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Å͍͔͍͙͔̇ͭͦͭ ͙ ͍͔͙͙͔ͫͭͤͤͭ͡ 
͔͙͒ͪ͊ͤͤ͘Ύ ͍͙͡ΎΎͭ ͤ͊ 
͍͔͔͙͔ͨͦ͒ͤͭͦ ͙ͤ ͎ͣͤͦͦ 
͍͔ͨͦ;͔Σ ͦͭͦͦͭͦ͟͟͡ 
͔͎͔ͨͪ͒ͨͦ͊͊ͣ͡Φ

Å͍͔̇ͭΆͭ ͔ ͔ͤ ͫ͊ͣͦ 
͙ͦͨͭ;͔ͫͦ͟ ͙ ͺ͙͙͘;ͤͦ 
Ύ͍͔͙͔ͤ͡Σ ͤͦ ͫΆ΅ͦ ͙ 
͔͔͎͙ͤͪΎΦ

Å͔̉ͪ͘ ͍͔͙ͫͭͤ͊ͭ͊͡ ͙ ͫΎͤ͊ͭ͊͟ 
͔ͫ ͔͔ͦͨͪ͒͡Ύͭ ͺͦͪͣ͊ͭ͊ ͙ 
͍͙͔͙͔͒͗ͤͭͦ ͤ͊ ͍͙ͫ;͙͟ 
͔͔͙ͨͪ͒ͣͭΦ

Å˻ͦͦ͟͡ 80%ͦͭ ͍͙ͫ;͊ͭ͊͟ 
͙ͤͺͦͪͣ͊ͼ͙ΎΣ ͦ͟Ύͭͦ ;͍͔ͦ͟ 
ͨͦͯ͡;͍͊͊ ͙ ͙͔ͨͪͣ͊Σ ͔ ͦͭ 
͙ͦͨͭ;͔ͤ ͍͙͒Φ ́Ύ ͍͒͊͊ 
͙ͨͦͤ͊ͤ͘Ύ ͦͭ ͔͒ͤ͊ ͫͭͪ͊ͤ͊ 
͊͘ ͺ͙͔ͦͪͣͭ ͙ ͦͭ ͎͒ͪͯ͊ ς͘ ͊ 
ͼ͍͔͍͔͔ͭͦͭΦ 

ÅTΆ͚ ͊ͭͦ͟ ͍͙ͯ͊ͤ͊ͭ͊͘͡ 
͙ͤͺͦͪͣ͊ͼ͙Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͍͊ 
ͫΆ͍ͯͨͤͦͫͭ͟ ͍ͦͫͤͦͤͦ ͦͭ 
͙ͤͺͦͪͣ͊ͼ͙Ύ ͊͘ ͺ͙ͦͪͣ ͙ 
ͦͭ ͍ͭ͊͊͊͟ ͊͘ ͼ͍͔͍͔ͭͦΣ ͔ͣͦ͗ 
ͫΆ͍͔ͫͣ ͎ͪͯ͋ͦ ͒͊ ͔ͫ 
͔͒ͦͨͯͫͤΣ ;͔ ͙ͤͺͦͪͣ͊ͼ͙Ύͭ͊ 
͊͘ ͼ͍Ύͭ ͔͍ͨͪ͒ͫͭ͊͡Ύ͍͊ 40% 
ͦͭ ͔ͤΎΦ 



