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IosicHeHHHUIi IITYYHUH IHTEJIEKT SIK cepBic: aJropuT™Mu ouliHIOBaHHA XapakrtepucTuk / B.C. XapueHnko,
C.B. fxoBies, O.10. Benpunbka, I'.B. ®ecenxo // KibepHetrka Ta cucteMunii anamiz. 2026. Tom 62, Ne 1.
C. 3-15.

AHoTanis. JIocIiKeHO METOIM OLIHIOBAHHS IOSCHEHHOTO IITYYHOTO iHTENeKTY sk cepBicy (XAlaaS).
ITpoBeneHO aHai3 MigX0iB 1O OL[IHIOBAHHS CHCTEM IOSCHEHHOTO IITYYHOTO iHTENEKTY. MeTor TOCIiKEeHHS
€ PO3POOJICHHS IMiIX0My Ta MOCTIZOBHOCTI OLIHIOBAHHS SKOCTI CHCTEM IMOSCHEHHOrO IITYYHOTO IHTENCKTY B
KoHTeKcTi Mozeni XAlaaS, 1m0 IpyHTYeThCsl Ha XapaKTepPUCTHKO- OPi€HTOBaHIM METO0JIOrii. 3anponoHOBaHO
OaraTopiBHEBY CXeMy OLIHIOBAaHHJ, SIKa Iependadae MOCTAHMIl aHal3, TECTYBaHHA Ta KOPEKIII0 Ha MiJCTaBi
BU3HAUCHUX KIIOYOBHX XapaKTEPHCTUK IEPIIOro PiBHA iepapXii MoJemi SKOCTi, IO Ja€ 3MOTY 37iHCHIOBATU
L[iIbOBE, CTPYKTYpOBaHE Ta MOPIBHAIbHE OIHIOBAHHS OKPEMHX BIACTHBOCTEH cucTeMH B mimomy. IIpomemo-
HCTPOBAHO 3aCTOCYBAaHHs 3allPOIIOHOBAHOI METOAMKM OIHIOBAHHS HA NPAaKTHYHOMY IPHKIAI.

KorouoBi cnoBa: mryunuii intemexr, XAl sk mociyra, OLIHIOBaHHS IMOSCHEHHOTO MITYYHOTO IHTENEKTY,
MpoQiTFOBaHHS BHUMOT.

Explainable artificial intelligence as a service: Algorithms for assessment of characteristics /
V. Kharchenko, S. Yakovlev, O. Veprytska, H. Fesenko // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62,
N 1. P. 3-15.

Abstract. The research focuses on methods for evaluating Explainable Artificial Intelligence as a Service
(XAlaaS). An analysis of existing approaches to evaluating explainable artificial intelligence systems has been
conducted. The purpose of the study is to develop an approach and a sequence for assessing the quality of
explainable artificial intelligence systems within the XAlaaS model, based on a characteristic-oriented
methodology. A multi-level evaluation scheme is proposed, which provides step-by-step analysis, testing, and
correction based on the defined key characteristics of the first level of the quality model hierarchy. This enables
targeted, structured, and comparative evaluation of individual system properties as well as of the system as a
whole. The application of the proposed evaluation methodology is demonstrated through a practical example.

Keywords: artificial intelligence, XAl as a service, explainable artificial intelligence evaluation, requirements
profiling.

VK 004.94:004.2

AJNropuT™M ajredpaiyHoOro CHHTe3y MIiKpPONPOrpaMHOI0 aBTOMATa Ha OCHOBi mepedopy omepauiii /
P.M. Badakos, O.0. Bapkanos // Kibepuetnka Ta cucremuuil amamis. 2026. Tom 62, Ne 1. C. 16-25.

AHoranis. [[i1 MiKpoIporpaMHOro aBToMara 3 orepaniiHIM aBTOMAaTOM IIEPEXO/iB 3alPONOHOBAHO HO-
BUii aJrOpUTM anreOpaiuHoOro CHHTE3Y, IO MOEAHYE Mepebip crocobiB KOMyBaHHS CTaHIB 3 mepebopoM ore-
pariif mepexofiB. AITOPUTM IPYHTY€ThCS Ha IPEACTABICHHI Oy b-sIKol omeparii mepexoiB y BUITIAAi apupMe-
THKO-JIOTIYHOTO OIlepaTtopa HaJ JBOMa OIEpPaHJaMH, SKHMH € KOJ IIOTOYHOTO CTaHy aBTOMAaTa i KOHCTaHTa
BinmoBigHoro ¢opmarty. Lle nae 3mMory aBTOMaTH3yBaTH IpoIEc Iepedopy omepariil HepexoIiB 3a JOIOMOI o0
nepebopy KOHCTAaHT y BUKOPHCTOBYBAHHX OIEpallisfX y Alara3oHi 3HAYCHb KOJIB CTaHiB aBTOMarta. Pe3yibTa-
TOM pOOOTH alrOPUTMY € MHOXKHMHA PO3B’A3KiB 33/1aui anreOpaiyHOro CHHTE3Y, KOXKEH 3 SIKHX MICTHTh 3Ha4YCH-
HSl KOZiB OKPEMHX CTaHIB Ta Habip 3Ha4YCHb KOHCTAHT BHKOPHCTOBYBaHMX omepauiil. I[loeananus mepe6opy
oreparii mepexofiB 3 mepebOpoM CIOCO0iB KOAYBaHHS CTaHIB PO3LIMPIOE OOIACTh MOIIYKY Ta 30LIbIIye
KUTBKICTh 3HAHACHUX PO3B’3KiB 3a/adi alreOpaidHOro CHHTE3y HOPIBHSAHO 3 aITOPUTMOM-IIPOTOTHIIOM, IO HEe
BHKOPHUCTOBYE nepebip omepauiii mepexoaiB. BukoHaHo mporpamMHy peatizamiro 3amporOHOBAHOTO AITOPUTMY,
sIKa MiATBEpIiIa HOro KOPEKTHICTh 1 pe3yJIbTaTHUBHICTb.

KurouoBi ci10Ba: MikponporpaMHuii aBTOMAT, OIEpaliifHuii aBTOMAT HEepeXoiB, rpad-cxeMa aaropurMmy, ai-
reOpaiunmii cuHTe3, mepebip omepamiii mepexois.

Algorithm for algebraic synthesis of a finite state machine based on operations enumeration /
R.M. Babakov, A.A. Barkalov // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 1. P. 16-25.

Abstract. For a finite state machine with a datapath of transitions, a new algebraic synthesis algorithm is
proposed that combines the enumeration of state coding ways with the enumeration of transition operations.
The algorithm is based on the representation of any transition operation in the form of an arithmetic-logical
operator over two operands, which are the code of the state machine’s current state and a constant of the
corresponding format. This allows you to automate the enumeration of transition operations by enumerating the
constants in the used operations within the range of values of the state codes of the finite state machine. The
result of the algorithm is a set of solutions of the algebraic synthesis problem, each of which contains values of
the state codes and a set of values of the constants of the used operations. The combination of enumeration of
transition operations with enumeration of state coding ways expands the search area and increases the number
of solutions found for the algebraic synthesis problem compared to the prototype algorithm that does not use
enumeration of transition operations. A software implementation of the proposed algorithm was performed,
confirming its correctness and effectiveness.
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Keywords: finite state machine, datapath of transitions, graph-scheme of algorithm, algebraic synthesis,
enumeration of transition operations.

