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Evidence that our Universe had accelerated expansion after the Big Bang and the presence 

of dark energy may indicate that a modified theory of gravity lies behind our Univers, which differs 

from the General Theory of Relativity. 

In 1971, Horndeski found a general class of scalar-tensor gravity models, the equation of 

motion of which are second order. The aim of this article is to find some new spherically symmetric 

solutions in the Horndeski gravity. 

We use units of 1B c h     and set Planck Mass as 
2

8
1

PIM


  [1]. 

The most common scalar-tensor gravitational models, in which the equations of motion are 

of the second order, as in GR, belong to the class of theories of gravitation by Hornedeski, whose 

action is determined by,  
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In our article we will consider the case  4 , | |G X X  , namely  

1

mailto:nunione26@gmail.com


198 
 

 

    4 2| |
, | | ( ) ,

2 2 | |

R X
I dx g P X X R W

XX

 
    

                
     (3) 

 
which corresponds to  

 

 4 , | |,G X X       3 5, , 0,G X G X                    (4) 

 
where  is a constant. 

A general spherically symmetric static solution is described by the metric  
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where ( )A r and ( )B r are functions of the radial coordinate r . As a consequence, ( )r   and 

( )X X r  such that  
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where the prime index denotes the derivative with respect to   and the field is real, namely 20 
[2]. 

We can write the type of the covariant components of the metric tensor g as follows 
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Covariant components of the metric tensor g correspond to countervariant components by 

the formula  
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where | |g g P  and    algebraic complement of the corresponding matrix element. 

The contravariant metric tensor g
 is  
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Sixty-four components of the Christoffel symbols ɦȽ 
  are calculated by the following 

formula 
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Then using the (11) and this formula 
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we find the components of the Ricci tensor, also taking into account the symmetry  
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As a result, we obtain the following components of the Ricci tensor 
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Using  
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ik
R g R  (15) 

 

we calculate the scalar curvature of space. Finally, we get the following expression 

 

 
2

2 2 2

' ' '' 2 ' ' 2 ' 2 2
.

2 2

A B A B A B A B B B
R

A A Ar A r r r
         (16) 

 

Powered by TCPDF (www.tcpdf.org)

3

http://www.tcpdf.org


200 
 

The Equations of motion (EOMs) are derived from the action, whose on-shell form for the 

metric (5) is given by 
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After integration by parts, we are able to recast the Lagrangian in a standard form where 

only the first derivatives of the metric appear, namely,  
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Here, the boundary term [3] is given by 
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The variations with respect to the metric functions  A r  [4], [5] 
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We also got a variation with respect to the metric function  B r  
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Moreover, the variation with respect to the field reads 

 

             

 
 

 
       

       

2

2 2

2

3 2 2

2 ' '
, ' , , '' ,

2

2 ''
' , ' ,

2 '

1
' ' ' '' , 0.

2

X X X

X X

XX XX

B r B r
P X P X P X B r P X

r

B rA r
B r P X B r P X

A r r

B r B r P B r P X






     

 
   



   

  

 
    
  

  

 (22) 

Powered by TCPDF (www.tcpdf.org)

4

http://www.tcpdf.org


201 
 

 

We will consider the case 
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And we get the following variations 
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We will consider a special case, where  
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Thus, Equations (24), (25) and (26) reads  
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From Eq. (30) we have  
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And also from Eq. (29) we get the following solution for    
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In this paper, based on the general interest in the Horndeski theory of gravity, we tried to 

analyze static spherically symmetric solutions for a subclass of the Horndeski models. 

We considered the action in vacuum in Horndeski theory of gravity and found the scalar 

curvature of space. Using a variation, we found the equations of motion, then found the solution for 

the special case. 
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Every year our generation faces various reforms in the field of education. It is not for 

nothing that the issue of education and training has recently received more and more attention not 

only from society but also from the state.  

Reform the education system is an important step towards bringing the education system in 

Kazakhstan in line with existing international standards, as well as improving its efficiency. 

One of the reforms is the electronic diary project "Kundelik.kz". It was introduced because 

the school educational system needs constant improvement of the educational process and 

improvement of the quality of education, and such diaries allow controlling the educational process 

and communication between the school and parents pupils more simple. However, it should be 

noted that often not carried out properly the monitoring results that must be achieved, in the end 

after the introduction similar project. Once implemented, each system needs to be improved, 

therefore, this study can be considered relevant, because the results will be useful for both the 

community and the developers and implementers this project. 

The purpose of this study is studying the effectiveness of the introduction of electronic 

diaries in schools of  Kazakhstan. 

To achieve this goal it is necessary to identify the following tasks: 

1) examine the objectives, the objectives set in the planning process and the launch of the 

project; 

2) to study the theoretical aspects of the project under consideration; 

3) analyze the results achieved to date; 

4) to identify the existing problems and shortcomings in the planning of the project; 

5) assess the satisfaction of the project participants and users from its implementation; 

6) identify the intended field of the solution of the identified problems. 

The object of the study is the project "Kundelik.kz" and the subject-the device of an 

electronic diary and the process of its use by participants educational process. 

The system of electronic diaries is a convenient, powerful, completely free tool for 

creating single information and educational space of the educational institution and its interaction 
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