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Pedepar:

1. BepesiBcekuit M.IO. Mogeni i meTony ninBumenHs edekTUBHOCTI nepenadi Tpadiky B mepesxxax VANET. -
KBanigikaniiiHa HaykoBa npalisl Ha IpaBax pykomnucy. Jlucepralist Ha 30,00yTTsI HAQyKOBOTO CTYII€HS JOKTOpa
dinocodii 3a cnenianpHicTIO 172 - «TenekomyHiKallii Ta pafioTexHika». — [lep>kaBHUI yHiBEpCUTET
TeJIeKOMYHiKaliit MiHicTepcTBa ocBiTH i Hayku Ykpainy, Kuis, 2021. [lucepraniiina po60Ta IprucBsyeHa
nifBuIeHHIO ePEKTUBHOCTI nepenayi Tpadiky B Mepeskax aBToMobinbHoro TpaHcrnopty (VANET). B ocHoBy
IycepTalifiHOi poOOTH 3aKJIaleHi AOCiIyKeHHs, IPUCBsYEH] METOIaM OpraHizallii mpolecy MapupyTu3salii B
mepexxax VANET. TIponec mapupyrusauii € 6a30BUM 1711 aBTOMOOIIBHUX MEPEX i BUMarae Haiobibll NeTaJbHOTO
aHasizy i orpaloBaHHs B pO3pi3i BUKOHAHHS KJIIOYOBUX 33724 iHTeJIeKTyabHUX TpaHcropTHUX cuctem (ITC).
3pocTaHHs MiCT, BUKJIMKaHe ypOaHi3allielo HaceseHHs, BeZle He TiJIbKY [0 36i/blIeHHs 101, i BUCOTHOCTI
3a0y[I0BH, ajie i CylyTHbOTO PO3MIKPEHHS JOPO>XKHBOI Mepexi. Ha noyatky XXI CcTOJITTS, B paMKax KOHLEMNLii
Intepnety Peueit (10T) 3aponBCst HOBUIT HANIPSIMOK PO3BUTKY, METOIO SIKOTO CTaJI0 CTBOPEHHS iHPOKOMYHIKaLilHO]

CTPYKTYpH, sIKa 103BoJInJIa 6 3a6€e31e4nTy YIYaCHUKIB JOPOXXHBOTO PYXy He TiIbKM iHpopMmalii€to, OB sI3aHOO 3



