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VK 004.274

Onrumizaniss cxemn apromMara mini B 3MilnaHomy enemenTHomy Oasuci / 0O.0. bapkaios,
JI.O. Titapenko, O.M. I'osioBiH, O.B. MartBienko // KibepHetuka ta cucremuuii ananis. 2024. Tom 60, Ne 4.
C. 3-18.

AHoTauis. 3anponoHOBaHO METOJ 3MeHIIeHHs KinbkocTi enementiB LUT y cxemi aBTomarta Mini, sika
peanisyerscs B 0asuci FPGA. [Ipu npoMy yacTHHa CXEMH peaizyeThes 3a JOINOMOrowo Oioka nam’sti EMB.
Meton 6a3yeThest Ha MOABIITHOMY KOAyBaHHI CTaHIB 1 KoAyBaHHI HabopiB Mikpoomepariii. HaBeaeHo npukmiasn
cunre3y cxemu MITA 3 BUKOPHCTaHHSIM 3aIlPOIIOHOBAHOIO METOJy. 32 BUKOHAHHS NEBHUX yMOB cxema MITA
Ma€ TOYHO TPH PiBHI JIOTIYHHUX €JIEMEHTIB. PO3IIIHYTO METOAM IOJINIICHHS XapaKTePHCTHK CXeMH, sKi 6azy-
IOTECSI Ha ONTHMAIbHOMY KOJIYBaHHI CTaHIB i HaOOpiB MiKpooIeparii.

KumouoBi cioBa: Mikponporpamuuii aBromar Mini, cunre3, FPGA, EMB, LUT, komyBaHHS.

Optimization of Mealy FSM circuit in mixed element basis / A.A. Barkalov, L.A. Titarenko,
O.M. Golovin, A.V. Matviienko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 3-18.

Abstract. A method of reducing LUT count in the FPGA-based circuit of Mealy finite state machine
(FSM). A part of the circuit is implemented using embedded memory block (EMB). The method is based on the
twofold state assignment and encoding collections of microoperations. An example of the synthesis of FSM
circuit using the proposed method is given. When certain conditions are met, there are exactly three levels of
logic elements in the FSM circuit. Methods for improving the characteristics of a circuit based on optimal
coding of states and collections of microoperations are considered.

Keywords: Mealy FSM, synthesis, FPGA, EMB, LUT, encoding.

CUCTEMHU AHAJII3 SYSTEMS ANALYSIS

YK 519. 21
Keposani croxacruuni cucremu / II.C. Knonos, T.B. IleneasieBa / KibepHeTnka Ta CHCTEMHHI aHai3.
2024. Tom 60, Ne 4. C. 19-35.

AnoTanisi. Po3risiHyTO KepoBaHi MapKOBCHKi Ta HaIiBMAapKOBCBHKI IpolecH Ta cucTeMu. Haseneno
OIS IPUKJIAJHUX 3a/1a4 KepyBaHHs 3anacaMu. PO3MIISIHYTO O/1HO- Ta 6araTOHOMECHKIIATYPHI MOJIEII 3 PisHUMHE
TUIaM¥ (QYHKIIT BUTPAT Ta KPUTEPIMUA ONTUMAIBHOCTI. J{OCITIPKEHO yMOBH ONTHMAJIBHOCTI Ta BUIJISAA ONTH-
MaJbHUX CTpaTerii y X 3ajadax.

Ku1i0uoBi c;10Ba: MapKOBCHKi IIPOLECH, HAIIBMAapPKOBCHKI IIPOLIECH, KePYBAHHS 3aIaCaMH, -CTpaTerisl, KpUTepiil
ONTHUMAJILHOCTI, ONTHMaJbHA CTPATETis.

Controlled stochastic systems / P.S. Knopov, T.V. Pepelyaeva // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 4. P. 19-35.

Abstract. Controlled Markov and semi-Markov processes and systems are considered. A review of
inventory control problems is provided. One- and multiproduct models with different types of cost function and
optimality criteria are considered. The optimality conditions and structures of optimal strategies in the problems
are investigated.

Keywords: Markov processes, semi-Markov processes, inventory control, -strategy, optimality criterion,
optimal strategy.

VK 517.9:519.6
IIpo nmesiki y3aranbHenHsi OimopsigkoBoi apoGomoi moxignoi Xinsdepa / B.M. BynaBanbkmii //
Kibepuetnka ta cuctemuuii anamiz. 2024. Tom 60, Ne 4. C. 36-49.

AHoTauis. Po3risHyTO y3arajibHEHHs MOHATTS OiopsaKoBoi apodoBoi noxianoi Xingbdepa, paHimie 3a-
IpOBa/PKeHOI B poOOTi aBTOpa. 30KpeMa, BBEACHO MHOHATTS OimopsaxoBoi apoboBoi moximHoi Ximbdepa
dyskuil moxo iHmoi (yHKUil Ta mpomopuiiHOI OinopsakoBoi noxiaHoi Xinbdepa (yHKIIT mom0 iHIIOL
(dynkuil. HaBeeHo 0CHOBHI KOMIO3UIIIHHI BIACTUBOCTI Il ONEpaTopiB OIMOPsIKOBUX JPOOOBHX IOXIJIHUX Ta
interpani. OtpumMano popmyity neperBopents Jlamnaca npomnopiiiiHoi 6imopsakoBoi noxinxoi Xinbdepa, mo-
Oy/10BaHO 3aMKHEHI Po3B’sI3KH 3a7a4 TUIy Kowri Juist JTiHIHHAX PIBHSHB 3 3a3HAYCHUMH y3arajJbHEHHMH Oiro-
PSAKOBUMHU ApoOOBHMH HoXimHumu Xinbgepa.

