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2

3 0 iH  (29) 

 .0=)(
2

1
2 00    iH  (30) 

Now we take the Dirac 2-spinor as 0†

21 ),(=  , the equation for spinor reads as  

 

 0.=2
2

3 0 iH   (31) 

 

Thus we must solve the next system of ODEs:  

 

 },,{={1,2}=2,
2

3
=

log
 aH

dt

d
a

a 


 (32) 

 

which posses the following solution  

 ).)((0),)((0)(= 23/2

2

23/2

1

ttT etaeta   (33) 

 

Using this form of the 2-spinor we can obtain the scale factor from the following equation  

 

 },|||{| 42423 tty eeiey     (34) 

 

here (0)}(0),{},{)),((log 21   tay . 
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In this paper, we consider the (3+1)-dimensional Kudryashov-Sinelshchikov (KS) equation 

in the following form [1] 
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   (1) 

 

 where  represents the fluid velocity in the horizontal direction x,  is a 

positive constants. The equation (1) describes the physical characteristics of nonlinear waves in a 

bubbly liquid. The goal of this work is to study the (3+1)-dimensional Kudryashov-Sinelshchikov 

equation by sine-cosine method [3].  

Sine-cosine method 

In this section, we apply sine-cosine method to the (3+1)-dimensional KS equation (1). By 

wave variable 

 

 , 𝜉=(x+y+z-ct)      (2) 

 

the equation (1) can be converted to 

 

               (3) 

 

Integrating (3) and assuming the integration constant  to be zero, we obtain  

 

 .    (4) 

 

By the sine-cosine method we then use the cosine assumption 

 

u = (µ ζ),       (5) 

with next derivatives 

 

u´=-βµλ  ,     (6) 

 

u´´=- (µ ζ) .  (7) 

 

We substitute equation (5) and (7) in to (4) and obtain 

 

   (8) 

 

From (8) we find  

2β=β-2 β=-2       (9) 

 

Then by substituting (9) into equation (8) we have 

 

 (10) 

 

Equating the exponents and the coefficients of each pair of the cosine function in (10), we 

obtain a system of algebraic equations 

:   

       (11) 

 

    ,    (12) 

 

and by solving the algebraic system (11)-(12) we obtain next parameters 
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 ,      (13) 

 

 ,      (14) 

 

β=-2        (15) 

 

Then by substituting expressions (13)-(15) into equation (5), we can find cosine solution for 

(1) in the next form 

  (16) 

 

By same way we can find sine solution for (1) that is 

  (17) 

The graphical representation of solutions (16) and (17) is depicted  

Figure 1: The solution  of equation (1) Figure 2: The solution  of  

equation (1)  t=5, d=0.5, e=0.5 , α=1, z=1     t=5, d=0.5, e=0.5 , α=1, z=1 

  

Figure 3: The solution  of equation (1) Figure 4: The solution  of  

equation (1)  t=0, d=0.5, e=0.5 , α=1, z=1     t=0, d=0.5, e=0.5 , α=1, z=1 

 

In this paper, we study the (3+1) demensional Kudryashov-Sinelshchikov equations. Using 

the sine-cosine, we constructed various exact wave solutions for this equation. The graphical 

representation of the obtained solutions is presented in the figures. 
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The main problem of general relativity in the modern general view is the impossibility of 

creating a quantum field model in the form of a canonical model [1]. The time of the general theory 

of relativity is macroscopic. On this basis, it cannot be described in terms of quantum 

mechanics.Understanding the formation and evolution of the visible world is the main theme of 

modern cosmology. There are several candidates on the first issue, including the supposed standard 

cosmological model with the peculiarities of the birth of our universe. Other models, such as cyclic 

models, assume the cyclical nature of cosmic evolution due to the transition of the world from one 

singular state (big bang) to another.Another interesting theoretical issue is the phenomenon of 

cosmic acceleration, which is now referred to as "dark energy". There are many ways to study these 

phenomena, which are well proven, many of which seem like hopeless actions of theoretical parties. 

In this case, we sometimes need to study in detail the mathematical nature of the basic gravitational 

equations.Following this idea, we study Einstein's equation (Friedmann's equation) with some 

integrated and non-integrated abbreviations. The connection between Einstein's equation and the 

solutions of Chazi's equations is established [2]. Friedmann's equations are a set of equations in 

physical cosmology that govern the expansion of space in homogeneous and isotropic models of the 

universe in general. Alexander Friedmann of Russia At that time, Einstein, Willem de Sitter of the 

Netherlands, and George Lemitre of Belgium were developing equations to model the universe. 

Friedman developed it as a relativistic equation based on general relativity, but the non-relativistic 

version is based on Newton's laws [3]. 

Wecanwritethe general action of gravity F (T) asfollows: 

 

    mLTFxedS 4

2

1
,                                                 (1) 

We can record the action by variation as follows 

 

                                                                                                      (2) 

We vary T so that we have such values of  : 

  

 
TeF . (3) 

After integrating into parts, Lagrangian is given as follows. 

 

 TTТ aFaTFaTFaaFaL 2323 66   , (4) 