YIK 621.396

AJroputTMiyHi 0CHOBH MOJY/IbHOI apH(MEeTHKH BU3HAYEHHS BHOIPKOBOro MAaTeMAaTHYHOIO CIOAiBaHHS /
LP. Hiryx // Kibepnernka Ta cucremHuii anami3. 2026. Tom 62, Ne 1. C. 26-36.

Awnorauis. HaBeneHo MaTeMaTH4HI OCHOBHM Ta aIrOPUTMH BH3HAYCHHS BHOIPKOBOrO MaTEMaTHYHOTO
CIIOJIBaHHS CTAL[IOHAPHUX BUMAAKOBHUX mpoueciB. OOrpyHTOBaHO (YHKI[IOHAIbHI 0OMEXCHHS alTOPUTMIB BH3-
Ha4YeHHs BUOIPKOBOr0 MAaTEMAaTUYHOTO CIIOAIBAHHS Y IBIHKOBIil apudMeTHIi TeOpeTHKO-YHCIOBOro 6azucy Pa-
nemaxepa. Husbka IIBHIKO/iS BU3HAYCHHS BHOIPKOBOrO MaTeMaTHYHOTO CHOJiBaHHS Y KOJaX TEOPETHKO-YHC-
noBoro 6asucy Pamemaxepa 3yMOBiICHA HAsBHICTIO HACKPI3HHX NMEPEHECCHb B OIEPALliSiX HAKOIHWYCHHS CyM
BXiJTHHX OIU(POBAHUX JAHUX BHUIAJKOBOTO Ipouecy. HaBemeHo pemritdacti Mojedi Ta rpadu $hopMyBaHHS
CYM PaHTiB JUIs IOTOKOBOTO HAKOMMYEHHS MU(POBUX JaHUX Ha iHTepBaii BUOIPKH BHIAIKOBOTO mponecy. Po3-
pOOJICHO TEOPETHYHI OCHOBHM AITOPUTMIB BU3HA4YEHHS BHOIPKOBOTO MATEMaTHYHOIO CIOJIBaHHA y HEIo-
3ULIHHI CHCTeMi YMCIIEHHsI KJacy JIMIIKIB TEOPETHKO-UHCIIOBOro 6azucy Xaapa—Kpecrencona. Busnaueno pe-
KoMeHalii Buoopy MoayiB koxiB Xaapa—KpecteHcoHa, siki BiinoBigaloTs 4-0iToBUM KoxaM 6asucy Panema-
xepa Ta 8-pospsaHuM kogaM RGB-mikcemiB Komb0poBUX 300pakeHb. Pe3ynpTaTu JOCHIIKEHHS JAlOTh 3MOTY
pO3UMPUTH DYHKIIIOHATBHI MOYKIIMBOCTI Ta IMiIBUIMTH MIBUAKOAI0 OOPOOICHHS CTATUCTHYHUX AaHUX HA HU3-
OBUX DIBHAX IHTEPAKTHUBHHUX PO3MOIIICHHX KOMII'IOTEPHHX CHCTEM.

KurouoBi cioBa: ormdpoBaHi 1aHi CeHCOPIB, CUCTEMa Kilacy JIMIIKIB, TEOPETHKO-YHCIIOB] Oa3ucu Panemaxepa,
Xaapa Ta Xaapa—KpecTencona, apxiTekTypH cremmpouecopiB, koxu RGB-mikcemnis.

Algorithmic foundations of modular arithmetic determination of sample mathematical expectation /
I. Pitukh // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 1. P. 26-36.

Abstract. The mathematical foundations and algorithms for determining the sample expectation of
stationary random processes are investigated. The functional limitations of the algorithms for determining the
sample expectation in binary arithmetic of the Rademacher number-theoretic basis are substantiated. The low
speed of determining the sample expectation in the Rademacher number-theoretic basis codes is due to the
presence of end-to-end transfers when performing operations for accumulating the sums of the input digitized
data of the random process. Lattice models and graphs of rank sum formation during the streaming
accumulation of digital data on the sampling interval of a random process are presented. The theoretical
foundations for algorithms determining the sample expectation in a non-positional number system of the
Haar—Crestenson number-theoretic basis of residues are developed. Recommendations for choosing
Haar—Crestenson code modules that correspond to four-bit codes of the Rademacher basis and eight-bit codes
of RGB pixels of color images are provided. The results of the study allow expanding the functionality and
increasing the speed of statistical data processing at the lower levels of interactive distributed computer
systems.

Keywords: digitized sensor data, residual class system, Rademacher, Haar, and Haar—Krestenson numerical
theoretical bases, special processor architectures, RGB pixel codes.

CUCTEMHU AHAJII3 SYSTEMS ANALYSIS
YIK 621.391:519.2:519.7

IIpuckopene mMojen0BaHHs OAHI€l i3 cTpaTeriii aTaku po3rany:keHHsl Ha 0JIOKYeiiH, IKHI T'PYHTYE€ThCSI
Ha npotokoidi koHceHncycy Proof-of-Stake / JI.B. Komaabuyk, I.M. Ky3nemos, M.IO. Ky3ueuno //
KiGepHernka Ta cucremuuii anamis. 2026. Tom 62, Ne 1. C. 37-47.

Anotanis. OJHi€0 3 HANBAXKIUBININX Ta HalHEOES3MEYHIIINX aTak Ha OJIOKYCHH € aTaka po3rajly’KeHH,
KOJIU 3JI0BMHCHHKY BJIA€ThCS OOy TyBaTH adbTEPHATHBHUI JAHIIOT OJIOKIB IKOMOTa OLIBIIOT JOBXKHHHM. 3arpo-
[IOHOBAHO HOBY MOJE/b 3[IHCHEHHs TaKol aTaky, BU3HAYCHO OCHOBHI NpaBHiIa ii BUKOHAHHS, a CaMe 3a SKHX
YMOB 3JI0BMUCHHK NTOYHHAE CTBOPIOBATH PO3TaTyXKCHHS Ta 10 SKOI caMe I'JIKM BiH IpHeAHye HOBHiA Giok. [Tpu
[[bOMY BHKOPHCTAHO CTAaHJAPTHHIl MiAXiX 10 BH3HAYCHHS MOBEIHKM YECHHUX CIOTIIACPIB: BOHM 3aBKIH
MIPUETHYIOTh HOBI OJIOKH /10 OUIBII JOBroi IJIKH; Y BUIIAJKY PO3TaiyKeHHs (TOOTO HassBHOCTI ABOX T'iJIOK OJHA-
KOBOI JIOBKMHH) MalOTh 3MOTy BHOUpATH Oy/b-5Ky 3 HUX. 3alIPOIIOHOBAHO METO]] IIPUCKOPEHOTO MO/ICIIOBaH-
Hsl, SIKMi{ J]a€ 3MOTy OLIHUTH WMOBIPHICTB TOTO, IO JOBXHHA PO3TalyXKeHHs JIOCSATHE NeBHoi Benndnnu. Llei
METO/] IPYHTY€ETBCSI HA CyMiCHOMY BHKOPHCTAHHI SIK eleMeHTiB MeToxy Monre-Kapio, Tak i iMImiaHTOBaHHX
pexypeHTHHX (opmyn. Jmst mepeBipkd KOPEKTHOCTI 3almpOIIOHOBAHOTO METOMY Ha YHCIOBHMX IIPUKIAAax
3/IiHCHEHO MOPIBHIHHS OLIHOK, OTPUMAHHX LM METOZOM Ta CTaHIapTHHM MeroxoMm Morte-Kapio. 3anexHo
B/l OI[IHIOBaHOI IIMOBIPHOCTI METOJ MPHCKOPEHOrO MOJEIIIOBAHHS Ja€ BUIPAII Yy 4aci, IO MOXE CKIIaJaTH
JIeKiJIbKa TIOPSIIKIB.

