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KIBEPHETUKA CYBERNETICS

VK 004.89

CneniaizoBaHe momnepeIHE HABYAHHSI HeipoMepeKeBHX Mojedell Ha CHHTEeTHYHUX MaHUX ISt
nokpauleHusi renepauii nepedpasysanns / O.I'. Ckypxancskuii, 0.0. Mapuenko, A.B. AnicimoB //
KiGepuernka ta cucremuuii anamis. 2024. Tom 60, Ne 2. C. 3-12.

Awnotaunisi. ['enepauis nepedpasyBanp € (pyHIaMEHTAILHOIO HPOOIEMOIO B rayy3i 00pOOKH MPUPOIHHX
MOB. 3aB/IsIKH 3HAYHOMY YCIIiXy TEXHOJIOTI] MePEHECeHHs HaBYaHHS, MIAXIJ «IIONEPe/JHE HABYAHHS TOYHE Ha-
JIAIITYBaHH» cTaB cTaHgapTHUM. OJHAK MOMYJISAPHI yHIBEpCAlIbHI METOIHKH ITONEPEIHBOIO HABUAHHS 3a3BH-
4aif 1oTpeOy0Th BEIMYe3HUX HAOOPIB JaHUX Ta 3HAYHHX OOYMCIIOBAIBHUX ITOTYXKHOCTEHL, a JOCTYIIHI HaBYCHI
MoJei oOMexeHi GiKCOBaHOK apXITEKTYPOIO Ta PO3MipoM. 3ampornoHOBAHO MPOCTUIl Ta e()EKTUBHUN MiAXin
JI0 TIONEPEHBOIO HABYAHHS CIICL[iaNbHO Ul TeHeparlii nepedpasyBaHsb, SKHil MOMITHO IMi/IBUILY€E SKICTh TeHe-
pauii nepedpasyBanp Ta 3abe3reuye CyTTeBE MOKPAIICHHS MOJEINCH 3arajbHOr0 Npu3HaYeHHs. Buxopucrano
K HasBHI IMyOJIiYHi JaHi, TaK i HOBI, 3reHEPOBaHi BEIMKMMH MOBHUMH MoeIAMA. JlOCITiKeHO, K 1 Tpolie-
Jlypa MONepeJHbOr0 HaBYaHHS BIUIMBA€ HA HEHPOHHI Mepeki Pi3HOI apXiTeKTypH, Ta JOBEICHO, IO BOHA IIpa-
e eheKTUBHO Ui BCIX apXiTEKTyp.

KurodoBi c1oBa: mTy4Huil iHTENEKT, MAalIMHHE HABYaHHs, HEHPOHHI Mepexi, reHepallis nepedpasyBaHHs, 10-
NepeIHE HABYAHHS, TOYHE HAaJallTyBaHHS.

Specialized pre-training of neural networks on synthetic data for improving paraphrase generation /
O.H. Skurzhanskyi, O.0. Marchenko, A.V. Anisimov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60,
N 2. P. 3-12.

Abstract. Generating paraphrases is a fundamental problem in natural language processing. In light of
the significant success of transfer learning technology, the “pre-training fine-tuning” approach has become the
standard. However, popular general-purpose pre-training methods typically require large datasets and
computational resources, and available pre-trained models are limited by fixed architecture and size. We
propose a simple and effective approach for pre-training specifically for paraphrase generation, which
significantly improves model quality and matches the quality level of general-purpose models. Both existing
public data and new data generated by large language models were used. The impact of this procedure on neural
networks of different architectures was investigated, and it was shown to work for all of them.

Keywords: artificial intelligence, machine learning, neural networks, paraphrase generation, pre-training, fine-tuning.

VK 51.681.3
AJroputMHu nodyaoBu MiHIMaJIBHOI HOPOIKYBAJIBLHOI MHOKHHH PO3B’SI3KiB cHCTeM JIiHiIHUX PiBHAHDL /
C.JI. KpuBuii, O.B. Yyraenko // KibepHernka Ta cucreMmuumii anamiz. 2024. Tom 60, Ne 2. C. 13-27.

AwnoTanisi. Po3risiHyTo onTUMizaniiiHi mepeTBOPEHHs AIrOPUTMY OOYA0BH MiHIMAIbHOT OPOKYBAIb-
HOT MHOKHHM PO3B’A3KiB CHCTEM JiHiifHNX ojuOpigHnX piBHAHE (CJIOP) y MHOXHHI HaTypalbHHX UHCEI.
Ommcano ocobnmBocTi Takux CJIOP, o6rpyHTOBaHO ONTHMI3amiifHi IEPETBOPEHHS Ta HABEICHO MPHUKIATU PO-
060TH aNrOpUTMy IO 1 MiCJIA 3aCTOCYBAaHHS ONTHMI3aLifHHUX NIEPETBOPCHB. 3aCTOCYBAHHS AITOPHTMY IIPOLNIOC-
TPOBAHO NPHKJIAAMH aHAIIi3y BiIacTuBocTell Mepesx Ilerpi Ta moOyJ0BM MHOKHHHU 0Aa3MCHUX PO3B’S3KIB Yy MO-
JSIX KOMIUTCKCHHX, AICHHX, PaliOHATbHUX YHCEN Ta y CKIHYCHHHUX ITOJISIX.

KaiouoBi ciioBa: cuctemu JIHIHHMX PIBHSHB, aJrOPUTMHU, PO3B’S3KH, ONTHUMI3allisl, CKIAHICTb.

Algorithms for construction of minimal generating set of solutions for systems of linear equations /
S. Kryvyi, O. Chugaenko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 13-27.

Abstract. The optimizing transformations of the algorithm for construction of minimal generating sets of
solutions of systems linear homogeneous equations (SLHE) over the set of natural numbers is considered. The
features of such SLHEs are described, optimization transforms are substantiated, and examples of algorithm
operation before and after optimization transforms are given. The application of the algorithm is illustrated by
examples of the analysis of the properties of Petri nets and the construction of a set of basic solutions in the
fields of complex, real, and rational numbers and over finite fields.

