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J1J1s1 TIJIOCKOTO TeYeHMUs KoyiebaTeIbHO-BO30YKIEHHOTO TMCCOLMUPYIOIIETO IByXaTOMHO-
TO ra3a MoJy4eHbl HeOOXOIUMBIE YCIIOBUSI CYLIECTBOBAHMS PACTYIINX (HEHTPaTbHBIX) He-
BSI3KMX BO3MYIIIEHUI, aHAJIOTMYHBIE yCJIOBUIO Pajness “00001eHHOI” TOYKM Iieperuoa.
[IpencraBiieHbl COOTBETCTBYIOIIME (HDOPMYJIBI TSI CITy4aeB, UMEIOLIMX OTpeesieHHYIo (u-
3UYECKYIO TPAaKTOBKY. B yacTHOCTH, paccMOTpeHa MOIe/ b KOJebaTeIbHO-BO30YKIEHHOTO
OIIHOKOMITOHEHTHOTI'O Ta3a, KaK HayajabHasl CTaAusi TS PMUYECKOM IMCCOLMALIMU, a TaKXkKe
pacrnpocTpaHeHHasl MOJIeJIb C OIHOM peakliueil Auccolalui—pekoMouHauuu. B kaue-
CTBE MPOMEXKYTOYHOTO PACCMOTPEH Cilydaii OMHApHOM MOJIEKYJISIPHO-aTOMHOM CMECU C
KoJ1e6aTeIbHO-BO30YKIEHHON MOJICKY/ISIPHOM KOMIIOHEHTON M “3aMOPOXEHHOI” Ta30-
da3HoIi peakuueil ucconuanuu—pekoMounHanuu. [IpoBeneHbl cpaBHUTEIbLHBIC YMCIICH-
HbI€ pacyeThl, MOKa3aBIlKe, B YACTHOCTH, YTO B YCJIOBUSIX Pa3BUTON OUCCOLMALIUM UC-
MOJIb30BaHUE YCIOBHUS “0000IIEHHON” TOYKU Meperuda He yYUThIBAET CIIeUMMUKY Mpo-
mnecca. BosrHOBBIe yncia 1 (pazoBbie ckopoctH I u 11 HeBA3KMX Mo, pacCYUTaHHBIE HA €T0
OCHOBE, MOTYT CYIIIECTBEHHO OTJIMYAThCS OT PE3YJIbTaTOB, MOJYYEHHBIX C UCIIOJIb30BAHU -
€M HOBOT'O HEOOXOIMMOTO YCIIOBHSI.

Karoueswie crosa: HeBsI3KMe BO3MYIIICHUST, KpUTepuii Pajest “o060011eHHast” TouKa Ieperu-
0a, KosebaTeIbHOE BO30YXIEeHUE, peakius quccoranuu—pekomonHamnuu, [ u 11 HeBsa3-
Kue Monabl Maka

DOI: 10.31857/50032823523030049, EDN: ZSWUBU

1. Beenenne. [1poGiemMa HaxoxXaeHUST pacTyIINX (HEHTPaJIbHBIX) HEBSI3KUX BO3MYIIICHUIA
SIBJISIETCSl YacCThIO OOIIel 3aJauyu JIMHEMHONW TeOpUM YCTOMYMBOCTU TeueHuil. M3 cnekTpa
HEBSI3KMX BO3MYILIEHUI BBIIEJISIIOTCSI HauboJiee pacTyIlye MOJIbl, KOTOPbIe BOCIIPOU3BOIST-
csl B BsI3KOM 3agayde. JIis1 mapajyieJIbHbIX TeYEHUI UlleaIbHOM HECXKMMaeMOi XKUIKOCTU He-
00X0IMMOe YCIOBUE CYIIECTBOBAHMS TAKUX BO3MYIIIEHUI, TpeOylolllee HATMUUs TOYKH Tie-
peruda Ha npoduiie CKOPOCTU CTAlIMOHAPHOTO TeueHMs, ObUIO moaydyeHo Paneem [1]. U3-
BECTHO ero yrouHeHue, gaHHoe DbeprodTom [2]. B manbHeiiiem TomimuuoM [1] ObLI1O
IOKa3aHo, YTO JUISI CIBUTOBBIX TEUEHUI TUIIA MOTPAHWYHOTO CJIosT yclioBUe Panes siBnsiercst
TakKe JOCTaTOYHbIM. [IposiBJIeHUEe peabHBIX CBOMCTB ra3a, TakKux Kak CCKMMaeMOCTb, KOJIe-
bGarebHOE BO30YXXIEHUE, IUCCOLMAIIMSI—PEKOMOWHALIMS, Apyrue (QU3NKO-XMMUYECKHUE
MPOLIECCHI, BIUSAET HAa (PU3MYECKYI0 KapTUHY BO3ZHUKHOBECHUSI U PA3BUTHUS BO3MYIIICHUM.
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ﬂpn 3TOM l'lOCJ'lC[lOBaTeI[belﬁ YUYET npounecca pasBUTHUA HEBA3KUX BO3MyLLleHVlI’[ JOJI2KEH
ObLT MPUBOAUTH K JAIbHEHIIIUM 0000IIICHUSIM 3TUX YCIIOBUIA.

JIJ1st TOrpaHUYHOTO CJIOS UeaIbHOTO (HEBSA3KOT0, HETEIJIONPOBOJHOIO) ra3a HEOOXOI1 -
MO€ 1 JOCTaTOYHOE YCJIOBUE Pa3BUTUSI HEBSI3KMX BO3MYILIEHUIA, U3BECTHOE KaK KPUTEPHUit
“00001IeHHOI” TOYKH ITepernda, ObuIo ImorydeHo B padote JIuza [3]. [Tocne oOHapykeHUsT
B CBEPX3BYKOBBIX ITOTPAHUYHBIX CIIOSIX TIpU yKrciax Maxa M > 2.2 6oJiee HEyCTOMYMBBIX BbI-
COKOYACTOTHBIX MOJ [4] B 00JIaCTh IIPUMEHEHMS 3TOr0 KpUTepus ObUIM BKJIIOUEHBI TaK Ha-
3pIBaeMble Moabl Maka. B [5] HeoOxonuMoe ycioBue “o000I1IeHHOM” TOYKM Nepernoda Bhi-
BeIEHO JJIsT TUIOCKOTO TeueHus KyaTTa cxkrMaeMoro HeBsSI3KOTO Ta3a.

C MaTeMaTUYeCKOil TOYKU 3PEHUS ydeT (PU3MKO-XMMUYECKHUX TPOLECCOB, TPUBOIUT K
OIpEe/IeICHHBIM CJIOXXHOCTSIM MPY BBIBOAE COOTBETCTBYIOIINX YCJIIOBUI pa3BUTUS HEBSI3KUX
BO3MYIIEHUI. DTO CBSI3aHO C TOSIBJICHUEM HMCTOUYHUKOB B YPaBHEHUSIX HEPA3PBIBHOCTU U
9HEPruil UCXOMHOTO CTAIIMOHAPHOTO TEUEHUSI U COOTBETCTBYIOIIMX YPABHEHUSIX IJIs BO3MY-
IIEHU JIMHEeHOI TeoOpuMn yCTOMUMBOCTU. bblja caemana momnbiTKa [6] BBIBECTH HEOOXOIU-
MOE€ YCJIOBUE Pa3BUTUSI HEBSI3KUX HEYCTOMYMBOCTEM 1151 TNIOCKMX TEYEHUI CXKMMAaeMOro KO-
JiebaTeIbHO-BO30YXIeHHOTO raza. Ho cylecTBeHHbIM OrpaHMYeHHUeM ObLIO MCIOJIb30Ba-
HYE TIOCTOSIHHBIX Mpoduiieil TepMOIMHAMUYECKNX MapaMeTPOB CTallMOHAPHOIO TEUYEHMUSI.
Kpome Toro, nosryueHHOE yca0BUE ObLIIO TPOMO3IKUM Y TPpyIHO MpoBepsieMbiM. [TonydeHo
[7] obobeHne ycmoBust “0000IIeHHOM” TOYKM Mepernda it miockoro tedyeHust Kysrtra
HEBSI3KOTO KOJe0aTeIbHO-BO30YKIeHHOIO rasa.

