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ÓÄÊ 621.391.15:519.7

Îñîáëèâ³ âëàñòèâîñò³ çàêîíó äîäàâàííÿ òî÷îê íåöèêë³÷íèõ êðèâèõ Åäâàðäñà / À.Â. Áåññàëîâ,
Ñ.Â. Àáðàìîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 3–14.

Àíîòàö³ÿ. Ïðîâåäåíî àíàë³ç îñîáëèâèõ âëàñòèâîñòåé äâîõ êëàñ³â êâàäðàòè÷íèõ ³ ñêðó÷åíèõ êðè-
âèõ Åäâàðäñà, ùî âðàõîâóþòü ¿õíþ íåöèêë³÷íó ñòðóêòóðó, à òàêîæ íåïîâíîòó çàêîíó äîäàâàííÿ òî÷îê.
Îáèäâà êëàñè êðèâèõ ì³ñòÿòü îñîáëèâ³ òî÷êè 2-ãî ³ 4-ãî ïîðÿäê³â çà îäí³ºþ íåñê³í÷åííîþ êîîðäèíàòîþ,
ùî ïîðîäæóþòü òî÷êè ç íåâèçíà÷åí³ñòþ 0/0 â îäí³é ç êîîðäèíàò ñóìè, ÿê³ íàçâàíî íå÷³òêèìè òî÷êàìè.
Ñôîðìóëüîâàíî ³ äîâåäåíî ï’ÿòü òåîðåì, ùî äàþòü çìîãó ðîçâ’ÿçàòè ö³ íåâèçíà÷åíîñò³ ³ çàäàòè óìîâè, çà
ÿêèìè çàêîí äîäàâàííÿ òî÷îê ó òàêèõ êëàñàõ êðèâèõ º ïîâíèì.

Êëþ÷îâ³ ñëîâà: êðèâà â óçàãàëüíåí³é ôîðì³ Åäâàðäñà, ïîâíà êðèâà Åäâàðäñà, ñêðó÷åíà êðèâà Åäâàðäñà,
êâàäðàòè÷íà êðèâà Åäâàðäñà, ïîðÿäîê êðèâî¿, ïîðÿäîê òî÷êè, îñîáëèâà òî÷êà, íå÷³òêà òî÷êà, êîëåñî òî-
÷îê, êâàäðàòè÷íèé ëèøîê, êâàäðàòè÷íèé íåëèøîê.

_________________________________________________________________________________________

Special properties of the points addition law of non-cyclic Edwards curves / A.V. Bessalov, S.V. Abramov
// Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 3–14.

Abstract. The authors analyze the speclial properties of two classes of quadratic and twisted Edwards
curves over a prime field, related to their non-cyclic structure and the incompleteness of the points addition law.
Both classes of curves contain special points of 2nd and 4th orders with respect to one infinite coordinate,
which generate points with uncertainty 0/0 in one of the coordinates of the sum, called ambiguous points. Five
theorems are formulated and proved that allow resolving these uncertainties and proving the conditions
whereby the points addition law in these classes of curves is complete.

Keywords: generalized Edwards curve, complete Edwards curve, twisted Edwards curve, quadratic Edwards
curve, curve order, point order, special point, ambiguous point, wheel of points, quadratic residue, quadratic
non-residue.
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ÓÄÊ 004.8

Ì³í³ìàêñí³ ñòðàòåã³¿ ìàøèííîãî íàâ÷àííÿ ³ ðîçï³çíàâàííÿ îáðàç³âíà îñíîâ³ êîðîòêèõ íàâ÷àëüíèõ
âèá³ðîê / Ì.². Øëåç³íãåð, ª.Â. Âîäîëàçñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6.
Ñ. 15–29.

Àíîòàö³ÿ. Âèêîíàíî àíàë³ç çàäà÷ ðîçï³çíàâàííÿ îáðàç³â ³ ìàøèííîãî íàâ÷àííÿ ó âèïàäêó, êîëè
ÿê³ñòü ñòðàòåã³é äëÿ ¿õíüîãî ðîçâ’ÿçàííÿ âèçíà÷àºòüñÿ ðèçèêîì ï³ä ÷àñ ¿õíüîãî âèêîðèñòàííÿ. Ñïèðàþ-
÷èñü íà ïîíÿòòÿ áàãàòîêðèòåð³éíî¿ îïòèì³çàö³¿, âèçíà÷åíî êëàñ ñòðàòåã³é, íåïðèäàòíèõ äëÿ ðîçâ’ÿçàííÿ
çàäà÷, ³ âèâåäåíî çàãàëüíèé âèãëÿä óñ³õ ³íøèõ ñòðàòåã³é. Ïîêàçàíî, ùî çàñòîñóâàííÿ îêðåìèõ øèðîêîâ-
æèâàíèõ ï³äõîä³â ïðèçâîäèòü äî íåïðèäàòíèõ ó âèçíà÷åíîìó ñåíñ³ ñòðàòåã³é. Çîêðåìà, öå ñòðàòåã³¿, ùî
´ðóíòóþòüñÿ íà íàéâ³ðîã³äí³øîìó îö³íþâàíí³, îñîáëèâî ó ðàç³ âèêîðèñòàííÿ íàâ÷àëüíèõ âèá³ðîê ô³êñî-
âàíîãî ³ ìàëîãî îáñÿãó. Ñôîðìóëüîâàíî çàäà÷³ ðîçï³çíàâàííÿ ³ íàâ÷àííÿ ó ºäèí³é óí³ô³êîâàí³é ôîðì³,
ÿêà îõîïëþº óâåñü ñïåêòð îáñÿã³â íàâ÷àëüíèõ âèá³ðîê, ùî âêëþ÷àº âèá³ðêè íóëüîâîãî îáñÿãó. Äîâåäåíî,
ùî ðîçâ’ÿçàííÿ çàäà÷ ó íàâåäåíîìó ôîðìóëþâàíí³ âèêëþ÷àº îòðèìàííÿ íåïðèäàòíî¿ ñòðàòåã³¿. Ñôîð-
ìóëüîâàíî ïîíÿòòÿ ñòðàòåã³é ðîçï³çíàâàííÿ ³ íàâ÷àííÿ, ùî ì³í³ì³çóþòü ìàêñèìàëüíå â³äõèëåííÿ äîñÿã-
íóòî¿ ÿêîñò³ â³ä áàæàíî¿, ÿêà, ìîæëèâî, º íåäîñÿæíîþ. Íàâåäåíî ïðèêëàäè ïîáóäîâè òàêèõ ñòðàòåã³é òà
¿õíüîãî ïîð³âíÿííÿ ç øèðîêîâæèâàíèìè ìåòîäàìè, ùî ´ðóíòóþòüñÿ íà íàéâ³ðîã³äí³øîìó îö³íþâàíí³.

Êëþ÷îâ³ ñëîâà: ðîçï³çíàâàííÿ îáðàç³â, ìàøèíííå íàâ÷àííÿ, êîðîòê³ íàâ÷àëüí³ âèá³ðêè.

_________________________________________________________________________________________

Minimax deviation strategies for machine learning and pattern recognition with short learning samples /
M.I. Schlesinger, E.V. Vodolazskiy // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 15–29.

Abstract. The article analyses risk-oriented formulation of pattern recognition and machine learning
problems. Based on arguments from multicriteria optimization, a class of improper strategies is defined that are
dominated by some other strategy. A general form of strategies that are not improper is derived. It is shown that
some widely used approaches are improper in the defined sense, including the maximum likelihood estimation
approach. This drawback is especially apparent when dealing with short learning samples of fixed length.
A unified formulation of pattern recognition and machine learning problems is presented that embraces the
whole range of sizes of the learning sample, including zero size. It is proven that solutions to problems in the
presented formulation are not improper. The concept of minimax deviation recognition and learning is
formulated, several examples of its implementation are presented and compared with the widely used methods
based on the maximal likelihood estimation.