KumouoBi ciioBa: apo6osa moxiana Xinbdepa, 6inopsigkoa apodosa moxiana Xinsdepa, 6inopsiagkosa gpodo-
Ba noxigHa Xingshepa $yHkuil 1mox0 iHmol GyHKLil, mponopuiiiHa OinopsakoBa qpodosa noxinxa Xinbdepa,
KOMIIO3HIIIHHI BJIacTHBOCTI, neperBopeHHs Jlammaca, 3amaui tumy Ko, 3aMKHEHI po3B’SI3KH.
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On some generalizations of the bi-ordinal Hilfer’s fractional derivative / V.M. Bulavatsky // Kibernetyka
ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 36-49.

Abstract. The article is devoted to the generalization of the concept of bi-ordinal Hilfer’s fractional
derivative, previously introduced in an author’s work. In particular, the concept of the bi-ordinal Hilfer’s
derivative of a function with respect to another function and proportional bi-ordinal Hilfer derivative of a
function with respect to another function are introduced, the main compositional properties for operators of
bi-ordinal fractional derivatives and integrals are given, a formula for the Laplace transform of the proportional
bi-ordinal Hilfer derivative is obtained, and closed-form solutions to the Cauchy-type problems for linear
equations with the mentioned generalized bi-ordinal Hilfer’s fractional derivatives are constructed.

Keywords: Hilfer’s fractional derivative, bi-ordinal Hilfer’s fractional derivative, bi-ordinal Hilfer’s fractional
derivative of a function with respect to another function, proportional bi-ordinal Hilfer’s fractional derivative,
composite properties, Laplace transform, Cauchy-type problems, closed-form solutions.

YK 681.51
Po3mensiennst cucremu JgiHiiHuX piBHsIHL Ha 0s10kH / FO.M. Ba3niesny, I.A. Koctiomko, O./1. Cranina,
B.C. TkauvoB // KibGepueruka Ta cucremuuii anamiz. 2024. Tom 60, Ne 4. C. 50-57.

Amnotanis. HaseneHo orysiy pi3HMX 3ajad IpO IPUBEACHHS CUCTEMH JIHIHHHX JudepeHmiaTbHIX
PIBHSIHB 1O JEKIIbKOX HE3AICKHUX HiJCHCTEM MEHIIOro IOpsaky. OOIpyHTOBaHO HOOYZOBY IOIOMDKHHX
KBaJPAaTHUX MATPHIb, AU SKHX 3aCTOCOBYETBCS MEPETBOPEHHs moaiGHocTi. Lle mae 3Mory BHKOpPHCTOBYBAaTH
JUIS PI3HUX KJIACiB 3a/1a4 Pe3yJIbTaTH, sIKi OyJIM OTPUMaHIi st IPUBEJICHHS JIBOX KBAJIPATHUX MATPHUIlb, & CaMe:
OTPUMaHHA MaKCHMalIbHO MOKIIMBOI KIIBKOCTI OJIOKIB, 0Ka3 €IMHOCTI OAEP/KAHOIO PO3IICIUICHHS, MOLIYK
CXOBAHOI CHMETPIi AOCHIKYBaHOI CHCTEMH, BHSBICHHS CJIA0KO MOB’3aHUX MiJCUCTEM 1 CTBOPEHHS e()eKTHB-
HHUX OOYHCITIOBAJIGHHUX AITOPUTMIB PO3IIECIUICHHS.

KurouoBi csioBa: MaTpuili, CUCTEMH PiBHSHB, JCKOMIIO3HIIS, MAaKCUMAJIbHA KUIbKICTh IiJCHCTEM.

Decoupling a system of linear differential equations into blocks / Yu.M. Bazylevych, 1.A. Kostiushko,
O.D. Stanina, V.S. Tkachov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 50-57.

Abstract. Problems on reducing a system of linear differential equations to several independent
low-order subsystems are considered. Construction of the auxiliary square matrices for which similarity
transformation is applied is substantiated. This allows transferring the results obtained for the problem of
reducing two square matrices to different classes of problems: obtaining the maximum possible number of
blocks, proof of the unity of the obtained decoupling, detection of the symmetry of the system under study,
detection of loosely coupled subsystems, and creation of efficient computational splitting algorithms.

Keywords: matrices, systems of equations, decomposition, maximum number of subsystems.

YK 519.6

HpuiiasaTrs  pieds y pasi mnporHosyBaHHs JAuHaMikuM BipycHoi iHdexkuii 3 ypaxyBaHHsAM
audysiiiHo-koHBeKkNiliHOT Mirpauii Ail0uMX YMHHMKIB JeKiTbKOMa NUIIXaMH B yMOBax iMyHorepamii /
C.B. bapanoBcbkuii, A.S1. Bomo6a // Kibepueruka Ta cucremunii anamiz. 2024. Tom 60, Ne 4. C. 58-69.

