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MOAEJIUPOBAHUE PABOYEI'O ITPOLHECCA BBICOKOOBOPOTHOI'O JU3EJISA B
HNEPEXO/HBIX TPOHECCAX

Tlokasan nooxo0 u nexomopwvie pe3ynbmamvl MOOEIUPo8anus paboueo npoyeccda a8mMomMoOUIbHO2O
8bICOKOOOOPOMHO20  OU3ENLHO20 08U2AMENsT HA NEPEXOOHbIX U YACMUYHBIX PEHCUMAX, BKIOUAS
X0IOCMOUL X00, YMO NO360A€m OYeHUMb NYymegol pacxo0 8 20pOOCKOM YUKAe UM 6 UHBIX YCL08UAX
IKCNIyamayuy, 6 Mom Yucie npu UCNONb308AHUU PASTUYHBIX MONAUE U CHENEeHU U3HOCA MONIUSHOU
annapamypul. Iloxazano @ynkyuonuposanue mooenu Ha npumepax pacvema pabouezo npoyecca u
nepexoonuvix pesicumog osuzamens 4D56 (4491/95) ¢ ucnonvsosanuem ouzenvnozo u cmecegozo mMonaus.
Yemanosneno, umo npu ucnonvzosanuu kuciopooocooepacawux eszkux ouomonaue (bT) ounamuuecxue
nokazamenu oguecamensi yaywwaiomes Ha (5 - 7%) npu coomeemcmeyiouem yeiuyeHuu pacxood.
Tonosrcumenvuviii d¢pgpexm om npumenenus BT mooicem Ovimv nomyuen npu e2o 6onee HU3KOU
cmoumocmu no cpasreruio ¢ JT.

Knrouesvie cnosa: pabouuii npoyecc ouszenst, yukiogas nooaud, nepexoonvle npoyeccyl ousenell, nymeeoii
Pacxo0 monausa, MONAUGHAs IKOHOMUYHOCHTb.

AKTyaJabHOCTH HccaenoBanus. [Ipu skcrutyaranuy aBTOMOOWIIS B TOPOACKUX YCIOBHUSIX HauOoliee BaKHBIMHU
(baxTOpamMu SIBJISIOTCS TOILIMBHAS SKOHOMHYHOCTB, TMHAMHUYECKHE KadecTBa M 0e30TKa3HOCTh. B HacTosiee Bpems
3HaYMTEIbHAsT 4acTh aBromapka crpaH CHI' mpencraBieHa ycTaHOBKaMH C 3KOHOMHYHBIMH BBICOKOOOOPTHBIMHU
JIM3EJIbHBIMU JIBUTATENSIMHU, OCHAIIICHHBIE Pa3JIMYHBIMHU THIIAMH TOILIMBHOH armapatypsl (TA): pacnpeaenuTenbHbIMA
THBJ] ¢ MexXxaHMYeCKUMH M 3JIEKTPOHHBIMU DErYyIATOpaMH, aKKyMYASTOPHBIMM CHCTEMaMM MUTaHUS U HAcoc-
¢dopcynkamu. Pabora atux aBuratenell mpu mepexomHeix nporeccax (I1I1) mpaxTuyecku He HcCClieOBaHa, MOITOMY
HEBO3MOXKHO PEIIUTh TaKylO 3a/lady KakK MPOTrHO3UPOBATh PAcXO/l TOILIMBA B IKCIUTyaTallid BbICOKOOOOpoTHHIX JIBC,
MIOCKOJIbKY TIEPEXOIHBIE MPOIECCHl COCTABIISIOT 3HAYUTEIBHYIO YacTh 00IIero BpeMeH: ux padbotsl. COCTaBHOM YacThiO
pacyera IEpeXOJHBIX IPOIECCOB SBISETCS MOJESIUPOBAHUE padouero Impolecca Ha3BaHHBIX JBHUTaTeNeld Ha
HEYCTAaHOBUBIINXCS PEXUMAX.

IMocranoBka mpodaemsl. [[ns pacuera pabodero mpolecca au3els, HPEKAE BCEro HEOOXOAMMO 3HATh
LUKJIOBYIO ITOJady TOIUIMBAa By, KOoTOpas 3aBHCHT OT KOOPIWHATHI J03aTopa ToIuuBa. IIpu mepexogHBIX pexnmax
BBICOKOOOOPOTHBIX AW3eNeH KOOpJAUHATa 103aTopa HEOAHO3HAUHO onpenesnsteT Benunuuny By [1]. [Tocnenusas 3aBucur
Tak jxe oT: yactorel Bpamenus JIBC (100...5000 MI/IH_I), M3HOCA TUTYH)KEPHBIX Tap, BSI3KOCTH TorumBa. [IpobiaeMoit
SIBIISIETCS CO3/[aHUE TAaKOW MOJIENT pabouero mpoiecca AU3eist B MEPEXOAHBIX Mpoleccax, KOTopasi AaeT BO3MOXKHOCTh
YUYUTHIBATh HA3BaHHbIE PEXKUMHBIE U KOHCTPYKTHBHBIE TTapaMeTphl (B peryiIsiTopa, HacOCHOro 3eMeHTa TA, uTpaxk
n wmoment wuHepuuu JIBC), a Takke ¢u3mueckue CBOWMCTBA TOIUIMB (HAIpUMep, MAM3ENBHOTO U BS3KHX
KHCIIOpoaocoaepkanux ouorormius). [Ipudem pacuernbie Moaeaun TA, IBC u ycTaHOBKH HE TOJKHBI OBITh UpE3MEPHO
CJIOXKHBIMH, YTO CBSI3aHO C HEOOXOJMMOCTBIO BBIIOJHSTE CYET OOJBIIOr0 YHCIIA MEPEXOIHBIX MPOIECCOB, KaXKAbIH 3
KOTOpBIX BKJIIOYaeT B ce0si MHOXKECTBO pabo4yMx NWKIOB. Ha OCHOBE IMONY4YEeHHBIX pPE3YJIbTaTOB MOTIYT OBITh
OTIpeieNIeHbl ITyTeBbIE PACXO/bl TOIUIMBA B PA3JIMYHBIX YCIOBHAX IKCILTyaTallMH TpaHcIopTHoro cpeactsa ¢ JIBC npu
UCIIOJIb30BaHUH JIM3EIILHOTO U OMOTOILIHBA.

