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 i 

1        1  

1. 1             1  

1. 2           3  

1. 3           4  

1. 4             5  

1. 5             6  

1. 6           7  

 

2 1 1  

2. 1            1 1  

2. 2             1 2  

2. 2. 1  P L L  A 1 2  

2. 2. 2  P L L  A/ P  D L L  A 1 2  

2. 3        1 3  

2. 3. 1 1 3  

2. 3. 2  S  A  X S 1 3  

2. 3. 3   W A  X  D 1 4  

2. 3. 4   -  (  U  V-VI S)  1 4  

2. 3. 5 (  D S C) 1 4  

2. 3. 6 1 4  



 ii 

2. 4           1 5  

2. 5           1 8  

2. 6           2 5  

 

3  P L L  A          2 8  

3. 1             2 8  

3 . 1. 1 2 8  

3. 1. 2 P L L  A 2 8  

3. 1. 3 2 9  

3 . 2 P L L  A 1 0        3 1  

3 . 2. 1  S  A  X S 3 1  

3 . 2. 2   W A  X  D 3 4  

3. 3 P L L  A 1 0        3 6  

3. 3. 1  W A  X  D 3 6  

3. 3. 2  3 8  

3. 4           4 0  

 

4 P  D L L  A      4 2  

4. 1           4 2  

4 . 1. 1 4 2  



 iii 

4. 1. 2 P L L  A 4 2  

4 . 1. 3 4 3  

4. 2 P L L  A 1 0 		 P L L  A 1 0/ P  D L L  A 1 4 4  

4. 2 . 1  W A  X  D 4 4  

4. 2 . 2  S  A  X S    4 5  

4. 2 .3  D S C 4 7  

4. 3  P L L  A 1 0 		 P L L  A 1 0/ P  D L L  A 1    4 9  

4 .3 . 1  S  A  X S  4 9  

4 .3 .2  W A  X  D 5 0  

4. 4            5 3  

 

5 P  D L L  A  

             5 5  

5. 1           5 5  

5 . 1. 1 5 5  

5. 1. 2 P L L  A 5 5  

5 . 1. 3 5 6  

5 . 2 P L L  A 1 0/ P  D L L  A 1 		 P L L  A 1 0/ P  D L L  A 1 0  

             5 7  



 i v 

5 . 3    P L L  A 1 0/ P  D L L  A 1 		 P L L  A 1 0/ P  D L L  A 1 0  

             6 1  

5. 4    P L L  A 1 0/ P  D L L  A 1 		 P L L  A 1 0/ P  D L L  A 1 0  

             6 3  

5 . 5                                                                                6 5  

 

6              6 7  

 

             7 1  

 

             7 4  

 



 1  

1   

1. 1  

( P L  A) P L  A

( 1)

Fi g. 1  P L  A  

 

 

 

Fi g. 1 ( 2). 



 2  

( 2) P L  A :

( 3),  ( 4),  ( 5) ( 6),  ( 7) ( 8),  ( 9)

P L  A

L -L -  ( P L L  A)  D -D  -  ( P  D L  A)  2

  ( Fi g. 2) P L L  A  P  D L  A

-D  L -  ( PD  L L  A)

 

 

 

 

 

 Fi g. 2  C h e  mi c al st r u ct u r es  of  P L  A.   



 3  

P L L  A

-D  - ( 1 0)

( 11 ),  ( 12 ) P L L  A

P L L  A

(1 3 )  

 

1. 2  

( 1 4), ( 1 5)

( 1 6), ( 1 7), ( 1 8)  

 

 

( 1) 

€   

E m =  −
χ µ 0V

2
H 2 =  −

χ V

2 µ 0

B 2



 4  

M :    c H   : V ; 

µ 0  : F :   E m  : B : 

 

 

 

T  : k B  : 

:

 

( 1)

( 2)

( 3)

(1 5 )  

 

1. 3  

( 2) 

€   

χ V

2 µ 0

B 2 =  k B T



 5  

c // c 	  

 

 

c a

( 1 6)

Ta bl e  1

p

5 4. 0 × 1 0 -6  c  m 3 /  m ol

 

 

 

 

 

 

 

1. 4  

-2,  6 -

( 1 9)

Ta bl e  1  A nis ot r o pi c   m a g n eti c s us c e pti bilit y.   

 

( 3) 

€   

χ a = χ // − χ ⊥
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( 1 8) ( 2 0)

( 2 1) ( 2 2)

( 2 3) P L L  A

(2 4 ),  (2 5 ) P L L  A

 

 

1. 5  

Fi g. 3
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1. 6  

1

P L L  A

P L L  A

   

 

2 P L L  A

3  P L L  A

Fi g. 3  T h e r  m al  p r o c esss  of  c r yst alli n e  p ol y  m e r  u n d e r   m a g n eti c fi el d ( 1 8). 
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4  P L L  A P  D L L  A

P L L  A :

P  D L L  A P L L  A

5

P  D L L  A P L L  A

P L L  A

P L L  A

6  
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( 1)   R af a el   A ur as,  L o o n g-Ta k  Li  m,  S us a n  E.  M.  S el k e,    Hi d et o  Ts uji,   P ol y(l a cti c  a ci d)  :  S y nt h esis, 

Str u ct ures,  Pr o p erti es,  Pr o c essi n g,  a n d  A p pli c ati o ns  (  Wil e y  S eri es  o n  P ol y  m er  E n gi n e eri n g  a n d 

Te c h n ol o g y) ,   Wil e y,   N e  w   Yor k ( 2 0 1 0).   

( 2)      ,     : ,   ,     ( 2 0 0 8). 

( 3)  T.   Mi y at a  a n d  T.   M as u k o, P ol y  m er , 3 8 ( 1 6),  4 0 0 3-4 0 0 9 ( 1 9 9 7).    

( 4)  T.   Mi y at a  a n d  T.   M as u k o, P ol y  m er , 3 9 ( 2 2),  5 5 1 5-5 5 2 1 ( 1 9 9 8).  

( 5)  L.  C arti er,  T.   O ki h ar a,   Y. I k a d a,   H.  Ts uji, J.  P ui g g ali,  B.  L ot z, P ol y  m er , 4 1 ,  8 9 0 9-8 9 1 9 ( 2 0 0 0).  

( 6)  R.   Vas a nt h a k u  m ari  a n d  A. J.  P e n ni n gs, P ol y  m er , 2 4 ,  1 7 5-1 7 8 ( 1 9 8 3).  

