
9ũŜŎǘǎ ƻŦ ōǊƻŀŘπōŀƴŘǿƛŘǘƘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ƻƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ 

ǉǳŀƭƛǘȅ ƻŦ ƳŜŘƛŎƛƴŀƭ ŀƴŘ ŀǊƻƳŀǝŎ Ǉƭŀƴǘǎ ƛƴŎƭǳŘƛƴƎ  
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As a reminder that dreams can come true after all 

 

 

 



 
 

!ŎƪƴƻǿƭŜŘƎƳŜƴǘ 

 

CƛǊǎǘ ŀƴŘ ŦƻǊŜƳƻǎǘΣ L ǎƛƴŎŜǊŜƭȅ ǘƘŀƴƪ tǊƻŦΦ 5ǊΦ IŀǊǘǿƛƎ {ŎƘǳƭȊ ŀƴŘ 5ǊΦ !ƴŘǊŜŀ YǊŅƘƳŜǊ ŦƻǊ ǘƘŜƛǊ ǇŜǊǎƛǎǘŜƴǘ 

ǎǳǇǇƻǊǘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǇǊŜǇŀǊŀǝƻƴ ƻŦ ǘƘƛǎ ŘƛǎǎŜǊǘŀǝƻƴΦ L ŀƳ ŦƻǊŜǾŜǊ ƎǊŀǘŜŦǳƭ ŦƻǊ ȅƻǳǊ ƎǳƛŘŀƴŎŜΣ ǎǳǇǇƻǊǘ 

ŀƴŘ ŜƴŎƻǳǊŀƎŜƳŜƴǘΦ L ŀƭǎƻ ǘƘŀƴƪ tǊƻŦΦ 5ǊΦ aŀǧƘƛŀǎ aŜƭȊƛƎ ŦƻǊ ŦƻǊƳŀƭƭȅ ŜƴŘƻǊǎƛƴƎ ǘƘƛǎ ǿƻǊƪ ŀƴŘ ŦƻǊ Ƙƛǎ 

ǿƻǊŘǎ ƻŦ ǿƛǎŘƻƳ ǿƘŜƴ ǘƘŜȅ ǿŜǊŜ ƴŜŜŘŜŘ ǘƘŜ ƳƻǎǘΦ           

 L ŦǳǊǘƘŜǊ ŜȄǘŜƴŘ Ƴȅ ŘŜŜǇŜǎǘ ŀǇǇǊŜŎƛŀǝƻƴ ǘƻ ǘƘŜ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ Wǳƭƛǳǎ YǸƘƴπLƴǎǝǘǳǘŜ ǿƛǘƘƻǳǘ 

ǿƘƻƳ ǘƘŜ ǊŜŀƭƛȊŀǝƻƴ ƻŦ ǘƘƛǎ ŜȄŎƛǝƴƎ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ ǿƻǳƭŘ ƴƻǘ ƘŀǾŜ ōŜŜƴ ǇƻǎǎƛōƭŜΦ ¸ƻǳǊ ŎƻƳƳƛǘƳŜƴǘ ŀƴŘ 

ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ŀǇǇǊƻŀŎƘ ǘƘŜ Ƴŀƴȅ ŀƴŘ ŘƛǾŜǊǎŜ ǘŀǎƪǎ ǘƘƛǎ ŀƳōƛǝƻǳǎ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ ŜƴǘŀƛƭŜŘ ǿƛƭƭ ƴƻǘ ŜǾŜǊ 

ōŜ ŦƻǊƎƻǧŜƴΥ L ƎŜƴǳƛƴŜƭȅ ǘƘŀƴƪ wƻƭŀƴŘ .ǳŎƘƘƻǊƴΣ /ƭŀǳŘƛŀ YǀƴŜŎƪŜΣ IŜƛƪŜ .ŅǳƳŜǊ ŀƴŘ {ŀōǊƛƴŀ tƛƭȊ ŦƻǊ ǘƘŜƛǊ 

ŜȄŎŜǇǝƻƴŀƭ ŎǳƭǝǾŀǝƻƴ ŀǎǎƛǎǘŀƴŎŜΤ aŀƛƪ wŜǇƴŀŎƪ ŀƴŘ Ƙƛǎ ǘŜŀƳ ŦƻǊ ǘƘŜƛǊ ƻǳǘǎǘŀƴŘƛƴƎ ǘŜŎƘƴƛŎŀƭ ǎǳǇǇƻǊǘΤ 

wŜƴŞ DǊǸƴǿŀƭŘΣ aƛŎƘŀŜƭ DƭƛǘǎŎƘƪŀΣ !ǎǘǊƛŘ IŀƴǎŜƴΣ 5ǊΦ 5ƛŜǘŜǊ CŜƭƎŜƴǘǊŜǳΣ wŀǇƘŀŜƭ .ǸŎƘƴŜǊ ŀƴŘ {ƛƭǾƛŀ .ŀŀǎ 

ŦƻǊ ǘƘŜƛǊ ƪƴƻǿƭŜŘƎŜŀōƭŜ ŀƴŀƭȅǝŎŀƭ ŀǎǎƛǎǘŀƴŎŜΤ {ƛƭǾƛƻ !ǊƎŀƴŜǎŜΣ ±ƛƪǘƻǊƛŀ YŀǇǇŜǎ ŀƴŘ [ŜƻƴŀǊŘ DƻƭȊ ŦƻǊ ǘƘŜƛǊ 

ƴŜǾŜǊπŜƴŘƛƴƎ ǇǊƻǾƛǎƛƻƴ ƻŦ ƭƛǘŜǊŀǘǳǊŜΤ 5ƻƳƛƴƛǉǳŜ /ƻƴǊŀŘΣ aŀǊƛƻ IŀǊƪŜ ŀǎ ǿŜƭƭ ŀǎ aŀǊŎǳǎ aǸƭƭŜǊ ŀƴŘ 

YƻƴǊŀŘƛƴ CŜƛŜǊŀōŜƴŘ ŦǊƻƳ ǘƘŜ IǳƳōƻƭŘǘ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜǊƭƛƴ ŦƻǊ ǘƘŜƛǊ ŀǎǎƛǎǘŀƴŎŜ ŘǳǊƛƴƎ ǘƘŜ Ƴŀƴȅ ǝƳŜπ

ŎƻƴǎǳƳƛƴƎ Řŀǘŀ ŎƻƭƭŜŎǝƻƴǎΤ DŀōǊƛŜƭŜ CƛǎŎƘŜǊ ŀƴŘ tŀǳƭ 9ōŜǊǘ ŦƻǊ ǘƘŜƛǊ L¢ ǎǳǇǇƻǊǘ ŀǎ ǿŜƭƭ ŀǎ !ƴƴƛƪŀ CǊƛǘǎŎƘŜΣ 

/ŀǘƘŀǊƛƴŀ .ƭŀƴƪΣ ±ŜǊŀ CǊƛƳŜƭ ŀƴŘ [ƛŀƴŜ wŀōŜ ŦƻǊ ǘƘŜƛǊ ŀŘƳƛƴƛǎǘǊŀǝǾŜ ŀǎǎƛǎǘŀƴŎŜΦ  

 IƻƴŜǎǘ ƎǊŀǝǘǳŘŜ ŀƭǎƻ ƎƻŜǎ ǘƻ 5ǊΦ ¢ƻǊǎǘŜƴ aŜƛƴŜǊǎΣ 5ǊΦ /ƘǊƛǎǘƻǇƘ .ǀǧŎƘŜǊ ŀƴŘ 5ǊΦ 5ŀǾƛŘ wƛŜǿŜ ŦƻǊ 

ǘƘŜƛǊ ŎǊƛǝŎŀƭ ǊŜǾƛŜǿǎ ŀƴŘ ƛƳǇƻǊǘŀƴǘ ŦŜŜŘōŀŎƪΦ     

 L ǿƻǳƭŘ ŀƭǎƻ ƭƛƪŜ ǘƻ ǘƘŀƴƪ ƻǳǊ ǇǊƻƧŜŎǘ ǇŀǊǘƴŜǊǎ ŀǘ C¦¢¦w9[95 ŀƴŘ IǳƳōƻƭŘǘ ¦ƴƛǾŜǊǎƛǘȅ ŀǎ ǿŜƭƭ ŀǎ 

ǘƘŜ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ ŦŀƳƛƭȅπƻǿƴŜŘ ōǳǎƛƴŜǎǎ hŘŜǊōǊǳŎƘ aǸƭƭŜǊ ŀƴŘ /ƘǊƛǎǝƴŜ ²ŀƴŘƪŜΣ ƻǿƴŜǊ ƻŦ 

YǊŅǳǘŜǊƭƻǳƴƎŜ ŦƻǊ ǇǳǊǎǳƛƴƎ ǘƘƛǎ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ŜƴŘŜŀǾƻǊΦ Lǘ ǿŀǎ ŀ ǇƭŜŀǎǳǊŜ ǘƻ ǿƻǊƪ ǿƛǘƘ ȅƻǳΦ   

 L ŦǳǊǘƘŜǊ ŜȄǇǊŜǎǎ Ƴȅ ǎƛƴŎŜǊŜ ƎǊŀǝǘǳŘŜ ǘƻ 5ǊΦ bŀŘƛƴŜ !ǳǎǘŜƭΣ 5ǊΦ bŀƴƛƴŀ ¢ǊƻƴΣ 5ǊΦ DŀōǊƛŜƭŀ .ƛǎŎƘƻũΣ 

5ǊΦ bŀŘƛƴŜ IŜǊǿƛƎΣ 5ƻƳƛƴƛŎ [ŀƳǇǊŜŎƘǘΣ 5ǊΦ aŀǊƭŜƴ IŜƛƴȊΣ ±ŜǊŜƴŀ wƛǎǘŀǳΣ ¸ǾƻƴƴŜ wŀǘȊƭŀũ ŀƴŘ 

{ƻǇƘƛŜ .ƭƛŜŘǳƴƎ ŦƻǊ ȅƻǳǊ ƎŜƴǳƛƴŜ ƪƛƴŘƴŜǎǎΣ ȅƻǳǊ ǇƻǎƛǝǾƛǘȅ ŀƴŘ ŜƳƻǝƻƴŀƭ ǎǳǇǇƻǊǘ ǘƘǊƻǳƎƘƻǳǘ ǘƘƛǎ 

ŜƴŘŜŀǾƻǊΦ     

 [ŀǎǘ ōǳǘ ƴƻǘ ƭŜŀǎǘΣ L ŜȄǇǊŜǎǎ Ƴȅ ŘŜŜǇŜǎǘ ƎǊŀǝǘǳŘŜ ǘƻ Ƴȅ ƘǳǎōŀƴŘ WŀƳŜǎ !ƭŦǊŜŘ ¢ŀōōŜǊǘ LLLΦ ²ƛǘƘƻǳǘ 

ȅƻǳǊ ŜƳǇŀǘƘȅ ŀƴŘ ǳƴǿŀǾŜǊƛƴƎ ŜƴŎƻǳǊŀƎŜƳŜƴǘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜǎŜ ŎƘŀƭƭŜƴƎƛƴƎ ȅŜŀǊǎΣ ǘƘƛǎ ŘƛǎǎŜǊǘŀǝƻƴ 

ǿƻǳƭŘ ƘŀǾŜ ƴŜǾŜǊ ōŜŜƴ ŎƻƳǇƭŜǘŜŘΦ    

  



 
 

   

!ŶŘŀǾƛǘ 

L ƘŜǊŜōȅ ŘŜŎƭŀǊŜ ǘƘŀǘ L ƘŀǾŜ ǿǊƛǧŜƴ ǘƘƛǎ ŘƛǎǎŜǊǘŀǝƻƴ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ŀƴŘ ǘƘŀǘ L ƘŀǾŜ ƴƻǘ ŜƳǇƭƻȅŜŘ ŀƴȅ 

ƻǘƘŜǊ ǎƻǳǊŎŜǎ ŀƴŘ ǘƻƻƭǎ ǘƘŀƴ ǘƘƻǎŜ ǎƛǘŜŘ ƛƴ ǘƘƛǎ ǿƻǊƪΦ  

  



 
 

¢ŀōƭŜ ƻŦ ŎƻƴǘŜƴǘ 

!ōōǊŜǾƛŀǝƻƴǎ            м 

{ƘƻǊǘ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎ          о 

YǳǊȊŦŀǎǎǳƴƎ ŘŜǊ 9ǊƎŜōƴƛǎǎŜ          р 

/ƘŀǇǘŜǊ м 

мΦ DŜƴŜǊŀƭ LƴǘǊƻŘǳŎǝƻƴ           т 

 мΦм {ƛƎƴƛŬŎŀƴŎŜ ƻŦ ǳǊōŀƴ ŎƻƴǘǊƻƭƭŜŘπŜƴǾƛǊƻƴƳŜƴǘ ŀƎǊƛŎǳƭǘǳǊŜ     т 

  мΦмΦм /ƻƴǾŜƴǝƻƴŀƭ ŀƎǊƛŎǳƭǘǳǊŜ ǳƴŘŜǊ ǇǊŜǎǎǳǊŜ       т 

  мΦмΦн .ŜƴŜŬǘǎ ƻŦ ǳǊōŀƴ ŎƻƴǘǊƻƭƭŜŘπŜƴǾƛǊƻƴƳŜƴǘ ŀƎǊƛŎǳƭǘǳǊŜ    т 

  мΦмΦо /ƘŀƭƭŜƴƎŜǎ ƻŦ ǳǊōŀƴ ŎƻƴǘǊƻƭƭŜŘπŜƴǾƛǊƻƴƳŜƴǘ ŀƎǊƛŎǳƭǘǳǊŜ    ф  

      мΦн [95ǎ ŀƴŘ ŎƻƴǾŜƴǝƻƴŀƭ ƭƛƎƘǝƴƎ ƛƴ ƘƻǊǝŎǳƭǘǳǊŜ     мл 

     мΦо ¢ƘŜ ǎƛƎƴƛŬŎŀƴŎŜ ƻŦ ƭƛƎƘǘ         мо 

  мΦоΦм ¢ƘŜ ǊƻƭŜ ƻŦ Ǉƭŀƴǘ ǇƛƎƳŜƴǘǎ ŦƻǊ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ    мо 

   мΦоΦмΦм ¢ƘŜ ǇƘƻǘƻǎȅǎǘŜƳǎ      мп 

   мΦоΦмΦн ¢ƘŜ ƭƛƎƘǘ ǊŜŀŎǝƻƴ ŘǳǊƛƴƎ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ     мп  

   мΦоΦмΦо {ǇŜŎǘǊŀƭ ƭƛƎƘǘ ŀōǎƻǊǇǝƻƴ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǝŎ Ǉƭŀƴǘ ǇƛƎƳŜƴǘǎ мр 

   мΦоΦмΦп tƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴ όt!wύ     мс 

  мΦоΦн tƘƻǘƻǊŜŎŜǇǘƻǊǎ        му 

   мΦоΦнΦм {ǇŜŎǘǊŀƭ ƭƛƎƘǘ ŀōǎƻǊǇǝƻƴ ƻŦ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ   мф 

   мΦоΦнΦн tƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ƳŜŘƛŀǘŜŘ ōȅ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ   нл  

    мΦоΦнΦнΦм tƘȅǘƻŎƘǊƻƳŜǎ      нл  

    мΦоΦнΦнΦн /ǊȅǇǘƻŎƘǊƻƳŜǎ     но 

    мΦоΦнΦнΦо tƘƻǘƻǘǊƻǇƛƴǎ      нр  

    мΦоΦнΦнΦп ¦± ǊŜǎƛǎǘŀƴŎŜ ƭƻŎǳǎ у ό¦±wуύ     нт 

    мΦоΦнΦнΦр tǳǘŀǝǾŜ ƎǊŜŜƴ ƭƛƎƘǘπǎŜƴǎƛƴƎ ǇƘƻǘƻǊŜŎŜǇǘƻǊ   нф 

 мΦп LƳǇŀŎǘ ƻŦ ƴŀǊǊƻǿπōŀƴŘǿƛŘǘƘ [95 ƭƛƎƘǝƴƎ ƻƴ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ   ол 

  мΦпΦм CǊƻƳ ǊŜŘ ǘƻ ǊŜŘκōƭǳŜ [95 ƭƛƎƘǝƴƎ ǎǘǊŀǘŜƎƛŜǎ    ол 

  мΦпΦн LƴƅǳŜƴŎŜ ƻŦ ǳƭǘǊŀǾƛƻƭŜǘΣ ƎǊŜŜƴ ŀƴŘ ŦŀǊπǊŜŘ ǿŀǾŜƭŜƴƎǘƘǎ ƻƴ  

  Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ        ор 

   мΦпΦнΦм tƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ǘƻ ǳƭǘǊŀǾƛƻƭŜǘ ǊŀŘƛŀǝƻƴ ό ˂нулπплл ƴƳύ   ор 

   мΦпΦнΦн tƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ǘƻ ƎǊŜŜƴ ƭƛƎƘǘ ό ˂рллπслл ƴƳύ    рл 

   мΦпΦнΦо tƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ǘƻ ŦŀǊπǊŜŘ ƭƛƎƘǘ ό ˂тллπулл ƴƳύ   со 



 
 

 мΦр ¢ƻǿŀǊŘǎ ōǊƻŀŘπōŀƴŘǿƛŘǘƘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ǘƻ ƛƳǇǊƻǾŜ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ    тс 

 мΦс 9ǎǎŜƴǝŀƭ ƻƛƭǎ ǳƴŘŜǊ [95 ƭƛƎƘǝƴƎ        фл 

нΦ [95пtƭŀƴǘǎ ǇǊƻƧŜŎǘ          ммн 

 нΦм [ƛǎǘ ƻŦ ǇǳōƭƛǎƘŜŘ ǇŜŜǊπǊŜǾƛŜǿŜŘ ŀǊǝŎƭŜǎ      ммо  

 

/ƘŀǇǘŜǊ н 

LƴŎǊŜŀǎŜŘ Ǉƭŀƴǘ ǉǳŀƭƛǘȅΣ ƎǊŜŜƴƘƻǳǎŜ ǇǊƻŘǳŎǝǾƛǘȅ ŀƴŘ ŜƴŜǊƎȅ ŜŶŎƛŜƴŎȅ ǿƛǘƘ ōǊƻŀŘπǎǇŜŎǘǊǳƳ [95 

ǎȅǎǘŜƳǎΥ ! ŎŀǎŜ ǎǘǳŘȅ ŦƻǊ ǘƘȅƳŜ ό¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φύ 

!ōǎǘǊŀŎǘ           ммп  

YŜȅǿƻǊŘǎ           ммп 

мΦ LƴǘǊƻŘǳŎǝƻƴ           ммп 

нΦ aŀǘŜǊƛŀƭǎ ŀƴŘ ƳŜǘƘƻŘǎ         ммт 

 нΦм 9ȄǇŜǊƛƳŜƴǘŀƭ ŘŜǎƛƎƴ         ммт 

 нΦн [ƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŀƴŘ ƛƭƭǳƳƛƴŀǝƻƴ ŎƻƴŘƛǝƻƴǎ      ммт  

 нΦо LǊǊŀŘƛŀƴŎŜ ǇǊƻŬƭŜ ƳŜŀǎǳǊŜƳŜƴǘǎ       мму 

 нΦп tƭŀƴǘ ƳŀǘŜǊƛŀƭ ŀƴŘ ƎǊƻǿǘƘ ŎƻƴŘƛǝƻƴǎ      мнл 

 нΦр IŀǊǾŜǎǘ ŀƴŘ ŎǊƻǇ ƳŀƴŀƎŜƳŜƴǘ       мнл 

 нΦс 9ƴŜǊƎȅ ƳŜŀǎǳǊŜƳŜƴǘǎ        мнм 

 нΦт /ƘŜƳƛŎŀƭǎ          мнм 

 нΦу 9ȄǘǊŀŎǝƻƴ ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ      мнм 

 нΦф D/πCL5 ŀƴŘ D/πa{ ŀƴŀƭȅǎƛǎ        мнн 

 нΦмл LŘŜƴǝŬŎŀǝƻƴ ŀƴŘ ǉǳŀƴǝŬŎŀǝƻƴ ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ   мнн  

 нΦмм {ǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎ ŀƴŘ ŎŀƭŎǳƭŀǝƻƴǎ       мнн 

оΦ wŜǎǳƭǘǎ ŀƴŘ ŘƛǎŎǳǎǎƛƻƴ         мно 

 оΦм .ƛƻƳŀǎǎ ȅƛŜƭŘΣ ǇŀǊǝǝƻƴƛƴƎΣ ŀƴŘ ƳƻǊǇƘƻƭƻƎȅ      мно 

 оΦн /ƻƴǘŜƴǘ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ό±h/ǎύ   мнр 

 оΦо tǊƻŘǳŎǝǾƛǘȅ          мол 

 оΦп tƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴ ŀƴŘ ōƛƻƳŀǎǎ ŜŶŎŀŎȅ      мом 

пΦ /ƻƴŎƭǳǎƛƻƴ           мон 

 

 

 



 
 

/ƘŀǇǘŜǊ о 

LƴǾŜǎǝƎŀǝƻƴ ƻŦ [95 ƭƛƎƘǘ ǉǳŀƭƛǝŜǎ ŦƻǊ ǇŜǇǇŜǊƳƛƴǘ όaŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φύ ŎǳƭǝǾŀǝƻƴ ŦƻŎǳǎƛƴƎ ƻƴ Ǉƭŀƴǘ 

ǉǳŀƭƛǘȅ ŀƴŘ ŎƻƴǎǳƳŜǊ ǎŀŦŜǘȅ ŀǎǇŜŎǘǎ 

!ōǎǘǊŀŎǘ           моп 

YŜȅǿƻǊŘǎ           моп 

мΦ LƴǘǊƻŘǳŎǝƻƴ           моп 

нΦ aŀǘŜǊƛŀƭǎ ŀƴŘ ƳŜǘƘƻŘǎ         мос  

 нΦм 9ȄǇŜǊƛƳŜƴǘŀƭ ŘŜǎƛƎƴ         мос 

 нΦн tƭŀƴǘ ƳŀǘŜǊƛŀƭ ŀƴŘ ƎǊƻǿǘƘ ŎƻƴŘƛǝƻƴǎ      мос  

 нΦо /ǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳ         моу 

 нΦп [ƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŀƴŘ ƛƭƭǳƳƛƴŀǝƻƴ ŎƻƴŘƛǝƻƴǎ      моф 

 нΦр LǊǊŀŘƛŀƴŎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ        моф 

 нΦс /ǊƻǇ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ ƘŀǊǾŜǎǘ       мпм 

 нΦт 9ǎǎŜƴǝŀƭ ƻƛƭ ƛǎƻƭŀǝƻƴ        мпм 

 нΦу D/πCL5 ŀƴŘ D/πa{ ŀƴŀƭȅǎƛǎ        мпн 

 нΦф LŘŜƴǝŬŎŀǝƻƴ ŀƴŘ ǉǳŀƴǝŬŎŀǝƻƴ ƻŦ ŜǎǎŜƴǝŀƭ ƻƛƭ ŎƻƳǇƻǳƴŘǎ    мпн 

 нΦмл {ǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎ         мпн 

оΦ wŜǎǳƭǘǎ           мпо 

 оΦм tƭŀƴǘ ƘŜƛƎƘǘ          мпо 

 оΦн .ǊŀƴŎƘ ƭŜƴƎǘƘ         мпп 

 оΦо bǳƳōŜǊ ƻŦ ƭŜŀŦ ǇŀƛǊǎ         мпп 

 оΦп [ŜƴƎǘƘ ŀƴŘ ǿƛŘǘƘ ƻŦ ƭŜŀǾŜǎ        мпп 

 оΦр .ƛƻƳŀǎǎ ȅƛŜƭŘǎ         мпр 

 оΦс /ƻƳǇƻǎƛǝƻƴΣ ŎƻƴǘŜƴǘ ŀƴŘ ȅƛŜƭŘ ƻŦ ŜǎǎŜƴǝŀƭ ƻƛƭ     мпс 

пΦ 5ƛǎŎǳǎǎƛƻƴ           мпф 

 пΦм tƭŀƴǘ ƘŜƛƎƘǘ          мрл 

 пΦн [ŜŀŦ ƎǊƻǿǘƘ ŀƴŘ ŜȄǇŀƴǎƛƻƴ        мрл 

 пΦо .ƛƻƳŀǎǎ ŀŎŎǳƳǳƭŀǝƻƴ        мрм 

 пΦп 9ǎǎŜƴǝŀƭ ƻƛƭ          мрн 

рΦ /ƻƴŎƭǳǎƛƻƴ           мрп 

 

 



 
 

/ƘŀǇǘŜǊ п 

CŀŎƛƴƎ ŜƴŜǊƎȅ ƭƛƳƛǘŀǝƻƴǎ ς ŀǇǇǊƻŀŎƘŜǎ ǘƻ ƛƴŎǊŜŀǎŜ ōŀǎƛƭ όhŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φύ ƎǊƻǿǘƘ ŀƴŘ ǉǳŀƭƛǘȅ ōȅ 

ŘƛũŜǊŜƴǘ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŜƳƛǧŜŘ ōȅ ŀ ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ όпллπтул ƴƳύ 

!ōǎǘǊŀŎǘ           мрр 

YŜȅǿƻǊŘǎ           мрр 

мΦ LƴǘǊƻŘǳŎǝƻƴ           мрс 

нΦ aŀǘŜǊƛŀƭǎ ŀƴŘ ƳŜǘƘƻŘǎ         мру 

 нΦм 9ȄǇŜǊƛƳŜƴǘŀƭ ŘŜǎƛƎƴ         мру 

 нΦн tƭŀƴǘ ƳŀǘŜǊƛŀƭ ŀƴŘ ƎǊƻǿǘƘ ŎƻƴŘƛǝƻƴǎ      мру 

 нΦо [ƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŀƴŘ ƛƭƭǳƳƛƴŀǝƻƴ ŎƻƴŘƛǝƻƴǎ       мрф 

 нΦп 9ƴŜǊƎȅ ƳŜŀǎǳǊŜƳŜƴǘǎ        мсм 

 нΦр 9ȄǘǊŀŎǝƻƴ ƻŦ ǾƻƭŀǝƭŜǎ        мсм 

 нΦс D/πCL5 ŀƴŘ D/πa{ ŀƴŀƭȅǎƛǎ        мсн 

 нΦт LŘŜƴǝŬŎŀǝƻƴ ŀƴŘ ǉǳŀƴǝŬŎŀǝƻƴ ƻŦ ǾƻƭŀǝƭŜ ŎƻƳǇƻǳƴŘǎ    мсн 

 нΦу {ǘŀǝǎǝŎǎ ŀƴŘ ŎŀƭŎǳƭŀǝƻƴǎ         мсо 

оΦ wŜǎǳƭǘǎ ŀƴŘ ŘƛǎŎǳǎǎƛƻƴ         мсп 

 оΦм /ǳƭǝǾŀǊπŘŜǇŜƴŘŜƴǘ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŘƛũŜǊŜƴŎŜǎ     мсп 

 оΦн 9ƴƘŀƴŎŜǎ ōŀǎƛƭ ŘŜǾŜƭƻǇƳŜƴǘ ǳƴŘŜǊ LIƛƎƘ ǊŜǎǳƭǘǎ ƛƴ ŜŀǊƭƛŜǊ ƳŀǊƪŜǘŀōƛƭƛǘȅ ǘƘŀƴ ǳƴŘŜǊ  

 L[ƻǿ           мсф 

 оΦо LIƛƎƘ ƛƴŘǳŎŜŘ ƭƛƎƘǘ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ƛƴ ƎǊŜŜƴ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ǿƘƛƭŜ ǇǳǊǇƭŜ ōŀǎƛƭ  

 ǊŜƳŀƛƴŜŘ ΨƭƛƎƘǘπǘƻƭŜǊŀƴǘΩ         мсф  

 оΦп L[ƻǿ ǊŜǎǳƭǘŜŘ ƛƴ ōŜƴŜŬŎƛŀƭ ŀŎŎƭƛƳŀǝƻƴ ǊŜǎǇƻƴǎŜǎ ƛƴ ƎǊŜŜƴ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ǿƘƛƭŜ  

 ǇǳǊǇƭŜ ōŀǎƛƭ ǇŜǊŦƻǊƳŜŘ ƛƴǎǳŶŎƛŜƴǘƭȅ       мтм  

 оΦр /ǳƭǝǾŀǊπŘŜǇŜƴŘŜƴǘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ǳƴŘŜǊ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ  

 ŎƻƴŘƛǝƻƴǎ          мтн   

 оΦс /ǳƭǝǾŀǊπǎǇŜŎƛŬŎ ±h/ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŎƘŀƴƎŜ ƻǾŜǊ ǝƳŜ    мтп  

 оΦт Lƴ ŎƻƴǘǊŀǎǘ ǘƻ ǇǳǊǇƭŜ ōŀǎƛƭΣ ƎǊŜŜƴ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ǳǎŜ ŜƴŜǊƎȅ ƳƻǊŜ ŜŶŎƛŜƴǘƭȅ ǳƴŘŜǊ  

 L[ƻǿ           муп 

 оΦу LƳǇǊƻǾŜƳŜƴǘ ƻŦ ōŀǎƛƭ ǇǊƻŘǳŎǝƻƴ Ǿƛŀ ŜǳǎǘǊŜǎǎ ƳŀƴŀƎŜƳŜƴǘ    мур 

пΦ /ƻƴŎƭǳǎƛƻƴ           мус 

 

 



 
 

/ƘŀǇǘŜǊ р 

мΦ DŜƴŜǊŀƭ 5ƛǎŎǳǎǎƛƻƴ          муу 

 мΦм 9ũŜŎǝǾŜƴŜǎǎ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇŜŘ ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŀƴŘ ǎƻƳŜ  

 ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŎƘŀƭƭŜƴƎŜǎ ǘƻ ƻǾŜǊŎƻƳŜΦ       муу 

 мΦн !ǊŜ ǘƘŜ ŘŜǾŜƭƻǇŜŘ ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŜŶŎƛŜƴǘΚ  мфн 

