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1. Incepraniiina po60oTa IpucBsYeHa MoOyJ0Bi caM0oaiaTUBHUX AITOPUTMIB 32 JOTIOMOTOIO CyMilllell pO3TOIiiB
Ha OCHOBI PO3IIMPEHOr0 aJITOPUTMY €BOJIIOLIHOI cTparerii 3 afanTarjeto KoBapiauitHoi matpunii (CMA-ES) ns
OLIiHKM IapaMeTpiB CKJIaIHUX CUCTEM. Pe3ysibTaTu AUCepTaLiliHOI po60TH € MiAIPYHTSIM IJ1s1 IO AJIbIINX
TEOPETUYHUX i MPAKTUYHUX HAYKOBUX PO3POOOK Y JOCIIiIKEHHI Teopii e BOMIOLiITHIX aJITOPUTMIB Ta PO3B'sI3aHHI
ONTMMIi3alifHUX 3a/a4. [lucepralisg CKIagaeThCs i3 BCTYIy, TPbOX PO3[IijliB, BUCHOBKIB, IEPEJiKY BUKOPUCTAHUX
IpKepeJ Ta JoJaTKy. Y BCTyIi OGIPYHTOBAHO aKTyaJbHICTh TEMU JIOCIiIKEeHHSI, CPOPMYIbOBAHO METY, 3aBJJaHHS,
IpegMeT, 00'eKT Ta METOAU NOCJiIKEHHS], BKa3aHO HayKOBY HOBU3HY, TEOPETUYHE Ta IPAKTUYHE 3HAUYEHHS
OTPMMAaHUX PE3yJIbTATiB, IPOAHAJII30BAHO 3B'5130K POOOTH 3 HAYKOBMMU JOCTIIKEHHSIMU Ta OCOOUCTUI BHECOK

3100yBaya, a TAKOXX HaBeJ,eHO BilOMOCTI IIpo arpoobalito Ta 1y6slikalii OCHOBHUX pe3yJbTaTiB pucepTalii. OnnucaHo



