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NCCNEAOBAHUE KAHECTBA AHTU®PU3OB KITACCA G11
NMPEACTABJIEHHbIX HA PbIHKE YKPAUHDI

QUALITY STUDY OF G11 CLASS ANTIFREEZES PRESENTED ON THE
UKRAINE MARKET

Mikhail Nahliuk'

Abstract. The results of a study of the quality indicators of pure antifreezes for compliance with the
requirements of the current standard are presented. The values of the electrical conductivity index of pure
antifreezes were measured. The results obtained are compared and conclusions are drawn.

Key words: antifreeze, G11, cooling liquid, quality indicators, electrical conductivity.

N ecnu nonynspHble N U3BECTHbIE MPOM3BOAUTENKN, paboTalrolmne Ha PbIHKE MHOMO NneT yxe
Aokasanu KadecTBO CBOEW NPOAYKUUW, TO HOBbIE€ TOSIbKO HaYMHAOT CBOM MNyTb B 3TOM
HanpaBneHun.
1. BBeaeHue:

Cuctema oxnaxgeHusa OgpuraTtensi U1 ee COOTBETCTBME TpeboBaHUAM npeabaBngemMbiM K
COBpPEMEHHbIM aBTOMOOUNAM B 3HaUMTENbHOW cTeneHn obycnaesnmBatoT paboTocnocoBHOCTb,
HaLEeXHOCTb M O0SITOBEYHOCTb aBTOMOOUMbHLIX ABUraTenen, padoTarwmx npyu nepemMeHHbIX
Harpyskax n B pasSfiMyHbIX METEOPONOrNMYECKNX U KITMMaTUYECKUX YCINOBUSAX.

Oxnaxpawowas XuokocTb BMECT€ C MOTOPHbIM MAacfioM, TOPMO3HOW >KUAKOCTbIO W
TONMMBOM, SBNSETCA OAHOM M3 rnaBHbIX OYHKLMOHAMbHbBIX Xungkocten astomobunsa. OgHako y
HaC UCTOPUYECKN CIOXUIOCb HEDOPEXHOE OTHOLLEHME K OXNaxOaloLwwen XUAKOCTU, BbI3BaHHOE
HEeOOLIEHKON Ui HEMOHUMAaHNEM e€e 3HAYEHUS.

2. N3noxeHune:

CoBpeMeHHbIN PbIHOK 3KCMyaTaunoOHHbIX MaTtepranoB HanonHeH 60nbWNM KONMMYeCcTBOM
aHTMdPM30B NPON3BOANUMbBIX Pa3NNYHLIMU U3BECTHBIMU U HOBbIMW BpeHaamMmn B COOTBETCTBUMN C
nx CO6CTBEHHBIMU TEXHUYECKMMU YCNOBUAMU. [pUMEHEHNE B CUCTEME OXNaXOeHUs aBuratens
Henoaxoaswen unm HekadyeCTBEHHOM OXMaXKaatoLen XNOKoCcTU MOXET NPUBECTU K naryOHbIM
nocneacTBMsIM KOTOpPbIE, Kak NpaBusio, NPosIBASOTCA He cpasy, a Yepes rog-Asa nocrie Havana
ee ucnonb3oBaHus. [1a n He BCAKMIA cneunanmnucT CMOXET MOHATb, YTO NPUYMHOMN BO3HUKLLEN B
aBTOMOGUNE NpobnemMbl ABASETCA OXNaXKaaoLas XUAKOCTb.

Mog TepMMHOM «HeKavyeCTBEHHasl» oOxnaxgawllaa XuOKocTb nogpasymeBaroTcs
BCEBO3MOXHble TOCOMbl W  aHTU(PU3bl, HUKOrga He MpPOXoAMBLUME  UCMbITAHUA Y
npounssoguTenen aBsTomobunen, He MMEKLMX OOMNYyCKa-o400peHUs Ha NpPUMEHEHne XoTH Obl
ANa  ogHoro Buaa asToMOoOuMnen. OTUMM NPOAYKTaMU HacCbIWEH COBPEMEHHbIA PbIHOK
OXNaXkdalwLnX >KMOKOCTEW, a WX WUCMNONb30BaHME CBS3aHO C PUCKOM BO3HWKHOBEHUS B
Apuratene pasnuyHbix Npobnem, Taknx Kak: oGpa3oBaHMe OTMOXEHWUWN, NEepPEerpes, KaBuTaUms,
Koppo3aus u ap.

Bce aHTUppu3bl, NnpogaBaemMble B YKpanHe BHE 3aBUCUMOCTU OT pMpMbI-Npon3BoauTens
N TEXHUYECKMX YCMOBUA NO KOTOPbIM OHW W3rOTOBMIEHbI, AOSMPKHbI COOTBETCTBOBATb
TpeboBaHuam [OCT 28084-89 «Kmakoctn oxnaxgawowme Huskosamepsawwme. OO6wwme
TexHu4yeckne ycnosus». [JaHHbIM OOKYMEHT noKa elwe sBndeTcd [OeCTBYLWMM 1
pernamMeHTupyeT MUHUMarsbHble 3HAaYEeHUS nokasaTernen KadecTBa OXIaXxgarloLwWwmx XUOKOCTEN.
B Hem 3akpenneHo 10 nokasatenenm ka4vecTBa, MpPOBEpKa KOTOPbIX MOXET 3aHuMMmaTb OT
HECKOSbKMX Y4acoB [0 HEeCKONbKMX Hedenb. [1oaToMy BMecTe € NPOBEPKON OCHOBHbIX
3KcnnyaTauMOHHbIX nokasaTtenem aHTMGPM30B, Tak xe nccrnegosanacbh nx
3MEKTPONPOBOAHOCTb, KakK 9KCNpecc MeTo onpeaeneHns Ka4ecTBa oxnaXKaaroLemn XuagkocTu.

[nsa npoBegeHns akcnepmmeHTa Obinu BbibpaHbl Tpu aHTUdpu3a knacca G11 rotoBbIX K
NPUMEHEHNIO B pasnnyHbIX LEHOBbIX KaTeropusax. B xoge wuccnegoBaHns MNpoBeEPSIUCD
nokasatenu kadectBa aHTugpusa Ha cootBetrctBue [OCT 28084-89 (weno4vHOCTb,

ISSN (Online) 2367- 6965 ISSN (Print) 2367- 6299 5



MEXOYHAPOOHA KOH®EPEHLWMA ,EKO BAPHA® 2023

KOPPO3MOHHOCTb  OCHOBHbLIX ~ METanmnoB, MNMOTHOCTb, BOAOPOAHLIA  MOKasaTesnb) U
3NEKTPONPOBOAHOCTb. PesynbTtaThbl nccrnenoBaHui OCHOBHbIX  3KCMyaTauMOHHbIX
XapaKkTepuCTMK CBOMCTB aHTM(PU30B NpeacTaBneHbl B Tabnumue 1.

Ta6nuua 1. Pe3ynbTaT aHanu3a OCHOBHbIX NMOKa3aTerien KavyecTBa OXJTaXK4atoLWmnX XXUAKOCTEN
npeacTaBneHHbIX Ha pbiHKe YKpauHbl

Ne Hopma no
a/n HanmeHoBaHue nokasatensa | rocT 28084 | O6paseu 1 | O6paseu 2 | Obpasey 3
1 | MnotHocTs, npn 20 °C, rlecm® | 1,065 - 1,085 1,065 1,070 1,081
2 | BogopoaHbi nokasartens, pH 75-11,0 8,2 7,7 7,52
3 | Weno4HocTb, cM3, He MeHee 10,0 2,8 24,8 10,7
4 Koppo3noHHoe Bo3gencTeme
Ha MeTannbl, r/M2-cyT:
cTanb 0,1 0,077 0,010 0,057
YyryH 0,1 0,128 0,117 0,096
Meab 0,1 0,003 0,020 oTcC.
naTyHb 0,1 0,181 0,035 oTC.
antoMUHNUN 0,1 0,034 0,039 oTC.
5 gfﬁ:,,%o POBOAOCTE: - 5,076.105 | 6,157.10° | 2,431 .10

N3 pe3ynbTaToOB 9KCNEepuUMeHTa BMOHO, YTO He BCEe OXnaxiarllime XUAOKOCTU oTBevaroT
TpeboBanuam MOCT 28084-89. Tak, aHTudpn3 «Obpasel 1» nveeT nokasaTenb LENOYHOCTU
2,8 Bmecto 10,0 cornacHo TOCTy. Kpome Toro KOppo3noHHOe BO3AEeNCTBME Ha MeTan bl TOXe
He oTBevaeT TpeboBaHUAM HOPMATUBHOIO LOKYMEHTA: KOPPO3MOHHOCTb YyryHa 3aBblleHa Ha
28% un nmeeT nokasatenb 0,128 r/m2-cytkn BmecTo 0,1 r/M2-CyTKU; KOPPO3MOHHOCTb NaTyHW
3aBbllleHa noyTu B ABa pasa (81%), ¢ nokasatenem 0,181 r/m?-cyTku. Tak xe oxnaxpgarlias
xungkoctb «O6paseu 2» He BbinonHsaeT TpeboBaHua [occtaHgapTa no  nokasaTento
KOPPO3MOHHOIO BO3AENCTBUSA Ha MeTannbl No YyryHy u umeet 3HadeHue 0,117 r/m2-cyTku, 4TO
Ha 17% Bbiwe Hopmbl. Tonbko aHTudpua «Obpaseu 3» oTBeYaeT BCEM NpPeabsBIIEHHbLIM
TpeboBaHUAM, XOTS U C MUHMMASIbHO AONYCTUMbIMW 3HAYEHUSIMU BOAOPOLHOrO nokasaTens
7,52 v weno4yHoctn 10,7 cmd.

lMokasatenb anektponpoBoaHocTn He HopmupyeTcs B [TOCT 28084-89 u 3Ha4nTENBLHO
oTNM4YaeTcs y BCeX uccnefoBaHHbIX aHTUpu3oB. Ecnv y oxnaxgawowmx XuAOKoCcTen
«Obpasel, 1» n «Obpasel, 2» 3HadYeHUss 3TOro nokasarens 6nmskn 5,076-10° Om'-m"' u
6,157-10°° Om™'-m™' cooTBeTCTBEHHO, TO Yy XuakocTn «O6pasel 3» oH coctasnseT 2,431 -10°
Om .M, yTo BOBOE MeHblLe YeM Y «OBpasel 1» 1 NOYTU BTPOE MeHbLLE 3HaYeHUs nokasaTens
«Obpasey 2».

3. 3akntoyeHue:

OKcnepumeHTanbHble uccnegoBaHns BblibpaHbix aHTUdpPK30B knacca G11 nokasanu, 4to
He BCe OHM OTBevalT TpeboBaHWAM KayecTBa, MNpPeabABNAEMbIM K HUM OEWCTBYHOLIUM
FOCTom. BTo roBOpuT O TOM, YTO BbIOMPaAsa OXNaxgaroLLyo XXUAKOCTb, NOMb30BaTENb JOSMKEH
obpalwiatb BHMMaHME Ha nMoOKasaTenn ee KadvecTBa, MpuBEAEHHble B cepTudukaTe,
CBMAETENbCTBYOLWME O TOM, NOAOMAET NN JaHHAs XNOKOCTb CUCTEME OXNaXKAEHNA UMEHHO ero
aBTOMOGUNS.

M3mepeHne BENMUYMHBI SNEKTPOMNPOBOAHOCTN YNCTOW OXMaXkaaroLen XNOKOCTM No3BonsaeT
cneguTb 3a M3MEHEHMEM €€ 3Ha4vyeHuUs B Mpouecce aKcnyatauum Xnakoctm um nNpoBOAUTb
CBOEBPEMEHHYH0 3aMeHy aHTMdpu3a, a Takke nogbupatbe Hanbonee nogxoaawmi obpasew Ang
AOJIMBKN UM YaCTUYHOW 3aMEHbI.

Nurepartypa:
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OCOBEHHOCTW 3KCIMNYATALUUU U TEXHUHECKOIO
OBCIYXXUBAHUA BbINMYCKHOU CUCTEMbI AN3ENBHOIO
ABUTATENA

FEATURES OF OPERATION AND MAINTENANCE OF THE DIESEL
ENGINE EXHAUST SYSTEM

Alexander Dityatiev

Abstract. The exhaust system on a car performs several important functions that are implemented by various
technical means. In particular, a catalytic converter, a particulate filter and an exhaust gas recirculation system
ensure that the environmental safety of diesel engines meets the current requirements of international and
national standards. The reliability of these components in the operating conditions of automakers is supported
by strong recommendations for the replacement of failed elements. At the same time, there are prerequisites
for some preventive and repair actions, and scattered experience in the restoration of components. This is
especially true for the exhaust gas recirculation system, the parts of which operate with relative movements in
an abrasive environment at high temperatures.

Keywords: environmental safety, diesel, exhaust system, components, prevention, repair

1. BbBepeHue:

BbinyckHas cuctema Ha aBTomMobuUne BbINOMHAET TPU BaXKHble (PYHKUMU: CHUXEHME
colepXXaHnsa 3arpsasHSALWNX BeLLEeCTB B BbIX/OMHbIX ra3ax, CHWXKEHWe Lyma cropaHus
ABuratensi N BbiMyCK BbIXJOMNHbIX ra3oB B yAo6HOM mecTe. COOTBETCTBEHHO, BbINyCKHAs
cucTtema nerkoBoro aBToMobuns coaepXmTt Tpu Broka TEXHUYECKUX CPeacTB: YCTPONCTBA
O4YMCTKM  OTpaboTaBWMX ra30B., yCTpOMCTBA  3BYKOMOIMOWEHUA W  cucTema
Tpybonposoaos. B cBoto oyepeab, YyCTPOMCTBA OYUCTKM OTpaboTaBLUMX ra3oB AM3ENbHOro
apuratensi, B OONbLUMHCTBE CRy4YaeB, BKMOYAKT OKUCIUTENbHbBIA HenTpanuaaTop,
CaXeBbl PUNbTP, CUCTEMY peumnpKynsaumm oTpaboTtaBLlimnx ra3os. Habop ycTponucTB n mnx
KOH(purypaumss COOTBETCTBYET aKTyanbHOMY 3KOSIOrMyeckoMmy crtaHgapTty. B cBasm ¢
MOCTOSIHHO  YyXecTovawuwmmucsa TpeboBaHMsiMM  akonorndyeckon 6esonacHoCcTn wn
MMEBLUUMWN MECTO crydadamu danbCuuKaumm 3KONMOrMYECKUX  XapaKTepUCTUK, K
COCTOSIHMIO BbINYCKHOM CUCTEMbI AM3ENbHbLIX ABUratenen ygendercs ocoboe BHUMaHME.
BmecTte ¢ Tem, macwitab BnusHuA otpaboTaBLUMX ra30B Ha SKOMOINI0 U CBA3AHHbIE C 3TUM
PUCKN  CTUMYNUPYIOT aKTUBHOE WUCMOSMb30BaHMEe NPOUNAKTUYECKUX MEPONPUATUN.
OpHako pgaHHas TeHaeHUMs He  Bcerga noagepXuBaeTtcs  nNpeanpuatusiMum u
opraHMsauusiMu HerocyaapcTBeHHbIX (PopM COBCTBEHHOCTM.

B YkpauHe ¢ aHBapa 2016 roga gencrtsyeT akonormdeckun ctaHgapt EURO 6. C
saHBapa 2020 r. gorkeH Obin HavaTb gencrtBoBaTb ctaHgapT EURO 6, Ho BepxoBHas
Paga otnoxwuna Hayano ero genctemsa oo 2025 r. Kak nokasbiBaeT OnbIT, Nepexon Ha
cnefywowmnn ctTaHaapT npeactaBnsieT cobon CepbE3HYHO Harpy3Ky AN 9KOHOMMUKM CTpaHbl

[1].

2. N3noxeHue:

B coBpemMeHHbIX gBuraTensax ONS  OYUCTKM TOKCUYHbIX KOMMOHEHTOB B
oTpaboTaBWMX rasax LUMPOKO  WCMOMb3YKT  KaTanuTUYeckue  HenTpanusaTopbl,
npeacTaBnsawowmMe cobor KepaMUyecKUn MOPUCTbIN HOCUTENb C HAHECEHHBbIM Ha Hero
CMecbio OnaropogHblXx MeTannoB nnaTtuHbl, poaus, nannagua. Katanutudeckue
HEMTpanuM3aTopbl B [OM3ENbHbIX ABUraTensax, B OTNMYMe OT OEH3UHOBbLIX, WUMEKT
NPUHUMNMANbHY0 OCOBEHHOCTb - OHU MMEIOT fNLLb OKUCINTENbHOE OEeNCTBUE, MOCKONbKY
peakuumM BOCCTaHOBIIEHMSI OKCMAOB a3oTa [0 as3oTa He MpoTekawT B MPUCYTCTBUM
Kncnopoga, umewulerocss B otpaboraBlumnx rasax gusenen. 1o aTtom npuymHe o4mncTka
oTpaboTaBwmMx rasoB OT OKCMOOB as3oTa MNPOM3BOAMTCA B CENIEKTUBHBLIX
BOCCTAHOBUTENbHbIX KaTanuUTUYECKUX HenTpanusaTtopax Apyroro Tuna, Hanpumep,
DeNOX.
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B oTpaboTaBLunx razax gu3ens NpucyTCTBYIOT HE TONbKO ra3oobpasHble BeLecTBa,
HO M TBepable obpasoBaHus - "JyacTuubl" (partikel), Bkntovatowme caxy. B crangaptax
EURO - 5 n EURO - 6, Hapagy ¢ okcuaamu a3oTa, SMUCCUS HYacTuL XXECTKO OorpaHuyeHa.
MHTerpupoBaHne dunbTpa 4YacTul, B OKUCIUTENbHLIM HEWTpanus3aTop U pasMelleHue
OKOJ10 BbIMYCKHOrO OKHa KOMnekTopa nosblaeT 3dEKTUBHOCTb OYMCTKM OTpaboTaBLLMX
rasoB WM yNpoLlaeT pereHepaumnio caxxeBoro ounbTpa.

Mpn akcnnyaTauum aBTOMOGUNSA HenTpanusatop He TpebyeTr ocoboro
obcnyxXuBaHusi, OAHAKO NPU HEKOTOPbIX HEUCnpaBHOCTAX ABuratens (U3HOC Kornew,
CanbHMKOB KfanaHoB) HeWTpanu3atop 3abuBaeTca npodykTamu ropeHna macna u
CHWXKaeT 3PEKTUBHOCTb. OTO MNPOSABMASAETCA B CHWKEHMM MOLLHOCTW, HEYCTOMYMBOW
paboTe Ha xonocTom xogy. HemcnpaBHOCTM camoro HemTpanu3aTopa B BUAE BbIrOpaHUs
NNaTuUHbI, ONSIABMEHNSA KepaMUYECKOro HOCUTENS UMEKT Te Xe cuMmnToMbl. Pecypc
HenTpanmsaTopa CyLLeCTBEHHO 3aBWCUT OT YCMOBWW 3KCMnyaTauum U B HOPMasbHbIX
yCroBusixX oueHnBaeTca paboTHMkamm cepsuca B 350 TbIC.KM.

Y aBTtonpousBoauTernen 1, COOTBETCTBEHHO, B CeTAX oduumanbHbIX OANNepos, B
nepevyHe M NPoUNaKTUYECKNX N PEMOHTHbLIX PaboT OTCYTCTBYHOT TEXHOSOMU OYUCTKM
HENTpann3aTopoB, HO Ha aBTOMOOWUIIbLHOM pbIHKE WMEKTCA OYUCTUTENUN PasfnYHbIX
dupm, Hanpumep, Nekker, Liqui Moly, Hi-Gear nopg Ha3sBaHnem Tuna «Catalytic Converter
Cleaner», koTopble, MO OT3blBaM CTaHUMN TexXHW4Yeckoro obcnyxmnBaHus, ObiBatoT
adpdekTmBHbI. [MponssoanTenn asBToMoOOMNEN He cnewaT pekoMeHAoBaTb NOAOOGHLIE
OYUCTUTENN M3-3a pUCKa OMNOPOYUTL Cpean norib3oBaTerne CBOK MapKy, MOCKOSbKY
3APPEKTUBHOCTL OUMUCTUTENEN B PA3NINYHBIX CIlydYasX BeCbMa COMHUTESbHA.

[Ana gocTmxeHMa MakcumMarnbHOro cpoka Cny0bl KaTanMTU4eCcKoro HeMTpanuaaTopa,
NPOM3BOAMTENN PEKOMEHAYIOT CObntogaTb HEKOTOPbLIE NpaBuna:

- HeobxoamMMo cogepxaTtb CUCTEMY  TOMNMMBOMNOAAYM B UCNPABHOM COCTOSIHUM.
(Mponyckn BoOCNnaMeHeHst CnoCOBCTBYHOT TFOPEHUIO CMECcU B HeWTpanmsatope, 4TO
nogHumaeT Temnepatypy csbiwe 900 °C 1 npuMBOAUT €ro B HErogHoCTb. AHaNOrMYHbIM
obpa3oMm BnusieT HeucnpaBHas HerepMeTuyHas (QOpPCyHKa, KoTopad npuroTaBnvMBaeT
cnvwkom 6oraTyto cMecb 3a npefenamMm BoCrniameHsIeMOCTH);

- He crnegyeT 3anyckaTb ABuraternib MeTOAOM BYKCMPOBKM M BbIKIOYMaTb ABUratenb
Ha BbICOKMX 000poTaXx;

- crnegyeT NMOMHUTb O KepaMUYecKon OCHOBE HeMTpanuaaTopa v He noasepraTb ero
NpsMbIM yaapam.

B otnuuve oOT Katanutnyeckoro HewmTpanuaaTopa, (unbTp YacTuy, (caxeBbln
dunbTp) (DPF - diesel particle filter) obnagaet meHbwMM pecypcom — okono 250 TbIC. KM,
OLEHMBAEMbIN TaK e npakTnyeckummn paboTHukamu. MNMommmo atoro, ounbtp Tpebyet
NMOCTOSAHHOrO BHMMaHUS BOAUTENSA 1 pabOTHUKOB cepBuca.

CaxeBbli pUNbTP OCyLLeCcTBNAET (PUNbTPaUmo YacTuy, Yepes NopucTyo Kepamunky
B MPUCYTCTBUW NNaTWHbI, BbINOMHAKLWEN pPOfb KaTtanu3atopa MpuM BOCCTAHOBEHUM
JunbTpa. PuUnbTp UMEET OrpaHUYEHHY0 EMKOCTb N Yepes3 HEKOTOPOE BpeMsi 3arnofHAEeTCS
NONHOCTLIO. lNMpouecc 3anonHeHns KOHTponupyeTcs 6NoKOM ynpasneHnsa asuratenem npu
NOMOLLM OATYMKOB  daBfeHus, TemnepaTtypbl, a Takke AdaTyMka pacxoja Bo3ayxa.
PereHepauna dunbTpa (BbDKUraHMe caxu) MNpOUCXOAMT NACCUBHLIM U aKTUBHbIM
cnocobom [2]. [MaccuBHass pereHepauus BO3MOXHA MpPU  ANUTENTbHOM  ABWMXKEHUU
aBTOMOOMNS Ha MexXxayropogHeM Locce, Korga asuratenb paboTaeT Ha pexumax Bbllle
cpegHux. [lpu akcnnyaTaumm aBToMOOMNSA B rOPOACKMX YCNOBUSIX ABuUratens pabotaet
Ha YaCTUYHbBIX peXmnmax C HEBBLICOKMMU 3HAYEHUAMU TemnepaTypbl oTpaboTaBLInX rasos,
NPy KOTOPbIX He 06ecnevYnBatoTCa YCrnoBUSA AN XMMUYECKUX NPeBpaLLEHNIA.

AKTMBHasa pereHepaumns xapaktepusyeTcs TeM, YTO YaCTuubl CaXu BbIropaloT B
YyCIrOBUSIX  BbICOKMX TemnepaTyp, nMofnyyYaemMblx B  pes3ynbTaTte cneuuanbHoro,
HanpasneHHoro gencteusa 6noka ynpaesneHus asuratenem. [pu ckonneHun B unbTpe
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onpefersieHHoro KonuyectBa CaXxu aBTOMaTUYECKW 3anyckaeTcs npouecc akTUBHOM
pereHepaumn. lNMpouecc gnutca okono 10 muHyT. MNMpn atom TemnepaTtypa Ol nosbiwaeTca
0o 600-650°C, 4TO 4OCTATOYHO AN NPOTEKAHUS XUMUYECKUX peaKkLMi N BbIFOPaHNA Caxu.
Boautenb He yyacTByeT HENOCPEACTBEHHO B NPOLIECCE aKTUBHOW pereHepaumn.

MpnM yacTbix noes3gkax Ha KOPOTKME pacCTodAHust OanaHc «HakonneHve -—
pereHepaums» HapywaeTcs n punbTp 3abuBaetca caxen. [pu 3anonHeHun mnbTpa m
HEBO3MOXHOCTU pereHepauun  Ha KOMOWHauum npubopoB Ha nepegHen naHenu
BCMbIXMBaeT namMna OWwnbku caxeBoro unbTpa. Takoe MOXeT CIyyuTbCs npwu
HemncnpaBHOCTM NOBOro 13 4aTtynkos, NGO NPy HU3KOM YpPOBHE TonnmBa B Bake, korga He
3anyckaeTcsl akTMBHasa pereHepauusi. B aTux cnyyasx akTMBHasi pereHepaums MoXeT
ObITb 3anywieHa NPUHYAUTENBHO C NOMOLBLID cepBucHOro npubopa Ha CTO. OpgHako
cnefyeT MOMHUTb, KOMMYECTBO MOBTOPHLIX MPUHYAUTENbHBLIX pereHepaunin orpaHuy4yeHo
Ha ypoBHe 3-4-x. Mpn Hannuum GonbLloro npobera 6e3 pereHepauun HUNbTP MOXeT BbITb
3abuT OO Takom CTeneHw, YTo npoueaypa C MOMOLLbK CEPBUCHOro npubopa yxe He
MOMOXeET.

CumnTomamm 3abutoro caxkeBoro dunbTpa SIBAAOTCA NOBbILLEHME NOTpebneHuns
TONMMBa, BbICOKMA YPOBEHb Macna B CUCTEME, YMEHbLUEHWE MOLLHOCTU ABuraTens,
HeycTon4mBas paboTta Ha xoroctoMm xoay. lNMpu paboTtatowem asuratene B BblMyCKHOW
CUCTEME CIlbllHbI MOCTOPOHHMNE LYMbl B BUAE LUMMNEHUS, ObIMHbIA BbIXIOM.

B ykasaHusix aBTonNpon3BoaMTENen No PEMOHTY BbIMYCKHbIX CUCTEM, KaK NpaBuno,
OTCYTCTBYIOT peKOMEeHAALMM MO OYNCTKE-MOWMKE CaKeBbIX (OUNbTPOB BBUAY 3HAYUTENBbHbIX
PUCKOB MOSlyYeHMUs1 HeraTuBHbIX pe3ynbTaTtoB. B TO Bpemsi kak B nporpammax cupm,
TOPryloLwmx aBTOMOOUIbHBIMK akceccyapaMmm WMEKTCS NPEeaSIOKEHNA TakUX TEXHOMOMMn
n mMatepuanos, Hanpumep, nog HaspaHmem «DPF/Catayst Cleaner». Komnnekt obbl4HO
COAEPXKNT 2 pacTBopa — YUCTALMIA M NPOMbIBOYHbIA, 06a B adpO30SyIbHOW YynakoBKe, U
HECKONbKO 30HOOB AN pacnblieHMst 4epe3  OTBepCTUe Adatuvka TemnepaTtypbl.
CoOTBETCTBEHHO, MPOLIECC OYUCTKM BKNtOYaeT ob6paboTKy dunbTpa NepBon XMOKOCTbIO,
BblaepxKy 12 — 15 MmyHyT npn Temnepatype okono 40 °C, npoMbiBKa BTOPOWN KUAKOCTbIO,
3anyck gsuraTens, Nporpes 1 NPUHyAMTENbHAA pereHepaums.

CyLieCcTBEHHO  yNpPOCTUTL  MCMOMb30BaHWE  CaxXeBOoro  uibTpa  MOXHO
npuMmeHeHnem gobaBkM B OM3TONSIMBO Ha OCHOBE OULMKIIONEHTaAMEHWNoBoro aduvpa
(Dicyclopentadienyleisen) B koHueHTpauun 10 ppm. 3Ta npucagka nomoraeT unbTpy
BbINTU Ha PEXWUM OYMCTKM Npu Bornee HU3KOM TemMnepaType W pereHepupoBaTbCA MO
MaCCUBHOMY PEXNMY.

Kpome caxu, koTopasi BbbKUraeTcsa pereHepaumen, punbTp 3abmBaeTca 3onom —
9TO HecropesLune ocTaTku Macna. 3anofnHeHue punbTpa 30501 onpeaenseT ero pecypc,
NOCKONbKY 30Ma He ygandetcsa. [pu OOCTUXKEHUMM NpederibHOro 3HadYeHus KonmuyecTtBsa
30/1bl 3aropuMTCsa UHOUKATOP HEUCNPABHOCTU ABUraTens, nocne 4yero Apuratens nepenget
B aBapUMHbLIN PEXUM.

[na obecneyeHns [ONrOBEYHOCTUM CaeBOro unbTpa HeobXoauMO BbINOMHATb
cnegyowme npasuna.

1. OrpaHnuymnTb 3KCnyaTaumo aBToMobmna ¢ KopoTkumMu npoberamu.
2. cnonb3oBaTtb Ka4eCTBEHHOE TOMNBO. OFPAHNYNTb NPUMEHEHNE BbICOKOCEPHUCTbLIX
TOMNUB N HE NPUMEHATL BMOTONNUBO.

3. ObecneumBaTb MCnpaBHOCTb BCEX KOMMNOHEHTOB CUCTEMbI BbiMyCKa.

Cuctema peumpkynauum otpabotaBwmnx rasoB - Exhaust-Gas Recirculation (EGR)
nytem pgobaBneHna 4vactm oTpaboTaBlUMX ras3oB K CBeXemy 3apsgy cnocobecteyer
CHWXXEHMIO NMUKOBOW TemnepaTypbl FOPEHUs U, B CBOK O4Yepedb, CHUXKEHUIO BblOpOCOB
NOX, a TaKk e yMeHbLUEHMI0 pacxoda Tonnvea BCNeacTBME YacTUYHOro 6noknmpoBaHus
npoueccoB guccounauum — pekoMbuHaumm. OTNNYUTENBHON OCOBGEHHOCTLIO CUCTEMBI
EGR no cpaBHeHWUto ¢ ApYrMMM KOMMOHEHTaMM BbIMYyCKHON CUCTEMBbI, ABMNSETCH Hannyne
KnanaHa, pabotatowiero B abpasvBHON cpede npu BbICOKOW Temnepartype. B YkpauHe, k
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HaCTOsLLEMY BpEMEHM, pacnpocTpaHeHbl cucTembl peuupkynauum no EURO - 4
(cuctema peumpkynauum  BbICOKOrO AaBfeHus ¢ oxnaxgaembiM knanaHom EGR,
3NeKTponHeBMaTU4eCcKMM npuvBoaoM u paguatopom), 1 no EURO - § (cucrtema
PEeLMPKYNALUM HU3KOrO AaBfeHus ¢ oxnaxgaembiM knanaHom EGR, 3aneKkTpOHHbIM
npuBogoM wn pagunatopom). KnanaHel EGR cpegn KOMMNOHEHTOB cuctembl obnagatoT
HEBbBICOKON HaOEXHOCTbIO CO cpeaHnm pecypcoM He cBbiwe 200 Tbic. kM. o oueHkam
[3], mo 80% Bcex obpaweHurn BnagenbUeB AU3ENbHbIX ABUraTenen 3a pPEeMOHTOM
NpPoOMCcxXoauT No nNpuynHe oTkasoB cuctembl EGR.

Camas pacnpocTtpaHéHHas HeucnpaBHOCTb cuctembl EGR — aT0O 3arpsisHEHHOCTb
CUCTEMBbI W 3aKkfMHMBaHME KnanaHa. HesaBMCMMO OT TMNa YCTaAHOBSIEHHOW CUCTEMBI
EGR, B An3enbHoM aBuratene 3arpAa3HeHns CyLecTBYOT B BUAe Harapa uiiM KOKCoBaHUSA
Ha knanaHe. Ha pwucyHke 1 npeacTaBneHbl 3arpsi3HEHUA pagnaTopa  OXNaXkaeHwus
oTpaboTaswumx rasos gsuratena VW 1,6 TDI CR npu npobere 46 TbIC. KM B yCMOBUAX
YKpauHbl, Ha pUCyHKe 2 — OTNIOXEHUSA Ha Tapesike KnanaHa.

Puc. 1. 3arpsasHeHus B cucteme EGR: 1 — Kk kaHany BbIxoga oxnaxpgatowien
XMOKOCTKN, 2 — OT KaHana Bxoda oTpaboTaBLUMX ra3oB OT ABuratens, 3 — K KaHasny Bbixo[
oTpaboTaBLUMX ra3oB 13 oxnaguTtens.

KokcoBaHve nponcxoauT, B OCHOBHOM, M3-3a YacTuUL, CaXu, COOEPXaLLNXCHA B BbIXIOMHbIX
rasax. Pexe BcTpe4aloTca HEMCNPaBHOCTY yNpaBnsaoLwen uenn B Buae odpbIBOB.

Otkasbl cuctembl EGR Mory BoO3HMKatb mM3-3a MHOXeCTBa MPUYUH. 3ITO
HencnpaBHOCTU OOHOUMEHHOIO KranaHa, CUCTEMbI NUTaHUA, JaT4MKa MaccoBOro pacxoa
BO3yxa, 3arps3HEHHOrO KrnanaHa CUCTEMbl BEHTUNSAUMN KapTepa, 3aBblLLEHHOrO YPOBHS
mMacna, Hanuuua O60nbLIOro KonmMyecTBa Macra B WHTEPKynrepe wunum Ha BbIxoge
Typbokomnpeccopa, B TOM 4uCre U3-3a U3HOCOB MOPLUHEBLIX KOMeL, HanpaBrsoLmx
KnanaHoB, CanbHMKOB KnamnaHoB, 3abuToro HenTpanusaTtopa. Takke NpoBOLMPYIOT OTKasbl
CUCTEMBI KOPOTKME MOEe3JKN, NPUMEHEHNE TONMUB, Macern HNU3KOro KayecTsa.

Cumntombl HeucnpasHoM cuctembl EGR nposBnawTca kak 3aTpygHEHHBLIM MyCK,
AepraHbe M pbIBKM Ha MOCTOSIHHOW CKOPOCTW, HepaBHOMepHasa paboTa gBuratens Ha
XONIOCTOM X0y, BHe3anHasi OCTaHOBKa, NPOMyCKN BOCMNaMeHEeHUS, XJTONKN B rmywmTtene u
BO BMyckHoMm Tpybonposoge [4], BblAENEHWE 4YEepHOro AbiMa MNpu pasroHe, CHWXEHue
MOLLHOCTK. [ononHuTenbHO pacTér pacxoq Tonnuea. Beuay yBenuueHuss CKOpoCTU
cropaHus cmecu, paboTa gBuratens CTaHOBUTCHA OYEHb XXECTKOWN.
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Puc.2. OTnoxeHna Ha Tapenke knanaHa cuctembl EGR.

[1nsa noBblleHMA nokasaTtenen HagéxHoctn cuctemol EGR Heobxoanmo nckniountb
npoBoLMpYIOLLME OTKa3bl NPUYUHBI. CHKEHME Harapoobpa3oBaHMsA B BbiNMYCKHON CUCTEME
MOXeT BbITb JOCTUTHYTO AoBaBneHneM B TONMMBO CneumansHOM NpUcagkn, UMEIOLLIENCS B
npeanoXeHusix Heckomnbknx cupMm. K coxaneHuo, B perfnameHTax TexXHUYeCKoro
obcnyxuBaHua aBToMOBUNECTPOUTENBHBLIX (OMPM M B CETAX UX OdmLmnanbHbIX ANEPOB,
OTCYTCTBYIOT npoueaypbl NpOPUIaKTUKM  CUCTEMbI EGR, 4to B co4yeTtaHunm c
3HauYuTemNbHbIM  CNPOCOM  HA  [OaHHble  YyCNnyrM  BblHYXXOAaeT  aBTOPEMOHTHUKOB
paspabartbiBaTb CBOWM KOMMnekcbl onepauun [4,5]. Tak, B pabote [5] B KadecTtBe
NPOUIIAKTUYECKOrO MEPONPUATUS NPU KPYrNOrogMYHON aKcnnyaTaumm npegnaraeT OauH
pa3 B 30000 km nnu B ABa roga, NPOBOANUTb YNCTKY APOCCENbHON 3aCNOHKN, COBCTBEHHO
knanaHa EGR, ero anddysopa, BnyckHOro natpybka Kk konnekropy. Ynctka npomM3BoanTcs
0e3 cHaTMA ¢ aBuratens cucrtemol EGR.

3. 3aknmwueHue:

BaxHOCTb BbINOMHAEMbIX QYHKUMA TpebyeT BbICOKOW HaOEXHOCTM CpeacTs
obecneyeHnsa akonornyeckom 6e30MaCHOCTU B BbIMYCKHOW CUCTEME  OU3ESIbHOro
aBTomobunsa. B kaTanunTuyeckoM HeuTpanusaTtope, caxeBoM unNbTpe, CcuUcteme
peunpKkynauun  oTpaboTaBLUMX ra30B MOCTOSAHHO MNPOUCXOAAT peakuMm XUMUYECKUX
npeBpaLleHnin, noaToMy KX HeobxogMmo nepuogumyeckm obenyxmBaTb, B 4aCTHOCTW,
ounwatb. OcobeHHO 3TO KacaeTcs CUCTEMbl PeuupKkynsauMm oTpaboTaBLUMX ra3os,
nMerLlen B CBOEM COCTaBe NMOABWXKHbIE 3NEMEHTLI, paboTalowme B abpasmBHon cpeae
Nnpwn BbICOKMX TemnepaTtypax. HagéXHoCTb KOMMNOHEHTOB BbIMYCKHbIX CUCTEM B YCITOBUSX
aKcnnyatauum y  aBTOPEMOHTHMKOB  NOOAEPXMBAETCSs 3a CYET  pekomeHpauumn
aBTonpousBoamMTeNien MO 3aMeHe OTKasaBlUMX 3dfeMeHToB. Bmecte ¢ Tem, umetoTcs
NpeanocbINK1 Ans HasHa4YeHUs1 HEKOTOPbIX NPOUNAKTUYECKMX U PEMOHTHbLIX BO34ENCTBUN,
N3BECTEH PAa3PO3HEHHbIN OMNbIT BOCCTAHOBMNEHUSI KOMMOHEHTOB. OOHaKO 3TOT ONbIT He
CUCTEMATU3MPOBAH M HE CTan AOCTOSTHUEM TEXHUYECKON 0OLLIECTBEHHOCTN.
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NPErMeQ HA CbBPEMEHHUTE MOBWUITHU CPELOCTBA 3A KOHTPOI1 HA
TEXHUWYECKOTO CbCTOAHUE HA ABTOMOBUITUTE

REVIEW OF MODERN MOBILE MEANS OF CONTROL BY TECHNICAL

CONDITION OF VEHICLES
lhor Marmut', Dmitry Sebko?

Abstract. The article reviews options for mobile diagnostic stations for mandatory technical inspections of cars.
Mandatory technical inspection of passenger cars is available in all EU countries. In Ukraine, mandatory technical
inspection for passenger cars was abolished in 2011. Currently, mandatory technical inspection is provided only for
commercial vehicles: buses, trucks, licensed taxis. Having signed the association agreement with the EU in 2014,
Ukraine undertook to return the technical inspection for all car owners. This requirement is contained in the 40th and
45th EU directives. Mobile diagnostic stations are a good alternative to stationary stations.

Keywords: mandatory technical inspection, mobile diagnostic station, criteria for use.

1. Introduction:

The constant increase in the country's car fleet puts forward increased requirements for
the technical condition of cars. Checking the technical condition of cars can be done when passing
a mandatory technical inspection. In Ukraine, it has long been planned to return a mandatory
technical inspection for cars of individual owners [1, 2]. It was canceled back in 2011, but
according to the directives of the European Union, this norm should be returned. The Ministry of
Infrastructure was working on the relevant draft law even before the introduction of martial law.

The periodicity of technical inspection (TI) will depend on the age and type of vehicle. For
example, the draft law states that passenger cars with no more than eight seats, in addition to the
driver's seat, must be serviced 4 years after the first registration, and then every 2 years [3].

2. Presentation:

The analysis of the control and diagnostic equipment used in the technical inspection of
cars allows dividing them into two large groups — stationary and mobile diagnostic stations (MDS)
[4-7]. MDS is an alternative to a stationary station in the case when, for some reason, it is not
possible to place a technical control line indoors. As the analysis of technical and patent literature
showed, the development of MDS designs suitable for use by technical supervision bodies follows
two main directions.

1. Mobile diagnostic stations, which are a converted motor vehicle (car or road train) on a
wheeled chassis (option 1).

In fig. 1 presents a mobile technical control station of a German company MAHA
(Maschinenbau Haldenwang GmbH & Co. KG) [8].

Fig. 1. Mobile technical control station of a German company MAHA

In fig. 2 presents the Energotest BRZ-20 mobile station for cars and light commercial
14
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vehicles [9].

Fig. 2. Mobile technical control station Energotest BRZ-20 (Hungary)

In fig. 3 presents the integrated roadside inspection station Energotest MVA-40, which is
built into a car semi-trailer [10].

Fig. 3. Comprehensive roadside inspection station Energotest MVA-40 (Hungary)

In fig. 4 presents the mobile station BM Mobile Trailer solution for cars and light commercial
vehicles [11].

15



MEXOYHAPOOHA KOH®EPEHUWMA ,EKO BAPHA® 2023

Fig. 4. Mobile station BM Mobile Trailer solution (Denmark)
2. Mobile diagnostic stations that do not have a wheeled chassis (option 2).
To move them from one place of work to another, general purpose motor vehicles (trucks,
trailers) are used. For their unfolding and collapsing, lifting equipment is required.
In fig. 5 presents a universal mobile technical diagnostics station for all types of vehicles
MTL-15 — manufacturer MAHA Maschinenbau Haldenwang GmbH & Co. KG [12].

Fig. 5. Universal mobile station for technical control of all types of motor vehicles MTL-15 by MAHA

In fig. 6 presents a mobile inspection station BM80000 [13].
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Fig. 6. Mobile inspection station BM80000 (Denmark)

There are also mobile roller stands for checking the braking properties of cars [14] (fig. 7).

)AL
= '|junmﬁmmuumm‘:{cs'i;

Fig. 7. Mobile braking roller stand BM3010 (Denmark)

All considered options of mobile stations include equipment for checking the technical
condition of cars in accordance with the requirements of DSTU 3649:2010 [15]: a roller stand for
checking braking systems, a device for checking steering, a device for checking headlights,
devices for monitoring the toxicity of exhaust gases and others All versions of the stations have
independent power supply, which allows you to perform the test in any conditions.

Table 1 shows the main characteristics of mobile technical control stations.

Table 1. Characteristics of mobile technical control stations

Version 1 Version 2
Indicator Mobile Energotest | Energotest BM Universal Mobile Mobile
technical BRZ-20 MVA-40 Mobile mobile inspection braking
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control Trailer station for station roller
station of solution technical | BM80000 stand
a German control of (BM BM3010
company all types 4010)
MAHA of motor
vehicles
MTL-15
by MAHA
Load on the stand, t 3,5 2,0 4,0 16,0 13,0 4,0 3,5
Diameter of rollers, 202 160 160 150 202 204 150
L”nff’hec“m speed, 5,0 3,2 5,0 3,0 3,0 5,0 2,0
Drive power, kW 6,0 7,6 6,0 11,0 18 3,8 1,1

3. Conclusions:

The difference in the designs of mobile stations according to option 1 and option 2
determines different ways of their use. Option 1 has much greater mobility (which, however,
increases the cost of its operation), so such stations are advisable to use where frequent moving
from place to place, rapid deployment and collapse are required. This is rational if a relatively
small number of cars need to be checked at each place of operation of the station, and the
distance from one place of work to another is quite large.

