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Abstract. The extension of classicatechanics, which occurs at the transition to the
mechanics of structured particles (SP), is submitted. The mechanics of SB- is co
structed based on the principle of duality symmetries and the correspondingmeprese
tation of energy including replacing dfe material point (MP) on the SP, where SP is
equilibrium system from a great number of the potential interaction MP. Theamech
nism of symmetry breaking and the nature of irreversibility in classical mechanics are
discussed. Shown how into the frame ofslaal mechanics the concept of dynamical
entropy can introduce, and how the mechanics of nonequilibrium systems cam be co
structed in the thermodynamic approach of the local equilibrium. Also shown why the
hypothesis of holonomic constraints which usedhe derivation of canonicald-
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 edpat irreversibility, holonomic co-
strains, entropychaos

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 thaaeh 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 relativa-veloc
ties of the molecules. The motion of the body éedmined by the average
speed of all molecules in laboratory coordinate system.

In accordance with the moleculkinetic theory all bodies can be imagine as
system of potentially interacting material points (MP) [1, 2, and 7]. In this
case thesnergy of he system can be represented in the micro and macro va
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 ofttbdy in space with the
velocity corresponding to the average speed of the molecules in the ¢aborat
ry coordinate system. These two types of energy are independent. Indeed, the
total kinetic energy of the body with its representation in the micro awd ma
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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 rel
tive to the CM [3].

If the forces of MP interaction are central, the corresponding potential co
ponent of he internal energy depends only from migariables. The pote

tial component of the body's energy in the field of the external forcespnin ge
eral, depends on the micro and macro variables. It is leads to engagement of
micro and macro variables.

From the &andpoint of spacéime symmetriesthe dynamics of the bodies is
determined by the principle of duality of the symmetries (PDIS): syn-

metry of space, and by the symmetry of the body [3, 4]. FronPD8is
followed that for description of the dynamickhlmdies we need to have two
groups’ micro and macro of wvariabl es. Thi s me
for the systentanbe constructed based on tABS 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 time sy
metry of space, but also by the nature of the internal forces, i.e. by the inte
nal symmetriesThis need stems also from the nature of the dissipative forces
that determine the dnsition 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 tlaeesp
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. Théndependentof 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 additivejuantity; therefore the system rtion is determined ao-
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 moti@nergy, 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
Lagrangeequaton. Thi s equation follows from the D’'A
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 tife processes in the dynamics of systems
[4]. Therefore possibility of describing systems in the presence of
nonholonomic constraints responsible for the-finear transformation of the
energy of different degrees of freedom in the frame of formalismhef t
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 equatiom@®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 nero 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 Awmogneous 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 noruniform fields of forces, leads to the possibility of describing
processes tated 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 (Bentropy).

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 vidnown 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 pdisgee
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

I n general, the system’s motion equation wil
under the condition that each MP obeys the Newton [&ws.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 equatitien as

follows [8]:
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D :ZV[F, (RJV’"I), F™ R\ )- is a force which acted on ttixth

MP from the side of extean field of forces; K :R\l +Fi, r-l - are the cop

dinates of thel -th MP relative to the CM.

The first term in the righhand side of eqlj is a potentiality force applied to

the CM. This face changesf the SPkinetic energy. The second term is non
linear and depends on both the micro and macro variables. This term changes
the internal energy of the SPe. the eq. 1) takes into account the ndinear
transformation of the motion energgto internal energy in contrast to the
canonical Lagrange equatioror Newton motion equation This
transformation is responsible for the symmetry breaking of the tinveas
shownthat the magnitude of the change in internal energy is proportional to
thegradients of external field of ford8].

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]. ltned out that only
through the nonlinear terms, providing an exchange of energy betwleen di
ferent degrees of freedom, in particular, the mutual transformation ofthe o
cillator motion energy and internal energy, the oscillator may pass through
the potentiabarrier, even the barrier height is more than the motion energy of
the oscillator. If neglected on the nbolonomic constraints, this effectsdi
appears.

