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AHHOTALMUA

BeedeHue. [Jgucamerib 8HYmMpeHHe20 c2opaHUsi s8M1s1emcsi CHOXHbIM agpeaamom, pabomocrnocobHOCMb KOmo-
p0O20 MeCHO cesidaHa C UCMPasHOCMbIO PasuYHbIX CUCMEM yrpasieHusl, 8 YacmHOCMU 371eKMpPOoHHbIX. Omka-
3bl 8 AIEKMPOHHLIX cUCMeMax yrpaeneHus 8bi3bi8alom HapyweHUe HopMaibHO20 pexuma pabomsl deuzameris,
rnepesoldsi €20 8 PEXUM O2paHUYeHHOU bYHKUUOHanbHoCmU. AKycmudeckue wymbl, u3dasaembie 0gueamenem
puU pPasuYHbIX pexumax pabomsl, Mo2ym bbimb napamempomM, C MOMOWbI KOMOpPOo20 803MOXHO rpou3secmu
OuazHocmuky 0sueamerisi U UGeHmMuUguUYUposams HeucrnpasHocmb. B cmambe npusedeHbl pe3yribmamsi me-
opemuyeckux U aKcrepumeHmarbHbix uccredoeaHull Mo cpasHUMesrbHoOMy aHaniudy mMemodoe aKyCcmu4yecKo20
OuazHOCMUpPOBaHUSs ANIEKMPOHHbIX cUCMEM yrpasneHust 6eH3UHO8bIM U OUu3efbHbIM dsuzamerieM 8HymMpeHHe20
ceopaHusi.

Mamepuanbi u Memodsl. CoseplieHCME08aHUE CUI0BbIX YyCMAaHOB0K COBPEMEHHbIX MpPaHCnopMHO-MeXHOsIO0-
euveckux mMawuH (HTTM) 6bim0 u ocmaemcsi akmyarnbHol 3adadel. OOHUM U3 8eKmopos peanu3ayuu amou 3a-
dayu sie/15lemcsi UCronb308aHUE agmoMamu3upo8aHHbIX cUCMeM YrpaessieHusi U KOHmpors pabomsi 0guzamerisi
8HympeHHe20 czopaHusi (BC), 0CHoB8aHHbIX Ha MPUMEHEHUU 3MIEKMPOHHBIX U MUKPOMPOUECCOPHbIX MeXHOIo2ull.
brazodaps ucrnonb308aHUO Makux cucmeM 3Ha4umersibHO rosbiwaemcsi agpchekmusHocmb pabomel [JBC. O0-
HaKo CroXHoCmb ycmpolicmea U KOHCMPYKMUBHbIE 0COBEHHOCMU 3MuUX CUCmeM yeenuyuearom 603MOXHOCMb
B03HUKHOBEHUSI MoMeHyuarbHbIX HeucrpasHocmel dguzamerisi, C8si3aHHbIX C UX omKa3amu. Bcnedcmeue amozo
cyuecmayem HeobxoOumocmb paspabomku u peanudayuu pasnuyHbix Memodos ux duazHocmuposaHusi. [1ped-
nazaemasi oyeHka hyHKUUOHaIbHOCMU MakKux 371eKMPOHHbLIX cucmeM no u3dasaeMbiM dgueamernieM aKycmude-
CKUM cueHanam sierissiemcsi 00HUM U3 criocobos ornepamusHo20 MexXHUYECKO20 KOHMpOoIis. Peaucmpayusi wymo-
8bIX Xapakmepucmuk ocyujecmerisemcsi nopmamueHbIM 38YKO3arnuchlgarouum ycmpolicmeomM, 8 OanbHelwem
obpabambigaemcsi U aHanuU3UpPyemcsi ¢ UCoIbL308aHUEM Creyuanu3upo8aHHO20 MpoepamMMHO20 0becrieqeHus.
lMpocmoma u onepamusHOCMb NPUMeHeHUsI Memoda S8/1sitomcs MpeuMyUu,ecmeoM 8 CpagHeHuUU ¢ Opya2umu mpa-
OUUUOHHBIMU Memodamu OuazHocmupoeaHusi, 8 ocobeHHocmu npu pabome 8 rosesbix ycroeusix, Hernocpeo-
CMEEeHHO 8 Mecmax rnPUMeHEeHUsI MawuH. Aemopamu cmamabU paHee npou3eoousnach 3KcriepuMeHmasibHasi OUueH-
Ka 803MOXHOCMU MPUMEHEHUS] Memoda akycmu4eckoeo duacHoCmuposaHusi (hyHKUUOHAIbHOCMU 31€KMPOHHbIX
cucmem beH3uHOB020 Oguzamerns. B daHHOU cmambe npedcmaesneHsl pesyribmamsl uccriedosaHus Mo rnpume-
HeHuto Mo0obHo2o memoda Ha Ou3senbHOM 0gusamerie, U npou3eedeHa cpasHUMmMelbHas OUeHKa rosly4eHHbIX pe-
3ynbmamos. O6bekmom uccriedosaHusi sierisiemcsi dusesnbHbIU dguzamerib, 8x00uuUll 8 cocmas obyvaruezo
cmeHda pupmbl GNFA. CmeHO npedHasHaqyeH Onsi U3yYeHusi alIeKMpPOHHbIX cucmem yrpaerneHusi pabomou Ou-
3er1s1. BoamMoxxHocmu cmeH0a no3eos1sitom 3adasamb PasfiuyHbIe HEUCHPasHOCMU 3/1€KMPOHHLIX cUCmMeM rnymem
pasmbikaHus arekmpudeckol yenu 8 brioke npedoxpaHumernel, 8bi3bl8asi meM caMbIM MOsHbIU 0mka3 dguzamerisi
unu nepexod e2o pabomsi 8 PEXXUM 02paHUYEHHO20 (hyHKUUOHUpPOBaHUs. Aemopamu cmambu 3aMepsiiuch U aHa-
JIU3Uposasuchb aKkycmuyeckue rnapamemps! 0gu2amerisi npu pasiuyHbIX PEXUMax 02paHu4eHHO20 yHKUUOHUPO-
8aHUsI U cpasHUBasnuch ¢ WymosbiMu napamempamu [JBC 8 HopmanbHOM pexume pabomei.

