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ÓÄÊ 004.05

Ïðîáëåìà òî÷íîñò³ â ñèñòåìàõ ïðîòèä³¿ ê³áåðàòàêàì òà âåðèô³êàö³ÿ íåéðîííèõ ìåðåæ íà ïðèêëàä³
çàäà÷³ âèÿâëåííÿ áîòíåò³â / Î. Ëåòè÷åâñüêèé, Á. Ïàí÷óê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025.
Òîì 61, ¹ 2. Ñ. 3–12.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó òî÷íîñò³ âèÿâëåííÿ âòîðãíåíü ó ïðîãðàìíèõ ñèñòåìàõ íà îñíîâ³ íå-
éðîííèõ ìåðåæ ãëèáîêîãî íàâ÷àííÿ. Ïðåäñòàâëåíî ïðèêëàä ñèñòåìè âèÿâëåííÿ áîòíåò³â — çëîâìèñíîãî
ïðîãðàìíîãî çàáåçïå÷åííÿ, ÿêå º äæåðåëîì ïîòåíö³éíèõ àòàê, çîêðåìà àòàêè òèïó «Distributed Denial of
Service» àáî «â³äìîâà â ñåðâ³ñ³» (DDoS). Ñèñòåìó ñòâîðåíî, ÿê ìîäåëü êëàñèô³êàö³¿, ùî âèÿâëÿº ïîâåä³íêó
áîòíåò³â íà çàðàæåíèõ ðåñóðñàõ. Ïðîâåäåíî íèçêó åêñïåðèìåíò³â íà â³äêðèòîìó íàáîð³ äàíèõ Êàíàäñüêîãî
³íñòèòóòó ê³áåðáåçïåêè (Canadian Institute for Cybersecurity). Äëÿ ï³äâèùåííÿ òî÷íîñò³ êëàñèô³êàö³¿ çàñòî-
ñîâàíî ñïîñ³á ðîçøèðåííÿ íàáîðó äàíèõ çà äîïîìîãîþ ãåíåðàö³¿ ïðèêëàä³â çìàãàëüíèõ àòàê. Ïðåäñòàâëåíî
ìåòîä âåðèô³êàö³¿ íàä³éíîñò³ íåéðîííî¿ ìåðåæ³ ç âèêîðèñòàííÿì àâòîìàòè÷íîãî äîâåäåííÿ âëàñòèâîñò³
ñò³éêîñò³ ìîäåë³ íà îñíîâ³ SMT-ðîçâ’ÿçóâà÷³â. Äëÿ ï³äâèùåííÿ òî÷íîñò³ âèÿâëåííÿ àòàê ðîçãëÿíóòî òàêîæ
íåéðîñèìâîëüíèé ï³äõ³ä, ÿêèé ïîºäíóº àëãåáðà¿÷í³ ìåòîäè ç ìîäåëÿìè êëàñèô³êàö³¿.

Êëþ÷îâ³ ñëîâà: ê³áåðáåçïåêà, áîòíåò, àëãåáðà¿÷íå ìîäåëþâàííÿ, íåéðîííà ìåðåæà ãëèáîêîãî íàâ÷àííÿ,
çìàãàëüí³ àòàêè, âåðèô³êàö³ÿ.
_________________________________________________________________________________________

The problem of accuracy in systems for cyberattack resistance and the verification of neural networks on
the example of botnet detecting problem / O. Letychevskyi, B. Panchuk // Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 2. P. 3–12.

Abstract. The paper considers the problem of the accuracy of detection of intrusions in software systems
based on deep learning neural networks. An example of a system for detecting botnets, malicious software,
which are the source of potential attacks, including Denial of Service (DDoS), is presented. The system is
created as a classification model that detects the behavior of botnets on infected resources. A number of
experiments were conducted on the open data set of the Canadian Institute for Cybersecurity. To increase the
accuracy of the classification, the method of augmentation of the data set using the method of generating
examples of adversarial attacks was used. A method for verification of the reliability of a neural network using
automatic proof of the robustness property of the model based on SMT solvers is presented. To increase the
accuracy of attack detection, a neurosymbolic approach that combines algebraic methods with classification
models is also considered.

Keywords: cyber security, botnet, algebraic modelling, deep learning neural network, adversarial attacks,
verification.
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ÓÄÊ 004.89

Ïîÿñí�ííèé øòó÷íèé ³íòåëåêò ÿê ïîñëóãà: ìåòîäîëîã³ÿ îö³íþâàííÿ òà ìîäåë³ ÿêîñò³ /
Â.Ñ. Õàð÷åíêî, Ñ.Â. ßêîâëåâ, Î.Þ. Âåïðèöüêà, Î.Î. ²ëëÿøåíêî, Ã.Â. Ôåñåíêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2. Ñ. 13–26.

Àíîòàö³ÿ. Ïðåäìåòîì äîñë³äæåííÿ º õìàðí³ ïîñëóãè øòó÷íîãî ³íòåëåêòó (Artificial Intelligence as a
Service, AIaaS) òà ¿õíÿ ÿê³ñòü. Ìåòà — âèçíà÷åííÿ õàðàêòåðèñòèê ÿêîñò³ òà ðîçðîáëåííÿ ìåòîäîëîã³¿
îö³íþâàííÿ ïîÿñíÁííîãî øòó÷íîãî ³íòåëåêòó ÿê ïîñëóãè (XAIaaS). Àíàë³çóþòüñÿ ð³øåííÿ AIaaS, ÿê³
ïðîïîíóþòü õìàðí³ ïðîâàéäåðè, òà íàäàºòüñÿ êëàñèô³êàö³ÿ çàñîá³â À², ùî ï³äòðèìóþòüñÿ ñåðâ³ñàìè.
Çàïðîïîíîâàíî ìåòîäîëîã³þ îö³íþâàííÿ ÿêîñò³ AIaaS, ÿêà áàçóºòüñÿ íà ïðèíöèïàõ êåéñ-îð³ºíòîâàíîãî
îö³íþâàííÿ òà ìîäåë³ ÿêîñò³ ñèñòåì øòó÷íîãî ³íòåëåêòó. Âîíà ïîºäíóº ìîäåë³ ÿêîñò³ âëàñíå çàñîá³â À²
òà õìàðíîãî ñåðâ³ñó ³ ìåòðè÷íó îö³íêó â³äïîâ³äíèõ õàðàêòåðèñòèê ç âèêîðèñòàííÿì çâàæåíèõ çãîðòîê.
Íàäàíî ïðèêëàäè ïðîô³ëþâàííÿ âèìîã ³ õàðàêòåðèñòèê ÿêîñò³ äëÿ äâîõ XAIaaS.

Êëþ÷îâ³ ñëîâà: øòó÷íèé ³íòåëåêò, À² ÿê ïîñëóãà, õìàðí³ ð³øåííÿ, ïîÿñíÁÁííèé øòó÷íèé ³íòåëåêò,
ïðîô³ëþâàííÿ âèìîã.
_________________________________________________________________________________________

Explainable artificial inelligence as a service: methodology of assessment and quality models /
V. Kharchenko, S. Yakovlev, O. Veprytska, O. Illiashenko, H. Fesenko // Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 2. P. 13–26.

Àbstract. The subject of the research is Artificial Intelligence as a Service (AIaaS) and AIaaS quality
models. The goal is to define quality characteristics and develop a methodology for evaluating explainable AIaaS
(XAIaaS). AIaaS solutions offered by cloud providers are analysed and a classification of AI tools supported by
the services is provided. The AIaaS quality assessment methodology is proposed, which is based on the principles
of case-oriented assessment and the quality model of artificial intelligence systems. It combines quality models of
AI tools and cloud services, and metric evaluation of relevant characteristics using weighted convolutions.
Examples of requirements profiling and quality characteristics for two XAIaaS are discussed.

