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NMPEANCITIOBUE

ToHUHr  (OT aHrnmMmckoro cnoea tune - HacTpameaTb, npucnocabnmeaTb)
NPUMEHUTENbHO K TeXHWKe O3HadaeT ee AopaboTky (A0BOAKY) C UeNbl ynydweHus
MMELWMXCA CBOMCTB MM NoKasaTenen. Kaxapas cucrtema mnum ysen asTtomobuns, ero
BHEWHMA BMA W UWHTepbep Takxe obnagalT onpeaeneHHbIMWU CBOWMCTBaMU U
nokasatensamm. CpaBHMBas 3TM CBOWCTBA M MoKasaTesM y pasHblX aBToMobunen,
MOXHO AefniaTb BbIBOAbI O X TEXHUYECKOM coBeplleHCTBe. M3 cKka3zaHHOro o4eBUAHO,
4YTO 06BHEKTOB TIOHMHIa Ha aBToMObWNe CTONbKO, CKOMbKO OH MMEET Y3/10B U CUCTEM,
He roBops yxe 06 WHTepbepe canoHa W 3KcTepbepe. OnuMcaHuve BCEro THHUHIa
aBTOMObUMNSA - 3ajadva 4pe3BblYAaMHO TpyAoeMKas yxXe Mo MNpuYnHe UuMeroLlerocs
MHOroobpasmss  KOHCTPYKUMIM  3KcnsyaTupyeMbiX aBTomobunen. CoBpeMeHHble
aBTOMOOMIN OCHALWLAKTCH B OCHOBHOM 4-TaKTHbIMW BbICOKOOOOPOTHbIMU ABUraTENSMU,
KOTOpble MO CPABHEHUIO C 2-TaKTHbIMN UMEIT 60nbLlUNI pecypc, 6oee SKOHOMUYHbI U
yAobHee B akcnnyaTaumu. Nos3ToOMy B AAHHOW KHUre pacCcMaTpuMBaeTCs NUWb THOHUHM
4-TaKTHbIX aBTOMOOW/IbHbLIX ABuratenen. CnpaBeasMBOCTM paau crenyet OTMETUTb,
YTO TIOHWMHI ABUraTens BCTPEYaEeTCs ropasno pexe, YeMm apyrue Bmabl THOHUHrA.

Yawe BCero 3aKa34yMkKOM THOHMHIA BbICTYMAaeT 3auHTEepPeCOBaHHbI B 3TOM
Bnageney aBTomMobunsa wnu, HanpuMmep, CNOpTUBHbIM KNyb. U B onpeaeneHHOW
CUTyauuun TIOHUMHI ABUraTenss MOXeT OKa3aTbCs AEeSIOM BbIrogHbIM. Takas cuTyauus,
HanpuMmep, UMeeT MeCTO, Koraa y Bragenbla BO3HUKAET XeflaHne MMeTb aBToMObub
c bonee MowHbLIM aABurateneMm. B 3ToM cnydae 3aTpaTbl Ha TIOHWMHI OKa3blBAKOTCH
CYWECTBEHHO HMXe, YeM 3aTpaTbl Ha NpoAa)xy MMeLWerocsd aBToMobmMnsa U NOKynky
HoBoro. OfHaKo 34ecb cneayeTt otaaBaTbh cebe oTyeT B TOM, YTO rapaHTUM 3aBoja-
N3roToBuTeENa  aBToMobuUNs Ha  MOABEPrHyTblA  TIOHWHIY  ABUraTesb  He
PaCnNpoOCTPaHSOTCS.

NmelTca n Takme nNpuMepbl, YTO 3aKa34yMKOM TIOHWHra ABuratens sBasieTcs
HenocpeaCTBEHHO dupMa, 3aHATas ero CepunHbIM MPOM3BOACTBOM. Tak M3BeCTHas
aBCTpuicKas KoMnaHusa AVL BbINOSHAET TOHWHI ABUraTesiel He MeHee M3BECTHbIX
dupmM Volkswagen n Daimler Chrysler. B1999 roay 3aka3ymkoMm 3TOW PUPMbl CTano u
poccuickoe npeanpusaTve - Y@GUMCKOe MOTOpPOCTpPOUTENIbHOE MNpPOU3BOACTBEHHOE
obveanHeHne (YMMO). OHO 3akaw4uMno C KoMmnaHumen AVL KOHTpakKT Ha
MOAEepHM3auno CBOMX ABuratenen c paboumm ob6vemom 1,8 u 2,0 n. ABCTpuiickas
CTOpOHa 3aBeplinna KOHCTpYKTopckme paboTbl, M yXe B KoHue 1999 r.
yCOBEpPLEHCTBOBAHHbIE ABUraTesin, oTBedarlme MpUHATOMY B CTpaHax EBpocorosa
ctaHaapty "Euro-2", aomxkHbl 6biam noctynmutb B YMIMNO ana 3aBOACKUX UCMbITAHUN.
Mocne 3aBepLlleHns UCNbITaHUWN NpeanonaraeTcs 3anyCcTuTb 3TU ABUraTen B CEPUIO U
HayaTb OCHaLleHWe MMN HOBbIX Moaesniern aBToMobunen "Mockeuu" n "Ux".



Ecnu npuHAaTb BO BHUMaHue, 4To paboTbl NO MOAEpHM3auMn ABUraTenss MOXHO
AOBEpUTb /NUWb  MNpeanpusTUO, OCHAWEHHOMY COBPEMEHHOM TexXHUKOW Ans
nposBeAeHns Takux paboT M uMewweMy COOTBETCTBYHOWEE AMAarHOCTUYECKoe
obopyanoBaHue, TO 3TO NOApPa3yMeEBAET, YTO CTOMMOCTb MPEeACTosWMX paboT MoxeT
6bITb AOCTYMHA AaNeKo He KaXAOoMy 3akKa3uumKy. Mcxoas mM3 CKa3zaHHOro MOXHO
06BbACHUTL, NoYeMy B Poccum NpeanpusaTvsa, KOTOPbIM 3aZada TIOHUHIa ABuratens rno
njedyy, MOXHO MNepedyucianTb No nanbuaMm. M tem 6osee o4yeBUAHO, 4YTO AANEKO He
KaXkgoe npeanpusiTue aBTOCEPBMCA pacnosiaraeT BO3MOXXHOCTbK BbIMOJHATbL Takue
paboTbl.

N3no)xeHHOe Bblwe MO3BOASET MOHATb, MOYEMY TIOHMHI ABUraTens BCTpedaeTcs
3HAYUTENIbHO peXxe, YeM TIOHUHI AeTanen NoABeCcKWU, aspoaAMHAMUKK, LYMOU3ONSALMN,
AV3aliHa n oTAeNKU canoHa v T.n. K ckasaHHoMy cneayeT AobaBuTb, 4YTO ABUraTesnb -
3TO Hambonee CNOXHbIM WU OTBETCTBEHHbIM arperat aBToMobuns, obbeaunHAWMN B
cebe HEeCKONbKO PpasfinyHbiX CUCTEM W y3710B. Haubonee BaXXHbIMWM CUCTEMaMM
ABUraTens SBNSOTCA CUCTEMA MUTAHUSA, CUCTEMA OXJ1AXAEHWUsl, CUCTEMA CMa3KM U
cuctema Bbinycka oTpaboTaBwmnx ras3oB. OCHOBHble ero MexaHu3Mbl - 3TO
KPMBOLWMMHO-WATYHHbIM MexaHum3Mm (KLIM) u rasopacnpenenntenbHbin MexXaHW3M
(FPM), pacnonoXeHHble COOTBETCTBEHHO B 6/10K-KapTepe M ronoBke umamHApoB. B
CUNy 3TOro aBTOMOOGMbHbIE (DUPMbI YAENSAT Cepbe3HOe BHMMaHME COBEPLUEHCTBY
ABUraTensa Kak Ha CTaauu ero NpoeKTUpOBaHWUS, TaKk M B Mnpouecce 3aKcnayatauuu.
OAHAKO BHOCUTb W3MEHEHUS B KOHCTPYKUMIKO CEPUMHO BblMyCKaeMoro JAsuraTens
AOCTAaTOYHO HaKAa4HO M Ha 3TO MAYT NUWb B C/yyae KpanHen HeobxoammocTu. Kak
NpaBuao, B KOHCTPYKUMIO [ABuraTesid He BHOCATCA W3MeHeHus, Tpebylowue
3HaYUTENbHbIX 3aTpaT PY4YHOro Tpyaa, MOCKOMIbKY 3TO BRe4yeT 3a cobon yaopoxKaHue
Kak caMoro gsurartensi, Tak u astomobunsa B uenoMm. M camo cobon pasymeeTcs, 4TO
aBTOMOGUbHbIE (UPMbI He 3auMHTepecoBaHbl B TOM, 4To6bl WHdoOpMauus o
BO3MOXHbIX pe3epBaxX COBEpPLIEHCTBOBAHUS BbINYCKAEMbIX WMW ABuraTesien crana
obwepnoctynHon. Ha obHapyXxeHune un ycTpaHeHue 3Tux "Hepoaenok" m HanpasfeH
THOHWHT, KOTOPbI BbIMOJIHSAETCS Hanbonee TEXHUYECKU OCHALLEHHbIMMN
npeanpusaTMSMM aBTOCEpPBUCA.

KoHeyHOM Uuenbi THOHMHIA MOXET ObiTb Yy/ydlleHne AMHAMUYECKUX KauyecTs,
3KOHOMUYHOCTU  ABUraTensi, YyBeNM4YeHne €ero MOLWHOCTM WIN  YMEHbLUEHMUE
TOKCUYHOCTM OTpaboTaBlmnx razoB. Hanbonee 4yacTo TIOHWHI HanpaB/eH Ha NpuaaHue
asuratento  6onee  coBeplleHHbIX AMHAaMUYeCKMX KayectB. B 3tonm cBaA3wm
npeacTaBnsieTCa BaXHbIM paccMoTpeTb noapobHee, 4To BkA4YaeT B cebsa 3710
NoHsATHME.



1. AMHAMUNYECKUE KAYECTBA ABTOMOBWUJIBHOTIO
OBUTATENA

Mpu nokynke aBToMo6MNS MOMMMO ero AM3amHa U UHTepbepa casoHa byayuiero
BNnagenbla HECOMHEHHO WHTepecylT M AMHAMMYecKkue KadectBa npuobpeTaemoro
TpaHCNOPTHOro cpeactea. [llocneaHme BO  MHOIMOM  3aBUCAT  OT  TeXHUYECKUX
XapaKTepuCTuK ABuraTesnisa, YyCTaHOBJ/IEHHOro Ha aBToMobune.

Hanbonee o06BLEKTUBHYIO OUEHKY AMHAMUYECKUMX KayecTB aBTOMOOGMALHOrO
ABUraTens MoXXHO NOAYy4YUTb NPU aHanNM3e ero BHELWHEN CKOPOCTHOM XapaKTepPUCTUKMU.
BHewHAa  CKOpOCTHas  XapakTepucTuka npeacrasnser cobon  3aBUCMMOCTb
nokasatenenm pabotbl auratenss (MOWHOCTU, KPYTAWEro MOMEHTa, KoadduumeHTa
HanoOSIHEHUSA UWMAWMHAPOB, yaenbHoro 3h@eKTUBHOro pacxoga TorsMBa W Ap.) OT
4acTOTbl BpalleHnss KosieH4daToro Bana (KB) npn HeM3MEeHHOM MOJIOXEHMM OpraHa
ynpasneHus, obecneuymsaroLleM MaKCUMasbHYO Nogady TonamMea B LMINHAPLI.

BaXXHbIM nNapaMeTpoM aBTOMOOMNIBHOrO ABuraTtens, MoO3BOSIAKOWMM  OLUEHUTb
YCTOMUYMBOCTb €ro pexuma npu pabote NO BHEWHEN CKOPOCTHOWM XapaKTepucTuke,
apnseTca  kKoadduumeHT npucnocobnsemoctn (k). 3HavyeHne onpepensiercs

OTHOLIEHNEM MAKCMMasIbHOrO KpyTSLWEro MOMEHTa K HOMUHANbHOMY KpPYTSALLEMY
MOMEHTY, pa3BMBAeMOMY ABWUraTe/IeM Ha HOMUHANbHOW MOLUHOCTU MPU HOMUHASIbHOM
yactoTe BpaweHus KB. OcobeHHO 3aMeTHO 3HauMMOCTb 3TOro napameTpa
NposIBNSIETCS B C/lyYae NpeoaoneHuUss aBTOMOBUIEM KPYTbiX NMoAbeMoB. YeM 6osiblue
3HayeHne k, TeM 6oNnbluee COMPOTUBIEHME [ABUXEHUIO MOXET NpPeoaoseTb

aBToMOb6MNb 6e3 nepeknyeHuss KOpobkKW nepegady Ha MNOHUXEHHYKO Mepegadvy.
BaxkHoe 3HayeHue npm 3TOM UMEeeT U Anana3oH U3MEeHEeHUs 4acToTbl BpaweHna KB, B
KOTOPOM ABuraTtesb ycTtonumBo paboTaeT: yeM 6osblie 3TOT AMana3oH, TeM JSyyLlnMun
AVNHaAMMYeCKMMM KayectBaMn obnagaetr aBToMobunb, TeM Jierye ynpas/ieHune
asurateneMm. CKOpPOCTHOM Ananas3oH ycTonymeBon paboTbl ABuratens oOueHWBaAEeTCs
CKOPOCTHbIM KO3 duumneHToMm (k, ), npeacrasnaownMm cobor OTHOLIEHME YaCTOThbl

BpaweHus KB npu MakCMManbHOM KpPYyTSAWEM MOMEHTE K HOMMHANbHOM 4acToTe
BpaweHusa. OTcioga cnepyer, 4yto 4yem 6onblle AvanasoH yctonumson paboTol

ABUratend, TeéM MeEeHblue 3Ha4deHune k". DTO O3HauyaeT, 4To npn nNpo4ynx paBHbIX

napaMeTpax CpaBHMBAEMbIX aBTomMobunen npeanoyvteHne cneavyer oTAAaTb
aBTomMobun0, ABuratenb KOTOPOro Xapaktepm3yetcd MEHbLLIMM 3HAQYEHNUEM kc .

Cneayet HasBaTb M ewe OAMH BaXHbI NOKa3aTeslb, KOTOPbIM AOCTAaTOYHO 4acTo
NPUMEHSIETCS ANS OLUEHKW AMHAMUUYECKUX KayecCTB JierkoBbix aBTomMobunen, - 3To
NPUEMMNCTOCTb. Moa NPUEMMUCTOCTLIO 0BbIYHO MOHMMaETCs BpeMS pa3roHa aBTomMobuns
C MecTa Ao ckopoctu 100 Kkm/4. DTOT noKasaTenb BO MHOMoOM onpeaensieTcs
3HAYeHUaMnN k N k,, HO, KPpOME TOro, OH 3aBUCUT OT COOTHOLEHWA HOMMUHAJSIbHOW



MOLHOCTM ABuratens M Maccbl aBToMobunsa. Yem MeHblWwe Macca asTomMobuns,
npuxoasiwasicas Ha eauHuUuy HOMMHANbHOW MOWMHOCTM ABUraTtensi, TeM MeHblle
BpeMeHn TpebyeTcsa aBTOMOOUMO AN AOCTUMXEHUS YKa3aHHOM CKOpocTu. OueBnaHO,
YTO NPUEMUCTOCTb aBTOMOOUNSA C AM3ENbHbIM ABUraTesieM TOM e MOLWHOCTU, YTO N y
6eH3MHOBOro, byaeT HECKONMbKO XYyXe, TaK KakK yaenbHasi Macca Takoro aBtomMobuns
6onbwe. 3aMeTUM, 4YTO TMNPUEMUCTOCTb OTAENbHbIX CNOPTUBHbIX asTomobunen,
NOABEPrHYTbIX TIOHWHIY, OLEHUBAETCS BPpEMEHEM MeHee 5 ceKkyHa.

YeTBepTb Beka Ha3aa 6eH3MHOBble aBTOMOOWIbHblE ABUratenn uMmenn k =
1,25...1,35, Toraa kKak ans ansenbHbiX ABuratenien bblnn XxapakTepHbl 3HAYEHUSA k =
1,05...1,15, npu >TOM MeHblWKe 3Ha4dYeHuUs KoadduumeHTa npucnocobnseMmocTum
UMenucb y asuratenem C HagaysoMm. CKOpPOCTHOM KO3 dPuumeHT anss 6eH3MHOBbIX
Asuratenen cocrasnan k, = 0,45...0,55, a pna AuvsenbHbiX ABuratenen -

cooTBeTcTBeHHO k£, = 0,55...0,70, nocturas npu BbICOKOM Hapayse 3HayeHus 0,8.

Ona ynydweHusi Ha3BaHHbIX Bbllle MapaMeTpoB aBTOMOOWNbHbLIX ABuUraTenemn
BbIMNO/IHAKT KakK B OTAENbHOCTU, TaK U KOMOWMHMPOBAHHO Crieayloline OCHOBHbIE
MeponpuUATUS:

e noanbop Hanbonee apdekTnBHLIX (ha3 razopacnpeneneHuns;

e 1CNOJIb30BaHME BOJIHOBbIX W WHEPUMOHHbIX $BJIEHUA BO BIMYCKHOM U
BbIMYCKHOM TpakTe A9 Y/Yy4lleHUss OYUCTKN U HanosHeHUs UWMAMHAPOB npu paboTe
ABuUratens B 30He MakCMManbHOro KpyTALWEero MOMeHTa;

e perynupoBaHuve AaBneHUs HaAadyBa BO34yXa WM TOMIMBO-BO3AYLLIHOW CMeCH
Ha BNyCKe AN ABuUraTenenm ¢ HaaayBoM;

e YyBEJINYEHME UMKIOBOM NOAaYM TOMaMBa C Y/y4dlWEeHWEeM HanoJSIHEHUS
umMnuHapa npu paboTte AM3enbHOro ABuratesid No CKOPOCTHOM XapaKTepuCTUKe B 30HEe
MaKCMMasibHOro KpyTsLlWero MOMeHTa.

CnepyeT 3aMeTUTb, YTO KaxAoe W3 Ha3BaHHbIX MEpPOnpuUATUA B TOW UM WNHOMU
CTENEeHU YCNOXHSAET KOHCTPYKUMIKO ABuUratens, yxyAwaeT ero Macco-rabapuTHble
nokasaTenu u yBenmumBaeT CTOMMOCTb. TeM He MeHee, aBTOMObubHble dUpMbI AN
NOBbILLIEHNS KOHKYPEHTOCNOCOH6HOCTU CBOEN MPOAYKLUMM 4acTo MAYT Ha yBenunyeHue
3aTpaT M CYUTAKT UX ONpaBAAHHbIMMW.

B tabnmuax 1.1 n 1.2 npeacraBfieHbl pacyeTHblE 3HAYEHUSA k& W k., NOJIYYEHHbIE

Ha OCHOBaHWUW ONyb6/IMKOBaHHbLIX B NOCAefHee BpeMs JAaHHbIX AN asToMobunen
HEeCKONbKNX Beaywmx ¢upMm lepmaHun. B Tabn. 1.1 ansa cpaBHEHWA MpuBeaeHbl
JaHHble TaKXe W Mo HeKOoTopbIM ABuratensam astomobunen BA3 n A3, B Ttabn. 1.2
AAHHble MO OTe4yeCTBEHHbIM JABUraTtensiM He npuBeAeHbl MO MpPUYMHE KpanHen
CKYAHOCTWN onybnmnkKoBaHHOW MHGOpMaLMK.



Tabnuua 1.1
MokasaTenn AMHaMUYeCKUX KayecTB JIerkoBbliX aBToMobuien ¢ 6eH3nHOBbIMU

ABuratensamum
HomMuH. Makcum,
MOLHOCTb
Mapka Mapka t / MoMeHT/
®dupma yacroTta yacroTta k k.
aBToOMO6una | aBurarens
BpauweHuna KB, |BpauweHusn KB,
kBt / (1/MuH) |H.m/ (1/MuRH)
BeH3nHOBbLIE ABUraTenu

AUDI ADR 1,8 92/5800 173/3950 1,142 0,681
ACE 2.0 103/5900 185/4500 1,110 0,763
ABC 2,6 110/5750 225 / 3500 1,232 0,609
AAH 2,8 128/5500 245 / 3000 1,102 0,545
ACK 2,8 142/6000 280/3200 1,239 0,533
AAN 2,2 169/5500 350/1900 1,194 0,345
BMW 3161 M43 75/ 5500 150/3900 1,152 0,709
31 8i M43 85 / 5500 168/3900 1,138 0,709
320i M52 110/5900 190/4200 1,070 0,712
325i M50 141 /5900 245 / 4700 1.074 0,797
328i M52 142/5300 280/3950 1,094 0,745
MERCEDES E200 111.945 100/5500 190/3700 1.094 0,673
E240 112.911 125/5900 225/3000 1.112 0.508
E280 112.921 150/5700 270/3000 1,074 0,526
E320 112.941 165/5600 315/3000 1,120 0.536
E430 113.940 205 / 5750 400 / 3900 1,175 0.678
E 55 AMG 113.980 260 / 5500 530/3000 1,174 0,545
\"A") Passat AAM1.8 55/5000 140/2500 1,333 0.500
AFT 1,6 74 / 5800 140/3500 1,149 0,605
ADY2.0 85/5400 166/3200 1,104 0,593
ABF2.0 110/6000 180/4800 1,028 0,800




VW Passat VR6 AAA 2,8 128/5800 235/ 4200 1.115 0,724
ABV 2,9 135/5800 245 / 4200 1,102 0.724
BA3 BA3-2104 2105 1,3 47.0 / 5600 92/3400 1.148 0,607
BA3-21051 2101 1.2 43,2 / 5600 85/3400 1,154 0,607
BA3-21053 2103 1,5 52,3/ 5600 103,9/3400 1,165 0,607
BA3-21083 21083 1,5 52,6 / 5600 106.4/3400 1.188 0,607
rA3s BOJITA 4021.10 2,4 66,2 / 4500 172,6/2400 1,228 0.533
402.10 2,4 73,5/4500 182,4/2400 1,169 0,533
4101.10 2,9 80,9 / 4250 225,4/2500 1,240 0.588
4062.10 2,3 110,3/5200 206/4000 1,017 0769

AHanuM3 nokasblBaeT, 4To An14 6onbWMHCTBA COBpPEMEHHDbIX 6eH3UHOBbIX

ABUraTenen nerkoBbiX aBToMobunen 3apybexHoro npomssoacrea £ = 1,028... 1,333,
Toraa Kak Ans AM3enbHbIX ABUraTesien XapakTepHbl 3HadeHusa k. = 1,100...1,344.

Habnwopaetca odyeBMaHasas TeHAEHUMS YMEHbLUEHNA HUXHEro npeaena avanasoHa k

onsa  6eH3uHOBbIX ABuratenen. TakonMm noaxod MOXHO OO6bACHUTbL TEeM, 4TO
3apybexHble nerkosble aBToMOOMAM npeaHa3HayeHbl MNpeMMyLWEeCcTBEHHO ANs
OBMXEHUST C BbICOKOM CKOPOCTblO, U WX ABUratenn uMerT 6bICTPOXOAHYIO

perynupoBky (cM. pasgen 2). MpuUMeHeHuMe B 3TUX aBTOMOOMISIX aBTOMATUMUYECKOM
KOpobKM nepenay AenaeT ana BoauTens npobieMy CBOEBPEMEHHOMO MEPEKIYEHUS
nepenay npu Bo3pacTatoWweM CONPOTUBNEHUN ABMXKEHUIO HE CTO/b aKTyaslbHOW.

B To e BpeMa AN AM3eNbHbIX ABUraTesiel Mpou3OLWI0 YyBeNMYeHne Kak
HWXHEro, Tak U BEpPXHEero npegena AuvanasoHa k, A0 3HAYeHUW, XapaKTepHbIX ANs

6EeH3NHOBbIX ABUraTesien N gaxe NpeBoCXoAAWNX NocneaHmne. ITO CTaslo BO3MOXHbIM
6bnarogaps Koppekuuu TOMJMBOMOAaYM, COBEPLUEHCTBOBAHUIO cMeceobpa3oBaHus U
NPUMEHEHUIO perynnpyeMmoro TypboHaaaysa.



Tabnuua 1.2
MokasaTenn AMHaMUYeCKUX KayecTB JIErKOBblIX aBTOMOBUIEN C AN3eNbHbIMU

ABuratensamum
HomuH.
MakcuMm, MOMEHT
Mapka MOLYHOCTb /
Mapka / yacroTta
®dupma asurat yacroTta k k.
aBToMo6unna BpaweHusa KB,
ens BpauweHusn KB, H.m /(1/MuR)
KBT/ (LUunH) )
Aun3enbHble gBuUraTenu
AUDI A4, A6, 100 | 1.9TDI 66 / 4000 202/1900 1,282 0,475
1.97TDI 81/4150 225/1700 1,207 0,41
24D 60 / 4400 164/2400 1,259 0,54
2.5 TDI 103/4000 290/1900 1,179 0,475
BMW 318tds M41 66/4400 190/2000 1,327 0,455
325td M51 85/4800 222/1900 1,313 0,396
325tds M51 105/4800 260/2200 1,245 0,458
Limousine, T- | E220
MERCEDES .
Modell Diesel 70/5000 150/3100 1,122 0,62
E290Tu 95/4000 300/1800 1,323 0,45
rbo-D
E300 100/5000 210/2200 1,100 0,44
Diesel
E300Tu 130/4400 330/1600 1,170 0,364
rba-D
vw Passat 1Y1.9 48 / 4400 140/2200 1,344 0,500
AAZ1.9 55/4200 140/2200 1,200 0,524
RA/SB1 59 / 4500 155/2600 1,241 0,578
.6
171.9 66 / 4000 202/1900 1,282 0,475
AFN1.9 81/4150 235/1900 1,261 0,458
3HauyeHUs CKOPOCTHOro KoadduumeHTa ANA COBPEMEHHbIX H6EH3UHOBbIX

ABUraTenenm HaxoasaTca B AnanasoHe kc

= 0,345

0,800, a ana AunsenbHbIX

COOTBETCTBEHHO k, = 0,364 ... 0,620. CpaBHuBas 3T undpbl C AaHHbIMU 25-NeTHeN

AABHOCTU, MOXHO KOHCTaTUpPOBaTb, YTO KaK AN 6EH3MHOBLIX, TakK U ANS AU3ESbHbIX
ABuratenen ypanocb A06MTbCA MNOYTM OAMHAKOBOIO pPacCLIMPEHUS CKOPOCTHOrO



Avana3oHa yctonumBon paboTbl (yMeHbLleHWEe HWXHero npegena k. ). BepxHumn

npeaen CKOPOCTHOro KoadduumeHTa AU3eNbHbIX ABUratenen TakXKe MNOHU3UNCS,
Toraa Kak Ans Haumbonee BbICOKOOOOPOTHbIX OEH3UHOBLIX ABUratenem OTMe4yYeHOo
CY)X€HME CKOPOCTHOro JAwnana3oHa C BO3pacTaHuMeMm 3HadeHuna &k, po 0,8. Ha

OCHOBaHMM MNpUBEAEHHbIX [AaHHbIX MOXHO KOHCTAaTUPOBaTb, 4YTO COBPEMEHHbIE
An3enbHble ABUraTesn NerkoBbiX aBTOMOOMNEn no CBOMM AMHAMMUUYECKMM KadecTBaM
daKTMyeckn He ycTtynatoT 6€H3MHOBbLIM.

CkazaHHOe Bbllle MNOo3BONAseT cAenatb BbIBOA O TOM, 4YTO HaMeTUBLUMECS
TEHAEHUMM K  pacCWIMpPEHUID CKOPOCTHOro AuanasoHa yctonumBonm  paboThl
aBTOMOOUMbHbIX ABUraTenen, a TakKXe TMPUMEHEHME Ha 3HAYUTENbHOM UX 4acTu
ObICTPOXOAHOW pErynmpoBKM, COXpPaHUTCA M B bnmxanwem byayuwieM. A 3TO 3HAUUT,
yTo aBToNbUTENENn XAYT BCTPEYM C HOBbIMM U WMHTEPECHbIMU WHXXEHEPHbIMU
pelweHnsaMn, HanpasfieHHbIMKM Ha AafibHeWlee COBEepLIEeHCTBOBAHME AMHAMUYECKUX
KayecTB aBTOMOOUAbHbIX ABUraTenen.



2. NOABOP DODPEKTUBHbLIX ®A3
FASOPACINPEAENEHUSA

O6blyHO nopbop Hambonee 3dhdekTUBHbIX a3 rasopacnpeaenerHms (OIP)
BbINMOJIHAETCA Ha CTagMu [O0BOAKW ABuratens npeanpuatveM-marotosuteneMm. Kak
npasuno, ®rP noabupatoTcs Takmmu, 4Tobbl 06ecneymnTb 3KCTpeMasibHOoe 3HadeHue
Kakoro-nnbo oaHoro Hambonee BaXKHOro0 C TOYKM 3pEHUS HaACTPOMLIMKA napameTpa
Apuratens. TakmMm napamMeTpoM MoxeT 6biTb MOWHOCTb P, (cpeaHee 3ddeKTUBHOE

AaBNeHne p ), KpyTAWMN MOMEHT M,, yAeNnbHbI 3PdEKTUBHbINM pacxos Tonaunea b,

cogepXXaHue TOKCUMYHbIX KOMMNOHEHTOB B oTpaboTaswmx rasax (Ol) asuratensa v gp.
Mpn 3ToM noabuparTcs Npoduam  BMYCKHbIX U BbIMYCKHbIX  KY/a4yKoOB
pacnpenenuTesibHOro Basa, onpeaensiuwme yCKOpeHne U BpeMs-cevyeHue OTKPbITUS
KnanaHoB, a Takxe B3auUMHoOe NonoXeHune pacnpenenMTenbHOro
(pacnpeaenuTenbHbiX) U KOSIEHYATOro BasioB, OT KOTOPOro 3aBMCUT MOMEHT Haudana
OTKpbITUA KnanaHos. [lpun noabope OIP Henb3s npeHebperatb 3HAYEeHUSAMU
OrpaHUuuUTENbHbIX (aKTOpPOB, HanNpuMep, MaKCUMasbHO AOMNYCTUMbIM 3Ha4YeHneMm
TemnepaTypbl oTpaboTtaBwmx rasos (OI).

OueBMOHO, 4YTO M3MeHeHue npodunen KynaykoB pacnpenenuTenbHOro Bana B
npouecce paboTbl ABUraTensa HeuenecoobpasHo N3-3a 3HAYUTESIbHOW FPOMO3AKOCTU U
HeAOCTaTOYHON HAAEeXHOCTU COOTBETCTBYHOLWEro WCMNO/IHUTENbHOrO0 MexXaHu3Ma W
CHMXXEHNS No 3TON MNpUYMHE HALeXHOCTU paBuratend B uUesoMm. [losaToMy npu
BblOpaHHbLIX B npouecce A0BOAKU Mpoduiax KynadkoB AanbHenwnn nopbop OrP
3aKsovaeTcs 0bbl4HO B YCTAHOBKE TaKOro MOMeHTa Havasna OTKPbITUS KnanaHoBs, npu
KOTOPOM npouncxoaut 6onee apdekTMBHOE HAaNoNHEeHNe LUMINHAPOB CBEXUM 3apsaioM.

Apyron noaxon K yBeNMYEHUIO HAMoOSIHEHUS LUUAMHAPOB 3aK/K4YaeTCcad B 3aMeHe
MMeKLerocss pacrnpeennutesibHOro Basa Ha HeCTaHAapTHbIA, C  pacWUpPEHHbIMU
daszamn rasopacnpeneneHusi. TakOW TIOHMHI KapbrOpaTOpPHbIX W  WUHXEKTOPHbIX
asuratenen BA3-21083 c pabounm obbemoM 1,5 n u kapbropaToOpHbIX ABUratenemn
BA3-21080 (1,3 »n) BbinonHseT neTepbyprckoe npeanpusatime  "ABTOTpOH".
YcTaHaBAMBaEMbI HeCTaHAApTHbIM pacnpefenuTesibHbil Ban C pacwmpeHHbiMu OIP
MMeeT YyBeSIMYEHHYK BbICOTY Mnpoduna KynaykoB, 4YTO MO3BONSIET YBENUUUTb XOA4
knanaHoe pno 10,2 mMM. KpomMe yCTaHOBKM HOBOMO pacnpenenutesibHoro Bana,
npon3BoanTcss obpaboTka no wabnoHy KOHTYpPOB OTBEPCTUM BMYCKHbIX KaHasnoB Yy
dnaHueB ronoBKM UMAUMHAPOB U Yy (daHUEeB BNYCKHOrO KOMMEKTopa C nocnenyoLen
YCTaHOBKOW KOJIIeKTOpa Ha Hanpasnstwowme wtndTbl. ONns TOHKOW HacTponkm OIP Ha
pacnpefenuTesnibHbll  Bas  YCTaAaHABAMBAETCS  pas3pe3Hasl WecTepHsa npuBoAa,
NO3BONSIOLLAA M3MEHSATb NOJSIOXEHNE ee 3ybyaToro BeHua OTHOCUTENIbHO CTynuMubl. Ha
3aKIUUTENBHON CTaaun paboT BbIMOSHAETCS peryampoBKa KanaHoB, CUCTEM
MUTaHUS U 3aXUraHus, a TakXe peryivpoBka YpoBHS amuccun CO w C.H, . lNocne



BbIMONIHEHNA Bcex paboT noABEprHyTbin TOHWHIY ABuratens npu 5900 1/MuH
pasBmBaeT MowHOCTb 58,9 kBT (80 n.c.), KpoMe TOro, ero MakCMMasibHbIn KpPyTALLUN
MOMEHT B AMana3oHe cpefaHuMX 4acTtoT BpaweHus KB Heckonbko yBennumeaeTcs.
MpeaonpuaTve AaeT rapaHTUO Ha BCE BUAbI BbIMOJIHEHHbIX paboT.

OhPEKTUBHOCTb  HAMONIHEHUS  UWIMHAPOB  XapaKTepu3yeTcss  3Ha4YeHWeM
KoadduumeHTa HanonHeHus n,. KoadduuueHT HanonHeHuWs npeacrasnseTr cobowu

OTHOLUEHME KONMYecTBa CBeXero 3apsga, MNoCTynuBWEro B UWIMHAP K MOMEHTY
OENCTBUTENbHOIO Hayana o©oxkatud, K TOMYy KOJMYecTBY 3apsja, KoTopoe
TeopeTnyeckn Morso 6ol NOMeCcTUTbCA B paboyeM obbeMe UMnnHApa Npu HEU3MEHHbIX
yCNOBMAX Ha BMNycKe. 3a MOMEHT [AEeUCTBUTENIbHOro Havana oxaTus 3apsja B
umMnuHape 4-TakTHOro Asuratens MpUHMMAETCs MOMEHT 3aKpbITUS  BMYCKHbIX
KnanaHoB. YCNOBWUsS Ha BRNycke ansa asuratenen 6e3 HagayBa XapaKTepuU3YHTCS
AABNEHWEM p, = p,WU TemnepaTtypow T, =T,, rAe p,u I, - NapaMeTpbl OKpyXXaloLen

cpenbl. na asuratenei ¢ HaaAAyBOM YC/IOBUSIMM Ha BMYCKe ABASIOTCS AaB/IEHUE p, U
TeMmnepaTtypa 7, nocse KoMmnpeccopa.

Cnepnyet 3aMeTUTb, YTO HaMWAEHHble ANs onpefeneHHOM 4acToTbl BpaweHus KB
Hanbonee adpdekTUBHbIE da3bl raszopacnpeseneHms rnpu Apyrom 4acrtoTe BpalLeHuUs
TAaKOBbIMW YyXXe He SBAAKTCA, TaK Kak He obecnedynMBaldT COOTBETCTBYHOLLENO
HanonHeHusa uuanHapoB. [losaToMy B nogasnswweMm 60nbLIMHCTBE  C/y4yaes
dakTnyeckn NponsBOAUTCA peryampoBka MOMEHTa Haudana OTKPbITUSA KnanaHoB AMd
Hanbonee xapakKTepHOro B MNpouecce 3KCrjyaTaumm CKOPOCTHOro pexuma paboTbl
aAsuratend. Obwen TeHaeHUMeENW ANS BNYCKHbIX U BbIMYCKHbIX KfarnaHoOB, UMeEIoLen
MecTo C PpOCTOM u4acToTbl BpaweHua KB, saBnsetca 6onee paHHee Hayano w
yBenimyeHmne npoao/KUTENIbHOCTN UX OTKPbITUA no yrnay MKB.