In option 2, the cost of inspections is somewhat lower, but high costs of transportation from
one place of work to another. The organization of deployment and collapse is much more
complicated. It is advantageous to use such stations in those places where the number of cars
being inspected is large, and the submission of cars to the MDS does not require large idle runs.
In addition, stations according to option 2 are very rational as a temporary means of organizing
technical supervision. They can be installed in the summer on any site (in the autumn-winter
period — in the appropriate room) and used in one place until the construction of the stationary
diagnostic point is completed.
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OMNPEOENAHE HA ONTUMAINHU CTAHOAPTU 3A YINPABJIEHUE HA
TEXHUWYHECKOTO CbCTOAHUE HA KOPMUITHATA YPEOBA

DETERMINATION OF OPTIMAL STANDARDS FOR MANAGING THE

TECHNICAL CONDITION OF DRIVING STEERING
Vyacheslav Pavlenko, Vliadimir Kuzhel

Abstract: The steering system is a critical component of any vehicle that affects the safety and comfort of
the driver and passengers while driving. Therefore, it is important to develop optimal standards for
controlling the technical level of steering to ensure its functionality, reliability, and durability. In this article,
we discuss the various factors that need to be considered when developing these standards, including the
materials used, design specifications, and manufacturing processes. We also look at the importance of
regular maintenance and quality control measures to ensure optimal steering condition. The article
concludes with the definition of normative values for a diagnostic parameter that includes the stages of
influence on the safety and performance of vehicles.

Keywords: steering, diagnostics, limit values, materials, production, quality control, reliability, durability,
safety.

1. Introduction:

The system for managing the operational reliability of the steering system of front-
wheel drive vehicles includes the following parameters: the maximum permissible values
of the total a'py and reduced backlash a'sm and the frequency of monitoring these
diagnostic parameters Xxd .

The serviceability management system provides for routine monitoring of
diagnostic parameters and the appointment of a certain set of technical interventions
based on its results. In this case, the most important condition for improving the efficiency
of the control system is to determine the optimal frequency of monitoring the technical
condition of the system.

In this case, the optimal frequency should be understood as such a frequency that
ensures trouble-free operation of the system with minimal specific costs for control
operations, maintenance and repairs.

The task of establishing the frequency of steering diagnostics cannot be solved in
isolation from studies of the reliability of the system and its elements, the technical
condition of which affects the stability and controllability of the vehicle, and, consequently,
traffic safety.

2. Presentation:

The analysis of the quantitative characteristics of the operational reliability of
steering elements has shown that the following characteristics of the operational reliability
of components and systems can be used as criteria for determining the optimal frequency
of monitoring diagnostic parameters: probability of failure, probability of good condition
(including recovery), failure rate, and time between failures. These characteristics cover
a large number of factors affecting the reliability of the considered components, both
structural and technological, and operational.

The task of determining the optimal periodicity of steering backlash measurement
is considered as the task of finding the optimal control of a random process, as the choice
of a control strategy for a preventive system (object) whose behavior is non-deterministic
(random).

One of the main requirements for the implementation of optimal control methods
is to establish such a frequency of monitoring the values of the induced and total backlash
that would be less than the average run between failures when no control and
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maintenance is performed. Taking this requirement into account, this control method will
take into account all failures that lie in the distribution of runs between failures to the right
of the value x4 - the desired optimal frequency of system diagnostics (Fig. 1).

Since the task of minimizing specific costs is essentially equivalent to maximizing
technical availability, writing down the expression for determining specific costs and
setting the derivative of this expression to zero, we will determine the optimal frequency

of control. Obviously, the optimal control mode will be determined from condition [1]:
dM|[C(xq)] — (1)
dtM[U(xq)] ’

where M[C(xq4)] is the mathematical expectation of maintenance and repair costs
at the set periodicity xq of steering diagnostics; M[U(xq)] is the mathematical expectation

of the system's operating time between preventive or repair actions at the control
periodicity Xx.

JOA

ya

>
[

Fig. 1. Distribution function of mileage between failures (deviation of the values of total and reduced
backlash in the steering system is more acceptable)

Thus, an equation can be written to determine the optimal frequency of steering
system diagnostics:

_FOa_ (%11 _ FD)]dl+In[1 - F(xp] - 22 =0, 2)

[1-F(xq)]? 70 " Cor

where Cpm is the cost of preventive maintenance (control of total and reduced
backlash, diagnostics and maintenance of components and systems that affect diagnostic
parameters); Ccr is the cost of current repairs; x is the desired optimal diagnostic
frequency; F(l) is a standard distribution function.

This equation has a solution for any distribution law F(I) [1].

The operating time of a vehicle's steering system from the beginning of operation
until the occurrence of a malfunction that increases the backlash in the system is
characterized by the failure probability function (distribution density) f(I). The average
mileage before the occurrence of the case of the total and reduced backlash values
leaving the area of maximum permissible values is the mathematical expectation of the
distribution series of a random variable and is generally determined by the formula:

lp = J2, ifal . (3)
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If the service life of steering elements follows a normal distribution law [2], the
function is described by the Gaussian equation:

1 (I-lcp)?

fU) = —=e 20t 4)

where lcp is the average operating time before the appearance of backlash
exceeding the maximum permissible value (mathematical expectation); o is the standard
deviation of a random variable.

The integral function of the normal distribution (cumulative curve plotted by the
increasing sum of the number of cases) is described by:

(I-lep)?

202 (5)

1 +o0 —
F)=—=J €

An analysis of the state of the art in determining the optimal standards for
managing the technical condition of steering has shown that the main criterion for finding
the optimal frequency of diagnosing objects on which traffic safety depends is the
probability of failure-free operation.

However, in order to exclude cases of excessive reduction of the frequency of
technical interventions on the steering of a car, it is necessary to check this frequency
with an economic criterion. For this purpose, the most effective is the economic and
probabilistic method for determining the frequency of technical influences developed by
E.S. Kuznetsov [3, 4].

The author establishes the frequency of diagnostics (xd) from the condition of
minimum total specific costs for maintenance and repair (U) at a certain ratio of cost
indicators of repair operations performed by force and on demand under the given
characteristics of the law of operation distribution:

= P s min , (6)
Xq+LpF

where P is the probability of preventive maintenance (PM); F - probability of
random failure (F + P = 1); Lp = f( xa ) - time between failures.

To practically determine the optimal frequency of control of the total and induced
backlash in steering, it is necessary to build a distribution function F(l) of runs between
failures of components that affect the increase in backlash in the system and determine
it under specific operating conditions:

- basic distribution parameters (Iser, 0, V);

- one-time costs of preventive (d) and repair (c) maintenance;

- total specific costs for the prevention and elimination of failures;

- optimal frequency of control - (xa).

The solution to this problem requires additional statistical studies to determine the
function F(I) and its characteristics.

The most important stage in the development of a diagnostic system is the
determination of standard values of diagnostic parameters that quantify the technical
condition of the object. The following are used as normative indicators for diagnosing
vehicles and their elements: nominal Sn, limit Sg and permissible Sp values.

In general, three methods are used to determine the standard values of diagnostic
parameters:
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- method of setting the limit value based on tolerance limits (with limited statistical
information);

- method for determining the permissible value by the transient probability matrix
(the change in the diagnostic parameter by operating time is stochastic and
unpredictable);

- a method for determining the standard values of a diagnostic parameter in relation
to its connection with a structural parameter.

The application of each of these methods is determined by information about the
realization of diagnostic parameters and the nature of their relationship with the
performance indicators of the unit. The third method is the most widely used for
diagnosing machines. It involves determining the standard values of diagnostic
parameters by their relationships with structural parameters while minimizing the specific
costs of operation, maintenance, and repair, taking into account the accuracy of the
parameter measurement.

Failure to comply with the standard values of diagnostic parameters that assess
the technical condition of the steering system leads to a decrease in vehicle safety and
additional operating costs (increased fuel consumption, repair costs due to reduced
durability and reliability of components, increased tire wear, etc.). The standard values of
these indicators cannot be uniform due to differences in operating conditions. Therefore,
their determination is carried out differentially for specific operating conditions using a
statistical method that takes into account the patterns of change in the technical condition
of the object.

The essence of the method is that, based on the results of the steering inspection
of a batch of cars, a histogram of the distribution of diagnostic parameter values and its
approximating theoretical curve are constructed. It is assumed that the resulting
distribution contains only those parameters that belong to serviceable objects. The values
of parameters belonging to faulty objects will fall outside this distribution.

The diagnostic parameters that are farthest from the nominal or average value and
belong to the resulting distribution can be referred to as threshold parameters. However,
it should be borne in mind that these extreme values of diagnostic parameters can
correspond to both the good and faulty state of the object. Therefore, by analogy with the
methodology used in reliability theory, the scattering region of the diagnostic parameter
is limited by the limits corresponding to the required level of probability of proper
operation. This restriction is chosen taking into account the errors of the | and Il kind that
are possible during diagnostics.

A type | error (incorrect fault) is the recognition of a mechanism as faulty, when in
fact it is still in good condition. A type Il error (missed fault) is the recognition of a
mechanism as serviceable when in fact it is in a faulty state.

The practice of operating machines shows that all values of the diagnostic
parameter that are within the scatter of Sp0.85 correspond to a serviceable condition
(Fig. 2). In this case, the error of the second kind (fault miss) will be minimal.

The values of the parameter that fall outside the scatter Sno.95, limited by the
probability level P = 0.95, correspond to a faulty state and the minimum value of the error
of the first kind.

The values of the parameter within the range of Sno.s5 - Sno.95 will correspond to
both the faulty and the faulty state. The probabilities of both states are the same, and the
errors of the | and Il kind will be approximately 5%.

Limiting standards for the most critical mechanisms and systems, such as steering
and braking systems, for which type |l errors should be minimal, are limited to a more
stringent 85% probability level. For other mechanisms, for economic reasons, this limit is
less stringent - 95%.
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In the framework of this study, it is necessary to standardize only the maximum
permissible value of the induced backlash in the steering, since the permissible value of
the total backlash is set by the manufacturer.

A

f8)
Sn 95
-
Snd 55
—_— 5, AY

Fig. 2. Scheme for determining the limit values of diagnostic parameters

The sequence for determining the standard values of the diagnostic parameter
includes the following stages [5]:

- measurement of a'pm values at the maximum permissible value of the gap in the
steering gear in the inspection sample;

- the results are presented in the form of a table in ascending order and the limits
of their scattering are determined, i.e., the largest a'maxom and the smallest a'minpm values;

- determine the number of intervals and the interval width of the resulting variation
series pm Ad' ;

- after excluding abnormal results from the sample, the numerical characteristics
(arithmetic mean a', standard deviation o and coefficient of variation v) are determined;

- to establish the law of distribution of the random variable rm a', the results of
information processing are graphically presented in the form of a histogram;

- based on the type of histogram and the value of the coefficient of variation v, the
theoretical law of distribution of pm a' values is selected;

- the hypothesis that the survey results belong to the selected distribution law is
tested using the agreement criteria (Pearson's x2, Kolmogorov, etc.).

Having established the law of distribution of the parameter a'rm and the probability
level P(0.85), its marginal standards are determined. For a normal law, for example, with
a one-sided restriction and P = 0.85, they will be as follows:

= Qpm + 1,50 . (7)

The values of the normative indicators obtained in this way are close to optimal,
since the statistical material was obtained under real operating conditions and takes into
account the interaction of the entire complex of factors characterizing the possible
realization of the efficiency of the diagnostic object.

3. Conclusions.

Ensuring high indicators of the reliability of the functioning of the steering system
of a car in operation is possible only if there is information about its technical condition,
which can be obtained from the results of diagnostics.
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The paper proposes standards for the steering performance management system
(maximum permissible values of total and induced backlash, frequency of their control),
which are determined by the economic and probabilistic method.
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BIMUAHNE HEPABHOMEPHOCTU BMNPbICKUBAHUA BEH3UHA
QNEKTPOMAITHATHBIMU ®OPCYHKAMU PA3NTMYHOIO TEXHUYECKOIO
COCTOAHUA HA PABOTY UHXXKEKTOPHOI'O ABUIATENA
KOpun MNopbuk

INFLUENCE OF NON-UNIFORM INJECTION OF GASOLINE BY ELECTROMAGNETIC
INJECTORS OF VARIOUS TECHNICAL CONDITIONS ON THE OPERATION
OF AN INJECTION ENGINE
Yurij Gorbik

Abstrsct. The article proposes a method for determining the energy characteristics of a car equipped with a distrib-
uted fuel injection system on a stand with running drums, taking into account the technical condition of the injectors.
Keywords: car, injector, valve solenoid, stand, fuel consumption.

1. BBepeHue:

Pabota aBTOMOGUNbLHOrO pfABuratensa BHYTpeHHero cropaHus (OBC) ocHoBaHa Ha
npoueccax npeobpas3oBaHUss XMMUYECKOW SHEpPrMm TONMMBa B MexaHuyeckyto paboty. Ot
KayecTBa NpPOTEKaHUs 3TUX NPOLECCOB 3aBUCHAT Takne dKCnnyaTaunoHHble CBOMCTBa ABuUratens
KaKk 9KOHOMMYHOCTb W TOKCWMYHOCTb OTpaboTaHHbIX rasoB. MwukponpoLeccopHble CUCTEMBI
ynpasneHua (MICY), koTopble LIMPOKO MNPUMEHSAIOT Ha aBTOMOOUNIBHOM TpaHcnopTe,
NO3BONSAIOT CyLLECTBEHHBbIM 06pa3oM ynyylLMTb YKa3aHHble aKCnnyaTaunoHHble ceoncTtea ABC,
obecneynBas ONTMMM3ALMIO MpoLEecca TOMMAMBOMNOLAYN C YY4ETOM Harpy304YHbIX PEXUMOB W
BHELLHMX (hakTopoB. TOYHOE A03UPOBaHUE N MENKOe pacnbinnBaHne 6eH3nHa obecneyvmBatoT
3NEeKTPOMarHUTHbIE KnanaHHble POPCYHKU, ABMSIOLWMECA KOHEYHBIMU Y3naMu B 3TUX CUCTEMAX.

B OoOnblUMHCTBE COBPEMEHHbIX ABUraTensx nogada >XUMAKOro Wnu rasoobpasHoro
TONNMBa B UUNMHAPbI OCYLLECTBMSETCA MeXaHM4YecKum cnocobom nopg ynpasBrneHnem
MMWKPOMPOLIECCOPHbIX CUCTEM NPEUMYLLECTBEHHO MYTEM PachbifieHNS C MOMOLLBIO KranaHHbIX
dopcyHok. K paboTte hopCyHKkn NnpeabaBAsOTCA UCKITOYNTENBHO BbiCOKME TpeboBaHus, Kak no
ObICTPOOENCTBUIO, TaK M MO TOYHOCTU AO3NPOBKM 3aJaHHOro KonmyecTtBa Tonnmea. [Ans
GEeH3NHOBbIX ABUraTenen anekTpoMarHuT (POPCYHKM OOMMKEH OTKPbIBaTb M 3aKpbiBaTb KfanaH
3a 1 munnucekyHay. Npu gnarHOCTMpoBaHMM aBTOMOOMNSA Ha TOMNSIMBHYD 3KOHOMUYHOCTb UMK
Ons  pelweHus 3adady HOPMUPOBAHUS TOMMAMBA MOXHO 3Has XapakKTepucTUKM (POpPCYHOK
NMPUMEHSIEMbIX Ha OAaHHOM Tune ABuratend u U3Mepus, OAUTENBHOCTb MX OTKPbITUA Mbl C
OOCTaTOYHON TOYHOCTbID MOXEM W3MEPSATb MrHOBEHHbIN pacxod Tonnuea Mpu OBUKEHUU
aBToMObOUNA ¢ 3a4aHHOW CKOPOCTbIO HA AOpOore unn Ha cteHae ¢ 6eroBbimMn 6apabaHamu.

OCHOBHblE NPUHUUMNbLI OLEHKM TOMSIMBHON 3KOHOMWYHOCTU UM HOPMUPOBAHUA pacxoda
TonnmMBa 3anoxeHbl B pabote [1], rae ¢ NO3MUMN CUCTEMOTEXHUKM U IHEPreTUYECKOro noaxona
pPacCMOTPEHbI KOHCTPYKTUBHbIE W 3JKCMyaTauMOHHble napameTpbl 3deKTMBHOCTU paboThl
TpaHCNOpPTHbIX cpeacTts. B pabote [2] npeanaraeTcsa mMcnonb3oBaTb HOBLIM METOA pacyeTta
pacxoga Tonnmea B Npouecce AMarHoCTMPOBaHMs Ha cTeHae ¢ 6eroBbiMn 6apabaHamu.

MpakTnka ob6nyXMBaAHUA WHXEKTOPHbIX CUCTEM BMpPbICKA MO3BONSET YTBEpXAaTb, YTO
npy paboTe Ha 0Te4eCTBEHHOM TONNMNBE (POPCYHKN HYyKaatTca B oumcTke yepesd 30-40 TbIC. KM
npobera asTtomobunda. inu npumepHo 4Yepes aBa roga akcnnyatauuun. OgHako, He npober, He
CPOKM He ABNSATCA nokasatenn HeobxoaMMOCTM MONKN OOPCYHOK. MOCKOMbKY BCE 3aBUCUT He
TONbKO OT YCMOBUI U panoHa aKcnnyataunmn, HO U OT CryvanHbIX (0akTopoB, Hanpumep: cboun B
9NEKTPOHHOM cUCTEME ynpasrneHus asuratenem (cbon pabounx pexmmoB CUCTEM NUTAHUSA NN
3axuraHunsa). Kpome TOro, 3acopeHue cUCTeMbl MUTAHUSA MOXET MPOU3ONTU B KOPOTKUA CPOK,
€Cnn MpUXoanMNochb 3anpaBnATbCA HM3KOKAYeCTBEHHbIM 6GeH3nHoM. [1oaTomy Heobxoammo
paspabotatb MeTOAMKY AMArHOCTUKM (POPCYHOK, KOTOpasi MO3BOMUT MPUHUMATb pPeLUeHne O
Heo6Xo4MMOCTN MOMKN U 3aMeHbl (DOPCYHOK.

3HaunTenbHble TPYOHOCTU BO3HMKAKOT MPU MPOBEAEHUN TEXHUYECKOro O6CnyXMBaHUS
TONMMBHBIX CUCTEM, KOraa Hago MPUHATb pelleHne 0 HeoBXoaMMOCTM MOMKM (POPCYHOK. Tak,
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Kak onepaumsa MOMKM POPCYHOK He BKIMOYEHa B NIlaHOBble onepauun pernamMmeHTHbIX paboT no
obCcny>XMBaHWUIO N BbIMOSHAETCS, Kak NpaBurio, No 3asBke BnagenbLa aBToMmooumns.

lMoaTomMy 3apjaya HacToAWMX UCCNeaoBaHUA COCTOUT B pa3paboTke MEeTOAMKU OLEHKU
OTKIMOHEHWN SKCNyaTaunoHHbIX nokasatenen ooOpCyHOK OT HOMMUHASbHbIX 3HAYEHUN C Lerbio
noggepXaHus  SHepreTMyeckne UM IKOMOTMYEeCKMe  XapaKTepUCTUKM  aBTOMOBUINbHbIX
GeH3nHOBbIX ABUraTenemn Ha 3agaHHoOM YpOBHE.

2. UanoxeHue:

B peanbHbIX cucTemMax B OCHOBY anroputma ynpasrieHust OpCyHKamMu MoroXeHa
yrnpoLLleHHaa modenb ornpeerieHns LUMKNOBOW nodadn rno ctatm4yeckon npous3BoguTenbHOCTU
GOPCYHKM U NPOOOSMKUTENBHOCTU yNpasBnsawwWwero uMmnynsca. B aton mogenu npuHumaetcs
nocTtosiHHoe  3dpdeKTUBHOE npoxogHoe  ceyeHue pacnbinutens  OPCYHKH, a
NPOOOSMKUTENBHOCTL  OTKPbITOFO COCTOSIHMSA  KnanaHa OpPCYHKM MNPUHMMaEeTCa paBHOM
NPOAOIPKUTENBHOCTU YNpPaBnAoLWEro MMNynbca, KOTOPYK onpeaenstoT no npuHuuny 6asoson
n KoppekTupyowen matpud [3]. o aton mogenu umnknosas nogada tonnvea [4]:

Gum':gcm'z—k’ (1)

roe g, — cratmyeckas Npou3BOAMTENBHOCTbL (POPCYHKMU,
7, — NPOAOIMKUTENBHOCTL YNPaBstoLLEero UMnynbca Ha opcyHke.

Moa crtatuyeckor NPou3BOAUTENbHOCTBIO (POPCYHKM g, MOHMMAIOT ee CrnocoBHOCTb
MponycTUTb KONM4YecTBo Tornuea G, Mpu MOCTOAHHO OTKPLITOM KnanaHe 3a onpefeneHHbIn
MPOMEXyTOK BpemMeHu 7,. Takum obpasom, craTuyeckas npousBOAUTENbHOCTb (POPCYHKK

onpepnendeTcd cnocobom cTaTU4eckoro nponnTna npm nNOCToAHHOM AaBrieHUU TonjmBa U Npu
MOCTOAHHO OTKPbLITOM KnanaHe 3a BpeMda 7, N onpeaendaetcsd rno q)opmyne:

G
Eem = o (2)
T

8

npl/l OTOM KOIMM4YeCTBO TOMNMBa:

Gn:ﬂﬂon'vzpn'APn'Te’ (3)

roe uf,,,- MNOCTOAHHOE 3(PMEKTUBHOE MPOXOOHOE CeYeHWe pacrnbluTens gOPCYHKN npu

NOSTHOCTbIO OTKPLITOM KrianaHe,
AP, - NOCTOAHHbLIV Nepenag AasneHusa Tonnmsa Ha opCcyHKe,

7,- BPEMS U3MEPEHUS MPU MPONUTUN.

Mpn noaroToBKke NPOBEAEHUS OKCMEPUMEHTOB ANSA MOBbILWEHUS TOYHOCTU U3MEPEHUN
KOonuyecTsa TonnmMBa nNpou3BoAunacb OLEHKa CTaTM4YeCKOW MPOomM3BOAUTENBHOCTU (POPCYHOK
ncnono3dyemoro astomobuna Skoda Octavia Ha cteHae ASNU-01 dumpmbl Bosch, 4Tto
obecneuynBaeT BbICOKYD TOYHOCTb onpegeneHvs. [Ons BOCNPOU3BEAEHUS CTaTUYECKOro
pexuma nponiMTMst Ha OOMOTKM 3fEKTPOMArHUTHbIX (OOPCYHOK MoJaeTcd MNOCTOAHHOE
HanpsbkeHue. Bpemsa nsmeperusa 7, =10 — 30 ¢, Ha NPOTAXEHUN KOTOPOro POPCYHKM OTKPbIThI 1

NPOUCXOAMT NponNnTne, POPMMUPYeTCa B INEKTPOHHOM BoKe C MOMOLLbIO reHepaTopa 4acToThl
N cHeTYMKa UMMynbCOoB.

C yyetom dpopmyn (2) 1 (3) ctatndeckas Npon3BoAUTENBHOCTb (DOPCYHKN NpeacTaBnseT
cobon MaccoBY CKOPOCTb UCTEYEHUS TONNNBA Yepes pachnblfiMTernb U YACIIEHHO PaBHAETCS:

gcmzlufcon'\lzpn.A})n' (4)
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B ypasHenwn (4) uf.,,, p, W AP, — BennYMHbl MOCTOSHHbIE, a YMNpaBnsAoT

TonnuBOMNogayen, U3MeHss MPOAOIDKUTENBbHOCTb 3NIEKTPUYECKOro ynpasnsowero umMmnyrnbca
7,, KOTOPbIN MOAAEeTCA Ha 3AneKTpomarHUT (PopcyHkU. B cuctemax ynpasneHuss asuratenem
AN COXPaHHOCTU pPacXOAHbIX XapakTepUCTUK (OOPCYHOK MpPU pasHbiX pexunmax paboTbl
ABUraTensa B YCrOBUAX 3KCnryaTauuu, rnogaya Tonnuea BedeTcs Npu NOCTOAHHOM nepenaje
AP, = P,— P, mMexpay [asneHvem TOMnnuBa W [aBrneHWeM BO BMyCKHOM Tpybonposone nocne
OpPOCCEeNbHOM 3acrnoHkn. [ns 3Toro B TOMMIMBHOW CUCTEME BBedeHa obpaTHasi CBA3b MO
AaBnNeHno, Ans Yero yCcTaHoBNeH ctabmnusaTtop nepenaga AaBneHus, peayKUMOHHbIN KnanaH
KOTOPOro ¢ MeMbpaHHbIM NPUBOAOM HarpyXeH MNPYXMHOW, Npu4emM MonocTb Hag MemobpaHom
COoeINHAETCA C NOSIOCThLIO 3a APOCCEeNbHOMN 3aCITOHKOWN.

MN3BECTHO, YTO SIKOPb AfieKTpoMarHmTa KrnanaHa 3anasgbiBaeT BO BpEMEHU Npu noabeme

Ha BeJIMYUHY 7, W ONyCkaHun Ha — 7. 310 npuBoanT K TOMY, YTO NPOAOJDKUTESIbHOCTb
OTKPbITOIO COCTOAHUA KnanaHa CbOpcyHKM Tonp oTnnyaeTcda OT nNpoAoIIKUTENTIbHOCTU
QJNIEKTPUHECKOIo Yyrnpasndwowero mMmnynbca r,, nNogaBaemMoro Ha O6MOTKy AneKTpomMarHmTa

JPOPCYHKUN Ha BENUNYMHY:

Tonp =Tk —Tp T 7o, WM 7, =7 — AT, (5)

roe Ar, =t,—17,— Y4YMTblBA€T HECOOTBETCTBME YNPaBnsioWEero umnynbca 7, K pearnbHOMYy
BPEMEHW BMNPbICKMBAHUSA 7, .
YuuTbiBas aTto ycnosue dopmyna (1) byaeT umeTb BUA:

Gyi = &em (7, — A7, . (6)

HecooTtBeTcTBMe Ar, MOXHO onpeaenuTb NyTeM AUHaMUYeCcKoro nponmTua OpCyHOK C
npuMeHeHneM cTeHga rno nposepke n oumctke opcyHok ASNU-01 cpmpmbl Bosch. [Ans atoro
Mcnonb3oBanu Takon pexum paboTbl (POpPCyHOK, Korga B pamne cTeHga nopaepXunBaeTcs
NOCTOSIHHOE [aBfieHne TONMMBa, a KranaHbl OTKPbLIBAIOTCHA Ha KOPOTKOE BpeMs nNpu nogaye Ha
06MOTKM POPCYHOK YrpaBnsoLWLmMX UMMYNbCOB NPOAOIKUTENBHOCTLIO 7,=1 — 20 MC, KOTOpble
opMUPYIOTCA B  OMNEKTPOHHOM 6rioke Ha OCHOBE 3JTallOHHbIX MWHTEPBANoOB BPEMEHW.
Mmetowmmncsa cHeTymk MMNynbCoB B 3TOM pexuMMe U3MepsieT KONMMYECTBO LMKMOBbLIX noday ;.
Takon noaxod MO3BOMSET He MNPUMEHATb CeKyHAOMep, a ycTaHaBnuBaTb C MOMOLLbIO
nepeknyaTena KanubpoBaHHble MHTepBanbl BpemMeHn U obecneymBaeT  BbICOKYHO
NOBTOPSIEMOCTb PEXMMOB UCMbITaHUN [4].

Torpa umknosyo nogavy G,,,, MOXHO OMpefenuTb No pesynbTataMm AMHaMU4YecKoro

NpPoONnNTUA:
Gn() ]
J

Gy = (7)
roe G,, — KONMM4YecTBO TOMMIMBA, HaKOMMEHHOe B U3MEepUTErbHOM COCyAe CTeHAa 3a BpeMms
AOVHaMMYEeCKOro NponnTus,
j — KONIMYECTBO BMPbICKMBAHUI (LMKNOBbLIX NO4ad), CAENaHHbIX 32 BPEMS NPONUTUA.

Mo pesynbTaTam CTaTMYECKOro M AMHAMMUYECKOro NpOonuTUa onpefensieM BenuuuHy
HEeCOOTBETCTBUA A7, ANA KaKOon (OPCYHKN:
Gna . Te

W ST (8)
£ G,
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Ha npaktuke ynobHee nonb3oBaTbCA MOMNPaBOYHbIM KOIMPAPULUMEHTOM k,, KOTOPLIN

y4nTbIBaeT 3anasgbiBaHue cpabaTbiBaHMsS hOPCYHOK.
Ero onpegensem n3 dpopmynsi:

ko =1-A% 9)

T
Tk

Ha oOCHOBaHMM BbIlEe M3MNOXEHHOrO ANSA BbIYUCIAEHUSA TEKYLLUMX 3HAYEHUA LIMKNOBOW
nogayvM AMCKpeTHbIMM MeTogamu, B dopmyne (1) HeobXxoaMMO YMHOXWUTb CTaTUYECKYHo
NMPON3BOANTENbHOCTb POPCYHKN g, Ha MPOOOIKUTENBHOCTb INEKTPUYECKOro yrnpaBnsaioLLero

uMnynoca 7, W KOI(PMDUUMEHT k., KOTOpbIA y4nTbiBaeT 3anasgbiBaHuWe cpabaTbiBaHus
¢POPCYHOK.

Linknosas nopjaya ToOnMnMBa 4epes3 pachnbinvMBarollee oTBepcTUe (POPCYHKU C
MOCTOSIHHBLIM NepenagoM AasneHus Tonnuea AP, byaeT onpeaensaTscs nNo opmyre:

szi:gcm'Tk'kT:/ufcon'\jzpn'APn'Tk'kr' (10)

3 MpoBepeHne aKcnepmMmeHTa:

JKcnepuMeHTarnbHble nccrnegoBaHuna NpoBOAUMNCH C NCnonb30BaHMEM
nepegHenpuBogHoro astomobuna Skoda Octavia ¢ cunosbim arperatom AGU 1,8 20V Turbo ¢
ncnonb3oBaHMeM cucteMbl cbopa AaHHbIX, MNOCTPOEHHOW Ha OCHOBE MNEepPCOHarbHOro
KOMMblOTEPA, MOAYNA BBEOEHWA aHarnoroBblX CWUIHANoOB W MNPOrpaMMHOIO  MPUMOXEHUS
PowerGraf Professional. [na vwaeHTudukauumn pexmmoB paboTbl ABUraTens MCnonb3ylTcs
CurHanbl JaTYMKOB YacTOTbl BpalleHUd, TeMmnepaTypbl OXnaxgaroLen Xuakoctu, nonoxeHus
ApOCCenbHOM 3acnoHKK, cocTaBa OTpaboTaBLUMX ra3oB W BKIOYEHUA cTtapTepa. [ns Hawero
cnydas Onsa  onpejerneHvs  pacxoga TonnveBa asTomMobunem Ha creHge c  GeroBbiMun
GapabaHamn npu 3agaHHOW CKOPOCTU Mbl C MOMOLLbIO CUCTEMbI cOOpa AaHHbIX CHUManu
cnegylowme curHanbl:  4acTtoTy BpaweHusa 6apabaHoB (BENMYMHY HanpshKeHus  Ha
TaxoreHepaTtopax), CKOPOCTb aBTOMOOMNS, ANUTENBHOCTb BMpbICKa NEPBON (POPCYHKN, CUTHAN
NonoXxeHnsa pacnpegsana. 3atemM UCNorb3ys MaTeMaTuyeckne MoLenym MOXHO C AOCTaTOYHOM
TOYHOCTbIO OonpefenuTb pacxoq TonnveBa MpU 3aJaHHOM CKOPOCTU ABWXKEHUS Ha CTeHae u
3aaHHOWN HarpysKu.

YpenbHbin nyTeBon pacxod Tonnmea B 11/100 KM MOXHO onpeenuTtb No gopmyrne:

100-0,
— (11)

a

Qﬂ/mo;m =

rae Qn — 06beMHbIN YacoBOW pacxoAd Tonnmea no opmyne, n/y;
V2 — CKOPOCTb aBTOMOOMNS.
O6beMHbIN YacoBOW pacxod Tonnmea onpegensieM no gopmyne:

0, =8 (14 —ATH)'1,2-I’Z'10_4 =0,0005-n-(r, —Ar,) (12)

[na asTomobuna Skoda Octavia Az, =0,04 mc.
YacToTy BpallleHns koneH4yaToro Bana no onpegensiem no dopmyre:

1,2-10°
n=—--—.

T

(13)

Wcnonb3ys nporpammHoe npunoxeHne PowerGraf Professional obpabaTtbiBaem maccms
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OaHHbIX aAna 3agaHHon nepenayun KIIM n ckopocTn ABMXKEHNA naeHTuduunupyemMm curHasnbl ans
3agaHHOro pexuma paboTbl OBuratens U M3MEpUB, JMEKTPUYECKME BENMYMHBLI CUTHAIOB:
NMPOOOIMKUTENbHOCTL  YNpaBnsalwWwero uMnynbca 7, Ha @opcyHke (Mc) — u3 rpadumka

«HanpsikeHne Ha dopcyHkax», HanpskeHne U, u3 rpaduka «CKOpoCTb BpalleHUs
bapabaHoB», nepuos obpalleHns pacnpeaenuTensHoro Bana 7, (Mc) — U3 rpaduka «aaTymka

dasbl» U noacTaBmB 3TU 3HadeHnsa B dpopmynbl (11), (12), (13) nonyymm 3HaveHne pacxona
Tonnuea.

4. 3aKkno4eHue:

dasmpoBaHHOE BrpbiCKMBaHWE obecneyvmBaeT paBHble yCrnoBus cmeceobpas3oBaHMs BO
BCeX uMnuHgpax. Ho ns-3a TexHonormyeckoro pasbpoca xapaktepucTuk oopCyHOK cyLecTByeT
HepaBHOMEPHOCTb Mogayn Tonnuea. Ecnu komnnekT opcyHOK Ansa asuratend nogobpaH c
ManbiMu oTKIoHeHusMun uf (Hanpumep +3% ), a Bpems 3anasgblBaHUs NpUMEPHO OANHAKOBOE,
TO HepaBHOMEPHOCTb nodayn 6GeH3nHa B UMAMHAPbI HOBOro Apuratenss obecneuyvBaeTcs
NPYMEPHO B TakMX Xe npeagenax.

N3meHeHne cTaTudeckux U OMHAMUYECKUX XapaKTepucTuk (OOPCYHOK B npouecce
SKCnfyaTauun okasblBaeT CYyLEeCTBEHHOEe BMWSHWE Ha HepaBHOMEPHOCTb MoAdayn Tonnuvea.
M3meHeHne npOXOAHOro CeYeHus pacnbiMBaloWMX OTBEPCTMM BAMSeT Ha  obuyyto
Npon3BoAMTENBbHOCTbL (POPCYHOK. PasHnua B 3anasgbiBaHun nepenérta knanaHos (POPCYHOK B
0,1 MC NpMBOANT K POCTY HEPABHOMEPHOCTU Ha pexmmax Marblx nogad B 2...2,5 pasa.

OnucaHHbIN MeToa onpeferneHus 3HepreTUYeckux nokasaTternen aBToMobuna MOXHO
NPUMEHATb Ana paboT no onpefeneHuo pacxoda TonnmBa Ha aBTOMOBUNAX 06opyaoBaHHbIX
cucTtemMaMn pacrnpefeneHHoro Brpbicka TOMMNMBa, a Takke ANns onpefeneHvus Unu yTouyHeHus
6a3oBbIXx HOpPM pacxoda Ha TPaHCNOPTHyH paboTy C y4eToOM YCMOBMIK 3KChnyaTauuw..
lMpeaBapuTenbHasa npoBepka POPCYHOK, UX CTaTUYeckas n guHaMmmyeckas nNpofiMBka Ha cTeHae
MCKIoYaeT MorpeLlHoOCTN N3MEPEHNA CBA3AHHbIE C TEXHUYECKUM COCTOSIHUEM 3TUX ANIEMEHTOB
CUCTEMBbI BMpbICKa TONNUBA.
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CONTROL OF VITRATI PALIVA WITH VANTAGE CARS
BY THE REQUIREMENTS OF INTELLIGENT TRANSPORT SYSTEMS
Gritsuk Igor, Volkov Viadimir, Yevhen Ukrainskyi, Volkova Tetiana, Pliekhov Oleksandr

Abstrsct. The purpose of the study is to improve the method of ensuring the fuel efficiency of trucks by means of
intelligent transport systems in variable operating conditions. The analysis of the processes of ensuring the
operational control of the fuel consumption of cargo vehicles shows the perspective of their implementation on the
basis of modern intelligent transport systems, the main tool of which is the method of remote monitoring. A
mathematical model of an improved method of ensuring the fuel efficiency of trucks has been developed, which
includes a process and analytical component for estimating limit values, forming optimal characteristics and
forecasting parameters of technical condition and fuel consumption by the engine and vehicle in the processes of
cargo transportation. The mathematical model is built on the basis of differential and algebraic equations developed
at Khnadu, National Technical University and personally by the authors. The improved method of determining and
calculating fuel consumption by a vehicle in operating conditions is based on the IPC "Virtual Mechanic "NADI-12""
and IPC "Service Fuel Eco "NTU-HADI-12"" of the KHNADU.

Keywords: car, fuel economy, mathematical model, method, fuel consumption, monitoring, information sources,
intelligent transport systems, operating conditions.

1. Introduction:

The efficiency of the functioning of vehicles (vehicles, cars) depends on the conditions of
their operation. In the processes of technical operation of trucks, savings are expressed first of all in
the form of rational use of fuel and lubricants. In order to find out how to increase economic
efficiency, it is necessary to understand how fuel savings are obtained in practice, to identify the
source of its formation. In general, up to 50% of the cost price transportation directly or indirectly
depends on the quality and efficiency of the TOC. The fuel efficiency of a car directly evaluates the
efficiency of its use. During the operation of the rolling stock, technical and organizational measures
are carried out in order to effectively use the fuel economy of the vehicle and save energy.

Fuel efficiency is currently one of the most important operational properties of vehicles, the
role of which is constantly growing. In operating road transport enterprises (PJSC), fuel accounts for
about 25% of all freight transportation costs [1]. Annual surveys of the research laboratory of Great
Britain established the influence of 17 different factors on the amount of fuel consumption [2]. The
total number of factors determining fuel economy is much higher. In work [1], typical design and
operational factors affecting fuel consumption during operation are considered. The author states
that road, transport and natural and climatic conditions determine the cost of transportation, car
performance and traffic safety.From the experience of operating cars, it is known that at the same
average speed, fuel consumption can vary by up to 20% and will depend on the uneven nature of
the movement [3].

Studies of monitoring and control of fuel consumption of parameters of the technical
condition of vehicles in operating conditions are given sufficient attention in the researches of
domestic and foreign scientists. [3, 4, 5, 6] made a significant contribution to the development of the
theory of methods, methods and techniques for monitoring the main operational indicators and
parameters of the technical condition of vehicles on various types of transport.

The analysis of the processes of ensuring the operational control of the fuel consumption of
cargo vehicles shows the perspective of their implementation on the basis of modern intelligent
transport systems, the main tool of which is the method of remote monitoring. Remote monitoring of
cargo vehicles is an effective tool designed not only for monitoring the location and movement of
vehicles, but also for a large number of parameters of their technical condition.

Monitoring the quality of movement and fuel consumption of vehicles enables the operation
service and technical service of PJSC to receive operational information on fuel consumption
indicators and to take preventive actions in a timely manner based on the parameters of the
technical condition. For system operators (drivers and dispatchers), anticipatory diagnosis of vehicle
accidents is one of the technologies for preventing time loss [7].

Ensuring control and management of fuel consumption and parameters of the technical
condition of cargo vehicles of category N3 in variable conditions of their operation is proposed to be
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solved thanks to the improvement and formation of the method of determined indicators that ensure
fuel efficiency on the basis of intelligent transport systems.

The purpose of the study is to improve the method of ensuring the fuel economy of trucks by
means of intelligent transport systems by determining and calculating the fuel consumption of trucks
in operating conditions.

2. Statement:

The process of improvement and formation of the method of ensuring the fuel economy
of vehicles (on the example of a truck of category Ns) in variable conditions of operation by
means of control based on intelligent transport systems involves clarification of information on
fuel consumption, actual technical condition, methods and means of their implementation.
Based on information on fuel consumption parameters and technical condition, the specified
task can be expressed as a complex function in the implementation of the corresponding tasks
shown in equation (1):

~

GIT>

Fy, (H,,t,At, X, (1), X,(t—A1),...., X, (t—nAt),DK, )= S

J

Sern =" (ep.7)
Son = Fap (Sr3s3Sr35 S )

Son = Fay ((Mil’Mi2’Mi3);(TST3’PDU )),

M, = Fy (Xon (2)): (1)
Froi (X620 (7))
M, Fm(()?Mmi(f))5()?Mz23i(t));()?z\mai(f));()?Mmsi(f)));
Tsrs = Fyry ((Xoua (1)), DK, )5

P, =Fyy ()?DUtit(t))'

M

i2 =

g

ne Feyp — information on the parameters of fuel consumption and the technical condition of Ns
category cargo vehicles under variable operating conditions in interaction with the infrastructure;

H_— vector of engine and train control bodies in time ¢ t — current time; Ar — interval between

t

measurements; n — number of Intervals in the past; X, npui=1,..., m— parametres of vitrati

paliva and characteristics of the technical state in the processes of monitoring in the process of
monitoring of the minds of the exploitation of the interoperability with the infrastructure, which should
be taken into account and included in the cross-reference of retrospective factors (speediness of
technical specifications, the burden of a vintage road train only); m — number of parameters and
characteristics to be changed; DKj — status of road train malfunctions based on the results of their
appointment; Q — display operator; Sen — a system (bagatorizmirniy pokaznik) for ensuring the fuel
economy of vehicles in modern minds of operation by means of control based on intelligent
transport systems (in this case, the system Sgn — fermentation of warehouse authorities (pidob’ektiv)
eq and it r expression for mi in part J in | pidob'ektiv otrimannya informatsii i pidob'ektiv
zabezpechenny palivnoi ekonomichnosti warehousing); m; — the number of collaterals for obtaining
information about the parameters of the vehicles; / — connections between the constituent elements
(means) of observation and the very objects of ensuring the fuel economy of vehicles; eq - a set of
sub-objects of ensuring the fuel efficiency of vehicles; r - set of relations between them; J — tasks of
operational control and management; Srss - a component of the security functionality Sen
information about the operation of TK based on server solutions for monitoring; Sta. - a component
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of the functionality of providing Sen with information about the intended use and operation of the
road train based on a local source of monitoring information; Stav - a component of the functionality
of providing Sen with information about the operation of TK based on network databases of
monitoring performance; Fgayp — information on the parameters of the process of increasing the fuel
economy of vehicles under operating conditions (1), as a combination of objective and subjective
factors of vehicle operation; Fjs — information on the parameters of fuel consumption rationing on
the route (part of the route) of the vehicle; Fiz — information on the parameters of the full weight of
the cargo vehicle; Fisi — information on parameters of operating conditions of vehicles with the
following components: road, transport, natural and climatic and work culture in variable operating
conditions in interaction with infrastructure; Fsrsi — information about the parameters of the technical

condition of the vehicle; Fpui — information about the parameters of vehicle control modes; X, (t)

ati=1,..., m— parameters of normalization of fuel consumption on the route (part of the route) of
the vehicle, which are measured and included in the list of retrospective factors; XGZn.(t) ati=1,..,

— total mass parameters (M) vehicle; X, (1), Xy (1), Xyasi (1), Xy (¢)ati = 1,..., m—

parameters of operating conditions of vehicles with the following components (respectively): road,
transport, natural and climatic and work culture in variable operating conditions in interaction with

infrastructure, which are measured and included in the list of retrospective factors; )_(GMﬁ(t) -ati=

1,..., m— parameters of the technical condition of TK in monitoring processes, which are measured
and included in the list of retrospective factors; X,,t(¢) —ati= 1,..., m — parameters of vehicle

control modes.