 мΦо .ǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŜȄǇŀƴŘ ƳƻǊǇƘƻƭƻƎƛŎŀƭ Ǉƭŀƴǘ ǘǊŀƛǘ ƳŀƴƛǇǳƭŀǝƻƴǎΦ  мфр 

 мΦп aǳƭǝŘƛǎŎƛǇƭƛƴŀǊȅ ǊŜǎŜŀǊŎƘ ŜũƻǊǘǎ ŀǊŜ ǊŜǉǳƛǊŜŘ ǘƻ ŀŘǾŀƴŎŜ ŜǎǎŜƴǝŀƭ ƻƛƭ ǊŜƎǳƭŀǝƻƴǎ  

 ǳƴŘŜǊ [95πōŀǎŜŘ /9!ǎΦ         мфс   

wŜŦŜǊŜƴŎŜǎ           нлн 

!ǇǇŜƴŘƛȄ           нпу 

[ƛǎǘ ƻŦ ŬƎǳǊŜǎ ŀƴŘ ǘŀōƭŜǎ         нпу 

CƛƎǳǊŜǎ            нпу 

¢ŀōƭŜǎ            нпу 



м 
 

!ōōǊŜǾƛŀǝƻƴǎ  

!h/    !ƴǝƻȄƛŘŀƴǘ ŎŀǇŀŎƛǘȅ 

!{wa   !ǊǝŬŎƛŀƭ ǎǳƴƭƛƎƘǘ ǊŜǎŜŀǊŎƘ ƳƻŘǳƭŜ 

!¢t   !ŘŜƴƻǎƛƴŜ ǘǊƛǇƘƻǎǇƘŀǘŜ 

.   .ƭǳŜ 

/!   /ŀũŜƛŎ ŀŎƛŘ 

/9!   /ƻƴǘǊƻƭƭŜŘ ŜƴǾƛǊƻƴƳŜƴǘ ŀƎǊƛŎǳƭǘǳǊŜ 

/Ƙƭ   /ƘƭƻǊƻǇƘȅƭƭ 

/It   /ƻƳōƛƴŜŘ ƘŜŀǘ ŀƴŘ ǇƻǿŜǊ 

/hн   /ŀǊōƻƴ ŘƛƻȄƛŘŜ 

ŎǾΦ   /ǳƭǝǾŀǊ 

9h    9ǎǎŜƴǝŀƭ ƻƛƭ 

9¦9   9ƴŜǊƎȅ ǳǎŜ ŜŶŎƛŜƴŎȅ  

C[   CƭǳƻǊŜǎŎŜƴǘ ƭŀƳǇ 

Cw   CŀǊπǊŜŘ 

C²   CǊŜǎƘ ǿŜƛƎƘǘ 

D   DǊŜŜƴ 

DI   DǊŜŜƴƘƻǳǎŜ 

Iнh   5ƛƘȅŘǊƻƎŜƴ ƻȄƛŘŜ ό²ŀǘŜǊύ 

IL5   IƛƎƘ ƛƴǘŜƴǎƛǘȅ ŘƛǎŎƘŀǊƎŜ 

It{   IƛƎƘπǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ 

˂ ό[ŀƳōŘŀύ   ²ŀǾŜƭŜƴƎǘƘ όŜȄǇǊŜǎǎŜŘ ƛƴ ƴŀƴƻƳŜǘŜǊǎΤ ƴƳύ 

[95   [ƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜ 

a!t   aŜŘƛŎƛƴŀƭ ŀǊƻƳŀǝŎ Ǉƭŀƴǘ 

a9t   aŜǘƘȅƭπŜǊȅǘƘǊƛǘƻƭπǇƘƻǎǇƘŀǘŜ ǇŀǘƘǿŀȅ 

aI   aŜǘŀƭ ƘŀƭƛŘŜ 

b!5tI   bƛŎƻǝƴŀƳƛŘŜ ŀŘŜƴƛƴŜ ƴǳŎƭŜƻǝŘŜ ǇƘƻǎǇƘŀǘŜ 

hн   5ƛƻȄȅƎŜƴ όhȄȅƎŜƴύ 

t!w   tƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴ όпллπтлл ƴƳύ 

t.!w   tƘƻǘƻōƛƻƭƻƎƛŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴ όнулπулл ƴƳύ 

tt9   tƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ŜŶŎŀŎȅ 



н 
 

ttC5 tƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ όŜȄǇǊŜǎǎŜŘ ƛƴ ƳƛŎǊƻƳƻƭŜ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ 

ŀƴŘ ǎŜŎƻƴŘΤ ҡƳƻƭ Ƴπн ǎπмύ 

w   wŜŘ 

wh{   wŜŀŎǝǾŜ ƻȄȅƎŜƴ ǎǇŜŎƛŜǎ 

{5   {ǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ  

{5D   {ǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ Ǝƻŀƭǎ 

¢!/   ¢ƻǘŀƭ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘ 

¢C/   ¢ƻǘŀƭ ƅŀǾƻƴƻƛŘ ŎƻƴǘŜƴǘ 

¢t/   ¢ƻǘŀƭ ǇƘŜƴƻƭƛŎ ŎƻƴǘŜƴǘ 

¦b    ¦ƴƛǘŜŘ bŀǝƻƴǎ 

¦±   ¦ƭǘǊŀǾƛƻƭŜǘ 

¦±wу   ¦ƭǘǊŀǾƛƻƭŜǘ ǊŜǎƛǎǘŀƴŎŜ ƭƻŎǳǎ 



о 
 

{ƘƻǊǘ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎ 

²ƛǘƘƛƴ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ǘƘŜ ǊŜƎƛƻƴŀƭ ŀƴŘ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ [95пtƭŀƴǘǎΣ ōǊƻŀŘōŀƴŘ 

ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ Ǿƛŀ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜǎ ό[95ύ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘΣ ǿƘƛŎƘ ŎƻǾŜǊ ǘƘŜ ǇƭŀƴǘπǊŜŎŜǇǝǾŜ ǿŀǾŜōŀƴŘ 

ǊŜƎƛƻƴ ōŜǘǿŜŜƴ ǳƭǘǊŀǾƛƻƭŜǘ ŀƴŘ ŦŀǊπǊŜŘ ǊŀŘƛŀǝƻƴ όослπтул ƴƳύΦ ¢ƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ǇǊŀŎǝŎŀƭ ŦŜŀǎƛōƛƭƛǘȅ ƻŦ 

ǘƘŜǎŜ [95πōǊƻŀŘōŀƴŘ ǎǇŜŎǘǊŀ ŦƻǊ ƘƻǊǝŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǝƻƴǎΣ ǘƘǊŜŜ ŘƛũŜǊŜƴǘ ƘŜǊōǎ ŦǊƻƳ ǘƘŜ [ŀƳƛŀŎŜŀŜ 

ŦŀƳƛƭȅ ǿŜǊŜ ŎǳƭǝǾŀǘŜŘ ǳƴŘŜǊ ǇǊŀŎǝŎŜπǊŜƭŜǾŀƴǘ ŎǳƭǝǾŀǝƻƴ ŎƻƴŘƛǝƻƴǎΦ   

5ǳǊƛƴƎ ǘƘŜ ƴŀǘǳǊŀƭƭȅ ƭƻǿ ƛǊǊŀŘƛŀǘŜŘ Ŧŀƭƭ ŀƴŘ ǿƛƴǘŜǊ ƳƻƴǘƘǎ ƻŦ .ŜǊƭƛƴΣ DŜǊƳŀƴȅΣ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ 

ǿŀǎ ŎǳƭǝǾŀǘŜŘ ǳƴŘŜǊ ǎŜƳƛπŎƻƴǘǊƻƭƭŜŘ ƎǊŜŜƴƘƻǳǎŜ ŎƻƴŘƛǝƻƴǎΦ Lƴ ŘƛǊŜŎǘ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ ǘǊŀŘƛǝƻƴŀƭƭȅ 

ŀǇǇƭƛŜŘ ƘƛƎƘ ǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ ƭŀƳǇǎ ŀƴŘ ƅǳƻǊŜǎŎŜƴǘ ƭƛƎƘǘǎΣ ǘƘŜ ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǝƴƎ ŜƴŀōƭŜŘ ŀƴ 

ŀŎŎŜƭŜǊŀǘŜŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [ΦΣ ǿƘƛŎƘ ǊŜǎǳƭǘŜŘ ƛƴ ŘƛǎǝƴŎǘ ȅƛŜƭŘ ƛƴŎǊŜŀǎŜǎΦ Lƴ ŀŘŘƛǝƻƴΣ 

ǇǊƻƭƻƴƎŜŘ ƛƴǘŜǊƴƻŘŜǎ ŀƴŘ ƎǊŜŀǘŜǊ ƭŜŀŦ ǎǳǊŦŀŎŜǎ ōŜŎŀƳŜ ŀǇǇŀǊŜƴǘ ǳƴŘŜǊ ǘƘŜ ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ 

ǎǇŜŎǘǊǳƳΦ ²ƘƛƭŜ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴǎ ƻŦ ǘƘŜ ŀǊƻƳŀ ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ǎƛƳƛƭŀǊΣ ǘƘŜ ŎƻƴǘŜƴǘǎ ƻŦ ǘƘŜǎŜ 

ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ό±h/ύ ǿŜǊŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ŜƭŜǾŀǘŜŘ ōȅ ǘƘŜ ƘƛƎƘ ǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ ƭŀƳǇǎ ŀƴŘ 

ŜǎǇŜŎƛŀƭƭȅ ōȅ ǘƘŜ [95πǎȅǎǘŜƳǎ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ ƅǳƻǊŜǎŎŜƴǘ ƭƛƎƘǘǎ ƛƴ ǘƘȅƳŜΦ Lƴ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜ 

ŎƻƴǾŜƴǝƻƴŀƭ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎΣ ǘƘŜ ōǊƻŀŘōŀƴŘ [95 ǎȅǎǘŜƳ ŜƴŀōƭŜŘ ŀ ŦŜŀǎƛōƭŜ ŜȄǘŜƴǎƛƻƴ ƻŦ ƎǊŜŜƴƘƻǳǎŜ 

ǇǊƻŘǳŎǝƻƴǎ ŀƴŘ ŀƭƭƻǿǎ ǘƘŜ ŎǳƭǝǾŀǝƻƴ ƻŦ ŀ ƎǊŜŀǘŜǊ ǾŀǊƛŜǘȅ ƻŦ ŎǊƻǇǎ ǿƛǘƘ ƎǊŜŀǘŜǊ ƭƛƎƘǘ ǊŜǉǳƛǊŜƳŜƴǘǎ ŘǳŜ ǘƻ 

ƛǘǎ ǎǳǇŜǊƛƻǊ ǇƘƻǘƻƴ ƻǳǘǇǳǘ ŀƴŘ ƎǊŜŀǘŜǊ ŜƴŜǊƎȅ ŜŶŎƛŜƴŎȅΦ    

Lƴ ŀƴ ŀǳǘƻƳŀǘŜŘ ǾŜǊǝŎŀƭ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳΣ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ  ǿŀǎ ŜȄǇƻǎŜŘ ǘƻ ŀ ōǊƻŀŘōŀƴŘ [95 

ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ ŀƴŘ ǘǿƻ ƴŀǊǊƻǿ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ όw. Ґ wŜŘκ.ƭǳŜΣ wD. Ґ wŜŘκDǊŜŜƴκ.ƭǳŜύ ǳƴŘŜǊ ƛƴƛǝŀƭƭȅ 

ƛŘŜƴǝŎŀƭ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ǳƴŘŜǊ ǘƘŜ ŜȄŎƭǳǎƛƻƴ ƻŦ ƴŀǘǳǊŀƭ ǎǳƴƭƛƎƘǘΦ ²ƘƛƭŜ w. ǊŜǎǳƭǘŜŘ ƛƴ ŀ 

ŎƻƳǇŀŎǘ ƎǊƻǿǘƘΣ ōƻǘƘ ƎǊŜŜƴπŎƻƴǘŀƛƴƛƴƎ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ƛƴŘǳŎŜŘ ŜȄŎŜǎǎƛǾŜ ǎǘŜƳ ŀƴŘ ǎƛŘŜ ōǊŀƴŎƘ 

ŜƭƻƴƎŀǝƻƴǎ ŀƴŘ ǎƛƎƴƛŬŎŀƴǘ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ƪƴƻǿƴ ŀǎ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎΦ !ƭǘƘƻǳƎƘ ǇŜǇǇŜǊƳƛƴǘ 

Ǉƭŀƴǘǎ ŀŎƘƛŜǾŜŘ ƳŀǊƪŜǘŀōƭŜ ŀǇǇŜŀǊŀƴŎŜǎ ǳƴŘŜǊ ŀƭƭ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΣ ǘƘŜƛǊ ŜǎǎŜƴǝŀƭ ƻƛƭ ŎƻƳǇƻǎƛǝƻƴǎ ŘƛŘ ƴƻǘ 

ƳŜŜǘ ŎƻƴǎǳƳŜǊ ǎŀŦŜǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ŘǳŜ ǘƻ ƘƛƎƘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ǇǳƭŜƎƻƴŜ ŀƴŘ ƳŜƴǘƘƻŦǳǊŀƴΦ !ƭƭ ǊŜǎǳƭǘǎ 

ŀǊŜ ŘƛǎŎǳǎǎŜŘ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ǎǇŜŎƛŬŎ ƭƛƎƘǝƴƎ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ǘƘŜ ǝƳŜ ƻŦ ƘŀǊǾŜǎǘΦ    

¦ƴŘŜǊ ǘƘŜ ŜȄŎƭǳǎƛƻƴ ƻŦ ƴŀǘǳǊŀƭ ƭƛƎƘǘΣ ŦƻǳǊ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ ŎǳƭǝǾŀǊǎ ǿŜǊŜ ƛƭƭǳƳƛƴŀǘŜŘ ǿƛǘƘ ŀ 

ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ ǿƛǘƘ ŜƭŜǾŀǘŜŘ ōƭǳŜ ŀƴŘ ǊŜŘ ƭƛƎƘǘ ŦǊŀŎǝƻƴǎ ŀƴŘ ŜȄǇƻǎŜŘ ǘƻ ǘǿƻ ŘƛũŜǊŜƴǘ 

ǊƛǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ όL[ƻǿ ŀƴŘ LIƛƎƘύΦ /ǳƭǝǾŀǊπŘŜǇŜƴŘŜƴǘ ŘƛũŜǊŜƴŎŜǎ ƛƴ Ǉƭŀƴǘ ƘŜƛƎƘǘΣ ƭŜŀŦ ŀƴŘ ōǊŀƴŎƘ ǇŀƛǊ 

ŘŜǾŜƭƻǇƳŜƴǘǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƻǾŜǊ ǝƳŜΦ Lƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ L[ƻǿ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΣ LIƛƎƘ ǊŜǎǳƭǘŜŘ ƛƴ 

ŀŎŎŜƭŜǊŀǘŜŘ ŘŜǾŜƭƻǇƳŜƴǘǎ ŀƴŘ ƎǊŜŀǘŜǊ ōƛƻƳŀǎǎ ȅƛŜƭŘǎ ƻŦ ŀƭƭ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ŀƴŘ ŜȄǇŜŘƛǘŜŘ ǘƘŜƛǊ 

ƳŀǊƪŜǘŀōƛƭƛǘȅ ōȅ оπр ŘŀȅǎΦ IƻǿŜǾŜǊΣ ŜȄǇƻǎǳǊŜ ǘƻ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŀōƻǾŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ олл ҡƳƻƭ Ƴπн ǎπм 

ƛƴŘǳŎŜŘ ƭƛƎƘǘ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ƛƴ ǘƘŜ ƎǊŜŜƴπƭŜŀŦŜŘ ōŀǎƛƭ ŎǳƭǝǾŀǊǎΦ Lƴ ŎƻƴǘǊŀǎǘΣ L[ƻǿ ǊŜǎǳƭǘŜŘ ƛƴ ŎƻƴǎǳƳŜǊπ
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YǳǊȊŦŀǎǎǳƴƎ ŘŜǊ 9ǊƎŜōƴƛǎǎŜ 

LƳ wŀƘƳŜƴ ŘŜǎ ǊŜƎƛƻƴŀƭŜƴ ǳƴŘ ƛƴǘŜǊŘƛǎȊƛǇƭƛƴŅǊŜƴ CƻǊǎŎƘǳƴƎǎǇǊƻƧŜƪǘǎ [95пtƭŀƴǘǎ ǿǳǊŘŜƴ 

.ǊŜƛǘōŀƴŘōŜƭŜǳŎƘǘǳƴƎǎǎȅǎǘŜƳŜ ƳƛǧŜƭǎ [ŜǳŎƘǘŘƛƻŘŜƴ ό[95ύ ŜƴǘǿƛŎƪŜƭǘΣ ǿŜƭŎƘŜ ŘŜƴ ŦǸǊ tƅŀƴȊŜƴ 

ǿŀƘǊƴŜƘƳōŀǊŜƴ ²ŜƭƭŜƴƭŅƴƎŜƴōŜǊŜƛŎƘ ȊǿƛǎŎƘŜƴ ǳƭǘǊŀǾƛƻƭŜǧŜǊ ǳƴŘ ŘǳƴƪŜƭǊƻǘŜǊ {ǘǊŀƘƭǳƴƎ όосл ōƛǎ тул ƴƳύ 

ŀōŘŜŎƪŜƴΦ ¦Ƴ ŘƛŜ tǊŀȄƛǎǘŀǳƎƭƛŎƘƪŜƛǘ ŘƛŜǎŜǊ [95π.ǊŜƛǘōŀƴŘǎǇŜƪǘǊŜƴ ŦǸǊ ƎŀǊǘŜƴōŀǳƭƛŎƘŜ tǊƻŘǳƪǝƻƴŜƴ Ȋǳ 

ǳƴǘŜǊǎǳŎƘŜƴΣ ǿǳǊŘŜƴ ŘǊŜƛ ǾŜǊǎŎƘƛŜŘŜƴŜ YǊŅǳǘŜǊ ŀǳǎ ŘŜǊ CŀƳƛƭƛŜ ŘŜǊ [ŀƳƛŀŎŜŀŜ ǳƴǘŜǊ ǇǊŀȄƛǎǊŜƭŜǾŀƴǘŜƴ 

!ƴōŀǳōŜŘƛƴƎǳƴƎŜƴ ƪǳƭǝǾƛŜǊǘΦ 

²ŅƘǊŜƴŘ ŘŜǊ ŘǳǊŎƘ ƎŜǊƛƴƎŜ ƴŀǘǸǊƭƛŎƘŜ {ƻƴƴŜƴǎǘǊŀƘƭǳƴƎ ƎŜǇǊŅƎǘŜƴ IŜǊōǎǘπ ǳƴŘ ²ƛƴǘŜǊƳƻƴŀǘŜ 

ǿǳǊŘŜ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ ǳƴǘŜǊ ǎŜƳƛπƪƻƴǘǊƻƭƭƛŜǊǘŜƴ DŜǿŅŎƘǎƘŀǳǎōŜŘƛƴƎǳƴƎŜƴ ƛƴ .ŜǊƭƛƴ ό5ŜǳǘǎŎƘƭŀƴŘύ 

ƪǳƭǝǾƛŜǊǘΦ LƳ ŘƛǊŜƪǘŜƴ ±ŜǊƎƭŜƛŎƘ Ȋǳ ŘŜƴ ƘŜǊƪǀƳƳƭƛŎƘŜƴ bŀǘǊƛǳƳŘŀƳǇŦŘǊǳŎƪƭŀƳǇŜƴ ǳƴŘ [ŜǳŎƘǘǎǘƻũǊǀƘǊŜƴ 

ŜǊƳǀƎƭƛŎƘǘŜ Řŀǎ ŜƴǘǿƛŎƪŜƭǘŜ [95π{ȅǎǘŜƳ ŜƛƴŜ ōŜǎŎƘƭŜǳƴƛƎǘŜ 9ƴǘǿƛŎƪƭǳƴƎ Ǿƻƴ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [ΦΣ ŘƛŜ ǎƛŎƘ 

ƛƴ ŘŜǳǘƭƛŎƘŜƴ 9ǊǘǊŀƎǎǎǘŜƛƎŜǊǳƴƎŜƴ ōŜƳŜǊƪōŀǊ ƳŀŎƘǘŜΦ ½ǳǎŅǘȊƭƛŎƘ ǿǳǊŘŜƴ ǾŜǊƭŅƴƎŜǊǘŜ LƴǘŜǊƴƻŘƛŜƴ ǳƴŘ 

ƎǊǀǖŜǊŜ .ƭŀǨƭŅŎƘŜƴ ǳƴǘŜǊ ŘŜƴ [95π.ŜƭŜǳŎƘǘǳƴƎǎǎȅǎǘŜƳŜƴ ōŜƻōŀŎƘǘŜǘΦ ²ŅƘǊŜƴŘ ǎƛŎƘ ŘƛŜ ŎƘŜƳƛǎŎƘŜƴ 

tǊƻŬƭŜ ŘŜǊ !ǊƻƳŀƪƻƳǇƻƴŜƴǘŜƴ ŅƘƴŜƭǘŜƴΣ ǿǳǊŘŜƴ ŘƛŜ DŜƘŀƭǘŜ ŘƛŜǎŜǊ ƅǸŎƘǝƎŜƴ ƻǊƎŀƴƛǎŎƘŜƴ 

±ŜǊōƛƴŘǳƴƎŜƴ ό±h/ύ ŘǳǊŎƘ ŘƛŜ bŀǘǊƛǳƳŘŀƳǇŦŘǊǳŎƪƭŀƳǇŜƴ ǳƴŘ ōŜǎƻƴŘŜǊǎ ŘǳǊŎƘ ŘƛŜ [95π{ȅǎǘŜƳŜ ƛƳ 

±ŜǊƎƭŜƛŎƘ Ȋǳ ŘŜƴ [ŜǳŎƘǘǎǘƻũǊǀƘǊŜƴ ōŜƛ ¢ƘȅƳƛŀƴ ǎǘŀǊƪ ŜǊƘǀƘǘΦ LƳ DŜƎŜƴǎŀǘȊ Ȋǳ ŘŜƴ ƪƻƴǾŜƴǝƻƴŜƭƭŜƴ 

.ŜƭŜǳŎƘǘǳƴƎǎǎȅǎǘŜƳŜƴ ŜǊƳǀƎƭƛŎƘǘŜ Řŀǎ [95π.ǊŜƛǘōŀƴŘōŜƭŜǳŎƘǘǳƴƎǎǎȅǎǘŜƳ ŀǳŦƎǊǳƴŘ ŘŜǊ ŜǊƘǀƘǘŜƴ 

tƘƻǘƻƴŜƴŀōƎŀōŜ ǳƴŘ ŘŜǊ ōŜǎǎŜǊŜƴ 9ƴŜǊƎƛŜŜŶȊƛŜƴȊ ŜƛƴŜ ǿƛǊǘǎŎƘŀƊƭƛŎƘŜ ±ŜǊƭŅƴƎŜǊǳƴƎ ŘŜǊ 

DŜǿŅŎƘǎƘŀǳǎǇǊƻŘǳƪǝƻƴ ǳƴŘ ŜǊƭŀǳōǘ ŘŜƴ !ƴōŀǳ ŜƛƴŜǊ ƎǊǀǖŜǊŜƴ ±ƛŜƭŦŀƭǘ ŀƴ YǳƭǘǳǊǇƅŀƴȊŜƴ Ƴƛǘ ŜǊƘǀƘǘŜƳ 

[ƛŎƘǘōŜŘŀǊŦΦ  

Lƴ ŜƛƴŜƳ ŀǳǘƻƳŀǝǎƛŜǊǘŜƴ ǾŜǊǝƪŀƭŜƴ !ƴōŀǳǎȅǎǘŜƳ ǿǳǊŘŜ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ Ƴƛǘ ŜƛƴŜƳ [95π

.ǊŜƛǘōŀƴŘǎǇŜƪǘǊǳƳ ǎƻǿƛŜ Ƴƛǘ ȊǿŜƛ ǎŎƘƳŀƭōŀƴŘƛƴƎŜƴ {ǇŜƪǘǊŜƴ όw. Ґ wƻǘκ.ƭŀǳΣ wD. Ґ wƻǘκDǊǸƴκ.ƭŀǳύ 

ǳƴǘŜǊ ŀƴŦŅƴƎƭƛŎƘ ƎƭŜƛŎƘŜƴ [ƛŎƘǝƴǘŜƴǎƛǘŅǘǎōŜŘƛƴƎǳƴƎŜƴ ǳƴŘ ǳƴǘŜǊ !ǳǎǎŎƘƭǳǎǎ ŘŜǎ ƴŀǘǸǊƭƛŎƘŜƴ {ƻƴƴŜƴƭƛŎƘǘǎ 

ōŜƭŜǳŎƘǘŜǘΦ ²ŅƘǊŜƴŘ w. ƛƴ ŜƛƴŜƳ ƪƻƳǇŀƪǘŜƴ ²ŀŎƘǎǘǳƳ ǊŜǎǳƭǝŜǊǘŜΣ ƛƴŘǳȊƛŜǊǘŜƴ ŘƛŜ ōŜƛŘŜƴ ƎǊǸƴƘŀƭǝƎŜƴ 

[ƛŎƘǘƪƻƴŘƛǝƻƴŜƴ ŜȄȊŜǎǎƛǾŜ {ǘŅƴƎŜƭπ ǳƴŘ {ŜƛǘŜƴǘǊƛŜōǾŜǊƭŅƴƎŜǊǳƴƎŜƴ ǎƻǿƛŜ ǎƛƎƴƛŬƪŀƴǘŜ .ƭŀǧŜȄǇŀƴǎƛƻƴŜƴΦ 

hōǿƻƘƭ ŘƛŜ tŦŜũŜǊƳƛƴȊǇƅŀƴȊŜƴ ǳƴǘŜǊ ŀƭƭŜƴ [ƛŎƘǘōŜŘƛƴƎǳƴƎŜƴ Ŝƛƴ ǾŜǊƳŀǊƪǘǳƴƎǎŦŅƘƛƎŜǎ 9ǊǎŎƘŜƛƴǳƴƎǎōƛƭŘ 

ŜǊǊŜƛŎƘǘŜƴΣ ŜǊŦǸƭƭǘŜƴ ŘƛŜ ŅǘƘŜǊƛǎŎƘŜƴ mƭƪƻƳǇƻǎƛǝƻƴŜƴ ŀǳŦƎǊǳƴŘ ƛƘǊŜǊ ƘƻƘŜƴ tǳƭŜƎƻƴπ ǳƴŘ 

aŜƴǘƘƻŦǳǊŀƴƪƻƴȊŜƴǘǊŀǝƻƴŜƴ ƴƛŎƘǘ ŘƛŜ ±ŜǊōǊŀǳŎƘŜǊǎŎƘǳǘȊŀƴŦƻǊŘŜǊǳƴƎŜƴΦ !ƭƭŜ 9ǊƎŜōƴƛǎǎŜ ǿŜǊŘŜƴ ǾƻǊ 

ŘŜƳ IƛƴǘŜǊƎǊǳƴŘ ŘŜǊ ǎǇŜȊƛŬǎŎƘŜƴ [ƛŎƘǘƪƻƴŘƛǝƻƴŜƴ ǳƴŘ ŘŜǎ 9ǊƴǘŜȊŜƛǘǇǳƴƪǘǎ ŘƛǎƪǳǝŜǊǘΦ  

!ǳŎƘ ǳƴǘŜǊ !ǳǎǎŎƘƭǳǎǎ ŘŜǎ ƴŀǘǸǊƭƛŎƘŜƴ {ƻƴƴŜƴƭƛŎƘǘǎΣ ǿǳǊŘŜƴ ǾƛŜǊ .ŀǎƛƭƛƪǳƳƪǳƭǝǾŀǊŜ Ƴƛǘ ŜƛƴŜƳ 

[95π.ǊŜƛǘōŀƴŘǎǇŜƪǘǊǳƳ Ƴƛǘ ŜǊƘǀƘǘŜƴ .ƭŀǳπ ǳƴŘ wƻǘŀƴǘŜƛƭŜƴ ōŜƭŜǳŎƘǘŜǘ ǳƴŘ ŘŀōŜƛ ȊǿŜƛ ǳƴǘŜǊǎŎƘƛŜŘƭƛŎƘ 

ǎǘŜƛƎŜƴŘŜƴ [ƛŎƘǝƴǘŜƴǎƛǘŅǘŜƴ ŀǳǎƎŜǎŜǘȊǘ όL[ƻǿ ǳƴŘ LIƛƎƘύΦ YǳƭǝǾŀǊŀōƘŅƴƎƛƎŜ ¦ƴǘŜǊǎŎƘƛŜŘŜ ƛƴ tƅŀƴȊŜƴƘǀƘŜΣ 



 
 

с 
 

.ƭŀǧǇŀŀǊπ ǳƴŘ {ŜƛǘŜƴǘǊƛŜōŜƴǘǿƛŎƪƭǳƴƎŜƴ ǿǳǊŘŜƴ ǸōŜǊ ŘƛŜ ½Ŝƛǘ ōŜƻōŀŎƘǘŜǘΦ LƳ ±ŜǊƎƭŜƛŎƘ Ȋǳ L[ƻǿ ǊŜǎǳƭǝŜǊǘŜ 

LIƛƎƘ ƛƴ ƘǀƘŜǊŜƴ .ƛƻƳŀǎǎŜŜǊǘǊŅƎŜƴ ǳƴŘ ōŜǎŎƘƭŜǳƴƛƎǘŜ ŘŜǊŜƴ aŀǊƪǘǊŜƛŦŜ ǳƳ оπр ¢ŀƎŜΦ [ƛŎƘǝƴǘŜƴǎƛǘŅǘŜƴ 

ƻōŜǊƘŀƭō Ǿƻƴ Ŝǘǿŀ олл ҡƳƻƭ Ƴπн ǎπм ƛƴŘǳȊƛŜǊǘŜƴ ƧŜŘƻŎƘ [ƛŎƘǘǾŜǊƳŜƛŘǳƴƎǎǎǘǊŀǘŜƎƛŜƴ ƛƴ ŘŜƴ ƎǊǸƴōƭŀǧǊƛƎŜƴ 

