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JOCIIIKEHHA BIIJIMBY AKOCTI
JIATHOCTUKHU I PEMOHTY EJIEKTPOHHUX CUCTEM
HA HOJAJBIIY TEXHIYHY EKCHJIIYATAIIIIO ABTOMOBIJIA

Mema cmammi — docnioumu, siK SAKiCMb OlAZHOCMUKY MA PEMOHMY eLeKMPOHHUX CUCMEM A8MOMOOLIA 6NIUBAE HA
11020 NOOANbULY MEXHIUHY eKCIIYAMayiio, po32AaHymu KAo4u08l pakmopu, wo 6U3HaA4aoms epekmusHicnms yux npoyecis,
ma 3anpononyeamu pekomenoayii 0 3abes3neuerts HA0IUHOCMI MPAHCNOPMHO20 3AC00Y.

Haykosa nosusna. Y cmammi o0TpyHmo8ano KoMnieKCHULl nioxio 00 OyiHKuU 8NaU8y AKOCMI OlAeHOCIUKU 1 PeMOHNY
Ha MexHiuHY eKCnIyamayito agmomooins, epaxosyouu cyyachi mexnonozii (IoT, wmyynui inmenexkm, XMapHi piieHHs)
ma cneyuixy erekmpu@ikosanux mpancnopmuux 3acobdie. Hosusna nonseac y cucmemamusayii HACAiOKI6 HESKICHO20
00C1Y208Y68aAHHSA A AKYEHMT HA eKOHOMIYHUX | eKOTOSTUHUX ACNEeKMaX.

Pesynomamu. J[ocniodcennss NOKA3an0, Wo mouHa OiaeHOCMUKA 3 BUKOPUCTAHHAM CYYACHO20 00NAOHAHHSA, MAKO20
sk OBD-cxanepu, komn tomepni cucmemu ma loT-cencopu, 0036015€ C80EHACHO BUABIAMU HECNPABHOCMI 6 €NeKMPO-
HHUX cucmemax agmomo6ins, makux ax ECU, ABS, ESP, a makooic bamapei enekmpomoo6inig, ujo 3Ha4Ho CKOpoYye yac
DPEMOHMY Mma 3anodicac NOWKOONCEHHIO CYMINCHUX KoMnonenmis. Hanpukiao, weuoxe 8usHauenHs nepulonpuduny 8io-
MOBU 0O0HO20 eleMenma (Hanpukiao, KOHOeHcamopie cmadinizayii Hanpyau i 0amyukie) Modice epsamyeamu 6i0 nepe-
8AHMAdNCEHHS YiLi MOOYIL. AKICHUTI peMOHM [3 3ACMOCYBAHHAM OPUSIHAILHUX 3ANYACTUH [ K8ATIQIKOSAHUM NEePCOHANOM
niosuugye besnexy ekcniyamayii — 30kpema, cnpagricms cucmem desnexu (ABS, ESP, nodywiku 6e3nexu) 3HuiCye pusuk
asapiti, a Mmako’c NOO0BAHCYE MEPMIH CLyHcOU ABMOMOOLIA 3d PAXYHOK 3MEHUEHHS 3HOCY KIHOYU08UX 8y31i6. [logedeno, ujo
BUKOPUCTNAHHS CepMUGDIKOBAHUX AHATIO02I8 3aMicmb Oewedux niopodoK 3abe3neyye cyMiCHICMb i 008208I4HICIb CUCMEM,
mo0i AK HeAKICHI KOMNOHEeHMU NPU38005Mb 00 NOBMOPHUX NOLOMOK Yoice yepes 3—6 micayie excnayamayii. Ekonomiynuii
ehexm SKICHO20 0DCIY208Y8AHHSL NPOSGISIEMbCI Y SHUNCEHHT 3a2aNbHUX umpam Ha pemoum (0o 30 % 3a pix) ma nio-
BUUWEHHT 3AIUUIKOBOT 6apmMOocmi asmomooins Ha emopurnHomy pukky (na 10—15 % 3a oyinkamu excnepmies). Hamomicmo
HU3bKA SIKICMb OIA2HOCIUKU, HANPUKIAO, Yepe3 3acmapile 0ONAOHAHHS YU HeOOCMAmHI0 KaNiikayio matcmpis,
CHPUYUHAE NOMUNIKOBI BUCHOBKU, W0 6ede 00 HecmabinbHoi pobomu cucmem, 3pocmanna euxkudie CO, (0o 20 % y pasi
HecnpagHocmell 08U2YHA) Ma CKOPOYEHHS MePMIHY cayacou asmomoobins na 25-30 %. 3acmocysanus nepedogux mexmo-
J021T, MAKUX AK WIMYYHUL IHmenekm i npeOuKmueHa aHalimuka, 0038015€ NPOSHO3YE8Amu NOJIOMKY 3 mouHicmio 00 85 %,
wWo niomeepoNCcyemuvcsi OOCHIONCEHHIMU, CAPUSIOUY NPOPIIAKMUUHOMY NIOX0OY MA 3HUNCCHHIO A8APIUHOCML.

