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1. l'aBpusiok €. A. Monesni, MeTonu Ta iHpopmaliiliHa TEXHOJIOTIS ri6pUAHOI €BOIOLiHHO-PONOBOI ONTUMI3allii B
3a3/1a4ax IOKPUTTS Y TEPUTOPiaIbHO-PO3IOAiINIEHNX cucTeMax. [lucepraliio NprucBsI4eHo po3poodlii Moaee,
MeTOIiB Ta iHpopMalifiHOi TeXHOJIOri ri6puAHOI eBOTIOIITHO-POMOBOI oNTUMi3allii 47151 po3B'sI3aHHS 33724
HEeINepePBHOTO MAaKCHMaJIbHOTO T€OMETPUYHOTO INOKPUTTS Y TEPUTOPiaIbHO-PO3NOAIIEHUX CUCTEMAX:
ONTUMAJIbHOI'O PO3MillleHHS CKiHY€HHOI CYKYITHOCTi T€OMETPUYHUX 00'€KTIB NOBiIbHOI (POPMU 7151 MaKCUMi3allii
IJIOIIi TIOKPUTTSI 3a7JaHOI 06J1aCTi 32 HASIBHOCTI 06MeKeHb Ta 3a00pOHEHMX 30H. 3amava € NP-BaxkKolo, Mae
MyJIbTUEKCTPEMaJIbHUM JIaH[ AT LiTboBOi PYHKII] Ta BUCOKY O6UMCIIIOBAJIbHY BapTICTh OLiIHKY TOKPUTTSI.
3anponoHOBaHUM MifXif, OeJHY€ [100aJbHANM CTOXaCTUYHUI NIOLUIYK POMOBUX METAEBPUCTHUK i3 leT€pMiHOBAHOIO
JIOKAJILHOIO OIITMMi3alli€l0 Ha OCHOBI KBa3iHBIOTOHIBCbKUX METO/IB Ta HEMPOMEPEXKEBUM KEPYBAHHSM IIPOLLECOM. Y

IIepIIOMY PO37isi IPOBEAEHO aHaJli3 HAayKOBUX [JKepeJsl 3 MAaTeMaTUYHOTO MOJIe/IIOBaHHS 33724 TOKPUTTS (Bif



IVICKPETHUX 10 HEMepEePBHUX IIOCTAHOBOK) Ta METO/IB €BOJIIOLITHO-POMOBO] 1 TiOprIHOI ONTUMI3allii, a TAaKOX
IIPUKJIATHYX aCIIeKTiB (aBapiliHe pearyBaHHs, CEHCOPHi Mepexi, po3miuieHHs cepsicis, I'IC). BusBneHo, mo icHywoui
METOJY 371e611b1IIOr0 OPieHTOBaHi Ha 00'eKTH NPOCTOI POPMHU, BiICYTHE CUCTEMATUYHE [1IOPiBHSIHHS POHOBUX
METAEeBPUCTUK 3 JIOKAJIbHOIO ONTHMIi3alli€lo, a MUTAHHS apxiTeKTypHoi (popMarizauii BinnosigHoi iHpopMaLiiiHOI
TEXHOJIOTii He po3ryIsHyTo. CHOPMYIIbOBAHO METY [IOCJIIKEHHS Ta MaTeMAaTUYHy MOZEJIb 3aa4i y BUTJIsIA]
HeJIiHITHOTO NporpaMyBaHHS 3 IePexXoioM 10 6€3yMOBHOI onTuMisallii uepes mwrpadHy PyHKLUi0. Y npyromy
PO37iJli CHCTEMAaTU30BaHO IT'SITh METOJIiB OLiHKY TJIOIi TOKPUTTS — Bif HARMBUAIINX (METOM, OTIMCAHUX
IPSIMOKYTHUKIB) 10 HalTOYHimuX (6yseBi onepauii o64ncaoBanbHoi reomeTpii). Meton MonTe-Kapiio 3
IIPOCTOPOBOIO iHTeKcaljieo R-Tree BU3HAUEHO SIK OCHOBHUM [i7151 6araTopa3oBOro BUKJIMKY B IIMKJIi ONTHUMI3allii
3aBISIKM ONITUMAJIbHOMY 6ajlaHCy TOYHOCTI i BApTOCTi 064ncaeHb. YOTUpU poioBi MEeTaeBpUCTUKU (ONITUMI3aLlis
