñíîâå òåîðèè íå÷åòêèõ ìíîæåñòâ. Èññëåäîâàíà âîçìîæíîñòü èñïîëüçîâàíèÿ
ýòàëîííîãî îïèñàíèÿ ñèãíàòóð îáúåêòîâ ìîíèòîðèíãà â ñîñòàâå íå÷åòêèõ ìîíèòîðèíãîâûõ ïðèçíàêîâ
äëÿ îïðåäåëåíèÿ ôàçîâûõ ñîñòîÿíèé îáúåêòîâ.

Êëþ÷åâûå ñëîâà: ìîíèòîðèíãîâûé ïðèçíàê, ñèãíàòóðà, òåõíè÷åñêîå ñðåäñòâî ìîíèòîðèíãà.
—————————————————————————————————————————————

Ôîðìàë³çàö³ÿ ïîðÿäêó ðîçïîä³ëó òåõí³÷íèõ çàñîá³â çà îá’ºêòàìè ìîí³òîðèíãó íà îñíîâ³ íå÷³òêèõ
ìíîæèí / Î.À. ²ëüÿøîâ, Â.Ñ. Êîìàðîâ, Â.Â. Îëåêñ³þê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021.
Òîì 57, ¹ 3. Ñ. 91–96.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî ôîðìàë³çàö³¿ ïîðÿäêó ðîçïîä³ëó òåõí³÷íèõ çàñîá³â çà îá’ºêòà-
ìè ìîí³òîðèíãó íà îñíîâ³ òåîð³¿ íå÷³òêèõ ìíîæèí. Äîñë³äæåíî ìîæëèâ³ñòü âèêîðèñòàííÿ åòàëîííîãî
îïèñó ñèãíàòóð îá’ºêò³â ìîí³òîðèíãó ó ñêëàä³ íå÷³òêèõ ìîí³òîðèíãîâèõ îçíàê äëÿ âèçíà÷åííÿ ôàçîâèõ
ñòàí³â îá’ºêò³â.

Êëþ÷îâ³ ñëîâà: ìîí³òîðèíãîâà îçíàêà, ñèãíàòóðà, òåõí³÷íèé çàñ³á ìîí³òîðèíãó.
—————————————————————————————————————————————

Formalization of the order of allocation of technical means by monitoring objects based on the theory of
fuzzy sets / O. Iliashov, V. Komarov, V. Oleksiiuk // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3.
P. 91–96.

Abstract. An approach to formalizing the order of allocation of technical means by monitoring objects
based on the theory of fuzzy sets is presented. The possibility of using a reference description of the signatures
of monitoring objects as a part of fuzzy monitoring features to determine the phase states of objects is analyzed.

Keywords: monitoring feature, signature, technical monitoring tool.
===============================================================================

ÓÄÊ 519.816

Êîìïëåêñíîå èñïîëüçîâàíèå ïðèíöèïà ïàðåòî è ìåòîäà àíàëèçà èåðàðõèé äëÿ ïîâûøåíèÿ
îáîñíîâàííîñòè ðåçóëüòàòîâ ðàíæèðîâàíèÿ àëüòåðíàòèâ / Ì.Ì. Ïîòåìêèí, À.À. Ñåäëÿð,
À.Â. Äåéíåãà, À.À. Çâàðû÷ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 3. Ñ. 97–105.

Àííîòàöèÿ. Ïðèâåäåíî îáùåå îïèñàíèå ìåòîäà àíàëèçà èåðàðõèé è îñóùåñòâëåí àíàëèç ïðîáëå-
ìû âëèÿíèÿ Ïàðåòî-íåýôôåêòèâíûõ àëüòåðíàòèâ íà ðåçóëüòàòû ðàíæèðîâàíèÿ. Ïîêàçàíî, ÷òî íàëè÷èå â
èñõîäíîì ìíîæåñòâå àëüòåðíàòèâ, íåýôôåêòèâíûõ ïî Ïàðåòî, ìîæåò ïðèâîäèòü ê îøèáî÷íîìó ðàíæè-
ðîâàíèþ, à îòñóòñòâèå â ðàìêàõ ìåòîäà àíàëèçà èåðàðõèé ìåõàíèçìà, êîòîðûé ïîçâîëÿåò ïîäòâåðäèòü
èëè îïðîâåðãíóòü íàëè÷èå òàêèõ àëüòåðíàòèâ, ïðèâîäèò ê óìåíüøåíèþ óðîâíÿ îáîñíîâàííîñòè ïîëó÷àå-
ìûõ ðåçóëüòàòîâ. Ïðåäëîæåí ïîäõîä ê êîìïëåêñíîìó èñïîëüçîâàíèþ ïðèíöèïà Ïàðåòî è ìåòîäà àíàëè-
çà èåðàðõèé. Âîçìîæíîñòü åãî ïðàêòè÷åñêîãî ïðèìåíåíèÿ ïîêàçàíà íà êîíêðåòíîì ïðèìåðå ðàñ÷åòîâ.
Îòìå÷åíî, ÷òî ïðèìåíåíèå ýòîãî ïîäõîäà ïîçâîëèò ïîâûñèòü îáîñíîâàííîñòü ðåçóëüòàòîâ ðàíæèðîâà-
íèÿ àëüòåðíàòèâ çà ñ÷åò èñêëþ÷åíèÿ èç ðàññìîòðåíèÿ àëüòåðíàòèâ, íåýôôåêòèâíûõ ïî Ïàðåòî, èëè ïîä-
òâåðæäåíèÿ èõ îòñóòñòâèÿ.

Êëþ÷åâûå ñëîâà: ìåòîä àíàëèçà èåðàðõèé, ýêñïåðòíûé îïðîñ, ýôôåêò ðåâåðñà ðàíãîâ, ïðèíöèï Ïàðåòî,
Ïàðåòî-ýôôåêòèâíîñòü, Ïàðåòî-íåýôôåêòèâíîñòü.
—————————————————————————————————————————————

Êîìïëåêñíå âèêîðèñòàííÿ ïðèíöèïó ïàðåòî òà ìåòîäó àíàë³çó ³ºðàðõ³é äëÿ ï³äâèùåííÿ
îá´ðóíòîâàíîñò³ ðåçóëüòàò³â ðàíæóâàííÿ àëüòåðíàòèâ / Ì.Ì. Ïîòüîìê³í, À.À. Ñåäëÿð,
Î.Â. Äåéíåãà, À.Î. Çâàðè÷ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 3. Ñ. 97–105.