O6blyHO OIP HacTpamBalTCad WKW AN CKOPOCTHOro pexuma, 6amM3Koro K
HOMWHaNbHOM MOWMHOCTM AaBuratena (6biICTpoxoaHass perynmposka), wiau  Ans
CKOpPOCTHOIMo pexmMmMa B 30HEe MaKCUMManbHOro KpyTawero MoMeHTa (TUXoxonHasd
perynnpoBka). KauyecTBeHHble pas/inumsa B WU3MEHEHMM MOLWHOCTU W KpyTSALWero
MOMEHTa ABuraTens OT 4yacToTbl BpaweHus KB npu pabote aBuratens no BHeLWHeMN
CKOpPOCTHOM XapaKTepucTuke Ans ObICTPOXOAHOM WM  TUXOXOAHOW perynnpoBKuU
nokasaHbl Ha puc. 2.1.
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Puc. 2.1. BHeWHSA CKOPOCTHasA XapaKTepucTuka pABuratenss npu
6bicTpoxogHon (1) m TMxoxogHou (2) perynupoBke: P - 3ddekTnBHasn

e

MOLUYHOCTb, M
KB

- 3(pchpeKTUBHDbIN KPYTALLMIA MOMEHT, n - YacToTa BpalleHus

e

Bonee 6naronpuaTHble ycnoBusa  agna nogbopa  addeKkTuBHbIX a3
rasopacnpegeneHmss WMewTCca Yy ABUratenen, rae ynpasjeHue BRAYCKHbIMU WU
BbIMYCKHbIMMW  K/flanaHaMm  OCYLLeCTBASeTCS OTAeNbHbIMM  pacnpenennTesnbHbIMn
Banamu. MNMpu ynpasBneHUn KnanaHamu C NOMOLLbIO OAHOIO pacnpeaennTenbHOro Bana
MOXHO BECTM peyb 0 3pdPeKTUBHON HacTporke OI'P mnm TONbKO AN BNYCKHbIX, UK
TONbKO ANS BbINYCKHbIX KnanaHoB. HacTponka ®I'P fonKHa BbIMOSHATLCA B YCNOBUAX
MCMbITaTeNIbHOrO CTeHAa, MNO3BOASKOLWEro MNpouM3BOAUTb Harpysky Aasuratens no
BHEWHeNW CKOPOCTHOW XapaKTepuCTUKe W KOHTpOAMpoBaTb BCe HeobxoamMble
napaMeTpsbl.

B kauvectBe npuMepa pacCMOTPMM MOCNeAOoBaTeNbHOCTb HAcTpouku OIP um3
ycnosus obecrnedyeHmss MakCcMManbHOro cpeaHero 3@MeKTUBHOro AaBJEHUA p,. OIS

KapbiopaTopHOro asuratenss BO BCEM AMana3oHe 4acToTbl BpauweHus KB. 3ameTum,
YyTO pa3BmBaemMas OEH3MHOBLIM JABUraTtesleM MOLWHOCTb 3aBUCUT HEe TONIbKO OT
HanOJIHEHUSA UMAMHAPOB, HO M OT KayeCTBEHHOro CocTaBa roproyen cMecu, KOTOpbIn
xapaktepusyeTtcs Koa(pduuMeHTOM Ku3bbiTka BoO3ayxa o« . KoadduumeHT un3bbiTKa
BO34yXa « npeacrtasBnser cobon OTHOLWeEeHMe KonmyecTBa BO34yxa, AeNCTBUTENbHO
NOCTYNMBLUEro B UWIMHAP HA MOMEHT 3aKpbiTUS BMNYCKHbIX OpraHoB, K TOMY
KOM4YecTBy BO34yxXa, KOTOpOe TeopeTuyeckunm HeobxoaAuMMOo ANs MOSHOro CropaHus
NOCTYNMBLLEro B UWAUMHAP TOMNauBa.



CHavana npu HeuM3MeHHOW perynmpoBke KapbiopaTopa M HeM3MeHHbIX da3ax
OTKPbITUS W 3aKpbITUS  BbIMNYCKHOrO  KjflanaHa, YCTAHOB/IEHHbIX  3aBOAOM-
M3roToBUTENEM, MOAYYMM 3aBUCUMOCTU KoadduumeHta u3bbiTka BO3AyXa a OT
4yacToTbl BpaweHus KB n npu pasHbiX 3HAYEHUAX yrna Hadana OTKPbITUS BMNYCKHOrO
KnanaHa ¢, ., . Ckopee Bcero, OKaxeTcsl, 4YTo pa3bpoc 3HavyeHUn a=f(p,,,.) Npn

pa3HbIX 3HayeHuax n O6yaeT HeoAMHAKOBbLIM, T.K. HAa «, NO KpaWHen Mepe, 6yayT
BNMSATb BOJSIHOBbIE NpoOLEeCcChbl BO BNyCKHOM Tpybonposoae.

Mpn 3Ha4YEeHUN n, AN KOTOPOro MMeeT MeCTO MaKCMMasibHbin pa3bpoc 3HaUYEHMU
a, DKCMepuMeHTanbHO Hanaem 3aBucumocty p, ., b, «, n,=f(p,,.) W MOCTPOUM
cooTBeTCTBYOWMEe rpadpukun. TMpumep rpaduyeckon MHTeprnpeTaunm noayYeHHbIX
pe3ysibTaToB NOKa3aH Ha puc. 2.2.

N3 pucyHkKa BMAHO, YTO C yBE/IMYEHMEM 3ana3ablBaHUS yria Hadasna OTKPbITUSA
BNYCKHOIM0O KfanaHa 3HayeHuss « W 17, MOHOTOHHO YyMeHblwawTcsa. [losToMmy, ecnu

Xapaktep M3mMeHeHunda p, . " be CBA3blBaTb TOJIbKO C N3MEHEHUNEM 3HAYEHUNA o, TO 3TO

npuBeneT K HenpaBW/bHbIM BbiBOAaM. [lefio B TOM, UYTO B pe3y/bTaTe BbITa/IKUBAHUS
MOPLUHEM 3apaga M3 UuAMHApA nepen 3akpbiTUEM BMYCKHOrO KfamnaHa npoucxoauT
nazeHue 7n,, a 3T0, B CBOKO o4Yepeab, BieyeT 3a CO60i yMeHbLUeHNE « .
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"B 50 BMT  agdotee ' [THE mocne BT

O BB 75 85 95 105 115 125 Jaxp. ENYCKHOND KNANAHE
+""'I'II-{EI nocna HMT

Puc. 2.2. BamaHue a3 OTKPbITUA U 3aKpbITUA BMNYCKHOro KslanaHa Ha
napamMeTpbl pa6bouero npoyecca npm HEeU3MEeHHOM perynupoBke
Kap6iropaTopa

YT06bl UCKIOUNTE B MOCIEAYIOWMX ONbiTax BAUSAHUE a Ha p,., kKapbiopaTop Ha

Ka)>ZOM Harpy3o4yHOM peXuMe TMyTeM pPeryampoBKM [/IaBHOrO XMUKNepa A0JKEH



HacTpaMBaTbCA Ha 3HayeHWe «, MNpU KOTOPOM B nMpeablaylwmnx onbiTax 6blio
AOCTUTHYTO MaKCUManbHOe 3HaveHne p . U3 puc. 2.2 cneayeT, YTo B AAaHHOM cly4yae

ANS BCEX HArpy304HbIX PEXMMOB A0NIXKHO ObITb BbIMO/IHEHO YC/0BME o ~ 1.

[lanee BbINONHAKTCSA 3KCNEPUMEHTbI, LENbI0 KOTOPbIX SBASIETCS onpeaeneHue
3aBUCUMOCTU p, = f(n) CHayana nNpu pasfNYHbIX 3HAYEHUSX Yrna Havana OTKpbITUA

BMYCKHOro KknanaHa ¢,,, W HeW3MeHHOM (3aBOACKOM) 3HauyeHuMM Yyrna Hadana
OTKPbITUA BbINYCKHOrO KnanaHa ¢,,,.., @ 3aTeM HaobopoT, npu PpasinYHbIX
3HayeHusx ¢,,.. W @, . =const. [1pn NpoBeAEHUUN ISKCNEPUMEHTOB AN KaXAoW
MOCTOSIHHOM 4acToTbl BpaweHus KB HeobxoauMO onpeaenvTb WHTepBan Ag, B
KOTOPOM 3HayeHue p, MOJyYEeHHOE MNPV KOHKPETHOM 3HayeHuW yrna Hadana

OTKPbITUA KjlalaHa, OCTaBaJloCb 6bl HEU3MEHHDIM.
M3 nosiyyeHHbIX pe3ynbTaToB 04YeBUAHO, 4YTO Mpw MWHUMaIbHOW, cpe,u,HeM n
HOMWHANbLHOM YacToTe BpaweHua KB ana nonydyeHnMd MakCuUMasbHOro 3HayeHus Poe

TpebytoTca pa3Hble da3bl razopacnpeaeneHus.
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Puc. 2.3. Noabop achdekTnBHLIX (pa3 rasopacnpeneneHns ANs LWMPOKOro
Avana3oHa 4yacToTbl BpauweHusa KB

MoaToMy Ansi 0606LeHNs pe3yibTaToB CTPOUTCS AMarpamma, y KOTOpol Mo ocwu
abcumcc oTkNaAabiBalOTCS 3HAYeHUs ¢, .., @ MO OCU OpAMHAT - 3HayeHus ¢ . . Ha

3Ty AMarpaMMy HaHOCSATCS MakCMMasnbHble 3HAaYeHUS p, . NPU MUHUMaNbHOW, CpeaHeNn

N HOMMHANbLHOM YacToTe BpaweHus KB, Kak 3TO nokasaHo Ha puc. 2.3. 3aTeM BOKpYyr
3TWUX 3HAYEHUWN CTPOSITCA, HaNpumep, AUHWU (p,, —2%p  )=const. Ecnn obnactb, B



KOTOPON JIMHWUM BCEX MAKCMMYMOB MepeceKkarTcs, OTCYTCTBYeT, TO CTposAT
(p,.. —4%p,,
B pe3synbTaTe Takux NoCTpoeHun onpegensietcs ob6nactb 3Ha4YeHUM yrnos Havana

OTKpbITUSA KnanaHoB (Ha AuarpamMMme 3Ta o6/51acTb 3allTpuUxoBaHa), B KOTOPOM Ha
KaXXIOM CKOPOCTHOM pexxume obecneumsaerca 96%p . g NOfy4eHUs Xenaemoro

) =const .

pe3ynbTaTa OCTAeTCs BbICTaBUTb Ha ABUraTenie Takue 3HayeHus ¢,,, W ¢, .., YTOObI

COOTBETCTBYKOLLME 3STUM 3HAYEHMAM JIMHUKM Mepecekanucb Ha Auarpamme B
3aWTpUXoBaHHOM obnacTw.
AHanorn4yHo Haxoautcsa obnacte ®IP, B KoTOopon obecneumBaeTcd MUHUMaNbHOE

o o b
3Ha4veHue b,. B npeaenax HanaeHHbix obnacren OIP ans Pre mxp % min 3HaueHUS Proon

n Puown cnepyeT BbICTaBUTb TaKMMM, YTOBGbl OHW, MO BO3MOXHOCTM, obecrneuynBany
Nnosly4eHne BO BCEM CKOPOCTHOM AManasoHe Kak p ~ , TakKu b,

mn

3aMeTuM, 4YTO NpUBEAEHHYIO Bbille 3ajadyy MOXHO pewnTb C MUHUMANbHbIMU
3aTpaTaMM BpPEMEHW U MaTepuasibHbIX pecypcoB, ecnu Aangd ontuMusaumum OrP
BOCMONIb30BaTbCA METOAOM rpaAWeHTa, W3BEeCTHbIM U3 Teopum MNaHUPOBaAHUSA
3KCMepUMeHTa.

B kauecTBe OTNpaBHOro MOMeHTa B NepBOM MNpUBAMXKEHUU AN aBTOMOOBUbHbIX
Asuratenem MoxHo npuHAaTb ®IP, npuBeneHHble B Tabn. 2.1.

Tabnuua 2.1
®a3bl razopacnpeneneHus aBToMobunbHbIX asuratenen, °© NMKB
BrnyckHOn kKnanaH BbinyckHOM KnanaH
Yron Hayana Yron 3akpbiTus Yron Hayana Yron 3akpbiTus
OTKPbITUSA OTKPbITUSA
BeH3nHOBLIE ABUraTenun
10...20 go BMT 35...45 nocne 45 ...55 po HMT 5...15 nocne BMT
HMT
An3enbHble asuraTenmu
0..30 po BMT 30...50 nocne 30 ...55 no HMT 5...40 nocne BMT
HMT

Cnepyet 3aMeTUTb, 4YTO TOYHO BbICTaBUTb Cba3bl rasopacrnpegeneHmna MOXHO
b B C/lyda€, Koraa YyKa3blBa€TCsd, MNpumM KakKoOM 3Ha4Y€HUMM 3a30pa B MpumBoae
K/1anaHoB 3TU Cba3bl MMEKT MECTO.

MpMeHUTEeNbHO K Kap6ropaTopr|M aAsuratensm Heob6xoaAMMO Takxe YYUTbIBATD,
4yTO C/IMWLUKOM paHHEe OTKpPbITUE BMYCKHbIX KJlalaHOB TMpU pa60Te Ha 4YaCTU4YHbIX



Harpyskax BeaeT K 3abpocy oTpaboTaBwmx razoB BO BNyCKHOM TpybonpoBoa, 4To
yXYyALWAaeT BOCMN/IAaMEHSEMOCTb FOpOYEn CMeCH.

Ons pacwmpeHns CKOPOCTHOrO AuanasoHa yctonumBonm pabotbl Haubonee
BbICOKOOBOPOTHbIX OEH3MHOBLIX ABWUratesied B OTAEbHbIX Cly4dasix MNpUMeHseTcs
aBToMaTuyeckas perynuposka a3 rasopacnpegeseHnsi BO BCeM AMana3oHe 4acToThbl
BpalweHns KB HenocpeaCTBEHHO BO BpeMs paboTbl ABuraTtens. B kauyectBe npumepa
MOXHO COCNaTbCA Ha YyCTaHaBnMBaeMbin Ha aBTtomobunn BMW 320i wn 325i
oAHOpPSAHbLIN 6-UMNMHAPOBLIM 6eH3MHOBbLIN ABUratenbs M-50, koTopbin (HadyuHasa C
ceHTsabpa 1992 r.) oOCHaWweH MexXaHM3MOM AWHAMUYECKOMW perynmpoBku das
razopacnpeneneHus, noayyYmBwMM  cokpauweHHoe o6o3HadeHne VANOS (ot
HeMeuKoro cnosocoyetaHusa variable Nockenwellensteuerung). WcnonHUTeNbHbIN
MexXaHM3M BKJOYaeT B cebs pacrnosioXXeHHbIn B KOpnyce NoplUeHb, nepexoaswmi B
IUTOK C BMHTOBbIMM  WAMULAMU. DTU  WAMUbI  BXOAAT B 3aueryieHme ¢
COOTBETCTBYIOLUMMM LWAMLAMK, BbINOSHEHHBIMM B 3ybyaToOM Konece Ana npueoaa
pacnpeaenuTesibHOro Basa, ynpasnsowero BMyCKHbIMM KnanaHamu. lepeMelieHune
NOPLHA W ero LWTOKa B Hanpas/ieHWW OCWU pacrnpenenuTesibHOro Bana npueBoauUT K
N3MEHEHUIO B3aUMHOIro NonoxeHusa 3ybyaToro koneca v Bana. lNpu 3ToM Xo4 NOpLIHSA
n 0byCcnoBsieHHOE MM M3MEeHeHWe MNOJIOXKEHUSA pacnpenennTenbHOro Basa 3aBUCAT OT
AaBneHuns Macna, noABOAMMOINo K KOpPMNyCy WCMNOJIHUTENbHOrO MexaHu3Ma no
oTAenbHOMY  Macnonposofy. bnok ynpaBneHua  agsuratesieM  C  MOMOLWbKO
3/IeKTPOMarHMTHOrO  KslanaHa, pacnofIOXXEHHOro B  KOprnyce MCNOJSIHUTEIbHOro
MexaHu3Mma, peryanpyeT AaBfieHne Macna B 3aBMCMMOCTU OT 4acToTbl BpalweHusa KB.

n
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Puc. 2.4. W3MeHeHue ko3¢dhdmuMeHTa HanosHeHUs npu paborte
ABUratensa no BHEWHEW CKOPOCTHOM XapaKTepucTtuke npm 6bictpoxogHon (1)
n TMxoxoaHou (2) perynmpoBke ¢as rasopacnpeaesieHus

NMpuMeHeHMe 3TOoro MexaHusMa MNOo3BOJIMNO0 YMEHbWMUTb 3HAaYeHUe CKOPOCTHOro
Koadpduumenta k, ¢ 0,797 po 0,712 npu nNpakTUYECKM HEU3MEHHOM 3HayYeHWUu

KoaddpuumeHTa npucrnocobnaemoctn &k = 1,074. B gaHHoM cnydae mMexaHmsm VANOS,



naaBHO WU3MEHAA MOMEHT OTKPbITUA BMNYCKHbIX K/anaHoOB B 3aBUCUMMOCTU OT
CKOPOCTHOIo pexwuma, obecneuymBaeT MaKCUMasbHble 3Ha4YeHus n, BO BCEM

Anana3oHe 4yacToTbl BpaweHusa KB. KauecTBeHHbIN XapaKtep W3MeHeHund 17, B

3aBMCUMOCTU OT BUAA peryMpoBKU NoKasaH Ha puc 2.4.
N3 pucyHka BMAHO, YTO C yBeNMYeHMEeM 4acToTbl BpaweHua KB mMakcuMmanbHoe
3HayeHue 7, UMEeT TEeHAEHUWID K CHUXEHWUIO BCIeACTBUME  BO3pacTaHus

a’poAMHaAMNYECKMX MnoTepb W3-3a MOBbIWEHUA CKOPOCTM BO34YLIHOMO MNOTOKa BO
BMYCKHOM TpakTe.

CoBeplweHHO o04YeBUAHO, 4TO NoA06HbIM THOHMHI PM noa cuny BbINOMHUTL
TONbKO CaMOMy MpeanpuaTUO-U3roToBUTENI0 ABUratens,, Tak KakK Ans  3Toro
TpebyeTcsa MowHas 3KCNepuMeHTasbHas W Npou3BoACTBeHHas 6asa. Hawubonbluee,
YTO AOCTYNHO O6bLIYHOMY MpeanpusaTUIO aBTocepBuca, - 3To noabop 3dpdPeKTUBHbLIX
das3 rasopacnpeneneHus nyTem N3MEHEeHUS B3aMMHOIo NMONOXEHMUS
pacrnpenenuTesibHoOro M KoseH4yaToro BasnoB. B nyywem cnyyae - 3TO U3roToB/IEHME
HOBOro pacnpefenuTesibHOro Bana C U3MEHEHHbIMU NPOPUISMU N YINlaMU 3aKTNHKU
KY/1a4yKOB.



3. MOAEPHU3ALUUA BINMYCKHOIO TPAKTA CUCTEMBbI
NMNTAHUSA

BnyckHOM TpakT CAyXuT ANns noasBoda cBexero 3apsga (roptoyen cMecum wam
BO34yXa) K uuanHapaMm asuratens. BnyckHOM TpakT BkAwo4daeT B ceba 3abopHuk
aTMocdepHOro  BO34yXa, BRNyCKHble Tpyb6onpoBoAbi, BO3AYyWHbLIA  GUNLTP,
yCTaHaB/MBaeMbli B paspbiB BMYCKHbIX TpybonpoBOAOB, BMYCKHOM KOMNEKTOP,
BNYCKHble NaTpybkn M BMNYCKHble KaHanbl rONOBKU UMAMHAPOB. B kKapbropaTopHbIX
ABUraTensax nepea BMNYCKHbIM KOJIIEKTOPOM pacnosiaraeTcs kapbiopatop, nosTomy
4aCTb BMYCKHOrO TpakTa OT KapbiwpaTtopa A0 BMNYCKHbIX K/lanaHOB OKa3blBaeT
CYLLLECTBEHHOE BNMSHME Ha Mnpouecc cMeceobpa3oBaHMS W pacnpeneneHns roproyen
CMecu No uuauHApam aBuraTtens.

MapamMeTpbl BMYCKHOro TPpakKTa OKa3biBAE€T OYEHb CUJ/IbHOE BJ/INSIHME HA XapaKTep
M3MEHEHMS MOLLHOCTU M KPYTALWEro MOMEHTa. 3a CYeT MpaBUILHOIO onpeaeneHus
pasMepoB TpybonpoBOAOB M HACTPOMKW BMNYCKHOrO TpakKTa MOXHO A06uTbCs
3HaunTenbHO 6onbliero HamoSIHeHWS UWIMHAPOB, 4eM, K npuMepy, nyTem
COBEpLUEHCTBOBaHUSA popMbl U3rnboB TpybonpoBOAOB BbIMYCKHOW CUCTEMBI.

OcHoBHble TpeboBaHMA, NpeabsiBNsSieEMble K BMYCKHOMY TPakTy, 3ak/04yatoTcs B
obecneyeHMn MWUHMMANbLHOrO COMPOTUBAEHUS Ha BMNyCKE W pPaBHOMEPHOM
pacnpeneneHnm roproyen cMmecu no umMnmHapam asuratens.

ObecneyeHne MUHMMANbHOIO COMNPOTUBAEHUS Ha BMNyCKe AOCTUraeTcs nyTeM
YCTPaHEHUS LEpPOXOBATOCTU BHYTPEHHUX CTEHOK TpybonpoBOAOB, a TaKXe pe3Kmx
N3MEHEHMIM HanpasB/ieHMs NOTOKA U YCTPAHEHUS BHE3aMHbIN CYy>XEeHWI U paclUMpeHni
TpakTa. [MOCKONbKY ruapaBaMyeckne noTepm B MPOXOAHOM CEYEHUM BbIMYCKHbIX
KNlanaHOB OKa3blBAlOT Ha HanoOJIHEHME UMAMHAPOB 3HAa4YUTEeNbHO MeHbllee BIUsIHuE,
4yeM noTepu B MNPOXOAHOM CeYEeHUWU BMYCKHbIX, TO ANs yBenuyeHus KoadduumeHTa
HanNOJIHEHUS 7, AMAMETP BMYCKHOrO KnanaHa yBeMYMBAKT 3@ CYET YMEHbLUEeHUS

AvnaMeTpa BbiNyCckHOro. B Hanbonee ¢opcupoBaHHbIX ABMraTensx Ha oAMH UWINHAP
AenatT 2, a uHoraa gaxke 3 BMyCKHbIX KanaHa.

Bbi6bop kOnuuyecTBa BMYCKHbIX K/anaHOB B rOSIOBKE UWINMHAPOB AeNnaeTrcs C
YUYETOM MHOrMX (akTopoB. [ns nyywen 3aKpyTKM BO3AYLIHOro 3apsiga Ha BRycke
aBTOMOOWU/bHBIX AM3EeNbHbIX ABUraTesien C AMaMeTpoM uuamHapa MmeHee 150 MM
NPUMEHSIIOT FOMIOBKM UMANHAPOB CO CMMpanbHbIMM BMYCKHbIMW KaHasiaMu UM OAHUM
BAYCKHbIM KJlanaHOM Ha uMnuHap. B 3TOM cnyyae MHTEHCMBHOCTb BpalleHus 3apsaa
B UWIMHApPEe oOKa3biBaeTcs B 1,5 u 6onee pas Bbllle, YEM MPU HaIUUYUKU ABYX
BMYCKHbIX K/lanaHoB. HEKOTOPbIM yMeHbLUEHMEM 3HAYeHUs 7, NPU HaIN4YMKM OAHOrO

BAYCKHOIO KJjlamnaHa Ha UMNuHApP npyv 3TOM MpeHebperatoT, Tak Kak Bo3ayxa AJis
MOMTHOrO CrOopaHusi NOAAHHOIO B LMANHAP TOM/IMBA OKAa3blBAETCSA BIMOJIHE AOCTATOYHO.
dopmMa cnnpanu BNYCKHOrO KaHana noabupaeTcs Takol, 4Tobbl 3akpyTka 3apsiaa



obecneumBana Hanbonee apdekTnBHOe cMeceobpasoBaHue. NMoNyTHO 3aMeTUM, 4YTO B
npouecce nycka AM3eNbHOrO ABUraTens npu HU3KUX TemrnepaTypax OKpy Karollen
cpelbl 3aKpyTka 3apsga npuBOoAMT K YBEIMYEHUID  nepuoja  3ahepXKKu
cCaMOBOCM/laMeHeHUs TOM/MBA, 4YTO yXyAllaeT NyCKOBble KayecTtBa Asuratens [1].
[obnTbCa  ynydlweHUs MyCcKOBbIX KadecTB ABUratenss MOXHO MyTeEM YCTAaHOBKM
wubepa Mexay BNYCKHbIMM naTpybkamMm M BRNYCKHbIMW KaHanamu. Ha nepuoj nycka
lwunbep cTaBUTCA BOAUTENEM B MOJSIOXKEHME, MPU KOTOPOM Miowaib Cce4eHUs BMYCKHbIX
KaHanoB B TrO0JIOBKE UWAMHAPOB nepekpbiBaeTca rnpuMepHo Ha 80%. 3toro
OKa3blBAeTCH AOCTAaTOYHO A1 TOro, YTobbl YMEHbLUNTL BpalleHue 3apsga B UMAuMHape
n obecneunTb HaZeXHbIN MNyCK Au3enbHoro asuratensa (6e3 npuMeHeHus npouYmnx
cpeacTB obneryeHus nycka) npu TemnepaTtype okpyxatowen cpeabl ao - 21 °C.

B 6eH3MHOBbIX ABuratensax, HaobopoT, npeanodteHne oTaaetca 6Honee
3(pPeKTUBHOMY HAMNOJHEeHUID UWINHAPOB, TaK KaK KOJIMYeCTBO MNOCTYyNuBLUEN B
LMIWNHAPbLI FOploYer CMecn HernocpeaCTBEHHO CKa3blBaeTcsa Ha MowHocTu. bonee
BbICOKME 3HayeHusa n, AOCTUralTCA NPU HanAUuMM ABYX BIYCKHbIX KanaHoOB Ha

UMANHAP.

YMeHbLUeHne ConpoTMBIIEHUS Ha BMyCKe 3a CYEeT YMEHbLUeHUsI CKOPOCTU MOTOKa
nyTeM yBenu4yeHus cevyeHun TpybonpoBOAOB He Bcerga BO3MOXHO MO HECKOAbKUM
npuynvHaMm. Bo-nepBblX, NpU YyBEINYEHUU CedyeHun TpybonpoBOAOB BO3pacTatoT
rabapuTbl M Macca AgBuratensi, BO-BTOPbIX, CHMXXEHME CKOPOCTU MOTOKA YMeHbluaeT
Typbynusaumio ceexero 3apsna npu nocTtynjeHnn ero B UWMAMHAPbLI, B pe3ynbraTe
4yero NpPonCxXoamuT yxyalleHne KavyectBa cMeceobpasoBaHuUs Kak B 6€H3MHOBLIX, TaK U
B AN3ENbHbIX ABUraTensx.

[nsa paBHOMEpHOro pacnpezeneHns CBexXxero 3apsga no uuinHapaMm BryCKHOMY
TpakTy nNpuaarT cMMMeTpuuHyro ¢dopMmy. Hambonee BaxHO 3To ANna ABuratenem c
BHELWHUM cMeceobpa3oBaHMeM, Y KOTOpPbIX Mpouecc cMeceobpa3oBaHMa Ha4YMHAETCs B
kapbtopaTtope. [lpyn TakoMm cMeceobpa3oBaHMM BaxXHO obecrneyntb He TONAbKO
paBHOMEpHOEe Hano/NHeHue UMAMHAPOB, HO W OAWHAKOBbLIM KayeCTBEHHbIA COCTaB
nocTynawwen B UMnmHapbl cMecu. Mo 3Ton npuymHe B KapbropaTopHbIX ABUraTensx
BNyCKHasl cMcTeMa AOJ/IKHA MMEeTb He TOJSIbKO MPOCTPAHCTBEHHYK CUMMMETPUIO, HO U
CUMMETPUIO Mo BpeMeHW. MNMocnegHee 03Ha4vaeT, YTO Npoxoasiwas vyepes APOCCEeSbHYHO
3aC/I0OHKY MOpuMs CMeCu AO0J/IKHA NoAXOAUTb K BMYCKHbIM KaHanaMm BCeX UMANHAPOB
3a ogMHakKoBoe BpeMA. BO3MOXHble CXEMbl pacrnosioXXeHns BNyCKHbIX TpybonpoBoaoB
nokasaHbl Ha puc. 3.1.

Ha puc.3.1 a, nokasaHa Haubonee pacnpocTpaHeHHas Ccxema, npu
MCNOSIb30BAHNM KOTOPOM B UMAMHAPbLI 2 n 3 noctynaet 6onee oboralieHHas CMecCb,
YTO O0COBEHHO XapaKTepHO npu paboTe ABuraTesd Ha 4YacCTU4YHbIX Harpyskax. 3TO
0byC/oBMIEHO TEM, YTO NPU HEAOCTAaTOYHO BbICOKOM CKOPOCTU BO3AYLWHONO MOTOKAa Ha
BHYTPEHHUX CTEHKax BMYCKHOro Kosnektopa 3a kKapbiopaTtopoMm obpasyeTcsa njeHka



TonAMBa. DTa NJeHKa, 0CO6EeHHO MpU HU3KOW TeMnepaType OKpyKalowelh cpeabl, He
BCeraa ycrneBaeT UCMapUTbCs U AOCTUraeT BMYCKHbIX KaHanoB B FOMOBKE LWIMHAPOB,
- B NEpPBYI0 oYepeab TEX, PAaCCTOsSTHUE 0 KOTOPbIX KOpouye.
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Puc. 3.1. Cxema BNYCKHOro KOJUJIeKTOpa: a - C MNpPOCTPAaHCTBEHHOM
cuMmMmeTpuen; 6 - ¢ NpoCTpaHCTBEHHO-BPEMEHHON cMMMeTpuen: 1 - BnyCKHOM
KOJINIEKTOP; 2 - 6/10K LMNIMHAPOB ABUratens; 3 - BbiNyCKHOW KOJIJIEKTOp

OfHako M B cCfydae BMNYCKHOrO KOMMEeKTopa C MPOCTPaHCTBEHHO-BPEMEHHOM
cummeTpuen (puc. 3.1, 6) nocTtynawLwas B UMAMHAPLI ABUraTens roptodasi CMecb npm
paboTe Ha YaCTUYHbIX Harpyskax TakXe MOXeT CyLeCTBEHHO OT/InYaTbCsa Mo COCTaBy.
MpuynHa 3TOro AABJIEHMS B TOM, YTO MPU YAaCTUYHOM OTKPbITUM APOCCENbHOW 3aCIOHKM
NPOUCXOAUT OTKJIOHEHME MOTOKa roptover cMecu OT MNPSAMOSIMHENMHOro ABWXeHus. B
pe3yfnbTaTe TaKoOro OTKNOHeHWss Hawmbonee oboraweHHas cMecb MNOCTyrnaeT B Te
UMANHAPBI, B CTOPOHY KOTOPbIX MOTOK OTKIOHSAETCS.

YMEHbLWNTb B/INSIHUE MNOJIOXEHUSA APOCCENbHOM 3aC/IOHKM Ha pacnpeaeneHuve
CMecM no uMAMHAPaM MNO3BOJSIAKOT MNpeABapuUTENbHbIM MNOAOrPEB CMECU OT CTEHOK
BMYCKHOIO TPakKTa U U3MEHEHNE HarnpaB/IEHNS MOTOKa TOMN/INBO-BO3AYLLIHON CMECH.

MoaorpeB CTEHOK YCKOPSET rMpouecc wucnapeHuss 6eH3mHa u cnocobcTByeT
obpa3oBaHuio cMecn 6onee paBHOMepHOro cocrtaBa. O6bIMHO NOAOrpeB CTEHOK
BMYCKHONO TpaKTa OCYLUECTBASAETCS WM  XUAKOCTbKO CUCTEMbI  OXJ1AXAEHUS
ABUraTens, uam 3a cYeT TennaoTbl BbIMYCKHOrO KONMNEKTOpPa, Koraa CUCTEMbl BMyCKa U
BblMyCKa pacrnosiaratTcs ¢ 04HOW CTOPOHbI 6/10Ka LMAMHAPOB.

N3MeHeHMe HanpaBneHus BO34YLWHOro notoka Aansa obecneyeHns 6onee
paBHOMEPHOro coctaBa CMeCM Ha BMNyCKe B UMINHAPbLI UCMOSb30BaNoChb, B YACTHOCTH,



Ha 4-umnnHapoBbiX 6eH3MHOBbIX ABuratensx M40, ycTaHaBAMBaBLIMXCHA Ha
asTomobmnn BMW 316i n 318i go asrycrta 1993 r. lNocne BO34YLWHOW 3aCAOHKMU
BO34YX MNOCTynan B LUEHTpPanbHYK 4acTb BMYCKHOMO KOJIJIEKTOPA, PacrnoflioXXeHHOro
Haj KnanaHHbIMKM GOpCyHKaMM (MHXEKTopaMu), OTKyAa pacnpegenanca no
UManHApaM 4Jepe3 BMyCKHble nMaTpybku onpeaeneHHom ANWHbI, M3MEHSBLUMMU
HanpasJieHMe BO34AYLWHOro notoka Ha 180°.

N BCe e BHYTpeHHee COMNpOTMBIIEHNE N TPEHME O CTEHKW ABUXKYLLErocs noToKa
BO34yXa - 3TO TONAbKO OAWH, XOTS W HEeMasnoBaXHblM, acnekT npu pPacCMOTPEHUMU
BMNYCKHOro TpakTta. [nsa ynyyweHna KoadduumeHTa HanoJlHeHUS n, HAMHOIMo BaXKHee

MCMOSIb30BaTb BO3HMKAKOLWME BO BMYCKHOM CUCTEME BOJIHOBblE $BEHUSA. ITWU
BOJ/IHOBble SBNIEHMS BO3HMKAKT BO BMYCKHbIX TpybonpoBogax B pe3ynbTaTte
UMKIMYHOIO NOCTYNAeHUs BO34AyXa B UMAMHAPLI ABuratens. Koraa BrnyckHas cucrema
aBnseTca obwen AN HeCKONbKUX LUAMHAPOB, TO BOJSIHOBblE SABNIEHMS BO BMYCKHOM
natpybke ogHOro uuanHApa CKasblBalOTCA Ha KonebaTesbHbIX Mpoueccax B
naTtpybkax oOCTanbHbIX UMAMHAPOB. W 4yem 6onbwe umnmHApoB ob6beAuHseT oAHa
BNyCKHas cucTtema, TeM TpyAHee BbINOJHUTb €€ HACTPoMKY, B TOM 4uCie WU no
NpUYMHE OrpaHNYEHHOCTM 0bbeMa MOTOPHOIo OTCeKa.

KoHCcTpyKkuns adpdeKTMBHOM BMYCKHOM CUCTEMbl 4YacTo SBASETCA pe3y/ibTaToM
CNOXHbIX pacyeToB BO/THOBOW CUCTEMbI, KOTOpble HENpPeMeHHO AO0JIKHbl MPOBEPSATLCS
3KCnepuMeHTanbHo. KpalHe Ba)XHOWM AN XapaKTepPUCTUKU MOLLHOCTU W KpyTSLWero
MOMEHTa OKa3blBaeTcH ANnHa BMNYCKHOro (BONHOBOrO) Tpybonposoaa.
MpuUHUMNWANbHBLIM MPU 3TOM SBASIETCS TO, YTO KOPOTKME BMYCKHble TpybonpoBoAbl
CMeLWanT MaKCUMYM HaroJSIHeHUs, XapakTepulyembln KO3hDPUUMEHTOM HaNOSHEHUS
n,, B 0bnactb BbICOKMX 4YacToT BpaweHus KB, a annHHbie BrNyckHble TpybonposoAabl

obecneunBaloT xopouwlee HarnoSIHEHNE U COOTBETCTBEHHO BbICOKWUIN KPYTALMIA MOMEHT
npn HWU3KuMx 4vactotax. C yyeToM 3TOro ABuUratennM TrOHOYHbIX aBToMobunen,
pacCyYMTaHHble Ha MaKCUMMasibHYK) MOWHOCTb, CHabxalTcs, KakK npaBwuio,
OTHOCUTENbHO KOPOTKUMWU BMYCKHbIMKM Tpybonposodamu. [BuratensiMm rpy3oBblX
aBToMobuen, KoTopble AO/MKHbI pa3BMBaTb XOPOLUYH CUY TAMM NpU HU3KOM YacToTe
BpaweHusa KB, TpebywTca BonHoBble Tpybonposoabl 6onblwen AnanHbl. pyn 3TOM
ONMHHbIE TpybonpoBoAbl YNy4dlwakT HanoSHeHWe UuUuanHapoB B 06/1aCTU HU3KOM
4acTOTbl BpaWleHWUsi, OAHAKO MNpW YBENMYEHUM 4acToTbl BpaweHuna KB Kpuas
MOLLHOCTWN cTaHoBUTCA 6onee nonoron (poCT MOWHOCTM 3aMennseTcsl), a KpyTawiumn
MOMEHT MOXET CU/IbHO CHU3UTbCS. TakuM 06pasoM, Mpu XeCTKUX, HeperyanpyeMblix
BMYCKHbIX TpybonpoBogax wuMeeT MecCcTo O06blyHas anbTepHaTMBa: WIN XOPOLUUN
KpYyTAWMA MOMEHT B AMana3OHe HU3KUX YacToT BpaWeHUs W MOHMXKEeHHas
HOMWHaNbHasi MOWMHOCTb, WM BbICOKAs HOMMHaNbHAas MOWHOCTb WM YMeHblUueHHas
cuna Tarm npu HU3KMX YyactoTax BpaweHusa KB.



