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BBEJIEHUNE

ben3uH nmosryyaeTcs myTeM riepepadoTKu HehTH 1
B HACTOSIIIEe BpeMsI SIBJISICTCSI OMHUM U3 OCHOBHBIX
BUIOB TPAHCIIOPTHOIO TOIUIMBA, KOTOPOE IIMPOKO
HVICIOJIb3YETCS B IBUTATEJISIX C UICKPOBBIM 3aKUTaHM-
eM [1]. DTo TonmmMBO MpeacTaBisieT COOO0I CITOXKHYIO
CMECh XKMAKNX YIIeBOOOPOIOB, (MU3NUYESCKUE U XU~
MUYECKME CBOMCTBA KOTOPOM CWJIBHO BJIMSIOT Ha
MpOoLEeCChl TEIUIOBBIICIACHUSI 1 00pa30BaHUSI BpeE-
HBIX BEIIECTB IIPU €€ CXKUTAaHUM B KaMEpe CrOpaHUsI
nBurartend [2]. B cBsg3m B 3TUM ITOHUMaHWe KWHETH -
YEeCKHX MEXaHU3MOB ropeHUsl OEH3MHA UTPaeT BaxK-
HYI0O POJb B COBEPIICHCTBOBAHUM 3KOJOTMYCCKU
0e30MmacHbIX 1 9KOHOMUYECKM BBITOMHBIX TEXHOJIO-
TUii ero Ucrnojb3oBaHus [3].

3a mocjemHWe TOmbl MTOCTUTHYT 3HAYMTEIIBHBIN
Mporpecc B pa3paboTKe KUHETUYECKUX MEXaHU3MOB
PA3IMYHOM CTENEHN CJIOKHOCTH, OIMMCHIBAIOIINX KaK
HU3KOTEMITepaTypHOe, TaK M BBICOKOTEMIIEPATypHOE
ropeHue 0eH3uHa U ero cocrapsiomnx [4—7]. Co3na-
HBI JTOCTAaTOYHO ITOJIHBIC IeTaJIbHBbIe KHHETHUYECKIe
MOJIeJTN, Ha OCHOBE KOTOPBIX pa3pabaThIBAIOTCS YIIPO-
IIEHHbIE (peaylLIMpOBaHHbIE) KUHETUUESCKUE MOJIEIU,
TIpYMEHSIEMBIC B NaJbHEHIIIEM IS MOIEIUPOBAHMS
METOJaMM1 BBIUMCIUTENbHON TunpoaruHaMuku (Com-
putational Fluid Dynamics (CFD)) nporeccos, ripote-
KaloIIMX B peaJIbHBIX KaMmepax cropanus [7—9]. IMomy-
YeHO OOJBII0e KOJIMYECTBO SKCIEPUMEHTAUTHBHBIX
JaHHBIX MO0 U3MEpeHUI0 mpoduieii KOHIEeHTpaluii
KOMITOHEHTOB XMMHWYECKU pearupyromeil cucTeMbl
[10, 11], BpeMeH 3amepKK1 BOCTUIAMEHEHMS B IITUPO-
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KOM Jvaria3oHe U3MEHEHMS TeMIepaTyp U naBjleHUi
[12—14], a TakKe CKOPOCTEi pacIipoCTpaHECHUS Jia-
MUHapHOTO TiaMeHu [15], KoTopble MCIONb3YIOTCS
JUJTSI TECTUPOBAHUSI KUHETUYECKUX MOJIEIeiA.

Tem He MeHee B CBSI3H C pa3pabOTKO HOBBIX TeX-
HOJIOTHIA CKUTaHUSI TOIUIMBA B ABUTATE/ISIX BHYTPEH-
HEro cropaHusi, alalTUPOBaHHBIX K COBPEMEHHbBIM
HOpPMaM BEIGPOCOB BPEIHBIX BEIIECTB, IIOTPEOHOCTD
B 00J1ee TITyOOKOM MOHUMAaHUM XMWY TOpEeHUsT OeH-
31MHA U €ro COCTaBJISIIOIINX MTOCTOSIHHO pacTeT. Pa3-
pabaThIBAIOTCS KUHETUYECKIE MOIECI TOPEHHUSI CME -
ceii OeH3MHA C pa3IMYHBIMMA BUIAMHU OMOTOILJIMBA
[16—20]. UccaemyeTcst BAUSTHUE pa3TAIHBIX JOOaBOK
K TOIUIMBY Ha YMEHbIIEHHE OOpa30BaHUSI TOKCUY-
HBIX BeliecTB [21—23]. VBenmuuBaeTcss KOJIMYECTBO
paboT MO YMCICHHOMY MOJEIMPOBAHUIO MeTodaMU
CFD ¢u31nKo-XuMHUYeCcKHX MPOLECCOB B KAMepax Cro-
paHus IBUraTesieil BHyTpeHHero cropanus [24—26].

B Hacros1eil padote aHAIM3UPYETCSI COBPEMEH -
HOE COCTOSIHUE UCCeA0BaHMI MO pa3paboTKe KUHe-
TUYECKUX MOJEJIeil TopeHNs1 6EH3MHA U €ro COCTaB-
Jsmommx. B ¢BSI3M ¢ TeM, 4TO KOJIMYECTBO ITyOImKa-
LIMI TI0 JAHHOI TeMaTHUKe OOCTaTOYHO BEIUKO, B
0030pe NpuUBeaeHBI HauboJiee TUITUYHBIE paAOOTHI 1O
KaXXIOMY U3 PACCMOTPEHHBIX BOIIPOCOB.

CYPPOT'ATHAA MOJEJIb BEH3UHA

ben3nHn mpencraBiaseTr coOOil CIOXKHYIO CMECh,
COCTOSIIIYIO U3 HECKOJIBKUX COTEH YIJIEBOIOPOIHBIX
KOMITOHEeHTOB. Ee cocTaB 3aBUCHUT OT IPUPOEI IEpe-
pabaTeiBaeMOil HEPTHU U TIPUMEHSIEMBIX B TEXHOJIO-
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MU MepepadoTKU HehTEXMMUUYECKUX MPOLIECCOB.
Mapku JaHHOTO BHIa MOTOPHOTO TOILJIMBA pa3jinya-
IOTCSI COCTAaBOM, UYMCTOTON U HEKOTOPBIMU IPYTUMU
napamMeTpaMu. MapKnpoBKa OeH3MHAa OOBITHO MPO-
BOIUTCS C yKa3aHUWEM €r0 OCHOBHOTIO ToKa3aTess —
OKTaHOBOIO 4Mcja. MOTOpPHOE OKTaHOBOE YMCJIO
(Motor Octane Number (MON)) omnpenensieT, Ha-
CKOJIBKO YCTOHYMB O€H3UH K JETOHAlLIUU MPU MaKCU-
MaJIbHOI MOIITHOCTU MoTopa. MccenoBaTesibcKoe OK-
taHoBoe uncio (Recearch Octane Number (RON)) xa-
paKTepU3yeT IETOHALIMOHHYIO CTOMKOCTb O€H3MHA TTpr
9KCIUTyaTallud MOTOpa C YaCTUYHOM Harpyskoii [2].
JaHHble XapaKTEPUCTUKHU TOTLJIMBA OIPENEIsIOTCS B
XOJIE €r0 UCIBITAaHUSI Ha CHELUAIbHBIX YCTAHOBKAX B
COOTBETCTBUU C AEHCTBYIOIIMMU CTaHIapTamu [27].

CoBpeMeHHasl Kjaccu@uKalysl OTeYeCTBEHHBIX
OEH3MHOB BKJIIOYAET IIECTh OCHOBHEIX MapoK: A-80,
AN-92, AN-95, AN-95+, AN-98 u AW-100. MHorma
B MapKMPOBKY OCH3MHOB BKJIIOYAIOT CCHUIKY Ha €B-
pormeickue cTaHaapThl. B yacTHOCTH, OeH3WH MapKU
AW-98-5 0603HavaeT 6€H3UH aBTOMOOUJIbHBIN (A) €
OKTaHOBBIM YMCJIOM 98, oTipeneIeHHBIM 110 UCCIIEIO-
BaTeabckomy (M) MeTony, ¢ SKOJOTMYEeCKUM CTaH-
JapTOM, COOTBETCTBYIOIIVMM TEXHUUYECKUM peria-
MmeHTaMm EBpo-5.

VreBonoponHble COCTaB/ISIONINEe OSH3MHA MOXHO
OOBENVHUTH B HECKOJIBKO OCHOBHBIX TPYIII: HOPMAJIb-
Hble napaduHbl, n3onapaduHbl, HapTeHb! (LIMKIONAa-
pacdunbl) u apeHs! [1]. M3-3a CI0KHOCTU cocTaBa OcH-
31HA MPYU MOAETUPOBAHUM €r0 TOpeHUs] OOLIYHO VC-
TOJIB3YIOTCS TaK Ha3bIBacMbIe “CypporaTHbie” TOTUIMBA.
CypporatHass Mofeab O€H3MHa JO/DKHA BKJIIOYATh
OrpaHUYEHHOE KOJIMYECTBO YIJIEBOAOPOMHBIX KOM-
IMOHEHTOB C YETKO OIIpelIeIeHHBIMUA CBOMCTBAMU U
ONUCHIBATh IMOBEJIEHME PealbHOr0 MOTOPHOTO TOII-
JIUBa, MOJEIUPYs ero (pusndecKue U XUMUYECKUe
cBoiicTBa [28].

CaMbIM MPOCTHIM 3aMEHUTEIEM OEH3MHA SIBJISIET-
Csl U300KTaH, KOTOPBII MCIIOJb30BAJICS HA PAaHHUX
aTarax UCccjaeA0BaHU 1O MOIEJIMPOBAHUIO TOPEHUS
O0eH3uHa [29]. buHapHble cMecu H-TenTaHa U MU300K-
TaHa (2,2,4-TpUMETWJI TIEHTaHa), KOTOPble OTHOCST-
Csl K TaK Ha3bIBaeéMbIM MEPBUYHBIM 3TaJTOHHBIM TOTI-
mmBaMm (Primary Reference Fuels (PRFs)), ucmomnb3o-
BaJIMCh B TEUEHUE MHOTUX JIET B KAUECTBE YAOOHBIX
3aMeHuTeNIeil OEH3MHOB C MEePEeMEHHBIM OKTaHOBBIM
yucaom [30]. B kauecTBe Gonee peaTbHOI TOIUIMBHOM
CMeCH, MOJEIMpPYIOLIei TopeHue OeH3MHA, OOBIYHO
paccmaTtpuBaeTcs TpOlHAas CMECh H-TeNTaHa, U300KTa-
Ha v TostyoJia [31], KOTopylo 4acTo Ha3bIBatOT TOJYOJI0-
BbIM 3TajioHHBIM TorInBoM (Toluene Reference Fuel
(TRF)). CoBpeMeHHBIe cypporaTHble MOAeIu OeH-
3MHAa BKJIIOYAIOT OT 11T [17] mo mBamiatu Tpex [32]
YIJI€BOAOPOIHBIX COCTABJISIIOIIMX.