Àíîòàö³ÿ. Íàâåäåíî çàãàëüíèé îïèñ ìåòîäó àíàë³çó ³ºðàðõ³é òà ïðîâåäåíî àíàë³ç âïëèâó Ïàðå-
òî-íååôåêòèâíèõ àëüòåðíàòèâ íà ðåçóëüòàòè ðàíæóâàííÿ. Ïîêàçàíî, ùî íàñë³äêîì íàÿâíîñò³ ó âèõ³äí³é
ìíîæèí³ àëüòåðíàòèâ, íååôåêòèâíèõ çà Ïàðåòî, ìîæå áóòè õèáíå ðàíæóâàííÿ àëüòåðíàòèâ, à â³äñóòí³ñòü
ó ìåæàõ ìåòîäó àíàë³çó ³ºðàðõ³é ìåõàí³çìó, ÿêèé íàäàº çìîãó ï³äòâåðäèòè àáî ñïðîñòóâàòè íàÿâí³ñòü òà-
êèõ àëüòåðíàòèâ, ïðèçâîäèòü äî çíèæåííÿ îá´ðóíòîâàíîñò³ îòðèìóâàíèõ ðåçóëüòàò³â. Çàïðîïîíîâàíî
ï³äõ³ä äî êîìïëåêñíîãî âèêîðèñòàííÿ ïðèíöèïó Ïàðåòî òà ìåòîäó àíàë³çó ³ºðàðõ³é. Ïîêàçàíî ìîæ-
ëèâ³ñòü éîãî ïðàêòè÷íîãî âèêîðèñòàííÿ íà êîíêðåòíîìó ïðèêëàä³ ðîçðàõóíê³â. Çàçíà÷åíî, ùî çàñòîñó-
âàííÿ öüîãî ï³äõîäó íàäàñòü çìîãó ï³äâèùèòè îá´ðóíòîâàí³ñòü ðåçóëüòàò³â ðàíæóâàííÿ àëüòåðíàòèâ çà
ðàõóíîê âèëó÷åííÿ Ïàðåòî-íååôåêòèâíèõ àëüòåðíàòèâ ç ðîçãëÿäó àáî ï³äòâåðäæåííÿ ¿õíüî¿ â³äñóòíîñò³.

Êëþ÷îâ³ ñëîâà: ìåòîä àíàë³çó ³ºðàðõ³é, åêñïåðòíå îïèòóâàííÿ, åôåêò ðåâåðñó ðàíã³â, ïðèíöèï Ïàðåòî,
Ïàðåòî-åôåêòèâí³ñòü, Ïàðåòî-íååôåêòèâí³ñòü.
—————————————————————————————————————————————
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Comprehensive use of the pareto principle and the analytic hierarchy process to increase the
substantiation of alternative ranking results / M.M. Potomkin, A.A. Sedliar, O.V. Deineha, A.O. Zvarych
// Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 97–105.

Abstract. The article provides a general description of the analytic hierarchy process and analyzes the
problem of the influence of Pareto-inefficient alternatives on ranking results. It is shown that the presence of
Pareto-inefficient alternatives in the original set can lead to erroneous ranking, and the lack of a mechanism
within the framework of the analytic hierarchy process that confirms or disproves the existence of such
alternatives decreases the level of validity of the obtained results. An approach to the integrated use of the
Pareto principle and the analytic hierarchy process is proposed. The possibility of its practical application is
shown on a specific example of calculations. The use of this approach will increase the validity of the ranking
results of alternatives by either eliminating Pareto-ineffective ones from consideration, or confirming their
absence.

Keywords: analytic hierarchy process, expert survey, rank reversal effect, Pareto principle, Pareto efficiency,
Pareto inefficiency.
===============================================================================

ÓÄÊ 519.65

×åáèøåâñêîå ïðèáëèæåíèå ýêñïîíåíöèàëüíûì âûðàæåíèåì ôóíêöèé ìíîãèõ ïåðåìåííûõ /
Ï.Ñ. Ìàëà÷èâñêèé, Ë.Ñ. Ìåëüíû÷îê, ß.Â. Ïèçþð // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57,
¹ 3. Ñ. 106–113.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä ïîñòðîåíèÿ ÷åáûøåâñêîãî ïðèáëèæåíèÿ ýêñïîíåíöèàëüíûì âûðà-
æåíèåì ôóíêöèé ìíîãèõ ïåðåìåííûõ ñ îòíîñèòåëüíîé ïîãðåøíîñòüþ. Îí çàêëþ÷àåòñÿ â ïîñòðîåíèè
ïðîìåæóòî÷íîãî ÷åáûøåâñêîãî ïðèáëèæåíèÿ îáîáùåííûì ïîëèíîìîì çíà÷åíèé ëîãàðèôìà ôóíêöèè ñ
àáñîëþòíîé ïîãðåøíîñòüþ. Äëÿ ïîñòðîåíèÿ ÷åáûøåâñêîãî ïðèáëèæåíèÿ ôóíêöèé ìíîãèõ ïåðåìåííûõ
îáîáùåííûì ïîëèíîìîì èñïîëüçîâàíî èòåðàöèîííóþ ñõåìó íà îñíîâå ìåòîäà íàèìåíüøèõ êâàäðàòîâ
ñ ïåðåìåííîé âåñîâîé ôóíêöèåé. Ïðåäñòàâëåííûå ðåçóëüòàòû ðåøåíèÿ òåñòîâûõ ïðèìåðîâ ïîäòâåðæäà-
þò áûñòðóþ ñõîäèìîñòü ìåòîäà ïðè ðàñ÷åòå ïàðàìåòðîâ ÷åáûøåâñêîãî ïðèáëèæåíèÿ òàáëè÷íî çàäàí-
íûõ íåïðåðûâíûõ ôóíêöèé îäíîé, äâóõ è òðåõ ïåðåìåííûõ.

Êëþ÷åâûå ñëîâà: ÷åáûøåâñêîå ïðèáëèæåíèå ýêñïîíåíöèàëüíûì âûðàæåíèåì, ôóíêöèè ìíîãèõ ïåðå-
ìåííûõ, ñðåäíåñòåïåííîå ïðèáëèæåíèå, ìåòîä íàèìåíüøèõ êâàäðàòîâ, ïåðåìåííàÿ âåñîâàÿ ôóíêöèÿ.
—————————————————————————————————————————————

×åáèøîâñüêå íàáëèæåííÿ åêñïîíåíö³àëüíèì âèðàçîì ôóíêö³é áàãàòüîõ çì³ííèõ /
Ï.Ñ. Ìàëà÷³âñüêèé, Ë.Ñ. Ìåëüíè÷îê, ß.Â. Ï³çþð // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57,
¹ 3. Ñ. 106–113.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ïîáóäîâè ÷åáèøîâñüêîãî íàáëèæåííÿ åêñïîíåíö³àëüíèì âèðàçîì
ôóíêö³é áàãàòüîõ çì³ííèõ ç â³äíîñíîþ ïîõèáêîþ. Â³í ïîëÿãàº â ïîáóäîâ³ ïðîì³æíîãî ÷åáèøîâñüêîãî
íàáëèæåííÿ óçàãàëüíåíèì ïîë³íîìîì çíà÷åíü ëîãàðèôìó ôóíêö³¿ ç àáñîëþòíîþ ïîõèáêîþ. Äëÿ ïîáóäî-
âè ÷åáèøîâñüêîãî íàáëèæåííÿ ôóíêö³é áàãàòüîõ çì³ííèõ óçàãàëüíåíèì ïîë³íîìîì âèêîðèñòàíî ³òå-
ðàö³éíó ñõåìó íà îñíîâ³ ìåòîäó íàéìåíøèõ êâàäðàò³â ç³ çì³ííîþ âàãîâîþ ôóíêö³ºþ. Ïîäàí³ ðåçóëüòàòè
ðîçâ’ÿçóâàííÿ òåñòîâèõ ïðèêëàä³â ï³äòâåðäæóþòü øâèäêó çá³æí³ñòü ìåòîäó ï³ä ÷àñ îá÷èñëåííÿ ïàðà-
ìåòð³â ÷åáèøîâñüêîãî íàáëèæåííÿ òàáëè÷íî çàäàíèõ íåïåðåðâíèõ ôóíêö³é îäí³º¿, äâîõ ³ òðüîõ çì³ííèõ.