Bucnogxu. Sxicme diaznocmuku ma pemonmy € KpUmuiHo aiCIUGUM (Paxmopom 05 3abes3nevents HaoitiHoi i 6e3-
neunoi excniyamayii asmomo6ins. Ineecmysannsi 6 npoghecitine 0OIAOHANMS, HABUANHS NEPCOHALY MA PESYISPHY NPO-
Qinakmuxy 00368018€ MIHIMIZY8AMU PUSUKU NOJOMOK I ORMUMI3Y8AMU MEXHIYHUL CIAH MPAHCNOPMHO20 3AC00) 8 008-
20CMPOKOBIU NEPCHEKMUBI.

Knrouosi cnosa: mexuiuna excniyamayis, 0iaeHOCMUKA a8MoMO0inA, eNeKMpPOHHI cucmemu agmomooins, pemMonm
e1eKmMpPOHH020 001A0HANHS, HAIUHICMb A8MOMODLIAL.
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INVESTIGATION OF THE INFLUENCE OF THE QUALITY
OF DIAGNOSTICS AND REPAIR OF ELECTRONIC SYSTEMS
ON THE FURTHER TECHNICAL OPERATION OF THE CAR

The purpose of the article is to investigate how the quality of diagnostics and repair of vehicle electronic systems
affects its further technical operation, to consider the key factors that determine the efficiency of these processes, and to
propose recommendations for ensuring vehicle reliability.

Scientific novelty. The article substantiates an integrated approach to assessing the impact of the quality of diagnostics
and repairs on the technical operation of a vehicle, considering modern technologies (IoT, artificial intelligence, cloud
solutions) and the specifics of electrified vehicles. The novelty lies in the systematization of the consequences of poor-
quality service and the emphasis on economic and environmental aspects.

Results. The study showed that accurate diagnostics using modern equipment, such as OBD scanners, computer
systems, and IoT sensors, allows timely detection of malfunctions in-vehicle electronic systems such as ECU, ABS, ESP,
and electric vehicle batteries, which significantly reduces repair time and prevents damage to adjacent components.
For example, quickly identifying the root cause of a single component failure (such as voltage stabilization capacitors
or sensors) can save entire modules from overloading. High-quality repairs using original spare parts and qualified
personnel increase operational safety — in particular, the serviceability of safety systems (ABS, ESP, airbags) reduces the
risk of accidents and extends the vehicle s life by reducing wear and tear on key components. It has been proven that using
certified analogs instead of cheap counterfeits ensures the compatibility and durability of the systems, while low-quality
components lead to repeated breakdowns after 3—6 months of operation. The economic effect of high-quality service is
manifested in a reduction in total repair costs (up to 30 % per year) and an increase in the residual value of the car on
the secondary market (by 10—15 %, according to experts). Instead, poor diagnostic quality, for example, due to outdated
equipment or insufficient qualifications of technicians, leads to erroneous conclusions, which results in unstable systems,
increased CO, emissions (up to 20 % in the case of engine malfunctions), and a 25-30 % reduction in vehicle life. The
use of advanced technologies, such as artificial intelligence and predictive analytics, can predict breakdowns with an
accuracy of up to 85 %, which is confirmed by research, contributing to a preventive approach, and reducing accidents.

Conclusions. The quality of diagnostics and repair is a critical factor in ensuring reliable and safe vehicle operation.
Investing in professional equipment, staff training, and regular preventive maintenance can minimize the risk of
breakdowns and optimize the technical condition of the vehicle in the long term.

Key words: technical operation, car diagnostics, car electronic systems, repair of electronic equipment, car reliability.

IocTranoBka nmpobaemMn
CydvacHi aBroM001Ii iey1ani O1IbIIe OCHANTYIOTHCS CyYaCHUMH €JIEKTPOHHUMHE CHCTEMaMH BUCOKOTO PiBHS, 30KpeMa,
6ioxamu yrpasiinas asurynoM (ECU), CAN-Mepexamu 1 cucTeMaMu JaTduKiB, 0 3a0€3MeuyloTh TOYHE yIPaBIiHHS
JIBUTYHOM, Oe3rexky moizaxu it ManapiBaukis (ETT, Harpukiaz, 3a JOIOMOTo0 CHCTEMH 3arto0iraHHs poO3pHBY HOY-
10K Oe3reky abo aanTHBHOT CHCTEMH KOHTPOIIIO MIBUAKOCTI) 1 KoM(OPT U1t MaHIpiBHUKIB. [IpH IboMy sIKicTh AiarHOC-
THKH Ta PEMOHTY IIUX CHCTEM € 3allOPYKOIO 1X HaJIHHOCTI, OE3MEeKN Ta JOBIOBIYHOCTI, OCKIJIbKH HESIKICHA JIIarHOCTHKA,

58



BICHHK XHTY M 1(92), Y. 1, 2025 p. IH’KEHEPHI HAYKH

HeKBaTi(piKoBaHE BTPyYaHH:, IO HEMPABHIFHO BHPINIyE MPoOIeMy, MOXKe 3pOOUTH CHCTEMY HECTaOUIbHOIO, CIIPUIH-
HUTH 30UTBIIEHHS BUKHAIB MKiAIHBHX pedoBuH (Hampukiaax, CO: ta NOX), miABHIIEHNH 3HOC KOMIIOHEHTIB, PU3UK
aBapiif, AK MOKa3yIOTh TOCITIHKCHHS B aBTOMOOIIbHIN Tay3i.

