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KIBEPHETUKA CYBERNETICS
V]IK 004.05

IIpo6aema TouyHocTi B cucreMax nporuiii Kibeparakam Ta Bepudikauis HelipoHHMX Mepek HAa NMPUKJIAT
3agaui BusiBjaeHHs 6oTHeTiB / O. JlernueBchbkuii, b. Ilanuyk // Kibepreruka Ta cucremuuii anamis. 2025.
Tom 61, Ne 2. C. 3-12.

AnoTauist. Po3risiHyTo npo6ieMy TOYHOCTI BHSIBJICHHS! BTOPTHEHb y IPOrPaMHHX CHCTEMaX Ha OCHOBI He-
HPOHHHX MEPEeXk TIMOOKOro HaB4aHHs. [IpefcTaBICHO MPUKIIAL CHCTEMH BUSIBICHHS OOTHETIB — 3JI0BMHUCHOTO
MPOTrPaMHOro 3a0e3MeUeHHs, SIKe € DKEPEIoM MOTCHIIWHNX aTak, 30kpema araku tumy «Distributed Denial of
Service» abo «Binmosa B cepsici» (DDoS). Cuctemy cTBOpeHO, sIK MOJENIb KIacu(ikallil, 10 BUSBIISE TOBEIIHKY
GoTHEeTIB Ha 3apaxkeHnX pecypcax. [[poBeeHO HI3KY eKCIIePUMEHTIB Ha BiKkpuTOoMy Habopi nannx Kaxajacskoro
iHcTUTyTY KibepbOesnekn (Canadian Institute for Cybersecurity). st miaBHIIeHHS TOYHOCTI KiacH(ikamii 3acTo-
COBAHO CIOCiO pO3MIMPEHHsI HA0OPY JTaHUX 3a JOMIOMOTOI0 TeHepallil NPUKIIaiB 3MaralbHuX atak. [IpeacraBneHo
Mertos Bepu(ikauil HaJiHHOCTI HEHPOHHOI MEpPEekKi 3 BUKOPUCTAHHSM aBTOMATHYHOI'O JIOBE/ICHHS BJIACTHBOCTI
crifikocTi Mozeni Ha ocHOBI SMT-po3B’s3yBadiB. J{yist MiABUIICHHS TOYHOCTI BHSBICHHS aTaK PO3TIIHYTO TAKOX
HEPOCUMBOJIBHUI TJIXiJ, AKMH TO€IHye anreOpaidHi METoaM 3 MOAEIsAMH Kiacudikarii.

KurouoBi ciioBa: kibepOesneka, O0THET, anredpaiuHe MOCIIOBAHHS, HEHPOHHA Mepexka ITHOOKOr0 HaBYaHHS,
3MarajipHi ataku, Bepudikaiis.

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.

VK 004.89

HosicHéHHMIT WITYYHUiiT iHTENIeKT SIK MOCJAYra: MeToOJ0JIOrisi OWiHIOBAaHHA Ta MoJedi sikoceri /
B.C. Xapuenko, C.B. fIxoBie, O.10. Benpunbka, 0.0. Luisimenko, I'.B. ®ecenko // KibepHeruka Ta
cuctemuuii anamis. 2025. Tom 61, Ne 2. C. 13-26.

Amnotaunis. [TpexveToM f0CIiDKeHHS € XMapHi MOCIyTH mTy4YHOro intenekry (Artificial Intelligence as a
Service, AlaaS) Ta ixus sKkicTb. MeTa — BH3HAYCHHS XapaKTEPUCTHK SKOCTI Ta PO3POOICHHS METOAOJIOTil
OLIiHIOBaHHS NOsICHBHHOrO mTyuHOro iHTenekty sk nociayru (XAlaaS). Anamisyrorbes pimenns AlaaS, ski
MPOMOHYIOTh XMapHi MpOBaiiiepH, Ta HamaeThesl Kiacubikaris 3acobiB Al, 1m0 miATPUMYIOTHCS CepBiCaMH.
3anporoHOBaHO METOJOJIOTII0 OliHIOBaHHsA sKocTi AlaaS, sika 6a3yeThcsl Ha NPUHIMIIAX KEHC-OpiEHTOBAHOTO
OIIIHIOBaHHS Ta MOJIEII SIKOCTI CHCTEM INTYYHOTO iHTeneKkTy. BoHa moenHye mMozeni sikocTi BiiacHe 3aco6iB Al
Ta XMapHOTO CepBiCy i METPUYHY OLIHKY BiIIIOBITHUX XapaKTEPHCTHK 3 BUKOPUCTAHHSIM 3BAKEHHX 3TOPTOK.
Hanmano mpuknagy npodimtoBaHHS BUMOT 1 XapaKTEpUCTHK skocTi miust aBox XAlaaS.

KomouoBi cnoBa: mryunmii inrenekrt, Al sk mocityra, XMapHi pilneHHs, nosscHBBHHHIT MITyYHMI iHTENeKT,
npodiTFOBaHHS BHUMOT.

