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JIoKka/ibHas MAKPOCTPYKTYPa MeTaCTAGHIBHOT0 COCTOSTHMSE,
HepeoxnaxaenHelii nap

Moaudrunposannoe ypaBHenne OpHiuTeiiHa-1lepHuke NpHMEHEHO ANA OTINCAHUA NOKAILHON MHKPOCTPYK-
TYPR METACTabWIBHOrO COCTOAHHA (NepeoxiankAeH i nap). Beiuucnenua nporeseysl ¢ TOUHOCTHIO N0 KBals
PATHYHLIX YIEHOB NO CTETCHAM IUIOTHOCTH. MeXMONeKyNApROe B3aHMOJelCTRIE 3203eTCH NoTeHuUHanom Jlen-
Hapa-Jlxonca. [TokazaHo, 4TO NIOKaNbHAA MEKPOCTPYKTYPA BRIpaKeHa Gonee pesko, YeM B TEPMOIMHAMHYECKH

pPaBHOBECHOM Nape.

© Yu.V. Agrafonov, I.G. Vaganova, Sh.B. Tchidipov,
A.S. Nesterov, M. Yu. Prosekin, 1.G. Prosekina, 1.S. Petruchin

Local structure of metastable condition. Superfrising gas

Local microstructure of metastable overchiiled vapour is studied with modified Omstein-Zernike equation
appluing L] potential for particle interaction. It's found that inner structure of considerable system is more sharp

than in thermodynamically equilibrium gas.

MetacTtabHnbHbe (TEPMOAHHAMHYECKH He-
PAaBHOBECHBIE) COCTOAHHUA (MEepeoxXnaXacHHbIE
rasel ¥ KUAKOCTH) WIpatoT BaXHYIO pOJib B
COBPEMEHHON HAYKE W TEXHMUKE, ORHAKO [10-
chenoearelbHOM  CTaTHCTHYECKOH — Teopuu
5THX COCTOSHMH He cyuwectByeT. B 10 ke
BpeMA Takue TemnoQu3NyecKHe XapakTepH-
CTHKH cpelbl, KAK TENN0EMKOCTh U CKOPOCTDb
3ByKa, OYEHb CHJBHO 3aBUCAT OT €€ MHWKpO-
CKOTHUECKOIt CTPYKTYPEI, KoTopylo ynobHee
BCErQ OMMUCHIBATL ¢ MOMOILGIO YACTHYHBIX
GyHKUKH pacnpegencHHA, ABISIOWHNXCA pe-
WeHHEM MHTETPANbHLIX YPABHEHHWH CTATHCTH-
ueckoil MexaHukH. Tak xak B npoueccax Ten-
10- M MacCOTIEPEHOCa BEWECTBO (fIEpeoXaax-
OEHHBIH Map), BeICTYNAKOLEE B Ka4YeCcTBE TEM-
NOHOCHTENSA, OKA3BIBACTCA B TEPMOIHHAMUYE-
CKH HEpPABHOBECHBIX COCTOAHHMAX, TO nNpel-
cTapnger MHTepec ob6oSuieHne ypasHEeHWH
PAaBHOBECHOH CTATHCTHUYECKOH MEXAHHKH Ha
HEePaBHOBECHBIE COCTOAHUA.

Jna  TepMoarHaMMYeCKH — paBHOBECHOH
CHCTEMB! YPABHEHHS CTAaTHCTHYECKON Mexa-
HHKH HMEIOT BHA! '

W) =n [L)CH (n,n)d r+ina, (1)

W o
By, =C (n,n)+

— -+ — -— ¥
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+”IYl("a)C:z}(’]J})hzs(rza"3)d -
3nech MHTErpHpOBaHWe BEACTCA [0 BCEMY

3

o0bemMy CHCTEMB; n=r - KOHLEHTpAIHA
YacTUL;, Ina - orapugm axTHBHOCTH; w;,(%)

- OMHOYACTWUHBIH TEPMHUUECKMIA MOTEHLMan,

h,(r,r,) - NapHas KoppensauuoHHas GyHKuus,

ONpPEAEAsOWAs POCTPAHCTBEHHYIO KOppens-
LMK TPOU3BONEHO BHIOpaHHON Napbl YacTHL;

CH(7.1,),Cy(#,1,) - TIPAMBIE KOPPEALKOH-
Hble QYHKLHH; K(ﬁ)=exp(“%+w.) - on-

HOYACTHYHAs (YHKUMA pacnpeaeneHud, 3a-
JaHHas B NabopaTopHOi cucTeMe KOOpAWHAT
H ONpeAeAflowas HEOAHOPOAHOCT CHCTEMBI

BO BHELIHEM MOTEHUHaNLHOM none @ (r); kT

- TeMnepaTypa.

