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IIporHo3yBaHHsi NOBEAiHKM areHTiB Ha 0a3i auHamiuHoi KorHiTuBHOI Mmoaenai / O.B. IManarium,
JL.I. Cumonos, O./I. CumonoBa // Kibepuetnka ta cuctemuuid anamis. 2026. Tom 62, Ne 2. C. 3-19.

AHoTanisi. Po3risHyTo HOBY (yHKIIOHAIbHY MOJENb JMHAMIYHOI KOTHITHBHOI CHCTEMH, OPiEHTOBaHY
Ha MOJICIIIOBAHHS ITOBEIIHKU arcHTIB Y CKIAIHUX COLiaTbHO-iHGOPMALIHUX CepemoBHINaxX. 3anponOHOBAHO
miAxin, mo 0a3yeTbcss Ha iHTErpauii KOTHITMBHHX, €MOLIHHMX, MOTHBAIIMHUX Ta COLIaJbHUX KOMIIOHEHT
Yy MeXKax €IUHOI iepapXidHOl apXiTeKTypH 3 HMiITPHMKOIO OaraToMomansHOro 300py maHux. OcobmuBy yBary
IPU/IIICHO BUKOPHCTAHHIO CYYaCHHMX METOZIB MAIIMHHOTO HABYAHHS JUI ONTUMi3amil MONITHK BHOOpY Iii,
I IBUIIICHHS TOYHOCTI NIPOTHO3YBaHHs Ta aJalTHBHOCTI 10 €K30reHHHX 30ypens. [IpoBeneHi cumyoranii gemo-
HCTPYIOTh PENECBaHTHICTh MOJENI JJIs CLCHAPHOTO aHaji3y, BHSBICHHs IWHAMIKU BiJHOBJICHHS micis iHdop-
MalifHUX IIOKIB Ta PO3KPHTTS BHYTPILIHBOI CTPYKTYPH IPyNoBoi HoBeiHKH. OTPHUMaHO pe3ysbTaTH, SKi CTBO-
PIOIOTh MIAIPYHTS AN [PaKTUYHOTO BHUKOPHCTAHHSA MOJETl Y CTpaTeriydHoMy MEHEKMEHTI, OCBITi,
pealiniTamii Ta couiagbHIA aHATITHII.

KurouoBi ciioBa: nuHaMivuHa KOTHITHBHA cHCTeMa, Q-HaBYaHHS 3 SHTPOMIHHOIO peryJisipu3ali€ro, aHami3 Gpa3o-
BUX IOPTPETIiB, arcHTHE MOJCITIOBAHHS, MAlIMHHC HABYAHHS.

Agent behavior prediction based on a dynamic cognitive model / O. Palagin, D. Symonov, O. Symonova //
Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 2. P. 3-19.

Abstract. The paper presents a novel functional model of a dynamic cognitive system designed to
simulate agent behavior in complex socio-informational environments. The proposed approach integrates
cognitive, emotional, motivational, and social components within a unified hierarchical architecture supported
by multimodal data collection. Special emphasis is placed on the use of state-of-the-art machine learning
techniques to optimize action-selection policies, enhance prediction accuracy, and improve adaptability to
exogenous disturbances. Simulation results demonstrate the model’s relevance for scenario analysis, recovery
dynamics following informational shocks, and the elucidation of underlying group behavior structures. These
findings provide a foundation for practical applications in strategic management, education, rehabilitation, and
social analytics.

Keywords: dynamic cognitive system, entropy-regularized Q-learning, phase portrait analysis, agent-based
modeling, machine learning.

V]IK 004.8

HanamryBanust mogeneid Ha ocHoBi BERT jus ananizy emouiiiHoro 3a0apBieHHsi TekcTiB /
A.B. AmicimoB, 0.0. Mapuenko, E.M. Hacipos, B.}O. Tapanyxa // Kibepueruka Ta CHCTeMHHII aHami3.
2026. Tom 62, Ne 2. C. 20-29.

AHoTanis. Po3risHyTO 3a/1a4y BU3HAUCHHS €MOL[IHHOTO 3a0apBIICHHS TEKCTIB YKpaiHCHKOIO MOBOIO 3a
JIOTIOMOTOFO BEJTMKMX MOBHUX Mojieneid. [IpoBe/ieHO OpiBHAIBHUI aHai3 e()eKTHBHOCTI BUKOPHUCTAHHS PI3HUX
Mogeneii Ha ocHoBi BERT. JlocnifkeHo BIUTHB 3HAa4YeHb TileprnapaMeTpiB Ha TOUHICTh Kiacudikamii. 3anpormo-
HOBAHO BHMKOPHCTAHHS MOJUTY TEKCTiB HAa YaCTHHU Ta MPOBEICHO ITOPIBHSIHHS THIIB arperaiii MpeiCcTaBlICHb
JUIS TIABUIICHHS TOYHOCTI BHU3HAUCHHS €MOLIHHOTO 3a0apBIICHHS JOBTHX TEKCTIB.

KurouoBi cjioBa: mrTydHHil iHTENEKT, KOMIT'IOTEpHA JIHTBICTHKA, BEJMKI MOBHI MOJEII.

Tuning BERT-based models for sentiment analysis / A.V. Anisimov, O.0. Marchenko, E.M. Nasirov,
V.Y. Taranukha // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 2. P. 20-29.

Abstract. The paper explores the task of determining the emotional tone of Ukrainian texts using large
language models. A comparative analysis of the performance of various BERT-based models is conducted. The
impact of hyperparameter values on classification accuracy is examined. The paper proposes splitting texts into
segments and compares different aggregation methods of representations to improve the accuracy of sentiment
detection in long texts.

Keywords: artificial intelligence, computational linguistics, neural network.

V]IK 004.032.26

Hinxin MorphoNAS: Em0Opiorennuii momyk HeilpoHHUX apXxiTekTyp 4epe3 MopdoreH-kepoBaHuii
po3Butoxk / M.M. I'nu6oBeunb, C.O. Mensinp // Kibepuernka Ta cucremuuii anamiz. 2026. Tom 62, Ne 2.
C. 30-49.