Keywords: artificial intelligence, À² as a Service, cloud systems, explainable AI, requirements profiling.
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ÓÄÊ 004.056:519.2

Àíàë³òè÷íèé âèðàç ³ìîâ³ðíîñò³ çá³ãó ñóñ³äí³õ çíàê³â âèõ³äíî¿ ïîñë³äîâíîñò³ êîìá³íóâàëüíîãî
ãåíåðàòîðà ãàìè, ïîáóäîâàíîãî íà áàç³ ðåã³ñòð³â çñóâó, ùî ðóõàþòüñÿ ç ïðîñòîþâàííÿì /
À.Ì. Îëåêñ³é÷óê, À.À. Ìàò³éêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2. Ñ. 27–32.

Àíîòàö³ÿ. Äîâåäåíî òåîðåìó, ÿêà âñòàíîâëþº ÿâíèé âèðàç ³ìîâ³ðíîñò³ çá³ãó äâîõ ñóñ³äí³õ çíàê³â
âèõ³äíî¿ ïîñë³äîâíîñò³ äîâ³ëüíîãî êîìáiíóâàëüíîãî ãåíåðàòîðà ãàìè, ïîáóäîâàíîãî íà áàç³ ë³í³éíèõ
ðåã³ñòð³â çñóâó, êîæåí ç ÿêèõ àáî ïðîñòîþº, àáî çñóâàºòüñÿ íà îäèí êðîê ó êîæíîìó òàêò³. Îòðèìàíèé ðå-
çóëüòàò íàäàº çìîãó îá÷èñëþâàòè öþ éìîâ³ðí³ñòü áåçïîñåðåäíüî çà â³äîìèìè çàêîíîì ðóõó ë³í³éíèõ
ðåã³ñòð³â çñóâó ãåíåðàòîðà òà ïåðåòâîðåííÿì Óîëøà–Àäàìàðà éîãî êîìáiíóâàëüíî¿ ôóíêö³¿.

Êëþ÷îâ³ ñëîâà: ïîòîêîâèé øèôð, êîìá³íóâàëüíèé ãåíåðàòîð ãàìè ç íåð³âíîì³ðíèì ðóõîì, êîðåëÿö³éíà
àòàêà, ïåðåòâîðåííÿ Óîëøà–Àäàìàðà, À5/1, Alpha1.

_________________________________________________________________________________________

Analytical expression of the probability of adjacent signs’coincidence of the output sequence of
a combination keystream generator based on shift registers moving with idle / A.N. Alekseychuk,
A.A. Matiyko // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 2. P. 27–32.

Abstract. A theorem that establishes an explicit expression of the probability of two adjacent signs’
coincidence of the output sequence of an arbitrary combination keystream generator based on linear shift
registers, each of which is either idle or shifts by one step in each clock cycle is proved. The obtained result
allows us to calculate this probability directly from the known laws of the linear shift registers’ motion and the
Walsh–Hadamard transform of the combination function.

Keywords: stream cipher, combinational gamma generator with non-uniform motion, correlation attack,
Walsh–Hadamard transform, A5/1, Alpha1.

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

ÓÄÊ 519.147 681.3 511.482

Îïòèìàëüíå ïàêóâàííÿ îäèíè÷íèõ ñôåð Ì³íêîâñüêîãî íà ïëîùèí³ / Ì.Ì. Ãëàçóíîâ // Ê³áåðíåòèêà
òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2. Ñ. 33–38.

Àíîòàö³ÿ. Äîñë³äæåíî îïòèìàëüíå ïàêóâàííÿ îäèíè÷íèõ ñôåð Ì³íêîâñüêîãî íà ïëîùèí³. Ïîáóäî-
âàíî ïðîñò³ð ìîäóë³â (ïàðàìåòåðèçàö³þ) äîïóñòèìèõ ´ðàòîê ïîäâîºíèõ ñôåð Ì³íêîâñüêîãî, ÿê³ ì³ñòÿòü
ïî òðè ïàðè òî÷îê íà â³äïîâ³äí³é ñôåð³ Ì³íêîâñüêîãî ³ âèçíà÷àþòü ïàêóâàëüí³ ´ðàòêè îäèíè÷íèõ ñôåð
Ì³íêîâñüêîãî. Â³äïîâ³äíî äî ðåçóëüòàò³â äîêàçó ã³ïîòåçè Ì³íêîâñüêîãî ïðî êðèòè÷íèé âèçíà÷íèê îòðè-
ìàíî ðîçáèòòÿ ñôåð Ì³íêîâñüêîãî íà òðè êëàñè: ñôåðè Âàòñîíà, ñôåðè Äåâ³ñà òà ñôåðè Ìîðäåëëà–×åáè-
øåâà. Ðîçãëÿíóòî ´ðàòêè, ÿê³ äàþòü îïòèìàëüí³ ïàêóâàííÿ ö³õ ñôåð, òà çíàéäåíî ù³ëüíîñò³ ö³õ îïòèìàëü-
íèõ ïàêóâàíü.

Êëþ÷îâ³ ñëîâà: ñôåðà Ì³íêîâñüêîãî, äîïóñòèìà ´ðàòêà, êðèòè÷íà ´ðàòêà, ïðîñò³ð ìîäóë³â, ù³ëüí³ñòü ïà-
êóâàííÿ, îïòèìàëüíå ïàêóâàííÿ.

_________________________________________________________________________________________

Optimal packing of unit Minkowski spheres on a plane / M.M. Glazunov // Kibernetyka ta Systemnyi
Analiz. 2025. Vol. 61, N 2. P. 33–38.

Abstract. The optimal packing of unit Minkowski spheres on a plane has been studied. The moduli space
(parameterization) of admissible lattices of doubled Minkowski spheres, which contain three pairs of points on
the corresponding Minkowski sphere, and which determine the packing lattices of unit Minkowski spheres, is
constructed. According to the results of the proof of Minkowski’s hypothesis about the critical determinant, a
partition of Minkowski spheres into 3 classes was obtained: Watson spheres, Davis spheres, and
Mordell–Chebyshev spheres. Lattices that give optimal packings of these spheres are indicated, and densities of
these optimal packings are found.

Keywords: Minkowski sphere, admissible lattice, critical lattice, packing lattice, module space, packing
density, optimal packing.

===============================================================================
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ÓÄÊ 517.9

Ìàòåìàòè÷íà ìîäåëü îö³íþâàííÿ ðèçèê³â äëÿ êðèòè÷íî¿ ³íôðàñòðóêòóðè / Ê.Ë. Àòîºâ,
Ï.Ñ. Êíîïîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2. Ñ. 39–54.

