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Abstract. The extension of classical mechanics, which occurs at the transition to the 

mechanics of structured particles (SP), is submitted. The mechanics of SP  is con-

structed based on the principle of duality symmetries and the corresponding represen-
tation of energy including replacing of the material point (MP) on the SP, where SP is 

equilibrium system from a great number of the potential interaction MP. The mecha-

nism of symmetry breaking and the nature of irreversibility in classical mechanics are 

discussed. Shown how into the frame of classical mechanics the concept of dynamical 
entropy can introduce, and how the mechanics of nonequilibrium systems can be con-

structed in the thermodynamic approach of the local equilibrium. Also shown why the 

hypothesis of holonomic constraints which used in the derivation of canonical La-

grange equation, eliminates the possibility of describing of irreversible dynamics and 
how it can be compensated. Difference of SP mechanics from the mechanics of MP is 

discussed. 

Keywords: Classical mechanics, Lagrange equation, irreversibility, holonomic con-

strains, entropy, chaos. 

 
1 Introduction 

  
All physical bodies in nature have an internal structure. Therefore, the work 

of the external forces goes on their movement and to change their internal 

energy. This means that each particles of the body at the same time involved 

into the thermal motion, and in the motion of a body in space. The change in 

internal energy of the body is going due to the change of the relative veloci-

ties of the molecules. The motion of the body is determined by the average 

speed of all molecules in laboratory coordinate system. 

In accordance with the molecular-kinetic theory all bodies can be imagine as 

system of potentially interacting material points (MP) [1, 2, and 7]. In this 

case the energy of the system can be represented in the micro and macro var-

iables as the sum of the internal energy and the motion energy [1, 2]. Micro-

variables determine MP motion relative to the center of mass (CM), and 

macrovariables determine the motion of the CM of the body in space with the 

velocity corresponding to the average speed of the molecules in the laborato-

ry coordinate system. These two types of energy are independent. Indeed, the 

total kinetic energy of the body with its representation in the micro and mac-
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ro variables will be divided into two independent components: the sum of the 

square of the velocity of MP, and the sum of squares of velocities MP rela-

tive to the CM [3].  

If the forces of MP interaction are central, the corresponding potential com-

ponent of the internal energy depends only from micro-variables. The poten-

tial component of the body's energy in the field of the external forces, in gen-

eral, depends on the micro and macro variables. It is leads to engagement of 

micro and macro variables. 

From the standpoint of space-time symmetries, the dynamics of the bodies is 

determined by the principle of duality of the symmetries (PDS): the sym-

metry of space, and by the symmetry of the body [3, 4]. From the PDS is 

followed that for description of the dynamics of bodies we need to have two 

groups’ micro and macro of variables. This means that the motion equations 

for the system can be constructed based on the PDS, using micro and macro 

variables. The nature of the PDS is followed from the fact that the trajectory 

of bodies determined not only by the field of external forces or by the sym-

metry of space, but also by the nature of the internal forces, i.e. by the inter-

nal symmetries. This need stems also from the nature of the dissipative forces 

that determine the transition energy of motion into internal energy. Only 

when the energy represented as the sum of the internal energy and the energy 

of motion, the dissipative part of the energy can be defined. 

The group of symmetry which determines the body motion in the space, 

called as translational group of symmetry [4]. The second group of symmetry 

which formed by the micro variables, have no a name now. In accordance 

with the nature of the internal energy we will call it, as a group of chaotic 

motion symmetry. The independent of these two groups of micro and macro 

variables is demonstrates the deep essence of the dynamical nature of the 

bodies. 

The scalar invariant of each of these groups of symmetry is the energy. The 

energy is additive quantity; therefore the system motion is determined com-

pletely by the sum of the energy of motion and internal energy. That is the 

sum of the energy of motion and its internal energy is a conserved quantity 

along the trajectory of the body. It is the law of conservation of energy for 

structured bodies [5]. The engagement of micro and macro variables that 

have a place in inhomogeneous fields of external forces, leads to a violation 

of the translational symmetry. 

The work of the external forces for MP, which has no internal structure, is 

spent only on its motion in space. Therefore, the dynamics of a single MP is 

uniquely determined by its motion energy. This dynamics is reversible. The 

work of external forces on the motion of the system MP in space in generally 

go to the change in its motion energy, and the change in internal energy. The 



 
 

change in internal energy of the system connected with the deformation of its 

shape and change speeds CM of the system. 

