


Introduction

In this and other publications whiéh are to follow‘it's suppo4ﬁ;
sed to set forth a new method of research thermodynamical .sur--
face (TS) equilibrium states of one-component fluid,;including;
areas of liquid and gas phases, and also areas of phése tfénsi«
tion of the first and second types. A possibility of unified . .. . .
approach to macroscopic description of substance which is’chaféé—‘ 
térized in the indicated areas of TS by considerable diffefencies'lﬂj
in microscopic behaviour of the system §f partiéles is secured by
thrmodynam]rally un:vernal method of. consideration, which is in:
‘many parts close to semiphenomenological theory of crltlcal area
(cay [1-3].

As a non-traditional result of the approach belng developed in
thls research one can consider well- based extention of non-013551— 
cal, scaling dependenc1es on the description fluid states, remo-

ting from CA and usually approximated by expansion thermodynami—

cal functions of one or two variables into analitical series :
' e i
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(a) f(x, y) %: a Xy ‘ (b)

k=0 k,1=0

Some extending the domain of validity such series is provided, as

it"s knbwn, by using the direct Pade approximants [ L/M ]f.ih

which'polynoﬁial exponents are subordinated to the 1ﬁequality’:
L+ M £ K with integer having restrict value.

In case of singular1ty qguthg type_nbserued in CA : |
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f(x) = Ao(xkp ~.x)—w » W (non-integer) >0 ‘,' ) (c)
Pade technique - approximants must be generalized as it was demon—
strated by M. Fisher [4,5]. by descrihihg derivative of logarithm
[L/Mﬂd/dx(lnf)

alternate method of research of TS particulars basingon the

of the funection f(x) This work propose an

results of catastrophe theory [6,7].

1. It s known that equilibrium thermodynamics (ET) was formu.
lated by Gibbs in locally - differenbi;l aspect and based on
supﬁosition of.fundamental TS existence :

E=E (N, v, 5) - £ (1)
in-each point. of which the followiné differential form on (1) is
fulfilled

dE = -PdV + ;dN + Ty K : (2)
The empirical principle of macroscopical equivalence employable
for N-systems in the volumes of Vo > Ve (¢ Ve-correlational
volume of an equilibrium state gives opportunity to jntroducegtho
condition of homogencity of the first degree fnf the function (1):
[Fa0) 9K JE,

B 57— V4 s N+ S5 5. S . (3)

According to (2,3) the following definitions of field variables :
{bj-}= (-P, u,T) are obtained with the use of | initial extensive
variables

-p = 9BE/av

Sl :"BE/.GN s, T = dE/l"S" : : . (1)

and alsoc relationship between densities:

{agt=(=,Q,9):

i

€= BN, e = N/N, o= 8/NV - ST (s
and field variables is fulfilled

£ = P ¥ pu + oT . . e B - (8)
In ET equation (6) gives. definition of comlete  Legendre. transfor-
mation of independent variables. for reversible changes hetween
local potentials

& (e, o) and P (u, T).. . : L o g

Formally, the indicated. potentials could be. considered as
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. (fluctuations) éq of the point, depicting of equilibrium

appropriate solutions. of differential equations with partial
derivatives of the first order :
P(e¢, o £, @c/fde, d=/a0) = 0 (7)

P(u; T; P; 9P/, 8P/IT) = O : ’ (8)

H

Each from these equations is equivalent to the relation ET (6),
having form of generalized egquation of Clerout [8]. We ﬁake a
variant of field bj“representation (8) (a_complete symmet;ical
calculations can be made fér density aj—representation (7)) and
formulate a task of constructing integral TS : -

P;P(H.T)“: . ‘ . (9)
in every point of which similar to (1,2), the following differen—
tial form is fulfilled :

' dP = gdu + odT : (10)

The‘equation (10) gives the condition for the flatkelements
(points qoe %nzzand tangent to TS (95 at these points pf planes

n-2 R
TQJP ) -
X - B
P =P =e (0 -u)+ o (T - T) (11)

We shall demonstrate that this determined description of 4,
point, used in numerous local abstract geometrical representations
of ET [9-12] is to be naturally connected with the existence of
infinite potential barrier, restricting possible shifts

state

on TS (9), fromkqO position.