( 7)   K al b  a n d  A. J.  P e n ni n gs, P ol y  m er,  2 1 ,  6 0 7-6 1 2 ( 1 9 8 0).  

( 8)  T.   K a  w ai,   N.   R a h  m a n,   G.   M ats u b a,   K.   Nis hi d a,  T.   K a n a y a,   M.   N a k a n o,   H.   O k a  m ot o, J.   K a  w a d a, 

A.   Us u ki,   N.   H o n  m a,   K.   N a k aji  m a  a n d   M.   M ats u d a,   M a cr o  m ol e c ul es  , 4 0 ,  9 4 6 3-9 4 6 9 ( 2 0 0 7).    

( 9)   X.  Li n g  a n d J.  E.  S pr ui ell, J o ur n al  of  P ol y  m er  S ci e n c e , 4 4 ( 2 2),  3 2 0 0-3 2 1 4 ( 2 0 0 6).  

(1 0 )   Y. I k a d a,   K. J a  ms hi di,   H.  Ts uji  a n d  S u o n g-H y u   H y o n,   M a cr o  m ol e c ul es  , 2 0 ,  9 0 4-9 0 6 ( 1 9 8 7).  

(1 1 )  S.  Si n h a   R a y,  P.   M aiti,   M.   O k a  m ot o,   K.   Ya  m a d a,  a n d   K.  U e d a, M a cr o  m ol e c ul es  , 3 5 ,  3 1 0 4-3 1 1 0 

( 2 0 0 2). 

( 12 )    H.    Nis hi d a,    Y.  F a n,  T.    M ori,    N.    O y a gi,    Y.  S hir ai  a n d  T.  E n do,   I n d.  E n g.    C h e  m.  R es.,  4 4 , 

1 4 3 3 -1 4 3 7 ( 2 0 0 5).  

( 13 )      ,      , , 4 0 ( 1),  3 8-4 3 ( 2 0 1 6).  



 1 0  

( 1 4) T.   KI  M  U R  A,  P ol y  m.  J ., 3 5 ( 1 1),  8 2 3-8 4 3 ( 2 0 0 3) . 

( 1 5)   , , 6 1 ( 8) ( 2 0 0 4). 

( 1 6)  T.   Ki  m ur a, P ol y  m er  J o ur n al , 3 5 ( 1 1),  82 3 -8 4 3  ( 2 0 03 ). 

( 1 7)   ,   , , 6 4 ( 7)  4 6 4-4 7 0( 2 0 0 7).  

( 1 8)   ,     : , (  )

,     ( 2 0 0 2). 

(1 9 ) H.  S at a,  T.   Ki  m ur a,  S.   O g a  w a,   M.   Ya  m at o,  E. It o,   P ol y  m er , 3 7 ( 1 0),  1 8 7 9-1 8 8 2 ( 1 9 9 6).  

( 2 0)   M.   Ya  m at o,  T.   Ki  m ur a, S ci.  Te c h n ol.  A d v.   M at er. , 7 ,  3 3 7-3 4 1 ( 2 0 0 6).  

( 2 1)  T.   K a  w ai,  T.   Ki  m ur a, P ol y  m er , 4 1 ,  1 5 5- 1 5 9  ( 2 0 0 0). 

( 2 2)  T.   Ki  m ur a,  T.   K a  w ai,   Y.  S a k a  m ot o, P ol y  m er , 4 1 ,  8 0 9-8 1 2 ( 2 0 0 0).  

( 2 3)   N a of u  mi   N a g a,   G a k u Is hi k a  w a,   K eii c hi   N o g u c hi,   

K o h ki  Ta k a h as hi,   K a z u o   Wat a n a b e,   M as af u  mi   Ya  m at o,   P ol y  m er , 5 4 ,  7 8 4-7 9 0 ( 2 0 1 3 ).   

( 2 4)  2 0 1 0 -1 3 2 8 9 9 ( ). 

( 2 5)    M.   Ya  m at o,   Y.   K u d o,   K.  Ta k a h as hi,   K.    Wat a n a b e,   N.   K a  w a  m ot o,  C h e  m.  L ett. , 4 0 ,  7 6 5-7 6 7 

( 2 0 1 1). 

 



 1 1  

2  

1

P  L  L  A

±  X ( S  A  X S)  X (  W  A  X  D)

(  D S C)

 

X X -

 

 

2. 1    

Si g  m a -Al dri c h  -L -    ( P L L  A M n =  1. 0 × 1 0
5 )

-D L  -    (P  D L L  A M w   =  1. 0 × 1 0
5 M w  =  1. 0 × 1 0

4 )

P L L  A 1 0  P D  L L  A 1 0    P D  L L  A 1

P -2 3 0 0

(   :  5 8 9. 7  n  m) 2 5° C

0. 0 1  g/  m L a  (°) [a ]sa  m ple (°   m  m
-1  (  m L 

/ g))  P L L  A [a ]P L L  A -1 5 7°   m  m -1  (  m L/ g) (7 ) P L L  A



 1 2  

([a ]sa  m ple/[a ]P L L  A )× 1 0 0(  %) 9 8. 3  % P  D L L  A 1  P  D L L  A 1 0

0. 4 %  0. 5 % P  D L L  A

P L L  A -D  -  ( P  D L  A) P L L  A  P  D L  A  1: 1

 

 

2. 2 ±±  

2. 2. 1  P L L  A ±±  

P L L  A 1 0  0. 2   g 2 0   m L 2 4

P L L  A 1 0 ( :   0. 1 0     0. 0 2   m  m)

±

7 0 °C  2

P  D L L  A 1 ±  

 

2. 2. 2  P L L  A / P  D L L  A ±±  

±  P L L  A 1 0  0. 1  g  P  D L L  A 1  0. 1  g

1 0  m L 2 2

2 4

( :   0. 1 0     0. 0 2  m  m)

± 7 0 ° C  2



 1 3  

P L L  A 1 0  P  D L L  A 1

P L L  A 1 0/ P  D L L  A 1  P L L  A 1 0  P  D L L  A 1 0

P L L  A 1 0/ P  D L L  A 1 0   

 

2. 3   

2. 3. 1   

1. 0 0 0  g/ c  m 3 5 0  wt  %   ( 1. 54 0 0  g/ c  m 3 )

3 0° C

d

X c  

 

 

