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1. Incepranjiiine JOCTiIKEHHs CIIPSIMOBaHE Ha PO3POOJIEHHS Ta JOCiIKEHHIO METOLiB 0OPOOKY CUTHATIB Y
cHCTeMax aKTMBHOIO allepTypPHOT0 CUHTE3y Paflio306paskeHb 3 LIIMPOKOCMYTOBUMU Ta HAALIIMPOKOCMYTOBUMU
CTOXaCTUYHMMU 30HIYIOUMMU CUTHAJIaMU. BKasaHi cucTeMy IPONOHYETHTCSI BAKOPUCTOBYBATH Y SIKOCTi JJOIIOHEHHS
IO KJIACMYHUX OGOPTOBUX PAZiapiB 3 CUHTE3yBaHHIM allepTyPU aHTEHU J1s1 POPMYBaHHS CyLIJIbHOTO
pazio300pakeHHs Y LIMPOKOMY [ialla30Hi KyTiB 6€3 MePTBOi 30HU B 00J1aCTi HAAMPY a€POKOCMIYHOr0 HOCIs i KyTaX,
6JIM3bKUX [0 HbOTO. TAaKUM YMHOM, METa JOCJIJI)KEHHS — 301JIbIIUTH 30HY OIVISIY KJIACMYHUX pasiapis 3

CUHTE3YBAHHAM all€EPTYPU aHTEHU 3d PAXYHOK ix OOIIOBHEHHA CUCTEMAMU dKTHBHOTI'O AIIEPTYPHOTO CUHTESY 3



HOBUMU METOZAMU OOPOOGJIEHHS CTOXaCTUYHUX IMMPOKOCMYTOBUX Ta HAAIMPOKOCMYTOBUX 30HIYI0UUX CUTHAIIB.
OO6’'eKTOM OCIIIIPKEHHS € allepTYPHUIL CUHTE3 300pakeHb Ha OCHOBI BUKOPUCTAHHS Ta OOPOOKU CTOXaCTUYHUX
curHasis. [IpeIMeTOM JOCIiIPKEHHS € METOAM, aJITOPUTMU, CTPYKTYPHI CXE€MHU, ITPOrPaMHO-aJITOPUTMIYHI Ta
CXEMOTEXHIUHi pillleHHs1 06POOKU PaiioCUTHAMIB y CUCTEMAaX aKTUBHOI'O allEPTYPHOTO CUHTE3Y 3
IIMPOKOCMYTOBUMH Ta HAJIIMPOKOCMYTOBMMHU CTOXaCTUYHUMHU 30HIYIOUMMHU CUTHAsIaMu. HeoOxigHiCTb
IIPOBEJEHHS NOCTiI)KeHHs] 00yMOBJIEHA TUM, 1IO CyYacHi pafiapHi CUCTEMU 3 CHUHTE3yBaHHSIM allepTypu aHTeHH, SKi
€ HaWMoLMPEHIIIMMU NIPYU BUPIlIEHH] 3a71a4 IUCTAaHLIMHOTO 30HAYBaHHA 3eMJli y pafiofiana3oHi, He MOXYThb
3a6€311eYnTU BUCOKY PO3[iJbHY 31aTHICTb (POPMOBAHUX PaZlio306paskeHb Y KyTOBUX HaNpsMKax +15° Bin Haaupy
aepoKOCMIYHOTO HoCis. Lle Ipu3BOguTh 10 3HWKEHHSI 3arajibHol e(peKTUBHOCTI 30HIyBaHHS 3ajaHOI 06J1acTi,
OCKiJIbKM BUMarae J04aTKOBUX IIPOJIbOTIB aePOKOCMIYHOT'O HOCIS 7151 GOPMYBaHHS [IOBHOTO Paflio300paskeHHs..