AHaJi3 ocTaHHIX AocTaizKeHb i myOmikaniii

Riibartsch M., Gerten M., Frei S. [1] mocmimkyoTs OHITalH-11aTHOCTHKY KOHACHCATOPIB cTabii3allii HalpyTH B aBTO-
MOOITHHHX €NEKTPOHHHUX CHCTEMAaX, IO JO03BOJISE CBOEYACHO BHSBISATH HECTIPABHOCTI, IiABHIIYIOUN HAIIHICTE 1 0€3-
MeKy MoJabIIoi exciutyararii asromo0ina. Zhang Y., Salehi R., Zhou S., Jia X., Siegel J. [2] 30cepemkyIoThcs Ha mepe-
JOBUX METOJAX AIarHOCTHKH Ta MPOTHO3YBAHHS CTaHY aBTOMOOUTBHUX CHCTEM, ITiAKPECTIOI0UH, K SKiCHA IarHOCTHKA
BIUIBA€ Ha JIOBTOBIUHICTP 1 €(pEKTUBHICTh TEXHIYHOI ekcrutyaTamii. Ayachit V. V., Gandhi N., Kakade S. [3] po3po6mmm
yHi(piKOBaHHUN IHCTPYMEHT AJISl TECTYBaHHS 1IaTHOCTHKH 32 MEKaMHU aBTOMOOLIA, IO CIIPHs€ TOYHOMY BHSBICHHIO TIPO-
0J1eM eNTeKTPOHHUX CHCTEM, SMEHIITYFOYH PU3HK 3001B ITi T yac moxaiboi excroryarartii. M. B. Kpacora, 0. B. Kynenkos,
1. B. lllenenrenxko, P. A. Ocin, T. B. Pynenko [4] aHami3yr0Th MIJISXH i IBUIEHHS OMIEPaTHBHOCTI 1IaTHOCTHKH €IEKTPOHHIX
CHCTEM aBTOTPAKTOPHOI TEXHIKH, IIOKA3YIOUH, 5K IIBUJIKE 1 IKICHE BUSBJICHHS HECIIPABHOCTEH MOKpAILly€ TEXHIYHU cTaH
i TpuBaiicTh exciuryararii. Bernardi P., Filipponi G., Sonza Reorda M., Appello D., Bertani C., Tancorre V. [5] mocmimxy-
FOTh METOAX 300py AiarHOCTHYHOI iHQOpMAIIi] /Ui aBTOMOOITEHMX CHCTEM Ha KPHUCTajl 3 3aTPUMKAMH, 10 JTOTIOMAarae
ONITUMI3yBaTH PEMOHT i MATPUMYBATH CTabLIbHY ekciutyararito. Santhosh Kumar P. V., Keshava Murthy G.N. [6] mpo-
MTOHYIOTh ABTOMOOITFHII TECTYBaJBbHUK CEHCOPIiB Ha 6a3i Raspberry Pi, sikuii monermye imXeHepaM A1arHOCTHKY, CIIPH-
SIFOYM IKICHOMY PEMOHTY 1 HalIHHOCTI €IeKTPOHHUX CHCTEM Y mofanbirii podoti. M. Kathiresh, R. Neelaveni, M. Adwin
Benny, B. Jeftrin Samuel Moses [7] po3misgaroTs 1iarHOCTHKY Yepe3 iHTePHET-IIPOTOKOJ Ta OHOBJICHHS «II0 TIOBITPIOY,
10 3a0e31euye TOYHE BUSBICHHS IPOOIeM 1 MATPUMKY eTeKTPOHHHUX CHCTEM JJIS CTaOITbHOI eKCIITyaTarlii aBTOMOOLIIS.
Kathiresh M., Neelaveni R., Adwin Benny M., Jeffrin Samuel Moses B. [8] po3poOuiu BipTyanbHUil 60K KepyBaHHS
JUTA TeCTYBAaHHS J1arHOCTHYHOTO IIPOTPaMHOT0 3a0e3nedeHns 3a mporokoaoM UDS, mo mokpamrye sKicTs JiarHOCTHKA
1 BIUTMBa€e Ha e(peKTUBHICTh peMOHTY Ta ekcinryararii. Cheng Y., Porpora F., D’Arpino M., Rizzoni G. [9] aHani3yoTh
BHUTPATH HA 3aXUCT, MOHITOPHHT 1 JIaTHOCTUKY OaTapelHUX CHUCTEM, AEMOHCTPYIOUH, SIK SKiCHA JIarHOCTHKA 3HIDKYE
BHUTpPATH HAa PEMOHT 1 MiABHUIIY€e TepMiH ciry:kom aBromoOinsa. Sonar K. A., Chopade N.B., Rajani P.K. [10] iHTerpyrors
xMapHi TexHonorii 3 rameMiBHAM ECU Ta ESP, moka3yroun, sk TodHa AiarHOCTHKA EIEKTPOHHIX CHCTEM TalbMyBaHHS
MTOKpaIIye 0e3MeKy i TEXHIYHY eKCILTyaTaIito aBTOMOOLII.

