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1. CTaTUCTUYHUY CUHTE3 KOMOIHOBAaHMX BUCOKOTOYHUX Ta iHPOPMAaLiiiHO 36aradeH1X KOTePEHTHUX i

HEKOTE€PEHTHUX 3o6pa>1<eHb B 6araToKaHaJabHUX MYJIbTUOIJIAN0BUX paILiOTeXHi‘-IHI/IX Ta OIITUYHUX CUCTEMAX

2. Statistical synthesis of combined high-precision and information-enriched coherent and incoherent images in
multichannel and multi-view radio engineering and optical systems

Pedepar:

1. O6’exT mocmimxkeHHs - mpouec GOpMyBaHHSI KOMOIHOBaHNUX BUCOKOTOYHUX Ta iHpopMaLliiHO 36araueHux
KOT€PEeHTHUX i HEKOTepEeHTHUX 300pa’keHb; MEeTa OCJiI)KeHHS - MiIBUILeHHS PO3IiJIbHOI 3JaTHOCTI Ta
iH(OPMATUBHOCTI KOT€PEHTHUX i HEKOTEPEHTHHUX 300P’KE€Hb 32 PAaXyHOK BPAaxyBaHHS iX BHYTPIlIHbOI CTPYKTYPH i
(YHKIIOHATIBHO-CTAaTUCTUYHUX 3B'SI3KiB, & TAKOXK 3aCTOCYBAaHHS METOiB CTATUCTUYHOI ONTHUMI3alii iX popMyBaHHS
i 0OpOOKM B ONTMYHUX i PaliOTEXHIYHMX 6araToOKaHaJbHUX CUCTEMAX 3 CUHTE3yBaHHSIM anepTypy; METOLU
IOOCJiIKEHHS - METOAU MaTEMaTUYHOI CTATUCTUKH i TeOpii ONTUMAJIbHUX PillleHb, €1€EMEHTU (PYHKLiOHATIBHOTO
aHaJi3y; NOHSTTS Mipy MHOXUH, iHTerpaiiB CTinbTheca, Jlebera i CTOXaCTUYHUX iHTerpasliB ITo; yuCesbHI MeTonu

MOJI€JIIOBaHHS KOT€PEHTHUX | HEKOTePEHTHUX 300pa’keHb; pe3yIbTaTy -~ BUPILIEHO aKTyabHy HayKOBO-TIPUKJIAIHY



