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B nacTosieM u3gaHuu npuBeeHa Kpatkas nHdopmanus o pazpaboTkax B obiac-
TH MOJIETUPOBAaHUS pabouero npoiecca U TormBonoaayu kadenpst “IlopurneBsie aABura-
tenn” MI'TY um. H.D.baymana, Bozrnasnsemoit mpod. H.A. MBameHko.

OTH pa3pabOTKH HalEJICHBI, C OJIHON CTOPOHBI, HA CO3JIJAHUE CPEICTB IS IIPAKTH-
YeCKOM paboThl KOHCTPYKTOPA, UCCIIEI0BATENSI, a C APYroil - OCHOBAaHBI HA aBTOPCKUX Ha-
YUHBIX JOCTHXKEHUSX, 00eCMeYnBaIONINX a/IeKBATHOE OMMCAHUE paccMaTpUBAEMBIX MPO-
rieccoB. CozlaHHbIe Ha 0a3e TaKUX MaTeMAaTHYECKUX MOJEINel MPOorpaMMHbIe KOMILJIEKCHI
(ITK) otnuuaroTcst OBICTPOACHCTBIEM, TOYHOCTHIO, YIOOCTBOM OpraHU3allUU YUCIEHHBIX
HKCIIEPUMEHTOB U aHalu3a pPe3yJbTaTOB, CHAOXEHBI COBPEMEHHBIM I0JIH30BATEIbCKUM
uHTEpPeiicoM, crennaaTbHBIMA BO3MOXHOCTSAMH IS BU3YaIM3aIMi CIIOKHBIX BHYTPHUIHU-
JIMHIPOBBIX MPOLIECCOB, TAPABINYECKUX LENel U T. 1.

Onucan [1K JIU3EJIb-2/4T, npenqna3sHadeHHBIA IS MATEMaTHYECKOT'O MOJIECIIUPO-
BaHUS U KOMIBIOTEPHON ONTUMU3ANUU pabouux nporeccoB 2 u 4-takTHbeIX JIBC OeH3u-
HOBBIX, Ta3oBbiX, Au3enbHbIX JIBC ¢ pasnumunbiMu cxemamu TypOoHanmaysa. I[IK
BIIPBICK npenna3HaueH Juisi MOAECIUPOBAHMS, MTAPAMETPUUYECKON U TUCKPETHOM ONTH-
MHU3ALUU TOIUIMBHBIX CHUCTEM PA3IMYHBIX CXE€M M KOHCTpyKuuil mis auzeneit u [IBC c
HEMOCPEICTBEHHBIM BIPHICKOM OEH3HHA.

Onucanue 1K BITPBICK u JIU3EJIb-2/4T1 npuseneno B INTERNET, Ha cepBepe
MOCKOBCKOTO TOCYIapCTBEHHOTO TEXHUUECKOro yHuBepcurera uM. H.O.baymana, caiite
kadenpsl “IlopmaeBsie npurarenu’ http://www.bmstu.ru/facult/em/em2/p01rus.htm.

B nactosmee Bpemsi 3aBepileHa paboTa MO peald3aliH yJAJICHHOTO TOCTyMa
nosjbp3oBatTeneld Kk onucaHHbiM B 3ToM u3aaHuu IIK gepe3 INTERNET. Mmes moctyn k
AJIEKTPOHHOM TOYTE, 3apErUCTPUPOBAHHBIN MOJIB30BATENIb MOKET paboTaTh ¢ ATUMHU IPO-
rpaMMaMHi Ha cBoeM pabouyem mecrte. Jljig mosiydeHus HEOOXOIUMOTO MpPOrpaMMHOTO
oOecrieyeHusI 1 HTHCTPYKIIUH ClielyeT mochaTh 3a4BKy PYKOBOAUTEN O npoekTa: Kynemoy
Anpnpero Cepreesuuy (kuleshov@power.bmstu.ru). bonee moapoOuyro nndopmarmio 06
9TOM cMoTpuTe Ha caiite kadenpsl “TlopmneBsie nurarenn” MI'TY um. H.D. bayma-
Ha. [louroBerit anpec: 107005 Mocksa, 2-s1 baymanckas, 5, MI'TY, kadeapa 3-2; Temn.
(095) 263-60-70; 263-68-41.
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1. MATEMATHYECKOE MOJIEJUMPOBAHUE U KOMIIBIOTEPHAS
OIITUMM3ALINA PABOYUX ITPOLECCOB JIBC

1.1 IIporpammHuoe obecneuenue nus moaeanposanus PII IBC

B Hacrosimiee Bpemst BO BceM MUpe MpoekTrupoBanue u aosojaka JIBC He Mbicnutcs
0e3 IpoBEJEHUST MAaTEMaTUYECKOr0 MOJECIUPOBAHUS U KOMIIBIOTEPHOM ONTUMU3ALIUU.
AKTyalnbHOCTb NPOBEICHUS TaKUX paboT Bce Oojiee BO3pacTaeT ¢ yKeCTOUEHUEM HOpMa-
THUBOB, OIPaHUYUBAIONINX BBHIOPOCHI BPEAHBIX BEIIECTB, TPEOOBAHWN SKOHOMUYHOCTH U
BBICOKOW yzaenbHOM MomHocTH. [IpeaBapurtenbHas pacueTHasi MpopabOTKa BOIMPOCOB,
CBSI3aHHBIX C COBEpIIEHCTBOBaHMEM pabouux mnpoueccoB /IBC, TomnmMBHON anmapaTypbl
U CHCTEM BO3JAyXOCHAOXEHHUs MO3BOJISET CYIIECTBEHHO COKPATUTh 00BEM JIOPOTOCTOSI-
HIMX SKCIEPUMEHTaIbHBIX paboT. [Ipu sToM mporpaMMHoOe obecrieueHue JOIKHO TO3BO-
JSATh aJIEKBaTHO MOJIEIMPOBATh COOTBETCTBYIOLIUE Mpoliecchl. YeM mojiHee MareMaruye-
CKas MOJIeJb OXBAThIBAET paccMaTpuBaeMble (PU3MUYECKUE MPOLIECCHl U KOPPEKTHEE HX
OMMCHIBAET, TEM TOYHEE W HAJIeKHEH MOXKET ObITh ToiydeH pesynbrar. Emne omHum,
OY€Hb BAKHBIM CBOMCTBOM JOJKHO O0JIaJjaTh MPOrPaMMHOE OOECIEYeHHE - BO3ZMOKHO-
CTBIO PEILlaTh CJIOXHBIE ONTUMH3AMOHHbIE 3a1aui. HeqocTaTrouHo Moiay4yuTh B pacuere
XOpollee COBNAJACHUE C IKCIEPUMEHTOM, HEOOXOIUMO HalTH 3(QPEKTUBHBIE MYTH CO-
BEPIICHCTBOBAHUS KOHCTPYKIIMH, OTHICKATh ONTUMAJbHBIE 3HAYEHHS] MHOTUX KOHCTPYK-
TUBHBIX (DaKTOPOB, MO-pa3HOMY BIMSIOUIMX Ha pabouyuil mporecc, U, MOpoH, MPUBOIS-
IMX K KOHQUMKTHBIM cuTyauusMm. Hampumep, He0oOX0AMMO HaWTH Takoe COYETAHHE
(GbopMBI KaMepbl CrOpaHusl U KOHCTPYKIIMM TOTUTMBHOM ammapaTypbl, KOTOPOE 00eCTeuuT
OJIHOBPEMEHHOE CHIDKEHHE M pacxoja ToruiuBa u sMuccud NOX. OntuMuzaius ogHoro,
WIM JaKe JBYX MapaMeTpoOB METOA0M Iepedopa 3a4acTyio HE MO3BOJIAET MOIY4YHUTh XO-
polero pesynbrarta Juisi 3aJjaud ¢ OOJBIIMM YHUCIOM BIMSIOMMX (pakTopoB. s MOBBI-
meHus 3pGEeKTUBHOCTH PEIIEHUS] ONTHMH3AIMOHHBIX 337]a4 MHOTHE aBTOPHI UCTIONB3YIOT
(dopManbpHbIE MOUCKOBBIE MPOLEAYPHl HEIMHEHMHOI0 MpOrpaMMHUpPOBAHUSA, KOTOPBIE TO-
3BOJISIFOT BECTH ONTHMAJIbHBIM MOMCK B aBTOMAaTHYECKOM pexume. s peanuszanuu Ta-
KO BO3MOXKHOCTH SIIPO MPOTPAMMBI, PEaTHM3yIOlIee MAaTeMaTUYECKyI0 MOJIeNb HCCIe-
IyeMOoro Tpolecca, MOJKHO o00yiagaTh, NMOMHMO HEOOXOJAMMOW TOYHOCTH, €Ile Hu
BBICOKUM OBICTPOJIEHCTBUEM, T.K. IPU MOUCKE ONTUMYyMa MPUXOJIUTCS MPOBOJUTH pacye-
Thl MHOTMIX COT€H BAPUAHTOB KOHCTPYKIIHH.

Pa3paboTka Takoro mporpaMMHOr0 OOECTeueHHUs IMOApa3yMeBaeT HaIU4YUe OO0Jb-
IIOr0 HAyYHOTr'O MOTEHIMANIa U CEPbE3HBIX MAaTEPUATIBbHBIX 3aTpar.

B HacTosee Bpemsi nepeoBbIMU Hay4YHbIMHM LIEHTPaMU MHTEHCHUBHO pa3padarbiBa-
eTcsl MPOrpaMMHOE oOOecrieueHue IS PElIeHUs 3aja4 COBEPIICHCTBOBAHHS pabodmx
npoueccoB JIBC. 3HauuTenbHbIe YCHIUS COCPEJOTOYECHBI HAa Pa3BUTHH TEXHOJIOTUU
Computational Fluid Dynamic (CFD), peanusyroiieit TpexMepHOE MOACIUPOBAHUE Te-
YeHHs ra3a U BIPHICKMBAEMOI0 TOIUIMBA B IUIMHIpax U koyuekropax JIBC. B mpouecce
pacdera MOJICTUPYIOTCS MPOIECChl UCHAPEHUs, CrOpaHus U 00pa3oBaHUs BPEIAHBIX Be-
mectB. Haubonpiiedt momynsipHOCcThIO ToJb3yIOTCsl mporpammbl: KIVA (Los Alamos);
FIRE (AVL); VECTIS (Ricardo); STAR-CD (Computational Dynamics Ltd.). IIpo-
TpaMMBbI MO3BOJISIIOT MOJIETMPOBATh Pa3BUTHE MOTOKOB T'a3a M PACMbLJICHHOTO TOTUIMBA B
KaMmepe CropaHus JBUTATeNsl, JBUKEHHE TUICHOK TOIUIMBA, MOMABIIETO HA CTEHKH, MOJIS
TEMIIepaTyp W KOHUEHTpaluid B paboyeM oObeme. 3HAUUTEIbHbIE YCUIUS HPEINpPUHH-
MarTcs 11 pacdeTta smuccuu caxku, NOx u CO. OnHako yTBepkAaTh, UTO 3Ta 3a/Jaya
pelIeHa, moKa MpeXxAeBPeMEHHO. JJOCTOBEpHOCTh PEe3yabTaTOB pacuyeTa He BCErla yJIO0B-
nerBopurenbHa. CymectBeHHbIM HenoctatkoM CFD Ha ceromHsHui J€Hb SIBISETCS
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TPYJIOEMKOCTh PACYETOB M HEOOXOIUMOCTh HCIIOIB30BAHMS CYNMEPKOMIBIOTEpOB. U3
OIyOJMKOBAHHBIX MCTOYHUKOB M3BECTHO, YTO IKCIUTyaTallHsl 3TUX MPOTPaMM MPOBOIUT-
ca Ha OBM cemelictBa Cray. MuHUManbHas CTOMMOCTh JIMIIEH3UM Ha SKCIUTYaTaIUIO
porpaMMBbl Ha OJJHOM pabouem Mecte coctapisier npudamurensao 60 000 $ 3a 3 rona
(mporpamma FIRE). IloaroroBka maHHBIX KBaTH(HUIIMPOBAHHBIM CICIIHAIMCTOM  JIJIS
OJIHOTO BapuaHTa pacyeTa 3aHMUMaeT J0 HECKOJIbKUX JHel (5 - 15 u Gonee nueit ans ab-
COJIFOTHO HOBOTO JiBUTaTelns). Bpems cueta onHoro Bapuanra: 30 u 6onee yacoB. ['oBo-
pUTH 00 MCTIONB30BAHUH ATUX MPOTPAMM JJIsi MHKEHEPHBIX ONTUMU3AIIMOHHBIX PACYeTOB
MOKa MPEXAEBPEMEHHO, T.K. B IPOLIECCE ONTUMU3AIMU MPUNIETCS PACCUUTHIBATH COTHU
BAPHUAHTOB KOHCTPYKIIHM.

Hapsny ¢ CFD TpaauuMOHHO CyIIECTBYET M Pa3BUBACTCS APYTrOM MOAXOH - TEP-
MOJMHAMHUYECKUNA WM (HEHOMEHOJNOTUYECKUH, ucnonb3yomud 0 - u 1- MepHble npea-
cTaBjeHUA. MUPOBBIMM JMJAEpPaMU MO MOMYJISPHOCTH 3AECh SIBISIOTCS IMPOTPaMMBbl
BOOST (AVL), WAVE (Ricardo), GT-Power (Gamma Technologies). 13 oreuecTBen-
HBIX pa3pabOTOK, JOBEJEHHBIX 10 KOMMEPYECKOTO MCIOJIHEHUs, CIIeyeT Ha3BaTh IMPO-
rpammbl UMITYJIBC u BOJIHA (HHU/N), a taxke nporpammy AU3EJIb-2/4t (MI'TY
uM. baymana). [lepBbie, 0 HalIMM CBEJCHUSM, B HACTOAIECE BpEMsl HE Pa3BUBAIOTCH,
MOCJIeIHsISI, HAIPOTUB, aKTUBHO coBepiieHCTByeTcs. KoHKypupyoomme Mexay coOoi
nporpammbl BOOST, WAVE u GT Power npencraBisitor cob6oii BecbMa COBEpIICHHBIC
pa3paboTKU: MPEKpacHBIN MOJIb30BATENLCKUN HHTEPPEIiC, OJHOMEPHBIE MOJETHU T'a3000-
MEHA MO3BOJISIIOT PACCUMTHIBATH TEUCHHE B PA3BETBJICHHBIX TPYyOONPOBOJIAX, OLICHUBATH
HEPAaBHOMEPHOCTh HAIOJHEHMs MO LUJIUHApPAM, ONTUMHU3UPOBATh (ha3bl razopacrpese-
JeHus, MoAOUpaTh arperatsl TypOOHaJIyBa, HacTpauBaTh TpyOompoBoabl. i paboTh
TaKOW MporpaMMbl JOCTaTOYHO Iporeccopa Pentium. Bpems cuera ogHoro pexxuma pa-
00Tl MHOTOLMJIMHIPOBOTO JABUTATENs] cocTaBisieT npubauszutenbHo 20-40 MuHYT
(BOOST). CroumocTh MHCTAJUISAIMH TpOorpaMMbl Ha 1 pabodyem mecTe Ha 3 roa coCcTaB-
JIA€T Mo pa3HbIM JaHHBIM OT 50 10 70 Thicsy nosutapos CIIIA.

Jlnst pacuera cMeceoOpa3oBaHUsS U CTOPaHUsSI, 3TH MPOTPAMMbl UCTIOIB3YIOT METO-
TUKHA Oa3upyOIIFecs Ha YpaBHEHHIX TpeaiokeHHBIX erre B 1962 1. M1.J11.Bube [16], niu
Ha 0oJiee MOo3HUX, HO AaHAJOTUYHBIX Mojaxojaax. iMeHHo MoaenupoBaHue cmeceo0pas3o-
BaHHUS U CTOpaHUs NPEACTABISIET COOOM OCHOBHYIO MpoOieMy IpH pa3padOTKe TaKuX
nporpamM. B mydiiem ciiydae, B epeUYUCICHHBIX MPOTpaMMax MPUMEHSIOTCSI pacueTHBIC
METO/IbI, KaKUM-JIHOO 00pa3oM YUHUTHIBAIOIINE XAPAKTEPUCTHKY BIIPHICKA U MEJIKOCTh
pacmiblIMBaHUS, CPEIHEE PACCTOSIHUE OT COTeNl IO CTeHKH U TypOynu3anuto 3apsiaa B KC.
[Ipexnae Bcero, umeercs BBuAY MmeTon npodeccopa Pazneitniesa H.®. (XIIU, Ykpauna),
ormyonukoBaHHbIi B 1980 r.[17]. DTOT MeTOA MCHONIB30BAJICS B MO3JHUX BEPCHUSAX IMPO-
rpamMmbl UMITYJIBC u pannux Bepcusix nporpammsel JJU3EJIb*, on mo3BomsieT pacuer-
HBIM 00pa30M HCCJIEIOBATh BIMSHUE HAa CKOPOCThH TEILJIOBBIACICHUS U Ha BECh pabouunii
MPOIIeCC, TAKUX MapaMeTPOB KakK: CTENEHb CXKaTHs, ONMEPEKEHUE U MPOJIOJKUTEIBHOCTD
BIIPHICKA, JTUAMETP M YMCIIO COMEN PAcHbUIMTENS, XapaKTEepUCTHKA BIpbICKa. Bormpocsl
ONTUMAJILHOTO TPOEKTUPOBaHUS (HOPMBI Kamepbl CrOpaHHs, YBS3KH HaIPaBICHHOCTH
CTpyH TOITMBA ¢ POPMOM KaMephl B MOPIIIHE U MHTEHCUBHOCTHIO BUXPSI, BOMPOCHI yueTa

* TlepBast kommepueckas Bepcus nporpammel JIM3EJIb Obina BeimymieHa B Hadase 1992
roja. [Iporpamma BkiO4asia B ce0sl caMyl0 COBPEMEHHYIO 10 TEM BpeMeHaM MOJEIb
cropanus [17], BcrpoeHHyro mporpammy ontumusanuu napamerpos JIBC. Ona nasana
BO3MOXHOCTh pacuera komOunupoBaHHbIx JIBC c pa3HbIMH cxemamu HaJayBa, MMela
JPY’KECTBEHHBIN MOJb30BaTeNbCckuii nHTEpdeiic. [Iporpamma He MMena OTEUECTBEHHBIX
aHAJIOTOB M0 YA0OCTBY pabOThI, CKOPOCTH cueTa U PyHKIIMOHAIBHOCTH.
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B3aMMO/JICHCTBUS CTPYH TOILIMBA CO CTEHKAMH U MEKIY COOOW OCTAaBaJUCh OTKPBITHIMH.
Ho nunis 10 He1aBHETO BPEMEHU.

B Hacrosmee Bpemss Ha kadeape "llopmueBbie paBuratenu" MITY  wum.
H.3.baymana pa3paborana cienytomast Bepcust 11K JIM3EJIb-2/4T, B koTOpOI peanuso-
BaH HOBBIM METOJ pacueTra cMeceoOpa3oBaHUs U CrOpaHus B nu3eisx. B ocHOBy merona
JIeTJIM ypaBHEHHUs, nonydeHHsle npodeccopom H.D.PasneiinieBsiM B Havane 90-X T0/10B.
OTOT METOJ MO3BOJISET PacCUMTaTh ABM)KEHHE CTPYH BIPBICKUBAEMOrO TOIUIMBA B 3a-
BUXPEHHOM 3apsijic KaMepbl CrOPaHus, Pa3BUTUE NPUCTEHOYHBIX ITOTOKOB TOIUIMBA B 3a-
BUCHMOCTH OT YCIIOBUH COYyJIapeHMsl TOIUIMBHBIX CTPYH CO CTEHKaMH U IEPEHOCHOIO
BJIUSIHUSL BUXPS, B3aMMOJIEHCTBUE MPUCTEHOYHBIX OTOKOB MexAy co0oil. Merox moka-
3bIBA€T OUYEHb XOpPOILEe COBMAJCHUE C PE3yJbTaTaMHU 3KCIEPUMEHTOB, HE TpeOyeT cre-
UAJIbHOM HAaCTPOMKHU M MO3BOJISIET MCCIEI0BaTh BIUSHUE Ha pabouMii mpolecc pa3ind-
HBIX TapaMeTpoB: (OpPMBI KaMepbl CrOpaHMs, HANpPaBIEHHOCTU TOIUIMBHBIX CTPYH,
MHTEHCUBHOCTH BHXpS, IMaMETpa U YKCJIa COMJIOBBIX OTBEPCTHI (POPCYHKH, XapaKTepH-
CTUKHU BIIpbICKa. Mozenb CropaHusi IONOJHEHA METOJUKON pacdyeTa SMUCCUU OKHCIIOB
azota u caxu. Bce pacuernsie merozsl, Bommeamue B [IK JIU3EJIb-2/4T npouuu mpo-
BEpPKY Ha JBUTATENIIX Pa3HOl pa3MepHOCTH, OBICTPOXOJHOCTH M Ha3HAYEHHUS: OT MaJlo-
Pa3MEpPHBIX C TMAMETPOM HUIMHApPA 76 MM, 10 CyIOBBIX C 1HaMeTpoM 740 MM.

bnarogaps UCHOIb30BaHUIO 1IEJIOTO PsiAa HOBALMM, U, IPEXAE BCEro, HOBOTO METO-
na pacuera cropanus, nporpamma JIU3EJIb-2/4t mo3Bossier pemiaTh NMPUHIUITHAIBHO
HOBBIE 3a/1a4¥, HETIOCWIIbHBIE /ISl APYTUX MporpamMm. DTO, MPEXkae BCEro, 3aJa4l ONTH-
MU3alUU [POIIECCOB CMECeo0pa3oBaHUs U CropaHus (ONTUMHU3ALUS MPOLECCOB razo00-
MeHa M TypOOHajlyBa Obljla peajn30BaHa €lle B PaHHUX BEpCHUSX Mporpammsel). B co-
craB IIK BkitoueHa mporpamma BuU3yanu3anuu mnpoiecca cmeceoOpazoBanus (Fuel Jet
Visualization), koTopasi oToOpakaeT B BHJI€ MYJIbT(QHUIbMA PE3ylbTaThl pacuera pa3BH-
THUS TOIUTUBHBIX CTPYH M 00pa30oBaHHBIX CTPYSIMHU MPUCTEHOYHBIX MOTOKOB. Mcmonb3oBa-
HHUE 3TOW MpOrpaMMbl 00JieryaeT MpPOBEACHUE ONTHUMAIBHOIO MPOEKTHUPOBAHUS (HOPMBI
KaMephl CropaHusl U BbIOOp HANpaBIEHUS TOIUIMBHBIX CTPYH BO BCEX IIOCKOCTAX C yde-
TOM MHTEHCUBHOCTH BHUXPEBOT'O JBIDKEHUS 3apsja. AHaIU3 HAIJISAIHOTO M300paKeHUs
MOJIB’KHOM KapTUHBI pa3BUTHUS TOIUIMBHBIX CTPYH MU MIPOBEIECHUN KOMIIBIOTEPHON OII-
TUMHU3ALMA CMECeo0pa3oBaHMsl TO3BOJIIET KOHTPOJIUPOBATh KOJIMYECTBO TOIJIMBA IOMa-
naroniero B xapaktepHble 30HbI KC, u 100MBaThCS €ro HauBBITOAHEHILIEr0 pacnpe/ene-
HUSL.

Hapsiny ¢ pocratounoil neranuzanueit paccMmotpenusi mnpoueccoB B JIBC, siapo
nporpammbl JJIU3EJIb-2/4t coctaBneHo TakuMm oOpa3om, 4TOObl 0OECTIEUUTh MaKCUMalb-
HOe ObICTpojielicTBHE. BbICOKas CKOpOCTh pacuera MO3BOJISIET C YCIIEXOM INPUMEHSThH
IIPOrpaMMy Ul PELIEHUs ONTUMU3ALMOHHBIX 33Ja4 C MCIOJb30BAHUEM MPOLEAYpP He-
JUHEHHOr0 MPOrpaMMHUPOBAHMS, YTO PAAUKAIbHBIM 00pa3oM yBenU4MBaeT 3(P(EeKTHUB-
HOCTb pabOThl, CHUXKAs 3aTPAThl BPEMEHU Ha MPOBEACHUE YUCICHHBIX SKCIIEPUMEHTOB B
JecaTku pa3. Beicokoe OpicTpozeiicTBUE siipa MPOrpaMMbl MO3BOJISIET MCIIOJIB30BATh €T0
JUIS BBIYMCIICHUS 1eJIeBOM (DYHKIMH M OTPaHUYEHUN B 3aBUCUMOCTH OT HE3aBUCHMBIX
MEPEMEHHBIX B KaX/JOM cllyyae, KOorja Toro TpeOyeT MOMCKOBasi MpoLeAypa ONTUMHU3A-
LIUH, YTO J1a€T BO3MOYKHOCTb OTKAa3aThCs OT IPUMEHEHMSI METOI0B IIJIAHUPOBAHUS KCIIe-
pPUMEHTa NpHU MOUCKE ONTHMyMa U T€M CaMbIM CYIIECTBEHHO YIPOCTUThH paboTy. B Ha-
CTOSAILEM HW3/JaHUM TNPUBEJEHbI NPUMEpHl pPELIECHUS 3aJad ONTHUMM3ALUU apaMeTpOB
IU3ereil 1Mo HECKOJbKUM NepeMeHHbIM. Llenpio onTuMH3anuu SIBUIMCH CHUXKEHHE pac-
X0J1a TOIUIMBA, CHUKEeHUE amuccuu caxu u NOX.
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1.2 OcHOBHBIC BO3MOKHOCTH NporpamMmMHoro komiuiekca JIU3EJIb-2/4t

[Tporpammusblii komiuieke JIU3EJIb-2/4t no3Bonser:
® - [IPOM3BOJIUTh MATEMATUYECKOE MOJIEIUPOBAHUE pPabOYMX MPOIECCOB KOMOMHUPO-
BaHHBIX [IBC: nu3enbHbIX, OEH3MHOBBIX M ra30BbIX C MCKPOBBIM 3a)KUTAHUEM, BKIIIOYAs
(dopkaMepHble, HCIONB3YS MPU 3TOM PA3NIMYHBIE MOJAEIU CrOpaHMs: - OT MpOocTeHiei
mozenu U.1.Bube, 10 COBpeMEHHBIX, IOCTPOEHHBIX HAa pacyeTe TPEXMEPHOTO JABMKECHHUS
TOIUIMBHBIX CTPYH B 3aBUXPEHHOM 3apsJie KaMepbl CTOpaHUs AU3EIIS;
® - OCYILIECTBJIATh PacyeT pa3lIUyHbIX pekUMOB padoTel [IBC, mporuo3upoBaTh CKOpO-
CTHBIE, Harpy304Hble, BBICOTHBIE M JApPYTrHe XapakTepucTHku 2 U 4-takTHbIX [BC, C
Pa3IMYHBIMU CXEMaMHU MOJIKJIFOUEHHUSI KOJUIEKTOPOB, MpeodpazoBareseil UMITyJIbCOB, Typ-
OMH, KOMIIPECCOPOB M OXJIaJAUTENEN HaITlyBOUHOTO BO3yXa;
® - [IPOTHO3UPOBATH MOIIHOCTHBIE, JKOHOMUYECKHUE U IKOJIOTMYECKHE TOKa3aTeNnu JBU-
ratefs IMpU NPOBEACHUM Pa3IMYHbIX KOHCTPYKTUBHBIX MEPONPUITHH, CBSI3aHHBIX C MO-
JiepHU3alel TOIUIMBHOM ammapaTtypsl, (OpMbI Kamephl CropaHMs, OpraHu3anuei 3a-
KPYTKH 3apsiJia, BBIOOpOM (a3 razopacnpesieIeHus U CUCTEMBI HaJ/1yBa;
® - HCClIE/IOBAaTh BIMSHHE Ha padoTy komOunupoBanHoro JIBC mepemycka razoB u BO3-
IayXa, a Takke OCOOCHHOCTEeH MpPOTOYHBIX YacTed TypOMH U KOMIIpEcCOpoB (MMes Xa-
PaKTEPUCTUKHU MPOTOYHBIX YAaCTeH TYpOMH M KOMIPECCOPOB, MOXKHO OCYILECTBUTH UX OII-
TUMaJIbHBINA o00p K nopurHeBomy JIBC);
e - peumiaTb MHOrOo(akTOpPHBbIE 33/Ja4d ONTHMHU3AIMK paboyero mpouecca au3enei, OexH-
3MHOBBIX M T'a30BBIX JBUTATENICH, UCIOJB3YS Ul 3TOrO KaK METOJ CKaHUpPOBaHUA (UL
JBYMEPHBIX 3aJay), TaK U METObl HETMHEIHOTO MPOrpaMMHUpPOBaHUs (11 N-MEPHBIX 3a-
nad): OMOIMoTEKa MporpaMmsbl COAEPKUT 14 mpolieryp ONTUMAaIbHOTO IMOUCKA.

Baarogapsi opurnHaJbHOMY AJTOPUTMY OIPEICICHUS NTapaMeTpoB raza B ILH-
JUHAPE W KOJUIEKTOPAaX, W3 CHCTEMBbI PAa3HOCTHBIX YPABHEHHWH COXPAHEHUs MacChl U
sHeprud [ 18], maTtemaTn4ueckas moaeanb JABC, 3ano0xeHHas B IPOrpaMMHbBIA KOMILUIEKC,
NPEBOCXOAUT 10 OBICTPOACHCTBHIO JIyYllIHe AaHAJIOTH B S pa3s.

Kommiexe JINU3EJIb-2/4t MO3BOJISIET PAaCCYMTHLIBATL  TEILUIOBBIIEC/ICHUE,
amuccuio AbiMa 1 NOX ¢ yuyeToM 0COOEHHOCTEN KOHCTPYKIIMM TOIUIMBHOM ammapaTypsl,
CBOICTB TOIUIMBA, MEIKOCTH paCHbUIMBaHUs, (OPMBI KaMephl CropaHusi, 0COOCHHOCTEM
XapaKTepUCTUKN BIPHICKA, HANPABIEHHOCTH WM JTUHAMUKU TOIUIMBHBIX CTPYH, B3aUMO-
JNEUCTBHS CTPYH C BO3AYIIHBIM BUXpeM M cO cTeHKaMu KC, mpuyeM ydHuTBIBArOTCS yCIIO-
BHSI Pa3BUTHUSI HNPUCTEHOUYHBIX TOIUIMBHBIX IMOTOKOB OT Ka)JOW CTPYH B YCIOBHSIX KOH-
KpPETHOM KaMepbl CrOpaHus, a TAK)Ke B3aUMOJICHCTBHUE ITUX MTOTOKOB MEXIY COOOI.

Kommniekc IM3EJIb-2/4T uMeeT cnenuaibHyl0 NPOrpaMMmy BH3YyaJW3aluM MPo-
necca cropanusi Fuel Jet Visualization (FJV), koTopas mno3BojsieT Iiar 3a marom o
XO0Jly BPEMEHHU MPOCIEAUTH MOIYYEHHOE PACUE€TOM JIBU)KEHHE TOIUIMBHBIX CTPYH U NpHU-
CTEHOYHBIX ITOTOKOB B KAMEPE CrOpPaHus C PErUCTPALMEN KOJIMYEeCTBA TOIUIMBA NONaBIIe-
ro Ha KPBIIIKY HUIMHAPA, HA 3€PKAJI0, HA NOPIIEHb, a TAK)KE OCTABIIETOCS B YIUIOTHEH-
HOM SIJJpe CTPYH U B pazpexeHHoi odonouke. Mcmonb3oBaHue 3TOW MporpaMMbl  MO3BO-
JeT ONTHMHM3HMPOBATH OPHMEHTALMI0O TOIUIMBHBIX CTPyii B KaMmepe CroOpaHus,
N00MBasCh HaWBBITOJHEHMIIIEr0 pacpeeeHHsl TOIUIMBA 110 30HaM KaMephl CrOpaHusl.

[Ipu pacuere razooOMeHa Te4yeHHe ra3a B KaHajlax pacCMaTpUMBaeTcs Ka K HecTa-
HMOHAPHOE, MOJEIUPYETCS B3aUMHOE BIUSHHUE LUJIUMHIAPOB JIPYr Ha Jpyra ¢ Y4eToOM
KOHCTPYKLMHU MpeoOpazoBaTeisi UMITYJIbCOB. YUMTHIBAETCS 3aBHUCHUMOCTb CBOMCTB pabo-
4ero Tejga OT COocTaBa M TeMmeparypbl. JUid 2 TakTHBIX JBHUrarejed peaau30BaHa BO3-
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MOYKHOCTh pacyeTa METIEBOM, MPSAMOTOYHO-IIENEBOM M MPSMOTOYHO-KJIAMAHHON CXEM
razoo0MeHa.

