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1. Y nuceprauiiiHiil po60Ti BUpPillyeThCS aKTyalbHE HAyKOBO-TEXHIUHE 3aBJAaHHS MiBUILIEHHS €(EeKTUBHOCTI
BMKOPHMCTAHHSI IOCTYIIHOTO YaCTOTHOTO PECYPCY B 6€3MPOBOLOBUX MEPEKaxX KOTHITUBHOTO Paflio, IIJISIXOM
(opMyBaHHS YaCTOTHUX IJIaHIB KBa3iOPTOTOHAJIBHOTO YaCTOTHOTO PO3[iNIeHHs KaHajliB. MeTOlo nucepTaniiiHoi
pobOTH € po3podKa MEeTOy IiBUILLIEHHS €(PEeKTUBHOCTI BUKOPUCTAHHS KOTHITUBHUX PaZlioOMePeX 3a paxyHOK
3aCTOCYBaHHS KBa3iOpTOrOHAJIBHOIO AOCTYITY Ha MiHECYYMX YaCTOTaX. Y MPOLECi HOCTiIKEHb i MOLEIIOBaHHS
OyJIO OTPMMAHO HACTYIIHI HAYKOBI i IPaKTU4Hi pe3ybTaTh: 1. YIOCKOHAJIEHO METOL KBa3iOpTOrOHAIbHOTO JOCTYITY
Ha MiJHEeCY4YMX 4aCTOTaX, SIKUi 6a3yeThCs HA HEOPTOTOHAJIbHOMY BUKOPUCTAaHHI YaCTOTHUX CMYT MiIKaHasiB. MeTog,
[I03BOJIsIE 3HAUHO 3HU3UTH KiJIbKICTb MOSIBA YACTOTHUX KOJIi3il Ta [03BOJIsIE 361IbIIUTY a0OHEHTChKY EMHICTh

KOTHITMBHOI PaZjioCUCTEMH 32 PaXYHOK I1apajiesIbHOi pOOOTH CyOKaHaliB B 3arajibHiil CMY3i 4aCTOT, KOXKEH 3 SIKUX



Mae CBOIO KiJIbKiCTh a60HEHTIB. 2. Briepiie po3po6ieHo MeToH, BU3HAYeHHS CITiBIafal0unX YaCTOTHUX MO3ULHN
IiHeCcy4yux Jisl KBa3iopTOroHaJbHOTO [OCTYIy Ha ninHecy4yux yactotax (QOFDM). BukopuctaHHs MeToLy
Z03BOJISIE€ CIIPOCTUTH Npouec GOPMyBaHHS YaCTOTHUX IUIAHIB i BMEHIINTHY PiBEHb BHYTPIlIHbOCUCTEMHUX 3aBajl B
CHACTeMax KOTHITUBHOTO pPaflio, 1[0 BUHUKAKOTh NP OAHOYACHOMY BUKOPHCTaHHI 6araTbMa KOPUCTyBaYaMU OIHUX i
THUX K€ YaCTOTHUX CMYT. 3. YIOCKOHAJIEHO MeTOJ, OTpuMaHHs QyHKUii OFDM-curnany 3 BUKOPUCTaHHSIM METOLY
deiiepa, NilCyMOBYBaHHSM CepelHiX apudMeTUUHUX CYyM psy. MeTo[ jae MOKJIMBICTb pO3paxyBaTH YaCTKOBI
CYyMM CUTHAJIbHO]I (PYHKIIii, @ TAKOK IPOBECTU MOPIBHSJIBHAY aHajli3 Pi3HUX CUTHAIbHUX QYHKIIH 3a KPUTEPisIMU
€HEepPreTMYHOI Ta CIEKTPajIbHOI €(PEKTUBHOCTI. 4. Briepiie po3po6seHO iMiTaliliHy MOzeJb ITpoLecy (GOPMyBaHHS
aHcamo6Jto yacToTHUX IaHiB 1y QOFDM, sika, Ha BiIMiHY Bifl iCHyI0YHX, I03BOJIsSIE€ BU3HAUUTU LIVPUHY ITiTKaHaiB
B YAaCTOTHUX IIJIaHaX aHCaMOJIiB CKJIaJHUX CUTHAJIB 3 ypaxyBaHHSM iX KisibKocTi. Lle mo3BoJisie CUHTE3yBaTH
aHcaMb0JIi CKJIaJIHMX CUTHAJIIB 3 HU3bKOIO B3a€MOJII€I0 B YACTOTHIl 06J1aCTi. Y BCTYIIi HABEJIEHO 3arajibHy
XapaKTEPUCTUKY POOOTH, OOIPYHTOBAHO aKTyaslbHICTh BUOPAHOI TEMU JOCTiIKEHD, COOPMYIbOBAHO METY Ta 3a1adi
IocinkeHb, cGOPMYJIbOBAaHO HAYKOBY HOBU3HY Ta NPAKTUYHY L[iHHICTb OTPMMAHUX Pe3yJbTaTiB, Bijl3HAU€HO