Beyond from physical reasons which c¢an cause such a shift and,

thus, from the meaning implied in "time" - parameter 7 the changes
work

of generalized coordinates {kj} are called in this

“thermodynamical (T-) movement™. Any element of T-movement is

characterized in the close vicinity of qo~by set of differentiated

- functions, belonging to P,depending from the parameter “"T-time" 7:

p=p(t); T=T(7); P=P(7); e=e(T); o=0(7) S 12)
The differential equation (6) with suppositionally known ‘form of

function c(g.d) and the condition Qibbs~Duhem {10) in general case
3



correspond to system of characterispical‘equatibns of T-movement

representing (depicting) point a,:

P, 0P, 50D du Dy, 4T 9D
ar - S gt N~ . (@) . dr =~ do (b) T da (c)

do P P : de  _ ap  Ip 13
Inserting (6) into (13) and taking into account additional .
conditions, imposed (7) by formalism of ET : or
MPp_ de _ 9P % _ 14 |
B¢~ T T HE Je o, Ja . TH+g—=0 ( .)

it’é not difficult to check, that the integral surface in determined
description is degenerated into immovable point of transformation

of variables depending on chgnges of r-parameter :

du_ _dT_ _ dP_ _ de _ do _ o , (15)
dt " dr - dtr -~ dr = dr - .

2. ‘For fihding out  physical méaning " of the indicated
transformation we shall point out that transition into ET from
extensive variables {Aj} (1-3) to the intensive variables {aj} (5-8)
is done with the re&uction'of one unit from number of indepgndent'
variables by selecting one of them (V) as a scale of N-system. The
possibility of this is 'seCure& by empirical  condition (3),
according to which fhermodynamical propefties of the  equilibrium
fluid "in a fixed macroscopic volume Vo'wﬁth-a sufficient - accuracy
are represented by the properties' of fluid in . a unit of
measurement (scal e) volume VT.VT.— value and. the way.of imaginary 7
placing VT¥Jubsystéms'into initial ‘macroscopical volume Vo .in  ET
is ' not specified, following - the . .only requirement of
macroscopicity : VTEVC. If this requirement is fulfilled . the
value of V% or, what is egquivalent, the -value of nondimensional

relation VO/V numerically equal to the value of V0 are considered

T? .
3
in ET as irrelevant variables at a selected “.scale VT. In T-limit

which is determined by. the condition of . preserving in. case

4

(Vo, VT)——> « of all thfee densities (5),' fluctuations. &q,
ghich are always preéent in real Vr~subsy5téms of finite volumes
disappear

Ay, F 4y 4 Sa(V))  da(V,) —> 0 at V —> w© ‘ (16)
and the déscription of (xi, t) homogeneous . (d/ﬁxizo, asot=0)
limited L -system (Vr——>m, VO/VI——>m) may be Eiven acgordiné (!;6)
with the help of extensive variqblcs as well as with the help of
intensive vnriables. In this case because of (6), fields {bj} and
densities {ﬂj}, of KT, is ‘completely equivalentv (7,8) _aqd
predominant. usage in statistical mechanics CQQrdinated basis of
densily variables {qi} :m{u,a} is caused in possibility of their
microscopicnl interpretation.

