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Introduction
● Theories with nonminimal kinetic coupling of a 

scalar field and gravity belong to a class of the most 
general scalar-tensor theories. In the context of 
inflationary cosmology these models were proposed 
to use by Amendola in 1993.

● In theories of this type in the cosmological action 
there are combinations of various curvature tensor 
componets and derivatives of a scalar field                  
                   ,                         and others. 

● The Lagrangian giving second-order equations of 
motion was dirived by Horndesky in 1974.

● The models with nonminimal kinetic coupling can 
discribe the inflationary stage in the early Universe 
and its late time accelerated expansion.



  

Purpose of the work
  The purpose of this work was the investigation of 

cosmological dynamics in the model with nonminimal 
kinetic coupling of a scalar field and gravity with the 

Lagrangian of the form   
                                

                                                     
                                                                                        , 

   
    

where                                 – the Einstein tensor,
                                 

                                  ,

N – real number.



  

Method of the investigation

For the derivation of exact cosmological solutions and 
the investigation of stability of them the dynamical 

systems theory can effectivly help that was written in 
the book «Dynamical systems in cosmology» of 

Wainwright and Ellis, 1997.
                                                                                   
                                                                                   
                                   



  

Scheme of the method
● Introduction of new variables                                        

                                                                                      
                                                                                      
           

● Finding of stationary point                                             
                                                                                      
                                                                                

● Investigation of a stability of stationary points               
                                                                                      
                                                                                      
                  
                                                        eigenvalues 



  

The metrics was used 
                                                       

                                             , 

then Ricci scalar

                         .

Planck units were chosen

      h = c =         = 1.   



  

Main equations
By varying the action with the named Lagrangian the 

equations of gravitational and scalar fields are got
                                                            

                                                            ,(1) 
                             

                                                            ,(2)

                                                            ,(3)

where                        .



  

Dimensionless variables
                                                   

    We introduce new variables and the parameter:        
                           

                                                       = N



  

Taking derivatives of the introduced variables with 
respect to ln(a), the first-order system of differential 

equation is found:               

                                                                             (4)



  

where                      ,                  .                                    
    

                         
From the system (4) we exclude y, X, Y using 

equations following from the initial system (1)-(3) 

                                  .  



  

 Time dependencese a(t) is found from a stationary 
value Y and          – from one of coordinates of a 

stationary point, which isn't equal to zero, for 
example,m:                                                           

                 as                  , then                        ,        
 

                               ,

                         ,                    ,
                     

                               .



  

Stationary point, their character of stability and 
corresponding solutions a(t),            for             .

Coordinates        Character                  a(t),                           
of stability                  

Unstable node                     
Exists                    

for                     

                  
                            

      Complex type                         
Exists                      

    for                          



  

      Coordinates               Character                a(t),                    
of stability  

                                                                                                    
 Saddle   

Exists 
for  

              

           Unstable node                 
Exists

for
        



  

 Coordinates             Character                a(t),                    
             of stability                      

                                                                                   
Stable node         

for        
N > 2        
Exists        

for        
 N > 2,        

For N > 2 its power index is negative and this solution 
deverges into «Big Rip» singularity at t = t  0. 



  



  



  



  

Conclusions
1. In the model of the Universe with nonminimal kinetic 
coupling whithout matter and the power-low potential      
                      two asimptotically stable solutions exist:

1). for N > 2 – power-low solution, which have the 
singularity «Big Rip» and doesn't depend on coupling 

constant    .   
  2). for 0 < N < 2 – solution with                    and       

power-low behaviour of         .                      
           

2. For 0 < N < 2 unstable exponential solution exists      
(               ) and we have the possibility of a transition 

from it either to ossilations or to stable inflation 
depending on initial data. 

3.  The case of N = 2 is requed of the special research. 


	Страница 1
	Страница 2
	Страница 3
	Страница 4
	Страница 5
	Страница 6
	Страница 7
	Страница 8
	Страница 9
	Страница 10
	Страница 11
	Страница 12
	Страница 13
	Страница 14
	Страница 15
	Страница 16
	Страница 17
	Страница 18