Teoperuueckuii anaiau3 mucciaenoBanus. llepexomHple MNpolEcCHl aBTOMOOWJIBHBIX CHIIOBBIX YCTaHOBOK
COCTaBJISIFOT 3HAYMTENBHYIO JIONII0 OOINero BpeMeHH UX padotsl [2]. Kpome Toro, B 3KCIUTyaTallMOHHBIX YCIOBHSX
paboTra TPaHCHOPTHBIX JABHUTaTeNell BHYTPEHHET'O CrOpPaHUsl XapaKTEepU3yeTcs HAMYMEM H3HOCA IUTYH)KEPHBIX Map,
UCIIONIb30BAaHUEM aJIbTepHATUBHBIX TOIUMB [3]. TIpoOieMe HEyCTaHOBUBINUXCS PEKUMOB JHU3ENEH IMOCBSIIEHO
MHOECTBO paboT, Hampumep, [4-7] u npyrue. B pabote [8] mana mozaens cuctemsl IBC u I'TH npumeHHTENBHO K
neuratento aBrodyca JIA3. OpgHako B JaHHBIX pabOTax OTCYTCTBYIOT METOJMKH W PE3yNbTaThl HCCICIOBAHMS
MIEPEXOJHBIX MPOLECCOB BBICOKOOOOPOTHBIX IH3€JeH. 3/1ech HMMEIOT MECTO OONbIINE TpagueHThl W3MEHEHUS
KMHETHYECKON 3HEPTUH AJIEMEHTOB PEryisaTopa, 3aBUCSIINE KaK OT MOMEHTa BPEMEHHU IEepeXOoIHOro IMmpolecca, Tak U
OT IOJIOKEHHsI Ha3BaHHBIX dJieMeHTOB. [Ipoliecchl TomrBononaun onucansl B padorax [8, 9] u apyrux. CoBpeMeHHas
W yHHBepcaJibHas IpHKJaaHas IporpaMma pacuera padodero npounecca «duzens» (MBTY um. H.O. baymana) nmeer
LIMPOKHE BO3MOXKHOCTH. OJJHAKO, IPU MOJACTUPOBAHUU MTEPEXOAHBIX MPOIECCaX, COCTABIISIONUX 3HAYUTEIbHYIO YacTh
€3/I0BBIX LIUKIIOB, IIPUXOAUTCS BBITIOIHATH OOJIBIIOE KOJMYECTBO pacyeToB equHUYHBIX [1I1, 4To TpeOyeT s3KOHOMHOro
noaxona Kk MerogaM cdera. Kpome Toro, mepexoaHsle MpoILEcChl MOTYT UATH MO-Pa3sHOMY B 3aBHCHMOCTH OT M3HOCA
IUTYH)KEPHBIX Iap U BUJa TOILIUBA.

Heas crarbu. [lonyuyuTh MHCTPYMEHT /JIsl ONpPEACTCHUS B MEPBOM INPHONMKEHHH SKOHOMHYECKUX U
JUHAMHYECKUX IOKa3aTelleil BHICOKOOOOPOTHOIO AM3ENs Ha OCHOBE pa3pabOTKM MMUTAIMOHHOW Mojenu pabodero
npolecca NMpu MEPEXOAHBIX MPOoIeccax BHICOKOOOOPOTHOIO aBTOMOOWIILHOTO IU3ENs], TO3BOJISIONIEH YYUTHIBATh TUII
TA u Takue sKcIuTyaTaloHHbIe (paKTOPbI KaK W3HOC IUTYHXXEPHBIX Map U BHUJ| TOILUINBA.

3agaun uccaeqoBaHusi: BBINONHUTE MoaeaMpoBaHHME paboyero mporecca IU3eis, Jarollee BO3MOXXHOCTD
OCYIIECTBIISITh CUET MEPEXOIHBIX TPOIIECCOB BHICOKOOOOPOTHBIX aBTOMOOHJIBHBIX JIBUTATENEH C BOCIUIAMEHEHUEM OT
cokatusa. [IpoBeputh (YHKUMOHMpPOBAHME MOJEIM NPU pa3roHaxX Ju3els, padoTalolero Ha JOU3EIBHOM U
aJbTEPHATUBHOM TOILTUBAX.