When the SP moves in a nonuniform field of external forces, the energy of
motion can transform intthe 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 eneugytd its internal energy is
impossible.The motion equatiofor SPis 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 andrfoalisms 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 Limitation of the classic mechanics

Classtal mechanics is built fathe 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, aMP motioninvariant is energy oMP
motion in the field of external forces.



To describe systems of MP the canonical formalisms of the classical mecha
ics are used. For receipt of the Lagrange equations for MP systenty-
pothesisof the holonomicconstraintss used [6]. This hypothesis leads to the
fact that theformalisms of he classical mechanicannot describe irrevers

ble processes.

Below we will showbriefly how this hypothesis excludes second term in the
right hand side of the motion equations. (Ihis termis responsible for the
nonlinear transformation of the energpetween 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’ Al embert, provided that the work
ical of constraints is zero. According to this principle, we have the following
equation [6]:

R
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Here Fi -is force, which acted oh-th MP; P, -is inertial force fromi -th

MP; O'I’i - is avirtual displacementi =1, 2..R -is a number oMP in the

system.
In order to integrateq.(2), goto independent generalized védnlas Made in
eqg.(2) the necessary transformations, we obté]n [
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Here t -is a time; T -is a kinetic energy for aMP; (, - are thegeneralize

independentariables; CI’C]I - is avirtual displacementQ), -is external force

acted onl -th MP.
For o obtainfrom eq. @) the canonical equation of Lagrange, we use the

hypothesis oholonomic constraints. Only in this caégl, does not depend

on qu . L.e. the hypothesis of holonomic constraints provides conditions:

d p=0, "1. Under these conditions, the.€8) is convertd into a system
of independent equations:

édt (;P-q| = Q‘I u (4)
Thus, the requirement of holonomic constraints allow usatea system of
independent equations which is determined by the conditbr}d,C 0. Nat-

urally, that it removes the possibility of describing the dynamics of systems
in cases when there is engagement variablash defines a nonlinear tran
formation of energies of the different degrees of freedom.

Suppose, moreover, that tiidlowing condition have a place:
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where L =T  is a Lagrange function.
The eq. §) is a Lagrange equation.
The Lagrange equationllows determining the dynamics of the system by
calculating the dynamics of eadfP. Hamilton's equations can be obtained
from the Lagrange equations by replacing the ciekes on moments [6].
The condition of the holonomic constraints is equivalent to the potentiality of
collective forces (5) determining the motion of the systéhis follows from
the fact that one and the same Lagrange equation we can obtain as by the

var i ational met hod, and by integrating of the
spect to time provided potentiality external forcksleed, integrating the
D’ Alembert equation with fixed initial and fi
system, we will have [9]:

! 1
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t
where A = ft'f Ldt -is action. From here weill have [69]:
dA=0 C)

Eq. (8) is the principle of least actioin accordance witlhis principalthe
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, thehypothesis of holonomic constraints which used in the derivation of
the canonicaLagrange and Hamiltorquations precludes the use of these
equations for the description of irreversible processes.

In the general case, when the hypothesis of holononigityt applicable,
instead of eq(8) wewill have:

dA= A’ )

Here A" -is a term, caused by ndmlonomic constraints and determined
by the nonrlinear transfomation of the energies for different degrees oéfre
dom.

In the simplest casd\’ is bilinear function. For SP thé\? 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 nonh@lomic constraints which responsible for

the dissipative transformation of the motion ¢
energy. And in any case for determine the proportion of absorbed ofothe m

tion energy we need to submit the energy in dual form witthée of the



micro and macro variables. But much easier to find nonholonomic terms
from the SP motion equation.

