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The use of natural gas (NG) can be favorable to decreasing
or miti-gating CO; emissions and has potential for reducing toxic
exhaust specific emissions such as smoke and particulate
materials. Diesel to NG engine conversion can be total or partially
performed. In the case of total conversion, the combustion system
is changed in order to work from diesel to otto-cycle. This
conversion can include several modifications such as changing
the combustion chamber in order to obtain a new compression
ratio and introducing spark plugs. In the case of partial engine
conversion heavy-duty dual fuel (HDDF) engine is used. A
HDDF engine is conceived to simultaneously operate with diesel
fuel and a gaseous fuel, both fuels being metered separately,
where the consumed amount of one of the fuels relative to the
other one may vary depending on the operation.

Two types of technology are considered according to the
way of gas injection: High Pressure Direct Injection (HPDI) and
the Homogeneous Gas Charge Injection (HGCI). In the first one
diesel and NG are injected directly into the combustion chamber
at higher injection pressure using a special injector with a
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dualconcentric needle design or by using two separate injectors.
The major advantages of this type of HDDF engines are that there
is no limitation by knocking at high loads, their Unburned
Hydrocarbons emissions are low and they can replace more than
90 % of the diesel fuel (by energy). The main disadvantages for
this kind of technology are the introduction of the new injection
system which can lead to some important engine cylinder head
modifications for retrofitted engines.

In the case of HGCI, gaseous fuel is injected into the
intake line of the engine and premixed with air or exhaust gas
recirculation during the intake and compression stroke. Ignition of
the charge is managed by injection and auto ignition of diesel fuel
using the original injection system of the baseline engine. The
most important advantages of this technology are the simplified
engine control with no direct communication with original
equipment  manufacturer, the  non-intrusive  technical
modifications in the engine structure, the fact that it can be used
with compressed natural gas and liquefied natural gas
indistinctively. The main disadvantages of HGCI technology are
that the upper load range is typically limited by knocking, higher
CO and Unburned Hydrocarbons emissions which lead to using
methane catalyst in the exhaust pipeline and that the transient
response of the engine could deteriorate as substitution rates
increase especially during transient operation.

Nowadays there is significant interest in converting diesel
to NG for heavy-duty engines used in commercial vehicle
applications due to the growing availability of NG in Europe
which opens the way to using it in long-distance transport.
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CymiecTByeT /1Ba OCHOBHBIX acIeKTa Ieleco00pa3HOCTH
nepeBojia JAMU3ENIbHOTO JBHUTaTedst Ha Tra3oBO€ TOIUIMBO (Ha
pUMepe rpy30BOro aBTOTPAHCIIOPTA).

IlepBblii acnekT — 3TO 3KOHOMHYecKuil. M3-3a paszHocTH
CTOMMOCTH JM3€IBHOTO W Ta30BOr0 TOIUIUB MEPEBOJUTH
JTU3eTbHBIA ABUTaTeNb Ha Ta3 BhIroAHO. Hampumep, Ha cepeaunHy
anpenst 2014 r. croumocts 1 nuTpa nus3rommBa B MOCKOBCKOM
peruone cocrapisia npuMmepHo 33,66 py0., croumocth 1 nmTpa
npornaH-Oyrana cocrabmsa 13,5-15,8 py6., croumocts 1m?
MeTaHa coctasisiia 11,5 pyo.

BropbiM acriekToMm sBIsIeTCS YMEHbIIEHWE TOKCHUYHOCTH
BBIXJIOMTHBIX Ta30B MpPU MEPEBOJIC AM3EIS Ha ra3oBO€ TOIUIMBO.
Oco0eHHO yMeHbINAeTCsi ABIMHOCTH BBIXJIONIA W COJEp)KaHuE
TBEPABIX YACTHII (CAXKH).