.ŀǎƛƭƛƪǳƳƪǳƭǝǾŀǊŜƴ ǳƴǘŜǊ LIƛƎƘΦ 5ŀƎŜƎŜƴ ǊŜǎǳƭǝŜǊǘŜ L[ƻǿ ƛƴ ŜƛƴŜǊ Ǿƻƴ YƻƴǎǳƳŜƴǘŜƴ ōŜǾƻǊȊǳƎǘŜƴ ǾƛǎǳŜƭƭŜƴ 

vǳŀƭƛǘŅǘ ǳƴŘ ƘǀƘŜǊŜƴ .ƛƻƳŀǎǎŜŜŶȊƛŜƴȊŜƴ ŘŜǊ ƎǊǸƴōƭŅǧǊƛƎŜƴ YǳƭǝǾŀǊŜΣ ǿŜƭŎƘŜ ŀƭǎ wŜǎǳƭǘŀǘ ƛƘǊŜǊ 

!ƴǇŀǎǎǳƴƎǎŦŅƘƛƎƪŜƛǘ ŀƴ ƎŜǊƛƴƎŜ [ƛŎƘǘōŜŘƛƴƎǳƴƎŜƴ ŘƛǎƪǳǝŜǊǘ ǿƛǊŘΦ LƳ DŜƎŜƴǎŀǘȊ Ȋǳ ŘŜƴ ƎǊǸƴōƭŅǧǊƛƎŜƴ 

YǳƭǝǾŀǊŜƴΣ ŜƴǘǿƛŎƪŜƭǘŜ ǎƛŎƘ ŘŜǊ ǾƛƻƭŜǧōƭŅǧǊƛƎŜ YǳƭǝǾŀǊ ǳƴȊǳǊŜƛŎƘŜƴŘ ǳƴǘŜǊ L[ƻǿΣ ŜǊǿƛŜǎ ǎƛŎƘ ŀōŜǊ ǳƴǘŜǊ LIƛƎƘ 

ŀƭǎ ƭƛŎƘǘπǘƻƭŜǊŀƴǘΣ ǿŀǎ ŀǳŦ ŘŜǎǎŜƴ ƘƻƘŜ !ƴǘƘƻȊȅŀƴƎŜƘŀƭǘŜ ȊǳǊǸŎƪȊǳŦǸƘǊŜƴ ƛǎǘΦ ¦ƴŀōƘŅƴƎƛƎ Ǿƻƴ ŘŜƴ 

[ƛŎƘǘōŜŘƛƴƎǳƴƎŜƴ ǾŜǊŅƴŘŜǊǘŜƴ ǎƛŎƘ ŘƛŜ ƪǳƭǝǾŀǊπǎǇŜȊƛŬǎŎƘŜƴ ±h/πYƻƳǇƻǎƛǝƻƴŜƴ ŜƴǘǿƛŎƪƭǳƴƎǎŀōƘŅƴƎƛƎΦ
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мΦ DŜƴŜǊŀƭ LƴǘǊƻŘǳŎǝƻƴ   

DǊƻǿǘƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ Ǉƭŀƴǘǎ Řƻ ƴƻǘ ƻƴƭȅ ǊŜƭȅ ƻƴ ƭƛƎƘǘ ōǳǘ ŀǊŜ ŀƭǎƻ ƛƴƅǳŜƴŎŜŘ ōȅ ƭƛƎƘǘΦ ²ƘƛƭŜ Ǉƭŀƴǘ 

ǇƛƎƳŜƴǘǎ ƘŀǊǾŜǎǘ ǘƘŜ ƭƛƎƘǘǎΩ ŜƴŜǊƎȅ ǘƻ ŘǊƛǾŜ ǘƘŜ ŜǎǎŜƴǝŀƭ ƭƛƎƘǘ ǊŜŀŎǝƻƴǎ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΣ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ 

Ǉƭŀȅ ŎǊǳŎƛŀƭ ǊƻƭŜǎ ƛƴ ǘƘŜ ƳƻǊǇƘƻƎŜƴŜǎƛǎ ƻŦ ǇƭŀƴǘǎΦ ¢ƘŜǊŜōȅΣ ǘƘŜ ƭƛƎƘǘΩǎ ǉǳŀƭƛǘȅΣ ƛƴǘŜƴǎƛǘȅ ŀƴŘ ŘǳǊŀǝƻƴ ŎŀǳǎŜ 

ŀ ǇƭŜǘƘƻǊŀ ƻŦ ŀƴŀǘƻƳƛŎŀƭΣ ǇƘȅǎƛƻƭƻƎƛŎŀƭΣ ŀƴŘ ōƛƻŎƘŜƳƛŎŀƭ ǊŜǎǇƻƴǎŜǎ ƛƴ ǇƭŀƴǘǎΦ 5ǳŜ ǘƻ ǘƘŜ ŀŘƧǳǎǘŀōƛƭƛǘȅ ƻŦ ƛǘǎ 

ǎǇŜŎǘǊŀƭ ƭƛƎƘǘ ŎƻƳǇƻǎƛǝƻƴΣ ǘƘŜ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜ ό[95ύ ǘŜŎƘƴƻƭƻƎȅ ŜƴŀōƭŜǎ ŀ ŬƴŜπǘǳƴƛƴƎ ƻŦ Ǉƭŀƴǘ 

ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŀƴŘ Ǉƭŀƴǘ ǇƘȅǎƛƻƭƻƎȅ ǘƻ ƛƳǇǊƻǾŜ ȅƛŜƭŘǎ ŀƴŘ Ǉƭŀƴǘ ǘǊŀƛǘǎ ƻŦ ƛƴǘŜǊŜǎǘΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ [95ǎ ŀǊŜ 

ǎǘŀǊǝƴƎ ǘƻ ǘǊŀƴǎŦƻǊƳ ŎƻƴǘǊƻƭƭŜŘπŜƴǾƛǊƻƴƳŜƴǘ ŀƎǊƛŎǳƭǘǳǊŜΣ ǿƘƛŎƘ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ Ǉƭŀȅ ŀ ǎƛƎƴƛŬŎŀƴǘ ǊƻƭŜ ƛƴ 

ŦǳǘǳǊŜ ŦƻƻŘ ǇǊƻŘǳŎǝƻƴ ǎȅǎǘŜƳǎΦ ¢ƘƻǳƎƘ ŀ ƎǊŜŀǘ ŀƳƻǳƴǘ ƻŦ ǊŜǎŜŀǊŎƘ Ƙŀǎ ōŜŜƴ ŎƻƴŘǳŎǘŜŘ ǿƛǘƘƛƴ ǘƘŜ ƭŀǎǘ 

нл ȅŜŀǊǎ ǘƻ ǎǘǳŘȅ ǘƘŜ ŜũŜŎǘǎ ƻŦ ǾŀǊƛƻǳǎ [95 ƭƛƎƘǘ ǉǳŀƭƛǝŜǎ ŀƴŘ ƛƴǘŜƴǎƛǝŜǎΣ ŦŀǊ ƳƻǊŜ ŜȄǇƭƻǊŀǝƻƴ ƛǎ ƴŜŎŜǎǎŀǊȅ 

ƛƴ ƻǊŘŜǊ ǘƻ ŬƴŘ ǎǳƛǘŀōƭŜ ƭƛƎƘǝƴƎ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ŀ ǊŀƴƎŜ ƻŦ ŎǊƻǇ ǘȅǇŜǎΦ 

 

1.1 Significance of urban controlled-environment agriculture 

мΦмΦм /ƻƴǾŜƴǝƻƴŀƭ ŀƎǊƛŎǳƭǘǳǊŜ ǳƴŘŜǊ ǇǊŜǎǎǳǊŜ  

¢ƘƻǳƎƘ ƻǳǊ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎŜŎǘƻǊ ƛǎ ŎǳǊǊŜƴǘƭȅ ǎǝƭƭ ǇǊƻŘǳŎƛƴƎ ŜƴƻǳƎƘ ŦƻƻŘ ǘƻ ŦŜŜŘ ǘƘŜ ǿƻǊƭŘǎΩ ǇƻǇǳƭŀǝƻƴ π ŀƴŘ 

ƛǘ ƛǎ ƻƴƭȅ ŘǳŜ ǘƻ ƻǳǊ ƛƴŀōƛƭƛǘȅ ǘƻ ŘƛǎǘǊƛōǳǘŜ ǘƘŜ ǇǊƻŘǳŎŜŘ ŦƻƻŘ ŜũŜŎǝǾŜƭȅ ǘƘŀǘ ƻǾŜǊ улл Ƴƛƭƭƛƻƴ ǇŜƻǇƭŜ ŀǊŜ 

ŦŀŎŜŘ ǿƛǘƘ ƘǳƴƎŜǊ ό.ƻƭƛƪƛΣ нлмфύ π ǘƘŜ ŦǳǘǳǊŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ŀǊŀōƭŜ ƭŀƴŘ ό½ƘŀƴƎ ϧ /ŀƛΣ нлммύ ŀƴŘ ƻŦ 

ŀƎǊƛŎǳƭǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎ ǎǳŎƘ ŀǎ ǇƘƻǎǇƘŀǘŜ ŀƴŘ ǇƻǘŀǎǎƛǳƳ όIŜũŜǊ ϧ tǊǳŘΩƘƻƳƳŜΣ нлмоύ ŀǊŜ ǳƴŘŜǊ 

ǘǊŜƳŜƴŘƻǳǎ ǇǊŜǎǎǳǊŜΦ bƻǘ ƻƴƭȅ ǘƘŜ ŜũŜŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŜȄǇŀƴǎƛƻƴ ƻŦ ŘǊȅƭŀƴŘǎΣ ǘƘŜ 

ŘƛƳƛƴƛǎƘƛƴƎ ŦǊŜǎƘ ǿŀǘŜǊ ǎǳǇǇƭƛŜǎ ŀƴŘ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ŎƻƴŘƛǝƻƴǎ ǎǳŎƘ ŀǎ ƘŜŀǘΣ ŘǊƻǳƎƘǘǎ ŀƴŘ ƅƻƻŘǎ  

ό½ƘŀƴƎ ϧ /ŀƛΣ нлммύΣ ōǳǘ ŀƭǎƻ ǎƻƛƭ ŘŜǇƭŜǝƻƴǎ ŀƴŘ ŘŜƎǊŀŘŀǝƻƴǎ ŘǳŜ ǘƻ ƻǾŜǊπŦŀǊƳƛƴƎ ŀƴŘ ǇƻƻǊ ǇǊƻŘǳŎǝƻƴ 

ǇǊŀŎǝŎŜǎ όDƻƳƛŜǊƻΣ нлмсύΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ǿƻǊƭŘ ǇƻǇǳƭŀǝƻƴ όCŜŘƻǊƻũΣ нлмрΤ 5ǀǀǎΣ нллнύ π ǿƘƛŎƘ 

ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ǊŜŀŎƘ фΦт ōƛƭƭƛƻƴ ōȅ нлрл ό¦{/.Σ нлнмύ π ŎƻƴǝƴǳŜ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŦŜǊǝƭŜ ŀǊŀōƭŜ 

ƭŀƴŘ ǇŜǊ ǇŜǊǎƻƴΦ 

 

мΦмΦн .ŜƴŜŬǘǎ ƻŦ ǳǊōŀƴ ŎƻƴǘǊƻƭƭŜŘπŜƴǾƛǊƻƴƳŜƴǘ ŀƎǊƛŎǳƭǘǳǊŜ 

! ǾƛŀōƭŜ ŀǇǇǊƻŀŎƘ ǘƻ ǘŀŎƪƭŜ ǘƘŜǎŜ Ǝƭƻōŀƭ ƳŜƎŀǘǊŜƴŘǎ ǘƘŀǘ ǿƛƭƭ ŎƻƴǝƴǳŜ ǘƻ ŘŜŎǊŜŀǎŜ ǘƘŜ ŀǊŀōƭŜ ƭŀƴŘ ǎǘƻŎƪǎ 

ǇŜǊ ǇŜǊǎƻƴ ŀƴŘ ǘƘǊŜŀǘŜƴ ǘƘŜ ŦƻƻŘ ǎŜŎǳǊƛǘȅ ŦƻǊ ǳǇŎƻƳƛƴƎ ƎŜƴŜǊŀǝƻƴǎ ƛǎ ǳǊōŀƴ ŎƻƴǘǊƻƭƭŜŘπŜƴǾƛǊƻƴƳŜƴǘ 

ŀƎǊƛŎǳƭǘǳǊŜ π ƛƴ ǎƘƻǊǘ /9! ό5ŜǎǇƻƳƳƛŜǊΣ нлммύΦ /9! ƛǎ ŀ ǘŜŎƘƴƻƭƻƎȅπōŀǎŜŘ ŀǇǇǊƻŀŎƘ ǘƻǿŀǊŘǎ ŦƻƻŘ 

ǇǊƻŘǳŎǝƻƴΣ ǘƘŀǘ ƛƴŎƭǳŘŜǎ ƛƴŘƻƻǊ ŀƎǊƛŎǳƭǘǳǊŜ ǎǳŎƘ ŀǎ ǎƛƴƎƭŜπƭŜǾŜƭ ƎǊŜŜƴƘƻǳǎŜ ǇǊƻŘǳŎǝƻƴǎ ŀƴŘ ƳǳƭǝπƭŜǾŜƭ 

ǾŜǊǝŎŀƭ ŦŀǊƳǎΦ   
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¢ƘƻǳƎƘ /9! ƛƴ ǳǊōŀƴ ǎŜǩƴƎǎ ƛǎ ǎǝƭƭ ƛƴ ƛǘǎ ŜŀǊƭȅ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŀƴŘ ǎŎƛŜƴǝŬŎ ǎǘŀƎŜǎΣ ƎǊŜŀǘ 

ŀŘǾŀƴŎŜƳŜƴǘǎ ƛƴ ƎǊŜŜƴƘƻǳǎŜ ǘŜŎƘƴƻƭƻƎȅ ǊŜǎǳƭǘŜŘ ƛƴ ŀ ǎƘŀǊǇ Ǿƛǎƛƻƴ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ȅŜŀǊπǊƻǳƴŘ ŎǊƻǇ 

ǇǊƻŘǳŎǝƻƴǎΦ ²ƘŜǘƘŜǊ ŀǊǝŬŎƛŀƭ ƭƛƎƘǝƴƎ ƛǎ ǳǎŜŘ ŀǎ ǘƘŜ ǎƻƭŜ ǎƻǳǊŎŜ ƻŦ ƭƛƎƘǝƴƎ ƛƴ ǎƻπŎŀƭƭŜŘ Ǉƭŀƴǘ ŦŀŎǘƻǊƛŜǎ ƻǊ 

ƛǎ ǳǎŜŘ ǘƻ ǎǳǇǇƭŜƳŜƴǘ ǘƘŜ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴ ǘƘŀǘ ƛǎ ǘǊŀƴǎƳƛǧŜŘ ǘƘǊƻǳƎƘ ǘƘŜ Ǝƭŀǎǎ ǿƛƴŘƻǿǎ ƻŦ ƎǊŜŜƴƘƻǳǎŜ 

ŜƴŎƭƻǎǳǊŜǎΣ ǘƻŘŀȅǎΩ ǇǊŜŎƛǎŜ ŎƻƴǘǊƻƭƭŀōƛƭƛǘȅ ƻŦ ŀƭƭ ƛƴƅǳŜƴǝŀƭ ŎǳƭǝǾŀǝƻƴ ŎƻƴŘƛǝƻƴǎ ǇŜǊƳƛǘǎ ǘƘŜ ǎŜǘǳǇ ƻŦ 

ƻǇǝƳŀƭ Ǉƭŀƴǘ ƎǊƻǿǘƘ ŜƴǾƛǊƻƴƳŜƴǘǎΦ ¢ƘŜ ŎŀǊŜŦǳƭ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ǾŀǇƻǊ ǇǊŜǎǎǳǊŜ ŘŜŬŎƛǘǎΣ 

ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ό/hнύ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ŀƛǊ ƳƻǾŜƳŜƴǘΣ ŀƭƻƴƎ ǿƛǘƘ ŬƴŜπǘǳƴŜŘ ŦŜǊǝƭƛȊŀǝƻƴǎ όƛƴŎƭǳŘƛƴƎ ǘƻǘŀƭ 

ŀƴŘ ƛƴŘƛǾƛŘǳŀƭ ƴǳǘǊƛŜƴǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ǇI ƭŜǾŜƭǎύ ŀǎ ǿŜƭƭ ŀǎ ǘŀƛƭƻǊŜŘ ƭƛƎƘǘ ǉǳŀƭƛǝŜǎ ŀƴŘ ƛƴǘŜƴǎƛǝŜǎ ŦǊƻƳ 

[95ǎΣ ŎǳǎǘƻƳƛȊŜŘ ƭƛƎƘǝƴƎ ŎȅŎƭŜǎ ŀƴŘ ŘƛǊŜŎǝƻƴǎ Ŏŀƴ ŦŀŎƛƭƛǘŀǘŜ ƘƛƎƘ ȅƛŜƭŘǎ ƻŦ ƴǳǘǊƛǝƻǳǎ ŦǊǳƛǘǎ ŀƴŘ ǾŜƎŜǘŀōƭŜǎ 

ƻƴ ŘŜƳŀƴŘ όYƻȊŀƛΣ нлмфΤ .ŜƴƪŜ ϧ ¢ƻƳƪƛƴǎΣ нлмуύΦ  

¢ƘŜ ŎƻƴǎǘǊŀƛƴǘǎ ƻŦ ǎŜŀǎƻƴŀƭƛǘȅ ŀƴŘ ǘƘŜ Ǌƛǎƪǎ ƻŦ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ŎƻƴŘƛǝƻƴǎ ǊŜǎǳƭǝƴƎ ƛƴ ŎǊƻǇ 

ŦŀƛƭǳǊŜǎ Ŏŀƴ ōŜ ǊŜŘǳŎŜŘ ƻǊ ŜǾŜƴ ŜƭƛƳƛƴŀǘŜŘ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ǎŜƳƛπŎƭƻǎŜŘ ƻǊ ŎƭƻǎŜŘ ƴŀǘǳǊŜ ƻŦ ǘƘŜǎŜ /9! 

ǎȅǎǘŜƳǎΦ !ƭǎƻΣ ǇŜǎǘπ ŀƴŘ ŘƛǎŜŀǎŜπǊŜƭŀǘŜŘ Ǌƛǎƪǎ ŦǊƻƳ ǇŀǘƘƻƎŜƴǎΣ ǇŀǊŀǎƛǘŜǎΣ ƘŜŀǾȅ ƳŜǘŀƭǎ ƻǊ ǇŜǎǝŎƛŘŜǎ ŎƻǳƭŘ 

ōŜ ŜǊŀŘƛŎŀǘŜŘ ƻǊ ŀǘ ƭŜŀǎǘ ǎǘǊƛŎǘƭȅ ƳƻƴƛǘƻǊŜŘ ŀƴŘ ŎƻƴǘǊƻƭƭŜŘ ƛƴ ǘƘŜǎŜ όǎŜƳƛπύ ŎƭƻǎŜŘ ŜƴǾƛǊƻƴƳŜƴǘ ŦƻƻŘ 

ǇǊƻŘǳŎǝƻƴ ǎȅǎǘŜƳǎ ŀƴŘ ǿƻǳƭŘ ƛƳǇǊƻǾŜ ŦƻƻŘ ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ ǎŀŦŜǘȅ όYƻȊŀƛΣ нлмфΤ .ŜƴƪŜ ϧ ¢ƻƳƪƛƴǎΣ нлмуύΦ 

CǳǊǘƘŜǊΣ /9!ǎ ŀǊŜ ƘƛƎƘƭȅ ǊŜǎƻǳǊŎŜ ŜŶŎƛŜƴǘ ǿƘŜƴ ǎƻƛƭƭŜǎǎ ƘȅŘǊƻǇƻƴƛŎ ƻǊ ŀŜǊƻǇƻƴƛŎ ŎǳƭǝǾŀǝƻƴ 

ǎȅǎǘŜƳǎ ŀǊŜ ŜƳǇƭƻȅŜŘ ŀƴŘ ǿƘŜƴ ǿŀǘŜǊ ŀƴŘ ŦŜǊǝƭƛȊŜǊ ƛƴǇǳǘǎ ŀǊŜ ǊŜǳǎŜŘ ŀƴŘκƻǊ ǊŜŎȅŎƭŜŘ όYƻȊŀƛΣ нлмфύΦ  

! ŎŜƴǘǊŀƭ ƛŘŜŀ ƛǎ ǘƻ ƳǳƭǝǇƭȅ ǘƘŜ ŀǊŀōƭŜ ƭŀƴŘ ŀǊŜŀ ǇŜǊ ŦƻƻǘǇǊƛƴǘ ƻŦ ƭŀƴŘ ōȅ ŜƛǘƘŜǊ ŎƻƴǎǘǊǳŎǝƴƎ Ƴǳƭǝπ

ǊŀŎƪ ƳŜŎƘŀƴƛȊŜŘ ǎȅǎǘŜƳǎ ǿƛǘƘƛƴ ƎǊŜŜƴƘƻǳǎŜǎ ƻǊ ōȅ ōǳƛƭŘƛƴƎ ŀ ƴǳƳōŜǊ ƻŦ ŎǳƭǝǾŀǝƻƴ ƭŜǾŜƭǎ ƛƴ ƘƛƎƘπǊƛǎŜ 

ōǳƛƭŘƛƴƎǎ π ŦƻƻŘ ǇǊƻŘǳŎǝǾƛǘȅ ǎŎŀƭŜǎ ǳǇ ǿƛǘƘ ŜŀŎƘ ǝŜǊ όYƻȊŀƛΣ нлмфΤ .ŜƴƪŜ ϧ ¢ƻƳƪƛƴǎΣ нлмуΤ 5ŜǎǇƻƳƳƛŜǊΣ 

нлммύΦ 

/9!ǎ ƴŜŀǊ ǘƘŜ ŎƻƴǎǳƳŜǊǎ όƛƴǎƛŘŜ ƻŦ ƭŀǊƎŜ ŎƛǝŜǎ ƻǊ ƴŜŀǊ ǊŜƎƛƻƴŀƭ ǘƻǿƴǎύ ǿƻǳƭŘ ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎŜ 

ŦƻƻŘ ǎǇƻƛƭŀƎŜ ƻŦ ŦǊŜǎƘ ǇǊƻŘǳŎŜ ǘƘŀǘ ƻŎŎǳǊǎ ŘǳǊƛƴƎ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ŀƴŘ ǎǘƻǊŀƎŜΦ ¢ƘŜ ǊŜŘǳŎŜŘ ŦƻƻŘ ƳƛƭŜŀƎŜ 

ŎƻƴŎƻƳƛǘŀƴǘ ǿƛǘƘ ǳǊōŀƴ /9! ƛƳǇƭŜƳŜƴǘŀǝƻƴǎ ǿƻǳƭŘ ǎǳōǎǘŀƴǝŀƭƭȅ ǊŜŘǳŎŜ Ŧƻǎǎƛƭ ŦǳŜƭ ŎƻƴǎǳƳǇǝƻƴǎ ŀƴŘ 

/hн ŜƳƛǎǎƛƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘǊŀƴǎǇƻǊǘŀǝƻƴΦ !ǘ ǘƘŜ ǎŀƳŜ ǝƳŜΣ ƛǘ ƛǎ ŀǊƎǳŜŘ ǘƘŀǘ ǘƘŜ ŎƻƴǎƛŘŜǊŀōƭŜ /hн 

ŜƳƛǎǎƛƻƴǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŜƴŜǊƎȅπŘŜƳŀƴŘƛƴƎ /9! Ŏŀƴ ōŜ ƭƻǿŜǊŜŘ ƛŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ ŀƴŘ ǎǘƻǊŀƎŜ 

ōŀǧŜǊƛŜǎ ŀǊŜ ǳǝƭƛȊŜŘ όYƻȊŀƛΣ нлмфΤ .ŜƴƪŜ ϧ ¢ƻƳƪƛƴǎΣ нлмуΤ 5ŜǎǇƻƳƳƛŜǊΣ нлммύΦ 

¢ƻŘŀȅ ς ŀ ƭƛǧƭŜ ƻǾŜǊ ǘŜƴ ȅŜŀǊǎ ŀƊŜǊ 5ŜǎǇƻƳƳƛŜǊ ǇǳōƭƛǎƘŜŘ ǘƘŜ ǾƛǎƛƻƴŀǊȅ ŎƻƴŎŜǇǘ ƻŦ /9!ǎ ŦƻǊ ǘƘŜ 

ǊŀǇƛŘƭȅ ƎǊƻǿƛƴƎ ǳǊōŀƴ ǇƻǇǳƭŀǝƻƴǎ ό5ŜǎǇƻƳƳƛŜǊΣ нлммύ π ƳǳƭǝǇƭŜ /9!ǎ ƘŀǾŜ ōŜŜƴ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ǾŀǊƛƻǳǎ 

ŎƛǝŜǎ ŀǊƻǳƴŘ ǘƘŜ ƎƭƻōŜ ŀƴŘ ǇǊƻǾŜ ǘƘŜƛǊ ŦŜŀǎƛōƛƭƛǘȅ ό.ŜƴƪŜ ϧ ¢ƻƳƪƛƴǎΣ нлмуύΦ  

.ŜȅƻƴŘ ǘƘŜ ƳŜƴǝƻƴŜŘ ŎŀǇŀōƛƭƛǝŜǎ ŀƴŘ ƻǇǇƻǊǘǳƴƛǝŜǎΣ ƛƳǇƭŜƳŜƴǘŀǝƻƴǎ ŀƴŘ ŜȄǘŜƴǎƛƻƴǎ ƻŦ ǳǊōŀƴ 

/9!ǎ ŎƻǳƭŘ ŦǳǊǘƘŜǊ ŀƛŘ ƛƴ ǊŜŘǳŎƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ Ǉƻƭƭǳǝƻƴǎ ŦǊƻƳ ŦŜǊǝƭƛȊŜǊ ǊǳƴπƻũǎΣ ƘŜƭǇ ƛƴ ǊŜǎǘƻǊƛƴƎ 
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ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ ǎǳǇǇƻǊǘ ŜŎƻƴƻƳƛŜǎ ŘǳŜ ǘƻ ǘƘŜ Ƴŀƴȅ ŀƴŘ ŘƛǾŜǊǎŜ Ƨƻō ƻǇǇƻǊǘǳƴƛǝŜǎ ŀŎŎƻƳǇŀƴƛŜŘ ǿƛǘƘ ǘƘŜ 

ŜƴŘŜŀǾƻǊ ǘƻ ŎƻƴǎǘǊǳŎǘΣ Ƴŀƛƴǘŀƛƴ ŀƴŘ ƛƳǇǊƻǾŜ /9!ǎ όYƻȊŀƛΣ нлмфΤ .ŜƴƪŜ ϧ ¢ƻƳƪƛƴǎΣ нлмуΤ 5ŜǎǇƻƳƳƛŜǊΣ 

нлммύΦ  

Lƴ ǎƘƻǊǘΣ ǳǊōŀƴ /9! Ƙŀǎ ǘƘŜ ǘǊŜƳŜƴŘƻǳǎ ǇƻǘŜƴǝŀƭ ǘƻ ŀƛŘ ǎǳōǎǘŀƴǝŀƭƭȅ ƛƴ ŀŎƘƛŜǾƛƴƎ ǘƘŜ {ǳǎǘŀƛƴŀōƭŜ 

5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭǎ όCƛƎǳǊŜ мύ ŀƎǊŜŜŘ ǳǇƻƴ ōȅ ǘƘŜ ¦ƴƛǘŜŘ bŀǝƻƴǎ ƳŜƳōŜǊ ǎǘŀǘŜǎ ƛƴ ǘƘŜ ƴŜŀǊ ŦǳǘǳǊŜ όYƻȊŀƛΣ 

нлмфύΦ  

 

CƛƎǳǊŜ м ς {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭǎ ό{5DǎύΦ Lƴ нлмрΣ ƻǾŜǊ мфл ƴŀǝƻƴǎ ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘ ŎƻƳƳƛǧŜŘ 

ǘƻ мт {5DǎΣ ǿƘƛŎƘ ŀǊŜ ŀ ŎƻƭƭŜŎǝǾŜ Ŏŀƭƭ ǘƻ ŀŎǝƻƴ ǘƻ ŜƴŘ ǇƻǾŜǊǘȅΣ ǇǊƻǘŜŎǘ ǘƘŜ ǇƭŀƴŜǘ ŀƴŘ ŜƴǎǳǊŜ ǇŜŀŎŜŦǳƭ 

ŀƴŘ ǇǊƻǎǇŜǊƻǳǎ ƭƛǾŜǎ ŦƻǊ ŀƭƭ ǇŜƻǇƭŜ ό!ŘƻǇǘŜŘ ŦǊƻƳ ¦bΣ нлннύΦ  

 

мΦмΦо /ƘŀƭƭŜƴƎŜǎ ƻŦ ǳǊōŀƴ ŎƻƴǘǊƻƭƭŜŘπŜƴǾƛǊƻƴƳŜƴǘ ŀƎǊƛŎǳƭǘǳǊŜ 

bŜǾŜǊǘƘŜƭŜǎǎΣ ǎŜǾŜǊŀƭ ƛƳǇŜŘƛƳŜƴǘǎ ƛƴŎƭǳŘƛƴƎ ƘƛƎƘ ǇǊƻŘǳŎǝƻƴ ŎƻǎǘǎΣ ǘƘŜ ŎǳǊǊŜƴǘƭȅ ƭƻǿ ƴǳƳōŜǊ ƻŦ ŎǳƭǝǾŀōƭŜ 

