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Pedepar:

1. O6'eKT moCHimKEeHHs - IpoLecC AiarHOCTYBaHHS By3JiB aBiauiiHux [T/l (Takux SK peLyKTOp IPUBOAY MOBITPSIHOTO
reyHTa Typ6orsuHToBoro I'Tl i BeHTU/ISITOPHA CTYIiHb ABOKOHTypHOro I'T]I). MeTa fgocigykeHHs - po3pobka
MoOJeJsell, METOMIB i KOMIJIEKCY ITPOrpam [1ji1 PAaHHBOTO [IiarHOCTYBaHHSI BUHMKHEHHS 1 PO3BUTKY AEe(EKTIB
neTtaseil i By3JiiB ra3oTypOiHHOTO ABUTYHA. MeTOou NOCIIKEHHS - METO]], BeMBJleT-aHali3y I MeTOJ, LIBUAKOTO
nepetrBopeHHs Oyp'e - AJ1s1 BUSIBJIEHHS YaCTOTHUX OCOOJIMBOCTEH BiOpalLlifiHUX CUTHAJIIB; METOIY MaTeMaTUYHO]
CTaTUCTUKMU - JIJ1 BU3HAUEHHS [TapaMeTpiB CUTHAJIIB Ta aHaJli3y po3NOJily BelBiaeT-KoedillieHTiB. Anlapartypa -
[IEPCOHAJIbHUN KOMIT'I0Tep. TeopeTuyHi i MpakTU4Hi pe3yJIbTaTyu NOCIiIKEHDb - BIIEPIIE PO3PO0JIEHO i CPOPMOBAHO
HOBi METOZIY Ta MOJIeJIi 1711 PAHHBOTI'O 1iarHOCTYBaHHS BUHUKHEHHS 11 PO3BUTKY Ie@eKTiB geTaseil ra3oTypOoiHHOTro
IBUT'YHA i3 [IOKpalleHHSIM [TOKa3HUKIB BUiJIEHHS O3HAK 3HOLIYBaHHS; y NIPOLeCi TECTYBaHHS Ta BUIIPOOYBaHb BOHU
IIOKa3a/y CBOIO IPale3JaTHICTh I €(PeKTUBHICTb HA KOHKPETHUX NIPUKJIafax po3B'si3aHHs 3aBIaHb 0OPOOKU Ta
IiarHOCTYBaHHS HECTAL[iOHAPHUX CUTHaJIiB. HaykoBa HOBU3HA - yIeplle 3allpOIIOHOBAHO METOJ, 3MEHIIEHHS BILJINBY

