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Pedepar:

1. Po6oTa MiCTUTb TEOPETUYHI OCHOBHU MOOYL0BY 6araTo4aCTOTHUX PaZioOMeTPUYHUX KOMILIEKCIiB BUsgBIeHHs BITJIA
Ha TJ1i BUITpOMiHIOBaHHS aTMocdepu. CUHTe30BaHO i JOCTiHKeHO MeTo]i 06pOOKHM CUTHAJIB BJIACHOTO
PaZioTenyIoBOro BUIIPOMIHIOBaHHS B PaflioMEeTPUYHOMY KOMILIEKCI, o npamtoe y X, Ka Ta W gianaszoHax XBUJlb.
CTpyKTypa Ta CKJIaJOoBi IPOBELIEHHS! pOOOTH OYyJIM CIIPSIMOBaHI HA OTPMMAHHS CYKYITHOCTi TEOPETUYHUX
PEe3yJIbTATIB 3 iX NigTBEPIKEHHSIM €KCIIEPUMEHTATIbHUMY BUMIPIOBaHHAMMU. [IpU IbOMY TEOpETUYHE
OOI'PYHTYBaHHSI OCHOB [100y10BU 6araTo4acTOTHOIO PalioOMETPUYHOTO KOMILJIEKCY BUsBieHHs BILJIA 6yso

OCHOBaH€ Ha KOHCTPYKTUBHOMY I'IOGJ_IHaHi MaTEMATUYHUX MeTO,I[iB CTaTUCTUYHOI Teopﬁ CUHTEZY pa,[[iOCI/ICTeM Ta



IIPAKTUYHOTO JOCBily I00YNOBU PalioOMETPUYHUX CUCTEM. 3allpONIOHOBAHI T€XHIUHI pillleHHS [0 M00YA0BU
[IEepPCIIEKTUBHUX KOMILJIEKCIB KOHTPOJIIO [IOBITPSIHOTO IIPOCTOPY OYyJIM OTpHUMaHi Ha 6a3i BUKOPUCTAHHS TOUHUX
METO/iB BUPIIIEHHS ONTUMI3aliMHUX 33[1a4 CTATUCTUYHOIO CUHTE3Y 3 3aCTOCYBAaHHSM JOCATHEHDb
(PYHKLiOHAJIBHOTO aHaJIi3y, TEOpii ONTUMAJIBHUX PillleHb Ta OLiHKU [TapaMeTpiB MIMOBIPHICHUX PO3NOLiIiB.
OTpuMaHO Ta poaHali30BaHO AHAJITUYHI BUPa3y [1Jisl TOTEHLIHUX XapaKTePUCTHUK SIKOCTi pO6OTH
PafioMeTPUYHMX KOMILJIEKCIB Ta pO3Pax0OBaHi FPaHUYHI asbHOCTI BUsiBIeHHs 11 BITJIA, o criocTepiraloTbCs Ha
T71i He6a. Ha 0CHOBI OTpMMaHUX METO/IIB PO3pPO6JIEHA CTPYKTYPHA CX€Ma PafioOMETPUYHOIO KOMILJIEKCY, Ta
OTpMMAaHa y MIMPOKOMY Jiana3oHi XBUIb 6a3a palioMeTPUYHMX KOHTPACTIB Pi3HUX TUIIIB Ta kaciB BITJIA, ski
CIIOCTEPIraloThCs B CTATHULi [IPY Pi3HUX TaKTUYHHUX Ta [IOTOJHUX YMOBAX, IPOBEEHI HATYpHI €KCIIEPUMEHTHU
BusBiieHHs BITJIA. [IpakTHYHO-METONWYHI HallpalloBaHHsI 3 I0OYA0BU PaJiOMETPUYHUX KOMILJIEKCIB, TPOBEJEHHS
€KCIIEPMMEHTAJIbHUX OCIIiI>)KEeHb, BUOOPY YaCTOTHUX [ialla30HiB 3 METOIO MiABUILEHHS TOYHOCTI PaliOMETPUYHIX
BUMIPIOBaHb OJIep>KaHi 3 ypaxyBaHHSIM METE€OPOJIOTIYHUX CTaHiB aTMocepu. ExcriepuMeHTanbHO Ta TEOPETUYHO
IIPOJIEMOHCTPOBAHO Pe3yJbTaTUBHICTb JOCIIKEHOr0 B pOOOTi Mifxony 1Jsl BUPillleHHs 3aBAaHHs BusiBjieHHs BITJIA
Ha TJli He6a, a TAaKOX Ipalle3aTHICTb 3alIPOIIOHOBAHMX TEXHIYHUX PillleHb IIPYU MOro NIPaKTUYHOI peaisalii.
CTpyKTypa Ta CKJIaJo0Bi NPOBEIEHHS AUCEPTALIHOTO JOCTiIP)KEHHS CIIPSIMOBaHi Ha OTPUMAaHHS TEOPETUYHUX
PEe3yJIbTATIB Ta iX NiATBEPI)KEHHS €KCIIEPUMEHTAIbHUMU BUMIPIOBaHHAIMU. baza OTpMMaHUX paflioOMETPUYHUX
KkoHTpacTiB BI1JIA Ha Ti1i 6e3xMapHoOi i xMapHOi aTMocdepH, oLy CTaHE OCHOBOIO /1J1s1 IPOTHO3YBaHHS
€(EeKTUBHOCTI Ta pO3POOKU HOBUX TEXHIYHMX PillleHb 00 MiBULIEHHS MOXJIMBOCTEN 3aC00iB MOHITOPUHTY
MOBITPSIHOTO IIPOCTOPY i3 BUsiBNeHHs BITJIA, siKi CTBOPIOIOTBCS 117151 TOTPED 3aXUCTy KPUTUYHOI iHPPACTPYKTYpHU
Ykpainu. TeopeTuyHO NOKa3aHo, 1o IIpY po3poOLli paZioMETPUYHOTO KOMIJIEKCY 3 BUKOPUCTAHHSIM BITUU3HSIHUX
KOMIIOHEHTIB MiJIiIMETPOBOTrO Ta CAHTUMETPOBOTO [1ialla30HiB XBMJIb MAKCHUMAaJIbHi 1aJIbHOCTI BUSIBJIEHHS
3HAXOIATHCS Y MEXXaxX MexXax Bifl 1 1o 3 KM, a IIpy 3aCTOCYBaHHI Halkpamux HBY esieMeHTiB CBITOBMX KOMITaHIN
GmbH (RPG), Pasternack Company, Millimeter Wave Products Inc. rpanuyHi guctanuii BusiBsieHHs BITJIA MOXyThb
jocsiraty 6 - 8 KM. MeTa JocCii)KeHHs [1oJ1sIrae y NifiBUILeHHI HMOBIpHOCTI BUsiBIeHHs BiJIA B Oyab-sKuX
[IOTOJHUX Ta TAKTUYHUX YMOBaX IIPOBEAEHHS BUMiPIOBaHb 32 PaXyHOK €KCIIEPMMEHTAJIBHOTO AOCiIPKEHHS MAKETY
paziomerpuuHoro komiekcy X, Ka ta W gianazonis xBuib. O6’'€KTOM JIOCTIIZKEHHS € BjlaCHE palioTerioBe
BUNIPOMiHIOBaHHS BrJIA Ta IpUIHATI CUTHAIU PafiOMETPUYHMAM KOMILIEKCOM Yy X, Ka Ta W piana3zoHax XBUJIb.
[TlpegMeTOM MOCTIIKEHHS € CTATUCTUYHO ONTUMAJIbHI METONIU, aJITOPUTMU i TPUCTPOi 06POOKU BIACHOTO

