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

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

    = − 3⁄ .       
       . 

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

Введение, методы  и материалы; результаты.    -
         ,   

  [1],     =        
       « ».     -
     .       

.       [2]: « ,    -  

   det      -  ,   
,        «»   
   .  ,    .   

 det               ;  ,   
     ,  det            

   .      -
     ,    , , -
   » (. [2],    (18)). 

             ,   -

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

      ,    -
        . 

             ,      ,  
 

 
 

 
 

       
2 2 2 22 0 2 2

 ( ) sin
r ri k

ik
          ds g dx dx e dx e dr r d d

           
 

  (1) 

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

     [1].  
 

00
0

r
g e


      



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

 
0

r

rr
g e


                 

ikg  .   
2

22
g r r            -    

 ,           , 

    r  .    (100.6) 
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rr

g r    
g m

 r r r   

  
h m r r r  .      0

rr

g h
 r r r g r   .  

g
 r   

hr , 

     0
rr

g r      , .     

   
2

/ 2
m m

M  r c k r   
g h m

r r r    .  

                -
   (1)  .  -
     [4]    1960- . -
       (1),    ,    

            
2 2 2 2 2 0 2 2

00    ( )( ) sin ,rr         ds g r dx g r dr r d d       
 

 (2) 

        [5, 6]   -

    — .      
2

/ 2
m

M  c k r ,  det
ik

g   

( )
rr

g r        -      

 .     [5]  [6],   -

,  ,    det 0
ik
 g  ,   - . 

     
h

r             

 . 
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   det ikg    ( )
rr

g r       

  .       

  ,   det ikg    ( )
rr

g r    .  

       —  [5, 6]  -

  .    0
g

r r    (  ( )
rr

g r <0) 

  00g        ,    

r.         .   

 00 1g  ,       (2)  
2

22g r r   -

   22
g r :  

              
2 2 2 2 2 0 2

22
  ( )( ) sin

rr
        ds dx g r dr g r d d         

 
. (3) 

,  «      ,  , -

     » [3, §97].    

     «» ,       .  

        ,      

       .  

         -

     
0

0
0R       .       

   : 
1

2

k k k

i i i
R T T

 
      
 

, 
4

8
k

c


   .    ([3, 

(94.9)),  -    ( )
k k k

i i i
 T p u u pg    .    4-

 0i i
 u     .     

0

0

1 1
3

2 2
 T T p     .  

0

0
0R        

  
0

0

1
3

2
R p          -,      

            -

           
 / 3p   . ,        -    

    0p  . ,           0p  .  -

    
g
 r   

h
r ,      -    

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

    —        
g

 r r  

 hr r             .   

  ,     
g

r r   
h

r r  -

  ( )
rr

g r        .  
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 

               22 22
0

, ,
r

 rr rr
                dx g r dr x r g r dr g x g r x       - (3) 

          22
g x :  

               
2 2 2 22 0

22      sinds dx dx g x d d        . (4) 

    0
rr

g r       .  

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

     .      , -

       — ,  -

      —      -

     [7]. 

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

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

     . 
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On the Meaning of Einstein's Hypothesis Considering  
the Schwarzschild Metric and the Synchronous Metric the Example 
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Abstract. Comparing the properties of the Schwarzschild metric and the synchronous met-

ric, the real meaning of Einstein's hypothesis on the choice of a coordinate system is re-

vealed. In a synchronous reference system, matter can be in a static state, but only when 

compressed by its own gravitational field to the ultrarelativistic limit. The static state of 

extremely compressed matter can exist regardless of its internal structure. 

