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Rayleigh α β 

> = 2?@?B(ℎ@?B − ℎB?@)?BB − ?@B E = 2(ℎB?B − ℎ@?@)?BB − ?@B  

?@ = 2FG@ ?B = 3?@ ℎ@ = ℎB = 0.03  

Rayleigh C α β K  

 

 

 

 





























































IJ = L + N′tanP
IJLP

L P

L P

L P
L PL PL P



kQ

kS −





















































































































 



 !

 
#  !



  !

 
#  !



 

. . .

. ( ) . .

# .  . . !















.  





ℓ



ℓℓ





!











" ( )# " ( )#

$ √

" ( )# " ( )#



" ( )# " ( )#





& '



$ +



ℓ



ℓ
ℓ

$ +

ℓ





* ,*ℓ ℓ ,

ℓℓ
ℓ

ℓ



ℓ

ℓ ℓ



& '



" # " ( )#

& '





& '



$ +





" #



& '

& '





$ $
$ $
$ $



ℓ



ℓ
ℓ

$ +

ℓ



ℓ
ℓ

ℓ

& '

 /  



  /  
.







* ,*ℓ ℓ ,

ℓℓ

ℓ

ℓ



* ,*ℓ ℓ ,

ℓℓ

" #



























•

•

•

•





   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.<>)<.. − <>. A = 2(ℎ.<. − ℎ><>)<.. − <>.  

<> = 2BC> <. = 3<> ℎ> = ℎ. = 0.03  

Rayleigh C α β K  

 

 

 

 































FG = H + I′tanL
FGHL

H L

H L

H L
H LH LH L



kN

kO −

























































































.  





ℓ



ℓℓ



ℓ

ℓ





!











" ( )# " ( )#

$ √

" ( )# " ( )#



$ √

" ( )# " ( )#







!





& '





$ +





ℓ
ℓ

$ +

ℓ





$ * + 3 *





$ +



, − .

$ +





$ +
 



$ +





, .
, . + , − − . , .





/ 0 + / 0 ≤

/ 0 + / 0 ≤



ℓ



ℓ

/ 0 + / 0 ≤

ℓ



ℓ



ℓ

/ 0 + / 0 ≤

ℓ



, 2 .

, 2 .

/ 0 + / 0 ≤



ℓ





ℓ

ℓ



& '

  5 = × ×



 5 =

& '



 

6 7





$ +





" #

& '

& '







$ $

$ $

$ $





ℓ
ℓ

$ +

  = × ×

 

ℓ

ℓ



ℓ

 

ℓ

& '



$ + $





$ * + 3 *



$

$ $



& '



$ $





$ +



$

$ $



& '

8

8



$ $



, − .

$ +



!, .

!, . $( )

, . " #



$ + $







$ +
 



$ +



$ +

$ $



$ +

$ $







, .
, . + , − − . , .



, .
, . + , − − . , .

, .
, . + , − − . , .

" #





/ 0 + / 0 ≤

/ 0 + / 0 ≤





 =



ℓ



ℓ

/ 0 + / 0 ≤

ℓ



ℓ



=



ℓ



ℓ

/ 0 + / 0 ≤

ℓ



ℓ





, 2 .

, 2 .

/ 0 + / 0 ≤



, 2 . " ⁄ #

, 2 . " ⁄ # =



















•

•

•

•

•

•





















































:; = < + >′tan@
:;<@

< @

< @



< @
< @

< @
< @

kA

kB −











 

 

















































































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 











.  





ℓ





ℓ







!













" ( )# " ( )#

$ √

" ( )# " ( )#



$ √

" ( )# " ( )#







& '





$ +





ℓ
ℓ

$ +

ℓ



ℓ
ℓ

$ * + 3 *

ℓ



ℓ
ℓ

$ +

ℓ







, -
, - + , − − - , -







/ 0 + / 0 ≤





, - ℓ

/ 0 + / 0 ≤

ℓ

ℓ





, 2 - , 2 -

, 2 - , 2 -

/ 0 + / 0 ≤



ℓ



ℓ



& '



" # " ( )# 



& '



 

5 6





$ +



" #



& '

& '







ℓ
ℓ ℓ



$ +

ℓ
ℓ

ℓ



ℓ  
ℓ

PLH − 220 × 75 × 12/20(SUS304)

& '



ℓ
ℓ

$ * + 3 *

ℓ



ℓ
ℓ

ℓ

& '



