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Kpunrocucremu, criiiki B nmeBHux moaensx odouucienb / B.K. 3agipaka, A.M. Kynin, LA. Kyain,
L.B. IIBinuenko // KibepHernka Ta cucremuuit amami3. 2025. Tom 61, Ne 6. C. 3-16.

Amnoranis. Po3rsnyto npobneMy OIiHIOBAaHHS CTiHKOCTI KpHINTOrpadivHHX IEpeTBOPEHb y CydacHiil
kpunrorpadii, ske 3a3BHYall peami3yeThCs 3 BHKOPUCTAHHAM AaKCiOMaTHYHOro abo [OKAa30BOTO MigXOZy.
OcCKilbKH KBAaHTOBA MOZENs OOUHCIICH 3MIHIOE CKIAIHICTh NEBHHX OOYHCIIOBANBbHHX 3a/ad (HANPUKIAJ, 3a-
a4 Qaxropuzanii NUTHX Yucem), y Kpunrorpadii BABYAIOTHCS KJIACH aITOPUTMIB, SIKi 3aIMIIATUMYTBCS CTIHKHU-
MH B KBaHTOBIi MO/ieNi 00YHCIICHb — TaK 3BaHi «IIOCTKBAaHTOBI KPUITOrpadiuHi anropuT™Mm». Y3aralbHeHHIM
i€l HOCTAHOBKH 3afadi € TOCII/DKEHHsI MOfieNield 0OUYHCIICHb, [0 MICTATh ITOPHUTMU KPUITOAHATi3y, HalKpa-
U 3 SKUX Ma€ eKCMOHCHUINHY CKIaAHICTh abo HaOimKeHy 10 Hei. PO3rIsHYyTO y3araabHEHHs mpoOieMu
ICHYBaHHs KPUIITOCHCTEM, CTIHKHX Y HOCTKBAHTOBOMY CBITi, a cCaMe KPHIITOCHCTEM, CTIHKHX Y IIEBHHX MOZACIISIX
00YHCIICHB, @ TAKOXK MOXKIJIMBICTh IPAKTHYHOTO 3aCTOCYBAHHS TaKuX Moernei. OCHOBHIM pe3yIbTaToM poOoTH
€ CTBOPEHHS YHIBEpCaJIbHOT 0OYHCITFOBATIBbHOI MOJIEI, SIKA y3araJbHIOE LNHH KJIac MEePCIICKTUBHUX OOYMCITIO-
BaJIbHUX MOJieJIeil, 30KpeMa KBaHTOBOI, Ta 1100y0Ba KPUNTOCHCTEMH, CTIIKOi y Mexax Takoi 004MCITIIOBaIbHOT
MoJieni.

KurouoBi ci10Ba: mocTkBanToBa Kpunrorpadis, pelsSTHBICTChKa KPUNTOrpadis, MoJei 00UHCIeHb, TeHETHIHI
ANTOPUTMH, OOCpHEHI OOYHCIICHHS, OIOKYEHH.

Cryptosystems secure in certain models of computation / V.K. Zadiraka, A.M. Kudin, I.A. Kudin,
L.V. Shvidchenko // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 6. P. 3-16.

Abstract. The problem of assessing the stability of cryptographic transformations in modern
cryptography, which is usually implemented using an axiomatic or proof-based approach, is considered. Since
the quantum computing model changes the complexity of certain computational problems (for example, integer
factorization problems), cryptography studies classes of algorithms that will remain stable in the quantum
computing model—the so-called “post-quantum cryptographic algorithms.” A generalization of this problem
statement is the study of computational models containing cryptanalysis algorithms, the best of which has
exponential complexity or complexity close to it. The generalization of the problem of the existence of
cryptosystems that are secure in the post-quantum world, namely, cryptosystems that are secure in certain
computational models, as well as the possibility of practical application of such models, is considered. The main
result of the work is the creation of a universal computational model that generalizes a whole class of promising
computational models, including quantum ones, and the construction of a cryptosystem that is stable within
such a computational model.

Keywords: post-quantum cryptography, relativized cryptography, computing models, genetic algorithms,
reversible computing, blockchain.

VK 61.681.3

AJropuTMH po3B’si3aHHA JiHiHHX oOMexenb y mHoxuui (0, 1) / C.JI. Kpusuii, O.B. Yyraenko,
C.M. Kpacuurcbkuii // KibepHeruka ta cucremuuii anamiz. 2025. Tom 61, Ne 6. C. 17-28.

Amnoranis. IlpeacraBneHo TpH aNTOPUTMH PO3B’S3aHHA CHCTEM JIHIHHMX OOMEXEHb i3 NLIMMH
xoedinientamu y MuoxuHi (0, 1)KittodoBi coBa: miniifHi oomexenHs, 01-po3B’s30k, anrropurMmi. Ilepmmit an-
TOPUTM Ma€ €KCIIOHEHIIaIbHy OLIHKY YacoBOi CKJIAJHOCTI, alle PO3MapaleNioeTbes. Jpyruil anroputM 3Haxo-
JIUTH PO3B’SI3KH IUISIXOM 3BEJICHHS PO3B’SI3aHHS CUCTEMU OOMEXEHb JI0 PO3B’sI3aHHS OJ(HOTO JIIHIHOTO PiBHSH-
Hs1. Tperiif anroput™ e mapanenbHOI0 KOMOIHAIIEO TEPIIOro Ta Apyroro anroputMis. HaBeneHo exmepruMeH-
TaJIbHI PE3yJIbTATH PEai30BaHUX AITOPHTMIB.

KomrouoBi cioBa: niHiiiHi oOMexeHHs, 01-po3B’SI30K, aIrOPUTMH.

Algorithms for solving linear constraints in the set (0, 1) / S.L. Kryvyi, O.V. Chugaenko, S.M. Krasnitskiy
/I Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 6. P. 17-28.

Abstract. Two algorithms for solving linear constraint systems with integer coefficients in the set (0, 1)
are presented. The first algorithm has an exponential time complexity estimate, but is parallelizable. The second
algorithm finds solutions by reducing the constraint system to a single linear equation. The third algorithm is a
parallel combination of the first and second algorithms. Experimental results of the implemented algorithms are
presented.

Keywords: linear constraints, 01-solution, algorithms.
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VIK 004.05

HeiipocuMBoOJIbHI JABIHMKM TNPOrpaMHUX CcHCTEM Ta iXHE BHKOPMCTAHHSA Yy PpO3B’si3aHHi 3agay
kibepoesnexn / 0.0. JleruueBchkuii / Kibepuernka ta cucreMuuii anamnis. 2025. Tom 61, Ne 6. C. 29-36.