AHoTanis. 3armponoHoBaHo HOBHH migxix MorphoNAS st neTepMiHOBaHOTO BUPOIYBaHHS HEHPOHHHUX
Mepexx depe3 MOp(OoreH-KepoBaHy CaMOOpPraHi3allilo Ha OCHOBI HPHHIUITYy BUIBHOI eHeprii, peakmiiHO-Iu-
(y3iHHMX CHCTEM Ta TCHHHUX PEryISTOPHUX Mepex. JloCiiKEHO MO/ieb PO3BUTKY, B SIKiif KOMITAKTHI TeHOMH
KOJYIOTh JIMIIIE JHHAMIKY MOP(OTreHIB Ta MOPOroBi MpaBmiIa KIITHHHOTO PO3BUTKY, IO 3abe3nedye Tpancdop-
Maliio €JUHOT KIIiTHHH-TIONEPeHHKA y CKIaaHI HeWpOoHHI apxiTekTypu. Jlocsarayto mosoro ycmixy (100 %)
€BOJIIOLIIHOTO MOLIYKY TeHOMIB, II0 TeHEpPYIOTh 3a/aHi KoHdirypauii rpadis i3 8-31 Bepumuamu. OTpuMaHo
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MiHIManbHI (yHKIIOHAIBHI KOHTpoJepu (6—7 HeipoHiB) mis 3anadi CartPole y pasi 3acTocyBaHHsS THCKY Ha
MiHIMI3aIli}0 po3Mipy Mepexi 3 yCHmilHicTIo momyky 94 %. IIpomemMoHCTpOBaHO, 1m0 OiOJNOTIYHO HPaBIo-
noxiGHI MpaBUiIa PO3BUTKY MOXKYTh CIyTYBaTH €(pEKTHBHUM MEXaHi3MOM aBTOMAaTH30BAHOTIO MOIIYKY HEHPOH-
HHUX apXiTeKTyp.

KurouoBsi ciioBa: MorphoNAS, Mopdorenes, Momyk HEHPOHHUX apXiTEKTyp, PeakLiiHO-An(Yy3iliHI CHCTEMH,
TEHETHYH] PEryJIATOPHI MepeXi, eBOJIOLIHHI alrOpHTMH.

MorphoNAS: Embryogenic neural architecture search through morphogen-guided development /
M.M. Glybovets, S.0. Medvid // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 2. P. 30-49.

Abstract. A novel MorphoNAS approach is proposed for deterministic neural network growth through
morphogen-guided self-organization based on the Free Energy Principle, reaction-diffusion systems, and gene
regulatory networks. The developmental model is investigated, where compact genomes encode only
morphogen dynamics and threshold-based cellular rules enabling single progenitor cell transformation into
complex neural architectures. Full success (100%) is achieved in evolutionary search for genomes generating
predefined graph configurations with 8-31 nodes. Minimal functional controllers (6-7 neurons) for the CartPole
task are obtained under network size minimization pressure with 94% population success rate. The results
demonstrate that biologically plausible developmental rules can serve as an effective mechanism for automated
neural architecture search.

Keywords: MorphoNAS, morphogenesis, neural architecture search, reaction-diffusion systems, gene
regulatory networks, evolutionary algorithms.

YIK 61.681.3

IIpo aaropurvu po3p’s3aHH#A JiHiliHHX piBHsAHb Yy Kiabusax jgumkis / C.JI. Kpusuii, O.B. Uyraenxo //
Kibepuernka Ta cucremHuil amamis. 2026. Tom 62, Ne 2. C. 50-61.

Anoranis. [IpoanamizoBaHo JBa alrOPHUTMH DPO3B’S3aHHS CHCTEM IiHIMHMX KOHTPYCHHIH y KiTBIIAX
nmkiB. [epimmit anroput™ rpyHTyeThes Ha (haKTOpU3aLii MOIYJIS 3 MOAAIBIIMM PO3B’A3aHHAM ITiICHCTEM, Ha
SIKI PO3TAJAEThCS TOYAaTKOBA CHCTEMA, y TIPUMAapHUX KUIBIX 1 MOMsX. B 0cHOBY Jpyroro anroputmy mokiaje-
HO BBEJICHHS NMEBHOI HA/UIMIIKOBOCTI I yac o6uncieHb. OOKMaBa alNrOpuTMHU 3HaXOATh TBIPHI BEKTOPH MHO-
XKUHH BCiX PO3B’S3KiB IOYATKOBOI CHCTEMH JIIHIHHNX KOHTpyeHiil. HaBeneHo oTpumani y pe3ynbTaTi eKCIepH-
MEHTIB 3aJ€XKHOCTi 000X aATOPUTMIB BiJ BEIMYHHH MOJIYJIL, KUTBKOCTI KOHTPYCHIIH Ta KUIBKOCTI 3MIHHHX Y
cucTeMax.

KarouoBi ciioBa: niHiliHI piBHSAHHS, KiJbLIC JIMIIKIB, alrOPUTMHU, CKIAIHICTb.

On algorithms for solving linear equations in residue rings / S. Kryvyi, O. Chugaenko // Kibernetyka ta
Systemnyi Analiz. 2026. Vol. 62, N 2. P. 50-61.

Abstract. Two algorithms for solving systems of linear congruences in residue rings are analyzed. One of
the algorithms is based on the factorization of the module and solution of the subsystems into which the initial
system is decomposed, in the primary rings or the fields. The second algorithm relies on the introduction of
certain redundancies during calculations. Both algorithms find the generators of the set of all solutions of the
initial system of linear congruences. The dependencies of both algorithms on the value of the module, the
number of congruences, and the number of variables in the systems are given in the tables and in the charts
obtained during the experiments.

Keywords: linear equations, residue ring, algorithms, complexity.

VK 621.396

Metoa Ta aaroput™m Mik0a3HMcHOro mneperBopeHHsi ABilikoBHX KkoaiB Pagemaxepa y koam JaumkiB
Kpecrencona / SI.M. Huxoaaiiuyk, LP. Ilitryx, }0.B. Besrauniok, B.M. I'pura // KiGepuetnka Tta
cuctemuuit anamiz. 2026. Tom 62, Ne 2. C. 62-71.

