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KIBEPHETUKA CYBERNETICS

VJK 51.681.3
AHaJli3 NPUPOHOMOBHMX TEKCTiB: AHTHMeMH, cynepe4Hictb, onroJorii / C.JI. Kpusnii, H.II. Japuyk,
T.K. Cxpunnuk // KibepHeruka ta cucremHuid ananiz. 2023. Tom 59, Ne 2. C. 3-17.

AHorauisi. Po3risiHyTO npobieMu aHaizy NpUpOJHOMOBHOTO TEKCTY. 3alpOIIOHOBAHO MiJIXOJIH JI0 Yac-
TKOBOTO PO3B’sI3aHHsI MPOOJIEM IEPEeBiPKHU JIOTYHOI CYIEePeUHOCTI/HeCyepedHocTi (haKTiB, JOOYTHX i3 TEKCTY,
NOIIYKY aHTHMEM Ta I0OYIOBH OHTOJIOTIH 3a pe3yibTaTaMH JIHIBICTUYHOIO (CEMaHTHKO-CHHTAKCHYHOIO)
aHaizy TekcTy. HaBeneHo JIoriqHui aHali3 TeKCTy Ha OCHOBI YHCIICHHS BHCIIOBIIIOBAHb Ta METOMIB OOIPYHTY-
BaHHS BHCHOBKIB Y IIbOMY YHCIICHHI.

KirouoBi cjioBa: aHTHMEMH, OHTOJIOTII, 0a3u 3HaHb.

Natural languages analysis: antimems, contradictions, ontologies / S. Kryvyi, N. Darchuk, T. Skrypnyk //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 3-17.

Abstract. Problems of the analysis of natural-language texts are considered. In particular, algorithms for
the partial solution of problems of logical consistency/inconsistency of facts derived from the text, search for
antimems, and construction of ontologies based on the results of linguistic (semantic-syntactic) analysis of the
text are proposed. Logical analysis of the text is performed on the basis of propositional calculus and methods
of proof in this calculus.

Keywords: antimems, ontologies, knowledge base.

VK 004.2:004.94

MaTtpuynnii  cmoci6 BH3HAueHHs (OPMANBHHUX PO3B’SA3KIB  3agaui  aaredpaiuHoro cuHTe3y
MiKpPONpPOrpaMHOro aBTOMaTa 3 onepaniiiHuM aBToMatoM nepexoxis / P.M. Ba6akos, O.0. bapkasos //
KibGepuetnka ta cuctemuuii anamiz. 2023. Tom 59, Ne 2. C. 18-26.

AHoTanis. 3anpornoHOBaHO HOBHIl CIIOCIO BH3HA4YEHHS (hOPMAIBHUX PO3B’SI3KIB 3amadi anreOpaidHoro
CHHTE3y MIKPOIIPOrpaMHOT0 aBTOMATa 3 ONepaliiiHuM aBToMaToM mepexozis. Leit croci6 nossirae y npeacras-
JICHHI MHOKMHM HEPEXO/IiB aBTOMATa y BUIJIAAI MATpPUIl, siKa MICTUTh iH(GOpPMALIO PO MOTOYHE KOAYBAHHS
CTaHiB 1 sKiil 3icTaBieHO 00’€HAHY MATPHLIO ONEpaliif, 10 MICTHTh YCi MOXKJIMBI BapiaHTH MEPETBOPEHHS
KOJIiB CTaHIB 32 JIOIIOMOT'OI0 3a/IaHOT MHOYKMHH Orepaniil nepexoaiB. Takuii miixia gae 3MOry 0JJHOYACHO 3icTa-
BUTH BCi omepauii nepexoiiB KO)KHOMY aBTOMAaTHOMY IEPEXOJy, IO 3MEHIIYE KUIBKICTh NepeBipOK Ha Ha-
SIBHICTB (DOPMATIBHOTO PO3B’SI3KY 3a/adi anreOpaidHoOro CHHTE3y. Pe3ynbTaToM € CKOPOUCHHS 4acy BHKOHAHHS
Oy/Ib-SKHX aJIrOPUTMIB anreOpaitHoOro CHHTE3y MiKpOIIPOrpaMHOTrO aBTOMATa 3 ONEpaliifHuM aBTOMAaTOM Iepe-
XO/1iB, 10 0a3yIOTHCS Ha nepedopi BapiaHTiB BUKOPUCTAHHS ONEpaLlii s peastizalii aBTOMaTHUX MEPEXOiB.

KurouoBi cioBa: MikponporpaMHuii aBTOMAT, olepaniifiHuii aBToOMaT Mepexois, rpad-cxeMa aaropurMmy, ai-
reOpaiuHuil CHHTE3, MATPHI NEePexofiB, 00’€IHaHA MaTPULS OHepamiil.

A matrix method for detecting formal solutions of the problem of algebraic synthesis of a finite-state
machine with a datapath of transitions / R.M. Babakov, A.A. Barkalov // Kibernetyka ta Systemnyi Analiz.
2023. Vol. 59, N 2. P. 18-26.

Abstract. For a finite state machine with datapath of transitions, a new method for detecting formal
solutions to an algebraic synthesis problem is proposed. It represents the set of finite-state machine transitions
in the form of a matrix that contains information about the current state encoding. This matrix is matched with
the merged matrix of operations, which contains all possible transformations of state codes using a given set of
transition operations. Such an approach allows one to simultaneously compare all transition operations with
each finite-state machine transition, which reduces the number of situations that claim to be a formal solution to
the problem of algebraic synthesis. The result is a reduction in the execution time of any algorithms of algebraic
synthesis of a finite-state machine with a datapath of transitions based on the enumeration of ways of using the
operations to implement automatic transitions.

Keywords: finite state machine, datapath of transitions, graph-scheme of algorithm, algebraic synthesis, matrix
of transitions, merged matrix of operations.
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VK 004.8, 004.048

Tpueranuuii 2D-3D ancaM0/1b 3ropTKOBHX HEHPOHHUX Mepexk /I CerMeHTauii 3JOSIKiCHUX NMyXJIuH
roJjioBHOro Mo3ky Ha MPT-300pa:kennsix / B.M. Cuneriasos, K./I. PszanoBcbkmii, O.B. Kiianoseus //
KiGepuernka ta cucremuumii anams. 2023. Tom 59, Ne 2. C. 27-41.