Keywords: systems of linear equations, algorithms, solutions, optimization, complexity.

VJK 519.713.4
Iopir 3BopoTHocTi 1151 MoHoiNiB nmeperBopenb / LK. Pucuos, M. Illukyna // KibepHeTnka Ta CHCTEMHHI
anamiz. 2024. Tom 60, Ne 2. C. 28-37.

Amnotanis. Ha ocHoBi rinoresu YepHi a1 aBTOMATIB yBEICHO HMOHATTS MOHOINAIBHUX aBTOMATIB, L0
nae 3Mory copmymoBarh rinmoresy YepHi 1t MoHOIAIB. OTpHMaHO BEPXHi OLIHKU MOPOTY 3BOPOTHOCTI IS
MOHOI/IB 3 MEBHUMH BJIACTUBOCTSIMH. 30KpeMa OTPUMAHO KBaJPaTHYHY BEPXHIO OLIHKY IS BUMAJKY, KOJIH
MOHOI/{ IEPETBOPCHb MIiCTHTh IPUMITHBHY IPYIly HEPECTAaHOBOK Ta CHHTYJISIP MAKCUMAJIBbHOTO PAHTY, SIKUil Mae
JIMIIE OJHY TOYKY CTHCHEHHSI.

KarouoBi cioBa: rinoteza YepHi, CKiHUCHHI aBTOMAaTH, CKIHYCHHI MOHOIIM, MOHOIIH NEPETBOPCHB.

ISSN 1019-5262. Kubepuetrka u cuctemMHbIii ananus, 2024, Tom 60, Ne 2 1



Reset thresholds of transformation monoids / I. Rystsov, M. Szykula // Kibernetyka ta Systemnyi Analiz.
2024. Vol. 60, N 2. P. 28-37.

Abstract. Motivated by the Cerny conjecture for automata, we introduce the concept of monoidal
automata, which allows us the formulation of the Cerny conjecture for monoids. We obtain upper bounds on the
reset threshold of monoids with certain properties. In particular, we obtain a quadratic upper bound if the
transformation monoid contains a primitive group of permutations and a singular of maximal rank with only one
point of contraction.

Keywords: Cerny conjecture, finite automaton, finite monoid, transformation monoid.

VK 004.22+004.89
Homyk 06a30B0i MHOKMHHU /Il 3a4a4 MamMHHOro HapyaHHs / B.M. Tepemenko, I.A. 3akana //
KibepHernka Ta cucremHumii anamiz. 2024. Tom 60, Ne 2. C. 38-50.

Anorauis. PosrisHyTo 3agady nouryky 0a30B0i MHOXKHHM Ta TPH CIIOCOOM pO3B’si3aHH i€l 3a1adi: reo-
METPUYHHM, i3 3aCTOCYBAaHHSIM I€HCTHYHOTO AJIrOPHTMY Ta Ha OCHOBI HEHpOHHMX Mepex. IIpoaHanizoBaHo
e(peKTHBHICTh KOXKHOTO CIOCO0y Ta 3p00JIeHO BUCHOBKH IIPO IIUISXH TXHBOrO BUKOpHUCTaHHS. OcoOIIMBY yBary
HPUALICHO MiJX0JaM Ha OCHOBI HelipoHHMX Mepex. [IpoBeieHO MOPIBHANBHUI aHANi3 PI3HUX MiAXOAIB Ha
OCHOBI HEHPOHHHX MEpex, OIHCAHO IXHi CHIIBHI Ta CIa0Ki CTOPOHH, a TAKOXK BU3HAUCHO HACTYIIHI KPOKH JUIS
PO3B’sA3aHHS 3amadi HONIyKy 0a30BOI MHOXKHHH.

KuiouoBi ciioBa: 6a3oBa MHOXHHA, JUCTHILAILIS JaHUX, KOHJCHCALIS JaHHX, FEOMETpHYHA 0a30Ba MHOXKHMHA,
TeHETUYHI aJITOPUTMH.

Coreset discovery for machine learning problems / V.M. Tereshchenko, P.A. Zakala // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 2. P. 38-50.

Abstract. The coreset discovery problem is reviewed as well as the following three main methods to
solve it: geometric coreset estimation, coreset discovery using the genetic algorithm, and coreset discovery
using neural networks. We analyze each of these methods and find the cases where they show the best results.
The focus of the paper is on neural network-based approaches and their ability to solve the coreset discovery
problem. We perform a comparative analysis of several neural network-based approaches, describe their pros
and cons, and determine the next steps in solving the coreset discovery problem.

Keywords: coreset, dataset distillation, dataset condensation, geometry coreset, genetic algorithm.

CUCTEMHHUIA AHAJII3 SYSTEMS ANALYSIS

VK 519.872

3acTocyBaHHSI TPHCKOPEHOI0 MOJE/IIOBAHHS /10 3HAXO/KeHHsl HMOBIipHOCTI 0JIOKYBaHHSI BHMOT
y baraTokaHaJbHiil cucTeMi 00cayroByBanns i3 MHOKMHHMM Joctynom / I.M. Ky3neuos, A.A. lllymcbka
/I KibepHetnka Ta cuctemHumii anamis. 2024. Tom 60, Ne 2. C. 51-63.

AHorauis. PosrisHyto OararokaHanbHy cucTeMy OOCIyroByBaHHS. KokeH KaHal MICTHTh JEKUIbKa
JiHiA. JIo cuCcTeMH HaaXOJATh MOTOKM BHMOT, SIKUM JUIS IXHBOTO OOCIYyrOBYBaHHS MOTPIOHO JIEKUIbKa JIHIH.
V pasi BiACyTHOCTI AOCTaTHBOT KIJIBKOCTI BUIBHUX JIiHIH JOMYyCKAEThCS IEPEOpi€HTALlisl Ha IHIINI KaHa 00ciTy-
roByBaHHs. TpHBaicTh 00CIYroByBaHHS Ma€ JOBUIBHUH PO3MOALI, KU 3aJIOKHUTD SIK BiJ IOTOKY, TaK i BiJ
KIIBKOCTI JIiHIHM, SIKMX TOTpeOye BuMora. st 3HaXOKeHHs IMOBIPHOCTI OGJIOKYBaHHS BUMOT TIEBHOTO TIOTOKY
i3 3aIIUTOM Ha 3aJaHy KUIBKICTB JIiHIH 0OCIyroBYBaHHS 3aIlIPOIIOHOBAHO METOJ IPHUCKOPEHOTO MOJCIIOBAHHS.
Ha yncnoBomy nmpukiiaii mpoBeIeHO MOPIBHSAHHS 3 MeTo1oM MonTe—Kapiio, 30kpema npoinocTpoBaHO BUTPalll
y 4Yaci MOJENIOBaHHS.

