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KIBEPHETHKA CYBERNETICS
VK 004.8

HopipasinbHuil aHaNi3 HelipoMepeskeBUX MojeJedl i 3a1a4  kiachdikanii TexcriB / A.B. Amicimos,
0. Mapuenko, E.M. Hacipos, B.FO. Tapanyxa // KiGeprerrka Ta cuctemHuii aHaiiz. 2025. Tom 61, Ne 3. C. 3—13.

AmoTaunis. Y pobori JlociipkeHo 3a1ady kiacugikaiii (heHKOBUX TOBIIOMIICHD Ta IIXO0/M 10 Ti po3B’sI3aHHs.
ITpoBezieHO NOPIBHSUIBHUI aHai3 e(heKTHBHOCTI BUKOPUCTAHHS PI3HHX HEHPOMEPEeKEBHX MOJEICH U 3a1a IIOMIyKY
Ta Kiacuikari GpparMeHTiB TeKCTy, IO MIiCTSTh HEIPABINBI MOBITOMICHHS. JIOCII/KEHO BIUIMB PO3MIPHOCTI MOJie-
Jieil Ha LIBHAKICTh HABYAHHS, TOYHICTh BHU3HAYEHHS Ta 3/IATHICTh aANTyBATUCS JIO HEBIJIOMUX JIaHHX.

Kaou4oBi ciioBa: mTyuyHHH IHTENEKT, KOMITIOTEpHA JIHIBICTHKA, HEWpOMepekKa.

Comparative analysis of neural models for text classification problems / A.V. Anisimov, O.0. Marchenko,
E.M. Nasirov, V.Y. Taranukha // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 3-13.

Abstract. The paper investigates the phenomenon of fake messages and approaches to their detection.
A comparative analysis of the effectiveness of using different neural network models for the tasks of searching
and classifying text fragments containing false messages is conducted. The influence of model’s dimension on
the learning speed, detection accuracy, and ability to adapt to unknown data is investigated.

Keywords: artificial intelligence, computational linguistics, neural network.

VK 004.94:004.2
AJITOPUTM PO3B’SI3aHHA 3aJa4i ajaredpaidyHOro CHMHTE3y MIKpONPOrpaMHOro aBTOMATa 3 omepauiiiHuM

aBTOMATOM IlepexofiB Ha ocHOBi MaTpuuHoro minxoxay / P.M. badakos, O.0. bapkanos // Kibeprernka Ta
cucremuuii anamis. 2025. Tom 61, Ne 3. C. 14-21.

Anoranist. J[isi MIKpOIIPOrpaMHOro aBToMara 3 OIepaliiiHiM aBTOMATOM [IePeXO/iB 3alPOIIOHOBAHO HOBUI
JITOPUTM PO3B’sI3aHHSI 33/1a4i aNreOpaidHoOro CUHTE3Y, 10 Ja€ 3MOTY 3HaiTH (JOpMalbHI PO3B’SI3KH 3a/1a4i JUIs 3a-
JTaHOi MHOXKHHH Oleparliif mepexoiiB. AIroput™ 6a3yeTbesl Ha IMPEICTAaBICHHI CIIOCOOY KOTYBaHHS CTaHIB y BHI-
nsa Matpuni nepexofis. LIl mMarpuii 3icTaBiseThcs 00’€IHAHA MATPHI ONEpalil, sSKa MICTHTh YCI MOMKIIMBI
BapiaHTH MEPETBOPEHHS KOJIIB CTAHIB 3a JOMOMOTOI0 33JaHOT MHOKMHU oriepatliii nepexozis. [ToenemeHTHe 3icTas-
JICHHSI MATPHUIIb J1a€ 3MOT'Y BUSIBUTH HASIBHICTH (POPMAIILHOIO PO3B’ 3Ky ISl BUOpaHOro Habopy koaiB craHiB. [loka-
3aHO, 110 3aIPOIIOHOBAHUI AJIFOPUTM 3HAXOAUTH YCI MOJMKIINBI PO3B’SI3KU 32 YMOBH IIOBHOTO IIepebopy CHOCO0IB KO-
nyBaHHS craHiB. OIIHEHO IIBHKOIK 3alPOIMIOHOBAHOTO AITOPUTMY y pasi iforo peaiisarii Ha MoBi Python.

KumouoBi ciioBa: mikponporpaMHuii aBTOMAT, ONepauiiiHiii aBTOMAT NEepexoiB, rpad-cxemMa aaropurMmy, aji-
reOpaiuHuil CHHTE3, KOJYBaHHS CTaHIB.

Algorithm for solving the problem of algebraic synthesis of a finite state machine with datapath of
transitions based on a matrix approach / R.M. Babakov, A.A. Barkalov // Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 3. P. 14-21.

Abstract. A new algorithm for solving the problem of algebraic synthesis is proposed for a finite state
machine with a datapath of transitions, which allows finding formal solutions to the problem for a given set of
transition operations. The algorithm is based on the presentation of states encoding in the form of a transition matrix.
This matrix is associated with a combined matrix of operations, which contains all possible options for the
transformation of state codes using a given set of transition operations. The element-by-element comparison of
matrices allows revealing the availability of a formal solution for the selected set of state codes. It is shown that the
proposed algorithm makes it possible to find all possible solutions using a complete enumeration of the ways of state
encoding. The speed of the proposed algorithm was evaluated when it was implemented in the Python language.

Keywords: finite state machine, datapath of transitions, graph-scheme of algorithm, algebraic synthesis, states
encoding.

YK 004.89

Heiipomepe:xxeBi MeToam Big0opy Ta reHepaunii CHHTeTHYHHMX Bapiauiii komOiHaTopHux 3agau /
A.Jl. HikoaaeB, A.B. AmnicimoB // KibepHernka Ta cucremumii anamis. 2025. Tom 61, Ne 3. C. 22-32.

AmnoTaunis. JlocmipkeHo HeifpoMepexkeBi METOIH IS BiOOpy Ta reHepanii CHHTETHYHUX Bapialiil MaTe-
MaTHYHUX KOMOIHATOPHHX 3a]1a4 3a JIOIIOMOT'OI0 BEIMKUX MOBHUX MoJelneil. Bindinsrposano 1000 3amay i3 Ha-
6opy nanux NuminaMath-CoT Ta BBeieHO Tpu HOBI Bapiallii: XyJ0KHIO, HAJUTHIIKOBY Ta IIPUXOBaHy. 3arporo-
HOBAHO ITOKa3HUK BapialiiiHOi y3ro/pKeHOCTI, SIKHI BiZoOpaXkae TOYHICTh MOJETl y PO3B’sI3aHHI Bapiawiii 3ama4
Ta iXHIO KOpessilito 3 opuriHaabHuMH 3axadamu. TecryBanus GPT-40-mini mokasano cTabinbHICTE poOOTH
y mporeci reHepanii 3 HABUIUMH pe3yJIbTaTaMU B XYIOXKHIH Bapialii, 10 Ma€ HAHIOBIIY CEPEIHIO JOBXUHY
TEKCTIB 3a/la4, Ta HAHHIKINMU — Yy IPHXOBaHiil Bapiamnii. BeraHoBieHo, mo Mojens 30epirac MaTeMaTHIHY
CYTHICTh 3aJlad B INPOLIECi CTBOPEHHsS HOBUX Bapiamiil 3amad.

