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- OBIIAS| XAPAKTEPUCTHKA PABOTBI

AKTYyansHOCTh paforbl. OLeHka cOCTOSHHSA Pa3BUTHA COBPEMEHHBIX ABMraTe-
Jied BHYTPEHHETr0 Cropakus MOKa3biBaeT, YTO POCT YACIbHOH MOIIHOCTH CJIERYET pac-
CMaTpHBaTh Kak OOBEKTHBHYIO 3aKOHOMEPHOCTH, CleAys KOTOpofi HeoOXoauMo co-
CPENOTOUYHUTh YCHIMUA HA COBEPLICHCTBOBAHHM pabouero mpolecca, KOHCTPYKUHH H
IKCIUTyaTalMOHHBIX MaTepHanoB. [{oBbILIEHHE TEXHHYECKOTO YPOBHS AU3€ieH BKIIO-
YaeT HECKOJIbKO aCleKTOB: NPOSKTHPOBAHHE M MPOH3BOACTBO C HCIIONL30BAHHEM CO-
BPEMEHHBIX MepPeIOBBIX TEXHONOTHIL, BOTUIOILEHHE H Pa3BHTHE B KOHKPETHBIX KOHCT-
PYKUMAX HOBBIX H U3BECTHLIX aPOOUPOBAHHBIX TEXHHYECKHX PEILEHHI1, HCTI01b30Ba-
HHE IKCIUTYyaTalHOHHBIX MaTePHAIOB MOBLILIEHHOTO Ka4eCTRa.

JlocTuruyTele ypoBHH yiA€IbHOH MOIIHOCTH H TOHBHOH 3KOHOMHUYHOCTH OTede-
CTBEHHBIX [#3efell HeCKOIBKO YCTYNAOT AHATOTHYHBIM TI0KA3aTeNsM JyULIuX 3apy-
6exHpIX 00pa3ioB. DTO OTHOCHTCS W K YyPOBHSM HAaJeXHOCTH, pecypca, BblOpocoB
BpeAHBIX BellecTB, ryMa W BHOpauuu gusened. B Poccum onrymaercs aepuuur B
OTEYECTBEHHBIX AH3EIAX MPAKTHYECCKH BCEX THIOB M Ha3HAuCHHH, OTBEYAIOLINX Tpe-
OOBaHMAM MHPOBOrO TeXHHYECKOro ypoBHsA. HMHTerpmposanue Poccun B MupoBoe
3KOHOMHYECKOe COO0IEeCTBO HEMHHYEMO MpPUBEACT K OOOCTPEHHIO KOHKYPEHTHOH
CHTYyAllHH sl COBPEMEHHbBIX OTCYECTBEHHBIX AU3eleld ¢ No3uLuil obecnedeHns BEICO-
KHX TEXHHKO-IKOHOMHYECKHX IOKazaTe/leil BO MHOTHX BaXKHEHIIMX OTpacisx HapoA-
Horo xo3sictBa. C ydyeTom MHOrooOpa3us oOnacTeill npuMeHeHHs AH3eNeH 3agada
BBIX0/1a OTEYECTBEHHOIO ANW3EIECTPOCHHUA HA MHPOBOH YPOBEHb ABJIACTCA aKTyasbHOMN
H CIIOXKHOI B peann3aiuy. QOJHAKO pe3epBbl B 3TOH 00/1aCTH AANECKO HE HCUEPIaHbL.

HcnonezoBanue COBPEMEHHBIX METOROB MPOCKTHPOBAHUSA, PA3BUTHE HIBECTHBIX U
pa3paboTKa HOBBIX CHCTEMHBIX TEXHHYECKHX PEHICHHH ¢ MPUMEHEHHEM MpPOrpeccHB-
HBIX TEXHONOTHIf U HOBBIX MAaTEpHaNOB IMPU COBEPIIEHCTBOBAHUU pabodero NUKIA,
OCHOBHBIX MEXaHH3MOB U 00CTYKHBAIOIIHX CHCTEM, KOPITYCHBIX jeTajeil, MUKpOIpo-
LIECCOPHOTO YIIPaB/ieHNs — HeoOXOAMMbIE YCIOBMS NOBBIIIEHH! KOHKYPEHTOCTIOC00-
HOCTH AM3eneil. Baxuednied npodrnemoil sBIseTcs peaau3alds B YCIOBUAX OTEUECT-
BEHHOTO NTPOH3BOACTBA nepeaoBoro onsita pupm CHIA, Esponst u Slnonuu.

AHaNIOTHYHBIMHU 3agadaMi B Poccud W 3a pyGe)koM 3aHHMAIOTCS BELYIUME KOM-
nanuu AM3, AM3, KamA3, MM3, CM/J1, Caterpillar, MAN, Deutz, AVL, Ricardo,
Cammins, Mitsubishi u ap.

PeuwraromuM ycioBHeM peLICHHS 3TUX 3a/ad ABISAETCH HCIONL30BAHHE TOCTIDKE-
HHit OTEYECTBEHHON HayKH, TPH CO3JaHHMH [u3eseH ¢ NOBBIIIEHHBIMH MIOTPEOHTEND-
CKHMH CBOHCTBaMH. JIns BBINOJAHEHHS 3TOr0 ycaoBuad Tpebyercs Hay4yHO-
o0ocHOBaHHBIH aHanu3 u oT0Op IPPEKTHBHBIX TEXHOJIOTHI, TEXHHUECKHX CPEACTB H
peleHHH Ha OCHOBE BbINOMHEHHBIX 3KCIEPHMCHTAIBHBIX HCCJICKOBaHHH W OTeuecT-
BCHHOTO ONBITa MO AOCTHKEHHIO CIEIYIOILHX MoKa3arejed TEXHHYECKOro YPOBHS:
yraenbHbli IdhexTHBHLIA pacxoa TominBa He 6onee 200 r/kBT 4, cogepxanue Bped-
HBIX KOMIIOHEHTOB B OTpaboTaBLINX raszax W AsIMHOCTE OI' Ha ypoBHe TpeGoBanuit
T'oct P41.96-2005 ana suyTpeHHero peiHka u Tier 4 (Stage IV) ans skcnopra. Jloc-
THWKCHHE JTUX MOKazarened MpecTaBIfeT co0ol aKkTyansHYI0 TEOpETHYECKYi0 U
3KCIIEpHMEHTANILHYIO 3a4a4y.

¥Onaio-Ypanscruit i
FOC. YHMBEPCUTET

3 HAYYHAS
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eab paborsl. [IoBEIIEAHE TEXHHYECKOTO YPOBHS 6a30BbIX Au3eNel NpH CO31a-
HHH MOJENIBHOTO PsiAa C UIMPOKHM JHana3oHOM MOIIHOCTEH 3a CYET COBEpUICHCTBO-
BaHHs CHCTEMHBIX TEXHHUYECKHX PEILCHHH.

Jins 1oCTHXEHHS TIOCTABJICHHOH TIeNH NPEAyCMATPHBAETCS PEUIEHHE CETYFOIHX
3amad:

1. Pa3padotaTh KOHUEHIHIO A30BOr0 AU3ENA KHAKOCTHOTO OXJIaXACHHS IS MO-
JeIBHOTO psija.

2. OBocHOBaTh fapaMeTpbl KaMepbl CrOpaHHs, MPOLECCOB TOIUIMBOMOAAYH, BO3-
QyxocHabxeHHs U cMeceobpa3oBaHus B padoueM HHKIE MPH UCTIONB30BAHUH HX A7
CO3JaHHs MOICIIBHOTO Psijia IH3EIICH.

3. OueHHTb TEMIOMEXaHHYECKYIO HarpyKEHHOCTD jeTalleli HMINHAPONOPIIHEBOI
rpYIHIbI, TOALIMITHUKOB, ONOK-KapTepa M APYTHX y3710B H 000CHOBATh H3MEHEHHE U
COBEPLICHCTBOBAHHE WX KOHCTPYKIHHU B 6a30BOM AM3EIIC.

4. DKCNEepUMEHTAIBHO YCTAHOBHTHh 3((EKTHBHOCTH PACYETHO-TEOPETHYECKOTO
000CHOBaH#S CHCTEMHBIX TEXHHYECKHX PEIIeHH#H B 6a30BBIX AU3CIAX.

Oo6nekT neenegosannd. [Iponeccs! pabouero uukna u TenmoMexaHHYecKoi Ha-
TPYKEHHOCTH Y3/10B U AeTaleH.

IIpeameT nceaeaoBaHMsl. 3aKOHOMEPHBIE CBA3H NPOHECCOB paboyero HUKIa IH-
3¢5 ¢ TEMIOMEXaHHYCCKOH HArpy»KEHHOCTBIO Y3JI0B U JeTajei.

MeTtoabl Hecle0BaHHsL. MaTeMaTHYECKOE MOJENHPOBaHUE BHYTPUIMINAH/PO-
BBIX MpOileccOB padouero UHKA, TEMI00OMEHa M TemJIonepeaayn B HWIHHApPE, THI-
PONMHAMHMYECKHX HPOIIECCOB B TPHOOCONPSKEHHSAX, a TAKKE TEMIOBOIO M HANpPsHKeH-
HO-1e(OPMUPOBAHHOTO COCTOSHHUS AeTaleH H y310B 6a30BOrO AM3ENs ¢ HCMOJb30Ba-
HHEM METOAOB KOHEYHBIX 3JEMECHTOB. DKCIEPHMEHTANBHbIE UCCICAOBAHUA AU3EIS H
3JIEMEHTOB €r0 CHCTEM C HCHONB30BAHHEM CTAHAAPTHBIX H OPHTHHAIBHBIX 00pa3loB
H3MEPHTESIBHON annapaTypsl H METOAOB HCHbITAHUA.