H3n0:xeHne OCHOBHOIO MaTepuasia MHccjedoBaHus. I[IpuMeHeHHe H3BECTHBIX METONUK, Halpumep,
YHHUBEPCAJIBHOr0 MporpaMMHoro kominiekca «Jluzens» (MBTY um. H.D. baymana), BBI3bIBaeT 3aTPyAHCHUS TIPH CUCTE
MHO)KECTBA Pa0OUYUX IMKIOB, COCTABIISIOIIMX Ja)Ke OIWH TEePEeXOIHOHM IMpOIecc, a MPU pacyere MyTEeBOro pacxona
TOILIMBA JUI 3aJaHHOTO MapIIPyTa, alllPOKCUMUPYEMOTI'0 IEJIBIM PSIIOM €3/I0BBIX IIUKIIOB, B CBOIO OYE€pPEAb COCTOSIIINX
U3 MHOXKECTBa MeEpeXOoAHBIX TporeccoB. [loaTromy MonmenupoBaHue pabodero mpormecca AM3eNs OCYIIECTBIEHO C
ucronp3oBaHueM Meronauku [maronesa H.M. (Meron oObeMHoro 6ananca) st pacuera razoooOMeHa u ['puHeBenKoro-
MasuHra uist pacuera pabodero HUKIa ¢ yTOYHEHHBIMU KO3 ((GHUIMEHTaMHU A1 IPUMEHEHHS €€ B ITUPOKOM JIMara3oHe
W3MEHEHHH Harpy3KH W 4acTOThl BpamieHus. [lociaenHss npuHsaTa B pacyeTe He TOJNBKO Kak HauOolee mpocrasi, HO U
KaK BeCbMa YHHMBEpCaJbHas ¢ OrpaHMYCHHBIM HaOOpPOM BBIOMpaeMbIX k03(duieHToB. Huke mpuBeIeHBl OCHOBHBIC
pacyeTHbIe ypaBHEHHS U MPHUHATHIE 3aBUCHMOCTH ISl pacyeTa pabouero KA JU3essl Ha MepeXoHbIX Mpoleccax Mmpu
WCIIOJIb30BaHUH JIM3EIILHOTO U OMOTOILIUBA.

Ilpouecc nanonnenusa u napamempyl 2a3a 8 KOHYe npoyecca evinycka. Ilonorpes 3apsaa oT CTEHOK IUINHIPA
AT, IpUHAT U3MEHSIOMUMCS 0 TUHEHHON 3aBUCUMOCTH OT YaCTOTHI BpalieHus n. TeMmepaTypa OCTaTOUHBIX Ira30B

T, =600+0,05-(n —1500)+50-(3—a)+0,25-(1.8—¢).
JlaBnieHUs BO BITYCKHOM HAaTpyOKe U BBIXJIOITHOM KOJUIEKTOPE:
Ps=-1,390868-n+101289 (ITa), p, =po +1200*S*n /30,
[o pe3yabpraTaM MoAENMPOBaHUs ra3000MeHa MOJIYYEHO anmpoKCUMUPYIOIIee YpaBHEHHE ISl JaBJICHUS B YCIOBHOM

KOHLIE HanoHeHns Pa =-6,235638-10 -n? -5,130658-n +102703 (ITa).
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Gb — pacxoj Bo3Iyxa MPUMEHHUTEIBHO K nu3ento 4D56 (4491/95):

Gb =-0.000005746477 -n% +0.09481819-n - 6.709383.

IIpoueccot czopanua u pacwiupenus
Mo mpuHsTOM METOAMKE pacyuera Mpolecca CropaHus B IMIMHAPE TU3ENsl sl pacdeTa MCIOb3yeTCs YaCTHBIH
ciydait 1-ro 3aKkoHa TEPMOAWHAMUKH B BHUJIE:

E.:zQ’
ocMO(1+y)
rne Q — temora cropaHus | Kr KMIKOro TommmBa; O, - KO3 GHUIMEHT M30bITKa BO3AyXa; My — TEOpeTH4ecKu
HEOOXO0AMMOE KOJMYECTBO BO3IyXa JUISi CropaHusi | Kr JKHIKOrO TOIUIMBA; P — AEHCTBUTENBHBIA KOI(PQHUIUEHT

= Bucpmz T, - (Mcvmc +uRA )Tc >

MOJIEKYJSIPHOTO U3MEHEHHMs IIpU cropaHuy; [C - CpeAHssd MOJbHAs TEIUIOEMKOCTh B M300apHOM Ipouecce s

pmz
TOUYKH “Z” pacueTHOIO 1UKIIA;
T

Ipu ncronb30BaHuH Au3eabHOro Tormea (JIT) Q=QH, mpu ucronb3oBaHmu cMecesoro Tommsa Q= Q' (BT —
OMOTOIUINBA), COCTOSIIErO B JAHHOM pacyeTHoM uccienoBanuu u3 [T u noaconneunoro macia (ITIM).

JInst cMeceBoro ToruiMBa HU3IIAs TeTioTa cropanus 1kr [2]:

TC BHO T
Qi =Ngyo Qg +(I*NBI/IO)'QJH1 ,
o BUO
rae NBI/IO —MaccoBas gonst bT B TormmBHOM cMecH; QH — Hu3mas terwtora cropanus bT, kJx/kr;
AT

QH — HHBIIAs TEIUIOTa CrOPaHUsl TU3EIBHOIO TOIUTHBA, KJIK/KT.

