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Abstract

Ideal incompressible fluid is one of the most fundamental models in the continuum mechanics. The
fluid flow is described by the Euler-Lagrange equations which, in spite of their apparent simplicity, are
among the toughest in the whole mathematics. No wonder that the study of these equations involves
many different mathematical structures, and requires a stereoscopic approach to capture the full pic-
ture. In these lectures [I'll propose various viewpoints on the fluid. Here are the topics of the lectures.

1. Analyticity properties of the flows of the ideal incompressible fluid. Complex singularities, their per-
sistence and propagation.

2. Singularities of solutions, their propagation and evolution. Exponential map as an elliptic paradif-
ferential operator. Microlocal integrals and Liapunov functions. Global geometrical structure of the
group of volume preserving diffeomorphisms and the exponential map.

3. Two-point problem for the Euler-Lagrange equations. Surjectivity of the exponential map in 2-d, and
pathologies in 3-d.

4. Braids and flows. Length minimizing braids and weak solutions in 2-d. Minimal folded braids and
the inverse cascade solutions.

5. Generalized flows and weak solutions of the Euler equations. Models of turbulent cascade.
6. Long-time behavior of solutions of the Euler equations and the existence of a non-trivial attractor.
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