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Abstract

By the quasi-static approach according to equality of chemical potentials increments for the components of a mixture
of dry air and water vapour in accordance with conditions of phase equilibrium the dimensionless one-particle specific
entropy of steam mixture has been defined. The single-particle density distribution functions for the components
of a mixture with influence of the temperature effect have been determined. The expressions for the probability of
observing the molar fraction of components of the mixture has been written, from which the probability density function
of investigated quantity has been obtained in the case of not interacting and interacting mixture components. The
interaction between the different kinds of the mixture particles has been described by probabilistic methods using two-
particle distribution functions. The main methods of construction and calculation of symmetrized or equilibrium two
particle distribution functions have been considered. According to the principle of informational entropy maximum and
mathematical methods of functional integration, the expressions to determine of the statistical partition function and the
equilibrium entropy for an interacting binary non-ideal vapour-air mixture have been written.

Keywords: Statistical Thermodynamics, Entropy, Equilibrium State of Gases Mixture, Volume of Information, Probability
Distribution, Density of Distribution Function, Continuous Quantity

Introduction

The main purpose of this publication is arising into the context of more general research which describe the equilibrium
thermodynamic state of multiphase (component) media with usage of not classical (not canonical) methods of
equilibrium statistical mechanic, when information about energy state such system is not full or not sufficient for
applying of classical statistical mechanic methods [1-6].

In such case it's necessary to avoid from the commonly used conception of coordinate phase space and interpreter
the thermodynamic state of the such system with usage of the probabilistic (macroscopic) methods at condition,
what the density distribution function is known for investigated extensive (dynamical) physical quantities and the set
of averaged (observed) quantities, which in the state of thermodynamic equilibrium, must be equivalent to the
experimental measured characteristics of system [2,4,5].

An essence of the demonstrated in this publication of method for finding of the statistical sum of two component
water vapor and air mixture consist of in this, that any closed thermodynamic multiphase and multi component
system according to the Boltzmann hypothesize (see for example work ,Poincare theorem) with the passage of time
follows to the equilibrium state [2]. Then the arbitrary distribution functions for investigated physical quantities is
loss the time dependencies and take on the equilibrium form. Corresponding dynamical quantities in such case
are stored and transformed into the movement integrals, which is compatible with microscopic description of
selected object of investigation.

Because the investigated continuous quantities are defined in the space of the thermodynamic variables only by
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probabilistic manner with usage of corresponding functions of density distribution for observed quantities, so the
averaged quantities in general case (not isolated system) also depends on the mentioned distribution functions.
Then a general task of described statistical method for investigation of the equilibrium state of a thermodynamic
system is founding of an equilibrium distribution of physical quantities which can be resolved analytically only with
usage of the mathematical methods of functional integration.

From a point of view of the physical interpretation of investigated equilibrium process a principle of maximum of
informational entropy for stochastic system defined by the Shannon is used, according to which the statistical sum of
the thermodynamic system may be delivered [4-7]. Mathematically it's represented by the problem of searching
extreme of Boltzmann-Lagrange-Shannon functional in the case of the fullness conditions and coincidence of
theoretically calculated averaged values of physical quantities (extensive thermodynamic variables) with experimentally
measured [1,6].

In this paper the methodology of investigation on the example of the closed two component interaction system (mixture
of water vapor and dry air) is described, when question about definition and finding of the averaged quantities is
not principled. In such case the statistical sum of system (an extreme of Boltzmann-Lagrange-Shannon functional)
is founded only under satisfy the conditions of completeness for the mentioned functions of density distribution, and
averaged quantities of mixture temperature and partial pressures of components are taken constant and equal to
equilibrium values into all interval of observed values of the molar fraction of mixture component [6].

The Mathematical Probability of Two Interconnected Events. The Density of Probability or the Function of
Distribution Density. Completeness Condition
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Figure 1: Schematically Depiction of Interconnected x * and x_* Events
Let's review of continuous mathematical probability for event P(x ") and P(x.") what two equivalents for content
continuous physical quantities x, and x, takes the fixed values x *, o ={v,a} (Figure 1) from the constant interval & =

[0,1] of possible or observed values x (0 < x_ < 1) under condition, what quantities are interconnected among oure
serve through relation x +x_ =1 in the form of preservation law.

In the case, then corresponding density distribution functions are known for the probabilities of represented quantities
have relations [1].

P(x;)= jf (&) = jf (1=n)dn, (1)
1- x

here fx(, (&) , where g ={a,v} is the density of probablllty or distribution density function for the continuous quantity xo.

