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Abstract: Despite the enormous progress in the
area of real-world applications of fluid mechanics
ranging from construction of airplanes, ships and
cars over weather prediction, medical applications
including the blood flow and tumor growth modeling
to the evolution of gaseous stars in cosmology, and
despite a concerted effort of generations of outstanding mathematicians, the mathematical issues
related to fundamental equations of fluid mechanics
remain either unsolved or very poorly understood. An
iconic example of such problem – the Navier-Stokes
system – remains on the list of unsolved “millenium
problems”. This lecture attempts to survey the stateof-art in mathematical fluid dynamics and to discuss
some recent results concerning well-posedness of
the underlying equations and systems. In particular, we introduce various concepts of solutions and
compare their role in the development of the mathematical theory from the historical perspective. We
conclude by presenting certain disturbing examples
of ill-posedness obtained recently by the method of
convex integration.
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