 

d c =  1. 2 9 0  g/ c  m
3 d a =  1. 2 4 8  g/ c  m

3  (3 )  

 

2. 3. 2  S  A  X S  

S  A  X S B L -1 0 C

X R -A  XI S   VII   ( RI  G  A  K  U   C o.)  X l 0. 1 4 8 8  n  m

2 . 0 5 m 6 0 2  S  A  X S

€   

X c %[  ] =
d c d  −  d a(  ) g /c  m 3[  ]
d  d c −  d a(  ) g /c  m 3[  ]

× 1 0 0 ( 1) 



 1 4  

I(q ) q

q  = ( 4 p /	  )si n(q / 2) q  

 

2. 3. 3  W A  X  D  

W A X D P A  N al yti c al X X’ P ert  P R  O   M P  D

4 5  k  V  4 0  m  A 0. 0 1  °/s

3  - 6 0 °  

 

2. 3. 4  -  (  U  V-VI S)   

U  V -VI S V -6 7 0 4 0 0  n  m/  mi n

2 0 0  - 8 0 0  n  m  

 

2. 3. 5 (  D S  C)   

D S C D S C 6 1 0 0 1 0  °C/  mi n  2 0  

m L/  mi n  

 

2. 3. 6  

O L Y  M P  U S B  X 5 3 -3 3 P -0 C -1

1 0 0  



 1 5  

2. 4  

± P L L  A 1 8 0,  1 8 5

1 9 0° C  P L L  A 1 0  1 0 3

P L L  A 1 0

2 9  1 5  2  %

3 L or e nt z S  A  X S Fi g. 1  1 8 0° C

q  =  0. 2  n  m -1 1 8 5° C

P L L  A q 1 9 0° C

1 8 5° C P L L  A
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Fi g .1   L o r e nt z -c o r r e ct e d   S  A  X S   p r ofil es    wit h   s u bt r a cti o n   of   t h e   t h e r  m al   d e nsit y 

fl u ct u ati o ns f o r   P L L  A 1 0  c ast fil  ms t r e at e d  at ( a) 1 9 0°  C ( b) 1 8 5°  C ( c) 1 8 0°  C f o r  1 0  mi n 

a n d  q u e n c h e d i n li q ui d  nit r o g e n.  

 

  q u e n c h e d i n li q ui d  nit r o g e n.  



 1 7  

U  V -VI S Fi g. 2  1 8 5 ° C

1 8 5 °  C

1 9 0 °  C

8 0  %

 

 
Fi g. 2  Tr a ns  mit t a n c e  at  5 5 0 n  m  of  P L L  A  q u e n c h e d fil  ms. 

0

2 0

4 0

6 0

8 0

1 0 0

1 7 0  1 7 5  1 8 0  1 8 5  1 9 0

T r
 a 

ns
  
mi

tt
 a 

n c
 e 

(  
%)
 

A n n e ali n g t e  m p e r at u r e ( °  C)



 1 8  

S  A  X S  U  V -VI S P L L  A 1 0 3 3  %

1 8 0° C 1 9 0° C

1 8 5 ° C  

 

2. 5   

D S  C

D S C 6 1 0 0

D S C Fi g. 3

1 0

  ° C/  mi n 1 8 5° C

2 3 0° C 7  
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Fi g. 4 1 8 5 ° C D S C

(  O ns et  Te  m p.) D S C

Fi g. 5

P L L  A 2 1 0 ° C     

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

0  2 0  4 0  6 0  8 0  1 0 0  1 2 0  1 4 0

S 
a 
 m
 p
l e

 t
 e 

 m
 p
 e 

r 
at
 u
 r 

e 
(°

  C
)

A n n e ali n g ti  m e (  mi n)

T  =  1 8 5 -  2 3 0 °  C

Fi g. 3  A n n e ali n g  p r o c ess f o r  P L L  A  fil  ms. 



 2 0  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi g. 4  D S  C   t h e r  m o g r a p hs of  P L L  A  fil  ms t r e at e d  at  1 8 5°  C 

f o r  1 0 mi n  . 
 



 2 1  

 

 

 

 

 

 

 

 

1 1 2. 5

1 1 3

1 1 3. 5

1 1 4

1 1 4. 5

1 1 5

1 1 5. 5

1 8 0  1 9 0  2 0 0  2 1 0  2 2 0  2 3 0  2 4 0

T h e  o ns et t e  m p

T 
h e

  o
 n

s e
t 
t e

  
m 
p e

 r 
at
 u
 r 

e 
(°

  C
)

M a xi  m u  m t e  m p e r at u r e  of s a  m pl e st a g e ( °  C)

e q uili b ri u  m   m elti n g  p oi nt

Fi g. 5  T h e  r el ati o ns hi p  b et  w e e n t h e  P L L  A  r e c r yst alli z ati o n    

t e  m p e r at u r e  a n d t h e   m a xi  m u  m t e  m p e r at u r e  of s a  m ple st a g e.  



 2 2  

X c D S C

D S  C

Fi g. 6   

 

 

2 3 5 °  C

P  L  L  A 1 3 0,  1 4 0,  1 5 0 °  C 0,  6 0,  1 2 0, 

1 8 0,  2 4 0,  3 0 0 ( 4 )  

D S  C

(X c )  

 



 2 3  

 

€   

X c %[  ] =  Δ H m /9 3(  ) × 1 0 0  (4 ) 

 

D H m D S  C

9 3   J/ g  P  L  L  A

X c
( 2 )  

D S  C X c

Fi g. 7  Fi g. 7 1 5 0 °  C

X c X c

3 6  % 1 5 0 °  C P  L  L  A

X c 1 3 0 °  C  1 4 0 °  C

0  X c 1 6 %  0  %

0 X c 1 3 0 °  C

P  L  L  A

1 4 0 °  C 6 0

X c 3 3 0 0 6 1 %

1 8 5 °  C P  L  L  A

1 4 0 °  C

 



 2 4  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi g. 7  D e g r e e  of  c r yst alli z ati o n  of  P L L  A fil  ms  a n n e ali n g  at  1 3 0,  1 4 0  a n d  1 5 0  °C.   