B mporpamMme peann3zoBaHa BO3MOKHOCTH COBMECTHOIO pacyera IOPIIHEBOIO
JABC u arperatoB HagayBa [19] ¢ yueToMm nepenyckoB BO3/1yXa U ra3oB, a TAKKE JIOMOJ-
HUTEJIBHONW KaMmepbl CTOPaHUs, YTO TO3BOJSET OCYIIECTBIATH MOAOOP TYpOMH U KOM-
MIPECCOPOB, a TAKXKE MEPEIYCKHbIX YCTPOMCTB ISl pealu3alii HAWIY4YIlluX XapaKTepu-
ctuk K/IBC B TpeGyeMoMm inamna3oHe SKCIUTyaTallMOHHBIX PEKUMOB.

[IporpaMMHBIN KOMIUIEKC HMMEET APYKECTBEHHBIN MOJIb30BATEJIbCKUNA HHTEP-

(eiic.
Bonbiioe BHUMaHuEe npu pa3pabOTKe MPOrpamMMbl YAEIAIOCh YA0OCTBY pabOThl MOJIb30-
Barens. [IporpaMma MMeET BCTPOCHHYHO MHOTOYPOBHEBYKO CHCTEMY JUArHOCTHUKU BXOJ-
HBIX JIaHHBIX, BKJIFOYAsl UX MPOBEPKY HA COBMECTUMOCTh. DTO MPOJUKTOBAHO TEM, UTO B
[1K 3amoxeHbpl BO3MOXKHOCTH pacyeTa JBUTATENeH ¢ pa3HbIMH CXeMaMH TypOOHaJIyBa,
Pa3HBIMU CHCTEMaMU OXJIAXICHUS, padOTaIOIINX HAa PA3HOM TOIUIMBE, HA Pa3HBIX PEKU-
Max u T.1. CaMH UCXOJHBIE JIaHHBIE MOTYT 3aJaBaThCsl Pa3HBIMH CIOCOOAMHU, PETYIUPY-
€TCs TIOJTHOTA Y4eTa TeX WM MHBIX SBICHUH (MOXKHO YUHTHIBATh XapaKTEPUCTUKU TypOUH
Y KOMITPECCOPOB, MOXHO 33/1aBaTh WX MapaMeTphbl KOHCTaHTaMH U T.J.). s mogaep:kku
BCEr0 ATOr0 MHOT000pa3usi B MPOrpaMMe OPraHU30BaHO OIpesesieHue KOH(PIUKTHBIX CHU-
Tyaluii BO BXOJIHBIX JTAHHBIX, WX JUArHOCTHUKAa U T€HEpalus COOTBETCTBYIOIIUX COO00-
HIEHUH.

Pa3Burtbie cepBucHbIe BO3MO:kHOCTH 00osouku [IK obGnerdaror 3amgaHue BXon-
HBIX JJAHHBIX B PEXXHUME JIMAJIora, O3BOJISIOT 0TOOpaXaTh pe3yNbTaThl pACYETOB HE TONb-
KO B TaOIM4yHOM (popme, HO M B BUJE IUIOCKUX U OOBEMHBIX I'Pa(UKOB, a TAKKE HU30JIH-
Huii (puc. 1-4).

[IporpaMMHBII KOMIUIEKC OCHAIIEH CHCTEMOH BCTPOCHHON KOHTEKCTHOW MOMO-
mu Help xotopas mo3BoJisieT MOJIb30BATENIO MOMYYUTh CIPaBKYy O paboTe KOMIUIEKCa,
MH(OPMAIIMIO O BXOJHBIX U BBIXOJHBIX JAHHBIX, O HA3HAYEHUM KHOMOK YIPaBICHUS U
ApYryro MHPOpPMALUIO OTHOCAUIYIOCS K paboTe Kak B TEKYIIEM IyHKTe "MeHI0", Tak U B
J000M JPYTOM.

OyHKINUA CKAaHUPOBAHUS TOJIEH XapaKTepUCTUK TO3BOJIAET B HaMSIHOM dopme
oroOpaxkatb 3aBucumoctu mnapamerpoB KJ/IBC cpa3y or AByX npom3BOJIbHO BbI-
OpaHHBIX APryMEHTOB B BUJ€ O0bEMHBIX IPaUKOB WIH CEMENUCTB M30IUMHUM (puc. 3, 4).

[IK JU3EJIb-2/4T monnep:kuBaeTr padoTy ¢ yAaJeHHBIMH MOJIb30BATEISIMU C
NnoMoIbK KoMMyHUKAMOHHBIX Bo3MoOkHOcTed MHTEPHET. Nmes anpec snexkTpos-
HOM IOYTHI M, KAK MUHUMYM, BO3MOKHOCTh noaxkimoueHnss k MHTEPHET no xkommyrtn-
pyemoii (tenedoHHON) MUHUH, Bhl MOXeTe paboTaTth ¢ MporpaMmoii Ha CBOEM KOMIIBIO-
tepe. Onucanne 1K npuBeneHo B cetu Ha ctpanuile kadenps! "[lopurHeBsie npurarenu",
Ha cepBepe YHuBepcuteta: http:// www.bmstu.ru/facult/em/em2/diesel/d1 1rus.htm .Tam
e TPEJICTABIICH MEPEeUYeHbh HEOOXOAMMBIX BXOJHBIX AaHHBIX K [IK, omucaHbl METOIUKH
pacyeTa, JaHbl IPUMEPHI PELIEHUs Pa3IUYHbIX UCCIEA0BATENIbCKUX 3a7a4, U3JI0KEH CII0-
co0 momydeHus nocryna k nporpamme uyepe3 MHTEPHET.

3HAUYNUTEIFHOE BHUMAaHUE YJEICHO NMPOBEPKE TOCTOBEPHOCTH IOIYYaEMBbIX pacdeT-
HBIX pe3ysbTatoB. [Iporpammubiil koMiuieke npouen nposepky Ha KJIBC npousBojcTsa:
Konomenckuit 3aBon, 3WJI, T'A3, BA3, KamA3, BnaguMupckuii TpakTOpHBINA 3aBO/I,
X3TM um.Mansiuesa, "bM3", 3aBoinkckuii MOTOpHBIN 3aBoa, AM3, AnTaiickuii MOTOP-
HbI 3aBoj, HOxauzenbmain, CBepaioBCKUM TypOOMOTOpPHBIN 3aBoj, Y pumckoe HITO
Mortop, a Takke Ha HekoTOphIX [IBC 3apy0exHoro mpousBojacTsa. B Toi niam nHOM KOH-
burypanuu KOMIUIEKC UCIIONIb3yeTcsl 0oJiee YeM Ha IOJIOBUHE W3 MEPEUYHCIICHHBIX BBIIIE
npeAnpusTHil. B HacTosieM W3AaHUM TPUBEIACHBI MPUMEPHI CPaBHEHUS MOJTYUYECHHBIX
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PACUCTHBIX JAHHBIX W PE3YJIbTATOB 3KCIICPUMCHTOB I10 PA3HBIM JIBUTATCIIAM, KaK B 4aCTH
pacdcTa 1mpouccca CMeCeO6pa3OBaHI/I$I, TaK U B 9aCTHU pacycTa razooOMeHa u T.A.; a TAKKC
MMPUMCEPLI MPOBECACHUA PACUCTHBIX I/ICCJIGILOBaHI/Iﬁ U OIITUMH3aIUH.

HapaKk TEpUCTUKa KOMNpeccopa
NpapuK

6E.96 TEP-14 MNone xapaKTEpPUCTUK HOMNPecCCopa

MNeuarTo

HacTpoaxa

F3 3arpysurtb F2 CnacTtu F18 HeHwn Alt-X Bwmxog Daan: dat...xtkr—-14 .CHP

Puc.1. I'padpuueckoe orobpakeHrne pe3ylbTaTOB pacyeTa MoJisi XapaKTEPUCTUK LIEHTPO-
OEKHOr0 KOMITpeccopa.

P P

Nazoobnen

.29 3TOm

Meuarto

Hacrpodxa

HauneHoBaHue QOYHK

Pc(FI )
Pri{FI}
Ps{FI}
MF=c(FI 2
MFcr(FI 2

manTw

3286.8 3408. 360.8 380.89 408.0 4220

| 41— BE&og | | ESC

F3 3arpysurnob F2 Cnactu F18 HMHenn Alt-X Bwmxog Dadn: dat’

Puc.2. I'papuueckoe oroOpakeHue pe3ynbTaToB pacuera pabouyero npoiecca 2 TAKTHOTO
IU3eNsl ¢ MPSAMOTOYHO-IIENIEBOM MPOayBKOM. MI3MeHeHne nmapamMeTpoB BO BpeMs ra3zoo0-
MeHa. O003HaueHUs: a - JaBlIEHUE B LWIMHJIpPE, b - TaBlIeHNE B BBITYCKHOM KOJUIEKTODE,
C - J1aBJIEHHE BO BIIYCKHOM KOJUIEKTOpE, d - MPOXO/HOE CeYeHHE BITYCKHBIX OKOH,

€ - IPOXO/IHOE CEYEHHE BBITYCKHBIX OKOH.
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=3 Cadan Mapanetpwm KABC Ontunuzaunua  Pacuer Peaynmbrtare Hacrpodxka [MNMornowus

Pezynbtate gBymepHoro ceadHupobanus
papuk

ZaBucurMocTe MOWHOCTU OT CTEnHU CHaTuA u onepexeHuna Bnp.

4—BE&og

T i iy T ; .:x MNeuarb

462.5_ gﬁ

2975 Hactpodkxa

. .
1 - I — %Z;
N LT
T3
A

il

=
EesE
i

Ef;.ﬂ. -

332'5_5V jf} - HHpoprauua
277.5 ] ! ] ! ! | . | 14.8 HaumnenoBaHue ocel
ig.8 11.8 12.8 13.6 14.8 15.8 16.8 17.86 18.8 Me

FI_onep.

CTten.cxar
Puc. 3. OtoOpaxxeHue pe3yabTaToB IByMEPHOro ckanupoBanus B Buje 3D rpaduka. 3a-
BHCHMOCTbh MOUTHOCTHU 2 TAaKTHOI'O AU3ENSI OT CTENEHH CKATUS U ONEPEKEHMSI BIIPHICKA.

F3 3arpysurnob F2 Cnactu F18 HMHenn Alt-X Bwmxog Dadn: da

[ ] Dadn Mapanetpm KABC Ontunuzauua Pacuer Pezsymprarm Hacrpodka Monows

Puc.4. OrobpaxeHue pe3ylbTaToB ABYMEPHOIO CKAHUPOBAHUS B BUJE CEMEWCTBA U30-
JIMHUH. 3aBUCUMOCTHh MOITHOCTH Ne M MakCHUMAaJbHOTO JaBiaeHuA ukia Pz 2 TakTHOTO
JU3EIs OT CTENeHM CKaThs (TOPU30HTAJIb) U OTEPEIKEHUS BIIPHICKA (BEPTUKAIID).
O0o03HaYeHHUs:
a,b-Ne=390kW, c¢-Ne=400kW, d-Ne= 405kW,

e - Pz=100 bar, f-Pz=120bar, g-Pz=140bar, h-Pz=160 bar.
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1.2.1. Buzyaau3anusi npomecca cmeceo0pa3oBaHMs:
nporpamma Fuel Jet Visualization (FJV)

IIporpamMmma Bu3yanu-
3aIy TIpolecca cMeceo0-
paszoBanusi B auseine "Fuel
Jet Visualization" Bxoaut B
COCTaB POrPaMMHOTO
komruiekca JIM3EJIb-2/4T.
IIporpamMmma cimyxut 1uis
BU3YaJIbHOIO  OTOOpake-
HUSL pe3yJbTaTOB pacuera,
KOTOPBIi BBITIOJTHSIETCS
py  MOJICIIMPOBAHUM  pa-
Oouero mpoliecca JBUTATE-
ns1. IIporpamMma oToGpaxka-
€T Ha DJKpaHe MOHHTOpPA
MOJIBYDKHYIO KapTHHY pas-
BUTUS TOIUIMBHBIX CTpPYH
U UX MPUCTEHOYHBIX MOTO-
KoB (puc. 5, 6), a TaKxe
rpaduku  pacnpeneneHus
pacHblJIEHHOTO TOTUIMBA 110
XapaKTepHbIM 30HAM KaXK-
no crpyu (puc.7). Ilpo-
rpaMMa MO3BOJISIET IHar 3a
1aroM Mo yriy MmoBOpoTa
KOJICHYaTor0 Baja Tpo-
CJIEJTUTH:

- pa3BUTHE TOIUIMBHBIX
CTPY# ¥ MX PHUCTCHOYHBIX
MMOTOKOB B KaMmepe cropa-
HUSL C YY4ETOM IEePEHOCHO-
T'O BIUSTHUSI BUXDS,
- npedopMmanuio  CTpyu
BUXPEM,

dbopMupoBaHHE MIPUCTE-

PacneegeneHye TONMMEA MO S0HaM

-75 GGonoyKa

Ll fa. cTrum
[ Ha.crenx

. E! Bemuna_u,

.1! Ustn. zePK
|

Bl
3oe 378 39@ 418 4
CROPOCTE TEMNOENIENEHME

dxdell

dx/dFi
.E4J
.BJ
.El%
@

35k 378 EET) 418 F
Yron noeorora K.B. 4@7.5

Puc.5. I'padpuueckoe orobpakeHue pe3yIbTaToOB pacyeTa
cmeceoOpa3oBanusi auzens rpy3ouka 3UJL

29.18.99 £4H3A-38

PacnregeneHWE TOMNUMEA MO S0HAM
Sigmar

il OfonouKa
_4 Aao.cTPum
fla.cTeHx
-2 “PHHK&JAE
B 1 an. serx

@
34@ 355 37@ 380 4D 415

CKDPDDTb TENMOBEHILE NEHMA
dw/dF i :
dFi

343 355 378 385
Yron NoEOFODTA K.E. - 334

Puc.6. I'paduueckoe oToOpaxkeHne pe3ynbTaToB pacuera

CMCCGO6p330BaHI/IH CpCIIHeO60p0THOFO JU3CIIA.

HOYHBIX ITIOTOKOB B 3aBUCHUMOCTHU OT YIJIOB

BCTpCUHU CTpYﬁ CO CTCHKaMu,

- Pa3BHUTHUC IIPHUCTCHOYHLIX IIOTOKOB IIOM
BJIIMAHHUECM BUXPS U BBaHMOHeﬁCTBHG X M¢C-

KTy COOOH,

- pacupCaciICHUC TOINIMBA 110 XapPAKTCPHBIM

30HaM (puc. 7),

- CKOpOCTh BIIPHICKA M TEIJIOBBIICICHUS.
[Ipu sTOoM Ha TpaduKH MOXHO BBIBECTH
JaHHBIC I JIF0OOW BHIOpAHHOW TOJIb30Ba-

TEJEM CTPYH.

355 379 395 41t
Puc. 7. Pacipenenenue TormBa oaHOM
CTPYH 10 XapaKTepPHBIM 30HAM




13

B npouecce pazButus CTpyid U UX HMPUCTEHOUYHBIX IMOTOKOB HA BHUJE CBEPXY (pHC.
5, 6) ynoOHO aHaIM3UPOBATHh B3aMMOJICHCTBUE CTPYH CO CTEHKaMM KaMepbl CTOpaHUs U
B3aMMO/ICHCTBUE MPUCTEHOUYHBIX MOTOKOB JIPYT ¢ ApyroM. B mpouecce pa3Butus nocien-
HUX BO3MOKHO MX CMBIKaHHE.

OO6pa3oBanue OONBIIKX TUIOUIA/ICH MepecedeH s MPUCTEHOYHBIX MOTOKOB MPUBO-
JUT K YMEHBIICHUIO CKOPOCTH MCTIAPEHMsI U CKOPOCTH TeruioBbieneHus. KomndyectBo To-
IUIMBA, MOMABIIETO B 30HBI MEpeceueHuss PUKCUPYETCS OTAEIbHO B TaONMIIAX pe3yJbTa-
ToB pacueta. [lomagaHuwe TorumMBa B 3TH 30HBI MPUBOIAUT K TEpepaclpeeIeHUIO
CYMMapHOT0 KOJIMYECTBA TOTUIMBA OT BCEX CTPYM MO XapaKTEpHBIM 30HaM. Jlomsi ToruMBa
B 000JI0YKax BCEX CTPYH M HOPMaJbHBIX MPUCTEHOUHBIX MOTOKAX BCEX CTPYH yMEHbIla-
I0TCA. DTO MPUBOAMUT K 3aMEJJICHUIO BBITOPAaHUs TOIJIMBA M POCTY pacxojaa TOIUIMBA U
smuccuu caxu. (Cwm. pazgen: 1.2.6. "Pacuer B3auMoaeMcTBHsI CTPYH ¢ BO3AYIIHBIM BUX-
peM U cTeHKamu'")

[lo oxoHuaHMUM pacueTa BBIBOJAMUTCA CBOJHAs Ta0JMILa C YKa3aHUEM KOJMYECTBa
TOTUIMBA, TIOMABIIET0 B KAK/IYIO XapaKTEPHYIO 30HY IS KaXKJOM CTPYH U ISl BCeX CTPyH
B 11esioM. Ha ocHOBaHMM aHanM3a 3TUX JaHHBIX, a TAKXKE aHAJIM3a MOJIyYEHHBIX B pacueTe
MHTErpabHbIX NOKAa3aTelel AU3elsd U BU3YaJIbHOTO aHAIN3a Pa3BUTHS CTPYH C MOMOILBIO
nporpammbl "Fuel Jet Visualization" MOKHO yTOYHSTh OPUEHTALMIO KaX/A0H KOHKPETHON
CTPYH B MPOCTPAHCTBE KaMephl CTOPaHMsI, BUIOM3MEHATh (DOpPMY KaMepbl B MOPIIHE, J10-
OuBasiCh TOro, YTOOBI HAMOOJbIIIEE KOJUYECTBO TOIIMBA MOMA/Iaj0 B 30HBI C XOPOIIMMHU
YCIOBUSIMU HCHApeHUsi: 000JIOUKY CTPYH, SIAPO MPUCTEHOYHOI'O MOTOKA; M, MO BO3MOXK-
HOCTH, UCKJIIOYHUThH IMOMAalaHre TOIJIMBA B 30HBI C HU3KOW CKOPOCTHIO UCHApEHUs: Ha I0-
BEPXHOCTH KPBIIIKY U TUIIB3bI IIMIIMHIPA, & TAKXKE B 30HBI IIEPECeUeHUs] TPUCTECHOYHBIX
MMOTOKOB OT COCETHUX CTPYH.

Hcnonp30BaHue JaHHBIX O pacHpeIe]IeHUH TOIUIMBA, NHTErpajibHbIX MOKa3aTelen u
nporpammbl "Fuel Jet Visualization" mo3Bossier He TOJILKO CpaBHUBATH pa3InyHbIC Bapu-
aHTBI KOHCTPYKIUN MEXTy COOON U OLIEHUBATh UX CHIIbHBIE U cllabble CTOPOHBI, HO U
no0upaTh Takue coueTanus (opM KaMepbl CrOPaHUs U OPUEHTALUMHU TOIIMBHBIX CTPYH,
KOTOpBIE MO3BOJMIN ObI TOOUTHCS CHUKEHHS] SMUCCUM BPEHBIX BEIIECTB U HAUMEHBIIIe-
ro pacxona tomnusa. [Ipumep Takoro uccinenoBanus npuseeH B pazaene 1.2.5. "Pacuer
OMHUCCHH OKCHJIOB a30Ta". B 3TOM nmpumepe ¢ MOMOLIBI0 MPOTPaMMHOTO KOMILIEKCa
J3EJIb-2/4Tt u BcTpoeHHo# B Hero nporpammsl "Fuel Jet Visualization" HaiineHna takas
KOHCTPYKIIMS KaMepbl CropaHus U mogo0paHa Takasi OpUEHTAIUS CTPYH ¢ YMEHbBIIIEHHBIM
JMaMETPOM COIIEN, KOTOPBIE TO3BOJIMIN CHU3UTh YIMHUCCHIO OKHCIIOB a30Ta Ha 43% npu
OJIHOBPEMEHHOM CHUKEHHH Pacxo/ia TOILIUBA.

BBl MOkeTe camMOCTOSATENbHO HAONIOAaTh Ha CBOEM KOMIBIOTEPE JTUHAMHYCCKYIO
KapTUHY Pa3BUTHs TOIUIUBHBIX CTPYH M MPUCTEHOUYHBIX IOTOKOB B Kamepax CTOpaHUs
paznuunbix ausenei. [Iporpamma "Fuel Jet Visualization" BmecTe ¢ KOMIUIEKTaMu JlaH-
HBIX BBICHUIACTCS OECIUIATHO BCEM 3aMHTEPECOBAHHBIM JIMIIAM M opraHu3anusm. [Ipo-
rpamma "Fuel Jet Visualization" siBnsieTcsi 00b€KTOM aBTOPCKOTO IMpaBa U OXPAHSETCS
3aKOHOM. PacmpocTpaHeHne 3TOW MPOrpaMMBl B KOMMEPUYECKHX IEISAX HE JOIMYyCKAeTCs
0e3 MUChMEHHOTO pa3pelIeHus pa3padoTIHKA.

Pa3zpabotuuk roroB BeiciaTh Bam mo e-mail nporpammy "Fuel Jet Visualization" ¢
KOMIUICKTOM JIAaHHBIX. 3aBKy MOXKETE OTIPABHUTH IO JJICKTPOHHOU IMOYTE B MPOU3BOJIb-
HOU (hopme, YKaXHUTe CBOC UM, (DaMUJINIO, JOHKHOCTh U OPTaHU3AINIO, 4 TAKXKE TO, UTO
BBl couTeTe YMECTHBIM M KacaloNIMMCS PacCMaTPUBAEMON TEMBI - OpPraHU3aIMH CMece-
o0Opa3oBaHus B AM3ele U MaTeMaTHYeCcKoro Mojenuposanus npoieccos B /IBC.
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1.2.2. Pacuyer cMeceoOpa30oBaHUA M CTOPAHUS B AU3eJIe
Kpamxkoe uznooswcenue ocHogHbIx non0diceHULl MEMOOUKU paciema.

Cwmeceo0Opa3oBaHue U CrOpaHUE B KaMepe CropaHus AU3eNs PacCUUTHIBAIOTCS IO
Merony mpodeccopa H.D.Pazneiiniea. B nmanpHelimem merton Obl1 mopaboTaH K.T.H.
A.C.KynemoBbsim

B pacuetHON MOz€nH TEMIOBBIACIECHUS BBIACHSAIOTCA 4 MEPHOA, OTIWYAOIIUECS
(HUBUKO-XUMUYECKUMH OCOOECHHOCTSAMH M (DaKTOpaMHM, JIUMHUTHPYIOITUMU CKOPOCThH IMPO-
1iecca BBIJICJICHUS TeIula: MEPHOJl 3aI€P>KKH BOCIJIAMEHEHUS, TIEPUOJ] Ha4aJIbHOW BCIIBIIII-
KM, MIEPHUO/]T YIIPABIISIEMOIO0 CrOPAHUS HA YYACTKE TOIUIMBOMOAYH MTOCIE BCIBIIIKH, MTEPHU-
o1 1 Py3MOHHOTO TOPEHUS MTOCIIE OKOHYAHUS TOTTUBOIOAAYUH.

Pacuem pacnpedeﬂeﬂuﬂ moniuea 6 Kamepe ccoparusl.

[Tpu pacuere pacnpeieneHus TOIUIMBA B KAMEpe CrOpaHusi CKOPOCTh UCTEUEHUs TO-
wrBa U3 (GOPCYHKHU OMpeeNsieTcs Mo peajbHOl XapaKTepHCTHUKE BIpbicKa. Ecimu Tako-
Basg OTCYTCTBYET, TO CYIIECTBYET BO3MOXHOCTh BOCIOJIb30BaThCA SMIIUPUYECKUM YpaB-
HEHUEM, OIUCHIBAIOUINM XapaKTEPHYIO 3aBUCUMOCTb CKOPOCTH BIPHICKA OT BPEMEHHU.

JluHaMuKa pa3BUTHS TOIJIMBHOW CTPYM PACCUMUTHIBAECTCS MO YTOYHEHHBIM 3aBUCH-
MocTsiM A.C.JIbIIIEBCKOTO € HCTONBb30BaHUEM Oe3pa3mMepHbIX Kputepues: We, M, D, p.
IIpu pacuere BBIAEIAIOTCA 2 y4acCTKa Pa3BUTHUS CTPYH: HAYAIBHBIM y4aCTOK IyJIbCUPYIO-
IIEr0 NOPLUMOHHOIO Pa3BUTHS; OCHOBHON y4aCTOK KyMYJISTUBHOTO pa3BuTusi. B mporecce
JIBUKEHUSI CTPYU PACCUUTHIBAIOTCA JIOJM TOIUIMBA, MOMABUIETO B XapaKTEPHBIE 30HBI C
Pa3HbIMH YCJIOBUSMHM UCIIAPEHUS M TOPEHUS, BKIIIOYask IPUCTEHOYHbIE 30HBI HA CTEHKE
KC, Ha rpeOHe nopIiHs, Ha 3epKajie U KPbIIIKE [INHIPA.

Ha ocHoBHOM y4acTke pa3BUTHSI CBOOOJIHOM CTpyH (puc. §) Kaxaasi dIeMeHTapHasl
MOPLMS BOPHICKUBAEMOI'O TOILIMBA ABUXKETCS B OCEBOM siipe CTpyH (2) BILUIOTH 10 €€
BEPIIMHBI, TJI€ 3Ta MOPLMS OTTECHSAETCS Ha Mepuepuro CTPyd, Pe3KO TOPMO3UTCS 10
MOJIHOW TMOTEPU HAYaIbHOM CKOPOCTH U 3amojiHgeT o0osiouky ctpyu (1). HacTe macchl
AJIEMEHTApHOM MOPIMHU TOIUIMBA PAacCEMBAETCs B 000JIOYKE CTPYHM IO MYTH JIBIXKEHUS K
nepeaHemy ppouty (3). [Ipu HaneTe CTpyu Ha CTEHKY TOILIMBO, NIOMABIIIEE B IEPEAHUIN
(pPOHT, MOCTENEHHO MEPEXOAUT B MPUCTEHOU-
HyI0 30HY. TpaekTopusi CTpyH M, COOTBETCT-
BEHHO, BpEMsI 1 MECTO €€ BCTPEUYM CO CTEHKOM
ONPEIEIAIOTCS C Y4ETOM NEPEHOCHOIO BIIMSA-
HUS BO3aywIHOro Buxps. IIpomecc B3aumonen-
CTBUS TOIUIUBHOM CTPyHM CO CTEHKOH BechbMa
cioxeH. B mepuop ykiaaku nepeaHero ¢gppoHTa
CTPyM Ha CTEHKY Ha Hel (opMHpyeTcs KOHY-
COOOpa3HbI  YIUIOTHEHHBIH TOIUTMBOTA30BBIM
CJION B TpaHUIaX MATHA, 00pa30BaHHOIO Mepe-
CEYEHHEM KOHYyCa CTPYM C NOBEpXHOCThIO cTeHKH. [locne OwicTpoil yknanku (poHTa
CTPYY Ha CTEHKY TOIUIMBO HAUMHAET PACTEKAThCs 3a MpeAeIibl HauaabHOTo nsiTHa. Ckopo-
CTHOI OCEBOW IMOTOK CTPYH, HAJIETasi Ha CTEHKY, YIJIOTHSET MPUCTEHOYHBIN CIIOH, pas-
JIBUTAET €ro TpaHMIlbl, & YacTb MOTOKA JBMKETCS HaJ 3TUM CJIOEM K ero mnepudepun.
dopma IPUCTEHOYHOI'O MATHA U CKOPOCTh €r0 PACTEKaHMs B Pa3jIMUHbIX HANpaBICHUIX
3aBUCAT OT yrja BCTPEUU CTPYU co cTeHKoW. Ha puc. 9 nokazana TunmyHasi KWNHOrpamma
pa3BUTHUS CTPYU B KaMepe CropaHusl.

[Tpu nojyere cTpyd K HAKJIOHHOM CTEHKE HaOIoAaeTcs HeOOJNbIIOE OTKIOHEHHE
BEPUIMHBI CTPYU OT OCH PACIIBUIMBAIOLIETO OTBEPCTUSI B CTOPOHY TYIOrO yriia BCTPEUYH CO

Puc. 8. PacuetHas cxema au3enpbHONU
CTpYH.
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CTEHKOH. DTO 00yCJOBIEHO OOpa30BaHMEM IMEpej CTPYyEeHl YIUIOTHEHHOIO BO3IYLIHOTO
MOTOKA, KOTOPBIM NMEPBBIM BCTYIAET BO B3aUMOECHCTBHE CO CTEHKOM M BBI3BIBACT INpEJ-
BapUTENIbHBIN MOBOPOT BEPUIMHBI CTpyU. HanereB Ha CTEHKY, CTpys pacTeKaeTcsl BBEpX U
BHU3 M0 €€ MOoBepXHOCTU. HampaBieHHbI BBEPX MO CTEHKE MOTOK OBICTPO MOMAJAET B
Y3KUI HaJAMOPIIHEBOM 3a30p, U B CTECHEHHBIX YCIOBHUSX pacTeKaeTcs Kak IO IpeOHIo
MOPIIHSA, TaK U M0 KpblliKe unHApa. [IpoaBkeHue ToriBa BAOIb CTEHKH 3aMe IsIeT-
Csl IO CPAaBHEHUIO CO CBOOOJTHBIM Pa3BUTHEM CTPYH M3-3a TPEHHUS MOTOKAa O CTEHKY, pac-
CeMBAHMS KMHETUYECKOIN SHEPTUH CTPYH C OTPAKEHHBIMU OT CTEHKH KarlIsiMHU U Jp.

Kunorpamma mnonyuena K.M.KonteBbiMm,
B.B.I'aBpuiioBbiM, B.A.IlnotHukoBeiM (C.-
[TerepOyprckuii KOpaOJIeCTPOUTENHHBIN
MHCTUTYT). TOMIWBO BOPBICKUBAIOCH B
60MO0y ¢ IMMHUTATOpPOM MOpIIHS. Pacnbuin-
tenb 7x0.4mm.Cxopocts cremku 3700 kan-
poB/c.

Puc.9. KI/IHOFpaMMa pa3BUTHUSA CTPYH

Kpome Toro Ha nBMKeHHE MPUCTEHOYHOTO TTOTOKA OKA3bIBAET BIUSHHUE BO3MAYIIHbBIN
Buxpb B KC. [IprcTeHOUHBIN MOTOK HEOJHOPOJEH MO CTPYKTYPE, INIOTHOCTH, TEMIIEpATY-
pe, YTO 3aTpyJaHSET pacyeT ucrnapeHus Toruiusa. [losToMy Lenecoobpa3HO B MPUCTEHOU-
HOM TIOTOKE, KaK M B CBOOOJHOW CTpye, BBIICTUTh TPU XapaKTEPHbIE 30HbI C OCPEIHEH-
HBIMU TTOKa3aTeJIsIMU TEIUI0- U MaccooOMeHa (puc.8).

[TepBast 30Ha - KOHYcOOOpa3Hoe oceBoe sAnpo Ha cteHke (7) (puc. 8.), chopmupo-
BaBIlIeeCs MPU YKIIAJKe Ha CTEHKY (hpoHTa cTpyu. B manmpHeiiem coctaB 3TOro siapa He-
MIPEPHIBHO OOHOBIISETCS 32 CUET HOBBIX MAacC TOIUIMBA, MOAJETAIONINX K cTeHKe. Bropas
30Ha - IPUCTEHOYHBIN CJIOM TOIMJIMBA, PACTEKAOIIErocs 3a Mpeaesbl HauyalbHOrO MSATHA
(5). Tpetbst 30Ha - pa3zpexkeHHass 000J0YKa HAJl MPUCTEHOUYHBIM ClI0eM (4), KyJa mepexo-
JUT 4YacTh TOIUIMBA, 3aTOPMOXKEHHOTO B TiepenHeM (poHTe(6) MPUCTEHOYHOTO MOTOKA.
[Ipu pacTtekaHum TOIUIMBA TO CTEHKE, PACIIPOCTPAHSIONIUIICS BO BCE CTOPOHBI MPHUCTE-
HOYHBIA TIOTOK, KOTOPBIHA emle U JeOpPMHUPYETCsT BUXPEM, MOXKET Tepecedb KaKyr-Tu00
XapaKTepHYIO TPAHUILy, Pa3JEISIIONIYI0 30HBI C Pa3IMYHBIMU YCIOBUSIMH UCHAPEHUS U
TOpEeHHs TOIUIMBA, HANPUMEp, TPAHUILy MEXKIy OOKOBOIl HAaKJIOHHOW U TOPIIOBOM TOpH-
30HTAJIFHON MOBEPXHOCTSIMH KOPOHBI TIOPIIHS, WIIM TPAHHITY MEXIY KOPOHOW MOPIIHS U
3epKaoM IIIUHApa U Jp. BO3MOXXHO Takke CMBIKAHWE TMPUCTEHOYHBIX MOTOKOB COCE/I-
HUX CTpyil. Bo Bcex 3TuX ciiyyasix Macca TOILIMBA, IEPEHIEANIero IPaHnIly, HAXOIUTCS U3
peIeHus 3a/1a49M MePeceUeHHs XapaKTePHBIX 30H.

