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KIBEPHETUKA CYBERNETICS

VK 519.7
Hudpposa aBrenTHdikaumis «cBiii-uyxuiin» / A.B. AnicimoB // KibepHerrnka Ta cuctemuuid aHami3. 2024.
Tom 60, Ne 3. C. 3-14.

AHoTanis. 3anpoIoHOBaHO IPOTOKOJN Oaratopa3oBoi mudpoBoi ABOpayHIOBOI aBTeHTHOIKALii THITY
«CBIH-Uy>KHI» U1 TPYIH KOPUCTYBadiB. B OCHOBY IPOTOKOIY MOKJIAJICHO TaKy KOHCTpYKIito. B koxHii cecii
aBTeHTH(IKAIi WICHH TPyNHU MiANMcoM BiHTepHITHA MiAMKCYIOTH OKpeMi W-OJIOKH TOBIOMIICHHS, SIKE HaJlae
Bepudikarop. Bin nepeipsie BaniqHicTh Bcboro mianucy. [loTouni my0iyHi Kitoui nepecuiarothes Bepudika-
TOpy B IOMEpeaHii cecii. Y Takuii croci6 myOnivHi Kiio4i yTBOPIOIOTH CTPYKTYpy OJokueiiny. besneka mpoTo-
KOJTy BUILIBAE i3 BijoMoi Oe3neku mianucy BintepHitua i Oiokueiiny myOnivHux KimodiB. Y kpunrorpadiunii
MOJIeNi BHITAJKOBOTO OpAKyJa 3allpONOHOBAHMI MPOTOKOJ TaKOXK Ma€ BIACTHBICTH «JIOBEIEHHS 3 HyJIbOBHM
PO3TOIONICHHAM.

KumouoBi cioBa: asrentudikamis, koamiuiiiHa rpyna, uudpoBuil miamuc, mianuc BinTepHiTma, OloKYeiH.

Digital authentication “friend-or-foe” / A.V. Anisimov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60,
N 3. P. 3-14.

Abstract. Based on a modified one-time Winternitz signature scheme, we develop a multi-time
two-round group authentication protocol of the type “friend-or-foe.” The main construction is as follows. At
each authentication session, members of a group sign only designated w-blocks of a random message. The
verifier checks the validity of the whole Winternitz signature. Session public keys are created and sent to the
verifier at the previous session. This way, they form a hash-connected blockchain. Security of the Winternitz
signature and blockchain structure of public keys imply the security of the suggested protocol. A trusted third
party is needed for establishing first “genesis” keys. Also, the protocol has the property “honest verifier zero
knowledge.”

Keywords: authentication, coalition group, digital signature, the Winternitz signature, blockchain.

VK 519.816(045)
Anre6paiunuii MeTox cHHTe3y Ge3MOMHIKOBOI Oinapnoi Heliponnoi mepexi / O.€. JluTBuHeHKO //
Kibepuetnka ta cuctemuuii anamiz. 2024. Tom 60, Ne 3. C. 15-25.

AHorauis. HaBeneHo MareMaTH4Hy MOJENb 3a/1a4i OOYMCIICHHS BaroBux KoediuieHTIB OiHapHOI Heii-
pouHoT Mepexi. JloBeneHo, mo y pasi crynminyactux GyHKLii akTUBaLii HEHPOHIB TAKOI0 MOJEIUIIO € CHCTEMa
THIHUX HEpIBHOCTEH, ska y OLIBLIOCTI MPAaKTUYHHX 337ad € HECYMiCHOI0. 3alporOHOBAHO METO/ aHaNi3y
CHCTEMH HEpIBHOCTEH, SKHUii 1a€ 3MOr'y OOYHCIINTH 3HAYESHHS BarOBUX KOE(DILI€HTIB Ta CHHTE3yBaTU CTPYKTYPY
HEeWpPOHHOI Mepexi, o 3ade3neuye abCOoIIOTHY TOUYHICTh BUXIIHUX CHTHATiB. HaBeseHo aropuT™ Ta mpuKiaj
peaiizanii 3aIpOIOHOBAHOIO METOLY.

KuiouoBi ciioBa: HeilpoHHa Mepeka, MaTeMaTH4YHAa MOJEINb, aHaNi3, CHHTE3, MOMHJIKA.

An algebraic method for synthesizing error-free binary neural network / A. Litvinenko // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 3. P. 15-25.

Abstract. A mathematical model of the problem of calculating the weighting coefficients of a binary
neural network is given. It is proved that in the case of step functions of neuron activation, this model is a
system of linear inequalities, which is incompatible for most practical problems. A method of analyzing the
system of inequalities is proposed, which allows calculating the values of the weighting coefficients and
synthesizing the structure of the neural network, which ensures the absolute accuracy of the output signals. The
algorithm and an implementation example are given.

Keywords: neural network, mathematical model, analysis, synthesis, error.

YK 004.855:519.216
BusiBjieHHsI Kay3aJbHUX BiIHOLNIEHb 3 MAPKOBCHKHX BJIACTHBOCTEH B YMOBAX JIATEHTHUX KoH(payH/epiB
/ O.C. banadanoB // Kibeprueruxa Ta cuctemuuii amamis. 2024. Tom 60, Ne 3. C. 26-44.

AnoTanis. Po3risHyTO Npo6IeMH BUBSICHHS CTPYKTYP Kay3aJlbHUX MOJENICH Ha OCHOBI (haKTiB yMOBHOI
HE3aJIeKHOCTI B CUTYAIlii, KOJIM Kay3ajlbHi 3B’3KM MOXYTh OyTH Iij Ji€r0 jaTeHTHUX KoHdaynaepis. [Ipone-
MOHCTPOBAHO YMOBHU i MOMJIMBOCTI UaCTKOBOT'O Ta IOBHOTO BUSIBJICHHS Kay3aJbHUX BiTHOLICHD, a TAKOXK il1€H-
Tu(ikauii sateHTHUX KoHpayHaepiB. CHopMyIp0BaHO OHOBIICHI IMILTIKATHBHI IIPaBUJIa BUBEACHHS Opi€HTaLliit
pebep (3B’s13kiB) Mozei. Jleski HOBI paBuiIa 3/1aTHI BUSBJIATH KOH(MAyHI0OBAaHUI Kay3aabHUIA 3B’5I30K Ta apKy,
CHHPAIYXCh Ha 3a00POHY MEBHUX aBTEHTUUHUX pedep. (3abopona pedpa Moxke OyTH anpiopHO abo aprymeH-
TOBAaHA CBIJMCHHSM THUITy CTpHMyBaHHs Bepma.)