Å˭͍͒ͪ͊ͦͭͦ ;͍͔ͦ΄ͦ͟ ͦͦ͟ ͍Ά͙͔ͨͪͣ͊͘ ͙ͪ͊͘͡;ͤ͊ͭ͊ ͒Ά͙͗ͤ͊͡ ͤ͊ 
͍Ά͙͔ͤͭ͡ ͤ͊ ͍͔͙ͫͭͤ͊ͭ͊͡Σ ͭΦ ͤΦ ͔͙ͫͨͭͪ͊ͤ͟͡ ͼ͍͔͍͔ͭͦΣ ͍ 
͙͒͊ͨ͊ͦͤ͊͘ ͦͭ 770 nm ό͔ͨͪͻͦ͒͊ ͦͭ ͙ͤͺͪ͊;͔͍͔ͪͤͦ ͒ͦ 
;͔͍͔ͪͤͦύ ͒ͦ 385 nm ό͔ͨͪͻͦ͒͊ ͦͭ ͍͙͔͍ͦͭͦͦ͡ ͒ͦ 
͍͙͔͍ͯͭͪ͊ͦͭͦͦ͡͡ύΦ 

(1) ͔ ͔͎͙͚͙ͤͪͤ ͡Ά;͙; (2) ͣ ͔͙͊ͭͪΎ; (3) ͼ͍͔͍͙ͭͦ ͙͔͙͒ͪ͊ͤͭ͘͡; 
(4) ͪ ͔͙ͭͤ͊; (5) ͤ ͔͍͙ͪͤ ͨΆ͙ͭ΅͊; (6) ͣ ͦ͘Ά͟ 
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Å˴Ά͍ͫͦΆ͍ͤͦ͊ͭ͊͡ ͍͔͙ͫͭͤ͊͡ ͍͙͔͗͒͊ͣ ͊ͭͦ͟ ͙ͫͤΎ,
͔͍ͫͪ͒ͤͦΆ͍ͤͦ͊ͭ͊͡- ͊ͭͦ͟ ͔͔͙ͤ͊͘͡ ͒Ά͎͍ͦ͡Ά͍ͤͦ͊ͭ͊͡ -
͊ͭͦ͟ ;͔͍͔ͪͤ͊ όͺ͙͎Φ5.1).

͙͎̅Φ5.1͍͔͔̇ͭͦͯͫ΅͔͊ͤ ͔ͫͨͦͪ͒ ͒Ά͙͗ͤ͊ͭ͊͡ ͤ͊ ͍Άͤ͊ͭ͊͡



Å ˽͙ͪ ͫΆ͙͔͋ͪ͊ͤͭͦ ͤ͊ ͍͔͒ ͍Ά͙ͤ͡ ͫ 
͙ͪ͊͘͡;ͤ͊ ͒Ά͙͗ͤ͊͡Σ ͍͙͔͗͒͊ͣ 
;͔Σ ͙ͨͪ ͙ͦͣ͋ͤ͊͟ͼ͙Ύ ͦͭ ͡Ά;͙ ͫ 
͟Ά͙ͫ ͙ ͔͙ͫͪ͒ͤ ͒Ά͙͙͗ͤ͡ ͤ͊ 
͍Ά͙͔ͤͭ͡ ͔ͫ ͨͦͯ͡;͍͊͊ ͙ͫͤΈͦ-
͔͔ͤ͘͡ όͼ͙͊ύͤ ͼ͍ΎͭΣ ͦͭ ͔͙ͫͪ͒ͤ ͙ 
͒Ά͎͙͡ -͗Ά͡Σͭ ͊ ͙ͨͪ ͔͍͔ͫͣͫ͊ͤͭͦ 
ͤ͊ ͒Ά͎͙͡ ͙ ͟Ά͙ͫ ͼ͍͔͙ͭͤ ͡Ά;͙ ς
͔ͨͯͪͨͯͪͤ όͺ͙͎Φ5.2). 

Å ˿͍͔͙ͭͤ͊͡ ͫ ͙͔ͣ͊ͫͣ͊ͤ͟͡ 
͙͔͙͔ͤͭͤͭͭ͘ ͙ ͫ ͍ͪ͊ͤͦ ͯ;͙͔͊ͫͭ ͤ͊ 
͙ͪ͊͘͡;͙͔ͤͭ ͒Ά͙͙͗ͤ͡ ͤ͊ 
͍Ά͙͔ͤͭ͡ ͍Ά͙͔͔ͨͪͣ͊ͣ͘ ͊ͭͦ͟ 
͋Ύͦ͡. 