Amnoranis. OOIpyHTOBAHO aKTyaJIbHICTh PO3POOJICHHS METOAIB Ta 3ac00iB MiKOA3HUCHHX IEpPETBOPEHb
0araTopo3psAAHKX YHCEN, HOJAHUX Y IBiliKOBHX Konmax Pamemaxepa, kogax mumkiB Pagemaxepa—Kpecrencona
Ta Xaapa—Kpecrencona cucremu kiacy sumkis (CKJI). Meroro fociimkeHb € po3poOJIcHHS] METO/Ly Ta ajro-
PUTMY MEpeBeICHHS 0araTopo3psAHUX 4YHCEN, MOJaHMX MABifiKoBHMMH Koxamu Oasucy Pamemaxepa (R), y
BiAMOBiIHI Koau juikiB Oa3uciB Pamemaxepa—Kpectencona (R-C) ta Xaapa—Kpectencona (H-C). Ilpoa-
HaJTi30BaHO MaTEeMaTUYHI OCHOBU HASBHHUX aITOPHTMIB Ta 3ac00IB MEPETBOPEHHS 0araTopO3psiAHUX JBIHKOBUX
R-xoxiB y xoau ymumikiB (R—-C) ta (H-C). ¥V pesymsrati J0BeeHO, M0 6a30BUMU KOMIIOHCHTAMU MaTeMaTHI-
HHX OIlepamniil mepeTBopeHHs [BilikoBuX R-koxi 6asucy Pagemaxepa y xoqu mumkiB (R—C) ta (H-C) 6asucy
Kpecrencona € mapanensHi oneparii 3ropTku R-koziB 3a cuctemoro B3aeMuo npoctux Moxayni CKJL. 3anpomo-
HOBAHO HOBHI METOJ] Ta aJIrOPUTM MiXKOAa3UCHOTO MepeBeACHHs Oaratopo3psqHux asiiikoBux R-konis y (R—C)-
ta (H-C)-xoau mumikis. HaBeneno npuknaam peanisarii 3apoOIOHOBAHOTO METOAY Ta aITOPUTMY B Jiana3oHi
KOJYBaHHS JaHUX y Mexax 32-OiTHHX ABifikoBHX KomiB. JlocmimkeHi XapaKTCPHCTUKH DPO3IApaNeNCHHS Ta
IIBUJKOAIl BUKOHAHHA onepaniil rogaBanus Ta MEHOkeHHS y (R—C)- ta (H-C)-xomax. IToGynoBano mporpamuy
MOJIeb JOCTI/KEHHS Ta peanizanii Mibkba3ucHoro nepeseneHus R-xoxis y (R—C)- ta (H-C)-xoxu Ha MOBI mpo-
rpamyBanHs Python.
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KuarouoBi ciioBa: /1BilikoBi koau Pagemaxepa, komu nuikiB Xaapa—Kpecrencona, Pagemaxepa—Kpecrencona,
AJITOPUTM, TEOPETHUKO-YHCIIOBI Oa3ucu.

Method and algorithm for interbase conversion of binary Rademacher codes into Crestenson
redundancy codes / Y. Nikolaychuk, I. Pitukh, V. Hryha, Y. Bezgachnyuk // Kibernetyka ta Systemnyi
Analiz. 2026. Vol. 62, N 2. P. 62-71.

Abstract. The relevance of developing methods and tools for inter-basis conversions of large-bit numbers
represented in binary Rademacher codes, Rademacher—Crestenson and Haar—Crestenson residue codes of the
residue class system (RCS) is substantiated. The aim of the research is to develop a method and algorithm for
converting large-bit numbers represented by binary codes of the Rademacher basis (R) into the corresponding
residue codes of the Rademacher—Crestenson (R—C) and Haar—Crestenson (H-C) bases. The mathematical
foundations of existing algorithms and tools for converting large-bit binary R-codes into residue codes (R—C)
and (H-C) are analyzed. As a result, it was established that the basic components of the mathematical
operations of converting binary R-codes of the Rademacher basis into (R—C) and (H-C) residue codes of the
Crestenson basis are parallel operations of convolution of R-codes according to the system of mutually prime
modules of the SCL. A new method and algorithm for inter-base conversion of large-bit binary R-codes into
(R—C)- and (H—C)-residue codes are proposed. Examples of the implementation of the proposed method and
algorithm in the data encoding range within 32-bit binary codes are given. The characteristics of parallelization
and execution speed for addition and multiplication operations in (R—C)- and (H-C)-codes are studied.
A software model for the study and implementation of inter-base conversion of R-codes into (R-C)- and
(H-C)-codes in the Python programming language is developed.

Keywords: Rademacher binary codes, Haar—Crestenson, Rademacher—Crestenson residue codes, algorithm,
number-theoretic bases.

CUCTEMHU AHAJII3 SYSTEMS ANALYSIS
VK 519.8

Poi BnJIA Ta ixui xapakrepuctuku / JL.®. I'ynsanuskuii / KibepHeruka Ta cucremuuii anamis. 2026.
Tom 62, Ne 2. C. 72-89.

AHoTanisi. PO3rsIHYTO KIII0YOBI MpoOJIeMH IUTaHyBaHHs Ta peanizauii Miciii rpyn 6e3MmiIOTHUX JTiTaib-
nux amapartiB (briJIA), Hacamnepen iXHiX poiB, Ta OCHOBHI MiAXOIH 10 (GOPMYITIOBaHHS Ta PO3B’sI3yBaHHI 3a-
a4, 10 BHHHKAIOTh, HA OCHOBI aHANi3y HAyKOBHX ITyONIKaIif OCTaHHIX POKIB. 3aIPOIIOHOBAHO O3HAUCHHS
HI3KU TEPMiHIB, 1[0 BKUBAIOTHCS y il cdepi. HaBeneno acnexTu miaHyBaHHS MicCiii JPOHIB 3 BUKOPHCTAHHIM
3aIIPOIIOHOBAHO] CHCTEMH XapaKTEPUCTHK POIB.

Kumouosi caoBa: brJlIA, rpyna apoHiB, koManzia OpoHiB, piii brJlIA, manyBanHs Miciit poro, cremianizanis
MICIi.

UAV swarms and their characteristics / L.F. Hulianytskyi // Kibernetyka ta Systemnyi Analiz. 2026.
Vol. 62, N 2. P. 72-89.

Abstract. The article examines the key challenges in the planning and implementation of missions for
UAV groups, primarily their swarms, and the main approaches to formulating and resolving the emerging
problems, based on scientific publications of recent years. Definitions for a number of terms used in this field
are proposed. Aspects of drone mission planning are considered, using the proposed system of swarm
characteristics.

Keywords: UAV, drone group, drone team, UAV swarm, swarm mission planning, mission specialization

VK 519.85

Po3p’si3yBannsa GaraToxpurepiiinoi 3ajaui onTumizanii Ha KOMOIHATOPHUX TOYKOBHX KOHQirypamisx /
H.B. CemenoBa, JI.M. Koseukina, O.A. /Ipipna // Kibepaeruka ta cucreMuuii anamis. 2026. Tom 62, Ne 2.
C. 90-106.