KuarouoBi ciioBa: Giokueiin, Proof-of-Stake, araka po3ramykeHHs, CTSHKXOIEp, TAHMCIIOT, CIOTIIIEP, METO
Momrte-Kapio, npuckopeHe MOACIIOBaHHS.
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Accelerated modeling of a strategy for a splitting attack on a blockchain based on the Proof-of-Stake
consensus protocol / L.V Kovalchuk, I.M. Kuznetsov, M.Yu. Kuznetsov // Kibernetyka ta Systemnyi Analiz.
2026. Vol. 62, N 1. P. 37-47.

Abstract. One of the most important and dangerous attacks on the blockchain is a splitting attack, when
an attacker manages to build an alternative chain of blocks of the largest possible length. The article proposes a
new model for implementing such an attack, defines the main rules for its implementation: under what
conditions attackers start creating branches and to which branch they add a new block. In this case, a standard
approach is used to determine the behavior of honest slot leaders: they always add new blocks to a longer
branch; in the case of a fork, or two branches of the same length, they can choose any of them. A fast simulation
modeling method is proposed, which allows estimating the probability that the fork length will reach a certain
value. This method is based on the combined use of both elements of the Monte Carlo method and implanted
recurrent formulas. To verify the correctness of the proposed method, a comparison of the estimates obtained by
this method and the standard Monte Carlo method was carried out on numerical examples. Depending on the
estimated probability, the fast simulation modeling method provides a time gain of several orders of magnitude.

Keywords: blockchain, Proof-of-Stake, splitting attack, stakeholder, timeslot, slotleader, Monte-Carlo method,
fast simulation.

VIK 517.9: 519.6

MopenoBanns Apo0oBo-IudepeHIialbHOI THHAMIKH NOLIMPEHHs KOMI'IOTepHHX BipyciB Ha oCHOBI
audysiiinoi eninemiosnoriunoi MmaremaTuyHoi moaesi / B.M. By1aBaubknii, B.O. Boraenko // Kibepuernka
Ta cucTeMHuii amamis. 2026. Tom 62, Ne 1. C. 48-63.

AHortanis. Po3riasHyTO IBOBHMIpPHY HEJOKalbHY 3a 4acoM Judy3iiHy MaTeMaTH4Hy MOJENb
€IiZIeMiOJIOTIYHOT JUHAMIKHM KOMIT FOTEPHUX BIpyciB, sika € y3aragpHeHHsM SIES mozerni. MonenbHa cuctema 3
noxigHumu KarmyTo KycKOBO CTalIOro MOPSAKY CKIATA€ThCs 3 PIBHAHD BITHOCHO TPHOX HEBIMOMHX (YHKIIiH,
B 3 SIKMX BH3HAYAIOTHCS Y 3aMKHEHOMY BUIJISAI, SIK PO3B’S3KU BiIIOBIIHUX JIHIHHUX KpalloBUX 3a1a4. Buko-
HAHO SKICHUI aHAIII3 HeNMiHIIHOT KpalioBOI 3aa4i BIIHOCHO TPeThOi HeBigoMoi (yHKIiT — KibKOCTi iH(dikoBa-
HHX By31iB. HaBeZeHO METOMMKY YMCIIOBOTO PO3B’SI3aHHA 33jadi Ta JCAKi Pe3yJIbTaTH KOMII IOTEPHOrO MoJe-
JIFOBaHHs IpOOOBOI JUHAMIKM MOIIMPEHHS BIPYCIB y MeEpexi.

KurouoBi ciioBa: MareMaTH4YHE MOJETIOBAHHS, JUHAMIKa KOMII'IOTEPHHUX BIpyciB, IpoOoBo-audepeniansaa
nudysiitHa MoJienb, TBOBUMIpPHA HENiHIHA KpalioBa 3aa4a, sIKICHHI aHalli3, KOMIT FOTEePHE MOJICITIOBAHHSL.

Modeling of fractional-differential dynamics of the spread of computer virus based on a diffusive
epidemiological mathematical model / V.M. Bulavatsky, V.O. Bohaienko // Kibernetyka ta Systemnyi
Analiz. 2026. Vol. 62, N 1. P. 48-63.

Abstract. We consider a two-dimensional, non-local in time, diffusive mathematical model of
epidemiological dynamics of computer viruses that is a generalization of the SIES model. A model system with
Caputo derivatives of piecewise-constant order consists of the equations for three unknown functions, two of
which are defined in closed form as the solutions of the corresponding linear boundary-value problems. A
qualitative analysis of a nonlinear boundary-value problem with respect to the third unknown function - the
number of infected nodes - has been performed. The method of numerical solution of the problem and some
results of computer modeling of the fractional-order dynamics of virus propagation in the network are
presented.

Keywords: mathematical modeling, dynamics of computer viruses, fractional differential diffusion model,
two-dimensional nonlinear boundary value problem, qualitative analysis, computer modeling.

VK 517.977

Irposi 3aga4i rpynoBoro 30/1u:eHHs1 ISl KiJIbKOX KepOBAaHHX 3a NMpoMeHeM 00’€KkTiB 3 HedikcoBaHUM
yacom / A.O. Unkpiii, U.C. Panmonopr // Kibepreruxa ta cucremuuii anaiis. 2026. Tom 62, Ne 1. C. 64-77.

AHoTanis. Po3rasHyTo KoHGUIIKTHO-KEpOBaHi HponecH 3 He(hiKCOBaHUM YacoM IS 3aadi TPyNOBOTO
30/IIDKEHHSA] 32 IPOMEHEM Ta MacKyBaHHS pyXy. 3alpoIlOHOBaHO ABI Moxuikamii MeToxy po3B’s3yBalbHUX
¢$yHKLiA, ne po3B’s3yBanbHI (GYHKIIT He 3a/exKaTh Bi] MOMEHTY 3aBEpILICHHS Ipouecy. BusnaueHo crpareriio
IPYNOBOTO KBa3imapalelbHOro 30MKEHHS, sIKa 3a JOMOMOTOI0 nepioi Moandikarii MeTomy po3B’s3yBabHHX
¢dyHKuiit 3a6e3nedye ycmilHe 3aBepLIeHHs Ipouecy 10 (HiKCOBAHOrO MOMEHTY 3aKiHYEHHs Ta Y KOHTPOJIBHUX
HpHKIIaZax 30iraeThes 3 BIZIOMUM O3HAYEHHSAM MapanenbHoro pyxy. ChopMyiboBaHO TPYIOBY CTpaTerio 301m-
JKEHHS JUIS KITbKOX KepPOBAaHUX 3a IIPOMEHEM 00’ €KTiB, [0 OOIPYHTOBYE BiIOMY CTPATeTilo IepeciliyBaHHs 32
npomeHeM. JIpyra Moaudikanis MeToxy po3B’s3yBanbHUX QYyHKIIH 3a0e3netdye rpynoBe 30MIDKEHHS 3a IpoMe-
HEM Ta 3 MAcKyBaHHSAM DPyXy M0 (iKCOBAaHOTO MOMEHTY 3aKiHUEGHHS TpH. TeopeTwuHi pe3ylabTaTH poOOTH
HPOITIOCTPOBAHO HAa KOHTPOJIBHOMY HPHKIIA.

