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   2.0% D 2.8% D 3.0% MMR    3.0% 1.4% 3.0% 

         5.0% 

fi hi 

Rayleigh α β 

= = 2?@?.(ℎ@?. − ℎ.?@)?.. − ?@. C = 2(ℎ.?. − ℎ@?@)?.. − ?@.  

?@ = 2EF@ ?. = 3?@ ℎ@ = ℎ. = 0.03  

Rayleigh C α β K  

 

 

 

 































HI = J + 1′tanN
HIJN

J N

J N

J N
J NJ NJ N
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QS = QST UVS0.3WXY Z⁄

QST = 10.3 αET

VS = ]^S

ET = _`b (V + 2ℎcdjmo)p(p + 2ℎcdjmo)V∑ 1rTs _`b (V + 2ℎsdjmo)(p + 2ℎsX@djmo)(p + 2ℎsdjmo)(V + 2ℎsX@djmo)csu@



Qv = λQS

xz = xz@∑ {*xz@xzs , ⋅ {~�(�sX@) − ~�(�s)}�
~�(�) = 1(2 − �) ⋅ �12 ⋅ 3 + 4�.]1 + �. − 2� + 1 − 2�2 ⋅ *]1 + �. − �,�
� = �j



j = 2�ℓ� ⋅ ℓ�E
ℓ�ℓ�



QSz = 0.5 ⋅ (QSz� + QSz�)QSz� = E ⋅ xz1 − � ⋅ 12ℓ� ⋅ 1
�� × _m ⎝⎛

$1 + ��. + 1�� ⎠⎞QSz� = E ⋅ xz1 − � ⋅ 12ℓ� ⋅ 1
�� × _m ⎝⎛

$1 + ��. + 1�� ⎠⎞�� = ℓ� ℓ���� = ℓ� ℓ��

Qvz = 0.5 ⋅ (Qvz� + Qvz�)Qvz� = E ⋅ xz2 ⋅ ℓ� ⋅ ~(��)
~(��) = (1 − �) ⋅ _m &$1 + ��. + ��' + �� ⋅ _m ⎝⎛

$1 + ��. + 1�� ⎠⎞�� = ℓ� ℓ��
Qvz� = E ⋅ xz2 ⋅ ℓ� ⋅ ~"��#
~"��# = (1 − �) ⋅ _m &$1 + ��. + ��' + �� ⋅ _m ⎝⎛

$1 + ��. + 1�� ⎠⎞�� = ℓ� ℓ��



Q� = Q�� UV�0.3WXY/Z
 

V� = ]^�Q�� = @T.Y r� "r� = �j�(r�@, r�.)#r�@ = 2(1 + ��)x�
r�. = 9� x�3� + x�



Qv = 0.3Q�
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<> = ? + :′tanA
<>?A

? A



? A

? A
? A? A? A

kB

kC −











 

 



































































DE = DEF 7GE0.38JK L⁄

DEF = 10.3 αEF

GE = ;QE

EF = RST (G + 2ℎWXYZ[)\(\ + 2ℎWXYZ[)G∑ 1̂F_ RST (G + 2ℎ_XYZ[)(\ + 2ℎ_J6XYZ[)(\ + 2ℎ_XYZ[)(G + 2ℎ_J6XYZ[)W_`6



Db = λDE

de = de6∑ f,de6de_ . ⋅ {hi(j_J6) − hi(j_)}l
hi(j) = 1(2 − m) ⋅ o12 ⋅ 3 + 4j*

;1 + j* − 2q + 1 − 2m2 ⋅ ,;1 + j* − j.r
j = sY



Y = 2!ℓu ⋅ ℓvw
ℓuℓv



DEe = 0.5 ⋅ (DEey + DEez)DEey = w ⋅ de1 − m ⋅ 12ℓu ⋅ 1
|u × RZ

⎝
⎛$1 + |u* + 1|u ⎠

⎞
DEez = w ⋅ de1 − m ⋅ 12ℓv ⋅ 1

|v × RZ
⎝
⎛$1 + |v* + 1|v ⎠

⎞
|u = ℓv ℓu�
|v = ℓu ℓv�

Dbe = 0.5 ⋅ (Dbey + Dbez)Dbey = w ⋅ de2 ⋅ ℓu ⋅ h(|u)
h(|u) = (1 − m) ⋅ RZ &$1 + |u* + |u' + |u ⋅ RZ

⎝
⎛$1 + |u* + 1|u ⎠

⎞
|u = ℓv ℓu�
Dbez = w ⋅ de2 ⋅ ℓv ⋅ h"|v#
h"|v# = (1 − m) ⋅ RZ &$1 + |v* + |v' + |v ⋅ RZ

⎝
⎛$1 + |v* + 1|v ⎠

⎞
|v = ℓu ℓv�



Di = Di� 7Gi0.38JK/L
 

Gi = ;QiDi� = 6F.K ^� "^� = �Y�(^�6, ^�*)#^�6 = 2(1 + m�)d�
^�* = 9� d�3� + d�



Db = 0.3Di















 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





























































8

1 8

1

2







→

→







 





 !

 
#  !



  !

 
#  !



 

( )

#  !



















� 

� 

� 

� 



� 

� 

� 

� 







� 

� 

� 

� 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 























ℓ







ℓ

ℓ



ℓ









� 

� 

� 

� 

� 

� 

� 

� 







!



















" ( )# " ( )#

$ 1 √

" ( )# " ( )#



$ 1 √

" ( )# " ( )#



 



∙ '
* − ,



=





∙ '
- . / 0















* ,





$ +





ℓ
ℓ

$ +

ℓ





$ 3 + 3 3





    







$ +









/ 0
/ 0 + / − − 0 / 0







5 6 + 5 6 ≤



ℓ



/ 0 ℓ

5 6 + 5 6 ≤

ℓ





/ ' 0 / ' 0

/ ' 0 / ' 0

5 6 + 5 6 ≤



ℓ

5 6 + 5 6 ≤

ℓ  



ℓ

ℓ
 

ℓ







+
+

5 6 + 5 6 ≤

 

 



5 6 + 5 6 ≤

5 6 − 5 6 5 6 + 5 6 + 5 6 ≤

! +



" + 9"

+ 9"



5 6 + 5 6 ≤

 



ℓ



ℓ

5 6 + 5 6 ≤

ℓ  



" ℓ

"

ℓ



5 6 + 5 6 ≤

ℓ  



 



ℓ

’



ℓ

5 6 + 5 6 ≤

ℓ  



 



ℓ

”



" ℓ

5 6 + 5 6 ≤

ℓ  



 



 





/ ' 0

/ ' 0

5 6 + 5 6 ≤



/ ' 0

/ ' 0

5 6 + 5 6 ≤





ℓ



ℓ



ℓ

ℓ



ℓ

ℓ





* ,



" # " ( )# 

* ,



 

- .





$ +





" #



* ,

* ,









ℓ
ℓ

$ +

ℓ



ℓ
ℓ

ℓ
ℓ  
ℓ



PLH − 220 × 75 × 12/20(SUS304)
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