HayuyHasi HOBH3HA

1. Teopernueck 000OCHOBaHBI H ONpeACIeHbl oKazaTeny 3PpQeKTHBHOCTH U 3KO-
HOMHYHOCTH 0a30BOro au3elisi HOBOH Pa3sMEPHOCTH € OTKPBITOH KaMepoil cropaHus
IPH KOMIUICKCHOM H3MEHEHHH: OTHOCHTEILHOIO 00beMa, 10J1H 06beMHOIo cMeceod-
pa3oBaHus, BUXPEBOIO OTHOLUCHHUS BO3AYIIHOIO 3apsda B KaMepe CTOpaHHs U 3ananb-
HOI NOPUHH NIPH pa3aesieHHOM BIIPLICKMBAHHH TOILIMBA. BIsABICHBI 3aKOHOMEPHOCTH
BJIMSHUA M TIPEAJIOKEHB] COOTHOMICHHS MEXAY 3THMH TIapaMeTPaMH, NO3BOIHBILHE, B
KOHEYHOM HTOTE, CYIUECTBEHHO YAYUIIUTD pabounii uykn ABUTaTEIs.

2. PazpaboTaHa opHrHHajJbHas MOAEIb CHCTEMbI «KOPHYC — TOJOBKH LWIHHIPOB —
TIOPLIEHb — CHCTEM OXJAKASHHS U ra3000MeHa» HA OCHOBE HCMONB30BAHUS TEXHOJIO-
run FSI (Fluid-Structure Interaction analysis), o0beaussitouieli cCOBpeMEHHBIE METOIbI
MeXaHHKH KHAKOCTH U rasa, Tennou3HKy H MeXaHUKH AehopMUPYEMOro TBEPAOTo
TeJa, MO3BOJHMBILASL KOMIUIEKCHO OLEHHTH TEIIOMEXaHMYECKYH) HATIPKEHHOCTh Ga-
30BbIX Y3/10B AN3EJIS.



IIpakTHYecKast HEHHOCTH

1. lns dopMupoBaHHs MOAENHLHOrO psiia 0OOCHOBAHBI CUCTEMHBIC TOJIOKEHHS
KOHLENHH CO3aaHus Ga30BbIX AH3eNel )KHIKOCTHOIO OXJIAKACHHA HOBOH pa3MepHO-
CTH C 32/1aHHBIM AMaNa30HOM MOIIHOCTH H METO] MX OCYIIECTBJIECHHS C YIETOM 00uI-
HOCTH CXCMHBIX, GYHKUHOHATBHIX 1 KOHCTPYKTHBHBIX PEILCHU.

2. PaspaGorana MeToauka pacyeTa Hokasateneii dpQexTHBHOCTH U YKOHOMHYHO-
CTH AM3eNst C OTKPBITOH KaMepoH cropaHms ¢ y4eTOM BIHMSHHS OTHOCHTE/ILHOTO 00b-
ema, J10JIH 00bEeMHOTO cMeceoOpa3oBaHus, BUXPEBOTO OTHOUICHHS BO3AYLIHOTO 3aps-
Jla Kamepbl CCOPaHMs W 3anajibHOi NOPLMH NPH Pa3AesICHHOM BIPBICKHBAHMY TOIUIH-
Ba.

3. Pa3BuTa METO/MKA OLICHKH TEIUIOMEXAaHHYECKHUX MapaMeTpOB ji3ess Ha OCHOBE
HCTONB30BAHMS KOHEUHO-3IEMEHTHBIX TBEPAOTENLHBIX U razoxuakoctuslx CFD Mo-
Jesieil, O3BOIUBIIAS YYeCTh OCOOCHHOCTH TEYCHHS Ta30KHAKOCTHBIX MOTOKOB [UIf
OLICHKH TEIUIOBOTO W HampshkeHHO-1ehOPMHPOBAHHOIO COCTOSHUS KapTepa, LIIHHI-
POIOPILHEBO}T TPYNIMbI, [OJI0BKH LHIMHAPOB, MOJIIHIHIKOB U B KOHEYHOM HTOTE I10-
BBICHTH HX HaJEXKHOCTb.

4. YTouyHeHa METO/MKA pacyeTa HOAMMITHUKOB KOJIEHYAaTOro Baja, YYHThIBAIOILAs
OTK/IOHEHHS (OPM MMOBEPXHOCTEH TPEeHHS MOAILIHIHHKA HE TONBKO B OKPYXXHOM (He-
KPYIJ10CTh), HO U B OCCBOM (HEIWIWHAPHUYHOCTL) HANpaBlEHHSAX, YTO [103BOJIHIIO
000CHOBATh TEXHONOTHIECKHE OTKIOHEHHS ONOp H 1IEeK KONEHYAaTOro Basia 6a3oBoro
IH3ens.

Peanuzanusi pe3yabtaToB. PesynbTartel paborel ucnoaw3oBansl OO0 «UT3-
VYpantpak» OpH CO3JaHHH KOHKYPEHTOCHOCOOHBIX 0a30BbIX AH3enell KHIKOCTHOIO
oxnaxkaeHus cepud T. B 6a30BbIX ap3ensX peann3oBaHbl CHCTEMHbIE TEXHHUECKHE
petreHus 1o obecnedeHUI0 OCHOBHBIX MOKa3aTenel pabouero LMKIa, KOPIYCHbIM Ae-
TassAM, OCHOBHBIM MEXaHH3MaM H YCTPOIiCTBaM.

Ha ocHoBe 6a30Bbix nu3eneil pa3paboTaH MOJENBHBIH psia AH3eNel KUIKOCTHOTO
OXJaXKACHHUSA ¢ AWana3oHoM mMoiHocTel o1 44 10 550 kBT, nokazarenu TeXHHYECKOTo
YPOBHS KOTOPOTO OTBEYAIOT COBPEMEHHBIM TPEOOBaHHAM.

Pesynpratel auccepranHoHHON paboThl MCMONB30BAaHBI NIPH MPOEKTHPOBAHHH OC-
HOBHBIX CHCTeM HOBBIX Auseneit B OAO «Hayuyno-uccnegoBarensCKkuit HHCTHTYT ABH-
rareneii», npu cepTHPHKAUMOHHON OlleHKe TpakTOpHbIX auseneit B OAO «Hayuno-
HCCIIEAOBATENBCKUIT HHCTUTYT aBTOTPAKTOPHOH TEXHUKH», B Y4eOHOM mponecce ka-
¢denap «/IBuratenu BHyTPEHHETO CTOPAHUA» H K ABTOMOOUIBHBIH TPAHCNIOPT U CEPBHC
aromobuneit» GI'bOY BIIO «lOxHo-Ypansckuii rocyapcTBeHHbIH YHUBEPCUTET»
(HanuyonanbHplil uccieaoBaTenbCKHil YHUBEPCHTET).

AnpoGanus padotbl. OCHOBHEIE pe3yJIbTaThl JHCCEPTALMOHHONH paboThl 06CY*-
JCHBI H 0100peHsl Ha PETHOHAIBHBIX, MEKPETHOHATBHEIX U MEXIYHAPOAHBIX HAy4YHO-
TEXHHYECKUX KoHpepeHunsax: B YenaOHHCKOM rocyAapCTBEHHOM arpoOHHXCHEPHOM
yHuBepcutere (UIAY, 2008 r.); MoCKOBCKOM rocyAapcTBEHHOM aBTOAOPOKHOM TeX-
HuueckoM yHusepcutere (MAJU (I'TY), 2009 r.); MI'TY wnm. baymana (2010 r.),
IOxno-YpansckoM rocyaapctBeHHoM yHHBepcuteTe (Uensouack: HOVpI'Y, 2008-
2011 rr.); Cankt-Ilerep6ypr: BUTY, 2009 r., CaMapckoM rocyaapcTBEHHOM a3po-
kocmuveckoM yausepeutere (Camapa: CTAY, 2011 r.).
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Jucceprannonnas paGorta onoOpeHa Ha Hay4HBIX ceMHHapax kadenps! «/Isurarenu
BHyTpeHHero cropanua» IOYpl'Y u kadenpsi « Tpakropsi 1 aBToMoOuH» YTCAA.

My6auxannu. OCHOBHbIC HayuHble M MPAKTHYECKHE Pe3yabTaTel JHCCEPTALMOH-
HOH paboTel U3noxkeHsl B 12 paGoTax, B ToM uHcie 10 — B H3AaHUAX, PEKOMEHI0BaH-
Hbix BAK, 2 — B MaTepHanax MexayHapoHbIX KOHEpCHLIHHA.

