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M A T H E M A T I C A L  M O D E L L I N G  O F  C O M P O S I T E  M A T E R I A L S :  
R E F I N E D  M O D E L S  F O R  D Y N A M I C  P R O B L E M S

S u m m a r y .  T h e  g e n e ra l m o d e llin g  p ro c e d u re s  fo r  the  in ve s t ig a t io n  o f  
n o n - s ta t io n a ry  p ro ce sse s  in  p e r io d ic  co m p o s ite s  a re  d iscussed . T h e  a t te n t io n  
is g iv e n  to  n e w  m ac ro - m o d e ls , d e v e lo p e d  re c e n t ly  in  P o la n d , w h ic h  ta k e  in to  
a c c o u n t  th e  e f fe c t  o f  th e  m ic ro s tru c tu re  leng th  d im e n s io n  o n  th e  d y n a m ic  
b e h a v io u r  o f  th e  b o d y  an d  a re  s im p le  e n o u g h  to  b e  a p p lie d  to  th e  an a ly s is  o f  
e n g in e e r in g  p ro b le m s .
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S tre s z c z e n ie . P rz e d y s k u to w a n o  o g ó ln e  m e to d y  fo rm u ło w a n ia  m o d e li  
m a te m a ty c z n y c h , o p isu ją c y ch  n ie s ta c jo n a rn e  p ro c e sy  w  k o m p o z y ta c h  o 
s t ru k tu rz e  p e r io d y c z n e j. G łó w n ą  u w ag ę  p o św ię c o n o  n o w ym  m a k ro m o d e lo m , 
ro z w ija n y m  o s ta tn io  w  P o ls ce , k tó re  u w z g lę d n ia ją  w p ły w  w ie lk o ś c i 
m ik ro s t ru k tu r y  n a  d y n a m ik ę  o ś ro d k a  i są n a  ty le  p ro s te , że  m o g ą  b yć  
s to s o w a n e  w  a n a liz ie  p ro b le m ó w  in ż yn ie rsk ich .

M A T H E M A T I S C H E  M O D E L L E  D E R  V E R B U N D S T O F F E :  
V E R B E S S E R T E  M O D E L L E  F Ü R  D Y N A M I S C H E  P R O B L E M E

Z u s a m e n fa s s u n g . E s  w u rd e n  d ie  g e m e in sa m e n  F o rm u lie ru n g s m e th o d e n  fü r  
M a th e m a t is c h e  M o d e l le  d e r  n ic h ts ta t io n a re n  P ro z e sse n  in  p e r io d is c h e n  
V e r b u n d  s to ffe n  b e s ch r ie b e n . B e s o n d e rs  w u rd e n  d ie  n e u e n  M a c ro - M o d e lle ,  
le tz te n s  in  P o le n  e n tw ic k e llt ,  vo rg e s te llt . D ie s e  M o d e l le  k ö n n e n  e in e  p ra k t is c h e  
A n w e n d u n g  fin d e n .

T h e  g e n e ra l  m o d e ll in g  p ro c e d u re s  fo r  the  in ve s tig a tio n  o f  n o n - s ta t io n a ry  p ro c e s se s  in 
p e r io d ic  c o m p o s ite s  a re  d iscussed . T h e  a t te n t io n  is g iv e n  to  n e w  m a c ro - m o d e ls , 
d e v e lo p e d  r e c e n t ly  in  P o la n d ,  w h ich  ta k e  in to  ac co u n t th e  e ffe c t  o f  th e  m ic ro s t ru c tu re  
le n g th  d im e n s io n  o n  th e  d yn a m ic  b e h a v io u r  o f  th e  b o d y  a n d  a re  s im p le  e n o u g h  to  b e
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a p p l ie d  to  th e  a n a ly s is  o f  e n g in e e r in g  p ro b le m s . T h e  fo rm u la t io n  o f  d if fe r e n t  m o d e ll in g  
a p p ro a c h e s  in  c o m p o s ite  m e ch a n ic s  is m o tiv a te d  b y  th e  w e l l  k n o w n  fa c t  th a t  th e  e x ac t 
a n a ly s is  o f  p e r io d ic  h e te ro g e n e o u s  m a te r ia ls  in  th e  f r a m e w o rk  o f  so lid  m e c h a n ic s  (v iz . 
