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1. Po6oTa npucBsiueHa po3po0eHHIO IPUHLUIIB TOOY0BY i METOZiB MifBUIIEHHS €(PEKTUBHOCTI
TeJIeKOMYHIKal[iiHUX MepeX i cucTeM B MiiMETPOBOMY Ziaria3oHi OBXXUH XBUJIb HA OCHOBI IOpUIHUX TEXHOJIOTIH,
110 € aKTyaJIbHUM i EKOHOMIYHO OOI'PYHTOBAHMM HaIIpSMOM PO3BUTKY HayKH Ta TEXHIKM Ha Cy4aCHOMY eTalli.
[IpoanasizoBaHO METO/M NOOYOBY T€JIEKOMYHIKALiTHMX CUCTEM B MiJliMETPOBOMY Jliala3oHi Ha OCHOBI
BOJIOKOHHO-€(ipHUX Ta F€TEePOT€HHUX MEPEX, CTPATOCPEPHUX KOMILJIEKCIB 3B'513KY, ONITOEJIEKTPOHHUX METOiB
dopmMyBaHHS Ta [lepeaBaHHs pafiocurHasuiB. BUKOHAHO MOPIBHAIBHMIL aHaIi3 IIYMiB B KaHaJIi 3B'SI3KY
MiJIiMETPOBOrO Jjiania3oHy, IOB’s13aHUX 3 iHTepdEPEHLITHMMY 3aBaZlaMi, OIITOEJIEKTPOHHUMHU METOJAMU reHepariii
PazioCUrHasis, B TOMY 4MCJIi 3 OPMYBaHHSM BUIIPOMiHIOBAHHS B (Pa30BAaHUX AHTEHHUX PEIIiTKaX, eeKTaMu
MOJIEKYJISIPHOTO [TOTJIMHAHHS Ta [IePEeBUIIPOMIHIOBAHHS B aTMOcdepi, pe3yabTaTu SKOro MOXYTb OyTU BUKOPUCTaHi
17151 106YOBU Ta NifBULLIEHHS e(PEeKTUBHOCTI MallbyTHiX MOGIIbHUX cUCTeM. Briepie po3po6sieHO KBa3ioNTUUHY
MOJeJIb pafiioKaHaly B MiJIiMETPOBOMY [iana3oHi, B SKill BpaXxOBYIOTbCS BTPATU, 3yMOBJIEHI TEOMETPUYHOIO
PO30DKHICTIO BUITPOMiHIOBAHHS, 6araTOIPOMEHEBUM IOIIMPEHHSIM 3 YPaxyBaHHIM €(eKTiB MHOXUHHOTO BiJOUTTS
Ta pudpakuiit, epeKTiB OrJIMHaHHS, 1[0 MOXKe OyTH BUKOPUCTAHO /1J1s1 PO3PO0JIEHHS] METO/IiB 301/IbIIeHHS
JAJILHOCTI Ta AOCTYITHOCTI 3B'A3Ky 3a PaXyHOK CTBOPEHHS 30H IIiZiICUJIEHHY CUrHaiy. Ha oCHOBI aHasi3y [I0Ka3HUKIB
SIKOCTi, IIYMOBUX Ta JVHAMIYHUX Pali04aCTOTHUX XapPAKTEPUCTUK KOMIIOHEHTIB [1J1s1 TIOPUAHUX BOJIOKOHHO-
edipHUX cucTeM Mepenayi 3aIIPOIIOHOBAHO PillleHHS, 110 06'€AHYE TEXHOJIOTii MHOXKEHHS 4aCTOTH Ha OCHOBI
METO/iB 30BHIIIHBbOI MOIYJIAL], AMCTAHLITHOTO ONITUYHOTIO r€TEPOIMHY, BiTHOBJIEHHS ONTUYHOIO CUTHAJIY 3
paziocurHany, noJjsipyu3anifiHoro Ta ClieKTpajJbHOIO MYJIbTUIIIIEKCYBaHHS, IHTErPOBaHOro 3 MeTogoM MIMO, mo
MO>Ke OyTH BUKOPUCTAHO [171s1 30i/IbLIEeHHS [TPOIyCKHOI 30aTHOCTI Ta 6€310BHOI iHTerpallii TeJIeKOMYHIKaliiiHUX
CHCTEM, SIKi IPalO0Th B Pi3HUX Jiana3doHax 4acCTOT, B TOMY YMCJIi B Pi3HUX Mifjiana3oHax MiliMeTPOBUX XBUJIb.
Po3pob6seHo pexomMeHallii 17151 TOA/IbIINX JOCTiIKEHb MOZeJIel eHEPreTUYHOrO PO3PaxyHKy, OIITUMAJIbHUX
METO/IiB MOIYJISIL] i MyJIbPTUIJIEKCYBAHHSI CUTHAJIB, BUOOPY apXiTEKTYPU MEPEXK B MilliMeTPOBOMY Ziara3oHi XBUJIb
i3 3aCTOCYBaHHSM Ti6pUAHUX TexHOJOri. Kito4oBi coBa: MiniMeTpoBuii fianazoH xBuib, 5G, ribpuHi TexHoJIOTi,
BOJIOKOHHO-€(QipHi cUCTeMH, ONITUYHE IUCTaHIliHe reTepoAMHYBaHHS, By3bKOCIIPSIMOBAHI aHTEHH, €eHEePreTUYHi
30HU [IOKPUTTS, BiJHOIIEHHS CUTHAJI /IIYM, T€TEPOT€HHI TEXHOJIOTI], EeHepreTuYHa e(PeKTUBHICTb, CIIEKTPajibHa