AnoTanis. Po3riasHyTo BUKOPHCTAaHHS IBIHHHKIB IPOTPaMHUX CHCTEM, sIKi € KOMOiHaIi€io anredpaiaHol
Mogeni Ta HelfpoHHOI Mepexi. JloclimKeHo 3aCTOCYBaHHS Iii€] TeXHOJIOTiI B CUCTEeMaX BUSBJICHHS BTOPTHEHb Ta
Ha eTalli OI[HIOBAHHS HAJIMHOCTI Kibep3aXUCTy MPOrpaMHUX CHCTEM. 3ayBajKeHO, IO MPOIOHOBAHMH MifXif
MoOJKe 3a0€3MeUUTH 3HaYHE MiJBUILCHHS TOYHOCTI BUSBJICHHA KibepaTak y pealbHOMY 4aci Ta HPOTHIII0 3Ma-
TalbHUM aTaKaM, a TaKOX JacTh 3MOTY YHHKHYTH XHOHMX BHSBJICHbB, IO € NMPOOJIEMOIO y BHUABICHHI aTak 3
HEBIJJOMOIO CEMaHTHKOI0. [IpoaHanizoBaHO BUKOPHCTaHHS HEHPOCHMBOJIBHOTO JBiffHHKA Ha €Tali IiIrOTOBKH
cuctemu 10 (QYHKI[IOHYBaHHS, a caMe HPOLEAypY BUSIBICHHS BPAa3IHBOCTEH cucTeMu. [IpeacTaBiIeHO apXiTek-
TYpy CHCTEMH BHSBJICHHS BTOPTHCHb Ha OCHOBI HEHPOCHMBOJBHOTO IBIffHMKAa 3 MOXIIMBICTIO MOHITOPIHTY
BXiJTHOTO KOMYHIKaIiffHOro IpoTOKOIy Ta (yHKIiI0 BiAHOBICHHS IIPOrPaMHOro cepeposumia. Haseneno mpu-
KJIaJ¥ BUKOPUCTAHHS TEXHOJIOTIi y OJIOKYEHH-Cepe/IOBUINI Ta B 3aXHCTi armapaTHOro 3a0e3MedeHHs.

KurouoBi cioBa: mubposuii ABiHNK, KibepOesneka, anreOpaiuHe MOJETIOBaHHS, HEHPOHHA Mepexka IIHO0KO-
rO HaBUYAaHHS, 3MarajibHi aTaky, MOIIYK ypa3lIMBOCTEH, CHCTEMa BUSBICHHS BTOPTHEHb.

Neuro-symbolic twins of systems and their use in solving cybersecurity problems / O.0. Letychevskyi //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 6. P. 29-36.

Abstract. The paper considers the use of software system twins, which are presented as a combination of an
algebraic model and a neural network. The use of this technology in intrusion detection systems and at the stage of
assessing the reliability of cyber defense of software systems is considered. The considered approach can
significantly increase the accuracy of detecting cyber attacks in real-time, counteracting adversarial attacks, and
avoiding false-positive detections, which is a problem in detecting attacks with unknown semantics. The use of
a neuro-symbolic twin at the stage of preparedness system for operation, namely the procedure for identifying
system vulnerabilities, is considered. The architecture of an intrusion detection system based on a neuro-symbolic
twin, which can monitor the incoming communication protocol and restore the software environment, is presented.
Examples of using the technology in a blockchain environment and in hardware protection are given.

Keywords: digital twin, cybersecurity, algebraic modeling, deep learning neural network, adversarial attacks,
vulnerability detection, intrusion detection system.

VK 51.681.3

Enementu Tteopii iimoBipHocreii newirkux moaiii / O.1. IIposorap, O.0. Cynpyn // Kibepreruxa ta
cucreMuuii anamiz. 2025. Tom 61, Ne 6. C. 37-44.

AHoTanis. 3anpONOHOBAHO BUKOPHCTAHHS MiAXOAIB TeOpii HMOBIPHOCTI Ta HMOBIPHICHHX MPOLECIB Mif
4ac poOOTH 3 HEUITKMMM MHOXXHHAMH, IO IIUPOKO 3aCTOCOBYIOTHCS B €KCIIEPTHUX AIarHOCTHYHUX CHCTEMaX,
a TaKoX I Yac MPOEKTYBaHHA KOHTpojepiB. HaBemeno dopmyiy st oGuHCIeHHS HMOBIPHOCTI HEUIiTKOT
mofii, mo 0a3yeThcs Ha i7€1 OTOTOKHEHHSI HEUITKMX MHOKHH Ta HEYITKUX MOJii. PO3IIISHYTO HH3KY 3aCTOCY-
BaHb Ii€1 (OPMyIH 32 aHATIOTIEIO 3 KIACHYHOIO TEOpicio IMOBIPHOCTI, a caMe yMOBHOIO, IIOBHOIO, T€OMETPHI-
HOIO HMOBIPHICTIO TOIIO, a TAKOXK BHKOpHCTaHHS (opMy baeca Ta bepryini. OTpuMani MiAX0OIH € aKTyaIbHH-
MM Ui OOYZOBHM IHXEHEPHHX CHCTEM Ta MOJielel B HayKOBiH Ta mpoMHMCiOBiil cdepax.

KorouoBi cioBa: Teopis WMOBIpHOCTI, HEUiTKi MHOXUHH, HEUIiTKi IOJil, IOBHA HMOBIPHICTS.

Elements of the probability theory of fuzzy events with engineering applications / O.I. Provotar,
0.0. Suprun // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 6. P. 37-44.

Abstract. The use of approaches of probability theory and probabilistic processes when considering
fuzzy sets, which are widely used in expert diagnostic systems, as well as when designing controllers, is
proposed. A formula for calculating the probability of a fuzzy event is presented, which is based on the idea of
identifying fuzzy events as fuzzy sets. A number of applications of this formula are considered by analogy with
the classical theory of probability, namely, conditional, complete, geometric probability, etc., as well as the use
of Bayes and Bernoulli formulas. The obtained approaches are relevant for constructing engineering systems
and models in both scientific and industrial spheres.

Keywords: probability theory, fuzzy sets, fuzzy events, total probability.

VK 004.021+004.043+004.051

IloGynoBa edeKTHBHUX AJrOPUTMIB PO3B’SI3aHHSA JeAKHUX 3aJa4 004YMC/JIIOBAJIbHOI TreomeTpii 3
BukopucranuaM rpagy Piéa / B.M. Tepemenko, O.0. IIpunisk, M.M. Ocinsonok // KibepHetrka Ta
cuctemuuit anamiz. 2025. Tom 61, Ne 6. C. 45-56.

Awnoranisi. Jlocmimkeno BractuBocTi rpady Piba Ta anropurMy ioro moOymZoBH, OCHOBAHOMY Ha TEXHIIl
3aMiTanbHOI IpsMoi. OIiHeHO MOXKIIMBOCTI 3acTocyBaHHA rpady Pida mist po3poOneHHS eQeKTUBHHX aIrOpHTMIB
PO3B’sI3aHHS JESKHX 3a/]a4 00UMCIIFOBAIBHOT reomeTpii. [100yn0BaHO aropiT™ AEKOMITO3HMIIT IIIOCKOTO MHOTOKYT-
HHKA Ha MOHOTOHHI MHOTOKYTHUKH 3 OJHOYAaCHOIO TXHBOIO TPIaHTyJIALIEO, 10 IPYHTYETHCS HA BIACTHBOCTSX Ipa-
¢y Piba, Ta npoananizoBaHo ehEKTUBHICTD IHOTO AJITOPUTMY MOPIBHSHO 3 IHIIMMH aITOPUTMAMHU TPIaHTYIISILIL.

