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Introduction
Classical mechanics lies at the foundations 

of modern physics. It is built for a model of 
bodies in the form of a material point (MP) or 
a collection of them. In accordance with this 
model of the body, the formalisms of classical 
mechanics were built under the conditions of 
holonomy of constrains and the potentiality 
of collective forces [1-3]. But in real nature 
there are no structureless bodies. Therefore, 
it is obvious that such a simplification of the 
body model inevitably leads to limitations of 
theories. As it turned out, one of them is the 
reversibility of the motion of bodies, which 
contradicts the second law of thermodynamics 
[4]. The impossibility of constructing an 
evolutionary picture of the world within the 
framework of the laws of physics was one of 
the consequences of these limitations [5,6].

Evolution, along with movement and 
interaction, is an integral property of matter. 
Although evolution includes movement and 
interactions, it is not reducible to them, since, 
in addition, it contains the processes of birth, 
development and decay of systems determined 
by the properties of the system and external 
factors. The difficulties in studying evolution 
are due to the following reasons [7].

Firstly, the processes of evolution are 
dissipative and irreversible, while classical 
mechanics is reversible. That is, the internal 
dynamics of the elements of bodies, described 
by thermodynamics, and the movement 
of bodies in space, described by classical 
mechanics, do not agree with each other.

Secondly, to describe evolution it is 

Abstract

The article is devoted to the study of the role of the structure of the body in its dynamics and evolution. 
A system of potentially interacting material points was used as a body model. To study the role of body 
structures, the equation of motion of the system was used. It is shown how it is derived from the condition 
of invariance of the total energy of the system. This equation takes into account that the work of external 
forces goes not only to change the energy of motion of the system, but also to change its internal energy. 
As a result, it was found that taking into account the structural nature of bodies opens up the possibility 
of describing the processes of their evolution within the framework of the fundamental laws of physics. 
Based on the condition of infinite divisibility of matter, which follows from the equation of motion of 
the system, the general principles of organizing the structures of matter at all its hierarchical levels are 
considered. Examples are given that demonstrate the importance of taking into account the role of the 
structure of bodies for the development of physics.

necessary to take into account the openness and 
nonequilibrium of systems. Indeed, evolution 
is associated with dissipative processes, 
with nonlinear phase transitions, bifurcation 
processes, which lead to the emergence of 
new structures. These processes are possible 
only in open nonequilibrium dynamic systems 
(ONDS). There are no corresponding theories 
to study them yet.

Thirdly, the processes of evolution are 
universal for all levels of matter. Therefore, 
to describe evolution, the unity of physics is 
required, and not its fragmentation that occurs 
today.

Attempts to overcome the contradictions 
between reversibility in classical mechanics and 
the second law of thermodynamics originate 
from the works of Boltzmann [4]. Since 
classical mechanics excludes the possibility 
of describing evolution, in order to explain the 
mechanism of irreversibility it was necessary 
to rely on probabilistic laws [4]. The basis of 
the existing explanation of irreversibility lies 
in the Lyapunov exponential instability of 
Hamiltonian systems and hypotheses about the 
existence of random external fluctuations. But 
such a solution to the problem, although it does 
not contradict both theory and observations, is 
not consistent with the principle of causality 
[8]. This casts doubt on the possibility of the 
existence of a deterministic irreversibility 
mechanism (DIM) within the framework 
of existing theories. Therefore, the search 
for DIM continued [9, 10]. To go beyond 
this framework, we first studied the role of 
the structure of bodies in their dynamics by 
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numerically simulating systems of colliding disks [7,11]. As a 
result, it was found that interacting disk systems actually tend 
to equilibrium. But such models of systems are too simplified 
and do not allow obtaining analytical expressions necessary 
for understanding the processes of establishing equilibrium. 
Therefore, as a next step, it was decided to study systems of 
potentially interacting MPs as structured bodies (SB). It was 
clear that if we obtain the equation of motion of such systems, 
we can take into account and understand the role of the structure 
of bodies in their dynamics.

It turned out that the equation of motion SB cannot be 
obtained within the framework of the canonical formalisms of 
classical mechanics, since they are limited by the requirement 
of holonomy of constraints [7]. To obtain it, additional concepts 
were proposed, dictated by the structure of bodies. These, in 
particular, include the concept of dualism of the symmetry of 
body and space. According to this dualism, the dynamics of SB 
are determined not only by the symmetries of space, but also of 
the body itself. The symmetry of a body corresponds to internal 
energy, and the symmetry of space corresponds to the energy of 
motion. The sum of these energies represents the total energy 
SB. The equation of motion of SB follows from the condition 
of its invariance. Unlike the equation of motion of the MP, this 
equation takes into account that the work of external forces when 
moving bodies in inhomogeneous space, goes not only to their 
movement, but also to changing internal states. To determine 
the magnitude of this part of the work, the concept of D-entropy 
was introduced. The proposed extension of classical mechanics 
opened up the possibility of describing dissipative processes of 
evolution [5, 7]. It also affected other branches of physics, in 
particular, quantum mechanics [13]. Its linearity and connection 
with the concepts of probability are still controversial [14-16]. In 
general, the expansion of classical mechanics led to the need to 
build “Physics of Evolution”, defining its main tasks as solving 
the problems of the emergence, development and decay of bone 
matter systems within the framework of the fundamental laws 
of physics [7].

In this work we will explain how and why taking into account 
the structure of matter in its dynamics and interactions opens up 
the possibility of describing the processes of the evolution of 
matter. To do this, we will discuss the principles on which the 
equation of motion SB is built, as it follows from the concepts 
of symmetry and the condition of invariance of the total energy, 
its properties. Let us discuss the key concepts and formulas 
that formed the basis for the construction of the Physics of 
Evolution. Let's consider how the contradictions between 
classical mechanics and thermodynamics are eliminated and 
what opportunities this opens up for the development of physics.
Energy of structured bodies

Equation of motion Newton allows you to solve a huge 
number of practical physics problems. The canonical equations 
of Lagrange and Hamilton, which underlie the foundations of 
classical mechanics, obtained based on the equation of motion 
of MPs under the conditions of the potentiality of collective 
forces and holonomy of connections, they also make it possible 
to establish the fundamental laws and dynamics of bodies. 
However, the limitations of classical mechanics, due to the use of 
a structureless model of bodies, do not allow taking into account 
dissipative forces, for example, friction forces. However, it is 
dissipative forces that determine the processes of evolution. 
Therefore, they had to be taken into account empirically and 
statistically.