OcobenHocteio cncreMbl ypasrenuit  (1)-
(2) saBageTca €€ HE3aMKHYTOCThb, H3-3a HETO
HeoOXOAMMO NpHB/ieUeHHe 3aMbIKaHHUi — Co-
OTHOLUEHHH, CBA3bIBAKOLINX (byHKIMA
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cY (,r). dna tepmopuna-
MHYECKH PABHOBECHBIX, OJHOPOAHBIX W H30-
TPORHBIX COCTOSHHIH (a3, >KHAKOCTL) UMECM
w,= @, = 0, ¥,=1. Ypasuenue (1) onpeaenser
AoTapn(M aKTUBHOCTH!

na=-n[CRG)dr,. ()

Ypaguenue (2) cBOANTCH K 0ObIKHOBEHHO-
My ypaBHeHHIO OpHiuTeitHa-llepauke Aans

- —

Fi—Fy M

$ysKumit onHON NepemenHOM ¥, =

hy(ny)= Cl(::zj(rlz) *

(2) 3 @
+HJ C|3 (ﬁ;)hn(rzs)d_ Kas

TAe
hy(ny)=h,(n)-1=

D
=exp( — ;}% +w,{#%,) -1,

@, - NOTEHUHAN MEKMOACKYJISPHOTO B3au-
MoJeHcTBHA, W,,(K,) - ABYXYACTHYHBIA Tep-

MHUYeCKMIT NOTEeHUMan, YUYWTHIBAIOLNMIA Ono-
CpeAoBaHHOe B3aWMOICHCTBUE YaCTHLL uHepes
OXPYXAIOLLYIO Cpeny.

Oo6o0iuenne cucteMbl ypaBHeduit (1)-(2)
Ha METACTAOUABHbBIE COCTOSIHUA OCHOBLIBACTCS
Ha TOM, HTC BAWKHUI NOPAROK (MHKPOCTPYK-
Typa), 3anasaeMmii pagvanbhol yHKUHEH
pacnpenenenpa ¥,(%,) CYINECTBEHHO He OT-
nyyaetTcs OT OJIKHETO NOpaika B TEPMOAM-
HaMHYECKH paBHOBECHOM rase (JKUIKOCTH).

YpasHenuve (1) 10 NpexHeMy CBegeTcs kK
ONpEAENeHHI0 aKTUBHOCTH Ina, Tak KaK B
nadopatopHoi cHcTeMe KoopauHat Y =1. B

-
ypasHennn (2), oanako, ynkumo Y (x) He-
obxoauMo  nepeonpefenuTh  Tak, 4TOOBI
YYECTh M3MCHEHME DAIDKHEro nopsaka B Me-
TacTabunbHoM coctosHuu. Takoe fepeornpe-
OeNeHHE MOXHO OCYUIECTBUTb AEPEXCAOM U3
nafopaTtopHoli B CHCTEMY KOOPAHHAT, CBA3AH-
HYIO ¢ IOBWXKyulelicd wacTHLeH. Puzuuecky
370 OOYCNIOBASHO TEM, YTO TIEpPeBOA PABHO-
BECHOI'0 COCTOSIHMA B MeTacTabUabHOE oCy-
IHeCTRAACTC NoA  AefCTBHEM HEKOTOPOro
CTOPOHHErO O (HANPUMED, TEMNOOTBOA),
KoTopoe 3areM "Bbirutodaerca”. FHocae atoro
CHCTEMa YACPKHBAECTCS B METACTAOMIBHOM
COCTOSIHUN TONBKO 33 CYeT Nnojnel BHYTpeHHe-
ro MpoMCXOXAcHUA, 00ycnoBaeHHbIX Oonee
WHTCHCHBHBIM  MEXMONCKYNAPHBIM  B3aUMO-
DEHCTBUEM, HEXENIW B PABHOBECHO#H CUCTEME.

B cooTBETCTEYH C 3THM nonaraeM, 4tTo

N
Y(r) > expw,(r;). (%)
Tax kak O8yXYacTHYHBIA TEPMHYECKHI NO-
TCHIMAN W,(r,} ONPEASAscT BKIaA KoIeK-
THBHBIX 3(DEKTOR B NONHYIO BHEPTHIO B3an-
MOACHCTBHA 4acCTHIL, TCQ 3TO Q3HAYACT, UTO
CHCTEMA YACPIKMBAETCA B METACTabIILHOM
COCTOAHHH 110NEM, CO3A3RACMbIM BCEMH Hac-
THUAMY CHUCTEMbL. JIeiiCTBUTENBHO, W3BECTHO,
MTO B MEPEOXNANKACHHOM [Ape YacTHLBI B3au-
MOAEHCTBYIOT MHTEHCHBHEE, YEM B PABHOBEC-
HOM,

