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KPUTUYECKHE YCJ10OBUA
CAMOBOCIJIAMEHEHUA NOJIUAUCNEPCHOHW TA30B3BECH
YACTHULL TBEPAOI'O OPIOYEIO

M. A. T'ypesuu,
I'. E. Oseposa, A. M. Crenanos

(Jlenunepad)

Jas onpeneseHHs YCJOBHH CaMOBOCIJIaMEHEHHS] Ta30B3BeCH 4YaCTHI
TBEPAOro ropiovero B KaMepe CropaHus HeoOXOAHMBI, Npex/Je BCEero, 3Kcue-
pUMEHTaJIbHble HCCJIelOBAHMS CaMOH KaMmephbl H HAKOIUIEHHe ONBITHBIX Ma-
TepHaJioB B J1ab0OpaTOPHLIX YCJOBHAX. BmecTe ¢ TeM BecbMa CyIIeCTBEHHOE
3HaueHHe HMeeT TeOpeTHUeCcKOe pacCMOTpeHHe YINPOIIeHHBIX CXeM peaJb-
Horo npouecca. [Ipy 3ToM yacTo yjaaeTcs BHISIBUTb BJIHSHHE PasJHuHBIX (ak-
TOPOB Ha YCJOBHSI BOCIJIaMeHEHHS ropioyero B KaMmepe cropaHHus. Kpome
TOTO, TEOPETHUYECKHH aHaJM3 YIPOLIEHHBIX CXeM Ipoliecca BOCIJaMeHEeHHS
ropiouero obJjieryaeT NOHHMAaHHe ONBITHBIX JAaHHBIX U HX 00600lleHHe.

OpnHa u3 yNpOUIeHHBIX CXEeM Ipoliecca CaMOBOCHJaMeHEeHHs ra30B3BecH
YaCTHI[ TBEPAOro TOPIOYEro paccMOTpeHa, Hanpumep, B pabore [1]. Ee aBro-
pbl pacueTHbIM NyTeM NOKa3aJjH, YTO KPHTHYeCKHe YCJOBHS CaMOBOCIJaMe-
HEHHs] ra30B3BECH COBOKYNHOCTH YacTHIL UMEIOT TaKOH »Ke BHMA, KaK H KpH-
THUeCKHe YCJOBHS AJs1 OLMHOYHOH YacTHLbl, HO MecTO OObIYHOTO K03 du-
[HEHTa TeMJIOOTAAauH 3aHUMaeT HeKuil 3D GdeKTUBHBIA KO3(hPHULHEHT
IJISl KOTOpPOro HalJeHO sBHOe BbipaxkeHne. OmHako 3TOT pe3ynabTaT cHpa-
BEJJINB TOJIBKO JJIsi MOHOAHCIIEPCHOH ra30B3BeCH YaCTHIL.

B nacrosimieii pabore pacCUHTHIBAIOTCSI KPHTHUYECKHE YCJOBHS CaMOBOC-
nJaMeHeHUsl MOJHIUCIEepPCHOl ra3oB3BecH uyacTHu. IIpu 3TOoM npennmosnaraer-
cs crlenyolee.

1. Xumunueckass peaxius HJIET TOJbKO Ha TMOBEPXHOCTH YaCTHL; 3aBHCH-
MOCTb CKOPOCTH peakKIHH OT TEeMIepaTypbl H COLEPKAHUS OKHUCJHUTENS OINH-
ceiBaercs hopmyJioil Appennyca.

2. Tenno, BbAensiollleecss 3a CyeT XMMHYECKOH peakKLuH, Nepenaercs
yepe3 OKPYKaIOIMH 4acTHIBl a3 BO BHEIIHIOI cpely (K CTeHKaM cocyna).
Onnako Temneparypa rasa B J1l000# MOMEHT BpeMeHH OZMHAKOBa M0 BCEMY
ero o6nemy.



3. Maccoo6men rasoB3BecH ¢ BHEIUIHEH cpelod OTCYTCTBYeT, a COAep-
JKaHHe OKHCJ/HTeJIs OAHMHAKOBO IO BceMy ra3oBOMy 00beMy H He MeHseTcs
€O BpPEMEHEM.

