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The modern physics can be divided into two sections. In the first section, the motion of bodies in space is studied. This research is carried out in the frame of classical mechanics. In this case, the role of the structure of bodies in the dynamics and the processes of changes in the internal state of the body due to its motion are not taken into account. In the second section, the internal state of the body and its change due to change in external restrictions is studied. This study is carried out on the basis thermodynamics, statistical physics, and kinetics. In this case, the processes motion of bodies in the space are not taken into account. However, in the nature, there is no such separation of processes. It is clearly visible on the example of the Universe, which consists of moving galaxies, stellar systems, stars, etc. In the Universe, it is practically impossible to separately describe the dynamics of systems and the change in their internal states. The development of the Universe occurs in the interdependence of changes in internal states and the movement of objects in their inhomogeneous fields of interaction forces.
Recently, new approach for complex studying of matter was offered. In this approach, the motion of a body is studied together with changes of his internal state. The essence of this approach is that, unlike Newton's mechanics for an unstructured body, it is based on the motion equation for the structured bodies (SB). In this new approach, the role of structure of bodies in their dynamics is taken into account. Such approach led to a possibility of creation of “physics of evolution” [2, 3]. 
Let us define the general task of "physics of evolution" as a description of the processes of origin, development and destruction of natural systems within the framework of the fundamental laws of physics based on a new approach. New approach is constructed within laws of classical mechanics for the description of evolution of the moving and interacting bodies by association of two key concepts of natural sciences – of the motion energy and entropy. 
Let us briefly define the role of the concepts of motion energy and entropy in physics. The concept of the motion energy was arisen in classical mechanics. It is characterizes dynamic properties of a body in space. The concept of entropy arose phenomenologically in thermodynamics. After that, the entropy was proved in the frame of statistical physics for models of the systems, close to equilibrium. This model was presented in the form of statistical ensembles of not strongly interacting subsystems. 
The statistical concept of entropy faces with the problems of its application for non-equilibrium systems. Because of the researches, it became clear that in order to solve these problems, it is necessary to find a type of entropy that takes into account the role of motion and interaction of systems in changes in their internal states [4]. To search for this type of entropy, it was necessary to solve the following problems: what is entropy from positions of laws of classical mechanics; how entropy can follow from fundamental laws of classical mechanics; how entropy of bodies can change due to the motion energy; what essence of interrelation of “Order" and "Chaos". 
In this paper we will show how these and other problems were solved by creation of mechanics of system of potentially interacting material points (MP) and how within this mechanics was appeared a new concept, which we called D-entropy. We will also consider consider the physical essence of the concept of D-entropy. 

2. Dissipative equation of the system's motion
The definition of D-entropy follows from the system’s motion equation of potentially interacting MP, which takes into account the role of the internal dynamics of the system’s elements in its motion [3]. Therefore, in order to explain the essence of D-entropy, let us briefly explain why and how this motion equation was obtained.
According to classical mechanics, built based on the Newton’s motion equation, the dynamics of matter must be reversible. However, all processes in nature are dissipative and therefore irreversible. This contradiction leads to an important problem for physics: how to explain the irreversibility of the dynamics of bodies, if Newton's equation of motion is reversible [5, 6]. At the beginning of solving this problem, a probabilistic mechanism of irreversibility was discovered [5]. A necessary condition for the occurrence of this irreversibility is the presence of arbitrarily small random external influences on the system. Therefore, let us call this mechanism probabilistic. However, this mechanism did not allow answers many questions. For example, how the second law of thermodynamics relates to the fundamental laws of physics; how "order" arises from "disorder", etc. Therefore, further searches for a solution to the problem of irreversibility, but strictly within the framework of the basic laws of physics, were continued.
Our search for a solution to this problem began with the derivation of the motion equation of a structural particle in the framework of the laws of classical mechanics without any restrictions, which were used to obtain the Lagrange and Hamilton equations [3]. The main idea was to try to account for the role of body structure in its dynamics. Obtaining this equation was carried out based on fundamental laws and principles that apply both to the system and to its elements. These laws and principles include the laws of conservation of energy and momentum, Galileo's principle. But since we considered the motion of a structured body, instead of a MP, in addition to these principles, the principle dualism of symmetry (PDS) was used. This principle claims that the motion of the structured bodies is defined not only by the space symmetry, as in case of a MP, but also by the body’s internal symmetry. 
Before proceeding to explain the derivation of the deterministic motion equation of the MP system, taking into account dissipative processes, we consider such an equation obtained in the framework of the theory of fluctuations. In accordance with statistical laws, the motion of a body, taking into account friction, is described by an equation in which the friction forces are proportional to the velocity [11]:


