O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0218U003447

Jep>kaBHUH peecTpauiliHUI HOMeP: 0116U003566

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpaunii: 15-02-2018

II. Etran BukoHnauus JiP
Homep eramny: 1

Ha3sBa eramy: Po3poGka MeTO/iB IPOCTOPOBOI CeeKil /1711 TOBTOPHOTO BUKOPUCTAHHS PaJlio4aCTOTHOTO

pecypcy JiHill 1M(POBOro palioPEIENHOrO 3B 3Ky
IToyaToK eTamy: 01.2016
3akiHyeHHs eTamy: 12.2017

Buz 3BiTHOrO AOKYMEHTA: OCTaTO4HMIA 3BiT

I11. BizomocTi npo BukoHaBus JIiP

IloBHe HaliMeHYBaHHSI IOPUAUYHOI 0co0H (abo ITIB ¢izuyHOi 0c00H): HauioHanbHuil TexHIYHMIA

yHiBepcuTeT YKpainu "KuiBCbKUM MOITEXHIYHMM IHCTUTYT iMeHi Irops CikopcpKoro”
Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS:

dopma BaacHoOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

Poamip opranisarii:

Tenedon: (044)204-98-11

IV. BimomocrTi nnpo criiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

TloBHe HaliMeHyBaHHs IOPHIHYHOI 0coou (a6o ITIB ¢izumyHO0i 0c00H): HanionanbHwii TEXHIYHMIA
yHiBepcuTeT YKpainu "KuiBcbKuil noJliTexHiyHm iHCTUTYT iMeHi Irops CikopchKoro" IHCTUTYT eHepro3oepesKeHHs

Ta eHEPTOMEHEIPKMEHTY

Kopg 3a €IPIIOY: 247571500

Micue3HaxoaKeHHS: ByJ1. Bopmariseska 115, M. Kuis, KuiBceka 06s1., 03056, Ykpaina
dopma BiracHocTi:

Cdepa ynpaBitiHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Poamip opranisaiii:

Tenedon: 0442049690

VI. II>)kepeJsia, HanpsiMu Ta o6csaru piHaHcyBauHs [IiP

IlincraBa pjist npoBenmeHHs [iP: 43 - snacha ininiaTnBsa (1Ko po60Ta BUKOHYETHCS 3 BIACHOI iHilliaTMBK 3a

KOLITH BUKOHaBIS HJIP a60 6€3K0MTOBHO)

Hanpsam Q)iHchyBaHHH: 2.2 - IpUKJIaAHi JOCTiIKEeHHS i pO3pOOKHU
Jxkepesa (l)iHaHCYBaHHﬂ

7706 - 6e3nJ1aTHO (A0rOBip IPO HAYKOBO-TEXHiYHE CiBPOOGITHHIITBO, TOIL0)



VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pobka MeToiB IPOCTOPOBOI CeJeKLi 1711 TOBTOPHOIO BUKOPUCTAHHS PajliouaCTOTHOTO pecypcy JliHii

111 ppPOBOTo PafiopeseiftHOro 3B'SI3Ky

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of spatial selection metods for radio frequency resourse re-usage in digital radio relay

communication lines

Pedepar yKpaiHCBKOIO:

[IpoanamnizoBaHo posb Ta MiCLe pafiopesIeHUX JIiHIl 3B'513Ky B Cy4YaCHUX TEJIEKOMYHIKalLiHUX CUCTEMAX.
[TokazaHo cydacHi TeHJeHllii pO3BUTKY cUCTeM LU(POBOTO PaLiopesIeliHOTO 3B's13KY, SKi [10JISIraloTh Y 301IbIIEeHH] iX
IIPOITYCKHOI CIIPOMOJKHOCTI B yMOBaX OOMEKEHOCTi pafliouacTOTHOro pecypcy. [IpencraBieHa NopiBHsJIbHA
XapaKTepUCTUKA BiJOMUX CIIOCOOIB MHOKHMHHOTIO OCTYITy IO PaZioyacTOTHOTO PeCypcCy B pafiopesieHUX JIiHisIxX
3B'S13Ky: MHOXXUHHU JOCTYI 3 YAaCTOTHUM IOJIiJIOM KaHaiB 3B's13Ky (FDMA), MHOKUHHMI OCTYII 3 4aCOBUM
IOAi/IOM KaHaJiB 3B'13Ky (TDMA), MHOXKMHHMI JOCTYII 3 MOJISIPU3ALIMHUM NOJIIOM KaHaliB 3B's13Ky (PDMA),
MHOXKMHHOTO IOCTYITy 3 KOJJOBUM PO3[iJIEHHSIM KaHaiB 3B's3Ky (CDMA), MHOKMHHOTIO JOCTYIIy 3 IPOCTOPOBUM
PO3[iJIeHHSIM KaHaJliB 3B's13KY 110 KyTOBUM KoopauHaTam (SDMA). TeopeTu4yHO 06 PYHTOBAHO [IOLiIbHICTD
BMKOPHUCTaHHS B CUCTEMAX LIU(PPOBOro paiiopesieiHoro 3B's13Ky METOly IPOCTOPOBOI CeJIeKLii paflioCUTrHaliB 3a
¢dopmoto (kpuBH3HOI0) (PazoBoro GPOHTY iX €IeKTPOMArHiTHUX XBUJIb SIK HOBOTO CIIOCOOY IIOBTOPHOTO
BHMKOPHCTaHHS pasiioyacTOTHOTO Pecypcy, TOOTO MHOKMHHOTIO JOCTYITy 3 IPOCTOPOBUM I10JiJIOM KaHaJliB 3B'SI3KY
1o gpopmi pazoBoro GpoHTY €J1eKTPOMArHiTHOI XBUJIi. 3alIpOIIOHOBAHO TEXHIYHUI BapiaHT CTPYKTYPHOI CXeMU
OJHOIHTEPBaJIbHOI NyIJIEKCHOI HM(POBOi pafiopeseNHOi JIiHil 3B'13KY, IKa peaidye MHOKUHHUI TOCTYII 3
IIPOCTOPOBUM PO3[iJIEHHSIM KaHaliB 3B'13KY 110 KpUBU3Hi (Pa30BOro GpoHTY eJeKTPOMarHiTHoi xBuili. [IpoBeneHo
TEOpPeTUYHUI aHasi3 aMIIiTy1HO-(a30BOro PO3IIOiNy CUTHATY Ha PO3KPUBiI aHTEHHOI CUCTEMU IIpUMasbHOI
paziopesieiHOi CcTaHLii, 1[0 YTBOPIOETHCS BHACINOK iHTepdepeHLii eJIeKTPOMarHiTHUX XBUJIb, sIKi BAIIPOMiHEHO
AHTEHHOIO CUCTEMOIO NIEPENABAJIbHOI pafiiopesierHol cTaHLii. Llei anasni3 103B0oJIsie BU3BHAYUTH YMOBU Ta
KoHQiryparito pagiopesneiiHoi JyiHii, npu skux GPOHTH eJIeKTPOMArHiTHUX XBUJIb B CEPEIOBUIL ITOMKUPEHHS MK
IepelaBayIbHOIOI0 Ta NPUIMAaJIbHOIO PafliopesyieiHUMU CTaHLisIMUA MalOTh Pi3HY GOpMy (KpHMBU3HY). BUKOHaHO
CTaTUCTUYHUI CUHTE3 ONTUMAJILHOTO aJIFOPUTMY ITPOCTOPOBOI cesekliii pasiiocurHanis o ¢popmi hpazoBoro
(PpOHTY €/1eKTPOMArHiTHOI XBUJIi 1711 iiarpaMOyTBOPIOI0YOi CXEMU NPUIMAJIbBHOTO TPAKTy HU(POBOi pagiopeneinHoi
CTaHLji, IKUI [03B0OJIsIE 1O Popmi PazoBoro GpPOHTY pPO3AIIUTH OJMH Bifl OTHOTO PaJiOCUTHANY Pi3HMX AOOHEHTIB,
gKi OJHOYaCHO BUKOPMCTOBYIOTh OJIMH /1 TOM CaMUM Pafio4acTOTHUI pecypce pagiopesenHoi ainii. Po3paxoBaHo
TEOPETUYHI MOKa3HUKU €(PEKTUBHOCTI 3aCTOCYBAHHS PO3PO0JIEHOTO AJIFTOPUTMY ITPOCTOPOBOI CeJleKllii CUTHaIiB 110
KpuBU3HI (a30Boro PpoHTY eIeKTPOMarHiTHOI XBUJIi B iarpaMOyTBOPIOIOYill cxeMi aHTEHHOI cuCTeMU
IIPUIMaJIbHOTO TPaKTy LUu¢poBoi pasiopesneitHoi ctanjii. Po3po6yeHo eKkcriepuMeHTalbHUI CTeHT, (MAKeT)
CHMILJIEKCHOI OJHOIHTEPBaIbHOI pasiiopesieiHoi JiHii 3B'43Ky Aiarna3ony 10,56 [T 3 By3710M IPOCTOPOBOTO
(opMyBaHHS CUTHAJIB Ha NlepeaBajbHiil paliopesieiiHiil CTaHLii 17151 yTBOPEHHS €JIeKTPOMArHiTHUX XBUJIb IBOX
IKepeJl TeJeBi3iHOro curnany crangaptry DVB-C 3 0HaKoBOO HECHOIO YaCTOTOIO Ta MOJISIPU3Alii€lo, SIKi MalTh
pi3Hy KpUBU3HY (Pa30BOro PPOHTY €JIEKTPOMArHiTHOI XBUJIi Ta BYy3JI0M IPOCTOPOBOI 0OPOOKU CUTHAJIIB B
NIpUNMaJIbHIA pafiopesienHii CTaHLil [J1s1 IPOCTOPOBOI CeJIEKLi IMX PafioOCUTHAIB OAVH Bill OJHOTO 10 KPUBU3HI
($Ha30BOro PpOHTY eIeKTPOMAarHiTHOI XBUJIi. 3a OMOMOTOIO LIbOrO MaKeTy B J1ab0pPaTOPHUX YMOBax
€KCIIEPMMEHTAJIbHO MiATBEPIKEHO MO>KJIMBICTh IIPOCTOPOBOI ceseklii Tpo KpuBU3Hi (pa3oBoro GpoHTY OAMH Bif,
OJHOTO0 2-X CUTHAJIIB TEJIEBI3iTHOrO MOBJIEHHS cTaHHapTy DVB-C 3 01HaKOBOIO HECHOIO 4YaCTOTOMO Ta
T0JIIpU3aLli€l0 XBUJIi, @ TAKOXK BUMIPEHO KOoeillieHT MPUAYLIEHHS 3aBaJlOBOTO CUTHAITY Ta KOeillieHT ocIabaeHHs
KOPUCHOTO CATHAJy B KOKHOMY 3 2-X KaHaJIiB IPUMMAaJILHOIL pagiopenernoi ctannii. [TokazaHo misaxu