KimiouoBi ciioBa: KoH(IIKTHO-KepoBaHi HponecH 3 He(hiKCOBaHHM YacoM, CTpaTeris IPyHOBOTO IapaleIbHOTO
30JIDKEHHSI, CTpATeTis IPYIOBOTO MAacKyBaHHS PyXy, IEPECIiTyBaHHS 3a IPOMEHEM.
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Game problems of approaching in non-fixed time for a group of ray-controlled objects / A.A. Chikrii,
LS. Rappoport // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 1. P. 64-77.

Abstract. For conflict-controlled processes of non-fixed duration, the problems of group approaching
along a ray and by motion masking are considered. Two modifications of the method of resolving functions are
proposed, where the resolving functions do not depend on the moment of approach. A strategy of the group
quasi-parallel approach, based on the first modification, is defined. It ensures the approach by a fixed moment
of time and in the test examples coincides with the well-known rule of parallel motion. A group approach
strategy is formulated that justifies the well-known law of ray pursuit. The second modification of the method
of resolving functions justifies the group approach along a ray and the motion masking by a fixed moment
oftime. The theoretical results of the work are illustrated on a test example.

Keywords: conflict-controlled processes of non-fixed duration, group parallel pursuit strategy, group motion
masking strategy, pursuit along a ray.

VIK 519.6

3ajaua MacomepeHeceHHsI 3 MesKel0 HACHYEHHS Ta o0MeXKeHHSIMH HA IOTOKHM Yy HOPHCTiii cucremi 3i
cTpykrypolo rpagy / I.A. Knommn, B.A. Koaecnukos, C.I. JIsimko // KibepHetrka Ta cUCTeMHHUIT aHami3.
2026. Tom 62, Ne 1. C. 78-88.

AHoTanis. Y po0OOTi BUBEICHO PiBHSIHHS, IO OMUCYIOTH IPOLEC MAaCONEPEHECEHHS y IIOPHCTOMY Cepe-
JoBHIIi Ha rpadi 3 10AaTKOBUMH OOMEKEHHSIMH Ha BEIMYHHY IIOTOKY MAacH Ha JEsSKHX pedpax, o MOXKe CIIy-
T'yBaTH MOJICIUTIO ipHramniiHoi cucTeMu 3 KpaHaMH Ha Aesikux Tpy6ax. C(hopMyliboBaHO Ta 3MOJICIBOBAHO 3a/1a-
4y MacONEPEHECCHHS B MIOPHCTOMY CEPEIOBHMII Ha Tpadi 3 10AaTKOBUMH OOMEKEHHAMHU Ha BEJIMYHHY MOTOKY
Ha pebpax. OOIrpyHTOBaHO iCHyBaHHS PO3B’sI3Ky L€l 3a/adi JUIs BUMAIKy HEHACHYCHOIO CEPEOBHUIIA SIK I1O-
JaTKOBOI YMOBH Ta KpaOBHX yMOB, III0 MOHOTOHHO 3pOCTaioThb. I100y10BaHO YHCIIOBUI METOX UL allpOKCH-
Manii po3B’s3Ky chopMylIboBaHOI 3ajadi, SIKMH 0a3ye€Thcs Ha YHCIOBHX METOAAX IJISL PO3B’SA3aHHSA OJHO-
BUMIPHHX 3324 MacOIICPEHECCHHs Ta BPAXOBye OOMEKCHHS Ha BEIMYHHY NOTOKY. HaBeneHo pesymbraTté 00-
YUCITIOBAJIBHUX EKCIICPUMEHTIB.

Knrouosi cioBa: piBrsnHs Piuapnca—KmoTra, MaTeMaTHYHe MOJETIOBAHHS, MAcOICPEHOCEHHS, Ipadi.

Mass transfer problem with saturation limit and flow restrictions in graph structured porous media /
D.A. Klyushin, V.A. Kolesnykov, S.I. Lyashko // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 1.
P. 78-88.

Abstract. The task of this study is to derive equations describing the mass transfer process in a porous
medium on a graph with additional constraints on the mass flow rate on some edges, which can be interpreted as
a model for an irrigation system with taps on some pipes. The task is also to construct a numerical method for
approximating the solution of the problem, which is based on numerical methods for solving one-dimensional
mass transfer problems and takes into account the flow rate constraints. The paper considers the problem of
mass transfer in a porous medium on a graph with additional constraints on the flow rate on the edges. The
existence of a solution to the problem is substantiated for the case of an unsaturated medium as the initial
condition and monotonically increasing boundary conditions. Computational experiments were conducted.

Keywords: Richards—Klute equation, mathematical modeling, mass transfer, graphs.

YIK 681.5.015:656.078

HeuiTkuii cuenapumii anaji3 y3araabHenux auHamivyaux cucreMm / O.IL Pormreiin, A.A. Kamkanos,
0.B. 3eaincobka, /I.I. Kareapnikos // KibepHerrka Ta cucreMHuit ananis. 2026. Tom 62, Ne 1. C. 89-99.

AHoTanis. 3anpornoHOBaHO MiAXiJ 10 iHTerpauil HeuiTkoi korHiTuBHoi kapTu (HKK) Ta npunmumy npu-
HHATTSA pillleHb B yMOBaxX HeBH3HadeHocTi bemnmana—3ane ams Bubopy BapiaHTIB KepyBaHHS y3aralbHEHOIO
JIMHAMIYHOIO CHCTEMOIO 3 YpaxyBaHHIM B3a€MHHUX BIUIMBIB KPUTEPIiB Ta KEPOBAHUX 3MiHHUX. [lIsl y3rOKEHHS
pesynbTariB MozaentoBaHHs 3a gonomororo HKK Ta akciomarnku npuxnuny bemmvana—3ane BBeneHO (QyHKIIO
HAaJIEXKHOCTI JI0 TIep(eKTHOCTI (HAOMIKEHHs 10 ONTUMAaIbHOTO 3HAYEHH:), 10 3a0e3Medye arperamiro BeKTopa
KPHUTEPIiB 32 TOMOMOIOI0 IIEPETUHY BiIIOBIAHMX HEYITKMX MHOKHH. 3alPOIIOHOBAHUM MiIXi HPOLTIOCTPOBAHO
HPHKIIAZIOM TOPIBHSAHHA CIEHApiiB KepyBaHHA HAJIHHICTIO aBTOTPAHCIOPTHOTO MiJIIPHEMCTBA.

KaouoBi ciioBa: y3arajgbpHeHa JMHaMIuHa CHCTEMa, B3a€EMOJiS 3MIHHHX, CIICHAPHE MOJCIIOBAHHS, HEUIiTKa
KOTHITHBHA KapTa, MpUHIMI bennmaHa—3aie, aBTOTPAHCIOPTHE MiJNPUEMCTBO.

