PE®EPATU Ne 5, 2025 ABSTRACTS

KIBEPHETHKA CYBERNETICS
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®opmanizopana Mojaeab (GopMyBaHHSI ATUTIONY SIK iHCTPYMEHT aHAJI3y NOBEMiHKOBHX MNaTepHiB /
O.B. Manarin, JA.I. CumonoB // KibepHeruka ta cucreMHuid ananiz. 2025. Tom 61, Ne 5. C. 3-13.

AmnoTauisi. Po3risiHyTo Mozens GopMyBaHHS aTHTIOY, IO Ja€ 3MOTy aHANIi3yBaTH IOBEAIHKOBI MaTEPHU
IHAMBIZIB y CKJIQJHUX COLIAIBHUX CUCTEMaX. 3alpONOHOBaHA MOJENb 0a3yeThCsl HA JAMHAMIYHHMX CHUCTEMax i
BpaxoBye€ OalaHC MK PAI[lOHAIBHICTIO Ta KOPUCHICTIO NMPUHUHATUX pIllICHb. YBEACHO MOHATTS IHAEKCY rap-
MOHii, 1[0 OMHCY€E B3a€MOJII0 BHYTPIMIHIX 1 30BHIMIHIX (aKTOPIB, a TaKOXK (YHKIIIO PALliOHATBHOCTI, SIKa BH3-
Hayae CTYMiHb Y3TrODKEHOCTI PIllleHb i3 KOTHITUBHUMHU yCTaHOBKaMU 0co6u. OcoOINBY yBary MpHIileHO BILIH-
By iH(pOpMaLifHOTO CepeloBHIA Ha MPOLEC NPUHHATTS PIllleHb, M0 MOJETIOETHCS Yepe3 SHTPOMIIHIN iaxi
110 aHami3y iHdopManiifHoro mymy Ta MaHIMyJmild. Po3risHyTo MaTeMaTHYHHII ONMHC afganTanii aTHUTIONY Ta
3aIPOIIOHOBAHO JIOTICTUYHY MOJIEIIb HOT0 3MiHH Iiji BIUIMBOM 30BHIIIHIX (akTopiB. [TokazaHO mpakTHYHE 3Ha-
YeHHsI poOOTH JUIS TPOTHO3YBAHHS TTOBEIHKU COLIAJILHUX IPYI, OLIHIOBAaHHS CTAa0LIBHOCTI CYCIUIBHUX CHCTEM
Ta JIOCII/DKCHHsT MeXaHi3MiB iH(GOPMAI[HOrO BIUIHBY.

KiiouoBi ciioBa: quHaMiYHI CHCTEMH, JMHAMiKa MOBEIIHKH, IHIEKC TapMoOHii, (YHKIiS parioHaJbHOCTI,
(yHKIIS KOPUCHOCTI.

Formalized model of attitude formation as a tool for analyzing behavioral patterns / O. Palagin,
D. Symonov // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 3-13.

Abstract. The article presents a model of attitude formation that enables the analysis of individual
behavioral patterns in complex social systems. The proposed model is based on dynamic systems and considers
the balance between rationality and the utility of decision-making. The concept of a harmony index is
introduced, describing the interaction between internal and external factors, along with a rationality function,
which determines the degree of alignment between decisions and an individual’s cognitive predispositions.
Special attention is given to the influence of the informational environment on the decision-making process,
modeled through an entropy-based approach to analyzing informational noise and manipulations.
A mathematical description of attitude adaptation is provided, and a logistic model of attitude change under the
influence of external factors is proposed. The study has practical significance for predicting social group
behavior, assessing the stability of social systems, and investigating the mechanisms of informational influence.

Keywords: dynamic systems, behavior dynamics, harmony index, rationality function, utility function.

VK 51.681.3

Cucrema o6miny indopmanii Ha ocHoBi Bitoopazkens kinens / C.JI. Kpusuii // KibepHeTrka Ta cHCTeMHHUI
anami3. 2025. Tom 61, Ne 5. C. 14-23.

AHoTauis. 3anponoHOBaHO KPHITOCHCTEMY 0OMiHy iH(popManii Mixk aOOHEHTaMHI Ha OCHOBI CIOP €KTHB-
HUX BiIOOpaKeHb CKIHYEHHMX ACOIIaTMBHO-KOMYTATHBHUX KUICIb 3 OJMHHLCIO Ta CUCTEM JIIHIHHUX KOHIPY-
CHIIIH Haj TakMMH KinblsiMu. HaBeneHo anroputmu nmoOy/10BU CIOpP €KTUBHMX BiZOOpa)XeHb Kilellb, a TaKOX
MPOTOKOJ 00MiHY iH(popMaLii Ta 00unCITIOBaIbHI 0COOIMBOCTI 3ac00iB pearizawii mporokony. Cucrema He 110-
Tpebye rpoMi3IKuX 00UMCIIeHb Ta 0Oy 0BM TabIMIb Onepaliil Kinelp i i CTifKicTh IPYHTy€eThCs Ha KOMOiHa-
TOpPHIH CKIATHOCTI MHOXKHHH CIOp’€KTHBHHX BiJOOpaKeHb Ta 130MOpP(I3MiB MK CKIHUCHHUMH KiIBISMH
MOPIBHSHO HEBEIMKHUX IOPAAKIB. AITOPHTMHU PO3B’SI3aHHS CHCTEM JNiHIMHHX KOHTPYEHLIH, sIKi (irypyroTs y
PpOTOKOII 00MiHY iH(pOpMaLil, CIyryIOTh A1 KU(PyBaHHS NOBIIOMICHb 1 MAlOTh TOJIHOMIANbHY CKIIaIHICTb.
Po0OOTYy KpHUNTOCHCTEMH MPOJEMOHCTPOBAHO HA IPHKIIA/AX.

KrouoBi cinoBa: xpunrorpadis, cUMeTpUYHAa KPHITOCHCTEMa, CKIHUCHHI KUIbLs, i30MOpdi3M, cucTeMa
JIHIMHUX KOHTPYCHILIH.

Information exchange system based on maps of rings / S. Kryvyi // Kibernetyka ta Systemnyi Analiz. 2025.
Vol. 61, N 5. P. 14-23.

Abstract. A cryptosystem for information exchange between subscribers based on surjective mappings of
finite associative commutative rings with unity and systems of linear congruences over such rings is proposed.
Algorithms for constructing surjective mappings of rings are presented, as well as a protocol for information
exchange and the computational features of the means for implementing the protocol. The system does not
require cumbersome calculations and construction of ring operation tables, and its stability is based on the
combinatorial complexity of the set of surjective mappings and isomorphisms between finite rings of relatively
small orders. The algorithms for solving systems of linear congruences that appear in the information exchange
protocol are used to encrypt messages and have polynomial complexity. The operation of the cryptosystem is
demonstrated with examples.

Keywords: cryptography, symmetric cryptosystem, finite rings, isomorphism, system of linear congruences.
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VK 005.8

HaniBkepoBane NpOrHo3yBaHHsS MYJIbTUMOJAJbHOI TPAEKTOPii PyXy TPAHCHOPTHX 32c00iB HAa OCHOBI
Tpancdopmepis / B.M. Cuneraaszon, K.C. Jlecoropcbkmii // Kibeprernka ta cucremuuii anamis. 2025.
Tom 61, Ne 5. C. 24-38.

