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Pedepar:

1. Incepranifine fOCTiIpKEHHs CIIPSIMOBaHe Ha PO3POOJIEHHS Ta OOCIiIKEHHS METOiB BTOPUHHOTO IIPOCTOPOBO-
4acoBOTo 00pOOGJIEHHS CUTHAJIIB B a6POKOCMIYHUX KOTHITUBHUX pafiapax pasiodbauyeHHs. BkazaHi meTonu
IIPOIIOHYETHCSI BUKOPUCTOBYBATH Y SIKOCTi JOIIOBHEHHS [I0 KJIACMYHUX OOPTOBUX PaiioIOKALifHUX CUCTEM 3
QHTEHHUMHU pelliTKaMU Ta CUHTe3YBaHHSIM anepTypyu. TakuM YMHOM, META AOCIIIPKEHHS — MiABUILIEHHS SIKOCTi
paziosiokaLifHIX 306paskeHb 32 paxyHOK BUKOPUCTAHHS aePOKOCMIYHMX KOTHITUBHUX PaiapiB pafiobayeHHs 3
ONITMMAaJIbHUM BTOPUHHUM IIPOCTOPOBO-YaCOBUM O0O6POOIIEHHSIM curHaiB. O6'€KTOM OCIIKEHHS € IIPo1ec
00pOO6JIEHHS CUTHAJIB y 60PTOBUX KOTHITUBHUX PaflioIOKALiTHUX CUCTEMAaX BUCOKOTOYHOTO pajiobaueHHSI.
[IpegmeToM NOCIiIPKEHHS € METOIY, JITOPUTMU i IPUCTPOI BTOPUHHOTO [TPOCTOPOBO-4YaCOBOTO OOPOOIIEHHS

CHTHAJIiB B OOPTOBUX PafiosIOKallifHUX CUCTEMaX 3 aHTEHHUMU PellliTKaMy Ta CUHTE3yBaHHSM allepTypu.



Heo6xigHicTh MpoBeieHHS NOCiIP)KeHHSI 0OYMOBJIEHA THM, 110 B a6POKOCMIYHUX paZapax paniobayeHHs icHye
CYNEPEYHICTh MiXK IIMPUHOIO CMYTH OIJISINY i BUCOKOIO a3MMYTAJIbHOIO PO3LiIbHOIO 3MaTHICTIO. Pid y TOMY, 10 Npu
PO3BLIMPEHH] 30HU OIJIsly paZapy 3 CUHTE3YBaHHSM allepTypy 3a JAJIbHICTIO HEOOXiAHO 3MEHIIYBAaTU YaCTOTY
[IOBTOPEHHS IMITyJIbCIB, ajle IPYU LIbOMY 3'SIBJISIETHCS HEOJHO3HAUHICTh BUMIPIOBaHb 32 a3UMYyTOM. | HaBIaky, 1Jst
CUHTE3y €1HOi, 6€3 NPOIMYCKiB, Ta 3HAYHOI 3a JOBXMUHOIO allePTyPU B3[I0BX TPACU MOJIbOTY JTAJIbHOTO arnapary
HeOOXiJIHO MiBUIIYBATH YaCTOTY IIOBTOPEHHSI iMITyJIbCiB, 1110 IPU3BOJUTH 10 HEOAHO3HAYHOCTI 32 AajbHicTio. [l
BUpilI€HHS LIbOTO IIPOTUPIYYsl AOLIIbBHO BUKOPUCTOBYBATU KOHLIEMIIiIO0 TaK 3BaHUX KOTHITUBHUX PafiapiB, 110
nepen6ayvaloTh AIANTUBHE HAJAIITYBAaHHS NlepeaBaya, puiiMada i pa3oBaHOi aHTEHHO]I PelliTKA, BUKOPUCTAHHS
arnpiopHoi iHpopmaliii mpo 06s1acTh CIIOCTEPEKEHHS], Ta HASIBHICTh 3BOPOTHOTrO 3B's13Ky. OflHaK, OibLUIICTh TAKUX
pazapis 11o6yi0BaHi EBpUCTUYHUMHU METOJAMHU, 32 iH)KEHEPHOIO iHTYilli€l0, y3arajbHIOIOYM IPaKTUYHUM OCBI,
no6yJ0BY i BUKOPMCTAHHS pajapiB 3 cuHTe3yBaHHIM aneptypu (PCA) i He JaloTb MOXJIMBOCTI PO3KPUTH iX IOBHUM
noreHuian. Hai6inbu 6;1M3bKOI0 CTAaTUCTUYHOIO TEOPi€l0 CUHTE3Y PAliOCUCTEM, 1[0 PO3KPUBAE AJITOPUTMU
aJlallTUBHOTO HaJIALITYBAaHHS T€HEPATOPiB ONIOPHUX CUTHAJIIB i NPUIMa/IbHUX TPaKTiB, € TEOPIisl HEJiHINHOI
¢dinbrpauii i BTopuHHOI 06p06KU cUrHamiB. B Toil camuii yac OCHOBHI 3yCUJLIS JOCIIHYKIB 32 JaHUM HaIlPSIMKOM
CIIPSIMOBaHi Ha CHHTE3 HOBUX METOIiB CJiIKyBaHHS 3a (a3olo, 4aCTOTOIO i aMIJIITYA0I0 CUTHAJIB. Y 3B'SI3Ky 3 LIUM B
IaHill nucepTaliliHiil po6oTi Briepuie 6yJ0 BUpPIlIeHO aKTyalbHy 3alayy CTATUCTUYHOI'O CUHTE3Yy ONTUMAIbHUX
METO/IiB BTOPUHHOT'O ITPOCTOPOBO-YAaCOBOTO OOPOOJIEHHSI CUTHAJIIB B a8POKOCMIYHUX KOTHITUBHUX pajiapax
(OpMyBaHHS Pafiio300paKEHb TOBEPXOHD 3 BUCOKOIO SIKICTIO. B pe3ysibTaTi BUpilleHHs IOCTaBIeHO] 3a1ayi
OTpHMasa MOoAAJIbIIOrO PO3BUTKY KOHIEMLLis T06yJ0BY a€POKOCMIYHMX KOTHITUBHUX paziapiB GOpMyBaHHS
paziosiokalifHUX 300pa’keHb [I0BEPXHI, 1110, HA BiIMIiHY Bifl icHyl0UMX, ependayae BUpilleHHs ONTUMI3alliiiHO]
3a/1aui CTaTUCTUYHOIO CUHTE3Y JITOPUTMIB BTOPUHHOTO IIPOCTOPOBO-4aCOBOr0 OOPOOJIEHHS CUTHAJIIB 3317151
ONTUMAJIbHOTO 00'€IHAHHS B €IMHIi} CUCTEMI aJalITUBHOTO 6araTOKaHaJIbHOTO NIepeaBaya, aJallTUBHOTO
6araToKaHaJIbHOTO MpuUiiMaya, a30BaHOI AHTEHHOI PENIiTKY, UHAMIYHOI 6331 JaHUX PO HABKOJIUIIHE
cepenloBHUlIle Ta iHTEJIeKTyaIbHOTO IIpoliecopy. byio cHTEe30BaHO ONTUMAa/ILHUM METO]], BTOPUHHOTO 0OPO6IEHHS
[IPOCTOPOBO-YAaCOBUX CUTHAJIiB B 26POKOCMIYHMX KOTHITUBHUX pajiapax pafiobadeHHs MiICTUIIbHOI IOBEPXHI.
Bupimena ontumisauiiiHa 3afada CUHTe3y IM(PPOBUX aITOPUTMIB (inbTpallii KOMIIJIEKCHOTO KoedillieHTa
PO3CifoBaHHS MiACTUIbHOI TOBEPXHi B 60PTOBUX a€POKOCMIYHMX KOTHITUBHUX pajilapax paiiobadeHHs..
YI0CKOHasIeHO IPUHLMIIN T00YJ0BU a€POKOCMIUHUX pajapis pafiobadeHHs MiiCTUIbHOI IOBEPXHI, 1[0 peasi3yloTh
CHUHTE30BaHU METOJ, BTOPMHHOIO O6POOJIEHHSI TPOCTOPOBO-4YaCOBUX CUTHAJIIB, BDAXOBYIOTb BCi HEOOXiHI
CKJIaJIOBi KOTHITUBHOTO Pafapy Ta 4O3BOJISIIOTh POPMYBATH BUCOSIKICHI PafiioJIOKaLliliHi 306paskeHHs IOBEPXHi