IIpencraBneHo [8] He0OXOMMMOE YCIIOBHE POCTa HEBSI3KMX BO3MYIIIEHMI 111 MOAESIN ra3a
C MPOCTOIl XMMUYECKOU peakiveil mepBoro mopsiaka. OgHako Mpu BbBIBOJAE B ypaBHEHUU
SHEPIUU 11 aMIUTUTY BO3MYIIIEHU I ObLIO OMYILEHO cllaraeMoe, COOTBETCTBYIOIIEe paboTe
CWJI JaBJICHUSI TTPU 00beMHOI nepopManinu cpenbl. Takoe HeolpaBaaHHOE YITPOILEHUE CTa-
BUT IOJ COMHEHHUE aIeKBAaTHOCTh MOJYYEHHOTO pe3yJibTaTa, TeM 0oJjiee He TTOATBEePKIESHHO-
o YMCJIOBBIMU pacueTamu. Briocnenctsuu [9] ObUT 1aH KOHTpHIpPUMED, MO KpaliHei mepe,
OrpaHUYUBAIOLIUI 00J1aCTh MPUMEHEHUS TaHHOTO YCIIOBUS.

B crathe paccMaTpuBalOTCs HEOOXOIMMBIE YCIOBUS CYILIECTBOBAHUSI HEUTPaTbHBIX (PO-
CTa) HEeBSI3KUX BO3MYLIEHUU B KOJie0aTeabHO-BO30YKAEHHOM AUCCOLUMPYIOLIEM Ta3e st
cily4yasi OMHOMOJOBOM KoyiebaTeNbHON pelakcallii U AUCCOUMAlMU—PEKOMOVHALUY IBYX-
aTOMHOTO ra3a Io cxeme

A +B< A+ A+ B,

rae A, 03Ha4aeT MoJIeKyly, A — aTtoM, a B — napTHep no coynapeHuIo (TpeThe TeJIO MPU pe-
KOMOWHAIIMM), KOTOPBIM MOXET OBITh JUOO MoJjeKyna, Jubo atroM. Takum obOpa3om, pac-
cMaTpuBaeTcsi OMHapHasl pearupyloiiasi ra3oBasi CMeChb.

YTto6bl M36eXaTh 'POMO3IKUX BBIYMCIEHU, pACCMOTPEHUE ObLJIO OrpaHUYEHO YaCTHBI-
MU CJIydasiMd, UMCIOLIMMU OMpeie/icHHYI0 (U3NYECKYI0 TpaKTOBKY. B wactHocTH, pac-
CMOTpEeHa MOJIeNib KoJiebaTelIbHO-BO30YXI€HHOTO OJJHOKOMIIOHEHTHOTO ra3a, Kak Hayallb-
Hasl CTaausl TEPMUUYECKOUN OUCCOLMAILIMM, KOTIa KOHIEHTpaIlMs aTOMOB HE3HAauMTeNlbHA,
KPOMeE TOTO IMpeNCTaBsIoIasi CAMOCTOSITeNIbHBIN MHTEepec. B kauecTBe Apyroro rnpuodiamxe-
HUS pa3o0paH cliydail OMHapHOI MOJIEKYJISIpHO-aTOMHOI cMecHu ¢ KoJjiebaTeIbHO-BO30YK-
JNIEHHOI MOJIEKYJISIPHOM KOMITOHEHTOM U “3aMOPOXEHHOI” (B OTCYTCTBME 0ObEMHOI1) ra3o-
das3Hoii peakiyeit Auccouralmu—peKOMOMHAIIMY, YTO COOTBETCTBYET YCIOBUSIM SKCIIEPU-
MEHTa B BBICOKOIHTAJIBIUIAHON a’spoamHaMuyeckoil Tpybe. [IpakTnueckuii uHTEpec
MPENCTABIISIET YCIOBUE CYIIIECTBOBAHUS HEMTPAIBHBIX (PACTYIIMX) HEBSI3KUX BO3MYILIEHUH,
MOJIyYEHHOE ISl IIMPOKO MCITOb3yeMOi MOIEIN TUCCOLIMUPYIOIIEro ra3a 6e3 yyera KoJje-
0aTeIbHOrOo BO30YXXAeHUSI, 0OOCHOBAHUEM KOTOPOM CIYXKHUT CYIIECTBEHHOE pa3inyue Xa-
pPaKTEpHBIX BPEMEH ABYX MpolieccoB. s MpOBepKU 3HAYUMMOCTH TTOJYYEHHBIX KPUTEPUEB
BBITTOJTHEHBI YMCJICHHBIE PACUeThI JUISI YCJIOBUI pa3BUTOM TUCCOIIMAIIAN.

2. OcHoBHbIE ypaBHeHHsA. B KauecTBe MCXOMHOI paccMaTpMBaeTCs CUCTeMa ypaBHEHUIA
TUIOCKOTO CBEPX3BYKOBOTO T€YEHUSI JBYXaTOMHOTIO Tra3a ¢ YYeTOM KoJiebaTeJIbHOM peslakca-
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LIMM 1 peakuuu auccounanu—pekomouHauuu [10]. Ilycts (x, y) u (4, v) — 1eKapTOBBI KO-
OPAMHATHI U CKOPOCTH pearupymolieit cMecu COOTBETCTBEHHO BIIOJIb U Morepek notoka. Cu-
cTeMa TMIPOJVHAMUYECKUX MEPEMEHHBIX BKIIIOUAET TUIOTHOCTb CMECU P, MacCOBYIO KOH-
LEHTPaLIMIO CBOOOOHBIX aTOMOB ¢, MAacCCOBYIO IUIOTHOCTb BHYTpeHHel sHeprum £E,
MacCOBYIO MJIOTHOCTb Kosie0aTesIbHOM 3Heprun E,, ctaTuuecKylo (ITOCTYIMaTelbHYIO) TeMIIe-
parypy T u KonebaTenbHylo Temneparypy 7.

