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Outline of the Talk

1. A little bit of the history (KF model, FPU model, FPU 
paradox, Concept of Soliton is the explanation of the FPU 
paradox by ZK, 50 years of IST)

2. Properties of the higher-order nonlinear partial differential 
equation corresponding to FPU model.

3. Properties of higher-order nonlinear partial differential 
equation corresponding to the generalized of the KP model 
and the FPU model.
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The Frenkel-Kontorova-Fermi-Pasta-Ulam model
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The Frenkel-Kontorova model
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The Fermi-Pasta-Ulam model
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The Fermi – Pasta – Ulam model (1)
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Fermi-Pasta-Ulam paradox
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Martin D Kruskal (September 28, 1925 – December 26, 2006) 
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The concept of Soliton

The paradox was solved in the work by N.J. Zasbusky and M.D. Kruskal in 1965.



The Lax pair for the KdV equation
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Two cases of this talk 
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Questions for the Fermi-Pasta-Ulam model: 
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Derivation of more exact nonlinear differential equations

Taking into account the expansion in the Teylor series, we have
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Derivation of more exact nonlinear differential equations 

Using the parameter in the form

We  have
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Derivation of nonlinear evolution differential equations 
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Nonlinear evolution equation of fifth order 



Nonlinear higher-order differential equations: 
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Painleve test for fifth-order differential equation 
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First integral for the fifth-order differential equation

There is the first integral for the fifth-order differential
equation
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Results of the Painleve test of higher-order equations

The fifth and seventh-order nonlinear evolution equations
do not pass the Painleve test

The Cauchy problems for these equations cannot be
solved by means of the inverse scattering transform.

There are expansions for solutions of these equations in
the Laurent series.

Some exact solutions of these equations can be found.



Exact solution of higher order differential equation 
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Elliptic solution of higher order differential equation 
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Test for mathematical modeling
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Interactions of solitary waves for the fifth-order 
differential equations 
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Comparison with numerical solution of the KdV model
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The Frenkel-Kontorova-Fermi-Pasta-Ulam model 
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Questions for the Frenkel-Kontorova-Fermi-Pasta-Ulam model 

27



Equation for description of nonlinear dislocations
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Equation for description of nonlinear dislocations
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Painleve test of equation for nonlinear dislocations
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Painleve test of equation for description of dislocations

31



Painleve test of equation for description of dislocations
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Lax pair corresponding to special case
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The solution of the Cauchy problem
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Multi-soliton solutions of the forth-order equration
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The evolution of the one -soliton solutions
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The evolution of the two-soliton solutions
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The breather solution for nonlinear dislocations
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The Hierarchy of nonlinear integrable equations
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Exact solutions for nonintegrable cases 
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Exact solutions for nonintegrable cases 
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Results of numerical modeling
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Results of numerical modeling
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Conclusion
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