Keywords: pattern recognition, machine learning, short learning sample.
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ÓÄÊ 621.317+681.849
Ìåòîä ³äåíòèô³êàö³¿ àïàðàòóðè öèôðîâîãî â³äåîçàïèñó òà öèôðîâèõ ôîòîàïàðàò³â / Â.². Ñîëîâéîâ,
Î.Â. Ðèáàëüñüêèé, Â.Â. Æóðàâåëü, Î.Ì. Øàáëÿ, ª.Â. Òèìêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2022. Òîì 58, ¹ 6. Ñ. 30–36.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìåòîä ïîáóäîâè åêñïåðòíîãî ³íñòðóìåíòàð³þ äëÿ êðèì³íàë³ñòè÷íî¿ ³äåí-
òèô³êàö³¿ àïàðàòóðè öèôðîâîãî â³äåîçàïèñó òà öèôðîâèõ ôîòîàïàðàò³â. Îá´ðóíòîâàíî ïîòðåáó ó ñòâî-
ðåíí³ öüîãî ³íñòðóìåíòàð³þ. Çàïðîïîíîâàíî çä³éñíþâàòè ³äåíòèô³êàö³þ çàçíà÷åíî¿ àïàðàòóðè çà ñòàòèñ-
òè÷íèìè õàðàêòåðèñòèêàìè âëàñíèõ øóì³â, ùî âèä³ëÿþòüñÿ ç öèôðîâèõ çîáðàæåíü, çàïèñàíèõ ç ¿¿ âèêî-
ðèñòàííÿì. Îïèñàíî îñîáëèâîñò³ òà îñíîâí³ äæåðåëà âèíèêíåííÿ öèõ øóì³â ó öèôðîâèõ çîáðàæåííÿõ.
Äëÿ ¿õíüîãî âèä³ëåííÿ òà îáðîáëåííÿ âèêîðèñòàíî âåéâëåò-àíàë³ç, ïîáóäîâàíèé íà îñíîâ³ âåéâëåòà Õàà-
ðà. Îñòàòî÷íèé ðåçóëüòàò åêïåðòèçè îòðèìàíî ³ç çàñòîñóâàííÿì íåéðîííèõ ìåðåæ ãëèáîêîãî íàâ÷àííÿ.
Îäåðæàí³ ðåçóëüòàòè çàñòîñóâàííÿ ñòâîðåíî¿ ñèñòåìè ³äåíòèô³êàö³¿ àïàðàòóðè ïîêàçàëè ¿¿ âèñîêó åôåê-
òèâí³ñòü.

Êëþ÷îâ³ ñëîâà: àïàðàòóðà öèôðîâîãî â³äåîçàïèñó, àïàðàòóðà öèôðîâî¿ ôîòîãðàô³¿, âåéâ- ëåò-àíàë³ç, âåé-
âëåò Õààðà, êðèì³íàë³ñòè÷íà ³äåíòèô³êàö³ÿ, íåéðîíí³ ìåðåæ³ ãëèáîêîãî íàâ÷àííÿ, âëàñí³ øóìè, öèôðîâ³
çîáðàæåííÿ, åêñïåðòèçà.
_________________________________________________________________________________________

Method for identification of digital video recording equipment and digital cameras / V.I. Solovyov,
O.V. Rybalskiy, V.V. Zhuravel, O.M. Shablya, Ye.V. Tymko // Kibernetyka ta Systemnyi Analiz. 2022.
Vol. 58, N 6. P. 30–36.

Abstract. A method for constructing expert tools for forensic identification of digital video recording
equipment and digital cameras is considered. The necessity of creating such tools is substantiated. It is proposed
to carry out the identification of this equipment by the statistical characteristics of its own noise, extracted from
digital images recorded by such equipment. The features and main sources of such noise in digital images are
shown. For its selection and processing, wavelet analysis based on the Haar wavelet is used. The final result of
the examination is obtained by applying deep learning neural networks. The obtained results of the created
identification system for such equipment showed its high efficiency.

Keywords: digital video recording equipment, digital photography equipment, wavelet analysis, Haar wavelet,
forensic identification, deep learning neural networks, intrinsic noise, digital images, forensics.
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ÓÄÊ 621.396.67, 629.7.077, 629.7.075
Òåõíîëîã³ÿ àâòîíîìíîãî çëüîòó òà ïîñàäêè äëÿ ñó÷àñíîãî íàâ³ãàö³éíî-ï³ëîòàæíîãî êîìïëåêñó
áåçï³ëîòíîãî ë³òàëüíîãî àïàðàòà / Î.ª. Âîëêîâ, Ì.Ì. Êîìàð, Ä.À. Ðà÷êîâñüêèé, Ä.Î. Âîëîøåíþê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 37–44.

Àíîòàö³ÿ. Ðîçðîáëåíî òåõíîëîã³þ àâòîíîìíîãî çëüîòó òà ïîñàäêè áåçï³ëîòíîãî ë³òàëüíîãî àïàðà-
òà. Ìåòîþ ðîáîòè º ï³äâèùåííÿ åôåêòèâíîñò³ âèêîíàííÿ çàâäàíü, ÿê³ ñòîÿòü ïåðåä áåçï³ëîòíîþ àâ³àö³ºþ.
Ïîêàçàíî, ùî çàñòîñóâàííÿ çàïðîïîíîâàíî¿ òåõíîëîã³¿ äàñòü çìîãó çíà÷íî ï³äâèùèòè àâòîíîìí³ñòü âèêî-
íàííÿ çëüîòó òà ïîñàäêè ç øèðîêîãî ä³àïàçîíó ïî÷àòêîâèõ óìîâ. Ïðîäåìîíñòðîâàíî, ùî ðîçðîáëåíà òåõ-
íîëîã³ÿ íå ïåðåäáà÷àº ñêëàäíèõ ìàíåâð³â äëÿ ïîñàäêè áåçï³ëîòíîãî ë³òàëüíîãî àïàðàòà. Ïåðåâàãîþ òåõ-
íîëîã³¿ º çäàòí³ñòü ïðàöþâàòè ç ïîøèðåíèìè òèïàìè ñó÷àñíèõ àâòîï³ëîò³â.

Êëþ÷îâ³ ñëîâà: àâòîíîìí³ñòü, çë³ò, ïîñàäêà, áåçï³ëîòíèé ë³òàëüíèé àïàðàò, ATOL, êåðóâàííÿ.
_________________________________________________________________________________________

Technology of autonomous take-off and landing for the modern navigation and pilotage complex of the
unmanned aerial vehicle / O. Volkov, M. Komar, D. Rachkovskij, D. Volosheniuk // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 6. P. 37–44.

Abstract. A technology of autonomous take-off and landing of an unmanned aerial vehicle is developed.
The aim of the study is to increase the efficiency of the tasks that are faced by unmanned aerial vehicles. It is
shown that the application of the proposed technology will make it possible to significantly increase the
autonomy of take-off and landing from a wide range of initial conditions. It is demonstrated that the developed
technology does not involve complex maneuvers for landing an unmanned aerial vehicle. An advantage of the
technology is the ability to operate with common types of modern autopilots.