Let us consider the essence of dissipative forces using a 
simple example of the movement of a body along an inclined 
rough surface. In the simplest case, this movement is described 
by an equation in which a friction force is added proportional to 
the speed of the body. It has the form [17]:

0 0 0MV F Vα= − −                          (1)
where M is the body mass, V

0 is the velocity of the center 
of inertia (CI), F

0 is the force acting on CI, α is the friction 
coefficient.

Usually, the coefficient of friction is obtained from experience. 
It can also be found within the framework of statistical 
physics, based on the theory of fluctuations [17]. However, the 
application of the theory of fluctuations is limited to systems 
slightly removed from equilibrium.

The problem of a body sliding along an inclined rough surface 
(see Figure 1) is interesting because in it the state of the body 
changes when interacting with the sliding surface as a result of 
movement, which is a necessary element of evolution.

The total energy of a body is equal to the potential energy 
of gravity. In the process of moving a body, potential energy 
is converted into its energy of motion and into heating. In 
accordance with equation (1), the body will stop when, as a 
result of the work of friction forces, its entire energy of motion is 
converted into internal energy. Thus, the experiment shows that 
the violation of time symmetry is associated with the irreversible 
transformation of the energy of motion of bodies into internal 
energy. Such a transformation occurs under the condition that 
the movement of each MP of the body is subject to Newton’s 
equation. But at the same time, the motion of the body does 
not obey Newton’s equation, since the work of external forces 
changes not only the energy of motion of the body, but also the 
internal energy.

Equation (1) takes into account the role of the internal structure 
of the system in its dynamics, which manifests itself through 
friction forces. But to understand the friction mechanism, it 
is necessary to have its analytical expression. This will make 
it possible to understand the nature of friction and bring us 
closer to understanding evolution, which is impossible without 
dissipation. Let's do this by defining a body model as a system 
of potentially interacting MPs, taking into account that the total 
energy of the body is the sum of the energies of all its MPs.
system of potentially interacting MP

Figure 1. Slipping of the body under the influence of force gravity on an 
inclined surface with friction 
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In Figure 1 shows a body model in the form of an MP system. 
Vector r determines the position of one of the MP systems in 
the laboratory coordinate system with the origin at point O. R

0 
- radius vector CI of the body, r - position of the selected MP, r ' - 
radius vector of this MP relative to CI. The radius vector MP can 
be written as a sum of vectors: r = R

0 + r.‘. In the MP velocity 
vector in this coordinate system, which we will call dual, has the 
form: v = V

0 + v' .
In a dual coordinate system, the work of external forces 

breaks down into the work of changing the speed CI and the 
work of increasing the internal energy. The variables that 
determine the movement of CI will be called macrovariables, 
and the variables that determine the movement of MP relative to 
CI will be called microvariables. It is important that the micro 
and macro variables that determine the movement of the MP 
and the movement of the body, respectively, are independent. 
Microvariables are determined by the forces of interaction 
between the elements of the system, and macrovariables are 
determined by external forces independent of internal forces. 
Internal energy is determined by the symmetries of the body, 
and the energy of motion is determined by the symmetries of 
space. This means that the dynamics of a structured body and 
changes in its internal state are determined by the relationship 
between the symmetry of the system and the symmetry of space. 
Therefore, the study of the question of the role of the structure 
of bodies in their dynamics should be based on the concept of 
symmetry dualism [18,19].

It is known that Newton's equation of motion can be obtained 
from the condition of energy invariance. It is obvious that 
the equation of motion SB can be found in a similar way, but 
taking into account the structure, symmetry of the body and, 
accordingly, its internal energy. In this case, we must proceed 
from the fact that the dynamics of all MPs in SB obeys 
Newton’s laws. The task is that, knowing the properties and 
laws of behavior of elements, obtain the properties and laws of 
behavior of their systems.

In accordance with the concept of symmetry, to study the 
relationship between the energy of body motion and internal 
energy, we will represent the total energy of the system in a dual 
coordinate system through independent groups of micro- and 
macrovariables [20]. The essence of the principle of symmetry 
dualism for a system can be explained using Figure 1. It shows 
that each MP of the body participates in movement relative to 
CI and in movement together with the whole body. That is, each 
MP contributes to the energy of motion and internal energy. 
The movement of the MP relative to CI is determined by the 
potential interaction forces between the MPs, which depend on 
the distances between them. The movement of CI is determined 
by the total external force applied to each MP. This force is 
determined by the CI coordinates in space.

We will determine the energy of the body in accordance 
with the molecular kinetic theory for an equilibrium system 
of N potentially interacting MPs. Since the system has finite 
dimensions, in the inhomogeneous field of external forces 
created in our case by a rough surface, the forces acting on 
its side on different elements of the system will be different. 
If in this case the interaction forces of the MP turn out to be 
commensurate with the differences in the external forces acting 
on them, then the external forces will lead to a change in the 
energy of the relative motion of the MP. This is equivalent to a 
change in internal energy.

The internal energy is a component of the invariant total 

energy of the system. Therefore, it is obvious that the change 
in internal energy will occur due to energy of body movement.

Let us obtain an expression for the total energy SB in the dual 
coordinate system.

Under the condition of additivity of energy, the total energy 
SB is determined by the sum of energies MP. The energy of 
each MP consists of its energy of motion, the potential energy of 
interaction of all MPs and the potential energy of each MP in the 
external field of forces. Each MP, in addition to moving together 
with the system, is in relative motion to each other as a result of 
the work of their interaction forces and the difference in external 
forces acting on the elements of the system. These movements 
determine internal energy.