In classical mechanics, the motion of the MP is usually determined by the 

Lagrange equation. This equation follows from the D’Alembert equation and 

the hypothesis of the holonomic constraints [6]. But, as it turned out, this 

hypothesis restricts the region of application of the Lagrange equations by the 

description only linear, reversible of the processes in the dynamics of systems 

[4]. Therefore possibility of describing systems in the presence of 

nonholonomic constraints responsible for the non-linear transformation of the 

energy of different degrees of freedom in the frame of formalism of the 

classical mechanics is disappears. In particular, the possibility of describing 

the processes of transformation of the energy of motion of the body into the 

internal energy is excluded. 

It turns out that it is possible to obtain the motion equation of the MP, which 

will not contain the inherent limitations of the Lagrange equation. To do this, 

it should be derived by differentiation with respect to time of the total energy 

of the system. This energy must be submitted in connection with PDS in 

macro and micro variables [3, 5]. In this case the motion equation will 

already be applicable to describe the dynamics of systems, both with the 

holonomic and with the nonholonomic constraints. It can be used to describe 

the nonlinear dynamics of systems in non-homogeneous fields of forces 

because it takes into account the changes of the internal energy.  

Accounting for the changes in the internal energy of the system when its 

motion in non-uniform fields of forces, leads to the possibility of describing  

processes related to symmetry breaking in the dynamics of systems and their 

deterministic irreversibility in the frame of the laws of classical mechanics 

[5]. It allows us to enter in the framework of classical mechanics, the concept 

of dynamic entropy (D-entropy). 

The main objective of this work is to identify the new properties of the SP 

mechanics. On the basis of the PDS the general laws of the mechanisms of 

symmetry breaking in classical mechanics will be also discussed. For this, we 

first give some examples of well-known mechanisms of symmetry breaking 

in physics. We show why dynamics of the systems, determined on the basis 

of Lagrange's equations, is reversible. After that, we consider the limitations 

of classical mechanics, which preclude the description of dissipative 

processes. Next, basing on the PDS the mechanism of irreversibility in the 

classical mechanics will be explained. After that we consider an analogy 

between the mechanisms of symmetry breaking in the mechanics and physics 

of elementary particles. 

 

2 On the mechanics of structured particles 

 

In general, the system’s motion equation will be determined by the PDS, 

under the condition that each MP obeys the Newton laws. The body motion 

equation, which satisfies all these requirements, can be obtained by 

differentiating the dual energy over time. The energy must be submitted in 

the micro and macrovariables. In this case the motion equation written as 

follows [8]: 
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i N iF (R ,r)- is a force which acted on the i -th 

MP from the side of external field of forces; i N ir=R +r , ir - are the coor-

dinates of the i -th MP relative to the CM.  

The first term in the right-hand side of eq. (1) is a potentiality force applied to 

the CM. This force changes of the SP kinetic energy. The second term is non-

linear and depends on both the micro and macro variables. This term changes 

the internal energy of the SP. I.e. the eq. (1) takes into account the non-linear 

transformation of the motion energy into internal energy in contrast to the 

canonical Lagrange equation or Newton motion equation. This 

transformation is responsible for the symmetry breaking of the time. It was 

shown that the magnitude of the change in internal energy is proportional to 

the gradients of external field of force [8].  

The responsible role of the nonlinear terms for the symmetry breaking of the 

time, clearly demonstrated through the numerical calculation of the passage 

of the oscillator through a potential barrier [8, 10]. It turned out that only 

through the nonlinear terms, providing an exchange of energy between dif-

ferent degrees of freedom, in particular, the mutual transformation of the os-

cillator motion energy and internal energy, the oscillator may pass through 

the potential barrier, even the barrier height is more than the motion energy of 

the oscillator. If neglected on the non-holonomic constraints, this effect dis-

appears. 

When the SP moves in a nonuniform field of external forces, the energy of 

motion can transform into the internal energy, but not vice versa. The reason 

of the irreversibility connected with the fact that the SP consists from the 

sufficiently large number of MP and in first approximation in equilibrium. In 

this case, the increase of the SP motion energy due to its internal energy is 

impossible. The motion equation for SP is irreversible. This is contrary to the 

reversibility of the Lagrange equations.  

We will show that this contradiction is primarily due to the limitations of the 

Lagrange equations and formalisms of classical mechanics as a whole. These 

limitations associated with the use of the hypothesis of holonomic constraints 

in the derivation of the Lagrange equation from the principle of d'Alembert 

[9]. 