JocnimKkeH s AeMOHCTPYIOTh PI3HOMaHITHICTB MiAXOIIB 70 J1aTHOCTHKH, SIKi, TIOIPHU BIAMIHHOCTI y MeToaax i (hoKyci,
MAaIOTh CIIIIBHY METy — IiIBUIICHHS HaIiHOCTI Ta e(peKTHBHOCTI eKCIuTyaTamii aBTOMOOUTFHIX cucTeM. Hampukian,
Riibartsch M. ta in. [1] 30cepemKyOThCs Ha OHJIAWH-T1aTHOCTHII KOHACHCATOPiB cTadimizarii Hanpyry, Toai sk Zhang Y.
Ta iH. [2] mupIre po3nAaaroTh IPOTHO3YBAHHS CTAHY CHCTEM, IO TO3BOJISE IIOPIBHATH JOKAIbHY ONITUMI3AIliI0 OKPEMUX
KOMITOHEHTIB 13 CHCTEMHHM ITiIXOAO0M 110 T0BroBigHOCTI. [Tomi6HO 0 11p0T0, YHi(iKOBaHMIA TecTyBaIbHUK Ayachit V. V.
Ta iH. [3] 1 TecTyBadpHUK ceHCOpiB Ha 6a3i Raspberry Pi Big Santhosh Kumar P.V. ta in. [6] cnpssMoBaHi Ha TOYHICTB
JiarHOCTHKY, aJie MepIIni aKIeHTy€e Ha 30BHIITHROMY TECTYBaHHI, a APYTHIA — Ha JOCTYITHOCTI JUISA iH)KEHEPiB, IO Mij-
KPECITIO€ KOMIIEMEHTAPHICTh X IHCTPYMEHTIB.

[opiBusuas po3pobok Kathiresh M. Ta in. [7, 8] i3 mpameto Sonar K. A. ta in. [10] BusBIsfe mikaBUil KOHTPACT
OCKIIbKH JTIaTHOCTHKA Yepe3 IHTePHET-IIPOTOKOJ Ta XMapHi TEXHOJIOTil OpIEHTOBaHI HA IHTETPAaIliio 3 CydacHUMH IH(D-
poBuMH pimeHHAMH, Tofi Ik Kpacora M. B. Ta in. [4] i Bernardi P. Ta in. [5] HamaroTh mepeBary onepaTuBHOCTI i ONITH-
Mi3anii TpagumitHuX MeToniB 300py maHux. Lle crmiBcTaBiIeHHS IMOKa3ye, sIK HOBI TEXHOJIOTIi JOTTOBHIOIOTH KJIIACHYHI
MTiIXO/IN, CTBOPIOIOYN OaraTtorpaHHy cucTeMy faiarHocTukd. Bogaouac Cheng Y. ta iH. [9] 1omaroTs €eKOHOMIYHHHA BUMID,
JIEMOHCTPYIOUH, IO SIKICHA JIarHOCTHKA OaTapeHHNX CHCTEM 3HIDKY€E BHTpATH, HA BIAMIHY BiJX IHIINX IOCIiIKEHb, /1€
aKIeHT OiNbIIe Ha TeXHIYHIN cTabinpHOCTI yn O6e3mernt, sk y [10] 3 ranemiBanmu ECU.

TakuM 9UHOM, 3ICTaBICHHS PE3yNbTaTiB BKa3ye Ha Te, IO CydacHa JIarHOCTHKA aBTOMOOUTEHUX CHCTEM €BOIIOIIO-
HYE€ BiJ] TOKaJBHOTO BHUpimeHHs npodaeM (K y [1, 3]) 0 KOMIIIEKCHUX, TEXHOIOTIYHO MPOCYHYTHX pimiens ([7, 8, 10]),
30epiraro4u Mpu oMY 0ajJaHC MiXK ONEPaTHBHICTIO, TOYHICTIO Ta EKOHOMIYHOIO JouiibHICTIO. i migxomyu B3aeMHO mija-
CHITIOIOTH OJTUH OHOTO, POPMYIOUH ITUTICHY CTPATETi0 TiIBUIIICHHS Oe3MeKH, HaliHOCT] Ta e(peKTUBHOCTI eKCILTyaTartil
aBTOMOOLITIB.

DopMyTIOBAHHS METH JA0C/i/IZKEHHS

MeToro CTaTTi € PO3MIA BIUIMBY SIKOCTI TIarHOCTHKH 1 pEMOHTY Ha TOAAIBITY TEXHIYHY eKCIDTyaTallil0 aBTOMOO1,

a TaKOX aHaJi3 OCHOBHUX ACTIEKTIB, SKi HEOOX1THO BPaxOBYBAaTH IS TOCSITHEHHS ONITUMAIBHUX PE3yIbTaTiB.
Buk/ageHHs 0CHOBHOTO MaTepiay A0CTiTKeHHS

