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Pedepar:

1. Inceprarnifine JOCTiIKEHHs CIIPSIMOBaHe Ha PO3POOJIEHHS Ta JOCHIIKEHHS METOly OOPOGIEHHSI CUTHAJIB Y
pazioesleKTPOHHUX BEPTOJILOTHUX CUCTEMaX BUMIPDIOBaHHS pesibey AiITHKM MiCLIeBOCTi, 1110 0OpaHa MiJloToM /s
0€3I1eYHOro NNPU3eMJIEHHS, [IPY NIOTaHMX ITOTOAHUX YMOBAX i 3 BUKOPUCTAHHSIM BJIACHUX 30HIYIOYMX CUTHAJIIB.
BkazaHi cucTemMu NpONOHY€EThCSl BUKOPUCTOBYBATH Y SIKOCTi JOTIOBHEHHS 1O KJIACUYHUX OOPTOBUX CUCTEM, 110
BCTAHOBJIIOIOTHCS B KabiHi MijioTa M7 OLiHKY BUCOTH MMOBEPXHi IIPU 37[iCHEHHI 1ocanku. TakuMm YMHOM, MeTa
IOCJIiI)KEeHHS — MiJIBUIIEHHS TOYHOCTI OL[iHIOBAaHHS peJibedy MicLeBOCTi Ipyu BUOOPi MalijaHYMKa [1J1s 6€3[1€YHOTO
IIPU3EMJIEHHS 32 HECIIPUATIVMBAX METEOPOJIOTIYHUX YMOB 32 PaXyHOK BUKOPUCTaHHSI 60PTOBOI paliosoKaLiifHOi
CHCTEMHU 3 ONTUMAJIbHUM 00pO6IeHHAM curHaiiB. O6’eKTOM JOCIIiIKeHHS € Mponec 06po6IeHHS CUTHATIIB

Bil13€pKaJjleHUX MiJICTUIIbHOIO IIOBEPXHEIO 3 METOI0 OLiHIOBaHHS ii pesbedy. [IpegMeToM LOCHiIKeHHS € METOAU



Ta aJITOPUTMU OOPOGJIEHHS PalioNOKALiTHUX CUTHAJIIB I[0/10 BUPiLIeHHS 3a/1a4 KapTorpadyBaHHs penbedy
MiCLIEBOCTi B BEPTOJIbOTHUX paiapax. HeobxinHicTh mpoBeneHHs JOCiIKeHHsI 00yMOBIeHa TUM, 1O IIif] Yyac
BMKOHAaHHSI Ollepalliii 3i 3aCTOCYBaHHSIM BEPTOJIbOTIB HEOOXiHO BUKOHYBATH I10CaIKy B HE6E3NEYHUX YMOBaX Ha
HEMiJroTOBJIEHUI aepoApoM. TaKoX Iifl 4ac Npru3eMIIeHHsI MOKYTb BUHUKATU KyPHi BUXPH, SIKi I€PEIIKOPKAIOTh
IiJIOTY OPI€EHTYBAaTUCh Y IPOCTOPI Ta IPUIMATH BipHi pillleHHS W00 MiJI0TYBaHHA. Lle CynpoBOIKy€eThCA
301/IbLIIEHUM PU3UKOM [1JIs1 €KillaKy Ta [acakupis. [lepcrieKTUBHUM BapiaHTOM BUpIlIEHHS IPOGJIEMU €
PO3pO6JIEHHS CUCTEM O€3I1eYHO]I T0CaTKY 3 TONePeHbOI0 II00YA0BOIO penbedy. Y CBiTi Hapasi Be4yTbCsl
IOCJIIPKEHHS 1[040 PO3POOIEHHS TaKUX CUCTEM, IIPOTE OLIBIIICTh 3 HUX IPYHTYIOTHCSI HA €BPUCTUYHUX MiTX0JaX,
Ile BUKOPHCTaHi TOTOBI TEXHOJIOTIYHI pillleHHs, a HaJali 06po6IeHHs JaHUX [TPOBOLUTHCS Ha 6a3i y3arajbHeHOro
iHXeHepHOro focBiny. Jlo Toro, ix eeKTUBHICTh B yMOBaX HU3bKOI BUAMMOCTI obMekeHa. JlaHuil HeJoJliK
IIPOIOHYETHCS BUPILIMTY 3 BAKOPUCTAHHSM JIBOAHTEHHOIO IIEJIEHraTOPy 3i HACKPi3HUM OOPOOJIEHHSIM CUTHAJIIB y
pagionianasoHi JOBXWH XBUJIb, OCKIJIbKY L€ LO3BOJIUTH IPOBOAVTYA BUMIPIOBAHHS 3 IiJJBUILIEHOIO TOYHICTIO Ta
3a0€e31e4uTbh podOTy B OyAb-SIKUX IIOTOJHUX YMOBAX, BI€Hb Ta BHOYI. 33171 JOCSTHEHHS] METU JucepTaLliiHOro
IOCHiIKeHHs 0yJ10 BUpilleHO HU3KY 3aBIaHs. [lepin 3a Bce, y pob0Ti po3pobIeHO MaTeMaTUYHI Mogeri
IIPOCTOPOBO-YaCOBUX CTOXACTUYHUX PafioCUrHaiB Ta QYHKUiIOHAIN IPABIONOLIOHOCTI 17151 PiBHSHD
CIIOCTEPE>KEHHSI [ JBOAHTEHHOT0 BEPTOJIbOTHOTO pazapy. 3a KpuTepieM MakcumMymMy QyHKLioOHATY
IIPaBIOINOiOHOCTI CUHTE30BaHO ONTUMAJIbHUI aJITOPUTM 0OPOOJIEHHSI IPOCTOPOBO-4aCOBUX CTOXACTUYHUX
CHTHAJIIB y aMIUITyAHI cyMapHO-Pi3HULIEBIN pafliosoKaliiHiil cucTeMi BUMipIOBaHHS pesbedy, 0 pO3MilleHa Ha
60pTy BepTOIbOTY. OCOBIMBICTE CUHTE30BAHOT'O AJITOPUTMY IIOJISTA€ B TOMY, 11O BiH MO>K€ BUKOHYBATU
OLIiHIOBaHHSI AAJIbHOCTI 10 KO>KHOI TOUKY I10BEPXHi Ta ii KyTOBe N0JIOXKEHHS, 110 J03BOJISIE€ BiTHOBUTU peibed
IIOBEPXHI B3[JOBXX HAIIPSIMKY I10JIOTY Y MEXKax [IEPEKPUTTSI Aiarpam CIIpSIMOBaHOCTI. [lepeBipka oTpuMaHux
QJITOPUTMIB BUMIPIOBAHHS BUCOTH [IOBEPXHI BUKOHAHA HA JBOX iMIiTaALiMHMX MOJEJISIX — IIPU ifleaIbHUX YMOBAX
BUMIPIOBaHHS Ta 3 ypaxyBaHHSIM PO3CiIOBaHHS CUTHAJIIB HIOPCTKOIO TIOBEPXHEIO. Y Pe3yIbTaTi IPOJEMOHCTPOBAHO
ix 3arasibHy Ipale3gaTHICTb, @ TAKOXK €(PEeKTUBHICTb OTPMMAHOI0 aJITOPUTMY BilHOBJIEHHS pesibedy. BogHouac
[IOKa3aHo, 10 MOXMOKa CUCTEMY BUMIiPIOBAaHHS BUCOTU peJibedy BU3HAYAETLCS PO3/iIbHOIO 3ATHICTIO Ta

