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Pedepar/anoTamis:

1. TIpy nomupeHi CUrHasiB 6€3IPOBOJOBOTO 3B'SI13KY Y BiIbLHOMY IPOCTOPi, KOPUCHUI CHUTHAJI 3a3BUYAll MOXe
CIOTBOPIOBATHUCS i Ai€lo PisHUX PaKTOpiB, ceper, SKUX: 3araCaHHs CUTHAJy IPY OMKUPEHHI; 3aJI0MJIEHHS 260
IIOTJIMHAHHSI [IPOMEHIB KOPMCHOTO CUTHaJy Yepe3 3MiHy II0rOJHUX YMOB — TOOTO pedpakiiis 41 abcopobliis i 6arato
iHImKX. Ajle 0gHOIO 3 HA6INbIIMX IPOOGJIEM, IIOB'SI3aHUX i3 3a0€3[1€YEHHSIM JOCTOBIPHOCTI IPUIIOMY CUTHAJIIB, €
npob6sema 6ararornpominesocti (Multipath propagation), npu sikiii go npuiMayda CUTHJIA MOXKYTb IPUXOIUTH
IeKiZIbKOMA Pi3HUMU LIJISIXaMU: HAIIPUKJIaJ, IPSIMUAI CUTHAJI i CUTHAJ BilOMTUI Bifl JOBiJIbHUX [1IOBEPXOHbD IO
Tpanuncs Ha 1oro uuisxy. Bukopucranus inctpymenty OFDM 1m03BOIUMTE NiABUIIUTY 3aBa03aXUILIEHICTb KaHAY
LIJIIXOM 3MEHIIEHHS BIUIMBY 6araTOIIPOMEHEBOCTI Yepe3 3MiHy 4aCOBUX XapaKTEPUCTUK N1E€PELAHOr0 CUTHATTY,
BUXO/ISIYY i3 BU3HAUEHHS IPOCTOPOBO-€HEPreTUYHNX IIapaMeTpiB KaHaJly 3B'513Ky, a CaMe 4epe3 BUKOPUCTAHHS
3axucHoro inTepsany Gl. HoBu3sHa nigxony 10 BUBHAYEHHS CTPYKTYpU afanTuBHoro pexxumy OFDM B nucepraunii