Àíîòàö³ÿ. Ðîçðîáëåíî ìàòåìàòè÷í³ ìîäåë³ äëÿ äîñë³äæåííÿ âðàçëèâîñò³ êðèòè÷íî¿ ³íôðà- ñòðóêòó-
ðè (Ê²), ÿê³ äàþòü çìîãó îö³íèòè éìîâ³ðí³ñòü âèáîðó ö³ë³ äëÿ àòàêè íà Ê², éìî- â³ðí³ñòü òîãî, ùî çä³éñíå-
íèé íàïàä áóäå óñï³øíèì, à òàêîæ îáñÿãè ëþäñüêèõ òà ìàòåð³àëüíèõ âòðàò, çàâäàíèõ àòàêîþ. Îö³íþâàí-
íÿ ðèçèê³â çä³éñíåíî çà äîïîìîãîþ øåñòèñåêòîðíî¿ ìîäåë³ Ëîðåíöà ç³ çì³íþâàíèìè êîåô³ö³ºíòàìè, ÿêà
îá’ºäíóº â ºäèí³é ñòðóêòóð³ îïèñàí³ â îäíàêîâèé ñïîñ³á ñåêòîðè åêîíîì³êè, êîæåí ç ÿêèõ ðîçãëÿíóòî
â òåðì³íàõ ð³âí³â ïðîäóêòèâíîñò³, ê³ëüêîñò³ ðîáî÷èõ ì³ñöü ³ ñòðóêòóðíèõ ïîðóøåíü. Ó ö³é ìîäåë³ òàêîæ
âèêîðèñòàíî ìåòîäè òåîð³¿ ãëàäêèõ ôóíêö³é, ùî äàº çìîãó ïðîãíîçóâàòè êðèçîâ³ ÿâèùà, âèáèðàòè ñòðà-
òåã³¿ ãàðàíòóâàííÿ çàäàíîãî ð³âíÿ áåçïåêè Ê², äîñë³äæóâàòè âèíèêíåííÿ ðåæèì³â ç³ øâèäêèìè ñòðèáêî-
ïîä³áíèìè ¿¿ çì³íàìè, ðàíæóâàòè ð³âí³ ð³çíèõ òèï³â çàãðîç ³ âèçíà÷àòè ñëàáê³ ëàíêè, ÿê³ ñóòòºâî âïëèâà-
þòü íà ôîðìóâàííÿ íåñò³éêîñò³ òà äåôîðìàö³¿ ïðîñòîðó áåçïåêè.
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Êëþ÷îâ³ ñëîâà: ìîäåëü Ëîðåíöà, ìàòåìàòè÷íå ìîäåëþâàííÿ, ìîäåëü êðèòè÷íî¿ ³íôðà- ñòðóêòóðè, äå-
òåðì³íîâàíèé õàîñ, îö³íþâàííÿ ðèçèêó.
_________________________________________________________________________________________

Mathematical model for risk assessment of critical infrastructure / K.L. Atoyev, P.S. Knopov //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 2. P. 39–54.

Abstract. Mathematical models have been developed to study the vulnerability of critical infrastructure
(CI), which allow for the assessment of the probability of selecting a particular target for an attack on CI, the
likelihood that the attack will be successful, and the extent of human and material losses from the attack on CI.
Risk assessment is carried out using a six-sector Lorenz model with variable coefficients, which integrates
uniformly described economic sectors into a single structure. Each sector is considered in terms of productivity
levels, the number of jobs, and structural disruptions. The use of smooth function theory methods allows for the
forecasting of crisis phenomena, the selection of strategies to ensure a given level of CI security, the study of
the emergence of rapid, abrupt changes in CI, the ranking of various threat levels, and the identification of weak
links that significantly impact the formation of instability and the deformation of the security space.

Keywords: Lorentz model, mathematical modeling, critical infrastructure, deterministic chaos, risk assessment
===============================================================================

ÓÄÊ 517.9: 519.6

Çàäà÷à ç ê³íöåâîþ ³íòåãðàëüíîþ óìîâîþ äëÿ îäíîãî íåë³í³éíîãî äðîáîâî-äèôåðåíö³àëüíîãî
ð³âíÿííÿ ç á³ïîðÿäêîâîþ ïîõ³äíîþ Õ³ëüôåðà–Àäàìàðà / Â.Ì. Áóëàâàöüêèé // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2. Ñ. 55–64.

Àíîòàö³ÿ. Ðîçãëÿíóòî êðàéîâó çàäà÷ó ç ³íòåãðàëüíîþ óìîâîþ äëÿ íåë³í³éíîãî äðîáîâî-äèôå-
ðåíö³éíîãî ð³âíÿííÿ ç óçàãàëüíåíîþ (á³ïîðÿäêîâîþ) êîìïîçèòíîþ ïîõ³äíîþ Õ³ëüôåðà–Àäàìàðà. Ïîíÿò-
òÿ á³ïîðÿäêîâî¿ ïîõ³äíî¿ Õ³ëüôåðà–Àäàìàðà ãðóíòóºòüñÿ íà ³íòåðïîëÿö³éí³é êîíöåïö³¿ ³ç çàñòîñóâàííÿì
ïîõ³äíèõ Àäàìàðà òà Êàïóòî–Àäàìàðà ð³çíèõ ïîðÿäê³â. Âèâ÷àþòüñÿ ïèòàííÿ ³ñíóâàííÿ ðîçâ’ÿçêó, ºäè-
íîñò³ òà ñò³éêîñò³ ùîäî çàçíà÷åíî¿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: íåë³í³éí³ äðîáîâî-äèôåðåíö³àëüí³ ð³âíÿííÿ, á³ïîðÿäêîâà ïîõ³äíà Õ³ëüôåðà–Àäàìàðà,
êðàéîâà çàäà÷à, ³íòåãðàëüíà óìîâà, ³ñíóâàííÿ, ºäèí³ñòü, ñò³éê³ñòü.
_________________________________________________________________________________________

A problem with terminal integral condition for one nonlinear fractional-differential equation with
bi-ordinal Hilfer–Hadamard derivative / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2025.
Vol. 61, N 2. P. 55–64.

Abstract. The boundary-value problem with integral condition for a nonlinear fractional-differential
equation with a generalized (bi-ordinal) Hilfer–Hadamard composite derivative is considered. The notion of the
bi-ordinal Hilfer–Hadamard derivative is based on the interpolation concept using Hadamard and
Caputo–Hadamard derivatives of different orders. We study existence of solution, uniqueness and stability in
relation to this problem.

Keywords: nonlinear fractional-differential equations, bi-ordinal Hilfer–Hadamard derivative, boundary value
problem, integral condition, existence, uniqueness, stability.
===============================================================================

ÓÄÊ 519.71

Ñèíòåç çîíàëüíèõ êåðóâàíü ç âèêîðèñòàííÿì ³íôîðìàö³¿ ïðî ³ñòîð³þ ñòàíó îá’ºêòà /
Ê.Ð. Àéäà-çàäå, Ñ.Ç. Êóë³ºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2. Ñ. 65–77.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî êåðóâàííÿ ç³ çâîðîòíèì çâ’ÿçêîì äëÿ íåë³í³éíèõ îá’ºêò³â ³ç çî-
ñåðåäæåíèìè ïàðàìåòðàìè, ÿêèé ïåðåäáà÷àº ïîä³ë óñ³º¿ ìíîæèíè ìîæëèâèõ ôàçîâèõ ñòàí³â îá’ºêòà íà
ñê³í÷åííó ê³ëüê³ñòü ï³äìíîæèí àáî çîí. Ó öüîìó ï³äõîä³ ñèíòåçîâàí³ êåðóâàííÿ ´ðóíòóþòüñÿ íå íà áåç-
ïîñåðåäíüî âèì³ðÿíèõ çíà÷åííÿõ ôàçîâîãî ñòàíó, à íà çîíàëüíèõ çíà÷åííÿõ ïàðàìåòð³â, ùî â³äïîâ³äàþòü
çîí³, ïîâ’ÿçàí³é ç ïîòî÷íèìè òà ìèíóëèìè âèì³ðÿíèìè ñòàíàìè îá’ºêòà. Îòðèìàíî íåîáõ³äí³ óìîâè
îïòèìàëüíîñò³ äëÿ çîíàëüíèõ çíà÷åíü ïàðàìåòð³â êåðóâàííÿ ç³ çâîðîòíèì çâ’ÿçêîì. Ïðîâåäåíî îá÷èñëþ-
âàëüí³ åêñïåðèìåíòè íà ð³çíèõ òåñòîâèõ çàäà÷àõ, ÿê³ ï³äòâåðäèëè åôåêòèâí³ñòü çàïðîïîíîâàíîãî ï³äõîäó
äî êåðóâàííÿ íåë³í³éíèìè äèíàì³÷íèìè îá’ºêòàìè.

