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We considered cosmological model within the framework of the generalized F(R,T) gravity in flat FLRW 
metric. Earlier, an exponential solution was shown for the generalized case, which describes the inflationary 
stage of the evolution of the Universe. In this paper, it is shown that for the particular case of the Starobinsky 
model, the generalized model has, among other things, a power-law solution that describes the dust-like 
stage and the stage of radiation dominance. It should be noted that this solution was obtained by the 
analytical method as a solution to the Euler-Lagrange equation for this model, taking into account the 
functions u, v – describing the relationship between the curvature scalar and the torsion scalar, and 
depending not only on the first, but also on the second time derivative of the scale factor. This solution is 
of interest, since it shows not only that this model has a solution, but also that this solution can describe the 
modern observable Universe for more complex forms u, v than described earlier. This solution allows other 
related cosmological parameters to be obtained accordingly. The paper presents the parameter 𝜔𝜔𝜔𝜔 for the 
equation of state, which describes the stage of the evolution of the Universe.
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Introduction

Observation of the distribution of matter in the 
Universe earlier led not only to the idea of the Big 
Bang theory, but also to Starobinsky's model
describing the early accelerated expansion of the 
Universe, as a consequence, leading to the observed 
homogeneity of the Universe [6]. Later, these 
assumptions were confirmed by many independent 
studies [7-10], but the reason leading to this model 
has not yet been determined. We have previously 
assumed that one of the reasons may be the symmetry 
of the generalized model [11]. However, here you can 
face the problem that generalized cosmological 
models become too mathematically complicated, and 
cannot be solved analytically.

So, already taking into account the presence of 
the functions u, v – describing the connection 
between the curvature scalar and the torsion scalar, 
which should help to give in the limit, respectively, 
the general theory of relativity or teleparallel –
gravity [12-15] is already so difficult to compute that 
researchers often try to describe the solution without 
taking into account these functions [16]. As a first 

approximation, it is possible to take into account 
these components as functions of the scale factor and 
its first time derivative. But it is important to take into
account that in fact they have more complex 
dependencies 𝑢𝑢𝑢𝑢 = 𝑢𝑢𝑢𝑢(Γ𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇

𝜌𝜌𝜌𝜌 ; 𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖;𝑔𝑔𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 , 𝑔̇𝑔𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 , 𝑔̈𝑔𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 , … ; 𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖), 𝑣𝑣𝑣𝑣 =
𝑣𝑣𝑣𝑣(Γ𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇

𝜌𝜌𝜌𝜌 ; 𝑧𝑧𝑧𝑧𝑖𝑖𝑖𝑖;𝑔𝑔𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 , 𝑔̇𝑔𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 , 𝑔̈𝑔𝑔𝑔𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 , … ;𝑔𝑔𝑔𝑔𝑖𝑖𝑖𝑖). Here, it is important for 
us to understand whether the generalized 
cosmological model that we are considering 
satisfactorily describes the observed Universe, also 
satisfies functions u, v depending not only on the 
first, but also on the second time derivative of the 
scale factor. This work is devoted to this study.

Model

In this work we use Friedmann–Lemaître–
Robertson–Walker metric [1-5]

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑2 = 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑2 − 𝑎𝑎𝑎𝑎(𝑑𝑑𝑑𝑑)2(𝑑𝑑𝑑𝑑𝑥𝑥𝑥𝑥2 + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑2 + 𝑑𝑑𝑑𝑑𝑧𝑧𝑧𝑧2), (1)

where 𝑎𝑎𝑎𝑎(𝑑𝑑𝑑𝑑) – scale factor. Here 𝐹𝐹𝐹𝐹(𝑅𝑅𝑅𝑅,𝑇𝑇𝑇𝑇) is denoted 
as 𝐹𝐹𝐹𝐹.