KirouoBi cioBa: kay3anbHuN 3B’s130K, d-cemapaitis, yMOBHa HE3QJICXKHICTb, JIATCHTHHH KoHdayHIep,
opieHTaliisi pebdep, apka.
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Causal discovery from Markov properties under latent confounders / O.S. Balabanov // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 3. P. 26-44.

Abstract. We address the problems of causal structure reconstruction given conditional independence
facts when latent confounders are allowed. We examine the conditions that allow one to partially or fully
identify authentic causal links and latent confounders. The updated implicative rules for orienting edges under
confounding are suggested. As demonstrated, it is possible to construct the new rules, which can reveal
confounded causal edges and bows. The rules rely on facts of the absence of certain authentic edges (such facts
may be justified by non-independence constraints, like Verma constraint, or subject-based requirements).

Keywords: causal relation, d-separation, conditional independence, latent confounder, edge orientation, bow
(arc).

CHUCTEMHHUIA AHAJII3 SYSTEMS ANALYSIS

YK 519.86
Onrumizaniss po3noaily KamiTaJabHHMX iHBeCTHLiii Ha OCHOBI JMHAMIYHOI €KOHOMiKO-MaTeMaTH4YHOL
mozedni / A.M. I'ynan, C.B. Ilamko // Kibepuetuka Ta cucremunii ananiz. 2024. Tom 60, Ne 3. C. 45-53.

AHoTanisi. PO3risiHyTO TMHAMIYHI €KOHOMIKO-MaTeMaTHYHI eKCTPEMAaIbHI 3a4a4i ONTHMI3awil po3noairy
IHBECTHIIIIT MIX TaTy3sMH €KOHOMIKH KpaiHH. BHKOPHCTaHO MOJIENb «BUTPATH—BHITYCK» JIEOHTBEBA Ta MOJIEIb
Conoy ay1st 1o0Gy/10BH SKCTPEMAIbHUX 3224, B SIKHX MAaKCHMI3y€ThCsl IPUBEACHHUI BAJIOBHIl BHYTpILIHI 1po-
JIyKT 32 yMOB 00MEXEHOCTI 00csTiB iHBecTuIii. JloBeeHo, o nodyaoBaHa 3aa4a MaTeMaTUYHOTO TIPOTpamy-
BaHHSA HAJICXKHUTh KJIACY TIIIAJKUX Ta OIMyKIMX CKCTPEeMalbHHX 3ajad. 3a IOHMOMOrOK METOLY YMOBHOIO
rpajieHTa po3paxoBaHO ONTHMAIbHHN PO3MOMLUT IHBECTHLIH Ui CKOHOMIKH YKpaiHH.

Kuiio4oBi cjioBa: onTuMizaliis, po3noij iHBECTHIIIH, eKOHOMIKO-MaTeMaTHYHa MOJIeNIb, BUPOOHUYA (DyHKIiS,
BaJIOBUH BHYTPILIHIA MPOJYKT, METOJ.

Optimization of capital investment distribution based on a dynamic mathematical model / A.M. Gupal,
S.V. Pashko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 45-53.

Abstract. The article considers dynamic optimization problems for the distribution of investments
between sectors of the country’s economy. Leontiev’s «input-output» and Solow’s models were used to
construct extremum problems. The objective is to maximize the gross domestic product under limited
investment volumes. The constructed mathematical programming problem is proved to belong to the class of
smooth and convex extremum problems. By using the conditional gradient method, the optimal distribution of
investments for the Ukrainian economy was calculated.

Keywords: optimization, investment distribution, mathematical model, production function, gross domestic
product, method.

VYIK 531.011; 004.942; 621.31; 37.036.5
MaremaTuyHa MoJesb MarHirHoro Haamnposigsoro miasicy / C.C. 3y6, LI. Slnosera, C.I. Jlsko,
B.C. JIsitmiko // KibGepHernka Ta cucremuuil anamiz. 2024. Tom 60, Ne 3. C. 54-63.

AHoTanis. 3 BUKOPaHHSIM OTPHMAHOI y SIBHOMY BUIVIII (DYHKIIT MOTEHIiaIbHOI eHepril MarHiTHOI cuc-
TEMH, 10 CKJIAJAETHCS 3 HAAMPOBITHOTO KiJIbIS Ta MArHITHOTO JUIIOJNS B OAHOPIIHOMY TOJI CHJIM TSDKIHHS,
MIPOBEJICHO MOBHE JOCII/PKEHHS CTIHKOCTI CTAaTUYHOI PIBHOBArd B CUCTEMI. 3HAI/ICHO aHAIITUYHI YMOBHU iCHY-
BaHHs PIBHOBAru ta nodyaoBaHo obsacTh criiikocti. [TokazaHo, 110 3a 3HAMJCHUX YMOB B OKOJII OCI KUJIBIS Ma€e
Micle cTaTHYHa MarHiTHA JIeBiTalis y Gpopmi migsicy. BukonaHi oGuHCIIeHHs JEMOHCTPYIOTh CTIHKICTh PIBHO-
Baru y Qopmi mijBicy Ha OCHOBI ME€XaHi3My MarHiTHOi JieBiTamii, 3ampornoHoBanoro B. Kozopizom.

Kuio4oBi cjioBa: MaTeMaTuyHa MOJICIIb, MarHiTHA JICBITALlisl, MATHITHA MTOTEHI[iaJIbHA EHEPTis, CTIHKICTh PIBHO-
Bar, HAANMPOBIJHA KOTYIIKA, MOCTIMHHUI MAarHiT.

