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Abstract 
The paper is devoted to the problem of cosmology, which is formulated as a 
spherically symmetric problem for a pressure-free model of continuum. The 
problem is described by equations of general relativity corresponding to the 
special four-dimensional space, which is Euclidean with respect to space co-
ordinates and Riemannian with respect to the time coordinate only. Within 
the framework of this model, the analytical solution of the field equations in-
corporating the cosmological constant is obtained and analyzed. This solution 
describes the continuous process of the Universe evolution, consisting of the 
phases—the Universe expansion and subsequent gravitational collapse. The 
existing data for the observable Universe age and the cosmological constant 
are used for numerical evaluations. As a result, the obtained solution specifies 
the dependency of the continuum density on time and allows us to evaluate 
the durations of the processes of the Universe expansion and gravitational col-
lapse.  
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1. Introduction 

Universe evolution consists of two processes-expansion and gravitational col-
lapse, which are traditionally studied separately. Particularly, gravitational col-
lapse is widely discussed in the literature [1]-[4]. History and the state-of-the-art 
of the problem are presented in a review [5], which contains brief descriptions of 
the results obtained by 400 authors working in this field. The traditional model is 
a pressure-free continuum, which is described by the Schwarzschild geometry and 
is referred to as the so-called co-moving coordinates, with the line element in the 
following form: 

( ) ( )2 2 2 2 2 2 2 2 2d , d , d d , d d sin ds U r t r V r t c t θ θ ϕ= + Ω − Ω = +  
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in which r  and t  are the radial and the time coordinates. The first solution of 
the collapse problem was obtained in 1939 by Oppenheimer and Snyder [6]. Af-
ter some assumptions, they arrived at the following asymptotic expressions for the 
metric coefficients of the Schwarzschild metric form for the sphere surface r = R: 

( ) ( )2
11 44 111 e , e 1 eg g gtc r tc r tc rg R g g − −= + = +  

in which 22gr mG c=  is the so-called gravitation radius expressed in terms of the 
sphere mass m, the classical gravitation constant G and the velocity of light c. As 
can be seen, ( )11g t →∞ →∞  and ( )44 0g t →∞ → . An alternative solution of the 
collapse problem was presented by Weinberg [3]. More recent results can be found 
in [7]. The expansion problem was originally formulated by Friedman [8] and fur-
ther discussed by Weinberg [4]. 

In the present paper, the solution of the collapse problem is based on the proposed 
special model of the four-dimensional space [9]. This space is Euclidean with re-
spect to coordinates , ,r θ ϕ  and Riemannian with respect to time. Expansion and 
collapse problems are solved for this model of space in [10], where the solutions 
of the field equations without the cosmological constant are obtained. These solu-
tions describe the Universe expansion and gravitational collapse as separate pro-
cesses. As shown further, the allowance for the gravitational constant leads to the 
solution, which describes the Universe evolution as a continuous process of the Uni-
verse expansion and collapse. 

2. Equations of General Relativity in a Special Riemannian 
Space 

Consider the traditional model for cosmological problems of continuum, which 
consists of a system of isolated particles and in which the distance between the 
particles is much larger than the particle dimensions. For this continuum, the in-
teraction between the particles is restricted to the gravitational forces only and the 
continuum can be described by the equations of General Relativity Theory (GRT) 
treated as a phenomenological theory based on the traditional in the mechanics 
model of space as a homogeneous isotropic continuum whose physical micro-
structure is ignored. It is important that the density of a pressure-free continuum, 
which is initially constant, depends only on time [3]. The idea of a special Rie-
mannian space which is Euclidean with respect to spatial coordinates and Rie-
mannian to the time coordinate only has the following reasoning [9]. Consider 
a static problem for which the GRT field equations link the metric tensor with the 
stress tensor [11], which means that the Riemannian space is induced not only by 
gravitation, but by the mechanical stresses as well. Now, assume that we observe 
in a traditional three-dimensional Euclidean space a solid sphere. The sphere sur-
face is a two-dimensional Riemannian space, whereas the internal sphere space is 
Euclidean. Further assume that the sphere is loaded with self-balanced forces, in-
ducing inside the sphere a certain stressed state. According to the traditional for 
general relativity space model, the space inside the sphere becomes Riemannian, 
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whereas the outside space remains Euclidean. Thus, a three-dimensional Rie-
mannian space exists inside of a three-dimensional Euclidean space. However, 
such situation is not possible in Riemannian geometry-the dimension of the Eu-
clidean space ( En ) in which the Riemannian space with Rn  dimensions can exist 
is ( )1 2E R Rn n n= +  [12]. Taking 2Rn = , we get 3En =  which is natural for the 
sphere surface. But for the inside sphere space, taking 3Rn = , we have 6En = , 
which is not realistic. To satisfy the natural condition, according to which the in-
side and the outside spaces of the stressed sphere must be Euclidean in the absence 
of gravitation, we arrive at a new model of a space-time. In this model, the space 
is Euclidean with respect to coordinates , ,r θ ϕ , whereas the space curvature is 
induced by gravitation and the space is Riemannian with respect to the time coor-
dinate only. 