AmnoTaunis. 3xiiicHeHo Moaudikanio MaTeMaTHIHOI MoJeNi iH(eKiifHOro 3aXBOPIOBAHHS JUIS BpaXyBaH-
HS BIUIMBY Pi3HUX LUBIXIB Mirpanii JiI0YuX YHHHUKIB y BHYTPIITHEOMY CEPEIOBHIII OpraHi3My JIIOHHH 3 OIJIS-
Jly Ha CKJIQJHICTh BUOKPEMIICHHS PI3HUX YMOB PO3MOBCIOJDKEHHSI QHTUTCHIB, aHTUTLI Ta JIIKAPCHKUX PEYOBUH Y
MDKKJIITHHHOMY TPOCTOpi 1 JiMpaTHyHiil cucTeMi miJ Yyac MPOrHO3yBaHHS AMHAMIKU BipycHOI iHdekuii. Po3-
B’S130K MOJIEJIBHOI CHHTYJSIPHO 30ypeHol 3a/1aui i3 3ami3HEHHSIM OTPHMAHO Ha OCHOBI aJalTOBAHOI OOUYMCIIIO-
BaJIbHOI TEXHOJIOTIH, sika 3a0e3Ieuye MOeTaIHEe YUCIOBO-aCHMIITOTHYHE HAOMKEHHS CIENiadbHO o0y 10BaHOT
TIOCIIJOBHOCTI 3aadu 0e3 3ali3HeHHs, sIK 30ypeHHs pO3B’A3KiB BIIIIOBIIHIX BHPO/DKEHHX 3a1ad. HaseneHi pe-
3yJIbTaTH KOMII IOTEPHOTO MOJIEIIOBAHHS LTIOCTPYIOTH IPOTHO3HHI BHECOK ASKIIBKOX HIIAXIB Mirparii Ailounx
YMHHMKIB Y TIPOIEC PO3BUTKY 1H(EKIIHHOTO 3aXBOPIOBaHH. 3a3HAYCHO, 10 HAa €(DEKTUBHICTH Jil IMyHHHX IIpe-
rnaparis, OKpiM iHIIOr0, MAaTUMYTh BIUIMB II€ i YMOBH, 110 BU3HAYAIOTHCA IUIAXOM Mirparii JOHOPCHKHUX aH-
TUTLI y cepeloBHILi opraHizmy. Llell BIUIMB HEOOXiIHO BpaxoByBaTH B CHCTEMax MPHHHATTS PILlICHb LI00
(opMyBaHHS BIANOBIAHMX PAI[iOHAIBHUX INPOTPaM JIKyBaHHS 3aXBOPIOBaHHS.

KuarouoBi ciioBa: mozens iH(EKIIHHOrO 3aXBOPIOBaHHS, JUHAMIYHI CUCTEMH i3 3alli3HEHHSM, rerepoandysis
JIBOMA IUISIXaMHM, aCHMITOTHYHI METOJM, CHHIYJSPHO 30ypeHi 3ajadi, 30Cepe/UKCHI BIUIMBH.

Decision-making when predicting the dynamics of a viral infection taking into account the
diffusion-convection migration of active factors by several ways in the conditions of immunotherapy /
S.V. Baranovsky, A.Ya. Bomba // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 58-69.

Abstract. Based on the problem of distinguishing different conditions for the spread of antigens,
antibodies, and medicinal substances in the intercellular space and the lymphatic system, when predicting the
dynamics of a viral infection, a modification of the mathematical model of an infectious disease was carried out
for to take into account the influence of various ways of migration of active factors in the body’s environment.
The solution of the model singularly perturbed problem with a delay is obtained based on adapted computing
technology, which provides a stepwise numerical asymptotic approximation of a specially constructed sequence
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of problems without delay as a perturbation of the solutions of the corresponding degenerate problems. The
results of computer modeling illustrate the predictive contribution of several ways of migration of active factors
to the process of infectious disease development. It is noted that the effectiveness of immunological drugs,
among other things, will be influenced by the conditions determined by the migration of donor antibodies in the
body’s environment, which must be taken into account in decision-making systems regarding the formation of
appropriate rational disease treatment programs.

Keywords: infectious disease model, dynamic systems with delay, heterodiffusion in two ways, asymptotic
methods, singularly perturbed problems, concentrated influences.

VK 519.65
Yeoumoncoke HabaMKeHHs1 (QYHKIiH 0araTbox 3MiHHHX cTemeHeBuM Bupa3oMm / I1.C. ManauiBcbkwii,
JI.C. Menbanuok, S1.B. ITisiop // KiGepHernka Ta cucremuumit anamiz. 2024. Tom 60, Ne 4. C. 70-78.

AHoTanis. 3arnpornoHoBaHO MeToJ NOOYyI0BU 4EOMIIOBCHKOTO HAOJMKEHHS 3 BiJJHOCHOIO IMOXMOKOIO
(yHKiiT 6araThOX 3MIHHHX CTCIIEHEBUM BHpPa3oM. BiH moisrae B moOy/0Bi IPOMIXHOIO 4eOHIIOBCHKOTO Ha-
OJIIDKEHHS 3 BiJIHOCHOIO NOXHOKOIO INOJIHOMOM 3HAUeHb KOPEHs BIANOBIJHOIO CTEHEHs BiJ HaOIMKyBaHOI
¢ynxuii. [Tapamerpn HaOMMKEHHS ITOTIHOMOM OOYHCIICHO SIK IPaHHYHE CEpeAHBOCTEICHEBE HAOIIDKCHHS 3a
iTepaiiifHOI CXEMOI0 3 BUKOPHCTAHHSIM METOY HAaiMEHIIMX KBAJIPATIB 31 3MiHHOIO BaroBoro QyHkuierw. Hage-
JICHO TECTOBI MPUKJIA/M, SIKi HIITBEP/DKYIOTh HIBUAKY 30DKHICTH METOly TTOOY/JOBH YEOUIIIOBCHKOTO HAOIMIKEH-
Hsl QyHKUIH OfHi€l, IBOX 1 TPbOX 3MIHHHX CTCIICHCBUM BHPA30M..