4Uncertainties of the systembs dynamic in clas

Let us show how to find the valud’ (see. eqg. (8)from the SP motion
equation In according to the principle of d'Alembert, we will have for the
MP systeni9].
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dt H
Here, the index runs through allhe microandmacro variables

Multiply the & yondt and integrate in the interval frotn=t, to t =t,.
We will have

ty t, <
fﬂmltlazgﬁ %(mivi) gt'ajt. (11)

In accordance with th8P motion equation, thé&rces which responsike for
the change in internal energyependon the velocity andannotbe defined
as gradient of a scalar function. Monogenic nature of the active forces will
only be for a potential component of the force that determineSRimection.
This means that ghpower function is exist only for the force which raspo
sible for the motion of the CM of SP.
In accordanc&P motiorequation, it can be written as follows:

t t t;

fa Flmdt =g@dt = &R (12)

t t t,
Performing astandardconversion for example,as it was donen [9], we
write:

t 2

t, t, t
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(13)
where F,, =(@°" + [ ) /V2-is a forces which responsible for the
change of the SP internal energy.

Using the notation Ly =T, U™, where T, =§ (M \V?)/2, we
will have:
t, t, . ot t,
¥ wt= dgt g8 my, quﬁ Fofpt (19
7] ty t

If it is requiredthat @', to vanishat theends of the intervat,, and t, we
will have:



t, t,
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where A= pj.dt.
4
tp
Hence we have A’ = dffdrdt. le. the integral (5) is zero when
4
t
A4 drdt =0. But this is zero only when the internal energy does not
4
change along the trajectoof the system,.¢. when theSP motionenergy is
invariant. Thus, the symmetry breakiod the time in classical mechanics

associated with a change in the internal energy ofybem This is equia-
lent to the energy dissipation. It is only possithleeto the structural body.

Let we have the inequality® > ;. It means that thecale of the inhoot
geneityof the external forces much larger thathe characteristic scale of
the SP Then theforce in F*" (9) canbe expandeih the small parameter
Keepingin the expansion ofhe zereand first-order terms we can write:
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Taking into account thatg . _V; = @, ,f ® and Q.

.
R =NEY
=F", we wil have[3, 5
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The second term in the rightand side of (8), determines the change im-i
ternal energyThis termis a nonlinear,anddepends on the micro and macro
variables It is propotional to the difference between the forces exerted on
the differentareas of the systermhe magnitudeof this termis much smaller
than the first term of the riglthitandside.

Then,in accordingwith theeg. (16), we will have for SP:

o N, .
Al = dﬁVN{a i:( r Q IET"" R\7}/ V,j drdt 17

Thus, the dissipation is proportional to the gradient of the external forces.

The dissipation is impossible for interactiofthe structurelesgodies In its

turn the formation of new structures is impossible without dissipatiu-

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 ¢ifie 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 theffieldtes
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 appaexim
tion of local thermodynamic equilibrium the nonequilibrium systems can be
representedsa set of SP which in motion relative to each other [1, 2]. Then
the state of nonequilibrium systems will be determined by thd éBord-

nates and velocities of each SP, veh&— is the number of SP. The cefr
sponding phase space we call aspg@ce in order to distinguish it from the
usual phase space for a set of MP [3, 5§p&ce is compressible, because the
motion energy of SP is transformed irreversibly into their istbemergy 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 hlasiaAnd the internal
energy corresponds to the subspace of all micro variables for eachhigP.
means that to the each point of thece correspond some of the region
of the micrevariables subspacelt is means that between the point of the
S-pha® space defined by the coordinates and moments of all SP, and the
state of the nonequilibrium systems the bijection do not exist.

If the changeof theinternal energyor eachof SP insignificantly and can

be neglected, then the.€9) is transformed imt the reversible of the Ne

ton's motion equation. In this case,-§pace 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 eofdgmamical
entropy (D- entropy)as arelative increment of the internal energfes all

SP. In according with such determination, the changéne of the D— en-

tropy, S of nonequilibrium systemis given bythe formula[3, g]:

os* A {N &"[fi &FvatE (19)
E_ -is internal energy for. -SP, N, - is a number of MP in thd--SP, L

=1, 2R 8is.a number of SP into NSS - is externaMP which interacted
with K thMP of L-C 4 F. -is a force acted onk -th MP of SP from$ -th

MP another SPV, -is a velocityk -th MP.

