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Аннотация.    -    -       
         -

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

   .    - 
               

(       -),      ()   
 .         -

      .   -
      .    

 ,    .  -

           -
           -

  . 

Ключевые слова: -     ,    , 
 ,  . 

       Введение.  -              
,       .  
 -      Ic [1, 2],  

            ,   

 ,        -

 ,       [3]. ,  

         c -
           -
  [1]. 
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            -   
         -

 [4]        

 [5]. 

Методы  и материалы; результаты.      
      .    -
            -

  [5].  

             
         [5],    

 /       .  

            
 ,    ,    

  .  ,    

           

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

    Заключение.        
         -

                . -

          -

      -.     

    ,       

 . 
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Abstract. The model of gamma-ray burst (GRB) formation during a relativistic outflow 

from a Compton plasma cloud surrounding a magnetorotational supernova. The shift of 

photon energies into the high-energy range is interpret to the scattering of photons emitted 

by the stellar photosphere on a relativistic flow of hydrogen-ionized plasma. A three-

dimensional model of radiative relativistic hydrodynamics (RadRHD) is used to describe 

the GRB process, which includes a complete radiative transfer equation (RTE) with a scat-

tering integral. To modeling the redistribution of photon energies across the spectrum the 

Compton differential scattering cross-section is used. To obtain numerical solution of Ra-

dRHD equations the explicit splitting method is used. For the radiative transfer equation 

with scattering the short characteristics method is used, and for the relativistic hydrodynam-

ics the Godunov-type one. The evolution of a relativistic jet in the interstellar space and the 

spectral redistribution of photon energy as a result of Compton scattering on a relativistic 

flow are obtained. 

Keywords: gamma-ray bursts, radiative relativistic hydrodynamics, radiative transfer, 

Compton scattering 

Introduction. The formation of a gamma-ray emission is an unexplored process 

that combines many physical laws. The long GRBs is proposed to be associated 

with supernovae of Ic type (collapsar model) [1, 2], where the progenitor star is 

assumed to leave a central remnant surrounded by a cloud of heated matter. Accret-

ing process leads to formation of collimated channel is assumed where astrophysi-

cal jet evolves [3]. 

The appearance of a hard emission in the spectra observations is assumed con-

nect with the radiation of the Compton cloud and the scattering of photons emitted 

by the photosphere by a relativistic stream [1].  

This paper aim is to obtain spectra of a gamma-ray burst. This requires model-

ing the process of radiation transfer in a relativistic flow [4] and consider photon 

scattering on ultra-relativistic electrons [5]. 

Methods and materials; results. The mathematical model includes the set of 

radiation relativistic hydrodynamics equations (RadRHD) for ideal (inviscid) hy-
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drogen gas including the quasi-stationary radiation transfer equation. The problem 

of matter acceleration is solved by the grey matter approximation with a Thomson 

indicatrix scattering [5]. 

To compute spectra, a multi-group approximation with the Compton scattering 

cross-section is used. This approach allows take into account the effect of lower-

ing/increasing the frequency when colliding with electrons.  

To obtain the spectra, firstly, acceleration by radiation is modeled in the com-

putational domain which has form of a truncated cone, then the RTE with a mul-

tigroup approximation is solved. 

The results of the gas-dynamic simulation showed that the radiation pressure 

transforms the initial subrelativistic flow into a relativistic mode. Two shock waves 

form in the channel. Due to the directionality of the Compton scattering indicatrix, 

a gamma-ray burst is observed with a small deviation of the observer's position 

from the flow direction. 

Conclusion. The original three-dimensional radiative relativistic hydrodynam-

ic model of jet acceleration in a stationary channel inside the Compton cloud sur-

rounding a supernova is presented. 

Plasma acceleration in a stationary conical channel, taking into account the ef-

fect of radiation during the gamma-ray burst is considered. The spectra for obser-

vator different points of view are calculated. The dependence of the photon energy 

on the direction of radiation propagation is shown. 
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