Keywords: autonomy, take-off, landing, unmanned aerial vehicle, ATOL, control.
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ÓÄÊ 519.816(045)
Äåêîìïîçèö³éíèé ìåòîä îá÷èñëåííÿ âàãîâèõ êîåô³ö³ºíò³â á³íàðíî¿ íåéðîííî¿ ìåðåæ³ /
Î.ª. Ëèòâèíåíêî, Ä.Ï. Êó÷åðîâ, Ì.Ì. Ãëèáîâåöü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58,
¹ 6. Ñ. 45–53.

Àíîòàö³ÿ. Âèêëàäåíî ìåòîä îá÷èñëåííÿ âàãîâèõ êîåô³ö³ºíò³â á³íàðíî¿ íåéðîííî¿ ìåðåæ³ íà îñíîâ³
¿¿ äåêîìïîçèö³¿ íà åëåìåíòàðí³ ìîäóë³. Ìåòîä äàº çìîãó îá÷èñëþâàòè âàãîâ³ êîåô³ö³ºíòè âñ³õ çâ’ÿçê³â
ìåðåæ³ íà åòàï³ ¿¿ ïðîºêòóâàííÿ, â ðåçóëüòàò³ ÷îãî íåìàº ïîòðåáè ó ðåàë³çàö³¿ òðóäîì³ñòêèõ ³òåðàö³éíèõ
àëãîðèòì³â íàâ÷àííÿ ìåðåæ³ â ïðîöåñ³ ¿¿ åêñïëóàòàö³¿. Íàâåäåíî àëãîðèòì òà ïðèêëàä îá÷èñëåííÿ âàãî-
âèõ êîåô³ö³ºíò³â.

Êëþ÷îâ³ ñëîâà: á³íàðíà íåéðîííà ìåðåæà, âàãîâ³ êîåô³ö³ºíòè, ìåòîä îá÷èñëåííÿ, äåêîìïîçèö³ÿ, àëãîðèòì.
_________________________________________________________________________________________
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Decomposition method of calculating the weight coeffitiens of a binary neural network / A. Litvinenko,
D. Kucherov, M. Glybovets // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 45–53.

Abstract. A method for determining the weights of a binary neural network based on its decomposition
into elementary modules is presented. The approach allows tuning the weight coefficients of all the network
connections at the stage of its design, which has eliminated the need to implement time-consuming iterative
algorithms for learning the network during its operation. An algorithm and an example of calculating the
weights are given.

Keywords: binary neural network, weights, method of determination, decomposition, algorithm.
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.85
Ìîäèô³êàö³¿ äâîåòàïíî¿ òðàíñïîðòíî¿ çàäà÷³ òà ¿õí³ çàñòîñóâàííÿ / Ï.I. Ñòåöþê, Â.Î. Ñòîâáà,
Ñ.Ñ. Òðåãóáåíêî, Î.Ì. Õîì’ÿê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 54–70.

Àíîòàö³ÿ. Äîñë³äæåíî ìàòåìàòè÷í³ ìîäåë³ ë³í³éíîãî òà Áóëåâîãî ë³í³éíîãî ïðîãðàìóâàííÿ äëÿ
çáàëàíñîâàíî¿ äâîåòàïíî¿ òðàíñïîðòíî¿ çàäà÷³ òà äâîõ ¿¿ ìîäèô³êàö³é. Ïåðøà ìîäèô³êàö³ÿ âðàõîâóº
âåðõí³ ìåæ³ ïðîïóñêíèõ ñïðîìîæíîñòåé ïðîì³æíèõ ïóíêò³â, à äðóãà ìîäèô³êàö³ÿ äàº çìîãó âèáèðàòè
ô³êñîâàíó ê³ëüê³ñòü ïðîì³æíèõ ïóíêò³â, ìåíøó, í³æ ¿õíÿ çàãàëüíà ê³ëüê³ñòü. Äëÿ âñ³õ âèïàäê³â îá´ðóíòî-
âàíî íåîáõ³äí³ òà äîñòàòí³ óìîâè ñóì³ñíîñò³ ñèñòåì ë³í³éíèõ îáìåæåíü â³äïîâ³äíèõ çàäà÷ ìàòåìàòè÷íî-
ãî ïðîãðàìóâàííÿ. Ðîçãëÿíóòî ïðèêëàäè çàñòîñóâàííÿ ìîäèô³êàö³é äëÿ îïòèìàëüíîãî ðîçáèòòÿ ìíîæè-
íè, çàäà÷³ ïðî p-ìåä³àíó ãðàôó òà îïòèìàëüíîãî ðîçì³ùåííÿ çàäàíî¿ ê³ëüêîñò³ ñêëàä³â. Íàâåäåíî ðåçóëü-
òàòè îá÷èñëþâàëüíèõ åêñïåðèìåíò³â ç âèêîðèñòàííÿì ñîëâåð³â Gurobi òà CPLEX òà ìîâè ìîäåëþâàííÿ
AMPL.

Êëþ÷îâ³ ñëîâà: äâîåòàïíà òðàíñïîðòíà çàäà÷à, çàäà÷à ë³í³éíîãî ïðîãðàìóâàííÿ, çàäà÷à Áóëåâîãî
ë³í³éíîãî ïðîãðàìóâàííÿ, AMPL, Gurobi, CPLEX, îïòèìàëüíå ðîçáèòòÿ ìíîæèíè, p-ìåä³àíà ãðàôó, ìå-
òîä k-ñåðåäí³õ, ìàòåð³àëüíî-òåõí³÷íå çàáåçïå÷åííÿ.
_________________________________________________________________________________________

Two-stage transportation problem modifications and their applications / P.I. Stetsyuk, V.O. Stovba,
S.S. Tregubenko, Î.M. Khomiak // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 54–70.

Abstract. Mathematical models of linear and Boolean linear programming for balanced two-stage
transportation problem and their two modifications are analyzed. The first modification takes into account upper
limits on the capacity of intermediate points, the second modification takes into account the possibility of
choosing a fixed number of intermediate points, less than their total number. For all the three cases, the
necessary and sufficient conditions for the consistency of the linear constraints systems of the corresponding
mathematical programming problems are justified. Examples of the application of the modifications for the
optimal set partitioning, the p-median graph problem, and the rational arrangement of the given number of
storages are considered. The results of computational experiments using Gurobi and CPLEX solvers and the
AMPL modeling language are presented.

Keywords: two-stage transportation problem, linear programming problem, Boolean linear programming
problem, AMPL, Gurobi, CPLEX, optimal set partition, ð-median, k-means, material and technical support.
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ÓÄÊ 519.217.2
Ðîçâ’ÿçí³ñòü NP-ïîâíèõ çàäà÷ / Î.À. Âàã³ñ, À.Ì. Ãóïàë // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022.
Òîì 58, ¹ 6. Ñ. 71–73.

Àíîòàö³ÿ. Àíàë³ç íåðîçâ’ÿçíîñò³ Ä³oôàíòîâèõ ð³âíÿíü ïîêàçàâ, ùî çàäà÷³ ðîçï³çíàâàííÿ âëàñòè-
âîñòåé êëàñó NP º ðîçâ’ÿçóâàíèìè, òîáòî íåäåòåðì³íîâàíèé àëãîðèòì àáî ïîâíèé ïåðåá³ð íà âõîä³ çàäà÷³
äàº ïîçèòèâíó ÷è íåãàòèâíó â³äïîâ³äü. Äëÿ ïîë³íîì³àëüíèõ Ä³îôàíòîâèõ ð³âíÿíü òàêîãî íåäåòåðì³íîâà-
íîãî àëãîðèòìó íå ³ñíóº. Ç íåðîçâ’ÿçíîñò³ ä³îôàíòîâèõ ð³âíÿíü âèïëèâàº ïðîñòèé âàð³àíò òåîðåìè Ãåäå-
ëÿ ïðî íåïîâíîòó àðèôìåòèêè.

