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NMPOBJIEMU MNMPU EKCIMNJIOATALUUNATA HA ABTOMATUYHMH
NMPEOABATENHU KYTUU OT TUMNA RE5SR05A

PROBLEMS IN THE OPERATION OF AUTOMATIC TRANSMISSIONS OF
THE RE5R0O5A TYPE

Stefan Stefanov

Abstract. This report examines the problems that arise in the operation of automatic transmissions of the RESR05A
type and how to eliminate them. Special attention has been paid to problems related to mechanical failures of
solenoids in the valve body. The methodology for testing the solenoids, pressure regulators on a bench, placed in
real conditions, is given. A conclusion is given on the serviceability of the tested solenoids.

Keywords: Automatic Transmission; electronic pressure regulator,solenoid

1. BbBegeHue:

B cbBpemMeHHUTE  aBTOMATUYHU TPAHCMWUCUW CUMHO HaBrese WU3non3yBaHeTo Ha
€NEKTPOHHN KOMMOHEHTU, Ype3 KOMTO Ce CbrnacyBa npeumsHo pabotata Ha TpaHCMUcUATa C
Asuratens v apyrute cuctemmn B astomobuna. ToBa Ma OTHOLLEHWE KaKTO KbM MKOHOMUATA Ha
ropuBo, HamansiBaHe Ha BpegHUTEe eMucun OoTAensHu B aTmocdepaTta, Taka M KbM
BGesonacTHoCTTa Ha [ABwxXeHue. dvpmMuTe NPOU3BOAUTENKM HA CbBPEMEHHU aBTOMaTUYHU
npegaBaTenHyn KyTun M3nonsyBaTt B YNpPaBfieHMETO MM €NeKTPOMAarHUTHU ConeHouaun oT Tuna
,0n-off” n enekTpoHHM perynaTopu Ha HanaraHe. EnekTpoHHUTE perynatopu Ha HansiraHe B
CbBPEMEHHUTE aBTOMATUYHW NpefaBaTefniHn KyTuM OBUKHOBEHO ca noBedve OT yYeTupu. Te ce
n3non3ysaTt He caMo 3a perynmpaHe Ha OCHOBHOTO HansiraHe, KakTo € B NMO-CTapuTe KOHCTPYKLMU,
HO M 3a perynupaHe Ha OpYrn HansraHus KbM efnemMeHTUTe 3a NpeBKoYBaHe Ha npeaaBKkuTe.
Te3n enekTpPOHHW perynatopu ca € JocTa npeumsHa KOHCTpyuus n nspaboTtka, nopaaum KOeTo
cneq npoabimkMTenHa paboTa NPOMEHAT CBOMTE XapaKTepUCTUKKN. TOBa OCBEH Ye ce oTpassiBa
HebnaronpnATHO BbPXY MbTHOTO NoBeAeHWe Ha asTomobuna, B MHOMO OT CrydanTe CbKpaliasa
M KMBOTA HA MEXAHUYHUTE €NEMEHTU B KNHEMATUYHATa CXeMa Ha npegaBaTenHaTta KyTus.

B To3u goknag we obbpHEM BHMMaHME Ha AMarHOCTUKaTa Ha enekTPOHHUTE perynaTopu Ha
HansraHe, N3non3yBaHu B NeT CTENEHHN aBTOMaTU4YHU rnpeaasaTtesiim Kytum oT Tuna RESRO5A.

2. WU3noxeHwue:
Llen Ha nacneaBaHeTo: LlenTa Ha HacTOALWOTO MU3crneaBaHe €.

1. [a ce guarHocTnuyupa CbCTOSAHMETO Ha eNEeKTPOHHUTE perynaTtopu Ha HansaraHe B
KarnanaHHOTO TAo Ha npegasaTenHu Kytumn ot Tun RESROSA.
2. [a ce page 3akntoyeHne 3a U3NPaBHOCTTA Ha Te3un perynaTopu.

Tasu npegaBaTenHa KyTus ce MOHTMpa Noj pasnnyHM HaMeHOBaHUSA B TPAHCMUCUUTE Ha
pasnuyHu aBTomobunun kato Subaru, Nissan, Kia, Infiniti. Cpewia ce kakTo BbB BapuaHT CbC
3agHO 3a[BWXBaHe, Taka U C NbAHONPUBOAHO 3aaBuxBaHe (4x4). O6cnyxBa Wmpoka rama
asurartenu, ¢ obem ot 2,5 oo 5,6 nutpa.

B npoueca Ha ekcnnoataumsa Ha Ta3u aBTomaTuU4Ha npegaBaTenHa KyTna ce HabnogasaT
cnegHuTe npobnemu:

1. lNpoHMKBaHe Ha eTUNEeHrnMKon (aHTUpPM3) B MacrnoTo Ha npefasaTenHaTa KyTus,
npuymnHa 3a KOeTo e noBpena B pagnaTtopa Ha oxfagutenHarta cuctema. Toa Hanara
KanutaneH peMoHT Ha npefaBaTenHaTa KyTus.

2. N3HocBaHe Ha cbeamHuTens (Lock up clutch) B xugpoTpaHchopmaTtopa npu gocrta
ronsam npober KnnomeTpu.

3. MexaHn4Hu npobrnemm, KOMTo ce CbCTOAT B N3HOCBAHE Ha PPUKLMOHHUTE Namenn Ha
CbeavHUTENuTE 3a NPEBKMYBaHe Ha npegaBkute. MHOro psgko ce Habnogasa M3HOCBAHE Ha
narepHuTe BTYSKW MO BanoBeTe.



MEXOYHAPOOHA KOH®EPEHUMA ,EKO BAPHA" 2024

4. NMpobnemun B KNanaHHOTO T4no — ¢pur.1 - [2]. NMpobnemute KOUTO ce cpeLlaT B
KfanaHHOTO TAMO MOXEM Aa pasfenum Ha YyeTupu Buaa:

4.1. MexaHM4YHO M3HOCBAHE Ha OTBOPUTE B KOUTO PabOTAT NiyHXepUTe, KOETO Npu Tasu
npegasaTernHa KyTus € CpaBHUTESNTHO MHOTO PAAKO cpeLlaH aedekT.

4.2. Enektpuyeckn npobnem B koHTponepa (,koMnTbpa”), KONTO ce Hamupa BbPXY
KrnanaHHOTO TAno. To3n AeeKT e cpaBHUTENHO MNO-4eCTO CcpeLlaH B NpakTukaTta, B CpaBHEHNE
C Nogo6HM Apyru npegasaTesiHv KyTun. TO3mM KOHTPOSiep ce Hammpa U3BbH NpeaasaTenHarta
KyTna 3a mogenute 2002-2004 r., a 3a mogenute 2004-2008 r. e MOHTMpPaH BbpPXY KrnanaHHOTO
TANO BbTPE B KyTUATA. [ledhekTute Ha KOHTponepa ce HabniogasaT OCHOBHO Npu MoAenuTe B
KOUTO KOHTpOsiepa ce Hamupa BbTpe B NpedaBaTeniHata KyTus.

4.3. Enektpuyeckn oTkas (MpekbCBaHe) Ha HaMoTKaTa Ha coneHoug oT KnanaHHOTO TAJO,
KOETO € MHOro psaabk gedekt. Toan gedekT ce peructpmpa oT eNekTpoHHEH TeCTep.

4.4. MexaHn4yHa nospena Ha coneHonguTe - perynatopuy Ha HansraHe B KnanaHHOTO
TAMNO, KOETO Ce M3passiBa B NPOMSAHA Ha XapakTepucTukute um. MNpu 103un gedekt ce
HabnogaBa HeNpaBWHO NPEBKNOYBAHE Ha NpeAaBkUTe C Pe3kn yaapu 1 nosuLLaBaHe Ha
yecToTaTa Ha BbpTeHe Ha asuraTtens. To3n gedekt He ce perucTpupa ot ANarHOCTUYHUTE
ypeauw.

B 1031 goknapg we o6bpHEM BHUMaHWE Ha OMarHoCTMKaTa Ha eNEKTPOHHUTE perynaTopu
Ha HansaraHe, Tb KaTo TO3U AedekT ce cpela OTHOCUTENHO YeCTO NpU NpoabImKUTENEH
npober Ha aBTomMobuna 1 He ce perncTpmpa OT ANarHoCTUYHUTE ypeau.

Ha knanaHHoOTO TAM0 — ¢our.1 ca pasnonoxeHu 7 coneHonaa, WwecT oT KouTo, oT 1 fo 6 ca
perynaTopu Ha HandraHe, a coneHoug 7 e ot tuna ,on-off’ coneHoua. ConeHonante 1,2 n 4 ca
,HOPMasnHo oTBopeHn”, ookaTo conieHouan 3, 5 1 6 ca ,HopMarnHo 3aTBOPEHN".
HanmeHoBaHusTa Ha coneHomnauTe oT ¢ur.1 nokaseaT KoM efleMeHTU OT MeXaHuKaTa ydactsaT
3a peanuavpaHe Ha npedaBkMTe B aBTOMaTMyHaTa npegaBsartenHa kytus. Tpsbsa ga ce nva B
npeneua, 4Ye npu peanuampaHe Ha NpegaBKNTe CoNeHonanTe ydactsaT B PasfiMyHu
KomBuHauum - [3].

MeToauka Ha nscnegBaHeTo:

EnekTpoHHMTE perynaTtopu Ha HansiraHe ce U3NUTBaT Ha cneuynanHo paspaboTeH 3a
uenTa cteHa — [1], Ypes cHeMaHe Ha xapakKTepucTukaTa Ha HandaraHe. Xapakrepuctmkara ce
CHeMma npu CTyAEeHO Macro - cTanHa Temnepatypa - (18-22)o C, a cnepf ToBa npu paboTHa
Temnepartypa - (95-110)o C. Te3un perynatopu pabotat npu Yectota 800 [Hz]. HanaraHeTo Ha
BXOJa Ha coneHomauTe e NOCTOSIHHO M paBHO Ha 15 [bar].

Cnepn nanutaHuaTa Ha CTeH4a ce yCTaHOBSABA KOU perynaTtopu ca AedeKkTHu.

Pe3yntaTtu ot uscneaBaHeTo.

3a ekcnepumeHTa Gelle n3bpaHo KnanaHHO TAMO OT aBTOMaTUYHA nNpefaBaTesniHa KyTus
Ha aBTomobun Nissan Pathfinder, koaTo ce abpxele HEKOPEKTHO NPU MbTHUTE U3MUTAHUS.
Mpu cTygeHo Macno NpeBKIoYBaHETO Ha npefaskuTe belle obpo, HO cnej u3MMHaBaHe Ha
onpeaeneHn KUnomMeTpu, Korato MacrnoTo B NpegaBaTenHarta KyTusa ce CTonsu, npu
NPEeBKITIOYBAHETO Ce HabnogaBaxa peskun NpuabpnBaHns U yaapu, Kakto U noBuLLaBaHe
YyecToTaTa Ha BbpTEHe Ha ABuraTens.
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1. Line Pressure Solenoid
2. TCC Solenoid
3. Direct Clutch Control Solenoid

4. Front Brake Control Solenoid
5. Input Clutch Control Solenoid
6. High/Low Reverse Solenoid
7. Low Coast Brake Solenoid

our. 1. KnanaHHo tano RE5R05A

Check For Loose
Solenoid Pins

KnanaHHoTO TAno Gewe pasrnobeHo, NOYMCTEHO M TeCTBaAHO C Bakyym Tectep. He ce
yCTaHOBMXa He4OMyCTUMN N3HOCBaHWS B KIanaHHOTO TSMO.

Cnep ToBa coneHomanTte 6sixa TeCTBaHU Ha cneumaneH cteHg — [1], npy cTyaeHo macno u
npu paboTHa TemnepaTtypa Ha MacrioTo BCEKN eaNH NOOTAENHO.

[Mony4eHUTe XapakTepUCTUKM ca nNpeacTaBeHn Ha courypn 2 n 3 B rpadpuyeH Bua, a JaHHUTe
Mo KOMUTO ca NOCTpPOoeHn B Tabnuumn 1 n 2. XapakTepuCcTuKMTe Ha perynaTtopuTte ca NnpeacTtaBeHn
C kpmBuTe OT 1 OO 6, C pasnuyeH uBAT. HomepaTa Ha coneHomguTe B Tabnuumte n rpadukmTe
OTroBapsT Ha Te3u oT ¢wur.1.

ConeHoup 7 e oT TMna ,on-off’ U He e TecTBaH Ha cTeHaa. TecTBaHETO Ha TO3M COoNneHouna
ce CbCTOM B U3MepBaHe CbMPOTUBIIEHNETO HA HAMOTKaTa U NnogaBaHe Ha HanpexeHue oT 12 [V],
npun KOeTo ce pernctpmpa oTBapsiHETO N 3aTBAPAHETO Ha perynupawiuaT My opraH.

AHanus Ha pe3ynTtaTuTe OT U3crneaBaHeTo.

OT nony4eHnTe ekcrnepuMeHTanHu AaHHu ce BUxKaa, Ye npu cTyaeHo Macno coneHomanTe
ca u3npaBHW, KOETO OTroBapsl Ha AOOpPOTO NOBeAEHME Ha NpefaBaTenHaTa KyTus Ha CTyAeHo.
Mpu paboTHa TemnepaTtypa coneHonguTe ¢ Homepa 1 1 2 ca ¢ NOHWXEHO HanaraHe n Hegobpa
XapakTepucTtuka, a coneHonam 3 m 5 ¢ NOHMXEHO HansaraHe, Hegobpa xapakTepucTuka u He
3aTBapAT. ToBa 06sICHSABA HEKOPEKTHOTO NOBEAEHME Ha NpefaBaTenHarta KyTust Ha Tonso.

HedekTHnTe coneHonan — 1, 2, 3 n 5 69xa cmeHeHun ¢ HoBu. ConeHomnguTe ¢ Homepa 4, 6
n 7 6axa octaBeHu cbwmte. Npu nocnegsanutTe NbTHU M3NUTAHWUS NpedaBaTenHarta KyTus
npeBKnoYBaLle npeaaskute fobpe, KaKTO Ha CTyAeHO Taka M npu paboTHa TemnepaTtypa Ha
MacnoTo.
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Tabnuua 1 — ctygeHo macro -t = (18-22)° C

% 1 2 3 4 5 6

Tabnuua 2 — Tonno macno - t = (95-110)° C

0] 0,08 0,09| 6,08| 0,09| 595]| 6,02

% 1 2 3 4 5 6

5/ 009| 0,09]| 599| 0,09] 5,88 5,90
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5/020)|0,18]| 3,82| 0,16 | 4,44| 5,19
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15/ 0,31] 0,29 3,02| 0,22 | 4,26 | 4,88

25/ 069| 0,80| 439]| 0,58]| 4,35| 4,46

20/ 0,53|0,49] 2,95| 0,38 4,10 4,57

30 144| 1,78| 359] 1,29| 3,41 3,51

25/ 084)|0,78]| 2,71| 0,64 | 3,48| 4,22

35| 226| 2,77| 2,77 2,09| 2,66| 2,73

301 1,29|1,04| 257|113 3,24| 3,71
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45| 439| 5,26| 0,53| 4,31| 0,51 | 0,58
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50| 5,66| 6,68| 0,13| 5,50| 0,13| 0,16

451351 211|064 3,20] 2,33| 1,71

55| 6,77| 7,76/ 0,11| 6,43| 0,11| 0,13

50| 3,73/ 2,33| 0,64 4,11| 2,18| 0,80
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65| 9,20/10,09| 0,11 8,83| 0,11 0,11
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®ur. 3. Tonno macno —t = (95-110)° C

3. 3aknwouJeHue:

1. lnarHocTukaTa v 3akrnoyeHne 3a n3npaBHOCTTa Ha coneHonguTe OT KrnanaHHOTO TASO
Ha aBTOMaTu4HaTa npegasarteniHa kytusa ot Tuna RESRO5A moxe ga ce nage camo 4vpes
N3NUTBaHe XxapakTepucTukata UM Ha CTeH[, KaTo ce NMOCTaBAT B YCrOBMATa NpU KOUTO paboTAT.

2. Mo xapakTepa Ha xapakTepucTMkaTa Ha CorieHoManTe Moxe aa ce 0bscHm
HEeKOPEeKTHOTO NnoBefeHMe Ha NpefaBaTenHarta KyTus, Npu pasnnyHu pexumMm Ha OBUXeHue Ha
aBTomobuna.

3. lNpaBunHaTa guarHocTnka Ha coneHonauTe 1 KnanaHHOTO TASO CnecTsiBa MHOro TpyAa,
BpeMe 1 cpeacTBa Npu obCnyXBaHETo, ekcnnoarauusaTa u peMoHTa Ha aBTOMaTU4HU
npegasatenHun kytum ot Tuna RESROSA.

Nurepartypa:

1. CTeH 3a n3cneaBaHe XapaKTepUCTUKUTE Ha eNeKTPOHHW perynaTtopu Ha HansraHe, BrpaxgaHu
B aBTOMaTuMyHWM npegasatenyn kytun. HTK, TpaHcnopT, ekonorusa - yctonumso passutne, EKO BapHa
2012

2. ATRA Seminar Manual Contents

3. AUTOMATIC TRANSMISSION SERVICE GROUP

3a KOHTaKTu:
O-p vnx. CtedaH CredpaHoB, kaTegpa “TpaHcnopTHa TexHWKa M TexHororun”, TexHU4ecku
YHuBepcuteT — rp.BapHa, Ten. 052/ 38 34 83, e-mail: stefanov_48@abv.bg
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HEVIPOC!ETEBOE YNPABJIEHUE CUITOBOM
YCTAHOBKOUCUHEPITETUMECKOIO ABTOMOBUNS

NEURAL NETWORK CONTROL OF THE PLANT OF A SYNERGETIC CAR
Alexey Bazhinov 1, Tetiana Bazhynova ?

Abstract. The methodology for building an information-intelligent control system (IICS), which is invariant to
various power plants of electric and hybrid cars, which allows you to quickly solve the problems of mode control
according to qualitative, energy and other criteria, is considered.

Keywords: automobile, strata, method.

1. BbBepeHwue:

B HacTodwee Bpemsa BO3HMKNA HeobXoguMMOCTb  nNpuaaHus  MHEGOOPMAaLMOHHO-
WHTennekTyaneHon ynpaenstowen cucteme (MNYC) cmnoBbiX YCTAHOBOK aAanTUBHbBIX CBOWUCTB,
T.€. CNOCOBHOCTM BblGOpa cTpaTerMn ynpasreHus arperatamu CUOBOW YCTaHOBKW, KOTOpas
MUHUMU3NPYET BbIOpaHHbIM OYHKUMOHAN KayecTBa C y4EeTOM BHELUHWX YCNoBu paboTbl npu
3afaHHbIX orpaHudeHuax. [o HacTtoswero BpemeHu psg ocobeHHocten UMYC cunoBbix
YCTAHOBOK  9neKkTpo U1 rmbpmaHblx  aBTOMOOWMNEn  OCTalTCA  HEUccrnedoBaHHbIMMU.
MpumeHstowmeca metoabl aHanusa un cuHtesa VIMYC He ygensoT JOCTaTOMHOrO BHUMaHUA
MHOIOKPUTEPUANnbHOCTU  BO3HUKAKOLLMX ONTUMWU3AUMOHHBIX 3adad. MeTogbsl agantauumm
ynpaBneHns K U3MeHsIIWMMCS BHELLHUM YCINOBUAM 3KCMyaTaunm SBMSOTCA HeOOCTaTOYHO
adhdekTmBHbIMK. [aHHble 06CTOoATENbCTBA HE MO3BOMNSKOT B MNOMHOM MEpe pacKpbiTb
noTeHuunanbHble BO3MOXHOCTM WWMNYC CMMOBbLIX YCTAaHOBOK 93NEKTPO U rMbpuaHbiX
aBTOMOGUNEN.

OTO onpegensieT akTyanbHOCTb COBEPLUEHCTBOBAHWSA W pa3paboTKM HOBbIX METOO0B
mogenupoBaHma u ontumusaumm UNYC ynpaBneHus cuUnoBbIMKM YCTAHOBKaMW 3fEKTPO U
rmMépnaHbIX aBTOMOGUNEN.

2. UsnoxeHwue:

B  kayectBe  MHTennekTyanbHOM  CUCTEMbI  paccmaTpuBaeTCsl  COBOKYMHOCTb
MaTeMaTU4yecKoro, MeTOLONOrMYeckoro, nporpaMMHOro,  annapaTHOro,  TEXHUYECKOro
obecneyveHns, kotopas obbeanHeHa WMHMOPMALMOHHBIM MNPOLLECCOM, MO3TOMY pPasfivyHble
COCTaBnswoWMe CUCTEMbl [AOSMKHbI 00nagatb BO3MOXHOCTbIO 006paboTkm nonyvaemon
nHdopmauum o npobnemHon obnactu. B pabote [1] npeanaraetca ncnonb3oBaTb CUCTEMHbBIN U
MEXANCUUNINHAPHBbIA  NOAXOAbl B CO34aHMM  METOAONOMMN  UHTENNEKTyanbHbIX CUCTEM,
NPUMEHEHNE KOTOPbIX AdaeT AOMNOSIHUTENbHYID BO3MOXHOCTb pa3paboTkm aheKTUBHbIX
METOAOB TEOpUM  CIIOXKHbIX  MPOLIECCOB, XapakTtepuaylwmxca 6onbwum  06bEMOM
obpabaTbiBaemMon MHdopmaumm, TpygHo dopmanmsyemMbiMn 3agadamMn NPUHATUS PeLLeHn B
YCNOBUAX HeonpeaeneHHOCTN, pasnuyHbiMM npobnemamu B MCMONb30BaHUN TPaOULMNOHHBIX
MEeTO40B MHOFOKpUTEPUAbHON ONTUMU3aLMN.

MpakTn4eckn yHuKanbHbIMKM cnocobamm 3peKTMBHO NpeacTaBUTb U MCMOMb30BaTb
3HaHUS B WHTENMEKTyanbHbIX WMH(POPMAUMOHHBLIX CUCTEMax B OOWEeM cnyydyae 4BnAATCA
dopmanbHaa normka M CUMBOSIbHbIE paccyxaeHud. HTennektyanbHass MHOPMaLMOHHasN
cucTemMa JormkHa coaepxaTb crnefyroLline OCHOBHbIE 3NeMeHThI [ 2]:

* MALUMHY JIOTMYECKOro BbiBOAA, MO3BONAIOLWYH  MaHUMyNMpoBaTb  3HAHUSAMU U
KoopauHupoBaTtb paboTy cuctemsl;

» 6a3y gaHHbIX, obecneynBatoLLy0 HaKoneHne, NOUCK, 3anUcb U XpaHeHne MHAPOPMaLnK;

» 6a3y 3HaHWKW, coaep’Kallyld COBOKYMHOCTb AeKnapaTuBHbIX U NpoueaypHbIX 3HaHUW B
HEKOTOPOM npeacTaBneHnn, obecneymBarioLLyio NPOLECC peLLeHns 3aaay;

* UHTEP(PENC CONPSPKEHUS Pas3nU4YHbIX 3NEMEHTOB CUCTEMbI Mexgy cobon wmn ¢
OKpYyXatoLen cpegomn.

B HacTosiwee Bpemsi LUMPOKO MPUMEHSIIOTCSH CUCTEMbI MCKYCCTBEHHOIO WHTENNEKTa B
Takmx obnacTtsx, Kak BblMMCNUTENbHAA MaTeMaTuka, XMmMusl, BMONornsa, 3KONOrus, reosiorus,
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MeanumHa, BOEHHOE AeNo, MUKPOSNEKTPOHUKA, PagnoaNekTPoHUKa, BblYUCIINTESNTbHAA TEXHUKA,
IOpPUCNPYAEHLNSA, SKOHOMMKA, TpaHCNoOpTHas MHGpacTpykTypa. B ToO ke Bpems, npumMeHeHue
WHTENMEeKTyanbHbIX CUCTEM NPU  YNPaBfieHUN CUMNOBbIMU YCTaHOBKaAMW TMOPUAHBLIX U
anekTpomMobunen ¢ uenbio MUHUMU3aUNN SHEPro- U pecypconoTpebnenuns, noTepb kKayecTtsa 1
NPOV3BOANTENBHOCTM aBTOMOOMMIEN, HE AOCTAaTOYHO OCBELLEHbI B NIMTEpaTypE.

OpHako  3amMeTuM, YTO  LOCTUTHYTble  3HAYUTENbHblIE  YyCNexu B CO34aHUK
WHPOPMALUMNOHHBIX CUCTEM C WCKYCCTBEHHbIM WHTENNEeKTOM MokKa elle He npuBenu K
NVKBMAALMM CYLLECTBYIOLErO pa3pbiBa MeXay BO3MOXHOCTSAMU UCKYCCTBEHHOIO UHTENMEKTa 1
NPaKTUYeCKUM NPUMEHEHNEM E€ro B TPAHCMOPTHbIX cpeacTeax [3].

Llenb paboTbl 3akntoyaeTcss B NOBbIWEHUM 3(PEPEKTUBHOCTU MCMNONb30BaHNA CpeacTs
TpaHcnopTa 3a c4yeT obecnedyeHus pecypco- u aHeprocbepexkeHus nytem paspaboTkn u
BHeOpEeHUsT MeTOAOSIOrMN MOCTPOEHUA UHTENNeKTyanbsHON MHEMOPMaLMOHHO-YNPaBnAoLWwen
cuctembl (MMYC) umHBapmaHTHOM pasfMYHbIM CUMOBbIM YCTAHOBKaM 3MEKTPO M rMOpPMAHbLIX
aBTOMOOMNEn, NO3BONANOLLEN OMEpPaTUBHO CUHTE3NPOBATb Yynpasngwoliee BO3OENUCTBUE MO
3HEPreTMYeCKMM N Ka4eCTBEHHbIM KPUTEPUSIM C YHETOM BHELLUHUX YCIOBUIA 3KCMyaTaumn.

[ns OOCTMXeHNA NOCTaBNEHHOW LENu nccnenoBaHus paspaboTaHa:

- MeTtogonorna noctpoeHna MNYC, uHBapuaHTHa pasfiMyHbIM CUMOBbIM YCTaHOBKaM
3NEKTPO M rmMbpunaHbIX aBToMOBMNEN, NO3BONSAIOLLYIO ONEpPaTMBHO pellaTh 3agadn ynpaBneHus
pexvmamMm No Ka4eCTBEHHbIM, SHEPreTUHECKUM N OPYINM KPUTEPUSIM.

- MNYC pna pByx TWMNOB CUMOBbLIX YCTAHOBOK (3nekTpomobunen u  rmbpuaHbix
aBTOMOGUNEN), N npoBepeHa 3PPEKTUBHOCTL pasdpaboTaHHON METOAO0NOMMN NX MOCTPOEHUS.

Anpom nporpammHoro obecneyeHns UMNYC cunoBon yCTaHOBKM Criykmut 6asa 3HaHui,
npouenypHble 3HaHMA B KOTOpPOW npeactaBneHbl  Buae (ppermoB, peannsyomnx
anroputmmnyeckoe obecneveHne WWYC cunoBom ycrtaHoBkn. basa 3HaHun, wmeet
CTPaTUMPULMPOBAHHYIO, MEPapPXUYECKYI0 CTPYKTYpPY, OTpaXkalLlyld MHTErpMpoBaHHbIM rpad
TEXHOMOrMN CuHTe3a pelweHna 3agadn ontumarnbHoro yrnpasneHusa (30Y). CopepxaHue
dpenmoB 6a3bl 3HaHWN obecneymBaeT nouck peweHuss 30Y B NPOCTPaAHCTBE COCTOSIHWN.
®penmMbl BKMNIOYAKT CrOThl, coAepXaliMe He TOSNbKO KOHKPEeTHble [daHHble, HO U MMeHa
npoueayp, OCyLeCTBAALWY UX 06paboTky No 3agaHHOMY anroputmy. HekoTopble dpenmbl
cogepxaTt CrioTbl, 3arnofHUTENSAMU KOTOPbIX ABNSAIOTCA npasBuna npogykuun. MNpu cos3gaHuu
0a3bl 3HaHM MccnegoBaTenbCKOro NpoToTMNA nNpoBoaunack pabota No yHUMdMKaUMU UMEH
dpermoB, 3TO [OaeT BO3MOXHOCTb OMNepaTUBHOIO MOCTPOeHMss ©a3 3HaHuh  paboumx
npotoTnnoB. ®permbl 3HaHUW NpeacTaBngeT cobon Habop knaccos, pa3paboTaHHbIX B cpeae
BMU3yarnbHOro NporpaMMmpoBaHus.

Ncnonbayemblit 06 bEKTHO-OPUEHTMPOBAHHBIN NOAXOA LAaeT BO3MOXHOCTb CO37aBaTb He
TONIbKO NporpaMmHoe obecneveHne yHKUMOHaNbHbIX Moaynewn, 6a3 AaHHbIX 1 3HaHu UNYC
CUNOBOW YCTaHOBKX, HO U yaobHbIN ANns nonb3oBaTtenen uHtepdgenc. NHtepdenc nossonset
obecneunTb paboTy nonb3oBaTensa uccnegosarensckoro npototuna MAYC cunoBon ycTaHOBKK
B OTAENbHbIX PYHKUMOHANbHbIX MOAaynsix. OH BKNoYaeT 60bLIOe KONMYECTBO pa3HOOOpasHbIX
MEHI0: BEPTUKarbHbIX, FOPU3OHTASbHbIX, KHOMOYHbIX, ANANIOroBbIX OKOH, OKOH peaakTupoBaHUS
MHopmauum ConpoBOXAAKWENCA KOHTEKCTHOM MOACKA3KOW, a TakkKe KOrHUTUBHbIX
rpacpmyeckmx cpeacts OTOOpaxeHuss MHOpMauuKW, peannu3oBaHHbIX Ha pasHbiX YPOBHAX
paboTbl.

OCHOBHbIMM no JYHKLNOHAITbHOW Harpyske nporpamMmMHbIMun Moaynamm
uccnepgosartenbckoro npototuna UNYC  cunoBon  yCTaHOBKW,  SABNSAKOTCA  MOAYMW:
noeHTugmkaumm mogenn obbekTa, aHannsa U cMHTe3a 3agadv ynpaBieHUsA CTbIKOBKM 30H Npu
NCrNoNb30BaHMN MHOTO30HHbIX MoAeNen (pexmm «BumxeHune).

Moagynb cuHTe3a onTUMaribHbIX MPOrpamMM CRYXWUT ONs MONyYeHUs eAnHOW nporpamMmbl
obbekTa AnHaMuKa ynpaBrsieMoro npolecca, KoToporo npeacraBrieHa MHOrO30HHOM MOAESbIO.
OH paboTaeT Ha OCHOBaHUM criegytollen METOAMKN CTbIKOBTKM COCTaBMSAOLWMX 4YacTen
MHOr030HHOW MOAENMN:

— 3a0alTCA U3BECTHble MacCUBbl PEKBU3UTOB KaX[OW 30HbI, npegnoriaraemoe BpeMms
ONTUMAasrbHOro UCCrneayemMoro npouecca obbekTa ynpaBreHus, rpaHuubl yrnpaBreHns, Bpems
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HeonTMManbHOro UccrnegyemMoro Npouecca U rpaHuLbl NPy HEONTUMAarlbHOM YNpaBrAeHUY;

— 3a[alTCa BpeEMeHa NepekntioYeHna nogamanasoHoB ¢ha3oBbiX KOOpPAMHAT, MHTepBanbl
rnoncka onTMMarnbHbIX BPEMEH NEePEKNIOYEHNS U KONTMYECTBO 30H;

— [ONA KaXOoW 30Hbl Ha KaXaoM BPEeMEHHOM WHTepBane npouM3BOAUTCA pacyeT
ONTUMAnNbHOIO YMpPaBNEHUs, TPAEKTOPUM U3MEHEHUSA (Pa30BbIX KOOPAMHAT M (PYHKUMOHanN
3arpar;

— paccuynTbIBaAOTCA CyMMbl (OYHKLMOHANOB BCEX 30H, U MPOU3BOAUTCS UX CPABHEHWE;

— B KayecTBe ONTUMaribHOM yrnpasnsoLwen nporpamMmmbl BolbnpaeTcs, Ta y KOTOpoM cymma
PYHKUMOHANOB 3aTpaT MUHUMArbHA;

— B KayecTBe ONTUMarnbHbIX BPEMEH NEPEKIIYEHN Noganana3oHoB (ha3oBbIX KoopauHaT
BblGupatroTca Te, KOTopble AAOT MUHUMAnbHYK CyMMY (PYHKLMOHANoOB 3aTpar;

— B CNnyyae eCcnu paccynTaHHas Ha 3adaHHOM MHTepBane 3KOHOMUSA SBNsieTcA
HeLOCTaTOYHOWN, PEKOMEHAYETCS YBENMNYMUTL BPEMS yNpaBlieHus.

OTOT Moaynb npefHasHavyeH Ang o6beaMHeHMs ONTUMAarbHbIX MPOrpaMm KaXKaon 30HbI
MOAEeNn B eQUHY0 ONTMMAarnbHO-YNPaBnsAoLWYylo pexmumom «[BmxkeHne» nporpammy. B ocHoBe
MOAYNA nexaT MeToabl AMHaMUYECKOro NPOrpaMmMMpPOBaHNA Y CUHTE3NPYIOLLNX NEPEMEHHbIX.

lMonyyeHHas onTumanbHasi Nporpamma oTpabaTbiBaeTcs C MCNOSib30BaHMEM MOAYewn
UMUTALMOHHOIO MOAENUPOBAHWS, BKIOYaOLWMX B ceba npamoe moaenupo-BaHMe CUCTEM Ha
MHOXECTBE COCTOSAHUA  (PYHKLUMOHMPOBAHMS, W €CfM OHa YOOBMETBOpPSAET 3adaHHbIM
TpeboBaHuAM, TO pe3ynbTUpyloWne AaHHble npeobpasyetca B dann, coaepxalnn
onTUMarsbHble yNpaBnstoLwme BO3AENCTBUS, KOTOPbIA COXpaHsaeTcs B 6a3e AaHHbIX.