AHoTanis. 3anpoNOHOBAHO MAaTEMAaTHYHy MOJeNb OaraTOKpHUTEpiiiHOI 3amadi Ha KOMOIHATOPHUX
KOH(QIrypamisx MoJinepecTaHoBOK Ta MPOAHATI30BaHO il 0COOIMBOCTI 3 ypaxyBaHH;IM BIAaCTHBOCTEHl KOMOiHa-
TOPHUX KOHQIirypaniif Ta ixaix rpadis. Po3pobieHo HOBHil aIrOpUTM FOPH30HTATEHOTO METOIY PO3B’I3yBaHHs
TaKMX 3a/1a4 3HAXOHKCHHS MHOXKHHH ONTHMAIBHUX 32 [lapeTo po3B’si3KiB, 1m0 6a3yeThest Ha afaTHBHUX airo-
pUTMax KOMOIHATOPHOTO IOLIYKY Ta CBPUCTHYHHX METOAax. POOOTY 3alpOrOHOBAHOrO airoOpuTMy HPOLTIOC-
TPOBAaHO PO3B’sA3yBaHHAM TecTOBOi 3aiayi. Ha mijcTaBi MpOBEIEHUX YHCIOBUX EKCIEPHMEHTIB OOIPyHTOBAHO
e(eKTHBHICTh ANTOPUTMY Ha EBKITIIOBHX KOHQIrypawisx HOJiNepecTaHOBOK Ta IIEPECTAHOBOK 3 OBTOPEHHAMU
3 ypaxyBaHHSAM CyYacHHX IiIXO[iB y KOMOIHATOPHIH Ta BEKTOpPHIH OmTHMI3allii.

KurouoBi ci1oBa: 6araTokputepiiiHa onTHMi3allis, KOMOIHATOPHI TOYKOBI KOH(Irypaii, koH}iryparii nepecra-
HOBOK, IMOJINEPECTaHOBKY, JiHIHHA (YHKIis, CTPYKTYpHHUil rpad.
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Solving a multi-objective optimization problem on combinatorial point configurations / N.V.Semenova,
L.M. Koliechkina, O.A. Dvirna // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 2. P. 90-106.

Abstract. A mathematical model of a multi-objective problem on combinatorial configurations of
polypermutations is proposed, and its features are analyzed, taking into account the properties of these
configurations and their corresponding graphs. A new algorithm for the horizontal method of solving such
problems for finding a set of Pareto-optimal solutions is developed, which is based on adaptive combinatorial
search algorithms and heuristic methods. The operation of the proposed algorithm is illustrated by solving a test
problem. Based on the conducted numerical experiments, the effectiveness of the algorithm on Euclidean
configurations of polypermutations and permutations with repetitions is substantiated, taking into account
modern approaches in combinatorial and vector optimization.

Keywords: multi-objective optimization, combinatorial point configurations, configurations of permutations,
polypermutations, linear function, structural graph.

VK 517.9: 519.6

IIpo Mopaen0BaHHA HEKJACHYHOI AMHAMIKM NOLIMpPeHHs KOMI'IOTePHHX BipyciB Ha ocHOBi Mojeni 3
y3araJibHeHOI0 KOMIO3UTHOIO noxinnow / B.M. ByaaBanbkuii // KiGepHeTnka Ta cucremuuii anamis. 2026.
Tom 62, Ne 2. C. 107-118.

AHoTauisg. MatematiuHy Mozens emigeMionoriynoi nquHamiku SIRS y3aranbHeHO Ha BUNANOK ypaxy-
BaHHS HENOKAaJIbHHX e(peKTiB y AMHAMIIl KOMII'IOTEpHUX BipyciB. Po3risHyTO 3amady MOAemIOBaHHS Apo0o-
BO-nu(epeHIiaTbHOl AUHAMIKM KOMII'IOTEPHHX BIpYCiB Ha OCHOBI Mozeni 3 OiMOPSIKOBOIO IBOTHIIOBOIO
noxigHoo Xinbdepa om0 HIykaHWX (yHKIiH. BHUKOHAHO MOCTAaHOBKY 3ajadi 3 KIiHIEBOIO YMOBOIO JUIS
HEJIHIHHOTO Ap0o6OBO-AH(epEeHIIaTBHOr0 PIBHAHHS 3 0iMOPSAKOBOIO JABOTHIOBOIO MOXIJHOIO Ta 3BEICHO IO
3ajauy 10 PO3B’sI3aHHS BIANOBITHOTO HENIHIHHOTO iHTErpanbHOro PiBHAHHA. J{OCTIIKEHO aCIEeKTH SIKiCHOTO
aHaJi3y 3a3HaueHoi 3ajaui.

KurouoBi cjioBa: MareMaTHyHE MOJCITIOBAHHS, JHHAMIKa KOMII IOTEPHUX BipyCiB, IpoOOBO-AudepeHIianbHa
MaTeMaTH4YHa MOJIEIIb, OIOpsIKOBa ABOTHIIOBA NMoXinHa Xinb(epa, HemiHiliHa 3aja4a, KiHIeBa YMOBA, IKICHHI
aHaJis3.

On modeling non-classical dynamics of computer viruses propagation based on the model with
a generalized composite derivative / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62,
N 2. P. 107-118.

Abstract. The mathematical model of the epidemiological dynamics of SIRS is generalized to the case of
nonlocal effects in the dynamics of computer viruses. The problem of modeling the fractional-differential
dynamics of computer viruses with respect to a model with bi-ordinal two-type Hilfer’s derivative regarding the
sought functions is considered. The problem with the final condition for a nonlinear fractional differential
equation with a bi-ordinal two-type derivative is formulated and reduced to the solution of the corresponding
nonlinear integral equation. The issues of qualitative analysis of this problem are studied.

Keywords: mathematical modeling, computer virus dynamics, fractional-differential mathematical model,
bi-ordinal two-type Hilfer’s derivative, nonlinear problem, final condition, qualitative analysis.

YIK 621.391:519.2:519.7

BusHaueHHsi KibkocTi 0JI0KIB migTBepI:KeHHsI y IBOPiBHEBOMY 0JIOKYeiiHi 3 MPOTOKOJIOM KOHCEHCYCY
Proof-of-Proof 3a pisHux TuniB KoHceHcycy y MeiiH4YeliHi / caiigyeiini 1151 3ano0iraHHs aTaku noaBiiiHol
putpatu. II. PoW y meiinyeiini Ta PoS y caiigueiini / JL.B. KoBanbuyk, M.C. Konapartenko //
KiGepHerrnka Ta cucremuuii anamis. 2026. Tom 62, Ne 2. C. 119-129.