KurouoBi cioBa: cucrema 00CIyroByBaHHS, KaHaJ, JiHis, HMOBIpHICT OGiokyBanHs, Metox Monrte—Kapio,
[PUCKOPEHE MOJICTIOBAHHS, MHOXXHHHHII JOCTYI, OLIHKA, BIIHOCHA MOXHOKA.

Applying fast simulation to the evaluation of customers blocking probability in the multichannel queuing
system with multicast access / I.M. Kuznetsov, A.A. Shumska // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 2. P. 51-63.

Abstract. A model of the multichannel queuing system is considered. Each channel contains some
service lines. There are several input flows. Each customer requires several lines to be serviced. If the channel
does not have a sufficient number of service lines, it is possible to reorient this customer to another channel.
The service time has a distribution function of a general form depending both on the flow and on the number of
lines required by the customer. A fast simulation method aimed to evaluate the blocking probability of
customers of a certain flow with a given number of service lines is proposed. The method is compared with the
Monte Carlo method using numerical example and the gain in simulation time is illustrated in particular.

Keywords: queuing system, channel, line, blocking probability, Monte Carlo method, fast simulation, multicast
access, estimate, relative error.
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YK 519.21

BusHauyeHHsI KycKOBO-/iHiliHOr0 TpeHay HecTaliOHAPHOI0 YacOBOIO PsIy HA OCHOBI iHTeJeKTyalbLHOIro
aHaIi3y AaHuX. ii. MamMHHI ekcnepuMMeHTH Ta poO3B’si3aHHA mnpakTuyHoi 3agavi / II.C. Knomos,
A.C. Kopxin // Kibepueruka ta cucremuunii anamis. 2024. Tom 60, Ne 2. C. 64-79.

Amnorauis. HaBeneHo pesyibratu anpo0arii MeToy mo0y0BH KyCKOBO-JIIHIHHOTO TPEHLY, 1110 MOXE SK
MAaTH PO3PHBHU y TOYKAX MMEPEMHKAHb, TaK i OyTH HEMEPEPBHHM y LUX TOUYKAX, TOOTO SBISITH COOOIO JiHIHHUN
crutaiiH. Po3MIsIHYTO MpHKIaj 3aCTOCYBaHHS METOMY I MOOYMOBM JiHIHHOI perpecii 3 nepeMUKaHHAMH, sKa
Mae /1Bl He3aJIexHi 3MiHHI 3 TpeHgoM. P0o3B’s13aH0 3a/a4i anpokcuMaii CruraifHoM 9acoBOro psiiy JorapudMis
gyucna indikoBanux COVID-19 B VkpaiHi.

KumiouoBi cjoBa: TpeHz, perpecis, TOYKa MEPEMUKAHHS, CIUIAiH, OOYMCICHHS Y peaJbHOMY dYaci.

Determining a piecewise-linear trend of a non-stationary time series based on intelligent data analysis. II.
Machine experiments and practical problem solutions / P.S Knopov, A.S. Korkhin // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 2. P. 64-79.

Abstract. The article describes the results of the approbation of the method of constructing
a piecewise-linear trend, which can have breaks at the switching points as well as be continuous at these points,
i.e., represent a linear spline. An example of applying the method for constructing a linear regression with
switches, which has two independent variables with a trend, is considered. The problem of spline approximation
of the time series of logarithms of the number of infected people with COVID-19 in Ukraine is stated and
solved.

Keywords: trend, regression, switch point, spline, real-time calculation.

VK 30.101.541-336.7
PerynioBanHs eKOHOMIKH KpeIuTHHM MyiasTHILTiKaTopoM / B.B. /lynaeB // KibepHeTnka Ta cHCTeMHHI
anamiz. 2024. Tom 60, Ne 2. C. 80-95.

AHoTauis. BusHadyeHo, 0 KPEeAUTHUI MYJIbTHILTIKATOp OaHKIBCHKOT CUCTEMHU KPATHU PEryJIFO€ 3pOCTaH-
HSI €KOHOMIKH Ta XapaKTepHu3ye piBeHb ii po3BHUTKy. JloBeleHO, o 0OMeXyBaueM Ta IOKA3HUKOM PO3BHTKY
CKOHOMIKH € 4acTKa J0JaHO0I BUPOOHUIITBOM BAapTOCTi y CYKYIIHOMY HPOJYKTI, sika BU3HAa4Yae HAsSBHHIl TEXHO-
noriuHuit yxnaza. JloeneHo, mo BigHomeHHs: HoMinansHoro BBIT o rpomosoi 6a3u LenTpansHoro 0aHky To-
TOXHE O0OYTKY KPEAUTHOTO MYJIBTHIUIIKATOpa Ta MIBHIKOCTI 00Iry IpomIeii, sika € CTaJI00 VIS KOXKHOTO TeX-
HOJIOTIYHOTO yKJIamy. Po3risHyTO iHAyCTpiaNbHi eKOHOMIKH, PO3BHHEH] €KOHOMIKH, a TAKOXK BHCOKOPO3BHHEHI
€KOHOMIKH. BH3HaUeHO IpaHHYHHN MyJIbTHILIIKATOP HyNIbOBOI iHGIIANII, 32 SKOTO IPUIMHAETHCS 3POCTAHHS
peanbrHoro BBII Ta BinOyBaeTbcs nepexin no aedusiinoi kpusu. Beranosneno, mo niauiieHns Lentpans-
HUM OaHKOM BiZICOTKOBOI CTaBKH ISl 3HIDKCHHSI 1H(IIALIT IPU3BOIUTH A0 Pi3KOTO 3MEHIICHHS MYJIbTUILTIKATO-
pa Ta KpeUTyBaHHS BUPOOHMIITBA, & KPSJUTHE PEryJIIOBAHHS A€ 3MOT'Y 3HH3UTH 1H(IIALIIO TapreTyBaHHIM, He
3MIHIOIOUH BiJICOTKOBOI CTaBKM Ta HE 3MEHILIYIOYM KPEAUTYBaHHS. P0o3poOICHO MOJENb PEeryiloBaHHS €KO-
HOMIKU KPEJUTHUM MYJIbTHILUIIKATOPOM 3 BUKOPHCTAHHSAM IH)KEHEPHOTO KaJIBKYJISITOPA Ta IIPOBEICHO MOJIEIIIO-
BaHHs BiJJHOBIICHHS €KOHOMikM Ykpainu y 2024-2025 pokax.