O6bekTom ynpasnenus B paboyen sepcun MNMYC rmbpugHbix 1 anekTtpomobunen moxet
ABNATbCA nbas cunoBad YCTaHOBKA, OCYyLWECTBAAWAa nepemMeleHe aBToMobuns,
ocyllecTBnawLWas 3apsaky TaroBon 6artapeun. [Ona nonyveHus Tpebyemont nHdopmauum o6
obObekTe npeanaraeTcss B coctaBe TexHuveckoro obecnedeHns VMYC cunoson ycTaHOBKOW
MCNONb30BaTb KOHTPONSEPLI, KOTOpble Hapsdy C  (PYHKUMSMWU  YNpaBrieHUs1 BbINOSHSOT
nameputesnbHble (OYHKUMKW, T. €. MOTyT OCYLLUECTBIIATb MOCTOSAHHBbIA MOHUTOPUHI COCTOSIHUSA
9HeprosaTpaT CWUOBOM YCTAHOBKM C Y4E€TOM BHELHUX ycnoBun paboTbl aBTOMOOMNA.3.
3akntoyeHue:

PaspabotaHo matematmnyeckoe obecneveHme pexmnmoB «Pekynepaums» n «[BumxeHue,
nexawjee B OCHOBE (PyHKUMOHMpoBaHNA 6a3bl 3HaHun MUY C cnnoBon yCTaHOBKM MMOPULHBIX U
anektpomobunen. MatemaTtnyeckoe obecneuveHve pexuma «Pekynepaums» oTnuyaetcs oT
Knaccuyeckux 3agad onTMMarnbHOro ynpasfieHUs TeM, YTO AOMNyCKaeT U3MEHEHME NapameTpoB
ynpaBfeHns CUIOBOW YCTAHOBKMW, BMAA €€ MOAENN, FPaHUYHbIX 3HAYEHUn AN ynpaBnstomx
BO3OENCTBMA N a30BbiX KoopauHaTt. MaTtemaTuyeckoe obecrneyeHne pexmnma «[BukeHue»
ncnonb3yeT MeToabl WCKYCCTBEHHOIO WHTENMEeKTa, YTO [aeT BO3MOXHOCTb MNPUHUMATb
peweHus ob ynpaeneHun TpyaHo dopmanm3yemMbiMn 3Hepro3aTpaTaMm CUOBON YCTaHOBKU C
YY4ETOM U3MEHEHWS BHELLIHMX YCMOBMI 3KCNyaTaumMm aBTomoouns.
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NMOXAPHASA OMACHOCTb ENEKTPO U TMBPUOHbLIX ABTOMOBUINEN

FIRE HAZARDS OF ELECTRIC AND HYBRID VEHICLES
Mikhail Kravtsov ', Alexey Bazhinov 2

Abstract. The fire hazard of some materials used in electric and hybrid cars is shown. Real methods and ways of
eliminating sources of fire hazard in automobiles are suggested. Functions for ensuring reliable protection of
batteries, which are possible by making changes in technological processes in their manufacture, as well as the
use of non-flammable materials, are defined. Special attention in the article is paid to the fire hazard of traction
lithium-ion battery of electric and hybrid cars. The reasons of temperature rise inside the lithium-ion battery,
occurrence of short circuit, fire and explosion in it are considered in detail. Real measures of protection, localization
and elimination of fire inside the lithium-ion battery are given.

Keywords: hybrid car, fire hazard of materials, electric vehicles, short circuit, explosion, lithium-ion battery.

1. BbBepgeHue:

Mo paHHbiM BOO3 cutyauus ¢ [OPOXKHO-TpaHCNOpTHbIMM cnydasmu (OTM) B Mupe
yxyawaetcsa. CMepTHOCTb B CneacTBMe aBapun Ha goporax Bo3pocna o 1,35 mnH niogen 3a
rog, a aTo B cpeaHem okono 3700 neTtarnbHbIX CriydaeB exeaHeBHO npoucxogsawmx, o 50 mnH
nogen nonyyarT TpaBMbl, OXOMM, a CyMMapHble 3KOHOMUYeckue 3atpatbl npesbiwatoT 500
mnpg gonnapoB. OrpoMHble YObITKA, KOTOPblE HAHOCUT rOCYO4apCTBEHHbLIA TPaHCMOPTHbLIN
TpaBMaTu3M, NO3BONSAET OTHECTU ero 4O OOHOro U3 OCHOBHLIX Yrpo3 coBpemeHHocTH [1]. K aTon
ypes3Bbl4aHOW cuTyauun, csasaHHoW ¢ LTI OTHOCATCA BO3HMKaKOLWME NpU 3TOM MNoXapbl U
B3PbIBbl TPAHCMOPTHLIX CPEACTB.

AHanuanpysa  MNOXapHyl  OMacHOCTb  OObIYHbIX  (KapOwpaTopHble,  Au3enbHble)
TPaAHCMNOPTHbLIX CPEACTB, O3NEKTPUYECKMX W TrMbpuaHbIX aBTOMOOWUNEN SKOMOrK, MEeOVKM,
cneumnanucTbl No 6e30MNacHOCTU XN3HEeLEATENBbHOCTU N OKpYXKaloLWen cpeabl, noxapHsle n ap.,
ocoboe BHUMaHME yOensitoT KOHCTPYKTUBHbIM OCOBEHHOCTAM TPaAHCMOPTHbLIX CPEeAcTB, WX
“Ha4mMHKe” NEerkoBOCMNaMEHSAWNMUCA U TOPHYUMM MaTepuanamu. Tak, Ky30B U 3NeMEHThI
aBTOMOOMNS COCTaBMSAOT HE MEHbLUYKD ONacHOCTb. HWXHAS YacTb Ky3oBa, NyCTble Kpbifbs,
aBepun, OaraxHoe oTgeneHne nokpbiBawoT OuTtymom. Lymounsonsums ocyuiecTtsrnsieTca
HaKneeHHbIMM Ha NaHenu Asepen ropMpoBaHHbBIM KAPTOHOM, a KpbIlla — MOPOSIOHOM, KanoT -
NCKYCCTBEHHOM KOXen ¢ BownnokomM. OBwmBKa BHyTpeHHero obbema Ky3oBa BbIMOSHEHA U3
TEKCTUNS, HaTypanbHOW LWKYPbl, NOSIMBUHUNXNIOPUAHOW NAEHKM, NIacTMka u T. M.

2. N3noxeHwe:

Moxapbl, BO3HMKalOWME B TPaHCMOPTHbIX CpeacTBaxX, - OYEeHb OMacHoe sBrieHue,
npegcrasnsowee 60MbLUYO Yrpo3y AN XU3HU BOOUTENEN, NAaCCaXmnpoB, HAceneHnsa ropoaos,
HaceneHHbIX MYHKTOB W Xxunuw, ntogen. Mo cratnctuke, rmbpuaHble TpaHCMNOPTHbIE CpeacTBa
ropAT 4Yawe MO CPaBHEHUIO C 3JNEKTPUYecKUMn u BGEH3MHOBbLIMKM aBTOMOOMNAMU, BMeECTe
B3ATbIMMU.

MoxxapHas Ge30nacHOCTb TPAHCMOPTHLIX CPEACTB 3aBUCUT OT MNpaBUilbHbIX OENCTBUN
NHXXEHEPOB, KOHCTPYKTOPOB, TEXHOSIOOB M MPOEKTAHTOB KOTOPbIE BbIMOMHUAN HAOEXHYIO
paboyyo 1 TEXHUYECKYHO Cpeay B CUCTEME anekTpoobopyaoBaHus, Y3noB, arperatoB 1 Apyrux
CUCTEM TPaHCNOPTHOrO CpeacTBa.

[ns BO3HMKHOBEHMSI MOXapa B TPAHCMOPTHOM CPEeACTBE HYXEH AOCTAaTOYHO MOLLHbLIN
TENnoBOW UMMNYSbC KOTOPLIN NOBMEYET HAarpeB BELECTBa UM MaTtepuana 1 noeneyeT 3a cobon
BocnnameHeHne. OueHka NoXKapHOM OMacHOCTU ANeKTpoobopyaoBaHMs OOMKHA ObiTb CBA3aHa
C OLEHKOM TEensoBOro HarpeBa OTAENbHbIX 3IEMEHTOB, Y3M0OB W arperatoB TPAHCMOPTHOrO
cpeacrtea [2].

C pocTtoMm Konu4yecTBa BbIMYLEHHbIX 3NEKTPOMOOMNIEN, pacTeT KONMMYECTBO MOXapoB B
3TUX TPaHCMNOPTHbLIX cpeacTBax B abCoOMTHOM W OTHOCUTENBHOM 3HayeHusax.  [loxapbl
aneKkTpomobunen MMerT APYrov xapakTep MX pasBUTUS, YBENUYMBAKOT KONIMYECTBO BbI30BOB
NnoXapHbIX nogpasfeneHni, aBapunHbiX, MEOULMHCKNX N OPYrMX cnyx6, yTBepXaalT aBTopbl
aToun ctatbm [3].
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Llenbto ctatbn ABNSIETCS HAXOXAEHUE MPUYMH KOPOTKUX 3aMblKaHUA B TAMOBbIX NUTUR-
MOHHbIX aKKyMyrnsTopax TPaHCMOPTHbIX CPeacTB U pe3ynbTaTOB  WUX BO3HUKHOBEHWUS;
TEXHUYECKUX PEeLIEeHUA MO TYLEeHUIO MOXapoB, B3PbIBOB B 3aKPbITOM 0O0beme, KoTopble
NPUBOOAT K pPaspyLUEHU0 U YHUYTOXEHWIO. AHanmM3 HEKOTOpbIX MaTepuanoB Ky3oBa
TPaHCNOPTHOIO CPeACTBA C LENbo OnpeaeneHns nx noXxapHom onacHOCTH.

N3BeCTHO, YTO B 9NEKTPUYECKMX U TMOBPUOHBIX TPaAHCMOPTHLIX CPeAcTBax OCHOBHbLIMMW
9HEpPreTMYEeCKUMM ANeMEHTaMM ABNAIOTCA TAroBble akKyMynsaTopHble 6aTapen (Kak B 0ObIYHbIX
aBTOMOOUNS - TONNMBHLIN 6Gak). Bo Bpemsi 3apsgkm 3TUX akKKyMyNATOPOB, WMOHbI JIUTUS
nepemeLLanTCca Yyepes ANeKTPONUT N BHeOPSIOTCA B KPUCTANNMYECKY0 pelleTky rpaduTta Ha
aHoge o6pasys coeguHeHue rpadwmta nutua LiC6. Bo Bpemss paspsga NUTUR-MOHHOTO
aKKyMyrnsitopa nNpoMCXoanT OBpaTHbIN TEXHOSOrMYECKUA MPOLIECC - MOHbI NIUTUS OT aHoaa
OBWXYTCA K Katody (OKMCNUTEN0), BO BHELLUHEW Uenn K KaTody OBWXYTCS 3MeKTpOoHbl. B
pesynbTaTte 3TOro Npouecc npuobpeTtaeT anekTpuyecky HentTpanbHocTb [3]. Cxema paboTbl
NNTUIN - NOHHOTO akKyMyrsiTopa npuBedeHa Ha puc. 1.

Ha pucyHke 1 BMOMM Kak Ha OTpuLATENbHOW 3MEKTPOAHON MOBEPXHOCTU YrnepoaHom
MaTpuubl B pe3ynbTaTe 3Ha4YuMTENbHOro nepesapsga akkyMynatopHou 6atapen npoucxogut
oCaXpeHne MeTannuyeckoro nNutus (B BUAE MENKo pasgpobneHHOro MOLUMCTOro Oocafka),
nmetowero GOnbLUYD pPeakuMOHHY CMOCOBHOCTbL K dnekTponuTy. Ha nonoxutensHom
anekTpoae (puc. 1 n 2) BgMm Ha4vano akTMBHOMO BblAENeHus Kucrnopoaa BHYTpu 6aTtapen, 4to
NnoBnekno 3a cobon WHTEHCUMBHOE BbliAENEHMe Tenmna, MOBbIWEeHNe  OaBreHus,
pasrepMeTusaumio akkyMmynaropa u ero BosropaHue (puc. 2).
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®ur. 1. Cxema poboTbl NMUTUA-UOHHOTO akyMynaTopa
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®dur. 2. Cxema paspsga v 3apsga NMTUR-MOHHOMO akymyrnsitopa

CepbesHyo onacHOCTb NpeAcTaBnsieT 3aropeBLUMACA METANIMYECKUA NMNTUN (XUMUYECKUI
cumBon - Ar, xumuyeckun anemeHT 18- rpynnbl TpeTbero nepuoga nepuogmyeckon CUCTeMbl
J1. 1. MeHgeneeBa, ¢ aTOMHbIM HOMepoM 18, NpocToe BELLECTBO, MHEPTHbLIN OQHOATOMHbIN ras
6e3 uBeTa, BKyca M 3anaxa, SBNAeTCA TpPeTbMM MO pPacnpOCTPAHEHHOCTU XUMUYECKUM
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3aN1eMeHTOM BO3ayxa 3eMHon atmocdepbl (nocne asoTa u kucnopoaa) - 0,93% no obvemy. [Ans
3(PPEKTUBHOIO TYLLEHUS NUTUA MNPUMEHEeHue ObblYHbIX CpeacTB TyweHusa orHa (Boaa,
XMMUYeckas neHa, OUOKcua yrrepoaa, ranoreHonpovsBoaHble yrnesogopoabl U T. 4.) TONbKO
YCUNMBAIOT €ro ropeHne u npuBogaT K B3pbiBy. [lpu Temnepatype Bbiwe + 950 °C nutuin
ObICTPO pa3pyLlaeT CTeKNOo, KBapL, 6€TOH, OrHeynopbl, pearupyeT C NeCKOM.

JIntnin roput B atmoccepe asoTa M guokcuaa yrinepoga 6e3 kucnopoga. HeBO3MOXHO
TYWUTb NfaMma NUTUA MOPOLLUKOBLIMUA OFHETYLUUTENAMMU, fydle Ans 3TOro UCnonb3oBaTb
orHeTywawme coctasbl [1C-1 n [C-2, ogHako BO MHOMMX WHCTPYKUMAX WX OLUMBOYHO
pekoMeHAOylT Ans TyWeHUs LWenoyvHbix MeTanmnoB. [opawmn nnutun MoXHO 3PdEKTUBHO
TYWUTb, BbLITECHMB BO34QyX W3 oO4ara [FOpPEeHMs aproHOM - 3TO Haunyywui cnocob
noxxapoTtyLueHus [3].

PaccmaTtpuBass nopbl cenapatopa NUTUN-MOHHOIO akkymynstopa (puc. 3) BuauMm
obpasoBaHne cpeabl B BUAE OrPaHUYEHHbIX 3NIEMEHTOB NPOCTPAHCTBA, HanNnpUMep LIAapuKoB, B
KOTOPbIX BO3MOXHO COAEpXaHWe B HUX MHEPTHOrO rasa, Hanpumep aproHa, nog atMocepHbIiM
AasneHvem. O6onodyka 9MNEeMEHTOB  OrPaHMYEHHOro  MPOCTPAHCTBA  BbINOSIHEHA M3
NerkonsiaBkoro mMatepuvana, a nopbl cenapaTtopa pasmepamu BbIMOMHEHblI Gonblie pasMepoB
WOHOB NuTunA [4].

®ur. 3. Cxema 3awmThl Li-ion akymynaropa: 1— wapuku ¢ Ar-aproHom; 2— nopbl cenaparopa

BHYTpU NUTUN-MOHHOrO akkyMynatopa MPOUCXOAMUT 3K30TEpMUYeckas peakums C
BblAerieHMem Tenna, n korga temnepartypa gocturaet +180 unmn +2000C, maTepuan katoga
BCTynaeT B peakuui C BblOENEHMEM KUCropoda, YTO MNPUBOAMT K CaMOBOCMIaMEHEHUIO
noxapoonacHon cmecu. Takum obpasom, Ans NoXxapoTyLeHWUs ucnonb3yTes wapukn 1, (2 -
nopbl cenapaTtopa), BCMeACTBME paspylleHns ux o00O0MnoyYkn noa [AeWCTBUEM  BbICOKOW
TemnepaTypbl pa3pyLlaeTca U NOCTynaeT MHEPTHbIN ra3 - aproH (puc. 3). BHyTpeHHee kopoTkoe
3aMblkaHWe, 3TO 0dHa M3 NPUYMH NoXapa NUTU-MOHHOIO akkymynaTopa. BHyTpu akkymynaTopa
TemnepaTypa nosbiwaeTtca ot +70 go +900C, npu 9TOM MOHOMPOBOAHbLIN 3aLUUTHBIA CIOW Ha
aHoJe HauduHaeT pasnaratbCd U paspywartbes. [pn 3TOM NUTUIA, KOTOPbIN BCTPOEH B aHOA,
BCTynaeT B OypHyl peakuuio C BblgeneHveMm (obpasoBaHWeM) yrnepoaHO-BOAOPOAHBIX
coeIHeHWU B COCTaBe: 3TaHa, MeTaHa, 3TuneHa, NpeacTaBnsalLwmMx cobon B3pbIBOONACHYHO
CMecCb, KOTOpasi Noka He BOCNaMeHsAeTCsa BCrneacTBme OTCYTCTBUA Kucropoaa [4].

BHYTPU NUTUA-MOHHOIO akKyMynaTopa MNPOUCXOAUT 3K30TEpMUYeckas peakums C
BblAerieHMem Tenna, n korga temnepartypa gocturaet +180 unn +2000C, maTepuan katoga
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BCTynaeT B peakuuio C BblOENEHMEM KUCNopoda, YTO NpPMBOAMT K CaMOBOCMII@MEHEHMUIO
noxxapoonacHon cmecu. Takum obpasom, Ansa noxapoTyLeHus ucnonbayTtcsa wapukn 1, (2 -
nopbl cenapaTtopa), BCMeACTBME pa3pyleHna ux o0O0MnoyYknm noa AeWCTBMEM  BbICOKOW
TemnepaTypbl paspyLwlaeTcsi U NOCTynaeT MHEPTHbIN ras - aproH (puc. 3).

JNlyqywee TexHunyeckoe peleHne K 6e30MacHOCTU NUTUN-MOHHOMO akKyMynaTtopa, 37O
NnoBbIlLEHHAs €ero 3awuTta OT CaMOBO3ropaHuMsi W [axe W3 OrpaHUYEHHbIX 3NIEMEHTOB
NpoCTpaHCTBa CenapaTtopoB, TO €CTb LAPUKOB B pe3yrbTaTe paspyLlleHus ux oBOonoYku noA
AENCTBMEM BbICOKOW TemnepaTypbl, KOTOpasi MNOBbILAETCA BO BHYTPEHHEM MPOCTPaHCTBE
aKKymynsitopa, 1 NoCTynaeT MHEPTHbIN ra3, HaNnpPUMep aproH, KOTOpPbIM HAXOAUTCA B ANiEMEHTax
OrpaHMYeHHOro NMpPOCTPaHCTBA - B LUAPUKM NMOA Hag aTMocdepHbIM gaBrneHvem. BcneacTteue
3TOro BHYTPEHHEEe NPOCTPaHCTBO akKyMynsiTopa 3arnosfiHAETCA MHEPTHbIM ra3oM, aproHoM, eLle
00 NosBNeHus Kucrnopoga, To ecTb Korga TemnepaTtypa yxe pgocturaet +180 nnu +2000C um
mMatepman kaTtofa, BCTPOEHHbIN B KpuUCTanmn nUTUSA, BCTyNaeT B peakumio C BbleNeHneM
kncropoga. [lpyM 3TOM 3anonHEHME BHYTPEHHEro MNPOCTPAHCTBA aKKyMynaTtopa WHEPTHbIM
ra3omMm - aproHOM MPOUCXOAMUT paHblle, Yem obpasyoTcsa YCrnoBUA CaMOBO3ropaHus U B3pbiBa
NnoXKapoornacHoONW CMeCWU JIUTUM-UMOHHOIO akKymMynatopa B BuAe COEAWHEHWW 3TaHa, MeTaHa,
aTUneHa u, TakMm o6pasoM, akKyMynsiTOp HaAeXHO 3alumuiaeTcss OT CaMOBO3ropaHunsa U
B3pbliBa, TO eCTb 06ecneymBaeTCs NOBbILLEHME €ro NoXXapHon 6esonacHocTu [2-4].

3. 3aknroyeHue:

MoXHO yTBepXaaTb, YTO NPeaoTBPaTUTbL B3PbIB M NOXap JIMTUN-MOHHOIO akKymynsTopa
BO3MOXHO TOSIbKO MpX 3anosfiHeHWEe BHYTPEHHEro MNpPOCTPAHCTBA aKKyMynaTopa WHEPTHbIM
ra3som - aproHom, 4Yto obecneynBaeT HaOEXHYHO 3aLUUTy TArOBOM akKyMynsiTopHon GaTapeun ot
CaMOBO3ropaHus 1 B3pbiBa, a TakKe NP BbIMOSTHEHNUN MHCTPYKLUMIA MO MX 3Kcnnyataumu. Jintmn-
NOHHbIE aKKyMynATOpbl NpU nepesapsae M He A0 3apsae MMEeKT OCaXaeHue MeTanmyeckoro
nMtMs (B BMAE MeNKo pas3gpobneHHOro MOLWMCTOro ocafka), YTO OonacHO WM nposoumpyeT
BO3HUKHOBEHME KOPOTKOrO 3aMblKaHUsl, NoXXapa Unv B3pbiBa B HEM.

Bo nsbexaHne aTnx HeratuMBHbIX (PAKTOPOB HEOOBXOAMMO WMCNOMb30BaTb MPEANOXKEHHYIO
3aWNUTY NIUTUA-UOHHBIX U OPYrMX BUOOB aKKyMyIsiTOPOB €LUe Ha CTagun MX U3rOTOBIIEHUS U
BHeOpPEHMs K noTpebutensam.
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BJIMAHUE HA CbCTOAHUETO HA HATOBAP BbPXY PA3XOOA HA
FOPUBO 3A JNIEKKU ABTOMOBUITU HA CUMYINTALUMOHEH CTEH[

BNUAHUE HAMPY304HOIO PEXMMA HA PACXOA TOMJINBA AJIA
NErKkoBbiIX ABTOMOBUITIEU HA UMUTALMOHHOM CTEHAE

INFLUENCE OF LOAD CONDITION ON FUEL CONSUMPTION FOR
PASSENGER CARS ON A SIMULATION STAND

Sergy Krivoshapov ', Yurij Gorbik 2, Aleksandr Nazarov 3

Abstract. A mathematical model is proposed for calculating fuel consumption depending on the load mode and
vehicle speed. The algorithm and results of calculating fuel consumption on a simulation stand when the load on
the vehicle wheels or drums on the stand changes. The results of experimental studies of vehicle fuel efficiency on
a simulation stand are presented. Conclusions were drawn and recommendations for work were developed.
Keywords: vehicle, operating conditions, modeling, fuel economy, consumption of fuel, efficiency,

1. BbBepeHue:

CoBpeMeHHble  reononuTuyeckne npobnembl  TPeOylT  B3BELUEHHOW  MONUTUKM,
HanpaBfiEeHHOW Ha 3aHepreTudeckyro 6e3onacHOCTb CTpaHbl. NS 9KOHOMMKM BbIFOAHO, 4TO6
LeHa 3a TonnmMBa COXpaHsiNacb Ha HU3KOM YPOBHE, MOCKOSbKY 3TO OKa3blBaeT BMAWSIHME Ha
cebecToMMOCTb MepemelleHns ToBapoB M Nnogen no crtpaHe. Cenyac cpegHsass CTOMMOCTb
ansenbHoro tonnmea B bonrapum coctaenset 1,39 eBpo 3a nutp, a 6eH3nHa — 1,58 EUR/n.
OTO [0CTaTOMHO XOpoLwMe nokKa3aTenn OTHOCUTENbHO APYrMX €BPOMNENCKUA  CTpaH.
3HauunTenbHbIE 3anacbl 3HEPropecypcoB NO3BONAT bonrapum YyacTb ToNNMBa 3KCNOPTUPOBATL
B YKpanHy, noMoras BbKMBaTb B CIOXHbIX YCNOBUSAX.

ABTOMOGUNBbHBIM TPAHCMOPT OCTAaeTCA OCHOBHbIM NOTpebuTenem TOMMAMB HeMTSAHOro
npoucxoxageHna (6eHsnH, gusenb, LPG). He cmopsaT Ha Bo3pactawwunm Ccnpoc Ha
anekTpomobunu, 4o NONHOW 3aMeHbl aBTOMOGUNEN ¢ aBurateniemM BHYTPEHHErO CropaHus ewle
aaneko. Noatomy HeobXxoaMMO KOHCTPYKTUBHBIMU UMM 3KCMNSyaTauUOHHBIMU MYTAMU CHUXaTb
pacxod TOMnMBa AN HOBbIX aBTOMOOUNEN W ONs TPaAHCMNOPTHbIX CPEeACTB, KOTOpble YXe
HaxoA4ATCsa B 9KCnnyaTauuu.

TonnueHass 3KOHOMWYHOCTb MalUMHbI 3aBUCUT OT MHOMMX (PaKTOPOB: 3TO TEXHUYECKME
XapaKTepPUCTUKN aBTOMOOUMSA, Harpy304YHblE U CKOPOCTHbIE PEXMMbI OBUXEHUS, TEXHUYECKOE
COCTOSIHME N KayeCcTBO 0OCNyXuBaHUA, kBanudunkaumsa sogutens. dpdeKTMBHaa opraHm3aumns
TEXHOSIOrMYEeCKOro  npouecca  MO3BOMSIET  COKPaTUTb  U3OEPXKKM  HepauuoHanbHOro
NCNONb30BaHMSA 3HEPreTUYEeCKOro pecypca Ha TpaHcnopTe. 3HaYMTenbHO TpyAHee ynpasnATb
pexnmamMn OBMXKEHUS aBTOMOOWNSA, KOTOpblE€ MOCTOSAHHO MEHSHTCA B PasfvyHbIX YCIOBUSX
aKcnnyaTauuu,

Bo MHormx nccnegoBaHusix NPUBOAMTLCS 3aKOHOMEPHOCTU BIIMSIHUST CKOPOCTb ABMXKEHUSA
aBTOMOOMNS Ha pacxoq TonnuBa. 3HAYUTENbHO pexe BcTpevawTcsa paboTbl, rae
paccMaTpmBaeTCs BIIMSIHME HArpy304HOro pexmma Ha U3MeHeHne pacxoga Tonnuea.

TonnNMBHYO 3KOHOMMWYHOCTb aBTOMOOMMAS MOXHO KOHTPONMpPOBaTb HENOCPEACTBEHHO Ha
gopore unnm Ha cTteHge ¢ OeroBbiMn OapabaHamu, KOTOPbIA MNO3BOMSAT MMUTUPOBATb
3KCNnyaTaunoHHbIE YCNOBUS ABWXKEHUA. [pnyeM npy UMUTALMOHHBIX UCMbITAHUAX Ha CTeHAe C
BeroBbiMn 6apabaHamn HeobxoanMMO obecneunTb Takme Harpy3oYHble PeXMMbl, YTOObI pacxon
TOonnMBa OblT TOXXAECTBEHEH AOPOXHBIM YCNOBUSAM. PacyeT pexxmMMmoB MOXeT ObITb NpoM3BeaeH
Ha OCHOBE MaTtemMaTU4eCKMX MOAESNN, MOCTPOEHHbIX HA NPUHLUMNAax Teopumn nogobus, cobnogas
ycrnosua obecneveHns pasHoobpasnsa KOHCTPYKTMBHbBIX U SKCMNyaTauMOHHbIX (0akTopOB.

2. N3noxeHwme:
TeopeTnyeckne OCHOBbI MaTeMaTMYEeCKOro MOAENMPOBaAHUS SKCMyaTauMOHHbIX CBOMCTB
aBTOMOOUNST ObINM  3anoXeHbl MccnegoBaTensMU €le B MNepBOW MOMIOBMHE MPOLLSIOro
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cronetusa. Akagemuk Yypakos E.A. npeanoxun 3aBUCUMOCTb AN onpefenieHvs nyTeBoro
pacxoga TonnuBa 4Yepe3 YyAesibHbIn WHAMKATOPHLIA pacxod M  MOLWHOCTb aBTOMOOMNA.
Mpodeccopom NoBopyLweHKo M.A. Bbinn 3anoXeHbl OCHOBHbIE MPUHLMMbLI OLEHKM TOMSIMBHOM
9KOHOMMYHOCTWN aBTOMOOUMSA B pearbHbIX YCrnoBusax akcnnyatauum [1]. JanbHenwee passutue
MEeTOOUKM pacyeTa pacxoda TonnMBa Yepe3 pasfnuyHble rokKasaTenn OoTpaXeHbl B
nocrnegywowmx paboTtax: no yaenbHbiM nokasatenam [2], no Ko3IPULMEHTY MOMe3HOro
AENCTBUSA B OCHOBHbIX arperatax aBtomobuns [3], ¢ y4eTOM HEepaBHOMEPHOCTU ABWXEHMUS
aBTomMObOuUns Ha gopore [4], N0 N3MEHEHUID MHANKATOPHOro pacxoaa tonnmea [5]. B paboTax [5
M 6] npuBedeHbl LWarn npakTUYecKoM peanusauum HOBOW  METOAUKM  OLEHKA U
ANarHoCTMpoOBaHMA aBTOMOOUNS NO pacxody Tonnuea, a B pabortax [6 u 7] paccMOTpeEHbI
0COBEHHOCTN M3MEepPeHUst pacxoga TonnvMBa BO BpPeEMS CTEHAOBbLIX UCMbITaHUSX Ha 6eroBbix
bapabaHnax.

3anunwem unCcxodHoe YpaBHEHWE ANs MaTeMaTU4yecKoro MOAEeNMpoBaHUSA pacxona
Tonnuea asTomobunsa B n/100 km [3]:

360-N
0= A (1)
I/a : pt ’ HH .77(1
rae N, - MOLWHOCTb Ha konecax aBTomobuns, KBT; V, - ckopocTb aBToMObUNA, KM/Y; o, -

MMOTHOCTb TOMMUBA, r/cm3; H, - Hu3Wasa Tennota cropaHusi, kx/kr; n, - Ko3OUUMEHT

NnonesHoro AencTBma asBTomobuns.
B dopmyne (1) ucnonb3yetca MOLWHOCTL Ha Komnecax asTomobuna (N,), T.e. Ta

MOLLHOCTb, KOTOpPas 6y,u,eT B NMATHE KOHTAKTa KoJieca C OI'IOpHOVI NOBEPXHOCTbLIO. 3Ty MOLLIHOCTb
cnepgyet oTnnM4yaTtb OT MOWHOCTU, KOTOpasa noaBoOUTbCA K KoNlecam aBToMObUns co CTOpPOHbI

asuratens (N, ).
MowHocTb Ha Konecax aBToMobuns (N, ) 6yaeT yuntbiBaTh NOTEPU B LUMHAX M Konecax, a
Takxe noTepu B MOABECKU W ApYrUX anemMeHTax xofosow uyactu [1], Toraa N, =N, -n,. lNpn

Takom nogxoge KI14 astomobuna MoOXHO OyaeT npeacTtaBUTb Kak npoumsBeneHus 4-x
koacpdpuumneHtos [8]: mHaukatopHoro (7,) n mMexaHunyeckoro (n,) Krph psuratena, KA

TpaHcmucenu (7, ) ¥ Konec (7, ) aBTomobuns:

M =10 My Moy M- (2)

B tabnuue 1 npmuBeaeHbl pacyeTHble 3HaveHus Bcex KI[, npuBeaeHHbIx B doopmyne (2),
KoTopble ObInn paccumTaHbl o metoauke [8] Ha npumepe aBTomobuna BA3-2101.

Tabnuua 1. Pesynbtathl pacyeta coctaBnsowmx KM astomobuns BA3-2101

Va, KM/ ni Nm Nmp N« Na
20 0,268 0,500 0,905 0,380 0,046
40 0,284 0,579 0,796 0,489 0,064
60 0,312 0,687 0,737 0,604 0,096
80 0,341 0,784 0,727 0,699 0,136
100 0,336 0,854 0,740 0,770 0,164
120 0,222 0,900 0,759 0,822 0,125

Kak BngHo n3 pacdetoB KI[ aBTOMOOGUNS C yBENMYEHMEM CKOPOCTU YyBENM4MBaETCH,
MOCKOMbKY Ha 3TUX peXumax yMeHbLlaeTCsa pacxof TonnuBa M yBerMyuMBaeTCd MOLLHOCTb
asuratens. MakcumanbHoe 3HadeHue Kl gna atoro aBtomobunsa coctaBut 0.164 npwu
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ckopoctn 105 km/4. NHgukaTopHbin KM asuratens ABnsieTcsa camon HU3KOW cOoCTaBndaloLen
obuwero K asromobuns.

MowlHocTb Ha konecax asTomobuns (N,

CUCTEMON MMUTAUMOHHOrO cTeHga ¢ 6eroBbiMm GapabaHamu, NOCKOMbKY, €CNN HE YYNTbIBaTb
npockanb3bliBaHWA WKH 1 6apabaHoB cTeHaa, 9Ta MOLLHOCTb NnepegaeTcs CamoMy CTEHAY.

Ycnosus [9] TpebytoT, 4TO6 cnnoBoe BO3AENCTBME NPU OBMKEHUN aBTOMOOMNS NO gopore
M Ha WUMUTALUMOHHOM CTeHAe Obinn OAMHaKOBbIMWU. YCMOBUE «3KBMBANEHTHOCTU» Harpysku
Oynet cobnogaTtbes, ecnu 6yaeT BbINOAHEHO cnegytoulee ycrnosus [1]:

) MoxeT ObiTb onpegeneHa M3MepuUTENbHON

P =G, (f+i)+0.077-kF -V, =G, fy+ P+ P, , (3)

rae G, - Bec aBTomobuns, H; f - KOapdUUMEHT CONPOTUBMEHUS Ka4YEHUIO Koreca Ha
nopore; i - YKNOH goporu; kF - caktop o6Tekaemoctu, Hec’/M?; G, - Bec aBTOMOGUNS,
NPUXOAAMXCA Ha Ty OCb aBTOMOOWNSA, KOTOopas B3aMMoZencTByeT co cTteHgom, H; f, -
KOS PULMEHT COMPOTUBNEHNA KaveHuto koneca no 6erosbiM 6apabaHam cteHpaa; P, - cuna
MeXaHU4eCKVX noTepb B CTeHae, H; P, - ycunme TOpMO3HOro MexaHusma ctenaa, H.

dopmyna (3) He yunTbIBaeT AMHaMNYECKMEe N3MEHEHUS CKOPOCTN aBTOMOBUNS.
Torga TOXAECTBEHHOCTb MOLLHOCTM Ha dopore U Ha cteHae byaet obecneyeHo, ecnu
peanu3oBaTtb CneayoLwmnn 3aKoH U3MEHEHUS TOPMO3HOro ycunus Ha ctenge [10]:

By =GCn f-G3-(f6-)+G, i+ P, ~F, (4)

rae G, u G, - Bec aBTOMOOWUNSA, NPUXOAALErocs Ha MepedHIol W 3afHI ocw,

COOTBETCTBEHHO, H; 1?1,:0.077-kF'Va2 - cuna, 3aTpayMBaeMass Ha npeoforeHne

conpoTueBneHus sosgyxa, H.
MoLHOCTb Ha Konecax aBToMmobunsa cBsidaHa ¢ CUNOBbLIM BO3JENCTBUEM TaK:

N =I)k.Va'77k

e =3V—“6(Ga~i+0.077-kF~V02). (5)

BbinonHum pacyeT pacxoga Tonnuea Ha npumepe aBTomobuns BA3-2101. [Ina pacyeTta
ObInM NpUHATLI cnegylowme ncxogHole AanHble: G,= 10100 H (cHapskeHHas macca 955 kr ¢

yyeTom Beca Bogutens 75 «r); V. =145 kmM; «,=0.85; k= 0.38 Hec?m* B ,=1.61 wm;
H,=1.44 m; p,=0.76 rlcm®; H, =44000 kx/kr.

B tabnuue 2 npencraBneHbl pacyeTHble 3HadYeHus obwmn Kl aBTomobuns, MOWHOCTb
Ha konecax aBTomobuns (Ha 6eroebix 6apabaHax cTeHaa) n pacxopg Tonnuea.