Mo>xJIMBUM BapiaHTOM BUPILIE€HHS MPO6JIeMHU € OOTIOBHEHHS iCHYIOUMX PaJlapiB 3 CUHTE3YBAaHHSIM allePTyPU aHTEHU
IOJATKOBUMU CUCTEMaMHU, 30aTHUMU (POPMYBATH Pafio300pakeHHs y KyTOBUX HaIlpsIMKax +15° , 1110 JO3BOJIUTh
OTPUMYBATH Pafiio300pa’keHHsI 30HL0BAHOI [IOBEPXHi 6e3 pO3pHBIB, [10BS13aHUX 3 OCOOJIUBOCTSIMU PaZapiB 3
CHHTE3yBaHHSIM allepTypPHU aHTEHU. Y SIKOCTi 10JATKOBOI'O pajapy MO>KHA BUKOPUCTATH CUCTEMU allepPTyPHOTO
CHHTe3Yy, 5Ki € NOIIMPEHNMU Y PazioacTpoHoMii. [IpoTe y Hac 4ac Taki CUCTEMU € By3bKOCMYTOBUMU, TOMY
dhopMyBaHHS HUMHU PaZiio306paskeHb 3 BUCOKOIO PO3TiJIbHOIO 3[IaTHICTIO BUMArae 3ajy4eHHs] aHTEHHUX PeLliTOK 3
BEJINKMMU 6a3aMu MK eJleMeHTaMH, 110 He 03BoJIsi€ 3pOOUTH CUCTEMY 60PTOBOIO. JlaHUI HeZ0JliK IPOIIOHYEThCS
BUPIIIUTHU IIEPEXOJOM 10 OOPOOKH LIMPOKOCMYTOBUX CUTHAJIB, 10 JO3BOJIUTh 3MEHIIUTH PO3Mip aHTEHHOI pPEIiTK1
IIpY HE3MiHHI PO3[ibHIN 30aTHOCTI (POPMOBAHUX paziio300pakeHb. BogHoYac MeTOAM Ta aITOPUTMU OO6POOGIJIEHHS
IIMPOKOCMYTOBUX CUTHAJIIB y CUCTEMax allepTypHOro Hapasi € MaJlo AOoCaiIpKeHuMU. ToMy [J1s1 OCSITHEHHST MeTU
IYCEepTaLifHOTO AOCiIKEHHs 0yJI0 BUPilIEHO HU3KY 3aBfaHb. [lepi 3a Bce, y po6OTi po3p0o6sieHO MaTeMaTUyHi
Mogeli BiIOUTHUX BiJl 30H10BaHOI TOBEPXHI IMPOKOCMYTOBUX IOJIB i MOB'SI3aHMX 3 HUMU KOT€PEHTHUX i
HEKOT'€pPEeHTHUX 300paskeHb. OTprMaHi MOZeJIi IPYHTYIOTbCSI Ha BUKOPUCTAHHI ~IIepeTBOPEHb, a iX 0COOIUBICTIO €
BiICYTHICTb HEOOXiAHOCTiI BUKOHAHHS YMOBU KBa3iMOHOXPOMAaTHUYHOI'O HAOJIMKEHHS, sIKa CTBOPIOBajla MaTeMaTHUYHi
CKJIA[IHOIL MIiJ] YaCc PO3B’s13aHHs 33[1a4 aKTUBHOTO allePTyPHOTO CUHTE3y 300pakKeHb IIPY BUKOPUCTAHHI MMPOKO- Ta
HaJIIMPOKOCMYTOBUX CTOXACTUYHUX 30HIYIOUMX CUTHAJIB. BOIHOYAC 3aIIPONIOHOBAHO €BPUCTUYHI aJITOPUTMHU
(dhopMyBaHHS Paflio300paKeHb y CUCTeMaX aKTUBHOIO allepTypHOro cuHTe3y. OKpiM €eBpUCTUYHUXK, 32 KPUTEPieM
MakcMMyMy QYHKIiOHaIy IpaBAoNoiOHOCTI CUHTE30BaHO ONTUMAIbHUI aJITOPUTM (POPMYBaHHS Pajio306pakeHb
y CUCTEMAx aKTUBHOTO allPETYPHOTO CUHTE3Y, OCOOIMBICTIO MATEMAaTUYHOTO [TPEJCTABJIEHHS SIKOTO € OIepalis
IleKoperiALii criocrepeskeHb. JlaHa oneparist 103BOJIsIE PO3MUPUTY POOOYHIA [Iiara30H YaCTOT Ta MiABUIINTH SIKiCTh
(popMoBaHUX CUCTEMOIO Paflio300paskeHb. TakoX Ha OCHOBI CUHTE30BaHOi MaTeMaTUYHOI MOZeJli ONITUMAJIbHOTO
aJITOPUTMY 3alIPONIOHOBAHA CTPYKTYPHA CXE€Ma PafioCUCTEMU aKTUBHOTO allepPTYPHOTO CUHTE3Y pajlio300paXkeHb Ta
HIJIIXOM iMiTal[ilHOrO MOJIe/IIOBAaHHS. Y Pe3yJbTaTi IPOJEMOHCTPOBAHO iX 3arajibHy Npaue3faTHICThb, a TAKOX
eeKTUBHICTb orepallii feKopesiiii criocTepeskeHs 3aJis MigBULeHHS IKOCTi OTpUMaHuX 300pakeHb. BogHovac
[I0Ka3aHo, L0 omepallis AeKopeslii € eeKTUBHOIO JIMIle y BUNIAAKy, KOJIU QYHKIIisI HEBU3HAYE€HOCT]
pazliocUCTeMM OLiHEHA 3 MAJIO0 MTOXMOKOI0, a 301/IbIIEeHHS i€l MOXMOKU TPU3BOIUTH 10 3HAYHOTO CIIOTBOPEHHS
(hopMOBaHUX pajio300pakeHb Ta 3arajabHoi HEJOLiIbHOCTI BUKOPUCTaHHS JeKOpesondoro QinpTpy. BpaxoByoun
€KCIIEPUMEHTAJIbHI PE3yJIbTaTH, BAKOHAHO PO3PaxXyHOK ITOTEHLINHOI JIIHIMHOI pO3MiIbHOI 3IaTHOCTI
pazio306pakeHb, POPMOBAHUX IPOMIOHOBAHOIO CUCTEMOIO aKTMBHOTO allePTYPHOTO CUHTE3Y 3a Pi3HUX YMOB.
[TokazaHo [OLiIbHICTD ii BUKOPUCTAHHS Y SIKOCTi JONIOBHEHHS icHytounx PCA 151 GopmMyBaHHS HenepepBHUX
Pazio306pakeHb y LIMPOKOMY Jiialia3oHi 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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