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Preface 

In th e fortie s P . Ya . Polubarinova-Kochin a an d P . P . Kufare v studie d 
the proble m o f evolutio n o f a  round oi l spo t surrounde d b y water when oi l 
is extracte d fro m a  wel l insid e th e spo t (Figur e 1) . I t turne d ou t tha t th e 
boundary o f the spot remains an algebraic curve of degree four i n the course 
of evolution . Thi s curv e i s th e imag e o f a n ellips e unde r a  reflectio n wit h 
respect t o a  circle. I n 195 0 Kufarev manage d t o generalize thi s property: i f 
initially th e oi l spo t i s th e imag e o f th e uni t dis k unde r a  conforma l ma p 
given b y a  rationa l functio n o f th e comple x coordinat e i n th e disk , the n i t 
retains this property i n the course of evolution . 

In 197 2 S. Richardson foun d a n infinite serie s of first integrals of motio n 
of th e spot . H e proved tha t th e integra l o f an y harmonic functio n ove r th e 
oil domain change s linearly i n time. Thi s allowed Richardson t o give a new 
proof o f th e invarianc e o f rationalit y an d a n effectiv e metho d t o construc t 
explicit solutions . 

FIGURE 1 
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viii PREFACE 

It wa s realized recentl y tha t thi s approac h ca n be extende d t o multipl y 
connected domains . I n thi s case , th e uni t circl e i s replace d b y a  hal f o f 
a comple x algebrai c curv e wit h a  specifie d M-structure , an d the conforma l 
map i s given by a path integra l o f a  meromorphic differentia l o n the curve 
that has no zeros or poles on the chosen half . 

Below we discuss thes e an d other interestin g mathematica l subject s tha t 
arose recently in the theory of fluid flows with a  moving boundary . 

This tex t i s an extende d versio n o f th e first  author' s tal k a t a  Mosco w 
Mathematical Societ y meetin g abou t th e results o f the second author . Th e 
authors gratefull y acknowledg e th e crucia l influenc e o f Prof . V . M. Ento v 
who introduced them to the circle of physical problems under consideration . 
The author s would als o like to thank Prof . V . I. Arnold, D . Ya. Kleinbock, 
Prof. I . M. Krichever, an d Dr. A. I. Shnirelman fo r very useful discussions , 
and Dr . Y. Peres fo r readin g the English translatio n o f the manuscript an d 
making important remarks . 
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