Following from an equation (1) and cond|t|on of interconnection (x +xa1 1) may also define the probability of inverseevents

P(x)= j f(&)ME Px)=P(-x)= ff(é)dé (xed), 2

where (&) is the arbitrary distribution function.
When f=f, we have P(x)={x=x,, P(x,)|x=x,, P(x,)} and the vice

versa, if f'=f, we get IT)(x) ={x= x;, P(xZ)| x= x:, P(x::)} . Especially '

P ()= [ £, (6ME Po()=P ()= [ £.&dE O

where }_)xa (x*) and ?XJ (x"), o ={v,a} is the indexed according to selection of
distribution function f, (&) of probability for straight and opposite event under

observation of the continuous quantity x".
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It should be noted, what defined according to relation (1) probabilities P(x," ) and P(x." ) do not satisfy the fullness
condition ( P(x," )+P(x," ) # 1). The probabilities of opposite events (2) form a complete group only in the case,

when f(&)=f(1-¢&), here S e 5 , where 5=[0,1] is the observation interval.

From this is follows, that fullness condition according to (3) advisable to write in the follow view

1 x* 1—x*
d 1—-mdn |=1 4
N7 {fxc,@) £+ {fxcx nydn (4)

1-x' 1 1 1
because [ f, (I-mdn=[[, (&)dé, ne NIf, 1= f, (Ddé=]f, (1-nydn is
0 X 0 0
the norm of corresponding distribution function2.

The Two-Component Water Vapour and Dry Air Mixture, Chemical Potential and One-Particle Distribution
Function. Consideration of the Temperature Effects

For starters lets define the two-component gas mixture as thermodynamic object which consist from two molecular
no interacting subsystem =, and =, (o ={v,a}, where v and a are the components of water vapor and dry air
correspondingly), which can be characterizing by the set of individual intensive (T is the thermodynamic temperature,
p, is the partial pressure) and extensive ( X is the molar fraction of mixture components) quantities.

According to the work the chemical potential of one mole of o -component of gas mixture has the following view [8].

RT
ﬂo(Taﬂpa;xa):ﬂg(Taﬂpa)+MJ Ln[xa]’ (5)

o

here ,ug (T,,p,) isthe chemical potential of non-interaction component.

Takes the differential from the chemical potential (5), we gets

RLnx,]
Ay (T, posXg)=dug(Ty, po)+

dT+RTU dx,
M_ x

o2 (e

here dul(T,,p,)=-so(T,,p,)dT, +(/p, )dp, is the differential of chemical

(6)

o

M,p
potential for selected component, s_° (T, P,) is the specific mass entropy-Po :—RUT ~ is the partial density, M_ is the
molar mass and R is the universal gas constant [8]. 4

It is known what in the state of thermodynamic equilibrium at interaction of subsystem Z, and Z,: [9]. The
temperature of gas mixture components is aligned 7,, =7, =T (this is the principle of local thermal equilibrium); 2.
The partial pressures of mixture components are tending to equal value p, =p, = <p> . Under different conditions, as
arule p, = f(T,<p>;xv), where f is the function, which can be determined according to equation of state.

In the case of ideal mixing of mixture components, when the law of mass conservation for the amount of substance
x, +x, =1 is satisfied, we have [10].
/umixzzxalua(Tapa;xa)’ (7)
(o3

from which it is received
dlumix:Z'xadﬂo‘(Tapa;xo)-i-Z:uo‘(T,pa;xa)dxa (8)

At the conditions of phase equilibrium [9]. We havez,ug (T, ps)dx, =0, so into expression (8)
1 -
Z“o (T, pg3 %5 )X :RTZ IY; Ln[x;1dx;  Then according to previous meaning, if through X = {x,,x,} can be
o

(e (e

defined the sets of values for molar fraction of mixture components, we have received
A (T, o3 %) = D Xlpig Ty, po) +
o

+ RT{Z;{—"Ln[xJ ]}d—TT + {ML (1+ Lfx, ])}dxa}

o (e} o
Let" s define the dimensionless chemical potential Hiix thought relation

. RT _ _. kT _
d/umix(TapU;x) =<7>d:umix(T’pa;x) zwd:umix(Tapa;x) (9)

J Theor Exp Appl Phys, 2026 3


https://www.primeopenaccess.com/international-journals/journal-of-theoretical-experimental-and-applied-physics.asp

where (M)=M,M,/(M, +M,) is the averaged molar mass of mixture,{n)={(M)/ N, is the average number of
particles per unit mass of mixture, R =k N , is the universal gas constant, k is the Boltzmann constant and N, is the
Avogadro” s number.