AwnoTanis. J{ocmiHKeHO TPOTHO3YBAaHHS TPAEKTOPil PyXy TPAHCIOPTHHX 3aCO0IB i3 BUKOPHUCTAHHSAM
LITYYHUX HEHPOHHUX Mepexk. PO3rsHyTO HasBHI MiIXOAM Ta METOAM PO3B’s3aHHs 3aadi rependadeHHs
TpaeKTOPil pyXy TPaHCIIOPTHHX 3acO0iB Ta iXHI OOMEKEHHs. 3a/ady NMPOTHO3YBaHHS PyXy HABEICHO y CIEHO-
LEHTPHYHOMY HAJIALITYBAHHI i3 3aCTOCYBAaHHSM BXIJHOTO MPEACTABICHHS CIPOIICHHOTO BH/LY 3 BUCOTH IITAIIH-
HOTO IOJIBOTY Ta BUXIHOTO MPEICTABICHHS Mary 3aifHsToCTi. [l1s1 momnepeHboro 06pobieH s yHIMOIaIbHOTO
Ha0Opy JaHUX Ta YTBOPEHHS MYJIbTUMOJAIBHOTO HA0OPY JaHHUX 3aIPOIIOHOBAHO HAIIBKEpOBaHY (Hi3MYHO-Ma-
HEBPOBY MO/IEIb, 1110 PO3B’A3Y€E 3aa4y 0OMEXEHOCTI HAOOpy JaHHUX JUlsd HaByaHHS. MonudikoBaHuii BapiaHT
apXITEKTypH IITYYHUX HEHPOHHUX Mepex Transformer BUKOPHCTOBYEThCS [Is epef0adeHHs TPAEKTOpil, a Ta-
KOX JI0J1aTKOBO MOAMDIKYeThCs JUIsi 0OPOOICHHS BEIMKHX IPOCTOPOBO-4acOBHX 3B’s3KiB. EdexTnBHicTh 3a-
[IPOITOHOBAHOTO METOJY HMOPIBHSHO 3 IBOMa KPAIUMH areHTOLCHTPHYHIMHU Ta CLCHOLCHTUPYHUMH aJrOPHT-
MaMH. 3arpornoHOBaHUN METOJ MOKpally€e eeKTUBHICTD BiToMuX MeToiB 10 40 % y NMeBHUX METPUKaX Ta J0-
csira€ pesyJbTaTiB, MOPIBHIOBAHMX 3 HAWKpAIMMH arcHTOLCHTPUYHHMH MiIXOaMH.

KuarouoBi ci1oBa: porHo3yBaHHs pyXy, IPOrHO3YBaHHS TPAEKTOPIi, HAaIIBKEpOBaHE HABUAHHS, TpaHChOpMeED,
rIuOoKe HABYAHHS.

Semi-supervised prediction of multimodal vehicle trajectory based on transformers / V.M. Sineglazov,
K.S. Lesohorskyi // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 24-38.

Abstract. The prediction of vehicle motion trajectories using artificial neural networks is investigated.
Existing approaches and methods for predicting vehicle motion trajectories, along with their limitations, are
considered. The traffic prediction problem is presented in a scene-centric setting, using a simplified bird’s eye
view (BEV) input representation and an occupancy map output representation. A semi-supervised physical
maneuver model is proposed to reprocess the unimodal dataset and generate a multimodal dataset, thereby
solving the problem of limited dataset for training. A modified version of the Transformer artificial neural
network architecture is used for trajectory prediction. The Transformer architecture is also further modified to
handle large spatio-temporal relationships. The efficiency of the proposed method is compared with the two
best agent-centric and scene-centric algorithms. The proposed method improves the efficiency of known
methods by up to 40% in certain metrics and achieves results comparable to the best agent-centric approaches.

Keywords: motion prediction, trajectory prediction, semi-supervised learning, transformers, deep learning.

VK 519.7:532.5+556.5-026:517.9

MeToau KOMILIEKCHOTO aHAJI3y MPOrHO3yBaHHS KePOBAHUX PYXiB MOBepPXHEBHX Ta (iabTpaniiinux Box /
AJSl. Bomba, C.C. Kamrran // KiGepHeruka Ta cucremuuii anami3. 2025. Tom 61, Ne 5. C. 39-54.

AHoTauis. 3anponoHoOBaHO IiIXiJ 10 MOJICIIOBAHHS i/1eabHOI Teuii Y BOJAHOMY CEPEeIOBHIL, 0OMexe-
HOMY JIHISIMU Tedil Ta eKBINOTEHI[iaJbHUMH IOBEPXHIMH, 30KpeMa y BOJOIMi 3 mpHTOKaMu. AHami3 rigpo-
JIOTIYHOTO PEXHMY BOJHOTO 00’€KTa BKa3y€ Ha CKJIAJAHY B3a€MOJIIO IMi[3EMHHX IPYHTOBHX BOJ Ta IIOBEPXHE-
BHX BOJHMX Mac. Y wiif poOOTi BIUIUB SIK MOBEPXHEBUX TAK i MIJ3EMHUX BO/, LIO MiATPUMYIOTh OCHOBHY TE4il0
(HampuKIIazg, MPUTOKU 0 BOJOWMM), Ha MOYATKOBOMY €Talli 3alpOOHOBAHO MOJCIIOBATH K TULIHKH (JuKepe-
J1a) morepeyHnx 30ypeHs 6a30Boro cTtoky. Po3risHyTo moBiibHI pyxu (O7M3bKI 10 ifeadbHHX) BOJM Y TaKHUX
BOJIOMMAX, 110 MOXYTb OyTH OIHKCaHi, SIK i B IPyHTax, 3a JIOIIOMOT0K aHayory 3akoHy Jlapci. 3anexHo Bij 3Ha-
YeHb MOTEHIiaTiB (HAIOPiB) HAa BIANOBIAHUX E€KBITOTCHIIAIBHIUX JIHISX, MOXKIINBI Pi3HI BUNAAKH (HOPMYBAHHS
Tedii y Bomoimi (pisuyHiil obnacti), a oTKe — KOH(]Irypaumii BiIMOBIJHUX 001AaCTEil KOMIUIEKCHOTO MO-
TeHuiary. MeTo0I0risi MOJETIOBAaHHS TAKUX MPOLECIB IPYHTYEThCS HAa PO3BUTKY Ta aAanTarlii YMCIOBUX Me-
TOJIB KOMIUICKCHOTO aHami3y, mo 3abe3rnedye MOXKINBICTh €EKTUBHO OIMKMCYBATH 1 MPOTHO3YBATH AUHAMIKY
BOJIHUX CHCTEM Ha INIOOAILHOMY PIiBHI, MPUIMATH PIMICHHS 00 KEPYBaHHs PO3rIIsyBaHUM nponecoMm. Hao-
JIVDKEHI PO3B’SI3KM BIITOBITHUX, TaK 3BaHUX OOCPHEHMX KpalOBHX 3alad Ha KOH(GOPMHI BimoOpaxkeHHS (IiIs
obnacteil 3 miMTHKaMH 30ypeHHS IPaHHYHUX JTiHIH Tedil) 3HAXOJUMO 3a JONOMOTOI0 AITOPHTMY, SKUH IPYyH-
TY€ThCsl Ha MOYEProBiil mapameTpusaiii BeIMYMH KOHGOPMHUX iHBapiaHTIB, TPAHUYHMX 1 BHYTPIIIHIX BY3JiB
CITKOBOI 00J1aCTi 3 BUKOPUCTAHHSAM iJiel MeTOo/y OJI04HOI iTepartii. 3anponoHOBaHuii MiJIXid, OKPIM PO3PaxyHKY
KPHUBHX PO3IiTy BOJHHX Mac, 3a0e3nedye MOXJIMBICTh MapalefbHO 3HAXOAUTH XapaKTCPUCTHUHY (YHKIIIO
Tedwii, KOMIUIEKCHHH TNOTEHIiall, MOBHY BUTPATy, BEJIMYMHM PI3HUX MEPETOKiB, OyayBaTH B 3ajaHii obiacri
ripoMHAMIYHY CITKYy, PO3paxOBYBATH I10JIE IIBHIKOCTI PyXy Ta KEepyBaTH MHPOIECOM.

