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Asymptotic methods for nonlinear vibrations of continuous systems
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ABSTRACT

The problem of nonlinear oscillations of continuous systems is an outstanding one in science and engineering.
Its significant peculiarity is a phenomenon of internal resonance. The main difficulty in searching analytical
solution is the problem of small denominators [1, 2].

We propose two new asymptotic methods for constructing periodic solutions.

Our first approach is valid for problems of small nonlinearity. From the conditions of secular terms absence we
obtain infinite system of nonlinear algebraic equations. Then we introduce artificial small parameter in order
to diagonalize this system, and the solution is searched in the form of corresponding asymptotic expansions.
Finally, we use Pade approximants for truncation of obtained series.

The idea of our second approach was inspired by Bender et al. [3]. We introduce artificial small parameter
delta into the exponent of the nonlinear term, so that it is a measure of nonlinearity of the problem. The
solution is represented by asymptotic powers and logarithmic expansions in terms of delta. In this approach we
get only one resonance term in each approximation. Another advantage of the proposed procedure is that one
does not have to assume nonlinear terms in the governing equations to be small. We suppose that proposed
novel methods are robust and can be an interesting alternative to the classical approach of the KAM theory.

References

1. Danishevs’kyy V., Andrianov I. (1998) A new asymptotic technique for non-linear dynamic boundary value
problems. Abstracts of the International Congress of Mathematicians, Berlin, Germany, p. 231.

2. Andrianov I., Danishevs’kyy V., Horseva E. (1999) Problem of small denominators in the theory of
continuous systems nonlinear oscillations. Abstracts of the International Conference on Differential Equations
"EQUADIFFE’99”, Berlin, Germany, pp. 324-325.

3. Bender C.M., Boettcher S., Milton K.A. A new perturbation approach to nonlinear partial differential
equations. J. Math. Phys. V. 32, N. 11 (1991) pp. 3031-3038.

Keywords: nonlinear vibrations, asymptotic methods, partial differential equations
Mathematics Subject Classification: 35, 41, 73

Contact Address: vdanish@lot.apex.dp.ua