Kurodosi ciioBa: HeifpomepexeBi MeToau, 0OpoOICHHs NMPUPOAHOT MOBH, BEIMKI MOBHI MOJEINi, reHeparis
CHHTETHYHMX JIAHMX, MaTeMaTH4Hi 3ajadi.
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Neural network methods for selecting and generating synthetic variations of combinatorial problems /
A. Nikolaiev, A. Anisimov // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 22-32.

Abstract. This study explores neural network methods for selecting and generating synthetic variations
of mathematical combinatorial problems using large language models. We filter 1000 problems from the
NuminaMath-CoT dataset and introduce three new variations: fictional, adversarial, and contextual disguise.
We propose the Variation Consistency Score to measure the accuracy in the solution generation rate of the
variations and their correlation rate with the original problems. Experiments with GPT-40-mini showed
consistent performance in the generation process, demonstrating the highest score on the fictional variation with
the greatest average statement length and the lowest score on the contextual disguise variation. The model
demonstrates the ability to generate diverse variations while preserving their mathematical core.

Keywords: Neural Network Methods; Natural Language Processing; Large Language Models; Synthetic Data
Generation; Mathematical Problems.

CUCTEMHU AHAJII3 SYSTEMS ANALYSIS
VIK 004.021+004.89

NLP-Bepudikanis gocropipHocTi mnoBiomMiieHb Ha OCHOBI aHaJi3y CceMaHTHYHHUX Mepex /
M.3. 3rypoBcbkuii, A.O. Boanak, K.B. eppemon, O.B. Crych, 0.0. [Imurpenxo // KiGepHetuka Ta
cucreMuuii ananiz. 2025. Tom 61, Ne 3. C. 33-45.

AnnoTtanis. L5 crarTs npucBsyeHa METoaM 1 miaxoxaM 10 GOpPMyBaHHS CEMAaHTHYHUX MEPEX I TeK-
CTOBUX (HOBHHHHX) ITOBIZIOMJICHb y Me/ia-IIOTOKAX 3 METOI0 BUSBJICHHS IIOTCHIIHHUX JKepel Ae3iH(popMarlii.
OCHOBHa i1es1 oJIsirae y CTBOPEHHI 1IJTICHOI METOMKU TTOOYJOBH TaKUX MEPEX, Ae KII0YOBI TepMiHK a00 iMe-
HOBaHI CYTHOCTI BHUKOPHCTOBYIOThCS SIK 0a3MC JJsi CEMAHTHYHOTO MOJICTIOBAHHS. ABTOPHM aHANI3yIOTh Pi3HI
TEXHIKH OOPOOKH TEKCTIB, BKIIOYAIOYH IIONEPEAHIO KOMIT IOTEPU30BaHy OOpPOOKY, BHIUICHHS KIFOYOBHX
TEPMIHIB i BCTAHOBJICHHS CEMaHTHYHHX B3a€MO3B’SI3KiB Mixk HMMH. OcoOIHMBa yBara HPUIUISETHCS PO3POOLI
METpPHKH U BUMIPIOBaHHS CEMaHTHYIHOI OJM3BKOCTI MK iH(DOPMAIIHHIMHU TOBITOMIICHHSIMH, IPEACTABICHN-
MH y BUIVIII CeMaHTHYHHX MEpeX. 3alpoIOHOBaHA METPUKA, 3aCHOBAaHA Ha KiIbKicHil Mipi dpobeniyca, 103-
BOJIsiE e(DEKTHBHO OLIHIOBATH PIBEHb CXO0XOCTI Ta B3a€MO3B’3Ky MiK Tekcrtamu. lle cmpuse TouHimomy
aHaJIi3y CeMAaHTUYHOTIO KOHTEHTY, BUSBJICHHIO IPUXOBAHUX CMHUCIIOBHUX 3B’S3KIB 1 CTpYKTypH3alii iHdopmartii.
Ha ocnoBi Bukopucrants Merpuku ®@pobeHiyca y CTaTTi 3apornoHOBaHO MiAXiA 10 BU3HAYCHHS HAIIHHUX 1 He-
HaJIHHUX 1HpOpMaLiHUX Kepel, Mo 3a0e3nedye MOXKIIMBICTD MOAIBINOT Bamifawil (pakTiB, IpeICTaBICHUX
Yy HOBHHHHX IIOBITOMJICHHSX. 3aCTOCYBaHHS TaKOI'O IIAXOY IO3BOJISIE IIIBHINUTH €(PEKTUBHICTH iH(Op-
MaliifHOTO aHaTi3y, BUSIBIATH TCHACHIII Ta MPOTHO3YBaTH PO3BUTOK IOJiH y HOBHHHOMY mpocTopi. HaiiBax-
JIUBILIMM € 3/IaTHICTh BUSIBISITH 1H(OpPMALIiiHI BIUTMBH, 1110 CHPHsE HE JHIIE 30epekeHHI0 iHpopManiiiHoT 0e3-

MeKu, ane W 3adesneyye HallOHAJIbHY CTIMKICTH MEpes 30BHILIHIMH 3arpo3aMHu.

KurouoBi coBa: cemantmyna Mepexa, Mipa ®pobeniyca, TexcroBuii anainis, Directed Weighted Network of
Terms, Part-of-Speech tagging, nemarusauisi, Global Term Frequency, Horizontal Visibility Graph algorithm

UDC 004.021+004.89

NLP-based verification of message reliability using semantic network analysis / M. Z. Zgurovsky,
A.O. Boldak, K. V. Yefremov, O. V. Stus, O. O. Dmytrenko // Kibernetyka ta Systemnyi Analiz. 2025.
Vol. 61, N 3. P. 33-45.

Abstract. This article focuses on methods and approaches for constructing semantic networks for textual
(news) messages in media streams to identify potential sources of disinformation. The main idea involves
developing a comprehensive methodology for building such networks, where key terms or named entities are
used as the foundation for semantic modeling. The authors analyze various text processing techniques,
including preliminary computational text processing, extraction of key terms, and the identification of semantic
relationships between them. Particular attention is given to the development of a metric for measuring semantic
proximity between information messages represented as semantic networks. The proposed metric, based on the
Frobenius norm, enables an effective evaluation of the similarity and interconnection between texts. This
enhances the accuracy of semantic content analysis, uncovers hidden semantic relationships, and facilitates the
structuring of information. Using the Frobenius-based metric, the article proposes an approach for identifying
reliable and unreliable information sources, enabling further validation of the facts presented in news messages.
This approach enhances the efficiency of information analysis, identifies trends, and predicts the development
of events within the news space. Most importantly, it allows for detecting information influences, contributing
not only to maintaining information security but also to ensuring national resilience against external threats.