TpaekTopun ABMKEHUSI CBOOOTHBIX CTPYM, a TAK)Ke JABIKEHHE 00pa30BaHHBIX UMU
MPUCTEHOYHBIX MOTOKOB PACCUHMTHIBAIOTCS C YYETOM MEPEHOCHOTO BO3/IEUCTBUS TAHTEH-
[IMATBHOTO BUXPS, 33/1aBa€MOT0 BUXPEBBIM 4HclIoM H, a Takke yrioB BCTpeud CBOOO/I-
HBIX CTPYH CO CTEHKaMH.

Pacuem ucnaperus pacnvljlieHHo2o monjiued 6 obveme u na cmenxax KC.

B nepuon tonnmBononadn U pa3sBUTHS TOIUIMBHBIX CTPYH CKOPOCTH CTOPAHMS JIM-
MUTHPYETCS TJIaBHBIM 00pa3oM CKOPOCThIO MCIapeHus ToIiuBa. B cB0OOIHO pa3BuBaio-
nielcss TOIIMBHOM CTpye 30HAMM MHTEHCHBHOI'O TEIUIOOOMEHa M MCIApeHUs pacHbLICH-
HOT'O TOIUIMBA SIBISIIOTCA NEpeIHUN (PPOHT U 000JI0uKa CTpyH. B BBICOKOCKOPOCTHOM M
IJIOTHOM OCEBOM IIOTOKE IIPOTPEB U UCIIAPEHUE Kalle/lb HE3HAYUTEIIbHBI.
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[lpu HabGeranum CTpyHM Ha CTEHKY CKOPOCTHh MCIIAPEHUS TOTUINBA, CKOTHMBIIETOCS B
nepenHeM (poHTE, PEe3KO CHIDKAETCS JO MUHHMyMa B MOMEHT 3aBEpIICHHS YKIIAJKU
¢bpoHTa Ha CTEHKY. DTO BBI3BaHO 0OJiee HU3KOM MO CPABHEHHUIO C Ta30BBIM 3apSIOM TEM-
neparypoil CTEHKH, yMEHbIIEHHEM O00JyBa Kalleib, YIUIOTHEHHUEM KalelbHO-Ta30BOM
CMECH Ha CTCHKE, CIIUSIHUEM U TMepEeMENIMBAaHUEM aBaHTAPIHBIX Karelb ¢ MOAJIETAIOIINMHU
K cTeHKe Oosee xonoaHbIMu Karuisimu. [locne ykinanku ¢bpoHTa Ha CTEHKY AByX(aszHas
CMeCh HaYMHAET PacTEeKaThCs MO CTEHKE 3a MpeAebl KoHyca cTpyn. CKOPOCTh UCTIAPEHHUS
TOTUIMBA B IPUCTEHOYHOMN 30HE YBEIMYUBACTCS, XOTS U OCTAETCS MEHBIIIEH, yeM B 00beMe
kamepsl. [Ipu pacTexkaHuu 1o rpeGHIO MOPIIHS YacTh TOTUIMBA MOXKET MPOHUKHYThH B Ha/I-
MOPIITHEBOH 3a30p, MONACTh HA KPBIMIKY H CTEHKHU IIHIUH/IPA.

CKOpOCTh UCTIapEHHsT TOTUTHBA, MMOCTYIHUBIIETO B KAKIYIO U3 Ha3BAaHHBIX 30H HHTEH-
CHUBHOTO TEIJIO0OMEHA, 3aBUCUT OT CKOPOCTH UCHApEHHUs OTIENbHBIX Karelnb. VcnapeHue
KQ)KJIOM KaruIH JI0 U MOCJIe BOCIIJIAMEHEHHs! TOTUTMBA MOAUYMHAETCS 3aKoHY Cpe3HEeBCKOTO.
TonnmBHas anmmapatypa (GopcrpoBaHHBIX AW3ENEH 0OecrednBaeT JOBOJBHO OJHOPOIHOE
pacnblIMBaHUE TOIUIMBA, 0COOEHHO HAa OCHOBHOM ydacTKe BIpbIcKa. [loaToMy pacuer uc-
MapeHHsl TOTUTMBA MOYKHO MPOBOJIUTH TIO CPEAHEMY IMaMEeTpy Karenb 1o 3aytepy ds;.

Jlnis pacyeTa CKOPOCTH MCTIAPEHUS OTPEACTSIOTCS KOHCTAHThI UCTIAPEHHS TOIUIABA B
pa3MMUYHBIX 30HAX CTpyd. OIEHKa KOHCTAHT MPOHU3BOIUTCS 1O M3BECTHOW 3aBHUCHMOCTH,
Kyaa BxoasaT: kpurtepuid Hyccenbra s mpouecca quddysun; xodddumuent nuddy3un
MapoB TOIUIMBA, OTHECEHHBIM K TPaJUEHTY MaplHUalbHBIX NABICHUI; JaBJICHHE HACHI-
HICHHBIX MAPOB; TUIOTHOCTH KUIKOTO TOTUIMBA; XapaKTEpHBIC NAaBJICHUS U TEMIIEPATYPHI.
B kauecTBe XapakTepHBIX TeMIlepaTyp IS Pa3peskeHHON O0OJOUYKH CTPYH U OOOJIOUKH
MPUCTEHOYHOT'O MOTOKA MCIOJB3YyeTCsl TeMIepaTypa ra3a Ha MOMEHT Hadaljla BIIPBICKA;
IJIE COOCTBEHHO MPHCTEHOYHOTO TIOTOKA, B KAaUYeCTBE XapaKTEPHON MCHOIB3YIOTCS TEM-
nepaTypsl CTEHOK KaMephl B MMOPITHE U KPBIIIKH IATHHPA.

Pacuem C2OpaHUusi pacnvllleHHO20 nonjueda.

[To oxoHwaHuM mepuoja 3aJEPKKHA CAMOBOCIUIAMEHEHHs MPOUCXOJIUT B3PHIBHOE
pacnpocTpaHeHus TUIAMEHU 10 aKTUBUPOBAHHOM cMecH B 00osouke cTpyu. [lepBblil mak-
CUMYM CKOpPOCTH TEIJIOBBIJICJICHUS 3aBUCUT B OCHOBHOM OT JIOJIM LIMKJIOBOM MOPLUHU TOIN-
JIMBA, MCMApUBIIEHCS 3a NEPUOJ 3aJCpKKH CaMOBOCIJIAMEHEHHS, CTEIEHU aKTUBaLUU
MapoB, CKOPOCTH MCHAPEHUs TOTUIMBA B MEPUOJ BCHBIIIKH, T. €. OT MAacChl BIPBICHYTOTO
TOIUIMBA, KAueCTBAa €ro paclbUIMBAHMS M MAaKpOpaclpeesieHus, BPEMEHH HCIapeHus,
(U3UKOXUMUYECKUX, TEPMO- U Ta30JMHAMHYECKUX XapaKTEPUCTHK TOPIOYE CMECH.

[Tocne HauanbHOW BCIBIIIKK U BHITOPAaHHUs MApoOB TOIUIMBA, 00pa30BaBIIUXCS 3a Te-
PHOJT 3aJIEP>KKH, CKOPOCTh TETUIOBBIICTICHUS ONPEACINAETCs, B OCHOBHOM, CKOPOCTBIO HC-
MapeHysl TOIUIMBA U CKOPOCTHIO JOTOPaHUsl MPOJYKTOB HEMOJHOTO CropaHusi B o0beme
HWIMHIpA, KOTOPasi B CBOIO OYEpeb 3aBUCUT OT CpEIHEH KOHIEHTpalUU HEUCHOJIb30-
BaHHOT'O KHUCJIOPO/IA.

B nepuoa nuddy3rnoHHOro ropeHusi, nocie OKOHYaHMs BIPHICKA U 3aBEPILICHUS pa3-
BUTHUS CTPYH NPOUCXOJUT CHayaja pe3Koe, a 3aTeM 3aMeIJIEHHOE CHUYKEHUE CKOPOCTH
Cropanusi. ITO CBSI3aHO C YMEHbBIIIEHHEM MAacChl HEBBITOPEBIIETO TOIUIMBA U C JIMMUTH-
pytoieit poinbto nporecca quddysuu B 3ToT nepuo. [lnams pacnagaercss Ha MHOKECTBO
OYaroB BOKPYI JOKAJIbHBIX CKOIJIEHUH TOIJIMBA B sapax cTpyd. Ecnu 3HaumTenbHas
4yacTh TOIUIMBA pacIHpelessieTcsl Ha CTEHKaxX Kamepbl B MOpPIIHE, OCOOEHHO Ha CTEHKax
BOJIM3U KPBIIIKU HWIMHAPA, TO B uHTEepBaie 15 - 30 rpaa. mocne BMT Ha xapakTepucTu-
Kax TEIJIOBBIJEICHHs HaONIOAAETCs €lle OJWH HEOONbIION MUK. JTO CBA3aHO C BO3MY-
IIEHUEM M pa3pylleHUuEM KBa3WJIaMHUHAPHOTO MPUCTEHOYHOI'O CJI0Sl HAa MOBEPXHOCTH KO-
ponbl nopiHa. Korjna yckopeHue mopIiHs MaKCUMAalIbHO, T'a3 BRITEKAIOMINA U3 KaMephl B
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MOPIIHE pa3pyllIacT NPUCTCHOYHBINA CJIOM Ha KOPOHE MOPIIHS, YTO TPUBOJUT K YBEIIHYE-
HUIO CKOPOCTH MCIIAPEHUS U TEIJIOBBIIAEICHUS.

Ilpumep: Pacuem cmeceobpazosanus u ccopanus ouzensi CM/].

B nanHOM mpuMepe mpuBEEHO CpaBHEHUE pe3yibTaTa pacyeTa JBUKEHUS CTpyH
TOIUIMBA C 3KCHEPUMEHTAJIbHOW KMHOTPAaMMOI pa3BUTHS MPUCTEHOYHBIX MOTOKOB B Ka-
Mepe cropanus TpaktopHoro ausenss CM/I, a Takke cpaBHEHHE KPUBBIX CKOPOCTH TEIUIO-
BBIJI€JICHUS [TOJyYEHHOI pacueToM U myTeM 00paOOTKH UHIAUKATOPHOMN uarpamMmel.

Llenv: TlpoBepka aJeKBATHOCTH METOJMKHM Y4eTa BIMSHHMS BHUXpPS Ha JBUKEHHE TOII-
JUBHBIX CTPYH 1 00pa30BaHHBIX MU IPUCTEHOYHBIX MOTOKOB.

DKCIepUMEHTaJbHbIE JaHHbIe oay4yeHbl 110
I'CKBA: n=1800 1/mun; Pe=7.7 bap, gc=0.08 r.
3akpyTka 3apsaa B kamepe cropanus B BMT
XapakTepu3yercs: BUXpeBbM unciom H=3.15

7| Sigma OGO No4YKa
Ho.cTrumM
Ho.cTenx

-2 Krvuxa_u
.1 Upn. e Pk
a
335 355 375 395 41=
Puc.10. PazBuTne cTpyit u npucre- Puc. 11. Pacnpenenenne BOpbICHYTOrO TOILJIMBA
HOYHBIX TOTOKOB B KC 10 XapaKTepHbIM 30HaM cTpyu Ne |

8.838

8.825

8.820

8.885

a) 6) ©.000

340 350 360 370 380 399 400 418
Puc. 12. Pe3ynbTarhl 5KCIIEpUMEHTANIBHBIX U pACUETHBIX UccaenoBanuii auzens CM/I:
a) - SKCIIEPUMEHTAJIbHAsl KHHOTpaMMa Pa3BUTHS MPUCTEHOYHBIX TOTOKOB; 0) - CKOPOCTh
TeruioBblAeneHns dx/dg, cKopocTh BIpbICKa, J0JIs BbIAEIUBLIETOCs Teria X

[IpencraBneHHbId METOJI MO3BOJSET MPOBOAUTH PACUET CrOpaHUS B JABUTATEISX Kak C
00beMHBIM (pHC. 6.), TaK U C MIIEHOYHBIM (pHUC. 5.) cMeceoOpazoBaHueM. MeTo/ mpakTu-
YecKu He TpeOyeT CIelUalbHBIX HACTPOEK, MO3BOJISIET MPU WICHTHUYHBIX 3HAYEHUSX dM-
MUPUYECKUX KOI(PDUIIMEHTOB PACCUUTHIBATh XapPAKTEPUCTUKH JBUTATENEH MPU H3MEHe-
HUU HArpy3ku U 4actoTel BpamieHus. (Cm. pasznmen. 1.2.8. "ComnocTtaBieHue pe3yabTaToOB
pacuera ¢ SKCIEpUMEHTAIbHBIMU JAaHHBIMU'".)
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1.2.3. Pacyet cropanusi B 0€H3UHOBBIX W I'a30BbIX IBUIaTEJISAX

[Iporpammusiii komrmuiekc JIM3EJIb-2/4T mo3Bosser monenupoBaTh pabouuil mpo-
LIECC JIBUraTeled ¢ MCKPOBBIM 3aKMIaHUEM KaK OCH3MHOBBIX, TaK M ra30BbIX, BKIKOYAs
dbopkamepusble. JlJig 3TON 1€ UCTIONIB3YIOTCS TPAJAUIIMOHHBIE METO/IBI paciyeTa B OCHOBE
KOTOPBIX JIEKAT 30HHBIE MOJEIH.

[TpunsTO, 4TO B 00BEME LMIMHJIPA CYILIECTBYIOT 2 30HBI: 30HA XOJIOAHOI'O CBEXKETO
3apsiia ¥ 30HA TOpSYUX MPOIYKTOB cropaHus (puc. 13.). 30HbI pazzeneHbl ABUKYIIUMCS
TOHKUM cJiIoeM (PpOHTa TUIAMEHM M MHTEHCHUBHO B3aMMOJECUCTBYIOT MEXIy coOoif. Jlms
Ka)KJJOM 30HBI PACCUUTHIBAETCS TEIJIOOOMEH CO CTEHKaMH, JUCCOLMALMs, TEIIO - Macco-
oOMeH ¢ cocemnHeit 30HOM. CKOpoCTh JBIKEHMS cepuueckoro (GpoHTa IIaMEHU OIpe-
Jenserca MO0 HampsMyl0 10 3aBUCUMOCTSIM JJIsi CKOPOCTH TYpOYJIEHTHOTO IUJIaMEHH,
nu00 W3 pelieHHs] CHCTeMbl OallaHCOBBIX ypaBHEHUN COXPAHEHHsI C HCIOJIb30BAHUEM
¢bysukun TeroBbleneHuss Bube [16]. Takoii pacueTHbIl METO MO3BOJIET ONPEEITH
TEMIIEpaTypy 30HBI CBEXKErO 3apsija BO BpeMs BCEro Ipoliecca CKaTus - CrOpaHus, 4To
OYEHb BAXKHO JIJIA pacueTra aetoHaruu [20].

o5e@.8 | ------ T— —— Fy— A T— P ——— —] Puc. 13.
\ P, bar
T K : - H3menenne
' JIABJICHUS U
2088 .08 [ -L--- ool o oo L- ] B0
TEeMIIepaTyp

30H MIPOJYKTOB

1588.8 [--r----o--- o f - -1 CropaHus u
I My ! \ CBEKETO 3apsi-
i 1
J1a BO BpeM

1808 .8 [ -r----—---J-a-—Faf - - Ty T T m s mm - - {20

CropaHus.

1 1
1 1
1 1
1 1
1 1
1 1
500.8 [ -f----- il 17 -1°- 1-"i " [~ =- | |
328 338 348 358 368 37a 388 328 q8a p

Pacuem 2azosvix osucameneti

[Tporpammusiii komruieke JAM3EJIb-2/4T mo3BosiseT MPOBOIUTH pacueT U ONTHMHU-
3alMI0 TApaMEeTPOB JIBUraTeNIed ¢ HCKPOBBIM 3a)KUTraHueM, padOTaOIMIMX HA IPUPOIHOM U
HeTstHOM rase. JIBuraTenb MOXKET UMETh Kak OOBIYHYIO KaMepy CropaHus, Tak u (opka-
Mepy. B nocnennem ciaydae B dopkamepy Mmojgaercs 4acTh ra3a BO BpeMs TaKTa BITyCKa
WM Hayvaja cxaTtus. B cmyyae (hoopkamepHOro aBuratesnis mapaMeTpbl ra3a BHIYHCIISIOTCS
OTZIENIbHO JJI1 OCHOBHOM KaMepwl u (popkamepsl (puc. 14.). [Ins pacuera ckopoctu mnepe-
TOKAa MaccChl 4epe3 COCIMHUTENIbHBIA KaHall WCIOJIb3YETCS HECTALIMOHAPHOE ypaBHEHUE
JBUYKEHUS.

Kospduuuent remnooraaun ans popkaMmepsl paccuuThiBaeTcs mo ¢popmyne Bo-
HU [21] co cBOMM, OTIMYHBIM OT HUJIUHAPA, IOCTPOYHBIM MHOXKHUTEIIEM.

CkopocTb TeIIoBbIIeNIeHUs B (popKaMepe pacCUMTHIBAETCS IO ypaBHEeHUI0 Bube
[16].

['openue B uMIUHAPE HAYMHAETCA M1OCIE TOT0, KakK U3 (hopkamepsl BeiTeueT 15% -
20% macchl ropsiero raza. CKOpocTh TEIIOBbIICTICHUS B OCHOBHOM 00BbeMe IIJINHIpPA
paccuMThIBAETCS TaKXke 1Mo ypaBHeHUI0 Bule.

Pacuer mapameTpoB rasa (J1aBlieHHs], TEMIIEPATYPbI, KOHLIEHTpallUK) B (popkamepe
MPOU3BOJIUTCS HA MPOTSKEHUH BCETO paboyero HUKJa.
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llpumep: Pe3ynomamul pacuema napamempos paboue2o npoyecca osueamens MTU 396
(8I'Y 16.5/18.5), nepeobopyodosannozo 0as pabomul Ha NPUPOOHOM 2a3ze.

Pre-cup pressure

668 b -r - Calculated

JlnaMeTp COeTMHUTEIBHOIO KaHaaa 8 MM. Koa¢pdunment nzbpiTka Bo3ayxa B LIUIUH-
Crenens cxarus 13.5. ape 1.1, B popkamepe 0.87.
Omnepexenue 3axxuranus 40 rpan.
O6bem popkamepsl 35 kyd. cMm WcnpiTanus npoBoauianch 0e3 HaayBa.
B hg Fre-cup gas MTU 396: Ne=278 kMt, r.p.n.=1521 Puc. 14.
T o —— —— —— — ES— —1 Pacuernas u
| Cylinder pressure | : : : : SKCIIEPUMEH-
| —o— Measured \ L ' \ \
1 1 = 1 1 1 -
8a.a _: Calculated ™ '------- .."'. — R --- T T JI. i TaJIbHasd 3aBU
! . . CUMOCTH
1
1

! WU3MCHCHHUS J1aB-
JICHUS B IIWJINH-
npe u B ¢popKa-
Mepe BUTATEIS
MTU 396.

48.8 |-r-------

20.8 -r-------

1.2.4. PacueTr DMHCCHHU CAXKH

Pacuer smuccuu caxu ocymiecTiasieTcss mo Mmetojauke npod. Pasneiinesa H.®. [17].
[IpunHaATO, 4TO CaxkeBbIe YACTHUIBI OOPA3YIOTCS MPEUMYIIIECTBEHHO ABYMS ITyTSIMU:
- B pe3yJbTaTe LEMHOr0 JIEeCTPYKTUBHOTO MPEBpAIICHHUS MOJIEKYJ TOIUIMBA, AU(PPYyHIU-
PYIOIIUX OT MOBEPXHOCTH Karemb K (PPOHTY MIaMEHHU;
- BCJIEACTBUE BBICOKOTEMIIEPATYPHONH TEPMUUYECKOW MOIMMEPHU3ALNKA U JETUIPOTECHU3A-
LAY MAapOKUAKOCTHOTO SIAPA UCTIAPAIOIINXCS KaIlelb.
[TapannenbHO UAET MPOIECC BBHITOPAHMS CAXKEBBIX YACTUIl U YMEHBIICHUS UX 0O0BEMHOI
KOHIICHTpalluu BcleACcTBUE paciupenus. Ha puc. 15 ckopocTs 00pa3oBaHust U BbITOpa-
HUS CaKEBBIX YacTHUIl o003HaueHa dSmoke/dt; CKOpOCTB TGHJIOBBII[GJICHI/IH dx/dt
B KoHle pacuera mHojydeHHas KoH- GHdt[To T oo
LEHTpALHs CaXM IIEPEBOAUTCA B IO- : : : :
Ka3aTeNnu IIKainbl XapTpuaka, bom, a
TaKke B KO3PHUIIMEHT aOCOIFOTHOTO
ceeTonoromeHus no EDK

0.04 i S ;. ------------------------------

! Injection
i velocity

CormocTaBneHue pe3yabTaTOB pacueTa
smuccun caxku (Hartridge) ¢ pesysnb-
TaTaMW W3MEPEHUM T10 BHEIIHEW CKO-
POCTHOM XapaKTEPUCTHUKE MPEACTaB-
geHo B pazzaene "ComocTaBlieHHE

pe3yibTaToOB pacyera C dKCIEpPUMEH- 340.0 330.0 360.0 370.0 380.0
TaTbHBIME JaHHBIMI" (pHC. 26.) Puc. 15. PesynbTaT pacuera ckopoctu o0pa3o-
BaHMS M BBITOPaHUS CaXU B IWJINHIPE AU3EIA

KamA3 7405 (n=2200 mun™', Pe=9.5 Bap).

0.00
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1.2.5. PacyeT D MHCCHH OKCH/IOB a30TA.
Ontumuzanus paboyero mpouecca TPAKTOPHOIO AU3eJs ¢ HeJblo
CHH KeHMNsI BPeIHbIX BLIOPOCOB M Pacxo/ia TOMJIHBA

B mocnennee BpeMsi B CBSI3U C Y)KECTOUEHHEM HOPMATHBOB HAa BBHIOPOC BPETHBIX
BEIIECTB JIBUTATEISIMU BHYTPEHHETO CTOpaHUsi, HAMETWJINCh YCTONYMBBIC TECHACHIIUU Ha
TaKyl0 OpraHH3alui0 pabo4yuX MPOLECCOB AM3ENeH, KoTopas o0ecrnedynBaeT MUHHMAJIb-
Hyto avuccuio NOx, CO u TBepabix yactull. [Ipu 3ToM, 3a4acTyto, B )KepPTBY MPUHOCHUTCS
yaenbHbIA 3((OEKTUBHBIN pacxoj TOIUIMBAa. B dncno MeponpusTuil Mo CHUKEHUIO dMUC-
CUU BPEJHBIX BEIIECTB BXOJIAT:

- YBEIUYCHUE CTETICHU CXKATHS,

- YMCHBIIICHUE OTIePEKEHHS BIPHICKA;

- yMEHbIIICHUE JUaMeTpa COILIOBBIX OTBEPCTHUH;

- YBEIWYEHUE JaBJICHUS BIPHICKA;

- (opmupoBaHUe XapaKTEPUCTUKHU BIIPBICKA C MOJIOTUM MEPEAHUM (PPOHTOM;

- TNPUMEHEHUE MUPOKUX OTKPBITHIX KAMEp CTOPAHMUS,

- YBEIMYEHUE JaBICHUS HAJITyBa C MPUMEHEHUEM OXJIAXKCHHUS HAJITyBOUYHOTO BO3/1yXa.

OJnHaKo, KOJIMUECTBEHHAS OILICHKA BIIUSHUS MEPEUUCICHHBIX MEPONPUATHI Ha MOKa-
3aTeNd JBUTATENS, B YCIOBUAX KOTJIa OHM NMPUMEHSIOTCS B KOMIUIEKCe, TpeOyeT 3Hauu-
TENBHBIX 3aTpaT Ha ucciefoBaTenbckue padoTel. [lo cyrtu, opranuzanus pabouero mpo-
1ecca -3To 3aj1a4a MHOTOIIapaMeTPUIECKON ONTUMHU3AINH, T/Ie HECKOIbKO (PYHKITUI 11871
MMEIOT CBOM, HE COBMAJAIONINE JIPYT C APYrOoM ONTUMYMbl. O4eHb 3aMaHYMBO BBITJISISAT
MEPCIEKTUBBI PEIICHUs XOTS Obl YacTH 3TOM 3amauu ¢ nomoisio IBM. Onnako, 1is ee
pereHuss HeoOXOANUMBI HAJIEKHBIE U OBICTPOJACHCTBYIOIINE METOJbI pacyeTa MPOIECCOB
cMeceoOpa3oBaHus M YMUCCHHM BPEAHBIX BEIIECTB B 3aBUCUMOCTH OT BIHUSIOIIMX KOHCT-
PYKTHUBHBIX W PEXKUMHBIX (PaKTOPOB.

Memoouka pacuema smuccuu oKcuo08 azoma

Ha ocHoBaHMM 001X 3aKOHOMEPHOCTEHM LENHbIX peakuuil npod. PaszneiineBbiM
H.®. pazpaborana »ddexktruBHas MeToauka pacuera ckopoctu obpazoBanust NOx B KC
TU3EJIs.

[Ipn BBIrOpaHMM PACHBIIEHHOTO JKHUJKOTO TOILIMBA B JU3EISAX CO3JAIOTCS BBICOKHE
JIOKaJbHbIE KOHIIEHTPAIMH aKTUBHBIX IICHTPOB LIETIHBIX PEAKIIUNA - aTOMOB U CBOOOIHBIX
pPaauKaoB, BO3HUKAIOLIMX B PE3yJbTAaTe€ JECTPYKTHBHBIX NpPEBPAICHUI, OKUCICHUS U
pacraja yriieBoJIOpoJ0B B OKPECTHOCTSX MCHAPSIOUIUXCS U TOPAIIUX Kamnenb. B 3Tux yc-
JOBUAX OOpa3OBaHHWE BPEIHBIX BEIICCTB B AM3ENAX, Takux kak caxa, NOx, CO, umeer
JIB€ OCHOBHBIE 0COOEHHOCTH. BO-TIEpBBIX, pEHIaloNIy0 POJIb B 3TOM IMPOIIECCE UTPAET HE
TEIJIOBOE, a LIETTHOE YCKOPEHUE PEAKIIMil 32 CUET BBICOKMX JIOKAJIbHBIX KOHILIEHTPALUM aK-
TUBHBIX YacTull. Bo-BTOpBIX, mpoLecchl MX 00pa30BaHMs TECHO CBSI3aHbl KOHKYPEHIUEH B
MOTpeOJCHNH AKTHBHBIX YacTHI[ W kuciopoaa. Oo6pazoBanue NOX HpOUCXOAUT Yepe3
CJIOKHBIE MPEBPAILECHUS MPOAYKTOB PEAKIIMI TOIUIMBHBIX PaJMKajIOB C a30TOM BO3AyXa B
MpEeAIUIAMEHHON U MocenjIaMeHHON 30HaX. CKOpOCTh 3TUX MPOLECCOB 3aBUCHUT OT KOH-
LEHTPALUK a30Ta B 00beMe HUIMH]IPA, CKOPOCTH CTOPAHMSL, TOJIM BHITOPEBLIETO TOILJIUBA,
a TaKkke CKOPOCTH KOHKYPUPYIOIIMX peakiuii 0Opa30BaHUs MPOIYKTOB HEMOJIHOTO Cro-
panus, B ToM uucie CO u caxeBbix yactull. Meroauka npodeccopa H.dD.Pazneiinena,
peann3oBaHHast B nporpaMMHoM Komiuiekce JIM3EJIb-2/41, Oblia mpoBepeHa NMpUMEHHU-
TEJIBHO K pa3HbIM JBHrarensiM. Ha puc.16 mpuBeneHo cpaBHEHHE SKCHEPUMEHTAIBHBIX
TaHHBIX U PE3YyJIbTATOB pacueTa SMUCCUU OKCHJIOB a30Ta, a TaKXKe YAeIbHOro d(h(eKTHB-
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HOT'0 pacxo/ia TOIUIMBA MPH PA3HbIX CTENEHAX CHKATHUS I TpakTopHOro nsurarens [-120
Ha pexxume nosHoi MomHocTH: n = 2000 1/mun; Ne = 22 kBT. 3akpyTKa 3apsiga B Kame-
pe cropanust B BMT xapakrtepusyercs BuxpeBsiM unciaom H=3. (Isurarens /I-120 nmpen-
cTaBysieT co00il 4 TaKTHBIN JBYXUMIMHIPOBBIA TPAKTOPHBIN JIU3€]b BO3AYIIHOIO OXJIAaX-
nenusi, D/S =105/ 120 mm, npousBoactBa AO "BraauMupckuii TpakTOpHBIHM 3aBoa").

- be KkBTu | | | | |

T T T S s TP - -

o SJKCNEpHMEHT ! ! !

230

1
CROPOCTE
EMpkICKa

243

24E

244

13 14 15 16 17 15 19 £ .04

3.5 __L_______':._______L_______]. e
1 : 1 @ \ \ i

r ' © | JHCMEQUMEHT n.ozr-

F-F-=z=-—- :—-—-—-:I PE!C‘-IE-'TL________|________|________|__ B :
3.0 v N 1 1| 1 1 1 ol L W A R 1

L rkyE W, : : : : : 0 ]

' ' ' ' ' ' ' 350.0 3600 3vo.0

2.5 I I SR S ANNER I R N a) 6)

13 14 14 16 17 18 19E

Puc.16. BnusiHue crenenu cxatus € Ha pacxoJl TOIUIMBaA be U ypoBeHb amuccuio NOx
(a), a TaKkKe Ha CKOpOCTh TerioBbLAeneHus (6). Pexxum nomHoi MourHOCTH. (DKCme-
pUMeHTaNbHbIe JaHHbIe oayyeHbl AO "BraauMupckuil TpakTOpHBIN 3aBoa".)

Maremaruueckas MOJICIb ObLIa IMPOBEPCHA HC TOJIbKO B OTHOIICHUHW TOYHOCTHU pac-
qycTa OMHUCCHHU NOX, HO M KaCaTCJIbHO BCCX I1apaMCTPOB pa6oqero mponecca Ha 2 OCHOB-
HBIX PCKUMaAX pa6OTLI JIU3eJIs: MAaKCUMaJIbHOM MOIITHOCTH U MaKCHUMAaJIbHOI'O KpyTAaIIero
MmoMeHTa. CorocTaBlicHHE PACUCTHBIX M JSKCICPUMCHTAJIBHBIX JAHHBIX IS 3THX PCKU-
MOB IIPEACTABJIICHO B Ta6J'II/II_IC.

[Tapametp n=2000 1/mun n=1500 1/mun
Okcnep. | Pacuer | Okcnep. | Pacuer
MomHocts Ne, kBT 22 21.6 18.2 18.2
VY nenbHeblil 5 d. pacxon Torumsa be, I/kBT g 235 238 233.5 234.4
Pacxon Bo3ayxa, Kr/c 0.0365 | 0.0358 | 0.0275 | 0.0266
MakcumaabHOE JTaBJICHHUE UK, Oap 76.7 77.6 &8 88
CpenHee HHIUKATOPHOE JIaBJICHHE, Oap 8.48 8.34 - 8.73
Cpennee qaBjaeHUE HACOCHBIX MOTEPH, Oap 0.4-0.31 | 0.36 - 0.21
Cp. TemniepaTypa B BBIITYCKH. KouiekTope, K 793 713 793 704
JIpIMHOCTB, XapTpuIK 15-20 17.2 30-35 30

Kak BuIHO M3 TaOnULIbl, pacyeT AOCTATOYHO XOPOILO COBMAAAET C pe3yJbTaTaMu
u3Mepenuit. OTIMYME pacueTHOW TeMIepaTyphl Ta3a B BRITYCKHOM KOJUIEKTOPE OT U3Me-
PEHHOI 00YCIIOBJIEHO XOPOIIO M3BECTHBIM OOCTOSTENLCTBOM: M3MEpPEHHE TeMIlepaTyphl
MyJbCUPYIOMIETO TMOTOKA C TOMOIIBI0 TEPMOIAPhl JAeT 3aBBIIMICHHBIC PE3yJbTaThI.
Ommbka u3MepeHus TeM OoJbllie, YeM OOJIbIe OTHOIIEHWE Tepernaja JaBleHUs B UM-
MyJbCE K CpeIHEN BEIHUMHE JaBICHHUS.