B HekoTOopbIX Cny4dasix BMYCKHble BOJSIHOBble TpybomnpoBOAbl, PaCMOSIOXEHHbIE
nepea BMAYCKHbIMM  KnanaHamu, 6epyT cBoe Havyano w3 obwero BMAYCKHOro
Konnektopa, rae oHu uMmelT GopMy Hanpasnswwero natpybka. Hanpumep, V-
obpasHbin 8-umnmHaposbin asuratens ¢upmbl Chevrolet, noaBeprHyTblM THOHUHIY
dupmon Marcos, WMeeT OTAENbHYK BMNYCKHYK CUCTEMY Ans Kaxaoro 6noka
umanHapoB. BonHoBble Tpy6onpoBoAbl CPpaBHUTENbHO AJIMHHbLIE M 6epyT Havano m3
COOTBETCTBYHOLMX O6LWMX BMNYCKHbIX KO/IEKTOPOB, PACMNONIOXEHHbIX Han 6nokamu
umManHApoB. locTynneHue Bo3AyXa BO BMYCKHblE KOJIJIEKTOPbl OCYLWECTBASETCS Mo
Tpybonposoaam, 3abOpHUKWM KOTOPbLIX pacrosioxeHbl Mo obe CTOpOHbI paauaTopa
CUCTEMbI OXNaXKAeHUs. DTO MO3BOJISET YAYUYLLINTb HANOJIHEHNE UWMAIMHAPOB ABUratens
3@ CYeT CKOpPOCTHOro Hanopa BeTpa, BO3HMKawWero npuv 60nbWON CKOPOCTHU
ABUMXEeHNst apTomMobuns.

MNHorga BOoNHOBLIM BNYCKHbLIM TpybonpoBoaaM npuaaetca KoHudeckasa popma (Ha
NyTWU OT KOJIeKTopa K UWIMHAPY MornepeyHoe cedeHue BMNYCKHOro Tpybonposoaa
yMeHbllaeTcs), bnarogapsa 4yemy no Mepe npubamxeHuUs BO3AYLIHOMO MOTOKa K
BMYCKHbIM K/anaHaM MpoUCXoAuUT ero yckopeHue. Takasi KOHCTPYKUMSA BMYCKHOrMo
TpakTa peanuM3oBaHa, B 4YacCTHOCTU, Yy 4-UMNMHAPOBOro 16-knanaHHOro AsuraTtens
¢dupmbl Opel (Manta 400 2.4E-4V).

Ncxoass M3 cKasaHHOro Bbille, B ABUraTtensx rOHOYHbIX aBToMobwunen, kKak
NnpaBuio, OTKasblBAlOTCA OT B3aMMHOr0  BJ/IMSIHUA  BOJIHOBbIX  MPOLECCOB,
BO3HMKAKOLWMWUX MPU  HaMoOJIHEHUM UWINHAPOB, W BMNYCKHOW nNaTpyboK Kaxaoro
UMANHAPA HacTpaumBalT  uMHAMBMAYaNbHO. [lpn  3TOM  3abOpHMK  BMAYCKHOrO
TpybonpoBoaa, nMerowero Heob6xoanmMyto Ans rnosyvdeHus xXenaeMom XapakKTepucTUKu
MOLWHOCTN ANMHY, Ha4YMHaeTCsa B HanpasBfslOWEM BO34YLWHbIM MNOTOK Kopobe,
pPacrnosioXKeHHOM CHapy>XWu aBTOMOOMAA, UM XKe B HACTONbKO 60/bLIOM KOMEKTOpE,
pacrnosio)KeHHOM B MOTOPHOM OTCEKe, B KOTOPOM UMKAMYHOCTb paboTbl UMAMHAPOB He
MOXeT BbI3BaTb kKonebaHMn BO3AYLIHOrO MoToka. TakMMm o6pa3oMm, KOpoTKas ASMHa
BMYCKHbIX BOJIHOBbIX TpybonpoBOAOB TOHOYHbIX ABUraTenem CcBuaeTenbCTBYEeT O
HacCTpoMKe 3TUX ABUraTenem Ha MakKCMManbHYK MOLWHOCTb. HarnsaHbiMuM npuMmepamm
MCMONb30BaHUSA NOAO0OHbIX KOHCTPYKTMBHbLIX pELIeHU B TFOHOYHbIX aBTOMOBUAAX
apnsatoTca asuratenm Ford Cosworth V8 n onno3ntHbin Ferrari 12, nmetrowmne pabouni
obbvem 3 .

Y paBuratenenm nerkoBbiXx aBToMobuien B 3aBUCMMOCTM OT TOro, CKOJbKO
UMAnHApoB ob6beanHsieT OAMH BMNYCKHOW KOMNEKTOp, B pe3yfnbTaTe HanoXeHus
KonebaHM rasa BO3HMKAKT pas/inyHble nepenagbl AasneHuda. lNocnegHue, B CBOKO
ouvepenb, 06yC/OBAMBAIOT CYLLECTBEHHO OT/IMYAKOLWMECH XapaKTEPUCTUKN KPYyTALWEro
MOMEHTa Y pas3/inyHbiX KOHCTPYKUMW aBuratenen. Hanpumep, 3-UWIAWMHAPOBbLIE
asuratenn Cc O6WMM BMYCKHbIM KOJSIIEKTOPOM MMEKT O4YeHb pPaHHUM U BbICOKUM
MaKCMMYM KpyTSLWEero MOMeHTa, KOTOpPbIA MpuW BO3pacTaHUM 4acToTbl BpalweHusa KB
pe3Kko nagaeTr. DTO YyKa3blBaeT Ha TO, 4YTO NpM HU3KOW YacToTe BpaLleHus



HanoJIHEHMEe UWINMHAPOB O4YeHb XOopolwee, Torga KakK Mpu BbICOKOW, HAaoboporT,
HeyaoB/eTBOpUTENbHOE. 4-UMNNMHAPOBbIE ABuUratenn uMeloT 6onee  WKWMPOKUN
AvanasoH 4acToTbl BpaweHuns KB, B KOTOpPOM coxpaHseTca 6osblioe 3HadeHue
KpyTSaLWwero MoMeHTa. MOMEeHT paHO Ha4YyMHAET pacTu, HO AOCTUraeT CBOEro MakCMMyMma
bonblier 4acTbl YyXXe Mocne HEKOTOPOro MPOMEXYTOYHOro nukKa npu MNOBbIWEHHOM
yacToTe BpalleHusa. 6-uMInMHAPOBbIE ABUraTenn uMelT cnabbli pocT KpyTslwero
MOMEHTa, Bblpa3uTenbHbIM MakKCMMyM KOTOPOro AOCTUraeTCs ullb MpU BbICOKOMN
yacToTe BpaweHus KB. 5-umnunHppoBble ABUraTenu no XapaKTepuUCTUKe KpyTswero
MOMEHTa 3aHMMAlOT MPOMEXYTOYHOE MoJIoXeHue mexay 4- n 6-UnINHAPOBLIMU
ABUraTensiMu.

N3 ckaszaHHOro MOXHO caenaTb BbIBOA, YTO uAeasbHbIM 4S9 aBTOMOOGWALHOIMo
aAsuratens 6bi1 6bl BNyCKHOW TpybonpoBoa nepeMeHHOW ANMHbI, KOTOPbIA MO3BOMSET
pasBMBaTb MOBbIWEHHYKD MOLWHOCTb MPU BbICOKOW 4acTtoTe BpaweHus KB (anuvHa
TpybonpoBoaa MMHUMaNbHasA) WU MaKCUManbHbIM KPYTALWMA MOMEHT B Aunana3oHe
HU3KUX W CpeAHMX 4acToT BpaweHusa (anvHa TpybonpoBoaa yBenuyeHHas). T.e.
TpebyloTca BMNyckHble TpybonpoBoAabl, KOTOpble UMenn 6bl ONTUManbHYK ANUHY MNpU
nobon yactote BpaweHna KB asuratens. Toraa aHasorMdyHo TpoMOOHY MOXHO 6bIs10
6bl BaBUratb Tpybbl ogHa B ApYryw, € TeM 4Tobbl 6eccTyneH4yaTo M3MeHATb ANINHY
BOJIHOBOro TpybornpoBoAa OT BMYCKHOro KjnanaHa A0 BMNYCKHOrO Konnektopa. B
KayecTBe npuMmepa Ha puc. 3.2 N puc. 3.3 nokasaHbl CXeMbl CUCTEM BMycKa C
perynmpyemMon AJIMHON BOJSIHOBbIX TpybonpoBOoAOB ANS 6-UMINHAPOBbLIX ABUraTtenen c
pas/INYHbIM pacrnosioXXeHneMm UUInHApPOB.

B npuBeaeHHbIX cCXxeMax OAMH pe3oHaTop obbeanHseT rpynny w3  Tpex
LMAUHAPOB, BCMNbIWKW B KOTOPbIX CcneaytT paBHOMepHO 4vepes 240° MKB. AnvHa w
naowasb MNOMNEpeYyHOro cevyeHus BMYCKHbIX naTpybkos, 6epywux Havano ”~u3
pe30HaTopoB, O6bIYHO MPUHUMAKOTCA TaKUMU Xe, Kak U B LUTAaTHOW CUCTeMe BMycKa.
AN yMeHblUeHMs CONpOTUBAEHUS Ha BMNYCKe HayanbHas 4acTb BAYCKHbIX naTpybkos
BblNONIHSAETCSA B popme pactpyba.



'
4 .
'r".-ll—l-n-l"'
-
g .‘“\.R—‘_._...
1]1]213]4 8]
4 kK 4
LS R N BNE

Puc. 3.2. CxeMma cucremsbl Bnycka ogHO6/1I0MHOIrO AM3eNnbHOINo ABUratens
C BOJIHOBbIM HapayBoM: 1 - Typ6okoMmnpeccop; 2 - XOJNOAWIbHUK
HaaaAyBOYHOroO BO3AyXa; 3-pecuBep; 4-pe3oHaTop; 5 - Teneckonu4yeckoe
KOJIEHO BOJIHOBOro Tpy6onpoBoaa; 6 - 6510k ULUIMHAPOB ABUraTens
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Puc. 3.3. Cxema cucreMbl Bnycka ABYyX6/104HOro AM3enbHOro Asuratens
C BOJIHOBbIM HapayBoM: 1 - Typ6okoMnpeccop; 2 - XOJNOAWIbHUK
HaaAyBOYHOro BoO3AayXxa; 3-pecuBep; 4 - pe3oHaTtop nesoro (J1) 6noka
uumnuHapos; 5-pesoHatop npasoro (M) 6noka uuwnuHppoB; 6 -
TeJsiecKonnyeckue KosieHa BOJIHOBbIX Tpybonposoaos

Mnowaab ceyeHnss pesoHaHCHOro TpybonpoBoaa CTpeMATCS 3a4aTh TaKoOM, YTOObI
npu gonyctumon anumHe Tpybonposoaa (C TOoYkM 3peHuss rabapuTHbIX pa3MepoB) OH
obecneumBan npuemMnemble ruapasanyeckne notepu. Haumbonee cyuwiecTBeHHoe
B/IMSIHME HA HACTPOMKY BOSIHOBOM CUCTEMbI OKa3biBalOT 06beM pe3oHaTopa M ANWHA
pe3oHaHCcHoro Tpybonposoaa. lMpu 3TOM B 3aBMCMMOCTM OT 4YacCTOTbl HACTPOWMKMU



YYBCTBUTENbHOCTb CUCTEMbI Ha U3MEHEHMe ANIMHbI pe30HaHCcHoro Tpybonposoaa B 1,5
- 2,0 pasza Bbiwe, 4eM Ha u3MeHeHuMe obbeMa pe3oHaTopa. [lo 3TOM NpuunHe
uenecoobpasHo BbIMNOMHUTL pe30HATOpP B BMAE 4YacCTM LWTATHOrMO BMYCKHOro
KON1eKTopa.

OoHako B peanbHbIX 3KCMAyaTauMOHHbIX YC/IOBUSAAX peanu3oBaTb Takue
MOCTOSIHHO perysMpyeMble BMYCKHble CUCTEMbl AN aBTOMOOWNAbHbLIX ABUraTenemn
OOCTAaTOYHO TpPyAHO HEe TONbKO C TOYKM 3peHums 3aTpaT, HO U CJI0XHOCTU
MCNOJIHNTENbHOIO MEexaHM3Ma, a TaKXe ero cpoka cnyx6bl. [Mo3ToOMy Ha npakTuke
peanusytotcss 6onee NpocTbie CUCTEMbI C MEPENYCKOM 4acTM HagAyBOYHOrO BO3A4yXa
Ha BXoA4 TyYpbuHbl, a TakxXe ABYXCTyrneH4yaTble BNyCKHble TpybonpoBoAbl C pa3fMyHOM
OJIMHOM MM COOTBETCTBEHHO C HEOAMHAKOBbLIMU MOMNEpPeYHbIMM cedeHnsMn. Kakyo mn3
3TuX ¢opM BnyckHoro Tpybonposoaa BbibpaTb, 3aBUCUT HE TOJIbKO OT KOHCTPYKLMUMK
COOTBETCTBYIOLWEr0 ABUraTesns, HO W OT KO/JMYyecTBa ero umamHapos. Konnyectso
UMNMHAPOB UrpaeT 34eCb BaXKHYK posib, TaK KakK OHO onpeaensieT (popMy BOJHbI U
Cuny nynbcauynim BO BMNYCKHOW CUCTEME.

B kauyectBe npuMmepa Ha puc. 3.4 nokasaHa CxeMa BOJIHOBOro HaaayBa, npu
peanusaunmm KOTOpPOW 3Heprus, Heobxoammass A9 perynMpoBaHuMsa  pacxona
HaAAyBOYHOro BO3ayxa yepe3 TypbuHy, co3paeTcs B pesyfnbTaTe nysibCauui rasa Ha
BNyCKe W BbiNycKe. Mcnonb3oBaHMEe TaKoMW CXeMbl HaaayBa MO3BONSET Yy4luUTb
NPUEMNCTOCTb aBTOMOBUNBHOrO ABUraTens.

AnnHa n obbem pe3oHaToOpoB 5 MoabuparoTcs C YYETOM XapaKTEPHbIX PEXWMMOB
paboTbl asuratensa. [lpu BbiIxoae ABUraTenss Ha pPeXuM HOMWHANbHOM MOLLHOCTU
BO3BpaTHbIE KflanaHbl 7 aBTOMATUYECKU 3aKpbIBAKOTCS.

Xopowunn KpyTAWMIA MOMEHT MOXHO MNOAyyYuTb, €CIn BO3HUKawwme npu
3aKpbITUM  BMYCKHbIX K/anaHOB yAapHble BOMHbI  WAWM  NyfbCauum  NOTOKA
MCNONb30BaTb ANA A03aPSAAKN APYrUX UMANHAPOB. YeM 6onble unnnmHapos (yaapHbIX
BO/IH) o06beauMHseT OAUH BMNYCKHOM KOMNEKTOp, TeM He3HauuTenbHee 3ddekT
[03apsaKku, Tak Kak MnysbCcauMu B KOMNEKTOPE B3aMMHO BbipaBHMBatOTCSA. Hambonee
3¢pdheKkTnBHO Takasa cuctema PyHKUMOHUPYET Y 3-UMINHAPOBOrO ABUraTens, Tak Kak
30eCb OOHOBPEMEHHO C 3aKpbITUEM OAHOrO BMYCKHOrO KjianaHa HauyuHaeT
OTKPbIBATbCS APYrOMn.
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Puc. 3.4. CxeMma cucteMbl BnyCKka C BOJIHOBbIM HaAAYBOM U NepenycKkoMm
HapayBoO4YHOro Bo3ayxa: 1 - Typ6okomnpeccop; 2 - XOJNOAWIbHUK
HaAAyBOYHOro BO3AyXa; 3-3)KeKTop; 4-pecuBep; 5-pesoHatop; 6 - 650k
UMJIMHAPOB ABUraTesis; 7 - BO3BpaTHbIW KlanaH

Puc. 3.5. CxeMa KoneKTopa C nepeksioyaeMom AJIMHON Tpy6onpoBoaos
ana V-o6pa3Horo paBurartensi: 1 - BMNYCKHOW KOJUIEKTOP; 2 - 3acCJ/IOHKa
nepeKsJiIlo4eHUA [AJIMHbI  BMNYCKHbIX Tpy6onpoBoaoB; I - KOPOTKMUM
Tpy6onpoBog; II - oanHHbIN Tpy6onpoBoa

TaK Kak XapaKTepUCTUKA, @ TakKXXe MaKCMMasbHOE 3HAUYeHUE KPYTSALLEro MOMEHTA
3aBUCAT B MNEpBYO o4yepeab OT KosiebaTenbHbIX MNPOLLECCOB BO BMYCKHOM
Tpybonposoae, TO onpeaeneHve ero pasMepoB U 0CO6eHHO 3EdEKTUBHOMN ANUHDI
npunobpetaer 6onbwoe 3HadveHue. B kauectBe 3(PEPEKTUBHOM ASIMHbBI, KOTOpas
OKa3blBaeT B/INSHME Ha KonebaHMa NOTOKa BO3AyXa, CUYMTAETCHA pa3Mep BMYCKHOro
TpybonpoBoaa OT BO3AYLIHOrO KOJMINIEKTOpA A0 KJjanaHa B rOJIOBKE LMINHAPOB.
OnameTp BnyckHoro TpybonpoBoga Ha MNyTM K BMYCKHbIM KNanaHaMm AO0JIXKeH



NOCTOSSHHO yMeHblwaTbca (KOHMYeckas d¢opma TpybonpoBoaa), 4TO npuaaer
BO34YLWHOMY TMOTOKY YCKOpeHue. [/iInHa wn nonepeyHoe cedyeHue BMYCKHOro
TpybonpoBoaa 3aBUCAT, BO-NMepBbiX, OT 06beMa OTAENbHOro UnanHapa, n, BO-BTOPbIX,
OT JXXeNnaemMoM XapaKTepUCTUKM MOLHOCTU. HenpenoxHbiIM nNpu 3TOM SABASETCSH
cneaywuwiee: 4YeM MeHblwe o06beM UuuauMHApa, TeM MeHbwe o06beM BMYCKHOMO
TpybonpoBoaa, a cnegoBaTesibHO, ero AZiMHa U nonepeyHoe cevyeHue.

CoBpeMeHHble BMYCKHble CUCTEMbI YacCTO SABASAKOTCSA CNOXHbIMKU, 4OPOroCTOSAWMMM
KOHCTpYKUuMsMU. BnyckHble Tpy6onpoBoabl asuratens V6 dupmbl Audi mmeroT
nepeksyaemMyo C MOMOLWWbK 3aCNOHOK AJIMHY W  HeoAMHaKoBble mornepeyHble
cedyeHus [2]. CxeMa Takoro BNyCKHOro KosifiekTopa rnokasaHa Ha puc. 3.5.

Bo3ayx nocne Bo3aywHoOro punbTpa NoCTynaeT B LeHTPasibHY 4YaCTb BANYCKHOMO
Konnektopa. [pn NoNoOXeHmm 3acNOHOK 2, 0603HAUYEHHOM MYHKTUPHOW JIMHUEN,
OENCTBYIOT AJIMHHbIE BNYCKHble Tpybonposoabl II NpoTAXeHHOCTbo 0Kos10 780 MM U
rnonepeyHbiM cedyeHneM npuMepHo 800 MM2, KoTopble obecneymBaeT BbICOKUI
KPYTALWMNA MOMEHT B 30HE HU3KOM 4acToTbl BpaweHusa KB. MNpu yactote 4000 1/MuUH
3aC/IOHKN 2 NepeKkpbiBalT CeyeHune OJnMHHbIX  TpybonpoBosoB (Ha cxeMme
COOTBETCTBYIOLLEE MOSIOXKEHNE 3acC/IOHKM MNOKa3aHOo OCHOBHOW suHMen). Tenepb
KopoTkun Tpybonposoa I (anuHa okono 380 MM M nonepeyHoe ceyeHne NpuMepHo
1200 MM?) no3BonsieT c€o34aTb BbLICOKYI MaKCUMMasbHYl0 MOLLHOCTb. BaXKHbIM
SIBNSIeTCA TO, 3aC/I0HKa pacrosiaraeTcs B MecTe, rae obe KpuBble BO3AYLHbIX NOTOKOB
nepecekarTcd. B npoTMBHOM cny4yae npu nepeknoyeHnn TpybonpoBoaOB BO3HUKAET
pa3pblB  MNOTOKa, 4YTO nMNpu [ABWXEHUM aBToOMOOMNA OLLYyWAETCa KakK TOSYOK.
AHaNOrM4YHbIMM MepekstvYaeMbiMM BNYCKHbIMM TpybonpoBodamMu ocHawawTcsa u V-
obpa3sHblie 6-umMnMHApoOBble 6EH3NHOBLIE ABUraTenun, ycTaHaBIMBaeMble Ha HEKOTOpbIe
aBToMob6umnn knacca E pupmbl Mercedes.

Bonee npoctoe MO KOHCTPYKUMWM, HO [AOCTAaTOYHO 3ddeKTUBHOE pelleHune
MCMOSIb3YeTCH Ha HEKOTOPbIX PpSaAHbIX 6-UMINMHAPOBbLIX ABuUratenax. Bo BrnyckHOM
KOMNIeKTope 3TUX ABUraTenen yctaHoB/eHa pa3fennTenbHas 3ac/lOHKa, KoTopas npwu
HM3KOM 4YacToTe BpalweHusa KB 3akpbiBaeTcss M AenUT KOAnekTop Ha 2 4yacTtu. lNpu
3TOM Ka)jasl 4acTb BMYCKHOWM CUCTEMblI 6-UMAMHAPOBOro ABuratenss obcnyxusaeTt
BCero 3 uunuHapa, B pe3ynbTaTe 4Yero BO3HWKAET BOJIHOBOM 3 dEKT, MMEKLUM
MecTo B 3-uMnMHAPOBOM aBuratesnie. Takmm obpa3oM, 6narogapsi BO3HMKAOLWEMY
pe30HaHCHOMY HaAaAayBy, NpU 3aKpbITON pa3aenmTenbHOW 3acnioHke obecneydmBaeTcs
yBefinyeHne KpyTsawero MoMeHTa. [lpuMepHas cxeMa TakOW CUCTEMbl MoKa3aHa Ha
puc. 3.6.



Puc. 3.6. CxeMma cucteMbl Bnycka cpa3saesisieéMbiM BMYCKHbIM
KOJIZIeKTOpPOM: 1 - BO3AyX03a6o0pHuMK; 2 -BO3AyWHbIA Junbtp; 3 -
paspaenuTenbHan 3ac/iIoOHKa; 4 - BMYCKHOW KOJUIEKTOp; 5 - 6710k umnuHApoB
ABuUrartens; 6 - BbiNyCKHbIE KOJIJIEKTOPbI

YnpaBneHve pasfenutesibHOM  3aC/IOHKOM  MOXEeT  OCYWeCTBAATbCSA  Kak
3/1eKTPOMarHMTHbLIM KnanaHoM no curHany 6noka ynpasneHusa (asuratenn Omega
3000 n Senator ¢dupmbl Opel, aBuratenn astomobunen 280E wn 320E dupmbl
Mercedes), Tak U UCNOJIHUTENbHbLIM MEXaHU3MOM, cpabaTbiBalOLLMM B 3aBUCUMOCTU OT
paspexeHuns BO BNYCKHOM Kosinektope (asuratens M5 dmpmel BMW).

MpakTnyeckn y BCeX Ha3BaHHbIX ABUratenem HauymHas C 4acToTbl BpalleHus
npumepHo 4000 1/MUH pa3sgenuTenbHas 3ac/lOHKa OTKpbIBAeTCA, M B pe3yfbTaTe
3TOro ¢QopMa BOJSIH M3MEHSeTCs TaK, 4YTO [AOCTUraeTcs BblCOKash MOWMHOCTb. B
3aBMCMMOCTU OT KOHCTPYKUMMU M HACTPOMKU BMYCKHOM CUCTEMbI MOXHO MOJYYUTb
AanbHelnuwee yBenmyeHne MOLLHOCTM, eCc/liM NpU OYeHb BbICOKOW 4YacToTe BpalleHUus,
HaunMHasa ¢ 6000 1/MMH, 3acnoOHKY CHOBa 3aKpbiTb. lNMogobHass cuctema 0AMHAKOBO
3 deKkTMBHA Ha ABUraTeNsax Kak C ABYMSl, TaK U YETbIpbMS KfanaHaMm Ha UManHAP.



4. NOBbIWLEHVUE MOLWHOCTUN ABUTATENSA

BbisiBUTb pe3epBbl GOpCMpOBaHMS ABUraTenss MOXHO C npueiedyeHmneMm hopMynbl
Ans pacyeta apPeKTMBHOMN MOLLHOCTU, KBT:

P=p Vi n/(307),

raoe p,. - cpeaHee 3ddekTnBHoe pasneHue, Mla; V, - pabounn ob6beM
umMnuHapa, aMm3; i - KONMYECTBO UWMIWMHAPOB ABUraTens; n - 4yacrtoTa BpauweHusa KB,
1/MWH; 7 - TakTHOCTb ABuratens (AnsS 2-TakTHbIX ABuratenen r = 2, a Aana 4-

TaKTHbIX 7 =4).

MpnHMMas BO BHMMaHWE TO O0BCTOATENBLCTBO, YUTO COBPEMEHHbIe aBTOMObOU/IbHbIE
ABUraTenn SBASKOTCA BbICOKOOOOPOTHbIMMU, MOXHO YTBEpPXAATb, UTO AasibHeuwee
dopcmpoBaHme ux nyTeM MNOBbIWEHUS 4acToTbl BpaweHua KB gaBnsderca Mano
nepcnekTnBHbIM. OCHOBaHMI AN TakoOro BbiBOAA HECKOAbKO. Bo-nepsbix, npwu
BO3pacCTaHUM n Hen3bexHO MOBbIWAKTCA NOTEPU HA TPEeHMe B MOALIMMAHUKAX U B
COMPSKEHUU  MNOopwHEen C  UWMAMHAPOBbIMM  BTY/KAMKW, pacTyT noTepu  Ha
OCYLLECTB/IEHNE HACOCHbIX XOA40B U T.M., YTO BeAeT K YMEHbLUEHMK MeXaHMU4eCKoro
KMNA 7, W CHMXEHUIO 3SKOHOMUYHOCTW ABUratend. Bo-BTOpbiX, 3TO BeAeT K

YMEHbLUEHMIO pecypca ABuraTens. MNo3ToMy AaHHbIKM cnocob ¢opcnpoBaHUs HaxoauT
NPUMEHEHME N1Lb Ha ABUraTensiX ClopTUBHbIX aBTOMOGUIEN, NpeaHa3HaYeHHbIX AN
YCTQHOB/IEHMSI PEKOPAOB CKOPOCTU M HE MPETEHAYOLWNX Ha AONTOBEYHOCTb.

N3 npuBeneHHon ¢GopMysibl BUAHO, YTO MOBbLICUTb MOLLUHOCTb MOXHO TaKXe Kak
3a cyeT yBesInyeHus paboyero obbemMa UuIMHAPaA NyTEM U3MEHEHUS AMaMeTpa U xoaa
MOPLIHS, TakK W 3@ CYET YBE/NUYEHUS KOMMYECTBA UWUIUMHAPOB. YBenuyeHue
KonmM4yecTBa UMIWMHAPOB Heu3b6exHO CBA3aHO C POCTOM rabapuTHbIX pasMepoB
ABUraTensl, 4To He Bceraa MpPUEMSIEMO W3-3@ OFpaHWYEHHOro MpOCTpaHCTBa
MOTOPHOIO OTCeka aBToMObunsl. YBenuuyeHMe xoda MOPLWHS MOXeT 6biTb
OCYLLECTB/IEHO KaK MyTeEM 3aMeHbl KB Ha HOBbIM, Tak U MYTEM 3KCLUEHTPUUYHHOIO
ob6TauMBaHUs, HanpuMMep, LWATYHHbIX LWEeK Ha YMEeHbLEeHHbIA  AnaMeTp.
HemanoBaXHbIM 34eCb SIBASIETCS M TO 06CTOATENBLCTBO, UYTO 3aMeHa KB Ha HOBbIN, C
YBEIMUEHHbIM paMyCOM BpaLLUEHUA KPMBOLIMME, COMPOBOXAAETCA HEKOTOPbIM
yBE/IMYEHMEM MacChl ABUTraTeNs.

MockonbKy V,=zD’S/4, TO OYEBMAHO, UYTO yBENUYEHME AMaMeTpa uunvHapa D

OKa3blBaeT Ha NOBbIWEHME MOLWHOCTM 6oNblUuee BAUSHUE, YEM TaKoe Xe YBEINYEHNE
XoA4a nopuwH4 S. Ecnu NMPUHATbL BO BHUMaAHUE, 4YTO MHOIrme aBTOMOOUbHbIE ABUraTENN
MMEKT pe3epB And YBEINYEHUA AWMaMEeTpa MNOpPLUHA 6e3 un3MeHeHUs BHEeLWHUX
Fa6apVITOB 6noka umnmHapoB, T.€. 3a CYEeT PacToykn UMIMHAPOBbLIX BTYJIOK MoA
NOPLWHN yBEINYEHHOIO AMaMeTpa, TO 3TOT NyTb A/A TIOHUHra ABWUratensa BbirnaaunuT
AOCTAaTO4YHO nNpuBneKaTesibHbIM,



HakoHeu, NoBbICUTb MOLWLHOCTb ABMUraTeNs MOXHO 3a CYET YBEIMYEeHUS CpedHero
3d@deKTMBHOro JaasneHuss. Hawnbonee [AeNCTBEHHbIM CNOCO6OM yBeNYEHUs p, .

ABNaeTcs Hapays. [lpn Hapayse ynydwaercsa HanosHEHWE UWIMHAPOB CBEXUM
3apsaoM, YTO MO3BONSIET CXKUraTb B UMAMHApax 6osnbllee KOMYECTBO TOMAMBa U
nosy4yaTtb 3a cyeT 3Toro 60si1ee BbICOKYHO arperaTHy MOLWHOCTb ABUraTens.

4.1. YBenmyeHne pabovyero ob6vrema gBuraress

PaccMOTpMM HeKoTOpble pe3ynbTaTbl yBenuyeHuns pabodvero obvema psuratend,
yCTaHaBnmBaeMoro Ha Hambosiee nonynsapHole Mogenn asTtomobunen BAS.

YBenuyeHue xoaa nopwHsa ¢ 71 mm go 74,8 MM nytem 3ameHbl KB Ha HOBbIN, C
NpoTMBOBECAMM Ha BCex uwekax, u aopaboTka KIMHOBUAHOM KaMepbl CropaHus
aAsuratensa BA3-21083 no3sonswT yBennumtb ero pabouuin obvem ¢ 1500 cM3 po
1600 cm3. 3aMeTuM, 4YTO Haluume MnpoTMBOBECOB Ha Bcex wekax KB nossonser
pa3rpy3nTb KOpPEHHble MNOAWWNHUKN ABUratenss OT AeUCTBUA LeHTPO6eXHbIX Ccun
WHEPUNN HeypaBHOBELIEHHbIX BpallalwWmnXcad MacC U TEM CaMbiM YBEUYUTb UX CPOK
cnyx6bl. YTOo6bl COXpaHUTb HEU3MEHHOW CTeneHb CXaTusi, UMEKLWMNCS KOMMIeKT
nopwHen wunu pgopabaTbiBaeTcd WM 3aMeHsAeTCca Ha HoBbln. OAHOBpPEMEHHO
HECKO/IbKO YyBenuumBaeTcsa o06beM KaMepbl CropaHuss B rosoBke umnmHapos. [pu
AopaboTke pgHuwe nopwHen obTaumBaeTcsi, B pe3ysbTaTe 4Yero BbiCOTa rOSIOBKM
NOPLHSA YMeHbliaeTcsas Ha 1,5 MM. YTonaHuve noplHEX MNpU MOSIOXEeHUU ux B BMT
OTHOCUTENbHO Topua 610Ka LMANHAPOB HE AO/HKHO npeBbiwaTth 0,1 MM.

Mpu yBennyeHun yactoTbl BpaweHnsa KB ¢ 5550 1/MunH go 5800 1/MWH MOLLHOCTb
aAsuratens so3pactaeTt ¢ 52,3 kBT (71 n.c.) po 62,6 kBT (85 n.c.). MakcuManbHbIN
KPYTSALWMA MOMEHT ABUraTens B AMana3oHe CpeaHUX UM HM3KUX 4acToT BpaleHusa KB
yBennumeaetca Ha 10%. B pe3ynbTtate BbINOJHEHHONO THOHWHrA KO3 PUUMEHT
npucnocobnsieMoCcTn yMeHbluaeTcs € 3HadeHuma k =1,18 po k& =1,15. Mony4yeHHble
pe3ynbTaTbl AOCTUraldTCA MpU COOTBETCTBYHOLWEN HACTPOWMKE U peryinpoBkKe CUCTEM
NMUTaHMA W 3axXuraHuma asuratens. Y asuratenss € CUCTEMOW  BMNPbICKMBAHMUSA
NPOM3BOANTCHA, KPOME TOro, 3aMeHa nporpamMmmbl yrnpaBieHUs.

Ons npnaanuna asuratento BA3-21083 "cnopTuBHOro xapakrtepa', npu KOTOPOM
COXPaHAKTCA Ha3BaHHble Bblle MpeuMmyllecTBa B AMana3OHe CpefHUX WU HU3SKUX
yacTtoT BpauweHna KB, a MOWHOCTb nosblwaetcs go 69,9 kBt (95 n.c.) npm 6200
1/MnH Cc coxpaHeHneM "snacTMyHOCTU" BO BCeM Amana3oOHe Harpy3oKk - HacTpouka
"cnopT", B [AONOJSIHEHWE K YXe& nNepeyvynucsieHHbIM MepornpuaTUaAM MpPOU3BOAATCS
cneaytwowme paboTbl:

e VMeKLWNMecs TMOPLHM 3aMEHAITCHS Ha "CNOpTUBHbLIE", W3roTOBJIEHHbIE
MEeTOAOM KOBKW, C 3KCUEHTPUYHbIM pacrnosioXXeHneM OTBepCTUsa Mo MopLIHEBOM
naneuy;



e CTaHAAPTHbIN pacnpeaenuTenbHbI Ban 3aMeHseTcs Ha HOBbIN,
obecneumBatowm xoa knanaHos 10,26 MM;

e KJanaHbl perynmpyroTca Ha HoByk 6a3y pacnpepenuTenbHOro Bana; Ans
TOHKOW  HACTpouku a3 rasopacnpegeneHmss Ha pacrnpeaenutesnibHbin  Ban
yCTaHaBNMBAETCS pa3pe3Has LecTepHs, 3yb4yaTbinl BeHel KOTOPOWM  MOXHO
nepeMewaTtb OTHOCUTESIbHO CTYNuLbl;

e BMYCKHble W BbINYCKHbIe KaHasbl FOJIOBKU UWAMHAPOB CrPSAMASIOTCS W
YBEeIMYNBAKOTCHA B CEYEeHUN, Nocae Yyero noasepratoTcsi NoANPOBAHUIO;

e KOHTYpbl (pNaHLUEB BMYCKHbIX M BbIMYCKHbIX KaHA/N0B B rosIoBKe UWMAMHAPOB U
obonx konnektopoB obpabaTtbiBaloTCs NO WAabMoHY, Nocne 4Yyero ux UeHTpupoBaHue
NpOM3BOANTCS NOCPEACTBOM WTUPTOB;

e [N yNAydlleHWs TenaooTBoAa OT KJAanaHOB MX 4YYryHHble Hanpasnslowme B
rONI0BKE LUMANHAPOB 3aMeHS0TCs Ha BpoH30BbIe;

e N5 YMEeHblUeHUs CONpoOTMBJIEHUS Ha BMYyCKe-BbliNyCKe paguyc nepexona oOT
CTEPXHS KflanaHa K ero rojioBKe yMeHbLlaeTCcs.