CTPYKTYpY Ta 00CAT AucepTaliiiHol poboTu. Y nepuomy po3isi 3miiiCHEHO OTJIsi/i HayKOBOi JIiTepaTypH,
IIPUCBSYEHOI OCHOBHUM HaIIpSIMKaM JOCJIiIKEHb €BOJIIOLINHUX aJITOPUTMIB, PO3IJISIHYTO KJIIOYOBi BiIOMOCTI 3
TEOoPii CKIaJHMX MepPEX, HAaBEEeHO OIMC OCHOBHUX HAIPSIMIB JOCJII)KEHb Ta BU3HAYEHO 3aBJIaHHS, SKUMU
3alIMaeThCs TEOPisl €BOIOLIMHUX alrOpUTMiB. [IpoBeeHO IeTalbHUN OrJIsl], OCHOBHMX M€ HETUYHHUX aJITOPUTMIB Ta
€BOJIIOLIIITHO]I cTparTerii, 30KpeMa, a TaKoX ix cpepu 3aCToCyBaHHS. [leTanbHO IPOaHasi30BaHO XPOHOJIOTIIO
PO3BUTKY META€BPECTUYHUX AJITOPUTMIB 171 ONTUMI3allii CKIaIHUX CUCTEM. Y IIEPIIOMY IIYHKTI po3zimy 1
POBIJISIHYTO iCHYI04Yi METOY ONTUMI3allil IapaMeTPiB HEMPOHHUX MEPEX Ha 6a3i FeHETUYHUX QJITOPUTMIB, €TaIllU
po6OTH Ta MaTEMATUYHA MOJIEJIb T€EHETUYHOTO aJITOPUTMY. Y IPYrOMY IYHKTI 3pO6JIEHO OIJIs]] €BOJIIOLITHO]
CTparerii 3 afanTallielo KoBapialiiiHoi MaTpULli, K OJHOTO 3 MOTY>KHUX aJITOPUTMIB ONTUMI3allii, o
BHUKOPHUCTOBYETHCS 11711 PO3B’s13yBaHHS 33/1a4 CKJIAIHUX crucTeM. [IyHKT Tpu BimoOpaskae orJisif, iHIKX eBOJIIOLIHHNAX
aJIrOpPUTMIB ONTAMI3alLii, ix MaTeMaTU4Hi MOAeJli Ta chepy 3aCTOCYBaHHS. Y IPyroMy po3zisi 3allpOIIOHOBAHO
po3MMpeHnit camoanganTuBHui anroputMm CMA-ES nng ontumizanii Ha 0671aCTSX 3 0OMEXXEHHSIMU. AJITOPUTM
BpaxoBye OOME>KEHHSI Ta BUKOPUCTOBYE JIMIIIe OQHOIIKOBI PO3NOAiNK Ta LinboBi QyHKIiI. BiH epekTuBHU 115
6araTbox 3a/1ay4, ajie MoXXe OyTU Hee(PEKTUBHUM [1J1s1 PYHKLIN 3 BEJIMKOIO KiJIbKICTIO EKCTPEMYMIB. 3arajiom,
Mon(pIiKOBaHU aJITOPUTM € TIEPCIIEKTUBHUM [1714 337,24 ONTHUMI3allii 3i CKIaIHUMU 0OMEKEHHSIMU Ha MOBEJIiHKY
1inboBoi QyHKLii. Takox y Ipyromy posfisi po3pobseHo NoKpalieHnii camoanantuBHui anroputm CMA-ES n1s
OITUMI3alii IapamMeTpPiB CKIaQOHUX CUCTEM, 30KPEMA HEMPOHHUX MEPEX. AJITOPUTM BiPi3HSETHCS Bif KJIIACUYHUX
THM, 110 AMHAMIYHO MiAJIalITOBY€E KUIBKICTD MiKiB y CyMillli pO3MNOiiB I1ifl YaC BUKOHAHHS, YHUKAIOUN 3alBUX
o6unceHb. OCHOBHI XapaKTePUCTUKHU Ta N€PEBaru aJlrOPUTMY: - CaMOAJalTUBHICTh: aITOPUTM MiJIaITOBYETHCS
IiJ, KOHKPETHY 33/1a4y, 3MiHIOI0YY PO3MIPHICTb CyMillli pO3MIOAiJiB. - YHIBEPCANbHICTh: MOKE BUKOPUCTOBYBATHUCH i3