,	    		  (1)




where -is the body’s mass, - is the velocity of the center of mass, - - is the force acting on the center of mass,  - is the effective coefficient of friction. 
In accordance with this equation, the motion energy of the body is converted into the internal energy of the relative motion of its elements. This result is achieved within the framework of the laws of statistics that govern the molecular kinetic theory [11]. 
Let us show how one can explain the mechanism of transformation of the motion energy into the internal energy of the body, taking into account the role of the structure of the body in its motion [8, 9].
Consider the motion of a body along an inclined rough surface under the action of gravity. For this purpose, we take a body model as an equilibrium system consisting from a sufficiently large number of potentially interacting MP. At the initial moment of time, the equilibrium system has potential energies. During the sliding of the body, part of potential energy is converted into its kinetic energy. Another part goes to increase the internal energy because of the work of the friction force. This means that each MP of the body participates in two types of motion: in motion together with the center of mass of the system and in motion relative to its center of mass. Therefore, the invariant of motion is the sum of the motion energies and the internal energy of MPs. Dissipation is associated with a part of the system’s motion energy, which is converted into its internal energy. Thus, if we want the system’s motion equation to describe dissipative processes, it is necessary that it take into account the transformation of the motion energy into internal energy. Below we will show how to do this.
The total energy of the system can be represented as the sum of the energy of motion and internal energy using two groups of variables [3]. The group of variables that determine the internal energy are called micro-variables. The group of variables that determine the system’s motion energy are called macro variables. The key point for the possibility of representing the system’s energy in the form of this sum is that the following equality holds for the scalar sum of quadratic functions of vectors [3]:
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The vector determines the velocity of the MP in the laboratory coordinate system; - numbers of MPs where the values  run from 1 to N and ; ; vector  is the velocity of the system’s center of mass; ; , and therefore .
It is very important to emphasize that the first term on the right hand side of eq. (2) corresponds to the measure of "Order", and the second term corresponds to the measure of "Chaos". Indeed, the first term is maximum when all MPs’ vectors of velocity are equal in magnitude and coincide in direction. And vice versa, when the sum of all vectors is equal to zero, then the second term is maximal.
The existence of this equality proves the independence of micro- and macro variables [3]. The total energy in these variables is decomposed into the system’s internal energy and the motion energy. That is, micro- and macro-variables belong to two symmetry groups. In the dual coordinate system in which the total energy is presented according to eq. (2), the system’s energy has the form:


                                (3)





Here - is the system’s internal energy, where  is the kinetic component of internal energy;  - is the motion energy,  - is the system’s kinetic energy, depending on the macro-variables,  - is the system’s potential energy in the field of external forces.
In a dual coordinate system, the internal energy is determined by micro-variables. This is because the sum of the energies of the relative motions of MPs and the energy, determined by the sum of the kinetic energies of their motion relative to the center of mass, coincides. The body's motion energy is associated with a group of macro-variables. The system’s motion energy is characterized by the fact that the sum of the impulses of its elements is equal to the total impulse of the system, but the internal energy of the system is characterized by the fact that the sum of the impulses of all elements is equal to zero. The law of conservation of a system’s energy is that the sum of the energy of motion of the system and the internal energy is invariant along its trajectory, but each of these types of energy is not an invariant of motion.
The system’s motion equation follows from the eq. (3) by differentiating in relation to time, by summing scalar values of energy changes for each MP. It has the form [8, 9]:
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Where ;- is external force acting on the -th MP; ;  - is the strength of interaction  and  MPs; ; ; . 
The eq. (4) already takes into account the relationship between the body's motion energy and it internal energy during the motion of the system. 
In the right hand side of eq. (4), the first term determines the external forces, which applied to the center of mass. These potential forces change the system’s velocity. 