Temtora cropaHus CMECEBBIX TOILIUB OIpeessuiack coriacHo [2] B (k/Ix/kr) mo ¢popmyrie Menaeneesa:

Qu=33910-C+103010-H-10890-(O-S)) »
rae C, H, O, S — maccoBbie 0711 COOTBETCTBYIOIIUX 3JIEMEHTOB B TOILIIUBE.
Jlnst nu3enbHOrO TormBa npuHAT coctaB C=0,855, H=0,15, O=0, 1y cMeceBoro TOIIMBa, COCTOAIIETO U3
50% noaconueynoro macna (IIM) u 50% muzenshoro (AT): C=0,818876 H=0,12122 0=0,059904.
CrenecHb MOBBIIICHHUS JaBJICHUS B Mporecce cropanus (A) 1 K03 (GUITUSHT TOTHOTHI HHIMKATOPHOU (L)

JuarpaMMbl ONIPpEACIISIIN 10 ONBITHBIM JaHHBIM B 3aBUCUMOCTHU OT HArpy3Ku:
A =0.082+0.825 (10-)/10; 1 =0.08+0.015 (10-ct)

KoadduimeHT akTHBHOTO TEIUIOBBIIEICHUS (§7) TIPH MEPEXOIHOM IIPOIecce AU3ENsl ONpenessieTcs B
3aBHCAMOCTH OT Harpy3KH U YaCTOTHI BpaIlleHHs 10 (hopMyiIam:

€40 =2.370189 E-13-n° —0.0000000390 5-n* +0.00029098 187 - n + 0.2446592

y,=0.0221883 0> -0.2857041-0% +1.118194-0. - 0.3434542, £, =E,, -y, 1.27 .



Teoperndecku HEOOXOMMOE KOJTMYESCTBO BO3yXa IS CTOpaHusl 1 Kr TOIUIMBA, (KMOJIB/KT) | (KT BO3IyXa/KT):
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Koa¢punmeHT oTHOCHTENBHBIX MOTEPH TEIUIa CTEHKH B MPOLECCE PACIIMPEHHS PHHAT JTHHEHHO 3aBUCSIIAM OT
4acTOTHI BpaIllEHUS
3. (6000 - n) .
6000
INoka3arenu IWKIa, HCHONb3YyeMble Uil MOJEIMPOBAHHA pPabOYMX IIPOLECCOB B IIMPOKOM OMAIa30HE
n3MeHeHus Harpy3ku JIBC u yacToTsl BpalieHus
CpenHee naBieHUEe MEXaHUYECKUX MoTeps [15] 1 4-X HUIHHAPOBOTO AU3ETIS:

0.005113-s-n
30

We=0.08+0.0

Pm =2000 -(0.064+ -1000.

MoOMEHT MeXaHUYECKUX TTOTEPh JBUTATEINS:
M, =N, -30-1000/3.141/n,

rae Ny, — MOIITHOCTh MEXaHHUYECKUX MOTEPb, OMpeenseMa mo Pm u n.

Pacxon Bo3myxa 3a 1 pabounit mukn: Gec=my -Po-Vh/287/T,

Pacxon Bosnyxa 3a 1 wac:  G=GsB-Z; -n-30, 31€Ch My - KOXPPUUMEHT HATIONHEHHS, 7y, - 9HCIIO
uuuaapos JIBC.

Pacxon torumBa 3a 1 vac:  Gt=Gpg/ o/ Lo

Kpyramuit MmomeHT gpurarens: M, =Ne-30-1000/3.141/n.

Jus AT wsmenenue KI1JI auzens 4491/95 B 3aBUCHMOCTH OT 4acTOTHI BpallleHHs: U KO3 QuuueHTa u30bTKa
BO3/lyXa [IOKA3aHO Ha pHuC. 1.

Puc. 1. U3menenne KI1J] muzens 4991/95 npu padore Ha AT

ITo pe3ympTaTamM MOICTUPOBAHUSA pabOUEro MUKIA MOJIYYCHBI allPOKCUMHUPYIOIINE BBIPAXKCHUS I pacxona
Bo3ayxa Gy U Kpytsmero Mmomenra M (¢ ucnons3oBanreM Mathcad 11) mBurartens B 3aBUCUMOCTH OT K03(duIiueHTa
n30BITKA BO31MyXa (0), YaCTOTHI BpallleHHs KOJEHYATOro Bajia ¢ yderoM BsskocTu TommBa (AT — musemsHoe, BT —
OMOTOIUIMBO) M W3HOCA TOIUIMBHOW ammaparypsl. Hampumep, npu usHoce TA 50% mis quzens 4491/95 momydeHb
BBIPA)KEHUS:

M = —48,613-a.+2,739-0.% +0,01443-n1-3,4-107% -n% —0,00037- o.-n +199,86 (IT);

M =-52,509- . +2,99-a% +0,01466%n —3,5-10° .n2 —0,00035-a.-n+212,8 (BT).



BenuunHa o ompenensuiach Mo TEKYIIMM B MEPEXOMIHOM MPOIECCE 3HAYECHUSM Pacxoja BO3AyXa U TOIUIMBA.
IMocnenuuit onpenensics B 3aBUCHMOCTH TEKYIIHX IOJOXEHHs 103aTopa z, 4acTOThl BpamieHus Baga THBJ[ mis
3aJaHHBIX BS3KOCTH TOIUIMBA W H3HOCE (THAPaBAMYECKOW IUIOTHOCTH) IUTYHXKEpHOM Imapel. Tak, Hampumep,
3aBHCHUMOCTH B, (z, n) npu Bsi3kocTy TomuBa 16 ¢cCT 1 MaKCHMaJIbHBIX yTEUKaX B IUIYHXKEPHOH Mape MMEeT BHI:

B, —al-x+a2-x* +a3-y+ad-y> +a5-x-y+a0 (mr),
rae x =z-10 (z— koopauHaTa go3aTopa), y=n/200 (n - YacToTa BpallleHUs KOJICHYATOrO BaJia);
ap=-16.436; a; = 3.048; a, =-0.097; a3 = 1.502; a; = 0.094; a5 = -0.093.
Ha puc. 2 noka3zaHo BIMsIHHE BSI3KOCTH TOIUIMBA HAa W3MEHEHHE By MpU MOCTOSHHOI KOOp/AMHATE 103aTOpa Ui

MPEJCIbHO M3HOIICHHON IUTYH)KEpHOW maphl. Bsskocts amsenbHoro tomiuea ([T) 4cCt, MakcuManbHas BSI3KOCTh
6uororumsa (bT) 20 cCr.
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Puc. 2. 3aBucuMocTh IMKIIOBOH NoJaya TOIIMBA OT 4acToThl BpameHuss THB/I u Bs3kocTH A peliesibHO U3HOLIEHHON
IUTYHXKEPHOH Mapbl IpY MaKCUMaJIBHOM IOJIOXKEHUM Jo3aTopa Z = 1,5MM
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Ha puc. 3 moka3zaHbl 3aBUCIMOCTH MOMEHTOB ABHUTraTels OT YacTOThl BPALIEHUS U o IIpU Hcnonb3oBanuu T u
BT, Ha puc. 4 — yBennuenre M Ipu UCHONB30BaHUH KACIOPOAOCOAEPIKAIIET0 OMOTOILINBA.
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Puc. 3. K monenupoBanuto kpytsiiiero MoMmenTa ausens 4491/95

Puc. 4. Yennuenne M nipu ucrionb3oBannu cmecu 50% muensHoro Torwmmsa (A T) u 50% nonconnednoro macia (ITM) o
cpaBHenuto ¢ AT



Bospacranne M npu ucnons3zoBanun BT o0ycnoBuino cienyromum. TeopeTndeckn HEOOXOIUMOE KOIUYECTBO
Bo3ayxa Lo s cropanus 1 kr cmecu 50% nuzensHoro tommuBa (JT) u 50% nmoaconuaeunoro macia (ITM) coctaBuiio
13,3 kr Bo3myxa/kr cMmecu (Bmecto 14,37 ms JIT), a By =1,035 (Bmecto 1,01 mst AT).

Texymast yriioBast CKOpPOCTh KOJIEHYATOrO Baja:

o=0+dt-(M-M.)/Jp,
rae Jp — IpUBEICHHBIN K OCH KOJCHYATOro Baja MoMeHT uHepiun JIBC u ycTaHOBKH; MC — MOMEHT COITPOTHUBIICHHS
BpAIEHUIO KOJICHYAaTOr0 BaJia.

[IpuBencHHBIC pacueTHBIC 3aBUCUMOCTH TTO3BOJISTIOT MOJICMPOBATh MEPEXOHbBIE MPOIECCHl BHICOKOOOOPOTHOTO
nmusens. Ha puc. 5 mokaszaH B kauecTBe pUMepa mepexoqHoi mpoitecc ausens 4D56 (4491/95) npu ucnonb3oBanuu T
¥ cpemneM m3Hoce TA B peKiMe pasroHa Tox Harpyskoit ot 400 1o 4650 mun™'. (akcerxeparop 100%).
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Puc. 5. IlepexonHoii nponecc ausens npu ucnonssosanuu AT u cpennem usHoce TA B peskrMe pasroHa 1ojj Harpy3koi
Mc=100 Hm

-

Hwkxe npuBeieHO COMOCTaBICHUE TIEPEXOMHBIX MporieccoB nusens npu padore Ha [T u BT (puc. 6).
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Puc. 6. CBobonHbIe IepexoTHbIe Iporiecchl pasrona auseist 4491/95 npu padore Ha JIT u BT

Kak BHIHO M3 pHUCYHKa 6 BpeMs pasroHa JBUTATeNs Mpu paboTe Ha kuciopomocojepxkariem tomuse (BT)
MeHblIe Ha 7% MO CPaBHEHHUIO ¢ pabOTON Ha JU3EIHLHOM TOIUTHBE. DTO OOBACHICTCS IBYMs (haKTOpaMU: TTOBBIIIIECHUEM
KpyTSAIIEro MOMEHTa B HadalbHOW (pa3e pasroHa mpu OonbmieM pacxome BT u3-3a ocoOeHHOCTEH XapaKTEPHUCTHK
MoaYd ¥ MEHBIIEM HemocTaTke Bo3ayxa mis BT, comepikamiero Kuciopon. IIpomomKHTEeNnbHOCTh pa3roHa MpH
ucnons3oBanud BT Menbiiie, uem B cinydae npumenenust JIT. ITo 0ObICHIETCS CACAYIONMMHU (aKTOpaMu: HalIHYHe
kuciopoaa B Tomuse (50% mnoacomneynoro macna u 50% J[T) nosBomnsier 6onee 3GEeKTUBHO HCIOIB30BAaTh 00bEM
IWJIMHIpA 38 CUeT CHIDKEHHs Ha 8% TeopeTHYECKH HeoOXOMUMOro KOMHYECTBA BO3JyXa JUIsl CropaHus | Kr TOILTHBA
(Ipu CHWKEHHMH €ro TEeIUIOTH cropaHus Ha 7%), yBennueHHeM Kod(h(UIMEeHTa MOJEKYISIPHOrO M3MeHeHus: Ha 4%,
yBeNTMYeHHeM [UKI0Bo# nomauu BT (cM. puc.6) B HadanbHOU (ase pasrona. [locnenHee Hanbosee IpKO MPOSBISETCS
JUTS TUTYHO)KEPHBIX Map ¢ HU3KOM THAPABIMYECKOM TIIOTHOCTHIO.