Pe3ynbmamsl. B pabome ripoussedeH aHanu3 pa3nuyHo2o poda HeucrnpasHocmel 371eKmMpPOHHbIX cCUCMeM yrpas-
neHusi dusernbHozo [BC. BbideneHbl mpu cocmosiHusi pabomsl dguzamernsi: dguzamerib pabomaem 8 HoOpMaribHOM
pexume pyHKUUOHUpoBaHusi; deuzamerb He pabomocrnocobeH (He 3aryckaemcsi); 0suzamerns pabomaem 8 pe-
JKuMe o2paHu4eHHOU (byHKUUOHaIbHOCMU.
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lMpedcmasneH aHanu3 u cpagHeHUe aKyCmu4yecKux rnapamempos pabomsi Ou3enibHo20 0gueamersisi 8 yYCro8uUsIX
amux cocmosiHul, ¢ nocredyruum obocHogaHUeM rpasus udeHmughukayuu HeucripagHocmeul 371eKMPOHHbIX CU-
cmem nymem criekmpasbHO20 pasfioXeHUs1 WymMoeoeo oHa. [poussedeHa cpagHUMebHas OUeHKa o pesyrib-
mamam uccriedosaHuli Ha 6eH3UHOB0OM U OU3erIbHOM 08U2amerisix.

O6cyxdeHue u 3aknroqeHue. Pedynbmamel uccnedogaHusi Mo2ym cmamb Hay4YHOU OCHogol Memoda ornepa-
MUBHO20 MexHU4YecKko20 KoHmpors cocmosiHus BC HTTM nymem akycmu4yeckol OUeHKU Kadecmea pabombi
3/1€KMPOHHbIX CUCMEM YrpasieHus.

KIMKOYEBBIE CITOBA: dsuzamerb 8HympeHHe20 caopaHusi, dr1eKmMpPOHHbIE CUCMEMbI yrpaseHusi U KOHMpOIs,
aKycmu4eckoe OuasHocmuposgaHue, crieKmparbHbIU aHanu3

Cmambsi nocmynuna e pedakyuro 28.09.2025; odob6peHa nocsie peyeHsupoeaHusi 01.12.2025; npuHsama k
ny6nukayuu 15.12.2025.

Bce aemopsbi npoyumasu u 0006pusiu OKOHYamesibHbIlU eapuaHm pyKonucu.

lMpo3payHocmb ¢puHaHcoeol desimesibHOCMU: a8MopbI He uMerom ¢huHaHcoeol 3auHmepecog8aHHOCMU &
npedcmaesieHHbIX Mamepuanax u memoodax. KoHghsiukm uHmepecos omcymcmeayem.

[ns yumupoeaHusi: Mabvaoynuy B.[., Oobpomupos B.H., YepHsie N.O. CpaBHUTENbHAsA OLEHKa AUarHocTMpoBa-
HWS BMEKTPOHHbIX CUCTEM YnpaBreHns 6eH3MHOBLIM 1 AWU3ENbHbLIM ABUraTenem rno akycTuyeckum napametpam //
BectHuk C6AON. 2025. T. 22, Ne 6. C. 882-894. https://doi.org/10.26518/2071-7296-2025-22-6-882-894
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ABSTRACT

Introduction. An internal combustion engine is a complex unit, the performance of which is closely related to the
functionality of various control systems, in particular electronic ones. Failures in electronic control systems cause
disruption of the normal engine operation, rendering it into a limited function mode. Acoustic noises emitted by the
engine during various operating conditions can be used as a parameter for engine diagnostics and malfunction
identification. The article presents the results of theoretical and experimental studies comparing acoustic diagnostic
methods for electronic control systems of gasoline and diesel internal combustion engines.

Materials and methods. Improving the powertrains of modern transport and technological vehicles has been and
remains an urgent task. One of the vectors to achieve this goal is the use of automated control and monitoring
systems for internal combustion engine operation based on the application of electronic and microprocessor tech-
nologies. Thanks to the use of such systems, the efficiency of the internal combustion engine is increased signifi-
cantly. However, the complexity and design features of these systems increase the possibility of potential engine
malfunctions connected with their failures. As a result, there is a need to develop and implement various diagnostic
methods. The proposed assessment of the functionality of such electronic systems based on acoustic signals emit-
ted by the engine is one of the ways of operational technical control. The recording of noise characteristics is carried
out by a portable sound recorder, which is further processed and analyzed with the use of specialized software. The
simplicity and application speed of the method are the advantage in comparison with other traditional diagnostic
methods, especially in the field conditions, directly in the places where vehicles are used. The authors of the article
previously conducted the experimental assessment of the application possibility of acoustic diagnostics to the func-
tionality of gasoline engine electronic systems. This article presents the results of the same method use on diesel
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engine and provides a comparative evaluation of the results. The object of the study is a diesel engine, which is
part of the GNFA training stand. The stand is designed to study electronic control systems for diesel engines. The
capabilities of the stand make it possible to set various malfunctions of electronic systems by opening the electrical
circuit in the fuse box, thereby causing a complete engine failure or switching its operation to a limited mode. The
authors of the article measured and analyzed the acoustic parameters of the engine in various modes of limited
operation and compared them with the noise parameters of the internal combustion engine in normal operation.
Results. Various kinds of malfunctions of electronic control systems of the diesel internal combustion engine have
been analyzed. Three engine operating states have been identified: normal operation mode of the engine; inoper-
ative (engine does not start); limited operation mode of the engine.