Êëþ÷îâ³ ñëîâà: ÷åáèøîâñüêå íàáëèæåííÿ åêñïîíåíö³àëüíèì âèðàçîì, ôóíêö³¿ áàãàòüîõ çì³ííèõ, ñåðåä-
íüîñòåïåíåâå íàáëèæåííÿ, ìåòîä íàéìåíøèõ êâàäðàò³â, çì³ííà âàãîâà ôóíêö³ÿ.
—————————————————————————————————————————————

Chebyshev approximation of the multivariable functions by the exponential expression /
P.S. Malachivskyy, L.S. Melnychok, Ya.V. Pizyur // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3.
P. 106–113.

Abstract. A method for constructing the Chebyshev approximation by the exponential expression of the
multivariable functions with relative error is proposed. It generates an intermediate Chebyshev approximation
by a polynomial of the values of the logarithm of a function with absolute error. An iterative scheme based on
the least squares method with a variable weight function was used to construct a Chebyshev approximation of
the multivariable functions by a generalized polynomial. The presented results of the solution of test examples
confirm the fast convergence of the method when calculating the parameters of the Chebyshev approximation
of table-defined continuous functions of one, two, and three variables.

Keywords: Chebyshev approximation by the exponential expression, multivariable functions, mean-power
approximation, least squares method, variable weight function.
===============================================================================

ÓÄÊ 519.237.8

Àíàëèç êëàñòåðíûõ ñòðóêòóð ïî ðàçíûì ìåðàì ñõîäñòâà / Í.Ý. Êîíäðóê, Í.Í. Ìàëÿð //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 3. Ñ. 114–120.

Àííîòàöèÿ. Ïðèâåäåí àíàëèç êëàñòåðíûõ îáðàçîâàíèé, èñïîëüçóåìûõ â ïðàêòè÷åñêèõ çàäà÷àõ. Â ðàç-
ëè÷íûõ èññëåäîâàíèÿõ ñåãìåíòàöèþ äàííûõ îáû÷íî âûïîëíÿþò òîëüêî îäíîé ôîðìîé êëàñòåðîâ. Ïðåäëî-
æåíî îñóùåñòâëÿòü êëàñòåðèçàöèþ ðàçíûìè ìåðàìè ñõîäñòâà îäíèõ è òåõ æå èññëåäóåìûõ äàííûõ è âûÿâ-
ëÿòü ðàçëè÷íûå âèäû âçàèìîñâÿçåé ìåæäó íèìè. Ýòî ïîçâîëÿåò ïðîâîäèòü áîëåå ïîëíûé, ðàçíîñòîðîííèé è
ñèñòåìíûé àíàëèç îáðàçîâàííûõ ñåãìåíòîâ â ïðèêëàäíûõ çàäà÷àõ. Âåðèôèêàöèÿ òàêîãî ïîäõîäà ðåàëèçîâà-
íà íà ïðàêòè÷åñêîé çàäà÷å àíàëèçà äåìîãðàôè÷åñêèõ ïðîöåññîâ íåêîòîðûõ åâðîïåéñêèõ ñòðàíàõ.
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Êëþ÷åâûå ñëîâà: êëàñòåðèçàöèÿ, àíàëèç êëàñòåðîâ, èíòåðïðåòàöèÿ êëàñòåðîâ, äåìîãðàôè÷åñêèå ïðî-
öåññû.
—————————————————————————————————————————————

Àíàë³ç êëàñòåðíèõ ñòðóêòóð çà ð³çíèìè ì³ðàìè ïîä³áíîñò³ / Í.Å. Êîíäðóê, Ì.Ì. Ìàëÿð //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 3. Ñ. 114–120.

Àíîòàö³ÿ. Íàâåäåíî àíàë³ç êëàñòåðíèõ óòâîðåíü, ùî âèêîðèñòîâóþòü â ïðàêòè÷íèõ çàäà÷àõ.
Ó ð³çíèõ äîñë³äæåííÿõ ñåãìåíòàö³þ äàíèõ çàçâè÷àé âèêîíóþòü ëèøå îäíîþ ôîðìîþ êëàñòåð³â. Çàïðî-
ïîíîâàíî çä³éñíþâàòè êëàñòåðèçàö³þ çà ð³çíèìè ì³ðàìè ïîä³áíîñò³ îäíèõ ³ òèõ ñàìèõ äîñë³äæóâàíèõ äà-
íèõ òà âèÿâëÿòè ð³çí³ âèäè âçàºìîçâ’ÿçê³â ì³æ íèìè. Öå äàº çìîãó ïðîâîäèòè á³ëüø ïîâíèé, ð³çíîá³÷íèé
òà ñèñòåìíèé àíàë³ç óòâîðåíèõ ñåãìåíò³â ó ïðèêëàäíèõ çàäà÷àõ. Âåðèô³êàö³þ öüîãî ï³äõîäó ðåàë³çîâàíî
íà ïðàêòè÷í³é çàäà÷³ àíàë³çó äåìîãðàô³÷íèõ ïðîöåñ³â ó íèçö³ ºâðîïåéñüêèõ êðà¿í.

Êëþ÷îâ³ ñëîâà: êëàñòåðèçàö³ÿ, àíàë³ç êëàñòåð³â, ³íòåðïðåòàö³ÿ êëàñòåð³â, äåìîãðàô³÷í³ ïðîöåñè.
—————————————————————————————————————————————

Analysis of cluster structures by different similarity measures / N.E. Kondruk, M.M. Malyar //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 114–120.

Abstract. The cluster analysis formations used in practical tasks is presented. In various studies, data
segmentation is usually performed with only one type of clusters. It is proposed to carry out clustering by
various similarity measures to the same investigated data and to identify different types of relationships between
them. This allows for a more complete, versatile, and systematic analysis of the formed segments in applied
problems. This approach is verified using a practical problem of analyzing demographic processes in some
European countries.

Keywords: clustering, cluster analysis, cluster interpretation, demographic processes.
===============================================================================

ÓÄÊ 519.85

Äâóõýòàïíûé ìåòîä ðåøåíèÿ çàäà÷è âåêòîðíîé îïòèìèçàöèè íà êîíôèãóðàöèè ïåðåñòàíîâîê /
Ë.Í. Êîëå÷êèíà, Å.À. Äâåðíàÿ, Ñ.Â. Õîâáåíü // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 3.
Ñ. 121–134.