So in the state of thermodynamic equilibrium (P, =p, = <P>) under ideal mixing of mixture components we received

- _ - dr d(p
dmixT’ o> == O'O(')T’ e
i (T, D3 ) {%‘,XS( (p>)}T+ )

(10)
+ RT{ZS‘TJ%M[% ]} dTT +> {% (1+ Ln[x, ])}dxo }

o o o2 o

+

where 54 (T,(p)) =50 (T.(p))/ kN , is dimensionless specific entropy of component, p is the equilibrium value of partial
pressure.

From the expressions (9) and (10) it is foIIows that dimensionless one-particle fn?,-x entropy of mixture takes the view
1 ~
S (T () %) = e > S (To(P); X) @ngs;’(n(p)) (11)

where s < p>; X)= z xagg (T, < p>) is the dimensionless specific entropy of mixture.

mlx

o
As usual, the nature of the real two component mixture is far from the simple mixing law (7) and (11) for non-interacting
components due to the complex character of inter particle interaction. In such case, the most real is the description of
such two component system with usage of the probability methods of statistical physic. It turns out that with applying
of such methods it is possibility to gets the analytical expression for entropy (11), which considering interaction between
components of mixture [4,5].

On this occasion, according to the expression (10) let’s define a one particle distribution function for the components
of the mixture

M
I, (6. T) = E)QD{O!(T)< >§Ln[§]} fxa(77’T)=Exp(—,5(T)%ﬂLn[77]] (12)

a
here «(T)=Ln[T/T.,,1+1 ta B(T)=Ln[T/T,,]- is the temperature correction to distribution function,
r=1,, +«T.,, —T,) -is the thermodynamic temperature ., and T_, are the corresponding critical values (the points

cr2

of crystallization and boiling of water), t is the dimensionless temperature parameter.

It is needing to remarks that for product of such the different varieties distribution functions the properties is satisfied

fx)=fo (x.T)f, (x,T)=Exp(xLn[x]) (13)

In the simplest ideal case interacting components under condition X, + X, =1 we have
(T = LS ldo, (7.x,)+do, (T1-x,)],

o

Where do, (T,x,)=-df, (x;,T)/f, (x,,T), o={v,a} isdimensionless information entropy defined by

m ix

Shannon (o, (T,x,)= —Ln[fxa (x,,T)]) [7]. Than

0 (Tox)=_ <M> ar (M) |-
(x)T MP |

<M> dr | (M) (M)
= M(—)(x) T M—(1+LI’Z[X])—M—(1+LI’1[1—X]) dx

v a

ml)C

1

here M & off (x) = _1/{M_XLH[X] +M—(1 —x)Ln[1- x]} is defined in a clear mathematical form effective molar mass.
14 a

The main goal of this paper is receiving an expression and calculation of entropy of interacting two component mixture

with usage of pointed distribution functions?.

Non Interacting Components of Mixture. Two Particle Distribution Function for One Sorter Particles

The primary probabilistic description of the non-interacting components of water vapour-air mixture may be realized on
the base of the relation (3) and condition (4) of normalization. For which (see Section 1-2 with reference) the probability
of inverse events for components of mixture can be introduced [8,9].
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PO (x)=1- :

= - 1 _
Py, (x), PP (x)=1- P, (%),
N e T Ny e
PO () =1-——P (v), PO () =1-——P, (x),
“ NIfL ] NI
here N[ f ” Sy, (&, 1)d&dt = ” fxtg (&)d&dt , where o ={v,a} is the norm of one
5=[0,1] 5=[0.1]

particle distribution function (12), when integration is applied through molar fraction of the component and thermodynamic
temperature of the mixture.

here N[f{ 1= [[ /., (&0d&dt=[[fi (&)d&dt, where o ={v,a} is the norm of one

5=[0,1] 5=[0,1]

particle distribution function (12), when integration is applied through molar fraction
of the component and thermodynamic temperature of the mixture

Then under ideal mixing of the mixture components without considering of
interaction according to known (12) distribution function f, xtv (x) for averaged values

of probabilities for observation of water vapour <Px(+) (x)> and dry air <P(_) (x)> we

have
)L L 5 n_p _L 5N 5()
(PO ()= 2{1+ LB P (x)]} (B0 + PO )

v

(14)
O\ 1) 1 s -3 _1 =y 52)
(pS m}—;{l N ][va ()= Ps, (x)]}—z(va )+ P2 ()

here I_’xjvv (x)=

(x) = fL (1—=n)dn is the normalized
f 1o NIy ]I ’

y 4 X

probability of direct and inverse events for v - function of distribution

(+)
Also, it is possible to write the analogous relations for averaged probabilities of observation for dry air <P X, (x)> and
water vapour <Px(a_) (x)) on the base of distribution function fx’a (x) (12) as the following