0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

0  6 0  1 2 0  1 8 0  2 4 0  3 0 0

D e
 g 

r e
 e 

 o
f 
 c 

r y
st
 a
ll
i z

 a
ti
 o 

n 
  X

c 
( 
 %

)

I s ot h e r  m al  c r yst alli z ati o n ti  m e (  mi n)

1 3 0 °  C

1 4 0 °  C

1 5 0 °  C



 2 5  

2. 6     

S  A  X S  U  V -VI S  W A X D

S  A  X S  U  V -VI S P L L  A  1 8 5° C

1 7 5° C  1 8 0° C P L L  A

P L L  A

1 8 5° C  

D S C P L L  A P L L  A 1 3 0,  1 4 0, 

1 5 0° C D S C X c

P L L  A 1 4 0° C  3 0 0

X c 6 0  %  

1 8 5° C 1 4 0° C

±   ( Fi g.8 )   

 

 

 

 

 

 



 2 6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 2 7  

 

( 1) S c hi n dl er,   A.,   H ar p er,   D.,  J.  P ol y  m.  S c.  P ol y.  C h e  m .  E d., 1 7 ,  2 5 9 3-2 5 9 9 ( 1 9 7 9).  

( 2) H.  Ts uji,   Y. I k a d a,   P ol y  m er , 3 6 ( 1 4),  2 7 0 9-2 7 1 6 ( 1 9 9 5).  

( 3) E.   W.  Fis c h er,   H. J.  St er z el,   G.   W e g n er,  K oll oi d  Z.  u.  Z.  P ol y  m  ., 2 5 1 ,  9 8 0-9 9 0 ( 1 9 7 3).  

( 4) Hi d et o  Ts uji,   P ol y  m e r  , 1 4 ,  2 7 0 9-2 7 1 6 ( 1 9 9 5).  
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3  P L L  A  

P  L  L  A

P  L  L  A

 

P  L  L  A P  L  L  A

X ( S  A  X S)  X (  W  A  X  D)

 

 

3. 1    

3 . 1. 1   

2 Si g  m a -Al  dri c h  P L L  A( M n  =  1. 0  1 0 5 )

2  ×  

 

3. 1. 2 P L L  A  

Fi g .1 1 8 5 °C 1 0

P L L  A 1 4 0 °C (1) 1 4 0 °C  0,  2,  1 2,  3 0

tc P L L  A 1 0

3  °C/  mi n
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1 0  T  

( 1 0 T 1 0 0-C S  M)

P L L  A 1 0  P L L  A 1 0/ P  D L L  A 1

. 

 

3. 1. 3  

S  A  X S  W A X D

2  ×  



 3 0  

 



 3 1  

3 . 2 P L L  A 1 0  

3 . 2. 1  S  A  X S  

Fi g. 2 ( a)  P L L  A 2  S  A  X S

1 4 0 °C  ( b) tc =  0  hr  ( c) tc =  2  hr s  ( d) tc =  6  hr s P L L  A 2

S  A  X S X

2 Y X

Y tc =   0  hr X

Y S  A  X S

×

P L L  A P L L  A P L L  A

S  A  X S tc =  2  hrs

Y

tc =  6  hrs tc = 

2   hrs X  Y

1 8 0 °

P L L  A

P L L  A

 

 



 3 2  

 

 

 

F i g. 2  S  A  X S S  A  X S

(  Y) (  X)  q (q ma x,    Y /q ma x,  X )

tc =  0  hr S  A  X S

Y  X S  A  X S  q 1

tc 2  6 tc



 3 3  

tc =  2  hrs 1. 1  tc =  6  hrs

1. 2 tc P L L  A

 

tc =  6  hrs 9 0 ° ×  S  A  X S

Fi g. 3  Fi g. 3( a) ( b)  9 0°

2  S  A  X S S  A  X S

Y  X

P L L  A

 

 

 



 3 4  

3 . 2. 2   W A  X  D  

X

0 ° 3 0 °  3 6 0 °

( 1 1 0)  ( 2 0 0) 2 q  =  1 6. 7 °

(fc)

 

 

 

 

 

 

Fi g. 4  ,tc =  0,  2,  1 5,  3 0  P L L  A 1 0 ( 2) fc tc

P L L  A 1 0 fc 0

S  A  X S

P L L  A 1 0

S  A  X S P L L  A 1 0

P L L  A 1 0

W A X D P L L  A 1 0

 

( 1) 

( 2) 

�
c o s 2 �

�
=

� �
2

0
I (�  ) c o s 2 �  si n �  d �
� �

2

0
I (�  ) si n �  d �

f c =
3

�
c o s 2 �

�
�  1

2



 3 5  

 

 

 

 

 

 

Fi g.  4  T h e  d e g r e e  of  o ri e nt ati o n  fc b y   W A  X  D   m e as u r e  m e nt  of  

P L L  A 1 0/ P  D L L  A 1  a n d  P L L  A 1 0/ P  D L L  A 1 0 fil  ms.  
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3. 3  P L L  A 1 0  

3. 3. 1   W A  X  D  

W A X D

tc =  0,  2,  1 5,  3 0  P L L A 1 0 1 6. 7 °  1 9. 2 °  P L L  A a

( 3) tc

(X c)

 

 

 

S P L L  A P L L  A

S Baseli n e S P L L  A S P L L  A X c X c tc Fi g. 5  tc =  0  hr

X c 4 0  % 3° C/  mi n

P L L  A tc X c

6 0  % P L L  A

X c tc

P L L  A  

 

X C %[  ] =
S P L L A

S P L L A +  S B a se lin e

× 1 0 0 ( 3) 
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Fi g.  5  T h e  d e g r e e  of  c r yst alli nit y  X c b y   W A  X  D   m e as u r e  m e nt  of  

P L L  A 1 0 fil  ms.  
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3. 3. 2  

tc

Fi g. 6  tc =  0  hr tc =  0,  2,  1 5,  3 0

P L L  A 1 0

S  A  X S W A X D ×  P L L  A

tc =  2  hrs P L L  A 1 4 0° C

tc

P L L  A S  A  X S

P L L  A tc P L L  A

×

tc =  0,  2,  1 5,  3 0 P L L  A 1 0 fc

×

P L L  A

fc
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Fi g. 6  P ol a ri z e d  p h ot o  mi c r o g r a p hs  of  n e at  P L L  A 1 0 fil  ms.  



 4 0  

3. 4     

1 4 0° C P L L  A

1 4 0 °C  6 P L L  A

S  A  X S 9 0

S  A  X S 2 9 0 P L L  A

P L L  A  

W A X D tc

 

W A X D tc

 

P L L  A
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(1 )  2 0 1 0 -1 3 2 8 9 9 ( ). 