0CcO6KMCTHII BHECOK aBTOPA, HABEIEHO JaHi Npo anpobaliiio Ta NpakTUYHE BIIPOBAIKEHHS, HasiBHI ny6sikauii Ta
CTPYKTYpYy po6oTH. Y nepuiomy po3fiiji 31iliCHEHO OrJis] Cy4acHUX MTpobieM i mepcreKTyB nepenayi JaHux B
TeJIEKOMYHIKaliIHUX CUCTEMAaX 3 MYJIbTUIJIEKCYBAHHSIM CUTHAJY, IPOBEAEHO aHalli3 3arajlbHUX XapaKTePUCTUK
KOTHITUBHUX pafiocucTtem. [Ijis BUpineHHs 3ajavi peasizaliii CriyibHOro BUKOPUCTAaHHS CIIEKTPaJbHUX Aip 6araTbma
KOPHMCTyBauyaMU KOTHITMBHOI pajiioMepesKi 3alIpOIIOHOBAHO BUKOPUCTATH PO3PO0JIEHUI METOM, HA OCHOBI
KBa3i0OpPTOrOHAJIbHOTO YaCTOTHOTO MyJIbTUILIEKCYBaHHS KaHasiB (QOFDM). B npyromy po3zini guceprariii jetajpHO
PO3p06JIEHO METO, KBa3iOPTOrOHaJbHOTO YaCTOTHOTO PO3[iiJIeHHs KaHaliB, SKUI BUPilLlye 3374y CIiJIbBHOTO
IOCTYITy /1J1s1 6araTbOX KOPUCTYBauiB KOTHITUBHOI paZiiocucTeMH OfiHi€l i Tiei )K cMyru 4acToT. 3alipONIOHOBAHO
anroputMm GOpMyBaHHS aHCAMOJIIO i3 BpaXyBaHHSIM Pi3HOTO 3HAYE€HHS IIVMPYHU MiIKaHAJIIB y BiTIOBIIHAX
YaCTOTHUX IJIaHax Ta OTpUMaHo rpadiuny iHTepnpeTaliio meTony. B TpeTroMy po3aisi nucepraii po3po6yeHo
METO/I, BU3HAYEHHS CIIiBNAJJal0uMX YACTOTHUX MO3UILLiH, IIIXOM IIONIAPHOTO MOPiBHSHHS YaCTOTHUX I1JIaHiB IIPU
QOFDM. IIpoBenieHO CTaTUCTUYHUN aHaJIi3 KOPEISALiNHUX BIaCTMBOCTEN CKIAJAHUX CUTHAJIIB, YTBOPDEHUX HA OCHOBI
KBa3i0PTOrOHAJIBbHOTO JOCTYILY Ha MiJHECYYMX YaCTOTaX. PO3IJISIHYTO MMTaHHS 3MEHIIEHHS IOXUOKY BiJHOBJIEHHS
CUTHAJIIB Micss IpUIOMY Ta ONpalloBaHHS [M(PPOBUMHU MeTOoaMu. B yueTBepToMy po3fiisi po3po6sieHo iMiTalifiHy
MoJeJib Ipoliecy GOpMyBaHHS YaCTOTHUX IVIaHIB 1151 KBa3i0OPTOTrOHAJIBHOIO YaCTOTHOTO PO3/iJIeHHs KaHaiB Ta
IIPOBELEHO CTATUCTUYHY OL[iHKY B3a€MOKOPEJISILIITHMX BJIACTUBOCTEN i3 BpaXyBaHHSIM B HUX Pi3HOTO 3HAUYEHHS
KiJIPKOCTI MifKaHaliB, iX INPUHYU Ta 3arajibHOI MIMPYUHMY CIIEKTPY aHCAMOJII0 YaCTOTHUX I1aHiB. KimovyoBi cioBa:
TeJIEKOMYHIKallilHi cucTeMu, KOTHITUMBHI pagiomepexi, OFDM-cursas, KBa3iopTOroHaJIbHUM JOCTYII, METO],
Deiiepa

2. The thesis solves the current scientific and technical task of increasing the efficiency of using the available
frequency resource in wireless cognitive radio networks by forming frequency plans of quasi-orthogonal
frequency separation of channels. The aim of the dissertation work is to develop a method of increasing the
efficiency of using cognitive radio networks due to the use of quasi-orthogonal access on subcarrier frequencies.