The analysis and comparison of acoustic parameters of the diesel engine operation under these conditions were
carried out, with the subsequent substantiation of the rules for identifying electronic system malfunctions by spectral
decomposition of the noise background. A comparative assessment was made based on the results of studies on
gasoline and diesel engines.

Discussion and conclusion. The results of the study can become the scientific basis for the method of fast tech-
nical monitoring of the internal combustion engine operational condition of modern transport and technological
vehicles by acoustic assessment of the performance of electronic control systems.

KEYWORDS: internal combustion engine, electronic control and monitoring systems, acoustic diagnostics,
spectral analysis
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BBEOEHUE

CoBpeMeHHble TEHAEHUUN Pa3BUTUS OOPOX-
How oTpacnu B Poccun npegnonaratoT MaccoBoe
CTPOUTENBCTBO B CIOXHbIX KNMMaTUYECKUX YCIo-
BMSX W Y)XXECTOYeHWe CTaHAapTOB COAEpXKaHus
Jopor, co3gaBasi NMOTPEOHOCTb B MPUMEHEHUM
COBPEMEHHbIX Ha3eMHbIX TPAHCMOPTHO-TEXHO-
rfiormyecknx MawmvH. B coBpemMeHHbIX yCrnoBusix
Hanbonee BocTtpeboBaHbl HTTM ¢ ObicTpo pas-
BMBAKOLWNMUCA aBTOMaTU3NPOBaHHbIMU CUCTE-
MaMW YMpaBreHUss N KOHTPOMS TEXHUYECKOro
COCTOSIHUSI arperatoB, OCHOBaHHblE Ha WUCMOJb-
30BaHUMN 3MEKTPOHHbIX M MUKPOMPOLLECCOPHbIX
cucteMm. ATO OMKTYEeT HeobXoouMOCTb B TEXHU-
4YeCKOM KOHTpONe Wu nogaepXaHum ux paboTo-
cnocobHocTn. B 0cobGeHHOCTU 3TO OTHOCUTCS K
ONarHoCTUPOBAHUIO 3NEKTPOHHBLIX CUCTEM YnpaB-
neHus ABuraTensMu  BHYTPEHHEro CropaHus
(OBC), yto nogTBEpxaaeTca akTMBHBIMU MUCCe-
OOBaHMAMM Kak OTEYECTBEHHbIX CMeunanncToB
[1, 2], Tak n 3apy6exHbIx [3]. NMpuHUMasn BO BHU-
MaHWe yOaneHHOCTb MYHKTOB Aucriokauun 6a3
TEXHMYECKOro obny>xmMBaHUst MalnH npu paboTte
B TPYAHOOOCTYMHbIX pernoHax [4], a Takke Cnox-
Hble ycriosusa akcnnyatauun HTTM [5], npuopu-

compliance with the requirements established by
the legislation in the sphere of industrial safety,
determine the level of risk of accidents and
threats to life and health of people. Today no
examination passes without NDT methods. Non-
destructive testing is an assessment of reliability,
working capacity and parameters of the object or
some of its elements, not requiring the removal
of the object from the work or dismantling. It is
an essential element of the system of industrial
safety expertise, providing technical safety at
hazardous production facilities. The main purpose
of nondestructive testing is reliable detection of
defects by analyzing the interaction of the test
object with fields of different nature (magnetic,
electric, acoustic, etc..

MeToabl, peanu3yemble Ha CErogHsILLHWNA
OeHb (Hanpumep, MeToA CKaHWPOBaHWS), OCHO-
BaHbl Ha KOHTPOMNEe M aHanu3e nokasaHui BCTPO-
€HHbIX aartymkoB. OgHaKO CTOUT MOHMMATb, YTO
BHELUHME HeraTuMBHble BO3gencTeuga (Bnara,
Mbifb, 3KCTpeMarbHble TeMnepaTypbl U T.M.) crno-
COOHbl 3HAUUTENbHO WUCKa3UTb [OOCTOBEPHOCTb
rnokasaHui OaTyvMKoB BBUAOY WX YS3BMMOCTU K
nenctento haktopoB okpyxatowen cpeapl. Cto-

TET Cpean pasnu4YHbIX METOAOB OMAarHOCTUPO-
BaHusa [BC otmaeTcsa mMeTogam HepaspyLuMMOro
KoHTpons [6lexpertise is a key element of this
assessment. Industrial safety review is conducted
to assess the state of the object, confirmation of

UT OTMETUTb, YTO MoKasaHus AatdmMkoB obpaba-
TbIBAKOTCS 3NEKTPOHHBLIM OroKOM  ynpaBneHus
(3BY), BCTPOEHHbIM B TPaHCMOPTHOE CpPeacTBo.
HeuncnpaBHocTb camoro JBY Takke wuckaxa-
€T [OCTOBEpPHOCTb WH(OPMauUMM O COCTOSIHWM
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TpaHCMOPTHOro cpefcTtea. [aHHble dakTbl roBo-
PST O HEAOCTAaTOYHOM HECOBEPLUEHCTBE COBpEe-
MEHHbIX METOAOB AnarHocTupoBanus OBC [7].