BoiBoabl.

1. MaremaTtnyeckasi MOJENb ITO3BOJSIET MOJIENIUPOBATh paboyue Mpolecchl Ha JIOOBIX SKCILTyaTallMOHHBIX
PeKMUMax BBICOKOOOOPOTHOTO JHU3ENsl, OCHAIIEHHOO MEXAHWYECKHMM WJIM O3JEKTPOHHBIM DEryasTopoM. Yuer
KOHCTPYKLIMM aBTOMOOWJIS, JAHHBIX IO 3arpy3ke TpPaHCIIOPTHOI'O CpeAcTBa W TNPOQHIS AOPOrH ITO3BOJHT
MIPOTHO3UPOBATH AKCILTYaTalMOHHBIE PACXOAbl TOIUIMBA M OIEHWBATH BBIOPOCHI CaXKM aBTOMOOMIIEH 3apyOeKHOro
MIPOU3BOJICTBA C YYETOM TEXHHYECKOTO COCTOSHMS TOIUTMBHOHW amnmapaTrypbl, NPUMEHSIEMOr0 TOIUIMBA W CHUCTEMBI
aBTOMATHUYECKOT0 PErYJIMPOBAHUS YaCTOTHI BpaIlleH!s] KOJIEHYATOr0 Baa.

2. IIpm ucnonp30BaHUM KUCIOPOAOCOAep AKX Bs3kux Ouororus (bT) quHaMuYeckue mokasaTenu IBUTraTess
yay4matorcs (5 - 7%) mpu cooTBeTCTBYIONIEM yBenuueHur pacxona BT. B atom cinyuae usHoc TA MeHbIIIe 3aMeTEH B
HauanbHOM Qaze III1, kxpome Toro, Bozpacraer 0€30TKA3HOCTh YCTAHOBKM 3a CHET YJYUIIECHHs ITyCKOBBIX KadeCTB
neurarens 10 100% npu usHoce TA, 4To 0cOOCHHO Ba)KHO NpH ropsiieM nycke. O4eBHIHO, MONOKHUTENBHBIH 3 dexT
ot npuMeHenust BT MoxxeT ObITh TIONTy4YeH NpH ero 6osiee HU3KOW cronMocTH 1o cpaBaeHuto ¢ IT.
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Approach and shows some results of the design working process high-speed diesel engine in the transient and partial modes
including idle, estimating travel costs in urban or other conditions, including the use of various fuels and fuel equipment wear.
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Tyrlovoj S.I., Kovtun A.S.

THE HIGH-SPEED DIESEL WORKING PROCESS DESIGN IN TRANSITION
PROCESS

Approach and shows some results of the design working process high-speed diesel engine in the transient and
partial modes including idle, estimating travel costs in urban or other conditions, including the use of various
fuels and fuel equipment wear. Shows the operation model based on the examples of workflow and transient
engine 4D56 (4491/95) with diesel and fuel mixtures. t is established that the use of oxygen-containing
viscous biofuels (BT), the dynamic performance of the engine are improved by (5 - 7%), with a corresponding
increase in the flow rate. The positive effect of the WT can be obtained at its lower cost compared with DT.
Key words: diesel working process, cyclic pitch, transient diesel engines, track fuel consumption, fuel
economy.

Research actuality. When driving in urban conditions, the most important factors are fuel efficiency, dynamic
quality and reliability. Currently, a significant part of the fleet of the CIS countries represented plants with
vysokoobortnymi economical diesel engines are fitted with various types of fuel equipment (TA) distribution pump
with mechanical and electronic controls, rechargeable power systems and unit injectors. The performance of these
engines transients (PP) is scarcely explored, so you can not solve this problem as predicting fuel consumption in high-
speed engine operation, as transients up a significant portion of the total time of their work. A part of the calculation of
transients is the simulation workflow engines on these transient modes.

Problem raising. For the calculation of the working process of a diesel is first necessary to know the fuel
portion CC, which depends on the coordinates of the fuel dispenser. When transient high-speed diesel engines
coordinate dispenser uniquely determines the value of CC [1]. The latter depends also on: engine speed (100 ... 5000
min-1), plunger wear, fuel viscosity. The problem is to create a model of the working process of a diesel in the
transition process, which makes it possible to take into account the mentioned regime and design parameters (type of
controller, pump element TA, displacement and inertia of the engine), as well as physical svoytva fuels (such as diesel
and viscous oxygenated biofuels). Moreover, computational models of TA, DIC and the installer does not have to be
overly complicated, due to the need to carry out due to the large number of transients, each of which includes a plurality
of cycles. On the basis of these results can be defined waypoints consumption under different operating conditions of
the vehicle with the engine on diesel and biofuels.

