
  58  Москва, МГТУ им. Н.Э. Баумана, 7–10 июля 2025 г.   

УДК 524.882 

Давление вакуума и течение времени под поверхностью Земли 

Беляев В.Б. (*)   wbelayev@yandex.ru 

Радиевый институт им. В.Г. Хлопина, Санкт-Петербург, Россия 

 Аннотация.           
         .      

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

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

                 .  
      ,   

    .        

    .     ,   

         . 

Ключевые слова:   ,  , -

 ,    

Методы  и материалы; результаты.     -

    . .   « » 

,  . .   ,   -
 [1]. ,     

 ,    .  -

           -

-   .   -
                 

  m            -

   [2, 3].           

         ,  

             

2
   (1 / 3) ,p c            —  .     

    .    

      
2

   (1 / 3) .
v

p c    -

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

.        -

      a     
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        [4]. 

                  -
               

     [5].  ,   , 
        0,5 .      

             2,49  [6]. 

                 

         l          
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

    



                 17 1

  5,36 10  
       

     
 17 1

  8,86 10  
      -    

 .        K


  

            16 1
   1,11 10  .

 
    

          -
   . 
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Abstract. In the standard cosmological model, the acceleration of the Universe expansion 

depends on the vacuum pressure. This work considers the possibility of determining it from 

the properties of a local gravitational system. Mechanism of vacuum pressure occurrence 

based on gravitational defect of masses is studied. Its value is obtained for the inner region 

of a weakly gravitating spherical static gravity source with constant density. The equation 

of state corresponds to the solution of Einstein's equations for a sphere within which time 

flows equally everywhere. This solution is used to estimate the flow of time under the 

Earth's surface. The results are compared with the values obtained on the basis on the de-

pendence of its flow only on the gravitational potential. 

Keywords: spherical gravitational source, vacuum pressure, gravitational defect, time dila-

tion 

The vacuum pressure is detected from the space geometry according to Sakharov's 

idea of a “metrical elasticity” of space i.e., the emergence of a generalized force 

that prevents its curvature [1]. It is assumed that the energy equivalent to gravita-

tional defect of masses is spent on vacuum deformation. The gravitational influ-

ence on it is determined in the case of a weakly gravitating static centrally symmet-

rical distribution of the substance. Spherical gravity sources with constant densities 

and the same gravitational masses m are considered in spheres with the same vol-

ume in a distant frame [2, 3]. The difference between the proper volume of spheres 

and their volume in the distant reference frame increases with increasing mass de-

fect, which gives a positive pressure of the gravitational field inside the sphere 

2
   (1 / 3) ,p c   where  is its density. In static case the vacuum pressure balances 

impact of gravity on vacuum. This yields equation of state inside the weakly gravi-

tating sphere
2

   (1/ 3) .p c   Matter distributed in space excites a vacuum, causing it 

to acquire a non-zero pressure, which is assumed to be the source of gravity. This 

equation of state corresponds to the solution of Einstein's equations for a sphere 

with radius a and constant density 

   
2

22 2 2 2 2

2
2

3

2
1  sin  

2
1

m dr
     ds d ct r d d

mc a
r

a

 
            

 


, 

within which the flow of time is the same at all points [4]. 

This metric is used to estimate the flow of time under the Earth's surface in ac-

cordance with the distribution of its density depending on the distance from its cen-

ter [5]. The center of the Earth, according to the applied method, will be younger 

than the surface by  0.5 years . The model with time dilation dependent only on the 

gravitational potential gives a difference  2.49 years  [6]. The relative change in 

time intervals on the surface and at a distance from it within the earth's crust is de-

termined by the coefficient .
п

п

K
l



  



 In the first case, it will be 
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 17 1
  5.36 10 m

 
  for the average density of the Earth's crust and 

 17 1
  8.86 10 m

 
  for 

the density of the water in the World Ocean. If K


 depends only on the 

gravitational potential, it is given an estimate of 
 16 1

   1.11 10 m ,
 

  which weakly 

depends on the local density. The accuracy of determining time using atomic 

clocks makes it possible to detect this effect of its slowing down. 
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