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Pedepat/anoranis:

1. Incepraniiiny po60Ty IIPUCBSIYE€HO PO3B'SI3aHHIO aKTYaJIbHOTO HAYKOBO-TIPUKJIAIHOTO 3aBJIaHHS MMiJIBUIIEHHS
IOCTOBIPHOCTI BiOpOaKyCTHUYHOI 1ialrHOCTUKYU TEXHIYHOTO CTaHy CYJHOBUX BilLlEHTPOBUX HACOCIB IIJISIXOM
PO3pO6JIEHHS] HOBOTO METOAY CIIEKTPAIbHOIO aHajli3y BiOpaliflHUX CUTHAJIB, 3aCHOBAHOTO HA aHAJTUYHIN
KOMIIeHcallii e(eKTy BUTOKY CIIEKTPA JUCKPETHOTrO NepeTBOpeHHs Dyp'e Ta BUKOPUCTAHHI CIIiBBiIHOIIEHDb
rapMoHik Jjionarkosoi yactoTu (Blade Passing Frequency, BPF) sik niarHocTHYHUX O3HaK PO3BUTKY AerpajaliiiHux
npolieciB poboyoro Koseca. Hagifina po60Ta BUCOKOIIOTY>KHUX BifJLIEHTPOBUX HACOCIB Ma€ KPUTUYHE 3HAUEHHS 1J1s1
OKeaHChKUX CyZeH (30kpeMa kiacy Capesize), e Take 06s1alHaHHS [TOCTiHO MPaIlo€e Y BAXXKNUX YMOBAX,
MiJ0aYuCch 3MiHHUAM TiIpaBIiYHUM HaBaHTAKEHHSIM Ta arPECMBHOMY BILJIMBY MOPCBHKOI BOAM. [JOCBiz, ekcrtyaTtanii
II0Ka3sye, 1110 TUIIOBi MEXaHi3MU Aerpagaliii, Taki sk eposisi po6o4oro Koseca, KaBiTallis Ta 3HOC HiAMUITHUKIB,
PO3BUBAIOTHCS IIOCTYIOBO i iX BaXKKO BUSBUTH TPALULIIMHUMU METOJAMU OIJISIy. AKTYaIbHICTb JOCiIKEHHS
3yMOBJIEHA HEOOXiTHICTIO MifIBUIIEHHS HATIMHOCT] eKCIIyaTalii CyJHOBUX TEXHIYHUX CUCTEM B YMOBaXx II€PEXOLy

IO KOHLIeTIIii TeXHIYHOro 00CIyroByBaHHS 32 pakTHYHUM TexHiuHUM cTaHoM (Condition-Based Maintenance).



