O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0418U001489
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 23-04-2018

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. IaymnH Bonogumup borganosuy

2. Yanyshyn Volodymyr Bohdanovych
KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIn¢dp HayKoBOi cneniaJabHOCTI: 05.12.02

Ha3Ba HayKOBOIi CIIeIiaIbHOCTI: TesleKOMyHIKaLiiHi CUCTEMU Ta KEPYBaHHS HUMK

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axHcTy: 20-04-2018

CnenianbHICTB 32 OCBITOXO: IHdOpMaIIiiiHi MepeXxi 3B'A3Ky

Micue po6oTH 3400yBava: Haujonanbuuii yHiBepcuteT "JIbBiBCbKA MOMIiTEXHIKA"

Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. C. Bangepn, 12, M. JIbBiB, JIbBiBCbKa 0051., 79013, YKpaiHa

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHOi BYEHOI pagH (pa30Boi CleNiaai30BaHOi BY€HOI pagH): [ 35.052.10
ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. C. Bangepy, 12, M. JIbBiB, JIbBiBCbKa 00151., 79013, YKpaina

dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

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

Micue3HaxoaKeHHS: ByJ. C. Bangepu, 12, M. JIbBiB, JIbBiBCbKa 0051., 79013, YKpaina

dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemaTHYHHUX PYOPHK: 49.03.07

Tema gucepranii:
1. MogeJi Ta arOPUTMHU YIIPABJIiHHA Palio4aCTOTHMM CIIEKTPOM B KOTHITUBHUX PaZliOMEPEKaX.

2. Radio frequency spectrum management models and algorithms in cognitive radio networks.

Pedepar:

1. Y nuceprauii po3B’s13aHO akTyajibHEe HAayKOBE 3aBIaHHs PO3p00JeHHS e(EeKTUBHUX METOIB Ta aJITOPUTMIB
YIIPaBJIiHHS Palio4aCTOTHUM CIIEKTPOM B KOTHITMBHMX PaiioMepeskax IS MiIBUILIEHHS PiBHS SIKOCTi CEPBiCiB, 110
HVMU HaJAl0ThCs. BU3HaYeHO OCHOBHI (PYHKIiI TpoLjecy yIpaBiliHHA Pafio4aCTOTHUM CIIEKTPOM, TPOaHali30BaHO
OCHOBHI (PYHKIii KOTHITUBHOTO pajiio, CXeMU yIPaBJIiHHS PaliocdaCTOTHUM CIIEKTPOM i 0COBIMBOCTI MEPEXKEBOI
apXxiTeKTypu KOTHITUBHOI pasiiomepesxi. [IpoBeneHo nocaimkeHHs epeKTUBHOCTI CKaHyBaHHS CIIEKTPY OOHUM
KOTHITUBHUM KOPUCTYBa4y€M Ta 3 BUKOPUCTAHHSIM METOAY KOOIIEpaTUBHOIO CKaHyBaHHS. PO3p006yieHO
iHTeJIeKTyasIbHy iMiTalliiHy MOZIEJIb CUCTEMU KEPYBAHHA KOTHITUBHOIO MEPEXKEIO i3 MOKIIMBICTIO LIMPOKOTO i
THY4YKOTO HaJIAIITYBAaHHS BXiTHUX [TapaMeTpiB, BUOOPY METOiB YIIPABIiHHS PasiiouaCTOTHUM CIIEKTPOM, a TAKOX i3
MO>KJIMBICTIO IIOJAJIBLIOrO YAOCKOHAJNIEHHS. [IpOBEE€HO YOCKOHAIEHHS! METOLly CKaHYBaHHS CIIEKTPY [JIs
OLIiHIOBaHHSI CIIEKTPaJIbHOI I'YCTUHU NIOTY>KHOCTI, 1110 6a3yeThCsl HA BUSIBJIEHHI €HEprii 32 JOIIOMOroI0 IIepiolorpamMu
Yenda. YI0CKOHaIEHO iMiTallifiHy MOJieJib IPOLECY OLiHIOBaHHS €(PEKTUBHOCTI METO/IiB BUOOPY CMYT CIIEKTPY Ha

OCHOBI BUKOPHCTaHHS PO3PO0JIEHUX aJrOPUTMIB 6alaHCYBaHHSI BXiJIHOrO HaBaHTaXXEHHS1. 3alIpOIIOHOBAHO



YIOCKOHJIEHUI aJITOPUTM MTPOAKTUBHOIO NIEPEIABAHHS CMYT CIIEKTPY IJ1s1 0OCIIyTOBYBAaHHSI IEPBUHHUX
KOPHCTYBAuiB i3 BUKOPUCTaHHSIM CTaTUCTUYHUX AaHUX PO QYHKIIOHYBAaHHS CUCTEMHU Ta [IOINIepeIHIM
[IPOTHO3YBAHHSIM CTaHy YaCTOTHOI'O KaHaJly, 10 JaJjIo 3MOT'Y ITOKPAIIUTH IIPOIYCKHY CIIPOMOXKHICTb CUCTEMU
KOTHITMBHOTO pajiio Ha 25% i Maibke BABiui 3HU3UTU NMOBIPHICTh BUHUKHEHHS KOJIi3ii MDK IEepBUHHUMMU Ta
KOTHITUBHMMU KOpUCTyBaYyaMu. Ha OCHOBI pe3ysibTaTiB MOJEIIOBAHHS BU3HAYEHO, 10 HABITh IPU MAaKCUMAaJIbHI
3aBaHTAKEHOCTI [IEPBUHHOI MEPEXi CepeHs CyMapHa MPOIyCKHA 3[aTHICTh MOZeJli KOTHITUBHOI pajiioMepexi 3

YAOCKOHAJIEHHAMU 3pOCTae Ha 7-12%.

2. The thesis solves an actual scientific problem - development of effective radio frequency spectrum management
methods and algorithms in cognitive radio networks for the quality of service improving. The basic functions of
cognitive radio, radio frequency spectrum management schemes and features of the network architecture of the
cognitive network are analyzed. A study of the efficiency of spectrum scanning by one cognitive user and using the
method of cooperative scanning was conducted. The intellectual computer model of the cognitive network
management system with the possibility of wide and flexible adjustment of input parameters, choice of radio
frequency spectrum management methods, and with the possibility of further improvement and scaling is
developed. Improvement of spectral scanning method and estimation of spectral power density based on energy
detection using the Welch periodogram was contributed. The model for assessing the efficiency of spectrum
selection methods based on the introduced new performance indicator - the duration of the adoption of a system
solution (radio channel designation) for the algorithms for balancing the input load has been improved. The
simulation system model has been proposed to calculate main system operational parameters and integrated in
simplified model of cognitive radio network with one primary system and one secondary cell. The model uses
queueing systems to evaluate how effects on the total system configuring time of the secondary connections on
sensing errors, multiple interruptions and capacity of channel. Based on the results, when using load-balancing
methods, the total system configuring time can be reduced from 20% and even up to 50%. The advanced algorithm
of the proactive protocol of spectrum transmission for service with the use of statistical data about system
operation and preliminary forecasting of the frequency channel status was proposed, which allowed to improve
the bandwidth of the cognitive radio system by 25% and almost halve the likelihood of a collision between the
primary and cognitive users. The simulation was conducted for estimating the bandwidth of a cognitive radio
network on the basis of an intellectual simulation model with the use of advanced methods for managing the radio
frequency spectrum under the system's operation in conditions close to real. Based on the results of the
simulation, it is determined that even with the maximum load of the primary network, the average total bandwidth
of the cognitive radio network model with improvements is increased by 7-12%.
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