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BrinosHeHO 4YWC/IE€HHOE MOJEJMPOBAHWE aABTOMOIYJSIIVMOHHBIX pPEXKWMOB TeHepauuu
CO;-mazepa ¢ momepeyHbIM MOTOKOM AKTHUBHOM Cpelbl 4Yepe3 HEYyCTOMUMBBII PE30HATOP
C HEeOXHOPOJHON BHYTPeHHel Hakaukou. HaGmomannch ycTaHOBHMBIIMECS aBTOMOMYJSIIIVI-
OHHbIE KoJIe0aHUs JBYX THIOB, OTIMYAIOUIVXCS MEXaHU3MOM 00paTHOM cBsA3u. Tun pexuma
M YCJIOBHUSI €r0 OCYUIECTBJEHHUS ONPENeJSIOTCs KAaK Mpo(ujeM HaKayKh, TAK U COCTABOM
¥ JaBjieHHMeM paGoueil cMecH, YTO CO3[JaeT NMPUHIMUMHUAJIBHYI0O BO3MOKHOCTh YIpaBJIeHUS

BpPeMEHHBIMU XapaKTepPUCTUKAMU reHepalyu.

YcoBrS BO3HUKHOBEHUSI aBTOKOJeO0aHUI B OBICTPO-
npotouHom Jaszepe (BI1JI) ¢ HeycToliunBEIM pe30HATO-
pom (HP) usyuanucs B padorax [1-3]. Bo Bcex cayua-
X HEYCTOMYUBOCTb CTALLMOHAPHOU reHepaluu CBS3aHA
C HEOTHOPOMHOCTHIO Jla3epHOH CHCTEeMBI B HarpaBJie-
HHUHM MOTOKa cpelbl. HackilieHHble aBTOKO/Me6aTebHbIE
pEXUMBI TeHepallnd UCCIeI0BalHCh TOJNBKO Ha KpakiHe
YIpPOLIEHHBIX MOAEJSIX akTUBHOH cpeabl [4]. B Ha-
crosimed paboTe HCHOJb30BaHA OoJee MOJHAS KHHE-
tuueckasi Mmonesb COo-No BILJI, koTopasi no3gossiet
BbISIBUTh BJ/IMSIHME [apaMeTpPoB Cpejbl Ha Xapakre-
PHUCTHKHM aBTOMONYJHPOBaHHOH reHepauuu. OCHOBHbIE
pesysabTatel npuBonsTcs masi BIIJI ¢ HeycToHUHBBEIM
pe3oHaTopoM. OTMeuaTcst 0COOEHHOCTH BO30OYKIEeHHUS
aBTokose6aHUH B onTuueckod cucreme HP-mHOroxo-
[0Basi yCHJIUTE/bHAST KIOBETA.

Kunernueckasi Momesb aKTHBHOW Cpeibl B OOLIUX
yepTax TIOBTOPSiia MOJeJb, HCIMOJb30BABIIYIOCS 7SI
HEMOJIBHKHON cpenbl [D]; HaceJeHHOCTb HHXKHEro pa-
6o4yero ypoBHsI OMHCHIBaJach OTAEJbHBIM ypaBHEHHEM.
Cucrema ypaBHeHHUH [/ uhces KoseGaTeJbHbIX KBaH-
ToB azota (Ny), aHTHCHMMeTPpUUHOH (/N3) U CBSI3aHHBIX
(Ng) mom COso, a TakKe HACEJEHHOCTH HHKHErO
pabouero ypoBH$ (n9) ¥MeJa BUJ
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obmeHa u pesakcanuu; Ny W flg — paBHOBECHBIE
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rne 7, = 2L/(cIn M) — Bpewms 3atyxauusi noasi B HP,
0 =1InM/(2L) — notepu Ha yBesnuueHue. Pacrpenere-
HHe Hakaukd BHyTpu HP wmopmennpoBanoch sKcrnoHeH-
nuaabHeiM crnagoM S;(x) xk ocu HP (x =0) B 30He
wupuHo# hg < h (h — aneprypa HP).

