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1. Y pucepTauiiiHiii po60Ti po3B’s13aHO HAYKOBO-TIPAKTUYHE 3aBAAHHS MiABULIEHHS €(PEeKTUBHOCTI (PYHKIIOHYBaHHS
0€3MPOBiIHUX CEHCOPHUX MEPEX LIISIXOM PO3POOKU METO/IiB PO3MillleHHSI CEHCOPHUX BY3JIiB Ta BU3HAUYEHHS
MapuipyTy i MHOKMHY Pe3€pPBHUX MapUIPYyTiB HA OCHOBI TeHETUYHOI0 aJIFOPUTMY B YMOBax iX MOOGINIBHOCTI Ta
pisHoro pagiycy gii. [lepummit po3ain IPUCBSYEHO aCllEKTaM 3aCTOCYBaHHS IIPUHLMUIIB FT€HETUYHOI €BOJIIOLI y
Cy4acHUX Mepeskax. [TokazaHo, 0 reHeTuYHuN anroputm (I'A) € ogHUM i3 Ha6IIbLI AieBUX IHCTPYMEHTIB
onTuMizallii npouecis GyHKLiOHYBaHHS MepeX y AMHAMIYHUX YMOBAX, 1110 3yMOBJIEHi 3pOCTaHHSM 00CsTriB TpadiKy,
KiJIbKOCTi MEpEXXEBUX BY3JIiB Ta BapPiaTUBHICTIO iX IPOCTOPOBOro po3TalllyBaHHs. BusHaueHo, 10 e(peKTUBHICTb

3acTocyBaHHA ['A CyTTE€BO 3a/I€XKUTD Bifl iX IapamMeTPUYHOrO HAJIAIITYBAHHS 3 YPaxXyBaHHAM crleuiku 3amadi,