KurouoBi cioBa: yeOumoBcbke HaOMIDKEHHS (PyHKIIN 0araTbox 3MiHHUX, CTEIICHEBHI BHpPa3, CePeIHbOCTEIIE-
HEeBE HAOJIMKEHHS, METOJ| HaWMEHIIMX KBaJpAaTiB, 3MiHHA BaroBa (yHKIs.

Chebyshev approximation of the multivariable functions by power expression / P.S. Malachivskyy,
L.S. Melnychok, Ya.V.Pizyur // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 70-78.

Abstract. A method of constructing the Chebyshev approximation with the smallest relative error of
multivariable functions by a power expression is proposed. It consists in constructing an intermediate
Chebyshev approximation of the function, which is the root of the corresponding power of the given function
by a polynomial. The parameters of the polynomial approximation are calculated as the limiting mean-power
approximation according to the iterative scheme using the least squares method with a variable weight function.
Test examples are given that confirm the fast convergence of the method of constructing the Chebyshev
approximation using the power expression of functions of one, two, and three variables.

Keywords: Chebyshev approximation of the multivariable functions, power expression, mean-power
approximation, least squares method, variable weight function.

VK 517.977
JocraTHi yMOBH 30.IMKEeHHsI KOHQUIIKTHO-KePOBaHUX 00’€KTiB 3 pisHoI0 iHepuiiinicTio / A.O. Yukpiii,
N.C. Panmmnonopr // Kibepuernka ta cucremuuil ananis. 2024. Tom 60, Ne 4. C. 79-102.

AmnoTanisi. PosrsiHyTo mpoGiieMy 30/MKeHHS KePOBAaHHX 00 €KTIB 3 Pi3HOIO IHEPLIHHICTIO B irpoBHX
3ajadax AUHaMiKd. J{jis TakuX KepoBaHHUX 00’ €KTiB XapaKTepHHM € HeBUKOHAHHS yMOBH IIOHTpsriHa Ha JesIKO-
My iHTepBaii yacy. s po3B’si3aHHs NpOOJIEMHU YBEICHO CIeliaibHi OaraTo3HayHe BiJOOpaKEHHS 1 MaTpUYHA
(yHKIUIS [T BHPIBHIOBAHHSI PECYPCIiB KepyBaHHS TPaBLiB, a MOTIM J0AaTKOBHII pecypc KOMIICHCYEThCS 3a pa-
XYHOK TiJIECHOI CKJIaZ0BOI LMTIHAPHYHOI TEPMiHAIBHOT MHOKHHH. 32 JOIOMOTOK0 HIDKHBOI PO3B’s3yBabHOT
yHKUii Uit 00’ €KTIB 3 Pi3HOO IHEPIIHHICTIO 3aIPOIIOHOBAHO 1Bl MOJM(IKOBaHI CXEMH IEPIIOro NPSIMOro Me-
toxy IloHTpsriHa, 0 rapaHTYIOTh YCIIIIHE 3aBEPIICHHS] KOH(IIKTHO-KEPOBAHOTO IIPOLeCy B KIaci KOHTpPKe-
pyBaHb. YBEIEHO BEPXHIO PO3B’s3yBalbHy (QYHKIIIO Ta PO3IIIHYTO BiAMOBiAHI MoxudikoBaHI cCXeMH METOLY
PO3B’s3yBanbHUX (DYHKIIIH I KepOBAaHUX 00’ €KTIB 3 PI3HOIO IHEPIIMHICTIO B KJIACl KBa3icTpareriii Ta KOHTpKe-
pyBanb. HOBi TeopeTnuHi pe3yibTaTd MPOUTIOCTPOBAHO HAa MOJEIBHOMY IPHKIAJI.

KurouoBi cioBa: kepoBaHi 00’€KTH 3 pi3HOIO iHepuUiifHiCTIO, KBa3iNiHilHA AudepeHIianpHa rpa, 6araTo3HauHe
BiZJOOpakKeHHs, BUMIPHHUII CEIEKTOpP, CTPOOOCKOIMIYHA CTpATerisi, po3B’si3yBaibHa (DYHKILS.

Sufficient approach conditions for conflict controlled objects with different inertia / A.A. Chikrii,
LS. Rappoport // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 79-102.

Abstract. The problem of convergence of controlled objects with different inertia in dynamic game
problems is considered. For controlled objects with different inertia, it is characteristic that the Pontryagin
condition is not satisfied on a time interval. To solve the problem, a special multivalued mapping and a matrix
function are introduced to equalize the players’ control resources, and then the additional resource is
compensated by the body component of the cylindrical terminal set. With the help of the lower resolving
function for objects with different inertia, two modified schemes of the first direct Pontryagin method are
proposed, which guarantee the successful completion of the conflict-controlled process in the class of
countercontrols. The upper resolving function is introduced and the corresponding modified schemes of the
method of resolving functions for controlled objects with different inertia in the class of quasi-strategies and
counter-controls are presented. New theoretical results are illustrated by a model example.

Keywords: controlled objects with different inertia, quasilinear differential game, multi-valued mapping,
measurable selector, stroboscopic strategy, resolving function.
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YIK 681.5.015:007

Onrumizanisi NoKa3sHUKIB sIKOCTI NMpoaykuii B cHcTeMi «BHPOOHUK-CIIOKMBAY» HA OCHOBI HediTKHX
KOTHITHBHHX KapT i renernuynoro ajaropurmy / O.IL. Pormreiin, O.B. 3enincska, B.II. Kamincskuii //
Kibepueruka ta cucremunii amamis. 2024. Tom 60, Ne 4. C. 103-116.