JInunblii BkIaa aBTopa. OCHOBHBIC HAy4HBIC PE3YJIbTATBl TCOPETHHUECKHUX M IKC-
NepHMEHTaIbHBIX HCCAEAOBAHHH MONYYEHb! JIHYHO H ¢ YYACTHEM aBTOpPa MPH BBIION-
HEHHH Hay4HO-HCCIIEI0BATENIBCKUX padoT MO CO3JaHHI0 MOACABHOTO psija AH3eTbHBIX
JIBUraTenei ®HIKOCTHOrO OXIaKACHUA MOIHOCTBIO OT 45 g0 550 kBT B cooTrBercT-
BUU C rocyaapcTBeHHbIM KOHTpakTOoM Ne 8411.0816900.10.002 ot 18.04.2008 mexay
000 «YT3-Ypantpak» U MHHHCTEPCTBOM IIPOMBIINITCHHOCTH H 3HEpTreTHKH PO.

CtpykTypa n 00bem auccepTranuu. JuccepraunodHas paboTa COCTOHT U3 BBElle-
HUs, OATH TfaB, 3akmouenus, 6ubanorpagpuueckoro cnucka (129 meTounnkos) u
npunoxxedHs. Jiucceprauus coaepxkut 187 cTpanun, 32 tabauiibl, 75 ULTIOCTpaLIHii.

OCHOBHOE COJEP)KAHHUE PABOTBI

Bo BBeaeHHH oTMeuaercs, 4TO B PsJ aKTyalbHBIX IKOHOMHYECKHX H IKOJIOTHYE-
CKHX TpoOneM pa3BUTHS AH3eNel BBIABUTAIOTCH: CHIDKEHHE BBIOPOCOB BpPEIHBIX Be-
mwectB ¢ oTpaboraBmmmu razamu (OI), pacxola ToruiMBa, LIYMHOCTH, BUOpanuu H
TIOBBILICHHE pecypca. PemieHne 3THX npoOiieM JOCTHraeTcsl COBEPLICHCTBOBAHHEM
pabodero HuKIa, arperaToB M y3J10B AH3eJs Ha OCHOBE MPOTPECCHBHBIX TEXHHYECKUX
peuieHHii 1 COBPEMEHHBIX TEXHOJOTHId.

B nepBoii ri1aBe BHINOJHEH aHAIH3 3324 COBEPLIEHCTBOBAaHUA paboyero HHKIA U
KOHCTPYKTHBHBIX OCOOCHHOCTEH COBPEMEHHBIX TPAaHCNOPTHLIX An3encH. OTMedaTcs
OCHOBHbBIEC TCHACHLHH PAa3BUTHA NPOLIECCOB, COCTABNSAIOIIMX padoynii UK, TpeOoBa-
HHS K KOJIOTHYECKHM I10Ka3aTesaM, TOIUIHBHON YJKOHOMHYHOCTH, MOIIHOCTH, TEJIO-
MeXaHHYeCKOH Harpy:XKeHHOCTH Ju3esiel. PaccMaTpuUBarOTCs OCHOBHBIEC HANpaBJICHHUS
HOBBILICHUs TEXHUYECKOro ypoBHs 0a30BbIX Au3eicH M Ha OCHOBE KpaTKoro odsopa
paboT GopMyIHpYIOTCS HENb H 3a4aui HACTOALIEr0 HCCIeI0BAHUS.

Bo BTOpOii rnaBe paccMatpuBaroTcs 0a30BbIC AM3€1H KaK JEMEHTBl CTPYKTYPBI
MozaensHoro paia. OnpeaensioTcs OCHOBHBIE MapaMeTpbl HX TEXHHYECKOTO YPOBHA.
AHaTH3UPYIOTCS NPHHLUMNL OpraHu3aliy MaJOTOKCHYHOro padoyero HMKIa U OcCo-
OCHHOCTH MEXaHHU3MOB U CHCTEM 0a30BBIX TH3ENICH.

IlpuBeaeHB!l METOABI TEOPETHYCCKOTO 0OOCHOBAHHS aHANTU3HPYEMBIX TEXHHUECKHX
pelIeHHH Ha CTAJHH MPOEKTHPOBAHUS M Ha JTane HCMBITAHHA MakKeTHbIX 00pa3uoB.
MouzenHpoBaHHe OCHOBHBIX [POLIECCOB U pabodyero LMK/ JH3€1s B AUCCEPTaHOBHOA
paboTe ocyuiecTBIsIETCS C HCMONB30BAaHHEM 3aBHCUMOCTEH TEPMOJHHAMHUKH H XHMH-
4eckoi KUHeTHKH. CBOHCTBA TOIIHBA OMHCHIBAIOTCS €r0 IEMEHTAPHBIM XHMHYECKHUM
cocTaBoM (coaepxkanue yraepona C, Bogopoaa H u kucnopoga O), onpeacnsiommnM
KOJIMYECTBO BO3Ayxa Lo, TeOpeTHUYeCKH HEOOX0AUMOE JUIs CTOPaHHs, M HU3IIECH Temo-
To# cropanns H,.

[IpH BHINOJHEHHH TEOPETHYECKMX HCCJCIOBAHHH MCNIONB30BaHA METOJHKA CHHTE-
3a pabouero unkna ausens, papaborannas Ha kadgeape [ABC IOYpI'Y. B marematu-
YECKYI0 MOzeJib pabodero HHKIa OTAeNbHBIMU 0/1I0KaMH BXOAAT MaTeMaTHYECKHE MO-
Jenu CneJyIUMX NPOLECCOB: BIYCKA, CHATHA, CTOPAaHHA U PACHIHPEHHA, a TaKxke
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CHHTe3 HHIMKATOPHBIX MOKazarejleld pabodero mukna. MatemaTu4eckoe MoOIENHpO-
BaHWE KHHETHKH NPOHEcca Cropanus BLINOJHANOCH C HCHOAB3OBAHHEM Pa3BHTOTO
E. A. JlazapeBriM ypaBHeHus Buiropaausa WM. 1. Bube anms xapaktepHCTHK BbITOpaHHA
CIOXHOTO TUTIA B BYSiE

x =1 - exp[- 6,908(¢ / 9.)™ ™ (¢ / @) ™" '], npu ¢ > @y, m, = m,, (D)

rae mg, m, — DOKa3aTelid XapakTepa CrOPaHus HAYAIbHOTO H OCHOBHOIO IEPHOIA;

Qu» P, — NPOAOIKUTENHHOCTH HAYANBHOTO MEPHO/a U Mpollecca CTOPaHHs.

[TpuBeacHHAas 3aBHCUMOCTb YYUTHIBAET HAIMYKE JABYX MaKCHMYMOB CKOPOCTHU Te-
TUIOBBIACTICHHUS B NPOLIECCE Cropanud.

Jlns ydeta usMcHeHus coctasa pabouero tesna B nporecce CropaHHs HCTOIb30Ba-
HO ypaBHEHHe JHHAMHKH (1aBJieHHE B KOHIIE JIEMECHTAPHOTO y4acTKa) Impomecca cro-
pauus, npeanoxenHnoe A. H. JlaBpuxom u passutoe . K. AnekceeBbiM

P;= {1qz (Kjnep = 1) Pjsep (v 1 KR Tj-)] AX + 1} (0t j 1) A )] 5 (P4 /D), (2)

rae D=v; B (via Bi): g, — oOmas yaenpHas HCNONB30OBaNNAsS TCILIOTA CrOPaHis;
ki — CpellHee OTHOLLEHHE TEIIOEMKOCTeH pabodero Tena; ., — MONEKynApHas
Macca pabGodero Tena; vj . — ko3pOUIKEHT H3MeHeHUs Macchl; R — yHuBepcanbnas
ra30Bas MOCTOAHHAA; W(ay_y) — QyHKUMA H3MeHeHua oovema; Pi_ T ;_, — aaBneHue u
Temmepartypa pabodero Tena; f; — koI QHIHeHT MOICKYIAPHOro H3IMEHEHHS; j, j—1 —
TpaHuLBl 3EMEHTAPHOIO Y4acTka; AX — MOt BRIMOPEBILETO TOILUIMBA HA 3IEMEHTAp-
HOM y4acTKe.

Ilns oueHku u3MeHeHUs koaddunueHTa 3pdekTHBHOCTH & mpolecca CrOPaHus B
3aBHCHMOCTH OT MPOIO/DKHTENLHOCTH MpoLecca cropaHus, ko3dgHuueHTa H30bITKa
BO3JYyXa O ¥ YacTOTHI BPAICHUs KOJEHYATOrO Baja N AW3els HCIONb30BaIOCh ypaB-
HeHHe, npeaioxkenHoe E.A. JlazapeBriM

£=1-238¢,/(na). (3)

B 1enax TeopeTHueckoro 00OCHOBAHHS HIDKE OLUEHHMBAIOCH BJIUSHHE HA TOKa3a-
Tenu pabodero uMkIa 6a30BBIX JH3ETCH:

— oTHOCHTeAbHOTO 0Obema Vi/V, H 10mu 06beMHOrO cMeceoGpa3oBanus § ¢ yue-
ToM pekomenaanui M. C. I'utica no U3MEHERHIO IAPaMETPOB NPOLIECCA CTOPAHUS,

— BHXPEBOTO OTHOWICHHS BO3AYIIHOTO 3apsAaa (2 B KaMepe CropaHHs M OTHOCH-
TeNBHOH BEJIHYHMHBI 3aMadbHOM NOPUHM G MPH Pa3AeicHHOM BINPHICKHBAHHH TOILIMBA
[0 [peIoKEeHHBIX ABTOPOM H3MEHEHHAM MapaMeTpoB Mpotiecca CrOpaHHusl.