Kuro4doBi ciioBa: ekoHOMiKa, KPEIUTHE PEryIIIOBaHHS, PUHOK, PIBHOBAra, Mparlsd, KariTaj, Ipomli, KpeANTHUH
MYJIBTUIDTIKATOP, MIBUJKICTH 00Iry IpOIIei, BiICOTKOBA CTaBKa, BAIIOTA, (DIHAHCOBI Manepu, Kpu3a, iH(IAIisL.

Regulating economy by the credit multiplier / B.B. Dunaev // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 2. P. 80-95.

Abstract. The author asserts that the credit multiplier of the country’s banking system regulates the
growth of the economy and characterizes the level of its development and prove that the limiter and indicator of
economic development is the share of value added by production in the aggregate product, which determines
the existing technological mode. It is proved that the ratio of nominal GDP to the monetary base of the Central
Bank is identical to the product of the credit multiplier and the speed of money circulation that is constant for
each technological mode. We consider the industrialized economies, developed economies, and highly
developed economies. The marginal zero inflation multiplier is determined, at which real GDP growth stops and
a transition to a deflationary crisis occurs. It is established that the Central Bank’s increase in the interest rate to
reduce inflation leads to a sharp decrease in the multiplier and lending to production, while credit regulation
allows us to reduce inflation by targeting, without changing the interest rate and without reducing lending.
A model for regulating the economy with a credit multiplier has been developed using an engineering calculator
and Ukraine’s economic recovery in 2024-2025 has been simulated.

Keywords: economy, credit regulation, market, balance, labor, capital, money, credit multiplier, interest rate,
currency, financial papers, crisis, inflation.

VK 517.977
Crtparerii kepyBaHHsl y mnpo0JeMi 30Jm:KeHHS KOH(IIKTHO-KepoBaHHX 00’¢kTiB / A.O. Yukpii,
M.C. Pannonopr // KiGepueruka Ta cucremumii amamiz. 2024. Tom 60, No 2. C. 96-110.

AHoTauis. 3anporoHOBaHO HOBHMH MiJXia 0 (OPMYBaHHS CTpATETii KepyBaHHs B MpoOiemi 30JIMKEHHS
KOH(QIIIKTHO-KepOBaHUX 00 €kTiB. Po3pobieno Moaudikamii nepuoro mpsMoro METoxy Ui CTPOOOCKOMIYHOT
crparerii B Kiaci KOHTPKEpYBaHb, KOJIM HE BUKOHYETHCs KiacM4Ha ymMoBa [IOHTpsiriHa. PO3IJISHYTO HMKHEO
PO3B’sA3yBaNbHY (YHKIIIO, 0 Biirpac KIIOYOBY poib y (OPMYITIOBaHHI Pe3yJIbTATIB i B 3araJbHOMY BUITAIKY
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Moke OyTH BH3HAUCHA 3 ypaxXyBaHHAM (yHKIioHaTa MiHKOBCBKOTO JAESIKOrO 0araTo3HaYHOTO BiOOpa’KeHHS.
BBeneHo BepXHIO po3B’sA3yBalbHy (DYHKIIIIO i 3aIIPONOHOBAHO MOAH(IKOBAaHY CXeMy METOLY PO3B’SI3yBaIbHUX
dyHKLi, Mo 3a0e3neuye 3aBepiIeHH KOHIIIKTHO-KEPOBAHOTO MPOLECy B Kilaci KBasicTpareriit i KOHTpKepy-
BaHb, KOJIM yMOBa [loHTpsAriHa He BUKOHYeTbCs. HamaHO MOpPIBHSHHS IapaHTOBAHMX YacCiB U PI3HUX CXEM
PO3CIIIHYTHX MeTOoAiB. TeopeTHyHi pe3ysIbTaTH MPOLTIOCTPOBAHO HA MOCIBHOMY MPHKJIAAl APYroro MOpsIKY
31 CHELiaJIbHOI0 HEOIYKJIOK 00JacTI0 KepyBaHHs IepeciigyBaya.

KuarouoBi ciioBa: crparerisi kepyBaHHs, po3B’s3yBajbHa (DyHKIis, irpoBa 3ajaya JUHAMIKH, poliema 30Iu-
JKEHHSI KePOBAaHUX 00 €KTIB.

Control strategies in the problem of approach of conflict-controlled objects / A.A Chikrii, I.S. Rappoport
/I Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 96-110.

Abstract. The authors propose a new approach to forming control strategies in the problem of approach
of conflict-controlled objects. Modifications of the first direct method is developed for the stroboscopic strategy
in the class of counter-controls where the classical Pontryagin’s condition is not satisfied. The lower resolving
function is considered, which plays a key role in the formulation of the results and in the general case can be
determined using the Minkowski functional of a multivalued mapping. An upper resolving function is
introduced and a modified scheme of the method of resolving functions is proposed, which guarantees the
termination of the conflict-controlled process in the class of quasi-strategies and counter-controls where the
classical Pontryagin’s condition is not satisfied. The guaranteed times for different schemes of the considered
methods are compared. The theoretical results are illustrated on a second-order model example with a special
non-convex control region of the pursuer.

