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ÓÄÊ 621.391.15:519.7

Àëãîðèòì PQC CSIKE íà íåöèêë³÷íèõ êðèâèõ Åäâàðäñà / À.Â. Áåññàëîâ, Ñ.Â. Àáðàìîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 3–18.

Àíîòàö³ÿ. Çàïðîïîíîâàíî îðèã³íàëüíèé àëãîðèòì ïîñòêâàíòîâî¿ êðèïòîãðàô³¿ CSIKE ÿê ìîäèô³êàö³þ
CSIDH, àëå ç îäíèì â³äêðèòèì êëþ÷åì çàì³ñòü äâîõ. Îá´ðóíòîâàíî óìîâè éîãî ³ìïëåìåíòàö³¿ íà äâîõ êëàñàõ
íåöèêë³÷íèõ êðèâèõ Åäâàðäñà. Ðîçãëÿíóòî âëàñòèâîñò³ êâàäðàòè÷íèõ òà ñêðó÷åíèõ ñóïåðñèíãóëÿðíèõ êðèâèõ
Åäâàðäñà, ùî óòâîðþþòü ïàðè êâàäðàòè÷íîãî êðó÷åííÿ ïîðÿäêó p � �1 0 8mod íàä ïðîñòèì ïîëåì Fp. Íà-
âåäåíî ìîäèô³êàö³þ àëãîðèòìó CSIDH ³ àëãîðèòì CSIKE, ÿê³ ïîáóäîâàí³ íà ³çîãåí³ÿõ öèõ êðèâèõ çàì³ñòü
òðàäèö³éíî¿ àðèôìåòèêè êðèâèõ ó ôîðì³ Ìîíòãîìåð³. Äëÿ ³çîãåí³é ñòóïåí³â 3, 5, 7 ðîçðàõîâàíî ³ òàáóëüîâàíî
ïàðàìåòðè ³çîãåííèõ ëàíöþæê³â íåöèêë³÷íèõ ñóïåðñèíãóëÿðíèõ êðèâèõ Åäâàðäñà, ÿêùî p � 839. Ðîçãëÿíóòî
³ìïëåìåíòàö³þ ñõåìè ³íêàïñóëÿö³¿ êëþ÷à çà óìîâè, ùî Àë³ñà øèôðóº éîãî â³äêðèòèì êëþ÷åì Áîáà. Çàïðîïî-
íîâàíî íîâèé ðàíäîì³çîâàíèé àëãîðèòì CSIKE ç âèïàäêîâèì ð³âíîéìîâ³ðíèì âèáîðîì êðèâî¿ ç äâîõ êëàñ³â
íà êîæíîìó êðîö³ ëàíöþæêà ³çîãåí³é. Íàâåäåíî îö³íêó éìîâ³ðíîñò³ óñï³øíî¿ àòàêè ïîá³÷íîãî êàíàëó â ðàí-
äîì³çîâàíîìó àëãîðèòì³, ó ÿêîìó çàïðîïîíîâàíî ìîæëèâ³ñòü â³äìîâè â³ä îá÷èñëåííÿ ³çîãåííî¿ ôóíêö³¿ �( )R

âèïàäêîâî¿ òî÷êè R , ùî ³ñòîòíî ïðèñêîðèòü àëãîðèòì.

Êëþ÷îâ³ ñëîâà: êðèâà â óçàãàëüíåí³é ôîðì³ Åäâàðäñà, ïîâíà êðèâà Åäâàðäñà, ñêðó÷åíà êðèâà Åäâàðäñà,
êâàäðàòè÷íà êðèâà Åäâàðäñà, ïîðÿäîê êðèâî¿, ïîðÿäîê òî÷êè, ³çîìîðô³çì, ³çîãåí³ÿ, w-êîîðäèíàòè, êâàä-
ðàòè÷íèé ëèøîê, êâàäðàòè÷íèé íåëèøîê.
—————————————————————————————————————————————

PQC CSIKE algorithm in non-cyclic Edwards curves / A.V. Bessalov, S.V. Abramov // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 6. P. 3–18.

Abstract. The original post-quantum cryptography algorithm CSIKE is proposed as a modification of
CSIDH but with one public key instead of two. The conditions for its implementation on two classes of
non-cyclic Edwards curves are substantiated. The properties of quadratic and twisted supersingular Edwards
curves that form pairs of quadratic twist of order p � �1 0 8mod over a prime field Fp are considered.
A modification of the CSIDH algorithm and the CSIKE algorithm are presented, which are generated on the
isogenies of these curves instead of the traditional arithmetic of curves in the Montgomery form. For isogenies
of degrees 3, 5, and 7, the parameters of isogenic chains of non-cyclic supersingular Edwards curves are
calculated and tabulated for p � 839. The implementation of the key encapsulation scheme with its encryption
by Alice with Bob’s public key is considered. A new randomized CSIKE algorithm with random equiprobable
selection of a curve from two classes at each step of the isogeny chain is proposed. An estimate of the
probability of a successful side-channel attack in a randomized algorithm is given. It is proposed to abandon the
calculation of the isogenic function �( )R of a random point R, which significantly speeds up the algorith

Keywords: curve in generalized Edwards form, complete Edwards curve, twisted Edwards curve, quadratic Edwards
curve, curve order, point order, isomorphism, isogeny, w-coordinates, quadratic residue, quadratic nonresidue.
===============================================================================

ÓÄÊ 519.713.1

Ïîáóäîâà äëÿ ìíîæèíè � �-ñë³â, çàäàíî¿ � �-ðåãóëÿðíèì âèðàçîì, ¿¿ ìàêñèìàëüíî¿
ïðåô³êñíî-çàìêíóòî¿ ï³äìíîæèíè / À.Ì. ×åáîòàðüîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023.
Òîì 59, ¹ 6. Ñ. 19–29.

Àíîòàö³ÿ. Íàâåäåíî ìåòîä ïîáóäîâè äëÿ ìíîæèíè � �-ñë³â R , çàäàíî¿ � �-ðåãóëÿðíèì âèðàçîì, ¿¿

ìàêñèìàëüíî¿ ïðåô³êñíî-çàìêíóòî¿ ï³äìíîæèíè. Öåé ìåòîä ´ðóíòóºòüñÿ íà ïîáóäîâ³ ðîçì³÷åíîãî ãðàôó, íà-
çâàíîãî ãðàôîì åëåìåíòàðíèõ ïðîäîâæåíü, âåðøèíàìè ÿêîãî º äåÿê³ � �-ðåãóëÿðí³ ï³äìíîæèíè ìíîæèíè R.
Êîæí³é âåðøèí³ öüîãî ãðàôó ïîñòàâëåíî ó â³äïîâ³äí³ñòü ë³í³éíå ð³âíÿííÿ íàä ìíîæèíàìè � �-ñë³â. Îòæå,
ãðàô åëåìåíòàðíèõ ïðîäîâæåíü âèçíà÷àº ñèñòåìó ë³í³éíèõ ð³âíÿíü. Ó ðåçóëüòàò³ ðîçâ’ÿçàííÿ ö³º¿ ñèñòåìè
ð³âíÿíü äëÿ êîæíî¿ âåðøèíè ãðàôó îòðèìóºìî ìàêñèìàëüíó ïðåô³êñíî-çàìêíóòó â³äíîñíî R ï³äìíîæèíó
ìíîæèíè � �-ñë³â, ÿêà â³äïîâ³äàº ö³é âåðøèí³ ãðàôó. Îá’ºäíàííÿ öèõ ï³äìíîæèí äëÿ âñ³õ ïî÷àòêîâèõ âåð-
øèí ãðàôó, òîáòî âåðøèí, ç ÿêèõ ïî÷èíàþòü ïîáóäîâó ãðàôó, º ìàêñèìàëüíîþ ïðåô³êñíî-çàìêíóòîþ
ï³äìíîæèíîþ çàäàíî¿ ìíîæèíè R . Çàïðîïîíîâàíî ìåòîä ïîáóäîâè òàêîãî ãðàôó, ÿêèé íàçâàíî ìåòîäîì íå-
ïîâíèõ ïåðåòèí³â, òà ñïîñ³á ðîçâ’ÿçàííÿ ñèñòåìè ð³âíÿíü, ÿêó âèçíà÷àº ãðàô åëåìåíòàðíèõ ïðîäîâæåíü.