Martemarnieckoe MoJenHpoBaHie paboyero HUKIA AH3eis MPOHU3BOAMHIOCH C HC-
nonp3oanueM nporpaMMel SYNG, coctaBinenHoi 1. K. AnekceeBsiM.

O630p AMTEPATYPHBIX HCTOMHUKOB H ONBIT NPOEKTHPOBaHMs AU3EIei paznHYHOI
Pa3MEPHOCTH TO3BOJIHJ BBISBHTH ONpPEAETICHHBIC 3aKOHOMEPHOCTH H cHOPMHUPOBATh
COOTHOLLIEHUA MEKIY MapaMeTpaMH IpoLecca CropaHus, BIHAIOUIHMH HA TONIHBHYIO
IKOHOMHYHOCTE M 3KOJNOTHIO ausens. Jns mpunstoit pasmepuoctd 13/15, Hensmen-
HBIX 3HAYeHHH MOIIHOCTH (P; = const) ¥ 4acTOTHl BpallieHHA KOJEHYaTOro Baja (n =
const) AM3eNIs NPeUTOKEHB! IMITHPUUECKHE CBA3H U ONPEAEIICHO BIMAHHE cneﬂyioumx
caxTopoB Ha rokasatenu pabouero LHKIA: s ‘
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— eausnnue omuocumenvhozo o0bvema /N, kamepvl czopanus onpeaensanock ¢
ydeToM ypasHeHHs (3) U BbIpakeHHH, nonyuyenHeix M.C. I'MTHCOM MpH yCIOBHAX
m,/mye = 1,0 1 Vi/V,.= var:

a/ay = 0,45 + 0,55(Vi/ Vi), E/80=0,70 + 0,30(Vi/Vio), -+ (4)
m,/myo = 5,81 — 4.81(ViVy), 0/0, = 2,28 — 1.28(V/Vyo).

3aech U Janee HHIACKC «o» — AN HCXOAHBIX 3HadeHuii B auseie 4T371.
— 8IUAHUE 001U 00beMHO20 cMeceobpazosanus b 6 Kamepe czopanus ONpeaens-

JIOCh € YY€TOM ypaBHEHHs (3) U BeIpaxkeHUH, nonyderubix M.C. T'utucoM npu ycno-
BHH O = var:

a/ag = 0,93 + 0,07(8/8 o), E/€0 = 0,98 + 0,02(3/5 ), (5)
m,/mye =-14,0 + 15,0(8/8 o), my/mye = 1,50 —0,50(5/6 o), 6/60 = 0,70 + 0,30(8/ o).

— gaUsAHUE BUXPEBO20 omHouteHUs () 6030yUH020 3apada 8 Kavepe ccopaHus on-
peaenanock ¢ y4yeToM ypaBHEHHs (3) H BBIPAXKCHHIA, MONYyYECHHBIX aBTOPOM, MpH yC-
JNOBHAX 0/ao = 1,0 u Q= var:

£/60=1-0,24Q, m,/m, =1+ 140-Q, 6)
my/mye = 1 + 10°Q, 0/6p=1+4Q.

— BUUAHUE OMHOCUMETLHOU BEIUYUHBL 3aNANbHOH NOPYUU G Npu YNPAaeasemMom
(pasoe1eHHOM)BNPLICKUBAHUY MONIUGA ONPEIEIIANOCH C YUeTOM ypaBHEHHS (3) H BbI-
pakeHHH, NOJIyYeHHBIX aBTOPOM, ITPH YCIOBHAX o/ap = 1,0 1 6= var):

&8 =1-024"c, m,/m, = 1 + 1400, )
m,/my =1+ 10°c, 0/0p=1+40c.

HpeIlIIO)KEHHblC COOTHOIUCHHS HCMOJB30BAHBI IIPH pacdeTe pa601{ero HUK]Ia H
IKCNECPUMEHTANBHO IMOATBEPXKACHLI NPHU COBECPIICHCTBOBAHHH CHUCTEMHBIX TEXHH4E-
CKHX pCI_HCHI/IﬁZ KaM€phbI CropaHHs, 3J1IEMEHTOB CHCTEM TOIUIMBOIIOJa4H U razooOMeHa.

Tennoeoe cocmosanue nopuwina. Xapaktepusyercs TenjgooTaadeii ot paboqux ra-
30B K €r0 JHHIY, OT BHYTPEHHEH MOBEPXHOCTH K Maciy U KOHTAaKTHBIM TeriooOMe-
HOM C MOPILHEBBIMH KOJIbIaMH, ITOPILHEBBIM MaJlbLieM U T'HIIB30H [IWINHAPA.

TennooOMen paboymx ra3oB ¢ AHHLIEM MOPUIHS ONpPeAeNsica C YYEeTOM rpaHHd-
HBIX YCJIOBHH TpeThero poja. I1o TeKylnM 3Ha4deHUsAM KOIQHIHECHTA TEIO0TAAYH
a v TeMnepatypsi 7 ra3oB pacCUHTBIBAJINCH IKBHMBaNEHTHble 3HaYeHHs o, u T,. Onpe-
geinenue T BBIMOJHAIOCH TEPMOJHHAMUYECKHM aHAIH30M HHIHKATOPHOH AHarpaMMbl
JapieHus P, 1715 oUeHKH ¢ HCnosib3oBajlach H3BecTHas 3aBucuMocth G. Woschni

a=C,-P**.T"%. D2y, (8)
rae C, — NOCTOAHHBI ko3pduuuent; W — ckopocTb ra3oB, D — AnaMeTp UHWIHHAPa

Cneays pexomenpauuaM A. K. Kocruna, P. M. [Terpuyenko u A. B. Hukonaenko,
YUUTBIBaJach TEMIOOTAaua MO MOBEPXHOCTH AHUIIA HA AHaMmeTpe D MUAHHApPA U B 3a-
30pe Mexay 100Koif NOpIIH M THWIb30H IHIIMHIpA.



Tenaosoe u nanpaxcenno-odepopmuposannoe cocmoanue kapmepa. Tennosoe H
HanpsKeHHO-1ehOPMHPOBAHHOE COCTOSIHHE PA3NUYHBIX KOHCTPYKTHBHBIX pEeNICHHH
KapTepa OLUEHHBAJIOCH HA YCTAHOBHBLIEMCS TEIJIOBOM PEXUME B CPaBHHUTENILHOH MMO-
CTaHOBKE HA OCHOBE MPEINOJI0KEHHS O CTALIMOHAPHOCTH TEIUIOBOro noJjst. IT10 00y-
CJIOBJICHO HE3HAYMTENLHOH A0JIell B Harpy>KeHHOCTH KapTepa HECTalHOHAapHOH co-
cTaBAsiouIell TePMOJAMHAMHYECCKHX HPOUECCOB [0 MPHYHHE AOCTATOUHOMH JKECTKOCTH
¥ TEIIOEMKOCTH THIIb3 M TOOBOK, BOCIIPHHHMAIOUIMX BO3/CHCTBHEe paGouMX TazoB
HeroCpeACTBEHHO. TeroBble HANPSHKEHHS, CBA3aHHbIC C TPaJHCHTAMH CTalIMOHAPHOMH
COCTaBNAIOILICH TeMIepaTyp, A1 OCHOBHOrO 00beMa KapTepa CYILIECTBEHHO BbILIE Te-
IUIOBBIX HAMPSUKEHHUH OT €€ MepeMEHHOH COCTaBNsroLIeH.

AHanu3 AOCTOMHCTB M HEJOCTATKOB KOHCTPYKTHBHOTO HCIOJIHEHHS KapTepa Bbl-
TIOJIHEH B MEXIHCIHTUINHAPHOM MOCTaHOBKE METOAOM KOHEYHOTO 3JIeMeHTa Ha OCHO-
BaHHH CPABHEHHS PEILEHHl CTALIMOHAPHOH TEMOBOM M KBAa3MCTATHYECKOH CHIIOBOH
3apad. [Ipu omeHKe TENI0BOIO COCTOAHHS KapTepa HCIOb30BAJIOCh PEILICHHE 3a1ayH
MexXaHHKH KHAKOCTH ¥ rasza Ha ocHose CFD (Computational Fluid Dynamics) moze-
nnpoBanus. OpuruHanibHas Moaens 0a3oBeiX Aetaneh u y3nos awsens 4T371. paspa-
6oranHas coBMecTHO ¢ B. A. PoMaHOBBIM, BKITIOYaIa HECKONbLKO o6macTell HOTOKOB
rasa c JjoKaju3auded HCTOYHHKOB TEIUIOBBIACICHHA, OXJaxuJaromeHd >KHUAKOCTH H
TBEpAOTEIbHBIC 00IaCTH KapTepa, TOJIOBOK M THJIB3 LIJINHIPOB.

[IpH cpaBHHTENBHOM aHANH3E PA3NMYHBIX KOHCTPYKTHUBHBIX pelleHHi KapTepa,
€ro HanpsLKeHHO-A¢(OPMHPOBAHHOTO COCTOSHHSA, B KAYECTBE OCHOBHBIX NPHYHH BO3-
HHKHOBEHHS HampsHKeHHIt paccMaTpMBaJINCh: HEPAaBHOMEPHOCTBH DacpejeieHus Mo
00beMy KapTepa He3aBUCSLICH OT BPEMEHH TEMIEPaTypsl, KBa3UCTaTHYECKOE BO3CH-
CTBHE KOJICHYaTOr0 BaJsia, NOPIIHEH, I'0JI0BOK, a TAKXKE JaB/eHHUS Ia3a B LIATHH/IpAX.