Keywords: control strategy, resolving function, game problem of dynamics, problem of approach of controlled
objects.

YK 519.21
Ioporosi mopeJi st npoueciB JleBi Ta oninka Had/IMKeHOT MakcMMaIbHOT npasonoaionocti / X. Iai,
A.B. Hikirin // Kibepreruka ta cucremuuid anamis. 2024. Tom 60, Ne 2. C. 111-118.

AwnoTtanis. 3a monomororo mpouecy JleBi (po3B’s30K CTOXAaCTHYHOrO AU(EPEHLIATBHOIO PIBHSHHSI
ITo-Cxropoxosa) 3aIpOIIOHOBAHO KOHCTPYKIIIO MOJENi OPOrOBOr0O IPOIECY Ta HAOIMKCHUH METOX MaKCH-
MaJbHOI TPaBIONOMIOHOCTI, KU IPYHTYEThCS Ha ampokcuManii Jorapudmiunoi ¢yHKnii nmpasmonoxioHoOCTI
CIIOCTEPEKEHb. 3HANICHO OLIHKH MapaMeTpiB ABOPEKIMHOIO [IOPOrOBOIO CTPUOKOBOTO IIPOLECY 3 AUCKPETHO
BifiOpanumu naHumu. [lokaszaHo, 110, MEPEBIPSAIOYN CIIBBIHOLICHHS MPaBIONOAIOHOCTI, MOKHA BHU3HAYUTH
HAsBHICTb MOPOTOBUX €(EKTiB.

KuiouoBi c10Ba: moporosuit ctpuOKoBHil Ipolec, HAOMIKEHUI METO MaKCHUMAIbHOT IPaBIONOAiOHOCTI, CTO-
xacThu4yHe Au(epeHIiagbHe PIBHSIHHS.

Threshold models for Levy processes and approximate maximum likelihood estimation / H. Tsai,
A.V. Nikitin // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 111-118.

Abstract. Using the Levy process (the solution to the Ito—Skorokhod stochastic differential equation) we
propose the construction of the model of the threshold process and the approximate maximum likelihood
method based on approximation of the logarithmic function of the likelihood of observations. The estimates for
the parameters of the two-mode threshold jump process with discretely sampled data are found. We show that
by checking the likelihood ratio, determining the presence of threshold effects is possible.

Keywords: threshold jump process, approximate maximum likelihood method, stochastic differential equation.

VK 519.711.7:519.816+519.681.5

Anauni3 edexTuBHOCTI GYHKUHIOHYBAHHSI ABTOTPAHCHOPTHOI cucTeMH Micta MerogamMu U-CTaTHCTHK.
I1. Onrumizanis Meroauky inTepakTuBHoro ouinoBanus / O.J1. Ioximyxk, M.C. SIxxak / Kibepuernxa Ta
cucremunit amami3. 2024. Tom 60, Ne 2. C. 119-127.

Amnotanis. ©opMari3oBaHO METOJHKY IHTEPaKTHBHOTO OLIHIOBaHHS €(pEKTUBHOCTI (DYHKIIOHYBAHHS aB-
TOTPAHCIIOPTHOI CHCTEMH BEJIMKOrO MiCTa Ha OCHOBI BHKOPHCTAHHs MeTOAiB U-cratucTuk. Jlis onrumizanii
i€l METOJMKHM 3arporoOHOBAHO e(EKTHBHI aJrOPUTMIYHI KOHCTPYKIIii MapajesbHOro BUKOHAHHS JIOKAIBHOTO,
arperoBaHoOr0 Ta MPOTHOCTHYHOTO OILIHIOBAHHS CKJIAJAOBHX CHCTEMH Ha Cy4aCHHMX OOYHCIIIOBAIHHUX 3aCO-
0ax — OaraTosIepHIX KOMII I0Tepax, KiIacTepax, NiOpUIHNX apXiTeKTypax Ta BUCOKOIPOAYKTHBHHX OOUYHCIIIO-
BaJIBHUX cepenoBuiax. OnepkaHi HAyKOBI pe3yJIbTaTH JAl0Th 3MOTY B PEXHMI PEaJbHOr0 4acy OLIHIOBATH
e(eKTHBHICTE ()YHKI[IOHYBaHHS aBTOTPAHCIIOPTHOI CHUCTEMH MiCTa.

Kirouosi cioBa: aBrorpancroprHa cucrema, U-CTaTHCTHKA, OIiHIOBAHHS, arperallis, NPOrHo3yBaHHs, po3ma-
paetoBaHHs OOYMCIICHb, NPUCKOPEHHS, aBTOHOMHI TiJIKH.
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Analyzing operation efficiency of a city transportation system by the U-statistics methods.
I1. Optimization the methods of interactive evaluation / O.D. Polishchuk, M.S. Yadzhak // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 2. P. 119-127.

Abstract. The methodology for interactive evaluation of the functioning efficiency of the motor transport
system for a large city based on the use of U-statistics methods is formalized. To optimize this technique, we
propose efficient algorithmic constructions for parallel execution of local, aggregated, and forecasting
evaluation of system components on modern computers, namely, multi-core computers, clusters, hybrid
architectures, and high-performance computing environments. The results obtained allow for real-time
evaluation of the efficiency for the city’s motor transport system.

Keywords: motor transport system, U-statistics, evaluation, aggregation, forecasting, parallelization of
computations, speed up, autonomous branches.

VK 519.6
OnrtumajbHe 00YHMCJIEHHSI iHTerpasiB  Bil IIBHAKOOCHMIIOBAIBHUX (YHKUIH 18 JesikMX KJaciB
nudepenuiiiopanx ¢yukuiii / JL.B. Jlyn // Kibepuetnka Ta cucremuuii anamiz. 2024. Tom 60, Ne 2.
C. 128-138.