Kutio4oBi ciioBa: 0GunCIIIOBaNIbHA FEOMETPIsl, MOJIEIb €HHOTO AITOPUTMIYHOTO CEPEeIOBHILA, MIOCKHIT MHOTO-
KyTHUK, rpad Piba, TpiaHrysmsuis.
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The construction of efficient algorithms for addressing certain computational geometry problems using
Reeb graphs / V. Tereshchenko, A. Prishlyak, M. Osiponok // Kibernetyka ta Systemnyi Analiz. 2025.
Vol. 61, N 6. P. 45-56.

Abstract. The paper studies the properties of the Reeb graph and the algorithm for its construction, which
is based on the sweep line technique. The research aims to evaluate the potential of using the Reeb graph to
create efficient algorithms for solving certain problems of computational geometry. In this study, we developed
an algorithm that decomposes a planar polygon into a set of y-monotone polygons while simultaneously
triangulating them based on the properties of the Reeb graph. Additionally, we analyze the efficiency of this
algorithm in comparison to other triangulation methods.

Keywords: computational geometry, model of a unified algorithmic environment, planar polygon, Reeb graph,
triangulation.

VK 519.1

IIpo 36asancoBaHy CyMiKHO-HYJBOBY PO3MITKY y3araiabHeHux rpagis Ilerepcena / M.®. Cemeniora //
KiGepHernka ta cucremuuii amamis. 2025. Tom 61, Ne 6. C. 57-66.

AwnoTanis. JlocnmimpkeHo ofHy 3 HepO3B’s3aHUX MpobiieM Teopii po3MiTok rpadiB, a came iCHyBaHHS 30a-
JIAHCOBAHOI CYyMiXKHO-HYJIbOBOI PO3MITKH y KyOidHHX rpadiB. OcobIuBY yBary 30cepe/PKeHO Ha KJIaci y3aranib-
nenux rpadis Ilerepcena GP(n, k). 3agaHo HeoOXifHy yMOBY iCHyBaHHS 30aJaHCOBAHOI CyMiKHO-HYJIBOBOI
posmitku 11t GP(n, k). Jlocoimkenns 1 BIacTHBOCTEH CIIPHSUIO OTPHMAHHIO pe3ynbTatiB 1 rpady GP(n,5),
sIKI BKA3yIOTh Ha HAsBHICTb HOT0 CTPYKTYPHHX OOMEXEHB, ITOB’SI3aHUX 3 CHMETPIEI0 Ta BIACTUBOCTSAMH HOTrO
rpymu aBToMopdizmiB. OTPHMaHO CTPYKTYpPHI BIACTUBOCTI JUIst MOAIOHUX rpadis, 30kpeMa aist GP (6m,5), sKi
HajlaJiM 3Mory JoBecTH, o rpad GP(6m,S) He nomycKae 30alaHCOBAHOI CyMiXKHO-HYJIBOBOI PO3MITKH IS
Oynp-sikoro m >3.

KirouoBi cioBa: rpad, perymipuuii rpad, ysarampuenuil rpad Ilerepcena GP(n, k), 306amaHcoBana
CYMDKHO-HYJIBOBA PO3MiTKa, Ipyna aBToMopdizmiB rpady.

On balanced zero-neighborhood labelings of generalized Petersen graphs / M. Semeniuta // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 6. P. 57-66.

Abstract. We study one of the open problems in the theory of graph labelings, namely the existence of
balanced zero-neighborhood labelings in cubic graphs. We focus in particular on the class of generalized
Petersen graphs GP(n, k). We establish a necessary condition for the existence of a balanced
zero-neighborhood labeling in GP(n, k). The analysis of its properties leads to results for the graph GP(n,5),
which reveal structural restrictions related to its symmetry and to the properties of its automorphism group. We
also derive structural properties for related graphs, in particular for GP(6m, 5), which allow us to prove that the
graph GP(6m,5) does not admit a balanced zero-neighborhood labeling for any integer m >3.

Keywords: graph, regular graph, generalized Petersen graph GP(n, k), balanced zero-neighborhood labeling,
automorphism group of a graph.

CUCTEMHHUI AHAJII3 SYSTEMS ANALYSIS
YIK 517.9

MarteMaTH4YHe MO/IEJTIOBAHHHSI BUHHKHEHHSI HEeCTaliJIbHOCTeH eKOJIOTiYHHX Ta eKOHOMIYHHX cucTeM /
K.JI. Atoes, II.C. Knonos // Kibepuetnuka Ta cucremuuil anamis. 2025. Tom 61, Ne 6. C. 67-77.

AmnoTtanis. JIocmimKkeHO MeXaHi3MI BHHHKHEHHS HECTaOLIBHOCT] CKIATHUX €KOJIOr0-eKOHOMIUHUX CHC-
TEM ISl BU3HAYCHHS e()eKTHBHHUX CTpPATETriil yIPaBIIiHHSI CHEPIETHYHIM CEKTOPOM EKOHOMIKH B YMOBaX KiliMa-
TUYHUX 3MiH. Y poOOTI BUKOPHCTaHO IIECTHUCEKTOPHY Mojenb JlopeHna 3i 3MiHHHMH KoedillieHTaMH, sKa
00’€eHy€ B €IUHII CTPYKTYpi OnHcaHi B OJJHAKOBHII CIIOCIO CEKTOPH €KOHOMIKH, KOXKEH 3 SIKHX PO3ISIHYTO B
TepMiHaxX PIBHIB MPOAYKTHBHOCTI, KiTBKOCTI pOOOYMX MICLb i CTPYKTYpHHX MOpYyIICHb. Moenb 1ae 3Mory
JIOCITIINTH, SIK 3MiHH CITIBBIHOIICHHS TOIHUTY Ta MPOMO3HMIIii B OKPEMHX Taly3siX Ta IIBUIKOCTI YCYHEHHS I10-
PYLICHb B EKOJOTO-CKOHOMIYHHX CHCTEMax BILUIMBAIOTH Ha YaCTKy 3€JICHOI CHEpril B CHEPreTHYHOMY OanaHci,
3arajibHi 00CATU BUKHIIB ITAPHUKOBHX a3iB Ta BUPOOHUITBA CHEPTii, a TAKOXK Ha KUIBKICTh CTPYKTYPHUX IIOPY-
IICHb Y BCIX CEKTOpax CKOHOMIKM. BH3Ha4YeHO yMOBM BHHHKHEHHs HECTaOLIBHOCTI y CKIAJHHX EKOJIOTr0-EKO-
HOMIYHUX CHCTEMax, IOB’s3aHi 3 TYpOYJICHTHHMH PEKHMaMH, IO NPH3BOAATH A0 301IBIICHHS 3arajabHOi
KIIBKOCTI CTPYKTYPHUX IOpPYIICHb Ta 3HIDKECHHS 3arajbHOTO PIBHS NMPOJYKTUBHOCTI.

Kuro4dosi ciioBa: moznens JlopeHna, MaTeMaTHIHE MOICIIOBAHHS, MOJCIb CKOHOMIYHOTO PO3BHUTKY, ONTHMAJIb-
HE KepyBaHHs, ACTEPMIHOBAHHU Xaoc, KIIMATHYHI 3MiHH.

