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The mathematical modeling of crystal structures and their dynamics during the structural 

transitions can be performed by the method of phase field crystal in the hyperbolic formula-

tion (MPFC method). We propose the stochastic extension of MPFC-model to find the effect 

of atomic fluctuations. 

 

The mathematical modeling of crystal structures and their dynamics during the 

structural transitions can be performed by the method of phase field crystal in the hy-

perbolic formulation (MPFC method). The model can be considered from the Swift-

Hohenberg equation and the Density Functional Theory. This method is suitable for a 

continual modeling of the atomic density field at diffusion time intervals. The unstable 

behavior of the solution near local energy minima is discussed.  

The authors propose the hypothesis of the formation of metastable structures during 

the relaxation of domain to the stable state. Due to the presence of the set of different 

possible structures on the system’s transformation path, the pattern of the atomic den-

sity field could remain still when the system is in the vicinity of local free energy min-

ima [1,2].   

To perform reliable simulations, one should take into account the factors leading to 

the appearance of instability. Special additional term for describe atomic vibrations in 

the field of atomic density  should allow the system to come out of metastable states 

and increase the rate of formation of equilibrium and stable states consistent with dia-

grams of structures. The approach of introducing the noise as a fluctuation effect de-

veloped for the WCT and mean-field theories may be utilized in the PFC model. The 

narrow approach of introducing the noise-terms in the stochastic hyperbolic phase-field 

models [3] could be used as a base for the physically-consisted fluctuations.  
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We propose the simple stochastic modification of hyperbolic PFC-model to find 

the effect of fluctuations on the dynamics of atomic density field. Results of simula-

tions in presence and in lack of noise indicate that the moderate noise of the atomic 

density field amplitude could provide the quick relaxation. 
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