Using the admission (Xi‘ t) - homogeneity to the finite valugs‘
of Vl is a certain idca}izationb of the task’ of» describing.
N-system of great number of movinn and jnLeracting particles.
With the reduction of Vr~values, 9ach from VT-subsystems, ‘which
can be imagined as a scparate onc within fixed volume VO, becomesv

’

more and more dependent on (x,, t)

i parameters of physical

spacc-tihc_ The mentioned dependence reflects rcally existing into.
the small yolumqs VT(Xi,L)-nonhomugenuiLieS (O/Qxiﬁ a, d/ft « ()
in distribution of substance and Cnergy . The enumarated facls
are associated with the inhroductjuu of a limit value vV, into
the theory of fluid (VI:VC),below whidh Lhermodynamiga¥ )
description is nonapplicable. Thus, the stalistical mechanics does
not examine the hehaviour of the substance in  volumes
V'<Vc,and definitions of deusities in the field Vtheory. being
more genceral than (5) -

éj(xi' t)=1lim

AN /6V = a[\ /dv (17)
AV=>V o J J : , .

are based _on (not quite satisfactory from mathematical point of
viow) concopt of “macrodifferentials” d("infinjtesimal

physically™).



From this it immediately follows that in ET as r-parameler: in
equation (13, 15) onc can use nondimensioual value _
S VA A » ) (18}

If the equilibrium of fluid is considered in a flxed finite

: Vo—voldme and no formal transition to T-limit (VO—>m) is applied
for'thé removal of border effects of interaction of Vojsubsystems
with the surrounding then the admission of (xi, t) -homogeneity at
VT—>w will correspond to a, point at value of =0. For the linite
volhmesbv%, in which also it's necbssary to take into account the
exchange of V;~subsy5tem5 with the surronndiang by the substance
and.thé energy a determined definition of coordinates of point qb
is eéuivalent to Supposition aboutl an absent uf'fluctuations Sgq(r)
within the whole inteérval f'é [U,ICTVO/VC].

. If now we suppiement the consideration of [0, 10] - area which is
further cgiled "area of a-slates” with the  admission of
possibiligy of continuous chauge of scale voluhe v, [S]und,‘

’hehce. ﬁhe valﬁg of T-time T(lB), Lthen ph;sically the following
interpretation of ET within the pheory of dynamical system (DS)
[13, 16] will not appear as incongistent,Ah a determined descrip-
tion of "loné time” behaviour of a-states, starting from the
moment of ©%0 and up to the moment v=r_, on the smooth TS
q, - point corpespondé ~ to asymptotically stable state of

equilibrium, possessing infinite potential barrier, opbosing

* T-movement.

3. We point out, that local thérmodynamical potentials ﬁ(é,ﬁ)
and P(u;T) are not potential§ in-a mechaﬁicallsense, sincdtheir
gradients at the point of equilibrium are not equal to 'zero. ‘but
determine "canonically conjugated“ with coordinates {qj} " impulse™va-

riables {Qj} by formula (14) for %(¢,o) and similarly, by fprmuia :

IpP ap _ _..ap _ ap
?1:9:_75:_361(3) ‘pz—a—w—jaz (b) 19)
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for P(#+,T) (9) function. In mechanics a function of mechaniecal
action'possasseg similar property. In ET this type of function
must not depend explicitly on the parameter T-time 7. Taking this

into account the equation (10) determines a complete derivative on

. dP _ dW _ W dq; _ dq
T dT - a7 = ? dqj 'dTJ—. - Jg g)j dTJ_ (20)

and, simultaneously, givesla particular form of dynamical equation
of Hamilton -Jacobi :

2= Hay Py = HLTie,o) = 0 (21)
Where a new notion 1is introduced of <t-homogeneous, conserviﬁg
(and at the same time egual’ to zero) oﬁ,the trajectory of T-motion
thamllbdnian ET : H(qj; $j).

