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A b s t r a c t . We present a characteristic of nonequilibrium 

phenomena and describe a method of determining the interde-

pendence of thermodynamic forces and irreversible processes 

caused by them.

K e y  w o r d s : nonequilibrium state, unstable systems, 

thermodynamic

Any engineering system has a certain technological 

structure, i.e., consists of a series of interrelated elements. 

Each structure on a certain j-th level is characterized by 

some collection of variables. In the twentieth century, due 

to profound experimental and theoretical investigations, 

the notions of physical laws have become wider. We 

should mention here, Þ rstly, the discovery of nonequi-

librium structures arising as a result of irreversible proc-

esses, where system relations are established naturally 

of themselves, secondly, the idea of the constructive role 

of time following from the discovery of nonequilibrium 

structures, and thirdly,   the appearance of new postulates 

concerning dynamic, unstable systems. These discoveries 

have changed our concept of determinism [1].

It should be emphasized that at present the proposi-

tion of enthropy increment is by no means reduced to an 

increase in disorder because order and disorder appear-

ance is explained by new, unique phenomena [3]. If the 

situation under study is far from and exist simultaneously, 

then, order and disorder prove to be tightly connected: 

one of them includes the other.

Our perception of nature becomes dualistic, and the 

basic concept in this perception is the idea of nonequilib-

rium state [2]. The matter is of nonequilibrium 

status not only leading to order and disorder, but also 

making it possible to detect an equilibrium, then differen-

tial equations modeling this or that natural process become 

nonlinear, and analysis of a nonlinear equation, as a rule, is 

not reduced to a single type of solution. In this connection, 

a new solution can lead to changes in the space-time inter-

pretation of the object or phenomenon under consideration.

Studying the interrelations between different physical 

phenomena does not cancel the phenomenological laws, 

existing within the framework of each phenomenon, 

but enables one to evaluate heuristically the possibili-

ties of reÞ nement and generalization of these laws and 

to understand their meaning more profoundly. These 

postulates are based on the principles of nonequilibrium 

thermodynamics [4...6], where the Onsager  Casimir 

reciprocal relation, established experimentally, has a 

fundamental character. This proposition, which can be 

called the fourth law of thermodynamics [7], is especially 

important in the modeling of real gas mixtures.

As the determining (rheological) relations supple-

menting the system of equations of heat and mass transfer, 

it is customary to apply the phenomenological relations 

of irreversible processes (Onsager relations):
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where: N is the number of independent physical pro-

cesses and L
kl
 is the matrix of phenomenological (kinetic) 

coefÞ cients, connecting the ß uxes L
k
 and thermodynamic 

forces X
1
.

The ß uxes and thermodynamic forces in (1) are, in the 

general case, tensor quantities of any rank. The physical 

meaning of kinetic coefÞ cients can be clariÞ ed, within 

the framework of molecular-kinetic theory. 

The number of nonzero kinetic coefÞ cients in (1) is 

bounded by the Curie principle [4], according to which 

the components of ß uxes (i.e., components of vectors 

along the coordinate axes) will depend not of all compo-

nents of the thermodynamic forces. For example, in the 

case of an isolated system, processes of different tensor 

dimensionality do not interact between themselves. In 

addition, within the framework of Onsager relations, 
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the Onsager  Casimir symmetry relations (the so-

called reciprocity principle) are taken as an independent 

postulate [7]:

 ( , ) ( , ).
kl kl lk lk

L B L Bε εΩ = − −Ω  (2)

Here: B is the magnetic induction,  is the angular 

velocity of rotation of the system, 
k

ε  = 1 for even (energy, 

concentration) and 
k

ε  = -1 for uneven (momentum density) 

microscopic parameters (even or uneven functions of 

particle velocities). For an isotropic nonrotating system 

in the absence of external magnetic Þ eld, the symmetry 

relation (2) takes a simpler form:

 ,
kl lk

L L=   (3)

where: L
ki
 are scalar quantities.

We may consider the symmetry relations (2) and (3) 

as an empirically reliableaxiom, which is corroborated 

within the framework of statistical mechanics and by 

experimental data.

It should be emphasized that, in analyzing the hydro-

dynamic as well as the heat and mass transfer processes, 

the phenomenological approach (based on the postulates 

of nonequilibrium thermodynamics) enables one to obtain 

the deÞ ning relationships for the thermodynamic ß uxes 

as well as algebraic formulas connecting the coefÞ cients 

of molecular transfer and convenient for calculations.
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