Ipo6JieMy CTATUCTUYHOTO CMHTE3y KOMOIHOBAaHUX BUCOKOTOYHHUX Ta iH(POPMaLifHO 36arayeHnuX KOT€PeHTHUX i
HEKOTePEHTHUX 300pa’KeHb Ta MPUHIIUIIIB iX MTPAKTUYHOI i MpOrpaMHO-aaropuTMivHOi peasnisaiiii B
OaraToKaHaJbHUX MYJIbTUOIJISIIOBUX A€POKOCMIUHMX pajiapax i cucremMax olTUYHOI KorepeHTHOi Tomorpadii;
HOBU3HA - OTPMMAJIY MOAAJIBIINI PO3BUTOK ITOHSITTSI KOTEPEHTHOTO i HEKOT€PEHTHOr 0 300paskeHb 00 €KTIB
CIIOCTEPEKEHHS Ta MiIX0Y 10 BU3HAUYEHHS iX BHYTPIUIHbOI CTPYKTYPH i PYHKLIOHAIbHO-CTaTUCTUYHUX 3BS13KiB 3
iX enekTpodi3NYHUMU NTapaMeTPaMU Ta CTATUCTUYHUMU XapaKTePUCTUKAMM, BIIEpIlle OTPMMaHi 3arajbHi BUpa3u
L7151 ICTUHHOT'O KOT€PEHTHOTO 300pa>keHHS, 1110, 3 OJHOTO 60Ky I'PYHTYIOTbCS Ha Teopii fudpaxliiii, Teopemax
Kipxoda i Penes-3ommepdenbaa i 06'e1HYIOTh y CBOill CTPYKTYPi B>Ke BiloMi, TOUHO BU3HAYEHI, €JIEKTPOINHAMIUHI
MoOJeJli TECTOBUX IIOBEPXOHb, a 3 iHIIOro 0 Ha npuHuuIi ['foiireHca-®peners, 10 403BOJIsIE ONUCYBATHU HiICTUIIbHI
MOBePXHi Ta 00’eKTU CKIAAHOI (POPMU 3 TOBITBHUM PO3MOiNIOM €71eKTPOPi3NYHUX TapaMeTpPiB Ta CTATUCTUYHUX
XapaKTEPUCTUK; BIIEPIIE OTPUMAHO KOMILJIEKCHE PO3B’s13aHHSI 33/1a4i BilHOBJIEHHS IEPBUHHUX KOT€PEHTHUX
300paskeHb J1J151 YCiX MOSKIJIMBUX PO3MipiB i B3AaEMHUX TOJI0KEHb 06J1acTell BU3HAUYEHHS i CIIOCTEPEsKEeHHSI 3
3a3HaYEHHSM aHaAJiTUYHUX BUPAa3iB IJIs1 pO3paxyHKy anapaTHuX QyHKIii 6araTokaHaJabHUX PalioJoKaliliHUX Ta
ONTUYHUX cUCTEM B 30HI PpeHness i PpayHrodepa Ta po3podKOI0 peKOMEH AL 1010 MOXKJIMBOCTEN iX BTOPUHHOI
00pOOKY [J151 MiABUILIEHHS IPOCTOPOBOI PO3TiIbHOI 3TaTHOCTI; BIEPIIE B KOMILJIEKCi BUSHAYEHI OCHOBHI onepaliii
BiZJHOBJIEHHS] CHHTE€30BaHUX KOT€PEHTHUX 300pakeHb 00JIaCTi CIIOCTEPEsKEHHS y 6araToKaHaJIbHUX
pazlioNoKaliHUX Ta ONTUYHUX CUCTEMAX i TPOAHAJIi30BaHi iX pO3AiJIbHI 30AaTHOCTI y BUIIAIIKY BislJIOBOTO,
OJJHOIIPOMEHEBOTO Ta IIPO’KEKTOPHOI0 METO/IB OIJISIAY [J1 Pi3HUX PO3MIpiB i B3a€MHHUX MOJIOKEHb 00J1aCTi
CIIOCTEPE>KEHHS i IPOCTOPOBO-TIPOTSIKHUX 00'€KTIB IOCIIII>KEHHS; OTPUMAaB I10J1aJIbIIOr0 PO3BUTKY MaTeMaTUYHUN
anapat V-TIepeTBOPEHD y HANPSIMKY JOCIIIKeHb cTaTuCTUYHUX BiaactusocTer HIIIC i BC nosiB po3cissHoro Ha
HEOJHOPIJTHOCTSIX [NOBEPXHSIX €JIEKTPOMAarHiTHOrO BUIIPOMiHIOBaHHSI /1151 KOPEKTHOI IOCTaHOBKM OITUMi3aliliHUX
3a/1a4 CUHTE3Yy KOT€PEHTHHUX i HEKOT€PEHTHUX 300paKeHb; OTPMMAaJia OJAJIbIINYA PO3BATOK CTATUCTUYHA TEOPis
CHHTEe3y ONTUMAJIbHUX METOiB 00POOKY ITPOCTOPOBO-4YaCOBUX CUTHAJIIB B a€pOKOCMIYHUX pajapax 3 AP mpu
BiZJHOBJIEH] KOT€pEHTHUX i HEKOTePEHTHUX 300paskeHb MPOCTOPOBO-TIPOTSKHUX 00'€KTIB; OTpUMAaJa MoJaabUIni
PO3BUTOK CTaTUCTUYHA TE€OPisl OLIHIOBAHHS B PAJliOTEXHIYHUX CUCTEMAX 3 AHTEHHMMHU PEIIiTKAMUA MUTOMO]
e(eKTUBHOI NOBEPXHi pO3CilOBaHHS, BU3HAYEHOI HEKOT€PEHTHUM 300PasKEHHSIM 00J1aCTi CTIOCTEPEKEHHS], B
aepOKOCMIYHUX CKaTEPOMETPUYHUX paiapax 3 6araToKaHaJlbHUM MYJIbTUOIJISIOBUM CUHTE3yBaHHSIM anepTypy;
oTpuMaJla NoJablinil pO3BUTOK CTATUCTUYHA TEOPisi CUHTE3Yy HEKOT€PEHTHUX 300pa>XEHb Ta OLiHIOBaHHS
IIPOCTOPOBO-PO3IO/iIEHNX TapaMeTPiB IPOTSKHUX 00'eKTiB B mnpokocmyrosux i HIIC cuctemax akTUBHOTO
arepTypHOro CHHTE3Y, 1110, Ha BiAMiHY Bif] iCHYI0UMX METOIiB a6pOKOCMIYHOI0O paiiobayeHHsl, JO3BOJISIE
cunresysatu HIIIC cucremu Ta meTony GOpMyBaHHSI HEKOT€PEHTHUX Paflio300pakeHb 3 aePOKOCMIYHUX HOCIiB, sKi
3abe3nevyaTb BUCOKY IPOCTOPOBY PO3/i/IbHY 3[,aTHICTh 30HU OIJIsSIAY Bif -15° mo +15° Bin Hapupa; Brepiue
OOGI'PYHTOBAHO YMOBH 3aCTOCYBaHHS OJHOIIPOMEHEBOTO METOAY MOOYL0BM ONITUYHUX KOT€PEHTHUX 300pa’KeHb Ta
OI[iHEHO BIUIUB TOBUIMHU [TIPOMEHSI, 1Or0 PO36i>KHOCTI, a TAKO>K GOKOBOT'O 3BOPOTHOT'O PO3CiIOBaHHS Ha
IOIyCTHMICTb 3aCTOCYBaHHSI IIPOCTOPOBOrO nepeTBopeHHs Oyp’e 5K OCHOBHOI onepalii BilHOBJIEHHS ONITUYHUX
roJIorpam; BIieplle OTPMMAaHO METOJ, MIBUAKICHOTO CUHTE3y KOT€PEHTHUX i HEKOT€PEHTHUX 300paXKE€Hb B CUCTEMAX
OIITMYHOI KOorepeHTHOI Tomorpadii rsockonapanesbHUM IPOMEHEM IIHPOKOCMYTOBOI'O BUIIPOMIHIOBaHHS, IKUI Ha
BiIMiHY BiJ] iCHYI0UMX METO[IiB Ma€ MiIBUILIEHY TOYHICTb IiarHOCTUKH, 301/IblIeHY BUAKICTb 100YI0BU