Mathematical modeling of instability in ecological and economic systems / K.L. Atoyev, P.S. Knopov //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 6. P. 67-77.

Abstract. The study of the mechanisms underlying the instability of complex ecological-economic
systems was conducted to identify effective strategies for managing the energy sector of the economy in the
context of climate change. The work uses a six-sector Lorenz model with variable coefficients, which combines
in a single structure the sectors of the economy described in the same way, each of which is considered in terms
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of productivity levels, the number of jobs, and structural violations. The model allows us to investigate how
changes in the ratio of demand and supply in individual industries and the speed of eliminating violations in the
ecological-economic systems affect the share of green energy in the energy balance, the total volume of
greenhouse gas emissions and energy production, and the number of structural disturbances in all sectors of the
economy. The conditions for the occurrence of instability in complex ecological-economic systems associated
with turbulent regimes, which lead to an increase in the total number of structural disturbances and a decrease in
the overall level of productivity, are determined.

Keywords: Lorenz model, mathematical modeling, model of economic development, optimal control,
deterministic chaos, climate changes.

VIK 517.9

Ha6iuikeHe onTuMajbHe KepyBaHHsI /UIsl HeqdiHiliHOro rinmep0o/iiyHOro BK/IIOYeHHs1 3i 30ypeHMMH
HeaBTOHOMHMMH Koedinientamu / O.A. Kanycrsan, H.B. KacimoBa // KiGepHeTnka Ta CHCTeMHHI aHAi3.
2025. Tom 61, Ne 6. C. 78-809.

AHoTauis. JIocnipkeHo 3a/1auy ONTHUMAIBHOTO KePYBaHHS IS HEJiHIHHOTO TinepOoIivHOTO BKIIFOUCHHS
31 HIBHJKO OCLWJIIBHHMH HEaBTOHOMHUMHE KoediuienTamu. OCHOBHUI pe3ybTaT BCTAHOBIIOE 301KHICTh ONTH-
MaJIbHHX KepyBaHb Ta BiNOBIAHUX TPAEKTOPIi BHXIAHOI CHCTEMH IO TPAEKTOPIi ycepenHeHol 3agayi. 3ampo-
TIOHOBAHMIT MiJIXiJl IPYHTY€EThCS HA METOJIi yCepeJHeHH: Ta (haKkTaX PO KOMIAKTHICTb JUIsl OOTpyHTYBaHHS arl-
poxcuMariii Ta iCHyBaHHS ONTUMAJIBHUX map s 30yPeHOI CHCTEMH.

Kutio4oBi cj10Ba: MeTO[ yCepeHeHH s, ONTHMANIbHE KepyBaHHsI, riepOosidHe BKIFOYSHHS], IBHIKO OCLIHIIBHI
KoedilieHTu.

Approximate optimal control for a nonlinear hyperbolic inclusion with perturbed non-autonomous
coefficients / O.A. Kapustian, N.V. Kasimova // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 6.
P. 78-89.

Abstract. We study the optimal control problem for a nonlinear hyperbolic inclusion with rapidly
oscillating non-autonomous coefficients. The main result establishes the convergence of optimal controls and
corresponding trajectories from the original system to those of the averaged problem. Our approach relies on the
averaging method and compactness arguments to justify the approximation and existence of optimal pairs for
the perturbed system.

Keywords: averaging method, optimal control, hyperbolic inclusion, rapidly oscillating coefficients.

VK 519.816

Hinxin 1o popmyBaHHs napero-eeKTHBHOI MHOKHHH 3 YPAXyBaHHAM NOXHOOK 3HAYEHb NOKA3HHUKIB, 32
SIKUMH NOPiBHOKOTHL anbTepHaTuBu / M.M. Ilorbomkin, O.M. Cemenenko, 10.0. Kast, A.A. Cenasp //
KiGepHernka Ta cucremuuii amamis. 2025. Tom 61, Ne 6. C. 90-97.

AHoTanis. 3a3HaueHo, mo MeTox [lapeTo BHKOPUCTOBYIOTh Ha HEpHIMX €Talax OaraTOKpUTEpiifHOro
aHaJIi3y aJbTePHATHB JUIA 3MEHILICHHS IXHbOT BUXiZHOI MHOKHMHHU. BofHOUac pe3ynbraTi po3paxyHKiB 6araTok-
pUTEpIHHUME METOJIaMH MOXYTb 3aJIe)KaTH BiJl MOXNOOK BUXinHUX JaHuMX. HaBeneno omuc meroxy Ilapero Ta
BCTaHOBJICHO, 1[0 HOTO MOXHA 3aCTOCYBAaTH JIMIIE JUIsi HOMIHAIBHUX 3HAUCHb MOKA3HUKIB, 3a IKUMH MOPiBHIO-
10T aibTepHaTHBH. [IpeacTaBieHo miaxix 10 (hopMyBaHHs mapeTo-e(heKTUBHOI MHOXKUHY 3 ypaxyBaHHSM I10-
XHOOK 3HAYCHb ITOKA3HHKIB, 33 SKHMH MOPIBHIOIOTH aJbTEPHATHBH. MOXIHBICTh HOr0 MPAaKTHYHOTO 3aCTOCY-
BaHHS IPOLTIOCTPOBAHO MPHKIagaMHi. TaKokK IMOKa3aHO, IO 3aMPOIIOHOBAHMI MiAXiX MOXKHA 3aCTOCYBATH IS
YCYHEHHSI HEOTHO3HAYHOCTI PAaH)XXyBaHHS albTCPHATHB y Pa3i BUKOPHCTaHHS KIIBKOX OaraTOKpHTEpiiHNUX Me-
TOZIB.

KurouoBi cioBa: Gararokputepiiinuit Meton, metoxn Ilapero, moxubka 3Ha4eHb IIOKAa3HHUKA, MPUKIAN po3pa-
XYHKIB, PAaH)KyBaHHS albTCpPHATHB.

An approach to constructing a pareto-efficient set with consideration of errors in indicators used to
compare alternatives / M.M. Potomkin, O.M. Semenenko, Y.O. Kliat, A.A. Sedliar // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 6. P. 90-97.

Abstract. The Pareto method is applied at the initial stages of multicriteria analysis of alternatives in
order to reduce their original set. However, the results of calculations using multicriteria methods may depend
on errors in the input data. This article describes the Pareto method and establishes that it can be used only for
the nominal values of the indicators by which alternatives are compared. An approach to forming a
Pareto-efficient set with consideration of errors in these indicator values is proposed. Its practical applicability
is demonstrated through two examples. The examples also show that the proposed approach can be used to
resolve the ambiguity in ranking alternatives when multiple multicriteria methods are applied.

Keywords: multicriteria method, Pareto method, error of indicator values, example of calculations, ranking of
alternatives.
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VK 519.21

Eproanynicts po3B’si3Ky cToXacTH4HOro JudepenuiaibHoro piBHsiHHs 3 mymoMm Jlei / B. KHonoga,
51. Moxkany // KibGepuernka Ta cucremHuii anamiz. 2025. Tom 61, Ne 6. C. 98-109.

