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] The statistical ensemble for metastable state is proposed,

N that define the statistical and thermodynamicel properties of
the metastable system. The propoesed ensemble gives the initial
conditions for the kinetic problems of the first order phase
transition theory. '
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In the equilibrium state the probability distribution for
a gystem is the Gibbas distribution -

-H _
w: E){P("E—?_—' 1 (1)

H being the Hamiltonian of the system, T - the temperature md
F - the thermodynamical potential.

In the discontinuous phase transition the equilibrium
state changes from the macroscopicaly homogeneous to the inho-
mogeneous. In that inhomogeneous state the system contains a
region of the new phase with space size larger than R”E. be-
ing the critical nucleus size. The probability of a microsco-
pical etate i1s given by (1), and the probability of every mac-
roscopically hcmugenauﬁs state is negligibly small, By special
techmuques one is able to obtain the metastable homogeneous
state, which is the continuation of the homogeneous state the
syetem had before the phase transition. The aim of this paper
ie to propose the statistical ensemble for the metastable
phase., Let 1(9{:::} be the parameters), that describe the change
of the state in the phase transition., For the liquid - vapor
phase tremsition ¢ is the particle density. The ensemble for
the metastable state has to give the relative probability for
homogeneous stetes s close as possible to thome of the Gibbs
ensemble (1), but the probability of inhomogeneous states _
should be as emall as in the equilibrium state before the phase
transition. To construct such an ensemble, we exploit the as-~
sumed property of the equilibrium in homogeneous state, that
the size of the new phase region is larger than R_. for that
state, and the fluctuation, in which nucleus of a size /\, :
&K RQ yappears is as rare as in the homogeneous phase. The
correlation radius 7z, for the fluctuationsof Pix) is ex~
pected to be finite in the vicinity of the first order phase
transition point. !a- eritical nucleus size Rt ie at this
point infinite, and the vicinity of this point R_ 3> 7, -
Let us divide the system into cells of a size | g
R.S>ADS>S 2, + The volume of a  cell is V(A . Por
the cell number (  we introduce the quantity P, ¢A)

PN = fp@dc , xe Vi(A). (2)




The average valuea of (PCI} for the two homogeneous phases
and for corresponding metastable states we denote as and
¢, * ‘o>, The probability of values of R:(A) = Vi4) @,
in this homogeneous states is expected to be small for

. : 1=4
‘1":*%4 L -8, ' ﬁ"ﬁg }ﬁaWLVﬁ)_] «» Let ue
chose puch a value ¥, end P, = VA Yo  With negligible
small probability of appearance in a cell, The distribution we
propose for two metastable states, connected with phases 1 and
81k '

Wi = 2xp [E;f) /7 P (P~Rp] =
the 9 ~ function is 6’(3) = 1 y{{ 0, and f‘?(y):‘o

j/} O + To bring (3) in a more convenient form, one
have to introduce the fmnticn P(_‘{)= 6"&9@) Prom (3) one
has (in our case P(y)= TP(;{))

Wir-erxp(-ﬁ;_ﬁ 5 (4)
M= H- 5 P[t(R-RW) . .

To exclude the fixed cell lattice, let us use the function (%]
_ 5 : Instead of h
Jl)= -{,, ogxg< L} I(x)= 0) xe ] “‘3@)&""{. netead of (5) we have

= H=fobe P{t [T0Tx-2I, o)) dx'} 9

For computations i'l:' is convenient to take adventage of a re -
presentation of the € - function as a limit of a continuous
function ses=s=—Stewsoforoortiesess—funntdesw, for example

_ o, d+4Gy)
AT

- (7)
, 1+ {7y
PG)= Gin o =55
Por (4) and (6) one obtains 3 ;}.-j-
b : i - =0 il
W W W= exp{ e p (8)

ﬁ: = H- Jd= G{1+th[7 (I -2 Dl wfqbijjjaﬁ

the constant term is included in the energy F. The thermodyna-

o

mics of the metastable system ism based, in the usual way, on
the thermodynamical energy P

F=-Tb 2 , Z =5 ep(-2) el
O¥er,
the sum in (10) is carried ou 4;11 gtates of th®. system. For
the distribution W the probability of a cell with the new
phase is of the order nfgzeﬁﬁ&b”(;ﬁ%—ﬁ}]] and it is possible to
use a consiant value of - wooy, s instead of the e
1imit,

L7
s [VK’W%'&EU : (11)

By using the ensemble (4), (6) instead of the Gibtz en =
semble (1) one has a small change in properties of the gyaten,
The change is of relative order of §= exp C—- VI(4) &f) '
Af being the increase of the energy per unit volume for a
process of changing !10 from %,i to {ﬂa « For /\ = const,
there is no singularity in the energy. F at the transition po-
int. The limit X-—»oois to take, for the metastable state, af-
ter the limit T —» Ty, T, being the trangition temperature.

The system in metastable state is stable with respect to
small perturbations of a large space size [L > K. , When moving
into the metastable region one can reach the spinodal 1iﬁa, at
which this stability is lost. At the spinodal line the suscep-
tibility Y=o, 1:"'3'_:%:, hh being the field, thermodynamicaly
conjugated to ? , and the correlation function ECP))

E(p)=J6(x)ePelx, E(x-x)=pter>~<e¥ (12)

becomes infinite for p—v (O « Both F and G are defined in the
ensemble (4), (5). The condition for the spinodal line

6?_-{(0} = O (13)

is possible to wright, using, for example, Matzubara Green-
-functions method. :

Essential problems in the discontinuous (first oder )
phase transition theory are the thermodynamics and statistics
of the metastable state and the dynamics of the metastable gys-
tem. The statistical operator (4), (6) gives the thermodynemiecs



and statistics., The dmemics 1s desecribed, when the equation of

motion

h 2O [Hw-wh]

1g solved under the initial condition W(0) = W . In pheno -
menological theory the equation of motion may be chosen in the
eppropriate way; distribution (4), (6) gives the initial con -
aition for the relaxing distribu‘binn function.
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