Mathematical model of magnet superconducting suspension / S.S. Zub, I.H. Yalovega, V.S. Lyashko,
S.I. Lyashko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 54-63.

Abstract. A complete study of the stability of static equilibrium in the system was carried out using the
explicitly obtained function of the potential energy of the magnetic system, which consists of a superconducting
ring and a magnetic dipole in a uniform gravitational field. The conditions for equilibrium were analytically
found, and the stability domain was constructed. It is shown that when the found conditions are met, a static
magnetic levitation in the form of a suspension takes place around the axis of the ring. The performed
calculations demonstrate the stability of equilibrium in the form of a suspension based on the magnetic
levitation mechanism proposed by V. Kozoriz.

Keywords: mathematical model, magnetic levitation, magnetic potential energy, stability of equilibrium,
superconducting suspension, permanent magnet.
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VK 517.988

CuibHa 30iKHICTH PeryJjsipu30BaHOr0 aJropuTMy OINEpaTOPHOI ekcrpamossinii s BapiaumiiiHux
nepiBHocreii / B.B. CemenoB, O.C. XapskoB // Kibepueruxa ta cucremunii anams. 2024. Tom 60, Ne 3.
C. 64-76.

AHoTauis. 3anporoHOBaHO Ta JOCIIPKEHO HOBUI aJrOpPUTM Uil PO3B’S3aHHS BapiallifiHUX HEPiBHOCTEH
B rJIOEPTOBUX MPOCTOPAX. 3aPONOHOBAHUI ITEPALIHUI aITOPUTM € PEryJISIPH30BaHUM 3a JIOIIOMOTOI0 CXe-
M [ajpnepHa 3a METOI0M ONepaTopHOl eKCTpanossiLii. 3a 00CIroM HeOOXIAHHUX IS 3/iHICHEHHS iTepalifHoOro
KPOKY OOYHCIICHb aJIrOPUTM Ma€ IepeBary HaJl eKCTparpaiieHTHUM MeTozoM KopreneBud Ta METoJOoM eKcTpa-
noJtsinii 3 MuHystoro. Jlyist BapianiiifHUX HEepiBHOCTEH 3 MOHOTOHHHMH, JHIIIHIIEBUMH OLIEPaTOPaMH, II0 TiI0Th B
riT0epTOBOMY MPOCTOPI, JOBEICHO TEOPEMY HPO CHIIBHY 301KHICTH METOJHY.

KurouoBi ciioBa: Bapiauiiina HepiBHICTb, CiJJI0Ba 3a/1a4a, MOHOTOHHHMIT OIIEPaTOp, METO ONEPATOPHOI eKCTpa-
nosinii, Meron I'anbrepHa, peryispusanis, CHIbHA 30DKHICTS.

Strong convergence of the regularized operator extrapolation algorithm for variational inequalities /
V.V. Semenov, O.S. Kharkov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 64-76.

Abstract. The article proposes and investigates a new algorithm for solving variational inequalities in
Hilbert spaces. The proposed iterative algorithm is regularized by the operator extrapolation method using the
Halpern scheme. In terms of the amount of computation required for the iterative step, the algorithm has an
advantage over the Korpelevich extragradient method and the method of extrapolation from the past. For
variational inequalities with monotone, Lipschitz continuous operators acting in Hilbert space, a theorem on the
strong convergence of the method is proved.

Keywords: variational inequality, saddle point problem, monotone operator, operator extrapolation method,
Halpern method, regularization, strong convergence.

VK 517.9: 519.6

Hesiki kpaiioBi 3agaui, BiamoBigni Moxeni apoGoBo-nupepenuiiinoi  pinbTpaniiinoi AMHaAMiKK
B TPIilIMHYBATO-MOPUCTOMY CepeIOBUINI 32 YMOB 4YacoBoi HejokaasHocti / B.M. BynaBaubkmii //
KiGepuetnka ta cucremuuii axamiz. 2024. Tom 60, Ne 3. C. 77-89.

Anoranisg. OJepxaHO 3aMKHEHi PO3B™SI3KM  ICSIKMX KpaoBHX 3amad  IpoOoBO-audepeHmiiHol
reodiIbTpaLiiiHOl TMHAMIKK B TPILMHYBATO-IIOPHCTOMY CEpPEIOBHILI sl MOJEII 31 CIA0KOMPOHUKHIMHU HOPHC-
THMHU Or10Kamu. 30KpeMa, po3B’A3aHo NpsAMY i 0OepHEHY KpaifoBi 3aiaui (GimbTpamnii /Ui mapy CKiH4eHHOT OTYX-
HOCTI, HaBEJICHO YMOBH ICHYBAHHSI iXHIX peryJIIpHHX PO3B’SI3KiB, 3HANEHO PO3B’I30K 3ajadi (GinpTpamiiHoi au-
HaMiK{ 3 HEJIOKAJIbHUMH IPaHUYHUME YMOBaMu. [t OKpeMoro BUNaAKy (GiuIbTpaniiHol MOJEI PO3IIISHYTO 3a-
Jladyy MOJICNIIOBaHHSI aHOMAJIbHOI JAWHAMIKU (GUIbTpaliifHUX TOJIB TUCKIB Ha 3ipKomomaiOHomy rpadi.

KurouoBi ciioBa: MaTeMaTH4HE MOJEIIOBAHHS, IPoOOBO-aH(epeHNiiiHa quHaMika (QiIbTpaiiHuX HPOLeciB,
TpIIHYBAaTO-IIOPUCTI CepeIOBHINA, HeKIACHIHI MOJeNi, KpaioBi 3aiadi, oOepHeHi 3aadi, 3a/1a4i 3 HEelIOKalb-
HUMH YMOBaMH, 3aMKHEHI PO3B’S3KH.

Some boundary-value problems corresponding to the model of fractional-differential filtration dynamics
in a fractured-porous medium under time non-locality / V.M. Bulavatsky // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 3. P. 77-89.