Àííîòàöèÿ. Ðàññìîòðåí êëàññ çàäà÷ âåêòîðíîé åâêëèäîâîé êîìáèíàòîðíîé îïòèìèçàöèè êàê çàäà÷
äèñêðåòíîé îïòèìèçàöèè íà ìíîæåñòâå êîìáèíàòîðíûõ êîíôèãóðàöèé, îòîáðàæåííîì â åâêëèäîâî ïðî-
ñòðàíñòâî. Ïðèâåäåíû ñâîéñòâà ãðàôîâ êîìáèíàòîðíûõ êîíôèãóðàöèé, êîòîðûå èñïîëüçóþòñÿ äëÿ èçëî-
æåíèÿ íîâîãî ìåòîäà. Ïðåäëîæåí äâóõýòàïíûé ìåòîä ðåøåíèÿ çàäà÷ âåêòîðíîé åâêëèäîâîé êîìáèíà-
òîðíîé îïòèìèçàöèè íà êîìáèíàòîðíûõ êîíôèãóðàöèÿõ ïåðåñòàíîâîê. Ïðåäñòàâëåíû ðåçóëüòàòû ÷èñ-
ëåííîãî ýêñïåðèìåíòà è èõ àíàëèç.

Êëþ÷åâûå ñëîâà: âåêòîðíàÿ çàäà÷à, ìíîãîêðèòåðèàëüíàÿ îïòèìèçàöèÿ, êîìáèíàòîðíàÿ
êîíôèãóðàöèÿ,åâêëèäîâû êîìáèíàòîðíûå ìíîæåñòâà, âåêòîðíûé êðèòåðèé, åâêëèäîâû ìîäåëè.
—————————————————————————————————————————————

Äâîåòàïíèé ìåòîä ðîçâ’ÿçóâàííÿ çàäà÷ âåêòîðíî¿ îïòèì³çàö³¿ íà êîìá³íàòîðíèõ êîíô³ãóðàö³ÿõ
ïåðåñòàíîâîê / Ë.Ì. Êîëº÷ê³íà, Î.À. Äâ³ðíà, Ñ.Â. Õîâáåíü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021.
Òîì 57, ¹ 3. Ñ. 121–134.

Àíîòàö³ÿ. Ðîçãëÿíóòî êëàñ çàäà÷ âåêòîðíî¿ åâêë³äîâî¿ êîìá³íàòîðíî¿ îïòèì³çàö³¿ ÿê çàäà÷ äèñêðåò-
íî¿ îïòèì³çàö³¿ íà ìíîæèí³ êîìá³íàòîðíèõ êîíô³ãóðàö³é, â³äîáðàæåí³é â åâêë³ä³â ïðîñò³ð. Íàâåäåíî âëàñ-
òèâîñò³ ãðàô³â êîìá³íàòîðíèõ êîíô³ãóðàö³é, ÿê³ âèêîðèñòîâóþòüñÿ äëÿ âèêëàäó íîâîãî ìåòîäó. Çàïðîïîíî-
âàíî äâîåòàïíèé ìåòîä ðîçâ’ÿçóâàííÿ çàäà÷ âåêòîðíî¿ åâêë³äîâî¿ êîìá³íàòîðíî¿ îïòèì³çàö³¿ íà êîìá³íà-
òîðíèõ êîíô³ãóðàö³ÿõ ïåðåñòàíîâîê. Ïðåäñòàâëåíî ðåçóëüòàòè ÷èñåëüíîãî åêñïåðèìåíòó òà ¿õí³é àíàë³ç.

Êëþ÷îâ³ ñëîâà: âåêòîðíà çàäà÷à, áàãàòîêðèòåð³éíà îïòèì³çàö³ÿ, êîìá³íàòîðíà êîíô³ãóðàö³ÿ, åâêë³äîâ³
êîìá³íàòîðí³ ìíîæèíè, âåêòîðíèé êðèòåð³é, åâêë³äîâ³ ìîäåë³.
—————————————————————————————————————————————

Two-step solution method for vector optimization problems on permutation configuration /
L.N. Koliechkina, Î.A. Dvirna, S.V. Khovben // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3.
P. 121–134.

Abstract. A class of problems of vector Euclidean combinatorial optimization is considered as problems
of discrete optimization on the set of combinatorial configurations mapped into the Euclidean space. The
properties of the graphs of combinatorial configurations are given, which are used to describe the new method.
A two-stage method for solving problems of vector Euclidean combinatorial optimization on combinatorial
configurations of permutations is proposed. The results of a numerical experiment and their analysis are
presented.

Keywords: vector problem, multiobjective optimization, combinatorial configuration, Euclidean combinatorial
sets, vector criterion, Euclidean models.
===============================================================================

ÓÄÊ 004.93’1

Èäåíòèôèêàöèÿ ëè÷íîñòè íà îñíîâå èíäèâèäóàëüíûõ ýõîãðàôè÷åñêèõ ñâîéñòâ óøíîé ðàêîâèíû ñ
èñïîëüçîâàíèåì êåïñòðàëüíîãî àíàëèçà è ôîðìóëû Áàéåñà / À.Å. Ñóëàâêî, Ï.Ñ. Ëîæíèêîâ,
È.À. Êóïðèê, À.Å. Ñàìîòóãà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 3. Ñ. 135–143.
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Àííîòàöèÿ. Ðàçðàáîòàí ìåòîä ðàñïîçíàâàíèÿ ëè÷íîñòè ïî ýõîãðàôè÷åñêèì ïàðàìåòðàì óõà ÷åëî-
âåêà íà îñíîâå íàèâíîãî áàéåñîâñêîãî êëàññèôèêàòîðà â äâóõ ðåæèìàõ: áèîìåòðè÷åñêîé èäåíòèôèêàöèè
(EER= 0.0053) è áèîìåòðè÷åñêîé àóòåíòèôèêàöèè (FRR = 0.0002 ïðè FAR<= 0.0001) ñîîòâåòñòâåííî.
Ðàçðàáîòàíî óñòðîéñòâî äëÿ ðåãèñòðàöèè áèîìåòðè÷åñêèõ õàðàêòåðèñòèê óõà, ïðèâåäåí íàáîð ýõîãðàôè-
÷åñêèõ ñâîéñòâ íà îñíîâå ïàðàìåòðîâ óøíîé ðàêîâèíû 75 èñïûòóåìûõ. Â êà÷åñòâå áèîìåòðè÷åñêèõ ïà-
ðàìåòðîâ èñïîëüçîâàëèñü ñïåêòðàëüíûå è êåïñòðàëüíûå õàðàêòåðèñòèêè îòðàæåííûõ îò óøíîãî êàíàëà
ñèãíàëîâ. Ðàññìîòðåíî íåñêîëüêî îêîííûõ ôóíêöèé äëÿ ïîñòðîåíèÿ ñïåêòðîâ è êåïñòðîãðàìì. Óñòàíîâ-
ëåíî, ÷òî áîëåå 90 % «êåïñòðàëüíûõ» ïðèçíàêîâ èìåþò ñëàáóþ êîððåëÿöèîííóþ çàâèñèìîñòü, ÷òî ïî-
çâîëÿåò ïðèìåíÿòü íàèâíûé áàéåñîâñêèé êëàññèôèêàòîð è ïîëó÷àòü ïðè ýòîì âûñîêîòî÷íûå ðåçóëüòàòû
ðàñïîçíàâàíèÿ ïîëüçîâàòåëåé. Ïðåèìóùåñòâî áàéåñîâñêîé êëàññèôèêàöèè ñîñòîèò â âîçìîæíîñòè ðî-
áàñòíîãî áûñòðîãî îáó÷åíèÿ ñèñòåìû èäåíòèôèêàöèè.