AHoTanis. Y poOOTi po3rIsHyTO NMUTaHHS Oe3MeYHOro (YHKI[IOHYBaHHS JBOPIBHEBOTO ONOKYEHHY 31
CKJIQTHUM 3MIIIaHUM MPOTOKONOM KoHceHcycy — Proof-of-Work B ocHoBHOMY Gnokueiini (MeiiH4eiini) Ta
Proof-of-Stake B npyropsaHoMy Giokueiiti (caiiueiini). [Ipunimn noOyaoBu Takoro 06J10K4YelHy 6a3yeThcs Ha
nportokoni Proof-of-Proof, komm criiikuii Onok4eilH (MeifHUCHH) BHUKOPHCTOBYETHCS JUIsl 3a0e3MeyeHHS
CTIHKOCTI cali4yeiiHy NUIIXOM IOCHIAHHsA OJIOKIB MeHHUeHHy Ha OJOKM caifgueliHy 3 BHKOPHCTAHHIM
CIeIialbHUX TpaH3akniil. Taka cTpykTypa 103BOJs€ IIBHJMIE BUITyCKATH ONOKM y califideifHi i BiANOBiZHO
mBHUIe 00poOIATH TpaH3aKIii 0e3 3HIKEHHs CTilKocTi Ta 6e3 30inbIeHHs 00’ eMy OJIOKY. Y CBOIO Uepry, Ta-
KU JIBOpiBHEBMIT OJIOKYEHH Npe/icTaBIIsie HANOIIBIINIT iHTEpeC VIS CTBOPEHHS KacKaHOT CHCTEMH JICpXKaBHHX
peecTpiB, sika Oyae rapaHTOBAaHO 3aXHUIECHA Bill MiAMIHHU Ta MapoOKu TOKyMeHTiB. OCHOBHUM pPe3yJIbTaTOM pO-
00TH € OTpHMAaHHS SBHUX AHATITHYHUX BHUPA3iB [UIs OLIHIOBaHHS HMOBIPHOCTI aTaku MOJBIHHOI BUTpaTH Ha
calimdeifHl y TakoMy IBOpiBHEBOMY OJOKYEHHI, 32 YMOBU HasBHOCTI 37IOBMHCHHKA SIK Yy caideiiHi, Tak i
y MeiiHuelHi. 3a oTpuMaHHMU (HOPMyIaMH MOXHA BH3HAYUTU HEOOXiTHY KUIbKICTh OJIOKIB ITiATBEPIKCHHS
y caiiueiiHi, 0 TapaHTYIOTh CTIHKIiCTH 4O BKa3aHOI aTakd 3 IMOBIPHICTIO, HE MEHIIOIO 3a 3aJaHy.

KarouoBi ciioBa: OnokueilH, MeWHYEWH, CaiJ4eiiH, KpPUNTOBAIOTH, MAWHIHI, MPOTOKOI KOHCEHCYCY
Proof-of-Proof, araka moxBiifHOi BHTpaTH.
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Determining the number of confirmation blocks in a two-level blockchain with Proof-of-Proof consensus
protocol for different consensus types in mainchain/sidechain to prevent double-spend attack II. PoW in
mainchain/PoS in sidechain / L.V. Kovalchuk, M.S. Kondratenko // Kibernetyka ta Systemnyi Analiz. 2026.
Vol. 62, N 2. P. 119-129.

Absract. The paper investigates the issues of secure functioning of a two-level blockchain with
a complex mixed consensus protocol — Proof-of-Work in the main blockchain (mainchain) and Proof-of-Stake
in the secondary (sidechain). The principle of building such a blockchain is based on the Proof-of-Proof
protocol, where a stable blockchain (mainchain) is used to ensure the stability of the sidechain, by referring the
mainchain blocks to the sidechain blocks using special transactions. Such a structure allows for faster block
generation in the sidechain and, accordingly, faster processing of transactions without reducing stability and
without increasing the block size. In turn, such a two-level blockchain is of the greatest interest for the creation
of a cascade system of state registers, which will be guaranteed to be protected against the substitution and
forgery of documents. The main results of the work are explicit analytical expressions for estimates of the
probability of double spend attack on such a two-level blockchain, under the condition of an adversary in the
sidechain and in the mainchain. The expressions obtained allow finding the number of confirmation blocks in
the sidechain, which guarantees security against the attack with a probability no less than a preset value.

Keywords: blockchain, mainchain, sidechain, cryptocurrencies, mining, Proof-of-Proof consensus protocol,
double spend attack.

VIK 621.391

AJanTuBHHI MeTox BHMOOpPY mnapaMerpiB S-BHIAJKOBOI0 IepeMexyBaya / [emnepeMexyBaya B
Oe3nmpoBiaHHX cucTeMax nepegaBanHs Aanux 3 LDPC-kogamu / O.M. Tpopumuyk, B.M. Bacunenxo //
Kibepuernka Ta cucremHuil amamis. 2026. Tom 62, Ne 2. C. 130-135.

AnoTanisi. Po3risiHyTO S -BUNAIKOBHI TepeMerxKyBad Ta Horo eeKTHBHE 3aCTOCYBaHH. 3apOIOHOBAHO
MeTo/ BHOOpY mapaMeTpiB S -BHIIaAKOBOTO IEpeMeXxyBana / AeepeMexyBada B 6e3MPOBIIHUX CHCTEMax Irepe-
naBaHHs naHux 3 LDPC-konamu B yMOBaX anpiopHOi HEBH3HAYCHOCTI JUTsl 3MEHIICHHS CKIIATHOCTI MPOLEIyPH
TepeMEeKEHHs / IeTIepeMEeKEHHS Ta MiJBUIICHHS TOCTOBIPHOCTI niepeaaBaHHs iHdopmarii. [TokazaHo, o BUKO-
PHUCTaHHS 3aPOIIOHOBAHOTO METOY A€ 3MOTY OTPUMATH €HEepreTHYHUIT BUrpan i cranaapry WiMAX.

KurouoBi cioBa: mepemexyBau, rnepenaBanHs naHux, LDPC-komu, nexomyBaHHs, HepeBipHA MaTPHILIL.

Adaptive method for selecting s-random interleaver/deinterleaver parameters in wireless data
transmission systems with LDPC codes / O.M. Trofymchuk, V.M. Vasylenko // Kibernetyka ta Systemnyi
Analiz. 2026. Vol. 62, N 2. P. 130-135.

