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    F o r  a  m o r e  a d e q u a t e  d e s c r i p t i o n  o f  r e a l  p r o c e s s e s  t h a t  o c c u r  i n  n a t u r e
a n d  t e c h n o l o g y ,  p s e u d o - p a r a b o l i c  e q u a t i o n s  a r e  u s e d .  T h e r e f o r e ,  t h e
g r o w i n g  i n t e r e s t  i n  t h e  s t u d y  o f  n o n - l o c a l  p r o b l e m s  f o r  p s e u d o p a r a b o l i c
e q u a t i o n s  i s  c a u s e d ,  n a m e l y ,  b y  t h e i r  n u m e r o u s  p r a c t i c a l  a p p l i c a t i o n s .  
   P s e u d o p a r a b o l i c  e q u a t i o n s  w i t h  v a r i o u s  d i f f e r e n t i a l  o p e r a t o r s  o f  t h e
s e c o n d  a n d  h i g h e r  o r d e r s  i n  s p a t i a l  v a r i a b l e s  a r i s e  i n  m a t h e m a t i c a l
m o d e l s  o f  e p i d e m i c s ,  d i f f u s i o n ,  h e a t  t r a n s f e r ,  a n d  w a v e  p r o c e s s e s .
P r o b l e m s  o f  t h i s  k i n d  a l s o  a r i s e  i n  t h e  t h e o r y  o f  u n s t e a d y  f l o w  o f  a
v i s c o u s  g a s ,  d u r i n g  c o n v e c t i v e  d i f f u s i o n  o f  s a l t s  i n  a  p o r o u s  m e d i u m ,
p r o p a g a t i o n  i n i t i a l  c o m p a c t i o n  i n  a  v i s c o u s  g a s ,  m o i s t u r e  t r a n s f e r  i n
s o i l s ,  p r o p a g a t i o n  o f  p u l s e d  r a y  w a v e s ,  i n  v a r i o u s  b i o l o g i c a l  p r o c e s s e s ,  i n
t h e  t h e o r y  o f  i n v e r s e  p r o b l e m s .  I n  p a r t i c u l a r ,  t h e s e  p r o b l e m s  i n c l u d e  t h e
p r o b l e m  o f  f i l t r a t i o n  o f  h o m o g e n e o u s  f l u i d s  i n  r o c k s  w i t h  h i g h l y
d e v e l o p e d  f r a c t u r i n g .  C u r r e n t l y ,  a  n u m b e r  o f  s t u d i e s  o f  f i l t r a t i o n  i n
r e s e r v o i r s  h a v e  b e e n  p e r f o r m e d ,  i n  t h e  p r e s e n c e  o f  a  s m a l l  n u m b e r  o f
d i f f e r e n t l y  l o c a t e d  f r a c t u r e s .  H o w e v e r ,  t h e  a p p r o a c h  b a s e d  o n  a  s p e c i f i c
c o n s i d e r a t i o n  o f  t h e  f r a c t u r e  c o n f i g u r a t i o n  i n  t h e  r e s e r v o i r  i s  n o t
a p p l i c a b l e  t o  h i g h l y  f r a c t u r e d  m e d i a .  I n d e e d ,  o n  t h e  o n e  h a n d ,  t h i s
c o n f i g u r a t i o n  i s  u n k n o w n  t o  u s ,  a n d  o n  t h e  o t h e r  h a n d ,  i t  i s  c o n f u s i n g
a n d  c o m p l e x ,  s o  t h a t  t h e  m a t h e m a t i c a l  d i f f i c u l t i e s  i n  c a l c u l a t i n g
f i l t r a t i o n  w i t h  s u c h  c o m p l e x  c o n f i g u r a t i o n s  o f  c r a c k s ,  e v e n  i f  t h e y  w e r e
k n o w n ,  b e c o m e  i n s u r m o u n t a b l e .  H o w e v e r ,  i t  i s  t h e  c o m p l e x i t y  a n d
b r a n c h i n g  o f  f r a c t u r e  s y s t e m s  i n  r o c k s  w i t h  h i g h l y  d e v e l o p e d  f r a c t u r i n g
t h a t  m a k e s  i t  a p p r o p r i a t e  f o r  s u c h  r o c k s  t o  c o n s i d e r  a n o t h e r
c o n s i d e r a t i o n ,  s p e c i f i c  t o  c o n t i n u u m  m e c h a n i c s ,  u s i n g  t h e
p s e u d o p a r a b o l i c  e q u a t i o n s . T h e r e f o r e ,  t h i s  t o p i c  i s  v e r y  r e l e v a n t  f o r
s o l v i n g  m a n y  t h e o r e t i c a l  a n d  p r a c t i c a l  p r o b l e m s .



PROJECT GOAL

   T h e  a i m  o f  t h e  p r o j e c t  i s  t o  s t u d y  b o u n d a r y  v a l u e  p r o b l e m s  f o r
p s e u d o p a r a b o l i c  e q u a t i o n s  a n d  r e l a t e d  s i n g u l a r  i n t e g r a l  e q u a t i o n s  o f
V o l t e r r a  t y p e .

EXPECTED AND ACCOMPLISHED RESULTS

 Statement of a boundary value problem for a pseudoparabolic equation,  
construction of algorithms for finding a solution.

 Conditions for the unique solvability of a boundary value problem for a  
pseudoparabolic equation.

 Integral representations of the solution to boundary value problems.  
Reducing the boundary value problems to singular integral equations of the  

Volterra type.
 Constructing the singular characteristic Volterra integral equations.  

Constructing the resolvent.
 Researching the issues of solvability for characteristic integral equations.
 Regularization of singular Volterra integral equation by a solution of the  

characteristic integral equation.
 Determination of solution uniqueness classes.  Proof of a theorem on the  

solvability of singular integral equations.
 Statement of a boundary value problem for a pseudohyperbolic equation,  

algorithms for finding a solution.
 Conditions for the solvability of a boundary value problem for a 

pseudohyperbolic equation.
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