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Abstract. Isotropic cosmology built in the frame of the gauge gravitation theory in Rie-
mann-Cartan space-time is investigated. It is shown that all cosmological models of flat,
closed and open types are regular by certain restrictions on indefinite parameters of gravita-
tional Lagrangian due to the conclusion about the possible existence of a limiting energy
density in the nature. Physical processes at the beginning of cosmological expansion in de-
pendence of limiting energy density and corresponding changes in the history of the early
Universe compared to the Big Bang model are discussed. It is shown that gravitational in-
teraction in astrophysics in dependence of space-time torsion is corrected in comparison
with general relativity theory.
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Introduction. Satisfying the correspondence principle with the general relativity
theory (GR), the gauge gravitation theory in Riemann-Cartan space-time (GTRC)
opens up possibilities for solving some fundamental problems of GR. Having as a
gauge group the direct product of the 4-parametric group of space-time translations
and the 6-parametric group of tetrad Lorentz transformations, GTRC is a theory of
the gravitational field generated by Noether invariants corresponding to two sub-
groups of the gauge group, namely, by canonical energy-momentum tensor and
tetrad spin moment tensor of gravitating matter [1, 2]. Unlike GR, in the frame of
which the gravitational interaction in the case of ordinary gravitating matter with
positive energy density and non-negative pressure always has the character of at-
traction, which increases with increasing energy density, the gravitational interac-
tion in the frame of GTRC in certain situations can have the character of repulsion
[1, 2]. This physical result was obtained on the basis of isotropic cosmology, con-
structed within the framework of GTRC using a general expression for the gravita-
tional Lagrangian, which contains, in addition to scalar curvature, various quadratic
in the curvature and the torsion invariants [3, 5]. Gravitational repulsion occurs in
extreme conditions by extremely high energy density [3], as well as on a cosmolog-
ical scale when the energy density is low and the vacuum effect of gravitational
repulsion becomes significant [5].

Within the framework of the Big Bang cosmological model, gravitational singu-
larity, which occurs at the beginning of the cosmological expansion, leads to cosmo-
logical problem related to the time limitation of the Universe's existence in the past.
Solving this problem, in addition to obtaining regular cosmological solutions, means
excluding singular solutions from the physical foundations. The GTRC opens up
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ways to solve the cosmological problem due to the conclusion about the possible ex-
istence of a limiting (the maximum allowed) energy density in the nature.

Methods and materials; results. As a result of studies of the equations of iso-
tropic cosmology of the GTRC [4] , the following results have been obtained:
1. Numerical solutions of cosmological equations near the limiting energy density
by transition from gravitational compression to expansion in dependence on energy
density in the case of flat, closed and open models are obtained. 2. The physical
processes at the beginning of cosmological expansion, described on the basis of the
theory of elementary particles, depending on the magnitude of the limiting energy
density (limiting temperature) and corresponding changes in the history of the early
Universe are discussed. 3. The constraints for indefinite parameters of the theory
under which solutions of isotropic cosmology describe a nonsingular accelerating
Universe are given. Accelerating cosmological expansion as vacuum repulsion ef-
fect without using the dark energy notion is discussed.

According to the variational formalism for media with internal degrees of
freedom in Riemann-Cartan space-time [6], the interaction of space-time torsion
with the rotational moments of astrophysical objects (star systems, galaxies, clus-
ters of galaxies) leads to the appearance of an additional force of gravitational in-
teraction in addition to the Newtonian force of attraction (see e.g. [7]). A possible
manifestation of space-time torsion in astrophysics is being considered.

Conclusion. The solution of cosmological problem and dark energy problem
in the frame of GTRC testifies that this theory which is a direct development of GR
by using methods of classical field theory opens up ways to solve fundamental
problems of the gravitation theory.
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