Êëþ÷îâ³ ñëîâà: êåðóâàííÿ ç³ çâîðîòíèì çâ’ÿçêîì, çîíàëüí³ ïàðàìåòðè, ãðàä³ºíò ôóíêö³îíàëà, çàï³çíåííÿ
â ÷àñ³, íåë³í³éí³ äèíàì³
_________________________________________________________________________________________

Synthesis of zonal controls using informationabout the history of the object’s state / K.R. Aidazade,
S.Z. Guliyev // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 2. P. 65–77.

Abstract. In the work, we propose an approach to feedback control for nonlinear objects with lumped
parameters, which involves dividing the entire set of the object’s potential phase states into a finite number of
subsets or zones. In this approach, the synthesized controls are based not on the measured phase state values
directly, but rather on the zonal values of the parameters corresponding to the zone associated with the current
and past object’s measured states. We have derived necessary optimality conditions for zonal values of
feedback control parameters, as well as conducted computational experiments on various test problems, which
confirmed the efficiency of the proposed approach to controlling nonlinear dynamic objects.

Keywords: feedback control, zonal parameters, gradient of functional, time lag, nonlinear dynamic objects.
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ÓÄÊ 519.168; 519.854.3

Ìåòîäîëîã³ÿ ìàòåìàòè÷íîãî ìîäåëþâàííÿ ïåðñïåêòèâíîãî ðîçâèòêó âóçë³â ³ òðàíñïîðòíèõ
ìàðøðóò³â ó áàãàòîïðîäóêòîâ³é ³ºðàðõ³÷í³é ìåðåæ³. ²². Åêñïåðèìåíòàëüí³ äîñë³äæåííÿ /
Â.Î. Âàñÿí³í, Î.Ì. Òðîôèì÷óê, Ë.Ï. Óøàêîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2.
Ñ. 78–98.

Àíîòàö³ÿ. Öÿ ñòàòòÿ º äðóãîþ ÷àñòèíîþ ðîáîòè, â ÿê³é çàïðîïîíîâàíî ìåòîäîëîã³þ ìàòåìàòè÷íî-
ãî ìîäåëþâàííÿ ïîåòàïíîãî ðîçâèòêó âóçë³â ³ òðàíñïîðòíèõ ìàðøðóò³â ó ³ºðàðõ³÷í³é ìåðåæ³ ç áàãàòîïðî-
äóêòîâèìè äèñêðåòíèìè ïîòîêàìè êîðåñïîíäåíö³é. ßê ïðàâèëî, òàê³ ìåðåæ³ ñêëàäàþòüñÿ ç äåöåíòðàë³çî-
âàíî¿ ìàã³ñòðàëüíî¿ ìåðåæ³ òà ìåðåæ ó âíóòð³øí³õ çîíàõ îáñëóãîâóâàííÿ ìàã³ñòðàëüíèõ âóçë³â. Ó áàãà-
òîïðîäóêòîâ³é ìåðåæ³ êîæåí âóçîë ìîæå îáì³íþâàòèñÿ êîðåñïîíäåíö³ÿìè (ïðîäóêòàìè, òîâàðàìè,
âàíòàæàìè, ïîâ³äîìëåííÿìè) ç ³íøèìè âóçëàìè. Ó ìàã³ñòðàëüí³é ìåðåæ³ âñ³ êîðåñïîíäåíö³¿ ïåðåäàþòü
êàíàëàìè çâ’ÿçêó àáî ïåðåâîçÿòü òðàíñïîðòíèìè çàñîáàìè ó òðàíñïîðòíèõ áëîêàõ çàäàíîãî ðîçì³ðó
(ºìíîñò³, îáñÿãó). Ó ö³é ÷àñòèí³ ðîáîòè íà ïðèêëàä³ òðàíñïîðòíèõ ìåðåæ åêñïåðèìåíòàëüíî ïðîäåìî-
íñòðîâàíî, ùî ïîåòàïíå ðîçâ’ÿçàííÿ çàäà÷ îïòèì³çàö³¿ ñòðóêòóðè ìàã³ñòðàëüíî¿ ìåðåæ³ òà ðîçïîä³ëó ³
ìàðø- ðóòèçàö³¿ ïîòîê³â äàº çìîãó îòðèìàòè ïî÷àòêîâ³ äàí³ äëÿ ïîáóäîâè äèíàì³÷íèõ äåòåðì³íîâàíèõ ³
ñòîõàñòè÷íèõ ìîäåëåé ¿õíüîãî ðîçâèòêó. Òàêîæ ïîêàçàíî, â ÿêèé ñïîñ³á ìîæíà âèêîðèñòàòè ö³ çàäà÷³ äëÿ
îïåðàòèâíîãî ïåðåðîçïîä³ëó ïîòîê³â ó ðàç³ â³äìîâ óñòàòêóâàííÿ ó âóçëàõ ³ íà ë³í³ÿõ çâ’ÿçêó (ïåðåâèùåí-
íÿ ïðîïóñêíèõ ñïðîìîæíîñòåé âóçë³â ³ êàíàë³â çâ’ÿçêó, âàíòàæîï³äéîìíîñò³ òðàíñïîðòíèõ çàñîá³â
òîùî).

Êëþ÷îâ³ ñëîâà: áàãàòîïðîäóêòîâ³ ³ºðàðõ³÷í³ ìåðåæ³, äèñêðåòí³ ïîòîêè, çàäà÷³ êîìá³íàòîðíî¿
îïòèì³çàö³¿, ìàòåìàòè÷í³ ìîäåë³, êîìï’þòåðíå ìîäåëþâàííÿ.

_________________________________________________________________________________________

Methodology of mathematical modeling for perspective development of nodes and transport routes in
a multicommodity hierarchical network. ii. experimental research / V.A. Vasyanin, O.M. Trofymchuk,
L.P. Ushakova // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 2. P. 78–98.

Abstract. This article is the second part of the work, which proposes a methodology for mathematical
modeling of the step-by-step development of nodes and transport routes in a hierarchical network with
multicommodity discrete correspondence flows. As a rule, such networks consist of a decentralized trunk
network and networks in the internal service areas of trunk nodes. In a multicommodity network, each node can
exchange correspondence (products, goods, cargo, messages) with other nodes. In the trunk network, all
correspondence is transmitted via communication channels or transported in vehicles in transport blocks of
a given size (capacity, volume). In this part of the work, using the example of transport networks, it is
experimentally shown that the step-by-step solution of the problems of optimizing the structure of the trunk
network and the distribution and routing of flows allows obtaining initial data for building dynamic
deterministic and stochastic models of their development. It is also shown how these tasks can be used for
operational redistribution of flows in case of equipment failures in nodes and on communication lines
(exceeding the throughput capacities of nodes and communication channels, the carrying capacity of vehicles,
etc.).