The second term is nonlinear and bisymmetric, because it depends simultaneously from micro- and macro-variables. This term defines the role of the structure of a system in its dynamics. The coefficient “” determines the part of the system's motion energy, which is transformed into internal energy. The work of external forces spent on increasing internal energy is nonzero only when we have: , or when the field of external forces is non-homogeneous. This term was call as the evolutionary nonlinearity, because it links two symmetry groups, which depended from of micro – and macro-variables and leads to a decrease of the motion energy and evolution [10]. 
The nature of the evolutionary nonlinearity can be explained by that that due to the non-homogeneity of the external field of forces, the linking of the vectors from the different symmetry groups is appeared. For the structured bodies these groups of body’s symmetry and space symmetry. It is determine the conversion of the body’s motion energy into its internal energy and lead to a violation of the conservation of motion energy when a body moves in an external non-uniform force field. 
An example of inhomogeneous external forces are gravitational fields in the Universe. Its leads to the transformation of the motion energy of Universe objects into their internal energy as a result of the work of forces proportional to the gradients of gravitational fields these objects. This effect can be called "gravitational friction". "Electromagnetic friction" can be defined in a similar way.
In the cases of homogeneity field of the external forces or in approximation of a solid body, the second term in the right hand side is equal to zero and eq. (4) becomes the Newton’s motion equation.
The dynamics of an equilibrium system in a weak inhomogeneous field of external forces is irreversible [3, 8]. Indeed, in accordance with eq. (4), the magnitude of the change in the internal energy is of the second order of smallness. Therefore, the disturbance of equilibrium of the system can be neglected. However, according to Galileo's principle, the motion energy of an equilibrium system cannot increase due to internal energy. Consequently, we have a decrease in the motion energy of an equilibrium system along its trajectory in an inhomogeneous space. 
The existence of dissipation is a necessary condition for formation of attractors [20]. However, the dissipation is possibly only for the structured bodies. This means that according to the laws of classical mechanics, the matter should be an infinite hierarchy of systems. That is, any arbitrarily small selected part of the body is a system of elements. 
According to eq. (4), the efficiency of increasing of the system's internal energy is determined by the ratio of its increment to the value of the internal energy itself. Thus we have [4]:

	      		         (5)

Here - is a D-entropy for system from N elements. This expression was called D-entropy [4]. The symbol "D" was introduced because this entropy determines the measure of the transformation of the ordered energy of motion of the system into the chaotic motion energy of its elements relative to the center of mass.
Below it will be briefly explained how the D-entropy is determined for an open nonequilibrium dynamical system (ONDS), what are the properties of D-entropy and what is the relationship between D-entropy and existing definitions of entropy.

D-entropy for nonequilibrium systems

A description of the evolutionary processes of matter is impossible without taking into account the fact that in general case all bodies in nature are ONDS. The nature of such processes is determined by D-entropy, which determines the relationship of external influences on the system with its internal structure in according with the eq. (4). 

It turned out that when a sufficiently small system moves in inhomogeneous fields of external forces; its internal energy could either increase or decrease. For example, calculations showed that for an oscillator with N=2 which in motion in an inhomogeneous field of external forces, internal energy can transformed into the motion energy depending on the initial phase of its oscillation and D- entropy can be negative [13]. However, with an increase of the number of particles in the system, the part of the internal energy that can be transformed into the system’s motion energy is decreasing. When N1 > 100, the internal energy could only increase and we have: . For N2 >103 the increment of internal energy growth do not increase [14]. Thus, N2 ~103 determines the range of applicability of the thermodynamic description for the system. In the general case, these critical numbers depend on the parameters of the task. This means [2], that the irreversibility is qualitative: the more particles in the system, the more irreversibly it behaves (that is, the more unlikely reversibility). Thus, D-entropy allows us to determine the area of applicability of thermodynamics based on the laws of classical mechanics.
In the approximation of local thermodynamic equilibrium, with a sufficient degree of generality, ONDS can be submitted by a set of equilibrium subsystems moving relative to each other [11]. The motion of each subsystem is equivalent to its motion in an inhomogeneous field of forces, created by all other subsystems. When a system is in equilibrium, the relative velocities of its subsystems and the resulting forces acting from other subsystems are zero [15]. If to take a nonequilibrium closed system, then its total energy is invariant and the change of the D-entropy is determined by the sum of the increments of the entropies of each subsystem. Therefore, we have [17]:


                (6)










-is internal energy of L- subsystem; -is a force, acting on the -th particles of the subsystem from the side of the particles of the other subsystems;  - is external particles with respect to - subsystem, interacting with its -th particles; -is a speed of the i-th particles; – is a number of particles in - subsystems; =1,2,3…; a – is a number of subsystems in nonequilibrium system. 
The calculations of eq. (2) showed that the magnitude of the fluctuations of the system’s internal energy due to changes of number of particles, obeys the law [14]: 