ŎǊƻǇ ǘȅǇŜǎ ŀƴŘ ǘƘŜ ƭŀŎƪ ƻŦ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ƻǇǝƳŀƭ ŎǊƻǇ ǇǊƻŘǳŎǝƻƴǎ ǳƴŘŜǊ ƘƛƎƘƭȅ ŎƻƴǘǊƻƭƭŜŘ ŎƻƴŘƛǝƻƴǎ 

Ƴǳǎǘ ōŜ ƻǾŜǊŎƻƳŜΦ 5ǳŜ ǘƻ ǾŜǊȅ ŜȄǇŜƴǎƛǾŜ ǊŜŀƭ ŜǎǘŀǘŜ ƛƴ ǳǊōŀƴ ŀǊŜŀǎ ǎǘŀǊǘπǳǇ Ŏƻǎǘǎ ŀǊŜ ǾŜǊȅ ƘƛƎƘΦ ¢ƘŜ ƛƴƛǝŀƭ 

ƛƴǾŜǎǘƳŜƴǘǎ ǘƻ ŎƻƴǎǘǊǳŎǘ ƘƛƎƘπǘŜŎƘ /9!ǎ ƛƴǘŜƴǎƛŦȅ ǘƘŜ ǊŜǉǳƛǊŜŘ ǾŜƴǘǳǊŜ ŎŀǇƛǘŀƭ ƻǊ ƎƻǾŜǊƴƳŜƴǘ ƛƴŎŜƴǝǾŜǎΦ 

hƴŎŜ /9!ǎ ŀǊŜ άǳǇ ŀƴŘ ǊǳƴƴƛƴƎέΣ ƭŀōƻǊ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǝƻƴ ǎǳōǎǘŀƴǝŀƭƭȅ ŀũŜŎǘ ǊǳƴƴƛƴƎ Ŏƻǎǘǎ ŀǘ 

ǇǊŜǎŜƴǘΦ {ƻ ŦŀǊΣ ǘƘŜ ŦƻƻŘ ǘƘŀǘ ƛǎ ƎǊƻǿƴ ōȅ ƳƻŘŜǊƴ /9!ǎ ƛǎ ƭƛƳƛǘŜŘ ǘƻ ŀ ŦŜǿ ƘƛƎƘπǇǊƛȊŜŘ ǎǇŜŎƛŀƭǘȅ ŎǊƻǇǎ ǎǳŎƘ 

ŀǎ ƭŜŀŦȅ ƎǊŜŜƴ ǾŜƎŜǘŀōƭŜǎΣ ƭŜǧǳŎŜΣ ǘƻƳŀǘƻŜǎΣ ǎǘǊŀǿōŜǊǊƛŜǎΣ ōŜƭƭ ǇŜǇǇŜǊǎ ŀƴŘ ŎǳŎǳƳōŜǊǎΦ IŜƴŎŜΣ ǘƘŜ ǊŀƴƎŜ 
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ƻŦ ŎǊƻǇ ǘȅǇŜǎ Ƙŀǎ ǘƻ ōŜ ŜȄǘŜƴŘŜŘΦ [ƻǿπǾŀƭǳŜ ǎǘŀǇƭŜ ŦƻƻŘǎ ŀǊŜ ŜŎƻƴƻƳƛŎŀƭƭȅ ǳƴŀŎƘƛŜǾŀōƭŜ ŀǘ ǘƘŜ ƳƻƳŜƴǘΣ 

ōǳǘ ǿƛǘƘ ŀ ǇŜǊǎƛǎǘŜƴǘƭȅ ŎƘŀƴƎƛƴƎ ŎƭƛƳŀǘŜΣ ǎŎŀǊŎŜ ŀǊŀōƭŜ ƭŀƴŘ ŀƴŘ ŘƛƳƛƴƛǎƘƛƴƎ ǊŜǎƻǳǊŎŜǎ ǎǳŎƘ ŀǎ ǿŀǘŜǊ ŀƴŘ 

ŦŜǊǝƭƛȊŜǊ ǘƘƛǎ Ƴŀȅ ŎƘŀƴƎŜΦ 9ȄǘŜƴǎƛǾŜ ǊŜǎŜŀǊŎƘ ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ ƻǇǝƳƛȊŜ ȅƛŜƭŘǎ ŀƴŘ Ǉƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ǘƻ ŀƭƭ 

ŎƻƴǘǊƻƭƭŜŘ ǾŀǊƛŀōƭŜǎ ǎǳŎƘ ŀǎ ǿŀǾŜƭŜƴƎǘƘǎ ŀƴŘ ƛƴǘŜƴǎƛǘȅ ƻŦ [95ǎΣ ǘŜƳǇŜǊŀǘǳǊŜΣ ƘǳƳƛŘƛǘȅ ŀƴŘ /hн ƭŜǾŜƭǎ 

όYƻȊŀƛΣ нлмфΤ .ŜƴƪŜ ϧ ¢ƻƳƪƛƴǎΣ нлмуύΦ  

 

1.2 LEDs and conventional lighting in horticulture 

CƻǊ ŘŜŎŀŘŜǎΣ ŀǊǝŬŎƛŀƭ ƭƛƎƘǘǎ ƛƴŎƭǳŘƛƴƎ ƅǳƻǊŜǎŎŜƴǘ ƭŀƳǇǎ όC[ύ ŀƴŘ ƘƛƎƘπƛƴǘŜƴǎƛǘȅ ŘƛǎŎƘŀǊƎŜ όIL5ύ ƭǳƳƛƴŀƛǊŜǎ 

όŜΦƎΦΣ ƘƛƎƘπǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ όIt{ύ ŀƴŘ ƳŜǘŀƭ ƘŀƭƛŘŜ όaIύ ƭŀƳǇǎύ ƘŀǾŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ōŜŜƴ ǳǎŜŘ ŀǎ ŜƛǘƘŜǊ 

ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǝƴƎ ǘƻ ŜƴƘŀƴŎŜ ƎǊŜŜƴƘƻǳǎŜ ǇǊƻŘǳŎǝƻƴǎ όǾŀƴ LŜǇŜǊŜƴ ϧ ¢ǊƻǳǿōƻǊǎǘΣ нллуΤ ½ƘŜƴƎ Ŝǘ ŀƭΦΣ 

нлмфύ ƻǊ ŀǎ ǎƻƭŜπǎƻǳǊŎŜ ƭƛƎƘǝƴƎ ǘƻ ǊŜŀƭƛȊŜ ŬǊǎǘ ŦƻƻŘ ǇǊƻŘǳŎǝƻƴǎ ƛƴ WŀǇŀƴŜǎŜ Ǉƭŀƴǘ ŦŀŎǘƻǊƛŜǎ όDƻǘƻΣ нлмнύΦ 

aŀƛƴ ǊŜŀǎƻƴǎ ŦƻǊ ǘƘŜ ǿƛŘŜǎǇǊŜŀŘ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ C[ǎ ŀƴŘ IL5 ƭǳƳƛƴŀƛǊŜǎ ŀǎ ŀǎǎƛƳƛƭŀǝƻƴ ƭƛƎƘǘ ǎƻǳǊŎŜǎ 

ǿŜǊŜ ǘƘŜƛǊ ǎǳŶŎƛŜƴǘ ŘŜƭƛǾŜǊȅ ƻŦ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŀƴŘ ǘƘŜƛǊ ŜŎƻƴƻƳƛŎŀƭ ŀũƻǊŘŀōƛƭƛǘȅ ό·ǳΣ нлмфΤ ½ƘŜƴƎ Ŝǘ ŀƭΦΣ 

нлмфΤ bŜƭǎƻƴ ϧ .ǳƎōŜŜΣ нлмпύΦ /ǳǊǊŜƴǘƭȅΣ It{ ƭǳƳƛƴŀƛǊŜǎ ŀǊŜ ǎǝƭƭ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ƭƛƎƘǘ ǎƻǳǊŎŜ ƛƴ 

ƎǊŜŜƴƘƻǳǎŜǎ ŀǊƻǳƴŘ ǘƘŜ ƎƭƻōŜ όYŀǘȊƛƴ Ŝǘ ŀƭΦΣ нлнлΤ {ǘƻōŜǊ Ŝǘ ŀƭΦΣ нлмтΤ {ƛƴƎƘ Ŝǘ ŀƭΦΣ нлмрŀύΣ ƘƻǿŜǾŜǊΣ ǳƴƛǉǳŜ 

ŦŜŀǘǳǊŜǎ ŀƴŘ ǊŀǇƛŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƳǇǊƻǾŜƳŜƴǘǎ ƻŦ [95 ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ǊŜǎǳƭǘŜŘ ƛƴ ƴƻǝŎŜŀōƭŜ ǘǊŀƴǎƛǝƻƴǎ 

ŦǊƻƳ It{ ǘƻ [95 ƭƛƎƘǘ ŀǇǇƭƛŎŀǝƻƴǎ ƛƴ ƎǊŜŜƴƘƻǳǎŜ ƛƴŘǳǎǘǊƛŜǎ όYǳǎǳƳŀ Ŝǘ ŀƭΦ нлнлύ ŀƴŘ ƘŀǾŜ ǿƛŘŜƭȅ ǊŜǇƭŀŎŜŘ 

C[ǎ ƛƴ ǾŜǊǝŎŀƭ ŦŀǊƳƛƴƎ ŀǇǇƭƛŎŀǝƻƴǎ ό½ƘŜƴƎ Ŝǘ ŀƭΦΣ нлмфΤ .ŜƴƪŜ ϧ ¢ƻƳƪƛƴǎΣ нлмуΣ DƻǘƻΣ нлмнύΦ    

CƻǊ ƘƻǊǝŎǳƭǘǳǊŀƭ ǇǳǊǇƻǎŜǎΣ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƻǳǘǎǘŀƴŘƛƴƎ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ [95 ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ƛǎ 

ǘƘŜƛǊ ƅŜȄƛōƛƭƛǘȅ ƛƴ ǎǇŜŎǘǊŀƭ ƻǳǘǇǳǘ όaŀǎǎŀ Ŝǘ ŀƭΦΣ нллуΤ aƻǊǊƻǿΣ нллуύ όCƛƎǳǊŜ нύΦ ¢ƘŜ ŎƻƴǘǊƻƭƭŀōƛƭƛǘȅ ƻŦ 

ǎǇŜŎǘǊŀƭ ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŘƛũŜǊŜƴǝŀǘŜǎ [95ǎ ŦǊƻƳ ŀƴȅ ƻǘƘŜǊ ŀǎǎƛƳƛƭŀǝƻƴ ƭƛƎƘǘ ǎƻǳǊŎŜ ƻƴ ǘƘŜ 

ƳŀǊƪŜǘ ό·ǳΣ нлмфύΦ  

   

 

CƛƎǳǊŜ н ς hǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ŘƛǾŜǊǎŜ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜǎ ŀƴŘ ǘƘŜƛǊ ǇŜŀƪ ǿŀǾŜƭŜƴƎǘƘǎ όƴƳύΦ bŜǿ [95 

ǿŀǾŜƭŜƴƎǘƘǎ ŀǊŜ Ŏƻƴǝƴǳŀƭƭȅ ŘŜǾŜƭƻǇŜŘΦ bƻ ŎƭŀƛƳ ƻŦ ŎƻƳǇƭŜǘŜƴŜǎǎΦ ό!ŘƻǇǘŜŘ ŦǊƻƳ !ǊǊƻǿΣ нлннύΦ  
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Lƴ ŀŘŘƛǝƻƴΣ ƴƻ ƻǘƘŜǊ ŀǊǝŬŎƛŀƭ ƭƛƎƘǘ ǎƻǳǊŎŜ Ƙŀǎ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŜƳƛǘ ǎǳŎƘ ƘƛƎƘ ƭǳƳƛƴƻǳǎ ƅǳȄŜǎ όҗ нллл ҡƳƻƭ 

Ƴπн ǎπмύ ŀǎ [95 ǎȅǎǘŜƳǎ ό9ƛŎƘƘƻǊƴ .ƛƭƻŘŜŀǳ Ŝǘ ŀƭΦΣ нлмфΤ {ƛƴƎƘ Ŝǘ ŀƭΦΣ нлмрŀΤ bŜƭǎƻƴ ϧ .ǳƎōŜŜΣ нлмпύΦ 

!ƴƻǘƘŜǊ ŜȄŎŜǇǝƻƴŀƭ ŀŘǾŀƴǘŀƎŜ ƻŦ Ƴƻǎǘ [95ǎ ƻǾŜǊ ǘǊŀŘƛǝƻƴŀƭƭȅ ŀǇǇƭƛŜŘ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ƛǎ ǘƘŜƛǊ 

ƘƛƎƘ ŜƭŜŎǘǊƛŎŀƭ ŎƻƴǾŜǊǎƛƻƴ ŜŶŎƛŜƴŎȅΦ aƻƴƻŎƘǊƻƳŀǝŎ ōƭǳŜΣ ǊŜŘ ŀƴŘ ŦŀǊπǊŜŘ ŘƛƻŘŜǎ όǿƛǘƘ ǇŜŀƪ ǿŀǾŜƭŜƴƎǘƘǎ 

ό˂ύ ŀǘ прлΣ ссл ŀƴŘ тол ƴƳΣ ǊŜǎǇŜŎǝǾŜƭȅύ ŀǊŜ ŎǳǊǊŜƴǘƭȅ фоΣ ум ŀƴŘ тт ҈ ŜŶŎƛŜƴǘ ƛƴ ŎƻƴǾŜǊǝƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎŀƭ 

ǇƻǿŜǊ ƛƴǇǳǘ ƛƴǘƻ ƻǇǝŎŀƭ ǇƻǿŜǊ ƻǳǘǇǳǘǎΦ ¢ƘŜ ŎƻƴǾŜǊǎƛƻƴ ŜŶŎƛŜƴŎȅ ƻŦ ōǊƻŀŘπǎǇŜŎǘǊǳƳ [95ǎ ǊŀƴƎŜǎ 

ŎǳǊǊŜƴǘƭȅ ōŜǘǿŜŜƴ сф ŀƴŘ тс ҈ όYǳǎǳƳŀ Ŝǘ ŀƭΦ нлнлύΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ƘƻǿŜǾŜǊΣ ǘƘŀǘ [95ǎ ŜƳƛǩƴƎ ƛƴ 

ǘƘŜ ǳƭǘǊŀǾƛƻƭŜǘ ό¦±ύ ǊŀƴƎŜ ƻŦ ǘƘŜ ǎǇŜŎǘǊǳƳ όōŜƭƻǿ плл ƴƳύ ŀƴŘ [95ǎ ŜƳƛǩƴƎ ƳƻƴƻŎƘǊƻƳŀǝŎ ƎǊŜŜƴ όDΣ 

ǿƛǘƘ ŀ ǇŜŀƪ  ˂ŀǘ рол ƴƳύ ŀǊŜ ƳǳŎƘ ƭŜǎǎ ŜŶŎƛŜƴǘ ƛƴ ŎƻƴǾŜǊǝƴƎ ǘƘŜ ǇƻǿŜǊ ƛƴǇǳǘΥ ¦±π/ ŀƴŘ ¦±π. ŀǊŜ ŎǳǊǊŜƴǘƭȅ 

ƻƴƭȅ о ҈ ŜŶŎƛŜƴǘ όbƛŎƘƛŀΣ нлмфŀύΣ ¦±π! [95ǎ ŀǊŜ ƻƴƭȅ рлπср҈ ŜŶŎƛŜƴǘ ǘƻ ŘŀǘŜ όbƛŎƘƛŀΣ нлмфōύΣ ŀƴŘ ƎǊŜŜƴ 

[95ǎ ƘŀǾŜ ŀ ƭƻǿ ŎƻƴǾŜǊǎƛƻƴ ǊŀǘŜ ƻŦ пн ҈ ǘƻŘŀȅ όYǳǎǳƳŀ Ŝǘ ŀƭΦ нлнлύΦ    

¢ƘƻǳƎƘ ǘƘŜ ǊŀƴƎŜ ƻŦ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴ όt!wΣ пллπтлл ƴƳύ ƛǎ ŎǳǊǊŜƴǘƭȅ ǳƴŘŜǊ 

ŘŜōŀǘŜ ό½ƘŜƴ ϧ .ǳƎōŜŜΣ нлнлκнлнлŀΤ ǇƭŜŀǎŜ ŀƭǎƻ ǎŜŜ ǎŜŎǝƻƴǎ мΦоΦмΦп ŀƴŘ мΦпΦнΦн ŦƻǊ ƳƻǊŜ ŘŜǘŀƛƭǎύΣ ǘƘŜ 

ƭŀƳǇǎΩ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ŜŶŎŀŎƛŜǎ όtt9ύ ƘŀǾŜ ōŜŜƴ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ŀƴ ŀǧŜƳǇǘ ǘƻ ŎƻƳǇŀǊŜ 

ŀǎǎƛƳƛƭŀǝƻƴ ƭƛƎƘǘǎΦ tt9 ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŎƻƴǾŜǊǝƴƎ ǊŀǘŜ ŦǊƻƳ ŜƭŜŎǘǊƛŎŀƭ ƛƴǇǳǘ ǘƻ t!wΣ ƛǎ ŜȄǇǊŜǎǎŜŘ ƛƴ ƳƻƭŜǎ 

ƻŦ ǇƘƻǘƻƴǎ ƻŦ t!w ŜƳƛǧŜŘ ǇŜǊ ŜƴŜǊƎȅ ƛƴǇǳǘ ŀƴŘ ƛǎ ƳŜŀǎǳǊŜŘ ƛƴ ƳƛŎǊƻƳƻƭŜǎ ǇŜǊ ƧƻǳƭŜ όҡƳƻƭ Wπмύ όbŜƭǎƻƴ ϧ 

.ǳƎōŜŜΣ нлмпύΦ ²ƘƛƭŜ ǘƘŜ tt9 ƻŦ C[ǎ ǊŀƴƎŜ ōŜǘǿŜŜƴ лΦтпπлΦфр ҡƳƻƭ Wπм ό²ǳ Ŝǘ ŀƭΦΣ нлнлύΣ ŀ tt9 ƻŦ 

мΦпс ҡƳƻƭ Wπм Ƙŀǎ ōŜŜƴ ǇǳōƭƛǎƘŜŘ ŦƻǊ aIǎ όbŜƭǎƻƴ ϧ .ǳƎōŜŜΣ нлмпύΣ ŀƴŘ ǘƘŜ ŜŶŎŀŎȅ ƻŦ It{ ƭŀƳǇǎ ǊŀƴƎŜǎ 

ōŜǘǿŜŜƴ мΦтπмΦур ҡƳƻƭ Wπм όYŀǘȊƛƴ Ŝǘ ŀƭΦΣ нлнмΤ bŜƭǎƻƴ ϧ .ǳƎōŜŜΣ нлмпύΦ [95ǎ ŜȄŎŜŜŘ ǘƘŜǎŜ ŜŶŎŀŎƛŜǎ ŀǎ 

ǘƘŜȅ ŎǳǊǊŜƴǘƭȅ ǇǊƻǾƛŘŜ ŜŶŎŀŎƛŜǎ ōŜǘǿŜŜƴ мΦф ŀƴŘ пΦт ҡƳƻƭ Wπм όYǳǎǳƳŀ Ŝǘ ŀƭΦ нлнлύΦ IƻǿŜǾŜǊΣ ǘƘŜǎŜ [95 

ŜŶŎŀŎƛŜǎ ŘŜǇŜƴŘ ƻƴ ǘƘŜƛǊ ǎǇŜŎǘǊŀƭ ǊŀƴƎŜΥ ²ƘƛƭŜ ōƭǳŜ ŀƴŘ ǊŜŘ [95ǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ŀōƭŜ ǘƻ ŜƳƛǘ оΦр ŀƴŘ 

пΦр ҡƳƻƭ WπмΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ōǊƻŀŘōŀƴŘ ǿƘƛǘŜ [95ǎ ǊŜƭŜŀǎŜ ōŜǘǿŜŜƴ нΦс ŀƴŘ нΦф ҡƳƻƭ Wπм ŀƴŘ ƎǊŜŜƴ [95ǎ 

ŎǳǊǊŜƴǘƭȅ ŜƳƛǘ ƻƴƭȅ мΦф ҡƳƻƭ WπмΦ ²ƛǘƘ ŀƴ ŜŶŎŀŎȅ ƻŦ пΦт ҡƳƻƭ WπмΣ ŦŀǊπǊŜŘ [95ǎ ŎǳǊǊŜƴǘƭȅ ǇǊƻŘǳŎŜ ǘƘŜ Ƴƻǎǘ 

ǇƘƻǘƻƴǎ ǇŜǊ ŜƴŜǊƎȅ ƛƴǇǳǘ όYǳǎǳƳŀ Ŝǘ ŀƭΦ нлнлύΣ ƘƻǿŜǾŜǊΣ ŀǎ ŦŀǊπǊŜŘ ƭƛƎƘǘ όтллπулл ƴƳύ ƛǎ ŎǳǊǊŜƴǘƭȅ ƴƻǘ 

ŎƻƴǎƛŘŜǊŜŘ ŀǎ t!w όпллπтлл ƴƳύ ό½ƘŜƴ ϧ .ǳƎōŜŜΣ нлнлύΣ ǎǇŜŎƛŀƭ ŀǧŜƴǝƻƴ Ƴǳǎǘ ōŜ ƎƛǾŜƴ ǘƻ ǘƘŜ ŘŜŬƴƛǝƻƴ 

ƻŦ t!w ǿƘŜƴ ŎƻƳǇŀǊƛƴƎ ŘƛũŜǊŜƴǘ ŀǎǎƛƳƛƭŀǝƻƴ ƭƛƎƘǘ ŜŶŎŀŎƛŜǎΦ 

¢ƘŜ ƻǾŜǊŀƭƭ ƘƛƎƘ ŜƭŜŎǘǊƛŎŀƭ ŎƻƴǾŜǊǎƛƻƴ ŜŶŎƛŜƴŎƛŜǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ƘƛƎƘ ŜŶŎŀŎƛŜǎ ǿƛǘƘƛƴ ǘƘŜ t!w ǊŀƴƎŜ 

ƻŦ [95ǎ ǘǊŀƴǎƭŀǘŜ ƛƴǘƻ ƳŜŀƴƛƴƎŦǳƭ ŀƴŘ ŘƛǊŜŎǘ ŜƴŜǊƎȅπǎŀǾƛƴƎǎ ƛƴ ƎǊŜŜƴƘƻǳǎŜ ǇǊƻŘǳŎǝƻƴǎ ό{ƛƴƎƘ Ŝǘ ŀƭΦΣ нлмрŀΤ 

bŜƭǎƻƴ ϧ .ǳƎōŜŜΣ нлмпΣ YŀǘȊƛƴ Ŝǘ ŀƭΦ нлнмύΦ ²ƘƛƭŜ ŎƻƳƳƻƴ It{ ƭƛƎƘǝƴƎǎ ŎŀǊǊȅ ƘƛƎƘ ŬƴŀƴŎƛŀƭ ŀƴŘ ƘŜƴŎŜΣ 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ Ŏƻǎǘǎ όŘǳŜ ǘƻ ƘƛƎƘ ŜƴŜǊƎȅ ƛƴǇǳǘǎ ŀƴŘ ǘƘǳǎΣ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘǎύΣ ǳǝƭƛȊƛƴƎ ǘƘŜ ƳƻǊŜ ŜŶŎƛŜƴǘ 

[95ǎ ǿƛƭƭ ǎŀǾŜ ŀǊƻǳƴŘ пл ҈ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴǇǳǘ ŦƻǊ ƎǊŜŜƴƘƻǳǎŜ ƭƛƎƘǝƴƎǎΣ ŀǎ ǊŜŎŜƴǘƭȅ ǎƛƳǳƭŀǘŜŘ ōȅ YŀǘȊƛƴ Ŝǘ 

ŀƭΦ όнлнмύ ŀŎǊƻǎǎ ǎŜǾŜǊŀƭ ƎǊŜŜƴƘƻǳǎŜ ŘŜǎƛƎƴǎΣ ŎƻƴǘǊƻƭ ǎŜǩƴƎǎ ŀƴŘ ǾŀǊƛƻǳǎ ŎƭƛƳŀǘŜǎ ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘΦ  
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²ƘƛƭŜ It{ ƭŀƳǇǎ ƎŜƴŜǊŀǘŜ ŎƻƴǎƛŘŜǊŀōƭŜ ŀƳƻǳƴǘǎ ƻŦ ǊŀŘƛŀǝǾŜ ƘŜŀǘ όҗ нлл ϲ/ύ ό{ƛƴƎƘ Ŝǘ ŀƭΦΣ нлмрŀύΣ 

ǘƘŜ ƭƻǿ ǊŀŘƛŀƴǘ ƘŜŀǘ ǇǊƻŘǳŎǝƻƴ ƻŦ [95ǎ ŜƴŀōƭŜǎ ǘƘŜƛǊ ǇƭŀŎŜƳŜƴǘ ŎƭƻǎŜ ǘƻ ŀƴŘ ŜǾŜƴ ƛƴǎƛŘŜ Ǉƭŀƴǘ ŎŀƴƻǇƛŜǎ 

όŜΦƎΦΣ WƻǎƘƛ Ŝǘ ŀƭΦΣ нлмфΤ DƽƳŜȊ Ŝǘ ŀƭΦΣ нлмоύ ŀƴŘ ŦŀŎƛƭƛǘŀǘŜǎ ǘƘŜ ƳǳƭǝπǝŜǊŜŘ ǾŜǊǝŎŀƭ ŦŀǊƳǎ όŜΦƎΦΣ YƻȊŀƛΣ нлмфύΦ  

IƻǿŜǾŜǊΣ ǘƘŜ ǾŜǊȅ ƭƛǧƭŜ ƘŜŀǘ ŜƳƛǎǎƛƻƴǎ ƻŦ [95ǎ ŀƴŘ ǘƘŜ ŀŎŎƻƳǇŀƴƛŜŘ ƛƴŎǊŜŀǎŜǎ ƛƴ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ 

ƘŜŀǝƴƎ ŘŜƳŀƴŘ ǿƛǘƘ ǳƴŎŜǊǘŀƛƴ ŬƴŀƴŎƛŀƭ ŎƻƴǎŜǉǳŜƴŎŜǎ ǊŜǎǳƭǘŜŘ ƛƴ ƘŜǎƛǘŀƴǘ ǘǊŀƴǎƛǝƻƴǎ ŦǊƻƳ It{ ǘƻ [95 

ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ƛƴ ƎǊŜŜƴƘƻǳǎŜ ƛƴŘǳǎǘǊƛŜǎ ǘƘǳǎ ŦŀǊΦ  

DǊŜŜƴƘƻǳǎŜ ƭƛƎƘǝƴƎ ŀƴŘ ƘŜŀǝƴƎ ǳǎǳŀƭƭȅ ƻǊƛƎƛƴŀǘŜ ŦǊƻƳ ŘƛũŜǊŜƴǘ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎΦ ²ƘƛƭŜ Ŧƻǎǎƛƭπ

ŦǳŜƭŜŘ ǇƻǿŜǊ ǇƭŀƴǘǎΣ ǇƘƻǘƻǾƻƭǘŀƛŎ ŎŜƭƭǎΣ ǿƛƴŘ ǘǳǊōƛƴŜǎΣ ŎƻƳōƛƴŜŘ ƘŜŀǘ ŀƴŘ ǇƻǿŜǊ ό/Itύ ƎŜƴŜǊŀǘƻǊǎ ŀǊŜ 

ƻƊŜƴ ǘƘŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ ŦƻǊ ƭƛƎƘǝƴƎΣ ƘŜŀǝƴƎ ƛǎ ǊŜƎǳƭŀǊƭȅ ǎǳǇǇƭƛŜŘ ōȅ ōƻƛƭŜǊǎ ŦǳŜƭŜŘ ǿƛǘƘ ƴŀǘǳǊŀƭ Ǝŀǎ ƻǊ 

ƻǘƘŜǊ ŦǳŜƭǎΣ ƎŜƻǘƘŜǊƳŀƭ ƘŜŀǘΣ ƘŜŀǘ ǇǳƳǇǎΣ ƘŜŀǘ ōǳũŜǊǎ ƻǊ /It ƎŜƴŜǊŀǘƻǊǎ ό{ǘŀƴƎƘŜƭƭƛƴƛ Ŝǘ ŀƭΦΣ нлмфύΦ ¢ƘǳǎΣ 

ōŜǎƛŘŜǎ ǘƘŜ ƭƻŎŀƭ ŎƭƛƳŀǘŜ ǿƘƛŎƘ ƛǎ ǘƘŜ ǇǊƻƳƛƴŜƴǘ ŦŀŎǘƻǊ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ŜƴŜǊƎȅ ǎŀǾƛƴƎ ǇƻǘŜƴǝŀƭ όYŀǘȊƛƴ Ŝǘ 

ŀƭΦΣ нлнмύΣ ǘƘŜ ŀǾŀƛƭŀōƭŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ŀũŜŎǘ ǘƘŜ ǎǇŜŎƛŬŎ ŬƴŀƴŎƛŀƭ όŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭύ ŎƻǎǘǎΦ ¢ƘƻǳƎƘ 

ƘŜŀǝƴƎ ŎƻƴǎƛŘŜǊŀōƭȅ ƭƻǿŜǊǎ ǘƘŜ ǎŀǾƛƴƎǎ ŘǳŜ ǘƻ [95 ƭƛƎƘǝƴƎ ŀƭƻƴŜΣ ǘƘŜ ǎǘǳŘƛŜǎ ōȅ YŀǘȊƛƴ Ŝǘ ŀƭΦ όнлнмύΣ 

hǳȊƻǳƴƛǎ Ŝǘ ŀƭΦ όнлмуύ ŀƴŘ 5ƛŜƭŜƳŀƴ Ŝǘ ŀƭΦ όнлмсύ ǎƘƻǿ ǘƘŀǘ ǘƻǘŀƭ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ όƭƛƎƘǝƴƎ Ҍ ƘŜŀǝƴƎύ 

ŀŎƘƛŜǾŜŘ ōȅ ǘǊŀƴǎƛǝƻƴƛƴƎ ŦǊƻƳ It{ ǘƻ [95 ǎǝƭƭ ǊŀƴƎŜ ōŜǘǿŜŜƴ т ŀƴŘ нт ҈Φ LƴǘŜǊŜǎǝƴƎƭȅΣ ǎƛƎƴƛŬŎŀƴǘ 