ToHnHr asuratens BA3-21083 B yka3aHHOM obbeMe elle He rMo3BonseT
pacKpblTb MOJIHOCTBIO €ro wuMewwunca noteHuman. [lpyU  HaAM4YMM  CUCTEMBI
BMPbICKNBAHNA MOLLHOCTb ABuratensa MoxeT 6biTb gosBeaeHa Ao 81 kBt (110 n.c.) -
HacTponka "cynep". CnpaBennvMBOCTM paau cnenyer OTMEeTUTb, UYTO MpU 3TOM He
YAAETCs COXpaHUTb "anacTUYHOCTL" paboTbl ABUraTens BO BCEM AMarna3oHe Harpysok
- A0 4acTtoTbl BpaweHusa 2500 1/mmH HabnwpatTcs "nposanbl". OgHakKo, Takow
ABUratenb MOXeT A0CTaBUTb HacTosillee yAOBOMbCTBME M0bUTeNnsM CrnopTUBHOM
e3bl.

Ons nony4vyeHnss ykazaHHOM MOLLHOCTWU TIOHWHI ABUraTens BK/AKOYAET cneaytouwme
OOMOJSTHUTENIbHbIE MEPONPUATUS:

e YCTaHOBKa BMNYCKHOro Kosnekrtopa o6bemMoM 3 n;

e CTaHAAPTHbIN pacnpeaenuTenbHbIN Ban 3aMeHseTcs Ha HOBbIN,
obecneumBaroWwmm xoa KnanaHos 11,2 MM.

Mpn BbIMNOJIHEHMM BCEX BWMAOB Ha3BaHHbIX Bble MeponpuaATUM YyaaeTcs
YCTpaHUTb psia HeAOCTAaTKOB, 3a/I0XKEHHbIX B ABUraTtesb Ha CTaguu rnpou3BOACTBa, U
NpyU COXPaHEHMM €ero pecypca W pPEMOHTOMNPUrOAHOCTU CYLLUECTBEHHO YBENNYUTb
MOLLHOCTb 3@ CYeT BHECEHUSI KOHCTPYKTUBHbLIX W3MEHEeHWWn, pa3paboTaHHbIX AN
ABUraTenem CnopTuBHbIX aBTOMObunen.

4.2. lNpunMmeHeHne HagayBa

MoWHOCTb ABUraTtenss C HaaAyBOM B 3Ha4UTENbHOM Mepe MNponopuUMOHasbHa
AABNEHUIO HagayBa. DTO MO3BOJISET OPUEHTUPOBOYHO OLIEHUTb 3HAYEHME MOLLHOCTH,
nosly4yaemoe npwu Hagayse Asuratens, no gopmyne:



Qk:Pe.(pka/pO)l
roe Pek - MOLWHOCTb ABuratensa C HagayBoMm; P, - MOWHOCTb ABuratens 6e3

e

HagayBa; p,, - abCoNOTHOE AaBneHue HaaayBa; p, - aTMOCcdhepHoe AaBneHue.

NMpuMeHeHMe HagayBa BnedyeT 3a cobon yBenmuyeHue U TernsioBOM Harpyskum Ha
petanun asuratens. PeweHne aton npobneMbl MOXeT 6blTb AOCTUIHYTO, HarnpuMmep,
NyTeM OXNaXAEHMA MNOpLWHEN MacnoM 4epe3d creunanbHble POPCYHKM CO CTOPOHbDI
KapTepa, a TakXe YCTaHOBKOW XapOCTOMKUX KnanaHoB. CUCTeEMa OXNaXAeHUs Takxe
AO0/KHa 6bITb paccunTaHa Ha oTBoA 6onbluero KosimyecTsa TeNA0Tbl. DTO AOCTUIaeTCs
yCTaHOBKOW paauaTtopa O6onbliero pasMepa, a Yy ABuratenem C BO34YLHbIM
OXNIAXAEHMEM - YyBEe/IMYEHMEM KOMMYecTBa OxJaxaawuwero uumnmHapbl Bo3ayxa. B
3aBMCUMOCTM OT YpPOBHS OpCUpOBaHUS ABUraTenss MOXeT noTpeboBaTbcs U
3 PEeKTMBHOE OXNaxXaeHMe CMa304YHOro Macna.

CnepyeTt nMeTb B BuAy, UYTO Npu OTCYTCTBMM HaadyBa MOLWHOCTb HaadyBaeMoro
6eH3MHOBOro ABUraTens, Kak npaBuNo, HuMXe, 4eM y asuratensa 6e3 Hagaysa,
KOTOpbIM He npeaHa3HayaeTcsa Ana Hagaysa. OCHOBHas nNpuymMHa 34eCb B TOM, 4YTO Y
ABuratens C HagAyBOM  ANs  npeaoTBpalleHuss AeTOHAUMOHHOro  CropaHums
reoMeTpuYecKyr CTeneHb CXXaTUsl HECKOJSIbKO YMEHbLUAIoT.

Bonpoc o0 npaBwabHOM Bblbope cTeneHW CXaTtusa Ans Asuratenss ¢ HaanyBOM
MMeeT O4YeHb BaXKHOe 3HauveHue, ocobeHHO ansa 6eH3MHOBbLIX ABUratenen. B sTon
CBS3M HE06X0AMMO pasninyaTb CTEMEHb CXKATUS FTEOMETPUYECKYIO & U CTENEeHb CXXaTus
3PPEKTUBHYIO &, .

[na nosicHeHMs 34ecb cneayeT BCMOMHUTL  dopMyny Ans  onpeaeneHus
reOMeTpMLIeCKOVI CTENEHn CXaTunsa, KoTopada MMeET BN/
e=(V, +V)IV,,

raoe V., - paboumn obbveM umnuHapa; V. - obbeM kKamepbl cropaHus. T.e.

reoMeTpuyeckas crterneHb Cxatusa (danee - cTeneHb CXaTtus) npeacrtaBnsieT cobom
OTHOLWEHMe nonHoro obbemMa Hag nopwHeM (Npu nosoXeHun nopwHa B HMT) K
obbeMy Haa NOpPLUHEM NpU NONOXEHUN ero B BMT.

B coBpeMeHHbIX aBTOMOOWbHbIX ABUraTensix CTPeEMATCS WMEeTb 3HayeHue
CTerneHn O©XaTusg MaKCUMasibHO BO3MOXHbIM, TaK KakK nMpuM 3TOM [OCTUraKTCsH
Hanbonee BbICOKME 3HAYeHUs] MOLWHOCTM U KpYyTAWEro MOMeHTa, a YAeslbHbIN
3 PeKTnBHLIN pacxos TonauBa 6yaeT MeHble. N BCe Xe BepxHee 3HadeHue & He
MoXeT 6bITb 6€3rpaHNYHO BbICOKUM.

B 6eH3nHOBbLIX ABuratensx 3Ha4yYeHMe ¢  OrpaHuuymMBaldT W3 YCAOBMUSA
HeAOoNYCTUMOCTU BO3HUKHOBEHUSA [AETOHAUMOHHOIMo CropaHus. YAO0BNEeTBOPSOLLYO
3TOMY YC/MOBMIO TrpaHuUy HasblBalOT rpaHuuen aetoHaumu. [paHuua AeToHauuu
3aBUCUT HE TOSIbKO OT 3HAYEHUs &, HO M OT APYrMX KOHCTPYKTUBHbIX MapaMeTpoB



aAsuratensa (Hanpumep, oT GOpPMbl KaMepbl CrOpaHUs, KOInM4YecTBa CBEYen 3aXKnraHus
Ha OAWH UMAMHAP U T.M.), @ TakKXe KayecTBa MCNosb3yeEMOro TonJamBea.

B  Au3enbHbIX  ABUratenax B CBA3M  C  OCOBEHHOCTAMM  npouecca
cMeceobpasoBaHna (B UMAMHAPE CXMMAETCS UYUCTbIM BO3AYyX, @ He rortoBas K
CropaHuio cmecb) npobsieMma BO3HUKHOBEHUSA AETOHALMOHHOIO CropaHus OTCYTCTBYET.
3necb Heob6xoanMMo niberatb MOHUXEHHbIX 3HAYEHUN CTEMEHU CXAaTUS, C TEM YTObObI K
npyu HebnaronpusaTHbIX YCNoBusX (HanpuMmep, MNpPU O4YeHb HU3KOMW TemnepaType
OKpyXawwen cpeabl) obecneuyntb HaAeXHOe CaMOBOCM/JIaMEHEHNE CMecu B
umnnHgpe. MNMoaToMy nerkosblie aBTOMOOMAM OCHaLLATCA AM3ENbHbIMU ABUraTensiMum
CO CcTeneHbk okatma oT 19 po 23. [lpu 3TOoM 60siee BbICOKME 3HA4YeHUd ¢
Ha3Ha4arTCH B ABuratensx C npeakaMepHbIM n BUXpeKaMepHbIM
cMeceobpasoBaHueM, rae MoBepXHOCTb KaMepbl CropaHusa ysenuyeHHasi. bonbline
3Ha4YeHUs e SBMSAKTCA OCHOBHOM MNPUUYMHOM BbICOKOM 3KOHOMWYHOCTU AU3ESIbHbIX
aAsuratenen. [lanoHelwee yBeWYEHME & HEe J[aeT CyLWeCTBEHHOro BbiMrpbilla B
9KOHOMMYHOCTU, HO TpebyeT 6onee >XeCcTKOW KOHCTPYKUMM OCHOBHbIX JeTaneun
ABuratensd, a cnepoBaTeNnibHO, YBESIMYEeHUS ero  MeTassIoeMKOCTM, 4YTOo Ans
aBTOMOOU/IBHOIO ABUraTesnid KpanHe HexenaTtesibHO.

CreneHb ©XaTmsa aBTOMOOMNbHBLIX AU3ENbHbIX ABUratenenm C HagayBoOM
OCTaBNAT MNpaKTUYEeCKNn TaKoM Xe, Kak Wu B nABuratenax 6e3 Hagaysa. [pu
BO3HUKHOBEHWWN 3HAYUTENbHOMW TEMNIOBOM Harpy3ku Ha MoplwHM npobnema pellaercs,
HanpuMmep, nNyTeM OMpPbICKMBAHMA [AHWLWLA MOpLWHEeNW MOTOPHbIM MacsoM 4epes
cneumanbHble POPCYHKN CO CTOPOHbI KapTepa.

CreneHb cxaTtms 6eH3MHOBbIX ABUratenenm 6e3 HagayBa Npu UCNOSb3YEMOM B
LeHTpanbHOM EBpone Ttonnmee coctasnsieT oT 7 Ao 11. NS HWXHEN rpaHuubl 3TOro
AnanasoHa npuMmeHsieTcs 6eH3MH A-76, Torga Kak Ans BepxHen Tpebyetcss 6eH3UH
Super C OKTaHOBbIM 4YWUCNOM, onpeAesieHHbIM MO WUCCeaoBaTeNlbCKOMY MeToay, He
MeHee 98 eanHuny (cootsBetcTtByeT AN-98).

B 6eH3MHOBbIX ABUraTensx 3a C4YeT HACTPOMKM CUCTEM BMyCKa M BbiNyCKa Aaxe
npu OTCYTCTBMM HagAdyBa AaBfiIeHME KOHUA CXKaTus B UUIMHAPE MOXET MNpeBbilaTb
AaBneHne, obecneuynBaeMoe TONbKO 3a CYET reoMeTpuYecKon cTeneHu cxkatus. A B
cnyyae rnpuMeHeHMs HapayBa YypOBeHb [AaBfieHUs, MpU KOTOPOM OCYLeCTBAseTCSH
pabouynn UMK, CTAHOBUTCSA Bblle, MO3TOMY, €C/IM He MPUHSATb cCheuuasnbHbIX Mep,
nerko Moxet 6bITb AOCTUIHYTa M Aa)ke MpeBblWeHa rpaHnuua AeToHauum.

Mexay reomeTpmyeckom u 3(PEPeKTUBHOM CTEeNeHbl CXaTud, AeNCTBUTENbHO
MMeKLeNCS B ABuUratesie, 4acTo BO3HMKAET 3HauuTesbHas pas3Huua. OnpenennTb

3Ha4yeHue 3 HEKTUBHOM CTENEHN CKATUA NMPUBAMXKEHHO MOXHO MO popMyne
1/k

&, =&(p, ! Po)
roe k - nokasaTtenb aauabatbl (YMcneHHoe 3HayeHue paBHO 1,41). dopmyna
[aeT yaoBNETBOPUTENIbHbIE pe3ynbTaTbl NpU AONYLWEHUU, YTO TEMNepaTypa B KOHLE



npouecca coxaTtusa y asuratens ¢ HagaysoMm u 6e3 Hagaysa oamHakoBasi. OueBuaHo,
yTo Ansa obecneyeHma 6e34€TOHALMOHHOIO CropaHus Npu yBeNYeHUU Haaaysa
reoMeTpuyeckKyro CTerneHb CXaTtua HeobxoaAMMO YyMeHblwaTb. Hanpumep, ecnmn
aABuratenb 6e3 HagayBa MMeeET CcTeneHb oxatua 10, To B cnyyae HagayBa ero npu
AasneHun p, = 1,3 6bap cneayet reoMeTpuUYecKyto CTerneHb CKaTua YMEHbLUTb A0

8,3, a B cny4yae Hagaysa npuv gasneHuu p,. = 1,8 6ap - 4O OTHOCUTENIbHO HU3KOIO

3HayeHunsa 6,6.

BaxHbIM (aKTOpoOM, MO3BONAKOWMM TMOBbICUTbL CTENEHb OXaTua 6e3 pucka
BO3HUKHOBEHUS AETOHALUMOHHOIO CropaHus, SBASIETCA oXJlaXAeHue HaaayBOYHOro
Bo3ayxa. Hanpumep, ecnn pasuratenb € HagayBoM U 6e3 xonoaunbHUKA
HagAyBOYHOMO BO34AyXa YXe npu cteneHn coxatmsa 8 pabotaetr 61M3KO K rpaHuue
AeToHauun, To Npu ocHaweHun ero 3PEdHeKTUBHbIM XON0OAUTbHUKOM CTEMNEHb CXKaTus
yAaeTcsa noBbICUTb A0 9.

4.2.1. OcobeHHOCTM TIOHMHIa NOCpeaACTBOM HaaAyBa

Paznuuator 2 BuAa TIOHWHIa ABuratensa nocpeacTtsoM Haaayea. [lepBbin,
CpaBHUTENbHO MPOCTOM BWA, 3aKIO4YaeTCqd B YBE/IMYEHMM MOLHOCTU MMeKoLerocs
ABuratens c HagaysoM. Btopoi, 6onee cnoxHbin B4, COCTOUT B HaaayBe ABuraTtens,
NpoOeKTMPOBAaBLUErocs nepBoHavyanbHO Ang paboTtel 6e3 Hagaysa.

B nepBoM cnydyae MOXHO MNOBbICUTb MOWHOCTb OTHOCUTENbHO MPOCTO 3a CYeT
yBenuyeHuss pasneHus Hagaysa. MWcnonb3yemble Aans  3TOro  npuembl  6yayT
paccMOTpeHbl HMxXe. OnpeaensiowmM Kputepruem 34ecb BASETCS NPUPOCT MOLLHOCTU
aAsuratens npumepHo Ha 10 % npu yBenndeHun Hapaysa Ha 0,1 6ap. Ho noaxoanTb
K 3TOMy cregyeT, KOHEYHO, [OCTaTO4YHO OCTOpOXHO. be3 nposeaeHums
OOMNOSIHUTENbHbIX MeponpusaTUA  HeNMb3si pPeKoMeHAOoBaTb MOBbILLEHWe AaBlieHUs
HapayBa Aasuratensa 6onee, yem Ha 0,1 6ap. OTO CBSA3@aHO C BO3MOXHOCTbIO
BO3HWMKHOBEHUS AeToHauuMM WU neperpy3ok getanen KpPUBOLIMMHO-LATYHHOro
MexaHu3Mma. OaHaKo AaBneHue HaglyBa MOXHO YBelINM4UTb, Hanpumep, n Ha 0,2 6ap,
eCcnn  AONOSIHUTENIbHO YCTaHOBUTb XONOAWSIbHUK HaaAyBOYHOro BO34yXa WM
3aMEHUTb YXe MWMEKLWNNCA XONOAMNBbHUK Ha XOoNoAuNbHUK 6onbliero pasmepa,
COOTBETCTBEHHO YBE/SIMYMB ero MnponyckHYyK CcnocobHocTb. [pu dopcnmposBaHmnm
ABUraTtens 3a CYeT HagayBa BO3pacTaeT TensoBas Harpyska Ha AeTtanu UWInHAPO-
NOPLUIHEBOW rpynmnbl M MeXaHuU4yecKas Harpyska Ha TpaHCcMuccuio. osaToMy, ecnn He
NnpeanpuHSaTbL Mepbl Mo 6osiee 3PEKTUBHOMY OXTAXAEHUIO HAAAYBOYHOIO BO34yXa U
YCUNEHUID TpaHCMUCCUKM, TO Jaxe AO0CTaTOYHO MOLUHble ABuratenm MOXHO
dopcupoBaTtbh NMWb He3HauuTenbHO. He pekoMeHAyeTCs 3KChyaTupoBaTb TaKue
ABUraTenn agantenbHoe BpeMs C NOSHOW Harpy3KoMu.



BTtopon BuA TOHWHrA, TO €eCTb Nocregylulwee OcCHaleHue HaaayBoM
6e3HaaayBHOro AsuraTtens, npeabsBasieT 3HauUuTeNbHble TpeboBaHMA K cneunasnbHbIM
3HaHMAM, a TakKXe TexXHUYEeCKMM pelleHUsM, KOTopble MpaKTUYeCcKn MoxXeT
peann3oBaTb 3aHUMAOLWAACA TIOHUHIOM dmnpMa. TpyaAHOCTb 3aKOYAETCH HE TONbKO B
TOM, YTO He BcCerga npocTto BbibpaTb U HacTpouTb Typbokomnpeccop. NNoMMMO 3TOro
HeobxoAMMO KOHCTPyMpOBaTb HEKOTOpble AeTanu 3aHOBO WU XEe MU3MEHUTb WX
KOHCTpyKunto. U uyem 6onblwe go/mkHa 6bITb MOWHOCTbL ABUraTtens, TEM Bbllle, B
npuHUMNe, 3aTpaTbl Ha npoBeaeHme paboT. B HenocpeaCTBEHHOM OKpPYXEHUU
ABUraTens  noaBeprarTcs  U3MEHEHUSAM UKW 3aHOBO  MPOEKTUPYHTCS U
N3roTaBNMBalOTCA cnegyrowme y3nbl U CUCTEMbI:

e Nnepepada CMIOBOrO NOTOKA OT ABUraTens K TpaHcMuccum (cuenneHune);

e CucCTeMa Bbinycka oTpaboTaBLUMX rasos;

e BMYCKHOW TpaKT CUCTEMbl MNUTAHWUA, BKOYASA MNPUFOTOB/IEHME T[OPHOYEN

e CUCTEMbI OXJIAXAEHNSA N CMA3KW;

e CUCTEMa 3aXUraHusd, BKIHOYAA CBEYU 3aXKUraHUA.

Mpn Hapaoyse aBwuratens, KOTOPbIM MepBOHayanbHO He npeaHasHavancs Ans
HaaayBa, 4acTto Heob6X0AMMO YMEHbLUTb ero reoMeTpuyecKyl) CTeneHb COKaTusa ¢.
YMeHbLIEeHNEe € BO3MOXHO 3a CYeT NMPUMEHEHMS NoplHen C YyMeHbLEHHOW BbICOTOW OT
OCM NOPLIHEBOro nanbua A0 AHuWwa, 3a cyeT 6onee TONCTON YNAOTHUTENbHOMU
NPOKNaAKM TFOSIOBKM UWAMHAPOB, a TaKXe 3a cyeT yBenuyeHus obbema Kamepsbl
CropaHusi HenocpeacTBEHHO B CaMOMW rofnoBKe uuMnmMHApoB. [lpoune MeponpusaTus,
HanpuMmep, OXNaXxAeHue AHULWA MNOPWHSA NyTeM OMNpbICKUMBAHUS €ro MacjioM u3
cneuvanbHOM (OPCYHKM CO CTOPOHbI KapTepa WKW yCUNEHME MOPLUHEBbLIX NajbueB
M3-3a BO3pacTaloWMX 3aTpaT Ha PEKOHCTPYKUMIO MPOBOAATCS O4YeHb penko. Yacro,
4yTObbl 3aTpaTbl Ha TIOHUMHI ABUraTesns He MpeBbICUN ONpeaeneHHOro 3HayeHus,
OTKa3blBAlOTCA Ja)ke OT YMeHbleHUss CTeneHn coxatmsa. B 3ToM cnyvae pans
6EeH3MHOBbLIX ABUraTtenem HeobXoAMMO Yrosa OonepexeHus 3aXMraHus u AaBneHue
Hag4yBa CorslacoBaTb C BbICOKOW CTeneHbi CkaTtus. Npu 3HaUYMTEIbHOM MOBbILWEHUN
MOLHOCTM ABuratens 3a c4yeT HagayBa MoryT notpeboBaTbCs 3HAuUTENbHblE
M3MEHEHMS XOAO0BOM 4YacTW, TOPMO3HOM CUCTEMblI U TpaHCMUCCMKU (NepefaTOYHbIX
OTHOLWEHNUN Kopobkn nepenad v rnasHom nepenayvn. OPUEHTUPOBOYHO 3@ BEPXHIOK
rpaHuuy abCconoTHOro AaBfieHMs HagAyBa B 3aBMCMMOCTWM OT Ha3HadeHusa ABuratens
MOXHO MPUHATb Criegyoline 3Ha4YeHns:

cepuiHble aBTOMO6MAN AN 06bI4YHbIX A0pOr Pw=1,4...1,8 6ap;

aBTOMOOMIN CNOPTUBHLIE N ANA panaun Pw=1,8...2,5 6ap;

aBToMo6mMIn ®opmynbl-1 N ans yCTaHOBAEHUS Pw= 2,8...3,4 6ap.
pekopaoB




B CepMVIHbIX aBTOMOOUNIAX MMeeT MeCTO TeHAeHUMUS K YCTaHOBKe aAsuratenen c
BbICOKOW CTEMNEeHbl CXAaTUS U HEBbICOKMM AaBfieHUEeM Typ6o-Ha.El..D.YBa, TOrga Kak B
FOHOYHbIX aBTOMOOMNAX 3a cYeT pPa3MyHbIX AOMNOJIHUTENIbHbIX MGpOI'IpVIFITVIVI,
HanpmMmep, BMNPbICKUBaAHUA BOAbl, CTpeEMATCA K BCe 6onee BbICOKMM [AaBAEHUAM

HaaAayBa.

4.2.2. Cnocobbl HapgayBa ABurarens

B coBpeMeHHOM aBTOMOOMNECTpOEHMM HajAyB ABUraTenenm BbINOJHAETCS
pasfiMyHbiMKM cnocobamMun, ANs peanm3aunm KOTOPbIX MPUMEHSOT OCHOBAHHblE Ha
pasHbIX MNpuUHUMNAX AOENCTBUS HarHetatenn u Typbokomnpeccopbl. WcTopuueckun
CNOXWMNOCb TakK, 4YTO TepMuH "HarHeTatenb" TnMNPUMEHSIeTCAd, B OCHOBHOM, K
YCTPOMCTBAM CXaTUs BO34yXa, UMEKWMM MexaHW4yecKMin npuBoa OT KOJSIeHYaToro
Basia ABuraTtens.

Hapays ABuratens C rnomollbld HarHeTaTenem, MMerLlWmnX MexaHM4yeCcKMin nNpuBosg,
OT KoneH4yatoro Bana, u3BecteH ¢ 30-x ropoe. B HacTosiwee BpeMa Haubonee
M3BECTHbl KOHCTPYKUMM MexXaHW4yecKux HarHetatenem Roots, Sprintex (co
cnupanbHbiMK nonactsamu), Zoller, Wankel. CnpaBeanmeoctn pagun cneayeTt ckasaTb,
yTO HarHetatenun dupmbl Wankel n Zoller (wunbepHbie Unm nnactmHYaTble) Tak U He
BbILWAM N3 CTaAUWN ONbITHOW pa3paboTku.

Bonee CNOXHbIM TEXHONOMMYECKM B W3FOTOBJIEHUU SBASIETCS HarHertartesb
cepum G, NosyumBLINIA CBOE Ha3BaHMe M3-3a GOPMbl CKpanen, HanoMmMHaoWwen aTy
6ykBy. WNaoea Takoro HarHetaTensa 6bina u3BecTHa ewe B Hadane XX Beka, HO
BrnepBble 6blna peanu3oBaHa dupmon Volkswagen B 1985 r. HarHetatenem G40
dbupma VW ocHawana gsuratenn astomobunen Polo Bnnotb Ao 1994 r. MNMpwn pabouem
obbeme asuratens 1,31 NpMMeHeHWe HaadyBa MO3BONMAO MONYYUTb MOLWHOCTb 83,2
kBT (113 n.c.). C 1988 r. dupma KoOMnnekrToBasa HeEKOTOpble ABUraTenmu
aBToMobunen Corrado m Passat HarHeTaTenem mMOBbIWEHHON MNPOU3BOAUTENBHOCTU
G60, B pe3ynbrtaTte 4yero npu paboyem obveme asuratens 1,8 n oH passBuBan
mMowHocTb 117,8 kBT (160 n.c.). Undpa B MapkmpoBke HarHetatenen cepumn G
O3HayaeT WupuHy wux cnupanen. lNpu yactoTe BpaweHus potopa 10200 1/MuH
HarHeTaTenb cepun G cnocobeH co3paTb U3bbITOUHOE pasneHne go 0,72 6ap. lMpu
napaMeTpax HarHetaTtens, obecneumBatowmx Hambonbllee 3HaYeHne MaKCMMasabHOro
KpyTSaLWero MOMeHTa, 3ac/ioHKa nepenyckHoro Tpy6bonpoBoda BO BpeMs paboTbl
6eH3MHOBOro ABuratenss Ha HOMMHaNbHOM MOLLUHOCTU [OJ/KHA NpPUOTKPbIBATbCH,
4yTObbl M36EeXaTb NepeobeaHeHUs cMmecu.

Obwmn cywecTtBeHHbI HefoCTaTOK, MNPUCYLLMA BCEM  HarHetatensaMm C
MexaHn4yeckuMm npumsoaoM ot KB, - 3TO HeobxoaMMOCTb 3aTpaT Ha MX NPUBOA 4acTu
MOLLHOCTW, pa3BmBaeMon asurartenem. 1o 3Ton npuymMHe Npu OAMHAKOBOM AaBJIEHUN



HagAyBa JABWratesib C HarHeTaTesleM HECKOJIbKO MNpourpbiBaeT B 3KOHOMWYHOCTU
Asuratento ¢ TypboKoMnpeccopom.

[NaBHble npeuMywecTBa HarHetatenem C MexaHWyeckmm npueoaoM oT KB
3aK/K4YaTCa B TOM, 4YTO TnMpuM BO3AENCTBMM HaA nMefanb akcenepatopa WUX
NPOU3BOAUTENIBHOCTb  MPaKTUYECKM MIHOBEHHO UM3MeHseTcda. DTO  Mo3BongeTr
obecneumBaTb ObICTPYIO OTBETHYIO peaKkuMio ABUraTesiss Ha WU3MEHEHMEe Harpysku u
€ro BbICOKYK TMpMEMUCTOCTb. Kpome TOro, paBurateslb C TaKuUM HarHertatesnem
xapaktepusyetca 6onee KpyTom KPUBOM 3aBUCMMOCTM MOLWHOCTM OT YacToThl
BpaweHnsas KB wu oTanyaeTcsa A0CTaToyHO 60/blMM  KPYTAWMM  MOMEHTOM MNpwU
NOHMXXEHHOW YacToTe BpaLleHus.

NMeHHO 6narogaps Ha3BaHHbIM MpeMMyLecTBaM 3TW HarHetaTenuM AoCTaTOYHO
LULMPOKO MNPUMEHSIOTCA MNpPU TIOHUHIe ABuratenem asTomMobunen, K AMHaAMUYECKUM
KayecTBaM KOTOPbIX NpeabsBASAlOTCS MNoBblWeHHble TpeboBaHuda. [llocnegHee
Harnsa4aHoO MpoOAEMOHCTPMPOBAHO Ha MeXAyHapoAHOW aBTOMOOWLHOW BbICTaBKe BO
OpaHkdypTe B ceHTabpe 1999r., roe npeacTtaBUIM CBOK MNPOAYKUMIO TpU AecsaATKa
€BpONencKMUX TIOHUHIOBbLIX ¢upM. Tak dupma Lorinser nokasana asToMobunu
Mercedes ¢ V-obpa3HbiMM  8-UMANHOPOBbLIMM  6EH3MHOBbBIMKM  ABUraTensMu,
obopynoBaHHbIMN CUCTEMOW BMPbICKMBAHUA C U3MepuTeneM MacCcoBOro pacxoja
BO34YyXa W HarHeTtaTesieM C MexXaHW4yeckuM npmeoAoM. bnarogapsa HagayBy MOLLHOCTb
6asosoro asuratens E430 6bina yeBenuueHa Ha 24% wn coctaBuna 255,4 kBt (347
n.c.). MakcmManbHbIM KPYTSLWMM MOMEHT BO3poC Ha 27,5% u goctur 3HavyeHusa 510
HM. ®opcupoBaHuMe aHanormdHbiM cnocobom 6aszosoro asuratens E 50 AMG
NO3BO/INIO YBEANYUTb MOLWHOCTb U MaKCUMasnbHbIN KPYTALWMA MOMEHT NPUMEPHO Ha
17%, B pe3ynbTaTe 4yero 3TW nokasaTenum AOCTUIIN 3HAYeHU cooTBeTCcTBeHHO 305,4
kBT (415 n.c.) n 620 Hm.

B HarHeraTensx, Ha3BaHHbIX Bbllle, CXKaTWe BO34yXa W BbITECHEHME ero BO
BNYCKHOW KOMMEKTOp ABuratens npoucxoaut 6narogapss yMmeHblleHuMio obbema
NOSIOCTN, 3aKKOYEHHOMN Mexay paboynmMy anemMeHTaMu HarHeTaTens. To eCTb UMeeT
MeCTO MexaHM4yecKoe CxaTue ceBexero 3apsga (oTciopa, BeposiTHee BCero, U BO3HUK
TEPMUH "MexaHu4deckmn" HarHetaTenb). B BosHOBOM HarHetaTene Comprex upmbl
Asea-Brown-Boweri 06beM akcuanbHO PpacrnosioXXEHHbIX MOJ0CTEN B poOTOpE He
n3MmeHsietca. o KOHCTPYKUMM PpOTOp, WMMELWMn MexaHudyeckmn npusosd oT KB,
HanoMmuHaeT 6apabaH pesBonbBepa. [lpu BpaweHUn poTopa Topey, MoNAoCTU C
3anoJIHMBLUMM €e CBEeXWUM BO34YyXOM NnoaxoAWT K OTBEpPCTUI0, Yepe3 KOTOopoe B 3Ty
NOSIOCTb HAa4YMHaKT NOCTynaTb oTpaboTaBwue rasbl. B pe3ynbrate B3aMMOAENCTBUS
ropsumx Ol ¢ XonogHbIM BO34YyXOM obpasyeTcs BOMHA AaBneHus. ®poHT 3TOW BOJIHbI
CKMMaeT BO34yX M Npu noaxone topua NONOCTU K OTBEPCTUIO BMYCKHOMO KOJi1eKTopa
NPONCXOANT BbITECHEHWE BO34yXa B KOJUIEKTOpP. TakK KakK poTop npoaos/KaeT
BpawaTbCs, TO TOpeL NOSIOCTU pOTOpa yXOAUT OT OTBEPCTUS BIMYCKHOrO KOJIJIEKTOPA,
n O He ycneBalwT MPOHWKHYTb TyAda BCAe4 3a CXaTbiM BO3ayXoM. Bbinyck Ol



NPOUCXOAUT YyXXe B OTBEpCTUE BbIMYCKHOro TpybonpoBoaa, nocne 4ero B MNOAOCTU
poTOpa CO34aeTcs pas3pexeHue, cnocobCTeytowlee HaNOSHEHMIO MOMOCTU CBEXUM
BO34YXOM MNpW MepeMelleHnn Topua poTtopa K OTBEPCTMIO BNYCKHOro Tpybonposoaa.
[Janee 3TOoT npouecc npu BpalleHUW poTopa MOBTOPSIETCS B KaXAOM ero nosiocTu.
Bo/IHOBOM HarHeTaTeNnb yXe A0CTaTOYHO XOopowo cebs 3apekoMeHAOBanA M yCnewHo
NPUMEHSIETCS HEKOTOpPbIMM aBTOMOOWUbHbIMKM duUpMaMn. B 4yacTHOCTU, HAMOHCKas
dbupMa Mazda ncnonb3lyeT ero Ha O4HOM U3 CBOUX CEPUMHbIX ABUraTenen.

CpaBHeHMe NpUEMUCTOCTM MEeXaHW4Yeckoro U BOJIHOBOrO HarHertaTenemu
nokasbiBaeT, YTo 0ba OHM AOCTAaTOYHO 6bICTPO pearnpyroT Ha U3MEHEHME MOJTOXKEHMUS
neaanu akcenepatopa, obecneumBass TpebyeMoe aaBneHue HagAyBa 3@ CUYMTAHHbIE
00NN cekyHAabl. TeM He MeHee, MeXaHW4YeCKMWn HarHetaTesnb AefnlaeT 3TO HEeCKOosbKo
bbicTpee.

Peakuma Typbokomnpeccopa (TK) Ha wn3MeHeHMe TnOoNoXEeHMS nepanu
akcenepaTtopa 6osiee 3ameaneHHas. 19 npuMepa MOXHO NpUBeECTU Takue unodpbl: C
MOMEHTa W3MEHEHUs TMOJIOXKEHUA nefann B pexXuMMe XONIOCTOro xona nAaBJieHue
Hapgayea B 1,5 6ap mMexaHnyeckun HarHetatesnb obecneumsaeT npumepHo 3a 0,25 c,
BO/SIHOBOM HarHeTatenb - 3a 0,80 ¢, a TK - 3a 2,15 c. Takas HuU3Kas NpMEMUCTOCTb
0bbACHSEeTCA OTCYTCTBMEM MeXaHu4deckom cBaA3uM potopa TK C KosieH4aTbiM Bana
Asuratend. 3aMmeaneHHas peakuusa cpabatbiBaHns TK Ha u3MeHeHWMe 4acToTbl
BpaweHua KB HarngaHo npeacrassieHa Ha puc. 4.2.1.
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Puc. 4.2.1. NameHeHMe napameTpoB pabouero npouecca Au3eNbHOIO
asuratensa 84H13/14 npu nycke U3 XosI0A4HOIro COCTOSSIHUA NpU TeMnepartype
okpy>xarwuwen cpeabl +20 °C: p,_ - abconoTHOoe paBneHUMe HaaayBa; n,

yacrtota BpaweHua potopa TK; o - koacpdumumeHT mM3bbiTKa BO3AyXa; n -



yactota BpaweHusa KB; p . - MakcuManbHOe pfaBJieHME CropaHuvs; p, -

AaBJieHUue KOoHLa CXKatus

Ha puc. 4.2.1 oTcyeT BpeMeHu AaH C MOMeHTa AoCTuxeHua BMT noplHem B
MHAUUMPYEMOM unnunHape. Kak BUAHO U3 pUCYHKA, B TeyeHue nepsbix 0,6...0,7 ¢ npu
BO3pacTalolen yactote BpaweHus KB pasneHne BO BMNYCKHOM KOJUIEKTOPE p,.

YMeHbLUAEeTCsl, HECMOTPS Ha MOBbIWEHWE 3HAaYeHus n, . HekoTopoe yBenuyeHue npwu

3ToM Ko3dduumeHta un3bbiTKa BO3AyXa «a SBASETCS CNeACTBUMEM YMEHbLUEHUS
LMKIOBOW nodaym TonnauBa, obecneynmBaeMon perynsatopoM 4acTtoTbl BpauweHus KB.
MOHOTOHHOE YyBenuMYeHue AaBfeHna HaadyBa pka HayuMHaeT NposBAATLCA NULb MO
AOCTMXeHun poTtopoM TK 3HaveHnms nk =. 8500 1/MmH. Ha 3HauuTeNbHYIO
MHEPUMOHHOCTb poTopa TK yKasbiBaeT M TO, YTO MNOC/E BbIK/IIOYEHUNS PerynsaTopoM
LMKAOBOW noAdayn TonsmBa Npu AOCTUMXEHUW KOMIEHYaTbIM BasiOM 4YacCTOTbl BpalleHus
1200 1/MMH n nocnegywweM OTCYTCTBMM BCMbIWEK B UWAMHApPAX ABUratens B
TeyeHune npumepHo 0,6 c yacTtoTa BpaweHuna potopa TK npoaonkaeT Bo3pactaTtb. HoO
Aaxe npu n, ~12500 1/MUH AaBfieHVe HaaAyBa OCTAETCS BCE eLle HMXe aTMOCHEpPHOro

AaBneHns. 3To 06CToATENbCTBO KOCBEHHO YKa3blBAaeT Ha TO, 4YTO MNpPWU 4YaCTUYHbIX
Harpyskax »3Heprum oTpaboTaBWKMX ra3oB HeAocTaToyHo, 4Tobbl obecneynTb
AaBneHue HagayBea, HeobxoamMmoe Ans Co34aHUSA MOBbILWEHHOr0 KpyTSALero MOMeHTa.