Keywords: semantic network, Frobenius measure, text analysis, Horizontal Visibility Graph algorithm,
Directed Weighted Network of Terms, verification of message reliability.

VK 004.9

JexomMno3uuiifHi MeToM CHCTEMHOI0 aHAJII3y B oNTUMI3alii Ta KoonepauiiiHiii eBoronii iHTepAaKTHBHUX
reoinopmauiiinux ceppicie / O.B. IManarin, A.M. Kacim, M.M. Kacim // KiGepHeTnka Ta CUCTEMHUIA
anamiz. 2025. Tom 61, Ne 3. C. 46-64.

AmnoTanis. J{ocitiPKeHO AeKOMITO3HIIHHI METOAM CUCTEMHOTO aHali3y s ONTUMI3allii iHTep- aKTHBHUX
reoindopmaniitnux cepsicis (II'IC) wepe3 cuHepreTnyHy iHTerpariiro, KOHCOJIJOBaHYy KOOIIEpaLilo Ta ajal-
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Talilo 10 PI3HHX JOMEHIB, 3a1ad i jaHuX. BusHaueHo kimodoBi MexaHismu epoirouii IT'IC (eneprernunmii,
iHpOpMaLiiHNN, MEPeKEBHii, TCHETUYHNN, KOMYHIKalliiHUI 1 KoonepauiitHuii), mo (pOpMyIOTh KOMIUICKCHY
CTpaTerito IXHbOr0 PO3BHUTKY. 3alPOIOHOBAHO OHTONIOTIYHY cucteMy B3aemoxii II'IC y Mexax JOMEHHHX Kiac-
TepiB, siKa 3a0e3nedye CeMaHTUUHUI Oa3uc VIS CIUIBHOTO PO3B’S3aHHS CKJIAHUX 3a]a4. BigmosinHo no mapa-
nmurmu INSPIRE po3po6ieHo Moaess TpaHCIOMEHHOT iH)PacTpYKTypH reONpOCTOPOBUX AaHMX, IO MiABUILYE
iHTeponepabenbHicTh cepBiciB y BebcepenoBuyi. Ilokaszano edekruBHicTs koomepauii II'IC Ha mpukmani
ONTHMI3allii MapmpyTiB eKCTPEeHHX CIIy:K0 y Meramoiici 3 BUKOPHUCTAaHHSM Teopii irop.

KurouoBi ciioBa: intepakTuBHuii reoindopmaniiinuii cepsic, INSPIRE, koonepariis, eBooLLisl, CHHEpTis, Kap-
TorpadiuHnil KOHTEHT, BIpTyalbHHII 00pa3 CHTyalil, OHTOJOTIS, JEKOMIIO3HILis, KIacTepH KOHBEPreHMii J10-
MEHiB, KOH(JIIKT, CTpaTeris, MaTpuIls BUrpaiy, Ilapero-ontumanbHuii po3B’ 30K, aaNTUBHICTB, iHTEpoONEpa-
OCIBHICTD, iHTErpallisl.

Decompositional methods of system analysis in the optimization and cooperative evolution of interactive
geoinformational services / O.V. Palagin, A.M. Kasim, M.M. Kasim // Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 3. P. 46-64.

Abstract. Decompositional methods of system analysis are investigated for optimizing interactive
geoinformational services (IGIS) through synergistic integration, consolidated cooperation, and adaptation to
various domains, tasks, and data. Key mechanisms of IGIS evolution (energetic, informational, network,
genetic, communicational, and cooperational) are defined, which form a comprehensive strategy for their
development. An ontological system of IGIS interaction within domain clusters is proposed, which provides a
semantic basis for joint solution of complex tasks. In accordance with the INSPIRE paradigm, a model of
transdomain infrastructure of geospatial data is developed, which increases the interoperability of services in
the web medium. The effectiveness of IGIS cooperation is shown in the example of optimizing emergency
service routes in a megalopolis using game theory.

Keywords: interactive geoinformational service, INSPIRE, cooperation, evolution, synergy, map content,
virtual image of the situation, ontology, decomposition, domain convergence clusters, conflict, strategy, gain
matrix, Pareto-optimal solution, adaptability, interoperability, integration.

VIAK 517.9:519.6

IlIpo onny HenoOKaJdLHY KpaioBY 3aja4y JJs HeJiHiliHOro aApo0oBo-IHQepeHNiaJbHOr0 piBHSHHA 3
oinopsiakoBoro moxinnow Iinbpepa / B.M. BynaBaubkuii // KibepHetnka Ta cucteMuuii anamiz. 2025.
Tom 61, Ne 3. C. 65-73.

AHoTauis. Po3risiHyTo KpaioBy 3a/1auy 3 HEJIOKaJIbHOI IHTErpaJbHOK YMOBOKO JUISi HEJIIHIMHOTO Jpo-
60BO-AN(EPEHIIIATBFHOTO PIBHIHHS 3 y3aralbHEHOO (OIIOPsIIKOBOIO) KOMITO3UTHOIO noxinHowo ['insdepa. Ilo-
HATTS  OinopsiakoBoi ['iibgep-moxigHoi TpyHTYeTbCs Ha IHTEPHOJLINHIA KOHUenIii 3 3acTOCyBaHHIM
noxingaux Kamyro ta Pimana—JIiyBiyuist pisHEX HOpsIKIB. BHCBITIIIOIOTECS ITHTaHHS iCHYBaHHS PO3B’SI3KY, €11~
HOCTI Ta CTIliKOCTI W00 3a3HAYeHOi 3ajadi.

KumouoBi ciioBa: HeniziitHi 1po6oBo-audepeHiianpHi piBHsIHHSA, Oinopsakosa noxinHa ['inbdepa, kpaiiosi 3a-
J1avi, HeJIOKalbHI YMOBH, ICHYBAaHHS, €IMHICTh, CTIMKICTb.

On one nonlocal boundary-value problem for a nonlinear fractional differential equation with Hilfer’s
bi-ordinal derivative / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 65-73.

Abstract. We consider a boundary-value problem with a nonlocal integral condition for a nonlinear
fractional differential equation with a generalized (bi-ordinal) composite Hilfer’s derivative. The notion of
a bi-ordinal Hilfer’s derivative is based on the interpolation concept with the use of Caputo and
Riemann-Liouville derivatives of different orders. The existence of a solution and the uniqueness and stability
of this problem are discussed.

Keywords: nonlinear fractional-differential equations, bi-ordinal Hilfer’s derivative, boundary-value problem,
nonlocal conditions, existence, uniqueness, stability.

VK: 517.58, 517.955

Interpanbui npeacrasieddss tuny Eiisiepa jnias aBoBumipnux d¢yskuiii tuny Mirrar-Jledduepa /
A. Xacanos, E. Kapimos // Kibepueruka ta cucremunii anamis. 2025. Tom 61, Ne 3. C. 74-84.