@)L 1 5 .27 15 0
(P¢ (x)}—z{nN[ f;a][an (x) - Py, (x)}}—z(Pxf @)+ P (x)

. (15)
ST L 5 I LN L PO
(P¢ (")>‘5{1‘N[ f;a][an (x)=Ps, (x)}} S (P )+ B2 ()

here ISXiV (x)=

X —-N 1 1
" A P (x)= L —md i< th
N[f)fa]'([fx“ (&)dé  ra L (x) N[f)fa]J‘fx”( n)dn is the

X
normalized probability of direct and reverse events for a - function of distribution

From these relations (14) and (15) it is follows that for defined probabilities the boundary conditions are going
(PO©)=(POm)=0 (P 1) = (PO @)=1
4 4 4 (16)
(POO)= (POm)=0 (POm)=(P©)=1

and automatically the fulfil conditions are satisfied

< Px(v+) ( x)> + < Px(v_) ( x)> -1 < Px(:) (x)> + <Px(a‘) (x)> -

Because the analytical expressions for (14) and (15) is taking the view
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1/2—x
P (x) [1 - — i+ n)dn}
< > 2 ]\'][f‘xf,]x—.!‘/Zfr

(PO =L 1L ar2- g
" 200 M

X 41/2-x

where o ={v, a} is the index, which corresponds to a component of the mixture.

The probability density or distribution function for non—interacting components of a mixture
d<Px(i) (x)> 1

g 0= S ][f 0+ fL (-] N
. 17
()
g,ij)(x)=d<P"“ @)1 @+ £ -]

dx ZN[f ]

The summarized function of two particles and one sort distribution takes the form [2].

g (Tx)=g (g (1-0=g"1-0g (x). (18)
With considering of boundary conditions (16) we follow to not normalized right view for pointed distribution function
g (T0=1-g (gl 1-x)+2g 70 ()=

=1-g (=02 () +2,” (Dg (0)

0.2 0.f= = =05 0.3 1.0

Figure 2: Two Particle not Normalized Distribution Function g U(T.x) into Approach Non-Interacting
One Sort Components of Mixture

Such function of distribution under different values of temperature (this is dimensionless parameter t ) is depicted on
the Figure.2 into the form of one minimal symmetrical curve4.

Accounting of Interaction Between Components of Mixture. The Two Particle Function of Two Sort
Distribution of the Component Mixture

Interaction between of mixture component for water vapour and dry air mixture we describe according to relation (12)
with helping of the product f (x) = f , (x) f,, (x) (13) of two one particle different sort distribution.

In such case correspondingly the averaged probability of observation for continuous quantity x into two components not
interacting mixture we can represent into expressions

s 1
<PL”(’C)>:§( AL [fx jf - )d"]
<P£+)(x)>=%[l+#}fa]£f;a(§)d§—N TE {f (—n)dnJ
d 20)
an
(PO @) =1~(P @) (B 0)=1-(77 ). @y
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Let's remark that, analogically to relation (16) previous subsection, for the given probabilities (20) and (21) automatically
the boundary conditions are satisfied

(P ©0)= (P M)=0 (PO W)= (PO ) =1, a={L.R}. @)

The probability properties of interacting two component mixture we are found into the form

PP =(PE )+ 5@ ) Jrar2-sue
0

[f] 23
PR ) =(PC )(x)>__ B (x) N[f j fU/2-E)é
and x—1/2
P (x) =<P,§+>(x)> L300 )N[f] I/T}(l/z + )y
; Y
P (x) = <P“(x)>——a( ) (x )Wf] !/{(1/2“7)5177

where & (x) and B (x) , k={1,2} are functions, with it is necessary to evaluate.

