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1. 1. fucepraniitHa poboTa NprCBsiYeHa BUPILIEHHIO aKTyaJIbHOI HAYKOBO-TEXHIYHOI 3a51a4i MiABUILEHHS HAiNHOCTI
Ta Pecypcy Cy4yaCHUX JIBUT'YHIB BHYTPIIIHbOTO 3TOPSIHHS LIJISIXOM PO3PO0JIEHHSI METOZIB i 3aC00iB IIOCTiHO]
IiarHOCTHKU IIaJIMBHOI anlapaTypy Ha OCHOBI aHaJli3y BUCOKOYACTOTHUX ITyJIbCALlill TUCKY Y I1aJIMBHIN pamIi. MeTolo
IVCepTaLifHOi pOOOTH € MiBULIEHHS HALiTHOCT] JBUTYHIB BHYTPIIIHBOTO 3rOPSIHHS 32 PAaXyHOK PO3PO0OJIEHHS
METO[IiB Ta 3aC006iB ITOCTINHOI iarHOCTYKY MaJIMBHOI aniapatypy, o 3a6€31e4y0Th BUSIBIEHHS TapaMeTPUYHO]i Ta
disnyHOi nerpagaii ii enemeHTiB y pexkuMi peasbHOro yacy 6e3 JeMOHTaXy Ta BTPY4YaHHS y IITaTHI CUCTEMU
KepyBaHHS OBUTYHOM. O0’€KT IOCIIiIKEHHS — IIPOLIECH T10[1avi, peTyJII0BaHHS Ta PO3MOAiNy ajuBa B CUCTEMAX
JKUBJIEHHS! 6EH3MHOBUX i AU3€JIbHUX JIBUTYHIB BHYTPIIIHbOTO 3rOPsiHHSL. [IpeMeT HOCTiIKeHHs — METOM Ta 3aco0u

IiarHOCTUKU TaJIMBHOI anapatypu JIB3 Ha OCHOBI aHali3y JUHAMIYHOrO TUCKY y IIAJIUBHIN paMIli Ta MapaMeTpiB



pob6oyoro npouecy. 3a pe3yabTaTaMu JOCTiIKEHHSI OTPMMaHO TaKi HayKOBi pe3yIbTaTy: BIEPIIE 3a[IPOIIOHOBAHO
METOJI, TIOCTIHOI 1iarHOCTUKY NaJIMBHOI anapaTypyu 6€H3MHOBUX Ta [M3€JIbHUX ABUTYHIB HA OCHOBI aHaJIi3y
BHMCOKOYAaCTOTHUX I1yJIbCallill TUCKY, CHHXPOHI30BaHUX 3 ¢hazaMu poOOYOro MPoLeCy; BIEPILIE BUSIBIEHO
iH(popMaTUBHI 03HAKMY, IO [O3BOJIIIOTh BU3HAYATH 3HIDKEHHS IIPOYKTUBHOCTI 2060 BiIMOBY (POPCYHKU BUKJIIOYHO
332 CUTHAJIOM THCKY; BIIOCKOHAaJIEHO MeToAu undpoBoi 06pOOKY CUTHAJIB TUCKY 3 BUCOKOIO YaCTOTOIO
IUCKpeTU3allii, o Jasio 3MOTY MiABUIIUTH TOYHICTb AiarHOCTYBAaHHS TipaBliYHMX KOMIIOHEHTIB MAJINBHO]
CHACTEMHU; PO3BUHYTO MOZEJIb CUHXPOHI3allil TUCKY Ta II0JIOKEHHS KOJIIH4aCTOro Bajy, 10 103BOJISIE BCTAHOBJIIOBATU
iHIMBinyabHi NOJii BHOPCKYyBaHHS 6€3 N0JaTKOBUX JATYMKIB; YA4OCKOHAJIEHO allapaTHO-MIPOrPaMHUM KOMILJIEKC
[IoT-MOHITOPHUHTY, alallTOBaHUM 7151 BUKOPUCTAHHS HA PEaJbHUX ABUTYHAX y MITATHUX YMOBAX €KCILTyaTallii.
[TpakTUyHe 3HaUY€HHS OTPMMAaHUX PE3YyJIbTATIB [10J1sIra€e B pO3p006JIeHHI NiIX0y [0 NiABULIEHHS HallilHOCTI
IBUTYHA BHYTPIlIHbOIO 3TOPSIHHS 332 PAaXYHOK IOCTIMHOI 1iarHOCTUKY NAJIMBHOI aniapaTypH, 1o nepenbdadyae
MOHITOPUHT NapaMeTpiB pOOOTH MAJIMBHOI CUCTEMHU Ta BUSBJIEHHS O3HAK MOTipIIeHHs i TEXHIYHOTO CTaHy Ha
paHHix ctagisgax. OTpuMaHi pe3yJbTaTy JO3BOJISIOTh OLHIOBATY TEXHIYHUM CTaH €JIEMEHTIB CUCTEMU KUBJICHHS,
BUSBJISITU [TIOPYIIEHHS B pOOOTi OPCYHOK i HAcOCa BUCOKOTO TUCKY Ta BU3HAYaTU O3HaKU Aerpajalii naamuBHOI
anapaTypu. 3anporoHOBaHA METOAMKA MifBUIye iHPOPMaTUBHICTh AiarHOCTUYHUX NPOLENYP, 3abe3rnedye
CBO€YaCHE BUSBIJIEHHS BiIXUJeHb Y poOOTi [ajJlMBHOI CUCTEMU Ta CIIPUSIE MiBUILIEHHIO HAliHHOCTI IBUT'YHA B
YMOBax eKCIUlyaTallii. 3a pe3yJbTaTaMy [IPOBEIEHOTrO NOCIiIKEHHS BCTAHOBJIEHO TEOPETUYHY TA IIPAKTUYHY