apxiTeKTypu Mepexi Ta 06YMCIIIOBAJIbHOTO CEpefoBUINa. 3arponoHoBaHa kinacudikanis ['A 3a kputepismu
HaJIAIITyBaHHS IMapaMeTpiB, Tuniamu QiTHeC-PYyHKLIA, BUAAMU aITOPUTMIB Ta chepamu iX 3aCTOCYBaHHS Y
MepeXXeBUX 3a7ia4yax, 10 CIpusie Oiblll IIMO0KOMY PO3YMiHHIO (DAKTOPIB, SKi BU3HAYAIOTh iXHIO Pe3yJIbTaTUBHICTb.
Y npyromy po3zisi npeACcTaBI€HO yIOCKOHAJIEHUI METO/, BU3HAYEHHSI MApIIPYTy Y 6€3NPOBifgHill CEHCOPHIl
mepexi (BCM), sikuil BUKOPUCTOBY€E JUHAMIUHY afiarnTalilo iMOBipHOCTI cxpelyBaHHS Ta MyTallii HA OCHOBI
3HaueHHs QiTHeC-PYHKIIi Ta CyKYIIHICTh FreHEeTUYHUX OIIEPATOPIB [JIs1 aBTOMaTUYHOI Nepeby0BU MapLIPyTy I1py
3MiHi TomnoJIorii Ta MiHiMi3awii oro noBXuHKU. Ha OCHOBI pe3yJbTariB iMiTalliiHOTO MOJE/IIOBAaHHS [TIOKA3aHO, 10
po3pobiieHnii I'A 3abe3nedye CyTTeBe CKOPOUEHHS TOBXXUHU MapUIpyTy — Ha 47,14% nopiBHSAHO 3 Xa#ioHuM (PKA) Ta
Ha 28,39% 1nopiBHSAHO 3 MypalIMHUM anroputmamu (MA) y cueHapii 3 0fHaKOBUMMU pafiiycaMu Jii By3iiB, a TAKOX y 3
Ta 2 pa3u BiAIOBIIHO 3MEHINYE KiJIbKICTh NIepexoniB. TaKMM 4YMHOM, 3alIPOIIOHOBAHE PIlIEHHS AEMOHCTPYE BUCOKY
CTilIKiCTb, JJAaNITUBHICTb Ta €(PEKTUBHICTb ONTHMI3allii B yCiX PO3IVISHYTUX CLI€HAPisIX TOMOJIOriYHuX 3MiH BCM. Y
TPETbOMY PO31ii HaBeZeHO Mozesnb BCM y nBoBUMipHOMY NpOCTOPI i3 By3s1amu pisHoro pagiycy nii. Habys
[I0/IQJIBIIOTO PO3BUTKY 6araToKpUTepiasbHUM MeTo[, MapipyTusalii B BCM, siKuit BUKOPHUCTOBYE €BOJIIOLNHNN
MEXaHi3M IOIIYKy MapupyTy i3 piTHec-PyHKIi€0, T0OYJ0BAaHOIO HA OCHOBi HOPMasli30BaHUX 3HaU€Hb MEPEXKEBUX
napamertpiB: EBKJIi0OBOI BificTaHi, piBHS BTpaT AaHUX, 3aTPUMKU Nepeadi aHuX, Ta XapaKTepPUCTHYK By3Jia: PiBHSA
3apsmy 6aTtapei, piBHS CUTHaJY, BXiIHOTO /BUXIHOTO CTYIIEHS, 3 ypaxyBaHHSM iX BaroBux KoeQilieHTiB, s
agzianTallii yTBOPEHOT 0 ONTUMAIbHOIO MapUIPYTy Ta MHOKMHU PE3E€PBHUX MApUIPYTIB 10 0OMEKEHUX MEPEKEBUX
pecypciB Ta AMHAMIYHO 3MiHHOI Tonosorii. 17151 nepeBipky epeKTUBHOCTI PO3PO6JIEHOT0 6araToKkpuTepianbHoro I'A
3MiICHEHO 11oro NopiBHAHHA i3 MopudikoBaHnMY KA Ta MA, BUKOPUCTOBYIOUY iMiTaniliHe MofesoBaHHs. Ha
OCHOBI OTPUMMAaHMX Pe3yJbTaTiB I0Ka3aHO, 110 /1J11 KOMIJIEKCHOTO KPUTEPIIO, IKUiA 00'€IHIOE 6 OKPEMUX,
po3pobisiennii BI'A ¢popmye onTuManbHNI MapIIpyT, kUi € Ha 15.75% KOpoTIIMM NOpiBHSIHO 3 MA, ipu 1jpomy JKA
He 3[ilCHIOE ycnimHe (OPMYyBaHHS MappyTy. [Toganbiie 3acTOCyBaHHS 6araTOKpUTEPiaIbHOTO METOLY
POBIJISIHYTO Y KOHTEKCTi «pO3yMHOT0 MicTa» AJ1s1 GOPMYBaHHS MapLIPYTiB TPAHCIIOPTHUX 3ac06iB (T3) 3
ypaxyBaHHSIM TPbOX KJII0YOBUX KPUTEPIiB: JOBKUHM MapUIPYTY, PiBHS 3aBaHTaKEHOCTI Ta HEJOCTYITHOCTI JLOPIr, 10
D03BOJIAJIO 3a0€e3M1eYnTH 3MeHIIeHHs yacy pyxy T3 Ha 15.28% nopiBHsHO i3 MA, Tozi sik 3acTocyBaHHSs JKA He
IIPU3BEJIO [0 YCHIIHOTO JOCATHEHHS TOUYKU NpUOYTTS. Lle ninTBepaxye yHiBepCabHiCTb PO3POOJIEHOTO0 METOY Ta
M0Oro NpUIATHICTD K AJ1s 3a7a4 BCM, Tak i AJ1s iHTeJIeKTyalbHUX TPAHCIIOPTHUX CUCTEM. UeTBEpTUI pO3Aia
IIPUCBSYEHO PO3B'SI3aHHIO IPOOJIEMY PO3MIlLIEHHS] CEHCOPHUX BY3J1iB Ha IVIOMIMHI TPU MiHiMi3alii nepekpuTTs 30H
ix pii. Brepie 3anrpooOHOBaHO METOJ, IPOCTOPOBOro po3mileHHs By3siB BCM Ha ocHOBI MogudikoBaHoro I'A, mo
3[iMICHIOE OLiHKY IJIOIMHY Yepes ILiJbHICTh PO3MIIleHHS BY3JIiB i3 3acTOCyBaHHSIM IITPaQiB Ta BpaxyBaHHAM
MiHIMaJyIbHOI Mi’KBY3JI0BOI BifICTaHi /1711 BU3HAYEHHS iX ONTMMaJIbHUX KOHQIrypaLiil y npoleci eBosoLiliHoOro
BifbOpYy, 10 JajI0 3MOTY MiHiMi3yBaTy Ha[JIMIIKOBE IEPEKPUTTS i3 ypaxyBaHHSIM Pi3HUX pajiiyciB Aii sSIK Ipu
CTBOPEHHI HOBOI MepeXi, TaK i IIpY iHTEerpalii HOBUX BY3JIiB B iCHYIOUY TOIIOJIOTIIO. Peasi3oBaHO NporpamMmHui
MO/J1yJIb, SIKWA SIBJISIE€ COOOIO CIIeliai3oBaHe NIPOrpamMHe 3a0€3T€4YEHHs, 10 IPU3HAYEHe 1JIs1 MOEII0OBaHHS Ta
CUMYJISILITHUX NOCTiIKeHb QYHKIiOHYBaHHSA BCM 3 ypaxyBaHHAM JMHAMIYHO 3MiHHOI TONOJIOTii Ta 06MEXKEHOCTI
€HEePreTUYHNX i MEPEXXEBUX peCcypciB. Ha OCHOBI pe3ysibTaTiB MOJEIOBAHHS BCTAHOBJIEHO, 10 3alIPOIIOHOBAHUN
MeToJ, 3abe3neuye epeKTUBHUN 6ajlaHC MDK MaKCHMMAaJIbHOIO KiJIbKICTIO BCTAHOBJIEHUX BY3JIiB Ta MiHimizarjeo ix

IIPOCTOPOBOTO NEPEKPUTTS Y IIOPiBHSHHI i3 )KaliOHUM, PIBHOMIPHUM Ta BUIIAKOBUM.