Fuzzy scenario analysis of generalized dynamic systems / A.P. Rotshtein, A.A. Kashkanov, O.V. Zelinska,
D.I. Katielnikov // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 1. P. §9-99.

Abstract. The article proposes an approach to integrating a fuzzy cognitive map (FCM) and the
Bellman—Zadeh principle of decision making under uncertainty to select control options for a generalized
dynamic system, taking into account the mutual influences of criteria and controlled variables. To coordinate
the results of modeling using the FCM and the axiomatics of the Bellman—Zadeh principle, a membership
function to perfection is introduced, which ensures the aggregation of the criteria vector by crossing the
corresponding fuzzy sets. The proposed approach is illustrated by an example of comparing reliability
management scenarios for a road transport enterprise.
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Keywords: generalized dynamic system, interaction of variables, scenario modeling, fuzzy cognitive map,
Bellman—Zadeh principle, road transport enterprise.

VIK 519.2

AcuMmeTrpuyHe Yy3arajibHeHHs1 HepiBHocti YebmmoBa / M.I. Illnesinrep, €.B. Boponascbkmii //
Kibepuernka ta cucremHuil amamis. 2026. Tom 62, Ne 1. C. 100-105.

AHoTanis. Po3risiHyTo ciMelCcTBO y3araabHeHb HepiBHOCTI Uebummosa. OCHOBHY yBary IpHALICHO acH-
METPUYHUM BHIIAKaM, KOJIH 00IacTh IPOMaxy, 110 CTAHOBUTH IHTEPEC, HE € CUMETPHYHOIO BiTHOCHO MaTeMa-
TUYHOTO cnoxiBaHHA. [loOpe Bimomi pesynsTatu Kantemi ta 3ens0epra po3msIHYTO SIK IPHPOJHI PO3IMIMPEHHS
KJIaCHYHOI OIiHKH YeOuIoBa. 3anporoHOBaHO y3aralbHeHUH MiXil Ha OCHOBI METOIB JiHIHHOTO mporpamy-
BaHHJ, SAKMil 3a0e31euye HAOUHY TEOMETPUYHY IHTEpPIpPETALii0 Ta Ja€ 3MOTY CTHCIIO OTPUMYBATH BiIIOBIIHI
HepiBHOCTi. Lleli miaxig IeMOHCTPYye YHIBEpCaJbHICTh JIHIHHOTO TporpamyBaHHsS y (OpMyIIOBaHHI
HMOBIPHICHHX OLIHOK 3a Pi3HHX THUIIIB OOMEXKEHb.

KurouoBi ci1oBa: HepiBHicTh UeOunmosa, HepiBHicTh KanTeni, HepiBHiCTh 3enb0epra, HIMOBIpHICHI OLIHKH.

Asymmetrical generalisation of Chebyshev’s inequality / M.L. Schlesinger, E.V. Vodolazskiy //
Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 1. P. 100-105.

Abstract. The paper explores a family of generalizations of Chebyshev’s inequality, focusing on
asymmetric cases where the deviation region of interest is not symmetric about the mean. The well-known
results of Cantelli and Selberg are revisited as natural extensions of Chebyshev’s classical bound. A unified
linear programming framework is proposed that provides a geometric intuition and derivation of these
inequalities. This leads to concise derivations of the inequalities. These results highlight the versatility and
power of linear programming in deriving probabilistic bounds under various constraints.

Keywords: Chebyshev’s inequality, Cantelli’s inequality, Selberg’s inequality, probability bounds.

VK 519.8

OmnepaTop yNHOpPSAKOBAHOIO 3Ba’KEHOI0 YyCepeIHEHHsI /I HEYiTKOI MHOKMHH eKcnepTiB /
I. T'ockoBa-MaepoBa, C.0O. Mamenko // KiGepHernka ta cucreMHuid anami3. 2026. Tom 62, Ne 1.
C. 106-117.

AHoTauis. J[0CTiIKEHO OIepaTop YIOpsSAKOBAHOTO 3BaxkeHOro ycepeaHeHHs (Y3VY) y BHIaakKy, Koian
Ba)XXJIMBICTb CKCIEPTIB 3aa€ThCsl CTYICHSIMHU HAJICKHOCTI HeUiTKii MHOXUMHI. [loka3aHo, 10 3HaYCHHS omepa-
Topa Y3V yTIBOpIOE HEUiTKy MHOXUHY THITy 2. HaBeneno ¢yHkuito HanexHocTi miel MHOXUHH. JloBeneHo, Mo
HEYiTKy MHOXKHHY TUITy 2 3HaYCHHs oreparopa Y3V MOXHa PO3KIACTH 32 BTOPHHHUMM OLiHKAMH HaJIGXKHOCTI
Ha CKiHYCHHHH Ha0ip HEYITKUX YHCEN i3 BiAMOBIIHUMH CTYIEHAMHU iCTHHHOCTI. KOXKHE 3 IIMX HEUITKHUX YUCEN €
3HAYCHHAM omeparopa Y3V Ui 9iTKOI MiAMHOXHHU €KCIepTiB. L[ MHOXKMHA BiAMOBizae MEBHOMY Iepepisy
BHUXIZHOI HEYiTKOI MHOXHMHH eKkcrepTiB. HaBeleHO iMIOCTpaTHBHMI HpHKIAL.

Kurodosi ciioBa: arperatisi, rpyrnose NpUHHATTA PillieHb, ONEPATOpP YNOPSIKOBAHOTO 3BAXCHOTO yCEPEIHEH-
Hs, HEYiTKa MHOXMHA THIy 2.

Ordered weighted averaging operator for a fuzzy set of experts / S. Hoskova-Mayerova,
S.0. Mashchenko // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 1. P. 106-117.

Abstract. This paper investigates the ordered weighted averaging operator (OWA) in the case where the
importances of experts are given by the degrees of membership in a fuzzy set. It is shown that the value of the
OWA operator forms a type-2 fuzzy set. The corresponding type-2 membership function of this T2FS is given.
It is proved that the type-2 fuzzy set of the OWA operator value can be decomposed according to the secondary
membership grades into a collection of fuzzy numbers with corresponding degrees of truth. Each of these fuzzy
numbers is the OWA operator value for a crisp set of experts. This set is the corresponding cut of the initial
fuzzy set of experts. An illustrative example is included.

Keywords: aggregation, group decision-making, ordered weighted averaging operator, type 2 fuzzy set.

VIK 519.2

CymMim eproqnyHux MapkoBcbkux Januwris / SLI. €xaeiixo, A.}O. [Ipedor / KibepHeTrka Ta CUCTEMHUIA
anamiz. 2026. Tom 62, Ne 1. C. 118-121.

AHoTauisi. Po3risiHyTO 9acoBi psiiH, M0 MPEACTABISIOTH HOCIIJOBHICTS IEBHUX CTAHIB, Ky MOKHA 3MO-
JIEITIOBATH SIK JIAHIFOT MapkoBa. 3po6IIeHO HPHUITYIIEHHS, 110 JIAHIIIOT, SIKHIl OIHCYE YacOBHIl PsiI, MOXKHA [O/1a-
TH y BHJIIAL CyMilli TOBUTbHUX €ProJMYHUX HE3AISKHHX MAapKOBCHKMX JIQHIIOTIB. 3alpOIIOHOBAHO METOJ0-
JIOTII0 3HAXOJPKCHHS KOedillieHTIB wiel cyMmimi, sSiKa IPyHTYEThCS Ha 3aCTOCYBAHHI €PrOJHYHOI TEOPEMHU MAJIS
JIaHIIOriB MapkoBa.