JiarHocTrka eJIeKTPOHHUX CHCTEM aBTOMOOIJIB CTAaHOBHUTH IEPBUHHUH 1 BU3HAYAIGHUH €Tal BUSABICHHS HECTIPaB-
HOCTEH, BiJl TOYHOCTI SKOTO 3aJICKHUTh KOPEKTHICTh MOAaIbIIoro peMoHTy [1—4]. CydacHi TpaHCHIOPTHI 3aco0m o0nmai-
HaHi 6opToBuMmE KoMt totepamu (ECU), mo peectpyrots aiarHoctudaHi kogu nmoMmitok (DTC) i TememerpudHi qaHi mpo
(YHKIIOHATTFHUN CTaH CHCTEM. 3aCTOCYBaHHS MPOQECIHHOTO qiarHOCTUIHOTO OONMagHaHHS 3a0e31euye Mmo-mepiie, mpe-
OU3iHHY iAeHTA(DIKAIII0 TePIIONPUYNHN HECTIPAaBHOCTI OCKUTBKH BPAXOBY€ CHCTEMHY B3a€MO3aJIC)KHICTh KOMIIOHEHTIB,
Jie BiMOBa OIHOTO eJeMEHTa MOXKe JecTabinmizyBaTu cymixkHi Momymi [S5]. Ilo-mpyre, HAeThCS PO CKOPOUSHHS Yacy
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PEMOHTY IUTIXOM OTIEPATUBHOTO i TOYHOTO JIOKAJi3yBaHHS e(eKTiB, 0 MiHIMI3ye HEMPOAYKTUBHI BUTpatu. [To-Tpere,
e mpodiTakTHKa BTOPUHHUX MTOIIKOKEeHb, [0 3aro0irae mepeBaHTaKEHHIO YX JeTrpaalii iHIUX CKIIAJ0BUX 3aBISKN
PpaHHBOMY BHSIBIICHHIO aHOMaJTi# [6]. Hu3pKa SKiCTh MiarHOCTHKH, 3yMOBJICHA BUKOPUCTAHHAM 3aCTapiIUX iHCTPYMEHTIB
abo HemoCTaTHBOIO KBaidikamiero (axiBIliB, MPU3BOAUTH JO XHOHUX BHCHOBKIB, III0 KOMIIPOMETYIOTH JOBTOTPUBAIY
eKCIUTyaTalio aBToMo0iA. HacTymHmMA eTam — peMOHT — € He MEHII KPUTHYHUM 1 3aJIe)KUTh BiJ TakuxX (akTopis, sk
BHUKOPHUCTaHHS OpUTiHATHHAX a00 cepTH(iKOBAaHMX aHAIOTIB AETAJEH TSI TAPaHTIi CyMiCHOCTI i JOBTOBIYHOCTI, a TAKOXK
BHCOKHH PiBEHb KOMITETEHTHOCTI TIEPCOHAITY, aJKe HeKBalli(hikoBaHE BTPYUaHHSI MOXE CIPHUINHUTH TOPYIICHHS €JIeK-
TPOIIPOBOJKH, HETIPABUIIBHY IHTETPAIlil0 KOMIIOHEHTIB a00 MMOBHUI BHXiJ MOMYIMIB i3 maxy. Ha pucynky 1 mokHa moba-
YUTH IPUMITHBHE BUPIMICHHS IPOOIEMH Y aBTOMOOIIISIX:

Ipob6nema y
aBTOMOOLTI

T

MexauiuHi TeCTH

\ \ /

Bussnenns
mpobiemu

+

¥

Boprosuii ckanep ryarnit
aBTOMOOLIS IHTEJIeKT

Pyuna nepesipka

Bupimmenns
mpobemMu

Puc. 1. BupimeHnst npo6jieMu y aBToMo0LIs1X

Licepeno: asmopcovka po3podka

Texniuna crienudikaiis KOYKHOTO aBTOMOO1III BUMarae TOTPUMAaHHS peKOMEH/IAIliil BHPOOHHIKA ITiJ] 9aC PEMOHTY, aJIKe
BIIXWJICHHS BiJl TEXHOJOTIYHUX CTAHAAPTIB MOXKYTH JecTabini3yBaru QpyHKIIOHYBaHHS cucteM [7]. Huspka sSKicTh mia-
THOCTHKH Ta PEMOHTY, 3yMOBIJICHA 3aCTapiInM 0OIaTHAHHAM a00 HEIOCTaTHROIO KBami(ikariero (haxiBiiB, MPH3BOAUTH
JI0 TIOMHJIKOBOI IHTEpIIpeTallii JaHUX i Mae CyTTEBI HACHIIKU [T eKCIuTyaTallii. HecrpaBHOCTI KpUTHYIHHUX CHCTEM, TAKIX
sk ABS, ESP un mogymiku 6e3mex, He JIUIIe 3HIKYIOTh 0e3MeKy, IMiABUIYIOYH PH3HUK aBapii, a i MPU3BOAATH 0 HU3KH
B32€MOIIOB’sI3aHUX TpoOyeM. HeskicHe BTpy9aHHS IPH PEMOHTI TaKMX CHCTEM YacTO CIIPHYUHSIE MMOBTOPHI ITOJOMKH,
10, CBOEIO Yeproro, 301IbIIye (GiHAHCOBI BUTPATH I BIACHHUKIB aBTOMOO1TIB. KpiM TOro, CHCTEMHI ITepeBaHTaKeHHS,
CIPUYHUHEH] IUMH HECTIPAaBHOCTSAMHU, IPUCKOPIOIOTH 3HOC KITFOYOBUX KOMIOHEHTIB, CKOPOUYIOYH TEPMIiH CITy’KOU aBTO-
Mo6inst Ha 25-30 %, Ak 3a3Hagatoth Kathiresh M. Ta in. [8]. EKoHOMIsI TanynBa HanpsiMy 1OB’s3aHa 3 €KOJIOTI€0: MEHINA
BHTpaTa 03Ha4ae 3MeHIIeHHs BukuAiB He nume CO, (1o 20 %), a it oxenzis azory (NO,), 1e HECTIPAaBHUH ANU3ETH CTA€
JAEpOM Cepel NBUTYHIB BHYTPIIIHBOTO 3TOPSHHSA, Ta 9agHoro ra3y (CO), mo 3HaYHO MOTIpIIye CTaH JOBKULIA. TakmM
YHHOM, SKiCHA JIarHOCTHKA T4 PEMOHT CTAIOTh KPUTHYHO BAKIMBUMH UL 3a0e3MedeHHs Oe3MeKH, 3HIKCHHS (iHaH-
COBHX 1 pECypCHHUX BHTpPAT Ta MiHIMIi3aIlil eKOJIOTIYHOT KO, POPMYIOUN KOMIUIEKCHUN IMiIXiJ J0 eKCIUTyaTarii aBTo-
TpaHCIIOpTy. BukoprcTanHs cepTu(ikoBaHIX aHAJIOTIB a00 OPHUTiHAIBFHUX 3aMYACTHH 3aMiCTh HU3BKOSKICHHUX MiAPOOOK
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3a0e3meyye CyMICHICTD i IOBrOBIYHICTh CHCTEM, TOMI SIK JEIIeBi KOMIOHEHTH BTPAYaloTh (DYHKIIOHATBHICTD yKe depe3
3—6 micA1iB, MPOBOKYIOUHX MTOBTOPHI AedekTh. SIKicHe 00cIyroByBaHHS 3 MpodeciiHIM 001 JHAHHAM HE JIUIIE 3MCHIITYE
YaCTOTY MOJIOMOK 1 3HMKY€ PidHI BUTpaTté Ha peMoHT 10 30 %, a i mifBHUIIly€e 3aIMIIKOBY BapTiCTh aBTOMOOIISI HA BTO-
puHHOMY pUHKY Ha 10—15 %, fIK cBiqUaTh EKCIIEPTHI OIHKH [8—9], 1110 MIAKPECIIIOE EKOHOMIUHY Ta TEXHIYHY JIOLLIBHICTD
TaKOTO TIiIXOMY, IO MPOLTIOCTPOBAHO Ha JiarpamMi HIDKYIE:

CyugacHi TOCSTHEHHS B Taly3i aBTOMOOUTFHIX TEXHOJIOTiH, 30KpeMa 3aCTOCYBAaHHS IITYYHOTO 1HTENEKTY Ta MPEIHK-
THUBHOI aHAJITHUKH, 3a0€3M1€4yI0Th IPOTHO3YBaHHS MOTEHIIMHIX HECTIPABHOCTEH 13 TOUHICTIO 10 85 %, SIK MiATBEPIKY-
0T eMITipuYHi Jociimkerss [ 7—10], mo cupusie BIpoBaKEHHIO TPOo(ITaKTHYHOTO MiIXOAY 10 TEXHIYHOTO 0OCITyTOBY-
BaHHS Ta 3HIDKEHHIO aBapiitHOCTI. [lepcieKTHBHI TeHIEHII1 BKa3yIOTh Ha PO3BUTOK CHCTEM CaMO/IiarHOCTHKH, 3pOCTAHHS
YaCTKH €JIEKTPOMOOITIB 1 TOMMMOJIeHy iHTerpario 3 XMapHUMH cepBicaMu Iyl 30epiraHHs i aHaNi3y TeIeMETPHIHIX
naHuX. [t onTuMizamii JiarHOCTUKM Ta PEMOHTY €IEKTPOHHUX CHCTEM PEKOMEHIYeThcs a00 KOPHUCTYBATHCS IOCITY-
ramMu cepTu(iKoBaHUX CTPYKTYP, sIKi MArOTh CydacHi JiarHOCTHYHI MPWIagu Ta MITAT KBami(hikoBaHOTO MmepcoHaiy, abo
y pa3i THMYacoBOTO BHXOAY 3 JIaly BUKOPHUCTOBYBAaTH OpPHWTiHAJIbHI KOMIUICKTYIOUi UM CepTHU(IKOBaHI aHAJIOTH; Kepy-
BaTHCS CYMICHICTIO Ta TOBIOCTPOKOBOIO HAIIMHICTIO CHCTEM; PETYISPHO MPOBOAUTH MPOMITAKTUYHY TIarHOCTUKY IS
CBOEYACHOTO BUSIBJICHHS aHOMATiH Ta 3amM00IiraHHs KPUTHYHUM IOMIKOKCHHSIM (OHOBIICHHS CHCTEM Ta KOMIIETEHIIT
CHEIIaiCTiB, SKi BOJOAIIOTH BIACHUMHU CHCTEMaMH, MAIOTh YSBICHHS PO CYy4acHY MOAEPHI30BaHY BEPCiio).