AHoOTaUis. Y CTaTTi AOCTIIKEHO SProAMYHICTh Yy MOBHIM Bapiallii po3B’S3KiB CTOXaCTHYHOTO Aude-
PEHILIABHOTO PIBHSHHA 3 HEOOMEKCHMMH KoedillieHTaMH, KepoBaHOro mporiecoM JIeBi, a TakoX OMMCaHO
MIBUKICTH 301KHOCTI 0 BiANOBiAHOI iHBapiaHTHOI MipH. TeopeTHUH] pe3yabTaTH MPOLTIOCTPOBAHO IPHKIAIa-
MH.

Kuro4oBi ciioBa: eproanyHicTh, CTOXaCTHYHI AudepeHLianpHi piBHsIHHA 3 1mymMoM Jlesi, kputepiit JlsimyHoBa,
¢dyuxuis JlsmyHosa.

On ergodic property of the solution to a Lévy-driven SDE / V. Knopova, Y. Mokanu // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 6. P. 98-109.

Abstract. In this paper, we investigate ergodicity in total variation of the process, related to
a Lévy-driven SDE with unbounded coefficients, and describe the speed of convergence to the respective
invariant measure. Some examples are provided.

Keywords: ergodicity, Lévy-driven SDE, Lyapunov criterion, Lyapunov function.

VK 519.872

JlocTizkeHHs] CHCTeM MacOBOr0 0OCIYrOBYBaHHSI 3 MHOKHHHHMH 3asiBKAMH Ta PEKHMOM KOPCTKOTO
IJIAHYBAHHS METO0OM CTATHCTHYHOro MojaenaoBanns / O.B. Ko6a // KibepHernka Ta CHCTeMHHII aHAami3.
2025. Tom 61, Ne 6. C. 110-118.

AHoTanist. MeTos1oM CTaTHCTUYHOTO MOJICIFOBAHHS JOCIIPKEHO CHCTEMY MAacOBOIO 00CITyrOBYBaHHS 3 MHO-
KUHHUMH 3asBKaMH 1 PEKMMOM XKOPCTKOTO IUIaHyBaHHs. PO3po0ieHO MeTo] MOJIETIOBAHHS CHCTEM 3 MHOXKUHHH-
MH 3asBKAMH 1 JKOPCTKHM TEPMIiHOM ILIAHYBAaHHS OOCITYrOBYBaHHS, OTpHMaHO (opMymu Uit pearmzarii y mepioxi
3afHATOCTI, a TakoXK (HOPMYIH MI OOpaXyBaHHS YACTKOBUX IOKA3HHUKIB €(eKTHBHOCTI (DYHKIIOHYBaHHS.

KurouoBi cioBa: cucrema MacoBOro 06CJ'IyFOByBaHHﬂ, MHOXHHHA 3asgBKa, PEXUM >KOPCTKOI'O IUIaHYBaHH:,
CTaTUCTUYHA MOJICIb, nepioz{ SaﬁHﬂTOCTi, TIOKa3HUKH eq)eKTI/IBHOCTi CHUCTEMHU.

Research of mass service systems with multiple requests and the mode of strict planning by the method of
statistical modeling / O.V. Koba // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 6. P. 110-118.

Abstract. By the method of statistical modeling, the system of mass service with multiple requests and
the mode of strict planning is investigated. A method for modeling systems with multiple applications and
a strict term of service planning is developed, formulas for implementation during the period of employment, as
well as formulas for calculating partial indicators of functioning efficiency, are derived.

Keywords: mass service system, multiple requests, strict planning mode, statistical model, employment period,
system efficiency indicators.

YK 004, 528, 338

Baratoxpurepiiinmii ananiz imBecTHHiliHOI NpHBadJMBOCTI CLIbCHKHX TepHTOpili Ykpainu 3
BukopucranusM I'IC ta mryunoro intenexry / C.1O. po3n, H.M. Kyccyas // KibepHeTnka ta cHCTeMHHIA
anamiz. 2025. Tom 61, Ne 6. C. 119-134.

AnoTauisi. IIpoBejeHO KOMIUICKCHY OILIHIOBAHHS IHBECTHIIMHOI HPHBAOIMBOCTI CLIBCBKHUX TEPHUTOPIit
VkpaiHu 3 BHKOPHCTaHHAM 0araToOKpUTEPIHHOrO reonpoCTOPOBOTO aHAMI3Y 33 TPHOMA KPHTEPISMH: MPUPOJHHM
MOTCHIIATIOM, 1H(PACTPYKTYPHOIO AOCTYIHICTIO Ta PiBHEM BOEHHOI Oe3neku. [l01aTKoBO B MeXax HPHPOIHOTO
HOTEHI[ialy PO3MIISIHYTO YOTUPH OCHOBHI HATIPSMH iHBECTYBAaHHS: 3eMJICPOOCTBO, BiJHOBIIIOBAaHA CHEpPreTuKa (co-
HsYHA 1 BiTpOBa) Ta Typu3M. J{Jisl BU3HAUCHHS Bar KPUTEPiiB METOIOM MOMAapHUX MOpiBHSHB CaaTi SK BipTyasb-
HHX eKCIepTiB OylIo 3alydeHO II'STh BeMMKHX MoBHuX Mojeneil (BMM): GPT-4, Claude, Gemini, Deepseek,
Grok 3. Pesymbrat onutyBanast BMM Oyio 3icTaBieHO 3 BiANOBIAAMH I€B’SITH SKCIIEPTiB-IOACH. 3’scOBaHO,
110 BipTyaabHi MOZENI JEMOHCTPYIOTh MEHIITy CYIepewINBICTh BiAMOBiAeH nopiBHAHO 3 moasMu. Oninku BMM
30iraroThCsl 3 TyMKaMH €KCIIEPTIB IO/I0 TPhOX KIIOUOBHX KPHUTEpIilB IHBECTHLIHHOI MPUBAOIMBOCTI, ONHAK, Ma-
I0Th HIDKYUH PiBEHb KOHCEHCYCY [UIA HANpsIMIB iHBECTYBaHHS. BibIICTh BU3HAMM Oe€3MeKy HailBaXKIMBILINM
KpHTEpieM, a 3eMIepoOCTBO — HAMNPUBAOIMBIIIMM HAPAMOM iHBecTyBaHHsA. CTBOPEHO MIICTh TEMAaTHYHUX KapT
Ta 3arajgbHy KapTy IHBECTHIIHOI MpuBaOIMBOCTI cin Ykpainu. Busnadeno, mo OLibII IpuBabIMBUMY UL iHBEC-
TyBaHHS € cena 3aximHoi Ykpainu, a HaiiMeHm — cema Cxomy i IliBmms.

KurouoBi cioBa: iHBecTHLIHA MPUBaOIMBICTE TepHUTOPIi, OaraTokpurepiiinmii anami3, I'IC, cymyTHHKOBI
JlaHi, MITYYHUH IHTEIEKT, BEJIMKI MOBHI MOZEIMI.

Multi-criterion analysis of investment appeal of rural areas of Ukraine using GIS and artificial
intelligence / S.Yu. Drozd, N.M. Kussul // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 6. P. 119-134.