Keywords: multicommodity hierarchical networks, discrete flows, combinatorial optimization problems,
mathematical models, computer modeling.

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

ÓÄÊ 517.9+519.6

Çìåíøåííÿ øèðèíè ñòð³÷êè ìàòðèö³ ó ìåòîä³ ³íòåðïîëÿö³¿ ðîçòÿãíóòèìè ñïëàéíàìè /
ª.Â. Íàçàðåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2. Ñ. 99–107.

Àíîòàö³ÿ. Êðàéîâ³ óìîâè âäâ³÷³ ðîçøèðþþòü ñòð³÷êó ìàòðèö³ ñèñòåìè ë³í³éíèõ ð³âíÿíü ó ìåòîä³
³íòåðïîëÿö³¿ ðîçòÿãíóòèìè ñïëàéíàìè (óçàãàëüíåííÿ ìåòîäó Áð³´ñà). Çàïðîïîíîâàíî ñõåìó íóìåðàö³¿
âóçë³â ñê³í÷åííî-ð³çíèöåâî¿ ñ³òêè, ùî äàº çìîãó ³ñòîòíî çâóçèòè ñòð³÷êó ³ çìåíøèòè ïðîô³ëü ìàòðèö³.
Îïèñàíèé ìåòîä íàëåæèòü äî ìåòîä³â êîãí³òèâíî¿ ãðàô³êè ³ íå ñïèðàºòüñÿ íà ïîíÿòòÿ òåîð³¿ ãðàô³â. Ñõå-
ìó àáî ¿¿ ìîäèô³êàö³¿ ìîæíà ïîøèðèòè íà ³íø³ ïîä³áí³ çàäà÷³.

Êëþ÷îâ³ ñëîâà: çìåíøåííÿ øèðèíè ñòð³÷êè, çìåíøåííÿ ïðîô³ëþ, ñõåìà íóìåðàö³¿ âóçë³â, ðîçòÿãíóò³
ñïëàéíè, ìåòîä Áð³´ñà, ñòð³÷êîâà ìàòðèöÿ, êîãí³òèâíà ãðàô³êà.

_________________________________________________________________________________________

Matrix bandwidth reduction for interpolation with splines in tension / Y. Nazarenko // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 2. P. 99–107.

Abstract. Boundary conditions widen twice a band of a matrix of a system of linear equations that arises
in interpolation with splines in tension (a generalization of Briggs’ method). A node numbering scheme of the
finite difference mesh that allows significantly narrow the band and reduce a profile of the matrix is proposed.
The described method belongs to cognitive graphics methods and is not based on graph theory concepts. The
scheme or its modifications can be extended to other similar problems.

Keywords: bandwidth reduction, profile reduction, node numbering scheme, splines in tension, Briggs’
method, banded matrix, cognitive graphics.
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ÓÄÊ 519.218.24

Ïåðåõ³äí³ ÿâèùà äëÿ ïîâíî¿ ê³ëüêîñò³ ÷àñòèíîê ó ã³ëëÿñòîìó ïðîöåñ³ Ãàëüòîíà–Âàòñîíà ç
³ìì³ãðàö³ºþ / Ò.Á. Ëèñåöüêèé, ß.². ªëåéêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2.
Ñ. 108–114.

Àíîòàö³ÿ. Ðîçãëÿíóòî ã³ëëÿñò³ ïðîöåñè Ãàëüòîíà–Âàòñîíà ç ³ìì³ãðàö³ºþ, â ÿêèõ ìàòåìàòè÷íå
ñïîä³âàííÿ A ê³ëüêîñò³ íàùàäê³â îäí³º¿ ÷àñòèíêè ïðÿìóº äî îäèíèö³. Äëÿ ïðîöåñó, ÿêèé ïîçíà÷àº
ê³ëüê³ñòü ÷àñòèíîê, ÿê³ ³ñíóâàëè äî ïîêîë³ííÿ n íîðìîâàíîãî ìàòåìàòè÷íèì ñïîä³âàííÿì, çíàéäåíî
àñèìïòîòè÷íèé ðîçïîä³ë, ÿêèé çàëåæèòü â³ä øâèäêîñò³ ïðÿìóâàííÿ A äî îäèíèö³.

Êëþ÷îâ³ ñëîâà: ã³ëëÿñò³ ïðîöåñè ç ³ìì³ãðàö³ºþ, ïîâíà ê³ëüê³ñòü ÷àñòèíîê, ïåðåõ³äí³ ÿâèùà.
_________________________________________________________________________________________

Transient phenomena for total progenyin Galton–Watson processes with immigration / T.B. Lysetskyi,
Ya.I. Yeleiko // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 2. P. 108–114.

Abstract. Galton–Watson branching processes with immigration are considered, in which the
mathematical expectation A of the number of offspring of a single individual tends towards unity. For the
process denoting the number of individuals that existed before generation n (total progeny), normalized by
mathematical expectation, an asymptotic distribution has been found that depends on the rate at which A tends
towards unity.

Keywords: branching processes with immigration, total progeny, transient phenomena.
===============================================================================

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 004.04, 004.65

Âïðîâàäæåííÿ ³íäåêñó íà áàç³ ñóô³êñíîãî äåðåâà äëÿ ïîøóêó ï³äðÿäê³â ó ñêáä âåëèêîãî ðîçì³ðó /
A.Ì. Ãëèáîâåöü, Ä.Â. Çâàæ³é // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2. Ñ. 115–127.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïåðåâàãè òà íåäîë³êè âïðîâàäæåííÿ ³íäåêñó íà áàç³ ñóô³êñíîãî äåðåâà äëÿ
îïòèì³çàö³¿ îïåðàö³é ïîøóêó ï³äðÿäê³â ó ÑÊÁÄ ó ïðîöåñ³ ðîáîòè ç äàíèìè âåëèêîãî ðîçì³ðó. Íàâåäåíî
òåîðåòè÷í³ õàðàêòåðèñòèêè ñêëàäíîñò³ îïåðàö³é äëÿ ñóô³êñíèõ äåðåâ. Åêñïåðèìåíòàëüíî îö³íåíî ÷àñîâó
ñêëàäí³ñòü îïåðàö³é ïîøóêó ï³äðÿäê³â äëÿ ñóô³êñíèõ äåðåâ òà ÑÊÁÄ, òàêèõ ÿê Elasticsearch, PostgreSQL,
MySQL, ClickHouse. Íà îñíîâ³ îòðèìàíèõ ðåçóëüòàò³â ï³äòâåðäæåíî ã³ïîòåçó ïðî ïîòåíö³éíó åôåê-
òèâí³ñòü âïðîâàäæåííÿ ³íäåêñó íà áàç³ ñóô³êñíèõ äåðåâ äëÿ îïòèì³çàö³¿ îïåðàö³é ïîøóêó ï³äðÿäê³â ó
ÑÊÁÄ.

Êëþ÷îâ³ ñëîâà: ñóô³êñíå äåðåâî, ³íäåêñ, ïîøóê ðÿäê³â, Elasticsearch, PostgreSQL, MySQL, ClickHouse.
_________________________________________________________________________________________

Implementation of a suffix tree-based index for searching substrings in a large DBMS / À. Hlybovets, D.
Zvazhii // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 2. P. 115–127.