Pi3HMMU TUNIAMU PO3NOJiiB Ta 3aCTOCOBYBATUCH [0 iHIINX €BOJIOLIAHUX aNropuTMiB. [1py 1jpomy Bif 6a30BOro
PO3IMO/Iily BUMAaraThCs JIMIIE OJHOMIKOBICTh. - €(EKTUBHICTb: JO3BOJISIE YHUKHYTHU 3aliBUX OOUMCIIEHD L[iTbOBOI
dyHKIiI. - 00rpYHTOBaHICTh: afJalITUBHICTh 0a3y€THCS HA METOAAX BU3HAYEHHS ONTUMAJIbHOI KiJIbKOCTI KJlacTepiB B
KJIaCTEPHOMY aHali3i. Po3rysiHyTo Mopudikaliiio airoputMy Ijs 3aad 3 0OMEXXeHHSIMU Ha 06J1acTh NOMyKy. BoHa
BpaxoBye OOMEXEHHSI Ta BUKOPUCTOBYE JIMIIE OOHOMIKOBI po3noainu. Lis mogudikanis epekTrBHa 111 6araTbox
3a/1a4, ajie MoXke 6yTu HeeeKTUBHOIO AJ1s1 PYHKILiN 3 BEJINKOIO KiJIbKICTIO €eKCTpeMyMiB. 3arajiom, 3aiporoHOBaHUN
camoanantyuHui anroputm CMA-ES e nepcrnekTuBHUM iHCTPyMEHTOM 17151 e(peKTUBHOI onTUMi3allii cKIagHuX
CHCTEM, SIK 31 CTaHJAPTHUMH, TaK i 3 0OMeXeHUMU 00Js1acTsIMU olyKy. B 3aransHoMy posmupenuit CMA-ES
AJITOPUTM € €(PEKTUBHUAM iHCTPYMEHTOM [JIs1 ONITUMi3allil CKJIaIHUX HEJIiHIMHYX Ta HEONYKJINX 3aa4. BiH mae psp
nepesar nepep kinacudHuM CMA-ES, Takux sIK: - 3IaTHICTh BPaXOBYBaTH MYJIbTUMOMAJIbHI LibOBOI PYyHKI]; -
301/1bLIIEHHS IaHCIB Ha 3HaXO)KEHHSI [JI00aJIbHOTO ONITUMYMY B IIOPiBHSHHI i3 KJJACUYHUMHU €BPUCTUYHUMU
aJNrOpuTMaMy; - 6ibIl €(PEKTUBHUM IOIIYK rillepnapaMeTpiB ckaagHux cucteM. OgHak po3mrpenuit CMA-ES
aJIrOPUTM Ma€ OJIVH iCTOTHUI HEJOJIIK — HEOOXiAHICTh 3a1aBaT pO3MipHICTh cyMii. [laHui mapameTp Moxe
BIJIMBAaTU Ha €(PEKTUBHICTb aJIFTOPUTMY, OCKIJIbKM 3aHAJTO Majla PO3MIPHICTb MOXKe IIPU3BECTH [I0 TOTO, 110
aJITOPUTM He 3MOXKE BPaxyBaTHU BCi EKCTPEMYMHU 11i/1bOBOI PYHKIIii, @ OTXKe IPU3BOAUTD [I0 NOBiIbHOI 36KHOCTI. 3
iHIIOrO X 60Ky, 3aHAATO BEJIMKA PO3MiPHICTh MO>X€ 30iIbIIUTU Yac pOOOTHU aIrOpUTMYy. Y LIiJIOMY, PO3LIUPEHNI
CMA-ES anroputm € noTyXHUM {HCTPYMEHTOM [1J1s1 ONITUMI3alii, SKuii Mo>ke O6yTY KOPUCHUM [1Ji BUPIiIlIE€HHS 33724
3 MyJIbTUMOJIaJIbBHUMU LiTbOBUMU QYHKUSIMU. Y TPETbOMY PO3/iJli pO3IVISIHYTO 33/iauy IOUIYKY OIITUMAJIbHOTO
KEPYBaHHS JJ1s1 AIMHAMIYHMAX CUCTEM, IO ONUCYIOThCS CTOXaCTUYHUMU JUdEPEHLiaIbHUMHU PiBHSIHHAM ITO i3