CraHgapTHBIE ITpaBuUJjia IOCTPOSHUS CyppOraTHO
MOJEIU TOIUIMBA ellle He pa3paboTaHbl, HO OOIIUe
MIPUHIIMIIEI TAKOKM MPOLEAyphl OYCBUAHBI, U IS €€
pearm3anny TpeOyeTcst, 9TOOBI CyppOraTHOE TOTIIIN -
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BO MMEJI0O OCHOBHBIE (DU3NUECKHE U XUMHYECKUE
cBoiicTBa peasbHOro Torusa [33—35]. MHTepecHbIi
IOIXO K IIpo0JIeMe ITOCTPOESHUS CyppOTaTHOIM MOIe-
JIn OeH31HAa IIpeIJIoXKeEH B padore [36], rae B KayecTBe
KpUTEpUSI U1 BEIOOpA cocTaBa CyppoOraTHoOM cMecu
OBLIM MCHOJIb30BaHbI pacyeTHbIC JaHHEIE IO BpeMe-
HU 3aJepXKH BOCIZIAMEHEHUSI CYppPOraTHOI CMECH B
TOMOTEHHOM peakTope TMepUOIUIECKOro ACUCTBUS.
ComnocTaBieHUe JaHHBIX pacdyeTa ¢ BpeMeHaMU 3a-
JIEep>XKKU BOCIUIAMEHEHUSI B CMeCSIX C U3BECTHBIMU
RON 1 MON 0bUIO MCITOJIB30BAaHO IJIST ONpenese-
HUSI OKTAaHOBBIX YMCEJI IIpeajiaraéMoil CypporaTHOM
cMecu. Dta Metomoyiorust omnpeneaeHuss RON m
MON gBnsieTcs HOCTAaTOYHO TOYHOM, HO IS Hee
TpeOYIOTCSI BEICOKOTOYHBIE KWHETUYECKIE MOJICIIH.

B oG1iem ciyyae npolueaypy IMocTpOeHUsI Cyppo-
raTHOI MOJEJIM TOIUIMBA MOXHO IIPEICTABUThH B BUIC
CXeMBI, M300paxkeHHOM Ha puc. 1. AHam3 CXeMBI ITO-
Ka3bIBaeT, YTO MPOLeAypa OCHOBaHAa HA MUHUMU3ALU1
OTKJIOHEHUSI (PM3UYECKNX U XMMUYECKNX CBOMCTB pe-
aJIbHOTO TOIUIMBA OT COOTBETCTBYIOIIUX ITApaMeTpPOB
ero cypporaTHoil mMozaeiu. B kayecTBe MCXOIHOIO Ha-
0opa KOMIIOHEHTOB JUISI Mpollecca OINTUMU3ALUU
OOBIYHO BBIOMpAETCSI MOCJIENOBATEIBHOCTh HOP-
MaJIbHBIX MapaduHoOB, U30HapaUHOB, HA(PTEHOB U
apEHOB C KOJIMYECTBOM aTOMOB yIjIepoda B AUaIa3o-
He ot 7 mo 17.

KUHETUYECKU MEXAHU3M ITPOIIECCA

Kunernueckuii MexaHM3M TOpEHHUSI TOIJIMBA
MpeACTaBIIsIET cO00IT HAGOP 3JIEMEHTAPHBIX XUMMU-
YeCKMX peaKlMii, OMUChIBAIOIINX TPEeBpAIleHUE UC-
XOJIHBIX KOMIIOHEHTOB TOIMJIMBA B MPOIYKTHI peak-
LU ¢ 0Opa3oBaHUEM OOJBIIOrO0 KOJIUYECTBA IIPO-
MEXKXYTOYHBIX KOMIOHEHTOB. Tak Kak XUIKoe
MOTOPHOE TOTUIMBO TIPEACTABIISIET COOOI cMeCh pas-
JINYHBIX YIJIEBOJOPOJOB, KUHETUUSCKUI MEXaHU3M
€ro OKHMCIIEHHSI JOJKEH BKIIIOUATh B ceOSI MEXaHU3-
MbI OKUCJICHUS OTIEIbHBIX COCTABJISIIOIINX €TI0 CYp-
pOTaTHOM MOJEIN.

Mexanu3Mmsel okucieHuss PRFs, Bxoasiiux B co-
cTaB OE€H3MHA, IIPAKTUYECKU UASHTUYHEI, HECMOTPSI
Ha TO, YTO MOJIeKyJa H-TeIlTaHa HMMEET JMHEMHOe
CTpOEHME, a MOJIEKYJIa U300KTaHa XapaKTepU3yeTCsI
pa3BETBICHHOM 1 IOCTATOYHO KOMITAKTHOM CTPYKTY-
poii [37]. Tem He MeHee HOpPMaJbHBIC MapaUHBI
JIerye BOCIJIAMEHSIIOTCSI, YeM u3onapaduHbl, U 3TU
CBOIICTBa BOCIJIAMEHEHUSI IPUMEHUTEIHLHO K rope-
auto PRFs B nmBurarensix BHYTpEHHEro CropaHus
OOBbIYHO KOJIMYECTBEHHO OIPENCIISIIOTCS Pa3INUHbI-
MU 3Ha4eHMSIMUA OKTAaHOBOTIO yncia. [IprunHa 3aKimo-
4aeTcs B Pa3HBbIX BEIMYMHAX KOHCTAHTHI CKOPOCTU U
TEIUIOThI peaklMii OKMCICHUS 3TUX ABYX COCTaBJISIIO-
IIUX CYpPOTraTHOiI Moaenu OeH3MHa, YTO CBSI3aHO B
TepBYIO odepenb C MX pa3Hoii cTpyKTypoit [38].

KuHeTnueckuii MexaHM3M TOpeHMUsI H-TenTaHa
NoapoOHO MCClIeOBaH B psiae padoTr (CM., HalIpHu-
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dusnyeckue cBOMCTBa
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Puc. 1. [Ipotueaypa mocTpoeHUsI CypporaTHoil Mojie i GeH3nHa.
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Puc. 2. Kunetnueckuii Mexann3M okuciieHnst PRFs.

mep, [39—41]). CooTBETCTBYIOLINI MEXaHU3M TOpe-
HMS U300KTaHa (CM., HampuMep, [5, 42]) onucbhiBaeT-
csl MPUMEPHO TeM Xe HabOopoOM XMMUUYECKUX peak-
umii. B 1ienoM, KWHEeTUIECKUI MEXaHN3M OKHMCIICHUS
PRFs MOXHO TpeAcTaBUTh B BUAE IBYX COCTABJISIIO-
IIIMX: BBICOKOTEMIIEpPATypPHOTO MEXaHU3Ma, B KOTO-
POM OCHOBHBIC aJIKWJIbHBIE paauKallbl TEPMUUYECKU
paszjiararoTcsl Ha MEHbIIIME aIKUJIbHbIE paauKaibl 1
one(rHbI, 1 HU3KOTeMIIepaTypHoro MmexaHusma (7'<
<850 K), KOoTOpHIii onMChIBACTCS peaKIUeil IpUCco-
€IUHEHUS] MOJIEKYJIIPHOTO KMCJIOpOoaa K OCHOBHBIM
aJIKWJIbHBIM paguKajaM C MOCIeAYIOIINM paciaiom
obpasyromuxcsg amnykrtoB [37]. WMHuuumpoBaHue

pollecca OIMChIBASTCS pPeaKIueii MOHOMOJIEKYIISp-
HOTO pacnajaa MCXOTHBIX MOJICKYJI TOILINBA ¢ 00pa3o-
BaHHMEM aJIKMJIBHOTI'O paanKaja UJIn ABYX MEJIKHUX aJl-
KWJIbHBIX PaJMKAaJIOB, a TaKXKe OTIHICIJICHUEM aToMa
H ot Monekynbl TOIIMBa IIpU €€ B3aMMOACUCTBUU C
MOJIEKYJIOM KMCJIOpOaa.

VYrpollleHHbIN BapyaHT KWHETUYECKOro MeXaHU3Ma
ropenus PRFs, Bkmouarolmii Kak BBICOKOTEMIIEPA-
TYpHOE, TaK ¥ HU3KOTEMITepaTypHOe OKUCICHUE TOII-
JINBAa, TIpUBENICH Ha puc. 2. MeXxaHU3M COCTOUT U3 CJie-
OYIOIIMX KJIACCOB peaklMii, MOKAa3aHHBIX Ha 3TOM
pUCYHKe:

XUMUYECKAA ®U3NUKA Ttom42 Ne8 2023
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1 — MOHOMOJIEKYJISIDHBIN pacrnai UCXOTHON MOo-
JIEKYJIbl TOIJIMBA, a TaKXe oTiIerieHue atoma H ot
MOJISKYJIbI TOTUIMBA IIPU €€ B3aUMOACHCTBUY C MOJIe-
kyJiamu O,, atomamu H u pagukanamu OH ¢ o6pazo-
BaHUEM aJKWIbHBIX PaAUKAaIOB;

2 — B-pacnan ankuiabHOTO paarKaia ¢ 00pa3oBa-
HUEM MOJICKYJIBI oJieprHa U 00Jiee MEJIKOTO aIKUJIb-
HOT'O paanKaa;

3 — B3aMMOJeiicTBUE aIKMIBHOTO paguKaja ¢ MO-
JIEKYJIOM KMCIIOPOJa C TTOCIEeAYIOIIMM PaciagoM 06-
pasytolierocs aaaykra Ha oneduH u panukain HO,;

4 — pasnoxeHue oneuHa;

5 — mpucoenHEeHNE MOJIEKYJIBI KUCIIOPOa K ajl-
KWJIBHOMY paauKally ¢ 00pa3oBaHUEM aTKWINEPOK-
cunHoro pagukaina C,H,, , ;00;

6 — nzomepuzauusi C,H,, , ;00 c obpaszoBaHueM
ankwiruaponepokcunHoro pagukaia C,H,,OOH;

7 — IpUCOeNMHEHNE MOJIEKYJIbl KUCI0poa K pa-
nukainy C,H,,0O0H c o6pazosanuem OOC, H,,O00H;

& — pacuerutenue csssu O—O B OOC,H,,00H ¢
obpazoBaHueM ketoruaponepokcuna OOC, H,,0;

9 — pasioKeH1e KETOrMIPOIIEpOKCHIA.