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.

Abstract. The subject of the research is Artificial Intelligence as a Service (AlaaS) and AlaaS quality
models. The goal is to define quality characteristics and develop a methodology for evaluating explainable AlaaS
(XAlaaS). AlaaS solutions offered by cloud providers are analysed and a classification of Al tools supported by
the services is provided. The AlaaS 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
Al tools and cloud services, and metric evaluation of relevant characteristics using weighted convolutions.
Examples of requirements profiling and quality characteristics for two XAlaaS are discussed.

Keywords: artificial intelligence, Al as a Service, cloud systems, explainable Al, requirements profiling.

ISSN 1019-5262. KibepHeTtuka Ta cucteMHuit aHaiis, 2025, rom 61, Ne 2 1



VK 004.056:519.2

AHaniTiyHuii BUpa3 iMoBipHocTi 30iry cyciaHix 3HakiB BHUXiZIHOI NOCJiZI0BHOCTI KOMOIHYBaJbHOIO
reHepaTopa rami, mo0y10BaHOro Ha 0a3i pericTpiB 3cyBy, 10 pyXalTbCs 3 HNPOCTOIOBAHHAM /
A.M. Ouxekciiiuyk, A.A. Mariiiko // KiGepreruka Ta cucremunii ananis. 2025. Tom 61, Ne 2. C. 27-32.

Amnorauis. /[oBeneHO TeopeMy, sika BCTAHOBIIIOE SIBHUW BHpPa3 iIMOBIPHOCTI 30iry JABOX CYCiJHIX 3HaKiB
BUXIZIHOT MOCIJJOBHOCTI JOBUIBHOTO KOMOIHYBaJbHOIO I'€HEpPAaTOpa raMu, MOOyIOBaHOrO Ha 0asi JiHIHHHX
PpericTpiB 3CyBY, KOXKEH 3 IKHX a00 MPOCTOIOE, 200 3CYyBAETHCS Ha OJIMH KPOK y KOXKHOMY TakTi. OTpuMaHuii pe-
3yJIbTaT Hajae 3MOTYy OOYMCIIOBATH IF0 HMOBIPHICTH O€3MOCEepe/IHbO 3a BiIOMHUMH 3aKOHOM DyXy JiHiHHHX
PEricTpiB 3CyBy IeHepaTopa Ta IEPeTBOPEHHSIM Yoima—AlaMapa Horo KoMOiHyBanbHOI (yHKIII.

KuiouoBi ciioBa: moTokoBuii nmdp, KOMOIHyBaIbHUI T€HEPATOP FAMH 3 HEPIBHOMIPHHM PYXOM, KOpesiiiiHa
aTaka, neperBopeHHs Yomma—Anamapa, AS5/1, Alphal.

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, Alphal.

VK 519.147 681.3 511.482

OnruMajibHe NaKyBaHHA OAMHUYHHX cep MinkoBcbkoro Ha miomuni / M.M. I'nazynos // KiGepueruka
Ta cuctemauii amams. 2025. Tom 61, Ne 2. C. 33-38.

Amnoranis. JlociipkeHo oNTHMaNbHE TaKyBaHHs oJMHNYHUX cep MinkoBckKkoro Ha miomuHi. [ToOymo-
BAHO IPOCTIp MOAYNIB (IapaMeTepH3allii0) AOMYCTHMUX IPATOK MOABOEHUX chep MIHKOBCHKOTO, SKi MICTSATh
10 TP MapH TOYOK Ha BiAMOBiAHIN chepi MIHKOBCHKOTO i BU3HAYAIOTh MAKyBAJIbHI IPAaTKA OAMHUYHUX cdep
MiHKOBCBKOTO. BifimoBiHO 10 pe3ybTaTiB JOKa3y rinore3u MiHKOBCHKOIO MPO KPUTUYHHUN BU3HAYHUK OTPH-
MaHo po36uTTs chep MiHKOBCbKOro Ha TpH Kiacu: chepu Barcona, cdhepu [leBica ta cdhepu Mopaemia—Yeou-
meBa. Po3risiHyTo rpartku, AKi Ja0Th ONTUMAJbHI TAKyBaHHs LiX cdep, Ta 3HAIICHO IIIBHOCTI LiX ONTHMAITb-
HHUX IIaKyBaHb.

KuiouoBi ci1oBa: chepa MiHKOBCHKOTr0, ZOMYCTUMA IPaTKa, KPUTHYHA IPaTKa, IPOCTIP MOAYJIIB, IILIBHICTh Ma-
KyBaHHS, ONTHMAJbHE MaKyBaHHS.

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.

CHUCTEMHHUIA AHAJI3 SYSTEMS ANALYSIS
V]IK 517.9

MaremMaTH4yHa MoOJe]db OLIHIOBAHHS PU3MKIB st KpuTH4yHOi iHppacTpykrypu / K.JI. ATtoes,
I1.C. Knomnos // Kibeprernka ta cucremuuil anamis. 2025. Tom 61, Ne 2. C. 39-54.