Abstract. The article considers the advantages and disadvantages of implementing a suffix tree-based
index to optimize substring search operations in a DBMS when working with large data. The theoretical
characteristics of the complexity of operations for suffix trees are presented. Experimental estimates of the time
complexity of substring search operations for suffix trees and database management systems such as
Elasticsearch, PostgreSQL, MySQL, ClickHouse are carried out. Based on the results obtained, the hypothesis
about the potential efficiency of implementing an index based on suffix trees to optimize substring search
operations in a DBMS is confirmed.

Keywords: suffix tree, index, string searching, performance benchmark, Elasticsearch, PostgreSQL, MySQL,
ClickHouse.
===============================================================================

ÍÎÂ² ÇÀÑÎÁÈ Ê²ÁÅÐÍÅÒÈÊÈ,
²ÍÔÎÐÌÀÒÈÊÈ, ÎÁ×ÈÑËÞÂÀËÜÍÎ¯
ÒÅÕÍ²ÊÈ ² ÑÈÑÒÅÌÍÎÃÎ ÀÍÀË²ÇÓ

NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 53.088.3+53.088.7

Àíàë³ç ÷àñîâèõ ðÿä³â ç âèêîðèñòàííÿì âåéâëåò-àâòîêîãåðåíòíîñò³ òà àâòîêîðåëÿö³¿ /
Þ.Ê. Òàðàíåíêî, Î.Þ. Îë³éíèê, Á.². Ìîðîç, Â.Â. Ëîïàò³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025.
Òîì 61, ¹ 2. Ñ. 128–141.

Àíîòàö³ÿ. Íàâåäåíî åôåêòèâíèé àëãîðèòì êëàñèô³êàö³¿ ñèãíàë³â äëÿ âèÿâëåííÿ ãàóññ³â- ñüêèõ
øóì³â çà çíà÷åííÿìè êîåô³ö³ºíò³â àâòîêîðåëÿö³¿ ³ âåéâëåò-àâòîêîãåðåíòíîñò³. Ïðîâåäåíî ïîð³âíÿëüíèé
àíàë³ç ìåòîä³â àâòîêîðåëÿö³¿ äëÿ àíàë³çó ÷àñîâèõ ðÿä³â ³ ìåòîäó âåéâëåò-àâòîêîãåðåíòíîñò³, ÿêèé çàñòî-
ñîâàíèé äëÿ ÷àñîâèõ ðÿä³â ìàñøòàáíèõ âåéâëåò-êîåô³ö³ºíò³â. Ïåðåäáà÷åíî âèêîðèñòàííÿ áàçè ç 20 òèï³â
ìîäåëüíèõ ñèãíàë³â (ÿê ë³í³éíî¿, òàê ³ íåë³í³éíî¿ ÷àñòîòíèõ ìîäóëÿö³é), ùî çíà÷íî ðîçøèðþº ìîæëè-
âîñò³ çàñòîñóâàííÿ àëãîðèòìó â àâòîìàòè÷íèõ ñèñòåìàõ ðîçï³çíàâàííÿ äàíèõ. Çà ðåçóëüòàòàìè
äîñë³äæåííÿ çíà÷åííÿ êîåô³ö³ºíòà àâòîêîãåðåíòíîñò³ çàëèøàºòüñÿ íåçì³ííèì â óñüîìó ä³àïàçîí³ çì³íè
ïîòóæíîñò³ øóìó, à çíà÷åííÿ àâòîêîðåëÿö³¿ çàëåæèòü â³ä ÷àñòîòíî¿ ìîäóëÿö³¿ ³ ìàº ³íøèé õàðàêòåð. Äëÿ
îòðèìàííÿ ñïðîùåíî¿ ìîäåë³ âèêîðèñòàíî òåñò Øàï³ðî–Â³ëêà (W-òåñò), ñèãíàëè çà çíà÷åííÿìè
êîåô³ö³ºíò³â àâòîêîðåëÿö³¿ ³ âåéâëåò-àâòîêîãåðåíòíîñò³ êëàñèô³êóþòüñÿ íà äâ³ âèîêðåìëåí³ ãðóïè. Äëÿ
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ñèãíàë³â, ÿê³ â³äïîâ³äàþòü íîðìàëüíîìó çàêîíó ðîçïîä³ëó äàíèõ âèçíà÷åíî øóìîâèé ïîð³ã.

Êëþ÷îâ³ ñëîâà: âåéâëåò-ñïåêòð, àâòîêîãåðåíòí³ñòü, àâòîêîðåëÿö³ÿ, øóì, øóìîâèé ïîð³ã, ÷àñòîòíà ìîäó-
ëÿö³ÿ.

_________________________________________________________________________________________

Analysis of time series using wavelet autocoherence and autocorrelation / Yu. Taranenko, Î. Oliinyk,
Â.². Ìîroz, V. Lopatin // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 2. P. 128–141.

Abstract. The article is devoted to the development of an effective signal classification algorithm for the
detection of Gaussian noise based on wavelet autocorrelation and wavelet autocoherence values. A comparative
analysis of autocorrelation methods for the analysis of time series constructed using the base of analytical
expressions of model signals and the wavelet-autocoherence method, which is applied to time series of
large-scale wavelet coefficients, is carried out. The use of a database of 20 types of model signals (both linear
and nonlinear frequency modulation) is provided, which significantly expands the possibilities of applying the
algorithm in automatic data recognition systems. The results of the study show that the value of the coefficient
of autocoherence remains unchanged in the entire range of changes in noise power, while the value of
autocorrelation depends on frequency modulation and has a different character. To obtain a simplified model,
the Shapiro–Wilk test (W-test) was used, the signals are classified into two separate groups based on the values
of the autocorrelation and wavelet autocoherence coefficients. A noise threshold is determined for signals that
correspond to the normal law of data distribution.

Keywords: wavelet spectrum, autocoherence, autocorrelation, noise, noise threshold, frequency modulation.

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

ÓÄÊ 004.855.5

Åôåêòèâíiñòü êëàñèôiêàöi¿ ´ðóíòîâàíèõ íà âïåâíåíîñòi öåíòðî¿äiâ / Ë. Ñìåòc, Ä. Ðà÷êîâñüêèé,
ª. Îñ³ïîâ, Î. Âîëêîâ, Â. âàí Ëåêâåéê, Ñ. Ëàòðå // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2.
Ñ. 142–160.

Àíîòàö³ÿ. Ãiïåðâèìiðíi îá÷èñëåííÿ (HDC) º ïîòóæíîþ àëãîðèòìi÷íîþ ïëàòôîðìîþ, ùî ïîºäíóº
ïiäõîäè ñèìâîëüíîãî òà íåéðîìåðåæåâîãî øòó÷íîãî iíòåëåêòó. Çîêðåìà, HDC ïðèâåðòàº çíà÷íó óâàãó ÿê
ïåðñïåêòèâíèé êàíäèäàò äëÿ çàäà÷ ìàøèííîãî íàâ÷àííÿ ç íèçüêèìè ðåñóðñàìè, íàïðèêëàä, ó íîñèìèõ
ïðèñòðîÿõ iíòåðíåòó ðå÷åé. Äëÿ ðîçâ’ÿçàííÿ êëàñèôiêàöiéíèõ çàäà÷ HDC ïåðåòâîðþº âõiäíi äàíi ó âèñî-
êîâèìiðíèé ïðîñòið i âèêîðèñòîâóº ïðîñòi ïîêîìïîíåíòíi âåêòîðíi îïåðàöi¿ äëÿ ñòâîðåííÿ, íàâ÷àííÿ òà
çàñòîñóâàííÿ êëàñèôiêàöiéíî¿ ìîäåëi. Õî÷à êëàñè÷íà ìîäåëü öåíòðî¿äà ÷àñòî âèêîðèñòîâóºòüñÿ â HDC,
iòåðàòèâíå îíîâëåííÿ öåíòðî¿äiâ ïîìèëêîâî êëàñèôiêîâàíèìè çðàçêàìè ïîêðàùóº òî÷íiñòü êëàñèôiêàöi¿.
Ó öié ðîáîòi äîñë³äæåíî, ÿê íàâ÷àííÿ öåíòðî¿äiâ, ùî ´ðóíòóºòüñÿ íà ðiâíi äîâiðè äî êëàñèôiêàöi¿, äîäàò-
êîâî ïiäâèùóº òî÷íiñòü êëàñèôiêàöi¿, çàñòîñîâóþ÷è âåëèêó òà ðiçíîìàíiòíó êîëåêöiþ ç 121 íàáîðó äàíèõ
UCI.

