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“A. N. Kolmogorov considered his work on turbulence to be non-mathematical. He wanted to explain
observed phenomena from first principles, i.e. from the Navier-Stokes equations. This dream was one of

the sources of his interest in the theory of dynamical systems, in which he perceived a set of tools for the
description of turbulent chaos.” — V.I. Arnol’d [22
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The flow in this ‘Kolmogorov model’ is usually supposed to be two-dimensional
and the exterior force field has usually the form of the first harmonic. If the Reynolds
number is small, the steady laminar flow emerges: its velocity profile has a sinusoidal
form. This flow loses its stability as the Reynolds number grows. The Kolmogorov
1958 programme was to study rigorously the bifurcations of the attractors in this

system and their dependence on the growing Reynolds number. This programme was
partially fulfilled in the work of Mechalkin & Sinai (1961). As far as I know, the
bifurcations in such systems have not been completely understood even now, even in
the two-dimensional case and even numerically, using the Galerkin approximation
for moderate Reynolds number (but see Nicolaenko & She 1990).
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Does the minimum of the Hausdorff dimensions of the attractors grow with
Reynolds number for the Navier—Stokes system on a compact two-dimensional

manifold (for, say, the Kolmogorov model)*
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1992-11. Consider the Navier—Stokes equation (say, on the 2-torus) with external
force proportional to the viscosity (Kolmogorov’s model). Is it true that, as the
viscosity tends to O (i.e., the Reynolds number grows), there appear attractors
of dimensions increasing with the Reynolds number (and containing no smaller
attractors)?

Is it true that, moreover, the minimum dimension of all attractors unbound-
edly increases with the Reynolds number?

A. N. Kolmogorov suggested (in 1958) that the answer to the first question
was affirmative, but he doubted that so was the answer to the second because of
the experiments on delaying loss of stability.

There are two Kolmogorov’s 1958 conjectures on the behavior of the di-
mension of minimal attractors (i. e., the attractor which does not contain a smaller
attractor) when its Reynolds number R tends to the infinity:

a) weak

max dimminAttr - o forv — 0;
min Attr

b) strong

min dimminAttr - forv — 0;
min Attr

(see [1], Ch.1) where v is the (kinematic) viscosity of a current.
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A.N. Kolmogorov always emphasized that preservation of stability of a steady
flow, even for the infinitely growing Reynolds number, would not contradict hydro-

dynamical experiments, under the assumption that the basin of the corresponding
attractor shrinks fast enough.
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