AwnoTauisi. Po3po6iieHo MateMaTHYHI MOZAEII TS JOCTIDKEHHS BPA3IUBOCTI KPUTHYHOI iH(pPa- CTPYKTY-
pu (KI), siki 1at0Th 3MOTY OLIHUTH HMOBIpHICTH BUOOPY wiii ayts ataku Ha KI, #iMo- BipHICTB TOTO, 1110 3/iliCHE-
HUH Hanaj Oyze YCIIIIHUM, a TAKOXX OOCSTH JIIOJCHKUX Ta MaTepialbHUX BTpAT, 3aBAaHUX atakoro. OLiHIOBaH-
HS PH3UKIB 3/1i{{CHEHO 3a ONOMOTOI0 IIeCTUCEKTOPHOI Mozeni JlopeHna 3i 3MiHIOBaHHMH Koe(ilieHTaMu, sKa
00’€ZIHy€ B €IMHIN CTPYKTYpi OIKMCaHiI B OJHAKOBHI CHOCIO CEKTOPH €KOHOMIKH, KOXKEH 3 SIKUX PO3IJISHYTO
B TE€pMiHaX PiBHIB MPOJYKTHUBHOCTI, KIJIBKOCTI POOOYHX MiCIb 1 CTPYKTYpHHX MOPYIICHb. Y LIl MOJEINI TaKOX
BHUKOPHMCTAHO METOJM Teopil rmaakux (QyHKIIH, 1110 Aa€ 3MOTry NPOrHO3YBaTH KPHU30BI SBUIIA, BUOUpPATH CTpa-
Teril rapaHTyBaHHsI 3aaHoro piBHs Oesnexu Kl, 1ocimipKyBaTH BUHHKHEHHS PEXKUMIB 31 IIBUIKHMH CTPHOKO-
noiOHMMH 11 3MiHaMM, paHXKyBaTH PiBHI Pi3HHX THIIIB 3arpo3 i BU3HAYaTH CIa0Ki JIAHKH, SIKi CYTTEBO BILINBA-
0Th Ha (pOpMyBaHHsS HECTIHKOCTI Ta Aedopmarlii mpocropy Oe3neKH.
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KurouoBi ci1oBa: mozaens JIopeHna, MaTeMaTH4He MOJICTIOBAHHS, MOJICIb KPUTHYHOI iH(pa- CTPYKTypH, Ie-
TEPMIHOBAHUI XaoC, OLIHIOBAHHS PHU3HKY.

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

VK 517.9: 519.6

3agauya 3 KiHIEBOI iHTErpajibHOI0 YMOBOIO /UIS OJHOr0 HeJiHiHHOro apodoBo-IM(epeHiaTLHOr0
piBHsIHHSI 3 OimopsiakoBolo moxigHolo Xinbdepa—Amxamapa / B.M. ByaaBaubkmii / KiGepuernka Ta
cucremuuii ananiz. 2025. Tom 61, Ne 2. C. 55-64.

AHoTanis. Po3risHyTo KpalioBy 3ajady 3 IHTErpajbHOI YMOBOIO JUISl HENiHIHHOTO JpoboBo-jude-
PEHIIMHOrO PiBHSHHS 3 y3arajibHEHOH (OIMopsIKOBO) KOMIIO3UTHO NOXiAHOW Xinbdepa—Anamapa. [ToHsT-
Ts1 OinopsakoBoi moxiguoi Xinbdepa—Anamapa rpyHTYEThCS Ha IHTEPIOJAIIHHIN KOHIEIIi i3 3aCTOCYBaHHAM
noxigHux Anamapa ta Kamyro—Anamapa pisHUX HOpsAKiB. BUBHAOTBCS MHTAaHHS iCHYBaHHS PO3B’SI3KY, €11~
HOCTI Ta CTIMKOCTI IIOA0 3a3HAYE€HOI 3ajaui.

KurouoBi cioBa: HemiHiiHI 1po6oBo-audepeniansti piBHIHHS, Oinmopsakosa noxinxa Xinshepa—Anamapa,
KpaiioBa 3ajaya, IHTErpajibHa YMOBA, iCHYBaHHS, €IMHICTb, CTIHKICTb.

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.

VK 519.71

CunTe3 30HAIBLHUX KepyBaHb 3 BHKOPHCTaHHAM iHdopmanii mpo icropiro cramy o0’ekra /
K.P. Aiina-zane, C.3. KyuieB // KibepHeruka ta cucrtemHuii anamiz. 2025. Tom 61, Ne 2. C. 65-77.