Ha nmnpaktuke wucnonb3yloTcs JBa IPUHLIUINAAIBHO
pa3IUYAOIIMXCS CIoco0a TMepeBoAa JM3EIbHBIX JBHraTeNeld Ha
MUTaHHE ra30BbIM TOILIUBOM:

1. KouBepranus AW3EIbHOTO JBUraTeisi B JIBUTaTelb
BHYTPEHHEI0 CropaHusi C BOCIUIAMEHEHHEM TIa30BO3AYIIHOMN
CMECH OT MCKPBHI (TIOTHOE 3aMEIICHHUE TOTIIINBA).

JlaHHBII crIOCO0 MOCTaTOYHO paTUuKAIbHBIA U CBSI3aH CO
3HAYUTENBHBIM HU3MEHEHHUEM KOHCTPYKIIMH 0a30BOTO JIBUTATEIIS.
[Ipu sTOM C nABHraTens AEMOHTHUPYIOT IU3EIbHYIO TOIUIMBHYIO
annaparypy, yMEHBIIAIOT cTeleHb cxkatus 10 11-14 eaunwn,
YCTaHABIMBAIOT CHCTEMY 3aKUTAHMS, TOIUIMBOIIOAAIOIIYIO
ra3oByI0 CHCTEMY U T'a30Bble OAJUIOHBL. B pesynbTare nBuratens
paboTaeT Ha ra30BOM TOIUIMBE, KOTOPOE UMEET CTOUMOCTh HUXKE,
YeM  JAU3eTbHOE  TOIUIMBO.  DKOJIOTMYECKHE  MapaMeTphl
0TpaboTaBUIMX ra30B KOHBEPTHUPOBAHHOIO W3NS, KaK MPaBUIIO,
BBIIIIE  MCXOJHOTO  JBUTATelis, MOLIHOCTHbIE IapaMeTpPhI
HAXOJATCS Ha OJTHOM YPOBHE € 0a30BbIM JIBUTATEIIEM.
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[locne BBIMOJHEHUS KOHBEPTAllMU JBUTATENb YK€ HE
MOXeT Oouiplie paboTaTh Ha JAM3EIBHOM TOIUIMBE, OOpaTHas
onepanys NpakTUYE€CK HEBO3MOXKHA.

2. Hcnonb3oBaHue  ra3zoAu3esbHOr0O  pexuma. B
ra3oJu3eJIbHOM pEeXUME B JBUTATEIb IMOJAIOT JBa TOIUIMBA —
OCHOBHO€ JM3€lIbHOEC (HO B MEHBIIEM KOJMYECTBE, YEM B
0a30BOM), JOINOJHUTEIBHOE — Ta30Bo¢  (TOILUIMBO  JUIS
3amernenusi). [Ipy 3TOM OCHOBHOE IU3EIIbLHOE TOTUIMBO WIPACT
poib «3amaJbHOM» J03bl ISl BOCIUIAMEHEHHUSI WHTErPaJIbHOM
ra3oBO3YIIHOM  TOIIMBHOM cmecu. CrTeneHb 3aMelieHus
JOTIOTHUTEIFHBIM TOTUIMBOM 3aBUCHT OT HECKOJIBKHUX (DaKTOPOB,
B OCHOBHOM OT THUIIa Ta30BOr0 TOIIMBA (METaH WM IPOTaH),
COBEPIIEHCTBA YCTaHaBJIMBAEMOMN JOTIOJTHUTEIILHOM
ra30TOTUIMBHOW ammapatypbl U 0a30BOW JTU3EJIBHON aImapaTyphl.
OuyeHb BaKHBIM MOMEHTOM IPH MCHOJIB30BAHUM Ta30/IU3EIbHOTO
pexuMa sBIAE€TCS TOT (haKT, UYTO BO3MOXKECH TIEpexo] Ha
UCXOJHBIA JTU3ENbHBIM pEXHUM B JII0OOW MOMEHT BPEMEHH, Kak
MpaBUjIo, TIEPEKIIoYaTeNlb pPEeKUMa HAXOIUTCSA B KaOWHE
BOJIUTEIIS.

Usmensarcas  m XapaKTePUCTUKHU JIBUTATEIIS B
ra3ou3eIbHOM pexXUMe?