Abstract. Closed-form solutions of some boundary-value problems of fractional-differential geofiltration
dynamics in a fractured-porous medium are obtained for a model with weakly permeable porous blocks. In
particular, the direct and inverse boundary-value problems of filtration for the finite thickness layer are solved,
the conditions for the existence of their regular solutions are given, and the solution of the problem of filtration
dynamics with nonlocal boundary conditions is found. For a particular case of the filtration model, the problem
of modeling the anomalous dynamics of filtration pressure fields on a star-shaped graph is considered.

Keywords: mathematical modeling, fractional-differential dynamics of filtration processes, fractured-porous
medium, non-classical models, boundary value problems, inverse problems, problems with non-local
conditions, closed-form solutions.

YIK 519.863

MeTtoa ontuMizanii CTPYKTYPH HMOCIBHMX IUIOLN AJIs1 aJanTauii pOCAMHHULTBA 10 KJIIMATHYHUX 3MiH /
B.A. lleneasieB, O.M. T'osonnikos, H.O. T'ostonnikoBa // KibepHeruka ta cucremunii ananis. 2024. Towm 60,
Ne 3. C. 90-96.

AHorauis. Po3risgnyto npobiemy azanraiii pOCIMHHHUITBA 0 KIIMaTHYHKUX 3MiH. JlochiukeHo 3aqaqy
MOIIYKY ONTHMATIBHOT CTPYKTYPH MOCIBHOI IUIOIII B Mait0yTHHOMY 3 ypaxXyBaHHIM MOJKIHBOTO CLEHAPIIO 3MiHU
kiimMaTy. [i cyTh monsrae B HONIYKy TAKOTO PO3MOJY MOCIBHOI IIONII i pi3Hi IPyMH CilbChbKOrOCIOa-
PCBKHX KYJIBTYP, 3@ SKOr0 MaKCHMI3y€ThCS CEPe/JHbOPIYHA BPOKAIHICTD 32 YMOBH OOMEKEHHSI Ha PH3HK HEJI0-
0Opy BpO’Kar BHACIIIOK peati3aiii HeCIPUSTINBOIO CICHAPI0 MOTOJHUX YMOB. J[iist po3B’si3anHsl 1€l 3a1a4i
PO3pO0ICHO MAaTeMAaTHYHY MOJEIb, 3a SKOK MPOBEICHO PO3PAXyHKH.

Kurodosi ciaoBa: ajanTanis 10 KIIMAaTHYHUX 3MiH, POCIMHHHIITBO, CTPYKTypa IOCIBHOI IUIOMII, PHU3MHK,
ONTHMI3allisl, BPOXKaWHICTB.
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Method of optimizing the structure of sowed areas for the adaptation of crop to climate changes /
V.A. Pepelyaev, A.N. Golodnikov, N.A. Golodnikova // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3.
P. 90-96.

Abstract. The article is devoted to crop production adaptation to climate change. It considers the problem
of finding the future optimal structure of the sown area, considering the possible climate change scenario. It
implies finding a distribution of the sown area for different groups of crops that would maximize the average
annual yield while limiting the risk of crop failure due to adverse weather conditions. To solve this problem, a
mathematical model was developed and used for computations.

Keywords: adaptation to climatic changes, crop production, structure of sown area, risk, optimization,
productivity.

YK 519.85
MopaemoBanasi 3anoBHeHHs: 3D-00’emy HecdepuyHMMH Ta cPEepHYHMMH YACTHHKAMH TOPOMIKY
THTAHOBUX cIUIaBiB st aauTuBHOro BUpPoOHMuTBa / 0. Crosin, O. Ilankpatos, I. Jlemimka,

3. dypsrina, /Ix. Bennenn, T. Pomanosa, I1. Cremok // KidbepHeruka ta cucremuuii ananis. 2024. Tom 60,
Ne 3. C. 97-108.

AHortanis. Po3poOieHo minxizg a0 MOJENIOBaHHS MNOIIAPOBOrO 3arloOBHEHHS HeBHOro 3D-00’emy 3
KOMOIHYBaHHSIM Hec(epuuHnX Ta chepuuHUX YaCTHHOK MOPOIIKY pi3HOro ¢pakiiiiHoro ckuany. [1obynoBaHo
MaTeMaTH4YHy MOJIeNb 33/1aui aKyBaHHs PErYJSIPHUX Ta HEPETyYJSIPHUX 00 €KTIB, 10 BUIBHO PyXalOThCs, i3 3a-
cTocyBaHHAIM MeTody phi-QyHKIiH. 3apOIIOHOBAHO EBPHCTUYHUII AITOPUTM, SKUH BHKOPHCTOBYE HENIHIIHY
ONTHUMI3alil0 Uil OOYHCICHHS KoedilicHTa MIITBHOCTI MaKyBaHHS/MOPYBAaTOCTi. BUKOHAHO MOpPIBHAHHS pe-
3yJIBTATiB YHUCIIOBOTO MOJEIIFOBAHHS 3 EKCIEPHMEHTAIBHIMHE JaHIMHU, OTPUMAHUMH UL CyMil cepuaHux ta
NoJIieipagbHUX MOPOLIKIB TUTAHOBHUX CIUIABIB. BCTaHOBJIEHO, 110 BIJICOTKOBE CIIIBBIJHOIICHHS YAaCTHHOK I10-
POILIKY B MeXax AOCHIKyBaHOi (pakiiii, OTpEMaHe 3a JOMOMOIOI0 PO3pOOJICHOr0 AIrOPUTMY, 3 BHCOKOIO
TOYHICTIO BiJIIOBIZa€ EKCIEPUMEHTAIBHAM pe3yibrataM. Lle 1ae 3Mory BUKOPHCTOBYBATH PE3yJIbTaTH YHUCIIO-
BOI'O MOJICNIOBAHHS 3aMiCTh JOPOTUX EKCIEPUMEHTAIBHUX JOCIHIUKCHb. 3aCTOCYBAaHHS MaTEMaTHYHHX MOJe-
Jell B aJUTHBHOMY BHPOOHHITBI Ja€ MOXJIMBICTh HiJBUIIUTH ¢()EeKTUBHICTh KOXKHOTO €TaIly TeXHOJIOTIYHOTO
MPOLIECy, 3HU3UTHU KUIBKICTh OPaKOBaHUX BHPOOIB, palliOHAIBHO ITAHYBATH PO3XiJl EHEPreTHYHMX 1 MaTepialib-
HHUX DPECypCiB.