Ouenka pabomocnocofHocmu ROOWURHUKGE KDUGOWURHO~UWIAMYHHO20 MeXa-
nuzma. TpuboconpsprkeHHs JU3ems BO MHOTOM ONpPEJENsioT ero pecype. B 1o xe Bpe-
Msl, pecypc IIAaTyHHBIX H KOPEHHBIX MOALIMITHHKOB KOJICHYATBIX BAJIOB 3aBHCHT He
TOJBKO OT KOHCTPYKTHBHBIX PELICHHIH, HO H OT TEeXHOJOTrHYeckuX aonyckos. Otuenka
paboTOCIOCOOHOCTH MOAMMIHUKOB MPON3BOAMIACh COMOCTABICHHEM I'MAPOMEXaHH-
Jeckux xapaktepucTuk (IMX) nommmneauKoB, NOMYyYEHHBIX HA OCHOBE pacyeTa Tpa-

o o e o *

EKTOpHI 1IEHTPOB IIeeK: HammeHelied infh,, u cpemnedt A, TomuwHAMH, Hau-
*

Oonbumm sup P, ¥ cpenHuM P, THAPOANHAMHYCCKAME AABJIECHHAMH B CMA304HOM

(v v *
cJI0e; MaKCHMAIBHOH f,, M cpeaHell f,, VICIHBIMH HATPY3KAMH; OTHOCHTEIbHbI-
MH OpOTSKEHHOCTAMH ofnacTei, rae A, MeHbIIE JOMYyCTUMBIX A, — ap, = cpen-
7

HEHMHTErpaTbHBIMH MOTEPSMH Ha Tpenue N, pacXoaaMM cMa3KH B TOPLBI MOLIHII-
nuka Q' v Temneparypamn T B CMa304HOM CHOE; YI/IaMH a, U ap, IpH KOTOPBIX
hyo =inf b, P =supP, ..

B kadectBe kpHuTEpHEB paboTOCIOCOOHOCTH NOAIIMITHUKOB HCIO/IB30BATHCEH HAH~
MeHbLIas AOMYCTHMAas TOJILHHA CMa304YHOro ciosa A, ¥ Hanbombliee AOMYyCTHMOE
THIpOAMHaMH4YecKoe AasieHue P, .

Onpenenenne 'MX OCHOBBIBAJIOCH Ha pPEILEHUH TPeX B3aHMOCBS3aHHBIX 3a/1a4:
JUHAMHKH 1103 HA CMa304HOM CJIoe MO JCHCTBHEM HECTALHOHAPHBIX BHEUIHHX Ha-
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TPY30K ¥ pPeaxuii cMa30qHOIo ClOs; THAPOAMHAMUYECKOH TEOpHH CMA3Ku Ul onpe-
JeNieHHs pacnpeae/eHUs JaBJICHAH B CJI0€ CMA304HOI )HIKOCTH C yYETOM KOHCTPYK-
THBHBIX 0coOeHHOCTEH TpuboconpsxkeHus (HPUHA, AHAMETD, 3a30p, HOJIOKEHHE HC-
TOYHUKOB FMOAAYH CMa3KH M €€ BA3KOCTH); ONpejesicHus TEIIOBOro COCTOSHHS M0J-
HINMHUKA 7151 KOPPEKTHPOBAHMUS BA3KOCTH CMAa30YHOTO MaTepHaa.

Jns MoaenMpoBaHHs OTKJIOHCHHH (OPMBI miMNa M TOAIIMNOHHMKA IPH PELLCHUH
ypaBHeHHs PefiHonbpaca Hemonp30BaHa aHANMTHYeCKas QYHKIHS 3a30pa, pa3paboTaH-
Has coBMecTHO ¢ A.K. bospumHoBoii, yuuThIBaowas OTKJIOHEHHST (JOPM NOBCPXHO-
cTeil TpeHUs MOILMIHUKA HE TONbKO B OKPYXHOM (HEKPYIJIOCTb), HO H B OCEBOM
(HewHIMHAPHYHOCTb) HanpasneHusix. [Ipu onenke paGoTOCMOCOGHOCTH KOPEHHBIX
HMOAMIHOHHKOB JOMOIHUTEIBHO YUTEHO BIUSHHE YIPYTHX CBOMCTB KOJICHYATOrO Bajaa
¥ KapTepa Au3esns, a TAKKe TEXHOJOTHYECKHX AOMYCKOB HA COOCHOCTH MOAHINIHUKOB
Y LIeeK KOJIEHYAToro BaJja.

B TpeTtheii riaBe BbIMOMHEHO pacyeTHOE 000CHOBaHNE (GaKTOPOB, OMpeAesIoLX
nokaszaTtesnu paboyero UMKIA U MPOLECCOB €r0 cocTaBaAroUMX (puc. 1). Obo3HaueHus
Ha pHCYHKax npejicTaBiensl B cooreercTBHH ¢ OCT 18509-88.

PesynbTaThl pacyeTHOro aHajau3a pabovyero LMKiIa MO3BONWIM BBIABHTH Hauboiee
npHEeMIIEMble 3HAYCHMA paccMmaTtpuBaeMbix (aktopos: Vi/V, = 0.75; 6 = 0,95: Q =
1,5...2,0; 6=0,14...0,18. PacueTHble HCCNEAOBAHUA HCMOIB30BAHKI IS COBEPILICH-
CTBOBAaHHUs KaMepbl CTOPAHHs, CHCTEM TOIUIMBOMNOAAYH U ra3000McHa.

Jns noCTHKEHHS apaMeTpoB Mo TpeOYEMOMY BUXPEBOMY OTHOILEHHIO W PAacXOdy
BO3YLIHOTO NOTOKA BBITOJIHEHO W3MEHEHHE KOHGUIypaliK BIYCKHBIX M BBHITYCKHBIX
KaHaJIOB B I'OJIOBKE LIMJIMHPOB B COOTBETCTBHH C peKOMEHIALMAMH (pHC. 2).

[MpeumyinecTBeHHO 0OBEMHBIH croco® cMmeceoOpa3oBaHHs B OTKPBITOH KaMmepe
CropaHusi peanu3yeTcs pH BLICOKOM ra3oTypOruHoM Haaayse (p, = 0, 24...0,25 MIla)
C IPOMEKYTOUHBIM OXNTAXKICHHEM HAIYBOYHOTO Bo3ayxa (At = 65...70 °C).

I1pu pa3paboTke cucTembl ra3000MeHa MO pe3ynbTaTaM aHaIH3a IKCHEPUMEHTaIb-
HBIX HUCCNEA0BaHHH M TEIUIOBOTO pacyeTa padoyero LKA JH3eis BBIIOJHEHO corja-
coBaHue napameTpoB 6asoBoro ausens, Typdokommnpeccopa TKP 80-1A u noacucre-
MBI pelpKy s otpadorasiunx ra3os (EGR) (puc. 3).

Pecypc ausens Bo MHOroM orpefefsieTcsl TEMIOBBIM COCTOSTHHEM NHOPLIHA. Bai-
HOJIHEHHBIE HCCICAOBAaHUS TEIUIOBOTO COCTOSHHUS IITATHOTO M ONBITHBIX BapHAHTOB
TIOpIIHEH CBHACTENBCTBYIOT O CYILIECTBOBAHHH Pe3epBOB M0 CHI)KEHHIO TCILIOBOH Ha-
IPY’KEHHOCTH mopuIBs (puc. 4). AHaJIN3 TeMIEpaTypHBIX NOJeH HCCIEAYEMBIX HOPLI-
Hell 1oka3aJi, YTO HaUMEHEE HANpsDKCHHBIM B TEMJIOBOM OTHOILEHHH ABIACTCA MOp-
HICHD C rajiepeHbIM MacsaHbIM OXJakIcHUeM. MakcumanbHast TeMIepaTypa NOpLIHA
npH 3ToM He mpeBbimtact 265 °C, a TemrepaTypa nopiiHs B 001acTH BEPXHETO KOM-
TPECCHOHHOTO Kofblia cocTaBaseT 215 °C. 1na BricokoOpCHPOBAHHOIO AH3ENS Mep-
CHEKTHBHOM ABJSETCS KOHCTPYKUHA COCTaBHOTO MOPILIHA.