Êëþ÷îâ³ ñëîâà: � �-ñëîâî, � �-ðåãóëÿðíèé âèðàç, ïðåô³êñíî-çàìêíóòà ï³äìíîæèíà � �-ñë³â, ãðàô åëå-

ìåíòàðíèõ ïðîäîâæåíü, ë³í³éíå ð³âíÿííÿ íàä � �-ðåãóëÿðíèìè ìíîæèíàìè.
—————————————————————————————————————————————

Constructing the maximum prefix-closed subset for a set of � �-words defined by a � �-regular

expression / A.N. Chebotarev // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 19–29.

Abstract. We present a method for constructing the maximum prefix-closed subset of a set of � �-words R

defined by a � �-regular expression. This method is based on constructing a labeled graph, called a graph of
elementary extensions, whose vertices are some � �-regular subsets of the set R. We associate every vertex of this
graph with a linear equation over sets of � �-words. Thus, the graph of elementary extensions determines
a system of linear equations. As a result of its solution, for each vertex of the graph, we obtain the maximum
prefix-closed (with respect to R) subset of the set of � �-words corresponding to this vertex. The union of such
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subsets that correspond to all initial vertices of the graph, i.e., the vertices from which constructing the graph
starts, is the maximum prefix-closed subset of the given set R. We propose a method for constructing such
a graph, called the method of incomplete intersections, and propose how to solve the system of equations
determined by the graph of elementary extensions.

Keywords: � �-word, � �-regular expression, prefix-closed set of � �-words, graph of elementary extensions,

linear equations over � �-regular sets.
===============================================================================

ÓÄÊ 681.3

Ïðî îäèí ï³äõ³ä äî çíàõîäæåííÿ îö³íîê äîñòîâ³ðíîñò³ çà óìîâ íå÷³òêîãî ìîäåëþâàííÿ /
Î.². Ïðîâîòàð, Î.Ï. ²ëüêóí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 30–39.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî çíàõîäæåííÿ ÷èñåëüíèõ îö³íîê äîñòîâ³ðíîñò³ íå÷³òêèõ çíàíü ó
ñèñòåìàõ íå÷³òêîãî ëîã³÷íîãî âèâåäåííÿ. Ìîäåëü ñèñòåìè òèïó «âõ³ä–âèõ³ä» ïîáóäîâàíî çàñîáàìè
íå÷³òêî¿ ëîã³êè. Çà ïðàâèëîì Ìàìäàí³ çíàéäåíî âèõ³ä òàêî¿ ñèñòåìè ó âèãëÿä³ íå÷³òêèõ çíàíü ç ïîäàëü-
øèì îá÷èñëåííÿì ¿õíüî¿ äîñòîâ³ðíîñò³. Äëÿ îá÷èñëåííÿ äîñòîâ³ðíîñò³ íå÷³òêèõ çíàíü âèêîðèñòàíî åëå-
ìåíòè òåîð³¿ éìîâ³ðíîñòåé íå÷³òêèõ ïîä³é. Íàâåäåíî ïðèêëàä îá÷èñëåííÿ äîñòîâ³ðíîñò³ íå÷³òêèõ çíàíü.

Êëþ÷îâ³ ñëîâà: íå÷³òêà ìíîæèíà, óìîâíà éìîâ³ðí³ñòü íå÷³òêî¿ ïîä³¿, íå÷³òêå ïðàâèëî.
—————————————————————————————————————————————

An approach to finding credibility estimates in fuzzy modeling / O.I. Provotar, O.P. Ilkun // Kibernetyka
ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 30–39.

Abstract. The author proposes an approach to finding numerical estimates of the credibility of fuzzy
knowledge in fuzzy logical inference systems. The “input–output” type system is modeled by means of fuzzy
logic. According to Mamdani’s rule, the output of the system is found in the form of fuzzy knowledge with
subsequent calculation of its credibility. Elements of the probability theory of fuzzy events are used to calculate
the credibility of fuzzy knowledge. An example of calculating the credibility of fuzzy knowledge is given.

Keywords: fuzzy set, conditional probability of a fuzzy event, fuzzy rule.
===============================================================================

ÓÄÊ 336.144.36, 519.216.3, 519.254

Îäíå óçàãàëüíåííÿ ARIMA-ìîäåë³ íà íåë³í³éíèé òà íåïåðåðâíèé âèïàäêè / Ì.ß. Êóøí³ð,
Ê.À. Òîêàðºâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 40–50.

Àíîòàö³ÿ. Íàâåäåíî îäèí ìåòîä ðîçøèðåííÿ êëàñè÷íèõ ARIMA- òà GARCH-ìîäåëåé íà íåïåðåð-
âíèé òà íåë³í³éíèé âèïàäêè. ßê ðîçøèðåí³ ìîäåë³ ðîçãëÿíóòî ñòîõàñòè÷í³ äèôåðåíö³àëü-
íî-ôóíêö³îíàëüí³ ð³âíÿííÿ, ÿê³ º ïðèðîäíèì óçàãàëüíåííÿì ñóì íåçàëåæíèõ âèïàäêîâèõ âåëè÷èí. Çàï-
ðîïîíîâàíî íîâó ìîäåëü ³ â³äïîâ³äíó îïòèì³çàö³éíó çàäà÷ó îö³íþâàííÿ ïàðàìåòð³â ìîäåë³, ïðè÷îìó íå-
ïàðàìåòðè÷íó çàäà÷ó çâåäåíî äî ïàðàìåòðè÷íî¿. Íîâó ìîäåëü ïðîòåñòîâàíî íà ðåàëüíèõ äàíèõ òà
çðîáëåíî ïîð³âíÿëüíèé àíàë³ç ðåçóëüòàò³â ïðîãíîçóâàííÿ ³ êëàñè÷íèõ ìîäåëåé.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷í³ äèôåðåíö³àëüíî-ôóíêö³îíàëüí³ ð³âíÿííÿ, ãåíåòè÷íèé àëãîðèòì, ïðîãíîçó-
âàííÿ ô³íàíñîâèõ ïðîöåñ³â, ñòîõàñòè÷íà îïòèì³çàö³ÿ.
—————————————————————————————————————————————

A generalization of the ARIMA model to the nonlinear and continuous cases / M. Kushnir, K. Tokarieva
// Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 40–50.

Abstract. A method of extending the classical ARIMA and GARCH models to the continuous and
nonlinear cases is considered. Stochastic functional differential equations, which are a natural generalization of
the sums of independent random variables, are considered extended models. Along with the new model, a
relevant optimization problem for estimating model parameters is considered, and the non-parametric problem
is reduced to a parametric one. The new model was tested on real data, and the forecast results were compared
with classical models.

Keywords: stochastic functional differential equations, genetic algorithm, forecasting of financial processes,
stochastic optimization.
===============================================================================

ÓÄÊ 004.8, 004.62

Àäàïòàö³ÿ òåõíîëîã³¿ Neural Radiance Fields (NERF) äëÿ çàäà÷³ 3D-ðåêîíñòðóêö³¿ ñöåíè â óìîâàõ
äèíàì³÷íîãî îñâ³òëåííÿ / Â.Â. Ñàâ³í, Î.Î. Êîëîäÿæíà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023.
Òîì 59, ¹ 6. Ñ. 51–61.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó ñèíòåçó íîâèõ çîáðàæåíü ñöåíè ç âèêîðèñòàííÿì òåõíîëîã³¿
Neural Radiance Fields (NeRF) äëÿ ñåðåäîâèùà ç äèíàì³÷íèì îñâ³òëåííÿì. Äëÿ íàâ÷àííÿ NeRF ìîäåëåé
âèêîðèñòàíî ôîòîìåòðè÷íó ôóíêö³þ âòðàò, òîáòî ïîï³êñåëüíó ð³çíèöþ ì³æ çíà÷åííÿìè ³íòåíñèâíîñò³
çîáðàæåíü ñöåíè òà çîáðàæåíü, çãåíåðîâàíèõ çà äîïîìîãîþ NeRF. Äëÿ â³äáèâíèõ ïîâåðõîíü ³íòåí-
ñèâí³ñòü çîáðàæåííÿ çàëåæèòü â³ä êóòà ñïîñòåðåæåííÿ. Öåé åôåêò âðàõîâàíî øëÿõîì âèêîðèñòàííÿ íà-
ïðÿìêó ïðîìåíÿ ÿê âõ³äíîãî ïàðàìåòðà ìîäåë³ NeRF. Äëÿ ñöåí ç³ äèíàì³÷íèì îñâ³òëåííÿì ³íòåíñèâí³ñòü
çîáðàæåííÿ çàëåæèòü íå ëèøå â³ä ïîçèö³¿ òà íàïðÿìêó ñïîñòåðåæåííÿ, à é â³ä ÷àñó. Ïîêàçàíî, ùî çì³íà
îñâ³òëåííÿ âïëèâàº íà íàâ÷àííÿ NeRF ³ç ñòàíäàðòíîþ ôîòîìåòðè÷íîþ ôóíêö³ºþ âòðàò ³ çóìîâëþº çíè-
æåííÿ ÿêîñò³ îòðèìàíèõ çîáðàæåíü òà êàðò ãëèáèí. Ùîá ïîäîëàòè öþ ïðîáëåìó, çàïðîïîíîâàíî ââåñòè
÷àñ ÿê äîäàòêîâèé âõ³äíèé àðãóìåíò äî ìîäåë³ NeRF. Åêñïåðèìåíòè, ïðîâåäåí³ íà íàáîð³ äàíèõ ScanNet,