4. Yactuuel umetotT chepuueckyio ¢opmy. Pasmep ux He MeHsieTcsd, H
BHYTPH KaXJOH U3 HUX HET rpajHeHra TeMnepatypbl. HacTuisl 0gHOro U TO-
FO 2Ke pa3Mepa paBHOMEDHO pachpefeseHsl B ra30BOM o0beMe.

5. CuuraoTcsl NOCTOSHHBIMH IUIOTHOCTb ra3a, ero yAeabHas TelJoeM-
XOCTb U KO3(D(HULHEHT TeNJONpPOBOLHOCTH.

ITyctb ra3oB3Bech comepKUT (paKUHMil YaCTHL. YpaBHEHHE TENJIOBOro
fajaHca J/1s1 OLHOH YaCTUUHI i-Of (QpakUUH, OUEBHIHO HMEET. BHJ

——~q5ik9ﬂ:exp<~—§,—l+b}ai(T* T;), (1)

rne T,;, m; 1 S, — COOTBETCTBEHHO TeMIepaTypa, Macca H IJIOUaAb [O-
BEPXHOCTH YaCTHLBI; ¢ — ee ylIesbHas TENJOEMKOCTb; ¢ — TENJOBOH 3¢ QekKT
peaxliyi, paccUYUTaHHbIA Ha elHHHUILY MAcChl OKHCJAUTeNS; B 1 E — KOHCTaHTH
Appennyca; T U p— COOTBETCTBEHHO TeMIlepaTypa H IJIOTHOCTb OKpyKalo-
LIero 4acTUHy rasa; 7; — Ccojep:KaHHe OKHCJIUTENS] Yy IOBEPXHOCTH 4HaCTH-
IBl; %-— KO3 (HULUMUEHT TeIJ00TIa4l OT YaCTHULI K rasy.

CunraeMm, UTO NOTOK OKHUCJHTENS K NMOBEPXHOCTH YacTHULI B J0GOH Mo-
MEHT BpeMeHH paBeH CKODOCTH TeTepOreHHOH peakUUH (HET HAKOMJIeHHS
rasoB):

/ E
S,.al-p(n——ni):Sikpniexp[——?;). (2)

3zaechb a; — Ko3(p(pULUHeHT MaccooOMeHa MexXAy 4YacTHIEH U TasoM;
1 — cOJlep:KaHHe OKHCJHTENS] B OKPYIKAIOILeM YacTHIL rase.
Hcekniouns u3 paBeHcTs (1) u (2) Bennuuny 7;, mosydum
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ITycte Kaxpada i-ag Gpaxuus cogepxut /V; uacruu. Tensosoit GanaHe
‘Ta30B3BECH B LIeJIOM ONpefessieTcsl ypaBHEHHEM

LN (T =)+ Sa(T = T), @)

rie M u .

S — mJyomanb NMOBEPXHOCTH, OrpaHMYMBAIOIIEH Ta30B3BeCh OT BHEIUHEH cpe-

Ibl (CTEHOK cocyna); o — KO3 (pHUHEHT TenJonepenadyn depe3 eIHHUIY ITOMH

nospepxHoctH; T . - TeMnepaTypa BO BHeIIHeH cpefe (CTEHOK COCYZAa).
BBenewm B 3amauy GespasMepHbie NepeMenHbIe
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3necs Nu u N'u—uncna Hyccenbra coOOTBeTCTBEHHO OJ51 TENJO-H Mac-
coobMena Jwo6oit uyacTuubl ¢ rasom; Nu, — uncao Hyccenapra ansa rtemso-
o6MeHa rasoB3Becd ¢ BHemiHe#l cpenoil, Le —uncmo Jlblouca njs rasa; [ —
XapakTepHbIl pasMep cucreMbl (cocyna).