Awnoranis. Po3’s13aH0 3a1a4y GiHapHOI CEMaHTHYHOI CErMEHTAllii IyXJIMH TOJIOBHOIO MO3Ky 3a MPT-300-
pakeHHAMH. BUKOHAHO MOMIKCEIbHE BU3HAYCHHS MEXI aHOMAJIbHOI JIUITHKU 32 HASBHOCTI IIyMy B HABYAJIbHII
BUOIpLi Ta BXigHUX AaHuX. [loka3aHo, 1m0 y pasi BUKOpHCTaHHs 2D-Mozeneit aist po3s’s3anus 3a1ad 3D-cermen-
Tallii MpocTopoBy iH(POPMAILI0 MK CYCITHIMH 3pi3aMH HE BPaXOBYIOTh Ta HE BUKOPHCTOBYIOTh. 3alpOIIOHOBAHO
HOBHIT Iixin 1o onrtumizauii 00pobienns 3D MequaHNX 300pakeHb i3 3aCTOCYBAaHHIM aHCAMOJICBUX TOHOJIOTIH
y Tpu eranu. Ha nepmomy erami 3xificHiorots 2D-00po0neHHs 300pakeHb aHCAaMOIEM Y TPhOX IUIONIMHAX UL
MaKCUMi3allii KpUTEPiro Pi3HOMAHITHOCTI 1 TOYHOTO 3aXOIUIeHHs o0acTi iHTepecy (region of interest, ROI). [py-
ruit eran nepenbavae ancambiieBe 00pooiaeHHs 3D-obnacreit ROI, BuninieHux HEHPOHHUMH MEpEKaMH, 3 Pi3HHU-
M 3D-po3mipamu BXigHHX OJIOKIB /ist 3abe3nedeHHs pisHoMaHiTHOCTI. Ha TpeTboMy eTami 06’ €JHYI0Th BHIUICH]
AQHOMAJIBHI JUITHKH (3JI0SIKICHI IyXJIMHK) 3 MEPIIOro Ta APYIUX eTaliB IULIXOM iXHBOTO 3BaKEHOTO CYMyBaHHS
Ta BUKOHAHHs omepaii rmoporosoro oopotmienus (thresholding) mis orpumanns ocraTounoi 6inaproi 3D-mMacku
IMyXJIMHA MO3Ky. [IpoBesieHO TecTyBaHHS 3alpOIOHOBAaHOro miaxoxy Ha gataceri LGG Brain MRI Segmentation
Dataset. [TokpaiieHo TO4HICTB cerMeHTarii 3a cyTreBuMu Metpukamu dice score Ta mloU 3aBIsIKM CKOPOUYECHHIO
00cAry BHKOPHUCTOBYBAHMX OOYHMCIIOBAJIbHO-BUTPATHUX 3D Mepex.

KuiouoBi c10Ba: 3ropTkoBa HelipoHHa Meperka, aHcaMOJIeBa TOIIOJIOTIs, MyXJIMHH ToJI0BHOrO Mo3ky, MPT, 3D
HEHPOHHI Mepexi.

A three-stage 2D-3D convolutional network ensemble for segmentation of malignant brain tumors on
MRI images / V. Sineglazov, K. Riazanovskiy, O. Klanovets // Kibernetyka ta Systemnyi Analiz. 2023.
Vol. 59, N 2. P. 27-41.

Abstract. In this paper, the problem of brain tumor binary semantic segmentation from MRI images is
solved. The pixel-by-pixel determination of the anomaly region boundary is performed given the presence of
noise in the training sample and input data. It is shown that in the case of using 2D models for solving 3D
segmentation problems, spatial information between neighboring slices is not considered and not utilized. A
new approach for optimizing the processing of 3D medical images using ensemble topologies in three stages is
proposed. The first stage involves 2D ensemble processing of images in three dimensions to maximize the
diversity criterion and accurately capture the region of interest (ROI). The second stage involves ensemble
processing of 3D ROI regions extracted by neural networks with different 3D input block sizes to ensure
diversity. In the third stage, the extracted abnormal regions (malignant tumors) from the first and second stages
are aggregated by weighted summation and thresholding to obtain the final binary 3D mask of the brain tumor.
The proposed approach was tested on the LGG Brain MRI Segmentation Dataset. It is shown that the
segmentation accuracy is significantly improved in terms of dice score and mloU, reducing the use of
computationally expensive 3D networks.

Keywords: convolutional neural network, ensemble topology, brain tumor, MRI, 3D neural network.

CUCTEMHU AHAJII3 SYSTEMS ANALYSIS

VK 517.9, 519.6
MojaemoBanHs npouecis (iabTpauii 1151 HeoqHOPIAHUX cepeaoBHIN Ta ocepenHenHs / I'.B. Canapakos,
C.I. JIsimko, B.B. CemenoB // KibepHetnka ta cuctemuumii anamiz. 2023. Tom 59, Ne 2. C. 42-63.

AmnoTaunis. JlociipkeHo auHaMivHI nporecu (iIbTpamnii y MOPUCTHX cepeoBHINax. Po3risHyTo mopucri
MEepioIMYHI CePEIOBHIIA, YTBOPCHI BEIMKOK KiJIBKICTIO «OJIOKIB» 3 HM3BKOK MPOHUKHICTIO, PO3IUICHUX CIIO-
JIy4HOIO CHCTEMOIO «PO3JIaMiB» 3 BHCOKOK MPOHUKHICTIO. BpaxyBaHHs CTPYKTypH TaKHX CEPEIOBHII UL MO-
JICJIIOBAHHS 3YMOBIIIOE 3AJICKHICTh PiBHAHB (inbTpallii Ta iXHIX KOe(ili€HTIB Bil MaIUX mapaMeTpiB, 110 Xa-
PaKTEpHU3YI0Th MIKpOMacuTad MOPUCTOrO CEPEOBHINA Ta MPOHUKHICTH OJIOKIB. PO3risiHyTO 1MovaTtkoBo-Kpa-
HOBI 3aJad4i 1JIs HECTALIOHAPHUX PIBHAHB (QIIbTpaLil y LMX MOPUCTHX cepenoBuinax. HaBemeHo ocepeaneHi
3a/1a4i, sIKi BU3HAYAIOTh HAOJIIDKEHY aCHMITOTHKY PO3B’sI3KiB Takux 3agad. OcepeqHeHi 3axadi copMynboBa-
HO SIK I0YaTKOBO-KPaioBi 3a1adi Uit iHTerpo-auepeHniaabHIX PiBHAHD 31 3rOpTKaMu. JI0BeIeHO OLIHKK TOY-
HOCTI aCHUMIITOTHKU Ta BIIIOBIIHI TeopeMu 301KHOCTI. BCTaHOBICHO TBEP/UKEHHS MPO PO3B’S3HICTH 1 pery-
JIPHICTH IS TaKUX 3a7ady, SKi € ONTHMAJbHUMM Ta HE 3aleKaTh BijJ MapameTpis.