In the laboratory coordinate system, the total energy has the 
form:

.ins env
N N N NE T U U const= + + =              (2)

Here 2
1

/ 2N
N ii

T mv
=

=∑  is the kinetic energy of the system, equal to 
the sum of the kinetic energies of all MPs; i =1,2,3,… N; vi -speed 
i -th MP; 1

1 1
( )N Nins

N ij iji j i
U U r−

= = +
= −∑ ∑ potential energy of MP interactions; 

rij = ri -rj – distance between i and j MP;  1

Nenv env
N ii

U U
=

=∑ potential 
energy of the system in the field of external forces, determined 
by the sum of potential energies of each MP; m – MP mass, 
which we take equal to 1. 

Let us write equation (2) in the dual coordinate system as the 
sum of the energy of motion of the system and internal energies. 
Provided that the external force field is uniform, micro and 
macro variables are separated, and the energy expression takes 
the form:

E  = E  + E  = consttr ins
N N N                            (3)

Here tr tr env
N N NE E E= +  is the energy of motion of the system; tr

NT  
– kinetic component of the energy of motion of the system; 

tr tr env
N N NE T U= +  – internal energy, where tr

NT  ins is the kinetic 
component of internal energy.

Equation (3) – dual representation of energy body in the 
form of the sum of the energy of its movement and internal 
energy. Here it is so far written under the assumption that the 
potential component of the internal energy does not depend on 
the radius vector CI of the system. As we will see, this is true 
only when the scales of inhomogeneities in the external fields 
are much larger than the scales of the system. Otherwise, the 
external field of forces will contain terms determined by micro- 
and macrovariables. That is, there will be a “linkage” between 
micro and macro variables. It is these terms that determine the 
relationship between the energy of motion and internal energy.

According to Noether's theorem, different types of motion 
correspond to different types of symmetry. For example, 
different types of symmetry include rotation and translation of 
the body. For SB, specified by a set of MPs, this means that its 
dynamics should be determined not only by the symmetry of 
space, as in the case of one MP, but also by the symmetry of the 
body itself, composed of a set of MPs.

In accordance with the principle of symmetry dualism [7], 
to describe the dynamics of a body, a dual representation of 
energy is necessary . From the condition of additivity of mass 
and the fact that the momentum of the system corresponds to the 
movement of a body with a total mass and speed determined by 
the total speed of the elements of the system, it follows that the 
energy and movement of the system is determined by the speed  
CI. It looks like:                    [3]. To represent the total energy in ( )1

/N
N ii

V v N
=

= ∑
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micro and macro variables, let's use the formula that is valid for 
quadratic functions. This formula for kinetic energy of a system 
of N particles, written in a laboratory coordinate system, has 
the form:

                                                                                    (4)12 2 2
1 1 1 1

( )N N N N
i i iji i i j i

N v v v−

= = = = +
= +∑ ∑ ∑ ∑

Where vi - vj = vij = rij . From here we have:
12 2

1 1
/ 2 [ / (2 )] N N

N N N iji j i
T M V m N v−

= = +
= + ∑ ∑        (5)

where 1

N
N ii

M m mN
=

= =∑
That is, the quadratic form of kinetic energy in the laboratory 

coordinate system is also a quadratic form in the dual coordinate 
system. The first term on the right-hand side of equation (5) 
is the kinetic energy of the system’s motion. The second term 
corresponds to the kinetic component of the internal energy of 
the system. Thus, the total kinetic energy of the system naturally 
breaks down into the kinetic energy of motion CI and the internal 
kinetic energy of relative motions MP. The forms of the kinetic 
energy of motion of the system and its kinetic component of 
internal energy in the dual coordinate system turned out to be 
invariant to the form of the kinetic energy of the system in the 
laboratory coordinate system. The fact that the kinetic energy 
of the system in micro- and macrovariables decomposes into 
the sum of independent quadratic functions of velocities follows 
from the independence of the micro- and macrovariables.

Converting energy TN by replacement: i N iv V v= +   where 
ṽ where are the velocities of particles relative to CI. Since 

1
/ 2 0,N

ii
v

=
=∑  we get: 2 2

1
/ 2 / 2.N

N N N ii
T M V mv

=
= +∑ 

 Here the second term 
expresses the kinetic energy of motion of all MPs relative to CI. 
Since this expression for the total kinetic energy must coincide 
with expression (5), we obtain: 12 2

1 1 1
/ 2 [ / (2 )]N N N

i iji i j i
mv m N v−

= = = +
=∑ ∑ ∑  (a) 

. That is, the second term in (a) is equal to the kinetic energy of 
motion of the MP relative to CI: 1 2 2

1 1 1
[ / (2 )] / 2N N Nins

N ij ii j i i
T m N v mv−

= = + =
= =∑ ∑ ∑    

From here we have:
2 2

1
/ 2 / 2N

N N N ii
T M V mv

=
= +∑ 

               (6)

Thus, the total kinetic energy of the system TN includes the 
energy of its motion - tr

NT and the internal component of the kinetic 
energy, determined by the energies of motion of all MPs relative 
to CI - ,ins

NT , i.e. ,tr ins
N N NT T T= + Where 2 2

1
/ 2, / 2.   Nins ins

N N N N ii
T M V T mv

=
= =∑  . 

Consequently, the internal energy of the system can be written 
both in the relative coordinates and velocities of the MP, and in 
the coordinates and velocities of the MP relative to CI.

Let us write the total energy SB in the dual coordinate system:

( )12 2
01 2 1 1

 / 2 / 2 ( ) ( ( , ))  ,  7N N N N inv
N N N i ij ij i i ii i j i i

E M V mv U r U R R r const−

= = = + =
= + + + =∑ ∑ ∑ ∑  

In equation (7) in the last term the radius is a vector Ri each 
MP is expressed through micro and macro variables. In the 
general case, micro and macro variables in external forces 
are not separated. This means that the external field of forces 
changes both the energy of motion of the entire system and its 
internal energy. The nature of such a change will be clear from 
the equation of motion SB.