[Tocne mpoBepkH aJIeKBaTHOCTU MaTEMaTHYECKOW MOJENTU ObUIO MPOBEIEHO Hcce-
JIOBAaHWE BO3MOXKHOCTU CHM)KEHUSI YPOBHS SMHCCHUU OKCHJIOB a30Ta 3a CUET pallMOHAIb-
HOW opranuzanuu pabodero nporecca JTu3eds.
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Pacuemnoe uccneoosanue nymeii cnuscenus smuccuu NOx 6e31Ha00y6H020 ouzes

B nacroseli pabote nccinenoBaiach BO3MOXKHOCTh CHUYKEHUS SMUCCUU OKCUIOB
azora asurarens /[[-120 3a cuer u3aMeHEHUs CIEAYIOINX TapaMeTPOB:
- JMaMeTpa COIeJ paclbUINTeNs;
- CTEIeHU CXKaTHs;
- OIEpeXeHMs BIPHICKA;
- (opMBI KaMepbl CrOpaHus;
- YIJIOB HaKJIOHA TOIUIMBHBIX CTPYH.
B03MOXHOCTH CYIIECTBEHHOTO YBEJIMYEHUSI MHTEHCUBHOCTU BIIPBICKA HE MCCIIEA0BAJIACK,
TaK KaK peaju3alus MEpOINpHUSTUH MO paJvKalbHOMY NMOBBILIEHUIO JABJICHUS BIPBICKA
TpeOyeT cepbe3HOro MePecMOTpa KOHCTPYKIUH JU3ENSI B LIEJIOM.

IIpn ymenpmenun nuamerpa comnen pacnsuutess ¢ 0.3 no 0.22 MM xapakTepucTuka
Brpeicka mratHoil TITA cymectBenHo Bugousmensiercs (puc. 19, xpuas Uo nns kKom-
riektaruu Ne2 ). MakcumanbHOe JaBjieHHe BIpbicka BozpacTaet ¢ 520 go 665 Gap; npo-
JOJDKUATEIIBHOCTD BIPBICKA yBenmuunuBaeTcs ¢ 19.2 rpan. 1o 27.3 rpal. moBOpoTa KOJIEHYa-
TOTO Baja JBUTATeNd. DTU JaHHbIE ObLIM MOJY4YEHBI B Pe3yJbTaTe rUAPOJAMHAMUYECKOTO
pacuera o nporpamme BIIPBICK. (Ilpensaputensno mporpamma BITPBICK Obuta nHa-
CTpO€HA Ha MTAaTHYIO0 KOMIUIEKTAI[UIO HAcoca U (DOPCYHOK JTAHHOTO U3EIIA).

[Toapo6uee ¢ mporpammoit BITPBICK moxuo o3nakomuthess B INTERNET:
http://www.bmstu.ru/facult/em/em2/inject/il Irus.htm ;

Pesynbrarel pacuera pabodero mpoiecca Au3ens B 0a30BOMl KOMIUIEKTAIIMH, HO C
YMEHBILIEHHBIM JUaMETPOM comel (KoMmriekrauus 1, tabn. 1.) mokazanu, 4To MPOUCXO-
IUT CYILIECTBEHHOE YIy4YIIEHHE KaueCTBa PACMbUIMBAHMS TOIUIMBA (paJMKaJIbHO YMEHb-
IaeTcsl CpeaHU nuameTp kamenb d;, ¢ 30 Mmkm 10 19 MxMm. OmHako, 3aTSHYTHIN TIO Bpe-
MEHH BIIPBICK MPUBOJUT K HEOIArOMPUATHOMY paclpeesIeHNI0 TOIUINBA:

- 23.5% TomnmBa OKa3bIBae€TCs B 30HAX MEPECEUYCHHS] MPUCTECHOYHBIX ITOTOKOB, I/I€ HU3-
Kasi CKOpOCThb ucnapeHus (ans cpaBHeHHs - mpu coriax 0.3 MM B 3THX 30HAaX TOJBKO
1.7% Tomnusa),
- JI0J1s TOIJIMBA B pa3peKeHHOM 000J10uKe (Ie HauIydIlIie yCJIOBUS UCTIApEHNUsI) CHIKA-
ercs Ha 5%,
- JI0JIsl TOTUIMBA B HETEPECEKAIOIIMXCS YaCTSIX MPUCTEHOUHBIX MOTOKOB, T/I€ TaKXkKe He-
TJIOXHME YCIOBHS ucnapenus, cocrapisieT 17.5 % (torna kak npu coriax 0.3 MM oHa ja0c-
turaet 37%).

T.e. mpu CTOJb ATUTENBHOM BIIPBICKE CTPYSM HEIOC-

TaTOYHO IPOCTPAHCTBA Ul PAa3BUTUSA U OHU MELIAIOT JIPYyr Tabnuua 1
apyry. IIponecc cropanus 3aTAruBacTcCs, B pe3yJbTare: Kommuiekr | baz. | Nel
- pacxop ToruiMBa be yBenuuuBaetcs Ha 8 T/kBT u; € 16 16
- sMHuccHus oKHuciIoB a30Ta NOX cHmxkaeTcs Ha 20%; Donep 16 16
- ypoBeHb 1piMa Hartridge yBennuuBaercs Ha 49% (Tadm.1). be 239 | 247
He cmotps Ha cHmkenue ypoBHs smuccuu NOX, nogo0HbIN NOx 34 27
pe3y/IbTaT HENb3s CYMTATh YAOBIETBOPUTEILHBIM, MPEKIE "Hartridge | 17.2 | 25.6

BCEro M3-3a CUJIBHOTO YBEJIMYEHHUSI BBIOPOCOB CaXkHU M POCTa
pacxo/ia TOIUIUBA.

PesepBom s ynmydmieHus nokasaTesied JBHUraress SBISECTCS WU3MEHECHHE CTEICHH
cxarug € U YOB §onep. Ha prc.17 nmpencrapiena 3aBUCHMOCTb SMHCCHU CaKHU OT CTEIICHH
ckatus u YOB. Ha puc.18 mpencraBiieHsl, NOJydeHHBIE METOAOM CKaHUPOBAaHUS, CeE-
MEUCTBA W30JIMHUM ISl MOCTOSIHHBIX 3HAYEHHI: - YPOBHS AYMHUCCUU OKCUIOB a30Ta NOX
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[r/M’]; - MaKCHMAaJbHOTO JaBICHHS HUKIA Pz [Gap]; - yaensHOro spdeKTHBHOTO pac-
Xo0J1a TommBa be [T/kBT u].

Hartridge : _
a7.5[
F- o T S
37.5
32.51 ; ﬁj"g_\% ~ | g Pue.17. Bausaue
27.51 ' Ssgmeolhn . CTENEHU CHKATHUS €
22.5 i
C i 18.8 g VOB §onep HA

1esr oy 18.0 OBEHb IMHUCCHHU
12.5 . . , , , .t X140 yp

8.0 8.0 12.8 14.8 16.8 18.8 20. Ponep, rpag  CAKH.

£
21.8
20.0 Puc. 18. Biusaaue
19.8 CTCIICHU CXKXAaTHui €
18.0 1 YOB §opep Ha
17.8 yIEJIbHBIN pacxo
6.0 TOIIMBa be, aMuC-
curo NOX 1 Mak-
5.8 CUMaJIbHOE JIaB-
14.0 JieHue 1uKIIa Pz.
13.8
TaOmuna 2
B tabun. 2 npuBeHbI MOKa3aTeny AJis XapaKkTep- Kowm- baz. | Nel | No2
HBIX KOMIUICKTAIIUH TU3eIs: IUICKT
- ba3. - 6azoBas xomriuiekTanus ¢ commiamu 3 x 0.3; € 16 16 | 19.5
- Ne 1 - 6a3oBas koMmuiekTanus ¢ comiaamu 3 x 0.22; Dorep 16 16 | 11.5
- Ne 2 - moBBIIIIEHHAS CTENEHb CXKATUSI, YMEHBIIICHOE be 239 | 247 | 242
ONEpeX’EHUE BIIPBICKA, comuia 3 x 0.22. NOx 34 | 27 | 18
N3 anann3za PACUCTHBIX JaHHBIX CICAYCT, UTO Hartridge 17.2 1 25.6 | 24.2
HaWIy4IIUM COYETAaHUEM TMapaMeTpPOB SBISETCS

KOMIUIEKTaus 2, KoTopasi 00ecreyrBaeT KapIMHAIbHOE CHUKEHHE BBIOPOCOB OKCHIOB
a3oTa. Y cJI0BHsI BBIOOpA KOMIUIEKTAIMH 2:
-£=19.5: npu €>19.5 HagnopiIHEBOI 3a30p CTAHOBUTCS MEHbIIE yeM 0.5 MM;
- Qonep = 11.5: IIpU MEHBIIEM ONIEPEKEHUU HHTEHCUBHO PACTET PACXOJ TOIIMBA U SMHC-
CHSl CaXkd, IpH OOJIbILLIEM OIEpPEeKEHUU pacTeT smuccus NOX.

ConocraBieHne XapakTepUCTHK TETUIOBBIIECICHHS TPy 0a30BOM KOMIUIEKTAIIUU JH-
3elid U pu KomruiekTanuu Ne2 npuBeneHo Ha puc.19.



o —Baz0EaA Kownn!
1
—o-komnn. M2z

F e - ----- A ARECEEE 0.6

o.a5 ool s T T T o4  Puc 19. CkopocTs Te-
| | TUTOBBIICIICHUS TIPH
i e i R REEEEE 0.2  0a30BOil KOMILJIEKTa-
- UM 1 KOMIUICKTAI[HH
.08 |- - ~meepemT oo oo - i 1" 700  Ne2. Uo - cKkOpoCTh
348 358 368 37a 388 398 408 P rpag, BHpLICKa

BeiBoa: OnHOBpeMEeHHO ¢ yMeHblIeHHEeM auamerpa comen ¢ 0.3 go 0.22 MM crnenyet
YBEIMYUTH CTeneHb cxaTus ¢ 16 no 19.5 u ymenbmuts YOB ¢ 16 no 11.5 rpagycos
MOBOPOTA KOJIeHYaToro Bana. [Ipu stom:

- YpOBEHb YMHUCCHUHU OKCUJOB a30Ta cHU3UTCS ¢ 3.4 10 1.8 r/m3 (Ha 47 %);

- ynenabHbIl 3¢ (HEeKTUB. pacxo] TorrBa noBbicuTcs ¢ 239 no 242 r/kBt u (Ha 1.2 %);

- YpOBEHb dMHCCHUU Caxu yBenuuutcs ¢ 17.2 no 24.2 enunun Xaptpumka (Ha 41%).

Jljis cHYO>KeHMsI pacxo/a TOILTUBA M YMUCCUH JIbIMa HEOOXOUMO U3MEHUTH GopMy
KC u HanpaBieHHOCTh comesl TakuM oOpa3oM, YTOObl 00€CIEeYUTh TOIUIMBHBIM CTPYSIM
00JIBIIYI0 CBOOOY JJISi PA3BUTHS, YTO MO3BOJIUT YBEIHUUTH CKOPOCTH TETIJIOBBIICICHUS
Ha yJacTKe JIOTOPaHHUS.

JlanpHeWmme uccaeoBaHUs MPOBOJWIMCH B HAINPABICHUU COBEPIIEHCTBOBAHUS
¢bopMbI KaMepbl B MOPIIHE U ONTHUMH3ALUU OPUEHTAIMN TOIUIMBHBIX CTPYH. YUMTHIBA-
JI0OCh U3MEHEHUE MHTEHCUBHOCTH BUXPsI BCJIEACTBHE M3MEHEHUS TUaMEeTpa KaMepbl Cro-
paHus ¥ HAJATIOPIITHEBOTO 3a30pa.

VY 10BNIETBOPUTEBHBIE PE3YNIbTATHI [T0OKA3aJla ONBITHAA KaMepa, IpeCTaBICHHAs Ha
puc.20.

PacnregeneHHMe TOMNMEA N0 30HAM
Sigmar
-7

g L OBONOYKA:

.2 EEEE R - 4 " ]’{PI:-II.:IKE._U.

6)

Gl ! : ! e
345 368 375 398 405
. CHKOFOCTE TENNDELODE NeHMS

dx~dFi[
.83

.8z

.eil

Fi
Puc.20. Pesynbratsl pacuera cmeceoOpazoBanusi B KC nuzens /[-120: a) - onbiTHas
kamepa (komruiekTarus Ne3); 6) - kamepa 6a30BOM KOMILIEKTAI[UU

B onbitHOM KC BuxpeBoe uncio B BMT coctaBmnsiet 3.1 (4yTh Gombliie uem B 6a3o-
BOM). YIJIBI MEXIy OCSIMH CTPYH M OCBHIO IWJIMHApPA YBEIWYEHBI. YBEIWYEH BHEIIHHM
IUaMeTp YriayosieHus. DTH Mepbl MO3BOJSIIOT YBEJIUYUTH JIMHY CBOOOJHOTO Pa3BUTHS
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CTpyH. Yros HakjioHa OOpa3yrolieil kKaMephl B MOPIIHE BHIOpaH TakKUM 00pa3om, YTOOBI
OCHOBHOE Pa3BUTHE MPUCTEHOYHOTO IMOTOKA HAIPaBUTh BIIyOb KaMephl, a HE Ha MOBEPX-
HOCTh KOPOHBI NMOPUIHS, B HAJANOPIIHEBON 3a30p. 3a cueT MajoWl TiIyOMHBI KaMephbl B
MTOPIIHE BEJIMYMHA HAAOPLUIHEBOIO 3a30pa yBeaudeHa 10 2.1 MM, 4TO CO34aeT JOMOJIHU-
TEJIbHBIE PE3EPBBI JUIsl YBEIUYEHUSI CTENIEHU CKaTHsS U MPENATCTBYET NOMAJaHUI0 TOILIU-
Ba C MPUCTEHOYHOr'0 MOTOKA KOPOHBI MOPIIHS Ha TOBEPXHOCTh T'OJOBKHU IiMHApa. Onu-
caHHas Kamepa cropanus U pacneuidtens 3 X 0.22 ¢ yBeIMYEHHBIM YIJIOM KOHYyCa B
COUETaHMM CO CTEeleHblo cxkatusd 19.5 u onepexenuem Brpeicka 11.5 rpagycoB cocras-
nsitoT kKomrutekTaruio Ne3. YOB passbiit 11.5 rpagycoB BbIOpaH UCX0/ U3 PE3yNbTATOB,
MPECTABIECHHBIX Ha puUC. 21.

be HOx
FIKWh b - oo - RS - - - |- -| Pm3
- | |tIE | | 1 | | 1
e B et oo - 25
740 —-E— ----- E— ----- . oo : ----- oo 2.0
25 [ohomemcoen |15
1 1 1 1 1 1 1
L Hartridge : ! ! ! Hartrid.
F-F-—=—--F - - -F-- - - -y - - —o - = == === 1= = === - 1= = === - - - 40
I I Ry S (S R R | 30
IR R R s U [ --| 20
__I___I _____ I___I___I___I___I___I___I___I___I___I___I___I___I___I__ 1“
a.a 2.8 4.8 6.8 8.0 1i8.8 12.8 14.8 'Punep rpag

Puc. 21. 3aBucumocts mapamerpoB ausens B komiuiekranuu Ne3 or YOB

B Tabn. 4 nmpuBeaeHoO comocTaBlieHUE MapamMeTpoB IH-

3elis, MOJIy4aeMbIX B KOMIUIeKTanuu Ne3 u B 6a30BOil KOM- Taomuna 4
IUICKTAIlAH. Kommi. | ba3. | Ne3

Pacnipenenenne BOpbICHYTOrO TOIJIMBA B ONIBITHOW Ka- I 16 | 19.5
Mepe Oosiee OIaronpusiTHO Hexkenu B 0a30BOW BBUAY Clle- Doep 16 | 11.5
AYIOIICTO. be 239 | 236
- B pa3pexeHHOM 000J0YKe CTPyU U O0O0JIOYKE MPUCTEHOU- NOx 34 | 1.92
HOTO MOTOKA, Ile HAWIydIIHe yCIOBUA HCIAPEHUs PAaclpe- [arridee | 17.2 | 17.9

neneHo 69% TtoruinBa, TOraa Kak B 0a30BOM KaMepe TOJIBKO
60%;

- B AJp€ NPUCTEHOYHOI'0 MOTOKA, /1€ YCIOBUS UCIAPEHHsI HECKOJIBKO XYK€ ueM B 00be-
Me, B OIBITHOM Kamepe oka3biBaeTcst 27.9% TorumBa, a B 6a30BOi Kamepe 3TOT MoKa3a-
Tenb cocTasisgeT 37 %;

- PacTAHYTHIM 1O BpPEMEHHU BIIPBICK, Majas 3aJiep>KKa CaMOBOCIIAMEHEHUS! U MaJloe KO-
JIMYECTBO TOIUIMBA, HCHIApUBIIEECS 3a NEPUOJT 3a/IePKKHU 00YCIIaBIMBAIOT OTCYTCTBUE BBI-
PaXEHHOI'0 MEePBOro MHUKa CKOPOCTH TeruioBblAenenus (kpusas dx/dFi, puc. 20 a.) u, cie-
JI0BAaTENIbHO, CKayKa JIOKAJbHOM TemmepaTypbl B 0ObeME B3PBIBHOTO TOPEHHS, YTO M
oOycnaBnuBaeT cHxkeHue smuccun NOX;

- B 00enx KaMepax TOIJIMBO HE MOIAJAeT B 30HbI C INIOXUMU YCIOBUSAMHU HCIIAPEHUS: Ha
3epKaJio MWIMHJpA U Ha MOBEPXHOCTh KPBIIKY HMWIMHAPA, B 30HAX [€PECEUEHUs pUcTe-
HOYHBIX TTOTOKOB JIOJISl TOTUIMBA BeCbMa He3HAYUTEeIbHA i 00enx Kamep - 1.7...2.5%;

- MaJblil cpeHMil tuameTp Kamneib di; (19 MkM) 00yciioB/IMBaeT BEICOKYIO CKOPOCTb HC-
MapeHusl.
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Takum 00pa3oM MPUMEHEHHE ONBITHON KaMepbl CrOpaHUsl B COYETAHUU C IPYTHUMHU
BBIILIE ONMUCAHHBIMU (DaKTOpaMu JielaeT BO3MOXKHBIM CHIKeHue smuccuu NOx 6e3 yBe-
JMYEHUS BBIOPOCOB CaKU U AK€ CO CHUKEHUEM PACX0/1a TOIIUBA.

BoiBoa: /lnsa pangukansHoro cHuxkenus smuccun NOx nuratens [-120 crnemyer:

- MPUMEHHUTH OMBITHYIO (prc.20) KaMepy B MOPIITHE;

- YMEHBIIUTH TuameTp conen pacnbumtens ¢ 0.3 1o 0.22 mwm;

- YBEJIMYUTH YTOJ MEXK]Y OCBIO IMJIMH]IPA U OCSIMU COTIEN PACIIbUIMBAIOIINX OTBEPCTUH;
- YBEJIMYMTH CTENEHb cxatus ¢ 16 mo 19.5;

- ymenpinth YOB ¢ 16 1o 11.5 rpagycoB moBopoTa K0JIEHYaTOroO Baja.

Llpu smom:

- YpOBEHb IMHCCHH OKCUIOB a30Ta cHu3uTcs ¢ 3.4 1o 1.92 r/m3 (na 43.5 %);

- ynenabHbIN 3G HEKTUBHBIN pacxo TormBa cHU3UTCS ¢ 239 1o 236 r/kBt 1 (Ha 1.2 %);
- YpOBEHb 3MHCCHHU caxu yBeanuurces ¢ 17.2 no 17.9 enunnn Xaprpumxka (Ha 4%).

Jnist moMcKa myTel JaJbHEHIIero CHUYKEHUST pacxo/ia TOIJIMBA U SMUCCHH JIbIMa He-
00X0JIMMO MPOBECTH JOMOIHUTENbHbIE YIIyOJIEHHbIE YUCIEHHbIE HCCIEIOBaHMS 10 MO-
00py (hopMbl KaMepbl CrOpaHus, a TaKkKe KOJIMYECTBA, AMAMETpPa M HaNpaBJIE€HHOCTH CO-
IUIOBBIX OTBEPCTHI, 4TOOBI OOECHEYUTHh TOIUIMBHBIM CTPySIM OOJIBIIYIO CBOOOAY ISt
pPa3BUTHS U yBEIMYUTh CKOPOCTH TEIUIOBBIJICNIEHUSI HA ydyacTke jporopanus. (Meponpus-
TUS 10 YBEJIMYEHUIO JIABJICHUS BIPHICKA, BBEICHUIO HAJIIyBa U MPOMEKYTOUHOTO OXJIa-
KJIEHUS B JaHHOM IIPUMEpE HE pacCMaTpHUBAIOTCS, XOTs MIpOrpaMma ¢ MoMOIIbI0 KOTOPOM
MPOBOJIMJIMCH ATH UCCIIE0OBAaHUS TO3BOJISIET 3TO clienartk.) B To sxe Bpems Haubosee 3¢-
(eKTUBHBIM CHOCOOOM CHMIKEHHUSI BBIOPOCOB CakHM MPEACTaBISAETCS MMEHHO BBEICHHE
HaJ/1yBa, KOTOPOE IMO3BOJUT CYIIECTBEHHO YBEIMYHUTHh KOI(DPHUIIMEHT H30bITKAa BO3IyXa

.

Ucnonws3zoBanue nporpammuoro xkomiuiekca JIU3EJIb-2/4T u BCTpoeHHON B HEro
nporpammbl "Fuel Jet Visualization" mo3BosisieT yBA3bIBaTh 3a4acTyIO0 MPOTHUBOMOJIOKHBIE
TEHJICHITNY, BEI3BAHHBIC HEOOXOIMMOCTBIO CHIDKEHUS PacXo/ia TOTUINBA ¥ AIMUCCHH BPE]I-
HBIX BEIIECTB ¥ HAXOJIUTh BHITOIHBIC KOMITPOMHUCCHI.

1.2.6. Pacyer B3auMOaeiicTBUSA CTPYH € BO3AYLIHBIM BUXPEM M CTCHKAMHU

Uccnedosanue enuanus uHmMeHCUBHOCMU BUXDSL 8 KaMepe CCOPAHUs
HA 3KOHOMUYHOCMb A8MOMOOUIbH020 ouzens AM3-238

N3BecTHO, YTO yBEIMYEHHWE WHTEHCUBHOCTHM BUXPEBOI'O JIBH)KEHHS BO3YLIHOTO
3apsiia BieYeT 3a co0O0il yBelMYeHHe CKOPOCTH MCIIApPEHUsl U CropaHusi, KoTopoe Oiaro-
npusaTHO ckaspiBaeTcst Ha KIIJ nmxma. OgHako, B ONBITaX 3aMEUYEHO, YTO YBEJINYEHHE
MHTEHCUBHOCTH BUXPS CBEPX HEKOM ONTHMAaJIbHOM BEJIMYMHBI BIEUYET 32 COOOM CHUKEHHE
CKOPOCTH TEIIOBBIJIEIIEHHS U POCT Pacxo/a TOIUINBA.

Llenv:  PaccunraTh onTHMAaNbHYIO BEIMUMHY BUXpeBoro uucia H*, nmpu kotopoii pac-
XO/J1 TOIJIMBA MUHUMAJIEH.

C nomousto nporpammsel [JU3EJIb-4T npoBoauics pacyeT nmapameTpoB pabodero
npornecca orceka auzens AM3-238 npu uzMmeHeHuu BuxpeBoro umcia H or 1 mo 4.
Ha puc.22 no mepe pocra H Bunna Hapacraromiast aeopmanus miaTeH MPUCTEHOYHBIX

* H - oTHOIICHHE YI'JIOBBIX CKOpOCTeﬁ BO3AYIIHOT'O BUXPA U KOJICHYATOI'O BaJjid.
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MOTOKOB OT KaxJ0i U3 4 cTpyi TorumBa. [19THa BRITATMBAIOTCA IO OKPY>KHOCTH KamMepbl
CropaHusi, HAaKJIAQJBIBAIOTCS APYr Ha Jpyra; 30HBI MX INepecedyeHus ypenuuuparorcs. (B
CBSI3U C T€M, YTO OOJbIIAsl YaCTh 30H MEPECEUECHHUs PACIOI0KEHA HA OOKOBON MOBEPXHO-
cti KC, To Ha Buax cBepXy OHa BUJHA HE MOJTHOCTBIO. )

H=1 H=2.62 H=4
Puc. 22. Jlepopmariust npuCTEHOYHBIX MOTOKOB paciblieHHOro Tomrea B KC nuszens
SAIM3-238 npu pa3HO HHTEHCUBHOCT BO3/AYIIHOIO BUXPS

260 .0 [ N SRR SRR N SO eeeeeeeeeeden.] OKCIIEpUMEHTANIBHBIE
H H H H H £
be . : 2 | OKGNEQUMEHT ; i | JaHHBIC IIOJYYECHBI
250.0 oo R T SR = +--1 SIM3 Ha oJTHOIMIINH-

— i Pacyer
: APOBOM OTCCKC OU3C-

240 . JIA.

65 .
T 0%
55,

n=2100 1/mumn;
Pe=7.0 bap,
gc = 0.0876 r/mmKn.

25.
(e JYYL

1I.EI 1|.5 EI.D 2:5 3|.EI 3|.5 |I.| 4I.D,
Puc. 23. V nenbHbIii 3 (peKTUBHBIN pacxo ] TOIUTHBA be U T0IM TOTUTMBA B HEKOTOPHIX Xa-
PAKTEPHBIX 30HAX MIPU Pa3HbIX HHTEHCUBHOCTAX BUXps H

[TpoBeneHHbIe pacueThl NO3BOJSIOT OMKCATh MEXAHMW3M TaK Ha3bIBAEMOTo Iepesa-
Buxpenus B KC muzens T.e. yXy[aIIeHUss SKOHOMUYHOCTH TIPH YBETUYCHUU HHTEHCHUBHO-
CTH BHUXpS CBEpPX ONTHUMAalbHON BeJWYMHBI. [Ipy Manol MHTEHCHBHOCTU BUXpPS IpHCTE-
HOYHBIE IIOTOKM OT COCEIHUX CTpPyH JIMOO COBCEM HE CONpHUKACAIOTCs, JUO0
COIPUKOCHOBEHHE WX - HE3HAYUTEIHHO (JIOJIA TOIUTMBA B 30HAX MEPECEUYCHHUs: Gy HE Be-
mka). OHAKo, ¢ POCTOM YTIIOBOW CKOPOCTH BHXDS, MPUCTEHOYHbBIE TOTOKM WHTEHCHBHO
BBITATUBaIOTCs 1o nosepxHocT KC 1 Bce cuiibHee HaKIIAABIBAIOTCS JIPYT Ha Apyra: yBe-
JUYUBAETCS JIOJIsl TOIUIMBA, B 30HAX mepeceueHus (ow > 12 - 15%) u, xak cineacTaue,
CHIDKAETCSI MHTEHCHUBHOCTh 00pa30BaHMs Pa3peKeHHON 00O0JOYKH G B 30HAX Iepecede-
Hus (puc. 23). Ho numMeHnHO B 0005104Ke CBOOOJHOM CTPYH M HaJl MPUCTEHOUYHBIM TOTOKOM
HAWTy4IlIAe YCIOBUS JIJISl HCTIAPEHUS U 4eM OOJIbIlle TOIUTMBA OyIET paccestHo B 000JI04-
Ke, TeM Oonbie OyJaeT CKOpOCTh TETUIOBBIACIEHUS W d(PPEKTUBHOCTH mukiaa. Heratus-
HbIA 3 (EKT OT CHMKEHHUS J10JIM TOIUIMBA B 00OJOYKE, B KOHIE KOHIIOB, HEUTpaIU3yeT
OJaronpusATHOE BO3JEHCTBUE POCTa 3aBUXPEHHOCTH 3apsja U MPUBOJUT K YBEIUYECHHIO
MIPOAOIDKUTENIEHOCTH CTOPAHUS M YIETBHOTO 3(h(PEKTHBHOTO pacxo1a TOTIINBA.
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1.2.7. BiusiHue OpMeHTALMH CTPYH B Kamepe cropaHus Ha napametpsl [IBC

Pacuemnoe uccnedosanue enuanus yena HakioHa MONIUBHBIX CMPYIL
Ha napamempul cy006020 ouzensi 64H30/38

W3BecTHO, 94TO yroJyl HaKJIOHA PACTIBUIMBAIOIINX OTBEPCTUHN (YroJ MEXIY OCHIO ITH-
JUH/PA U OCbIO CTPYH), B OCOOEHHOCTHU Uil Iu3eliel ¢ 00bEMHBIM cMeceoOpa3oBaHuEM,
JOJKEH UMETh ONTUMAJIbHOE 3HaYeHHE, P KOTOPOM JOCTUTAIOTCSA HaWIydIlne IMoKasa-
tenu padotsl JIBC.

Llenv:  PaccumTaTh ONTUMATBHYIO BEIMYMHY YI1a HAKJIOHA TOIUIMBHBIX CTPYH Y, MpH
KOTOPOH pacxo TOIIMBA MUHUMAJIEH.

B npouecce 4McIeHHOro SKCHEPUMEHTa YroJl HaKJIOHA CTPYH Y M3MEHsUICS OT 55
1o 85 rpagycoB (pacnbiiutenb 8 x 0.5). Jlns kaxaoro BapuaHTa OpUEHTALlMU OTBEPCTUI
Hacoc-(QOPCYHKH PACCUYUTHIBAJICS pabounii mpoliecc au3els, BKIYas cMeceoOpa3oBaHue
u razoobmeH. MccrenoBanuch Ba pexxuMa paboThl; MpeacTaBlIeHHbIe rpaduyeckie mMa-
Tepuaisl (puc. 24) COOTBETCTBYIOT PEKUMY MOJTHON MOIIHOCTH.

[Iporpamma Buzyanuzauuu "Fuel Jet Visualization" mo3BosisieT KOHTpPOJIUPOBATH
KOJINYECTBO TOIUIMBA, MOMNABIIETO B XapaKTepHbIE 30HBI KaKJOW U3 TOIUIMBHBIX CTpYH.
Hawnyumue ycnoBust ucnapeHusi B 30He 000JI0YKH CBOOOHOM CTPYH U €€ MPUCTEHOYHO-
r'0 TIOTOKA, HAUXY/IIINE - B SJIpe CBOOOIHOM CTPYH M HA TIOBEPXHOCTH 3epKaJia IIINHApPA.

TR [Tpu Gompmux

Hao.crrun yrnax CprH
Ho.crenx (’Y=850) a0 20%

15 d Krruxa_ TOIIJIMBA IIOoIIaaa-
L1k L. e FK
’ . €T Ha 3CpKaJIOo
nnuHapa. [pu
& 546 %6 —sse —ave —aze MR 1Ip

MaJIbIX yTJiax
a) v=85° Pacnipenenenue TormBa o 30HamMm o
) . = (y=65°) ctpyun

[ - |

b' =2 O6onouxa OBICTPO JOCTHUTA-
& al: Ho.cTEymM o
e : a FOT TOPSYEH 110~
A« CTEHK
-2 Kepiaxa_ u BEPXHOCTU
sk ML e MOPIIHS, CPaBHU-
al: Pizni TEJILHO paHO Ha-
348 355 378 385 408 415

guHaeT GopMu-
pOBaThCS SJIPO
Puc. 24. Pa3BuTye TOIIMBHBIX CTPYH IPU Pa3HBIX YIVIaX HAKJIOHA  MPHUCTEHOYHOTO
PacHbIIMBAOLIUX OTBEPCTHH . MOTOKA, TOTJIUBO
B KOTOPOM HHTEH-
CUBHO MCHapsieTcs B HayaJlbHOM cTaauu cropanus (1o BMT). O6pa3syercs nepBblid MUK
CKOPOCTH TEIJIOBBIJIEIEHHUS], )KECTKOCTh CTOPAHUS YBEJIUYUBAETCS.