PeweHne npobnembl BUAUTCS B MCCNeOoBa-
HUSIX MO pasBUTMIO MeToda aKyCTUYecKoro au-
arHoctuMpoBaHus. [lpeuMmyliecTBOo MeToga 3a-
KrntoyaeTcsd B TOM, YTO OH, OTHOCHACb K MeTogam
HepaspywmnMoro KoHTpons [8, 9], He Tpebyet
onupaTbCa Ha MokasaHus AaTymkoB. Ha cerog-
HAWHWA OeHb B aBTOMOOWMbHOW OTpacnm ak-
TMBHO BEAETCHA M3y4YeHue TaKMx BOMpPOCOB, Kak
aKkycTnyeckasi OLeHKa COCTOSIHUSI CUCTEM BMpbl-
cka Ttonnmea [10], npouecca ero cropaHusa [11],
a TaKkkKe MHTEHCUBHOCTU MEXaHNYECKNX N3HOCOB.
B pgpyrmx oTpacnax Takke YChewHo BegeTcs
npakTM4ecKkoe BHEOPEHMWE aKyCTUYEeCKOro KOH-
Tpons, HanpuMmep, B cepe Kene3HO4OoPOXKHOro
TpaHcrnopTa npu AMarHOCTMPOBAHWM CUMOBBIX
TpaHcdopMaTopoB XenesHblx gopor [12, 13],
unun xe B ccpepe aBMaLMOHHON OTPacnuM Kak oT-
evyecTBeHHbIMU [14, 15], Tak n 3apybexHbiMu [16,
17] cneumanuctamu. Hanuume nogobHbIX Ha-
YYHbIX MCCMEeLOBaHUM rOBOPUT O MOBbILLIEHHOM
WHTEpece K U3yYeHW0 BO3MOXHOCTW BHELPEHMS
aKyCTUYEeCKOro AMarHOCTUPOBAHUS TEXHUYECKNX
CMCTEM U aKTyanbHOCTU JaHHOTO BOMpoca.

B coBpemMeHHON Hay4yHO-TEXHMYECKOW nuTe-
paTtype pe3ynbTaTbl akyCTUYECKMX NCCreaoBaHumn
[OBC B OCHOBHOM KacalwTCH OLEHKU MexaHu4e-
CKUX CUCTEM, TaKMX KaK M3HOC TPUBOCMIPSKEHWI
UUNMHAPO-MOPLUHEBON TPyMMbl U KPUBOLUUM-
HO-LLIATYHHOIO MexaHu3ma, a TakKkKe COMPSKEH-
HbIX 3MIEMEHTOB CWUCTEM BMpbicka Tommnuea. He
BbISIBIIEHO UCCreaOoBaHWiA MO BHEOPEHUIO METO-
0a ONns OUEHKN OTKa30B 3MEKTPOHHbIX CUCTEM
ynpaBneHns pgpuratenem. ABTOpamu CTaTby
ObinM NpoBedeHbl HaTYpPHbIE 3KCMEPUMEHTbI MO
aKyCTU4ECKOMY [AMarHOCTMPOBAHUIO 3NIEKTPOH-
HbIX cucTem ynpasreHus 6eHsnHoBoro [BC [18,
19]. B gaHHOM cTaTbe W3MOXeHbl pes3ynbrathl
nogo6Horo nccnegoBaHus Ha gusensHom [OBC u
NpoOBeAEH CpPaBHUTEMbHBIN aHanmM3 MonyYeHHbIX
pes3ynbTaToB C pe3ynsratamMu, BbISIBIIEHHbIMU Ha
6eH3nHoBoMm [BC.

Llenb nccnepoBaHuA: OLUEHUTbL U COMOCTa-
BWTb MOfMyYeHHble pe3yrnbraTbl MO MPUMEHEHUIO
MeToAa aKyCTUYEeCKOro AMarHOCTMPOBaHWS au-
3eMbHOro 1 6EeH3MHOBLIX ABUraTenen.

3apaum akcnepuMeHTa:

- onpegenuTtb BO3MOXHbIE HEWUCNPABHOCTYU
3MNEKTPOHHbIX CUCTEM ynpaBneHus paboton ou-
3ens M OUEHUTb WX BIIUSHME Ha aKyCTUYECKUN
WyMm ABuraTens;

PART I

- YCT@HOBUTb 3aBUCMMOCTb YaCTOTHO-LLYMO-
BbIX XapaKTEpPUCTUK OM3ens OT Buaa Heucnpas-
HOCTEIN 3MEeKTPOHHOW CUCTEMbl Ha OCHOBE CreK-
TPanbHOMo Pa3noXeHUs;

- CPaBHUTb MOMyY€EHHbIE pe3ynbraThl C Uccrne-
AoBaHveM Ha 6eH3NHOBOM ABuraTere.

BaxHoCTb NpoBeAeHHOro uccrneaoBaHUs

BaxHOCTb uccnegoBaHWsi COCTOWUT B MoOnes-
HOM OnMbITE MPAKTUYECKOr0 BHEAPEHUA MeToga
aKyCTUYeCKOro OUarHoCTUPOBaHMS AN OLEHKM
TEXHUYECKOTO COCTOSIHWUSI QNIEKTPOHHBLIX CUCTEM
ynpaenenusa paboton [IBC B coBpeMeHHble pea-
NN TexHMYeckon akcnnyatauun HTTM.

MATEPUAIbI U METOObI

O6BbeKkToM MccnefoBaHus SBMSIETCA OU3Enb-
HbI AiBUraTenb, BXOASLMIA B COCTaB obyyatoLle-
ro cteHga doupmbl GNFA (pucyHok 1).

PucyHok 1 — CmeHA08bIl Ou3esnbHbil 0gueamerb
McTouHMK: MHTEpHET-pecypc’.

Figure 1 — Stand diesel engine
Source: internet resource «Maquette pedagogique:
Moteur Injection Diesel»’.