Å ˴͎ͦ͊ͭͦ ͦͦͭͦ͟ ͙ͤ ͔ͤ ͔ͫͪ΅͊ 
͙͍͙ͤ͊͟͟ ͔͔͎͙͙ͭͪͦͣ͊ͤͭͤ͟͡ 
͍Ά͙ͤ͡ ͦͭ ͼ͍͔͙ͭͤΎ ͔ͫͨͭ͟ΆͪΣ 
͎͍ͭͦ͊͊ ͍Ά͙͍ͤ͊͘͟ ͼ͍͔͔ͭͦͯͫ΅͔͊ͤ 
͊͘ ;͔ͪͤͦ.

͙͎̅Φ5.2˿͔͍͔ͣͫ͊ͤ ͤ͊ ͍͔͙ͫͭͤ͊ͭ͊͡



Åˢ͙͙͍͒ͭͤͦ ͼ͍͔͔͍͔ͭͦͫͣͫ͊ͤ -͔ͫͪ΅͊ ͔ͫ ͙ͨͪ ͪ͊͋ͦͭ͊ͭ͊ ͫ ͼ͍͔͙ͭͤ 
ͨͦͭͦͼ͙ ͍͔͙ͫͭͤ͊͡ ͙ ͔ͫ ͍͍ͦͫͤͦ͊͊ ͤ͊ ͙͔ͭͪͭ ͍͙ͦͫͤͦͤ ͼ͍Ύͭ͊ ;͔͍͔ͪͤ
(Red), ͘ ͔͔ͤ͡(Greeƴύ ͙ ͙ͫ(ͤBƭǳŜύΦ ˽͙ͪ ͔͍͔ͫͣͫ͊ͤͭͦ ͙ͣ ͔ͫ 
ͨͦͯ͡;͍͊͊ͭ ͍͔͙ͫͭ͡ ͼ͍͔͍͙ͭͦ ͍͔ͭͦͤͦΣ ͭΦ ͔Φ ͙ͨͪ ͔͒ͤ͊ ͙ͦͣ͋ͤ͊͟ͼ͙Ύ ͦͭ 
;͔͍͔͙ͪͤͦ ͔͘ ͔͔ͤͦͫ͡ ͨͦͯ͡;͍͊͊ ͗Άͭ͡Σͦ ͦͭ ͔͔͙ͤͦ͘͡ ͙ͫ ͤΈͦ-ͼ͙͊ͤ
ό͙ͫͤΈͦ-͔͔ͤͦ͘͡ύΣ ͊ ͦͭ ͙ͫͤΈ͙ͦ ;͔͍͔ͪͤͦςͨ ͯͪͨͯͪͤͦ όͺ͙͎Φ5.3).

Å˽͙ͪ ͔͍ͤͯ͡ ͙͔͙͔ͤͭͤͭͭ͘ ͤ͊ ͙͔ͭͪͭ ͼ͍Ύͭ͊ ͔ͫ ͨͦͯ͡;͍͊͊ ;͔͔ͪͤͼ͍ΎͭΣ ͊ 
͙ͨͪ ͙͔ͣ͊ͫͣ͊ͤ͟͡ -͋Ύ͡ ͼ͍ΎͭΦ 

