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Inflation model and quantum fluctuations 



A characteristic feature of the 
inflation process is the slow 
change of the scalar field

When the potential becomes 
small enough, the Hubble 
parameter H will also be 

small. Then the field is moving 
rapidly to the minimum of the 
potential and the inflationary 

stage ends



Inflationary fluctuations

Scalar field at the end of inflation



Formation of closed walls









Temperature inside PBH clusters
The Chapman-Enskog method makes it possible to obtain a solution to the 
transport equation and being quite general can be applied to the relativistic 

transport equation

In first approximation, the relativistic generalization of the Fourier-law for 
the heat flux and the linear expression for the viscous tensor have the form:



The relativistic equation of motion and equation of energy:

After linearization and taking into account the Fourier–law for the heat 
flux and the linear expression for the viscous pressure tensor the 

equations of energy take the form:



If the hydrodynamic four-velocity is constant the energy equation reduce to 
the relativistic heat-conduction equation:

, ,

Since the term before the pressure gradient has a divergence, we can consider only 
2 limiting cases of low and high temperatures. Using the asymptotic behavior of 

special functions in case of low temperatures we have:

 

And in case of high temperatures we have: 



Limiting the temperature range of 
1-100 keV and finding an 

expression for the dependence of 
the thermal diffusivity for ionized 

plasma have the equation

with boundary and initial conditions

Find a numerical solution:



Conclusions and plans:

• Since for the development of the Universe temperature 
played a major role in the formation of the chemical 
composition

• It's proposed to consider in more detail the distribution of 
heat after heating finished. Since a large temperature 
difference between the heated area and the surrounding 
space can cause a shock wave, it is proposed to further 
determine the speed of the thermal front

• After that to determine possible anomalies in such areas and 
compare with the observed data



Thank you for attention!
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