MpuyumHbl NNoxon npuémucrtoctn TK obycnosneHbl NPUHUMMNOM ero aencrems. B
TypbokoMnpeccope C 04HOr0 KoHLA poTopa XeCTKO 3akpenaeHo TypbuHHoe Koneco, a
C JApyroro KoHuUa - KOMMpeccopHoe koneco. [lpoTekawwme 4epes JonaTku
TYpOMHHOrO Koneca ropsyme oTpaboTaBwuve rasbl NPMBOAAT POTOP BO BpalleHue,
6bnarogapsa 4emy KOMMPECCOPHOEe KOJSiecOo BpallaeTcs C TaKOWM >Xe CKOPOCTbi U
NpoM3BOAUT CXaTue W nogady B ABuratenb Heobxoammoro emy Bosayxa. Obecneums
TakmMm o6pa3oM nogayvyy B uuanHapbl 6onblwero KonudecTtsa BO34yXa, MOXHO
YBE/INYNTb N KOJIMYECTBO NoJgaBaeMoro TornJvea, NOBbIWAs 3@ CYET 3TOro arperaTtHyo
MOLLUHOCTb aABuratens. Npu 3ToM Ha npuBoa TK He TpebyeTtcs otbupaTb OT ABuUraTens
4aCTb €ro MOLWHOCTM, KakK 3TO MMeeT MeCTO B CNy4dae NpPUMEHEeHUs HarHeTaTenem c
MexaHu4yeckmuMm npueoaoM. B paHHoM cnydae TK ana oxaTtug cBexero 3apsgaa
MCMOSIb3YeT 4YacCTb dHeprmn oTpaboTaBlIMX ra3oB, KOTopas B ABuratenax 6e3 HagayBsa
6e3Bo3BpaTHO TepsieTcsa. bnarogapsa 3ToMy y aBuratensa ¢ TypboHaaaysBoMm
apdekTmBHbIn KM M SKOHOMMYHOCTb HECKOJIbKO Bbille, 4yeM Yy aBuratensa 6es
HagayBa WIMW C HarHetaTeneMm, WMeLWUM MexaHudeckun npueos. OaHako no
NpUEMNCTOCTN ABuraTesb ¢ TypboHaaayBOM M3-3a MHepUMOHHOCTM TK ycTynaeTt Kak
aAsuratento 6e3 HagayBa, Tak WM ABUraTentd C  HarHertatesieMmM, UWMEKLWUM
MexaHuU4YecKun npueoa.

TypbokoMnpeccopbl Ans aBTOMOOW/bHbIX ABUratenem UuMerwT OTHOCUTENbHO
Hebonbwmne rabapuTHble pa3Mepbl U HE3HAUYUTESIbHYKO Maccy. YeM MeHblie rabapuTol



TK, Tem 60nblYy0 4acTOTy BpalleHUs MOXET UMETb poTop (HepeaKOo OHa MpeBblwaeT
3HayeHue 100 000 1/MuH). Hanbonee mnsBecCTHbIMM B MuUpe usrotosmtenamm TK ans
nerkoBbIX aBToMobunen cumtatotcsa HeMeukas dpupma KKK (Kuhnle, Kopp u Kausch),
cneumanusmpyowmecsa no TypboHaaayBy amepukaHckas dupma Garrett v snoHckas
¢dupma IHI. HasBaHHble GUPMbl B MporpaMMe MNOCTaBoK uMelT TK pasfnyHbIX
TUNOpa3MepoB NpakKTUyeckn ans nboro gmanasoHa MOLLHOCTHU.

Ha npakTnke ans npasunibHOro Bblbopa TK, npeaHa3sHayeHHOro Ans HaaayBa
aBTOMOOGMNIbHOrO ABUratens CpaBHUTENbHO He6ONbWOW MOWHOCTM, Heobxoammo
3HaTb Crefylolwme napaMmeTpbl ABuraTens:

pabounin obbem;

e MaKCuMMasbHYI 4YacToTy BpauweHuna KB;

e MaKCMMAaJIbHYI MOLWHOCTb;

e BHELUHIOK CKOPOCTHYIO XapaKTEPUCTUKY MO MOLLHOCTMW.

4.2.3. OxnaxaeHve HaaAYBOYHOIoO BO3Aayxa

Mpn o©XaTuMm B HarHeTaTesie WINW KOMMPECcope BO3AyX HarpeBaeTcs, B
pe3ysibTaTe Yero ero njoTHOCTb YMEHbLUAeTcs. 3TO NpMBOAUT K TOMY, YTO B pabouyem
obbemMe uunuHApa Bo3aAyxXa, a Cc/lleaoBaTeslbHO U KUciopoaa, No Macce MoMellaeTcs
MeHblUe, YeM MOr/si0 6bl MOMECTUTbLCS MPU OTCYTCTBUM HarpeBaHusi. YTobbl co3aaThb
YyCNOBUSI AN CropaHust B uunuHape 60nbllero Konuyectsa TOMNMBA, NPUHUMAOT
Mepbl ANS yBenuyeHus kKoddduumeHTa HamnonHeHus z,. Ons 3TOro CKUMaeMbli B

HarHeTaTene BO34yX nepej nogadyen ero B UWMAMHAPbLI ABUratens npenBapuTenbHO
oxflaxkaaeTcs B XOJI0OAUSIbHMKE, KOTOPbIA CTasl HEOTbEMJIEMOM YacTbio 60NbLUMHCTBA
ABuUratenem c HaaayBoM.

XonoaunbHUKN  HaaAyBOYHOro BO3ayxa ©ObiBatoT AByX TunoB. B ogHuX
XONOAWNbHMKAX  OXJlaXAeHue  HagAyBOYHOrO  BO34yxXa  MPOM3BOAUTCA  MyTEM
obayBaHua wux opebpeHHOM NOBEpPXHOCTUM HaberawwMM BO3AYLWHLIM MOTOKOM, B
APYrUX XonoAunbHUKAX QYHKUMIO oOXNaauTenss BbINOJHSAET >XWUAKOCTb CUCTEMBbI
oxnaxaeHumsa papuratens. [py wMcCNonb30BaHMM B KayvyecTBe oxnaauTenss noToka
Haberatowero Bo3ayxa Ans NOBbIWEHUS 3PEPEKTUBHOCTM OXMaXAeHUS XON0AUTbHUK
OOJ/IKEH YCTaHaBNMBaTbCA PsSAOM C pagMaToOpoOM CUCTEMbl OXJIAaXAEHUS WU nepen
HUM. XONOAWIbHWUK BTOPOro TuUMa MOXET yCTaHaBAMBaATbCA B N0b6on 30He obbeMma
MOTOPHOrO OTCeKa, OAHaKO npeanoyYTeHMe cneayet oTAaBaTb TaKOMy  ero
PacrnosioXKeHnto, Npu KOTOPOM NyTb HaAAyBOYHOro BO34yXa OT HarHetatens wiu
TypbokoMnpeccopa A0 UMNMHAPOB ABUratens 6yaer 6onee KOpoOTKMM U 6e3 pe3knx
N3MEHEHUN HanpaBneHus AumxeHusi. C TOYKM 3peHUsi SKOHOMUM MecTa B MOTOPHOM
oTCeKe npeanoyteHue cneayet oTAATb XONOAMNBbHUKY, B KOTOPOM OXJaxaeHue
NPOM3BOANTCS XXWAKOCTbIO CUCTEMbI OXJAaXAEHUS, TakK KakK OH Mpuv OAMHAKOBOM
3P PEKTUBHOCTU OXNAXKAEHNUSA UMEET MeHblume rabapuTsbil.



MpnbnusnTenbHble pacyeTbl MNOKa3blBAOT, YTO MNOHMXEHWe TeMmnepaTypbl
HaaAyBOYHOro Bo3ayxa Ha 10° no3sondeTr yBe/nunTb ero naoTHOCTb NMPUMEPHO Ha 3
%. 2TO, B CBOK o4epelb, MO3BOJSIET YBE/MUYNTb MOLWHOCTb ABUratens npuMepHo Ha
TAaKOM e nMpouUEeHT, TaK 4TOo, K NpuMmepy, oxnaxaeHue Bo3ayxa Ha 33° pact
yBesinyeHne MoWwHoCTM NpubnnsuntenbHo Ha 10 %.

C Opyron CTOpOHbI, OXNa)kaeHue BO3AYLWHOro 3apsiga NpUBOAUT K MOHMXXEHMUIO
TemnepaTypbl B Hayane TakKTa CXKaTUs W NO3BONSET peasin3oBaTb Ty Xe€ MOLWHOCTb
aABuratens npu  yYMEHbLUEHHOM CTENeHW NOBbIWEHNS AaBfeHUs B uUunuHape.
CnencrteBmem 3TOro SBASIETCS YMEHblLUeHWe TemrnepaTypbl OoTpaboTaBLIMX ras3oB, 4TO
NOSIOXUTENIbHO CKa3blBAETCH Ha YMEHbLUEHWU TEernsiOBOM HArpysku AeTtanen Kamepsbl
cCropaHusi, a B 6€H3NHOBbIX ABUraTesnidx, KpoOMe TOro, NOHMXAeT CKIOHHOCTb CMeCu K
AETOHALUMOHHOMY CropaHuio.

JTa BO3MOXHOCTb  peanum3yeTcsa MpemMMyLlecTBEeHHO B ABuratenax c
TypboHaaayBOM ANst AOPOXHbIX aBTOMO6bunen. Tak Kak nNpu yMeHbLUeHUN AaBEeHUS
Hagayea TpebyeTcsa MeHbllasi MOWHOCTb Ha MpuMBOA4 KoMMpeccopa, To 6Gnaroaaps
3TOMYy B OONbWMHCTBE C/lydaeB BO3MOXHO WUCMOMAb30BaHUe TYpOWHbI MEeHbLUMX
pa3MepoB. Oba MeponpuaTMa (yMEHblLUEHME CTerneHu TMOoBbIWEeHUS AaBAeHus W
YMeHbLUEHUE pa3MepoB TYpOUHbI) yny4ywakT TUNUYHO crabble CTOPOHbLI ABUraTens c
TypboHaaayBoOM, a MMEHHO: MO3BOMSAKT YBEAUUYUTb KPYTALWMA MOMEHT MPU HU3KUX
yacTtoTax BpaweHuna KB n cokpaTuTb BpeMs BbIXOAa Ha HOBbIN pexXxuMm paboTbl npwu
pe3koM yckopeHun. Oba 3Tux daktopa Ana sKcnsyatauuu gsuraTtenss ¢ HaaayBoOM B
OOPOXHbIX YCNOBUSAX, KOHEYHO, HaMHOro BaXHee, 4YeM [AOCTUXKEHWE BbICOKOWN
MaKCMManbHOMW MOLLHOCTMW.

B TOM e HanpaBNeHWW OKa3blBAKT B/IMAHME M NpPOYME MEepOonpuaTUA, Lenblo
KOTOPbIX SIBASETCA OXNa)XAeHue HaaAyBOYHOro Bo3ayxa B 6EH3MHOBbIX ABUratensix.
MNMoHmxXeHHble 6narogaps OXNaXAEeHWIO HaaAyBOYHOrO BoO3Ayxa TpeboBaHMA K
3HAQYEHMIO OKTAHOBOro 4mcna 6eH3MHa no3BONSAKT YyBenMunTb 6a30BYH0 CTeneHb
CKATUS U YBENIUYUTb YrONl OnepexeHus 3axuraHums. Bce BMecTe 3TO ynydwaer
XapaKTeEPUCTUKY KPYTALWEro MOMeHTa U NpMEMUCTOCTb ABuraTtens ¢ TypboHaanyBoM.

4.2.4. PerynupoBaHue faBJ/iIieHUS HapgayBa

C uenblo 3awmTbl aBTOMObOUNbLHOrO ABuratesd C HagAyBOM OT BO3MOXHOM
NOJIOMKM, @ TaKXe 4S9 yNy4lWeHUs ero XxapakTepucTuKm MOLLHOCTU U AMHAMUYECKNX
KauyecTB, AaBfieHMe HapaysBa HeobxoamMO perynumpoBaTb. PerynnpoBaHue HaanyBsa
MOXeT OCYLLUEeCTBMATbCA pas3/iIMdHbIMM crnocobamu, Kaxablh M3 KOTOPbIX MMeeT CBOMU
npeMmyLlecTsa U HeAOCTaTKMU.

3aMeTuM, 4YTO ANg paclMpeHus BO3MOXHOIO Anana3oHa W3MEHEHUs 4acToThl
BpaweHua KB npu HeusMeHHOM pJasBrieHUMM HagayBa Hambosiee [OeUCTBEHHbIM



cnocoboM perynmpoBaHus SIBASETCS Nepenyck 4actm oTpaboTtaBwux rasos (Ol) B
06xoa Typ6uHbI.

Mpy BbICOKOM HapAyBe, XapakTepHOM, HanpuMmep, Ans asuratenen ®opmynbli-1,
Hanbonee adpdeKTUBHbIMM crnocobaMm perynmpoBaHusa SIBASKOTCA AOMOSHUTENbHAas
KaMepa cropaHus, ycTaHaBnmMBaeMas B BbIMyCKHOM TpakTe nepen TypbuHon (cucrtema
"l'Mnepbap"), w” BbINYCK 4YacTW HagAyBO4YHOro BO3ayxa B aTtmocdepy. [lo
3PEKTUBHOCTN 3TN crnocobbl ycTtynatoT nepenycky OF, HO NpeBOCXOAAT Takue
cnocobbl, KakK peryiMpoBaHMe COMAOBOro annapaTta TypbuHbl, nepenyck 4acTu
HagAyBOYHOro BO3AyXa Ha BXxo4 TypbuHbl, perynupoBaHume ¢dasbl BAycka W
oxNaxaeHne HagayBOYHOro BoO3ayxa.

Mpn HU3KOM HajayBe MpaKTUYEeCKUW WHTepec NpeacTaBAsloT Takue Crnocobbl
perynmpoBaHus, Kak AOMNOJHUTENbHAsi KaMepa CropaHusd, peryampoBaHue COnoBOro
annapata TypbuHbl, NnepenycKk 4acTn HaAAyBOYHOrO BO34yXa U perynuposaHue dasbl
Brnycka. lNpun 3ToM no 3P HeKTUBHOCTU Ha3BaHHble cNOCcObbl CTAHOBATCSA CONOCTAaBUMBI
C nepenyckoM yactu Ol B 06xoa TypObuHbI.

OkoH4aTenbHbIN BbIGOP crnocoba perynuMpoBaHUA MNPOM3BOAUTCS M3 YCNOBUA
obecneyeHns HaQEeXHOCTU, @ TaKXe NpueMnemMbliX 3Ha4YeHUn aPPeKTUBHON MOLLHOCTM
N 3KOHOMUYHOCTU ABuratend. PaccMoTpum nogpobHee BCTe4daloWMecs Ha npakTuke
cnocobbl perynnpoBaHus.

Ana perynupoBaHus [AaBfieHWs HajAyBa HarHetratenem C MexaHWYeCcKuM
NPUBOAOM MPUMEHSETCS NMpoCcTasd cxema, npeacrasneHHas Ha puc. 4.2.2.
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Puc. 4.2.2. CxeMma perynupoBaHUs AaBJieHUA HaaayBa B ABurartene C
npuBoaoM HarHetatena or KB: 1 - 3a6opHuMk Bo3Aayxa; 2 - BO3AYLUHbIN
hunbTp; 3 - HarHetaTtesnb; 4 - XONOAMJIBHUK HaaAyBOYHOro Bo3Aayxa; 5 -
npMBOoA HarHerarens; 6 - 650Kk UMAMHAPOB ABUratens; 7 - BMNYCKHOM
KONMNIeKTop; 8 - paApoccenbHas 3ac/ioOHKa; 9 - 3ac/fioOHKa nepenycKHoOro
Tpy6onpoBoaa 10; 11 - BbiINYCKHOW KOJIJIEKTOP

Mpn pabote 6eH3MHOBOrO ABUratens Ha 4YacCTUYHbIX HarpyskaxX C BbICOKOW
yacToTon BpaweHuna KB apoccenbHas 3acnoHka 8 npukpbiBaeTcs. YTobbl MCKAOYNTD
npu 3ToM M3nuwHee obegHeHWe roproyen CMecu 3a CUeT NoAaBaeMoro HarHeTaTesnem
n36bITOYHOrO KONMYeCcTBa BO34yxXa, 3ac/iOHKa nepenyckHoro Tpyb6onposoda 9,
HaobopoT, NPUOTKpbIBAeTCs, N YaCTb BO34yXa MOAAETCS CHOBA Ha BXOA HarHertaTens
3. OueBMAHO, YTO Ha 4YacTU4HbIX Harpy3kax KI[ HarHeTaTtens napaet (HeKoTopoe
KOJIMYEeCTBO BO34yXa UMPKYIUPYET MO 3aMKHYTOMY Kpyry), a 3dM@deKTUBHbIM pacxon
TOoMNMBa yBEINYMBAETCS.

XapakTepHbIM HepoctatkoM TK B ycnoBumax 3KcnjsiyatauuMm  MOPLUHEBOro
ABuUratens SBASeTCs TO, YTO OH MPWM Mason MOLWHOCTM ABUraTesns U HU3KOM YyacToTe
BpaweHna KB nogaet Bo3gyxa CAMWKOM Mano, a nMpu BbICOKOM 4acToTe M MOJSIHOM
Harpy3ske - C/AUWKOM MHOro. 3To 0bycnosnvBaeT HeAOCTATOYHbIM KPYTALWMA MOMEHT
ABuUratensd B AuanasoHe HU3KMX 4YacToT BpaweHua KB u nposiBnseTcda B MeANleHHOM



€ro pearMpoBaHuUM Ha U3MEHEeHWe Harpy3ku rnpu nepexonHbIX rnpoueccax, Harnpumep,
Npu pe3koM YCKOpeHuu (aBuratenb MMeeT MIOXYH NPUEMUCTOCTD).

Ons aBTOMOGMIbHLIX 6EH3WHOBbLIX ABUraTenen, 3KCnayaTupyembiX B O0ObIUYHbIX
yCnoBusAX, Heperynupyembin TypboHaaayB He roautcs. TeM He MeHee, Ansl yCIOBUI
COpEeBHOBaHMM M 3KCNayaTaumu NpenMylecTBeHHO MpU MakKCUMManbHOW MOLWHOCTMU
3TOT cnocob MoXeT oKasaTbCs BMOJSIHE MpueMneMbiM. B KauecTBe npumepa MOXHO
Ha3BaTb ABuratens V8 ¢ pabounm obvemoMm 4,8 n ana asTomobunsa Mercedes
Ci11/1v, npegHa3HA4YeHHOro ans YCTaHOB/EHUA pekopaoB CKOpPOCTMU.
MpuMmeyaTenbHO, 4To M nNpu YactoTe 6onee 6000 1/MMH KpuBas MOLWHOCTM ABUraTens
NPOAO/HKAET KPYTO MOAHMMATLCS.

CxeMa HapgayBa aBuraTtenss C HeperynmpyemblM TypbokKOMMNpeccopoM MNoKasaHa
Ha puc. 4.2.3. Takas cxeMa, B 4YaCTHOCTM, peanm3oBaHa Ha V-o0bpa3HOM AM3efIbHOM
asuratene 84H13/14, ocHaweHHoOM Typbokomnpeccopom TKP-11. MNMpn HOMUHaNbHOM
yactoTte BpaweHna KB n = 1700 1/M1uH n abcontoTHOM AasneHun Hagaysea p, = 1,55

6ap agsuratenb MMeeT MowHoOCTb 158,2 kBT (215 n.c.).

Ansa perynupoBaHuWa [aBleHUS HajAyBa B KayeCTBE YMpaBAAOWMUX BeIUYUH
Hanbonee 4acTo MCNONb3YKTCS AaBfeHuMe Bo3gyxa neped wm nocne TK, pasneHue
oTpaboTaBwmnx rasoB nepes M nocne TypbuHbl, @ TakXe OTHOWEHMS Ha3BaHHbIX
BeNMYMH. MecTta oTbopa AaBneHuin Ans UCMONb30BaHWUS B KayecTBe YnpaBAsWMX
BE/IMUYMH N obLienpuHATble 0603HAYEHNA 3TUX BeIMYMH YCNIOBHO MOKa3aHbl Ha puc.
4.2.3.

NcnonHnTenbHoe YCTPOUCTBO CUCTEMbI peryampoBaHuMsa AaBneHus Haaaysa
MOXeT MMeTb pa3/iInyHble KOHCTPYKTUBHbIE (DOPMbl, HO BbINOJSIHAETCS, KakK NpasBusio, B
OTAENbHOM KOpnyce, U B 3aBMCUMOCTU OT MPUHATOM CXEeMbl perympoBaHUsS MOXET
yCTaHaBNMBaTbCA KaK B BbIMYCKHOM, TaK U BNYCKHOM TpaKTe ABUraTens.

Kopnyc WCMNosHUTENbHOro YyCTpoWCTBa, NpeAHa3HayYeHHoOro Ans YyCTaHOBKWU B
BbIMYCKHOM TpakTe, uMeeT opebpeHne pana obecneyeHuns 6onee 3pdHeKTUBHOro
oxnaxaeHusa. ®upma KKK BbINOMHSAET 3TO YCTPOMCTBO, Kak NpaBuio, B BMAE KiarnaHa
C onpefeneHHbIM X040M, Toraa Kak y ¢gupmbl Garrett aTo BCTpoeHHas OTKIOHsieMas
3acnoHka. cnonHmnTenbHoe yCTPOMCTBO BK/IOYAET B ceba nepenyckHon (6amnacHbin)
KnanaH, HanoMMHalLWMA N0 KOHCTPYKUMU KiarnaHbl ronoBkU umanHAapoB. KoHew,
CTEepXXHS KnarnaHa npukpensaeH K meMbpaHe, KOoTOopas NoAXuUMaeTcs KannbpoBaHHOM
Npy>XWHOW. MeMbpaHa repMeTM4HO 3axaTa MO BCeMy MepuMETpy MeTanIn4yecKou
KpbilWKoN B opMe Konnaka. lNepenyckHon knanaH (Man COOTBETCTBEHHO 3aC/OHKA)
HaxoAuUTCS B 3aKpPbITOM COCTOSSHMWM 6narogaps noaXaTui MNpPYXUHOW. Mexay
MeMbpaHOM WM KpbIWKON MMeeTCs MONoCTb, B KOTOPYK NOABOAUTCA ynpashastwouwee
hasneHue. Korga 3HadeHune ynpaBnsowero AaBneHUs CTaHOBUTCSA AOCTATOYHbIM AN
OKaTUS KanubpoBaHHOM MNpPYXWHbl, KNanaH OTKpbIBaeTCsa W nepenyckaeT 4acTb
notoka ra3oB. C MOMOLWbLID Cubl KannbpoBaHHOM MPYXWUHbI MOXHO peryavMpoBaTb



AaBneHne Hagaysa, TO ecTb 4eM 6onble cuna npyxXuHol, TeM 6onbllee AaBneHue
HaaayBa MOXeT 6bITb CO34aHO. DTa peryampoBOYHas BO3MOXHOCTb CIYXUT NUWb KakK
OCHOBHAasl perysaMpoBka, npeagHa3sHayeHHass AnAs  OrpaHWYeHUss MaKCUMManbHOro
AaBneHns HagayBa, HO He ANs ero perynmpoBaHus B npouecce paboTbl ABuraTtens.
MoaTOMY B CepuUMHbIX aBTOMObBUMNAX C uenbio obecneyeHnss 6e30nNacHOCTU ABUraTens
cuna npeaBapuTenbHOro CXaTus MPYXWHbl HaAEeXHO OoTperyavpoBaHa, a cama
npyxuHa onnomMbupoBaHa. Y ABuratenem roHOYHbIX aBToMobunenm C uUenbilo
M3MEHEeHUSA MaKCMMaslbHOro AaBJ/ieHUs HaaayBa WM COOTBETCTBEHHO MOLWHOCTU CUNy
CXXaTUS NPYXMHbl MOXXHO BapbWUpoBaTb C MOMOLLbIO perysnposoyHoro 6onra.
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Puc. 4.2.3. Cxema HagayBa V-o6bpa3HoOro gsurarens C HeperyjampyemMmbiM
TK: 1 - 3a60pHuMK Bo3ayXxa; 2 - BO3AYyWHbIA dunbTp; 3 - Typbokomnpeccop; 4
- raywutenb; 5 - BbiINYyCKHOW KOJUJIEKTOP NeBoro 6soka uuwnmHapos; 6 -
6N10KM UMNMHAPOB ABuUratensa; 7 - BbIMNYCKHOW KOJUIEKTOpP npaBoro 6sioka
UMNMHAPOB; 8 - BNYCKHOW KOJUIEKTOpPp neBoro 6s5ioka uunauHapos; 9 -
BMNYCKHOW KOJIJIEKTOP npaBoro 6si0ka UWAMHAPOB; Po - AaBJieHue
oKpy>kawuwein cpeabl (atmMmocepHoe aaBsieHUe); p: - AaBJiIeHue Ha Bxoae B
KOMMpeccop; p2 - AaBJ/iIieHUE HenocpeaAcCTBEHHO MNOocCsie KOoMMpeccopa; ps -
AaBJsieHMe oTpaboTtaBluIMX rasoB nepea BxoaoM B TypbuHy; p4 - naBneHuve
oTpaboTtaBLIMX ra3oB Ha BbiNyCKe nocse TypbumHbl

Mpn yCTaHOBKE WCNONHUTENIbHOIO YCTPOWCTBA B BbINYCKHOM TpakTe OHO
NpoM3BOANT NepenycKk Yyactn otpaboTaBlunx ra3zoB B 06xoa TypbuHbl (perynnposaHune
AaBneHne Haaaysa nepernyckoM oTpaboTaBlMX rasoB), a MNpuM YCTaHOBKE ero BO



BNYCKHOM TpakTe K/fanaH YCTPOMCTBA OCYyLeCTBASeT nepenyck HaaayBOYHOro
BO34yXa CHOBA Ha BX0O4 KoMmnpeccopa (perynmpoBaHue JaBneHue Haaaysa
nepenyckoM HaaAyBOYHOrO BO3AyXa).

PerynupoBaHune pAaBJZiIeHUA  HapaAayBa  MNepenyckoM  HaaAayBOYHOIO
BO3ayXxa.

Mepenyck HaaAyBOYHOrO BO34yXa MOXET OCYLeCTBAATbCA KaK Ha BXo4
BMYCKHOrO TpakTa, Tak U Ha BXxo4 TypbuHbl (cM. pasgen 3). CxemMa perynmpoBaHus C
nepenyckoM HaAAyBOYHOro BO34yXa Ha BXOA4 BMYCKHOro TpakTa nepes BO34YLUHbIM
dunbTpoM npuBegeHa Ha puc. 4.2.4. B KaudecTBe ynpaBAskoLWeEN BeAUYUHbI
NCMONb3yeTcs AaBneHune p, - AaBNeHMe HaaAyBOYHOro BO34yXa HenocpeaCTBEHHO
nocne komnpeccopa. [lpn AOCTUXEHUM onpeneneHHoro, OoTperyaMpoBaHHOro Ans
KaX4oro /ABuraTesns [AaBneHus Hapaysa pz, 3TO [JaBjieHMe, BO3AEUCTBYS Ha
mMeMbpaHy, co3gaeTr ycunme, AOCTAaTOYHOE A8 COKATUSA KannbpoBaHHOW MNPYXWHbI,
NpenaTCTBYOLWEN OTKPbITUIO MepenycKHOro kKnanaHa. [llepenyckHou  KnanaH
OTKPbIBAETCH M BbliNyCKaeT CXaTblh BO34YyX WAU MpsiMO B aTMocdepy (y aBurartenen
FOHOYHbIX aBToOMOOWMIen), UM B BO3AYLWHbLIA DUIBLTP, TO €CTb BO BMYCKHOW TpakT
nepea KoMnpeccopoMm (y AOPOXKHbIX aBTOMObUNEN).
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Puc. 4.2.4. Cxema perynvmpoBaHMA pAaBJIeHUA HaaayBa nepenycKkoMm
HagAayBO4YHOro Bo3ayxa: 1 - 3a6opHuK Bo3ayxa; 2 - BO3AYWHbIW punbtp; 3 -
rnywutens; 4 - TypbokoMnpeccop; 5 - xonoansibHUK HaAAYBOYHOro Bo3ayxa;
6 - uwauvHap pABurarTens; 7 - nNepenycKkHOM KJjanaH; p2 - AaBleHue
HenocpeacTBEHHO Nnocsie KoMrnpeccopa



Takaa cxemMa perynupoBaHusa [AaBfieHUsa HapAyBa NpUMeHsAnacb, Hanpumep,
dupmonn BMW Ha aBuratene ATL, KOTOpbI yCTaHaB/AMBANCS CHadana Ha FOHOYHbIX
aBTOMObOUNSAX, a No3gHee - B NepBOM HEMELKOM CEpPUMHOM NEerkoBoM aBToMobune C
TypboHagaysoM BMW 2002 Turbo. 2TUM crnocob0M BbIMOSHANOCL peryanpoBaHue n B
ABuraTensax Hekotopbix aBTomobunen dupm Ford n Opel. OgHaKo HeaoCTaTKM TaKoro
perynmpoBaHus BeCbMa CYWECTBEHHbl, MO3TOMY JAaHHbIK Cnocob He HaxoauT
NnpuMeHeHUs B ABuratenax ¢ TypboHaaayBOM A1 COBPEMEHHbLIX aBToMobunen.
MpaBaa, Ansd AuanasoHa cpeaHuxX 4YactoT BpaweHuma KB (B 3aBUMCMMOCTU  OT
KOHCTPYKTMBHbIX MapaMeTpoB JABuUratesnid) TakKXe MOXHO C034aTb AO0CTaTOYHO
BbICOKOE JaBfieHue HaaayBa, OAHAKO 3aTeM YyXe OXaTblM BO34YyX HYXHO CHOBa
nepenyckaTb, 4TO conpoBoxaaetcsa notepen KM Typbokomnpeccopa. [pyrum
HeAOoCTaTKOM 3TOro cnocoba sBnsieTca 1o, 4TO TypbuHa, Kak v Npu HeperyampyeMmom
AaBneHun Haaayea, Ao/MkHA noabupaTtbcs noa obuwee KonmyectBo oTpaboTaBlimx
ra3oB. A 3TO OrpaHM4YMBaET He TOSIbKO BO3MOXHOCTW perynmpoBaHus, HO N TpebyeTt
OTHOCUTENbHO 60MblWMX pa3MepoB TypbuHy, 4UTO Bne4dyeTr 3a cobon yxyauweHue
NPUEMUCTOCTU ABUraTens.

PerynupoBaHve paBneHus HaaayBa nepenyckomM oTpabortasBuimx rasos
(or).

Mpu gaHHOM cnocobe perynupoBaHuve f[aBfieHUs HagAyBa OCHOBbLIBAeTCA Ha
ynpasneHun notokoMm OF 4yepe3 TypbuHy. [pn 3TOM B KadecTBe YyrnpaBnswoLlen
BE/INYMHbI MOryT ObITb WCMNONb30BaHbl AABNEHUSA Py, pP3, @ TakKXe OTHOWEHMUS
OaBNeHun py/pi, ps/Pi1, P2/P4 (CM. puc. 4.2.3). bannacHbl KnanaH ycTaHaB/IMBaETCS
B BbINYCKHOW Tpyb6onpoBoa MexXAay BbINYCKHbIMM KaHasiamMu rosioBKU UWAWHAPOB
ABuraTens u BXoAOM B TYpOUHY WMAM XXe MOHTUPYeTCH HenoCpeACTBEeHHO B Kopnyc
TypbokoMnpeccopa. B 3aBUMCUMMOCTM OT 3HaAYeHUS MUCNOSIb3YEMOW YMpaBAsOLEN
BeNIMUYMHbI KnanaH OTKpbiBaeTcad W nepenyckaer 4vacte O B 06xo4 TypbuHbI
HEenoCcpeACTBEHHO B BbIMYCKHYKO cucteMmy. [lpy NonHOMW Harpyske asuratens B
3aBMCUMOCTM OT KOHCTPYKTMBHbIX MapaMeTpoB KnanaHa B o06xoa TypObuHbl
Hanpasnsetca 20...40 % obuwero notoka rasoB. OctanbHble 60...80 % wnayT Ha
npmeoa potopa TypbuHbl M obecnedmBaloT co3gaHue HeobxoAMMOro AaB/EeHUS
Hagaysa.

ITOT cnocob perynmpoBaHuMs B 3aBUCMMOCTM OT Bbibopa ANs peryampytowero
KnanaHa YynpasBnslOWeENn BeNMYUHbI NO3BOASET  BbIMOSHUTL  WHAUBUAYASbHYO
HaCTPOMKY XapaKTepa M3MeHeHWUs AaBneHus Hapaysa. [Buratenun c TypboHaanyBoM,
nMerLwme perynmpoBaHue aasneHus HagayBa nepenyckom O, 06blMHO wuMeloT
XOpOLWYK  XapaKTepuUCTUKY  KpyTAWwero MOMeHTa W YAOBJETBOPUTENBbHYIO
NPUEMUCTOCTD.

MpenmywecTBo 3TOro cnocoba peryinpoBaHnst COCTOUT B TOM, 4TO, bnaropaps
nepenycky 4actm Ol B 06xoa TypbuHbl, MOABASETCA BO3MOXHOCTb WCMOJSb30BaTb
TYPOMHY M KOMMpPeCcCcop CYyLeCTBEHHO MeHbLUMX pa3MepoB. BcrneacreBue 3Toro paxe



NpY OTHOCUTENbHO HM3KOW YacToTe BpalweHuns KB goctvraeTcs AOCTAaTOYHO BbICOKOE
AaBneHune HagayBa, YTo MNO3BOMSAET YNy4lUTb NPUEMUCTOCTb ABUraTes4.

Ha puc. 4.2.5 nokasaHa cxema peryavpoBaHuUs AaBfieHUs HaadyBa rnepernyckoMm
oTpaboTaBWwmMX rasoB C MWCMNOJIb30BaHMEM B KaydecTBe YNpasBasloWen BeUYUHbI
AaBneHus Hagaysa.
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Puc. 4.2.5. Cxema perynvpoBaHMA pAaBJiIeHUs HaaayBa nepenycKkoM
oTpa6oTtaBluMX TrasoB C WUCNoJib30OBaHMEM B KadecTBe YyhnpaBnsiowen
BeJIMYUHDbI faBJiIeHnN p>: (0603HaYEHUA 3J1IEMEHTOB CM. Ha puc 4.2.4)

B npuBeaeHHOM cxeMe C OAHOW CTOPOHbl MeMbpaHbl AeNCTBYET AaBlieHune
HagayBa pz, a C APYron CTOpPOHblI - AaBfieHME OKpyXatwwen cpeabl po,. Takum
obpa3oM, gaBneHuUo HagayBa p, NPOTUBOAENCTBYET TOMbKO ycunmne KannbpoBaHHOM
NpyXuHbl. Cnocob gBnsgeTcs MpoCTbIM M HAAEXHbIM, TaK KakK Ansa yrnpaBieHus
MCMOMIb3YEeTCS YUCTbIM CXKaTblM BO34YX, @ XapaKTep WU3MeHeHus AaBneHus HaanyBsa
onpenensitoT TONbLKO ABa napameTtpa. YTobbl MoNyyYMTb MOHOTOHHO HMCNAAAtoLLYH
KPUBYIO AaBAeHUs HagayBa Mpu yBenMyYeHMM MOLLUHOCTW ABuraTtensi, B COBPEMEHHbIX
TK vynpaBnswowee agaBneHne oTbupaeTrcs B CaMOM Havane ynutku (cnupanu)
KoMnpeccopa.



Ha puc. 4.2.6 nokasaHa cxeMa peryinpoBaHuUs AaBreHns HagAayBa Mepenyckom
Ol c ncnonb3oBaHMEM B KayecTBe ynpaBnsowen sennymHbel gasneHns O Ha Bxo4e B
TYp6UHY.