͙͎̅Φ5.3ˢ͙͙͍͙͒ͭͤ ͼ͍͔͍͔ͭͦ



Å˿͙͍ͯ͋ͭͪ͊ͭͤͦ͟ ͼ͍͔͔͍͔ͭͦͫͣͫ͊ͤ  ςͻ͔͊ͪ͊ͭͪͤͦ͟ ͔ ͙ͨͪ ͪ͊͋ͦͭ͊ ͫ
ͼ͍͔͙ͭͤ ͍͔΅͔͍ͫͭ͊ ό͙ͨͪ ͔ͨ;͊ͭ͊ ͙͔ͤ͊ͨͪͣͪύΦ ͔͙́͘ ͍͔΅͔͍ͫͭ͊ 
͎ͨͦ͡Ά΅͊ͭ ͔͔͔͙ͦͨͪ͒ͤ͡ ͒Ά͙͙͗ͤ͡ ͤ͊ ͍Ά͙͔ͤͭ͡ ͦͭ ͋Ύ͊ͭ͊͡ 
͍͔͙ͫͭͤ͊͡ ͙ ͔͍͔͔͒ͤͦͪͣͤͤͦ ͦͭͪ͊͘Ύ͍͊ͭ ͎͙͒ͪͯ ͒Ά͙͙͗ͤ͡ ͤ͊ 
͍Ά͙͔ͤͭ͡Φ ˮ͍ͨͦ͊͘͘͡ о ͍͙ͦͫͤͦͤ ͼ͍Ύͭ͊ ͍ ͙ͪ͊͘͡;ͤ͊ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύ 
-͙ͫͤΈͦ-͔͔ͤͦ͘͡ όCyanύΣ ͨͯͪͨͯͪͤͦ όMagentaύ ͙ ͗Άͭͦ͡ όYellow). 
˹͔͍ͯ͊ͭ͊͡ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύ ͤ͊ ͙͔ͭͪͭ ͍͙ͦͫͤͦͤ ͼ͍Ύͭ͊ ͍͒͊͊ ͋Ύͼ͍͡ΎͭΣ 
͊ ͙ͣ͊ͫͣ͊ͤ͊ͭ͊͟͡ ͙ͣ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύ -;͔͔ͪͤͼ͍Ύͭ όͺ͙͎ΦрΦпύΦ

͙͎̅ΦрΦп˿͙͍͙ͯ͋ͭͪ͊ͭͤ͟ ͼ͍͔͍͔ͭͦ



Å˴͙͊ͤ͊͡ ͊͘ ͔͍͔ͨͪ͒͊͊ͤ ͤ͊ ͙ͤͺͦͪͣ͊ͼ͙Ύ ͍ͫΆͪ͊ͤ͊͘ ͫ 
ͼ͍͔͍͔͔ͭͦͭΥ

Á˻͍͔͔ͫͭͤͦͫͭΥ˻ͭͤ͊ͫΎ ͔ͫ ͒ͦ ͙͔͙͍ͤͭͤͤͦͫͭͭ͊͘ ͙͙͡ Ύͪͦͫͭͭ͊͟ 
͙ ͒ͦ ͦͤͭͪ͊ͫͭ͊͟Φ ͙́ͦ͘ ͊ͤ͊͟͡ ͙͙͒ͦͣͤͪ͊ ͙ͨͪ 
͍Ά͙͔͔ͨͪͣ͊ͤͭͦ͘ ͤ͊ ͺͦͪͣ͊Σ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͙ ͍͙͔͙͔͒͗ͤΦ  

Á͙̆ͪͦͣ͊ͭ;ͤͦͫͭΥ˻ͭͤ͊ͫΎ ͔ͫ ͒ͦ ͒Ά͙͗ͤ͊ͭ͊͡ ͤ͊ ͍Άͤ͊ͭ͊͡ ͤ͊ 
͍͔͙ͫͭͤ͊ͭ͊͡Σ ͙ͫ͊ͣΎͭ ͼ͍Ύͭ ͙͙͡ ͊͊ͤͦ͘͟ ͙ͤ͊;͔ ͔ͦͭͭͤΆ͟Φ 
˻͙͍͔͋ͤͦͤͦ͟ ͔ͫ ͎͔ͪ͊͗͒͊ͭ͘͡ ͍͒͊ ͍͙ͦͫͤͦͤ ͼ͍͔͍͙ͭͦ 
͊ͤ͊͊͟͡ -;͔͍͔ͪͤͦ-͔͔ͤͦ͘͡ ͙ ͗Άͭͦ͡-͙ͫͤΈͦΦ ͔͙́͘ ͙͊ͤ͊͟͡ 
͙ͣ͊ͭ ͔͒͊͡; ͨͦ-͙ͤͫ͊͟ ͔ͪͦ͘͡Όͼ͙ΎΣ ͤͦ ͙ͤ ͍͒͊͊ͭ 
͙ͤͺͦͪͣ͊ͼ͙Ύ ͊͘ ͍ͨͦΆͪͻͤͦͫͭͭ͊ ͤ͊ ͔͙͔ͦ͋ͭͭ͟Φ