Êëþ÷îâ³ ñëîâà: NP-ïîâí³ çàäà÷³, ä³îôàíòîâ³ ìíîæèíè, íåäåòåðì³íîâàíèé àëãîðèòì.
_________________________________________________________________________________________

Solvability of NP-complete problems / A.A. Vagis, A.M. Gupal // Kibernetyka ta Systemnyi Analiz. 2022.
Vol. 58, N 6. P. 71–73.

Abstract. An analysis of the unsolvability of Diophantine equations showed that problems of recognition
of properties of the NP class are solvable, i.e., a non-deterministic algorithm or exhaustive search at the input of
the problem gives a positive or negative answer. For polynomial Diophantine equations, such a non-
deterministic algorithm does not exist. A simple version of Gîdel’s theorem on the incompleteness of arithmetic
follows from the unsolvability of Diophantine equations.

Keywords: NP-complete problems, Diophantine equations, non-deterministic algorithm.
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ÓÄÊ 311

Íîâèé ìåòîä îïòèì³çàö³¿ íàä³éíîñò³ â êëàñè÷í³é ïîñòàíîâö³ çàäà÷³ / Â.À. Ïåïåëÿºâ,
Î.Ì. Ãîëîäí³êîâ, Í.Î. Ãîëîäí³êîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 74–79.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ì³í³ì³çàö³¿ íàä³éíîñò³. Ïðîâåäåíî àíàë³ç îäíîãî ³ç ³ñíóþ÷èõ ï³äõîä³â
äî ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³, à ñàìå: bPOE. Âèçíà÷åíî ïåðåâàãè ³ íåäîë³êè öüîãî ï³äõîäó. Çàçíà÷åíî, ùî ðå-
çóëüòàòè ì³í³ì³çàö³¿ éìîâ³ðíîñò³ â³äìîâ ó êëàñè÷í³é ïîñòàíîâö³ ³ ì³í³ì³çàö³¿ bPOE ìîæóòü â³äð³çíÿòèñÿ.
Çàïðîïîíîâàíî íîâèé ìåòîä îïòèì³çàö³¿ íàä³éíîñò³ ó êëàñè÷í³é ïîñòàíîâö³ çàäà÷³. Ïðîâåäåíî ïîð³âíÿëü-
íèé àíàë³ç ðåçóëüòàò³â ì³í³ì³çàö³¿ íàä³éíîñò³ ç âèêîðèñòàííÿì bPOE ³ç ðåçóëüòàòàìè, îòðèìàíèìè çàïðî-
ïîíîâàíèì ìåòîäîì.

Êëþ÷îâ³ ñëîâà: bPOE, VaR, ì³í³ì³çàö³ÿ éìîâ³ðíîñò³ â³äìîâ, íàä³éí³ñòü, õâ³ñò ôóíêö³¿ ðîçïîä³ëó,
ôóíêö³ÿ âòðàò, ïîð³ã.

_________________________________________________________________________________________

A new method of reliability optimization in the classical problem statement / V.A. Pepelyaev,
A.N. Golodnikov, N.A. Golodnikova // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 74–79.

Abstract. The problem of reliability minimization is considered. An analysis of one of the available
approaches to solving this problem, namely bPOE, is carried out. The advantages and disadvantages of this
approach are determined. It is noted that the results of minimizing the probability of failures in the classical
setting and minimizing bPOE may differ. A new method of reliability optimization in the classical formulation
of the problem is proposed. A comparative analysis of the results of reliability minimization using bPOE and
the results obtained by the proposed method is carried out.

Keywords: bPOE, VaR, failure probability minimization, reliability, tail distribution function, loss function,
threshold.

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

ÓÄÊ 519.8

Âïëèâ òåõíîëîã³é òà ôàêòîð³â êîíôë³êòó íà ð³âíîâàæí³ ñòàíè / Â.Ì. Ãîðáà÷óê, Â.À. Çàñëàâñüêèé,
Ï.Ñ. Êíîïîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 80–94.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìîæëèâîñò³ çàñòîñóâàííÿ ìîäåëåé òà ìåòîä³â òåîð³¿ ïðèéíÿòòÿ ð³øåíü òà
òåîð³¿ ³ãîð äëÿ ðîçâ’ÿçàííÿ ïðîáëåì, ÿê³ âèíèêàþòü ó ïðîöåñ³ äîñë³äæåííÿ ð³çíîìàí³òíèõ êîíôë³êò³â òà
¿õí³õ íàñë³äê³â. Ïðîàíàë³çîâàíî äæåðåëà êîíôë³êò³â ì³æ ñòîðîíàìè â åêîíîì³÷í³é òà ñîö³àëüí³é ñôåðàõ,
âîºíí³ ïðîòèñíîÿííÿ òà ïðîáëåìè ðîçïîä³ëó îáìåæåíèõ ðåñóðñ³â. Çàçíà÷åíî, ùî ï³ä ÷àñ ôîðìóâàí-
íÿ ïîë³òè÷íèõ ð³øåíü ³ ä³é çä³éñíþºòüñÿ àãðåãàö³ÿ ð³øåíü òà ïðîïîçèö³é ñòîð³í äëÿ ôîðìóâàííÿ ð³âíî-
âàæíèõ âàð³àíò³â ïðèéíÿòòÿ ð³øåíü ó êîíôë³êòàõ. Çíà÷íó óâàãó ïðèä³ëåíî àíàë³çó ñòðàòåã³é äëÿ çàáåçïå-
÷åííÿ ìèðó òà ñòðèìóâàííÿ ïåðåðîñòàííÿ êîíôë³êòó ó â³éíó.

Êëþ÷îâ³ ñëîâà: ïåðåâàãè, ñïðèéíÿòòÿ, îáëàñòü ïîòåíö³éíèõ ðàö³îíàëüíèõ óðåãóëþâàíü, âèðîáíè÷à
ôóíêö³ÿ Êîááà–Äóãëàñà, çóñèëëÿ íà ïðîäóêòèâíå ï³äïðèºìíèöòâî ³ íà âîºíí³ ä³¿, êðèâ³ ðåàêö³¿ çà Êóðíî.

_________________________________________________________________________________________

Influence of technologies and conflict factors on equilibrium states / V. Gorbachuk, V. Zaslavskyi,
P. Knopov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 80–94.

Abstract. The possibilities of applying models and methods of decision-making theory and game theory
to solve problems that arise in the analysis of various conflicts and their consequences are considered. The
sources of conflicts between the parties in the economic and social spheres, military confrontations, and
problems of distribution of limited resources are analyzed. When generating political decisions and actions,
decisions and proposals of the parties are aggregated in order to form balanced versions of decisions in the
conflicts. Considerable attention is paid to the analysis of strategies for ensuring peace and deterring wars in
conflicts.

Keywords: advantages, perceptions, potential settlement region, Cobb–Douglas production function, efforts at
productive enterprises and military actions, Cournot reaction curves.