Thus, we were able to obtain the expression for the total 
energy SB, written in a dual coordinate system. The law of 
conservation of the total energy of a system, in accordance 
with the principle of symmetry dualism, should be defined as 

follows: the energy of the system, equal to the sum of the energy 
of motion of the system and its internal energy, changes along 
the trajectory of its CI so that the total energy is conserved. If 
the equation of motion of the MP system is obtained within the 
framework of the formalisms of classical mechanics and by 
adding the equations of motion of each MP, such a relationship 
will disappear [2]. This is due to the fact that the sum of all 
internal forces, as well as the sum of all MP impulses, is equal 
to zero. As a result, only the contribution of the external force 
remains to change the energy of motion of the system, equal to 
the sum of the external forces. This explains the reversibility 
of the equation of motion of the system, which follows from 
classical mechanics.
Energy of an open nonequilibrium dynamic system

Above, we obtained an equation for the energy SB in an external 
inhomogeneous force field. But in nature there are neither 
absolutely equilibrium systems nor absolutely structureless 
elements. All systems are ONDS. In the approximation of local 
thermodynamic equilibrium, ONDS are a set of SBs moving 
relative to each other in the inhomogeneous self-consistent 
field of forces they create and in the field of external forces. We 
will call the representation of the body in the form of SB the 
first level of description of the ONDS, and its representation 
in the form of a set of SBs the second level of description of 
the ONDS. This level is used in statistical physics. There it is 
studied based on the distribution function [17,21].

Fig. 2. Second level of description of 
Figure 2. Second level of description of ONDS.

For the second level of description of the ONDS, the movement 
of SB will be determined by the inhomogeneous field of forces 
created by SB and the external force field. Therefore, to describe 
their dynamics it is necessary equation of motion for a set of 
interacting SBs in a non-uniform force field. It will allow us to 
take into account the division of the work of external forces into 
the movement of SB and their change their internal energy

In Figure 2 shows a diagram of the second level of description 
of the ONDS for four SBs. Here R0 - CI for ONDS, Radius - 
vector RP denotes CI for subsystems consisting of P-micro 
material points. Red dots are micromaterial points that make up 
subsystems. RPL - position of micromaterial points MP relative 
to the CI subsystem.

 The energy of the second level of description of the ONDS 
can be determined if we use the expression for the energy SB, 
but at the same time each of its MPs is considered a subsystem 
consisting of potentially interacting micro-MPs with the same 
masses - μ. To do this, the potential energy of interaction of 
subsystems should be written taking into account the self-
consistency of the movement of all interacting elements.

From the condition of infinitely divisible matter [7], for the 
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following levels of description of the ONDS, each micro-MP 
can be represented as a system of smaller particles and so on. 
There may be an infinite number of such hierarchical levels of 
matter.

Let the ONDS consist of N subsystems, with each subsystem 
containing the same number of micro –MPs μ equal P . Let the 
mass of micro -MP “μ” equal to one. Then the mass of the MP is 
equal to m= μ P . The mass of the entire ONDS will be equal to 
MN = μNP , and NP is the number of all μ included in the ONDS. 
Let's write down the energy equation for the second level of 
description of matter. It looks like:

2 2 2
1 1 1

1 1

1 1 1 1 1 1 1

1

/ 2 / 2 ( ) / 2

( ) ( )

( )

N N P i
ONDS N N i ki i k

N P P N N P pi i il il
ks ks ks ksi k s k i i l k s

N inv
i ii

E M V mv v

U r U r

U R const

µ
= = =

− −

= = = + = = + = =

=

= + + +

+ + +

=

∑ ∑ ∑
∑ ∑ ∑ ∑ ∑ ∑ ∑
∑

 

                                                                                         (8)

Here N is the number of subsystems, with i =1,2,3… N, P is the 
number of micro -MPs in the subsystems, with k = 1,2,3… P; VN 
- speed CI ONDS; m = μP; ṽi - speed CI of the i - th subsystem 
relative to CI ONDS, and 

1
( ) / ; ( )   P i i i

i k ksk
v v N U r

=
= ∑   potential energy 

of the i -th subsystem, due to the interactions of its micro - MP;  
,i i

k kr v  - coordinates and speeds of micro -MP relative to the CI 
i -th subsystem, and i i i

ks k sr r r= −    the distances between them, 
indices k, the s vary from 1 to P and refer to micro -MP for 
the i -th subsystem; all subsystems contain the same number of 
micro -MPs; il i il

ks k sr r r= −   - distances between micro-MPs k and s 
subsystems i and l. This distance should be represented as the 
sum of the radius vector, which determines the distance between 
the CI of the subsystems, and the radius-vectors of the micro-
MP positions relative to the CI of the corresponding subsystem.

Expression (8) determines the total energy of the ONDS in a 
non-uniform field of external forces, which consists of micro-
MP subsystems. 

 	 The first term in (8) is the kinetic energy of the 
movement of the ONDS in the field of external forces. 

 	 The second term is the kinetic energy of movement of 
the subsystems relative to CI ONDS. 

 	 The third term is the internal kinetic energy of the 
subsystem relative to their CI. 

 	 The fourth term determines the total internal potential 
energy of the subsystems. 

 	 The fifth term determines the potential energy of the 
second level of description of the ONDS, determined by 
the interactions of micro-MP of all subsystems. 

 	 The sixth term determines the potential energy of 
subsystems in the field of forces external to the ONDS. 
In it, the radius-vector Ri determines the position of the i 
-th subsystem in the laboratory coordinate system. This 
radius-vector is the sum of the radius-vector CI of the 
ONDS and the radius-vector CI of the i -th subsystem.

It is obvious that, as in the case of SB, the equation of the 
second level of description of the ONDS follows from the 
energy equation of the ONDS (8). Due to the new types of 
energies in the ONDS, an additional hierarchical link of micro- 
and macrovariables will appear in its equation of motion. 
Corresponding to this hierarchy is the hierarchy of forces.