The boundary conditions for probabilities P’ (x) and P{’ (x),, where k ={1,2}we are represented into the following
form
B0 =P5(M=1/2 P 1)=P5 (0)=1/2 2t
PPy =PS) M =1/2 PSP (1) =P (0)=1/2 2
R2 R1 R2

Then the fullness conditions according to (22) under arbitrary values of investigated continuous quantity must be
satisfied without any warnings

P () + PG (x)=1 P (x)+ P (x) =1. (26)
If introduce the denotation .
FP(x)=—— 1/2 - & F(L) = 1/2-&)d
(x) N[f] !f( EdE FiP (x) N[f]x!/:( E)dé
(R) 1 1/2—x (R) (27)
= 1/2 i F =— 1/2
=57 f 1240y F ()= flx !/J:( +n)dn

Then the fullness conditions (26) takes the view of system of equations for unknown functions @ k (x) and ,Bk( ) x)
, here k ={1,2}, which subject to determination

%(1+§1(+)(x)FOEL)(x))+ (- 2O @FE 0)=1

(28)

l\.)|>—‘ NIH

%(1+E;+)(x)F(R)(x))+ ( 5;‘>(x)F0§§>(x)):

Applying the boundary conditions (25) for the searching functions in the relations (23) and (24) on the edges of the
interval & =[0,1] of possible argument values, we gets

a?(0)=p"M=1/F©0) &P 1)=p0)=1/F 0)

. 29
;) (1) =0 =1/F50) a0)=5"1)=1/F 0) )

By the way of differentiation the system of (28) we reduce to the form

" O (000 0~ B R v 090

%B;” (N)F 53 (X)Sy ) (x) - %aﬁ FER (0800 (x)=0 (30)

where

1 da,fi)(x)+ 1 dFP(x)

S (x) =
ek aP(xy dx  FP(x) dx

(,1)( )= 1 dB/{(;)(x)jL 1 dF‘E,f)(x)
B dr o FgP(x) dx
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are corresponds to indexes k={1,2} and A={L, R} into differential forms of first order, in which the selection of the sigh
into internal area of expression take a place according to the mentioned above indexes by the rules

k=1UA=L, "+ k=1UA=L, "
5o~ > ’ Sy'P—> ’
o {k: 2UA=Rr" AT lk=2Ua=R, "

The unknown functions @) (x) and B.™(x), as the general solving of the system of first order homogeneous
differential equations (30), we found on the base of partial solution of four differential equations

Spgs) (6)=0 Sy 3 (x) =0,

—(x e 2 2
which takes the form ak(+) (x) = A/EM (x)/ Fid (x) and :Bk(+) (x)= B/E )(x)/F,fK) (X)>where
AP () =9PFR (0)+ 85 F (x) and BYY (x) = 9 FL (x) + 957 F e (x) and are the lineal combination of

known integrals (27) for light definition (Sy) = 9}1) =1)according to boundary conditions (29), here Sy) and 3}1)
are sought constants.

So we receive the solution of equivalents system of equations (28) and (30), which satisfy the boundary conditions
(29) in the form _

Z," ) =1+ FP () FY () B () =1+ F (0 Fi (x) a1
B =1+ FR 0/ FiR () @, (x) =1+ F{R (1) FR (x)

The probability density or distribution functions for interacting particles of mixture components we receive by the
differentiation of corresponding (23) and (24) with considering the mentioned above solution (31) of the system
equations as

gy =dPP () /dx g\ (x)=dPS) (x)/dx
g () =dPy (x)/dx g (x)=dPy;) (x)/ dx

In the final case we gets

+) :l fxtv(x) fxla(l_x) _l 1 1—
gn' (=7 [N[ R v T2 (f(x)+ £ -x))
, (32)
+) :l fxta(x) fxlv(l_x) _l 1 1—
g (=7 LN[ T v B LT (f(x)+ £ -x))

where gfz) (x)=— gf,fl) (x) Ta gﬁ{z) (x)=-g §e+1) (x) is opposite or reverse distributions.

When the symmetrized function of two particles distribution the two different types or sorts has the following view [2].

géﬂ) (T,x)= gg) (x)gg_z) (1-x)= g}i? (1- x)gl(a_z) (x) 33)

With considering boundary conditions (22) we're going to not normalized view for mentioned distribution function
g (1.0 =1-g (Vgfy 1=+ g7 (g (=

B B (34)
=1-gp (=02 () + g5 Vgl (0)
1.000 . I
'I[.'
Zs (I.0) | f(x)= fr, (x) fr, (2] | 1
0.995 li
------- i=0 ’
0.900fy il L 5 &
i soee wonn e
f3 §
0985} ! ]

A 02 thessedqte, 08 £ L0

L - . ]
' - - . ¢

‘Q 2%l Tem -".I'!;'i

sy ™

Figure 3: The Two Particles not Normalized Distribution Function g /" (T,x) with Considering of Interaction
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0.80 Ve Ol
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‘::"‘p‘_ o‘.\""
0.70 ae, T, ot : *#
“." I'....'.“.'l ‘.;' x
L ‘ "‘Q I'l“: ’ L L
0.2 0 o= =0 0.8 L0

Figure 4: The Two Particles not Normalized Distribution Function g,™ (T,x) without Considering of
Interaction

Such distribution function under different values of temperature (this is dimensionless parameter t ) is depicted on the
Figure 3 into form of two minimum symmetric curves.