 

3 L imitation of the classic mechanics 

 

Classical mechanics is built for the body model in the form of MP. MP does 

not possess by the structure. Therefore, the dynamics of MP is determined 

only by the symmetry of space, and MP motion invariant is energy of MP 

motion in the field of external forces.  



 
 

To describe systems of MP the canonical formalisms of the classical mechan-

ics are used. For receipt of the Lagrange equations for MP systems, the hy-

pothesis of the holonomic constraints is used [6]. This hypothesis leads to the 

fact that the formalisms of the classical mechanics cannot describe irreversi-

ble processes.  

Below we will show briefly how this hypothesis excludes second term in the 

right hand side of the motion equations (1). This term is responsible for the 

non-linear transformation of the energy between various degrees of freedom 

that is the reason of the breaking of the symmetry of the time [8]. 

The Lagrange equation for a system of MP obtained using the principle of 

D’Alembert, provided that the work of the reaction forces due to the kinemat-

ical of constraints is zero. According to this principle, we have the following 

equation [6]:  
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Here iF -is force, which acted on i -th МP; ip -is inertial force from i -th 

МP; ird - is a virtual displacement; 1,2...i R= -is a number of МP in the 

system.  

In order to integrate eq. (2), go to independent generalized variables. Made in 

eq. (2) the necessary transformations, we obtain [6]: 
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Here t -is a time; T -is a kinetic energy for all МP; lq - are the generalized 

independent variables; lqd - is a virtual displacement; 
lQ -is external force 

acted on l -th МP.  

For to obtain from eq. (3) the canonical equation of Lagrange, we use the 

hypothesis of holonomic constraints. Only in this case lqd  does not depend 

on kqd . I.e. the hypothesis of holonomic constraints provides conditions: 

0, .l ldw= " Under these conditions, the eq. (3) is converted into a system 

of independent equations: 
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(4) 

Thus, the requirement of holonomic constraints allow us to have a system of 

independent equations which is determined by the condition: 0ldw= . Nat-

urally, that it removes the possibility of describing the dynamics of systems 

in cases when there is engagement variables which defines a nonlinear trans-

formation of energies of the different degrees of freedom. 

Suppose, moreover, that the following condition have a place: 
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Eq. (5) under the condition (3) can be written as: 
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where L T V= - is a Lagrange function. 
 

The eq. (6) is a Lagrange equation. 

The Lagrange equation allows determining the dynamics of the system by 

calculating the dynamics of each MP. Hamilton's equations can be obtained 

from the Lagrange equations by replacing the velocities on moments [6]. 

The condition of the holonomic constraints is equivalent to the potentiality of 

collective forces (5) determining the motion of the system. This follows from 

the fact that one and the same Lagrange equation we can obtain as by the 

variational method, and by integrating of the D’Alembert equation with re-

spect to time provided potentiality external forces. Indeed, integrating the 

D’Alembert equation with fixed initial and final time of the trajectory of the 

system, we will have [9]: 
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t
A Ldt=ñ -is action. From here we will have [6,9]:  

0Ad =                                                     (8) 

Eq. (8) is the principle of least action. In accordance with this principal the 

motion of the system occurs in such a way that the definite integral becomes 

stationary value with respect to any possible variations in the position of the 

system with its fixed initial and final positions.  

Thus, the hypothesis of holonomic constraints which used in the derivation of 

the canonical Lagrange and Hamilton equations precludes the use of these 

equations for the description of irreversible processes.  

In the general case, when the hypothesis of holonomicity is not applicable, 

instead of eq. (8) we will  have: 
dA Ad =                                                    (9) 

Here 
dA  - is a term, caused by non-holonomic constraints and determined 

by the non-linear transformation of the energies for different degrees of free-

dom.  

In the simplest case 
dA  is bilinear function. For SP the 

dA  is determined 

the transformation of the motion energy into the internal energy.  

With the help of undetermined Lagrange multipliers, the Lagrange equation 

in principal can be transformed to the motion equation of the system which 

takes into account the dissipative forces [9]. But to do this it is necessary to 

have the analytical form of nonholonomic constraints which responsible for 

the dissipative transformation of the motion energy into the system’s internal 

energy. And in any case for determine the proportion of absorbed of the mo-

tion energy we need to submit the energy in dual form with the help of the 



 
 

micro and macro variables. But much easier to find nonholonomic terms 

from the SP motion equation. 