In a similar way, it is possible to obtain an equation for energy 
up to any level of ONDC, but this is not necessary. Indeed, in 
the general case, the evolution of the ONDS will be determined 
by the linking of variables of all levels of the ONDS. But nature 

dictates the approximation according to which the linking of 
variables is significant only for adjacent hierarchical levels. 
That is, the work of external forces decreases significantly for 
each subsequent level. This is due to the hierarchy of scales 
of the levels of ONDS. As a rule, the characteristic scales of 
inhomogeneities in the interaction forces of subsystems of a 
given level of description are commensurate with the scales of 
these subsystems, but are significantly larger than the scales of 
the next level of description. That is, with a sufficient degree of 
approximation, we can assume that the work of external forces 
in relation to a given level of description of the ONDS changes 
the energy of motion of a given level of description of the ONDS 
and the energy of the relative motion of its subsystems, but does 
not change the internal energy of the subsystems. Moreover, 
in nature, the hierarchy of forces is built in accordance with 
molecular, atomic, nuclear and other forces. Due to the great 
difference between these forces, there is a stable hierarchy 
of matter structures: molecules, atoms, nucleons, etc. An 
additional argument in favor of these conclusions is that entropy 
has a second degree of smallness [17]. This argument will find 
its confirmation in the equation of motion SB obtained below. 
Thus, to describe evolution, it is enough to find the equation of 
motion SB.
Equation of motion SB

In addition to using the principles and fundamental laws of 
classical mechanics, the derivation of the SB equation of motion 
relied on additional principles dictated by the structure of matter 
and symmetries. These include the following principles [22]:

the laws for the body and its environment, as well as their 
physical characteristics, are equivalent; the dynamics of systems 
is determined by the principle of symmetry dualism;

evolution is determined by the nonlinear relationship between 
the symmetries of the medium and SB.

Without these principles it is impossible to obtain the equation 
of motion SB. This equation is derived from the condition of 
invariance of the total energy, which takes into account that the 
work of external forces occurs as a change energy of motion 
SB, determined by the symmetries of space, and on the change 
in its internal energy, determined by the symmetries SB. That 
is, the total energy, equal to the sum of the energy of motion 
and internal energy SB, is not only an invariant of motion, but 
also an invariant of evolution SB. Neither the energy of motion 
MP, nor the internal energy separately are no longer invariants 
and do not determine evolution. Let us show how to obtain the 
equation of motion SB from the energy equation (7).

According to Noether's theorem, the symmetries of space 
and time determine the total energy of MP. For the equation of 
motion of a MP, the total energy coincides with the energy of 
its motion, since the MP has no internal energy. The equation of 
motion of the MP follows from the invariance of the energy of 
motion by differentiating it with respect to time. The equation 
of motion SB, as well as the equation of motion MP, should 
follow from the invariance, but of the total energy, equal to the 
sum of the energies of the MPs included in it. It breaks down 
into energy of motion and internal energy SB. The equation of 
motion SB follows from the total energy (7), presented through 
micro- and macrovariables in the form of the sum of the energy 
of motion and internal energy by differentiating it with respect 
to time and requiring its invariance. It has the form [7]:

( )0 9,           d
N N N NM V F Vµ= −
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Where 0 0 0
1

;  N
N i ii

F F F
=

= −∑  external force acting on i - th MP; 
int max 2/ (   ) ; i

d
N N jE V Fµ = −  interaction force i and j MP; 0 0 0;ij i jF F F= −   

1int 0 max int 0
1 1

( ); /N N
N ij ij ij ij N N Ni j i

E v mv F NF V E F−

= = +
= + + = −∑ ∑

Equation (9) takes into account the relationship between the 
movement of elements SB relative to CI and the movement CI 
with SB. As a result, it takes into account that when a body 
moves in a non-uniform field of external forces, their work 
goes both to change the body’s motion energy and to change its 
internal energy. 

On the right-hand side of equation (9), the first term 
determines the external potential forces that change the speed 
CI. Its appearance is due to the symmetries of space. The 
second term is determined by both the symmetries of space and 
the body, depends on micro and macro variables and is non-
zero when there is a gradient of external forces, that is, when: 

0 0 0 0,ij i jF F F= − ≠ given that 0 0.N
iji j

F
≠

=∑  It is called evolutionary 
nonlinearity, since it determines evolution, determining 
changes in the internal state of the body depending on the 
dynamics of the body. The nature of evolutionary nonlinearity 
is connected with the fact that due to the heterogeneity of the 
external field of forces and the structural nature of the system, 
an interconnection of micro- and macrovariables arises. That is, 
evolutionary nonlinearity determines the relationship between 
the energy of motion SB and its internal energy and how the 
state of SB changes in accordance with the symmetries of 
the body and the environment. In the linear approximation, 
evolutionary nonlinearity disappears, and equation (9) becomes 
Newton's equation of motion. That is, equation (9) satisfies the 
correspondence principle.

According to equation (9), symmetry is broken not 
according to the scenario that is interpreted, for example, 
in particle physics [19]. It simply does not persist due to the 
interconnection of micro- and macro-descriptions at special 
points. That is, here we have exactly that case of violation of 
the symmetry of time, which is determined by the transition of 
“Order” to “Chaos”. The energies of movement SB are put in 
correspondence with the measure of “Order”, and the internal 
energy is put in correspondence with the measure of “Chaos” 
[23]. “Order” is determined by the sum of MP speeds, and 
“Chaos” is determined by the relative MP speeds at which the 
sums of MP impulses and their interaction forces are equal to 
zero. This can be considered the essence of the concepts of 
“Chaos” and “Order”. That is, through “Chaos” nature realizes 
the possibility of the existence of bodies at rest, when to the 
movement of their elements. If “Order” is characterized by the 
concept of energy of motion, then “Chaos” is characterized 
by the concept of entropy, which is determines the change of 
internal energy. The qualitative difference between “Order” 
and “Chaos” corresponds to the qualitative difference between 
the concepts of energy and entropy. A system is in a state of 
rest and equilibrium if a subsystem identified in it in any way 
is motionless relative to all other subsystems of the system. 
To determine the measure of transformation of the energy of 
“Order” into the energy of “Chaos,” the concept of D-entropy 
was introduced. It is determined by the ratio of the increment of 
internal energy to its value.