KarouoBi cioBa: nakyBaHHs, cepruHi Ta HecepuyHi YacTUHKH, 3D-00’€M, MaTeMaTHYHE MOJICIIFOBAHHS,
HeJliHIHA ONTUMI3allis, aJUTHBHE BUPOOHUIITBO.

Simulation of 3D volume filling with non-spherical and spherical titanium alloy powder particles for
additive manufacturing / Yu. Stoyan, O. Pankratov, I. Lemishka, Z. Duriagina, J. Bennell, T. Romanova,
P. Stetsyuk // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 97-108.

Abstract. The authors developed an approach to modeling the layer-by-layer filling of a particular 3D
volume with a combination of non-spherical and spherical powder particles of different fractional composition.
A mathematical model of the problem of packing regular and irregular freely moving objects is provided using
the phi-function technique. A heuristic algorithm that uses nonlinear optimization is proposed for calculating
packing density factor/porosity. The results of numerical modeling are compared with experimental data
obtained for a mixture of spherical and polyhedral powders of titanium alloys. It is established that the relative
frequencies obtained by the developed algorithm correspond to the experimental results with high accuracy.
This indicates the possibility of using numerical modeling results instead of costly experimental studies. The
use of mathematical modeling and optimization techniques in additive manufacturing makes it possible to
improve the efficiency of each stage of the technological process, reduce the number of defective products, and
rationally plan the consumption of energy and material resources.

Keywords: packing, spherical and non-spherical particles, 3D volume, mathematical modeling, nonlinear
optimization, additive manufacturing.

VK 517.9
CroxacTH4yHa JeCKPUNTOpPHA rpa mnepeciainyBanHs / JILA. Buacenko, A.A. Pyrkac, A.I'. Pyrtkac,
A.O. Ynukpiii // Kibepuernka Ta cucremuuii anamiz. 2024. Tom 60, Ne 3. C. 109-119.

Awnotauis. Jlocmipkeno audepeHiianeiy rpy IepeciigyBaHHs] y CTOXaCTHYHINH AeCKPUIITOPHIN JIiHIHHIIT
cucreMi. JIMHAMIKY CHCTEMH ONUCAHO CTOXACTUYHUM JepeHianpHO-anreOpaiyHuM PiBHSIHHSAM Y PO3yMiHHI
IT0. PO3B’s13KM PIBHSAHHS NPEJCTABICHO Yy BHIVISAI CTOXACTHYHOI (pOpMyiM Bapiauii CTanux 4epe3 Mov4aTKoBi
jnaHi Ta ONOK KepyBaHHsS. [l OTpPHUMaHHS yMOB 3aBEpIICHHS I'DH BHKOPUCTAaHO OOMEXKCHHS Ha OIOpHI
(yHKIIOHAIN IBOX MHOXUH, IO BH3HAYAIOTHCS MOBEJIHKAMH IepeciiayBaya i Brikada. s moOynoBu kepy-
BaHHS IIepeciliyBaya, 0 IapaHTye NPHBEICHHS AUHAMIYHOTO BEKTOpA CHCTEMH Ha TEPMiHAIBHY MHOXUHY,
3aCTOCOBAHO METOJ PO3B’sA3yBalbHHUX (PyHKIiH. Pe3ynpTaTu mpoimocTpoBaHO HA MPUKIAl CTOXaCTHYHOI Jec-
KPHUIITOPHOI CHCTEMH, IIO ONHUCYE MEPEXiIHI PSKUMHU Y PaAioTeXHIYHOMY (BiIbTPi 3 BUNAJKOBUMHU 30YPEHHIMHU
y BUIIAI OUIOTO IIymy.

KurouoBi cioBa: croxacTuune audepeHianbHo-anredpaidHe piBHAHHS, BIHEPIBCHKUH HPOIEC, AECKPUTOPHA
cucrema, AudepeHIiaibia Tpa, paaioTeXHIyHuil GuIbTp, OLIMi mIym.
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Stochastic descriptor pursuit game / L.A. Vlasenko, A.A. Rutkas, A.G. Rutkas, A.A. Chikrii //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 109-119.

Abstract. Abstract. A differential pursuit game in a stochastic descriptor linear system is analyzed. The
system dynamics is described by Ito’s stochastic differential algebraic equation. Solutions of the equation are
presented by the formula of variation of constants in terms of the initial data and control unit. Constraints on the
support functionals of two sets defined by the behaviors of the pursuer and evader are used to obtain the game
completion conditions. The method of resolving functions is applied to construct a pursuer control bringing the
dynamic vector of the system to a terminal set. The results are illustrated by an example of a stochastic
descriptor system that describes transient states in a radio technical filter with random perturbations in the form
of white noise.

Keywords: stochastic differential algebraic equation, Wiener process, descriptor system, differential game,
radio technical filter, white noise.

YK 519.622

3agaya ONTHMAJIBHOTO KEPYBAHHS TOYKAMH HABAHTAKYBAaHHSA Ta IXHiMM (QyHKUisMH peakuii ajs
napa6oJiunHoro piBusinusi / B.M. A6ayiniaes, B.A. Xammmos // KiGepuerrka ta cucreMuuit anamis. 2024.
Tom 60, Ne 3. C. 120-134.