To support the foregoing reasoning, consider the classical static problem of the 
theory of elasticity and try to determine the stresses that are induced in a solid 
sphere (e.g., Earth) by internal gravitation forces. For the Newton gravitation the-
ory, this problem has a well-known solution obtained at the end of the 19th cen-
tury [13]. In this problem, we need to find two stresses (radial and hoop) from two 
equations—the equilibrium equation and the compatibility equation. However, in 
general relativity, we have only one conservation equation for this problem—the 
equilibrium equation. Compatibility equation, which requires the sphere stressed 
state to be Euclidean in principle, cannot exist in the Riemannian space. Thus, the 
problem that can be readily solved in the Newton gravitation theory has no solu-
tion in general relativity, which does not look natural. However, for the proposed 
space model, the set of equations is complete. Since the space is Euclidean in co-
ordinates , ,r θ ϕ , we can supplement the general relativity equations with compat-
ibility equations and solve the gravitation problems for solids. Particularly, a spher-
ically symmetric problem is solved in [14]. 

The line element for the proposed four-dimensional space in spherical coordi-
nates has the following form [9]: 

 2 2 2 2 2 2
14 44d d d 2 d d ds r r g c r t g c t= + Ω + −  (1) 

where, 14g 44g  depend on r and t. In contrast to traditional coordinate frames, 
the space is not “orthogonal” to time in the four-dimensional space corresponding 
to Equation (1). The metric form in Equation (1) was derived in 1921-1922 by 
Gullstrand and Painleve [15] [16] from the Schwarzschild form as a result of co-
ordinate transformation. Here, Equation (1) is not associated with the Schwarz-
schild form and follows from the proposed model of a four-dimensional space. The 
field equations in General Relativity are 

 j j j
i i iE Tλδ χ+ =  (2) 

where j
iδ  is the Kronecker delta, λ  is the cosmological constant and 

1
2

j j j
i i iE R Rδ= −  

is the Einstein tensor whose components for the line element in Equation (1) have 
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the following form:  

 ( )1 2
1 44 14 44 14 14 442 2

1 2E g rg g rg g rg g
r g

 ′= − − + −    (3) 

 
[ ( )

]

22 2 2
2 14 44 14 14 44 14 44 44 44 44 14 442

14 44 44 14 14 44 14 14 14 14 44 14

1 4 4 2 2 2
4
2 4 2 4 2 4

E g g g g g g g rg g r g rg g
rg
rg g g g g g rg g g rg g rgg

′ ′ ′ ′′ ′ ′′= − − − + −

′ ′ ′ ′ ′+ − + + + −    

 (4) 

 
2

4 14
4 2

1 rgE
r gr
 ∂

=  ∂  
 (5) 

 4 14
1

1gE
r r g

 ∂
=  ∂  

 (6) 

 
2

1 14 44 44
4 2 2

14

lng g gE
tcrg g
∂

=
∂

, 2
44 14g g g= +  (7) 

in which ( ) ( ) r′⋅ = ∂ ⋅ ∂  and ( ) ( ) c t⋅ = ∂ ⋅ ∂ . Equation (2) includes two constant co-
efficients—the cosmological constant λ  and the gravitation constant  

4
8 G
c

χ =
π

 

Equation (2) links the Einstein tensor with the energy-momentum tensor [17] 

 1 1 2 4 2 4 1 1
1 1 2 4 1 1 4, 0, , ,T v v T T c T v c T v cρ ρ ρ ρ= = = = − =  (8) 

in which ρ  is the continuum density and v  is the velocity. Recall that the den-
sity does not depend on the radial coordinate, so that ( )tρ ρ= . Tensor j

iT  must 
satisfy the following conservation equations: 