ǊŜŘǳŎǝƻƴǎ ƛƴ ǿŀǘŜǊƛƴƎΣ ǾŜƴǝƭŀǝƻƴ ŀƴŘ /hн ƛƴǇǳǘ ǿŜǊŜ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ [95 ƭƛƎƘǝƴƎ ŀǎ ǿŜƭƭΦ Lƴ ŎƻƴǘǊŀǎǘΣ 

It{ ƭŀƳǇǎ ǊŜǎǳƭǘŜŘ ƛƴ ƘƛƎƘŜǊ ǾŜƴǝƭŀǝƻƴ ǊŀǘŜǎ όŦƻǊ ŘŜƘǳƳƛŘƛŬŎŀǝƻƴ ŀƴŘκƻǊ ǊŜƳƻǾŀƭ ƻŦ ŜȄŎŜǎǎ ƘŜŀǘύΣ ǘƘǳǎΣ 

ƛƴǘŜƴǎƛŬŜŘ /hн ŘŜƳŀƴŘǎ ŀƴŘ ŜǾŜƴ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ƘŜŀǝƴƎ ŘŜƳŀƴŘ ŘǳǊƛƴƎ ǿƛƴǘŜǊ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ 

ƎǊŜŜƴƘƻǳǎŜǎ ǎǳǇǇƭŜƳŜƴǘŜŘ ǿƛǘƘ [95ǎ όYŀǘȊƛƴ Ŝǘ ŀƭΦ нлнмΤ {ƛƴƎƘ Ŝǘ ŀƭΦΣ нлмрŀύΦ 

Lƴ ǎǇƛǘŜ ƻŦ ǘƘŜ Ƴŀƴȅ ŀŘǾŀƴǘŀƎŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ [95ǎΣ ǘƘŜ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳ ǎǝƭƭ Ƙŀǎ ƛǘǎ ŘǊŀǿōŀŎƪǎΦ 

CƛǊǎǘ ŀƴŘ ŦƻǊŜƳƻǎǘΣ ƘƛƎƘ ŀŎǉǳƛǎƛǝƻƴ Ŏƻǎǘǎ όǊŀƴƎƛƴƎ ŦǊƻƳ млллπоллл Ϸ ǇŜǊ ƪƛƭƻǿŀǧ όƪ²ύύ ǎƛƎƴƛŬŎŀƴǘƭȅ ŜȄŎŜŜŘ 

ǘƘŜ ǇǊƛŎŜ ƻŦ It{ ŬȄǘǳǊŜǎ όǊŀƴƎƛƴƎ ŦǊƻƳ нллπорл Ϸ ǇŜǊ ƪ²ύ ŀƴŘ ƘŜƴŎŜΣ ŘŜƭŀȅ ǘƘŜƛǊ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƛƴ ǘƘŜ 

ƎǊŜŜƴƘƻǳǎŜ ƛƴŘǳǎǘǊȅ ŀǎ ǿŜƭƭ όYǳǎǳƳŀ Ŝǘ ŀƭΦΣ нлнлΤ {ƛƴƎƘ Ŝǘ ŀƭΦΣ нлмрŀύΦ 

Lƴ ŀŘŘƛǝƻƴΣ ǘƘƻǳƎƘ ƛǘ ƛǎ ƻƊŜƴ ŀǊƎǳŜŘ ǘƘŀǘ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜǎ ƘŀǾŜ ǇǊƻƭƻƴƎŜŘ ƭƛŦŜ ǎǇŀƴǎ ƻǾŜǊ 

ŎƻƴǾŜƴǝƻƴŀƭ ŀǎǎƛƳƛƭŀǝƻƴ ƭƛƎƘǘ ǎƻǳǊŎŜǎ όŜΦƎΦΣ It{ ƭƛŦŜǎǇŀƴΥ слллπплΣллл ƘΤ C[ ƭƛŦŜǎǇŀƴΥ флллπнпΣллл ƘΤ [95 

ƭƛŦŜǎǇŀƴ нрΣлллπмллΣллл Ƙ ό²ǳ Ŝǘ ŀƭΦΣ нлнлΤ ·ǳΣ нлмфύΣ ŀ ŎƻƴǎǳƳŜǊ ǎǳǊǾŜȅ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǘƘŜ ŀŎǘǳŀƭ [95 

ǎȅǎǘŜƳ ƭƛŦŜǎǇŀƴǎ ƻƴƭȅ ǊŀƴƎŜŘ ŦǊƻƳ мпсл ƘƻǳǊǎ ǘƻ нтΣотр ƘƻǳǊǎΣ ōŜŎŀǳǎŜ ǘƘŜ ƭƛŦŜǝƳŜ ƻŦ ƭǳƳƛƴŀƛǊŜ ǎǳōπ

ŎƻƳǇƻƴŜƴǘǎ όŎƻƳǇǊƛǎƛƴƎ ƻŦ ƻǇǝŎǎΣ ǘƘŜǊƳŀƭ ŘŜǎƛƎƴǎΣ ŘǊƛǾŜ ŜƭŜŎǘǊƻƴƛŎǎΣ ŜǘŎΦύ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ 

ǘƘŜ ǇǊƻǾƛŘŜǊǎΩ ƭƛŦŜǎǇŀƴ ŜǎǝƳŀǝƻƴǎ ό/ŀǎŀƳŀȅƻǊ Ŝǘ ŀƭΦΣ нлмрύΦ     

CƛƴŀƭƭȅΣ ǿƘƛƭŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŀƴŘ ǉǳŀƭƛǝŜǎ ŜƳƛǧŜŘ ōȅ It{ ŀƴŘ C[ ŬȄǘǳǊŜǎ ŀǊŜ ŘƛǎǘǊƛōǳǘŜŘ 

ǳƴƛŦƻǊƳƭȅΣ [95ǎ ŘƛǎǘǊƛōǳǘŜ ǘƘŜƛǊ ƭƛƎƘǘ ƘŜǘŜǊƻƎŜƴŜƻǳǎƭȅΦ ¢ƘŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŘǊŀƳŀǝŎŀƭƭȅ ŘŜŎƭƛƴŜ ŦǊƻƳ ǘƘŜ 

ŎŜƴǘŜǊ ǘƻ ǘƘŜ ŜŘƎŜǎ ƻŦ ǘƘŜ [95 ǎȅǎǘŜƳǎ όCƛƎǳǊŜ о!ύ ŀƴŘΣ ƛŦ [95ǎ ŜƳƛǩƴƎ ƳƛȄŜŘ ƳƻƴƻŎƘǊƻƳŀǝŎ 



/I!t¢9w м DŜƴŜǊŀƭ LƴǘǊƻŘǳŎǝƻƴ 
 

мо 
 

ǿŀǾŜƭŜƴƎǘƘǎ ŀǊŜ ǳǎŜŘΣ ƘŜǘŜǊƻƎŜƴŜƻǳǎ ǿŀǾŜƭŜƴƎǘƘ Ǌŀǝƻǎ ƻŎŎǳǊ ŀǘ ǘƘŜ Ǉƭŀƴǘ ŎŀƴƻǇȅ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƭƛƴŜŀǊ 

ŘƛƻŘŜ ŀǊǊŀƴƎŜƳŜƴǘǎ όCƛƎǳǊŜ о.ύ ό²ǳ Ŝǘ ŀƭΦ нлнлύΦ 

 

CƛƎǳǊŜ о ς {ŎƘŜƳŀǝŎ ŘŜǇƛŎǝƻƴ ƻŦ ǘƘŜ ƘŜǘŜǊƻƎŜƴƻǳǎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŀƴŘ ǿŀǾŜƭŜƴƎǘƘ ŘƛǎǘǊƛōǳǝƻƴǎ ƻŦ 

ŎƻƳƳƻƴ [95 ƭǳƳƛƴŀƛǊŜǎΦ ό!ύ [95 ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŘŜŎƭƛƴŜ ǘƻǿŀǊŘǎ ǘƘŜ ǎƛŘŜǎΣ ό.ύ ²ŀǾŜƭŜƴƎǘƘ Ǌŀǝƻǎ ŀǘ ǘƘŜ 

ǘŀǊƎŜǘ ǎǳǊŦŀŎŜ ŘƛũŜǊ ŀƭƻƴƎ ōŀǊπǘȅǇŜ [95 ƭǳƳƛƴŀƛǊŜǎΦ  
 

5ŜǎǇƛǘŜ ǘƘŜǎŜ ŘǊŀǿōŀŎƪǎΣ [95 ƭƛƎƘǝƴƎ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ǎǳōǎǝǘǳǘŜ ǘǊŀŘƛǝƻƴŀƭ ŀǎǎƛƳƛƭŀǝƻƴ ƭƛƎƘǘ 

ǎƻǳǊŎŜǎ ƛƴ ǘƘŜ ƴŜŀǊ ŦǳǘǳǊŜ ό{ƘŜƭŦƻǊŘ ϧ .ƻǘƘΣ нлнмΣ .ŀƴǝǎ Ŝǘ ŀƭΦΣ нлмуύΦ   

 

мΦо ¢ƘŜ ǎƛƎƴƛŬŎŀƴŎŜ ƻŦ ƭƛƎƘǘ  

CǊƻƳ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ƻǊƎŀƴƛŎ ƳƻƭŜŎǳƭŜǎ ǿƛǘƘ ŎƘŜƳƛŎŀƭ ŜƴŜǊƎȅ ǇǊƻŘǳŎŜŘ ŘǳǊƛƴƎ ǘƘŜ ŜǎǎŜƴǝŀƭ ƭƛƎƘǘ 

ǊŜŀŎǝƻƴǎ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΣ ǘƘŜ ǇƭŀƴǘǎΩ ƻǊƛŜƴǘŀǝƻƴ ƛƴ ǎǇŀŎŜ ŀƴŘ ǝƳŜ ǘƘǊƻǳƎƘ ǇƘƻǘƻǘǊƻǇƛǎƳ ŀƴŘ 

ǇƘƻǘƻǇŜǊƛƻŘƛǎƳΣ ǘƻ ǘƘŜ ǇƭŀƴǘǎΩ ǾŀǊƛƻǳǎ ŦƻǊƳǎ ŀƴŘ ǎǘǊǳŎǘǳǊŜǎ Ǿƛŀ ǇƘƻǘƻƳƻǊǇƘƻƎŜƴŜǎƛǎ ς ƭƛƎƘǘ ŀũŜŎǘǎ 

ǾƛǊǘǳŀƭƭȅ ŀƭƭ ŀǎǇŜŎǘǎ ƻŦ Ǉƭŀƴǘ ƎǊƻǿǘƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ŀǎ ƛǘ ŦǳƴŎǝƻƴǎ ōƻǘƘ ŀǎ ŀ ǎƻǳǊŎŜ ƻŦ ŜƴŜǊƎȅ ŀƴŘ ŀǎ ŀƴ 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƴŘƛŎŀǘƻǊ όIŀǊǘΣ мфууύΦ 5ǳŜ ǘƻ ǘƘŜƛǊ ŀōƛƭƛǘȅ ǘƻ ǇŜǊŎŜƛǾŜ ŜƭŜŎǘǊƻƳŀƎƴŜǝŎ ǊŀŘƛŀǝƻƴΣ Ǉƭŀƴǘ 

ǇƛƎƳŜƴǘǎ ŀƴŘ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ Ǉƭŀȅ ǇŀǊǝŎǳƭŀǊƭȅ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜǎ ƛƴ ǘƘŜ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ƛƴǘŜǊŀŎǝƻƴǎ ōŜǘǿŜŜƴ 

Ǉƭŀƴǘǎ ŀƴŘ ƭƛƎƘǘΦ  

 

мΦоΦм ¢ƘŜ ǊƻƭŜ ƻŦ Ǉƭŀƴǘ ǇƛƎƳŜƴǘǎ ŦƻǊ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ 

5ǳǊƛƴƎ ǘƘŜ ƭƛƎƘǘ ǊŜŀŎǝƻƴǎ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΣ ǘƘŜ ƭƛƎƘǘǎΩ ŜƴŜǊƎȅ ŀƴŘ ǿŀǘŜǊ ŀǊŜ ǳǎŜŘ ǘƻ ƎŜƴŜǊŀǘŜ ŎƘŜƳƛŎŀƭ 

ŜƴŜǊƎȅ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ŀŘŜƴƻǎƛƴŜ ǘǊƛǇƘƻǎǇƘŀǘŜ ό!¢tύ ŀƴŘ ƴƛŎƻǝƴŀƳƛŘŜ ŀŘŜƴƛƴŜ ŘƛƴǳŎƭŜƻǝŘŜ ǇƘƻǎǇƘŀǘŜ 

όb!5tIύΣ ŀƴŘ ƻȄȅƎŜƴ ƛǎ ǊŜƭŜŀǎŜŘ ŀǎ ŀ ōȅπǇǊƻŘǳŎǘΦ ¢ƘŜ ŜƴŜǊƎȅπǊƛŎƘ ƳƻƭŜŎǳƭŜǎ !¢t ŀƴŘ b!5tI ǘƘŜƴ ŘǊƛǾŜ 

ǘƘŜ ƭƛƎƘǘπƛƴŘŜǇŜƴŘŜƴǘ ǎŜŎƻƴŘ ǇŀǊǘ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ς ǘƘŜ /ŀƭǾƛƴ /ȅŎƭŜΣ ŘǳǊƛƴƎ ǿƘƛŎƘ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ƛǎ 

ŬȄŜŘ ŦǊƻƳ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ǘƻ ŦƻǊƳ ǘƘŜ ōǳƛƭŘƛƴƎ ōƭƻŎƪǎ ƻŦ ƭƛŦŜΦ .ǳǘ ƛǘ ƛǎ ƻƴƭȅ ŘǳŜ ǘƻ ǘƘŜ ƭƛƎƘǘπƘŀǊǾŜǎǝƴƎ 

ǇƛƎƳŜƴǘǎ ǘƘŀǘ ǘƘŜǎŜ ŜǎǎŜƴǝŀƭ ƭƛƎƘǘ ǊŜŀŎǝƻƴǎ ŀǊŜ ǇƻǎǎƛōƭŜ όbŀōƻǊǎΣ нллтύΦ 



/I!t¢9w м DŜƴŜǊŀƭ LƴǘǊƻŘǳŎǝƻƴ 
 

мп 
 

!ƭǘƘƻǳƎƘ ǎŜǾŜǊŀƭ ƭƛƎƘǘπƘŀǊǾŜǎǝƴƎ ǇƛƎƳŜƴǘǎ ŜȄƛǎǘΣ Ƴƻǎǘ ǘŜǊǊŜǎǘǊƛŀƭ Ǉƭŀƴǘǎ ǳǎŜ ŎƘƭƻǊƻǇƘȅƭƭ ŀ όŎƘƭ ŀύΣ 

ŎƘƭƻǊƻǇƘȅƭƭ ō όŎƘƭ ōύ ŀƴŘ ōŜǘŀπŎŀǊƻǘŜƴŜ όǖπŎŀǊƻǘŜƴŜύ ǘƻ ƘŀǊǾŜǎǘ ǘƘŜ ƭƛƎƘǘǎΩ ŜƴŜǊƎȅ όYǳƳŜ Ŝǘ ŀƭΦΣ нлмуΤ .Ǌƛǧƻƴ 

Ŝǘ ŀƭΦΣ нллуΤ CǊŀƴƪ ϧ .ǊǳŘǾƛƎΣ нллпύΦ /Ƙƭ ŀ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ŀƴŘ ŎƘƭ ō ǘƘŜ ǎŜŎƻƴŘ Ƴƻǎǘ 

ŀōǳƴŘŀƴǘ ǇƛƎƳŜƴǘ ƛƴ Ǉƭŀƴǘ ƭŜŀǾŜǎ όYǳƳŜ Ŝǘ ŀƭΦΣ нлмуΤ 9ǎǘŜōŀƴΣ нлмпύΦ ²ƛǘƘ ŀƴ ŀǾŜǊŀƎŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ 

мл ƳƳƻƭ Ƴƻƭπм ƻŦ ǘƻǘŀƭ ŎƘƭƻǊƻǇƘȅƭƭ ŀҌō ό9ǎǘŜōŀƴΣ нлмпύΣ ǖπŎŀǊƻǘŜƴŜǎ Ǉƭŀȅ ƻƴƭȅ ŀ ǎǳōƻǊŘƛƴŀǘŜ ǊƻƭŜ ŀǎ ƭƛƎƘǘ 

ŀōǎƻǊōŜǊǎΦ .ŜǎƛŘŜǎΣ ǘƘŜ ŜǎǎŜƴǝŀƭ Ƴŀƛƴ ŦǳƴŎǝƻƴ ƻŦ ŎŀǊƻǘŜƴƻƛŘǎΣ ǘƻ ǿƘƛŎƘ ǖπŎŀǊƻǘŜƴŜǎ ōŜƭƻƴƎΣ ƛǎ ǘƻ ƳƛǝƎŀǘŜ 

ǇƘƻǘƻŘŀƳŀƎŜǎ ǳƴŘŜǊ ŜȄŎŜǎǎƛǾŜ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ōȅ ǉǳŜƴŎƘƛƴƎ ŎƘƭƻǊƻǇƘȅƭƭ ǘǊƛǇƭŜǘǎ ŀƴŘ ǎŎŀǾŜƴƎƛƴƎ ƻȄȅƎŜƴ 

ǊŀŘƛŎŀƭǎ όaŀƻƪŀΣ нлнлΤ IŀǎƘƛƳƻǘƻΣ нлмсΤ CǊŀƴƪ ϧ .ǊǳŘǾƛƎΣ нллпύΦ   

 

мΦоΦмΦм ¢ƘŜ ǇƘƻǘƻǎȅǎǘŜƳǎ 

²ƘƛƭŜ ŎƘƭ ŀ ƛǎ ŘƛǊŜŎǘƭȅ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ƭƛƎƘǘ ǊŜŀŎǝƻƴǎ ŀƴŘ Ƙŀǎ ŀƴ ǳƴƳŀǘŎƘŜŘ ŜǎǎŜƴǝŀƭ ǊƻƭŜ ŀǎ ŀƴ ŜƭŜŎǘǊƻƴ 

ŘƻƴƻǊ ό.ƧƻŜǊƴ Ŝǘ ŀƭΦΣ нллфύΣ ŎƘƭ ō ŀƴŘ ǖπŎŀǊƻǘŜƴŜ ŀǊŜ ƻƴƭȅ ƛƴŘƛǊŜŎǘƭȅ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ƭƛƎƘǘ ǊŜŀŎǝƻƴǎΣ ǿƘƛŎƘ 

ƛǎ ǿƘȅ ǘƘŜȅ ŀǊŜ ŎƭŀǎǎƛŬŜŘ ŀǎ ŀǳȄƛƭƛŀǊȅ ƻǊ ŀƴǘŜƴƴŀ ǇƛƎƳŜƴǘǎΦ Lƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜ ŀǎǎƛƳƛƭŀǝƻƴ ƻŦ ƭƛƎƘǘΣ ǘƘŜ Ƴŀƛƴ 

ŦǳƴŎǝƻƴ ƻŦ ǘƘŜǎŜ ŀǳȄƛƭƛŀǊȅ ǇƛƎƳŜƴǘǎ ƛǎ ǘƘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻŦ ŜȄŎƛǘŀǝƻƴ ŜƴŜǊƎȅ ǘƻ ŎƘƭ ŀπƳƻƭŜŎǳƭŜǎ όbŀōƻǊΣ 

нллтύΦ ¢ƘŜǊŜōȅΣ ŎƘƭ ō ǘǊŀƴǎŦŜǊǎ ŜƴŜǊƎȅ ŦǊƻƳ ŎƘƭƻǊƻǇƘȅƭƭ ǘƻ ŎƘƭƻǊƻǇƘȅƭƭ ǿƛǘƘ ŀƴ ŜŶŎƛŜƴŎȅ ƻŦ млл ҈Σ ǿƘŜǊŜŀǎ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŎŀǊƻǘŜƴƻƛŘǎ ǘǊŀƴǎŦŜǊ ǘƘŜ ŜȄŎƛǘŀǝƻƴ ŜƴŜǊƎȅ ƻƴƭȅ ǿƛǘƘ ŀƴ ŜŶŎƛŜƴŎȅ ƻŦ орπфл ҈ όIƻƎŜǿƻƴƛƴƎΣ 

нлмнύΦ   

/Ƙƭ ŀΣ ŎƘƭ ō ŀƴŘ ǖπŎŀǊƻǘŜƴŜ όǘƻƎŜǘƘŜǊ ǿƛǘƘ ŀǇǇŜƴŘŀƴǘ ǇǊƻǘŜƛƴ ƳƻƭŜŎǳƭŜǎύ ŦƻǊƳ ƳǳƭǝǇƭŜ ǇƛƎƳŜƴǘ 

ŎƭǳǎǘŜǊǎ ƛƴ ǘƘŜ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜǎ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘǎΦ 9ŀŎƘ ŎƭǳǎǘŜǊ Ŏƻƴǎƛǎǘǎ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нллπолл 

ǇƛƎƳŜƴǘ ƳƻƭŜŎǳƭŜǎΦ ¢ƘŜ ƭƛƎƘǘ ǊŜŀŎǝƻƴ ƛƴ ŜŀŎƘ ŎƭǳǎǘŜǊ ƛǎ ǘǊƛƎƎŜǊŜŘ ōȅ ŀ ŎƘƭ ŀπƳƻƭŜŎǳƭŜΣ ǿƘƛŎƘ ŀōǎƻǊōǎ ǘƘŜ 

ŜƴŜǊƎȅ ƻŦ ŀ ǇƘƻǘƻƴ ŀƴŘ ǘƘŜƴ ǊŜƭŜŀǎŜǎ ŀƴ ŜƭŜŎǘǊƻƴ ǘƘŀǘ ƛǎ ǘƘŜƴ ǉǳƛŎƪƭȅ ŀōǎƻǊōŜŘ ōȅ ŀ ƳƻƭŜŎǳƭŜ ŎŀƭƭŜŘ ǘƘŜ 

ǇǊƛƳŀǊȅ ŜƭŜŎǘǊƻƴ ŀŎŎŜǇǘƻǊΦ ¢ƻƎŜǘƘŜǊΣ ǘƘŜ ŎƘƭ ŀπƳƻƭŜŎǳƭŜ ŀƴŘ ǘƘŜ ǇǊƛƳŀǊȅ ŜƭŜŎǘǊƻƴ ŀŎŎŜǇǘƻǊ ŀǊŜ ǘŜǊƳŜŘ 

ǊŜŀŎǝƻƴ ŎŜƴǘŜǊΦ ¢ƘŜ ǊŜŀŎǝƻƴ ŎŜƴǘŜǊ ŀƴŘ ǘƘŜ ŀǳȄƛƭƛŀǊȅ ǇƛƎƳŜƴǘǎ ƛƴ ŜǾŜǊȅ ŎƭǳǎǘŜǊ ǿƻǊƪ ǘƻƎŜǘƘŜǊ ŀǎ ƻƴŜ ƭƛƎƘǘπ

ƘŀǊǾŜǎǝƴƎ ǳƴƛǘ ς ǘƘŜ ǇƘƻǘƻǎȅǎǘŜƳΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ ŀǊŜ ǘǿƻ ǘȅǇŜǎ ƻŦ ǇƘƻǘƻǎȅǎǘŜƳǎΦ ²ƘƛƭŜ ǇƘƻǘƻǎȅǎǘŜƳ L 

όt{Lύ ƛǎ ŎƻƳǇǊƛǎŜŘ ƻŦ ƳƻǊŜ ŎƘƭ ŀ ǘƘŀƴ ŎƘƭ ōΣ ǘƘŜ Ǌŀǝƻ ƻŦ ōƻǘƘ ŎƘƭǎ ƛǎ ƴŜŀǊƭȅ ōŀƭŀƴŎŜŘ ƛƴ ǇƘƻǘƻǎȅǎǘŜƳ LL όt{LLύΦ 

t{LL ŀƴŘ t{L ŀǊŜ ŎƻƴƴŜŎǘŜŘ ǘƘǊƻǳƎƘ ŀ ǎŜǊƛŜǎ ƻŦ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎƳƛǧŜǊǎ ŀƴŘ ǿƻǊƪ ƭƛƴŜŀǊƭȅ όbŀōƻǊΣ нллтύΦ 

 

мΦоΦмΦн ¢ƘŜ ƭƛƎƘǘ ǊŜŀŎǝƻƴ ŘǳǊƛƴƎ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ  

²ƘŜƴ ǘƘŜ ƭƛƎƘǘ ŜƴŜǊƎȅ ǊŜŀŎƘŜǎ ŎƘƭ ŀ ƛƴ ǘƘŜ ǊŜŀŎǝƻƴ ŎŜƴǘŜǊ όŜƛǘƘŜǊ ŘƛǊŜŎǘƭȅ ƻǊ ǘƘǊƻǳƎƘ ŜƴŜǊƎȅ ǘǊŀƴǎŦŜǊ ōȅ 

ǘƘŜ ŀǳȄƛƭƛŀǊȅ ǇƛƎƳŜƴǘǎύΣ ŀƴ ŜƭŜŎǘǊƻƴ ƛƴ ǘƘŜ ŎƘƭ ŀπƳƻƭŜŎǳƭŜ ƎŜǘǎ ŜȄŎƛǘŜŘ ŀƴŘ ƛǎ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ǘƘŜ ǇǊƛƳŀǊȅ 

ŜƭŜŎǘǊƻƴ ŀŎŎŜǇǘƻǊΦ 9ŀŎƘ ǊŜƭŜŀǎŜŘ ŜƭŜŎǘǊƻƴ ōŜŎƻƳŜǎ ǉǳƛŎƪƭȅ ǊŜǇƭŀŎŜŘ ōȅ ŀƴ ŜƭŜŎǘǊƻƴ ŦǊƻƳ IнhΣ ŀƊŜǊ ŀƴ 

ŜƴȊȅƳŜ ōǊŜŀƪǎ Řƻǿƴ ŀƴ IнhπƳƻƭŜŎǳƭŜ ƛƴǘƻ ǘǿƻ ŜƭŜŎǘǊƻƴǎΣ ǘǿƻ ǇǊƻǘƻƴǎ ŀƴŘ ŀƴ ƻȄȅƎŜƴ ŀǘƻƳΦ 5ǳǊƛƴƎ ǘƘŜ 



/I!t¢9w м DŜƴŜǊŀƭ LƴǘǊƻŘǳŎǝƻƴ 
 

мр 
 

ǇƘƻǘƻōƛƻƭƻƎƛŎŀƭ ǿŀǘŜǊ ǎǇƭƛǩƴƎΣ ƻȄȅƎŜƴ ƛǎ ŦƻǊƳŜŘΦ IƻǿŜǾŜǊΣ ǘǿƻ IнhπƳƻƭŜŎǳƭŜǎ ƘŀǾŜ ǘƻ ōŜ ǎǇƭƛǘ ƛƴ ƻǊŘŜǊ 

ǘƻ ŦƻǊƳ ƻƴŜ hнπƳƻƭŜŎǳƭŜΦ 

9ŀŎƘ ǊŜƭŜŀǎŜŘ ŜƭŜŎǘǊƻƴ ŦǊƻƳ ǘƘŜ ŎƘƭ ŀπƳƻƭŜŎǳƭŜ ǇŀǎǎŜǎ ǘƘŜ ǇǊƛƳŀǊȅ ŜƭŜŎǘǊƻƴ ŀŎŎŜǇǘƻǊ ŀƴŘ ƭƻǎǎŜǎ 

ŜƴŜǊƎȅ ŀǎ ƛǘ ǇŀǎǎŜǎ ǘƘǊƻǳƎƘ ŀ ǎŜǊƛŜǎ ƻŦ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎƳƛǧŜǊǎ όǊŜŘƻȄ ŎŀǊǊƛŜǊǎΣ ƴŀƳŜƭȅ ǇƭŀǎǘƻǉǳƛƴƻƴŜΣ 

ŎȅǘƻŎƘǊƻƳŜ ŎƻƳǇƭŜȄ ŀƴŘ ǇƭŀǎǘƻŎȅŀƴƛƴύΣ ǿƘƛŎƘ ŦƻǊƳ ŀƴ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎǇƻǊǘ ŎƘŀƛƴΦ ¢ƘŜ ƳƻǾŜƳŜƴǘ ŦǊƻƳ ƻƴŜ 

ǊŜŘƻȄ ŎŀǊǊƛŜǊ ǘƻ ǘƘŜ ƴŜȄǘ ƻŎŎǳǊǎ Ǿƛŀ ŀ ǎŜǊƛŜǎ ƻŦ ƻȄƛŘŀǝƻƴπǊŜŘǳŎǝƻƴ ǊŜŀŎǝƻƴǎ όǊŜŘƻȄ ǊŜŀŎǝƻƴǎύΦ ¢ƘŜ ŜƴŜǊƎȅ 

ǊŜƭŜŀǎŜŘ ŘǳǊƛƴƎ ǘƘŜ ŘŜǎŎǊƛōŜŘ ŜƭŜŎǘǊƻƴ ƅƻǿ ƛƴŘƛǊŜŎǘƭȅ ǇƻǿŜǊǎ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ƻŦ !¢tΦ 9ŀŎƘ ŜƭŜŎǘǊƻƴ ǘƘŀǘ 

ǇŀǎǎŜǎ ǘƘǊƻǳƎƘ ǘƘŜ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎǇƻǊǘ ŎƘŀƛƴ ƴŜǳǘǊŀƭƛȊŜǎ ǘƘŜ ǇƻǎƛǝǾŜƭȅ ŎƘŀǊƎŜŘ ŎƘƭ ŀπƳƻƭŜŎǳƭŜ ƛƴ ǘƘŜ 