AnoTanis. Po3rsHyTO 33a4a1y ONTUMAIBHOTO KEPyBaHHS TOUYKAMH HABAHTAXKYyBAHHS Ta BiIIOBITHUMH
(yHKIISIMU peakiii, SIKy ONUCYIOTh HABAHTAKEHUM MapaboIiyHUM piBHSHHAM. OTPUMaHO ONTUMAJIbHI YMOBH
JUI KepyBallbHUX BIUIMBIB. DopMyIn rpajieHTa HIbOBOro (yHKIiOHAA, 0 MICTATHCS B IIMX YMOBAX, BUKO-
pPHUCTaHO B AITOPUTMI YMCIOBOTO pO3B’S3aHHS 3aJadi KEpyBaHHS PYXOM TOYOK HABAaHTAKyBaHHS Ta
BiANoBiqHNX (YHKUIIl peakuii Ha OCHOBI METOAIB ONTHUMI3alLii Mepuioro nopsaky. HaBeneHo pesynpTaTn dmnc-
JIOBHX EKCIICPHMEHTIB.

KuiouoBi ciioBa: cucremMa 3 pO3MOAUICHUMH MapaMeTpaMH, HaBaHTaXeHe AU(epeHIianbHe PIBHSIHHSI, He-
00XifHa yMOBa ONTHMAJBHOCTI, TPAaieHT (YHKLIOHANIA.

A problem of optimal control of loading points and their reaction functions for a parabolic equation /
V.M. Abdullayev, V.A. Hashimov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 120-134.

Abstract. We consider the problem of optimal control of loading points and the corresponding reaction
functions described by a loaded parabolic equation. Optimality conditions for control actions are obtained. The
objective functional gradient formulas contained in these conditions are used in the algorithm for numerically
solving the problem of optimization of loading points and reaction functions based on first-order optimization
methods. The results of numerical experiments are provided.

Keywords: distributed-parameter system, loaded differential equation, necessary optimality condition,
functional gradient.

YIK 519.21

Ouinkyn GyHKuii po3nogily HanpauwBaHHA HAa BiAMOBY BHCOKOHajiliHOI cuctemu N—1 3 Ny BUNaaKy
MOKAa3HUKOBHX PO3MOJiTiB iHTepBaJiB po00o4oro crany ycix aabrepHyBaabHux npouecis / 0.0. Kymmnip,
B.II. Kyumip // KiGepreruka ta cuctemuuid anamis. 2024. Tom 60, Ne 3. C. 135-140.

AwuoTanis. HaBeneHo KiNbKICHI OLIHKM IIBHAKOCTI 30DKHOCTI (yHKIIi pO3MOALTY HAmpalfoBaHHS Ha
BIZIMOBY BHCOKOHA/IIi{HOT Ma)kopuTapHoi BifHOBIIOBaHOI cucteMu N — 1 3 N 10 HOKa3HUKOBOI 32 MPUITYIICHHS,
110 iHTepBAIN POOOYOro CTaHy yciX aJbTepPHYBAJIBHUX MPOLECIB MAIOTh MOKa3HUKOBHUIT po3moin. OuiHeHo ra-
paHTOBaHMI 4ac Oe3BiAMOBHOI POOOTH Li€i CHCTEMH.

KurouoBi cioBa: anbTepHYBaIbHUN TIpOLEC BiIHOBICHHS, MaXOPUTApPHA BIJHOBIIOBAaHA CHCTEMa, TeOpeMa
Penbi, HariBMapKOBCHKHMI HpoOIEC.

Estimation of the time-to-failure distribution function in a highly reliable N-1-out-of-N: G' repairable
system in the case of exponential distributions of working periods of all alternating renewal processes /
0.0 Kushnir, V.P. Kushnir // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 135-140.

Abstract. Some quantitative bounds on a convergence rate of the time-to-failure distribution function to
an exponential distribution function in a highly reliable N—1-out-of-N: G repairable system are obtained in the
case of exponential working periods of alternating renewal processes. The confident time to failure of this
system is also bounded.

Keywords: alternating renewal process, N—1-out-of-N: G repairable system, Renyi’s theorem, semi-Markov
process.
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YIK 519.21

Ipo icHyBaHHS ONTHMAJILHOTO KEPYBAaHHSl JISl CTOXaCTHYHHX HpepeHUianbHO-PYHKIIOHATIBHUX
piBHsHB mix aieio 3oBHiHNX 30ypens / B.K. Slcuncwpknii, I.B. FOpuenko // KibepHernka Ta cHCTeMHHI
anamiz. 2024. Tom 60, Ne 3. C. 141-151.

AHoTauist. Po3risiHyTO TeopeMy MOPIBHSAHHS JUIs pO3B’SI3KIB CTOXaCTUYHUX AU(epeHIiaTbHO-(QyHKIIOHATb-
HHX PIBHSHb I1i/1 JI€10 30BHIMIHMX 30ypeHb Ta 1i 3aCTOCYBaHHS [UTsl O/IHIET 3a/1a4i CTOXaCTHYHOTO KEPYBaHHSI.

KarouoBi cioBa: TeopeMa NOpIBHSHHS, CTOXAaCTHYHE KEPYBaHHS, CTOXACTHYHI (pyHKUIOHANbHO- mue-
peHLianbHI PIBHSHHSA.

On the existence of optimal control for stochastic functional differential equations under the influence of
external disturbances / V.K. Yasynskyy, I.V. Yurchenko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60,
N 3. P. 141-151.

Abstract. The article discusses the comparison theorem for solutions of stochastic functional differential
equations under the influence of external disturbances and its application to one stochastic control problem.

Keywords: comparison theorem, stochastic control, stochastic functional differential equations.

VK 519.8
Jlesiki acHMNTOTHYHI BJIACTHBOCTI PO3B’A3KiB Tpurapmowniiinux piBusnb / A.M. IlyroBcbkuii //
Kibepnetuka ta cucremuuii ananiz. 2024. Tom 60, Ne 3. C. 152-160.