eeKTHUBHICTb.

2. The work is devoted to the development of principles of construction and methods for improving the efficiency
of millimeter wave telecommunication networks based on hybrid technologies, which is a relevant and
economically sound direction of the development of science and technology at the present stage. Methods of
constructing millimeter wave telecommunication systems based on fiber-wireless and heterogeneous networks,
stratospheric communication systems, optoelectronic methods for generating and transmitting radio signals are
analyzed A comparative analysis of noise in the millimeter wave communication channel associated with
interference, optoelectronic methods for generating radio signals, including the formation of radiation in phased
array, effects of molecular absorption and reradiation in the atmosphere, the results of which can be used to
construct those to increase the efficiency future mobile systems. For the first time, a quasi-optical model of a
millimeter wave radio channel was developed, which takes into account losses due to the geometric discrepancy of
radiation, multipath propagation taking into account the effects of multiple reflections and diffraction, absorption,
which can be used to develop methods for increasing the range and availability of communication by creating
signal amplification zones. Based on the analysis of quality indicators, noise and dynamic radio-frequency
characteristics of components for hybrid fiber-wireless transmission systems, a solution is proposed that
combines frequency multiplication technologies based on external modulation methods, remote optical local
oscillator, restoration of an optical signal from a radio signal, polarization and spectral multiplexing integrated
with MIMO method, which can be used to seamless integration of telecommunication systems that operate in
different frequency ranges, including in various sub-bands of millimeter waves. Compensating adaptive methods
are proposed for the integrated architecture of fiber-wireless networks and the formation of radiation in phased
antenna arrays. These methods balance the limiting radio-frequency characteristics of the main components that
affect the efficiency of the application of fiber-wireless technologies in millimeter wave telecommunication
systems. Recommendations have been developed for further studies of energy calculation models, optimal



methods of modulation and multiplexing of signals, the choice of network architectures in the millimeter
wavelength range using hybrid technologies. Key words: millimeter wave, 5G, hybrid technologies, fiber-wireless
systems, optical remote heterodyning, narrowly directed antennas, energy coverage, signal-to-noise ratio,
heterogeneous technologies, energy efficiency, spectral efficiency.
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