I BOBMMIPHUMX Ta TPUBUMIPHUX 300pa>X€Hb BHYTPIIHBOI CTPYKTYPH HAMiBIPO30PUX CEPELOBULL TA 3[ELIEBICHUN
IIPUCTPill ONTUYHOI KOrepeHTHOi ToMorpadii; CTymiHb BIPOBAIKEHHA - y IHCTUTYTI pafioi3uKu i €1eKTPOHIKHY iM.
0O.41. Ycukosa HAH Ykpainn, JIT 3AO «H/II PagiorexHiyHMX BUMipIOBaHb», HallioHaJIbLHOMY a€pOKOCMIYHOMY
yHiBepcuTeTi iM. M. €. J)KyKOBCBKOT0 «XapKiBCbKUH aBiallitHUI iHCTUTYT»; Tajly3b BUKOPUCTAHHS - TE€JIEKOMYHiKaILii
Ta pafioTexHikKa.

2. The object of research is the process of combined high-precision and information-enriched coherent and
incoherent imaging; the purpose of the study is to increase the resolution and information content of coherent
and incoherent images by taking into account their internal structure and functional-statistical relationships, as
well as the use of methods for statistical optimization of their formation and processing in optical and radio
engineering multichannel systems with aperture synthesis; research methods - methods of mathematical statistics



and the theory of optimal solutions, elements of functional analysis; the notion of measure of sets, Stieltjes and
Lebesgue integrals and Ito stochastic integrals; numerical methods for modeling coherent and incoherent images;
results - the actual scientific and applied problem of statistical synthesis of combined high-precision and
information-enriched coherent and incoherent images and the principles of their practical and software-
algorithmic implementation in multichannel multi-view aerospace radars and optical coherence tomography
systems were solved; novelty - the concept of coherent and incoherent images of objects of observation and
approaches to determining their internal structure and functional-statistical relationships with their
electrophysical parameters and statistical characteristics have been further developed; for the first time the
general expressions for a true coherent image were obtained; for the first time, a comprehensive solution to the
problem of recovering primary coherent images for all possible sizes and relative positions of the detection and
observation regions was obtained with the indication of analytical expressions for calculating the hardware
functions of multichannel radar and optical systems in the Fresnel and Fraunhofer zones and the development of
recommendations regarding the possibilities of their secondary processing to increase the spatial resolution ; for
the first time in the complex, the basic operations of reconstructing synthesized coherent images of the
observation area in multichannel radar and optical systems were determined and their resolutions were analyzed
in the case of fan, single-beam and searchlight survey methods for different sizes and relative positions of the
observation area and spatially extended research objects; the mathematical apparatus of V-transformations was
further developed in the direction of studying the statistical properties of UWB and MB fields of electromagnetic
radiation scattered on inhomogeneities of surfaces for the correct formulation of optimization problems for the
synthesis of coherent and incoherent images; the statistical theory of the synthesis of optimal methods for
processing spatio-temporal signals in aerospace radars with AAs in the recovery of coherent and incoherent
images of spatially extended objects was further developed; the statistical theory of estimation in radio
engineering systems with an antenna array of the specific effective scattering surface, determined by an
incoherent image of the observation area, in aerospace scatterometric radars with multichannel multi-view
aperture synthesis was further developed; the statistical theory of the synthesis of incoherent images and the
estimation of the spatially distributed parameters of extended objects in broadband and UWB systems of active
aperture synthesis were further developed, which, in contrast to the existing methods of aerospace radio imaging,
makes it possible to synthesize UWB systems and methods for the formation of incoherent radio images from
aerospace carriers, which will provide high spatial resolution of the viewing area from -15 ° to + 15 ° from nadir; for
the first time, the conditions for the use of a single-beam method for constructing optical coherent images were
substantiated and the influence of the beam thickness, its disagreement, and also lateral backscattering on the
admissibility of using the spatial Fourier transform as the main operation of restoring optical holograms was
estimated; for the first time a method was obtained for the high-speed synthesis of coherent and incoherent
images in optical coherence tomography systems with a plane-parallel beam of broadband radiation, which, in
contrast to existing methods, has an increased diagnostic accuracy, an increased speed of constructing two-
dimensional and three-dimensional images of the internal structure of semitransparent media and a cheap optical
coherence tomography; the degree of implementation - at the Institute of Radiophysics and Electronics. Y. Usikov
National Academy of Sciences of Ukraine, subsidiary "Research Institute of Radio Engineering Measurements",
National Aerospace University "Kharkiv Aviation Institute"; field of application - telecommunications and radio
engineering.
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