KuiouoBi ciioBa: HeniniitHi kpaiioBi 3a1a4i, KOHPOPMHI BiJOOpaKeHHs, MOJICTIOBAHHS, KEPyBaHHS, OCHOBHHI
MOTIK BOJHUX Mac, YMCJIOBI METOAHM, IHTEJEKTYaJbHHH aHAII3 JaHUX.

Methods of complex analysis for forecasting the controllable flows of surface and filtration waters /
A.Y. Bomba, S.S. Kashtan // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 39-54.

Abstract. An approach to modeling an ideal flow in a water environment limited by flow lines and
equipotential surfaces, in particular, a reservoir with tributaries, is proposed. Analysis of the hydrological
regime of a water body indicates a complex interaction of underground groundwater and surface water masses.
In this work, the influence of both surface and underground waters supporting the main flow (for example,
tributaries to the reservoir) at the initial stage is proposed to be modeled as areas (sources) of transverse
disturbances to the base flow. Slow movements (close to ideal) of water in such reservoirs are considered,

2 ISSN 1019-5262. KiGepHeTuka ta cucteMHuit anaiis, 2025, rom 61, Ne 5



which can be described, as in soils, with the help of an analogue of Darcy’s law. Depending on the values of
potentials (pressures) on the corresponding equipotential lines, different cases of flow formation in the reservoir
(physical area) are possible, and therefore, configurations of the corresponding areas of complex potential. The
modeling methodology for this kind of process is based on the development and adaptation of numerical
methods of complex analysis, which enables the effective description and prediction of the dynamics of water
systems at the global level and decision-making regarding the management of the process under consideration.
Approximate solutions of the corresponding, so-called, inverse boundary value problems on conformal
mappings (for areas with sources of perturbation of boundary flow lines that arise at certain stages of
computational processes) are found using an algorithm based on the alternate parameterization of the values of
conformal invariants, boundary and internal nodes of the grid area using the ideas of the block iteration method.
The proposed approach, in addition to calculating the water mass interface curves, provides the ability to
simultaneously determine the characteristic flow function, complex potential, total discharge, and values of
various types of flows. It also enables the construction of a hydrodynamic grid in a given area, calculation of
the velocity field, and control of the process.

Keywords: nonlinear boundary value problems, conformal mappings, modeling, flow control, baseflow,
numerical methods, intelligent data analysis.

CHUCTEMHHUI AHAJI3 SYSTEMS ANALYSIS
YIK 519.863

OuikyBanmii BIVIMB KIIMATHYHHX 3MiH Ha BPO:KAiiHiCTh 3epHOBHX KyJIbTYp y Yepkacbkiii obaacTi
Yxkpainu / B.A. Ileneasie, O.M. I'osonnikoB, A.A. IlanTeneiimonos // KibepHeTuka ta CHCTEMHHI aHaIi3.
2025. Tom 61, Ne 5. C. 55-63.

AHoTanis. 31ifiCHEHO MOJIEIIFOBAHHS BIUIMBY KJIIMAaTHYHHUX 3MiH Ha BPOXKAWHICTH O3MMOTO Ta SIPOTo si4-
MEHIO, 03UMOTO JKHTa Ta KyKypya3u B Uepkachkiii o0macti. 3anporoHOBaHO MaTeMAaTHYHHMN 1HCTPYMEHTApiii
JUIS IPOTHO3YBAHHS BPOJKAMHOCTI CLIBCHKOTOCHOAAPCHKUX KYJIBTYp 32 YMOB KJIIMaTHUHUX 3MiH. BiH nae 3mory
OLIHUTH KBaHTHWI (YHKIIH PO3MOALTY BPOXKAHHOCTI CLIBCHKOrOCMOAAPCHKHX KYJIBTYp B YMOBax 3MiHU
KJIIMaty i BH3HAYMTH, SIKI KyJIbTYPH HAMKpalle MPUCTOCOBaHI 0 INIOOAIBHOIO MOTCIUTiHHS.

KurouoBi ciioBa: anmanTauis, KJIIMaTH4YHI 3MiHH, MOJEIIOBAHHS BPOXKAHHOCTI, KBaHTHJIbHA pErpecis.

Expected impact of climate change on the yield of cereal crops in the Cherkasy region of Ukraine /
V.A. Pepelyaev, A.N. Golodnikov, A.A. Panteleymonov // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61,
N 5. P. 55-63.

Abstract. The impact of climate change on the yield of winter and spring barley, winter rye, and corn in
Cherkasy region is modeled. A mathematical toolkit is proposed for predicting crop yields under climate
change. It enables the estimation of quantiles of crop yield distribution functions under climate change and the
identification of crops best adapted to global warming.

Keywords: adaptation, climate change, yield modeling, quantile regression.

VK 517.9:519.6

MaTtemMaTH4YHe MOJEJIOBAHHS Ip000BO-IH(pepeHIiaNbHOI JUHAMIKH KOMI’I0TePHHUX BipyciB Ha OCHOBI
MojeJi 3 HOXiTHHMH KamyTo KYCKOBO-cTajoro mopsinky / B.M. BynaBaubkmii, B.O. Boraenko //
KiGepuernka ta cucremuumii amams. 2025. Tom 61, Ne 5. C. 64-77.

AmnoTanisi. Po3risiHyTO y3aransHeHui ApoOoBO-Iu(epeHIiaNbHAI aHAIOT BiJOMUX MOJENeH ANHAMIKI
MOIIMPEHHS] KOMIT IOTEPHHX BipyCiB, HOOYZOBAaHUH 3 BUKOPHCTAHHAM MOXigHHX KaIyTo KycKOBO-CTaloro mo-
paznky. Po3pobiaeHo KOMOIHOBaHY METOIUKY OJCpPKaHHS YMCIOBO-aHAIITUYHOIO PO3B’ 3Ky BIAMOBIAHOI 3a1a4i
Komri anst HeniHiiHOT cuctemu J1po6oBO-An(epeHIiaIbHIX PIBHAHb KYCKOBO-CTAOro nopsaky. Haseneno pe-
3yJAbTaTH SIKICHOTO aHali3y yMOB KOpeKkTHocTi Iiei 3agaui Komr, anamisy criiikocti 3aga4i 3a VYia-
MOM—Xa€epCoM Ta JesIKi pe3yIbTaTH KOMI IOTEPHOI0 MOJCIIOBAHHS IPOOOBOT JMHAMIKH ITOIINPEHHS KOMII T0-
TepHUX BIpYCiB Ha OCHOBI PO3IJITHYTOI MOJEN KOMII'IOTEPHOI Bipycoiorii.

KumiouoBi ciioBa: quHamMika MOIIMPEHHST KOMIT IOTEPHUX BIPYCiB, MaTeMaTHYHE Ta KOMIT IOTEPHE MOJICIIOBAH-
Hsl, JIpoOOoBO-nMdepeHIiiaibHi MaTeMaTHUHi Mozeli, 1moxinHi KamyTo KycKOBO-CTaoro MOps/KY, HEiHiiHi
mojeni, skicuuii anaiiz, UH-CTilKiCTb.