JlaHHBI MEeXaHM3M XOPOIIIO ONMCHIBAET 3aBUCU-
MOCTb BpeMeHU 3anaepkKu BocruiaMeHeHus1 PRFs ot
TeMIIepaTyphl B IINPOKOM JHAaNa30He €€ U3MEHCHMS,
BKJIIOYasi JOCTaTOYHO TOYHOE BOCIIPOU3BEACHUE TaK
Ha3bIBa€MOTO OTPUILIATEILHOTO TEMIEPATYPHOTO KO-
appunmuenta (Negative Temperature Coefficient
(NTC)) B HU3KOTEMIIEpaTypHOIi obacTu. B koHeu-
HOoM cuyeTe npobiaema okuciaeHusi PRFs ceogutcs k
OKMCJICHUIO HU3IINX alKWIbHBIX paguKajloB (MeTH-
Jla v aTrna) B moncucremax H,/O,/CO u C,/C,. Ora
YacTh KMHETUYECKOTO MeXaHU3Ma SIBJISICTCSI JIMMU-
TUPYIOIIEi 1 OTBETCTBEHHA 32 MOA00ME IJTaMEH BCex
napadurHOB.

ApomaTuyeckue COeIWHEHMUs], BXONSIIUe B CO-
CTaB CyppOraTHOI MojieJiu 0€H31Ha, UMEIOT BBICOKOE
OKTaHOBOE YHCJIO, HO KOHIIEHTPAIINS 3TUX COETUHE-
HUI B cMe€CH OrpaHWYeHa HECKOJIbKUMM MPOIIEHTA-
MU M3-3a UX NOBBIIIIEHHON CKJIOHHOCTH K caxxeobpa-
3oBaHuIo [1]. bonee Toro, mpu ropeHUH apeHOB 00-
pasyeTcsd OOJbIlIoe KOJMUYECTBO KaHIIEPOT€HHBIX
BEILECTB, YTO CHUKAET DKOJIOTMYECKUE MOKA3aTeNIun
paboThl nBUTaTes. 3a cUeT HU3KOW KOHUEHTpalUuu
apeHOB B CyppOTaTHOM CMECU KMHETUKA OKUCJIEHUS
3TUX COCTaBJSIONIMX O€H3MHA HE OKa3bIBA€T CUJIb-
HOTO BJIUSTHUSI Ha OOIIYI0 NTWHAMWUKY XWMHWYECKOTO
npoliecca.

IIpeobGaanaroleit apoMaTUYECKOM KOMITIOHEHTOM
B cocTaBe OCH3WMHA SBIISIETCS TOJIYOJI, KOTOPBIM
OOBIYHO BXOJIUT B TPOMHYIO CYyppOTraTHYIO CMECh, MO-
JIEIMPYIOIIYIO CBOMCTBA BOCIUIAMEHEHUSI U TOPEHUS
oensuHa. Ilpu BocrimaMeHEeHUM TOJIyoJia HE IPOSIB-
nsetcsa aeiictBue NTC, Tak Kak MEXaHM3M €ro OKHcC-
JIEHUSI OTJIMYAETCS OT COOTBETCTBYIOIIMX MEXaHU3-
moB i1 PRFs BciencTBre CTpYKTYpPHBIX pa3iimyumin
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[43, 44]. DT pas3nmuuns IeaaioT ITyTH OKUCITUTEITBFHO-
ro mpoiiecca 6oJjiee pa3HOOOpPa3HBIMU U CJIOXKHBIMU,
yeM B M300KTaHe W H-renTaHe. Ha puc. 3 mpuBeneH
YIIPOIIEHHBIM KMHETUYSCKUIA MEXaHU3M OKMCJICHUS
TOJIyOJIa, IOMyYeHHBIH B padote [45] Ha ocHOBEe 0000-
LIEHUS pa3IMYHBIX KWNHETUYECKUX JaHHBIX. Kak BUTHO
u3 puc. 3, HanboJiee aKTUBHOE 3BEHO B MOJICKYJIE TOIY-
oja — MeTubHas rpyma. [ToaToMy OCHOBHBIM KaHa-
JIOM MHMLIMHAPOBAHUS peaKlMU OKUCIICHUSI TOJIyoJia
SIBJISIETCSI OTPBIB aToMa H oT MeTMIILHOM TPYHITHI TP
B3aUMOJIEMCTBUM MCXOJHOM MOJIEKYJbl TOJyoJla C
MoJnekynamu O, u pangukaiamu OH ¢ obpazoBaHueM
panuxkana CcHsCH,, KoTOpBIii IpU B3aUMOIECTBUU
c aromamu O nipeBpaiaetcs B panukan C4Hs;O. Ko-
HEYHbIE MPOAYKTHI LIETIOYKU MPeOOpa30BaHUSI paau-
kana CsHsO — anerunen u CO. KoHkypupyouum
IIPOLIECCOM SIBJISIETCS TEPMUYECKOE PA3IOXKEHUE MO-
JIeKyJbl Tojiyosia Ha pagukainbsl C4Hs u CH;, koTopoe
MPUBOAUT K 00pa3oBaHUIO MOJIEKYJI O€H30J1a U MeTa-
Ha [46].

ConepxaHne Ha(pTEeHOBBIX YIJIEBOIOPOAOB B OEH-
3MHE He JOJDKHO MpeBbimath 20 06.%, Tak Kak 3TU
COCIMHEHUSI UMEIOT HU3KOE OKTAaHOBOE YHCJIO U JIeT-
KO IIpeBpaIlaloTCsI B apOMaTUYEeCKHE YIJIEBOAOPOIbI
3a cueT gerunpupoBanus [1, 47]. Tunmmuable HadTE-
HBbI, coAepKalluecs B OeH3MHE, HaXOAATCs B AUara-
30He oT C; 10 Cg. CaMoe BbICOKOE OKTAHOBOE YUCIIO
cpeoy IMKIIOATKAaHOB MMeeT LMKIIoneHTaH. KuHe-
TUYECKUIA MEXaHM3M OKMCJIEHUS IMKJIONEeHTaHa, TaK
Xe Kak u npu okucieHun PRFs, MoxHo mpencra-
BUTH B BUE BHICOKOTEMIIEpATypPHOM 1 HU3KOTEMIIE-
patypHoOii cocTtaBasiomnx [48]. B mepBoM ciydae
IIPOLECC MHULIMUPYETCS PeaKIyeil OTIICIDICHUS aTo-
Ma H oT ucxomHoii MOJIeKyJIbl C 00pa30BaHUEM 1IMK-
JIOTIEHTUJIOBOTO paivkaia. Peakius 3-pacmana nuk-
JIOTIEHTWJIOBOTO paauKaja OTKPBLIBAaeT KOJBIIO U
dopMHUpyeT JTMHEWHBIN pamuKaa, KOTOPBIA manee
npeoOpas3yeTcs B LeIOUYKe peakInil, aHAJTOTUIHOMN
BBICOKOTEMIIEPATYPHOMY OKHCJIEHUIO ajlkaHOB. B
HU3KOTEMIIEpaTypHOil 001aCTU peaKIus IIPUCOSI-
HeHUS MoJieKyJbl O, K HUKJIOTIEHTUIOBOMY paauKa-
JIy TIPUBOJUT K 00Opa30BaHUIO TIEPOKCUIITHOTO paau-
KaJia, KOTOPBIi IOCJIe M30MepU3allii 1 BTOPUIHOTO
npucoearuHeHus: MoJiekyabl O, pacrnanaercd Ha 60-
Jiee MeJIKHEe YIJIEBOAOPOIHbIE COCTaBISIOIINE.

JETAJIbHBIE KWNHETUYECKME MOJAEJIN

Kunetnuyeckass Moaesnp Immpolecca IpeacTaBiseT
co0Oii KMHETUYECKUIT MeXaHW3M, IOTOJHEHHBIN
KOHCTAaHTAMM CKOPOCTEM XMMHWYECKUX peakLuuili u
TEPMOIMHAMUYECKMMU IIapaMeTpaMu WHIUBUIY-
QJIbHBIX KOMITOHEHTOB. TepMoarHaMu4YecKue napa-
METPHI UCHIOJIb3YIOTCS IS BBIYUCIEHUS TEILIOBOTO
a¢ddeKkTa XMMUIECKUX peaKIInii, a TAaKXKe KOHCTaHT
CKOpPOCTeli 0OpaTHBIX peaklMii 1 OepyTcsl U3 U3BECT-
HbIX 0a3 naHHbIX [49]. KoHCcTaHTBI CKOpOCTeii ornpese-
JISIFOTCSI C TIOMOIIBIO Pa3IMYHBIX TEOPETUIECKUX U 9KC-
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Puc. 3. KuHeTnyeckuii MeXaHU3M OKUCJIEHUsI TOJIyoJIa.

nepuMeHTaAIbHBIX MeToI0B. CoOBpeMeHHbIe KBAHTOBO-
MeXaHMYeCKMe pacueTbl KOHCTAHT CKOPOCTEH 2JIeMEH -
TapHBIX XUMWYECKMX peaKI1if OCHOBBIBAIOTCS Ha MPH-
MEHEHUU METOJOB MEepPeXOqHOro cocTosiHus [50] u
KBa3WKJIacCMIeCKMX Tpaektopuii [51]. Cpenn skcme-
PUMEHTAILHBIX METOJ0B OOJIbIIIOE KOJMYECTBO MH-
¢dopmalu mojlydeHo B yIapHbIX Tpyoax [52].

HeTanpHble KUHETUYECKUE MOJEIU TOPEHUs yr-
JIEBOJOPOJOB, BXOASIIMX B CYppOraTHyK MOIEJ]b
OeH31Ha, COCTOSIT U3 OOJIBIIIOTO KOJMYECTBA JIEMEH -
TapHbIX CTAAUU U BO3MOXHBIX KOMIIOHEHTOB XUMU-
YecKu pearupymlieit cuctembl. Takue mMoaenau co-
JepxXaT JOCTaTOYHO WHpOopMaluMM [Jid ONucaHus
IIPOKOI0 Kpyra McciienyeMbIX sIBJIeHUM [53] u oT-
JIMYAIOTCA APYT OT Apyra Kak HabopoM 3JeMeHTap-
HBIX XUMMYECKMX peaKkiiii U YUCIOM Yy4aCTBYIOLINX
B HUX KOMIIOHEHTOB, TaK W 3HAYEHUSMU KOHCTAHT
cKopocTeid peakumii. JlocTaTo4yHO MOJHBIM 0030p
MMEIOIIMXCS B JIMTepaType Mojiesielt Kak OTAeIbHbIX
COCTaBJISIIOIIUX CYpPOTaTHON CMeCHU, TaK U CMECU B
LIEJIOM TIpUBENIeH B HenaBHel padorte [1]. CoBepiireH-
CTBOBaHVE KOMITBIOTEPHBIX TEXHOJIOTUI CTUMYJIUPO-
BaJIoO B TOCJIEAHEE BPEMS CO3JaHNE PA3JIUUYHbBIX YMC-
JICHHBIX METOJOB MTOCTPOECHUSI IETaTbHBIX KWHETUYE-
CKUX Mogeneii [54].