Êëþ÷îâi ñëîâà: öåíòðî¿ä, ëiíiéíèé êëàñèôiêàòîð, íåëiíiéíå ïåðåòâîðåííÿ äàíèõ, ãiïåðâèìiðíi îá÷èñ-
ëåííÿ, âåêòîðíî-ñèìâîëüíà àðõiòåêòóðà.

_________________________________________________________________________________________

Classification performance of confidence-driven centroids / L. Smets, D. Rachkovskij, E. Osipov,
O. Volkov, W. van Leekwijck, S. Latrå // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 2. P. 142–160.

Abstract. Hyperdimensional computing (HDC) is a powerful algorithmic framework at the intersection
of symbolic and neural network Artificial Intelligence. In particular, HDC has received significant atten- tion as
a suitable candidate for low-resource machine learning tasks, exemplified by wearable Internet of Things. To
solve classification tasks, HDC transforms input data to a high-dimensional space and uses simple
component-wise vector operations to create, train, and operate the classification model. While the classical
centroid model has been often used in HDC, iterative updating of centroids with wrongly classified samples
improves the classification performance. In this paper, using a large and variable collection of 121 UCI
datasets, we explore how confidence-driven training of centroids formed from HDC representations further
improves the classification accuracy.

Keywords: centroid, linear classifier, non-linear data transformation, hyperdimensional computing, vector
symbolic architecture.
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Øâèäê³ ö³ëî÷èñëîâ³ ñèíóñí³ ³ êîñèíóñí³ ïåðåòâîðåííÿ òèïó IV íèçüêî¿ ñêëàäíîñò³ äëÿ
â³äåîêîäóâàííÿ / Ë.Î. Ãíàò³â // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2. Ñ. 161–175.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìàòðè÷í³ ìåòîäè ïîáóäîâè ö³ëî÷èñëîâèõ ñèíóñíîãî ³ êîñèíóñíîãî ïåðå-

òâîðåíü òèïó IV (ÖÑÏ-IV / ÖÊÏ-IV) ïîðÿäêó 8 ³ 16, íà îñíîâ³ ÿêèõ ïîáóäîâàíî äâà ö³ëî÷èñëîâ³ ïåðåòâî-

ðåííÿ òèïó IV ³ ðîçðîáëåíî øâèäê³ àëãîðèòìè ¿õíüîãî îá÷èñëåííÿ, ùî ïîòðåáóþòü ò³ëüêè îïåðàö³é ç

ö³ëèìè ÷èñëàìè. Àëãîðèòìè îá÷èñëåííÿ ÖÑÏ-IV / ÖÊÏ-IV ïîðÿäêó 16 ïîòðåáóþòü íà 14.29 % ³ íà 12.5

% ìåíøå îïåðàö³é ìíîæåííÿ òà íà 22.11 % ³ 20.83 % á³ëüøå îïåðàö³é äîäàâàííÿ ïîð³âíÿíî ç â³äîìèìè

àëãîðèòìàìè äëÿ äèñêðåòíîãî ñèíóñíîãî ³ êîñèíóñíîãî ïåðåòâîðåíü òèïó IV. Çàïðîïîíîâàí³ øâèäê³

ÖÑÏ-IV / ÖÊÏ-IV ïîð³âíÿíî ç â³äîìèìè øâèäêèìè äèñêðåòíèìè ñèíóñíèì òèïó V²² ³ êîñèíóñíèì òèïó

V²²² ïåðåòâîðåííÿìè ç ö³ëî÷èñëîâîþ àïðîêñèìàö³ºþ ç³ ñòàíäàðòó VVC (ÄÑÏ-V²² / ÄÊÏ-V²²²) ìàþòü ó

3.02 ðàçà ìåíøó ìóëüòèïë³êàòèâíó ñêëàäí³ñòü òà ïîòðåáóþòü íà 47.41 % ìåíøå îïåðàö³é äîäàâàííÿ.
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Ðîçðîáëåíî øâèäê³ àëãîðèòìè íèçüêî¿ îá÷èñëþâàëüíî¿ ñêëàäíîñò³ îá÷èñëåííÿ 2D ðîçä³ëüíèõ ö³ëî÷èñëî-

âèõ êîñèíóñíîãî òèïó ²² ³ ñèíóñíîãî òèïó IV àäàïòèâíèõ ïåðåòâîðåíü äëÿ intra-ïðîãíîçóâàííÿ ç áëîêàìè

çîáðàæåíü, ÿê³ ìàþòü ó 2.66 ðàçà ìåíøó ìóëüòèïë³êàòèâíó ñêëàäí³ñòü òà ïîòðåáóþòü íà 28.9 % ìåíøå

îïåðàö³é äîäàâàííÿ ïîð³âíÿíî ç â³äîìèìè ðîçä³ëüíèìè ïåðåòâîðåííÿìè ÖÊÏ-II (H.265) / ÄÑÏ-V²²

(VVC).

Êëþ÷îâ³ ñëîâà: äèñêðåòíå êîñèíóñíå ïåðåòâîðåííÿ, äèñêðåòíå ñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñëîâå êî-

ñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñëîâå ñèíóñíå ïåðåòâîðåííÿ, ôàêòîðèçàö³ÿ, â³äåîêîäóâàííÿ, H.265, VVC

(Versatile Video Coding), ðîçä³ëüíå àäàïòèâíå ïåðåòâîðåííÿ, MTS (Multiple Ttransform Selection).

_________________________________________________________________________________________

Fast integer sine and cosine transforms type IV lowcomplexity for video coding / L.O. Hnativ //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 2. P. 161–175.

Abstract. Matrix methods for constructing integer sine and cosine transforms of type IV

(IST-IV/ICT-IV) of order-8 and -16 are proposed, on the basis of which two integer transforms of type IV are

constructed and fast algorithms for their calculation that require only operations with integers are developed.

Algorithms for calculating IST-IV/ICT-IV of order-16 require 14.29% and 12.5% fewer multiplication

operations and 22.11% and 20.83% more addition operations compared to known algorithms for discrete sine

and cosine transformations type IV. The proposed fast IST-IV/ICT-IV compared to known fast discrete sine

type VII and cosine type VIII transforms with integer approximation from the VVC standard

(DST-VII/DCT-VIII) have 3.02 times less multiplicative complexity and require 47.41% fewer addition

operations. Fast algorithms of low computational complexity for computing 2D separable integer cosine type II

and sine type IV adaptive transforms for intra-prediction with 16x16 image blocks have been developed, which

have 2.66 times lower multiplicative complexity and require 28.9% fewer addition operations compared to

known separable transforms ICT-II (H.265)/DST-VII (VVC).