AHoTauis. 3anpONOHOBAHO MiIXi/] 10 KepyBaHHS 31 3BOPOTHUM 3B’SI3KOM JUIs HETiHIHUX 00 €KTIB i3 30-
Cepe/LKEHUMH TapaMeTpaMu, SIKUii nepeabdavae oAl yciel MHOKMHU MOMJIMBHUX (DAa30BUX CTaHIB 00’€KTa Ha
CKIHYEHHY KITBKICTh MIAMHOXKHH 200 30H. Y I[bOMY ITi/IXOJi CHHTE30BaHi KEPyBaHHs IPYHTYIOThCS HE Ha 0Oe3-
II0CEPEeIHBO BUMIPSIHUX 3HAYCHHIX (PAa30BOro CTaHy, a Ha 30HAJIBHUX 3HAUCHHSX IapaMeTpiB, IO BiIIOBIAAIOTH
30HI, IOB’sI3aHiil 3 IMOTOYHHMH Ta MHHYJIHMH BHMIpPSHHMH cTaHaM# 00’ekra. OTprMaHO HEOOXiOHI yMOBH
ONTHMAJIBLHOCTI JJIs 30HAIBHUX 3HAUCHb NTapaMeTpiB KepyBaHH 31 3BOPOTHHM 3B’s13KoM. [IpoBeseno oounciro-
BaJIbHI €KCIIEPUMEHTH Ha Pi3HUX TECTOBUX 33/1a4aX, sKi MIATBEPIUIH e()EKTUBHICTD 3aIIPOIIOHOBAHOTO TiIXO1Y
JI0 KepyBaHHS HENIHIHHUMM JUHAMIYHUMU OO’ €KTaMH.

Ku1rouoBi c10Ba: xepyBaHHS 31 3BOPOTHHM 3B SI3KOM, 30HAIIbHI TapaMeTpH, rpaJieHT QyHKIiOHAa, 3ali3HeHHS
B yaci, HeMiHiMHI auHAMI

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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VK 519.168; 519.854.3

MeTogo0risi MaTeMATHYHOI0 MOJENIOBAHHSI TEPCHEKTHBHOIO PO3BHTKY BY3JiB i TpaHCHOPTHHX
MapuipyTiB |y OararonpoaykroBiii iepapxiuniii mepewxi. II. ExcrnepumenTanbHi gociaimkenHs /
B.O. Bacsinin, O.M. Tpodumuyk, JLII. Ymakosa // Kibepreruka Ta cucremunii anaiis. 2025. Tom 61, Ne 2.
C. 78-98.

AmnoTanis. Ll cTaTTs € Apyroro YacTUHOIO POOOTH, B SIKii 3aIIPOIIOHOBAHO METOMOJIOTII0 MaTEeMaTHIHO-
T'O MOJICJTIOBAHHS IIOETAITHOTO PO3BUTKY BY3JiB 1 TPAHCHOPTHUX MApLIPYTiB y iepapXiuHiit Mepexi 3 6araTomnpo-
JIyKTOBUMH JIMCKPETHUMH MMOTOKaMH KOPECHIOH/ICHIIH. SIK mMpaBmio, Taki MEpexi CKIaJaroThCs 3 ICHEHTPaIi30-
BaHOI MariCTpajbHOI MEPEXi Ta MEPEX Y BHYTPIIIHIX 30HaX 0OCIyroByBaHHsS MaricTpaJibHUX By3iiB. Y Oara-
TONPOAYKTOBIH Mepexki KOXKEH BY30J MOXKE OOMIHIOBATHCS KOPECHOHICHLISIMH (IPOAYKTaMH, TOBapaMHu,
BaHTA)KaMH, IIOBIIOMIICHHSIMH) 3 IHIIMMU By3iaMu. Y MaricTpaibHiil Mepeki BCi KOpPECHOHICHNLIT epeaaTh
KaHaJaMH 3B’A3Ky a00 MepeBO3ATh TPAHCHOPTHUMH 3ac00aMH y TPAaHCIIOPTHHX OJ0Kax 3aJaHOTO PO3Mipy
(emHOCTI, 00csry). Y miif yacTHHI poOOTH Ha MPHKIAAI TPAHCHOPTHHX MEPEX EKCIICPHMEHTAIBHO MPOAEMO-
HCTPOBAHO, LIO IMOETAIHEe PO3B’A3aHHS 3a7a4 ONTHUMIi3alii CTPYKTYPU MaricTpalbHOI Mepexi Ta po3noaiiy i
MapIl- pyTU3alii MOTOKIB J1a€ 3MOTy OTPHMATH MOYATKOBI JaHi Juis MOOYI0BU TUHAMIYHUX JICTEPMIHOBAHUX i
CTOXAaCTUYHUX MOJIENEH IXHBOro Po3BUTKY. TakosK MoKa3aHo, B KU CIIOCIO MOXKHA BUKOPHCTATH 11i 3aa4i ISt
OIIEPaTHBHOTO MEPEPO3IO/LTY OTOKIB y pa3i BIZIMOB yCTaTKyBaHHsS y By3JlaxX i Ha JIiHisAX 3B’s3Ky (IEPEBHUIICH-
HS NPOIYCKHHX CIPOMOXKHOCTEH BY3JIB 1 KaHATiB 3B’3KYy, BAaHTaKOIITHOMHOCTI TPAHCHOPTHHX 3acO0iB
TOLIO).