Let us consider when and why the dynamics of a system in a 
non-uniform field of external forces becomes irreversible. Here, 
it would seem that the easiest way to explain irreversibility 
is that the work of external forces is divided into changes in 

internal energy and energy of motion. Since matter is divisible 
indefinitely, such division of work will occur across all its 
hierarchical levels. But, as it turned out, for sufficiently large 
systems the explanation of irreversibility follows from equation 
(9).

In accordance with equation (9), the increase in internal 
energy is due to evolutionary nonlinearity. This means that it has 
a second order of smallness. A reverse flow of internal energy 
occurs when the SB equilibrium is disturbed due to strong 
inhomogeneities of external forces. But it is also determined 
by evolutionary nonlinearity and by equation (9). Therefore, it 
does not exceed the fourth order of smallness. Hence, the energy 
balance of SB is determined by the expression [7,22]:

2 4                               (10)tr
decE αχ βχ≈ −

Here α, β constants defined by equation (9). That is, the 
increase in internal energy for a sufficiently large SB is always 
positive, which proves irreversibility for small ones χ . It turned 
out that the quantity obeys the law 1/√N [17, 25].                

The presence of dissipation is a necessary condition for 
the formation of attractors, and therefore for the formation 
of attractors systems. From the condition that dissipation is 
possible only for SB, it follows that if the world arose in an 
evolutionary way, then matter should be infinitely divisible and 
represent an infinite hierarchy of interconnected SB, when any 
no matter how small selected part of SB is also SB [25].

Since the connection between the levels of description of the 
second-order ONDS is small, equation (9) can be used with 
sufficient accuracy to describe the evolution of the ONDS.

We emphasize that the principle of dualism of work for SB, 
which automatically follows from the principle of symmetry 
dualism, like Galileo’s principle, refers to the fundamental 
principle that determines the behavior of real bodies. Indeed, the 
work of external forces on SB consists of the work of moving 
all MPs. And this work consists of both the work to change the 
speed module of the MP and the work to change its direction. 
Moreover, the change in the direction of the MP velocity 
contributes to the chaotic component of the SB energy. That is, 
the work of external forces changes the contribution of each MP 
to the energy of “Order” and to the energy of “Chaos”. This 
leads to a violation of the invariance of motion energy SB, which 
determines the reversibility of time in classical mechanics. Thus, 
violation of the invariance of the energy of motion is possible 
only when the energy of motion can be transformed into other 
forms of energy; in this case, it turns into the internal energy of 
the chaotic motion of the MP. That is, the structural nature of 
matter not only expands classical mechanics, but qualitatively 
changes its foundations, introducing evolution into it.

Extended classical mechanics is based on the invariance of 
total energy and its representation as the sum of the energy of 
motion and internal energy. In this case, the internal energy 
increases due to the energy of motion. This suggests the idea of 
introducing the concept of complete phase space for the study of 
evolutionary processes. It represents the sum of phase subspaces 
for the energy of motion and internal energy. Such a dual 
phase space is built on the space of micro- and macrovariable 
coordinates and momenta of the SB and its elements [7]. 
According to equation (9), the evolution of bodies is determined 
by how the internal energy and the energy of motion are related 
through evolutionary nonlinearity. It is characterized by the 
ratio of the magnitude of changes in internal energy to its total 
value. This quantity is called D-entropy [25]:
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int int                             (11)/d
N N NS E E= 

The fundamental difference between D-entropy and existing 
entropies is that it is deterministic and determines the change 
in the internal states of moving systems in an external field of 
forces. For small SB, for example, for an oscillator, D-entropy 
can be either positive or negative [26]. But already at N1 >100 
D-entropy only increases. That is: 100 0.dS >  When N2 >103 the 
increment of D-entropy reaches asymptotics. That is, N2 ~103 
determines the range of applicability of the thermodynamic 
description of the system. A similar conclusion follows from 
statistical laws [30]. In general, these critical numbers depend 
on the parameters of the task.

As a test of the equation of motion (9), a particular three-body 
problem was solved. It considers the motion of an oscillator 
in a non-uniform force field [27]. It turned out that taking into 
account the duality of the work of external forces leads to the 
possibility of an oscillator passing through a potential barrier 
even when the height of the barrier is greater than its energy 
of motion, but less than the total energy. That is, such passage 
is carried out due to internal energy. This effect was confirmed 
when studying the behavior of D-entropy depending on the 
number of particles in the system [27].

If we have an ONDS of the second level of description, then 
its study can be carried out on the basis of the extended Liouville 
equation [7,21,28]:

1
)/ / { ( / )  (        (12/ )}N

i i i i i i i i ii
df dt f t V f R P f P fσ

=
= ∂ ∂ + ∂ ∂ + ∂ ∂ = −∑

Here i =1,2,3...N - SB number; Fi - forces acting on i -th SB; 
Ri, Pi- coordinates and momentum SB; fi =fi(R,P,t) distribution 
functions for subsystems;

1
/N

i ii
F Pσ

=
= ∂ ∂∑

Equation (12) was obtained in the same way as the canonical 
Liouville equation [17], but to obtain it, instead of Newton’s 
equation, equation (9) was used.

The scope of use of equation (9) is wider than the scope of 
use of the canonical Liouville equation. It does not require 
the ensemble to be close to the equilibrium state. Moreover, it 
describes the transition of the energy of motion of SBs into their 
internal energy, provided that the total energy of the ensemble 
and its total phase volume are conserved. It takes into account 
the work of dissipation forces and is applicable to describe 
evolution.

From equations (9-12) it follows that the ONDS tends to an 
equilibrium state due to the transition of the energy of relative 
movements of SB into their internal energy.