Mathematical modeling of fractional-differential dynamics of computer viruses based on a model with
Caputo-derivatives of piecewise-constant order / V.M. Bulavatsky, V.O. Bohaienko // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 5. P. 64-77.

Abstract. A generalized fractional-differential analog with respect to the known models of the dynamics of
the propagation of computer viruses, built using Caputo derivatives of piecewise-constant order, is considered.
A combined technique for obtaining a numerical-analytical solution of the corresponding Cauchy problem for
a nonlinear system of fractional-differential equations of piecewise-constant order has been developed. The results
of qualitative analysis in relation to the conditions of correctness of this Cauchy problem, analysis of the
problem’s stability according to Ulam-Hyers, and some results of computer modeling of the fractional dynamics
of computer virus propagation based on this model of computer virology are presented.
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Keywords: dynamics of computer virus spread, mathematical and computer modeling, fractional differential
mathematical models, Caputo derivatives of piecewise-constant order, nonlinear models, qualitative analysis,
UH-stability.

VK 517.977

Crparerii kBasinapajeabHOro 30/KeHHS Ta MACKyBaHHA PyXy B irpoBHX 3aja4yax KepyBaHHs
3 HedikcoBanum vacom / A.O. Ynkpiii, U.C. Pannonopr // KiGepreruka Ta cucremuuii anamis. 2025.
Tom 61, Ne 5. C. 78-88.

AHoTauis. Po3risiHyTO KOH(IIKTHO-KEPOBaHi MPOLECH 3 HEPIKCOBAHUM 4acOM, JUIS SIKMX 3alPOIIOHOBA-
HO ABi Moaudikamii MeToxy poB’si3yBanbHUX (GyHKIIH. Bu3HaueHo cTparterio KBasinapaienbHOro 30IMmKeHHS,
sIKa 3a JI0MOMOro0 mepiroi Moaudikarii MeToxy poB’si3yBaabHUX (GYHKLIH 3a0e3euye yCIHiliHe 3aBepIIeHHs
nporecy 10 (GikCOBAHOrO MOMEHTY 3aKiHUCHHS Ta y KOHTPOJILHUX IPHKIAJAX 30iracThes 3 BIIOMUM O3HAYCH-
HSIM IapaliebHOTO pyxy. Jpyra Moxudikamis METOLy pOB’SI3yBaIbHUX (GyHKIIN 3abe3nedye 30IMKCHHS 3a
mpoMeHeM 10 (iKCOBAHOTO MOMEHTY 3akiHueHHs rpH. ChopMyIb0BaHO CTpAaTerilo MAacKyBaHHS PyXy, IO €
B)XJIMBUM OKPEMHM BHIIQJIKOM CTpaTerii mepeciiiyBaHHsS 3a MPOMEHEM i Mae caMocCTiiiHuii iHTepec. Teope-
TUYHI Pe3yJbTaTh POOOTH MPOUIIOCTPOBAHO HA KOHTPOJBHOMY IPUKIIAJI.

KurouoBi c10Ba: KoH(IIKTHO-KepOBaHi IporecH 3 He(hiKCOBAaHUM YacOM, CTPATETis MapalelnbHOro 30JIKeH-
Hsl, CTPATerisi MaCKyBaHHS PyXy, MEPECIiJyBaHHs 3a IIPOMCHEM.

Quasi-parallel approach and motion masking strategies in game control problems with non-fixed time /
A.A. Chikrii, I.S. Rappoport / Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 78-88.

Abstract. Conflict-controlled processes with non-fixed time are considered, for which two modifications
of the method of connecting functions are proposed. A quasi-parallel convergence strategy is defined, which,
using the first modification of the method of connecting functions, ensures the successful completion of the
process by a fixed endpoint and, in control examples, coincides with the well-known definition of parallel
motion. The second modification of the method of connecting functions ensures convergence along a ray by a
fixed end point of the game. A motion masking strategy is formulated, which is an important special case of the
strategy of chasing along a ray and is of independent interest. The theoretical results of the study are illustrated
by a control example.

Keywords: conflict-driven processes with non-fixed time, parallel convergence strategy, motion masking
strategy, ray tracing.

YK 519.711

Jlinijini cepeHLOKBAAPATHYHI ONIHKM CHNEKTPAJbHHX (YHKIi cepeaHix 3Ha4YeHb HeCTalliOHAPHHX
BUNAJKOBUX mpoueciB B ymoBax HeBusHaueHocti / O.I'. Hakoneunuii, I1.M. 3inbko, T.II. 3inbko //
KiGepueruka ta cucremuuii anamis. 2025. Tom 61, Ne 5. C. 89-99.

AHoTanis. 3a CroCTepeXEHHSIMH peali3allii HecTalliOHapHOro BUITAJKOBOTO MPOIECY HA CKIHYCHHOMY
iHTepBali Ta B OKPEMHX TOYKaX JOCIIDKEHO 3a7ady OI[HKU JIHIMHMX (YHKLIOHAIIB BiJl CIIEKTPAIbHUX
(yHKUiil curHamis, SKi BXOAATH y CEPeIHi 3HAUCHHS TaKHX IIPOLECIiB. 3a yMOB, IO KOpemmiiHa QyHKIis BU-
aJIKOBOTO TIPOIIECY 1 CreKTpasibHa (hyHKIIISi CUTHAIY HEBIJIOMI Ta HaJle)KaTh NMEBHUM OOMEXEHUM MHOKHHAM,
3HAWICHO BUPA3H /IS TApAHTOBAHUX CEPEIHBOKBAIPATHIHHX JTIHIHHUX OLIHOK HAGOPy JMiHIHHUX QYHKLIIOHATIB
BiJI CIIEKTPaIbHUX (YHKIIH. Y 4aCTHHHOMY BHITAJKy MOKA3aHO, 110 TaKi OLIHKH BUPa)KAIOThCS 4epe3 PO3B’A3KH
NIeBHUX JIIHIHHMX IHTErpalbHUX Ta JIHIIHUX anreOpaiyHux piBHAHL. Ha TeCTOBUX NMPUKIagax HPOLTIOCTPOBAHO
BUKOPHCTAHHSI TapaHTOBAHOI'O MiIXOAy JUI 3HAXOKEHHS JIHIMHHX CepeIHbOKBAAPATHYHHX OLIHOK
BIJMOBITHUX JHIHHUX ()YHKIIOHAIIB.

KirouoBi ciaoBa: peanizanisis CKaJIspHOrO BHIIAJKOBOIO IIPOLECY, MaTpuUyHa (YHKIIs, CIEKTp CHUTHAIY,
JHIHUN QyHKIIOHA, JIiHIIHA OLIHKA BEeKTOpa, TapaHTOBaHa CePeHbOKBAPATHYHA OLIHKA BEKTOpa, IOXHOKA
OLIIHKU BEKTOpa.

Linear RMS estimates of spectral functions of average values of non-stationary random processes under
conditions of uncertainty / O.G. Nakonechnyi, P.M. Zinko, T.P. Zinko // Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 5. P. 89-99.