th e  m ic ro m e c h a n ic s  o f  p e r io d ic  co m p o s ite s ) ca n  b e  c a r r ie d  o u t o n ly  fo r  a  fe w  s p e c ia l 
p ro b le m s . In  g e n e ra l ,  th e  e q u a t io n s  o f  m ic ro m e ch a n ic s , d u e  to  th e  n o n - c o n t in u o u s  a n d  
h ig h ly  o s c i l la t in g  fo rm  o f  fu n c tio n s  d e s c r ib in g  m a te r ia l p ro p e r t ie s  o f  a c o m p o s ite  b o d y , 
c a n n o t  b e  t a k e n  a s  th e  b as is  fo r  o b ta in in g  u se fu l in fo rm a t io n  o n  m o st o f  p ro b le m s  m e t  
in  th e  e n g in e e r in g  p ra c t ic e .  T h a t  is w h y  in  co m p o s ite  m e ch a n ic s  w e  d e a l w ith  a  v a r ie t y  
o f  m a c ro - m o d e ll in g  m e th o d s  le a d in g  to  d if fe re n t  a p p ro x im a te  m a th e m a t ic a l  m o d e ls  o f  
p e r io d ic  h e te ro g e n e o u s  m a te r ia ls  an d  s tru ctu res . M a th e m a t ic a l  m o d e ls  o f  th is  k in d  a re  
o f te n  c a lle d  th e  m a c ro - m o d e ls  an d  d e s c r ib e  th e  e ffe cts  o f  co n s titu e n ts  o n ly  as a v e ra g e d  
a p p a r e n t  p ro p e r t ie s  o f  a  b o d y  in  th e  f ra m e w o rk  o f  th e  m a c ro m e c h a n ic s  o f  c o m p o s ite  
m a te r ia ls .  N e v e r th e le s s ,  m a n y  m ac ro - m o d e llin g  p ro c e d u re s  m a k e  it p o s s ib le  to  d e te c t  
a ls o  th e  m ic ro - m e c h a n ic a l b e h a v io u r  o f  a co m p o s ite  o n  th e  bas is  o f  s o lu t io n s  to  
p ro b le m s  o f  m a c ro m e c h a n ic s .  T h e  lis t o f  c o n te m p o ra ry  an d  u p d a te d  m a c ro - m o d e ll in g  
a p p ro a c h e s  is v e r y  e x te n s iv e ; in  o rd e r  to  in te r re la te  th e  n e w  re f in e d  m a c ro - m o d e ll in g  
p ro c e d u re ,  r e c e n t ly  d e v e lo p e d  in  P o la n d  w ith  the  ex isting  m e th o d s  w e  o u t l in e  in  th is  
s u m m a ry  s o m e  t re n d s  in  the  fo rm u la t io n  o f  a p p ro x im a te  th e o r ie s  fo r  p e r io d ic  c o m p o s ite  
m a te r ia ls .

G e n e r a l l y  s p e a k in g , th e  k n o w n  m e th o d s  o f  m a c ro - m o d e llin g  can  b e  s e p a ra te d  in to  tw o  
m a in  g ro u p s . T o  th e  f irs t  b e lo n g  th e  g e n e ra l p ro ce d u re s , in  w h ic h  th e re  a re  n o  a  p r io r i  
r e s t r ic t io n s  im p o s e d  o n  d is t r ib u t io n  o f  co n s titu e n ts  w ith in  th e  p e r io d ic ity  c e ll.  T h e  s e co n d  
g ro u p  co n s is ts  o f  m e th o d s  d e v e lo p e d  in d e p e n d e n t ly  fo r  s p e c ia l ty p e s  o f  c o m p o s ite  
m a te r ia ls ,  n a m e ly  fo r  la m in a te d  co m p o s ite s , fib ro u s  co m p o s ite s  a n d  fo r  so lid s  w ith  
in c lu s io n s  a n d  c a v it ie s  o f  v a r io u s  sh ap e s  (i.e ., fo r  p a r t ic u la te  c o m p o s ite s ) .  T h u s ,  w e  c a n  
d e a l  w ith  g e n e ra l  a n d  s p e c ia l m a c ro - m o d e llin g  p ro c e d u re s . O b v io u s ly ,  th e  g e n e ra l 
m a c ro - m o d e ls  h a v e  th e  p r a c t ic a l  m e a n in g  i f  th e y  ca n  b e  a p p lie d  to  th e  a n a ly s is  o f  s p e c ia l 
ty p e s  o f  c o m p o s ite s .  In  th is  c o n tr ib u t io n  the  m a in  a t te n t io n  is c o n c e n t r a te d  o n  th e  
m a c ro - m o d e ll in g  o f  n o n s ta t io n a ry  p ro cesses  in  p e r io d ic  co m p o s ite s , w h e re  th e  e f fe c t  o f  
th e  le n g th  d im e n s io n s  o f  th e  p e r io d ic ity  ce ll o n  th e  d y n a m ic  b e h a v io u r  o f  a  b o d y  p la y s  
a n  im p o r ta n t  ro le .  T h a t  is w h y  w e  d is c e rn  b e lo w  th e  leng th-sca le  m a c ro - m o d e ls  a n d  th e  
lo c a l  m a c ro - m o d e ls , in  w h ic h  th is e f fe c t  is n eg le c ted .