 ( ) ( ) ( )1 1 2 1 4 4 1 4 444 14 44 14
1 1 2 1 4 1 4 1 1

2 0
2 2 2
g g g g gT T T T T T T T T

r g g g g
′ ′ ′′ + − + − + + + + =



  (9) 

 
( ) ( )1 4 4 4 1 1

44 14 1 4 44 1 4 4 4

1 4 4
14 14 4 44 14 1 14 44 1

2 2

2 2 0

rg g T T g T g rT r T T

rg g T rg g T rg g T

 ′ ′ − − + + +    
′+ − + =



 

 (10) 

Equation (9) is the motion equation, whereas Equation (10) provides the con-
servation of mass. 

3. The Process of the Universe Evolution 

Determine the metric coefficients. Equations (2) and (5) in conjunction with the 
corresponding Equation (8) give the following equation for 14g : 

( )
2

214
2

1 rg t c
r gr

λ χρ
 ∂

+ = ∂  
 

Integration under the condition that requires the solution to be regular at 0r =  
yields 

 ( )
2

2 2
14 2

1 81 ,
3

c Gg gr k k
c

χλ ρ
λ λ

=
π

= − =  (11) 

Using Equation (7) for g , we arrive at 
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 ( )2 2
44 14

11 1
3

g g g g r kλ ρ = − = − −  
 (12) 

Thus, the metric coefficients are specified by Equations (11) and (12). To deter-
mine the velocities, first apply Equations (2) and (9) in conjunction with the corre-
sponding Equation (8). The resulting equation 

14
1

1g v c
r r g

ρ
 ∂

= − ∂  
 

allows us to find 1v . Substituting the metric coefficients from Equations (10) and 
(11), we get 

 ( )1
1 1 1 1

3
v g k

c r g
λ ρ

ρ
 ∂

= − ∂  
  (13) 

Finally, Equations (2), (7) and (8) yield the following equation for 1v : 
2

114 44 44
2 2

14

lng g g v c
tg cr g

χρ
 ∂

= ∂  
 

Substituting the metric coefficients from Equations (10) and (11) and taking into 
account Equation (11) for k , we arrive after some transformations at 

 1 d
3 d
rv

t
ρ

ρ
= −  (14) 

Equations (11) - (14) allow us to express functions ( )14 ,g r t , ( )44 ,g r t , ( )1 ,v r t , 
( )1 ,v r t  in terms of two unknown functions ( ),g r t  and ( )tρ . Note that we 

still did not use Equations (3) and (4) for the components 1 2
1 2,Е Е  of the Einstein 

tensor and the conservation Equations (9) and (10). Substituting the obtained so-
lution in the first two field Equations (2), corresponding to 1 2

1 2,Е Е , we arrive at 
the following two equations for functions ( ),g r t  and ( )tρ : 

 ( )
( )

2 2 2
2 2

2
1

3 3 33

g r c rg cc c
rg g gg c

χ ρ ρ χρ λχρ χρ λ
ρχρ λ

 ′ ′ −
− − − = ± 

  −

 

  (15) 

 

( ) ( ) ( )
( ) ( )

( )
( )

2 2 2 2

2 2 2

2 2 2 2 2

2 2 2 2 2 2

2 3

2 4 3

3 2 3 2 3

2 3 12 4 3 0

r g gg g c r c

gg g c r c

gg c r gg c r gg c r

g g r g c r g c g c r

χρ λ χρ λ

χρ λ χρ λ

χ ρ χρ χρ λ

λ χρ χρ λ χρ

   ′ ′′− − − −  

 ′− − − − 
′ ′± − + −

′+ − − ± =

  



 (16) 

These rather cumbersome equations have a remarkably simple solution. To jus-
tify the proposed approach, consider the vacuum solution. For the line element form 
in Equation (1), the metric coefficients are [9] 

 2
14 44, 1g gr r

g g
r r

= = −  (17) 

in which gr  is the gravitation radius. Equations (17) were originally obtained by 
Gullstrand and Painleve [15] [16]. As follows from these equations, the following 
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condition is valid for the vacuum solution: 

 2
14 44 1g g g= + =  (18) 