(2 ) H.  Ts uji,  A.   Mi z u n o,   Y. I k a d a,   J.  A p pl.  P ol y  m.  S ci. , 7 7 ,  1 4 5 2-1 4 6 4 ( 2 0 0 0).  

(3 ) P.   P a n ,    W.   K a i ,   B .   Z h u ,   T.   D o n g ,    Y.   I n o u e ,   M a cr o  m ol e c ul es  , 4 0 ,  6 8 9 8-6 9 0 5 ( 2 0 0 7).  

(4 )  Z.  Z h o u, J.   M a cr o  m ol.  S ci ., 4 6 ,  1 2 4 7-1 2 5 4 ( 2 0 0 7).  
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4 P  D L L  A  

P  L  L  A

P  L  L  A

-D  L  -

( P  D  L  L  A)

P  L  L  A P  L  L  A

X ( S  A  X S)  X

(  W  A  X  D)  

 

4. 1    

4 . 1. 1   

2 P L L  A 1 0  P  D L L  A 1 P L L  A

P L L  A 1 0/ P  D L L  A 1 2  

 

4. 1. 2 P L L  A  

Fi g .1 2

1 2 0  
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4. 1. 3  

S  A  X S

W A X D D S C 2  
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4. 2  P L L  A 1 0  P L L  A 1 0/ P  D L L  A 1  

4. 2. 1  W A  X  D  

P  D L L  A  P L L  A P L L  A 1 0

P L L  A 1 0/ P  D L L  A 1

P L L  A 1 0  P L L  A 1 0/ P  D L L  A 1 W A X D Fi g .2

P L L  A 1 0 1 6. 7 °  1 9. 2 °  P L L  A a (1 )

P L L  A 1 0/ P  D L L  A 1 a

P L L  A 1 0

W A X D (X c) P L L  A 1 0

3 1  %  P L L  A 1 0/ P  D L L  A 1 1 7  % P L L  A

X c 3 4  % P  D L L  A 1 P L L  A 1 0/ P  D L L  A 1
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4. 2. 2  S  A  X S  

P L L  A 1 0  P L L  A 1 0/ P  D L L  A 1 L or e nt z S  A  X S

( Fi g.3 )  P L L  A 1 0 q  =  0. 2 4  n  m -1 P L L  A 1 0/ P  D L L  A 1

q  =  0. 3 3  n  m -1 P L L  A

(q ma x ) L

Fi g. 2  W A  X  D   p a t t e r n s   o f   P L L  A 1 0   a n d   P L L  A 1 0 / P  D L L  A 1   c a s t   f i l  m s   t r e a t e d   a t  

7 0°  C f o r  1 2 0  mi n i n  v a c u u  m.  
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P L L  A 1 0  P L L  A 1 0/ P  D L L  A 1 L  =  2 6  1 9  n  m

P  D L L  A L  

 

(1 ) 

€   

L  =
2 π

q m a x

0 0. 5 1 1. 5

P  L  L  A 1 0 /  P  D  L  L  A 1   c ast fil  m
P  L  L  A 1 0  c ast fil  m

q
2
I(
 q

) 
( r

 el
 a
ti
 v 

e 
 u
 n
it

)

q  ( n  m- 1)

q          =  0. 3 3  n  m
- 1

q          =  0. 2 4  n  m
- 1

m a x  

m a x  

F i g. 3  L o r e nt z -c o r r e ct e d   S  A  X S   p r ofil es    wit h  s u bt r a cti o n   of  t h e  t h e r  m al 

d e nsit y  fl u ct u a ti o ns  f o r  P L L  A 1 0  a n d  P L L  A 1 0/ P  D L L  A 1  c ast  fil  ms  t r e at e d 

at  7 0°  C f o r  1 2 0  mi n i n  v a c u u  m.  
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P L L  A 1 0

P  D L L  A 1  1 0 P  D L L  A 1

P L L  A 1 0/ P  D L L  A 1 P L L  A 1 0

 

 

4. 2 .3  D S  C  

D S C Fi g .4  P L L  A 1 0/ P  D L L  A 1 P  D L L  A

P L L  A 1 0 (T m )  1 7 5° C  1 7 1° C

P  D L L  A 1

 

P L L  A   9 3   J g-1  ( 2)

D S C (X c, D S C )  P L L  A 1 0  X c, D S C 4 8  %

P L L  A 1 0/ P  D L L  A 1 2 2  %  W A X D P  D L L  A 1

X c, D S C P  D L L  A 1

P L L  A 1 0 P L L  A 1 0

P L L  A 1 0/ P  D L L  A 1 D S C T m 1 8 5° C

P L L  A

P L L  A  

P L L  A 1 0/ P  D L L  A 1 P L L  A 1 0
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P L L  A

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 0 1 0 0 1 5 0 2 0 0

  
 E 

n 
d 
ot
 h
 e 

r 
 m

i c
 (
 a
. 
u.
)

T e  m p e r at u r e ( °  C)

P  L  L  A 1 0  c ast fil  m

P  L  L  A 1 0 /  P  D  L  L  A 1  c ast fil  m

P  D  L  L  A 1  c ast fil  m

T m

T m

F i g. 4 D S  C t h e r  m o g r a p hs  of   P L L  A 1 0,   P L L  A 1 0/ P  D L L  A 1  a n d   P  D L L  A 1  c ast fil  ms 

t r e at e d  at  7 0°  C f o r  1 2 0  mi n i n  v a c u u  m. 
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4 . 3 P L L  A 1 0  P L L  A 1 0/ P  D L L  A 1  

4 .3 . 1 S  A  X S  

Fi g .5  P L L  A 1 0  P L L  A 1 0/ P  D L L  A 1 2  S  A  X S ( a)

P L L  A 1 0 ( b) P L L  A 1 0

( c)  P L L  A 1 0/ P  D L L  A 1 ( d)

P L L  A 1 0/ P  D L L  A 1 X

2 Y

X Y ( a)  ( c)  P  D L L  A

P L L  A 1 0  P L L  A 1 0/ P  D L L  A 1 P L L  A

( b)  ( d) X  Y

S  A  X S P L L  A

c (3 ) ( d)

( b) Y

P  D L L  A

P L L  A 1 0/ P  D L L  A 1 P L L  A 1 0 P L L  A

 

 

 



 5 0  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 .3 . 2 W A  X  D  

X

0 ° 3 0 °  3 6 0 °

Fi g .6  ( a)  P L L  A 1 0 ( b)