L[iHHICTb PO3POOJIEHUX METOUK, 1110 3aCBiJYEHO BiANIOBIIHUMU aKTaMH{ BIIPOBA/I)KEHHS.

2.1. The dissertation is devoted to solving a relevant scientific and technical problem of enhancing the reliability
and service life of modern internal combustion engines by developing methods and tools for continuous
diagnostics of fuel injection equipment based on the analysis of high-frequency pressure pulsations in the fuel rail.
The aim of the dissertation is to enhance the reliability of internal combustion engines by developing methods and
tools for continuous diagnostics of fuel injection equipment that ensure the detection of parametric and physical
degradation of its components in real time without disassembly or interference with the standard engine control
systems. The object of the research is the processes of fuel supply, regulation, and distribution in the fuel systems
of gasoline and diesel internal combustion engines. The subject of the research is the methods and tools for
diagnosing fuel injection equipment of internal combustion engines based on the analysis of dynamic pressure in
the fuel rail and working process parameters. Based on the research results, the following scientific results were
obtained: for the first time, a method of continuous diagnostics of fuel injection equipment of gasoline and diesel
engines based on the analysis of high-frequency pressure pulsations synchronized with the phases of the working
process was proposed; for the first time, informative features were identified that make it possible to determine a
decrease in injector performance or injector failure exclusively from the pressure signal; methods of digital
processing of pressure signals with a high sampling frequency were improved, which made it possible to increase
the accuracy of diagnosing hydraulic components of the fuel system; a model of synchronization of pressure and
crankshaft position was further developed, which makes it possible to establish individual injection events without
additional sensors; the hardware and software system for IIoT monitoring, adapted for use on real engines under
standard operating conditions, was improved. The practical significance of the obtained results lies in the
development of an approach to enhancing the reliability of an internal combustion engine through continuous
diagnostics of fuel injection equipment, which provides monitoring of fuel system operating parameters and
detection of signs of deterioration of its technical condition at early stages. The obtained results make it possible
to assess the technical condition of fuel system components, detect disturbances in the operation of injectors and
the high-pressure pump, and determine signs of degradation of fuel injection equipment. The proposed
methodology increases the informativeness of diagnostic procedures, ensures timely detection of deviations in
fuel system operation, and contributes to enhancing engine reliability under operating conditions. Based on the
conducted research, the theoretical and practical value of the developed methods was established, which is
confirmed by the relevant acts of implementation.
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