Abstract. A comprehensive assessment of the investment attractiveness of Ukraine’s rural areas was
carried out using a multi-criteria geospatial analysis based on three key criteria: natural potential, infrastructure
accessibility, and the level of military security. Additionally, within the natural potential criterion, four main
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investment directions were considered as sub-criteria: agriculture, renewable energy (solar and wind), and
tourism. To determine the weights of the criteria using the Saaty pairwise comparison method, five large
language models (LLMs) — GPT-4, Claude, Gemini, Deepseek, and Grok 3 — were engaged as virtual experts.
The results of the LLM survey were compared with the responses of nine human experts. It was found that
virtual models exhibit less inconsistency in their answers compared to humans. The LLM assessments aligned
with expert opinions on the three key investment attractiveness criteria but showed lower consensus regarding
specific investment directions. Most models identified security as the most important criterion and agriculture
as the most attractive investment direction. Six thematic maps and an overall map of the investment
attractiveness of Ukrainian villages were created. It was determined that the villages in Western Ukraine are
more attractive for investment, while those in the East and South are the least attractive.

Keywords: investment appeal of territories, multicriteria analysis, GIS, satellite data, artificial intelligence,
large language models.

V]IK 004.047

MeTo/ roJIOBHHX KOMIIOHEHT SIK IHCTPYMEHT aHaJli3y Mepe:xeBoro Tpadiky 115 BusBieHnss DDoS-atak /
A.B. Kaunncoskuii, M.C. Ctpemenbka // KibepHerrka ta cucremunii anamis. 2025. Tom 61, Ne 6. C. 135-145.

Anoranis. JIng aHamizy MepexeBoro Tpadiky Ha OCHOBI METOXY TOJIOBHHX KOMIIOHEHT IOCHiIKEHO
O03HAKOBHI IPOCTIp BHCOKOI PO3MIPHOCTI. 3a ZOMOMOTroI0 ChOpMOBAHOI CHCTEMH MOKA3HUKIB BUKOHAHO Kiac-
TepHUH aHaNi3 Ta Bi3yami3alilo MEPEeKEeBUX 3’€IHAaHb, BUKOPHCTOBYIOUH CIIOCTEPEIKEHHS IIOTOKIB MEPEKEBOTO
Tpadiky, ki 3adikcoBani mix yac mecty pisHux tamie DDoS-arak: DDoS Syn Flood, UDP Lag DDoS, UDP
Flood DDoS, NetBIOS DDoS, LDAP DDoS, MSSQL DDoS. Pe3ynsraTi JOCIiPKEHHS IPOBAIiI0BAHO B YMO-
Bax MepexpecHoi mepeBipkH. MeToj TroJOBHMX KOMIIOHEHT € IIOTYKHHM IHCTPYMEHTOM pPO3BiIyBaJbHOTO
aHaNi3y JaHMX OIS HiITPUMKM MOHITOPHHTY Ta BHUSBICHHS Iif03pUIMX HOAIH B KiGepHpoCTOpi.

Ku1ro4oBi c;10Ba: METOZ TOJIOBHHX KOMIIOHEHT, NEPeXpecHa MepeBipka, KIacTepHUi aHalli3, OLiHKa, aHOMaJTis,
kibep3arposa.

Principal component analysis as a tool of network traffic analysis for detection of DDoS attacks /
A. Kachynsky, M. Stremetska // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 6. P. 135-145.

Abstract. To analyze network traffic based on the principal component method, a high-dimensional feature
space was investigated. Using the developed score space, cluster analysis and visualization of network connections
were performed using observations of network traffic flows recorded during six different types of DDoS attacks:
DDoS Syn Flood, UDP Lag DDoS, UDP Flood DDoS, NetBIOS DDoS, LDAP DDoS, MSSQL DDoS. The results
of the study were validated through cross-checking. The principal component method is a powerful data intelligence
analysis tool for supporting the monitoring and detection of suspicious events in cyberspace.

Keywords: principal component analysis (PCA), cross-validation, cluster analysis, estimate, anomaly, cyber
threat.

VK 519.8

ACHUMITOTHYHI BJIACTUBOCTI /EeSIKOi CHCTeMU OPTOroHaJbLHUX MHorowieHiB / JI.B. Illamosanos,
A.M. IlyroBcbkmii / KibepHernka Ta cucteMHuit anamiz. 2025. Tom 61, Ne 6. C. 146-156.

Amnoranis. ChopMyIIb0BaHO 1 PO3B’s3aHO ONTHMI3aLiiHy 3aady 3 JOCTIIKECHHS BEIUIHHH BiIXIICHHI
¢dynxkuiit kacy JIiNIMIS Bif Cyneprno3uiii OpTOroHaIbHIX MHOTOWICHIB. B OCHOBI 3a/1aui JI&KUTh TOAATHUI
oreparop sIK y3aranpHeHHs iHTerpana AbGens—Ilyaccona ta Girapmowiiinoro interpana Ilyaccona. OcHOBHUI
pe3yabTaT poOOTH MOJAHO Y BUIVIAI ACHMITOTHYHOI PIBHOCTI TS BiAXMICHHS GyHKUiH kmacy Jlimmuis Bix
00Y/IOBAHOTO y3arajJbHEHOro omeparopa Tumy IlyaccoHa. 3acTOCOBHICTH PO3IVISHYTOTO OIeparopa B Teopii
ONTHMATBHUX PIIICHb BU3HAYAETHCS MOr0 HAJIEKHICTIO KIAaCy AOAATHUX ONEPATOpIB SK ONTHMAIBHHX PO3-
B’sI3KiB KpaioBux 3a1ad4. Jlo TOro %, ONTHMAJIBHICTh y3araabHEHOro oneparopa tumy [lyaccoHa CyTTeBo miacu-
JIFOETHCS HASIBHICTIO BIACTUBOCTEH HAOIDKYBAIBHUX arperaTiB uisl GyHKUiH kiacy JImmums, siki Mo)KHa BUKO-
PHCTOBYBaTH SK MaTeMaTHYHI MOJEINI y 3ajadaX ONTHMAJIBHOTO IPOEKTYBAHHS.

Kurouosi cnoBa: ¢ynkuii xmacy Jlimmmr, ontumizamiiiHa 3agada, aCHMITOTHYHA DPiBHICTh, y3araabHEHHI
orneparop.

Asymptotic properties of a certain system of orthogonal polynomials / D.V. Shapovalov, A.M. Shutovskyi
/I Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 6. P. 146-156.

Abstract. The paper formulates and solves an optimization problem concerning the study of the deviation
of the Lipschitz class functions from the superposition of orthogonal polynomials. The problem is based on a
positive operator as a generalization of the Abel-Poisson integral and the biharmonic Poisson integral. The
main result of the research is presented in the form of an asymptotic equality for the deviation of Lipschitz
functions from the constructed generalized Poisson-type operator. The applicability of the operator under
consideration in the optimal decision theory is determined by its belonging to the class of positive operators as
optimal solutions to boundary value problems. In addition, the optimality of the generalized Poisson-type
operator is significantly enhanced by the presence of approximation properties for the Lipschitz class functions,
which can act as mathematical models in optimal design problems.