2 ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2023, òîì 59, ¹ 6



ñâ³ä÷àòü ïðî òå, ùî NeRF ç³ çì³íåíèì âõîäîì ïåðåâåðøóº îðèã³íàëüíó âåðñ³þ ìîäåë³ òà ãåíåðóº á³ëüø
ïîñë³äîâí³ é ö³ë³ñí³ 3D-ñòðóêòóðè. Ðåçóëüòàòè öüîãî äîñë³äæåííÿ ìîæíà âèêîðèñòàòè äëÿ ïîêðàùåííÿ
ÿêîñò³ àóãìåíòàö³¿ íàâ÷àëüíèõ äàíèõ äëÿ íàâ÷àííÿ ìîäåëåé ïåðåäáà÷åííÿ â³äñòàí³ (íàïðèêëàä, ìîäåëåé
depth-from-stereo, ÿê³ çàáåçïå÷óþòü ïåðåäáà÷åííÿ ãëèáèíè/â³äñòàí³ íà îñíîâ³ ñòåðåîäàíèõ) äëÿ ñöåí ç íå-
ñòàòè÷íèì îñâ³òëåííÿì.

Êëþ÷îâ³ ñëîâà: êîìï’þòåðíèé ç³ð, òåõíîëîã³ÿ Neural Radiance Fields, äèíàì³÷íå îñâ³òëåííÿ, ñèíòåç äà-
íèõ, 3D-ðåêîíñòðóêö³ÿ ñöåíè.

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

Adapting Neural Radiance Fields (NERF) for 3D scene reconstruction under dynamic illumination
conditions / V. Savin, O. Kolodiazhna // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 51–61.

Abstract. We address the problem of novel view synthesis using Neural Radiance Fields (NeRF) for
scenes with dynamic illumination. NeRF training utilizes photometric consistency loss that is pixel-wise
consistency between a set of scene images and intensity values rendered by NeRF. For reflective surfaces,
image intensity depends on the viewing angle, and this effect is taken into account by using ray direction as the
NeRF input. For scenes with dynamic illumination, image intensity depends not only on the position and
viewing direction but also on time. We show that this factor affects NeRF training with standard photometric
loss function and decreases the quality of both image and depth rendering. To cope with this problem, we
propose to add time as additional NeRF input. Experiments on ScanNet dataset demonstrate that NeRF with
modified input outperforms the original model version and renders more consistent 3D structures. The results of
this study could be used to improve the quality of training data augmentation for depth prediction models (e.g.,
depth-from-stereo models) for scenes with non-static illumination.

Keywords: computer vision, neural radiance fields, dynamic illumination, view synthesis, 3D scene
reconstruction.

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

ÓÄÊ 519.8: 004.934

Ìåòîäèêà àíàë³çó á³òîâèõ ïîòîê³â íà îñíîâ³ âèêîðèñòàííÿ â³äñòàí³ Äàìåðàó–Ëåâåíøòåéíà òà
³íøèõ ìåòðèê / À.Ì. Íèùóê, Ñ.Ì. Í³êîëàºâ, Î.Ì. Ðîìàíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023.
Òîì 59, ¹ 6. Ñ. 62–71.

Àíîòàö³ÿ. Ïðîâåäåíî àíàë³ç îñîáëèâîñòåé ð³çíèõ â³äñòàíåé (ìåòðèê) ï³ä ÷àñ ðîçâ’ÿçàííÿ çàäà÷
ïîð³âíÿííÿ á³òîâèõ ïîòîê³â. Íà ïðèêëàä³ ðîçãëÿíóòî çàñòîñóâàííÿ çàïðîïîíîâàíî¿ ìåòîäèêè äëÿ ðîçâ’ÿ-
çàííÿ çàäà÷³ ³äåíòèô³êàö³¿ á³òîâèõ ïîòîê³â öèôðîâîãî êîäóâàííÿ ìîâëåííÿ. Ïîêàçàíî, ùî ó öüîìó âèïàä-
êó íàéá³ëüø åôåêòèâíîþ º ìåòðèêà Äàìåðàó–Ëåâåíøòåéíà.

Êëþ÷îâ³ ñëîâà: á³òîâèé ïîò³ê, â³äñòàíü, ìåòðèêà, öèôðîâå êîäóâàííÿ ìîâëåííÿ.

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

Techniques for analyzing bitstreams based on the use of Damerau–Levenshtein distance and other
metrics / À. Nyshchuk, S. Nikolaev, O. Romanov // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6.
P. 62–71.

Abstract. The analysis of the features of various distances (metrics) in solving the problems of
comparing bitstreams was carried out. The application of the proposed method for solving the problem of
identification of bitstreams of digital speech coding is considered as an example. The greatest effectiveness of
the Damerau–Levenshtein metric in this case is shown.

Keywords: bitstream, distance, metric, digital speech encoding.

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

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519. 21

Äåÿê³ áàãàòîíîìåíêëàòóðí³ ìîäåë³ êåðóâàííÿ çàïàñàìè äëÿ êðèòåð³þ ç ïåðåîö³íêîþ /
Ï.Ñ. Êíîïîâ, Ò.Â. Ïåïåëÿºâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 72–78.

Àíîòàö³ÿ. Ðîçãëÿíóòî áàãîòîíîìåíêëàòóðíó ìîäåëü êåðóâàííÿ çàïàñàìè. Äîñë³äæåíî çàäà÷ó çíàõîä-
æåííÿ îïòèìàëüíèõ ó êëàñ³ ñòàö³îíàðíèõ äåòåðì³íîâàíèõ ìàðê³âñüêèõ ñòðàòåã³é. Äîâåäåíî òâåðäæåííÿ, ùî
äàº çìîãó çâîäèòè çíàõîäæåííÿ îïòèìàëüíèõ ñòðàòåã³é äî çàäà÷³ çíàõîäæåííÿ îïòèìàëüíèõ ïàðàìåòð³â.

Êëþ÷îâ³ ñëîâà: ìàðê³âñüê³ ïðîöåñè, êåðóâàííÿ çàïàñàìè, ( , )s S -ñòðàòåã³ÿ, êðèòåð³é îïòèìàëüíîñò³, îïòè-

ìàëüíà ñòðàòåã³ÿ.

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

Some multi-product inventory control models for criterion with re-evaluation / P.S. Knopov,
T.V. Pepelyaeva // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 72–78.

Abstract. The multi-task model of the inventory theory is considered. The problem of finding the optimal
in the class of deterministic stationary Markov strategies is investigated. The theorems for finding the optimal
strategies for the problem of finding optimal parameters are proved.

Keywords: Markov processes, inventory control, ( , )s S -strategy, optimality criterion, optimal strategy.
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ÓÄÊ 519.85

Öèôðîâà ìîäåëü ïðèðîäíèõ êåðí³â ³ç çàñòîñóâàííÿì ìåòîä³â ãåîìåòðè÷íîãî ïðîºêòóâàííÿ /
Þ.Ã. Ñòîÿí, Ò.ª. Ðîìàíîâà, Î.Â. Êðàâ÷åíêî, Ã.Ì. ßñüêîâ, À.Ì. ×óãàé, Ä.Î. Âåë³ãîöüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 79–88.