BIIPOBAPKEHHSI TEXHOJIOTii IPOCTOPOBOi 06pOOKY CUTHAITY 110 KPUMBU3HI (pa3oBOro GpoHTY B Iitoui Ta HOBI JiHii



PafiopesIeNHOrO 3B'SI3KYy.

Pedepar aHIJIiHCBKOIO:

The role and place of radio relay communication lines in modern telecommunication systems is analyzed. The
current trends in the development of digital radio-relay communication systems are shown. These trends consist
in radio-relay communication systems capacity increasing in conditions of limited radio frequency resource. A
comparative characteristic of the known methods for multiple access to a radio frequency resource in microwave
links such as FDMA, TDMA, PDMA, multiple access with code division multiplexing (CDMA), space division multiple
access by angular coordinates (SDMA) are presented. Practicability of application of radio signals spatial selection
method by the electromagnetic wave phase front shape (curvature) as a new method of radio frequency resource
reusing, that is, multiple access with communication channels spatial separation in terms of the electromagnetic
wave phase front shape in digital radio-relay communication systems is theoretically grounded. A technical variant
of the single-interval duplex digital microwave relay link structural scheme that implements multiple access with
spatial separation of communication channels based on the electromagnetic wave phase front curvature is
proposed. A theoretical analysis of the amplitude-phase distribution of the signal in the receiving radio relay
station antenna system which is formed due to the interference of electromagnetic waves emitted by the
transmitting radio relay station antenna system are shown. This allows to determine the conditions and
configuration of the radio relay line in which the electromagnetic waves phase fronts differentiate the shape
(curvature) each other in the propagation medium between the transmitting and receiving radio relay stations. The
statistical synthesis of the optimal algorithm for radio signals spatial selection in accordance with the shape of the
electromagnetic wave phase front for the receiving path of a digital radio relay station beamforming circuit is
performed. It allows to separate each other different subscribers radio signals which use the same radio frequency
resource of the radio relay line. The theoretical effectiveness coefficients of application of the signals spatial
selection developed algorithm by curvature of the electromagnetic wave phase front in the beamforming circuit of
the receiving path of a digital radio relay station antenna system are calculated. An experimental testbed of a
simplex single-interval radio relay link of the 10.56 GHz band was constructed. This testbed has signals spatial
processing blocks in a transmitting radio relay station assigned for electromagnetic waves forming from two DVB-
C standard signal sources with the same carrier frequency and polarization and having a different phase front
curvature. Also it has blocks of spatial signal processing in the receiving radio relay station for spatial selection of
these radio signals from each other by electromagnetic wave phase front curvature. Assisted this testbed in the
laboratory conditions, possibility of spatial selection of two DVB-C television broadcasting signals with same
carrier frequency and wave polarization by curvature of its electromagnetic waves phase front experimentally
confirmed. Also, noise suppression coefficient and signal-of-interest attenuation coefficient of the each of the 2
channels of the receiving radio relay station are measured. The ways of deployment of spatial signals processing
technology by curvature of its electromangetic waves phase fronts into operating and new of radio relay

communication lines are shown.
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Koau TemaTHYHHUX PYOPHK: 49.43.01
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InenTudikarop ORCID ID:

JopaTrkoBa indpopmamnist:



VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII yKpaiHCBKOIO: MakeT CHMIJIEKCHOI pazliopesIeiiHoi JIiHii 3B'SI3Ky 3 By3JamMu IPOCTOPOBOi 06POGKH

CUTHAJIIB

Hazpa HTII aHrsi#icbKO0: Testbed of a simplex radio-relay communication line with units of spatial signal

processing

HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpuMaHi pe3yJIbTaTH: EKCliepUMEHTaIbHUI CTEH]

l'as1y3p 3aCTOCYBaHHS: PO3POGHIKHU CUCTEM TeIeKOMYHIKalliil, OllepaTopH 3B'sI3Ky
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Po3po6iieHo Ta BATOTOB/IEHO €KCIIEPUMEHTAJIbHI CTEH U (MAaKeTH) 6JI0KY (liarpamMmoyTBOPIOKYA
CX€Ma) IPOCTOPOBOTO (POPMYBaHHS 2-X CUTHAJIB UPPOBOro TesedadeHHs crannapty DVB-C 3 pi3HOI0 KpUBU3HOIO
($Ha30BOro PpOHTY eIeKTPOMATHITHOI XBUJIi 117151 IIepeiaBasIbHOI pasiiopeseiiHol cTaHLii Ta 2-X KaHAJIbHOTO 6JI0KY
IIPOCTOPOBOI ceJleKIii OAuH Bill OHOTO IJUX CUTHAJIIB 110 KpUBU3HI QPOHTY €JIeKTPOMArHiTHOI XBUJIi 1J1s1
IIpUMMaJIbHOI pasiiopesiefiHol CTaHLii CUMITJIEKCHOI pafiopesneiinoi yiHii 3B'a3Ky gianasony 10,5 I'T1, 31 mBUaKiCcTIO

nepepayvi 83 M6it/c B cMysi yacToT pagioctsosna 8 MI'L.
CouiasibHO-eKOHOMIYHA cipsimoBaHicTh HTII:
Bnius HTII Ha moBKiJj1s:
BnpoBaaykennss HTII: He snposamxeno
ITpakTnyHa peasnisanis HTII

IToyaTok eramy: 3 poku

3aKiHYeHHs eTamy:

Cno>kuBaui npo,uyKuii': KonuepH paniomoBiieHHs, pafiio3B'sa3Ky Ta resebadeHHs (KPPT), onepaTopu

CTiNIbHUKOBOTO 3B's13Ky (KuiBcTap, Vodafone)
IlepcrieKTHBHI PUHKH: TeleKOMYHIKaLifHNI PUHOK KpaiH 6JIMKHBOTO Ta JAIbHBOTO 3apyGikoKs
XapakTep CriBpOoGIiTHHIITBA 3 iHBECTOPOM

IloTpiGHMI 006CST iHBECTHIIiH, THC. TPH.: 5000

IlpaBa, 0 HaJAIOThCS iHBECTOPY MiCJIsA 3aBEPIIEHHSI POOOTH:

HasiBHiCTB Gi3Hec-myIaHy: Hi

TexHiKO-eKOHOMiYHe OOrpyHTYBaHHsI: Hi

IloTeH1iaIbHU 00OCST MPOSAIKY, THC. TPH.: 10000

OuikyBaHHI TepMiH OKYIHOCTI (pPOKiB): 5

JopaTtkoBa iHdpopmamist:

IX. Bi6siorpadivyHuii onuc



X. 3aKJIlI0YHi BiTOMOCTI

KepiBHHK 0pH ,ZIHqHOi 0coou Inpuenko Muxarno KOXxumoBu4
IlepeJtik 0Cci0O-BHKOHABIIiB

ABneenko I'i6 JleoHimoBu4

Ilykanos Oner ®enoposuy

SIkopHOB €BreHiin ApkagiinoBny

BignoBigasibHUI 3a HiATOTOBKY

00JIiKOBHX JOKYMEHTIB
Tenedon

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAyKOBOIi

OisIJIbHOCTI