" «Maquette pedagogique: Moteur Injection Diesel». (aata obpalueruns 07.05.2025). http://y.odoul.free.f/MT-MOTEUR-D
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MyTem paspbiBa 3neKTpUYeckor Luenu B Grioke npenoxpaHuTenel (pPUCyHOK 2) BOCCO3aatoTcs pas-
NIMYHbIE HEMCMPABHOCTM ANIEKTPOHHbIX CUCTEM YNpaBreHust paboToi aBuraTens.

PucyHok 2 — briok npedoxpaHumernel
MICTOYHWMK: COCTaBIEHO aBTOPaMM.

Figure 2 — Fuse box
Source: compiled by the authors.

OnekTpnyeckas cxema CUCTeMbl ynpasneHus paboTon AM3enbHOro Asuratens npefcrasneHa Ha
pucyHke 3.
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PucyHok 3 — Qnekmpuyeckas cxema yrnpasneHusi pabomoti du3enbHo20 0suzamerisi:

1 — ar1ekmpoHHbIU 610K yripasneHusi; 2 — akkymyrnsmopHasi bamapesi; 3 — 6ok npedoxpaHumeneu;

4 — npomueoy20HHbIU 8biKIYamers, 5 — damyuk coomeemcemeusi yunuHopa; 6 — 610k npedsapumernsHo20 nodozpesa; 7 —
dam4yuk memmnepamypbi oxnaxoarouel xudkocmu; 8 — mepMope3ucmop memrepamypbl monuea;

9 — damyuk memnepamypbi nocmynaroujezo 8o3dyxa; 10 — damuyuk rnonoxeHusi nedanu akcerepamopa;

11 — anekmpoknanaH EGR+dpoccernsHas 3acrnoHka; 12 — nodoespesamerns monnusa;

13 — anekmpuyeckuli anekmpoknanaH EGR; 14 — damyuk nodayu 8030yxa;

15 — 0amyuk daeneHusi 8ryckHo20 8030yxa; 16 — dam4yuk obopomoe dsuzamernsi; 17 — Komrblomep dguzamerisi;

18 — damyuk ebicokoeo dasrneHuss mornnuea; 19 — peaynsamop 8bicoko20 0aeneHusi monnusa; 20 — uHxekmop yunuHopa Ne 1;
21 — uHxekmop yunuHopa Ne 2; 22 — uHxekmop yunuHdpa Ne 3; 23 — uHxekmop yunuHopa Ne 4;

24 — damyuk npucymemeusi Xudkocmu

MCTOYHUK: MHTEPHET-pecypc?.

Figure 3 — Electrical control scheme for diesel engine operation:

1 — electronic control unit; 2 — rechargeable battery; 3 — fuse box; 4 — anti-theft switch; 5 — cylinder matching sensor;

6 — preheating unit; 7 — coolant temperature sensor; 8 — fuel temperature thermistor; 9 — incoming air temperature sensor;
10 — accelerator pedal position sensor; 11 — EGR solenoid valve + throttle valve; 12 — fuel heater; 13 — EGR solenoid valve;
14 — air supply sensor; 15 — intake air pressure sensor; 16 — engine speed sensor; 17 — engine computer;

18 — fuel high pressure sensor; 19 — fuel high pressure regulator; 20 — cylinder injector Ne1; 21 — cylinder injector Ne2;

22 — cylinder injector Ne3; 23 — cylinder injector Ne4, 24 — fluid presence sensor.

Source: Internet resource «Maquette pedagogique: Moteur Injection Diesel»?.

2 «Maquette pedagogique: Moteur Injection Diesel». (nata o6paiierusi 07.05.2025). http://y.odoul.free.ffMT-MOTEUR-D
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AnropuTm ucnbiTaHUA

1. MNMpownsBoauTcsa nyck agsuratens 6e3 3agaH-
HbIX HeucnpaBHocTel. CocTosiHue paboTbl OBU-
ratens — ctabunbHoe. KonuyectBo 060poTOB Ha
xonocTtom xogy — 700-900 o6/muH. Ha 3Byko3a-
nMcbiBaloLLee YCTPOWCTBO 3aMKCUMPYIOTCS LUY-
MOBblE MapameTpbl. IHTepBan BpeMeHn 3anucu
— 5 cek. Nocne 3anucu gpurartenb BbIKMHOYaETCS.

2. lNMooyepenHo 3agalTCd HEUCMPaABHOCTU B
bnoke npegoxpaHuTenen. B xypHan dukcupyet-
Cs1 COCTOsIHME paboThbl ABUraTens:

- gBuratene pabotaeT B HOpPMarbHOM PeXu-
Me (pyHKLUMOHMPOBaHWS;

TPAHCMOPTHOE, FOPHOE 1 CTPOUTEJIbHOE MALIMHOCTPOEHWE

- gBuratenb paboTaeT B OrpaHW4eHHOM pe-
XMMe OyHKLMOHNPOBaHUS;

- [Buratenb He 3anyckaeTcs.

Ecnn pBuratenb paboTaeT B pexume orpa-
HUYEHHOro PYHKLMOHMPOBAHNSA — NPOV3BOAMNTCH
3anMcb Ha 3ByKO3anucCblBaloLLlee yCTPOMCTBO, MO
aHanorum ¢ nepsbIiM Nyckom Asurartens (n.1).

3.PesynbraTthl McnbITaHU 3aHOCATCA B Tabnu-
Ly C nepeyHeM 3adaBaeMblX HeucrnpaBHOCTEW
3MNEKTPOHHbIX CUCTEM YNpaBreHus OBuratenem,
N drKeupyeTcs UX BNUsiHWE Ha ero paboty (Ta-
onuua).

