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Аннотация.        -

 ,    .    -

                

          ,        

            .       -

             -
         

.          , -

      .  

Ключевые слова:      ,  ,  , 
 ,   

Введение.             ,    
       ,       

   .  

         ,     , 

   ,      
  ,   ,  .    -

        -

       [1]. , ,   -
        - ,     

 .  ,    -

          , -
                  

    ,       -. 

Методы результаты  и материалы; .    -   
                   
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              ,   ,      

   ,    [1].  -
         -
       .   -

                   

  ,       [2]. 

    Заключение.        
       ,   -
,         

              -

    .     -

           . ,       

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

           -

    ,        

 .  
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Abstract. Solutions have been found for the asymmetric potential of the heterogeneous 

electric field, given by a smooth function. With the help of non-perturbative formalism 

QED with intense heterogeneous electric field complete sets of solutions are formed, which 

describe initial and final states of particles and antiparticles. Which made it possible to 

study the main characteristics of vacuum instability in the electric field under consideration 

and to compare them with corresponding characteristics of vacuum instability in known 
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precisely solved cases. The dependence of the number of created pairs on the parameter 

defining the form of an analytical asymmetric electric field was analyzed. 

Keywords: QED strong fields, vacuum instability, Schwinger effect, Dirac equation, Darby 

transformation 

Introduction. For strong-field quantum effects, such as the creation of a pair from 

a vacuum, the ability to perform calculations depends significantly on the structure 

of the outer fields.  

In cases where the quasi-classical approximation does not work, the most reli-

able approach is the one formulated within the framework of SFQFT, in particular 

for SFQED. In this approach, non-perturbative computations rely on the precise 

solutions of relativistic wave equations with an external field [1]. In fact, however, 

only a few well-defined cases are known, even if they are close to realistic situa-

tions. Thus, there is the problem of constructing new exact solutions of Dirac equa-

tion in intense external fields, which solution would allow to expand the class of 

exactly solved cases in QED as well as in QFT in curved space-time. 

Methods and materials; results. To study the effect of pair production by an 

external electric field, the general formalism and methods of quantum field theory 

are used, in particular, the Farry picture for QED with external fields that violate 

the stability of the vacuum [1]. To construct exact solutions of the Dirac equation, 

the method of separation of variables and the method of generalized Darboux trans-

formation are used. This made it possible to construct a new exactly solvable mod-

el in QED of a strong electric asymmetric field specified by a potential of analyti-

cal form [2]. 

Conclusion. The influence of the electric field asymmetry on the effects of 

vacuum instability is analyzed nonperturbatively. In particular, it is shown that the 

behavior of the average differential numbers of produced pairs changes significant-

ly compared to their behavior in the case of a symmetric electric field of the Sauter 

type. The instability of the vacuum in a slowly varying field is investigated. It is 

shown that in a sufficiently wide range of momenta, the differential average num-

bers of produced pairs do not depend on the shape of the analytical asymmetric 

electric field and coincide with those created by a constant electric field. A compar-

ison is made of the total average number of produced pairs in the slowly varying 

field regime with the estimate obtained in the approximation of a universal slowly 

varying field. 
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