[TonyyeHHble B pacuyeTax HacCbILIeHHbIE PEXHUMBbI aB-
TOMOAYJIMPOBAHHOK T'eHepaluu KJAaCCHPUIIUPYIOTCS MO
TeM e THMaM, UTO U COOTBETCTBYIIIHE UM MeXaHH3-
Mbl HEYCTOMUYHBOCTH [3], T.e. KaK KpaeBble MPOJIETHbIE
kosie6anust (KIIK) u BHyTpeHHMe TposieTHble KosebHa-
aus (BIIK). HabawopaioTes Takke XaoTHuecKde pe-
KUMBI, 00YCJIOBJIEHHbIE B3aUMOAEHCTBHEM PA3THUHBIX
MeXaHH3MOB. B oT/inuHe OT OHOKOMIIOHEHTHOH Cpefbl
KoJie6aHusl PeslaKCallMOHHOr0 THna [3] He ObLIM MoJy-
YeHbl, 4TO TOBOPUT O TOM, YTO OOMeH BO30YKIEHUSIMH
MeX/1y KOMIIOHEHTaMH B YCJOBUSIX PACUeTOB MPUBOIHUT
K MX ralleHHIo.

[Iprumepbl aBTOKOMEGATENBHBIX PEXUMOB TeHepaluu
TNpefCTaBJaeHbl Ha puc. | mias KpaeBBIX (@) W BHYT-
peHuux (6) mpoJseTHbIX KoJsebanuii. Ha puc. 2 noka-
3aHbl MPOCTPAHCTBEHHbIE pacIpeeseHns] NapaMeTpoB
B TOTOKe cpenbl. s 000HMX BHAOB aBTOKOJeOAHHH
UMITy/IbChl UMeloT xapakrepuyto aas COo-Ny-snazepa
(hopMy C 3aTSHYTBIM CHafoM, 00YCJIOBJEHHBIM Tepesia-
gyell sneprun oT Nyo. [lo pnutenbHOCTH cnaja MOXKHO
oueHuTh Bpemsi 743 ~ 0.037; (7; — Bpems mposeta).

- 1] W, (5)
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Puc. 1. llpumepbl aBTOMOMYJSILUOHHBIX pEXKHMOB
B DBIIJI ¢ #HeycroiluuBeiM pesonatopom: W —
BhIXOHasi wuHTeHcHBHOCTH (1), G — Ko3dpdu-
nveHT ycunenus Ha ocu HP  (2); (a) —
KpaeBble MpoJieTHble KoJseOaHust (paGouast CcMmech
COq : N9 : He = 15:35: 50, maBnenne p =60 Topp,
ckopocTh motoka v = 150 m/c, M = 1.5, hy =0.4A,
KO3((HULMEHT yCUJEeHHS Ha BXOHe MOTOKAa B pe30-
natop Go = 0.9 m~'); (6) — BHyTpeHHMe TmIpO-
netHble KoseGanus (COg : Ng : He = 15 : 30 : 55,
p =70 Topp, v =150 m/c, M =1.7, hy = 0.25A,

Go=12n"")

G/o 0
4r 1 0.8
3F 3 10.6
2F 4 10.4
I 2 10.2
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Puc. 2. TlpocTpaHCTBEeHHBIE pacrpelesieHHs TTapaMeT-
poB B HeycToiuuBoM pe3oHatope BI1JI Bnosnb moToxa:
| — nakauka Q (OTH. ell.) C 30HOH HEOTHOPOTHOCTH
hy = 0.22k; 2 — HopMUpOBaHHbIA Ha MOTepH KOAIDDU-
uneHT ycuienuss G/0 B MOMEHT BpeMeHH Cpasy Iocje
UMITyJIbCA KPaeBbIX MPOJIETHBIX KoJiebaHuH, 3 U 4 —
K03(h(HUUMEHTBl YCHJIEHHS] B MOMEHTHl BpPEeMeHH [0
M cpasy Mocje HMMIyAbCa BHYTPEHHHUX MPOJETHBIX

KoseGaHUH COOTBETCTBEHHO

CTpykTypa HMIYJbCOB Ha 3ajHeM (POHTe BBI3Ba-
Ha 3aTyXawIIHMH peJjlakCallMOHHBIMUA KOJeOaHHUSIMHU.
Hans KIIK (puc. 1,a) uacTtora cremoBaHHUs HUMITYJIb-
coB §), TPAKTHYECKH COBNAfaeT C MPOJETHOH yacTo-
tot Q; = 1/7;. B cnyuae BIIK (puc. 1,6) uactora
), =2.5€); ne kparHa ;.