AHoTauis. Po3riasHyTo onTuMmizauiiiHy 3amady JUis TPUIapMOHIMHOIO PIBHSHHS 32 HAasBHOCTI HMEBHHUX
rpaHUYHUX YMOB. BHacmizok 1poro 0ysio moOyaoBaHo TpurapMoHiitHuii interpan [lyaccona y 1ekapToBuX KO-
OpIHMHATaX Ui BEPXHBOI MIBIUIOMIMHK. J[OCIIDKCHO aCHMITOTHYHI BIIACTHBOCTI IIOTO OIlepaTopa Ha Kiacax
Jlinmmns B piBHOMIpHIIT MeTpuii. 3HANICHO TOYHY PIBHICTH UL BEPXHBOI MEXI BIIXHICHHS (YHKLIH Kiacy
Jlinmmus Bix TpurapMoHiiHOTO iHTerpana IlyaccoHa, BU3HAYEHOTO B ICKAPTOBHX KOOPAMHATAX VIS BEPXHBOT
MIBIUIOMIMHY B METPHLI IIPOCTOPY . 3aCBIYEHO HASBHICTH 3B’3Ky MK METOJAAMH TeOPii HAOIMIKCHb 1 IPUHIIU-
MamMy Teopii ONTHMAIBHUX PIllICHb.

KurouoBi cioBa: onTumizamiiina 3agada, kinac ¢yHkniif Jlinmmis, piBHOMiIpHA MeTpHKa, TPUTapMOHIHHHI
inTerpan IlyaccoHa.

On some asymptotic properties of solutions of triharmonic equations / A.M. Shutovskyi // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 3. P. 152-160.

Abstract. The author considers the optimization problem for the triharmonic equation in the presence of
specific boundary conditions. As a result, the triharmonic Poisson integral was constructed in Cartesian
coordinates for the upper half-plane. The asymptotic properties of this operator on Lipschitz classes in a
uniform metric were studied. An exact equality was found for the upper bound of the deviation of the Lipschitz
class functions from the triharmonic Poisson integral defined in Cartesian coordinates for the upper half-plane
in the metric space. The results obtained in the article demonstrate the connection between the methods of
approximation theory and the principles of optimal decision theory.

Keywords: optimization problem, class of Lipschitz functions, uniform metric, triharmonic Poisson integral.

MNPOI'PAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 004.41
HixBumenHs BigMoBocTilikocTi B MikpocepBicHiii apxitextypi / A.M. I''tuéoBeus, I.A. Ianpouskuii //
KibGepuerrnka ta cucremuuii ananiz. 2024. Tom 60, Ne 3. C. 161-172.

Amnoramnist. MikpocepBiCHy apXiTeKTypy IIMPOKO BUKOPUCTOBYIOTH IIiJ] 4ac IOOYIOBH PO3HOIUICHHUX 3aCTO-
CYHKIB. YK€ po3B’si3aH0 Oarato mpooieM, o Oyiiu HasBHI Ha MOYaTKy BUKOPUCTAHHS LILOTO MiIXOAy. AJie J10Ci 3a-
JIMIIAETHCS HE PO3B’A3aHOI0 O/1HA 3 (hyHIaMEHTATbHUX HPo0JieM, IO Cepio3HO BIUIMBAE HA BIIIMOBOCTIHMKICTH CHC-
Temu. BoHa Mae Ha3By «rapaHTOBaHa IOCTaBKa MOBIIOMIICHB MiXK CepBicaMi. Y CTaTi MpoaHaIi30BaHO CTaHIAPTHI
ITIXOM 10 po3B’si3aHHs Liei mpobnemu. Ha ocHOBI mpoBezeHoro anaiizy BuokpemieHo nareps Circuit Breaker ta
37ificHeHo Horo mMoamdikamiro, MO Jal0 3MOrY 3MEHIIHMTH 3aTPHMKY Nepexoly MDK CTaHaMH, a BIAIOBITHO W
Bi/IIpaBJICHHS. MOBIJOMJICHb CEPBICOM. EKCIIEpUMEHTaIbHO MiATBEPIKCHO e(EKTHBHICTH 3alpOIIOHOBAHOI MO-
mudikamii. Pesymprar Moaudikanii odopmieno y Burmani mBHAKoi KoHGirypamii mmt Spring Boot.

KumrouoBi cioBa: MikpocepBicHa apxiTeKTypa, BiIMOBOCTIHKICTh, Mikpocepsic, marepH, Circuit Breaker.

Increasing the fault tolerance in microservice architecture / A. Hlybovets, I. Paprotskyi // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 3. P. 161-172.

Abstract. Microservice architecture is widely used in the development of distributed applications. Many
problems present at the beginning of using this approach have already been solved. However, one of the
fundamental problems that seriously affects the system’s fault tolerance remains unsolved. This fundamental
problem is known as guaranteed delivery of messages between services. The article analyzed standard
approaches to solving this problem. Based on the analysis, the Circuit Breaker pattern was isolated, and its
modification was carried out, which reduced the delay in the transition between states and, accordingly, the
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sending of messages by the service. The efficiency of the proposed modification has been confirmed
experimentally. The result of the modification is presented in the form of a quick configuration for Spring Boot.

Keywords: microservice architecture, fault tolerance, microservice, programming pattern, Circuit Breaker.

HOBI 3ACObBU KIBEPHETHUKH, . NEW TOOLS IN CYBERNETICS,
IH®OPMATHUKHU, OBYUCJIIIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS

V]IK 519.6, 539.3

MaremMaTH4YHe MO/JEJIOBAHHSI CHMETPUYHOI KPaiioBoi 3a1a4i /sl MOCJa0/IeHOr0 HACKPI3HUM OTBOPOM
mapy 3 nokputumu Jiapparmor Topusimu / B.€. Ilanuenxo, FO.. Kopaabos, T.O. Kauinina,
L.M. Caiiko, JI.M. Bykara // KiGepHeruka ta cucremuuii anamiz. 2024. Tom 60, Ne 3. C. 173-179.