HeTambHas KMHETHYECKAsk MOAEb TOPEHUs H-TeTl-
TaHa, pa3paboTraHHag B [55], BKimodaeT 349 xumude-
CKMX KOMITOHEHTOB 1 3686 3jeMeHTapHBbIX XUMUYeE-
CKUX peaKlnii. AHAJIOTUYHAST MOIENb, TIPEIIOKECHHAS
B [56], conepxut 624 KOMIOHEHTHI U 2727 peakiInii.
O06e Moaenu MpOTEeCTUPOBAHBI HA N3MEPEHHBIX 3HA-
YEeHUSIX BPEMEHHU 3aePXKHM BOCIDIAMEHEHUST U CKO-
POCTU PaCIPOCTPAHEHMS JAMUHAPHOIO IUIAMEHH B
LIMPOKOM Juana3oHe TeMIlepatyp U aapjieHuit. bo-

Jiee moapobOHasi MoJaelb, padpaboTanHHas B [57], co-
crout u3 5335 peakuumii 1 1268 KoMIIOHEHTOB. Moneib
MPOTECTUPOBaHA Ha HAOOPE SKCITEPUMEHTATbHBIX JaH-
HBIX 10 3a/Iep>KKaM BOCIDIAMEHEHMUSI, IIPOMUISIM KOH-
LEHTPALMiA OCHOBHBIX U IIPOMEKYTOYHBIX KOMITOHEH-
TOB, UBMEPEHHbBIX B pEAKTOPE CO CTPYMHBIM IepeMe-
IIUBaHUEM, U CKOPOCTSM JIAMWUHAPHOTO IUIAMEHMU.
Kak ormeueno B [57] aBTOpBI, MOIEIIH MOXET CITO-
COOCTBOBATH Pa3BUTHIO KMHETUYECKMX MoAeeil To-
PEHUSI OPYTUX COCTABIISIOLIMX CyppOraTHOil cMecH,
MOCKOJIbKY H-Te€IITaH OTHOCHUTCS K IIMPOKO MCIIOJIb-
3yeMbIM OCHOBHBIM 3TaJJOHHBIM TOIUIMBaM.

Kunernueckmne momenn ropeHHUss M300KTaHa I10-
XOXU Ha KUHETUYECKME MOJIeJ I TOPEHUS H-TeTITaHa,
HO pa3indaroTcs HaOOPOM IIPOMEXKYTOYHBIX KOMITO-
HEHTOB M 3HAYEHMSIMU KOHCTAaHT CKOPOCTEI peaKIInii
[58]. deTanbpHass KMHETUYECKAsT MOIEIb, pa3paboTaH-
Has B [59], coctonT n3 9920 peakiuii 1 2768 KoMIIo-
HEHTOB M BKJIIOYAeT HOIOJHUTEILHBIN OJIOK peak-
LM, CBI3aHHBIX C U30MEpU3aLME U TOCIEAYIOLIUM
pasnoxenuneM paaukaita OOC, H,,O0H, asnsomie-
rocsl OMHUM M3 OCHOBHBIX IIPOMEKYTOUYHBIX KOMIIO-
HEHTOB HU3KoTeMmItepaTrypHoro okwmciacHus PRFs.
TectupoBaHue MozeJIu MPOBEACHO Ha BKCIIEPUMEH-
TaJbHBIX JAaHHBIX, IIOJIYYEHHBIX B yIApHBIX TpyOax,
MPOTOYHBIX peakTopax, MalllMHAX OBICTPOTO CXKaTHSI
U peakTopax CTpYMHOTO cMmellleHus. Pe3yabraThl Te-
CTUPOBAHUS ITOKA3BIBAIOT, YTO MOME/b JIYYIlle IOMI-
XOIUT IJisI BOCHPOU3BEACHUSI PEXMMOB TOPEHUS
TOTJIMBA B IBUTaTEJISIX, padOTalOIMX HAa OOETHEH-
HBIX CMECSIX, YEM IPYTrUe N3BECTHBIC MOIC/IN.

HMmeronuecs netajbHble KUHETUYSCKUE MOICIIN
OKWCJICHUSI apOMAaTUYECKUX YITIEBOIOPOIOB, B YACT-
HOCTHU ToiayoJia, Bxomsdiiero B coctaB TRFs, nmeior
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HeO0OJIbIION pa3Mep MO CPaBHEHUIO C COOTBETCTBYIO-
IUMU MoAeasIMU i1 napacduHoB. KnmHeTnuyeckasi
MOIeNb, TIpeUIoXKeHHasT B pabore [60], comepXut
1740 peaximii m 273 KOMIIOHEHTHI. MoIenb TaeT yao-
BJIETBOPUTEIILHOE COIIaCMe 3KCIEPUMEHTAIBHO Ha-
OyroaeMbIX U MpeAcKa3aHHbIX TTpoduieit KOHIIEHTpa-
LI OCHOBHBIX MPOIYKTOB M OOJIBIIIMHCTBA TTPOMEXY-
TOYHBIX MPOAYKTOB ropeHus. JeTanbHas KUHeTUYecKast
MOJIe/Tb OKWCIIEHHS TOJIyoja, pa3paboTaHHas B [61],
comepxuT 1698 peakumii u 279 KOMIIOHEHTOB. Psn
KJIIOUEBbIX peaklii B MOJIeJIU ObLIT MEPECMOTPEH Ha
OCHOBE HEJIaBHMX TEOPETUUYECKUX HCCIeNOBaHMIA,
OCOOEHHO IS HEKOTOPBIX 3aBUCUMBIX OT JaBJIEHUS
peakiiuii MOHOMOJIEKYJISIDHOTO Pa3jloXeHUsI U XU-
MUYECKU aKTUBUPOBAHHBIX PEaKIIMA.

JleTanpHbBIe KWHETUYECKME MOJICIIN TOPEHMS CME-
celi, BXOISIIMX B CyppOraTHyH MOIEIb TOIUIMBA,
MMEIOT 00JIee CIOXHYIO CTPYKTYPY M BKITIOYAIOT B Ce-
O psIT TIEPEKPECTHBIX peaKIINii MEXKIY COCTaBIISIO-
IIUMU CMECU U TIPOMEXYTOUYHBIMU MPOAYKTAMU KX
paznoxenus. Hamboee rmpocThbie MOIEIM ONUCHIBA-
JOT OKHMCJICHHE B CYppPOTaTHBIX CMECIX, COCTOSIIINX
U3 HECKOJIbKMX YIJIEBOIOPOIHBIX KOMIIOHEHTOB. B
YaCTHOCTU, KUHETUYEeCKast MOAE/b, IPEIJIOKeHHAsI B
pa6ore [62], Bkiatoyaer 6128 peakuuii u 1426 KxoMIio-
HEHTOB UM OIMCHIBAET OKHCJIEHUEe OMHAPHOM Cyppo-
raTHOM CMECH, COCTOSIIEH 13 H-TeIITaHa W TOJIyoJIa.
AHam3 9yBCTBUTENBHOCTH ITO3BOJNII BBISIBUTH OCO-
OEHHOCTHU B3aMMOJICMCTBUS MEXIY IIPOAYKTaMU pa3-
JoxeHus aByx coctaBisiromux TRF, mokazas poib
TOJIyOJIa KaK MHTUOMTOpa peaKIIMOHHOI CITOCOOHO-
CTHU CMECH B OCHOBHOM 3a CUeT 00Jiee BEICOKOI'O pac-
xXomoBaHUA paaukaiaoB OH mpu okucieHun.

HeranpHas KWHETUYECKAasT MOMACIb OKUCISHUS
TPeXKOMITOHeHTHOI cypporaTHoit cmecu TRFs (H-rer-
TaH, U300KTaH U Toityon) [63] conepxut 8217 ameMeH-
TapHBIX XUMHWYSCKUX peaklmii u 2185 KOMITOHEHTOB.
Mogenb BKIIIoYaeT 0JI0K peakluii, OIMMChIBAIOIINX 00-
pa3oBaHUE W NAJTBHEUIIMIT POCT ITOJIAIAKINYECKUX
apomaTtndeckux yriaesomoponoB (Polycyclic Aromat-
ic Hydrocarbons (PAHs)) BmjioTh 40 KOpOHEHa
(C»H ), aTakke Mmoaenb 06pa3oBaHMs YaCTULL CaXKU
C MOCIEOYIOLIEN UX KOoaryiasaluel M KOHIeHcaluen
Ha MX MOBEPXHOCTU apOMATUUYECKUX COCTMHEHUIA.
Mopenb 6blIa IpUMEHEHA [JIs1 OTIMCAaHUS caxkeoOpa-
30BaHMsI IPY TOPEHUH JAHHOI CyppOTraTHOI CMeCH B
MMPOTUBOTOYHOM MM DY3MOHHOM TUTaMeHU. Pe3ysb-
TaThl PAcyeTOB MOKAa3aji, YTO MOJIEJNIb JOCTaTOYHO
TOYHO OTpaXaeT XapakKTEpUCTUKN OOpa30BaHUS
PAHSs, HaOmomaemMble 3KCIEPUMEHTAIBHO sl OU-
HapHBIX cMeceil H-TeTTaH/ToJyoJl U U300KTaH/TOy-
o1. KpoMe Toro, ¢ moMOIIbI0 3TOM MOAEIN ObLIN BbI-
SIBJICHBI pa3IMYHbIe TEHASHIIUM B 00pa3oBaHUU 00-
nee kpynHbix PAHs kak B OWHapHBIX, TaK W B
TPOMHBIX CMECSIX H-TenTaH/M300KTaH/TOIyOI.