OCHOBHBIE  XapaKTEPUCTUKH JABUTATENS  (MOIIHOCTD,
MaKCUMaJlbHBII MOMEHT, KpHUBas 3aBUCUMOCTH MOMEHTa OT
000pOTOB JBUTATENS, IIYMHOCTH, TEMIIEpaTypa BBIXJIOIHBIX
razoB) B Ta30JU3EJIbBHOM pEXKHME CYIIECTBEHHO 3aBUCAT OT
MPOLICHTa 3aMEIICHUsI JAU3EIBHOTO TOIUIMBA Ta30BbIM U MOTYT
OBITH KaK BBIIIE, TAK U HUKE 3HAYCHHUH JOCTUTAEMBIX TIPHU paboTe
TOJIBKO Ha JU3CIHLHOM TOILIUBE.

IIpy pexkoMEeHAYEeMBIX CpPEIHUX 3HAUYCHUSX 3aMEIICHUS
IU3eIbHOr0 ToruMBa ra3oBbiIM (50 % s nusenedt ¢
MEXaHUYECKOW CUCTEMOU yNpaBieHUs BOPHICKOM U 60
% nna  pu3ened ¢ DIIEKTPOHHOM  CHCTEMOM  yIpaBIEHMS
BIIPHICKOM)  OCHOBHBIE  xapaktepuctuku  japurarens HE
U3MEHSTCAL.

37



Bo3MokHO, Kak YBEIMYHUTh MOIIHOCTb JABHUraTels B
razonusenbHoM pexxuMe Ha 10-20 %, Tak M yMEHBIIUTH €€
Ha 10-20%. IIpx 3TOM COOTBETCTBEHHO YXYAIIMTCS U YIY4IIATCS
KOX((UIIMEHT 3aMelIeHUs] TU3eIHbHOr0 TOIIMBA ra3oBbIM. M3-3a
BO3MOKHBIX npobiieM c OXJIKJICHUEM JBUTATENs
PEKOMEHAYETCS OCTOPOXKHO MOIXOAUTH K BONPOCY YBETUYEHUS
€ro MOIIHOCTHU B T'a30/IU3€JIbHOM PEKUME.

B razonuzenbHOM pexume OOBIYHO HCIIOJIB3YIOT IMPOIAH
WIM METaH JUIS 3aMelleHus. Y KaKIOro BUJA U3 TUX Ta30BBIX
TOTUIMB €CTh CBOM JJOCTOMHCTBA U HEJOCTATKH.

Hcnonb3oBanue TmporaHa, TOYHEE CMECH TMPOMaHa U
oyrana (CHI' mmu CVYT), mo3BOJsSeT MONXYYUTh CICAYIONINE
PEUMYIIIECTBA:

* PactipocTpaHeHHOCTh U IOCTYITHOCTb T'a30BbIX 3alpPaBOK.

* bonbmoii mpober Ha OHOMN 3ampaBKe, TaK Kak. ra30BOe
TOIIMBO XPaHUTCS Ha OOPTY aBTOMOOMJISL B COKM>KEHHOM BHU/IE.

* ["a3oBblii OamioH (OaIOHBI) HE TPEOYIOT MHOTO MecTa
Ha OOpTYy, CEpUIHO BBITYCKAIOTCS M UMEIOT HU3KYIO CTOMMOCTh
(ot 1 1o 2 USD 3a 1 nmutp o6bema) .

* OrtHocHUTENbHO HM3Kasg CTOMMOCTh  KOMIUIEKTa
ra3o0auIOHHOTO O0OpPYIOBaHUS M HEBBICOKHE MEPBOHAYATHHBIC
3aTpaThl Ha  MEpeoOOpyIOBaHWE  aBTOMOOWIISA,  OBbICTpas
OKYITaeMOCTh IIEPBOHAYATHHBIX 3aTpaT.

*  VHHUBepCaJbHOCTh KOMIUIEKTa TSt
n0000pyoBaHuUs; B OOJBIIMHCTBE CilIydaeB He Tpelyercs
nepenenka THB/I.