BucnoBku

SIkicHa AiarHOCTHKA Ta OTIEPATUBHUI PEMOHT EIEKTPOHHOI CHCTeMH Oe3MoCcCepeTHRO BIUTMBAE HA TIOAAIBITY TEXHITHY
eKCIUTyaTamnio aBToMo0insa. TouHa MiarHOCTHKA JO3BOJISE KITIHIYHO iIeHTH(]IKyBaTH mpoOneMu, B TOW 9ac K SKiCHUI
PEMOHT 3BOAUTH O MIHIMyMY NMPHYUHY KOHTPOJIIO i pU3UK. 3 1HIIOTO OOKY, HU3BKOSKICHHUH TUIAaH MOXKE MPU3BECTH 10
ORI CepO3HMX HACIIAKIB, TAKHUX SIK 3HIDKEHHS O€3IeKH, 301IbIIeHHS BUTPAT 1 CKOPOUSHHS TEPMiHY CITyKOM aBTOMO-
6ins. 106 rapanTyBaTH HaAIHHICTH TPAHCIIOPTHOTO 3ac00y, HOTO TeXHIYHE OOCIyTOBYBaHHS CIiJI AOpydaTd (axiBIIM
1 BUKOPHCTOBYBAaTH BHCOKOSKICHI MaTepiaiy Ta obmagHaHHA. TakuM 9WHOM, iHBECTHIIS B TOYHY TIarHOCTHKY 1 TOBTO-
BIYHHI PEMOHT — II€ BiMOBIIb Ha JOBTY i O€3MeuHy eKCIUTyaTaIlifo aBTOMOO1IIS.

CnucoKk BUKOPHCTAHOI JiTepaTypu

1. Ribartsch M., Gerten M., Frei S. On-Line Diagnosis of Supply Voltage Stabilizing Capacitors in Automotive
Electronic Systems. IEEE Vehicle Power and Propulsion Conference (VPPC). 2023. DOI: https://doi.org/10.1109/
VPPC60535.2023. URL: https://ieeexplore.ieee.org/document/10403181

2. Zhang., SalehiR., Zhou S., Jia X., Siegel J. Special issue on advanced diagnostics and prognostics for automotive
systems. International Journal of Prognostics and Health Management. 2023 Vol. 14 Is. 3. DOI: https://doi.org/10.36001/
ijphm.2023.v14i3.3438. URL: https://papers.phmsociety.org/index.php/ijphm/article/view/3438

3. Ayachit V. V,, Gandhi N., Kakade S. Unified Diagnostics Off-board Tool Development Testing. SAE Technical
Paper 2024-01-5041, 2024, 1-22. DOI: https://doi.org/10.4271/2024-01-5041. URL: https://saemobilus.sae.org/papers/
unified-diagnostics-off-board-tool-development-testing-2024-01-5041.

4. Kpacora M. B., Kynemxos 1O.B., [llenenenxo 1. B., Ocin P. A., Pynenxo T.B.. JlocmiKeHHS IUIAXIB i IBUIIEHHS
OTIepPaTUBHOCTI BUKOHAHHS JIarHOCTHYHUX OTIEpaIliii eJIeKTPOHHUX CHUCTEM aBTOTPAKTOpHOI TexHikd. LleHTpampHOy-
KpaiHChKUid HaykoBUiA BicHHK. 2024. Ne 9. 40. C. 1-8. DOI: https://doi.org/10.32515/2664-262X.2024.9(40).1.144-151.
URL: https://mapiea.kntu.kr.ua/pdf/9(40) 1/18.pdf

5. Bernardi P., Filipponi G., Sonza Reorda M., Appello D., Bertani C., Tancorre V. Collecting diagnostic information
through dichotomic search from Logic BIST of failing in-field automotive SoCs with delay faults. 26th International
Symposium on Design and Diagnostics of Electronic Circuits and Systems (DDECS). 2023. DOI: https://doi.org/10.1109/
DDECS57882.2023.10139670. URL: https://ieeexplore.ieee.org/document/10139670/keywords#keywords

6. Santhosh Kumar P. V., Keshava Murthy G. N. Notice of Removal: Implementation of Automotive Sensor Tester for
Engineers at OEMs and Vehicle Service Agencies using Raspberry Pi. IEEE 3rd Global Conference for Advancement in
Technology (GCAT). 2022. DOI: https://doi.org/10.1109/GCAT55367.2022.9972090. URL: https://ieeexplore.ieee.org/
document/9972090/authors#authors

7. M.Kathiresh, R. Neelaveni, M. Adwin Benny & B. Jeffrin Samuel Moses. Vehicle Diagnostics Over Internet Protocol
and Over-the-Air Updates. Book series EAI/Springer Innovations in Communication and Computing. 2021. Chapter.

8. First Online: 25 April 2021. Pp. 89-100. DOI: https://doi.org/10.1007/978-3-030-59897-6 5. URL:
https://www.springerprofessional.de/en/vehicle-diagnostics-over-internet-protocol-and-over-the-air-upda/19102096

9. Kathiresh M., Neelaveni R., Adwin Benny M., Jeffrin Samuel Moses B. Virtual ECU Development for Vehicle
Diagnostics Software Testing using UDS Protocol. Asian Conference on Innovation in Technology (ASIANCON). 2021.
DOI: 10.1109/ASIANCONS51346.2021.9544542. URL: https://ieeexplore.ieee.org/document/9544542

