
P H A S E TRANSITION AT THE METRIC ELASTIC UNIVERSE 

ALEXANDER GUSEV 

Department of General Relativity and Astronomy, 

Kazan State University 
18, Lenin str., Kazan, 420008, Russia 

At the last time the concept of the curved space-time as the some 
medium with stress tensor σαβ on the right part of Einstein equation is 
extensively studied in the frame of the Sakharov - Wheeler metric elastic-
ity(Sakharov (1967), Wheeler (1970)). The physical cosmology pre- diets 
a different phase transitions (Linde (1990), Guth (1991)). In the frame 
of Relativistic Theory of Finite Deformations (RTFD) (Gusev (1986)) the 
transition from the initial state jj°aß of the Universe (Minkowskian's vac-
uum, quasi-vacuum(Gliner (1965), Zel'dovich (1968)) to the final state §aß 
of the Universe(Friedmann space, de Sitter space) has the form of phase 
transition(Gusev (1989) which is connected with different space-time sym-
metry of the initial and final states of Universe(from the point of view of 
isometric group Gn of space). In the RTFD (Gusev (1983), Gusev (1989)) 
the space-time is described by deformation tensor €ap = §αβ — ξ°αβ of the 
three-dimensional surfaces, and the Einstein's equations are viewed as the 
constitutive relations between the deformations eaß and stresses σαβ. The 
vacuum state of Universe have the visible zero physical characteristics and 
one is unsteady relatively quantum and topological deformations (Gunzig 
& Nardone (1989), Guth (1991)). Deformations of vacuum state, identify-
ing with empty Mikowskian's space are described the deformations tensor 
eaß, where tjaß = gaß — UaUß the metrical tensor of deformation state of 
3-geometry on the hypersurface, which is ortogonaled to the four-velocity 
Ua, §°aß = ^a^ßSit l s the 3 -geometry of initial state, ΙΡα = — UaU

y is 
a projection tensor. 

The phenomenological description of thermodynamics systems " crea-
ting matter - elastic deformations of gravitational field " can be make on the 
basis of general theory phase transitions of 2nd kind Landau(Landau & Lif-
shich (1976)). The characteristic of the phase transitions theory of 2nd kind 
is to vanish a some element symmetry of thermodynamics system which are 
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connected with appearance a order parameter η and to creating at the non-
symmetrical phase the some new macroscopical physical values, which are 
vanished at the symmetrical phase. For a description of macroscopical prop-
erties media (Prigogin (1988)) a dépende- nee of free energy F = l / 2 σα^€αβ 

+ £, entropy S of the Universe on the temperature T, deformation tensor 

eaß, order parameter η = y/T — Tc = \J\ — l0

2/R2 is being found out. In 

the initial symmetrical phase (from the point of view of isometry group 

do - Poincare's group) for t < t0 R = Z 0, ρ = Ρ = F = Τ = S = 0. In the 

final nonsymmetrical phase (from the point of view of isometry group G7 

of space) for t > t0 evolution of the Universe is developing by the following 

law: R —> coshf, p —» tanh 2 f, 

6 

Ρ = σ2 / 3 α £ C n / R n , (1) 
71=1 

S = - Oy = So - β ιΤ + α 2 Τ 2 - α 3 Τ 3 , (2) 

F = -2αχ - \α

2

η2 + Ζ-α

χ

ηΑ + 2αχ(1 - ηψ2 - | α

3

( 1 - η2)1π(1 - η2) (3) 

where i = y/8nais/3(t — ί 0 ) , aad = α(Τ — T c ) , 5 0 is an initial entropy of 
Universe, can be equal a zero, α is a thermal expansion coefficient, Tc > 0 is 
a critical temperature, α ι , α 2 , α 3 are a parameters of RTFD. This solution 
has the asymptotic of de Sitter Universe (Hoyle, Barbidge and Narlikar 
(1993)) The analyses of the phase portraits of one-, two- , three-parameter 
DS and of the bifurcation space of parameters (Gusev (1989)) confirms the 
character of chaotic inflation(Linde (1990)) at the early times. 
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