T h e  m a in  e f fo r ts  in  co n s tru c t in g  th e  m ac ro -m o d e ls  in  d yn a m ic s  o f  c o m p o s ite s  w e re  
p o s e d  o n  th e  s p e c ia l m a c ro - m o d e llin g  p ro ce d u re s . T h e  lis t  o f  r e fe re n c e s  o n  th is  su b je c t 
is v e r y  e x te n s iv e . W e  ca n  m e n t io n  h e re  th e  e ffe c t iv e  s tiffn ess  th e o r ie s  fo r  p e r io d ic a l ly  
la m in a te d  e la s t ic  c o m p o s ite s , cf. S u n , A c h e n b a c h  an d  H e r m a n n  (1 9 6 8 ), A c h e n b a c h  a n d  
H e r m a n n  (1 9 6 8 ), G r o t  a n d  A c h e n b a c h  (1 9 7 0 ), the  in ve s tig a tio n s  in  d y n a m ic s  o f  fib re-  
r e in fo r c e d  co m p o s ite s , cf. A b o u d i  (1 9 8 1 ), T o f f  (19 8 3 ), a n d  th o se  r e la te d  to  m e d ia  w ith  
v o id s , cf. N u n z ia to  a n d  C o v in  (1 9 7 9 ).

A m o n g  th e  g e n e ra l  m a c ro - m o d e llin g  p ro c e d u re s  w e  c a n  m e n t io n  th o se  b a s e d  o n  th e  
a s y m p to t ic  h o m o g e n iz a t io n  a p p ro a c h , cf. B e n so u ssa n , L io n s  an d  P a p a n ic o la o u  (1 9 8 7 ), 
S a n c h e z - P a le n c ia  a n d  Z a o u i  (1 9 8 5 ), an d  th e  e x ten s ive  list o f  re fe re n c e s  th e re in .  T h e  
re s u lt in g  m a c ro - m o d e ls  a r e  d e s c r ib e d  b y  e q u a t io n s  in vo lv in g  co n s ta n t c o e f f ic ie n ts  ( c a l le d  
th e  e f fe c t iv e  m o d u la e )  an d  t im e  d e p e n d e n t fu n c tio n s  ( f o r  n o n s ta t io n a ry  p ro c e s s e s ). 
T h e s e  m a th e m a t ic a l  o b je c ts  h a v e  to  b e  d e te rm in e d  in d e p e n d e n t ly  fo r  e v e r y  p e r io d ic  
s t ru c tu re  b y  o b ta in in g  so lu tio n s  to  c e r ta in  v a r ia t io n a l  p ro b le m s  p o se d  o n  th e  p e r io d ic it y
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c e l l  a s  w e l l  as  c e r ta in  in it ia l  v a lu e  p ro b le m s  fo r  m a te r ia ls  w ith  a  m e m o ry  (e .g . fo r  v is c o 
e la s t ic  m a te r ia ls ) .  H e n c e ,  th e  fo rm u la t io n  o f  m a c ro - m o d e ls  b y  th e  a s y m p to t ic  
h o m o g e n iz a t io n  m e th o d s  fo r  a n y  sp e c if ic  co m p o s ite  m a te r ia ls  re q u ire s  r a th e r  le n g th y  
n u m e r ic a l  co m p u ta t io n s . F o r  th is re a so n  th e  a s y m p to t ic  a p p ro a c h , as a  ru le ,  is re s tr ic te d  
o n ly  to  th e  f irs t  a p p ro x im a t io n . W it h in  th is ap p ro x im a t io n  w e  d e a l w ith  th e  lo c a l  m a c ro 
m o d e ls ,  in  w h ic h  th e  e f fe c t  o f  th e  size  o f  the  p e r io d ic ity  ce ll o n  th e  b e h a v io u r  o f  th e  
b o d y  is  n e g le c te d . T o  d e s c r ib e  leng th-sca le  p h e n o m e n a  ( i.e . to  fo rm u la te  th e  le n g th - sca le  
m a c ro - m o d e ls )  b y  th e  a sy m p to t ic  h o m o g e n iz a tio n  a p p ro a c h , th e  h ig h e r  s te p s  in  th e  
fo r m a l  a s y m p to t ic  p ro c e d u re  h a v e  to  b e  co n s id e re d . D u e  to  c o n s id e ra b le  d if f ic u lt ie s  o n  
th e  s tag e  o f  a  fo rm u la t io n  o f  g o ve rn in g  e q u a tio n s  o f  m a c ro m e c h a n ic s  fo r  a  s e le c te d  