Êëþ÷åâûå ñëîâà: êåïñòðîãðàììû, îêîííîå ïðåîáðàçîâàíèå Ôóðüå, òåîðåìà Áàéåñà, àêóñòè÷åñêèé ñèã-
íàë, ðàñïîçíàâàíèå îáðàçîâ, ìàøèííîå îáó÷åíèå.

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

²äåíòèô³êàö³ÿ îñîáè íà îñíîâ³ ³íäèâ³äóàëüíèõ åõîãðàô³÷íèõ âëàñòèâîñòåé âóøíî¿ ðàêîâèíè ç
âèêîðèñòàííÿì êåïñòðàëüíîãî àíàë³çó ³ ôîðìóëè Áàºñà / Î.ª. Ñóëàâêî, Ï.Ñ. Ëîæíèêîâ,
².Î. Êóïðèê, Î.ª. Ñàìîòóãà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 3. Ñ. 135–143.

Àíîòàö³ÿ. Ðîçðîáëåíî ìåòîä á³îìåòðè÷íî¿ ³äåíòèô³êàö³¿ îñîáè çà åõîãðàô³÷íèìè ïàðàìåòðàìè
âóõà ëþäèíè íà îñíîâ³ íà¿âíîãî áàºñ³âñüêîãî êëàñèô³êàòîðà â äâîõ ðåæèìàõ: á³îìåòðè÷íî¿ ³äåíòèô³êàö³¿
(EER= 0.0053) ³ á³îìåòðè÷íî¿ àóòåíòèô³êàö³¿ (FRR= 0.0002 äëÿ FAR<= 0.0001) â³äïîâ³äíî. Ðîçðîáëåíî
ïðèñòð³é äëÿ ðåºñòðàö³¿ á³îìåòðè÷íèõ õàðàêòåðèñòèê âóõà, ñôîðìîâàíî íàá³ð åõîãðàô³÷íèõ âëàñòèâîñòåé
íà îñíîâ³ ïàðàìåòð³â âóøíî¿ ðàêîâèíè 75 âèïðîáóâàíèõ. ßê á³îìåòðè÷í³ ïàðàìåòðè âèêîðèñòàíî ñïåê-
òðàëüí³ òà êåïñòðàëüí³ õàðàêòåðèñòèêè â³äáèòèõ â³ä âóøíîãî êàíàëó ñèãíàë³â. Ðîçãëÿíóòî ê³ëüêà â³êîí-
íèõ ôóíêö³é äëÿ ïîáóäîâè ñïåêòð³â ³ êåïñòðîãðàìì. Óñòàíîâëåíî, ùî ïîíàä 90 % «êåïñòðàëüíèõ» îçíàê
ìàþòü ñëàáêó êîðåëÿö³éíó çàëåæí³ñòü, ùî äàº çìîãó çàñòîñîâóâàòè íà¿âíèé áàºñ³âñüêèé êëàñèô³êàòîð ³
îòðèìóâàòè âèñîêîòî÷í³ ðåçóëüòàòè ðîçï³çíàâàííÿ êîðèñòóâà÷³â. Ïåðåâàãîþ áàºñ³âñüêî¿ êëàñèô³êàö³¿ º
ìîæëèâ³ñòü ðîáàñòíîãî øâèäêîãî íàâ÷àííÿ ñèñòåìè ³äåíòèô³êàö³¿.

Êëþ÷îâ³ ñëîâà: êåïñòðîãðàìè, â³êîííå ïåðåòâîðåííÿ Ôóð’º, òåîðåìà Áàºñà, àêóñòè÷íèé ñèãíàë,
ðîçï³çíàâàííÿ îáðàç³â, ìàøèííå íàâ÷àííÿ.

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

Personal identification based on the individual sonographic properties of the auricle using cepstral
analysis and Bayes formula / A.E. Sulavko, P.S. Lozhnikov, I.A. Kuprik, A.E. Samotuga // Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 3. P. 135–143.

Abstract. A method of personality recognition by echographic parameters of the human ear has been
developed on the basis of the “naive” Bayes classifier in two modes: biometric identification (EER= 0.0053)
and biometric authentication (FRR= 0.0002 at FAR<= 0.0001), respectively. A device was developed for
recording the biometric characteristics of the ear; a set of echographic data was collected from the ears of 75
subjects. The spectral and cepstral characteristics of the signals reflected from the ear canal were used as
biometric parameters. Several window functions for constructing spectra and cepstrograms are considered. It
has been established that more than 90% of “cepstral” features have a weak correlation dependence, which
allows the use of a “naive” Bayesian classifier and at the same time obtaining highly accurate results of user
recognition. The advantage of Bayesian classification is the possibility of robust fast learning of the
identification system.

Keywords: cepstrograms, window Fourier transform, Bayes theorem, acoustic signal, pattern recognition,
machine learning.

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

ÓÄÊ 519.6

Òîìîãðàôè÷åñêîå âîññòàíîâëåíèå èçîáðàæåíèé íà îñíîâå îáîáùåííûõ ïðîåêöèé /
À.Á. Ëîçèíñêèé, È.Ì. Ðîìàíèøèí, Á.Ï. Ðóñûí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 3.
Ñ. 144–151.

Àííîòàöèÿ. Èçëîæåí ìåòîä òîìîãðàôè÷åñêîé ðåêîíñòðóêöèè íåîäíîðîäíîñòåé â ñëó÷àå ïðîèç-
âîëüíîé äèàãðàììû íàïðàâëåííîñòè è ñêàíèðîâàíèÿ ïî îäíîé êîîðäèíàòå. Ïîêàçàíî, ÷òî â ýòîì ñëó÷àå
çàðåãèñòðèðîâàííûå äàííûå (ïðîºêöèè) çàïèñûâàþòñÿ â âèäå ñóììû ïîñòðî÷å÷íûõ ñâåðòîê ñòðîê äèàã-
ðàììû íàïðàâëåííîñòè è ñîîòâåòñòâóþùåãî ó÷àñòêà âîññòàíàâëèâàåìîãî ðàñïðåäåëåíèÿ. Ïðîàíàëèçèðî-
âàíû îñîáåííîñòè ïðîºêöèîííûõ äàííûõ, îáðàòíûõ ïðîºêöèé. Ïðåäëîæåíî ñòðîèòü «ñóììàðíîå» èçî-
áðàæåíèå â âèäå àääèòèâíîãî àáî êîíúþíêòèâíîãî îáúåäèíåíèÿ ðåçóëüòàòîâ îáðàòíîãî ïðîåöèðîâàíèÿ
äëÿ ðàçíûõ äèàãðàìì íàïðàâëåííîñòè. Ïðåäëîæåíà èòåðàöèîííàÿ ïðîöåäóðà ïîñòðîåíèÿ ïîñëåäîâàòåëü-
íûõ ïðèáëèæåíèé ê èñêîìîìó ðåøåíèþ.