3aMeHUB B ypaBHeHUHM (2) DYHKIHIO Y](;;)
Ha BelpaxeHHE (5), nonyumm mosupuuEpo-
paHHoe ypaBHeHMe OpHureiiHa-LlepHuxe,
OMMCBIBAIOLIEE METACTAOMNBHYIO CHCTEMY!

hl2(ri2)=cl(22)(r12)+

1 Jexp(w, (7 )CT (1, iy () 7y

[lo dopMe 310 ypaBHeHWEe MOXOKe Ha
o0plyHOe ypaeHeHue OpHwTeiHa-Lepauxe,
MO3TOMY [UIS ero pelieHHs MOryT ObiThb TpH-
MEHCHL] TE XC CaMble METOALBL, YTO # ANA pe-
weHua ypaBuenus (4). B panHoit pabore Mol
ucnosezyeM 3aMblkanne MaptbiHoBa — Cap-
KUCOBA:

6

i
}':zzhz_ct(zzlzwlz'FEwlzz‘ (7)

MexMonekynsipHoe B3auMoAeicTBHe 3a/a-
eM MOTEHUXANOM TeepARX chep. Tak kak Aas
MeTacTabunbHOTO napa (Kak, Bhpouem, H B

ypaBHeHUH (4)) 1»1:%0'3 <<, TO pelieHHe

ypaBHeHUs (6) MOXKHO HCKaTh B BUAE CTENECH-
HbiX PALOB 11O MIOTHOCTH. MB! OTpaHWiHBa-
¢MCS Pa3NIOKEHHEM ¢ TOYHOCTBIO O KBaapa-
THYHBIX YAEHOB, TO €CTh MONAraeM
_ 13 2. o gyali} 2,4
W, =nwy +ws, Y, =nyy vayy . (8)
[MoacTanoska aaMHBIX pasnoxeHuid B (6)
TIPHBOJMT B MEPBOM MOPAIKE 110 NMIOTHOCTH K
CREAYIOUIEMY BBIPAXKEHHIO
T
- 3
ne =5 e~ 125 #1602 - 5,), - (9)
rae  O(x) - dynxkums Xssucaiga. Bee pac-
CTOAHUA M3MEPAIOTCA B €AMHHMLIAX AdaMeTpa
MOEKYI S. B0 BTOPOM Ropaixke No maor-
HOCTH:

e =

fi2

77061, (10)
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Belpaxenue 1ia 72 nofnydaercs B BRje
PA3HEIX TONUHOMOB Ha TPEX HHTEPBANAX:

som=2" son)-0, o<, <

105’

¥

7& = ( iy + 63n + 21083 —
-315r,2 —15?:»;.{. +2100r,).
(ZJ( )_ s 52

FR@=-=,
1<k, <2,

(1)

105
2=

P =~ 63+ 2107 ¢

1
+3]Sqi)+-2-1—0r(—3843r,§ + (12)

+38857,

5 52
‘”(2)——]E 72(3)=0, 255,<3,

(~r + 631 2108 -
12 12

- 486),

~(2]
B (13)
=31 5?;2 + 2268:-,22 —2835r, + 486).

ina cpagHexud npuBEAEM PEIYNLTATH pe-
wenus ypasHeHns OprinteiiHa-Lephuke (4).
B nepsom nopaake no crenenaM NAIOTHOCTH
HUKAaKOre OTAMYMA HET, U pelleHHe COBMANAET
¢ (9). Paznamuuue noApnseTcd BO BTOPOM NO-
psiaKe TIO CTenensM MAOTHOCTH:

FRO~T, 7RO=0, 0sr, 51,

7O = 12(14r12 105, +105). (14)
- 52
y:?(r)-—-g, FR@=- 1552,
“2?:5]—(“ — 635+ 2108, + (15)
+315r3 — 18067, +16455, ~162),

"‘”(2)———5, Fi2(3)=0, 2<1, <3,
7y =E']‘6(—”1?z + 635 - 210n; - (16)
—315r +2268r; ~2835r,, +486).

Ha pucynke npusegeHs rpaduxy GyHKIME
(10), smuncaentrie no Gopmynam (11) - (13)
(METAcTaOUILHOE COCTOSNHHE —~ NYHKTHPHASN

annug) v (14) — (16) (paBHOBECHOE COCTOAHHE
— CIUIOIMHAA ANHHA).

Buano, yro B METACTAOUABHOM COCTOSRKMU
AEpBAs KOOPAMHALMONHAA cdepa BbipameHa
bostee pe3ko, UTC CBRACTENLCTBYET O €ro
GoNbIIEM CTPYKTYPHOM YNOPAAOYEHHH,
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