Àíîòàö³ÿ. Ñòâîðåíî öèôðîâó ìîäåëü êåðí³â ïîð³ä-êîëåêòîð³â ³ç çàñòîñóâàííÿì çàäà÷³ ïàêóâàííÿ
ñôåðè÷íèõ ÷àñòèíîê ó öèë³íäðè÷íîìó êîíòåéíåð³. Çàïðîïîíîâàíî íîâèé ï³äõ³ä äî ìàòåìàòè÷íîãî ìîäå-
ëþâàííÿ ñòðóêòóðè ïîðîäè-êîëåêòîðà òà îá÷èñëåííÿ ¿¿ ïîðèñòîñò³. Ïîáóäîâàíî ìàòåìàòè÷íó ìîäåëü çà-
äà÷³ ðîçì³ùåííÿ ìàêñèìàëüíî¿ ê³ëüêîñò³ êóëü ð³çíîãî ä³àìåòðó â öèë³íäðè÷íîìó êîíòåéíåð³ ÿê çàäà÷ó
çì³øàíîãî ö³ëî÷èñëîâîãî ïðîãðàìóâàííÿ. Ðîçðîáëåíî àëãîðèòì ðîçâ’ÿçàííÿ, ÿêèé ´ðóíòóºòüñÿ íà çàñòî-
ñóâàíí³ ìåòîäó îïòèì³çàö³¿ çà ãðóïàìè çì³ííèõ òà ñòðàòåã³¿ ´ðàò÷àñòî¿ äåêîìïîçèö³¿. Âèõ³äíèìè äàíèìè
äëÿ ìîäåëþâàííÿ º ðåçóëüòàòè åêñïåðèìåíòàëüíèõ ïåòðîô³çè÷íèõ äîñë³äæåíü ðåàëüíèõ êåðí³â ñâåðäëî-
âèí. Ðåçóëüòàòè ìîäåëþâàííÿ äàþòü ãàðíå íàáëèæåííÿ àáñîëþòíî¿ ïîðèñòîñò³ äî ïðèðîäíîãî ïðîòîòè-
ïó. Çàñòîñóâàííÿ öüîãî ï³äõîäó äàñòü çìîãó âäîñêîíàëèòè òåõíîëîã³¿ âèäîáóòêó âóãëåâîäí³â ³ çá³ëüøèòè
åôåêòèâí³ñòü ¿õíüîãî âïðîâàäæåííÿ.

Êëþ÷îâ³ ñëîâà: ãåîìåòðè÷íå ïðîºêòóâàííÿ, öèôðîâà ìîäåëü, êåðí, ïàêóâàííÿ, êóë³, íåë³í³éíà
îïòèì³çàö³ÿ.
_________________________________________________________________________________________

Digital model of natural cores using geometric design / Yu. Stoyan, T. Romanova, O. Kravchenko,
G. Yaskov, A. Chuhai, D. Veligotskyi // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 79–88.

Abstract. The article aims to create a digital model of rock-collector cores using the problem of packing
spherical particles in a cylindrical container. A new approach to the mathematical modeling of the rock-collector
structure is proposed. The computation of its porosity is provided. A mathematical model of the problem of
placing the maximum number of spheres with different diameters in a cylindrical container is presented. A
solution algorithm is developed based on the optimization by groups of variables and a lattice decomposition
strategy. The results of experimental petrophysical studies of real well cores are used as input data. The modeling
results provide a good approximation of the absolute porosity of the natural prototype. The application of this
approach will help improve hydrocarbon extraction technologies and increase their efficiency.

Keywords: geometric design, digital model, kern, packing, spheres, nonlinear optimization.
===============================================================================

ÓÄÊ 519.6

Íåïîêðàùóâàí³ îö³íêè øâèäêîñò³ çá³æíîñò³ ìåòîäó ïåðåòâîðåííÿ êåë³ äëÿ íàáëèæåííÿ
îïåðàòîðíî¿ åêñïîíåíòè â Ã³ëüáåðòîâîìó ïðîñòîð³ / Â. Ë. Ìàêàðîâ, Í. Â. Ìàéêî, Â. Ë. Ðÿá³÷åâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 89–95.

Àíîòàö³ÿ. Îäåðæàíî ³íòåãðàëüíó îö³íêó òî÷íîñò³ ìåòîäó ïåðåòâîðåííÿ Êåë³ ðîçâ’ÿçóâàííÿ
àáñòðàêòíî¿ çàäà÷³ Êîø³ äëÿ äèôåðåíö³àëüíîãî ð³âíÿííÿ 1-ãî ïîðÿäêó ç íåîáìåæåíèì îïåðàòîðíèì
êîåô³ö³ºíòîì ó Ã³ëüáåðòîâîìó ïðîñòîð³. Îö³íêà ñâ³ä÷èòü, ùî öåé ìåòîä ìàº ñòåïåíåâó øâèäê³ñòü
çá³æíîñò³, ïîðÿäîê ÿêî¿ àâòîìàòè÷íî çàëåæèòü â³ä ãëàäêîñò³ ïî÷àòêîâîãî âåêòîðà, à îòæå, â³í º ìåòîäîì
áåç íàñè÷åííÿ òî÷íîñò³. Äîâåäåíî òàêîæ íåïîêðàùóâàí³ñòü îö³íêè çà ïîðÿäêîì N (ïàðàìåòð äèñêðåòè-
çàö³¿ N õàðàêòåðèçóº ê³ëüê³ñòü äîäàíê³â ÷àñòèííî¿ ñóìè â àïðîêñèìàö³¿ íàáëèæåíîãî ðîçâ’ÿçêó).

Êëþ÷îâ³ ñëîâà: äèôåðåíö³àëüíå ð³âíÿííÿ, çàäà÷à Êîø³, îïåðàòîðíà åêñïîíåíòà, Ã³ëüáåðò³â ïðîñò³ð, ïå-
ðåòâîðåííÿ Êåë³, îö³íêà ïîõèáêè.
—————————————————————————————————————————————

Unimprovable error estimates of the cayley transform method for the operator exponential function in
a Hilbert space / V. L. Makarov, N. V. Mayko, V. L. Ryabichev // Kibernetyka ta Systemnyi Analiz. 2023.
Vol. 59, N 6. P. 89–95.

Abstract. We obtain the error estimate of the Cayley transform method for solving the abstract Cauchy
problem for the first-order differential equation with an unbounded operator coefficient in a Hilbert space. The
estimate indicates that our method has a power rate of convergence which automatically depends on the
smoothness of the initial data (i.e.. our method is a method without saturation of accuracy). Moreover, we
substantiate that the estimate is unimprovable in the order of N (the discretization parameter N characterizes the
number of summands in the partial sum for the approximate solution).

Keywords: differential equation, Cauchy problem, operator exponential function, Hilbert space, Cayley
transformation, error estimate.
===============================================================================

ÓÄÊ 519.863

Ìîäåëþâàííÿ âïëèâó êë³ìàòè÷íèõ çì³í íà âðîæàéí³ñòü ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð /
Â.À. Ïåïåëÿºâ, Î.Ì. Ãîëîäí³êîâ, Í.Î. Ãîëîäí³êîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59,
¹ 6. Ñ. 96–103.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ìîäåëþâàííÿ âïëèâó ìàéáóòíüîãî êë³ìàòó íà âðîæàéí³ñòü ñ³ëüñüêî-
ãîñïîäàðñüêèõ êóëüòóð (íà ïðèêëàä³ ÿðî¿ ïøåíèö³). Ïðîàíàë³çîâàíî äæåðåëà êë³ìàòè÷íèõ äàíèõ òà çíà-
÷åíü àãðîìåòåîðîëîã³÷íèõ ³íäèêàòîð³â äëÿ ìèíóëèõ ³ ìàéáóòí³õ ïåð³îä³â. Ðîçðîáëåíî ìàòåìàòè÷íó ìî-
äåëü çàëåæíîñò³ ìåä³àíè ôóíêö³¿ ðîçïîä³ëó âðîæàéíîñò³ ÿðî¿ ïøåíèö³ â³ä êë³ìàòè÷íèõ çì³í ç âèêîðèñ-
òàííÿì àãðîêë³ìàòè÷íèõ ³íäèêàòîð³â. Ïðîâåäåíî ðîçðàõóíêè çà ö³ºþ ìîäåëëþ òà ïðîàíàë³çîâàíî
îòðèìàí³ ðåçóëüòàòè. Àíàë³ç îòðèìàíèõ ðåçóëüòàò³â ñâ³ä÷èòü ïðî çíà÷íå çðîñòàííÿ ð³âíÿ âðîæàéíîñò³
ÿðî¿ ïøåíèö³ ó 2030–2040 ðð. òà ï³äâèùåííÿ ðèçèêó âòðàò ¿¿ âðîæàéíîñò³ â³äíîñíî ³ñòîðè÷íèõ äàíèõ.
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Êëþ÷îâ³ ñëîâà: êë³ìàòè÷í³ ïàðàìåòðè, âðîæàéí³ñòü, êâàíòèëüíà ðåãðåñ³ÿ, ðåàíàë³ç, àãðîìåòåîðîëîã³÷í³
³íäèêàòîðè, ñòàòèñòè÷íà âèá³ðêà.
—————————————————————————————————————————————