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

ÓÄÊ 517.977

Ìîäèô³êàö³¿ óìîâè ë.ñ. ïîíòðÿã³íà ó ïðîáëåì³ çáëèæåííÿ êîíôë³êòíî êåðîâàíèõ îá’ºêò³â /
À.Î. ×èêð³é, É.Ñ. Ðàïïîïîðò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 95–105.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó çáëèæåííÿ êåðîâàíèõ îá’ºêò³â ó ³ãðîâèõ çàäà÷àõ äèíàì³êè. Ñôîð-
ìóëüîâàíî ìîäèô³êîâàí³ äîñòàòí³ óìîâè çàê³í÷åííÿ ãðè çà ê³íöåâèé ãàðàíòîâàíèé ÷àñ ó ðàç³, êîëè óìîâà
Ïîíòðÿã³íà íå âèêîíóºòüñÿ. Çàì³ñòü ñåëåêòîðà Ïîíòðÿã³íà, ÿêîãî íå ³ñíóº, ðîçãëÿäàþòüñÿ äåÿê³ ôóíêö³¿
çñóâó, à ç ¿õíüîþ äîïîìîãîþ ââîäÿòüñÿ ñïåö³àëüí³ áàãàòîçíà÷í³ â³äîáðàæåííÿ. Âîíè ïîðîäæóþòü âåðõí³
³ íèæí³ ðîçâ’ÿçóâàëüí³ ôóíêö³¿ ñïåö³àëüíîãî òèïó ³ íà ¿õí³é îñíîâ³ çàïðîïîíîâàíî ìîäèô³êîâàí³ ñõåìè
ïåðøîãî ìåòîäó Ïîíòðÿã³íà òà ìåòîäó ðîçâ’ÿçóâàëüíèõ ôóíêö³é, ùî çàáåçïå÷óº çàâåðøåííÿ
êîíôë³êòíî-êåðîâàíîãî ïðîöåñó â êëàñ³ êâàç³ñòðàòåã³é ³ êîíòðêåðóâàíü. Íîâ³òí³ òåîðåòè÷í³ ðåçóëüòàòè
ïðî³ëþñòðîâàíî íà êîíòðîëüíîìó ïðèêëàä³ Ïîíòðÿã³íà ç îäíîòèïíèìè îá’ºêòàìè.

Êëþ÷îâ³ ñëîâà: êâàç³ë³í³éíà äèôåðåíö³àëüíà ãðà, áàãàòîçíà÷íå â³äîáðàæåííÿ, âèì³ðíèé ñåëåêòîð, ñòðî-
áîñêîï³÷íà ñòðàòåã³ÿ, ðîçâ’ÿçóâàëüíà ôóíêö³ÿ.

_________________________________________________________________________________________
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Modifications of the Pontryagin conditions in the problem of approach of conflict-controlled objects /
A.A Chikrii, I.S. Rappoport // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 95–105.

Abstract. The problem of approach of controlled objects in dynamic game problems is considered.
Modified sufficient conditions for the game termination in a finite guaranteed time are formulated in the case
where the Pontryagin condition is not satisfied. Instead of the Pontryagin selector, which does not exist, some
shift functions are considered and used to introduce special multivalued mappings. They generate the upper and
lower resolving functions of special type, and based on them, modified schemes of the first Pontryagin’s
method and of the method of resolving functions are proposed, which ensures the completion of the
conflict-controlled process in the class of quasi-strategies and counter-controls. The new theoretical results are
illustrated by the control Pontryagin’s example of with objects of the same type.

Keywords: quasilinear differential game, multi-valued mapping, measurable selector, stroboscopic strategy,
resolving function.
===============================================================================

ÓÄÊ 519-7/339.9

Çàñòîñóâàííÿ àëãîðèòì³â äåêîìïîçèö³¿ äëÿ ïðèñêîðåííÿ îáðîáëåííÿ âåëèêèõ ìàñèâ³â äàíèõ
ó ãåî³íôîðìàö³éí³é ñèñòåì³ / ². Êîòóëÿê, Â.Â. Õèëåíêî, Ð.Ì. Áàñàðàá, Ì. Ð³¿ñ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 106–113.

Àíîòàö³ÿ. Çàïðîïîíîâàíî òåõíîëîã³þ òà äåêîìïîçèö³éíèé àëãîðèòì ïðèñêîðåííÿ îáðîáëåííÿ
ãåî³íôîðìàö³éíèõ äàíèõ íà îñíîâ³ ïîä³ëó âèá³ðîê äèíàì³÷íèõ òà êâàç³ñòàòè÷íèõ äàíèõ ç âèêîðèñòàííÿì
àíàë³çó âëàñíèõ ÷èñåë ìàòðèöü, îòðèìàíèõ çà äîïîìîãîþ ³òåðàö³éíîãî îá÷èñëåííÿ çà ìåòîäîì Õèëåíêà.
Àëãîðèòì íàïðÿìëåíî íà îïðàöþâàííÿ ìàñèâ³â ãåî³íôîðìàö³éíèõ äàíèõ âåëèêî¿ ðîçì³ðíîñò³. Íàâåäåíî
ïîð³âíÿëüí³ ðåçóëüòàòè ìîäåëüíèõ îá÷èñëåíü äëÿ âèêîðèñòàííÿ â³äîìèõ îá÷èñëþâàëüíèõ ìåòîä³â.

Êëþ÷îâ³ ñëîâà: ãåî³íôîðìàö³éí³ äàí³, îáðîáëåííÿ ñóïóòíèêîâèõ çîáðàæåíü, äåêîìïîçèö³ÿ, ³òåðàö³éíå
îá÷èñëåííÿ âëàñíèõ ÷èñåë ìàòðèöü, ìåòîä Õèëåíêà.
_________________________________________________________________________________________

Application of decomposition algorithms to speed up processing of large data sets in GIS / ². Kotuliak,
V.V. Khilenko, R.M. Basarab, M. Ries // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 106–113.

Abstract. The authors propose a technology and a decomposition algorithm for speeding up the
processing of geoinformation data based on the division of dynamic and quasi-static data samples using the
analysis of eigenvalues of matrices obtained by means of iterative calculation by the Khilenko method. The
algorithm is aimed at processing large geoinformation data arrays. Comparative results of the model
calculations using known computational methods are presented.

Keywords: geoinformation data, satellite image processing, big data, decomposition, iterative calculation of
matrix eigenvalues, Khilenko’s method.
===============================================================================

ÓÄÊ 519.21

Çàäà÷à Êîø³ äëÿ ñòîõàñòè÷íîãî ïàðàáîë³÷íîãî ð³âíÿííÿ ç â³äõèëåííÿì àðãóìåíòó / Ã.Ì. Ïåðóí,
Â.Ê. ßñèíñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 114–119.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó Êîø³ äëÿ ñòîõàñòè÷íîãî íåë³í³éíîãî ð³âíÿííÿ ïàðàáîë³÷íîãî òèïó ³ç
çàï³çíåííÿì. Çà äîïîìîãîþ ôóíêö³¿ Ãð³íà îòðèìàíî ôîðìóëó äëÿ çíàõîäæåííÿ ðîçâ’ÿçêó çàäà÷³ ìåòîäîì
êðîê³â. ²ñíóâàííÿ ðîçâ’ÿçêó âñòàíîâëþºòüñÿ ç ³ìîâ³ðí³ñòþ 1 ³ îö³íþºòüñÿ çà ñïåö³àëüíî ââåäåíîþ íîðìîþ.

Êëþ÷îâ³ ñëîâà: çàäà÷à Êîø³, ñòîõàñòè÷íå ïàðàáîë³÷íå ð³âíÿííÿ, ìåòîä êðîê³â, ïåðåòâîðåííÿ Ôóð’º,
ôóíêö³ÿ Ãð³íà.
_________________________________________________________________________________________

The Cauchy problem for a stochastic parabolic equation with a deviation of the argument / G. Perun,
V. Yasynskyy // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 114–119.

Abstract. The Cauchy problem for a stochastic nonlinear equation of parabolic type with delay is
considered. Using Green’s function, a formula is derived for finding the solution of the problem by the method
of steps. The existence of a solution is established with probability 1 and the solution is estimated according to
a specially introduced norm.