The process component of the system forms the provision of fuel economy of cargo
vehicles of category N3 in variable operating conditions based on operational control
information. The analytical component is intended for the assessment of limit values, the
formation of optimal characteristics and the forecasting of parameters of the technical condition
and fuel consumption of the engine and vehicles in the processes of transporting goods. Also,
the analytical component performs the calculation and analytical formation of the corresponding
component of the implementation of operational control and, in general, ensuring the fuel
economy of the vehicle in its individual components while reproducing the processes of
ensuring fuel economy. For this purpose, we use the algorithm for ensuring [10] the fuel
economy of Ns category cargo vehicles in variable operating conditions by means of control
based on intelligent transport systems, which was developed on the basis of provisions [2, 4, 8,
9].

Thus, in the part of the calculation and analytical system, taking into account the variable
nature of the processes, the reduced rate of fuel consumption on the site was calculated:

HEOPM O HOpH
(& TG w{t] mrrp_.l:]szj‘i'{; x {t]'msa:-"rj'ssa:-"r z‘j]'(l"":"-':'l'-‘fz i!'_.l'{ﬂ]

HDPM Gotiez TRpob Lj i i
Cns J ®)= 100 . (@)
ae GE?T(E) — he fuel consumption rate for the i-th section of the jth vehicle trip is given, (I/100

km); Gg, .y — basic linear rate of fuel consumption of vehicles, (11100 km); G_7%" () - the rate of

fuel consumption per ton of the weight of the equipped semi-trailer for the jth trip, (/100 t-km)); Mo

— curb weight of the semi-trailer, (t); S; i the length of the section and for the jth trip, (km);

:; E:E i (t) — the rate of fuel for carrying out transport work, (I/100 t-km); 71, ,,,; — mass of the
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cargo transported by the vehicle for the j-th trip, (t); S, ..z ; i~ distance of the trip with cargo on the

site and the jth trip, (km); K ;;(t) — the total correction factor that takes into account the operating

conditions of the vehicle for the i-th section of the j-th trip.

Taking into account the variable nature of vehicle operation processes and, accordingly, fuel
consumption on the sections, it was proposed to use the fuel consumption coefficient, which takes
into account the vehicle movement modes on the sections of the route, to assess fuel economy

k2. .(t) and the coefficient of sustainable fuel economy k., - (t):

neij
Ii:'
(t)
BB . HU
kma ij (t] =1 FEE?_TH@] (3)
—Efcﬁiﬁ” 10
kS (== e 70 7 @)

ne kPP

ne i)

(t) - the fuel consumption coefficient, which takes into account the modes of movement of

the vehicle on the i-th section of the j-th trip; Gg !'j(t] — actual fuel consumption on the route section
on the i-th section of the j-th trip; G; ":?M (t) — standard fuel consumption on the i-th section of the j-th

trip; K g 'an,; () — coefficient of sustainable fuel economy for the j-th trip; n — the number of sections

of the j-th trip; & Gy; ; (t) — given fuel economy for the i-th section of the j-th trip, I/100 km; G"DPM (t)-

fuel consumption rate for the i-th section of the j-th trip, /100 km of the j-th trip, /100 km; GE ??M (t)-
fuel consumption rate for the i-th section of the j-th trip, 1/100 km.

In order to determine the fuel efficiency of the vehicle under operating conditions, while
reproducing the processes in the computational and analytical support, mathematical models were
chosen based on differential and algebraic equations developed at KHNADU, NTU and personally
by the authors, which were adapted with appropriate changes in the part of the initial data and
algebraic equations for improvement of the existing method.

Formation of the processes of providing the necessary information for the SGn study is
based on the basis of (1) solutions of external servers of STZS, in accordance with the
provisions [3, 5, 10].

Local sources of information on vehicle STZL and network databases of vehicle STZM
are also needed. Such an aggregate provides the possibility of creating a repository of
accumulated information, supporting the user environment for receiving and editing the received
information, systematizing the received information and displaying it in a complete complex.

The main sources of information and their results were obtained in the processes of
forming the information field of the processes of observing the parameters of fuel consumption
and the technical condition of vehicles under operating conditions. These are the coordinates of
the cargo vehicle on the map in real time of operation, operational road models, the results of
vehicle tracking, etc. The main sources of information about operating conditions for the
formation of a system of remote operational control of fuel consumption and technical condition
of vehicles, taking into account the features of the infrastructure, will be selected from [10]. In
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order to solve the main tasks of the technical operation of vehicles, information is needed about
the patterns of changes in fuel consumption of vehicles and their technical condition under the
influence of operational factors. Information about the specified regularities is necessary for the
effective application of scientifically based standards for maintaining vehicle in a working
condition, for managing it [1, 11].

Operating conditions of vehicles affect the main modes of operation of their components,
that is, speeding up or slowing down the change in fuel consumption parameters and technical
condition. Performance indicators of technical operation are realized in operational conditions.

Taking into account the specified operating conditions is necessary when determining the
need for the main material resources of the operating processes. These include spare parts and
materials, production and technical base, working personnel, etc. It is customary to distinguish
between the following in the processes of vehicle operation: road conditions; traffic conditions;
natural-climatic and seasonal conditions; transport conditions (or transportation conditions),
work culture, etc. [1, 11]. The most important factors of operating conditions, which vary widely,
include road, transport and climatic conditions.

The components of the coefficient of operating conditions were determined as follows
using the monitoring system [1, 10, 11, 12]:

- for the implementation of the research processes of fuel economy, technical condition and
evaluation of the operating conditions of the vehicle, an operating model of the road was
developed, which is the basis of the information interaction of the system:

E, (RIVR ) = (]dtRV, > CategRV, > COdDzz, > DtDescr, > TpRVn, ’TpRn, 9TVV, )

’ , (9)

where F;’-‘(R"VR )t‘ - is the functionality of information support, which is similar to the relevant
parameters of fuel efficiency and technical condition of the vehicle during the set time of

operation of the vehicle on the road; Lty

Categ,,

- designation and sections of the vehicle traffic route

(city, outside the city); - category and sections of the road route in operating

od Dil Dt

conditions; i - section code of the highway route, ~ 2=« - registration description of the

section of the road route, TPrvn, - 3 feature of the road, for example, the number of vehicle

lanes, Pr, - type (feature) of the composition and technology of the road surface of the site,

I, geometric parameters of the movement path on the section of the route within the road;

- on the basis of the operating model of the road, an information model was developed in terms
of the position, section and route of the cargo vehicle on the road under operating conditions.
Each section of the road model is in the form of a vector of defined information parameters:

F, (RVTrc ),- = ([dtRV,- ’IdtPRt, ) (6)

Idt,

where " — designation and fragment of the section of the distance of the movement of the

cargo vehicle; ldtpn, _ designation of the fragment of the sections of the route of the movement

of freight vehicles.

From the determined component sections of the route of the information model in the part
of the vehicle position on the road, a traffic route is formed in the form of an object, which is
accompanied by a vector of parameters:

F (RV,,,), = (Idty, , Idt,, ) (7)
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where ldt,

Idt

" — designation and sections of the distance of the movement of the cargo vehicle;
r — designation of the route of movement of the cargo vehicle category Ns.

- the high-speed operational model of vehicle traffic modes under appropriate operating
conditions is a function of linear events that are correlated with the traffic route:

F.(RVy,, ) =(fdtn, Lty Rt

Rt; > Prop; »

ldty, ,Codt,, ,Codt,,, ,Val, ,Dt,, Baseg,, ) (8)

where Ldty,

1dt

- designation and fragment of the section of the movement of the cargo vehicle;

r; - designation of the distance of the route of the truck movement; Ry, type of distance

of the route of the truck movement; ldig,

Codt Codt,,,

- designation of a fragment of a high-speed vehicle

traffic section; £ and - the beginning and the end, respectively, of the section

ValK

(fragment) of the high-speed mode of movement of the cargo vehicle; - the critical speed of

the truck (speed geozone) established by observation; Dt _ date (time) of setting the speed of

the truck; Z%€s« - designation of the set (base) speed on the section of the truck's movement.
At the same time, the tasks of determining and interacting with road, transport and atmospheric-
climatic conditions are solved, and the state of operational characteristics of the road is
assessed.

- assessment of the condition and type of road surface in operation [1, 10, 11, 12]. With the
help of the monitoring results of the system, an assessment of the condition and type of road
surface in operation is formed. The parameters (characteristic signs) that recognize road
conditions, which determine the main limits of the permissible speed of motor vehicles, are the
basic characteristics of the road: the longitudinal profile of the road, the height above sea level,
the width of the carriageway and the condition of the pavement, the grip of the wheels on the
road, etc. Information on the types, features and magnitude of road defects (damages) are
compared with normative indicators for the speed of movement of cargo vehicles, the degree of
their deviation is determined and a fateful assessment of the state of road conditions is formed
(according to the condition of the road surface). [1, 10, 11, 12]:

ODP (t)z = (ODPI ’ODpz >~ Dp; ) (9)
where Zon - very good and good condition, Oy, satisfactory condition of the road, O,

unsatisfactory state of coverage [75, 92-94, 98].

After determining the evaluation of the fragments of the sections, the evaluations of the
condition of the road surface are combined according to the detected fragments and defects,
and a vehicle traffic model is formed for the fragments and common sections:

ODp,- (t)[ = 52133\]( ODPi/ (tf )i (1 0)

o, |\t
where ( ’)i - fixed assessment of the j-th defects on the i-th section of the fragment of the
truck traffic mode model, N - defects (damage) detected on a fragment of the site, f — time.

The functional coverage of the considered fragment of the road section is formed on the
basis of individual events that create a determination of the condition of the road and operating
conditions for detected defects (damages and elements) [1, 10, 11, 12]:
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F,, (Evty, ), = (1dty, , Dt,, Dist,, Dft,, Discr;) (11)

1dt

ae "R - nO3HaYeHHs i-1 ginaHku pyxy T3; Dy, AaTta (4ac) BCTaHOBMEeHHS wBnakocTi T3; Dist; _

BifiCTaHb Bif, NoYaTKy MapLlpyTy (KoopanHaTta); Dft; ouiHka aedekty B 6anax; Discr - nedekr.
- OuiHKa TpaHcnopTHux ymoB ekcnnyartauii [1, 10, 11, 12]. OuiHka TpPaHCNOPTHUX YMOB
eKkcnnyaTauii BM3HAYaeTbCs, SK pe3ynbTaT HenepepBHUX (MepioanyHux) nepesipoKk. Toai
BCTAHOBIIOETLCA NOAIA, AKka BNAMBAE Ha BCTaHOBMeHi daktopn 6e3nekm pyxy T3 Ta
ocobnuMBIiCTb yBarm came Ha iX 0COBnMBOCTI. AK npaBuso, OUIHKY BUKOHYHOTbL onepaTtopu B
npouecax pyxy T3, TpaHCNOPTHI AETEKTOPM, iHLLI YH4ACHUKM CNOCTEPEXEHHSA PYXY BaHTaXHUX T3
i camum yyacHukm pyxy. Pesynbtatn npoBegeHuMx HenepepBHUX (NepioanyHMX) nepeBipoK
3aHoCATbCA Yy 6a3n gaHuxX BUMIpSAHUX napamMeTpiB Ta 06'ekTiB cuctemmn crnctepexeHHs. KoxHa
noais (3miHa) TpaHCNOPTHUX YMOB eKcrnyaTauii XapakTepunsyeTbCa BEKTOPHO, a caMe:

F,.(RVy,,, ), = (Idty, .Tp,. Disc,, Obj,, Objld,, DtUpd, ) (12)
where ;. designation of the i-th section of the vehicle movement; i . change (restriction)
of transport operating conditions (traffic congestion, accident, etc.); Disc; description of the

by,

event of change (restriction) of transport operating conditions; - designation of change
(restriction) of transport operating conditions; Objld; _ assessment of the state (indicator of

influence) of changes (restrictions) in transport operating conditions; DiUpd; _ yate (time) of the
evaluation [75, 92-94, 98].

The assessment of the condition in accordance with the change (restriction) of the transport
conditions of operation from the point of view of regulatory documents and route documentation
(in accordance with the transportation plan) is carried out according to the point system [10, 12]:

Oetc (t),- = (Oetcl > Oet02 > Oetc3 ) , (1 3)

ne Oet, optimal condition, Q. _ one that demands attention, O, urgently needs intervention
[1,10, 11, 12].

Unification of estimates of changes (restrictions) of transport conditions of operation based on
the results of the impact is carried out on sections of the high-speed model of modes of
movement of freight vehicles:

Oetci (t)i = max Oefcz/ (tetj )i

(14)

O, . (t.
pe ( v ),- - a fixed estimate of the j-th event on the i-th fragment of the section of the vehicle
traffic mode model, N - KinbKiCTb BCTaHOBMEHUX Ha oparMeHTi AiNaHKK nogin, t — time.

- adjustment of the speed of movement and fuel consumption of the truck depending on the
established (established) operating conditions is carried out according to Kzj(t) — total corrective
factor that takes into account the operating conditions of the vehicle for the i-th section of the j-
th trip selection factor (1). It was made specifically to ensure the safety of vehicles under
appropriate operating conditions and rational management. It is proposed to adjust the vehicle
speed in accordance with the rational fuel consumption and operating conditions. Priority is then
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given to safety and fuel economy. The process of adjusting the speed of the vehicle is carried
out by fragments of sections of the operational model of the road in accordance with the list of
events accumulated as a result of preliminary monitoring and based on the components of the
coefficient of operating conditions [1, 10, 11, 12]:

Rzii(l):(ODp, (t)i’ODC, (t)i’OG’f (t)f)’ (15)

ae ODp,- ([)i - assessment of road operating conditions based on the type and condition of the

road and its surface; Ofo (t)f - evaluation of transport conditions of operation; OG’f (t)f -
estimation of fuel economy of vehicles in appropriate operating conditions based on server
solutions and local sources of information when compared with the basic linear rates of fuel
consumption of vehicles, which are established by regulatory indicators.

For each situation within the movement of the vehicle, Kzj(tf) must be determined and the
adjustment of the speed of the vehicle must be carried out in accordance with the observation
on the driving route, depending on the operating conditions - with minimum fuel consumption on
the driving route

Vehicle speed Vi(t)i is determined on the i-th fragment of the plot:

Vi(8), = F (v, (1), .V, (1=7),. K (1=7),) (16)

Vit

ne Vi (t)i - recommended (base) speed of the vehicle, l( _T)" - the speed of the vehicle is

set according to the results of the monitoring, KZ!.'/‘ (t T)i - a total correction factor is established
that takes into account the operating conditions of the vehicle.

After that, the mode of movement of the vehicle is adjusted in the appropriate conditions
of its operation.

Next (Table 1), the indicators of speed and fuel consumption of the vehicle under
operating conditions are determined, which is based on the description of their characteristics
[1, 8, 9, 10]. Formation of indicators of speed and fuel consumption of vehicles in operating
conditions is performed on the basis of preparation and input of input data regarding vehicles in
operating conditions. After that, the speed, traction, dynamic, and fuel characteristics of the
vehicle are modeled. At the end of the simulation, the reliability of the results is checked
according to the characteristics of the real vehicle, namely, according to speed indicators and
fuel economy indicators.

In the described information model of the operational fuel consumption control system [5,
10, 13, 14], the system software in ITS conditions can have a structure [5, 10]. It consists of the
following main components, has an address orientation and is divided into general software
(software) and special software. The program direction of the software directly refers to the on-
board equipment and to the operator's workplace or the server part.

To ensure the control of fuel consumption by loaded vehicles of category N3 during the
transportation of goods, a system of remote control of fuel consumption based on intelligent
transport systems was used [5]. In order to implement the task in the analytical part of the
system, the main approaches and implementations based on mathematical models were
improved, which allow to determine, analyze and evaluate fuel economy, which is based
primarily on fuel consumption in operating conditions.

The implementation of improvement processes in terms of approaches consists in the
variability of the use of available applied mathematical programs that have been improved in the
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necessary parts from previously developed ones [13, 14], namely: calculation of the speed and
fuel consumption of vehicles in separate driving modes and driving cycles in accordance with
the Commission Economique des Nations Unies pour I'Europe (CEE-ONU) [15 ]; formation of
measures to maintain the technical condition of vehicles on the basis of the probabilistic model
of the TOC-ASU system of technological calculation of PJSC / module for correcting standards
of maintenance and repair under operating conditions, taking into account remote monitoring
information [5]. The improved method was developed on the basis of a mathematical model for
monitoring and controlling indicators of Automobile transport enterprises / NTU engines;
calculation module of the dynamic system "TZ-road" in IPC "IdenMonDiaOperCon "HNADU-16""
and IPC "MonDiaFor "HADI-15"" [10] / KhNADU; in the composition: Technical regulations of
the virtual enterprise for the operation of motor transport "KHNADU TESA", Results of
determining the indicators of the technological calculation of the commercial operation of the
engineering and technical service during maintenance and repair using the software product
"Virtual mechanic "NADI-12"" and the technological calculation of the commercial operation of
engineering and technical service during maintenance and repair and environmental indicators
of operation of the Vehicle "Service Fuel Eco "NTU-HADI-12"" [14] / KHNADU. In each of the
mathematical programs, only the components and components necessary for the analysis of
fuel efficiency were subject to improvement.

3. Conclusions:

A general approach to the improvement and formation of a method of ensuring fuel
efficiency of cargo vehicles of category N3 in variable operating conditions by means of
intelligent transport systems is formulated. The processes of solving the tasks are based on the
implementation of the system interaction of three interrelated components: process, information
and analytical.

The method of determining and calculating the fuel consumption of N3 category trucks in
operating conditions using system provisions and research methods has been improved. In
order to implement the task in the analytical part of the system, the main approaches and
implementations based on mathematical models were improved, which allow to determine,
analyze and evaluate fuel economy, which is based primarily on fuel consumption in operating
conditions.

The improved method of determining and calculating the fuel consumption of vehicles in
operating conditions is based on the IPC "Virtual mechanic "NADI-12"" and IPC "Service Fuel
Eco "NTU-HADI-12"" of the KHNADU. In each of the mathematical programs, only the
necessary components and components were subject to improvement for the analysis of fuel
efficiency.
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PECULIARITIES OF TRAINING SPECIALISTS IN THE IMPLEMENTATION OF

THE CAR RECYCLING SYSTEM IN UKRAINE
Volkov Vladimir, Vnykova Nataliia, Pozdnyakova Olena, Volkova Tetiana, Pliekhova
Ganna

Abstrsct. The purpose of the work is to develop a methodology and program for training specialists for the
organization of production activities in the field of transport machines and technologies in a way that would ensure
rational use of nature and minimization of the effects of motor vehicles on the state of the environment throughout
the entire life cycle. When developing the program, innovative teaching methods and educational technologies
were used, namely: methods of synectics, multidimensional matrices, free associations, and inversion, which are
focused on finding ideas for solving creative tasks in new, unexpected directions, especially in the modern
conditions of Ukraine. The syllabus of the discipline "Environmental aspects of car recycling" has been developed,
which consists of a theoretical course of lectures and practical works. The lecture course includes 2 blocks of
lectures. The first one is dedicated to researching the environmental aspects of modern technologies for recycling
metal parts of motor vehicles: ferrous and non-ferrous metals, batteries and catalytic converters. The second block
is devoted to the analysis of technologies of recycling and disposal of non-metallic car parts: polymer, lubricants
and worn tires. In practical work, applicants learn the elements of LCA - analysis of the impact of motor vehicles on
the environment. To test knowledge, test tasks of various levels and an exam are provided. The results of the work
can be used in the development of curricula of various disciplines for a wide range of specialties that deal with
issues of rational environmental management, especially in the field of construction and operation of cars.
Keywords: innovative methods of education, recycling, rational use of nature, environmentally friendly
technologies, waste disposal, auto components

1. Introduction:

In the XXI century distance education has become one of the most popular educational
formats of higher education. The main factors in the development of distance education are the
new needs of the labor market, which requires employees who are ready to quickly adapt to
changing environmental conditions and constantly improve themselves. Until now, the main part
of the development of distance education lay in the field of humanities or special technical
disciplines and was almost not integrated into the teaching of natural and scientific disciplines in
higher education [1].

In the XXI century the role of distance education in the international practice of higher

education has fundamentally changed. It has turned into one of the most popular and highly
effective models used all over the world. Distance education is traditionally understood as the
process of individual self-learning of information using digital media, without the presence of a
teacher, who becomes the coordinator of the educational process [2].
Since the beginning of the 2000s, the principles of distance learning have been actively
implemented in universities around the world. In the 1980s, this format was most common in
Australia, and since 2008, such technologies have been offered by almost every university in
the United States and most institutions of higher education in Europe. Special significance in the
practice of modern education is acquired by methods of work that stimulate the independent
activity of students of higher education.

In 2015, the International Council for Open and Distance Education conducted a survey
with the participation of 427 respondents studying on all continents. It has been established that
the main advantage of distance educational technologies for students from different countries is
the opportunity to combine study with work [3].

2. Statement:

Modern distance education offers many formats and technological tools, including:
control, simulators, simulations, demonstration programs, automated training systems,
multimedia and virtual reality programs, electronic textbooks, intelligent, expert training systems
and much more. This is especially important in the modern difficult economic conditions of
Ukraine, when even the leading higher educational institutions do not have a developed modern
experimental base for the practical assimilation of technical and natural-scientific disciplines [4].
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The most common option is a combination of the traditional face-to-face model and
innovative distance learning approaches. This involves a flexible combination of independent
work with various sources of information, educational materials and systematic operational
interaction with leading teachers and consultants. Natural and scientific disciplines are central to
the fundamental training of applicants for environmental specialties.

Pedagogical conditions for the use of distance learning technology are adapted to the
existing conditions of teaching in higher education. The literature cites the peculiarities of the
conceptual model of teaching, which consists in the unity of three basic structural components
1,2, 5]:

- informative;

- psychological and pedagogical;

- cybernetic.

The information component includes distance learning methods that are related to the
content of the educational material. Of particular importance is the availability of the material for
the student audience, its novelty, reinterpretation of already known material, demonstration of
the practical significance of the topic. The model envisages multi-level interaction between the
student of higher education and the teacher. Emphasis is placed on the independent work of a
student of higher education.

The psychological and pedagogical component is aimed at increasing creative activity,
developing students' self-confidence, internal organization, ability to cooperate, and orientation
towards success. It involves active interaction with the teacher, analysis of test results,
observations, conversations, questionnaires using mathematical data processing tools. For
master's degree holders of the 2nd level of education, who in the future may work as teachers in
institutions of higher education, the development of such character traits as tolerance, the ability
to inspire by one's own example to achieve the chosen goals will be of particular importance.
The ability to accept failure as an experience that helps to achieve the goal. It is necessary to
raise a comprehensively developed personality who is knowledgeable in various fields of
science and culture and can be formulated as follows: "an educated person should know a lot
about a highly specialized field and a little about many things."

The cybernetic component includes all possible methods and technical tools for
obtaining, processing and storing information from information networks to virtual reality
programs.The cybernetic component implies the mastering of innovative learning technologies,
including digital ones, by both teaching staff and students of higher education.

This model reflects modern scientific approaches to the essence of distance learning and
offers a new mechanism for reforming the education system. The inclusion of students of higher
education in the system of specially organized psychological conditions of educational activity
within the framework of distance learning contributes to the development of their independence
in modern conditions, which are complicated by the simultaneous action of war and COVID-19
in Ukraine [5].

The accelerated transfer of learning to a distance format in the conditions of a pandemic
and military operations has significant differences from properly planned online learning based
on mass open online courses. Educational organizations, forced to work with students of higher
education remotely in order to reduce the risks of the spread of COVID-19 and in war
conditions, should be aware of this difference when evaluating the effectiveness of "online
learning" with the use of distance educational technologies [6]. Teachers are forced to organize
the educational process using distance learning technologies based on various methods of
delivering electronic content and communication tools [7].

This especially applies to the teaching of natural and scientific disciplines for students of the 2nd
level of education in the specialty 101 "Ecology" at the Kharkiv National Automobile and Road
University (KHNADU).
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Every year, landfills around the world are replenished with approximately 10 million tons
of waste from end-of-life vehicles (EVA). Currently, environmental safety throughout the entire
life cycle is one of the main indicators that determines the quality and competitiveness of cars
on modern world markets [8].

In developed countries, a comprehensive multi-level system of identification and
certification of automotive components, testing, certification and approval of vehicles from the
standpoint of their environmental safety has been formed. EU countries have introduced a ban
on the use of toxic metals and substances that destroy the ozone layer in automotive materials.

Automotive corporations are obliged to take into account issues of environmental
protection and environmental safety of cars even at the stage of designing new models.
Developed and implemented economic mechanisms for stimulating the activities of car recycling
enterprises. With such an organization of auto-recycling, it becomes a profitable industry that
provides millions of jobs in the developed countries of the world and contributes to the
protection of the environment, the preservation of natural resources due to the utilization and
recycling of waste [9].

At the moment, the auto-recycling system has just begun to take shape in Ukraine, and
for its development and implementation in production, specialists are needed who will be
knowledgeable about issues of environmental protection and resource conservation in the
process of recycling vehicles. Until now, Ukraine does not have a single law regulating the
disposal of end-of-life vehicles. Already at the beginning of 2011, there were about 2.1 million
passenger cars in the structure of the car fleet of Ukraine, which were manufactured before
1985. The volume of their annual disposal can amount to 210,000 cars per year. In recent
years, the construction of new modern enterprises for the disposal of used lubricants, batteries,
shredder plants for the disposal of car bodies and worn tires has begun in Ukraine. Military
actions on the territory of our country have stopped this process, but, in our opinion, it is
necessary to train specialists who will be able to take an active part in the formation of the auto-
recycling system in Ukraine in the near future.

The car is an integral part of modern man's existence, but it has a significant
environmental impact on humanity and the environment. There are extremely many factors of
the environmental impact of cars on the environment and the human body at all stages of the
complete life cycle - during the production, operation and disposal of vehicles. In the
comparative analysis of environmental safety factors of cars, all stages of the complete life cycle
are increasingly taken into account. Not only the car itself has a negative environmental impact,
but also the entire accompanying infrastructure of its production and maintenance. Therefore, it
is necessary to consider and analyze in detail the effect on the environment of the entire
complex of automobile companies, transport enterprises, car repair and maintenance centers,
highway networks, etc. In all developed countries of the world, much attention is paid to the
processing of secondary raw materials and various types of industrial waste, as it allows solving
a number of the most important technological, economic and environmental tasks: returning
valuable and scarce materials to the sphere of production activity, reducing energy costs and
the need for water for production new products, prevent or significantly reduce the ingress of
toxic products into the natural environment.

Currently, environmental safety throughout the entire life cycle is one of the main
indicators that determines the quality and competitiveness of cars on modern world markets.
The disposal of end-of-life cars requires the development of infrastructure and a legislative
framework to regulate the interaction of all participants in the process.The development of the
automotive industry has led mankind to adopt a number of directives, laws and regulations. In
developed countries, a comprehensive multi-level system of identification and certification of
automotive components, testing, certification and approval of vehicles from the standpoint of
their environmental safety has been formed. No product of mass production is regulated during
its production by so many laws, norms and requirements, is not characterized by such
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increased attention during its operation, and is not disposed of with such organization and
thoroughness as a car. Leading industrial countries are creating more and more stringent
requirements for product manufacturers in order to minimize the negative impact on nature
throughout the full life cycle of a car. Automotive corporations are obliged to take into account
issues of environmental protection and environmental safety of cars even at the stage of
designing new models. For this, an inventory is made of all consumed energy and material
resources, direct and indirect factors affecting the environment throughout all stages of its life
cycle. It is known that VEAs at the end of their service life have the same mass and almost the
same composition of components and materials as a new car and therefore are a source of
valuable secondary raw materials for the production of ferrous and non-ferrous metals, rubber
products and plastics.

The biggest organizational problems are caused by the first steps on the way to the
disposal of cars: the processes of drawing up the necessary papers, transferring the vehicle to
recycling centers, collecting, transporting, carrying out environmentally safe dismantling, and
draining operating fluids. Since 2015, EU countries have been producing cars that only 5% of
their mass will end up in landfills. With such an organization of auto-recycling, it becomes a
profitable industry that provides many jobs

The organization of an effective auto-recycling system in the country provides solutions
to a number of the most important environmental problems and new financial revenues to the
budget. In more than 50 countries of the world, car recycling systems have been implemented
and enterprises are successfully operating for the processing of almost all materials and auto
components of cars at the end of their life cycle. Unfortunately, a systematic approach to the
disposal of motor vehicles has not yet been developed in Ukraine.

Attempts to implement the law on the disposal of motor vehicles, which were carried out
in 2014 in Ukraine, were not successful and did not find support in society. However, a large
number of old cars that do not meet modern environmental standards require the immediate
organization of a system of disposal of motor vehicles after the end of their service life in
Ukraine.Thus, for the implementation of the car recycling system in Ukraine in the near future, it
is necessary to immediately train specialists who will possess knowledge and skills not only in
the issue of the design and operation of cars, but also in their disposal at the end of their life
cycle with the use of resource- and energy-saving technologies, which do not harm the
environment.

Taking into account all these factors, a new discipline was developed at the Department
of Ecology of the KhNADU, the purpose of which is to prepare specialists for the organization
and regulation of production processes in the field of transport vehicles and transport
technologies in a way that would ensure rational use of nature and minimization of the
consequences of the production, operation and disposal of motor vehicles on the state of the
environment using resource-saving technologies.

The subject of the discipline is the regularities of the formation of the system of recycling
cars and auto components and the specific features of the ecological aspects of the
technological processes of secondary processing and recycling of vehicles.

The main sections of the syllabus of the discipline are reflected in the textbook [9]. The
educational discipline "Resource-saving and environmental protection technologies in transport"
is taught to students of the 2nd level of education in the specialty 101 Ecology in the field of
knowledge 01 Natural sciences.The main tasks of the discipline are the formation of the
acquirers of knowledge, skills and ideas about the modern world experience of organizing the
system of disposal of end-of-life vehicles (EVA), the use of resource-saving and environmental
protection technologies for recycling vehicles after the end of their life cycle and the conditions
for their use in industrial production in Ukraine. As a result of studying the discipline, the student
of the 2nd level of education should know:
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- the best experience of countries with a developed automobile industry in the formation
of the legislative and regulatory framework and the organization of the disposal of VE;

- peculiarities of the processing of metal parts of the VEA,;

- peculiarities of the processing of plastic parts of VEA,

- resource-saving technologies for recycling auto components, namely, batteries,
engines, catalytic converters, electrical and electronic equipment, and worn tires;

- regularities of technological processes of recycling of working fluids and the field of their
application in industrial production;

- the main directions of industrial, legislative and economic activity, which are necessary
for the organization of the auto-recycling system in Ukraine.

As a result of studying the discipline, the applicant should be able to: use international
reference and normative literature in the field of secondary processing and recycling of vehicles;
carry out primary analysis and identification of plastic parts of cars in order to sort them during
secondary processing. In accordance with the requirements of the Directive 2000/53/EC,
calculate the recycling coefficient and the utilization coefficient of VEA in accordance with the
requirements of the ISO 22628 standard and decide on the direction of their utilization. To
analyze indicators of energy efficiency and reduction of greenhouse gas emissions in the
transport industry in accordance with the requirements of Directive 2009/33/EC with the help of
a specialized computer program and to determine ways to reduce the impact of motor vehicles
on the environment.

The structure of the discipline is formed from a theoretical course of lectures and
practical classes and consists of 3 meaningful blocks.

The first substantive block is devoted to the issues of forming a legislative and regulatory
framework in the field of waste disposal and auto components. It characterizes the current state
of the problem of disposal of VEA. Priority tasks for processing and disposal of motor vehicle
waste in Ukraine are determined.

The second substantive block is devoted to the analysis of technologies for the recycling
of metal parts of vehicles, in particular, the specific features of the processing of ferrous metal
scrap from motor vehicles. Special attention is paid to the analysis of ecological aspects of the
technological processes of disposal of scrap lead batteries.The significant growth in the
production of electric vehicles in recent years has led to the generation of specific waste lithium-
ion batteries at the next stage, the amount of which will grow rapidly in the future. Therefore, a
separate topic is devoted to the analysis of the environmental component of such devices
during the entire life cycle and the environmental aspects of specific technologies for the
disposal of toxic components of lithium-ion batteries.

In recent years, spent catalytic converters have become an increasingly powerful source
of secondary platinum and other platinum group metals. A separate section is devoted to the
determination of ecological and economic problems and the advantages of various technologies
for their disposal.

The third meaningful block is devoted to the disposal of non-metallic parts of the VEA.
The need to use the IMDS and GADSL International system and database of automobile
components and materials in the design and disposal of automobiles is substantiated [10, 11].
The requirements of international standards for marking and use of plastics in cars are given.
The state of the problem of disposal of lubricants in the world and in Ukraine is characterized.

Special attention is paid to resource-saving technologies for the disposal of worn tires.
The current state of the problem of the disposal of used tires in the EU countries, in the world
and in Ukraine is characterized. Ecological aspects of burning car tires in cement kilns are
studied. Varieties of technological processes of grinding worn tires by mechanical methods are
considered, in particular Ukrainian technologies of mechanical tire grinding. Areas of practical
application of rubber crumb from worn tires are studied. Ecological and economic aspects of
used tire pyrolysis technologies and the Ukrainian experience of used tire recycling by pyrolysis
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are analyzed. The possibility of using tire pyrolysis products for the production of alternative fuel
is determined [12].

This direction is one of the main directions of the scientific activity of the Department of
Ecology of the KhNADU. The results of many years of scientific research are presented in 3
monographs, many articles and allowed to create 6 patents and 3 author's certificates. Scientific
research is embodied in the educational process.

Acquirers consolidate theoretical knowledge in practical classes that have different topics
[13].

The first classes are dedicated to the assimilation of the methods for assessing the
degree of recycling and the degree of disposal of used cars. In their calculations, applicants use
the modern ISO methodology and learn the basics of using international databases of
automotive components and materials. The method of calculating the recycling rate and the car
disposal rate after the end of operation is carried out according to the stages of its disassembly:
preparation for disposal; dismantling; separation of metals; processing of non-metallic residues.

At the "preparation for disposal" stage, the calculation includes the masses of the
following components: batteries; oil filters; tanks (tanks, cylinders) for liquefied or compressed
natural gas; catalytic converters; shock absorbers; refrigerants in the air conditioning system;
fluids for washing glass and headlights, fluids in the hydraulic suspension. At the "dismantling
stage" components that are suitable for reuse and recycling are determined. At the "metal
sorting stage" the mass of materials is determined as the difference between the total mass of
metals in the car and the mass that was taken into account when determining the previous two
stages. The obtained results allow the acquirers to draw conclusions about the compliance of
the vehicles with the requirements of the EU Directives.

In order to solve the issue of directions for the disposal of polymer automotive materials,
collectors learn express methods of identification of automotive polymer components. These
methods are based on the use of qualitative specific reactions that allow us to distinguish
between thermoplastic and thermosetting polymers. They are based on the application of flame
color reactions, the action of various solvents, the difference in density, etc. The use of such
reactions does not require the presence of expensive special equipment, which is especially
convenient in difficult modern conditions, but allows to relatively accurately solve the question:
is it possible to recycle certain polymer parts, or only their use as an alternative fuel. Visual
effects of such reactions can be presented in video files, which can be added to the electronic
course of the discipline.

For example, one of the simpler experiments to determine the possibility of further recycling
of polymer components is a test with water. It is necessary to cut a small strip from the bottom of
the bumper. Clean it of dirt and paint. Place it in a container with water. If the plastic does not sink, it
is thermoplastics (PE, PP, PP + EPDM), which are subject to recycling. 80% of bumpers are made
of these plastics. If they sink in water, they are reactive plastics (PUR/TPUR), from which 15% of
bumpers are made. They are mainly subject to thermal disposal. In fig. 1 shows an example of the
behavior of thermoplastic (A) and thermoset (B) polymers
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Figure 1 — Water behavior of polymer samples of various car bumpers

For example, one of the researchers allows you to identify plastics by the nature of their
combustion, as burning plastic samples is a fairly reliable way of their identification. Collectors
conduct an analysis of the behavior of a plastic sample in an open source of fire, as well as the
products of the accompanying oxidation process (character of combustion, emitted smell,
sound). The obtained results are compared with the known behavior of standard samples of
plastics during combustion. Most polymers burn, but the nature of their burning is different. In
addition, after removing them from the flame, some die out, others continue to burn. Some burn
with a crackle, while others burn with a smoldering flame. All these signs, taking into account
the determination of the smell during the burning of the polymer, help to determine its type.
According to the results of the experiment, it is possible to divide the mixture of plastics into 2
groups: thermoplastic polymers, which are subject to recycling, and thermoset polymers, from
which it is not possible to obtain secondary raw materials and therefore they are subject to
burning or burial in special landfills.

With the help of a special computer program of the ecological calculator, the impact on the
environment of motor vehicles during the entire life cycle is determined. The program was created
by specialists of the Volvo corporation to estimate the consumption of energy, water, emissions of
the main toxic substances of exhaust gases and carbon dioxide for VVolvo tractors [14].

3. Conclusions:

Based on the results of the calculations, applicants have the opportunity to evaluate the
effectiveness of the use of various types of biodiesel fuel in comparison with traditional diesel
fuel and draw conclusions about its comprehensive impact on the environment throughout the
entire life cycle of a motor vehicle. The results of the practical work convince the applicants that
when evaluating the effectiveness of certain areas of improving the environment, it is necessary
to apply a comprehensive approach that analyzes the activity of the motor vehicle throughout its
life cycle.

This approach makes it possible to find the optimal ratio between the positive and negative
consequences of using any solution, namely biodiesel fuel, and to prevent the increase in the
consumption of natural resources and the emission of certain substances while reducing the impact of
other environmental pollutants such as carbon dioxide.

In our opinion, the organization of an effective auto-recycling system in Ukraine will provide a
solution to a number of the most important environmental problems, new jobs and new financial
revenues to the budget of Ukraine. After the end of the war, a large amount of military equipment,
including cars, will need to be disposed of, which, on the one hand, will contribute to the improvement of
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the environment, and on the other hand, will lead to the saving of natural resources due to the use of
waste. In our opinion, specialists in the field of resource and energy saving will be very necessary in
Ukraine. Kharkiv National Automobile and Road University has full methodological support and
everything necessary to train such specialists
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METOAbl KAJINBPOBKU CITUOOMETPA JNETKOBOI'O ABTOMOBUIIA B
AOPOXHbIX YCNOBUAX

METHODS FOR CALIBRATING THE SPEEDOMETER OF A PASSENGER CAR
IN ROAD CONDITIONS

Yuriy Zybtsev', Pavel Voroshylov?

Abstract. This article describes methods of calibrating car speedometer on the road without expensive equipment.
The most accurate results are obtained by using marking elements, for instance, the standard road guard fence.
The most practical method is synchronous video recording of speedometer and the display of receiver for satellite
signals GPS or/and GLONASS.

Key words: road, speedometer calibration, marking, GPS

1. BBeaeHue:

B nym BoauTtenb HeNpepbiBHO OCYLECTBNAET OpraHofenTU4eckui  MOHUTOPUHT
COCTOSAHMS aBTOMOOUNSA. HO BO3MOXXHOCTN OpraHOB YyBCTB OrpaHuYeHbl, U3-3a Yero OH MOXeT
OWYTUTb MNOSIBNIEHWE HEMUCMNPABHOCTM CIIULWIKOM MNO34HO. Takke Npu BbINOMHEHUN HayYHbIX
nccnegoBaHui, Hanpumep, NPy CPaBHUTENBbHbLIX UCMbITAHUSX PA3MMYHbIX TOMMMB, HEO6X04MMO
aobumBaTbCsl  COMOCTaBMMOCTM  yCnoBun npoBefeHuss TectoB. OOWH U3 BaXHENLIKUX
rnokasaTtenen, nNO KOTOPbIM OLEHMBAETCA COMOCTaBUMOCTb, — CKOPOCTb aBTOMOOMNS.
Hanbonbllylo TOYHOCTb M3MEPEHUs CKOpPOCTU obecneymBaloT OECKOHTaKTHble OMTUYECKME
cnuagomeTtpbl CORREVIT B coctaBe cuctem CORRSYS-DATRON (ok. 20 000 US $), HemHoro
num yctynatoT npubopsl VBOX dupmbl RACELOGIC (ok. 10 000 US $).YnpoLlueHHbIn BapuaHT
Takon cuctembl VBOX Lite + OLED-gucnnen ctout 2400 gonnapos [1]. He Bcsakaa Hay4yHas
opraHmsaums, oCobeHHO YHMBEPCUTET, MOXET UCMNONb30BaTb Takoe obopyaoBaHWe, NO3TOMy
yaluie CKOpOCTb MW3MEpST CNMAOMETPOM TecToBoro asTtoMobunga. Cnugometp — 370
npeobpasoBaTtesnb YacTOThbl BpaLLEHNSA BbIXOAHOMO Bana TPaHCMUCCUM MU KONec aBTOMOOUNA.
OH Heuns3bexHO OoTpaxaeT BCe MNOrpeLlHOCTW, Bbi3blBaeMble HeOonpeneneHHOCTbIo paguyca
Ka4yeHns Koneca, B TOM Yncne, n3-3a aTMoOCqeEpPHbIX YCNOBUIN, CTENEHN NPOrpeBa LLUKH, 3arpy3ku
aBTOMOOUNSA 1 ee pacnpeaeneHns B NPOA0SIbHOM M MOMNEPEYHOM HanpaBneHnax u T.n. Tak 4To
kanubpoBka cnugomeTpa SBNsieTcs HeobXoAUMbIM 3TanoOM MCMNbITAHWA U B OTBETCTBEHHbIX
Crny4asix JOMKHa BbINOSTHATLCA B HAYane n B KOHLE KaXaoro ucnblitatenbHoro AHa. McnbitaHus
anbTepHaTMBHbIX TOMMAMB, KOrga cyeT MOET Ha eauHULbl U Aaxke [OMW MPOLEHTOB, MMEHHO
Takon cnyyan. Kanubposka cnugomeTtpa Heobxoanma:
npw nepexoae Ha HoBble NepefaToYHbIe YNCNa;
nepexon Ha apyron npodunb UNn guameTp BegyLmnx KOnec;
yCTaHOBKa pYyron NpubOpHOMN NaHenwu;

XenaHve n3baBnTbCA OT 3aBOACKOW MOrpeLlHoCTN cnugoMeTpa.

Takke HenpaBuibHblE MoOKa3aTenuM CKOPOCTU Ha Aopore MOryT NpUBECTU K OOBOJSIbHO
HEMNPUSATHLIM MNOCNEACTBUAM, TakMM Kak OUCKOMGOPT e34bl B MOTOKe, WTpad, aBapunHas
cutyauusa v OTT1.

hON =

2. UanoxeHue:

B cepbesHbIX UCNbITAHUSX fyylle WCNOoNb30BaTb CUCTEMblI U3MEPEHUS CKOPOCTU, He
CBsi3aHHblE C KOflecamMn aBTOMOOWUNSs, Hanpumep, HaBUraTopbl UAN MPUEMHUKN CRYTHUKOBbLIX
curHanoe GPS/ITIOHACC, nnbo BHewHMe 6a3sbl paccTossHUA — METKM Ha gopore. Ho B nobom
BapuaHTe uCnbITaTeNM [OOSMKHbI Nonyvyatb WMHMOPMaUMo O CKOPOCTU HEMEOSIEHHO, He
A0XMaasCb OKOHYaHNA 0bpaboTkM 3anmcen, Tak YTo KannbposaTb CNMAOMETP HEOH6X0ANMO.

