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2. Methods for assessing the characteristics of aircraft ergatic control systems

Pedepar:

1. lucepraris IpUCBsAY€Ha PO3BUTKY METOJiB OLIIHKY XapaKTEPUCTUK €pPraTUYHNX CUCTEM YIIPaBJiHHS MOBITPSIHUM
CyJHOM. PO3ryisialoThCsl MUTaHHS BUSIBJIEHHS CTYIIEHS 11CUX0(Qi3i0I0TiuHOI HaNlpy>KEeHOCTi JII0IMHU-0IlepaTopa Bif,
BXOZY B IJlicafly 4O IPU3EMJIEHHS i IPU BUXO[i Ha Ipyre KoJio. O6GrpyHTOBAHO IPUHLMII iHBAPIaHTHOCTI KEPYIOUUX
Iiii minoTiB i 3MiHM napameTpiB NOJLOTY. [I7151 OLIIHKY XapaKTEPUCTUK SIBUILA 301/IbII€HHS aMILITy I IapaMeTpiB
[0J1bOTY NOBiTpsiHOTO cynHa (SAIIIIIIC) 3aCTOCOBYIOTHCSI METOIU aHAIi3y KOPEeJsLifHUX, aBTOKOPEJISILiHUX
(YHKLil Ta iX CIIEKTpiB, 3aKOHIB PO3IIOLiNY i TPEHIOBUX aJTOPUTMIB IapaMeTpiB N0JIbOTY. PO3po6sieHO anroputMmu
BUiIJIEHHA JEeTEPMIHOBaHOI CKJIaIOBOI 3 BUIIAAKOBOIO MIPOLECY 3MiHM IIapaMETPiB MOJILOTY. 32 KOPEJALIMHUMY i
aBTOKOPEJISLINHNIMY QPYHKLISIMU PO3TJISIHYTI TPAEKTOPII I10JIbOTY B iieanbHUX i eKCTPeMaJIbHUX YMOBax. Y
Pe3yJbTaTi IPOBEIEHOr0 aHali3y 10Ka3aHo, 110 3aTPMMKa BXOJy B IJlicaay JiiTaka 6inbll Hebe3nevyHa 1Jjsl SIKOCTi
BMKOHAHHS 3aXOPKEHHSI JliTaka Ha II0CaAKy, HiDK BunepempkeHHs. [IpeacraBieHa reoMeTpUYHa iHTepIIpeTallis
VMIMOBIPHOCTI BiIXWJIEHHS Bill 3aaHOI TOYKY IIPU BXOi B [JIiCaZly B TPUBUMIPHOMY IIPOCTOPI, IO LO3BOJISIE

BM3HAYaTH NMOBIPHOCTI HETOYHOIO BXOZY B IJIicaly 32 aBTOKOPesSILiHHUMY PYHKLIIMU. BCTaHOBJIEHO, 1110



BM3HAYEHHSI CKJIAJHUX 300iB aBiOHIKM MOBITPSIHUX Cy[l€H METOJIOM KOHTYPHUX KOPEJISILIHUX [OJIiB A€ 3MOTy
CTBOPIOBATH aHaJi3aTOPU HOBOTO THUILY, IO JOTIOMAaraloTh MiJIOTy PO3Mi3HATU CKIAIHY MOJILOTHY CUTYALLiIO i
IIPUIHSTY [IpaBUJIbHE pillleHHs. [pyHTYyl04MCh Ha aHali3i aBTOKOPEJISILiHNK PYHKLIN KyTa KPEHY Ta iX CIIeKTpiB,
HiATBEPKEHI TEOPETUYHI BUCHOBKY aBTOPA BilHOCHO MO>KJIMBOCTI 3HAYHOTO NIOCIabJI€HHS «JIIOJCBKOTrO (paKTOpay
Yy BUHVMKHEHH] aBapiiiHuX cuTyauiil. [IpencraBieHi METOAWYHI BKa3iBKU Ta pEKOMEHallii OLIIHKY XapaKTEPUCTUK
epraTUuyHUX CUCTEM YIPABIIiHHS [TOBITPSIHUM CyHOM. PO3po6JieHo ITporpamy OLIiHKY Halpy>KeHOCTi aBialliftHuX
crieniasmicTiB, sIKi 6e3rocepeHbO He MOB'A3aHi 3 MiJIOTYBAaHHAM JIiTaJIbHOrO anapary. [[pakTu4Hy LiHHICTh MalOTh
TaKOX 3alIPOIIOHOBAHI CUCTEMU KOHTPOJIIO AKOCTI TEXHIKY MJIOTYBaHHS, ITONIEPEIPKEHHS Pi3KUX PYXIiB MiJIOTIB IIpU
3aX0/ii Ha Apyre KoJIo, CUrHaji3alii Ipo HeLoCTOBIpHY iHGOPMaLLilo 110 KyTaxX aTaky, KpeHy i IpUIafoBoi HIBUAKOCTI
JliTaka Ta HalpaubOBaHUI aJITOPUTM il y IUX BUIMAJKaX.

2. The thesis is devoted to the development of methods for evaluating the characteristics of aircraft ergatic control
systems. The issues of identifying the degree of psychophysiological tension of a human operator during the glide
path entering, landing and go-around are considered. The principle of invariance of pilots' control actions and
changes in flight parameters has been substantiated. In order to assess the characteristics of the phenomenon of
the flight parameters amplitude increase (IFPA), methods of analysis of correlation, autocorrelation functions and
their spectra, distribution laws and trend algorithms of flight parameters are used. Algorithms for extracting the
deterministic component from the random process of changing the flight parameters have been developed. The
flight trajectories are considered in ideal and extreme conditions by means of correlation and autocorrelation
functions. As a result of the analysis, it was shown that the delay in entering the glide path by aircraft is more
dangerous for the quality of the approach than the advance of entering. A geometric interpretation of the
probability of deviation from a given point while entering the glide path in three-dimensional space is presented.
This makes it possible to determine the probabilities of inaccurate the glide path entry from the autocorrelation
functions. It has been established that the determination of complex aircraft avionics failures by the method of
contour correlation fields makes it possible to create a new type of failure analyzers that help the pilot to
recognize a difficult flight situation and make the right decision. The above theoretical conclusions are confirmed
by the method of analysis of the autocorrelation functions of the roll angle and their spectra. Methodological
guidelines and recommendations for evaluating the characteristics of ergatic aircraft control systems are
presented. A program has been developed to assess the tension of aviation specialists who are not directly related
to piloting. The systems for controlling the quality of the piloting technique that prevent sudden movements of
pilots during go-around, by signaling of inaccurate information on the angles of attack, roll and indicated airspeed
and give the algorithm of actions have practical value.
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