Pesyneratbl ucnblTaHUiA NpeacTaBneHbl B Ta-
onuue.

Tabnuua

MepeyeHb HeMCNpPaBHOCTEN 3MEKTPOHHbLIX CUCTEM YNpaBreHUA ABUraTenieM 1 UX BriMsiHMe Ha ero pa6oty

MICTOYHMK: cocTaBneHo aBTopamu.

Table

A list of malfunctions of electronic engine control systems, and their impact on engine operation

Source: compiled by the authors.

Pexum

YHKLIMOHNPOBaHUS
asuratens

[Buratens

yHKUMOHUPYET
1CcnpaBHO

[OBuratens

yHKLMOHUPYET
C HapyLUeHHbIM

[Buratens He
dyHKUMOHUPYET

Bup HeucnpaBHoCTM

peXnMOM paboTbl

OTkntoveHne pacxogomMmepa v gatymka
Temnepartypbl BO3gyxa

OTkntoveHve fatymka nogayn Bosayxa

OTkniodeHue anekTpoknanaHa EGR

OTknoYeHne garyvka 060pOTOB asuratens

OTKMOYeHne fatymka COOTBETCTBUS uUnnmHapoB

OTknioveHve gatyumka Temnepartypbl BMyCKHOro
BO3ayxa

OTKMoYeHre gaTymka BbICOKOro AaBneHnst
Tonnuea

OTknioveHne perynatopa noga4u Tonnmea

OTkIIoYeHne TepMopesncTopa Temneparypsbl
Tonnuea

OTkniodeHve garymka NPUCYTCTBUA XUOKOCTU B
Tonnuee

OTkntodeHue anekTpoknanaHa EGR+
OpOCCenbHOM 3aCNOHKN

OTkntoyeHve faTyvka gaBneHus BMYCKHOIo
BO3ayxa

OTKMoYeHUe AaTumKa nonoXKeHus neganm
akceneparopa

OTkntoyeHne ogHoro NHXEeKTopa umnuHgpa

OTkntoveHne OBYX UHXEKTOpPOB uunuHgpa

OTkntoveHne TPEeX NMHXEKTOPOB LunmHapa

OTkntoveHne AIIEKTPOHHOIo 6noka ynpasneHunsa

OTkIoYeHne akkyMynaTopHon 6atapeu

SESPSES
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M3 npencraBneHHoN B Tabnuue nHdopmaumm
MOXHO caenaTb cneayoLlme BbIBOAbI:

1. OBuratenb He (PYHKUMOHUPYET Npu BBEAE-
HUK rmobanbHbIX HEMCNPAaBHOCTEN, TaKMX Kak OT-
KIMoYeHMe akKymynaTopHow Gatapewn, unn 3BY.
Mpun oTknoveHMn Gornee OQHOro MHXeKTopa Uu-
nvHApa gBuratenls MOMEHTarnbHO TMOXHET U3-3a
HeOO0CTaTOYHbIX MOLLHOCTHbIX BO3MOXHOCTEN MO
NPEOAONEHNI0 MEXAHNYECKNX N KOMMPECCOPHbIX
COMPOTUBIIEHNIN B OTKIMOYEHHbIX LMNMHAPax. Tak-
Xe ABuraTernb He 3anyckaeTcs Mpu OTKITHYEeHUU
anektpoknanaHa EGR+ gpoccenbHOM 3aCnoHky,
perynstopa nogayv TONnuea, AaTymka BbICOKOrO
[aBneHns TOMnmMBa, AaTyMka COOTBETCTBUS Lu-
NVHAPOB 1 JaTynka o6opoTOB ABuratens.

2. [Buratenb paboTaet B HOpPMaribHOM PeXu-
Me npu OTKMIYEHUN OAaTYMKOB pacxogomepa wu
JaTtyvka TeMnepaTypbl Bo3gyxa, Aatdvka nogayu
Bo3ayxa, anektpoknanaHa EGR, pgatuvka Tem-
nepaTtypbl BMyCKHOrO BO34yxa, TepmopeancTopa
Temnepatypbl TOMNMBa, AaTyuka MPUCYTCTBUSA
XMAKOCTW B TONNMBE U JAaTYMKa OABMEHNUS BMYCK-
HOro Bo3ayxa.

3. [Osuratenb paboTaeTr B pexume orpaHu-
YEHHOro (PYHKUMOHMPOBAHUSA MNPU  OTKITHOYEHUN
JaTt4dvka NonoXxeHus negany akceneparopa u oT-
KNIOYEHUN UHXEKTOpa OgHOro umnuHapa. mes-
HO NpW 3TUX OBYX HEUCMNPABHOCTAX LUYMOBbIE Na-
pameTpbl paboTbl ABMratens 6yayT noaBEPrHyThI
CMeKTpanbHOMY Pa3fOXEHWIO.

O6paboTka u aHanu3 pe3ynsLraTtoB

Mocne ouudpoBKM cUrHamna MpPoM3BOAMIIOCH
CrneKkTpanbHOe pasfoXeHMe MOMyYeHHbIX AaH-
HbiX. MaTemaTtnyeckm cnekTparibHOe pasfnoxe-
Hue nmeert Bug [20, 21]:

PART I

N-1

[ 21Tkn
X(k)= x(n)e"( W)

’

k=0

roe X(k) — cnekTp curHana;

x(n) — amnnNuTyda curHana 3Byka (B AWCKpeT-
HOM BuAe) B MOMEHT BPEMEHN N;

N — KONMYeCcTBO OTCHETOB;

i — MHUMas egnHNLA;

k — HOMep 4YacTOTHOM cocTaBnsoLen (6un).