YpaBuenus (3), (4) B 6e3pa3MepHBIX NepeMeHHbIX NPHUMYT BHA:

G—— QO b) =0, (1=1,2... )

v | (5)
= B 1A (b —9) + 6 — 6. '
rie
1
Qb ) (52)
" DR (_01—)
3anuiieM cralHoHapHble pellieHusi cucreMbl v+ 1. ypaBHenuit (5):

0, — Q@ b) =0 (1=1,2... v);

(6)

{1+ ZA)=6+4

i=1 =1

Pacuer no popmysam (6) noxaselBaer, yTO NpH 3aJaHHBIX apaMeTpax
{(A,, b;, I, 0,) Bcerna uMeercss OAHO HMJIH MHOXKECTBO CTAallMOHAPHBLIX pelle-
gui {6.6). mpHueM npu HenpepbIBHOM H3MEHEHHH OJHOTO H3 yKa3aHHBLIX na-
PaMETPOB KDHTHYECKH MEHSIETCS YHMCJIO CTalMoHapHbIX pewenud. Caenosa-
TeJbHO, HMMeeTcs NpPHUHUUNUAJIbHAS BO3MOXKHOCTb CYLIECTBOBAHHA HECKOJIb-
KHUX HE3aBHCUMBIX CTAlHOHADHBIX COCTOSIHMH Ta30B3BecH YacTHIL.

W3 Teopuu TemsoBOro B3pbiBA H3BECTHO, UTO HJ5 OJHHOYHOH UYACTHIHI
BO3MOKHBl [1BA CTALHOHADHBIX pEXHMa, PE3KO OT/IHYAIOLUXCA 3HAYEHHEM
TEMIEPATypbl UYacTUL,— HU3KOTEMIIePaTypPHBIA pEXUM MeJJIEHHOTO OKHC-
JIEHHSI M BBLICOKOTEMIIEpATYPHBbI peXHUM TopeHHs (TPeTHH CcTalHOHApHBIA
pexkum Heycroiiuup). Ilo-BUarMOMYy, H paBHOBeCHble COCTOSIHHS ‘Ta30B3BecH
He Bce MOTYT ObITh YCTOMUYHBBLI, HEKOTOpble M3 HHX NPaKTHUECKH He peaJid-
aywores. [Iast Toro, uToOb y6eqUThCS B 3TOM, HCCAELYeM yCTOHYMBOCTb paB-
HIOBECHBIX COCTOSIHHE CHCTEMBI 10 OTHOIIEHHIO K MaJblM Bo3MylleHHAM. lo-
NYCTHM, YTO B Ta30B3BECH, HAXOASIIEHCS B COCTOSHHHM paBHOBECHs, MPOHU30-
I He3HauHTeJbHbIe (CKOJIb YrOAHO MaJble) OTKJIOHeHHs Temmepatyp 0,
0:,6.,..., 0,. I[IpocienuM 3a XapakTepoM JAaJbHEHIlIEr0 H3MEHEHHs COCTOSI-
HHSl Ta3oB3BecH. YpaBHeHus (H), omuchIBAIOIHe 3TOT Npolecc, JHHeapusy-
10TCs
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«Cucrema v+1 ypaBHeHuil (7) jgomyckaeT 4YacTHble pelleHHs BHAA

§ == B exp(— o), 8- =0 exp (— o) (i =1, 2... v).
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HOSTOMy AONYyCTHMbI€e 3HaAUYeHUS CcOOCTBEHHBIX 4YHCeJd ® H OTBEUarolue UM

£
3HaYEHHUs] NPEeI3KCNOHeHUHANbHbHIX MHOXHTeaed 0% 0 MoxXHO ompeneauTts
U3 CHCTEMBl v+ 1 JIMHEeHHBIX OJHOPOJAHBIX aireGpaHdyecKUX ypaBHeHHH

(@w—L+ﬂ9f+w*:ou:L2”.m

(8)