Haunnyywwme pesynbTaTbl faeT Kanubposka No HageXXHoW pasmeTke LOpPOorn, Hanpumep,
no 6apbepHomy orpaxaeHuto. OgHaKO Takoe orpaxaeHuve ecTb He Besge. Kpome Toro, Ha
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pe3ynbTaT CUMbHO BNUsSieT ONUTENbHOCTbL 3aMepa — 4eM Gornblue NPOMAEHHbLIA MpU 3aMepe
nyTb, TEM TOYHEE BbIYMCIIEHNE CPEAHEN CKOPOCTU U TEM yBEpPEHHEE BOAMTEMb BblAEpXKMBaeT
3aaHHY0 CKOPOCTb ABMXEHNA — CM. Tabn. 1.

Ta6nuua 1 - Kanubposka cnngomeTpa aBTomobuns Volkswagen Passat B4 no Bugeosanucu
orpaxaeHus (Ti — TekyLlee Bpems, Vi — cpeHas CKOPOCTb Ha UHTepBane, Vcp — cpeaHss
CKOpPOCTb OT Hayana 3amepa)

Myts, | Ti,c | Vi [ Vep | Ti,c | Vi | Vop | Ti,c | Vi | Vecp |

M 40 km/y 50 KM/ | 60 Km/Y
24 44133 | 37,03 | 37,03 | 151,6 38,10 | 38,10 | 45,967 | 45,45 | 45,45
54 46,933 | 38,57 | 37,87 | 154 45,00 | 41,65 | 47,866 | 56,87 | 51,16
84 49,6 40,49 | 38,77 | 155,932 | 55,90 | 45,82 | 49,8 55,84 | 52,74

114 52,2 41,54 | 39,46 | 158,132 | 49,09 | 46,64 | 51,799 | 54,03 | 53,07
144 54,966 | 39,05 | 39,37 | 160,265 | 50,63 | 47,42 | 53,799 | 54,00 | 53,26
174 57,7 39,50 | 39,40 | 162,465 | 49,09 | 47,70 | 55,799 | 54,00 | 53,39
204 60,533 | 38,12 | 39,20 | 164,532 | 52,25 | 48,32 | 57,799 | 54,00 | 53,48

234 166,665 | 50,63 | 48,60 | 59,733 | 55,84 | 53,77
264 66,2 38,12 | 38,95 | 168,8 50,59 | 48,82 | 61,699 | 54,93 | 563,90
294 68,933 | 39,52 | 39,01 | 171 49,09 | 48,85 | 63,599 | 56,84 | 54,19

324 71,666 | 39,52 | 39,05 | 173,16 | 50,00 | 48,95 | 65,5 56,81 | 54,42
354 74,466 | 38,57 | 39,01 | 175,433 | 47,51 | 48,83 | 67,4 56,84 | 54,62

Hay4Hasa rpynna oObl4HO NMPOBOAWUT MCMbITAHUSA Ha MPSIMOM FOPU3OHTarlbHOM Yy4acTke
A0porn ¢ TBepAbiM MOKPbITUEM, KOTOpasa 3aluuuieHa CTaHAapTHbIM GapbepHbIM OrpaXaeHnem
Trna 1104 Bbicoton 0,75 m no NOCT 26804-86. OrpaxaeHne HabpaHO M3 YacTen 3aBOACKOro
N3roToBneHus, 4To obecnednBaeT AOBOMbHO TOuYHbINM war ctoek — 4+0,010 M no crtaHgapTy
(4+0,005 m no 3amepy pyneTkon). [JONOSHUTENBHO Ha LUTaMMNOBaHHbIE OBYXBOSHOBbIE Ganku
orpaxgeHusi B cbope HaHeceHbl NOIOCbl — YepHble AnuHon 1 M n 6enble no 2 M. TuwaTenbHble
NPOBEPKN MOKasanu, YTo LwWar nonoc cobnwogeH xopowo. [nvHa MepHOro ydacrtka [oporu,
nogcyMtaHHasa no cronkam, coctasuna 1754 m, a no nonocam — 1752 m (pacxoxgenue 0,1 %).
Kpome TOro, Boonb A4Oporn ycTtaHoBreHbl CTonobl ocseweHns ¢ warom 30 M. CoBpeMeHHble
CMYTHUKOBbIE KapTbl C BbICOKUM paspelleHneM noATBEePXAalT HaOeXHOCTb OrpaxaeHus B
KayecTBe pa3MeTKu 4OpOoru.

Ona kanubpoBkn cnugomeTpa MO 3TOW pa3MeTke BbINOMHANCA Npoe3d  MWUMO
orpaxgeHust C 3aJaHHOM MOCTOSHHOW CKOPOCTbIO, BO BpPEMSI KOTOPOro npou3Boaunach
CUHXPOHHas BUOEO3anUCb OrpaXaeHus W MnokasaHun cnugoMeTpa ABYMS LUGPOBbIMU
doTtoannapatamu Canon PowerShift A700 n A2000 IS. B oTaenbHbIX CnyyYasx Ucnonb30Banmcb
BMAeokamepbl MOBUnbHbIX TenedgoHoB, Hanpumep, Apple iPhone 4.

Kaxablh oTAenbHbIA Kagp BMAEO3anucu NnokasbiBaeT MOSIOXKEHUe CHMMaemMoro obbekTta
(Hanpumep, CTpenku cnuaomMeTpa UNU CTONKU orpaxgeHusi) B AaHHbIA MOMEHT BpeMeHu. [na
NPOBEPKN BHYTPEHHMX YacOB BMAEOKaAMeEp BbINOSHEHA BUOEOCHbEMKA 4YacoB WHTepHeTa C
9KpaHa MoHuTopa B TeyeHne 180 cekyHO — 9TO Hambonbllas ANUTENBHOCTb OOHOMO Knuna
3anMcn ucnbiTaHun. o Tpem ynomMsiHyTbiIM BUOEOYCTPOMCTBAM ASIMTENBHOCTM COCTaBUNU
180,398, 179,999 n 180,161 c, cooTBeTCTBYIOLWME OTHOCUTENBHbLIE norpewwHocTn 0,22, 0,17 n
0,09 %. Takasa norpeLHOCTb NpeacTaBNAeTCs 40NYCTUMOMN.

OtpaboTka meToaoB KanubpoBkM npoBoagunack Ha asTomobune Lada Priora BA3-21703
¢ wuHamu Fulda Kristall Montero 3 M+S 185/60 R14 82T. O6bwas macca aBTomobuns ¢
noabmun n obopygosaHuem 1454 «r.
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MopsaoK BbINOMHEHUS KanuMbpoBkM  Obil  Takum: BoauTenb Ben  aBTOMOOWUNb,
BblAepXMBasi 3ajaHHYK0 CKOPOCTb, M CHUMan Ha BuAeO ABWXEHWe CTPenok cnugomMmeTtpa wu
TaxomeTpa. OnepaTop cHMMan orpaxgeHue. PykoBoantenb akcnepMmeHTa 3agaBan pexunmbl
(ckopoCTb M ANUTENBHOCTb MMOWAAKA) U CHUMan nokasaHus npuemHuka GPS Triton 300
dupmbl Magellan, HaCTpPOEHHOro Ha WMHOMKAUUKO TeKyllen CKOPOCTM C O4HWM 3HAKOM nocrie
3anaTtoun (Hanpumep, 48,4 KM/4) 1 CMEHOW MHAOMKALUWN KaXKOYH0 CEKYHOY.

KannbpoBKy BbINONHANM Tpemsa metogamu [2]:

a) CpaBHeHWeM NnokasaHu1 cnugomeTpa ¢ nokasaHusMun npueMmHmnka GPS;

b) CpaBHEHNEM MOCTOSAHHON CKOPOCTM MO CNUAOMETPY C YaCTHbIM OT AENeHus nytu
BOOMNb OrpaxaeHns Ha BpeMsi U3SMEPEHUS;

c) CpaBHEHNEM MOCTOSAHHON CKOPOCTM MO CNUAOMETPY C YaCTHbIM OT AENeHus nyTu
no Tpeky GPS Ha Bpema nsamepeHus.

Bpema namepenus gnunocb ot 70 go 120 cekyHA, BblaepXmnBaTbh 3a4aHHYH CKOPOCTb
6e3 OTKMNOHEeHWI He ygaBarnocb, NO3TOMY MO BMOEO3ANUCAM OBWXKEHWA CTPEnku cnvaomeTpa
onpenenany nNpoAOIHKUTENBbHOCTb WMHOMKAUMKM fi Kaxgon ckopocTu Vi u  nogcumtbiBanu
CpeOHeB3BELLUEHHYH CKOPOCTb:

v=>tv /3. (1)
i=1 i=1

Mo TexHuyeckum npuuMHam kanubposka no mHAvkaumm GPS nposegeHa Tonbko ANS
ckopocTten 50 km/4 u Hxe (Tabn. 1, dur. 1).

Tabnuua 2 — Pe3ynbtathl KannbpoBku cnngomMeTpa

Vmocwmao- |4, 1oq7 |30 [382 |50 |60 |70 |80 |90 | 100
Mepr

Xe':&grpa*' 10,96 | 19,84 | 26,40 | 34,63 | 45,00 | 55,30 | 62,86 | 72,67 | 81,54 | 91,16
Vno Tpeky | 12,51 | 19,23 | 27,55 | 34,53 | 45,78 | 54,65 | 62,15 | 71,72 | 79,13 | 90,62
V No MHAOWK.

Gps 10,99 | 18,93 | 26,66 | 34,58 | 45,11

CornacHo Tabnuue, 3Ha4yeHMs PaKTUYECKON CKOPOCTU MO OrpakaAeHUo U No MHANKaLUn
GPS cosnagatot B 4eTblpex crnyvasix uM3 nNaTv, No Tpeky 3ameTHo oTtnuyatotcs. OyeBuaHo,
camble TOYHble 3Ha4YeHus JaeT BUAEeO3anucCb OrpaxaeHus, ncxogswas u3 npsMbiX 3amepos
nyTn. A Tpek — pesynbTaT 06paboTkM CNYTHUKOBLIX CUrHANOB B CaMOM NpUeMHuKke, aanee — B
nporpamme cBA3u npuemHuka GPS c komnboTepom Vantage Point, B camom komnbrloTepe, a
3aBepLuaetcs obpaboTka pyvHbIM CHETOM C yKa3aHHOMW MOrpeLlHOCTbIO, MOCKOSbKY BCTPOEHHbIE
B nporpammy dyHkumn Play (BocnpousseneHvne Tpeka) m Odometer (OpomeTp) He
obecneuvnBaloT HYXXHOW paspeLuaroLent CNoCOOHOCTU CYMTLIBAHUS.

Tun WnH BNUSeT Ha kanMbpoBKY, XOTA M Mano: paHee Ha BCECE30HHbIX WwuHax KAMA
EURO 224 6bino nonyyeHo kanubpoBoyHoe ypaBHeHue y=0,91575x — 0,7093, Tenepb Ha
3uMHUX WwnHax Fulda Kristall Montero 3 Toro xe pasmepa y=0,9106x — 0,2197, T.e. rpadouk wen
Ha 0,49 kmM/4 HMXKe, a KOadhdPMUMEHT HakoHa Obin 6onbwe Ha 0,0056, T.e. Ha 0,6 %. PaspbiB
Nno BpEMEHU Mexay 3TumMmn AByMSa kanubposkamum 19 mecaues.
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CKopocTb MO cMQoMeTpy, KMy

®ur. 1. Npaduk kannbposku cnngomeTpa Lada Priora

CnepoBaTtenibHO, XapakKTepucTvka cnugomeTpa, BO-MepBbiX, OnmM3ka K NIMHEWHOW, BO-
BTOpPbIX, AOCTATOYHO cTabunbHa. MMO3TOMY MOXHO He onacaTbCA BHE3aMnHbIX OTKNOHEHWIA OT
KanmbpoBOYHOIO ypaBHEHUS B XOA4€E IKCNEepMMeEHTa (HO nepen KaxablM HOBbIM 3KCMNEPUMEHTOM
KannbpoBKy cregyeTt NOBTOPUTD).

Ntak, 3HadeHua ckopoctn no GPS npaktnyeckum coBnagardT CO 3HAYEHUAMM MO
OrpaXkQeHuto, KOTopble [AO0CTaTOYHO TOYHblI MO onpedeneHuto. BaxHo, 4YTO BbIMNOMHATb
kanubposky no gucnneto GPS mMoxHO Ha popore 6e3 pasmeTkn. C y4eToM 3TOro BbiBOAA
kannbposka uudposoro cnugometpa astomobuna Honda Civic (mogenb 2006 r.) 6bina
nposegeHa Ha pgopore 6e3 pasMeTkm C YMEPEHHOW WMHTEHCMBHOCTbIO ABWXKEHUS. [lokpbiTne
cyxoe K uuctoe. Temnepatypa Bosgyxa —2 °C. Macca aBTtomobuna c nwogpbMu wu
obopygosaHmem 1540 «kr. WnHbl 3umHmne Fulda Kristal Montero 3 205/55 R16 91T, gaBneHue
0,216 Mrla (2,2 6ap).

B xope akcnepumeHTa BoAUTENb ynpasnssn asToMobunem u CHUMan cnugomeTp
poToannapaTtoMm, yadepXKuBaeMbliM Ha cTynuue pynsa (cur. 2). OnepaTtop OAHOBPEMEHHO
cHuman npuvemHuk GPS gpyrum doTtoannapatom. AnnapaTbl Obinn CUHXPOHU3NPOBaHbI (dour.
3). OgHako BoAUTENb M OMepaTop He COrnacoBbiBanIM MOMEHTbI BKIHOYEHUA U BbIKITHOYEHUS
BMAEO03anMcKn, NO3ITOMY OKOHYaTeNbHAs CUHXPOHU3aUUsa OCyLeCcTBNanacb npyu nNpocyLnBaHum
3anucen, No OAMHAKOBbLIM 3ByKaM Ha ayauMoOA0pPOXKKaX.

®dur. 2. Bugeocremka npnbopos asTomobunga Honda Civic

Mpn 3amepax aBTOMOOMNb ABUrancs BHavane Ha ceBep, 3aTEM B HOXKHOM HarnpasfeHnN.
[nntenbHOCTbL 3amepoB Obina pasHon — oT 5 go 50 ¢, B 3aBUCMMOCTM OT TOro, 4YTO MO3BONIsANa
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AOPOXHasA CUTyaumsa M Kak OoSfro MHAULMPOBANoCb CNMAOMETPOM OLHO 3HA4YeHME CKOPOCTU.
MpuemHnk GPS Obin HAacTpOEH Ha pPeXuMm 3anucu Tpeka M CMEeHbl MHOMKauun 4vepes3 OaHy
cekyHay. TecT BbINOMHANCA B npefenax ropofckon 4YepTbl, NO3TOMYy Obinl BbibpaH BeEpXHWIA
npegen ckopoctn 70 kM/4 no cnvgomeTpy. [NonyyeH AoCTaTOUHbLIN ANA KanubpoBKM Matepuan,
obpaboTaH 1 npeacTaBneH 30ecb B Buae 1abn. 2 n ur. 4.

L VirtualDub 1.8.8 - [MVI_6411. avi]

Fle Edit Vew Go Yideo Ado Cptiors Took Hep
n

2l 4l 5l sl 1000 1200
MJ|/I‘,U| N\«\w\/‘\@\@.\;\;\ o | | Frame 0 (0:00:00 000} [K]

®ur. 3. CnHXPOHHbIE Kaapbl Buaeo3anucen cnugomeTpa n Taxometpa
n npuemMHuka curHanos GPS Magellan Triton 300 (c skpaHa nporpammsl Virtual Dub)
Ta6nuua 2. KanubposouHasa Tabnuua cnugometpa Honda Civic (2006)

CnngomeTp 10 18 20 30 31 39
GPS 9,30 16,58 17,55 27,56 28,41 36,20

CnugomeTp 40 51 52 62 62 71
GPS 37,42 48,18 48,77 58,23 57,65 67,26

TpebyeTcs OTMETUTbL BE OCODEHHOCTU npoLiecca Kannbposku. [epeas - 3TO CNOXHOCTb
nogaepXaHusi NOCTOAHHOW ckopocTu. [pu pydyHoMm nogaepxkaHum ckopoct 10 KM/Y4 UCTUHHBbIE
3HayeHus ckopoctn 3a 30 cekyHa 3amepa konebanucb oT 8,5 oo 9,7 KM/M npu cpegHem
m=9,303 km/u (cpegHekBagpatnyHoe oTknoHeHne 0=0,306, koaddurumneHT Bapuaumm v=0,033)

[3].

125
| |
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®dur. 4. Npacduk kannbpoekn cnngomeTpa Honda Civic [4]
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OneKTpoHHass cuctema «afanTuBHbIM KPYM3-KOHTPONb» B 6a30BbIX KOMMMEKTauusax
yCTaHaBNMBaeTCs nuWb Ha Joporve asTomobunm nmbo wmaet Kak onuud, T.e. 3a
AONOSHMUTENbHYID onnaTy. JTta cucTteMa obecneuvna nydwyko ctabunbHocTb [4]. Tak, npu
nokasaHuax cnugomeTpa 62 KM/4 UCTUHHbIE 3HAYeHMs ckopocTu konebanucb oT 57,2 go 58,7
KM/4 npu cpegHem m=58,225 km/y (0=0,388, v=0,033). Ewe ny4ywe Gbinn nokasatenu npu 71
Km/M: m=67,26 km/M (0=0,128, v=0,002). OpgHako cucTeMa KpPYMU3-KOHTPOMA Ha 3TOM
aBTOMObOUNE HaumHaeT paboTtaTb co ckopocTn okosio 50 km/4 (30 Munb B Yac), U HA MEHbLUUX
CKOPOCTSAX BOAUTENNIO NPUXOOUTCH BblAEPXKMBATL PEXMM CAMOCTOSATENBHO.

UTobbl 060NTU 3Ty CrOXHOCTb, UCMOMb30Barcs crenylwmin nopagok obpaboTtku: Ha
BMaeo3anmcn umcpoBoro cnmagomMeTpa Bbibupanu MHTepBanbl BPEMEHWU, B TEYEHME KOTOPbIX
MHOMUMPOBAnach HyXXHasd CKOpOCTb, Hanpumep, 10 kKm/4. Ha Buaeosanucu gucnnes npMeMHuka
GPS Haxogunu y4yacTku, CUHXPOHHbIE C BblOpaHHbIMK, M BbIMUCNANN CpeaHuE 3HaYeHus
ckopoctn no GPS B HapacTawlwem psay 3TUX y4acTKOB (OSIMTENbHOCTLIO OKOMO 1 CeKyHAbl
Kaxgbin). OnuvHy psga cuitanu SOCTaTOYMHOW, Korga W3MEHeHue cpedHen CKOpOoCTU 3a n
N3MEPEHUN MO CpPaBHEHWIO CO cpefHen 3a n-1 U3MEpPEeHUn CTaHOBUIIOCH MpPeHebpexMMo
ManbiM. B cnydae ckopoctn 10 KM/4 3TO npom3oLwno nocne 25 y4acTKkoB, KOraa pacxoxaeHue
HaKOMNSIEHHbIX CPEOHUX CKOPOCTEN B ABYX MnocrefoBaTenbHbIX ydacTkax ynano Huxke 0,01 %.
3ameTHO, 4YTO HMXe 1 % pacxoxgeHue cnyctunocb nocne 19 cekyHa. Takum obpasom, 3aTpaTa
nMwHMX 6 cekyHg BpemeHu npu obpaboTke OKynmMnacb [OBOSIbHO XOPOLUMM MNOBbILWEHNEM
ToyHocTn B 100 pas.

BTopon CrnoXHOCTbIO SBRSIETCA pasnuyme pesynbTaToB Mpu OBMXKEHUM aBTOMOOMNA B
NPOTMBONOSIOXHbIX HanpasneHnax. KanmbpoBoyHOe ypaBHEHME MpU ABMXEHUM Ha Or MMeeT
Bna Veprs=0,9545-Vspeep — 1,0093, a npn aBmxkeHnn Ha ceBep — Veps=0,9467-Vspeep — 0,4137.
Pasnunune HeBenuko, HO Bce xe npu 70 km/4 coctaBnsaeT 65,855-65,806=0,0496=0,05 km/u.

Ob6bsicHAeTca 3TO pasnuumne Tem, 4to npmemMHnk GPS, pacnonoXeHHbin nog nodoBbim
CTEKNOM, MPUHUMAET CUrHambl B OCHOBHOM M3 YacTu Heba, K KOTOPON ABMXKETCS aBTOMOOUIb.
3agHAaa yacTb Heba akpaHMpoBaHa MeTanNIMYEeCcKon Kpbllen aBToMobuns, n oTTyga noctynaet
MeHbLle curHanoB. CnyTHUKN aMepUKaHCKON CUCTEMbI No3uumoHnpoBaHna GPS nmeloT HakmnoH
opbuTbl K akBaTOpy 55°. TecT npoxoann Ha 50° ceBepHON WIMPOTLIL. [103TOMY B CEBEPHON YacTu
Heba CNyTHUKM NOOHUMAOTCA HaL FOPU3OHTOM MaKCUMyM Ha 5°, M TOYHOCTb U3MEpPEHUS
HeBenuka. Npu OBWXEHMM B IOXKHOM HamnpaBneHun nepen NPUEMHUKOM OTKPbIT [OBOJSIbHO
Bonblwni cekTop HabnaeHUs, curHanbl NOCTynatT OT 60NbLUEro Yncna CNyTHUKOB U TOYHOCTb
nosmunoHmpoBanus Bbiwe. [pn nonb3oBaHun cuctemon TIOHACC atoT BpegHbin addekT
3aMeTHO cnabee, Tak kak opbuTa CNyTHUKOB POCCUMCKOM CUCTEMbI UMEET HaknoHeHue 63...65°.
MeHblle OH ckaxeTca M B Oonee HXKHbIX panoHax, Hanpumep, B6nm3n BapHbl, Ha wupoTe
okono 43° [3].

NTak, B OTBETCTBEHHbIX Cry4yadx cnefyeT oOTAaBaTb nNpeanoyTeHMe KannbpoBske,
BbIMONHAEMOW NPU ABMXXEHUM Ha 10T, ECNY NPUEMHUK pacrnonoXeH nog nobosbim cteknom. MNpu
ABWKEHUM B CEBEPHOM HarnpasfeHUM MOXHO MNepeHeCTU MPUEMHUK MO HaKMNOHHOe 3agHee
CTEKNO.

OtmeTum cniyyan, Korga WCNoONb3oBaTh KanmMbpoBKY MO  CAYTHUKOBBIM — CUrHanam
HexernaTenbHo. He criefgyeT BbINONHATL Takyr KanmbpoBKy Ha JOporax C 3aMeTHbIM YKITOHOM —
B 9TOM criyyae owwmnbka, Bbl3BaHHAsA NepenagoM BbICOT, MOXET 3aMETHO MCKaXKaTb NokKasaHus
ckopocTu. He cnegyet npoBOAnTb KanMOpOBKY Ha Y3KMX FOPOACKMX ynuvuax cpean BbICOKUX
AOMOB, B r'yCTOM fecy.

3. 3akntoyeHue:

KannubpoBka no CnyTHMKOBBLIM CUrHanam pacxogutcs ¢ 6onee TOYHOW rpagyMpOBKOW MO
pasmeTke pgoporn Ha 1%. [lpu [OOPOXKHBLIX MCNbITAHUAX HeobBXoAMMO MNOSb30BaThLCA
KannbpoBaHHbIM CNMAOMETPOM; eCnn HET Aopororo o6opyaoBaHnst 1 0cobon pasmeTkn AOpPOoru,
caMblM TOYHbIM M MPaKTUYHbIM METOOOM KanvbpoBKM cnuaoMeTpa sBfseTcs napannenbHas
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CYHXPOHHas BMAEO3anuCb MOKasaHUM cnugomMeTpa W nNpuemMHuKa ChyTHUKOBLIX CUrHanoB.
Takke npu MCNONb30BaHUN CMYTHUKOBbLIX CUTHANOB KannbpoBKy NPOBOANTL HA POBHOW opore,
6e3 BbICOKMX, AOMOB AEpeBbeB, rOp M ApyrMX NpeaMETOB UCKaXKalolwmx MpaBuIIbHOCTb
nonyyeHHblX AaHHbIX. KanubpoBky no curHanam GPS nyywe npoBoanTb Npu OBWXKEHWUU
aBTOMOOMNS Ha tor.
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UHTEMPUPOBAHbBIN N'PA® 3A0AY YNPABNEHUA PEXKMMAMU
rMePUOHOW CMNOBOWN YCTAHOBKW ABTOMOBUNA

INTEGRATED GRAPH OF CONTROL OF VEHICLE HYBRID POWER
PLANTS

Alexey Bazhinov, Tetiana Bazhynova

Abstract. The algorithmization technology for the synthesis of controllers has been developed.
impacts on the basis of the created integrated graph, which will allow you to quickly synthesize the solution
of control problems without the participation of the decision maker.

Keywords: hybrid power plant, automobile, graph, strata, method.

1. BbBegeHue
B HacTosiwee Bpems BO3HMKNA HEOBXOAMMOCTb NpuAaaHna MHEOPMAaLMOHHO-
nameputensHon n ynpasnswowen cucreme (MMYC) cunosbix yCcTaHOBOK afanTUBHBIX
CBOWCTB, T.e. CMNocCoBHOCTM BbIOOpa CcTpaTerMu ynpasreHus arperatamym CUITOBOM
YCTaAHOBKW, KOTOpas MWHMMU3NPYET BbIOpaHHbIN (OYHKLMOHAN KayecTBa C Y4eTOM
BHELLHMX YCNoBUIM paboTbl NpU 3aaHHbIX orpaHnyeHunsx. [1o HacTosLwero BpeMeHn psag
ocobeHHocTen WNYC cunoBbIX YCTaHOBOK rMBpuaHbIX aBTOMOOMMEn ocTalTcs
HeuccrnegoBaHHbIMU. [puMeHsoWwmnecs meToabl aHanuaa un cuHtesa MNYC He yaenstoT
AOCTaTOMHOrO0 BHMMAaHWA MHOTOKPUTEPUANBHOCTM BO3HUKAKOLWUX OMNTUMU3ALMOHHBIX
3agady. Metoabl aganTtauuu ynpaeneHUs K W3MEHSIOWMMCS BHELIHUM YCIOBUSM
aKcnnyaTauumn ABNAKTCA HEAOCTATOYHO adhpekTUBHbIMA. [1aHHbIe 0BCTOATENBbCTBA HE
NO3BOMAIOT B MOMIHOM Mepe PacKkpbiTb NOTeHUManbHble Bo3MoxHocTn MNYC cunoBbix
yCTaHOBOK rmbpunaHbIX aBTOMOOMNEN. 310 onpegensieT aKTyanbHOCTb
COBEPLUEHCTBOBaHUA U pa3paboTKM HOBbIX METOAOB MOAENMPOBAHUSA M ONTUMMU3ALMM
NMNYC ynpaBneHuss CuUnoBbIMW YCTaHOBKaMu rmMbpuaHbIX aBTOMoOOMNen Ha oOcHoBe
COBpPEMEHHOM TEOPUN aBTOMATUYECKOrO ynpaBrieHUsl, BEKTOPHOW ONTUMU3aLnN.
2. UN3noxeHune

Ona cuctem aBtomaTtudeckoro ynpasnenunsa MCY uenecoobpasHo npumeHeHue B
KayeCcTBe OCHOBHOrO MaTtemaTU4ecKoro annapaTa pasgena KOMOMHaTOPHOW TOMOMOrnu
— JNWHEWHbIX HarnpaerfeHHbIX rpadoB obnagawwme HarnsgHOCTbID U SKOHOMUWEN B
BbluMcneHusax. Vcnonb3oBaHve rpaduyeckoro npeactaBrieHns CUCTEMbI JIMHEWHbIX
AnddepeHUmanbHbIX YpaBHEHUN ON1S peLlleHns 3a4ay aHanuaa u cuHTesa nNnpuBegeHo B
pabote [1] u npegnoxeHol ABe (OOPMblI NPeACTaBfEHUA YpPaBHEHUMW — CXEMHas U
rpapHas — nonyyuBwMe [arnbHevlee pasBuTMEe B BUOE CTPYKTYPHbIX CXEM
HanpasneHHbIX rpadoB. lNepBas dopma npeacTaBneHnst (CxeMHas) nerria B OCHOBY
HanpaBneHus aHanusa OVHaAMUYECKUX CUCTeM, MONYYMBLUErO Ha3BaHWE CTPYKTYPHbIX
MeTOoA0B npeacTaBneHHas [2]. Btopas dpopma (rpadHast) He nony4dunna Takoro LWMpPOKOro
NPUMEHEHNA, XOTH YCMeLHO WCMonb3oBanacb B CTPYKTYPHbIX uccrnegoBaHuax [3].
B03MOXHOCTb MCMNOMb30BaHMS HanpaBneHHbIX rpadoB ANA pelleHuss 3agad CuHTe3a
NUHENHbLIX CUCTEM aBToMaTu4yeckoro ynpasreHus [4]. OgHako B nepeyucrieHHbIX
paboTax He NpPUBOAATCA pelleHns 3agad ynpasneHus CY astomobuns.

Ona  peweHna aTton npobnembl  npeanaraeTca  MeTo4  NOCTPOEHUs
WHTErpUpPOBaHHOro rpada anropyMTMu3aumm CUHTE3a peLLUeHNa 3adayvv ynpaBreHus
npoueccamu 'CY. BepLumHbl rpacdha pacnonaratoTcs Ha pasnuyHbIX YPOBHAX abCcTpakumm
— cTpaTax. Kaxabl ypOBEeHb XapakTepusyeTcsi CBOMM HabopOM 3aKOHOB M MPUHLMMNOB,
KOTOpble OMUCbIBAOT noBefeHue paspabatbiBaemMon cuctembl. Ons apdPeKTUBHOCTH
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TaKoOro Mepapxm4eckoro onucaHms HeobxogvMma He3aBUCMMOCTb MOAESNEN Pa3fnYHbIX
ypoBHen cuctembl. OTNnYnemM 3Ton KOHLENUMN nepapxum oT Apyrux ABnseTca BBegeHne
Tak Ha3blBaeMow CTpaTUULUMPOBaAHHON CUCTEMbI. YPOBHM abcTpakuum, BKo4Yatowme
cTpaTuduULMpoBaHHOE ONncaHue HasblBalTCA cTpaTtamu [5].

Llenbio peleHna 3agayn anroputMmsaumm CcuHTe3a SABNSETCs MNonyyYeHue
ynpaBneHna npoueccamn rmMbpuaHon cunoBowm ycTtaHoBku aBTomobuns (CIY),
MUHUMU3MPYIOLWEro 3afaHHble dyHKUMOHanbl. BBegeHne ctpaT no3BonsieT BblAENUTb
TUMNOBbIE 3Tarbl PeLleHns 3a4ay CMHTe3a yrnpaBreHus, U 3a cHeT PacCMOTPEHUs N1Lb
anbTepHaTUBHbIX NyTeN HanTu Gonee onTMMaribHble anropuTMbl MOMUCKA PELLUEHUA Ha
rpade NpocTpaHCcTBa COCTOSTHUN.

TexHonorms  mMeToga  OTpaxaeT  MNpeacTaBfieHMe  MHOXeCTBa  3ajad
anroputTMmn3aumm cuHtesa ynpasreHus CIY ¢ y4eTOM BHELLHMX YCITOBUW SKCrnyaTaunm.
Bo BHELLHMX yCNoBUsAX BEPLUMHBI Fpada COOTBETCTBYHOT COCTOAHUAM pPeELLEHUS 3a4a4d U
npeacTaBnsaAwT cobor permbl 3HaHWKA, OnNepupoBaHME KOTOPbIMU peanusyeTcs C
MCNonb30BaHMEM anropuTMOB Mpoueayp nporpaMmHbiXx moaynen. Pebpa rpada
npeacraBnaAlT uMHOpPMaLUMo, KoTopad nepefaeTcsas W norlydaeTcs B pesyrnbTaTe
PYHKLUMOHNPOBaHUSA NporpamMMHbIX Mogynen. BeplwunHbl pacnonaraotca Ha pasnnyHbiX
YPOBHAX abcTpakumm (cTpaTax).

Mpad copepxuT cTpaTy uenen, onpegensieMbiX pexuvmamy paboTbl arperartos,
coctasnsowmx 'CY. Lienn cooTBETCTBYIOT MUHUMU3NPYEMBIM DYHKLMOHANam, Kotopble
B CBOI ovepedb Onpenensior peliaemyro 3agady. [loMck B NpoCTpaHCTBE COCTOSIHUN
XapakTepusyeT peLlueHne KOHKPETHOW 3a[aym Kak NpoLecc HaxoXaeHnsa nyTn Ha rpade,
ABMAKOLLErOCA KOHKPETHBIM anropnuTMOM.

WHTerpupoBaHHbIi rpad rmbpuaHon TexHonorun (cwur.1) cogepxuT crnegyrowime
cTpaTbl: MHdopmMaunoHHon mogenu Bcen CIY, nHdopMauMOHHBIX MOAENEN CUMOBbIX
arperatoB, KnacCcoB 3afay Ha MHOXeCTBe COCTOsHUM yHKUuMoHMpoBaHna (MCO),
pexmmoB paboTbl, Lenen ynpaBneHus, MaTeMaTn4yecknx Mogernen arperaTos, ctpaTermmn
ynpaBneHus, ocobeHHoCTeN 3agad, aHanu3a n cuHTesa.

Mpn  (PYHKUMOHMPOBAHMM  IKCNEPUMEHTANbHOrO  rmMbpmugHoro  aBTOMOGUNS
nepegadva nHdopmaumm Mexagy arperatamu, 6azamm AaHHbIX akTUBHBIMW NpoleaypamMmu
OCYLLECTBNAETCA NocpeAcTBaM AMarnoroB MHTENNEKTYanbHOro MHTepgenca, nmerLero
B CBOEM COCTaBe 3KCMepTHyl cuctemy. BepxHue cTpaTbl npegHasHadeHbl Ans
naeHTudukauum unHpopmaumoHHelx mogenen CIY wn ee arperatoB M CUCTEM.
[Mpoueaypbl Mogynen, npuHaanexawmx crpate nHgopmaumoHHon mogenu scen CIyY u
cTpaTe WHGOPMAUMOHHBLIX Moaenen OObLeKTOB ynpasfieHusi, 3adalT pasnuyHble
cueHapuu gmanora 'CY c¢ BHewHumMmn ycnosuamu. B pesynbtate BbINOMHEHUA 3TUX
CueHapueB M3BrekaeTca Heobxoaumasa nHdopmMauna o6 obbekTe ynpaBneHus B Buae
Mopdoniormdeckon mogenu Mhe, xpaHmumon B 6a3e AaHHbIX.

Llenb npuvHagnexuT MHOXeCTBY Uenen: 3atpatbl 3HEpruun, pacxon TOMnnuea,
6e3onacHOCTM OBWXEHUS, NPOM3BOAUTENBHOCTb TPAHCMOPTHOrO npouecca wu 1.4. Ana
OOCTUXEHUS KaxKaou uenn MUHUMU3UPYETCH COOTBETCTBYIOLWNM en doyHKunoHan. Ona
OOCTUXKEHMSI  HECKOSIbKMX  Lenel  MOryT  UCMonb3oBaTbCs  KOMOMHMPOBAHHbIE
dyHKumnoHanbl. CTpaTa knaccoB 3agadv ynpaeneHns Ha MC® pgaeT BO3MOXHOCTb Mpu
onucaHun mogenen CIY paccmatpmBaTtb ycrnoBust paboTbl ee C KOMMNSIEKCHbIM Y4eTOM
BO34eNCTBUSA BHELLUHUX  YCIOBUW n  gpyrumm dhakTopamm nMmerLmmmn
OETEPMUHUPOBAHHYIO, BEPOSTHOCTHYH WM HeYeTKyl (pacnnbiByaTyk) npupogy.
M3meHeHne h npoucxogut B crnyyarHble MOMEHTbl BpemeHu. B 3aBucMmocTu oOT
N3MeHeHNa h Ha WHTepBane BPEeMEHW ynpaBneHus u uaeHTUdukaumm 3HadeHun h
BbIAENAOT YeTbIpe Kracca 3agad ynpasrneHus Ha MCO.
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®ur.1. IHTerpmpoBaHHbIV rpad) MeToAda anroputMmnsaumm CMHTes3a ynpasnsitoLmnx BO3AENCTBUN
pexnumamm CUNoBOK rMOPULOHON YCTaHOBKM:
a) CuHTes pelleHus ans pexuma «Pekynepaunsi»; 6) CuHTe3 pelueHus ans pexmma «[BmkeHune».

CtpaTa pexvmoB W cTpaTta uenen cnyxat gns onpegeneHvs gyHKUMoHana,
3aJalolero KOHKpeTHYK uenb ynpasneHus. CmeHa pexuma paboTbl obbekTa
yrnpaBneHns MeHsieT uenb ynpaesneHus. Tak, Hanpumep, B pexume «[swxeHue» CIY
MOXeT OblTb B pexumMe HakaTa, T.e. He MMeTb Harpysky, NO3TOMYy pellatb 3agadvy
NOBbILLEHMS €€ Ka4yecTBa Ha AaHHOM 3Tane 6eCCMbICNEHHO.

CtpaTa Mmogeneun cnyxuTt ansa ngeHtuukaumm mateMaTnyeckon mogenm obbekra,
noaxoAdswen aAna peweHus 3agadn anroputMusaumm cuHtesa ynpasrneHus. Mpn atom
dpenmbl Moaynen uaeHTUUKauUMM OarT BO3MOXHOCTb, C YY4E€TOM MOSTYYEHHbIX
9KCNepUMeEHTanbHbIX AaHHbIX, NogobpaTb Hanbonee NepCcneKkTMBHYD MoAdenb obbekTa
yrnpaBrneHns M3 MHOXeCTBa anbTepHaTMBHbIX afekBaTHbIX Mogenen. Mogenun moryT
ObITb NpeacTaBneHbl B Buae: [1Y — cuctem anddepeHumanbHbiX YpaBHEHUIN B YaCTHbIX
NPOU3BOAHbBIX C rPaHMYHbIMK ycnosuamu; MNMA — npoueaypHO-aHaNnUMTUYECKNX Moaenen
(HEMPOHHbIE CETU, MOAENN C HEYETKOW NOrMKkon u T.4.); A — MHEPUUOHHbIN OOBLEKT
nepBoro nopsiaka (anepmoandeckoe 3seHo), A — 4BOMHOro anepuoguyeckoro 3seHa, [
— OBOWHOro nHterpartopa; TW — TponHOro nHTerpatopa; a Takke MHOrO30HHbIX Moaeren
T.e. cuctem gudppepeHumnanbHblX ypaBHEHNIN C pa3pbIBHOW NpaBoW YacTbio, Hanpumep,
OA+0OA, ON+A+A n T.4.

CTtpaTta cTpaterui npegnaraeT crnegylowime crtpaTernm peanmsaumm onTMmanbHOro
ynpaBneHus: Sap — KOPPEKTUPYEMYHD CTpaTernio ynpaBneHust Wnu cTpaTermio C
npuMmeHeHnem HedeTkon noruku(Kp), Smp — nporpammuyto (IMp), Sns — MO3MLMOHHYIO
(M3),Skome - KOMBUHUPOBaHHbIE cTpateruu ynpaBneHuns (Km),
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Sok — ¢ cpunetpom Kanmana (PK) Snm — nporHosmpyowen mogensto (MM); n unx
pasHOBUOHOCTH.

Ctpata ocobeHHOCTEN coaepXuT dpenmbl, MO3BONANLWIME pewaTb 3agayn C
y4yeToOM: WHTerpanbHbiX orpaHndeHun (MN0O), dukcMpoBaHHbIM U HE(UKCUPOBAHHbLIM
BPEMEHHbIM uMHTepBanom ynpaeneHna (PBA u HOPBW), 3akpenneHHbIMU WU
He3akpenneHHbIMU  KOoHUamMu Tpaektopun asoBbix koopauHaT (3KOK un HKOK),
PMKCUPOBAHHBIMU MU MHTEPBasnbHbIMU NapameTpamu mogenen oowvektos (I n UIMM), c
yyetom [ (YOAP) n 1.4.

Ctpata aHanu3a n cuHTE3a COAEepPXWT mnpoueaypbl peanu3aumm MEeTOAOB:
cuHTesupyowmx nepemerHblx (MCI1), npuHumMna makcumyma [loHTpsarnHa (MMI),
aHanMTU4eCKOro KOHCTPYMpPoOBaHMS onTuManbHbIx perynsatopoB (AKOP), auHamuyeckoro
nporpammupoBanus (A1), kombuHmuposaHHbix (MCI+01), HeveTkon nornkm (HIN) n T.4.

BaxkHenwnmMn KOMNOHEHTaMM CUCTEMbI, NCMONb3YOLLNMN UHTENPUPOBAHHBLI rpad
TexHonornn, sBngaTcs 6asa 3HaHun (b3) n 6a3a gaHHbIX (BL).

B3 obecneuMBaeT He TONMbKO pacCyXOeHUsi Ha OCHOBE OnbiTa, HO WU
dyHOaMeHTarnbHble 3HaHNUA O MaTeMaTU4eCcKMX MeTodax aHanmsa u cMHTesa U 3HaHus
NPUKNagHOro  xapakTtepa, Wucnonb3yemble paspaboTyMkamu  anropMTMUYECKOro
obecneyeHuns, B TOM YMcne mateMatmyeckne NOCTaHOBKU 3aay yrnpaBlieHus, a Takke
COOTHOLUEHUR, onpegensiowmne Buabl QYHKUMIA ynpaBreHuss AOns UCNoSib3yeMblX
dyHKUMOHANOB, onpefensioume CUHTe3NpyrLwme nepemMeHHble, UCNornb3yemble Mnpu
peweHnn 3agady  UMUTAUMOHHOIO MOAENUPOBAHMSA, U Ap. OTU  COOTHOLUEHUS
NPUMEHSATCA Npy pa3paboTke HOBbIX Moaernen Ha 6a3e NPUHLMNOB HacneaoBaHMWS.

B B[l cogepxaTca cBegeHna o pesyrnbTaTtax BHEOPEHUA CUCTEMbI KOMMBbIOTEPHOTO
ONTUManbHOrO yNpaBfeHns, NOMyYeHHbIN 3PEKT MCNOMNb30BAHNSA CUHTE3MPOBAHHbIX
anropuTMOB yNpaBneHusl, pasnuyHble BUAbl MOAENEN NpoLEeCCoB, NapamMeTpbl U COCTaB
mMogenen Onsi MHOTO30HHbIX OOBEKTOB, @ TaKkKe WCMNONb3yemble CTpaTernun, ycrnosus
pelleHnsa 3agad ynpasneHna n 1.4.

Mo3numn, a) n 6) Ha (dur.1) NokasaHbl NPUMEPLI NYTEN CUHTE3A PeLLEHUs 3ada4n
ynpaBneHus, ncnonb3yemMble Npu noctpoeHun paboyero npouecca MNMYC I'CY.

PaspaboTka pabouyero npouecca MNYC I'CY nposogutca B ABe ctaguun. Ha nepson
cTaguu, Ha30BEM €e UCCeaoBaTeNlbCKOW, UCMONb3yeTCsa MNepCoHanbHbIM KOMMbIOTEP,
coaepxaiimm MOSHYO BEpPCUIO WHTErpupoBaHHOIo rpada TEeXHOMnornm
WMHTENMEeKTyanM3aunn cuHTesa pelleHns 3agayv ynpasnenus FCY (dwur.1) ¢ nonHbim
HanosiHeHMeM cTpar.