Amnotauis. BeranoieHo iHTerpanbHi mpencraBieHHs Tuny Einepa uis ABOX ABOBUMIPHHX (YHKLIN
Ty Mirttar-Jleddiepa. 3a3naueHi ABOBUMIpHI (GyHKIT y IMX IHTErpaJbHUX HPEACTABICHHAX BHPAKCHO ue-
pe3 cami cebe 3 pi3HMMM IapaMeTpaMH, depe3 BiJloMi rinepreoMeTpuuHi (yHKIIT ojHiei 3MiHHOT abo yepes
iHmy aBOBHMIpHY (yHKUio Ty Mirrar-Jledduepa.

Knrouosi cioBa: apoBuMipHi GyHkuii Ty Mittar-Jledduepa, interpanu Eitnepa, rinepreomerpudni GyHKII,
IHTErpajbHE NPEICTABICHHS.
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Euler-type integral representations for two-dimensional functions of the Mittag-Leffler-type /
A. Hasanov, E. Karimov // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 74-84.

Abstract. The Euler-type integral representations for two two-dimensional functions of the
Mittag-Leffler type are established. In these integral representations, these two-dimensional functions are
represented in terms of themselves with different parameters, in terms of known hypergeometric functions of
a single variable, or via another two-dimensional function of Mittag-Leffler type.

Keywords: two-dimensional functions of Mittag-Leffler type, Euler integrals, hypergeometric functions,
integral representation.

V]IK 519.86

HogirtHiii norisia Ha anaui3 cBiToBoi Toprisii Ta riodansnoi ekonomiku / M.C. T'onuap, O.I1. J{oB:KuUK,
A.C. Koxin, B.I'. Kosupcekmii, A.Il. Maxopr // Kibeprernka ta cucremunii ananis. 2025. Tom 61, Ne 3.
C. 85-108.

Awnotanis. Chopmynp0BaHO HEOOXIHI i JOCTATHI YMOBH, 3a SIKHX y MOJEI CBITOBOI TOPTriBIIi Mae Miciie
MOBHUH KIIpUHT pUHKIB. OINMHCAHO PIBHOBAXHI CTaHM 3 HAIJIMIIKOBOIO MPOIO3HLIEI0. 3alpPOIOHOBAHO AJIro-
PUTM 3HAXO/PKCHHsI PIBHOBAKHOIO CTaHy 3 HAiMEHIIOK Ha/UIMIIKOBOK MPOIMO3HLIEK0 3a TOMOMOIOK PO3B’s-
3aHHSI [IEBHOI 33/1a4i KBaJAPaTHYHOTO IPOrPaMyBaHHsl. 3a CTPYKTYPOIO IIOMHTY 3alPOIIOHOBAHO AJITOPHTM MO0y~
JIOBU CTPYKTYPH HPOMO3HLIii, 3a SIKOT MIXXHAPO/IHA TOPTiBIIsL CIPABEUINBA. 3 BUKOPHCTAHHSIM 100y 0BaHOI MO-
Jielti CBITOBOT TOPTiBJi JOCHIPKEHO TOpTiBi0 MibK kpaiHamu G20.

KurouoBi ciioBa: cBiToBa TOpIiBis, CKOHOMIUHA piBHOBara, KJIIPHHI PHUHKIB, KBaJpaTHYHE IPOrpaMyBaHHS,
izeanbHa piBHOBAra.

A new perspective on the analysis of world trade and global economy / N.S. Gonchar, O.P. Dovzhyk,
A.S. Zhohin, W. H. Kozyrski, A. P. Makhort // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3.
P. 85-108.

Abstract. We formulate the necessary and sufficient conditions that provide full clearing of markets
within our world trade model. We describe equilibrium states with excess supply and propose an algorithm for
finding the equilibrium state with the lowest excess supply by solving a certain quadratic programming
problem. Based on the demand structure, we propose an algorithm for constructing a supply structure in which
international trade is fair. The trade between the G20 countries is analyzed using the constructed model of
world trade.

Keywords: world trade, market clearing, economic equilibrium, quadratic programming, ideal equilibrium.

VK 519.65

YeOnmoscbke HAaOJNMKeHHsI cTenmeHeM Bix  pamionanbHoro Bupasy / II.C. ManauiBcbkmii,
JI.C. Mensnuuok // Kibepuneruka Ta cucremuuii anamiz. 2025. Tom 61, Ne 3. C. 109-117.

AHoTanis. 3anpornoHOBaHO METOJ MOOYZO0BH YeOHMIIOBCHKOTO HAOIMKCHHS 3 BiJHOCHOIO MOXHOKOIO
paiioHaJIbHUM BUpa30M y (hikcoBaHOMY cTerieHi. BiH mossirae B moOyI0Bi MPOMIKHOTO 4eOHIIIOBCHKOTO HAOIIH-
JKEHHS 3 BIJHOCHOIO IOXHOKOIO pAaIliOHaJbHHM BHPa30M 3HAYCHb KOPEHS LLOTO CTEIeHs HaOIMKyBaHOI
¢yskuii. HabmmkeHHsT palioHaIbBHIM BHPA30M OOYHCICHO SIK IPAaHUYHE CEPEIHBOCTCIICHEBE HAOIIKCHHS 3a
iTepaniifHOI0 CXEMOI0 3 BHKOPUCTaHHSAM METOJy HAaWMEHIIMX KBaJApaTiB 3 JBOMa 3MIHHUMM BaroBUMH
¢dynkuisvu. HaBeneno TecToBi NpHKIaau, sSKi MiATBEPUKYIOTH MBHAKY 30DKHICTE METOLY MOOYIOBU YeOHIIIO-
BCHKOIO HAOJMKEHHs CTEIEHEM BiJl palliOHAIBHOIO BHpA3y.

Kur04oBi ciioBa: ueOUIIOBChKE HAOIMKEHHS CTEIICHEBUM BUPA30M, YeOUIIOBChKE HAOIMKECHHS PalliOHATbHIM
BHPA30M, CEPEIHbOCTEIICHEBE HAOMMKEHHs, METOJ HalMEHIIMX KBaJpaTiB, 3MiHHAa BaroBa (yHKIIis.

Chebyshev approximation by the power of a rational expression / P.S. Malachivskyy, L.S. Melnychok //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 109-117.

Abstract. A method for constructing the Chebyshev approximation of the given function by a rational
expression in a fixed power with the smallest relative error is proposed. It consists in constructing an
intermediate Chebyshev approximation with a relative error by a rational expression of the values of the root of
this power of the approximated function. The rational expression approximation is calculated as a limiting
mean-power approximation by an iterative scheme using the least-squares method with two variable weight
functions. Test examples are given to confirm the fast convergence of the method for constructing the
Chebyshev approximation by the power of a rational expression.

Keywords: Chebyshev approximation by the power expression, Chebyshev approximation by the rational
expression, mean-power approximation, least squares method, variable weight function.
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VK 519.21

CToxacTH4YHA eBOJIIONiS 3 MAPKOBCHKO-MO/YJbOBAHUM IyacCOHIBCHLKUM 30ypeHHsIM B cxeMi qudys3iiinol
anpoxcumanii / S1.M. Yabaniok, C.A. Cemeniok, Y.T. Ximka, P.A. Ynnypko // KibepHeTnka Ta CHCTeMHHUI
anamiz. 2025. Tom 61, Ne 3. C. 118-124.

