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Аннотация.        -       
   .       -
    ,     , ,  -

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

   .          -

  ,    .      -

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

 ,        , -

   ,      - 

. 
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  

Введение.            -

   ()     1966 .   . .   
  . .  [1].         -

         .            

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

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

LIGO/Virgo/KAGRA.        -      
,          -

    .      
            

     . 

Методы результаты  и материалы; .        
            -

                 -
               .  

        [2],   -
                    

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

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

      [3].  

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

    (     ) . -

,           

       30  .   

 LIGO/Virgo/KAGRA         

  ,    . 

Заключение.        -       
                          . 

        30       

,       -  -
 LIGO/Virgo/KAGRA     . 
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Abstract. The merge of binary primordial black holes in an evolving dark matter halo has 

been investigated. If primordial black holes make up only a small fraction of all dark mat-

ter, and the rest of it consists, for example, of elementary particles, then a halo of dark mat-

ter must inevitably form and grow over time around a pair of black holes. It is shown that as 

a result of the non-spherical compression of the dark matter layers, there is a continuous 

flow of dark matter through the center of the halo. The passage of dark matter affects the 

evolution of the orbit of a pair of black holes, taking away the energy of the orbital motion. 

This effect leads to an accelerated contraction of the pair's orbit and a decrease in the time 

before the black holes merge. This, in turn, leads to a change in the rate of gravitational 

bursts accompanying black hole mergers, and may have implications for gravitational-wave 

astronomy. 
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Introduction. The hypothesis about the possibility of the primordial black holes 

(PBHs) formation in the early Universe was proposed in 1966 in the work of Ya.B. 

Zeldovich and I.D. Novikov [1]. Since then, several models of their formation have 

been developed. PBHs can play an important role in a number of astrophysical pro-

cesses and in cosmology. In particular, they can form gravitationally bounded bina-

ry systems, and their mergers in pairs can explain some of the gravitational wave 

events detected by the LIGO/Virgo/KAGRA detectors. If the PBHs make up only a 

small part of the dark matter, then the remaining dark matter should form an evolv-

ing halo of dark matter around the pairs. In this paper, we consider the influence of 

dark matter fluxes from shrinking halo layers on the evolution of the orbits of a 

pair of PBHs in the center of the halo. 

Methods and materials; results. In this paper, we write down equations for 

the evolution of a dark matter halo around a pair of PBHs and consider the sequen-

tial passage of non-spherical layers of dark matter after their separation from cos-

mological expansion and first contraction. Since there are directions with zero an-

gular momentum [2], the layers of dark matter take on a flattened shape and pass 

through the center of the halo until new layers are split off (until the halo stabiliz-

es). The paper calculates the flow of dark matter through the center of the halo. 

Using the found flow, the influence of dark matter on the orbit of a PBH pair is 

calculated using the Quinlan formalism [3].  

The tidal gravitational influence of inflationary density perturbations and 

neighboring (relative to the pair under consideration) PBHs is considered as factors 

determining the non-spherical compression of the halo. It has been found that the 

flow of dark matter from the evolving halo significantly accelerates the process of 

the PBHs merge (with masses of 30 solar masses). To explain the LIGO/ 

Virgo/KAGRA data, it takes about an order of magnitude less PBHs compared to 

the case when the halo is not taken into account. 

Conclusion. The calculation of the evolution of the orbit of a pair of PBHs 

showed the importance of taking into account the flow of dark matter from the sur-

rounding halo through the orbital region. In the case of black holes with masses of 

about 30 mass of the Sun, the rate of merge accelerates significantly, which is im-

portant for explaining the data of the LIGO/Virgo/KAGRA gravitational wave de-

tectors in models with PBHs. 
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