Abstract. Based on observations of the implementation of a non-stationary random process on a finite
interval and at individual points, the problem of estimating linear functionals from spectral functions of signals
that are included in the average values of such processes was investigated. Under the conditions that the
correlation function of the random process and the spectral function of the signal are unknown and belong to
certain bounded sets, expressions for guaranteed mean-square linear estimates of a set of linear functionals from
spectral functions were found. In a particular case, it is shown that such estimates are expressed in terms of
solutions of certain linear integral and linear algebraic equations. The use of a guaranteed approach for finding
linear mean-square estimates of the corresponding linear functionals is illustrated by test examples.

Keywords: Implementation of a scalar random process, matrix function, signal spectrum, linear functional,
linear vector estimate, guaranteed mean-square vector estimate, vector estimate error.
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VK 519.8

OnTumajbHa cTpaTteris nepeciailyBaHHsl, L0 BHMKOPHCTOBY€ Hanpsmok Ha miab / C.B. Ilamko,
LII. Ciniumn // KiGepuetuka Ta cucremuuii anamiz. 2025. Tom 61, Ne 5. C. 100-112.

Anoranis. [To6y10BaHO cTpaTerito HepeciIifyBaHHs, [0 BUKOPUCTOBYE TIJIbKH HAMPSIMOK Ha LiJIb Ta M€
BJIACTUBOCTI, OJIM3BKI 10 BIACTHBOCTEH CTpATETil MapaneibHOro 301mKeHHs. JJoBeileHo TeopeMy Mpo iCHyBaH-
H$l, €MHICTH Ta MPOJOBXYBAHICTh PO3B’ 3Ky CUCTEeMHU qU(EpeHIIIaTbHUX PIBHSHB, 110 OMUCYE PyX BTiKaya Ta
nepeciiyBaya, a TaKoX TEOPEMY IPO ONTUMAIBHICTH MOOYA0BaHOI crpaTerii nepecnigyBaHHs. Po3riasHyTto
MPUKJIAAN 3314 TIePeciliTyBaHHs Ta HaBEACHO YHCIIOBI EKCIICPUMEHTH, SIKi MiATBEP/IKYIOTh ePEKTUBHICTH T10-
OynoBaHOi cTpaTerii.

KuarouoBi csioBa: BTikau, mepeciigyBay, 4ac 3aXOIUICHHS, ILiHAa MPOIECY, ONTHMalbHA CTpAaTeris.

Optimal pursuit strategy that uses direction towards the target / S.V. Pashko, I.P. Sinitsyn // Kibernetyka
ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 100-112.

Abstract. A pursuit strategy is constructed that uses only the direction towards the target and has
properties similar to those of the parallel approach strategy. A theorem on the existence, uniqueness, and
continuity of the solution of the system of differential equations describing the motion of the evader and the
pursuer, as well as a theorem on the optimality of the constructed pursuit strategy, are proved. Examples of
pursuit problems are considered, and numerical experiments are performed, which confirm the effectiveness of
the constructed strategy.

Keywords: evader, pursuer, time of capture, process price, optimal strategy.

VK 519.8

JlinifiHe mporpaMyBaHHs 3 HEYiTKOI0 MHOKHHOIO HediTKNX oomeskenb / C.O. Mamenko // Kibepuernka ta
cucremuuii amami3. 2025. Tom 61, Ne 5. C. 113-137.

AwnoTanis. JlocmipKkeHo 3a1ady JiHIHHOTO MporpaMyBaHHs 3 HeuiTkoo MHOKHHOK (HM) o6mexeHs y
topmi HeuiTkux HepiBHOCTEH. JloBeneHo, 1m0 po3B 30k Takoi 3axadi yreoptoe HM tuny 2 (HMT-2). Hanano
BiANOBiIHY (yHKIIIO HanexHocTi Taiy 2. [Tokasano, mo HMT-2 po3B’si3Ky MOXHa PO3KJIACTH 32 BTOPHHHAMUI
OIIIHKaMHU Halle)KHOCTI Ha ckinyeHud Habip HM. Kosxna 3 ux HM € po3B’s3Kk0M BiJIIIOBIIHOT HEUIiTKOT 3a/1a4i
JIHIKHOTO MpOrpaMyBaHHsS 3 YITKOIO MHOKHHOK OOMEXeHb. L[ MHOXKMHA BIiIIOBiZae MEBHOMY mepepizy
BuxigHoi HM oOmexenb. HaBeneHO LMIOCTPaTHUBHUE MPUKIAL.

KoiouoBi cioBa: mpuiHATTS pilieHb, 3ajada HEUITKOTO JIHIIHOrO NpOrpaMyBaHHs, HEUITKa ONTHMI3allid,
HeuiTKa MHOXXMHA THUIY 2.

Linear programming with a fuzzy set of fuzzy inequalities / S.0. Mashchenko // Kibernetyka ta Systemnyi
Analiz. 2025. Vol. 61, N 5. P. 113-137.

Abstract. This paper investigates a linear programming problem with a fuzzy set (FS) of constraints in
the form of fuzzy inequalities. It is shown that a solution to this problem forms a type-2 FS (T2FS). The
corresponding type-2 membership function of this T2FS is given. We prove that a solution T2FS can be
decomposed into a finite collection of FS based on secondary membership grades. Each of these is a solution to
the corresponding fuzzy linear programming problem with a crisp set of constraints. This set is the
corresponding cut of the initial FS of constraints. The illustrative example is also included for clarity.

Keywords: decision making, fuzzy linear programming problem, fuzzy optimization, type-2 fuzzy set.

VK 30.101.541-336.7

Pery.ioBanHsI NOKa3HUKIB TEXHOJIOTIYHOr0 YKJIaay B ekoHomiui kpainu / b.b. [lynaes // Kibepuernka Ta
cucremuuii amaniz. 2025. Tom 61, Ne 5. C. 138-148.

AwuoTanisi. BuzHaueHno, mio B eKOHOMIII KpaiHU iH(IIALIA Ta HOpMa TOTIBKH € (QYHKIISIMH BiJHOLICHHS
HominaigsHoro BBIT o roriBku (HopMoBaHoro HominansHoro BBIT) ta mBuakocti o6iry rpoureit. [{is mBua-
KOCTi 00iry rporeil BU3Ha4YeHO IpaHNYHHIT HopMoBaHui HoMiHanbHUI BBII 3a HynsoBoi indusmii. [Tobynosa-
HO HOMOTpaMy JIiHIHHOI 3ayexHOCTI 1H(ILIl TexHOoNoriYHOTO yKiIaxy (TY) Bil HOPMOBAaHOTO HOMIHAIBLHOIO
BBII 3a HasiBHOT mBHAKOCTI 00iry rpoeit TY, BiamnoBigHo 10 sikoi 3HaueHHs iHIsiil TY eKOHOMIK BHCOKO-
PO3BHMHEHUX 1 PO3BMHEHUX HEMOJKIIUBI [l EKOHOMIK 1HIYCTPialbHUX, 110 PO3BUBAIOTHCS, i CIIA00PO3BUHEHHX.
[TobynoBaHo HOMOIrpamy 3aieXHOCTI HOpMmu rotiBku TY Bix HOpMoBaHOro HoMmiHambHOro BBII 3a HasiBHOT
mBUKOCTI 00iry rpoureit TV, BimoBiaHO 10 5SKOT piBeHb HOPM TOTIBKH €KOHOMIK BUCOKOPO3BHHEHHX 1 PO3BH-
HEHUX HEMOXJIMBHH JUI €KOHOMIK, III0 PO3BHBAIOTHCS, TA CIA0OPO3BHHEHHX. BIKOHAHO BUMIpIOBaHHS MOKa3-
nukiB TY exonomiku Ykpainu y 2006-2021 pp. ta exonomiku CIIA y 2008-2023 pp. 3a CTaTHCTHYHUMH Ja-
HUMHU: HOMiHambHOrO BBII, HOMIHaNBHOrO CyKymHOro mnpoaykry, aedustopa BBII, KinbkocTi TOTIBKH,
KIJIBKOCTI 0OIrOBUX TpOIICi, HOPMHU pe3epBiB KOMEPLIHHUX OaHKIB, SIKI € PEe3yJbTaTOM PETYJIIOBAHHS IOKa3-
HukiB TY.