Tabnuua 1. Pesynbtathl pacyeta pacxofa tonnvmesa astomobuna BA3-2101

Va, km/rog Na P«H Ne, kBT Q, n/100 km
20 0,046 755,6 0.69 20.03
40 0,064 458,5 2.15 10.37
60 0,096 451,8 5.14 7.79
80 0,136 552,1 10.05 7.35
100 0,164 723,1 18.82 8.66
120 0,125 1235,0 31.05 15.96

M3 pesynbTaToB pacyeTa BWOHO, YTO MWHUMAarbHbIA pacxoq Tonnuea And 3TOro
aBTomobuns cocrtaendet 7.31 n/100 km npu ckopoctn 75 Km/4. MoOLWHOCTE Ha Kornecax
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aBTomMobOuNs (Ha 6apabaHax cTeHga) C yBENMYEHNEM CKOPOCTM TaKKe yBENNYMBAETCS.
MoactaBsnas B oopmynbl (1), (3), (5) 3HaYEHUsT TEXHUNYECKNX XapaKTEPUCTUK KOHKPETHOIo
aBTOMOOUNS MOXXHO MONYYMTb YNPOLLUEHHbIE POPMYbl AN pacveTOoB:
— curna Ha Konecax astomobuns P, , H:

14651

P, +0.058-7,%; (12)

a

— MOLLHOCTb Ha Konecax aBTomobuns, kBT:

N, =14.04-V,+0.016-V," ; (13)
— pacxog Tonnuea, n/100 km:
o= 00N (14)
Ve-n,

Mo nony4eHHbIM pacyeTHbIM AaHHbIM Oblla NocTpoeHa rpaduyeckas 3aBUCMMOCTb
N3MEHeHUsa pacxofa TonnmMBa OT Harpysku Ha Korecax aBTomMobuns, koTopasa nsobpaxeHa Ha
pUCyHKe 1 XUPHOW NUHMEN. Ha 3ToM >Xe PUCYHKEe MNYHKTUPHOW IMHMEN npuBedeH rpaduk
pes3yrnbTaToB 3KCNEPUMEHTANbHOro UCCrefOBaHNA ANa 3TOM Mapku aBTomMobuns.

13

12 1

Pacxop TonnmeBa Q, n/100kMm.
©
1

Harpyska cteHga Ng, kBt

®ur. 1. MNpadukmn pacxoga Tonnmea B 11/100 KM B 3aBUCMMOCTHM OT NMOrpy3KM Ha Koriecax aBTomoouns

[nanasoH M3MeHeHUs HarpyskuM B 3KCNepuMeHTarnbHbIX nccnegoBaHusax (ot 7 go 20 kBT)
onpeaensanca TEXHNYECKMMN BO3MOXHOCTAMM CTeHaa ¢ 6eroBbiMn 6apabaHamm, HA KOTOPOM
NPOBOANMNCH UCMbITAHUA.

Kak BMAHO M3 rpadmka, norpyska Ha konecax aBTOMOOUNS HEOOHO3HAYHO BNUSAET Ha
pacxog Tonnuea. B agnanasoHe MOLLHOCTU Ha Konecax aBTomobuns ot 1 kBT go 7 kBT pacxoq
TONMMBA CHWXAETCA C YBENMYEHUEM Harpyskum Ha Konecax aBToOMoOuns, a npu yBennyeHuu
MOLLIHOCTWN Ha Konecax oT 8 kBT n Bbilwe pacxod Tonnvea Bo3pacrtaeT. [Ans asTtomobuns BA3-
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2101 MMHUManbHbBIA pacxod TOMNMBa COOTBETCTBYET Harpy3ke Ha konecax, paBHon 7 kBT, aTo
COOTBETCTBYET CKOPOCTU 75 KM/M.

OTKNOHEHNE TEOPETUYECKOM M IKCMEPUMEHTANBHOW XapakKTepUCTMKM aBTomMobuns BAS-
2101 coctasnseT 8 %.

3. 3akntoyeHue:

MuHumanbHbI pacxog Tonnuea gns asTomobuns BA3 2101 npuxoguTtcs Ha AvanasoH
ckopocten ot 70 go 80 km/4. MuHMmanbHbIM pacxoa TonnmBa aBToMobuna BA3-2101 Ha
Aopore COOTBETCTBYET MOLUHOCTM Ha Korecax aBTomobuns, pasHbii 7-8 kBT. [Npn aTon
Harpyske pacxof Tonnuea coctasnseT 7,3 n/100 km. B gnanasoHe Harpyskm ot 8 go 20 kBt
pacxoq TonnvMBa W3y4aemoro aBTOMOOMNA yBennumBaeTCsl, WHTEHCUBHOCTb W3MEHEeHUs
pacxofa Takxe yBerymBaeTCs.

[Mpn cocTaBneHun MaremaTnyeckom MOoAeNnu pacxoga TOonnMBa He YyYuTbiBanuvcb
KOHCTPYKTUBHbIE XapaKTepUCTUKM UMUTALMOHHOIO CTEeHAa, a TakkKe MHaMU4Yeckoe U3MEHeEHue
CKOPOCTHOIO pexuma.
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NOAOBPABAHE HA TOYHOCT TA HA OPUEHTUPA LLOTO YCTPOUCTBO
3A NPOBEPKA HA ABTOMOBWUITHUTE ®APOBE

IMPROVING THE ACCURACY OF THE ORIENTATION DEVICE FOR
CHECKING CAR HEADLIGHTS

lhor Marmut!, Serhii Shestov?

Abstract. The reasons for improper installation of headlights can be misalignment during operation and poor
adjustment of headlights due to inaccuracies in the methods of measuring the angles of headlight installation. The
article analyzes options for the mutual orientation of the measuring device and the car in two mutually perpendicular
planes: vertical and horizontal. The option of orientation of the optical axis of the device for checking headlights using
a roller stand is considered. This makes it possible to increase the accuracy of diagnosing the position of the car's
headlights and increase traffic safety in the dark.

Keywords: headlight installation angles, optical axis, measuring device for headlights.

1. Introduction:

Impaired visibility at night significantly reduces the amount of information the driver
receives while driving, which increases the danger. The analysis of statistical data confirms this
and shows that in the dark time of the day, despite the decrease in traffic intensity to 10...15%
compared to daytime, 40...60% of all accidents occur [1].

The main reasons that worsen driving conditions in the dark are the loss of orientation and
visibility of the road due to insufficient illumination of the road surface, as well as glare from
oncoming traffic. It depends, first of all, on the correct installation of headlights on the car.

The reasons for improper installation of headlights can be misalignment during operation
and poor adjustment of headlights due to inaccuracies in the methods of measuring the angles of
headlight installation. The accuracy of these methods depends on the mutual orientation of the
measuring device and the car in two mutually perpendicular planes: vertical and horizontal.

2. Presentation:

The most common is the orientation of the optical axis of the measuring device in the
vertical plane parallel to the reference horizontal platform. The optical axis is oriented during the
manufacture of measuring devices. When using such devices, the position of the optical axis may
be disturbed due to the deformation of the support struts and the appearance of backlash.

Some measuring devices have the ability to rotate the optical axis in the vertical plane to a
small angle, which is equal to the normative angle of inclination of dipped beam headlights with
European light distribution and fog lights. The angle of inclination of the optical axis is regulated
by adjusting screws and controlled using a protractor. These devices make it possible to achieve
high accuracy of orientation in the vertical plane.

It should be noted that DSTU 3649:2010 [2] stipulates strict requirements for the orientation
of the optical axis of the device in relation to the direction of movement of the vehicle. The
accuracy of the measurement and adjustment of the headlight installation in the horizontal plane
is significantly influenced by the correct choice of the base, that is, the element of the car that
determines the direction of its movement and the relative position of the measuring device and
the car.

There are several approaches to base selection. The first approach is to reduce orientation
time. The measuring device is oriented relative to the longitudinal axis of the car or the axis of the
front wheels. The accuracy of the orientation is at the same time 0, 40°.

The most fundamental is the second approach, which consists in increasing the accuracy
of orientation. Consider a car with a classic layout (with a rear drive axle). The measuring device
is oriented relative to the axis of the rear axle. It is known that the direction of rectilinear movement
of the car is determined by a line perpendicular to the axis of the rear axle. If the chassis of the
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car does not have violations of geometric parameters, then this line is parallel to the longitudinal
axis of the car. However, cars with angular displacements of the rear axles are often used in
operation. In these cases, the direction of movement does not coincide with the longitudinal axis
of the car and is determined with a sufficient degree of accuracy perpendicular to the axis of the
rear axle.

The principle of orientation of the optical axis of the measuring device in the horizontal
plane relative to the axis of the driving bridge is laid down in the design of individual measuring
devices, for example mod. 7523, PF-72 (development of the KhNDU). The measurement of
headlight installation angles using the PF-72 device assumes the installation of the driving wheels
of the car on a roller stand and the orientation of the optical axis of the device perpendicular to
the roller axes, and therefore to the axis of the rear (front) wheels. The device is moved in the
transverse direction along solid guides, parallel to the axes of the rollers. These speeds up the
orientation process and achieves high accuracy in measuring the angles of headlight installation
in the horizontal plane.

The accuracy of the measurement of angles in the vertical plane is greatly influenced by
some features of the interaction of the wheels with the rollers of the stand. When checking the
headlights of different cars, which differ in base, diameter and hardness of tires, the axles of the
front and rear wheels occupy ambiguous positions in terms of height. At the same time, the
direction of the light beam of the headlights is shifted upwards by an undefined angle, which
reduces the accuracy of measuring angles in the vertical plane.

In order to eliminate the error in the orientation of the optical axis of the device, it is
necessary to additionally turn its measuring unit to an angle equal to the angle of the longitudinal
inclination of the car body. The inclination of the body depends on the geometric parameters of
the car and the stand (size and relative location of the rollers).

In order to ensure unhindered entry of the car to and from the stand, as well as to reduce
the length of the unfolded station, the stand is asymmetrical (the rear rollers are installed above
the front ones), and the ramps are inclined. Headlights are checked when the car is in an inclined
position (Fig. 1a).
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Fig. 1. The position of the car with the rear drive axle when checking the headlights on the stand (a) and on the
PDS-L mobile diagnostic station (b)

The structures of the stand, the collapsible overpass of the PDS-L station (developed by
the KhNADU) and the modernized device "Lumatest 25 NET NR Hofmann" [3] ensure their solid
connection and the exact orientation of the optical axis of the device perpendicular to the axes of
the rollers and parallel to the plane of the inclined position of the car, which clearly determined by
the coordinates of the axes of the front and rear wheels 0, i O, (Fig. 1b).

To simplify the orientation of the device in the vertical plane, it is enough to determine the
angle a from the solution of the triangle 0,050,, considering the vertex 0, as the center of rotation
of the car:

a = arcsin(050,/L). (1)
The value of 050, is found from Fig. 1b:
020, =7y = (¥ — h + (%0 + x) - tgP) cos B. (2)

The static radius of the tire under load is determined by the formula

3
Ter = To — G3K,/(9,81- 1072 + p,,), (3)

where r, — tire radius without load, mm,;

K, — constant coefficient characterizing the elasticity of the tire in the normal direction;
G = Gy cos B — normal load on the wheel, N;

p,, — internal air pressure in the tire, N/mm?.
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The accuracy of measuring p,, with available devices is +0,01 N/mm? (+0,01MPa) or +6%
(for passenger cars).
Equation (1) taking into account equations (2) and (3) will be written in the following form:

a = arcsin(ry — (G, cos B)%KZ/(O,981 +pw) — (¥ —h + (xo + x)tgp) cos B)/L.

The coordinates of the wheel axis 0,X and Y are determined from the solution of the
triangle 050,0, (Fig. 2).

Fig. 2. Scheme for determining the coordinates of the axis of the rear wheels
Sides:

3

030, =15+ 15 — N} - K, /(0,981 + p,,); (4)
3
0,0, =15+ 1 — N} - K,/(0,981 + p,,); (5)

According to the results of the experiments, it was established that the coefficient K,
depends on the curvature of the support surface. For further analysis, it is assumed that the ratio
1,235 - K, is typical for all car tires.

The forces N, and N, are determined from the equation of moments about the roller axes:

N; = (Gytga, + H) cos o, /sin(ay + ay); (6)

N, = (Gctga, — H) cosay /sin(a; + o). (7)

The values of the angles a; and a, can be found from the triangle 0;0,0, (Fig. 2). In order

not to correct the position of the measuring block by the angle «, calculated for each specific car

brand during a mass inspection of headlights, it can be fixed at the average value a = 0,33°(20").
3. Conclusions:

The considered variant of orientation of the optical axis of the device for checking headlights using

a roller stand allows to increase the accuracy of their diagnosis. To a large extent, this allows you
to ensure the safety of driving a car in the dark.
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EFFECT OF MIXTURE GASOLINE E-50 ON THE VEHICLE FUEL
CONSUMPTION VAZ-2115

Bezrodnyi Vladimir

Abstract. In connection with the reduction of oil reserves, mankind is looking for new alternative sources of energy
for cars. In this article, the effect of E-50 mixed gasoline, containing 50% ethanol, on the fuel consumption change
under operating conditions on a VAZ-2115 vehicle is considered. The dependence of the change in fuel
consumption in comparison with commercial gasoline A-92 is obtained.

Keywords: Experiment, fuel consumption, car, ethanol, dependence.

1. Introduction:

Due to the decrease in oil reserves, humanity is looking for new alternative energy sources
for cars. This article examines the effect of blended gasoline E-50 containing 50% ethanol on
changes in fuel consumption under operating conditions in a VAZ-2115 car. The dependence of
changes in fuel consumption in comparison with commercial gasoline A-92 was obtained.

2 Presentation:

Motor gasoline is one of the most qualified and expensive energy carriers. To obtain them,
a complex set of technological processes for primary and secondary oil refining is used, as well
as various additives and additives that ensure compliance with modern requirements for the
composition and quality of this type of motor fuel. It is recommended to introduce oxygen-
containing components into gasoline to improve a number of operational properties, including
environmental ones. The most common and widely used are: methyl tert-butyl ether (MTBE),
ethyl tert-butyl ether (ETBE) and fuel ethanol.

In Europe, the problem of biofuel and fuel ethanol in particular lies in line with the main
strategy of the Europeans - preserving the environment and combating global warming of the
planet, which is largely based on the abandonment of oil and gas and the transition to new
renewable types of fuel, including motor fuel. . Europe in ethanol production is significantly
inferior to the USA and Brazil, which account for 90% of world production (2010). It should be
noted that, despite progress in the field of ethanol production, its share is still extremely small
and in 2009 amounted to about 6% of global gasoline consumption.

Today in the world, fuel ethanol is an energy component and replaces more than 1 million
barrels per day; ethanol has become, albeit still weak, but the only alternative to crude oil and
this must be taken into account [1].

The production of biological fuels (bioethanol, ETBE, bio-diesel, etc.) is a priority in global
oil refining. Ukraine, unfortunately, lags significantly behind the EU countries and the USA in this
area. The main reasons for this are:

a) the imperfection of the domestic regulatory framework in the field of regulation of biofuel
production, as well as its inconsistency with European standards;

b) lack of effective structures that would develop and coordinate the biofuel market;

c) lobbies of certain financial and industrial groups;

d) an unprofessional approach to this problem by officials from ministries and departments,
as well as commercial and financial structures, who are unable to give an adequate assessment
of this type of business.

For the past ten years, Ukraine has had state programs “Ethanol”’, a number of other
programs, laws of Ukraine, to stimulate the development of the biofuel market. The example of
such countries as the USA, Brazil, as well as EU countries suggests that bioethanol occupies an
important place in strengthening the energy security of these countries [2].

At KhNADU, studies were carried out on the effect of E-50 biofuel on the technical and
operational performance of a car.

Tests were carried out to determine the following parameters of vehicle fuel efficiency:
control fuel consumption, fuel characteristics of steady-state movement.
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A relatively straight section on the Kyiv-Kharkov highway, two kilometers long, was
chosen.

Fuel consumption was measured on a warm engine in different modes. All tests were
carried out within the limits permitted by the traffic rules of Ukraine. The following test modes
were selected: at speeds of 40, 50, 60, 70, 90 and 120 km/h. The car in 4th gear (close to
straight line, 4th gear ratio 0.94 for VAZ-2115) reached the set speed and moved along the
highway for one minute at a steady speed. Measurements were carried out in two directions of
the route in order to mutually exclude road unevenness. Measurements were taken 4 times, two
measurements in one direction and two measurements in the opposite direction. All readings in
the form of signals from the USB Autoscope Il device were recorded on a personal computer for
further processing.

A car was presented for testing on the road - VAZ-2115. At the time of the experiment, the
car was serviced and technically ready for testing.

After readings were taken on standard commercial A-95 gasoline, the remaining gasoline
in the tank was drained through the fuel rail into a canister. Then E-50 mixed gasoline was
poured in. To adapt the car's engine and controller to mixed gasoline, the car drove along the
highway for a distance of about 50 km before the next test. Then the tests were carried out in
the same sequence as with standard commercial gasoline. Thus, comparative tests of two
different gasolines were carried out under the same operating conditions, on the same section
of the road.

Fig. 1. Taking readings while moving on a personal
computer during an experiment

To obtain signals from the vehicle's on-board network, USB Autoscope I, a digital USB
oscilloscope, was used.

USB Autoscope Il is designed for troubleshooting in various electronic vehicle systems,
ignition systems, diagnostics of the gas distribution system of gasoline engines, as well as for
receiving signals from vehicle sensors (Fig. 2). The device is universal and is not tied to any car
brand. Connects to the USB port of a personal computer running the Windows 98se* / Me*,
Windows 2000 / XP or Windows Vista / Windows 7 operating system (Fig. 1).
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Fig. 2. Digital USB oscilloscope Autoscope Il

After the tests, the data was processed, based on the results of which a graph of changes
in fuel consumption was constructed. It can be seen from the graph (Fig. 3) that fuel
consumption using E-50 biofuel in all operating modes of the vehicle increased equally (on
average by 1 1/100 km). This indicates stable operation of the biofuel engine in all modes.

Fuel consumption Q, I/100km
0o -

BS54

5 -

6.5 = | t Petrol A-95
Petrol E-50

1 Speed V, km/h
40 La &0 7O BO a0 100 110 ixa

Fig.3. Change in fuel consumption on a VAZ-2115 car

In the future, it is planned to develop a mathematical model for rationing fuel consumption
for cars running on mixed gasoline and give practical recommendations for road transport
enterprises

3. Conclusion:

It has been established that the use of blended gasoline significantly affects the change in
fuel consumption of a passenger car.

It has been shown that when using blended gasoline E-50, fuel consumption increases
with increasing speed in proportion to fuel consumption when the engine is running on
commercial gasoline A-95.
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OLEHKA 3®®PEKTUBHOCTU TOPMO3HOI'O YNPABJIEHUA ABTOMOBMUIIA
C BAKYYMHbIM YCUTIUTENEM

EVALUATION OF BRAKE CONTROL EFFICIENCY OF A VEHICLE WITH A
VACUUM BOOSTER

Volodymyr Volkov ', Igor Gritsuk 2, Mykola Sklyarov 3, Oleksii Yakovliev 3, Volodymyr
Kuzhel 4, Ganna Pliekhova 3, Tetiana Volkova

Abstract. The aim of the study is to determine the static and dynamic characteristics of the developed two-
chamber vacuum brake drive amplifier (VBDA) and their influence on the efficiency of vehicle braking control. The
theoretical component of the study was carried out by means of mathematical modelling of the working project on
the example of the gas-dynamic model of the VBDA, and the experimental component was carried out on a test
bench made for this purpose using a modern measuring and recording complex. As a result of the study, the static
and dynamic characteristics of both a separate VBDA and a vehicle brake control system were obtained. The
relative error of the indicators within the working zone of the transient processes of the VBDA when comparing the
static and dynamic characteristics obtained during the study of the model and as a result of experimental studies is
in the range of 1.5-6%. The obtained results can be used in the development of advanced designs and
modernisation of existing HFGPs used in vehicles with a gross weight of up to 3.5 tonnes for civilian purposes and
armoured vehicles with a gross weight of up to 8.5 tonnes intended for combat missions. For the research, a
special measuring and recording complex was designed and manufactured, where, during the research, the
following parameters of the VBA were measured and recorded as an experimental stand: forces on the pusher and
rod; displacement of the pusher and pistons; rod displacement; pressure/vacuum in the amplifier cavities. The
authors propose to use the following criteria for assessing the efficiency of the VBA: criteria for assessing the work
of a unit of mass and a unit of volume, which are the ratio of work at the output of the amplifier in accordance with
its mass and the layout volume; criteria for assessing the power of a unit of volume and a unit of mass, which will
allow to assess not only the compactness of the VBDA, but also its speed; coefficient of pliability and specific idling
of the amplifier pusher, these indicators will characterise the volume of the pedal drive layout.

Keywords: vehicle, brake control, vacuum brake booster, mathematical model, experimental research, measuring
complex.

1. Introduction:

A vehicle's vacuum brake booster (VBDA) is the most common service device for
passenger cars and light-duty vehicles operating on the roads of the world and Ukraine. The
efficiency and quality of its operation largely determine the ergonomic conditions and efficiency
of braking control and, ultimately, the active safety of the vehicle. Recently, the vacuum booster
is increasingly not only a device for reducing the force on the brake pedal, but also an
automated device that corrects driver actions (BAS, etc.) and simplifies vehicle control (Hill
Holder, etc.). Therefore, improving the workflow of the VBDA is one of the tasks of increasing
the active safety of the vehicle.

The relevance of the problem lies in the fact that one of the ways to improve road safety is
to improve the multifunctional brake control of vehicles [1-5]. The main parameters of the brake
control, in addition to the normative ones, include its performance, which is determined, among
other things, by the static and dynamic characteristics of the brake control VBDA).

The aim of the study is to determine the static and dynamic characteristics of the
developed two-chamber VBDA and their influence on the output characteristics of vehicle
braking control.

Comparison of the results of theoretical studies obtained in papers [2-12] with the
experimental ones obtained at the laboratory installation in this work allowed us to establish a
discrepancy between theoretical and experimental studies within 6 %.

The reliability of the theoretical provisions fully depends on the level of experimental
research. The theoretical studies conducted by the authors in [2-5] required experimental
confirmation, which made it necessary to create a special stand for studying the workflow of the
VBDA).
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Improvement of the design, as well as the working processes of components and devices
of the hydraulic brake drive of a car is based on the results of theoretical and experimental
studies.

2. Statement:

The developed mathematical model is based on the results of the analysis and synthesis
of the components of the VBDA using the gas-dynamic model shown in Fig. 1, according to the
scheme (Fig. 1): The water heater has a body divided by a partition into two chambers. The
chambers are divided by pistons into cavities 4, 5, 8, and 9. Cavities 9 and 5 are permanently

connected to the source of rarefaction.
G2al  Gla Gla ﬂag
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Fig. 1. Schematic of the gas-dynamic model of a two-chamber VBDA: 1 - amplifier body; 2 - baffle; 3 - piston of the
first chamber; 4, 5 - cavities of the first chamber; 6 - piston hub of the first chamber; 7 - piston of the second
chamber; 8, 9 - cavities of the second chamber; 10 - vacuum line; 11 - check valve; [, - variable-section throttle
(vacuum valve); [, - variable-section throttle (atmospheric valve); [x - constant-section throttle (channels between
cavities); fa, fy, fi - areas of passage of valves and channels; G1a - mass air flow through the atmospheric valve into
the atmospheric cavity of the first chamber; Gz2a - mass air flow into the atmospheric cavity of the second chamber
of the amplifier during deceleration; G1a1 - mass air flow rate through the vacuum valve from the first chamber
during deceleration; Gza1 - mass air flow rate from the second chamber during deceleration; P1a, P2a - pressure in
the atmospheric cavities; P1 - vacuum in the vacuum cavities (P1b = P2b); V1a, V2a - volumes of the booster
atmospheric cavities; Ft - force on the pusher; Fu - force on the rod.

The connection of cavities 4 and 8 depends on the operating mode. The air resistance
between the cavities depends on the cross-section of the chokes ., [» v L«. Mathematical
model of the dynamic state of the VBDA pusher:

Fr+Fy —M - X~k (X, —X\)—F —F, —F, —F, =0 (1)

As the piston moves, the force from the Fxn valve remains unchanged. The friction force of
the piston against the piston is non-linear:

Foo {Fm -sign(X; =X npuX # X, @)
Fipy = OnpuXy = X,

The relative displacement of the piston and the piston triggers the distributor and the mass

flow rate into the air cavities is dependent on this:

Ga:fa'pa'pr'(o(o-). (3)
The cost function ¢(o) is assumed to be as follows:
1- 03
p(o) :\/

is the resistance coefficient of the atmospheric valve:

£ =055+4. 201 |+0176.| L
d h

a

Jz. (5...14)

K

32



MEXOYHAPOOHA KOH®EPEHLIUA ,EKO BAPHA® 2024

The model assumes that the vacuum in the vacuum cavities is constant and the
temperature remains unchanged [2]. The change in pressure in the atmospheric cavities leads
to the formation of additional forces on the amplifier pistons. Since the pistons in the studied
VBDA do not have a rigid connection, the development of the model required confirmation of
the hypothesis that the pistons move without separation from each other during the working
process.

To theoretically confirm this hypothesis, the equation of the dynamic state of the piston of
the first chamber is as follows:

M, X+ f,-X,+R=5,-AP+ f,, (X, - X, )+ R +S, -(P, - P,,), (6)

If we assume that the condition for breaking the contact between the pistons is R <0, then
the following relations correspond to this condition:

S] '(Ra_i)lb)+fT1 '(XT_Xl)—'_FnP_(Sy_Sw)'(PO_F;))+SV'(P0_PIb)_f|'XI—MI X[ <0, (7)
X] < S1 '(pla_plb)‘f'fﬂ -(XT_X1)+E1p_(f;_5m)'(po—p,,)+Sy(Po_P1b)_f1 'Xl . (8)
1

The results of calculating expressions (6-8) using the MATLAB Simulink program in the
form of a graphical dependence of the reaction between pistons during braking are shown in
Figure. 2.

This dependence theoretically confirms the hypothesis about the movement of pistons
without separation from each other in a two-chamber vacuum amplifier. Given this confirmation,
the mathematical model of the two-chamber VBDA is simplified, which, taking into account the
mass of individual pistons, is transformed into a single-mass model. The force on the pistons of
the VBDA is formed due to the pressure difference, and the pressure in the atmospheric cavities
varies depending on the mass flow rate of air, as well as changes in the cavity volumes
according to the equations:

dl)lu_Gla_Sl‘})la.Xl‘k d})2a_G2a_S2.})2u.Xl'k
dt I/la+Sl'Xl dt 1/20+S2'X1 (9 10)

The communication between the switchgear and the actuator is performed by a tracking
device. The scheme of the most common tracking device is shown in Fig. 3 [6, 7, 8].

During the operation of the VBDA, pressure is generated in the jet washer. The change in
pressure depends on the relative position of the pusher 3, piston 2, and rod 4 and can be
described by the following equation:

dP [, (5, =5,)+ %, -5, =Xy S, L B (11)
dt ) Vow
On the other hand:
@5, (12)
e S,

where £, —is the rate of change of the force on the rod according to the dependence
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Fig. 2. Dependency R = f(t)
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AN\

X X, X

Fig. 3. Diagram of the tracking device under study: XT, X1, XLl — movement of the pusher, piston and rod,
respectively; ST, SLLI — reactive area washers 1 interacting with the pusher and the rod, respectively

(13)

In this case, the stem movement speed is as follows:
. : dpP v,

X, (S, -8, )+ X, -8, —=—.22u
n ( yoig T) T T dt E .

XLU B SIII
The developed mathematical model is implemented in the Simulink application of the
MATLAB environment, which allows to expand the possibilities of selecting and optimising the
parameters of promising VBDA.
For this purpose, a special test bench was designed and built, which has a system for
providing energy to the vacuum amplifier (vacuum) and the mechanism for generating the input
signal (compressed air), the amplifier load and the measuring complex (Fig. 4)

-

| Vacuum drive
Amplifier Input
Shaping ,|  Objectofstudy, |, Amplifier
Mechanism vacuum amplifier load
A 4 VL
Measuring complex |

Fig. 4. Block diagram of the measuring complex

The energy supply system allows to create, control and maintain the required vacuum level
in the vacuum cavities of the amplifier. The input signal generation mechanism provides the
required level and nature of the change in force on the amplifier pusher. To study the static
performance, the pneumatic chamber is replaced by a propeller. The main brake cylinder
connected to the brake mechanisms is used as the load of the amplifier. To control the

operation of the test bench and obtain the necessary indicators during experimental studies, a

measuring and recording complex was developed, the schematic diagram of which is shown in
Figure 4, and to ensure vacuum, a vacuum drive was used, made according to the scheme

shown in Figure 5.
,
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// // /
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Fig. 5. Diagram of the vacuum actuator: 1 - vacuum pump; 2 - variable-section throttle; 3 - vacuum receiver; 4 -

vacuum gauge; 5 - tap; 6 - check valve
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A reciprocating compressor unit CO 7B with an air flow rate of at least 0.5 m3/min is used
as a vacuum pump for position 1 (Fig. 5). To maintain the vacuum level, a variable-section
choke 2 of the line between pump 1 and vacuum receiver 3 was used. Receiver 3, with a
volume of 20 |, is designed to smooth out the vacuum pulsation and provide a vacuum reserve.
A vacuum gauge VP4 - UU2 is installed in the system to control the vacuum. The vacuum
installation allows obtaining a stable vacuum level of up to 20 kPa absolute pressure. The load
of the studied VBDA is a hydraulic drive consisting of a brake master cylinder of the Tandem
type with an internal diameter of 28 mm. The separating cavities of the master cylinder are
connected to the working cylinders of the two brake mechanisms by flexible hoses. The
arrangement of the equipment on the experimental stand, including the loading units, is shown
in Fig. 6.

9 bt

Fig. 6. Schematic of the pneumatic drive of the experimental unit: 1 - pressure control gauges; 2 - pneumatic
chamber type 9; 3 - throttle; 4 - receiver flow valve into the pneumatic chamber; 5 - valve for setting the pressure in
the receiver; 6 - working receiver; 7 - valve for filling the receiver 6; 8 - storage tank; 9 - stationary compressor

To form the input signal of the amplifier under study, two variants of devices are provided.
The first variant is a mechanical, screw type (item 6 of Fig. 6). It allows to consistently set a
stable rigid position of the pusher amplifier. The second variant of the device for generating the
input signal of the amplifier is pneumatic. A general diagram of the pneumatic actuator with the
input signal generating device is shown in Fig. 6.

The pneumatic drive (Fig. 6) includes a stationary compressor 9 with a storage capacity of
200 |, a working receiver 6 of the laboratory installation with a capacity of 20 I, pressure gauges
1 for monitoring the pressure in the pneumatic drive and the working receiver, and filling taps 4
of the working receiver 6. The pneumatic chamber 2 is mounted coaxially with the pusher of the
amplifier under study. Air is supplied from the working receiver to the pneumatic chamber by a
manual push-button valve 4. The filling rate of the pneumatic chamber is provided by a constant
cross-section choke 3 installed at the inlet of the pneumatic chamber.

Measuring and recording complex of work processes VBDA. When performing research on
the experimental stand, the following parameters of the vacuum amplifier were measured and
recorded: force on the pusher; force on the rod; pusher movement; piston movement; rod
movement; pressure (vacuum) in the cavities of the amplifier, for which a special measuring and
recording complex was made, consisting of three parts (1 - sensors for measuring physical
values of the studied parameters; 2 - equipment for pre-processing, recording and issuing
information about the studied parameters; 3 - provides the necessary This set allows solving the
following tasks: - to determine the static characteristics of the double-circuit brake master
cylinder, single-chamber and double-chamber VBDA; - to determine the dynamic characteristics
of the hydraulic drive, including VBDA; - to determine the static and dynamic indicators of the
VBDA work process.

In addition, the complex provides information on measuring the forces and displacements
of the pusher, booster rod, degree of valve opening, the level of vacuum in the booster working
cavities, and fluid pressure in the hydraulic brake drive circuits [2-5]. Based on the analysis of
the designs of hydraulic brake drives for cars [2 - 12], the ranges of measured values were
determined: - pedal force: O ... 500 N; - force on the pusher: 0 ... 2500 N; - force on the rod: O ...
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10000 N; - movement of the rod and pusher: 0...50 mm; - vacuum in the working cavities of the

amplifier: 0 ... 0.09 MPa; - pressure in the hydraulic brake actuator: 0 ... 15 MPa.

When developing the measuring and recording complex, the task of providing different
levels of power supply to the sensors and stabilisation, different in type (current and voltage)
and level of output signals was solved. As a result, a scheme of a special electronic signal
processing unit (SPU) was developed. The developed SPU is designed for the simultaneous
use of 12 channels and has the following functional capabilities:

- ensuring stable power supply to the channels;
- interference filtering and signal stabilisation;

- calibration of sensors;

- Determining and setting the initial value of the measured parameter;
- testing and monitoring of the channels serviceability;
- automatic mode of measurement and registration of parameters;

- accumulation, reading of parameters and system cleaning.
The algorithm of the electronic unit is shown in Figure 7.
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Fig. 7. Algorithm of the electronic block robotics

The electronic element base of the SPU is combined on three boards, as shown in the
block diagram (Fig. 8). The measuring complex, the block diagram of which is shown in Fig. 8,
has nine channels with sensors, a signal processing unit (SPU) with a keyboard, a display, and
is connected to a via an interface. To study the working process of the vacuum amplifier, it is
necessary to know the change in the vacuum level in the cavities, the change in the forces on
the pusher and rod, and the coordinates of movement of the pusher, piston, and rod. The
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controller board | is designed to control the entire measuring complex and has an interface with
a vehicle. The controller is designed with the ATMEGA 128-16 AC microprocessor in mind.

A rewritable Flash program memory module is used for communication with external
input/output devices and temporary data storage.

The measuring system for communication with vehicle has three interfaces RS-232, RS-
485 and USB. The RS-232 interface is designed with the ADM 202 EAN chip in mind. The RS-
485 interface is based on the MAX 487E CPA chip. The FT 245 BM-FTDI chip is used for USB
communication.

. |
! SPL I RS
2 — - =t
| pararmeIer et - 232 =
a : = - | 4 =
- | = L e =
- — [ b a—
: & = 2 = I 3
— = L= =T T - RS -
. ™ A et [N ] =
2 [ L= s ® L | 485 | 2
bt = T > = ] - = Iﬂ"’" - -~
: ‘—l—v = % = G : []
. [ o = = USB =
- = o =] o I E
et L o — pn]
T I o = — Ll = - S
F, 2 = ] o | .
| @ o cortral = - ]
(=] ! Flesh o
b 1 2Mb =
N T [
c | -
L ﬂ :
external keyboard > Ssplay

Fig. 8. Block diagram of the measuring complex

The measurement results are shown on the BG12864A GPLW graphic display.

The ADC board Il contains 12 independent analogue and digital channels. Each channel is
assembled with AD 7492 AR-5 chips.

The sensor signals are pre-processed on the electronic unit Ill. The unit for normalisation
and scaling of sensor signals contains LM 358 operational amplifiers. The pre-processed sensor
signals are sent to the switch, processed by a voltage limiter and then sent directly to the ADC.
All ADC channels are started simultaneously, then each of them is selected using decoders and
read into the controller's RAM.

The system is powered by a DC voltage of 12 V. The sensors are powered by a 5 V signal
processing unit.

LPX Precision Transducers with measuring limits of 2500 N and 10000 N are used for
force measurement. The combined error of the sensors is 0.1% and the permissible load is 150
%.