Simulating the impact of climate change on the yield of agricultural crops / V.A. Pepelyaev,
A.N. Golodnikov, N.A. Golodnikova // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 96–103.

Abstract. The problem of modeling the impact of the future climate on the yield of agricultural crops (on
the example of spring wheat) is considered. The sources of climatic data and values of agrometeorological
indicators for past and future periods were analyzed. A mathematical model of the dependence of the median of
the spring wheat yield distribution function on climatic changes was developed using agroclimatic parameters.
The calculations were carried out according to this model, and the obtained results were analyzed. The analysis
of the results indicates a significant increase in the yield level of spring wheat in 2030–2040 and an increase in
the risk of losses of its yield in relation to historical data.

Keywords: climatic parameters, crop capacity, quantile regression, reanalysis, agrometeorological indicators,
statistical sampling.
===============================================================================

ÓÄÊ 519.21

Ì-îö³íêè: îãëÿä òà çàñòîñóâàííÿ äëÿ ïðèéíÿòòÿ ð³øåíü çà óìîâ íåâèçíà÷åíîñò³ /
Ì.Ñ. Äóíàºâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 104–115.

Àíîòàö³ÿ. Ðîçãëÿíóòî åâîëþö³þ ìåòîäó ðîáàñòíèõ îö³íîê, çîêðåìà îñíîâí³ êîíöåïö³¿ ìåòîä³â
Ì-îö³íîê òà ¿õí³ ïåðåâàãè ï³ä ÷àñ ðîáîòè ç äàíèìè, ùî ì³ñòÿòü ñòàòèñòè÷í³ âèêèäè. Ïðîâåäåíî ïîð³âíÿííÿ
ìåòîä³â Ì-îö³íîê Õóáåðà, Õàìïåëà òà ìåòîäó á³êâàäðàòíèõ âàã Òüþê³ íà ðåàëüíèõ åêîíîì³÷íèõ äàíèõ
ðåã³îí³â Óêðà¿íè. Îòðèìàíî åìï³ðè÷íå ï³äòâåðäæåííÿ åôåêòèâíîñò³ ¿õíüîãî çàñòîñóâàííÿ. Ðåçóëüòàòè
ïîð³âíÿííÿ âñ³õ ïîáóäîâàíèõ ìîäåëåé ñâ³ä÷àòü ïðî ñóòòºâå çì³ùåííÿ îö³íîê ïàðàìåòð³â ó ðàç³ çàñòîñóâàí-
íÿ ï³äõîäó «íà¿âíîãî» âèäàëåííÿ ñòàòèñòè÷íèõ âèêèä³â. Íà îñíîâ³ ïîáóäîâàíèõ ðîáàñòíèõ ìîäåëåé ìîæíà
ç á³ëüøîþ òî÷í³ñòþ ïîð³âíÿòè ðåã³îíè êðà¿íè çà åôåêòèâí³ñòþ ôàêòîð³â ïðàö³ òà êàï³òàëó, òà â³äïîâ³äíî
âèçíà÷èòè ïð³îðèòåòí³ñòü ³íâåñòèö³é, ÿê³ á³ëüøîþ ì³ðîþ ñòèìóëþâàòèìóòü åêîíîì³÷íèé ðîçâèòîê ðåã³îíó.

Êëþ÷îâ³ ñëîâà: äåöåíòðàë³çàö³ÿ, ïðèéíÿòòÿ ð³øåíü, Ì-îö³íêè, ðåã³îíàëüíèé ðîçâèòîê, ðîáàñòí³ñòü, íå-
âèçíà÷åí³ñòü.
—————————————————————————————————————————————

M-estimates: a review and application for decision-making under uncertainty / M.S. Dunaievskyi //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 104–115.

Abstract. A brief overview of the evolution of the robust estimate methods is presented, in particular, the
main concepts of m-estimation methods and their advantages when working with data containing statistical
outliers. The comparison of the results of the methods of M-estimates by P. Huber, F. Hampel, and the method
of biquadratic weights by J. Tukey was held on real economic data of the regions of Ukraine. We have got
empirical confirmation of the efficiency of using M-estimates. The comparison of all the generated models
indicates a significant shift in parameter estimates, in case, the approach of naive removal of statistical outliers
has been applied. Based on the constructed robust models, we can more accurately compare the regions of the
country in terms of the labor and capital factors efficiency, and accordingly determine the priority of
investments that will stimulate the economic development of the region to a greater extent.

Keywords: decentralization, decision-making, M-estimates, regional development, robustness, uncertainty.
===============================================================================

ÓÄÊ 338.2:338.3:338.4:330.5

Ìîäåëþâàííÿ ì³æãàëóçåâî¿ åêîíîì³êè ÿê êðèòè÷íî¿ ³íôðàñòðóêòóðè: ðîçðîáëåííÿ ñöåíàð³¿â
ðîçâèòêó åêîíîì³êè Óêðà¿íè â óìîâàõ â³éíè òà ï³ñëÿâîºííîãî â³äíîâëåííÿ / Â.Â. Êóëèê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 116–136.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñõåìó «âèòðàòè–âèïóñê» ó çàñòîñóíêó äëÿ äîñë³äæåííÿ ì³æãàëóçåâîãî â³äòâîðåí-
íÿ åêîíîì³êè Óêðà¿íè ÿê êðèòè÷íî¿ ³íôðàñòðóêòóðè â óìîâàõ â³éíè òà ï³ñëÿâîºííîãî ÷àñó. Ðîçðîáëåíî
éìîâ³ðíèé ñöåíàð³é ðîçâèòêó åêîíîì³êè Óêðà¿íè â 2022 ð. Ïðîàíàë³çîâàíî ÷óòëèâ³ñòü åëåìåíò³â ê³íöåâèõ ñïî-
æèâ÷èõ âèòðàò äî çì³í íà 1 %. Çàïðîïîíîâàíî ìåòîäèêó ðîçðîáëåííÿ ñöåíàð³¿â åêîíîì³÷íîãî ðîçâèòêó â óìî-
âàõ â³éíè òà ï³ñëÿâîºííîãî â³äíîâëåííÿ ç óðàõóâàííÿì ë³í³éíîñò³ ìîäåë³ Ëåîíòüºâà, ÷óòëèâîñò³ åëåìåíò³â
ê³íöåâèõ ñïîæèâ÷èõ âèòðàò äî çì³í òà ñòðóêòóðè ì³æãàëóçåâèõ åêîíîì³÷íèõ çâ’ÿçê³â â Óêðà¿í³ ó 2019 ð.

Êëþ÷îâ³ ñëîâà: ìîäåëþâàííÿ ì³æãàëóçåâèõ çâ’ÿçê³â, òàáëèöÿ «âèòðàòè–âèïóñê», åêîíîì³êà Óêðà¿íè,
âèäè åêîíîì³÷íî¿ ä³ÿëüíîñò³, êðèòè÷íà ³íôðàñòðóêòóðà, ñèñòåìíèé àíàë³ç, ôîðìóâàííÿ ñöåíàð³¿â åêî-
íîì³÷íîãî ðîçâèòêó, ìîäåëþâàííÿ êðèòè÷íèõ ñèòóàö³é â åêîíîì³ö³, ê³íöåâå ñïîæèâàííÿ, âèïóñê.
—————————————————————————————————————————————

Modeling the inter-industry economy as a critical infrastructure: generating the scenarios for the
development of the economy of Ukraine during the war and in the post-war recovery / V.V. Kulyk //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 116–136.