ǊŜŀŎǝƻƴ ŎŜƴǘŜǊ ƻŦ t{LΦ ¢ƘŜǊŜōȅΣ ǘƘŜ ŎƘƭ ŀπƳƻƭŜŎǳƭŜ ƛǎ ǇƻǎƛǝǾŜƭȅ ŎƘŀǊƎŜŘ ōŜŎŀǳǎŜ ƛǘ ŀƭǊŜŀŘȅ ǘǊŀƴǎŦŜǊǊŜŘ ŀƴ 

ŜƭŜŎǘǊƻƴ ǘƻ ƛǘǎ ǇǊƛƳŀǊȅ ŜƭŜŎǘǊƻƴ ŀŎŎŜǇǘƻǊ ŀƊŜǊ ǘƘŜ ŀōǎƻǊǇǝƻƴ ƻŦ ŀ ǇƘƻǘƻƴΦ  

CƛƴŀƭƭȅΣ ŜŀŎƘ ǊŜƭŜŀǎŜŘ ŜƭŜŎǘǊƻƴ ƳƻǾŜǎ ǘƘǊƻǳƎƘ ƻƴŜ ƳƻǊŜ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎǇƻǊǘ ŎƘŀƛƴ ŎƻƳǇǊƛǎŜŘ ƻŦ 

ŦŜǊǊŜŘƻȄƛƴ ŀƴŘ b!5tҌ ǊŜŘǳŎǘŀǎŜΦ ¢ƘŜ ƭŀǧŜǊ ŜƭŜŎǘǊƻƴ ŎŀǊǊƛŜǊ ƛƴ ǘƘƛǎ ŎƘŀƛƴ ƛǎ ŀƴ ŜƴȊȅƳŜ ǘƘŀǘ ŎƻƴǾŜǊǘǎ b!5tҌ 

ƛƴǘƻ b!5tIΦ hǾŜǊŀƭƭΣ ǘǿƻ ŜƭŜŎǘǊƻƴǎ ƘŀǾŜ ǘƻ Ǉŀǎǎ ǘƘŜ ƭƛƎƘǘ ǊŜŀŎǝƻƴ ŎƘŀƛƴ ǘƻ ǎȅƴǘƘŜǎƛȊŜ b!5tI ǎǳŎŎŜǎǎŦǳƭƭȅ 

όbŀōƻǊΣ нллтύΦ     

 

мΦоΦмΦо {ǇŜŎǘǊŀƭ ƭƛƎƘǘ ŀōǎƻǊǇǝƻƴ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǝŎ Ǉƭŀƴǘ ǇƛƎƳŜƴǘǎ 

9ŀŎƘ ǇƛƎƳŜƴǘ ǘȅǇŜ ƳŀȄƛƳŀƭƭȅ ŀōǎƻǊōǎ ƭƛƎƘǘ ƛƴ ŘƛũŜǊŜƴǘ ǿŀǾŜƭŜƴƎǘƘ ǊŜƎƛƻƴǎ όCƛƎǳǊŜ пύΦ ²ƘƛƭŜ ŎƘƭǎ ǇǊƛƳŀǊƛƭȅ 

ŀōǎƻǊō ǇƘƻǘƻƴǎ ƛƴ ǘƘŜ ǾƛƻƭŜǘΣ ōƭǳŜ ŀƴŘ ǊŜŘ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ǾƛǎƛōƭŜ ƭƛƎƘǘ ǎǇŜŎǘǊǳƳΣ ŎŀǊƻǘŜƴƻƛŘǎ Ƴŀƛƴƭȅ ŀōǎƻǊō 

ƭƛƎƘǘ ƛƴ ǘƘŜ ōƭǳŜ ŀƴŘ ƎǊŜŜƴ ƭƛƎƘǘ ǊŜƎƛƻƴǎ ό9ƛŎƘƘƻǊƴ .ƛƭƻŘŜŀǳ Ŝǘ ŀƭΦΣ нлмфΤ IŀǎƘƛƳƻǘƻΣ нлмсΤ {ƛƴƎƘ Ŝǘ ŀƭΦΣ 

нлмрŀύΦ   
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мс 
 

 

CƛƎǳǊŜ п ς !ōǎƻǊǇǝƻƴ ǎǇŜŎǘǊŀ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ŀΣ ō ŀƴŘ ǖπŎŀǊƻǘŜƴŜ ǿƛǘƘƛƴ ǘƘŜ ǾƛǎƛōƭŜ ƭƛƎƘǘ ǎǇŜŎǘǊǳƳΦ bƻǘŜ 
ǘƘŀǘ ǘƘŜ ǇƛƎƳŜƴǘǎΩ ƭƛƎƘǘ ŀōǎƻǊǇǝƻƴǎ ŀǊŜ ƎǊŜŀǘƭȅ ƛƴƅǳŜƴŎŜŘ ōȅ ǎƻƭǾŜƴǘǎ ǳǎŜŘ ŘǳǊƛƴƎ ŜȄǘǊŀŎǝƻƴ ǇǊƻŎŜŘǳǊŜǎ 
ŀƴŘ Ŏŀƴ ǘƘŜǊŜŦƻǊŜ ŘƛũŜǊ ōȅ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ор ƴƳ όŜΦƎΦΣ WŀǊŀƳƛƭƭƻ Ŝǘ ŀƭΦΣ нлммύΦ IŜƴŎŜΣ ǘƘŜ ǇƛƎƳŜƴǘǎΩ ƭƛƎƘǘ 
ŀōǎƻǊǇǝƻƴ ŎǳǊǾŜǎ ŘŜǇƛŎǘŜŘ ƛƴ ǘƘƛǎ ŬƎǳǊŜ ŀǊŜ ƻƴƭȅ ƎŜƴŜǊŀƭ ŀǇǇǊƻȄƛƳŀǝƻƴǎΦ ό!ŘƻǇǘŜŘ ŦǊƻƳ {ƛƴƎƘ Ŝǘ ŀƭΦ 
όнлмрŀύ ŀƴŘ 9ƛŎƘƘƻǊƴ .ƛƭƻŘŜŀǳ Ŝǘ ŀƭΦ όнлмфύύΦ 
 

¢ƘŜ Ƴŀƛƴ ŀōǎƻǊǇǝƻƴ ǇŜŀƪǎ ƻŦ ŎƘƭ ŀ ŀǊŜ ǇǊƻǇƻǎŜŘ ǘƻ ōŜ ōŜǘǿŜŜƴ полπпоу ƴƳ ŀƴŘ ōŜǘǿŜŜƴ сснπ

ссп ƴƳΣ ǿƘŜǊŜŀǎ ǘƘŜ Ƴŀƛƴ ŀōǎƻǊǇǝƻƴ ǇŜŀƪǎ ƻŦ ŎƘƭ ō ŀǊŜ ǎǳƎƎŜǎǘŜŘ ǘƻ ōŜ ōŜǘǿŜŜƴ пртπпсу ƴƳ ŀƴŘ 

ōŜǘǿŜŜƴ спсπсрм ƴƳ όYǳƳŜ Ŝǘ ŀƭΦΣ нлмуύΦ IŜƴŎŜΣ ǘƘŜ ǇŜŀƪ ǿŀǾŜƭŜƴƎǘƘǎ ƻŦ ǘƘŜ ŀōǎƻǊǇǝƻƴ ǎǇŜŎǘǊŀ ƻŦ ŎƘƭ ŀ 

ŀƴŘ ō ŘƛũŜǊ ōȅ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нл ƴƳ ŀƴŘ ŦǳƴŎǝƻƴ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǘƻ ŜŀŎƘ ƻǘƘŜǊΦ ²ƛǘƘ ƳŀȄƛƳŀƭ 

ŀōǎƻǊōŀƴŎŜǎ ŦƻǳƴŘ ōŜǘǿŜŜƴ пллπррл ƴƳΣ ǖπŎŀǊƻǘŜƴŜǎ ŜȄǇŀƴŘ ǘƘŜ ǿŀǾŜƭŜƴƎǘƘ ǊŀƴƎŜ ƻǾŜǊ ǿƘƛŎƘ ƭƛƎƘǘ Ŏŀƴ 

ǎǳǇǇƻǊǘ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŦǳǊǘƘŜǊ ƛƴǘƻ ǘƘŜ ƎǊŜŜƴ ǎǇŜŎǘǊǳƳ όaŀƻƪŀΣ нлнлΤ 9ƛŎƘƘƻǊƴ .ƛƭƻŘŜŀǳ Ŝǘ ŀƭΦΣ нлмфΤ 

IŀǎƘƛƳƻǘƻΣ нлмсΤ ¢ŀƴ ϧ {ƻŘŜǊǎǘǊƻƳΣ мфууύΦ 

 

мΦоΦмΦп tƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴ όt!wύ 

¦ƴǝƭ ǘƻŘŀȅΣ ǘƘŜ ƭƛƎƘǘ ŀŎǝƻƴ ǎǇŜŎǘǊǳƳ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ƛǎ ƭŀǊƎŜƭȅ ōŀǎŜŘ ƻƴ ǊŜǎǳƭǘǎ ǇǳōƭƛǎƘŜŘ ōȅ aŎ/ǊŜŜ 

όмфтнŀύΣ ǿƘƻ ŘŜŬƴŜŘ ǘƘŜ ǊŀƴƎŜ ƻŦ ǿŀǾŜƭŜƴƎǘƘǎ ŦǊƻƳ ŀǇǇǊƻȄƛƳŀǘŜƭȅ плл ǘƻ тлл ƴƳ ŀǎ ǘƘŜ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴ όt!wύΦ t!w ƛǎ ŎƻƳƳƻƴƭȅ ǉǳŀƴǝŬŜŘ ǳǎƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇƘƻǘƻƴǎ ƛƴ 

ǘƘŜ пллπтлл ƴƳ ǊŀƴƎŜ ǊŜŎŜƛǾŜŘ ōȅ ŀƴ ŀǊŜŀ ƛƴ ŀ ŘŜŬƴŜŘ ǝƳŜ ŦǊŀƳŜ ŀƴŘ ƎŜƴŜǊŀƭƭȅ ŜȄǇǊŜǎǎŜŘ ƛƴ             

ҡƳƻƭ Ƴπн ǎπмΦ ¦ǎƛƴƎ ƳƻƴƻŎƘǊƻƳŀǝŎ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΣ aŎ/ǊŜŜΩǎ ŀǎǎŀȅ ŎƻǾŜǊŜŘ ǘƘŜ ǎǇŜŎǘǊŀƭ ǊŀƴƎŜ ŦǊƻƳ орл 
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мт 
 

ǘƻ трл ƴƳ ƛƴ нр ƴƳ ǿŀǾŜōŀƴŘ ƛƴŎǊŜƳŜƴǘǎΣ ŀƴŘ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀŎǝǾƛǘȅ ƻŦ ƭŜŀŦ ŦǊŀƎƳŜƴǘǎ ŦǊƻƳ нн ŎǊƻǇ 

Ǉƭŀƴǘ ǎǇŜŎƛŜǎ ǿŀǎ ƳŜŀǎǳǊŜŘ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ /hн ǳǇǘŀƪŜ ǊŀǘŜΦ Iƛǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ǎƘƻǿŜŘ ǘƘŀǘ ŘƛũŜǊŜƴǘ 

ǿŀǾŜƭŜƴƎǘƘǎ ǊŜǎǳƭǘ ƛƴ ŘƛũŜǊŜƴǘ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ŦƻǊ /hн ŬȄŀǝƻƴǎΦ aŎ/ǊŜŜ ŘŜǘŜŎǘŜŘ ǘǿƻ ōǊƻŀŘ ǇŜŀƪ ƳŀȄƛƳŀ 

ǿƛǘƘƛƴ ǘƘŜ ǊŜŘ ŀƴŘ ōƭǳŜ ǊŜƎƛƻƴ ƻŦ ǘƘŜ ǾƛǎƛōƭŜ ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ ŎŜƴǘŜǊŜŘ ŀǘ снл ŀƴŘ ппл ƴƳΣ ǿƛǘƘ ŀ ǎƘƻǳƭŘŜǊ 

ŀǘ стл ҕ мл ƴƳ όCƛƎǳǊŜ рΣ aŎ/ǊŜŜ ŎǳǊǾŜύΦ ¢ƘŜ ƘƛƎƘŜǎǘ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ǊŜŘ ƭƛƎƘǘ ǊŜƎƛƻƴ 

ōŜǘǿŜŜƴ слл ŀƴŘ спл ƴƳΦ IŜ ǇƻƛƴǘŜŘ ƻǳǘ ǘƘŀǘ ǘƘŜ ǊŜƭŀǝǾŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀŎǝǾƛǘȅ ŀǘ ǘƘŜ ōƭǳŜ ǇŜŀƪ 

όппл ƴƳύ ǿŀǎ тл ҈ ƻŦ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀŎǝǾƛǘȅ ŘŜǘŜŎǘŜŘ ŀǘ ǘƘŜ ǊŜŘ ǇŜŀƪ όснл ƴƳύ ŀƴŘ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ 

ōƭǳŜ ŀƴŘ ƎǊŜŜƴ ƭƛƎƘǘ όпллπртл ƴƳύ ǿŜǊŜ ǘƘǳǎ ŎƻƴǎƛŘŜǊŀōƭȅ ƭŜǎǎ ŜŶŎƛŜƴǘ ƛƴ ŘǊƛǾƛƴƎ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ǘƘŀƴ ǊŜŘ 

ƭƛƎƘǘΦ ¢ƘŜǊŜǿƛǘƘΣ aŎ/ǊŜŜ ǿŀǎ ǘƘŜ ŬǊǎǘ ǘƻ ŘŜǎŎǊƛōŜ ŀ ǇƭŀƴǘǎΩ t!w ŎǳǊǾŜ ōȅ ŘŜŬƴƛƴƎ ǘƘŜ ƭƛƎƘǘ ŀŎǝƻƴ ǎǇŜŎǘǊǳƳ 

ŀƴŘ ǘƘŜ ǿŀǾŜƭŜƴƎǘƘǎ ǘƘŀǘ ŀǊŜ ǳǎŜŘ Ƴƻǎǘ ŜŶŎƛŜƴǘƭȅ ŦƻǊ ƎƭǳŎƻǎŜ ōƛƻǎȅƴǘƘŜǎƛǎ ŀƴŘ ǎǘƻǊŀƎŜ ƻŦ ŦǊŜŜ ŎƘŜƳƛŎŀƭ 

ŜƴŜǊƎȅ όaŎ/ǊŜŜΣ мфтнŀ ϧ мфтнōύΦ Iƛǎ ǊŜǎǳƭǘǎ ǿŜǊŜ ŦǳǊǘƘŜǊ ǊŜƛƴŦƻǊŎŜŘ ōȅ LƴƛŘŀ όмфтсύΣ ǿƘƻ ŜǎǎŜƴǝŀƭƭȅ 

ŀǇǇƭƛŜŘ ǘƘŜ ǎŀƳŜ ƳŜǘƘƻŘǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŀŎǝƻƴ ŀƴŘ ǉǳŀƴǘǳƳ ȅƛŜƭŘ ǎǇŜŎǘǊŀ ƻŦ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ /hн 

ǳǇǘŀƪŜ ŀƴŘ ǘƘŜ ŀōǎƻǊǇǘŀƴŎŜ ǎǇŜŎǘǊŀ ŦƻǊ оо ƘƛƎƘŜǊ Ǉƭŀƴǘ ǎǇŜŎƛŜǎ όCƛƎǳǊŜ рΣ LƴŀŘŀ ŎǳǊǾŜύ ŀƴŘ ƻōǎŜǊǾŜŘ ŀ 

ōǊƻŀŘ ǇŜŀƪ ŦǊƻƳ слл ǘƻ сул ƴƳ ŀƴŘ ƭƻǿŜǊ ǇŜŀƪ ŀǘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ пор ƴƳΦ ¢ƘŜ ŦŀƛǊƭȅ ŎƭƻǎŜ ŎƻǊǊŜƭŀǝƻƴ ǿƛǘƘ 

ǘƘŜ ǎǇŜŎǘǊŀƭ ŀōǎƻǊǇǝƻƴǎ ƻŦ ǘƘŜ ǇƭŀƴǘǎΩ ŎƘƭƻǊƻǇƘȅƭƭǎ όǎŜŜ ǇǊŜǾƛƻǳǎ ǎŜŎǝƻƴ мΦоΦмΦоύ ǿƻǳƭŘ ǎǳōǎǘŀƴǝŀƭƭȅ ŘƛǊŜŎǘ 

ŜŀǊƭȅ ǘƻ ǇǊŜǎŜƴǘ [95 ǎǘǳŘƛŜǎ ǳǎƛƴƎ ƴŀǊǊƻǿ ǿŀǾŜōŀƴŘ [95ǎ π ŀǎ ŘŜǘŀƛƭŜŘ ƛƴ ǎŜŎǝƻƴ мΦпΦмΦ  

 

 

CƛƎǳǊŜ р ς !Ŏǝƻƴ ǎǇŜŎǘǊŀ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŦǊƻƳ ǘǿƻ ŘƛũŜǊŜƴǘ ǎǘǳŘƛŜǎ όaŎ/ǊŜŜΣ мфтнŀ ϧ LƴƛŘŀΣ мфтсύΦ 
¢ƘŜ ŎǳǊǾŜǎ ǊŜƅŜŎǘ ǘƘŜ ǉǳŀƴǘǳƳ ȅƛŜƭŘ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ǇŜǊ ŀōǎƻǊōŜŘ ǇƘƻǘƻƴ ƻŦ ŀ ǎǇŜŎƛŬŎ ǿŀǾŜƭŜƴƎǘƘΦ 
9ŀŎƘ ōƭŀŎƪ Řƻǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǿŀǾŜƭŜƴƎǘƘ ŀǘ ǿƘƛŎƘ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ǘŀƪŜƴΦ ό!ŘƻǇǘŜŘ ŦǊƻƳ .ǳƎōŜŜΣ 
нлмсύ 

IƻǿŜǾŜǊΣ ŀǎ ŎƭŜŀǊƭȅ ŜǾƛŘŜƴǘ ƛƴ ǘƘŜ ƅŀƴƪƛƴƎ ǊŜƎƛƻƴǎ ƻŦ ōƻǘƘ ǘƘŜ aŎ/ǊŜŜ ŀƴŘ LƴŀŘŀ ŎǳǊǾŜΣ ƭƛƎƘǘ ōŜƭƻǿ 

плл ƴƳ ŀƴŘ ŀōƻǾŜ тлл ƴƳ ƛƴŘǳŎŜǎ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀŎǝǾƛǘȅ ŀǎ ǿŜƭƭ όCƛƎǳǊŜ рύΦ Lƴ ŜȄŀƳǇƭŜΣ ǊŀŘƛǎƘ ŀƴŘ 

ǇƛƎǿŜŜŘ ǎƘƻǿŜŘ Ŝǉǳŀƭƭȅ ƘƛƎƘ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ōŜǘǿŜŜƴ отр ŀƴŘ рлл ƴƳ όaŎ/ǊŜŜΣ мфтнŀύ ŀƴŘ ŀƭƭ ǘŜǎǘŜŘ 
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му 
 

ƘŜǊōŀŎŜƻǳǎ Ǉƭŀƴǘǎ ǎƘƻǿŜŘ ƴƻƴƴŜƎƭƛƎƛōƭŜ ƘƛƎƘ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ōŜǘǿŜŜƴ орл ŀƴŘ пор ƴƳ όLƴŀŘŀΣ мфтсύΣ 

ǿƘƛŎƘ ŎƻƳŜǎ ǘƻ ƴƻ ǎǳǊǇǊƛǎŜ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŀǘ ŎƘƭ ō ƛǎ ƪƴƻǿƴ ǘƻ ŀōǎƻǊō ǇƘƻǘƻƴǎ ǿŜƭƭ ōŜƭƻǿ плл ƴƳ όŀǎ 

ƛƴŘƛŎŀǘŜŘ ƛƴ CƛƎǳǊŜ пύΦ 

Lƴ ŀŘŘƛǝƻƴΣ ǊŜŎŜƴǘ ǊŜǎǳƭǘǎ ŦǊƻƳ ½ƘŜƴ ϧ .ǳƎōŜŜ όнлнлŀύ ǎǳƎƎŜǎǘ ǘƘŀǘ ŦŀǊπǊŜŘ όCwύ ǇƘƻǘƻƴǎ ōŜǘǿŜŜƴ 

тлм ŀƴŘ трл ƴƳ ǎƘƻǳƭŘ ōŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ŘŜŬƴƛǝƻƴ ƻŦ t!w ōŜŎŀǳǎŜ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊǎ ǎƘƻǿŜŘ όŦƻǊ мп 

ŀǎǎƻǊǘŜŘ ŎǊƻǇ ǎǇŜŎƛŜǎύ ǘƘŀǘ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ Cw ǇƘƻǘƻƴǎ όтлмπтрл ƴƳύ ǘƻ ŀ t!w ǎǇŜŎǘǊǳƳ όпллπтлл ƴƳύ 

ŜƴƘŀƴŎŜǎ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀŎǝǾƛǘȅ ƻŦ ǘƘŜ ŎŀƴƻǇƛŜǎ ƛƴ ǘƘŜ ǎŀƳŜ ǿŀȅ ŀǎ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ Ŝǉǳŀƭƭȅ Ƴŀƴȅ t!w 

ǇƘƻǘƻƴǎ ƛƴŎǊŜŀǎŜ ǘƘŜ ŎŀƴƻǇƛŜǎΩ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΦ  

5ǳŜ ǘƻ ǘƘŜǎŜ ŘƛǎŎƻǾŜǊƛŜǎΣ ŀ ōǊƻŀŘŜƴƛƴƎ ƻŦ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀŎǝƻƴ ǎǇŜŎǘǊǳƳ Ŏŀƴ ōŜ ŜȄǇŜŎǘŜŘ ƛƴ 

ǘƘŜ ƴŜŀǊ ŦǳǘǳǊŜΦ ¢ƘŜ ǊƻƭŜǎ ƻŦ ŀƴ ǳƭǘǊŀǾƛƻƭŜǘ ŀǎ ǿŜƭƭ ŀǎ ŦŀǊπǊŜŘ ƭƛƎƘǘπǎŜƴǎƛƴƎ Ǉƭŀƴǘ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ όǎŜŜ 

ŦƻƭƭƻǿƛƴƎ ǎŜŎǝƻƴǎύ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎǘƻƳŀǘŀ όǿƘƛŎƘ ŎƻƴǘǊƻƭ ǘƘŜ ǊŀǘŜ ƻŦ Ǝŀǎ ŜȄŎƘŀƴƎŜ ŀƴŘ 

ǘǊŀƴǎǇƛǊŀǝƻƴύ ǿƛƭƭ ǇǊƻōŀōƭȅ ŜƴŎƻǳǊŀƎŜ ǘƘŜ ǊŜŘŜŬƴƛƴƎ ƻŦ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴ ǎǇŜŎǘǊǳƳ 

ŀǎ ǿŜƭƭΦ  

Lƴ ǘƘŜ ƳŜŀƴǝƳŜΣ ǘƘŜ ǘŜǊƳ ΨǇƘƻǘƻōƛƻƭƻƎƛŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴΩ όt.!wύ ƛǎ ŦǊŜǉǳŜƴǘƭȅ ǳǎŜŘ ǘƻ 

ŘŜǎŎǊƛōŜ ǘƘŜ ǿƘƻƭŜ ǊŀƴƎŜ ƻŦ ƭƛƎƘǘ ǘƘŀǘ ƛǎ ƪƴƻǿƴ ǘƻ ōŜ ǇŜǊŎŜƛǾŜŘ ōȅ Ǉƭŀƴǘǎ όŜΦƎΦΣ YǳǎǳƳŀ Ŝǘ ŀƭΦΣ нлннύΦ t.!w 

ǎǇŀƴǎ ŦǊƻƳ нул ǘƻ улл ƴƳ ŀƴŘ ƘŜƴŎŜΣ ŎƻƳǇǊƛǎŜǎ ǘƘŜ t!w ǎǇŜŎǘǊǳƳ ŀƴŘ ǘƘŜ ŀŘƧƻƛƴƛƴƎ ǎǇŜŎǘǊŀƭ ǊŜƎƛƻƴǎ ǘƘŀǘ 

ŀǊŜ ǎŜƴǎŜŘ ōȅ Ǉƭŀƴǘ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎΦ   

 

мΦоΦн tƘƻǘƻǊŜŎŜǇǘƻǊǎ 

tƭŀƴǘǎ ŜƳǇƭƻȅ ŀ ǎǳƛǘŜ ƻŦ ǎǘǊǳŎǘǳǊŀƭƭȅ ŘƛǎǝƴŎǘ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ǘƻ ǎŜƴǎŜΣ ƳƻƴƛǘƻǊ ŀƴŘ ǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ǉǳŀƴǝǘȅΣ 

ǉǳŀƭƛǘȅ ŀƴŘ ŘǳǊŀǝƻƴ ƻŦ ƭƛƎƘǘ ƛƴ ǘƘŜƛǊ ǎǳǊǊƻǳƴŘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘΦ !ƊŜǊ ǿŀǾŜƭŜƴƎǘƘπŘŜǇŜƴŘŜƴǘ ƭƛƎƘǘ 

ŀōǎƻǊǇǝƻƴǎΣ ǾŀǊƛƻǳǎ όǇŀǊǝŀƭƭȅ ǳƴƛŘŜƴǝŬŜŘύ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ όƴŀƳŜƭȅ ǇƘȅǘƻŎƘǊƻƳŜǎΣ ŎǊȅǇǘƻŎƘǊƻƳŜǎΣ 

ǇƘƻǘƻǘǊƻǇƛƴǎ ŀƴŘ ǳƭǘǊŀǾƛƻƭŜǘ ǊŜǎƛǎǘŀƴŎŜ ƭƻŎǳǎ у ό¦±wуύύ ǳƴŘŜǊƎƻ ǇƘȅǎƛŎŀƭ ƻǊ ŎƘŜƳƛŎŀƭ ŎƘŀƴƎŜǎ ǿƘƛŎƘ 

ƛƴƛǝŀǘŜ ŘƛǾŜǊǎŜ ŀƴŘ ŎƻƳǇƭŜȄ ǎƛƎƴŀƭ ǘǊŀƴǎŘǳŎǝƻƴ ŎŀǎŎŀŘŜǎ ǿƛǘƘƛƴ ǘƘŜ ǇƭŀƴǘΦ ¢ƘŜǎŜ ǎƛƎƴŀƭƛƴƎ ǇŀǘƘǿŀȅǎ ŘƛǊŜŎǘ 

ŀ ǇƭŜǘƘƻǊŀ ƻŦ ƛƴǘǊŀŎŜƭƭǳƭŀǊ ǇǊƻŎŜǎǎŜǎΣ ǊŜǎǳƭǘ ƛƴ ǇǊƻŦƻǳƴŘ ŎƘŀƴƎŜǎ ƛƴ ƎŜƴŜ ǘǊŀƴǎŎǊƛǇǝƻƴǎ ŀƴŘ ǳƭǝƳŀǘŜƭȅ 

ŀũŜŎǘ ŀ ǊŀƴƎŜ ƻŦ Ǉƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ƛƴŎƭǳŘƛƴƎ ƛǘǎ ŦƻǊƳΣ ŦǳƴŎǝƻƴ ŀƴŘ ŎƻƴǘŜƴǘ ŀǘ ǘƘŜ ŎŜƭƭǳƭŀǊ ŀƴŘ ǿƘƻƭŜπ

ƻǊƎŀƴƛǎƳ ƭŜǾŜƭ όWƛƴƎ ϧ [ƛƴΣ нлнлΤ ½ƘŜƴƎ Ŝǘ ŀƭΦΣ нлмфΤ Cƻƭǘŀ ϧ /ŀǊǾŀƭƘƻΣ нлмрύΦ1 

 

 
1 The following sections focus on the differing light absorption spectra of photoreceptors and their resultant plant 
ǊŜǎǇƻƴǎŜǎΦ CƻǊ ƳƻǊŜ ŘŜǘŀƛƭǎ ƻƴ ǘƘŜ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎΩ ǎǘǊǳŎǘǳǊŜǎΣ ƭƻŎŀƭƛȊŀǘƛƻƴǎ ŀƴŘ ǘƘŜ ŎƻƳǇƭŜȄ ǎƛƎƴŀƭ ǘǊŀƴǎŘǳŎǘƛƻƴ 
mechanisms, please refer to the following prevailing review articles: _ŀōǳȊ Ŝǘ ŀƭΦΣ нлннΤ Jing & Lin, 2020; Legris et al., 
2019; Jenkins, 2014.   
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мΦоΦнΦм {ǇŜŎǘǊŀƭ ƭƛƎƘǘ ŀōǎƻǊǇǝƻƴ ƻŦ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ 

¢ƘŜ ǾŀǊƛƻǳǎ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ŜƴŀōƭŜ Ǉƭŀƴǘǎ ǘƻ ǘǊŀŎƪ ŀƴŘ ǊŜǎǇƻƴŘ ǘƻ ŀ ǿƛŘŜ ǎǇŜŎǘǊǳƳ ƻŦ ǘƘŜ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴ 

ǘƘŀǘ ǊŜŀŎƘŜǎ ǘƘŜ 9ŀǊǘƘǎΩ ǎǳǊŦŀŎŜΦ 9ŀŎƘ ǇƘƻǘƻǊŜŎŜǇǘƻǊ ƛǎ ŀŎǝǾŀǘŜŘ ōȅ ŘƛǎŎǊŜǘŜ ǿŀǾŜƭŜƴƎǘƘǎ ǊŀƴƎƛƴƎ ŦǊƻƳ ǘƘŜ 

ǳƭǘǊŀǾƛƻƭŜǘ . ǘƻ ǘƘŜ ŦŀǊπǊŜŘ ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ ŀƴŘ ŘƛũŜǊǎ ƛƴ ǘƘŜƛǊ ǎŜƴǎƛǝǾƛǘȅ ǘƻ ƭƛƎƘǘ όCƛƎǳǊŜ сύΦ tƘȅǘƻŎƘǊƻƳŜǎ 