The movement of the pusher, piston and amplifier is measured by CLP-13-50 sensors.
These sensors have a resolution of less than 0.01mm with a linearity tolerance of 0.7-1.3% at a
travel speed of no more than 5m/s. This accuracy is sufficient to estimate the relative
displacement of the piston and piston, rod and piston. The installation of force and displacement
sensors does not require any changes to the design of the vacuum amplifier. Therefore, the
research setup is equipped with three vacuum sensors of the BOSCH 0261230004 series with
absolute pressure measurement limits from 20 to 100 kPa. When studying the working process
of two-chamber vacuum amplifiers, the vacuum sensors are connected to both atmospheric
cavities and the vacuum cavity. In the case of a single-chamber amplifier, only two vacuum
sensors are used. Connecting the measuring cavities of the vacuum sensors to the respective
cavities requires a change in the design of the amplifier housing.
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Results of experimental studies. Before the experiment, the sensors were calibrated,
elements and parameters were set to determine the initial conditions and characteristics of the
input impact in accordance with the research programme.

To obtain information about the operation of the vacuum amplifier, a metered force was
applied to its input (pusher). Dosing of the force in terms of magnitude and speed was ensured
by changing the pressure in the pneumatic chamber of the VPGP. In the processes of
simulating braking and deceleration, the following were measured: movement of the pusher,
piston and rod; forces on the pusher and rod; pressure in the vacuum and atmospheric cavities.
As a result of the developed processing methodology, absolute and relative data on the
parameters of the working process were obtained.

The study of the dynamics of the working process was carried out with a sequential study
of the effect of: pressure in the vacuum cavity of the VPGP; force on the pusher; rate of force
application to the pusher.

The general view of the experimental dynamic characteristics is shown in Figure 9.
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Fig. 9. General view of the obtained experimental dynamic characteristics: a - displacement X = f(t); b - vacuum P
= f(t); c - force F = f(t); d - pressure in the load actuator Pr = f(t); X7, Xn, Xw - displacements of the pusher, piston
and rod, respectively; Py, P4, P2 - pressure changes in the vacuum cavity and atmospheric cavities; Fr, Fu - forces
on the pusher and rod, respectively

As a result of the experiments, it was found that: the level of rarefaction practically does not
affect the time of the braking process; the time of pressure equalisation in the vacuum and
atmospheric cavities of the VBDA increases with an increase in the initial rarefaction; the
braking process reduces the vacuum in the vacuum cavity by an average of 6 kPa; when the
rate of force on the pusher decreases from 0.04 to 0.3 s, the time of pressure change in the
atmospheric cavities decreases by 0.2 to0 0.24 s.

The theoretical position on the joint movement of pistons without separation from each
other is confirmed by the ratios of pusher and rod movement Xr>Xuwr. The effect of the braking
rate on the parameters of the VPGP working process is given in Table 1.
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Table 1. Results of the study of the impact of the input rate on the workflow of the VBDA
Process parameters Parameter values
trs — time of change
of force on the
pusher from "0" to
Frmax, S
ts1 — time of change
of pressure in the
atmospheric cavities
during deceleration, s
ts — time of change
of force on the rod 0,82 | 0,72 | 0,80 | 1,00 | 0,80 | 0,48 | 0,40 0,52 | 0,50 | 0,46
from "0" to Fumax, S
At —is the braking

0,04 | 0,08 | 0,09 | 0,09 | 0,10 | 0,26 | 0,28 | 0,29 | 0,30 | 0,32

0,75 | 0,64 | 0,75 | 0,76 | 0,68 | 0,35 | 0,20 0,48 |030| 0,46

0,18 | 0,12 | 0,20 | 0,17 | 0,175 | 0,16 | 0,15 0,12 | 0,18 | 0,09

delay, s

tuz—t31, S 0,07 | 0,08 | 0,056 | 0,24 | 0,12 | 0,13 | 0,20 0,04 0,20 0
Psy — is the initial

level of rarefaction, 28 54 22 32 36 24 32 56 44 67
kPa

Frmax — maximum
force on the rod, kN
FLUmax -
MaKkcumarnbHe
3YCUMMSA Ha LUTOKY,
kH

2,4 2,5 24 2,5 24 24 2,5 2,5 24 | 25

7,2 54 7,6 6,9 6,4 7,5 6,8 5,2 6,0 | 44

Further experimental studies were carried out with a complete brake control system on the
test bench, including the created VBDA. The following parameters were measured: brake pedal
force and its movement; pressure in the hydraulic brake line and pressure in the vacuum and
atmospheric cavities of the VBDA. The results obtained indicate insignificant deviations in the
characteristics due to the influence of brake control elements. Errors of static indicators do not
exceed the recommended limits, and dynamic indicators confirm the high level of the monitored
effect. Comparison of the experimental dynamic and static characteristics of the VBDA with the
theoretical ones is shown in Figure 10.
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Fig. 10. Comparison of experimental and theoretical characteristics: a - dynamic characteristic; b - static
characteristic; 1 - results of mathematical modelling; 2 - results of experimental study

The developed setup can be used not only to study the characteristics of the VBDA
working process, but also to certify each type of amplifier produced.

3. Conclusions:

The existing assessment of the efficiency of amplifiers is based on one parameter - the
gain, which is the ratio of the output force to the input force. This approach is natural, mainly
when there is no energy supply from an additional source, i.e. the amplifier is perceived as an
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energy converter. This approach does not allow us to evaluate the efficiency of amplifiers on
vehicles with different weights. The proposed approach to assessing the efficiency of vacuum
brake drive amplifiers made it possible to comprehensively evaluate their effectiveness.

As criteria for evaluating the efficiency, it is proposed to use the following: criteria for
evaluating the work of a unit of mass and a unit of volume, which are the ratio of work at the
output of the amplifier in accordance with its mass and structural volume; criteria for evaluating
the power of a unit of volume and a unit of mass, which allow evaluating not only the
compactness of the amplifier but also its performance; the coefficient of pliability and the
specific idle stroke of the amplifier pusher, which characterise the volume of the pedal drive
layout. The use of the proposed set of criteria made it possible to find ways to reduce the
volume and weight of the amplifier design by 30-40% compared to existing analogues.

The practical application of the obtained results is aimed at achieving a social effect in
improving the working conditions of drivers and increasing the active safety of cars.
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OUATHOCTUKA ABTOMOBUITIEU HA HEBOJIbLLOM YYACTKE JOPOI'M
MPEAOMOJIATAET OLIEHKY UX COCTOSAHUA U BbIABIIEHUE JTIOBbIX
NMPOBJIEM Unu nNPOBJIEM HA OrPAHUYEHHOM PACCTOAHUN

DIAGNOSING CARS ON A BRIEF STRETCH OF ROAD INVOLVES
ASSESSING THEIR CONDITION AND IDENTIFYING ANY ISSUES OR
CONCERNS WITHIN A LIMITED DISTANCE

Yuriy Zybtsev ', Pavlo Voroshylov ?

Abstract. This article discusses ways to calibrate a car speedometer on the road without the need for expensive
equipment. The most accurate results can be achieved by utilizing reference markers, such as the standard road
guard fence. Another practical approach involves synchronously recording the speedometer and the display of a
GPS or GLONASS satellite signal receiver. Additionally, KhNADU has validated methods for assessing a car's
acceleration and deceleration using simple tools like a speedometer and a phone stopwatch. These experiments
have revealed discrepancies between observed results and conventional models, highlighting the need for
adjusting diagnostic standards. While conventional methods require a horizontal road section of 2.5 to 3 km, such
sections are scarce in most of Ukraine. Hence, it's suggested to evaluate a car's performance by accelerating in
second and third gears and decelerating from 50 or 40 km/h to 20 km/h over a shorter distance of 0.5 km. The
article also explores the behavior of cars under these conditions, identifying and describing certain unknown
characteristics. Additionally, it proposes methods for calculating reference values for acceleration and deceleration
times. Since the speedometer acts as a frequency converter of the transmission output shaft or the car's wheels, it
inherently reflects errors influenced by factors like tire conditions, atmospheric conditions, and vehicle loading.
Consequently, there's a need to enhance roadside diagnostic methods accessible to everyday drivers, avoiding
complex or prohibitively expensive equipment.. So the calibration of the speedometer is a necessary test step and,
in critical cases, must be performed at the beginning and end of each test day. Experimentally estimated the error,
the required duration of measurement and speed variation when maintaining it by driver or by cruise control.
Grading on GPS better when driving south. Calibration equation was obtained for the 2006 Honda Civic: VGPS =
0,9528 Vspeedo. — 0,83.

Keywords: road, car test, acceleration, gear, time, coasting time, GPS, car, speedometer.

1. Introduction:

In practice, the performance of cars gradually declines over time, necessitating timely
detection. Traction roller stands are commonly employed to address this issue. However, their
high cost renders them inaccessible to many ser-vice stations. Service station proprietors argue
that there's little demand for such services: clients typically arrive with specific complaints about
technical issues, expecting the station not only to confirm the problem but also to identify and
rectify the underlying defect before the car becomes inoperable. Additionally, some contend that
modern cars are equipped with onboard diagnostic tools, obviating the need for external
diagnostics. Yet, both these arguments are flawed.

Drivers typically visit service stations upon noticing diminished traction properties in their
vehicles, often unable to resolve the issue themselves. However, driver experience alone may
not suffice to detect such declines promptly. In-stances exist where drivers observe traction
reductions of two or even threefold without the vehicle exhibiting obvious performance issues;
instead, it consumes fuel inefficiently, thereby depleting non-renewable resources, which
extends beyond individual concern to become a societal problem.

References to onboard diagnostics in modern cars are irrelevant in Ukraine. With the
country's average passenger car fleet age at 18.5 years, indicating that half of all cars are even
older, the majority lack onboard diagnostics capabili-ties.

KhNADU substantiates methods for checking a car for acceleration and run-out on the
road with simple measuring tools - a speedometer and a phone stopwatch. Experiments have
shown that the real picture of resistances does not fit into generally accepted models, and this
should be taken into account when calculating the standards for diagnostic pa-rameters - the
path and time of run-out and acceleration. It is recommended to accelerate to 100...120 km/h in
direct or IV gear, followed by coasting to a stop. But for such tests, horizontal sections of the
road 2.5 ... 3 km long are needed. We have such sites are very rare. Therefore, it is proposed to
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check cars on a short road in terms of acceleration time in downshifts and run-out time from 50
or 40 to 20 km/h.

2. Presentation:

The maximum traction force of interest to the diagnostician is typically developed by the
car when operating at maximum speed, encountering high resistances, or during acceleration.
Conducting an acceleration road test is most straightforward in calm weather conditions, on a
level road surface with good coverage. We will not determine the ab-solute value of the traction
force PT, but we will know that, minus the total road resistance PT and air resistance PW, this
force is sufficient to give a car with a mass m an acceleration a, that is

Pr — Py — Pyw=ma. (1)

The average acceleration is a fairly objective indicator, it is easy to evaluate it without
special instruments: for example, put the car into direct gear, develop a speed of 50 ...
increasing speed from V1 to V2, say from 60 to 100 km/h. If the length of the measured section
of the road is insufficient, then acceleration should be carried out in downshifts.

T T | T
Acce eratmr.",LV\z Run-out
/_.. “\,- ?,.‘Eillklﬂg
1 Vd 50 5
™~ 1)
’{ - """'"\3\" v tro=[tral
= o 3
taccer= [taccel L tho _|- l.""'""'--|..-‘.,“j._‘:.h\-“""""---n-.._|_|_|_|_h
l 1 o -.-i"'---=-¢
taceel tro tr-D 0
% Lk bk =|

t—s

Fig. 1. Scheme of general diagnostics of the traction and speed properties of the car for acceleration and run-out
(solid lines - known method, dashed lines - proposed)

Following the completion of acceleration, once reaching speed V2, you can disengage the
clutch and measure the car's coasting time, transitioning from V2 to V3 and/or to a complete
stop. If the available road for measurement is limited, you may initially decelerate, for instance,
to 50 km/h, before initiating the coasting phase. The deceleration during coasting reflects the
combined effect of external resistances and losses in the suspension and disengaged trans-
mission. In evaluating the car's technical condition, it is these losses that are of primary interest.

Coasting distances are given in the literature (usually from 50 km/h to a stop). The coast
down path can exceed 1000 m, so it is better not to bring the coast to a stop, but to limit it to
some small speed range, for example, from 50 or 40 to 20 km / h. But measuring the run-out
distance on the odometer in this case is too rough (the absolute error is 100 m with a full path of
300 ... 500 m. It's easier to measure not the path, but the run-out time.

To utilize the acquired values of acceleration and run-out times as diagnostic parameters
reflecting the technical state of the car, standardized benchmarks (control values) for these
metrics are essential. Establishing these standards entails studying the characteristics of the car
in the chosen modes and subsequently refining the theory of motion ac-cordingly.

The objective of this endeavor is to enhance roadside diagnostic methods accessible to
everyday drivers, specifi-cally focusing on on-road testing techniques devoid of complex or
excessively costly equipment, while also providing a comprehensive understanding of these
methods.

For the case of operation at full fuel supply, i.e. according to the external speed
characteristic of the engine (ESCE), the tractive force Pt in newtons is calculated from the curve
of the effective torque Me in newton meters:
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p =Mt by @)
Rd

where ui is the gear ratio of the i-th gear engaged;

uo - gear ratio of the main gear (main pair)

Nt is transmission efficiency;

Ra is the dynamic radius of the driving wheel, m.

The torque curve Me is found in the literature. For old carburetor and diesel engines, it can
be calculated using the well-known formula S.R. Leiderman:

ME—MGM{MB('?J_CVH 3)

where MeN max is the torque at rated (maximum) power, Nm;

n — crankshaft speed (crankshaft) current, min~';

nn is the speed of rotation of the crankshaft at the rated (maximum) power, min—;

A, B, C - coefficients, individual for each engine and depending on its coefficients of
adaptability in terms of ro-tation frequency of the crankshaft and in terms of torque. Many
methodological sources recommend the same coeffi-cients for all carburetor engines and
somewhat different ones, but also the same for all diesel engines. In this version, the formula
gives a satisfactory power curve, but not torque - the torque curve calculated in this way does
not even pass through the points of maximum torque and rated power specified in the vehicle
and engine characteristics.

For modern electronically controlled engines, the Leiderman formula gives satisfactory
results only in a limited range of rotational speeds, for example, from 2500 to 4500 min~".

However, the nominal torque curves published in the literature were obtained in static
modes, i.e. according to measurements at each point at a constant speed, without acceleration.
Acceleration during acceleration noticeably dis-torts the configuration of the torque curve
(Figure 2). The entire curve descends slightly, dips appear at the beginning and end, and the
point of maximum moment shifts along the abscissa axis to the right or left.
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Fig. 2. Torque measurement results for VW Passat 1.8 T on the Rototest VPA-RX 2WD [1] (right) and our
processing [2]

The engine acceleration rates (450...750) used by the Rototest researchers are not
exaggerated. So, in our ex-periments, a car Lada 111 weighing 1260 kg accelerated in second
gear at a rate of 320...360 min~'/s, and in first gear — 920...1080 min~/s.

The DVS theory primarily elucidates this reconfiguration conceptually rather than through
quantitative analysis. It remains unclear whether the maximum torque will shift towards higher
crankshaft speeds (to the right) or towards lower speeds (to the left). Professor A.N. Poida
contends that this adjustment defines the engine setup, as evidenced by the torque curve's
shape according to the ESCE. In cases where the curve exhibits a distinct peak (as seen, for
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instance, in the Lada Priora), a leftward shift is anticipated. Conversely, if the curve features a
plateau (as observed in the VAZ-2111), the maximum is expected to shift to the right. Notably,
for vehicles from the Volkswagen Audi Group, the max-imum torque is typically shifted to the
right.

The generally accepted models of resistance to vehicle movement simplify the real picture.
This is shown by the processing of published field test data (Figure 3). Discrepancies appear in
all speed ranges, which indicates an insuffi-ciently accurate description of all acting forces|[3].
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Fig. 3. Comparison of calculated and experimental dependencies deceleration of the free run of cars from speed
(processing of the results of field tests "Autoreview")

Note that these disparities are not attributable to erroneous processing. Our experiments
on various vehicles consistently yield similar outcomes. The speed-dependent deceleration
profile of the DAEWOO Matiz 0.8 car (Figure 4), constructed from experimental data, mirrors
precisely the shape depicted in Figure 3, particularly exhibiting a dis-tinct reduction in
deceleration magnitude (i.e., resistance forces) at speeds below 20 km/h. Given that this graph
is de-rived from 21 runouts conducted under varying wind conditions and on two distinct road
types (i.e., at different wind angles), such deviation from the theoretical model cannot be
ascribed to processing errors, performer oversight, wind influence, unaccounted gradients,
random variables, and the like.
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Fig. 4. Experimental dependence averaged over 21 run-outs

Calm conditions on open roads are exceptionally infrequent, making it impossible to
entirely eliminate the im-pact of wind on the results. However, when a gentle wind
(approximately 1 m/s) was present, comparable rundown dia-grams were obtained in both
directions, demonstrating a notable reduction in resistance at low speeds, particularly be-low 8
to 10 km/h (Figure 5). Therefore, the characteristic feature of resistance to vehicle movement at
low speeds can be deemed established and incorporated into calculations.
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This drop can be caused by the peculiarities of all acting forces. Idling losses of the
transmission depending on the speed are usually described by a linear law (V.V. Moskovkin et
al.). However, our experiments show a progressive decrease in these losses as the speed
decreases (Figure 6).
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Fig. 6. Idling resistance of a passenger car transmission

Many sources suggest that the rolling resistance coefficient be considered constant in the
range from zero to 100 km/h. More conscientious authors simply do not show its values at
speeds below 15 km/h (Figure 7) - apparently, due to the peculiarities of the measuring systems
of tire stands. But even in these cases, the downward deviation of the ex-perimental points is
clearly visible [4].
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Fig. 7. Dependence of rolling resistance on speed according to [5]
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Air resistance to vehicle movement is usually described as a quadratic dependence on
speed:

P,=05p,-C.-F-V, (4)

where pw is the air density, on average 1.2 kg/m3;

Cx is the drag coefficient;

F is the frontal area of the vehicle, m?;

v is the speed of the vehicle relative to the air, m/s.

Conventionally, wind tunnel testing involves measuring the coefficient Cx, which
represents drag. However, the actual procedure entails measuring the forces and moments
acting on the object across three axes, alongside the flow velocity. The coefficient Cx is then
computed using formula (4), assuming a constant exponent of 2. In reality, the ex-ponent is not
fixed at 2; rather, it varies and is contingent upon speed. This phenomenon was established as
early as the 1920s and is well-recognized among specialists. Regrettably, existing literature
lacks guidance on calculating this vari-able exponent. In our exploration, we sought to elucidate
its relationship with speed using available means at our dis-posal. Our findings reveal that the
qualitative pattern observed among the 84 studied vehicles remains consistent, de-spite
considerable variation, particularly at speeds below 20 km/h. Nonetheless, the absolute values
of the force Pw at these lower speeds are relatively small, allowing for the utilization of averaged
dependencies, as depicted in Figure 8.
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Fig. 8. The dependence of the exponent in the air resistance formula on speed: variation across different vehicles
(right) and polynomial approximation [6]

Traction balance equation (1) is essentially a differential equation of the form

_v _EB 2R (5)
dt m,-o0
where a is the acceleration of the vehicle, m/s?;
> Pc is the sum of resistance to movement, N;
ma is the progressively moving mass of the vehicle, kg;
0 is the coefficient for accounting for rotating masses.
Traditionally, all components of the traction balance are described by polynomials of no
higher than the second degree. In this case, the differential equation is solved in general form.
But if we take into account the refinements of the mathematical models of these components
described above, then the equation becomes much more complicated:
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The problem in its current form lacks a general analytical solution, but it lends itself readily
to numerical methods, such as the widely employed finite difference method. This method is
straightforward, intuitive, and user-friendly. Its efficacy hinges on selecting an appropriate
discretization step when constructing the grid for the range of the variable (in our case, speed).
Our analysis reveals that an excessively small step size is unnecessary for computing
acceleration or run-out times. For instance, a calculation error of less than 1% is achieved with a
step size of 20 km/h, while an error of less than 0.1% is attained with a step size of less than 6.4
km/h (Figure 9) [7].
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Fig. 9. Dependence of the calculation error by the finite difference method on the grid step [8]

The standard values of acceleration and run-out times are determined by solving the
differential equation of mo-tion using the finite difference method with specified boundary
conditions (e.g., v1=60, v2=100). These standards should be calculated for specific test modes.
Based on calculations and experiments, the following modes are recom-mended:

* Acceleration in third gear from 50 to 100 km/h.

* Acceleration in second gear from 20 to 80 km/h or to the cutoff point.

* For rear-wheel drive vehicles, additional checks can be performed by accelerating in first
gear from ze-ro to 40 km/h or to the cutoff point.

* Run-out checks from 50 or 40 km/h to 20 km/h [9].

The difficulty in calculating the acceleration is the choice of the torque curve equation,
taking into account the influence of the acceleration of the KV and the age of the engine. Our
research allowed us to propose empirical corrections that bring the results of calculating the
acceleration time according to the nominal torque curve closer to the experimental results. We
recommend taking into account the reduction in the maximum torque in the low-er gears
(accepted within 8%) by the coefficient

K, =1-002-u,, (7)

where ui is the gear ratio of the gear for which the calculation is being carried out.
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Assume that the largest displacement of the point of maximum torque Anwm along the axis
of the rotation fre-quencies of the crankshaft is 1000 min~"' in the lowest gear. Calculate the
specified offset using the formula

Any, =+275u,. (8)

In addition, it is known that as the cylinder-piston group wears out, the branches of the
torque curve to the right and left of the maximum point fall steeper and steeper. It is
recommended for vehicles that are in operation for T years from the date of issue or overhaul to
enter a reduction factor into the torque formula

K, =1-T-[0,006+0,010-(n/n,, —1)*], 9)

where nm are the maximum torque revolutions, min~".

The smallest discrepancy with the experimental data is given by the calculation of the
acceleration standards ac-cording to the nominal torque curve, approximated by a polynomial of
the 6th degree, with the indicated empirical cor-rections.

3. Conclusion:

The research demonstrated the feasibility of diagnosing cars on a limited stretch of road by
accelerating in sec-ond and third gears and coasting from 50 or 40 km/h to 20 km/h. This
significantly broadens the application of such diagnostics in practical usage. Moreover, the
study yielded new findings that enabled enhancements to the theory of car movement.
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OBECNEYEHUE KAYECTBA YCIIYI ABTOCEPBUCA YJTYYLLEHUEM
NMPOLIECCOB YIMNPABJIEHUA UX MTPON3BOACTBOM

ENSURING THE QUALITY OF CAR SERVICE SERVICES BY IMPROVING
THEIR PRODUCTION MANAGEMENT PROCESSES

Volodymyr Makarov, Tamara Makarova, Sergey Mastepan, Nikolai Mastepan

Abstract. The process of managing the functioning of the enterprise's production base. A set of management
actions to organize the functioning of the components of the enterprise’s production base. as Component blocks of
a car service enterprise: external environment, internal structure of the enterprise. Tasks of management
subsystems of a car service enterprise: planning, marketing activities, standardization, quality level control,
organization of staffing, integral indicator of production management efficiency.

Keywords: enterprise, management system, production base, planning, regulation, quality control.

1. BBeaeHwue:

CoBepLueHCTBOBaHME npouecca ynpasneHns (YHKUMOHUPOBAHUEM MPOU3BOACTBEHHON
0as3bl NpeanpuaTUa ABNSIETCSA MMaBHOWM COCTaBMSAOLWEN ero pasBuUTUSi, OCHOBOW AanbHeunLen
ycnewHoun, 3pHEKTUBHON AeATENbHOCTU, KOHKYPEHTOCNOCOBHOCTH Ha PbIHKE YCIYT.

Mpeanpuatua asTocepBUca NpeacTaBnAwT Ccobon  CoXHble NPOU3BOACTBEHHbIE
cuctembl.  MeToabl  yCOBEpPLUEHCTBOBAHUS  MPOLIECCOB  yrNpaBneHus  npou3BogCcTBOM
HeJOCTaTOYHO UCMOSb3YIT HOBble NoAXoAbl, MOAeNn APMEKTUBHOrO ynpasneHns passutmemM
NPOU3BOLCTBEHHbIX NPOLECCOB U OTAESNbHbLIX CTPYKTYP noAapasgeneHnin npeanpusTus.

Cuctema ynpasneHusa npeanpuaTna aBTocepsBuca AofmkHa obecnevnTb Npou3BOACTBO U
npegocTasneHne noTpedbutensam KavyecTBeHHbIX ycrnyr npy addEKTUBHOM PYHKLNOHUPOBAHU
Npon3BOACTBEHHOrO npoLecca. Cuctema gormkHa obecnedmBaTb COrnacoBaHHOE TeYeHUe Beex
COCTaBHbIX 4YacTen o6wero npoM3BOACTBEHHOrO Mpouecca npeanpuaTMss U MNoBbILLEHNE
KadyectBa TexHumyeckoro obcnyxmeaHmss (TO) u pemoHTa TpaHcnopTHbix cpeacts (TC),
cnocobCcTBOBaTb MOBBLILEHNIO KOHKYPEHTOCNOCOOHOCTM U (POPMMPOBAHUIO YCIOBUW  ANs
AanbHenLwero passuTus NPon3BoaCTBa.

[Mpouecc ynpaBneHus cosgaHMeM eqEeKTUBHOIO MNPOM3BOACTBA MOXHO MpeacTaBuUTb
COBOKYMHOCTbIO YyrpaBfeH4Yecknx AeWCTBUA MO opraHmsaumm yHKUMOHUPOBAHUS COCTaBHbIX
yactTen npousBoACcTBeHHON 6asbl npegnpuaTna. OCHOBHBIMU  QYHKUMAMMK  yripaBlieHus
NPON3BOACTBOM SBIIIOKOTCH: NMAHUPOBaAHWE, OpraHnsaums, KoopauHauus OedTenbHOCTU
CTPYKTYPHbIX YacTen npeanpusatus, Kotopble obecneyunBatoT U OCyLLEeCTBASIOT HOPMUPOBaHME,
peanusauuio, perynupoBaHme, KOHTPOb NpoLeccoB npon3soactaea yenyr [1, 2, 3].

BaxHon 3agayven npegnpusaTMsi aBTOCEPBUCY SBMSETCA [MOBbILWEHWE KayecTBa W
3(PPEKTUBHOCTN TEXHUYECKOro OBCMyXnBaHMA N peMoHTa aBTomobunen nytem obecnevyeHus
paunoHanbHon paboTbl CUCTEMBI yNpaBneHsi NPON3BOACTBOM.

2. NanoxeHue:

B cdepe aBTOMOOMNBHOrO CepBMCA HAKOMMEH 3HAYUTENbHbIA  OMNbIT  TEXHUKO-
9KOHOMMYECKMX  obocHOBaHWM,  pa3paboTkKm U BHEOPEHWA  CUCTEM  ynpaBlieHus
NPOU3BOACTBEHHbIMM  MpoLeccamMu, oOpraHusauuMmM WX pasBUTULA, YCOBEPLLEHCTBOBAHUSA,
noBbILLEHNS 3IPPEKTUBHOCTU PYHKLIMOHNUPOBAHUSA NPOM3BOACTBEHHbBIX CUCTEM.

Ona ynpaBneHns npou3BOACTBEHHbIMW MpoueccaMy OOCNYXMBaAHUA W pPEMOHTA
aBTOMOOUNEN Ha NpeanpuUATUK co3fgaeTcsa annaparT ynpaBreHnsl, UMEIOLLNN COOTBETCTBYIOLLIEE
OpraHn3aunoHHOe OoopMIeHME — CTPYKTYpy, 3adadamMm KOTopon sBnsietcs obecneveHue wm
BbIMNOSNHEHNE Takmx pyHKumn [1, 4, 5]:

YHKUMN  OpraHu3auum — COBOKYMHOCTb MNPUEMOB UM MeETOoOOB 0ObeauHeHus,
pauMOHanbHOrO CoYeTaHna 3NEMEHTOB U 3BEHbEB MPOU3BOACTBEHHOW CTPYKTYpbl, €€
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B3aMMOCBA3N C OOBLEKTOM MNPOW3BOACTBA YCMYrM W OPYrMMU CUCTEMaMM BO BPEMEHW, B
NPOCTPaHCTBE;

OYHKUMN  HOpMUpOBaHUS [AOns obecrneyeHns paBHOMEPHONO W  PUTMUYHOIO XoAa
npomsBoAcTBa —  npouecc  paspaboTkm  HaydyHO  OBOCHOBaHHLIX,  OnNpefeneHHbIX
CTaTUCTUYECKUM, pacHeTHbIM MeTodaMu, pasMepoB pPasU4YHbIX JMEMEHTOB (pacxodoB
pecypcoB, napaMeTpoB [MpPOLECCOB, MNapaMeTpoB TEXHUYECKOro COCTOSHUA WU T.M.),
ncnonb3yeMblX NpU npouecce NpoM3BOACTBaA YCNYT;

QYHKUMN  NNaHUPOBaHWA CBOeW 3ajadvyerd WMeT onpedeneHne BO BpeEMEHU W
NPOCTPAHCTBE KOHKPETHbIX 3a4a4 NpeanpuaTuio U Kaxgomy CTPYKTYPHOMY noAapasaeneHunto Ha
nnaHoBble Nepnoapbl 1 pa3paboTKy NPOM3BOACTBEHHbLIX MPOrpaMm AeATENbHOCTY;

YHKUMKN KoopAMHaLMKM (BO3OENCTBUSA Ha rpynnbl pabOTHUKOB, 3aHATHLIX B Mpouecce
Npou3BOACTBA) No3BOMAKT  Jo6MTbLCA cornacoBaHHoOM n CnaxeHHomn paboTbl
NPOWN3BOACTBEHHbLIX MOApasdeNneHnin B npouecce BbIMOMHEHUS OTAENbHbIX MMaHOBbIX 3ajad,
COrnacoBaHHOrO BbIMNOMHEHMSA Noapa3aeneHmaMm Yactm paboT ogHOM CEPBUCHOM YCIYTW;

YHKUMN MOTUBaAUMM — BIUSAHWE HA KOMNSEKTUB W OTAENbHbIX PabOTHUKOB C Uenblo
akTMBM3aumm paboTbl, NOOLWPSAA UX K 3PAPEKTUBHOMY TPYAY C UCNOSIb30BAHMEM KOJNEKTUBHbIX
N NINYHBIX MNOOLWPUTESbHBIX Mep, YTO MO3BONSET NOBbILWATL 3PIPEKTUBHOCTL NPON3BOACTBA.

YHKUMN  KOHTPONSA — BIIMSIHWE HA KOMMEKTMBbI CTPYKTYPHbIX MoapasgeneHun,
oTAenbHbIX PabOTHUKOB MNOCPEACTBOM BbISIBNEHWUS, 0000LLieHMs, aHanu3a pesynbTaToB UX
NPOU3BOACTBEHHOWN OEATENBbHOCTU C LieNbio NOArOTOBKN YrpaBreHYeCKNX peLleHu;

YHKUMN  perynupoBaHns  NogaepXxuvsBardT  PUTMUYHOCTB W OPraHU3oBaHHOCTb
NPOU3BOACTBA M COYEeTasiCb C (PYHKLUMEN KOHTPOMHA, 3a CYeT MNPUHATUA OrnepaTuMBHbIX Mep
obecrneynBaeT NpeaoTBpaLLEeHNe HeraTuBHbIX ABNEHUIA, YCTPaHEHME OTKITOHEHUIN B NPOTEKaHUN
NPON3BOACTBEHHbIX NPOLECCOB.

Mpeanpusatve N0 TEXHUYECKOMY  OOCNYXMBaHUIO U PEMOHTY  aBTomobunen
uenecoobpasHO paccMaTpuBaTb Kak CIOXHYK NPOU3BOACTBEHHYIO CUCTEMY, COCTOSLLYIO U3
B3aMMOCBSA3aHHbIX 3NIEMEHTOB: npeanpustie, 3oHa TO M pemoHTa, uex, ydacTok, bpuraga
pabounx [2, 6].

CuctemMHbI noaxod K yrnpasreHwto, Hapsgy C MeTodamu UccrnefoBaHus onepauui,
PYHKUMOHANBHBIM aHanNUM3oM, MO3BOSIIET MOBbLICUTb OPraHM30BaAHHOCTb MPOU3BOLCTBEHHON
6a3sbl, Ka4ecTBO N 3IPPEKTUBHOCTL PYHKLIMOHNPOBAHUSA OOBEKTOB O6LLIEN CUCTEMDBI.

MpeonpuaTue aBTOCEpPBUCA KaK CUCTEMA COCTOUT U3 ABYX cOocTasnswowmx 6nokos [1, 3,
4]:

BHELLHEE OKpy)XeHue, BKMwvatowee B cebs: pbIHOK ycrnyr aBTOCEpPBUCA; PbIHOK
TEXHOMOIMA 1N TEXHUYECKOrOo 0BecneyYeHus; PbiHKAM AEHEXHbIX, TPYAOBbIX, 3HEPreTUYecKuXx,
MaTepuarbHbIX PecypcoB; rocyfapCTBEHHOE W perMoHanbHoOe perynupoBaHve OeATenbHOCTU
npeanpuaTus;

BHYTPEHHSAS CTPyKTypa npeanpuaTtua: oTaensl, obecneuynBawolime [OeATenbHOCTb U
PYHKUMOHUPOBAHNE CUCTEMbI YNpaBrieHUss npeanpuaTneM, MNpPOU3BOACTBEHHbIE 30Hbl U
yyacTKku, peanusyoline npoueccbl BO3OEWCTBMA Ha aBTOMOOWUNb Mpu MNPOU3BOACTBE YyCnyr
aBTOCepBuCa, T.e. AOCTUXKEHME Lieren cMcTeMbl (Oka3aHue noTpebuTento Ka4ecTBEHHON yCnyrn
n obecneyveHne NpUBbLINTLHOCTU CBOEN AEATENBHOCTN).

Mpn paspaboTke MeTO4OB ynpaBreHust npoueccamm OBCNYyXMBaHUA UM pPeMOHTa
aBToMObunen uenecoobpasHo MCcnonb3oBaTb MOAENNPOBAHME.

BaxHbiMM 3agavamu 1, COOTBETCTBEHHO, enleMeHTamMu (06€akTaMu) cUCTeMbI ynpaBreHns
npeanpusaTus aBTocepsBuca ABNAKTCA:

nnaHMpoBaHvWe, opraHuM3aumna OesaTenbHOCTUM CTPYKTYPHbIX nogpasgeneHui, rpynn
pabOTHUKOB MO M3YYEHUIO COCTOSIHUS U OUHAMUKM WU3MEHEHWA pPblHKa YCryr U OXuaaHumn
notpeburenen;

opraHusaunsa MapKeTUHroBoWn OeATENbHOCTU NPeanpuaTus;
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nnaHMpoBaHMe, HOPMUPOBAHWE W OpraHM3auusl KOHTPOMA KayecTBa 3aKynaemblX
MaTepuarbHbIX U 3HepPreTUYecKkmux pecypcos;

OLlEHKa N KOHTPOSb YPOBHA M KayecTBa TEXHOMOMMYECKNX MPOLECCOB, TEXHONOMMYECKOro
obecneyeHns;

opraHuMsaumsa NoaroToBKM U NOBbILWEHNS KBanMuKaumm;

HOPMWPOBaAHWE, MNMaHMpPOBaHWe, oOpraHu3auus, YynpasfneHne npou3BOACTBOM YyCnyr
aBTOCEpBMCa NpPeanpusTUEM;

PYKOBOACTBO [OEATENbHOCTbI0O B 00MacTu ynpaBneHus OTAeNbHbIMU MpoLeccamMmn U
obecnevyeHnsa kKa4yecTBa yCnyr;

KOHTPOJb Ka4yecTBa yCnyr B nepmo aKkcnnyatauum asTomobunen nocne obcnyxmBaHus;

opraHusaumns obpaTHOM CBA3M B MHpOpMaLMN O KayecTBe.