c o m p o s ite  b o d y , th e  a b o v e  lin e  o f  p ro c e d u re  is no t a c ce p te d  b y  m o st o f  r e s e a rc h e rs  
in te re s te d  m a in ly  in  e n g in e e r in g  a p p lic a t io n s  o f  the  re su lt in g  th e o r ie s . F r e e  f ro m  th is  
d r a w b a c k  a r e  g e n e ra l m a c ro - m o d e llin g  m e tho d s , b ased  o n  th e o r ie s  o f  m a te r ia l  c o n t in u a  
w ith  m ic ro s t ru c tu r e  su gg ested  b y  M in d l in  (1 9 6 4 ), E r in g e n  an d  S u h u b i (1 9 6 4 ) a n d  o th e rs . 
M o d e ls  o f  th is  k in d  a re  c a lle d  th e  m ic ro s tru c tu ra l m o d e ls  an d  b e lo n g  to  th e  le n g th - sca le  
m a c ro - m o d e ls . T h e y  c a n  b e  fo rm u la te d  w ith o u t an y  re fe re n c e  to  th e  b o u n d a ry - v a lu e  
p ro b le m s  o n  th e  p e r io d ic it y  ce ll. T h e  p e r t in e n t  m o d e llin g  p ro c e d u re s  a re  s p e c if ie d  b y  
c e r t a in  a  p r io r i  a s s u m p tio n s  re la te d  to  th e  ex p ec ted  c lass  o f  m ic ro - d e fo rm a t io n s  a n d  a 
c e r t a in  s m o o th in g  o p e ra t io n s . F o r  th e  e la s t ic  m a te r ia ls  th e y  le a d  to  sys te m s  o f  th e  
s e co n d - o rd e r  p a r t ia l  d if fe re n t ia l e q u a tio n s  fo r  th re e  fie ld s  r e p re s e n t in g  m a c ro - k in e m a t ic s  
a n d  fo r  e x tra  u n k n o w n  f ie ld s  d e s c r ib in g  m ic ro - k in e m a tic  b e h a v io u r  o f  a  c o m p o s ite .  T h e  
e x is te n ce  o f  m a n y  u n k n o w n  in d e p e n d e n t  k in e m a tic  v a r ia b le s  resu lts  in  s e r io u s  d if f ic u lt ie s  
r e la te d  to  a c o m p lic a te d  fo rm  o f  b o u n d a ry-va lu e  p ro b le m s . M o r e o v e r ,  th e r e  ex ist 
e s s e n t ia l d is c re p a n c ie s  b e tw e e n  th e  n u m b e r  o f  b o u n d a ry  co n d it io n s  r e q u ir e d  b y  th e  
m a th e m a t ic a l  s t ru c tu re  o f  th e  th e o ry  a n d  the  n u m b e r  o f  th e se  co n d it io n s  d e s c r ib in g  th e  
b o u n d a ry  in te ra c t io n s  fo r  co m p o s ite  m a te r ia ls  fro m  th e  v ie w p o in t  o f  e n g in e e r in g  
a p p l ic a t io n s  o f  th e  th e o ry . H e n c e ,  th e  m ic ro s tru c tu ra l m o d e ls  w e r e  su cces s fu lly  a p p l ie d  
m a in ly  to  th e  in ve s t ig a t io n s  o f  the  w a v e  p ro p a g a t io n  in  u n b o u n d e d  m e d ia . A  c e r ta in  
a l t e rn a t iv e  to  m ic ro s t ru c tu ra l m o d e ls  co n s titu te  m ac ro -m o d e ls  b ase d  o n  th e  m ix tu re  a n d  
in te ra c t in g  c o n t in u u m  th e o r ie s , d e v e lo p e d  b y  G r e e n  a n d  N a g h d i (1965 , 1966, 1967), 
G r e e n  a n d  S te e l  (1 9 6 6 ), S t e e l  (1967 , 1968), B e d fo rd  an d  S te rn  (1 9 7 1 , 1972), H e g e m ie r  
(1 9 7 2 ), T ie r s t e n  a n d  Ja h a n m ir  (1 9 7 7 ) an d  o th e rs . T h e y  a re  th e  le n g th - sca le  m ac ro -  
m o d e ls  w h ic h  a re  o fte n  o r ie n te d  to w a rd s  th e  in ve s tig a tio n s  o f  s e le c te d  d y n a m ic  
p ro b le m s .