Abstract. The input-output scheme is considered as applied to the analysis of the cross-industry
reproduction of the economy of Ukraine as a critical infrastructure in the conditions of war and post-war
recovery. A probable scenario of the development of Ukraine’s economy in 2022 has been prepared. The
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hypothesis of the scenario is that the military economy significantly changes the structure of final consumer
spending, which makes it possible to forecast inter-industry relationships, in particular, final spending and
output, using the input-output model (Leontief model). An analysis of the sensitivity of elements of final
consumer spending was carried out. The methodology for developing scenarios of economic development in the
conditions of war and post-war recovery is proposed, taking into account the linearity of the Leontief model, the
sensitivity of elements of final consumer spending and the interindustry relationship structure of the Ukraine’s
economy in 2019. Prepared materials can be used for scientific and educational purposes to generate various
scenarios of final consumer spending in the conditions of war and post-war reconstruction.

Keywords: modeling of inter-industry relations, input-output table, economy of Ukraine, types of economic
activity, critical infrastructure, system analysis, formation of economic development scenarios, modeling of
critical situations in the economy, final consumption, output.

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

ÓÄÊ 519.2

Òî÷í³ îö³íêè éìîâ³ðíîñò³ ïîïàäàííÿ âèïàäêîâî¿ âåëè÷èíè â çàäàíèé ³íòåðâàë â îäíîìó êëàñ³
óí³ìîäàëüíèõ ðîçïîä³ë³â / Ë.Ñ. Ñòîéêîâà, Â.ª. ×åâàðäèí // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023.
Òîì 59, ¹ 6. Ñ. 137–149.

Àíîòàö³ÿ. Ðîçãëÿíóòî êëàñ A óí³ìîäàëüíèõ ôóíêö³é ðîçïîä³ëó F x�( ) òàêèõ, ùî â³äîìî ëèøå äâà

¿õí³ ïåðø³ ìîìåíòè ³ ìîäà m, ÿêà ñï³âïàäàº ç ïåðøèì ìîìåíòîì. Ó êëàñ³ A çíàéäåíî òî÷í³ îö³íêè
éìîâ³ðíîñò³ ïîïàäàííÿ âèïàäêîâî¿ âåëè÷èíè � â ³íòåðâàë ( , )0 2m . Âèçíà÷åíî äîäàòêîâ³ ïàðàìåòðè �� ³
� �, ÿê³, çì³íþþ÷èñü â³ä 0 äî � , ñêåðîâóþòü óâåñü ïðîöåñ ðîçâ’ÿçàííÿ çàäà÷³: çíàõîäÿòüñÿ åêñòðåìàëüí³
ôóíêö³¿ ðîçïîä³ëó, ùî äàþòü òî÷í³ îö³íêè â³äïîâ³äíîìó ôóíêö³îíàëó; âèçíà÷àþòüñÿ îáëàñò³ ³ñíóâàííÿ
åêñòðåìàëüíèõ ôóíêö³é. Çàäà÷ó ðîçâ’ÿçàíî äëÿ êîæíîãî ô³êñîâàíîãî çíà÷åííÿ � � � �( , )0 — ñåðåäíüî-
ãî êâàäðàòè÷íîãî â³äõèëåííÿ âèïàäêîâî¿ âåëè÷èíè � â³ä ìîäè. Çíàéäåíî â ÿâíîìó âèãëÿä³ óí³ìîäàëüí³
åêñòðåìàëüí³ ôóíêö³¿ ðîçïîä³ëó F x�( ) ³ç êëàñó A, íà ÿêèõ äîñÿãàþòüñÿ òî÷í³ îö³íêè éìîâ³ðíîñò³ ïîïàäàí-
íÿ âèïàäêîâî¿ âåëè÷èíè � â ³íòåðâàë ( , )0 2m .

Êëþ÷îâ³ ñëîâà: òî÷í³ îö³íêè, ë³í³éí³ ôóíêö³îíàëè, êëàñè óí³ìîäàëüíèõ ôóíêö³é ðîçïîä³ëó.

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

Accurate estimates of the probability of a random variable falling into a given interval in one class of
unimodal distributions / L.S. Stoikova, V.E. Chevardin // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59,
N 6. P. 137–149.

Abstract. A class A of unimodal distribution functions is considered, for which only the first two
moments and the mode m, which coincides with the first moment, are known. In this class, accurate estimates of
the probability of a random variable � falling into the interval ( , )0 2m are found. Defined supplemental

parameters �� and � � , changing from 0 to � , guide the entire process of solving the problem: extremal

distribution functions are found that give accurate estimates to the corresponding functional; highlighting the
areas of existence of these distribution functions with numbers; the problem turns out to be solved for all
possible values of the mean square deviations � � of the random variable �. Unimodal extremal distribution
functions from class A were found in an explicit form.

Keywords: Exact estimates, linear functionals, classes of unimodal distribution functions.

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

ÓÄÊ 519.8

Áàãàòîêðèòåð³éí³ çàäà÷³ îïòèì³çàö³¿ ç âåêòîðíèìè íåîäíîð³äíèìè çãîðòêàìè êðèòåð³¿â /
À.Þ. Áðèëà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 150–157.

Àíîòàö³ÿ. Ðîçãëÿíóòî áàãàòîêðèòåð³éí³ çàäà÷³ ïðèéíÿòòÿ ð³øåíü ç êðèòåð³éíèìè ïîðÿäêàìè íàä-
àííÿ ïåðåâàãè, ùî º çãîðòêàìè çãîðòîê. Äîñë³äæåíî âèïàäêè, êîëè íà ìíîæèí³ âåêòîðíèõ êðèòåð³¿â çàäà-
íî ñóáîðäèíàö³þ ð³âíî¿ âàæëèâîñò³ àáî ñóáîðäèíàö³þ ñòðîãîãî ðàíæóâàííÿ. Â îáîõ âèïàäêàõ çãîðòêè â
ìåæàõ ñêëàäîâèõ âåêòîðíèõ êðèòåð³¿â ìîæóòü áóòè íåîäíîð³äíèìè. Äîâåäåíî åêâ³âàëåíòí³ñòü ðîçãëÿäó-
âàíèõ çàäà÷ â³äïîâ³äíèì áàãàòîêðèòåð³éíèì çàäà÷àì ç îäíîð³äíèì (îäíàêîâèì) ðàíæóâàííÿì ó ìåæàõ
÷àñòêîâèõ âåêòîðíèõ êðèòåð³¿â.

Êëþ÷îâ³ ñëîâà: áàãàòîêðèòåð³éíà çàäà÷à îïòèì³çàö³¿, çãîðòêè êðèòåð³¿â, çãîðòêè çãîðòîê, âåêòîðí³ êðè-
òåð³¿, íåîäíîð³äí³ çãîðòêè êðèòåð³¿â.

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

Multicriteria optimization problems with vector convolutions of non-homogeneous convolutions of
criteria / A.Yu. Bryla // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 150–157.

Abstract. Multiñriteria decision-making problems are considered. Advantage orders are determined by
criterial orders, which are convolutions of convolutions. The cases are analyzed where the subordination of
equal importance or strict ranking subordination is specified on the set of vector criteria. In both cases, the
convolutions within each of the partial vector criteria can be heterogeneous. The equivalence of the considered
problems to the corresponding multicriteria decision-making problems with homogeneous (same) ranking
within partial vector criteria is proved.

Keywords: multicriteria optimization problem, convolutions of criteria, convolutions of convolutions, vector
criteria, heterogeneous convolutions of criteria.