AHoTanis. 3anpornoHOBaHO IiJXiJ 10 NOCTAHOBKH Ta PO3B’sI3aHH 33/1adi ONTHMAJIBHOTO BHOOPY BUMOT
JI0 TIOKa3HUKIB SKOCTI NPOAYKIii 3 ypaxyBaHHSIM IHTepeciB BUPOOHHKa Ta croxwuBada. I[ToctaHOBKy 3amadi
3IIIICHEHO B TepMiHAX MaTEMAaTHYHOTO MporpamyBaHHs. KpuTepiem onTtumiszanii € MakCUMyM OJIHM3bKOCTI MiX
piBHEM MpUBAOIMBOCTI TOBAPY 1 OAKAHHAM HOro mpuadaTH; KepOBAaHUMH 3MIHHUMH € PiBHI IOKAa3HUKIB, Clie-
mudivHEX ST BUPOOHUKA Ta CIIOXKMBA4a; OOMEKCHHSMH € TOMOBIICHOCTI LIOJ0 HEOOXIAHHMX PIBHIB MOKa3-
HHKIB, CIIUIBHUX JUISl BAPOOHMKA Ta CrioKuBayda. J{yist o0y 10BH 3aJ1€KHOCTEH, 1110 BXOJSTh Y LIIbOBY (YHKILIO,
BUKOPHCTAHO HEUITKI KOTHITHBHI KapTH, a ONTUMAJIbHI PO3B’I3KU 3HAMHIEHO 32 JOIOMOI0I0 FeHETHIHOTO aJIro-
putMy. I1inxig IpoiTIocTpoBaHO MPUKIALOM POOOTA-MIIOCOCa, SIKHI € OJHUM i3 MOOYTOBHX 3aCTOCYBAaHb TEX-
HOJIOTII IITYYHOTO IHTENEKTY, 10 HaHOUIbIIe MPOAAITHCS.

Ku1rouoBi cioBa: sikicTb NPORYKIil, TapaMeTpH SIKOCTI, BAPOOHMUK, CITIOXKHUBAY, ONTHUMI3allisl, HE4iTKa KOTHITHB-
Ha KapTa, FEHETHYHHU aJTOPUTM, POOOT-IHIOCOC.

Optimization of product quality indicators in the “producer-consumer” system based on fuzzy cognitive
maps and genetic algorithm / O.P. Rotshtein, O.V. Zelinska, V.P. Kaminskyi // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 4. P. 103-116.

Abstract. An approach to the formulation and solution of the problem of optimal selection of quality
indicators for products, taking into account the interests of both the producer and the consumer, is proposed.
The problem is formulated in terms of mathematical programming. The optimization criterion is the maximum
closeness between the attractiveness level of the product and the desire to purchase it; the controlled variables
are the levels of indicators specific to the manufacturer and the consumer; the constraints are agreements
regarding the necessary levels of indicators shared by both the manufacturer and the consumer. Fuzzy cognitive
maps are used to construct the dependencies that appear in the objective function, and optimal solutions are
found using a genetic algorithm. The approach is illustrated by the example of a robotic vacuum cleaner, which
is one of the best-selling household applications of artificial intelligence.

Keywords: product quality, quality parameters, producer, consumer, optimization, fuzzy cognitive map, genetic
algorithm, robotic vacuum cleaner.

VK 519.8
Ipo onrTumizauiiini BaacTuBocti y3arajibHeHux iHTerpanis Yedumena—Ilyaccona / A.JO. Mimyk,
A.M. IllyroBcwkuii // Kibeprernka Ta cucremuuil anamiz. 2024. Tom 60, Ne 4. C. 117-126.

AHoTaunis. 3actocoBaHo MHoOrowieHu YeOwuiueBa mepuioro poay 3 METOH MOOYJIOBH y3aralbHEHOrO
interpana YebumeBa—Ilyaccona. Po3s’s3aH0 3ajmady onTuMizamii Ajs ys3araipHEHOro ormepartopa YeOuie-
Ba—Ilyaccona six QyHKIiOHana (yHKIII, BU3HAYEHOI HAa BiJPi3Ky, Ta IPOAHATI30BAHO HOr0 ANPOKCHMATHBHI
BJIACTHBOCTI Ha Kiacax ['empaepa . OTpuMaHO TOYHY DIBHICTH IS BiAXmieHHs (yHKIiH kiacy ['embrepa Bin
y3arajapHeHoro inrerpana YebumreBa—IlyaccoHa.

Kurodosi c1oBa: mHorounenu YeOuiena, y3aranbHeHnii interpan Yeonmesa—Ilyaccona, kinac ¢pynkuiit I'exb-
Jiepa, 3aj1a4da ONTHUMi3allii.

On the optimization properties of generalized Chebyshev—Poisson integrals / A.Yu. Mishchuk,
A.M. Shutovskyi // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 117-126.

Abstract. Chebyshev polynomials of the first kind are used to construct the generalized
Chebyshev—Poisson integral. The optimization problem for the generalized Chebyshev—Poisson operator as a
functional of a function defined on a segment is solved, and its approximate properties on Holder classes are
analyzed. An exact equality is obtained for the deviation of Holder class functions from the generalized
Chebyshev—Poisson integral.

Keywords: Chebyshev polynomials, generalized Chebyshev—Poisson integral, class of Hlder functions,
optimization problem.

VK 519.6

Meton papianibHuX 0OasucHuX GYHKUiH JJIs Po3B’si3yBaHHs iHTerpo-audepeHuiajibLHOr0 piBHAHHSA
audysii 3 HenokanabuuMu edexramu / I. Bopadok, O. Iansnuns, P. Xanko // Kibepueruka ta cucreMHuii
anamiz. 2024. Tom 60, Ne 4. C. 127-140.