AnoTanis. [locmimKeHO aCHMITOTHYHY IOBEJIHKY CTOXaCTHYHHX CBOJIOLIHHHMX CHCTEM 3 MapKo-
BCHKO-MOJYJIbOBAHHM ITyaCCOHIBCBKHM 30ypeHHSAM Yy cxeMi audysiliHoi amnpokcumamnii. Bpaxosano
KOMOIHAIIIO ITyaCCOHIBCHKOTO IMPOIECY 3 MAPKOBCHKHM, IO JIA€ 3MOTY OMKMCYBAaTH BHIAJIKOBI MEPEXOIH MK
PI3HUMU pexxuMaMu eBoJroLii. HaBeaeHo eprojuyHi BIacTUBOCTI MapKOBCHKO-MO/TYJILOBAHOT'O ITyaCCOHIBCHKO-
TO Mpolecy, sKi 3a0e3euyoTh cTabiIbHy MOBEAIHKY CHCTEMH B cepe/iHboMy. [100y10BaHO rpaHKyHI reHepaTo-
P UL BUXIIHOI CHCTEMH CTOXacTHYHHUX JudepeHLiabHUX piBHAHb. OpepkaHi pe3yabTaTH JaloTh 3MOTY
JIOCII/DKYBAaTH 3ajadi CTOXaCTHYHOI ONTHMi3amii Ta ONTUMAIBHOTO KepyBaHHS.

KumiouoBi ciioBa: croxacTHdHa €BOJIOLIS, MapKOBCHKO-MO/YJIbOBAHUII MMyacCOHIBCHKUII MPOIEC, CXeMa JIH-
¢y3iitHoi ampokcumanii.

Stochastic evolution under markov-modulated poisson perturbation in the diffusion approximation
scheme / Ya.M. Chabanyuk, S.A. Semenyuk, U.T. Khimka, R.A. Chypurko // Kibernetyka ta Systemnyi
Analiz. 2025. Vol. 61, N 3. P. 118-124.

Abstract. The authors study the asymptotic behavior of stochastic evolutionary systems with
Markov-modulated Poisson perturbation in the diffusion approximation scheme. They consider combining the
Poisson process with the Markov process, which allows for describing random transitions between different
modes of evolution. The ergodic properties of the Markov-modulated Poisson process that ensure the stable
behavior of the system on average are presented. Boundary generators for the original system of stochastic
differential equations are constructed. The results allow for studying stochastic optimization and optimal control
problems.

Keywords: stochastic evolution, Markov-modulated Poisson process, diffusion approximation schema.

VK 519.8

InTerpanbHi mpencTaBieHHs nojirapmoniiinux omnepatopis / A.M. IllyroBchknii // Kibepuernka Ta
cucremuuit amami3. 2025. Tom 61, Ne 3. C. 125-136.

AHoTanis. Y JOCIIKCHHI NPEACTABICHO ONTUMAJIbHI MAaTEMaTHYHI MOJIEIi B KOHTEKCTI 3a/1ad CHCTeM-
HOro aHaiizy. A came, 3aCTOCOBAaHO HETPHUBIaJIbHI IPAaHUYHI YMOBH IO 3aJadl NpO IHTErpyBaHHs IIOJirap-
MOHIHHUX PIBHSHB y MOJSIPHUX KoopauHaTax. DyHKIiI0, TPUrapMOHiHY B OXMHHYHOMY KpYy3i, II0JJaHO Y BHT-
IS0l iHTerpana caMe 3 AeNbTANoiOHUM sSApPOM. PO3MIAHYTO MHUTAaHHS NPO iCHYBAaHHS CTPYKTYPHOTO 3B’S3KY
MDK PO3B’SI3KAMH TPUT'APMOHIHHUX PIBHSHbB Y TMOJIIPHUX KOOPIMHATAX Ta JAOJATHHUMHU ONEPaTOPAMH, SKi € pO3-
B’SI3KaMU THIIMX JudepeHiaibHUX PIBHAHb Y YACTUHHUX MOXiaHUX. [TokazaHo, 110 TpUrapMOHIHHMI 1HTErpa
ITyaccoHa i OIMHMYHOTO Kpyra MOJKHA HOJIATH SIK CePe/IHE 3HAYCHHs PO3B’si3Ky piBHsaHHA Jlaruiaca B mosip-
HHMX KOODJHMHATAX.

KuarouoBi ciioBa: psg @yp’e, TpurapMoHiiiHe piBHSAHHS, OJMHUYHUI KPYT, TpUrapMOHiiHuiA iHTerpai Ilyacco-
Ha, omeparop Abens—Ilyaccona.

Integral representations of polyharmonic operators / A. M. Shutovskyi / Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 3. P. 125-136.

Abstract. The study is devoted to establishing optimal mathematical models in the context of system
analysis problems. Namely, nontrivial boundary conditions are applied to the problem of integrating
polyharmonic equations in polar coordinates. The function, which is tri-harmonic in a unit disk, is presented in
the form of an integral with a delta-like kernel. The question of the existence of a structural connection between
solutions to the tri-harmonic equations in polar coordinates and positive operators, which are solutions to other
partial differential equations, is considered. It is shown that the tri-harmonic Poisson integral for a unit disk can
be represented as an average value of the solution to the Laplace equation in polar coordinates.

Keywords: Fourier series, tri-harmonic equation, unit disk, tri-harmonic Poisson integral, Abel-Poisson
operator.

VK 519.212.2:681.51

CymMicHuii po3noais Aesskux noiii y cxemi bepuyJsii 3 napamerpamu (n, p) / B.1. Macou, C.5. Ciaodonsin
/I KibepHernka Ta cucreMHuii anamiz. 2025. Tom 61, Ne 3. C. 137-145.

AnoTanisi. BcTaHOBIEGHO SBHHIT BUIIIA CYMiCHOTO PO3HOJLTY TOBUIBHOI (hiKCOBAHOI Mapy MO, 0 Ha-
JIeKaTh OJIHIN CKIHYEHHI MHOKHHI NOA1il y cxemi bepHyuii 3 mapamerpamu (7, p). BkazaHo 3B’430k mapamer-
pa n 3 MaKCUMaJIbHUM 3HAYCHHSM KOXKHOTO 3 OTPHMMAHMX CyMICHMX po3moiiniB 3a ymoBu p=0.5. HaBeneno
MPUKIAAN BHKOPHUCTAHHS BCTAHOBJICHHUX pPO3MOALNiB a0 aHamizy (0,1)-mocmimoBHOCTI.

KuarouoBi ciioBa: cymicHuii po3noain, cxema bepuyiui, 2-nanmtor, nudposa creraHorpadisi, eKOHOMETpHUKa.
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Joint distribution of some events in the Bernoulli scheme with parameters (n, p) / V.I. Masol,
S.YA. Slobodian // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 137-145.