For the entropy at rest SB close to equilibrium, the Boltzmann 
formula is applicable: ( ln )B

i iS f f dpdq= −∫
From (12) it follows that if 0 σ = 0, then dSB/ dt =0. Therefore, 

SB it has a maximum for the equilibrium ensemble. A similar 
result was obtained in statistical physics from the requirement 
that the entropy of equilibrium systems be extremal [17]. That 
is, according to equation (12) the closed ONDS comes to an 
equilibrium state because the transfer of energy and relative 
motions of SB into their internal energy. Consequently, the 
existence of stationary ONDS is possible only in the presence 
of external force fields that provide a stationary influx of 
energy, compensating for the dissipation of energies of relative 
motions SB. Here it should be taken into account that, within 
the framework of the laws of modern physics, the existence of 
stationary ONDS can only be explained by Planck radiation, 
which ensures the balance of inflow and outflow of energy into 

the ONDS.
Thus, thanks to the structure of models of bodies, an 

extension of classical mechanics and the physics of evolution 
arises. The task of the physics of evolution is to describe the 
processes of emergence, development and decay of systems 
within the framework of the fundamental laws of physics. The 
possibility of describing evolutionary processes is due to taking 
into account changes in the internal states of bodies when they 
move in inhomogeneous fields of external forces. New concepts 
in the Physics of Evolution are D-entropy. It is also based on 
the extended Liouville equation, the concept of complete 
dual phase space, and the modified Lagrange, Hamilton, and 
Hamilton-Jacobi equations [7]. In these equations, thanks to 
taking into account the structural nature of bodies, an additional 
term appeared, depending on micro and macro variables. Today, 
the absence of this term in canonical equations is compensated 
in practice by empirical additions, which are determined from 
experiment. This, for example, is done in quantum mechanics 
when solving the problem of hidden variables [14].

Let us emphasize that according to equation (9), the evolution 
mechanism is deterministic [7,28]. This is consistent with the 
opinion of Planck, who was confident that there is a deterministic 
interpretation of the second law of thermodynamics, and 
the statistical interpretation used is a consequence of the 
deterministic one [29]. That is, the scope of use of the statistical 
form of the second law of thermodynamics, as well as statistical 
laws, is determined by equation (9).
Structurality of matter and some problems of physics

Let us discuss how taking into account the structure of bodies 
in their dynamics can contribute to the development of physics. 
First of all, equation (9) plays a key role in this. It follows 
from it that taking into account the structure of bodies in their 
dynamics removes the contradiction between mechanics and 
thermodynamics. The concept of D-entropy plays an important 
role here. It connects the movement of bodies and changes in 
their internal energy. Its use does not require the fulfillment 
of the condition that the systems are close to equilibrium. 
D-entropy and energy of motion characterize evolution and 
determine the range of applicability of thermodynamic and 
statistical descriptions. The extended Liouville equation (12) 
can play an important role in statistical physics and kinetics, 
since it is applicable to the analysis of nonequilibrium systems. 
The canonical Liouville equation was obtained for the stationary 
state of the system, when the probability distribution density 
in the phase space or the statistical distribution function does 
not change with time. It describes the behavior of systems 
near equilibrium, when dissipative processes are negligible. 
Therefore, it follows from it that the distribution function is 
conserved along the phase trajectories of the system. This also 
yields a microcanonical distribution applicable for systems at 
rest [17]. But the canonical Liouville equation cannot be used to 
study the evolution of ONDS [17].

Questions arise related to Fermi-Dirac and Bose-Einstein 
statistics [17, 21]. They were obtained for systems close to 
equilibrium. How fair they are for ONDS is an open question.

Especially the physics of evolution can be useful for 
understanding and developing quantum mechanics. It was built 
for elementary particles, based on experimental facts. According 
to these facts, the dynamics of microparticles satisfies the 
principle of wave-particle duality. Moreover, the energy and 
their other dynamic parameters are quantized, that is, they 
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are discrete in nature. Naturally, the theory of the microworld 
was built based on the requirement that it satisfy these facts. 
According to them, the fundamentals of quantum mechanics use 
the wave function ψ ψ (x, y, z,t) . The square of the modulus 
|ψ|2 determines the probability of a particle being in a given 
region of configuration space dV = dxdydz. The wave function 
of a free particle has the form of a plane monochromatic wave 
de Broglie [13-16]: ψi(r,t) = Aei(kr-ωt)/h = Aei(pr-Et)/h, where k = p/h 
satisfies the Schrödinger equation [13]:

2
2 ( , )

2
i U r t

t m
ψ ψ

 ∂
= − ∇ + ∂  





                           (13)

Equation (13) was obtained based on the principle of least 
action for a microparticle. In quantum mechanics, any dynamic 
quantity, for example, energy and momentum, is determined 
using the corresponding operator: / ,E i t p i→ ∂ ∂ → − ∇ 

acting on the wave function ψ. It is determined by averaging: f 
*f f dqψ ψ= ∫ . In this case, ψ it satisfies the Heisenberg uncertainty 

relation: pq-qp=-ih. That is, Poisson brackets for coordinates q 
and impulses p for a microparticle are different from zero and 
coincide in magnitude with  . This implies the impossibility 
of simultaneously accurately determining the coordinates and 
momenta of a microparticle. Quantum mechanics satisfies 
experimental facts well. However, its interpretation is still 
controversial. Thus, Einstein and Schrödinger did not accept 
Bohr’s assertion that the uncertainty relation is a given of the 
microworld. After all, it violates the principle of causality, 
which lies in the foundations of the cognizability of the world. 
On this occasion, Einstein said the catchphrase that “God does 
not play dice” [32].