6) ’}/2650 Pacnpez[eneHHe TOIIZIMBA 110 30HAM

PaccmoTpum Gosee moipoOHO MpOTEKaHUE Tpolecca cMeceoOpa3oBaHus 0 Mepe
yBeIMYCHHS yria y. Pe3ynbrarel pacuera pacrpeiesieHus] BIPBICHYTOrO TOIUIMBA IO Xa-
pakTEepHBIM 30HAM JIJIsl Pa3HBIX YIJIOB Y cBeeHbl B Ta0nuiy. [lo mepe nmpubmmkeHus ocu
CTPYH K MOBEPXHOCTH KPBIIIKHA HUWIMHAPA TPOAOKUTEIFHOCTh U JAIILHOCTh €€ CBOOO/I-
HOTO pa3BUTHs Bo3pacTaroT. [Ipu yBenuueHUM IMHBI CBOOOTHON CTPYH YIYUIIAIOTCS
YCJIOBHUSI TOTAJJaHUs TOIUTMBA B Pa3peKEHHYI0 000JIOUKY, T/Ie HAWIYYIIIUE YCIOBUS UCIIa-
penmst. Jomst TormBa B oGoouke Bopactaer ¢ 50% mpu y=55° 10 84% mpu y=75°. Bei-
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3BAaHHOE ATHUM YBEJIMYEHUE CKOPOCTU MCHapeHHsi OJaromnpusaTHO CKa3bIBa€TCS HAa CKOPO-
CTH TEIUIOBBIJICIICHUs] U OOITUH pacxo]i TOIJIMBA CHIIKAETCS, JIOCTUTass MHHUMYyMa TIPH
v= 65...75°. OnHaKo, ATO CHUYKEHUE MPOUCXOAUT JUIIb JI0 TOTO MOMEHTA, ITOKa 3aMETHAs
4acTh TOIJIMBA HE HAUHET OCENaTh Ha 3epKaje nuiuHapa. JlanpHeliee yBeIuueHue yria
Y 110 85° MPUBOJIUT K Tonaganuio 10 20% ToruiMBa Ha 3€pKajio IUJIMHJIPA, YTO BbI3HIBACT
CHUKEHUE CKOPOCTH TEILJIOBBIICICHUS] B 3aKJIIOUUTEIBHON CTaJWM BIOPHICKA U PE3KUI
POCT pacxo/ia TOIUINBA.

Brusinue yena naxnona monausHvlx cmpyii y Ha napamempul paboue2o npoyecca

v, Pasnuna B pacxo- | [losa tormusa B | [lonst tomu- | XKectk. cro-
rpag i€ TOILINBA, 000I104KE Ba, Ha 3epKaje | pan. dP/d¢, Pesxxum
r/(kBT 1) CTpyH AIHHAPA Oap/rpan.

55 +5.6 50.3 % 0. % 5.6 n=750mun""
65 -1.0 78.7 % 0.2 % 5.35 Pe=17 Gap.
75 0. 84.3 % 0.46 % 4.8

85 +4.9 68.3 % 20.4 % 5.0

55 +7.1 45.0 % 0. % 4.14 n=600mMun"
65 0. 72.7 % 1.7 % 4.15 Pe=11 6ap.
75 0. 76.4 % 1.9 % 4.08

85 +9.4 59.2 % 30.4 % 4.12

Ipu Manbix yraax v = 55°...65° Ha6mr01acTCst MOBBIMICHHAS KECTKOCTH COPAHH,
BBI3BAHHAS TEM, YTO IpU 00Jiee paHHEM CTOJKHOBEHUHU CTPYH CO CTEHKOM paHbllle HaYu-
HaeT (hopMUPOBATHCS MPUCTEHOYHBIN CJIOH, MPUYEM BKJIaJ €ro B 00IIyI0 CKOPOCTh UCIIa-
pEeHHMs MPEBBIIAET NOTEPU OT "Heopa3BUBLICHcS" (3a CUET CTOJKHOBEHMSI CTPYH CO
CTEHKOI) pa3pe’KEeHHOUN 000J0UKH. DTO MPOUCXOAUT MOTOMY, YTO YaCTh TOIUIMBA U3 YII-
JIOTHEHHOTO si/ipa CBOOOHOM CTpyH (TA€ OHO MPAKTUYECKH HE UCTapsieTcs) MEePeXoanuT B
PO MPUCTEHOYHOTO ITOTOKA, B KOTOPOM XOpPOIIIHEe YCIOBUs ncnapeHus (puc. 24, KpuBble
"SAn. Ctpyn"). YBeanueHne CKOpOCTH UCIAPEHUs B IEPBOM MOJOBUHE BIPHICKA U BbI3bI-
BACT YBEITMUCHHE KECTKOCTH CrOpaHust (KpuBbIe ¥ =55...65° , puc. 25).

OnTUMaJbHBIM CIIEIyeT cunTaTh 9t
YTOJl HAaKJIOHA CTPyH y=750, npu

KOTOpOM  HawiIyylias 3KOHO- N =85
MUYHOCTbD OCTHUTAETCsI IpU ¥=65 : o

UH P 'r=55;‘I \\
HAaNMEHBIIIEH KECTKOCTU Cropa- 02

Husa. OO0 >TOM K€ CBUIETEIBCT-
BYIOT JKCIEPUMEHTHI, IPOBE-
nengaele Ha 1O "KomoMmeHckuit
3aBoj".

.0

TDC 20

Puc. 25. Bnusinue yria HakjoHa CTpyH Yy Ha
NPOTEKaHHE KPUBBIX CKOPOCTH TEILJIOBbIICICHUS
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1.2.8. ConocraBiieHne pe3yabTaTOB PacyeTa ¢ IKCINEePUMEHTATbHBIMH IaHHBIMHU

[Iporpammusiii kommiieke JAU3EJIb-2/4T no3BossieT NpoBOAUTH pacyeTHbIE HCCe-
JoBaHMsSI pabouero mporuecca JoObIX MOPIIHEBBIX JBUTATENIed BHYTPEHHETO CrOpaHUs.
Hcnonb3oBaHue B MporpaMMe MaTeMaTHYECKUX MOJIENeH, OTpa)aronux CyIIHOCTh ¢u-
3UYECKUX MPOLIECCOB, MPOUCXOMASIINX B JABUTATENE, MO3BOJISIET MOJIYYUTh BBICOKYIO TOY-
HOCTh Pe3yJbTaTOB YUCIEHHOTO dKkcniepuMenTa. OnbiT ucnonb3oBanus [1K JIU3EJIb-2/4T
MIPUMEHUTENIBHO K JIBUTATENISIM Pa3HOTO pa3Mepa M Ha3HAUYEHHMs IOKa3ajl, 4TO OH IO3BO-
JSieT TMPOBOJUTH pacueThl 0€3 MpeBapUTEIIbHON HACTOMKHU UCTIONB3YEMBIX KOd(hduiineH-
TOB Ha KOHKPETHBIA JBUTaTeNb. JlOCTATOYHO MCIMONB30BaTh HACTPOMKU C OJM3KOro IO
pa3Mepam JBUTaTelsd WIM HACTPOMKH «I10 YMOJTYAHUIO». /[ mosydeHus HaleKHbIX pac-
YETHBIX PE3yJbTAaTOB MPU MOMCKE MYyTEH YIIYUIIEHUs] XapaKTEPUCTHK JBUTaTENs, CHUMKE-
HUSl YPOBHSI SMUCCUU BPEIHBIX BEIIECTB M T. I. 11€J€CO00pa3HO MPOBECTU COMOCTaBIe-
HUE PAaCUETHBIX JaHHBIX C pe3yJIbTaTaMu U3MEPEHH MapaMeTpoB ABUTaTess B 0a30BOi
KOH(UTypaly Ha HECKOJIbKUX pexumax. [1o pesynbraram cpaBHEHUs, €CIM 3TO MOTpe-
OyeTcsi, MOXHO TMPOBECTH JIOTIOJHUTENIbHYI0 HACTPONKY HEKOTOPBIX SMIIMPHUYECKUX KO-
s¢ppunrentoB. KonuuecTBo 3MOUpUYECKUX KOIPPUIMEHTOB HEBEIUKO, OHHM CTPOTrO
MTOCTOSIHHBI 7151 JTFOOBIX PEKUMOB PaOOTHI ABUTATEINS U 17151 JTI000H ero KOHPUrypamm.

Hwxe npuBoauTCs CpaBHEHHUE PACUETHBIX U SKCIEPUMEHTAIBHBIX JAHHBIX JJI IH-
3end rpy3oBuka KamA3 -7405. JlaHHble [Uisi COMOCTABICHUS B3SThI 711 PEKMMOB BHEIII-
HEl CKOpPOCTHOM XapaKTepUCTUKU. BennuuHbl BCeX SMMNHUPUYECKUX KOIPPUIMEHTOB
CTPOrO UJICHTUYHBI.

DxcnepuMeHTalbHbIe HaHHbIe TpegocTaBiieHbl HTL] «KamA3y .

N3mepenus u o0paboTKa JaHHBIX MPOBOJMINCH Ha cTeHae pupmbl AVL.

OcHogHble KOHCmpPYKmMueHvle OaHHble
[TonHbI IepeyeHh HEOOXOAMMBIX JTAHHBIX IS pacyeTa (C WILTIOCTpAIsIMU) U3-3a
orpaHuyeHusi oobema 37ech He mpuBoAUTCS. C HUM MOXKHO 03HAKOMUTHCS B INTERNET
Ha caifte nocsseHHoM nporpamme JJU3EJIb-2/41
URL: http://www.bmstu.ru/facult/em/em2/diesel/d1 1rus.htm .

HasBanue nBurarens. KamA3 -7405
JuameTp nuimHapa, MM 120

X0 NOpIIHS, MM 120

JlnmuHa maryHa, MM 225

Uucno MuIMHIPOB JBUTATEINS 8

CreneHb cKaTus 16
Pacneriurens 4x0.3
Marepuan nopIIHs WIK €ro rOJIOBKH, €CJIH NOPIIEHb CO- cTallb
CTaBHOW (YyryH, CTallb, A TFOMHHMI)

Marepuai KpbIIKH MWIHHAPA (IYT'YH, CTallb, ATFOMUHUN) aJIFOMUHUA
CucreMa OXJaXIEHUs: - )KUJAKOCTHASI WJIM BO3IYIIHAs. JKMIKOCTHAS
Kaxxnprit psg V oOpa3HOTo Iu3ennst IMEET CBOM TypOOKOM-

MPECCOP U 2 BBIMYCKHBIX KOJUIEKTOpA, OOBEAUHSIONIIMNX IO

2 MWIMHAPA U COSAMHEHHBIX ¢ MPeoOpa3oBaTeIeM UMITYIIb-

COM BBITIOJTHEHHBIM B YJIUTKE TYpOUHBI.
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Pacuemnas cxema KC u opuenmayuu monaunolx cmpyu

Buemmnwuit nuametp KC, dc:
Paauyc ckpyrnenus B ueHTpe, rc: 20 mm
Panuyc ckpyrnen. Ha nepudepun, rp: 5 Mm
I'my6una KC B nentpe, hc:
I'nyouna KC na nepudepun, hp: 23.2 mm
VYron nakiona oopasyromeit KC

TJIOCKOCTH TIOPIIHS Y-
Hannopmneoii 3a3op h clr:
CwmenieHne pactbUIUTENS OT OCH Si: 0 mm
BricTynanue ocu pacbUTUTENS OT

JTHUIIA KPBIMKY hi:

KonndecTBo MACHTUYHBIX CTPYI: 4x0.33
VYron f3: 0
VYron a: 60°

64 MM

23.2 MM

90°
1 MM

2 MM

Kamepa cropanust mu3ens U pacroiox)eHne TOIUTMBHBIX CTPYH MpeACcTaBlIeHbl Ha puc. 27.

Peszynomamul pacuema:
CpasHenue pacuemHuvlx U IKCNePUMEHMATbHbIX OAHHbIX

HHmeepaﬂbele nokaszameiu

[Tapamerp n=2200 1/mun n=1400 1/mun n=1000 1/mun
Okcnep | Pacuer | Okcnep | Pacyer | Okcnep | Pacuer
Ne -Momnocts, KBT 192.3 193.6 140.1 138.8 92.6 92.5
be -Ynpenwnsiii apdext pacxon | 213.7 | 2124 201 202.8 212 212.2
TOIUIMBA, I/(KBT*u)
Pe -Cp.sdd. naBnenue, 6ap 9.66 9.72 11.06 | 10.96 | 10.24 | 10.22
Pi -Cp. unaukatopHoe 11.74 11.7 12.51 12.03 | 11.18 | 11.05
naBieHue, oap
GB -Pacxon Bo3myxa, Kr/c 0.346 0.346 0.178 0.182 0.110 0.112
Pz -MaxkcumanbHOE IaBJIeHUE 130.7 129.5 116.8 121. 105.2 107.9
1MKJIa, 0ap
PBrp - MakcumanbsHOE naBiie- 672 665 540 532 355 349
HUE BIpHICKA, 6ap
Hartrige-YpoBeHb gpiMa 1o 7.0 7.8 20. 15.9 41. 38.
niKane XapTpupKa
Pt -/laBienue razoB nepej 1.89 1.89 1.37 1.36 1.19 1.2
TypOuHOMU, Oap
Tt* -TemmepaTypa razoB nepen 768 764 798 753 788 752
TypOuHoOH, K
Tron -Temneparypa orHeBOro 454 459 436 439 416 430
JTHUIIA ToJIOBKH , K
qc -llukioBast momayva TOIUI., T 0.0778 0.0838 0.0818
F1 Brp-I1pogomkuTenbsHOCTb 21.2 15.35 14.05
BIIPBICKA, TPAJl. T.K.B.
Fi onep- YOB, rpaa. n.x.s. 14. 12.4 12.
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OTnuuue pacuyeTHOH TeMmeparypsl ra3a nepea Typounoit Tt* ot usmepeHHoi o0y-
CIIOBJICHO XOPOIIIO U3BECTHBIM OOCTOATENECTBOM: HM3MEPEHHE TEPMOIApOil TeMIepaTyphl
MyJIBCUPYIOUIETO MOTOKA JAeT 3aBBIIICHHBIC pe3yabTaThl. OmmOKka N3MEpeHus: TeM 00JIb-
mre, 4eM OOJIbIIe OTHOIIIEHUE TMepernaja JaBICHUS B UMITYJIIbCE K CPEAHEH BEIIMYMHE /1aB-
JICHUSI.

Hexoropsie mapaMeTpsl U3 TaONUIBI IpeACTaBIeHBI Ha rpaduke (puc. 26).

Hartridge
48 .8
Puc. 26.
20.0 |- : . pz CpaBnenue
' ' : X bar PaCUYCTHBIX U
8.8 | I I 130.0 AKCIEPUMEH-
: TaJIbHBIX JIaH-
' 115.0
| HBIX JU3EIISA
he !
Ak . - R Tt : w00 KamA3 npu
- T pel. U ' pabote ero o
| alculated ! consumption be ! -
215.0 |- ng ey i Tt i BHEIIHEH CKO-
o ' ' OCTHOM Xa-
el R S e el Rttt ety paKTe F—
18808 128080 1488 1688 18808 2880 2208 [IL.pm. p p

Pe3ynbrarhl pacuera cmeceoOpa3oBaHUsl U CrOpaHusi, OTOOpaKeHHbIE B rpaduue-
CKOM BHjIe ¢ momolisio mporpammbl Fuel Jet Visualization npencraBnens! Ha puc. 27.

B pesynbrare pacuera mpouecca cMeceoOpa3oBaHUs BBIUMCISIOTCSA JOJIU TOIJIUBA,
MOTIABIIETO B T€ WJIM WHBIE XapaKTEPHBIC 30HBI. DTH JIAHHBIC TIOMEIIAIOTCS B CIICIIHATh-
Hble Tabmuubl (cM. pasaen 1.2.9. " AHanmu3 pe3yibTaTOB pacuera cMeceoOpa3oBaHus").
AHanu3 3TUX JAHHBIX TMO3BOJISET BBISBUTH CWJIbHBIC U CIaOble CTOPOHBI OpTraHU3AINH
npouecca cmeceoOpazoBanusi B KC uccnempyemoro au3ens, BbIIBUTh BO3MOKHBIE pe3ep-
BBl COBEPIICHCTBOBAHMS paboOYero mpoiecca ¢ IeNIbI0 CHIDKEHUS pacxojia TOIIUBA,
smuccuu apima u NOX.

Allocation of fuel in the zones
Sigmg T

Environ. Puc. 27.

Jet: Core P

Pst.Hall €3yJIbTaT pac-

Cul.Head geTa cMeceo0-

cul-tall pasoBaHus U

e : cropanus B KC
345 368 375 39@ 485 420

Injection and hest release JIN3€eIIs Ha pe-

dx~dF i L &
dxsdF i KHUMC ITIOJTHOU

]

=

B3|

MOIIHOCTH
et n=2200 1/MuH,
sk Pe = 9.7 6ap

a |
345 3668 375  3F9@ 485  Fj

Ha puc. 28 npuBeneHO CONMOCTaBIEHUE PACUETHBIX U U3MEPEHHBIX 3aBUCUMOCTEN
JABIICHUH B LIWJIMHAPE OT yIjia TOBOPOTA KPUBOIIUIIA. “3aMEpPEHHAsT” CKOPOCTh TEIIOBBI-
JIeIeHUs TIoJTy4eHa 00paboTKOM SKCIEPUMEHTATBHBIX 3HAUCHHUH JTaBICHUS.

XapakTepUCTUKH BIPHICKA, HEOOXOUMBIE JIsl pacyeTa, MOJy4eHbl SKCIIepUMEH-
TaJIbHO U SIBJISIIOTCS BXOJHBIMU JJAHHBIMU IS pacuera.



33

H3menenue oasnenus 6 L;wzum)pe u ckopocmu menosbloeneHUs.
no yeajiy nosoponia eaid Ha pa3HvblX PeNCUMAX

KamnAZ 74053 n=2200 1/min, He = 192 kHt

S [ beeeieeeead140. 0

dafdyp ; | P,
— iMeasur. Bar
: : P : : : —— iCaleul.
0.06 [ b e e T S ot 1160
Cylinder pressure:P
0.04 S ----------- . 4+---1 90.0

i i
340.0 250.0

KamAZ 7405 n=1400 1/min, He = 140 kMt
dtfehp | | p
i — Measur. Eiar
—=— iCalcul.
O0.06 [ e I S 100.0
- Sheed af injection”
o.04 _J ............... s g80.0
0.02 | ......................................... &0.0
0.00 [0 27l e e b - 40.0
1 1 1 1 1 1 1 1 1 1 1 1
340.0 350.0 360.0 370.0 380.0 2390.0 400.0

dr/dp Speed of injection”™:  — Measur, | éj

i g ' —=— iCalcul, ar
0.06 F-eeioommemmaeanfs N N 0 -G S S AR 100.0
O.048 b-cdoeoo .. ..... g0.0
0.02 iR el lldL &0.0
0.00 |- —— T 40.0

1 1 1 1 1 1 1 i
340.0 350.0 360.0 370.0 380.0 390.0 400.0 Hb

Puc. 28. InnukaTtopHbie AuarpaMmsel - P 1 KpuBbIe CKOPOCTH TEIUTOBBIIEICHHS - dX/dJ,
MOJTYY€HHBIC SKCIIEPUMEHTATIBFHO M PACUETHBIM CIIOCOOOM JJIS TPEX PEKUMOB BHEITHEH
CKOPOCTHOM XapaKTePUCTUKH.
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H3zmenenue napamempoe casa 6 Xo0e 2azo0bmena

KamAZ 74053 n=2200 1/min, He = 192 kHt

L
—h—— Measur.

-a-b-c-f-g- :_Eal::ul.

KamAZ 7485 n=14808 1/min, He=140 kHt

KamfAZ 7483 n=1888 1/min, He = 28 kHt

_h— :Measur.
-a-b-c-f-a- 10a cul.

P

Puc. 29. 3sMeHeHne napaMeTpoB B LIWJIMHJPE U KojuiekTopax asurarens KamA3-7405,
MOJIYYeHHBIC SKCIIEPUMEHTAIBHO M PACYETHBIM 00pa30M ISl TPEX PEKUMOB BHEITHEH
CKOPOCTHOM XapaKTePUCTUKH.
O6o3HaueHus:
JlaBneHue B IMJIMHJIPE: a — pacueTHoe; h - u3MepeHHoe ;
b - 1aBlieHKE B BBIITYCKHOM KOJUIEKTOPE; C - IaBJICHUE BO BITYCKHOM KOJIJIEKTOPE;
TUIOIA/Ib MPOXOIHOTO ceueHUs: d - BBIITYCKHOTO KJIallaHa; € - BITYCKHOTO KJIalaHa;
CKOpPOCTh ra3a: f — B BBIIIYCKHOM KJIAIIAaHHOM KaHaJe; g — BO BITyCKHOM KaHale.
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1.2.9. Ananu3 pe3yJbTaTOB pacyera cMeceo0pa3oBaHus Pa3HbIX au3eieil

B pe3ynbraTe pacdyera ABWKEHMS KaXAOW W3 TOIUIMBHBIX CTPYW B IMpOrpamme
JU3EJIb-2/4T BBIMHUCIAETCS KOJMYECTBO TOIUIMBA, MOMABIIETO B KAXKIYIO M3 XapaKTep-
HBIX 30H. BHYTpH 0J1HOI XapaKTepHOU 30HBI MPUOIU3UTEILHO OJJUHAKOBBIC YCIIOBUS UC-
napeHus TornBa. CKOpOCTH UCTIapEHUs TOIUIMBA B PA3HBIX 30HAX CHUJIBHO OTIMYAOTCS.

Jls xoporiero cMmeceo0pa3oBaHMsl CIE€IyeT KOHCTPYHUpOBaTh (hopMy KaMephl Cro-
paHus U HAMpPaBJIATh CTPYU ONTHUMaNIbHBIM 00pa3om. [Iporpammusiit komriexe JIU3EJIb-
2/4t mo3BoJseT OUEHUTHh IP(HEKTUBHOCTh KaXKJIOTO BapuaHTa KOHCTPYKIIUU C TTOMOIIBIO
pacueta. C 3Toil 1enbi0 B (haiisl pe3yabTaToB BBIBOJUTCS TaOIHIA, COAEpKallasi pacmpe-
JIEJICHUE TOIUIMBA OT Ka)XJO0M CTPyM MO XapaKTEPHBIM 30HAM, BKJIOYAs 30HBI Iepecede-
HUSl IPUCTEHOYHBIX MOTOKOB OT COCENHUX CTpyH. UTOOBI 10OUTHCS OBICTPOTO CrOpaHHs
CJIelyeT HAMpaBIATh KAXKIYIO CTPYIO TaK, YTOOBl MAaKCUMAaJbHOE KOJUYECTBO TOILIMBA
MOMa/iajo B 30HBI C XOPOIUMMH YCIOBUSIMHU JIJISl UCMApeHUs: B 000JIOYKY CTpyH, B 000-
JIOUKY NMPUCTEHOYHOTO MOTOKA U, YyTh B MEHBLIEH CTENEHU B SIAPO MPUCTEHOYHOTO TOTO-
ka. Cienyer uz0erarh momajianus OOJBIIOTO KOJIWYECTBA TOIUIMBA B 30HBI C HU3KOM CKO-
POCTBIO MCIIAPEHMS: 30HBI MEPECEYEHUs] MPUCTEHOYHBIX MOTOKOB COCEJHUX CTPYyH, HA
3epKajio U KPBIIKY HMiaMHApa. Huke mpeacraBiieHbl pe3yabTaThl pacyeTa cMeceoopaso-
BaHUSA aBTOMOOWJIBHOTO AM3ENsl ¢ HaAMyBOM (LIEHTpaJbHOE PaCIoNioKeHHE (HOPCYHKH,
pacnbiuTesb 4 x 0.33).

Pacnpeoenenue monnusa no 3onam (momenm oxonuanus pazeumusi cmpyii) %
KamA3 - 7405, n=2200 1/mun, Pe = 9.7 6ap. Cxema KC npezacrasnena Ha puc. 27.
Buxpesoe uncno qis KC B koHne cxarnsa: H = 3.

No Obomnouka | Anapo cBo- Aapo | O6nacts [ToBepxH. 3epkaio

CTPYH | CTPYH U 6on. Crpyu | n/m* nepeceye- TOJIOBKH WIAHAPA
n/m* Hug n/m* 100581050301 (o):]

1 74.90 2.90 2220 0.0 0.0 0.0

Sum | 74.90 2.90 2220 ]0.0 0.0 0.0

* 1/m - IpUCTEHOYHBIN MOTOK.

Ecnn CTPYHU TOILIMBA Pa3BUBAIOTCA B PA3HLIX YCIIOBUAX, TO Ta6n1/ma COACPKUT NAHHBIC

JUISL KaXKJI0M CTPYH.

Pacnpeodenenue monnusa no 3onam (Momenm oxonuanus pazeumusi cmpyi) %
CM: n=1800 1/mun, Pe=7.7 6ap. (D =120 mm, S= 140 mm, comna 4 x 0.33)
Cxema kamepsl cropaHus npeacTaBiieHa Ha puc.10

Ne O6omnouka | Aapo cBo- SAnpo | O6mnacte [ToBepxH. 3epkano
CTpyH | CTPYH H 6on. ctpyu | /m nepeceye- T'OJIOBKH WIMH]IpA
n/m HUA II/1I 1005810503 01 (o]

1 17.03 0.08 7.84 0 0.05 0

2 19.61 0.38 5.01 0 0 0

3 20.95 0.61 3.43 0 0 0

4 17.09 0.09 7.57 0 0.24 0

Sum 74.69 1.17 2385 |0 0.29 0

W3 nomy4eHHbIX pe3yabTaTOB CIEAYET, YTO TOTUIUBO OT 1 1 4 CTpyii JOCTUTAET MOBEPX-

HOCTH I'OJIOBKW HWJIMH/ApPA, NPUCTCHOYHLIC ITOTOKH CprfI HC MCPCCCKAIOTCA.
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Jlnst qusenst ¢ 00beMHBIM CMeceo0pa3oBaHNEM, HAa CTEHKHA KaMephl CTOPaHHUs TOTa1aeT
BJIBOC MEHBIIIC TOIUIMBA, YeM JJIs ABUTATEIIS C 00bEMHO-TIJICHOYHBIM MPOILIECCOM (CTOJI-
oer: "SAapo n/m").

Pacnpeoenenue monnusa no 3onam (Momenm oxonuanus pazeumus cmpyii) %
42 n=750 1/mun, Pe=17.06ap. (D=300mm, S= 380 mm, comna 8 x (.5).
Bce ctpyn uaenTranbl. CxeMa Kamepbl CrOpaHusl MpeICTaBlIeHa Ha puC. 6.

No Obomnouka | Anxpo cBo- Aapo | O6nacts [ToBepxH. 3epkaio

CTpyH | CTPYH H 06o1. ctpyn | n/m nepeceye- TOJIOBKU HWIMH]Ipa
/o HUS T/10 ATUHAPA

1 84.32 1.73 13.54 |0.97 0.0 0.41

Sum 82.27 1.73 12.57 |3.03 0.09 0.41

W3 nonydeHHbIX pe3y/lbTAaTOB CJIEAYET, YTO JIMIIb OYEHb HE3HAUUTENIbHAs 4YacTh
TOIUIMBA JOCTUTAET IMOBEPXHOCTH 3epkana nuinuHapa: 0.41%. IlpucteHouHsle MOTOKH
CTpy# mepecekarorcsa. B pe3ynbraTe nepecedeHus cymmapHas J0Jsl TOIUIMBA B 00OJIOUKe
BCEX CTPyW CHMXaeTcs Ha 2 % W 4acTh MPUCTEHOYHOTO MOTOKa Beex ctpyi (3.03%) uc-
napsieTcsl B 30He IepeceyeHus] MPUCTEHOUHbIX NOTOKOB. Ho 3TH oueHb ManeHbKue KOoJu-
YyecTBa TOIUIMBA HE OKAa3bIBAIOT CYILECTBEHHOTO HETaTUBHOTO BIMSHMS Ha CKOPOCThH CroO-
paHusa. 3aMe[JIeHUE CropaHusi BCIIEJICTBHE IEPECEUEHUs] TPUCTEHOYHBIX ITOTOKOB

HAYMHACT MPOUCXOUTH TOT/Ia, KOTJIa CyMMapHast JI0Jisl TOIIMBA B 3TUX 30HAX JIOCTHTAET
10 % u Goitee.

Pacnpeoenenue monauea no 3onam (momenm okonuanus pazeumus cmpyi) %
AM3 236: n=2100 1/mMun, Pe =7 6ap. (D =130 mm, S = 140 mm, comua 4 x 0.32)
Bce ctpyu nnentnynsl. Cxema KaMepbl CropaHus Mpe/CcTaBiIeHa Ha puc. 22

No Ob6omnouka | Anapo cBo- Aapo | O6nacts [ToBepxH. 3epkaio

CTpYH | CTPYH H oox. ctpyu | n/m nepeceve- TOJIOBKH WIAHPA
/o HUS T/11 AIHHAPA

1 65.77 0.55 28.07 |5.07 5.61 0.0

Sum 57.47 0.55 23.00 | 13.37 5.61 0.0

W3 nony4eHHbIX pe3yabTaTOB CIEAYeT:

B kaxnmoit ctpye 5.07% Bcero ToruBa MomajaeT B 30HY MepecedeHus] MPUCTEHOYHBIX
MOTOKOB. B pesynbrare sToro cHmkaercs Ha 8.3 % cymmapHas A0J1s TOIUIMBA B 000J104-
Ke Bcex cTpyil. (B obomouke cample Tydlliue yCIoBHs UcnapeHus.) YacTh MpUCTEeHOYHOTO
noTtoka Bcex cTpyH (13.37%) ucmapsiercst B 30He nepeceyeHus ¢ Majioil CKOPOCTHIO.

HeratuBHbiii >@dext oT momananus O0ibiIoro koiaudecta toruiuBa (5.61%) B
HAJMOPIIHEBON 3a30p M OCEBIIEr0 Ha MOBEPXHOCTU TOJIOBKM LIMIUHApPA HE Benuk. [Ipu-
Y1HA 3TOr0 B TOM, YTO I'OJIOBKA IIMJIMHJPA 3TOTO AU3ENS OTJIMTA U3 YyTryHa, UMEET OTHO-
CUTEIIbHO BBICOKYIO TEMIIEpaTypy, KOTOpas HE MO3BOJSET CHIBHO CHUXKATHCS CKOPOCTH
WCTIapEeHHUSI.

AHnanu3 Tabnuu pacnpezaeneHus Tomnusa u nporpamma Fuel Jet Visualization mo-
3BOJISIFOT ONTUMAIbHBIM 00pa30M MPOEKTUPOBATH POPMY KaMepbl CrOpaHusl JU3€is U BbI-
OupaTh YMCIO, TMaMETP W HAMpPaBICHHOCTh PACIBUIMBAIOIIMX OTBEpCTHH. DddexTus-
HOCTh Ka)KIOr0 PELIEHUS] OLEHUBAETCS MO SKOHOMUYHOCTH U YPOBHIO AMHUCCHM CaXH U
NOx. M0XHO IBITaTbCSI CBECTH K MHUHHMYMY POCT pacxoja TOIUIMBA IIPU CHWKCHUHU
smuccu NOX Tpu COBPEMEHHBIX TEHICHIIMSIX MPUMEHEHUS OTKPBITHIX KaMep CropaHus,
yBEIIMYCHUS JABJICHUS BIPBICKA, YMEHBIICHUS JUaMETpa Comell, 00eCreYeHHs MOJI0roro
(GbpoHTa HapacTaHUs JaBJICHUS BIPHICKA IIPU MAJIOM YIJIE ONIEPEKEHMsI MOAaun TOIIMBA.
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2. MATEMATHYECKAS MOJIEJIb 1 TIPOTPAMMHBII KOMILIEKC
BIIPBICK JJISI UCCJIEJJOBAHUI TOMJIUBOIOIAYM

[1K BITPBICK - pe3ynbrar pa3BuTHS MPOrpaMMHOTO oOecreueHus, pa3paboTka Ko-
toporo Hauata B 1983 r. Ilepen aBTOpamMu Bcerja CTOSUIM 3aaud CO3[AHUS MPOAYKTA,
MPUTOJIHOTO JIJIsl MPAKTUYECKUX HYXK]I, COYETAIOIIEr0 aJeKBaTHOCTh MaTEMAaTUYECKOU MO-
nenu peanbHoMy mporieccy TII, OpicTpoaeiicTBIE, HAIEKHOCTh AIITOPUTMOB M YI0OCTBO
pabotsl. [IK BIIPBICK co3maBaiics aisi KOHCTPYKTOPCKUX M UCCIIEIOBATENIbCKUX HYX]I,
HO Bcerja NMpeAnpUHUMAINCH MOMBITKA €0 aganTaliuy s 3aaad ooydenus [23,25,33].
ITK BITPBICK oGecrieunBaeT clieIyroIue BO3MOKHOCTH:

e MaTeMaTudeckoe MojaenupoBanue pabotsl TITA pa3nuyHOro coctaBa U CTPYKTY-
pbl. OGecrnieuena 6e3otHocUTENbHOCTh TIIA k HazHauenuto [IBC U KOHCTPYKTUBHOMY
BBITIONTHEHUIO cocTaBisronux TIIA (manpumep, THBJI - MHOTOCEKITMOHHBIC, HHIAUBUIY-
aJNbHbBIE, pacIlpeeNuTeNbHbIE, POTOPHBIE, TuadparMeHHble U T.1., IPUBOJ] IUTYHXKEpa -
KyJIayKaMH M TOJIKATEISIMU JIF0O00TO TUIIA, TUAPABIUYECKUI WM UHOU, (OPCYHKH OTKPHI-
Thl€, KJIallaHHbIE, HOPMAaJIbHBIE, INTH(TOBBIE U T.1.);

e cosznanue obOpasa TIIA Ha ypoBHE pelakTHUPOBaHHUS MCXOAHBIX JAHHBIX WIH B
rpaduueckom peaakTope;

e uccienoBanue TIIA Ha paznTUYHBIX pekUMax pabOThI, MOCTPOEHUE CKOPOCTHBIX,
Harpy304HbIX WU PETYIUPOBOUYHBIX XaPAKTEPUCTHK;

® MPOBEJCHHUE OJHO-, IBYX-, MHOTO(AKTOPHBIX YUCIEHHBIX IKCIIEPUMEHTOB;

® IpOBE/ICHNE MHOronapamerpuieckoil ontumuzauuu TTIA;

e opranmzaius copmectHor padotsl ¢ [IK JIU3EJIb, paspaborka TITA mo 3aman-
HOM XapaKTepUCTHKE BIPHICKA WIIM JPYTUM MOKa3aTessiM pabouero mporecca;

e nocroBepHoe onucanue TII, 1OCTUTHYTOE UCIIOIB30BAHUEM PE3YyJIbTAaTOB TEOpE-
TUYECKUX U IKCIIEPUMEHTAJIBHBIX UCCIEA0BAaHUM, TPOBeIeHHBIX B MI TV

® pa3BUTHIC CEPBUCHBIE BO3MOXKHOCTH 000104k [IK: ObicTpas moaroToBKa u KOH-
TPOJIb UCXOAHBIX JAaHHBIX, HAIJISIAHOE MPEJCTABICHUE PE3YNIbTATOB;

® TI0Jy4eHHE MHTETPAIbHBIX U MIHOBEHHBIX XapakTepuctuk padbotsl TITA, BKiTIO-
yasi JaBJI€HUs, CKOPOCTH, IEPEMEILICHHUS], CUJIbI, MOMEHTBI, HAIIPSKEHUS U JIp.;

[TK BITPBICK ucnosb30Balicss HEIOCPEICTBEHHO WIIHM MPU BBHIIOJIHEHUU Pa0OT ISt
OAO “3M3”, OAO “H3TA”, AMO “3uJI”, AO3T “KosiomeHCKHI1 3aBOJ’, B YHUBEPCUTE-
tax r.JIumsl u r.Apekuns! (Ilepy). B MI'TY um. H.D.baymana na 6aze 1K BITPBICK c
1993 r. BBenneHo kypcoBoe npoektupoBanue TIIA cryneHTamu 6 Kypcea.