2. In the dissertation, a scientific and practical problem of improving the efficiency of wireless sensor network
(WSN) operation is solved by developing methods for sensor node placement and for determining an optimal
routing path and a set of backup routes based on a genetic algorithm, under conditions of node mobility and
heterogeneous communication ranges. The first chapter is devoted to the application of genetic evolution
principles in modern networks. It is shown that the genetic algorithm (GA) is one of the most effective tools for
optimising network operation processes under dynamic conditions caused by increasing traffic volumes, a growing
number of network nodes, and variability in their spatial distribution. It is established that the efficiency of GA
application significantly depends on parameter tuning with regard to the problem specifics, network architecture,
and computational environment. A classification of genetic algorithms is proposed according to parameter tuning
strategies, types of fitness functions, algorithmic variants, and application domains in network-related problems,



contributing to a deeper understanding of the factors that determine their performance. The second chapter
presents an improved routing method for wireless sensor networks that employs dynamic adaptation of crossover
and mutation probabilities based on fitness function values, as well as a set of genetic operators for automatic
route reconfiguration in response to topology changes and route length minimisation. Simulation results
demonstrate that the proposed GA provides a substantial reduction in route length - by 47.14% compared with the
greedy algorithm (GA*) and by 28.39% compared with the ant colony algorithm (ACO) in scenarios with equal node
communication ranges - while also reducing the number of hops by factors of three and two, respectively. Thus,
the proposed solution exhibits high robustness, adaptability, and optimisation efficiency across all considered
WSN topology change scenarios. The third chapter presents a WSN model in a two-dimensional space with nodes
characterised by different communication ranges. A multicriteria routing method for WSNs is further developed,
employing an evolutionary route search mechanism with a fitness function constructed from normalised network
parameters - Euclidean distance, data loss rate, and transmission delay - as well as node characteristics, including
battery charge level, signal strength, and node in-degree /out-degree, taking into account their weighting
coefficients. This approach enables adaptation of the derived optimal route and the set of backup routes to limited
network resources and dynamically changing topologies. To verify the effectiveness of the developed multicriteria
GA, it was compared with modified greedy and ant colony algorithms using simulation modelling. The results show
that, for a composite criterion combining six individual metrics, the proposed multicriteria GA produces an
optimal route that is 15.75% shorter than that obtained using the ant colony algorithm, while the greedy algorithm
fails to form a feasible route. Further application of the multicriteria method is considered in the context of a
smart city for vehicle routing, taking into account three key criteria: route length, traffic congestion level, and road
unavailability. This resulted in a 15.28% reduction in vehicle travel time compared with the ant colony algorithm,
whereas the greedy algorithm again failed to reach the destination successfully. These findings confirm the
universality of the proposed method and its suitability for both WSN applications and intelligent transportation
systems. The fourth chapter addresses the problem of sensor node placement on a plane while minimising the
overlap of their coverage areas. For the first time, a spatial placement method for WSN nodes based on a modified
genetic algorithm is proposed. The method evaluates the deployment area using node density, penalty
mechanisms, and a minimum inter-node distance constraint to determine optimal node configurations during the
evolutionary selection process. This enables minimisation of excessive coverage overlap while accounting for
heterogeneous communication ranges, both when deploying a new network and when integrating additional
nodes into an existing topology. A software module has been implemented in the form of specialised software
intended for modelling and simulation-based studies of WSN operation under dynamically changing topologies
and limited energy and network resources. Based on simulation results, it is established that the proposed method
ensures an effective balance between maximising the number of deployed nodes and minimising their spatial
overlap compared with greedy, uniform, and random placement approaches.
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2. Ivan V. Demydov

KBasigikamis: n. 1. u., npodecop, 05.12.02

InenTudikarop ORCHID ID: 0000-0002-1221-3885

JopaTrkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuil yHiBepcuteT "JIbBiBCbKa MOMTITEXHIKA"
Kopg, 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa banpepu, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBitiHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUIL

BiacHe IIpizBuine Im'sa Ilo-0aThKOBI:
1. Cemouenko Map'siH OJsieKcaHIpoBUY

2. Marian O. Seliuchenko

KBasmigikamis: . 1. 1., 05.12.02

InenTudikarop ORCHID ID: 0009-0007-7801-8605

JoparkoBa iHdpopmamnist:

TloBHe HaliMeHYBaHHS IOPHUIUYHOI 0COOM: HanjionanbHuii yHiBepcutet "JIbBiBCbKaA MOMTiTEXHIKA"
Kopg, 3a €IPIIOY: 02071010

MicueSHaxo,T.pKeHHH: ByJ. Crennana banpepu, JIbBiB, 79013, Ykpaina

dopma B1acHOCTI: JlepxasHa



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

VIII. 3akar04Hi BimoMocTi

BaacHe IlpizBume Im'a ITo-6aTbKOBi Beuuteit Mukosia [BaHoBIY
TOJIOBH paju

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi Bemuteit Mukosia IBaHoBrY

rOJIOBYIOYOrO Ha 3aCiflaHHi

BigmoBigasbHUH 32 MiATOTOBKY Bemneit M.1.
00JIIKOBHX JJOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