KuarouoBi ciioBa: ocepesHeHi 3a1aui, napaboiiuHi 3amayi, HaOIMKEHI aCUMITOTHKH, PO3B’S3HICTh, anpiopHi
OLIIHKH, TnepeTBopeHHs Jlamaca.

Simulation of filtration processes for inhomogeneous media and homogenization / G.V. Sandrakov,
S.I. Lyashko, V.V. Semenov // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 42-63.

Abstract. The investigation of the dynamic processes of filtration in porous media are analyzed. Porous
periodic media, formed by a large number of “blocks” with low permeability and separated by a connected
system of “faults” with high permeability, are considered. Taking into account the structure of such media in
modeling leads to the dependence of the filtration equations and their coefficients on a small parameter
characterizing the microscale of the porous medium and the permeability of the blocks. Thus,
initialboundary-value problems for nonstationary equations of filtration in such porous media are considered.
Homogenized problems (whose solutions determine approximate asymptotics for solutions of the original
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problems) are presented. The homogenized problems have the form of initialboundary-value problems for
integro-differential equations in convolutions. Estimates for the accuracy of the asymptotics and relevant
convergence theorems are discussed. Statements about the solvability and regularity for the problems and the
homogenized problems are proved. The statements are optimal and do not depend on the parameters.

Keywords: homogenized problems, parabolic problems, approximate asymptotics, solvability, a priori
estimates, Laplace transforms.

VK 519.2
AubTepHaTHBHE J10Be/leHHs1 HepiBHOcTel I'ayca / JI.C. CroiikoBa // KiOepHeTHKa Ta CUCTEMHUId aHaui3.
2023. Tom 59, Ne 2. C. 64-T71.

Amnorauis. /lano uitke popmysroBaHHs ABOX HepiBHOCTel ["ayca. [IpencTaBieHo npo3ope iXHe JOBEICH-
Hsl, 110 TPYHTYEThCS HA BiZOMUX (YHIAMEHTAIBHUX pe3ysibTaTax. 3alporOHOBAHO MPOCTHH Crocid mobyaoBu
po36uTTS obnacTi mapamerpiB 3ajxadi. 3HAWICHO SBHUH BUIVIAJ EKCTpEMalbHUX (YHKILIH po3mojimy.

Kuii04oBi c1oBa: ekcTpeMalibHi 3HAYCHHS, JIiHIMHI (yHKIIOHAIM, KJIacH YHIMOJAIbHUX (pyHKIIH po3noainy.

Alternative proof of Gauss’s inequalities / L.S. Stoikova // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59,
N 2. P. 64-71.

Abstract. A clear formulation of Gauss’s inequalities is given. A transparent proof based on the
well-known fundamental results is presented. In this proof, a simple way of constructing a partition of the
domain of the problem parameters is proposed. An explicit form of the extremum distribution functions is also
formulated.

Keywords: extremum values of linear functionals in classes of unimodal distribution functions.

VK 338.2:338.3:338.4:330.5
CucreMHuii aHATI3 Ta MO/ TIOBAHHS 0araTorajy3eBoi eKOHOMIKM Ha OCHOBI MoJieJli KBUTPATH—BHILYCK»

(nmpukaanx exonomiku SInonii) / C.C. I'acanos, A.B. Kyank, B.B. Kyiuk // KiGepHernka Ta cucTeMHUIA
anamiz. 2023. Tom 59, Ne 2. C. 72-86.

AHoTauis. Po3risHyTO 3aCTOCYBaHHS CXEMH «BUTPATU—BHUITYCK» €KOHOMIKM SIMOHIi A1 CHCTEMHOro
aHaNi3y Ta MOJENIOBAaHHS Oararorany3eBoi ekoHOMikM SImoHii (TaONuIs «BUTPATH—BHIYCK» y LiHAX BHUPOO-
HUKiB, 37 arperoBanux raimyseii, 2015 p.). ArperoBano 107-ray3eBy TaOJIHII0 «BUTPATH—BHUITYCK» EKOHOMIKH
Snonii 1o po3mipHocTi 37 ykpymHeHHX ramy3eil. Ha ocHOBI miel Moneni MpoBeIeHO CHCTEMHHHN aHali3 Ta MOo-
JIeTIOBaHHS MDKTaTy3eBHX 3B’SI3KiB eKOHOMIKM SIMoHIT 3rigHO 3 TpaAumiifHO 3aCTOCOBYBAaHHUMH IIPOIETYpPAMH
aHaJi3y Ta MOJICNIOBAHHS MDXKraiy3eBHX 3B’s3KiB. [IpoaHanizoBaHo kKoe(illieHTH J0JaHOi BapTOCTi, IMIIOPTY,
BILUIUBY, BiIKIUKY. [IpoBeieHo kinacugikaiito rasys3eid 3a 03HAKOI BUTPATHOCTI (HA KJIIOYOBI, 3 MPSIMHUM BIUIU-
BOM, 3 OOCpPHEHHM BIUIMBOM TOILIO). BusHaueHo ramyseBy ctpykrypy BBIL IliAroToBieHO BHCHOBKH MO0
MOJKIIMBOCTI BUKOPUCTAHHS BKAa3aHHX METOJIIB aHaJi3y Ta MOJEIIOBAHHS II0OJ0 €KOHOMIKM YKpaiHH Ta mep-
CIIEKTHBH IOJAIBIINX ITOCIiIKEHb.

KurodoBi ciioBa: cxema «BUTPaTH—BHITYCK», CKOHOMIKa SIMOHIT, ramy3eBa CTPYKTypa €KOHOMIKH, arperoBaHa
TaOJINIS «BUTPATH—BHITYCK», BUIN CKOHOMIYHOT JIisIIBHOCTI, arperyBaHHs JJAHUX, CHCTEMHHHN aHaJIi3, MOJEIIIO-
BaHHS MDKTaJIy3eBHX 3B’SI3KiB.

Systems analysis and modelling of multi-sectoral economy based on the input—output model (example of
Japanese economy) / S.S. Gasanov, A.V. Kulyk, V.V. Kulyk // Kibernetyka ta Systemnyi Analiz. 2023.
Vol. 59, N 2. P. 72-86.