6€3MeKOoI0, ajle i JOJATKOBMMHU BUJAMU iH(POpMaLIHUX NOCIYT. JJaHnI HAIPSIMOK OTPUMAJIO Ha3By IHTEJIeKTyalbHi
TpancnoptHi Cuctemu (ITC). OgHyM 3 HaBaKIMBIIKUX KOMITOHEHTIB ITC, ski BinnosinaoTs 3a GOpMyBaHHS
MepexxeBoi CTPYKTypH, € aBToMobinbHi mepexi VANET (Vehicular Ad Hoc Networks), AJ1s1 no6ynoBu sikux 6yB
pospobinenuii cnenianbuuil cranaapt IEEE 802.11p. 3 ypaxyBaHHSIM BUILEONNUCAHOTO, OYEBUIHO, IO 00JIACTD
opraHizauii inpopmaririHoro o6miny B Mmepeskax VANET, Bumarae rnpoBefjeHHs TOLATKOBUX AOCIIiIPKEeHb, a TemMa
Iycepralii € akTyasbHO0. MeToo aHoi po6oTH € ninBullieHHs eeKTUBHOCTI Nepeaayi faHux B Mmepeskax VANET.
J71 OCSTHEHHS METU PO3p006JIEHO METOJ, OLiHKY SIKOCTI Iepeayvi faHuX, 1o BKIII0Ya€e B cebe KpUTepii oliHKu
SIKOCTi, MaTeMmaTrn4Hi Mogesti mepexx VANET, nporpaMmuy peasnizanito iMmiTaniiiHoi Mozesti Mepexi, o NO3BOJIsIE
OTPUMATU 3HAUYEHHS NTapaMETPiB SIKOCTi MEPEXI, a TAKOK METOINUKY OLIIHKY i IOPiBHSIHHS IPOTOKOJIIB, 110
3abe3nevye BUOIp ONTHMaIbHOIO IPOTOKOJY MapupyTusatii 1jst mepesx VANET. B pamkax gucepralliiiHoOi po60oTH
BUpIIlyBayIMCS TaKi OCHOBHI 3aBAaHHS:-pO3p0o0Ka KOMIIEKCHUX KPUTEPIiB SIKOCTI Nepefadi JaHUX 1715
CIleniasi3oBaHuX 6€3IpOTOBUX MEPEX BiflITOBIAHO [0 KJIACiB iX LiJIbOBOrO BUKOPUCTAHHS;-pO3pOOKa iMiTaLiliHO]
MOJIeli crieniaizoBaHuX 6e3/IPOTOBUX MEPEK, SIKa BKJIIOYAE B cebe MaTeMaTU4Hi MojiesTi TOMoIoTii, Mozenti
6€3pOTOBUX KaHaJIiB 3B'sI3KY, MO/I€JIi MEPEXKEBOTO HABAaHTAKEHHSI i aJITOPUTMIB, 11O YIIPABJISIOTh KiHL€BUM
IIPUCTPOEM;-peaisalist po3po6JeHoi iMiTalliiHOI MOZeJli 3 BUKOPUCTAHHSIM iHCTPYMEHTAJIbHUX 32CO0IB
MOJeJIIOBaHHS MePeX;-po3po0dKa METONUKY BUOOPY i OL[iHKY alropuTMiB MapuIpyTu3aliii 1jsl crewiaaizoBaHuX
mepexx VANET;-po3pobka IpoToKoy MapupyTu3aallii anantoaHoro ans mepexx VANET;-ouiHka e(eKTUBHOCTI
PO3p06JIEHOr0 IPOTOKOY MaplupyTusauii g mepesxx VANET. JI7ist gocsirHeHHsT MeTy 6yJ10 BUPILIEHO HACTYIIHI
HayKoBi 3a5avi:1.Briepie po3pobieHo KpuTepii KOMITIEKCHOI OL[iHKY SIKOCTI CIeliani3oBaHuX 6€3POTOBUX MEPEXK,
sIKi OpieHTOBaHI Ha IPaKTU4HI 3aBJaHHs, SIKi BUPIlIYIOThCS 3 BUKOpUCTaHHIM Mepesk VANET. Po3po6seHi kputepii
IO3BOJISIIOTh, BUKOPUCTOBYIOUM IHTE€rpajibHi OL[iHKM €(PEKTUBHOCTI, IPOBOAUTY MOPIBHSIHHS CIIelliali30BaHUX
6e37pOTOBUX MepPEeX, MPU3HAYeHNX [J1s1 BUPILIEHHS L[iIbOBUX 3aBAaHb Pi3HOTO Kjacy. 2.Po3pobieHa MeToguka
OLIiHKH i IOPiBHSIHHS IIPOTOKOJIIB MapUIpyTU3aLil 117151 6€30pPOTOBUX MEPEK aBTOMOOGIILHOTO TPAHCIIOPTY.
3acrocyBaHHs 1iiei METOAMKY 403BOJIWIIO MiABUIMTY e(PEeKTHUBHICTh IIPOTOKOJIB MapuipyTu3anii.3.Bnepiue
3aIPOINIOHOBAHNU CIIeliaNi30BaHUI IPOTOKOJ MapUIPyTU3allii 1151 6€3APOTOBUX MEPEK aBTOMOOIIBHOTO
TPaHCIOPTY, SIKUM JO3BOJISIE 30iMbIUTH €(PEKTUBHICTb POOOTH MEPEeXKi 1151 IeIKUX BUNAIKIB (JOPOXKHIX CUTYyaLliil)
6inbin HixK Ha 46%. 4.Habys10 nopanbuoro po3BUTKY iMiTallifiHe MOZle/II0OBaHHS CIleLiali3oBaHUX 6€3IpOTOBUX
Mepesk. Po3po6eHo 06'eKTHO-OpieHTOBaHa MOTOKOBA iMiTallifiHa Mofesb crieljianizoBaHoi 6e31pOoTOBOI MepexKi
aBTOMOOIJIBHOTO TPAHCIIOPTY. OCHOBHOIO BiIMiHHICTIO MOJI€JIi € BUKOPUCTAHHS 06'€KTHO-OPi€HTOBAHOTO MiIX0Ay
L7151 TIOJIJaHHSI OKpEMUX KOMIIOHEHTIB Mepexi i 3B'13KiB MK MMy KOMIIOHEeHTaMu. JlaHuii minxiz 3abesnevuye
apxiTeKTypHy i QyHKIiOHaNbHY BiANOBiIHICTh MOoei (i3MYHOI CUCTEMU, IPOCTOTY BIPOBAJI)KEHHS HOBUX i 3aMiHU
icHyl04YMX KJ1aciB 00'eKTiB 6€3 3MiHM KOHLIENTYyaJIbHOI CTPYKTYPY MOAEJ, MOKJIMBICTh HAAIITYBAaHHS IapaMeTpiB i
BUXIJHUX JAHUX MOJEJI Mif 3aBAAHHS OOCIIIKEeHHS. [IpakTUYHEe 3HaYEeHHS OLEP>KaHUX PE3YJILTATIB I10JISITAE Y
HaCTYyIHOMY, a came: 1. Po3po6sieHa nporpamHa peasisalis iMiTaliliHoI Mogieli crienjanizoBaHoi 6e31poTOBOI
MepeXxi, IpOrpaMHoO peasi3oBaHi KpUTEPIi OLIHKU SIKOCTi epeayi JaHux B 6e30poToBux mepesxax VANET.
2.3amporoHOBaHO MIPOTOKOJI MapUIpyTU3allii, TpU3HAYEHUH [IJ1S1 MEPEXK aBTOMOOIIbHOTO TPaHCIIOPTY. [IpoBeneHO
eKCIepUMEeHTaJIbHi OCTiIPKeHH, SIKi MiATBEePIUIN MiIBUIIeHHS e(eKTUBHOCTI repeayi mannx B mepexxax VANET