Fi g .5  2  D  S  A  X S i  m a g es  of ( a) P L L  A 1 0  c ast fil  m, ( b) P L L  A 1 0  o ri e n t e d 

fil  m,   ( c)   P L L  A 1 0/ P  D L L  A 1   c ast   fil  m   a n d   ( d) P L L  A 1 0/ P  D L L  A 1 

o ri e nt e d   fil  m.   P L L  A   c r yst als   of   t h es e   fil  ms   el o n g at e d   i n   t h e 

di r e cti o n  p e r p e n di c ul a r t o   m a g n eti c fi el d  at  1 0 T.  
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P L L  A 1 0 ( c)  P L L  A 1 0/ P  D L L  A 1

( d) P L L  A 1 0/ P  D L L  A 1

( 1 1 0)  ( 2 0 0) 2 q  =  1 6. 7 °

(1 ) ( a)  ( c)

S  A  X S P L L  A

( b)

( d)  0  1 8 0  3 6 0°  1 8 0°

P L L  A

3  ( 1)  ( 2) (fc)    
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P L L  A 1 0  P L L  A 1 0/ P  D L L  A 1 fc 0

P L L  A 1 0 fc =  0 P L L  A 1 0/ P  D L L  A 1

fc  =  0. 0 1 7 P L L  A 1 0/ P  D L L  A 1 P  D L L  A

P L L  A

 

 

4. 4    

P L L  A 1 0  P L L  A 1 0/ P  D L L  A 1 1 8 5 °C

1 0 P L L  A 1 4 0 °C  1 2 0

P L L  A 1 0 P L L  A 1 0/ P  D L L  A 1 S  A  X S

W A X D

P L L  A  P L L  A

c

 

S  A  X S  W A X D  D S C

P L L  A 1 0/ P  D L L  A 1

2 6  1 9   n m P  D L L  A 1

P L L  A 1 0/ P  D L L  A 1

P  D L L  A P L L  A



 5 4  

P L L  A

P  D L L  A P L L  A

P  D L L  A

 

 

	   

(1 ) P.   P a n ,    W.   K a i ,   B .   Z h u ,   T.   D o n g ,    Y.   I n o u e ,   M a cr o  m ol e c ul es  , 4 0 ,  6 8 9 8-6 9 0 5 ( 2 0 0 7).  

(2 )  Z.  Z h o u, J.   M a cr o  m ol.  S ci ., 4 6 ,  1 2 4 7-1 2 5 4 ( 2 0 0 7).  

(3 )   2 0 1 0 -1 3 2 8 9 9 ( ). 
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5 P  D L L  A  

4  P  L  L  A P  D  L  L  A P  L  L  A

P  L  L  A ( 1 )

4 P  D  L  L  A P  D  L  L  A

P  D  L  L  A

P  L  L A

 

 

5. 1     

5 . 1. 1   

2 P L L  A 1 0  P  D L L  A 1  P  D L L  A 1 0 P L L  A

2  

 

5. 1. 2 P L L  A  

Fi g .1 2

0,  2,  1 5,  3 0  
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5. 1. 3  

W A X D

2  
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5 . 2 P L L  A 1 0/ P  D L L  A 1  P L L  A 1 0/ P  D L L  A 1 0  

Fi g. 2  3  tc W A X D  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi g. 2  3  W A X D tc =  0  hr  P  D L L  A tc

P  D L L  A

 

Fi g. 2   W A  X  D  p att e r ns  of  P L L  A 1 0/ P  D L L  A 1 fil  ms.  
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tc =  2  hrs  P L L  A 1 0/ P  D L L  A 1 1 6. 7  1 9. 2 °  P L L  A a

( 1 1 0)/( 2 0 0)  ( 2 0 3) ( 2), ( 3), ( 4) P L L  A 1 0/ P  D L L  A 1 0

tc =  2  hrs  P L L  A

P  D L L  A P L L  A W A X D

tc P  D L L  A

P L L  A a

Fi g. 3  W A  X  D   p a t t e r n s   o f   P L L  A 1  0/ P  D L L  A 1 0  fil  ms. 
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P  D L L  A P L L  A

 

Fi g. 2  3  W A X D 3  (3 ) X c

tc X c Fi g .4 ( 5)  

tc =  0  - 2  hrs  P L L  A 1 0/ P  D L L  A 1 P L L  A 1 0/ P  D L L  A 1 0 X c

P L L  A 1 0 P  D L L  A tc = 

2   hrs  W A X D X c

P L L  A 1 0/ P  D L L  A 1 2 5  %  P L L  A 1 0/ P  D L L  A 1 0 1 7  %

P  D L L  A 1  P  D L L  A 1 0

P L L  A X c

tc =  1 5  - 3 0  hrs  P L L  A 1 0/ P  D L L  A 1 P L L  A 1 0/ P  D L L  A 1 0

X c P L L  A 1 0 X c

P  D L L  A W A X D tc

X c P L L  A 1 0 P  D L L  A  P L L  A

 

   

 

 

 



 6 0  

 

 

 

 

 

Fi g.  4  T h e  d e g r e e  of  c r yst alli nit y  X c b y   W A  X  D   m e as u r e  m e nt  of  
P L L  A 1 0/ P  D L L  A 1  a n d  P L L  A 1 0/ P  D L L  A 1 0 fil  ms.  



 6 1  

5 . 3 P L L  A 1 0/ P  D L L  A 1  P L L  A 1 0/ P  D L L  A 1 0  

X

0° 3 0°  3 6 0°

3  ( 1)  ( 2) (fc)  

4 tc P L L  A 1 0 P L L  A 1 0/ P  D L L  A 1

fc

P L L  A 1 0/ P  D L L  A 1 0 tc fc tc =  3 0  hrs

fc =  0. 3 8  P L L  A 1 0/ P  D L L  A 1  P L L  A 1 0/ P  D L L  A 1 0 tc =  2  hrs

X c 2 5,  1 5  % P  D L L  A 1

P L L  A 1 0/ P  D L L  A 1  P L L  A 1 0/ P  D L L  A 1 0 X c

P L L  A 1 0/ P  D L L  A 1

P L L  A

 



 6 2  

 

 

 

 

 

 

Fi g.  5  T h e  d e g r e e  of  o ri e nt ati o n  fc b y   W A  X  D   m e as u r e  m e nt  of  