Abstract. The S-random interleaver, its application, and the efficiency of its use are considered.
A method for selecting the parameters of an S-random interleaver/deinterleaver in wireless data transmission
systems with LDPC codes under a priori uncertainty was also presented to reduce the complexity of the
interleaving/deinterleaving procedure and increase the reliability of information transmission. The proposed
method is shown to provide energy gains for the WiMAX standard.

Keywords: interleaver, data transmission, LDPC codes, decoding, parity-check matrix.

V]IK 519.6

ExcnoHeHnianpHo 30iKHMii MeTOX PpO3B’SI3aHHSI €BOJIOLiiHOr0 piBHSIHHS 3 JPO0OBOI0 NOXiIHOI
B BanaxoBomy npocropi / B.JI. Makapos, H.B. Maiiko, B.J1. Pao6iueB // KibepHeTrka Ta CHCTEMHHI aHai3.
2026. Tom 62, Ne 2. C. 136-146.

Amnoranis. Jlocmimpkeno 3agady Komi Ui eBOMIONIHHOTO PiBHAHHA 3 IOXiJHOIO IPOOOBOr0 MOPSAKY 1
CHJIBHO TO3UTHBHHUM OIEpaTOpHUM KoedinienToM y banaxoBomy npoctopi. Tounumit po3s’si3ok 3amadi 300pa-
JKEHO y BHIULIOL psAy 3a CTemeHsMu mepeTBopenHs Kenmi omeparopHoro koediuieHta ta mominomis Jlarep-
pa—Keuni. st moOy1oBH HaOIMIKEHOTO PO3B’ 13Ky BUKOPHCTAHO YACTHHHY CyMy LIBOTO psiy. OiepiKaHO OLiHKH
MOXUOKH TaKOTO HAOMIDKEHHS, SIKi CBiTYaTh PO EKCIOHCHIIAIbHY MBHUAKICT 301KHOCTI 3aIIPOIIOHOBAHOTO Me-
Toxy. TeoperndHi pe3ysbTaTH MPOLTIOCTPOBAHO UYHMCEIBHHMHU IPUKIAJAMH.

KumouoBi cioBa: 3amaua Komr, npoGoBe iHTerpo-audepeHiiiroBan

An exponentially convergent numerical method for a fractional-order evolution equation in a Banach
space / V.L. Makarov, N.V. Mayko, V.L. Ryabichev // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 2.
P. 136-146.

Abstract. We consider an initial-value problem for a fractional-order evolution equation with a strongly
positive operator in a Banach space. To solve it approximately, we propose and study a numerical method for both
homogeneous and inhomogeneous equations based on applying the Cayley transform of the operator coefficient,
using the Laguerre-Cayley polynomials, and approximating the solution operator by a partial sum of its defining
series. A detailed analysis indicates an exponential rate of convergence, which is supported by numerical results.

Keywords: initial-value problem, evolution equation, fractional derivative, Banach space, sectorial operator,
strongly positive operator, Mittag-Leftler function, Cayley transformation, exponentially convergent algorithm.
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VK 517.95

3apaua Pobena nusa BicecumerpuyHoro piBHsinHs I'eibmronasua 4-ro mopsaky / .M. Anexcanaposud,
M.B.-C. Cugopos, H.I. JIsimko, O.C. Bonnap // Kibepruernka ta cucremuuii anamis. 2026. Tom 62, Ne 2.
C. 147-152.

AHoTauis. [HTerpanbHi oneparopu, M0 NEpPeBOAATH AOBUTBHI (YHKLII B PEryisipHi po3B’si3KH PiBHIHb
B YaCTHHHHUX IMOXiJHMX 2-T0 i BUILUX MOPSJIKIB 3aCTOCOBAHO /10 PO3B’si3yBaHHs 3a1aui PoGeHa [u1s y3aranbHe-
HOTO BiCECHMETPHYHOIO pIiBHSHHS ['enbMmronsia 4-ro mopsiky.

KurouoBi cjioBa: iHTerpanpHUH ONEpaTop, aHAMITHYHI (YHKIIl, peryaspHi po3B’s3KH.

Roben problem for the axisymmetric fourth-order Helmholtz equation / L.M. Aleksandrovych,
M.V.-S. Sydorov, N.I. Lyashko, O.S. Bondar // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 2.
P. 147-152.

Abstract. Integral operators that transform arbitrary functions into regular solutions of partial differential
equations of the second and higher orders are applied to solve the Roben problem for the generalized
axisymmetric fourth-order Helmholtz equation.

Keywords: integral operator, analytic functions, regular solutions.

VK 519.21

IIpo icHyBaHHs1 po3B’sI3Ky 3aavi Kol HeJiHIfHMX cTOXacTHYHHX AH(epeHNiaIbHO-(PYHKIIOHAILHIX
PiBHSIHB 3 YACTHHHHUMH NOXiZHMMH cneniaaspnoro Burisiny / L.B. FOpuenko, B.K. ScumHcbkmii //
KibepHernka Ta cucremuuii anami3. 2026. Tom 62, Ne 2. C. 153-158.

AHoTauisi. PO3riIssHyTO CTOXaCTHYHY MOJENb MPOLECIB, SIKi OMICAHO CHCTEMAaMHU HETiHIHHUX CTOXaCTHY-
HUX Au(epeHIianbHO-QyHKI[IOHATBHUX PIBHAHD B YACTUHHHX ITOXiJHUX CIELiAIbBHOTO BUMIISLY 3 ypaXyBaHHIM
K nUdy3ifHIX 30ypeHb THITy OPOYHIBCHKOTO MPOLECY, TaK i ITyaCCOHOBHX IepeMUKaHb. Jl0BEICHO iCHYBaHHS
po3B’s3Ky 3amaui Komni pas takux cucrem. OTpuMaHi pe3ysibTaTH MOXKHA BUKOPHCTATH ITiJT 4ac JJOCHiDKCHHS
ACHMIITOTHYHOI CTIIKOCTi PO3B’A3KIB CXOMKHX CHCTEM.

KurouoBi ciioBa: croxacTHuHi IudepeHIiatbHO-(QYHKIIOHAIBHI PIBHAHHS 3 YACTHHUMH IOXiTHUMH, i1CHYBaH-
HS PO3B’S3KY.

On the existence of a solution to the cauchy problem for nonlinear stochastic partial functional
differential equations of special form / V.K. Yasynskyy, L.V. Yurchenko // Kibernetyka ta Systemnyi
Analiz. 2026. Vol. 62, N 2. P. 153-158.