From a. (18) it follows that the NS comes into equilibrium when all the e
ergy of the relative motion of SP transformed into their internal energy. This
conclusion is in full compliance with the statistical nature of the eqailibr
tion. It also follows from theeq. (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 ddtiacrease of the SP inte

nal energy is proportional to the gradient of the external forces, thiseate d
creases with decreases of the energy of the relative motion of SP. When the
relative velocities of all SP dissipates, the nonequilibrium systemi-equ
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 Skh a uniform field is not possible.

Let us note that the entropy for a system from a small number of MPp4n co
trast to the thermodynamic entropy, can be negative. It is also can be seen
from numerical calculations [15] and also follows from the fact tivatcan-

cept of equilibrium of the system is applicable only for the case of & suff
ciently large number of MP in the systefmd only for the system which can

be considered as equilibrium tH& coincides with the thermodynamio-e
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 force$]3

Let we havethe motion ofan equlibrium systemin a heterogeneouspace

During this motion the part of th@otion energyvaluedE", is transformed
into the internalenergy According to equatioif17), this valueis determined
by smallquadratic termén the expasionof the fieldof external foc-
es.Whenthe system moveim fairly strong gradientsf external forcesits
balance may be upséthen it will be a set okquilibrium subsystemwith

nonzero relative velocity [7]. That is, part of the energydE" will go on
increasingenergy of relative motionf the subsystemsand somewill go to

their thermal energyThis can be written asdE" = &+ B, where

dE,. - is energy of the relative motion of subsysgeand dE"- is a heart

" <gE". But return to

ins

internal energyThat is,we have the inequality/E

tr

the motion energy of the whole systesan onlypart of theenergyd| ins

which determinedy thesmallquadratic ternin relative todE;, . We

denotei tas &E), . Thus wehave dE;" [| &, . Thus thereturnpart of

the motion energy of subsystenisto kinetic energyof the entire system
must also b¢he value othe quadrativariables that determirmergya'Eitr:S

. That is, the inverse transformation of enerd, . into kinetic energy of

the system has to be determined byt#tes not less than fourth order.

Consequentlyfor the systemswill always take placénequality a’Ei‘[:S <<

dE" . This determines theendency of the systemn equilibriumandcorre-
sponds to the secorav of thermodynmnics.

From tereis following thatthe 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 equilibmm systems the occurrence of rzero
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 mathematicadrecept of symmetry groupd,[11]. Group the-

ry methods are used in physics in those cases whemalgzethe processes,

in which there is no breaking of symmetry, or when we are want to know the
final state of the system, anbereforethe process of treition is actually
given by the "hands" [12]JFor examplein quantum chromodynamids is
doneby empirical selection of operators of the creatomnnihilation ofthe
particles Only in this way we are able to use a strict and universal mathema
ical apparatus of the theory of groups.

Symmetry breaking is always associated with-fo@ar processes. Indeed,
the formal symmetry breaking is defined by the operators that depend on
variables from several irreducible symmetry groups. For example, the tran
formation of the motion energy into the internal energy of the system in an
inhomogeneous field of forces is determined by the bilinear terms ¢hat d
pend on the macro and mievariables [3, 5, and 8]. l.e., the coupling ¢un
tions, which determine the transfisation 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 tegoitate
methods of solving various problems of dynamics, which are dictated by their
physical statement [10].