pazioTenyioBoro BUIpoMiHioBaHHs BI1JIA B pi3HMX TaKTMYHUX TA IIOTOJHUX YMOBAX.

2. The work contains the theoretical foundations of the construction of multi-frequency radiometric complexes for
the detection of UAVs against the background of atmospheric radiation. The method of processing signals of own
radiothermal radiation in a radiometric complex operating in the X, Ka and W wave ranges has been synthesized
and investigated. The structure and components of the work were aimed at obtaining a set of theoretical results
with their confirmation by experimental measurements. At the same time, the theoretical substantiation of the
foundations of the construction of a multi-frequency radiometric complex of UAV detection was based on a
constructive combination of mathematical methods of the statistical theory of the synthesis of radio systems and
practical experience in the construction of radiometric systems. The proposed technical solutions for the
construction of promising airspace control complexes were obtained on the basis of the use of precise methods of
solving optimization problems of statistical synthesis using the achievements of functional analysis, the theory of
optimal solutions and estimation of the parameters of probability distributions. Analytical expressions for potential
performance characteristics of radiometric complexes and calculated limit detection ranges for UAVs observed
against the sky background were obtained and analyzed. On the basis of the obtained methods, a structural
diagram of the radiometric complex was developed, and a database of radiometric contrasts of various types and
classes of UAVs observed statically under various tactical and weather conditions was obtained in a wide range of
waves, and full-scale UAV detection experiments were conducted. Practical and methodological developments in
the construction of radiometric complexes, conducting experimental studies, selecting frequency ranges in order
to increase the accuracy of radiometric measurements were obtained taking into account the meteorological
conditions of the atmosphere. The effectiveness of the approach investigated in the work for solving the task of



detecting UAVs against the sky, as well as the efficiency of the proposed technical solutions in its practical
implementation, has been demonstrated experimentally and theoretically. The structure and components of the
dissertation research are aimed at obtaining theoretical results and their confirmation by experimental
measurements. The database of obtained radiometric contrasts of UAVs against the background of cloudless and
cloudy atmosphere, rain will be the basis for forecasting the effectiveness and development of new technical
solutions to increase the capabilities of airspace monitoring tools for detecting UAVs, which are created for the
needs of protecting the critical infrastructure of Ukraine. It is theoretically shown that when developing a
radiometric complex using domestic components of the millimeter and centimeter wave ranges, the maximum
detection ranges are within the range from 1 to 3 km, and when using the best UHF elements of the world
companies GmbH (RPG), Pasternack Company, Millimeter Wave Products Inc. the maximum detection distances of
UAVs can reach 6 - 8 km. The purpose of the study is to increase the probability of UAV detection in any weather
and tactical conditions of measurement due to experimental research of the layout of the X, Ka and W waveband
radiometric complex. The object of the study is the UAV's own radio-thermal radiation and the signals received by
the radiometric complex in the X, Ka and W wave ranges. The subject of the research is statistically optimal
methods, algorithms and devices for processing the own radio-thermal radiation of UAVs in various tactical and
weather conditions.
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