Abstract. An explicit form of the joint distribution of an arbitrary fixed pair of events belonging to the
same finite family of events in the Bernoulli scheme with parameters (1, p) is established. The connection of the
parameter n with the maximum value of each of the obtained joint distributions under the condition p=0.5 is
indicated. Examples of the use of the established distributions for the analysis of the (0,1)-sequence are given.

Keywords: joint distribution, Bernoulli scheme, 2-chain, digital steganography, econometrics.

MNPOI'PAMHO-TEXHIYHI KOMIIJIEKCH SOFTWARE-HARDWARE SYSTEMS
YK 004.318

Meton ninBumennsi epextuBHocTi 00podiaennss RDF/XML-ctpykryp y cepenoBuiti Apache Jena
Semantic Web Framework / O.B. INanarin, M.I'. Ilerpenxo, B.B. KaBepuncokuii, K.C. Majaxos //
KibGepuetnka ta cuctemuuii anamiz. 2025. Tom 61, Ne 3. C. 146-166.

AHoTanis. Y cTaTTi JOCIiDKeHO BIUIUB po30uTTs koM toTepHuXx OWL-onrtonoriit (RDEF/XML-cTpyk-
TYp BEJIMKOTO PO3MIpy) Ta MapayiebHOr0 BUKOHAHHS 3alUTIB HA IPOAYKTHBHICTH 0OPOOICHHS CKIIATHUX 3a-
nuTiB. Pe3ynbraTi AOCIIDKEHHS TIOKa3aiM, 1110 PO30OUTTSI OHTOJIOTIH, 0COOIMBO y pasi 3aluTiB i3 TPUBAIUM Ya-
COM BHKOHAHHSI, MOYKE CYTTEBO CKOPOTUTHU 4Yac iIXHBOTO 00poOeHHs . [{iisl 3anuTiB i3 cepeiHiM Ta TPUBAIUM Ya-
COM BHKOHAHHs KOMOiHaIlis po3OMTTs i mapaernizanii jae NpupicT mpoayKTUBHOCTI 10 45 % INOpIBHAHO 3
TIOCIIIJOBHUM BHKOHAHHSIM. BogHOYac JyIst 3aIUTIB 13 KOPOTKUM 4acOM BUKOHAHHS PO3OUTTS MOXKE CIIPUYHHS-
TH JIONATKOBI 3aTPUMKH, SIKi YaCTKOBO KOMIICHCYIOThCSI MapaiesibHUM 00pobieHHsm. [Tij 4ac 10CiiKeHHS Ta-
KOX 3’SICOBaHO, 110 y pa3i po30UTTs OHTONOTIT Ha MOHAA 7—10 YacTHH NojabIe MOAPIOHEHHS HE ]a€ TIOMITHO-
TO HiJIBUILIECHHS POJYKTHUBHOCTI, pOOJISTYM TaKMi Miaxix Hee(heKTUBHUM. Y CTATTI HATOJOIICHO HA BayKJIMBOCTI
BpaxyBaHHs HA/UIMIIKOBHX YMOB Y 3alMTaX, OCOONHBO THX, 1[0 CTOCYIOThCS 3B’SI3KiB MIXK KJIacaMH-IIPCAKAMH
Ta HaIlaJKaMH B MEXaxX OHTOJIOTIi, OCKIJIbKY IXHE BHJIYYCHHS UM ONTHUMI3allisi MOXKE CYTTEBO IPUCKOPHTH 00-
poGiennst. [pencraBieHo GpopMalibHy MOJEIb, K4 TEOPETUYHO OIKCY€E BIUIMB PO3OMTTS OHTOJIOTII Ta mapa-
nemizanii 00poOIeHHs 3aNHTIB Ha Yac IXHBOro BHKOHAaHHS. Kpim Toro, chopMynpoBaHo (opManbHi KpHTEpii, 3a
JIOTIOMOTOI0 SIKHX BU3HAYAKOTh TUIT PEAKIIii 3aIUTiB Ha PO3OUTTS OHTOJIOTI] Ta IXHE MapayiebHe BHKOHAHHS.

KurouoBi cioBa: onronoriuna imkeHepis, Semantic Web, Apache Jena Semantic Web Framework, OWL,
OWL-onronorist, RDF/XML-ctpykrypa, RDF/XML, SPARQL, npupoiHOMOBHI [iaJOroBi CHCTEMH.

A method for enhancing the efficiency of RDF/XML-structure processing in the Apache Jena Semantic
Web Framework / O. Palagin, M. Petrenko, V. Kaverinskiy, K. Malakhov // Kibernetyka ta Systemnyi
Analiz. 2025. Vol. 61, N 3. P. 146-166.

Abstract. This study examines the impact of partitioning large-scale OWL-ontologies
(RDF/XML-structures) and parallel query execution on the performance of complex SPARQL queries. The
experimental results indicate that ontology partitioning, particularly for queries with long execution times, can
significantly reduce query processing duration. For medium- and long-execution-time queries, a combination of
ontology partitioning and parallel execution yields a performance improvement of up to 45% compared to
sequential execution. Conversely, for short-execution-time queries, ontology partitioning may introduce
additional delays, which can be partially mitigated through parallel processing. The study also finds that
partitioning an ontology into more than 7-10 segments does not yield further performance gains, rendering
excessive fragmentation an inefficient approach. The article underscores the importance of eliminating
redundant constraints in queries, particularly those concerning hierarchical relationships between parent and
descendant classes within the ontology. Optimizing or removing these constraints can significantly enhance
query execution speed. Furthermore, a formal model is presented to theoretically describe the effects of
ontology partitioning and parallel query execution on processing time. Additionally, the study establishes
formal criteria for determining the impact of these techniques on different types of queries.

Keywords: Ontology engineering, Semantic Web, Apache Jena Semantic Web Framework, OWL,
OWL-ontology, RDF/XML-structure, RDF/XML, SPARQL, Natural Language Dialogue System.

VK 004.9:519.22

MeTtonoJoriss no0y10BH aHAJITHYHOI HixcucTeMu eauHOi iHdopmaniiiHoi cucTtemu couiajabHoi chepu
Ykpainu / O.Bb. 3apyanuii, P.I'. KoBanap // KiGepHnernka ta cucremuuii anamiz. 2025. Tom 61, Ne 3.
C. 167-175.