B ocHoBe mexanusma ob6parnoil cssisu (OC) KIIK
JIEKUT TIPOCTPAHCTBEHHAsST MOAYJALHS KO3 pHIHeHTa
yeunenus (KY), BosHukalolmias Ha ckauke TMOJiS Ha
Kpalo 3epkaja TNpPH BXoAe MOTOKa B pesoHarop. [as
Y3KHX MMIYJbCOB TeHepalud TakKas KpaeBas MOLY-
asinust (KM) umeer Bug «cTyneHbku» (KpuBasi 2 Ha
puc. 2), KOTopasi BMeCTe C TOTOKOM IepeMellaeTcst
kK ocu HP, ywmenbmasice mo BbICOTE MO [IeHCTBHEM
Hakauku W pejakcanuu. JIoCTUTHYB OCH, OHa TMOPOXK-
NlaeT HOBBI MMMyJbC TeHepaluu. s gaHHOTO BHJIA
aBTOKOJIeOaHHUH yCJOBHE HeyCTOHYHMBOCTH CTallMOHap-
HOU TeHepalMd B CMeCH C OBICTPBIM KoJieOaTeJSbHBIM
o6MeHOM uMeeT BUJ [2]

h
In[W;(h)/Ws(0)] > (fc0207f/h)J[(33 +84)/Gl dx, (6)
0

rne W — VHTEHCHBHOCTH CTaLHOHAPHOTO TOJIS,
£co, — nona monekyn COq. M3 (6) Buano, uto KITK
MoryT pasBuBaThcsi B BIIJI ¢ He CAWIIKOM BBICOKHM
YpPOBHEM BHYTpeHHel HaKauykd ¥ TNPH HaJHUHH crajfa
MHTEHCHBHOCTH K OCH Pe30HaTopa.

Mexanusm OC BIIK o6ycaosien monynsinueid KY
NpY JBUKEHHUH CPefibl uepe3 06/1aCTb HEOLHOPOIHOCTH,
B KOTOPOH MMeIOTCs] 3HAUUTe I bHblE IPAUeHThl HAKauK1
WJIH U3MeHsoTCs otepu (Hanpumep, B HP ¢ nentpasb-
HBIM OTBepcTHeM cBsi3H). Ecan o6sacTh HeOnHOPOIHO-
CcTH pacriosiokeHa BO6an3u ocu HP, To Bo3HMKawmune
Bo3myllenuss KY nocruraior ocu u obecrneuuBatror OC
naxke B ObICTPOPENAKCHPYIOIIUX cpenax. KpuBbiMu 3
U 4 na puc. 2 nokasanbl npoduaun KY B MOMeHTHI
BpeMeHH ! mepe; UMIYJbCOM reHepauuu u t” cpasy
nocse ero okoHuaHusi. [TockosbKy BHYTpeHHHe T'paau-
€HTbl He CTOJb BeJHKH, KaK KpaeBOH TpajHeHT Mo,
MPOCTPAHCTBEHHAs] MOIYJSIIUS YCHJEHUs T0 CpaBHe-
Huio ¢ KM okasbiBaeTcsi GoJiee cnafoil U Ha puc. 2
TPyAHO pasnuuuma. M3 cpaBHeHusi KpuBbIX Ha puc. 1
¥ 2 MOXHO BHAeTb, uTo MHHHMyM KY (puc. 1,6)
LOOCTHTaeTcsi B MOMeHT, korna K ocu HP mnomxomsit
YaCTHIBl CPEeJIbl, HAaXOMUBIIHECST B MOMeHT ¢ Ha Kpae
cnana npoduasi Hakauku (x ~ 0.34), B TO BpeMs Kak
MaKCHUMyM YCHJEHHS, JAIIHE Hadyaso cjefylonemMy
MMIYJbCy, CO3MAI0T YaCTHIbl, KOTOpPble B MOMEHT 1"
OblIM ymajeHbl OT Kpasi cnajga Hakaukd (x =~ 0.4h).
DTO 03Hayaer, uTo BeJMuHHA (), ompeje]sercs pasMe-
poM hg, U3MeHsisi KOTOPbIH MOXKHO YIIpaBJsiTh 4acTOTOM
CJIeIOBaHUSI UMTYJbCOB. [IpM HEBBICOKHX CKOPOCTSIX
KoJie0aTe bHOTO 00MeHa B 00/1aCTH IpagleHTa HaKauKu
MOJKEeT TIPOMCXOIMTh 3amasibiBaHue B Mepejpaue KoJe-
6atenpHoll 3Heprud oT No K COg. 3TO NpHUBOIUT
K yMmeHblleHUt0 Monyasuuud KY u ocnadnenuto OC.
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Puc. 3. Tlepexon K peXuMy KpaeBbiX MPOJIETHBIX
KoJle0aHUi TIPU CHUXKeHUU KoHleHTpauuu CO9 B pa-
Goueit cmecu ¢ 15 mo 10%. W(0) — wuHTeHCHB-
HocTh Ha ocd HP. MoMeHT HOCTHXKeHUS KOHIEH-
tpauun 10% mokasau crpesnkoid. Mrorosasi paGouas
cmech COg : No: He =10:40:50 (p =60 Topp,
v=100 mM/c, M=22, hg=0.2h, Go=13 m~")