Abstract. A stochastic model of processes described by systems of nonlinear stochastic partial differential
functional equations of special form is considered, taking into account both diffusion disturbances of the Brownian
process type and Poisson switching. The existence of a solution to the Cauchy problem for such systems is proved.
The results obtained can be used to study the asymptotic stability of solutions to similar systems.

Keywords: stochastic partial functional differential equations, existence of a solution.

VK 519.8

IIpo inTerpanbHi MpeacTaBjeHHs sl BeJHYHH HAOMmkenHst ¢pynkuiii knacy Jlinmuns oneparopamu
Tuny $ko6i-Ilyaccona / I.B. lllanoBanos, 0.I. XapkeBnu // KiGepHetrka Ta cucteMuuid anaiis. 2026.
Tom 62, Ne 2. C. 159-167.

AHoTauist. Po3risiHyTo 3aqady HaOMKeHHsT (QYHKIH, ski 3amani Ha cermenTi [1; 1] 1 3a10BONBHSIOTH Ha
HbOMY yMoBy Jlimmms, ixHiMu onepatopamu THiry SIko0i—Ilyaccona, moOynoBaHHX 3a CHCTEMOIO OPTOTOHAIBHUX
nomHoMiB SIko6i. 30kpeMa, B KOXKHil Toumi x cerMeHTa [1; 1] BCTaHOBICHO iHTErpaibHI MPEACTABICHHS I TOU-
HHX BEPXHIX MEX BiIXWIeHb omeparopiB Tumy SkoGi-Ilyaccoma Bin ¢yHkumiit 3 kmacy Lip[fl; 1@ Ans BCIX
0<a <1. Po3p’s3yBaHHA 6arathox 3a1ad Teopil HAOMIDKEHHS (yHKITH i CHCTEMHOTO aHaNi3y 3PEIITOI0 3BOAUTHCS
JI0 JIOCII/DKEHHS TIEBHUX IHTETPAIIbHHUX TPECTABICHD BiANOBIIHIX BEIMYMH. BCTaHOBIIGHO iHTErpanbHi NpeacTas-
JICHHS. TOYHHX BEPXHIX MEX BiIXwmieHb omeparopiB tumy Skobi-Ilyaccona Bin ¢yHkuiii xiacy Jlimmmiis.

KurouoBi ci10Ba: Teopis ONTUMANbHUX pillleHb, onepatopu tuiry Skobi—Ilyaccona, kiac Jlinmmus, iHTerpais-
HE TPE/ICTaBICHHS.

On integral representations for the quantities of approximation of functions of the Lipshitz class by
operators of the Jacobi—Poisson type / D.V. Shapovalov, Yu.l. Kharkevich // Kibernetyka ta Systemnyi
Analiz. 2026. Vol. 62, N 2. P. 159-167.

Abstract. Jacobi—Poisson type operators, as a method of summing Fourier series constructed using
orthogonal polynomials, play an important role in mathematical modeling problems and optimal solution
theory. The work is devoted to the issue of approximation of functions, which are given on the segment [1; 1]
and satisty the Lipschitz condition on it, by their Jacobi—Poisson type operators constructed using a system of
orthogonal Jacobi polynomials. In particular, at each point x of the segment [1; 1], we have established integral
representations for the exact upper bounds of the deviations of Jacobi—Poisson type operators from functions of
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the class Lip;_;. |7« for all 0<a <1. Solving many problems in both the theory of function approximation and
systems anaEysfs ultimately boils down to studying certain integral representations of the corresponding
quantities. For this purpose, integral representations of the exact upper bounds of the deviations of
Jacobi—Poisson type operators from functions of the Lipshitz class have been established.

Keywords: optimal solution theory, Jacobi—Poisson type operators, Lipschitz class, integral representation.

NPOTPAMHO-TEXHIYHI KOMILJIEKCH SOFTWARE-HARDWARE COMPLEXES
V]IK 004.932:004.85

Bin cratHcTHYHOro po3mi3HaBaHHS 00pa3iB 10 aHadi3y eMoliii: 3aCTOCYBaHHSI amapaTty poO3KJaxy
B IPOCTOpi 3 MOPiTHHM ejleMeHTOM [0 MojeJeii 00po0.ennsi npupognoi mou / C.B. 3aGosoTHiii,
A.B. Yenunora, B.I. Xorynos // Kibepreryka Ta cucremuuii anainis. 2026. Tom 62, Ne 2. C. 168-179.

AHoranis. Po3ni3HaBaHHA €MOLIH y TEKCTaX € BaXKIMBOIO 33/1a4Cl0 Cy4acHOro OOpOOJIEHHs MPUPOIHOT
MOBH, JI¢ Ha CbOTOJHI TOMIHYIOTH TpaHcdopMepHi apxiTekTypu. OfHaK iXHi BHYTPILIHI MeXaHi3MHU 3ajMIla-
I0ThCS «HOPHOIO CKPHHBKOIO®», a SIKICTh KJIacH(iKalii, 0cOONMBO I CKJIIHUX BUIAJKIB, Ma€ MOTCHIIAN JUIs
MOKpameHHs. Y 1iif poOoTi 3aIpONOHOBAaHO HOBUH TiOPHAHHI MiAXifJ, KU MOEIHYE MOTYXKHICTh CyJaCHUX
MOBHHX MOJENCH 3 TIHOOKUM aHali30M iXHiX BEKTOPHHUX MPEACTABICHb 3a JOMOMOIO afanTamnii KIaCHIHOTO
METOy CTaTHCTUYHOTO PO3Mi3HABaHHS 00pasiB, IO IPYHTYEThCS HAa PO3KIAAI B IIPOCTOPI 3 MOPITHHM ele-
MeHTOM (mpoctopi KyHuenka). Metox nae 3Mory 3reHepyBaTH HOBHil HaOip «CTaTHCTHKO-TEOMETPUYHHX)
O3HAK Ha OCHOBI IMOXMOKM PEKOHCTPYKI[ii BEKTOPHOTO MPE/ICTABICHHSA TEKCTOBHX MOBIZOMJICHB Bi/NOBIIHHUX
kiaciB. Excriepumentr Ha ykpaincbkomy (EMOBENCH-UA) Ta anrmiiicekomy (EmoEvent) nHaGopax maHux
MMOKa3aJly, HI0 3alpONOHOBAaHMN TiOpUIHMI MiaXin 3a0e3mnedye CTATUCTUYHO 3HAYYILE IMiJABUINCHHS SKKOCTI
knacudikarii. JlocmimKeHHs TaKOXK BHSBIIO KIIOYOBI YMOBU €(pEKTHBHOCTI METOLY: BiH € HOTYXHHM «yTOU-
HIOBa4eM» JUISl MOJICIICH, TOHABYCHHX Ha LIIbOBIi 3a1a4i, aje Hee()eKTUBHUIT Ha «CHPUX», HECICLIaTi30BaHHIX
BEKTOPHHUX MpEICTaBICHHAX. BcraHoBIeHO, 1m0 BHOIp 0a3uCHUX (GYHKLIH AT PEKOHCTPYKLII € Ba)KJIMBHM
rineprapamMeTpoM, IO Ja€ MOXIIMBICTH aJaNTyBaTH METOJ JO CHeHu(idHOi reoMerTpii mpocTopy MaHMX.