K  Hemocrarky ot  wucnons3oBanuss CHIT  nna
ra3ofU3ellbHOTO  peXHMa MOXXHO  OTHECTH  (PUHAHCOBYIO
3O PEeKTUBHOCTh OT OHKOHOMHHU (TOCIE€ OKOHYAHMs TEepHuojaa
OKYIaeMOCTH TIePBOHAYATBHBIX 3aTpar), KOTopas HaXOAWTCS Ha
HEBBICOKOM ypoBHE U coctasisieT oT 11 % nmo 16 % B pacuere
OT MPEABIAYIINX 3aTPaT Ha AU3EIBHOE TOTUINBO.

38



Hcnonp3oBaHne MeTaHa [IJsl 3aMeIlEeHUsT MOXET ObITh
peaM30BaHO  08yMs  CHOCOOAMH, OTIMYAIOUIMMUCS  BUIOM
XpaHEHUs ra3a Ha OOpTy aBTOTPAHCIOPTHOTO CPE/ICTBA.

B nepsom cnyuae wmeran (KIII') xpaHUTCS B CKATOM BHJIC
B CICIHAIBHBIX 0aUIOHAX BBICOKOTO JaBiieHus (naBienue a0 200
Kr/cM?), TIpU  3TOM  BO3MOXKHO  TIOJYYUTh  CJEAYIOIIEE
MPEUMYIIECTBO:
camasi BbICOKasi (¢uHaHCOBas A(P(EKTUBHOCTH OT SKOHOMUH
(mocie OKOHYaHUWS TMEpHoJa OKYMaeMOCTH IEepBOHAYATHHBIX
3arpar), coctaBmsiomas or 35 mo 55 % B pacuere OT
MPEIBIIYIINUX 3aTPaT Ha IU3ENIbHOE TOTUIHBO.

W3yyast ycrnemHslii ONBIT TaKUX CTpaH, Kak ApreHTuHa,
bpaswmms, tanus mo nepeBoay aBTOMOOMILHOTO TPAHCIIOPTa Ha
KoMIpUMHpoBaHHbIM npupoansli raz (KIII), npuxomar x
BBIBOAY, uTO ciabbie Temnbl BHeapeHus: KIII Ha aBToMOOMIEHOM
TpaHcnopte B Poccuu cBsi3aHBl ¢ HEAOCTATOYHBIM KOJUYECTBOM
ABTOMOOMJIbHBIX Ta30HANOJHUTEIBHBIX KOMIIPECCOPHBIX CTAHIUI
(A'HKC). Obmee xommuectBo kpynHbix AI'HKC B Poccun ne
npesbimaer 200 eauHMI, TOrjJa Kak, HampuMmep, B ApPreHTHHE
cymectByer 1300 3ampaBOYHBIX CTAHIIMM, PACTIOIOKEHHBIX B 255
ropojiax, a KOJM4eCTBO TPAHCIIOPTHBIX CPEJCTB, padOTAIOIIUX Ha
KIII', cocraBnsier 1 muH. 500 Thic. equnun. OHAKO B APreHTHHE
HE YCIOKAaWBAaIOTCS Ha JOCTUTHYTOM YPOBHE U IPOTHO3UPYIOT,
yro k 2006 romy mapk aBTomoOwmiel, pabotarommx Ha KIIT,
JOCTUTHET 2 MJIH. eIuHuUL. /{151 ncrnonb30BaHus NPUPOJAHOTO Ta3a
B aBTOMOOMJIbHOM TPaHCIIOPTE B ApreHTuHe co3nanbl 6oiee 1500
MOCTHPOJAKHBIX MAaCTEPCKHUX, KOTOPBIE €XKEMECIYHO MEPEBOMIST
no Tteictun aBromoOwiiern Ha KIII'. VYuuTeiBasg DOCTOSHHBIA
pacTymuii cpoc Ha ra30MOTOPHOE TOIUUIMBO, B HACTOSILEE BpeMs
BeIyTCcs pa3paboTku 1o wucnois3oBanuio CIIIT u cosmanutio
HEOOJBIINX YCTAHOBOK IO €T0 MIPOU3BOJICTRY.