 

 



ℓ
ℓ

$ +

ℓ



ℓ
ℓ

ℓ
ℓ
ℓ



& '

>

>

 

 







, -
, - + , − − - , -



, -
, - + , − − - , -

" #





/ 0 + / 0 ≤



+









, - ℓ

/ 0 + / 0 ≤

ℓ

ℓ

ℓ



/ 0 + / 0 ≤

, - ℓ

ℓ



ℓ



ℓ

ℓ







, 2 - , 2 -

, 2 - , 2 -

/ 0 + / 0 ≤



, 2 - , 2 -

, 2 - , 2 -

& ??@'2 + & AA@'2 ≦ 1.2



" ⁄ # " ⁄ #

" ⁄ # " ⁄ #

, 2 -

, 2 -



, 2 - = " ⁄ #
, 2 - " ⁄ #































•

•

•

•

•

•











FG = I + J′tanM
FGIM

I M

I M



I M
I M

I M
I M

kN

kO −











 

 













































•

•

•

•

•

•

























FG = I + J′tanM
FGIM

I M

I M

I M
I M
I M
I M



kN

kO −







































 

 

 

 



















































 

 

 



 

 

 



 

 

 



 

 

 

 

2

No.2

No.1

M



 

 

 



 

 

 



 

 

 

 

 

  

 

 

 

 



 

 

 

  



 

 

 



 

 

 



 

 

 



 

 

 

 

 



 

 

 

!



 

 

 

  



 

 

 

 

   

 

 

 

 

 

 

 

 

  

  

  

  

  

  

  

  

 



 

 

 



 

 

 



 

 

 

 

" # $%
!



 

 

 

 

 

# & '$ ( & ')



 

 

 

  

# − & '$ ( & ')



 

 

 



 

 

 

 



 

 

 

  

 



 

 

 

 
 

# $ " %  



 

 

 

√

-# $ # $ .
( )



 

 

 

√

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

  



 

 

 

 

!



 

 

 



 

 

 



 

 

 

 



 

 

 

 ×
 ×  

 

 ×
 ×  

 

 ×
 ×  

 

 ×
 

 

 

 

 



 

 

 

 ×  ÷ 



 

 

 



 

 

 

 

 
 



 

 

 

 (  )
 (  )
 
 
 

 

 

 
1 1  2 2  2 2
1 1  2 2  2 2

  1 1 1 1



 

 

 

  



 

 

 

 2 2  2 2
 2 2

- . - .



 

 

 

 

  
 

 

 



 

 

 

 

  
 

 

 



 

 

 



 

 

 



 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 



 

 

 

 



 

 

 

 

 

 

 ×

 ×

 

 ×
 

 

 



 

 

 

 



 

 

 

 

& '
& '  

& '
 

& '
 

 



 

 

 

 

  

 

 

 

 



 

 

 

 



 

 

 

   =  =



 

 

 

 



 

 

 

=



 

 

 

 



 

 

 



 

 

 

& '



 

 

 

& '
& '

 

( )

( )



 

 

 

I   



 

 

 

  
 

 

3  



 

 

 



 

 

 



 

 

 

( )
( )

| | 2 2 2 2
| | 2 2 2 2

 | | | |



 

 

 

= ÷



 

 

 

& '
& '



 

 

 

=

=  
| | = 2 2 + 2 2

=

=
| | = 2 2 + 2 2

 | | | |



 

 

 

| |

| |
3



 

 

 

 
 

 



 

 

 

 

 & '( )



 

 

 

2 2 2 2
2 2

- . - .
 

 



 

 

 

2 2

- . - .

  

" % " %



 

 

 

 

 

 



 

 

 



 

 

 

 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







2

No.2

No.1

M







 











 



!





 









" # $%

!



 

# & '$ ( & ')
 



   

# & '$ ( & ')









 



  
  

 
 

 



 



 



 

 







=

=

=

 













 



 
+ 

+ 
 
+ 







=

 

 

 

 

 

& '  
& '

& '  



& '
& '  

& '
& '  

& '  

= ÷





 

   =  



 



( )



 





( )



( )

( )

= ( ∆ ) + −

( )

( )

= + − . × . = .  



= . ÷ . = .  =  
= . ÷ . = .  =  

 

= =  

  
   

 

1  



 

+





 

 



= = . × 2  /