B npouecce coBeplieHCTBOBAHHS TEXHHYECKMX pELICHHH KOHCTPYKLUHH KapTepa

OCYILECTBICHO NepepacnpenesieHie IMOTOKOB KHAKOCTH ¢ UHTeHCH(HUKaUUel ee 1BU-
SKEHHUs /151 obecredeHHsl pABHOMEPHOCTH OXJIaXKACHHS LIMIIHHIPOB U FOJIOBOK.
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Puc. 1. Bausuue oTHOCHTENBHOTO 00beMa KaMepsl cropanus Vi/V, (a), 1011 oobeM=
HOTo cMeceoOpazopanus 6 (6), BHXpEBOro OTHOILEHUS BO3AYIIHOTO 3apaaa Q (B)
. 1 J0JIH 3anaibHOM NOPLUH NPH YNPaBISeMOH TonnBono1ade 6 (T)

a)

Ha noka3zarenu padouero uukia 6azosoro guzens 41371

[EaneHeHite oOPA3VIOIHElT CTEHRI BIY CRHOTO KaHATTA

0)

HspteHeHI e 00PNV ICUBIX CTCHESE
BRITVCRHOT O KUHALY

Puc. 2. UsmeneHne HpO(l)HJlﬂ BIYCKHOI'O U BBIITYCKHOT'O KaHAJIOB TOJTOBKH LIHJIMHAPOB

IU1A yOOBNETBOPEHUs TpeOoBaHUIl K napaMeTpaM BO3AYLIHOTO NOTOKA!

a) BMI CBEpXY C pa3pe3oM; 0) NpoaosbHBIil pa3pes



AaTyuk TemnepaTypbi
I pasnenns

YeTpoucTso e

0fpasoBaHua cMech b

cBevero 3apaaa 2

coTpaSoTaBwmmi K PN
N

rasamu

ko~
A
Moaaya cueck <

cBewero sapagac
oTpaSoTaBwnMn
ra3amn B an3ent

3 3 Monava
oxnaxaaowen
HUAKOCTH

Kt A0 Oxnagurens

EGR

OtpaboTaswie rase! t

Puc. 3. Ycranoska typookommpeccopa TKP 80-1A (a) 1 0CHOBHBIE 3JIEMEHTHI
noacucteMel EGR (0) B 6a30Bom auzene 4T371

a) 6) B)

Puc. 4. TerioBoe COCTOSIHHE MITATHOTO (@), C TanepeHHBIM MACIISTHBIM
oxnaxaenueM (6) u cocrtaBroro (B) rmopurHeit 6azoBoro ausens 4T371

B pesyabraTe chibkenbl TeMIEpaTypHbie TPAINEHThI, YMEHbLIEH YPOBEHD TeMIie-
patyp (puc. 5) 1 TeIJIOBEIX HAaNpshKeHHil (puc. 6) B kapTepe.

HanpsikeHus: OT COBMECTHOTO CHCTBHS TEMIIEPATypPbl U CHIIOBBIX (PAaKTOPOB B ce-
YEeHHH KapTepa IUTaTHOH M YCOBEpIUICHCTBOBAHHOH KOHCTPYKLHMII MpeacTaBiIeHbl Ha
puc. 7. YcoBepuIeHCTBOBaHHE KOHCTPYKUMH KapTepa COBMECTHO C Mepepacmpenene-
HHEM MOTOKOB OXJIKIAOIIEH KHUAKOCTH B MOJOCTAX OXJIaKICHUS TOJOBKH LIMJIHHI-
POB M KapTepa Mo3BOJIseT CHU3UTh MAKCUMANbHbIE TEMJIOBBIC U CHIIOBbIE HANpPSHKEHNs
B 1,85...2 pa3a. I3MeHeHHe KOHCTPYKIHH KapTepa BKIIOYAET: yCTPAHEHHUE OKHA B Ie-
peropoakax Mekay LHJIHHAPaMHU MOJ «pyOarukoi» oxnaxiaeHus (puc. 8, a) wim 3a-
MEHa MEePEMbIYKOH C TOJIIHHOH OCHOBHOM mepebopku (puc. 8, 6); ycunenune pedpom
’KECTKOCTH MEePEropoaKu Mexay uuaunapamu (puc. 8, B) n usmenenue Gopmsl pedep
KECTKOCTH CO CTOPOHBI, MPOTHBOMOJIOKHOI BXOAHOMY OTBEPCTHIO IS OXJIAXKIaro-
e xuakocTu (puc. 8, r); u3mMeHenue GopMbl OIHOTO U3 OKOH, IS ABHKEHHS Yepe3
NEeperopoaKy OXJaXKIAIIei KHUAKOCTH, Ha «apOuyHYIO» H ()OPMBI HAPYKHOH CTEHKU
kaprepa (puc. 8, 1 u 8, e); mpoaneHne NpUIMBOB Pe3bOOBBIX OTBEPCTHH 1 00ITOB
KpPEIMJIeHHs! KPbILIEK KOPCHHBIX MOIIHITHHKOB KOJEHYaToro Bana (puc. 8, x).



Puc. 5. TennoBoe cocTosiHHE KapTepa Puc. 6. TeruioBble HanpsikeHNs B KapTepe

CO IITaTHO# (a) U yCOBEPIIEHCTBOBAHHOI (0) CO LUTATHO# (a) 1 yCOBEPUICHCTBOBAHHOIH ()
KOHCTpyKIHeH monocTeil oxnaxaeHus 6a30Bo-  KOHCTPYKLHE#H nmonocTeii oxnakaeHus 6a3oBo-
ro nusens 4T371 ro ausens 41371

a)
Puc. 7. HanpsiZKeHHOE COCTOsIHHE CEYeHHUs [TaTHOrO (a)
H ycoBepIIeHCTBOBaHHOTO (0) KapTepa 6azoBoro auzens 4T371

r)

Puc. 8. 3meHeHuns B KOHCTPYKIMHU KapTepa 6a3oBoro ausens 4T371

Anann3 paboTocnocoOHOCTH NOANIUIHIKOB KOJCHYATOrO Bajla NO3BOJIWI Onpee-
JIMTh TEHACHUHH W3MEHEHHs W ONTHMAaJIbHbIE TEOMETPUYECKHE MapaMeTpsl CONpsike-
HHH, Mpee/bHble 3Ha4eHHs JOMYCKOB Ha (hOpMy MOBEPXHOCTEH TPEHHS H Pacroso-
JKEHHE IIeeK M MOALIMIHHUKOB KOJEHYaTOro Baja. OLEHUTH 1e1eco00pa3HOCTh H3Me-
HEHHIi CXeMbI 04l CMa3KH B MOJUIMIHHUKH, a TAK/KE ONPEACIUTh KJ1acChl BA3KOCTH

Maces 1A UCIoJb30BaHHA B 0a30BBIX AU3EIISAX.
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H3MeHEeHHs KOHCTPYKUHH KOPEHHBIX H IIATYHHBIX MOIUIHITHUKOB BKIIIOYAcT yBe-
JIMYEHHE IHAMETPOB COOTBETCTBYOLIMX IIEEK KOJEHYaToro Bana Ha 10 MM; MakcuMu-
3aUUI0 WHPHHBI NOAUIHITHHKOB [UTsS A0CTHKEHHA cOOTHOWeHNs B/D =04 (B — um-

puHa, D — nnameTp MOIIUHNHHKA) ApH cobmoaeHHH TpeOoBaHHN K MPOYHOCTH KO-
JIEHYATOr0 Bajia; AMANAa30H H3IMECHEHHS HOMHHAILHOTO 3Ha4€HHs PajHaTBLHOrO 3a30pa
41.5... 56.5 MkM; AHana3oH U3MEHEHHUs YTJIA PaCNOJOXKEHHS MaCJIONOABOAALICI0 OT-
BepcTus B watynHoi meiike 30...80 rpax otHocHTenbHO ocH wuauaApa. [Ipn yBenu-
YESHHH YTJIa PACHONIOKEHHS OTBEpCTHA Bhillie 40 rpaa CHHXACTCS OrpaHHUYEHHE HA €ro
auametp. CoOnrogeHue 3THX TpeGOBaHWII MO3BOJIMIO YMydimuTh 3HaueHust [MX
AOAIIHITHIAKOB KOJEHYaToro Bana B cpeateM Ha 20 %.

[peanodtHTenbHBIM SBAACTCS HCMONB30BAaHHE Macen ¢ KnaccoM BA3KoCTH SAE
10W-40. Hanpuwmep, ucnons3oandne macna Shell Rimula ¢ 6onee nonoroii, yem ans
macna M-10[IM  BA3KOCTHO-TEMIIEpPAaTYpHOH 3aBHCHMOCTBIO, ynydimaeT [ MX npu-
MepHo Ha 11 % .

AHanu3 gonyckoB Ha GopMy NOBEPXHOCTEH TpeHHS MOALIMIHAKOB TO3BOJIHI YC-
TaHOBHUTE, 4TO F000E OTK/IOHEHHE 0T HHIHHAPHYHOCTH KOPEHHBIX M LIATYHHBIX ILCEK
KOJIEHYaTOro Bajla B OCEBOM HAIpPABIEHHHM pe3ko yxyamaeT 'MX noamunHUKOB.
Ilpy 3HayeHMsIX MAKCHMANBHBIX OTKJIOHEHHH MOBEPXHOCTH [IEHKH OT HIAeaIBHOM,
paBHBIX ycTaHoBneHHbIM Jomyckam (0,005 mm), inf /2, Bo Bcex paccMOTpeHHBIX Ba-

pUaHTaX LATYHHOTO MOMMIMIIHHKA MHOTO MeHbie A, = 1,9 MKM Nnpu HeAONyCTHMO

O

OONbUINX 3HAYEHHAX a, . Jiia matyHHoH teiikH yMeHblIeHHEe BEIHYUHBI OTKIIOHE-

Hug 10 0.0025 Mm cnocoOCTBYeT noBhliieHUIO inf A, B HECKONIBKO pa3, HO IPH 3TOM

m

3HaYeHHUs mapamerpa ¢, — CyIeCTBeHHO npesbiaer 20 %. [lns kopennoll iwieiiku

yMmeHblLIeHue 3HadeHUl gomycka ¢ 0,005 mm 1o 0,0025 MM 11 Bcex paccMOTPEHHBIX
BHIOB HELWIHHAPHYHOCTEH obecrnednio BBINOIHEHHE YCIOBUS paboTocnocoOHOCTH
NOAITUITHUKOB N0 MHHUMAIBHOH TOJIIIHHE CMa304HOro cios U apyrum [MX,

AHanu3 BIHAHHA OTKIOHEHHH (GOpPMBI B paaHalbHOM HalpaBieHHH TMOKa3bIBacT,
4TO MHHHMAIBHAS TOJHLHHA CMA304HOTO €05, ONpee/sieTCs HE TONBKO BENIUYHHON
OTKJIOHEHHS (OpPMBI OT KPYTJIOH, HO M HanpaBieHHEM OONBINUX OCeH FTUIUICOB, OIMH-
CBIBAIONIHX (POPMBI IOBEPXHOCTEH IIECHKH H MOAILHITHHKA.