U U3 YCJOBHS CYLIECTBOBAHHS HETPHBHAJbHLIX DelleHHH 3TOH cHcTeMbl (8)

flo)=0—1 mAw— o~ O (9)
- a; » — 1 + _—
i=1 i=1 0
MoxHo noKa3ath, yTo ypaBHeHHe (9) HMeeT TOJNBKO BellleCTBEHHbIE KOp-
HY . JeldcTBHTENbHO, PEANOJIOKUM, YTO BCE XKe CYILEeCTBYET KOMIJICKCHBIHR
KopeHb =Y +Bi. Torma mnocje nOACTAaHOBKH ® B ypaBHeHHe (9) mo-
JydaeM JBa paBeHCTBA MJs1 ONpelesieHHsl BelleCTBEHHOH M MHHMOH yacTeh

KOpHA ®:

8l 1 ?o - 0
kai“{“l‘*'()_ a; p?

2
BEHCTBO BBINOJHSIETCA TOJBKO B TOM CJyvyae, ecJIH BeJHYHHA [3 (MHI/IMaﬂ

4acTh KOPHA ®) paBHdAeTcqa HyJ 0. CiefoBaTenbHO, MaJjible OTKJIOHEHHSl OT

paBHOBeCHBIX TeMOepaTyp rasa W yactun (Beauuuust 6 u 0;) Oyayr aubo
MOHOTOHHO . yMeHbmaTecd (ecJu o>0), sau60 MOHOTOHHO BO3pacTaTth
(0<<0) — HUKaKuX Ko/JeGaHMH HJIH aBTOKOJNEeGAHHH OKOJO pPaBHOBECHOTD
COCTOSIHHSI B cHcTeMe (B ra3oB3BecH) ObITb He MOxKeT. Haue rosops, echau
Bce cOOCTBEHHble 3HAUCHHS  OO0Jblle HYJsl, paBHOBeCHOE COCTOSIHHE Tras3o-
B3BECH YCTOMYMBO (OTHOCHTENBbHO MaJbIX BO3MYIIEHHH); eCcaU Ke XOTs Obl
OJHO 3HaucHHe ® MeHbllle HYJs, paBHOBeCcHe B Ia30B3BECH HEYCTOHUYHBO.

YcTaHOBUM Tellepb, KaKHe H3 CTAUMOHADHBIX pEXKHUMOB B Tra30B3BeCH
ABJAIOTCS alCOMIOTHO HeyCTOAUMBLIMH. [IJ1s1 3TOrO HcclelyeM 3HAKH KOpHeH
® BeKoBoTO ypaBHeHusi (9). Jleas yacth 3toro ypasHenus f(w) npeacras-
Jasier co0010 Pa3pLIBHYIO BO3pacTaromylo QyHKuuio o. OHa HMeeT v BEpTH-
KaJ/JbHBIX aCHMITOT H, CJIeJoBaTeNbHO, v+ | Hydsed (f (4 o) = + »).* Hyau
¢yukunu f(o), T. €. Kopuu ypaBHeHHS (9), MOXKHO PacHOJIOXHTb B BHIE
N0CJIe0BATEIBHOCTH

Iockonbky mapaMeTpel A, CcyTb NOJOXKHTEJBHOrO YHCJA, TMOCJAENHEE pa-

o)< wy < L <oy

ACI/IMHTOTbI nepeceKarT OoCb a6CLU/ICC B TOUKAX ¢ KOOpAHHATaMH
90
a0,

a;



HanMeHbplufA KOpeHb ®) pacIlioioxkeH Bcerja JeBee BceX acHMOTOT. ITosTo-

0
1 — —BQ- MEHbIlIe HJH paBHO HYJIO, BCerjaa

i
HMeeTcsl XOTA Obl OLMH OTPUIATEAbHBIH KOPEHb 1.
Hrak, craunonapHele cocTosiHus MOMH(PAKIHOHHON ra30B3BeCcH, A5 KO-
TOPLIX OJIHO U3 3HAUEHHH

1—W<0 (lzl, 2...

a6COMIOTHO HEYCTONUYHBEI, T. €. NPAKTHUECKH He Deau3YyIoTCA, H HX MOKHO
HCKJIIOUHTh U3 JajIbHEHIIero paccMOTPEHHS.
VeToMunBOCTh pPaBHOBECHBIX COCTOSIHHH Tra30B3BecH, AJs KOTOPbIX Bce