 

4 Uncertainties of the systemôs dynamic in classical mechanics 

 

Let us show how to find the value 
dA  (see. eq. (8)) from the SP motion 

equation. In according to the principle of d'Alembert, we will have for the 

MP system [9]. 
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Here, the index i  runs through all the micro and macro variables.  

Multiply the idwon dt and integrate in the interval from 1t t=  to 2t t= . 

We will have: 
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In accordance with the SP motion equation, the forces, which responsible for 

the change in internal energy, depend on the velocity and cannot be defined 

as gradient of a scalar function. Monogenic nature of the active forces will 

only be for a potential component of the force that determines the SP motion. 

This means that the power function is exist only for the force which respon-

sible for the motion of the CM of SP.  

In accordance SP motion equation, it can be written as follows: 
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Performing a standard conversion, for example, as it was done in [9], we 

write: 
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where 
2/env ins

dis N N NF (ū +E )V V= - is a forces which responsible for the 

change of the SP internal energy. 

Using the notation: 
env

N N NL T U= - , where 
2( ) / 2N N NT M V=ä , we 

will have: 
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If it is required that ird  
to vanish at the ends of the interval 1t , and 2t we 

will have: 
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Hence we have: 
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1

t

dis i

t

F drdtdñ =0. But this is zero only when the internal energy does not 

change along the trajectory of the system, i.e. when the SP motion energy is 

invariant. Thus, the symmetry breaking of the time in classical mechanics 

associated with a change in the internal energy of the system. This is equiva-

lent to the energy dissipation. It is only possible due to the structural body. 

Let we have the inequality: iR r>>. It means that the scale of the inhomo-

geneity of the external forces is much larger than the characteristic scale of 

the SP. Then the force in 
envF  (9) can be expanded in the small parameter. 

Keeping in the expansion of the zero-and first-order terms, we can write:
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The second term in the right-hand side of (16), determines the change in in-

ternal energy. This term is a non-linear, and depends on the micro and macro 

variables. It is proportional to the difference between the forces exerted on 

the different areas of the system. The magnitude of this term is much smaller 

than the first term of the right hand side.  

Then, in according with the eq. (16), we will have for SP: 
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Thus, the dissipation is proportional to the gradient of the external forces. 

The dissipation is impossible for interacting of the structureless bodies. In its 

turn the formation of new structures is impossible without dissipative pro-

cesses. Therefore we come to conclusion about the infinite divisibility of 

matter. Consequently, due to Newton's laws and hierarchy of fundamental 

forces, the natural systems have a hierarchy structure. Therefore, dissipation 

and symmetry breaking of the time are the inherent properties of matter. This 

conclusion follows strictly from the PDS and Newton's laws.  

Since the internal and the motion energies are independent, the position of 



 
 

the system in space ambiguous determined by the value of the field of forces 

at the point of the CM. This means of the ambiguity of phase trajectory of the 

SP and violation of the symmetry of time. 

 

5 Irreversibility in classical mechanics 

 

Almost all objects in nature are nonequilibrium systems. In the approxima-

tion of local thermodynamic equilibrium the nonequilibrium systems can be 

represented as a set of SP which in motion relative to each other  [1, 2]. Then 

the state of nonequilibrium systems will be determined by the 6R-1 coordi-

nates and velocities of each SP, where R – is the number of SP. The corre-

sponding phase space we call an S-space in order to distinguish it from the 

usual phase space for a set of MP [3, 5]. S-space is compressible, because the 

motion energy of SP is transformed irreversibly into their internal energy as a 

result of their interactions with each other. 

Thus, the state of the nonequilibrium systems is defined by two types of 

energy, each of which can be associated with its subspace. The SP motion 

energy corresponds to the subspace of macro variables. And the internal 

energy corresponds to the subspace of all micro variables for each MP. This 

means that to the each point of the S-space correspond some of the region 

of the micro-variables subspace. . It is means that between the point of the 

S-phase space defined by the coordinates and moments of all SP, and the 

state of the nonequilibrium systems the bijection do not exist.  

If the change of the internal energy for each of SP insignificantly and can 

be neglected, then the eq. (9) is transformed into the reversible of the New-

ton's motion equation. In this case, S-space is equivalent to the ordinary 

phase Space. 