P L L  A 1 0/ P  D L L  A 1  a n d  P L L  A 1 0/ P  D L L  A 1 0 fil  ms.  
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5. 4  P L L  A 1 0/ P  D L L  A 1  P L L  A 1 0/ P  D L L  A 1 0  

Fi g. 6  (  A) 

P L L  A 1 0/ P  D L L  A 1 ( B) P L L  A 1 0/ P  D L L  A 1 0 ( C) P L L  A 1 0

tc 1 4 0° C

tc
( 6),  ( 7) Fi g. 6( C)

P L L  A 1 0 tc

( 6)

P L L  A P L L  A  P  D L L  A

Fi g. 6(  A) P L L  A 1 0/ P  D L L  A 1 tc =  2  hrs

tc =  1 5  - 3 0  hrs

(8 ) 6. 3  P L L  A 1 0/ P  D L L  A 1

tc

P L L  A 1 0/ P  D L L  A 1 0 P L L  A 1 0/ P  D L L  A 1 tc =  1 5  - 3 0  hrs  tc

P L L  A

P  D L L  A P  D L L  A 1  P L L  A

P  D L L  A 1 0  P  D L L  A 1 P L L  A

P L L  A 1 0



 6 4  
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5 . 5    

W A X D X c P  D L L  A

P  D L L  A P L L  A a

tc X c P L L  A 1 0

P  D L L  A  P L L  A

 

P  D L L  A P L L  A  fc

P L L  A

fc

tc fc P  D L L  A

P L L  A
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( 1)   R.   N a k a y a  m a,   H.  I k a k e,   K.   K urit a,  S.  S hi  mi z u,  S.   K ur u  mi,   K.  S u z u ki,   K.  Ta k ah as hi,  a n d   K. 

Wat a n a b e,   K o b u ns hi  R o n b u ns h u  , 7 2 ,  6 6 1 ( 2 0 1 5). 

( 2)   W.   H o o gst e e n,   A.   R.  P ost e  m a,   A. J.  P e n ni n gs,   G. t e n Bri n k,  a n d  P.  Z u g e n  m ai er,  M a cr o  m ol e c ul es  , 

2 3 ,  6 3 4 ( 1 9 9 0). 

( 3)  J.  Z h a n g,   Y.   D u a n,   H.  S at o,   H.  Ts uji, I.   N o d a,  S h.   Ya n,  a n d   Y.   O z a ki,  M a cr o  m ol e  c ul es , 3 8 ,  8 0 1 2 

( 2 0 0 5). 

( 4)  P.  P a n,   W.   K ai,  B.  Z h u,  T.   D o n g,  a n d   Y. I n o u e, M a cr o  m ol e c ul es  , 4 0 ,  6 8 9 8 ( 2 0 0 7). 

( 5)  L.  B o u a p a o,   H.  Ts uji,   K.  Tas hir o, J.  Z h a n g,   M.   H a n es a k a, P ol y  m er , 5 0 ,  4 0 0 7 ( 2 0 0 9). 

( 6)   H.  Ts uji,  a n d   Y. I k a d a, P ol y  m er , 3 7 ,  5 9 5 ( 1 9 9 6). 

( 7)  P.  Pa n,  Z.  Li a n g,  B.  Z h u,  T.   D o n g,  a n d   Y. I n o u e:  M a cr o  m ol e c ul es  , 4 2 ,  3 3 7 4 ( 2 0 0 9). 

( 8)   ,     : ,  (  )

,     ( 2 0 0 2). 
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6   

 

2  

( 1) P L L  A 1 8 0,  1 8 5  1 9 0° C  P L L  A 1 0 1 0

	 3

2 9  1 5  2  % S  A  X S 1 9 0° C  P L L  A

U  V -VI S

1 8 5° C   

( 2) D S C P L L  A P L L  A 1 3 0,  1 4 0, 

1 5 0° C D S C X c 1 4 0° C 

P L L  A 	

 

 

3  P L L  A P L L  A

	  S  A  X S W A X D  

( 1) 1 4 0° C P L L  A  

( 2) 	

1 4 0 °C  6 P L L  A
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( 3) W A X D tc 	

	  

( 4) tc 	

	  

P L L  A 	

 

 

4 	

P L L  A

P  D L L  A P L L  A

S  A  X S W A X D  

( 1) P  D L L  A P L L  A 	   

( 2) P L L  A 1 0 P L L  A 1 0/ P  D L L  A 1 S  A  X S 	

   

( 3)  P L L  A  P L L  A c

	    

P  D L L  A P L L  A

P L L  A

P  D L L  A  
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5 4 P L L  A 	

P  D L L  A  	  2

	  W A X D  

( 1) P  D L L  A  

( 2) P  D L L  A P L L  A 1 0/ P  D L L  A 1

P L L  A 	

 

( 3) P  D L L  A P L L  A 1 0/ P  D L L  A 1 0

	 P L L  A

	    

P  D L L  A 	  P L L  A

   

 

1  5

	 P L L  A

P  D L L  A P L L  A

P L L  A



 7 0  

P L L  A
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“ ”  

 

, 7 2 ( 1 1),  6 6 1-6 6 6 ( 2 0 1 5).  

 

“ Eff e ct  of    A  m or p h o us    R e gi o n  o n    M a g n eti c    Ori e nt ati o n  of   P ol y(l a cti c  a ci d)    Bl e n d   Fil  ms    wit h 

Diff er e nt   M ol e c ul ar   Wei g ht ”   

R ei   N  A  K  A Y A  M  A ,   Hir o ki I  K  A  K E, Ki  mi o   K  U RI T A,  S hi g er u  S  HI  MI Z  U,    

S at os hi   K  U R  U  MI,   K a or u  S  U Z  U  KI,   K o h ki  T A  K  A  H  A S  HI,   Hir o y u ki   N  OJI RI  

J o ur n al  of t h e   M a g n eti cs  S o ci et y  of J a p a n, i  m pr ess ( 2 0 1 7).  

 

 

“ ”  
 

, 9 ( 1),  4 9 ( 2 0 1 5). 