POEM YaCTUHOK, IIOLIYK pub's140i 3rpai, aJlrOpUTM CBITJISTUKIB, IITY4YHA O6[KOJIMHA KOJIOHIST) lalITOBAHO [0 337adi
IIOKPUTTSI; 17151 KOXKHOI OOIPYHTOBaHO MeTanapameTpu. [1opiBHSIbHMIA aHali3 TOKa3aB CIiJIbHEe OOMEXKEHHS BCiX
METOJiB — HEJJOCTAaTHIO TOUHICTb JIOKAJIbHOI'O YTOUHEHHS PO3B'sI3KiB, 110 0O0YMOBIIIOE ITOTPeOy riopuaunsaLiii 3
rpajlieHTHUMU METOJAMU. Y TPETbOMY PO3/iji OOIPYHTOBAHO 3aCTOCYBaHHS KBa3iHbIOTOHIBCBKOro MeTony BFGS sik
JIOKaJIbHOI KOMIIOHEHTH TiOpUIHUX aJITOPUTMIB, i3 YMCEbHUM OIiHIOBaHHSIM IPaJiieHTa Ha OCHOBI MaTpULi IIJIOII]
[IOTIaPHUX IIEPETHHIB 06'€KTIB, 110 IIPUCKOPIOE 00UKCIeHHS. PO3p00IeHO MEMETUYHY METOI0JIOTIO, SIKa TIOENHYE
YOTHPY POMOBI METaeBPUCTUKY 3 JIOKAJIbHOO onTuMizauieio BFGS; nsg koxxHoi KoM6iHallii BUBHaY€HO YaCTOTy
BUKJIAKY JIOKQJIBHOTO IOUIYKY Ta KpUATepii 3ynuHKU. [TokasaHo, 1o ribpuaHa cxema cTabisibHO NepeBepllye YUCTUI
POI0OBHUII TIOUIYK i MyJIBTICTAPTOBY JIOKQJIbHY ONTUMI3allilo, IPUYOMY II€peBara 3poCTae 3i 30i/IbLUIEHHSIM KiJIbKOCT]
00'eKTiB. 3allpONIOHOBAHO HEMPOHHO-KEePOBaHi ribpyHi METOAU 3 aalITUBHUM KEPYBaHHSIM LITPpapHUM
KoediljieHTOM Ta AMHAMIYHUM HaJIalITyBaHHSM rilleplapaMeTpiB; IOPiBHIHHS TPbOX NapaJuUrM HaBYaHHs
OOI'PYHTYBaJIO BUGiIp HaBUAHHS 3 MiJKPIMJIEHHSM K HalepCHIeKTUBHIIIOro Migxoay. Y 4eTBepToMy po3zii
npencrapieHo UML-opieHToBaHy iHOpMaLiliHy TeXHOJIOTIIO pO3B'sI3aHHS 3a7ja4 [TOKPUTTS 3 06'€KTaMU TOBiNIbHOI
dopmy, 1o popmaisye apXiTeKTypy, CTPYKTypU JaHUX Ta aJITOPUTMIYHI KOMIIOHEHTU. Bubip apxiTekTypu
obrpyHrosano merogom TOPSIS, o6pano TpupiBHeBy apxiTekTypy. [lo6ynoBano kommekc UML-giarpam:
YHiBepCaJIbHUI METaMOyJIb OLiHIOBAHHS IJIOLLi MOKPUTTS 3 I'SITbMa CTPATETisIMU OOYUCIIEHHS], MOJIeJIb SKUTTEBOTO
LMKIy KOHpirypauii y BUrispi niarpamu cTaHis, KOMIIO3UTHY CTPYKTYPY oNTUMi3auiiiHoro sapa. Ha BinMiHy Bif,
iCHYI0YMX LOCJIIKEHD, 1110 30CEPeKEHI JINIIE Ha aJIFTOPUTMax, TEXHOJIOTiSI BpaxOBY€e ITOBHUM XUTTEBUM LIUKJII
nmporpamHoi cuctemMu. OTPUMMaHi HayKOBi pe3yJIbTaT MiITBEPIKYIOTh, 0 CPOPMYIbOBaHA HAYKOBA 337a4a
PO3B's13aHa, @ MeTa JOCIiIKEHHS — JocArnyrta. [ligXin peanizoBaHo K po3MozieHy KOMII'IOTEPHY CUCTEMY 3i
crieniasiZoBaHUM OOYHMCIIIOBAJIbBHUM SIAPOM, iIHTErpOBAaHUM 3 TiicucTeMaMu 36epiraHHs MPOCTOPOBUX NAHUX Ta
Bizyasiszaii.