Keywords: Cauchy problem, stochastic parabolic equation, method of steps, Fourier transform, Green’s function.
===============================================================================

ÓÄÊ 519.8

Ïåðåòâîðåííÿ Ôóð’º ï³äñóìîâóâàëüíî¿ ôóíêö³¿ Àáåëÿ–Ïóàññîíà / Ò.Â. Æèãàëëî, Þ.². Õàðêåâè÷ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 120–129.

Àíîòàö³ÿ. Ðîçãëÿíóòî àêòóàëüí³ ïðîáëåìè òåîð³¿ îïòèìàëüíèõ ð³øåíü, à ñàìå äîñë³äæåííÿ àñèì-
ïòîòè÷íèõ âëàñòèâîñòåé ïåðåòâîðåííÿ Ôóð’º ï³äñóìîâóâàëüíî¿ ôóíêö³¿ Àáåëÿ–Ïóàññîíà. Îïèñàíî ïåðå-
òâîðåííÿ Ôóð’º, ùî ïîáóäîâàíî íà ´ðóíò³ ðîçâ’ÿçêó êëàñè÷íîãî ð³âíÿííÿ Ëàïëàñà â ïîëÿðíèõ êîîðäèíà-
òàõ (ó ñåðåäèí³ îäèíè÷íîãî êðóãà) ç â³äïîâ³äíèìè êðàéîâèìè óìîâàìè. Öå ïåðåòâîðåííÿ Ôóð’º ï³äñóìî-
âóâàëüíî¿ ôóíêö³¿ Àáåëÿ–Ïóàññîíà îçíà÷åíå íà êëàñàõ ôóíêö³é ç äðîáîâèìè ïîõ³äíèìè. Îòðèìàíî
àñèìïòîòè÷í³ îö³íêè äëÿ öüîãî ïåðåòâîðåííÿ Ôóð’º, ùî º âàæëèâèì åëåìåíòîì ðîçâ’ÿçàííÿ áàãàòüîõ
ïðèêëàäíèõ îïòèì³çàö³éíèõ çàäà÷.

Êëþ÷îâ³ ñëîâà: òåîð³ÿ îïòèìàëüíèõ ð³øåíü, îïòèì³çàö³éí³ çàäà÷³, ïåðåòâîðåííÿ Ôóð’º, àñèìïòîòè÷í³ âëàñòèâîñò³.
_________________________________________________________________________________________
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Fourier transform of the summing Abel–Poisson function / T.V. Zhyhallo, Yu.I. Kharkevych //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 120–129.

Abstract: The work is devoted to the current issues of the theory of optimal solutions, namely the
analysis of the asymptotic properties of the Fourier transformation of the summing Abel-Poisson function. The
Fourier transformation considered in the paper is based on the solution of the classical Laplace’s equation in
polar coordinates (in the middle of the single circle) with the corresponding boundary conditions. Moreover,
this Fourier transformation of the summing Abel–Poisson function is denoted by classes of functions with
fractional derivatives. Therefore, the asymptotic estimates obtained in the paper for this Fourier transformation
are an important element in solving many applied optimization problems.

Keywords: the theory of optimal solutions, optimization problems, Fourier transformation, asymptotic
properties.
===============================================================================

ÓÄÊ 519.168; 519.854.3
Çàäà÷à ìàðøðóòèçàö³¿ çá³ðíèõ âàíòàæ³â ó áàãàòîïðîäóêòîâ³é òðàíñïîðòí³é ìåðåæ³ ³ç çàäàíèìè
òàðèôàìè ³ îáìåæåííÿìè íà ÷àñ äîñòàâêè / Â.Î. Âàñÿí³í, Î.Ì. Òðîôèì÷óê, Ë.Ï. Óøàêîâà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 130–142.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìåðåæåâå ôîðìóëþâàííÿ çàäà÷³ îïòèì³çàö³¿ ìàðøðóòèçàö³¿ ïîòîê³â çá³ðíèõ
âàíòàæ³â ó òðàíñïîðòí³é ìåðåæ³ ³ç çàäàíèìè òàðèôàìè íà òðàíñïîðòóâàííÿ é îáðîáëåííÿ ïîòîê³â òà îáìå-
æåííÿìè íà ïðîïóñêí³ ñïðîìîæíîñò³ äóã, âóçë³â ³ ÷àñ äîñòàâêè îêðåìèõ âàíòàæ³â îäåðæóâà÷ó. Äëÿ ðîçðà-
õóíêó ÷àñó äîñòàâêè çàïðîïîíîâàíî ñïîñ³á ôîðìóâàííÿ äîâ³äêîâî¿ ìàòðèö³ îá’ºäíàííÿ ïîòîê³â îêðåìèõ
âàíòàæ³â ³ åôåêòèâí³ àëãîðèòìè, ùî äàþòü çìîãó âèçíà÷àòè âóçëè îá’ºäíàííÿ òà îá’ºäíàí³ ïîòîêè äëÿ âñ³õ
ïàð, ùî êîðåñïîíäóþòüñÿ â áàãàòîïðîäóêòîâ³é ìåðåæ³. Äîâåäåíî, ùî çàäà÷ó ç òàðèôàìè â ìåðåæåâ³é ïî-
ñòàíîâö³ ìîæíà çà ïîë³íîì³àëüíèé ÷àñ ïåðåòâîðèòè ó çàäà÷ó ö³ëî÷èñëîâîãî ë³í³éíîãî ïðîãðàìóâàííÿ ç
áëî÷íîþ ñòðóêòóðîþ òà çâ’ÿçóâàëüíèìè îáìåæåííÿìè. Íàâåäåíî îñîáëèâîñò³ ðîçâ’ÿçàííÿ ïåðåòâîðåíî¿ çà-
äà÷³ ç âèêîðèñòàííÿì â³äîìèõ ìåòîä³â ö³ëî÷èñëîâîãî ïðîãðàìóâàííÿ òà ïàêåò³â ïðèêëàäíèõ ïðîãðàì.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷í³ ìîäåë³ ðîçïîä³ëó òà ìàðøðóòèçàö³¿ ïîòîê³â ó áàãàòîïðîäóêòîâèõ ìåðåæàõ,
çàäà÷³ îïòèì³çàö³¿ ç äèñêðåòíèìè ïîòîêàìè òà ïàðàìåòðàìè.
_________________________________________________________________________________________

The problem of groupage cargo routing in a multicommodity transport network with given tariffs and
delivery time constraints / V.A. Vasyanin, O.M. Trofymchuk, L.P. Ushakova // Kibernetyka ta Systemnyi
Analiz. 2022. Vol. 58, N 6. P. 130–142.

Abstract. The paper considers a network formulation of the problem of optimizing the routing of
groupage cargo flows in a transport network with given tariffs for the transportation and processing of flows
and restrictions on the throughput of arcs, nodes and the time of delivery of individual goods to the recipient.
To calculate the delivery time, a method is proposed for generating a reference matrix for combining the flows
of individual cargoes and efficient algorithms that allow one to determine the nodes of the union and the
combined flows for all corresponding pairs in a multi-commodity network. It is proved that the problem with
tariffs in a network setting can be transformed in polynomial time to an integer linear programming problem
with a block structure and binding constraints. Peculiarities of solving the transformed problem with the use of
well-known methods of integer programming and application software packages are presented.

Keywords: mathematical models of flow distribution and routing in multicommodity networks, optimization
problems with discrete flows and parameters.
===============================================================================

ÓÄÊ 519.85
Àëãîðèòìè âíóòð³øí³õ òî÷îê: ³ñòîð³ÿ ñòâîðåííÿ, ðåçóëüòàòè äîñë³äæåíü, çàñòîñóíêè òà ïåðñïåêòèâè /
Ò.Â. Áºëèõ, Â.². Çîðêàëüöåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 143–148.