JLJ1st paccMOTpeHUsI TeYEHUSI B TOTPAHMYHOM CJI0€ Ha IJIACTUHE B KAYeCTBE XapaKTePHbIX
BEJIMYMH IS 00e3pa3MepuBaHUsl BbIOpaHbl TEKYIllEe PACCTOSIHUE X = L BAOJb IUIACTUHBI,
rmapameTpbl HEBO3MYIIIEHHOTO MOTOKA BHE MOTPAHUYHOIO CJI0SI, OTMEYEHHBIE MHIEKCOM “00”
ckopocTb U, IIIOTHOCTB P, ¥ TemnepaTypa 7., Ko3(OULUEHTHI CABUTOBOM 1o U OOBEM-
HOM BSI3KOCTH Mpeo, KOIOOULHMEHT TEMIONPOBOAHOCTU, OOYCIOBJIEHHDBIN NTEPEHOCOM HEP-
TWW B TTOCTYIATEIHBIX W BPAIIATEIbHBIX CTETIEHAX CBOBOIBI, Aoy = Ajoo T Moo, KOIDDMIIN-
€HT TeTUIONPOBOIHOCTH, ONUCKIBAOIINYI MU(hdY3MOHHBIN TIEPEHOC SHEPTUM KOJeOaTeTbHbIX
KBAHTOB, A,.. JIsI 06e3pasMeprBaHusl JaBJIeHUsI 1 BpPEMEHU MCITONB3YIOTCS KOMOUHUPO-

2

BaHHbIe BeI4uHbI P, U, 1 L/U,, COOTBETCTBEHHO. DHEPIUY U SHTAJIbIINU 00€3pa3MeprBa-
10TCs Ha KomIuieke p.. 7., R/(2M,), roe R — yHuBepcaibHas ra3oBasi IOCTOsIHHAs1, M| — MO-
JIeKyIsIpHbI Bec atoma. CKOpOCTh MPOU3BOACTBA (rMOEIn) aTOMapHOW KOMIIOHEHThI W

2
MacIUTabupyeTcd Ha KOMIUIEKC ky.p../(2M;), koo — KOHCTaHTa nuccounanuu. I1pu sTom
3amaga xapakTepusyeTcsl Oe3pa3sMepHBIMU KPUTEPUSIMU — 4YUCIoM PeifHombaca

Re. =p..LU. /M., uucioM Maxa M. = U, /\YT..R/(2M;), uuciom Jdamkenepa Da, =

2
= kP l/(2MU.,), unciaom munra Sc = N, /(P..Djr..) ¥ ApyruMu. 3aech Y = 1.4 — noka-
3aTesib anuadathl U Dy, — K03 duument Bzaumonuddysuu.

B HeBsi3KOM MpUOIMKEHUN, KOTOPOE OyIeT paccMaTpyBaThCsl, MPUHUMAETCS, YTO B UC-
XOIHBIX YpaBHEHUSX OU(hGY3MOHHBIE WICHBI MaJlbl 10 CPaBHEHUIO ¢ KOHBEKTHMBHBIMU.

Kak cienctBue, B npenene Re, — oo U3 UCXOMHON CHUCTEMbI MCKIIIOYAIOTCSI CllaraeMble,
OIMUChIBaKOILINE TTpoLecchl AUMPY3MOHHOTO MepeHoca UMIYIbCa, TEIJIa U MacChl.

B pesynbprare Takoro nepexoga cMucTeMa ypaBHEHUM MJIOCKOTO CBEPX3BYKOBOTO TEYEHUS
IByXaToOMHOTO ra3a [10] mpruHuMaeT Bu

ap, dpu dpv _ o 9, o dc, o dc

o T ax Ty T P TR TR, T A
p%—‘t‘+pug—i+pvg—;=—g—z, p%—:+pu%+pvg—;=—g—i
p%+pu%+pvaa—i+yMip[g—z+g—;j=Dad(J—%eVW)—Q,V @.1)
Kl 5tc)ev e oyl ;xc)ev e oy gyc)ev _ % Daess 4 0,

YMZp=(+c)pT
B ypaBHeHUSIX cuctemsr (2.1)
-1
e =(+5T/2, e =0,(exp®,/T,)-1) ",
0, — xapakrepucTruecKkasi Temrieparypa MoOJIEKYJl paccMaTpuBaeMoro rasa; 6e3pa3MepHbIii

N N 0. ,0
TerUIoBoit addeKT peakunii tuccounmanuu—peKoMonHanu J = i w, i — Ge3pa3zmepHas
SHTAJIBITUS 00Pa30BaHUSI AaTOMOB;
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Qt— — (1 _ C)p eV(T) — ev(Tv)

T — BpeMs penakcanuu. PasmepHas CKOpocTb MPOU3BOICTBA aTOMOB B COOTBETCTBUM ¢ [10]
paccuuThIBaeTcs o popmyJie

2.2 2.3
o k0 =99 ad- C)c; P kD =g exp(_e_d)’ KO = p V2,
4M, 2M, T

rae 0, — Heprus AMCCOLMalli MOJIEKYJIbI ra3a. B ob6e3pa3zMepeHHOl CKOPOCTH TPOU3BOLI-
CTBa aTOMOB COXPaHSIIOTCSI UCXOAHbIE 0003HAUEHUSI.

J11s1 paccMOTpeHUsT IByMEPHBIX BO3MYIlleHUit cuctema (2.1) TuHeapu3oBajiach Ha CTallU-
OHapHOM pEIICHUUA ypaBHeHl/lﬁ MOrpaHU4YHOIO CJ10s AJ1sd IJIaCTUHBI. npl/l BbIBOAC JIMHECApU-
30BaHHBIX YPABHEHUI IS BO3MYIIICHUIT MTHOBEHHbBIE 3HAYEHUsI Ta30IMHAMUYECKUX TMepe-
MEHHBIX MPEICTABIISUICH B BUIE

u=Us+u, v=v, p=p,+p, c=c¢c+c
Tr=7,+T", T,=T,+T,, p=p+p

31ech MHAEKCOM “s” 0003HaYeHbl 3HAYEHUS TIePEMEHHBIX, OTHOCSIIIIMECS K CTallMOHAPHOMY
TEYEHUIO, a IITPUXOBAHHBIE BEJIMYUHBI — BO3MYILEHUS] 3TUX MepeMEeHHBIX. Bo3amyleHus
BEJINYMH, (DYHKIIMOHAIBHO 3aBUCSIIMX OT OCHOBHBIX ITEPEMEHHBIX, BBIPAXKAINCH YePE3 UX
rostHbIe b epeHIInaIbl IEPBOro mopsiaka. I1py 3ToM BXOSIIUE B HUX IIPOMU3BOIHBIC BbI-
YUCIISJIUCH HA CTALIMOHAPHOM pellleHNH. VIMeeM ciieayioiiye BbIpakKeHHSI:

— ' ' ' _ v 0
g =este =e¢;+ eiTT +e.c, e, =ete =e+ evTvTv (22)

W= Vg W= i+ T+ e

3xech
2 -2
ei = Cs + 5’ eic = E, eVT;, = (e_hj exp (e_hj (exp (%j —_ lj
2 2 TVS TVS TVS
_ 0=’ od-eapl o= 0 =3,
P 2M1 2M12 M] 2M12
22 2.2
WT = Lexp _e_d %_l (I—CS) Ps + 3bl (1_cs)csps
7" T,\T, 2) 4m; 2 oM}

PaccMmaTpuBanachk yCTOMYMBOCTh MEPUOANYECKUX IO MPOAOJIbHON KOOPAMHATE X BO3MY-
IEeHUI B (hopMe O6eTyIIMX TIIOCKUX BOJTH

q'(x, 1) = q(y) exp(iolx — V1))

q'(x5 y7 t) = (u'5 V" p" T" TV" p" C" W')’ q(y) = (u5 (x’ V’ p’ e’ eV’ p’ C) Q)S
rae oL — BOJIHOBOE YMCJIO BIOJIb IEPUOIMYECKON epeMeHHoi x, V' =V, + iV; — komIuiekc-
Has a3oBasi CKOPOCTh, i — MHUMAsl €AMHUIIA. 3AECh JJI51 YaCTU aMIIUTYIHBIX (PYHKIINIT vC-
MOJIb30BaHbl 0003HAYEHUsI COOTBETCTBYIOLIUX UCXOJHbBIX MEPEMEHHBIX.
IMoncraHoBKa q'(x, y, ) BCUCTEMY YpaBHEHUI 1S BO3MYILEHUI 1aeT CUCTEMY ypaBHEHUt
IUJIST UX aMTUTUTY:

Dp + ap,0 + av% =0, Dp,C+ psav& = Da, Q'
dy dy

Dp,u + pov v _ —iop, Dpgov = _dp
dy d

y
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Dpycia +poow 2+ MLp,ao = Day (1, = 2[elat + @) - 0s  23)
y

(1 = ¢c;)Dpgel, — Pseys DC + p,ov dl = ceys _ Dad(

e, + ewsz') 1o,
dy

T.(1+
p=ps( ¢ +£+ﬁj, ps=—p5 s 205),
l+e¢ ps T ™M,

1€ BBEACHDI CICAYIOIINEC 0003HaYCHUST

D=iaW, W=U -V, o=iu+@  Q =vip+b+wC
d

y

[7P L)

B ypaBHeHusx (2.3) IOTIOTHUTETbHBIE MHACKCH “a” B BBIPAKEHUSX BO3MYIICHUIT O3HAYAIOT,
4yTOo B (hopMyax (2.2) moacTaBIeHbl 3HAY€HUST COOTBETCTBYIOIINX aMILUIATY/I, HAIIPUMED:

e, =er0+e¢.C

Qt'—v,a = (1 - cs)ps Ps — (1 - Cs)p

a®-a®) .
T

Kaxk uzBectHoO [3, 4, 7, 9], cuctema (2.3) ¢ UCKITIIOUEHHBIMU BTOPLIMU IIPOU3BOAHBIMU SIB-
JISIETCSl TIEpeonpeaeIeHHON U CBOAUTCS K IBYM YpPaBHEHUSIM MEPBOTO MOPSAKA JJIsI Tapbl
¢byHK1M (v, p) WK K YpaBHEHUIO BTOPOTO TIOPSIAKA JIJIS OMHOM U3 HUX.

3. Kpurepuu HeBsA3KOi#l HeycTOMYMBOCTH. YTOOBI M30€KaTh IPOMO3IKUX BBIYMCICHMIA,
MBI OTPAaHUYWJINCh YAaCTHBIMU CIIy4asiMU, UMEIOIIMMU ONpeaeeHHYI0 (U3NIECKYIO TpaK-
TOBKY. Bo Bcex pacCMOTpeHHBIX CIydasix BBIBOJ YCIOBUI HEBSI3KOW HEYCTOMYMBOCTU TIPO-
M3BOIMUTCS B paMKax eIMHON CXeMbl BBIUMCIIEHUI, 006o01atomeit monxon [S]. Ha mepBom
aTamne cucrtema (2.3) CBOIUTCS K ypaBHEHUIO BTOPOTO TTOPSIAKA JIsI aMIUIMTYIbl BO3MYIIIE-
HUS MOMEPEYHON CKOPOCTU V. YpaBHEHUE MOXHO 3amucarh B CJIENYIOIeM YHUBEpCalb-
HOM BUJIE

v'W —vU,
1d — VWS | = Oczpsv, v=v,+1iv; (3.1)
W dy X
3aech 1 gajnee IWITPUXU O3HAYAIOT IPOU3BOLHbIE 110 KOOPAMUHATE ¥, PYHKLMHU X U S onpene-
JISIIOTCSI B KaXKJIOM KOHKPETHOM Cllydae.
K ypaBHeHuto (3.1) mprcoennHsII0TC OMHOPOIHBIE TPAHUYHBIE YCTOBUSI

v(0) = v(8) = 0, (3.2)

e & — yCJIIOBHast BEPXHSIs IPAHUIIA TIOTPAHUYHOTO CJIOSL.

Yrto65s1 nepeiitu B (3.1), (3.2) K KOPpEKTHO IMOCTaBJAEHHON CIIEKTPaJIbHOI 3amade U Ipu
BBIBOJIC YCJIOBUIA, BXOISIIIINE CJIOKHBIM 00pa3oM B BbIpaXeHUs I ), U .S KOMIUIeKCHI D, co-
JiepKalye CreKTpaJibHbIN mapamMeTp 0O, OIyCKalTCsI B PEAIIOI0XKEHUN eT0 MaJIOCTH.

YpasHeHue (3.1) yMHOXaeTcsd Ha KOMILUIEKCHO COMPSKEHHYI0 MQYHKUMIO v U U3 MOIy-
YEHHOTO ypaBHEHUS BBIYMTAETCSI KOMILIEKCHO compsikeHHoe emy. [Tocie psiaa nmpeo6paszo-
BaHUI MIPUXOIUM K TUDdEepeHITNATbEHOMY TOXIESCTBY:

% W*i v'W —vU, L ows | = vW d VEW* — v*U,
Wi dy X W dy x*

+ VA RS (3.3)
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INeperpynnupoBas ciaraemsie B (3.3), MojiyyaeM BbIpaXeHUe

V*i(i}_vi[v_'*]: WLy d[US] yed |3 +[1_E)%+
dy\yx) —dy\x*) wl'| dav\x* ay\x ) \x* x ) dy

aw* d(s* -
+ (WS*d— — WS ‘ii—Wj + WP %} + (WS = vv'S)
y y y

s BO3MYIIEHH, GIU3KUX K HEUTPaTbHBIM, MOXXHO TOJIOXKUTD
Vil < Wl |u

U IIpeHeOpeyb MHUMOI1 cocTaBiisiioleit B W. B pesynbrare noinyyaem W= W* y = y* §= §*.
[Tocne 3Toro BeIpaxkeHUe IIpeodpasyeTcs K BULY

2
. |Z
i(l% . SJ - LHNL] . S&j -y (3.4)
dy\x dy w1 \dy\x dy dy dy

I7e BHIpaXKeHUs B 00eUX CTOPOHAX TOXIECTBA YMCTO BEIIECTBEHHBIE.

HeobxonuMoe ycinoBue CylIECTBOBAHUSI PACTYIUMX HEBSI3KMX Bo3MylleHuit mipu V; > 0
noiaydyaetcs u3 (3.4) Ha OCHOBE cienyolux paccyxkneHuii. B neBoit yactu (3.4) cTrouT mpo-
u3BonHas nuddepeHIUpyeMoit GyHKINU

1dvy;
X

B cuny (3.2) obpaluaroleiicsa B HyJb Ha KOHUax uatepsana [0, 8]. Inagkocts F(y) cienyer us
nuddepeHurpyemMocTy peieHuii ypaBHeHus (3.1). Eciu ypaBHeHue (3.1) mepenucarh B He-
CaMOCOIPSKEHHOI (hopMe, TO HEMOCPEACTBEHHO MOXKHO YCTAaHOBUTh, UTO BO BCEX paccMaT-
pMBaEeMbIX HUXE CTy4asix OHO UMEEeT BUJL

F(y) = v,v;S,

d’v dv

—+rWM-+n»y =0

dy dy

ITpu sToM K03 (hdULIMEHT p; () MeeT NMoJIoC MEePBOro NOpsiika B TOUKe y =y, e W=10, a
K03(PuLMeHT p,(y) B AaHHOM cilyyae He uMeeT ocobeHHocTeil. IIpu 3ToM u3 TeopeMbl
®ykca [11] cnemyeT, 4TO TOUKA y = Y, SIBISIETCS yCTPAHUMOI OCOOEHHOCTBIO, a ypaBHEHME
MMeeT JBa IMHEeMHO He3aBUCUMBIX UMD EPEeHLIMPYEeMBbIX pEllIeHUSsT, TPEACTaBIsIEMbIX 0000~
IEHHBIMU CTeTNICHHBIMU psinaMu. JIJist citydasi KoyiebaTeIbHO-BO30YXXIEHHOTO OMHOKOMITO-
HEHTHOTO Ta3a TaKHe pelIeHUs ObLUIM IIOCTPOEHHI B SIBHOM BHe [12].

