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1. InceprauiiiHe OOCIiI)KEHHS CIIPSIMOBAHE Ha PO3PO0JIEHHS Ta JOCIiIKEHHIO METOLiB 0OPOOKY CUTHAJIIB Y
crucTeMax aKTMBHOTO allepTypPHOTO CUHTE3y Pafiio306paskeHb 3 IMPOKOCMYTOBUMHU Ta HAAUIMPOKOCMYTOBUMU
CTOXaCTUYHMMU 30HIYIOUMMU CUTHAIaMU. BKaszaHi cucTeMuy IIpOIOHY€EeThTCSI BAKOPUCTOBYBATH Y SIKOCTi JJOTIOHEHHS
[0 KJIACMYHUX OOPTOBUX PafiapiB 3 CUHTE3yBaHHIM allePTYPU aHTEHU [1J151 POPMYBAHHS CYLIIJIBHOTO
pazio306paXkeHHs y LIMPOKOMY [Jialla30Hi KyTiB 6€3 MEPTBOI 30HU B 00J1aCTi HATUPY a€POKOCMIYHOTO HOCI i KyTax,
6JIM3bKUX 4O HbOTO. TAaKUM YMHOM, METa JOCJIIKEeHHS — 301JIbIINTH 30HY OIJISINY KIACUYHUX pasiapis 3
CHHTE3yBaHHSIM allepTypPU aHTEHU 33 PaXyHOK iX [IOIIOBHEHHS CUCTEMaMU aKTUBHOTO allepTypPHOTrO CUHTE3Y 3
HOBUMU METOJAaMU O6PO6JIEHHS CTOXaCTUYHUX IIMPOKOCMYTOBUX Ta HAJIIMPOKOCMYTOBUX 30HAYIOUMX CUTHAJIB.
O6’'eKTOM OCIIIIPKEHHS € allepTYPHUI CUHTE3 306pakeHb Ha OCHOBI BUKOPUCTAHHS Ta OOPOOKHU CTOXaCTUYHUX

curHais. [IpeIMeTOM OOCTiIKEHHS € METOAM, aJITOPUTMU, CTPYKTYPHI CXE€MH, IPOrPaMHO-aJITOPUTMIYHI Ta



CXEMOTEXHI4Hi pillleHHs1 06POOKU PaiioCUTHAJIB y CUCTEMAX aKTUBHOI'O allePTYPHOTO CUHTE3Y 3
IIMPOKOCMYTOBUMHU Ta HAJIIMIUPOKOCMYTOBUMHU CTOXAaCTUYHMMU 30HIYIOUMMU CUTHaIaMu. HeobxinHicTb
IIPOBEEHHS NOCiI)KeHHs] 0O0yMOBJIEHA TUM, 1IO CYYacHi paZlapHi CUCTEMU 3 CHHTE3yBaHHSIM allepTypu aHTEeHHU, SKi
€ HalNoLVPEeHIIMMU NIPYU BUPilIEeHH] 3a71a4 IUCTAaHLIMHOTO 30HAYBaHHA 3eMJli y panioziana3oHi, He MOXYThb
326€311eYnTU BUCOKY PO3[iJbHY 31aTHICTb (POPMOBAHUX Pa/lio306pa’keHb Y KyTOBUX HaNpsMKax +15° Bif Haaupy
aepoKOCMIYHOTO Hocis. Lle Npu3BoOguTh 10 3HWKEHHSI 3arajibHoi epeKTUBHOCTI 30HIyBaHHS 3aJJaHOI 06J1aCTi,
OCKiJIbKM BUMarae 04aTKOBUX IIPOJIbOTIB a6POKOCMIYHOT'O HOCIs 47151 GOPMYBaHHS IOBHOTO Paflio300pa’KeHHSI.
