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Аннотация.           
       .   -

       .   -
   . ,    -
 -   ,    -

 .       

       .          
   ,    - -
 .  

Ключевые слова: -    , ,  -

 ,   ,  , - 

 

Введение.        -       
.    : «    

     - ».   : «-
    ».        -

,     ,    
      .  

    : «     

                -

 ».    . 
       ,   ,  ,  ,  

 ,    . 
Методы  и материалы; результаты.     -    

  ,         
 . 

      -
      .      

  .  

        

    —  [1].   

 —  [2]        -
          -    .  [3].  

        -
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              -

,      [1]. 

        
     ,       

      [4].      

         .      

                  

 . 

 -  [5]   -
 .  ,     , 
     [5].     
,       [6]. 

        

        .        

 -  [7].  ,  -
             .    

     -

  —           

 . ,     -

 ,       .  

     -  -
         '. 
               , 
      .  -

     -     [8]. 

,     -    

       . 

       -

      .  - -
 .  . 1  2    . 

 
Рис. 1. Кадр из видео-симуляции покоя-

щегося слабого осциллирующего сфери-
ческого солитона 

Рис. 2. Кадр из видео-симуляции движуще-
гося слабого осциллирующего сферическо-

го солитона 
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 Заключение.     -    
. ,      -

 - ,     . 

         
  ,    - -

 .  
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Abstract. Solitons of relativistically invariant field models or relativistic solitons are con-

sidered. The model of a space-time film is considered as a model of a unified field. The 

concept of a relativistic oscillating sublight soliton is introduced. It is shown that such soli-

tons realize the wave-particle dualism characteristic of massive elementary particles. Weak 

spherical solitons of the linearized field model are considered. A video of a weak oscillating 

soliton at rest and in motion is demonstrated, which confirms the concept of wave-particle 

dualism of solitons. 

Keywords: wave-particle dualism, solitons, elementary particles, unified field theory, 

space-time film 

Introduction. A soliton can be defined as a physical and mathematical object. The 

physical definition of a soliton is: “A solitary or spatially localized wave is called a 

soliton”. It is often added here: “propagating in a nonlinear medium”. However, 
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this addition should not be made, since any physical substance is nonlinear, and 

only its approximate mathematical model can be linear.  

Mathematical definition of a soliton: “A soliton is a solution to a nonlinear 

field model in the form of a solitary or spatially localized wave”. Here, the nonlin-

earity of the model is significant. 

The interest in the topic of solitons is related, in particular, to the fact that they, 

being wave objects, also exhibit corpuscular properties. 

Methods and materials; results. The report mainly deals with mathematical 

solitons, that is, solutions of field models in the form of solitary waves. 

Relativistically invariant partial differential equations are considered as field 

models. Their soliton solutions can be called relativistic solitons.  

Such relativistic field models include models of nonlinear electrodynamics of 

the Born –Infeld type [1]. Born — Infeld electrodynamics proper [2] was posi-

tioned as a model of a unified field in accordance with the concept of the nonlinear 

electrodynamic world by G. Mi [3]. Within the framework of nonlinear electrody-

namics, it is possible to combine electromagnetic and gravitational interactions in a 

natural way, considering particles as solitons [1]. 

Electromagnetic and gravitational interactions arise as two long-range interac-

tions of solitons, which can be called force and metric, respectively [4]. These two 

types of interaction are characteristic of any relativistically invariant field models. 

In this regard, it is advisable to consider a simpler scalar field model as a unified 

one. 

The space-time film model [5] has many remarkable properties. In particular, 

its exact soliton solutions have been found, which can be compared to photons [5]. 

Its exact soliton solution corresponding to a point charged particle without spin has 

been found [6]. 

Real elementary particles can have spin or intrinsic angular momentum. Such 

solitonic solutions were considered in the framework of the theory of space-time 

film [7]. In addition, elementary particles have pronounced wave properties. In this 

regard, it is necessary to consider oscillating relativistic subluminal solitons — 

solitons with periodic dependence on time in their own coordinate system. It is 

shown that such solitons realize the wave-particle dualism characteristic of massive 

elementary particles. 

In the weak field limit, the space-time film equation transforms into the usual 

linear wave equation or the D'Alembert equation. This equation also has solutions 

in the form of solitary waves, which are not ordinary solitons due to the linearity of 

the model. Such spatially localized solutions are called weak solitons [8]. It is 

proved that a weak soliton is associated with a real soliton particle in the sense of 

asymptotic behavior at infinity. 

As an example, a weak oscillating spherical soliton is considered, resting as a 

whole and moving. A video simulation of the relevant solutions is shown. Figures 

1 and 2 show the frames of these simulations. 
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Conclusion. The concept of a relativistic oscillating soliton is introduced. It is 

shown that such sublight solitons have a wave-particle dualism characteristic of 

massive elementary particles. 

 
Fig. 1. A frame from a video simulation of a 

weak oscillating spherical soliton at rest 
Fig. 2. A frame from a video simulation of a 
moving weak oscillating spherical soliton 

 

 

A video of a weak oscillating soliton at rest and in motion is demonstrated, 

which confirms the concept of wave-particle dualism of solitons. 
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