Marepuaisl 3TOro W3JaHus JTOKIJIAIbIBATUCh Ha Hayd.-TeXH. KoH(pepeHmusax MI'TY
u MAJIN, xoud. “165 ner MI'TY um. H.D.baymana” (1995); “100 net pocuiickomy aB-
tomobwitro” (MAMMU, 1996); “IIBuratenn-97" (1997); “CrpaTterus pa3BUTHS YHUBEPCHU-
TETCKOro TexHU4Yeckoro obpazoBanus B Poccun™ (1998); “Pemenne skomoruueckux mpo-
6meM B aBTOTpakTOopHOM Komruiekce” (MAJIU, 1999); Hayu.-tip. cem. “CoBepiieHcTBO-
BaHHE MOIIHOCTHBIX, SJKOHOMHUYECKHUX M dKOJornueckux nokazareneit JIBC” (Bnaaumup,
1997), uznoxens B [22-42].

Omnucanne [1IK BITPBICK npuseneno B cetu INTERNET nHa cepBepe MockoBcKko-
ro TexHuueckoro ynusepcurera uMm. H.D.baymana, Ha caiite kadeaps! "[lopuineBbie qBuU-
ratenu": http: //www.bmstu.ru/facult/em/em2/inject/il 1rus.htm
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2.1. UccienoBanne TOIUIMBHBIX CHCTEM NMPOU3BOJIbHBIX KOHCTPYKIMIA

KoHcTpyKkuny BHOBb pa3pabaTbIBa€MbIX TOIUIMBHBIX CHUCTEM BCE MEHBIIIE COOTBET-
CTBYIOT TpaJIHIIMOHHON cxeMe 30-x rogoB. [laTeHTHas aKTUBHOCTb, TPOTHO3bI U TEHACH-
MU Pa3BUTHUS YOEXKJaOT B HEOOXOJUMOCTH CO3JaHUsl YHUBEPCAIBHOIO MPOrpPaMMHOTO
obecnieuenust st moaenupoBanus toruBonoaaun (TII) mpousBonbHOM TIIA. OOBIYHO
o7 HoBbIM TUIT TTIA mpuxXoauTCS TOTOBUTH HOBBIE AITOPUTMBI U IPOTPAMMBbL. ITO CyKa-
€T BO3MOKHOCTHU CO3/IaHMSI HOBBIX CUCTEM, NCKIIFOYAET MPOBEICHHUE JUCKPETHON ONTUMHU-
3aluM, TJIe B Ka4eCTBE ITapaMeTPOB MOTYT BBICTYIIaTh CAMHU 3JIEMEHTHI CUCTEMBI WM Ha-
au4ue cBsized Mexay HumH. B ornmume ot mpoaykroB ¢upm Caterpillar, Ricardo u
R.Bosch, I1K BIIPBICK renepupyet cxemy TIIA n3 puKCHpOBaHHOTO psiia YKPYIHEHHBIX
(YHKIMOHATBHBIX 3JIEMEHTOB, B3aUMOICUCTBYIOMINX MEXAy co0oit. OneprupoBaHue ¢ mo-
HATHBIMHU U OIIPEACIICHHBIMA KOHCTPYKTHUBHBIMH Y3JIAMH YCKOPSIET TEHEPUPOBAHNE CXEMBI
TIIA u pe3ko yMeHbIIaeT BEPOATHOCTb OIIMOKU ee uHTeprpeTanuu. K unciay Takux npu-
MHTHBOB OTHOCATCS:

® TUTYH)KEpHAs T1apa; ® T10JIOCTh IEPEMEHHOT0 00bEMa;

e TpyOONPOBO; ® PEryJINPYIOIIMM y3€ll ¢ IepeMeHHbIM UF U,
® JKUKJIED; BO3MOXXHO, JIEKTPUICCKHU FITH UHBIM

e (hopcyHKa I0OOro THIIA; croco0oM yTpaBisgeMbli (KJ1amnaH J1t000ro
® TU/IPOYCUIIUTEND, THUIIA, 30JI0THUK, KUKIIEP, AeMrdep U T.1.)

Z[aﬂLHeﬁmee YTOUYHCHUC BHJA IMPHUMHUTHBA, €I'0 KOHCTPYKTUBHBIX OCO6€HHOCT€I>1,

KOHKPETHBIX 3HAUCHWH MapaMeTpoB TPOM3BOIUTCS B TaONHMIAX HCXOJHBIX JaHHBIX
(puc.30).

= Dadn MNapanetpm TMNA OnTunuzauua PacueT FPeaynbrtatm Hactpodka

AOMNOAHHUTENLHBK KNAMNAH, 3J0N0OTHHK ., HUKNEF, AOEMNPEFR
THN QONOAHUTENBHOMD KNAMNAHA (2NEMEHTA)

Huk nep

NrpubkoBwmd KnanaH

HunuHgpuuecKud kKnanaH

WlapuxkoBwmd KnanaH

Moockud knanaH [:}
HronbuaTmd Kananad

MopuHe&od gennpep

JoNoTHUK

Mpanoe coobweHue nonocTed

OBUME MAPAMETFPLR =2MNEMEHTOB KPOHME 3I0MOTHHKA M HHUKNEFPA:
AuaneTp knanada (908 wapuk .U naocKkoro—-gHewHud,

T T T T T I T ]
R

g9nAa OoCTanbHBX—NO AMUuHUMmanobHOMY guaneTpy nocagouHoro
KOHYCa cegdgna Knanada, kKak npaBuno coBnagamuun o

NPeLUIUOHHOO LWUAuUHgGR .. noBepx—-TUul), nn 355 4 .808
Macca gBumMyuyuxcsa geTaned kKnanaHa, 352 5.4988
| +«— BBog I | MeuaTtob I | OTHazaTbcH I

F2 Zarpysure  F2 Cnactu F18 HMHenw Alt-H Buxog Madn: data—newscr.dat
PI/IC30 9KpaH peI[aKTI/IpOBaHI/IH JAHHBIX I10 3JICMCHTaAM FeHepHPOBaHHOﬁ THA

Pacuer mpouecca nomaunm npousBoibHOM TIIA obecrneueH yHuBepcaiuzanuen
ypaBHeHul Matematudeckoi mozenu [30,35] (cm. Hmxke). C momompio [IK BITPBICK
BO3MOXHO HCCJIEIOBAHUE BCEX PEAIbHO MCIOIb3YEMbIX WJIM ONBITHBIX CHUCTEM: YCIOX-
HEHHBIX Ha 0a3e TPaJAMLIMOHHOM, C MEXaHUYECKUM, THPABINYECKUM WIA IPOYUMH MPU-
BOJAMHU IIYHXEpPa, UHAUBUAYAIbHBIX, MHOTOCEKIIMOHHBIX, PACTPEAEIUTEIbHBIX TOILIUB-
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HBIX HacocoB Bbicokoro nasneHust (THB/I), akkyMyasTOpHBIX CUCTEM, C MYJIbTUILIMKATO-
paMu JaBJICHUA U T.II.

Hns tpaguumonnoin TIIA cyer BeneTcs 10 yCTaHOBJIEHUS IO IUKIOBOW IOjaye,
HayaJIbHOMY JIaBJICHUIO B JIMHUM BbICOKOTO AaBieHus (JIBJI). Jlns yciaoXKHEHHBIX CHCTEM
BO3MOJKHBI JIOTIOJTHUTENbHBIE KPUTEPUN CXOAUMOCTH, Hanpumep, 1 TIIA ¢ 3aMKHYTbIM
HAJBITOJILHBEIM 00BEMOM - 110 JABJICHUIO HAJ UIJIOH U T...

AIeKBaTHOCTh MHTEpNpeTanny peanbHo TIIA pacueTHON cXeMOl Iake IpH oIme-
pPUPOBaHUM YKPYIIHEHHBIMU IMPUMHUTHUBAMHU 3aBUCUT OT uccienosaress. Ha puc.31 nmmo-
CTpUpYETCS pa3nyue AaBICHUN B JaTUMKE Nepes (OPCYHKOM, MOITYYEHHBIX IPU pacyeTe
TIIA B npeanonoxeHuu eauHoro Tpyoonposona Mexay mrynepom THBJI u xkapmanom
(dopcyHKH (Kak OOBIYHO M CUMTAETCS) U MPHU pa30MEHNUU ero Ha COOCTBEHHO TPyOOIpoBOA
U KaHall B Kopnyce (OpPCYHKU € MPOMEKYTOUHOM MOJOCThIO. YTPOILEHHAs WHTEpIpeTa-
st 00€CIeYUT PACXOKACHHUE C IKCIIEPUMEHTAIbHBIMU JIaHHBIMHU.

PIliﬂ‘-'l':
ENp,

MIla

70.0 ; A f ononenannne ]

Y S JETSREpn: N T .. U

50.0 ; : f ........ S

30.0 i . ..................

10.0

17.5 32.5 575 325 !ilpx}m,lrpa;[
Puc.31. Pacuetnoe nasnenune B natumke nepen Gopcynkon P, u naBnenue Bupeicka Py,
¢ THB/ Lucas EPIC ansa nuzens 44HS,7/9,4: JIB]l untepnperupoBana oJHUM TPYyOO-

npoBoioM JutrHOM 600 MM min JuytrHOM 450 MM ¢ kaHaoM GopcyHkr 150 MM

2.2. I'padpnuecknii peqakTop MJisl FeHepalMu cXeMbl TOIUIMBHON CHCTEMBI

Jliis pa6otel ¢ TITA ycinoXHEHHBIX CXEM IMPEACTaBIseT OOJBIIYI0 TPYAHOCTh WH-
teprnperanusi cxembl TIIA u momydaembIx pe3ysbTaTOB C MOMOIIBIO TaK HA3bIBAEMOTO
“crioBecHOro moptpera”’. B aToll curyanuu okazaluch HE3aMEHHUMBI rpaduveckue Mpu-
noxkenuss. OHM cOCTOST U3 (aillioB U mporpamm rpaduyueckoro peaakTopa, Iporpamm
pacro3HaBaHusi 00pa30B, MPOrpPaMM KOHTPOJIS,, BCTPOCHHBIX B PAcCUETHBIE MPOTPAMMBbI
MOATNPOrpaMM ajanrtanuu rpapuyeckoro odpasza. [lompzoBarens GopMupyeT Ha dKpaHe
coctaB u cTpyktypy TIIA, ucronb3ys NPUMUTHBEI U yCTaHABIWBAas CBS3U MEXY KOH-
KPETHBIMH BXOJIaMU KaXXJ0oro W3 Hux. JluHuel unzolOpakaercs aKyCTHYECKH KOpOTKas
rupaBiIndeckas cBsa3b. Ha skpaHe pemakropa KaKIblii TIPUMHUTHUB OTOOPAKEH B MAJIUTPE
MEHIO M MOKET OBITh M300pakeH Ha pabodem moje (puc.32).

I'paduueckuii pegakTop momyckaeT oOBIYHYIO paboTy ¢ (aiimamMu rpaduyecKkoro
oOpa3a, yaaieHue, rnepeMerieHne, KOMUpOBaHUEe, BpAIllEHUE SJIEMEHTOB W CBs3EH, Ha-
CTPOUKY PEKHMMOB paboThI, BBIBOJ cxeMbl TIIA Ha medarh, B pacTpOBBIN WM TEKCTOBOM
(bhaiie! u ap.
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[Iporpammbl 00pabOTKK TpaHC(HOPMHUPYIOT PUCYHOK B MATpHUIy CBSI3€H, pacro-
3HAIOT 00pa3bl, HHTEpHPEeTUpYIOT cxeMy TIIA ans pacyeTHBIX Mporpamm, aHAJIU3HPYIOT
BO3MOXHOCTh (PyHKIIMOHHpOoBaHUs Takoil TITA.

JlJig KOHTpOJI pacrio3HaBaHUs BbIAAETCS cO0OIIeHHe 00 HHTeppeTaluuu rpaduye-
CKoro o0Opasa mporpamMMoi, a B KOH(JIMKTHBIX CUTYyalHsIX - COOOILEHHE O BEPOSTHOM
ommuOke. Ha puc.33 npencraBnena nqoctymnHas ais pacueton TIIA.

PenakTop BBINOIHEH B COOTBETCTBUM C OOIIEPUHITHIM CTAHAPTOM Ha MOJIb30Ba-
TeabCKU uHTEpdeiic u BctpoeH B 06o10uky [1K.

2.3. O0mias XapakTepuCTHKA MATEMATHYECKON MO/Ie/IM TOILINBONOAAYH

Pacuetsl TII naBHO cTany nNpakTUYECKUM MHCTPYMEHTOM HMCCIEAOBAHUS U JOBO-
ku TIIA. Ho mns pacmmpeHus X BO3MOKHOCTEM MOTpeOOBAIOCH JOMOJIHEHHE pacuerT-
HBIX MPOrpamMM anmnapaTroM ONTHUMH3AIMHN, COBPEMEHHOM cepBUCHOM 000104KO0il. B miane
COBEPIICHCTBOBaHUSA MaTemMaTuyeckor mozaenu TII ctano HeoOXOAUMBIM MOBBIIICHHUE €€
YHUBEPCATBHOCTH JJII UCCIEOBAHUS PA3HOOOPA3HBIX CHCTEM, a TAK)KE IMOBBIIIICHUE €€
aJIEKBaTHOCTH pealbHOMY Tpoueccy. B umcnonb3yembix cerogHs Meronaax pacuera TII
MMEETCsl HEMAJIO TONyIIeHn [22,24], MHOTHE U3 KOTOPBIX CTalu HENPUEMIIEMBIMU B HO-
BbIX ycioBusix TII. K HuUM OoTHOCSTCS Takue CyIIeCTBEHHBIC SIBJICHUS, KaK TEIUIOBBIC A(-
(bexThl, TByX(a3HOCTh, TPEHUE B YCIOBUIX HECTAIIMOHAPHOCTH, TUHAMUYECKHE SIBJICHUS B
MPUBOJIE, PA3HOUYTEHHS B OLICHKE YIIPYTUX CBOMCTB TOIUIMB U HEYYET PACTBOPEHUS U KOH-
JIEHCAIlMU Ta30BOM (a3bl MPU CXKATUM TOIUIMBA U Jp. MHOTME U3 HUX OMHCAHBI HEaJCK-
BAaTHO WJIM BOBCE HE OMHUCAHBI U3-32 HEM3YYECHHOCTH (PU3UUECKUX MPOIIECCOB, COMPOBOXK-
naromux TII.

Marematnueckasa mozaens [IK BITPBICK saBnsiercst He mpocTo KOMIUIISALIMEN HAU-
OoJee yJauyHbIX U aipoOUPOBAHHBIX METOJIOB pacdeTa, a 0a3upyercsl Ha psJie HOBBIX aB-
TOPCKHUX Pa3pabOoTOK B 00JACTH U3YUEHUSI 0COOCHHOCTEN Puznueckux nporeccon npu TII
Y UX aJICKBAaTHOT'O MaTEMaTUYECKOr0 OMUCAHUS. BOTBITMHCTBO U3 HUX MOAPOOHEE Omuca-
HBI B JOKTOpCKOU nuccepranuu [42]. HekoTopbsie 0COOEHHOCTH UCTIOIB3YEMBIX MOJEICH
JEMOHCTPHUPYIOTCS HUXKE.

2.4. PerieHus 3a1a4M 0 HECTALIMOHAPHOM TeYeHHH B TPyOONpoBoae
C HCNOJIb30BAHMEM METO0/[a pacnaja Npou3BOJbLHOI0 pa3pbiBa

W3 uncieHHbIX METOJ0B pacyera TEUeHHsI B TPyOONpOBOJIe OMpaBlaHbl OJHOMEP-
Hble Mojienu. OIHaKO, HEe BCE U3 HUX 00ECIIEYMBAIOT YUET ePEMEHHOCTH CKOPOCTH 3BYKaA,
cedeHus TpyOOmnpoBO/Ia, KOHBEKTUBHBIX IMOTOKOB, TUAPOAMHAMHYECKOTO TPEHUS, HEU30-
TEPMHUYHOCTH, JBYX()a3HOCTH TOMIIMBA, HE MCKAXAIOT PEIICHUE 3a CUET “pa3MbIBaHUS’
BOJIH, CXEMHOH BSI3KOCTH. B Haunbounbiiel crerneny 3TuM TpeOOBaHUSIM OTBEYaET METO/I0-
JIOTHUsSl pacriajia MpOU3BOJIBHOTO pa3pbiBa. ONMH U3 IBYX BapUaHTOB PELIECHUS OCHOBBIBA-
€TCsl Ha YPaBHEHHUAX HECTALMOHAPHOTO IBUKEHMS U HEPA3pPhIBHOCTU CKMMAEMOMl BSI3KOM
KUJKOCTU B KaHaJle IepeMeHHoro ceueHus [32]. I3MeHeHne ceueHus KaHalla pacCMaTpu-
BaeTcs Kak (paKkTop TeOMETPHUH KaHalla ¥ OT AepopMaIuu.

Jlpyras, KOHIENTyalbHO OJI3Kash MOJENb TEUEHHUs B TPyOONpOBOJE - KOHCEpBa-
THUBHBIM METOJI pacrajia pa3pblBa HENOCPEACTBEHHO Hcnoab3yeT Merogosoruro C.K. I'o-
nyHoBa. B 00oux ciydasix i1 yckopeHus pacuera u 0e3 yiepoa TOYHOCTH MPUHUMAETCS
OTCYTCTBHE CUJIBHBIX CKaUKOB IMapaMeTPOB (T.€. OTCYTCTBUU Pa3pbIBOB UX MPOU3BOIHBIX ),
YTO COOTBETCTBYET ycioBusiM TTIA.
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[IpennoxeHHble METOAMKN OCOOEHHO OIpaBAaHbl MPU CYHIECTBEHHOCTH YHOMSIHY-
TBHIX BBIIIE YCIOXKHSIOMMX TeueHHe 3((PeKToB, HapUMep, KaKk P UHTEHCUBHOM BIIPbI-
cke. [pyroii mpumep JOCTOBEPHOCTH METOAMK pacnaaa pa3pbiBa: OHU ONHUCHIBAIOT MOBbI-
IIEHHE OCTATOYHOI'O JIABJIEHUS B KOHILE IMOAAYM IOJ BIUSHUEM TpPEeHHs U Oojiee 10CTO-
BEPHO OMMCHIBAIOT KOHEI[ BOPHICKA U MOJBIPBICK. DTO JOCTUraeTcsi 0e3 NpUMEHEHUs UC-
KYCCTBEHHBIX U HEaJIEKBaTHBIX MPUEMOB THMa “cieoB BoiH~ (puc.34). JlocToBEpHOCTH
Mozenel obecneunBaercs npu kputepun Kypanra 0,2...1,0. Toraa oHu npourpsl-

BalOT B CKOPOCTH CYETa pe-
menuto /' Anambepa coot-
BeTCTBEHHO B (,7...2,5 pa3za.

; ; CO CJIeTanH
=1 | ST TSR PR SRS T BOJH . ---

P 1 O Y S N T T N S
¥ : Puc.34. Pacuer no pazHem
R R : METOIUKAM JaBIICHUS B JIBYX
- i : JaTYMKaxX Ha PaCCTOSIHUM
g T A g N I N AL=2,53 M B JUIMHHOM TpyOe,
e - BA3KOCTb TOIIMBA V=87-10"
mo H.B.Acraxoey M/c

1
35 15 55 P xym, Tpan
2.5. Pacuyer razoo6pa3oBaHus B npoiecce TOMJIMBONOIAYN

[Ipu pacuere TedyeHus B TpyOOIPOBOAAX M UCIIOJIB30BAHUHM METOAMK pacrajaa pas-
pBIBa MCHOJIBb3YIOTCSl YPAaBHEHHUS COCTOSIHUS TOILIUB, NojiydeHHble B MI'TY u onucaHHbie
Hmxe. Hapsay ¢ yrounenasimu ciocobamu B I1K BITPBICK st Gonee 6picTporo cuera,
Kak B OOJBIIMHCTBE aHAJIOTMYHBIX MPOTpamMM, UCHOJb3yeTcss W pemienue J[”Anambepa
[22]. B aTOM citydae mpoU3BOAUTCS HE TOJIBKO YUET JIMKBUAAIMH, HO U y4eT 00pa30BaHUs
ra3oBoii (pa3sl B mpoiiecce moaayu.

Tak mpuOIMKEHHO yAeTCsl OMHUCaTh TUCTEPE3UC NBYX(a3HOTO COCTOSHUS TOILIHU-
Ba. Kak mokazano B Ta6m1.6 u puc.35, ms THB/[ KommakT-24, mpu gacToTe BpalieHus ero
BAJIA Ny, =2250 MI/IH_I, IUKJIOBOM mofgaue g,=37 Mr, ocTaTo4yHOM o0beMe V., =0,4%, naxe
s tpaaunuoHHoi TITA pacuer razooOpa3zoBaHusi COBEPIIEHHO HEOOXOIUM IS aeK-
BaTHOI'O ONMCAHUA MPOoLEcca MOAAuH.

2.6. Y4yer HECTALIMOHAPHOI0 TMIPOAMHAMHUYECKOI0 TPEHUS
B HarHeTaTeJIbHOM TPYOONpoBoae

Panee cuuTanoch, 4TO BIUSHUE COMPOTHBIICHUS HAarHETAaTEIHLHOTO TPYyOOIpOBOJIA
TITA cymecTBEHHO TOJIBKO i CyAoBBIX cucTeM. C mHTeHCHPUKAIMEeH Moaaun, yMEHb-
IEeHUEe JuamMeTpa TpyOOIlpOBOAOB, MMOTEPH TPECHHS B HUX CTAJIM 3HAYMTEIBHBIMU JIJIS aB-
TOTPAKTOPHBIX CUCTEM MOJIAYU AU3EJILHOTO TOIUIUBA. MI3BECTHBIE METO/IbI OLICHKH TPEHUS
MPU €0 CYIIECTBEHHOM BIIMSSHUM HE OOECIEUHBAIOT CXOJUMOCTH C JKCIEpUMEHTOM. B
pesynbrate rayookux uccienoBaHuid MI'TY BBISBICHBI peXUMBI TEUEHHUS, YCIOBHS HX
CYIIIECTBOBAaHMS, (PU3HUECKHE OCOOEHHOCTH HECTAIlMOHAPHBIX MTOTOKOB B TPYyOOIPOBOIAX
u TpeHus B Hux [37,40]. i HecTalMOHAPHBIX MOTOKOB CO3/aHbl MAaTEMAaTUUECKHUE MO/IE-
JU B paMKaxX METOJIOB MOTPAaHUYHOTO CJI0s, a TAK’Ke Ha OCHOBE OOIIMPHBIX IKCIIEPUMEH-
TOB, BKJTFOYAIOIIUX U3YUYCHHE CTPYKTYPhI MOTPAHUYHOTO CJIOSl U TYpOYJICHTHOCTH C
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IIPOCTPAHCTBEHHBIM pa3peuieHueM 1 MKM, UCCIEA0BAHUE JOKAIbHOTO HECTAlMOHAPHOTO
TpeHust B ycnoBuax TII momydeHbl MOTYySMIMPHUUECKHE aNMpPOKCUMAIUKU 711 OBICTPOro

cyera.
Tabnuna 6. Iapamerpsr TII nusens 44H8,7/9,4; n,y,,=2250 MHH ", Voer=0,4 %

N Mero pacueTa moaayu h, ™, mm | g, mr | P ™, MIla | TToxsnpsick

1 | C yueToM razoo6pa3oBaHusl 1,9 37 86,54 OTtcyTCTBYET

2 | be3 yuera razoo0pa3zoBaHus 1,9 60 86,36 38%

3 | be3 ydera razoobpazoBaHus 0,65 37 49,41 22,5%

2000

2000

1000

0.0

Fan

10.0

| 1 1
50.0 («Px}ru, rpan

Puc.35. 3akon TII npu yuere razoodpazoBanus (1) u 6e3 storo (2,3) - (cM. Ta611.6)

B Havasne BIpbIicka COMPOTUBIICHHE TPYOOIIPOBOJ]a MHOTOKPATHO MPEBBIIIAET KBa-
3UCTAllMOHAPHOE 3HA4YEHHWE, MPU OCTAHOBKE IOTOKA €ro BEJIMYMHA MaJaeT 0 HYJ
(puc.36,37). Ucnonszyembie a0 cux mop miast TIIA dopmynsr [lyaseiins, bnasuyca wnm
aHAJIOTMYHBIE MPUBOAAT K TpyObiM ommOkaMm Bo Bcex ¢azax TII. Mx koppekTtupoBka c
nomoltisio ko3 duimentoB HedpdextusHa, npumensiemsie B [IK BITPBICK cooTHoe-

HHA YHUKAJIbHBI, IIOKAa UX 3aMCHUTDL HCUYCM.

MjC

IIyvaseiim
m A

KEA3HCTAlU

----- fedeeeeeend-{7.0
A'mat:'l' : :
& JKCIICPHMEHT

C O B
0.0 oot 0,0
Pxym, Tpan

Puc.36. KoaddunmeHT conpoTuBaecHus
JJAMHHAPHOTO TCUCHWSI, BEIYMCIICHHBIN IO
dopmyie [Tyaseiiss, moTy4eHHBIM aBTOPOM
KBa3M- U HECTAIMOHAPHBIM (OPMYJIaM,
IKCIICPUMEHTAITLHOE 3HAYCHUE

(plxyrl, Il'pa,q
Puc.37. JlaBnenue B JaT4yvKe JJIMHHOU
TPYOBI MMPHU OIIEHKAX TPEHUS MPHU TypOy-
JIGHTHOM Te4eHuu 1o bnasuycy, npenso-
YKEHHOM MOJIeJIM HECTALIMOHAPHOTO Tpe-
HUSI, DKCTICPUMEHTAJIBHOE 3HAUCHUE

Tabn.7 wutocTpupyeT HEOOXOAUMOCTh KOPPEKTHOTO ydeTa TPEHHMS B pacderax
MHTEHCUBHOTO BIpbICKA (CKOpocTH ToruuBa 10 110 m/c)
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Tabnuna 7. JlaBieHus BOpbICKA IPU Pa3IMYHbBIX OIIEHKAX TPEHUsS B TPyOOIIPOBO/IE

[TapameTpsl Crnioco0 yyeTa TpeHus B pacueTax Mojayu OKCIIEPUMEHT
Tpenus "Het | Ilo bnasuycy | ®opmyna (11)
Ponp ", MIla 107 91,5 99 96
Pop”, MIla 75,5 61,5 66,5 67

2.7. 3anuch ¥ HHTErpUPOBaHUE YPABHEHU I'PAaHUYHBIX yCI0BHIA

WNuTencudukanus Brpeicka noTpedoBana B ['Y ucCmonb30BaTh ypaBHEHUS Macco-
Boro Oananca. OHU 3aNUCBHIBAIOTCS JJIsl MPOU3BOJIBHON MoJIOCTH Tpou3BoiibHOM TITA c
Y4ETOM TEePEMEHHON TUIOTHOCTH M 00beMa TOIUIMBA B TMOJIOCTH, BTEKaHUsS yepe3 Tpyoo-
MPOBOJIAa U JIPOCCENH TOIIMBA. BriepBble B HUX HCIIOJIb30BaHBl YPAaBHEHUS pacxojia s
C)KMMaeMoro oIHO(a3HOT0 WK JIByX(pa3HOTO TOIUIMBA.

CepnesHas mpoOsiemMa Mpu MHTETPUPOBAHUU ITHX YPABHEHHH - HEYCTOMYMBOCTD,
BO3HUKAIOIIAS PU MaJbIX 00beMax U mnepenajax napieHus. OHa MPUBOAUT K UCKAKEHUIO
PE3yJIBTATOB WM MPEPHIBAaHUAM cueTa. B oTin4me OT MOJTHOCTHIO HESIBHOTO METOAA

p, K— ; : DOiinepa, npumeHeHHoro  V.W.Egler
M alti s+~ Xemntera ;- Jfinepa ¢ 12 marom | (R Bosch), B IIK BITPBICK mcronb3o-
' : BaH OMBK - ogHOmAaroBbeIii METOJI C Be-
coBbIMU KO3 dunumentamu (c6=0,25...
0,3), MHOTOKpaTHO YCKOPSIOLIUH CUeT
OpU  WTEpanusX Ha KaKIOM [Iare
(puc.41).

Puc.41. JlaByienue B MoJIOCTH

0.as5|-|-4 520254 4 503 _____________ I10CJI€ OTKPBITHS IEPETOKA - UHTETPHU-
P T+ :
- X OMBE 4 OMBE ' Jiimepa i . poBaHuE pa3IMIHBIMHA METOJaMU
0. H L H L L
0. 005 0.015 Pryn, Tpag

BBuny pocra mntepeca k TIIA ¢ MOBBIIEHHBIM JaBJICHUEM HaJ WIJIOW, Ha Oa3e
ypaBHEHUS IUIOCKOTO TIOJI3YIIETO TeUSHHUS TOJy4eHO BBhIpakeHue My yreuek. Ha ocHoBa-
HHMH DKCIIEPUMEHTOB YCTAHOBJIEHO, YTO Ha ynope Uribl Qy~0.

2.8. Onucanue pU3NIECKUX CBOWCTB TOILIUB

JlJis TOTUTMB HET MPUEMIIEMOT0 YpaBHEHHUS COCTOSHMS. VX yImpyrocTh OLIEHUBAIOT
KO3((HUIIMEHTOM C)KUMAaEeMOCTH, ONBITHBIE 3HAYEHHsI KOTOPOTO MO Pa3IUYHBIM UCTOYHU-
KaM OTIMYaroTcs BABoe. [locne aHanm3a METOIUYECKUX MOTPEIIHOCTEN ero MoJydeHus B
MI'TY npoBeneH LUK 3KCOEPUMEHTOB C MU3MEPEHUEM CKOPOCTU JIBHXKEHHUSI BOJH IS
OCH3UHOB, TU3EITHFHOTO U aJIbTEPHATUBHBIX TOIUB. [lomydeHo ynoOHOE ISl MPSMBIX U
OoOpaTHBIX MEePecYeTOB YpPaBHEHUE CBSI3W JABJICHHS M IUIOTHOCTHU JJIsi OJHO(MA3HBIX JKUI-
Kux ToruuB. Jns nByx(a3HOW ra3o-TOIUIMBHOW CMECH MPUMEHSETCS IMy3bIPhKOBas MO-
1enb, 6a3upyromiascs Ha ypaBHEHUAX Pernesi, MOTOKa Macchl, COCTOSHUS, TIEPBOTO 3aKOHA
TEPMOJIMHAMUKH [JIsl OTKPBITOM CHUCTEMBI, a TaK)K€ MOJYyYEHO KOMITAKTHOE BBIPAYKEHUE
Ui ObIcTporo pacuera. BriepBble OHM yYUTBHIBAIOT MeK(a30BbIi TEIIIO0OMEH, pacTBope-
HUE U KOHJICHCAIUIO M TOJBKO MO3TOMY JIOCTUTHYTO JOCTOBEPHOE OMHCAHUE (PUBUUECKUX
cBoicTB cMmeceit pu cxkatun B TIIA (puc.38), a Takke rucrepe3nc IByx¢pasHoro
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cocrosiHusl cMmecer B ycnoBusix TIIA (puc.39). DTo MO3BOJIMIO JOCTOBEPHO PacCUUTATh
CKUMAEMOCTh TOTUIMB, CKOPOCTH 3BYyKa (puc.40).