The action for the model has the following form:
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𝑆𝑆𝑆𝑆 = 2𝜋𝜋𝜋𝜋2 �𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑎𝑎𝑎𝑎3(𝐹𝐹𝐹𝐹 − 𝜆𝜆𝜆𝜆1 �𝑅𝑅𝑅𝑅 − 𝑢𝑢𝑢𝑢 + 6�
𝑎̈𝑎𝑎𝑎
𝑎𝑎𝑎𝑎

+
𝑎̇𝑎𝑎𝑎2

𝑎𝑎𝑎𝑎2
�� − −𝜆𝜆𝜆𝜆2 �𝑇𝑇𝑇𝑇 − 𝑣𝑣𝑣𝑣 + 6�

𝑎̇𝑎𝑎𝑎2

𝑎𝑎𝑎𝑎2
�� .                    (2)

Here  – Ricci scalar, 𝑇𝑇𝑇𝑇 – torsion scalar and 𝑢𝑢𝑢𝑢, 𝑣𝑣𝑣𝑣-
functions, that depend on 𝑎𝑎𝑎𝑎, 𝑎̇𝑎𝑎𝑎, 𝑎̈𝑎𝑎𝑎. Here and further 
dots represent derivation with respect to the cosmic 
time.

Values of 𝜆𝜆𝜆𝜆1 and 𝜆𝜆𝜆𝜆2 were obtained by varying the 
action with respect to 𝑅𝑅𝑅𝑅 and 𝑇𝑇𝑇𝑇:

𝜆𝜆𝜆𝜆1 = 𝐹𝐹𝐹𝐹𝑅𝑅𝑅𝑅 ,  𝜆𝜆𝜆𝜆2 = 𝐹𝐹𝐹𝐹𝑇𝑇𝑇𝑇 . (3)

Indices of 𝐹𝐹𝐹𝐹 express the derivatives over 
specified variable.

Now we can write the Lagrangian in its points-
like form using the Lagrange multipliers λ1, λ2,
obtained previously:

𝐿𝐿𝐿𝐿 = 𝑎𝑎𝑎𝑎3[𝐹𝐹𝐹𝐹 − (𝑅𝑅𝑅𝑅 − 𝑢𝑢𝑢𝑢)𝐹𝐹𝐹𝐹𝑅𝑅𝑅𝑅 − (𝑇𝑇𝑇𝑇 − 𝑣𝑣𝑣𝑣)𝐹𝐹𝐹𝐹𝑇𝑇𝑇𝑇] +
+6𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎2[𝐹𝐹𝐹𝐹𝑅𝑅𝑅𝑅 − 𝐹𝐹𝐹𝐹𝑇𝑇𝑇𝑇] + 6𝑎𝑎𝑎𝑎2𝑎̇𝑎𝑎𝑎�𝑅̇𝑅𝑅𝑅𝐹𝐹𝐹𝐹𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 + 𝑇̇𝑇𝑇𝑇𝐹𝐹𝐹𝐹𝑅𝑅𝑅𝑅𝑇𝑇𝑇𝑇�,

 
(4)

Solution

Deriving the Euler- Lagrange equation for the 
scale factor 𝑎𝑎𝑎𝑎. Since in this work we take into account 
second derivative of 𝑎𝑎𝑎𝑎, then the formula will have to 
take the following form:

𝜕𝜕𝜕𝜕L
𝜕𝜕𝜕𝜕a

−
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕L
𝜕𝜕𝜕𝜕𝑎̇𝑎𝑎𝑎

+
𝑑𝑑𝑑𝑑2

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑2
𝜕𝜕𝜕𝜕L
𝜕𝜕𝜕𝜕𝑎̈𝑎𝑎𝑎

= 0, (5)
Putting Lagrangian (4) into equation (5), we

obtain the equation of motion:

𝐹𝐹𝐹𝐹 + 𝐴𝐴𝐴𝐴𝐹𝐹𝐹𝐹𝑅𝑅𝑅𝑅 + 𝐵𝐵𝐵𝐵𝐹𝐹𝐹𝐹𝑇𝑇𝑇𝑇 + �4𝐻𝐻𝐻𝐻 − 𝑢𝑢𝑢𝑢𝑎̇𝑎𝑎𝑎
𝑎𝑎𝑎𝑎
3

+ 2𝑎̇𝑎𝑎𝑎𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎 +
2
3
𝑎𝑎𝑎𝑎(𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎)� 𝐹̇𝐹𝐹𝐹𝑅𝑅𝑅𝑅 +

+�−𝑣𝑣𝑣𝑣𝑎̇𝑎𝑎𝑎
𝑎𝑎𝑎𝑎
3
− 4𝐻𝐻𝐻𝐻 + 2𝑎̇𝑎𝑎𝑎𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎 +

2
3
𝑎𝑎𝑎𝑎(𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎)� 𝐹̇𝐹𝐹𝐹𝑇𝑇𝑇𝑇 −

−�2 + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎
𝑎𝑎𝑎𝑎
3
� 𝐹̈𝐹𝐹𝐹𝑅𝑅𝑅𝑅 + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎

𝑎𝑎𝑎𝑎
3
𝐹̈𝐹𝐹𝐹𝑇𝑇𝑇𝑇 = 0, (6)

here 𝐻𝐻𝐻𝐻 = 𝑎̇𝑎𝑎𝑎
𝑎𝑎𝑎𝑎
- Hubble parameter, and by A and B we mean the following expressions:

𝐴𝐴𝐴𝐴 = −𝑅𝑅𝑅𝑅 + 𝑢𝑢𝑢𝑢 +
𝑎𝑎𝑎𝑎
3
𝑢𝑢𝑢𝑢𝑎𝑎𝑎𝑎 − 𝑢𝑢𝑢𝑢𝑎̇𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 −

𝑎𝑎𝑎𝑎
3

(𝑢𝑢𝑢𝑢𝑎̇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 + 𝑢𝑢𝑢𝑢𝑎̇𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑢𝑢𝑢𝑢𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎) + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎 �2
𝑎̇𝑎𝑎𝑎2

𝑎𝑎𝑎𝑎
+ 𝑎̈𝑎𝑎𝑎� +

+2𝑎̇𝑎𝑎𝑎(𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎) +

+
𝑎𝑎𝑎𝑎
3

[𝑎̇𝑎𝑎𝑎(𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎) + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑎̈𝑎𝑎𝑎(𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎) +

+𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑎𝑎𝑎𝑎(𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎) + 𝑢𝑢𝑢𝑢𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎] −
−4𝐻̇𝐻𝐻𝐻 − 6𝐻𝐻𝐻𝐻2, (7)

𝐵𝐵𝐵𝐵 = −𝑇𝑇𝑇𝑇 + 𝑣𝑣𝑣𝑣 +
𝑎𝑎𝑎𝑎
3
𝑣𝑣𝑣𝑣𝑎𝑎𝑎𝑎 − 𝑣𝑣𝑣𝑣𝑎̇𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 −

𝑎𝑎𝑎𝑎
3

(𝑣𝑣𝑣𝑣𝑎̇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 + 𝑣𝑣𝑣𝑣𝑎̇𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑣𝑣𝑣𝑣𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎) +

+𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎 �2
𝑎̇𝑎𝑎𝑎2

𝑎𝑎𝑎𝑎
+ 𝑎̈𝑎𝑎𝑎� + 2𝑎̇𝑎𝑎𝑎(𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎) +

+
𝑎𝑎𝑎𝑎
3

[𝑎̇𝑎𝑎𝑎(𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎) + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑎̈𝑎𝑎𝑎(𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎) + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎𝑎𝑎𝑎 +

+𝑎𝑎𝑎𝑎(𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎 + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎 + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎) + 𝑣𝑣𝑣𝑣𝑎̈𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎] +
+4𝐻̇𝐻𝐻𝐻 + 6𝐻𝐻𝐻𝐻2. (8)
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This equation cannot be solved analytically. 
However, we can take F in the form of a generalized 
Starobinsky model, for which 𝐹𝐹𝐹𝐹 = 𝑅𝑅𝑅𝑅 + 𝑅𝑅𝑅𝑅2 + 𝑇𝑇𝑇𝑇 +
𝑇𝑇𝑇𝑇2, found by us in this form earlier [16].

Suppose that the functions 𝑢𝑢𝑢𝑢 = 𝑛𝑛𝑛𝑛𝑎̈𝑎𝑎𝑎, 𝑣𝑣𝑣𝑣 = 𝑚𝑚𝑚𝑚𝑎̈𝑎𝑎𝑎
linearly depend on the second derivative with respect 
to 𝑎𝑎𝑎𝑎. We get the equation of motion for a new
model:

12𝑎̇𝑎𝑎𝑎[𝑎̈𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎(𝑛𝑛𝑛𝑛𝑎𝑎𝑎𝑎2 − 36𝑎𝑎𝑎𝑎) − 6𝑎̇𝑎𝑎𝑎3 + 𝑎𝑎𝑎𝑎2𝑎̇𝑎𝑎𝑎𝑎̈𝑎𝑎𝑎(2𝑛𝑛𝑛𝑛 −𝑚𝑚𝑚𝑚) + 𝑎𝑎𝑎𝑎(𝑛𝑛𝑛𝑛𝑎𝑎𝑎𝑎𝑎̇𝑎𝑎𝑎2 − 6𝑎𝑎𝑎𝑎2)] =
= 𝑎𝑎𝑎𝑎2[−𝑎𝑎𝑎𝑎2(𝑛𝑛𝑛𝑛𝑎̈𝑎𝑎𝑎 − 6𝑎̈𝑎𝑎𝑎)2 + 24𝑛𝑛𝑛𝑛𝑎̇𝑎𝑎𝑎2𝑎̈𝑎𝑎𝑎(𝑛𝑛𝑛𝑛𝑎𝑎𝑎𝑎 − 6) − 180𝑎̇𝑎𝑎𝑎4 − 𝑚𝑚𝑚𝑚2𝑎̈𝑎𝑎𝑎2𝑎𝑎𝑎𝑎4 +

+12𝑎𝑎𝑎𝑎2𝑎̇𝑎𝑎𝑎2𝑎̈𝑎𝑎𝑎 + 𝑎̈𝑎𝑎𝑎(𝑛𝑛𝑛𝑛 + 𝑚𝑚𝑚𝑚 − 36𝑎̇𝑎𝑎𝑎2 + 2𝑎̈𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑛𝑛𝑛𝑛𝑎𝑎𝑎𝑎 − 6 + 𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎))]. (9)

This equation is difficult to solve explicitly. But 
we have shown that its solution is satisfied by the 
substitution of a scale factor with a power-law 
dependence on time in the following form [17]

𝑎𝑎𝑎𝑎 = 𝑎𝑎𝑎𝑎0𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠. (10)

Results

Hubble parameter here is = 𝑠𝑠𝑠𝑠
𝑡𝑡𝑡𝑡

. The equation of 
state is as follows:

𝑃𝑃𝑃𝑃 = 𝜔𝜔𝜔𝜔𝜔𝜔𝜔𝜔𝑐𝑐𝑐𝑐2. (11)

The parameter ω of the equation of state has the 
following form:

𝜔𝜔𝜔𝜔 = −1 +
2

3𝑑𝑑𝑑𝑑
. (12)

Deceleration parameter:

𝑞𝑞𝑞𝑞 = −�1 +
𝐻̇𝐻𝐻𝐻
𝐻𝐻𝐻𝐻2� =

1
𝑑𝑑𝑑𝑑
− 1, (13)

The slow roll parameter:

𝜖𝜖𝜖𝜖 = −
𝐻̇𝐻𝐻𝐻
𝐻𝐻𝐻𝐻2 =

1
𝑑𝑑𝑑𝑑

. (15)

Figure 1 – Form of scale factor 𝑎𝑎𝑎𝑎 (left) and Hubble parameter 𝐻𝐻𝐻𝐻 (right).

Figure 2 – Time dependence of the redshift 𝑧𝑧𝑧𝑧 for a power-law cosmological model (left)
and dependence of the density 𝜔𝜔𝜔𝜔 (right).
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Conclusions 
 
In this work, we considered a generalized model F 

(R, T) of gravity, defined in the FLRW metric, with 
functions u and v depending not only on the scale factor 
and its first derivative, but also on the second one. It was 
found that the solution for the scale factor of this model 
could be obtained in a power-law form � � ��𝑡𝑡�, after 
taking F in the form of a generalized Starobinsky model. 
This shows not only that this model not only has a 
solution for the simplest cases, but also well describes the 
observable Universe for more complex solutions. It is 
obvious that this method can be considered on other 
generalizations [18], like k-essence [19], quintessence 
field models [20-21] and other dark energy scenarios. 
This is important, since generalized model ultimately  
 

gives the effect of the initial inflation of the Universe. The 
result brings new opportunities for future research. 
Further, we can consider studying and observing other 
models or we can deal with obtaining the parameters of 
the Universe for this one. In this work, we have derived 
only the form of the parameter 𝜔𝜔 of the equation of state 
for our case. The related cosmological parameters are of 
physical interest. 

 
Acknowledgments 
 
This work was supported by the Ministry of 

Education and Science of the Republic of 
Kazakhstan. Grant AP09261147. "Study of the 
evolution of the Universe on the basis of generalized 
theories of gravity". 