[To u3BectHoit Teopeme Poiist [13] npousBonHas ¢yHKIMKM F(y) nokHa oOpaliathes B
HYJIb XOTsI OBl B OTHOM BHYTPEHHE TOYKe MHTepBayia. B 4acTHOCTH, B CUITy CTPYKTYpPHI TIpa-
BOM 4acTW OTHOW M3 TaKMX TOYEK IOJKHA OBITh KOOpAMHATA KPUTUYECKOTO CIIOST Y = Y.
JeiicTBUTEIbHO, B 3TOM TOYKE IIEpPBOE CjlaraeMoe COACPXKUT CUHTYJSIPHOCTb, KOTOpast
JIOJIKHA OBbITh CKOMIIEHCUPOBAHA, YTOObI COXPAHUTh OTPAHUYEHHOCTh MPOU3BOIHOM TUd-
depenunpyemoit pyHkuuu F(y) B aeBoit yactu. [1py nopoxurenbHbIX UHKpeMeHTax V; > 0
5TO BO3MOXHO, €CJIM U TOJILKO €CJIM BhIpaXXeHUE B KBaJIpaTHBIX CKOOKax oOpalliaeTcsi B HyjIb

i(ldUsj+5%=o

dy\x dy dy
Yto06BI 3Ta TOUKA OBbLIA HyJIEM IIPOU3BOTHON F(y), HEOOXOOUMO TaKXKe ITOTPeOOoBaTh
ds _

dy
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Takum o6pa3zoM, yCIOBUEM HEBSI3KOW HEYCTOMYMBOCTHU, OMPENENISIIONIMM KOOPIUHATY
KPUTUYECKOTO CJIOST, MOXKET CITyXXUTb CUCTeMa YpaBHEHU

i(i%j 59y By, (3.5)
dy\x; dy dy dy

ey, S — BbIpaxeHus: pyHkuumii x, S mpu W= 0, coBMecTHOE pellieHue KOTOPBIX OIpesae-
JISIeT KOOPIWHATY Y.

[MonyuyeHnHast cuctema (3.5) ciaoxHa ISl TPaKTUYECKOTO UCITOJIb30BaHMs B KQUeCTBE KPU-
TEpHsl, B YaCTHOCTH, B CJTydae yueTa 00beMHOM AUCColMaliMi—peKoMOHaIK. B mpenronoxe-
HUM BeAylleil poJIA MEPBOro YpaBHEHNUS, KOMIIEHCUPYIOLIETO CUHTYISIpHOCTB (U — V) = 0,
ObLIM PaCCMOTPEHBI BO3MOXHBIE YITPOIeHUs. B pe3ysibTaTe OlleHOYHBIX paCUYeTOB BEIOPAHO
MpUOJIDKEHUE B BUIE YPAaBHEHMS

i(l&j + (max Sl) v _ 0, (3.6)
dy\x; dy y dy

nepBble KOPHU KOTOPOTO OTJIMYAIOTCS OT KOpHei cucteMbl (3.5) He Gojiee, UeM B TpeTheM
3HaKe IOCJIe 3arsITOM.

3.1. Koaebamenvrno-6036yicoennulii eaz b6e3 yyema peakyuu Ouccouuayuu—pexomMOouHayuu.
OTOT ciydyail COOTBETCTBYET HauaJbHOMY 3TAIly TePMUYECKOI TUCCOLIMAIMU, KOTOPOM BCe-
I1a MpeallecTByeT KoaebdaTelbHOe BO30YKIeHNe, HO KOHIIEHTPAIlsI aTOMOB IIpeHe0pexXu-
MO Majia M Ta3 OCTaeTCsl OMHOKOMITOHEHTHBIM. B 3TOM cityyae nmpu BeiBone ypaBHeHUs (3.1)
B cucteMme (2.3) ciemyeT oOpaTUTh B HYJIb BCE BEJIUUMHBI, CBSI3aHHBIE C AUCCOLMAlIIei—pe-
KOMOUWHaIIMe, 1 UCITOIb30BaTh YpaBHEHWE COCTOSTHYS IS TOTPAHUYHOTO CJI0ST UaeaTbHO-
ro rasza [10]

p= ]2(3+2j, psTs =1
WMo\ps T

VYpaBHeHUsI SHEPIUit yIOOHO MepenucaTh B TEpMUHAX BO3MYILEHUI TEMIIEPATYD:
oo 06-06
_'YV I A

DO+ owvT," + = , DO, +avT,' = 0 -6,
pch,tr T T

2 -2
Cyy de; 5 de Gh 9;, 9;,
V==, gy =—t==, oy, =—r=|"|exp|2| exp|=]|—-1
Y cV,tr - dT 2 v dTv (ij P (Tv P Tv

ITocne mpeo6pa3oBaHMit MOJYYEHHOM TAKMM 0O0pa30M CUCTEMBbI IIPUXOINM K YPaBHEHUIO
Buzaa (3.1) mjis BO3MyLIEHHUS MTONEPEYHOI CKOPOCTHU v, B KOTOPOM K03 dULIMEHTHbIE hyHK-
LIMU OMpeAesIeHbl KaK

v =T —mMiw?, s=1 00 =T 02 0 (3.7)
XYy + Y(l - TD)

rac

> R(+7, +otV)+A° > Y (Y=DA

m, = RE 4+ A2 s M =TT
L+ A YR +A

1

R =1+h+onV,», A =atl,
i
B cooTBercTBMU ¢ onpeneneHueM (3.7) npu W= 0 nonyyaem

S] — L’Yv(]—:v - Tvs)

:T’
=" T, Y+y
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B pesynbrate coracHo (3.6) yclioBHe HEBSI3KOW HEYCTOMYMBOCTHU IS KOJieOaTeabHO-
BO30Y>KI€HHOTO ra3a BbIpaXkaeTcsl Kak

i[i%j + max| LT =Tw) 14U, _ (3.8)
dy\T; dy Y\, vty ) dy

HemnocpenctBeHHO BUOHO, YTO B OTCYTCTBUH KOJIeOaTeILHOIO Bo30yKIeHUs yciaoBue (3.8) me-
PEXOOUT B U3BECTHOE YCIOBUE “0000IIeHHOI” TOUKY neperuoda [2]

df1db,)_, (3.9)
dy\T; dy

3.2. “3amopoocennan” peakuyus OUCCOUUAUUU—DPEKOMOUHAUUU C YHEMOM KO0Ae0amenbHo20
6030yucoenus. B maHHOM ciyvae TIpUHUMAETCS, YTO TazodaszHasl peakiMsl TUCCOIUai—
pPEeKOMOMHAIIUM “3aMOpoXeHa” B o0beme, uTo cooTBeTcTBYeT w = 0 B (2.1) 1 Q' =0 B (2.3),
U OCTaeTCsI TeTepOoreHHasl peaklivsl Ha TBEpAOoii MTOBEPXHOCTU. B CBEpX3BYKOBBIX MOTOKAX Ta-
Kast MOZIEJTb COOTBETCTBYET OBICTPOMY PACIIIMPEHUIO TEPMUYECKHU TUCCOLIMUPOBAHHOTO rasa,
Korna pekombuHauus 3amemisiercs [9]. Tlpu aTom dakTueckn UMeeT MeCTO CMECh JIByX He-
pearupymoIlnx ra3oB, oIHa KOMIIOHEHTa B KOTOPOM KoJiebaTeIbHO Bo30yKaeHa. JI1s1 Kaxknoii
13 KOMITOHEHT yI0OHO paccMaTpuBaTh OTAebHbIE YpaBHEHUS] HEPA3phIBHOCTU U ypaBHE-
HUSI SHEPTUii, 3aNTUCaHHbIe Yepe3 TeMmIiepaTypsl. [1py 3ToM crucTteMa ypaBHEHUM IJ1sT aMIUTN-
TYI BO3MYIIEHW (2.3) B IByXKOMITOHEHTHOM Ta3e MepenruCchiBaeTCs B BUIE