Without consideration of interaction between mixture component, when f (x)= 0, we're going to the two particle two sort
the one minimum symmetrical distribution (Figure 4), which practically coincides with two particle one sort distribution
(see subsection 2.1, Figure 2) despite the fact that analytical expressions (17) and (32) for density distribution something
different among themselves in the reviewed case.

The Informational and Thermodynamic Entropy. The Principle of Maximum of Lagrange Functional. The
Equilibrium Distribution and Statistical Sum of Non-Interacting One Sort and Interacting Two Sorts
Particles

Without of usage the usual symmetrization procedure according to the (32) and (33) we have the two

gg) (x)gg) (x) and gz(e+1) (x)gﬁ{z) (x) non-symmetrical, relaying to the constant (equilibrium) half value ( x =1/ 2') of
molar fraction of components, distributions (see Figure 5 is the without of considering of interaction ( f (x) = 0 ) and

—0.90p

]
‘u,
o,

—0.95F

-1.00F

0 + (I
. Eoqyll. 1) (x)=0
-1.05F ik e

-1L10F "-.; ---------- g]'j[ﬂ g}':"l:'[x] '_'-

-115F §; wime gl g

k 02 0.4 0.6 0.3 10

Figure 5: The Asymmetric of Two Particle Distribution Function Without Interaction (when t =1/2 ) and
Equilibrium Product geqv(“)(T, x) of given Different Sort One Particle Functions

—0.001F
—0.002F

.
TR LT

—0.003

_o.004f T 0 | fix) = fy (1) g (0|

A
—0005F ¥ 00000 ceieieisias i x)
a

-0006F i eeeeeeeens 2aiix) ghy' (x)

-0.007F ::
Figure 6:The Asymmetric Two Particle Distribution Function with Interaction (when t =1/2 ) and

Equilibrium Product g_ “ (T, x) of Given Different Sort One Particle Functions

Figure 6 is the with considering of interaction ( f(x) = 1, (x)f, (x))).

It is nature question is arriving: is it possible to receive the distribution function pass through the speculative operation
of symmetrization? The answer according to overworking literature is positive [2-5,7].
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For which purpose, lets define the informational entropy of two component mixture into approach of two particle
interaction [7].

o, (0 T)=—Lnlg, (. T)] ox(x.T)=~Ln[gy(x.T)] (35)
here
7= [1- g g3 () - e (0)gF )]
N[ 2. 56
Zp(x.T)= [1 g9 (05 @ -5 15 )]

Nigg

where N[g, ] is the norm of the defined distrlbutlon functions, which are opposite to the (33) not symmetrical of the
normal but rationed (see subsection 2.1, expression (34)) two particle distribution, each of which satisfy the condition
of fullness

j (&, (x.T)dxdt =1, ne y ={L, R}. (37)

here T =T_, =+ t(T_, -T_,) is the thermodynam|c temperature, T_, and T_, are the corresponding critical values, t is the

dimensionless temperature parameter, 6 =[0,1] is the interval of integration.
The average entropy of mixture by the Shannon we can rewrite as®
(o)) = %;gy (7)o, (x.T) = —%;gy (D), (G8)
where g,(x,T), y={L,R} is the corresponding probabilities of the » -state of a two component mixture [2,7].
In such case the Boltzmann-Lagrange-Shannon functional under fullness condition (37) takes the form [3,6].

2{g,.2,}=-2.[[g, (6 T)Lnlg, (x, Txdi - B(x, )Y ([[ 2, (x, T)dxdi 1) (39)
V) y 8

here B(x.T) is the unknown function (named as Lagrange product), which is necessary to find from the extreme
O0L{g.,8r: B =0 (40)
of the first variation of functional (39), namely

AT BEEDY j j (1+Ln[g, (x, ))&, dxdt — f(x,T)D j j &g, dxdi=0. (41)
) )

The such condition is equivalent to the system of variations equations

{éz{gugk}/égz=—(1+LH[EL(x,T)])—,B(x,T)=0 42)
0L{g;,8r}/ B =—(1+Ln[gp(x,T)]) - f(x,T)=0
Which takes the sense only in the case, when

Zep (2128 () =FR(eT)= = 3)

Exp[l+ B(x,T)] Q(T,x)

where Q(7,x)=Exp[l+ B(x,T)] is the statistical sum of two component mixture, g
equilibrium two particle distribution [2].