Anortanis. PosrisHyTo Merox pamianbHMX (YHKIIH I8 HaOIMKEHOTO PO3B’s3aHHs iHTErpo-aude-
PEHLIaJBHOTO PIBHAHHSA 3 YaCTUHHUMH IOXigHmMHU. J[Is ampokcuMarii TOYHOTO PO3B’S3KYy BHKOPHCTAHO
niHiHY KOMOiHaLiIo pafiadbHUX 0a3HCHUX (YHKIIH y NMEBHHX IEHTPAIbHUX TOYKAX Ta JiHIHHYy KOMOIHaIi0
MOJiHOMIaNIBHUX 0a3MCHUX (YHKIH. 3anporoHOBAHO PO3TALIyBAHHS LEHTPAIBHUX TOYOK SIK JUIS JBO-, TaK 1
JUIs TpUBUMIpHUX oOnactedl. Konokailis B LICHTPAJIIBHUX BY3JaX Ja€ HAMiBAMCKPETHY CXeMy 3 IHTErpaJbHUMH
KoediuieHTaMu, A1 O0UYHMCICHHS SIKUX BHKOPHCTAHO KBajapatypHi dopmynu ["aycca—Jlexanapa ta Tpameriii.
Jlns BU3HAYEHHS MmapaMerpa (OpMH 3aCTOCOBAHO I'eHETH4HHIT anroput™. HaBeneHo dmcenbHi po3paxyHKn Juist
JIBO- Ta TPHBUMIPHHX oOOJacTeif, 1o MiITBEpIKYIOTh €(EKTUBHICTH 3aIPONOHOBAHOTO AITOPUTMY.
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KuarouoBi ciioBa: enintuyHe iHTerpo-nudepeHiialpHe piBHIHHS 3 YACTHHHUMHU TOXIJTHUMH, pajiaibHi Oa3ucHi
(yHKUIT, TCHETUYHUI AITOPUTM.

Method of radial basis functions for a partial integro-differential equation of diffusion with non-local effects /
1. Borachok, O. Palianytsia, R. Chapko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 127-140.

Abstract. The method of radial basis functions for the numerical solution of the partial
integro-differential equation in multi-dimensional domains is considered. A linear combination of radial basis
functions at specific center points and a linear combination of polynomial basis functions are employed to
approximate the problem’s solution. The distribution of the center points is proposed for both two and
three-dimensional domains. Collocating at the center points leads to the semi-discretized system that contains
integral coefficients. Integral coefficients are calculated numerically using the Gauss-Legendre and trapezoidal
quadrature rules. A shape parameter is determined by a real-coded genetic algorithm. Numerical results both in
two- and three-dimensional domains confirm the applicability of the proposed approach.

Keywords: elliptic partial integro-differential equation, radial basis functions, polynomial basis, genetic algorithm.

MNPOTPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 004.318

IIpoGaemu i poab oHTonOriuHOi imkenepii y ¢opmyBanmi imaycrpii 3Hams 3 mosuuiii mocaizHoro
npoextyBanns / O.B. Ilanarin, M.I'. Ilerpenkxo, K.C. Manaxos // KibepHerrka Ta cucTeMHuid aHamiz. 2024.
Tom 60, Ne 4. C. 141-155.

AmnoTanist. Po3nistHyTO MOZieNi Ta MEXaHI3MH TPaHCAUCIUINTIHAPHAX HAYKOBUX JOCITIIKEHb JUIS CTBOPEH-
HSI KJIacTepiB KOHBEPreHNil UCIMILTIH 1 HayKOBHUX TEOpid, (hopMaIbHOro MpeCTABICHHS 3HAHb 1 (hOpMyBaHHS
iHYCTpii 3HAHB 32 JOMOMOTOI0 €IMHOTO IHCTPYMEHTapit0 OHTOJIOTIYHOI imkeHepil. [IpuiaeHo yBary MOXIMBOC-
TAM JIOCIITHOTO TPOEKTYBAHHS JUIS CTBOPEHHS HOBHX 3HaHb 1 TeXHosorid. [IpoaHanizoBaHO KOHLIENTyasbHI
TEpPMiHU OHTOJIOTIYHOT IHKEHepil Ta MOKa3aHO BaXJIUBICTh i €(heKTUBHICTH BUKOPHCTAHHS OHTOJOTYHHUX 3HAHb Ta
MEXaHI3MIB ULl PO3B’s3aHHS 3a7ad KOPHCTyBadiB. J[eTaJbHO PO3IVITHYTO IIPEIMETHY OHTOJIOTi0, il OHTO-
noriuaui rpad Ta iXHI CyTTEBI BiIMIHHOCTI i epeBaru Hax owl-oHTomnorismu. HaBeneHo nmpukiaj 3acTOCYBaHHS
OHTOJIOTTi 3aja4 Ui NMPOEKTYBAHHS OOYMCIIIOBAIBHUX HPUCTPOIB HA MPOrPAMOBHUX MIKpPOCXEMax.

Kuro4doBi ci1oBa: iHgycTpist 3HaHb, OHTOJIOTIYHA iHXKEHEPisl, TPAHCIUCIUILTIHAPHI HAYKOBI JOCITI/KEHHS, KJlac-
Tepn KOHBEPIeHIIii, IOCIi/IHe TIPOEKTYBAHHsI, HOBI 3HAHHS Ta TEXHOJIOTII, OHTOJIOTIS MPEAMETHOI raimy3i, OHTO-
noriuHmil rpad), oHTONOrIA 3amad.