~.			      (7)
Since this statistical law follow from the eq.(2), it can be argued that it follow from the deterministic laws of physics. A similar conclusion was made in [16]. This is also confirmed by the fact that the principle of maximum entropy corresponds to the principle of least action [17]. It follows that the fundamental laws of physics determine the field of application of statistical laws, and these laws can be considered as possible simplifications of the analysis of the dynamics of systems [18]. The proof of equilibrating closed non-equilibrium dynamical systems can be reduced to the proof that the energy of the relative motions of subsystems is irreversibly transformed into their internal energy. Let us show that in accordance with eq. (4) such a transformation takes place. This can be done by assessing the energy flows between subsystems [3].
Obviously, for a non-equilibrium system consisting from equilibrium subsystems, the mechanism for the formation of direct and reverse energy flows for subsystems is associated with the mutual transformation of the energies of the relative motions of the subsystems and their internal energies. Consequently, the proof of the irreversibility of a nonequilibrium system is reduced to the proof that the inflow of internal energy of the subsystems is greater than the outflow.







Let us  is the energy of the relative motion of the subsystems, which is transformed into its internal energy. According to eq. (4),  is determined by a bilinear term whose value is equal to the second order of smallness. Let us notice that the value  is also a second order of smallness in according with the statistical estimations of an increment of entropy [11]. Therefore we can write: ~, where  is a small parameter, for example, the disturbance of the internal energy. If it so, then << 1 and the violation of the equilibrium of the subsystems can be neglected. In this case, irreversibility takes place, since the transformation of the internal energy of the equilibrium subsystem into of its motion energy is impossible due to the law of conservation of momentum.



Let us consider the second case. If the equilibrium subsystems’ interaction forces or their gradients are the great enough, the equilibrium of the subsystems can be disturbed. Then the subsystems can be represented as a set of equilibrium systems moving relative to each other. In this case, to increase the internal energy of the subsystems, one can write: , where  is the increment of the energy of the relative motions and  is the increment of the internal energies of the subsystems.


[image: ]That is, . The energy of the equilibrium subsystems cannot be transformed into their motion energy. Therefore, we will proceed from the fact that only the energy of the relative motions of sub-subsystems can be transformed back into the motion energy of the subsystems. Let us denote such a reverse flow of the subsystems internal energy, as: . 

According to eq. (4), the value  is determined by the bilinear function of the

Figure. 1. The graph of the formula 8.



sub-subsystems variables, which determined its motion energies and the internal energies. These are terms of the second order of smallness of their micro - and macro variables. But because: , we will have that . Thus, the return flow of the internal energy of subsystems into the energy of its motion cannot be more than the fourth order of smallness. The decrease in the motion energy of the subsystems can be determined by the following equation:


 	   			(8)
and we have:

	                 	(9)

Here the  constants can be determined using of the eq. (4). 





Fig. 1 shows a graph of . For values: , where - are roots of eq. (8), the irreversibility takes place. In general, for N >>1, we have > 0. This corresponds to the second law of thermodynamics. For the stationarity of the system it is necessary to fulfill the equality: =0. However, this state is unstable and determined by micro variables [17]. 
Thus, the concept of D-entropy arose in the mechanics of structured particles, which operates with the total energy of the system, including the system’s motion energy. In this mechanics, internal energy is defined, as the energy of motion of the system's elements relative to the center of mass. 
The work of external forces, acting on the system, is divided into mechanical work to move it and work to change its internal energy. The energy of the relative motion of interacting subsystems due to the presence of gradients of external forces can pass into their internal energy, but the reverse process is forbidden by the Galilean principle, since the momentum of the system cannot change due to its internal energy.
D-entropy is valid for any equilibrium and nonequilibrium systems from any number of elements. At its determination, the absent of the interaction between subsystems was not required, as it is required in the case of statistical physics [11]. However, the interaction energy of subsystems, which is not taken into account in statistical physics, determines the processes of evolution of systems. 
In thermodynamics, in contrast to the mechanics of structured particles, the concept of internal energy is defined as the total energy of a system minus its motion energy. 
D-entropy in quantum mechanics is defined in the same way as in classical mechanics. D-entropy follows from the expanded Schrödinger equation obtained from the principle of dualism of energy [21].