Pacyersl nokaseiBatotr, 4to BIIK MoryT Bo36yxkmaTbcs
B YCJIOBHSIX, KOTHA BpeMs Tepefadyu 3HepTHH OT No
kK COy 743, 3aBUCSIEe OT NaplHUaJbHOTO JABJEHUS
Pco,, 3HAYMTEJbHO MeHblle BPeMeHH IIpOoJieTa 30HbI
HeonHoponHoCcTH hg/v. Ilo ouenke B HP ¢ Heon-
HOPOHOH HAKAuKOH B THIMHUHBIX YCJIOBHSIX PabOThl
BILI ¢ 77 = 1073 ¢ u hy = 0.2k BO3GYXIeHHe
BIIK npoucxoaut npu pco, > 10 Ttopp. Uucnenuoe
mozenrpoBanue aunHamuku BI1JI ¢ pasnuuneiMu pado-
YUMH CMeCSIMH TOJATBepXKAaeT NaHHYI0 OlLeHKYy. B To
ke Bpemsi pacueThl mokasbiBaioT, uto KIIK myume
B030yKaalTcsi B «OeHbIX» CMECSX € YMeHbIIEHHBIM
conepxkanveM COg. DTOT pe3ysbTaT HAXOOUTCS B Ka-
uecTBeHHOM coryiacuu ¢ (6). B mpuaunne nmapamerpsr
pabouell cMecH MOTYT TaK»Ke HCIIOJb30BAaThCs B Ka-
YecTBE YINPAaBJSIOUIMX NAapaMeTPOB, H3MeHsisl KOTOpble
MOYKHO TepeKJIIouaTh peXHUMbl reHepauuu. Ha puc. 3

NOKa3aH INepexo] OT CTAllMOHAPHOTO peXkuMa reHepa-
WA K HMIYJbCHO-TIEPHOIUYECKOMY, C BO30YXKIeHHEM
KIIK npu cuuxenuu konuentpaund COy B cmecH ¢ 15
no 10%. Ipyrum ympaBAsiOIIUM TapamMeTPoM MOMKeT
CIyKHUTb KOHIEHTpPAlLlUsl rasa-pesakcaropa, yMeHblle-
HHe KOTOpO# CTabUIN3HpyeT TeHepaluio.

B BIlJI ¢ ontuueckoii cucremoil HP-mHoroxonosas
YCUJINTEbHAS KIOBETa MPU OMNpeleseHHbIX YCJIOBHUIX
TaKyKe BO3MOXKHBI aBTOKOJle0aTesbHble PeKHMBI, aHa-
JIOTHUHBIE PACCMOTPEHHBIM Bbille. MexaHH3M aBTOKO-
neb6anuil oOycnoBieH neticteueM OC MexXxnay reHepa-
TOPOM U KIOBETOH, OCYLIECTBJISIEMOU MOTOKOM Cpefbl.
OcobeHHOCTH NUHAMHKHA JAHHOH CHCTEMBI COCTOST
B TOM, 4YTO YCJOBHSl BO30yXKAeHHS aBTOKOJeOaHHH
¥ XapaKTePUCTHKH HACBHILIEHHBIX PEKMMOB B CHJIbHOH
CTeNneHW 3aBHUCAT OT (Pa30BOTO COIVIACOBAHMS KoJle-
O6anuit ycunenuss B HP u kioBere. MeHSTb pexum
reHepalyy B TaKOH CHCTEMBI MOXKHO IyTeM M3MEHEeHHs
COOTHOILIEHHS Pa3MepoB ee yacTel.

Pa6ora BBIMOSMHEHA TpU (PUHAHCOBOH MO AEPKKE
PODU (rpant ODPU-A 05-02-08-244).
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