(x,T ) is the equivalent or

eqv
For founding of equilibrium distribution we can use the properties of the exponent expiation of the one particle distribution
function (L(x)=xLn[x] and R(x)=(1—-x)Ln[l-x]) (12) into Taylor’s series, in particular

L(x) :%IH% —F(x)+ F,(x) R(x) zéln% + F(x)+ F, (%)

where Fi(x)=)" Fy (1/2)(x—=1/2)*" and F,(x)=" F5(1/2)(x~1/2)*" are not paired and paired part of the
k=1 =1

functions L(x) and R(x) of the argument xcorrespondingly, for which the conditions of symmetry are satisfied
Fi(l=x)==F(x) F,(1-x)=F,(x)

and F,, (1/2)=d;""'R(1/2)=-d,""L(1/2) F,,(1/2)=d."R(1/2)=d,"L(1/2) is the positive numbers
(n=1,2..0).

If put the £1(x) =0, then for the one particle the equivalent distribution functions we are gets the expressions
fo(x.T)= Exp[a(T) (v >S ®] fr (x.T)= Exp[/»’(T)< >S ()] (44)
where S(x) —Eln% + F,(x) is the symmetric parts L(x) and R(x) .
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After substitution of received symmetrized one particle functions according to relations (19) and (34) we have equilibrium

normal (not normalized) distributions g. ® and g, ™ for two particles and one sort not interacting
(T =1-8, (9%, (1) - &, (0F;, ()= )
=1-8, (g, (-2, ()Z,,(0)

and two sorts of interacting
Ze) (T.3) = 1= 211 (N1 () + 21015 (1) =
= 1= Zp ()2 () + Zri (D232 (0)
components of mixture (see. For example Figure 5 and Figure 6 correspondingly, this is a continuous line)s, where

g, (x.T)  here 0={v,a} and gy (x), here 7 ={L:R} and k={1,2} are respectively the one particle equilibrium
distribution expressed by the relation (17) and (32).

(46)

04r

0.2 0.4 0.6 0.3 1.0

Figure 7: The Equilibrium Informational, A Two Particle of the One Sort Entropy & " (T,x) for not
Interacting Components of Water Vapour and Dry Air Mixture. naponoBiTpsiHOi CyMiLli

0.015F

» *
» -
frapawe®

o010k ST, 3 | F@) = fr, (0 fi, (D) |

0.005F

Figure 8: The Equilibrium Informational, A Two Particle of the Two Sort Entropy 55” ) (T, x) for Interacting
Components of Water Vapour and Dry Air Mixture. naponoBiTpsiHOI CyMiLi

The equilibrium of a one particle (35) informational entropy for two component water vapour and dry air mixture
according to (43) and known functions of distributions (45) and (46) we can write into form

G3 (T, x) =~ Ln[g L) (v, )] = Ln[Q (T, )], 7

here &\ (T, x) =& (T, x) =& (T, x) , where & ={I,II} is the mute index of symbols for definition of interaction
into mentioned

relation (47) for equilibrium informational entropy, ©(«)(7’,x) is the statistical sum not interacting ( I ) and interacting
( II ) two component mixture.

From relation (43) according to known equilibrium distribution functions (45) and (46) it is following the expression
for the statistical sum €2, of system and searching Lagrange’s product B in accordance to conditions of extreme (
0Z{g;,gr; P} =0)of the functional (39), hence

Qo (T,%)=1/g (T, x) (B (x.T)=Ln[Q (T,x)]- 1)

eqv
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On the Figure 7 and Figure 8 is depicted the one particle equilibrium informational entropy (47) of two
component water vapour and dry air mixture under conditions of absence ( f(x)= 0 the case of I ) and presence
(f(x) =1, (x)f, (x) the case of II') interaction, correspondingly.

—0.001F

—0.002}

—0.003}

Figure 9: The Abnormal Behaviour of the Two Particle of Different Sort Distribution Functions g,/ (T, x)
(33) at Critical Temperature of Boiling (t =1) in Comparison with Calculated for Relation (44) Equilibrium
geqv(“) (T, x) Two Particles Distribution Function

Then the equilibrium one particle dimensionless entropy of two component Eﬁix (see Section 2, expr. (11)) under

constant equilibrium values of pressure mixture <P> (see Section 3) [7]. Temperature T which is determined in the right
way mast be match with defined according to (38) and calculated with usage of relations (45) and (46) the averaged

informational entropy <O' > of interacting mixture, from which we receive
E,Six (T,x)= E,Six /<n> = <G(k) (T, x)> (48)
where
k _ _
(o® (T, x)) = -2 . T)Lnlgly) (x, 1] =