Abstract. The input—output scheme of the Japanese economy is considered as applied to systems analysis
and modeling of the diversified economy of Japan (input-output table valued at producers’ prices, 37
aggregated industries, year 2015). The 107-industry input-output table of the Japanese economy has been
aggregated to the dimension of 37 aggregated industries. This model is used for systems analysis and modeling
of inter-sectoral relations of the Japanese economy in accordance with the traditionally used procedures for
analyzing and modeling inter-sectoral relations. The coefficients of added value, import, impact, and recall are
analyzed. The industries are classified (key ones, with direct impact, with inverse influence, etc.). The sectoral
structure of GDP is defined. Conclusions on the possibility of using these methods of analysis and modeling
regarding the economy of Ukraine and the prospects for further research have been prepared.

Keywords: input-output scheme, Japanese economy, sectoral structure of the economy, aggregated
input-output table, types of economic activity, data aggregation, system analysis, modelling of inter-sectoral
relations.
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VK 517.977

MoaudikoBanmii MeToa po3’si3yBajibHUX QYHKLiNH B irpoBuX 3agayax 30JM:KeHHs KEPOBaHUX 00’€KTiB
3 pisnolo imepumiiinicTio / A.O. Unkpiii, W.C. Panmonopt // Ki6epueruxka Ta cucremuuii amanis. 2023.
Tom 59, Ne 2. C. 87-103.

Anorauis. PosrisiHyTo npobiiemy 30JIMKEHHS KEPOBaHUX 00’ €KTIB 3 Pi3HOIO IHEPUIHHICTIO B IrPOBHX 3a-
navyax quHamikd. ChopmyrnpoBaHO Moau(biKoBaHi JOCTATHI YMOBH 3aKiHUCHHS IPU 3a KiHIIEBHI rapaHTOBaHUM
4ac y pasi, konu ymoBa IIOHTpsriHa He BUKOHYEThCS. 3aMicTh cenekropa [IOHTpsriHa po3risiaaloThest AesKi
(yHKIIT 3cyBy, a 3 iIXHBOIO JONOMOTOI0 BBOISTHCS CIICLialIbHI OaraTo3HauyHi BioOpakeHHs. BoHH HOpOmKy-
I0Tb BEPXHI 1 HIDKHI po3B’sI3yBaibHi (GyHKIIi CIEIialbHOro THILY i Ha IXHilf OCHOBI 3aIIPOIIOHOBAHO JBAa THUIIN
Mo (IKOBaHUX CXeM: mepuioro metoy IToHTpsriHa Ta MeToy po3B’s3yBaibHUX QyHKIIN. e 3a0e3neuye 3a-
BEpLIECHHS KOH(IIIKTHO-KEPOBAHOT'O TPOLIECY At 00’ €KTIB 3 pi3HOIO IHEPIIMHICTIO B KJIaci KBazicTpareriii i Ko-
HTpKepyBaHb. HOBI TeopeTHuHi pe3ysibTaTH MPOLTIOCTPOBAHO Ha MOJCIBHOMY MPUKIIALI.

KirouoBi ciioBa: kepoBaHi 00’€KTH 3 pi3HOIO iHepuiifHiCcTIO, KBa3iniHiliHA AudepeHiansaa rpa, 6araTo3HadHe
BiZJOOpaXKEHHs, BUMIPHUII CEIEKTOpP, CTPOOOCKOMIYHA CTpATErisi, po3B’si3yBaibHa (DYHKIIS.

Resolving functions modified method for game problems of approach of controlled objects with different
inertia / A.A. Chikrii, I.S. Rappoport // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 87-103.

Abstract. The problem of approach of controlled objects with different inertia in dynamic game problems
is considered. Modified sufficient conditions for ending the game in the finite guaranteed time in the case where
the Pontryagin condition is not satisfied are formulated. Some shift functions are considered instead of the
Pontryagin selector, and special multivalued mappings are introduced with their help. They generate the upper
and lower resolving functions of a special type and, based on them, two types of modified schemes of the first
Pontryagin method and the method of rensolving functions are proposed, which ensure the completion of the
conflict-controlled process for objects with different inertia in the class of quasi-strategies and counter-controls.
New theoretical results are illustrated by a model example.

Keywords: controlled objects with different inertia, quasilinear differential game, multi-valued mapping,
measurable selector, stroboscopic strategy, resolving function.

VIK 519.63
InenTudikanisi rpaHUYHOrO pe;KUMY B O/IHIl TenoBiii 3a1a4i Ha ocHOBI ogHodasHoi Mogeai Credana /
X.M. I'am3aeB // KiGepneruka ta cucremuui anamiz. 2023. Tom 59, Ne 2. C. 104-111.

AHoTanis. Po3rsIHYTO Ipolec MUIaBJICHHS OJHOMIPHOTO JIBOJIOBOrO OJIOKY LIISIXOM HarpiBaHHs HOro 3
1iBOi Mexi. st MaTeMaTHYHOTO OIHCY HPOLECY ILUIABJICHHS 3alPOIIOHOBAHO OJHOBHMIPHY OJHO(A3HY MOJCIb
Credana, sika ONUCYy€E 3MiHY TEMIIEpaTypH B yTBOPIOBaHIN Talild 30HI 3 pyXOMOIO Mexero. B Mexax 1iei mozeni
MOCTABJICHO 3aJa4y iJeHTu(iKallii pe>KuMy HarpiBy Ha JIiBill Mexi OJOKy, sSKMil 3a0e3neuye NepeMillieHHs py-
XOMOI MeXi Tajoi 30HHU 3a 3agaHuM 3akoHOM. [locTaBiena obeprena 3amaya 1t oguodasnoi mozeni Credana
HAJICKNTh KJIACY TPAHMYHUX OOCPHEHMX 3ajad. MeToJoM crpsiMicHHS (POHTIB 00JacTh 3ajadi 3 PyXOMOIO
MEXEI0 IIepeTBOPEHO Ha 001acTh 3 (ikcoBaHMMH MexaMu. [100y10BaHO AMCKPETHUH aHAJIOr 0OepHeHol 3a1a4i
3 BUKOPHCTAHHSIM METOJY KiHIEBHX PI3HHIb 1 3aIPONOHOBAHO CIICI{ialIbHE MPEACTABICHHS JUIS YHCEIBHOIO
PO3B’sI3aHHS OZICPXKAHOI pi3HUIIEBOT 3a1a4i. B pesynbrari pisHHIEBaA 3amada Ul KOXKHOTO JUCKPETHOTO 3Ha-
YEHHsI 4acOBOT 3MIHHOI JUTMTHCS Ha JBl HE3aJIeKHI PI3HHULIEB] 3a/1a4i PYroOro MOPSIKY, Ui PO3B’A3aHHS SKUX
3aCTOCOBAHO abCOMIOTHO crifikuit Meroa Tomaca Ta niHiliHE PIBHSAHHS BIHOCHO HAOIMKEHOTO 3HAYCHHS TEM-
NepaTypH HarpiBy Ha JiBiit Mexi 610Kky. Ha OCHOBI 3apornOHOBaHOTO OOUYHCITIOBAIBHOTO aJIrOPUTMY MIPOBE/e-
HO YHCJIOBI EKCIIEPUMEHTH.