Kurouosi ci1oBa: nanmorn MapkoBa, eprogudia TeopeMa, CyMilll JIAHIIoTiB MapkoBa, TpaHHYHHI PO3MIOTIT.
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Mixture of ergodic Markov chains / Ya.l. Yeleyko, A.Y. Drebot // Kibernetyka ta Systemnyi Analiz. 2026.
Vol. 62, N 1. P. 118-121.

Abstract. This paper considers time series that represent a sequence of certain states, which can be
modeled as a Markov chain. It is assumed that the chain describing the time series can be represented as a
mixture of arbitrary ergodic independent Markov chains. A methodology for finding the coefficients of this
mixture is proposed, based on the Ergodic Theorem.

Keywords: Markov chains, ergodic theorem, mixture of Markov chains, limiting distribution.

NPOTPAMHO-TEXHIYHI KOMIIJIEKCH SOFTWARE-HARDWARE COMPLEXES
V]IK 519.63; 519.64

Indopmaniiina cuctema undpoBoro aHajizy My/IbTHCEHCOPHUX KOrHiTUBHUX BILIMBiIB EEG-curnanis y
BHIAJKY HeBPOJOTiYHUX po3jajisB opranismy juoaunu / M.P. Ilerpuk, M.B. Baunncbkuii, O.M. Ximiu,
I.C. bimak, A.-Il. Jlerpana // KiGepuetuka Ta cucremMHui anamisz. 2026. Tom 62, Ne 1. C. 122-136.

Amnoranis. Po3po0ieH0 HOBY METOROJIOTI0 — TiOpUAHY MaTeMaTHYHy MOJENb IH(MPOBOrO aHATI3y
KOTHITHBHHUX BIUTUBIB MyIbTHCEHCOPHOI Mepexi EEG-Helipocurnamis By3iiB kopu rooBHOro Mo3ky (KI'M) na
AQHOPMaJIbHI HEBPOJIOTYHI CTAHM MOBEAIHKH JIIOAUHH. PeanizoBaHO MaTpUYHHIT alNropuT™ JUlsl BUSHAYCHHS I10-
Ka3HHUKIB MyIbTHCEHCOpHOTO BImBy EEG-HeiipocurHaniB Ha aMIUIiTy IHO-4aCTOTHI XapaKTEPUCTHKH TPEMOPY
KIiHIIBKH PyKH nanieHTa. Po3po0neHo mporpaMHuii KOMILUIEKC HU(POBOI TiarHOCTUKH HEHPONCHUXIYHUX PO3-
JajiB, MO Ja€ 3MOTY 3AICHIOBATH WIBUKY YTOYHCHY KOMII'FOTEPHY MIarHOCTHKY HEHpOpO3iaaiB OTPHMaHHX
YHacCIgoK O0MOBUX | TEXHOTCHHHUX TPAaBM, HEBPO3aXBOPIOBaHb, 4 TAKOX BHSBIATH ypaxeHi aimsHku KI'M ta
migoupata eeKTUBHI CBOEYACHI METOAM JIIKYBaHHS JUIS BiAHOBICHHS HOPMAIbHOTO HEBPOJOTIYHOTO CTaHY
Tali€exTa.

KurouoBi c10Ba: TpeMop, aHOpMalbHI HEBPOJIOTIUHI PyXH, apXiTeKTypa IPOTPaMHOTO 3a0e3MeUeHHs, KOMII I0-
TepHE MOJCIIOBAHHS, MaTeMaTHYHA MOJENb, LU(ppPOBa MEAMYHA AIATHOCTHMKA, KOMII'IOTCPHA iarHOCTHKA,
MYJIbTHCEHCOPHHII 3BOPOTHNH HEBPOBILTHB KOTHITMBHUX CHTHAJIB, €leKTpocHIehanorpadis, enekrpoeHmeda-
norpadiyHuii curHan, iHpopMaliiHa cucTemMa, HabOpU JIaHUX, YACOBI PSIH, aJrOPUTM, 00’ €KTHO-OPiEHTOBAaHE
mporpamMHe 3a0e3leueHHs], aJalNTHBHA cUcTeMa, IudpoBa miatdopma.

Information system for digital analysis of multisensor cognitive EEG signals in neurological disorders of
the human organism / ML.R. Petryk, M.V. Bachynsky, O.M. Khimuch, D.S. Bishchak, A.-P. Legrand //
Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 1. P. 122-136.

Abstract. The paper presents a software package for digital diagnostics of neuropsychological disorders,
injuries, and diseases of the human cerebral cortex (CRC) caused by the consequences of combat and
technogenic injuries, stress in extreme situations. A new methodology, a hybrid mathematical model and
software for digital analysis of the cognitive effects of the multisensory network of EEG-neurosignals of CRC
nodes on abnormal states of human behavior, have been developed, and a matrix algorithm has been
implemented to determine the indicators of the multisensory effect of EEG-signals on the amplitude-frequency
characteristics of tremor of the patient’s arm limb.

Keywords: tremor, abnormal neurological movements, software architecture, computer modeling, mathematical
modeling, mathematical model, digital medical diagnostics, computer diagnostics, multisensory cognitive
neurofeedback, electroencephalography, electroencephalographic signal, information system, datasets, time series,
algorithm, object-oriented software, adaptive system, digital platform.

YIK 682.32+537.8

AJropMTMH Ta  pe3yJbTATH 4YHCJIOBOIO  MOJETIOBAHHS:  KaJdiOpyBaHHs  0GaraToKaHaJIbHUX
CKBI-rpaxientomerpuunux cucrem / M.A. Ilpimin, I.B. HenaiiBona // KibepHeTnka Ta CHCTEMHUI aHai3.
2026. Tom 62, Ne 1. C. 137-149.

AHoTanis. Po3po6iieHO anropuT™Mu BHMIpIOBaHb Ta MOOYJOBAaHO YHCIOBY MOAEIb OOPOOICHHS NaHUX
JUIS HalalTyBaHHA OararokaHanbHOi TeH3opHOi CKBI/[-cucTemu. ANropuTMH BHMIPIOBaHb Mepen0ayaroTh
3MiHYy Opi€HTALll /pKepena MarHiTHOro CUrHaiy abo BHMIpPIOBAIBHUX KaHANIB y mpocTtopi. PosrsHyTo anro-
PHUTMH BHMIipIOBaHb B OJJHOPIZHOMY MarHiTHOMY IOJIi CHCTEMH KOTYIIOK | eIbMrobLis. 3anponoHOBaHO airo-
puTM, SIKHI nepeabadae, 110 PO3MOALT 3HAYCHb IIPOCTOPOBHUX IHBAPIaHTIB MarHiTHOTO CHTHAITYy BHKOPHUCTOBY-
I0Th IS OLIHIOBAHHSI OTPUMAHKX pe3ynbTatiB. Lle 1ae 3MOry OL[iHUTH B SIBHOMY BHIVISII CHCTEMATHYHI OXHO-
KM aHaJi3y MarHiTHHX cHrHajiB. HaBemeHo pe3ysibTaTH JIOKai3awii JKkepena MarHiTHOrO MO, sIKi CBiT4aTh
PO ICTOTHE MiJIBUILEHHS TOYHOCTI Y Pa3i BUKOPUCTAHHS 3aI[pONIOHOBAHOIO aJITOPUTMY 0OPOOIICHHS MarHITHUX
CHTHAJIB.

