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Pedepar:

1. Y nuceprauiiiHiil po60Ti pO3B’s13aHO HAayKOBO-IIPAaKTUYHE 3aBJIaHHS MiJBUIIEHHS e(peKTUBHOCTI QyHKIiOHYBaHHS
0€3MPOBiIHUX CEHCOPHUX MEPEX IIISIXOM PO3POOKU METOLiB PO3MIlllEHHSI CEHCOPHUX BY3JIiB T2 BU3HAUYEHHS
MapuIpyTy i MHOXXMHY Pe3€PBHUX MApIIPYTiB HA OCHOBi FEHETUYHOIO AJITOPUTMY B YMOBAX iX MOGIZIBHOCTI Ta
pisHOro pagiycy gii. [lepimuit po3isn IPUCBSYEHO aClleKTaM 3aCTOCYBaHHS [IPUHLUIIB FT€HETUYHOI €BOJIIOLI y
cyyacHUX Mepexkax. [TokasaHo, mo reHetnyHuil anroputm (I'A) e ogHUM i3 Ha6IIbII Ii€eBUX IHCTPYMEHTIB
onTUMi3zalii Npouecis PyHKLUiOHYBaHHS MEPEX y AMHAMIYHUX YMOBAX, 10 3yMOBJIEHI 3pOCTaHHSIM 00CATiB TPpadiKy,
KiJIbKOCTi MepeXeBUX BYy3JIiB Ta BapPiaTUBHICTIO iX IPOCTOPOBOro po3TallyBaHHs. BusHaueHo, 1o e(peKTUBHICTD
3acTocyBaHHsS ['A CyTTE€BO 3aJI€XKUTH Bifl iX IapamMeTpUYHOIO HaJIAIITYBaHHS 3 YPaxyBaHHAM creuudiku 3amadi,
apXxiTeKTypyu MEPEXi Ta 06YMCIIIOBAJIBHOTO CEPENOBUILA. 3allponoHoBaHa kiacudikauis ['A 3a kpurepisimu
HaJIalITyBaHHS NIapaMeTpiB, TUIIaMu QiTHeC-PYHKIiH, BUAAaMU aITOPUTMIB Ta chepaMu ix 3aCTOCYBaHHS Y

MepEeKeBUX 3a7a4ax, o CIpusie OiblI II1M60KOMY PO3yMiHHIO (GaKTOPIB, sIKi BU3HAYAIOTh IXHIO pe3yJIbTaTUBHICTb.