Ha nccnepoBatenbckon ctagum npomcxoamt aHanua arperatos [CY, B pe3ynbTaTe
yero oOpPMUPYETCH HOBbIN MHTENPUPOBAHHbLIN rpad TEXHOMNOMMN MHTENNeKTyanusauum
CUHTE3a pelleHnd 3agaydm ynpasneHus 'CY nytem HanonHeHna ero ctpat 6a3 gaHHbIX U
3HaHW 3HaHMAMK 06 nccnegyembix obbekTax, coctasnsawwmx MCY (Hanpumep puc.1 a)
unu 6)). [ins aToro NnocpeacTBOM peanu3oBaHHbIX CLIEHAPUEB Auanora C nosib3oBaTenem
onpeaensTca: MHOpMaLUNOHHas Moaerb rmbpungHoro aBTomobuns;
NHPOPMALMNOHHbIE MOAENU arperaTtoB CUIIOBOW YCTaHOBKM aBTOMOOWIIS; MHOXECTBO
COCTOSAHUI  (PYHKUMOHMPOBaHUA rMbpuaHOro aBTOMOOUNSA; Harpy304HO-CKOPOCTHOM
pexum paboTbl rMbpnaHON CUIOBOW YCTAHOBKM; LieNn ynpaBrneHnst pexmmammn paboTbl
obbekTa; Bug matemaTn4eckon Moaenun nsydaemMoro npoLecca u ee napameTpbl, MICXoas
N3 OaHHbIX 3KCNepuMeHTa; AeNCTByoLWMe No KaHanam ynpasrneHus n namepenus Oo;
cTpaTernun ynpasneHns; ocobeHHOCTM 3agaym ynpasneHus; opMyrMpoBKM NOCTAHOBOK
3agay; Npon3BOANTCH aHann3 u CUHTE3 3aJaun yrpaBreHns.

Pesynbtatom wuccnegoBaTenbCkon cTaguu, SBNSieTC NOCTPOEHWE  HOBOMO
WHTErpupoBaHHOro rpada TEexXHONOorMM WHTEenneKkTyanMsauun CuHTesa 3ajayu
ynpaBneHus, nexawero B OCHoBe qyHKuMoHnpoBaHus WMUYC TCY. [MoctpoeHue
3akn4yaeTca B onpegeneHnn mM3 obLMX MHOXECTB TUMNOBbLIX 31IEMEHTOB MCXOLHOMO
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rpadpa, MHOXeCTBa 3IEMEHTOB pe3ynbTUPYIOLWEro rpadga, peanusyrwmx peLleHus
3agad koHkpeTHou 'CY. Hapsagy ¢ noctpoeHnem rpada Ha uccrnegoBaTenbCckon crtagum
pewaeTcs 3agaya CTPYKTYPHOrO MOCTPOEHUSI MPOEKTHbIX PEeLleHuK, T.e. HaxoauTcs
onTumaribHoe NpoekTHoe pelleHue apxutektypbsl MUYC ICY.

Ha BTOpon cTtaguMm MNOCTPOEH rpad TEXHOSIOrMM UHTENNeKTyanu3aunmm cuHTesa
3ajayv ynpasneHuss OnA  KOHKPETHOro WCCnefdoBaHHOrO arperata  ynpasrieHus
(Hanpumep, TAroBasi akkymynaTopHas 6GaTtapesi, ABuratefnb BHYTPEHHEro cropaHus)
3anucbiBaeTcs B BbIOpaHHbIA ONA OAHHOMO MNPOEKTHOrO PELUEHUS KOHTPONnep, u
Hannune K ¢ nonHon Bepcuen rpada nepecrtaet bbiTb HeobxoanmbiM. Micnonb3oBaHne
NMOCTPOEHHOro rpada TEeXHOSOrMM WHTENMNeKTyanMsaunun cuHTesa 3anoMuHaroLero
onepartmBHoro yctpouctBa (30Y) nossonsieT onepaTUBHO CUHTE3MPOBATb pPELLEHUS
3agavy ynpasnenuna 6e3 yyactna nuua, NpUHUMaIOLLEro peLleHune.

3. 3akntoyeHue
PaspaboTaH WHTErpupoBaHHbIN  rpad TEXHOMOrMM  anropuTMM3auum  CUHTE3a
ynpasnsowmnx Bo3genctsMn. B npocTpaHCTBe COCTOAHUM  BepluMHbl  rpadpa
COOTBETCTBYHOT 3Tanam peleHnsa 3agad u npeacraBnsaioT cobon dpenmbl 3HAHUR,
onepupoBaHMe KOTOPbIMW peanu3yeTcsi C UCMNOSIb30BaHNEM anropuTMOB NPOrpaMmMHbIX
mogynen. Pebpa rpadha — 310 uMHGOpMauus, nepegaBaeMas W nonyvyaemasi B
peaynbTate pabotbl Mogynen. BepwuHbl rpada pacnonaratoTcsa Ha pasnmnyHbIX YPOBHSX
abcTpakumm — cTpatax. Kaxabli ypoBeHb xapakTtepudyeTcsi psiaoM ocobeHHOCTewn, C
NMOMOLLIbIO KOTOPbIX onuckiBaetcsi nosegeHme [CY. BeegeHne cTpar nossondeT
BblAENUTb TWUMOBbIE 3Tanbl peleHus 3agad CuHTe3a ynpasreHud, U 3a cyeT
pPacCMOTPEHNA NULLb anbTEPHATUBHBIX NyTEN HanWTKM Bonee onTUMarnbHblEe anropUTMbI
noucka peLleHui Ha rpade npoctpaHcTBa pexxmmoB paboTsl CY.
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ANEKTPOMAINHUTHAA ONACHOCTb 3JIEKTPO U TUBPUOHOIO
TPAHCIOPTA

ELECTROMAGNETIC HAZARD OF HYBRID VEHICLES

Alexsey Bazhinov, Mikhail Kravtsov

Abstract. The technique and results of measurements of the magnetic induction of cars with an
internal combustion engine, electric cars and hybrid cars are given. The magnetic field induction of an
electric car is twice that of a car with an internal combustion engine and does not depend on the speed of
movement. The magnetic field induction of a hybrid vehicle is greater than that of an electric vehicle and
tends to be speed dependent. The induction of the magnetic field when charging in the parking lot of an
electric car inside is much less than when driving

Keywords: hybrid car, electromagnetic radiation, induction, electric car.

BBepeHue:
K aHTpONOreHHbIM WCTOYHUKaAM SNEKTPOMAarHUTHOrO  U3fyYeHUs OTHOCATCS:
3MIEKTPOTPaHCnopT (TpamBawu, Tponnenbychl, noesaa, ANeKTpoTpaHcnopT

MeTpononuTeHa, rMbpuaHbIi M YUCTO  SNEKTPUYECKUN  TPAHCMNOPT);,  NMHUK
anekTponepegay  ropoAckoro  OCBELLUEHWUSA,  BbICOKOBOSIbTHble  NuHuM  (J1IOM);
3NEeKTPonpoBoOAKa B cepeguHe 34aHun, TenekoMMYyHUKaLnu; OblTOBbIE
anekTponpubopbl; Tene- uU paguocTaHUuMM U TPaHCAUPYHOLLME aHTEHHbI, pagapsbl,
nepcoHanbHble KOMMbOTEPbl, MOOUNbHble TenedoHbl U T. 4. Bce atTm  UCTOYHUKK
N3Ny4atoT ANEKTPOMArHUTHbIE NOJIS, KOTOPbIE NMPOHMKAsA B KIETKY YerioBeKka oKasblBatoT
Ha Heé HeraTMBHOE OENCTBUE.

OneKkTpoMarHUTHbIE BOMHbI XapaKTepusylTca ANWHOW L, koTopble uanyyaeT ux
NCTOYHMK, YacTOTO F 1 ckopocTbio A nx ABMXKEHUS. DNEKTPOMArHUTHbIE MOt — 3TO HE
BMAMMbIE 00nacTm 9HepruM TakK e HasblBaeMble W3NyyYeHusl, NpOM3BOLAMMbIE
9NEeKTPMYECTBOM, TO €CTb [ABWXEHMEM OfIEKTPOHOB WM  Toka MO MNpoBOAY.
OnektpomarHuTHoe none (BMI1) — ato ocobasa hopma maTepumn, C NOMOLLLI KOTOPOM
OCYLLECTBNAETCA B3aMMOAEWNCTBME MeEXAY 3apsiKeHHbIMW 4YacTuuamu. MICToYHuKamm
CMEHHbIX 3NIEKTPUYECKMX WM MarHUTHbIX MONen B INEKTPUYECKUX U rMbpmnaHoM
TpaHcnopTe ABNATCA y3ribl, B KOTOPbIX UMEETCHA BbICOKOE NEPEMEHHOE HanpsiKeHne, 1
y3nbl, paboTtatowme ¢ 60nbwnMMmM ToKamu.

CteneHb Bo3genctBna OMI1 Ha opraHM3aM 4enoBeka 3aBUCUT OT AuanasoHa
4YacTOT, MHTEHCMBHOCTM W NPOAOIPKUTENBbHOCTM OENCTBUA, XapakTepa Wu3nyyYyeHus
(HenpepbIBHOE WX MOAYNMPOBAHHOE), pexuma obnyyeHusi, pasmepa obnyyaemon
NOBEPXHOCTW Tena, nHansuayanbHblX ocobeHHocTen opraHmama. OMIT MoryT Bbi3BaTb
buonornyeckne u yHKUMOHamNbHbIE HebnaronpuaTHble 3addekTel B oOpraHusme
yeroBeka.

2. U3noxeHue
Ewe B 2002 r., Koraa TONbKO HaYMHanoCb LUMPOKOE BHeApeHME MOPUAHbIX
aBTOMOOMNEn, OONH M3 LUBEACKUX >XYpPHanoB MpOBesl 3KCnepTusy OBYX Modenen c

OEH3NHOBLIMW OBUraTenisiMM U BbIIBUN B HUX BbICOKUM YpPOBEHb 3J1IEKTPOMarHMTHOro
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N3ny4YyeHnsi, NPOU3BOOUMOrO 9NEKTPOHHbIMKM ceTamu [1]. Cenyac Hambonbliee
6eCnoKONCTBO BblpaxatloT BnagenbsLbl rmbpnaHbix asBTomobunen. OHM He NOCKYNUINCh
nprobpecTn 4eTeKTopbl MarHUTHbLIX NMOMEN U Y>KAaCHYNUCb NoKasaHUsMN 3TUX Npnbopos
[2]. Yxe nosiBunacb HoBasa ycriyra no BHYTPEHHEW M30nsuMyM carnoHa MaluHbl OT
n3nydeHns. Y Bogutenen npu BoxaeHum rmbpmaHon «XoHabl» MOBbIWLAETCs AaBrneHne
N BO3HMKAET COHMMBOCTb, KOrAa OHW HaxogaTca 3a pynem astomobuns [3]. Mpuuem
paHblle C HUMM Takoro He cnyyanocb. HesaBucumoe TectupoBaHue rmbpuaHom
«TONOTbI» BbIABMMO MOBbLILWEHHOE 3NEKTPOMArHUTHOE Wu3ryyeHue Tam, rae cuaart
BOAUTENb M NAccaXxup c3agun cnesa [4].

Y camoro nonynspHoro rmbpuaHoro asTtomobuna Toyota Prius ypoBeHb
nanydenHns cocrtasmn 30-170 wmunnuraycc, 4to B 15-135 pas Bbilwe HOPMBbI.
WccnepoBaHve npoBoamna obLiecTBeHHas KOMUCCUA NOA PYKOBOLACTBOM AOKTOpa Jnu
WtepHa (U3paunb), 3aHMMaoLWancs KOHTPONeM N3Ny4eHUs OT JIMHUIA BbICOKOBOSbTHbLIX
nepegau [4].

Mo gaHbIM [4,5] NPOLEHT, 3NEKTPOMArHUTHOrO 3arpsaA3HeHusl FOPoACKoOn cpenbl OT
aBTOTPAHCMOPTHbIX cpeacTs MOXeT pocrturatb 30%. XapaKkTepucTukn
anekTpoMmarHutHoro nonga (3MI1) B 3aBUCMMOCTM OT MHTEHCUBHOCTU [OBUXEHUS
aBTOTpaHcnopTa npeacrasneHbl B Tabn. 1.

Tab6ymma 1.IToka3zaTenn eeKTPOMarHUTHOTO TIOJIS

YacToTHBIN JUana3oH
S5Tu—2xlm | 2 k[ — 400 k[ | 50 I'n
HurencusHoCTs Xapaxrepuctuku EMIT
JIBUKECHHSI
E, U, E, B, E, B. MkT
B/Mm MKT 11 B/Mm MKT1] B/Mm » MELI
40 AT3/mun 7 0.1 0.3 1 2 2
60 AT3/mMun 16 0.3 0.9 1 6 3

M3mepeHne MarHUTHbIX U SNEKTPUYECKMX Nonen NpoBOANMNOCH C UCMONb30BaHNEM
M30TPONHbLIX 30HOOB ANndA AnanasoHa oT 100 kly go 60 Muy. Bbonbwon rpadgpuyeckun
ancnnen no3BonseT Nerko cuMTbiBaTb pesdynbTaThl. [pocToTa B 06paweHun bnarogaps
NHTENNeKTyanbHOMYy MHTepdency, obecneymBatoLLleMy aBTOMaTM4YeCKOe onpeaeneHne
napamMeTpoB MNOAKNIYEHHOro 3oHA4a. BosmoxHocTb coxpaHeHna oo 5000 pesynbTaToB
Nn3mepeHnn

Mpubop aona mnamepeHusi anekTpomarHuTHbiX nonen Narda NBM-550 nossonun
norydaTb CBEPXTOYHblE pesdynbTaTbl U3MepeHUn HeNoHU3NpYyoLWwmnx nsnydyeHnn. Narda
NBM-550 ¢ oxBaToM BCeX 4acTOT OT ANIMHHOBOSHOBbLIX O MUKPOBOSHOBbLIX U3My4YeHUN.
Mpnbop ons nsamepeHnsa NOCTOSAHHOIO U NEPEMEHHOro anekTpomMarHnTHoro nons Narda
NBM-550 npumeHsieTca [nsi NpoOBEPKM COOTBETCTBMSA TpeboBaHMsIM CTaHOApTOB
6GesonacHOCTM YenoBeka.

Kak BugHO w3 pe3ynbTaToB u3MepeHun Tabnuubl 2, 6onbwe Bcero IOMI
HabnogaeTca B kabmHe aBToMoOMNS, rae pacnonoxeH naccaxup. CornacHo TCHull
Ne239-96 Hopma cocTaBnsietr 2,5 MkBT/cm2. EBponeiickue crtaHgaptel FCC u
ANSI/IEEE C.1-1992 ponyckatoT nokasaHus 1,5 MkBT/cm?.
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Hwxe npvBenoeHa MeToavKa W3MEPEHWUA MarHWTHOW WHAYKUMM aBTOMOOMUNEN C
ABUratenem BHYTPEHHEro CropaHusi, anekTpoMobunein u rMbpuaHbIX aBTOMOGUNEN.
CTpyKTypHasi cxema UamepeHuii npeacrasneHa Ha gur.1.

Tabéauua 2. Pe3ynpraTy M3MepeHid MAarHUTHBIX U 3JIEKTPOMArHUTHBIX TOJIEH

M3mepenrie MarHUTHOTO Usmepenue CooTBeTCTBHE
o4 (A / T) AIEKTPOMArHUTHOTO OIS HOPMaTUBHBIM
Mecto u3Mepenuii (MKBT / cM?) JOKYyMEHTaM
(+-)
JlBurarenb 0,27 0,75 -
AKKyMyJISTOp 0,02 9,45 -
ITaccaxxup-mecto 0,565 15,4 -
Al
CnigomeTtp
A2 A4
ELECTRIC AND MAGNETIC
Bineokamepa FIELD PROBE - ANALYZER
EHP-50F
@
AS
A3
Use US; USB-OC Optical
_@E nK USB Converter

HoyTt6yk

®ur.1. Cxema usmepeHui

M3mepeHne ckopocTM aBTOMOOWUNA OCYLLECTBNANOCH LITATHbIM CAMAOMETPOM
aBToMobunsa A1. dukcaumsa nokasaHUM CKOPOCTM MPOMCXOAunia Yepes3 BUAeoKamepy
A2 Ha komm’ioTep - HoyTbyk A3. Wcnonb3oBancs npubop M3MepeHuin MarHUTHOWM
nugykumm A4 tuna EHP-50F. [aHHble M3MepeHurn UHOYKUMKU 4Yepe3 ONTUYECKUN
kabenb 2 n npeobpasoBatenb A5 noctynanuM Ha KOMMbOTEP, MHOMUMPOBANUCH Ha
aucnrnee B BUAE AaHHAX U cnekTpa B ananasoHe 0 - 100 'y u 3anucbiBanucb B dhann
C NOMOLLLIO MPOorpaMmbl 3anncu ¢ aKpaHa KoMnbtoTepa.

M3ameputenbs WMHOYKUMM  ManbiX MarHUTHbIX nonen Tuna EHP-50F -
HWU3KOYACTOTHbIA 30HO-aHanM3aTop M30TPOMHOrO ANEKTPUYECKOrO M MarHUTHOroO MNosng.
OH obecneuynBaeT nepenoBble TEXHOMOMMYECKME peLleHuMst ANnd aHanu3a nons B
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avanasoHe 4actotr oT 1 go 400 klu B 4pesBblMANHO BbLICOKOM AMHAMUYECKOM
avanasoHe. A Takke BKIloYaeT OAHOBPEMEHHble namepeHust no ocam X, Y u Z ¢
MOMOLLIbIO MOLLIHOrO BCTPOEHHOMO aHanu3aTopa crnekrpa.

EHP-50F moxeT mcnonb3oBaTbCA Kak C NOPTATMBHbLIM MOMEBbIM U3MepUTenem
NBM-550, Tak 1 ¢ nepcoHanbHbiM komnbtoTepoMm ([1K). ObecneunBaeTcs aBTOHOMHbIN
pexum paboTbl Ans HenpepbiBHOrO cbopa AaHHbIX Ao 24 yacoB. EHP-50F cogepxut
9HEpProHe3aBUCKMMYIO NaMsTb, B KOTOPOW XpaHATCA Tabnuubl KannbpoBKM 4acTOTbl U
YPOBHSA, U BHYTPEHHWA ONTUYECKUN MOBTOPUTENDb, MO3BONAOLWMA NOAKMYaATLCA K
BHELIHWM YCTPOWMCTBAM 4epe3 OnTuyeckoe BONOKHO. CnekTpanbHblii aHanms,
nony4yeHHbIn Yepe3d DSP, BbINoONHAETCS Ha BOCbMU pPasfuyHbIX 3HAYEHUAX AnanasoHa
yacToT n otobpaxaeTtcsa Ha MoHuTopbI MK nnn NBM-550.

OneKTpuyeckoe WnM MarHMTHoe nosie ynaBnuBaeTcs TpeMda AdaTyvkamn Ha
opToroHanbHblx ocax X, Y wun Z. [anee npoucxogut -aHanoro- uudgposoe
npeobpasoBaHue, npeBpalLatoliee curHan B YMCNoByo UHgopmauunio, obpaboTaHHyto
6nokom umcpoBon 06paboTkM curHana.

TunuyHbIN cnekTp nokasaH Ha ¢wur. 2. [Npn aHanuse ncnonb3oBanacb amnnuTyaa
M YacToTa MarHUTHOW WHAYKUMW NEPBOW FapMOHUKW, YyKa3aHHble B Tabnuue BHU3Y
rpadgouka.

Af 9.9 Hz/Div

f f A A A & 7 0.1
\ﬁ M : \VN \1[¢ \w"‘v{\"’r\ f\/\ifqn HAAANA i’\\/‘d, - WY
| i Al WAL s S AREAW AN ‘ AR A A A S e
R A AN SLA M

0.001

0.0001

1.000 Hz F Center.50.500 Hz 100 Hz

Mode [ Span Y Standard ] Data 1 Sty m
A arker
T Hz x e T

cousition Mark Save
9 Adudl Sec | @ Total[ Highest Peak | [ Save as bimso | Scan =
Fighest Peak [ 06%2 122 [ 1000 | O RMS over| 30 Bx By |Ez

9 OX [~ NeaPeak | [ Coppto ciboard]

Marker 05608 146 648 [ MaxHod DY [Previos Poak)|_Saveasten | [] Hold When Dane
T T o e T & showZ
l | O] Lk [ Auto savetext Actual
Wideband | | 0632 300 bandwidh Wainial e
O] Roundfequency [~ sian Woedal O1eE O 14®

| Doen watestall | e 1

@wr. 2. CriekTp KoneOaHui MarHUTHON WHAYKITNH U TaHHBIC H3MEpEHUN

[NMocne okoHYaHMA aKcnepuMeHTa hannbl BUAEO NpocMaTpusanncb U NOCEKYHOHO
3anucbiBanncb X pesynbTaTbl B Tabnuupbl NpunoxeHunn. MNokasaHna ¢ 4acToTon ceTu
50 Ny mckniovanucb kak npomaxu. ocne yero 6bin NpoBeaeH UX CTaTUCTUYECKUIA ©
KOpPEenAUMOHHbIN aHanus.

WccnepoBaHua aBtomobung Lancer 10 ¢ gBuratenem BHYTPEHHEro CropaHus
nokasanu, 4YTo cpegHee 3HayeHue MHAYKUMM mMarHuTHoro nons cocrasnsaet 0,43+0,12
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MKTn. KoadhdoumumeHT nokpbita K=2,0 npm posBeputenbHou BeposTHocTu P=0,95.
MHOYKUMS MarHUTHOIO NOMs He 3aBUCUT OT CKOPOCTU OBWKEHUS.

CpenoHee 3HayeHMe WHOYKUMW MarHUTHOrO nMomns  BHYTPU  3neKTpomMobuns
B=0,85+0,18 mkTn; KoadhduumeHT nokpbltns K=2 npu goBepuTesibHOW BEPOSATHOCTU
P=0,95. WNHOoykumMss MarHWTHOro nonsa y anekrpomobuna BABoe 6onblie, 4em Yy
aBTOMOOMNS C ABuratenem BHYTPEHHEro CropaHuss U He 3aBUCUT OT CKOPOCTU
OBUXEHUS. CpenHee 3HaveHMe MHAYKUUU MArHUTHOrO NONs BHYTPU rMbpuaHoro
aBsTomobuna B=1,28+0,61 mkTn; KoadbdunumeHt nokpbitus K=2 npu AoBepuTENbHON
BepoATHocTM P=0,95. HayKkums marHMTHOro nong y ruépmngHoro asBtomodbunsa Gonblue,
4YyeM y ANeKTPoMobunsa n nmeeT TEHAEHLMNIO 3aBUCUMOCTU OT CKOPOCTU LBMXKEHUS.

CpepnHee 3HavyeHMEe WHOYKUMWM MarHUTHOrO MOSisi BHYTPWU anektpomobunsa  npu
MeaneHHoun 3apsagke akkymynatopa B=0,08+0,012 mkTn; KoadduumeHT nokpbitna K=2
npw gosepuTtensHon BepodaTHocTn P=0,95.

MHAYyKUMA MarHMTHOrO Nonst Npu 3apsiAke Ha NapKoBKe Y 3NeKTpoMobunsa BHyTpU
3Ha4YnUTEnNbHO MeHbLUe, YeM rpu asmxkeHun (0,85.mMkTn).

CpegHee 3HayeHWEe WHAOYKLMM MarHUTHOro MNonisi BHYTPW dnekTpomobuna  npu
GbicTpon  3apsagke akkymynatopa B=0,12+0,02 mkTn; KoadduumeHT nokpbitua K=2
npu goseputenbHon BeposaTHocTn P=0,95.

3. 3aknroyeHue

lMpoBegeHHblE UccnegoBaHNSa CBUOETENbCTBYIOT, YTO 3AnekTpoobopyaoBaHue B
9NEKTPOTPaHCNoOpTE WU, B 4YaCTHOCTM, B anektpomobune u rmbpmaHom asToMobune
ABMAETCA WCTOYHMKOM nepemeHHoro JMI1, obnapgatrowero CuUnbHOW BPEMEHHOW U
NPOCTPaHCTBEHHON HEOOHOPOAHOCTLIO B AMana3oHe YactoT oT 0 O coTeH merarepu,.
3710 cBA3aHO ¢ Tem, 4to MI1 B anekTtpomobune n rmbpngHom aBToMoOUNe sBASAOTCS
cynepnosuumen nosien MHOrMX UCTOYHUKOB. HenocpeacTBeHHbIMU nctodHnkammn MI1 B
aBTOMOOUNSAX C OMEKTPOTAron  SABMSAKOTCA TAroBble anekTpoasuratenu, 6GaTtapew,
TOKOHecyLme 3MIEMEHTHI, pasnMyHoe anekTpoobopynoBaHue, Hanpumep,
MyCKOTOPMO3HOE COMPOTUBNEHNE, TPYNMNOBbIE NepeknioYaTenn, peoctaTHble 650K,
SNEKTPUYECKME LENU BEHTUNSAUUKW, OCBELLEHMA, oborpeBa M T. AO. ONEKTPOHHbIE
yCcTponcTBa Ha 6opTy Kak npaBuno, 6ornee BbicOKOYACTOTHbIE, YeM MI1, cBA3aHHbIE C
N3MEHEHNAMM peXnmMa ABMKEHUS anekTpoMmobunen n rmbpuaHbix aBTomobunen.
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BIIMAHUE OKTAHOBOI'O YUNCJIA BEH3MHOB HA TOKCUYHOCTb
OTPABOTABLUUX TA30B

EFFECT OF THE OCTANE NUMBER OF GASOLINES ON THE TOXICITY
OF THE EXHAUST GASES

Bezrodnyi Vladimir, Bezrodnaya Alexandra

Abstract. The main sources of air pollution in large cities are currently industrial enterprises and cars. Exhaust
gases from car engines pollute the atmosphere wherever they work. Therefore, it is believed that the atmospheric
air is now polluted more by the exhaust gases of car engines and less by emissions from industrial enterprises.
Reducing air pollution by toxic substances from the combustion products of car engines has become one of the
problems facing humanity. Cars emit toxic substances mainly as part of the exhaust gases discharged through the
exhaust system from the engine cylinders, in the form of crankcase gases, as well as in the form of vapors from
fuel tanks during refueling and the carburetor. Modern methods of gas analysis have established about 200 harmful
compounds and substances that make up the exhaust gases. The most toxic are carbon monoxide CO, unburned
hydrocarbons CmHn and nitrogen oxides NOx. For these substances, the maximum allowable content standards
are established by the laws of industrialized countries.

Keywords: Octane, toxicity, additives, research.

1. BbBepeHue:

OCHOBHbIMM UCTOYHUKaAMKM 3arpsA3HeHns Bo3gyxa 60MnblMX ropogoB B HACTOSLLEE BPeEMS
SABMSAKOTCA MPOMBbILUNEHHbIE NpeanpuaTus n asTomodbmnun. OTpaboTaBLlumne xe rasbl AgBuratenemn
aBTOMOOUNEN 3arpasHAT aTtMmocdepy Bcroay, rae oHm pabortatoT. [1oaToMy cuyuTaeTcs, 4To
aTMOCepHbIN BO3QyX cenyac 3arpsisHsetca Gonble oTpaboTaBwmMMKM rasamum gsuratenemn
aBTomMobunen un MeHblle BbiIOpocamMyM MNPOMBLILWIIEHHbIX NPeanpuUaTUA.  YMeHbLueHne
3arpsisHeHUss  BO3dyXa TOKCUYHbIMW  BeLlecTBaMW MPOAYKTOB  CropaHus  ABurateneu
aBTOMOOUNEN NpeBpaTUIOCh B OOHY M3 Npobnem, CToAWMX nepes 4ernoBe4yeCTBOM. TOKCUYHbIE
BELLLECTBA aBTOMOOMAM BbIOENAT rNaBHbIM 00pa3om B cocTaBe OTpaboTaBLIMX rasos,
OTBOAMMBbIX Yepe3 CUCTEMY BbiNyCcKa M3 LMNMHOPOB ABUratens, B BUAE KapTepHbIX ras3os, a
TakKke B BUAE UCMAPEHN M3 TONNMBHLIX GakoB nNpu 3anpaBke n kapbtopaTtopa. CoBpeEMEHHbIMU
MeTodamMu rasoBoro aHanuisa ycrtaHosrieHo okorio 200 BpedHbIX COeOVHEHUA U BeLLECTB,
BXOOAWMX B cocTaB oTpaboTaBumx ra3oB. K Hanbonee TOKCMYHBIM OTHOCSTCS OKUCb yrnepoaa
CO, HecropeBwwne yrnesogopoabl CmHNn wu okucnbl aszota NOx. Ha atm BellecTtBa
yCTaHOBIEHbl 3aKoHoAdaTeNbCTBaM/ NPOMbILLIIEHHO Pa3BUTbIX CTPaH npeaesibHo AonyCTUMble
HOPMbI COAEP)KAHUA.

2. U3noxeHue:

B HacTosiwee Bpemsi Bce Gonblle BHUMaHUS yOenseTcsl NOBbILWEHUIO 3KOHOMUYHOCTU Y
CHMXXEHUIO TOKCUYHOCTU OTXOAALMX ra3oB. OTO 0OYyCnoBneHO 3Komornyeckumu npobrnemamm,
BbICOKMMM LeHaMn Ha HedPTb U HEODXOANMMOCTLIO 3KOHOMUTL €€.

PelieHnne 3TUX npobnem npoBoOANTCS no HECKONbKNUM HanpaBneHusIM:
YCOBEPLUEHCTBOBAHME KOHCTPYKUMWN OBUraTenen, PeKOHCTPYKUMA OEWCTBYHOLMX U cO3gaHue
HOBbIX TEXHONOrMYEeCKNX MpoueccoB B HedTenepepaboTke, HaMpaBNEHHbIX HA MOBbLILEHNE
KayecTBa YrneBogHbIX TONMMB U pa3paboTka pasnmyHbiX 40OaBOK M NpUcagok, NO3BOSSHOLLMX
YNYYLWNTb SKCMyaTaunoHHbIE U SKONOrM4Yeckne nokasaTenv MOTOPHbIX TOMSNB.

[MepBble OBa HanpasBrieHUs CBA3aHbl C CEPbE3HOM PEKOHCTPYKUMEW npeanpustuin
MaLUMHOCTPOEHNA 1 HedpbTenepepabaTbiBalOWMX 3aBOAOB, YTO TpebyeT ANMTEeNbHOro neproaa,
YTO 3aBUCUT OT YPOBHS KanUTasNOBIIOXEHWA B YyKasaHHble OTpacny NpOMbIWfEeHHOCTU. B
CMNOXMBLLENCS B YKpauHe 3KOHOMWYECKOM CUTyauumn, Ha Mon B3rnsag, 6onee gMHaMn4yHO MOXeT
pas3BMBaTbCA TPEeTbe HanpasfieHMe — BBeAeHME B MOTOPHble TOMnuMBa pasHbiXx A400aBOK U
npucagok.

Hanbonee addekTMBHO npouecchl, npoucxogswime B ABuratene asTomobuns, u,
cnefosaTenbHO, Ha COCTaB  MNPOAYKTOB  CropaHusi, MNPOM3BOAAT  BbICOKOOKTAHOBbLIE
Kncnopogcogepxawme pgobaeku. [ModTomy B HacTosiwee BpeMsi akTyanbHbiM BOMPOCOM
SBMSETCA UCcneaoBaHne BNUAHUSA 3TUX 4OO6ABOK HA TOKCUYHOCTL OTpaboTaBLUMX ra30B.
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Bbinn npoBegeHbl uccnegoBaHnsa BNUAHUSA [obaBkm aTaHonbHoW TonnmeBHou (O3T) Ha
TOMNSIMBHYIO 9KOHOMMUYHOCTb M TOKCMYHOCTb OTXoAsduwlero rasa. B kayectBe wucnbITyemoro
Tonnuea, B kKoTopoe gobasnsanacek O3T, 6bin BbiGpaH ToBapHbIN GeH3UH A-92 C OKTaHOBbIM
ynucriom no MoTopHoMmy MeToay 82,7 u uccneposatenbckoMy metoay 93,9. OkcnepumeHT
NPOBOAWAN Ha YNCTOM TOBapHOM GeH3uHe A-92 n ¢ gpobaBneHneM B HEro COOTBETCTBEHHO 5%
n10% O3T.

Mpexaoe 4Yem oueHmBaTb BNUAHWE O3T Ha TOMMMBHYHD 9KOHOMWYHOCTb M TOKCUYHOCTb
oTpaboTaBLUMX ra3os, OblnM NpoBeAeHbl UccnegoBaHNs aHTUAETOHAUMOHHON 3PPEKTUBHOCTH
AO3T. UcnbitaHna nposogmnn Ha MoTopHoun yctaHoske YWUT-65 no motopHomy (FTOCT 511-82) u
nccrneposartenockomy (FOCT 8526-82) meTtomam. Takve wuccrnegoBaHWs MPOBOAUSIUCH B
nabopatopun kKadeapbl TEXHMYECKOW IKchnyaTaumm wu cepsBuca aBTomobunen XHALY Ha
yCTaHOBKe MO orpefeneHuio okTaHoBblX 4ucen YWUT-65. Pesynbtatbl 3TMX uMccnenoBaHUn
npeacraBneHbl Ha gurype 1.

Kak BMOHO M3 pe3ynbTaToB MUCCreaoBaHUS aHTUAeTOoHauMoHHoW adpdpektnBHocTn OIT,
OHa MOBbLIWAET OKTAaHOBOE 4MCMO TOBApHOro OeH3WHa, Kak Mo MOTOPHOMY, Tak M Mo
nuccriegoBatenbckoMy MeTogam, npudeM C  OOMHAKOBOM  MHTEHCUBHOCTbIO.  [loaTomy
uenecoobpasHo MNpoBOAMTbL UCCredoBaHWE BIUAHUA 3TOM  [00aBKM Ha TOKCUMYHOCTb
oTpaboTaBLUMX ra3os.

Tabnmua 1 - PesynbTaTbl WCCNEAOBaHMSA aHTUAETOHAUMOHHOM  3(PEKTUBHOCTHU
ToBapHoro 6eH3nHa A-92 npu gobasnenuun npucagkm 3T
OkTaHOBOE YMCNO UccrnegyemMbiX cmecem
CocrtaB nccnegyembix
Y no nuccrnegoBaTesibCKkoM
cmecen Mo MOTOPHOMY MeToay A y
meTony
A-92 82,7 93,9
A-92+5% 03T 83,6 94,4
A-92+10% O3T 85 95,2
85 96
< = —
5 o /
2 83 / § 04
a 5
£ z
£ o g 9
0 5 10 0 R 10
JIOT, % 2T, %

®ur.1. 3aBMCMMOCTb OKTAaHOBOrO Yncna 6eH3anHa A-92 No MOTOPHOMY
nccrefoBaTenbCcKoMy MeTogam OT MPOLEHTHOro cogepanusa B Hem 3T

TOKCMYHOCTb OTpaboTaBLUMX ra3oB OLEHMBANM MO COAEPXKaAHMIO B HUX OKMUCKU yrnepopa
(CO) n yrnesopopoaos (CH) ¢ nomowbto razoaHanusatopa UREX-3110. Hopmbl cogepxaHus
3TUX KOMMOHEHTOB B oTpaboTaBLumMx rasax, B cootseTctBum ¢ [JCTY 4277:2004, gencreyowmm
B HacTosiLee BpemMsd B YKpauHe, npuBeaeHsl B Tabnuue 2 [1].
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Tabnuua 2 — Jonyctumoe copgepxaHne CO n CH B oTtpaboTtaBwmx razax GeH3NHOBbIX

aBTomobunen B cootBetcTBum ¢ [JCTY 4277:2004

MpegenbHO gonyctumoe MpenenbHO gonycTuMoe coaepXaHue
YacToTa cogepkaHne OKUCu yrnesoaopoaos, o6bemHas gons, mH ",
BpaLLeHns yrnepoaa, oobemHas [ns gpuraTenen ¢ YMCrnom LMNnHOpPOB
pons, % o4 oonbLue 4
Nmin 3,5 1200 2500
Nnos 2,0 600 1000

M3mepeHnst TOKCMYHOCTM npoBoaunn Ha aBTomobune BA3-2107 ©6e3 Harpyskum npu oByx

yacToTax BpalleHusi koneHyaToro Bana asuratens — 860 muH - 1 2800 muH ' (Tabnuua 3).
PesynbTaTtbl 3TUX UccnegoBaHum NpefcTaBneHbl Ha urype 2.

Tabnuua 3 — l3amepeHns TOKCUYHOCTN OTpaboTaBLLMX ra3oB

TOKCUYHOCTb
BpeaHble n=860 mMuH n=2860 mMuH '
BellecTBa A-92 A-92 A-92 A-92 A-92 A-92
+5%03T | +10% 03T +5%03T | +10%403T
CO, % 1,3 1,1 0,7 1,8 1,7 1,3
CH, mnn ! 500 380 280 600 500 400
2 600
-—
\2 4550
—m 2
- < 500
15 I ~ " 150 "
=X T z
S \% N0 S
&) 1 — 350 =
r
300 ©
250
0.5 § 200
0 5 10

9T, %
1 —n=860 MuH ~"; 2 — n=2800 MuH -’

®ur. 2. 3aBMCUMOCTb TOKCUYHOCTM OTpaboTasLlumx razos (CO — cnnowHble nuHmum, CH —
LUTPUXOBbIE NIMHNN) 1 YACOBOW pacxop TOnnmMBa OT NPOLEHTHOro cogepxaHunsa B Hem 3T 6e3
Harpysku npu pasHbix 06opoTax KofieH4aToro Bana

N3 pesynbTaToB MUCNbITaHMM BUOHO, 4YTO nNpwu gobasnenun npucagkm O3l Kk ToBapHOMY
O6eH3nHy A-92 npu paboTe aBToMObGUNs 6e€3 NOrpyskM MPOUCXOAUT CHMKEHUE TOKCUYHOCTU
OTXOAAWMX ra3oB npu Bcex obopoTax UCNonb3yemblX B 3KcrnepumeHTte. [lpu aToM 3Tn
XapaKTEPUCTUKM yIyylLalTca npu yBenudeHmn koHueHTpauum OOl B GeH3uHe. [MoaTomy
MOXHO 3aKmnto4MTb, YTO MpPU OAHHOM pexume paboTbl Hanbonee GnaronpuATHbLIM ABNSETCA
10% copepxaHue [13I1 B 6eH3unHe.
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[Mocne npoBeaeHNs 3KCNepUMEHTarbHbIX UCCIEeA0OBAHUIN BNUAHUSA NPUCAAOK Ha KadecTBa
OEeH3MHOB W  39KCNNyaTauMOHHble KadecTBa aBToMobunen uenecoobpasHO MNpoBECTU
9KOHOMWYECKYI0 OLIEHKY MONTyYEHHbIX pPe3ynbTaToOB C LENbl OnpeaeneHnss akTyanbHOCTU
NPUMEHEHNA npeanaraeMblX CMecer aBTOMOOWUITbHbIX GEH3MHOB C pasHbiMM gobaBkamu U
npucagkamm. TO eCTb NPOBECTU CTOMMOCTHYIO OLIEHKY MPUMEHEHUS YUCTbIX TOBAPHbIX
OeH3nHoB n 6eH3nHoB ¢ gobaBneHvem gobaBoOK M MpuUcagoK, KOTOpble paccMaTpuBanucb B
AKCrnepuMeHTanbHON YacTu.

3. 3akntoyeHue:

Mpn ncnonb3oBaHMK CMPTOBLIX A06ABOK, B YACTHOCTU TaKOW, Kak AobaBka 3TaHONbHas
TonnmeHaa (O0OT) HabniogaeTca CHUXEHWE TOKCUMYHOCTM OTpaboTaBLunX rasoB GeH3MHOBOro
apuratensi. OTo roBOpuT O LenecoobpasHOCTM MCNonb3oBaHnsa Takon gobasku. MNpumeHeHne
aTOM J0BaBKM NMOBbILLAET OKTAHOBOE YMCIO U YMEHbLUAET 3arpsa3HeHne oKpyXxaroLlen cpeapl.

NuTtepartypa (U3uAno Ha NaTMHULA):

1. ACTY 4277:2004 Hopmu i MeTOOM BUMIPIOBaHb BMICTY OKCUAY BYITIELIO Ta BYINIEBOAHIB Y BignpaLbOBaHMX rasax
aBTOMOGInNiB 3 ABMryHamu, Lo npauoTs Ha 6eH3MHi abo rasoBomy nanuei
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PA3PABOTKA CUCTEMbI OLUEHKN KAOPOBOI'O OBECNEYEHUA
NMPOLIECCOB TEXHUYECKOI'O OBCINYXUBAHUA U PEMOHTA
ABTOMOBWIIEUN HA NMPEONPUATUAX

DEVELOPMENT OF A SYSTEM FOR ASSESSING THE STAFFING
PROCESSES OF MAINTENANCE AND REPAIR OF CARS AT ENTERPRISES

Serhei Mastepan, Associate Professor, Ph.D., Kharkov National Automobile & Highway
University, Nikolai Vinogradov, Associate Professor, Ph.D., Victor Kuzmin, senior Lecture,
Donbass National Academy of Construction and Architecture

Abstract. The work proposes a system for assessing the level of ensuring the effectiveness of the organization
system and the development of personnel potential, which is based on the indicators of the functioning of the
production process and will ensure: a high level of labor organization, conditions for maintaining the efficiency of the
performers of the production process, eliminating the harmful effects of production, the use by employees of technical
means of maintenance and car repair, information and regulatory systems. A system of indicators for professional
evaluation of employees has been formed in the areas of performance of functions, personal qualities, level of
innovative activity, professional growth through training

Keywords: automobile transport company, car, maintenance, repair, personnel support of production, level
assessment

1. Introduction:

The production process of a road transport enterprise is a complex set of primary actions:
main, auxiliary and servicing. The process includes social, technical, technological, personnel,
organizational, managerial components. It is both technical and organizational in complexity.

An important component of the production process is staffing. To ensure the efficiency of
the functioning of the enterprise: the level of profitability and profitability of production services for
the maintenance and repair of vehicles, it is necessary to develop a system for assessing the
state, level, effectiveness of the use of staffing of production processes, directions for the
development of the labor production potential of the organization of work at the enterprise.

Road transport enterprises are complex human-machine systems that, during their
functioning, need to solve a number of important issues in the formation of an assessment and
the development of staffing. Methods of development, improvement of staffing of an enterprise
for car repair and repair are not always based on new models and management methods.

An important problem for enterprises is the need to improve the efficiency and quality of
production services for the maintenance and repair of vehicles. An analysis of work on the
development of production processes [1, 2, 3, 4] showed that high-quality maintenance and repair
of vehicles due to human resources makes a significant contribution to the economic growth of
an enterprise.

Enterprises provided with skilled workers usually use the latest advanced technologies,
modern technological equipment, high management approaches, methods and systems, have
better performance indicators and, as a result, significant growth rates of production services.

At enterprises, an important issue is to increase the efficiency of using production capacity,
the potential of structural divisions, since the costs of the production base at the cost of services
for the maintenance and repair of vehicles are significant.

To ensure the efficient operation of vehicles, production services for their maintenance and
repair, the appropriate composition and structure of trained personnel at the enterprise are
necessary. Considerable attention is constantly paid to the issues of optimizing the staffing of
production structures of enterprises [5].
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An important task for enterprises is the planning and regulation of the implementation and
development of production processes based on the scientific organization of labor. Scientific
organization of labor is the process of improving the organization of labor based on the
achievements of science and best practices [4].