Kuouosi ciaoBa: CKBI/I-ceHcop, MarHiToMeTpudHa cucTeMa, iHGOpMariiiHa TEeXHOJOTIA.

6 ISSN 1019-5262. Kibepueruka Ta cucreMHuii anamiz, 2026, rom 62, Ne 1



Algorithms and results of numerical simulation: Calibration of multichannel SQUID gradiometric
systems / M. Primin, I. Nedayvoda // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 1. P. 137-149.

Abstract. Measurement algorithms have been developed and a numerical simulation of data processing
was performed to adjust a multi-channel tensor SQUID system. Measurement algorithms involve changing the
spatial orientation of the magnetic signal source or measuring channels. Measurement algorithms in a uniform
magnetic field of a Helmholtz coil system are considered. The proposed algorithm assumes that the distribution
of values of spatial invariants of the magnetic signal is used to evaluate the obtained results. This allows us to
explicitly estimate the systematic errors in the analysis of magnetic signals. The results of magnetic field source
localization are presented, which show a significant increase in accuracy when using the proposed algorithm for
processing magnetic signals.

Keywords: SQUID sensor, magnetometric system, information technology.

VK 004.93.1

CucremMa HiATPUMKH OPHIHATTA PpilleHb AJs AiarHOCTYBAHHSI PAaHHIX cTajili paky mnpocraTu 3a
natomopdoJorivnumu o3Hakamu / A.C. Jopoum, A.M. Pomanmok, 1.B. IllerexoB, P.A. MockaJieHko,
T.P. CaBuenxo, A.Il. lenncenxo // Kibepueruka Ta cuctemuuii anamiz. 2026. Tom 62, Ne 1. C. 150-163.

AnoTanisi. Po3po0ieHo MeTon JOCIiDKEHHS 13 3aCTOCYBAaHHSIM 1H(POPMaLiiiHO-eKCTPEMAaIbHOI IHTEIeK-
TyaJIbHOI TEXHOJIOTIi aHaJi3y JaHHX, sika 6a3yeThcsl HA MaKcuMizauii iHpOpMAaIiiHOT CIPOMOYKHOCTI CHCTEMH B
mpoleci MaIIMHHOTO HaBYaHHSA. MeToq po3po0ieHO B pamax (yHKI[IOHAJIBPHOTO MiAXOZY O MOJCTIOBAHHS
KOTHITHBHHX IPOIIECIB MPUPOIHOTO iHTeNeKTy. BukopucroByroun indopManiiiHo-eKcTpeMaabHe MalliHHE Ha-
BYaHHS, 32 MOBHOCIAWJOBMMH TiCTOJIOTIYHMMH 300paXCHHSMH BJAJIOCS BiJPI3HUTH aJICHOMY BiJ PaHHBOL
cTajii paky B TKaHHHAX npoctarty. IIpu 1boMy 5K 10aTKOBI META03HAKU PO3Mi3HABAHHSI BUKOPUCTAHO PO3MIpH
Bpa)KEHHUX 3aJ103 Ta IXHIO MDKIIEHTPOBY Bi/ICTaHb, 110 HA/aJ0 3MOTY B IPOLECI MAIIMHHOTO HaBYaHHS MOOY/y-
BaTH BHCOKOAOCTOBIPHI BHpILIAJIbHI NpaBHIIA.

KurouoBi cioBa: inpopmariiHo-ekcTpeManbHe MallHHHE HaBYaHHS, iHhOpMAIiHHNH KpUTEepil, pak IPOCTATH,
aJIcHOMa, JIarHOCTYBaHHsI, MOBHOCJIAMI0BE TiCTONOTIYHE 300paXKeHHS.

Decision support system for diagnosing early stages of prostate cancer by pathomorphology signs /
A.S. Dovbysh, A.M. Romaniuk, 1.V. Shelehov, R.A. Moskalenko, T.R. Savchenko, A.P. Denysenko //
Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 1. P. 150-163.

Abstract. The research method was developed within the framework of an information-extreme
intelligent data analysis technology, which is based on maximizing the information capacity of the system
during machine learning. The method was constructed in line with a functional approach to modeling the
cognitive processes of natural intelligence. As a result of information-extreme machine learning using
whole-slide histological images, it became possible to distinguish adenoma from early-stage cancer in prostate
tissues. The sizes of the affected glands and the inter-center distance between them were used as additional
recognition meta-features, which made it possible to construct highly reliable decision rules in the course of the
machine-learning process.

Keywords: information-extreme machine learning, information criterion, prostate cancer, adenoma, diagnosis,
full-slide histological image.

YK 004.942, 004.67

Metoau i Mopaesi o0podieHHsI AaHUX 0e3POTOBOI CEHCOPHOI Mepe:Ki 151 OLiHIOBAHHS CTAHY POCIHH
inpykuiero duryopecuenuii xiaopodginy / I'.B. AuTonosa, B.M. I'pyma, A.B. Kexnu, O.B. KoBupsosa //
Kibepuernka Ta cucremHuil amamis. 2026. Tom 62, Ne 1. C. 164-172.

Amnotaunis. [ToOynoBano eMITipHIHYy MOJETb IMOBIPHOCT] yCHINIHOI Iepeaadi JaHUX y po3poOieHii 6e3-
JIPOTOBIH CEHCOPHIil Mepesxi. Pe3ynbraTti MoJeMOBaHH 1al0Th MOXJIMBICTh IPOrHO3YBATH Nepejady JaHUX B
Mepexi, ONITHMI3yBaTH TOMOJIOTII0 MEPEXki Ha OCHOBI SKOCTI Iepenadi JaHuX, CHeProe(eKTHBHOCTI 1 IO T0-
kputTs. HaBeaeHo npukiiag moOy 0By HoliHOMianbHOT MOsieNTi KpHBOi iHAYKLIT diryopecueHii Xiaopodiay Me-
TOZOM KpOKOBOI perpecii. Onpo6oBaHO METOAM MAIIMHHOTO HABYAHHS UL AHATI3y BHMIPIOBAaHHX KPHUBHX
innykmii duryopecuenmii xaopodiny Ha mpuKmani 3agadi BU3HAUCHHS MOTPEOU B IIOIMBI POCIHH IIMHII.

KutouoBi ciioBa: Ge3ipoToBa ceHCOpHA Mepeika, eMITipUYHa MOJeNb Nepeaadi AaHHX, JIOTiCTHYHA perpecis,
KPOKOBa perpecisi, aHaji3 JaHuX, HeiiponHi Mepexi, SVM, XGBoost, MikpokoHTpoJep, [HTenekT Ha Mexi.

Methods and models for processing data of wireless sensor network for assessing the state of plants by
means of the clorophyll fluorescence induction method / H.V. Antonova, V.M. Hrusha, A.V. Kedych,
0.V. Kovyrova // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 1. P. 164-172.