AHorauis. Po3risiHyTo npobiemy po3poOieHHs aHATITHYHOT CKiIaa0Boi €nuHoi iHpopmaniitHoi cucre-
MH coLiajbHOI chepu YKpaiHu — aBTOMATH30BaHOI MiJCHCTEMH, IPU3HAYCHOT UL iHDOpMALiHO-aHAII THYHO-
ro 3a0es3nedyeHHs MATPUMKHM NPUIHATTS pillleHb B YNpaBiiHHI colianbHO0 cdeporo. Brpoamkenus il
I ICHCTEeMH JIaCTh 3MOTY IiJIBHIIUTH SIKICTh TIAHYBAHHS Ta IIPOTHO3YBAHHs MOTPEO HACENICHHS y COLIIaIbHOMY
3aXUcTi i comianbHOMY 3a0€3IIeUeHHI, ONTUMi- 3yBaTH PO3HOALI (iHAHCYBAaHHS BHAATKIB Ha COLIaJbHHUMU 3a-
XHCT 1 collianbHe 3a0€3MeYeHHs, TapaHTyBaTH KOHTPOJbOBAHICTh Ta aJPECHICTh BUTPAT, @ TAKOXK CIPUSITHME
HAJIar0/PKCHHIO 3BOPOTHOTO 3B’A3Ky MIX CYCHIJILCTBOM 1 JepkaBoro. B ocHOBy mnporoHoBaHoi iHpop-
MaliifHO-aHAIITHYHOI MiJICHCTEMH MTOKJIaACHO MATEMATUYHI MOJIEI, METOAU IHTEICKTYaIbHOTO aHAII3Y AaHUX
1 IITYYHOTO iHTEJIEKTY, CydyacHi inpopmariiiHi TexHouorii Tomo. [Toexnanus miardgopmu Oracle, BuKOpHCTOBY-
BaHOI y CHCTEMI COLIaJIbHOTO 3axucTy Ta IleHciiiHomy (onmi Ykpainu, 3 aHaTITHYHHMH IHCTPYMEHTaMHU KOM-
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naHii SAS Institute macTe 3MOry CTBOPHTH aIaNTHBHY iH(pOpPMaUiffHO-aHATITHYHY IiICHCTEMY, CIIPOMOXKHY
OIIPallbOBYBATH BEJIMKI MAaCHBU CTPYKTYPOBAHHX 1 HECTPYKTYypPOBAHHX HaHMX, OTPUMAHHX SIK 3a BIIKPHTOTO,
TaK 1 0OMEXEHOr0 JIOCTYILY, a TAKOK 3a0e3neuyBaTH HaAiHHUI 3aXucT KOH}iAeHiHOI iHpopMarii Ta nepco-
HaIbHUX JAQHUX TPOMAaJSH.

KurouoBi ciioBa: inpopmaniiiHo-aHaTITHYHA CHCTeMa, MaTeMaTiuyHi Mojeni, Big Data, conianbha cdepa, mpo-
THO3YBaHHSL.

Methodology for building an analytical subsystem of the unified information system of the social sphere
of Ukraine / O. Zarudnyi, R. Koval // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 167-175.

Abstract. The paper considers the problem of developing the analytical component of the Unified
Information System of the Social Sphere of Ukraine — an automated subsystem designed for information and
analytical support of decision-making in the management of the social sphere. The implementation of such a
subsystem will improve the quality of planning and forecasting the needs of the population in social protection
and social security, optimize the distribution of financing for social protection and social security expenditures,
ensure controllability and targeting of expenditures, and promote the establishment of feedback between society
and the state. The basis of the proposed information and analytical subsystem is mathematical models, methods
of intelligent data analysis, artificial intelligence, modern information technologies, etc. The combination of the
Oracle platform used in the social protection system and the Pension Fund of Ukraine with analytical tools from
SAS Institute will allow creating an adaptive information and analytical subsystem capable of processing large
arrays of structured and unstructured data obtained with both open and limited access, ensuring reliable
protection of confidential information and personal data of citizens.

Keywords: information and analytical system, mathematical models, Big Data, social sphere, forecasting.

VK 621.391

Knacudikanis curnasis 3 uudposoro MoayJsuielo nmapaMerpiB 3 BHKOPHCTAHHSAM SG-cTaTHCTHUKHU /
IL.IO. Kocrenko, K.C. Bacwora, B.B. Ciooonsiniok, P.O. Kauaiisio // KibepHeTnka Ta CHCTeMHHI aHai3.
2025. Tom 61, Ne 3. C. 176-189.

Anorauis. Po3risiHyTO Kitacuikaliio CUrHajIiB 3 aMILTITYAHOIO Ta (a30BOI0 MaHIMYJIALI€I0 IXHIX napa-
METPIB MiJT Yac crnocTepexkeHHs Ha Gponi aauTuBHOrO ['ayccoBoro urymy. [lokaszaHo, 1110 BUKOPUCTAHHS Hemapa-
MeTpuuHOi SG-CTaTUCTHKM K iHJIEKCY Hepea0badyyBaHOCTI Jla€ 3MOI'y BHKOHYBAaTH KJIACH(IKallif0 CUTHAJIB Ta
TXHe pO3pi3HEHHS B MEXkaxX KOXKHOTO KJIacy. 3arporioOHOBAHO IIKaITy iHIEKCY TependadyBaHOCTi, sIKa BIOPSIKO-
BY€ CHIHAJIH 33 CKIaJHICTIO.

KumouoBi cioBa: inzexc nepen0adyBaHOCTi, Kiacudikalis CHTHANIB, aMIUNTYAHa Ta (a3oBa MOIYJIALS.

Classification of signals with digital parameter modulation using SG-statistics / P. Kostenko, K. Vasiuta,
V. Slobodyanuk, R. Kachaylo // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 176-189.

Abstract. The paper deals with the classification of signals with amplitude and phase manipulation of
their parameters when observed against the background of additive Gaussian noise. It is shown that the use of
non-parametric SG-statistics as an index of predictability allows for the classification of signals and their
distinction within each class. A scale of signals according to their predictability index is proposed, which ranks
signals according to their complexity.

Keywords: predictability index, signal classification, amplitude and phase modulation.

V]IK 621.396

YockoHaIeHHSI apXiTeKTYP Ta MOKPALIEHHsS] CHCTEMHHX XapaKTePHCTHK iHTePAaKTHBHUX PO3NOIieHHX
xomm’1orepuux cucrem / LP. ITityx // Kibepuernka ta cucremuuii ananis. 2025. Tom 61, Ne 3. C. 190-204.