Êëþ÷åâûå ñëîâà: òîìîãðàôè÷åñêîå âîññòàíîâëåíèå, ïðîñòðàíñòâåííîå ðàñïðåäåëåíèå, äèàãðàììà íà-
ïðàâëåííîñòè, ñâåðòêà, îáðàòíîå ïðîåöèðîâàíèå, ñóììàðíîå èçîáðàæåíèå.

—————————————————————————————————————————————
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Òîìîãðàô³÷íå â³äíîâëåííÿ çîáðàæåíü íà îñíîâ³ óçàãàëüíåíèõ ïðîºêö³é / A.Á. Ëîçèíñüêèé,
².Ì. Ðîìàíèøèí, Á.Ï. Ðóñèí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 3. Ñ. 144–151.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìåòîä òîìîãðàô³÷íî¿ ðåêîíñòðóêö³¿ íåîäíîð³äíîñòåé ó âèïàäêó äîâ³ëüíî¿
ä³àãðàìè íàïðÿìëåíîñò³ òà ñêàíóâàííÿ ïî îäí³é êîîðäèíàò³. Ïîêàçàíî, ùî ó öüîìó ðàç³ ðåºñòðîâàí³ äàí³
(ïðîºêö³¿) çàïèñóþòü ó âèãëÿä³ ñóìè ïîðÿäêîâèõ çãîðòîê ä³àãðàìè íàïðÿìëåíîñò³ òà â³äïîâ³äíî¿ ä³ëÿíêè
â³äíîâëþâàíîãî ðîçïîä³ëó. Ïðîàíàë³çîâàíî îñîáëèâîñò³ ïðîºêö³éíèõ äàíèõ, çâîðîòíèõ ïðîºêö³é. Ïðîïî-
íóºòüñÿ áóäóâàòè ñóìàðíå çîáðàæåííÿ ó âèãëÿä³ àäèòèâíîãî àáî êîí’þêòèâíîãî îá’ºäíàííÿ ðåçóëüòàò³â
çâîðîòíîãî ïðîºêòóâàííÿ äëÿ ð³çíèõ ä³àãðàì íàïðÿìëåíîñò³. Çàïðîïîíîâàíî ³òåðàö³éíó ïðîöåäóðó ïîáó-
äîâè ïîñë³äîâíèõ íàáëèæåíü äî øóêàíîãî ðîçâ’ÿçêó.

Êëþ÷îâ³ ñëîâà: òîìîãðàô³÷íå â³äíîâëåííÿ, ïðîñòîðîâèé ðîçïîä³ë, ä³àãðàìà íàïðÿìëåíîñò³, çãîðòêà,
çâîðîòíå ïðîºêòóâàííÿ, ñóìàðíå çîáðàæåííÿ.
—————————————————————————————————————————————

Tomographic restoration of images based on generalized projections / À.B. LozynskY, I.Ì. Romanyshyn,
B.P. Rusyn // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 144–151.

Abstract. The method of tomographic reconstruction of inhomogeneities in the case of an arbitrary
directional diagram and scanning along one coordinate is described. It is shown that in this case registered data
(projections) are represented as the sum of the line-by-line convolutions of the lines of the directional diagram
and the corresponding line of the reconstructed distribution. The features of projection data, backprojections are
analyzed. It is proposed to construct a cumulative image as an additive or conjunctive combination of the back
projection results for different orientation diagrams. An iterative procedure for constructing sequential
approximations to the desired solution is proposed.

Keywords: tomographic restoration, spatial distribution, directional diagram, convolution, backprojection, total
image.
===============================================================================

ÓÄÊ 519.6

Áåññåòî÷íûé ìåòîä ðåøåíèÿ òðåõìåðíûõ íåñòàöèîíàðíûõ çàäà÷òåïëîïðîâîäíîñòè â ìàòåðèàëàõ ñ
àíèçîòðîïèåé / Ä.Î. Ïðîòåêòîð, Â.Ì. Êîëîäÿæíûé, Ä.À. Ëèñèí, Î.Þ. Ëèñèíà // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 3. Ñ. 152–163.

Àííîòàöèÿ. Ðàññìîòðåí áåññåòî÷íûé ìåòîä ðåøåíèÿ òðåõìåðíûõ íåñòàöèîíàðíûõ çàäà÷ òåïëîï-
ðîâîäíîñòè â àíèçîòðîïíîé ñðåäå. Äëÿ ðåøåíèÿ êðàåâîé çàäà÷è ïðèìåíÿåòñÿ êîìáèíàöèÿ ìåòîäà äâîé-
íîãî çàìåùåíèÿ ñ èñïîëüçîâàíèåì àíèçîòðîïíûõ ðàäèàëüíûõ áàçèñíûõ ôóíêöèé ñ ìåòîäîì ôóíäàìåí-
òàëüíûõ ðåøåíèé. Ìåòîä ôóíäàìåíòàëüíûõ ðåøåíèé ïîçâîëÿåò ïîëó÷èòü îäíîðîäíîå ðåøåíèå, à ìåòîä
äâîéíîãî çàìåùåíèÿ ñ èñïîëüçîâàíèåì àíèçîòðîïíûõ ðàäèàëüíûõ áàçèñíûõ ôóíêöèé — ÷àñòíîå ðåøå-
íèå êðàåâîé çàäà÷è. Ïðèâîäÿòñÿ ðåçóëüòàòû ÷èñëåííûõ ðåøåíèé äâóõ òåñòîâûõ çàäà÷, ïîëó÷åííûõ ñ èñ-
ïîëüçîâàíèåì ðàçðàáîòàííîãî ìåòîäà, à òàêæå âû÷èñëÿþòñÿ ñðåäíÿÿ îòíîñèòåëüíàÿ, ñðåäíÿÿ àáñîëþòíàÿ
è ìàêñèìàëüíàÿ ïîãðåøíîñòè.

Êëþ÷åâûå ñëîâà: áåññåòî÷íûé ìåòîä, êðàåâûå çàäà÷è, àíèçîòðîïíûå ìàòåðèàëû, ìåòîä äâîéíîãî çàìå-
ùåíèÿ, ìåòîä ôóíäàìåíòàëüíûõ ðåøåíèé, àíèçîòðîïíûå ðàäèàëüíûå áàçèñíûå ôóíêöèè.
—————————————————————————————————————————————

Áåçñ³òêîâèé ìåòîä ðîçâ’ÿçóâàííÿ òðèâèì³ðíèõ íåñòàö³îíàðíèõ çàäà÷ òåïëîïðîâ³äíîñò³
â ìàòåð³àëàõ ç àí³çîòðîï³ºþ / Ä.Î. Ïðîòåêòîð, Â.Ì. Êîëîäÿæíèé, Ä.Î. Ë³ñ³í, Î.Þ. Ë³ñ³íà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 3. Ñ. 152–163.