The entropy for open non-equilibrium systems can be obtained also with a help of distribution function. This function, , is found using the extended Liouville equation, which has the form [19]:

       (10)                          



Here  - is a number of subsystem, - is a forces acted on the i-th subsystems,  - is a momentum of the subsystem.
Extended Liouville eq. (10), which can be used to describe ONDS, was obtained using eq. (4). This equation, given on the phase plane of coordinates and momenta of a system of structured particles, differs from the canonical prototype in that the phase volume of the system is not conserved due to the dissipative processes. 

From eq. (10), it follows that only non-potential forces contribute to the change in the distribution function of particles of the system. In accordance with eq. (4), the magnitude of the change in the distribution function is proportional to the gradients of forces. For a closed non-equilibrium system, the value of  decreases with a decrease in the energy of the relative motions of the subsystems due to its transformation into the internal energy of the subsystems [9].
Formal solution of the eq. (10) can be written like this:


. 	                (11)

The generality of  lies in the fact that it was obtained taking into account the work of dissipative forces. That is, this distribution function directly follows from the system’s motion equation. Therefore, it can be used to analyze of evolution.

It is known that for entropy can be wright [11]: . From here and eq. (10), we can obtain: 

			(12)

Where .



Thus, if , then we have: . The  has a maximum when the subsystems do not have relative speeds. This is correspond to the equilibrium.



 is more general than . This is due to the fact that  is acceptable for describing the evolution of ONDS moving in inhomogeneous fields of external forces, without using averaging any statistical hypothesize. 

D-entropy for open nonequilibrium dynamical systems
The emergence and existence of all objects in nature is possible only due to dissipative processes as a result of the interaction of bodies, the exchange of energy, momentum and matter [20, 22]. Therefore, to describe evolutionary processes, it is necessary to take into account the openness of bodies. In addition, it must be borne in mind that dissipative processes arise only if the bodies, as well as their elements, have a structure. Hence it follows that matter must be infinitely divisible [9]. The infinite divisibility of matter or the impossibility of the existence of bodies with zero internal energy, follows from the mechanics of structural particles. That is, if all bodies possess all these properties and have arisen as a result of evolution, then they must be ONDS. The idea that the main element of matter is ONDS was also expressed in [17, 22]. Then matter is a hierarchy of ONDS. One way or another, the model of the body, as an ONDS, should be used to study the processes of self-organization of systems, the emergence of “Order” from “Chaos” and evolution [9]. To cover general qualitative properties of the structure and dynamics of matter, the chain of the structure of matter can be written as [9]: MP [image: ] SB [image: ] ONDS. Therefore, according to the PDS, to describe the dynamics at all hierarchical levels of the structure of matter its energy should be represented as the sum of the motion energy and internal energy. 
The change in D-entropy at an each hierarchical level consists of the increments of the motion energies and internal energies for the constituent parts of this level. These increments are carried out due to the energy of the external hierarchical level. Let us assume that the system is near a stationary state. Let outside forces begin to work on the system. According to the principle of dualism of energy, this will lead to a change in the motion energy and internal energies of the elements of the first hierarchical level. Their change, in turn, will lead to a change in the energy of the second hierarchical level,and so on. So we have [9]:





;;….;  (13)  .		                    (14)

Here -the work of the external energy. The energies of the corresponding hierarchical levels of matter consist of the sum of the motion energies  of elements and their internal energies, denoted by the symbols "m" and "in", respectively. 
The eqs. (13, 14) are chains of energy and D-entropy increments for all hierarchical levels of matter due to the work of external forces. These equations can be called the principle of relativity of energy and D-entropy for the steps of the hierarchical ladder of matter. The motion equation for ONDS can be obtained from its energy [9].
The internal dissipative processes lead to a decrease in the motion energy of elements of a levels due to its transformation into their internal energy. As a result, the change in the motion energy at each hierarchical levels can be determined by the condition:

			 (15)


The quantity  we will call D- negentropy which is necesssary for the stationary state of ONDS. Thanks to , an ONDS system can be in a stationary non-equilibrium state. Thus, the stationary state takes place when for each hierarchical level of ONDS the the next equality have a place: 


				(16).
Of course, not all the factors that determine the stationary state of the system are taken into account here. For example, an external influence on a system can directly affect several hierarchical levels of matter. For example, in the case of a flow of solar radiation to the Earth. The spectrum of this flow is wide enough change to directly the state of terrestrial matter at many of its hierarchical levels [24]. However, the nature of such an impact always obeys to the PDS. Moreover, the positive flux of entropy can be compensated by the Planck radiation [12]. However, a complete description of the energy balance goes beyond the scope of classical mechanics.
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