3emii.

2. The dissertation research is focused on the development and study of methods of secondary spatio-temporal
signal processing in aerospace cognitive radars for radio vision. These methods are proposed to be used as a
supplement to classical onboard radar systems with antenna arrays and synthesis of the antenna aperture. Thus,
the aim of the study is to improve the quality of radar images by using aerospace cognitive radar with optimal
secondary spatial and temporal signal processing. The object of research is the process of signal processing in on-
board cognitive radar systems of high-precision radio vision. The subject of the study is methods, algorithms and
devices for secondary spatio-temporal signal processing in on-board radar systems with antenna arrays and
synthesis of aperture. This research was prompted by the fact that in aerospace radars there is a contradiction
between the width of the viewing band and high azimuthal resolution. The fact is that when expanding the radar's
viewing area with range synthesis of the aperture, it is necessary to reduce the pulse repetition rate, but this
results in ambiguity of azimuth measurements. Conversely, to synthesise a single, gapless, and long aperture along
the flight path of an aircraft, it is necessary to increase the pulse repetition rate, which leads to ambiguity in range.
To resolve this contradiction, it is advisable to use the concept of so-called cognitive radars, which provide
adaptive tuning of the transmitter, receiver and phased array, the use of a priori information about the area of
observation, and the availability of feedback. However, most of these radars are built using heuristic methods,
based on engineering intuition, summarising the practical experience of building and using synthetic aperture
radar (SAR) and do not allow to unlock their full potential. The closest statistical theory of radio system synthesis



that reveals algorithms for adaptive tuning of reference signal generators and receiving paths is the theory of
nonlinear filtering and secondary signal processing. At the same time, the main efforts of researchers in this area
are aimed at synthesising new methods for tracking the phase, frequency and amplitude of signals. In this regard,
this thesis was the first to solve the relevant problem of statistical synthesis of optimal methods of secondary
spatio-temporal signal processing in aerospace cognitive radars for the formation of high-quality radio images of
surfaces. As a result of solving this problem, the concept of building aerospace cognitive radars for the formation
of radar surface images was further developed, which, unlike the existing ones, involves solving the optimisation
problem of statistical synthesis of secondary spatio-temporal signal processing algorithms for optimal integration
of an adaptive multichannel transmitter, adaptive multichannel receiver, phased array, dynamic environmental
database and intelligent processor in a single system. The optimal method of secondary processing of spatio-
temporal signals in aerospace cognitive radars for underlying surface radar was synthesised. The optimization
problem of synthesis of digital algorithms for filtering the complex scattering coefficient of the underlying surface
in on-board aerospace cognitive radars of radio vision was solved. The principles of construction of aerospace
radars of the underlying surface have been improved, which implement the synthesised method of secondary
processing of spatio-temporal signals, consider all the necessary components of the cognitive radar and allow to
form high-quality radar images of the Earth's surface.
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