ŀǊŜ Ƴŀƛƴƭȅ ǊŜŘκŦŀǊπǊŜŘ ƭƛƎƘǘ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ όсллπулл ƴƳύ ό²ŀƴƎ Ŝǘ ŀƭΦΣ нлнмύΦ ¢ǿƻ ƛƴǘŜǊŎƻƴǾŜǊǝōƭŜ 

ǇƘȅǘƻŎƘǊƻƳŜ ŦƻǊƳǎ ǳƴŘŜǊƎƻ ǇƘƻǘƻπǘǊŀƴǎŦƻǊƳŀǝƻƴŀƭ ŎƘŀƴƎŜǎ ǳǇƻƴ ŜȄǇƻǎǳǊŜ ǘƻ ŜƛǘƘŜǊ ǊŜŘ ƻǊ ŦŀǊπǊŜŘ ƭƛƎƘǘΦ 

²ƘƛƭŜ ǘƘŜ ǊŜŘ ƭƛƎƘǘπŀōǎƻǊōƛƴƎ ŦƻǊƳ όtǊύ ǘǊŀƴǎŦƻǊƳǎ ǊŀǇƛŘƭȅ ƛƴǘƻ ŀ ŦŀǊπǊŜŘ ƭƛƎƘǘ ŀōǎƻǊōƛƴƎ ŦƻǊƳ όtŦǊύ ƻƴŎŜ ŀ 

ǊŜŘ ǇƘƻǘƻƴ Ƙŀǎ ōŜŜƴ ŀōǎƻǊōŜŘΣ tŦǊ ǉǳƛŎƪƭȅ ŎƻƴǾŜǊǘǎ ōŀŎƪ ǘƻ tǊ ǳǇƻƴ ŦŀǊπǊŜŘ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜ ό/ƻǊŘŜƛǊƻ Ŝǘ ŀƭΦΣ 

нлннΣ 9ƛŎƘƘƻǊƴ .ƛƭƻŘŜŀǳ Ŝǘ ŀƭΦΣ нлмфύΦ ¢ƻ ŀ ƭŜǎǎŜǊ ŜȄǘŜƴǘΣ ǇƘȅǘƻŎƘǊƻƳŜǎ ŀƭǎƻ ŀōǎƻǊō ǳƭǘǊŀǾƛƻƭŜǘ ! ŀƴŘ ōƭǳŜ 

ƭƛƎƘǘ όCƻƭǘŀ ϧ /ŀǊǾŀƭƘƻΣ нлмрΤ ·ƛŜ Ŝǘ ŀƭΦΣ нллтύΦ /ǊȅǇǘƻŎƘǊƻƳŜǎ ǇǊƛƳŀǊƛƭȅ ŀōǎƻǊō ǳƭǘǊŀǾƛƻƭŜǘ ! ŀƴŘ ōƭǳŜ ƭƛƎƘǘ 

όонлπрлл ƴƳύ όWƻƴŜǎΣ нлмуύ ōǳǘ Ŏŀƴ ŀƭǎƻ ŀōǎƻǊō ƎǊŜŜƴκȅŜƭƭƻǿ ƭƛƎƘǘ όрллπрол ƴƳΣ .ƻǳƭȅ Ŝǘ ŀƭΦ όнллтύ ŀƴŘ 

ǊŜǎǇƻƴŘ ƛƴ ƅǳŜƴŎŜ ǊŀǘŜπŘŜǇŜƴŘŜƴǘ ƳŀƴƴŜǊǎ όǎǘŀǊǝƴƎ ŀǘ ŀǎ ƭƻǿ ŀǎ н ҡƳƻƭ Ƴπн ǎπм όtŜŘƳŀƭŜ Ŝǘ ŀƭΦΣ нлмсΤ 

Cƻƭǘŀ ϧ /ŀǊǾŀƭƘƻΣ нлмрύΦ tƘƻǘƻǘǊƻǇƛƴǎ ŀǊŜ ŀƭǎƻ ǳƭǘǊŀǾƛƻƭŜǘ ! ŀƴŘ ōƭǳŜ ƭƛƎƘǘπŀōǎƻǊōƛƴƎ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ŀƴŘ 

ŀōǎƻǊō ǿŀǾŜƭŜƴƎǘƘǎ ōŜǘǿŜŜƴ онл ŀƴŘ ррл ƴƳ ό_ŀōǳȊ Ŝǘ ŀƭΦΣ нлннύ ōǳǘ ƛƴƛǝŀǘŜ ǘƘŜƛǊ ǊŜǎǇƻƴǎŜǎ ŜǾŜƴ ǳƴŘŜǊ 

ŘƛƳ ǇǳƭǎŜǎ ƻŦ ƭƛƎƘǘ όCƻƭǘŀ ϧ /ŀǊǾŀƭƘƻΣ нлмрύΦ CǊƻƳ ŀƭƭ ƪƴƻǿƴ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ǘƻŘŀȅΣ ¦± ǊŜǎƛǎǘŀƴŎŜ ƭƻŎǳǎ у 

ό¦±wуύ ƛǎ ǘƘŜ ƻƴƭȅ ǇƘƻǘƻǊŜŎŜǇǘƻǊ ǘƘŀǘ ŀōǎƻǊōǎ ǳƭǘǊŀǾƛƻƭŜǘ . ǊŀŘƛŀǝƻƴ όнфлπонл ƴƳύ όWŜƴƪƛƴǎΣ нлмпύΣ ōǳǘ 

Ƙŀǎ ǊŜŎŜƴǘƭȅ ōŜŜƴ ǎƘƻǿƴ ǘƻ ǇŜǊŎŜƛǾŜ ¦±π! ǊŀŘƛŀǝƻƴ ŀǎ ǿŜƭƭ όwŀƛ Ŝǘ ŀƭΦΣ нлмфύΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŜȄƛǎǘŜƴŎŜ 

ƻŦ ŀǘ ƭŜŀǎǘ ƻƴŜ ƎǊŜŜƴπǎŜƴǎƛƴƎ ǇƘƻǘƻǊŜŎŜǇǘƻǊ ƛǎ ǇƭŀǳǎƛōƭŜ ŀǎ ŘƛǎŎǊŜǘŜ Ǉƭŀƴǘ ŀƴŘ ƭŜŀŦ ŀŘŀǇǘŀǝƻƴǎ ŀǇǇŜŀǊŜŘ 

ƛƴŘŜǇŜƴŘŜƴǘƭȅ ƻŦ ƪƴƻǿƴ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ŀǎ ǎƘƻǿƴ ƛƴ ǇƘȅǘƻŎƘǊƻƳŜ ŀƴŘ ŎǊȅǇǘƻŎƘǊƻƳŜ ƪƴƻŎƪƻǳǘ Ƴǳǘŀƴǘǎ 

ό{ƳƛǘƘ Ŝǘ ŀƭΦΣ нлмтύΦ 
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CƛƎǳǊŜ с ς !ōǎƻǊǇǝƻƴ ǎǇŜŎǘǊŀ ƻŦ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎΦ ¢ƘŜ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎΩ ƭƛƎƘǘ ŀōǎƻǊǇǝƻƴ ŎǳǊǾŜǎ ŘŜǇƛŎǘŜŘ ƛƴ 

ǘƘƛǎ ŬƎǳǊŜ ŀǊŜ ƻƴƭȅ ƎŜƴŜǊŀƭ ŀǇǇǊƻȄƛƳŀǝƻƴǎΦ ϝΥ hōǎŜǊǾŀǝƻƴǎ ǎǳƎƎŜǎǘ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ŀ ǎƻ ŦŀǊ ǳƴƛŘŜƴǝŬŜŘ 

ƎǊŜŜƴ ƭƛƎƘǘπǎŜƴǎƛƴƎ ǇƘƻǘƻǊŜŎŜǇǘƻǊ όŜΦƎΦΣ {ƳƛǘƘ Ŝǘ ŀƭΦΣ нлмтύΣ ¦±wуΥ ¦ƭǘǊŀǾƛƻƭŜǘ ǊŜǎƛǎǘŀƴŎŜ ƭƻŎǳǎ уΣ tǊΥ ǊŜŘ 

ƭƛƎƘǘπŀōǎƻǊōƛƴƎ ǇƘȅǘƻŎƘǊƻƳŜ ŦƻǊƳΣ tŦǊΥ ŦŀǊπǊŜŘ ƭƛƎƘǘ ŀōǎƻǊōƛƴƎ ǇƘȅǘƻŎƘǊƻƳŜ ŦƻǊƳΦ ό!ŘƻǇǘŜŘ ŦǊƻƳ Cƻƭǘŀ ϧ 

/ŀǊǾŀƭƘƻ όнлмрύ ŀƴŘ 9ƛŎƘƘƻǊƴ .ƛƭƻŘŜŀǳ Ŝǘ ŀƭΦ όнлмфύύ 

 

мΦоΦнΦн tƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ƳŜŘƛŀǘŜŘ ōȅ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ 

¢ƘƻǳƎƘ ǘƘŜ Ŧǳƭƭ ŜȄǘŜƴǘǎ ƻŦ ǘƘŜ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎΩ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǊƻƭŜǎ ŀǊŜ ƴƻǘ ȅŜǘ ŎƭŜŀǊΣ 

ƳƻǊŜ ǘƘŀƴ ǘǿƻ ŘŜŎŀŘŜǎ ƻŦ ŜȄǘŜƴǎƛǾŜ ōƛƻŎƘŜƳƛŎŀƭ ŀƴŘ ƎŜƴŜǝŎ ǊŜǎŜŀǊŎƘ ŜũƻǊǘǎ ƘŀǾŜ ŘƛǎŎƻǾŜǊŜŘ Ƴŀƴȅ Ǉƭŀƴǘ 

ŀŘƧǳǎǘƳŜƴǘǎ ǿƘƛŎƘ ŀǊŜ ōǊƻǳƎƘǘ ŀōƻǳǘ ōȅ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎΦ ²ƘƛƭŜ ǎƻƳŜ Ǉƭŀƴǘ ǊŜǎǇƻƴǎŜǎ Ƴŀȅ ōŜ ǘǊƛƎƎŜǊŜŘ 

ōȅ ƻƴƭȅ ƻƴŜ ǇƘƻǘƻǊŜŎŜǇǘƻǊΣ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜǎ ǊŜǎǳƭǘ ŦǊƻƳ ŎƻƳǇƭŜȄ 

ƛƴǘŜǊŀŎǝƻƴǎ ƻŦ ŀŎǝǾŀǘŜŘ ƭƛƎƘǘπǎŜƴǎƻǊȅ ǇŀǘƘǿŀȅǎ ŎƻƻǊŘƛƴŀǘŜŘ ōȅ ƳǳƭǝǇƭŜ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ όŜΦƎΦΣ ²ŀƴƎ Ŝǘ ŀƭΦΣ 

нлннΤ WƛƴƎ ϧ [ƛƴΣ нлнлΤ ²ŀƴƎ Ŝǘ ŀƭΦΣ нлмтΤ Cƻƭǘŀ ϧ /ŀǊǾŀƭƘƻΣ нлмрΤ [ƛ ϧ ¸ŀƴƎΣ нллтΤ /ŀǎŀƭΣ нлллύΦ ¢ƘŜ 

ŦƻƭƭƻǿƛƴƎ ǎǳōǎŜŎǝƻƴǎ ǊŜǇƻǊǘ ƻƴ ǘƘŜ ǾŀǊƛƻǳǎ ǊŜǎǇƻƴǎŜǎ ǘǊƛƎƎŜǊŜŘ ōȅ ǘƘŜǎŜ ƪƴƻǿƴ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ŀƴŘ 

ƛƴŎƭǳŘŜ ŜǾƛŘŜƴŎŜ ǘƘŀǘ ǎǳǇǇƻǊǘǎ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ŀ ǘƘǳǎ ŦŀǊ ǳƴƛŘŜƴǝŬŜŘ ƎǊŜŜƴπǎŜƴǎƛƴƎ ǇƘƻǘƻǊŜŎŜǇǘƻǊΦ 

 

мΦоΦнΦнΦм tƘȅǘƻŎƘǊƻƳŜǎ 

!ǎ ƻŦ ǘƻŘŀȅΣ ǘƘŜ ǇƘȅǘƻŎƘǊƻƳŜ ŦŀƳƛƭȅ ǊŜǇǊŜǎŜƴǘǎ ōȅ ŦŀǊ ǘƘŜ Ƴƻǎǘ ǎǘǳŘƛŜŘ ƭƛƎƘǘπǇŜǊŎŜƛǾƛƴƎ ǇƘƻǘƻǊŜŎŜǇǘƻǊ 

Ŏƭŀǎǎ ŀƴŘ ŀǊŜ ƪƴƻǿƴ ǘƻ ŎƻƴǘǊƻƭ ǎǇŜŎǘŀŎǳƭŀǊ ǇǊƻŎŜǎǎŜǎ ƻŦ ǘƘŜ ŜƴǝǊŜ Ǉƭŀƴǘ ƭƛŦŜ ŎȅŎƭŜ ǊŀƴƎƛƴƎ ŦǊƻƳ ǎŜŜŘ 

ƎŜǊƳƛƴŀǝƻƴ ǘƻ ǘƘŜ ǝƳƛƴƎ ƻŦ ǊŜǇǊƻŘǳŎǝǾŜ ŘŜǾŜƭƻǇƳŜƴǘΦ LƴǎƛƎƘǘǎ ƛƴǘƻ ǇƘȅǘƻŎƘǊƻƳŜπŦǳƴŎǝƻƴƛƴƎ Ƙŀǎ 
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ǘǊŜƳŜƴŘƻǳǎƭȅ ŀŘǾŀƴŎŜŘ Ǿƛŀ ǎǘǳŘƛŜǎ ǿƛǘƘ !ǊŀōƛŘƻǇǎƛǎ ǘƘŀƭƛŀƴŀ [Φ Ƴǳǘŀƴǘǎ ŘŜŬŎƛŜƴǘ ƛƴ ŀƭƭ ƛƴŘƛǾƛŘǳŀƭ 

ǇƘȅǘƻŎƘǊƻƳŜǎΣ ŀƴŘ ƴƻǾŜƭ ǊŜƎǳƭŀǘƻǊȅ ǊƻƭŜǎ ŀƴŘ ƳŜŎƘŀƴƛǎƳǎ ŀǊŜ Ŏƻƴǝƴǳƻǳǎƭȅ ōŜƛƴƎ ǊŜǾŜŀƭŜŘΦ !ƴ ƻǾŜǊǾƛŜǿ 

ƻŦ ǘƘŜ ǾŀǊƛƻǳǎ ǇƘȅǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ǇǊƻŎŜǎǎŜǎ ƛǎ ƎƛǾŜƴ ƛƴ ¢ŀōƭŜ мΦ 

 

¢ŀōƭŜ м ς tǊƻŎŜǎǎŜǎ ƛƴǾƻƭǾƛƴƎ ǇƘȅǘƻŎƘǊƻƳŜ ŀŎǝƻƴǎΦм 

Seedling establishment Germination 
 De-etiolation 
 Gravitropic orientation 

Plant stature Shade avoidance 
 Leaf, shoot and root architecture 
 Stomatal development 

Reproduction Transition to flowering 

Photoperiod Entrainment of the circadian clock 
м !ƭƭ ǇǊƻŎŜǎǎŜǎ ǊŜǘǊƛŜǾŜŘ ŦǊƻƳ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜǾƛŜǿ ŀǊǝŎƭŜǎΥ /ƻǊŘŜƛǊƻ Ŝǘ ŀƭΦ όнлннύΣ ²ŀƴƎ Ŝǘ ŀƭΦ όнлннύΣ WƛƴƎ 

ϧ [ƛƴ όнлнлύΣ [ŜƎǊƛǎ Ŝǘ ŀƭΦ όнлмфύΣ ±ƛŎȊƛłƴ Ŝǘ ŀƭΦ όнлмтύΣ CǊŀǎŜǊ Ŝǘ ŀƭΦ όнлмсύΤ Cƻƭǘŀ ϧ /ŀǊǾŀƭƘƻΣ нлмрΤ CǊŀƴƪƭƛƴ 

ϧ vǳŀƛƭΣ нлмлΦ  

 

tƘȅǘƻŎƘǊƻƳŜǎ ǊŜƎǳƭŀǘŜ ǘƘŜ ƎŜǊƳƛƴŀǝƻƴ ƻŦ ǇƘƻǘƻōƭŀǎǝŎ ǎŜŜŘǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ƭƛƎƘǘΦ ²ƘƛƭŜ 

ǊŜŘ όwύ ƭƛƎƘǘ ǇǊƻƳƻǘŜǎ ǘƘŜ ƎŜǊƳƛƴŀǝƻƴ ƻŦ ǎŜŜŘǎΣ ŦŀǊπǊŜŘ όCwύ ƛƭƭǳƳƛƴŀǝƻƴ ŀƊŜǊ w ƭƛƎƘǘ ŜȄǇƻǎǳǊŜΣ ŀǎ ǿŜƭƭ ŀǎ 

ƭƛƎƘǘ ŜƴǊƛŎƘŜŘ ƛƴ Cw ǿŀǾŜƭŜƴƎǘƘǎ όŜΦƎΦΣ ƭƻǿ wΥCw Ǌŀǝƻǎύ Ŏŀƴ ǇǊŜǾŜƴǘ ǘƘŜǎŜ ƭƛƎƘǘπŘŜǇŜƴŘŜƴǘ ǎŜŜŘ 

ƎŜǊƳƛƴŀǝƻƴǎ ό²ŀƴƎ Ŝǘ ŀƭΦΣ нлннΤ CǊŀƴƪƭƛƴ ϧ vǳŀƛƭΣ нлмлΤ [ŜŜ Ŝǘ ŀƭΦΣ нлмнΤ .ƻǊǘƘǿƛŎƪ Ŝǘ ŀƭΦΣ мфрнύΦ !ƭƭ 

ǇƘȅǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ƎŜǊƳƛƴŀǝƻƴ ǊŜǎǇƻƴǎŜǎ ŀǊŜ ŦŀŎƛƭƛǘŀǘŜŘ ŜǾŜƴ ǳƴŘŜǊ ǾŜǊȅ ƭƻǿ ƅǳŜƴŎŜ ǊŀǘŜǎ ƻŦ 

Җ нл ҡƳƻƭ Ƴπн ǎπм ό[ŜŜ Ŝǘ ŀƭΦΣ нлмнΤ {ƘŜƴ Ŝǘ ŀƭΦΣ нллрύΦ     

Lƴ ŀŘŘƛǝƻƴΣ ǇƘȅǘƻŎƘǊƻƳŜǎ ŎƻƴǘǊƻƭ ǘƘŜ ǘǊŀƴǎƛǝƻƴ ŦǊƻƳ ǎƪƻǘƻπ ǘƻ ǇƘƻǘƻƳƻǊǇƘƻƎŜƴƛŎ ǎŜŜŘƭƛƴƎ 

ŘŜǾŜƭƻǇƳŜƴǘ όCƻƭǘŀ ϧ /ŀǊǾŀƭƘƻΣ нлмрΤ CǊŀƴƪƭƛƴ ϧ vǳŀƛƭΣ нлмлύΦ ²ƘƛƭŜ ǎŜŜŘƭƛƴƎǎΩ ǎƪƻǘƻƳƻǊǇƘƻƎŜƴŜǎƛǎ ƛǎ 

ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ Ŝǝƻƭŀǝƻƴ όǎŜŜŘƭƛƴƎǎ ŎƻƳǇǊƛǎŜŘ ƻŦ ǇŀƭŜ ȅŜƭƭƻǿƛǎƘ ŎƻǘȅƭŜŘƻƴǎ ŀƴŘ ǿŜŀƪΣ ŜƭƻƴƎŀǘŜŘ 

ƘȅǇƻŎƻǘȅƭǎ ǳƴŘŜǊ ŘŀǊƪ ŎƻƴŘƛǝƻƴǎύΣ ǎŜŜŘƭƛƴƎǎΩ ǇƘƻǘƻƳƻǊǇƘƻƎŜƴŜǎƛǎ ƛǎ ŜȄŜƳǇƭƛŬŜŘ ōȅ ŘŜπŜǝƻƭŀǝƻƴ 

όƛƴŦƻǊƳŀƭƭȅ ƪƴƻǿƴ ŀǎ άƎǊŜŜƴƛƴƎέύ ǿƘƛŎƘ ƛƴŎƭǳŘŜ ƛΦŜΦΣ ƛƴƘƛōƛǘŜŘ ƘȅǇƻŎƻǘȅƭ ƭŜƴƎǘƘǎΣ ŎƻǘȅƭŜŘƻƴ ŜȄǇŀƴǎƛƻƴǎ ŀƴŘ 

ǘƘŜ ǎȅƴǘƘŜǎƛǎ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭΦ ¦Ǉƻƴ ƭƻǿ ǊŜŘ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜǎ ƻǊ όǿƘƛǘŜύ ƭƛƎƘǘ ǿƛǘƘ ƘƛƎƘ wΥCw ǊŀǝƻǎΣ 

ǇƘȅǘƻŎƘǊƻƳŜǎ ƛƴŘǳŎŜ ŘŜπŜǝƻƭŀǝƻƴǎ ōȅ ǎǳǇǇǊŜǎǎƛƴƎ ǘǊŀƴǎŎǊƛǇǝƻƴ ŦŀŎǘƻǊǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ŜǝƻƭŀǘŜŘ ƎǊƻǿǘƘ 

ό[ŜƎǊƛǎ Ŝǘ ŀƭΦΣ нлмфΤ CǊŀƴƪƭƛƴ ϧ vǳŀƛƭΣ нлмлύΦ .ŜǎƛŘŜǎ ǇǊƻƳƻǝƴƎ ǘƘŜ ǎŜŜŘƭƛƴƎǎΩ ƎǊŀǾƛǘǊƻǇƛŎ ƘȅǇƻŎƻǘȅƭ ŀƴŘ 

Ǌƻƻǘ ƻǊƛŜƴǘŀǝƻƴǎ όYƛƳ Ŝǘ ŀƭΦΣ нлмсΤ CǊŀƴƪƭƛƴ ϧ vǳŀƛƭΣ нлмлΤ {ƘŜƴ Ŝǘ ŀƭΦΣ нллрύΣ ǇƘȅǘƻŎƘǊƻƳŜǎ ŀǊŜ ƛƴǾƻƭǾŜŘ 

ƛƴ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭǎ ǳǇƻƴ w ƭƛƎƘǘ ŜȄǇƻǎǳǊŜ ό{ƘŜƴ Ŝǘ ŀƭΦΣ нллрΣ Iǳǉ Ŝǘ ŀƭΦΣ нллпΣ YƛƳ Ŝǘ ŀƭΦΣ 

нллоύΦ Lƴ ŀŘŘƛǝƻƴΣ ǇƘȅǘƻŎƘǊƻƳŜǎ Ǉƭŀȅ ŎǊǳŎƛŀƭ ǊƻƭŜǎ ƛƴ ƛƴƘƛōƛǝƴƎ ƘȅǇƻŎƻǘȅƭ ŜƭƻƴƎŀǝƻƴ όhƘ Ŝǘ ŀƭΦΣ нлнлΤ WƛƴƎ 

ϧ [ƛƴΣ нлнлΤ ¢ǊǳǇƪƛƴ Ŝǘ ŀƭΦΣ нлмпΤ {ƘŜƴ Ŝǘ ŀƭΦΣ нллрΣ YƛƳ Ŝǘ ŀƭΦΣ нллоύ ŀƴŘ ƛƴŘǳŎƛƴƎ ŎƻǘȅƭŜŘƻƴ ƻǇŜƴƛƴƎ ŀƴŘ 
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ŜȄǇŀƴǎƛƻƴ ƛƴ ŀ w ƛƴǘŜƴǎƛǘȅπŘŜǇŜƴŘŜƴǘ ƳŀƴƴŜǊ όCǊŀƴƪƭƛƴ ϧ vǳŀƛƭΣ нлмлύΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ŘŜǎŎǊƛōŜŘ ƘȅǇƻŎƻǘȅƭ 

ƎǊƻǿǘƘ ƛƴƘƛōƛǝƻƴ Ŏŀƴ ōŜ ǊŜǾŜǊǎŜŘ ŀƴŘ ŎƻǘȅƭŜŘƻƴ ŜȄǇŀƴǎƛƻƴ Ŏŀƴ ōŜ ǊŜŘǳŎŜŘ ōȅ ƭƻǿ wΥCw Ǌŀǝƻǎ ŀƊŜǊ ŘŜπ

Ŝǝƻƭŀǝƻƴ ό[ŜƎǊƛǎ Ŝǘ ŀƭΦΣ нлмфΤ tǊƻŎƪƻ Ŝǘ ŀƭΦΣ нлмпΣ ¢ǊǳǇƪƛƴ Ŝǘ ŀƭΦΣ нлмпύΦ  

aƻǊŜƻǾŜǊΣ ǇƘȅǘƻŎƘǊƻƳŜǎ ǎǳōǎǘŀƴǝŀƭƭȅ ŎƻƴǘǊƻƭ ǇƭŀƴǘǎΩ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǇƘŜƴƻǘȅǇŜǎ ό[ŜƎǊƛǎ Ŝǘ ŀƭΦΣ 

нлмфΤ CǊŀƴƪƭƛƴ ϧ vǳŀƛƭΣ нлмлύΦ tƭŀƴǘǎ ƘŀǾŜ ŜǾƻƭǾŜŘ ǘƻ ǇŜǊŎŜƛǾŜ ƭƻǿ wΥCw Ǌŀǝƻǎ ŀǎ ǎƘŀŘŜ όCǊŀƴƪƭƛƴ ϧ 

²ƘƛǘŜƭŀƳΣ нллтύΦ2 ¢ƘŜ ǎǇŜŎƛŬŎ wΥCw Ǌŀǝƻǎ π ǇŜǊŎŜƛǾŜŘ ōȅ ǇŀǊǝŎǳƭŀǊ Ǉƭŀƴǘ ǝǎǎǳŜǎ ŀŎǊƻǎǎ ǾŀǊƛƻǳǎ 

ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǎǘŀƎŜǎ π ŘƛǊŜŎǘƭȅ ƳƻŘƛŦȅ ǇƘȅǘƻŎƘǊƻƳŜ ŀŎǝƻƴΦ ²ƘŜƴ ǇƘȅǘƻŎƘǊƻƳŜǎ ǎŜƴǎŜ ŀ ǊŜŘǳŎŜŘ wΥCw 

ǊŀǝƻΣ ŀ ƭŀǊƎŜ ǎŜǘ ƻŦ ŦŀǊπǊŜŀŎƘƛƴƎ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǊŜǎǇƻƴǎŜǎ ŀǊŜ ŘƛǊŜŎǘƭȅ ƛƴƛǝŀǘŜŘ ό[ŜƎǊƛǎ Ŝǘ ŀƭΦΣ нлмфύΦ {ƘŀŘŜ 

ŎƻƴŘƛǝƻƴǎ ǇŜǊŎŜƛǾŜŘ ōȅ ǇƘȅǘƻŎƘǊƻƳŜǎ ƛƴŘǳŎŜ ǎǳōǎǘŀƴǝŀƭ ŜƭƻƴƎŀǝƻƴǎ ƻŦ ǎƘƻƻǘǎ ŀƴŘ ǇŜǝƻƭŜǎ όƭŜŀŦ ǎǘŜƳύ 

όtŀƴǘŀȊƻǇƻǳƭƻǳ Ŝǘ ŀƭΦΣ нлмтΣ /ŜǊŘłƴ ϧ /ƘƻǊȅΣ нллоύ ŀƴŘ ƛƴŎǊŜŀǎŜ ŀǇƛŎŀƭ ŘƻƳƛƴŀƴŎŜ όƳŜŀƴƛƴƎ ǘƘŜ 

ǎǳǇǇǊŜǎǎƛƻƴ ƻŦ ƭŀǘŜǊŀƭ ōǳŘ ƎǊƻǿǘƘύΦ ¢ƘŜ ǇƘȅǘƻŎƘǊƻƳŜǎΩ ƭƻǿ wΥCw ǇŜǊŎŜǇǝƻƴ ŦǳǊǘƘŜǊ ǊŜǎǳƭǘǎ ƛƴ ƛƴŎǊŜŀǎŜŘ 

ƭŜŀŦ ŀǊŜŀǎ ŀƴŘ ǇǊƻƳƻǘŜǎ ƭŜŀŦ ƘȅǇƻƴŀǎǘȅ όǳǇǿŀǊŘ ōŜƴŘƛƴƎύ όtŀƴǘŀȊƻǇƻǳƭƻǳ Ŝǘ ŀƭΦΣ нлмтύΦ Lƴ ŀŘŘƛǝƻƴΣ ƴŜǿ 

ƭŜŀǾŜǎ ŘŜǾŜƭƻǇ ƭŜǎǎ ǎǘƻƳŀǘŀ ǿƘŜƴ ƻƭŘŜǊ ƭŜŀǾŜǎ ǎŜƴǎŜ ƭƻǿ wΥCw Ǌŀǝƻǎ ό/ŀǎǎƻƴ ϧ IŜǘƘŜǊƛƴƎǘƻƴΣ нлмпύΣ ŀƴŘ 

ŦŜǿŜǊ ƭŀǘŜǊŀƭ Ǌƻƻǘǎ ŜƳŜǊƎŜ ǿƘŜƴ ǎƘƻƻǘǎ ǇŜǊŎŜƛǾŜ ǘƘŜ ŘŜǎŎǊƛōŜŘ ǎƘŀŘŜ ŎƻƴŘƛǝƻƴǎ όǾŀƴ DŜƭŘŜǊŜƴ Ŝǘ ŀƭΦΣ 

нлмуύΦ !ƭǎƻΣ ǘƘŜ ǇƘƻǘƻǊŜŎŜǇǘƻǊ ǘǊƛƎƎŜǊǎ ŜŀǊƭȅ ƅƻǿŜǊƛƴƎ ǳƴŘŜǊ ǇǊƻƭƻƴƎŜŘ ŜȄǇƻǎǳǊŜ ǘƻ ƭƻǿ wΥCw Ǌŀǝƻǎ ό/ŀƻ 