The modern development of personnel support for production activities has certain trends
in the progressive development of the production base and the sphere of operation of enterprises.
The defining ones are [3, 6]:

— increasing the science intensity of technological actions and technological equipment, the
level of professional training of workers employed in production;

— formation of a system for improving the qualifications of employees of the enterprise;

— the use of modern forms and methods of organizing work, motivating employees;

— organization of relationships between individual constituent elements of the overall
production process;

— improvement of organizational and managerial methods, models in production;

— providing employees with technical means of a higher level;

— increasing the degree of computerization, automation of technical systems at the
enterprise;

— ensuring the maintenance and repair of vehicles with modern systems of information and
regulatory support.

2. Statement:

The production structure of the enterprise as a system must take into account the human
factor. When forming the staffing of the production structure, the road transport enterprise needs
to solve the following tasks:

— link, in accordance with the objectives of the production system, the functions,
relationships, powers and responsibilities of all employees horizontally and vertically of the overall
enterprise management structure;

— to explore methods for assessing the organization of labor at the enterprise and the
professional level of workers involved in the production process.

The implementation of plans for the development of staffing of the enterprise involves the
development of a long-term training program, advanced training of employees, which provides for
compliance with the following basic conditions [1, 4, 7] :

— professional training of employees should correspond to the directions and level of
development of science and technology, be associated with strategic plans for the improvement
and development of production at the enterprise;

— the training program should contribute to the achievement of the personal goals of the
employees of the enterprise;

— the program of training and advanced training should contribute to the advancement of
the employee in a business career;

— the program of training and advanced training should contribute to the advancement of
the employee in a business career.

Personnel management at a road transport enterprise should be carried out according to strategic
programs for the development of car maintenance and repair production and constantly monitored
in certain areas of socio-economic efficiency of functioning (Fig. 1).
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Socio-economic efficiency of the functioning of the personnel potential of the
enterprise in the performance of maintenance and repair of vehicles
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Fig. 1. Scheme of formation of socio-economic efficiency of functioning
personnel potential of the enterprise

The effectiveness of the personnel management system can be expressed through a

change, an improvement in the performance of the production process:
— improving the quality of maintenance and repair of vehicles;
— reducing the number of claims for poorly performed services;

— increase in the range and volume of production services for the maintenance and repair

of vehicles;

— reducing the consumption of energy and material resources;
— growth of labor productivity of workers;
— reducing the cost of maintenance and repair of the vehicle.

An important task at the enterprise is to assess the professional level of employees who
implement the production process of car maintenance and repair. The assessment should be

carried out in different directions (Fig. 2).
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Assessment of the level of the profession of an employee of a
road transport enterprise

Evaluation of the effectiveness of
the fulfillment of direct duties by
employees:

— the level of complexity of
technological operations;

— timeliness of work;

— operational time;

— labor productivity in production;

Evaluation of the personal qualities of an
employee:

— character, authority, leadership abilities;

— social activity;

— attitude towards subordinates in the
performance of functions;

—a sense of responsibility towards the team;
—accessibility for team membersa;

— compatibility and the possibility of team
building;

—influence on the socio-psychological
climate in the team

— quality of execution of
technological operations

Assessment of professional growth:
—timeliness and regularity of advanced

Evaluation of innovative activity:
—innovative activity;

—use of resource approach; training;
— use of economic approach; —training in an educational institution on the
—use of the activity approach; job;

—using a combined approach —on-the-job training

Fig. 2. Scheme of the direction of evaluation of workers in the production process at the enterprise

When evaluating the organization of the labor process of an enterprise, the professional
level of employees and their implementation, it is advisable to develop a set of indicators, in which
individual indicators create a comprehensive characteristic of the employee and the level of
organization of the production process.

It is advisable to assess the level of discipline of functioning in the production process of

staffing by the coefficient K, characterizing the state of labor discipline in the enterprise team:

ts

K,=1-— ,
dpN,

(1)

where t; — loss of working time by an enterprise during a certain period (decade, month) as
a result of violations of labor discipline, man-hour;

@) — workplace time fund, hour;

N,— the number of employees of the enterprise working in the same period, people.

During the configuration, the efficiency of the organization of the labor process can be found
by the utilization rate of the working time fund:

_ Thuz+ToitTo3+Top+Top+Th +T]+TT
K, = : (2)

Tzm
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where T, 3 — time of preparatory, final operations at the workplace, hour;

T,i — time of receipt of the tool, hour;

Ty3 — time to receive spare parts, hour;

Top — execution of technological operations, hour;

Tos — debugging and troubleshooting of technological equipment at the workplace, hour;

T, — time for rest and personal needs, hour;

T, — time to perform work to improve the quality of services, hour;

Tr — time to perform work on the introduction of new technical solutions, hour;

T5p — shift time, hour.

3. Conclusion:

Based on the results of the assessment of the activities and professional level of employees,
it is necessary to improve the organization of the maintenance and repair of vehicles at the
enterprise, to develop measures to ensure the improvement of skills and motivation of the
performers of the production process.
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ONPEAENEHWUE YPOBHA PA3BUTUSA NMPOLIECCOB OBCITYKUBAHUA U
PEMOHTA ABTOMOBWJIEN B SABUCUMOCTU OT
NMNATEXECMNOCOBHOCTU NOTPEBUTENEWN

DETERMINATION OF THE LEVEL OF DEVELOPMENT OF SERVICE AND
REPAIR PROCESSES OF CARS DEPENDING ON THE SOLVENCY OF
CONSUMERS

Serhii Mastepan, docent, PhD, Olena Mastepan, graduate student, Kharkov National
Automobile & Highway University

Abstract. The paper proposes a new method and mechanism for assessing and determining the conditions for the
development of the enterprise's production potential, considering consumer demand for car service services. Quality
and price together form the value of the service. It is advisable to increase the quality of maintenance and repair of
cars by increasing production volumes and reducing the cost of a unit of work for maintenance and repair of vehicles.
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1. Introduction:

Improving the quality of car service services is a decisive condition for the successful
functioning of an enterprise in the service market. In these circumstances, there is a need for
enterprises to search for new methods of tracking, monitoring the processes of production of
services and, based on this, managing the production processes of enterprises.

The provision of services should be considered as a complex process, the components of
which form the quality of the functioning of the entire enterprise. An optimal control system can
be created by monitoring all components of the overall production process.

Road transport enterprises always want to increase their profits and profitability by
increasing and balancing their production potential. There is a need to develop a system for
monitoring the effectiveness of production activities, a methodology for assessing and developing
the production potential of an enterprise, taking into account consumer demand for car service
services.

Improvement of the system, forms and methods of management as a complex of
organizational forms and economic relations between structural units, owners and other
stakeholders is given considerable attention in practice and in scientific research. The questions
of the dependence of demand for services for the maintenance and repair of vehicles on the
solvency of consumers remain little studied.

The aim of the work is to develop a mechanism to justify a rational increase in the cost of
maintenance and repair of vehicles, taking into account the economic condition of consumers of
services and the need to develop the production processes of the enterprise.

To achieve the set goals, it is necessary:

to analyze the state of the theory and practice of monitoring and the formation of prices for
the maintenance and repair of vehicles, depending on the economic condition of consumers of
car service services;

develop a mechanism for determining a rational price for a car service service, taking into
account the state of the market in the region and the country.

2. Statement:

Quality and price together form the value of the vehicle maintenance and repair service for
the consumer.

The experience of countries with highly developed technologies shows that the most
profitable investments are in the quality of products and services. But it should be remembered
that additional costs for quality must be economically feasible. The demand for vehicle
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maintenance and repair services and the cost per standard hour of work should be able to recover
the cost of quality improvement.

There is a need to determine the optimal level of costs for improving the quality of
maintenance and repair of vehicles. It is achieved when the difference between the additional
effect of quality improvement and the additional costs of such an improvement is the largest (Fig.

1).

According to many studies [1, 2, 3, 4], the essence of the production of services for the
maintenance and repair of vehicles as an economic category lies in the combination of socio-
economic processes and relations in the sphere of production, their distribution between
producers and consumers. The production of services is defined by researchers as a complex
complex, representing a set of elements of various, but interconnected sectors and industries of
the economy. The functional task of these elements is an activity aimed at meeting the individual
needs of car owners associated with the use, operation, support and restoration of vehicle
performance throughout the entire life cycle.

General quality management in accordance with DSTU ISO (7) provides for the
management of an activity or production process in order to satisfy certain requests and
expectations of certain consumer groups with quality products and services.
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Figure 1 — Determination of the optimal level of service quality

International ISO standards suggest an integrated approach to the functioning and
interaction of processes. Based on this, it is necessary to determine the basic requirements for
monitoring the effectiveness of the development of the vehicle maintenance and repair system.
First of all, in this direction it is advisable to carry out:

rationing and ensuring the efficiency and quality of services, in which the parameters of the
production process and the characteristics of services must be constantly improved, taking into
account the development of equipment and technologies, in accordance with the expectations of
consumers;

the result of quality assurance should be mutually beneficial for both consumers and the
enterprise;

ensuring the quality and efficiency of production should be based on the optimization of
production costs by the enterprise and the formation of acceptable prices for maintenance and
repair services for consumers;
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the functioning of the system for ensuring and managing the quality of maintenance and
repair services should be clearly regulated and determined by the current standards and
regulatory, technical and reference documentation.

Capital investments in quality improvement should provide additional income for the
enterprise either by increasing the price for services and maintaining the achieved volumes of
maintenance and repair of vehicles, or by maintaining the preliminary price level and increasing
the volume of demand for services.

Methods and means of organizing the processes of maintenance and repair of vehicles are
an integral part of the overall production process and the basis for the formation of a technical
service management system. An important component of the enterprise production process
management system is the methods of ensuring the operational management of the processes
of development of the production of maintenance and repair of vehicles based on monitoring the
relationship between producers and consumers of services.

Improving the quality requires economic justification for the directions of personnel,
technical, technological and organizational development of the production of quality services [8,
9, 10].

The main characteristics and components of the process of maintenance and repair of
vehicles, which determine both the quality of the service and the efficiency of the production
process, must be constantly paid attention.

When monitoring the quality of vehicle maintenance and repair services, the main thing is
to compare the quality object in time and space with the design characteristics laid down in the
standards or technological processes.

To ensure the development of technological actions for the maintenance and repair of
vehicles, it is necessary to monitor and evaluate production efficiency and establish an
appropriate level of investment in improving the quality and efficiency of services [9, 10].
Investments in production do not always lead to a significant increase in efficiency and quality of
maintenance and repair.

As a result of the implementation of measures to improve the quality, the volume of sales of

services may increase by an amount (Q- Q). Additional profit AP in this case can be determined
by the formula:

AP = (Q— Q) * o2 (1)

where (Q;— volume of maintenance and repair services after quality improvement for the selected
period (year, quarter, month);

Qp — volume of services for the same previous period;

Py, — profit of the enterprise for the previous period.

Enterprises performing maintenance and repair of vehicles constantly set themselves the
goal of developing the production sector. At the same time, they are faced with the problem of
mandatory accounting for fluctuations in the level of solvency of the population. Capital
investments in the development of the production of maintenance and repair services do not
always bring the desired result due to the low solvency of the population and the natural, in
connection with this, a decrease in the intensity of car operation.

Enterprises need to solve the difficult task of monitoring and determining the interrelated
technical and technological level of service production, production profitability and a reasonable
price for vehicle maintenance and repair services, which will guarantee both demand and stable
financial stability of the enterprise.

The average level of demand for services, s, can be expressed in terms of value. At a fixed
price level, the dependence of real consumption of maintenance and repair services on per capita
income can be written by a differential equation [8]:
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% =a;c*(s — uy)(uy — s), (2)

where z — the minimum consumer funds that he can allocate for the technical retention of his car
in the existing conditions of life, due to real incomes;

¢ — the level of real per capita income in the region;

Uu; — the minimum level of consumption of services for the maintenance and repair of
vehicles;

U, — the maximum level of consumption of services in a positive state of the economy in

the country;

a,, a — constants depending on the state of the economy and the market in the region,
and a4 >0, a >0.

Indicators u; and u, can be calculated from the cost of materials, spare parts, work and

other costs using the average annual mileage of cars during crisis periods and during economic
recovery (in conditions of saturation). The solution of this differential equation is the function [8]:

_ (uz—uq)G(c)
$(0) = uy + LMD @)

where b; — a constant that depends on the level of the economy and the state of the service
market;

Uz— Uq

G(c) = exp a,ctt. (4)

a

Function (4) is a generalized logistic curve (Fig. 2), all values of which lie between s = u4
and s = u,. This is a monotonically increasing function of s with one inflection point

)
U;

e Service Demand
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Zl ZZ Z

Consumer funds for car maintenance

Fig. 2 — Logistic curve of dependence of the demand for maintenance and repair of cars on the purchasing power
of consumers

With very small funds for the maintenance of the car z (to the left of the point z; on the
logistic curve), the dependence of the demand for services s on the funds for the maintenance of

the car z is insignificant, and its change cannot always be traced in the market for car
maintenance and repair services.
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In the current situation, it is inappropriate for the enterprise to break the unstable state by
changing the pricing policy. During this period, it is irrational to produce a significant increase in
production capacity. With the growth of z, the monotonically growing logistic dependence of s on

Z acquires economic and price meaning: in such a situation, an enterprise can predict and plan
the development of the service production sector and justify the possibility of increasing prices for
maintenance and repair of vehicles.

The most favorable for the manufacturer of services for the maintenance and repair of
vehicles is the section of the curve between the critical points z; and z, (see Fig. 2). During
this period, under the circumstances of the growth of the solvency of consumers of services, the
use of vehicles and, accordingly, the demand for services increases significantly.

In the section to the right of the point z,, the demand for services is gradually slowing down,
due to the fact that the intensity of vehicle operation is approaching the maximum determined by
the owner.

3. Conclusion:

It is expedient to improve the quality of maintenance and repair of vehicles by increasing
production volumes and reducing the unit cost of maintenance and repair of vehicles.

When developing measures to develop production and set prices for car service, it is
necessary to take into account the dependence of the consumption of maintenance and repair
services on the real incomes of consumers.
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Abstract. The efficiency and quality of car maintenance and repair requires constant updating of technical and
technological support. The most important issues of technical and technological development are: ensuring
progressive development, the need to increase the capacity of the production base, development of production
processes. When forming the development program, priority areas should be modern, safe, ecological technologies.
The development of a strategy for the development of technical and technological support requires the planning of
measures to analyze the state of the process in internal and external environments.
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1. Introduction:

The efficiency and quality of maintenance and repair of vehicles requires constant updating
of the technical, technological, information support of the overall production process of a road
transport enterprise, improvement of staffing, and an increase in the organizational level of the
structure and management system. To do this, it is necessary to analyze the overall production
process of the enterprise, its components: technical and technological, personnel, regulatory
support, to search for and implement modern new technologies. It is also necessary to analyze
and justify organizational and managerial decisions taking into account the external environment:
state and regional regulations, the service market, financial, labor, material, energy, information
resources.

The aim of the work is to develop a methodology for the formation of directions for the
technical and technological development of the production process of maintenance and repair of
vehicles at a motor transport enterprise and a mechanism for assessing the state and validity of
decisions in certain areas of development, improving production, its volumes, and timing of
implementation.

It is necessary to analyze approaches to the formation of directions and develop
requirements for the preparation of a strategic program for the technical and technological
development of the production of maintenance and repair of vehicles.

2. Statement:

The production process is a combination of objects, tools and living labor in space and time,
functioning to meet the needs of the enterprise's production [1].

In the conditions of rapid changes in the design of cars, automation, computerization of
technological equipment, production processes must be updated in a timely manner.

Technologies for the maintenance and repair of vehicles and technological equipment
should be built taking into account external factors that affect the vehicle during its operation and
production process, take into account the real capabilities of the enterprise, and be justified.

Management of production processes of enterprises is necessary to ensure the production
of quality services and efficient, optimal processes. Optimal processes can only be in the
presence of technologies, schemes, methods and optimizing tools that provide a high level of
production performance.
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The development of production processes should be aimed at meeting such expectations
of service consumers as service time, cost and quality of service. It is also necessary to ensure
acceptable economic performance indicators for the enterprise: profit, profitability, labor
productivity, etc.

To ensure a sufficient level of quality of car maintenance and repair, researchers
recommend implementing a number of requirements for the modernization and improvement of
production processes, among which the main ones are [2, 3, 4]:

study of consumers' expectations of the quality of service and repair of cars;

study of technological processes and elements of quality assurance systems at the
enterprises of the industry;

assessment of the existing level and improvement of technological processes of
maintenance and repair of vehicles at the enterprise.

When developing programs, drawing up plans and tasks for the development of production
processes for servicing and repairing cars, specialists determine the following main tasks [1, 5]:

formation of the foundations of a functional, process approach to the implementation of the
production of maintenance and repair of vehicles;

analysis and accounting of the state of the market for services and resources in the region
where the enterprise is located and determining the pace, directions and sequence of
development of individual components of production;

search and analysis of the latest modern technologies and their justification.

search, analysis and formation of a list of the latest technical support for the processes of
maintenance and repair of vehicles;

analysis of the professional level of employees of the enterprise, preparation of training
programs for working with the latest technologies;

formation of requirements for staffing the production process;

analysis and adjustment of schemes, methods of organization, management of information,
regulatory support of production processes in accordance with new technologies being
introduced;

improvement of economic analysis processes, justification of production decisions, pricing
methods for consumers for the production of services.

At the present stage of the state of development of road transport, the most important issues
of technical and technological development for many enterprises in the country are:

ensuring the progressive development of the production base of the enterprise in
accordance with the constant increase in the car park in the country and, accordingly, the
expansion of the service market;

the need to constantly increase the capacity of the production base to ensure the
competitiveness of the enterprise;

modernization of production processes; introduction of modern advanced technologies at
enterprises that correspond to the level of design of modern cars.

The formation of the technical and technological direction of development of the production
process of an enterprise should be carried out in order to ensure at a sufficient level such
indicators of its functioning [1, 6, 7]:

ensuring quality indicators for maintenance and repair services;

the ratio of the latest and obsolete technologies in percent at the enterprise;

the level of mechanization of work at sites, enterprises;

the average age of the technological equipment used in the production process;

the level of physical deterioration of equipment;

technical equipment of labor;

labor productivity in the production of services;

cost of production of services, etc.
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The formation of directions for the technical and technological development of the production
of maintenance and repair of vehicles should include:

formulating goals and determining the main priorities for the development of production;

development of an assessment system, analysis of the current state of technical and
technological support and determination of development directions;

determination of characteristics, criteria, indicators for evaluating the effectiveness of
various solutions for the development of technical and technological support of the enterprise;

development of a targeted development program;

drawing up work plans for the implementation of the target program for the development of
technical and technological support for the production of maintenance and repair of vehicles;

control over the implementation of the target program and production development plans.

When developing a program for the development of technical and technological support for
the production process, priority areas should be environmentally friendly technologies and
equipment that ensure the environmental safety of vehicles, environmentally friendly, waste-free
and resource-saving technologies for car maintenance and repair, and the use of environmentally
friendly materials.

An important indicator of the need to replace technical and technological support is the wear
rate of technological equipment [2, 8, 9]:

K,=1— == (1)

CTyn

where C,, , —residual value of worn-out technological equipment and equipment at the enterprise;

C .y —the initial cost of technological equipment and tooling.

At the enterprise, it is important to conduct a valuation of the use of technical and
technological means in the processes of maintenance and repair of vehicles. The share of costs
for technical and technological support of production will characterize the level of concentration
of the enterprise's management bodies on the main component that ensures the quality and
efficiency of the production of services. Such an assessment will be represented by a part of the
cost of technical and technological support in the total cost of fixed assets of the enterprise:

Cot Cry+ Crot+ Cit Cagg

bTT3 =

: (2)

COB¢

where C, — costs for the purchase, development, implementation in production of maintenance
and repair of currently existing technological processes;

C.y — the cost of purchasing, introducing into production the technological equipment of the

enterprise;

C,, — the cost of technological equipment of production processes;

C; — the cost of the tool used in production;

C.xs — the cost of quality control tools for all processes of car maintenance and repair and

the final service;;

Cosp — the total cost of fixed assets of the enterprise.

The indicators obtained for individual industries will characterize the level of technical and
technological support of the processes used at the enterprise. It should be compared with similar
indicators of the best companies in the automotive industry.

Analysis of information based on the results of evaluating individual components of the
overall production process and its technical and technological support according to reasonable
characteristics, criteria, indicators of the functioning of the process of maintenance and repair of
vehicles allows you to determine the main directions and terms for the introduction of the latest
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technological equipment, modern technologies, provide the production process with the
necessary information and regulatory arrays, to create a mechanism for influencing the overall
process of servicing and repairing cars and the production processes of individual structural
divisions.

The activity of such a mechanism should be aimed at ensuring the functional sustainability
of the production system: the ability to withstand negative changes in the socio-economic situation
in the country and other non-technical impacts.

The development of a strategy for the development of technical and technological support
of the production process requires planning measures to analyze the state of this problem of the
enterprise in the internal and external environment (Fig. 1).

External environment Internal environment
Analysis of state, regional laws and Analysis of the state of the material
—> y regmaﬂgns — — and technical base of the enterprise |
Analysis of the economic situation in Analysis of technologies and
| the state and the state of the financial | | |  Pprocesses for the production of |«
market services
—»  Study and analysis of the market for | | | | Analysis of the planning system for
maintenance and repair of vehicles the production of car service services
Analysis of trends in the development | | | | Analysis of methods for organizing <

the production processes of
maintenance and repair of cars

of car design

| Analysis of the latest technologies | | || Analysis of the quality management |
and process equipment system for the production of
services

\ 4 \4

Development of conditions and measures for the formation of
a strategy for the development of the production process of
the enterprise

v

Strategic program for the technical and technological development of the
production of maintenance and repair of vehicles

Fig. 1 — Formation of a strategy for the technical and technological development of the production process of a car
service enterprise

The analysis of information based on the results of assessing the individual components of
the external and internal environments of the general production process of the enterprise
according to certain criteria, indicators, characteristics allows you to determine the main directions
for the necessary and justified development of technologies and technological equipment of the
production process, allows you to create a mechanism for influencing production.

The level of progressive development of the technical and technological support of the
production process of the enterprise must be assessed by its effectiveness in the maintenance
and repair of vehicles and the dynamics of changes in the technical and economic characteristics
of the enterprise.
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The use of the development management mechanism should provide a rationale for
management decisions and actions that ensure the stability and improvement of the functioning
of the production process of the enterprise and individual structural divisions through feedback.

An objective assessment of the quality functioning of the mechanism for managing the
development of technical and technological support is the compliance of services for the
maintenance and repair of cars with the expectations of consumers, as well as acceptable
performance indicators for the functioning of the enterprise and its individual structural divisions.

The use of the development management mechanism should formalize all activities, forms
and methods for the development and implementation of the target program and plans for the
technical and technological development of the production process of maintenance and repair of
vehicles.

3. Conclusion:

The methods of research and the formation of a program for the technical and technological
development of the production process of servicing and repairing cars are analyzed.

Requirements for the development of a strategy and drawing up plans for the technical and
technological development of the production process of a road transport enterprise have been
formed.
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OPIrAHU3ALUA NMPOLIECCA MNNAHUPOBAHUA 3ATPAT HA KAYECTBO
ycnyr nPEANPUATUA ABTOCEPBUCA

ORGANIZATION OF THE COST PLANNING PROCESS FOR THE QUALITY
OF SERVICES OF A CAR SERVICE ENTERPRISE

Volodymyr Makarov, Doctor of Technical Sciences, Professor, Tamara Makarova,
Associate Professor, Ph.D., Vinnitsa National Technical University, Nicholas Mastepan,
Associate Professor, Ph.D., Donbass National Academy of Construction and Architecture,
Olena Mastepan, graduate student, Kharkov National Automobile & Highway University

Abstract. The requirements for the quality and efficiency of production of car maintenance and repair services are
considered. A mathematical model of the service price acceptable for a car service company has been developed.
A mechanism for determining the directions of production process development most influencing the quality of
services has been developed.

Keywords: car, enterprise, service, quality, costs, development

1. Introduction:

Effective cost management for ensuring the quality of the production processes of
automotive maintenance and repair services should ensure the quality of services expected by
consumers and at the same time not worsen the balanced performance indicators aimed at
ensuring production efficiency.

The system for assessing and rationing the costs of ensuring the quality of services should
include an analysis of the level of quality, the system of the quality cost planning system operating
at the enterprise, contain the information necessary for rationing the level of costs and making
appropriate management decisions to improve the flow of individual processes, the work of
structural divisions of the enterprise.

Creation of a large cost management system for the quality of the production process is the
most important task of the enterprise. It is known that the most profitable investment in the
economy is the investment of quality.

The growth of the performance indicators of road transport enterprises is significantly
influenced, on the one hand, by the costs associated with improving the quality of products, and
the losses of consumers due to insufficient financing of processes and measures to determine
the quality of services.

The principle of scientific quality regulation is high planning standards based on advanced
information and production technologies.

In connection with the transition to market conditions of the economy and the expansion of
the systems of car service enterprises, the problem of substantiation and rates of financing of
high-quality production processes and the final car service becomes especially relevant.

2. Statement:

Most of the processes for the production of car service services, as well as the costs of
improving the efficiency and quality of its production, respectively, are better considered as
probabilistic systems. A car service enterprise operates under the influence of external and
internal factors on the production process, which create a probabilistic formation of the
characteristics of individual components of the service production process.

Research on the formation of costs for the quality of production of car service services
should be based on understanding, analysis and description of the phenomena occurring in the
production process, in the system of organizing and managing the functioning of the production
base, taking into account the factors that form and determine its activities.

The sum of all costs for the efficiency and quality of car service services is conventionally
divided into two groups [1, 2] (Fig. 1)..
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Total cost of efficiency and quality of service

production
The cost of meeting the quality Costs of non-compliance of the
requirements of the process process with quality requirements
Preventive measures Control Internal losses External losses
measures

Fig. 2.1 - Total cost of service quality

When analyzing and evaluating the costs of the efficiency and quality of car service
production, it is desirable to determine the following components of the enterprise's activities [1,
3, 4]

identifying the need and assessing the size of investments in guaranteed efficiency and
quality of car service production;

determination of requirements and conditions for ensuring the required level of quality of
services while reducing the savings in the total costs of the production process;

identifying the relationship between costs for the efficiency and quality of service production
and the results of the enterprise's activities in order to determine the possibility of increasing the
level of investment in quality improvement;

determination of the critical components of the process of production of services, activities
that require the adoption of urgent measures to improve production.

When using modern concepts of cost management for the efficiency and quality of service
production, it is necessary to have reasonable criteria for assessing the effectiveness of costs for
various components of the production process and activities.

An important criterion for the cost-effectiveness of the quality of service production is the
level, the degree of their usefulness. The indicator of cost effectiveness E in this case is the ratio
between the costs of quality B and the losses C associated with the inconsistency of the car
service service.

E=C—-B, (D

The process approach in managing the production of services involves determining the cost
effectiveness of the quality of not only the overall process, but also its individual components: all
technological operations, the functioning of the production management system, the supply of
material resources, etc.

As a criterion for the effectiveness of managing costs for the efficiency and quality of service
production, the coefficient of efficiency of costs for quality K can be used. It can be calculated by
the formula:
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(Bj_ Cn)

J

K= x100% , )

where B; — enterprise costs for the efficiency and quality of service production;

C,, — costs of nonconforming service production.

In the above formula, the criterion for the effectiveness of investments in quality shows how
effective investments in the production process were. The best result will be achieved when the
costs of service production mismatch C, will approach zero, then the coefficient K will approach
one

Car service enterprises operate in a market economy in conditions of fierce competition
between manufacturers, which makes it necessary to constantly search for and invest resources
in production, to ensure the cost of efficiency and quality of production of car maintenance and
repair services. At the same time, it is important to ensure cost-effectiveness for the quality and
efficiency of car service production (Fig. 2).

Ensuring the
adaptability of the
functioning of the

enterprise in the car
service market

Ensuring the efficiency of
cost planning for the
quality and efficiency of
service production
aBTOCepBUCa

iy iy iyt

Ensuring cost-effectiveness for the quality and efficiency of
car service production

JL JL

Costs for quality and efficiency of the Expenses for ensuring interconnections
production process with the external environment

1L 10

Ensuring the efficiency
of pricing for the
provision of car service
to consumers

expenses for improving the quality and
efficiency of car service production
technologies;

costs for the quality and efficiency of the
technological equipment;

costs associated with the quality of
functioning of the staffing of the
production of services;

expenses for improving the regulatory
support of service production processes;

costs for improving the information
support of the production processes of
car service

the cost of improving the quality of studying
the car service market and relationships with
consumers;

costs of establishing relationships with car
manufacturers;

costs associated with improving the methods
of studying the market of material and energy
resources;

expenses for establishing relationships with
manufacturers and suppliers of spare parts
and material resources of production;

costs for improving the input quality control of
spare parts and material resources

Fig. 2 - The main components of ensuring cost effectiveness for the quality of car service services

According to the methods of implementation, competition can be divided into price and non-
price [3, 4, 5]. Price competition provides for the offer of services at lower prices than competitors,

91



MEXOYHAPOOHA KOH®EPEHL A ,EKO BAPHA® 2023

non-price competition - in the offer of goods and services of the highest quality, with greater
reliability and service life, higher productivity.

The distribution of quality cost management should be carried out through such functions
as rationing, planning, accounting, analysis of cost indicators for the quality of service production.
The implementation of these functions is based on a process approach with the orientation of all
processes to the consumer, that is, the observance of the principle: focus on the consumer.

To normalize single indicators characterizing a service (the cost of a service, energy
consumption, service time, etc.), it is advisable to use a differential assessment method. At the same
time, the level of achievement of investments in the production of services is determined in comparison
with the basic indicators: average for the industry, compared with the best similar enterprises,
competitors.

dopmyne The calculation of relative indicators for assessing the quality of service Q; is carried
out according to the formula:
P
Pip’

Q; = (3)

where P; —the value of the i-th indicator of the quality of service in the direction of activity (labor
costs, materials, etc.);
P;;, — the value of the i-th basic indicator of the process in the direction of activity;
i—1, ..., n—the number of property characteristics to evaluate.

3. Conclusion:

Studies of the directions of expenses for the quality of car service services should be based
on the analysis and description of the phenomena occurring in the production process, in the
system of organizing and managing the functioning of the production base, taking into account
the factors that form and determine its activities.

When analyzing and evaluating the costs of the efficiency and quality of the production of
car service services, it is necessary to determine such components of the enterprise's activities,
a guaranteed increase in the efficiency and quality of services, identifying the relationship
between costs for the efficiency and quality of the production of services; definition of critical
components of the production process.

The criterion for evaluating the directions of development of the production process can be
used the coefficient of efficiency of quality costs in certain areas and components of the process.
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DIAGNOSTIC FEATURES OF THE CYLINDER PISTON GROUP OF GASOLINE
ENGINES OF A CAR

Irina Saraieva’, Oleksandr Vorobiov 2, Dmytro Sebko 3

Abstrsct. The task of diagnosing the engine is reduced to establishing the belonging of the technical condition to
one of two subsets - serviceable and serviceable or faulty, but serviceable. It is necessary to recognize and localize
the fault location. The analysis of the diagnostic and structural parameters of the engine's CPG is carried out. A
typical range of diagnostic parameters has been established for most modern gasoline engines.

Keywords: car, engine, diagnostics, cylinder, piston, clearance, compression.

1. Introduction:

When diagnosing a cylinder-piston group (CPG) of a gasoline engine without
disassembling it, there is a problem of correct diagnosis. First of all, this is due to both the
complexity of the design of the internal combustion engine (ICE) and the complexity of the
processes that accompany the conversion of thermal energy into mechanical work. The most
loaded elements that perceive both mechanical and thermal loads in the internal combustion
engine are the CPG and the valve group.

2. Statement:

The CPG belongs to the crank mechanism (KShM) and ensures the tightness of the
engine cycles. CPG includes cylinders, pistons and piston rings. The main factors under the
influence of which a change in the technical condition of the engine CPG occurs are: high
pressure of 3-5 MPa; high gas temperature up to 25000K inside the cylinder; relocation of the
piston in the vicinity of its top dead center (TDC) (figure 1).

Figure 1. The main factors affecting the wear of engine CPG parts:
P — pressure;

Q - heat load flows;

M is the moment causing the piston shift

The greatest load in this case is perceived by the upper compression ring, the piston
partition under this ring and the upper belt of the cylinder. The increase in pressure during
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combustion leads to a significant increase in the force of pressing the ring against the surface of
the cylinder and the lower surface of the piston groove. In this case, up to 50-60% of the total
heat released is removed through the upper compression ring. In order to ensure heat transfer
through the ring, the ring needs to fit snugly against the piston groove and against the cylinder
surface. In addition, the upper compression ring operates under conditions of greater oll
starvation than other rings, which is also a significant factor that increases the wear of both the
ring itself and the upper cylinder belt.

As the piston approaches TDC, under the action of the gas pressure force, the friction
force between the piston bosses and the piston pin increases. This causes the piston to rotate
along with the connecting rod, that is, the piston moves from one wall of the sleeve to the other,
the so-called piston shifting. The piston shifting near TDC, depending on the degree of wear
and the ignition timing, occurs with a strong shock impulse, which additionally loads the CPG.
Structurally, the moment of the beginning of the shift and the speed of the piston shift depend
on the displacement of the axis of the piston pin. It has been established that the displacement
of the piston pin relative to the piston axis by the optimal value (1-2.5 mm) leads to a decrease
in the wear of the cylinder liner in the upper zone by 20-23% and a decrease in ring wear by
28%.

However, the problem of wear and hence control of this wear remains. As a result of
thermal and mechanical loads, the upper compression ring acquires a characteristic cross-
sectional profile with an asymmetric barrel shape of the outer surface and a slight concavity at
the ends. The lower surface of the piston groove becomes conical with a rounded edge, and a
characteristic wear appears on the cylinder wall, in the vicinity of TDC.

If the above listed malfunctions are not eliminated in time, a stronger destruction of the
CPG occurs with a fracture of the piston rings and the formation of scoring on the surface of the
cylinder. The type of technical condition of an object is characterized by the conformity or non-
compliance of the quality of the object with certain technical requirements established by the
technical documentation for this object. There are the following types of technical condition:
serviceability and malfunction, operability and inoperability, correct functioning and incorrect
functioning.

The operation algorithm of the CPG is reduced to ensuring the tightness of engine
cycles. In this case, excess pressure from the over-piston space should not penetrate into the
engine crankcase, and oil should not flow from the crankcase into the combustion chamber.
Consequently, the CPG of the engine, which carries high thermal and mechanical loads, under
the influence of which the type of its technical condition changes, is serviceable if all the
elements included in this group are operational and function correctly: pistons, piston rings,
cylinders, and faulty if incorrectly at least one element from this group is functioning, which
leads to a violation of the tightness of the combustion chamber, oil entering it, a drop in
compression pressure in it and a breakthrough of gases into the engine crankcase.

Modern car engines, with rare exceptions, are multi-cylinder. The failure of a cylinder
does not mean a complete loss of performance of the entire engine. However, such a faulty, but
operable state of the engine leads to a deterioration in its design and operational
characteristics: power loss, reduced torque, increased consumption of fuels and lubricants.

The CPG of an engine, not without reason, can be attributed to a complex mechanical
object of diagnostics, in which the number of mating parts is proportional to the number of
cylinders, and the complexity of the processes accompanying the conversion of thermal energy
into mechanical work reduces the possibility of using accurate analytical dependencies. Direct
access to the structural parameters of the CPG is limited. The task of diagnosing the CPG is
reduced to establishing that the technical condition belongs to one of two subsets - serviceable
and operable or faulty, but operable, as well as recognizing and localizing the fault location.
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The analysis of diagnostic and structural parameters of the CPG of the engine was
carried out [1-13]. A characteristic range of diagnostic parameters has been established for
most modern gasoline engines (Table 1.) [14, 15].

Table 1. Characteristics of the structural parameters of the CPG of modern gasoline
engines of passenger cars

Names of controlled Nominal values of the Permissible Maximum possible
parameters parameter, mm parameter values, | values of the parameter,
mm mm
0,3-0,4 for upper 0,7-0,8 0,9-1,0

Piston ring gap
0,2-0,3 for medium and oil

0,7-0,8 0,9-1,0
scraper
0,4-0,5 for type-setting oil 1.2-14 15
scraper
Ga'p between plstop and 0,015-0.02 0,03-0,09 0,1
ring at groove height
clearance between cylinder 0,12- 0,15
and piston in the upper 0,02-0,05 0,06-0,09 ’ ’

chord

3. Conclusion:

To date, the most common, accessible and reliable are the methods of technical
diagnostics of the CPG, which give a general assessment of the tightness of the over-piston
space. However, these and other well-known methods do not provide the desired information
about the technical condition of the CPG and the tightness of the engine valves, due to the
inaccuracy and inconsistency of the information obtained, the reliability of which is 35-75%. At
the same time, the reliability of the diagnostic conclusion is largely determined by the
experience of the operator and, therefore, is subjective. The analysis of diagnostic and
structural parameters of the CPG of the engine has been carried out. A characteristic range of
diagnostic parameters has been established for most modern gasoline engines.
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XAPAKTEPUCTUKUN HA U3YNCTIABAHE HA PA3XOOA HA TOPUBO 3A
OBOPYOBAHE, MOHTUPAHO HA NPEBO3HOTO CPEACTBO

OCOBEHHOCTU PACYETA PACXO[OA TOIMJIMBA AnAdA ObOPYOOBAHUA,
KOTOPOE YCTAHOBJIEHO HA TPAHCNOPTHOM CPEACTBE

FEATURES OF CALCULATING FUEL CONSUMPTION FOR EQUIPMENT
THAT IS INSTALLED ON A VEHICLE

Krivoshapov Sergey '

Abstract. The main types of special equipment, which is installed on specialized vehicles, are considered.

A mathematical model has been developed for calculating fuel consumption for special equipment driven by an
internal combustion engine. An example of calculating fuel consumption using a mathematical model is given.
Graphical dependences of fuel consumption for the operation of additional equipment have been built.
Recommendations are made and directions of work in the future are determined.

Keywords: vehicle, operating conditions, fuel consumption, vehicle efficiency, special equipment, engine load
conditions.

1. BBepeHue:

CoBpeMEHHbI MUP XapaKTepusyeTCs BbICOKMM ypoBHEM MobunbHocTu. bnarogaps
aBTOMOOUNSAM NIOAN UMEKT BO3MOXHOCTb MyTeLecTBOBaTb Ha 3HAYUTENbHbIE PACCTOSHUS.
ABTOMOOUNN Takke WMCNONb3YIT ANA NepemMeLleHns cneynanmanpoBaHHoro obopyaoBaHus,
KOTOpoe MO3BOMSET BLINOMHATL pasfnuyHble 3adadn, HeobxoauMble B CTPOMUTENbCTBE,
CEeNbCKOM X03ANCTBE, KOMMYHanbLHOWN cdepe.

Ha ponto aBTomMobunbHOro TpaHcnopTta npuxoamntbca ©onee 80 % cCTpouTenbHbIX
mMaTtepuanoB, MawuH un obopypoBaHua [1]. CebecToMMOCTb TpPaHCMOPTHbLIX PAacxXOAoOB B
CTPYKType 3aTpaTt CTpouTenbHbIX paboT moryT gocturatb 12-15 % [1].

CneumanunanpoBaHHbI aBTOMOOWIb — 3TO rPy30BOM aBTOMOOUNb, NpeaHa3HAYEeHHbIN ANns
nepeBoO3Kn onpeneneHHoro Buaa rpy3os 1 o60opy4oBaHHbI AN 3TOro crneumanbHbIM Ky30BOM U
npucnocobnexHmamu. CneymanbHoe obopyaoBaHMe, yCTaHaBNMBaEMOE Ha Takme aBToMoounu,
Nno3BOSISIET 3arpyxatb W pasrpyxaTb aBToMobunb (camocBanbl, rmMapobopT, MOrpy34dnKu,
MaHUNynsaTopbl W Ap.), nepemewaTb Trpy3 B npouecce ABWXKeHUa (BeToHoMeluanku),
nogaepXXuBaTb TeMNepaTypHbIA AMana3oH B Ky30Be (TepMobyaku, pedpuxepaTopsbl).

CneumanbHble aBTOMOOMAM He NpefHa3HavYeHbl AN BbINOMHEHWUS TPAHCNOPTHOM paboThl.
K HMM oOTHOCATCS: aBTOMOOMNM CKOPOW MOMOLLUM, aBTOBbLIWKW, aBTOKPaHbI, MacTepcKkue,
noxapHole aBToMobunun n gp. Takne aBTOMOOGUNKN BLINOMHSAKT cneunanbHble BUAbl paboTbl,
ANs KOTOPOW Takke HeobxoaMMO NCNOoMb30BaThb creumanbHoe 0bopyaoBaHMe.

Ona aBuxeHnss aBTomobuna n paboTbl cneunanuM3MpoBaHHOro obopyaoBaHua TpebyeT
NUCTOYHMK 3HEPreTM4Yeckoro pecypca, B Ka4yecTBe KOTOPOro, 3a4acTyto, BbICTYNaeT Xuakne snabl
Tonnuea: ©6eH3MH unu amsenbHoe TomnmMBO. [ons 3aTtpart Ha TOMSIMBO MOXET COCTaBNATb
NOSIOBMHbLI CTOMMOCTWU TPAHCMOPTHOM onepaunmn, n 3T 3atpaTtbl pacTyT, KOrga MCnosib3yeTcs
cneunansHoe obopyaoBaHue.

Mpn nnaHMpoBaHMN XO3SANCTBEHHOW AeATenbHOCTM HeobxoaMmo 3HaTb noTpebneHus
roptoye-cMasouHbIX mMatepuanoB. Ecnv gna camoro asToMOOMAS HOpMbI pacxoda Tonnuea
yKasblBaeT 3akoHogaTenbHo [2, 3] wnuM onpegenseTr 3aBoA4-NpousBoauTeNnb, TO HOPMbI
notpebnenna Tonnuea cneumanbHbiM 06OpPyLOBaHMEM HacTO HEU3BECTHbl. Takue HOpPMbI
pacxofa Tonnuea MoryT ObiTb YCTaHOBMEHbI AKCNEPUMEHTAsNbHbIM NYTEM UMW pacCyYUTaHbl No
MaTtemMaTU4YeCKUM MOAENSAM.

2. N3noxeHue:

YcTaHoBKa crneumanuanpoBaHHOro obopyaoBaHWUSA, Kak MnpaBuiio, OCYLLECTBNSETCS Ha
b6asoBble mMogenu asTomobunen. [Mpu 3TOM ABuUraTenb, TPAHCMUCCUS, LUACCU, SNEMEHTDI
ynpaBneHnss u KOHCTPYKTUBHblIE OCOBEHHOCTU WCXOOQHOr0 aBTOMOOMNA 3HAYUTENbHO He
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n3mMeHsaTCAa. MeHseTca TONbKO CHapshkeHHass Macca aBToMOOMMs Ha BenuyMHy Beca
A0NosIHUTENBHOro 0b6opyaoBaHNS.

Bec aBTomobunsa (Ga) yunTbiBaeTcss B MareMatmyeckon mogenu, paspabotaHHon npod.
NoBopyLueHko H.A. [4], cornacHo KOTOpOW pacxo Tonnmea MOXHO onpeaenuTb Mo crieayoLen
dopmyrne B n/100 km:

1 } .
O=—- A-zk+B-z,§-Va+c-(Ga-;y+0.077-kF-Va2)], (1)
i
rae Va — ckopocTb aBTtomobuns, km/v; A, B, C — noctosiHHble KO3I(MDUUMEHTBI; Ni —
WHOVKATOPHbIN KO3IMULMEHT MOSME3HOro AENUCTBUS; ik — CpedHeB3BELWLEHHOE MepegaTovyHoe
YMCMO KOPOOKM CMeHbI nepeaay; ¥ - Ko3adULMEHT CyMMapHOro JOPOXKHOro COMpPOTUBIEHUSA
ABWXeHno aBTomobuns; k - daktop o6tekaemoctu, H-c?/m?; Ga — Bec aBTomobuns, H.
B dopmyny pacxopga tonnuea (1) BkntodeHbl koadpduumeHtol A, B, C, 3aBucswme ot
KOHCTPYKLMKN aBTOMOBUIIA 1 KavecTBa NPMMEHAEMOro Tonnuea:

T.8-ay Vi B_0.687~bm-Vh-Sn-i02 100

4 , L
Hy, - py -1y H, - -p, -1, Hn'pt'nmp

(2)

rae Va — pabounn obvem gsuratensa, n; io — NepegartovyHoe YUCMO FNaBHOW nepenaudu; rk —
ANHaAMNYEeCKUN paauyc Koneca, M; Sn — X0, NOPLUHSA, M.