Challenges and role of ontology engineering in creating the knowledge industry: a research-related
design perspective / O. Palagin, M. Petrenko, K. Malakhov // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 4. P. 141-155.

Abstract. The article discusses models and mechanisms of transdisciplinary research in the perspective of
creating clusters of disciplinary convergence and scientific theories, formal representation of knowledge, and
the formation of the knowledge industry using a unified ontology engineering devkit. Special attention is
focused on the possibilities of research-related design for the creation of new knowledge and technologies.
A conceptual analysis of ontology engineering is conducted, indicating the importance and effectiveness of
applying ontology knowledge and mechanisms in solving user tasks. The domain ontology, its ontology graph,
and their essential differences and advantages from owl ontologies are examined in depth. An example of the
application of task ontology to the design of programmable microchip computing devices is proposed.

Keywords: knowledge industry, ontology engineering, transdisciplinary research, convergence clusters,
research-related design, new knowledge and technologies, domain ontology, ontology graph, task ontology.

YIK 621.391:519.2:519.7

BusHayeHHs1 KinbkocTi 0JI0KiB MiTBepAKeHHS y ABOPiBHEBOMY 0JIOKYEliHI 3 MPOTOK0JI0M KOHCEHCYCY
Proof-of-Proof 3a pisHux THmiB KOHCeHcycy y MeliHYeiiHi/caiiqueiini s 3anobiranns arani noasiiiHol
sutpatu. I. PoS y wmeiinueiini TA PoW y caiiqueiini / JI.B. Kopaabuyk, H.B. KyumHcbka,
M.C. Konaparenko // KibepHernka Ta cucremuuii anamiz. 2024. Tom 60, Ne 4. C. 156-167.

AwuoTtanisi. Po3risinyTo nutanHs 0e3nedHoro (HyHKUIOHYyBaHHS JBOPIBHEBOTO OIOKUYCHHY 31 CKIaJHHM
3MIlIAHUM TIPOTOKOJIOM KoHceHcycy Proof-of-Stake B ocHOBHOMY OiokueiiHi (MeWHYElHHI) Ta MPOTOKOJIOM
Proof-of-Work y npyropsiaaomy 6roxueiini (caiiaueiini). [[BopiBHeBHI OJIOKUESHH 110OYI0OBAaHO 32 NPHHIIUIIOM
nporokoity Proof-of-Proof, konu criiikicTs calinueiiny 3a0e3nedeHa cTiHKICTIO MEHHYEHHY MUISXOM ITOCHIAHHS
0JIOKIB MeiiH4YeiHY Ha OJIOKM caiiueiiHy 3 BUKOPUCTAHHSM CIICIialbHUX TpaH3akuiid. L{s cTpykTypa nae 3mory
LIBUALIE CTBOPIOBATH OJIOKM Y caiueliHi 1 BIANOBIAHO MIBHIIIE OOpOONATH TpaH3akilii, HE 3HWKYIOUH
CTifiKOCTI Ta He 30inbInyIoun 00csry 6moky. Takuit ABOpiBHEBHIA OIOKYCHH € HAHOLIbII 3pYyIHIM ISl CTBOPCH-
Hsl KaCKa/JHOI CHCTEMH JICPKABHUX PEECTPIB, FAPAHTOBAHO 3aXMIAOYM BiJ| MiJAMIHM Ta MiAPOOKU JOKYMEHTIB.
OCHOBHUIT pe3yinbTaT poOOTH — OTPUMAHHS SBHHUX AHAITUYHUX BHPA3iB JUI OLIHKM HMOBIPHOCTI aTaku
MOABIIHOT BUTpATH, HaIpaBIeHOI Ha caii[ueliH y ABOpiBHEBOMY OJIOKYEIHI 32 YMOBH HasBHOCTI 3I0BMUCHHKA
SK y caiiueiiHi, Tak 1 y MeWHUeiHI.

KirouoBi cioBa: OiokueiiH, MeHH4YeilH, caiiyeilH, KPUNTOBATIOTH, MAiHIHI, IPOTOKOJI KOHCEHCYCY
Proof-of-Proof, araka moxsiiiHOi BUTpaTH.
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Determining the number of confirmation blocks in a two-level blockchain with Proof-of-Proof consensus
protocol for different consensus types in mainchain/sidechain to prevent double-spend attack. I. PoS in
mainchain and PoW in sidechain / L.V. Kovalchuk, N.V. Kuchynska, M.S. Kondratenko // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 4. P. 156-167.

Abstract. The paper investigates the issues of the safe operation of a two-level blockchain with a complex
mixed consensus protocol — Proof-of-Stake in the main blockchain (mainchain) and Proof-of-Work in the
secondary (sidechain). This two-level blockchain is built on the principle of the Proof-of-Proof protocol, where
the safety of the sidechain is ensured by the stability of the mainchain, by referring the mainchain blocks to the
sidechain blocks using special transactions. Such a structure allows faster issuance of blocks in the sidechain and,
accordingly, faster processing of transactions without loss of security and without increasing the volume of the
block. In turn, such a two-level blockchain is of the greatest interest for the creation of a cascade system of state
registers, which will be guaranteed to be protected against the substitution and forgery of documents. The main
results of the work are explicit analytical expressions for estimates of probability of double spend attack on such
two-level blockchain, under the condition of adversary in sidechain and in mainchain.