Jnst oGecneyeHns paboToCnOCOOHOCTH AaTYHHBIX NOAMIMIHHUKOB paccMaTpuBae-
MOTO AH3eNs CIeAyeT YCTaHABINBATh TEXHOJIOTHYECKH MHHHMAIBHO BO3MOXKHbBIE 0=
HMYCKHM Ha UHAMHAPUYHOCTH IIATYHHBIX IIeeK. JIng KOpEeHHBIX ILleeK PeKOMEHIOBaHBI
JOIYCKH Ha KOHYCHOCTB, OOYKO0Opa3HOCTh U cetoodpa3nocTs He Oonee 00,0025 mMm.
Ioka3aHo. 94TO NpH Ha3HA4Y€HMAX AOMYCKOB HAa OTKJIOHEHHS (OPM HEOOXOAUMO ydH-
TBIBaTh HE TOJBKO BENHYHHY OBANbHOCTEH, HO U HX PacroIokKeHHE.

AHann3 paboTOCIOCOOHOCTH KOPEHHBIX MOALIHITHUKOB C TOYKH 3pPEHHS BIHAHHS
IOMYCKOB Ha COOCHOE PACHONOKEHHE MOALIMNHHKOB M IIEECK KOJICHYATOTro Baja fo-
3BOJIHJT YCTAHOBHTB, YTO HX COBMECTHBIC CMEILEHHS CYIIECTBEHHO YXYALIAOT 3Haye-
HHA THIPOMEXAHHYECKHX XApPAKTEPHCTHK KOPEHHBIX MOJIUINIHUKOB JABHIaTens
4T371. [Ing TpeTbero KOPEHHOro MOAIMITHIKA 3HAYCHHS inf A, HA PEKHUME MaKCH-
MaJIbHOI MOINHOCTH cHIKaroTca Oonee ueM Ha 70 %, a Ha peXXHUME MAKCHMANBHOIO
KpyTsillero MoMeHTa — Ha 94 % W CTAHOBHTCS NPAKTHYECKH PABHBIMH MHHHMAIBHO
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AOHYCTHMBIM 3HAUEHHAM; IS fIEPBOTO KOPEHHOTO MOMUIMITHHKA CHHMKEHHE COCTaB-
siseT 38 % u 42 % cOOTBETCTBEHHO.

Heo6Xx014MO OTMETHTB, YTO OAHOBPEMEHHOE BIHIHHE HECOOCHOCTEH ONOP H wie-
€K KOJICHYATOro Bana ;g Au3eieil MOAeNbHOro psiia ¢ OOJbIINM KOMHYECTBOM IHU-
JTHHAPOB GyIeT CKa3bIBAaThCA €lIE CYLIECTBEHHEe, 4To TpedyeT yKecTOYeHUs Jomyc-
KOB Ha COOCHOCTH PacliciIoAKeHNs OHOP U LIeeK KoJeHYaToro sana. Jis miecTHUHIHH-
JPOBOTO PAAHOTO [JH3ENA NMPH CYLIECTBYIOIIHX AOMYCKAX MHUHHUMANbHAsA TONIIHHA
CMa304YHBIX CJI0EB 1-r0, 3-ro ¥ 5-ro KOPeHHBbIX NOAUIMITHHKOB CYLIECTBEHHO HHKE
MHHHMAIBHO J0NYCTHMOI BeaH4HHBIL [IpH M3MeHEHHH QONYCKOB C % Ha 1111_56 TON-
LIHHA CMA304HOTO CJI0s yBeIH4HBaeTcs B cpegHem Ha 35 %.

B yeTBepToil r;1aBe NpHBEICHO ONUCAHHE METOAMKH 3KCIEPUMEHTANBHOTO HC-
ClledOBaHHs, IKCNECPUMEHTAILHOH YCTAHOBKH, HM3MEPHUTENLHOM M PETHCTPHPYIOIICH
annaparypbl ¢ yKa3aHUeM MOTPEIHOCTEH H3MEPEHHH.

B naroii riase npuseietsbl Pe3yAbTaThl IKCMEPHMEHTAIBHBIX HCCAEA0BaHUH.

Wuaukaropuas anarpamma jgasienis P u temucpatypsl T ra3os, XapakTE€pHCTHKH
BBITOpaHus TOMUIHBA X = f1(a) H W, = f»(a1) LpeacTasneHsl Ha puc. 9. MaaMKaTOpHbIE
MOKA3aTENH U MApaMETPBI NPOLECCa CTOPAaHUs COCTABIAIT: MAKCHMANBHOE JaBICHHE
razos 12,8 MIla, MakcumanbHas CKOpOCTH HapacTauus aasicuus 0,56 MIla/rpaa
[1KB, makcumasbHas Temrepatypa oHksia 1631 K, yroa onepesxeHus Hayana cropa-
nust 6 rpaa [IKB ao BMT, npoaomkutensHOCTh npouecca cropanus 115 rpaa TTIKB,
MaKCHMa/IbHasi CKOPOCTh BHITOPAHHA W, Toriuea 0,028 rpai ', cpeaHee HHAMKATOp-
Hoe nasnenne 1,47 MTla, yaenbHblii HHAHKAaTOPHBIH pacxo Tonnusa 194,5 r/kB1u.

TR . « Huddepenunanpias XxapakTepUCTHKAa Bbl-
1500 < / e TOpaHUs TOMJIMBA MMEET JBAa JKCTPEMyMa, 4TO
1_100 yANA a9 CBUACTENBCTBYET 00 OTCYTCTBHH MOHOTOHHOIO
m'(: A J T 'l;s CropaHusi M CJIO)KHOM XapaKTepe BBITOpaHMs
A pama  TOTUIHBA, OOYC/IOBJIEHHOM KOHIEHTPAUMOHHOM

e LA f \\j 10 1 TeMIlepaTypHOH HEOAHOPOAHOCTEIO CMECH.
VAN 8 Xapaktepuctuku ausens 41371, nonyden-
Egj [ A —“3 Hble B pe3ynbTate aHatH3a 3((eKTHBHOCTH
om | // \\\\ 2 peali30BaHHBIX MEPOTIPHATHI 10 COBEPLIEHCT-

BOBaHHIO pabouero mpoilecca, NPeACTaBIEHBI
Ha puc. 10, au 10, 6.

180 240 3w 360 420 430 w. rpaglIKR

Prc. 9. MHaMKaTOpHAs Juarpanna K peanu3oBaHHbIM MEPOUPHATHAM OTHO-
ABBICHAA M TCMITEPATYPhl Ta3os, xa- CATCA: ONTHMHU3aLMA oTHoweHua V/V., domn
PAKTEPHCTHKH BLITOPAHINT TOMIHBA B 00BEMHOr0 cMeccoOpa3oBaHHs, BHXPEBOIO OT
amsere 4T371 (P. = 1,05 MTTa, P - BUXP

1= 2100 mun ) HOIIEHHA BO3AyLIHOrO 3apsaa 3a CUET H3MeHe-

HHs rpoduns BIYCKHOTO KaHana, yrjia onepe-
JKEHHs BINPHICKUBAHUA TOILINBA, IapaMETPOB HaAIyBOYHOro Bo3ayxa H ap. [lpu 3tom
yiaercst 406UTHCS MOBbIlLIEHHA TOTUIHBHON KOHOMHYHOCTH NPH 3aIaHHOH MOIIHOCTH
amsens. Jlns odecrneyeHus NOBBILIEHHBIX TPEOOBAHHI K BBIIOTHEHHIO IKOTOTHYECKHX
HOPM 1He00X0AuMO JalibHeliee COBEPIICHCTBOBAHHE pabovero UHKIA.
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Puic. 10. Buemnsis ckopocTHas (a) i Harpysounas npu n = 2100 muu™ (6)
XapakTepHcTHKY ausens 41371
IIpeiBaputenbHBIE HCMBITAHNKS, IpoBeaeHHblE upmMol Ricardo ¢ yuactuem asto-
pa. mokasanu, yro ausens 4T371 B HacTosiee BpeMs 00eCHeYUBACT BBINOJHEHHE

- TpeboBanuii k sxonorndeckum napamerpam rmo I'OCT P41.96-2005 (Tier 2). B pa3zsu-

THe AuccepTanuoHHoH paboTel i obecnietenns HopM Tier 4 Heo6xoaMMO:

— oGopynoBats 0a30BbIl aM3e€Nb TOMIMBHON amnapatypoill aKkKyMYTHPYROLIETo
tuna (Common Rail) ¢ 1aBnennem snpeickuBanus 6osee 160 Mlla;

— OTKOPPEKTHPOBATh CHCTEMY BO3AYXOCHAOXEHHS M OYHCTKH OTPabOTaBILMX ra-
30B COBEPILEHCTBOBAHUEM KOMIIpeccopa, TYpOWHEI, MPUMEHEHHEM pEryJHpyeMoro
TypOoKkoMIIpeccopa U anropHTMa JEKTPOHHOTO YIpaBieHHsi, 00eCIeYHBAIOIETO Ofl-
TUMaNbHEI COCTaB TOIUIMBOBO3IYIUHON CMECH s JOCTHKEHHS TPEOyeMbIX 3KOI0-
FHYECKHX MMOKa3aTenel B Anana3oHe OCHOBHBIX pabOYHX PEKHMOB TH3EIA.