Ki1iouoBi cj10Ba: TEXHOJOTIUHUH yKIan eKOHOMIKH, iH(IIMis, HOpMOBaHHN HOMiHanbHUN BBII, mBuAKicTh
o0iry rpomeid, piBHOBara, mparpsi, KamiTau, IpoIli, BaJIOTHI aKTHBU, HOPMA TOTIBKH.
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Regulation of technological structure indicators in the country’s economy / B.B. Dunaev // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 5. P. 138-148.

Abstrract. The functions of dependence of inflation and cash norm on the ratio of nominal GDP to cash
(normalized nominal GDP) and on the velocity of money circulation are determined in the economy of the
country. For the velocity of money circulation, the marginal normalized nominal GDP is determined at zero
inflation. A nomogram of the linear dependence of inflation of the technological structure (TS) on the normalized
nominal GDP is constructed at the existing velocity of money circulation, TS, showing that the inflation values TS
of highly developed and developed economies are impossible for industrial, developing, and underdeveloped
economies. A nomogram of the dependence of the cash norm TS on the normalized nominal GDP at the existing
velocity of money circulation TS is constructed, showing that the level of cash norms of highly developed and
developed economies is impossible for developing and underdeveloped economies. Measurements of TS
indicators for the Ukrainian economy from 2006 to 2021 and the US economy from 2008 to 2023 were conducted
by statistical values: nominal GDP, gross output, GDP deflator, amount of cash, amount of money in circulation,
and reserve ratio of commercial banks, which were the results of regulating the TS indicators.

Keywords: technological structure of the economy, inflation, normalized nominal GDP, velocity of money,
market equilibrium, labor, capital, money, interest rate, foreign exchange assets, cash ratio.

VIK 519.8

Onrumizaniiini  Biaacrusocti ¢opmyian Teiiniopa misi Tpurapmoniiinoro inrerpana Ilyaccona /
AM. IlyroBcbkmii / KiGepHernka Ta cucremHmil anamis. 2025. Tom 61, Ne 5. C. 138-148.

AuoTanisi. Po3rsiHyTO onTHMI3auiiiHy 3amady mpo moOyIOBY MONIHOMIAJbHOI CTPYKTYPU IS PO3-
B’A3KIB NOJIIrAPMOHIMHNX PIBHSAHB. 3a OCHOBY IPUIHMAETHCS TPUTAPMOHIifHE PIBHAHHS y JIEKapTOBUX KOOP/H-
HaTax i3 TppOMa HETPUBIAIBHUMH IPAaHHYHUMH yMOBaMH. JIOBEIEHO, 10 PO3B’SI30K PO3IISIYBaHOI KpaioBOi
3a/1a4i HAJIEKHUTH 10 KJIACy caMe JO/aTHUX oreparopis. [Toka3aHo, 10 MOIIHOMIaIbHI PO3KIAIM Ui TPaHNY-
HUX 3HAUCHb TPUTAPMOHIIHOI GyHKLIT MOOIM3y MeXi BepXHbOT MIBILIOIMHU HOPOKYIOTh hopmyity Teitnopa
TpUrapMoHiitHoro inrerpana I[lyaccona. 3a oTpuMaHuM pe3yJIbTaTOM JA0BEJICHO HASBHICTh JI0JJATKOBUX I'PaHUY-
HHX YMOB [UIs PO3B’SI3KiB TPUTAapMOHIMHHMX DPIBHAHb y JEKAPTOBHX KOOpJAMHATAX.

KuaiouoBi cjoBa: TpurapMoHiiiHe piBHSHHS, ONTHMi3aliiiHa 3aJa4ya, BEpXHs IIBIUIOIINHA, TPUTAPMOHIMHMIA
interpan Ilyaccona, dopmyna Teitnopa.

Optimization properties of Taylor formula for triharmonic Poisson integral / A.M. Shutovskyi //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 138-148.

Abstract. The paper is devoted to the optimization problem on establishing a polynomial structure for
solutions to polyharmonic equations. As a basis, a triharmonic equation in Cartesian coordinates with respect to
three nontrivial boundary conditions is used. It is established that the solution to the boundary-value problem
under consideration belongs to the class of positive operators. It is shown that the polynomial expansions for
the boundary values of the triharmonic function close to the upper half-plane boundary give rise to the Taylor
formula of the triharmonic Poisson integral. On the basis of this result, the existence of additional boundary
conditions for solutions to the triharmonic equations in Cartesian coordinates is proved.

Keywords: triharmonic equation, optimization problem, upper half-plane, triharmonic Poisson integral, Taylor formula.

VK 519.622

CHHTe3 ONTHMAJIBHOIO KePYBaHHSI MpPOLECOM 3 BHKOPHUCTAHHSIM IOTOYHHMX Ta paHille MPOBeIeHHX
BUMIipIoBaHb iioro ctany / B.A. I'atummoB // Kibepueruka ta cuctemunii anaiiz. 2025. Tom 61, Ne 5. C. 149-165.

Anorauis. JocniuKeHO METO/I CHHTE3Y ONTUMAaJIbHOTO KEpyBaHH MpolecaMu (00’ €KTaMu, CUCTEMaMH)
13 30cepePKEHIMH TapaMeTPaMH, [0 OMUCYIOTHCS HEMHIHHIMHI aBTOHOMHUMH AU(EPEHIaNbHUMA PiBHSHHS-
MM 3i 3BUYaifHUMK noXigHUMU. 1 CHHTE3y NMOTOYHMX 3HA4YCHb KEPyBaHHS IPOLECOM 3alPOIIOHOBAHO BHKO-
pucroByBatH iH(MOpMaLiIo PO HOro CTaH K y NOTOYHHUMH, TAK 1 B MHHYJII MOMEHTH 4Yacy. 3alpOIIOHOBAHO Ta
BUKOPHCTAHO Di3HI BHAW 3aJIeXKHOCTEH 3HAa4YeHb KePyBAJIbHUX BIUIMBIB BiJ BHMIPSHHX CTaHiB mpouecy. [
BH3HAYCHHS ONTHMAIBHHUX 3HAYCHb AaPaMETPiB 3BOPOTHOTO 3B’SI3KY, IO BXOISTH y Li 3aJICKHOCTI, OTPHUMAHO
BiZMOBiAHI (hOopMyITH JUIS TpajiieHTa HIbOBOro (yHKIioHana. [IpoBeeHO KOMIT' IOTEpHI €KCIIEPUMEHTH 13 3a-
CTOCYBAHHSIM METOIB ONTHMI3alii Ipagi€HTHOrO THUITY.

KirouoBi coBa: cunTe3 KepyBaHHS, 3BOPOTHHH 3B’S30K, TApaMETPH 3BOPOTHOTO 3B 3Ky, IIOTOYHE BHMIpIO-
BaHHsI, IHTErpajJbHE BHMIPIOBAHHS, CKIHYEHHOBMMIpHA ONTHUMi3allis.

Synthesis of optimal control of process using current and previously conducted measurements of its state
/ V.A. Hashimov // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 149-165.