In  in v e s t ig a t io n s  o f  n o n s ta t io n a ry  p rocesses fo r  co m p o s ite s , w e  a re  o f te n  in te re s te d  
o n ly  in  c e r ta in  a sp e c ts  o f  th e  m ic ro -d yn am ic  b e h a v io u r  o f  p e r io d ic  so lid s . In  th e se  ca ses  
c e r t a in  s p e c ia l sp a ce  d is tr ib u tio n s  o f  e x p e c te d  m ic ro - d e fo rm a tio n s  c a u se d  b y  th e  
h e te ro g e n e ity  o f  th e  m e d iu m  a re  an a lyz ed . W e  a re  a lso  in te re s te d  in  th e  le n g th - sca le  
m a c ro - m o d e ls  w h ic h  a re  p h y s ic a lly  re a so n a b le  a n d  s im p le  e n o u g h  to  b e  a p p l ie d  fo r  an  
a n a ly s is  o f  e n g in e e r in g  p ro b le m s . T h e  m ac ro -m o d e ls  o f  th is k in d  w e r e  r e c e n t ly  a p p lie d  
to  th e  s e le c te d  d y n a m ic  p ro b le m s  in  a  se rie s  o f  p a p e rs  b y  W o ź n ia k  (1 9 9 3 , 1994),
W o ź n ia k  e t  a l . (1 9 9 3 ,1994), W ie r z b ic k i  (19 9 4 ), M a z u r- Ś n ia d y  (1 9 9 3 ), B a r o n  a n d  W o ź n ia k
(1 9 9 4 ), M ic h a la k  a n d  W o ź n ia k  (1 9 9 4 ), W ę g ro w s k a  an d  W o ź n ia k  (1 9 9 4 ), K o n ie c z n y  a n d  
W o ź n ia k  (1 9 9 5 ), Ję d r y s ia k  a n d  W o ź n ia k  (1 9 9 5 ), C ie le c k a  (1 9 9 5 ), M a t y s ia k  a n d  N a g ó r k o
(1 9 9 5 ). T h e  re su lts  o f  th e  m a c ro - m o d e llin g  p ro c e d u re  a p p lie d  in  th e  a fo re m e n t io n e d  
p a p e rs ,  w e r e  r e fe r r e d  to  as  th e  re f in e d  m a c ro d y n a m ic s  o f  p e r io d ic  m a te r ia ls  a n d
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s tru c tu re s . T h e  t e rm  re f in e d  is re la te d  to  th e  fa c t  th a t th e  o b ta in e d  e q u a t io n s  d e s c r ib e  
in  th e  e x p lic it  fo rm  th e  e f fe c t  o f  the  m ic ro s tru c tu re  len g th  p a r a m e te r  ( i.e . t h e  m a x im u m  
c h a r a c t e r is t ic  le n g th  d im e n s io n  o f  the  p e r io d ic ity  c e l l )  o n  th e  d y n a m ic  b e h a v io u r  o f  th e  
b o d y . I n  o r d e r  to  e v a lu a te  th is  e ffe c t  th e re  w e re  in tro d u ce d  a lso  lo c a l m o d e ls , o b ta in e d  
f r o m  th e  r e f in e d  m a c ro d y n a m ic s  b y  th e  sca lin g  th e  m ic ro s tru c tu re  d o w n . T h e s e  lo c a l 
m o d e ls  c o in c id e  w ith  th e  m a c ro - m o d e ls  an a lyz e d  in  th e  f r a m e w o rk  o f  th e o r ie s  w ith  
m ic r o lo c a l  p a ra m e te r s ,  d e v e lo p e d  in  p a p e rs  b y  W o ź n ia k  (1 9 8 7 ), M a t y s ia k  a n d  W o ź n ia k  
(1 9 8 7 ),  J a k u b o w s k a  a n d  M a ty s ia k  (1 9 8 7 ), W ę g ro w s k a  (1 9 8 7 ), N a n ie w ic z  (1 9 8 7 ), L e w iń s k i  
(1 9 8 7 ),  K a c z y ń s k i  a n d  M a ty s ia k  (1 9 8 8 ), M a ty s ia k  an d  N a g ó rk o  (1 9 8 9 ), W o ź n ia k  (1 9 9 1 ), 
M a t y s ia k  (1 9 9 2 ),  K a c z y ń s k i (1 9 9 3 ) a n d  o thers .