The coefficient g  enters the expression for the determinant of the metric ten-
sor, which is 4 2sind gr θ= . Thus, the condition 1g =  means that d  does not 
depend on time. Now assume that the condition in Equation (18) is valid for the 
continuum as well. Taking 1g = , we can reduce Equations (15) and (16) to one 
and the same equation for the density, i.e., 

 ( )21 d 3
d

c c
t
ρ χ ρ λ

ρ
= ± −  (19) 

For 1g = , Equations (11) - (14), can be simplified as 

 ( ) ( )2 2 2 1
14 44 1

1 1 d1 , 1 1 , 0,
3 3 3 d

rg r k g r k v v
t
ρλ ρ λ ρ

ρ
= − = − − = = −  (20) 

Calculating the components of the Ricci curvature tensor, we arrive at 

( )21 2 3 4 2
1 2 3 4

1 1
3

R R R R kλ ρ= = = = − −  

These expressions allow us to conclude that the space is Riemannian and iso-
tropic. 

Now, using Equations (8) and (20), determine the components of the energy-
momentum tensor 

 1 2 4 2 4 1
1 2 4 1 4

1 d0, 0, , 0,
3 d

T T T c T T rc
t
ρρ= = = = = −  (21) 

Substituting Equations (21) in the conservation equations, Equations (9) and 
(10), we can prove that these equations are satisfied identically. Thus, all the field 
equations are satisfied and Equations (19) and (20) specify the solution of the 
problem. 

Consider the particular case. Neglect the cosmological constant taking 0λ = . 
For this case, Equation (19) becomes 

 21 d
d

c
t
ρ χρ

ρ
= ±  (22) 

This equation describes the processes of the Universe contraction (sign +) and 
expansion (sign −), which are not mutually linked [10]. The solution for the con-
traction process is [10] 

( ) ( ) ( ) ( ) ( )210 3
02

2, , , 1
1(1 ) c

c cc

rt v r t R t R t t
t t tt t

ρ
ρ = = = −

−−
 

where, ( )0 0tρ ρ= = , ( )0 0R R t= = , R  is the Universe radius which can be 
found from the conservation condition for the Universe mass and 

0

1
6ct Gρ

=
π

 

is the collapse time. As can be seen, for ct t=  the Universe degenerates into a point 
with an infinitely high density. 

https://doi.org/10.4236/jmp.2026.171002


V. V. Vasiliev, L. V. Fedorov 
 

 

DOI: 10.4236/jmp.2026.171002 16 Journal of Modern Physics 
 

For the expansion process, the solution of Equation (22) yields [10] 

 ( ) ( ) ( ) ( )2010 3
0 02

00

2 6
, , 1 6

3 1 6(1 6 )

r G
t v R t R t G

t Gt G

ρρ
ρ ρ

ρρ

π
π

ππ
= = = +

++
 (23) 

In 1934, Lemaitre obtained the following expression for the expansion velocity 
[18], supporting the Hubble law: 

0
4
3

v r Gρπ
=  

The coordinate acceleration 

0
d 8
d 3
v v vv G
t t r

ρ∂ ∂
=

π
= +
∂ ∂

 

corresponds to the accelerated expansion of the Universe. However, the second 
equation in Equations (23) contains time in the denominator and corresponds to 
a different expansion process. To simplify the analysis, assume that 0ρ →∞ . 

Then, 
1 1 1

1 1
2

2 d 2,
3 d 9
r v v v rv v
t t t r t

∂ ∂
= = + = −

∂ ∂
 

As can be seen, the acceleration is negative. In looks natural, because gravitation 
slows down the expansion. Taking t →∞  in Equations (23), we get 0ρ = , 1 0v = , 
R →∞  which corresponds to an infinite static Euclidean space. 

Return to Equation (19) in which the constant λ  is not zero. In contrast to 
Equation (22), this equation describes the continuous process of the Universe evo-
lution. Present Equation (19) as 

 ( ) ( )1 d 1 d3 1 , 3 1
d de c

c k c k
t t
ρ ρλ ρ λ ρ

ρ ρ
= − − = −  (24) 

The first of these equations describes the process of expansion, whereas the sec-
ond one—the process of gravitational collapse. 