B neranbHOIl KMHETUYECKOU MOAEIM, Mpenio-
XKEHHOIi B paborte [8], paccMaTpuBaeTCsI OKMCIEHUE
YEThIPEX CYpPOTaTHBIX COCTABJISIIONIUX CMECHU, KOTO-

XUMUNYECKAA ®U3UKA Ne 8

TOM 42 2023

pBI€ B pa3HBIX COYETAaHMUSIX MOTYT BOCIIPOM3BOIUTH (P~
3MYECKME U XMMUYECKUE CBOMCTBA peabHBIX MapOK
o6eH3uHa. Ocoboe BHUMaHUE YAEIEHO JUHEHHBIM U
Ppa3BETBIICHHBIM IIPEISIbHBIM YIJIEBOIOpOIaM (CMecH
PRFs), oneduHam (1-rekceH) M apoMaTU4ECKHM CO-
envHeHusIM (tosyou). [Tpu mocTpoeHUn Moaeau ObLIr
YYTeHBI MOCJIEIHNE OAHHBIE IT0 KOHCTAaHTaM CKOPO-
CTel peaklivii, UMeoIIecs: B JUTepaTypHBIX 0030-
pax, a TaKKe TaHHbIC MOJIyYeHHbIC HA OCHOBE KBaH-
TOBOXUMMYECKMX pacueToB. [lomHas moaensb, onuca-
HHE KOTOPOI C KOHCTAaHTaMM CKOPOCTEN peakuuii u
TEPMOIMHAMMYECKUMM IapaMeTpaMyd XUMWYECKUX
KOMITOHEHTOB ITPUBENICHO B IMPMJIOKEHWN K cTaThe [§],
conepXkuT 1338 KOMMOHEHTOB U 5933 371eMeHTapHBIX
XUMHWYECKUX PEaKIIUiA.

PesynbraThl KWUHETUYECKUX PAcUYeTOB, IOJydeH-
HbIE C TOMOIIbIO JAHHOK MOJEIU JJIs YUCTBIX KOM-
IMMOHEHTOB, OMHAPHBIX CMECeil 1 MHOTOKOMITOHEHT-
HBIX CyppOraTHBIX Mojiesieii 0eH3uHa, CpaBHUBAIOTCS
C HemaBHell B3KCIIEpMMEHTaJbHOM WHdoOpManuei,
U3MEPEeHHOM B MalllMHaX ObICTPOTO CXaTusl, yaap-
HBIX TpyOaXx W peakTopax CTPYWHOIO CMelleHUs.
DKCMEepUMEHThl OXBaThIBAIOT IIMPOKUM IMana3oH
YCJI0BUIA, XapaKTepHBIX JJIs1 IBUraTelieii BHyTpeHHe-
ro cropanus (maBienue p = 3—50 aT™M, TeMmepaTypa
T = 650—1200 K, xoadduLmeHT n30LITKa TOIUIMBA
¢ = 1). bpUlO TTPOAHATM3UPOBAHO BJIUSHUE UCXO[-
HOTO COCTaBa CyppOTaTHOIro TOIUIMBA Ha MOBeIeHUE
kpuBoii NTC.

bonee cioxHas neTajibHas KWHETUYECKAasi MOJEIIb
GeH3uHa [64] onmuchIBaeT ropeHre CyppOraTHOM TOTI-
JIMBHOI CMECH, COJEpKalEH I€BITh COCTABISIOIIMNX.
Kak yTBepskaaioT aBTopshI [64], MX MOIETb HA MOMEHT
nyOarKaly ObL1a HauOoJIee MOIHOM U3 NOCTYIHBIX B
Jutepatype. Monenbs Bkmodaer 10079 peakiuit u
2315 xuMnyeckux KOMHOHEeHTOB. OCOOEHHOCTBIO MO-
JIeJI SIBJISIETCSl KMHETHYeCKasi CBSI3b apOMaTHYeCKMX
COeUHEHMI ¢ HaTeHaMM, KOTopasi BIUSET Ha KOH-
LICHTpaLIIO PaIUKAJIOB, U TEM CaMbIM KOHTPOJIUPYETCSI
BOCIUIaMeHeHMe. Pe3yabTaThl YMCIEHHOIO MOIEIN-
pOBaHUsI, IIPOBEAESHHOIO JISI pa3JIMYHbBIX Cypporar-
HBIX CMeceli, MO3BOJWIN MOHSATh pa3jInydusl, IKCIIe-
PUMEHTAJIbHO HaOJI0maeMble IIPU CXKUTAaHUU pas-
JIMIHBIX MapOK OCH3MHA.

PEAYIIMPOBAHHBIE
KNWHETUYECKHUE MOJIEJIN

HeTanbHble KUHETUYSCKUE MOJEIN TOPEHUS yT-
JIEBOIOPOIHOI'O TOIUIMBA CJIMIIKOM CJIOXKHBI I WX
HETMOCPEACTBEHHOIO UCHOIL30BAaHUS B TPEXMEPHOM
YHUCJICHHOM MOJEINpOBaHUU. PenylimpoBaHHbIE KU~
HETUUYECKUE MOJIEJIU COAePKAT OrpaHUYEHHOE YUUCIIO
peaKkiLuii 1 KOMIIOHEHTOB XUMHWYECKH pearupyroieit
CUCTEMBI, MMEIOIINX NPUHLUINHNAIBHOE 3HAaYeHUE
JIJTsl OKMCJIEHMSI TaHHOTO yrieBogoponaa [65]. PasHo-
BUOHOCTBIO PEAYLUPOBAHHBIX MOMACICH SBISIIOTCS
CKeJIeTHbIe KUHETUYECKUE MOMACIN, KOTOPhIE MOTYT
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BKJIIOUATh KaK 3JEMEHTapHbIC, TaK M IJI0OaIbHEIE
XuMu4deckue peakuu [40].

HawuboJee pacnpocTpaHeHHBIM B HACTOSILLIEE BpEMS
METOIIOM peAyLMpPOBaHMs ACTATbHBIX KMHETMIECKUX
MOJIeJIeH SIBISIETCS. METOM, HaIlpaBIeHHOTO rpada OTHO-
meHuit (Directed Relationshipgraph (DRG)), B koTo-
POM 3HAYMMOCTh XMUMHYECKIX KOMITOHEHTOB B pelIy-
LPYEMOM MEXaHU3Me OIIPEIeIISIETCS MX CBSI3BIO C
MIpeABapUTEIIbHO BBIOPAHHBIMM BaXXKHBIMU KOMIIO-
HeHTaMu [66]. Vcronb3oBaHKWe OaHHOTO MeETOoAa
MpEeACTaBIISIET COOOM OTHAENIbHYIO 3adavy, YTO JIeIaeT
MIpOLECC peayLpPOBaHUs TPYIHOOCYILIECTBUMBLIM B
aBTOMAaTUYECKOM pexXume. MeToauKa aBTOMaTude-
CKOTO peAylrpOBaHMsI YKCJIa KOMIIOHEHTOB U peaK-
LMK NeTaTbHOM KMHETUYECKOM MOMAENIHU MO pacyeTy
3aIepXKM BOCIIJIAMEHEHUSI TOPIoYeil CMeCH IIpeIJIO-
KeHa B paborte [67]. JJocTaTOYHO MOAPOOHBII 0030p
COBPEMEHHBIX METOIOB ITOCTPOCHUS PeAyLIMPOBaH-
HBIX KUHETUYECKMX MOJesieil Ha OCHOBE IeTaIbHBIX
KMHETUYECKHUX MOJIeJIel TIpuBeaeH B [68].

IIpu paccMOTpeHUM pemaylUpPOBaHHBIX KUHETU-
YeCKMX MOJejeil BOCIUIaMEHEHMsI W TOPEHHUSI pas-
JIMYHBIX CYpPpPOTaTHBIX CMeceii, BOCIIPOM3BOISIINX
CcBoiicTBa OEH3MHA, B IEPBYIO OYEPEb CJIEAYyeT OCTa-
HoBuTbcsl Ha PRFs. YnopomeHnas kuHeThudeckas
MOJE/Ib BOCIIJIAMEHEHMSI M300KTaHAa IS ITOCIEayIO-
mero npumeHeHuss B CFD-monenupoBaHuu mpo-
LIECCOB, MPOTEKAIOIIUX B JIBUTrATENISIX BHYTPEHHETO
CTOpaHUS C BOCIUIAMEHEHMEM OT CXKaTHSI OTHOPOII-
Horo 3apsina (Homogeneous Charge Compression Igni-
tion (HCCI)), korma xopoliio riepeMeliiaHHOe TOTLIMBO
¥ OKMCJIUTEb (OOBIMHO BO3MYyX) CXXMMAIOTCS OO TOYKU
caMOBOCITIaMeHeHUsI, Oblia pa3paboraHa B [69]. Mo-
JIeNib, BKJTIOUAIoNiass 38 KOMIIOHEHTOB U 69 peakiiuii,
XOPOIIIO OMUCHIBAET SKCHEPUMEHTAILHBIE TaHHBIC,
MOJyYE€HHbIE B YIapHBIX TPyOax, MalllMHaX ObICTPOTO
cxartus u npurartesie HCCI (BpeMst BocIruiaMeHeHusl,
MIPOIOKUTEIFHOCTh TOPEHMSI, TPO(MMIIN TaBIICHUS
u 1.1.). Kpome Toro, HecMOTpsI Ha IIPUHSTHIE YIIPO-
IIeHUsS, TaHHas KUHeTUYecKas MOJIECIb CIIOCOOHA
BOCIIPOU3BOINTH IPOMUIIN KOHIIEHTPAINA N300KTa-
Ha, CO u CO, B peakTopax CTpyHHOTO CMELIEHUs, a
TakXe BbIOPOCHI HECTOPEBIINX yIeBonoponos, NO,,
CO u CO, B HCCI-aBurarene.

IIpoiiecc mocaemoBaTeIbHOIO peayLIUPOBAHUS
KMHETUYECKO MOJIEJNM TOPEHUs H-TenTaHa pac-
cMOTpeH B paborte [70], roe Ha OCHOBE AeTaIbHOM K1~
HETUYECKOM MOAEIN ModydeH 61-cTyrneHuaThiil Me-
XaHW3M, KOTOPHIN B JaJbHEHIEM ObLI YIPOIIIEH 0
26-CTyIeHYaTOro MexaHu3Ma. XOopollee BOCITPOU3-
BeleHMEe KaK BPEMEHU 3adepKKU BOCIUIAMEHEHUSI,
TaK M TEMJIOBBIAEICHMSI, TOCTUTHYTO€ C IOMOIIIBIO
26-CTyIeHYaTol MOJENIH, MO3BOJISIET UCITOJIb30BaTh
ee mpu CFD-MmonennpoBanun. JlaabHeUIIINE IOIBIT-
KM pa3paboTKM HamboJjiee YNPOIIEHHOW MOOeIH,
MaKCUMAaJIbLHO TIPUOIMKEHHOH K JeTaIbHOI MoaeIun
10 ONKMCAHUIO BpEMEHMU 3aIePKKM BOCIUIAMEHEHUS 1
npoduiIsd JaBleHUs B HWIMHAPE OIBUTATENsS, IIPUBE-

JIU K TOCTPOEHMIO MOJIEJIM TOPEHUS H-TeTTaHa, HU3-
KOTEMIIEPATYPHBIA MEXaHU3M KOTOPOM BKJIIOYAET
10 peakiiuii 1 17 KOMIIOHEHTOB, a BbICOKOTEMIIepa-
TYPHBIN — 8 peakuii n 14 KOMITOHEHTOB, TTprudeM 11
M3 HUX BXOIAT B 00a MexaHus3ma [71].