nosisirae y BUKOPUCTaHHI MOJieJli oBasliB KacciHi B IKOCTI Mofiesti 4151 064McieHHs 06J1aCTi HaBKOJIO IPUMaya, 1o €
CYTTEBOIO J1J1s1 PO3MOBCIOJPKEHHS PalioXBUJIb B YMOBAX 6araTonpoMeHeBocTi. TO6TO CTaso MOXJINBAM OOUNCINTI
0071aCTh HaBKOJIO IIpUIiMaya, B CePEeIMHi SIKOi BiilryK1 KOPUCHUX CUTHAJIIB IIPY BiOUTTI Bifl JOBIJIbHUX [TIOBEPXOHB B
cepenvHi Liiei 06s1acTi 6yayTh NOTPAIISITY B IPUMMAY, i IPU LIbOMY iX IOTYKHICTb OyZie BUILOIO 32 YyTTEBICTh
npuiimaya. BusHayeHHs Takoi 0671aCTi BiIkprBae Bi MOKJIMBOCTI: IIO-NIEpIe, PO3PaxyBaTh €HEPreTUYHUI BIIJIMB
TaKuX 3aBafl, TOOTO BU3HAYMTH 3HAYEHHS CUTHAJI/LIyM, a IO-Jpyre, FEOMETPUYHO BU3HAYUTH i PO3paxyBaTy Yac
3aTPUMKU BiITYKiB CUTHAJIIB i CTYIIiHb iX HAaK/IaJaHHs Ha CYCiIHI KOpUCHi curHany. CaMe IMPpOCTOPOBA MOAEIb
NOMPEHHS 6araTOPOMEHEBOCTI J1Ja€ MOKJIMBICTb TOYHO BU3HAUMTH i BUPAXyBaTU Ha CKiJIbKU Tpeba «pO3TATryBaTh»
CHrHaJ, TOOTO sIKa MOTPi6HA KinbKicTh HifgHecydnx OFDM (NOFDM) i sikoi oBXrHU Mae OyTH 3aXUCHUH iHTepBa
(GI), o1t TOro, O6 3aBaAU HAKJIAAJINACS CaMe Ha CJIY>KOOBY YaCTHHY, a He Ha KOPUCHY YaCTUHY CUTHaJy, TUM CaM
noc1abJIs1104M BIUIUB 6araToONPOMEHEBOCTI i MiIBUILIYI0UY 3aBafOCTiMKICTh KaHaJly. [HIIMMU CJI0BaMU, LIEN METOJ
Iae MOXJMBicTb pobut OFDM afanTuBHUM iHCTPYMEHTOM IIPUCTOCYBaHHS Mif] TapaMeTPU KaHaJy: MOXKJIMBICTD
00rpaTy Jnie HeoOXigHY KibKiCTb MiffHeCyYrX i OCTATHIO OBXUHY 3aXUCHOTO iHTepBay, 1Py SIKUX He
BiZiOyBaeThCsl HAIMipHE BUKOPUCTAHHS PECYPCIB KaHaJy 3B'13Ky. 3arajbHUM MiJICYMKOM OCJIiIP)KEHHS € OLliHKa
€(EeKTUBHOCTI BUKOPMCTAHHS 3alIPOIIOHOBAHOrO METOAY MiJIBULIEHHS 3aBalO3aXUIIEHHOCTi 6€3[IPOBOIOBOTrO
3B'I3Ky B yMOBaX IPOCTOPOBO-€HEPreTUYHMX OOMEXXEHD: a came iH(popMalliiiHa, YaCTOTHA i eHepreTruyHa
e(eKTUBHOCTI. BayKJIMBUMU € pe3ysIbTaTy aHajli3y OTPUMaHUX OOYUCIIEHbD | TOPIBHSIHHS iX 3 iICHYI0UMMU METOAMU,
TOOTO MOPiBHSIHHS [1I0Ka3HUKIB €(DEKTUBHOCTI /171 KaHAJIiB 3B'43Ky 3 aJJalITUBHAMM i 3BUYAHUMU PEKUMaMU
Bukopuctanus OFDM. JlocyimpkeHHs MUTaHb HiIBULIEHHS 3aBaOCTIKOCTi 6€3[IPOBOIOBOrO 3B513Ky B yMOBaX
IIPOCTOPOBO-EHEPreTUYHNX OOMEXKEHD A€ 3MOT'Yy EKOHOMUTH €HEPreTUYHi pecypcu KaHaily IJ1s 3alaH1X