Consider the process of expansion and assume that at the initial time 0et =  
the Universe density and radius are 0ρ  and 0R . Since the space is Euclidean with 
respect to spherical coordinates, the Universe mass is 

 3
0 0

4
3

m Rρ= π  (25) 

and does not change in the process of evolution, so that 

 ( ) ( )3 3
0 0t R t Rρ ρ=  (26) 

Expansion is described by the first equation in Equations (24), which has the 
following solution: 

 1
12 tan 1 3ek ct Cρ λ− − = − +  (27) 

Since ( ) 00etρ ρ= = , 
1

1 02 tan 1С kρ−= −  

and the solution in Equation (27) can be reduced to the following form: 
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( )( )
0

0

1 1 3tan
21 1 1

c
k k

ct
k k

ρ ρ λ
ρ ρ

 − − −
= −   + − −  

 

Expressing the density, we arrive at 

 ( ) 0
2

0
3 3cos 1sin
2 2

e

e e

t

ct k ct

ρρ
λ λρ

=
    

+ −            

 (28) 

The Universe radius can be found from Equations (25) and (26), i.e., 

( ) ( )
3

3 03
4

mRR t
tρ

=
π

  

Substituting Equation (28), we get  

 ( )
2

3 3
0 0

3 3cos 1sin
2 2e e eR t R ct k ctλ λρ

    
= + −            

 (29) 

Finally, Equations (22) and (24) allow us to determine the velocity of the ex-
pansion 

 ( ) ( )1 d, 1
3 d 3e e

e

rv r t cr k
t
ρ λ ρ

ρ
= − = −  (30) 

Assume that at 0et =  some forces, the nature of which is beyond the frame of 
mechanics and is not discussed in this paper, appear and cause the Universe ex-
pansion. In the process of expansion two types of forces act inside the continuum. 
First, inertia forces which drive the expansion and second, gravitation forces which 
slow down the expansion process. Thus, in some time t∗ , the expansion process 
stops. Using Equation (29) and taking ( )1 , 0v r t∗ = , we can determine the Universe 
density which corresponds to this moment 

 
2

2
1

8
c

k Gc
λ λρ
χ

∗ = = =
π

 (31) 

As can be seen, the cosmological constant λ  is of a principal nature—it spec-
ifies the density of the Universe in the state of equilibrium. As follows from Equa-
tion (30), this density does not depend on the initial density 0ρ . The condition 
( )1 0v t∗ =  imposed above on the coordinate velocity means that at t t∗= , the 

Universe with density ρ∗  is in a state of equilibrium. Equations (28) and (31) allow 
us to derive the following equation for t∗ : 

 0
0

3 3cos 1sin
2 2

ct k сt
k
ρλ λρ∗ ∗   

+ − =      
   

 (32) 

Finally, Equation (29) can be used to calculate the Universe radius in the equi-
librium state. 

 
2 3

0 0
3 3cos 1sin
2 2

R R ct k ctλ λρ∗ ∗ ∗
    

= + −            
 (33) 

For t t∗>  expansion changes to contraction which is described by the second 
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equation in Equations (24). Let us count ct  from the equilibrium time t∗ , so that 

c ct t t∗ ∗≤ ≤  in which ct
∗  is the duration of the contraction phase. Then, the solu-

tion of the second equation in Equations (24) is  
1

22 tan 1 3сk ct Cρ λ− − = +  

The boundary condition ( )0 1ct kρ ρ∗= = =  yields 2 0С =  and 

 ( )
2

1
3cos
2

с

с

t
k ct

ρ
λ

=
 
  
 

 (34) 

Naturally, at ct t∗= , i.e., at the end of the collapse, the density reaches its initial 
value 0ρ  from which the expansion process starts. Taking ( ) 0ctρ ρ∗ =  in Equa-
tion (34), we can determineс the collapse time 

 1

0

2 1cos
3сt c kλ ρ

∗ −=  (35) 

Thus, the total time of the cycle expansion-contraction becomes 

 e сT t t∗ ∗= +  (36) 

The dependence of radius on time follows from the condition, which is similar 
to Equation (26), i.e., 

( ) ( ) ( )33
с сR t t Rρ ρ∗ ∗=   

Taking into account Equation (34), we get 

 ( ) ( )33 2 3cos
2c cR t R k ctλρ∗ ∗  

=   
 

 (37) 

The velocity of the contraction process can be found from Equations (20) and 
(24), i.e., 

 ( ) ( )1 d, 1
3 d 3c c

c

rv r t rc k
t
ρ λ ρ

ρ
= − = − −  (38) 