Abstract. The method of synthesizing optimal control of processes (objects, systems) with concentrated
parameters, described by nonlinear autonomous differential equations with ordinary derivatives, is investigated.
To synthesize current process control values, it is proposed to use information about its state at both the current
and past moments in time. Different types of dependencies of control influence values on measured process
states are proposed and used. To determine the optimal values of the feedback parameters involved in these
dependencies, the corresponding formulas for the gradient of the objective functional were obtained. Computer
experiments were conducted using gradient-type optimization methods.
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Keywords: synthesis of control, feedback, feedback parameters, current measurement, integral measurement,
finite-dimensional optimization.

V]IK 519.217

ACHMIITOTHKA PO3B’SI3Ky GaraTtoBuMipHoro piBusiHHsi BimnoBienns / O.A. SIpoBa // KiGepHernka Tta
cucremuuii ananiz. 2025. Tom 61, Ne 5. C.166-169.

AmnoTaunisi. Po3B’s13aH0 GaraToBUMipHE PIBHSHHS BiTHOBJICHHS B MaTpU4Hiil Gpopmi. 3HaiijeHo acuMITo-
TUKY PIBHSHHS BITHOBICHHS 3 HENIHIHHAM MHOXHHKOM HOpPMYBaHHS. J[OBeIeHO TeopeMy HpO aCHMITOTHKY
0araTOBUMIPHOTO PIBHSHHS BiJHOBIICHHSL.

Ku1r04oBi c10Ba: piBHSHHS BiJHOBJICHH, (DYHKIisS BiTHOBJICHHS, IPOLIEC 3 HE3AISIKHUMHU NIPUPOCTAMH, clIadka
301XKHICTb.

Asymptotics of the multidimensional solution for renewal equation / O.A. Yarova // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 5. P. 166-169.

Abstract. This paper considers the multidimensional renewal equation in matrix form. The asymptotics
of the renewal equation with a nonlinear normalization factor are found. The theorem on the asymptotics of the
multidimensional renewal equation is proved.

Keywords: renewal equation, renewal function, process with independent increments, weak convergence.

MMPOI'PAMHO-TEXHIYHI KOMIIJIEKCH SOFTWARE-HARDWARE COMPLEXES
VK 519.281.528.11:005.3

Ilporpamua peanizauiss unciaoBoro meroxy orpumanus MMIl-ouinox mnapamerpis xkeddpicosoi
moaudikauii posmoainy mipcona VII tumy / H.B. Jxyns, A.M. Scincskuii, O.B. Ilnoprtsko,
JLSI. CounoBeii // KiGepHetnka ta cuctemuuii anamiz. 2025. Tom 61, Ne 5. C. 170-176.

AnoTanis. Po3rimanyto umcnoBuit Merox orpumaHHs MMII-omiHOK TpHIIAPAMETPHIHOTO PO3MOALTY
Mipcona VII-tumy 3 niaroHanbHOW0 iHpOpMamiiiHor Matpuuer (PJ-posnoainy), sikuii peKOMEHJOBAaHO BHKO-
PHUCTOBYBATH SIK 3arallbHUi 3aKOH MOXMOOK CIIOCTEPEXEHb BEIMKUX 00cAriB. OMUCAHO aarOpuT™M OTPUMAHHS
MMII-ouitok PJ-po3noainy mOKpOKOBUM METOJOM, IO He MOTpebye audepeHIitoBaHH (YHKIIT MaKCHMAaITb-
Hol mpaBomnoibrocti. HaBeneno nporpamuy peanizaiito s mokpokosoro obuucineHnss MMIT-oniHok mapa-
MeTpiB PJ-pos3mnoniny MoBoro mporpamyBanHss C++ Ta pe3ysibTaTil ii 3aCTOCYBaHHs Ul 3HAXODKCHHS LIHX
OLIIHOK 3a JJAaHUMH PO3IIO/ITY 3aIUIIKOBHX OXHOOK JIa3ePHHX CIIOCTEPEKECHb MITYYHHX CYITyTHUKIB 3eMi, OT-
pUMaHMX Yy Mekax MikHapojaHoro mnpoektry MERIT.

Kuroudosi ciioBa: MMII-ominkn nmapameTpiB po3mnofiny, (pyHKIis MAKCHMaJIbHOI PABIONOAIOHOCTI, TpUMapa-
MetpuuHuil PJ-posmonin, mporpamyBaHHS MoBoI C++.

Software implementation of a numerical method for obtaining MMP-estimates of parameters of the
Jeffries modification of the Pearson distribution of type VII / J.V. Dzhun, A.M. Yasinsky, A.V. Shportko,
L.Ya. Solovei // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 170-176.

Abstract. A numerical method for obtaining MMP-estimates of the three-parameter Pearson distribution
of type VII with a diagonal information matrix (PJ-distribution) is considered, which the famous Cambridge
professor G. Jeffries recommends using as a general law of errors of large-scale observations. An algorithm for
obtaining MMP-estimates of the PJ-distribution by a step-by-step method that does not require differentiation of
the maximum likelihood function is described. A software implementation for step-by-step calculation of MMP
estimates of -distribution parameters in the C++ programming language and the results of its application to find
these estimates from the residual error distribution data of laser observations of artificial Earth satellites
obtained in the international MERIT project are presented.

Keywords: MMP estimates of distribution parameters, maximum likelihood function, three-parameter
PJ-distribution, programming in C++.

VK 621.391

OuiHoBaHHA SIKOCTI 3MEHIIEHHsl LIYMY B CHITHAJIAaX 3 aMILIITYIHOI Ta (a3oBor MaHinyasuiew i3
Bukopuctanusim ATS-anropurmy / ILIO. Kocrenko, K.C. Baciora, B.B. Ciiodoasiniok, P.O. Kayvaiino /
Kibepuernka ta cucremuunii anamis. 2025. Tom 61, Ne 5. C. 177-189.

AHoranis. JIoc/i/UKeHO SIKICTh BiJIHOBJICHHS CHIOTBOPEHOTO aJUTUBHUM IIYMOM CHIHAJTy 3 BHKOPUCTAH-
nsiM ATS-anroputmy (Attractor Trajectory Surrogates), sKuii 3MEHIIY€ BIUIMB aJUTHBHOIO IIyMy B CIIOCTEpe-
sxeHHsX curHaniB 3 ASK- ta PSK-Manimyssinisimu ixHix mapamerpis. s BU3HaYEHHS! YHCIIOBOI MIpH SIKOCTI
BIJHOBIICHHSI CHTHAILy 3aIPOIIOHOBAHO BHKOpUCTaHHS SG-CTaTHCTHKY, SKa Ja€ 3MOTY OTPHMATH BiIIOBimHI
YHCJIOBI 3HAYEHHS 1HIEKCY INepen0adyBaHOCTI PE3yJIbTATIB CIIOCTEPEKEHHS CHTHANTY Ta HOTO BiJHOBICHHS.
OTpHMaHO METOJIMYHY IOXMOKY BiJHOBJCHHS CHI'HANY, sika BUHMKAE Mija yac 3actocyBaHHs ATS-aaropurmy.
IToka3aHo, o BuKopucTaHHs SG-CTaTHCTHKU SIK MipH IMOXMOKH BITHOBIICHHS CHUTHATY Ja€ 3MOTY BH3HAYaTH
foro edexTuBHicTb. OTPUMAHO YKMCIIOBI 3HAYCHHS MOXUOOK BiJHOBJICHHS CHI'HAJIB Ta MMPOAHAII30BAHO METO-
el noxu6ku ATS-anropurmy st ASK- ta PSK-curnainis, mo MaHimyns0BaHi «OUTHMID) Ta «KOJIBOPOBHMM)
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MIOBiIOMJICHHSAMH. 3’SICOBAHO, 110 HA MIOXUOKY BiTHOBJIEHHS CHI'HAIy BIUTHBAIOTH apaMeTpH adropurMy. Hana-
HO pekomeHnaalii moao napamerpiB ATS-anropurmy, siKi yMOXKIUBIIOIOTE HOro Kpaily e(QeKTHBHICTb CTOCOB-
HO YyTJIMBOCTI JI0 PiBHS LIyMiB Ta IXHiX po3noainiB. [Toka3aHo, 110 BHECOK METOJUYHOI MOXUOKU Y MOXHOKY
BIJIHOBJICHHSI CHI'HAJTY 3MEHIYETHCSI 1010 PIBHS LIyMy y pasi #oro 30iibiueHHs. Y pasi 3aCTOCYBaHHS 3arpo-
nonoBanoro ATS-anaropurmy oTpumyemo Oinblni cepeani 3HaueHHs SG-CTaTHCTHKH.