IlapaMeTpiB Nepejadi 32 paXyHOK OOIPYHTOBAHO BU3HAaYeHUX NapameTpis curHanis OFDM. HoBumu i pucepraii €
HACTYIHI pe3yabTaty. 1. JJoCaiIKeHo BIUIUB MPOCTOPOBO-€HEPreTUYHUX OOMEXXEHD HAa MOXKJIMBOCTI 3a0€31€4eHHS
sIKicCHOro 6e311pOoBOLOBOrO 3B's13Ky B yMOBax O6araTornpomMeHeBocTi. Ha 0cHOBI po3po6ieHOoi TpoCcTOpPOBO-
€HepreTUYHOi MOJIeJIi PO3MOBCIOJKEHHS PalioXBUJIb B rirareplioBoMy Jiarnas3oHi Ta BUHUKHEHHS (PakTopy
6araToIpoOMEHEBOCTI TP 1IbOMY BU3HAa4Y€Ha 06J1aCTh HABKOJIO IPUIIMayYa, B CEPEHi SIKOI BCi BilOMTI IpOMEHi
[IEPEBUILYIOTh YyTIMBICTb IPUIIMaYa i BIVIMBAIOTh HA IPUIIOM i 06POOKY KOPMCHOTO CUTHAIY. Bka3aHa 06s1acTh ae
3MOTY BU3HAUUTH PiBeHb IIOTYKHOCTI 3aBaf, 10 OyAyTb IPUMHATI IpUiMayeM, OLiHUTH iX BIJIUB Ha
3aBaOCTINKICTb paZiiokaHaily i TUM KiJIbKiCHO 03HaYUTH IPOCTOPOBO-€HEPTreTUYHi 0OMEXKEHHS. 2. 3alIpOIIOHOBAHO
BI,OCKOHAJIEHY MOJIeJIb BU3HAUEHHS KiIbKOCTi nigHecydnx OFDM n1s nocabsieHHs BIUIUBY 6araTOpoOMiHEBOCTI Ha
SKICTh IepeaBaHHs CUTHAJIIB B 6€3IIPOBOJOBOMY KaHaJi 3B'S13Ky 3 BUKOPUCTaHHSIM IIPOCTOPOBO-€HEPreTUYHOI
Mopeni 6aratornpomineBocTi. KinbKicHO BU3HaYy€HO BUrpall B 3aBafj03aXUIIEHHOCTI Bif BAKOPUCTaHHSI TEXHOJIOTi]
OFDM, 1110 € YNHHUKOM MiJIBULIEHHS 3aBal03aXUIIEHHOCT] 6€3MPOBOLOBOrO 3B513Ky B yMOBaX IPOCTOPOBO-
€HepPreTUYHUX 0OMeKeHb. 3. PO3p06JIeHO METOIMKY BU3HAUEHHSI 3aXMCHOTO iHTepBany cumBosy OFDM B ymoBax
IIPOsIBUA 6araTonpoOMiHEBOCTI. 3aBASKM CKOPOYEHHIO JOBXXUHMU L[bOTO iHTE€pBaJjly, PO3pPax0BaHOTO 32 HOBOIO
METOJIUKOIO, TOCATa€ThCSl BUTPall [0 €HEPTreTULli KOPMCHOTO CUTHAJIy 10 BiJHOIIEHHIO [0 3aBaj, B KaHali
MIOPiBHSIHO 31 CTAHIAPTHMMY METOIVKaMU BUKOpUCTaHHs OFDM, 110 € YMHHUKOM MiJIBALIEHHS
3aBaJl03aXMIIEHHOCTi 6€3[TPOBOLOBOrO 3B'SI3Ky B YMOBAX IIPOCTOPOBO-E€HEPreTUYHNX OOMEXXEHb. 4. B1ocKoHaneHo
METOJIMKY OLiHKY e(EeKTUBHOCTI BUKOPUCTAHHS PeCyPCiB KaHasy 3B$13Ky B yMOBaX 6araTOIpOMiHEBOCTI.
3anponoHoBaHa METOJMKA OLiHKM €(PEKTUBHOCTI NepefaBaHHs curHamuis 3 OFDM B ymM0OBax NpOCTOPOBO-
€HepreTUYHNX OOMesKeHb, SIKa 03BOJISE BiobpakaT NUHAMIKy 3MiHM [IOKa3HUKIB €eHEPreTUYHOi, 4aCTOTHOI Ta
iHpopmatiitHoi e(eKTUBHOCTI.