PenyuupoBaHHast KWHETUYECKAsI MOJIEJIb BOCILIA-
MCHEHMSI U TOPEHMSI TPEXKOMIIOHEHTHOII cypporar-
Hoii cMecu TRFs, comepxamnag 62 peakuuu u 49
KOMITOHEHTOB, pa3paboraHa B [72]. Mogens 1porTe-
CTHpOBaHA Ha SKCHEPUMEHTAJILHBIX JaHHBIX, MOy~
yeHHbIX B HCCI-gBurarene (TemmnepaTypa Ha BXOJe
Bapbupyetcs oT 290 mo 500 K, koahduiineHT u30bIT-
Ka TorummBa — oT 0.2 1o 0.7 1 cTeneHb CKaTus — OT 8
1o 18), a Takzke B ymapHOM TpyOe 1 MaIInuHe OBICTPO-
ro cxkatus (7= 700—1400 K u p = 9—55 at™) 1151 on1-
HOKOMITIOHCHTHEBIX H-TeIlTaHa, N300KTaHa U TOJIYO-
Jla, a Takxke OMHapHBIX U TPOMHBIX CMECEM 3TUX CO-
CTaBJISTIONINX OeH3WHA. AHAJIOTMYHAasl KWHETUYeCKas
MOJIeJb, coAep:Kalast 67 peakiuii U 48 KOMIIOHEH-
TOB, TIpeaIoKeHa B padorte [73]. IIpo1iecc peaympo-
BaHMsI OCYILECTBJISIJICS C MCIOJIb30BAaHMEM aHalIu3a
YyBCTBUTEJIILHOCTHU, UCCJICAOBAHMS ITOBEICHUS KOH-
LIEHTpAlMil YaCTUI] U PACCMOTPEHHUSI OCHOBHBIX ITy-
Teii peakiiuu. CpaBHEHHE BpeMEH 3a/1ep>KKU BOCILIa-
MEHEHUSI, PACCUUTAHHBIX C MCIOJIb30BAaHMEM IIPEIIO-
XKEHHOTO MEXaHWU3Ma, C pe3yJbTaTaMKu W3MEPEHUS,
MOJY4SHHBIMH B yIapHOM TpyOe M MalllMHe OBICTPO-
IO CXKaTHsl, TIOKA3bIBACT, YTO MOJEIIb JOCTATOUYHO XO-
poI11I0 paboTaeT B IIMPOKOM TeMIIepaTypHOM MHTEP-
BaJe.

Hauboiee nmpocThie KWHETUYECKME MOJIEIU Tope-
HUSI OCHOBaHBlI Ha KOHLENIUMN ITT00AJILHOTO KUHE-
TUYECKOIO0 MEXaHN3Ma, KOTna XUMUYECKUI ITPOLIeCC
MpEeACTaBIISIETCS B BUIE HECKOJIbKUX MOCJIeI0BaTEIb-
HBIX Y YaCTUYHO MEpPEKPhIBAIOIINXCS OPYTTO-CTa-
Wi, KWHETUYECKUE TTapaMeTPhbl KOTOPBIX OIIPeaesIsi-
IOTCSI HA OCHOBE COMOCTaBJICHUS PE3Y/IbTaTOB pacue-
Ta U DKCIepUMeHTa. [IprMepoM MOXET CIIY:KUTh
mIo0aabHasI KMHETUYECKAas MOJIENIb TOPEHUST M300K-
TaHa, H-TeIITaHa U UX cMeceli [74], B KOTOpOit OCHOB-
HO€ BHUMAaHUE yIeJICHO MOJIECIUPOBAHUIO CAMOBOC-
IUIaMEHEHMsI TOIUIMBA W OLIEHKE IIOBEICHUS OCHOB-
HbIX npoayktoB ropenusi (CO,, H,O, CO u H,).
Mogenb conepXuT 19 B OCHOBHOM TJTOOQIbHBIX pe-
aKIIMi1, OIMCHIBAIOIINX KaK BEICOKOTEMIIEpATYpPHOE,
Tak M HU3KoTeMmIiepatypHoe okuciaeHne PRFs. Mo-
JIeJib MPOTEeCTUPOBaHA HA DKCIIEPUMEHTAIbHBIX JaH-
HBIX 10 BpEMEHHM 3alepKK1 BOCIUIAMEHEHUS B Oe-
HBIX (@ = 0.5) u 6orateix (¢ = 2) cMecsix npu 1’ =
= 600—1250 K u p = 13—40 aT™, a TakKXe Ha pe3yib-
TaTax pacueTa C MCIIOJIb30BaHMEM JETaIbHOI KITHE-
TUYECKOM MOMIEIIH.

OKCIHEPUMEHTAJIbBHBIE JIAHHBIE

K wnHacrosmemy BpeMeHM HaKOIUICH OOJBIION
00bEM 3KCIEPUMEHTAIbHON MH(MOpPMaIUM MO pa3-
JIMYHOTO pojJa ITapaMeTpaM Ipoliecca TopeHus GeH-
3MHA W €r0 COCTAaBJSIOIIVX, KOTOPbIC SIBISTIOTCS

XUMUYECKAA ®U3NUKA Ttom42 Ne8 2023
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ign> CTEXIOMETPHYECKUX CMeceit H-TeNTaH/Bo3ayx (a) mpu p = 4 (1), 10 (2), 20 (3),

30 (4), 41 (5), 50 at™ (6) 1 u3ookTaH/Bo3ayX (0) ipu p = 15 (1), 34 (2), 41 at™ (3). CUMBOJIBI — BKCIIEPUMEHTAIbHbIC JaHHbIC

[12, 77—80], nuHUM — pacyeT IO KNHETUIECKOM Monenun [8].

YIOOHBIM MHCTPYMEHTOM JIJIsI TECTUPOBAHUS KUHETH -
YEeCKMX MOJEJe pa3jIMyHoOi cTeneHu ToyHocTu |[1].
OTa nHbopmalms BKIOYaeT JaHHbIe TT0 BocIliame-
HEHUIO TOPI0YMX CMeceli B yIapHbIX TpyOax U Malliu-
Hax OBICTPOTO CXKaTusl, paCIIPOCTPAHEHUIO JaMUHAp-
HOTO TJIaMEHU B TIpeaBapUTeNIbHO IepeMelllaHHOM
CMECH, a TaKXKe U3MEPEHMIO TeMMepaTypbl U KOH-
LIEHTpPAllMii OCHOBHBIX M MPOMEXYTOUHBIX KOMIIO-
HEHTOB B IMPOTOYHBIX PEAaKTOpax M peakTopax co
CTpYHHBIM MepeMellIMBaHUEM.

DKCIIepUMEHTHl TI0 M3MEPEeHUIO0 BPEMEHM 3a-
JIeP>KKU BOCTUIAaMEHEHMSI TOTJIMBHOM CMECH SIBJISIIOT -
¢ OCHOBHBIM MUCTOYHUKOM MHTETPaIbHBIX XapaKTe-
puctuk npoiiecca. [1pu Beicokmx remmiepatypax (72>
2> 1000 K) nanHast BeTMYrHa U3MEPSIETCS B yIapHBIX
TpyOax [75], mpu Hu3kmx Temneparypax (7<900 K) — B
MallMHax GeicTporo cxatus [76]. Ha puc. 4 noka3zaHa

XUMUYECKAS ®U3UKA Ttom42 Ne8 2023

3aBUCMMOCTb BPEMEHM 3aJEPXKKU BOCIJIAMEHEHMSI
PRFs ot TemnepaTypsbl Tipoliecca Mpu pa3IudHbIX 3Ha-
YEHUSIX JaBJIeHUsI. DKCIepUMEHTaJIbHbIe 3HAYEHUS
BPEMEHU 3aIEPXKKU BOCIUIAMEHEHUA, Ty, OTHOCH-
muyecss K H-renTa”ny (cM. puc. 4a), IIpenacTaBiIeHbI
JTaHHBIMHU 13 padoTHI [77], mMOMy4eHHBIMU TIpu 1T =
= 600—900 K u p = 2.7—4.5 at™, nanHbIMHU [78], To-
nydeHHbIMU pu T'= 660—1350 K 1 p = 3.2—42 atm,
U JaHHbIMU M3 [12], monyyeHHBIMU ipu T = 850—
1350 K u p = 15—40 arm. YeTko IIpoCiIeXUBaETCS
NTC-3aBUCUMOCTh B HM3KOTEMIIepaTypHOl o0Jia-
ctu. [ M300KTaHa COOTBETCTBYIONIUE NaHHbIE TIO
BPEMEHU 3aIEPKKU BOCTUIAMEHEHMS Ty, TPUBEICHBDI
Ha puc. 46 [79, 80]. 3necs NTC-kpuBasi He CTOJIb SIp-
KO BbIpaXk€Ha M3-3a MEHbIIIEHl KOHCTAaHThl CKOPOCTH
U30Mepu3aluy aAJIKUIMEPOKCUIHOTO paauKaia npu
OKUCJIEHWM U300KTaHa B HU3KOTEMIMEPATYpHOIi 00-
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Puc. 5. CkopocTb paciipocTpaHEeHUs JAMUHAPHOTO TIAMEHMU, S} , B CTEXMOMETPUUECKOM CMECH H-TeMNTaH/BO3IyX B 3aBUCUMO-
cTH OT Ko3dhduuueHTa U30bITKa TOILIUBA, @, pu TemiepaTtype 7' = 300 K u naBieHun p = 1 atM. Touku — 3KCIIepUMEHTaIb-
Hble naHHbIe [81], TMHUS — pe3yIbTaT KWHETUYECKOro pacyera [82].

Jlactu [5]. PacueTHble KpuBbIe Ha pUC. 4 TIOJYUYEHbI C
MCMOJIb30BaHUEM JI€TaIbHOTO KWUHETUYECKOTO MeXa-
Hu3Ma [8]. Ccpliky Ha 60J1ee mo3aHUEe pabOThI ITO U3-
MEPEHUIO BPEMEHM 3aJepPXKKU BOCIUIAMEHEHUS B
pPa3JIMYHBIX CYpPOTraTHBIX CMeCsSIX OeH3UHa pUuBeie-
HBI B 0030pe [1].