IgR)

MEM

Hamepete | : HH3MepeHHe
CKOPOCTH 3BYKa! ITy3bIPEKA

0.0 - EEEEEETE P EEE T TP e
T oo e T

i i B
“1.0p------- il b iehieiule edehiehlet [Tyt [0 alibialebl ks Maleld lehllaileh el
-1.0 -0.5 0.0 0.5 1.0 lg P,Ml_la
Puc.38. Komnanc my3seipbka Puc.39. I'ucrepesuc npyxdazHoro
dy=62 mxm B mipouiecce TII COCTOSIHHUS U €0 CXEMAaTHU3aIlnsl
um’ um!
M/C M/C
1000 1000
200 800
200 200
o 1]

Puc.40. CkopocTb 3ByKa B (DyHKIIMU AaBJICHUS U Ta30COJEP>KAHUS 110 U3BECTHBIM (popMy-
JaM JUIs JUCTIEPCHOHHON Cpeibl (@), IO aBTOPCKUM COOTHOIIEHHSIM
JUTSI paCTBOPUMBIX Ta30B M Mk Ga3Horo Teruiooomena (0)

2.9. TensioBbie 3¢ ¢eKThI B Ipouecce TOITUBONOAAYH

TernoBbie 3¢ hekTsl 0COOEHHO BaXKHBI MPH MOJIa4Y€ TSAKENIBIX TOIUIUB M Ta30TOI-
TUBHBIX cMmeceil, B popcupoBanubix JIBC, ¢ gaBnenusmu Boimie 80...100 MIla. BnepBoie
B [IK BITPBICK koppekTHO U ¢ He0OXOJIMMOI MOJHOTON 3alMCaHO ypaBHEHUE DHEPTHUU
i TpyOonpoBoa u nonoctei [38]. Yurensl BaxkHelmue GpakTopbl HEU30TEPMUUHOCTH
npu TII: pa3zorpeB TOIIMBA OT CXKAaTUA U TEII0OOMeH co cTreHkamu (puc.43). Jlns ObicT-
PBIX OIICHOK TEIJI000MEHa CO CTEHKaMHU UCTIONB3YIOTCS SMIupuyeckue Gopmybl, a 6oee
TOYHO - MoJenb norpanndnoro ciost C.C.Kyrarenanze - A.M.JleontseBa. PacueTHbie Me-
TOAUKU TOATBEPKACHBbI BIEPBBIE MPOBEICHHBIMU M3MEPEHUSMH HECTAllMOHAPHBIX TEM-
neparyp ToruBa B TIIA. OOGwrunbiif B pacuerax TII HeydeT TemnoBbix 3(dexToB mpu
BBICOKHX AaBieHusX TII cyrecTBeHHO CHUXKAET TOYHOCTh Pe3yinbTaToB (puc.44).

Eme ofuH npuMep: mogorpes torwmea Ha 0...230°C 1s1 yckopeHus cMeceobpaso-
BaHMsI HE OTpaBaH, n3-3a yxyamenus TII (puc.45).
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— PeallbHbIe YUIOBHA

25 [ _ BN N
: e AnHal CIKATHE L

i i 1
17 2z 27 32 Pxyn, Tpag

| pB|'||:|,
| MIIa

20 25

Puc.43. Pacuernas T B cepenune TpybonpoBona  Puc.44.

IIpu aI[I/Ia63THOM c)XaTtuu, C TCIIOTOM TPCHUA,

C HarpeBoM (+qy,) U OXJIaKIeHUEM (-qy),
B PEANTbHBIX TEIUIOBBIX YCIOBUSX

i 1
30 35 Pxy, rpag

Hasnenue Bopsicka B TIIA [I-

49 pu Ny, =500 MI/IH_I, g.=1,68r

IIpu U30TCPMUYIHOM N HCU3OTCPMHY-

a.0 50.0 100.0 150.0

HOM TCUCHHUU

Puc.45. Ilogorpes TpyOomnpo-
Boja au3ens Y10,5/12
n,,=900 MI/IH-I, 2,=50 mMr

JIist ageKBaTHOT'O OITH-
CaHHUs MOJaYu B COBPEMEHHOMN
TIIA ¢ pgaBnenusmu 1o 200
MIla HenomycTuMO OOBIYHOE
MPEHEOPEIKEHNE TEIUIOBBIMU
abdexramu. s
takoi TIIA pasorpeB Tom-
muBa BO Bpems TII moxer
JIOCTHTATH 50...100°C
(puc.46), 9TO BEIET K CHU-
KEHUIO CKOPOCTH 3ByKa Ha
50... 200 m/c u Py, Ha 8...25
MIIa.

Puc.46. AnuabatHblii pa3o-
TDHEB NUI3EIIBHOTO TOTIITNBA

2.10. ConpsizkeHHBI pacyeT TOILIMBONOAAYM U AMHaMuku npusBoaa THB/J

[Ipn nmpoeKTUPOBaHUU AMU3ENIEH, K COKAICHHUIO, OOBIYHO, HEJIOOLIEHUBAETCS 3Haye-
Hue nquHamuky npuBoaa THB/I. MHTeHcudukanus BOpbICcKa clieialia 3T0 aKTyaJbHbIM HeE
TOJIBKO JUIs1 Hacoc-(hopcyHok, HO u Juist Bcex THBJI. Ha puc.47 wntoctpupyercs Bius-

HUE HEeKECTKOCTH MpuBoja Ha padoty TITA.

Hcnons3oBanue M3BeCTHOTO cTratuyeckoro koddduimenta aedhopmaiuu He OTpa-
*aeT ¢u3uky npouecca. JlocroepHo paccuutath TII 1 Harpy3ku B MpUBOJE BO3MOKHO
IIPU PACCMOTPEHUH conpspkeHHoM 3anaun TII m qunamuku npuBona THB/. [lns
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storo B IIK BIIPBICK coBMECTHO C OCHOBHBIMM YPAaBHEHMSIMHU PELIAIOTCS ypaBHEHMS
BBIHY)KJICHHBIX C 3aTyXaHHUEM KoJieOaHWW B 3aMKHYTOW (peMeHb, 1eTb) WU JUHEHHOUN
(mectepHU, Baibl) AUCKPETU3UPOBAHHOM KpyTwibHOU cucteme [39]. Cumraercsi, 4TO
THBJI He oka3bIBaeT BIUAHMS Ha KOJeOaHUS KOJECHYATOrO Bajia, HO BIUSIHUE Ha paboTy
THB/I ero KpyTUJbHBIX KOJ€OaHUN y4UThIBAaeTCS. {151 TMHEHHBIX CUCTEM CYILIECTBEHHBI
TO(THI B CONPSKEHUSIX, U1 3aMKHYTBIX - HEBO3MOYKHOCTb MEpefadyd yCUIUN CiKaTusl.
OTH 00CTOSTENHCTBA OTPAKAIOTCS JTIOTMUECKUMHU YCIIOBUSMU I dKECTKOCTEM.

PBnP,- CII:II,
MIla MC
=75 0.8 Puc47. CKOpOoCTh
mynwxkepa C,; U JaB-
22.5 0.6 JICHHE BIpPBICKA Py,
P J)KECTKOM U TOJIaT-
17.5 0.a JTABOM MIPUBOJIE
(THB4 VE, J.,= 75
12.5 KF'CMza kHeFI/I6K =5000
' ? 2 1/HM, 0, =750 mu™)
7.5 A e T T T S 0.0

1 L 1 L
3.0 7.0 9.0 11.0 13.0 15.0 (Px:,r:[,l"pﬂﬂ

B pacuerax nMHaMHK{ MPUBOJA MCIOJb3YIOTCS OPUTMHAIbHBIE COOTHOILICHUS IS
noteps 3Heprun B THBJ[ paznuyHbIX TUNOB, S MOMEHTAa Ha Bajly IPOU3BOJIBHOTO
THB/I o u3BecTHOM (YHKIIMM MTOABEMA IUTYH)KEpa, 1T MOMEHTa M KOHTAKTHBIX Hamps-
KEHUW Ha COBPEMEHHBIX KyJlauKaX MEepEeMEHHOW KPUBHU3HBI, B TOM YHUCIE B JI€3aKCHUAIIb-
HOM KYJIAUKOBOM MEXaHHM3Me, TO3BOJISIONIEM CHU3UTh Harpy3ku Ha 10...15%.

AHanu3 IMHAMUKH MPUBOJIA MTO3BOJIMJ BBISIBUTH MMYTH €r0 PalMOHAIBHOTO MPOEK-
THPOBAHUA. 3aMeJUICHHE KyJIauyKa TeM OOJIbIIE, YEM MEHBIIE YaCTOTA, KECTKOCTh Kypyy U
MoMmeHT uHepiuu J,, THBJI. O6patHas 3aBUCUMOCTH - JJIsI MOMEHTa B MpUBOJE. Maxo-
BUK pasrpykaeTr MpHUBo/Jl, CTAOUIN3UPYET BpallleHre Kynayka u napamerpsl TII 3a cuer
s000 Kngaes, 1/ Ho (J, =67) KUHETHIECKOH DHEPTHUH.

1 ' 5 XKectkuii npuBoa cTrabMIIU-
supyer TII 3a cuer cBoero
norpyxenus (puc.48).

1000 3000
T 1

Puc.48 MakcumanbHBIE MO-
MEHT B NPUBO/IE U JaBJICHUE
BIIPHICKA B (PYHKITUU KECT-
KOCTU U MOMEHTA UHEPIIUU
Hacoca OBICTPOXOIHOTO JIH-
3eJi B JIEBOM TOUYKE €ro
BHEIIHEH CKOPOCTHOM Xa-

75 125 R J— (krl];l{n:35ﬂﬂ} PaKTEPUCTUKH

P10 ) S S S ——

100

Hecornacosannbie Kypys ¥ Iy HE yiryumaror TII, HO meperpykaroT IpuBOJ, 1aXKe B CpaB-
HEHUU ¢ a0COMOTHO kecTKuM (puc.49). [lonbITKH €ro yCHIeHHUs MOTYT AaTh OTPHUIIATEIh-
HBbIC pe3yNbTaThl. BeIxoa HaxoauTCs B onTUMU3anuu Ha 6a3e pacueta TITA kak
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THIPOMEXAHUYECKON CUCTEMBI. Y Aaphbl B CONPSHKEHUAX TEM CHIIbHEE, yeM Ooubllie JIIog-
ThI ¥ &KecTue npuBoA. Ho u 31ech none3eH MaxoBUK. Y JapHble NEperpy3Ku peMHs (LIeTn)
M3-3a NMPOBHUCAHMSI BEAYyILEH BETBU MOCJE BIPHICKA, MOT'YT O0OYCIOBIMBATHCS ClIa0bIM Ha-
Tarom Begomoit BeTBu. [IpuBoa renepatopa pemuem THBJI manosddekruBen B oTHoIIE-
uuu P,,,. Monenuposanue rugpomexanndeckoil cucremel "TIIA-npuson” nporaosupyer
BO3HUKHOBEHHME PE30HAHCA, HO B UCCIIEIOBAHHBIX BapUaHTaX OH HAXOAMJICS BHE pabounx
pexumoB. [IpuBoa 0e3 TOMOJHUTENBHBIX MAXOBUKOB MPAKTUYECKH HE JOTPYXKaeTcs Mpu
pasroHe qu3ens.

Jdn,
KT -CM?
Puc.49. Makcnmainb-
225.0 o
HBIi MOMEHT B MPUBOJIE
(H-m) THB/] B 3aBucu-
175.8 MOCTH OT €T0 KECTKO-
CTH U MOMEHTA UHEP-
195.0 uf/m IPU Ny, = 750 MuH
;*Kpusas d - MOMeHT
abCOJIFOTHO JKECTKOTO
75.0 IpUBOAA
3560 4508 5508 6508 7500 Enps, 1/H-m

[Tpumepom HCTIONB30BaHUS THAPOMEXAaHMUECKONW MOJIENH SIBISIETCSl 10padoTKa pe-
MeHHoro npuBoja auzens YHS,7/9.4. Tlpu ucnonp3oBanuu ¢opcupoBannoro THBJ[ VE
Bosch ckopocTHas xapakTrepucTHKa MoJa4u Ha JU3eJe MPU MaJbIX YacTOTax MPOXOaAuia
BBIIIIE MTOTYy4aeMOi Ha 0€3MOTOPHOM CTEHJIE, a NP OOJbIINX - HUXKe. C UCIOJIb30BaHHEM
[1IK BIIPBICK BbIsIBIIEHO, UTO MPUYUHON MEPBOTrO SBWIACH MOAATIMBOCTh IPUBOJA, NIPU-
YUHOUM BTOpOro - mepeaada Ha Ban THBJI xonebanuit koneHuaroro Bana. [Ipobmemy pe-
muiM ycraHoBkoit maxoBuka THBJI, HoBoro nemmndepa KoiaeHUaToro Baja U OTKa30M OT
Y)KECTOUYEHUS] PEMHS.

2.11. Anmapart onTUMHU3 AU

Jis ontummzanuu no 1..2 mapamerpam B IIK opranusyercs omHohakTOpHBIH,
IBYX(aKTOPHBIN WM MHOTO(AKTOPHBIN C OTHUM BeIyIUM (haKTOPOM YUCIICHHBIHN dKCIIe-
PUMEHT C TPEJCTaBICHUEM PE3YJIbTAaTOB B BHUJE 2-X, 3-X U KBa3UTPEXMEPHON rpauku
(puc.50, 51). B kauecTBe MX MOTYT BBICTYNaTh JIOObIE KOHCTPYKTHUBHBIC, PETYIUPOBOY-
HbIE, pEKUMHBIC TTapaMeTpbl Tpou3BosibHOM TITA.

Beuny opuentupoBannoctu [1K BITPBICK nHa TIIA npou3BOJBHBIX CXEM U 3HAYH-
TEJIHLHOCTH MAacCHBOB, YHMCIIO MTHOBEHHBIX TOKa3aTeneil orpaHuueHo BbibopoM u3 130
BO3MOYKHBIX.

Jlnig 3amad OOJbIIe pa3MEpPHOCTH MCIIONB3YETCs amnmapaTr mapaMeTpuuecKor or-
tumm3anuu [31]. B otiuame ot ucnoiabzyembix 1t TITA MeTonoB (yHKIIMOHATBEHOM OI1-
TUMM3ALUHA C aHAJIM30M pPE3yJbTAaTOB IUIAHMPOBAHUS SKCIEPUMEHTA, NapaMeTpUUECKue
MeTOJIbl pa3HooOpasHee, HajexxHee u mnpoine. Ontumusaius TIIA cBexeHa k 3agaue He-
JUHEHHOTO MPOrpaMMUPOBAHUS ISl (PYHKIIUM MHOTUX MEPEMEHHBIX C OTPAHUYCHUSIMH CO
mrpadubiMu Kodddunuentamu. C y4eToM UX U KPUTEPHEB ONTHMHU3AIMKM COCTaBIIEHA
nenesas ¢yHkius. st 3anaun npoektupoBanus TIIA mo 3aganHOlN XapakTe-
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PUCTHKE BIPBICKA, TAKOHM 1M0AX0/ 00Jee CTPOr U YHUBEPCAJIEH, YEM CTPEMIICHHE PEINTh
HEKOPPEKTHO MOCTaBIEHHYIO0 00paTHyto 3aaa4dy TII.

Puc.50. Bpems BrpsI-
cka (9,6...10,6 rpan)
nusens [1-65 npu or-
PaHUYEHUH MaKCH-
MaJbHBIX KOHTAKTHBIX
HANPSDKEHUN G - =
1900 MIla B ¢pyHKIIMM
X0J1a ¥ TuaMeTpa
IUTYH)Kepa U reo-
METPUUYECKOM Hayaje
nojgauu 4,9 MM

hl'l.ﬂ,
MH

13

12
11

18 ¢

hl'l.ﬂ,
MM

Puc.51. Bpems BrpsI-
cka (9,4...11,0 rpan)
nusens [1-65 npu or-
paHWYEHUH MaKCH-
MaJIbHBIX KOHTAKTHBIX
HANPSOKEHUH G - =
1900 MIla B ¢pyHKIIMN
X0J1a TUIyHKepa U’
reOMETPUYECKOro Ha-
yaJia nojiayu npu
d,,=10 Mmm

12 2=pa)

18

H

PanoBeiM ciydaem ontumusanuu TIIA sBiseTcss MHOMKECTBEHHOCTh DPEIICHUM.
Hampumep, Ha puc.50 u 51 - 3oub1 A u b. [Ipu sToM HauBbiroHe#mas 30ua C (puc.51), ¢
MPOJOJIKUTENILHOCTBIO BIIPHICKA, MEHbIIEH, 4eM B A U b, MOKeT ObITh HE BBISIBICHA, €CIH
CTapTOBasi TOUKA IMOMCKA HaXoIujach BOIM3M 30HBI b. J{ns penienus pa3audHbIX ONTUMU-
3alIMOHHBIX 3a7]a4 MOKET ObITh BbIOpaHa nto0ast u3 14-Tu mpeyCMOTPEHHBIX TOMCKOBBIX
npouenyp (puc.52). [Iporpammuoe obecnieuenne noarotopieHo A.C. KynemoBsim.

Puc.52. JIBmwxeHue x
ONTUMYMY B TIOJIE
JaBJICHUS Hayaia
BIPHICKA WU TEOMET-
pUYECKOTO  Hauama
nomaun: 1- wmeTon
nehopMupyeMOoro
MHOI'OTpaHHUKA;  2-
HaWCKOPEUIIEro
ciycka; 3- PozenOpo-
7 Ka; 4- MmokoopauHAaT-
HOTO CITVCKA:

qu,
MIIa

27.8

25.8

23.8

21.8

19.8

17.8

5- crapToBas Touka; uzoiauHuu (22...28 Mlla) - cpennee napie-
HUE BIIPBICKA.
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N3 npakTtuku padoT HGopMynHpyrOTCsl IPUEMBbI PELIEHHs] ONITUMU3ALMOHHBIX 33]1a4:
OTCEMBAIOIINE JKCIEPUMEHTHI, HCKIOYEHNE HEB3aMMOJICHCTBYIOIINX, MAJIO3HAYAMBIX U
JUCKPETHBIX MapaMeTPOB, MEPEBOJ UX B YUCIIO OFPAaHUYEHUI UM YCIIOBUM cueTa, pusu-
YyecKoe pacuierieHne (KMHeMaTruKa NpyuBoja, KiamnaH, popcyHKa U T.1.), KOMOMHAIUS Me-
TOJOB IMOKUCKA, IOATOTOBKA U CMEHA CTAPTOBBIX TOYEK U JP.

OrpaHu4eHHsIMU MOTYT SBJIATHCS KOHTAKTHOE HaIpshKEHHE, MOJBIPBICK, 3a0poc
ra3oB, MAKCHMAJIbHbIC JABJICHHs B IIOJOCTSIX, MOMEHT Ha Bally, HEPABHOMEPHOCTH €TI0
BpamieHus u Ap. TpyaHOCTH MOTYT BO3HHKAaTh C BHIOOPOM KpUTEpUEB (MPOAOTKUTEIb-
HOCTb, JIaBJICHUS BIPBICKA, JUAMETP KaIUIM, XapaKTepHCTHUKa BIpbICKA U T.A.). Jlydmmum
pemienueM Juist TIIA, kak OTKPBITOM CIOYKHOM CHUCTEMBI, CHUTAEM €€ COBMECTHYIO OITH-
MU3aLUI0 C pa00OYHM IIPOLECCOM JU3EIIS.

2.12. CoBMecTHAs ONTUMHM3ALMS TOIUIMBONOAAaYU  padouero nmpouecca

Heo6xoauMocTs coBMECTHasI ONTUMU3AIMN TOILTMBOIIOAAYM U paboyero mporecca
00yCJIOBIIEHA CIEAYIOMUMH :TPUIMHAMU:

e onTUMMU3AIMs pabovero mpoiecca - IUHCTBEHHBIM 000OCHOBAaHHBIN CMOCOO Ha-
3HaueHus TpeOoBanuii k mapamerpam TIIA (uucimo m auameTp comes, UX OpUEHTAIHS,
MIPOIOKUTENIBHOCTD WM XapaKTEPHOE JIaBIICHUE BIPHICKA, €T0 XapaKTEPUCTHKA U JP.);

® OT/IeTIbHAS ONTHUMM3AIIU KaXJOro Mpoliecca 00ecrnedynBaeT MEHEE BBICOKHE T10-
Ka3aTenau AU3eNsl, YeM COBMECTHAS,

e pacueT pabouero mpouecca ¢ UCHOJIb30BAaHUEM MOJIENEH, aJIeKBaTHO OMMCHIBAIO-
X cMeceoOpa3oBaHUE M CropaHue (B OTIMYME OT OOJBIIMHCTBA IKCITyaTUPYEMBIX B
Poccuu moneneit T1IK JIU3EJIb-4/2T 3Tum TpeOOBaHUSX OTBEYAET) A0 MPOBEICHUS DKCIIE-
PUMEHTAJIBHBIX PabOT CIIY’KUT €AMHCTBEHHBIM KpuTepueM coepieHcTBa TIIA;

e nonydeHHble xapaktepuctuku TII ¢ momouisio 11K BIIPBICK Heobxoaum s
JIOCTOBEPHOTO onucaHus padounx mpoieccoB ¢ nomotisio [1K JIN3EJIb-4/2T;

o [IK JIM3EJIb-4/2T u BIIPBICK BBIIOIHEHBI B €IMHOM HACOJIOTHYCCKOM KITIOUE M
TEXHOJIOTH4YeCcKoi (popme u obecrneunBaroT 0OMeH HH(pOpMaIHei.

Bwmecte ¢ TeM aBTOpHI mocuuTanu GecrnepcrneKTUBHBIM 00beauHATh 3TU 11K B enu-
HBIN MOJTyJb: YHMCIIO MAPaMETPOB ONTUMU3AIMN CTAHOBUTCS HEMPUEMIIEMO OOJIBIINM, UC-
KIJIFOYAETCs] WJIM CWJIBHO 3aTPYAHSIETCS aHAIN3 KaKJO0ro MPOIECCa, COOTBETCTBYIOIIMMU
MpoleccaMi U KOHCTPYKIMSIMU 3aHUMAIOTCSI Pa3HbIe CIECIHAINUCTHI, pa3Hble MPOU3BOIU-
TeNu, OOBIYHO 3TH MPOIIECCHl PACCMATPUBAIOTCS TOPO3Hb.

2.13. CepBucHas 000j10uka nmporpammHoro komiiekca BITPBICK

CepBucHas 00070YKa TpUaia PacuyeTHOH MporpaMMe COBPEMEHHBIM IOTb30Ba-
TEeNbCKUIN 00JIHK, caenana paboTy ¢ Hel yIoOHOM, MPUATHOM, TOCTYIHON 0€3 JUITUTENbHO-
r0 00y4eHHs, T.€. TTOBBICHIIA MPOU3BOIUTEIFHOCTD TPY/Ia MOIb30BATEIS.

Pabota B 060omouke HaunmHaeTcs u3 rnmaBHoro MeHro [1K (puc.53). Ono Briouaer ©
- uapopmanuio o IIK (puc.54). OxHo “@aiin’” u ObICTphIC KIABHIIHU, YKa3aHHbIC BHU3Y,
MO3BOJISIOT paboTaTh ¢ (aiiaMu JaHHBIX. B HUX TakKe COXPaHSIOTCS BCE HACTOMKH ca-
Mol obostouku. B okne “Tlapamerpst TITA” BO3MOXKEH MPOCMOTP U PEIaKTUPOBAHUE UC-
XOJHBIX JaHHBIX (puc.53). D10 Tabmuusl naHHbIX (puc.30) wiu rpadguueckue QyHKIUU
(puc.55). B Tabnuiax akTUBHBI TOJIBKO HeoOXxoaumble s nanHoi TITA nannsie. Kaxxnas
TabmuIa MOXeT ObITh pacreyatana. Kaxmas uudpa TabIuIel KOHTPOIUPYETCS TIPH BBOJIE
BO M30€XKaHHUE PAaCUETOB CO CIyYallHBIMU OIIMOKAMHU.



NECEL Il Onturucauus Pacuer PesyneTatw  HacTtpoOka

Pexunm cueta u paboru TMA

MopoyHK a
HapaK TEpUCTUKa QoOPp—KU

MpuBog HaAcOoOCHOO Celuu

JakoH nogbena nAyHxHepa oT yr.nod.kyn
JaKkoH CHKOPOCTU NAYHEERa OT 4rnaa n.kK.
JaKoH CunM Ha NAYHHER OT Yraa n.kK.
JakoH cunmM Ha NAYHXEeR oOT ero xoga

neneHTH ToNAUuBHOoO cucTens
Monoctu u TPybonpo&ogam *
FLENFT RN LT B e E peErm TR 1

KnanadHs HacoCcHOUO Ccexuuu
Lt r g ens s st e

BrHeuwHue padnm — xapakTepuctuxku TMA
Cxema TNA u cBodcTtBa Tonaue
BwBogunas UuHPORMaUUA

arpyaurtb nacTu EHHY OO r.da

Puc.53. I'naBnoe mento cepBucHoi o6onouku [TK BITPBICK

I 0ain |
Jarpysurtb gaHHHe F3 CranupoBaHue : Bmbop HezaBucurmx nepeneHHHX

Cnacrtu gaHHHe F2

CnacTtu gaHHme B ... Alt-F2 OnTurmuzauus : Bubop ouHKLUuu wnenu

Bubop orpaHudeHud

BpemeHHmd Bumxog B DOS Bubop HesaBucummx NeperneHHb3
Koneu paborw Alt-¥ Bubop nmetogog noucka
Hacrtpoaxa

PeaunbTtartn
FPacuer TonauBonogauu
HuTerp.xap—ku nogauu (Tabn)

Dadne gaHHWX 98 nedatu MrHob . xap
PacuugpoBka cxemnn TMNA
Fpaguueckasn redHepauus cxemnm TMA 1-m.cKaH. ! UHTEerp.xap.
1-n.ckaH.: nrHobk.xap. ,NAo0cK . rpaguKka
Flgeer e g Bicee . 1 u Z-n.ckaH.: obbenHas rpapuka

MNpoTokon pacuera

m— .:. Kparkud npoToKon onTum-—uuu
Obriobuts skpan

NMNapameTpb neuaTtu

0 cucTtensa. ..
CnacTu HacTpoUky 06 aBropax...
JarpysuTb HacTpoUky

Puc.54. ®parmenTsl noaMenro cepBrucHoi o6o1ouku [1IK BITPBICK

3AKOH NoALEMA NAYHHEEPA OT Hrna noB.KYnaqka

18.6

8.8

6.8

4.8

2.8

8.8

uukna [rpag. n.xk .61 80

41— BBog I

F3 Jarpusurhb F2Z2 Cnacrtu F18G HMeHw Alt-¥X Boxog Tad data*dutnn.dat
Puc.55. Jlannple, 3amanabie PyHKITUECH
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C yderom crnoxknoctu ucciaeayemoin TIIA Ha3HadaeTcsi 00beM U COAECPIKAHUE BbI-
BogHON uHpopMmaru. OkHa “Pacuer” (puc.53,54) obecrneynBarOT BbI30B rpa)UuecKoro
penakTopa, nmporpamm uHtepnpetanuu cxemol TIIA u pacuera TII.

B oknax “Ontummsanus’ (puc.53,54) npou3BOAUTCS Ha3HAYCHHUE PEXKMMA M Iapa-
METPOB TIOWCKA ONTUMAIBHBIX PEIICHHI: OJTHO-, IBYX- MJIU MHOTO(AKTOPHBINA JKCIICpPH-
MeHT. COOCTBEHHO ONTHUMU3AIMS HACTPAUBACTCS B MATH OKHaX (puc.54).

OkHa “Pe3ysbpTaThl pacueToB’ 00CCICUUBAIOT MPEACTABICHUE PE3yIbTATOB B Clie-
TyIOIEeM BUJE: TpH pacyeTe Bapuanta TIIA BbIBoAMTCS TaOIMIla MHTETPAIBHBIX Xapak-
tepuctuk nogaun (30 mapamerpos: gy, hy,™, Py s T)Bnp, o™, ...) U 3aJaHHBIX MIHO-
BEHHBIC XapaKTEPUCTUKHU M0JIay B (PYHKIIMHU yria MOBOPOTa Kyinauka (Harmpumep, puc.31,
o0l BUJ ’KpaHa aHainoruyeH puc.2). Hactpoiika miockoi rpaduku mo3BossieT u3me-
HSTh BUJ TpadUKOB, HHTEPBAIbl U3MEHEHUS MMapaMETPOB, CTPOUTH CEMEICTBO KPUBBIX B
€IMHBIX WK COOCTBEHHBIX MaciiTadax u T.N. BO3MOXXHO MOCTpOEHNE CEMENCTBA KPUBBIX
U3 TAHHOTO WK APYTuX (pailyioB pe3ynbTaToB.

[Tpu onHOMaKTOPHOM M MHOTO(GAKTOPHOM C OJTHUM BeAyIIUM (haKTOPOM SKCIIEpH-
MEHTE BBIBOJIUTCS TJIOCKHM TrpaduK MHTErpajbHBIX MOKazarejel B (YHKIMH 3HAYCHHS
dakropa (Hanpumep, puc.48) u 00beMHbIN rpad)uKk MIHOBEHHBIX XapaKTEPUCTHK B (DYHK-
uu (axrtopa u yrina. [Ipu 1Byx(hakTOpHOM SKCIIEPUMEHTE BBIBOJUTCS 0OBEMHBIN Ipaduk
WHTETPATBHBIX XapaKTepUCTUK B PpyHKIMHU QakTopoB. TpexmepHas rpaduka MOXeT ObITH
M30MEeTpHUecKoi (00Ul BUJI SKpaHa aHAJOTHYEH prc.3) WK KBA3UTPEXMEPHOU (Harpu-
Mep, puc.49,50).

3. WJIVIIOCTPAIIMMA TPUMEHEHUSA IIK BIIPBICK

3.1. ABTOMaTH4YeCcKOe peryJMpoBaHue onepesKeHnsi BIPbICKa
1mo yacrore Bpamenus saja THB/]

[Ipy NOBBIIEHWM YACTOTHI BpalllEHWs Baja ONTHUMAJIBHBIA Yol ONEpeXEHUs
Brpeicka (YOB) yBenuuuBaeTcsi, a 1eWCTBUTENbHBIA B TpaguuuoHHo TITA ymeHnbmiaer-
csi. [Ipocrelimmii crmoco0 yMEHbBIIIEHUS 3TOTO Pa3IU4Msi COCTOUT B TIOBBIIIICHUH JaBICHUS
Hayaja BIPbICKa.

bonee addekTuBeH xukiep B KiamaHe IBOMHOrO JEWCTBUS, 4TO 00eCredyrMBaeT
Bo3pacranue P,,,=f(n). Meron npoct, HO HeyHuBepcaneH. Beenenue B JIBJ[ moanpyxu-
HEHHOTO TUTyHXepHoro Aemndepa 6 (puc.56), cBI3aHHOTO ¢ HEHM uepe3 KHUKIEp, KOPPeK-
tupyet YOB=f(n). Meton ynuBepcaneH u 3QpeKTuBeH.

(pl{a"{:-

rpang |

Puc.56. TTIA ¢ nopiiHeBbIM Aemiipepom U
Hayajo nomauu ausens 44H11/12,5 B
GbyHKIIMM ceueHus xkukiepa 5 nemmndepa
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£ g ; ! ! ; I'mpponorpyxenne WTJIbI 10
M IO S S E— S— S— (puc.76) yepes xuKIEp 9, THAPO3ANOPHBIH
i f f f TpyOOIIpOBOJ & OT OTCEYHOH MOJIOCTH
. C IHAPOAOIPY:KEHHEM | .
T - T S e S— TUTYH)KepHOU mapel 1 ©ojee MHTEHCUBHO
g A— : Ha MajbIX 4acTOTax, MO3TOMY BIIPBICK Ha
e T B oo oo HHUX HayMHaeTcs nosxe (puc.57).