Àíîòàö³ÿ. Îïèñàíî áåçñ³òêîâèé ìåòîä ðîçâ’ÿçóâàííÿ òðèâèì³ðíèõ íåñòàö³îíàðíèõ çàäà÷ òåïëîï-
ðîâ³äíîñò³ â àí³çîòðîïíîìó ñåðåäîâèù³. Äëÿ ðîçâ’ÿçóâàííÿ êðàéîâî¿ çàäà÷³ çàñòîñîâàíî êîìá³íàö³þ ìåòîäó
ïîäâ³éíîãî çàì³ùåííÿ ç âèêîðèñòàííÿì àí³çîòðîïíèõ ðàä³àëüíèõ áàçèñíèõ ôóíêö³é ç ìåòîäîì ôóíäàìåí-
òàëüíèõ ðîçâ’ÿçê³â. Ìåòîä ôóíäàìåíòàëüíèõ ðîçâ’ÿçê³â äàº çìîãó îòðèìàòè îäíîð³äíèé ðîçâ’ÿçîê, à ìåòîä
ïîäâ³éíîãî çàì³ùåííÿ ç âèêîðèñòàííÿì àí³çîòðîïíèõ ðàä³àëüíèõ áàçèñíèõ ôóíêö³é — ÷àñòèííèé ðîçâ’ÿçîê
êðàéîâî¿ çàäà÷³. Íàâåäåíî ðåçóëüòàòè ÷èñåëüíèõ ðîçâ’ÿçê³â äâîõ òåñòîâèõ çàäà÷, îòðèìàíèõ ç âèêîðèñòàííÿì
ðîçðîáëåíîãî ìåòîäó, à òàêîæ îá÷èñëåíî ñåðåäíþ â³äíîñíó, ñåðåäíþ àáñîëþòíó òà ìàêñèìàëüíó ïîõèáêè.

Êëþ÷îâ³ ñëîâà: áåçñ³òêîâèé ìåòîä, êðàéîâ³ çàäà÷³, àí³çîòðîïí³ ìàòåð³àëè, ìåòîä ïîäâ³éíîãî çàì³ùåííÿ,
ìåòîä ôóíäàìåíòàëüíèõ ðîçâ’ÿçê³â, àí³çîòðîïí³ ðàä³àëüí³ áàçèñí³ ôóíêö³¿.
—————————————————————————————————————————————

A meshless method for solving three-dimensional nonstationary heat conduction problems in anisotropic
materials / D.O. Protektor, V.M. Kolodyazhny, D.O. Lisin, O.Yu. Lisina // Kibernetyka ta Systemnyi
Analiz. 2021. Vol. 57, N 3. P. 152–163.

Abstract. The article deals with a meshless method for solving three-dimensional nonstationary heat
conduction problems in anisotropic materials. A combination of dual reciprocity method using anisotropic
radial basis function and method of fundamental solutions is used to solve the boundary-value problem. The
method of fundamental solutions is used for obtain the homogenous part of the solution; the dual reciprocity
method with the use of anisotropic radial basis functions allows obtaining a partial solution. The article shows
the results of numerical solutions of two benchmark problems obtained by the developed numerical method;
average relative, average absolute, and maximum errors are calculated.

Keywords: meshless method, boundary-value problems, anisotropic materials, dual reciprocity method, method
of fundamental solution, anisotropic radial basis functions.
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ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 004.822

Ïðåäñòàâëåíèå, àíàëèç è èçâëå÷åíèå çíàíèé èç íåñòðóêòóðèðîâàííûõ åñòåñòâåííîÿçû÷íûõ
òåêñòîâ / Ã.È. Ãîãåð÷àê, Í.Ï. Äàð÷óê, Ñ.Ë. Êðûâûé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021.
Òîì 57, ¹ 3. Ñ. 164–183.

Àííîòàöèÿ. Ïðèâåäåí îáçîð ñðåäñòâ äåñêðèïòèâíûõ ëîãèê äëÿ ïðåäñòàâëåíèÿ çíàíèé èç åñòåñ-
òâåííîÿçû÷íûõ òåêñòîâ, êëàññèôèêàöèÿ äåñêðèïòèâíûõ ëîãèê ïî êîíñòðóêòîðàì êîíöåïòîâ è ðîëåé, à
òàêæå îïèñàíû îñíîâíûå êîíöåïöèè òåìïîðàëüíûõ äåñêðèïòèâíûõ ëîãèê. Ðàññìîòðåí ïîäõîä ê ïîñòðî-
åíèþ ñèñòåì àíàëèçà åñòåñòâåííîÿçû÷íûõ òåêñòîâ íà îñíîâå çàäà÷ îïðåäåëåíèÿ ÷àñòåé ðå÷è, ïîèñêà
ãðàììàòè÷åñêèõ çàâèñèìîñòåé, ïîèñêà êîðåôåðåíòíîñòåé. Ïðèâåäåíû ïðèìåðû èñïîëüçîâàíèÿ åñòåñ-
òâåííîÿçû÷íûõ áàç çíàíèé äëÿ ðåøåíèÿ ïðèêëàäíûõ çàäà÷, â ÷àñòíîñòè äëÿ ïðîâåðêè öåëîñòíîñòè òåê-
ñòà, ïîèñêà ïðîòèâîðå÷èé.

Êëþ÷åâûå ñëîâà: äåñêðèïòèâíûå ëîãèêè, áàçû çíàíèé, àëãîðèòì ñåìàíòè÷åñêîãî òàáëî, èçâëå÷åíèå
çíàíèé, îáðàáîòêà åñòåñòâåííîãî ÿçûêà, ñåìàíòè÷åñêèé àíàëèç.
—————————————————————————————————————————————

Ïðåäñòàâëåííÿ, àíàë³ç òà âèäîáóâàííÿ çíàíü ç íåñòðóêòóðîâàíèõ ïðèðîäíîìîâíèõ òåêñò³â /
Ã.². Ãîãåð÷àê, Í.Ï. Äàð÷óê, Ñ.Ë. Êðèâèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 3.
Ñ. 164–183.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä çàñîá³â äåñêðèïòèâíèõ ëîã³ê äëÿ ïðåäñòàâëåííÿ çíàíü ç ïðèðîäíîìîâ-
íèõ òåêñò³â, êëàñèô³êàö³þ äåñêðèïòèâíèõ ëîã³ê çà êîíñòðóêòîðàìè êîíöåïò³â òà ðîëåé, à òàêîæ îñíîâí³
êîíöåïö³¿ òåìïîðàëüíèõ äåñêðèïòèâíèõ ëîã³ê. Ðîçãëÿíóòî ï³äõ³ä äî ïîáóäîâè ñèñòåì àíàë³çó ïðèðîäíî-
ìîâíèõ òåêñò³â íà îñíîâ³ çàäà÷ âèçíà÷åííÿ ÷àñòèí ìîâè, ïîøóêó ãðàìàòè÷íèõ çàëåæíîñòåé òà êîðåôå-
ðåíòíîñòåé. Íàâåäåíî ïðèêëàäè âèêîðèñòàííÿ ïðèðîäíîìîâíèõ áàç çíàíü äëÿ ðîçâ’ÿçàííÿ ïðèêëàäíèõ
çàäà÷, çîêðåìà äëÿ ïåðåâ³ðêè ö³ë³ñíîñò³ òåêñòó, ïîøóêó ñóïåðå÷íîñòåé.