The motion energies of each SP are irreversibly transformed into its internal 

energy. Therefore it is possible to introduce the concept of the dynamical 

entropy (D - entropy) as a relative increment of the internal energies for all 

SP. In according with such determination, the change in time of the D – en-

tropy, 
dS  of nonequilibrium systems is given by the formula [3, 8]: 

 

{ }1 1
[ ] /

LR Nd L

L ks k LL k s
S N F v dt E

= =
D =ä ä äñ                       (18) 

LE -is internal energy for L -SP; LN - is a number of MP in the L -SP; L

=1,2,3…R  - is a number of SP into NS; s - is external MP which interacted 

with k -th МP of L -СЧ; 
L

ksF -is a force, acted on k -th МP of SP from s -th 

МP another SP; kv -is a velocity k -th МP.  

From eq. (18) it follows that the NS comes into equilibrium when all the en-

ergy of the relative motion of SP transformed into their internal energy. This 

conclusion is in full compliance with the statistical nature of the equilibra-

tion. It also follows from the eq. (17). Indeed, according to the eq. (17) the 

transformation of the motion energy into the internal energy of the SP is only 

possible when the external field for her is nonhomogenious. For each SP the 



such field is a field of the other SP. Since the rate of increase of the SP inter-

nal energy is proportional to the gradient of the external forces, this rate de-

creases with decreases of the energy of the relative motion of SP. When the  

relative velocities of all SP dissipates, the nonequilibrium systems equil i-

brates. Equilibrium corresponds to the homogeneity of the field of internal 

forces. Such a scenario is consistent with the establishment of the equilibrium 

in connection with the eq. (17), according to which an increase in the internal 

energy of the SP in a uniform field is not possible. 

Let us note that the entropy for a system from a small number of MP, in con-

trast to the thermodynamic entropy, can be negative. It is also can be seen 

from numerical calculations [15] and also follows from the fact that the con-

cept of equilibrium of the system is applicable only for the case of a suffi-

ciently large number of MP in the system. And only for the system which can 

be considered as equilibrium the 
dS  coincides with the thermodynamic en-

tropy. 

Let us consider the mathematical explanation of nature of the mechanism of 

irreversibility due to the violation of the translational symmetry of the motion 

of the system in a nonuniform field of external forces [3-5]. 

Let we have the motion of an equilibrium system in a heterogeneous space.  

During this motion the part of the motion energy, value trEd , is transformed 

into the internal energy. According to equation (17), this value is determined 

by small quadratic terms in the expansion of the field of external forc-

es. When the system moves in fairly strong gradients of external forces, its 

balance may be upset. Then it will be a set of equilibrium subsystems with 

non-zero relative velocity [7]. That is, part of the energy 
trEd  will go on 

increasing energy of relative motion of the subsystems, and some will go to 

their thermal energy. This can be written as: 
tr tr h

insE E Ed d d= + , where 

tr

insEd - is energy of the relative motion of subsystems, and 
hEd - is a heart 

internal energy. That is, we have the inequality:
tr

insEd < trEd . But return to 

the motion energy of the whole system can only part of the energy
tr

insEd  

which determined by the small quadratic term in relative to 
tr

insEd . We 

denote it’s as tr

retEd . Thus we have:
tr tr

ins retE Ed d . Thus the return part of 

the motion energy of subsystems into kinetic energy of the entire system 

must also be the value of the quadratic variables that determine energy 
tr

insEd

. That is, the inverse transformation of energy 
tr

insEd  into kinetic energy of 

the system has to be determined by the terms not less than fourth order. 

Consequently, for the systems will always take place inequality: 
tr

insEd <<

trEd . This determines the tendency of the system to equilibrium and corre-

sponds to the second law of thermodynamics.  

From here is following that the spontaneous symmetry breaking in classical 

mechanics is a special case of the deterministic irreversibility. 



 
 

In the following discussion, we relied on the Galilean relativity principle, 

according to which in equilibrium systems the occurrence of non-zero 

momentum of the system at the expense of its internal energy is impossible. 

 

6 About violation of the symmetry  

 

The modern concept of symmetries and their violation in physics is directly 

related to the mathematical concept of symmetry groups [4, 11]. Group theo-

ry methods are used in physics in those cases when we analyze the processes, 

in which there is no breaking of symmetry, or when we are want to know the 

final state of the system, and therefore the process of transition is actually 

given by the "hands" [12]. For example in quantum chromodynamics it is 

done by empirical selection of operators of the creation or annihilation of the 

particles. Only in this way we are able to use a strict and universal mathemat-

ical apparatus of the theory of groups. 