Mpn onTMMmn3aumMm opraHM3auMOHHOW CTPYKTYpbl YrpaBreHns 3HayuTerlbHOe BHUMaHue
yoensietca obecneyeHuto BbIMNOMHEHUS BCEX YHKUMA NO OpraHu3auun, YynpasBreHuro
npouecaMmu Npou3BOACTBa ycnyr aBTocepsuca. Heobxoammo npymeHntb cbanaHcMpoBaHHOE
ynpaBneHne npou3BOACTBEHHLIM MNPOLIECCOM, YTOObI MONyYUTb APPEKT OT hopmMMpOBaHMS
CUCTEMbI ynpasrieHUss NPOM3BOACTBOM. [1pyM COBEPLUEHCTBOBAHUM CUCTEMbI YMNpaBneHus u
MOAEepPHU3aUMN NPon3BOACTBEHHON 0asbl NpeanpuaTus  HeobXxoanMm KOMMSIEKCHbIA MOAXOA:
nnaHupoBaHve paboTbl Ha pblHKE YCNyr, pPecypcoB U ¢opMnpoBaHMe BHYTPEHHErO
NPOU3BOLCTBEHHOMO NPOLIECCY NPeanpuATUSA C Y4€TOM PbIHKOB, TaK Kak npouec npeanpustms un
PbIHOK B3aMMOCBSi3aHbl U HE MOTYT CyLLLeCTBOBAaTb OTAESbHO.

@PYHKUMOHMPOBAHME CUCTEMbI YNpaBneHUs NPOM3BOACTBEHHbLIM MPOLIECOM NPeanpuUsTUS
aBTOCEPBUCY CXEMaTMYECKM MOXHO NokasaTtb criegyowmum obpasom (puc. 1).

OGecneyeHne ynpaBneHust NpeanpusTMeM aBTocepBucy

v v v v
Moacuctema MNogcuctema lNogcuctema Cuctema
HOpMUpPOBaHUA nraHMpoBaHnd ynpaBneHuna MHGOPMaLIMOHHOIO
npoLecos npou3BoACTBa npon3BOLACTBOM obecneyeHnsa npouecos
HopmuposaHue WHpopmaums o
TpyaoemkocTn [ MpounsBoacTBeEH- OnepatusHoe pbIHKE yCnyr
pabor Has nporpamma >  ynpaenenve
NPOM3BOACTBOM
5 WHpopmaums o
HopmupoBaHue N CyTOYHBIN NnaH pblHKE pecypcoB
pacxopa MPOM3BOACTBA KoHTponb
pecypcos g KauyecTBa
I UHdopmaLmsa
npoLeccos
HopmupoBaHme YnpasneHue nponssoAcTee
napameTpoB obecneyeHnem
TEXHUYECKOro npoLecos KoHTponb kadecTsa PUHAHCOBAS
cocTosiHus TC pecypcamu yenymm uHchopMaLMs

Puc. 2 — OcHoBHbIe cocTaBnsitowmne obecneveHns aeKTUBHOCTM yNpaBreHus NpoLiecoM Npon3BoaCTBa YCnyr

lNodcucmema HopmMUpPOBaHUS MPOUECCO8 BKITIOYAET TakMe HanpaBreHus 4eUCTBUN:

1. HopmupoBaHue TpygoemkocTu pabor:

onpeaeneHne CTPYKTYpbl HOPM BpEMEHUN Ha BbIMOSTHEHNE TEXHONOMMYECKUX onepauui;
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pernaMmeHTMpoBaHne crnocoboB U YCNOBUI MOMYyYEHUS OaHHbIX NO BPEMEHU BbIMOMHEHUS
(TPyBoeMKOCTM) onepaumn: CTaTUCTUYECKM, METOAOM XPOHOMETpaxa, pacyeTHbiM MEeTOOO0M
MUKpoonepaumn,

pa3paboTka MeToAMKM onpefeneHus, pacyeta nokasatenen BpemMeHu (OnMTenbHOCTU U
TPYAOEMKOCTI) BbINOSIHEHNA Onepaumnn.

2. HopmupoBaHue pacxona pecypcos:

aHanu3 npou3BOACTBEHHbIX YCMOBUW MNOTPebrneHMs MartepuanbHbIX pPecypcoB npu
NPOu3BOACTBE YCIyr aBTOCEPBUICY;

NMOUCK W BHeApPEeHWe B MpOM3BOACTBO HOPM pacxoda MaTepuarnioB Ha OCHOBE Hay4yHO
000CHOBaHHbIX HOPMaTUBOB;

onpeerieHme HoOpM XpaHeHMsa 3anacoB MaTepuanos, 3anacHblX YacTen Ha ckrnagax;

KOHTPOSfb MNPOrPECCMBHOCTM HOPM pacxoga MartepuanoB npuv MNpoOM3BOACTBE YCNyr
aBTOCEPBUCY;

KOHTPOIb BbINOSTHEHNS TEXHUYECKMX n OpraHn3aunoHHbIX MEPONPUATUN,
obecneynBaroLLmMX paumoHansHoe 1 3a(pdeKkTMBHOE NCNOMNb30BaHNE MaTepuanbHbIX PECYpPCOB;

nepuoanyecknn nepecMoTp HOpPM (HOPMaTUMBOB) pacxoda MartepuarioB Ha OCHOBE
NPUMEHEHNSA HOBbIX TEXHOSTOMMN, MaTepuaros.

3. HopmupoBaHve napaMmeTpoB TEXHUYECKOrO COCTOSAHUSA TPaHCNOPTbIX CPEACTB:

aHanu3 ycnosun ekcnnyaTtaumm asTomobunen;

onpegeHeHne N KOppekTUpoBaHME AOMYCTUMbIX 3HAYEHUW NapamMeTpoB TEXHUYECKOro
COCTOSIHUS arperaToB, CUCTEM, MEXAHU3MOB.

lModcucmema nnaHuposaHusi u pa3pabomku ycryz2 asmocepguca BKYaeT cnegyowme
OCHOBHbI€ Ipynnbl NPOLEeccoB [2, 6]:

aHanu3 oXxugaHun n TpeboBaHUn NOTPEOBUTENSA, COCTOAHNA PbIHKA YCNYr N0 TEXHUYECKUM
XapaKTepuUCTUKaM;

COCTaBeHne TEXHUYECKOro 3agaHus Ha pas3paboTky ycnyr;

yCTaHOBMEHME MapamMeTpoB KayecTBa W  TEXHOMOrMM  MNPOU3BOACTBA  YCnyru,
nnaHnpoBaHue 1 pa3paboTka OCHOBHbIX M BCOMOraTenbHbIX NPOLECCOB;

nnaHuposaHve paboT no BXO4HOMY KOHTPOMIO pPecypcoB, B3aMMOAEWCTBUIO C
nocTaBLLMKaMu Mo Ka4yeCTBY PeCypCoB;

aHanu3 n KOppeKTMPOBKa NOCNe OMNbITHOrO BHEAPEHUS.

onpegerneHne TeKywuxX W NepcneKkTMBHbIX MOoTpebHocTeM B MNpPOM3BOACTBE U
npeaocTaBeHNN YCNyr Ha PbIHKE.

[MoOcucmema ynpaesneHusi npou3sooOCcmM8oOM ycrlye aemocepguca BKIlOMaeT Takue
OCHOBHble MepornpusaTus [1, 4, 6]:

opraHmsauna paboT no ynpaefeHuo npoueccaMmy MpPOM3BOACTBA, TEXHUYECKOMY
KOHTPOSO NPOLECCOB;

COBEpLUEHCTBOBaHWE MPOU3BOACTBA YCnyr, pa3paboTka cneumanbHbIX NpucnocobneHun,
YCTPOWCTB 4115 BbINOMHEHMS PEMOHTHbIX paboT;

MHoOpMUpOBaHME PYKOBOACTBA NPeanpuaTUa u nogpasfeneHuii 0 KayectTse OTAENbHbIX
npoLeccoB NPON3BOACTBA;

aTTecTaumsa npoueccos U pabounx MecT, MOAroToBKa K CepTUMKaLUN CUCTEMbI Ka4ecTBa;

KOHTPOSlb HECOOTBETCTBYHOLUUX Onepauui, OpraHM3aums MCnpaBfieHnsl HeKavyeCTBEHHbIX
yCnyr;

KOHTPOJSb YPOBHSA 1 COBMOAEHNSI TEXHOMOIMIA NPOM3BOACTBA;

npoeepka obecneyeHnss TOYHOCTU U CTABUIIbHOCTU TEXHOMOIMMYECKMX MNPOLECCOoB,
cobntogeHne TEXHONOrMYECKON ANCUMMIVHLI;

KOHTPOSMb COCTOSIHUS MNPOWU3BOACTBEHHOM Cpedbl, TexHuyeckas W 3IKOHOMUYecKas
ANarHOCTUKa COCTOSIHUS NPOM3BOACTBEHHON Hasbl;

KOHTPOIb Ka4yeCTBa MHCTPYMEHTA, OCHaLLEeHME NPOoLEeCCOB;
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obecneyveHne KayecTBa XpaHeHNa MaTepManos, 3anacHblX YacTen, UHCTPYMEHTA;

opraHusaumnsa NpoueccoB OLLEHKM KOHEYHOro KadecTBa yCrnyru;

opraHumsauma paboT no MeTposiormyeckomy obecrneyeHuro Npom3BOACTBA WM KavecTBy
npoayKuuu;

npoBefeHne TEXHMYECKOro OBCny>XMBaHUS M MNNAHOBLIX NpeaynpeanTesibHbIX PEMOHTOB
TEeXHOMorm4yeckoro obopyaoBaHus.

@opmuposaHue cucmemMbl UHGOpMayUoOHHO20 obecriedeHuss rnpouecca rpoussoocmesa
ycrnye aemocepeuca BKIOYaeT crneaylwme OCHOBHble WHGOPMAaUWOHHbLIE MaccuBbl U
JEencTBuS:

nHpopmauua 06 ydacTHMKaxX pblHKa PecypcoB: PecypcCbl, KayecTBO, LiEHbl, YCrOBMS
NoCTaBKM.

NMHopMauusa o pbiHKE NOTpebuTenemn ycnyr: HoMeHknaTypa n o6bemMbl yCrnyr, AUHamMmuKa u
HanpaBfieHNs1 UBMEHEHUN PbIHKA;

AaHHble O COCTOSHMM W YpPOBHE MNPOU3BOACTBEHHOrO npouecca npeanpuatus wu
XapaKkTepuCTMKax HOBENLLUNX TEXHOSOIMI, TEXHMYECKOro obecneyeHns Npon3BoACTBa YCNYT;

(PMHaAHCOBOE COCTOSIHME NPEeanpUSaTUS: BESIMYMHA KanuTana, OCTaToK AeHEeXHbIX CPeacTB,
KpeguTtopckasa n nedbutopckas 3agoimKeHHOCTb;

KOHTPOSIb COCTOSIHMS MHGOpPMaUMOHHOIO obecnevyeHnss N TpeboBaHUM HOPMATUBHOM
AOKyMeHTauuu.

OueHky 9 dEKTMBHOCTM ynpaBreHns npoueccamn LenecoobpasHo nNpoBOAUTbL MO
KaXXOOMy  HanpaBneHu  OeAaTenbHOCTU  npeanpusatms  (YPOBEHb  HOPMUPOBAHUSA W
NCronb30BaHNUSA PeCcypcoB, ornepaTMBHOE BpeMs NPOU3BOLCTBA YCryru u Apyrue), cpaBHUBas
nokasatenu npeanpuaTnsa co CpegHMMU Unn nNyywmnmMm B OTpacnu.

Llenecoobpa3Ho ucnonb3oBaTb Takke WHTerpanbHbin (0606LEeHHbIN) noka3aTtenb Ang
onpeaeneHns cyMmapHon adeKTUBHOCTM ynpaBneHus NpoM3BOACTBOM YCryr aBTocepBumca no
BCEM HanpasfieHMsIM OesTenbHOCTU (NnaHuMpoBaHue, paspaboTka, peanusauumsi NpoLEeCcCoB U
T.n.). [Ana 3TOro YyacTHble nokasaTenu onpenenarTCs U CPaBHUBAKOTCA C COOTBETCTBYHOLLUMMU
CpegHUMM nokasaTensamMm nyywmnx NpeanpuaTnini oTpacnn n HaxoauTcsl YPOBEHb COOTBETCTBUS
a(peKkTMBHOCTM NPOU3BOACTBA Ha NpeanpusaTMM no HanpasneHusam. CpeaHeB3BeLUeHHbIN
apudgmeTndecknmn nokasaTenb PYHKUMOHNPOBAHNA NPON3BOACTBEHHOIO npouecca

npeanpusaTus Rep moxHo onpeaenuTb No opmyne:
T

Rc‘:p: Zibi* (PEI'_ Pcat:’)
i= : (1)

roe P:‘, Peati - COOTBETCTBEHHO, 3HayeHns ! - ro nokasatens OTAEnbHON COCTaBMAOLLEN
UNN  XapakTepUCTUKM MNPOM3BOACTBEHHOrO nMpoLecca Ha [AaHoM npeanpusTus  u
aHanorn4yHoro nokasaTtens CpeaHero B OTpacnu;

bi — napameTp BecoMocTu ! - ro nokasaTens, BXoasALWmin B 0606LLEHHbIN (OnpeaenseTcs
MeTOJOM 3KCMEePTHOro onpoca);

L =1, .., n — yncno nokasaTenen, BAUSIOWNX Ha CPeOHEB3BELUEHHbIW MnokasaTerb
PYHKUMOHNPOBAHUSA NPOU3BOLACTBEHHOIO NpoLuecca U MPUHATBLIX 5151 OLLEHKN.

3. 3aknroyeHue:

Bbibop Mogenu cuctembl yrnpaBneHns Npon3BoACTBEHHbIM NPOLECOM NPeanpUsiTUn
aBTOCepBuca JOMmKeH 6a3MpoBaTbCA Ha y4eTe TEXHUYECKUX, SKOHOMUYECKMX U COLMarnbHbIX,
NMCUXONOrMyYecknx nokasarensax pyHKLUMOHNPOBaHMS NPON3BOACTBA.
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Mpun co3gaHnm cnucTembl ynpaBrneHust e PeKTUBHOCTLIO NPOM3BOACTBA KA4YeCTBEHHbIX
ycrnyr Heo6xoAMMO NPUHUMATbL BO BHUMaHME HOMEHKNaTypy OCHOBHbIX (OYHKLMIA CUCTEMBI
yrnpaBrieHMs1 BO BHELLHEW cpeae v BHYTpY NpeanpusaTus.
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PA3PABOTKA MEXAHU3MA COBEPLLUEHCTBOBAHUSA NMPOLIECCA
NMPOU3BOACTBA YCIYI NPEOANPUATUAMU ABTOCEPBUCA

DEVELOPMENT OF A MECHANISM FOR IMPROVING THE PROCESS OF
PRODUCING SERVICES BY CAR SERVICE ENTERPRISES

Sergey Mastepan, Nikolai Mastepan, Dmytro Savenok, Nikolai Vinogradov

Abstract. An important task of the enterprise is the assessment of the internal system of production of car service
services, determination of directions, rates and mechanisms for ensuring progressive development of the
production process. It is necessary to have well-founded procedures for the development of programs, plans for
improving the production of services, using the results of the assessment of the state of the external and internal
environments relative to the enterprise, ensuring the expectations and wishes of consumers. Analysis and
assessment of the market situation is a prerequisite for making informed decisions at all levels of production
process management. When forming and improving the production process of a car service enterprise, it is
advisable to use the concept of "Frugal production”. When researching the market for services and production
processes, it is important to consider technological, economic, and social factors of influence. To evaluate the
production process, it is advisable to use a comprehensive method of evaluating the entire system.

Keywords: car, service, production process, influencing factors, assessment, development, improvement

1. BBepeHue:

Mpn PYHKUMOHMPOBAHUN MPEAnPUATUS B KOHKYPEHTHOW Cpede Ha pblHKE YyCnyr no
TexHudyeckoMmy obcnyxuBaHuio (TO) M pemMoHTy aBTOMOOGUNEN, B YCMNOBUAX MOCTOSAHHbLIX
9KOHOMWYECKMX KPMU3MCOB, CKa3bIBaKOLLMXCA Ha yPOBHE (PMHAHCOBOrO COCTOSIHUA noTpebutenen
ycnyr, HeobxogmMmo cnyxbe ynpaBneHus npeanpusTMeM UMeTb MH(OPMaUUIo O COCTOSHWUM,
CTPYKTYpE pblHKa yCrnyr, HanpaBreHnsax n guHamMmuke ero nepeMeH. BaxkHa Takke 3agava oueHKn
BHYTPEHHEN CUCTEeMbl MNPOWU3BOACTBA YCNyr ANA OonpedeneHnsa HarnpasfieHus, TeMnos,
MexaHu3MoB obecneyeHuss pasBuMTUA MNPOM3BOLCTBEHHOrO npouecca. HeobxogMmo wnmeTb
obOCHOBaHHble npouedypbl  pa3paboTkn nporpamm, MNaHOB, OTAENbHbIX  PeLleHUi
YyCOBEpPLUEHCTBOBAHNS COBCTBEHHOrO NPOM3BOACTBa Ha 6a3e pe3ynbTaToB OLEHKM COCTOSHUSA
BHELUHEN M BHYTPEHHEN cpef OTHOCUTENbHO NPeanpusaTUs, UCXOAS U3 MPUHLMNA akueHTa Ha
notpedurens.

HesaBUCMMO OT yKasaHHbIX HeraTMBHbIX OBCTOATENbLCTB, CIOXUBLUMXCA B CTpaHe B
nocrnegHve rofpl, B aBTOTPAHCMNOPTHOM OoTpacnu HabntogaeTcs, XoTb U ¢ KonebaHnamm, poct
aBTOMOOUITBHOrO MNapka M, COOTBETCTBEHHO, 06beMOB paboT B cdepe Npou3BoaCTBa YCnyr
aBTOCEpBMCa.

OcHoBHOM  Uenbld  NpPeanpusaTMin  aBTOCEPBMUCA KAk  CaMOCTOATESNIbHOW  4acTu
NHPPaACTPYKTYpPbl 3KOHOMUKM CTpaHbl aBnseTcs obecneveHne achbdekTneHoro, 6e3speaHoro ons
oKpyxatwen cpeapl, 6HesonacHoro Ansg HaceneHus, QYHKLMOHMPOBAHNA aBTOMOOUNS.
[MpeonpuaTue OOMKHO AeNCcTBOBaTbL NO HanpasneHusm [1, 2, 3]

yAoOBMneTBOpeHMe crnpoca notpebutenen Ha kadecTBeHHble ycryrn no TO u pemMoHTy
aBTOMOOMNEN B COOTBETCTBUM C UX TPEOOBAHNSAMN N OXUOAHUAMM;

obecrneyeHne noTpebutenen ycnyr HeOBXoANMbIMU IKCNITyaTauMOHHBIMKU MaTepuanamu,
3anacHbIMM YacTAMM U KOMMAEKTYOLWMUMK K aBTOMOBUIIO;

npegocTaBneHne nNoTpedbuTensiM KOHCYNbTATMBHbLIX YCMYr MO YNYYLWEHUIO 3KCnnyaTauum
aBTomobunen, obecnevyeHuto NpPUroagHOCTU aBTOMOOUNA K WUCMONb30BAHUIO  (THOHWHT,
00yCTPOMCTBO canoHa u T.n.).

2. U3noxeHue:

Mpeonpuatve He MOXET paccyuTbiBaTb Ha NPOLOSKAKOLWMACA YCNeX Ha pblHKe
aBTocepBuca, obecnevmBaTb HeobxoouMmble AN KOHKYPEHTOCNOCOOGHOCTM pesyrnbTaTbl 6e3
NOCTOSIHHOM paboTbl NO UCCNEeA0BaHNIO COCTOSAHUS, HOMEHKNATYpPbl U O6BEMOB YCIyr Ha PbIHKE.
[Mpouecc mn3yyeHUs n aHanuMsa COCTOSIHUS U OMHAMUKU Pas3BUTUSA PbIHKA ycryr OOCTaTOYHO
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cnoxeH. Ha Hero BnusieT COBOKYNHOCTb (PaKTOPOB M YCIOBUW BHELUHEW cpefbl, KOTopble He
ABNAOTCA NOCTOAHHBIMW.

AHann3 1 oueHKa COCTOSAHMUS pblHKa ABMASETCS o6s3aTenbHbIM YCNOBUEM AN NPUHATUSA
ODOOCHOBaHHbIX PELLUEHU Ha BCEX YPOBHAX ynNpaBneHWsa npoueccoM Mpou3BOACTBa YCnyr: oT
pykoBOAUTENA Npeanpuatus 0o macTtepa, Opuragumpa, a Takke Ansa paspaboTku LeneBbliX
nporpamm, nnaHoB, KOHKPETHbIX MEpP MO COBEPLLUEHCTBOBAHUIO, pa3BUTUIO Npon3sBoacTea [3, 4].

3-3a noBbIWEHNA KOHKYPEHTHOM 60pbObI N €BPpONENCKOM MHTErpaumMm 3KOHOMUKN CTPaHbl
PbIHOK YCNyr aBTOCEepBMCA pa3BUMBAETCA B HanpasfeHuuM WHOUBMAOyanbHOro noaxoda K
notpebutenam, BHeOpPEeHUS HOBEMWMUX 3anagHblX TEXHOMOMMW WU TEeXHONOrM4Yeckoro
obopyaoBaHMs, COBEPLUEHCTBOBAHUSA opraHusaumm paboT, yryylweHns B3aMMOOTHOLUEHWUN
pabOTHMKOB B MNpPOLECCE BbINOSIHEHUA TEXHOMOMMYECKUX Onepauun, passBuTUS CUCTEM
MOHUTOPUHIa PbIHKOB YCMyr, MaTepuanbHbIX WU 3HEPreTUY4eCcKUX. pPecypcoB M MOHUTOPUHra
Npon3BOACTBEHHOrO npouecca [2, 5, 6]. MNpoueccobl npomnssoactea ycnyr no TO n pemMoHTy
aBTomMOOuUnen, cBA3aHHble C BHEAPEHWEM WHHOBALMOHHBIX TEXHOMOMMN, CyLEeCTBEHHO
ynyyqwarT 3d@EeKTUBHOCTbL MNPOU3BOACTBA, B pe3ynbrate 4Yero MOBbIWAETCA WUMUOX
npeanpusaTMs cpeau notpebutenen ycnyr, yBenMuMBaeTCs CerMeHT pblHKa W ynydlaeTtcd
KOHKYpEeHTOCNOCOBHOCTb NpeanpuaTtus [3, 5].

Ana goctuwxkeHusa uenu npu nccnegoBaHuy NpoLeccoB NPOn3BOACTBA YCNyr aBTocepBumca
Heo6Xxo4MMO NMCNONb30BaTb CUCTEMHbBIM NOAX0A, NpeanonaratLwmi BolaeneHme naTm OCHOBHbIX
npuHumnos [7]. OTHOocMTEeNbHO NpoueccoB NpoundsoacTea ycnyr no TO 1 peMoHTy aBToMobunen
Ha NpeanpuUaTUSX OHU MOTYT UMETb crieyrollee 3Ha4YeHue:

LeNIoCTHOCTb CUCTEMbI, MO3BONAOLWAa NpoLecc NPon3BOACTBa YCryr paccMaTpuBaTth Kak
cucTeMy 1 eauHoe uenoe;

NepapxXu4HOCTb CTPOEHUS MPOU3BOACTBEHHOIO Mpouecca — Hanuyne COCTaBHbIX
3N1eMEeHTOB, PYHKLNOHUPYHOLLNX HA OCHOBE NogYnHEHUS: Bpuragbl, NPON3BOACTBEHHbIE YHACTKM,
30HbI TO 1 peMoHTa, NPon3BOACTBEHHAA Ba3a NpeanpuUaTUs;

CTPYKTypu13aumnsa Npon3BoACcTBEHHOIO npoLecca, No3BongALLLaa aHannM3anpoBaTh 3f1EMEHTbI
CUCTEMbI (CTPYKTYpHble nogpasferneHvsl) u ux B3auMMOCBA3M B pamKax OpraHu3auuMoHHOW
CTPYKTYpbl NPeanpuaTus;

MHOXECTBEHHOCTb,  MO3BOMAKLWAA  UCMOMb30BaTb  MHOXECTBO  KMBEpHETUYECKUX,
9KOHOMMYECKMX U MaTeMaTUYEeCKNX Moernen Ass OnMcaHnsa oTaernbHbIX 311eMEHTOB;

CUCTEMHOCTb, CBOWCTBO OObekTa obnagatb BCeMM MpU3HaKamu CUCTEMbI: MNpouecc
NPOM3BOACTBA YCNyr MO TEXHUYECKOMY OOCNY>XMBaHUIO U PEMOHTY aBTOMOOUNEn MMeeT Bce
NPU3HaKN CUCTEMBI.

Mpon3sBoacTBO ycnyr aBTOCEpBMCA BKIOYAET MocreaoBaTesibHOCTb B3aMMOCBS3aHHbIX
TEXHOMOrMYeckux npoLeccoB, B3avMOOENCTBUN OTAENbHbIX CTPYKTYPHbIX MOApasaeneHnin u
NCNONb30BaHME TEXHOMOrMYeCKkUX CUCTeM U OOOPYyAOBaHUSA, LUENb0 MNpUM 3TOM SABMASETCH
npeBpaLleHne BXo4oB npouecca (aBToMobunu ana obcnyxmBaHus, peMoHTa, MatepuarbHble U
3HepreTMyeckMe pecypcbl) B ero Bbixodbl (MPOM3BOAUMbBIE YCIYrM aBTOCEpPBUCA), JOCTUXKEHNE
pesynbTata: NpefocTaBrneHne KayeCTBEHHOM YCryrn, Nony4yeHue npuobsinu.

BaxHon 3agadenn B nnaHe pasBuUTUS  MPOM3BOACTBEHHOro npouecca B Uensx
COBEPLUEHCTBOBaHUA NPON3BOACTBEHHOM Ba3bl 1 NPUBEYEHUA HOBbIX NOTpebuTenen asnsaeTcs
CHWXEeHVe MaTepuarnbHblX U 3HEpPreTUYecKnx 3atpart npeanpusaTus Ha Mpou3BOACTBO YCIyr
aBToCepBuca.

Pacxogbl, ngyime Ha npon3sBoaCTBO YCIyr, KIaccuuumnpyoT No pasHbiM npusHakam [8,
9]. BaxxHbIMM Ha NpeanpuaTUM aBTocepBUCa ABNATCA NPU3HaKKU, NpeacTaBieHHble B Tabn. 1.

Knaccudpumkaums saTtpat, ee aHanm3 1 MUHMMmn3aums, ¢ obecnedeHmem adhPeKTUBHOCTU
NPOM3BOACTBa KayeCTBEHHbIX YCryr, Heobxoanma Ans onpeaeneHus cebecTtoMmocTu yenyr u
ueHoobpa3oBaHWs Ha ycnyru gns notpeburtenen.

Mpu dopmupoBaHUn U COBEPLLEHCTBOBAHNN NPON3BOACTBEHHOrO npoLecca npeanpusaTms
uenecoobpasHO MCNonb30BaTh KOHUEMNLUMI0 «AKOHOMHOE npoun3BoacTBo (Lean production)» [3,
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5],

cornacHo KOTOpOI7I co3garoTca  ycnoBuAa OnA  HEYKINOHHOro CTpeMIieHua KonnekTtuBa

NpeanpusaTMs K YCTpaHeHWto BCeX BWOOB MNOTEpPb MpM MNPOM3BOACTBE YCNyr aBTOCepBuCa.
OKOHOMHOE MNPOM3BOACTBO MpearnonaraeT BOBMEYEeHWE B MNPOLECC COBEPLUEHCTBOBAHUSA
NpOoM3BOACTBEHHOW Ga3bl 0OCNyXMBaHUS U PEMOHTA aBTOMOOMNEN Ha NpeanpUsaTUM KaxKaoro
paboTHMKA W MaKCMMarnbHYl0 OPWEHTAUMIO NPOM3BOAMTENS Ha OXuaaHusl, TpeboBaHus U

XenaHus notpedurtens.

LleHTpoM BHMMaHUsSi 3KOHOMHOro NPOM3BOACTBA YCNYrn SIBMSIETCS €€ LEeHHOCTb ANs
noTpebutens. Mepbl MO COBEPLUEHCTBOBAHWUIO rpoLiecca MNpouM3BOACTBA, He mMpuaakowmne
LleHHOCTM Ans noTpebuTens paccmaTpuBatoTcs Kak noTepun NpeanpuaTusi, OHN He peHTabenbHbI,

He uenecoobpasHbi.

Tabnuuya 1

Knaccudpmkaums 3atpat npegonpuatna  asTocepBuca Npyv NPOU3BOACTBE  YCnyr no
TEXHUYECKOMY OOCNY)XMBAHUIO U PEMOHTY aBTOMOBUMEN

[Mpun3Hakmn knaccudukaymm

Buabl 3atpart

lNo Bngam pacxonos

3aTpaTbl HA MaTepuarnbHble PECYpPCh;

3aTpaTbl Ha 3HepreTU4Yeckne pecypcol;

pacxofbl No onnaTe Tpyaa;

pacxodbl MO coAepXkaHuio MaTtepuarnbHO-TeXHUYeckolr 6asbl
npeanpuaTus;

pacxofbl N0 CTAaTbsAM KarnbKynsiLum

Mo
nepvoay

KaneHgapHomMmy

TeKyLne NOCTOAHHbIE U3OEPXKKY;
eMHOBPEMEHHbIE 3aTparthl (npoBeneHue
N3MEHEHUN B TEXHOMOIMN NPOU3BOACTBA YCNyr)

CPOYHbIX

Mo oTHOLEHNMIO K Npoueccy

npouMsBoOACTBa  ycnyr no
0OCNYXMBAHUIO N PEMOHTY
aBTOMOOUNen

OCHOBHble pacxofbl (Ha maTepuarnbHble, 3HepreTuyeckue,
TPYAOBbLIE pecypchl);

HaknagHble pacxoabl (hanorw, amMopTM3auUNOHHblEe
oTyMcneHus, wrpadbl, peknama, cTtpaxoBaHue, opugudeckme
cbopbl, apeHaa, pacxodbl Ha nepee3apbl, CEPBUCHbIE pacxobl U

T.M.)
Mo OTHOLLEHWUIO K| npegynpeguTenbHble (coBepLueHcTBOBaHWE TEeXHUKO-
pes3ynbTaTam NpOV3BOACTBA | TEXHONOMMYECKOro, KagpoBoro obecneveHus, ynydweHue
ycnyr aBTocepsuca KOHTPONSA NMPON3BOACTBEHHbIX NPOLIECCOB);
3aTpaTbl Ha  WUCNpaBfneHWe  BHYTPEHHEN  HexBaTKu
npom3sBoAcTBa (He COOTBETCTBUSA  YCNYr  TEXHUYECKUM
YCIOBUAM);
ncnpasneHne BHELIHEro HecooTBEeTCTBUA, ©Opaka no
peknamaumsam

Mo cocTaBy, COBOKYMHOCTHU

3aTtpaTtbl Ha OOUH 3JIEMEHT, Ha OTAEJIbHYIO COCTaBIAOLLYHO

npouecca: 3amMeHa eauHULbI O60pyﬂ,OBaHI/IFI, oTAenbHOM
TEXHONOINMN;
KOMIJ1EKCHbIE 3aTpaTbl: obHoBMNEHNE TEXHONOINN,

TexHM4Yeckoro obecneyeHus npon3BoACTBEHHOIO npouecca un
T.M.

Mo cnocoby oTHeceHust Ha
cebecToMMOCTb OTAENbHbIX
BNOOB NPOM3BOACTBA

npsiMble 3aTpaTtbl: pacxoabl, HEMNOCPEACTBEHHO CBsi3aHHbIE C
NPOM3BOACTBOM YCAyr UMK NPOAYKLMMK;

KOCBEHHbIE 3aTparhbl: NPON3BOACTBEHHbIE 3arTparhl,
HeobOxoauMble ANS  pPas3nNUYHbIX MPOLECCOB, MPSIMO  He
BNUSAIIOLMX Ha MNPOU3BOACTBEHHbLIA MNPOLECC B Te4yeHue
onpeneneHHoro nepvoga BpeEMEHU (yny4ylleHune CUCTEMb
MOTMBaLMN pabOTHMKOB)
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Mo uenecoobpasHoCTU npounssoguTenbHble 3aTpaTthbl: Aal0T 3PdeKT;
HenpousBoAMTENbHbIE pacxobl: He NPUBOAAT K NOBbILLEHUIO
appeKTUBHOCTH

Ons  yMeHblUeHWnd, yCTpaHEeHUs noTepb KOHUENUUS SKOHOMHOrO NpOM3BOACTBA
npegnonaraeT Ux pasgeneHve Ha Buabl. na npeanpuatna aBTocepBuca BaxHbl crneyolime
notepwu [6, 8]:

noTepy BPEMEHWN U3-32 OXWOAHUM MaTepuanbHbIX PECYpCOB, MHCTPYMEHTa, OOBLEeKTOB
obcnyxunBaHusa (aBToMobund, ero CoOCTaBHOW 4YacTn);

notepu OT W3NULIHEW, HepaunoHanbHOW TPaHCMOPTUPOBKM arperatos, MaTepuaribHbIX
pecypcos;

noTepu n3-3a yBerm4yeHHbIX 3anacoB XpaHeHUs MaTtepmnaros, 3anacHblxX YacTewu;

noTepu n3-3a HepaunoHanbHOW opraHu3aumm nepemMeLLeHns paboTHMKOB 1 aBTOMOOUNEN,
arperaTtoB Mo NPOU3BOACTBEHHOM 30HE NPW BbINOSTHEHUN PaboT;

notepu m3-3a MNPOM3BOACTBA HEKAYeCTBEHHbIX ycnyr, 6paka (BHYTPEHHWE W BHELUHWUE
notepm);

notepy wu3-3a Hepeanus3oBaHHOrO noTeHumana paboTHMKOB, MNpPU HECOBEPLLUEHHOM
opraHuMsauumn Tpyaa u He nonHoro obecnevyeHnst pabovmx MeCT MHCTPYMEHTOM, OCHaLLEHUEM.

AKTMBHOE pasBUTUE pbiHKA yCnyr aBTocepBuca obycnoBneHo psgom ¢aktopoB. Ha aTo
BNUAKOT MHOrMe akTopbl B cdiepe YynpaBreHus coumanbHbiM passutvem obuwectBa. K
OCHOBHbIM (hakTopaM, XxapakTepHbIM ANa nNpeanpusaTui aBTocepBuca uccrnegoBaTenym OTHOCAT
cnegytowme [3, 8, 10]:

NoSIMTUKY rocydapcTBa, KOTOpash MOXET MPOSBMATbCA B CTUMYNUPOBAHUM pPa3BUTUS
OTpacnu, yCUNeHNN KOHTPOIs 3a LLeHoobpa3oBaHMEM, NPUHATUM 3aKOHOB;

9KOHOMUYECKME TEeHAEHUMN pa3BUTUS NPOM3BOACTBA B CTpaHe, YTO CnocobCTBYET poOCTy
crnpoca Ha CepBUCHI U UX KAYECTBO;

coumanbHble M3MeHeHust B obulecTBe, obycnosnuearolmMe pocT AOXOO0B HacerneHus,
TpaHcdopMauuio obpasa Kn3Hu, NoBbILLEHNE NOTPEOHOCTUN B ycnyrax;

pas3BUTUE TEXHONOIMN U NX BHepPEeHME B MPON3BOACTBO B OTPacsv;

NOBbILLEHME aKTMBHOCTW TPaHCHaAUMOHAIbHbIX aBTONPOM3BOAUTENEN U  CEPBUCHbLIX
KOMMaHWN.