Keywords: blockchain, mainchain, sidechain, cryptocurrencies, mining,
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BuxopncranHs NOporoBux Ta 6e3MoporoBHX MeTOAiB JMCKPETHOI BelBJeT-(piabTpanii pagionokaniiinux
curnaji / FO.K. Tapanenko, O.FO. Ouiiinnk // KibepHernka Ta cuctemuuii ananiz. 2024. Tom 60, Ne 4.
C. 168-179.

AwnoTanisi. JlocipkeHo e(eKTHBHICTD TOPOTrOBHX 1 OE3MOPOroBHX METOAIB BeHBIET-(hinbTpamii nrymis
Jutst 0OpOOIICHHS PafioIOKAIHHNX CUTHANIB. PO3IIIsiHYTO TP METOM BEHBIIET-aHAIII3Y: i3 3arajbHUM OPOroM
0OMEXEeHHS BeHBIIeT-Koe(illieHTIB JeTaizamii, 3 yHiBepCaIbHUM IIOPOTOM JUIS BCiX BEHBIET-IEKOMIIO3HULIl, a
TaKo)K MeToJ 0e3 mopory, mo 0a3yeTbcs Ha OOHYJIEHHI Koe(illieHTIB AeTamizamii Ha IEBHUX PIBHAX Bel-
BJIET-JEKOMITO3ULIT curHany. OuiHeHo e()eKTHBHICTh BelBieT-(inbTpanii 3a BiIHOUIEHHSIM CHTHAI/LIYM 10 i
nicns (inbTpaii, EHTPOMi€r CUTHATY Ta 3HAUYCHHSAM CepeIHbOKBAPATUYHOI MOXUOKM Mojeni. BeranoBieHo,
10 Yy IIMPOKOMY Jiarna3oHi BUCOKHX IIyMiB Bix —12 nb mo —7.5 ab meron i3 3araibHUM MOPOroM 3abe3rnedye
edexTHBHIiIY (iNbTPalii0 IIyMy HOPIBHSHO 3 IHIIMMH METOJAMH.

Kuio4oBi ci10oBa: 1uckpeTHHid BeiiBieT-aHali3, 0€3M0pOroBi METO/IH, palioIOKalifHUI CUTHAII, EHTPOIIIs, T10-
poroBa (yHKIis.

Using threshold and no-threshold methods of discrete wavelet filtering of radio location signals /
Yu.K. Taranenko, O.Yu. Oliinyk // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 168-179.

Abstract. The paper examines the effectiveness of threshold and non-threshold wavelet noise filtering
methods in processing radar signals. Three methods of wavelet analysis are analyzed: a method with a general
threshold for limiting wavelet coefficients of detail; a method with a universal threshold for all wavelet
decompositions; and a method without a threshold, based on zeroing the coefficients of detail at certain levels
of the wavelet decomposition of the signal. The effectiveness of wavelet filtering is evaluated by the
signal-to-noise ratio before and after filtering, signal entropy, and the model’s mean square error (MSE) value.
It is found that over a wide range of high noise from —12 dB to —7.5 dB, the common threshold method provides
more effective noise filtering than other methods.

Keywords: discrete wavelet analysis, threshold method, radar signal, entropy, threshold function.

YIK 621.391

HinBumennst  3aBagocriiikocti  OFDM-kanaixiB  3B’SI3KY 3 [IBOKACKaJ0BUM  CTPOOYBAaHHSAIM  Ta
1/Q-nemonyasiniero / B.I. Cmocap, H.C. Biryn // Kibeprnernka ta cucremHuii anams. 2024. Tom 60, Ne 4.
C. 180-196.

AwnoTtanis. [IpencrapieHo HOBHH MiAXiA 70 30UIBIICHHS KiIBKOCTI HMGPOBHX BiUIIKIB B aHAJIOro-
BO-IIM(POBUX CHCTEMAX 3 BUKOPUCTAHHAM METO/y CTpoOyBaHHs y pexuMi «sliding window». OcobnuBy yBary
MPUAIICHO ONTHMI3alii cHH(A3HOI/KBAJAPATYPHOI AEMOIYIAIIl JJIs CUTHAIIB 3 OPTOTOHAIBHUM YaCTOTHHM
MyJIBTUIDIEKCYBaHHSIM. [IpoaHaTizoBaHO aMILTITYJHO-4aCTOTHI XapaKTepPUCTHKU HOBHX 1/Q-meMoxynsTopiB Ta
[IPOJIEMOHCTPOBAHO 3MEHIUCHHS OIYHHX MENTIOCTOK AMILTITYHO-4ACTOTHOI XapaKTePHUCTHKH.

KuaiouoBi c1oBa: amInIiTY{HO-4aCTOTHA XapaKTEPHUCTHKA, aHAIOTO-LU(POBHIl IepeTBoproBad, MU(ppoBe 00-
poOIeHHs cUrHalry, UU(GPOBHI (GINBETP PO3KBAAPATYPEHUX CUTHANIB, 1/Q-meMOmyssiis.

Enhancing noise immunity in OFDM communication channels with two-stage strobing and I/Q
demodulation / V. Slyusar, N. Bihun // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 4. P. 180-196.

Abstract. The article presents an innovative approach to increasing the number of digital samples in
analog-to-digital systems using a strobing method in a “sliding window” mode. Particular attention is paid to
optimizing the in-phase/quadrature demodulation for signals with orthogonal frequency division multiplexing.
The study analyzes the amplitude-frequency characteristics of the latest I/Q demodulators, demonstrating
a reduction in the side lobes of the frequency response.

Keywords: amplitude-frequency characteristic, analog-digital converter, digital signal processing, digital signal
quadrature filter (DSQF), I/Q demodulation.
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