Dp; + 0p,0 + OCV% =0, Dp,+0ap,0+av dp25 =0

Dpsu + pSaV dUS = _iaps DpSOW = —@

dy dy

Dp8 + owp, T+ 29Pis — (3.10)
pchl,tr
" oo S e - ev " e _ ev
Dpa,® + awpy, T+ 2P — o . Dpy0, + ovpy Ty = pas
pchZ,tr T

1
p= e (2p1s + P2s)0 + (2p1 +PITL)s Py = Pis + Pos

oo

Tak kak maBlieHME MTOCTOSHHO Tonepek ciod, 1o P, 7,(1+ ¢;) =1 + ¢y, TO€ Co — 3HAUEHUE
MaccoBO KOHLIEHTPALUM aTOMOB Ha BEPXHE! rpaHulie TOrPAaHUYHOTO CIIOS.
3nech

_ CVZ,V

2 )
3 5 0y, 0y, 0y,
==, ¢ ==, ¢y =|—| exp| =] exp| = |—1
¢ y Ty (Tj p(Tv o\,

v s Oy

Hckiouus u3 cucremsl (3.10) Bce 3aBUCHMBbIE TIepeMEHHBIE, KPOME BO3MYILICHUSI TTOTIE-
PEYHOI CKOPOCTH v, MEPEXOIUM K YpaBHEHHWIO BTOPOTO Topsiaka Buaa (3.1), B KOTOpoM Ko-
a¢pdunmeHTHBIE GYHKIINN NUMEIOT BUIL

215,2 . '
l+ec., A+ )T A 1+vy,+1D XYy + Y1 —=1D)
I[Ipu W= 0 Beipaxenus (3.11) IpuHUMAIOT BUIT

X]:T(l'i_csj S :L’YV(]TY'_TV'S)
I+, Lo+

x =1
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B pesyabTaTe commacHo yciioBuIo (3.6) KpuTepHii HEBSI3KOI HEYCTOMYMBOCTH IJIsI KOJIE-
barelbHO BO30YXIEHHOTO Ta3a ¢ “3aMOpPOXEHHOI” peakiveil n1ruccolmanuu—peKoMOonHa-
1Y naetcst opMyIIoin

AL e AU | [ Lo | 005 = T) AU, (3.12)
dy\T,\ 1 + ¢, ) dy v \\te ) (0 +y)T ) dy

Ecnu npenebOpeyus KosebaTebHBIM BO30YykKaeHUeEM B (3.12), TO MOXKHO IMOJIYYUTh KpUTe-

pUii HEBSI3KOM HEYCTOMUYMBOCTHM IIJISI Ta3a ¢ “3aMOpPOXEHHON” 0OMEHHOM peakliueil B BUIe

i[i (1 + Csw] %j —0 (3.13)
dy\Ty; \ 1+c¢, ) dy

IMepexon ot popmyin (3.12) u (3.13) K Kputepuio “o06061eHHOoI” Touku reperuda (3.9) oue-
BUJICH.

3.3. Juccoyuupyrowuii ea3 6e3 yuema koaebamenvHoeo 6030yxucoenus. KoyebareibHoe BO3-
Oy>XIIleHIEe B 3TOM cJTydae KOCBEHHO YUMTBIBACTCSA B KOHCTaHTaX TUCCOIMAIINA. 3AeCh U3 CHU-
creMbl (2.3) UCKIIIOYAETCsl ypaBHEHME ISl KOJIeOaTeNbHOM 3HEepruu M nogaraercs Y, = 0.
M3-3a rpoM03IKOCTH BEIpaXkeHUiT Ko3dduiimeHTHbIe GYHKIIMY B ypaBHeHUH Buaa (3.1) mis
BO3MYIIICHUS TTOTIEPEYHON CKOPOCTHU v 3nech He mpuBoasarcs. [Ipu W= 0 oHu UMeroT BU

Xl=i7 S1=A[ps£10£_d&)+]v%j’ A=¢2
dy dy dy psN — YMC p;
(1+CS)WC _psw

S

(3.14)
0 0
N = (1 + ) =) + (erTy + (L4 ¢) (W =€) : -
(1 + CS)WC - TSWT
Hcronn3ysa ycnosue (3.6) u paBeHcTBa (3.14), mojyyaeM, 4YTO HEOOXOIUMOE YCIOBUE pOCTa
HEBA3KNX BO3MYIIEHUI TaeTCS BhIpaXKeHNEM

i(ps dUsj+max(A[ps (hloﬂ—dﬁ)+NdpSD%= 0 (3.15)
dy dy ¥ dy dy dy )) dy

be3 ydyera nmuccoumanum—peKoMOMHaLMM Kputepuii (3.15) nmepexoaur B KjiacCHMYecKoe
ycnosue (3.9). [leiictButenbHO, npoOHOE BhipaxeHue B (3.14), mpeobpa3zoBaHHOE K BULY

e (I+¢;) = psWy/ W,
is . .0

(1 + Cs) - T;WT/WC
Npu mnepexone K uiaeaqbHoMy rady npespainaercss B —7,. COOTBETCTBEHHO, COIEPXUMOe
KBaJIpaTHBIX CKOOOK B (3.14) mepexoanT B BRIpaKeHNE
dT, g dp. _
dy

N

d
-2 (p,T)),
e dy(ps 5)

KOTOpO€ B CUITy ycoBUs P, T, = 1 obpalnaercs B HyJIb, 4TO U JaeT TpebyeMblii epexol. AHa-
JIOTUYHO B cilydae “3aMOpOXEeHHOI” peakiuu ycjoBue (3.15) rmepexonuT B COOTBETCTBYIO-
iee ycyuosue (3.13).