Keywords: metric tensor, determinant, synchronous coordinate system, Einstein equations 

Introduction, methods and materials; results. In the gravitational field of a static 

spherically symmetric object, according to the Schwarzschild solution [1], the 

components of the metric tensor 00g  and rrg  “change signs” on the hypersurface 

g
 r r . In the Schwarzschild solution there is a singularity at the center. This cir-

cumstance did not go unnoticed by Einstein. Here is a quote from his article [2]: “If 

it turns out that in some place of the four-dimensional continuum det
ik

g  vanishes, 

then it means that at this place the infinite small “natural” volume corresponds to 

the finite coordinate volume. We assume that this is nowhere to be found. In this 

case, det
ik

g  cannot change its sign; we will accept, in accordance with the special 

theory of relativity, that det ikg  always has a finite and negative value. This as-

sumption is a hypothesis about the physical nature of the considered continuum 

and, at the same time, a rule concerning the choice of a coordinate system.” (see 

[2], under the equation (18)). The real meaning of Einstein's hypothesis is that in 

the absence of singularity it is possible (even desirable) to choose a coordinate sys-

tem in which the determinant and signature of the metric do not change signs. It 

does not follow from the invariance property of Einstein's equations that the signs 

of the components of the metric tensor can be fixed in advance for any coordinate 

system. 

For a hundred years, bearing in mind Einstein's hypothesis, the Schwarzschild 

metric 

 
 
 

 
       

2 2 2 22 0 2 2
 ( ) sin

r ri k

ik
          ds g dx dx e dx e dr r d d

           
 

   (1) 

has traditionally been used to analyze the properties of gravitating static spherically 

symmetric objects [1]. The signs of the components of the metric tensor ikg  are 

fixed in advance by the exponents 
 

00 0
r

g e


      
0

r

rrg e


   . By the com-

ponent  
2

22g r r   Schwarzschild fixes in advance such a frame of reference in 

which the ratio of the circumference to the diameter is equal to , regardless of the 
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distance r from the center. The solution to the Einstein equation (100.6) in [3] in 

the form 
 r

e


=      
 0 2 2

0
0
  1 / ( ) 1 2 /

r

      r T x x dx k c r M r     limits the total mass 

 h
M M r . The exponent 

 r
e


 cannot be negative. Therefore, the total mass is 

 
2

/ 2
h

M  c k r . 

Without the exponent 
 r

e


, the same solution is    
2

   ( ) 1 2 /
rr

g   r k c r M r    

regular for any total mass of . It grows inside the object with distance from

 
rr

g r  the center. Outside the object, the total mass  remains constant, and the 

component  
2

2
 ( ) 1

rr

h

k
 g r M r

c r
      returns back 1  to at  r  . Without the ex-

ponent 
 r

e


, the same solution    
2

   ( ) 1 2 /
rr

g   r k c r M r    is regular for any to-

tal mass M. Inside the object, with distance from the center,  
rr

g r  increases. Out-

side the object, the total mass M remains constant, and the component 

 
2

2
 ( ) 1

rr

h

k
 g r M r

c r
      returns back to 1  at  r  .  

rr
g r  has a maximum at 

m
r r . If in the maximum  

rr

mg r  the mass  
2

( / 2 )m mM r c k r , then   0
rr

g r   

and does not change sign. If  
2

( / 2 )
m m

M r c k r , then  
rr

g r  changes sign twice

  0
rr

g r     
g m

 r r r    and at h m r r r  . In a spherical layer 

  0
rr

g h
 r r r g r   . The radii g

 r  and 
hr , on which   0

rr
g r  , are called gravi-

tational. At the boundary    
2

/ 2
m m

M  r c k r  the radii 
g h m

r r r    coincide.  

For the solution to Einstein and Klein — Gordon equations, the Schwarzschild 

metric (1) turns out to be incomplete. The incompleteness had been noticed by 

Kruskal [4] back in 1960. In fact, almost the same metric (1), but used without ex-

ponents, just simply 

            
2 2 2 2 2 0 2 2

00
  ( )( ) sin

rr
         ds g r dx g r dr r d d       

 
  , (2) 

turned out to be complete for the regular solution to the set of Einstein and Klein-

Gordon equations [5]-[6]. However, if the mass  
2

/ 2
m

M  c k r , then det
ik

g  and 

( )
rr

g r  become positive in a spherical layer 
g h

r r r    inside a gravitating object. 