KirouoBi cioBa: 6araTonmpoJyKTOBI i€papXidHi Mepei, IHUCKPETHI IOTOKH, 3ajadi KOMOiHaTOpHOI
ONTHMI3allii, MaTeMaTHYHI MOJIEJ, KOMIT FOTEpPHE MOJICIFOBAHHSL.

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.

YK 517.9+519.6

3MeHUIEHHs] IIMPHHU CTPiYKH MaTpumi y Meroai iHTepmoJsinii PO3TATHYTHMH cIuIaiiHamMu  /
€.B. Ha3apenko // KibGepHetuka Ta cucremuuii anamiz. 2025. Tom 61, Ne 2. C. 99-107.

Amnotanis. KpaifoBi yM0oBH BIBIYi PO3IIMPIOIOTE CTPIUKY MATPHILI CHCTEMH JiHIHHUX PIBHSIHB y METOMI
IHTepIOJALIl PO3TATHYTUMH CIUIaiHaMK (y3aralbHEHHs MeToxy bpirca). 3ampomoHoBaHO cxeMy HyMepamii
BY3JIIB CKIHYEHHO-PI3HUIEBOI CITKH, LIO JIA€ 3MOTY ICTOTHO 3BY3HTH CTPi4KY 1 3MEHIIMTH NPO(iIb MaTpuUIi.
OnucaHuil METOJT HAJICKUTH IO METO/IB KOTHITUBHOI rpadiky i HE CIIMpaeThesl Ha NOHATTS Teopii rpadis. Cxe-
My abo ii moxudikaiii MOXKHA MOMIMPUTH HA IHII MOAIOHI 3amadi.

Ki104oBi cj10Ba: 3MEHIICHHS IIMPUHU CTPIYKH, 3MEHIICHHS Npo(dio, cXxema HyMmepauil By3JiB, PO3TATHYTI
crutaiiny, Meron bpirca, cTpiukoBa MaTpuIld, KOTHITHBHA rpadika.

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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VJK 519.218.24

Mepexinni siBMmA VIS MOBHOI KibKOCTI 4YacTMHOK Yy riisicromy mnpoueci I'aabrona—Barcona 3
immirpamniero / T.b. Jlucenbknii, SI.I. €neiixo // Kibepuetuka ta cucremunii anamis. 2025. Tom 61, Ne 2.
C. 108-114.

AHortauin. PosrisiHyTo Tisusicti npouecu [anbroHa—BaTcoHa 3 iMMirpaiiero, B SIKMX MaTeMaTHYHE
CHO/iBaHHS A KUIBKOCTI HalaJKiB OJHi€l YacTHHKU MpsMye 10 oauHuui. J[is mporecy, sKuil mo3Hayae
KIJIbKICTh YACTHUHOK, SIKI ICHYBalIM 10 MOKOJIHHS N HOPMOBAHOTO MAaTEMATHYHHUM CIIOJIBaHHIM, 3HAWICHO
ACUMIOTOTUYHHUN PO3MOAL, SKUI 3aJ€KUTh BiJ IIBHIKOCTI NMPSIMYBaHHS A 10 OJMHHUIIL.

KorouoBi cioBa: rimicti mpouecH 3 iMmirpariero, MOBHA KUIBKICTh YaCTHHOK, IIEPEXigHI SBHILA.

Transient phenomena for total progenyin Galton—Watson processes with immigration / T.B. Lysetskyi,
Ya.l. 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.

MMPOI'PAMHO-TEXHIYHI KOMIIJIEKCH SOFTWARE-HARDWARE SYSTEMS
VK 004.04, 004.65

BrupoBajkeHnHs iHgexcy Ha 6a3i cydikcHoro aepesa il NOIWIYKY MIAPSIAKIB Y ¢KO/ BeJIMKOro po3mipy /
A.M. I'nu6oBens, /I.B. 3Baxiii / Kibepueruka ta cucremuuii anaiiz. 2025. Tom 61, Ne 2. C. 115-127.

AHoTanis. Po3risiHyTo nepeBaru Ta HEJOJIKM BIPOBA/DKEHHS iHJIEKCY Ha 0a3i cy(ikcHOro aepesa Juis
onTuMmizauii onepaniii nowmyky migpsakis y CKBJ] y npoueci po6otu 3 ganumu Besukoro po3mipy. HaseneHo
TEOPETHYHI XapaKTePUCTHKH CKIATHOCTI onepauiii Juist cyikcHHX aepeB. ExcriepuMeHTaIbHO OLIHEHO YacoBy
CKJIJIHICTB OIepamiil momryky mapsaxis st cydikcaux nepes ta CKB/, takux sk Elasticsearch, PostgreSQL,
MySQL, ClickHouse. Ha ocHOBI OoTpHMaHUX pe3ylbTaTiB MiATBEPPKEHO TiNOTe3y HPO HOTEHIIHHY edek-
THUBHICTh BIPOBA/DKEHHS 1HAEKCY Ha 0a3i Cy(iKCHUX JepeB Ul ONTHMI3allii onepamii mouryky mipsakiB y
CKB/I.