IIyaCCOHiIBCbKMMM 30yPEHHSIMU Ta MAaPKOBCbKMMU NT€PEMUKAHHSIMU.

2. The dissertation is devoted to the construction of self-adaptive algorithms using mixtures of distributions based
on the extended algorithm of the evolutionary adaptation strategy based on the covariance matrix (CMA-ES) for
estimating the parameters of complex systems. The results of the dissertation work are the basis for further
theoretical and practical scientific developments in achieving the theory of evolutionary algorithms and solving
optimization problems. The dissertation consists of an introduction, three chapters, conclusions, a list of used
sources and appendix. The introduction substantiates the relevance of the research topic, formulates the goal,
task, subject, object and research methods, indicates the scientific novelty, theoretical and practical significance of
the obtained results, analyzes the connection of the work with scientific research and the personal contribution of



the recipient, and also provides information about the approval and publication of the main results of the
dissertation. The structure and scope of the dissertation work are described. In the first chapter, a review of the
scientific literature devoted to the main areas of evolutionary algorithm research is carried out, key information
from the theory of complex networks is considered, a description of the main areas of research is given, and the
tasks that the theory of evolutionary algorithms deals with are defined. A detailed review of the main genetic
algorithms and evolutionary strategy, in particular, as well as their scope of application, is carried out. The
chronology of the development of metaheuristic algorithms for the optimization of complex systems is analyzed in
detail. In the first point of section I, the existing methods of optimization of parameters of neural networks based
on genetic algorithms, the stages of work and the mathematical model of the genetic algorithm are considered. In
the second point, an overview of the evolutionary strategy with the adaptation of the covariance matrix is made, as
one of the powerful optimization algorithms used to solve the problems of complex systems. Point three reflects
an overview of other evolutionary optimization algorithms, their mathematical models and areas of application. In
the second chapter, an extended self-adaptive CMA-ES algorithm for optimization on constrained domains is
proposed. The algorithm takes into account the constraints and uses only single-peak distributions and objective
functions. It is efficient for many problems, but may be inefficient for functions with a large number of extrema. In
general, the modified algorithm is promising for optimization problems with complex constraints on the behavior
of the objective function. Also, in the second chapter, an improved self-adaptive CMA-ES algorithm is developed
for optimizing the parameters of complex systems, in particular neural networks. The algorithm differs from
classical ones in that it dynamically adjusts the number of peaks in the mixture of distributions during execution,
avoiding unnecessary calculations. The main characteristics and advantages of the algorithm: - self-adaptability:
the algorithm adapts to a specific task by changing the dimension of the mixture of distributions. - versatility: can
be used with different types of distributions and applied to other evolutionary algorithms. At the same time, only
single-peakedness is required from the basic distribution. - efficiency: avoids unnecessary calculations of the
objective function. - reasonableness: adaptability is based on methods of determining the optimal number of
clusters in cluster analysis. The modification of the algorithm for problems with restrictions on the search area is
considered. It takes into account the constraints and uses only single-peak distributions. This modification is
effective for many problems, but may be inefficient for functions with a large number of extrema. In general, the
proposed self-adaptive CMA-ES algorithm is a promising tool for efficient optimization of complex systems with
both standard and restricted search domains. In general, the extended CMA-ES algorithm is an effective tool for
the optimization of complex nonlinear and non-convex problems. It has a number of advantages over the classic
CMA-ES, such as: - the ability to take into account multimodal objective functions; - increasing the chances of
finding the global optimum in comparison with classical heuristic algorithms; - more effective search for
hyperparameters of complex systems. However, the extended CMA-ES algorithm has one significant drawback -
the need to specify the dimension of the mixture. This parameter can affect the efficiency of the algorithm,
because too small a dimension can lead to the fact that the algorithm will not be able to take into account all
extrema of the objective function, and therefore leads to slow convergence.

Jep>kaBHHH peecTpaniliHuil Homep JiP:
IIpiopuTeTHHI HaNIpsIM PO3BUTKY HayKH i TEXHIKHU: [HdopmauiiiHi Ta KoMyHiKawiiiHi TexHOMOTii

CrpareriyHuii NpiopUTEeTHUH HaNPSIM iIHHOBAaLLiMHOI JAis1JIBHOCTI: PO3BUTOK CydacHUX

iHopmaniiiHUX, KOMYHIKALiTHUX TEXHOJIOTii1, pOOOTOTEXHIKN
HiacyMKH IOCJIIIKEHHS: TeopeTuyHe y3arajbHEHHs i BUPIlIEHHS BOXJIMBOI HAyKOBOI TPOGIeMu
Iyo6sikarrii:

o JlitBiH4yK [0.A., Manuk [.B. Po3amupeHnii anropuTM CTparerii €BoJIIoLii afganTalii KoBapialiliHoi MaTpuLi.
BykoBuHCBHKMI MaTeMaTuyHuii xxypHai. 2022. 10 (2). C. 137-143. URL: https://doi.org /10.31861,/bm;j2022.02.09



o JlitBiHuyK 0. A. [Ipo ofiHe y3arajbHEHHs €BOJIOLINHNX anropuTMis. International Scientific Technical Journal
"Problems of Control and Informatics". 2023. 68(6), c. 64-75. URL: DOI: https://doi.org /10.34229 /1028-0979-
2023-6-4

e Manuk L.B., JlitBinuyk IO.A. [1po onuH niaxin nobynoBu caMoafanTUBHUX aJITOPUTMIB Ha OCHOBI cyMilnein
posnoginy. BykoBUHCBbKUIT MaTeMaTu4HuMii XXypHas. 2023. 11 (2). C. 183-189. URL:
https://doi.org /10.31861/bmj2023.02.18