Amnotaunis. IIpoananizoBaHo Ta BU3HAUCHO (YHKI[IOHAIBbHI HEJONIKH apXiTEKTyp IHTEPAKTHBHUX PO3-
MOJIIICHUX KOMIT IOTEPHUX CUCTEM i OOTPYHTOBAHO HAIIPSMH iXHBOTO YIOCKOHANICHHS. JlOCIiDKEHO aIropuT™Mu
(opmyBaHHs Ta OIpPAIIOBAHHS JaHUX HA OCHOBI OPTOrOHANBHHUX (YHKIIH, SIKI TOPOPKYIOTh HEMO3UIINHI crc-
TEeMH 4YHUCIICHHS. P03po0iieHO 3ipKOBO-MAricTpaibHi Ta 3ipKOBO-KIJIBLEBI apXiTEKTYpH IHTEPAKTHBHUX PO3-
MOAIICHNX KOMII'IOTEPHUX CHCTEM 3 BUCOKHUM PIBHEM pO3NapajenioBaHHs IpoLeciB 0OMiHy JaHMMH. BpaxoBy-
109U NOTPEOH IOA0 OoNTHMI3awii 00pobieHHs iHpopManii Ha HH30BUX PIBHAX IHTEPAKTHBHUX PO3HMOALICHUX
KOMIT'TOTePHUX CHUCTEM, CTBOPEHO CTPYKTYPH CIICIIIPOIECOpiB aHAIOro-Iu(pOBOro Ta CTATHCTUYHOIO OMIpa-
LIOBaHHS JaHKUX. Peani3oBaHO MIKPOEGNEKTPOHHI CTPYKTYpH aHAIOro-IM(POBUX MEPETBOPIOBAYIB PO3rOPTAIb-
HOTO THITy 3 BHUXITHUMH MyJIbTU(YHKIIOHAIBHUMH Kojamu B Oasucax Panemaxepa—Kpecrencona ta Xaa-
pa—Kpecrencona, 1o MiABHUILY€E MBHIKOIIIO Ta TOYHICTH 004ncieHb. OTpHMaHi pe3ysbTaTH JOCII/DKEHHS
CIPUSIIOTH YIOCKOHAJICHHIO apXITEKTyp IHTEPAKTUBHUX PO3HOAUICHUX KOMIT IOTEPHHX CHCTEM Ta 3yMOBIIOIOTH
MOKPALICHHs IXHIX CHCTEMHHUX XapaKTEPUCTHK.

KumiouoBi cioBa: 6a3ucu OpTOrOHANBHUX (YHKIIH, CHCTEMH YHCIICHHS, CIICLIIPOLIECOPH, IHTEPAKTUBHI KOM-
I’IOTEPHI CHCTEMH.
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Improvement of architectures and system characteristics of interactive distributed computer systems /
I. Pitukh // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 190-204.

Abstract. The functional shortcomings of the architectures of interactive distributed computer systems
(IDCS) are analyzed and identified. The algorithms of data formation and processing based on orthogonal
functions that generate non-positional number systems are investigated. The star-trunk and star-ring
architectures of the IDCS with a high level of parallelization of data exchange processes are developed. The
structures of special processors for analog-digital and statistical data processing at the lower levels of the IDCS
are developed. The microelectronic structures of analog-to-digital converters (ADC) of the unfolding type with
output multifunctional codes in the Rademacher—Christensen and Haar—Christensen bases are implemented.

Keywords: bases of orthogonal functions, number systems, special-purpose processors, interactive computer
systems.

HOBI 3ACObU KIBEPHETHUKHMU, . NEW TOOLS IN CYBERNETICS,
IH®OPMATHKH, OBYUC/IIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS
VK 519.6

EdexTuBHuii anroputM migHeceHHsi 10 KBajapara OararocaiBuux uucea / B.K. 3anipaka,
A.M. Tepemenko // KibepHernka Ta cucreMunmii anamiz. 2025. Tom 61, Ne 3. C. 205-212.

AHoTanis. 3anpoIIOHOBaHO METOJ| peaiiaiii orepamii MiJHECeHHs M0 KBaapaTa 4YHCla JOBXKHHOIO N
cnig (N = 2"), sxuii 1ae 3Mory 0GUMCITIOBATH HA OCHOBI BOCBMU MHOKEHB YHCEN TOBXKUHOK N / 4 ciig N > 4.
Omepanist mifgHeCEHHs X0 KBajgpaTa € OJHICI0 3 OCHOBHHX oIepamiil mudpyBaHHS, AemH(ppyBaHHI Ta Be-
pudikamii kiarouiB acumerpuuHoi kpunrorpadii. Big mBuakoaii miel oneparii 3aeKUTh MBUIKOAIS Oneparii
acuMeTpu4Hoi kpunrtorpadii. 3riJHO 3 TEOPEMOIO OL[IHEHO CKJIAJHICTh 3alPOIIOHOBAHOIO METOJY IJIS YMCEl
JIOBXUHOIO N CIiB Ta MOKa3aHO, IO OOYMCICHHS MOXe OyTH BHKOHAHO HAa OCHOBI YOTHTPBOX IIiJHECEHb 10
KBaJIpaTa 4Yncell JOBXHHOW N /4 CIiB Ta 4OTHPHOX MHOXKEHb umceln JoxkuHo N /4 ciiB. ITigHeceHHs 10
KBaJ{paTa YOTUPHCIIIBHOIO YHCIIA HA OCHOBI 3aIIPOIIOHOBAHOTO METOY MOKE OyTH BHKOHAHO i3 3aCTOCYBaHHIM
BOCBMH MHOXKEHB, III0 HA OJJHE MHOXKECHHS MeHbIIe HiK y MeToni KaparryOu, skuil BHKOPHCTOBYETBCS PEeKyp-
CHBHO. 3alpONOHOBAHMIT METO] MOXE OyTH 3aCTOCOBAHHUI PEKYPCHBHO, LIO MiJABHIIYE MOXKIMBICTB 3 po3mapa-
JICITIOBAHHS ONepalii MiHECEHHs 0 KBaJIpaTa BEIMKUX 4uces. Pe3ynbratu podoTH MOXKYTh OyTH BUKOPUCTAHL
JUTSL pO3POOJICHHST LIBUIKHX ANTOPUTMIB GaraTocitiBHOT apudMETHKH Ta AJIs peatizamii onepauii miHeCeHHs 10
KBaJpaTa BEJIUKHX YHCE] Y MIKPOCXEMHOMY BHKOHAHHI.

KurouoBi ciioBa: GararociiBHa apudMeTHKa, 6araTociiBHe MHOKEHHsI, 0araTociiBHE MiHECEHHS 10 KBa/IpaTa,
MTHECEHHS 10 KBaJpara 3a MOAYJEM, aCHMETPHYHA KpHUITOrpadis.

An efficient algorithm for squaring multi-word numbers / V.K. Zadiraka, A.M. Tereshchenko //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 3. P. 205-212.

Abstract. A method of implementing the operation of squaring a number with a length of N words (N = 2")
is proposed, which allows performing calculations based on eight multiplications of numbers with a length of
N /4 words (N =4). The squaring operation is one of the main operations of encryption, decryption, and
verification of keys in asymmetric cryptography. The speed of operations of asymmetric cryptography depends
on the speed of the square operation. The complexity of the proposed method for numbers with a length of N
words is evaluated in the form of the theorem, and it is shown that the calculation can be performed based on
four squares of numbers with a length of N /4 words and four multiplications of numbers with a length of
N /4 words. For squaring a 4-word number, the developed method requires eight one-word multiplication
operations, one multiplication less than in the Karatsuba‘s method, which is used recursively. The method can
be used recursively, which increases the possibility of parallelizing the implementation of squaring large
numbers. The results of the paper can be used for the development of fast multi-word arithmetic algorithms and
the implementation of the squaring of large numbers in a circuit design.

Keywords: multiword arithmetic, multiword multiplication, multiword squaring, multiword squaring by
modulo, asymmetric cryptography.
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