Paccuntaem nyteBonm pacxog TonnuBa Ha npumepe astomobuns KpA3-6322 ¢
asuratenem £AM3-238, koTopbin BbinyckaeTcad KpemeH4yrckum aBTOMOOUIbHBIM 3aBOAOM B
YkpaunHe. Ha 6a3e aTtoro aBTomMobunsa MoryT yctaHaBnuBaTbCs pasnuyHoe obopyaosaHune: KO-
503WMB - unococHbin aBTomobunb; MHY-320 — mobunbHasa HacocHas yctaHoBka; ALTB-10 —
aBTounctepHa; AT3-20 — TonnueosanpasBwuk; M33-330 — aBToTpakTop; AdP1 —
aBTomMob6unb-cpyproH; MPM-b — nepepgBwxkHas aBTopeMoHTHas mactepckasi; 90B-4421MY -
OAHOKOBLUOBbIV rMapaBinyecknin SKCKaBaTop 1 Apyrasi Komnnekraumsa [5].

Ha puc.1 npuBegeH rpacdmk namMeHeHns pacxoga TonnmBa OT CKOPOCTM aBTOMOOMNA m
Maccbl TPaHCMOPTHOrO CpeAcTBa, KOTOpasi W3MEHSANacb OT CHapshKEHHOW Maccbl Ao
MaKCUMarnbHOro 3Ha4YeHusi, KOTOPbIA yCTaHaBnMBaeT 3aBO4-U3roTOBUTEND [5].

Puc. 1. NlameHeHne pacxoga Tonnmea OT CKOPOCTU U macchl aBTomobunsa KpA3-6322
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Kak n cnepgoBano oxugaTb, yBeNMYeHMEe MacCbl aBTOMOOMMS NPUMBOOMT K YBENUYEHUIO
pacxoga Ttonnmea. MlameHeHune pacxoga Tonnnea OT Maccbl aBTOMOGUNA GM3KO K NMMHENHOMY
3akoHy. OgHako, n3 puc. 1 BUAHO, YTO Macca aBTOMOOUNS OKasblBaeT BIIMSIHNE HA U3MEHEHUe
pacxoga TonnvBa OonblUe NPU ManbiX CKOPOCTAX ABMXEHWSA (Yron HaknoHa rpaduka npu
20 km/y B6onbLie yem npu 70 KMm/Y).

CneumanbHoe obopyagoBaHune, Ans paboTbl KoToporo TpebyeTcss LOMNOMHUTENbHas
3Heprusi, MoxeT paboTaTb OT ABWUraTtensd BHYTPEHHEro CropaHus UM UMEeTb COOCTBEHHbIN
asuratens [6]. Korga npuBog ocywecTBnAeTcs OT ABuratens aBTomobuns, To cneuyuwanbHoe
obopynoBaHme MoxeT paboTaTb B npouecce ABWMXXEHWUS TPAHCMOPTHOrO cpeactsa unu Korga
aBTOMOOUNb CTOUT Ha MecTe. B 3aBMCMMOCTM OT 3TOro pacxon TOnnvBa AN crneumanbHOro
obopynosaHme Oyaet HopmupoBatbcs B n/100 km wnm n/4. CneumanbHoe obopyaoBaHue,
KOTOpOE MCMONb3yeT CBOK JHEPreTU4EeCKyld YCTaHOBKY He MNPUBSA3AHO K pexumy paboTbl
aBTOMOOUNS, @ ero pacxo HopMupyeTcs B N/ .

Mo popmyne (1) HeNb3sA onpefenuTb pacxog TONnuBa, korga asToMobunb He ABuraTens,
NMOCKOMbKY dTa opMyfia 3aBsi3aHa Ha CPEedHI CKOPOCTb ABMXKEHUA aBToMobuns wu
nepegatoyHble Yncna Kopobku nepenad, 3HaA4YeHME KOTOPbIX Ha HEMNoABMXHOM aBTOMoOMNe
paBHAETCS HYIH, MOCKONbKY HET Nepeaayv aHeprum OT ABuUraTens K kosiecam aBTomobuns.

B ntobom cnyvam npuBog cneunanbHOro o6opyaoBaHns BbICTyNaeT Kak AONONHUTENbHAs
Harpyska Ha gsuratenb. Pacxoa Tonnuea OyaeT 3aBuCeTb, Kak OT BENUYMHBI HArpy3ku, KOTOPYHo
MOXHO OnpefenqTb Yepe3 MOLWHOCTb, Tak OyaeT 3aBMCETb OT CKOPOCTHOrO pexunma paboTbl
ABUraTens, kotopasi onpeaenseTcd 4YacToTon BpaLleHns BbIXOQHOro Bana.

YacoBon pacxof Tonnmea B Kr/y MOXHO onpefennTb Mo criegytowen opmyne

G, =g.N, (3)
YpaenbHbI pacxo Tonnvea B r/kBT4 paccuntbiBaeTCcsa Tak
gm0 (4)
H,-n,
AddektmeHbin KIMO ABC coctouT M3 nHamkatopHoro n mexanudeckoro Kz
M =101, )
lMoTepu sHepruv B ABurartene ydnteiBatoTca mexaHnyeckum K4 no doopmyne
My = e (6)
P +P,

B Teopun [OBC cpenHee 3HadeHuMe p[aBneHUa MOTeEpU MNPUHATO pacCyYUTbiBaTb MO
cnegyoLien amMnmpuyecKkon 3aBMCMMOCTH

P =a,+b, W, (7)
roe w, - CpedHssi CKOPOCTb ABUXKEHUS MOPLLHS, KOTOPYI MOXHO OonpeaenuTb Tak
2.5,
n 60
dopmyna ona pacyeTa a¢ppekTMBHOM MOLHOCTN B KBT Takas
V,-P -n
e =T (9)
120-10

3 aTon doopmysibl MOXXHO Nony4nTb cpeaHee adpdpekTMBHOE faBneHue B Kl a

n (8)
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120-10° “N,
P=———"=<
V,-n

(10)

O6bveanHuB Bce npeabiayLime opmyribl MOXHO NONyYnUTb 0OLLY0 3aBUCUMOCTb YacOBOrO
pacxoga TonnuBea B Kr/u:

3-a,V, n+0.1-b,-S, -V, -n* +360-10° - N,

Gt
100-H, -7,

(11)

roe a, v b, - koadduumeHtsl noteps ABC; V, - pabounn obvem gsurarens, n; S, -
XoA mopLliHA, M; H, - HM3Was TennoTa cropaHusa tonnuea, KIDK/Kr, 77, - nHamkatopHbin KA
ABuraTens; n - o6opoTbl KoneH4aToro Bana auratens, MuH'; N, - addeKkTrBHasi MOLLHOCTb

asuratens, kKBT.
NameHeHne uHgmkaTopHoro KM MOXHO onucatb perpeccuoHHon mopenbto [7] 4depes
NOJSIMHOM TpeTeun CTENeHN Ha BCeM uanasoHe 3eKTUBHON MOLLHOCTU, BUAA:

2 3
N N N
n,=A4,+B,-—— +Ci-( : J +Di-[ : J (12)

emax

e max e max

D. - amnupudeckne koadpdpuumneHTbl; N - MakcumarnbHasd

roe A, B C., ) o max
(HomuHanbHast) mowwHocTb [BC, kBT.

3HayeHne aMNUPUYECKUX KOIPPULMEHTOB, BXxogawmx B opmyny (12), 3aBucut ot Tvna
Tonnuea. Mx 3HavyeHne MOXHO NpUHATL criegyowmnmn [8]:

- Ansa 6eHsuHosoro asuratens - A4, =0.283, B, =0.302, C, =-0.339, D, =0.044
- Ana gusenbHoro asuratensa - A, =0.423, B, =0.387, C, =-0.548, D, =0.175

Ha puc. 2 wnsobpaxeHa rpaduyeckas 3aBUCMMOCTb 4acOBOro pacxoga TonnmeBa OT
YacToTbl BpalleHus konenvatoro Bana [ABC n cpegHein abpeKTUBHON MOLLHOCTW.

i)

Gt,
/g

20+

Ne,
100 kBt

n,
00/MUH

Puc. 2. NameHeHne yacoBoro pacxoga Tonfmea OT YaCcTOTbl BpaLLEHNA U MOLLHOCTU Ha
BbIxogHOM Bany [1BC
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M3 puc. 2 BUAHO, YTO C yBENMYEHMEM MOLLHOCTU 1M 060OPOTOB ABUraTeNsl YacoBOW pacxon
TonnuBa yBenuuuMBaeTcs. [lodToMy npu HOpPMMPOBaHUM pacxoga TonnMBa HeobGXOAMMO
yuuTbiBaTb HE TOMbKO MNOTPebnseMyrd MOLLHOCTb crneuobopygoBaHMEM, HO U U3MEHEHMue
CKOPOCTHOrO pexnma paboTbl gBuraTens.

Onpegenum yacoBon pacxog tonnmea asTomobuna KpA3-6322 K KOTOPOMY NOLKMAOYEHO
obopyaoBaHMe C TakMMu XapakTepuCTUKaMW: YacTtoTa BpalleHWs KOoMeH4aTtoro Bana —
1500 muH"; MoLHocTb — 50 kBT. Toraa no dopmyne (11) ¢ yyeTom 3aBucumocTu (12) yacosoi
pacxog Tonnuea coctaBut — 13,9 n/u.

Mpn pacuyeTax pacxoga Tonnvea creumanbHoro obopygoBaHns HEOOGXOAMMO y4UTbiBaTb
noTepu SHEPrnn, KOTOpble MNPOMUCXOAAT Mpu nepegadvye oOT ABUraTens, M noTepu, KoTopble
NPOUCXOAAT B caMOM 060pyaoBaHUM.

Ecnn Heobxogumo onpegenuTtb 4acoBOW pacxod TonnuBa Ansa ABuraTens, KOTOPbIN
pabotaer 6e3 Harpy3ku, korga oddektnsHaa wmowHocTb N, =0, pekomeHayeTcs

ncnonb3oBaTb METOAMKY, onucaHHyto B pabote [9]. Ons onpegenenuna vHamkaTopHbii KM
asuratens, BMecto goopmynbl (12), MOXHO ucnonb3oBatb Metoauky [10].

3. 3akntoyeHue:

MpeonoxeHHas martemaTudeckass MOAENb, XOTb W NPUOAMXKEHHO, HO MNO3BONSET
paccumMTaTb 4acoBOW pacxoq TOMnMBa Ha NPMBOA BCnomoraTenbHOro obopyaoBaHus B
3aBMCUMOCTM OT MOLUHOCTM UK OOOpPOTOB KONfieH4YaToro Bana. OTo no3Bonutb 6Gonee
3phekTMBHO HOPMMPOBATbL NOTPEONEHNS TONNMBA NPU PA3NNYHbIX PEXMMAX Harpy>KeHUs.
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METOAUKA 3A ONPEOENAHE HA NTAPAMETPUTE HA TOPUBOINMOOABAHE
HA FA30B KOHTPOIJIEP

METHOD FOR DETERMINING THE FUEL SUPPLY PARAMETERS OF A
GAS CONTROLLER

Stoyan Stoyanov

Abstract. Modern LPG systems determine the amount of fuel by processing data from gas pressure and temperature
sensors, as well as information about the duration of the control signal to the petrol injectors, formed by the electronic
engine control unit. They provide possibilities for making various corrections in the injections time when the system
is installed to different engines. These options are described in the system installation manuals, but they lack the
dependencies between the selected values and the thermodynamic laws on which they are based. The article
presents an overview of the principle of operation of an electronically controlled LPG fuel system, theoretical
dependences in the flow of gases through the orifice, as well as the dependences between the fuel supply time and
the thermodynamic state of the gaseous fuel.

Keywords: LPG system, fuel supply time, LPG flow, gas controller setup.

1. BbBegeHue:

CbBpeEMEHHMTE ENEKTPOHHM CUCTEMU 3a 3axpaHBaHE Ha ABUraTenuTe C rasoBu ropmea
onpenenaT BpemeHaTa 3a ropveonogaBaHe 4pe3 obpaboTka Ha CcurHanm OT CeH3opu 3a
HanaAraHeTo W TemnepaTtypaTa Ha rasa, Kakto U OT ynpaBnsBaliMs curHan kbM GeH3nHoBUTE
NHXEKTOPW, bOpMUpaH OT eneKTPOoHHNA 610K 3a yrnpaBreHne Ha 6eH3nHoBaTa ypenba. NMpu tax
ca npenBuaeHN Bb3MOXHOCTWU 3a M3BbpLUBAHE Ha KOpPEKUMM B ynpasnsBaliuTe CUrHanm BbB
Bpb3Kka C 0COOEHOCTUTE Ha ra3oBuTE ropmea. Te3n Bb3MOXHOCTM Ca ONUCaHU B UHCTPYKLMUTE 3a
WHCTanuMpaHe 1 HacTponBaHe Ha rasoBaTta ypenba, HO B TAX NMUNCBAT 3aBUCUMOCTUTE MeXAy
n3bpaHnTe CTOMHOCTU U TEPMOAMHAMUYHUTE 3aKOHW, HA KOWUTO ce OocHoBaBaT. B goknapga ca
pasrnegaHn npuHUMNa Ha OencTBMe Ha rasoBa ropmBHa ypenba C enekTpoHHO yrnpaBreHue u
TEOpeTUYHNTE 3aBMCMMOCTU NpU U3TUYaHe Ha ra3oBe npes aw3un. 3BegeHn ca 3aBUCUMOCTUTE
Mexay KoeuumneHTuTe 3a onpeaensHe Ha BpeMeTO 3a ropMBonogaBaHe n TEpMOAUHAMUYHOTO
CbCTOSIHME Ha ra3oBOTO rOPUBO.

2. N3noxeHwme:

dur. 1. Cxema Ha ra3oBa ypeaba ¢ enekTpoHHO ynpaBneHue [1]
1 pesepBoap, 2 peaykTop usnapuresn, 3 rasoBum UHXEKTOPU, 4 BEH3UHOBU MHXEKTOPU, 5 CeH30pu 3a HandraHe u
TemrnepaTypa Ha rasa u HansraHeTo B MbNHUTENHUS KONEKTop, 6 KOHTporep Ha rasoBata ypeaba, 7 KOHTponep Ha
6eH3nHoBaTa ypeaba

CbBpemMeHHUTE ra3oBu ypeabu ¢ enekTpoHHO ynpasneHue (pur.1) ca NnpoekTnpaHn Taka,
ye ga 6baaTt CbBMECTUMM C LUMPOK CMEKTbp OT CbulecTByBawm apuratenu. lNpuHumna Ha
aencrtemeto um ce 6asmpa Ha CbBMecTHaTa paboTa C opurMHanHaTta ropmBHa ypegba Ha
apuratens, Kosato hopmupa Heobxoaumarta LuMKIIoBa NOpUnsa ropueo Ype3 obpaboTBaHeTO Ha
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CUrHanu OoT pasnuyHu ceHsopu. ObpaboTkaTa ce M3BbpLIBa OT EMEeKTPOHEH OnokK, KOMTO
ynpaBsnsBa 6EH3NHOBUTE NHXEKTOPU C ENTEKTPUYECKM UMMYIIC C onpeaeneHa npoaAbMKUTENHOCT.
PasnuyHnTe XxapakTepuCTUKM Ha M3NON3BaHWTE ropueBa, Kato HeobxoauMma UMKNoBa MNOpUMS
rOPUBO M PasnUYHNTE 3aKOHWU NPU M3TMYaHe Ha TEYHOCTU M ra3oBe, Hanara rasoBaTa ypenba aa
O6bae ynpaBnsiBaHa OT OTAENEH enekTPoOHeH 6ok, U Aa M3non3sa pPasfiMyHM NO KOHCTPYKUUSA
€NeKTPOMarHUTHM BEHTUNKU. Te3n BeHTUNKN (ra3oBW MHXEKTOPWU) cCa C MNO-FOSIEMU NPOXOOHU
OTBOPU M C MO-HUCKO €MEKTPUYECKO CbMPOTUBNEHNE OT BEH3NHOBUTE N CE M3MNON3Ba pasnuyHa
cTpaTernsa 3a ynpasneHueTto um [2]. Npu paboTa ¢ ra3oBo ropmBo, KOHTpOrepa 3a ynpasneHue
Ha rasoBata ypenba nskntousa 6€H3MHOBUTE MHXEKTOPU, U3MEpPBa BPEMETO 3a ropMBONoaBaHe,
onpegeneHo ot 6eH3MHOBUA KOHTPONEP M ro MPOMEHS B 3aBUCMMOCT OT TEPMOLAMHAMUYHOTO
CbCTOSIHME Ha ra3a U KOHCTPYKTUBHUTE 0COBEHOCTM Ha ypeabaTta no 3aBMcUMOCTTa:

tr = ts. k}(op (1)
t. - BpeEMe 3a nogaBaHe Ha ra3oBo ropuBo, tg; — BpeEME 3a MnogaBaHe Ha O€EH3WH, kKop - KOGd)I/ILl,I/IeHT 3a
KopurmpaHe Ha BpeMeTo 3a ropMBonogaBaHe

TepmMoaANHaMMYHOTO CLCTOSIHME Ha ra3oBOTO FOPUBO Ce onpegens OT CTOMHOCTUTE Ha
HanaraHeTo M TemnepaTtyparta My, U3MepeHn OT AOMbIHUTENHO MOHTUPAHU CEH30pWU, 3aedHO
CbC CEH30p n3MepBall, abCconTHOTO HansraHe B MbAHUTENHNA KonekTop. CTOMHOCTTa CnyXu 3a
n3umcnaBaHe Ha AvdepeHUManHoTO HansraHe BbpXy ra3oBUTE UHXKEKTOPW.

Mpu Awo3uTe M3NoN3BaHM B ra3oBUTE WHXEKTOPW, BuAA Ha W3TUYAHETO 3aBUCKU OT
MOMNEKYIHMS CbCTaB Ha hnymaa, oT TemnepaTtypata U HanaraHeTo My Ha BXxoa Ha fro3arta, u
OT HansiraHeTo Ha cpefaTta B KOSITO u3tnya. CKoOpoCTTa Ha n3TudaHe € npaBo NponopuMoHanHa
Ha OudepeHunanHoTo HansraHe BbpXy Ato3aTta, M obpaTHO NponopuuoHanHa Ha HEWHOTO
ceyeHve, NNBbTHOCTTA W BUCKO3MTeTa Ha rasa. [lpu yBenuyaBaHe Ha AndepeHunanHoTo
HansraHe, CKOpOCTTa Ha U3TU4YaHe ce yBenuyasa 4O MOMEHT, B KOMTO CTOMHOCTTa U JocTura Ao
CKOPOCTTa Ha 3ByKa 3a CbOTBETHUTE ycnosus. [pu Tasm cKOpocT ce HabnogaBa SABMEHMETO
YyNbTHABAHE Ha NOTOKA, KaTO Ha NMpakTuka npeBULLIABAHETO U € HEBBb3MOXHO. M3TnyaHeTo Ha
rasoBe Mpu Te3u YCrOBUSA Ce Hapuya KPUTUYHO. YCTaHOBEHO €, Ye 3a onpedensiHe Ha Buaa
n3TU4YaHe MOXe Ja ce U3non3Ba OTHOLIEHMETO () Mexay HansraHeTo Ha rasa (P2) Ha u3xoga Ha
Ato3aTta KkbM HanaraHeTo (P7) Ha Bxoda W.

B =3 )

ToBa OTHOLLEHWe nma CTOMHOCTU B rpaHnuuTe oT 0 o 1, KaTo ChbLecTBYBa TakaBa CTOMHOCT By,
MNPy KOATO CKOPOCTTa Ha M3TMYaHe CTaBa paBHa Ha CKOPOCTTa Ha 3ByKa. Ta3n CTOMHOCT ce
Hapuya KpUTUYHO OTHOLLEHME, a M3TUYaHEeTO Ha ra3 Moxe ga 6bae nnu JOKPUTUYHO, Npuy B> Bip,
nnn KputudHO Npu B < Byp. Mpn KPUTMYHO M3TUYaHe, aebuta npes Aw3aTta 3aBUCKM CaMO OT
HanaraHeTo (P7) Ha Bxoda Ha Aro3aTa M He 3aBucK OT HandraHeTo (P:2) Ha cpepaTa, B KOATO
n3tmya cnymga. YcrtaHoOBeHO €, Ye By 3a AadeH BuA ra3 3aBUCUM €OMHCTBEHO OT HEroBusd
MOJSieKyneH CbCTaB W TemnepaTtypa, kato 3a cMec OoT nponaH u O6ytaH npm 20°C wmma
npnbnuantenHa ctomHoct 0,58.

K

Bo=(Z5)" s k=2 (3)

K+1

k — agnabateH nokasaTten, Cp - cneu,mq)mqu TOMNMMHEH KanaunteT nNnpu NnoCToOAHHO HanAraHe, C/ - cneu,mq)mqu
TOMJNMMHEH KanaunTeT npu NoCToAHEH obem.

C usknioveHne Ha npexogHuTe pexuMMn Ha paboTa Ha ABuraTenuTe, U3TMYaHeTo npes
rasoBUTE MHXEKTOPU € BUHArn KpuTuYHO [3], 1 3aBucK OT HanaraHeTo (P1) u nabTHOCTTA (07) Ha
rasa Ha BxO[a Ha MHXeKTopa, oT nnowita (A) Ha HaNPeYHOTO CeYeHne Ha Aato3aTta 1 OT Buaa Ha
N3Mon3BaHuA ras, CbracHo criegHaTa 3aB1UCUMOCT:

103



MEXOYHAPOOHA KOH®EPEHLIUA ,EKO BAPHA® 2023

k+1

i = Cq.A. |k.pr. Py (=) [kgs] 4)

kbaeto Cq € KoeuUMEHT Ha m3TnyaHe. To3n KoeMUMEHT € paBeH Ha OTHOLIEHMETO Ha
AENCTBUTENHOTO KONMYECTBO KbM TEOPETUYHO MU3YMCIIEHOTO KONMMYECTBO ra3 npemMuHan npes
WHXXEKTOpa M OTYUTa BIUSIHUETO Ha KOHCTPYKUMATa My.

3a mn3uucngaeBaHe Ha BpemeHaTa 3a ropmBonofaBaHe, KOHTporepa Ha rasoBaTa ypenba
n3nonsea WHgopMauus OT CEH30pUTE 3a HansraHe M TemnepaTypa Ha rasoBOTO TOPUBO,
HanAraHeTo B MbAHUTENHMSA KONEKTOP Ha ABUraTens u npeasBapuTenHo 3agageHn koeuuneHTn
3a TpaHcdopmauusa. OnpegensHeTo Ha Te3an KoedMUMEHTM ce MpaBu Mpu MHCTanupaHe Ha
ypeabaTta, KaTo 3a LenTta ce n3nbiiHaBa npoueaypa no HacTponsaHe Ha cuctemaTa [4,5,6,7].

KoHdurypmpaHeTo Ha KOHTponepa 3a ynpaBfeHue Ha rasoBata ropvMBHa ypenba KbM
KOHKpPETEeH ABuraTen ce M3BbplUBa OCHOBHO MO ABa HauyvHa. [lpyM CTPUKTHO cnas3BaHe Ha
WMHCTPYKUUUTE 3a MOHTUpPaHe Ha ypeabaTta un pasnopeabute B npasuno Ne115, B nameTTa Ha
KOHTpoOrsepa ce 3apexaa KoHdurypaumoHeH dainn, pa3paboTeH 3a KOHKpeTHaTa Mapka u Moaen
asTomo6un [8,9]. To3an meTon € NoaxoAsl, 3a crydyauTe npu KOUTO ronsama cepusi eaHakBu
aBTOMOGMNKM ce obopyaBaT 3a paboTa ¢ razoBu ropmea. Npu nHaMBMAYanHUA noaxon, Npyu KONTO
enemMeHTuTe n3rpaxgawum ypegbarta ce nogbupaT oT pasHoob6pa3neTo B TbproBckaTa Mpexa, u
Ha4yMHa Ha MOHTMpaHEe e Croped onuTa U PelleHMEeTO Ha PasfMYHU TeXHUUU, € Heobxoammo
KOHbMrypmpaHe Ha KOHTporepa no npoueaypa paspaboteHa oT npou3BoauTens Ha ypeabara.
Tasn npouedypa Moxe ga Obae u3NbiHEHa B aBTOMATUYEH UMM B PbYEH PEXUM, UMK
KOMOWHauus oT OBeTe Bb3MOXHOCTW, KaTo LUenta e onpeaensdHe Ha kKoeduuueHTute 3a
KopurvpaHe Ha BpeMeTo 3a ropuBonofaBaHe k., (1).

kKOp = f(kCT’ k,qm—x) (5)

kCT — CTaTU4HN Koe(bMLl,MeHTI/I 3a KopeKuu4, k,unH — ANHaAMWU4YHU Koed)MuMeHTM 3a Kopekuunsa

KbMm cTtaTtuyHuTE onpegensdiwm doaktopuy ce OTHaACcAT AnaMeTbpa Ha Ato3arta, nsbpaHarta CTOMHOCT
Ha OnpepeHUManHOTO HansraHe nogabpXaHo OT peaykTopa, BuMAa Ha rasoBOTO FOpUBO WU
Obp304ENCTBMETO Ha ra3oBUTE MHXEKTOpPWU. [duHamuyHuTe (hakTopu 3aBUCAT OT pexmma Ha
paboTa Ha gBuraTens M CbCTOSIHUETO Ha ra3oBOTO ropuBO. KbM TAX Ce OTHACAT 4ecToTa Ha
BbpPTEHE Ha KONAHOBUS Bas, BPEMETO 3a BMNpPbCKBaHE Ha BEH3MH, onpeaeneHo OT eNeKTPOHHUS
O6nok 3a ynpaBneHve Ha ABuraTtensi, HansraHeTo WU TemnepaTypaTa Ha rasa Ha BxOogda Ha
WHXXEKTOPUTE N MPOMEHM B CTOMHOCTTA Ha AudepeHUManHoTo HangaraHe.

HOunameTbpa Ha gto3aTa ce n3bupa npym MOHTMpaHe Ha rasoBaTa ypeaba kbM aBToMobuna.
AKO ce 3Hae HeobxoaumaTa MakcuMarnHa LMKNnoBa Mopumsa ropMBo M pasnoniaraeMoTo Bpeme
npes KOeTo TOBa KOMMYECTBO ropuBo ce nofasa, 3a U34YNCHsBaHETO Ha JMaMeTbpa Ha Ato3aTa

MO>Xe Aga ce n3non3Ba 3aBNCUMOCTTA.
’1,6. G
d = l‘..MaX (6)

G max — Maca Ha MakcumarnHaTa LukrnoBa nopuus ropuso, t — Bpeme 3a ropyBonogasaHe npu MakcumMarHa 4yecTtoTa,
m — AebuTt npes nHXxekTopa Npu MakcuMarHo HansraHe, onpefeneH no 3asucumoct (4) npu A =1, C; = min = 0,75.

PesyntatbT ce 3akpbrnsgea [[O MNO-rONeMna HanuyeH pasmep 3a CbOTBETHUSA WHXEKTOP.
M3nonsBaHeTo Ha Ta3n 3aBUCUMOCT € CBbP3aHO C TPYAHOCTU Npu onpeaensHe Ha Heobxogmmara
MakcuMManHa uuknosa nopumsa ropmso. B npaktukaTa, 3a M3bopa Ha agnameTbp Ha fro3aTta ce
n3nonssa WHMopmauua OT NPOU3BOAUTENUTE HA ras30BU MHXEKTOPWU, KOUTO NpeaocTaBAT
HeobxogmMmnTe faHHu nofd popmaTta Ha Tabnuum unu kankynatopwm [10,11,12,13]. Kato BxoaHu
AaHHW ce wu3nons3Ba obema Ha OBuratend WM HerosaTa MakcumanHa MolHocT. [lpu
HenoaxogsaL, n3bop, koeuumneHTa 3a TpaHcopmaLma MOXe Aa Nosfy4yn CTOMHOCTW, NPU KOUTO
BpeMeTo 3a ropvsonogasaHe ga 6bae no-kpaTko OT 6bp304eNCTBUMETO HA ra3oBUS UHXKEKTOP,
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UNN NO-OAbNro OT BPEMETO 3a NpPOTUYaHE Ha eanH paboTeH UUKb Npy MakCcMMarnHa YecTtoTa Ha
BbpTeHe. [1pu To3un criyyan, 3a onpenensHe Ha HOB NOAXOASL AMaMeTbp (d) Ha Aro3ata MoXe
Aa ce nu3nonssa 3aBMCcMMOCTTa:
to
d =d,. \/; (7)

KbaeTo: d, € nbpBOHaYanHo wu3bpaHua guameTbp, t, € BPEMEeTO 3a ropvBonogaBaHe
onpeaeneHo OT KOHTporiepa nNpu aMameTsbp dy, t — BpeEMe 3a ropmBonofaBaHe KoeTo Tpsbsa aa
O6bae nocturHato. lNonyyeHata CTOMHOCT € NpUbnM3nTenHa, Thil KaTo HE OTYUTa BIIUSIHUETO Ha
kKoedmumeHta Ha uatndaHe (4). To3n koedUUMEHT ce onpenerns ekcrepMMeHTanHo u mMMa
PasnnUYHK CTOMHOCTM NpU AK03KN C pasnuyeH anameTsp [14].

3asucumocm Ha KoegbuyueHma 3a Kopekyusi om cbcmasa Ha 2a3a.
BTeyHeHuTe HedpTeHn rasose (BHI), konto ce manonssat kaTo ropyBO B aBTOMOOUNHUTE
ABuratenu ca cMec OT pasnuyHu ras3ose (rnaBHO nponaH n ByTaH) B pasnuyHM nponopumu, B
3aBMCMMOCT OT AbpKaBaTa u ce3oHa B konTo ce nanonseart [15]. CbrnacHo BAC 5670-83 "Na3oBe
BbrneBogopoAHn BTedHeHn", BHI ce npousBexgat B ABa Buaa cmecu - 3umHa cmec (60%
nponaH n 40% 6ytaH) n natHa cmec (40% nponaH 1 60% 6yTaH). Te nmaT CBOMCTBOTO Aa ca B
rasoBa hasa npu HOpMasnHuW yCnoBus, HO Ce BTeYHsIBaT BefHara WomMm ObaaTt noanoxeHn Ha
cpaBHUTENHO cnabo HansraHe [16]. 3a nonyyaBaHe Ha CTEXMOMETPUYHA rOPMBO-Bb3AYyLLHA CMeC
npu m3nonssaHe Ha 3nmHa cmec BHI ca Heobxogmmun 93,97 % Bb3ayx u 6,03 % ropmeo ot
TernoTo Ha cmecTa 1 cboTBeTHO 93,95 % Bb3ayx un 6,05 % ropuBo npu NsaTHa cmec. Paanukata
BbB BpPEMETO 3a nogaBaHe Ha HeOO6XOAMMOTO KONMMYECTBO FOpMBO MpW M3NOM3BaHe Ha OBeTe
cmecn e npubnuantenHo 2,1 %. Tasn pasnuka ce Kopurmpa oT cuctemMarta 3a ynpasfeHne Ha
ABUraTensi No CbAbpXXaHNETO Ha KUCMOPOA B OTpaboTeHNTE ra3oBe 1 No Ta3u NpUYnHa B ra3oBus
KOHTpOnep He e npeasuaeHa Kopekumsa no CbCTaB Ha ropmBOTO.

3asucumocm Ha KoeghuyueHma 3a Kopekuyus om 6bp300elicmeuemo Ha UHXXeKmopa.
B 3aBMCMMOCT OT KOHCTPYKTUBHUTE OCOBEHOCTUN HA pasfIMYHUTE BUOOBE UHXEKTOPU, BPEMETO OT
Ha4yanoTo Ha eneKkTPUYEeCKNa UMMyNc OO NMbMHOTO OTBapsAHe Ha BeHTuNna e pasnuyHo [17,18].
BpemeHa 3a ropuBonogaBaHe C NPOABLINKUTENHOCT NO-KpaTka OT BPEMETO 3a OTBapsiHe BOAAT
A0 HEPABHOMEPHOCT Ha uuknosata nopums. [pu KOHpUrypmpaHeTo Ha ra3oBusa KOHTPONEpP KbM
KOHKpEeTeH aBuraTten ce npasBuM M30Op 3a WHCTANUpaHWTE ra3oBU WHXEKTOPUM MO Mapka WU
CbNPOTUBNEHNE HA HamoTKaTa, OoT 06asa JaHHM C npeaBapuTenHO 3aJajeHn BpeMeHa 3a
oTBapsiHe. Ta3n CTOMHOCT Ce 3anvcBa B NameTTa Ha KOHTporiepa v Npu n34ncnsasaHe Ha BpeEMETO
3a ropuBorogaBaHe CryXW KaTto MWHMMariHa CTOMHOCT 3a t. (1), He3aBucMmo OT Apyrute
NPOMEHNNBW.

3asucumocm Ha KoegbuyueHma 3a Kopekyusi om memrepamypama Ha 2a3a.
TemnepaTtypaTa Ha rasa Ha BXO[4a Ha UHXEKTOPUTE He Ce perynupa un 3aBUCK OT KOHCTPYKLMATa
Ha peayKkTop-u3napuTens, OAb/PKMHaTa Ha Bpb3KkaTa Mexay peaykropa U ra3oBUTE UHXKEKTOPW,
TemnepaTyparta Ha oxflaguTenHaTta TEYHOCT, MACTOTO Ha MOHTMPAHE Ha ra3oBUTE NHXEKTOPU U
Ap. CeH3opa M3mepBaly TemrnepaTtypaTta Ha rasa Cblio MOXe Aa 6bae MOHTUPAH Ha pasnnyHm
MecCTa, U Ha NpaKTMKa He n3MepBa TOYHaTa CTOMHOCT Ha BXo4a Ha uHxektopute. KopurmpaHe Ha
BpeEMETO crnopen npoMsiHaTa Ha TemnepaTtypata Ce Wu3BbpwBa MO crnegHus HaudvH. [pu
NMbpBOHAYaNHOTO HacCTpoMBaHe Ha cuctemata W onpegensHe Ha KoedUUMEHTUTE 3a
TpaHccopMaums, B NamMeTTa Ha ra3oBusi KOHTPOSiep Ce 3anucBa Tekylwlata CTOMHOCT Ha
n3amMepeHaTa Temnepartypa u CTOMHOCTTa ce npuema kato 6asosa. Npu paboTa Ha ypeabaTa npu
Tasn TemnepaTypa, BPEMETO 3a ropMBonofaBaHe He 3aBucK OT abcontoTHaTa M CTOWHOCT M
KoedmumneHTa 3a KopeKkLmda No TemnepaTtypa nma CTOMHOCT eauHuua. Kopekuumsata ce 3agencrea
npu Temnepartypa Ha rasa T,.., pa3nuyHa oT 6asoBaTa.

t(Trex) = Kr-t(re) (8)
firrek) — BpEME 3a NoAaBaHe Ha ras npu Tekylia Temnepartypa Ha rasa, fte)- Bpeme 3a nogaBaHe Ha ras npu 6asoBa
TemnepaTtypa Ha rasa, k; — kKoedULUMeHT Ha TpaHcdhopMauusa no TemnepaTypa.
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AKO ce npueme, Ye cneunUYHUAT TONMMHEH KanauuTeT 1 koedumuneHTa Ha U3Tu4aHe Ha
rasa He ce NMPOMEHSIT B AvanasoHa, B KOMTO Ce W3MeHs TemnepaTtypata Ha ropuBOTO, TO
koedumLUMeHTa 3a KOpeKLmMs Mo TeMnepaTtypa MMa crieqHaTta 3aBUCUMOCT:

273,154 Ty
kr = |5 9)
273,15+Tg

3asucumocm Ha KoeghuyueHma 3a KopeKkyusi om HasisieaHemo Ha 2a3a.

HansraHeTo Ha BXxofda Ha WHXeEKTopuTe e [OpYrMAaT OCHOBEH napameTbp, onpeaensiy
TEPMOANHAMUYHOTO CbCTOSIHWE Ha rasa u MacoBus 0ebuT npes3 BeHTUNa. [pu onpegensaHe Ha
uuknosarta nopumst 6eH3nH 1 BpeMeHaTa 3a ropuBonogaBaHe, B KOHTponepa 3a ynpasneHue Ha
ABuratens ca 3anoXeHu cTpatermnm cbobpaseHn C noBefeHueTo Ha TevHuTe ropusa. [pu
e[lHaKBO BpeMe 3a ropvBorogaBaHe U efHaKBO AndpepeHumanHo HansaraHe Ha Bxoda v unsxoaa
Ha GEH3MHOBUSA WHXEKTOpP, KONIMYECTBOTO MU3TEKIO TEYHO rOpuUBO € €4HaKBO, He3aBUCUMO OT
abcontoTHaTa CTOMHOCT Ha HandraHeTo my. [pu rasoBeTe B yCroBUATA Ha KPUTUYHO U3TUYAHE,
Aebuta npes rasoBUTE MHXEKTOPU 3aBUCKU OT abCONIOTHOTO HanNAraHe Ha BXo4a Ha UHXeKTopa 1
He 3aBuWCU OT AudpepeHUManHoTo HanaraHe (4). B ycnoBuaTa npu kouTo paboTAT rasoBute
ropyuBHu ypeabu, npu egHa M cblla MPOABLIMKUTENHOCT Ha YnpaBnaBallMs CcurHam KbM
WHXEKTopa, UMKnoBaTa nopuus ropuso ce npomeHsa oo 50 % B 3aBUCMMOCT OT HansraHeTo Ha
raza [3]. 3a ga ce 3anasu 3aBUCMMOCTTA, NPU €O0HO U CblLO BpEME 3a ropuBonogaBaHe,
onpegeneHo ot 6eH3MHOBUS KOHTPOEp, Aa Cce NoAaBa e4Ho U CbLO KONMYECTBO ra3oBo ropuBo,
He3aBMCUMO OT HansaraHeTo My, € HeobxoanMOo BpeMETO 3a NofaBaHe Ha ras ia ce kopurupa no
cnegHarta 3aBUCUMOCT:

Pmax
tI‘ = t6.kp kp = P_x (10)

t. - BpemMe 3a fofaBaHe Ha rasoBO lOPMBO, t; — BpeMe 3a nofaBaHe Ha OGeHsuH, kp - KoedUUMEHT Ha
TpaHcgopmaums No HansraHe, P, — MakcumarHa paboTHa CTOMHOCT Ha HansaraHeTo Ha rasa, paBHa Ha cymaTa
OT MaKCUMMarHoTO HanaraHe B MbIHUTENHMS KOMEKTOP W CTOWHOCTTa Ha AudepeHUManHoto HanaraHe AP
noabpXKaHo OT pedykTopa, P, — Tekyllla CTOMHOCT Ha HamnsraHeTo Ha rasa.

Mpn n3ameHeHne Ha HansiraHeTo B MbIIHUTENHUS KonekTop B rpaHuumnTe oT 30 go 100 kPa
abcontTHO HansaraHe, n n3bpaHo andepeHumanHo HandraHe 100 kPa, HanaraHeTo Ha rasa Ha
BXoAda Ha nHxektopute ce nameHst ot 130 go 200 kPa, a koeuumeHTa Ha TpaHcdopmaumsa no
HandraHe npnemMma CTOMHOCTUTE OT Tabn.1.

Tabnuua 1
P, [kPa] 130 140 150 160 170 180 190 200
kp 1,54 1,43 1,33 1,25 1,18 1,11 1,05 1,00

3asucumocm Ha KoegbuyueHma 3a KOpeKUUs rpu OMK/IOHEHUE Oom cmoUuHocmma Ha
HOMUHasTHomo OughepeHyuasnHo HassieaHe.
3a HOMMHanHa CTOMHOCT Ce cuuTa, AudepeHLManHoTo HandraHe, KOeTo ce nogabpxa oT
ra3oBusi peQyKToOp B YCTAHOBEH pexmnm Ha paboTta u npu Koeto e bmuna n3BbpLUeHa HacTpomnkaTa
Ha ypeabata. Bb3amMoXxHu ca cnegHuTe criyvau:

- NIPOMsiHA Ha abCoMnMTHOTO HanNsAraHe B MbITHUTENHUSA KONEKTOP NOo-6bP30 OT NpoMsaHaTa Ha
HansiraHeTo Ha ra3soBOTO FOPUBO;

- MpOMsHa Ha HacTpomkaTta Ha pegyktopa 6e3 HoBaTa CTOMHOCT ga ce nporpamupa B
KOHTpornepa n 6e3 ga e u3nbfHeHa npouenypa 3a onpefensHe Ha HOBU KOeUUMEHTM Ha
KopeKkuus;

- NoBpeaa B cuctemarta (Hanpumep npekbCHaTa Bpb3ka MeXay peaykropa v MbIiHUTENHUA
KONeKTop).
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C u3knioYeHne Ha nocnegHvTe Aga crnydasi, NPOMEHN B CTOMHOCTTa Ha AMdepeHuManHoTo
HanaraHe ce cny4YyeaT 3a KpaTko Bpeme, HeoGxooumo 3a YCTaHOBsIBAHE Ha cucTemara.
OTKNOHEHMA B CTOMHOCTTa Ha AP BOOAT A0 MPOMsHA Ha HanaraHeTo Ha rasa Ha Bxoda Ha
NHXEKTOPWUTE, CTOMHOCTTA Ha KOETO € paBHa Ha cymaTta OT HansraHeTo B MbITHUTENHUS KONEKTOP
N AMdepeHUManHoTo HansiraHe MoAabpXkaHo OT peAykTopa. 3a Aa ce 3anasn KayecTBOTO Ha
ropuMBO-Bb3AyLUHATa CMEC Npu OTKIIOHEHWUsI B CTOMHOCTTa Ha AP, BpeMeTo 3a ropuBornoaaBaHe
ce Kopurupa no crieaHaTta 3aBMCUMOCT:

— PHK+APHOM (1 1)

t(APTEK) = kAP- t(APHOM) kAP - PuxtAPreg

t(\Prex) — BPEME 3a NOJABaHe Ha ras npu Tekylla CTOMHOCT Ha AP, t\pwow) - BpEME 3a MOAaBaHE Ha ra3 Npu HoMMHarnHa

CTOMHOCT Ha AP, k,p — KoeduUMEHT Ha TpaHcdopmauums no npomsHa Ha AP, B, — abCconTHO HansraHe B
MbAHUTENHUA KONekTop, AP, — TeKyLla CTONHOCT Ha AP, AP,,,, — HOMUHaNHO AndepeHLmManHo HanaraHe npu KoeTo
e buna u3BbpLUEeHa HacTporkaTa Ha cuctemarTa.

3a OKOH4YaTENHOTO U34YMcnsiBaHe Ha KoeduUMeHTUTE 3a TpaHcopmaums, hakTopmuTe KOUTO
onpeaenaT BpeMeTo 3a ropuBonogaBaHe ce rpynupar B eHa OCHOBHA U HAKONKO crnoMaraTesnHu
Tadbnuuw.