Research theoretical analysis. Transients automobile power plants account for a significant proportion of their
total time in [2]. In addition, operational conditions the work vehicle internal combustion engine characterized by a
plunger wear, the use of alternative fuels. [3] The problem of unsteady modes of diesel engines has been widely
discussed, for example, [4-7] and others. In [8] gave a model of the engine and GTN applied to the motor bus LAZ.
However, in these papers there are no methods and results of the study transient high-speed diesel engines. Here there
are great changes in the kinetic energy gradients elements regulator depending both on the time of transition, and the
position of these elements. Fuel processes are described in [8, 9] and others. Modern and versatile application based
workflow "Diesel" (Moscow State Technical University. Bauman) has a wealth of opportunities. However, when
modeling transient, which constitute a substantial part of driving cycles, we have to perform a large number of
calculations of single PCB, which requires economical approach to the methods of the bill. Additionally, transients may
proceed differently depending on the plunger wear and fuel type.

Article aim. Get a tool to determine a first approximation, the economic and dynamic performance of high-
speed diesel engine by developing a simulation model of workflow transient high-speed automobile diesel engine,
which allows to consider the type of TA and operational factors such as how to wear plunger and fuel.

Research tasks. Run the workflow modeling of diesel, making it possible to carry out due to transient high-
speed car engines with compression ignition. Check the operation of a diesel engine during acceleration model of a
diesel and alternative fuels.

Research basic material exposition. Application of known techniques, for example, a universal software
package "Diesel" (Moscow State Technical University. Bauman), causes many difficulties in counting cycles that make
up even one transition process and the calculation of track fuel consumption for a given route, a number of
aprksimiruemogo driving cycles consist in turn of a plurality of transients. Therefore modeling workflow diesel
accomplished using techniques Glagoleva NM (Volume balance method) for the calculation of gas exchange and
Grinevetsky-Masing to calculate the duty cycle with the revised coefficients for use in wide range of variations of load
and speed. Last taken into account not only the most simple, but also as a highly versatile with a limited set of
selectable ratios. The following are the main design equations and adopted according to the calculation cycle diesel
engine on a transient on diesel and biofuels.

The filling process parameters and gas at the end of production. Heating of charge from the cylinder walls AT,
adopted by changing the linear dependence of the speed n. Temperature of the residual gas

T, =600+0,05-(n —1500)+50-(3—a)+0,25-(1.8—¢).
The pressure in the inlet manifold and the exhaust manifold:
Ps=-1,390868-n+101289 (ITa), p, =po +1200*S*n /30,



According to the results obtained by simulation of gas exchange approximating equation for the pressure in the
conventional end of the filling Pa =-6,235638-10™ -n? -5,130658-n +102703 (ITa).

!
p 1

PaToi'(fr)k

N = _ &8P

Filling ratio v = ¢ _1 " p_(T, +AT,)

Residual gas factor:

. xP. T,

B (8_1)Poanra .
Gy, — air flow rate in relation to a diesel engine 4D56 (4491/95):
Gb =-0.000005746477 -n* +0.09481819- n - 6.709383.

The processes of combustion and expansion On the accepted method of calculating the combustion process in
the cylinder of a diesel engine is used to calculate the particular case of the 1-st law of thermodynamics in the form of:

£,Q
—=2<__—Buc_ T, —(uc, +HRA)T,,
OLMO(1+'Y) Bu p (M vme TH c
where Q — heat of combustion of 1 kg of liquid fuel; QL - excess air ratio; M, — theoretically necessary quantity of air

for combustion of 1 kg of liquid fuel;  — the actual ratio of the molecular changes in the combustion; JLC - average

pmz
molar heat capacity in the isobaric process to the point of "z" of the billing cycle;

Based on diesel fuel (JT), using mixed fuel Q= Q™ (BT — biofuels), which consists in the study of the
settlement of the /IT and sunflower oil (IIM).

For the mixed fuel net calorific value of 1 kg [2]:

Q:C = Ngpo 'QEMO +(1 *NBMO)'QET ,

where NBI/IO — the mass fraction of BT in the fuel mixture; QEMO — net calorific value BT, kJ / kg;

Q,gT —net calorific value diesel fuel, kJ / kg.
The heat of combustion of mixed fuels was determined according to [2] in (kJ / kg) on Mendeleev’s formula:
Qu=33910-C+103010-H-10890-(0-S)),
where C, H, O, S — mass fractions of the respective elements in the fuel.
For the diesel fuel composition adopted C=0,855, H=0,15, O=0, for mixed fuel consisting of 50% sunflower
oil (ITM) and 50% diesel fuel (JIT): C=0,818876 H=0,12122 0=0,059904.

The degree of pressure increase in the combustion process (A) and the coefficient of fullness indicator (p)
diagrams were determined from experimental data as a function of load:
A=0.082+0.825-(10-a)/10; p=0.08+0.015-(10- )

The activity coefficient of heat transient diesel engine is determined by the load and speed according to the
formulas:

£ ,0=2.370189E -13-n° —0.00000003905 - n> + 0.00029098187 - n +0.2446592
y, =0.0221883- 0* - 0.2857041-a.> +1.118194 -0 - 0.3434542, &, =&, -y, -1.27.

Theoretically necessary quantity of air for combustion of 1 kg of fuel, (kmol / kg) and (air kg / kg).

1 (C HO
My=—— —+——— | ;
0,208(12 4 3zj

i)
ngﬂ.