AHoTanis. Po3risHyTO 3a7ady 0OYMCIICHHS IHTErpaliB Bij IIBHIKOOCIMIIOBATRHUX (YHKIIH 3 AEIKHX
Ki1aciB qudepeHniifoBHUX (yHKIIN, 30KpeMa, y BHNAJIKY IHTeprnossiiHoro kiacy QyHkmii, komm idop-
MaliiHUi onepaTop 3aaHuil (ikCOBaHOI TAaOIUIEIO CBOIX 3Ha4YeHb. [[00y10BaHO ONTUMANIBHY 3a TOYHICTIO Ta
ONTHUMAJIBHY 32 TOPSAAKOM TOYHOCTI KBaApaTypHi (GopMysn 00UMCICHHS IHTErpajiB Bifl MIBUAKOOCLMIIIOBAIIb-
HUX (yHKUi#H. OTpUMaHO ONTHMAbHI OLHKM MOXHOKH METOMY.

KorouoBi cioBa: iHTerpanu Bij MIBUIKOOCHWIIOBAIBHUX (DYHKUIH, iHTeprmoisimiiHi kmacu QyHKOii, ontu-
MaJIbHI 32 TOYHICTIO KBaJPaTYpHi (GOPMYJH, METOJ] TPAaHUYHUX (YHKIIH, OLIHKA 3HU3Y MOXHOKH YHCEITBLHOTO
IHTErpyBaHHSI.

Optimal calculation of integrals of rapidly oscillating functions for some classes of differential functions /
L.V. Luts // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 128-138.

Abstract. The author considers the problem of calculating integrals of rapidly oscillating functions from
some classes of differential functions, in particular, in the case of the interpolation class of functions, where the
information operator is specified by a fixed table of its values. Quadrature formulas for calculating integrals of
rapidly oscillating functions have been constructed that are optimal in terms of accuracy and optimal in order of
accuracy. The optimal estimates for the error of the method are obtained.

Keywords: integrals of rapidly oscillating functions, interpolation classes of functions, quadrature formulas
optimal in terms of accuracy, method of boundary functions, lower estimate of numerical integration error.

YK 519.6

ExBiBaBajleHTHiCT, (QYyHIaMeHTAJbHOr0 CIUIaiiHa Ta ¢QyHKuUii rpiHa QI 1OOGYI0BH TOYHOIO
CKIHYEHHOBHMIPHOI0 aHajora KpaioBoi 3agavi Qs 3BHMYAliHOrO AudepeHuialbHOr0 pPiBHAHHA 4-r0
nopsiaky / B.I'. Ilpukazuuxos // KibepHeruka Ta cucremunii ananis. 2024. Tom 60, Ne 2. C. 139-146.

AHoTanis. Po3risHyTo 3a1a4y 3 TOJMOBHUMH Ta MPUPOAHUMU YMOBAMHU Ha MEXIi Bipi3Ka. 3anponoHoBa-
HO HOBHII MeTOJ IOOYI0BH TOYHOTO AUCKPETHOIO aHayora Iiel 3agadi. MeTox HoJsirae B IpOEKTyBaHHI Jue-
PEHLIAIBHOTO PIBHIHHS Ha JOKAIbHI CIUIAHHH, yTBOPEHi (yHIaMEHTAIBHOIO CHCTEMOIO Po3B’sI3KiB 3a1a4 Kori
JUIS OJTHOPITHOTO pIBHSHHS BUXIAHOI 3a1adi. OJepiKaHO CHCTEMY JIHIMHUX anreOpaidHuX pIBHAHB 3 5-miaro-
HAJILHOIO MaTpPHUIICI0 CTOCOBHO TOYHMX 3HAYCHb PO3B’S3Ky BUXIJHOI 3a/aui B TOYKaX PiBHOMIpHOI ciTku. J{is
peaitizaiii TOYHOro aHaiora 3arpoHOHOBAHO BUKOPHUCTATH CXEMU BHCOKOTO MOPSIAKY TOYHOCTI, SIKi YTBOpPEHi 3
YaCTMHHHMX CyM Ps/IiB 3 IApHUMH CTCICHAMM KPOKY CITKH JUIi PO3B’si3KiB 3amau Kormi.

KuirouoBi ciioBa: xpaiioBa 3amaua, 3Bu4aiiHe qudepeHuiansie piBHIHHA 4-r0 NOpsAKy, 3axada Ko, Bu3Hay-
HUK BpOHCBKOro, JIOKanbHMW CIUIAiiH, CyNEpHo3ullis pPO3B’SA3KiB, TOYHMH TUCKPETHUI aHAJOr, CHUCTEMa
JHIHUX anreOpaiuHuX pPiBHSHb, 5-JiaroHalbHA MATPHUILIS.

The equivalence of the fundamental spline and green’s function in the construction of the exact
finite-dimensional analog of the boundary-value problem for an ordinary differential equation of the 4th
order / V. Prikazchikov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 139-146.

Abstact. The author considers a problem with the main and natural boundary conditions on an interval.
A new method for constructing an exact discrete analog of the problem is proposed. The method deals with the
projection of the differential equation on local splines, formed by the fundamental system of solutions of the
Cauchy problems for the homogeneous equation. A system of linear algebraic equations with a 5-diagonal
matrix is obtained for the values of the exact solutions of the original problem at the points of a uniform grid.
To implement an exact analog, we recommend using high-order accuracy schemes which are formed by partial
sums of series in even powers of the grid step for solving the Cauchy problems.

Keywords: boundary-value problem, ordinary differential equation of the 4th order, Cauchy problem,
Wronskian, local spline, superposition of solutions, exact discrete analogue, system of linear algebraic
equations, 5-diagonal matrix.
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MNPOIPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS

YIK 621.396

ApxiTekTypa Ta MojeJi HagiifHOCTi riOPUIHUX CEHCOPHUX MEpe:K CHMCTeM eKOJIOTiYHOro Ta apapiiiHoro
moniTopunry / C.B. Ckopodoratbko, I'.B. ®ecenko, B.C. Xapuenko, C.B. SIkoBiaeB // KibepHeruka Ta
cucremuuii anamis. 2024. Tom 60, Ne 2. C. 147-159.