 

(  ) 

“ Eff e ct  of    A  m or p h o us    R e gi o ns  o n    Cr yst alli n e    Ori e nt ati o n  of  P ol y  (l a cti c  a ci d)   Bl e n d  Fil  ms  i n 

M a g n eti c  Fi el d   wit h  T h er  m al  Pr o c ess  ”  

R ei   N  A  K  A Y A  M  A ,   Hir o ki I  K  A  K E,   Ki  mi o   K  U RI T A,  S hi g er u  S  HI  MI Z  U,  S at os hi   K  U R  U  MI,   

K a or u  S  U Z  U  KI,   K o h ki  T A  K  A  H  A S  HI,   Hir o y u ki   N  OJI RI   

S e c o n d   M y a n  m ar -J a p a n  S y  m p osi u  m  Pr o gr a  m   &  A bstr a cts , 2 ,  3 9 ( 2 0 1 5),  P at h ei n,  2 0 1 5   D e c e  m b er 

 

“ Eff e ct  of   A  m or p h o us   R e gi o n  o n   M a g n eti c   Ori e nt e d  of  P ol y(l a cti c  a ci d)   Bl e n d  Fil  ms   wit h   Diff er e nt 

M ol e c ul ar   Wei g ht ”   

R ei   N  A  K  A Y A  M  A , S h ut o   W A T A  N  A B E,  Hir o ki I  K  A  K E,   Ki  mi o   K  U RI T A,  S hi g er u  S  H  I  MI Z  U,   

S at os hi   K  U R  U  MI,   K a or u  S  U Z  U  KI,   K o h ki  T A  K  A  H  A S  HI,   Hir o y u ki   N  OJI RI  

7 t h I nt er n ati o n al   Wor ks h o p  o n   M at eri als   A n al ysis  a n d  Pr o c essi n g i n   M a g n eti c  Fi el ds Pr o gr a  m   & 

A bstr a cts  , 7  (2 0 1 6 ), Pr o vi d e n c e,  2 0 1 6  J u n 

 

( ) 

“ Pr e p ar ati o n  of  P ol y(l a cti c  a ci d)  Ori e nt e d  Fil  ms  u n d er   M a g n eti c  Fi el d  ”  

R ei   N a k a y a  m a ,  S h ui c hi   Us ui, Hir o ki I k a k e,   M as a k o  Ta k a d a,   Yos hi o   M ur o g a,   Ki  mi o   K urit a,   

S hi g er u  S hi  mi z u,  S at os hi   K ur u  mi,   K a or u  S u z u ki,   K o h ki  Ta k a h as hi,   K a z u o   Wat a n a b e  
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6t h I nt er n ati o n al   Wor ks h o p  o n   M at eri als   A n al ysis  a n d  Pr o c essi n g i n   M a g n eti c  Fi el ds  Pr o gr a  m   & 

A bstr a cts  , 6 ,  7 6 ( 2 0 1 4),   O ki n a  w a,  2 0 1 4 J ul y 

 

“ Eff e ct  of  A  m or p h o us  C o nt e nts  o n   M a g n eti c   Ori e nt ati o n  of  P ol y(l a cti c  a ci d )  Bl e n d  Fil  ms ” 

R ei   N a k a y a  m a ,  S h ut o   Wat a n a b e, S h ut a   H ar a,  Hir o ki I k a k e,   Ki  mi o   K urit a,  S hi g er u  S h  i  mi z u,   

S at os hi   K ur u  mi,   K a or u  S u z u ki,   K o h ki  Ta k a h as hi,   K a z u o   Wat a n a b e  

I nt er n ati o n al    C o nf er e n c e   o n     M a g n et o-S ci e n c e   2 0 1 5   Pr o gr a  m    &    A bstr a cts ,  1 1 ,   8 4   ( 2 0 1 5), 

M ats u  m ot o,  2 0 1 5   O ct o b er   

 

“ Eff e ct  of   A  m or p h o us r e gi o n  o n   Cr yst alli n e   Ori e nt ati o n i n  P ol y( L -l a cti d e)/ P ol y(  D L -l a cti d e)   Bl e n d 

Fil  ms  u n d er   M a g n eti c  Fi el d   Wit h  A n n e ali n g  Pr o c ess ”  

R ei   N  A  K  A Y A  M  A ,   Hir o ki I  K  A  K E,   M as a k o  T A  K  A  D  A,   Yos hi o   M  U R  O  G  A,   Ki  mi o   K  U RI T A,   

S hi g er u  S  HI  MI Z  U,  S at os hi   K  U R  U  MI,   K a or u  S  U Z  U  KI,   K o h ki  T A  K  A  H  A S  HI,   Hir o y u ki   N  OJI RI  

2 0 1 5  I nt er n ati o n al C h e  mi c a l   C o n gress  of  P a cifi c  B asi n  S o ci eti es Pr o gr a  m   &  A bstr a cts ,   H a  w aii, 

2 0 1 5   D e c e  m b er  

 

(  ) 

“ ”  

 

 

6 3 , P ol y  m.  Pre pr.  J p n.,  6 3 ( 2)  7 5 8 7 ( 2 0 1 4),   ,  2 0 1 4  9   

 

“ ”  

 

 

6 4 , P ol y  m.  Pre pr.  J p n.,  6 4 ( 2) 2  G 1 7  ( 2 0 1 5),   ,  2 0 1 5  9   

 

“ Bl e n d  Eff e ct  of  A  m or p h o us  P ol y(  D L  -l a cti d e)  o n   M a g n eti c   Ori e nt e d  P ol y( L-l a cti d e)  Fil  ms ” 

R ei   N  A  K  A Y A  M  A , S h ut o   W A T A N A B E ,    Hir o ki I  K  A  K E,   Ki  mi o   K  U RI T A,  S hi g er u  S  HI  MI Z  U,    

S at os hi   K  U R  U  MI,   K a or u  S  U Z  U  KI,   K o h ki  T A  K  A  H  A S  HI,   Hir o y u ki   N  OJI RI  

6 5 , P ol y  m.  Pre pr.  J p n.,  6 5 ( 2) 2 E S B 1 0  ( 2 0 1 6),   ,  2 0 16  9   

 

 

( ) 

“ ”  
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6 3 , P ol y  m.  Pre pr.  J p n.,  6 3 ( 1)  1 4 9 3 ( 2 0 1 4),   ,  2 0 1 4  5   

 

“ ”  

 

 

9 , , 9 ,  6 8-6 9  ( 2 0 1 4) ,   2 0 1 4  1 1

 

 

“ ”  

 

 

6 4 , P ol y  m.  Pre pr.  J p n.,  6 4 ( 1) 1 P c 0 3 5  ( 2 0 1 5),   ,  2 0 1 5  5   
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