===============================================================================
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ÓÄÊ 519.21

Àëãîðèòì îö³íþâàííÿ íåâ³äîìîãî ïàðàìåòðà ´³ááñîâñüêîãî ðîçïîä³ëó íà îñíîâ³ ìåòîäó ñòîõàñòè÷íèõ
êâàç³ãðàä³ºíò³â / Î.Ñ. Ñàìîñüîíîê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 158–162.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðàêòè÷íèé àëãîðèòì îö³íþâàííÿ íåâ³äîìîãî ïàðàìåòðà ìàòåìàòè÷íî¿ ìî-
äåë³ ìàðêîâñüêîãî ïðîöåñó ç ëîêàëüíîþ âçàºìîä³ºþ íà îñíîâ³ ´³ááñîâñüêîãî ðîçïîä³ëó. Çàïðîïîíîâàíî
çàñòîñóâàòè ìåòîä ñòîõàñòè÷íèõ êâàç³ãðàä³ºíò³â äî ôóíêö³¿ ìàêñèìàëüíî¿ â³ðîã³äíîñò³, ùî ïîáóäîâàíà çà
ñïîñòåðåæåííÿìè ðåàë³çàö³é ´³ááñîâñüêîãî ïîëÿ. Îòðèìàíî ðåçóëüòàòè, ÿê³ ìàþòü øèðîêó ïðèêëàäíó
ñôåðó çàñòîñóâàííÿ äëÿ ìîäåëþâàííÿ ñòîõàñòè÷íèõ ïðîöåñ³â.

Êëþ÷îâ³ ñëîâà: ´³ááñîâñüêèé ðîçïîä³ë, ìåòîä ìàêñèìàëüíî¿ â³ðîã³äíîñò³, ìàðêîâñüê³ âèïàäêîâ³ ïîëÿ,
ñòîõàñòè÷íèé êâàç³ãðàä³ºíòíèé ìåòîä, îö³íþâàííÿ ïàðàìåòð³â.

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

An algorithm for estimating the unknown parameter of the Gibbs distribution based on the method of
stochastic quasi-gradients / O.S. Samosonok // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 158–162.

Abstract. The author considers a practical algorithm for estimating an unknown parameter of
a mathematical model of a Markov process with local interaction based on the Gibbs distribution. It is proposed
to apply the method of stochastic quasi-gradients to the maximum likelihood function, which is constructed
from the observations of the implementations of the Gibbs field. The obtained results have a wide application in
the modeling of stochastic processes.

Keywords: Gibbs distribution, Maximum Likelihood Estimation, Markov random fields, stochastic
quasigradient method, parameter estimation.

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

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 519.63; 519.64

Âèñîêîïðîäóêòèâí³ ìåòîäè ìîäåëþâàííÿ íàíîàäñîðáö³¿ òà äèôóç³¿ ç³ çâîðîòíèìè çâ’ÿçêàìè
â íåîäíîð³äíèõ öèë³íäðè÷íèõ áàãàòîêîìïîíåíòíèõ íàíîïîðèñòèõ ñåðåäîâèùàõ / Ì.Ð. Ïåòðèê,
².Â. Áîéêî, Î.Ì. Õ³ì³÷, Â.À. Ñèäîðóê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 163–178.

Àíîòàö³ÿ. Ðîçðîáëåíî íîâ³ âèñîêîïðîäóêòèâí³ àíàë³òè÷í³ ìåòîäè ìîäåëþâàííÿ ïîë³â êîíöåíòðàö³é äè-
ôóíäîâàíèõ ãàç³â ó âíóòð³øíüî- òà ì³æ÷àñòèíêîâîìó ïðîñòîðàõ ó íåîäíîð³äíèõ öèë³íäðè÷íèõ n-ñêëàäîâèõ íà-
íîïîðèñòèõ ñåðåäîâèùàõ ç âèêîðèñòàííÿì îïåðàö³éíîãî ìåòîäó Ãåâ³ñàéäà òà ìàòðèöü âïëèâó Êîø³ äëÿ íå-
îäíîð³äíèõ êðàéîâèõ çàäà÷ àäñîðáö³¿ äëÿ ñèñòåì ð³âíÿíü ó ÷àñòèííèõ ïîõ³äíèõ ç³ çâîðîòíèìè çâ’ÿçêàìè.

Êëþ÷îâ³ ñëîâà: ìîäåëü áàãàòîêîìïîíåíòíî¿ íàíîàäñîðáö³¿ òà äèôóç³¿, áàãàòîêîìïîíåíòí³ íåîäíîð³äí³
íàíîïîðèñò³ ñåðåäîâèùà, îïåðàö³éíèé ìåòîä Ãåâ³ñàéäà.

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

High-performance methods of modeling the nano-adsorption and diffusion with feedback in
heterogeneous cylindrical multicomponent nanoporous media / M.R. Petryk, I.V. Boyko, O.M. Khimich,
V.A. Sydoruk // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 163–178.

Abstract. New high-performance analytical methods are developed for modeling the fields of diffused
gas concentrations in intra- and interparticle spaces in inhomogeneous cylindrical n-component nanoporous
media. The proposed approach is based on the Heaviside operational method and Cauchy influence matrices for
inhomogeneous adsorption boundary-value problems arising from systems of partial differential equations.

Keywords: multicomponent nanoadsorption and diffusion model, heterogeneous nanoporous media, Heaviside
operational method.

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

ÓÄÊ 621.396, 681.2

Áåçäðîòîâ³ ñåíñîðí³ ìåðåæ³ äëÿ öèôðîâîãî çåìëåðîáñòâà, çàõèñòó äîâê³ëëÿ òà îõîðîíè çäîðîâ’ÿ /
Â.Î. Ðîìàíîâ, ².Á. Ãàëåëþêà, Â.Ì. Ãðóøà, Î.Â. Âîðîíåíêî, Î.Â. Êîâèðüîâà, Ã.Â. Àíòîíîâà,
À.Â. Êåäè÷ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 178–187.

Àíîòàö³ÿ. Íàâåäåíî ðåçóëüòàòè ðîçðîáëåííÿ òà ñòâîðåííÿ áåçäðîòîâèõ ñåíñîðíèõ ìåðåæ äëÿ
ñ³ëüñüêîãî ãîñïîäàðñòâà òà ìåäèöèíè, îòðèìàí³ êîëåêòèâîì àâòîð³â ïðîòÿãîì îñòàíí³õ ï’ÿòè ðîê³â. Ðîç-
ãëÿíóòî ñåíñîðí³ ìåðåæ³ äëÿ îö³íþâàííÿ ñòàíó ðîñëèí ìåòîäîì ³íäóêö³¿ ôëóîðåñöåíö³¿ õëîðîô³ëó íà âå-
ëèêèõ ïëîùàõ ñ³ëüñüêîãîñïîäàðñüêèõ óã³äü. Ìåðåæ³ ìàþòü ó ñâîºìó ñêëàä³ îðèã³íàëüí³ ðîçóìí³ ñåíñîðè,
ïîáóäîâàí³ çà ãíó÷êîþ àðõ³òåêòóðîþ, ÿê³ ì³ñòÿòü åëåìåíòè øòó÷íîãî ³íòåëåêòó íà áàç³ íåéðîííèõ ìå-
ðåæ. Öå ï³äâèùóº ¿õíþ åôåêòèâí³ñòü ï³ä ÷àñ âèçíà÷åííÿ ä³¿ ñòðåñîâèõ ÷èííèê³â ð³çíîãî ïîõîäæåííÿ. Íà
îñíîâ³ áåçäðîòîâî¿ ñåíñîðíî¿ ìåðåæ³ ïîáóäîâàíî ðîçóìíó ñèñòåìó äèñòàíö³éíîãî ìåäè÷íîãî ìîí³òîðèí-
ãó, ÿêà âèêîðèñòîâóº ê³ëüêà ïðîòîêîë³â áåçäðîòîâîãî îáì³íó äàíèìè. Äëÿ îö³íþâàííÿ ÿêîñò³ æèòòÿ ³
ñïåêòðà ñèìïòîì³â, ïîâ’ÿçàíèõ ³ç çàõâîðþâàííÿì ³/àáî ë³êóâàííÿì, ñòâîðåíî ä³àãíîñòè÷íó ñèñòåìó, ÿêà
âèçíà÷àº ñòàí õâîðîãî çà äîïîìîãîþ ì³æíàðîäíèõ òà íàö³îíàëüíèõ îïèòóâàëüíèê³â. Â îñíîâó ðîáîòè çà-
ïðîïîíîâàíèõ ðîçóìíèõ âèì³ðþâàëüíèõ ïðèñòðî¿â òà ñèñòåì ïîêëàäåíî áàçîâàí³ íà çíàííÿõ ïðèíöèïè
îáðîáëåííÿ òà àíàë³çó äàíèõ âèì³ðþâàííÿ äëÿ âèðîáëåííÿ óïðàâë³íñüêèõ ð³øåíü òà ðåêîìåíäàö³é.
Á³ëüø³ñòü îòðèìàíèõ ðåçóëüòàò³â äîâåäåíî äî ñåð³éíîãî âèðîáíèöòâà.