B npuBeaeHHOM cxeme C OAHOM CTOPOHbI MeMbpaHbl AENCTBYET AaBfieHUe ps a C
APYron CTOPOHbl - AaBfeHWe OKpyXXatkLlen cpedbl pp N yCunue npyxXuHol. Tak Kak
NPV BbICOKOW Harpyske M BbICOKOW 4acToTe BpauweHuns KB pnasneHue nepen TypbuHom
BO3pacTaeT CBEPXNPOMNOpPLUMOHANbHO, TO B WCMOSIHUTENbHOM MeXaHU3Me BO3MOXHO
NPUMEHEHME XKECTKOW MPYXWUHbI. DTO 00yCNOBAMBAET pe3Koe yBeNnyeHne AaBeHus
HagayBa B JAumanasoHe cpeaHen 4acToTbl BpaweHusa KB, KoTopoe 3ateM npwu
YBEeSIMYNBAKOLEMCS OTKPbITUM NEpenyCcKHOro KaanaHa noHmxaeTcs.

Puc. 4.2.6. Cxema perynvpoBaHMA pAaBJIeHUSs HaaayBa nepenycKkoM
oTpaboTtaBluMX rasoB C MWCMNoOJIb30BaHMEM B KauecTBe YMnpasBJ/isaloLWen
BeJINYMHDbI [aBJIEHUSA p3: p3 - AaBJieHne oTpaboraBliMX ras’oB Ha Bxoae B
Typ6uHy (ocTtanbHble 0603Ha4YeHuUs CM. puc. 4.2.4)

CnencremeM TaKoro XxapakTepa W3MEHeHWsa [aBNeHua HagayBa  SBJIAKOTCS
BbIMYK/ble XapaKTePUCTUKN MOLLHOCTU U KPYTALLEro MOMEHTa B HWMXXHEM Auana3oHe
yacToTbl BpaweHuns KB. Hepoctatkamum 3TOoro crnocoba perynmpoBaHus SIBASIKOTCS



notepu KM4 TypbuHbl NpM MakCMManbHOM MOLWHOCTM ABUratens M To, 4YTO AN
ynpasneHnusa  JaBfieHMeM  HagayBa  UCMNOMb3yeTCcAa  ropsyme,  Heo4ULLEHHble
oTpaboTaswue rasbl. [NocneaHee MoOXeT BbI3blBaTb (PYHKLUMOHANbHbIE HENCIPABHOCTU
nepenyCcKHOro KjaanaHa.

Ha puc. 4.2.7 nokasaHa cxema peryivpoBaHuUs faBJfieHUs HaanyBa repernyckom
Ol ¢ ucnonb3oBaHMEM B KayecTBe Yynpasslowen BeNnYMHbl OTHOLWEHUS AaBAeHUs
HaAAyBOYHOro BO34yXa K AABNEHMIO Ha BXoAe B KoMnpeccop. B npuBeneHHOM cxeme
C OAHOM CTOPOHbI MeMbpaHbl AeNCTBYET AaBJ/ieHMe HaaAyBa p,, @ C APYron CTOPOHbI -
AaBNeHNe Ha BXOAE B KOMMPECCOp p, U yCUIME MPYXMUHbl. Tak Kak C yBeln4yeHneMm
Harpy3km ABuraTtenss W 4acToTbl BpaweHuna KB pgasneHne p,, BCneacTBue
a’poAMHaMMUYecKknux noTtepb BO BMNYCKHOM Tpyb6onpoBoae MOHWMXAeTcsd, TO
MCNOSIb30BaHME 3TOW BeNMUYMHBI BMECTO AABMIEHNSA OKpY>XaloLwen cpebl p, No3BoNAseT
co3gatb 6onee BbICOKMM nepenag AaBfieHUA MO pasHble CTOPOHbl MeMbpaHbl
NCMOSIHUTENbHOIo MexaHu3Mma.

OTO paeT BO3MOXHOCTb MNpUMeHUTb 6oniee XeCTKyt MpYyXWHY, 4TO, B CBOIO
ouepenb, MNO3BOASET MNONYUYUTb XapaKTEPUCTUKY AaBAEHUSA HaaAyBa aHasOrM4YHyr
TOW, KOTOpas WMeeT MeCTO Mpu perynmposaHuUM Mo pAasneHuto p,. B kauecTse

HeaocTtaTka cnegosano 6bl OTMETUTb M3BECTHYIHO 3aBUCMMOCTb XapPaKTEPUCTUKN
AaBNEeHNA HaagayBa OT CTeENEHUN 3arpAaA3HeEHHOCTU BO3A4YLLIHOIo cbvmpra.




Puc. 4.2.7 Cxema peryivMpoBaHMs pAaBJIeHUA HaaAayBa nepenycKkoM
oTpaboTtaBluMX rasoB C WUCNoJib30OBaHMEM B KadecTBe YyhnpaBnslowen

BeJINYMHbI OTHOLWEHUs pAaBneHva p,/p: p, - AaBJeHUWe HaaAayBOYHOroO
BO3/lyXa HernocpeaAcCTBEHHO 3a KOMMPEcCCOopoM; p, - AaBJiIeHMEe Bo3AyxXa Ha
BXoAe B koMmnpeccop; (ocrtasnbHble 0603Ha4YeHus CM. puc. 4.2.4)

Ha puc. 4.2.8 npeacraBnieHa cCxemMa perynmpoBaHua nasBfeHuUs Hagaysa
nepenyckoM O ¢ MCNonb30OBaHMEM B KayecTBe ynpasnsowen BeMUYMHbl OTHOLWEHUS
AaBneHus oTpaboTaBlwKMX rasoB Ha BXode B TypbuHY p, K AaBNEHUIO Ha BXoAe B

KoMnpeccop p, .

Puc. 4.2.8. Cxema perynvpoBaHMA pAaBJIeHUA HaaayBa nepenycKkoMm
oTpaboTtaBlLMX TrasoB C WUCNoJib30OBaHMEM B KaudecTBe YyhnpaBnsalowWwen

BE€/INYUHbI OTHOLWLEHUA AaBneHua p./ p: p, - AaBneHne Ol HenocpeaCTBEHHO

nepea Typ6uHOW; p, - paBneHuMe BO3AyXa Ha BXoAe B KOMMpeccop
(octanbHble 0603Ha4YeHUs CM. puc. 4.2.4)

B npuBeneHHOM cxeme C 04HOW CTOPOHbI MeMbpaHbl AENCTBYET AaBNEHNE p,, a C

ZAPYroW CTOPOHbI - AaB/IEHWE Ha BXOAe B KOMMPECCOp p, WU YCUME MPYXMUHbI.



XapaKkTepucTuka HaaayBa B CWUY YX€ Ha3BaHHbIX Bbille MPUYMH aHaNornyHa
TOl, YTO UMEeT MeCTO MpW peryanpoBaHUn No AaBneHu p,. Ho npu 3ToM nmeeTcs

BO3MOXHOCTb WMCMNO/b30BaTb ele bonee XKECTKYI MNpPYyXuHy. TOMMMO He[OoCTaTKOB,
OTMEYeHHbIX Anga crnocoba ¢ perynnposaHneM no AaBAeHUKO p,, 30E€Cb OKa3bliBae€T

BNINSIHME U 3arpsA3HEHHOCTb BO34YLWHOro hpunbTpa.

Ha puc. 4.2.9 npeacraBfieHa cCxeMmMa perynmpoBaHuUs [[asBfieHuUs HagayBsa
nepenyckoM O ¢ MCNonb30OBaHMEM B KayecTBe ynpasasowen BeMUYMHbl OTHOLWEHUS
AaBNeHna HapAyBOYHOro BO3AyXa p, K AABJIEHUIO Ha BbiXxode U3 TypbuHbl p,. B

NnpuBeAEHHON CXeMe f[aBfieHus p, U p, AENCTBYKOT COBMECTHO C OAHOW CTOPOHbI

MeMbpaHbl, C ApYron CTOPOHbI MeMbpaHbl UM NPOTUBOAENCTBYET YCUINE MPYXKUHBI.
Bcneacrteme nepenaga pasneHnn p,/p, ©KaTblh BO3AyX 4epe3 Hebosblioe

Apoccenupytouiee OTBepCTMe nepeTekaeT B BbIMYCKHOM TpybonpoBoa. Tak Kak
NpoOTMBOAABNIEHME ra30B Ha BblNyCKe C POCTOM MNOTOKa rasa yBe/lM4YMBaeTCHd, TO npwu
BbICOKOM MOLLHOCTW ABUraTtens peryinpoBOYHbIN KnarnaH OTKpbiBaeTcs 6osblle, yeMm
Ha CpefHMX YyacToTax BpalleHUs KOoJsieH4YaToro Bana. 3TO, B CBOK o4yepejb, Bbi3blBaeT
CHMXEeHne [aBfeHnss HaganyBa nMnpu  MNOBbILWEHHOM 4acToTe BpaweHua KB. B
pe3ynbTtaTte obecrneumBaeTCs BbIMyK/as XapaKTepucTuka MOLLHOCTU ABuUratens npwu
paboTe Ha cpegHux 4actoTax BpauweHus KB, n ynydwaercs ero nNpuéMMCTOCTb MO
aHanormmM c TeM, 4YTO MMeeT MeCTO Mpu perympoBaHMM MO OTHOLUEHWUIO AaBlIEHUN

p3/p1'
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Puc. 4.2.9. Cxema perynvpoBaHMA pAaBJIeHUA HaaayBa nepenycKkoMm
oTpaboTtaBlLMX TrasoB C WUCNoJib30OBaHMEM B KaudecTBe YynpaBnsalowen
BeJ/INYNHbI OTHOLWEHWUA pAaBNeHun p,/p,: p, - AaBNEeHWE HaaAyBOYHOIO

Bo3AyXa HeNnocpeACTBEHHO MocC/ie KoMMpeccopa; p, - AaBneHue O Ha

Bbixoge wu3 TypbuHbl; 8-gpoccenupylowiee orBepctue (ocCTasibHble
o603HaueHun cM. puc. 4.2.4)

Bo Bcex onucaHHbIX Bblle cnocobax perynvMpoBaHUs AaBNEHUS HaadyBa Co
CTOPOHBbI BbinNycka Ol B KayecTBe OCHOBHOMO, @ MHOrAa MU €ANHCTBEHHOIro napameTpa
yrpaB/ieHUs MepenyckHbIM KanaHoM WCMONb30BasloCb COOTBETCTBEHHO AaBJ/IEHUE
HagQyBa WNU ApYyroe AaBneHWe B cCUcTeMe aBuratens. HecMoTpsi Ha pasnuyHble
BapuaUMOHHbIE BO3MOXHOCTW, 3TOMY Crocoby ynpaB/ieHUs AaB/eHWEM HaaayBa
oKasasMcb MPUCYLUN HeaoCTaTKM, MPU KOTOPbIX AOCTUraeMblii B MUTOre XapakTep
N3MEHEHNA AAaBNEHUSA HaAAyBa He OTBeYas XenaeMoMmy.

N36exaTb Ha3BaHHbIX HEAOCTAaTKOB MOXHO MNyTeM MPUMEHEHUS CBOBOAHO
ynpaesnsiemoro 6annacHoro knanaHa. CBob6oagHoe ynpaBfieHWMe B 3TOM Cllyyae
O3HayaeT, YToO KpoMe paaBfeHus HaaayBa (MW ApPYyrMX AaBNeHUA B CUCTEME) Ha
nepenycKHolM KnanaH oKasblBaloT ynpaB/isiollee BO3AENCTBME U ApYyrne napameTpbl.
TakuMu napameTpamMn SIBASKOTCSA Harpyska (MoSIOXeHMe APOCCeSbHOW 3ac/OHKK),
yactoTa BpauweHuss KB, TemnepaTypa HaaAyBOYHOrO BO3A4yXa, CUrHasbl AaTymka
AETOHALUMOHHOIrO CropaHusi, TemnepaTypa ABuratens (oxna)aatowen >XUAKOCTU) U



ap. CeobogHo ynpaBnsiemble 6GaWnacHble Kamadbl, Mony4vyawlwue CurHanbl
ynpaBieHUs OT CUCTEMbl KOHTpons 3a paboTton asuratensi, Hanpumep Motronic,
OTBeYalT COBPEMEHHOMY YPOBHIO pa3BUTUS CEPUMHbIX ABuUratenen c Hagaysom. Ha
puc 4.2.10 nokasaHa CcXeMa peryampoBaHus [AaBNeHUs HaadyBa B ABurartene
aBTomobuna SAAB 9000 Turbo ¢ wucnonb3oBaHMeM CcBO6OAHO YMNpaBASEMOro
6annacHoro knanaHa.

£

1

3

Puc. 4.2.10. Cxema perynuvpoBaHUA AaBJIEHUA HaaAayBa B ABurartene
aBTomo6buna SAAB 9000 Turbo: 1 - BnyckHOM Kosnektop; 2 - 6nok
UMAMHAPOB pABuratesns; 3- BbINYCKHOW KOMNEKTop; 4 - nepenyckHou
(6annacHbIM) knanaH; 5-typ6okoMmnpeccop; 6-raywurtenb; 7 - BO3AYLUIHbIN
bunbTp; 8 - 3a60pHMK BO3AyXa; 9 - 3/IeKTPOMArHMTHbIA KnanaH; 10-
XOosIoAUNIbHUK HaaAyBOYHOro Bo3ayxa; 11 - apoccenbHas 3acsioHKa; 12 -
AAaTYMK 4YacToThbl BpaweHuma KB; 13 - patuymMkKk AeTOHaAUMOHHOro cropaHusa; 14 -
[ATUMK HArpysku asurartensi; 15 - asieKTpoHHbI 610K ynpaBsieHus

Ha Bcex pexumax paboTbl ABUraTenss 3/eKTPOHHbIM 6710K  ynpaBneHus
obecneumBaeT pOaBfeHMEe HaaAyBa Ha MaKCUManbHOM YpPOBHe, MpU  KOTOPOM
[IETOHAaLUNOHHOE CropaHue He BO3HMKaeT. lMpu NosiBNEeHUM AETOHALUM SNEeTPOHHbIN
6nok ynpaBneHus 15 no curHany gatyvMka 13 nojaeT ynpaBnswoWMUi CUrHan Ha



3/IeKTPOMarHUTHbLIN KnanaH 9, 3apgaBas pexuMm ero pabotbl. B pesynbrtate Ha
MeMbpaHy nepenyckHOro knanaHa 4 MOXeT BO34eWCTBOBATb He MNOJIHOE AaBlieHune
HapAayBa, a NMUWb HeKoTopas ero 4acTtb. lepenyck O knanaHoMm 4 Npou3BOAUTCS A0
MOMEHTa MOJIHOFO NCYE3HOBEHUS AETOHALMOHHOIO CropaHus.

Takasa cxeMa peryampoBaHus No3BoaseT 6bICTPO yBENUYNBATbL KPYTALWMNA MOMEHT
M MOLLHOCTb ABUraTens Ha HenpoaomxuTenoHoe Bpems (Y pasfiMyHbIX ABUratesnen oT
16 no 45 c), 4uto HeobxoamMMO, HanpuMep, AN Ppe3Koro YCKOpEeHUs Npu COBEPLUEHUM
06roHos.

Mpn pe3KkoM HaxaTuM Ha nefanb akcenepatopa W OTKPbITUM APOCCENbHOM
3acNIOHKM 11 No KoOMaHAe 31eKTPOHHOro 61oKa ynpasnieHus nepenyckHOW KiamnaH Ha
3TO BpeMs 3aKpbiBaeTcs, n Becb NoTtok O cneayet vepes TypbuHy. bnarogapsa atomy
AaBneHne HagayBa, a cnefoBaTesibHO, U MOLWHOCTb ABUraTens pe3ko yBeMyYmnBatoTCs
(nHorga aToT pexum paboTbl 06o3Ha4yalT TepMUMHOM overboost - neperpyska). Ha
HEKOTOpbIX ABUraTensax Ansa 3awmTbl UX OT MOSIOMOK B pe3ysibTaTe neperpyskun pexum
overboost He BktOHaeTCs, ecnm 4YactoTa BpalweHuns KB yxe aocturina HOMMHaNbHOMo
3Ha4YeHusd, UM ecnm aBToOMOOBUb ABUXETCS Ha nepBon nepepade. Kpome TOro,
6e3onacHocTb paboTbl ABUraTens B pexumme overboost KOHTposMpyeTcs AaTymkKamu,
pPerncTpmpyowmnMm Ha3BaHHbIe Bbille NapamMeTpbl U MOCbIIAKLWMMN COOTBETCTBYOWME
CUrHanbl B 2N1eKTPOHHbIN 6/10K ynpaBneHus.

AByxcTyneH4yaTblin TypboHaaays. [pu XenaHuUm AOCTUIMHYTb BbICOKOrO YpPOBHS
dopcmpoBaHma paBuratenda C noMmowbio TypboHapaysBa BO3HMKaeT npobnema,
obycnoBneHHass HeAOCTAaTOYHOW MPOU3BOAMTENBHOCTBIO  CcepuiHbiXx TK, ecnu
AaBneHne Hagaysa AO/MKHO 6biTb 6onee 3,3 6ap. Ona peweHuns 3Ton npobnembl
MCMOJb3YIOT ABYXCTYMeHYaTbln TypboHaAAyB, CyTb KOTOPOro MOSACHAETCA CXEMOW,
npeacTaB/ieHHON Ha puc. 4.2.11.



|
Puc. 4.2.11. CxeMma agByxcrtyneH4yartoro typboHaaaysa ¢ nepenyckom OrIr
BnepBon crtyneHu: 1 - 3a6opHuK Bo3ayxa; 2 - BO3AYWHbIW Ppunbtp; 3 -

rnywutenb; 4 - Typ6okoMnpeccop nepBOM CTyneHW; 5 - XonoaunbHUK
HagAyBO4YHOro BO3A4yXa NepBOM CTyneHun; 6 - nepenyckHou (6aMnacHbIn)
KjanaH; 7 - Typ6okoMnpeccop BTOPOM CTyneHu; 8 - XONoOAUNbHUK

HaAAyBOYHOIO BO3lyXa BTOPOM CTyneHu; 9 - UWNMHAP ABUraTens

TK nepBou CcTyneHun 4 BcacbiBaeT BO34yxX yepes3 3abopHuk 1 n dunbtp 2. lMNMocne
CXaTUs B KOMMpeccope NepBOW CTYMEeHW BO3AyX OXaxk[aeTcsd B XonoAubHUKe 5 u
nogaeTcsa Ha BXo4 KoMnpeccopa TK BTopoWn CTyneHu 7, roe OH cxumaeTcs oo 6onee
BbICOKOrO AaBJ/iIeEHUS U 4epe3 XONoAWIbHUK 8 HarHetaeTcsa B UMAMHAPbLI ABUraTtens.
Ol pBuratensa HanpaBndawTCA cHayvana K TypbuHe TK BTOpon CTyneHu, a 3aTem
npoxoasat 4Jepe3 TypbuHy TK nepBon CTyneHuM M pasnee B BbINYCKHYK CUCTEMY
asuratens. [locne npoxoxaeHumsa TK BTopon cTtyneHn OF 4yacTb CBOen 3Hepruu
TepsT, U 4Tobbl OobecneunTb HeobXxoAMMYK ANA ABUraTenss NpoM3BOANTESNIbHOCTb



Bo34yxa, TK nepBow CTyneHn AO/KEH UMETb YBe/IMYEHHble pa3Mepbl N0 CPAaBHEHUIO C
TK BTOpPOM CTyneHMu.

Ons nosblweHUs 3dpdeKTMBHOCTM cucteMbl TK nepBort CcTyneHu cHabxkaeTcs
KnanaHoMm 6 nepenycka Ol B 06bxoa TypbuHbl. B KavecTBe ynpaBnsitowen BeNnYUHbLI
34eCb WCNONb3yeTCcsa [AaBJieHne HaAAyBOYHOrO BO34yXa Ha BXOAE B KOMMpPeccop
BTOPOM CTyneHW. Takoe pelleHne Mo3BOSISET WCMNONb30BaTb B MNEPBOM CTYMeHU
HagayBa TK yMeHbLIEHHOro pa3Mepa, a 3Ha4yuT, U C YMeHbLUEHHOW MHEPLMOHHOCTbLIO.
Cnepyet 3aMeTuUTb TakXe, 4To 3ddeKkTnBHOCTL TK BTOPOM CTyNEHM MNpuU OTKPbITUMK
nepenycKkHOro  KrnanaHa YBe/IMYMBAETCSA, 4YTO CBSI3@aHO C  YMeHblUeHUueM
NpOoTMBOAABNEHNA HaA BbiNycke TypbuHbl 3TOM cTyneHu. [lpn  gononHeHun
npuBefeHHON cxeMbl 6/10KOM 31eKTPOHHOrO YyrnpaBfieHUss W BO3JIOXEHUU Ha
nepenyckHon knanaH ¢GyHKumrM cBob60AHO ynpasfseMoro KianaHa, pearmpytoLliero
TakKXe W Ha TeMmnepaTypy HaaAyBOYHOro BO3A4yxXa Nepen KOMMPeccopoM BTOPOW
CTYNeHun, nosiBAsieTCA MpUHUMNUanbHasi BO3MOXHOCTb OTKasaTbCs OT XOJ04UbHUKA
HaA4yBOYHOro BO34yXa, pacriofloXXeHHOro nocsie KoMnpeccopa nepBow CTyreHu.



5. MOAEPHU3ALNA CUCTEMbI BbilMYCKA
OTPABOTABLUUX TA30B

B coBpemMeHHOM aBTOMObUIE Ha CUCTeMY BbiNycka oTpaboTaBwux rasos (OI)
BO3/1araeTcs HeCKO/IbKO BaXXHbIX (PYHKLMA:

e rAyweHue wymMa npu Bbinycke OF [0 YpoOBHA, He nNpeBblWwakwero
YCTAHOBJ/IEHHbIX CaHUTAPHbIX HOPM;

e YMeHblUeHWe KONMYyecTBa TOKCUYHbLIX KOMMOHeHTOoB B Ol A0 3HayeHun, He
NpeBbIWAWMX NpeaenbHO A0OMYCTUMbIX KOHLEHTPaLMWN.

Hapsagay C  BbIMOJIHEHMEM  3TUX  (QYHKUMKA  CUCTEMA  BbiMNyCKa  AOJIXKHA
obecneymBaThb:

v/ XOpOLUYI OYUCTKY U NPOAYBKY UMAWMHAPOB ABUraTens;

v MMHUManbHble notepu 3Heprmn O Ha NyTM OT BbINYCKHbIX K/anaHoOB A0
n0NaToK COMaoBOro annaparta TypbuHbl;

v’ paboTy TypbuHbl NpyU MUHUMANbHbIX Mynbcaumax notoka Or.

KpomMe TOro, cucrtema BbiNyCcka AO/DKHA WMETb OTHOCUTENbHO MPOCTYHO
KOHCTPYKUMIO U 6blTb TEXHOSIOTMYHOM B M3roTOBNEHUWU. BbiNOSIHEHME HA3BaHHbIX
TpeboBaHMN MO3BOMSET MOJyYUTb NpPUEMSIEMbIM  pacxod TOMJAuMBa, CHU3UTb
BEPOSATHOCTb MOJSIOMKM J10NATOK TYpOWHbI, YMEHbLWWUTb METaN/I0EMKOCTb CUCTEMbI
BblNycka u obneruntb ee 06CnyxuBaHue.

OcHoBHOM npobsieMON NpuU CTPEMJSIEHUN OCHACTUTbL aBTOMOOWUNb 3P deKTUBHOMN
CUCTEMOMN FAyLWEHUs WyMa ABASETCS TPYAHOCTb pa3MeLlleHUs rywnTens 40CTaTOYHO
6onbwunx pasmepoB. 0O6bl4HO 3Ta npobnema pewaeTcs MyTeM YCTAaHOBKM Ha
aBTOMObBUIb HeCcKoNbKnx (A0 Tpex) nocnefoBaTeslbHO COEAMHEHHbIX FaywuTenen C
MeHbWwnMM rabaputamm BMeCcTo oaHoro 6onbworo. BaxHbIM TpeboBaHueM,
npeabsBASEMbIM MPU 3TOM K BbIMYCKHOMY TPaKTy, SIBASETCH HaM4me MUHUMANbHOro
conpoTmBnennsa asmxeHuto O U yMeHblEeHMe 3a cyeT 3TOro noTepb MOLHOCTMU
aAsuratens.

AN yMeHbLUeHNS KOIMYeCTBa TOKCUYHbIX KOMNOHEHTOB B Ol B BbIMYCKHOW TpakT
COBpPEMEHHbLIX aBTOMObWNen ycTaHaB/IMBAETCA KaTaJIMTUYECKUA HeuTpanulaTop.
OcobeHHOCTb pa3paboTaHHbIX KOHCTPYKUMN KaTanUTUYECKUX HenTpanm3aTopoB B
TOM, 4TO 3dhdeKTMBHYIO HenTpanusauuo coaepxawmxca B O TOKCUYHbIX
KOMMOHEHTOB OHM OCYLWECTBASIOT /Wb MNpU 3HayYeHun KoadpduumeHta wun3sbbiTka
Bo3ayxa a = 0,994 £ 0,003. C yenbio onpegenieHns KonmyectBa cozepXallerocs B
O kncnopoga u kKoppekuun (Npu HeobxXxoAMMOCTW) cCOCTaBa TOMJMBOBO3AYLUHOM
cMmecun, obecneumBatowero adpdekTUBHYIO paboTy KaTannMTUYECKOro HemTpanmsaTtopa,
B BbIMYCKHOM TpaKTe YyCTaHaBNMBAaEeTCs AaTymk obpaTHOM CBSA3M, TaK Ha3blBaeMbli
namMbaa-30HA4, KOTOPbIA Ha3blBAlOT TaKXe KWUCIOPOAHbIM AATYMKOM. Ha HeKOoTOopbIX
aBToMOb6uMNAxX upMbl Toyota Takon AaTUMK YCTaHaB/IMBAETCS KakK Ha BXOoA4e ra3oB B



KaTaIMTUYECKMN HENTpanm3aTop, TaKk M Ha BbIXOAE W3 Hero. DTo no3sonset 610Ky
ynpasneHus oueHnBaTb 3P HeKTUBHOCTb paboTbl KaTaNMTUUYECKOro HernTpanm3aTopa.

CnepyeT 3aMeTUTb, 4YTO MpWM YCTaHOBKE KaTalMTUYECKOro HeuTpanusaTtopa
COMpPOTUB/IEHNE BbIMYCKHONO TpakTa Heus3bexXHO Bo3pacTaeT, UYTO COMpPOBOXAAETCH
HEKOTOPbIM YMeHblUueHneM 3 HeKTUBHOM MOLWHOCTK aABuraTtens (Ha 2 - 3 kKBT). YTobubl
obuwee conpoTuMBieHUE BbIMNYCKHOrO TpakKTa nMNpu YCTaHOBKE KaTalUTUYeCKoro
HenTpanusaTtopa CU/bHO He BO3pacTano, nocneaHun pasMewaroT 06bIYHO Ha MecTe
npeaBapuTenbHOro raywuntens. NockonbKy MakcMManbHasi 93KOHOMUYHOCTb ABUraTens
nMeeT MecTo npu pabote Ha obeaHeHHbIX cMecsaX (a~ 1,05...1,15), TO BbIHY>XAeHHas
pabota paBuratens BO BCEM JAuana3oHe HArpy3sok Ha CMecu npakTU4yecKu
CTEXMOMETPUYECKOr0 cocTaBa HensbexHO BeAeT K CHMXKEHUIO 3KOHOMUYHOCTM (A0
5%).

BbINYCKHOM TpakT CUCTEMbl CTPEMSTCH BbINOAHUTb TakuMm o6pa3oMm, 4yTobbl npu
OCYLLECTB/IEHNMN BO3/10XKEHHbIX HAa HEero OCHOBHbIX (YHKUMA OH cnocobcTBoBan Obl
6bonee NONMHOM OYMCTKE KaMep CropaHus OT OCTaTO4YHbIX ra3zoB M 6onee MNOMHOMY
HanOJIHEHUIO UWMAWMHAPOB ABUraTens CBeXuMm 3apsaoMm. B 3aBucmMocTn oT cnocoba
opraHusaummn asmxeHusa notoka O Ha y4dacTke OT BbINYCKHbIX KlanaHoOB A0 BXo4a B
TYypbuHy TypbokoMmnpeccopa BbIMYCKHble CUCTEMbl pas3fensarT Ha  CUCTeMb
NOCTOSAHHOINO  AaB/eHUdA, UMMyNbCHble, UMNYJbCHble C npeobpas3oBaTensamm
MMNYbCOB U KEKUMOHHble OAHOTPYOHbIE.

BbINyCKHblE CUCTEMbl MOCTOSIHHOIO AaBfIeHMS U3-3a WUMEKLWUXCS Cepbe3HbIX
HeAOCTaTKOB Ha aBTOMOOMNBHLIX ABUraTenax rnpakTUYeCKn He TMPUMEHSIOTCS.
Hanbonbwee pacnpocTpaHeHne 34eCb NOAYYUIM  CUCTEMblI  UMMNY/bCHblE U
MMNOynbCHble C npeobpasoBaTensaMm UMNYyNbCOB. PaccMOTpMM 3TWU  CUCTEMbI
noapobHee.

B cuny umkanyHOCTM npoTekaHus pabodyero npouecca B nopwHesbix ABC B
BbIMYCKHOM TpaKTe, KaK U BO BMYCKHOM, BO3HWKaeT KosebaTenbHoe ABUXXEHWE rasos,
B pe3y/sibTaTe KOTOporo obpasyeTrcs BOSIHA AaBfeHUS.

bnarogaps 60nblION pa3HOCTU AABNEHUN rasa B UMNMHAPE U BbIMYCKHOM TpakTe,
B MepBbl MOMEHT C Hayasia OTKPbITMS BbIMYCKHOMo KnamnaHa u3 UuanHapa BbIXOAUT
3HauMTEeNbHOE KOMIMYecTBO ra3oB. B aTOoT nepmoa, HasbiBaeMbl npeaBapuUTesibHbIM
BbIMYCKOM, CO34aeTCs pacrnpoCTpaHSoWasca CO CKOPOCTbIO 3BYKa BOJIHA AaBJieHUS.
OTa BOJIHA, OTpaXasiCb OT CTEHOK BbINyCKHOro TpybonpoBoga, npu onpeaeseHHbIX
obcToAaTeNnbCTBax MOXET BOCMPEensATCTBOBaTb JajibHEWLWLEMY BbITEKAHUIO rasa w3
umnnHgpa, obycnosneHHoOMYy 60/bLUOM pPa3HOCTbIO AaBNEeHUMW B HadanbHbIM nepuoa
BbiNycka. lNocneayrowas o4YnMCcTKa UmMnmHapa OT OCTAaTOYHbIX ra30B OCYLIECTBASETCS B
3TOM CNy4yae Nnb 3a CYET BbITaNKMBAKLWeEro Aencrens nopwHa. OueBmagHo, 4ToO npum
TaKNX YCNOBUAX KONMYECTBO ra30B, OCTalWMUXCA B KaMepe CropaHusa oT
npeablgywero uumkna, 6yaetr HambonbwuM. DTO OTpuUUATENIbHO CKaXeTcs Ha



nocneaylowemM HanoSIHEHUU UMAMHAPa CBEXWMM 3apsaoM W COOTBETCTBEHHO Ha
MOLLHOCTN, SKOHOMUYHOCTM N ISKONOMMYECKMX NoKasaTenax aAsuratens.

OpHako, o6pasytowycs BOHY AAB/IEHUS MOXHO MCMNOMb30BaTbh U AN CO34aHUS
3a BbIMYCKHbIM K/larnaHoM yCA0BWUIM, CNOCOHBCTBYOWNX YAYULWEHUIO OYNCTKU UMAMHAPA
OT OCTaTO4HbIX ra3oB. [s 3TOro BbIMYCKHYK CUCTEMY HeobXoAMMO HACTPOUTb Tak,
yTo6bl K KOHLY TnMpouecca BbiNycka B nepuoa wuMewwencsa dasbl NepekpbiTUs
KNanaHoOB 3a BbINYCKHbIM K/anaHOM Mpu MNpPOXOXAeHUW BOAHbI 06pa3oBanoch
paspexeHune. DTO NpuBeAeT K YBENIMYEHUID KOoNM4YecTBa BbITEKAKLWMUX U3 LUMAMHAPA
OCTaTOYHbIX FA30B W YAYYLIEHUIO HAMOJIHEHUS €ro CBeXuM 3apsaoM. HacTpounka
BbIMYCKHOM CUCTEMbl OcyllecTBnseTcsa nyteM noabopa A/IMHbI U NAOWAAM CevYeHus
BbIMYCKHbIX TpybonpoBogoB. Ha HadanbHOM 3Tane paboT Ha3BaHHble NapaMeTpbl
BbIMYCKHOM CUCTEMbI NpeaBapuTenbHO MOryT 6bITb onpegeneHbl pacyeTHbIM MeTOLOM,
OAHAKO 3aTeM HeobxoauMa NpoBepkKa M YTOYHEHME MOJIYYEeHHbIX pe3y/ibTaToB Ha
ncnbiTaTesibHOM cteHae. [pu BbINOMHEHUM 3TUX AOCTAaTOYHO TpPyAOeMKMX paboT C
LeNnbl COKpalWeHMs KonmMyecTBa OMbITOB ANS MNOAYYEeHUs OXMOAaeMoro pesysbTaTta
cneayet BOCMOMb30BaTbCA MNpuMeMaMu, WU3BECTHbIMWU U3  Teopuun nNAaHUPOBaHMUS
3KCNepuMeHTa.

MpakTnka KOHCTPYMPOBaHMS BbIMYCKHbIX CMCTEM MOKAa3blBAET, 4YTO 4yeM bHonble
LMINHAPOB 06beaAuHSAEeT OAUMH BbINYCKHOW TpybonpoBoA, TeM MeHbLUe BO3HMKaLWas B
TpybonpoBoae pe3ynbTupyoLwas amnanTyaa nasneHns, obpasyrowascs B pesynbraTe
HanoXeHusa oTAeNbHblX BONH. [lo3ToMy, 4TOObI wM3b6exaTb HexenaTenbHOro
HanoXeHUs BOSIH, BbINYCKHYK CUCTEMY BbINONHAKT B  BUAE  HECKOJbKMUX
pacnosioXXeHHbIX BeepoM (0AWH Hag Apyrum) TpybonpoBoAoB, B KaXAbl M3 KOTOPbIX
OCYLWEeCTBNSAETCS BbINYCK ra3oB He 6onee 4yeM w3 Tpex uUuMAMHAPOB. [Ons
NpeaoTBpaLLEHMNS HexenaTeNbHOro HasNloXKeHMs BOJSIH MOTOKM rasa W3 LUUIMHAPOB
obbeanHstoTCca TpybonpoBogamMm Tak, 4YTOobbl obecneunmTb 4epenoBaHME BbIMYyCKOB
rasa B Kaxablh TpybonpoBoa C MaKCMManbHO BO3MOXHbIMW MHTepBanamu. MNpu 3ToM
HeobxoanMMO CTpeMUTbCs obecnevynTb OAMHAKOBYHO ASIMHY BbIMYCKHbIX TpybonpoBoaoB
(Ha nNpakTMKe 3TO He BCeraa YyAaeTcs peanm3oBaTb U3-3a MMeKLWKMXcs rabapuTHbIX
orpaHuyeHuin). BbiNONHEHWe Ha3BaHHbLIX YCA0BWUMA BO3MOXHO Mpu BeepoobpasHOM
pacrnosioXXeHMn BbINYCKHbIX TpybonpoBOAOB, KOrAa OHW pacrnosiaratoTcs OAMH Haj
apyrnm. ObecneyeHne oaAMHAKOBOW ANMHbI TpybonpoBOAOB MNO3BOMSET HACTPOUTb
CUCTEMY BbiNyCKa Ha onpeaeneHHbln Aumana3oH 4YacTtoTbl BpaweHus KB. B
MMNYbCHOW BbIMNYCKHOW cucteme noasoa O K TypbuHe OCyLLecTBASeTCs OTAebHbIMU
TpybonpoBogamMu OT KaXXa0W rpynnbl LMINHLPOB.

B wuMNynbCHOM BbINYCKHOM cucTteMe C npeobpasoBateneM WMMybCOB
TpybonpoBoabl, 06beanHsoWMe BbiMYCK U3 ABYX WM TpeX UMINHAPOB, NepexoaaT B
BbIMNOSTHAOLWYO nNpeobpa3oBaHne MMNynbLcoB Y-obpasHyto Tpyby, ABa TpakTa KOTOpPOM
yepe3 onpegeneHHoe paccTosiHme ob6beaAnHATCss B OAMH. [l0 CpaBHEHMID C
KNacCMYeCKoOM  UMMNYAbCHOM  BbIMYCKHOM  CUCTEMOWM  MMMyNbCHass cuctemMa C



npeobpasoBaTesieM MWMMNYy/AbLCOB MNpourpbiBaeT no rabapuTHbIM MokasaTesnsMm, HO
nossonseT nosbicnTb KIMA Typbokomnpeccopa U yBenmunuTb pecypc TypOuHbl.