AHoTauis. J[ociipKeHO acreKTH Po3poOICHHS Ta aHai3y Mpale31aTHOCTI MOPUIHIX CEHCOPHUX MEPEK
SIK ITIICHCTEM CHCTEM €KOJIOTIYHOrO Ta aBapiifHOro MOHITOPUHIY KPUTHYHOI iHPPACTPYyKTypH. 3alPOIIOHOBAHO
apXiTekTypy TiOpHaHOI CEeHCOpHOI Mepesi, IO IPYHTYEThCS Ha TexHoiorii rpaHnynux obumciens (I'O) i
MOEJIHYE CTalliOHapHY 1 MOOLIBHY ckiianoBi. Ilepiry CKIagoBy peaizyloTh Ha3eMHOK CEHCOPHOK MEPEKEro
(HCM), npyry — poeM 0e3IiTOTHHX JIITAIbHUX alapartis, 0 YTBOPIOIOTE JeTiouy Mepexy 1'O. [Ipoanarnizosa-
HO JITOPUTMHU 300py JaHMX, IPOOIeMH MaciTadyBaHHs Ta ontuMizanii podorn HCM ta cucteM MOHITOPUHTY
B 1inomy. Po3pobneno Ta mpociipkeHo moaeni Haxiiinocti HCM B yMOBax BiJMOB OJTHOTO Ta IPYI CEHCOPIB.
OTpuMaHO aHAMITHYHI 3aJIeKHOCTI NMOKA3HUKIB O€3BiAMOBHOCTI Bil Pi3HHX 3a pPo3MipaMH KJIacTepiB BiAMOB
ceHcopiB Ta iXHbOI iHTeHcHBHOCTI. HagaHo pekoMenaanii mo10 MPOEKTYBAaHHS Ta BIPOBAIKEHHS TiOPHIHUX
CEHCOPHUX MEpEiK.

KumiouoBi ciioBa: riOpuHi CEHCOpHI MepesKi, rpaHiYHi 00YHCICHHS, MOJCII HATIIHOCTI, MHOKHHHI BiZIMOBH,
CHCTEMH CKOJIOTIYHOI0 MOHITOPHHIY, CHCTEMH aBapiiHOTO MOHITOpPHHIY.

Architecture and reliability models of hybrid sensor networks for environmental and emergency
monitoring systems / S. Skorobohatko, H. Fesenko, V. Kharchenko, S. Yakovlev // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 2. P. 147-159.

Abstract. The authors study the aspects of developing and analyzing the hybrid sensor networks’
operability as subsystems of environmental and emergency monitoring systems for critical infrastructure. The
proposed architecture of such a system is based on the technology of edge computing (EC) and combines
stationary and mobile components, the first of which is implemented by a ground sensor network (GSN), and
the second by a swarm of unmanned aerial vehicles that form a flying EC network. The data collection
algorithms, scaling problems, and optimization of the operation of the GSN and monitoring systems in general
are analyzed. The reliability models of the GSN in the conditions of failure of one and groups of sensors are
developed and investigated. Analytical dependencies of reliability indicators on different sizes of sensor failure
clusters and their intensity are obtained. Recommendations for the design and implementation of hybrid sensor
networks are given.

Keywords: hybrid sensor networks, edge computing, reliability models, multiple failures, environmental
monitoring systems, emergency monitoring systems.

YIK 621.396.6

@opmadgizanis npouecy po3podJeHHs] JiarHOCTUYHOro 3a0e3NeyeHHs] PajioeIeKTPOHHMX 3acoliB /
JL.M. CakoBuy, C.O. I'natok, C.M. Cemexa, /1.0. Bosomenmwk, I.B. ITonos // KibepHeTuka ta cuctreMHuit
anamiz. 2024. Tom 60, Ne 2. C. 160-175.

Awnotaunis. [IpoBeaeHo anaii3 cy4acHUX JOCSATHEHb B Taly3i TEXHIYHOI JIarHOCTHKHU 1 METPOJIOTii, BCTa-
HOBJICHO IXHIO MOXJIMBICTb Il MiJABUIICHHS SIKOCTI AIarHOCTHYHOTO 3a0€3MEUYCHHS MEPCIICKTHBHUX Ta HasB-
HHUX PaJIiOCIEKTPOHHKX 3ac00iB. 3aIPONOHOBAHO 3arallbHU aJlrOPUTM PO3pPOOJICHHS JIarHOCTHYHOTO 3abe3Iie-
YeHHsI PaioeIeKTPOHHUX 3aco0iB 3 BpaxyBaHHSIM OCOOJIMBOCTEHl iXHBOI OyIOBH, YMOB PEMOHTY, METpPO-
JIOTIYHOTO 3a0e3MeueHHs sl MiHIMi3alil CepeJHbOr0 4acy BiJHOBIICHHSL.

KurodoBi cioBa: pajioenekTpoHHi 3aco0M, TEXHiYHE JiarHOCTYBaHHs, HiarHOCTHYHE 1 METPOJOridHe
3abe3neueHHs.

Formalization of developing diagnostic support for radio-electronic equipment / L. Sakovich, S. Gnatiuk,
S. Semekha, D. Volosheniuk, I. Popov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 160-175.

Abstract. The authors analyze modern achievements in technical diagnostics and metrology and their
possibility to improve the quality of diagnostic support of promising and existing radio-electronic technical
means. A general algorithm for the development of diagnostic support for radio-electronic devices is proposed,
taking into account their structure, repair conditions, and metrological support to minimize the average recovery
time.

Keywords: radio-electronic means, technical diagnostics, diagnostic and metrological support.
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HOBI 3ACObBU KIBEPHETHUKH, . NEW TOOLS IN CYBERNETICS,
IH®OPMATHUKHU, OBYUCTIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS

VK 004.891.3
I'enepatuBHi Moaeni B 3aaa4i  OWiHIOBAaHHSI e()eKTUBHOCTI KOMII'IOTEPHHX  QJropuTmiB /
JI.C. ®aiinsinbdepr // Kibeprernka Ta cuctemuuid amamis. 2024. Tom 60, Ne 2. C. 176-187.