Before my articles [5] and [6] appeared, the region of space in which  det 0
ik
 g  , 

was considered as non-physical. The gravitational radius hr  of a black hole surface 

was called the event horizon. 
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The signs of det ikg and ( )
rr

g r  are not invariant with respect to changes of a 

coordinate system. In the class of regular solutions, one can change to a metric in 

which det ikg    ( )
rr

g r  are negative. A static regular solution to the Einstein and 

Klein — Gordon equations [5, 6] is independent of time. Inside the central region 

0
g
 r r   (in which ( )

rr
g r <0), the metric component 

00
g  turned out to be a con-

stant independent of the radius r. Therefore, it was natural to move to a synchro-

nous reference system. That is, to put 
00

1g  , and instead of  
2

22g r r   in (2), 

simply leave  22
g r :  

              
2 2 2 2 2 0 2

22
  ( )( ) sin

rr
        ds dx g r dr g r d d         

 
.  (3) 

It is believed that "matter in space cannot, generally speaking, be at rest in a 

synchronous frame of reference" [3], §97. An exception is the case of “dust-like” 

matter, when particles do not interact with each other. In our case, this is precisely 

the case, since in the maximally compressed state, gravity dominates over all other 

particle interactions.  

In a static gravitational field in a synchronous frame of reference, the Ricci 

tensor component is 
0

0
0R  . Therefore, it is convenient to work with Einstein's 

equations in the form:  / 2
k k k

i i i
  R T T    . As is known ([3, formula (94.9)), the 

energy-momentum tensor is ( )
k k k

i i i
 T p u u pg    . At rest, 4-velocity 

0i i
 u   . 

So  
0

0
   / 2 3 / 2T T p    . At 

0

0
0R  , it follows from the Einstein equation 

 
0

0  3 / 2R p     that in a synchronous frame of reference, matter can be in the 

static state only when compressed by its own gravitational field to the ultrarelativ-

istic limit  / 3p   . Note that when matter tends to expand, the pressure  0.p   

And if matter tends to contract, then the pressure 0p  . In synchronous coordi-

nates, the gravitational radii 
g
 r   

h
r , like in the Schwarzschild metric, are distin-

guished by the fact that in solutions of the Einstein and Klein — Gordon equations 

with boundary conditions on the radii 
g

r r   
h

r r  the theorem of existence and 

uniqueness is violated. Unlike the Schwarzschild metric, in synchronous coordi-

nates, for 
g

 r r   
h

r r , the metric component ( )
rr

g r  does not vanish. By substi-

tution                22 22
0

, ,
r

 rr rr
                dx g r dr x r g r dr g x g r x     , interval (3) 

becomes dependent on only one metric component  22
g x : 

              
2 2 2 22 0

22
      sinds dx dx g x d d           (4) 
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The metric function   0
rr

g r   remains arbitrary. This arbitrariness means that 

the static state of matter compressed by its own gravitational field to the ultrarela-

tivistic limit can exist independently of the internal composition of the object. With 

a black hole in mind, consisting of a homogeneous medium of Bose-Einstein con-

densate, the solution to the system of Einstein and Klein-Gordon equations in syn-

chronous coordinates is presented in the article [7]. 

Conclusion. Understanding the deep meaning of Einstein's hypothesis made it 

possible to find out that in a synchronous frame of reference, matter can be in a 

static state, but only when compressed by its own gravitational field to the ultrarel-

ativistic limit. Such a state of matter can exist regardless of its internal composi-

tion. Understanding the deep meaning of Einstein's hypothesis allowed us to find 

out the state, but only when compressed by its own gravitational field to the ul-

trarelativistic limit. Such a state of matter can exist regardless of its internal com-

position. 
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