In the process of research and modeling, the following scientific and practical results were obtained: 1. The method
of quasi-orthogonal access at subcarrier frequencies, which is based on non-orthogonal use of frequency bands of
subchannels, has been improved. The method allows you to significantly reduce the number of frequency collisions
and increase the subscriber capacity of the cognitive radio system due to the parallel operation of subchannels in
the common frequency band, each of which has its own number of subscribers. 2. For the first time, a method for
determining coincident frequency positions of subcarriers for quasi-orthogonal access on subcarrier frequencies
(QOFDM) was developed. Using the method makes it possible to simplify the process of forming frequency plans
and reduce the level of intra-system interference in cognitive radio systems that occur when the same frequency
bands are used simultaneously by many users. 3. The method of obtaining the function of the OFDM signal using
Feyer's method, by summing the average arithmetic sums of the series, has been improved. The method makes it
possible to calculate the partial sums of the signal function, as well as to conduct a comparative analysis of various
signal functions according to the criteria of energy and spectral efficiency. 4. For the first time, a simulation model



of the process of forming an ensemble of frequency plans for QOFDM has been developed, which, unlike the
existing ones, allows you to determine the width of subchannels in the frequency plans of ensembles of complex
signals, taking into account their number. The introduction provides a general description of the work,
substantiates the relevance of the selected research topic, formulates the purpose and tasks of the research,
formulates the scientific novelty and practical value of the obtained results, notes the personal contribution of the
author, provides data on approval and practical implementation, available publications and the structure of the
work. In the first chapter, an overview of modern problems and prospects of data transmission in
telecommunication systems with signal multiplexing was carried out, an analysis of the general characteristics of
cognitive radio systems was carried out. Many users of the cognitive radio network proposed to use the developed
method based on quasi-orthogonal frequency multiplexing of channels (QOFDM) to solve the problem of
implementing the joint use of spectral holes. In the second chapter of the thesis, the method of quasi-orthogonal
frequency separation of channels is developed in detail, which solves the problem of shared access for many users
of the cognitive radio system of the same frequency band. An ensemble formation algorithm is proposed, taking
into account different values of subchannel widths in the corresponding frequency plans, and a graphical
interpretation of the method is obtained. In the third chapter of the thesis, a method of determining the matching
frequency positions was developed by pairwise comparison of frequency plans in QOFDM. A statistical analysis of
the correlation properties of complex signals formed on the basis of quasi-orthogonal access at subcarrier
frequencies was carried out. The issue of reducing the signal recovery error after reception and processing by
digital methods is considered. In the fourth chapter, a simulation model of the process of forming frequency plans
for quasi-orthogonal frequency separation of channels was developed and a statistical assessment of
intercorrelation properties was carried out, taking into account the different values of the number of subchannels,
their width and the total spectrum width of the ensemble of frequency plans. Keywords: telecommunication
systems, cognitive radio networks, OFDM signal, quasi-orthogonal access, Feyer's method
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