Êëþ÷îâ³ ñëîâà: áåçäðîòîâà ñåíñîðíà ìåðåæà, ñèñòåìà çáîðó äàíèõ, ³íôîðìàö³éíî-êîìóí³êàö³éíà òåõíî-
ëîã³ÿ, öèôðîâå ñ³ëüñüêå ãîñïîäàðñòâî, îö³íþâàííÿ ÿêîñò³ æèòòÿ.
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Wireless sensor networks for digital agriculture,environmental protection, and healthcare /
V.O. Romanov, I.B. Galelyuka, V.M. Hrusha, O.V. Voronenko, O.V. Kovyrova, H.V. Antonova,
A.V. Kedych // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 178–187.

Abstract. The article presents the results of the development and creation of wireless sensor networks for
agriculture and medicine, obtained by the team of authors during the past five years. Wireless sensor networks
for estimating the state of plants by the method of chlorophyll fluorescence induction on large areas of
agricultural lands are considered. These networks include original smart sensors, built according to flexible
architecture and which contain elements of artificial intelligence based on neural networks, which increases
their effectiveness in determining the effect of stress factors of different origins. On the basis of the wireless
sensor network, a smart remote medical monitoring system has been built, which uses several wireless data
exchange protocols. To assess the quality of life and the spectrum of symptoms, associated with the diseases
and/or treatment, a diagnostic system was created, which determines the patient’s state using international and
national questionnaires. The basis of the operation of proposed smart measuring devices and systems is the
knowledge-based principles of processing and analyzing the measuring data for making managerial decisions
and giving recommendations to users. Most of the obtained results have been brought to serial production.

Keywords: wireless sensor network, data acquisition system, information and communication technology,
digital agriculture, quality of life assessment.
===============================================================================

ÓÄÊ 621.317+681.849

Ìåòîä ïîáóäîâè ñèñòåìè âèÿâëåííÿ òà ëîêàë³çàö³¿ òî÷îê ìîíòàæó öèôðîâèõ â³äåîãðàì /
Â.². Ñîëîâéîâ, Î.Â. Ðèáàëüñüêèé, Â.Â. Æóðàâåëü, Î.Ì. Øàáëÿ, ª.Â. Òèìêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 188–194.

Àíîòàö³ÿ. Ðîçãëÿíóòî òà çàïðîïîíîâàíî áàçîâèé ï³äõ³ä äî ñòâîðåííÿ ñèñòåìè âèÿâëåííÿ ìîíòàæó ó öèô-
ðîâèõ â³äåîãðàìàõ òà â³äïîâ³äíèé ìåòîä. Çàïðîïîíîâàíèé ï³äõ³ä ´ðóíòóºòüñÿ íà äîñë³äæåííÿõ ç ³äåíòèô³êàö³¿
àïàðàòóðè çàïèñó öèôðîâèõ çîáðàæåíü çà ¿¿ âëàñíèìè øóìàìè, çàô³êñîâàíèìè íà öèôðîâèõ íîñ³ÿõ. Âñòàíîâëå-
íî, ùî îñíîâîþ ìåòîäó âèÿâëåííÿ òà ëîêàë³çàö³¿ òî÷îê ìîíòàæó ó â³äåîãðàìàõ ìàº áóòè âèêîðèñòàííÿ ôóíêö³é,
ÿê³ îïèñóþòü äèíàì³êó ïîìèëîê ³äåíòèô³êàö³¿ ñóñ³äí³õ êàäð³â òà äèíàì³êó ôóíêö³¿ ìîäóëÿ ð³çíèö³ ð³âí³â ñèã-
íàë³â êîëüîð³â äâîõ êàäð³â ïåðåâ³ðþâàíî¿ â³äåîãðàìè. Äëÿ îòðèìàííÿ öèõ ôóíêö³é çàïðîïîíîâàíî çàñòîñóâàòè
äåêîìïîçèö³þ ñèãíàë³â ç âèêîðèñòàííÿì âåéâëåòà Õààðà. Ïîêàçàíî, ùî ðåàë³çàö³þ ñèñòåìè ñë³ä çä³éñíþâàòè
íà íåéðîííèõ ìåðåæàõ ãëèáîêîãî íàâ÷àííÿ, ùî çàáåçïå÷èòü âèñîêó äîñòîâ³ðí³ñòü åêñïåðòèçè.

Êëþ÷îâ³ ñëîâà: àïàðàòóðà çàïèñó öèôðîâèõ çîáðàæåíü, âåéâëåòè, â³äåîãðàìà, äåêîìïîçèö³ÿ ñèãíàëó,
³äåíòèô³êàö³ÿ, ìàòðèöÿ, íåéðîíí³ ìåðåæ³ ãëèáîêîãî íàâ÷àííÿ, âëàñí³ øóìè, êðèì³íàë³ñòèêà.
—————————————————————————————————————————————

A method for constructing a system for detecting and localizing the places for editing digital videograms /
V.I. Solovyov, O.V. Rybalskiy, V.V. Zhuravel, A.N. Shablya, Y.V. Tymko // Kibernetyka ta Systemnyi
Analiz. 2023. Vol. 59, N 6. P. 188–194.

Abstract. The basic approach and method for creating a system for detecting montage in digital videograms
are considered and proposed. The proposed approach is based on the identification studies of digital image recording
equipment by its own noise recorded on digital media. It has been established that the method for detecting traces
and localizing edit points in videograms should be based on the use of the functions of the dynamics of errors in the
identification of adjacent frames and the dynamics of the change in the function of the modulus of the difference in
the levels of chrominance signals of two frames of the videogram being checked. To obtain these functions, it is
proposed to apply signal decomposition using the Haar wavelet. It is shown that the implementation of the system
should be carried out on deep learning neural networks, which will ensure high reliability of the examination.

Keywords: digital image recording equipment, wavelets, videogram, signal decomposition, identification,
matrix, deep learning neural networks, intrinsic noise, forensics.
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Àñèìïòîòè÷í³ âëàñòèâîñò³ îäíîãî êëàñó ïåð³îäîãðàìíèõ îö³íîê / Ã.Ä. Á³ëà, Î.Ï. Êíîïîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2023. Òîì 59, ¹ 6. Ñ. 195–200.

Àíîòàö³ÿ. Ðîçãëÿíóòî êëàñ ïåð³îäîãðàìíèõ îö³íîê íåâ³äîìèõ ïàðàìåòð³â íåë³í³éíî¿ ìîäåë³ ðåã-
ðåñ³¿ «ñèãíàë ïëþñ øóì». Äîâåäåíî ¿õíþ àñèìïòîòè÷íó íîðìàëüí³ñòü çà óìîâè, ùî ôóíêö³ÿ ðåãðåñ³¿ ìàé-
æå ïåð³îäè÷íà, à øóì º ôóíêö³îíàëîì â³ä Ãàóñîâîãî âèïàäêîâîãî ïðîöåñó ³ç ñèëüíîþ çàëåæí³ñòþ.

Êëþ÷îâ³ ñëîâà: ñèëüíà çàëåæí³ñòü, Ãàóñ³â øóì, ïåð³îäîãðàìíà îö³íêà, àñèìïòîòè÷íà íîðìàëüí³ñòü.
—————————————————————————————————————————————
Asymptotic properties of a class of periodic estimates / G.D. Bilà, O.P. Knopov // Kibernetyka ta Systemnyi
Analiz. 2023. Vol. 59, N 6. P. 195–200.

Abstract. In this article, one class of periodogram estimates of unknown parameters of the nonlinear
regression model “signal plus noise” is considered. The asymptotic normality is proved, provided that the regression
function is almost periodic, and the noise is a functional of a strongly dependent Gaussian random process.

Keywords: long-range dependence, Gaussian noise, periodogram estimation, asymptotic normality.
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