OcHOBHbBIE pPe3y.ILTATHI H BHIBOAbI

1. Teoperuuecku 00OCHORAHBI TAPAMETPHL AU3ES C OTKPLITOI KaMepoli cropaunus
NpH KOMIUICKCHOM H3MEHEHHMH: OTHOCHTENBHOIo 00beMa, 1011 0ObEeMHOTO cMeceol-
pa3oBaH#s, BUXPEBOrO OTHOLIECHHS BO3YLIHOTO 3apsia B KaMepe CTOpPaHHs H 3anaib-
HOI TOPHHH IPH pa3AeIeHHOM BIPBICKHBAHHN TOTLIHBA. BEIABICHEI 3aKOHOMEPHOCTH
BIAHSHHS M TIPE/UIOKEHBI ONpeAeIeHHble COOTHOUICHHA MEXAy 3THMH HapaMeTpaMH,
TIO3BOJIMBLUNE, CYIIECTBEHHO YIy4IIHTh paOOYHi IHKI ABUraTess.

2. [TocTaBnena M pelilieHa 3a1a4a TEMIOMEXaHHUECKOT0 pacieTa CHCTEMbI 6a30BBIX
JeTaJlei 1 y310B ¢ co3aaHHeM opHruHansHoil kommiekcHoil CFD mMoaenu Ha ocHoBe
UCTIONb30BaHNA TBEPAOTENBHBIX M Ta30KHAKOCTHBIX KOHEYHO IEMEHTHBIX MoOnenen
CHCTEMbI «KOPIYC-TOJIOBKH LIHJIHHAPOB-NOPLICHb-CHCTEMbBI OXJIAKIACHHA H Ta3000Me-
Ha», MO3BONHMBLIAS HA CTAAUH AOBOAKH pa3paboTaTh 3(eKTHBHbIE KOHCTPYKTHBHEIE
MEPONPHSATHA U YBEIHYHTh HAJACKHOCTD AH3EA

3. OGocHOBaHBEI CHCTEMHBIC MONOXKEHUS KOHUENHH CO3AaHHA 0a30BBIX An3enci
XHAKOCTHOTO OXJIXIEHHS HOBOTO MOAENHHOIO Psida C 3aJaHHBIM AHANA30HOM MOIL-
HOCTH H C Y4€TOM OOLIHOCTH CXEMHbIX. PYHKHIHOHAIBHBIX H KOHCTPYKTHBHBIX pellle-
HHH. Onpeaenensl noxasaTeaH 3GPEeKTHBHOCTH H IKOHOMHYHOCTH 6a30BOro am3ens
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HOBOTO MOJEJBHOTO Psifa ANs AOPOKHO-CTPOUTENBHBIX U TAMOBBIX MaillMH Kiacca 10—
50T,

4. MaremaTndeckum MoaeaupoBaHuem pabodero nuina ausens 4T371 ycranos-
JICHO:

— yBenuyeHue oTHomeHus Vi/V, 10 0,75 (Ha 15 %) obecrieuisio moBEIIEHHE TO-
IUTHBHON 3KOHOMHYHOCTH, OLEHHBaeMOil YAENbHBIM HHAHKATOPHBIM PacXoiOM TOM-
nuBa g;, Ha 3,8 %;

— YBEJIMYEHHE [I0M TOMIMBA G, YYacTBYyIOLIeH B 00beMHOM cMeceoOpa3oBaHuM, B
OTKpPBITOH Kamepe cropanus o 0,95 (na 18,7 %), noBbICKIIO TOIUTHBHYIO 3KOHOMUY-
HOCTh Ha 2,3 %,

— BeJIMUHHA 3aNaTbHOI NIOPUHH NPU pa3ieNeHHOM BNPLICKHBAHUH TONNMBA, 0bec-
NeYyUBaoIasg CHIDKEHHe MAKCHMAJNBHBIX AaBjIcHHA Ha 5,3 %, CKOPOCTH HapacTaHMs
nasieHus Ha 32 % u Temneparypsl Ha 8 Y% uukia Ge3 yxXyaweHus TOIUTHBHOMN 3KOHO-
MHYHOCTH cocTaBaseT 16 + 2% ot oOiel NHKI0BOH Noaa4H.

5. [osbllleHHe HHTEHCUBHOCTH BUXPEBOTO ABHXKEHHS BO3AYLIHOIO NMOTOKA (BHX-
peBoro oTHoweHHs A0 2,0) B OTKPBITOH KaMepe CropaHus, MO3BOJHIO YMEHBUIHTH
yaensHblH 3 ekTHBHLIH pacxon TomwinBa g, #a 3,0...3,5 r/kBt41 u BHIOGpOCH! BpeaHbIX
Bemects OI': caxu — na 13...15 % no wkane XapTpuaxa i OKHCH azota—Ha 7...9 %.

6. MatematHuyecKkum MOJENIUPOBAHHEM  TEIUIOBOTO " HanpsKeHHO-
neopMHPOBAHHOTO COCTOSAHHS HA PEKHME HOMUHANBHOH MOIIHOCTH YCTaHOBJICHO:

— NPHMCHEHHES TasepelHOro MacisHoro OXJaXKACHHS MOPHIHS CONPOBOXKAAeTCH
CHH)KEHHEM MAaKCHMaJbHBIX TEMNEpaTyp nopimns Ha 18 Y%;

— H3MEHEHHs KOHCTPYKIKH OJ10K-KapTepa, BHINOJIHEHHBIE HA OCHOBAHHH aHAIN3a
TEILIOBBIX TOJiEH, NO3BOJIMIM YNYYILHTh OXJaXACHHE THIb3 KpaifHUX LUHAMHAPOB H
TOJIOBOK, CHU3UTh TEMIIEPATYpbl OTHEBOTO JAHHULIA H BbIYCKHBIX KaHaioB Ha 18-20%,
CHM3HTH MaKCHMaJbHbIC TCILIOBLIC HanpsbkeHHs B 1,85 pasa;

— KOHCTPYKTHBHBIE PCIICHHS N0 CHHAKECHHIO MaKCUMAIbHBIX HAlpSKCHHH, BO3-
HHKAOIIMX B pE3y/bTaTe COBMECTHOrO ACHCTBHA TEMJIOBOTO M CHJI0BOTO HATPYKCHHH,
TIO3BOJIMIIM CHH3HMTh MakCHMalbHOE N0 OJOK-KapTepy 3HaYcHUE NEPBBIX [VIABHBIX Ha-
npsbkesuit B 1,7...2 pasa.

7. AHanmn3om paboTocrocoOHOCTH MOAIMITHAKOB KOJIEHYAaTOrO Bala ONpeacIeHbl
ONTHMAa/IbHbIE TEOMETPHUYECKHE MapaMeTps! TpUOOCONpAKEeHHH, NPEAeAbHBIE 3HaYe-
HHs JOMYCKOB Ha (OPMY NOBEPXHOCTEH TPEHHA H OCEBbIC OTKJIOHEHHS LICEK H M0J-
IIHMHUKOB KOJIEHYATOro Bajla, CXeMbl MOAa49H CMa3KH B MOLHMITHAKH, a TAKXKE oflpe-
JeJeHbl KIacchl BA3KOCTH Macesl [Uisl MCIOJIb30BaHug B 0a30BBIX AH3E14X. DTO MO3BO-
JseT B cpeaneM Ha 20% ynydIOHTh 3HAYEHHS BaKHEHIIHX MAPOMEXAHHYECKHX Xa-
PakKTepHCTHK U obecneyuTh TpeOyeMblil pecype TsKeNIOHarpyKEHHBIX MOALIHIHHKOB
KOJICHY4TOr O BaJa.

8. Peanu3anus CUCTEMHBIX TEXHHYECKHX pelieHHi Ha ausene 4T371 obecneunna
HA HOMHHANBHOM pexuMe paboThl CHUAEHHE yIeabHOTO 3h(hEKTHBHOIO pacxoja To-
inBa g, Ha S...7 r/kB14 u BeIOpocoB Bpeanbix BeuiecTB OI': caxku — Ha 10...15 % no
wKane XapTpHDka U OKHCH a3oTta—Ha 7...9 %.
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