Å͍͔̇ͭΆͭ ͔ͣͦ͗ ͒͊ ͔ͫ ͙͍ͨͦ͊͘͘͡ ͨͦ ΄͔ͫͭ ͍͙ͦͫͤͦͤ 
ͤ͊;͙ͤ͊Υ

Á˭͊ ͙͊ͫ͟͡ͺ͙ͼ͙͔ͪ͊ͤ -ͦ͋ͦͤ͊͘;͍͔͊͊ͤ ͫ ͼ͍ΎͭΣ ͊͘ ͒͊ ͔ͫ 
͙ͦ͒ͪ͊ͭ͟ ͔͙͔ͦͭ͒ͤͭ͡ ͔͎͙͙͊ͭͦͪ͟ ͔͙ͦ͋ͭ͟Σ ͙ͦͭͦ͟ ͭͪΎ͍͋͊ ͒͊ 
͋Ά͒͊ͭ ͙ͨͦ͊͊ͤ͘͟Τ

Á˸͔ͪͤ͊ ͔͙͙͒ͤͼ͊ -ͼ͍͔ͭΆͭ ͊ͭͦ͟ ;͙ͫͦ͡Τ

Á˽͔͍ͪ͒ͫͭ͊Ύ͔ͤ-ͼ͍͔ͭΆͭ ͊ͭͦ͟ ͤ͊;͙ͤ ͊͘ ͤ͊ͨͦ͒ͦ͋Ύ͍͔͊ͤ ͤ͊ 
͔ͪ͊ͤͦͫͭͭ͊͡Τ

Á˭͊ ͯͪ͊ͫ͊͟ -ͼ͍͔ͭΆͭ ͊ͭͦ͟ ͪ͊ͫͦͭ͊͟Τ

Á˩ͣͦͼ͙Ύ-ͼ͍͔ͭΆͭ ͊ͭͦ͟ ͤ͊;͙ͤ ͊͘ ͔͍͔ͨͪ͒͊͊ͤ ͤ͊ ͔͙͔ͤ͊ͫͭͪͦͤΤ

Á͍͔̇ͭΆͭ ͊ͭͦ͟ ͤ͊;͙ͤ ͊͘ ͙͍͙ͨͪ͡;͔͊ͤ ͤ͊ ͍͙͙͔ͤͣ͊ͤͭͦ.



Å͙͙̅͘;͔ͫͦ͟ ͍Ά͔͚͍͙͔͒ͫͭ͘- ͍Ά͔͚͍͙͔͒ͫͭ͘ ͍Άͪͻͯ 
ͺ͙͙͎͙ͦͦ͘͡Ύͭ͊ ͤ͊ ;͍͔ͦ͊͟Φ 

͍͔͍͔̇ͭͦ ˤΆ͋ͯ͗͒͊͘΅˭͊ͭͦͪͣͦ͘Ύ͍͊΅̂ͫͨͦͦ͟Ύ͍͊΅

͔͍͔̉ͪͤ + - -

˻͔͍ͪ͊ͤ͗ + - -

ˬΆͭ͡ + - -

˭͔͔ͤ͡ - - +

˿͍͔͙ͭͦͫͤ͡ - - +

ˤ͙͔͍ͦͭͦ͡ - + -

́Ά͙͍ͣͤͦͫ - + -

͔͔̉ͪͤ - + -