B asuratenax c TypboHagayBoM Bbixod Y-obpasHon Tpybbl coeauHseTca C
BXOAOM B TypbuHy, a B aBuratenax 6e3 HagayBa - ¢ TpybonpoBoaoM, uAyLWwMM K
rnywutento. OnuHa Y-obpa3Hon TpyObbl oOKa3blBaeT 3HA4YUTeNbHOEe BJIUSIHME Ha
XapaKTepUCTUKy MOLLHOCTKU ABuratensd. lMogbop ANWHbI, NpM KOTOPOMW ABuUraTesnb
pasBMBaeT MaKCUMMasbHYK MOLLHOCTb, MOXHO BbIMNO/IHUTb TOJSIbKO HA UCMbITaTe/IbHOM
cTeHage. Bbi3BaHO 3TO TeM, 4YTO AnMHa Y-obpasHon Tpybbl 3aBUCUT K TOMY Xe OT
KOHCTPYKTUBHbLIX 0OCOBEeHHOCTEM CuUcTeMbl Bnycka W da3 rasopacnpeaeneHus,
06ycnoBNeHHbIX npodunem Ky/lauyKoB YCT@HOBJIEHHOI 0 Ha aAsurartene
pacnpegenutenbHoro Basna. Cnepgyer 3aMeTuTb, UTO AN obecneyeHuUst nMpoTeKaHus
yBenunuymellerocsa obbema oTpaboTaBLLIMX rasoB MnonepeyHoe ceyveHue Y-obpasHou
Tpybbl B MecTe 06beanHeHUs ABYX ee TPaKTOB AOJ/IKHO bbiTb 60bLue.

B oaHOpsSAHbIX 4-UMNMHAPOBLIX ABUraTensiXx MHTepBasnibl MeXAy BCrblWKaMu B
nocnepoBaTtenbHO paboTarowmx unnmHapax cocrasnstotT 180° noBopoTa KoneH4YaToro
Bana (MKB). lNMpun BCTpevaloWwmMXcsa B 3TUX ABUraTensx nopsakax pabotbl UMANMHAPOB
1-3-4-2 n 1-2-4-3 Has3BaHHOMY BbllWwe TpeboBaHMIO MpU HaINYUKU 4-X BbIMYCKHbIX
KaHanos 6yaer oTBedyaTb obbeaMHeHWE OAHWM  BbINYCKHbIM  TpybomnpoBOAOM
COOTBETCTBEHHO umnuHapos 1 n 4, a Takke 2 n 3. lNpu 3TOoM byner obecneyeHa
paBHOMEPHOCTb 4YepefioBaHMA BbIMYCKOB rasa B OAWMH TpybornpoBoA4 C MaKCUMMalbHO
BO3MOXHbIM WMHTepBanoM 360°. CxeMa pacnonioXeHust BbIMYCKHbIX TpybonposBoaos
nokasaHa Ha puc. 5.1.

Puc. 5.1. CxemMma pacnosiookeHMsi BbINYCKHbIX Tpy6bonposoaoB 4-
UMJIMHAPOBOro psAHOro aAsBurartens: 1 - BNYCKHOW KOJMUIEKTop; 2 - 650k
UMIMHAPOB; 3-BbiNyCKHONU Tpy6onpoBoa uMauMHAPOB 1 M 4; 4 - BbiIMNYCKHOMN
Tpy6onposoa umnmHapos 2 n 3; 5 - Y-obpa3Hasna Tpyb6a



Y HEKOTOpbIX 4-UMINHAPOBLIX ABUratenen oba cpefHMX BbIMyCKHbIX KaHana (ans
uMnmMHApoB 2 1 3) obbeAMHEHbl yXe B rosioBke UMaMHApoB. UnnwcTpauuen Takoro
pacrosioXXeHMs BbIMYCKHbIX KaHa/I0B MOXET, B YACTHOCTU, CNYXUTb ABuratens [-243,
yCTaHaBnmBaeMbll Ha TpakTopbl "benapycb". lpu TakoM KOHCTPYKUMWM KaHaNoB
OOCTUTHYTb MPaBWUIbHOIO COrlacoBaHMs AOCTAaTOYHO TPYAHO, HO MOJSY4YUTb Xopolime
pe3ynbTaTbl NMpU Hanuumm Y-obpasHOM BbIMYCKHOW Tpybbl Ans umamHapoB 1 n 4 wm
obwen Tpybbl ANS uUMAMHAPOB 2 U 3 BMOJIHE BO3MOXHO. [Mpn 3TOM Heobxoammo
obecneunTtb, 4TO6bLI 06Waa ana umnmHapos 2 n 3 Tpyba A0 MecTa ee obbeanHEHUS C
Y-obpa3Hon Tpybon nmena 6bl NpUMepHO Takonm Xe o6beM, 4YTo MU nocnegHssa. Takoe
Xe pacnosioXXeHne BbIMYCKHbIX KaHa/noB BCTPEYAeTCs M Y HEKOTOPbIX aHMIMUCKUX
asuratenen (MGB, Mini v ap.).

B oaHOpAAHbIX 6-UMIWMHAPOBbLIX ABUraTensax wuMeeT MeCcTO NopsaoK paboThbl
umnnHgpoB 1-5-3-6-2-4, a Ha aBuratensax gupmbl Audi M HEKOTOPbLIX ABUraTensax
dupMbl Mercedes uumnunHgpbl paboTatoT B nocnegosaTtesibHOCTM 1-4-3-6-2-5. U B
nepBoM, U BO BTOPOM C/lyyasX BCMbIWKK CneayT paBHOMEPHO C MHTepsasoMm 120°.
BbiNo/IHEHME Has3BaHHbIX BblWe YCA0BUW 34eCb AOCTUraeTcs MpPUMEHEHUWEM [BYX
pacrosioXXeHHbIX BeepoM  BbINYCKHbIX  Tpybonpososos. OauH  Tpybonposoj
obbveanHsaeT umnuHapel 1 - 3, a Apyron - COOTBETCTBEHHO uunmHapbl 4 - 6. Takum
obpa3oM, 4yepenoBaHMe BbIMYCKOB rasa B OoAWMH TpybornpoBo4 34ecb MNpoUCXoanT
paBHOMEPHO C MHTepBasioM 240°. CxeMa pacnosnioXXeHns BbIMYCKHbIX TpybonpoBoaoB
nokasaHa Ha puc. 5.2.
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Puc. 5.2. CxeMa pacnosiooxeHMsi BbiINYCKHbIX Tpy6bonpoBoaoB 6-
UMJIMHAPOBOro psAAHoOro aAsurartensi: 1 - BNYCKHOWM Konnektop; 2 - 6nok
UMAMHAPOB; 3-BbiNYCKHOM Tpy6onpoBoa umnuHapoB 1,2 n 3; 4 - BbiNyCKHOM
Tpy6onpoBoa umnmHapos 4,5 n 6; 5 - Y-o6pa3Han Tpyb6a

OueBngHo, 4TO Ansa V-ob6pasHbiX M OMNMNO3UTHbIX (C yriom passana 6510KoB
umnmHapos 180°) 12-umnuMHApPOBLIX ABUraTenen, UMEKLWMX KoseHYyaTblin Ban C



paBHOMEPHOW MNpPOAOSIbHO-CUMMETPUYHOM CXEMOM  pPaCMnOSIOXEHUS KPUBOLUMMOB,
obbeanHeHne MOTOKOB ra3a BblINyCKHbIMWM TpybonpoBoAaMM Ha KaXxaom 6noke
LMANHAPOB MOXET BbINOAHATLCS @aHANOMMYHO.

Heckonbko TpyaHee obctomnT aeno ¢ V-obpasHbiM 8-UMAnHAPOBbLIM ABUratenem,
MMEKLWMM KpecToobpasHyto (HECMMMETPUUHYIO) CXeMy pacrnosioXeHUst KpUBOLUMMOB
KOJsieH4aToro Bana. Mpun TaKowm cxeme pacnosioXeHus KpUBOLUMMOB
nocnefoBaTesibHOCTb paboTbl UMAMHAPOB B JIEBOM W npaBoM 6nokax UMAMHAPOB
HeogMHaKoBasi, B CBA3M C 4YeM 3TWU ABUraTenin Henb3s paccMaTpmBaTb KakK ABa
OAHOPSAAHbLIX 4-UMNMHAPOBbLIX ABUratens. WHorga w3-3a HepocTtaTka MecTa B
MOTOPHOM  OTCeke 3TUM  06CTOATEeNbCTBOM  MpeHebperatT, YTO  CHUXaeT
3PEKTUBHOCTb BbIMYCKHON CUCTEMbI. [ONns onTUManbHOM HACTPOWMKU BbIMYCKHOMN
CUCTEMbI B 3TOM c/flydae HeobxoamMo HanpaenaTb Tpybonposoa OT uUMAMHApPA OA4HOMO
6noka K umnunHapy apyroro 6s0ka, Tak 4tobbl nocne obbvegnHeHUsa BbIMYCK KaXaoro
N3 ABYX UMANMHAPOB B 06WKMI AN HUX TpybonpoBoa NpomMcxoansa vyepes paBHble U MO
BO3MOXHOCTWU MaKCMMasnbHble MHTepBanbl BpeMeHu. [lyCTb Takou ABuratenb UMeeT
Hanbosee 4YacTo BCTpPeYALWMUNCA Ha NpakKTUKe nNopsaaok paboTbl LUMAMHAPOB,
nokasaHHbliM B Tabnuue 5.1. WHTepBanbl Mexay BCMblIWKAMWM B UUAMHAPAX MO
AsuraTtento coctasnsaoT 90° MNKB.

Tabnuua 5.1
Bnok umnnHapos
Homep unnuHapa B 6n1oke
ABurartens
NeBbin (J1) 1 4 2 3
Mpasbin (1) 1 2 3 4

Mpn TeopeTnyeckoM paccMOTpeHUM AN9 BblNycka B oAMH Tpybonposon
UMIWMHAPBLI cneayeT nonapHo obbeAuMHUTb cneaywowmm obpasom: 1J1 - 2M, 271 - 411,
31 - 1M n 401 - 3M. B atom cny4yae Bbinyckn O B oaumH Tpybonposoa 6yayTt
cneposatb paBHOMepHO C MHTepsanoMm 360 ? [KB. Takasg cxemMa pacnonoXeHus
BbIMYCKHbIX TPybONpoBOAOB NokasaHa Ha puc. 5.3.
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Puc. 5.3. Cxema pacnonoxxeHusi BbiINYCKHbIX Tpy6onposoposana V-
o6pa3HoOro 8-uMAMHAPOBOro ABuratensa ¢ KpecrtoobpasHoM cxemon
pacnonoxeHna kpuBowunoB KB: 1 - BnyckHble KoOnnekTopbl; J1 - neBbiA
6nok umnuHapos; N - npaBbii 6J10K ULUNINHAPOB

HamMHoro npowe, Kak Yy [ABYX OAHOPSAAHbIX 4-UMNMHAPOBbLIX ABUraTtenen,
BbIMO/IHUTb HACTPOMKY BbIMYCKHOW cuUCTeMbl aAnsg V-obpa3Horo 8-umanHopoBOro
ABuratensd  C  MJOCKMM  KONeH4yaTbiM BasioM (C paBHOMEPHOWM NpPOAOJSIbHO-
CUMMETPUYHOMN CXEMOMN PacrosioXXeHNsa KpuBoWwmMnoB. HAaCcCTpOUTb BbIMYCKHYIO CUCTEMY
B 3TOM C/lydae MOXHO OTAEeNbHO A/ Kaxaoro 6noka umManHApoB, Kak 3TO cAenaHo y
ABuUratenem roHo4YHbIx asToMmobunen d®opmynbl, Hanpumep, B Ford Cosworth V8.

Ocobbin  nMHTepec npeacTtaBnsieT  BbINyCKHas  cuctemMa  5-umnunHapoBbiX
aAsuratenen. KoHuepH Volkswagen, HanpuMep, ycTaHaBIMBaAET UX Ha MUKPOABTOOYChI
Caravelle n Transporter. Bxoasiwas B 3TOT KOHUepH dupma Audi oCHawaeT TakMmum
ABUraTensMM HeKOTopble CBOM JNlerkoBble aBToOMOOWAW. B 3Tux pBuratensax wmMmeer
MecTo nopsaok pabotbl umnnHapoB 1-2-4-5-3. Takmm 06pa3oM, BCMbIWKKU CAeayroT C
nHTepBanoMm 144°. B a3ToM cny4yae uumnamHapbl 1 n 4, 2 n 3 MOXHO 06beAMHUTb
nonapHo, obecneynB MUHUMaNbHbLIA WHTEpPBaN MexXAy nocneaoBaTebHbIMU
BblMyCckaMn B oauH Tpybonposoa B 288°, a BbINyCK M3 UMAMHApPA 5 OCyLecTBUTbL B
oTAenbHYy Tpyby yMeHbLIeHHOro cedyeHusi. Ha onpeaeneHHOM yaaneHun oT 61oka
LMANHAPOB BCe Tpu Tpybbl 06beanHSTCA B O4HY, No KoTopon aanee O cneaytoT B
raywnTenb.

Mo CpaBHEHMIO CO CTaHAApPTHOM CUCTEMOWM BbIMyCKa HACTPOMKA BbIMYCKHbIX
Tpybonposogos nyteM noabopa wuxX ANWHbI NO3BOMASIET YBENUYUTb KO3IDDULMEHT
HanoOJIHEHUSA UWAMHAPOB MpaKTU4YeCcKn BO BCEM JAumanas3oHe MW3MeHEeHWs 4acToTbl



BpalweHus KB. MNMpn 3ToM yBennyeHne MOLHOCTN ABUraTens Ha HOMUHANIbHOM pexunme
MOXeT gocturaTtb 6% .

Tenepb OCTAHOBMMCS HECKO/SIbKO NoApobHee Ha 3XKEeKUMOHHOM OAHOTPYOHOM
BbIMYCKHOM cucteme, paspabotaHHonm B LUHWAWN [3], KoTOpas C ycnexom MOXeT
NPUMEHATbCA Ha 4-, 6- U 8-UMINHAPOBbLIX ABUraTensx Kak C HagayBoM, Tak u 6e3
Hagaysa. [OCTOMHCTBOM 3TOM BbIMYCKHOM CUCTEMbl $SBASETCA TO, UTO OHa
YAOBNETBOPSET MpaKTUUeckn BCeM TpeboBaHMSAM, WU3NOXEHHbIM B CaMOM Ha4ane
pasgena. CncremMa MOXeET BbIMNOMHATLCA MO OAHOM M3 CXEM , NPUBEAEHHbLIX Ha puC.
5.4.

Motok OI' No BbINYCKHOMY naTpybky 1 nocTtynaer B OAHOTPYOHbIM BbIMYCKHOMN
konnektop 2. Cneays no konnektopy, Notok Ol Bbi3blBaeT 3)KEeKUUIO B BbIMYCKHbIX
natpybkax. B cBow o4epenb, rasoBble NMOTOKW B BbINMYCKHbIX NaTpybkaxX Bbl3blBatoT
IXKEKUMUID B BbINYCKHOM KoAnekTope. bnarogaps HaluMuuiOo 3XeKuum BO BpeMS
NEpEKpbLITUSA K/lanaHoOB B BbIMYCKHbIX MNaTpybkax Aasuratensa ¢ TypboHaaayBoMm
NPOMCXOANT MOHMXKEHME AAaBNEHUSA OTHOCUTENIbHO YPOBHS AaBfieHns nepen TypbuHoM.
Mpn npaBunbHO nNoaobpaHHbIX (pazax rasopacnpenesieHnUs 3TO MNO3BOMSET YyAy4lWUTb
OYMCTKY UWINHAPOB WU WX HAMNOSIHEHME, 4TO MOJIOXKUTENbLHO CKa3blBaeTCcs Ha
MOLLHOCTN U SKOHOMMUYHOCTM ABUraTens.

BISNRSY

1 2

/
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Puc. 5.4. CxeMbl BO3MO>XHOI0 MCMNOJIHEHUA 3>KEKLMOHHOW OAHOTPY6GHOM
BbINMYCKHOW CUCTEMbI: 1 - BbiINYCKHOW NaTpy60K; 2 - BbiNyCKHOM KOJIJIEKTOP

OcHaleHune oaHobno4yHoro AN3enbHoro asurartens 64H12/14 C
TypbokomnpeccopoM TKP-8,5 2)KeKUMOHHOW OAHOTPYOHOM BbIMYCKHOWN CUCTEMOW
BMECTO LWTATHOMW WMNY/JbCHOW CUCTEMbl MO3BOJIMIO  YMEHbWWUTb  YAeSlbHbIN
a(pPekTnBHLIN pacxon Tonamea Ha 7 - 8 r/(kBT.4) npun paboTe Ha MNOBbIWEHHbIX
Harpyskax un npumepHo Ha 4 r/(kBT.4) npu paboTte Ha ManbiX Harpyskax. [lpu
OCTaBLUMXCHA MNpaKTUYECKN HEU3MEHHbIMWM pacxoge BO34yxa u4epe3 ABuratenb u



Temnepatype Ol nepen TypbuHon aasneHve Hagayea Bo3pocsio Ha 0,015 - 0,02 MMa,
a cpeaHsaa Temnepatypa Ol B BbINYCKHbIX naTpybkax ymeHbwwmniacb Ha 10 - 15°C.
Bnarogaps Hanuuuilo 3XeKuun [aBfieHMe B BbINYCKHbIX nNaTpybkax BO BpeMs
nepekpbITUSa KranaHoB Ha npoTsxeHunn 50 - 100° MNMKB oka3sbiBanocb Ha 0,005 - 0,05
MlMa HMXXe aaBneHnsa BO BNYCKHOM KOJIIEKTOpE.

B cnydae psuratensa 6e3 HapgayBa 6narogaps HanMuuio 3XeKUuUn OaBfeHue B
BbIMYCKHbIX NaTpybkax BO BpeMs MNepeKkpbiTUS KanaHOB CTAaHOBUTCHA HUXe
aTMocdepHoro. MNMpun 3ToM, Kak U y ABUratens ¢ HagaAyBOM, MPOUCXOAUT yhaydlleHue
OYUCTKU U HAMNOJHEHUS LUMINHAPOB.

Mo cpaBHEHMIO C KNaCCUYEeCKOM UMMYJIbCHOMN BbIMYCKHOM CUCTEMOMN 3XKEKLMOHHAs
oAHOTpYybHass cuctemMa nNpu ee CywecTBEHHO MeHblnxX rabaputax no3Bonser
YyMeHbLWNTb rabaputbl asuratens B uenom, nosbicuTb Kl Typbokomnpeccopa, a
TaKXXe yBeMunTb pecypc TyYpOUHbI.

O6bI4YHO HACTpOWKa BbIMYCKHOWM CUCTEMbI ABUraTens BbINOAHAETCA KOMMIEKCHO C
HaCTPOMKOW BMNYCKHOro TpakTta. lpu npaBunbHO noaobpaHHbIX napaMmeTpax obenx
CUCTEM MOXHO A06UTbCS OYeHb 3HDPEKTUBHONO HaMoOAHEeHUS UWIAWHAPOB CBEXWUM
3apsa4oM U NoNydYuTb 3HaveHne n, >1.



Puc. 5.5. Cxema nepenycka HagAyBOYHOIro Bo3ayxa Ha Bxoa Typ6uHbi: 1
- 3a6opHMK BoO3ayxa; 2 - BO3AYyWHbIM PuabTp; 3 - raywutenb; 4 -
Typ6okoMnpeccop; 5 - xonoaw/bHUK HaaAyBOYHOro Bo3ayxa; 6 - umnuHAap
ABUrartens; 7-nepenycKkHoOM KJjanaH

KoMnnekcHas HacTpoiikKa CUCTEM BMyCKa WM BbiNyCKa aBTOMOGU/IbHbLIX AU3ENbHbIX
ABUraTenen c HaaayBOM MO3BONAET A06UTbCSA YNYULIEHUS UX MNPUEMUCTOCTU. NS
3Toro o6e cucteMbl coeauHsOT TpybonpoBodamu, 6narogapsi KOTOPbIM  4acCTb
HaaAyBOYHOIO BO3J4yXa MOXET MoAaBaTbCs Ha Bxo4 TypOuHbl. MNpeacTtaBfieHHas Ha
puc. 5.5 cxeMa no3BoASieT MNAaBHO M3MEHSATb pacxoh rasoBo3AyLIHOM CMecu 4epes
TYp6MHY B 3aBUCUMOCTM OT pexuMa paboTbl ABUraTens.

MNpn yBennyeHnM pasHOCTU AaBIEHMA HaAAyBOYHOro BO3AyXxa W oTpaboTaBLumMX
ra30B Bbllle 33[aHHOrO0 3HAYEHMs TMepenycKkHOW KknamnaH 7 OTKpbIBaeTcs, B
pe3ynbTaTe 4ero 4acTb HaAAyBOYHOro BO3AyXa MOCTYyMaeT Ha BXOA TypbuHbl. Takoe
perynupoBaHune obecrneuymBaeT TpebyeMyto pabouyto XapakTepucTuky asuratens npu
paboTe Ha 4acTUUHbIX Harpyskax. [Ona obecneyeHuss BbIXoAa [ABUraTenss Ha
HOMWHANbHYIO MOLWHOCTb B NPUBOAE NEPENYCKHOro KnarnaHa MMeeTcsl yCTPOMCTBO ANS
ero 6/J0KMPOBKN B 3aKPbITOM COCTOSIHUW.



6. KOHBEPTUPOBAHWE ABUTATEJIEN ANAA PABOTDI
HA ITA3E

CoxpaHsilowancsa TeHAeHUNS pocTa LeH Ha TonauBa HeTAHOrO NPOUCXOXKAEHUS,
0cob6eHHO Ha BbICOKOOKTaHOBbIN 6eH3uH, 1 BCce H6onee yxectovarowmecs TpeboBaHus
K CHWXXEHUI YPOBHS TOKCUMYHOCTM OTpaboTaBWKMX ras3oB BbIHYXAawT GUPMbl NO
NpOVU3BOACTBY JABuUratenem wuckaTb NyTW, MO3BOASAKOWME CHU3UTb CTOMMOCTb
aKcnnyaTaunm astoMobuns. O4HMM U3 TakuxX NyTen SBNSETCS KOHBEPTUPOBaHME Kak
6EeH3MHOBbIX, TaK U AN3eNbHbIX ABUratenen anst paboTbl Ha ra3oBOM TOMJIUBE.

Mpn nepeBode Ha ra3 aBToMO6MIb MOXeET 060pyaoOBaTbCs YCTAHOBKOM MW AN4
CKATOro, WM ANAs COKMXKEHHOro rasa. YCTaHOBKM ANs CKAToro rasa, BBuAy WX
FPOMO34KOCTWN, MPUMEHSIIOTCS /INLWb Ha rpy30BbiX aBTOMOOUAAX 1 aBTobycax.

Ha coctoaBwenca 10-14 Hosbpa 1999 r. B CaHkTt-lMeTtepbypre VII
MexayHapoaHon BbicTaBke "ABTo-CepBuc Loy - 99" BeHrepckoe AO RABA
npeacTtaBu/io HOBOE CEMEUCTBO psaHbIX 6-umnnHapoBbix asuratenemn G 10 c
FOPU30HTaNbHbIM pacnosioXXeHneMm 6noka UMAMHAPOB, paboTalwWwmMx Ha CXaToM
NpUPOAHOM rase M npefHa3Ha4YeHHbIX A719 YCTAaHOBKWM Ha aBTObyCbl U rpy30Bble
aBTomobunun. Mpn nepeBoae Ha ra3 6a3oBbiX AM3eNbHbIX ABuratenen cemencresa D 10
c paboumm obvbemom 10,35 N mx creneHb cxatus 6blia yMeHbweHa c 15,2 ao
11,0...12,7 B 3aBMCUMOCTM OT Moaenun. [isuratenm obopyaoBaHbl TYypboKoOMNpeccopoMm
C KJ/JanaHoM nepenycka oTpaboTaBWMX rasoB M XONOAMNBHUKOM HAAAYyBOYHOMO
BO34yXa, pacrnosioXXeHHbIMM nepes rasoBo3fylWHbIM  cMecuTeneM. CMecuTenb
paspabotaH ronnaHackon dupmon Deltec Fuel System Ha ocHoBe Tpybku BeHTypu C
noaBoOAOM rasa B AU dYy30p yvepes cucTeMy paguanbHbiX oTBepCcTun. KoaduumeHT
n3bbiTKa BO3AyXa B 3aBMCUMOCTM OT pexuma paboTbl ABUraTenss WU3MEHSeTCd B
AnanasoHe a = 0,97...1,5. PacnonoxeHHasa 3a cMecuTeneMm ApoccefnbHas 3ac/IoHKa
NO3BOMSET peryanpoBaTb KOAMYECTBO a3oBO34YLWHOM cMecu, obecneymsas
yCTOMUMBYIO paboTy ABuratens M Ha 4acCTU4YHbIX Harpyskax. Hanpumep, asuratenb
RABA G 10 DE-190 mnMeeT HOMMHanbHYyK MowHOCTb 190 kBT npu 2100 1/MUH wm
MaKCMManbHbIA  KpyTawmMn MoMeHT 1130 HM npu 1300 1/mMuH. Tlpn 3TOM
KO3 PuumeHT npucrnocobngemoctm k - 1,27 U CKOPOCTHOM KOIPPUUMEHT k., =

0,619, uTO yKasblBaeT Ha HEKOTOopoe yJiydyweHue AMHAMUUYECKUX KayecCTB ra3oBoro
ABuraTenst No cpaBHeHUO C 6a30BbIM AM3eNbHbIM BapuaHTOM. [ln3enbHbl ABUraTeNb
Takon e MOLWHOCTM WMeeT cooTBeTCTBeHHO k£ = 1,183 wn k, = 0,632. lpwn

KOHBEPTUMPOBAHUM HA Tral3oBoe TOMAMBO YPOBHM TOKCMYHOCTM OF M WYMHOCTU
auratenen G 10 no CpaBHEHUK C AM3e/bHbIMM  ABUraTeNsMU  3HAUUTESIbHO
yMeHbLlWKUNnCb. Npn 3TOM MOTOpEeCypcC ra3oBbiX ABUraTenemn BblpoC Ha 30%.

Tak pewaetcsa o6o03HauyeHHass Bbile npobnema, kKoraa 3a paeno bepetcs
conmagHas ¢dupma. A Kak obCToaT aena B 4aCTHOM cekTtope? CTpeMsiCb YMEHbLIUTb



3KCnJlyaTauMOHHbIE pacxoAbl Ha TOMAMBO, HEKOTOpble aBTONOOUTENN 3aMEHST
YNJOTHUTENBbHYIO MPOKNAAKY Mexay [rosoBKoW M 6710KOM umMnuMHApoB Ha 6onee
TONCTYHO M YMEHbLUAT TeM CaMbIM CTerneHb CXaTus asuratensd. Takon "THOHMHM"
NO3BOJIAET 3anpaBnsiTb aBToMobunb 6onee AeweBbiM HU3KOOKTAHOBbIM 6GEH3MHOM,
OA4HAKO 3TO COMPOBOXAAETCA YBEIMYEHMEM pacxoda TOMAMBaA, HEKOTOPOM noTepen
MOLWHOCTU ABUratensi, yxyalweHWeM ero AMHAMUYECKMX KauyecTB M, Kak MpaBwusio,
yBe/IM4EeHNEM TOKCUYHOCTK oTpaboTaBlmnx razos. O6ycnoBneHo 3To, BO-NEPBbIX, TEM,
YTO C YMEHbLUEHMEM CTEMEHU CXATUS MNPU HEU3MEHHbIX MPOYUX KOHCTPYKTUBHbIX
napameTpax ABuUraTens Hem3bexHo yBenmumBaeTcss Koad@dUUMEHT OCTAaTOYHbIX ra3oB
7., UYTO BbI3blBaeT YyMeHbleHne KoadPUUMEHTA HAMOMHEHUSA 177,, YMEHbLUEeHUEe

CKOpPOCTM CropaHums TOMJMBOBO3AYLUHONW CMEeCUM U YyBEIUYEHME HEMOJSIHOTbI ee
cropaHusi. Bo-BTOpbIX, YMEHbLUEHME CTEMEHN CXATUS CONPOBOXAAETCA yBeNn4YeHnem
naowaan MNOBEPXHOCTU KaMepbl CropaHuss M BO3pacTaHMEM Mo 3TON MNpUYnHE
HEeNpoM3BOAUTENbHbLIX MNOTEPb BbIAEUBLUENCS B Mpouecce CropaHus TennoTbl B
CTEHKM.

Opyron, 6onee 3dpdeKTUBHbIN NYyTb peweHus Ha3BaHHOW npobnembl, - 3TO
KOHBEPTMpPOBaHWE aBuratens Ansa paboTbl Ha rase rnpu COXpPaHEHUU BO3MOXHOCTU
paboTbl ero Ha 6eH3nHe. B 3TOM cny4dae pabota Ha 6eH3MHE NO3BONASET COXPaHUTb
NpakTU4YECKN HEU3MEHHbIMU TMpPEeXHME AWMHAMUYECKME KayecTBa aBTOMOOWA, 4TO
HEManoBaXHO, HaNpuMep, B yCI0BUAX €34bl No ropoay (6biCTpoe TporaHme ¢ MecTa U
ObICTpbIN pa3roH). PaboTta Ha rase 6onee npeanodYTMTENbHA Ha 3aropoAHbIX Tpaccax,
rAe no ycroBUSIM AOPOXHOro ABMXXEeHMs (OrpaHMyeHume CKOpOCTWM, nnoxas gopora)
NONHas MOWHOCTb OT ABUraTens npakTnyeckn He Tpebyetcs.

JlerkoBble aBTOMO6MNM 060pyAylOTCS  MCKAKOYUTENbHO YCTAaHOBKaMu  Ans
CKMXXEeHHoro rasa. PaccmoTtpum Haumbonee BaXHble XapaKTEPUCTUKM  TaKuKX
aBTOMObWEeNn, a TakXe HEeKOTOpble 0COBEHHOCTU YCTPOMCTBA CUCTEMbI MUTAHUSA U ee
paboTbl.

NMOMMMO YyMeHbLIEHMS PpacxoAoB Ha TonauMBo paboTta ABuratens Ha rase
obecneymBaeT n psag ApYrmx BaXKHbIX NMPeNMYLLECTB:

e yBe/NIMYEHMe pecypca asurartensi, o0bycnosneHHoe OTCYTCTBMEM KOHAEHCauumn
TOMIMBA N CMbIBAHWUS MJIEHKM Macsa CO CTEHOK UMIMHAPOB;

e yBeMYEeHMEe cpoka cnyxbbl cCBeYyeln 3axuraHus BCNEeACTBME YMEHbLUEHUS
Harapoobpa3oBaHMsA Ha MOBEPXHOCTAX KaMepbl CropaHus, B TOM 4uUCIe Ha
N30M58TOpax N aNeKTpoaax CBeven;

e YyBe/INYEHNE BpPEMEHM COXPaHEHMS MaC/iOM CBOMX 3KCMAyaTauMOHHbIX
KauyecTB MO MNpUYMHE YMEHbLIEHMUS €ero 3arpsi3HeHMs nNpoAyKTaMW CropaHus W
OTCYTCTBUS €ro pas3>XmxeHus TonJaneBom;

e YMeHblUeHMe TOKCMYHOCTM OTpaboTaBLUMX Fa30B NO NpuynHe 6osiee NMosHOro
CropaHus ra3oBo34YyLUHbIX CMecen M NOHUXXEHHOW TeMnepaTypbl CrOpPaHus.



OgHako npu nepesode ABUratensa Ha ra3 nposBASAKOTCA WM OnpeaesieHHble
HeAOCTaTKU:

» TMPOUCXOAUT HEKOTOpOE YMeHblueHWe MOWHOCTM ABuraTtensi, obycnoBneHHoe
6osiee HM3KOW TENSIOTBOPHOM CMOCOBHOCTLIO ra30BO3AYLLHbIX CMECEN Mo CPaBHEHUIO C
6eH30B034YLWHbLIMU;

» TnMpu OOMHAKOBOM €MKOCTM rasoBoro 6annoHa un 6eH306aka yMeHblUaeTcs
3anac xoaa aBsTomMobuns;

» Tra30Bbln 6ansiOH 3aHMMaeT 4acTb Nofe3Horo obbema 6araxHoro oTceka
aBToMobuna (Hannume B 6araXHOM OTCeKe MNOAHOCTbK 3anpaBfIEHHOr0 ra3oBoro
6bannoHa eMkocTbio 50 N paBHOCW/IBHO pa3MelleHUto B oTceke bHaraxa Maccoun
npuMepHo 50 Kr).

MocnegHMn HeQOCTATOK BeCbMa CYLLECTBEHHbIN, TaK KakK nocagka B aBTOMO6UNb,
KpoMe BOAMTENS, 4YeTblpeX MnacCaXMpoB MOXET O3HayaTb MpeBbllleHne Mosie3HOM
Maccbl aBTomMobuns.

YT06bl NPUHATH peweHne O BO3MOXHOCTU WM HEBO3MOXHOCTU YCTaHOBKWM Ha
aBTOMOb6ub rasobannoHHoro ob6opyaoBaHusi, MOMUMO Ha3BaHHbIX MPEUMYLLECTB M
HeAOCTaTKOB MOMe3HO npeaBapuTeNlbHO MO3HAaKOMUTLCS C Haubonee BaXHbIMU
XapaKkTepuctmkamm aBToMobumns, oCHaleHHOro atTuM o6opyaoBaHMEM.,

Tak Kak OKTaHOBOe 4yncno nponaH-6ytaHoBor cMecn 6onee 100 eanHuy, To Ans
OOCTUMXKEHUS BbICOKMX MOKasaTesniel MOWHOCTM U 3KOHOMWUYHOCTU ABUratesib A0SKEeH
MMeTb CTeneHb CXaTusl He MeHee ¢ = 8,2 (CpaBHUTE CO 3HAYeHMEM e ANS ras3oBbIX
asuratenen G 10 dupmbl RABA) n pabotate Ha 6eH3nHe AWN-92. lpun 3TOM 4eMm
bonblwe cTteneHb cxatusa (Hanpumep, ¢ = 9,9 y mogenen BA3 2108 - 2109), tem
Bbllle 3KOHOMWYHOCTb W MOWHOCTb ABuratens. lNpu none3HoM ob6bemMe rasoBoOro
6annoHa 42 nutpa (4acTb obbemMa 6ansioHa, 3ano/IHEHHAs CXMXEHHbIM ra3oMm) u
cpeaHeM pacxone rasa Ans HasBaHHbIX moaenen npumepHo 10 n Ha 100 kM 3anac
X04a aBTOMOb6MAA Ha rase coctaBnseT okoso 420 KM.

UTo6bl OLEHUTb CPOK OKYMaeMocTW 3aTpaT npu nepesoage aBToMobMNs Ha
ra3oBoe TOM/IMBO HYXHO CHayana onpeaennTb 3aTtpaTbhl Ha rasoBoe TonaMBo (6eH3UH)
npu npobere astomobuna 1000 kM. [Ans 3TOro MOXHO BOCMOJ/1b30BaTbCsA (POPMYNOM
3r(6) = 10.P.U, rae 3r(6) - 3aTpaThbl Ha rasoBoe Tonameo (6eH3uH); P - pacxopn rasa
(6eH3nHa) Ha 100 kM nponaeHHoro nyTu; Ll - ueHa ogHOro nuTpa rasoBoro TonJvBa
(6eH3unHa), py6. PasHocTb 36- 3r nokasbliBaeT MaTepuanbHbIN BbIUIPbIW B pybasax npu
npobere 1000 kM. YMHOXas 3Ty pa3HOCTb Ha roaoBon npober cBoero aBToMobuns,
BbIPa>XXEHHbIA B TbiCA4YaX KWJIOMETPOB, MOJly4aeM MaTepuasibHbiA BbIUIpbIW 3a OA4WH
rog sKcnsyataumm asTomobunsa. [Janee ocrtaeTcsa noaenmTb CTOMMOCTb YCTaHOBKMU
rasoBoro o6opyanoBaHWsi Ha roAoOBOM MaTepuasnbHbIA BbIMIPbIW, W Mbl MONYYUM
nepuoa BpeMeHu (B rogax), no UCTe4eHnm KOTOporo 3aTpaThbl OKYNATCS.