Symmetry breaking is always associated with non-linear processes. Indeed, 

the formal symmetry breaking is defined by the operators that depend on 

variables from several irreducible symmetry groups. For example, the trans-

formation of the motion energy into the internal energy of the system in an 

inhomogeneous field of forces is determined by the bilinear terms that de-

pend on the macro and micro-variables [3, 5, and 8]. I.e., the coupling func-

tions, which determine the transformation of one irreducible symmetry group 

to another, must depend on the elements from the two groups of symmetry. 

There are currently no universal methods for solving nonlinear equations. 

Therefore to describe the symmetry breaking is necessary to resort to private 

methods of solving various problems of dynamics, which are dictated by their 

physical statement [10]. 

In quantum field theory, quantum chromodynamics, there are known pro-

cesses of spontaneous symmetry breaking. Here the method of the renormali-

zation group analysis for describe their mechanisms is used. This method is 

based on a functional equation [12].  

Along with the renormalization group analysis method in physics developed 

method for solving a fairly wide range of tasks, based on the concept of su-

persymmetry. The most important property of supersymmetry is that it com-

bines continuous transformation (e.g., measures of translation) with a special 

type of discrete transformations (reflection-type). This method is applicable if 

there is a formal analogy between two of these types of transformations that 

are of a different nature. Availability of this analogy is the basis of super-

symmetry [12]. In these cases, a possibility of reducing the problem of one or 

another method to the problem with a new type of the expanded symmetry is 

used. 

Often, the need to explain the symmetry breaking leads to the development of 

the very foundations of physics and physical picture of the world as it was in 

the case of spontaneous symmetry breaking [13]. 

Thus, as a rule, now explain the mechanisms of the symmetry breakings are 

based on the phenomenological approaches in the physics. As usually, the 

initial and final state of the systems attempt to find, but the non-linear process 

of symmetry violations, often not considered. This is done in quantum chro-



modynamics by the empirical selection of operators of the creation (annihila-

tion) of particles, gauge fields, the independent variables in connection with 

the initial and final states. And although the corresponding theory is not sel-

dom perfectly describe numerous experimental results; questions about the 

mechanisms of symmetry breaking remain unclear. On the other hand, it 

seems obvious that if the symmetry breaking permeates all areas of physics, 

the explanation of the nature of such violations should be universally appli-

cable, as in classical mechanics, and other branches of physics.  

Consequently, the question of how to develop generic methods of analysis 

and description of dynamic systems subject to symmetry breaking is still rel-

evant. Here, we are try to consider this question on example of a determinis-

tic mechanism of symmetry breaking of the time which was submitted in the 

framework of the mechanics SP [5]. 

Practically all the basic equations of the quantum mechanics, the physics of 

elementary particles, including the Schrödinger equation, Pauli, Dirac etc. 

derived from the Hamilton formalism [14, 15]. But this formalism is not 

acceptable for the analysis of processes of symmetry breaking of the time 

associated with the transformation of the motion energy of the particles into 

their internal energy or into the internal energy of their decay products. 

Let us consider interaction of the particles, for which is necessary to take 

into account quantum effects. For example, the scattering of the electron 

flux on nucleons. Let the new particles are produced in this case. This 

means that there may be a change in the internal energy of the products of 

interaction provided that the total energy of a system of interacting particles 

is constant. Since in this case the system’s motion energy decreases due to 

its transforming into the internal energy, the symmetry breaking of the time 

is observed. I.e. the condition (9) has a place. This condition is equivalent 

to the uncertainty principle [14], but the conditionality of the transfor-

mation of the motion energy of interacting particles into the internal energy 

of the reaction products. Thus, according to eq. (9) we will have: 

 
dA h² ,                                                  (19) 

where h - is a Plank constant.  

This gives rise the next questions. How does this compare with the Heisen-

berg uncertainty principle? Is it somehow related to the fact that, according 

with the SP mechanics, even the smallest particle have a structure, i.e. each 

particle possess internal energy and the corresponding phase space? We re-

mark that if the uncertainty principle connected with the structure, the value 

of uncertainty will determine the parameters most small particle which may 

exist. I.e., in this case, the uncertainty principle can be interpreted so that the 

accuracy of determining the dynamics of a particle cannot exceed the accura-

cy of determination of the motion energy at each point in the phase space, 

which is restricted by the changes internal energy of the system. In connec-

tion with it, the question about the region of restriction of the basic equations 

of quantum mechanics is appearing. Is it necessary to expansion of the for-

malism of quantum mechanics, by analogy with the expansion of classical 

mechanics on the basis of accounting structuring particles? 