FobosGas Management Tool {v0.59.11.3)
Temneparypa 0Bopoth Hansrane WMnnyncn

Lambda | =000V

sm-«) [ci [ 1/min ] [ mbar ] nﬂﬂa
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Sanie Hacfpv\lml. Tonfras] @lm Pl B i e e
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®ur. 5. OcHoBHa Tabnuua 3a koecuuneHTUTE Ha TpaHchopmauus

B ocHoBHaTa Tabnuua (ur.5) ce 3anmceat CTOMHOCTUTE Ha KOe(MUMEHTUTE 3a KOPEKLUS,
onpegeneHn npu aBTOMATUYHOTO HACTPOMBaHE Ha cucTemMaTa KbM KOHKPETeH ABuraTern.
CTonHoCTUTE Ca CNpAMO U3MEHEHMETO Ha YyecToTaTa Ha BbpTEHE 1 BpeMeHaTta 3a nogaBaHe Ha
OeH3VH, onpegeneHn OT KOHTponepa 3a ynpaeneHue Ha OeH3nHoBaTa ypeaba. CobluecTByBa
Bpb3ka Mexay BpemeHaTa 3a nopjaBaHe Ha OeH3uH, HaToBapBaHETO Ha ABuratens u
abConTHOTO HansraHe B MbiHUTENHUSA KonekTop. [Npu pabota Ha aBuraTens Ha npaseH Xoa,
npy KOWTO ApocenHaTa Knana e 3aTBopeHa, abCoMNTHOTO HanaraHe B MbAHUTENHUSA KONEKTOP €
okono 30 kPa n BpemeTo 3a nogaBaHe Ha OeH3unH e kpaTko. Npu nocTossHHO andepeHumanHo
HandraHe, HansraHeTO Ha rasa € C Han-mankaTta cu paboTHa CTOMHOCT, a KoeduumeHTa 3a
KopeKuus e Har-ronsm. B pexxum Ha NbnHO HaToBapBaHe M HaNbIHO OTBOPEHa ApocenHa knana,
HansaraHeTo B MbfHUTESTHUS KOMEKTOP W HansraHeTo Ha rasa gocTturat Ao Haun-BucokaTa cwu
paboTHa CTOMHOCT. B TO3M pexum, onpeaeneHoTo BpeMe 3a nogaBaHe Ha OeH3WH e ¢ Hau-
ronsiMa NpPoabLIMKUTENHOCT a kKoedmuneHTa 3a TpaHcopmauns e Han-mansk. [Npu pasnuyHnTe
MapKu rasoBu KOHTporepu, koeduumeHtuTe B Tasm Tabnuua ce 3anuceaT KaTo AeCeTUYHU
Apobu, KaTo Lenun 4Yucna unv B NpoLeHTU OTKMOHeHWe oT 6as3oBuTe CTOMHOCTWU. lNMpu BCUYKM
cnyyau, KoedUUMEHTUTE oOTpasaBaT BIUAHWMETO Ha HansaraHeTo Ha rasoBOTO [OpPMBO MO
3asucumocT (10) 1 BANAHMETO Ha MHAMBMAOYANHUTE peLleHns Npu MOHTUpaHe Ha ypeabara.
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CnomaratenHute Tabnuun onpefaensat KoeduuueHTUTE 3a KopurmpaHe Ha BpeMeTo npwu
nNpoMsiHa Ha TemrnepaTyparta Ha rasa v NpomMsiHa B CTOMHOCTTa Ha AvdepeHuUmManHoTo HansraHe
(dour.6). OB6ukHOBEHO, B nporpamMHaTa cpeja 3a HacTpoMBaHe Ha ra3oBWSA KOHTpoORep,
KopekumsiTa no Temnepartypa n OTKNOHEHMEe B CTOMHOCTTa Ha AndbepeHunanHoTo HansraHe ce
BbBeXJa B MNpoueHTW. B TakbB cnyyan CTOMHOCTUTE Ha koeduumeHTute ot (9) u (11) ce
n34ncrasart no 3aBMCUMOCTTA:

(k, —1).100 % (12)

k, - koedunLUMEHT Ha TpaHcdopMaLusa No Temnepartypa unm npoMsaHa Ha AP.

HHqJDpMaqHﬂl OCHDBHH] DuHu l Mpeskn.  Ercnepr ] HH,uHKaqHﬂl Mex. MHH
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dur. 6. Tabnuua 3a KopurupaHe Ha BpemMeTo Npu NnpomMsiHa Ha AP n Temnepartypara Ha rasa [5].

3. 3aknroueHue:

MapameTpuTe Ha ropuBonogaBaHe NpW OBUraTenuTe C NPUHYOUTENHO Bb3MNnamMeHsiBaHe U
n3rapsiHe Ha XOMOreHHN CMecu ce OnpeaensT OCHOBHO 3a BCEKM pexuM Ha paboTa oT YectoTaTa
Ha BbpTEHE Ha KONSIHOBMS Ban U HaToBapBaHeTo. [1pun KOHBEpPTMpPaHe Ha ABuratenuTe 3a paboTa
C ra3oBv ropvea, NPOAbIMKUTENHOCTTA Ha yNpaBnsBalUs enekTpu4eckn MMNync ce Kopurupa
nopagu pasnuyHUTe CBOWCTBA Ha ras3oBUTE ropvBa B CpaBHeHMe C OeH3VHOBWUTE ropuea.
OCHOBHUTE (DaKTOpPM KOMTO BIUSIST BbPXY KOPEKUUsiTa ca HansraHeTo M TemnepaTtypaTa Ha
ra3oBOTO rOPUBO, KaKTO U M30paHUs AvamMeTbp Ha Ato3aTta. [Mopagu 3HauuTenHata maca Ha
KoTBaTa, OT 3HAYeHMe ca U NepuoanTe Ha OTBapsiHE U 3aTBapsiHe Ha WHXeKTopa W HeroBaTa
KOHCTpYKUusi. PaspaboTeHaTa MeToauKa faBa Bb3MOXHOCT Aa 6bae onpeaeneHo BINSHUETO Ha
TEPMOAMHAMUYHOTO CbCTOSIHME Ha ra3oBOTO FOPMBO BbpXYy KOpeKkuusiTa Ha ynpaBnsiBalius
UMNyINC 1 aa ce nscnensa BNUSHMETO Ha KOHCTPYKTUBHUTE 0COBEHOCTM Ha ra3oBUTE UHXXEKTOPY
BbpXy hopMmnpaHe BeNMYMHaTa Ha UMKnoBaTa NopLusi ropuBo.
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DIAGNOSTICS OF THE TECHNICAL CONDITION OF VEHICLES
ENGINES WITH NEURON NETWORKS TECHNOLOGY USAGE

Andrii Molodan, Olexandr Polyanskii, Yevgen Dubinin, Mykola Poltavskii

Abstract: The article proposes neural network technology usage to solve the problems of diagnosing the
vehicle engines technical conditions. This allow to work with real data obtained for an individual and reference
vehicle engine, as well as with data calculated using the mathematical model, based on the comparison of
which you can make informed decisions about the nature and location of a particular defect. This improves the
functional stability of the wheeled vehicles and improves the performance of its intelligent on-board systems.

It has been proven that in order to reduce the redundancy of a neural network, it is necessary to reduce the
number of neurons in the hidden layer for a given level of network training error. For diagnosing engines the
input signals are voltages received in an artificial neural network from sensors that are standard, and
additionally indicate the technical condition of vehicles engines.

Keywords: neural network, diagnostics, technical condition, vehicle, engine.

1. Introduction:

Vehicle engine (VE), as a renewable object, during the service life requires continuous
monitoring, the labor intensity of which depends on the level of automation of the processes
of obtaining, processing, storing, documenting information about the current state of engine,
the sequence and methods of which are determined by the monitoring information
technology.

The main directions that determine the improvement of the quality of information
technologies for monitoring the technical condition of VE should be considered the
intellectualization of information processing processes with the involvement of methods of
intellectual data analysis, which are capable of improving the quality of recognition of the
technical condition of VE under the influence of unknown factors, as well as the integration
of information processes (distributed local databases and global database).

2. Analysis of recent achievements and publications:

The analysis of published works devoted to the application of neural networks (NN) for
diagnosing the parameters of vehicles engines shows that the main trends and characteristic
features of solving the tasks of diagnosing based on NN are highlighted in the existing works.
At the same time, they are dedicated, as a rule, to the solution individual tasks (for example,
diagnosing the state of pressure at the end of the compression stroke [1], forming the space
of diagnostic signs of the state of vehicle engines for building a neural network classifier [2]).
They do not contain instructions on the choice of architecture, structure and algorithms of
NN training, there is no engineering methodology for designing such networks in relation to
the tasks of diagnosing the technical condition of engines.

Despite the significant amount of research in this area, information technologies for
monitoring the technical condition of the vehicle engine are not perfect for a number of
reasons, the main of which are, on the one hand, the disconnection of test databases, the
lack of intelligent components that allow high-quality and effective support decision-making
and, as a result, reduce the total time spent on VE maintenance. On the other hand, the
non-stationarity of physical processes in the engine, the complexity of its mathematical
description, the dependence of the technical characteristics on external operating
conditions, the limited composition of the measured thermogas-dynamic parameters of
engine, their technological spread, etc. The specified factors lead to make decisions about
the technical condition of the vehicle engine in conditions of significant uncertainty.

3. Purpose and formulation of the task.

The purpose of this work is to improve the methods of monitoring and diagnosing the
technical condition of vehicles engines to ensure the reliability and functional stability of their
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traction properties using an artificial neural network.

4. Application of neural network technology for diagnostics of the technical condition
of engines.

The FDI (Fault Detection and Identification) method is used as the basis of the proposed
methodology for solving problems of control and diagnostics of the technical condition of the
VE, based on the comparison of the results of measurements of the gas-dynamic
parameters of the real VE with the calculated parameters calculated according to its
mathematical model [3-4].

Figure 1 shows a typical implementation of the FDI method, where U - vector of
controlling influences; Y, — vector of parameters calculated using the mathematical model

(MM) of VE; Z — vector of output parameters of the engine, obtained by measuring with

the help of sensors; & = Y_g - ﬂ — deviation, which is the difference of vectors Y_g and E

As a mathematical model is used neural network model of VE. The range of tasks solved
with the help of such a model within the framework of the FDI method is quite wide — from
the tasks of monitoring and diagnosing the technical condition of the VE to adjusting its
parameters (choosing the rational shutdown of cylinders to use the required power).

The main stages of the engineering method of building a neural network model include:

— preliminary data analysis at the stage of setting the problem and choosing the
architecture of the neural network;

— data transformation (preprocessing) to build a more effective network setup procedure;

— choice of neural network architecture;

— choosing the structure of the neural network;

— selection of learning algorithm;

— neural network training and testing;

— analysis of the accuracy of the neural network solution;

— making a decision based on the results obtained.

r—-r—-—--"—"-""""""""""""""- |

_ | |

Yo | [

MM | |

VE | y |

— | Recognition |
U of technical | | Making [
I state a decision | |

= | [

Y. | VE I

| : |

| Classifier |

L e e = .

Figure 1 — Implementation of the FDI method for diagnosing
the technical condition of vehicles engines

State of VE, as an object of diagnosis, is determined by the value of the vector of initial

parameters Y, the values of which may change in the event of emergency or critical
situations in the operation of engine.

It is assumed that all possible states can be broken down into (r + 1) regions (classes)

So» S, .-, S,.. Finding the state vector X in the region S, is defined as an event that
corresponds to the working state of the VE. In case of any of the possible failures of elements
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(nodes) in the operation of VE (sudden or gradual) vector X belongs to one of the regions
Sy ---» S,, which is considered as an event related to the faulty condition of the engine S,

0eS,=US,:a=1,..r. (1)

Then the task of diagnosing the VE state is to establish correspondence between the

coordinates of the observation vector Y and space of states {Sa} and based on observed

realizations Y estimate the membership of the state vector X region S, or S, c S, , that

is, to determine which of the classes the state of a particular copy of VE belongs to.

As mentioned above, it is advisable to use the FDI method as a basis for building VE
diagnostic systems. The implementation of the FDI method for diagnosing the technical
condition of engines in a neural network basis (Fig. 2) is reduced to the following sequence
of steps:

— storage of reference characteristics of the average VE in the form of an "information
portrait" based on the NN-1 network;

— comparison of the parameters of a separate VE with the data calculated using NN-1;

— on the basis of the analysis of the vector of the obtained disconnections (deviations)
AY between the values of the vector of the measured parameters of a specific engine and
the vector of data calculated with the help of NN-1, the decision is made about the technical
condition of the VE (at this stage, the second neural network NN-2 is used).

The following can be used as characteristics of an individual VE at the NN-2 setting
(training) stage:

a) mathematical model of the engine with simulated defects;

b) real data on defective VE obtained at the test stage.

The NN-2 network (Fig. 3) is a binary neuro classifier, the inputs of which receive the

above values deviations Ay,, and the outputs form a binary Vector R = {Rp R,, ..., Rm} ,
whose components reflect the results of the diagnosis.

NN-1
Model Y..
of reference

Y

(statistical average)

VE

NN-2
Deciding
on the type
Individual of failure

VE (defect)
ad ~.

A model Real
of an vehicle engine data

with defects on defects

(FDI) VE

Figure 2 — Implementation of the FDI method in a neural network basis for diagnosing the technical
condition of vehicles engines
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To solve the task of diagnosis of VE in the neural network basis, a training sample is
used, which is formed in two stages. At the first stage, a direct task related to the creation
of a data bank of defects is solved. For this purpose, on the mathematical model describing
the individual VE, the manifestations of defects associated with the change, for example,
the efficiency of the cylinder-piston group, the efficiency of the thermogas-dynamic mode,
etc., are simulated (Fig. 3). At the second stage, they are calculated deviation, caused by

one or another VE defect from its reference state: AY =Y, -7 .

According to the data on failures AY, a training sample is formed, which in general can
be represented as AY, — R(i =1,2,..., n)

Information was used as diagnostic features (inputs of NN-2) about 11 parameters and

work of the vehicle engine: the power developed by the engine AP ; coolant temperature
ATy ; air consumption for fuel combustion AG ; oil pressure Ap,, ; fuel consumption Ag;

noise (detonation) Ay ; pressure at the end of the compression stroke AC ; fuel combustion

quality by exhaust gases and Ak ; amount of crankcase gasesAS; gas pressure in the
engine crankcase Ap;; the number of disconnected cylinders Ai .

Ay % R:
Ayz > NN- 2 I— R
Ayn > . R m

Figure 3 — Classifier based on NN-2 for diagnosing the technical condition of vehicles engines

For learning to recognize defects by a neural network, five generalized classes of vehicle
engine states were selected as part of the training sample (Table 1):

S, is the healthy state corresponding to the vector R = [0; 0; O];

S, — a defect in the cylinder-piston group corresponding to the vector R =[0; 1; 0];

S, —a defect in the fuel supply system corresponding to the vector R = [1; 0; O];

S, is a defect in the thermogas-dynamic regime, corresponding to the vector
R= [O; I; 1] ;

S, is a combustion chamber tightness defect corresponding to the vector R = [1; 0; 1].

When compiling the training sample, it was taken into account that the appearance of a
defect in the engine is usually associated with and with a change in the geometric
dimensions of the parts of the CPG, which leads to a change in the characteristics of its
nodes and its thermogaso-dynamic parameters. Thus, a decrease in the efficiency of the
cylinder-piston group and its degree of compression is usually caused by coking, a decrease
in elasticity or breakage of piston rings, wear or burrs of the mirror of the cylinder sleeve, as
well as the destruction of sliding bearings, oil "starvation", burnt valves or gaskets cylinder
heads. A decrease in the efficiency of thermogas-dynamic parameters can be caused by
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such defects: later ignition, contamination injection nozzles, fuel and air filters, contamination
of the cooling system or lack of coolant in it, as well as violation of adjustments in the fuel
supply system, etc.

To check the quality of the work of the neural network classifier (NN-2), it is necessary
to test it, that is, to present to the input of the network data that are not part of the training
sample. In the process of testing NN-perceptron the following cases were considered:

— decrease in the efficiency of the cylinder-piston group by 1% (-1 %nexp );
— reduction of cylinder-piston efficiency by 3% (-3% Nexp );

— appearance defects in the presence of noise (o =0,01; M =0);
— double defect (simultaneous reduction in the efficiency of the cylinder-piston group by
3% (-3% Nexp ) and the efficiency of thermogas-dynamic parameters by 3% (-3% Nexp )-

Table 1 — Binary classification of VE states

Status Binary outputs of State Localization of the defect
number NN
R, R, R,
1 0 0 0 ETALON Reference state (S))
2 0 1 0 PiKND5%
3 0 1 0 KPDKNDS5
0
g 8 i 8 ggggé’) Defect in the cylinder-piston group (S;)
6 0 1 0 KPDKVDS5
7 0 1 0 GVVD5%
8 1 0 1 Fkr ¢5%
9 1 0 1 SIGSOPS5 A defect in the fuel supply system (S,)
10 1 0 1 PR Fc5%
11 1 0 0 KPDMVDS5
12 1 0 0 KPDMNDS5
ii } g 8 gg%\égg Defect in thermogasdynamic mode (S3)
15 1 0 0 ATVD5%
16 1 0 0 ATND5%
17 0 1 1 SIGKC5% Defect in the tightness of the combustion
18 0 1 1 PR Kc5% chamber (S,)

The results of testing the neural network classifier built on the basis of a perceptron,
taking into account the cases listed above, showed a high quality of diagnosing the technical
condition of VE, which is confirmed by the results shown in Table 2.

The analysis of Table 2 shows that the values of the outputs of the neuroclassifier during
its testing differ from the outputs of NN-2 on the training sample (Table 1), where the network
was trained on precedents characterized by a 5% deviation of the VE state parameters. By
component values R; at the same time, it is possible to estimate the intensity of the defect

(the greater the intensity of the defect, the smaller the distance to the corresponding
precedent). In the case of a double defect (5th line of Table 2), the value of the network

outputs R, and R, are approximately the same, which indicates that the VE state is
equidistant from the two precedents.
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Table 2 — Quality of work of the neural network classifier (NN-2) for diagnosing the technical condition
of vehicles engines

Term No Value of outputs NN-2 State
R, R, Ry
1 0.151 0.711 0.231 Defect in the cylinder-piston group
2 (with noise) 0.225 0.775 0.357 - 1% NMexp )
3 0.181 0.821 0.351 A defect in the cylinder-piston group
4 (with noise) 0.317 0.725 0.315 (-3% nexp)
5 0.51 0.47 0.07 Defect in the cylinder-piston group and the
thermogas-dynamic mode (— 1 % Nexp )
(_ 3% nexp )

A study was conducted on the dependence of the effectiveness of VE diagnosis on the
number of regular sensors (measured parameters). To investigate this issue, taking into
account the peculiarities of the neural network implementation of the diagnosis procedure,
the method of principal components was used [5]. Based on the covariance analysis of the
data, it was established that among the ten measured parameters, 7 parameters can be

singled out as the main components: AP, AT,,, AG, Ag, AC, Ak, AS.

Table 3 shows the results of diagnosing the state of VE using NN with different numbers
of standard sensors used (from seven to four).
In this case, the error of NN training is calculated according to the formula

Aea =[[Ry =R, @)

where R, — vector of reference (desired) outputs NN-2;
R — vector of actual network outputs;
||0|| is the Euclidean norm.

Information was used as diagnostic features (inputs of NN-2) about 11 parameters and
work of engine: the power developed by the engine AP; coolant temperature AT;; air
consumption for fuel combustion AG; oil pressure Ap,,; fuel consumption Ag; noise
(detonation) Ay ; pressure at the end of the compression stroke AC; fuel combustion
quality by exhaust and gases and Ak ; amount of crankcase gases AS'; gas pressure in the
engine crankcase Ap;; the number of disconnected cylinders Ai .

Desired values ( R, ) and at the NN outputs correspond to the values R;, R,, R;, (Table
1), the number of columns of the training sample successively decreased from 7 to 4. In Fig.

o

4 shows the dependence of the change in learning errors ( Aeq ) and testing ( Azes: ) of the
network from the number of used sensors (network inputs). The results of the analysis (Fig.
4) show that the quality of the VE diagnosis process deteriorates when the number of
sensors decreases. At the same time, the use of 5-7 full-time sensors is sufficient to localize
the defect with the accuracy of a node, since the total squared error of the network in this
case does not exceed 0.03 on the training sample (that is, for reference defects) and 0.225
on the test sample (for previously unknown defects).
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Table 3 — Change in the learning and testing error of NN depending on the number of sensors installed
in the VE

Measured parameters Learning error (E,,) Test error (£,,,,)

AP, ATop, AG, Ap,,, Ag, Ay,
AC, Ak, AS, Ap., Ai. 0.031 0.0315
AP, ATyp, AG, Ag, AC, Ak, 0.017 0.125

AS.

AP, ATop, AG, AC, Ak, AS. 0.028 0.165
AP, ATy, AG, Ak, AS. 0.041 0.201
AP, AG, Ak, AS. 0.063 0.251

For the purpose of comparative evaluation of the effectiveness of the developed neural
network method of diagnosis, a comparison of the proposed method of solving the problem
with the solution of this problem based on the method of least squares was carried out. This

method is based on the construction of an approximation dependence R = f(AY), where
R — vector of outputs of the classifier (Fig. 4), given in the Table 3, a AY is the vector of
parameter deviations at the input of the classifier.

The implementation of algorithms in the neural network basis is possible on the basis of

Kohonen networks (Fig. 4), which are considered self-learning (self-organizing). The basis
of learning such networks is competition between neurons. In this case, the Kohonen

network has 10 inputs and 5 outputs R,...R; (by the number of generalized state classes in

Table 1). Weighting coefficients of synaptic connections of each i-th neuron of the output
layer of Kohonen's NN [6] form a vector

w; = [Wl-l, Wiy eeus wl.lo]T,(i =1,2,.., n) (3)

When activating the Kohonen NN by an input vector AY the neuron whose weights are
the least different from the corresponding components of the input vector wins the

competition, i.e. for the winning neuron w, relation is performed
d(AY, wp):mind(AY, w;), 1<i<n. (4)

where d(AY, wp) is the distance (in the sense of the chosen metric) between vectors

AY and w, =(w;, Wy, .o w, )’ ;

n — the number of NN outputs of the output layer (in this case n=35).
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Fig. 4 — Dependence of the quality of training and testing of NN on the number of measured parameters of
VE

Fig. 5 — Classifier based on NN Kohonen for diagnosing the technical condition of vehiclesr engines when
part of the cylinders are disconnected

The winning neuron forms a topological neighborhood around itself Sp (k) with a

certain energy, and all neurons lying within this neighborhood undergo adaptation, during
which their vectors of weighting coefficients change in the direction of the vector AY
according to the rule

Wi(k+1)=wi(k)+77i(k)[AY—wi(k):|, (5)

where 7, (k) — learning rate i-th neuron from the neighborhood Sp (k) in &k -th moment

of time. The value of the learning coefficient decreases with increasing distance between i
-th neuron and the winner, and the weight coefficients of neurons outside the neighborhood

S, (k) do not change.
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The goal of learning NN Kohonen [6] based on the competition of neurons is considered
to be such an arrangement of neurons (selection of the values of their weighting coefficients)
that minimizes the value of the expected distortion, estimated by the approximation error of
the input vector AY , the values of the weight coefficients of the winning neuron. At L input

vectors (AY)j . (j=1,2, ..., L)and Euclidean metrics, this error can be expressed as

) ey
j=1

where w, (]) — weighting coefficients of the winning neuron when the vector network
is presented (AY)j.

The results of the training process of NN Kohonen (after 70-80 training cycles) are
shown in Table 4.

As can be seen from Table 4, the Kohonen network independently conducted a cluster
analysis. A comparison of these results with the data (Table 1), where the reference
conditions of the engine are given, shows their complete agreement with the NN
classification. Here, the 2nd line determines the number of diagnosed conditions assigned
by the NN to the corresponding class (out of the total number of 11 conditions presented to
it).

Table 4 — Results of NN Kohonen’s work for diagnosing the technical condition of vehicles engines when
part of the cylinders are disconnected

Network R, R, R3 R, R5
outputs
Number of 5 7 1 2 3
States
(Frequency
of
Winnings)
State Defectin | Defect in the Good Defect in the | Defect in thermogas-
the fuel supply condition | tightness of the dynamic mode
cylinder- system combustion
piston chamber
group

Analysis of the results of testing the classifier based on Kohonen's NN [6] shows that
the winning neuron (for lines 1, 2, 3, 4) is the neuron with the output R, which means that

according to Table 1, a defect is detected in the cylinder-piston group. As before, the
intensity of the defect can be judged by the numerical value at each of the NN outputs.
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Table 5 — Test results of the classifier for diagnosing the technical condition of VE built on the basis
of Kohonen’s NN

Term No Value of outputs NN-2 State
Rl RZ R3 R4 RS
1 0.62 | 0.091 | 0.01 | 0.014 | 0.1 . L
2 (with noise) | 0.73 | 021 | 021 | 0.17 | 025 | Defectinthe cylinder-piston group
3 0.68 | 0.175 | 0.25 | 0.037 | 0.17 . .
4 (with noise) | 0.77 | 035 | 035 | 0.179 | 033 | Defectin the cylinder-piston group
5 0.53 | 0.51 | 0.01 | 0.019 | 0.01 | Defect in the cylinder-piston group and

thermogas-dynamic parameters

The results of testing unknown VE states using the Kohonen network are shown in Table
5. By analogy with the previously considered examples, the quality of work of the Kohonen
NN [6] was investigated on a test sample in conditions without noise (1st and 3rd rows of
Table 6) , as well as in conditions of an additive component of white noise (o =0,01;

M =0), for a 1% and 3% change in the efficiency of the cylinder-piston group (2nd and 4th
rows of Table 5). The last line of Table 6 corresponds to a double defect consisting in a
simultaneous change in the efficiency of the cylinder-piston group and thermogas-dynamic
parameters. In the 5th row of Table 5, there are two winning neurons, since the maximum

values of the signals have a place for the outputs R, and R,. According to Table 1, NN

Kohonen reveals the above-mentioned double defect (reduction in the efficiency of the
cylinder-piston group and thermogas-dynamic parameters).

The final stage of implementing the FDI method for diagnosing the technical condition
of the VE (Fig. 1) is making a decision about the type of failure in the VE based on the
numerical vector analysis R . A graphical interpretation of decision making for a perceptron
and the method of least squares is shown in Fig. 6, where the vertices of the cube
correspond to the centers of clusters (VE reference states) (Table 1).

The actual state vector of the vehicle engine S can take a value at any point inside the
given cube

S=(R, Ry, Ry)', 0<R <1. (7)

The determination of the technical condition of the VE is carried out according to the
"nearest neighbor" rule, on the basis of which the VE is included in the class to which its
nearest neighbor (or most of its nearest neighbors) belongs. The decisive rule, on the basis

of which a decision is made (diagnosis) is written as follows S — Sp, if

d(S’ Sp):

(S8 +(S=8) +(S=8) "
H(S =8y +(S =8, +.4 (S-S,

where d is the distance to the center of the nearest ( p -th) cluster (precedent). At the
same time, the distance d is calculated, for example, using the Euclidean metric (8).
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SO — the center of the cluster (precedent), corresponding to the working one
(reference) VE state; S1 — the center of the cluster, corresponding to the defect of the cylinder-piston group;
S2 — the center of the cluster corresponding to the defect in the fuel supply system; S3 is the center of the

cluster corresponding to the defect in the thermogasdynamic regime; S4 — the center of the cluster,

corresponding to the defect in the tightness of the combustion chamber
Fig. 6 — Graphical interpretation of the process of diagnosing the technical condition of the VE

Let's consider this procedure on the example of the task of diagnosing a double defect
associated with a decrease in the efficiency of the cylinder-piston group and thermogas-
dynamic parameters by 3%. The magnitude of the vector at the output of the NN-2

perceptron in this case R :(0,54; 0,44; O,O2)T. Then, taking into account the reference
states §,,...5, tractor engine (Table 1) and using formula (8), we can calculate the distance
d from the corresponding precedent to the centers of the clusters

dO(S, SO) =0,701; d3(S, S3) =0,657; dl(S, Sl) =0,738; d4(S, S4) =1,75;
dz(S, Sz) =1,47.
Analysis of the obtained values d; (S, ;) shows that the result of solving this task will be
Se§,us, uUsS;, thatis, the proposed neural network precedent is approximately equidistant
from the following states: normal state (S, ), a defect in the cylinder-piston group (S, ) and a

defect in the fuel supply system (Sz) . Thus, the diagnosis of the network is moderate in terms

of the intensity of defects in 2 units of the vehicle engine (cylinder-piston group and fuel supply
system).

5. Conclusions:

1. Proposed neural network technologies for solving the problems of diagnosing the
technical condition of vehicle engine. They allow to work both with real data obtained for an
individual and reference (statistical average) engine, and with data calculated using its
mathematical model, based on a comparison of which we can make informed decisions
about the nature and location of a particular defect. This makes it possible to increase the
functional stability of the vehicle and improve the operation of its intelligent on-board
systems.

2. It is proved that to reduce the redundancy of the neural network, it is necessary to
reduce the number of neurons of the hidden layer at a given level of network training error.
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The minimum number of neurons of the hidden layer for the case of 10 regular sensors
controlling parameters of engine and five classes of typical defects of VE nodes can be
reduced to 5-7 with high quality recognition.

3. As input signals for diagnosing the vehicle engine, the voltages received from the
sensors that are standard, and additionally indicate the technical condition.
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BUKOPUCTAHHA MACLUTABHOIO MOAEJTFOBAHHA MNMPU NMPOEKTYBAHHI
NINAHETOXOAIB

THE USE OF SCALE MODELING IN THE DESIGN OF PLANET ROVERS
Mykhailo Podryhalo, Vitalii Shein

Abstract. The proposed study considers a method for choosing scale factors for physical quantities included in the
state function of such a type of mobile technology as planetary rovers under the condition of a changing gravity.
The paper presents the results of calculating the scale factors for the main physical quantities used in the
construction of mathematical models of robots and planetary rovers designed to explore other planets in the
surrounding space. As a result of the study, the correlation between the scale factor of acceleration and the scale
factors of other physical quantities, which have not yet been determined, has been determined.

By taking into account the differences in the gravitational parameters of the Earth and the planet of interest, it is
proposed to improve the methods for designing robots and planetary rovers through the use of scale modeling.
This improvement makes it possible to identify possible failures and deviations of the actual dynamic characteristics
from the expected ones at an early stage of design. The proposed system of scale factors makes it possible to
determine the value of mechanical quantities in the motion of a robot or planetary rover under conditions when the
free fall acceleration differs from that on Earth.

Keywords: research of planets, gravitational parameters, design of planetary rovers, scale modeling, scales of
physical quantities similarity.

1 Betyn:

BukopuctaHHa macwtabHoro moaentoBaHHs 403BOSISIE NPUCKOPUTM Npouec AOCNIAXKEHHS
HOBMX MaLUMH Ta CKOPOTUTM TEPMIHN NOCTAHOBKM iX HA BUPOBHMLITBO.

CborogHi noacTBO nparHe OCBOITM NMAaHETU HaBKOMULLIHBOIO KOCMIYHOMO MpoCTopy, ANs
4YOro CTBOPHKTLCA PI3HOMAHITHI poboTKn i NnaHetoxoan. OgHaK Ha Pi3HMX NraHeTax iCHYITb
Pi3HI 3@ HaMpPYXXEHICTIO (3a NoKasHMKamMu rpasiTauil) Nonsa TSXKIHHA, WO BNAMBAE Ha ANHAMIYHI
XapakTepuCTMKN pobOoTiB Ta NNaHeToXoaiB.

Y p[paHin HaykoBi po3Bigui 3anpornoHOBaHO MeTo, WO [OO03BOSISE 3a [JOMOMOror
MaclITabHOro MOAENtoBaHHA NPOrHO3yBaTW AMHAMIYHI XapaKTepPUCTUMKM BKa3aHWX MalWUH nig
4yac pyxy NnaHeTow 3 BiOMUMU rpasiTaliMtHAMK NapameTpamu.

2 BuknapgeHHs:

MacwTtabHe MoAentoBaHHS LUMPOKO BUKOPUCTOBYETLCA MPU MNPOEKTYBAHHI MOPCBKUX i
pivkoBux 3acobis, niTakiB i renikonTepis. 3acToCyBaHHA MeTOAiIB MaclTabHOro MoaentoBaHHSA
O03BOSIIE  YHUKHYTU CEpUO3HMX TMOMMUIMOK Ha paHHiM cTafil MpOEKTyBaHHS, CBOEYACHO
BUMNPABUTK X | CKOPOTUTM YaC Ha NOCTAHOBKY BUPOOHMLTBA MaLLMH.

3acTocyBaHHAM MaclITabHOroO MOAEMOBaHHA ANs  OOCHIMKEHHS MOOINbHUX  MaLunH
3anmanucsa A.C. KypoukiH [1], MN.B. Mporxin [2], B.C. KonecHukos Ta B.B. MNepciaHos [3].

Y pocnigxeHHi [3] 3anponoHoBaHO cucTeMy MaclwTabHuMx KoediuieHTiB, OONOBHEHY
aBToOpaMu Li€i CTaTTi, ANs BM3HAYEHHS (PI3UYHUX BENWUYMH, WO BXOAATb Yy AudepeHuianbHe
PIBHSAHHS HATypHOro 3paska MobBinbHOT MalunHK Ta it mogeni (Tabn. 1).

Tabnuua 1 — MacwTtadbu nogodbu MexaHiYHUX BENUYUH

Ne | HanmeHyBaHHS MexaHi4HOT I MacwTab dopmyna Ans
Po3amipHicTb pospaxyHky MacluTaby
n/m BEMNYMHM noao6m
nogobwm
1 2 3 4 5
NiHinHWMI po3mip

1 (xapakTepHui) [L], m m Ly /Ly

2 |Yac [, m p—

3 | Maca [m],kr Mu m}

4 | WemnakicTb [L-£7], m/C my Jmi
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1 2 3 4 5
5 |Cuna [m-L-t?], H me m3
6 MoTyxHiCTb [F-V], BT mn mz/2
7 | PoboTa (eHepris) [N-f], Ox mw m?
8 | MomeHT iHepuii [m-L?], kr-m? my m3
9 | KoediLlieHT XOpCTKOCTI [F/L],H/Mm Me m>
10 | KoediuieHT 3aracaHHs [II:—ItcL/n;] meg m3!?
11 | KoediyieHT BigBOAY LUVH [F], H/pag my=ms mz
12 Ili?/lel-lclt/l)iuieHT aemMndyBaHHA [F-t],He m m3!2

Y pobotax M.A. lMNogpurano ta B.C LleiHa. BM3Ha4yeHO, WO MacwTabHuin koediuieHT
NPUCKOPEHb mg NPU MOAESNOBaHHI B YMOBaxX 3eMii 3aBXAW OOPIBHIOE OOMHULI, OCKISTbKWU, KNI
MacwTtab He 6yB ©u oOpaHuin, MogentoBaHHA BiabyBaTMMETbCA B MNOSI TSXKIHHA, WO i€ Ha
3emni. IHWa piy, 9KWo mMoaentoBaHHa byae 34iMCHIOBATUCS AN NNaHeTu, sika Mae BigMiHHE BiA
3eMni NPUCKOPEHHS BiNbHOIrO NagiHHS.

MogentoBaHHs pyxy MoBinbHUX OO’€KTiB, 3@ YMOB KOSM NMPUCKOPEHHS BiNIlbHOrO NagiHHA
BiPI3HAETLCS Big, MOro NOKa3HWUKIB 3a YMOB 3eMili, Mae BaXXfiMBe 3HAYEHHS Mpu NPOEKTYBaHHI
poboTiB i NnaHeToxoai..

MeTol AOoCnigKEHHS € BOOCKOHANEHHs1 MEeTOAiB NPOEKTYBaHHA pobOTIB i nnaHeToxoais
LUMISIXOM 3aCTOCyBaHHSA MaclwTabHOro MoEenoBaHHA 3a paxyHOK BpaxyBaHHSA BigMiIHHOCTEW
rpaBiTauinHMx napameTpiB 3emMni Ta NnaHeTy, WO LiKaBUTb.

[Onsa [OOCArHeHHs MnOCTaBNEeHOI MeTU HeoOXiAHO BUPIWWTM 3aBAAHHA BU3HAYEHHS
MacwTabHux koediuieHTiB 3a yMOBM, WO MaclWTabHUN KoeqilieHT NPUCKOPEHb HE AOPIBHIOE
OOMHUL,.

MacLwTabHuin koeilieHT NPUCKOPEHDb Y AaHOMY BUNAaAKy MOXe ByTn BU3HAYEHUI K

mg =55, (1)
&

Ae g3 — NPUCKOPEHHS BINbHOro NagiHHs B ToYLi 3eMni, WO po3rnsaaeTbes;
g1 — NMPUCKOPEHHS BiflbHOro NafiHHA B PO3rAsHYTIM TOYLi NNaHEeTH, WO LiKaBUTb.

Maca — ue Mipa iHepTHOCTI Tina, ckansgpHa BenuyuHa. ToMy CMIEMO MPUNYCTUTU, WO Ha
Oyab-aKii NnaHeTi ii BeNnYMHa 3anuaeTbCa MOCTIMHOK | MacwTabHM koedilieHT Macu my
MOXHa MPUUHATU PIBHUM OANHMLL.

MacwTtabHuii KoediuieHT WBMAKOCTI BU3HAYaEMO 4epe3 ChiBBIOHOLWEHHSA ranbMiBHUX
LWNAXiB MaWKWHKW Ha 3emMni (HaTypHUI 3pasok) | Ha NaHeTi, Wo LikaBuTb (MacwTabHa mogensb).

ManbMiBHUI WNAX S73 Ha 3emMni

/i
2023

(2)

St3 =
[fanbmiBHUN WNAX S7r HA NAAHETI, WO LiKaBUTb

ﬁ (3)

St = )
202
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ne Vs, Vir — WwWBMAKICTb MaLlUMHM Ha 3eMni | Ha NnaHeTi, WO LikaBUTb, BiANOBIAHO.
JTiHiMHMA MacwTabHMn KoeqilieHT 3HaxoauMMO LUASIXOM MNoAiny niBoi Ta npaBoi YacTWH
PiBHAHHSA (2) Ha NiBY Ta NpaBy YacTUHY PIBHAHHA (3)

N

mp

g3 m

2
_ St3 Z(Vj’] 'gﬂﬂ:m_v. (4)
Strir - \ Vi

oQ

3 piBHAHHA (4) 3HaxogMmo

my =mp -mg . (5)

Ockinbkn npu noTpannsHHi MOGINbHOI MalWHW Ha nnaHeTy, Wo UiKkaBuUTb, I MiHiMHI
po3Mipu He 3MiHoTbhCA, m =1 i BUupas (5) Habyae Burnsay

my = Jmg . (6)

Mpn BU3Ha4YeHHi macwTabHOro koegilieHTa Yacy CKOPMCTAaEMOCH PIBHAHHSAMMN

S3
t3 =—= 7
= ™
Ta
S
tﬂﬂzﬂv (8)
Vi

Ae t3, trr — Yac, Wo BUMIPHOETLCA Ha 3eMni | Ha NnaHeTi, WO LikaBuTb, BignoBigHO.
MacwwTtabHui koedilieHT yacy

t S V 1 _
m, 3 _ 3 . Hﬂ:mL_ _ 1/2. (9)

= = m
g
tr S Vzoo omy o mg
Mpyn BU3Ha4YeHHi macwTabHOro koegilieHTa Cunm CKOPUCTAEMOCH PIBHAHHAMM

Fy=m-g3; (10)
Frg =mg s (11)
ae Fs, Frr— po3Mipu cun, Wo AitoTb Ha 3eMni | Ha nnaHeTi, Wo UikaBUTb, BigNoBigHO;

m — Maca MODINbHOI MaLLUWHI.
MacwtabHuin koediuieHT cunm

mp Fy  mg3 g3 =my. (12)

Frp  mgnnr  gmn
MacLwTabHuin koeilieHT NOTYXHOCTI 3HAaXOAUMO i3 CMiBBIgHOLIEHb
N3 =F3-V3 (13)

Ta
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Npmr =Frn Vi - (14)

3Bigkn 3Haxoaumo

N3 Fz 13 3/2
my = = : =mp -my =mgy . [m, =m, ~. (15)
Nor Frn Fran Ve &

MacwwTtabHui koediuieHT poboTn (eHepril) 3HaXOANMO 3 PiBHAHb

AW3=F3'S3; (16)
Awrr = Frr S (17)

ae Aws, Awir — po3mipn poboTu (eHeprii) Ha 3emni i Ha NNaHeTi, WO UiKaBUTb.
Taknm YnHom

Ay F3 83

my = = : =mp-m; =m,. (18)
Ay Frm Smon £
MacwTabHui KoedilieHT MOMEHTY iHepuii Moxe ByTn 3HanaeHn i3 piBHSHb
I _ 2
3 =m3-Ly (19)
Ta
2
IH./Y =mnﬂ-LHﬂ. (20)
Posginuewu niBy Ta npaBy YyactuHu (19) Ha niBy Ta npaBy 4YactuHu (20), oTpuMaemo
1 m L 2
myp=—3-="3 ( 3 ] =my-mi =1. (21)
Trm mpr \ L

Y Tabnuui 2 HaBegeHo wmacwTabu nogobu MexaHiYHMX BENUYMH  ANnA  BUMMagky
NPOEKTYBaHHA POBOTIB Ta NNaHETOXOAIB, NPU3HAYEHUX OS5 AOCHIKEHHS iHLWINX NiaHeT.

Tabnuuysa 2 — Macwrtabu nogobu ons npoekTyBaHHA poboTiB Ta NNaHeToxonis

Ne | HanmeHyBaHHS MexaHi4HOI - Macwtab Gopmyna Ans
Po3mipHicTb pO3paxyHKy Maclutaby
n/n BENUYNHU nogobu
nogobwm

1 2 3 4 5

1 MpucKopeHHs [ga/gnn], m/c? Mgy g3/gnn

2 JTiHinHWA pO3MIp L], M m. 1

(xapakTepHun)

3 |Yac [f], c me mg''?

4 Maca [m],kr muy 1

5 | Weuakictb [L-t7], m/c my my

6 | Cuna [m-L-t?], H mr Mg
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1 2 3 4 5
7 | NMoTyxHicTb [F-V], BT mn my'?
8 PoboTa (eHepris) [N-t], Ox mw m,
9 | MomeHT iHepuii [m-L2], kr-m? my 1

OTtpumaHa cuctemMa mMacliTabHuX KoemilieHTiB 4O3BOMNAE NpyU NPOEKTYBaHHI poboTiB Ta
nnaHeToxoAiB Ans AOCNIMAKEHHS IHWMX NriaHeT NPOrHo3yBaTu IXHI AMHAMIYHI XapaKTepUCTUKN,
WO [OO3BOSIIE HA paHHIN CTadil BUSIBNATM MOXIMBI BiOMOBM Ta BIiAXUMEHHSI peanbHUX
pes3yrnbTarTiB Big O4iKyBaHUX.

3 BUCHOBOK:

1. BukopuctaHHa macwTabHoOro mogentoBaHHA NpU CTBOPEHHI pobOoTIB Ta nnaHeToxoais
ANA JOCNIMKEHHS IHWKUX NnaHeT 03BOMSE Ha paHHIN cTafil NMPOEKTYBaHHA BUSIBUTU MOXIIMBI
BiAMOBM Ta BIAXUNEHHSA OINCHUX ANHAMIYHUX XapaKTepPUCTUK Bif OYiKyBaHUX.

2. lponoHoBaHa cuctema MacwTabHMX KoediuieHTIB O03BONSE BU3HAYUTU 3HAYEHHS
MEXaHIYHMX BENMYMH 3a YMOB pyXy poboTa 4M nnaHeToxody 3a YMOB, KOSM MPUCKOPEHHS
BiNTbHOro NagiHHSA BiAPI3HAETLCS Bif 3€MHUX MOKA3HUKIB.
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