Anorauis. HaBeneHo HOBY MaTeMaTHYHy MOJIENb PO3B’S3aHHS CTATUYHOI CUMETPUYHOI KpalioBoi 3a1aui
JUIsL OC/Ia0IGHOr0 HACKPI3HUM OTBOPOM ILApy 3 HOKPUTHMH AiadparMoro TopusMu. Po3pobieHo Ta yncenbHO
anpoOOBaHO HOBHI METOJ, K 0a3yeThCsl HA CHCTEMI TPhOX CHHIYJISIPHHX IHTErPalbHUX PiBHSHB. Y Pe3yiib-
TaTi BHCOKOTOYHOTO YHCEIBHOIO JOCII/DKEHHS BHSBICHO, IO 31 30UIBIICHHSM TOBIIMHH IIapy BiJHOCHE
OKpY’KHE HAIpYKeHHs 3pocTac. Y pasi 3MEHIIEHHS OJHOTO 3 pajiyciB eMNTHYHOTO OTBOPY TAaKOXK CIOC-
TEPIraeThCsi 3pOCTAHHS BIHOCHOTO OKPYXKHOT'O HAmpy>KeHHS. Y poOOTI HABEICHO BiJMOBIAHI rpadikw.

Kurodosi cioBa: TpuBuMipHi KpaloBi 3ajadvi, CHHTYJIPHI iHTErpajbHi PIBHAHHSA, YMCEIbHHUI CKCIICPUMEHT,
CTaTHYHE PO3TATYBAaHHA—CTHCKAHHS, HACKPi3HMI OTBIp.

Mathematical modeling of a symmetric boundary-value problem for a layer weakened by a through hole
with the ends covered with a diaphragm / B.E. Panchenko, Yu.D. Kovalev, T.O. Kalinina, I.N. Saiko,
L.M. Bukata // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 3. P. 173-179.

Abstract. The paper presents a new mathematical model for the solution of a static symmetric boundary-value
problem for a layer weakened by a through hole with ends covered with a diaphragm. A new method based on a
system of three singular integral equations has been developed and tested numerically. As a result of a high-precision
numerical study, it was found that with an increase in the thickness of the layer, an increase in the relative
circumferential stress occurs. With a decrease in one of the radii of the elliptical hole, an increase in the relative
circumferential stress is also observed. The paper presents the respective dependency graphs.

Keywords: three-dimensional boundary-value problems, singular integral equations, numerical experiment,
static stretching—compression, a through hole.

VK 364.2:331
Ioxpamennst BizeomociainoBHocti B cucremax Bineoanaditnkn / O.M. Tosoin // KiGepuernka Tta
cucremuuii anami3. 2024. Tom 60, Ne 3. C. 180-196.

AHoTanis. 3anpornoHOBaHO METO[ MOKPAIEHHs Bileo Ha OCHOBI 3aCTOCYBaHHs raMMma-kopekuii. [Tpore-
JIypa 3aCTOCYBaHHSI METOy HOJISITa€ B OOPOOJICHHI BCIX KaapiB BiJeo 3a JOIIOMOIOI0 €MHOTrO miaxony. B amro-
PUTMI 3aBISKH 30€PEKEHHIO MIKKAIPOBOT KOTEPEHTHOCTI BIIPOIOBK BChOT'O BiJICO CYTTEBO CKOPOYEHO Yac MO-
IIYKY ONTHMAJIbHOTO 3HAYCHHS MapameTpa ramma, JUist SKOro sKiCTh KOXKHOTO KaJpy BiJIeo J0Csrae MakCH-
MaJbHO MOXJIMBOTO PIBHS B aBTOMAaTHYHOMY PEXKHMI B CEHCI SK Bi3yaJbHOTO CIIOCTEPEKEHHS, TaK 1
e()eKTHBHOCTI BUSIBJICHHS KJIFOUYOBUX TOYOK Ta BUALICHHS KOHTYPIB 00’€KTiB y 300paxkeHHi. MeTox Xapakrepu-
3y€ThCSI BUCOKOIO aJalTHBHICTIO JO Pi3KHMX 3MiH B OCBITJICHHI CIIEHH, 30€peKEHHSIM MDKKaJpOBOI KOIepeH-
THOCTI Ta BiJCYTHICTIO OyJb-sKMX HOOIYHHX HETaTHBHHX apTe(akTiB y IOKpameHoMmy Bineo. Pospobieno
IHCTpyMEHTApiil BU3HAYCHHS B aBTOMATHYHOMY PEKHMIi ONTHMAJIbHOTO 3HAYCHHS MapaMeTpa raMmMa, SIKHil J1ae
3MOTy CYTT€BO MMiIBHUIIUTH ¢()EKTHBHICTh CHCTEM BiJCOAHATITHKH, IPOLECIB CErMEHTALl] Ta 00pOOICHHS 300-
paXkeHsb 1 Bijieo 3aB/SIKH TOCIA0ICHHIO HEraTHBHOT'O BIUIUBY PEXKUMY OCBITIICHHS CLICHH HA SIKICTh 300paeHb.

Kai04oBi ci10Ba: raMma-KOpeKIis, CHCTEMa BiJleOaHAIITHKH, MOKPAIICHHS BiJI€0, TiCTOrpama, KyMyJISITHBHA
ricrorpama, BiJIe00OpOOIEHHS, MIKKAJPOBa KOI€PEHTHICTb.

Video sequence enhancement in video analytics systems / O.M Golovin // Kibernetyka ta Systemnyi Analiz.
2024. Vol. 60, N 3. P. 180-196.

Abstract. A video enhancement method based on applying gamma correction is proposed. Its realization
implies processing all video frames using a single algorithm. The proposed algorithm, due to the preservation of
inter-frame coherence throughout the entire video, significantly reduces the time spent searching for the optimal
value of the gamma parameter, which ensures the highest quality of the frame reaching the maximum possible level
in the automatic mode in the sense of both visual observation and the determination of key points and the selection
of contours of objects in images. The method is characterized by high adaptability to sudden changes in the lighting
of the scene, preservation of interframe coherence, and the absence of any side negative artifacts in the enhanced
video. A toolkit for automatically determining the optimal value of the gamma parameter for video frames is
developed. It significantly increases the efficiency of video analytics systems, image and video segmentation and
processing processes due to reducing the negative impact of the scene lighting mode on image quality.

Keywords: gamma-correction, video analytics system, video sequence enhancement, histogram, cumulative
histogram, video processing, interframe coherence.
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