IcHyl04i MeTOIM BiOPOAiarHOCTUKY NIEPEBAXKHO 6a3yIOThCSl HA BUKOPUCTAHHI iHTErpajibHUX NapaMeTpiB Bibpatlii a6o
abCoOJIIOTHUX 3HAaY€Hb OKPEMUX CIIEKTPaJIbHUX CKIIAJIOBUX, 110 He 3abe3redye HeoOXiqHOi 4yTINBOCTI 10 paHHIX
CTagill po3BUTKY KaBiTallii, epo3sii po6ouyoro kKoseca Ta iHIMX rinpoguHaMiyHux nedexTiB. Kpim Toro, TOUHiCTh
CIEKTPaJIbHOTO aHaJIi3y iCTOTHO OOMEXY€ETbCs €PEKTOM BUTOKY CIIEKTPa AUCKPETHOro nepeTrsopeHHs: Oyp'e, skuit
IIPU3BOJUTS [I0 BUKPUBJIEHHS [IaPAMETPIB 1iarHOCTUYHUX FrapMOHIK. MeTO010 POGOTH € PO3PO06JIEHHS HAYKOBO
OOI'PYHTOBAaHOTO METOAY BiOpPOaKyCTUYHOI 1iarHOCTUKM TEXHIYHOTO CTaHy CYJHOBUX BilLlEeHTPOBUX HACOCIB Ha
OCHOBi BUCOKOTOYHOTI'O CIIEKTPaJIbHOTO aHasi3y BibpaliliHuX CUTHAJIIB i3 aHAITUYHOIO KOMIIEHCALiEl0 €(PEKTY
BUTOKY CIIEKTPA Ta BUKOPUCTAHHSIM 3aKOHOMIPHOCTEN 3MiHU CIIiBBiTHOIIEHb TAPMOHIK JIOIIATKOBOI YaCTOTY I JIs1
PaHHbBOTO BUSIBJIEHHS IIPOLECIB rifpoarHaMivyHoi ferpanauii po6odoro Koseca. Y po60Ti BUKOHAHO aHaJli3 Cy4acHUX
METO/IiB 1ialrHOCTUKYU HACOCHOTO 00J1aJHaHHS, JOCJiIPKEHO BIIJIUB €(EeKTy BUTOKY CIIEKTPa Ha TOYHICTb BUSHAYEHHS
IapaMeTpiB FTapMOHIUYHUX CKJIA[IOBUX, PO3PO0JIEHO METO]], aHAJITUYHOI KOMIIEHCcallii CUCTEMaTUYHUX TOXUOOK
IVCKPETHOTO CIIEKTPAJIbHOTO aHaJli3y, BCTAHOBJIEHO 3aKOHOMIPHOCTI 3MiHM TapMOHIYHOI CTPYKTYPU
BiOp0aKyCTUYHOTO CIIEKTpa IPU PO3BUTKY JlerpafalifiHUX MPoLeciB y po60yoMy KoJleci Ta 3allpOIIOHOBAHO HOBI
IiaTHOCTMYHI KpUTepii OL[iHIOBAaHHS TEXHIYHOTO CTaHy CYJHOBUX BifJLIeHTPOBUX HAcOCiB. O6'eKTOM JOCIiIKEHHS €
npouecu GOpMYBaHHS BiOpOaKyCTUYHUX CUTHAJIIB CYIHOBUX BiJJLIEHTPOBUX HACOCIB il 4aC PO3BUTKY
rigponrHamivyHOI Jerpanarii po6o4oro kojeca B yMoBax eKcIutyarauii. [IpegMeTom IOCTinKeHHs € napaMmeTpu

BiOp0aKyCTUYHUX CUTHAJIIB IIPU [ialrHOCTYBAaHHI BifjlleHTPOBUX HACOCIB.

2. The dissertation is devoted to solving a relevant scientific and applied task of improving the reliability of
vibroacoustic diagnostics of the technical condition of marine centrifugal pumps by developing a new method of
spectral analysis of vibration signals based on analytical compensation of the spectral leakage effect of the discrete
Fourier transform and on the use of blade passing frequency (BPF) harmonic ratios as diagnostic indicators of
impeller degradation processes. The reliable operation of high-power centrifugal pumps is critically important for
ocean-going vessels, including Capesize vessels, where such equipment operates continuously under severe
conditions, variable hydraulic loads and the aggressive influence of seawater. Operational experience shows that
typical degradation mechanisms, such as impeller erosion, cavitation and bearing wear, develop gradually and are
difficult to detect using conventional inspection methods. The relevance of the study is determined by the need to
improve the operational reliability of ship technical systems under the transition to Condition-Based Maintenance.
Existing vibrodiagnostic methods are mainly based on integral vibration parameters or absolute values of
individual spectral components, which do not provide sufficient sensitivity to the early stages of cavitation,
impeller erosion and other hydrodynamic defects. In addition, the accuracy of spectral analysis is significantly
limited by the spectral leakage effect of the discrete Fourier transform, which distorts the parameters of
diagnostic harmonics. The aim of the work is to develop a scientifically substantiated method of vibroacoustic
diagnostics of the technical condition of marine centrifugal pumps based on high-precision spectral analysis of
vibration signals with analytical compensation of the spectral leakage effect and the use of regularities in blade
passing frequency harmonic ratios for early detection of hydrodynamic impeller degradation. The dissertation
analyses modern methods of pump equipment diagnostics, investigates the influence of spectral leakage on the
accuracy of determining harmonic component parameters, develops a method for analytical compensation of
systematic errors in discrete spectral analysis, establishes regularities in changes in the harmonic structure of the
vibroacoustic spectrum during degradation processes in the impeller, and proposes new diagnostic criteria for
assessing the technical condition of marine centrifugal pumps. The object of the research is the processes of
formation of vibroacoustic signals of marine centrifugal pumps during the development of hydrodynamic impeller
degradation under operating conditions. The subject of the research is methods of vibroacoustic diagnostics of the
technical condition of marine centrifugal pumps of ship technical systems and regularities in changes in the
harmonic structure of the vibroacoustic spectrum during operation.
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