reOMETPi€I0 30HAYBAaHHS Pagapy.

2. The dissertation research focuses on the development and study of a signal processing method in helicopter
radio-electronic systems for measuring the terrain relief of the area selected by the pilot for a safe landing, under
any weather conditions and using its sensor signals. These systems are proposed to be used as a complement to
the classical onboard systems installed in the cockpit to estimate the surface height during landing. Thus, the aim
of the research is to improve the accuracy of terrain assessment when selecting a safe landing platform under
adverse meteorological conditions using optimal signal processing onboard radar. The object of research is the
process of signal processing of the reflected surface to estimate the relief. The subject of the research is methods
and algorithms for processing radar signals to solve problems of terrain mapping in helicopter radars. This
research was prompted by the fact that helicopter operations require landing on an unprepared airfield under
hazardous conditions. In addition, during landing, dusty vortices can occur, which prevent the pilot from
navigating in space and making the right decisions regarding the control. These increases the risk to the crew and
passengers. A perspective solution to the problem is the development of safe landing systems with preliminary
terrain detection. At present, research on the development of such systems are carried out all over the world, but
most of them are based on heuristic approaches using ready-made technological solutions, and further data
processing is based on generalized engineering experience. Moreover, their effectiveness in low visibility
conditions is limited. This limitation is to be solved using a dual-antenna direction finder with end-to-end signal
processing in the radio wavelength range, as this will allow measurements with increased accuracy and will ensure
operation in all weather conditions, day and night. To achieve the goal of the dissertation research, some tasks are
solved. First, the mathematical models of spatio-temporal stochastic radio signals and the likelihood functions for
the observation equations for a dual-antenna helicopter radar are developed. According to the criterion of the
maximum likelihood function, an optimal algorithm is synthesized for the processing of spatio-temporal stochastic
signals in an amplitude sum-and-difference radar system for measuring terrain that located onboard a helicopter.



The peculiarity of the synthesized algorithm is that it can estimate the distance to each surface point and its
angular position, which allows for recovery of the surface relief along the flight direction within the overlapping
radiation patterns. The resulting algorithms for surface height measurement are tested on two simulation models:
under ideal measurement conditions and considering the scattering of signals by a rough surface. As a result, their
overall performance and the effectiveness of the resulting terrain restoration algorithm are demonstrated.
However, it is shown that the error of the terrain height measurement system is determined by the resolution and
geometry of the radar sensor.
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