Keywords: Lipschitz class functions, optimization problem, asymptotic equality, generalized operator.
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MNPOTPAMHO-TEXHIYHI KOMIIVIEKCH SOFTWARE-HARDWARE COMPLEXES
V]IK 519.7:65.011

OuiHoBaHHs Bpa3auBocTi indopmaniiinoi cucremu 3acodamu Heiipomepe:ki Xemminra / A.O. A3aposa,
10.B. Kpak, O.I'. Mypamenko, JI.O. HikidopoBa, O.B. Py3akoBa // KiGepHeTrka Ta cHCTeMHHMII aHami3.
2025. Tom 61, Ne 6. C. 157-169.

Anortanis. OnpanboBaHO HasBHHH TEOPETUYHHN TOPOOOK HIONO OLIHIOBAHHS PIBHSA 3aXHCTy iH(DOp-
Maniiiaux cucteM (IC) Ha ocHOBI Pi3HUX MiIXOAIB, 30KpeMa BUKOPHCTAHHS HEHPOHHHMX MEpPEXK Ta MITYYHOTO
iHTenexTy. Lle yMOXKIMBIIO pO3POOIICHHS MaTeMaTHIHOI Ta CTPYKTYPHOI MOJEINCH MPOLeCy OLiHIOBAHHS PiBHS
indopmariitHoi 6e3neku IC Ta MeTony iXHBOI (popMaitizanii Ha OCHOBI CHCTEMHOT'O MiIXO/Y, HEHPOHHOI MepekKi
XeMMiHra Ta eIeMEHTIB LITYYHOro iHTeNnekTy. OOIpyHTOBaHO MHOXKUHY OLIIHIOBAJIBHHX IapaMeTpiB PiBHS 3a-
xHIeHocTi cydacHux IC Ta po3po6iaeHo nudpoBy TEXHOIOTIIO s iIeHTUdIKaLii Bpa3IuBOCTel y iX 3aXHCTi
3aco0amMy HeHPOHHOT Mepeski XeMMiHra Ta 3 BUKOPUCTAHHSM LITYYHOTO IHTEIEKTY. EXcIepiMeHTanbHUN Iy
Bepudikanii po3pobieHoi Moneni CKIagaoTh iH(GOpMamiiiHi CHCTEMH NEeCSTH KOMIIaHiH.

KurouoBi ciioBa: uudposa TexHomoris, inpopmariiina 6e3neka, Bpa3nuBicTh iHGOPMAIIHHAX CHCTEM, HEHPOH-
Ha Mepexa XeMMiHra, IITyYHHH iHTENeKT.

Information system vulnerability assessment using Hamming neural network / A.O. Azarova, Iu.V. Krak,
0.G. Murashchenko, L.O. Nikiforova, O.V. Ruzakova // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61,
N 6. P. 157-169.

Abstract. The article reviews existing theoretical developments in the field of assessing the security level of
information systems based on various approaches, including the use of neural networks and artificial intelligence.
This enabled the authors of the article to develop their own mathematical and structural models of the process of
assessing the level of information security of IS and the method of their formalization based on a systems approach,
a Hamming neural network, and elements of artificial intelligence. A set of evaluation parameters of the level of
security of modern IS was substantiated, and a digital technology was developed for identifying vulnerabilities in IS
security from various fields of application using a Hamming neural network and artificial intelligence. The
experimental verification pool for the developed model comprises the information systems of 10 companies.

Keywords: digital technology, information security, vulnerability of information systems, Hamming neural
network, artificial intelligence.

YK 51-7.51-76

KiGepHeTnuna moje/ b BCMOKTYBAHHS IIIOKO3U Y KPOB i3 KHIIKiBHUKA J1IoAuHU Yy HopMi / €.1. Coxkou,
C.C. JlanTa, O.1. CousoBiioBa // KibepHetnka Ta cucremuuii anamiz. 2025. Tom 61, Ne 6. C. 170-180.

AHoranis. Po3s’s3aH0 akTyallbHy 3aJja4y MaTeMaTHYHOTO MOJICIIOBAHHS IIPOIECY BCMOKTYBAHHS IIIFO-
KO3M i3 KHIIKIBHMKA JIOJMHA B HOPMi 3 ypaxyBaHHAM HOro MOTOpUKH. J[JIsl OMKCY LbOrO NpOLECY CydacHa
(izionoris Ta MeqUIMHA Hapasi MPaKTHYHO HE Ma€ BiAMOBIAHMUX KIIHIYHHMX JAHUX Ta HaBITh METOIIB OTpPH-
MaHHS X AaHuX. Llg 3aaua Mae CeHC MepIuoro eramy OuTbII TTHOOKUX TOCHIIKEeHb (DYHKIIT BCMOKTYBaHHS
TJIFOKO3H 3 KHIIKIBHUKA, IKi Ha0yIH 0COOIIMBOI aKTyalIbHOCTI Y 3B SI3KY 3 IOTPEOOIO B YIOCKOHAICHHI HasBHUX
1 poBUX 3ac00iB 0OPOOICHHS Ta peecTparii BiIOBIIHOI MEAUKO-AiarHOCTHIHO1 iH(popManii Ta po3podIeHHT
HOBHX MeToiB. HaBeneHo aificHuit BUrisiy GpyHKii iH-TEHCHBHOCTI BCMOKTYBaHHSI TJTIOKO3H 3 KUILIKIBHUKA JIFO-
JIMHH Y HOPMI, SIKUH y3TOJDKCHUH 5K i3 BIIOMHMH BIATIOBIJTHUMH 11 «IIOOIYHUMH yCepEIHEHUMH HOPMaJIbHHMH
KITIHIYHAMH JaHUMK», TaK 1 3 yciMa HOHATTSMH Y racTPOSHTEPOJIOTil Ta (izionorii. 3acTocyBaHHS OTPUMAHUX Y
CTaTTi pe3ynbTaTiB Oe3MepedHo MiBUINUTH SKIiCTh AiarHOCTHKH LJ] (IIOpymeHb IIIOKO3HOrO FOMeocTasy) Ta
BIOCKOHQINTh CHCTEMY aBTOMAaTHYHOIO KEPYBAaHHS IHCYJIIHOBOK MOMIIO.

Ku1104oBi c;10Ba: BCMOKTYBaHHsI TJIFOKO3H i3 KHINKIBHHKA JIFOJAMHH Yy KPOB y HOPMi, KiGepHETHYHA MaTeMaTHy-
Ha MOJEINb, YHCENbHI EKCIICPHMEHTH, MapaMeTpu4Ha iAeHTH(IKAIisi MOAEi.

Cybernetic modeling of intestinal glucose absorption into human blood under normal conditions /
Y. Sokol, S. Lapta, O. Soloviova // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 6. P. 170-180.