Y npyromy po3giii npeicTaBieHo yIOCKOHAJIEHUI MEeTO/, BUSHAYEHHS] MapLIPYTy Y 6€3MPOBifHill CEHCOPHil
mepexi (BCM), SIkuii BUKOPUCTOBY€E IMHAMIYHY afjanTaliiio iMOBIpHOCTI cXpellyBaHHs Ta MyTaliii Ha OCHOBI
3HaueHHs QiTHeC-PYHKIi Ta CYKYIIHICTh FT€HETUYHUX OIIEPATOPIB [J1s1 aBTOMaTUYHOI epeby0BU MapLIPyTy [1pU
3MiHi TomnoJiorii Ta MiHiMi3awii noro oBxkuHU. Ha OCHOBI pe3yJbTariB iMiTalliiHOTO MOJEIIOBaHHS [TIOKA3aHO, 10
po3pobiieHnii I'A 3a6e3nedye CyTTeBe CKOPOUEHHS TOBXKUHU MapUIpPyTy — Ha 47,14% nopiBHSAHO 3 XaaioHum (PKA) Ta
Ha 28,39% 1nopiBHSHO 3 MypallMHUM anroputmamu (MA) y cueHapii 3 0JHaKOBUMMU pajiiycaMu Jii By3iiB, a TAKOX y 3
Ta 2 pa3u BiAIOBIIHO 3MEHINYE KiJIBKICTD NepexoniB. TaKMM 4YMHOM, 3alIPOIIOHOBAHE PIilIEHHS AEMOHCTPYE BUCOKY
CTilKiCTb, JANITUBHICTb Ta €(PEKTUBHICTb ONTUMI3aLlii B yCiX PO3IVISHYTUX CL€HAPisIX TONOJIOriYHuX 3MiH BCM. Y
TpeThOMY PO3Aisi HaBeHeHo monesnb BCM y IBOBUMipHOMY IIPOCTOPI i3 By3j1aMu Pi3HOTO pagiycy gii. Habys
[IO/IQJIBLIIOrO PO3BUTKY 6araTOKpUTEpPiabHUM MeTo[, MapiipyTusalii B BCM, sikuit BUKOPHUCTOBY€ €BOJIIOLiHNN
MEXaHi3M MOIIYKy MapupyTy i3 piTHeC-PyHKIi€10, T0OYJ0BAHOIO HA OCHOBi HOPMaJli30BaHUX 3HAU€Hb MEPEXKEBUX
napameTpiB: EBKJi0OBOI BificTaHi, piBHS BTpaT AaHUX, 3aTPUMKU Nepeadi aHuX, Ta XapakKTepPUCTHYK By3Jla: PiBHS
3apspy 6aTtapei, piBHs CUTHaJY, BXiIHOTO /BUXiZTHOTO CTYII€HS, 3 ypaxyBaHHSM iX BaroBux KoeilieHTiB, s
ajanTalii yTBOpEHOro ONTUMAabHOIO MAapIIPYTy Ta MHOKMHU PE3EPBHUX MApPIIPYTIB 10 OOMEXEHNX MEPEXKEBUX
pecypciB Ta AMHAMIYHO 3MiHHOI TOnoJIorii. JI7151 nepeBipku e(peKTUBHOCTI po3po6yIeHOro 6araTokpurepianbHoro ['A
3[iICHEHO 1oro NopiBHAHHA i3 MopudikoBaHnMY KA Ta MA, BUKOPUCTOBYIOUM iMiTaliliHe MoesoBaHHs. Ha
OCHOBi OTPMMAaHMX PE€3yJbTaTiB I0Ka3aHO, 110 /111 KOMIUIEKCHOTO KPUTEPIIO, SIKUiA 00'€IHIOE 6 OKPEMUX,
po3pobsiennii BI'A ¢popmye onTuManbHU MapIIPyT, SKUi € Ha 15.75% KOpOTIIMM NOPiBHSIHO 3 MA, nipu 1jpomy JKA
He 37iiicHIOE ycrimHe (opMyBaHHS MapiIpyTy. [logasbiie 3acTOCyBaHHS 6araTOKpUTEPiaIbHOTO METOLLY
POBIJISIHYTO Y KOHTEKCTi «pO3yMHOT0 MicTa» AJ1s1 GOPMYBaHHS MapLIPyTiB TPAaHCIIOPTHUX 3ac006iB (T3) 3
yPaxyBaHHSM TPbOX KJIIOUOBUX KPUTEPIiB: JOBKMHNA MapIIPYyTYy, PiBHS 3aBaHTaXKEHOCTI Ta HELOCTYIHOCTI AOPir, 110
IO3BOJINJIO 3a6€e3MeYnTy 3MeHIIeHHs Jacy pyxy T3 Ha 15.28% nopiBHsHO i3 MA, Togi sk 3actocyBaHHs JKA He
IIPU3BEJIO JO YCHIIIHOTO AOCSTHEHHS TOYKY NpuOyTTs. Lle minTBepKye yHiBepcasbHICTh pO3p0O6JIEHOr0 METOy Ta
MOro NpUIATHICTD K AJ1s 3aga4 BCM, Tak i AJ1s1 iHTeJIeKTyaJIbHUX TPAHCIIOPTHUX CUCTEM. YeTBEpTUI pPO3Hia
IIPUCBSIYEHO PO3B'SI3aHHIO IPOOJIEMH PO3MIlLIEHHS] CEHCOPHUX BY3J1iB Ha IVIOMIMHI TPY MiHiMi3alii nepekpuTTs 30H
ix pii. Brepiie 3arrpoIoOHOBaHO METOJ, IPOCTOPOBOro po3mileHHs By3siB BCM Ha ocHOBI MogudikoBaHoro I'A, mo
3[iICHIOE OLIiHKY IJIOLMHY Yepes IiJIbHICTh pO3MillleHHS BY3JIiB i3 3aCTOCyBaHHIM IITPadiB Ta BpaxyBaHHSIM
MiHIMayIbHOI MiXKBY3JI0BOI BifICTaHi /1711 BU3HAYEHHS iX ONTMMaJIbHUX KOHQIrypaliil y npoleci eBoJIoLiliHOro
Bif6OOpY, O JajI0 3MOTY MiHiMi3yBaTy HAJJIMIIKOBE IEPEKPUTTS i3 ypaxyBaHHSIM Pi3HUX pajiyciB Aii sSIK Ipu
CTBOPEHHI HOBOI MEPEXKI, TaK i IIPM iHTerpallii HOBUX BY3JIiB B iCHyI0Uy TOIOJIOTiIO. Peasi3oBaHO MporpamMHui
MOJIyJIb, IKUH sIBJIsI€ COOOIO CIelliani3oBaHe IIPOrpaMHe 3a0e3MeYeHHs, 0 TPU3HAYEHE [IJI1 MOJIEJIIOBaHHS Ta
CUMYJISILITHUX JOCHiIKeHb QYHKIiOHYBaHHSA BCM 3 ypaxyBaHHAM JUHAMIYHO 3MiHHOI TOIOJIOTii Ta O6MEXKEHOCTI
€HEepPreTUYHMUX i MEPEXXEBUX pecypciB. Ha OCHOBI pe3yJsibTaTiB MOJEIOBAHHS BCTAHOBJIEHO, 10 3alIPOIIOHOBAHUN
MeToJ, 3a6e3meuye eQeKTUBHUIN 6aaHC MK MaKCUMAaJIbHOIO KiJIbKiCTIO BCTAHOBJIEHUX BY3J1iB Ta MiHiMi3alieto ix

IIPOCTOPOBOTO NIEPEKPUTTS Y IIOPiBHSHHI i3 )KaliOHUM, PIBHOMIDHUM Ta BUIAJKOBUM.

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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IloBHe HaliMeHYBaHHS IOPHIUYHOI 0COOM: HanjonanbHuii yHiBepcutet "JIbBiBCbKA MOMTiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

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

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBumie Im'a Ilo-6aTbKOBI:
1. Cenouenko Map’sH OnekcaHpoBUY

2. Marian O. Seliuchenko

KBasigikamis: k. . n., 05.12.02

InenTudikarop ORCHID ID: 0009-0007-7801-8605

JoparkoBa iHdpopmamuist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

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

dopma BracHOCTI: JlepxaBHa

Coepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
Biiacue IlpisBume Im's ITo-6aThKOBI bemnen Mukosna IsaHOBIY

TOJIOBH pajgu



BnacHe IlpizBume Im'st Ilo-6aTbKOBI Bemureit Mukosia [BaHOBIY

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUMH 3a HiATOTOBKY Bemeir M.1.
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaToJIiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