KurouoBi c1oBa: cydikcHe nepeBo, innexe, nomyk paakis, Elasticsearch, PostgreSQL, MySQL, ClickHouse.

Implementation of a suffix tree-based index for searching substrings in a large DBMS / A. 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.

HOBI 3ACOBU KIBEPHETHUKH, . NEW TOOLS IN CYBERNETICS,
ITH®OPMATHUKHU, OBYUCIIIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS

V]IK 53.088.3+53.088.7

AHaji3 4acoBHX psAiB 3 BHKOPDHCTAHHAM BeiiBJIeT-aBTOKOI€PEHTHOCTI Ta aBTOKOpeJsuii /
10.K. Tapanenko, O.}O. Ouiitnuk, 5.I. Mopo3, B.B. Jlonarin // Kibepueruka ta cucremuuii anamnis. 2025.
Tom 61, Ne 2. C. 128-141.

Anorauis. HaBeneno edpexruBHuii anroput™ kiacudikauii CHUrHaNiB Uil BUSBJICHHS TayCCiB- CHKHX
LIyMiB 32 3HAYCHHSAMH KOC(Ili€HTIB aBTOKOPEISILIT 1 BEHBIET-aBTOKOIePEHTHOCTI. [IpoBe/ieHO MOpiBHSUIIBHHI
aHaJIi3 METOJIIB aBTOKOPEJIALIT JUIs aHali3y 4acOBMX PAMNIB i METO/y BEHBIIET-aBTOKOTEPEHTHOCTI, SIKHIl 3aCTO-
COBaHMH JUISl YaCOBHX PAAIB MaclITaOHUX BeiBieT-koedinienTis. Ilepenbdadeno BukoprcTanss 6a3u 3 20 Tumis
MOJIC/IBHUX CUTHAIIB (SIK JIHIIHOI, Tak 1 HETiHIMHOI YaCTOTHUX MOJYJISLII), IO 3HAYHO PO3LIMPIOE MOKIIH-
BOCTI 3aCTOCYBAaHHS QITOPUTMY B aBTOMAaTHYHMX CHCTEMax pO3Mi3HABAHHS [aHUX. 3a pe3yJbTaTaMH
JIOCIIUKeHHS 3HAaUeHHsI KoedillieHTa aBTOKOTGPEHTHOCTI 3aJIMIIACTHCS HE3MIHHEM B yChOMY Jiana3oHi 3MiHH
MOTY)KHOCTI IIyMy, 8 3HaUCHHsI aBTOKOPEJIALIT 3aIe)KHUTh BiJl YaCTOTHOI MOAYJIALI 1 Mae iHmui xapakrep. s
oTpuMaHHs crpomieHoi Moxeni BukopucraHo Ttect Ilamipo-Bimka (W-tect), curHamu 3a 3HauCHHSAMH
Koe(iLiEHTIB aBTOKOPEISLi] 1 BEHBIIET-aBTOKOTePEHTHOCT] KITaCH(IKyIOThCS Ha ABI BHOKpeMieHi rpymu. s
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CHUTHAJIB, SIKI BiJIIOBINAIOTh HOPMAJIBHOMY 3aKOHY PO3MOALTY JaHHX BH3HAYCHO LIYMOBHH HOPIr.

Ku1i04oBi ci10Ba: BeHBIET-CIIEKTpP, aBTOKOTEPEHTHICT, aBTOKOPEJIALIis, IIyM, IIYMOBHII OPIT, Y4CTOTHA MOY-
JISILLSL.

Analysis of time series using wavelet autocoherence and autocorrelation / Yu. Taranenko, O. Oliinyk,
B.I. Moroz, 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.

VK 004.855.5

EdexruBnicth kiacupikauii rpynroBanux Ha BneBHeHocti nentpoinis / JI. Cmere, /I. PaukoBchkuid,
€. Ocinog, O. Bosikos, B. Ban JlekBeiik, C. Jlatpe // KiGepHerrka Ta cuctemunii aHamis. 2025. Tom 61, Ne 2.
C. 142-160.