B nocrarouyno OonemoMm o0wveme KIIIT B kauecTBe
ra3oMOTOpPHOTO ToruinBa npumensiercss B Utanuu. [Ipu stom st
MOBBIIICHHS TIPOOETa aBTOMOOMIBHOTO TPAHCIIOPTA 32 OJTHY
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3ampaBKy, TaM MOBBIIAIOT JIaBjieHHe ra3za B 0amwionax ¢ 20,0 MIla
no 32,0 MIla, uro mno3Bomnser B 1,6 pa3a yBenuuuTh mpoder
aBTOMOOWJIS 32 OJTHY 3aIpPaBKy.

@paHIY3CKU TPOU3BOAMTENL ABHAIIMOHHOW TEXHHUKHU
Poccusi, pacmonmaras — gaxke — CpPaBHHTENBHO  HEOOIBIINM
kosnuectBoM AI'HKC, He NONHOCTBIO HUCHOJB3YET CO3/IaHHBIC
MPOU3BOJICTBEHHBIE MOIIHOCTU. Tak, Hampumep, IO JaHHBIM
"Mocasrora3" B skcruryaranuu Haxonutcs 20 ATHKC ¢ obmeit
IIPOEKTHON MOIIHOCTHIO 186.8 MIIH. HM? KOMIPHMHPOBAHHOI'O
rasza B rox. [Torpe6nenue xe KIII' He TonbKO maneko OTCTaeT OT
IIPOEKTHOM MOIIHOCTH, HO U CHU3MJIOCH ¢ 36,2 MitH. HM? B 1991 1.
o 1,9 man. uM® B 1998 1., ipu 3TOM UCIIONB30BaHUE MTPOEKTHOM
MOITHOCTH cHU3MIoch ¢ 21,2 % mo 1,0 % [1]. B Hacrosmee
BpeMs MCIIOJIb30BaHUE MPOU3BOJACTBEHHBIX MolHocTeln AI'HKC
Bo3pocio 10 10-18,0 %, HO HE TOCTHUTIIO CBOETO MPEAbIAYIErO
YPOBHsI, XOTSI ¥ OH OBUI SIBHO HEIOCTATOYHBIM JIJIi BO3POCIIETO
napka aBTOMOOUIIBHOTO TPAHCIIOPTA.

K wemocrarkam or wucooiabi3oBanug KIIIT  mius
ra30U3eIbHOT0 PeKUMa MOKHO OTHECTH:

* HepacnpocTpaHeHHOCTb CETH 3alpaBOK, MPUBSI3aHHOCTD
MapIpyTa ABMKEHHS aBTOMOOWIS K ONPEIEIICHHOHN 3ampaBKe
(ATHKC).

* BricOokre BpeMEHHBIE 3aTpaThl Ha 3ampaBKy OaIOHOB
KIII" BbImE.

* OTHOCUTENBFHO HEOOJBIION MpoOer Ha OJHOM 3arpaBke,
TaK Kak ra3 XpaHuTcs B OalJIOHAaX B CKaTOM BUJE, TIOATOMY Macca
3aMpaBJICHHOTO TOILTUBA HEBEIIHKA.

* ['a30BBIii OamnoH (OayIoHBI) TPEOYIOT MHOTO MECTa Ha
00pTy, a UX CyMMapHasi Macca yMEHBIIAET I'Py30MO0JAbEMHOCTb
ABTOMOOMIISL.

e TazoBeii  OamnoH  (0ayuIOHBI)  BBITYCKAKOTCA
OTpaHUYEHHBIMU MapTUSAMHU (O] 3aKa3), HMMEIOT BBICOKYIO
ctouMocTh (0T 7 1o 10 USD 3a 1 nutp oobema).
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*  OTCyTCTBYeT yHMBEPCAIBHOCTh KOMIUIEKTA IS
noobopynosanusi, TpeOyercs nepenenka THB/I.

® OTHOCHUTENLHO BBICOKAas CTOUMOCTB KOMIIJICKTa
o0opyloBaHUsT M BBICOKME  I€pBOHAYallbHbIE  3aTparThl,
YBCIUMYUBAOIIUC ICPUOT OKYIIACMOCTH.