2. Havryliuk Ye. A. Models, Methods, and Information Technology of Hybrid Evolutionary-Swarm Optimization for
Coverage Problems in Territorially Distributed Systems. The dissertation is devoted to the development of models,
methods, and information technology of hybrid evolutionary-swarm optimization for solving continuous maximum
geometric coverage problems in territorially distributed systems: the optimal placement of a finite set of
geometric objects of arbitrary shape to maximize the coverage area of a given region under constraints and
forbidden zones. The problem is NP-hard, characterized by a multi-extremal landscape of the objective function
and a high computational cost of coverage area evaluation. The proposed approach combines global stochastic
search using swarm metaheuristics with deterministic local optimization based on quasi-Newton methods and
neural-network-based process control. Chapter One presents an analysis of scientific sources on the
mathematical modeling of coverage problems (from discrete to continuous formulations) and methods of
evolutionary-swarm and hybrid optimization, as well as applied aspects (emergency response, sensor networks,
service placement, GIS). It is established that existing methods are mostly oriented toward objects of simple shape,
that a systematic comparison of swarm metaheuristics combined with local optimization is lacking in the
literature, and that the architectural formalization of a corresponding information technology has not been
addressed. The research goal and a mathematical model of the problem, formulated as nonlinear programming
with a transition to unconstrained optimization via a penalty function, are defined. Chapter Two systematizes five



methods for estimating coverage area — from the fastest (the bounding-rectangle method) to the most accurate
(exact Boolean operations from computational geometry libraries). The Monte Carlo method with R-Tree spatial
indexing is identified as the primary method for repeated calls within the optimization loop, owing to its optimal
balance between accuracy and computational cost. Four swarm metaheuristics (particle swarm optimization, fish
school search, the firefly algorithm, and artificial bee colony) are adapted to the coverage problem, with
metaparameters justified for each. Comparative analysis reveals a common limitation across all methods —
insufficient precision in local refinement of solutions — which motivates hybridization with gradient-based
methods. Chapter Three justifies the use of the quasi-Newton BFGS method as the local component of the hybrid
algorithms, with numerical gradient estimation based on a matrix of pairwise intersection areas of objects, which
accelerates computation. A memetic methodology combining the four swarm metaheuristics with BFGS local
optimization is developed; for each combination, the frequency of local search calls and stopping criteria are
defined. The hybrid scheme is shown to consistently outperform pure swarm search and multi-start local
optimization, with the advantage growing as the number of objects increases. Neuro-controlled hybrid methods
are also proposed, featuring adaptive control of the penalty coefficient and dynamic tuning of swarm algorithm
hyperparameters; a comparison of three learning paradigms substantiates reinforcement learning as the most
promising approach. Chapter Four presents a UML-oriented information technology for solving coverage
problems with objects of arbitrary shape, formalizing the architecture, data structures, and algorithmic
components. The choice of architecture is justified using the TOPSIS multi-criteria decision-making method,
resulting in a three-tier architecture. A set of UML diagrams is constructed, including a universal coverage-area-
evaluation metamodule with five computation strategies, a configuration lifecycle model in the form of a state
diagram, and a composite structure of the optimization core. Unlike existing studies, which focus solely on
algorithms, the proposed technology accounts for the full lifecycle of the software system. The obtained scientific
results confirm that the formulated scientific problem has been solved and the research goal achieved. The
approach is implemented as a distributed computer system with a specialized computational core integrated with
subsystems for spatial data storage and visualization.
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