Amnotanis. ChopMyIb0BaHO O3HAUCHHS €()EKTHBHOCTI KOMII'IOTEPHOIO AITOPUTMY 3a KpPHUTEpieM, IO
BH3HAYa€ TOYHICTh, HAIMHICTD, IIBUIKO/II0 ab0 1HIII CHOXKMBYI BIACTUBOCTI. 3allpONOHOBAHO CXEMH JI0Ka30-
BHX EKCIIEPUMEHTIB HAa OCHOBI CTOXaCTMYHUX MOJENEH reHepalii ITyyHuX JaHuX, [0 MaloTh CTaTUCTUYHI Xa-
PaKTepPUCTHKH, aJCeKBATHI PEaTbHUM CIIOCTEPEKEHHAM. EKCIIepHMEeHTAIBbHO BU3HAUCHO ehEeKTUBHICTh KOMII O~
TEPHUX AJITOPUTMIB, Ki 3a0€3MeUyIOTh PO3B’I3aHHS TPHOX Pi3HUX 3a7a4: ONTHMAIBHOI 3YIUHKHA JUIS IPUHHSIT-
TS OCTATOYHOTO PIIICHHS IIiJ1 9ac MOCIIIOBHOIO aHaJli3y aJbTepPHATHUB, HABYAHHS JIHIHHOTO Kilacudikaropa 3a
CKIHYEHHOIO BUOIPKOIO CIIOCTEpE)KeHb Ta BU3HAUCHHA AiarHocTH4HHX o3HaKk EKI' 3a metomom dazarpadii. Ha-
BEJICHO PE3yJIbTaTH, SIKi OTPHMAHO HA OCHOBI MPOBEICHUX CTATHCTUYHHUX CKCIICPUMECHTIB.

Ki1040Bi ci10Ba: e)eKTUBHICTH KOMIT FOTEPHOTO JITOPUTMY, CTATHCTHYHHIT €KCIIEPUMEHT, TeHepaLlisl ITYIHAX
JTaHHX.

Generative models in the problem of evaluating the efficiency of computer algorithms / L.S. Fainzilberg //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 176-187.

Abstract. T The author formulates definitions of computer algorithm efficiency according to a criterion
that characterizes accuracy, reliability, speed, or other consumer properties. Schemes of proof experiments
based on stochastic models of generation of artificial data with statistical characteristics adequate to real
observations are suggested. The experiments are aimed at determining the efficiency of computer algorithms
that provide solutions to three different problems: the optimal stop for making a final decision during
a sequential analysis of alternatives, training a linear classifier based on a finite sample of observations, and
determining diagnostic signs of an ECG using the fasegraphy method. The results obtained based on statistical
experiments are given.

Keywords: computer algorithm efficiency, statistical experiment, artificial data generation.

YK 004.627, 004.932
Hosgi minxoan i MeToan aganTuBHOro KoxyBauHs 300paxkens / B.K. Jlyn // KiGepHernka Ta cucTeMHUI
anami3. 2024. Tom 60, Ne 2. C. 188-200.

AHoTauis. Po3risHyTO HOBI METOIH, MIIXOJH Ta i71e1 MOJATIBIIOT0 PO3BUTKY KOAYBaHHS 300pakeHb IS
MiIBUILEHHS 1HGOPMATUBHOCTI 1 3MEHIIEHHST 00UUCIIOBAIBHOI CKIaAHOCTI. PO3p0o0ieHo apXiTeKkTypy crpoiie-
HOroO LIBUAKOIIHHOIO KoJeKa — Habip aJaNTUBHUX PEKHUMIB KOJYBAHHS 3 MiHIMAJbHUMH OOUHCIIOBATEHUMA
BUTpaTaMy Ha BUOIp 1 NEPEKIIIOUCHHS MDK HUMH. 3allpONIOHOBAHO MPOCTI YHIBEpCAIbHI aJrOpUTMH Iependa-
YEHHsI 3HaYeHb ITKCEIB SIK Ha OCHOBI 30BHIIIHIX JaHMX, TAK i 3 BUKOPHCTAHHIM 3HAUCHb CYCiIHIX OJIOKIB. 3am-
pomoHoBaHO Moaudikalio mse (3CyHyTe mse), sika TOUHIIIe BiToOpaxae CIOTBOPEHHS KOHTYPIB. 3aIIpooHo-
BaHO OJJHOHOPMOBE CIIPOLICHE KOCHHYCHE MEPETBOPEHHS MOPSAKY 16 HU3BKOI 00YMCIIOBAIBHOI CKIAIHOCTI.
3anporoHOBAHO HOBHIl alrOPUTM AJaNTUBHOTO BHOOPY THIy 1 TNOpSJKY IIEPETBOPEHHS 3alICKHO Bij
KoedilieHTa CTHCHEHHSI.

Kuro4oBi cj10Ba: cripomeHnii mBHAKOAIMHNNA KOCK, aaNTHBHI PEKUMU KOIyBaHHS, AITOPUTMH Hepea0adeH-
HS 3HAYCHB MIKCEJiB, AITOPUTMH OLIIHIOBaHHS MOXUOOK, iHPOPMATUBHICTD EPETBOPEHB, CIIPOILECHI KOCUHYCHI
HEPETBOPCHHS, IIBUJKI AITOPHTMH.

New approaches and methods of image encodinG / V.K. Luts // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 2. P. 188-200.

Abstract. The author analyzes new methods, approaches, and ideas for further development of image
encoding to increase informativeness and reduce computational complexity. An architecture (a set of adaptive
encoding modes with minimal computational expenses for selecting and switching between them) for a
simplified high-speed codec is developed. Simple universal algorithms for predicting pixel values based on
external data and using values of neighboring blocks are proposed. A modification of MSE (shifted MSE) is
proposed, which more accurately reflects contour distortions. A one-norm simplified cosine transform of order
16 with low computational complexity is proposed. A new algorithm for adaptive use of transforms of different
types and orders depending on the compression coefficient is given.

Keywords: simplified high-speed codec, adaptive coding modes, pixel-value prediction algorithms, error
estimation algorithms, transform informativeness, simplified cosine transforms, fast algorithms.
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