Abstract. An empirical model of the probability of successful data transmission in the developed wireless
sensor network has been constructed. The modeling results make it possible to predict data transmission in the
network and optimize the network topology based on data transmission quality, energy efficiency, and coverage
area. The example of building a polynomial model of the chlorophyll fluorescence induction curve using the
stepwise regression method is presented. Machine learning methods were applied for analyzing the measured
chlorophyll fluorescence induction curves on the example of the task of determining the need for watering
zinnia plants.
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Keywords: wireless sensor network, empirical data transmission model, logistic regression model, stepwise
regression, data analysis, neural networks, SVM, XGBoost, microcontroller, Intelligent edge.

V]IK 53.088.3+53.088.7

Buxopucranns lqr-kontposiepa aiasa ontumizaumii cucrem kepyBanus BbnJIA / 10.K. Tapanenko,
0.10. Ouiiinnk, B.B. Jlonatin // KibepHeruka Ta cucreMuuii ananis. 2026. Tom 62, Ne 1. C. 173-186.

AHoTanisi. Po3risiHyTo HasBHI METOIM ONTHMIi3alil KepyBaHHS OC3MUIOTHUMH JITAJbHHUMH arapaTtamy
(BrJlA), sike BEMarae po3poOIeHHs CKJIAAHINX aITOPHTMIB KePYyBaHHS I ITABHINCHHS IPOXYKTUBHOCTI I'BHH-
Tokpmwmx brJIA. 3acobamu MoBH mporpaMyBanus Python y mpocTopi cTaHiB IpoBeACHO JHHAMIUHY ONTHMI3AIiio
cuctemu kepyBaHHs Bri/IA. BukopucraHo iHTerpanbHi KpuTepii MiHIMyMy BHTpAaTH €HEprii Ha KepyBaHHS Ta MaKCH-
MaJbHOI IIBUKOIL, sIKi 331aHO BiamoBinHuME (yHIioHanamu. 3acobamu Python, a came po3umpenoi 6i0moTexu
scipy 3a JOIOMOTO0 MaTPUYHUX OMepaliil po3B’s3aHO PIBHAHHS PikkaTi Ta OTpHMaHO BIIACHI 3HAYCHHS 3aMKHYTOI
cructeMH kepyBaHHs. HasiBHIMH 3aco0amu sCipy CHHTe30BaHO OCHOBHY (yHKI0 1qr(A,B,Q,R) kxontponepa. [Ipose-
JICHO PO3IIMPEHE MOCIIMKCHHS, IO IMIATBEPWIO Ipane3faTHICTs po3poOreHol (yHkil.

KumrouoBi ciioBa: BriJIA, kputepii sSKOCTi, MOAYJIbHUN, CHMETPUYHUH Ta KOMIIPOMICHHI ONTHMYMH, IPOCTIp
cTaHiB, kBagpatHuHi ¢opmu, LQR-xoHTpodep.

Using the LQR controller to optimize UAV control systems / Yu.K. Taranenko, O.Yu. Oliinyk,
V.V. Lopatin // Kibernetyka ta Systemnyi Analiz. 2026. Vol. 62, N 1. P. 173-186.

Abstract. The existing methods of optimizing the control of unmanned aerial vehicles (UAVs) are considered,
which requires the development of more complex control algorithms to increase the performance of rotorcraft
UAVs. Using the Python programming language, a dynamic optimization of the UAV control system in the state
space is carried out. The integral criteria of the minimum energy consumption for control and the maximum speed,
which are given by the corresponding functionals, are used. Using Python, namely the extended scipy library, the
Riccati equation is solved using matrix operations and the eigenvalues of the closed-loop control system are
obtained. Using the available scipy tools, the main function 1qr(A,B,Q,R) of the controller is synthesized. An
extended study is conducted that confirms the operability of the developed function.

Keywords: UAVs, quality criteria, modular, symmetric, and compromise optima, state space, quadratic forms,
LQR controller.

HOBI 3ACOBM KIBEPHETHKH, . NEW MEANS OF CYBERNETICS,
IH®OPMATHUKH, OBYUCTIOBAJIBHOI INFORMATICS, COMPUTER ENGINEERING,
TEXHIKH TA CUCTEMHOI'O AHAJII3Y AND SYSTEMS ANALYSIS

V]IK 004.8, 519.6, 528.8

BniuB BiliHH Ha eKOHOMIYHY AisVIbLHiCTL B YKpaiHi: BHKOPHCTAHHS CYMYTHHKOBHUX JAHHX HpPO HiuHe
OCBIiT/JIeHHs1 1151 OUiHIOBaHHS cTaHy ekoHomiku / A.B. Kouotiii, A.}O. IleaecroB, O.A. Knanosa,
€.A. Boakosa // KibepHetuka Ta cucremHuil amami3. 2026. Tom 62, Ne 1. C. 187-207.

AwnoTauisi. JlocmipKeHo BIUIMB BilffHM Ha €KOHOMIUHY JisUIBHICTh B YKpaiHi 32 JOMOMOTOIO aHATI3y CyIIyT-
HHUKOBHX JaHHMX HIYHOrO OCBIiTJICHHS. TpajuiiiiHi €KOHOMiYHI MOKAa3HHUKHU, a CaMe BAJOBHIl PETiOHAJIBHUN MPO-
nykt (BPII), He 3aBxau JOCTYITHI B yMOBaxX BOEHHUX KOH(JIKTIB, 0 YCKIIAHIOE OLIHIOBAHHS PEAbHOIO CTaHy
€KOHOMIKH. BHKOpHCTaHHS CYIyTHUKOBUX JJaHUX JIa€ 3MOTY OTPUMATH 00 €KTUBHY Ta OINEPATHUBHY iH(MOPMAILito
PO PiBEHb €KOHOMIYHOI aKTHBHOCTI, 30KpeMa B perioHax, II0 3a3HajId HAWOUIBLIOrO BIUIMBY BOEHHHX Aiil. Y
JIOCTiIKEHH] IIPOAHAI30BaHO KOPEJIINiI0 MiXK IHTEHCHBHICTIO HIYHOTO OCBITJICHHS Ta €KOHOMIYHUMH ITIOKA3HHUKA-
MH, a TaKoX 3filicHeHo ekcrpanoisnito BPIT mms 2022-2023 pp. Pe3ynsraTé JeMOHCTPYIOTh CYTTEBE 3HIDKCHHS
©KOHOMIYHOI aKTUBHOCTI B 30HAaX aKTHBHUX OOHOBHX Jilf Ta Ha OKYHNOBAaHUX TEPUTOPILIX, IO MIATBEPIDKYE edek-
THBHICTh BUKOPUCTAHHS CYITyTHUKOBHMX JAaHMX JUI €KOHOMIYHOIO MOHITOPHHTY.

KiouoBi ciioBa: CymyTHUKOBI JaHi, HiYHE OCBITJICHHS, €KOHOMIYHAa JiSUIbHICTb, pErpeciiiHi Mozeni,
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Abstract. This study examines the impact of war on economic activity in Ukraine through the analysis of
satellite Night Light data. Traditional economic indicators, such as Gross Regional Product (GRP), are not
always available in conflict areas, making it difficult to assess the actual state of the economy. The use of
satellite data provides objective and timely information on the level of economic activity, particularly in regions
most affected by military actions. The study analyzes the correlation between Night Light intensity and
economic indicators and extrapolates GRP for 2022-2023. The results show a significant decline in economic
activity in areas of active military conflict and occupied territories, confirming the effectiveness of satellite data
for economic monitoring.
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