2. When a wireless signal propagates in free space, the useful signal can usually be distorted by various factors,
including: signal attenuation during propagation; refraction or absorption of the rays of the useful signal due to
changing weather conditions, and many others. But one of the biggest problems is the problem of multipath
propagation, in which the signal can reach the receiver in several different ways: for example, a direct signal and a
signal reflected from arbitrary surfaces that occur on its path. The use of the OFDM tool will allow to increase the
interference immunity of the channel by reducing the impact of multipath through changing the time
characteristics of the transmitted signal, based on the determination of the spatial-energy parameters of the



communication channel, namely through the use of the guard interval GI at the beginning of each stretched OFDM
symbol. The novelty of the approach to determining the structure of the adaptive mode of OFDM in the
dissertation lies in using the Cassini Ovals model as a model for calculating the area around the receiver that is
significant for the propagation of multipath. That is, it became possible to calculate the area around the receiver, in
the middle of which responses of useful signals, when reflected from arbitrary surfaces in the middle of this area,
will fall into the receiver and at the same time, their power will be higher than the sensitivity of the receiver.
Determining such an area opens up two possibilities: first, to calculate the energy impact of such interference, i.e.
the signal /noise ratio, and secondly, to geometrically determine and calculate the delay time of signal responses
and the degree of their overlap with neighboring useful signals. It is the spatial model of multipath propagation
that makes it possible to accurately determine and calculate how much the signal needs to be “stretched”, i.e. what
is the required number of OFDM subcarriers and how long the guard interval (GI) should be, so that the
interference is applied to the service part, and not to the useful part of the signal, thereby weakening the effect of
multipath and increasing the noise immunity of the channel. In other words, this method makes it possible to make
OFDM an adaptive tool for channel parameters: the ability to choose only the necessary number of subcarriers and
a sufficient length of the blanking interval at which there is no "abuse" of the communication channel resources.
The general conclusion of the study is an assessment of the effectiveness of the proposed method of increasing the
interference immunity of wireless communication under spatial and energy constraints: namely, information,
frequency and energy efficiency. Analysis of the received results and comparison of them with existing methods.
The following results are also new in the dissertation. 1. The influence of spatial and energy constraints on the
possibility of ensuring high-quality wireless communication in multipath conditions has been investigated. Based
on the developed spatial and energy model of radio wave propagation in the gigahertz range and the occurrence of
the multipath factor, a region around the receiver has been determined, in the middle of which all reflected rays
exceed the receiver's sensitivity and affect the reception and processing of the useful signal. This region makes it
possible to determine the level of interference power that will be received by the receiver, to assess their impact
on the interference immunity of the radio channel and thus to quantitatively determine spatial and energy
constraints. 2. An improved model for determining the number of OFDM subcarriers has been proposed to
mitigate the impact of multipath on the quality of signal transmission in a wireless communication channel using
the spatial and energy model of multipath. The gain in interference immunity from the use of OFDM technology
has been quantified, which is a factor in increasing the interference immunity of wireless communication under
spatial and energy constraints. 3. A method has been developed for determining the OFDM symbol guard interval
under multipath conditions. By reducing the length of this interval, calculated using the new method, a gain in the
energy of the useful signal is achieved in relation to the interference in the channel compared to standard OFDM
methods, which is a factor in increasing the interference immunity of wireless communication under spatial and
energy constraints. 4. The method for assessing the efficiency of using communication channel resources under
multipath conditions has been improved. A method for assessing the efficiency of OFDM signal transmission under
spatial and energy constraints has been proposed, which allows reflecting the dynamics of changes in energy,
frequency, and information efficiency indicators.
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Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Jlucenko OsiekcaHup IBaHOBUY

2. Oleksandr Lysenko

KBasigikamis: 1. 1. n., npodecop, 20.02.12
Imentudikarop ORCID ID: 0000-0002-7276-9279
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcbkoro”

Kog, 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, Kuig, 03056, Ykpaina
dopma Bi1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayK1 YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Makapenko AHatositt OnekcaHgpoBUY

2. Anatolii O. Makarenko

KBasigikamis: 1. 1. u., npodecop, 05.12.02
Imentudikarop ORCID ID: 0000-0002-4081-328X
JoparkoBa iHdpopmamist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”
Kog, 3a €IPIIOY: 02070921

Micue3HaxoO KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina



dopma By1acHoCTI:
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akar04Hi BimoMocTi
BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI XKyk Cepriit SIkoBu4

rOJIOBH pagu

BaacHe IlpizBuie Im's [10-6aTbKOBI Kyk Cepriii fIkoBuy

rOJIOBYIOYOrO Ha 3aCiflaHHi

BigmoBimasibHU 32 MiATOTOBKY INononceka Banepist OpiiBHa
00JIIKOBHX JJOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

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

OisIIBHOCTI