Abstract. This article presents, for the first time, a solution to the pressing problem of mathematically
modeling the process of glucose absorption from the human intestine under physiological (normal) conditions,
taking into account intestinal motility. Until recently, modern clinical data and even appropriate methods for
obtaining such data have been virtually absent in the fields of physiology and medicine. This problem
constitutes the initial stage in more in-depth investigations of intestinal glucose absorption mechanisms, which
have gained particular relevance due to the growing need to improve existing digital tools for processing and
recording related medical and diagnostic information, as well as to develop new methodological approaches.
This article establishes, for the first time, the actual form of the glucose absorption rate function from the
human intestine under physiological (normal) conditions. The derived function is consistent with both the
available indirect averaged clinical data and with established concepts in gastroenterology and human
physiology. The application of the results obtained in this study will undoubtedly enhance the quality of
diabetes mellitus diagnosis — particularly in identifying disorders of glucose homeostasis — and contribute to
the improvement of automatic insulin pump control systems.

Keywords: absorption of glucose from the human intestine into the blood in normal, cybernetic mathematical
model, numerical experiments, parametric model identification.
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VIIK 004.4°24, 004.3, 004.89, 004.942

MeToa aBTOMATH30BAaHOIO TNPOEKTYBAHHSI HelipoMepe:keBHX KOHTposepiB Ha ocHoBi ILJIIC /
B.M. IlIumkoBny, A.1O. opomenko, IL.I. KpaBeus, O.A. Sluenko // KiGepHeTrka Ta CHCTEMHHI aHAI3.
2025. Tom 61, Ne 6. C. 181-198.

AHoTanis. Po3risHyTO METOJI aBTOMaTH30BaHOTO TPOEKTYBAHHS alapaTHUX KOMIIOHEHTIB Helpomepe-
KEBUX CHCTEM KEPYBaHHs I NMPOrPAMOBAHMX JIOTIYHUX IHTEIPAILHHX CXEM. 3alPOIOHOBAHO MiAXif, IO
BKJIIOUA€ PO3POOJICHHS Ta peai3alliiio MpsAMoi Ta iHBepcHOI HeHpoMepe:KeBUX Mopelel 00’€KTa KepyBaHHS, a
TaKOX aBTOMATH30BaHYy I'CHEPALI0 MPOrpaMHOro koxy. EdexTuBHICTH METOLY NPOJEMOHCTPOBAHO HA IPH-
KJIaji CHCTeMH OaiaHCyBaHHs KyJbKd Ha miatdopmi. OTpuMaHi pe3ylbTaTd MOXYTh OYTH BHKOPUCTaHI JUis
CTBOPEHHS BUCOKOIPOJYKTHBHUX aJaNTUBHUX CHCTEM KEPYBaHHS B peallbHOMY daci.

Kuro4oBi ci1oBa: aBToMaru3oBaHE MPOEKTYBAHHS, alreOpa alropuTMiB, T€HEpallis IIporpam, HeiipoHHa Mepe-
Ka, MPOrpaMOBaHi JIOTIYHI IHTErpajbHi CXEMH, CHCTEMa KepyBaHHS.

Method for automated design of neural network controllers based on FPGAs / V.M. Shymkovych,
A.Yu. Doroshenko, P.I. Kravets, O.A. Yatsenko // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 6.
P. 181-198.

Abstract. A method for the automated design of hardware components of neural network control systems
for programmable logic integrated circuits is considered. An approach is proposed that includes the
development and implementation of a direct and inverse neural network model of the control object, as well as
the automated generation of program code. The effectiveness of the method is demonstrated using a ball
balancing system on a platform. The results obtained can be used to create high-performance adaptive control
systems in real time.

Keywords: computer-aided design, algorithm algebra, program generation, neural network,
field-programmable gate array, control system.

UDC 004.89:004.94

I'iopuana mogens RAG-ASAG nias ¢popMaTHBHOrO ONiHIOBAHHS y mpoueci HapuaHHs iHpopMaTHui B
yHiBepcuTeri / A.€. AnieBa // Kibeprernka Ta cucremuuii anamiz. 2025. Tom 61, Ne 6. C. 199-206.

AHoTanis. Y cTaTTi po3rAEThCsl IHTErpallis TeXHOJIOrIT reHepanii 3 nonoBHeHuM nourykoM (RAG) y
(opmaTHBHE OLIHIOBaHHS y BUKIaAaHHI iHpopMaTuku. TpaauiiiiHi METOAN aBTOMAaTUYHOTO OLIHIOBAHHS KO-
potkux Bianoinei (ASAG), mo 0a3ylThCs JHIIE HA CXOXKOCTI TEKCTY, HE I03BOJIIOTH MNIMOOKO aHai3yBaTH
BINIOBi/Ii YYHIB 3 TOUKHU 30pY 3MiCTy Ta KOHTEKCTy. JJ1s1 po3B’si3aHHS 1i€l MpoOIeMH 3aIpOIOHOBAHO T1OpHAHY
MoJIenb, sika noenHye TexHonorii RAG ta ASAG. I3 BUKOPUCTaHHSAM 3alPOIIOHOBAHUX KPHUTEPIiB OLIHIOBAHHS
MOJIEeITb OLIHIOE BiIMOBI/Il yYHIB HE JIMIIE 3 TOYKH 30py MOBH, ajie i Ha OCHOBI 3HaHb 3 iIHHOPMATHKHU, HABYAIIb-
HHX MaTepiaiB Ta NpukiagiB excrepti. Takuil miaxix 103Bossie OLTBII 00’ €KTHBHO Ta MPO30PO OLIHIOBATH 3a-
CTOCYBAHHSI 3HaHb yYHSIMH, KPUTHYHE MHICIICHHS Ta KPEAaTHBHI HaBUUKH. Pe3ysIbTaTH SOCIIHKEHHS I0KA3yHOTh,
1mo ribpuaHa Mozens Ha ocHOBI RAG 3abe3nedye nepcoHani3oBaHuil 3BOPOTHHH 3B 530K, CIIPHSE€ MOHITOPUHTY
HABYaJBHOTO MPOLECY K HAa IHAMBITyalbHOMY, TaK i Ha IPYMOBOMY PIiBHSX, a TAKOX PO3BHBA€ HABHYKH Ca-
MOCTIfHOTO HaBYaHHS.

Keywords: ¢popMaTuBHE OIiHIOBaHHS, aBTOMTUYHE OLIIHFOBaHHsI KOPOTKUX Binnoineit (ASAG), RAG-TexHo-
JIOTis, HaBYaHHS iH(GOPMATHIN, JOCBiX IPOTpaMyBaHHI.

A RAG-ASAG hybrid model for formative assessment in informatics education at university /
A.E. Aliyeva // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 6. P. 199-206.

Abstract. The article examines the integration of retrieval-augmented generation (RAG) technology into
formative assessment in computer science teaching. Traditional automatic short answer grading (ASAG) methods
based only on text similarity do not allow for a deep analysis of student responses in terms of content and context.
To solve this problem, a hybrid model combining RAG and ASAG technologies is proposed. As a result of the
proposed assessment criteria, the model evaluates student responses not only in terms of language, but also on the
basis of computer science knowledge, teaching materials, and expert examples. This approach allows for a more
objective and transparent assessment of students’ knowledge application, critical thinking, and creativity skills.
The research results show that the RAG-based hybrid model provides personalized feedback, facilitates
monitoring of the learning process at both the individual and group levels, and develops students’ self-directed
learning skills.

Keywords: formative assessment, automatic short answer grading (ASAG), RAG technology, computer science
teaching, coding skills.
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