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Pedepar:

1. PoboTa MiCTUTb TEOPETUYHI OCHOBU [10OYI0BY 6araTO4acTOTHUX PaJlioOMETPUYHUX KOMILJIEKCIB BUsiBJIeHHs BITJIA
Ha TJIi BUITPOMiHIOBaHHS aTMOc(epu. CUHTE30BaHO i JOCTIIKEHO MeTO, 06POOKU CUTHAJIIB BIACHOTO
PazlioTeIIOBOrO BUIIPOMIHIOBAHHS B PaJiOMETPUYHOMY KOMILJIEKC, o npauoe y X, Ka Ta W gianaszoHax XBuib.
CTpyKTypa Ta CKJIaJ0oBi IpOBELIEHHS! pOOOTH OYyJIY CIIPSIMOBaHI Ha OTPMMAaHHS CYKYITHOCTi TEOPETUYHUX
PEe3yJIbTATIB 3 iX NiATBEPIKEHHIM €KCIIepUMEHTAJIbHUMY BUMipIOBaHHSIMU. [Ipy IbOMY TeOpeTHYHE
OOI'PYHTYBaHHS OCHOB MTOOYZ,0BM 6araToO4aCTOTHOTO PalioMETPUYHOTO KOMILIEKCY BUsiBieHHs BITJIA 6yio
OCHOBaHE Ha KOHCTPYKTUBHOMY ITO€JIHAHI MAaTEMATUYHUX METO/IiB CTATUCTUYHOI T€OPii CUHTE3y PalioOCUCTEM Ta
[IPaKTUYHOTO JOCBiAy 100yI0BU PaiOMETPUYHUX CUCTEM. 3aNIPONIOHOBAHI TEXHIYHI pillleHHs [0 TOOYI0BU
NEPCIEKTUBHUX KOMILJIEKCIB KOHTPOJIIO TIOBITPSIHOTO IIPOCTOPY OyJiM OTPUMaHi Ha 6a3i BUKOPUCTaHHS TOUHUX