Kutrouosi cioBa: TtemionepeHecerHs 3 (asoBHM MEPETBOPCHHSIM, HPOLEC IUIABICHHS JIbOLY, PyXoMa Mexa
noziny a3, MeTox cupsmiieHHs (POHTIB, rpaHHYHA OOEpHEHA 3ajava, PI3HUIEBHH METO..

Identification of the boundary mode in one thermal problem based on the single-phase Stefan model /
Kh.M. Gamzaev // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 104-111.

Abstract. The process of melting a one-dimensional block of ice by heating it from the left border is
considered. A one-dimensional Stefan model is proposed for the mathematical description of the melting
process. It describes the temperature change in the resulting melt zone with a movable boundary. Within the
framework of this model, the task is to identify the heating mode on the border of the block, which ensures the
movement of the movable boundary of the melt zone according to a predetermined law. The posed inverse
problem for the single-phase Stefan model belongs to the class of inverse boundary-value problems. With the
use of the method of front straightening, the problem area with a movable boundary is transformed into
a domain with fixed boundaries. A discrete analog of the inverse problem is constructed using the
finite-difference method, and a special representation is proposed for the numerical solution of the resultant
difference problem. As a result, the difference problem for each discrete value of the time variable splits into
two independent second-order difference problems, for which the absolutely stable Thomas method is used, and
a linear equation with respect to the approximate value of the heating temperature at the left boundary of the
block. Numerical experiments were carried out on the basis of the proposed computational algorithm.

Keywords: heat transfer with phase transformation, ice melting process, movable phase interface, front
rectification method, boundary inverse problem, difference method.
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VJK 519.8
TouHi 3HaYeHHs1 Ha0IMKeHb 1HpepenuilioBHuX GyHkuii inTerpanamu Tuny Ilyaccona / F0.1. XapkeBny
/I Kibepneruka Ta cucreMmumii amami3. 2023. Tom 59, Ne 2. C. 112-121.

AHortauisn. J{ocnipKeHO acMMNTOTHYHI BIACTHBOCTI iHTerpaiiB Tumy IlyaccoHa Ha kiacax aude-
peHLIoBHUX (YHKIIN 3 BUKOPUCTAHHSIM CY4aCHHUX METOJIB TE€Opil ONTHUMAIBHUX PIllIeHb Ta TEOpii armpoKcu-
Matii ¢pyHkuiit. O64nCIeHO TOYHI 3HAUCHHS BEPXHBOI Mexki BinxuiueHHs (yHkiiit kiacis Cobonesa Bij iHTer-
paxniB tuny Ilyaccona B piBHOMiIpHHMI MeTpuli. 3aCTOCOBAHMIT METOJ JOCIIIKEHb 1a€ MOXKIIUBICTD 3 HAIepes
33/IaHOI0 TOYHICTIO OLIHHUTH NMOXMOKY BIIXMJICHHS KiaciB JudepeHUifOBHUX (QYHKIIH Bix IXHIX IoJirap-
MoHilHuX inTerpainis [Tyaccona. OTpuMaHO pe3yIbTaTH, sIKi B IOJAIBIIOMY CIPHATUMYTH HOOYIOBI SIKICHIIINX
MaTEeMaTHYHHUX MOJICTICH IPUPOJIHUYHX 1 COLIANBHUX SBUIL, a OTXKE 1 €DEKTUBHIILIOMY PO3B’sA3yBaHHIO Oararh-
OX 3a/a4 MPHUKJIATHOI MaTeMaTHUKH.

KarouoBi ciioBa: nonirapMoHiiini piBHsiHHS, Kiacu Co0osieBa, onTUMI3alliiiHi 3a1a4i, aCHMITOTHYHI OLIHKH,
TOYHI 3HAYCHHS BiJXHUJICHB.

Exact values of the approximations of differentiable functions by integrals of the Poisson type /
Yu.l. Kharkevych // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 112-121.

Abstract. The asymptotic properties of integrals of the Poisson type on the classes of differentiable
functions are analyzed with the use of modern methods of the theory of optimal solutions and the theory of
approximation of functions. Namely, the exact values of the upper bound of the deviation of the functions of the
Sobolev classes from integrals of the Poisson type in the uniform metric are found. The research method used in
the study makes it possible to estimate the deviation error of the classes of differentiable functions from their
polyharmonic Poisson integrals with predetermined accuracy. The results obtained in the study will further
contribute to the construction of higher-quality mathematical models of natural and social phenomena and
therefore to more efficient solution of many problems of applied mathematics.

Keywords: polyharmonic equations, the Sobolev classes, optimization problems, asymptotic estimates, exact
values of deviations.

YIK 519.217

Kpurepii crilikocti Ta HecTilikocTi B cepelHbOMY KBaJipaTHYHOMY JAU(Y3iliHUX CTOXaCTHYHHX
nupepeHuianbHo-pyHKkuionaabHux cucrem lixmana—Ito mix gier0  30BHiIHMX 30ypeHb THIY
Bunagkoux Beanuu / B.K. Slcuncbkmii, I.B. FOpuenko // Kibepueruka Ta cucremHuil anamis. 2023.
Tom 59, Ne 2. C. 122-135.

Anorauis. J{ociiPKeHO aCUMITOTHYHY CTIMKICTh Y CEPEHbOMY KBAIPATUYHOMY TPUBIAIBHOIO PO3B’S3-
Ky audy3iHHEX CTOXAaCTHYHUX AH(epeHiaTbHO-DYHKIIOHAIPHUX piBHAHB ['iXxMaHa—ITO B TepMiHAX BIACHUX
3HAa4YeHb MATpHIli , sKa MoOyjoBaHA 3 Koe(illieHTiB IMX PiBHSHB.

KuarouoBi ciioBa: xputepidd, CTIMKICTh PO3B’A3Ky, CTOXacTHUuHI qudepeHIiaTbHO-(QYHKIIOHAIBHI PIBHSAHHA
lixmana—ITo, 30BHImIHI 30ypeHHs.

Mean square stability and instability criteria for the Gikhman-Ito stochastic diffusion functional
differential systems subject to external disturbances of the type of random variables / V.K. Yasynskyy,
LV. Yurchenko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 122-135.