Since the initial density 0ρ  is not known and cannot be found by the methods 
of mechanics, undertake an asymptotic analysis taking 0ρ →∞ . Then, Equation 
(28), which specifies the density in the process of expansion, becomes 

 ( )
2

1
3sin
2

e

e

t
k ct

ρ
λ

=
 
  
 

 (39) 

Equation (26) shows that 0 0R = , which means that the expansion process starts 
from a point. Thus, for 0ρ →∞ , the solution is singular. To determine the radius, 
we can use Equation (27). Expressing 0R  from Equation (26) and passing to the 
limit taking 0ρ →∞ , we get 

( )3 23 3sin
4 2e e
mkR t ctλ 

= 
π




 

For the equilibrium stare, ( )eR t  reaches the maximum value 
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( )3 3
4
mkR∗ =
π

  

at the time moment, 

 
3et c λ

∗ =
π  (40) 

Substituting this result in Equation (39), we get the density in the state of equi-
librium 

 
1
k

ρ∗ =  (41) 

which coincides with Equation (31). The expansion velocity is specified by Equa-
tion (30). Substituting ρ  from Equation (39), we arrive at 

 1 3cot
3 2e ev cr ctλ λ 

=   
 

 (42) 

Taking 0et = , we get 1
ev →∞  which means that the expansion process starts 

with an infinitely high velocity. Naturally, this conclusion is valid if 0ρ →∞ . For 
t t∗= , we have 1 0ev = , which corresponds to the equilibrium state. 

For gravitational collapse ( 0ct ≥ ), the density is specified by Equation (34), i.e., 

 ( )
2

1
3cos
2

c

c

t
k ct

ρ
λ

=
 
  
 

 (43) 

Taking 0сt = , we get ρ ρ∗= . For 0ρ →∞ , Equation (35) yields 

 
3сt c λ

∗ =
π  (44) 

Comparing this result with Equation (40), we can conclude that e сt t∗ ∗= . Thus, 
both phases (extension and compaction) have the same duration if 0ρ →∞  and 
the total time is 

2
3

T
c λ

=
π  

The radius is specified by Equation (37). Taking сt t∗= , we get 0R = , which 
means that at the end of the gravitational collapse, the Universe degenerates to a 
point. Naturally, it is true if the initial density of the continuum is infinitely high. 
The velocity of the compaction process is specified by Equation (38). Substituting 
the density from Equation (43), we arrive at 

1 3cot
3 2с cv cr ctλ λ 

= −   
 

 

Taking 0ct = , we get 1 0cv = , whereas for c ct t∗=  we have 1
cv →∞ , which 

means that the final velocity of the compaction process is infinitely high. 
For calculation, assume that in accordance with the existing data [19], the age 

of the Universe is 9 15
0 years 43513.8 10 10 sect = × ×= , and the cosmological con-

stant is 521.095 10λ −= ×  m−2. The initial density of the continuum is assumed to be 
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infinitely high. The parameter k, which enters the foregoing equations, is 

2
3258 17 10 m kgGk

cλ
π

= = ×  

Using Equation (40), we can evaluate the duration of the expansion phase as 

15 9sec 18.4 yea580 10 10
3

rst
c λ

∗ =
π

= = × ×  

Thus, the process of expansion will last for 4.6 × 109 years. The total duration 
of the cycle extension-compaction can be evaluated as 92 36.8 10T t∗= = ×  years. 
The current density of the continuum is 

( ) 3
0

2
0

1 6.86
3sin
2

kg mt
k ct

ρ
λ

= =
 
  
 

 

4. Conclusion 

Within the framework of the proposed model of the four-dimensional space, which 
is Euclidean with respect to the space coordinates and Riemannian with respect 
to the time coordinate only, the analytical solution of the general theory of relativity 
field equations, including the cosmological constant, is found for the pressure-free 
continuum and used to describe the evolution of the Universe. The obtained solu-
tion specifies the time dependencies for the continuum density, the Universe ra-
dius and the velocities of the expansion and contraction processes. It is established 
that in a certain time moment, which depends only on cosmological constant, the 
expansion process changes to the gravitational collapse. The cosmological model 
predicting an infinite accelerated expansion of the Universe is not confirmed by the 
obtained solution. The durations of the expansion process and the gravitational 
collapse are evaluated. The asymptotic analysis of the solution for an infinitely high 
initial density of the continuum is undertaken and the current parameters of the 
Universe are evaluated with the aid of this solution. 
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