Echn B3BecuB BCce "3a" wn "npoTtums", Bbl peWwnnM YCTaHOBUTb [a30BOE
obopyagoBaHnme Ha cBoM aBTOMObWUIb, TO A8 6onee NOMHOroO 3HAKOMCTBA C



0CO6EHHOCTAMU KOHCTPYKUWM M 3KCMyaTauum CUCTEMbl NMUTAHUSA ABUraTesss Takoro
aBToMobuna cneayet obpaTtuTtbcs K [4]. V3N0XEHHbIN HUXe MaTepuan gaet obuee
npeAacTaB/ieHMe O YCTPOMCTBE CUCTEMbI NMUTAHMS ABUraTens, rnossonswowen paboTtaTb
€My KaK Ha rasoBoM TOMJIMBE, Tak N Ha B6eH3unHe.

Ons cOXpaHEeHUs1 HEM3MEHHOM KOHCTPYKUWM FOSIOBKU UMIMHAPOB Mpu nNepeBoae
ABUraTenids Ha ra3 MWCNosib3yeTcsl BHEWHee cMeceobpa3oBaHnMe C  MOMOLLbIO
CMecuTenen C nepecekawwmmMmncs WUan napansenbHbiMM MOTOKAaMW BO34yXa M rasa.
Hanbonee pacnpocTpaHeHHbIe CXEMbl CMECUTENEN NOKa3aHbl Ha puc. 6.1.
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Puc. 6.1. CxeMbl rasoBo3ayLUHbIX CMECUTE/IeN: a - C NepeceKarLmMMucsa
noTokaMm rasa v Bosayxa; 6 - c napannenbHbIMM NOTOKaAMM rasa m sosayxa

O6bl4HO Takme cxeMbl cMeceobpaszoBaHMA WCNONbL3YIOT, Koraa 6eH3MHOBLIN
ABuraTtesib  KOHBepTupyeTca ans paboTbl TONbKO Ha rase. B 3Tom cnydae
ra3soBO34YLWHbIA CMecuTeNb YCTaHaBNMBAEeTCA Ha Mecto Kapb6iwopaTtopa. Ecnum
YyCTaHOBUTb TaKOW cMecuTenb Haa KapbiopaTopoM UM COXpaHUTb TEM CaMbIM
BO3MOXHOCTb paboTbl aABuratenss Ha 6eH3uHe, TO yBenu4yuBLLUEeCs COMNpOTUBAEHUE
BNYCKHOro TpakTa npueeaeT npu pabote Ha 6eH3MHe K 3HaYNTEeNbHOMY BO3pacTaHMIo
pacxoaa TonjauBea.

Mpn >XenaHum COXPaHUTb BO3MOXHOCTb paboTbl ABuratens Ha O6eH3MHe C
npuemMsieMbiM pacxo4oM TOMSIMBA MOXHO BOCMO/Ib30BaTbCA OAHUM M3 PEKOMEHAYEMbIX
B [4] nyTen:

e gopaboTtaTb ABYXKaMepHbi KapbiopaTtop, npeBpaTtuB ero B KapbropaTtop-
cMecuTenb;

e BMasTb B NepexoaHyw KOpobKy Bo3aywHOro @uabTpa B 30HE Haa
kapbtopaTtopoM pABe rasonogBoaswme Tpybku (Ana ABuratenem C  BO34YLUHbIM
dbunbTpOoM He Hag KapbropaTopoM).

Ecnn HeT XenaHumsa M3MeHATb KOHCTPYKUMIO Aoporocrosiwero kapbtopatopa, TO
oCTaeTrcs BTOopou nyTb. [lpu 3TOM B aBTOMOOMAAX, rAe BO3AYWHbLIA OUABLTP
pacnonoXeH HeNnocpeacTBEHHO Haa KapbtopaTopoM, BNamKy rasonoaBoaswmx Tpybok



MO>XHO MNpPOM3BECTU B CreuuanbHO M3rOTOBJIEHHbIM MNepexoaHbln daHel, KOTOopbIn
yCTaHaBMMBAETCS 3aTeM MeXAy BO34YLWHbIM PUIbTPOM U KapbopaTopom.

AoctaTo4yHO Xopowo oTpaboTaHa KOHCTPYKUMS ABYXKAaMEpPHOro ras3oBoro
cMecuTens ans astomobunen BA3. DToT cMecuTenb npeacrtasnseT cobon nepexoaHbli
dnaHey, ycTaHaBNMBaeMblin BMECTO TEM/IOM30MPYIOLWEN MPOKNAAKN MeXAy KOpnyCcoMm
ApocCcenbHbIX 3aC/IOHOK M KOpPMycoM MOMJaBKkOBOM Kamepbl Kapbitopatopa. Takas
KOHCTPpYKUMs obecrneumBaeT MMHUMAsbHbIN pacxod rasa npu paboTte Ha XOSIOCTOM
X04y, POBHyK paboTy asuratens npum M3MeHeHUM pexunma paboTbl, AOCTATOYHO
XOpolwue MOWHOCTHbIE W 3KOHOMUYECKME XapaKTEePUCTUKM U HU3KUN YPOBEHb
TOKCcn4yHocTum OF .

Cxema cucteMbl NuTaHua asuratens, obecrneumsatollas ero paboTy Ha rasoBom
TonAuBe MNK Ha 6eH3nHe, NoKasaHa Ha puc. 6.2.

BHuMmaHue! Bo wu3bexaHume Bblxoda ABuratenss U3 CTpos W C  UENblo
obecneyeHns noxapHon 6e3omacHOCTM oagHOBpeMeHHas paboTta pAaBuratens Ha
ra3oBoM Tonamee n 6eH3nHe He A0oMyCKaeTcs.

CuctemMa nuTaHUSA BbIMOJIHEHA M3 pacyeTa, 4YTO rasoBoe TOMMBO sBNSeTCA
OCHOBHbIM, a 6eH3nH - pe3epBHbLIM. [ns aT0oro B 6eH30MpoBOA MexAy TOM/IMBHbLIM
HacocoM 7 u kapbiopaTopoM 8 YyCTaHOBJIEH 3/1eKTPOMarHUTHbIN KnanaH 24. [lpwu
paboTe aBuratensd Ha rase kjanaH nepekpbiBaeT nogayvyy 6eH3nHa B NOMJaBKOBYHO
Kamepy kapb6topatopa. YnpasneHue paboTon KsarnaHa ocCyLllecTBASeTCsa BoAUTeNeM C
NOMOLLbIO NepekstyaTensa smaa Tonanea, NOAKAYAEMOro Yepes 3aMOK 3aXUraHus K
3NEKTPUYECKOM Lenn KaTyLlWwKU 3aXXUraHUsa U yCcTaHaBAMBaeMoro obbl4HO Noj WUTKOM
npubopos.



Puc. 6.2. CxeMma cucreMbl NUTaHUA aABUratens ans paborbl Ha rasosom
TonnuBe U 6eH3unHe: 1 - umnnHap ABurartens; 2 - 6eHsobak; 3 - 3asiMBHaN
ropnoBuHa; 4 - cenapartop napoB 6eH3MHa; 5 - gByxxoaoBoM O6GpaTHbLIN
KnanaH; 6 - GunbTp TOHKON OUUCTKHN; 7 - TOMJIMBHbIN Hacoc; 8 - kap6iopaTop;



9-o6paTtHbIN KnanaH; 10 - Bo3aywHbIM dunbTp; 11 - BO3Aayx03a60pHuK; 12-

rnywutens; 13 - noporpesBaTtesib BNYCKHOro Tpakrta; 14 - 6annoH pans
CXKMXXEHHOro rasa; 15 - Hano/sIHUTeNbHbIXM BEeHTUNDb; 16 - pacxoaHbin
MarucrpasbHbli BeHTWNb; 17 - rasoBbl 3/IEKTPOMArHUTHbIX KJjlanaH c

dbunbTpoM; 18 - ucnapurteno peaykrTopa; 19-perynatop nepBoM CTYNeHM
peaykropa; 20- perynatop BTOpPOM CTyneHM peaykropa; 21 - pgosartop rasa
yepes nepBbii NaTpybok; 22 - TPOMHMK; 23 - AO3aTop rasa yepes BTOpPOM
natpybok; 24 - G6GEeH3UMHOBbLIA D3JIEKTPOMArHUTHbIK KNanaH; 25 -
ABYXCTYNeH4YaTbl peayKTop-ucnapurtesib HU3KoOro gaBJjieHus

CXMKEHHbIN ras HaxoauTcs nog AasneHnem 1,6 MMa (16 krc/cm?) B 6annoHe 14.
3anpaska 6annoHa NpomM3BoAMTCS Ha aBTOMOOWABLHOW ra3oHaNOJHUTENbHON CTaHLUUK
yepes WTyuep C pe3MHOBOW KOHYCHOW MYydTOM WU HANOMHUTENbHbIM BEHTUAb 15. Mpwu
paboTe asuratens ras m3 6annoHa no rMbKoOMy rasonpoBOoAYy BbICOKOrO AaBNeHMs
NOCTynaeT Yyepe3 pacrosioXXeHHbIE B OAHOM Kopnyce 17 31eKTPOMarHUTHbIWM KianaH w
dunbTp B ABYXCTYNEHYaTbin peayKTop-ucnaputenb HU3KOro aasneHus 25. Ma3oBbin
3N1EKTPOMAarHMTHbIN KnanaH OTKPbIBAETCS BOAUTENEM MNPU BKIKOYEHHOM 3aXXMraHum C
NOMOLLbIO MepeksitovaTensa sBuaa Tonaumea. B cnyyae aBapumHOM cuTyaumm KnanaH
repMeETUYHO rMepeKpbiBaeT rasoByk Marucrpanb. B dwunbTpe ras ounwaercs oT
COAEPXALLMXCSA B HEM MEXAaHMYECKUX NpuMecei 1 CMOIUCTbIX COeAUHEHN.

Peaykrtop-ncnaputenb HU3KOro pasneHua 25 coctout w3 wucnaputens 18 u
perynatopos nepson 19 u BTopon 20 cTyneHen. TennoTa AN WCNapeHuUs rasa
NOABOANTCSA K MUCMApUTEN0 OT CUCTEMbl OXJlaXAeHus ABuraTtens. Perynatop nepsBow
CTYNeHU peaykKTopa MoHumxaeT AasrneHue rasa o 0,2 Mla, a nocne BTOPOW CTyrneHu
AaBneHune rasa crtaHoBuTcs 6nm3kmMm atMmocdepHomy. lMoa AenCTBUEM pa3pexeHus,
co34aBaeMoro BO BMYyCcKHOM Tpy6onpoBoae npwu paboTe asuratens, ras uJepes
TPOMHMK 22 wn po3aTtopbl 21 M 23 nocTynaeT BO BRAyCKHoM Tpybonposoa nepen
BO3AYLWHOW 3acnoHkon kapbiwopatopa. 34ecb MpPouCXoAUT €ro CMeweHue cC
NOCTynawLwnM B ABUraTesib BO34yXOM, B pe3ysbTaTe yero obpasyeTtcss ogHOpoAHas
roptoyass cmecb. [lpu yBenuyeHun Harpyskum pasuratenss (OTKpbITUM [POCCEeIbHOMN
3aC/IOHKM) NOCTynJeHMe ras3a aBToMaTuyecku Bo3pacTtaeTr. OT kapbtopaTtopa
ra3oBo3ayllHas CMecCb crneayeTr B UMAMHAPLI ABUraTens no TOMY Xe TpakTy, uTo U
6eH30BO3AYyLWIHaAA cMecb Npu paboTe apuratens Ha beH3nHe.



7. ECTb JIN ELLLE PE3EPBbI 4J11 THOHUHTA?

AHannM3 TpaAWLUMOHHbIX MyTEN TIOHWMHra JABuUraTtensi, pPacCMOTpPEeHHbIX Bbllle,
noKa3sblBaeT, UTO MX BO3MOXHOCTM WAM MNpPaKTUYECKWU MOSIHOCTbIO McCYepnaHbl, WUIn
CBSI3aHbl C CYLLEeCTBEHHbIM YBe/IMYeHNneM MaTepuasnbHblX 3aTpaT. Bce Ha3BaHHbleE NyTuU
Hanpas/ieHbl B OCHOBHOM Ha co3aaHue 6onee 6naronpuaTHbIX YCI0BUA AN nNpouecca
CropaHus B ABUraTtene win Ha UCrpaBfieHne pe3ynbTaToB, MOJIydeHHbIX B rnpouecce
CropaHusi, HO caM Mpouecc CropaHuUs NpakTUYecKku He 3aTparueatoT.

B aTOM CcBS3M B nocneaHune rogbl HAMETUINCb AOCTaTOYHO HOBble HanpasieHus,
KOoTOpble nosiyyatoT Bce 6Honee nMosHOe TeopeTuyeckoe W NpakTuyeckoe
noaATBepXAeHne, - 3TO MPUMEHEeHMe B ABUratensx 31eKTPUYEeCKMX WM MarHUTHbIX
Nosien, a TakXe 3NeKTPUYECKNX paspsaos.

N3BeCTHO, 4YTO WOHbI KWUCIOpPOAa WMMEKT O4YeHb BbICOKYK) XUMUYECKYIO
aKTMBHOCTb. OgHaKO MONbITKN MPUMEHEHUSI SNEKTPUUYECKUX pas3psaoB, HanpuMmep, C
Lenbd WOHM3AUMW BO3AYLWIHOrO MNOoTOKa MNpu ABMXEHUW ero no BMNYCKHOMY TpakTy
CKOJIbKO-/TM60 3aMeTHOro pesyfnbTaTa C TOUYKWN 3pEHUS YYULLIeHUss CropaHMs noka 4yTo
He aann. OCHOBHas NpUYMHa 3TOr0 KpPOEeTCcsa B TOM, YTO BpeMs CyLeCTBOBaHMUSA
MOHU3NPOBAHHbIX YacTUL, KUCNOpoAa 3HAYUTENbHO MeHblle, YeM BpeMs, 3a KOTopoe
3TM YacTuubl AOCTUralOT UMNnHApa.

Hanbonee nepcnekTMBHLIM U3 3TUX HaMNpaB/ieHUN NpeacTaBNseTCcs NpUMeHeHune
3/1eKTPUYECKOro nons BbICOKOM HanpsikeHHocTu (DMNBH) HenocpeaCTBEHHO B Kamepe
cropaHuma papuratens. Takasd oueHka OCHOoBaHa Ha ToM, 4yto 3JlBH nossonser
3¢ PeKTMBHO BO34ENCTBOBATbL Ha MpoueccChbl B uMnmHape asuratens, 6narogaps yemy
CO34at0TCa NpeanocCbi/IKK AN yrpaBaeHus npoueccoM CropaHus.

7.1 [eicrBue 3/1eKTPUYECKOro rnoJisi Ha npoyecc cropaHms

BbINONHEHHbIE BO BTOPOM NonoBMHE XX BeKa WCCnefoBaHMs MokKasanu, 4To
CYLWEeCTBEHHYIO poOsib B Mpouecce CropaHumsa YyrnesoAopoAHbIX TOMAWMB urpaet
MOHM3AUMSA ra3oB Kak BO (poHTe MNJlaMeHun, TaKk U B 30HE MNpOoAYyKTOB CropaHus.
KpaTKo MOSICHUM CYTb MOHM3aUMM W TMOKaXXeM, Ha 4YeM OCHOBaHa BO3MOXHOCTb
MCMNOJIb30BAaHUSA 3TOr0 SABJIEHUA.

MoHmnzaumsa rasoB TpebyeT CyweCTBEeHHbIX 3aTpaT 3Heprun. [loTeHumnansl
MOHM3aUMN 60NbLUIMHCTBA aTOMOB M MOMIEKY/T YreBoAOPOAHbIX TOM/IMB HaxoAsTCS B
npeaenax 4...20 3B (anekTpoHBONLT). [pn 3TOM HaMMeHbLUEee 3HaYeHne NoTeHumana
noHmsauunmn (4,35 3B) nMeeT aTtoMapHbIN yriepoa.

N3 MHOXecTBa nMpoueccoB, Beaywmx K WOHM3aumu, Haumbonee 3HAYMMbIMU
ABMAOTCA WMOHM3aAUUA MPU CTONIKHOBEHWW, nepefada 3/1eKTpoHa, WMOHWM3auus npu
nepegaye sHeprmn BO3byXAeHUST U XeMOMOHU3aums. Npu ropeHnn yrnesoopoaHbIX
TOMNJIMB WMMEKT MEeCTO BCe Ha3BaHHble BuAbl WMOHM3auunm. Kpome TOro, MHoOrue



BO3HMKAKWLWMe B npouecce CropaHMs 4acTuubl, CcnocobHbl 0b6pa3oBbiBaTb
oTpuuaTesnbHble  MOHbI.  [lOCKONbKY  peakumm  3axBaTa  2/IeKTPOHA  HOCAT
3K30TEepMUYECKMI XapaKTep, TO UMeeT MeCTo ANCCUMaumsa SHeprum, YTo HaknaabiBaeT
onpeneneHHble orpaHu4YeHnss Ha MexaHU3M peakumn Takoro Tuna. CXOA4HbIM C
3axBaTOM D2JIEKTPOHa $SBASETCHA Mpouecc nepepaydn 3apsiia, KOTOpbIM B ciaydae
peakunmm Mexay WoHaMM W  MOSIeKynaMu MOXKEeT COMNpoBOXAATbCA XUMMUYECKOMN
neperpynnmpoBKOW.

CuuTaetcs, 4To B C/ly4ae CTOJIKHOBEHWUs Monekyn (4Yactuy) C 2NeKTpOoHamu
MOHM3aUMSA Monekyn (4acTul) HadMHaeTCs C MOMEHTa, KaK TOJIbKO 3Heprus
3/IeKTPOHOB MPEBbLICUT MOTEeHUMan WoHM3auuMn. MakcuManbHas 3PEPEeKTUBHOCTb
noHmsaumm ana monekyn CO, NO, O,, C; Hy, Hx n apyrnx goctmraetcsa npu aHepruu
31eKTpoHoB npumepHo 100 3B.

B cnyyae CTONKHOBEHMS C aTOMaMM WM MOHAMU KPUTUUYECKAd 3SHeprus, npwu
KOTOPOW HauMHaeTcsa WOHM3auud, Bbille, 4YeM B C/Nydae CTOJIKHOBEHUS C
afieKTpoHaMu. Mpn 3TOM MaKCMMYM MOHM3aUMM HabAaeTcs Npu dHeprmsax nopsaka
10°%...10% 3B.

TUNUUHbIE Npoueccbl ropeHuns XapakTtepusykTca 3Heprnen ot 0,1 go 1,0 3B.
CnepoBaTtesibHO Mpu 3TOM CTOJIKHOBEHMS 4acTuL, C 351eKTpoHaMn 6onee apeKTUBHbI,
4YeM UX CTONIKHOBEHUS C MOJieKy/laMu, Bbi3blBarOLWmMe MOHU3ALMIO.

NoHun3auua nyteM nepegaym aHeprum Bo3byxaeHns MMeeT MecTto, Koraa ogHa um3
yacTul OTAAeT, a Apyrasd MpUHUMAET 3Hepruto BO36yXAEeHUS, B pe3ynbTaTe 4ero
NpUHMMaKLWas YyacTtuua MOHU3NPYETCS.

XMMOMOHN3aUNS BO3HUKAET MNpPU XMMUYECKOW neperpynnupoBke, B pe3ynbTaTe
KOTOPOM BblAeNseTCsa 3SHeprus, Bbi3blBawoWwas WOHM3AUMIO WUCXOAHbIX 4acTuu.
XuMuyeckne peakumm neperpynnmpoBKM  HOCAT 3K30TEPMUUYECKUN  XapakTep,
NpOTEKAKT C BbICOKOW CKOPOCTbIO M UrpatdT OYEHb BAXHYK pPOSib B peaKUMOHHbIX
30Hax yrneBoA0opOoOAHbIX MaMeH.

Mpn cropaHun yrneeBoAOpOAHbIX TOMJMB CWU/IbHOE BJIMAHWE Ha WMOHU3ALUMIO
NnJaMeHn OKa3blBaeT TepMO3JIEKTPOHHASA 3MUCCUSA. DTO SBJIEHWE BO3HUKAaeT Mnpwu
BbICOKMX TeMnepaTypax, Korga 3Heprusi 3N1eKTPOHOB CTaHOBMUTCS AOCTAaTOYHOW Ans
TOro, 4tobbl OHM MOIMN MOKUHYTb MOBEPXHOCTb TBEpAbIX 4acTuvu. B pesynbraTe
TEPMO3/IEKTPOHHOM 3MUCCMM  YacTUUbl MpuobpeTaroT NONOXUTENbHbIN 3apad. B
yrneBoAopoOAHbIX MJaMeHaxX K TaKuM 4acTuuam crnefyeTr OTHeCTu, npexae BCero,
yacTmubl yrnepoga (caxwu). lMNpu Temnepatype 1880 °C, xapakTepHoOMW ANs KaMmepbl
CropaHua gmsens, BCneacTBne sMMCCUN 3N1EKTPOHOB C MOBEPXHOCTM YacTuy yrneposa
3a BpeMs He bonee 10-3 MC co3pgaeTcs paBHOBECHAs KOHUEHTpauus 3N1eKTPOHOB,
pocTuraowas 1010 sanekTpoH/cM>.

MOCKONBbKY KOHLUEHTpauusa 3aps>XeHHbIX 4acTul, B Mpouecce CcropaHus o4eHb
BblCOKas, NpeAcTaB/ieTcs BO3MOXHbIM BO34ENCTBOBAaTb Ha 3TWM 4YacCTULbl C NOMOLLbIO
SMBH. MNMpwn 3TOM Npouecc aMNUCCUN FNTIEKTPOHOB C MOBEPXHOCTU NPOAYKTOB HEMOJIHOMo



CropaHus, B TOM Yucie Yyactuuy yrnepoga, MHTEHCUMMPUUNPYETCH, YTO CONPOBOXAAETCH
yBefIM4YeHNEM UX MOJIOXKUTENIbHOr0 3apsga. DNeKTPOHbl, MOKWMHYBLUME YacTuubl,
YCTPEMASAKTCA K TMONIOXUTENbHO 3aps)KeHHOMY 3/eKTpoay, M WX paBHOBecHas
KOHUeHTpaumns He pJocturaetcss. B cBow ouyepeab 4actumubl, npuobpetwme B
pe3ynbTaTe WCNYCKaHUS 3/1EeKTPOHOB MOJOXWUTENbHbLIA 3apsj, YCTPEMASTCs K
oTpuuaTeNbHOMY 3/1eKTpoAy, yBnekas npu 3TOM 3a Cobon U HenTpasnbHble YacTuubl.
OTO sBfeHWe WU3BeCTHO o4 Ha3BaHMeM "SNeKTPOHHOro BeTpa Yettoka" wnum
3/1eKTPOHHOro BeTpa.

[BMXXeHne 3apsXXeHHbIX 4YacTuUl Bbi3blBaeT MosiBfieHne o06beMHOM CUnbl,
OENCTBYIOLWEN Ha HeWTpanbHbIM ras. 3Ta cuia HarnpaBfieHa B CTOPOHY [ABUXEHUS
NONIOXUTENIbHO  3apsXXEeHHbIX 4acTtuy, T.e. K OoTpuuaTeslbHOMY  31eKTpoay.
MakcuManbHbin 3 deKT BO3AEUCTBMSA Ha Npouecc cropaHumst HabnwpaeTcsa npwu
HaMpPs>XeHHOCTH 3/1eKTPUYECKOro nons, obecneuunBatoLLen HanbonbLUyto
MHTEHCUBHOCTb 3/IEKTPOHHOIO BeTpa. Bo3Hukarwuwee nog aencrenem SMBH aBuxeHne
yactmy TypbynusupyeTr nsams, B pe3ynbTaTe 4ero pe3ko Bo3pacTaeT ero
NOBEPXHOCTb M 06Was CKOpOCTb CropaHus Tornsmea. lpUMeHUTeNnbHO K ABUraTtesito
3TO O3HauyaeT, 4YTO 3a OAHO WM TO Xe BpeMs B KaMepe CropaHus MOXHO CXeub
3HauunTeNbHO 60/bLIe TOMJMBA U TEM CaMbIM YBEIMYUTb MOLLHOCTb ABUraTens.

Hannune sddekta TYypbynmsaumm nnameHun npu BO3LeNCTBUM HaA Hero SlBH
NOATBEPXAEHO ONbITaMu NMpu yyactum astopa [5]. OnbITbl NPOBOAUINCE HA OTKPbLITOM
ANdPPy3nMoHHOM nnameHu, obpasyrowemMcs npu cropaHnum aAmsenbHoro Tonsauea. pwu
3TOM BapbupoBanuUCb QopMa 371eKTpoAO0B W BeINYMHA MNOAABAaeMoOro Ha HUX
HanpsHKeHUsl, 4YTO MNO3BOSINIO TaKXe BbISABUTb BAUSHWE (OPMbl U HANPSXKEHHOCTU
CO34aBaEeMOro 3/71eKTpUYecKoro noss Ha MHTEHCMBHOCTb npouecca cropaHus. OnbITbl
NO3BONINAIN YCTAHOBUTb, YTO Hambonbwnin apdekT Typbynnsaumm niaaMmeHn Bo3HUKAET
npu AEeNCTBUN INEKTPUYECKUM MOJSIEM Ha 30HY Y OCHOBaHUS dpoHTa AP EYy3MOHHOIro
naamMeHn, rae npouvcxoaumt obpasoBaHmMe 3apsKeHHbIX 4YacTtuuy. lMpu 3TOM 3MuUccUs
NPOAYKTOB HEMNOJIHOro CropaHms B BuAe KonoTu, obpasyeMor yacTuuaMm cCaxu npu
OTCYTCTBUU SNEKTPUYECKOro MNoss, NMpakTUYeCcKM MpekpallaeTcsi, YTO YKa3blBaeT Ha
6osee nNosHOe BbiropaHue Tonnmea npu Hanudmu JMNBH. B aBuratene 3to HEN36eXHO
NPUBOAUT K MOBbIWEHUIO €r0 3KOHOMMUYHOCTM W YMEHbLUEHUD 3MUCCUW MPOAYKTOB
HenonHoro cropaHms c¢ OF. B pau3ene, Kpome TOoro, Typbynusaumsa naaMeHu
rapaHTupyeT 6osiee KayecTBeHHOE MepemMellnBaHne napos TOMJAMBaA C BO3AYXOM. DTO
No3BONsieT Co34aTb YCNOBUA A8 NOAHOMo CropaHus nogaHHOro B UMAMHAP TONAMBA
npu MeHblweM KoadhduumnmeHte m3bbiTKa BO3AYyXa M, BO3MOXHO, OTKasaTbCs OT
Hag4yBa Npu He3HauuTeslbHOM opcmpoBaHuu asuratens. KapTuHa cTeneHun BAUSHUS
3/1eKTPUYECKOoro noas Ha njaaMsa ropenku HarnsaHo npeacraBsneHa Ha puc. 7.1 mn 7.2



Puc. 7.1. OTtkpbiToe ancdPpysnoHHOe nNnamMsa Npmu OTCYTCTBUM Puc. 7.2. OtkpbiToe audp@dpy3moHHoe nnamsa npm
Hanpsi>keHus Ha anekTpoaax (B BepxHeW 30He NJ1IaMeHM XOpoLluo HanpsYKeHHOCTU anekTpuueckoro nonsa E = 3,2 kB/cm (nnamsna
BMAHa o6pasylowascs NpyM ropeHnm KonoTtb) OTKJIOHSIETCA B CTOPOHY OTpMLaTeNIbHOIro 3sieKkTpoaa)




Hanbonee adpdekTMBHOE BAUSHUE HA MpPoOLECC CropaHusa B uMnmMHape ABuratens
MOXeT OblTb AOCTUIMHYTO MNpWU YCNOBMU, KOrga BCe 30Hbl 06beMa KaMepbl CropaHus
HaXoAsITCA B 3/IeKTPUYECKOM Mojsie OAMHAKOBO BbICOKOW HanpsiXXeHHOCTU. [JobuTbcs
BbIMO/IHEHNS 3TOr0 YCNOBMS MOXHO MyTEM MNpuAaHUS MNONIOXUTENbHOMY 3NneKTpoay
¢dopMbl, Npu KOTOPOW ero .MOBEPXHOCTb 6yaeT paBHoyaaneHa OT OTpuuaTeNbHO
3apSKEHHbIX MOBEPXHOCTEN KaMepbl CropaHMs NMpu MOSIOXXEHUU MOPLUHS B BEPXHEN
MEPTBOM TO4Ke. DTOT BbIBOA TakXe MNOATBEPXAEH MPU MOAENMPOBAHUM reoOMeTpum
KaMepbl CropaHusa ABuratenss C MNOMOLWbK 3MEeKTPoAOB  pas/iMdHON  (HDOpPMbI.
NMpepnaraemoe peweHne rapaHTupyet addEeKTMBHOE BAUSHUE HA NpoOLECC CropaHus
B ABUratene Kak C BHEWHNM, TaK U C BHYTPEHHUM cMeceobpa3oBaHnem. OagHako npwu
3TOM cneayet oTaasBaTb cebe oTyeT B TOM, 4YTO peanusaunmss AAHHOro pelleHus
conpsi>XeHa C HEKOTOPbIM U3MEHEHMEM KOHCTPYKLUWUN FrONOBKN LUINHAPOB.

[MpMepHble CXeMbl pPacrosioXXEHUS MONOXUTENbHOr0 3NeKTpoda B KaMmepax
CropaHus pasnndyHon opMbl NokKasaHbl Ha puc. 7.3 n 7.4.

Puc. 7.3. PasMeuwleHMe nNOJIOXKUTENIbHOro »35ekTpoaa cdepunyeckon
cdopmbl (2) oTHOCHUTENbHO NOBepXHOCTU (1) kaMmepbl cropaHusa Tuna MAN

Mpn npoBeaeHMM OMbITOB ObINO 3aMeyeHO TakXke, 4YTO YMeHblueHue obuiero
KonmyectBa 06pa3yroLMXCS CaXXWUCTbIX 4YacTul, Npu BO3AENCTBUM Ha AN EPY3NOHHOE
nnamsa JMNBH nposiBnsieTca He TO/IbKO B YMEHbLUEHWM KONM4yecTBa KOMOTU, HO U B
CWIbHOM YMEHbLUEeHUM cBeYveHus nnameHun. [locnegHee Heu3bexXHO CBSA3aHO C
YMeHblUeHMEM ero usnyvawuwen cnocobHOCTM, UTO oOnpefeneHHO CKaXeTcs Ha
YMeHbLUEHUN paANaLMOHHOIO TErnJ0BOro NoToKa K MOBEPXHOCTSIM KaMepbl CropaHus,
KOTOPbI B COBPEMEHHbIX Am3ensx moxeT gocturatb 30% OT CyMMapHOro TensioBoro
noToka. AMPUOPHO MOXHO YTBepXAaTb, YTO YMEHbLUEeHWe TenaooTBO-Aa K AeTansM
KaMepbl CropaHus 3a cyeT YMeHblueHUs paguvauuoHHOW cocTtasnswwen byaet 6onee
CYWEeCTBEHHbIM, YeM MOoBbIlWEeHMe Tena00TBOAA 3a CYeT yBeSIMYeHUs] KOHBEKTUBHOM
COCTaBNSAWEN TenaoBoro noToka u3-3a Typbynmsauumm npouecca cropaHuvs B
pe3ynbtaTte Bo3gencrtemsa JMBH.



Puc. 7.4. PasMeuwleHMe NoJIOXKUTEJIbHOIoO 3J1eKTpoaa KosibueBon (popMbl
(2) oTHOCMTEeNbHO NoBepxHocTH (1) kamepbl cropaHua Tuna AM3

7.2. YnpasJsieHue rnpoyeccoMm cropaHusi c nomouwibro SIBH

OOVMH 13 BO3MOXHbIX BapMaHTOB CXEMbl YynpaB/ieHUSA MNpPOLEeCCOM CropaHus C
nomowbto DIMNBH nokasaH Ha puc. 7.5.
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Puc. 7.5. lMpuvMmepHaa cxeMa ynpaBJ/IieHUA nMNpoLeccoOM CropaHua cC
MOMOLLbIO 3JIEKTPUYECKOro nonsa

11

YnpaBneHne ocCyLWecTBAsieTcs cneaywowum obpasoMm. lMpu pabote aBuratens
NMOCTOSIHHOE HarpsXeHUe OT aKKyMynsaTOpHoli 6aTapeu 3 noaaetcss Ha perynsitop
NMOCTOSIHHOIrO HanpsXeHust 4, KOTOPbIA B 3aBUCUMMOCTU OT KOJIMYECTBa NoJaBaeMon B
KaMepy CropaHus ropw4yern CMecu WIM TOMAMBaA aBTOMATUUYECKU perynvpyet
BE/IMYMHY  HaMpsHKEHWUs, MNOoAABAaeMoro Ha npeobpasoBaTeslb  MOCTOSSHHOIO
HanpskeHUss B MNepeMeHHoe 5. 3TMM onpeaensieTcs aMnauTyla reHepupyemblX
MMMNY/IbCOB HaMpsHKEHWUS, MNOAABAEMbIX Ha MEpPBUYHYIO O6MOTKY MOBbILWAKOLWErO
TpaHcdhopmaTopa 6, U, cnegoBaTeflbHO, BEe/MYMHA TMEPEMEHHOro  BbICOKOro
HanpsXXeHUs, NOCTyrnatoLwero ¢ BTOpMYHON 06MOTKM MOBbIWAOLWEro TpaHcdhopMmaTopa
Ha BbINpsiMUTENb 7, Npeobpasylowmii NepeMeHHoe HanpsXXeHne B NocTosiHHoe. [danee
BbICOKOE MOCTOSIHHOE HanpsiXeHuMe TMOoCTyrnaeT B KOMMyTaTop 8, BKJHOYaKOLWNIA
BbICOKOE Hamnps>XeHWe Ha MOJIOXKUTE/bHbIA 3/1eKTpoa 2 KaMepbl cropaHus 1 B
COOTBETCTBUM C MOPSAKOM paboTbl UMAMHAPOB ABUratens. 3TO  WCKAKOYaeT
BO3MOXHOCTb KOPOTKOIO 3aMblKaHUsl MeXAy KflanaHaMu M pacrosioXeHHbIM B KaMepe



CropaHus MosIOXUTeNbHbIM 31eKTpoAoM 2 (Npu NPUBAMXKEHUN K SMIEKTPOAY KlanaHoB
B npoLuecce OYUCTKM M HANOJHEHUS UWMAMHAPOB) U FrapaHTUpPYET Halnyme BbICOKOro
Hanps>XeHUs1 Ha 2NeKTpoaax TOM KaMepbl, rAe NponcxoauT CropaHume.

B cnydyae 2-TakTHbIX ABuratenem C nMNpSMOTOYHO-LLENEBON WU METIEBOM
NpoAyBKOWM UMAMHAPOB Hannuue KoMMyTaTtopa 6 He saBnsdetca obsizaTesNibHbIM, 4TO
CyLWeCTBEHHO ynpowaeT n 6e3 Toro 4oCTaToO4YHO MPOCTYH CXEMY YyrpaBieHMs.

[MpMeHeHMe onucaHHOro YCTPOWCTBA Ha ABuratene no3BonsieT AOCTUTHYTb
cnenyrowmx OCHOBHbIX pe3ynbTaToB:

e MNOBbLICUTb MOLLHOCTb 3@ CYET YBENNYEHUS KONMMYECTBA CropaeMoro B Kamepe
TONUBA;

e YBENYUTb OSKOHOMMUYHOCTb 3@ CYET CHUXEHUS HEMNONIHOTbI CropaHus
TONUBA;

e YMEHbLNTb BbIOPOC NpPOAYKTOB HenosiIHOro cropaHms ¢ O B atMocdepy 3a
cyeTt 60nee NosHOro BblropaHus TONAMBaA;

e obecneynTb NOSIHOE BbirOpaHue TOoNaMBa B AM3eNie NPU MEHbLUNX 3HAYEHUNAX
KoaddunumeHta wu3bbITKa BO3AyXa, 3@ CYET 4Yero 4YacTUYHO PpewnTb npobnemy
HeobxoaMMOCTM HaaAyBa NpU He3HauYnUTeNnbHOM (opCUpOBaHUN ABUraTenNs.

HeCOMHEeHHbIMW  OOCTOMHCTBaAMWU ABuratens,, o060pyAOBaHHOro Ha3BaHHbIM
YCTPONCTBOM, SIBNSIETCA NPOCTOTa CXEeMbl yrpasneHus, Manble rabaputbl YCTPOUCTBA,
He npesBblwakwwme B LesIoM rabapmToB akKyMynaTopHon baTtapeu, npuMeHeHue Ans
€ro M3roToB/EeHMSA AOCTYMHbIX AeTanen U He3HauuTesnbHas notpebnsgeMasl MOWHOCTb
yCTpOMCTBa.
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