10. Cheng Y., Porpora F., D’Arpino M., Rizzoni G. Cost analysis in different battery pack architectures considering
protection, monitoring, and diagnostics. IEEE Transportation Electrification Conference & Expo (ITEC). 2021.
DOI: https://doi.org/10.1109/ITEC51675.2021.9490170. URL: https://ieecexplore.ieee.org/document/9490170

61



BICHHK XHTY M 1(92), Y. 1, 2025 p. IH’KEHEPHI HAYKH

11. Sonar K. A., Chopade N.B., Rajani P.K. Cloud-Integrated Braking ECU with ESP Technology. 8th International
Conference on Computing, Communication, Control and Automation (ICCUBEA). 2024. DOI: https://doi.org/10.1109/
ICCUBEA61740.2024.10774736. URL: https://ieeexplore.icee.org/document/10774736

References

1. Ribartsch, M., Gerten, M., & Frei, S. (2023). On-line diagnosis of supply voltage stabilizing capacitors in
automotive electronic systems. /EEE Vehicle Power and Propulsion Conference (VPPC). DOLI: https://doi.org/10.1109/
VPPC60535.2023. Retrieved from https://ieeexplore.ieee.org/document/10403181 [in English].

2. Zhang,Y.,Salehi,R., Zhou, S., Jia, X., & Siegel, J. (2023). Special issue on advanced diagnostics and prognostics for
automotive systems. International Journal of Prognostics and Health Management, 14(3). DOI: https://doi.org/10.36001/
ijphm.2023.v14i3.3438. Retrieved from https://papers.phmsociety.org/index.php/ijphm/article/view/3438 [in English].

3. Ayachit, V.V, Gandhi, N., & Kakade, S. (2024). Unified diagnostics off-board tool development testing (SAE
Technical Paper 2024-01-5041). SAE Technical Papers. DOI: https://doi.org/10.4271/2024-01-5041. Retrieved from
https://saemobilus.sae.org/papers/unified-diagnostics-off-board-tool-development-testing-2024-01-5041 [in English].

4. Krasota M. V., Kulieshkov Yu.V.; Shepelenko 1. V., Osin R.A., Rudenko T.V.. (2024). Doslidzhennia shliakhiv
pidvyshchennia operatyvnosti vykonannia diahnostychnykh operatsii elektronnykh system avtotraktornoi tekhniky
[Research on ways to improve the efficiency of diagnostic operations of electronic systems in automotive and
tractor equipment]. Isentralnoukrainskyi naukovyi visnyk — Central Ukrainian Scientific Bulletin, 9(40), 144-151.
DOI:  https://doi.org/10.32515/2664-262X.2024.9(40).1.144-151.  Retrieved  from  https://mapiea.kntu.kr.ua/
pdf/9(40) 1/18.pdf [in Ukrainian].

5. Bernardi, P., Filipponi, G., Sonza Reorda, M., Appello, D., Bertani, C., & Tancorre, V. (2023). Collecting
diagnostic information through dichotomic search from Logic BIST of failing in-field automotive SoCs with delay
faults. 26th International Symposium on Design and Diagnostics of Electronic Circuits and Systems (DDECS).
DOI: https://doi.org/10.1109/DDECS57882.2023.10139670. Retrieved from https://ieeexplore.ieee.org/document/
10139670/keywords#keywords [in English].

6. Santhosh Kumar, P. V., & Keshava Murthy, G.N. (2022). Notice of removal: Implementation of automotive
sensor tester for engineers at OEMs and vehicle service agencies using Raspberry Pi. IEEE 3rd Global Conference
for Advancement in Technology (GCAT). DOI: https://doi.org/10.1109/GCAT55367.2022.9972090. Retrieved from
https://ieeexplore.ieee.org/document/9972090/authors#authors [in English].

7. Kathiresh, M., Neelaveni, R., Adwin Benny, M., & Jeffrin Samuel Moses, B. (2021). Vehicle diagnostics over
internet protocol and over-the-air updates. In EAI/Springer innovations in communication and computing (pp. 89-100).
Springer. DOI: https://doi.org/10.1007/978-3-030-59897-6 5. Retrieved from https://www.springerprofessional.de/en/
vehicle-diagnostics-over-internet-protocol-and-over-the-air-upda/19102096 [in English].

8. Bidkar, S., Patil, S.L., & Shinde, P. (2021). Virtual ECU development for vehicle diagnostics software testing
using UDS protocol. Asian Conference on Innovation in Technology (ASIANCON). DOI: https://doi.org/10.1109/
ASIANCONS51346.2021.9544542. Retrieved from https://ieeexplore.ieee.org/document/9544542 [in English].

9. Cheng, Y., Porpora, F., D’Arpino, M., & Rizzoni, G. (2021). Cost analysis in different battery pack architectures
considering protection, monitoring, and diagnostics. IEEE Transportation Electrification Conference & Expo (ITEC).
DOI: https://doi.org/10.1109/ITEC51675.2021.9490170. Retrieved from https://ieeexplore.ieee.org/document/9490170
[in English].

10. Sonar, K.A., Chopade, N.B., & Rajani, P.K. (2024). Cloud-integrated braking ECU with ESP technology.
8th International Conference on Computing, Communication, Control and Automation (ICCUBEA). DOLI: https://doi.org/
10.1109/ICCUBEA61740.2024.10774736. Retrieved from https://ieeexplore.icee.org/document/10774736 [in English].

62