MO>XJIMBMM BapiaHTOM BUPILIE€HHS MPO6JIeMH € OOTIOBHEHHS iCHYIOUMX PaJlapiB 3 CUHTE3YBaHHSM allePTyPU aHTEHU
IOJATKOBUMU CHCTEMaMHU, 31aTHUMU GOPMYBaTH Paiio300paskeHHs! y KyTOBUX HaNpsMKax +15° | 10 J03BOJIUTD
OTPUMYBATH Pafiio300pa’keHHsI 30H0BAHOI [IOBEPXHi 6€3 PO3pUBIB, [10BS13aHUX 3 OCOOJIMBOCTSIMU Paapis 3
CHHTE3yBaHHSM allepTypPHU aHTEHU. Y SIKOCTi OLATKOBOI'O Pafjapy MO>KHA BUKOPUCTATU CUCTEMU allEPTYPHOTO
CHUHTE3Y, sKi € NOMMPEHUMH Y pazioacTpoHOMii. [IpoTe y Hac 4ac Taki CUCTEMU € By3bKOCMYTOBUMHU, TOMY
(hopMyBaHHSI HUMHU Pafiio306pa’keHb 3 BUCOKOIO PO3[iJIbHOO 3[IaTHICTIO BUMArae 3ajy4eHHs] aHTEHHUX PeLliTOK 3
BEJINKMMU 6a3aMu MiX eJleMEHTaMH, 110 He J03BOJIsSE 3pOOUTH CUCTEMY 60PTOBOIO. JlaHUI HEOJIiK IIPOTIOHYEThCS
BUPIIIUTHU IEPEXOIOM 10 OOPOOKM LMPOKOCMYTOBUX CUTHAJIB, 1O JO3BOJIUTh 3MEHIIMTH PO3Mip aHTEHHOI PEIIiTKI
NPy HE3MiHHIN po3inbHil 37aTHOCTI POpMOBaHMX pafiio306paskeHb. BogHOYaC METOIM Ta aJITOPUTMU OOPOBIIEHHS
IIMPOKOCMYTOBUX CUTHAJIIB y CUCTEMaXx allepTypHOro Hapasi € MaJlo AOCaiIpKeHUMHU. ToMy 17151 OCSITHEHHST MeTU
IVCEePTaLifHOrO AOCiIKEHHs 0yJI0 BUPILIEHO HU3KY 3aBAaHb. [lepl 3a Bce, y poOOTi po3p0o6sIeHO MaTeMaTUyHi
MogeJii BiOUTUX Bif] 30H,0BAHOI IIOBEPXHi IMPOKOCMYTOBHUX II0JIiB i I0B'13aHMX 3 HUMU KOT€PEHTHUX i
HEKOT'€pPEHTHUX 300pakeHb. OTprMaHi MOZeJli IPYHTYIOTbCSI Ha BUKOPUCTAHHI ~-IlepeTBOPEHb, a iX 0COOIUBICTIO €
BiICYTHICTb HEOOXiJHOCTI BUKOHAHHS YMOBU KBa3iMOHOXPOMATUYHOIO HAOJIMKEHHS, SIKa CTBOPIOBajla MaTEMATHUYHi
CKJIQIHOMI] Mifl Yac pO3B'sI3aHHS 337]a4 aKTUBHOTO allePTypPHOT'O CUHTE3Y 300pakeHb [TPY BUKOPUCTAHHI IKMPOKO- Ta
HaJIIMPOKOCMYTOBUX CTOXACTUYHUX 30HIYIOUMX CUTHAJIB. BOmHOYAC 3aIIPOIIOHOBAHO €BPUCTUYHI aJIrOPUTMU
(hopMyBaHHS Paflio300paKeHb y CUCTEMaX aKTUBHOIO allepTypHOro cuHTe3y. OKpiM €eBPUCTUYHUXK, 33 KPUTEPieM
MakcMMyMy QYHKIIOHaIy IpaBAoNoLiOHOCTI CUHTE30BaHO ONTUMAIbHUI aITOPUTM (POPMYBaHHS Pazio300pakeHb
y CUCTEMax aKTMBHOTO allpeTypHOTO CUHTE3Y, OCOOJIMBICTIO MATEMAaTUYHOTO MTPEICTABJIEHHS IKOTO € OIepallis
IeKoperilii criocrepeskeHb. JlaHa omepalist 103BOJIsIE PO3MUPUTY POOOYHIA [Iiara30H YaCcTOT Ta MiABUIIUTH SIKiCTh
(opMOBaHUX CUCTEMOIO Pafio300paskeHb. TakoX Ha OCHOBI CUHTE30BaHOI MaTeMaTUYHOI MOZEJIi ONITUMAJILHOTO
aJITOPUTMY 3alIPONOHOBAHA CTPYKTYPHA CXE€Ma PafiOCUCTEMU aKTUBHOTO allePTYPHOTO CUHTE3Y paflio300paXkeHb Ta
LIJIIXOM iMiTal[ilHOrO MOJIE/IIOBaHHS. Y Pe3yJbTaTi IPOJEMOHCTPOBAHO iX 3arajibHy paue3faTHICTh, a TAKOX
eeKTHBHICTb orepallii [eKopessliii criocTepeskeHs 3ais MinBUILEeHHS IKOCTi OTpUMaHuX 300pakeHb. BogHovac
MI0OKa3aHo, 1O omepalis geKopessiLii € e(peKTUBHOIO JIMIIE Y BUNIAIKY, KOJIU (PYHKIiSI HEBU3HAYE€HOCT]
paziiocuCTeMHU OLiHEHA 3 MaJIO0 MMOXUOKOI0, a 301/IbIIEeHHS 11i€] MOXMOKYU TPU3BOAUTH 10 3HAYHOTO CTIOTBOPEHHS
(hOopMOBaHUX pajio300pakeHb Ta 3arajabHOi HEJOLILHOCTI BUKOPUCTAHHS JEKOPEonYoro QineTpy. Bpaxosyroun
€KCIIEPUMEHTAJIbHI PE3yJIbTaTH, BAKOHAHO PO3PaxXyHOK IMOTEHLINHOI JIIHIMHOI pO3iIbHOI 3IaTHOCTI
paznio3obpakeHs, GOPMOBaHUX [IPOIIOHOBAHOIO CUCTEMOIO aKTUBHOTO allepTypPHOTO CUHTE3Y 32 Pi3HUX YMOB.