0.232
The chemical index of the molecular changes during the combustion of the combustible mixture for a»1:
H O
By =1+ 4 32
aMo

The coefficient of relative heat loss in the walls of the enlargement process adopted by a linear function of the
speed
3. (6000 -n) .
6000
Cycle parameters used for modeling workflows in a wide range of engine load and speed.
The average pressure of mechanical losses [15] for a 4-cylinder diesel engine:

We=0.08+0.0



.005113s-
Pm =2000 -(0.064+%j 11000
The moment the engine mechanical losses:
M, =N, -30-1000/3.141/n,
where Ny, — friction horsepower, determinable by Pm u n.
Air consumption per one working cycle: Gec=my -Po-Vh/287/T,
Air consumption per one hour : GB=GBu-Zj -n-30, here My, - filling ratio, Z;; - the ICE number of

cylinders.
Fuel consumption per one hour: Gt=Gg/a/ Lo

Engine torque: M, =Ne-30-1000/3.141/n .
For [T change efficiency of diesel 4491/95 depending on the rotational speed and air-fuel ratio shown in fig. 1.
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Fig. 1. Changing the efficiency of diesel 4CH91/95 at work on AT

According to the simulation results obtained by cycle approximating expressions for the flow of air Gb and
torque M (using Mathcad 11) of the motor depending on the excess air ratio (o), the engine speed with the fuel viscosity
(AT — diesel fuel, BT — biofuel) wear and fuel equipment. For example, if worn FE 50% for diesel 4491/95 the
expressions:

M = —48,613-a.+2,739-0.% +0,01443-n-3,4-107% -n% —0,00037- o.-n+199,86 (T)

M =-52,509- . +2,99- 0% +0,01466%n —3,5-10° -n2 —0,00035-a.-n+212,8 (BT)

Value o determined by the current values in the transient air and fuel flow. The latter is determined as a function
of current position of the dispenser z, shaft speed HPFP for a given fuel viscosity and wear (hydraulic density) of the

plunger assembly. For example, the relationship B,(z, n) when fuel viscosity 16 sSt and maximum leakage in the pump
element is of the form:

Au =al-x+a2-x° +a3-y+a4-y2 +a5-x-y+a0(mr),
where 6 =z-10 (z— coordinate dispenser), y=n/200 (n — crancshaft rotation friequncy);
ap=-16.436; a; = 3.048; a, =-0.097; a3 = 1.502; a, = 0.094; a5 = -0.093.

On fig. 2 shows the effect of fuel viscosity on the unaltered B, at constant coordinate dispenser for extremely
worn plunger assembly. Diesel fuel viscosity (JIT) 4 sSt, maximum viscosity of biofuels (bT) 20 sSt.
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Fig. 2. The dependence of the fuel portion of the rotational speed HPFP and viscosity for extremely worn plunger
assembly at the maximum position of the dispenser Z = 1,5 mm

On fig. 3 shows the dependence of the moments of the engine speed and o at using JIT and BT, on fig. 4 —
increase of M in the use of oxygenated biofuels.
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Fig. 3. By modeling the torque diesel 4491/95
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Fig. 4. Image M using a mixture of 50% diesel fuel ([IT) and 50% sunflower oil (IIM) as compared with AT



The increase of M at using BT resulted in the following. In theory, the necessary air L, for the combustion of 1
kg of a 50% diesel (IT) and 50% sunflower oil (ITM) amounted to 13,3 kg of air / kg of the mixture (instead of 14,37
for IT), and By =1,035 (instead of 1,01 for IT).

The current angular velocity of the crankshaft:

o=0+dt-(M-M.)/Jp,

where Jp — reduced to the crankshaft moment of inertia ICE and plant; Mc — moment of resistance to rotation of the
crankshaft.

These calculated curves can simulate transient processes of high-speed diesel. On fig. 5 as shown in example
transient diesel 4D56 (4491/95) at using JIT and the average wear FE during acceleration under load from 400 to 4650
min . (accelerator 100%).

11=10 '2,‘ Iv.,-]],]H'l
Bo,mr 11
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Fig. 5. Transient diesel engine using /[T and the average wear FE during acceleration under load Mc=100 Nm
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The following is a comparison of transient diesel engine at work on JIT and BT (fig. 6).
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Fig. 6. Free transient acceleration of diesel 4491/95 when working on JIT and BT

As can be seen from Figure 6 the acceleration of the engine under oxygen-containing fuels for (BT) less on 7%
compared to working on diesel fuel. This is due to two factors: the increase in torque in the initial phase of acceleration
at high flow BT because of the particular characteristics of the feed and the lack of air for less BT, oxygen-containing.
Duration of acceleration using BT less than in the case of JIT. This is due to the following factors: the presence of
oxygen in the fuel (50% sunflower oil and 50% /IT) makes better use of cylinder volume due to a decline of 8% of the
theoretically required amount of air for the combustion of 1 kg of fuel (with a decrease of its calorific value by 7%), an
increase in the coefficient of the molecular changes in the 4% increase in the supply cycle BT (fig. 6) in the initial phase
of acceleration. The last is most pronounced for the plunger with a low density of hydraulic.

Conclusions.

1. The mathematical model to simulate the working processes in all operating modes of high-speed diesel
engine, equipped with a mechanical or electronic governor. Accounting for vehicle design, data loading of the vehicle



and road profile will predict the operating costs of fuel and to estimate the emissions of soot cars of foreign production,
taking into account the technical condition of the fuel equipment, fuel used and the automatic control system of the
engine speed.

2. When using oxygen-containing viscous biofuels (bT) improving the dynamic performance of the engine (5 -
7%), with a corresponding increase in consumption BT. In this case, wear FE less pronounced in the initial phase of
transients, moreover, increases reliability of the system by improving the start-up of the engine to 100% wear FE, which
is especially important in the hot start. Obviously, the positive effect of the BT can be obtained at its lower cost
compared to [IT.
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