Abstract. The authors investigate the asymptotic stability in the mean square of the trivial solution of the
stochastic diffusion Gikhman-Ito functional differential equations in terms of the eigenvalues of the matrix
constructed from the coefficients of these equations.

Keywords: criterion, stability of the solution, stochastic functional differential Gikhman—Ito equations, external
disturbances.

VK 519.6

MartemMaTH4YHe MOJETIOBAHHS MPOCTOPOBO-PO3NOALIEHHX CHCTeM, MNOTIHOMIAJIbHO 3aJIeKHHX BiJ
JiHIAHAX TudepeHIiaTbHUX NepeTBopens ¢yHkuii crany / B.A. Crosin // KiGepHernka Ta CHCTEMHU
anaiiz. 2023. Tom 59, Ne 2. C. 136-145.

Anoranis. [TocTaBeHO i 3a cepeHbOKBAAPATHIHIM KPHTEPIEM PO3B’S3aHO IT0YATKOBO-KpaioBi 3amadi
JIMHAMIKH HEJIHIHHUX IPOCTOPOBO-PO3HOIIICHUX CHCTEM. PO3IIISHYTO cuCTeMH, JliHiiiHA MaTEMaTHYHA MOJCIIb
SIKMX JIOTIOBHEHA TOJITHOMIaIbHO BU3HAYCHOIO 3AJISKHICTIO BiJl AM(EPEHIiaTbHIX TEPETBOPEHD iXHBOI (QYHKIT
cTany. Byiyl0TbCst aHAITHYHI 3a7I€KHOCTI 1i€l GYHKIT 32 HAsIBHOCTI TUCKPETHO 1 HEMePEPBHOBU3HAYCHHUX I10-
Y4aTKOBO-KPAOBHX CIIOCTEPEIKEHB 32 HUMH 0e3 00MEKEeHb Ha KiJIbKICTh Ta SIKICTh OCTaHHIX. OLIHEHO TOYHICTh
MHOXHH OTPHMaHHX PO3B’SI3KIB Ta JOCIIUKCHO IXHIO OJHO3HAYHICTB.

KurouoBi cjioBa: HelniHilHI JUHAMIYHI CUCTEMH, CUCTEMHU 3 HEBU3HAYCHOCTSIMU, CUCTEMH 3 PO3IOAIICHUMH I1a-
pameTpaMi, MPOCTOPOBO-PO3MOIIICHI CHCTEMH, IMCEBIOPO3B’SI3KH, HEKOPEKTHI MMOYaTKOBO-KpaioBi 3ajmadi.
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Mathematical modeling of spatially distributed systems, polynomially dependent on linear differential
transformations of the state function / V.A. Stoyan // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2.
P. 136-145.

Abstract. Initialboundary-value problems of the dynamics of nonlinear spatially distributed systems are
formulates and solved according to the root-mean-square criterion. Systems whose linear mathematical model is
supplemented by the polynomially defined dependence on the differential transformation of their state function
are considered. Analytical dependences of this function are generated under the presence of their discretely and
continuously defined initialboundary-value observations, without constraints on the number and quality of the
latter. The accuracy of the sets of the obtained solutions is evaluated, and their uniqueness is analyzed.

Keywords: nonlinear dynamical systems, systems with uncertainties, distributed-parameter systems, spatially
distributed systems, pseudosolutions, ill-posed initialboundary-value problems.

VK 517.9
IIpo BiAMOBY KepyBaJbHMX NPUCTPOIB PyXoMHX 00’€KTiB y KOHuIiKTHIN cutyauii / O.1. BockosioBuy,
K.A. Yukpiii // Kibepuetuka ta cucremuunii amami3. 2023. Tom 59, Ne 2. C. 146-157.

AHoTauis. Po3risiHyTo HecTalioHapHy irpoBy 3a/1a4y KEpyBaHHS PyXOMHMH 00’ €KTaMH 3 MOPYIICHHIMU
B JMHAMIL, IPHYMHOIO SKHX € BIIMOBa 200 MOJIOMKA KepyBaIbHUX MPUCTPOIB. J{OCTIHKEHO CUTYALIi0, KON
MOMEHT TIOJIOMKH HEBiJJOMHIA, a 4ac Ha ii JIKBifaLifo € 3a7aHuM. BCTaHOBIGHO JOCTaTHI yMOBM NPHBEICHHS
TPAEKTOPil KOH(IIKTHO-KEPOBAHOTO IIPOLeCy Ha 33JaHy MHOXKHHY 3a CKiHUeHHHH dac. OTpUMaHi pe3ysbTaTH
IIPOLTIOCTPOBAHO MOJEIBHUM IPHKIAIOM 3 IIPOCTHM PYXOM.

KumiouoBi cioBa: KOHQIIKTHO-KEpOBaHHI TMpolec, Oarato3HavyHe BiZoOpa)KeHHs, Po3B’s3yBajbHa (YHKII,
BIJIMOBa KepyBaJIbHUX HPUCTPOIB, cTpoOOCKomiuHa crpateris, ymoBa IloHTpsriHa, iHTerpan AymaHHa.

Failure of control devices under conflict conditions / O.I. Voskolovych, K.A. Chikrii // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 2. P. 146-157.

Abstract. The authors consider a nonstationary game problem of control of moving objects in the case of
violations in their dynamics caused by a breakdown or failure of the control devices. A game situation is
analyzed where the moment of failure of control devices is a priori unknown, and the time required to eliminate
it is given. The sufficient conditions for bringing the trajectory of the conflict-controlled process to the terminal
set in a certain finite time are established. The results are illustrated using a model example with simple motion.

Keywords: conflict-controlled process, set-valued mapping, resolving function, failure of control devices,
stroboscopic strategy, Pontryagin’s condition, Aumann’s integral.

VK 519.65

YeoumoBcoke  HaOum:keHHss  QyHKUiii  6ararbox  3MiHHHX  JlorapuMiyHHUM  BHpazom  /
I1.C. ManauiBcebkuii, JI.C. Meabunuok, S1.B. Iisiop / Kibepuertnka Ta cucremunii anamis. 2023. Tom 59,
Ne 2. C. 158-165.