N3mepeHus Npon3BOANNNCH npw
700-900 06/MVH, 4YTO COOTBETCTBYET AManasoHy
yacTtoT ot 12 go 15 I'y. NMprHMMasn BO BHUMaHWE
cMeLleHve a3 paboTbl LUKMOB LMNNHAPOB ABU-
ratens, AvanasoH 4acToT yMHoXarncst Ha 4 (4nc-
no unMnuHApoB asuratens). Takum obpasom, pac-
cMmaTpvBaeMbl JManas3oH YacToT COCTaBNsAeT OT
48 po 60 Iy,

Mpv noMoLLM NPOrpamMmMHOro KoMnrekca Sonic
Visualiser BW3yanuavMpoBaHbl CMEKTpOorpammbl
aygouocurHanos. [porpamma ucnonb3yeTr MeToq
HOpManu3auun, npu KOTOPOM CaMbli TPOMKMIA
NMUKOBbLIN YpOBEHb B ayanodanrne npuHMMaeTcs
paBHbiM O b, a ocTanbHble ypOBHM LWWymMa nsMe-
PSATCS OTHOCUTENBHO AAHHOro nuka. Yem tuwe
3BYyK, TeM Oyaet Gonblie Mo MOAymno 3HaYeHue
YPOBHS LLyMa CO 3HAKOM «MUHYC».

Ha pucyHke 4 npegcrtasrneHa cnektporpaMmma
aKyCTMYEeCKOro Liyma wucnpasHO paboTaroLlero
ON3ernbHOro aBuratens.

PaccmaTtpuBaembii gnanasoH 4yactoT oT 48
80 59 Iy. CpegHu ypoBeHb LLyMa COCTaBnseT
-36 gob...-38 ob. CnekTp umeeT nNnaBHbIN Henpe-
PbIBHLIA Xapakrep.

PucyHok 4 — Cnekmpoepamma Ou3eribHo20 08u2amerisi C UCTPasHbIM Pexumom pabomsi
MICTOYHWMK: cocTaBneHo aBTopamMu.

Figure 4 — Spectrogram of the diesel engine with a normal operation mode

Source: compiled by the authors.
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Ha pucyHke 5 npogemMoHCTpupoBaHa chnek-
TporpaMma aKkyCTMYeCcKOro Lyma [OU3erbHOro
OBuratensi ¢ OTKMOYEHHBIM MHXEKTOPOM BMpbi-
cka TOnnuBa B OOHOM LMMMHAPE.

PaccmaTtpuBaembii gnanasoH 4acTtoT oT 48
0o 59 . YpoBeHb LWyma Ha yvyacTkax HepaBHO-
MepHbIN. ViMeloTca oT4eTnvBbIE 3HAYEHWs, paB-
Hble -32 Ob, HO Takke HabnogaKTCs LWYMOBbIE
«nposanbly, npogormkutenbHocTbio 100 Mc, ye-
peaytowmecs kaxable 100 mc. YpoBeHb Lyma Ha
OaHHbIX yvacTkax coctaensieT -48 gb...-52 gb.
[aHHbI dhakTop OOBLSACHUM CUIbHBIMK Koreba-
HUSIMW OBuWraTtens, a Takke cMelleHnem paboThl
LUMKMOB UMNMHAPO-MOPLUHEBOW FPynMbl, YTO CO3-
JaeT pasHuLy YPOBHS LUyMa B CPaBHEHUU C UC-
npaBHbIM pexnmom padoTbl B 4 ob...6 ob.

Ha pucyHke 6 npegcraeneHa cnekTporpamma

TPAHCMOPTHOE, FOPHOE 1 CTPOUTEJIbHOE MALIMHOCTPOEHWE

aKyCTUYEeCKOro LWyMa ABUraTernsi C OTKITHOYEHHbIM
[aT4YVKOM MONOXEHWs Nefanu akceneparopa.

CuTyauus aHanornyHa npu oTKMHOYEHHOM WH-
XekTope Bnpbicka Tonnuea. OgHaKo LUYMOBbIE
«npoBanbl» (paBHble -48 ab...-52 gb), yepeny-
towmeca kaxgble 100 Mc, B 3TOM criydae MmerT
anutenbHocTb 50 mc. OCHOBHOWM ypOBEHb LUyMa
coctaBnset -32 0b...-30 gb.

CpaBHeEHME MOMyYEHHbIX pe3ynbratoB CO
crnekTporpaMmamy 6eH3VMHOBOro ABuraTens, pa-
Hee MOoNy4YeHHbIMW aBTOpaMu, MOKa3bIBAET, YTO
y ncnpaBHoro 6eH3nHOBOro Apuratensi CnekTpo-
rpaMma vmMeeT Oonee nnaBHbIA HEMNPEPbIBHbIN
Xapaktep (PUCYHOK 7), B TO BpeMsl Kak C OOHUM
OTKIMHOYEHHBIM MHXEKTOPOM BrpbICKa Tomnnuea
Takke HabnwgalTCs LWyMOBbIE MpoBanbl (pUcy-
HOK 8).

PucyHOK 5- CneKmpoepaMMa Ou3sesibHo20 dgu2amerisi C OMKITHYEHHbBIM UHXXEeKMmOPOM erpbiCKa moriiusa

MICTOYHWMK: cocTaBneHo aBTopamMu.

Figure 5 — Spectrogram of the diesel engine with a disabled fuel injector

Source: compiled by the authors.

R R RRRRARAARELRLE

PucyHOK 6— CneKmpoepaMMa dusernbHo20 0gu2amerisi C OMKIIOYEHHbIM 0amyuKoM MOoXeHUs nedanu akceriepamopa

MICTOYHWMK: cocTaBrneHo aBTopamu.