Thus, the problem of many-body mechanics, of quantum mechanics, ele-



 
 

mentary particle physics, the problem of symmetry breaking in the process-

es of the particle interactions, etc. require analysis from the position of 

PDS. This follows from the fact that all particles, including the so-called 

elementary particles, have a structure. Therefore, an accurate description of 

the nature of interaction of bodies, their dynamics is impossible without 

taking into account the nonlinear transformation of the system’s motion 

energy into their internal energy.  

 

 

 

 

Conclusion 

 

In the nature all the bodies have a structure. Therefore, the body motion 

equation is determined by the PDS: the symmetry of the body and the sym-

metry of space, while the dynamics of unstructured body is determined only 

by the symmetry of space. The dualism of symmetry leads to a qualitative 

difference between their motion equations. Indeed, in the body motion equa-

tion, unlike Newton's motion equations for unstructured body; have an addi-

tional term connected with the change in its internal energy. 

The body can be represented as a system of the potentially interacting MP. In 

this case, in agreement with the duality principle of the symmetry, the body 

motion equation can be obtained from the dual energy expression by submit-

ting the energy as the sum of the internal energy and the system’s motion 

energy. This can be done in the space of independent micro and macro varia-

bles. Micro-variables determine of the internal energy and macro-variables 

determine the system’s motion energy. The dynamics of the body displayed 

in the dual-phase space: independent subspaces micro and macro variables. 

Separation of the full energy on the sum of the internal energy and the motion 

energy leads to the possibility of taking into account the dissipation in the 

description of the body’s dynamics. The dissipation is associated with a non-

linear transformation of the body’s motion energy into its internal energy and 

occurs when the body moves in the non-homogeneous fields of forces. 

The difference between irreversible SP motion equation and the reversible of 

the Lagrange equation does not mean their contradictory nature because the 

Lagrange's equation is obtained when the hypothesis of holonomic 

constraints have a place. This hypothesis is not satisfied when a nonlinear 

transformation of the energy of motion into internal energy is exists. But 

precisely such transformations of energy are responsible for the symmetry 

breaking of the time.   

In general, all natural physical objects are nonequilibrium. In the 

approximation of local thermodynamic equilibrium they can be represented 

as a set of interacting equilibrium subsystems. In a closed system, there is a 

transformation of the energy of relative motion of the subsystems into the 

internal energy, which is determined by the terms of the second and higher 

order smallness. At the same time, the reverse transformation is already 

determined by the terms of the double order of smallness relative terms 

which determined by direct transformation. The transition of the internal 



energy of the equilibrium subsystems into the energy of their relative motion 

is prohibited by law of conservation of momentum. These facts is determines 

the nature of the equilibration. 

The principle of the energy duality allows entering into the mechanics of the 

concept of D-entropy as the ratio of change in internal energy due to the 

energy of motion, to the value of internal energy. The main advantage of the 

D-entropy can, perhaps, be called what it is completely derived from the 

dynamic characteristics of the system. For a small number of particles D-

entropy can be either positive or negative. For an equilibrium system D-

entropy is positive and increase only. It is corresponds to the second law of 

thermodynamics. For SP the D-entropy coincides with the Clausius entropy. 

According to the SP motion equation, its phase trajectory is the degenerate. 

Degeneracy due to the fact that each of the phase trajectories correspond to a 

set of internal states of the SP, which corresponding to the point of the S-

phase space. Each point of the S-phase space is defined up to a value
dA . 

The 
dA  is determined by a nonlinear transformation of the motion energy 

into internal energy. In the simplest case the 
dA  is a bilinear function. 

The 
dA  is similar to the uncertainty principle in quantum mechanics. Then 

the question is appearing: is not connected this the principle with that that all 

natural objects, no matter how small they were not, have an internal structure, 

which causes uncertainty in the phase trajectory for example in the strong 

interactions? 

Formation of structures is impossible without the dissipative processes. But 

the dissipation is not possible for nonstructured body. The infinite divisibility 

of matter is followed from here. Thus, the fact that the substance is a hierar-

chy of systems is a consequence of Newton's laws and the hierarchy of the 

fundamental forces. 
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