DKCIIEpUMEHTAJIbHbIE JTaHHBIE II0 CKOPOCTSIM
pacnpocTpaHEeHMs JAMUHAPHOTO IUIaMEHU B IIpeaBa-
PUTEABbHO MEepeMelIaHHBIX TOPIOUYMX CMECSIX TakKxXkKe
WTPaloT BaXXHYIO POJIb IIPU TECTUPOBAHUM Kak Jie-
TaJIbHBIX, TaK M PEIyLIMPOBAHHBIX KUHETUUECKUX
MoJieJIed TopeHus1 OEH3MHa 1 €ro COCTaBJISTIONIUX.
JocTtaTo4yHO IIOIPOOHOE PAacCMOTPEHUE COBPEMEH-
HBIX METOJIOB U3MEPEHUSI CKOPOCTEI pacpoCTpaHe-
HUS JIJAaMUHAPHOIO TUIaMEHH, a TaKXKe MMEIOIIUXCS
SKCHEPUMEHTAJILHBIX JaHHBIX IIPUBEICHO B HeIaB-
HuX o63opax [15, 81]. Ha puc. 5 mpuBeneHsl 3KcIe-
pUMEHTAJIbHbIC JAHHBIC T10 U3MEPEHUIO CKOPOCTU
pacrnpocTpaHeHUs] JaMUHApHOro IulamMeHu, S;, B
CTEXMOMETPUYECKOM CMeCHU H-TeIITaHa M BO3IyXa U
X CpaBHEHUE C pe3yJbTaTaMU pacueTa I10 JeTaabHOM
KuHeTndeckoin Moaenu [82]. MccnengoBaHue BWsI-
HHsI OKTaHOBOTO 4ucia u orHomeHus H/C Ha cko-
POCThb pacIpOCTpPaHEHUsI JJaMUHAPHOIO IJIaMEHU B
cypporarHoit TRF-cMecu nipoBeneHo B padore [83].
M3mepeHne cKOpOCTH pacHpOCTpaHEHUS JJaMUHAp-
HOTO ITJIAMEHU B YETBIPEXKOMIIOHEHTHOM CyppOraTHOM
cMmecu MeTwiLukiorekcadHa u TRF nposeneHo B [84].
151 IITUKOMIIOHEHTHOM CyppOraTHOI CMECH COOT-
BETCTBYIOIIME TaHHBIE TTOJTyYeHHI B [85].

DKcnepuMeHTalIbHbIE JaHHbBIE TT0 KOHIEHTPAaIH-
SIM peareHTOB, KOHEUHBIX MPOAYKTOB, CTAOMJIBHBIX

MPOMEXYTOUHBIX KOMIIOHEHTOB, CBOOOOHEBIX paau-
KaJIOB M U3OMEPHBIX COEAMHEHMI B XUMUYECKH pea-
TUPYIOLLEH Cpeie UrpaloT BaxKHYIO POJIb IIPU pa3padoT-
K€ CTPYKTYPBI KWHETUYECKMX Mofeeit. JJIst moirydeHust
TToH00HOIT MH(pOPMAITN OOLITHO MCITOIB3YIOTCS peak-
TOPBI CO CTPYMHBIM IEpeMeEIIBaHueM [86] 1 mporou-
HbIe peakTopkl [61]. Ha puc. 6 Toka3zaHBI TeMIepaTyp-
Hble PO KOHIIEHTPALi OCHOBHBIX 1 IIPOMEXY-
TOYHBIX KOMIIOHEHTOB, M3MEPEHHBIX MNpPU TOPEHUU
crexuoMmerpuueckoit cmecn PRFs ¢ RON = 90 B
CTPYMHOM peakTope npu maBjieHuu p = 10 atM B MO-
MEHT BpeMeHHU ¢ = 1 ¢ mocie Havyaia 1poiiecca [46].
ITono6OHas nHdopMaLys SIBISIETCS YIOOHBIM TE€CTO-
BBIM MHCTPYMEHTOM JJISI KOHIIEHTPALiA KOMIIOHEH -
TOB CUCTEMBI.

ITPUMEPBI IPUMEHEHUA
KNHETUYECKUX MOJIEJIEN

Kunernueckue Monmenud TOpEHUS TOILIMBHOI
CMECH MCIIOJIb3YIOTCS i1 YMCJICHHOIO MCCIea0Ba-
HMSI IIPOLIECCOB, MPOTEKAIOIIUX B peaIbHBIX KaMepax
cropaHus. [Ipy 3ToM OHM SIBISIOTCS YacThbio Ooee
00IIIe M Ta30IMTHAMIYECKOMN MOJIEIN, KOTOPAsI OO~
HSIETCSI PSIIOM BCIIOMOTaTeIbHBIX MOAEJIE, OTBET-
CTBEHHBIX 32 pacHbLICHUE XUIKOTO TOIUIMBA, MCHa-
peHMre XUIKUX KalleJlb, UX IIepeMeIlInBaHNUe C OKPY-
Xarouieid ra3oBoii cpenoif, oOpa3oBaHUE 4YaCTUII
CaXX¥l U OPYyTUX BPEMHBIX BEUIECTB U T.1. Pe3ymbTaTsl
yuciaeHHoro MoaennpoBanusg mMerogamu CFD maror
JIOTIOJTHUTENBHYIO MTH(MOpPMAIHIO O Mpoleccax, Ipo-
TEKaIIX B KaMepe CropaHusi, KOTOpbIe TPYAHO, a
MHOIJA M HEBO3MOXKHO ITOJIYYUTh 9KCIEPUMEHTAJIb-

XUMUYECKAS ®U3UKA Ne 8
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Puc. 6. M3mepeHHbIE 3aBUCMMOCTI KOHLIEHTPALMI KOMIIOHEHTOB, X;, OT TEMIEpaTypbl 1P TOPEHUN CTEXHMOMETPUUYECKOIt
cMecu PRFs ¢ RON = 90 B MOMeHT BpeMeHU ¢ = 1 ¢ Tmoclie Havyasia rpoliiecca [46]. OCHOBHBIC KOMIIOHEHTHI (@): I — H-TenTaH,
2—u300KTaH, 3 — 0,, 4— CO, 5— CO,, 6 — H,, 7— C4Hg; mpomexyTounsie KoMnoHeHTs! (6): 1 — CHy, 2— CyHg, 3— CyHy,

4— C3H8, 5— C3H6, 6— C2H2, 7— d-C3H4, 8—p-C3H4.

HBIM nyTeM [6, 87]. AHainu3 paboT Mo JaHHON TeMa-
THKE IIpoBeAcH B 0030pe [88].

B HenmaBHeit pabore [89] CKeJETHBIM MeXaHU3M
TropeHUst 66 H3UHA, COCTOSIIINIA 13 563 peakiuii u 152
KOMIIOHEHTOB, MCIOJIb30BaH JJis TPEXMEPHOTIO pac-

XUMHUNYECKAS ®OU3UKA
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yeTa MpOoLECCOB, MPOTEKAIOIINX B 9KCIIEPUMEHTAJTb-
HOW YCTAHOBKE, C IPUMEHEHNEM MeTOIa MOAETUPO-
BaHUs KPYMHBIX Buxpeil. [ToaydeHHBIe pe3yabTaThl
ITO3BOJISIIOT TIpEACKa3aTh M3MEHEHHE OaBICHUS U
CKOpOCTb BBIIEJICHUST TeIIa TP TOPEHUU Cypporar-
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Puc. 7. BeruucneHHbIe KOHTYpbI TeMIiepatypsl 7' (a) 1 KOHLIEHTpaLUu X, o6pasymolieiicst caxu (6) B IMCIIEPCHOI1 CTpye H-TeT-

TaHa, BIIPBICKMBAEMOI B Kamepy cropanust [26].

HOI cMecu. BimstHue rpaHMYHBIX YCIIOBUI HA TEILIO-
BbIIICJIEHUE U TTOTEPIO SHEPTUM IIPU TOPEHUN M300KTa~
Ha B KaMepe CrOpaHUsI IBUTATe]IsI UCCIIEIOBAaHO B pabo-
Te [90]. OcobeHHOCTH TMpeaBapUTEILHOIO BIIPhICKA
TOIUIMBA Ha paboTy OEH3MHOBOIO ABUTATENS C aBTO-
MaTUYECKMM 3aXKUTaHWEM IpoaHaIu3MpoBaHbl B [91].
M3ydeHue Teruiopu3nIecKoro 1 XuMU4eCKOTo BIIM-
STHUST 1O00AaBOK T1apa K TOIUIMBY Ha paboTy OCH3MHO-
BOTO IBUTaTesIsl IIpoBencHo B [92]. JeToHallMOHHBIC
XapaKTepUCTUKH TOILUIMBA IIPU €ro CKUTaHUM B OCH-
3UHOBOM JBUTaTejie U3ydyeHhl B [23].

CypporaTtHasi 4eTbIpEeXKOMIIOHEHTHasl CMeCh H-
rernTaHa, U300KTaHa, TOJIyoja W 3TaHoja ObLIa MC-
MMoJb30BaHa B padote [93] a1t MoaenupoBaHUs rope-
HUSI HUBKOOKTAHOBOTO GeH3MHA B KaMepe CrOpaHUsI
JIBUTATEJISI ¢ BOCIUIaMeHeHueM oT cxkaTusi. CooTBeT-
CTBYIOIIAas KMHETUUYECKas MOJIEb conepxXut 270 pe-
akuii 1 50 KoMIToHEeHTOB. MoaenpoBaHe Ta3001 -
HaMMYECKUX IIPOLECCOB IIPUM CTPYMHOM BIIPBICKE
KUIKOTO TOILIMBA OCYILECTBIISITIOCH C TPUMEHEHUEM
komMmepueckoro CFD-koma CONVERGE. TypOy-
JIEHTHBIE ITPOLIECCHI OMUCHIBAIMCH C TIOMOIIBIO k—&-
MOIECJIN. HBI/I)KCHI/IC qacCTHUILl pacCIIbIZICHHOI'O TOIIJIMBa
B Ta30BOM MOTOKE OIMCHIBAJIOCH B IIPUOTVIKEHUU
Jlarpan:ka. Pe3ynbTaThl 4MCIEHHOTO MOACIMPOBA-
HUS ObUIY UCIIOJIb30BAaHbI JJ1s1 UHTEPIIPETALUN Me-
FOLIMXCS DKCITIEPUMEHTAIbHBIX TaHHBIX.

KomruiekcHoe uccnenoBaHue TOpeHUs >KUIKOTO
TOIIMBA B KaMepe CropaHusl JBUTaTesisi TIPOBEIEHO B
pabote [26]. Llenb nccaemoBaHMsT COCTOSIIA B TOM, YTO-
6561 ¢ moMoIbio MerogoB CFD yny4inmTh mnoHMMaHue
paHee MOJYYEHHbBIX SKCIIEPUMEHTAIbHBIX JAHHBIX IO
BOCIUIAMEHEHMIO CMeCeii TU3eIbHOIO TOIUTMBA U OEH-
3MHAa TIPMMEHUTEIbHO K YCJIOBUSIM MX CXUTaHUSI B
JIBUratejie BHYTPEHHEro CropaHusi. DKCIEepUMEH-
TaJIbHbIEC TaHHBIEC BKJIIOYAIOT U3MEPEHNE IJTUHbBI ITPO-
HUKHOBEHMSI CTPYU TOILUIMBA B 00bEM KaMephl cropa-
HUS, JUIMHBI OTPbIBA TJIAMEHU, BPEMEHU 3aAePXKKU
BOCIIJIAMEHEHUS TOpIoYeil cMecr U KOJMYecTBa 00-
pasyloliencs caxu.