rpaHUYHUX e(EeKTIB 1Jis1 6e3[1epepBHOTO BEIBJIET-TIEPETBOPEHHS, BUKOHYBAHOI'O 32 JOTIOMOIOI0 KOMIIJIEKCHOTO



BelByIeTy MopJie, SKuil BiIpi3HSI€ThCS Bifl iCHYIOUOTO 3aCTOCYBAaHHSIM PO3PO0JIEHOTO aBTOPOM aHAJIITUYHOTO BUPa3y
L7151 PO3PaxyHKy 00JIaCTi OCTOBIPHOCTI, 110 LO3BOJISIE 3MEHIIUTH I€PEKPYYYBaHHS, SIKi BHOCSATHCS BEUBJIET-
IIEpPETBOPEHHSIM Y pe3yJIbTaTH aHalli3y; MoJu(piKoBaHO METOJ, aHaJli3y 00BiHOI BUCOKOYACTOTHOI BUIIaIKOBOI
Bibpallii, 10 BifPi3HsETHCS BiJl iCHYI0UOrO 3aCTOCYBaHHSIM 0AHKIB BEMBJIETHUX (PiIbTPiB HA OCHOBI KOMIIJIEKCHOTO
BenBsieTy Mopiie i KpoC-CIEKTPaJIbHOTO aHali3y. 3a paXyHOK BUAJIEHHS HE TiJIbKY TapMOHINHUX, ajle 1 IMITyJIbCHUX
CKJIQ[IOBUX CUTHAJIy METOZ, JO3BOJISIE BUINNATY GBIy KiJIbKiCTh XapaKTEPUCTUYHUX YACTOTHUX CKJIAZIOBUX
BibpaliliHMX CATHAJIB i B TaKWii Cr1oci6 fae 6ibLI YiTKi 03HAKU BiXWUJIEHHS [IOTOYHOIO CTaHy BY3JliB ABUTYHA Bif,
HOPMAJIBHOTO; yIOCKOHAJIEHO CTaTUCTUYHMN METOJ, aHasi3y BiOpalilHUX CUTHAJIB 32 PaXyHOK 3aCTOCYBaHHS S-
IUACKPUMIHAHTY, O O3BOJIMJIO CTBOPUTH METO/L TEPBUHHOI €KCIIPEC-AiarHOCTYKY BiAXUJIEHHS TEXHIYHOTO CTaHy
IBUTYHA BiJl HOPMaJILHOTO; OZ,€P>Kajy NOAAJBbIINAN PO3BUTOK MOJIEI AiarHOCTyBaHHS By3iiB ['T]l, gKi BiIpisHAIOTbCSA
BiJl iCHyIOUMX 3aCTOCYBaHHSIM 6e3[1epepBHOTrO BelBeT-aHali3y Ta S JUCKPUMIHAHTY, 110 JO3BOJIMIIO BUSIBIISITU
3HOIIYBAHHS JeTajleil Ha Gi/Iblll paHHIX eTanax Po3BUTKY JgedeKTiB. PesynbraTu gucepraliiiHoi poboTu 6yin
BUKOPMCTaHI Ha J€p’KaBHOMY MiANPUEMCTBI "IBueHKo-IIporpec” njis aHasnizy IMHAMIYHUX KOJIMBAHb BY3JIiB
IBUTYHIB, IIPY pO3pOO0Li Ta JOBO/LI aBiallillHMX Ta HA3€MHUX Ira30TypOiHHMX YCTAHOBOK, @ TaKOX MPH ix
eKcrryaranii y 3aMoBHUKA. Pe3ysibTaTi BIIPOBAIKEHO IIPY BUKJIALAHHI AUCLMILIIH "Teopis NpunHATTSA pilleHs",
"CucteMu MigTPUMKU NMPUUHATTS pimeHsb" Ta "CyvyacHi 6a3u JaHWX Ta iHTeJIeKTyaJIbHUI aHali3 HaHux" y
3aropi3bKoOMy HalliOHaJIbHOMY TEXHIYHOMY YHIBEPCUTETI Ta AUCLUIUIIHY "MaTeMaThuiHe MOJEJIIOBaHHA" y
3anopispKoMy HalliOHaJILHOMY yHiBepcuTeTi. HaykoBi TeopeTHyHi Ta NPaKTU4YHI pe3yJbTaTy AUCePTaLiliHOI poboTH
MOXYTb OYTY BUKOPUCTAaHI: y HaBYaJIbHUX 3aKJIa[IaX Ta OPraHi3allisx, 0 NPOBOIASTh JOCIIKEHHS CIIEKTPAIbHUX
XapaKTEePUCTUK HECTALIIOHAPHUX CUTHAJIIB, SIKi BUHUKAIOTS I1if] 4aC BUPILIEHHS 3a/1a4 AiarHOCTYBaHHS CTaHy By3JIiB
POTOPHOTO O0JIaHAHHS; Ha MiANPUEMCTBAX, 1110 IPOBOSTh NOCIIKEHHS B 00J1aCTi pO3p0oOKH 3aC06iB
BiOpaliliHOTO AiarHOCTYBaHHS TEXHIYHOTO CTaHy By3iiB ['T/l; y HaBYasbHOMY NPOLIECi TPU MiArOTOBL (axiBIiB y
rasnysi KOMIT'IOTepHUX cucTeM 00pobKy iHdopMallii Ta KepyBaHHSI.

2. Object of the research is the process of diagnostics of air gas-turbine engine units (i.e. airscrew drive reduction
gear of turboprop engine and fan stage of two-spool gas turbine engine). Research objective is synthesis of models,
methods and computer programs for early diagnostics of engine elements and units defects initiation and
propagation. Research methods are methods of wavelet analysis and fast Fourier transform - for frequency
characteristic components identification; methods of mathematical statistics - for signals characterization and
wavelet coefficients distribution analysis. Equipment - the personal computer. Theoretical and practical results of
research - methods and models for early diagnostics of engine elements and units defects initiation and
propagation are developed and formed for the first time. The investigation allowed improving performance of wear
feature extraction. In the process of examination and testing methods and models demonstrated their efficiency
and functionability on solving particular problems of diagnostics and processing of non- stationary signals.
Scientific novelty. Method of eliminating edge effects in the results of wavelet transform performed with complex
Morlet wavelet is proposed for the first time. The method differs from the existent one in use of the analytical
expression developed by author to compute region of reliability for wavelet coefficients that allowed reducing
distortion in the results of wavelet analysis. Method of high frequency random vibration envelope analysis
obtained further development by means of complex Morlet based wavelet filter banks and cross-spectral analysis.
Such an improvement gave the ability to extract more characteristic frequency components of the signal which
include harmonic and impulsive components. This allows getting for engine elements more accurate indication of
deviation from normal state. Statistical method of vibration signals analysis got further development by use of S-
discriminant which allowed to create method of rapid engine technical state diagnostics. Models of technical state
diagnosis for gas turbine engine elements are improved with wavelet analysis methods and S-discriminant which
allowed detecting wear on earlier stages. Results of dissertational work are introduced on State Enterprise
"Ivchenko-Progress” for analysis of dynamic vibrations of engine units and elements, in developing and refinement
of air and earth gas turbine engines and during operation at customer. Results are adopted at the following
courses: "Decision theory", "Decision support systems" and "High end databases and data mining" at Zaporizhzhya
national technical university and "Mathematical modelling" at Zaporizhzhya national university. Scientific



theoretical and practical results can be used at educational institutions, at organizations that research spectral
characteristics of non-stationary signals and diagnose state of elements of rotor equipment, at enterprises that
develop tools of vibration-based diagnostics, at teaching classes training engineers in the sphere of computer

information processing system and control systems.
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