KuarouoBi ciioBa: SG-cratucTuka, inaekc nepeadadyBanocti, ATS-anroputm, noxubku BinHoBieHHs, ASK- Ta
PSK-curnanu.

Evaluation of the quality of noise reduction in signals with amplitude and phase manipulation using the
ATS algorithm / P. Kostenko, K. Vasiuta, V. Slobodyanuk, R. Kachailo // Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 5. P. 177-189.

Abstract. The article studies the quality of signal recovery distorted by additive noise using the ATS
algorithm (Attractor Trajectory Surrogates), which reduces the influence of additive noise in observations of
signals with ASK and PSK by manipulating their parameters. To determine the numerical measure of signal
recovery quality, the use of SG statistics is proposed, which allows obtaining the corresponding numerical values
of the index of predictability of the results of signal observation and recovery. The methodological error of signal
recovery that occurs when using the ATS algorithm is also considered. It is shown that the use of SG statistics as a
measure of signal recovery error allows determining its efficiency. Numerical values of signal recovery errors are
obtained, and the methodological errors of the ATS algorithm for ASK and PSK signals manipulated by “white”
and “color” messages are analyzed. It is found that the algorithm parameters affect the signal recovery error.
Recommendations are given for the parameters of the ATS algorithm, which ensure its better efficiency in terms
of sensitivity to noise levels and their distributions. It is shown that the contribution of methodological error to the
signal recovery error decreases relative to the noise level as it increases. The proposed ATS algorithm is
characterized by larger average values of SG statistics compared to the case where this algorithm is not used.

Keywords: SG statistics, predictability index, ATS algorithm, recovery errors, ASK and PSK signals.

HOBI 3ACOBU KIBEPHETHUKH, . NEW TOOLS IN CYBERNETICS,
IH®OOPMATHUKH, OBYUCJIIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS

YK 53.088.3+53.088.7

IoGynoBa roc-KpMBHX Pajfio/IOKANIfiHUX CHTHAJIB 3 NOPOroM BHSIBJEHHsI 32 IOKa3HHMKOM Xepcra /
10.K. Tapanenko, O.FO. Ouaiiinuk, }0.B. Xomsk // Kibepreruka Ta cucremuuii anamis. 2025. Tom 61, Ne 5.
C. 190-200.

Awnotauisi. [TooynoBano ROC-kpuBy, sika BU3HAYA€ XapAKTEPUCTHKY MpUiiMada CHTHATIB 3 GpaKTaibHO
3aJICKHUM KOC(il[ieHTOM BHUSBICHHS PaJIiOJOKANIfHUX CUTHAJIB 3 BUKOPUCTAHHSM HENEpepBHOI BeBiIeT-/Ie-
KOMITO3HIIiT CHTHAJIIB 13 4aCOBOT 00J1aCTi Y 4aCTOTHY Ta 3 BU3HAYCHHSM (PpaKTaIbHUX O3HAK 3a JIOMIOMOI0K) y3a-
ranpHeHoro koedinienra Xepera. I ROC-kpuBa po3ramoBana y BepXHbOMY JiBOMY KyTi rpacdika, 10 BKazye
Ha BHCOKHMIl ICTHHHO-TTO3UTHBHUI TTOKA3HUK 1 CBIAYUTH MPO MPABHIIBHC BU3HAYCHHS [O3UTUBHUX PE3YJIbTATIB.
A KkpuBa, mo0y/10BaHa 3 BUKOPUCTAHHAM SIK (PpaKTabHUX O3HAK KJIACHMYHOTO KoedilieHTa XepcTa, J0Kali30Ba-
Ha y310BX JiaroHari rpadika, mo miaTBeppKye HU3bKY SKICTh BHsBIeHHs. [lokasano, mo mist 2D-300paxenn
BEHBIIET-CIEKTPIB K (paKTanbHa O3HAKAa MOXe OyTH 3aCTOCOBaHA PO3MIPHICTH MiHKOBCHKOTO — 3aJICKHICTh
MDK MakcUMyMaMH (pakTaabHOI po3MipHOCTI Ta MOTYKHOCTI mymy. Lle mano 3mory ineHtudikysatu 300pa-
JKEHHS CIIeKTpiB. BuzHaueno mopir Takoi ineHTH(iKanil Ha OCHOBI MOPIBHSHHS aBTOKOT'€PEHTHOCTI PSIiB Beii-
BJIET-KOC(IIIIEHTIB, 3 SIKMX TE€HEPYIOThCS 3a3Ha4CHi 300pa’KeHH:.

Kmrodosi caosa: ROC-ananis curnanis, d¢paxranpHa po3MmipHicTh, Koedimient Xepcra, (pakTanbHa
PO3MipHiCTE MiHKOBCBKOTO, BEWUBIICT-ACKOMIIO3HIIIS, PaAioNOKAI[IMHINA CUTHAT.

Construction of ROC curves of radio location signals with detection threshold according to the Hurst index /
Yu. Taranenko, O. Oliinyk, Y.V. Khomyak // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 5. P. 190-200.

Abstract. The ROC curve (receiver operating characteristic) is a modern analytical tool used in classification
tasks, displaying the true-positive and false-positive rates. It is considered the best diagnostic test method because it
shows the best cut-off value for diagnostic performance. In the paper, for the first time, an ROC-curve is constructed,
which determines the characteristics of a signal receiver with a fractally dependent coefficient of detection of radar
signals using a continuous wavelet decomposition of signals from the time domain in the frequency domain and with
the determination of fractal features using the generalized Hurst coefficient. The ROC curve constructed by the
mentioned method showed the maximum proximity to the upper left corner of the graph, indicating a high
true-positive rate and accurate determination of positive results. The use of the classic Hurst coefficient as a fractal
feature revealed proximity to the diagonal of the graph, confirming the low quality of detection. It is shown that for
2D images of wavelet spectra, the Minkowski dimension obtained by the box counting method can be used as
a fractal feature, exhibiting the maxima of the fractal dimension and the noise power. This made it possible to
identify the image of the spectra. The threshold for such identification was determined based on a comparison of the
autocoherence of the series of wavelet coefficients from which the specified images are generated.

Keywords: ROC-analysis of signals, fractal dimension, Hurst coefficient, Minkowski fractal dimension,
wavelet-decomposition, radar signal.
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