It s obvious, that suggested dynamical formalism is completely
adequated -thermodynamically, but it does not provide a solution of
the. task of . finding explicit form of function (9), since
T- hamiltonian H(qj;>$j)‘ (21) is also aApriori unknown, as well
as T-action W(qj). It s interést, that similar correlation in ET
between thermodynamical analogues of W and H as was demonstfated
by M. Peterson [11] .  with the use of less general than
discussed above method, can be found betweeni local potentials
ET : e(v,s) & H(ql, qz) and equation of state (ES) in the . form:

" H(a;iP; Py) = H(VET) = 0 (22)

Really, as a scale of N-system, taking into account (3), this

approach uses N-number and T-impulses $j, are : )
de aw

_ _ de _ OW . - - -
P =-FP= dv- T T3q, (a) Po=T= 3z = 9q, (23)

In comparison with (21) T-hamiltonian (22) has even more
specific form, in which one from generalized coordinates q,=5 is
of cyciical type that is not included into the expression for
H(qa;: Py) explicilly. 4

It°s known in the mechanics that conjugate to thisgcoordinate~

impulse $2;T is conserved and the trajectories of T-motion in
7 : ‘
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tepréaentdtion of ET (22-23) should be identified with isotherms.
‘For thém the system of equations (13) is transformed inte morc

simple form :

de _  9H: JH dv _ Il

g = Pop * T—57 (a) ar -~ " ~ap (b)

ds _ aH dP _ 9H aT .
I = o7 (c) a— © g (d) T = 0 (e) (24)

in which the place of P-function from (7, 8) is taken by function
H (22);, not containing explicitly of finding dependence ¢ (v, )
and one from coordinates .: =s. Hence, +the equation (24,b-e)
determines system 2n of canonical equations of ET. The possibility
of ils - integration is associated in dynamical theory with the
dcpérmining of T-hamiltonian H(qj; $j) form and  in KT it s
cquivalént to finding‘ calorical properties (e, 's) dn the
isoherms using known form of thermal ES (22) and idnitial data
(eo,so).

This +traditional thermophysical approaﬁh which © has heen
discussed above:within the limits of Cauchy task -for the system of
dynamical equations of Hamilton type  with the formal paramcter
TvLim; r may have constrpctive sense for the investigation of the
propertics fluid in that case if the selected parameter * is
corresponded to the physically correcting model of T-motion of the
representing point from initial position q, on TS. Dinamical
interpeLation of cqhations ET (2?-24), developed .in [1]] doe% not.
correspond to this requrrement,. according to our opinion. To
demonstrate it we shall performl@sual for-the dynamics. transition
from T~homogeneous T~hamiltoﬁian H(22) ‘to the. dependent :on =
function :

H{v;P,T) = -P+P(v,T) = 0 : . : (25)

It is not difficult - to observe that by this we exersise the

replacement of one from “o0ld" ‘coordinates aq=v by "new” T-time t=-v

‘at the expense of that the dimentions of configurational . anl

space and, correspondigly,rphase.mzn—z space of . ET are . rdduced.

e b e e

Then for the isotherms, accordings to (24), we can get known-inl ET

\

cguations:

25 op ey - L (26)
(S )T = T )v ( dv )T P + aT )V

which is, of course, not providing any new information  about TS
propertlies e(v,s), as compared with ET. .

In the theory of Hamilton - Jagobi a form (25) representing
spoecial type of "new” T hamiltonian, coinsiding with one of 'th?
“old" T-impulses

P P05 D) - (27)
which is not depend on cyclical coordinate :‘qzrs. We take notice
of thn‘ fach‘ that aﬁ} from great number - scmicmpirical

( van--der-Waals type ) and empirical { polynomial type) - thermal
ES in form (22) can be interpreted now as a ~selec£ion of the
model of T-hamiltouian (27).

The phrposé of present. work consists in the development- of a:
new method of rusegrch of fluid properties in various arcas of TS
using T-dynamical formalism of the task being discussed. Physical-
basis of Lhc ﬁuggeshéd approach is  related to the above given
intorpretation of parameter T time 1 (18), dctprmining cont.inual

change of the scale of measurement (vT) of thc fixed VO volume of

N-system being researched.
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