T h e  r e f in e d  m a c ro m e c h a n ic s  h a v e  so m e  a d va n ta g e s  c o m p a re d  to  th e  g e n e ra l  m a c ro 
m o d e ls  o f  th e  a s y m p to t ic  as w e l l  as m ic ro s tru c tu ra l typ e  o u t lin e d  a b o v e . F i r s t ,  it is a b le  
to  d e s c r ib e  n o n l in e a r  p ro b le m s  re la te d  to  th e  f in ite  d e fo rm a t io n s  o f  an  a rb i t r a r y  s im p le  
m a te r ia l .  S e c o n d ly ,  th e  fo rm u la t io n  o f  g o ve rn in g  e q u a t io n s  o f  th e  p e r t in e n t  r e f in e d  
m a c ro - m o d e ls  d o  n o t  re q u ir e  a n y  so lu tio n s  to  th e  b o u n d a ry - va lu e  p ro b le m  o n  th e  b a s ic  
c e l l  as w e l l  as  s o lu t io n s  to  th e  in it ia l- va lu e  p ro b le m s  ( i f  w e  d e a l w ith  v is c o e la s t ic  
m a te r ia ls ) .  T h ir d ly ,  th e  e x tra  u n k n o w n  fie ld s  in  th e  re f in e d  m a c ro m e c h a n ic s  ( i.e .,  th e  
f ie ld s  w h ic h  d o  n o t h a v e  th e ir  c o u n te rp a r ts  in  so lid  m e ch a n ic s  o f  h e te ro g e n e o u s  m e d ia )  
a r e  g o v e rn e d  b y  re la t io n s  in v o lv in g  ex c lu s ive ly  t im e  d e r iv a t iv e s  an d /o r t im e  d e p e n d e n t  
fu n c t io n a ls .  I t  fo l lo w s  th a t  th e  ex tra  u n k n o w n s  d o  n o t e n te r  th e  b o u n d a ry  co n d it io n s  a n d  
p la y  a  r o le  o f  c e r ta in  d y n a m ic a l in te rn a l v a r ia b le s . T h is  fa c t  is v e r y  e s se n tia l in  th e  
a p p l ic a t io n s  o f  th e  th e o ry , s in ce  th e  b o u n d a ry - va lu e  p ro b le m s  o f  th e  r e f in e d  
m a c ro d y n a m ic s  a re  s im ilaT  to  th o se  m e t  in  so lid  m e ch a n ic s . A t  last, u s ing  th e  re f in e d  
m o d e ls  w e  a r e  a b le  to  e v a lu a te  a  p o s te r io r i th e  re la t io n  b e tw e e n  th e  s ize  o f  th e  
p e r io d ic it y  c e l l  a n d  th e  a c c u ra c y  o f  th e  o b ta in e d  so lu tio n . T h e  re f in e d  m a c ro - m o d e ls  ca n  
b e  fo rm u la t e d  o n  th e  v a r io u s  le ve ls  o f  a c c u ra c y  an d  h e n c e  a re  u s e fu l fo r  th e  m o d e ll in g  
p ro c e d u re s  o f  th e  a d a p t iv e  ty p e . T h e  m a in  d ra w b a c k  o f  th e  re f in e d  m a c ro - m o d e ls  is th e  
r e s t r ic t io n  o f  m ic ro d y n a m ic s  to  th e  p o s tu la te d  a  p r io r i  c lass  o f  m ic ro - m o tio n s , w h ic h  is 
o f t e n  b a s e d  o n  th e  in tu it io n  o f  th e  re se a rc h e r .
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