¢ Lukashiv T., Litvinchuk Y., Malyk 1., Golebiewska A., Nazarov P. Stabilization of Stochastic Dynamical Systems
of a Random Structure with Markov Switches and Poisson Perturbations. Mathematics. 2023. Vol. 11. Iss. 3. P.
1-22. (Scopus) (Q2 - URL:https:/ /www.scimagojr.com /journalsearch.php?q=21100830702&tip=sid&clean=0)

HaykoBa (HayKOBO-TEeXHiYHa) MPOAYKILisL: meTonu, Teopii, rinoresu
Couiaano—eKOHOMqua CIIpSlMOBaHiCTb: MigBUIIEHHS aBTOMAaTU3allii BUpOOHUYUX ITPOLIECiB

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBagkeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'SI30K 3 HAYKOBHMH TeMaMH: 0102U006591

VI. BizomocCTi Ipo HayKOBOT0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpizBuie Im'sa Ilo-6aTbKOBI:
1. Manuk Irop Bosnogumuposud

2. Igor V. Malyk

KBasigikanis: g. ¢.-m. u., gou., 01.05.01
InenTudikarop ORCID ID: He 3acrocosyetscs
HoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: UepHiBellbKuil HallioHa/IbHUIA yHiBEpCUTET imeHi FOpis

depnproBrYa

Kopg 3a €IPIIOY: 02071240

Micue3HaxoaKeHHS: ByJ1. Kouto6uHcbKoro, 6ya. 2, YepHisui, 58012, Ykpaina
dopma BracHOCTI: JlepxasHa

Coepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VII. BimomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. CamorineHko Irop BanepitoBnuy

2. Thor V. Samoilenko

KBasigikanis: 1.¢.-m.1., npodecop, 01.05.04



Imentudikarop ORCID ID: 0000-0003-4858-4511
JoparkoBa iHdpopmamnist:

TloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: Kuichkuil HauioHaIbHMI yHIBEpCUTET iMeHi Tapaca

[IleByeHka

Kopg 3a €IPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bonmogumupceka, 6ya. 60, Kuis, 01033, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Knomnos I1aByo CosioMOHOBUY

2. Pavlo S. Knopov

KBasigikanis: 1.¢p.-m.1., mpodecop, 01.01.09
InenTudikarop ORCID ID: 0000-0001-6550-2237
JoparkoBa iHdpopmamnist:

IloBHEe HaliIMeHYBaHHS IOPUAHYHOI 0COOH: [HCTUTYT KibepHeTUKY imeni B. M. Iymkosa HanioHanbHOI

akageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05417176

Micuesnaxo;pKeHHﬂ: npocnekT Akanemika ['nymkosa, 6yg. 40, Kuis, 03187, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. Yrpun JImutpo Ly

2. Dmytro I. Uhryn

KBasigikanis: 1.1.1., nou., 05.13.06
Imentudikarop ORCID ID: 0000-0003-4858-4511
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: YepHiBelbKuii HallioHaIbHYI yHiBEpCUTET iMeHi FOpis

denproBuya
Kopg 3a €IPIIOY: 02071240
Micue3HaxoaKeHHS: ByJ1. Kouto6uHcbKkoro, 6ya. 2, YepHisni, 58012, Ykpaina

dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Ocranos Ceprint EnyapnoBuy

2. Serhii E. Ostapov
KBasidikanis: n.¢.-m.u., npodecop, 01.04.10
Inentudikarop ORCID ID: 0000-0002-4139-4152

JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: UepHiBellbKuil HallioHa/IbHUIA yHiBEpCUTET imeHi FOpis

QenpkoBUYa

Kopg 3a €IPIIOY: 02071240

Micue3HaxoaKeHHS: ByJ1. KoutobuHcbkoro, 6ya. 2, YepHisii, 58012, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoOMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
TOJIOBH paju

Baache IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUIH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTtop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallilo HAyKOBOi

OisSIIBHOCTI

Ymenko Opiit OnekcaHnpoBray

Ymenko Opiit OnekcaHnpoBruy

JlitBinuyk Omist AHarosiiBHa

VKpIHTEI

IOpuenko TeTsHa AHaTOJiiBHA