Pas3BuTne pblHKa ycnyr aBTocepBuca onpeaenseTca 4encTBMeM (pakTopoB BHYTPEHHEN, B
npegenax NpeanpuaTna N BHELLHEN cpef, B OTHOLLIEHUN NpeanpuaTus.

BaxHoun 3agjadven npegnpusatna SBngeTcd MOHUTOPUHE rnokasaTenen (OyHKLMOHUPOBAHUA
npon3BOACTBEHHOro npouecca. OH obecneumBaeT CHMXEHME Konuyectea cboeB M NPOCTOEB B
pabote ob6opyaoBaHus, 3aTtpaT OT He3annaHMPOBaHHbIX PEMOHTOB, SIBMSIETCA OCHOBOW
a(ppeKTUBHOrO ynpasrieHUsi MPON3BOACTBOM.

OueHka ucnonb3oBaHUs MaTepuanbHO-TEXHUYECKON 6asbl npennpusaTvus npegnonaraet
MOHUTOPUHT HE TOSIbKO TEXHUYECKMX NapamMeTpoB (PYHKLUMOHMPOBaHMA 0BopyaoBaHWs, HO U C
€ero MnOMOLLbI0 MOXHO OLEHMBATb YPOBEHb WCMONb30BaHUA MNPOU3BOLACTBEHHON MOLLHOCTU
CTPYKTYPHbIX NogpasgeneHum npeanpuaTus.

BaxHbiMn XxapaktepucTukamn, KOTopble HeobxoauMO oueHuBaTb MNpU  MOHUTOPUHIeE
NpoOn3BOACTBEHHOM 6a3bl M NPON3BOACTBEHHOIO NpoLecca NPeanpusaTis, ABRSTCS Nokasatenum
Ncnonb3oBaHns BpeMeHn paboTtbl 06opyaoBaHuA.

KoadbdmumeHT ncnonb3oBaHnst ooHaa nnaHoBoro BpemeHn K, yHKUMOHMPOBAHUSA | -rO
BMOa OCHOBHOro o6opyaoBaHus Ha yvacTke (NOgbEMHUKN, MaHUNYNATOPLI U T.M.) onpeaenseTcs
no dpopmyrne:

Ke = Td)uKm i/TﬂﬂGHi J (1)

rae  Tpoumi — PakTuyeckoe Bpemsi paboTbl / -ro BuAA TEXHOMOrMYeckoro obopyaoBaHUs Ha

yyacrTke;
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T 1pan i — MNAHOBOE BpeMs paboThl i -ro BUAA TEXHOMOrMYeckoro obopyaoBaHus.

Ona  oueHkn  cocTossHMst  (PYHKUMOHMPOBAHUSA  NPOW3BOACTBEHHONO  MpoLecca
uenecoobpasHo ncnonbL3oBaTb KOMMMEKCHbIN MeToq OLEHKN BCeu CUCTEMBI,
npegycMmaTpusarLmnm Mcnonb3oBaHne obobLeHHOro nokasartend, npeacraBngatowero cobown
YHKUMIO OT eOUHWYHbIX MoKasaTenen, Hanpumep, egeKTMBHOCTb WMCNOoNb30BaHuA Tpyaa,
cebecToMmMoCTb NMPOM3BOACTBA YCNYrM, KOTOpasi 3aBUCUT OT COBOKYMHOCTW COCTaBMSOLLMX,
BNUAIOWMX HA Npou3BoACTBEHHbIM npouecc. OO6O6LWEHHbIM nokasaTenb MOXeT ObiTb
NHTEerpanbHbIM UMW CPEOHUM B3BELLUEHHbIM.

YpoBeHb 3 PEKTUBHOCTU UCMNOSIb30BaHUA Tpyaa Ha NpeanpusTUn aBTocepsuca Ep MO>XHO

onpegenuTb K3-3a 3aTpaTt Tpyda Ha eauHULY NoslydeHHOro goxoga npegnpuatus. Ero MoxHo
paccuuTtaTtb No dpopmyne:

E = Ttor, (2)

roe Ti,, — 3aTpaTbl Tpyda Ha npousBoacTBo ycnyr no TO u peMOHTy aBToMobuneln Ha
npeanpusTMM B Te4eHne paccMmaTpuBaeMoro nepuoga (kBaptana, roga);

D,, — noxoabl NpeanpuaTUs OT peanu3auum ycnyr aBTocepBUCY 3a TOT e Nepuog.

[aHbli nokasaTenb 3aBUCUT OT YPOBHS TEXHOMOMMA U TexXHW4eckoro obecneyeHus
npoueccoB TO n pemoHTa aBTomMoOuMnen, opraHnsaumm TPyAoOBbIX NPOLIECCOB, XapakTepusyeT
YPOBEHb NUCNOSTHUTENBCKOW ANCUMMNHBI PAGOTHUKOB.

CMeluaHHbIM MeTof OLEHKN (PYHKLMOHMPOBAHMS CUCTEMbI MW Npouecca npeanonaraeT
O HOBPEMEHHOE UCMOSIb30BaHME KOMMNIEKCHbIX (0606LLEHHbIX) NOKa3aTeneun, kak Npasuno,
BCEWN CUCTEMBbI, MPOLECCa N OLIEHKN OTAENbHbIX X COCTaBHbIX YacTen e ANHUYHbLIMU
nokasartensamMu: Npmobbifib OT NPOM3BOACTBA €4MHULbI YCIYTN — KOMMIIEKCHbIN NOKa3aTenb;
3aTpartbl Tpyaa, 3aTpaTbl 3HEPropecypcoB, 3aTpaTbl BPpEMEHM Ha NPON3BOACTBO YCryrn —
€AVHNYHbIE NOoKa3aTenu.

EOnHWYHBbIE NOKa3aTenn oLeHKN NPoM3BOACTBEHHOIO NpoLlecca Ana opMMpoBaHUS
nporpaMmmbl U NIIaHOB PasBUTUS MPOM3BOACTBA YCIyr aBTOCEPBUCA XKenaTeNbHO 06beanHATL B
rpynnbl U UCNONb30BaTb KaK KOMMMEKCHbIE NnokasaTesnv, Tak U oTAerbHble OOMHOYHbIE, KOTOPbIe
BaXXHbl A1 NOBbILLEHUS Ka4YecTBa.

3. 3aknroyeHue:

McecnenosaHust cOCTOSAHUSA U 3(PPEKTUBHOCTU PYHKLMOHNPOBAHUA MPON3BOLCTBEHHOIO
npouecca npeanpuATUS aBTOCepBUCA [AOSMKHbI BKMNIOYATb: WU3y4eHUe, OLUEHKY W aHanus
NPOM3BOACTBA  TEXHWYECKOro  obcnyXmBaHMs M peMOHTa  aBTomobunen; aHanus
NPOWN3BOACTBEHHbLIX (PYHKUMA UCMONHUTENEN NPOU3BOACTBEHHOrO mnpouecca; paspaboTky
CUCTEeMbI, MOAeNnen u MeTofoB OLEHKM 3dEKTUBHOCTM NMPON3BOACTBA

[na oueHKn ypoBHS KadecTBa U 3PEMEKTUBHOCTU MPOU3BOLCTBA YCNyr aBTOCepBuCa
uenecoobpasHO MCNOMb30BaTh CMELLAHHbIN METOA OLIEHKN NPOM3BOACTBEHHOMO NpoLecca.

NuTepartypa:

1. Kanapuyk B. €., Ilyguenko O. A., bapunoswuu J1. 1. n gp. OpraHisauis BupobH14Mx npouecis Ha
TpaHcnopTi B pyHKoBUX ymoBax. — K.: Jloroc, 1996. — 348 c.

2. OnNTUMICTUYHI NPOrHO3M aBTOPWHKY // ABTOTPAHCMOPT: eKkcnnyaTtauis, oBcrnyroByBaHHS Ta
peMoHT. — 2010. — Ne 4. — C. 13-14.

3. Mpobnemu peryntoBaHHsA puHKY TpaHcnopTHUX nocnyr/ A. MiweHko // MNMpasosuin TxxaeHs. 2008.
— Ne 30. — 31.

4. MopgenioBaHHA TEXHOMOriYHMX MNpoueciB nianpMemcTs aBToMobinbHOro TpaHcnopty/ B.B
Binivenko, B.IMN. Kyxenb. [EnektpoHHu#n  pecypc] — Pexwum pgoctyny go  crarTi
http://posibnyky.vntu.edu.ua/newauto/6/index.html

59



MEXOYHAPOOHA KOH®EPEHLNA ,EKO BAPHA® 2024

5. NyaueHko O. A. TexHidHa ekcnnyaTauis i o6cnyrosyBaHHs aBTomobinis: TexHonoris: Migpy4HuK
/ O. A. llygyeHko. — K.: Buwa wk.., 2007. — 527 c.

6. JleBkynuy B.B. 30BHiLLHI Ta BHYTPIiLWHI (hakTopu BNANBY Ha 3abe3neveHHs Ta NoKpaLLeHHS SKOCTI
npoaykuii [EnektpoHHui pecypc). — Pexxnm goctyny: https://dspace.uzhnu.edu.ual/jspui/bitstream/

7. CigHesa X.K. PosButok cuctemHoro nigxody go ynpasniHHa skicTio / XK.K. CigHea //
dopmyBaHHS pMHKOBMX BigHOCKH B YkpaiHi, Ne 9, 2007. — C. 74-77.

8. Kanapuyk B.C., KypHikos I.I. BupobHuui cuctemu Ha TpaHcnopTi: MNigpyyHuk. — K.: Buwa wkona,
1997. - 359 c.

9. Po3BUTOK MepexeBOoro asTocepBicy B YKpaiHi. [EnekTpoHHWMA pecypc]. — Pexum goctyny:
https://studfile.net/preview/7242470/page:11/.

10. MNepcnektuBm TpaHcnopTHux nocnyr / MapyHuy B.C. — HAH Ykpainu, 2008. — C. 88-90.

3a KoHTaKTu:

Mastepan Serhii Nykolaevich, Associate Professor, Ph.D., Kharkov National Automobile & Highway University,
Mastepan Nykolai Antonovich, Associate Professor, Ph.D., Savenok Dmytro Valeryovich, Associate Professor,
Ph.D., Nikolai Vinogradov, Associate Professor, Ph.D., Donbass National Academy of Construction and Architecture,
phone: +3805096538, +380954927056, +380958934683, +380509752312, e-mail: mastepansm@gmail.com,
m.a.mastepan@donnaba.edu.ua, d.v.savenok@donnaba.edu.ua, m.s.vynohradov@donnaba.edu.ua

60


mailto:mastepansm@gmail.com
mailto:m.a.mastepan@donnaba.edu.ua
mailto:d.v.savenok@donnaba.edu.ua
mailto:m.s.vynohradov@donnaba.edu.ua

MEXOYHAPOOHA KOH®EPEHLNA ,EKO BAPHA® 2024

3ABUCUMOCTb USMEHEHUA INEKTPOMNMPOBOAHOCTU AHTU®PPU3A OT
TEMMNEPATYPbI

DEPENDENCE OF CHANGE IN ANTIFREEZE ELECTRICAL CONDUCTIVITY
ON TEMPERATURE

Mikhail Nahliuk

Abstract. The article presents the results of changes in the electrical conductivity of antifreeze and coolants
from different sample temperatures, as well as their graphical and mathematical dependencies. It has been
established that the increase in electrical conductivity of antifreezes with increasing temperature occurs according
to a polynomial dependence and is described by a second-order equation.

Key words: antifreeze, cooling liquid, electrical conductivity, temperature.

1. BBepeHue:

Pa3BnTre aBTOMOBGUNBHOM TEXHWKM B HanpasfeHUN BbiMycka aBTOMObUNen, noBblLeHne
MX KayecTBa, HAAEXHOCTU W [O0SITOBEYHOCTU OAHOBPEMEHHO TPebyrT U NPUMEHEHUSN
COBPEMEHHbIX  Ka4eCTBEHHbIX  9KCMMyaTauuoHHbIX  MartepuarnoB. [Ons  BceCce3oHHOW
aKcnnyataumMm B CUCTEMAxX >KMAKOCTHOIO  OXNaXAeHWs aBTOMOOWUIbHbIX — ABUratenen
NCNONb3yITCA Kak OTeYEeCTBEHHbIE, Tak U 3apybexHble obpa3subl. Bcece3doHHasa oxnaxgatoLwas
XNOKOCTb SIBMSIETCA OOHUM M3 OCHOBHbIX (PYHKLMOHAMNbHbLIX 3fIEMEHTOB [BUratend, 4to BO
MHOroM onpeaensaeT HageXHOCTb N 3PEKTUBHOCTL paboTbl ero cMctem. M1 cCOOTBETCTBEHHO,
Kak nobon pyHKUMOHanbHbIM NapamMeTp Hy>KaaeTcs B NepMoandeckon AnarHoCTUKe U KOHTpone
Ka4yeCTBEHHOro coctosiHuss. OQHUM 13 MeTOAOB KOHTPOSS KavyecTBa OxNaxaroLen XUOKOCTH
MOXeT ObITb yaenbHasi 3NeKTPOnpPOBOAHOCTb aHTU(pPU3a, YTO, Kak W3BECTHO, 3aBUCUT OT
TemnepaTypbl.

2. U3noxeHue:

M3mepeHne yaernbHOM 9nNeKTponpoBOOAHOCTU YrNeBO4OPOAHbIX >XUAKOCTEW (TOMMuB,
Macern, pacTBOpPOB, pPacTBOPOB MNpUCagoK) LIMPOKO WCMonb3yeTcsa Ans  uccrnegoBaHus
MEXMONEKYNAPHbIX  B3aUMOAENCTBUM B YKa3aHHbIX XUOKOCTAX. OJIEKTPONPOBOAHOCTb
XapakTepuayeT HanuMunme B 3TUX XMUOKOCTSAX CBOOOAHbLIX 3apsKEHHbIX 4acTul, CMOCOBHbIX
nepensuratbCs NoA4 AENCTBUMEM 3NEKTPUYECKOro Mnons (3/1EKTPOHOB, WOHOB, 3apsKEeHHbIX
KONMOMAHbIX YacTuL).

Bonpockl, cBs3aHHbIE C 351IEKTPONPOBOAHOCTLIO XUAKOCTEN pacCMaTpUBaOTCA Hay4YHOMU
0OLLECTBEHHOCTBID OOCTAaTOMHO AaBHO. PesynbTaTbl U3MEPEHUN  3NeKTPOnpoOBOOHOCTU
CTaHOapTHbIX pPacTBOPOB Mpu pasHbiXx TemnepaTtypax npuBedeHbl B WUCTOYHUKe [1]
nokasblBalT, YTO MNpM MOBbLIWEHWN TemnepaTypbl XWOKOCTU MNPOBOAMMOCTb TakK Xe
Bo3pacTaeT. B ucTouHuke [2] onucaHbl uccrnegoBaHna v npueeneHbl pesynbTaTtbhl U3MEHEHUS
3MEKTPONPOBOAHOCTM YUCTbIX WM OTpaboTaHHbIX 06pa3uoB pasHbiX Macen npu pasHbIX
TemnepaTtypax npobbl. BoiIBOAOM aBTOpa cTano yTBepXAEeHWe O TOM, YTO MpM MNOBbILEHUN
TemnepaTypbl 3SIEKTPONPOBOAHOCTL Macen pacteT. B wuctouHuke [3] roBoputcsd, 4TO noA
AEeNCTBMEM 3NEeKTPUYECKOro nong (Hanpumep, areKTpMYeckoro nosis B 3a3ope KoHgeHcatopa) B
XNOKOCTAX BO3HMKAKOT OMMONKN, KOTOPblE BCErda OPUEHTUPOBAHbLI NO HamnpaBneHUo OEeNCTBUA
anekTpuyeckoro nong. TennoBoe  ABWXKEHWE  NpenaTcTByeT  OpueHTauum  aunons
He3HaunTenbHo. BcnencTBme aTOro anekTpuyeckasi NPOHUMLAEMOCTb HEMOMSPHbIX BELLECTB
NpakTU4eCKn He 3aBUCUT OT TemMnepaTypsbl.

OpgHako B aHTMdpm3ax MNPUCYTCTBYIOT MNONSPHblE BelecTBa, B pe3ynbTarte 4Yero C
NoBbILLEHMEM TeMnepaTypbl dNeKTpuyeckas npoOBOANMOCTb OXNaXKAaLWMX XUAKOCTEN OOIKHA
yBENUYMBATBLCHA, @ CO CHWXKEHMEM — YMEHbLUATbCHA. JTO CBHA3aHO C TeM, 4YTO nondpusauus
BXOOSALWMX B COCTaB aHTU(PU30B MNOMSPHbIX BELEeCTB COCTOUT U3 AedOopMauMOHHOIo W
OPVEHTALMOHHOIO KOMMOHEHTOB.
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Mpn opueHTaumoHHOM pOedhopmMaumn CTpemMneHne Ounons 3aHATb onpegerneHHoe
HanpaBreHve HaTankuBaeTCsa Ha COMpoTUBMEHWE, co34aBaeMoe TEenroBbIM ABMXEHUEM
monekyn. OpueHTUpOBKa B HamnpaBfieHWW CWMOBbLIX JIMHMKA TemM TpyaHee, 4Yem Bblle
TemnepaTtypa. TennoBoe [AOBWXEHWE CTPEeMUTCH HapywuTb YNOpPSOOYEHHOCTb Aunonen wu
nomewiatb UM, COPUEHTUPOBATLCS B HamnpaBfEeHUW CUIMOBbIX NUHWA. [lpyM BO3HMKaKOLLEM
CTaTM4YeCKOM paBHOBECUWM NONsipu3auus BellecTBa 3aBUMCUT OT YMcna U MOMEHTa AMMornen, a
TaKke OT UHTEHCUBHOCTU TEMMOBOIO ABUXKEHUS.

YuntbiBass BCe BblWeCKa3aHHOe, dnekTpuyeckad nNpoOBOAMMOCTb — OXnaxaaroLmnx
XNOKOCTEN 3aBMCUT OT TeMnepaTypbl, NPU KOTOPOW NPON3BOAATCH N3MEPEHNS.

[na onpegeneHnsa akcnepuMeHTanbHOM 3aBUCMMOCTU U3MEHEHUSA 3NeKTPONPOBOLAHOCTHU
XMOKoCTN OT TemnepaTtypbl Obinn B3siTbl OT€YECTBEHHbIM aHTUdpu3 "Tocon A-40" dupmbl
"BAMIT" n 3apybexHbin aHTugpus "G11" cdmpmbl "SHELL". 3Tn oxnaxpatowme XnakocTtu
nccneposanucb B gmanasoHe temnepatyp ot 5 go 80°C. B npouecce akcnepumeHTa obpasupl
HarpeBanu 1 Npon3BoanIn 3aMmepbl 3NEKTPONPOBOAHOCTH.

NccnepoBaHme npob otevecTtBeHHOro aHTudgpusa dompmbel «BAMI» nokasano, 4yto npu
Temnepatype 5 — 15°C npoucxoant NOHWXEHWE 3NEKTPONPOBOAHOCTU, a Npu TemnepaTtype
Boiwwe 50°C HauvMHaeTca pes3kuh U cTpemuTenbHbin  pocT. WccneposaHue obpasua
3apybexHoro aHTugpusa dupmbl  «SHELL» Takke nokasano, 4YTO  CHWXeHue
3NEeKTPONPOBOAHOCTU NpoucxoauT B AmanasoHe 5 — 10°C, a pocTt HabnwogaeTtcs nocne
npeogoneHuns otmeTkn B 57°C.

Mo pe3ynbTaTtaMm NpoBeAEHHbIX IKCNEPUMEHTOB Oblnv NOCTPOEHbI rPaUKM 3aBUCMMOCTH
N3MEHEHUs 3NEeKTPONPOBOAHOCTU aHTUMPU30B OT TemnepaTypbl NPobbl, KOTOpble HarnsgHo
AEMOHCTPUPYIOT POCT NPOBOANUMOCTM Napabonimyeckoro 3akoHa B Auana3oHe Temnepartypbl OT
5 po 80 °C (puc. 1).
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Puc. 1. 3aBMCMMOCTb 311EKTPONPOBOAHOCTM aHTUPU30B OT TeMNepaTypbl

OnucaTb 3aBUCUMMOCTb 3MeKTPONpoBoAHOCTU aHTUdpu3a "Tocon A-40" doupmbl "BAMIT"
OT TemnepaTypbl MOXXHO NOSIMHOMUArbHbLIM YpaBHEHMEM BTOPOro nopsaka:
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y=1-10"x>-3-10°x+1-10"° (1)

3aBMCMMOCTb poCTa NPOBOAMMOCTM MPOObLI NPU MNOBbIWEHUN €e TemnepaTypbl AN
aHTMdpmsa «G11» dupmbl «Shell» Takke onucbiBaeTcA ypaBHEHWEM MOMMHOMAa BTOPOW
CTEeneHu:

y=6-10""x* =1-10*x+9-107 (2)

3. 3akntoyeHue:

Taknm 0bpa3om, BbINO YCTAHOBMEHO, YTO YBENMYEHNE SNEKTPONPOBOAHOCTM aHTU(PU30B
npu pocte TemnepaTtypbl NPOUCXOAMT MO MOSIMHOMWASIbHOW 3aBUCUMOCTM W OMNUCbIBAETCHA
ypaBHeHMeM BTOpPOro nopsgka. [paduky 3aBUCUMOCTU WU3MEHEHWUS 3NeKTPONpPOBOAHOCTU
aHTUpPM30B OT TemnepaTtypbl Npobbl HarnsAHO OEMOHCTPUPYIOT POCT MPOBOAUMMOCTU MO
napabonuyeckomy 3akoHy. V3amepeHne anekTponpoBOAHOCTU  aHTUdpU3oB Haubonee
uenecoobpasHo Npon3BoANTb NpU OUKCMPOBAHHOM TeMmnepaType, paBHon 20°C. OTo cBA3aHO C
TeM, 4YTO JdaHHas TemnepaTtypa npeactaBnder cobovM MUHMMArbHYI TemnepaTtypy, npwu
KOTOpPOM B TeYeHMe 5 MUH. U3 ucCnbITyeMbIX NPO6 aHTMPU3OB yaanaTCa Ny3bipbk BO34YyXa,
obpasyouimecs npu nepemMewumBaHMM W nonagawlwime npu  3anosiHeHUU oxnaxgaroLlen
XNOKOCTbIO WU3MEPUTENbHOM HAYerKU, a TakkKe He MPOUCXOOUT MU3MEHeHus TemnepaTypbl
n3yyaemoro obpasua.
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METOAUTE U TEXHOJIOTMUTE, KOUTO NO3BOJIABAT AA CE
NMPOEKTUPAT PA3JINMHN UHOOPMALNOHHU CUCTEMU B
ABTOMOBWUITHUA TPAHCIOPT

METHODS AND TECHNOLOGIES THAT ALLOW TO DESIGN VARIOUS

INFORMATION SYSTEMS IN ROAD TRANSPORT
Vyacheslav Pavlenko?, Vladimir Kuzhel?

Abstract: The article explores diverse methods and technologies facilitating the design of information
systems in road transport. It delves into the intricacies of designing systems tailored to the unique needs
and challenges of the transportation sector. By analyzing contemporary methodologies and technological
advancements, the article sheds light on innovative approaches for system development, integration, and
optimization within the road transport domain. Through case studies and practical examples, it elucidates
how these methods and technologies are applied to enhance efficiency, safety, and sustainability in road
transportation operations. Ultimately, the article serves as a comprehensive guide for professionals and
researchers seeking to leverage cutting-edge tools and strategies in the design of information systems for
road transport.

Keywords: methods, technologies, CASE, information systems, road transport, automation, optimization,
integration, data management, efficiency, MAS.

1. Introduction:

Today, the theoretical apparatus of the multiagent approach is applied to:
information technology, including artificial intelligence and distributed systems;
economics, mainly at the microeconomic level; operations research; analytical
philosophy; psychology and linguistics. Multi-agent information systems (MAS) are
widely used in engineering, medicine, agriculture, and economics. However, the bulk of
the MAS development process is carried out by a team of information technology
specialists without the intervention of a subject matter expert. The lack of a clear
understanding of the subject area can lead to differences between the behavior of the
system envisioned by the subject matter expert and its actual response to the
environment. Also, without the intervention of an expert, the programmer-designer
chooses the development tools and structure. This leads to the fact that the design of
agents and the scheme of agent interaction is carried out anew for each system, despite
the fact that a number of agents could be implemented during previous developments.
This approach slows down the processes of creating and modifying MAS. The shortage
of qualified developers in the project leads to the fact that the algorithms used in agents
are simplified, which also negatively affects the system's response to the environment.
Taken together, all of these shortcomings of the current approach to the creation of
MAS can critically affect the viability of the system as a whole. In this regard, there is a
need to develop new methods of computer-aided software engineering (CASE -
Computer-aided Software Engineering) based on the agent approach, which will expand
the degree of expert involvement in the development process and apply the most
modern methods of controlling the behavior and implementation of agent functionality in
various subject areas and environments.

2. Presentation:

All software tools for the development and design of MAS at the present stage
can be divided into two large classes: MAS libraries and MAS environments.

There are a number of systems and libraries on the market created for the
development of multiagent systems. These CASE systems are suitable for the
development of multiagent systems of any orientation, i.e. they are universal from this
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point of view.

Let's consider several analogs of the system.

The Magenta Toolkit system.

The Magenta Toolkit includes a set of important, effective components for
developing multiagent systems:

Multi-Agent Engine - provides support for creating communities of agents and
their functioning, including creating and deleting worlds and agents, messaging,
responding to events, managing proactive, visual interface, support for inter-server
interaction, a log of negotiations and decision-making by agents;

Ontology Management Toolkit - allows you to formalize knowledge about a
subject area (ontology) in the form of a semantic network consisting of classes of
concepts and relationships in a format that is readable and recognized by a computer.
Based on the ontology, which describes what is possible in the real world, it is possible
to specify the initial problem situation that is presented to the MAS to find a common
solution, and which is used by agents to analyze the initial data and develop options for
their local solutions;

Virtual Market - an extension of the Multi-Agent Engine that supports the free
market model for organizing agent interaction, in which agents play the roles of orders
and resources and conclude transactions following specially developed universal or
specialized negotiation protocols;

Visual Components Library - web and desktop components for visualization of
initial data and results of MAS operation (graphs, charts, networks, etc.).

The Magenta Toolkit has been repeatedly used to solve a wide range of resource
planning and allocation tasks, as well as to develop Internet applications based on
Web 3.0 and Semantic Web concepts. Moreover, Magenta Toolkit has been
successfully used to solve complex problems in such areas as knowledge management,
rule and pattern recognition, text understanding, airplane wing design, risk
management, and others.

Magenta Toolkit provides developers with a number of important advantages and
can be used by developers and programmers who do not have special knowledge and
experience with multi-agent technologies.

AgentTool system

The MACR Laboratory's projects are related to finding ways to effectively design
and model dynamic distributed multi-agent systems. A top-down approach to the design
of such systems based on the theory of controlled models is used. Key activities of the
company:

— development of methods and technologies for designing and analyzing such
systems;

— organization of models on which the analysis and design of these systems is
based;

— design of multi-agent systems confirms these theories.

These elements are defined and implemented in the AgentTool system.

AgentTool is a graphical editor for designing multi-agent systems. It supports the
implementation of the main stages of MAS design: creation of agents, links between
them, definition of goals and objectives of agents. That is, agents and their architecture
are created, and the relationships between them are described in detail. For a system
defined in this way, the designer generates the code of the agent system.

The purpose of AgenTool was to show that the use of software that automatically
generates basic methods for agents using predefined protocols will simplify the process
of developing a multi-agent system, as well as reduce the likelihood of errors in the final
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program. A mechanism for abstraction from the development of secure and reliable
interaction protocols is provided, so the developer can describe the specification of
agent behavior without the need to design the network level of their communications.

When creating AgentTool, the following technical goals were defined:

— applying software synthesis methods to the construction of intelligent agents to
ensure sufficient security of communication protocols;

— development of a model of a secure communication protocol required for
automatic synthesis of agent software;

— development of methods for hiding complex security structures and protocols
from agent designers while ensuring their strict adherence;

— integration of intelligent agents into a semi-automatic simulator system
according to high-level behavioral specifications that implement all necessary protocols;

— combining synthesized agents with other agents.

AgentTool development is based on software modeling methods that allow
describing some aspects using abstract models. The main advantage of this approach
is that the developer can focus on more important things, omitting some details. For
example, when developing a multi-agent system, it is necessary to take into account the
interaction of agents through the network. This can be realized using certain methods,
which will reduce the number of errors at this level and allow you to focus on describing
the structure of agents.

The inconvenience of this approach is the need to have "correct" subsystem
models and methods. Various approaches have been developed to overcome this
problem, but it still remains open and work is underway to solve it.

The Multi-Agent Systems Lab.

The Multi-Agent Systems Laboratoiy works on the development and analysis of
complex Al problems and develops the architecture of not only single-agent but also
multi-agent systems. The organization was founded in 1977 and is a pioneer in the
development of Al systems architecture and real-time approximate computing.

The company has created many sophisticated software products that implement
distributed computing methods, distributed network diagnostics, resource allocation
planning, Internet information search, and much more. Currently, developments are
underway to use formal systems for empirical analysis.

Here are some of the projects:

— Autonomous Negotiating Teams. The Autonomous Negotiating Teams
(ANTS) project was created as an attempt to solve the problem of interaction over
limited resources in an uncertain real-time environment. The idea of the environment is
obtained through sensors, which help to obtain the exact coordinates of objects. The
project developed algorithms for agent behavior with different levels of abstraction. It is
planned to develop methods of interaction between a large number of agents;

— Bounded Information Gathering. The BIG (resource-Bounded Information
Gathering) is a system for collecting information about the world around us. It was
mainly developed to improve the search for products on the Internet according to
specified characteristics. The lists returned by such a "search engine" contain the most
suitable products for the specified parameters;

— Organizational Adaptation. One of the most important characteristics of
multiagent systems is their organization, i.e., the description of how, what, when and
with which of the agents should interact. The type, quantity, and quality of these
relationships greatly affect the effectiveness of not only one agent, but the system as a
whole. The task of creating optimal communication is complicated by the fact that in the
dynamics, some messages may turn out to be incorrect before they reach the
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consumer. The process of interaction can quickly "kill* the agent and it will take a long
time to restore its performance;

— Soft Real-Time Architecture. It is designed to create a certain interaction
between the external world and agents, and to perform resource allocation and
simulation subsystems. It determines the user's level of representation, leaving agents
to operate at lower levels automatically.

CogniTAO is a project that aims to create an application for the development of
multi-agent systems that solve control problems in robotics and supports the most
advanced robotics paradigms. This automated system brings together decision-making
and behavioral techniques in a changing environment, allowing the use of both targeted
control and behavioral control methods. CogniTAO is platform-neutral, so it is suitable
for developing control systems for robots of all sizes, shapes, types, and purposes. At
the moment, CogniTAO is being tested for use in the control of unmanned aerial and
ground vehicles in the Israeli armed forces. The Mobile Robots Pioneer system has
achieved the most notable success in this task. Currently, CogniTAO has the following
features and advantages:

— creation of controls and their integration into existing software components;

— integrated debugging and modeling of system decision-making;code
generation in C++;

— automatic control and coordination of many robots (flocks);

— customizable support for the Java language;

— reduction of labor costs up to 60%;

— professionally developed technical documentation and continuous support.

Based on the analysis of the literature on the study of design automation
systems, the following evaluation criteria were identified:

1) efficiency of integration of intelligent methods;

2) speed of changes to the structure of agents;

3) speed of changing the structure of interagent interaction;

4) the degree of qualification of the user as a software developer;

5) tools for expanding a multiagent system;

6) tools for reusing the developed structures and functionality;

7) the degree of integration of standard data exchange protocols;

8) independence from the availability and operation of third-party programs;

9) cross-platform compatibility.

For the comparative assessment of the analyzed analog systems, a scale from 1
to 5 is used, where for attributes 5, 6, and 7: 1 - the attribute is not characteristic, 5 - the
attribute is an integral part of the system, and for attributes 1, 2, 3, 4, 8, and 9: 1 - very
low, 5 - very high.

The results of the assessment are presented in Table 1 and Figure 1.

The main shortcomings and problems that arise in the process of developing
MAS are identified:

— the need for a qualified developer. At the moment, the process of creating a
multiagent system requires continuous interaction between the developer and the
expert throughout the project, although some vital steps for the entire project can be
performed without the involvement of an expert. An example of such a step is the step
of choosing a development tool, which critically affects the structure of the future system
and the design process as a whole. In addition, multi-agent systems avoid the use of a
complex structure of agents based on intelligent methods and behavioral algorithms, as
the issue of their use is decided by the developer;

— inability of some systems to implement intelligent methods. Despite the fact
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that some systems allow implementing behavioral algorithms on their platform, none of
the analyzed systems offers tools for implementing intelligent methods not related to
management, such as data analysis, forecasting, and pattern recognition;

— the analyzed CAD systems do not have tools for reusing developed structures
and functionality. Such a toolkit provides the user with the ability to test various options
for implementing the designed system and use structures that have already been used

in previously developed systems.

Table 1 - Comparative analysis of automation systems for the design of

automated systems

System name

Criteria Magenta The Mult .
AgentTool .. |[Agent Systems| CogniTAO
Toolkit
Lab

Efficiency of integration of intelligent
methods 3 1 1 S
Speed of making changes to the
structure of agents 2 4 2 4
Speed of changing the structure of
interagent interaction 4 S 4 1
The degree of qualification of the user
as a software developer 1 1 1 3
Tools for expanding a multi-agent
system 2 3 2 5
Tools  for reusing developed
structures and functionality 1 1 1 3
Degree of integration of standard data
exchange protocols 4 4 3 3
Independence from the availability,
and operation of third-party programs S 1 1 4
Cross-platform compatibility 2 2 2 5
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Fig. 1. Results of a comparative analysis of automation systems for the design of automated systems

|

i

3. Conclusions.

Introduction of modern methods and technologies in the design of information
systems in road transport significantly improves the efficiency and safety of traffic.
Optimization of management and monitoring processes on the basis of information
systems contributes to increased productivity and cost reduction.

Integration of various information technologies allows to create complex solutions
that provide more effective management and control of traffic flows. Application of
automated systems allows to promptly respond to changes in the situation on the road
and prevent possible accidents. Further development and research in the field of
information systems for road transport is of great importance for improving safety and
comfort on the roads.
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NM3CNEABAHE AKYCTUYHOTO NOBEAOEHUE HA OBUTATE NPU
PABOTA C TrOPUBHU CMECU C BUCOKO CbAbPXXAHUE HA
M3OMPOMAHON

INVESTIGATION OF THE ACOUSTIC BEHAVIOR OF THE ICE,
OPERATING WITH FUEL MIXTURES WITH A HIGH CONTENT OF
ISOPROPANOL

npod.nHx.3apasko UeBaHoB, nHxx.bopucnae lNeHyeB

Abstract.