AHoTauis. 3anpornoHoBaHO METO MOOYI0BH YEOUIIOBCHKOr0 HaOMMKeHHS (QYHKIINA OaraTbOoX 3MIHHHX
Jorapu(MidHHM BHPA30M 3 aGCOTIOTHOI MOXHOKOW. MOro cyTh momsrae B moOYIOBI MPOMIKHOTO 4eBHIIO-
BCBKOTO HAOJIMIKEHHS MOJIIHOMOM 3 BIJIHOCHOIO MOXMOKOIO 3HAUeHb EKCIIOHCHTH BiJl HaOIMKyBaHOT (QyHKIII.
ITobynoBa 4eOHIIOBCHKOTO HAOIMKEHHSI IIOJITHOMOM IPYHTY€ETHCSI Ha OOUHCIICHH] IPAHIYHOTO CepeIHbOCTEIIe-
HEBOT'O HAaOIIDKCHHS 3a iTepaniifHOI0 CXeMOIO 3 BHKOPHUCTaHHSM METOy HallMEHIINX KBAaApaTiB i3 BiANOBIIHO
c(hOpMOBaHMMH 3HAYEHHSMH 3MiHHOI BaroBoi ¢yHkuii. I[IpeacTaBieHi pe3ynbTaTH PO3B’sI3yBaHHS TECTOBUX
MPUKIIAAIB HIATBEP/DKYIOTh MBHAKY 301KHICTH METOIY MiJ yac OOYMCIICHHS NapaMeTpiB 4yeOHIIOBCHKOTO Ha-
OIMOKCHHS JorapuMIiYHUM BHpa3oM (yHKIIH OfHi€l, IBOX 1 TPHOX 3MiHHHX.

KirouoBi ciioBa: ueOumoBchke HaOMKeHHs QYHKIIH 6araTboxX 3MiHHUX, JOrapu(pMIvHHII BUpa3, CepeaHbOC-
TENCHEeBEe HAOIMKEHHS, METOJ| HaMEHIIMX KBAaJpaTiB, 3MiHHA BaroBa (yHKIs.

Chebyshev approximation of multivariable functions by a logarithmic expression / P.S. Malachivskyy,
L.S. Melnychok, Ya.V. Pizyur // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 158-165.

Abstract. A method for constructing a Chebyshev approximation of the multivariable functions by
a logarithmic expression with absolute error is proposed. It implies constructing an intermediate Chebyshev
approximation by a polynomial with the relative error of the exponential value of the function being
approximated. Construction of the Chebyshev approximation by a polynomial is based on calculating the limit
mean-power approximation by the least squares method in accordance with the prevailing values of the variable
weight function. The presented results of solving test examples confirm the rapid convergence of the method
when calculating the parameters of the Chebyshev approximation by the logarithmic expression of the functions
of one, two, and three variables.

Keywords: Chebyshev approximation of multivariable functions, logarithmic expression, mean-power
approximation, least squares method, variable weight function.
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VJK 519.21
BapianTu croxacTMYHHX MojeJeil sir Ta crpaterii mpoBenennss Bakumunanii / O.B. Bormanos //
Kibeprernka Ta cucremHmii amamiz. 2023. Tom 59, Ne 2. C. 166-172.

Amnoranis. HaBeneno ekinbpka BapiaHTiB croxacTuaHO1 Mozedi enigemii SIR 3 00MexeHNM JTiKyBaHHSM.
JlocipkeHo e(eKTUBHICTE BUKOPHCTAHHS Pi3HMX CTpATeriii 3ampoBa/KEHHs BaKIMHAIi Ta 3alpOIOHOBAHO
METOZ MONIYKY ONTUMAJIBHOI CTpaTerii BaKIUHYBaHHsA I MiHimizamii (yHKmioHana miHH.

KurouoBi ciioBa: croxacTuuHa MOJEIIb, el'IiZ[eMiﬂ, OITUMAaJIbHA CTpaTel"iﬂ.

Variants of the stochastic sir models and vaccination strategies / O. Bogdanov // Kibernetyka ta Systemnyi
Analiz. 2023. Vol. 59, N 2. P. 166-172.

Abstract. Several options of the stochastic SIR epidemics model with limited treatment are proposed. For
these models, the effect of different vaccination strategies is demonstrated, and a method to obtain the optimal
vaccination strategy minimizing the cost functional is proposed.

Keywords: stochastic model, epidemic, optimal strategy.

MNPOIPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 53.088.3+53.088.7

@inbTPYBAHHSA TA CTHCHEHHSI CUTHAJIB METOIOM HCKPETHOr0 BeiiBJIeT-IIePeTBOPEHHSI B OJJHOBUMIpHi
psau / .M. Onydpienko, FO.K. Tapanenko // Kibeprernka ta cucremunii anams. 2023. Tom 59, Ne 2.
C. 173-181.

AHorauis. Po3p’s3aHHs 3a1aui ineHTU]IKALIT ClieliaIbHUX CUTHAJIB, B YMOBAaX arpiopHOi HEBU3HAYe-
HOCTI IXHIX JDKEpell, € HaJ3BUYaiiHO BaXXJIMBUM, HAPUKIIAJ, i/l Yac BHUSBJICHHS JIOKATOPIB, IO CIIKYIOTh 32
pyxomumH 00’ekTaMu. MeTOa BUKOPHUCTOBYIOTH Uit (ibTpalii CUrHamiB BiJ MOTYXHUX IIYyMIiB (IO piBHS
y 121b) ta BusHauenus ¢opmu curnaiy. Posrisayto inentudikaiito, GiabTpaiifo Ta CTUCHEHHS CHTHAIB, 110
IPYHTYIOTBCS Ha IOPIiBHSAHHI OJM3bKOCTI OJXHOBUMIPHHUX DB BeliBieT-koedilieHTiB. 3alponoOHOBAHO MpsiMe
NIePEeTBOPEHHS BKJIAJCHUX MAcCHBIB KOe(iLi€HTIB alpoKCHMAIii Ta AeTami3awil y OJHOBUMIPHUH psx i3 more-
peIHIM BH3HAUCHHAM CTPYKTYPH BKJIAQJCHHX MACHBIB JUIS NOJAIBIIO] PEKOHCTPYKINi OJHOBUMIPHOTO ALy y
curHai, mo ineHtudikyerbes. [lepeBipeHo CTIHKICTh 3aIPONOHOBAHOTO AITOPUTMY JI0 JIOKAJIbHUX 3MiH (Gopmu
TECTOBOTO CUTHAJy BIANOBIIHO 0 BMMOT ineHTH(]iKari.

KorouoBi cioBa: inentudikaniiini BUMipH, Mipd OJH3BKOCTI PsAIB, OJHOBUMIDHHII PsI, AUCKPETHHI Beii-
BJICT-aHaJi3, JIHIMHA Ta HEJiHiHa MOAYIsLis, 0a3u JaHUX.