4. Yucnennsie pacyeTsl. [I715 ipeaBapuTesbHON OLIEHKU 3HAYMMOCTH TTOJTYYEHHBIX yCIIO-
BUI1 TIpU BbIJIEIEHUM HanboJiee pacTylMX HEBSI3KUX MOJ, ObLT BbIOpaH peXXrM TMMep3BYKO-
BOTO I10JIETa B HEBO3MYIIIEHHOM atMocdepe. PaccMaTpuBasicst morpaHUYHbBINA CI0M Ha mJja-
ctuHe. B pacueTax Bce puznmyeckue XapakKTepUCTUKHY Ta3a Opajuch MO JaHHBIM IS a30Ta.
B kauyecTBe rpaHUYHBIX YCJIOBUIA Ha BEPXHEN IpaHUIIE TOTPAHUYHOTO CJIOSI UCTIOJIb30BaJINCh
napaMeTpbl MOTOKa 32 KOChIM CKaYKOM YIJIOTHeHUs [14] Ha 3a0CTpEeHHOI TOJIOBHOI YacTu
TeJla, JIETSIIEeTO B BEpXHUX CI0sIX aTMOChephl:

M, =6.337, T,=T,., =1986.3K, p., =57688.21Ila



418 I'PUT'OPLEB, EPLIIOB

IMpodunu razoaMHaMUYECKUX BEJIMYUH B CTAllMOHAPHOM IMOTOKE PACCUMTHIBAIMCH HA OC-
HOBeE JIOKaJIbHO aBTOMOIeJIbHBIX ypaBHeHMi [10]. Ha BepxHeit rpaHu1Iie MOTPaHUYHOTO CJIOSI
obe3pa3MepeHHbIe TPaHUYHBIE YCIIOBUSI UMEJIU BUT

U,8)=1, T,(8)=T,(d) =1 ¢ (8)=c.=0.01

U., —u(d) -6
BepxHsAg IpaHMLA MOTPAHUYHOTO IO & BHIOMpanach U3 ycloBus | —=——2| < 107",

oo

Ha moBepXHOCTH MIaCTUHbBI CTABUJIMCh TPAHUYHbBIC YCJIOBUSI, COOTBETCTBYIOIIIME aiMabaTH -
YecKoi abCOIIOTHO HeKaTaIuThuieckoit creHke [10]

U,(0)=0, T;(0)=0. T,(0)=T,(0), ¢ (0)=0

BrIGpaHHOE yCIoBYEe Ha KOJIeOaTeIbHYIO TEMITEpaTypy CBSI3aHO C TEM, YTO MPY THMITEP3BYKO-
BBIX UMcliax Maxa TeMmIteparypa anadbaTnieckKoi CTeHKM TOCTaTOYHA 1T BO3OYXKIEeHUS KO-
JiebaTebHbIX CTEIeHE CBOOOIbI.

Paccunrtannblie Tpodrin ImapaMeTpoB CTallMOHAPHOTO TeYeHUS MPUBEASHBI Ha pucC. 1,

_ 1
meY = o p jo p(2)dz.

Hcnonw3ys nonyyeHHble pacripeneneHusi, Ha ocHoBe dopmyn (3.8), (3.9), (3.12), (3.15)
OBLTM BBIYUCIEHBI KOOPAMHATHI KPUTUYECKOTO CIIOS V.., Te (Ha30Bble CKOPOCTU BO3MYIIIE-
HUSI PaBHBI CKOPOCTU cTaliMoHapHoro noroka V, = Uy(y..). 3ateM I KaxIOro 3HaYeHUs
dazoBoit ckopoctr Tipu M., = 6.337 Ha ocHoBe ypaBHeHUS (3.1) ¢ OMHOPOTHBIMU TPAHUY-
HBbIMU ycyioBUsIMU (3.2) ObLIIM TTOJTyYeHbI BEILIECTBEHHbBIE BOJTHOBBIE YHCIA (xi/ ) IUIST TIEPBBIX
yeTbIpex HeBI3KUX Moa Maka [4], tne k = 1, ..., IV, a BepxHuii uHaekc j pukcupyeT Kpure-
pMii, UCTIOB3YSI KOTOPBI OHU pacCUMTHIBAIMCH. [lajiee 1 KaXk10ro BOJJHOBOTO YMC/ia (xfcj)
pelranach criekTpaibHas 3amada (3.1), (3.2), coOCTBEeHHBIMU 3HAYEHUSIMU KOTOPOU SIBJISTIOT -
Csl KOMILUIEKCHbIE (Da30Bble CKOPOCTH Vk(/ ) = V,(k/) +i Vi,((j ), U BBIMUCIISUINCH 9aCTOTHI BO3MY-
LIEHUIA mﬁcj ) = ozﬁcj )V,»,(f ). Bce CIIEKTPAJIbHBIE 3ala4¥ PpEeLIaIUCh METONOM “CTPeNbObI”.
st aToro 3amada (3.1), (3.2) 3aMeHsIaCh HOPMAJIBHOI CUCTEMOI ypaBHEHMIA IIEPBOTO I10-
psKa C OMHOPOTHBIMU TPAHUYHBIMM ycJoBUsIMU. [loydyeHHas TaKuM 0Opa3oM cucTeMa
MHTETpUPOBAJIACh YHUCIEHHO C MOMOIIbIO mpoleaypbl PyHre—KyTTsl yeTBepTOro mopsiuka
Ha uHTepBanax y = (0, 0.58) u y = (0.58, &) ¢ marom Ay = 10~3. Touxoii “npurienuBaHus”
CITyXWJIa cepeiHa MOrpaHuYHOro ¢inost y = 0.58, B KOTOpoil TpeGoBaIOCh, YTOOLI BBHIYUC-
JIeHHbIe “crieBa” U “cripaBa” B Touke y = 0.5 3HaYeHUs PEIIEHN COBMAAAIN C TOYHOCTHIO
10 1075,

PacueTHble maHHBIE IJIsI MEPBBIX YEThIpeX HEBSI3KMX Mod Mboaka cBemeHbl B Tao6ma. 1.
Kak cinenyet u3 Tabauibl, Jist BCeX BbIBeAeHHbIX yciaoBuii | u I Moabl SIBASIIOTCS] pacTylm-
MM. DTO BaXXHO C TOU TOYKM 3pEHUS, YTO B OTIMYME OT KJTaccuyeckoro kpurepus (3.9), mo-
JIydeHHBIE YCIIOBHS 10 JIOTUKE BBIBOJA SIBJISTFOTCSI TOJILKO HEOOXOMUMBIMU U (hOpMaIbHO He
rapaHTUPYIOT POCTa BhIIEIIEMBIX Ha MX OCHOBe Bo3MyllleHUi. Bee ycnmoBust onpenensor 11
MOAYy KaK HauOoJjee pacTyIlylo, UTO TakKe MOATBepxKIaeT MX (PU3MUYHOCTb. Pe3ynbTarhi,
paccyMTaHHBIE Ha OMHUX U TeX e MPOMUIISIX ra3oafMuHaMUYeCKUX MEPEeMEHHBIX ¢ YYeTOM
COBMECTHOTO KOJIEOATEeTbHOTO BO30YXXACHUS M peaklMii JUCCOlMallMi—pPEeKOMOWHAIINY,
UMEIOT OTHOCHUTENIbHBIN xapakTep. OHU JalOT BO3MOXHOCTb OLIEHUTH IMOTPEITHOCTb, CBSI-
3aHHYIO C UCIIOJIb30BaHMEM KpuTepusl “o00011eHHoi” Touku neperuda (3.9), B ycinoBusix,
OTJIMYHBIX OT MAeanbHOro raza. CpaBHUBAs JaHHbBIC, MOJy4eHHBIE IO yciioBusaM (3.8) u
(3.9), MOXXHO BUAETh, UTO B PACCUUTAHHOM pEXMMe KoJiebaTelibHOe BO30YKIeHUE MPaKTH -
YeCKH He BJIMSIET Ha BOJTHOBBIE UMCJIa HEBSI3KUX pacTyux Moa. ChaeaHHbI BBIBOJ KOCBEH-
HO MOATBEPXKIAeTCS CpaBHEHWEM COOTBETCTBYIOIIUX PE3YJbTaTOB, MOJYYEeHHBIX HA OCHOBE
ycnosuii (3.12) u (3.15). DTO MO3BONSIET TIPEATOIIOXUTD, YTO €C/IU KojiebaTeTbHOE BO30YX-
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Puc. 1. ITpodunu razonmHaMUYeCcKUX MEPEMEHHBIX CTAIIMOHAPHOTO TEYSHMUSI.
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Ta6muuna 1. BoiHoBbIe uncia a}cj)