Àíîòàö³ÿ. Ðîçãëÿíóòî íèçêó àëãîðèòì³â âíóòð³øí³õ òî÷îê äëÿ ðîçâ’ÿçàííÿ çàäà÷ ë³í³éíîãî ïðîãðà-
ìóâàííÿ. Íàâåäåíî ðåçóëüòàòè ¿õíüîãî òåîðåòè÷íîãî îá´ðóíòóâàííÿ. Âèîêðåìëåíî ï³äìíîæèíè àëãî-
ðèòì³â, ùî ìàþòü ë³í³éíó, àñèìòîòè÷íî íåçàëåæíó â³ä ïàðàìåòð³â ðîçâ’ÿçóâàíî¿ çàäà÷³ øâèäê³ñòü
çá³æíîñò³, ï³äìíîæèíó àëãîðèòì³â, ùî ïðèâîäÿòü äî â³äíîñíî âíóòð³øí³õ òî÷îê ìíîæèíè îïòèìàëüíèõ
ðîçâ’ÿçê³â. Âèêëàäåíî ³ñòîð³þ ñòâîðåííÿ òà ðîçâèòêó àëãîðèòì³â. Íàâåäåíî íîâ³ ìîäèô³êàö³¿ àëãîðèòì³â
âíóòð³øí³õ òî÷îê, ùî ì³ñòÿòü ÿê îêðåìèé âèïàäîê ðîçðîáëåí³ ðàí³øå àëãîðèòìè.

Êëþ÷îâ³ ñëîâà: ë³í³éíå ïðîãðàìóâàííÿ, ë³í³éí³ íåð³âíîñò³, àëãîðèòìè âíóòð³øí³õ òî÷îê.
_________________________________________________________________________________________

Interior point algorithms: history, research results, applications, and prospects / T.V. Belykh,
V.I. Zorkaltsev // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 143–148.

Abstract. A family of interior point algorithms for solving linear programming problems is considered.
The results of their theoretical substantiation are given. Subsets of algorithms that have a linear, asymptotically
independent of the parameters of the problem being solved rate of convergence, and a subset of algorithms that
lead to relatively internal points of the set of optimal solutions are identified. The history of the creation and
development of algorithms is described. New modifications of interior point algorithms are presented, which
contain as a special case the previously developed algorithms.

Keywords: linear programming, linear inequalities, interior point algorithms.
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ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 004.9

²íôîðìàö³éíà òåõíîëîã³ÿ äëÿ âèÿâëåííÿ ïðîêòîðîì ïîðóøåíü ï³ä ÷àñ ³ñïèòó / Ä. Ìóðàòóëè,
Í.Ô. Äåí³ñîâà, Þ.Â. Êðàê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 149–157.

Àíîòàö³ÿ. Ðîçãëÿíóòî àêòóàëüíó ïðîáëåìó ñïèñóâàííÿ ñòóäåíòàìè âèùèõ íàâ÷àëüíèõ çàêëàä³â ï³ä
÷àñ ³ñïèòó. Äîñë³äæåíî ïðåäìåòíó îáëàñòü òà ïðåäñòàâëåíî ðåçóëüòàòè òåîðåòè÷íîãî òà åìï³ðè÷íîãî
äîñë³äæåííÿ ñïèñóâàííÿ ÿê îäí³º¿ ç ôîðì àêàäåì³÷íîãî øàõðàéñòâà ó âèùèõ íàâ÷àëüíèõ çàêëàäàõ. Íàâå-
äåíî ñòàòèñòè÷í³ äàí³ ïîðóøåíü ï³ä ÷àñ ³ñïèòó òà âèÿâëåíî îñíîâí³ çàêîíîì³ðíîñò³ ïîðóøåíü ó ïåð³îä
äèñòàíö³éíî¿ ôîðìè íàâ÷àííÿ. Îòðèìàí³ ðåçóëüòàòè äîñë³äæåííÿ äîïîìîæóòü âèçíà÷èòè, ó ÿêèé ïåð³îä
ï³äñóìêîâî¿ àòåñòàö³¿ ñòóäåíòè ÷àñò³øå ïîðóøóþòü ïðàâèëà àêàäåì³÷íî¿ äîáðî÷åñíîñò³.

Êëþ÷îâ³ ñëîâà: äèñòàíö³éíå íàâ÷àííÿ, òåðì³íè ïîðóøåííÿ, åêçàìåíàö³éíà ñåñ³ÿ, êëàñòåðèçàö³ÿ, ïðèé-
íÿòòÿ ð³øåíü.
_________________________________________________________________________________________

Information technology for the proctor to detect violations during the exam / D. Muratuly,
N.F. Denissova, Iu.V. Krak // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 149–157.

Abstract. This article discusses the current problem of cheating students of higher educational
institutions during the exam. The subject area is investigated and the results of theoretical and empirical
research of cheating as one of the forms of academic fraud of students of higher educational institutions are
presented. Statistical data of violations during the exam are shown and the main patterns of violations during
the period of distance learning are revealed. The results of the study will help to determine in what period of the
final certification students violate the rules of academic honesty more often.

Keywords: distance learning, timing of violations, examination session, clustering, decision making.
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ÍÎÂ² ÇÀÑÎÁÈ Ê²ÁÅÐÍÅÒÈÊÈ,
²ÍÔÎÐÌÀÒÈÊÈ, ÎÁ×ÈÑËÞÂÀËÜÍÎ¯
ÒÅÕÍ²ÊÈ ² ÑÈÑÒÅÌÍÎÃÎ ÀÍÀË²ÇÓ

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 519.6

Ïàðàëåëüí³ ìåòîäè ïðåäñòàâëåííÿ ÷èñåë äëÿ òåñòóâàííÿ îïåðàö³é áàãàòîðîçðÿäíî¿ àðèôìåòèêè /
Â.Ê. Çàä³ðàêà, À.Ì. Òåðåùåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 158–176.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîäè ðåàë³çàö³¿ îïåðàö³¿ ïðåäñòàâëåííÿ áàãàòîðîçðÿäíîãî ÷èñëà ó ñèñ-
òåì³ ÷èñëåííÿ ç ³íøîþ îñíîâîþ, ïîòð³áí³ äëÿ òåñòóâàííÿ àðèôìåòè÷íèõ îïåðàö³é ó ðàç³ âèêîðèñòàííÿ
ïàðàëåëüíèõ ïðîöåñîð³â. Ðîçãëÿíóòî ïðåäñòàâëåííÿ ÷èñëà ó ñèñòåìàõ ÷èñëåííÿ íà îñíîâ³ áàãàòîðîçðÿä-
íèõ îïåðàö³é ä³ëåííÿ òà â³äí³ìàííÿ àáî áàãàòîðîçðÿäíèõ îïåðàö³é ìíîæåííÿ òà äîäàâàííÿ. Àëãîðèòì ç
ðîçáèòòÿì ÷èñëà íà ãðóïè öèôð äàº çìîãó âðàõîâóâàòè äîâæèíó ìàøèííîãî ñëîâà òà ðîçïîä³ëÿòè îá÷èñ-
ëåííÿ ì³æ ïðîöåñîðàìè. Ïðîàíàë³çîâàíî ñêëàäí³ñòü çà ê³ëüê³ñòþ îïåðàö³é, îáñÿã äîäàòêîâî¿ ïàìÿ’ò³ äëÿ
àëãîðèòì³â íà îñíîâ³ ³òåðàö³éíîãî òà ðåêóðñèâíîãî ìåòîä³â.