Bo emopom ciyuae metan (CII') xpaHUTCS B CKUKECHHOM
BHJIC B CHCIUATHPHOM KPHUOTCHHOM OajuioHe (maBieHue mo 1-6
KI/cM?, TeMIieparypa okojo munyc 155° C), mpu 3TOM BO3MOKHO
MOJIYYUTh CJIEAYIONINE TPEUMYILECTBa:

1) oTHOCUTENBHO BBICOKYIO (hrHaHCOBast 3(pPeKTUBHOCTH
OT DSKOHOMHMM (TIOCJIE OKOHYaHHUS Tepuoia OKYIaeMOCTH
NepBOHAYaAJIbHBIX 3aTpar), cocrasisomyro ot 20 mo 30 % B
pacuere oT MpeIbIAYIINUX 3aTpaT Ha AU3EIbHOE TOILINBO;

2) GospIIoN TpoOer Ha OJHOM 3ampaBKe, TaK KaK ra3oBOe
TOIIJIMBO XPAHUTCS HA OOPTY aBTOMOOMUJISI B CXKMPKEHHOM BHJIE;

3) razoBblii OauioH (0a/IOHBI) HE TPEOYIOT MHOTO MECTa
Ha OopTy.

4) CTOMMOCTh KOMILUIEKTa Ta300aJI7IOHHOTO0 000pYA0BaHUS
HUKE CTOMMOCTH B BapUaHTE, YTO YMCHBIIAET MEePBOHAYAIbHBIE
3aTpaThl Ha MEPeoOOPyI0BAaHNE aBTOMOOMIIS.

K wemocrarkam or wucnoiab3oBanug CIIIT  mus
ra3o/Iu3elIbHOTO pPeXruMa MOKHO OTHECTH:

1) DpakTHYeCKH IOJIHOE OTCYTCTBHUE CETH 3alpaBok,
NPUBS3aHHOCTh ~ MapHIpyTa  JBIDKEHUS ~ aBTOMOOWIS K
ompezaeneHHo 3ampaBke (B MockoBckoM permoHe ojHa
3arpaBKa);

2) ra30Bble KPUOTCHHbIE OAJIJIOHBI BBITYCKAIOTCS B BHUJIE
OTMBITHBIX 00pasmoB (MOJ 3aKa3), MMEIOT CaMyl BBICOKYIO
croumocts (0T 10 10 20 USD 3a 1 nutp o6bema);

3) OTCYTCTBYeT YyHHUBEpPCAIbHOCTh KOMIUIEKTa  JUIsS
noobopynoBanusi, TpeOyercs nepenenka THB/;

4) mpu JUIMTEIIBHOW CTOSIHKE aBTOMOOWISI 0e3 pacxonaa
TOIUTMBA BO3MOJXKECH 3aIlJIAHUPOBAHHBIM TEPHOIUYCCKUNA CcOpOC
ra3oo0pa3Hoi ¢a3el U3 KPHOOAJUIOHA ISl TPEIOTBPAILCHUS
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pe3KOro TMOBBIICHHUS naBieHus. JlaHHbIH (akTop HakiaabIBaeT
OTpaHUYEHUS] Ha MAapKOBKY aBTOMOOWIS U TpeOyeT 0COOBIX Mep
10 OTCIISKUBAHMIO OCTATKOB TOILUINBA B KpHoOake.

B cBsi3u ¢ TeM, YTO Ha CETOAHAIIHNI MOMEHT TEXHOJIOTHUS
NOJyYCHHUs, 3alpaBKU W XpaHEHUs Ha OOpTy aBTOMOOWMIIA
CKIDKEHHOTO HpUpORHOro ra3a B Poccum HaxomuTcss Ha dTame
UCTIBITAHUN OMBITHBIX O0pa3LOB, MPAKTUYECKOE HCIIOIb30BaHUE
JTAHHOTO BHJA TOIUIMBA TTOKA 3aTPyJHEHO, HO SIBJISETCS Hanboiee
NEPCIEKTHBHBIM.
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