M YaCTOTbl BO3MYILLIEHU

(/)

(,l)k TIEPBBIX YETHIPEX HEBA3KUX MO Mbka

Kpurepuit OLE‘/) m;‘j) x10°
1 11 111 v | 11 111 v
3.9) 0.0959 0.2726 0.3233 0.5548 0.9452 3.8041 0.8199  —0.3999
(3.8) 0.0957 0.2721 0.3226 0.5537 0.8309 3.3474 0.7209  —0.3515
(3.12) 0.0843 0.2392 0.2849 0.4878 0.7329 2.9424 0.6366  —0.3104
(3.15) 0.0821 0.2329 0.2773 0.4748 0.7136 2.8641 0.6198  —0.3022

NIeHWE, NaJieKoe OT Havyajla AUCCOLMALIUU, SIBISIETCS €MMHCTBEHHBIM OTKJIOHEHUEM OT UJe-
aJIbHOTO ra3a, MOXXHO OIPaHUYUTHCSI UCTIOIb30BAHUEM YCIOBUS “0000I1IEHHOI” TOYKY Te-
peruda, Kak 3To ObUIO caenaHo B [15]. OTHOcUTEIbHOE OTKJIOHCHUE BOJHOBBIX Ynced | u
IT mon, paccunTaHHbIX 110 KpuTeputo (3.9) nis uaeanbHOro rasza u ycinosuto (3.15) ns nuc-
COLIMMPYIOIIETO ra3a 6e3 yuera KojiebareJIbHOro BO30YKIeHMsI, COCTaBseT nopsaka 14.5%.
B TO ke BpeMsi OTHOCUTEIbHOE OTKJIOHEHUE MHUMBIX YacTOT (MHKPEMEHTOB HapacTaHusl)
JIEXUT B Tipenenax 24—25%, KoTopoe SBIsIieTCs CyllecTBeHHBIM. [Ipu s3Ttom yciosue (3.15)
JTaeT MEHBIIINE MHKPEMEHTBI HapacTaHUs, UTO TIPSIMO COOTBETCTBYET JieMITUpyoliemMy 3d-
dexTy mnpouecca aguccounmanuu [9]. [IpoBemeHHBIII aHAIN3 MTOKA3bIBAET, UTO ITOJIyYeHHEIS
YCIIOBUSI, B YaCTHOCTH, (3.15) mIsT IMCCOLMUPYIOIIETO ra3a, IIO3BOJISIIOT YIeCTh BIUSHIE pe-
aJTbHBIX CBOMCTB Tra3a Ha XapaKTepUCTUKU PACTYIIUX HEBSI3KUX BO3MYIIEHUM, a yepe3 HUX
Ha pe3yJbTaThl PACYETOB YCTOMYMBOCTU COOTBETCTBYIOIINX TEYEHUIA.

3akimoyenue. J1J1s1 TIIIOCKOTO TeUeHUST KoyiebaTeTbHO-BO30YKIEHHOTO TUCCOIIMUPYIOIIETO
JIByXaTOMHOTO ra3a B TIOrpaHUYHOM CJIO€ HaliZleHbl HEOOXOIMMbIE YCIIOBMS CYIIIECTBOBAHUS
pacTtymux (HEeUTpaJbHBIX) HEBSI3KMX BO3MYILEHHUI, 000O0IIaIoNIe HEBSI3KUI KpUTepuit
“00001IeHHOI” TOYKM epernda Ha mpoduiie CKOPOCTH HEBO3MYILIEHHOTO IMOTOKa. B Kaue-
CTBE MCXOIHBIX MCITOJIb30BaHbl YPaBHEHUS ISl aMIIUTYA CUHYCOMIAIbHBIX BO3MYIILICHUIA.
BBIBOA COOTBETCTBYIOIINX 3aBUCUMOCTEM SIBJISIETCS €CTECTBEHHBIM 000OIIEHHEM U3BECT-
HBIX BBEIKJIANOK IUISI OJYyYeHHUsI KpUTepus “0000IIeHHON” TOYKM Ilepernda B CXKMMaeMOM
raze. [Tonay4yeHbl ycloBus ISl KOJebaTeIbHO-BO30YKICHHOTO OTHOKOMITOHEHTHOTO rasa,
KaK HayaJlbHOM CTaauy TEPMMUYECKON AMCCOLMALMU, a TaKXke IJId ra3a ¢ OOHOM peakuuei
JyccouraluM—peKoMOnHauuu. B KauecTBe MpoMeKyTOYHOIO pacCMOTPEH Ciydail OMHap-
HOII MOJIEKYJIIPHO-aTOMHOI CMeCH C KOJebaTeIbHO-BO30OYXXICHHOM MOJICKYISIPHOW KOM-
MOHEHTOM 1 “3aMOpOXeHHOI1” Ta3zoda3Hoil peakuyeil fucconuanuu—pekoMonHauuu. I1o-
KazaHO, YTO BCE COOTHOIIEHUs TIpU TNpeHeOpeKeHWU KojebaTebHbBIM BO30YXICHUEM U
IMCCOLIMAlIMe IIepexoIsT B KJIaCCUYeCKOoe YCIIOBHUE “00001eHHOoM” TouKu reperuda. [1po-
BEeIEHHbIE CPABHUTEIbHBIC YMCIEHHBIE PACUEThI IJIs1 YCAOBUM PAa3BUTOM AMCCOLMALIMU TO-
Ka3aJiu, YTO UCITOJb30BaHNE KpUTEPHUs “0000IIEHHOM” TOYKY Tepernda He yYUThIBAeT CIie-
uuduky npoiecca. BosHoBbie ynciia 1 pazoBbie ckopoctu I u I1 HEBSI3KHUX MO, pacCUMTaH-
HbIe Ha €ro0 OCHOBE, MOTYT CYIIECTBEHHO OTJIMYAThCS OT PE3yJbTAaTOB, MOJYUYCHHBIX C
HCTIOIb30BaHMEM HOBOTO HEOOXOIMMOTO YCIIOBUSI.

Pa6Gota BeInosiHeHa Tipu hMHAHCOBOM noaaepxke Poccuiickoro oHna dhyHIaMeHTaIb-
HBIX McciiemoBaHuii (kon mpoekra 20-01-00168a).
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Necessary Conditions for Development of Inviscid Instabilities
in a Vibrationally Excited Dissociating Gas
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For a plane flow of a vibrationally excited dissociating diatomic gas the necessary conditions
of the existence of growing (neutral) inviscid perturbations, similar to the Rayleigh criterion
of a “generalized” inflection point, are obtained. The corresponding formulas are presented
for cases with a certain physical interpretation. In particular, the model of a vibrationally ex-
cited one-component gas is considered as the initial stage of thermal dissociation, as well as
a wide spread model with one dissociation-recombination reaction. The case of a binary
molecular-atomic mixture with a vibrationally excited molecular component and a “frozen”
gas-phase dissociation-recombination reaction is considered as an intermediate one. Com-
parative numerical calculations were carried out, which showed, in particular, that under
conditions of developed dissociation, the use of the criterion of the “generalized” inflection
point does not take into account the specifics of the process. The wave numbers and phase
velocities of the I and 11 inviscid modes calculated on its basis may differ significantly from
the results obtained using the new necessary condition.

Keywords: inviscid perturbations, Rayleigh criterion, “generalized” inflection point, vibra-
tional excitation, dissociation-recombination reaction, I and II inviscid modes
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