IIPY BUKOPUCTAHHI 3alIPOIIOHOBAHOI'O IIPOTOKOJY.

2. Berezivskyi M. Models and methods to increase the efficiency of traffic transmission in VANET networks.-
Qualifying scientific work on the rights of the manuscript. Dissertation for the degree of Doctor of Philosophy in
specialty 172-“Telecommunications and Radio Engineering”.-State University of Telecommunications of the
Ministry of Education and Science of Ukraine, Kyiv, 2021. The dissertation work is devoted to increase of efficiency
of traffic transfer in networks of motor transport (VANET). The dissertation is based on research on methods of
organizing the routing process in VANET networks. The process of routing is basic for road networks and requires
the most detailed analysis and processing in terms of key tasks of intelligent transport systems (ITS). Urban growth
caused by urbanization of the population leads not only to an increase in the area and height of buildings, but also
a concomitant expansion of the road network. At the beginning of the XXI century, within the concept of the
Internet of Things (IoT) a new direction of development was born, the aim of which was to create an



infocommunication structure that would provide road users not only with safety information but also with
additional information services. This area is called Intelligent Transport Systems. One of the most important
components of ITS, which are responsible for the formation of the network structure, are automotive networks
VANET (Vehicular Ad Hoc Networks), for the construction of which a special standard IEEE 802.11p was developed.
Given the above, it is obvious that the field of organization of information exchange in VANET networks requires
additional research, and the topic of the dissertation is relevant. The purpose of this work is to increase the
efficiency of data transmission in VANET networks. To achieve this goal, a method for evaluating the quality of data
transmission has been developed, which includes quality evaluation criteria, mathematical models of VANET
networks, software implementation of a network simulation model to obtain values of network quality parameters,
and methods for evaluating and comparing protocols. routing for VANET networks. Within the framework of the
dissertation the following main tasks were solved:-development of comprehensive quality criteria for data
transmission for specialized wireless networks in accordance with the classes of their intended use;-development
of a simulation model of specialized wireless networks, which includes mathematical models of topology, models
of wireless communication channels, models of network load and algorithms that control the end device;-
implementation of the developed simulation model with the use of network modeling tools;-development of a
methodology for selecting and evaluating routing algorithms for specialized VANET networks;-development of a
routing protocol adapted for VANET networks;-evaluation of the effectiveness of the developed routing protocol
for VANET networks. To achieve this goal, the following scientific problems were solved:1.For the first time, criteria
for comprehensive quality assessment of specialized wireless networks have been developed, which are focused on
practical tasks that are solved using VANET networks. The developed criteria allow, using integrated performance
evaluations, to compare specialized wireless networks designed to address the objectives of different classes.2.The
technique of estimation and comparison of routing protocols for wireless networks of motor transport is
developed. The application of this technique has increased the efficiency of routing protocols. 3.For the first time,
a specialized routing protocol has been proposed for wireless road transport networks, which allows to increase
the efficiency of the network for some cases by more than 46%. 4.Simulation modeling of specialized wireless
networks has been further developed. An object-oriented streaming simulation model of a specialized wireless
road transport network has been developed. The main difference of the model is the use of object-oriented
approach to represent the individual components of the network and the relationships between these
components. This approach provides architectural and functional compliance of the physical system model, ease
of implementation of new and replacement of existing classes of objects without changing the conceptual
structure of the model, the ability to adjust the parameters and output data of the model for research. The
practical significance of the obtained results is as follows, namely:1.Developed software implementation of a
simulation model of a specialized wireless network, software implemented criteria for evaluating the quality of
data transmission in VANET wireless networks. 2.The routing protocol intended for road transport networks is
offered. Experimental studies have been carried out, which confirmed the increase of data transmission efficiency
in VANET networks using the proposed protocol.
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