Keywords: discrete cosine tranform, discrete sine transform, integer cosine transform, integer sine transform,

factorization, video coding, H.265, VVC (Versatile Video Coding), separable adaptive transform, MTS

(Multiple Ttransform Selection).

===============================================================================
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Øâèäêå ö³ëî÷èñëîâå ñïðîùåíå ñèíóñ-êîñèíóñíåïåðåòâîðåííÿ òèïó VII ïîðÿäêó 16 äëÿ
â³äåîêîäóâàííÿ / ß.Â. Ëóö // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2. Ñ. 176–190.

Àíîòàö³ÿ. Ðîçðîáëåíî ìàòðè÷íèé ìåòîä ïîáóäîâè ö³ëî÷èñëîâèõ ñïðîùåíèõ ñèíóñ-êîñèíóñíèõ ïå-

ðåòâîðåíü òèïó VII ïîðÿäêó 16 íà îñíîâ³ äâîõ ïåðåòâîðåíü ïîðÿäêó 8: ñèíóñíîãî òèïó VII ³ êîñèíóñíîãî

òèïó II. Ðîçðîáëåíî äâà ö³ëî÷èñëîâ³ îäíîíîðìîâ³ ñïðîùåí³ ñèíóñ-êîñèíóñí³ ïåðåòâîðåííÿ íèçüêî¿ îá-

÷èñëþâàëüíî¿ ñêëàäíîñò³, ÿêà ìåíøå íà 38.6 % ïîð³âíÿíî ç â³äîìèì àëãîðèòìîì äèñêðåòíîãî ñèíóñíîãî

ïåðåòâîðåííÿ òèïó VII ïîðÿäêó 16 ç ö³ëî÷èñëîâîþ àïðîêñèìàö³ºþ. Îòðèìàí³ ïåðåòâîðåííÿ ìàþòü íà

1–1.5 % ìåíøèé êîåô³ö³ºíò ñòèñíåííÿ çà ò³º¿ æ ÿêîñò³ â³äíîâëåíèõ äàíèõ, òîìó ìîæóòü âèêîðèñòîâóâà-

òèñü äëÿ ñõåìè ðîçä³ëüíèõ àäàïòèâíèõ ïåðåòâîðåíü äëÿ øâèäêîä³éíèõ ðåæèì³â êîäóâàííÿ çîáðàæåíü òà

â³äåî.

Êëþ÷îâ³ ñëîâà: äèñêðåòíå êîñèíóñíå ïåðåòâîðåííÿ, äèñêðåòíå ñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñëîâå êî-

ñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñëîâå ñèíóñíå ïåðåòâîðåííÿ, ö³ëî÷èñëîâå ñèíóñ-êîñèíóñíå ïåðåòâîðåííÿ,

ìàñøòàáîâàíå ïåðåòâîðåííÿ, ðîçä³ëüí³ àäàïòèâí³ ïåðåòâîðåííÿ, ôàêòîðèçàö³ÿ, â³äåîêîäóâàííÿ, H.265,

VVC (Versatile Video Coding), MTS (Multiple Transform Selection).

_________________________________________________________________________________________

Fast integer simplified sine-cosine type VII transform of order 16 for video coding / Ya.V. Luts //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 2. P. 176–190.

Abstract. A matrix method for constructing integer simplified sine–cosine transforms of type VII of

order 16 has been developed based on two transforms of order 8: sine type VII and cosine type II. Two integer

one-norm simplified sine-cosine transforms of low computational complexity have been developed, which is

38.6% less compared to the well-known discrete sine transform algorithm of type VII of order 16 with integer

approximation. The resulting transforms have a 1–1.5% lower compression ratio with the same quality of

restored data, so they can be used for the scheme of separable adaptive transforms for high-speed image and

video coding modes.

Keywords: discrete cosine transform, discrete sine transform, integer cosine transform, integer sine transform,

integer sine-cosine transform, scaled transform, discrete adaptive transforms, factorization, video coding,

H.265, VVC (versatile video coding), MTS (multiple transform selection).
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ÓÄÊ 519.6, 539.3

Ìîäåëþâàííÿ ³ìïóëüñíîãî çáóäæåííÿ øàðó, ïîñëàáëåíîãî íàñêð³çíèì îòâîðîì (êîñîñèìåòðè÷íèé
âèïàäîê) / Þ.Ä. Êîâàëüîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2025. Òîì 61, ¹ 2. Ñ. 191–198.

Àíîòàö³ÿ. Íàâåäåíî íîâó ìàòåìàòè÷íó ìîäåëü ðîçâ’ÿçàííÿ äèíàì³÷íî¿ (óäàðíî¿) êîñîñèìåòðè÷íî¿
êðàéîâî¿ çàäà÷³ äëÿ ïîñëàáëåíîãî íàñêð³çíèì îòâîðîì øàðó ç êîâçíèì çàùåìëåííÿì òîðö³â. Ðîçðîáëåíî
òà ÷èñåëüíî àïðîáîâàíî íîâèé ìåòîä, îñíîâàíèé íà ñèñòåì³ òðüîõ ñèíãóëÿðíèõ ³íòåãðàëüíèõ ð³âíÿíü.
Óíàñë³äîê âèñîêîòî÷íîãî ÷èñåëüíîãî äîñë³äæåííÿ âèÿâëåíî, ùî ç³ çá³ëüøåííÿì äîâæèíè ³ìïóëüñó
â³äáóâàºòüñÿ çðîñòàííÿ â³äíîñíîãî îêðóæíîãî íàïðóæåííÿ. Ó ðàç³ êîðîòêèõ ³ìïóëüñ³â âèíèêàº õâèëå-
ïîä³áíèé çãàñíèé ïðîöåñ — â å-îêîë³ ïî÷àòêó êîîðäèíàò óíàñë³äîê ³íåðö³éíîñò³ ñèñòåìè âèíèêàº çîíà
íåãàòèâíèõ íàïðóã, ÿê³ âçàºìîä³þòü ç ïîçèòèâíèì ³ìïóëüñîì ³ ïîðîäæóþòü öåé ïðîöåñ. Àíàëîã³÷íà ñè-
òóàö³ÿ âèíèêàº ³ â ðàç³ çíÿòòÿ ³ìïóëüñó. Íàâåäåíî â³äïîâ³äí³ ãðàô³êè.

Êëþ÷îâ³ ñëîâà: òðèâèì³ðí³ äèíàì³÷í³ êðàéîâ³ çàäà÷³, ñèíãóëÿðí³ ³íòåãðàëüí³ ð³âíÿííÿ, ÷èñåëüíèé åê-
ñïåðèìåíò, ³ìïóëüñíèé âïëèâ.
_________________________________________________________________________________________

Modeling of impulse excitation of a layer weakened by a through hole (skew-symmetric case) /
Yu.D. Kovalev // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 2. P. 191–198.

Abstract. The paper considers a new mathematical model for solving a dynamic (shock) skew-symmetric
boundary value problem for a layer weakened by a through hole with sliding sealing of its ends. A new method
based on the system of three singular integral equations was developed and tested numerically. A highly
accurate numerical study demonstrated that the relative circumferential stress increases with an increase in the
impulse length. Short impulses result in a wave-like fading process — in the å-neighborhood of the origin, due
to the inertia of the system, a zone of negative stresses appears, which, interacting with a positive impulse, give
rise to this process. A similar situation is observed when the impulse is removed. The corresponding graphs are
shown.

Keywords: three-dimensional dynamic boundary value problems, singular integral equations, numerical
experiment, impulse actions.
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