Achieving carbon neutrality by 2050, as outlined in current international plans, is a global
challenge. A gradual transition is required to reduce fossil fuel use and increase the adoption of
carbon-neutral alternatives. Addressing the environmental and energy challenges of internal
combustion engines (ICE) will require the use of clean and renewable energy sources to replace
petroleum-based fuels without compromising engine performance.

The pathway to reducing carbon emissions in the transition toward more sustainable and
environmentally friendly energy systems focuses primarily on several key areas: the use of renewable
energy sources, low-carbon energy sources, carbon capture, synthetic fuels, electrification of
transportation, and various energy efficiency technologies. In transportation, particularly with ICEs, the
decarburization transition must be gradual due to their widespread use. This process is already
underway through the integration of new technologies and the use of alternative fuels in mass-market
vehicles. The combination of hybrid systems and alternative fuels will enable a smooth transition and a
gradual reduction in the carbon footprint while maintaining the undeniable advantages of ICEs.
Simultaneously, there is a continuous drive to increase power output, improve fuel efficiency, and
reduce harmful emissions in exhaust gases, even with smaller engine displacements and fewer
cylinders. This inevitably leads to higher levels of vibration and noise in transport vehicles.

Key words: decarburization, vibration and noise, alternative fuels, isopropanol

BbBEOEHUE:

MoGanHo npeansBMKaTENcTBO € MOCTUraHeTO Ha BbrfiepodHa HeyTpanHocT A0
2050 roguHa, KakBUTO Ca HacToAWMTe MexayHapoaHu nnaHose. [lpeacton  Hu
N3MMHABAHETO Ha MOCTEMEHEH MPeExXod KbM HamarnsBaHe W3Mnofi3BaHETO Ha POCUIIHM
ropuBa n yBenudaBsaHe ynotpebarta Ha BbrnepogHO HeyTpanHu 3amectutenu. asoseTe
OT TpaHcnopTa ca OCHOBEH AAn B rrobanHo 3aTtonnsiHe u 3ambpcaBaHe. Beuykun Ttesm
BbNPOCK ca 0COBEHO YYBCTBUTENHU B rofieMnTe rpagoBe M NpSaKo 3acaraT 34paBeTo Ha
xoparta. 3a ga ce cnpaBuM C rnobanHuTe eKONOrMYHU U eHeprunHu npobnemu Ha
ABuraTenute C BbTPELWHO ropeHe € HeobxoauMmMo pada ce M3non3ea uucrta U
Bb30OHOBAEMa €Heprus, 3a ga ce 3aMeHu Tasn OT NeTposiHuTe ropusa 6e3 ToBa Aa
Bnowaea pabortara nw.

U3NOXEHMUE:

[MbTAT 32 HamansiBaHe Ha BbINEPOAHNTE EMUCUN B Npexoda KbM MO-yCTOMYUBY U
€KONMOrMYHO YUCTU EHEPTrUNHM CUCTEMU € CbCPEOOTOYEH [MaBHO B CreAHUTE MOCOKMU:
N3non3BaHe Ha Bb30OHOBSEMW M3TOYMLM HA EHEeprusi, HUCKO BbIMEpPOOHN EHEPrUNHN
N3TOYHULM, YNSIBSIHE Ha BbINepon, CUHTETMYHU ropmBa, enekTugukalms B TpaHcnopTa m
PasfnnUYHM TEXHOMOrMM 3a eHeprnnHa edekTMBHOCT. [lpyn TpaHcnopTa W rnaBHO Mpu
apuraTtenuTte ¢ BbTpeluHo ropeHe (OBIN) npexoabT kbM AekapboHusaumsaTa ce Hanara ga
Obaoe nnaBeH nopagM MacoBOTO MM pasnpocTpaHeHue. To3n npouec Be4ve € B X0
(cbur.1) n ToBa CcTaBa 4pe3 MHTErpMpaHe Ha HOBW TEXHOMOrMM W U3MNON3BaHe Ha
anTepHaTUBHW ropuea npu MacoBuTe aBToMobunu. KomOGuHupaHeTo Ha XubpuaHu
CUCTEMN N MN3MON3BAHETO Ha anTepHaTMBHM ropuea Le MO3BONU peanu3npaHeTo Ha
NMaBHUAT MNPEXOA4 W MNOCTENEHHOTO HamMansBaHe Ha BbINEPOOHMAT OTnevaTbK, KaTo
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CblUEBPEMEHO LWe ce 3anas3at 6escnopHuTe npeammcTBata Ha OBl CoblieBpemMeHHO
CbLUECTBYBa U HEMPEKbCHAT CTPEMEX 3a yBENMyaBaHe Ha MOLUHOCTHUTE MokasaTenu u
nogobpsisaHe Ha ropuBHaTa WMKOHOMWYHOCT WU €MUCUN Ha BPEAHW KOMMOHEHTU B
oTpaboTunuTe rasoBe Npu Bce No-mManbk NMTpoB obem n 6pon umnuHapwn. Toea Boan Ao
HEMMHYEMO NOBULUABaHe HMBATa Ha BUOpaLMMTe 1 LWyMa Ha TPaHCMNOPTHUTE MaLUVHMW.
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TeHdeHuyuu nipu npouszeodumesnume Ha asmomoburnu 3a nepuoda 2020 do 2030e.

[G. Fraidl, B. Enzi, Ch. Martin, M. Rothbart, X. Yan, AVL List GmbH]

AnTepHaTMBHUTE rOpMBa BeYe y4acTBaT B CTPyKTypaTa Ha CTaHOapTHUTE ropuea
B pasnu4Hmn BMOOBE M CbCTaB, HO 3a Aa 6baaT KOHKYPEHTHU, Te TpsabBa Aa ca eBTUHU U
Aa ca npousBefeHn OT MEeCTHM M3TOoYHMUM. Te Cbllo He TpsabBa Aa Hanarat NPOMEHU B
cbllecTByBallaTa ropvMBHa cuctema M He TpaAbBa [[a HamansiBaT CblUECTBEHO
MOLUHOCTTa Ha fgBuratens. HeobxooMmo e ga He ce gonycka M ga ce yBenudasaT
BpegHUTE emucun n Wwym npm pabotata Ha OBl

M3cnepoBaHna npoBedeHuM OO0 cera nokas3BaTt, Y€ M3MoOn3BaHeTo Ha Goratu Ha
KMcnopopg ropuea Unu ropuBHM CMecKu (KaTo arkoxosiv U TEXHUTE CMecu) B ropmBHaTa
Kamepa HaBnu3a MoBeYe KMUCMopon M TOBa BOAW OO MO-MbAHO M3rapsiHe U Hamansiea
BpegHuUTEe emmcumn. Hsakom oT npeanovmMTtaHnTe ankoxonv W3non3BaHu B ABuratenute c
NPUHYOUTENHO 3ananeaHe ca eTaHorn, 6yTaHon, MeTaHon u nsonponaHon. MeTtaHona u
eTHona (HapuyaHu ouwe 6uometaHon n OumoeTaHon) ca ankoxonu noflyyaBaHU OT
CYpOBMHM C pacTUTeneH npou3xod, M nopagn Tasu NpuMyYMHA ca npeanoYnTaHu.
MpuNoXeHneTo MM € OorpaHM4yeHoO A0 Marsku KONMMYecTBa He MNO-BMCOKO MNPOLEHTHO
cbabpxaHue ot 20%, kato gobaBka kbM GEH3MHa Nopagn XMMmMyeckaTa UM arpecMBHOCT
N CKMOHHOCTTA KbM pascriosiBaHe Ha cmecuTe. 3a pasnuMka OT TSaX WM30MepuTe Ha
OyTaHona u nponaHona 3anoYyHaxa fAda HamupaTtT BCe MO0-pas3yMHO MNPUIOXKEHME.
OrpaHu4eHneTo 3a pasnpocTpaHeHNeTo UM 0 MOMEHTa Ce Hanara rnaBHoO OT MeToauTe
Ha NPOM3BOTCTBO U cebecTomHOCTTa Ha Ao0uB.

N3omepuTe Ha nsonponaHona ca 6oratn Ha KACNOPO ropuBa, Te NpuTexaBaT BUCOKM
OKTAHOBW 4YMCna U eHeprunHa NNbTHOCT B CpaBHEHME C MeTaHona u etaHona. [opaawm
HanpeabKka B TEXHUKUTE Ha hepMeHTauus, Te3n N3omMepun Ha n3onponaHosna ca obekT Ha
3aBMLWIEH WHTepec, KaTto anrtepHatMBHuM pobaBknm 3a OGeH3nHOBUTE  ropusa.
N3cnepBaHunaTa B obnacta ca B MOCOKa, KaKTO 3a HaMansdBaHe Ha eMUCcUnTe Taka u 3a
HamMansiBaHe Ha M3MON3BaHETO HA KOHBEHLMOHANHU n3konaemu ropmea. lsonponaHonsT
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ce OTKpOsiBa C HSKOSKO NMpeaMMCTBa: NpUTexXaBa No-BUCOKA TOMNSIMHA Ha M3rapsiHe 1 no-
ronisiMa eHeprurHa NiabTHOCT OT eTaHona (tabn.1).

Ta6nuua 1. NMapameTpu Ha anTepHaTUBHUTE ropMBa

CBOMCTRA benszun W3onponanon Mertano n-byranon Eranon
XUMKYHa hopmyna CgHjs C3H;OH CH3;OH C4HoOH C;HsOH
nscnep. oKT. umcno Ha geur. (RON) 92 118 112 92 108
OKTaHoBO uMcno Ha aeur.  (MON) 87.2 99 91 85 a0
KWCNOPOOHO CbObpXaHWe wt% 0 26.6 50 21.6 348
BbrnepogHo cbabpxaHue wt% 86 59.96 38 65 52.14
BOAOPOAHO ChAbpXaHue  wi% 14 13.42 12 13.60 13.13
MnbTHOCT NpK 298 K (kg/m“‘) 715-765 786 798 813 795
Cnewu.TonnMHa Ha narapade Ha rop, (M]/kg) 43.4 30.4 20.1 331 26.8
Temn. Ha kuneHe  (°C) 38-204 84 65 118 78
CKpUTa TONMMHa Ha uanapenye (kJ/kg) 380-500 R 170 =82 04
BbanywHo oToTHoweHWe (AFR) 147 104 6.43 112 9.0
Temn. Ha caMo-BbannaMensasane (°C) 228-470 399 465 343 420
NaMKH. CKOpPoCT Ha NnamMbKa (cm/s) 33-44 45 48 48 48
cnew, Tonn. Ha uanapeHue npu 25 C (kJ/kg)351 756.6 1089 707.9 919.6
TouKa Ha BbannameHsasaHe, (F) —45 11.67 12 36 17

Cblo Taka Mma NO-BMCOKO OKTAHOBO YMCHO, MO-HUCBbK BMCKO3UTET, MHOro [o6pu
CBOMCTBA Ha M3MapeHMe U MO-BUCOKO CbAbpXaHMEe Ha KUCMopo4 B CpaBHEHWE C
OytaHona. Ton edeKkTMBHO CbyeTaBa npeauMcTBaTta Ha eTaHona, MeTaHona MU
OyTaHona, KOeTo ro npaBM MHOro MOAXOASLL 3a MacoBO NPUMOXeHue npu 6eH3nHoBM
apuratenu. HaumHute 3a M3Non3BaHeTO Ha arikoxoflHW ropMBa ca WM B YUCTO
CbCTOSIHME UM KaTto JobaBKkM KbM TpaguLMOHHUTE ropuBa. TakmBa cMecu moraTt fa ce
nsnonseat B [IBI" 1 kato MsApka 3a HamansiBaHe Ha eMucuMTe Ha OTpaboTeHn ra3oBe U
HamMmansBaHe Ha WyMa OT paboTHMAT npoLec.

OBWMAT n3nbYBaH WYyM OT ABUraTensa e cneacrteme oT pasBUTMETO Ha paboTHUS
npoLec 1 CbNpoBOXAaLUMTE ro MeXaHUYHM npoLuecu. Tor ce CbCTOM OT ABE HE3aBUCUMMU
efHa OT gpyra KOMMOHEHTM - MEXaHMYeH WymMm W WwymMm OT paboTHuA npouec. 3a
peayuupaHe Ha WwymMa oT paboTHMS Npouec CbLUEeCTBYBAT NPUHLMUMNHO ABE Bb3MOXHOCTU.
EpHata e ¢ pegyuMpaHe Ha npegaBaTenHaTa CNOCOOGHOCT Ha KOHCTpyKUMATa Ha
ApuraTensi, 4Ypes akycTuyHa onTuMmM3aums Ha popmMaTta Ha AeTannuTe 1M U3nonssaHe Ha
aemndupawim matepuanu. Bropata Bb3MOXHOCT € 4pes3 ynpaBrieHue, B onpeneneHu
rpaHuumM, Ha napamMeTpuTe Ha paboTHMS Npouec, C el HamansHe Ha Bb30yxpawmTte
wyma cunu. UscnegBaHeTo Ha (paktopuTe, onpedensuwiM HuBata Ha Wwyma, Aasa
Bb3MOXHOCT, 4Ype3 ONTMMU3auMs Ha napameTpuTe Ha paboTHMS npouec, Aa ce Bnusie
BbpPXy HMBOTO Ha wyma. [lpoBeAeHOTO wu3crnegBaHe aHanuavpa NoBeAEeHWEeTO  Ha
3BYKOBUTE HMBa creq gobaBkaTta Ha M30MpPOnNaHomn M NpoMaHaTa B HMBOTO Ha 3BYKOBO
HansraHe ot paboTaTa Ha [ABI" ¢ anTepHaTMBHOTO ropmeo.

3a npoBexgaHe Ha M3crnegBaHeTO ca M3MbIIHEHW CTEHAOBU MOTOPHU M3MUTaHUSA
Ha gsuraTten 1AZ-FSE Ha dupmaTa Toyota Motor Corporation-AnoHns 6e3 gopaboTkm
Ha CTaHOapHUTE HacCTPOMKU. W3BbPLWIEHO € CHEMaHe Ha BbHLWHM YEeCTOTHMU
xapakrtepuctnkn npu  1500min-1 1 5500 min-1, n ToBapHa xapaktepuctuka 3000 npwu
pabota ¢ 4ncto ropuBo O6eH3nH A95, KakTO M cMecu Ha OEH3MH M K3onponaHos.
EkcnepumeHTUTE Cca npoBedeHM NpwW CpPeaHn HaToBapBaHUs (XapakTepHu 3a no-
ronsimMaTta 4yacT OT BpeMeTo Ha paboTta Ha asuratens npu pabota Ha NPEBO3HOTO
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cpeactBo) 3a obopotu Ha pgpuratens. WMsnonssanHm ca cnegHute cmecn: 0%
nzonponaHon (4ict 6eH3unH) beHsmH > 10% wusonponaHon (90% ©6eH3uH) 110 > 20%
nzonponaHon (80% 6eH3nH) 120 >30% wu3onponaHon (70% ©6eH3unH) 130 > 40%
nzonponaHon (60 % 6eH3uH) 140 > n 50% wunsonponaHon (50% 6eH3nH) 150 no obemHo
CbAbpXaHue.

[Buratensat e MOHTUpaH Ha BMXpoBOTOKOB AMHamoMeTbp SCHENCK W230, Ha
KOnTo Morat ga ce tectsaT gsuratenu go 230 kW (dwur.2).

due.2
OnummHa ycmaHoeka dgueamern 1AZ-FSE u duHamomembp SCHENCK W230

3a npoBexgaHe Ha uM3MepBaHUATa Ha LWYM, MOLIHOCTHO-UKOHOMUYECKN
napamMmeTpm n emucum Ha otpaboTunuTe rasoBe e M3nosidaBaHa paspaboTeHa OT KaTeapa
TTT-TY-BapHa wmeTogonorms 3a npeuusHa CUMHXPOHU3aUMs, aHanmM3 KW 3anuc Ha
noslyyeHnTe pesyntatm B AUHaMU4YHa cpeda Ha ekcnepuMmeHTa.

M3mepBaHeTO Ha 3BYKOBOTO HarnsraHe e 06Bbp3aHO CTOro € bibfla Ha 3aBbpTaHe
Ha KONAHOBMAT Ban 3a eauH paboTeH LMKbN, 3a Aa ce pasrpaHuydm wyma ot OBl u
nabopatopHata anapatypa u arperatu. C nomowa Ha aHanoroso-UMdpos
npeobpaysaten u cneuynanumsanpaH codTyep 3a 3annc nm obpaboTka Ha nonyveHute
CTOMHOCTM OT EKCMepUMMEHTa Ce aHanuaupart ronsgM MacuB OT AaHHM MONyYeHW OT
pasnUYHUTE PEXnMM Ha U3MepPBaHETO NPW MakcmanHo 6nmskM 0o peanHuTe YCrnoBus
Ha ekcnnoataumsa napameTpu.

MonyyeHnte W aHanuM3MpaHu OaHHU 33 U3MepeHuaT Wwym npu paboTta Ha
ABuratensi ca npeacraBeHn B U3cnenBaHeTo n nokassaT MUHUMAIHUTE CTOMHOCTW (4MCT
6eH3unH) n makcumanum npu 150% ot ekcnepumeHTa. Benukun gpyrn MexXauHHM CTOMHOCTU
(110,120,130,140) ce HamupaT Mexay TAX U He ca NpeAcTaBeHu B HacTosdlwara paboTa, HO
MoraT Ja ca 00ekT Ha JOMbIHUTENTHN aHann3u.
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due.3
CmouHocmu Ha HarsizaHemo 8 UusuHObpa U 38yKOBOMO HarsisieaHe 3a eOUH
pabomaH yukbn no TX 3000 npu paboma c¢ 1:yucm 6eH3UH U 2:CMec Ha U30rporaHos
150%

Mpun nonyveHnte pesyntatn Ha TX3000 Ha makcMmarnHO HaToBapBaHe 3a YUCT
6eH3nH n 150 (pwur.3) ce HabniogaBaT 3HAYMTENHW U3MEHEHWA B MPOTUYAHETO Ha
paboTHNAT NpPOLIEC M HapaCTBaHETO Ha rasoBaTa cuna B UMNMHABbPA U HAapacTBaHETO Ha
HMBaTa 3a 3BYKOBOTO HansiraHe oT pabotata Ha [OBI B 3aBUCMMOCT OT MPOLEHTHOTO
CbOTHOLLIEHME Ha NO30MNpPOoNaHon B rOpUBOTO.

HabniogaBa ce HapacTBaHe Ha MaKCUManHOTO HandraHe B UunMHAbpa U
M3MecTBaHe Ha MakCMMyMa Ha HansraHeTo KbM ropHa MbpTBa no3vuma Ha 6yTtanoTo,
yBernuyaBa ce U CKOpoCTTa Ha HapacTBaHe Ha HansraHeTo. Te3n hakTopu ca OCHOBHU 3a
HapacTBaHeTO Ha WymMmounanbysaHeTo oT [BI.

Opyr rpaHnyeH pexnm e YUX 1500 mnH-1 Habntogaea ce Kopekumsi ¢ HamansiBaHe
Ha brbfa Ha npeABapeHne Ha 3ananBaHeTO Ha cucTemMarta Ha YynpaBneHwe Ha
HanaraHeTo npu paboTta Ha 4yucT GeH3WH, 3a ga ce npeaoTBpaTU AEeTOHALMOHHOTO
ropeHe. Npu pabota c 150 npn YX HapacTBa MakCumyma U U3TErnsHe Ha HansraHeTo B
rnocoka ropHa MbpTBa No3uumst Ha OyTanoTo, 3a ga ce nogobpAT ekcnroaTauMoHHUTE
nokasartenu . MacnegBaHeTo Ha NOBEAEHNETO Ha rasoBaTa cuna € Heobxoanmo 3aLoTo
TS e rnaBHaTa NpuMYnHa 3a HapaCTBaHETO Ha Lyma OT paboTHUAT npoLec.

75



MEXOYHAPOOHA KOH®EPEHLINA ,EKO BAPHA® 2024

—3
80 30 1x10

st

p sound [Pa]

p.zyl [bar]; V.fuel; V.ign

—sx107

_1x1073
720

0 60 120 180 240 300 360 420 480 540 600 660

i [deg];
¢ue.4

CmouliHocmu Ha HarnsizaHemo 8 UuinuHObpa U 38YKOBOMO HasidzaHe 3a eOuH pabomaH UUKBJT 10
YX npu paboma c 1:yucm 6eH3uH:143N u 2:cmec Ha uzonponaHon 150% 162N

Mpv BNaraHeTo Ha pasnU4YHO rOPMBO OYaKBAHETO € [a Ce NMPOMEHM CKOpOoCTa Ha
ropeHe M OT TaM Ja ce MPOMEHU U LUYyMOU3TbYBAHETO MPU paBHWU OPYrM YCIOBUS Ha
eKcnepumeHTa.

Pesyntatute nonyyeHu npu pabota no toBapHa xapaktepuctuka TX3000 ca
neacTaBeHW HarnegHo Ha TpuuaMepHa rpaduka ur.5 u 3a YeCToTHa XapakTepucTuka
Ha YX -dur.6. BnewatneHne npasu HapacTtBaHeTo ¢ okono L=1dB npwu pabortata cbe
cmecu Ha usornponaHon 150%.

AnkoxonHuTe ropusa nmat gobpa geToHauMOHHA YCTOMYMBOCT, KOETO akTuBupa
Kopekuus oT cuctemaTta 3a ynpasneHue Ha [ABI ga ce uaternn brbna Ha npensapeHve
Ha 3anansaHeTo. MakcumManHoOTO HansraHe Ha HansraHeTo B UMNMHObPa HapacTea U ce
n3terna ¢ okono 6=6° KbM ropHa MbpTBa NO3NUMA B HemnocpeacTtBeHa 6nmu3ocT Ao
HayanoTo Ha 4YepuTakToBUS UMKbI. MakcumanHata CKOpPOCT Ha HapacTBaHe Ha
HansaraHeTo HapacTBa C OKOJMO 1Bar, koeTo npsko BnMse Ha HuMBaTa Ha
LwymMmomsnbyBaHeTo OoT paboTtaTta Ha OBl cbCc cmecu Ha usonponaHon. M3ternsHeTo Ha
MakcMManHata CTOMHOCT Ha HanaraHeTto B UMNMHAbpa B GNM30CT OO ropHa MbpTBa
nosnuMsi Kapa ropmBHMaT npouec ga npotvya B Manbk TepMoauHaMmmnyeH obem u
HamansBa gemMmdupalimMte CBOMCTBA Ha ABuraTens. ToBa Npsiko BNnsie Ha HapacTBaHETO
Ha HMBaTa Ha LWyMma Ha asuratens. Pesyntatute npu paboTta C BUCOKO CbAbpXaHWe Ha
N30MponNaHoN He nokasBaT CWMHO  BriowaBaHe Ha napameTpute Ha paboTa Ha
ABuUraTtens, eQUHCTBEHO B PaHUYHUTE PEXUMUN CTOMHOCTUTE HA €KONOMMYHUTE N LLYMOBU
pesynTtaTu U3nuaaT OT XeflaHUTe CTOMHOCTU. 3aToBa Te3n rpaHnYHU pexnmun crejsa ga
Obaat NMMMUTMPaHM OT yNpaBfeHWETO Ha ABUraTensd, KoeTo nopaxna u HeobxoaumocT
OT Cb3aBaHe Ha obLa HopmaTueHa 6asa orpaHnyaBalla HEGNAroNnpPUATHUTE pexnmu, 3a

Aa ce rapaHTMpa YCTOMYMBOCT Mpu ynotpebaTa Ha anTepHATMBHM ropuBa 3a BCUYKM
Npou3BOAUTENNMN.
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Husama Ha 38yko080 HarnsieaHe o TX3000
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Husama Ha 38yk080 HarnsieaHe rno YX
n3BOaMu:

1. Pabotata Ha paBuratenss C FOPUMBHM CMECUM C BUCOKO CbAbpXaHue Ha
n3onponaHon e Bb3MOXHa 06e3 HeobXxoOUMMOCT OT [OMbIHUTENHU KOHCTPYKTUMBHU
nameHeHus. ToBa BoaAM [0 MNOBULLIABaHE Ha MOLLHOCTHO-MKOHOMWYECKUTE MoKasaTenu
npy BUCOKM HaTOBapBaHWs, HO Ce OTYMTa 3aBMLIABaHe Ha HMBOTO Ha 3BYKOBO HassiraHe
c 1dB.

2. Cuctemnte 3a ynpaBrieHue Ha npouecute TpsibBa Oa M3non3sBaT rpaHUYHM
yCcrioBusi Ha paboTa No OTHOLUEHME Ha eKONMOrMYHWUTEe rnokasaTenu Ha ABuratnuTe,3a Aa
orpaHuyaBaT MOLLHOCTa Npy AOCTUraHe Ha HegoMnyCTUMU HMBA Ha 3BYKOBO HarsiraHe.
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3. Heobxogmmo e cb3gaBaHe Ha HopmaTMBHa 6asa 3a BCUYKM NPOM3BOAUTENUN C
Len yCcTon4mBocCT npu ynotpebaTta Ha anTepHaTUBHM ropusa.
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YECTOTEH AHAJIN3 HA 3BYKOBO HAJNAINAHE HA ABUTATEI NPU
PABOTA C rOPUBHUN CMECU HA BEH3UH U U3OMNPOIMNAHOI

FREQUENCY ANALYSIS OF IC ENGINE SOUND PRESSURE IN OPERATING WITH
GASOLINE AND ISOPROPANOL FUEL MIXTURES

npod. nHX. 3apaBko UBaHoB, nHx.bopucnas lNeH4yeB

Abstract. A gradual transition to carbon neutrality is required to reduce fossil fuel use and increase
the adoption of carbon-neutral alternatives. This process is already underway through the integration
of new technologies and the use of alternative fuels in mass-market vehicles. Addressing the
environmental and energy challenges of internal combustion engines (ICE) will require the use of
clean and renewable energy sources to replace petroleum-based fuels without compromising engine
performance. Simultaneously, there is a continuous drive to increase power output, improve fuel
efficiency, and reduce harmful emissions in exhaust gases, even with smaller engine displacements
and fewer cylinders. This inevitably leads to higher levels of vibration and noise in transport vehicles.
Conducting research on the levels of noise emitted by internal combustion engines is essential
to dealing with all environmental problems. Noise is a major environmental problem and knowledge of
the processes of its formation would help to improve the structures of ICE.
Key words: vibration and noise, alternative fuels, isopropanol, frequency analysis of noise of ICE

BbBEOEHUE:

B okonHata cpepa 4yoBek e 3aobukoneH OT pasHopogHu 3Byuu. [lo cBosita
PM3MyYHa CbLYHOCT 3ByUMTE MpeacTtaBnaABaT MEXaHWYHW TPenTeHUs Ha enacTuyHa
cpepa. Tesn TpenTeHna Bb3HMKBAT, KOraTo rpagvMBHUTE YacTUUM Ha MaTepuanute ca
OTKITOHEHWN Ype3 BbHLUHA Cufla OT CBOETO PaBHOBECHO MOSIOXKEHME U TPenTAT OKOMOo
Hero. YoBeLWKOTO yXO € B CbCTOSIHWE Oa perncrpupa orpaHvyeH guanasoH OT Tesu
NPOMEHN B HanNsiraHeToO Ha cpefaTta B 3aBUCMMOCT OT KOHKPETHUAT nHameng. OCHOBHUTE
XapakTePUCTMKN Ha 3ByUMUTE Ca: 3BYKOBO HamnsraHe, MOLLHOCT Ha 3BYyKa, CKOPOCT Ha
3ByKa, ObJ/KMHA Ha BblHaTa, YecTtoTa. 3BYKOBO HansraHe - NpeAcTtaBnsiBa pasnukaTta
MeXOy MOMEHTHaTa CTOMHOCT Ha HansraHeto M CTOMHOCTMTa B CbluaTta cpega npu
nMnca Ha 3BYKOBM BbJIHWM. 3a MO NECHO Bb3NpMeMaHe Ha 3BYKOBOTO HansdraHe e
BbBeAeHa OTHOCUTeNHaTa noraputMmmyHa eamHmua dB m ce ceexga ao obxesarta ot 0 o
120 dB. Teaun CTOMHOCTW Ca OTHOCUTESMHO NparoBu 3a Bb3NPUATUETO Ha YOBELLKOTO YXO.
CKopocTTa C KOATO 3BYKOBUTE BbITHUM Ce pasnpocTpaHaBaT B JajeHa cpefa, Hapudame
CKOPOCT Ha pasnpocTpaHeHME Ha 3BYyKa, TA ce BfuMde OT TemnepaTypata U NabTHOCTTA
Ha cpefaTta Ha pasnpocTpaHeHue. bposaT Ha nepuoguyHUTE TPEenTeHUs U3BbPLUEHN 3a
edvHMLa BpeMe Ce Hapuya: YecTtoTa Ha 3Byka. YOBELLKOTO yXO Bb3npuemMa TpenTeHus
oT okono 20 Hz go npubnuantenHo 20 000 Hz. CkopocTTa Ha 3Byka M HeroBaTa 4ecTtoTa
onpeaenaT gbfKMHaTa Ha 3BykoBaTa BbnHa. C noBuwaBaHe Ha 4yecTtoTaTa Ha [ajeH
3BYK, AbJPKMHATA Ha BbfHaTa HaMmansaesa u o6paTHOTO.

U3NOXEHMUE:

AnTepHaTUBHUTE rOpMBa Ca akTyasiHa CTbMKa KbM MNOCTUTAHETO HA CbBPEHEHHUTE
€eKONorn4yHu ctangapTn. MHoro nacneasaHmsa nokassar, Ye npu U3non3BaHeTo Ha boraTtu
Ha KMCMNOpPOA ropuBa Uiy ropuBHM CMecu (KaTo anKkoxomnu N TEXHUTE CMeCcu) B ropuBHaTa
Kamepa NoCTbnBa MoBeYe KMCNopoa U ToBa BOAW OO0 NO-MbSIHO U3rapsHe, Hamansea oT
efHa cTpaHa BpegHUTEe eMuncumHa oTpaboTeHuTe rasose, HO TOBa nopaxaga u Bbnpoca
3a HapacTBaHe Ha HMBaTa Ha LWyMousnbyBaHe npwu paboTaTa Ha ABuratenute c
BbTpeLLHO ropeHe (OBI).
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M3onponaHonbT ce OTKpOoSBa, KaTo npeanoynTaHa antepHaTuBa U 3amMecTuTesn Ha
docunHUTE ropmeBa B Npexofa 3a NocTuraHe Ha BbriepogHa HeyTpanHocT. HaumHuTe 3a
N3MNON3BaHETO Ha ankKOXOJIHM ropMBa ca UM B YNCTO CbLCTOSAAHME UNKN KaTo A06aBKN KbM
TpaguumoHHuTe ropmea. C npoBeaeHO m3cnenBaHe B HAcTosWMS Tpyd ce Habnwogasa
noBeAeHNETO Ha 3BYKOBUTE HMBa cnepf aobaBka Ha M30NpoMnaHom 1 NpomMsiHaTa B HABOTO
Ha 3BYKOBO HansiraHe oT paboTaTa Ha Bl ¢ antepHaTuBHO ropmo-msonponaHon(l%) B
KoHUeHTpaummn oT 10%-150% pa3TBopeHn B YnNCT BeH3uH (6e3 6o aobaskm).

3a npoBexgaHe Ha M3crnegBaHeTo ca M3MbIIHEHW CTEHA0BU MOTOPHU MU3NUTaHUA
Ha gsuraten 1AZ-FSE Ha dmpmata Toyota Motor Corporation-AnoHus 6e3 gopaboTtku
Ha cTaHgapHUTE HacCTPOMKU. W3BbPLIEHO € CHeMaHe Ha BbHLWHM YeCTOTHM
xapaktepuctvkm npu  1500min-1 n 5500 min-1, n ToBapHa xapaktepuctuka 3000min-1
npu paborta ¢ yuncto ropuBo GeH3nH A95, KakTo M cmecn Ha BEeH3MH 1 n3onponaHos.
EkcnepumeHTTEe Ca npoBedeHVM NpwW CpeaHW HaToBapBaHUS (XapakTepHu 3a mno-
ronsiMaTta 4yacT OT BpeMeTo Ha paboTta Ha asuratens npu paboTta Ha MNPEBO3HOTO
CpeAcTBO) 3a 060pOTN Ha ABUraTens.

Ot nonyyeHute pesyntatu(gur.1) BnevaTtneHne npasvM HapacTBaHETO HMBaTa Ha
3BykoBO HansraHe no TX3000 c okono L=1dB npu pabotata cbC cmecu Ha
nsonponaHon 150% B cneactene Ha  gobpata [eTOHAUMOHHA YCTOMYMBOCT Ha
arkoxoJiHuUTe ropmea, KOeTo ce perynmpa oT cuctemara 3a ynpasneHue Ha Bl c uen pa
ce M3Ternu brbfa Ha npeaBapeHWe Ha 3ananBaHeTo. MakCMManHOTO HansraHe Ha
HandraHeTo B UMNMHObPA HapacTBa M ce U3Terns C¢ okono 6=6° KbM ropHa MbpTBa
nosuuMsi B HenocpeactBeHa 6ONM30OCT OO0 HayanoTo Ha  YepuUTaKTOBUS  LIMKBII.
MakcumarnHaTta CKOpOCT Ha HapacTBaHe Ha HandraHeTo HapacTtBa ¢ okono 1Bar, koeTo
NPsSKO BrMsSe Ha HMBaTa Ha LUymMouM3nbyBaHeToO OT pabortata Ha LBl cbc cmecn Ha
n3onponaHorn.

100

90.353 90.857 90.955 90.902 90.913 90929
92.622 93.169 93.065 92.988 93305 92813
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Huea Ha 3BykoBO HansiraHe[dB] no TX3000

3a nogpobeH aHanua3 3a cnektbpa Ha wyma npu OBl e Heobxoanmo
N3MNON3BaHETO Ha METOOMTE Ha YEeCTOTHMS aHanui. B 4ecTOoTHMAT aHanm3 we ce
YyCTaHOBM KakK ce NoBNUsiBa LWyMa, Korato Ton uanese oT ABuraTens n UMEeHHO ToraBsa
CTaBa SICHO NOBEAEHMNETO MY B FIEHTUTE UMK OLLE KaKbB € LUYMbT U3MEPEH B XepuM.
ToBa We HM NOMOrHe Oa HamnpaBUM CbMOCTaBKa 3a M3TOYHUUUTE Ha LWyma oOT
ABuratensi, CBbp3aHu N ca C Hero, C KakBa nepuoanyHocT ca. e ce yctaHoBM CcbC
CUTYPHOCT N uaBaT OT ABUraTensaT u Npom3TU4amaT B HEro paboTeH npouec u e
Aane Bb3MOXHOCT Ada ce onuwiaTt AMHaMUYHUTE CBOWCTBA ABUratens nocpeacTtsoMm
BPb3KMTE Mexay BXOOAWNTE M  U3XOOAWM BENMYMHM M Ja ce uscnensa
KOMNfeKkcHaTa npefaBaTenHa (OYHKUMS B OTAEMHM YeCTOTHM 30HW. [lonyvyeHuaT
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pesynTtaT MOXe [a Ce M3MNons3Ba 3a NpoBeXOaHEeTO Ha KOHKPETHU MeponpuaTUsa 3a
HaMansHe HMBOTO Ha Wyma Ha asuratenute. YecTOTHUTE CMNEKTPU Ha curHanurte
CbAbpXaT peanHn U MMarMHEpHM YacTu, CbOTBETHO as3n M amMnnNuTyau Ha
XapMOHWYHUTE CbcTaBnasawm. [lpy akycTuyHuTe wu3mepBaHns Ha OBl e
HeobXxo4MMO, Ab/MKMHATaA Ha BPEMEBUAT Npo3opey Aa 6bae paBHa Ha nepuoa Ha
eanH paboTeH UMKbIT 3a KOHKPETHUS pexuMm Ha pabota Ha gsuratena. C
M3BbpLUBAHE Ha YeCTOTEeH aHanM3 Ha HandraHeTo B UunMHObpa, MOXe da ce
onpefdenu KakBo € pasfnpefeneHMeTto Ha 3BYKOBUTE HMBA MO  4YecToTa.
O6paboTeHnTe AaHHM ca nNpeacTaBeHW B oce3aemaTta 30Ha Ha YOBELIKOTO YXO
mexay 0.02[kHz]-20[kHz] 3a Bcudkm pexumm Ha pabota Ha pgsuratensa. He e
HeobxoaMmo ga ce Bysyanuaupart gaHHute nog 20[Hz], TbW kaTO HUCKUTE HMBa
GuBaT geMndupaHn OT KOHCTPYKUMATA Ha ABUratensi, a BUCOKMTE 4YeCTOTU ocTaBar
M3BbH CNOCOBHOCTTa 3a BbL3NPUATUE HA YOBELLKOTO yXO0. POKYyCbT Ha M3MepeHuTe
CTOMHOCTM Cce npeactass B cpeaHuTe HuBa okorno 1000-5000[Hz], 30HM ¢ Han-gobpo
Bb3MNpUATUE OT YOBEK.