(49)
= Q) (T,2) " Ln[Q() (T, )]

here ~s_.° (T, x) is dimensionless specific entropy of interacting two component mixture (11), Q(T,x) s the
statistical sum of the system (47), <n> =<M >/ N 4 is the average number of particles on the unit of mixture mass,
<M> =M, M, /(M,+M,)is the averaged molar mass of mixture and N , is the Avogadro's number, k is the silent
index, which points only on the absence (I ) or presence ( II ) of interaction in the one dimensional probability model

(the last one can be neglected without any reservations).

So we receive the dependence of specific entropy ( on the one particle of unit mass) from molar fraction of component,
which at module values in the case of I (f(x)=0 than no interaction is present) something differences (the coefficient

of similarities is & =0.44) and in the case of II (the interaction is present) practically coincide with calculated for the
expression (47) (see Figure 7 and Figure 8 correspondingly) in the mentioned temperature intervals of investigation, but
is the mirrored relative to the abscissa axis.

Conclusions

The normal view the symmetrized function of two particle distribution (18) and (33) (Figure 9, dashed line) is reflecting
the temperature changes into two component interacted water vapour and dry air system at the neighbourhood of
height critical temperature (boiling) not quite correct (the changes of the sign of distribution function at the maximal
quantities), unlike the received into analogous way two particle distribution function (see relations (43) and (44))
according the equivalent or equilibrium distribution (Figure 9 solid line).

Determined analytically expressions (45) and (46) for calculation of equilibrium two particle distribution is adequate
reacts on the temperature changes in the mentioned intervals of investigation (see. Figure 7,8, the increasing of entropy
with increasing of temperature), but over the size of the big enough (symmetrical) neighbourhood equilibrium value (
x =1/ 2) (see Figure 5,6, continuous line) may be incorrect to describe the properties of two component system near
boundary values (at x = 0 and x =1) of molar fraction of component, because the mentioned method of

searching of equivalent distribution (44) is not fully well-founded and unambiguous.

The two component interacting system, which is partially investigated in this article, tends to transition from a two-
minimum distribution form to a single minimum one as the thermodynamic temperature approaches the upper critical
value (boiling). Unfortunately, we do not observe an ideal degeneration of the distribution function form (Figure 3) into
a single-minimum one, since the interparticle interaction is not described at the molecular level.
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The probabilistic estimates of the interaction between the components of the water vapour and dry air mixture performed
in this publication in combination with the Boltzmann-Lagrange-Shannon extreme functional method provide a proper
justification for the principle of maximum entropy and metastable states of thermodynamic equilibrium (see Figure 8,
the interval between the two maxima) both in general and from the point of view of the external temperature effect on
the two component system [6].
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Foot Notes

1. Here lower index o at x* is deliberately rejected, because in the future we have applied the symmetrization
procedure relatively to the type (v or a ) of observed quantity.

2. In the future we are neglect by the symbol «*» at definition of the fixed value for quantity x providing in general of
meaning the last one quantity content as continuous value, because x, =1—x, .

3. Let’s remark, that into the future subsections 2.1 and 2.2 with purpose of improvement of publication material

J Theor Exp Appl Phys, 2026

for the temperature one particle distribution functions (12) it is taken the following equivalent definitions
fo @)=/ (&) a fi (m=f. (7.T), where tis the dimensionless temperature parameter. In the received
expressions for probabilities and functions of density distribution the dependence from temperature sometimes is
omitted so as not to clutter the formulas with unnecessary notation.

Let’s denote, that symmetrization procedure for one particle distribution function (18) into the non-interacting two-
component mixture it is necessary to applied, than normalization of such functions is performed only into range of
the interval 0 =[0,1] through molar fraction of the component at the fixed temperature of mixture.

It should be noted, that such expression for entropy by the Shannon in the case when
g,(x,T)=gl,,(x,T), where g .(x,T) is the equilibrium distribution (see future relations (45) and (46)), under
product on the Boltzmann k constant coincides, as it was demonstrated into works with the specific thermodynamic
entropy smix of the system .. =k 5, /(n) =k 5, ) (9-11), s0 5. (T, x) =(c(T,x)) [2,3].

Let's denote, that according to symmetry of one particle equivalent functions of distributions (44) into relations (45)

and (46) we have 2, (0)Z; (D=2, (Vg (0) and &11(0&12(1) =8 (DER2(0).
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