KurouoBi ciioBa: posmi3HaBaHHS eMOIIiH, 0OpOOICHHS NPUPOIHOI MOBH, BEKTOPHE HPECTABICHHS, IIPOCTIp
KyHueHka, reHepauist o3HaK, riOpuaHa MOIEINb.

From statistical pattern recognition to emotion analysys: Application of the apparatus of decomposition
in space with a generating element for NLP models / S.V. Zabolotnii, A.V. Chepynoha, V.I. Hotunov //
Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 2. P. 168-179.

Abstract. Emotion recognition in texts is an important task in modern natural language processing, which
is currently dominated by transformer architectures. However, their internal mechanisms remain a ‘black box’
and the quality of classification, especially for complex cases, has room for improvement. This paper proposes a
new hybrid approach that combines the power of modern language models with deep analysis of their vector
representations by adapting the classical method of statistical pattern recognition based on space decomposition
with a generating element (Kunchenko space). The method generates a new set of ‘statistical-geometric’
features based on the reconstruction error of vector text messages of the corresponding classes. Experiments on
Ukrainian (EMOBENCH-UA) and English (EmoEvent) datasets showed that the proposed hybrid approach
statistically significantly improves classification quality. The research also identified key conditions for the
method’s effectiveness: it is a powerful ‘refiner’ for models pre-trained on the target task, but ineffective on
‘raw’, non-specialised vector representations. It has been established that the choice of basis functions for
reconstruction is an important hyperparameter that allows the method to be adapted to the specific geometry of
the data space.

Keywords: emotion recognition, natural language processing, vector representation, Kunchenko space, feature
generation, hybrid model.

HOBI 3ACOBU KIBEPHETHUKH, . NEW MEANS OF CYBERNETICS,
IH®OPMATHUKH, OBYUCJIIOBAJIBHOI INFORMATICS, COMPUTER ENGINEERING,
TEXHIKH TA CUCTEMHOI'O AHAJII3Y AND SYSTEMS ANALYSIS

V]IK 004.891.3

Indopmaniiina acuMeTpisi MO3NTUBHUX i HErATHBHMUX CIOCTEPEKEHDb Y 3a/1a4aX MeJAMYHOI AiarHOCTHUKH /
JI.C. ®aiinsinbdepr // Kibeprertnka Ta cucremumii anamis. 2026. Tom 62, Ne 2. C. 180-188.

AwnoTauis. [Jocmimkeno iHhpopManiiiHy acHMETpiro MK TO3UTHBHAMH Ta HETATHBHUMH CIIOCTEPEIKCHHAME
GiHApHOTO CHMIITOMY B 33/@4aX MEIUYHOI AiarHOCTHKH. CHMIITOM 3aXBOPIOBAHHS MOJCIIOETHCS SK MPOCTOPO-
BO-4acoBe OiHapHe moie. s He3aleKHUX CIOCTEPEeKEHb OTPUMAHO aHAITHYHHI BUPA3 1l OOUHCICHHS KpPH-
TUYHOI KITBKOCTI HEraTHBHUX CIIOCTEPEKEHb, SKI 3a iH()OPMATHUBHICTIO CKBIBAJICHTHI OJHOMY MO3UTUBHOMY
CIIOCTEPEIKCHHIO. AHAOTIYHI (POPMYITH OTPUMAHO ISl OZHOPITHUX Ta HEOTHOPITHMX MApKOBCHKHX JIAHIIOTIB
nepioro nopsaky. HaBeneHo mpukiam, siKi IIOKas3yroTh, [0 YacOBa 3aICKHICTh Ta CHIPSIMOBAHICTh JUHAMIKH
CTaHy XBOPOOH, 30KpeMa XBOpoOa TpHBae ab0 MAI[i€HT OMY)XY€, CYTTEBO BIUIMBAIOTH HA BEINYMHY KPHTHYHOL
KUIBKOCTI HEraTMBHUX CriocTepexeHb. OTpUMaHO pes3ynbTarT, IO CKIAJAI0Th MaTeMaTHYHy OCHOBY JUIS PEKO-
MEH/IALIH o0 00cAry OOCTe)XEeHb y KIHIYHIH MPaKTHLi Ta MOXYTh OyTH 3aCTOCOBaHI B IHINMX 3ajadax.
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KurouoBi c10Ba: MeanuHa JiarHOCTHKA, IPOCTOPOBO-4acoBe Iolie, OiHapHA O3HAKa, iHGOPMATHBHICT, MO3H-
THBHE Ta HETaTUBHE CIOCTEPEKCHHS.

Information asymmetry of positive and negative observations in medical diagnostics / L.S. Fainzilberg //
Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 2. P. 180-188.

Abstract. This paper investigates the informational asymmetry between positive and negative
observations of a binary symptom in medical diagnostics. The symptom is modeled as a spatio-temporal binary
field. By considering independent observations, an analytical expression is derived for the critical number of
negative observations at which the information contributed by a single positive observation becomes equivalent
to thae of the corresponding number of negative ones. Similar formulas are obtained using homogeneous and
non-homogeneous first-order Markov chains. Numerical examples demonstrate that accounting for temporal
dependence and the direction of state dynamics, such as disease progression or recoveryhas a significant impact
on the critical number of observations. The results provide a mathematical basis for recommendations on the
required scope of medical examinations and may also be applied to other decision tasks.

Keywords: medical diagnostics, spatio-temporal field, binary feature, informativeness, positive i negative
observation.

8 ISSN 1019-5262. Ki6epueruka Ta cucreMHuii ananiz, 2026, tom 62, Ne 2