In quantum field theory, quantum chromodynamics, there are knoem pr
cesses of spontaneous symmetry breaking. Here the method of the renormal
zdion 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 cootept
persymmetry. The most important property of supersymmetry is thamit co
bines continuous transformation (e.g., measures of translation) with a special
type of discrete transformations (reflectitype). This method is applicable if
there is a formalralogy between two of these types of transformations that
are of a different nature. Availability of this analogy is the basis ofrsupe
symmetry [12]. In these cases, a possibility of reducing the problem of one or
another method to the problem with a ngye 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 rel, 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 thelinear process

of symmetry violations, often not consigd. This is done in quantum ohr



modynamics by the empirical selection of operators of the creation (a@anihil
tion) of particles, gauge fields, the independent variables in connection with
the initial and final states. And although the corresponding thsargt sé

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 hare of such violations should be universally &ppl
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 breakati) i®l-

evant. Here, we are try to consider this question on example of a determini
tic mechanism of symmetry breaking of the time which was submitted in the
framework of the mechanics SB[

Practically all the basic equations of the quantum mechathiegphysics of
elementary particles, including the Schrodinger 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 ghtransformation 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 examplee 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
its transforming into the internal energy, the symmetry breaking of the time
is observed. l.e. the condition (9) has a place. This condition is equivalent
to the uncertainty pririple [14], but the conditionality of the transfo
mation of the motion energy of interacting particles into the internal energy
of the reaction products. Thus, according to eq. (9) we will have:

A2 n, (19)
where h - is a Plank constant.
This gives rise the next questions. How does this compare with thenHeise
berg uncertainty principle? Is it somehow related to the fact that, according
with the SP mechanics, evéime smallest particle have a structure, i.e. each
particle possess internal energy and the corresponding phase space? We r
mark that if the uncertainty principle connected with the structure, the value
of uncertainty will determine the parameters most speitticle which may
exist. l.e., in this case, the uncertainty principle can be interpreted so that the
accuracy of determining the dynamics of a particle cannot exceed tha-accur
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. Inceonne
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 fo
malism of quantum mechamicby analogy with the expansion of classical
mechanics on the basis of accounting structuring particles?
Thus, the problem of maryody mechanics, of quantum mechanice- el



mentary particle physics, the problem of symmetry breaking in the moces
es of theparticle interactions, etc. require analysis from the position of
PDS. This follows from the fact that all particles, including thecaled
elementary particles, have a structure. Therefore, an accurate description of
the nature of interaction of bodietheir dynamics is impossible without
taking into account the nonlinear transformation of the systemmotion
energy into their internal energy.

Conclusion

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

equetion is determied by the PDS: the symmetry of the body and thme-sy

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, irbtfty motion eqa-

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

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 agreementttvthe duality principle of the symmetry, the body

motion equation can be obtained from the dual energy expression byt-submi

ting the energy as the sum of the internal e
energy. This can be done in the space of independent amct macro vaai

bles. Micravariables determine of the internal energy and maar@bles
determine the system' s motion energy. The dyn
in the dualphase space: independent subspaces micro and macro variables.
Separation of thé&ull 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 dissi
' inear tr ansf or miarteheogy intoifs interhabendogy @angl ° s mo t
occurs when the body moves in the #fimmogeneous fields of forces.

The difference between irreversible SP motion equation and the reversible of

the Lagrange equation does not mean their contradictory nature b#oause

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 ofezgy 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. tioaed 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
determhed 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 nfomentum. These facts is determines
the nature of the equilibration.

The principle of the energy duality allowesteringinto the mechanics of the
concept of Bentropy as the ratio of change in internal energy due to the
energy of motion, to the value ofternal 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 partieles D
entropy can be either positive or negative. For an equilibriumesys
entropy is positive and increase anllyis corresponds to the second law of
thermodynamics-or SP théD-entropy coincides with the Clausius entropy.
According to the SP motion equation, its phase trajectory is the degenerate.
Degeneracy due to tHact that each of the phase trajectories correspond to a
set of internal states of the SP, which correspontbnthe point of the S

phase spaceéach point of theS-phase space is defined up to a vae
The A’ is determined by a nonlinear transformation of iingtion energy
into internal energy. In the simplestse theA’ is a bilinear function.

The A’ is similar to the uncertainty principle in quantum mecicanThen

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
interactons?

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 & hiera
chy of systemss a consequence of Newton's laws and the hierarchy of the
fundamental forces.
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