BoruuciaeHust mpoBOOMIMCH C HMCIIOJIL30BaHUEM
nporpaMmmHoro odecrieuenuss misgs CFD-mopemmpo-
BaHus1 Fluent 2019-R1. I onmcaHust pacibUieHUS 1
HcHapeHusI KaresieK KUIKOTo TOIUIMBa MpUMEHEHa MO-
nens KenbBuna—Iensmronsiia—Panes—Teiutopa [94].
TypOyneHTHasi CTpyKTypa TEYEeHHUSI ONMCHIBAJIACh C
IMOMOIIIBbI0O TUOPUIHON TYpOYJIEHTHON Monenu OT-
nenbHbIX BUuxpeit [95]. MoaenvpoBaHue KUHETUYE-
CKHX MPOLIECCOB MPOBEICHO C IMOMOILBIO PEAyLIMPO-
BaHHOM KMHETUYECKOU MOJIEJIU TOPEHMS CypPOTraTHOMN
CMECH TN3eJIbHOI0/01MOaM3eIbHOTO TOIUINBA U OEH3M-
Ha, B KOTOPOii B KayeCTBE 3aMEHUTE/ST AU3EIbLHOIO
TOILJIMBA MCHOJb30BAJICSl H-TeNTaH, B KaueCTBE 3ame-
HUTeJIe OMOM3e/IbHOIO TOIUIMBA — METWIOYTaHOAT U
METWIAEKAHOAT, a B KAYeCTBE 3aMEHUTe el OeH3HA —
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Puc. 8. JIunuu Toka 1 n306aphl Ha (hOHE U3MEHEHUSI MacCOBOIi 10U (x) mapoB Boasl (a) u panukanoB OH (6) B yctaHOBUB-
IIEMCST CBEPX3BYKOBOM ITOTOKE CTEXMOMETPUYECKOM CMECU OEH3MH/BO3AYX B OCECUMMETPUMIHOM KOHBEPTEHTHO-IMBEPIeHT-

HOM COILJIE C LIEHTPaJIbHBIM TeJIOM [96].

n3ookTaH u Tomyor [18]. IIpouecc caxkeobpaszoBaHUs
MpU TOPEHUU ObUI MPEACTaBIeH POCTOM apoMaThue-
CKoIt cTpykTypbl Mosiekys1 PAHs BrtoTh 1o mupeHa ¢
MOCeAYIOIIUM MPUMEHEHUEM MPOCTON KMHETHYe-
CKOM MoJiesiu 00pa30BaHUs U Pa3IOXKEHUS CaXKEBBIX
YacTUll.

Ha puc. 7 npuBeneHbl pe3yabTaThl pacyeTa rope-
HUS TUCTIEPCHOM CTPYU H-TeNTaHa IIPH e¢ BIIPBICKE B
00BEM KaMephl CTOpaHUs, 3aIIOJTHEHHOM BO3IYXOM.
KoHTypsI TeMmiepaTypbl Cpeibl 1 KOHLIEHTPAIUK 00-
pasylolueiics: caxy Mmoka3aHbl yepe3 2 McC Mocjie Ha-
Yyajia BIIPBICKA, KOTJA TOTUTMBO M BO3IYX YCIIEBAIOT
XOpOIIIO TIepeMeIaTbCs U MPpopearupoBaTh IPYyT C
npyrom. HadanbHast TeMIiepaTypa oKpyKarolieii cpe-
Ibl BeiOpaHa paBHoii 900 K, 4To COOTBETCTBYET TEM-
nepaType IWIMHIPOB pealibHBIX IBUTaTeNeil Hero-
CPEICTBEHHO Tepen cropaHueM. BUmHo, 4To TeMIie-
patypa cpenbl (CM. puc. 7a) MMeeT MaKCUMalbHOEe
3HaYCHWE Ha MTOBEPXHOCTHU (hakesa U MOCTUTAeT 3Ha-
yeHuii opsiaka 2200 K. Ilpu 3ToM KOHIEHTpalus
oOpasyloliieiicsi caxky Ha MOBEpPXHOCTU (hakena (CM.
puc. 76) nocturaer 0.2 mac. %.

XUMUNYECKAA ®U3UKA Ne 8
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YucaeHHOE HCCIIeI0BaHNE BO3MOXKHOCTH CTAOMIIN -
3allMM JIE€TOHALIMOHHOIO TOPEHMSI MapoB O€H3MHA B
CBEPX3BYKOBOM ITOTOKE BO3/1yXa, ITOCTYIMAIOIIEM B OCe-
CUMMETPUYHOE KOHBEPI€HTHO-IMBEPIEHTHOE COILIO C
LEHTPAILHBIM TEJIOM, IIPOBEIEHO B padore [96]. Llen-
TpaJIbHOE TeJIO 0OecIieunBaeT MpsIMOe UHULIMMPOBa-
HHe OETOHAIIMM 3a CUET TEIUIOBOM M KMHETUYECKOM
SHEpTUM HaOeraromiero I0ToKa. MopaenmpoBaHue
OCECUMMETPUYHOIO TEUYEeHUsI Ta3a B COIUIE OCy-
IIECTBIISIJIOCHh HA OCHOBE IBYMEPHBIX HeCTallMOHAP-
HBIX YpaBHEHMI Diiyiepa 11T MHOTOKOMIIOHEHTHOTO
XMMMYECKU pearupylouiero raza. Kuneruyeckast Mo-
JIeJIb TOpeHUsI OeH3MHA BKIIOYaeT 33 KOMIOHEHTHI,
KOTOphIe y4acTBYIOT B 44 peakuusx. [Ipu pemenun
CUCTEMBI Ta30AMHAMWYECKUX YPAaBHEHUM UCITOIb30-
BaJlach MoaM(pUKaIIMs YMCICHHON cxeMbl [ogyHOBa
BTOPOTO ITOPSIAKA TOYHOCTH I10 IIPOCTPAHCTBEHHBIM
nepeMeHHbIM [97].

Ha puc. 8 mokazaHbl pe3ylbTaTbl YMCIEHHOTO
aHaJM3a TeYEeHUsI B COIUIE, KOTOpoe (OpMUPYETCS
NpU TOPEHUU CTEXMOMETPUYECKOM CMeCU ITapoOB
OeH3MHa ¢ BO3AyxXoM. BumHO, 4TO TOIBKO 4acTh O€H-
3UHOBOII CM€CH CropaeT B JETOHALIMOHHOI BOJIHE,
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cchopMupoBaBIIIeiicsd TIepen TOPIEeBOM CTEHKOM 1IeH-
TpaJIbHOTO Teja B coruie. MHBIMU cJIOBaMU, KUHETH -
YEeCKOW M TEIUIOBOM 3HEPIrUM, BBIACISIOLIECUCS 3a
OoTolIeOlIe yIapHOi BOJHOI, He XBaTaeT AJIsl Mpsi-
MOTI'0 MHUIIMHPOBAHMS A€TOHALIMOHHOIO TOPEHUSI BO
BCEM IIOTOKE Jaxe B Ciaydae CTeXHMOMETpPUYECKOM
cMmecu npu yuciae Maxa, paBHoMm 9. /111 yBenaeHust
9HEPruu MHULIMUPOBAHUS JETOHAIIMKU HEOOXOAUMO
3HAYUTEJILHO YBEJIUYUTh CKOPOCTh HaOerarollero
MOTOKA YU paanuycC LIEHTPAJbHOIO TEja, YTO HeIpen-
cKa3zyeMbIM 00pa30M CKaXeTcsl Ha CTPYKTYype Teue-
HUS U BEJIUYNHE TeHEPUPYEMOIA TSITH.

BbIBO/IbI

IIpu pa3pa®oTKe HOBBIX TEXHOJIOTMI1 CXKUTAHUS
OeH3MHA B JIBUTaTeIsIX BHYTPEHHEITO CrOpaHWus,
aJarTUpOBaHHBIX K COBPEMEHHBIM HOPMaM BBIOPO-
COB BpEIHBIX BEIIECCTB, BO3HMKACT ITOTPEOHOCTH B
OoJiee TIIYOOKOM NMOHWUMAaHWM XUMHWH TOpeHUS OeH-
31HA U €r0 COCTaBJISIOIMX. B CBSI3W ¢ 3TUM aKTyajlb-
HBIM SIBJISIETCSI IOCTPOEHME 00Jice COBEPILICHHBIX K-
HETUYECKUX MOJEJIEN, KOTOPhIE UCIIOIb3YIOTCH IS
MOJIEJIUPOBAHUSI METOAAMU BBIYMCIUTEIIbHOM THI-
POIVMHAMUKH IIPOLECCOB, ITPOTEKAIOIINX B peaTbHbBIX
KaMepax CropaHus IBUraTeJIeil.

K Hacrosiemy BpeMeHM HaKOIUIEH OOJblIoi
00BeM 3KCIIEpUMEHTaIbHOM MHGOPMALIMKU MO pas3-
JIMYHOTO pojia mMapaMeTpaM Tpolecca TOpeHust OeH-
31HA U €ro COCTaBJISIIONINX, KOTOpasi BKJIOYaeT JaH-
HbIE T10 BOCIJIAMEHEHHUIO TOPIOYMX CMeceil B ymap-
HbIX Tpybax MW MallMHaX OBICTPOTO CXaTusl,
pacnpoCTpaHEHUIO JIJAMUHAPHOTO TIAMEHU B Mpe-
BapUTEJIbHO TepeMeNIaHHON CMeCcH, a TaKxKe U3Me-
pEHUIO TeMITepaTypbl U KOHLIEHTPAlLIMii OCHOBHBIX U
MPOMEXYTOYHBIX KOMITOHEHTOB B ITPOTOYHBIX peak-
TOpax M peakTopax Co CTPYUHBIM IMepeMeIIBAaHEM.
IMomobHass wHboOpManusl SBASIETCS YIOOHBIM WH-
CTPYMEHTOM [J11 TECTUPOBAHUSI KUHETUYECKUX MO-
JeJIE pa3/IM4HOi CTeNeHU TOYHOCTU.

Pabora BhbITNIOJIHEHA B paMKax roc3amgaHuss MuHU-
CTepCTBa HAyKU 1 BBICIIETO 06pa3oBaHust Poccuiickoii
Denepamun (tema No AAAA-A19-119012990112-4).
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