Figure 6 — A spectrogram of a diesel engine with a disabled sensor of accelerator pedal position

Source: compiled by the authors.

PucyHok 7 — Criekmpoepamma ucripagHo pabomarouwe2o 6eH3UH08020 dguzamerisi
MCTOYHMK: COCTaBMNEHO aBTOPaMM.

Figure 7 — Spectrogram of the gasoline engine with a normal operation mode

Source: compiled by the authors.
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PUCyHOK 8- CneKmpoepaMma 6eH3uH08020 08u2amerisi C OMKIIHHYEHHbIM UHXXeKMmOPOM e8ripbiCKka morisiuea
MICTOYHWMK: cocTaBneHo aBTopamu.

Figure 8 — Spectrogram of the gasoline engine with a disabled fuel injector

Taknum obpasoM, Npy aHanmMae MOosyYeHHbIX
pe3ynbTaToB BbISBEHO:

= Yy ucnpasHo paboTatoLLero An3ernbHOro ABu-
ratens cpefHui ypoBeHb Liyma coctaBnsdeTr 36
nb...-38 ob Ha paccmartpuMBaeMom AuanasoHe
yacTtoTt oT 48 go 59 Iy;

— KITOYEBbIM BbIAENAKOLWNM (aKTOPOM ABU-
ratensl, paboTtarLlero B pexume orpaHM4eHHOWN
PYHKLMOHANBbHOCTM B OTNIMYME OT WUCMPABHOIO,
SABNSAETCA HanuuvMe LYMOBbIX «MpOBanoBy», Mnpu
3TOM MPU OTKIMIOYEHHOM WHXXEKTOpE BMnpbIicKa To-
nnmBa nx anutenbHocTb coctaBndetr 100 mc, a
npw BbIKMIOYEHHOM AaT4yMKe MOoXeHUs neganm
akcenepartopa — 50 mc;

= OPYITMM OTNIMYUTENbHBIM MPU3HAKOM SBIIs-
€TCs1 YPOBEHb LLYMa, KOTOPbIV Y UCMPaBHOIO ABU-
ratens Tuwe Ha 4 gb...6 ab;

— NPWU CpaBHEHMM CMEKTPOrpaMm AMU3ENbHOro
n OeH3MHOBOro ABuratens HabnogaerTca oguHa-
KoBasi Nnornka MaeHTUdUKaLUM HEUCMPABHOCTH,
a UMEHHO Hanuyme LUYMOBbIX «MPOBAIoB».

OBCYXOEHUE U 3AKITIOYEHUE

B pesynbrate aKcnepuUMeEHTanbHbIX WKCCre-
poBaHun amsenbHoro [BC Obinv onpeneneHsbl
HENCMNPaBHOCTU €ro aNeKTPOHHbLIX CUCTEM YMpaB-
neHwus, Brnvsilolwne Ha padoty. K Takum Hemcnpas-
HOCTSIM OTHOCATCSl OTKa3 [aTyuka MOroXeHUs
neganu akceneparopa U HEMCNPaBHOCTb OOHOIO
WHXeKTopa BrMpbIiCka Tonnuea. bbinu 3anucaHsbl
aKyCTU4YecKre napameTpbl ABUraTens npu paborte
B PEXMME OrpaHNYeHHON PYHKLMOHANbHOCTU 13-
3a BBEOEHMS BbILLIENEPEYMCIEHHBIX Heuncnpas-
HocTen. o pesynbratam GbinvM chopMUpOBaHbI
cnekTpanbHble rpaduki, ugeHTuduLmMpyoLwme
TY WM UHYI0 HeucnpaBHOCTb. [ony4veHHble rpa-
UK MMEIOT YHMKANbHbIA XapakTep AN1s Kaxao-
ro BMAa HENCNPaBHOCTU, B pe3ynbraTe Yero BO3-
MOXHO MaeHTUMLMpoBaTh TOT UM MHOWM OTKa3 B

Source: compiled by the authors.

3MEKTPOHHOW cUCTEMe ynpaeneHus paboTton au-
3enbHoro [BC. BbinonHeH cpaBHUTENbHLIN aHa-
nn3 ¢ nogobHbIM UcCnefoBaHNEM, NPOBEAEHHBIM
Ha O6eH3nHoBbIM ABuratene. NpusHakn UOEHTU-
duKaLMn HencnpaBHOCTEN UOEHTUYHbI, YTO CBU-
AeTenbCcTByeT 006 YCTOMYMBOW 3aBUCUMOCTU W3-
AaBaeMblX OBUratenieM akyCTU4EeCKMX CUrHaros
OT COCTOSIHUS 3NEKTPOHHbIX CUCTEM YMpaBreHus
ero paboton. B ganbHerwem nnaHvpyeTtcs npo-
BELEHME UCCNefoBaHNA Ha HaTypHbIX obpasuax
HTTM, Tem cambiM nocregoBaTtefnibHO Npuonu-
Xascb k bonee pearnbHbIM YCIOBUSIM UX NpUMe-
HeHus.

[MpakTnyeckas LeHHOCTb 3aKn4aeTcsi B BO3-
MOXHOCTM MPUMEHEHNSA METOAA B NMOSEBbLIX YCO-
BUSAX, YTO 06ecneynT UCKIYEHNe HeJOCTaTKOB
TPaOUUMOHHBIX METOAOB  AMarHoCTUPOBaHUS,
CUMbHO MOABEPKEHHBIX BINSHUIO BHELUHMX (hak-
TOPOB B 3KCTPEMaribHbIX NPUPOSHO-KNMMaTU4e-
CKUX YCIOBUSIX.
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