MYy €CJH OOHO H3 3HAa4YeHHH

0
3nauenus 1 ____O IIOJIOZKHUTEJbHBI, OYEBHIAHO, 3aBHCHT OT 3HAaKa HAaHMEHb-
0

mero KopHsl @; (Bce oOcTa/JbHblE KODHH @2, ®3, .. .1 B 3TOM caydae

goabme uyast). [Ipu ©,>0 paBHOBecHe B ra3oB3BecH YCTOHUMBO; NpH 0 <0—
HeycroiunBo. C/e0BaTeNbHO, l'[peJle.anbIM (KpHTHUYECKHM) YCJIOBHEM Cylle-
CTBOBaHHS paccMaTpHBaeMOro /1 — ,)—é_ 0)paBHOBeCHOI‘O COCTOSIHHS ra30-
B3BECH SBJISIETCS PaBEHCTBO co1=0 ITockonbKy npu 3TOM Bce ApyrHe KOpHH
,, v TOJIOXKHUTENBHEl, paBeHCTBO ®;=0 o3HauaeT, 4TO ypas-

HeHHe (9) JIOJI2)KHO UMETb HYJIeBOH KOpEHb, T. €.

%0 (10)

ITonbiTaemcst naJjiee BBISICHUTb (PU3HUECKHH CMBICJ TeX PaBHOBECHBIX CO-
CTOSIHHE, KOTOpble MOTYT YCTaHAaBJUBAaTbCA B ra3oB3BecH yacTtull. Ilag sroro
o6partumcst K puc. 1. ITo ocu opaunar
31eChb OTJIOKEHBl 3HaueHHsl CTallHOHap-
HBIX TeMmIeparyp uyactuu f. Bcex ¢pak S
IM#A; MO0 ocu abcCIiHcc — yCTaHOBUBIIAACS
TeMIeparypa rasa 0. 3aBUCUMOCTH =
—0,(b,, 6) nna Bcex v dpakuui onpene
JISIOTCSl NEPBLIMH Vv-ypaBHeHUAMH (6)
MOTYT ObITb HaHECEHbl Ha PHCYHKE B BH-
Je ceMelcTBa V-KPHUBBIX C IlapaMeTpo:

Kpusble, oTMeueHHbIe HAa pHUC. 1 cUM-
BoJlaMH | M v, BEIpa)KaioT 3aBHCHMOCTH
B, =6, (bl, 6) COOTBETCTBEHHO IJIS CaMOil
MeJIKOH U caMo# KpymnHo# ppakuuu. Oue- — ]

1
|
f

BHJIHO, YTO Bce cemelicTBo 0; (b,. 0) pac- |
IIOJIOKEHO B 00J1aCTH, OrpaHUYEHHOH BbI- 1
e YKa3aHHBIMU KPUBLIMHU 1 U v. YuacTKH
kpuBbix  0; (6 6), IJIST  KOTOPBIX

1 ——— <0 (3TH yuacTKu Ha DHUCYHKe

n306paxKeHbl WITPHXaMH), HCKIIOYAIOTCS Puc. 1.

H3 PacCMOTPEeHHs, IIOCKOJIbKY OHH COOT-
BETCTBYIOT HEYCTOHUHBBIM COCTOSIHMAIM ra3oB3BecH. Kaxklas HHXKHSS BETBb
cemericTBa KpuBbiX 0; (b;, 6) Ha puc. 1 COOTBETCTBYET CTALlMOHAPHBIM pe-
XKHMaM HH3KOTEMIIeDAaTyDHOrO OKHCJEHHS YaCTHIL TOH HJIH MHOH (pakuuw
Kaxjasl BepXHSAS — pexXHMMaM TODeHHsl YaCTHIl 3THX ke (paxuui. Ilpocae-
UM, HallpuMep, 3a H3MeHeHHeM PaBHOBECHOT'O COCTOSIHHS a30B3BECH YaCTHIL
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