Êëþ÷îâ³ ñëîâà: ñèñòåìà ÷èñëåííÿ, áàãàòîðîçðÿäíà àðèôìåòèêà, áàãàòîðîçðÿäíå äîäàâàííÿ, áàãàòîðîç-
ðÿäíå ìíîæåííÿ, ïàðàëåëüíà ìîäåëü îá÷èñëåíü.
_________________________________________________________________________________________

Parallel methods of representing multidigit numbers in numeral systems for testing multidigit operations
/ V.K. Zadiraka, A.M. Tereshchenko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 158–176.

Abstract. The paper proposes methods for representing a multidigit number in a numeral system with
a different base when using parallel processors. Representation of numbers in numeral systems based on multidigit
operations of division and subtraction or multidigit operations of multiplication and addition is considered. The
algorithm with the split of multidigit numbers into groups of digits, taking into account the length of the machine
word, allows calculations involving parallel processors. The complexity by the number of operations and the
amount of additional memory for the algorithms based on the iterative and recursive methods are analyzed.

Keywords: numeral system, multidigit arithmetic, multidigit addition, multidigit multiplication, parallel
computing model.
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ÓÄÊ 004.8, 004.62

Îãëÿä ìåòîä³â ãëèáèííîãî íàâ÷àííÿ ó ïðèêëàäíèõ çàäà÷àõ åêîíîì³÷íîãî ìîí³òîðèíãó íà îñíîâ³
ãåîïðîñòîðîâèõ äàíèõ / Ì.Ñ. Ëàâðåíþê, Ë.Ë. Øóì³ëî, Á.ß. ßéëèìîâ, Í.Ì. Êóññóëü // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 177–192.

Àíîòàö³ÿ. Ðîçâèòîê ñó÷àñíèõ òåõíîëîã³é ñïîñòåðåæåííÿ Çåìë³, çá³ëüøåííÿ îáñÿãó â³äêðèòèõ äà-
íèõ òà ðîçðîáëåííÿ íîâèõ ï³äõîä³â äî ¿õíüîãî îáðîáëåííÿ â³äêðèâàþòü íîâ³ ìîæëèâîñò³ ó ïðîâåäåíí³
ïðèêëàäíèõ äîñë³äæåíü åêîíîì³÷íî¿ àêòèâíîñò³ ëþäñòâà. Îñíîâíèì ï³äõîäîì ó ö³é ãàëóç³ º çàñòîñóâàí-
íÿ ìåòîä³â ãëèáèííîãî íàâ÷àííÿ ó ïðîöåñàõ îáðîáëåííÿ äàíèõ òà àíàë³çó ¿õí³õ ÷àñîâèõ ðÿä³â. Ó ö³é ðî-
áîò³ âèêîíàíî îãëÿä áàçèñíèõ ðîçä³ë³â ãëèáèííîãî íàâ÷àííÿ (ç ïîãëÿäó ãåîïðîñòîðîâîãî àíàë³çó): ï³äâè-
ùåííÿ ð³âíÿ ðîçð³çíåííÿ ãðàô³÷íèõ äàíèõ, âèêîðèñòàííÿ òðàíñôåðíîãî íàâ÷àííÿ (transfer learning) äëÿ
îïòèì³çàö³¿ ïðîöåñ³â íàâ÷àííÿ, ìàñøòàáóâàííÿ ãëèáîêèõ íåéðîííî-ìåðåæåâèõ ìîäåëåé òà àíàë³çó ÷àñî-
âèõ ðÿä³â çà äîïîìîãîþ ðåêóðåíòíèõ íåéðîííèõ ìåðåæ.

Êëþ÷îâ³ ñëîâà: ãëèáèííå íàâ÷àííÿ, òðàíñôåðíå íàâ÷àííÿ (transfer learning), ñóïóòíèêîâ³ äàí³, ãåîïðîñ-
òîðîâ³ äàí³, ðåêóðåíòí³ íåéðîíí³ ìåðåæ³.
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Review of deep learning methods in applied problems of economic monitoring based on geospatial data /
M. Lavreniuk, L. Shumilo, B. Yailymov, N. Kussul // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6.
P. 177–192.

Abstract. Development of modern observation technologies, increase in open data, and development of
new approaches open new opportunities in carrying out applied research in economic activity of people. The
central approach in this field is the use of deep learning methods in data processing and analysis of their time
series. In this paper, we review the basic (in terms of geospatial analysis) sections of deep learning: increasing
the resolution of graphical data, using transfer learning for optimization of learning processes and deep neural
network models, and time series analysis using recurrent neural networks.

Keywords: deep learning, transfer learning, satellite data, geospatial data, recurrent neural networks.
===============================================================================

ÄÈÑÊÓÑ²ÉÍ² ÏÎÂ²ÄÎÌËÍÍß DISCUSSIONS

ÓÄÊ 517.946+517.948+612.821.6
Ìàòåìàòè÷íà ìîäåëü ôóíêö³îíóâàííÿ óìîâíèõ ðåôëåêñ³â / Â.Ã. Ïèñàðåíêî, Þ.Â. Ïèñàðåíêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 6. Ñ. 193–198.

Àíîòàö³ÿ. Çàïðîïîíîâàíî òà ïðîàíàë³çîâàíî áàçîâ³ ïðèíöèïè òà ï³äõîäè äî ìàòåìàòè÷íîãî ìîäå-
ëþâàííÿ óìîâíèõ ðåôëåêñ³â ëþäèíè àáî òâàðèíè íà îñíîâ³ ðîçðîáëåíîãî ìàòåìàòè÷íîãî àïàðàòó äèôå-
ðåíö³éíèõ ð³âíÿíü ³ç çàï³çíþâàëüíèì àðãóìåíòîì. Öÿ ìîäåëü ÿâíî âðàõîâóº óïîâ³ëüíåíó âçàºìîä³þ ãðó-
ïè âçàºìîïîâ’ÿçàíèõ íåéðîí³â òà ³ëþñòðóº çàëåæí³ñòü øâèäêîñò³ ïðèéíÿòòÿ ð³øåíü ó ðåàëüíèõ òèïîâèõ
ñèòóàö³ÿõ â³ä âåëè÷èíè çàï³çíåííÿ ïðîõîäæåííÿ íåéðîñèãíàëó â ÖÍÑ. Íàâåäåíî ôàçè ìåõàí³çìó ôîðìó-
âàííÿ íèçêè áàãàòîëàíêîâèõ óìîâíèõ ðåôëåêñ³â.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, áàãàòîëàíêîâ³ óìîâí³ ðåôëåêñè, çàï³çíåííÿ âçàºìîä³¿ íåé-
ðîí³â, æèâà íåéðîìåðåæà, ìåõàí³çì çàïàì’ÿòîâóâàííÿ.
_________________________________________________________________________________________

Matematical model of the functioning of conditioned reflexes / V.G. Pisarenko, Yu.V. Pisarenko //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 193–198.

Abstract. The basic principles and approaches to mathematical modeling of conditioned reflexes in
a human or animal on the basis of the developed mathematical apparatus of differential equations with
a delayed argument are proposed and analyzed. This model clearly takes into account the slow interaction of
a group of interconnected neurons and illustrates the dependence of the decision-making speed in real typical
situations on the magnitude of the delay in the passage of a neuro signal in the CNS. The mechanism of
generating a number of conditioned reflexes, the so-called multi-link conditioned reflexes, is shown.

Keywords: mathematical modeling, multilevel conditioned reflexes, delayed interaction of neurons, living
neural network, memory mechanism.
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