METO/IiB BUPILIEHHS ONTUMI3aLiiHNX 337]a4 CTATUCTUYHOIO CUHTE3Y 3 3aCTOCYBAHHSM JIOCSITHEHD



(PYHKLIOHAJIBHOTO aHaJIi3y, TEOpii ONTUMAJIbHUX PillleHb Ta OLiHKU [TapaMeTpPiB MIMOBIPHICHUX PO3NOLiIIB.
OTpuMaHO Ta MPOAHATiI30BaHO aHAJIITUYHI BUPA3U [1J1s1 IOTEHLIMHUX XapaKTEePUCTUK SIKOCTi po60TU
PafioOMeTPUYHMX KOMILJIEKCIB Ta PO3PaxOBaHi FPaHUYHI aJbHOCTI BUsiBIeHHs 11 BITJIA, o crioctepiraloTbCst Ha
T71i He6a. Ha 0CHOBI OTpMMaHUX METO/IIB PO3PO6JIEHA CTPYKTYPHA CX€Ma PaZiOMETPUYHOIO KOMILJIEKCY, Ta
OTpMMAaHa y MMPOKOMY Ziana3oHi XBUJIb 6a3a palioMeTPUYHMX KOHTPACTIB Pi3HUX TUIIB Ta KiaciB BITJIA, ski
CIIOCTEPIraloThCs B CTATHULI [IPY Pi3HUX TaKTUYHHUX Ta [IOTOJHUX YMOBAX, [IPOBEEHI HATypHI €KCIIEPUMEHTH
BusByieHHs BIJIA. [TpakTHYHO-METONWUYHI HallpallloBaHHsI 3 IOOYA0BU PaJiOMETPUYHUX KOMILJIEKCIB, IPOBEIEHHS
€KCIIEPMMEHTAJIBHUX IOCIIiI’)KEeHb, BUOOPY YaCTOTHUX [Aialla30HiB 3 METOIO MiABUILEHHS TOYHOCTI PaliOMETPUYHNX
BHMipIOBaHb OJlep>KaHi 3 ypaxyBaHHIM METEeOPOJIOriYHMX CTaHiB aTMocdepu. ExcriepyuMeHTaIbHO Ta TEOPETUYHO
IIPOJIEMOHCTPOBAHO Pe3yJIbTaTUBHICTb JOCIIKEHOT0 B pOOOTI MifXoay 1J1s1 BUPillleHHs 3aBAaHHs BusiBjieHHs BITJIA
Ha TJIi He0a, a TAaKOX pale3aTHICTb 3alIPOIIOHOBAHMX TEXHIYHUX PillleHb IIPYU MOTro NPAaKTUYHOI peaisali.
CrpyKTypa Ta CKJIa[OBi IPOBELNEHHS IUCEPTALIMHOIO NOCJII)KEHHS CIIPSIMOBaHI HA OTPUMAHHS TEOPETUYHUX
PEe3yJIbTATIB Ta iX MiATBEPIKEHHS €KCIIEPUMEHTAJIbHMMU BUMIPIOBaHHIMU. baza OTpMMaHUX PaflioOMETPUYHUX
KoHTpacTiB BI1JIA Ha Ti1i 6e3xMapHoi i xMapHOi aTMocdepH, oLy CTaHE OCHOBOIO [1J151 IPOTHO3YBaHHS
€(pEeKTHUBHOCTI Ta pO3pOOKY HOBUX TEXHIYHUX PillleHb 00 MifBULIEHHS MOXINBOCTEN 3aCO0iB MOHITOPUHTLY
MOBITPSIHOTO MpOCTOPY i3 BusBieHHs BILJIA, sKi CTBOPIOIOThCS IJ1s1 IOTPe6 3aXMCTy KPUTUYHOI iHppacTpyKTypu
Ykpainu. TeopeTuyHo NOKa3aHo, 10 IIPY po3poOLli paZioMETPUYHOTO KOMIIEKCY 3 BUKOPUCTAHHSIM BITUU3HSIHUX
KOMIIOHEHTIB MiJIiIMETPOBOTO Ta CAHTUMETPOBOIO [1ialla30HiB XBMJIb MAKCHMMaJIbHi 1aJIbHOCTI BUSIBJIEHHS
3HAXOIATbCS Y MEXXax MexXKax Bifl 1 1o 3 KM, a Ipu 3aCTOCyBaHHI Hankpamux HBY esieMeHTiB CBITOBMX KOMITIAHIN
GmbH (RPG), Pasternack Company, Millimeter Wave Products Inc. rpanuyHi guctanuii BusissieHHs BITJIA MoXyTb
Jocsiraty 6 - 8 KM. MeTa JoCii)KeHHs [10J1sIrae y NiiBUILeHHI IMOBIPHOCTI BUsBIeHHs BJIA B OyAb-sKuX
MIOrOJJHUX Ta TAKTUYHUX YMOBAX ITPOBEJIEHHS BUMIPIOBaHb 32 PaXyHOK €KCIIEPUMEHTAJIBHOTO JOCIiJI)KEHHSI MaKeTy
paziomerpuuHoro komiekcy X, Ka ta W gianazonis xBuib. O6’€KTOM JIOCTIIKEHHS € BjlaCHE pallioTerioBe
BUNPOMiHIOBaHHS BI1JIA Ta IpUIHATI CUTHAIM PafiOMETPUYHAM KOMILIEKCOM Yy X, Ka Ta W piana3oHax XBUJIb.
[IpegMeTOM OCIKEHHS € CTAaTUCTUYHO ONTUMAJIbHI METONIU, aJITOPUTMU i IPUCTPOi 06POOKU BIACHOTO

pazioTerioBoro BUNpomiHoBaHHA BITJIA B pi3sHUX TAKTUYHUX Ta ITOTOLHUX 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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