CnoxHo e pa ce ocurypy mamepBaHe Ha WwyMm B CBOOOAHO 3BYKOBO Mone B
nabopatopHu ycnosua Ha [OBI. 3a ga ce m3onupa TOYHO Lyma OT ABuratens
He3aBMCMMO OT CbMbTCTBalWaTa anapaTypa B nabopaTopusita M nopagu
OrpaHM4YeHMeTO B MPOCTPAHCTBOTO Ha nabopaTtopusita U OTpas3eHUTe OT CTeHUTe
BbfHM € Heobxoamm Apyr nogxod. 3atoBa Npu ekcrnepuMMeHTa € U3nons3BaH MeTonq
3a M3MepBaHe Ha 3BYKOBOTO HansraHe CUHXPOHU3WPAH CrpsMoO II0JIOKEHHUETO,
brbfla Ha 3aBbpTaHe Ha KONAHOBUAT Ban 3a €4uH NbfleH paboTeH unKbn- cour. 2 B
o6xeata ¢ 0-720 [deg.]
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nOBTapﬂeMOCT Ha curHanunte 3a3BykOBO HandraHe 3a eguH pa60TeH LUUKBN

[MokaszaHunTe pesyntatm Ha wur.2 npeacraBaT cTporata NepuoamvyHOCT Ha
3BYKOBOTO HansraHe c nepuog, KOMTO CbOTBETCTBa Ha nepuopa Ha paboTta Ha
asuratens. CpaBHEHNETO Ha 3BYKOBUS CUrHan B nocrnegoBaTenHuTe LKW nokasea,
Yye HMBOTO Ha Wwyma, n3nbysaH oT [OBIl, 3HaunTenHo HaaBuwaBa (POHOBUS LWYM Npu
n3MepBaHeTO M HMBATa Ha 3BYKOBO HansraHe oOTpas3siBaT KOHKPETHO LWyMOBUTE
eM1CUn Ha aBuraTens.

3a aHanuaupaHe akyCTMYHOTO TMOBe[dEeHWe Ha [ABuratens € HanpaseH
xapmoHu4eH aHanu3 Ha TX3000 n YX go 50-Tm xapMOHWK, Ha 3yKOBOTO HansiraHe v
HansiraHeTo B UMNWHAbPA Ha guraTensa ca npeacraBeHu Ha ur.3
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XapMoHUYeH aHanu3 Ha 38yKOBOMO HarsisizaHe U HarnsizaHemo 8 YunuHobpa

UX 4qucm 6eH3uH 1) u cmec 150 2)

OTKpOﬂBaT ce HHAKoMko obnacTtu, B KOMTO MOraTt ga ce O4YakBa MoBMLLEHUE Ha
CTOMHOCTUTE Ha LWyMOM3nNb4YBaHETO B NOKa3aHUTE obnactw.

lMpeactaBeHn ca U gaHHUMTE B YecTOoTHa obnact (¢wur.4),Te npeacraBnssaT
N3MEHEHNETO Ha YecToTaTa Ha 3BYKOBOTO HandraHe B XapMOHWYHWU CbCTaBMsABaLLM.
Mopagn TpyOHOTO pasyuTaHe Ha pes3yntatute UM CrMBaHeTO Ha CTOMHOCTUTE
nonyyaeawm ce 3a pabortata Ha OBl ce npegnoynta obpaboTkata Ha gaHHUTE Oa
ce BM3yanusypa B NeHTOB(TepLOKTaBeH aHanuna).

i 100 11e? e 116’ o

10 100 110 100
f[Hz];

TX3000 qx
due. 4
HYecmomeH aHasnus Ha 38yKoeo HarsszaHe[dB]

rno TX u Y4YX 3a yucm 6eH3uH 1 u u3onponaHon 2

JleHTOBMAT aHanuM3 e npeacrtaBeH B TEPLOKTABHW NEHTU MO noraputMumyHa
ckana (cwr.5), 3a ga OTroBOpU MakcumanHo [obpe Ha Bu3yanusaums Ha MHOro
ManKkn U MHOrFO ronemu CTomHocTu noaxogsul 3a OBl n n3darsaHeTo Ha crniMBaHETo
Ha rpadmkaTta XxapakTepHO 3a 4YecToTHMA aHanu3s(dwur.4). M3BecTHO € Cbllo, 4e
Bb3MPUATUETO Ha YOBELIKOTO YXO Bb3NpMemMa WyMma Mo aHanorm4yeH Ha
noraputMmM4yHaTa ckana xapakrtep. ToBa npaBu aHanm3a oOnTuManeH Ao peanHuTe
yCroBus 3a OueHKa
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QPua. 5
TepuyokmaeeH aHasnu3 Ha 38yKogo HarsizaHe[dB]

rno TX a) u YX 6) 3a yucm 6eH3uH 1 u usonpornaHosn 2

C rpadwmknte Ha TEpPUOKTaABHUSA aHanu3 SICHO Ce OTKposiBaT obnactute Ha
N3MEHEHNEe Ha 3BYKOBOTO HansaraHe. OT gaHHUTE He ce 3abensi3Ba CblLECTBEHU
pasnuk1 B NOBEAEHNETO M Npu paboTa ¢ n3onponaHon nog ToBapHa XxapakTepucTuka
3000muH-1. MNpn cpaBHeHue ce HabniogaBa NOAOOHO nMoBedeHME B xapakrepa Ha
n3MeHeHne Ha gpaTta pexuma o okono 0,3[kHz]. 3ameHeHneTO n Ha gBeTe KpuBU
npyv NbAHO HaToBapBaHe C 4YUCT OeH3uMH u ¢ 150% wnma CpaBHUTENHO €AHAaKBO
noBeaeHMe B HUCKO 4YecToTHaTa obnacTt, kaTo HapacTtBaHeTo e cneg 3 [kHz] mo
5[kHz] n e no-Bucoko npu gaHHuTe 3a cmec 50% wusonponaHon. Nog 100 Hz
3BYKOBOTO HansiraHe He e (pakTop, TbM Kato TaM WMMa HaKbCaH CMeKTbp U He
npagcraBnsBa MHTepeC.

OcHoBHUTE pa3nukM ce HabnwgaBaT B CpeauTe M Ha4vyanoTo Ha BUCOKUTE
4YeCcTOTU, KbAETO N3MECTBAHETO HA HapacTBaAHETO Ha 3BYKOBOTO HandraHe B obxBaTta
oT Hag 9-10 neHtn cnen  160[Hz] mo okono 1200[Hz]. To4yHO TyK nopagu Tesu
HapacTBaHWA HaMmupame npuyMHaTa 3a MOBULLIABAHETO Ha HMBOTO HA U3MEPEHUAT
wym 6nunsko oo okono eavH aeunben(0,9[dB]). 3a pasnuka OT HUCKUTE YeCTOTWU Nog
1000[Hz] , KbOeTO OCBEH KOHCTPYKLMATA Ha ABUraTtens BeAHbX, Taka U YOBELUKOTO
Bb3NpuUATME 3a BTOpWM NbT Ademndupart Te3n HuMBa Ha Lyma, 3atoBa U U
npeHebpersame.

WymMbT uma pasnuMyeH crnekTbp Ha pasnpegeneHve Ha XapMoHuuuTe,
OCHOBHa pons 3a ToBa MMaT gemndupallute CBOWCTBA Ha KOHCTPYKUMSITA Ha
Asuratens.

Bucokute HMBa Ha HansiraHeTO Ha UMNUHAbPA B 06GracTTa Ha HUCKUTE
4eCTOTW, HEe OKa3BaT CbLUECTBEHO BIUSHWME BbPXY HMBATA Ha U3MbYBAHMAT LUYM.
XapakTepbT Ha npegaBaTenHaTa QYHKUMS Ha KOHCTPyKUMsSITa Ha ABuratens
nokasea, Ye TOYHO B Ta3n YecToTHa 0bnacT Tss UMa BUCOKM Aemndupalliy CBONCTBa.

CbeeMeHHVITe asurartenun ca onTMMn3npaHn nNo OTHOLLEHME Ha aKyCTU4YHUTE
CBOWCTBA Ha KOHCTPYyKUUATa CW. Te ca cb3gageHu Taka, Ye fa He nponyckar
BUCOKMUTE CTOMHOCTU Ha HUCKUTE YECTOTH.

83



MEXOYHAPOOHA KOH®EPEHLNA ,EKO BAPHA® 2024

3aknoyeHue:

1. Mpun paboTata Ha OBl c ropuBHM CMECKM CbC CbAbpPXKaHWE Ha U30MPONaHo,
HapacTBaHETO Ha LymMa He e efHaKBO B Lenvs 4YecToTeH AmanasoH, a ce 3abensssa
camo B obnactra Ha 3Ha4YMMUTE XapMOHMUM CBbP3aHU C NPOTMYAHETO Ha paboTHUAT
npouec.

2. OT NeHTOBMAT aHanNu3 Ha 4YecToTuTe ce HabngaBaT OCHOBHUTE PasfnuKy Npu
paboTa CbC CMeCcu Ha N30MNponaHo N HapacTBaHWUs ca BUAUMMW NPEeANMHO BbB BUCOKUTE
n cpegHu yectotn ot 1000-5000[Hz], 30HaTa ¢ Han-0OOpPO BL3NPUATME OT YOBEK.

3. Bucokute HMBa Ha xapmoHuumTte permctpupann nog 1000[Hz] v Hag 5000[Hz],
6uBaT gemndupaHu OT npegaBaTenHaTa QYHKUMS Ha KOHCTPYKUMATaA Ha ABuratens
npegaBaHeEToO UM ce HeyTpanuanpa. Heobxoanmm ca Mepku 3a HamansBaHe Ha Lyma B
AnanasoHa 1000-5000[Hz], kbaeTo gemndupalwimnTe ceoncTea Ha BT HamansBear.
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U3CINEABAHE BPEMETO 3A PEAKLIUA HA BOJAYA

INVESTIGATION OF DRIVER REACTIONS TIME
Plamen Nestorov, Daniel lvanov, Radostin Dimitrov, Veselin Mihailov

Abstract: In this paper is presented the idea of the research and the firsts steps of the experimental design.
The idea of experiment is to be used fifth wheel to collect data from automobile traveled road from moment
of occurrence of danger during braking to complete stop.

Keywords: braking, driver, reaction, PRT.

1. BbBeaeHue:

CnupaHeTo Ha aBTOMOOMNA € CBBbP3AHO C HSAKOMKO pasfMyHM npoueca pasrnegaHn B
obwa cnupadHa guarpama. BbB Hes BpemeTo t1 € BpeMeTo 3a peakumsi Ha Bogada, Bpeme tz e
BpemMe 3a obupaHe Ha xnabuHuMTe Ha cnMpavHUsa MexaHu3bM, t3 € Bpeme 3a HapacTBaHe Ha
CNUPAYHOTO 3aKbCHEHME OO0 MakCuMariHa CTOMHOCT U ts € Bpeme 3a epekTMBHO crnnpaHe. [pe3s
nepuoga oT Bpeme ti 1 t ckopocTTa Ha aBTomMoOuna He ce ce npomeHsi. BpemeTto 3a peakuus
Ha BOJaya crnoped MHOro nuUTepaTypHM M3YOYHULM MOXEe Aa MpuMemMa MHOro pasnuyHm
CTOMHOCTU (B nopsigbka oT 1 Ao 3 cekygHu), KaTo U n3crnegBaHuaTa Ha Ta3m TeMa He ca MHOro
KateropuyHu. BpemeTo 3a peakuuss Ha Bodada Ce CbCTOM OT [BE€ KOMIMOHEHTW, BpemeTo

M3MMHATO OT MOMEHTa Ha BBLINPUEMaAHE Ha OnacHoCTTa Ha BoOAa4a (tl) OO HerosoTto

oTpearvaHe BbpXy OpraHuTe 3a yrpaBreHue Ha aBTomobuna (f1) koeTo Moxe [a e HaTuckaHe
Ha crnvpayka, 3aBbpTaHe Ha BonaH 1 Ap. B 1031 nHTepBan oT Bpeme aBTOMOGUNBT NpeMyHaBa
pasctosiHue S1 6e3 aa ce NPOMEHsI CKOpOCTa C KOATO ce ABMXWU. BbanpuemaHeTo Ha curHana
Hal-4ecTo e 3pUTENHO, HO CbLLIO Taka MOXe [a ce Bb3npueme 1 3ByKOBO.

Cnopen Pawet Drozdziel[l] B HeroBa nybnukaumMsi 3a u3cnenBaHeTO 3a BpPeMETO 3a
peakums Ha Bogada, To Moxe aa Bapupa ot 0,7 oo 1,5 cekyHau nHTepBan B 3aBUCUMOCT OT
TOBa Janu cuTyauusTa € oyakBaHa MM HeodakBaHa. MeToga KOWTO € M3non3BaH B Hay4yHOTO
n3cnegBaHe € 3acHEMaHe 4pe3 BUCOKOCKOPOCTHM KaMepu HacCTbMBaHETO Ha OMNacHOCTTa,
3ano4BaHeTo OT BOMraHeTO Ha Kpaka OT nejana Ha rasta M npeMecTBaHeTo My BbpXy negana
Ha crnvpadkaTa.

006_1172_143606_0E9A"

dur. 1. MscnepgasaHe BpeMeTo 3a peakuus Ha Bogada 4pes3 BUCOKOCKOPOCTHU Kamepu
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B opyr Bug uscnegsaHe npoBegeHo ot Rafat S. Jurecki [2] ca uanonssaHu pasnuyHn
KOMMIOTbPHM CUMynaumu, kaTo Ha 6GasaTa Ha Bb3pacTOBU IPynuM U CTaTUCTUYECKM aHHM 3a
cbbpaHu gaHHW ca AadeHu rpaHnum 3a BpeMETO 3a peakuus B pasnnuyHMTE Bb3PacToBW rpynu.
Toan meToq 3a M3cneaBaHe Ha peakuMsiTa Ha Bogada MMa HAKONKO HegocTtaTbka. HegocrtaTbk
Ha ToBa u3crneaBaHe €, Ye MOXe MHOrO fieCHO [a Ce MPOMEHAT pesyntatute, ako BXOAHUTE
AaHHW 3a cuMmynauusitTa He ca BbBEOEHM KOPEKTHO (MOXe fa ce MponyCHe CbLeCTBEH
napamMeTbp KOMTO MOXe Aa UMa rofiiMo 3Ha4yeHue npu U3nnuTaHneTo).

dur. 2. scnepaBaHe BpemMeTOo 3a peakuna Ha Bogada 4Ype3 KOMNTbpPpHa CuMyrnauma

U3noxeHue:

Llenta Ha u3cnegsaHeTo KOETO € NMPOBEAEHO € [a Ce M3MEepU BPeEMETO 3a peakuus Ha
BOAa4Ya nocpencTBoM cuctemaTta ,neto koneno“. Tasm cuctema e nsbpaHa 3awloTo 4Ypes3 Hes C
MHOTFO ronsiMa TOYHOCT Ce M3MepBa U3MUHATMAT MbT OT aBTOMOOMNa 3a eguHuua Bpeme,
MOXeM CblLUo Aa HabnogaBame M3MMHATUS MbT HA aBTOMOOMNA OT MOMEHTa Ha HacTbNBaHe
Ha onacHocTTa nNpe3 MOMEHTa Ha Bb3npuemaHe Ha OMacHOCTTa OT Bodaya WM Yak 4O HEroBoTo
oTpearnpaHe BbpXy OpraHuTe 3a yrnpaBneHue Ha aBTomobuna. ToBa MOXe Aa Hu1 Jage no-sicHa
npeacTaBa 3a onacHarta 30Ha Ha aBToMobuna Npyv HEroBOTO ABWXKEHME U CNnpaHe.

Cuctemata koATO ce m3nonsesa e Ha dupma Peiseler [3], kaTo Mogena moxe fa ce
3axBallla KakTo CTpaHM4HO Ha aBTomMobuna, (cwur.6a) Taka n ga 6bae 3akavyeHa Ha ,Ternuy.
To3n mogen nma [obpo cuenneHne ¢ NbTHaTa HaCTUMKA, KaTo TOBa CLENneHne ce nosnyvasa
GnarogapeHve Ha NPY>XUHEH MEeXaHM3bM KOWTO MPUTMUCKA KOMEenoTo KbM HacTuikaTta 6e3 aa
nMa npunnb3BaHusa. ManonsesaHo e 28“ koneno, kato 1 06OpPOT Ha KOMEenoTo ce paBsAHaBa Ha
TOYHO 1 MeTbp pa3cTosiHue. CurHansbT NonydYBaH OT METOTO KONeno € undgpoB UM aHanoros
Bb/HOBW CUrHar.

dur. 3. lNeTo koneno Ha npondsoguTen “Peiseler
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3a pa ce cumynupa MOMEHTBLT 3a HacTbNBaHe Ha onacHocTTa ca u3bpaHu ABa
paguonpuemMHuka ¢ AACTaHUMOHHO YynpasneHue[4]. EguHuAT paguvonpueMHuK €  U3BbH
aBTomMoOOMNa Ha oTAanevyeHo MACTO, APYIMAT € BbTpe B aBToMmobuna. PaguonpuemHmumTe ce
3agencTeat B MNPOM3BOSIEH MOMEHT HeW3BeCcTeH 3a Bogava. EgvHmaT npuemHuk 3agencrtea
CBETIIMHEH M3TOYHMK, KONTO € HAcCTbMBaHEeTO Ha OnacHOCTTa 3a Bojada, a BTOPUAT nogasa
CcurHan Kbm ocumrockon (cur.5), kKaTo No TO3W Ha4yMH 3arno4ysa N U3MEpPBaAHETO Ha BpPeMeTo 3a
peakums Ha Bogava.

Tasn TexHonorna 6ewe nsbpaHa nopagu ronemus obxeat Ha paboTa (no cneundukaumns
obxBaTta B maeanHu ycnoeusa e okono 2000M), KoeTo NO3BONsSIBA U3NUTAHUSA C MO-BUCOKU
CKOPOCTM 1 paboTHOTO HanpexeHue oT 12v, KoeTo e yaobeH HayuH 3a 3axpaHBaHe, HaNU4HO e
B aBTOMOOMNAa 1 MHOXXECTBO akymynaTopHu 6atepun.

“15-00AZ1-04S
QASZ YOI 20ME VOI
YOI OVADSZ 4

V&

\.

®ur. 4. Pagnonpuemhnk ¢ 1Y dur. 5. Ocu,mcxon cbbupall [aHHUTe OT
n3bpoeHnTe KaHanm

CurHanute kouTo ce cbbupaTt ¢ OCLMIOCKON 3a LenTa Ha u3cnegsaHeTo ca (dur.7):
e Kanan 1: CurHan oT neToTo Koneno (undpos);
e KaHan 2: CurHan 3a BKNOYEHa curHanHa namna (MOMeHTa Ha HacTbMNBaHETO Ha
onacHocCTTa);
e KaHan 3:Kno4 negan Ha cnupadkara,;
e KaHan 4: Knto4 negan Ha rasTa.
lMpoBegeHUTE eKCnepMMEHTM Ca B KOHTpONMpaHa cpega, 3a ga MoXe Aa ce npoBepu

cpaboTBaHETO Ha pas3nuMYHUTE YCTPOMCTBA. 3a MOMEHTA Ha HacTbNBaHE Ha onacHocTTa Gelle
n3paboTeH CBETNIMHEH N3TOYHMK, 3aXpaHBaH C akymynaTtopHa 6atepusa (cowr.66).
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o F %
dur. 6a.(nsBo) MoHTax Ha NeTo Koneno Ha npoussoanTten “Peiseler”, dur. 60. (ogscHo) CurHanHa namna 3a
Bb3NpoM3BEXAaHe Ha onacHocTTa.

HanpaseHn ca 3 onuta ¢ pasnuyHu ckopoctn 9.44 m/s (33.98 km/h), 9.61 m/s (34.60
km/h), 12.22 m/s (43.93 km/h). KaTto BbB BCekM ONUT B NPOU3BOSIEH MOMEHT Belue 3agencTBaH
CBETNIMHUAT CUrHam OT 4YOBEK WM3BbH aBToMoOuna. [JaHHMTE OT onuTa ce pasyuTaxa no
ocuunorpamu (dur.7). B kaHan 2 (KbNT UBAT) Ce BUXKAA BKMOYBAHETO Ha pagnonpuemMHuumnTe
OT paavoaucTauMHHOTO. B pascTosHMEeTo Mexady nvka Ha kaHan 2 Ao nbpeaTta nyncauus Ha

kaHan 3 ce u3mepBa BpemeTo 3a Bb3npuemaHe (f1), pascTosHMETO OT HayanoTo Ha

o H
]

2.8
et
g §

BEEN T NEL

CEREEPE shioen

aaaaaa

owur. 7 Ocruorpama mokasBpaiia MpoBEACHUTE OMHUTH.

TPENnTEHNETO B KaHan 3 4O NpoMsiHaTa B CUrHana Ha kaHan 4 e namepeHeTo Bpeme (tﬂ.
MonyyeHuTe pe3yntat oT n3nuTBaHeTo ca 06o6weHn B Tabnuua 1.
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U3mepeHo CkopocT Ha MU3muHaTt nbT Bpewme 3a CnupayHo
BpeMe 3a ABUXeHue cnupaHe Ha cnupaHe Ha 3aKbCHeHue
peakums aBTomMobuna aBTOMOOuna

S m/s m S m/s?
0.349 9.44 7.08 1.336 6.3
0.348 9.61 7.97 1.476 5.8
0.411 12.22 13.3 2.209 5.81

Ta6n. 1 O60011IeHH pe3yATaTH MOTYYEHH OT €KCIIEPUMEHTAHUTE U3CIIeIBAaHUS

3. 3akntoyeHue:

Cnepn npoBedeHOTO mM3crnenBaHe € YyCTaHOBEHO, Ye BPEeMEeTO 3a peakums Ha Bogada npu
o4akBaHa onacHocCT npwu ckopoctn 9.44 m/c (33.98 km/4), 9.61 m/c (34.60 km/4), 12.22 m/c (43.93
KM/4)e MOCTOSIHHO M npuema cpegHa CTonHocT oT 0.4 s.
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N3CNEABAHE HA E®QEKTUBHUTE NMOKA3ATEJIN HA AN3EJNIOB ABUIATEN
NMPU PABOTA CbC CMECU HA BUOAU3ENOBO NNOPUBO

STUDY OF THE EFFECTIVE INDICATORS OF A DIESEL ENGINE WORKING
WITH BIODIESEL FUEL BLENDS

Velichka Georgieva

Abstract. This report investigates the influence of fuel type on the operating process of a diesel engine.
The study utilizes mixtures of biodiesel and diesel fuels, specifically BO (100% diesel fuel), B10 (10% biodiesel
and 90% diesel fuel), B30 (30% biodiesel and 70% diesel fuel), and B50 (50% biodiesel and 50% diesel fuel).
Experimental and analytical methods are used to evaluate how the different fuel blends affect the combustion
process and performance indicators at engine speeds of 1500 min™, 2000 min~1, 2500 min~t, and 3000 min™.

Keywords: fuels, biodiesel, diesel, diesel engine

1. BbBeaeHue:

C HapacTBaLmTe eKonormMyHM U3NCKBaHUS U HyxXaaTa OT YCTOMYMBA eHeprumHa nosimtuka
OvoropmBaTta npuBnuYaT BCE MNO-TONIIM MHTEPEC KaTo anTepHaTUBEH U3TOYHUK HA eHeprus 3a
ABuraTtenu ¢ BbTPELLHO ropeHe. B ycnoBusTa Ha NOBULLIEHO OTAENAHe Ha BpedHU eMucun u
n34yepnBaHETO Ha NETPOSIHUTE pecypcu, BuoamsensT N pyruTe BUAOBE Bb30OHOBAEMU ropuBa
ce pasrnexgaTr KaTo Bb3MOXHOCT 3a HamandBaHe Ha BpegHUTe eMUCUM U 3aBUCMMOCTTa OT
nskonaemute ropmea. CbC 3aKOHa 3a eHepruata OT Bb30OHOBAEMU M3TOYHULM € YTBBbPAEHO
AobaBsHETO HA MUHUMYM 6% 61MOaN3enoBO rOpPMBO KbM OM3ENOBO FOPUBO.

2. WUsnoxeHwue:
bnoam3enoBoTo ropuBo € anTepHaTUMBHO FOPMBO, KOETO Ce MNorflydaBa OT pacTUTENHU U
XMBOTUHCKM Ma3HUHK, KOUTO ce obpaboTrBaTr C ankoxon. Mpn ekcnepuMeHTanHuUTe
na3cnenBaHus ca n3nona3BaHu cnegHUTe CMecu:
- B0 - 0% 6unogunsen, 100% on3enoBo ropmeo;
- B10-10% 6uoaunsen, 90% An3enoBo ropueo;
- B30 - 30% 6unogmnsen, 70% On3enoBo ropuBo;
- B50 - 50% 6unogmnsen, 50% Oon3enoBo ropuBeo;
PaannyHute cmecu ce obosHayaBaT ¢ Byksata ,B“ M uncno, KoeTo nokasea npoueHTa Ha
6uoamsen B cmecTta [1].
3a onpefensaHe Ha BNUAHWETO Ha BUOA ropuMBo BbpXYy edekTnBHMUTE nokasatenu Ha OBl
ca HanpaBeHu namepBaHune Ha gu3enos asuraten Fiat 1.9 JTD ¢ napameTpu nocoyenn B Tabn.
1.

Tabnuua 1. TexHn4yeckn napameTpu Ha aABuraTen
Ne MapameTsp CTtounHocT
1 | lNpounsBogurten Fiat
2 | MognHa 2002
3 | Koag Ha gsuratens 188 A2.000
5 | PaboTteH obem Ha geuratens [dm?] 1,910
6 | AnmameTbp Ha uunuHabpa [mm] 82,00
7 | Xog Ha 6ytanoto [mm] 90,40
8 | CTeneH Ha crbcTaBaHe 18,5
9 HomuHanHa MOLWHOCT npu ‘.-Ie_Cl:TOTa Ha BbpTEHE 60/4000
Ha konsgHosusa Ban  [KW/ min-]
10 HomuHaneH BbPTSAL, MOMEHT npu q_et_:lTOTa Ha 196/1500
BbpPTEHE Ha KonsHosusa Ban [Nm/ min™|
11 | Pen Ha paboTa Ha gBuratens 1-3-4-2
12 | Tvin oxnaxgaHe [MpuHYygMTENHO
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— BOJHO
13 | TakTHOCT YeTnputakToB
14 | CmecoobpasyBaHe BbTpeLwHo
15 | lNMbnHeHe MpuHyguTenHo
16 | 'opuBHa cuctema Commone-rail
17 | bpown n pasnosioXeHne Ha UuMnnuHapuTe 4, peoosu

HanpaBeHn ca namepsaHus gsuratens ¢ YucTto ansernoso ropuso BO, u cmecn B10, B30
n B50 (Tabnuua 2) [2]. CHeTn ca ToBapHU XapakTepucTuka B 4 paboTHM TOYKM NpU YECTOTU Ha
BbpTEHE Ha konsHoBus Ban 1500 mint, 2000 mint, 2500 min, 3000 min n cbnpoTUBUTENEH
mMomeHT 5 kgf.m, 7,5 kgf.m, 10 kgf.m, 12,5 kgf.m.

Tabnuua 2. XapaKTepI/ICTI/IKI/I Ha n3non3BaHnUTe ropuBHNTE CMEecu

Avseroso | p,q | B30 | Bso
ropmBo

MapameTbp

[lonHa TonnuHa Ha nusrapsiHe

Ha ropveoTo Hu [kJ/ kg] 42300 | 41820 | 40860 | 39 900

MnbTHOCT [Kg/M3] 830 835,3 | 845,9 | 856,5
MonekynHa maca [kg/mol] 190 200,6 | 2218 243
KonunyecTtBo B-X 3a nsrapsiHe 14.6 1439 | 13.97 | 13,55
Ha 1 kr ropuso [kg]

LleTaHoBO 4ncrno 51 51,12 | 51,36 | 51,60

3a wu3MepBaHe Ha TMPWOXEHOTO HaToBapBaHe KbM ABUratens ce U3nonsea
NOCTOSIHHOTOKOBA enekTpuyecka cnupadka MS 2812-4 ([NeHpen reHepatop). M3nonasaHaTta
cnupadka uma moluHocT 83 kW npu mM3mMeHeHWe Ha YectoTata Ha BbpTeHe Ao 5000 mint.
AbcontoTHaTa rpeLuka Ha cnmpadkata e +0.02 kgf.m.

3a M3MepBaHEeTO Ha 4YecToTaTa Ha BbpPTEHE Ha KOSMIAHOBUS Ban € u3nonssaH umMdpos
obopoTtomep ESA CMDG6-2. Npewkata Ha ypeaa npu oTyntaHe Ha 3aBbpTaHusaTa e £0,05%.

3a namepBaHe Ha pasxoda Ha Bb3ayX € M3nonssaH gnarHoctnyeH ypen Multidiag., ypes
KOWTO B peariHO Bpeme OT aebutomepa Ha ABuratens ce oTyMta CTOMHOCTTa Ha NoCTbnBaLUus
KbM LMNUHOPUTE Bb3OYX.

lMpencraBeHn ca pesyntatuTe OT UBMEHEHNETO Ha eeKkTUBHUSA crneunduyeH pasxon Ha
ropuBO ge BbB (DYHKLUNA OT UMEHEHUETO Ha CPeaHOTO ePEKTUBHO HandaraHe pe (pur.1 n dur. 2)
N ePeKTUBHUA KNA ne (our. 3):

dwur. 1. VIameHeHne Ha ehekTMBEH cneundnyeH pasxo Ha ropmBo ge Npu YectoTa Ha BbpTeHe Ha KB 1500 min?t
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| ]

dur. 2. IameHeHne Ha edbekTMBEH crieununyeH pasxon Ha ropmeo ge
npv 4ecToTN Ha BbpTEHE Ha KB 2000 min-1, 2500 min-t, 3000 min-!

Bcuukn kpuBM Ha cneumuuHMs pasxod MokassaT, 4Ye CbC CnagjaHe Ha CpeaHoTo
€(PEKTUBHO HandraHe pPe, CNEUNPUYHUAT pasxo[ Ha ropMBO (Je HapacTBa. ToBa € O4akBaH
pe3ynTaT, Tbil KaTO NPU HUCKO HaTOBapBaHe ABuUratensat paboTu HeeeKTUBHO.

Mpun namepeaHusTa ¢ YMCTO AM3enoBo ropmeo BO ce HabniogaBa Han-HUCHK cneumdunyeH
pa3xog Ha ropmMBO MpW MOYTU BCUYKM PabOTHM TOYKM, KaTO TOBA CE€ ObIDKM Ha Mo-BMcOKaTa
TOMMAMHA Ha u3rapsiHe Ha AW3erioBOTO FOPUBO, CNPSAMO CMecuTe ¢ Buoamsenoso ropuso. [Mpu
6uoamsenosa cmec B10 n yectoTa Ha BbpTeHe 2000 mint, kpueuTe ca 6nuskmn oo Tasu Ha BO,
KaTo ce 3abenasBa NoBMLABaHE Ha pasxoda Ha ropmBo. ToBa CbLUO € B pe3ynTtaTr OT no-
HUCKaTa KanopuyHOCT Ha 6noan3enoBoTO ropmeo. pu BMCOKO cbabpXKaHue Ha GuoamsenosBo
ropuso (B50) 1 npu YyecToTa Ha BbpTeHe Ha konsHoBus Ban 3000 mint, cneundpunyHmaT pasxon
€ Haun-Bucok. ToBa nokasea, Ye ABUraTenaT m3pasxogBa MoBevye ropmBo, 3a Ada MOCTUrHe
cbllaTa MOLLHOCT.
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MEXOYHAPOOHA KOH®EPEHLIUA ,EKO BAPHA" 2025

Mpn cmec B1l0 ce 3abenasBa NO-BUCOK edeKTMBEH Kna (nNe), KOWTO ce nokayBa C
yBenuyaBaHe Ha HaToBapBaHeTo. [Npu B30 ce HabniogaBa no-sucok K, npu cpegHu
HaToBapBaHua — 6MoOM3enbT u3rapst MNO-MbJIHOUEHHO, MOAMOMOrHaT OT AOMbIIHUTENHUSA
knucnopog B monekynara. Npu cmec B50 ce namepsa no-Huckwk K4 npm HUCKM HaToBapBaHUS,
HO MNPV BUCOKM HaTOBapBaHUA ce Jobnukaea 4O OCTaHanuMTe cMecu. Tyk BNMsiHMe okasBa Mo-
HUCKaTa Karnopu4HocT Ha Bnoausena.

3. 3aknroveHue:

Mpn manku HaToBapBaHWs, MUHUMAareH cneundudeH pasxon Ha ropmBo ce nosiydasa npu
ropmeo B10, nopagu nogobpeHaTta eheKkTMBHOCT Ha paboTHMS MpoLec, kKaTo ce Habnogasa u
Han-rongmMa CTOMHOCT Ha ePEKTUBHNSA KOEMPUUNEHT HaA NOME3HO AENCTBUE;

Mpn cpedHn n BUCOKM HaTOBapBaHWA, HaW-HUCBHK creunduyeH pasxod Ha ropueo ce
nony4yasa npu BO, kaTo ce yBenuyaBa c yBenuyaBaHeTo Ha buoamsenosaTa fobaska, nopaau
HamansiBaHeTO Ha Karlopu4HOCTTa Ha ropmuBoTO.

EdeKkTMBHUAT KOedUUMEHT Ha MNOSIe3HO OENCTBME Ha ABuraTens npu cpegHnm M BUCOKU
HaTOBapBaHWS ce 3anasBa NoYTU NOCTOSIHEH, HE3aBUCMMO OT M3Mnosi3BaHaTa CMec.
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