 
 

References 
 
1. Maartens R. Is the Universe homogeneous? // Philosophical Transactions of the Royal Society A: Mathematical, 

Physical and Engineering Sciences. – 2011. – Vol. 369. – Iss. 1957. – Pp. 5115–5137. 
2. Starobinsky A. A new type of isotropic cosmological models without singularity // Physics Letters B. – 1980. –  

Vol.91. – Pp.99-102. 
3. Akrami Ya., et al. X. Constraints on inflation // Astronomy & Astrophysics. – 2014. – Vol. 571. – P. 1. 
4. Akrami Ya., et al. X. Constraints on inflation // Astronomy & Astrophysics. – 2016. – Vol. 594. – P. 1. 
5. Akrami Ya., et al. X. Constraints on inflation // Astronomy & Astrophysics. – 2020. – Vol. 641. – P. 1. 
6. Myrzakulov R., Yerzhanov K., Bauyrzhan G., Meirbekov B. Noether symmetry approach for F(R, T, X, ϕ) 

cosmology // Spacetime Physics. 2 017. – Pp.107-115. 
7. Capozziello S., M. De Laurentis, Myrzakulov R. Noether symmetry approach for teleparallel-curvature cosmology 

// International Journal of Geometric Methods in Modern Physics. -2015. – Vol.12. – P. 1550095.  
8. Maluf J.W. The teleparallel equivalent of general relativity // Annalen der Physik. – 2013. – Vol. 525. – Pp. 339–357.  
9. Ulhoa S. C., J. F. da Rocha Neto, Maluf J. W. The gravitational energy problem for cosmological models in 

teleparallel gravity // International Journal of Modern Physics A. – 2010. – Vol. D19. – Pp. 1925–1935. 
10. Hayashi K., Shirafuji T. New General Relativity // Physical Review D. – 1979. – Vol. D19. – Pp. 3524–3553. 
11. Gamonal M. Slow-roll inflation in F(R, T) gravity and a modified Starobinsky-like inflationary model // Physics 

of the Dark Universe. – 2021. – Vol.31. – P. 100768.  
12. Anagnostopoulos F. K., Basilakos S., Saridakis E. N. Observational constraints on Myrzakulov gravity // 

Physical Review D. – 2021. – Vol.103. – Iss. 10. – P. 104013.  
13. Saridakis E. N., Myrzakul Sh., Myrzakulov K., Yerzhanov K. Cosmological applications of F (R, T) gravity with 

dynamical curvature and torsion // Physical Review D.-2020. – Vol.102. – Iss. 2. – P. 023525.  
14. Harko T., Lobo F. S.N., Nojiri Sh., Odintsov S. D.. f(R, T) gravity // Physical Review D. – 2011. – Vol. 84. – 

Iss. 2. – P. 024020.  
15. Sharif M., Nawazish I. Cosmological analysis of scalar field models in f(R,T) gravity // The European Physical 

Journal C. – 2017. – Vol.77. – ID. 198.  
16. Wu J., Li G., Harko T., Shi-Dong Liang. Palatini formulation of f(R, T) gravity theory, and its cosmological 

implications // The European Physical Journal C. – 2012. – Vol.78. – ID. 430. 
17. Goheer N., Larena J., Dunsby P.K.S. Power-law cosmic expansion in f(R) gravity models // Physical Review D. 

– 2009. – Vol. 80. – Iss. 6. – P. 061301(R).  
18. Myrzakulov R.  FRW cosmology in F(R, T) gravity // The European Physical Journal C. – 2012. – Vol.72. – ID. 

2203. 
19. Yerzhanov K., Meirbekov B., Bauyrzhan G., Myrzakulov R. Cosmological solutions of F (R, T) gravity model 

with k -essence // Journal of Physics: Conference Series. – 2019. – Vol.1391. – P. 012163. 
20. Varshney G., Kumar Sharma U. Reconstructing the k-essence and the dilation field models of the THDE in f(R, 

T) gravity // The European Physical Journal Plus. – 2020. – Vol. 135. – ID. 541.  
21. Kim S. A, Liddle A. R., Tsujikawa Sh. Dynamics of assisted quintessence // Physical Review D. – 2005. – Vol. 

72. – Iss. 4. – P. 043506.  
22. Ratra B., Peebles P. J. E. Cosmological consequences of a rolling homogeneous scalar field // Physical Review 

D. – 1988. – Vol. 37. – Iss. 12. – P. 3406. 