In connection with the established fact of the infinite 
divisibility of matter, the obvious question arises: how will this 
affect quantum mechanics? After all, the structure of particles 
requires taking into account their internal energy during 
interactions and decays. Structurality will lead to the fact that 
the motion of, for example, an electron will be a combination 
of two processes: the motion of its CI in space and some kind 
of change in its internal state. In addition, due to the structure, 
rotational energy may appear. That is, most likely an electron or 
photon is an oscillator, and their trajectory is characterized by 
both CI motion and oscillation and rotation. From the principle 
of dualism of the work of external forces on particles, it follows 
that during their interactions, the work of external forces will 
change both the energy of motion and the internal energy. This 
means that neglecting the structure of particles in calculations 
leads to errors determined by the role of structure in the change in 
internal energy. The need to take this circumstance into account 
requires transforming the Schrödinger equation so that it takes 
into account the dualism of [31]. In the simplest case, such a 
transformation is reduced to representing the Hamiltonian as a 
sum of two parts corresponding to the internal energy and the 
energy of its motion in external fields. We emphasize that these 
ideas correspond to the assumptions of Einstein and Schrödinger 
that quantum mechanics is not complete [32-35]. They also fit 
into the de Broglie-Bohm theory [36].

As in quantum mechanics, in electrodynamics and the theory 
of gravity, significant difficulties arise due to the fact that the 
Coulomb or gravitational potentials for a body model in the form 
of MP have a feature of the type 1/r. Obviously, this feature is due 
to the use of a point model of a body, in particular, an electron. 
But such a model is approximate, since all material objects have 
a structure at all hierarchical levels, which means they have finite 

dimensions. It is obvious that at distances commensurate with 
this scale, the 1/r approximation is wrong. Another difficulty is 
related to the reversibility of Maxwell's equations, which Planck 
encountered [34]. An example of inhomogeneous external 
forces are gravitational fields in the Universe. According to 
equation (9), their inhomogeneities lead to the conversion of 
part of the energy of motion of objects in the Universe into their 
internal energy, which determines their evolution. This effect 
was called "gravitational friction". “Electromagnetic friction” is 
defined in a similar way [21,24]. According to equation (9), the 
energy of an electromagnetic wave, passing through the plasma, 
will transform into the internal energy of the electron gas due 
to an increase in the chaos energy of electrons field. This will 
lead to heating of the plasma and attenuation of the wave in 
proportion to the gradients of forces acting on the electrons 
from the electromagnetic wave [24].

The main part of the problems that can be resolved by 
taking into account the structure in the dynamics and evolution 
of systems is related to the explanation of the mechanism of 
dissipation of the energy of motion. These problems led to 
difficulties in studying the processes of attractor emergence. To 
study them, it was necessary to use either numerical methods 
or empirical equations. This was especially acute when 
constructing a model of the Universe, for which it is important 
to understand the mechanisms of formation of star systems and 
galaxies, although numerical calculations largely eliminate 
these problems.

A major problem faced in studying the evolution of the 
Universe is related to hidden mass. Its essence is that the 
observed accelerations of objects in the Universe are lower 
than they should be according to Newton’s equation of motion. 
One of the well-known solutions to this problem [37] proposes 
to multiply the observed mass of an object by a factor greater 
than one, which is precisely equivalent to the hidden mass. But 
if we use the equation (9) to estimate this effect, then it can 
be explained by the fact that the work of external forces also 
goes to change the internal energy SB. This is possible provided 
that external forces have a sufficiently large gradient, which 
determines the effectiveness of increasing the internal energy of 
the system due to the work of external forces.

It is also possible to explain the errors in energy estimates 
that follow from Newton's equation of motion. They can be 
large for non-equilibrium objects, when the energy of its motion 
can be drawn from internal energy. As confirmation of this 
possibility, we can give an example of an oscillator passing 
through a potential barrier. In certain cases, it passes through 
such a barrier due to the internal energy of the oscillator, even 
when its energy of motion is less than the height of the barrier, 
but provided that the total energy of the oscillator is greater than 
the height of the barrier [27].

A combined micro- and macro-description of the dynamics of 
SB makes it possible to understand the nature of the peculiarities 
of the dynamics of bodies at bifurcation points and offers 
an explanation of the mechanism of the butterfly effect. To 
describe these points, it is convenient to use the dual mapping 
of phase space, which allows us to take into account the role of 
microprocesses in the dynamics of bodies [7].

Here are given only those examples that were found in the 
first steps of taking into account the structure of bodies in their 
evolution. But already this short list, as a rule, of nonlinear 
problems, speaks of the prospects for the development of the 
theory of evolution, which arose due to taking into account the 
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structure of bodies in their dynamics.

Conclusions
Taking into account the role of the structure of bodies in their 

dynamics leads to the possibility of describing evolutionary 
processes within the framework of the laws of physics. 
This served as the basis for the construction of “Physics of 
Evolution”, defining its main task as solving the problems of 
the emergence, development and decay of bone matter systems 
within the framework of the fundamental laws of physics. The 
foundations of the physics of evolution are the SB equation 
of motion, extended formalisms of classical mechanics, the 
extended Liouville equation and D-entropy. The physics of 
evolution removes the contradictions between mechanics and 
thermodynamics. It makes it possible to solve a number of well-
known problems in physics.

The description of evolution is based on the concepts of 
energy of motion of the system and D-entropy, which determines 
the efficiency of changes in the internal energy of the system. 
Moreover, the energy of motion is a measure of “Order”, and 
D-entropy is a measure of “Chaos”, corresponding to the 
internal structure of the body. That is, the energy of motion and 
D-entropy are the main parameters characterizing evolution.

From the condition of infinite divisibility of matter, it 
follows that it represents an infinite hierarchy of ONDS. Each 
hierarchical level of ONDS is characterized by D - the entropy 
of the SBs included in it and the energies of their relative 
motion. This property of matter is universal and does not 
depend on the characteristic scales of the system. A description 
of the entire hierarchical structure of the ONDS is possible in 
the approximation of the second level of the ONDS, based on 
the equation of motion SB.

The most important result of the work is that taking into 
account the role of the structure of bodies in their dynamics 
opens up a fundamental opportunity to move from studying a 
stationary picture of the world to constructing an evolutionary 
picture of the world within the framework of the fundamental 
laws of physics.
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