Êëþ÷îâ³ ñëîâà: äåñêðèïòèâí³ ëîã³êè, áàçè çíàíü, àëãîðèòì ñåìàíòè÷íîãî òàáëî, âèäîáóâàííÿ çíàíü, îá-
ðîáëåííÿ ïðèðîäíî¿ ìîâè, ñåìàíòè÷íèé àíàë³ç.
—————————————————————————————————————————————

Representation, analysis and extraction of knowledge from unstructured natural language texts /
H. Hoherchak, N. Darchuk, S. Kryvyi // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 164–183.

Abstract. The article provides an overview of the means of descriptive logics for knowledge
representation in natural-language texts. Descriptive logics are classified by constructors of concepts and roles,
and the basic concepts of temporal descriptive logics are considered. The approach to construction of systems
of the analysis of natural-language text based on problems of parts of speech tagging, dependency parsing,
coreference resolution is considered. Examples of using natural-language knowledge bases to solve applied
problems, in particular to check the integrity of the text and to reveal contradictions, are provided.

Keywords: description logics, knowledge bases, tableau algorithm, knowledge extraction, natural language
processing, semantic analysis.
===============================================================================
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ÓÄÊ 004.056; 004.415.24

Ñòåãàíîàíàëèç J-UNIWARD / Í.Â. Êîøêèíà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 3.
Ñ. 184–192.

Àííîòàöèÿ. Ðàññìîòðåíà ïðîáëåìà âûÿâëåíèÿ àäàïòèâíîé ñòåãàíîãðàôèè ìåòîäîì J-UNIWARD
ñòåãàíîàíàëèòè÷åñêèìè ñèñòåìàìè íà áàçå ìàøèííîãî îáó÷åíèÿ. Ñ ïîìîùüþ ñðàâíèòåëüíîãî àíàëèçà
òî÷íîñòè îïðåäåëåíî, ÷òî íàèáîëåå ÷óâñòâèòåëüíû ê J-UNIWARD ñòàòèñòè÷åñêèå ìîäåëè ïîñòðîåíèÿ
õàðàêòåðèñòè÷åñêèõ âåêòîðîâ, ôîðìèðóåìûõ â ïðîñòðàíñòâåííîé çîíå, — GFR, PHARM è DCTR. Ïðåä-
ëîæåíû äâà ñïîñîáà ïîâûøåíèÿ òî÷íîñòè ñòåãàíîàíàëèçà ñ èñïîëüçîâàíèåì ýòèõ ìîäåëåé: àíàëèç íàè-
áîëåå âåðîÿòíûõ ìåñòîïîëîæåíèé âíåäðåíèÿ; âçâåøåííîå ãîëîñîâàíèå ïî òðåì ìîäåëÿì. Ïîêàçàíî, ÷òî
áåç ïðåäâàðèòåëüíîé êëàññèôèêàöèè èçîáðàæåíèé ñîãëàñíî èõ ïàðàìåòðàì òî÷íîñòü ñòåãàíîàíàëèçà ñó-
ùåñòâåííî ïîíèæàåòñÿ. Ïîëó÷åííûå ðåçóëüòàòû ìîæíî èñïîëüçîâàòü äëÿ ïîñòðîåíèÿ ýôôåêòèâíûõ ñèñ-
òåì ñòåãàíîàíàëèçà èçîáðàæåíèé â ôîðìàòå JPEG.

Êëþ÷åâûå ñëîâà: èíôîðìàöèîííàÿ áåçîïàñíîñòü, ñòåãàíîãðàôèÿ, J-UNIWARD, ñòåãàíîàíàëèç, ìåòîäû
ñ îáó÷åíèåì è êëàññèôèêàöèåé, òî÷íîñòü äåòåêòèðîâàíèÿ.
—————————————————————————————————————————————

Ñòåãàíîàíàë³ç J-UNIWARD / Í.Â. Êîøê³íà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 3.
Ñ. 184–192.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó âèÿâëåííÿ àäàïòèâíî¿ ñòåãàíîãðàô³¿ çà ìåòîäîì J-UNIWARD ñòå-
ãàíîàíàë³òè÷íèìè ñèñòåìàìè íà áàç³ ìàøèííîãî íàâ÷àííÿ. Çà äîïîìîãîþ ïîð³âíÿëüíîãî àíàë³çó òî÷-
íîñò³ âèçíà÷åíî, ùî íàéá³ëüø ÷óòëèâèìè äî J-UNIWARD º ñòàòèñòè÷í³ ìîäåë³ ïîáóäîâè õàðàêòåðèñòè÷-
íèõ âåêòîð³â, ùî ôîðìóþòüñÿ ó ïðîñòîðîâ³é çîí³, — GFR, PHARM òà DCTR. Çàïðîïîíîâàíî äâà ñïîñî-
áè ï³äâèùåííÿ òî÷íîñò³ ñòåãàíîàíàë³çó ç âèêîðèñòàííÿì öèõ ìîäåëåé: àíàë³ç íàéá³ëüø ³ìîâ³ðíèõ
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ì³ñöåïîëîæåíü âêðàïëåííÿ; çâàæåíå ãîëîñóâàííÿ çà òðüîìà ìîäåëÿìè. Ïîêàçàíî, ùî áåç ïîïåðåäíüî¿
êëàñèô³êàö³¿ çîáðàæåíü çã³äíî ç ¿õí³ìè ïàðàìåòðàìè òî÷í³ñòü ñòåãàíîàíàë³çó ñóòòºâî çíèæóºòüñÿ. Îòðè-
ìàí³ ðåçóëüòàòè ìîæíà âèêîðèñòîâóâàòè äëÿ ïîáóäîâè åôåêòèâíèõ ñèñòåì ñòåãàíîàíàë³çó çîáðàæåíü ó
ôîðìàò³ JPEG.

Êëþ÷îâ³ ñëîâà: ³íôîðìàö³éíà áåçïåêà, ñòåãàíîãðàô³ÿ, J-UNIWARD, ñòåãàíîàíàë³ç, ìåòîäè ç íàâ÷àííÿì
òà êëàñèô³êàö³ºþ, òî÷í³ñòü äåòåêòóâàííÿ.
—————————————————————————————————————————————

J-UNIWARD steganoanalysis / N.V. Koshkina // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3.
P. 184–192.

Abstract. The author analyzes the problem of detecting adaptive steganography by the J-UNIWARD
method by steganoanalytical systems based on machine learning. A comparative analysis of the accuracy has
determined that statistical models of constructing characteristic vectors that are calculated in the spatial domain,
such as GFR, PHARM and DCTR, are most sensitive to J-UNIWARD. Two ways to improve the accuracy of
steganoanalysis based on these models are proposed: via the analysis of the most probable embedding locations
and via the balanced vote on the three models. Significant degradation of the accuracy of steganoanalysis
without preliminary classification of images according to their parameters is demonstrated. The obtained results
can be used to generate efficient steganoanalysis systems for JPEG images.

Keywords: information security, steganography, J-UNIWARD, steganalysis, machine learning methods,
detection accuracy.
===============================================================================
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