Puc.57. Hauano nomaum ausens
44H14,5/20,5 npu rugpoAOrpyKEHUHN UT-

P S s SR N JIBI OTCEYHOU BOJTHOM
300 3so0 400 450 500 Mgy, MAH

BriTouka y Topna miyrxepa (puc.58), oOpasyroiias co BTYJIKON yBEIUYCHHBIN 3a-
30p (0~15 MKM), pu B3auMoIeCTBUN ¢ OKHOM peryaupyeT Y OB=f(n). Meron npoct, HO
crocoOeH nuiib crabunusuposats Y OB.

- a s,
34 1Ty J””WW””J” i ? MM
sa [ T T I et &

~—d LT . Br--LT-
31 ) i I . I r r 7 Ny,

500 680 700 800 200 16880 1188  MuH!

Puc.58. BeiTouka Ha TUTyH)KEpE U IeUCTBUTEIBHBIN yroJl Hauajia NoJa4u B QyHKIIUHU 3a-
30pa BBITOUKM M yacToThl Bpamenus Baa THBJ] YTHU nuzens [1245-12C

PerynupoBanue YOB B03M0xHO npoduiiipoBaHreM 00ernx KPOMOK ILTyHXKepa My-
TEM ycTaHoBJeHHs cBsseil h,,""=f(n) u g,=f(n). Meroa npocT, HO HEyHUBEPCAJIEH H Or-
pPaHHYCH, €r0 BO3MOKHOCTH MOTYT OBITh HECKOJIBKO PaCIIMPEHbI CKOPOCTHBIM KOPPEKTO-
POM aBTOMAaTHYECKOTO PETYJISATOpA.

3.2. YnpaBJ/ieHHe XapaKTePUCTHKOH BIPbICKA
B TIIA ¢ MexaHM4YeCKUMHM PeryjasirTopaMu

Jlia camkenns smuccud NOy U IIyMHOCTH paOOThl HEOOXOIUMO OTpaHUYEHHUE T10-
a4y 3a BpeMms 3aaepkku BocrmiaMeHeHus. B TIIA HenmocpencTBEHHOro AEHCTBUS MOJY-
YUTh MOJOTUH NepeIHui PpOHT O6€3 CHUKEHHSI MHTEHCUBHOCTH BIPbICKA y/1a€TCs JIHILb B
Hacoc-popcyHkax. B paznenennoii TIIA BeimonaxuBanue nepeaHero GpoHTa JOCTUTACT-
Csl YKOPOUEHUEM TPYOOINpOBOJIa, TUKBUAAIMEHN Tra30Boi (a3bl, NpopUIMPOBAHUEM KyJay-
KOB. JIByXmpyxuHHble (GOPCYHKH (DOPMHUPYIOT CTYNEHYATOCTh MOAAYM JMOO Ha 4acTHUY-
HBIX peXuMax (i1 CHUKEHUs IIyMa), Tu0o Ha moiHbix Harpys3kax (NOy). B mobom ciy-
4ae yBEIMYMBAIOTCA TIOTEPH HANIOPA U yCUIIMBAETCS 3aBUCHUMOCTD Py, =1(n).

JIByxda3HbIil BIPHICK BO3MOXEH ¢ nomolsto nojoctu JIBJ] mexxny THB/ u ¢op-
cynkoi. TmarensHas ontumuzanus TIIA mo3BoJISIET COXpAaHUTH €r0 B IIUPOKOM HHTEp-
BaJie yacTot (puc.59).



Puc.59. BonHoBoil MeTox: nByxda3zHas
XapaKTepUCTUKa BIIPbICKA MpPU pa3-
JIAYHBIX Ny

1
35 37 39 41 43 Pxyn, rpaz

Kuxnep B JIB/] unu 3ayxenue
TpyOOIIpoBOJia 00ECIEeYNBAIOT TOJIO-
ruil mepeaHuit GpoHT M CTAOMIHM3H-
pylor P, 1o pexumaMm padoThI
(puc.60). AnHajnoruyHbIM  00pa3oM
dbopmupyeT nepeaHuii GPoOHT Xapak-
TEPUCTHKHU TUIYHXKEPHBIA nemndep ¢
XKUKIIEpoM (puc.56).

20 [ Jf o s R e oo
- Puc.60. Bimsnue pF, xxukiepa B
HArHETaTEJbHOM KJIallaHe

[l 1 I 1
20 25 30 35 a0 Pxyn, Tpan

3.3. Hacoc-opcyHka AJis1 FHTEHCHBHOIO BIIPBICKA

Hacoc-dopcynka no puc.61 obecrieunBaeT TOMOTHUTEIBHBIE BO3MOXKHOCTH WH-
TeHCU(UKAIIMK BIPHICKA CBEPX HW3BECTHBIX. 3ama3[bIBaHUE 3aKPBITHS OKHA 3apsaKu
(HrKHEe crpaBa OT IUTYH)Kepa) OTHOCHTENIbHO BIIYCKHOT'O MPHUBOJUT K MPEIBapUTEIILHO-
My CKaTHIO TOIUIMBA. JIBa JPYrux OKHA CIYXAaT JJIsl pa3rpy3Ku HAJIBITOJIBHOMN MOJIOCTH BO
BpeMs BIIPhICKA W MOBTOPHOM J03aps/iku Ipu oTcedke. Takas Hacoc-popcyHka obecre-
YUBaeT MHTCHCU(PHUKAIIMIO BIPHICKA B IIMUPOKOM I0JI€ YACTOT U Harpy3okK (puc.61), ympas-
nerne YOB=f(n) no 30°, xapakrepucrukoii Brpsicka (prc.62). MHTeHCH(HUKAIMS BIIPHI-
CKa IMPHU TOM € MaKCHUMaJIbHOM JaBieHuu B uuiauHape 150 MIla no3Bonuia yMEHBIIUTh
3ayTEPOBCKUM IrUaMeTp Karuu ¢ 25 1o 19,8 MKM | 3a c4eT yCKOpeHus ropeHus (puc.63)
CHU3UTH PACcXOJI TOTIMBA U JBIMHOCTH OTpaboTaBIIMX ra3oB [29].

—

E“P:
MIla

100

80

I]]_ TaTHAag TIIA ==

&0

40

=0

150 200 250 300 Dgya, MAR!
Puc.61. Cxema Hacoc-(pOpCyHKH U cpeiHee JaBieHue BOpbicka npu g,.=1; 1,7; 2,3; 3r



PB"D,
MIla
125
T3
=23
1 oO.000 L H | | 1 1
10 20 (-pK}'II, rpaf 360 280 (-lel'[, Tpan
Puc.62. /laBinenue BOpbicKa Puc.63. Xapakrepuctuku nmogauu (1,2)
MIPU Pa3IMYHOM 3aIa3bIBaHUHU u TeroBbinenenus (3,4) ¢ ucxomauoit (1,3)
3aKPBITUH OKHA 3apSAKU 1 HOBOW (2,4) Hacoc-popcyHKaMu

3.4. Cucrembl ¢ 3aMKHYTBHIM HAIITOJILHBIM 00bEMOM

@DOpCYHKH € 3aMKHYTBIM HaAbIrobHBIM 00beMoM (3HO) umeror psin npeumy-
miectB Haa TpaaunonHou TIIA: uaTeHCH(UKaALIKUIO BOpHICKA, 00JIETYeHUE MPY>KUHBI, Ta-
PEJIKH, UTIJIbl, TIOBBILIEHUE JAaBJICHMSI 3aKPBITUS WIJIBl OTHOCHTEIHHO Hayajla BIPHICKA,
BBH/y NOBBIIICHNS HAYaJlbHOI'O JaBJIECHMsI, OJM3KOro K JaBJICHHUIO HAJ UIJION - cTabuiu-
3anMio nojgauu. HTepecHo To, YTO yBEIMYEHHE JIOJIA MEpPETEeUeK M0 3a30py NPUBOJIUT K
0osbIIed MHTEHCU(UKALMKM BIPbHICKAa MO Mepe M3Hoca pacnbumdtens (puc.64), a BBUAY
HEJOCTUKEHHUSI UTJION yrnopa U ee CaMOYIUIOTHEHMS - Ha YAaCTHYHBIX PEKHUMax pabOThbI
au3ensi. OTH (QakTophl, KaK MOKAa3ald SKCIIEPUMEHThI HA TPEX aBTOTPAKTOPHBIX JU3EIIAX,
CHIDKAIOT pacxo/l TOIJIMBA, 3aKOKCOBbIBAaHUE pacnbuinTes, BbIOpockl CH, caxu.

Y S — oo T e G Pric 64, Brinsaue
MIlal + * = s S| oo

paananbHOTO 3a30pa
25.0 B pacnbUIUTENE
Ha Punp (1,3); Puau
(2,4), maccy yredek
3a BHOpbICK (5,7),
MEXy BIPbICKAMU
(6,8); myHKTHD -
mraTtHas TIIA
(1,2,5,6), crumontabie
-3HO (2,4,7,8)

20.0

15.0

10.0

Ha ocnoBanmm ucneitannii TITA ¢ THBJI YTH-5, HA-21, YTHM, VE Bosch, B-
46 ¥ UPOKUX YUCIEHHBIX UCCIIET0BaHUN OOHAPYXKEHO, YTO IMPOKOMY BHeapeHuto TIIA
¢ 3HO npenArcTBylOT ABa albTEPHATUBHBIX CBOWMCTBA: TMAPO3AKIMHUBAHHUE WIJIBI WU
Manas 3¢dextuBHocts TIIA. Jlns pemenust mepBoit 3a1aun npeajaraercs [27]: yBenuue-
nue 3HO, BHemiHee perynupoBanue P, *ukiep cnuBa 5 (puc.65) uz 3HO, cHmkeHue
JaBJIeHMs] Havyasla BOpbIcKa, kiamad 3 mexay 3HO u nmoablroabHHBIM 00BEMOM, peBeEp-
cuBHbIM KnanaH 1 THB/I, npenensneiii kinanan 2 3HO. JIBa nocnegqHux pemieHus - pagu-
KaJibHble. MeTo1bl THTEHCU(PHUKAIIMU BIPHICKA MPOTUBOIOIOXKHBI IEPEUUCICHHBIM BbIIIE
METOJaM IPEIOTBPALICHUS THAPO3aAKINHUBAHUSA. Kpome TOro BO3MOXKHO: YBEIIU-
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YeHUE 3a30pa B pacHbUIATENE, MPEIOTBPAIICHUE CAMOYIIJIOTHEHUSI BEPXHETO TOPIA UTJIbI
Ha ee ynope, ymeHbienue pasrpysku JIB/l. TITA ¢ 3HO oGecneunna CHI>KEHHE pacxoja

TommBa no 1,5... 6%,
aPNE—— -
E

o0 3 pa3 Ha JH3EIAX
2410,5/12 u 44HI11/12
[34].

% BbIOpocoB CO 10 2 pas,
E

NOy4 Ha 0..10%, npiMa -
7

_555’/‘\‘0

X

Puc.65. Dnemeutsr TITA
JUTSL TIPEIOTBPAIICHUS
TUAPO3AKINHUBAHUS

.

3.5. ToniuBHAas anmaparypa ¢ akKyMyJIHPOBaHUEM yTe4YeK pacnblLIMTe s
u pasrpy3koii JIB/l yepe3 HaabIr0JIbHYI0 MOJIOCTH

—

HNansHeimum pazsutueM TIIA ¢ 3HO sBnsiercs akTMBHOE HCIIOIb30BAHUE aKKY-
MyIupoBaHue yTeuek (AY) TOmirMBa B HAABITOIBLHOM MOJOCTHU JIJIsl 3HAYUTEIILHOTO yCUJle-
Hus Qdekra ruaposanupanus. Jlydmum 1 B TO K€ BpeMsi HEUCCIIEJOBAaHHBIM pelICHUEM
0Ka3aJIoCh YCTAaHOBKA MpeAeNbHOTO KianaHa cinuBa 2 (puc.65). JIB/] pasrpyxanace yepes
HEro, a He HarHeTaTelbHbIM KJanaHoM. B pe3ynbpTare coriiacHO pacueraM U 3KCIIEPUMEH-
tam ¢ THBJ YTH-5, HA-21, B-46, VE Bosch B gocturaercs pekopaHblii ypoBEeHb Ha-
yanpHOTO naBienHus, Ha 11...13,5 MIla npeBsimatroiero qaBjieHus HaJ UTJI0iM (T.€. pealb-
HO 20...52 MIla) [41]. Cuctema oTiMyaeTcsi pe3Kol MHTEeHCU(UKAIMEH BIpbICKa, 00Yy-
CJIOBJICHHOW HE CTOJIbKO yBeJIMYE€HUEM P, CKONbKO P, DTO MOATBEpXKIAET CpaBHEHHE
mTaTtHOW TITA ¢ yBenmnueHHBIM JaBJICHHEM Hadaja BIpbicka Pgpp=44,3 Mlla (Tabn.8) c
onbITHOM TIIA ¢ akkymMyaupoBaHUEM YTEUEK C TEM K€ yCUIIMeM rujposanupanus (AY,
Prny=20 MIIa). UnTeHcudukanus nogaun o0ycaoBlIeHa CHUKEHUEM PO C)KUMAaeMOCTH
TOILIMBA, OCOOEHHO Ha YaCTHYHBIX pexknumax. Crabunmsanus P, B mone pabounx yactor
n=1000...2200 Muna"' u nonay g,=20...70 Mr nokazana B Tab11.8.

Tabnuna 8. JlaBnenus Bapeicka B mratHoi TIIA u ¢ akkymynupoBanueM yreuek (AY)

TITIA ¢ HA-21 ms guzens Y10,5/12 P, MIla P, MIla
TIIA ¢ AY, P, =20 MIla 32,6...65,0 16,9...41,2
TIIA ¢ AY, P, =30 MIla 35,2...72,6 18,1...48.,0
[IITaTHas 15,6...41,5 8,4..25,1
IlItatHas ¢ Pyy=44,3 MIla 17-41,3 3,6-31,3

Cucrema no3BossieT ynpasisaTh Py, (puc.66), B TOM 4nCIlie ONIEPaTUBHO, HAIPUMED
IIpU J10BOJKE paboyero mpoiecca Win i ONTUMAIBHOIO yIpaBieHUs paOOTON JU3es.
Hocrounctso TIIA ¢ AY u B TOM, 4TO 3HAUUTEIbHAS UHTEHCU(DHUKAIUS BIOPHICKA JOCTHU-
raercsi MpOCTbIMU CPEACTBAMHU M MPU MEHBIIMX KOHTAKTHBIX HANPSUKEHUAX G, Ha Kynad-
Ke, 4eM 3a cueT yBenuueHus dyy, hy,, Poo 1 ap. (puc.67).

[okazarenn musens 2410,5/12 ¢ P,=30 MIIa, M,,"" npu n=1400 u 2000 MHH
YIYYIIWJIACh COOTBETCTBEHHO: MO AKOHOMHMYHOCTH Ha 15 u 7 r/kBt-u, BeiOpocam CO B
1,86 u 1,62 paza, NOy 1,32 u 1,67 pa3za gpimuoctu 1,86 u 3 pasa.
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Puc.66. Biusaue naBieHus HaI UTJIOH C Puc.67. llItatnas TIIA u AY npu
VYTHM s quzens 410,5/12 d,,=6...8 Mm B THB/] Kommnakr-24

3.6. [le3akcuajJbHbIN KyJIa4YKOBbIH MEXaHU3M

Heuncrnonb30BaHHBIM PE3EPBOM CHUKCHHUS KOHTAKTHBIX Ha-
NPSDKCHUN Ha TTOBEPXHOCTH KyJIauKa SIBJISICTCS JIe3aKCUATBHBIA Me-
xaHu3M (puc.68). ns nuzens [1245.12C ¢ THBJ YTHU cuuxe-
HUE KOHTAaKTHBIX HANPSHKEHUH 3a CYET JIe3aKCHaia COCTaBUIIO
12,5% (puc.69). Ilpu r,=16 mm, p=10 mMm, h;;;=9 MM onTUMaTLHBIII
nezakcuan cocraBun  e€=14,5 mm. g tpagunmonnoun TIIA

max

Y™*<27...40° u cTemeHs pasrpy3Kn KOHTAKTA OT J€3aKCHANA MOKET
coctapiarh 1,1...1,15.

Puc.68. Cxema AC3aKCHUAJIbHOI'O KYJIAQUKOBOI'O MCXaHHU3Ma

rpﬂﬂ;h am:H:a.]IBHLII'fI I":'?Kl_lja
Puc.69. VYron pgas-
JEHUS W KOHTAKT- 30 [ iy oo 1200
HBIE HANpPSOKEHHS B
HPUBOJIE U3ems
11245.12C mpn o0 800
n=1200 MHH ',
gu=79er ¢ akem- I R _— A oo
QJIBHBIN TOJKATEIEM : : ; :
U C Je3aKCHAIOM \\
14,5 mm o A R */. L 0

1 1
20 a5 30 35 a0 P xyn, rpag

3.7. AKKyMYJSITOPHBbIE CHCTEMBI € 3JIeKTPOHHBIM ynpasJjieHueM (Common Rail)

Cucrembr Common-Rail cranu peansHO#l anmbTepHaTHBOM TpamuimonHon TIIA.
OnHa U3 TpyJIHOCTEW uX co3faHus - oTcyrcTBue noaxoasaumx THBJI. B otiuuue ot pa-
Hee mpuMeHsBIIMXCs TpaauluunoHHbIXx THBJI, KOHKYypeHTOCIOCOOHOCTh HAacoca MOXKET
ObITh OOecreueHa MPUMEHEHHEM BEpPXHEH peryiupyromeid KpOMKH IUIyHXKepa, 3aMeHOM
KyJauKOBOTO TPUBOJA HAa SKCIEHTPUKOBBIA. DTO MO3BOJSET CHU3UTh KOHTAKTHBIE Ha-
NpsDKEHUsS Gy B 2,2 paza, a MOMEHT Ha Baiy B 4,5 paza (puc.70).
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Puc.70. Psansiit THB] ¢ poauKoBBIM TOJIKATENEM KYJIa4KOBBIM (@) M 9KCIEHTPUKOBBIM
(6) mpuBogom: yron aasienus (1,3), koHTakTHOE HanpsikeHue (2,4), naBlieHUe Hal IUTyH-
xepoM (5), ero ckopocTs (6); akcuanbHbIi MexanusMm (1,2) u ¢ gezakcuanom (3,4)

Jlnst  ympaBieHus KianmaHOM (GOpPCYHKH TEpPCIeKTUBEH Mbe3onpuBoa, B [IK
BIIPBICK ucnonb3yercsi MaTeMaTuuecKkasi MoJieJib MbE30MPUBO/A. .

CtaOUIIbHOCTD, YIIPaBISAEMOCTh U OBICTPOJICHCTBUE AJICKTPOTHUAPABIHICCKUX (hop-
CYHOK YIIy4YIIIaeTCsl MPUMEHEHHUEM MYJIbTHIUIMKATOpA 3anupanus urisl (puc.71). Ero na-
paMeTpsI MOJJIeKAT ONTUMHU3AIMK. be3 Hero B OBICTPOXOIHOM Ju3elie padoTa CTAHOBUTCS
HEBO3MOXKHOH, a mipH d;/d,<1 - B mrob6oM ciyuae.

Puc.71. Mynbsrunnukarop 3anupanus (a) B opcynke Common Rail u pacxon Tormsa
yepe3 kiamnad (1,3), xxuxiep (2,4) ¢ mynsruriukatopom d,/d,=1,5 (1,2) u 6e3 uero (3,4)

B cooTBeTcTBMM C mapaMerpaMu 3JICKTPOTHUIPABINYECKON (HOPCYHKH JTOJDKHBI
OBITh ONTUMHU3UPOBAHBI CEUCHUS KJIallaHa, )KUKIIEPOB, pACCYUTAHBI OOpPATHBIC CBSI3M TI0 €€
MOJIbEMY U JIaBJICHHUSIM B TIOJIOCTSAX GopcyHKH. Toraa ¢ ynaeTcss MUHIMU3UPOBATh PACXO]]
TOIUTMBA Ha YNpaBJICHHE, Pa3HUIy MEXKIY IaBICHUSAMH B aKKyMYJSTOPE W BIIPBICKA,
obecrieunTh ObICTpOJeHicTBHE hopcyHKHU (pHC.72).

Jlnis cHmkenust BbIOpocoB NOy U IIyMHOCTH paOOThl UCIIONIB3YETCs MOJOTHI Tie-
pennuit GpoHT mim AByxX(dasHas mojada. AKTUBHO HCIIOJIB3YS BOJHOBBIC TPOIIECCHI B
aKyCTUYCCKH JUTMHHOM JIMHUY “‘aKKyMYJISITOP-CcoTia” (JUITMHA TOJIBKO KaHAIOB ()OPCYHKU
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Bosch cocrasnser 185 mm), MOKHO (pOPMHUPOBATH XapAKTEPUCTHKY BIIPHICKA C MOJIOTUM
nepeHUM (GPOHTOM U IOJTYy4aTh BIPBICK C Puy>Py. Onrummsupysa TIIA MoXkHO pemnTh
JIPYTYIO aKTyaJbHYIO 3a7ady - 00eCHeuuTh IBYX(a3HbIA BIPBHICK U OISTH XK€ JOOUTHCS
Punp>Pas (pric.73).

150

100

50

12.5 P xyn, rpan

a 0
Puc.72. JlaBnenue TomnmBa y GopcyHku Py, B KapMaHe pacbUIUTENs P,y
B Kamepe ynpasnenus Py, Bopeicka Py,,: 10 (a) m mocne (6) ontumusanmn TITA

Puc.73, Ha kotopom
NPEACTaBICHO U3MEHe-
HUE J1aBJICHUI TOIUIMBA B
KapMaHe paclbUIUTENS, B
KaMepe VIpaBICHUS W
BIIPHICKA, WJUIFOCTPUPYET
nByx(ha3HbId BIOPBICK C
OCHOBHBIM  BIIPBICKOM
npu ¢ Pyp> Pao B mpo-
credimedt  QopcyHKe C
OJIHUM KJIalaHOM C MC-
MOJIb30BAHUEM  BOJIHO-
BBIX IPOIIECCOB B TPyOO-
IPOBO/JIE

P, MIa

3.8. Ucnoan3oBanue IIK BIIPBICK npu co3xanum cucteMbl JMATHOCTUKH TeXHUYe-
ckoro cocrossnusi TITA

PazpaboranHbie MaTeMaTHUYECKHUE MOJACIN ObUIM YCIEITHO MPUMEHEHBI JIJIsl pellie-
HUS MPAKTHYECKOHN 3a7auu, TpeOyroliel BHICOKOW TOUHOCTH - auarHoctupoBanusi TIIA
[26]. CTpykTypHbIi aHanu3 BbisBUI 20 Hambomee BeposTHRIX HeucnpaBHocTer TIIA nu-
seneit 12UH15/18, onpeaenun ux gomyckaemble OTKIOHEHUs. [1o u3mepeHusiM gaBieHui
niepe; popcyHKo# U B TpyOompoBoe-pacxogomepe Bosch u ux 06paboTke BbIsiBIIEHO 29
JUarHOCTUYECKUX MapameTpoB (puc.74). Marematuyeckoe MOJEIUPOBAHUE HCIIOIb30Ba-
JIOCh JIJIS1 BBITIOJTHEHUS] CaMOM TPYJIHOM 3a7auu - MOJy4YE€HUH AUarHocTuueckon moaenu. C
MOMOIIBI0 HAaTYpPHOI'O 3KCIEpHMEHTa 3Ta paboTa Jopocrosiia U 3aHuMaeT roasl. [Ipu
3TOM yCTPAaHEHBl HETOYHOCTH, CBSI3aHHBIE C HEOMPEIETCHHOCTHIO PEATbHBIX TOMYCTUMBIX
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OTKJIOHECHHM, HAJIMYUEM HECKOJBbKUX HEUCITPABHOCTEM, OLIEHKOW UX BEJIMYHUHBI, COPTA TO-
IUIMBA, MEKIIMKIOBON HECTAOMIBHOCTH U T.JI.
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Pmmd ___________________________________________
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P 1 o P IIyHDKepa T
Pml Pm.ax \ : : :
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e | I ] 1 1 1 ] 1 1
(-p](}l'ﬂ 35.0 40.0 45 .0 ('px}l'ﬂ:, rpaﬂ
Puc.74. O0o3HaueHU TUAaTHOCTUYECKUAX Puc.75. Jlapnenue B natuukax JIBJI u
MapaMETPOB C UCTOJIb30BAHUEM KPUBBIX Bosch Ha HOMMHAJIBHOM peXUME: UCTIPaB-
naBienus B JIB/[ u B narunke Bosch Has TIIA u ¢ 3aeianueM ITyH)Xepa

Pacuerom TII no monmycTHMBIM OTKIIOHEHUSIM CTPYKTYPHBIX IIapaMETPOB U OTKJIO-
HEHHSIM NapaMeTPOB TEXHOJOTMYECKOM HEYCTOMYHMBOCTH ONPEAEISIINCH JOIMYCTUMBIE OT-
KJIOHEHHsI THarHOCTUYECKHUX MTapaMeTpoB Ha KaxkaoM u3 pexxumoB TIIA, a cBepxHopMa-
TUBHBIE OTKJIIOHEHHUS CTPYKTYPHBIX MapaMeTpOB MO3BOJIWINA c(HOPMUPOBATH TaOIUIBI HE-
HCIIPAaBHOCTEH, YHUKAJIBHOE COUYETAaHUE OTKIOHEHUHN JTUAarHOCTUYECKUX MapaMeTpPOB B KO-
TOPBIX, SBISJIOCH ACTEPMUHUPOBAHHBIX KOJIOM Ka)KJIOM HEUCIIPAaBHOCTH. B oriamume ot
M3BECTHBIX, MPEUIOKEHHAs METOJMKA MO3BOJIMJIA TapaHTUPOBAHO pacno3HaBarh Bce 20
HeucnpaBHocTeH (puc.75).

3.9. IIpoextupoBanue TIIA 11 BIPBICKA YrOJbHBIX CyCIIEH3UH

Kpynneimas 3amada co3maHus au3eiedl Ha albTEPHATUBHBIX TOIUIMBAX - pas3pa-
00TKa yroJIbHBIX TEXHOJIOTHUH: MUPOBBIE T'€0JIOTHYECKHE 3amachl yriei B 14 pa3 mpeBbl-
LIAIOT 3arackl HEPTH U Tra3a, BMecTe B3AThIX. Cpeau npobiieM co3aHusl JU3ems Ha yrojb-
HbIX cycneH3usax (YC) - obecnieueHust npokauynBaeMocTH, poiroseqHoctu TITA. 3a ocHo-
By Obl1a B3siTa TIIA mo cxeme H.H.[laTpaxanblieBa ¢ aBTOMaTH4YECKUM KJIalaHOM MO[-
nutku 5 JIBJl mexty Bopbeickamu (puc.76). CucreMa onTuMu3upoBanack ¢ nomoiisto 11K
BIIPBICK no cemnu
il e— nmapamMeTrpaMm A

% % _§_ MaKCHMaHBHOﬁ I10-
9
i
[

Jla4d 4yepe3 KiamaH
MOANUTKH 5, a 3a-
TEM JUIsl HMHTEHCHU-
(uKalMu BIPHICKA.

f X % < Puc.76. TTIA mnsg
3 2 nomgayu YC
vet ard : 1*1’/ l il

D

EcY

IlepBas uenn
JOCTUTHYTa NPUMEHEHUEM HEMPOTOYHOIO HArHETaTEeJbHOIO KianaHa, MpEeBPAaTHUBIINM
THB/I B renepaTop UMITYJILCOB, pabOTarONINi 0€3 U3HOCA B JU3EITb-
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HOM TOIIIMBE. YeThIpeXKpaTHOE yBEIUUeHUE Py M IByKpaTHOE YBEIMHYCHHUE TTOIA4H JI0C-
TUTHYTHI 3aMEHOM IUIYHXKEPOB OT 6,5 10 12 MM, H3MEHEHHEM KylaudKa, 3ay)KEHUEM COTIEI
U ruapo3anupaHueM uribl GopcyHku. PaboTocrnocoOHOCTh (GOPCYHKH Takke obecreyu-
BaJlach CONUIM(OBKON WUTIIBI B HUKHEH YacTH 3a30pa, YBEITUUYCHUEM 3a30pa U €ro mpo-
MBIBKOH uepe3 TpyOonpoBo &, a Takke pyOMHOBBIMU coriamu [36].

3.10. IIpoexkTupoBanue TIIA 151 BOpbICKa ra30TONJIMBHBIX CMecei

[Togaua razos B JIBJ] MmoxxeT oka3pIBaTh BIMSIHUE HA (PU3UKO-XUMHUUYECKHUE TTPOIIEC-
cel B munuHape. Ha nuzene 8U11/11,5 ocymecTBiena momada ra3oB uepe3 KianaH MoJ-
nutky B JIBJ] y popcyHku, aHanornyHelil knanany 5 Ha puc.76. C MOBBIIIEHHEM T'a30C0-
JIep>KaHMs | Tepernaja JTaBJICHU Ha COTUIaX MAacCOBBIM pacxoj AByx(}a3HOIl cMecH maja-
€T, @ CKopocTh ucteueHus pacret (puc.77). lltarnas TIIA no 3Toil cxeme oka3anach He-
paborocnocobHoii. MogenupoBanue TII ¢ ucnonp3oBaHMEM ypaBHEHUH ABYX(azHON
cMecu mo3Bosimiio gopadotats TIIA ¢ oOecrieueHreM UCXOIHOM MOJAa4YH AU3EIHLHOTO TOT-
JMBa U perynupoBaHus noaauu raza ot 0 10 200% oT nojiayu AU3ENBHOIO TOIUIMBA U 0€3
CYIIIECTBEHHOTO CHIDKCHHS AaBieHus noaauu (puc.78). Yeenuuenue YOB Ha 4° obecrre-
YUJIO CHIKEHUE g, TIPU Moaue BO3/yXa, CHHTE3-ra3a u Bojopoja Ha 4...8 r/kBt-1 o Bceit
Harpy304Hou xapakrepuctuke n=1680 MuH ' T yIy4IIEeHUE YJEIbHbIX BEIOPOCOB MPH HUC-
neiTanusax 1no 13-crynenyatromy nuxiny no CO Ha 21-48%, CH nHa 21-48%, NO Ha 18-
23%.
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Puc.77. OTHOCUTENBHASI CKOPOCTH Puc.78. JlaBnenne B natunke y GOpPCyHKH

ucredenus razoromnuBHoi cmecu B 8U11/11,5 g,=47 mr, n,,;=925 MuH: 1- nrraTHas
(Gysrxun Hanopa npyu ucxoausix ra-  TIIA; 2-¢ V=150 MM; 3-TO K€ C rojiaueii Bo3-
30COAEPHKAHUAX € nyxa ¢ AP=0,1 MlIa; 4 - AP=1,0 MIla

PaccMoTpeHHbIe TTpUMEpPHl HE MCUEPIBIBAIOT 00bEM BBHIMOJIHEHHBIX MU BO3MOXK-
HbeIX pabot ¢ momoirsio [1IK BITPBICK. OH mocTossHHO MCTONb3yeTcs MpU MPOBEACHUH
COBEpIICHCTBOBaHMS, poekTupoBanus, nogoope TIIA auzeneit [28]. C ero momoins oxa-
3bIBAETCSI BO3MOXXHBIM PACUET CKOPOCTHBIX M HArpy304YHbIX U MPOYUX XAPAKTEPHUCTHK,
aHanu3 nepexoaHsix pexkuMoB B TIIA u T.. Bo3M0XHO HccienoBanre HeTpaauMOHHOM
TTIA: ans Bapbicka OeH3WHA B IUJIUHAP C AJIEKTPOYIIPABICHUEM pa3pabOTaHbl CUCTEMBI U
MX MaTEMaTUYECKUE MOJIETHU C CUJIOBBIM MbE30IPUBOIOM, C AJIEKTPOIUHAMMU-
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yeckuM asurarenem, ruapoynapHas TIIA u np. IIK BITPBICK nocrossHO pa3zBuBaeTcs B
TJIaHE TOBBIIICHUSI JIOCTOBEPHOCTH OMHCAHUSI MPOIECCOB M TOBBIIMICHUS] MOTPEOUTEINb-
CKMX CBOWCTB. B 3TOW CBSI3M aBTOpPBI HE BUAAT MPEMSATCTBUM JJIs1 €T0 JOMOJIHEHUS B COOT-
BETCTBHH CO CIEHUATIBHBIMU 3aIIPOCAMU MOJIb30BATEIICH.
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