Amnotaunis. 'inepsumipni o6uncienss (HDC) € moTyXHOM0 alropHTMIi9HOIO IIIaTGOPMOIO, 0 HOEIHYE
ITiIXO/J1 CHMBOJIBHOTO Ta HEHPOMEPEXKEBOr0 MITY4HOro iHTenekTy. 3okpema, HDC npuBeprae 3HauHy yBary sk
MEepCIeKTUBHUN KaHAMIAT Ul 3a/[a4 MAIIMHHOIO HAaBYAHHS 3 HU3bKMMHU PECYpCaMu, HAMPHKIAJ, Y HOCHMHX
MPUCTPOSIX 1HTEpHETY peueit. s po3s’s3anus kiacudikauiitnux 3agad HDC nepetBoproe BXifHi qaHi y BUCO-
KOBUMIPHHI HPOCTIP i BUKOPHCTOBYE MPOCTi MOKOMIIOHEHTHI BEKTOPHI Onepariii /uisi CTBOPEHHs, HABYaHHS Ta
3acTOCYBaHHs Kiacudikariiinoi Moaeni. Xo4ya KIIaCHIHAa MOJENb LEHTPOIa 4acTo BUKOpHUCTOBYeThesi B HDC,
iTepaTHBHE OHOBJICHHS [IEHTPOI/[iB HOMIIKOBO KJIaCH()iKOBAHIMH 3pa3KaMH HOKpally€e TOYHICTh KIacudikaii.
V miii poOOTI TOCHIIKEHO, SIK HABYAHHS [ICHTPOIIIB, 10 IPYHTYETHCS Ha PiBHI JOBIpHU 10 Kiacudikamii, qoxat-
KOBO I JBHIILY€E TOUHICTh KiIacudikallii, 3aCTOCOBYIOUH BEJIMKY Ta PI3HOMaHITHY KoJiekwito 3 121 Habopy naHux
UCL

KurouoBi cioBa: nentpoin, nminiiiHui knacudikarop, HemiHiHE IEPEeTBOPEHHS JaHUX, TillepBUMIpHI 004mC-
JICHHSI, BEKTOPHO-CHMBOJIBHA apXIiTEKTypa.

Classification performance of confidence-driven centroids / L. Smets, D. Rachkovskij, E. Osipov,
0. Volkov, W. van Leekwijck, S. Latre // 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.

V]IK 519.6, 004.932, 004.627

HIBuaki wioumncyioBi cuHycHi i KocuHycHi neperBopeHHsi Tumy IV HuM3bKOI CcKJIagHOCTI s
BineokoayBanns / JI.O. I'natiB // KiGepHeruka ta cucreMHuii anamiz. 2025. Tom 61, Ne 2. C. 161-175.
AHoTanis. 3arpornoHOBaHO MaTPHYHI METOIH ITO0YXOBH LIJIOYNCIOBUX CHHYCHOTIO 1 KOCHHYCHOTO Iiepe-
TBOpeHs Tuity IV (LICII-IV / LKII-IV) nopsnky 8 i 16, Ha OCHOBI SKUX 1MOOYJOBAHO [(BA IIJIOYHCIIOB] IEPETBO-
pennst Tumy [V i po3poGiieHO MIBHIKI alrOpHTMH IXHBOTO OOYHCIIEHHS, IO MOTPeOyIOTh TUIBKH Omepamiil 3
uinumu gucnamu. Airoputmu obuuciensst L{CIT-IV / TIKII-IV nopsinky 16 notpeOyroth Ha 14.29 % i Ha 12.5
% MeHIIIe omepariii MHOxeHHs Ta Ha 22.11 % 1 20.83 % Oinpiue onepamniil 1oAaBaHHS HOPIBHIHO 3 BiIOMUMHI
ITOPUTMAaMH ISl AUCKPETHOTO CHHYCHOTO 1 KOCHHYCHOTO IepeTBOpeHb Tuiry V. 3amporoHoBaHI mIBHIKI
LICII-IV / LIKII-IV nopiBHSHO 3 BiJOMUMH IIBUAKAMH JUCKPETHHUMH CHHYCHHM TUITy VII i KOCHHYCHUM THITY
VIII nmepeTBOpeHHsIME 3 LIIOYHCIIOBOIO anpokcuManicto 3i craugapry VVC (IACII-VII / AKII-VIII) marots y
3.02 pa3za MeHIy MYJIbTHIUIIKATHBHY CKJIAJHICTh Ta NOTpeOyroTh Ha 47.41 % MeHIue omnepauiil 10/1aBaHHsL.
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P03p0o06ieHO MIBUJIKI aITOPUTMH HU3bKOT 00UMCITFOBAIBHOI CKIIATHOCTI 004HCIIeHHs 2D po3/AiIbHUX HITIOYHCIIO-
BUX KocuHycHOro Tumy Il i cunycHoro tumy [V aganTuBHUX MepeTBOPEHb sl intra-pOrHO3yBaHHs 3 OI0KaMu
300paxeHb, AKi MalOTh y 2.66 pa3a MEHIIy MyJIbTHILIIKATHBHY CKIaAHICTB Ta MOTpeOyroTh Ha 28.9 % MeHmIe
ornepariii JofaBaHHS MOPIBHSHO 3 BiIOMHUMH po3iiabHuMH meperBopenusmu LKII-II (H.265) / JACII-VII
(VVO).

Ku1rouoBi ciioBa: quckpeTHe KOCHHYCHE IIEPETBOPCHHS, JUCKPETHE CHHYCHE IEPETBOPEHHsI, LIIOYNCIOBE KO-
CHUHYCHE NEPETBOPEHHS, LIJIOUNCIOBE CUHYCHE TEpeTBOPEHHs, (akropusallis, Bineokoaysanus, H.265, VVC
(Versatile Video Coding), posninmsae agantusHe neperBopenns, 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).

