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Introduction
Quantitative description of a binary solution of a homogeneous fluid in a

wide range of changes in thermodynamic parameters, including the range of
possible critical points, can be carried out by methods of statistical physics
and thermodynamics. The state of such a system can be fully determined by
a set of intensive parameters, none of which describes the size of the system
or the shape of the surface that limits it, and the total number of particles,
where and is the number of particles of the variety and, accordingly. But it is
obvious that any real system is always heterogeneous [1]. Traditional
methods of describing the properties of an inhomogeneous system are to
divide it into sufficiently thin layers between two equipotential surfaces and
to represent the corresponding thermodynamic potentials (in particular,
internal energy). This leads to the loss of information about the "collective"
behavior of the system, which is extremely important in describing the
properties of the system in the vicinity of the points of phase
transformations of the second kind. To build a consistent thermodynamic
theory that described the behavior of a one-component inhomogeneous
system, a fundamental approach was previously proposed based on
calculating the contribution from each layer between equipotential surfaces
not to the corresponding thermodynamic potentials but to the Hamiltonian
of the system. In this case can write:

𝒖 𝒓 = 𝝁𝟎 − 𝝁 𝒓 + 𝜟𝝁𝒄𝒐𝒓 𝒓 (1)

where 𝜇𝒄𝒐𝒓 is the contribution from the correlation effects for which the

expression in the form of an infinite series was obtained.

The aim of this work is to generalize the formalism proposed in [2] in the
case of a two-component solution under the action of an external field in
nano-systems in a wide range of changes in thermodynamic parameters,
including around the critical point of stratification.

Methods and Results

Chemical potential of inhomogeneous binary system
To describe the thermodynamic behavior of an inhomogeneous binary fluid in
a bounded system, we use a lattice model of a liquid in which the molecules of
the solution are in the lattice nodes, and the total number of particles
coincides with the number of lattice nodes:
𝑵 = 𝑵′ = 𝑵𝑨 +𝑵𝑩. (2)
It is obvious that the absence of unoccupied lattice nodes (i.e. the absence of
the "third component of the solution" - unoccupied by the particles of the
lattice nodes - "holes") corresponds to the case of sufficiently compressed
fluid. For convenience, we will further consider the external fields of such
symmetry, the equipotential surfaces of which allow the introduction of an
orthogonal coordinate system, and the layers of solution between the
equipotential surfaces have the same thickness. The Hamiltonian of such a
system is written in the form:

𝑯 = 𝑯𝟎
′ + 𝒊=𝟏

𝑴 𝑵𝑨
𝒊 𝒖𝑨

𝒊 +𝑵𝑩
𝒊 𝒖𝑩

𝒊 (3)

where 𝑯𝟎
′ is the part of the Hamiltonian that describes the interparticle

interaction, 𝑵𝑨
𝒊 - the number of layers, and 𝑵𝑩

𝒊 - the number of particles of the

variety “A” and “B” , accordingly, in the layer with the number, 𝒖𝑨
𝒊 and 𝒖𝑩

𝒊 -
the potential energy of the particles of the variety and in the external field in
this layer.

Conclusions
It is shown:
1. in the vicinity of the critical point of stratification the presence of non-

ideal walls leads to a change in the concentration profile of the mixture in
the volume determined by the correlation radius of the corresponding
homogeneous system.

2. in systems bounded by non-ideal walls, the correlation contribution leads
both to a decrease in the gravitational effect and to its increase depending
on the symmetry of the near-wall potential and the orientation of the
system relative to the gravitational field.

3. It is established that the presence of walls of different nature causes
significant deviations of the concentration from that found in the local
approximation, which affects the values ​​of the critical amplitudes
calculated from the results of experimental studies.
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The construction of the solution of the obtained equation for nano-systems
has certain features. In particular, the solution of this equation must be
subject to the conditions of trans-versality, which in this case have the
following obvious form:

(6)
dimensionless parameters and which characterize
the ratio of the characteristic energy of the fastening potentials to the change
in the energy of the gravitational field at altitude .
The obtained results indicate that the classical formula can be used only to
describe the concentration distribution of inhomogeneous binary systems
only in the case of external fields with small spatial gradients far from the
critical point. But as we approach the critical point, the role of correlation
terms increases, and therefore it is necessary to use the obtained expression.

(5)
where 𝐵𝐴1 (𝐵𝐵1) and 𝐵𝐴2 (𝐵𝐵2) are the amplitudes of the wall potentials at
the left and right pore boundaries for substances and respectively.
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Distribution of concentration in a non-ideal pore in the gravitational field near
the critical point of stratification
Consider the case when the system along the axis of the gravitational field, the
potential of which is given by the obvious expression:

𝒖𝑨 𝒛 = −𝒎𝟎𝑨𝒈𝒛,
𝒖𝑩 𝒛 = −𝒎𝟎𝑩𝒈𝒛, (4)

where 𝒈 is the acceleration of free fall, and near the walls there are forces of
attraction or repulsion (the so-called non-ideal time), the potential of which is
modeled by the following expression [3]:
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