Filtering and compression of signals by the method of discrete wavelet transformation into
one-dimensional series / D. Onufriienko, Yu. Taranenko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59,
N 2. P. 173-181.

Abstract. Solving the problem of identifying special signals under a priori uncertainty of their sources is
extremely important, for example, when detecting locators working on moving objects. The method is used for
filtering signals from powerful noises (up to 12dB) and determining the shape of the signal. The identification,
filtering, and compression of signals based on the comparison of the proximity of one-dimensional series of
wavelet coefficients are considered. The article proposes a direct transformation of nested arrays of the
approximation and detail coefficients into a one-dimensional series with a preliminary determination of the
structure of the nested arrays for further reconstruction of the one-dimensional series into an identifiable
measurement signal. The robustness of the proposed algorithm to local changes in the shape of the test signal in
accordance with the identification requirements is verified.

Keywords: identification measurements; row proximity measures; one-dimensional series; discrete wavelet
analysis; linear and non-linear modulation, database.

VJIK 004.032.26

30inb1IeHHs] peleNTHBHOIO MOJs HelipoHiB 3roprkoBux HeliponHnx Mepex / C.I. IllamoBaiosa,
10.B. Mockanenko, O.M. Bapaniuenko // Kibepuernka Ta cucremuumit anamiz. 2023. Tom 59, Ne 2.
C. 182-189.

AmnoTaunisi. IIpoBeseHO aHAI3 apXiTEKTyp 3rOPTKOBHX HEHPOHHUX Mepex st kiacudikanii 1D ta 2D
curHaiiB. BuszHaueHo, 1o y BUIaAKy BXiJHOTO CUTHAITY BEJIUKOI PO3MIPHOCTI JOCTaTHIO TOUHICTH KiIacupikamii
MOYKHA 3a0€3MEYNTH JIMIIE 3aCTOCYBAHHSIM BEJIMKOI KiJIbKOCTI IIApiB, [0 HE MOYKHA BUKOHATH 32 YMOBH 00OMe-
JKEHUX 00YMCITIOBAIBHUX pecypciB. OHAK, Y pa3i 00MeXKEHHs KUIbKOCTI IapiB, TOYMHAIOYH 3 ICSIKOTO KPUTHY-
HOr0 3HAYeHHsI PO3MIPHOCTI, TOYHICTh 3HIKYETHCS. 3alPONOHOBAHO COCIO MoaMdikalii 3ropTkoBoi HEHpPOH-
HOT MepexKi 3 BIJHOCHO HEBEJIMKOIO KUIBKICTIO MIApiB JUIs pO3B’A3aHHs wLiei npobnemu. ExcriepumenTanbHo J10-
BEJICHO HOro e(eKTHBHICTS.

KumouoBi ciioBa: 3roprtkoBi Hediponni mepexi, ResNet, EfficientNet, WaveNet, peuentusHe mose.
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Increasing the receptive field of neurons of convulsional neural networks / S. Shapovalova,
Yu. Moskalenko, O. Baranichenko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 182—189.

Abstract. The convolutional neural network architectures for the classification of 1D and 2D signals are
analyzed. It has been determined that in the case of a large-dimensional input signal, sufficient classification
accuracy can be ensured by only using a large number of layers, which cannot be done under limited computing
resources. However, if the number of layers is limited, starting from some critical dimension value, the accuracy
decreases. A method of modifying a convolutional neural network with a relatively small number of layers is
proposed to solve this problem. Its effectiveness is proved experimentally.

Keywords: convolutional neural networks, ResNet, EfficientNet, WaveNet, receptive field.

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

YK 004.048+616-079.4

Knacugikauis narosoriii 3a MeAMYHMMHU 300paKeHHSAMH AJIFOPUTMOM BHUIIAJKOBOIO JIicy /epeB
onTHMaJIBLHOI ckjaagHocTi / B.O. Badenko, €.A. Hactenko, B.A. I1aBios, O.K. I'opoaenska, .M. ukan,
B.A. Tapaciok, B.B. Jlazopummnens // Kidepueruka ta cucremuuii anainis. 2023. Tom 59, Ne 2. C. 190-202.

AHoTanis. 3anponoHoBaHO MiAXing 10 moOyxoBu kiacudikaropis y kiaci amropurmiB Random Forest.
J1i1s BU3HAYEHHs ONTUMAJIBHOTO TTO€{HAHHS Ta CKJIaJly aHCaMOJIiB O3HAK MiJi 4ac MoOy10BH JIepeB JIicy 3aCTOCO-
BaHO IeHeTHYHHI anroput™. {1 onTuMizamii CTPYKTypH JepeB BUKOPHCTAHO HNPHHIHUIN METOTY IPYIIOBOIO
ypaxyBaHHS apryMeHTiB. ONTHMI3aliI0 IpoLeaypH TOJI0CYBaHHS JEpPeB Y JIci peali3oBaHO i3 3aCTOCYBaHHSIM
METO/y aHaii3y iepapxiil. HaBeaeHO NPUKIaaN BHKOPUCTAHHS 3alPOIIOHOBAHOTO AITOPHTMY JUIS BHSBICHHS
MaTOJIOT1H Ha MEAWYHUX 300paKEHHAX, a TAKOX Pe3yJIbTaTh Kiacudikauii MOpiBHAHO 3 IHIIMMH BiZIOMUMH aHa-
JIOTaMH.

KuarouoBi ciioBa: knacudikaris matosoriid, Mmeaudni 300paxenss, Random Forest, reHeTHUHHI alropuT™, Me-
TOJl TPYNOBOTO YpaxyBaHHsS apryMEHTIB, METOJ aHaji3y iepapXii.

Pathology classification from medical images by the algorithm of random forest of optimal-complexity
trees / V. Babenko, Ie. Nastenko, V. Pavlov, O. Horodetska, I. Dykan, B. Tarasiuk, V. Lazoryshinets //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 2. P. 190-202.

Abstract. The authors propose an approach to the construction of classifiers in the class of random forest
algorithms. A genetic algorithm is used to determine the optimal combination and composition of features’
ensembles in the construction of forest trees. The principles of the group method of data handling are used to
optimize the trees’ structure. Optimization of the tree voting procedure in the forest is implemented by the
analytic hierarchy process. Examples of using the proposed algorithm to identify pathologies in medical images
and the classification results as compared with other known analogs are presented.

Keywords: pathology classification, medical images, random forest, genetic algorithm, group method of data
handling, analytic hierarchy process

8 ISSN 1019-5262. Kubepnetrka u cucteMHbli ananu3, 2023, Tom 59, Ne 2