YK 519.6, 004.932, 004.627

IlIBuake Wijl0YHMC/IOBEe CHPOIeHE CHHYC-KOCHHYCHeneperBopennss tumy VII mopsaky 16 jpas
BigeoxonyBanns / SI.B. Jlyn // KiGepuernka ta cucremuumii amami3. 2025. Tom 61, Ne 2. C. 176-190.

AmnoTanisi. Po3po0iieHo MaTpHYHUI METO]| IT0OYI0BH LIJIOUHCIIOBUX CHPOIIEHUX CHHYC-KOCHHYCHHX IIe-
perBopens Tuny VII mopsaxy 16 Ha OCHOBI IBOX HEpeTBOPEHb MOPsAKY 8: cuHycHoro tuiy VII i kocuHycHOro
tumy II. Po3poGneHo fBa LiIOYMCIOBI OJHOHOPMOBI CIIPOLIEHI CHHYC-KOCHHYCHI IEpPEeTBOPEHHS HU3BKOI 00-
YUCITIOBAJIBHOT CKIIAIHOCTI, sika MeHIIe Ha 38.6 % MOPIBHAHO 3 BITOMHM aJIrOPHUTMOM JAUCKPETHOIO CHHYCHOTO
neperBopennst iy VII mopsaky 16 3 minodncinoBoro ampokcumaniero. OTpuMaHi MEpeTBOPEHHS MAlOTh Ha
1-1.5 % meHmmii KoedillieHT CTHCHEHHS 3a Ti€l X SKOCTI BITHOBJICHHUX JAHUX, TOMY MOXYTh BHUKOPUCTOBYBa-
THCh JJI CXeMH PO3AUIBHHUX A[alTHBHUX NEPETBOPCHb IS MIBUAKOIIHHUX PEKUMIB KOJyBaHHs 300paXKeHb Ta
BijIeo.

Ku1i04oBi cl10Ba: IMCKpETHE KOCHHYCHE MEPETBOPEHHS, MCKPETHE CHHYCHE NEPETBOPEHHS, LIIOUUCIOBE KO-
CHHYCHE IIEPETBOPCHHS, IIJIOYICIIOBE CHHYCHE IIEPETBOPEHHS, LIIOYHCIIOBE CHHYC-KOCHHYCHE IIEPETBOPCHHSI,
MaciuTaboBaHe MEPEeTBOPEHHS, PO3IIbHI aJalTHBHI MepeTBOpeHHs, (akropusawis, BizeokoayBanns, 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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V]IK 519.6, 539.3

MojenoBaHHs iMITYJIbCHOTO 30y/IKeHHS 1IAPY, MOCJa0/1eHOr0 HACKPi3HUM 0TBOPOM (KOCOCHMeTPHYHMIi
Bunajaok) / FO.JI. KoBanbos // Kibepueruka ta cuctemuumii ananmiz. 2025. Tom 61, Ne 2. C. 191-198.

AHorauis. HaBeJieHO HOBY MaTeMaTH4HY MOJENb PO3B’sI3aHHs JUHAMIYHOT (yJapHOT) KOCOCUMETPUYHOT
KpaitoBoi 3amadi JIs MOCIA0IeHOr0 HACKPI3HKM OTBOPOM IIapy 3 KOB3HUM 3allleMJICHHSM TopLiB. Po3pobieHo
Ta YHCEJBHO alpoOOBAaHO HOBUH METOJ, OCHOBAHHMI HA CHUCTEMi TPhOX CHHIYJIPHHX IHTETPaJbHHUX PIiBHSHb.
VHACIIZIOK BUCOKOTOYHOTO YHCEIBHOIO JOCIIKEHHS BHSBJICHO, IO 31 301JIBLICHHSM JOBXUHH IMITYJIbCY
BiOyBA€ThCS 3POCTAHHS BIJHOCHOTO OKPYXKHOTO HANpyXEHHS. Y pa3i KOPOTKUX IMITYJIbCIB BHHHKAE XBHUIIC-
MoJi0HMI 3racHUi MPOIEC — B €-0KOJi MOYATKy KOOPIMHAT YHACIIIOK IHEpPLUiHHOCTI CUCTEMU BHHHKAE 30HA
HEraTUBHMX HANPYT, SIKi B3A€EMOJIOTH 3 TO3UTUBHUM IMITYJIbCOM 1 HOPODKYIOTh el mpoliec. AHaJOriYHa CH-
Tyalliss BUHHKae 1 B pasi 3HATTS immynbcy. HaBeneno BimmoBimHi rpadixu.

Kaio4oBi ciioBa: TpuBMMIpHI AMHAaMIi4HI KpailoBi 3a/1a4i, CUHTYJISIDHI IHTErpajibHI PIBHSHHS, YHCEIBHUN €K-
CIICPUMEHT, IMITyJIbCHHIl BIUIMB.

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 e-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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