[TokazaHo [OLiIbHICTD ii BUKOPUCTAHHS Y SIKOCTi JONIOBHEHHS icHytounx PCA 1151 GopmMyBaHHS HellepepBHUX
Pazio306pakeHb y LIMPOKOMY Jiialla3oHi KyTiB.

2. The dissertation research is aimed at developing and studying signal processing methods in systems of active
aperture synthesis of radio images with wideband and ultra-wideband stochastic sounding signals. These systems
are proposed to be used as an addition to classical airborne synthetic aperture radar to obtain radio images in a
wide range of sounding angles without a “blind” zone in the area of the aerospace carrier nadir and angles close to
it. Thus, the aim of the research is to increase the imaging area of synthetic aperture radars by supplementing
them with active aperture synthesis systems with new methods of processing stochastic wideband and ultra-
wideband sounding signals. The object of research is aperture synthesis of images based on the processing of
stochastic signals. The subject of the research is methods, algorithms, structural diagrams, algorithmic and
circuitry solutions for radio signal processing in active aperture synthesis systems with wideband and ultra-



wideband stochastic sounding signals. The need for this research is caused by the fact that modern synthetic
aperture radar systems, which are the most common in solving remote sensing problems in the radio band, cannot
provide high resolution of the formed radio images in angular directions +15° from the nadir direction of the
aerospace carrier. This leads to a decrease in the overall efficiency of sensing a given area, as it requires additional
overflights of the aerospace carrier to form a complete radio image. A possible solution to the problem is to
supplement the existing SAR with additional radars capable of forming radio images in angular directions of +15°,
which will allow obtaining radio images of the underline surface without gaps caused by the specifics of synthetic
aperture radars. Aperture synthesis systems, which are common in radio astronomy, can be used as an additional
radar. However, such systems are currently narrow-band, so the high-resolution imaging requires the use of
antenna arrays with large bases between elements, which does not allow the system to be made on-board. This
drawback is proposed to be solved by transitioning to the processing of wideband signals, which will reduce the
size of the antenna array while maintaining the same resolution of the generated radio images. At the same time,
the methods and algorithms for processing broadband signals in aperture systems are currently not well studied.
Therefore, a number of tasks were solved to achieve the aim of the dissertation research. First, in this work, we
develop mathematical models of wideband fields reflected from the sounded surface and related coherent and
incoherent images. The obtained models are based on the use of -transforms, and their peculiarity is the avoidance
of the need to fulfil the condition of quasi-monochromatic approximation, which created mathematical difficulties
in solving the problems of active aperture image synthesis when using wide- and ultra-wideband stochastic
sounding signals. At the same time, heuristic algorithms for radio imaging in active aperture synthesis systems are
proposed. In addition to the heuristic ones, the optimal algorithm for radio imaging in active aperture synthesis
systems is synthesized according to the criterion of maximum likelihood functional, the specific feature of which is
the operation of observation decorrelation. This operation makes it possible to extend the operating frequency
range and improve the quality of radio images generated by the system. Also, on the basis of the synthesized
mathematical model of the optimal algorithm, a structural diagram of the active aperture synthesis radio system is
proposed, and the features of its implementation are determined. The obtained imaging algorithms were tested by
simulation modelling. As a result, their overall performance, and the effectiveness of the observation decorrelation
operation to improve the quality of the obtained images were shown. At the same time, it was shown that the
decortication operation is effective only when the ambiguity function of the radio system is estimated with a small
error, and an increase in this error leads to a significant distortion of the generated radio images and the general
inexpediency of using a decorticating filter. Considering the experimental results, the potential linear resolution of
the radio images formed by the proposed active aperture synthesis system is calculated under various conditions.
The expediency of its use as a complement to the existing RSAs for the formation of continuous radio images in a
wide range of angles is shown.
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