Ŝǘ ŀƭΦΣ нлмуΤ ±ŀƭǾŜǊŘŜ Ŝǘ ŀƭΦΣ нлмпΤ CǊŀƴƪƭƛƴ ϧ vǳŀƛƭΣ нлмлΤ WŀƴƎ Ŝǘ ŀƭΦΣ нллуΤ /ŜǊŘŀƴ ϧ /ƘƻǊȅΣ нллоύΦ Lƴ 

ŎƻƴǘǊŀǎǘΣ ŀƭƭ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ŀǊŜ ǎǳǇǇǊŜǎǎŜŘ ōȅ ǇƘȅǘƻŎƘǊƻƳŜǎ ǳƴŘŜǊ ƘƛƎƘ wΥCw 

ŎƻƴŘƛǝƻƴǎΦ Lƴ ŀŘŘƛǝƻƴΣ ŎǊȅǇǘƻŎƘǊƻƳŜ ŀƴŘ ¦±wу ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ǎǳōǎǘŀƴǝŀƭƭȅ ǊŜƎǳƭŀǘŜ ǎƘŀŘŜ ǊŜǎǇƻƴǎŜǎ 

όŜΦƎΦΣ ƘȅǇƻŎƻǘȅƭ ŜƭƻƴƎŀǝƻƴǎύ ǳƴŘŜǊ ƎǊŜŜƴΣ ōƭǳŜΣ ¦±π! ŀƴŘ ¦±π. ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΣ ǿƘƛŎƘ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ 

ǎŜŎǝƻƴǎ мΦоΦнΦнΦн ŀƴŘ мΦоΦнΦнΦо ŀƴŘ ǊŜǇǊŜǎŜƴǘ ŀ ǇǊƛƳŜ ŜȄŀƳǇƭŜ ƻŦ ǘƘŜ ǇƭŀƴǘǎΩ ŎƻƳǇƭŜȄ ƭƛƎƘǘ ǎƛƎƴŀƭƛƴƎ 

ƳŜŎƘŀƴƛǎƳǎΦ     

IŜƴŎŜΣ ǇƘȅǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ǇƘƻǘƻōƭŀǎǝŎ ǎŜŜŘ ƎŜǊƳƛƴŀǝƻƴΣ ǎŜŜŘƭƛƴƎ ŜǎǘŀōƭƛǎƘƳŜƴǘΣ ǎƘŀŘŜ 

ŀǾƻƛŘŀƴŎŜ ŀƴŘ ƅƻǿŜǊƛƴƎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ǎǳōƧŜŎǘ ǘƻ wκCw ǊŜǾŜǊǎƛōƛƭƛǝŜǎΦ IƻǿŜǾŜǊΣ ŎƻƴǝƴǳŜǎ Cw ǊŀŘƛŀǝƻƴ ƻŦ 

ƘƛƎƘ ƛƴǘŜƴǎƛǘȅ όҗ млл ҡƳƻƭ Ƴπн ǎπмύ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ ǘƻ ƛƴƘƛōƛǘ ǘƘŜ όǘȅǇƛŎŀƭƭȅ w ƭƛƎƘǘπƳŜŘƛŀǘŜŘύ ƘȅǇƻŎƻǘȅƭ 

ƎǊƻǿǘƘ όCǊŀƴƪƭƛƴ ϧ vǳŀƛƭΣ нлмлύΦ    

¢ƘƻǳƎƘ ǇƘȅǘƻŎƘǊƻƳŜǎ ŀǊŜ ƴƻǘ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ǘƘŜ ŜƴǘǊŀƛƴƳŜƴǘ ƻŦ ǘƘŜ ŎƛǊŎŀŘƛŀƴ ŎƭƻŎƪΣ ǇƘȅǘƻŎƘǊƻƳŜǎ 

ŀǊŜ ƪƴƻǿƴ ǘƻ ǇŀǊǝŎƛǇŀǘŜ όŀƭƻƴƎ ǿƛǘƘ ƻǘƘŜǊ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎύ ƛƴ ǝƳŜƪŜŜǇƛƴƎ ƳŜŎƘŀƴƛǎƳǎ ŀǎ ǘƘŜȅ ŀƛŘ ƛƴ ǘƘŜ 

ǇŜǊŎŜǇǝƻƴ ƻŦ ŘŀȅπƭŜƴƎǘƘ ŀƴŘ ŬƴŜπǘǳƴƛƴƎ ǘƘŜ ŎƛǊŎŀŘƛŀƴ ŎƭƻŎƪ ό{ŀƴŎƘŜȊΣ нлнлΤ ±ŀƭǾŜǊŘŜ Ŝǘ ŀƭΦΣ нлмпΤ /ŜǊŘŀƴ 

ϧ /ƘƻǊȅΣ нллоΤ aƛƭƭŀǊ Ŝǘ ŀƭΦΣ мффрύΦ  

 
2 In addition, reductions of ultraviolet-A and blue light as well as green-enriched light conditions are also perceived 
as shade signals by plants. For details the reader is referred to Smith et al. (2017), Pedmale et al. (2016) and Casal 
(2012). 
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CƻǊ ǘƘŜ ǎŀƪŜ ƻŦ ŎƻƳǇƭŜǘŜƴŜǎǎΣ ƛǘ ǎƘŀƭƭ ōŜ ƴƻǘŜŘ ǘƘŀǘ ǇƘȅǘƻŎƘǊƻƳŜǎ ŀǊŜ ŀƭǎƻ ƪƴƻǿƴ ǘƻ ǊŜǎǇƻƴŘ ǘƻ 

ŜȄǘŜǊƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ŎǳŜǎ ŀƴŘ ƛƴǘŜǊƴŀƭ ƘƻǊƳƻƴŜ ǎƛƎƴŀƭǎ ό/ƻǊŘŜƛǊƻ Ŝǘ ŀƭΦΣ нлннΤ WƛƴƎ ϧ [ƛƴΣ нлнлΤ CǊŀƴƪƭƛƴ 

ϧ vǳŀƛƭΣ нлмлύΦ     

!ǎ ǇŀǊǘƭȅ ƳŜƴǝƻƴŜŘ ŀōƻǾŜΣ ǇƘȅǘƻŎƘǊƻƳŜǎ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ƻǘƘŜǊ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ όŎǊȅǇǘƻŎƘǊƻƳŜǎΣ 

ǇƘƻǘƻǘǊƻǇƛƴǎΣ ¦±wуύΦ ¢ƘŜ ƴŜȄǘ ǎŜŎǝƻƴǎ ƛƴŎƭǳŘŜ ǘƘŜǎŜ ƪƴƻǿƴ ŀƴǘŀƎƻƴƛǎǝŎ ŀƴŘ ǎȅƴŜǊƎƛǎǝŎ Ǉƭŀƴǘ ǊŜǎǇƻƴǎŜǎΦ  

 

мΦоΦнΦнΦн /ǊȅǇǘƻŎƘǊƻƳŜǎ 

/ǊȅǇǘƻŎƘǊƻƳŜǎ ǊŜǇǊŜǎŜƴǘ ŀƴƻǘƘŜǊ Ŏƭŀǎǎ ƻŦ ŜȄǘŜƴǎƛǾŜƭȅ ǎǘǳŘƛŜŘ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ό²ŀƴƎ Ŝǘ ŀƭΦΣ нлмтύΣ ǿƘƛŎƘ 

ƳƻŘǳƭŀǘŜ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴǎ Ǿƛŀ ǘǊŀƴǎŎǊƛǇǝƻƴŀƭ ŀƴŘ ǇƻǎǘπǘǊŀƴǎƭŀǝƻƴŀƭ ǊŜƎǳƭŀǝƻƴǎ ǇǊƛƳŀǊƛƭȅ ǳǇƻƴ ōƭǳŜ ƭƛƎƘǘ 

ŜȄǇƻǎǳǊŜ ό[ƛ ϧ ¸ŀƴƎΣ нллтύΦ ¢ŀōƭŜ н ǎǳƳƳŀǊƛȊŜǎ ƴǳƳŜǊƻǳǎ ŎǊȅǇǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ǇǊƻŎŜǎǎŜǎΦ 

 

¢ŀōƭŜ н ς tǊƻŎŜǎǎŜǎ ƛƴǾƻƭǾƛƴƎ ŎǊȅǇǘƻŎƘǊƻƳŜ ŀŎǝƻƴǎΦм 

Seedling establishment De-etiolation 
Primary root growth 

Pigmentation Chloroplast development 
 Flavonoid and lycopene biosynthesis 

Plant stature Phototropism 
Shade avoidance 
Inhibit hypocotyl and internode lengths 

Physiology Stomatal opening2 

Reproduction Transition to flowering 

Photoperiod Entrainment of the circadian clock 
м !ƭƭ ǇǊƻŎŜǎǎŜǎ ǊŜǘǊƛŜǾŜŘ ŦǊƻƳ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜǾƛŜǿ ŀǊǝŎƭŜǎΥ ²ŀƴƎ Ŝǘ ŀƭΦ όнлннύΤ WƛƴƎ ϧ [ƛƴ όнлнлύΤ {ŀƴŎƘŜȊΣ нлнлΤ 
CǊŀǎŜǊ Ŝǘ ŀƭΦ όнлмсύΤ Cƻƭǘŀ ϧ /ŀǊǾŀƭƘƻΣ нлмрΤ [ƛ ϧ ¸ŀƴƎ Ŝǘ ŀƭΦ όнллтύΦ 
н LƴǾƻƭǾŜƳŜƴǘ ƛƴ ǘƘƛǎ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎ ƛǎ ƳŜƴǝƻƴŜŘ ƛƴ ǎŜŎǝƻƴ мΦоΦнΦнΦоΣ ŀǎ ŎǊȅǇǘƻŎƘǊƻƳŜǎ ŀŎǘ ǘƻƎŜǘƘŜǊ ǿƛǘƘ 
ǇƘƻǘƻǘǊƻǇƛƴǎ ƛƴ ǘƘŜ ǊŜƎǳƭŀǝƻƴ ƻŦ ǎǘƻƳŀǘŀƭ ƻǇŜƴƛƴƎǎΦ 

 

CƛǊǎǘ ŀƴŘ ŦƻǊŜƳƻǎǘΣ ŎǊȅǇǘƻŎƘǊƻƳŜǎ ŀǊŜ ƪƴƻǿƴ ǘƻ ǇǊƻƳƻǘŜ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭǎ όDƛƭƛōŜǊǘƻ 

Ŝǘ ŀƭΦΣ нллрύ ŀƴŘ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ƳǳƭǝǇƭŜ ƴǳǘǊƛǝƻǳǎ ǎŜŎƻƴŘŀǊȅ ƳŜǘŀōƻƭƛǘŜǎ ǳƴŘŜǊ ōƭǳŜ ƭƛƎƘǘ 

ŎƻƴŘƛǝƻƴǎΦ aƻǊŜ ǇǊŜŎƛǎŜƭȅΣ ŎǊȅǇǘƻŎƘǊƻƳŜǎ ǇǊƻƳƻǘŜ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ƅŀǾƻƴƻƛŘǎ όƛƴŎƭǳŘƛƴƎ 

ŀƴǘƘƻŎȅŀƴƛƴǎύ ŀƴŘ ƭȅŎƻǇŜƴŜǎ ǿƘƛŎƘ ƛƳǇŀǊǘ ŀ ǊŀƴƎŜ ƻŦ ōǊƛƎƘǘ ŎƻƭƻǊǎ ǘƻ ŦǊǳƛǘǎ ŀƴŘ ǾŜƎŜǘŀōƭŜǎ ŀƴŘ ŀŎǘ ŀǎ 

ǎǘǊƻƴƎ ƘŜŀƭǘƘπǇǊƻƳƻǝƴƎ ŀƴǝƻȄƛŘŀƴǘǎ ό{ŀƳŀƴǘŀ Ŝǘ ŀƭΦΣ нлммΤ [ƛƭŀΣ нллпΤ YŀǳǊ ϧ YŀǇƻƻǊΣ нллмύΦ 

/ǊȅǇǘƻŎƘǊƻƳŜǎ ǎǝƳǳƭŀǘŜ ǘƘŜǎŜ ǇƛƎƳŜƴǘ ǇǊƻŘǳŎǝƻƴǎ ǳǇƻƴ ōƭǳŜ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜǎ ό[ƛ ϧ ¸ŀƴƎΣ нллтΤ DƛƭƛōŜǊǘƻ 

Ŝǘ ŀƭΦΣ нллрΤ !ƘƳŀŘ Ŝǘ ŀƭΦΣ мффрύΦ Lƴ ŀŘŘƛǝƻƴΣ ŎǊȅǇǘƻŎƘǊƻƳŜǎ ǇǊƻƳƻǘŜ ǎƘƻǊǘ ƘȅǇƻŎƻǘȅƭ ŀƴŘ ƛƴǘŜǊƴƻŘŜ 

ƭŜƴƎǘƘǎ ǳƴŘŜǊ ¦±π!Σ . ŀƴŘ ǇŀǊǘƭȅ D ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ όDƛƭƛōŜǊǘƻ Ŝǘ ŀƭΦΣ нллрΣ !ƘƳŀŘ Ŝǘ ŀƭΦΣ нллнΤ !ƘƳŀŘ Ŝǘ 

ŀƭΦΣ мффрΣ [ƛƴ Ŝǘ ŀƭΦΣ мффрύΣ ŀƴŘ ŦǳƴŘŀƳŜƴǘŀƭƭȅ ŎƻƴǘǊƻƭ ǇǊƛƳŀǊȅ Ǌƻƻǘ ƎǊƻǿǘƘ ƻŦ ǎŜŜŘƭƛƴƎǎ ǳƴŘŜǊ ōƭǳŜ ƭƛƎƘǘ 

ŎƻƴŘƛǝƻƴǎ ό/ŀƴŀƳŜǊƻ Ŝǘ ŀƭΦΣ нллсύΦ ¢ƘƻǳƎƘ ǘƘŜ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǎƛƎƴƛŬŎŀƴŎŜ ƛǎ ƴƻǘ ŎƭŜŀǊΣ ŎǊȅǇǘƻŎƘǊƻƳŜǎ ƘŀǾŜ 
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ŀƭǎƻ ōŜŜƴ ǎƘƻǿƴ ǘƻ ƛƴŘǳŎŜ ōƭǳŜπƭƛƎƘǘ ŘŜǇŜƴŘŜƴǘ ǊŀƴŘƻƳ ƘȅǇƻŎƻǘȅƭπōŜƴŘƛƴƎǎ ƛƴ !ǊŀōƛŘƻǇǎƛǎ ǎŜŜŘƭƛƴƎǎ 

όhƘƎƛǎƘƛ Ŝǘ ŀƭΦΣ нллпύΦ    

.ŜǎƛŘŜǎ ǘƘŜǎŜ ŘƛǎǝƴŎǘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜǎ ǳǇƻƴ ōƭǳŜ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜΣ ǿƘƛŎƘ ŀǊŜ ǘƘǳǎ ŦŀǊ 

ōŜƭƛŜǾŜŘ ǘƻ ōŜ ǘǊƛƎƎŜǊŜŘ ōȅ ŎǊȅǇǘƻŎƘǊƻƳŜǎ ƻƴƭȅ ό²ŀƴƎ Ŝǘ ŀƭΦΣ нлннΤ /ŀǎŀƭ ϧ aŀȊȊŜƭƭŀΣ мффуύΣ ƛǘ Ƙŀǎ ōŜŜƴ 

ǎƘƻǿƴ ǘƘŀǘ ŎǊȅǇǘƻŎƘǊƻƳŜǎ ǇƘȅǎƛŎŀƭƭȅ ŀƴŘ ŦǳƴŎǝƻƴŀƭƭȅ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ǇƘȅǘƻŎƘǊƻƳŜǎ όaŀǎ Ŝǘ ŀƭΦΣ нлллΤ 

!ƘƳŀŘ Ŝǘ ŀƭΦΣ мффуύΦ !ǎ ǘƘŜȅ ǇŀǊǝŀƭƭȅ ǎƘŀǊŜ ǎƛƎƴŀƭƛƴƎ ǇŀǘƘǿŀȅǎΣ ŎǊȅǇǘƻŎƘǊƻƳŜǎ ŀƴŘ ǇƘȅǘƻŎƘǊƻƳŜǎ Ŏƻπ

ǊŜƎǳƭŀǘŜ Ƴŀƴȅ ŘƛǾŜǊǎŜ Ǉƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ƛƴŎƭǳŘƛƴƎ ŘŜπŜǝƻƭŀǝƻƴΣ ǇƘƻǘƻƳƻǊǇƘƻƎŜƴƛŎ ƎǊƻǿǘƘΣ ƅƻǊŀƭ ƛƴƛǝŀǝƻƴΣ 

ŀƴŘ ǘƘŜ ŜƴǘǊŀƛƴƳŜƴǘ ƻŦ ǘƘŜ ŎƛǊŎŀŘƛŀƴ ŎƭƻŎƪ ό²ŀƴƎ Ŝǘ ŀƭΦΣ нлннΤ CǊŀƴƪƭƛƴ ϧ vǳŀƛƭΣ нлмлΤ [ƛ ϧ ¸ŀƴƎΣ нллтύΦ  

!ƭǘƘƻǳƎƘ ŎǊȅǇǘƻŎƘǊƻƳŜǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ ǘƘŜ ƳŀƧƻǊ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ŎƘƭƻǊƻǇƭŀǎǘ 

ŘŜǾŜƭƻǇƳŜƴǘǎ ǳƴŘŜǊ ōƭǳŜ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΣ ƛǘ ǿŀǎ ǎƘƻǿƴ ǘƘŀǘ ŀ ŎƻƻǇŜǊŀǝǾŜ ŀŎǝƻƴ ǿƛǘƘ ǇƘȅǘƻŎƘǊƻƳŜ ƛǎ 

ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜ ǊŜǎǇƻƴǎŜ ό¦ǎŀƳƛ Ŝǘ ŀƭΦΣ нллпύΦ /ƻƳǇƭŜƳŜƴǘŀǊȅΣ ƛǘ ǿŀǎ ǎƘƻǿƴ ǘƘŀǘ ŎǊȅǇǘƻŎƘǊƻƳŜǎ ŜƴƘŀƴŎŜ 

ǇƘȅǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ǇǊƻŘǳŎǝƻƴǎ ǳƴŘŜǊ ǊŜŘ ƭƛƎƘǘ ŀƴŘ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜ 

ǇƘȅǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ŎƻǘȅƭŜŘƻƴ ŜȄǇŀƴǎƛƻƴǎ ǳƴŘŜǊ ōƭǳŜ ƭƛƎƘǘ όbŜũ ϧ /ƘƻǊȅΣ мффуύΦ Lƴ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜΣ 

ŎƻƴŘƛǝƻƴŀƭ ǎȅƴŜǊƎƛǎƳǎ ōŜǘǿŜŜƴ ŎǊȅǇǘƻπ ŀƴŘ ǇƘȅǘƻŎƘǊƻƳŜǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ǳƴŘŜǊ ǎǳōƻǇǝƳŀƭ ƭƛƎƘǘ 

ŎƻƴŘƛǝƻƴǎ ǿƛǘƘ ǊŜƎŀǊŘ ǘƻ ŎƻǘȅƭŜŘƻƴ ŜȄǇŀƴǎƛƻƴ ŀƴŘ ƘȅǇƻŎƻǘȅƭ ƛƴƘƛōƛǝƻƴ ōȅ /ŀǎŀƭ ϧ aŀȊȊŜƭƭŀ όмффуύΦ 

IƻǿŜǾŜǊΣ ǳƴŘŜǊ ŀŘŜǉǳŀǘŜ ǇǊƻƭƻƴƎŜŘ ŘƛŎƘǊƻƳŀǝŎ όōƭǳŜ ŀƴŘ ǊŜŘύ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΣ ōƻǘƘ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ 

ǿŜǊŜ ƻōǎŜǊǾŜŘ ǘƻ ŀŎǘ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ŘǳǊƛƴƎ !ǊŀōƛŘƻǇǎƛǎ ǎŜŜŘƭƛƴƎ ŘŜπŜǝƻƭŀǝƻƴΦ ¢ƘǳǎΣ ŀƭǘƘƻǳƎƘ ǘƘŜ 

ŎƻƴŘƛǝƻƴŀƭ ŎƻƳǇƭŜȄ ƳŜŎƘŀƴƛǎƳǎ ƻŦ ŎƻŀŎǝƻƴ ŀǊŜ Ƴƻǎǘƭȅ ǳƴƪƴƻǿƴΣ ŎƻƻǇŜǊŀǝǾŜ ƛƴǘŜǊŀŎǝƻƴǎ ƻŦ 

ŎǊȅǇǘƻŎƘǊƻƳŜǎ ǿƛǘƘ ǇƘȅǘƻŎƘǊƻƳŜǎ ŘǳǊƛƴƎ ŘŜπŜǝƻƭŀǝƻƴ ƘŀǾŜ ōŜŜƴ ŘŜƳƻƴǎǘǊŀǘŜŘΦ   

²ƘƛƭŜ ƭƻǿ wΥCw ŎƻƴŘƛǝƻƴǎ ŘǊƛǾŜ ǇƘȅǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ όŀǎ ŘŜǎŎǊƛōŜŘ 

ƛƴ ǎŜŎǝƻƴ мΦоΦнΦнΦмύΣ ƭƻǿ ōƭǳŜ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ǊŜǎǳƭǘ ƛƴ ŎǊȅǇǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ 

ǊŜǎǇƻƴǎŜǎ όtŜŘƳŀƭŜ Ŝǘ ŀƭΦΣ нлмсύΦ ¢ƘǳǎΣ ōƻǘƘ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ŘǊƛǾŜ ǎƘŀŘŜ ǊŜǎǇƻƴǎŜǎ ǳƴŘŜǊ ŘƛũŜǊŜƴǘ ƭƛƎƘǘ 

ŎƻƴŘƛǝƻƴǎ όCǊŀǎŜǊ Ŝǘ ŀƭΦΣ нлмсύΦ ¢ƘƻǳƎƘ ŎǊȅǇǘƻŎƘǊƻƳŜǎ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ ǘƻ ǇǊƻƳƻǘŜ ƘȅǇƻŎƻǘȅƭ 

ŜƭƻƴƎŀǝƻƴǎ ǳƴŘŜǊ ƭƻǿ ōƭǳŜ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ Ǿƛŀ ŘƛǊŜŎǘ ƛƴǘŜǊŀŎǝƻƴ ǿƛǘƘ ǇƘȅǘƻŎƘǊƻƳŜπƛƴǘŜǊŀŎǝƴƎ 

ǘǊŀƴǎŎǊƛǇǝƻƴ ŦŀŎǘƻǊǎ όŀƭƛƪŜ ǇƘȅǘƻŎƘǊƻƳŜǎύΣ ǘƘŜ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ŀǇǇŜŀǊ ǘƻ ƻǇŜǊŀǘŜΣ ŀǘ ƭŜŀǎǘ ƛƴ 

ǇŀǊǘΣ ǘƘǊƻǳƎƘ ǎŜǇŀǊŀǘŜ ƳŜŎƘŀƴƛǎƳǎ όtŜŘƳŀƭŜ Ŝǘ ŀƭΦΣ нлмсύΦ  

/ǊȅǇǘƻŎƘǊƻƳŜǎ ŀƴŘ ǇƘȅǘƻŎƘǊƻƳŜǎ ǊŜƎǳƭŀǘŜ ƅƻǊŀƭ ƛƴƛǝŀǝƻƴ ŀƴǘŀƎƻƴƛǎǝŎŀƭƭȅΦ ²ƘƛƭŜ ǇƘȅǘƻŎƘǊƻƳŜǎ 

ƛƴƘƛōƛǘ ǘƘŜ ǘǊŀƴǎƛǝƻƴ ǘƻ ƅƻǿŜǊƛƴƎ ǳƴŘŜǊ ǊŜŘ ƭƛƎƘǘ όaƻŎƪƭŜǊ Ŝǘ ŀƭΦΣ мфффΣ Dǳƻ Ŝǘ ŀƭΦΣ мффуύΣ ŎǊȅǇǘƻŎƘǊƻƳŜǎ 

ǇǊƻƳƻǘŜ ƅƻǿŜǊƛƴƎ ǳƴŘŜǊ ōƭǳŜ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ όDƛƭƛōŜǊǘƻ Ŝǘ ŀƭΦΣ нллрύ ŀƴŘ ǘƘŜ ƭŀǧŜǊ ŀǇǇŜŀǊǎ ǘƻ ǊŜǉǳƛǊŜ ǘƘŜ 

ǇǊŜǎŜƴŎŜ ƻŦ ǇƘȅǘƻŎƘǊƻƳŜǎ όCǊŀƴƪƭƛƴ ϧ vǳŀƛƭΣ нлмлΤ aƻŎƪƭŜǊ Ŝǘ ŀƭΦΣ мфффύΦ  

/ǊȅǇǘƻŎƘǊƻƳŜǎ ǇǊƻƳƻǘŜ ǎƘƻǊǘ ŎƛǊŎŀŘƛŀƴ ǊƘȅǘƘƳǎ όǳƴŘŜǊ ōƻǘƘ ƘƛƎƘ ŀƴŘ ƭƻǿ ƛƴǘŜƴǎƛǝŜǎ ƻŦ ōƭǳŜ 

ƭƛƎƘǘύ ŀƴŘ ŀǊŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜ ǇƘȅǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ǎƛƎƴŀƭƛƴƎ ǘƻ ǘƘŜ ŎƛǊŎŀŘƛŀƴ ŎƭƻŎƪ ǳƴŘŜǊ ōƻǘƘ ǊŜŘ ŀƴŘ 
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ōƭǳŜ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΣ ŀǎ ǘƘŜȅ ŀŎǘ ŀǎ ǎƛƎƴŀƭ ǘǊŀƴǎŘǳŎǝƻƴ ŎƻƳǇƻƴŜƴǘǎ ƛƴ ǘƘŜ ǇƘȅǘƻŎƘǊƻƳŜπǎƛƎƴŀƭƛƴƎ ǘƻ ǘƘŜ 

ŎƭƻŎƪ ό5ŜǾƭƛƴ ϧ YŀȅΣ нлллύΦ ¢ƘǳǎΣ ŎǊȅǇǘƻπ ŀƴŘ ǇƘȅǘƻŎƘǊƻƳŜǎ ōƻǘƘ ƘŀǾŜ ǊƻƭŜǎ ƛƴ ǇŜǊŎŜƛǾƛƴƎ ŀƴŘ ǊŜƎǳƭŀǝƴƎ 

ǘƘŜ ǇƘƻǘƻǇŜǊƛƻŘƛŎ ƭŜƴƎǘƘ ό{ŀƴŎƘŜȊΣ нлнлΤ CǊŀƴƪƭƛƴ ϧ vǳŀƛƭΣ нлмлΣ aƛƭƭŀǊ Ŝǘ ŀƭΦΣ мффрύΦ    

Lƴ ǎƛƳƛƭŀǊƛǘȅ ǘƻ ǘƘŜ Cw ǊŜǾŜǊǎƛōƛƭƛǘȅ ƻŦ ǇƘȅǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ǊŜǎǇƻƴǎŜǎ ǳǇƻƴ ǊŜŘ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜ 

όŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴ мΦоΦнΦнΦмύΣ ŀ ƴǳƳōŜǊ ƻŦ ŎǊȅǇǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ǊŜǎǇƻƴǎŜǎ ǳǇƻƴ ōƭǳŜ ƭƛƎƘǘ 

ŜȄǇƻǎǳǊŜ ōŜŎƻƳŜ ǊŜǾŜǊǎŜŘ ǳǇƻƴ ƎǊŜŜƴ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜ ŀƴŘ ŘŜǇŜƴŘ ƻƴ ǘƘŜ DΥ. ǊŀǝƻΦ  

CƻǊ ŜȄŀƳǇƭŜΣ ƎǊŜŜƴ ƭƛƎƘǘ ŎŀǳǎŜǎ ǊŜǾŜǊǎŀƭ ƻŦ ōƭǳŜ ƭƛƎƘǘπƳŜŘƛŀǘŜŘ ǎǘƻƳŀǘŀƭ ƻǇŜƴƛƴƎ ƛƴ ŘƛǾŜǊǎŜ Ǉƭŀƴǘ 

ǎǇŜŎƛŜǎ ό¢ŀƭōƻǧ Ŝǘ ŀƭΦΣ нллнΤ 9ƛǎƛƴƎŜǊ Ŝǘ ŀƭΦΣ нллоΤ CǊŜŎƘƛƭƭŀ Ŝǘ ŀƭΦΣ нлллύΦ ¢ƘŜ ǊŜǾŜǊǎŀƭ ǊŜǎǇƻƴǎŜ ƛƴŎǊŜŀǎŜǎ 

ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ DΥ. Ǌŀǝƻ ƛƴ ŀƭƭ ǘŜǎǘŜŘ Ǉƭŀƴǘ ǎǇŜŎƛŜǎ ό¢ŀƭōƻǧ Ŝǘ ŀƭΦΣ нллнΣ CǊŜŎƘƛƭƭŀ Ŝǘ ŀƭΦΣ нлллύΦ !ƭǎƻΣ ōƭǳŜ 

ƭƛƎƘǘπƛƴŘǳŎŜŘ ƛƴŘǳŎǝƻƴ ƻŦ ƅƻǿŜǊƛƴƎ ƳŜŘƛŀǘŜŘ ōȅ ŎǊȅǇǘƻŎƘǊƻƳŜ ƛǎ ǊŜŘǳŎŜŘ ǳƴŘŜǊ ƎǊŜŜƴ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜ ƛƴ 

!ǊŀōƛŘƻǇǎƛǎΣ ŀƴŘ ǝƳŜ ǘƻ ƅƻǿŜǊ ƛƴŘǳŎǝƻƴ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ DΥ. Ǌŀǝƻ ό.ŀƴŜǊƧŜŜ Ŝǘ ŀƭΦΣ нллтύΦ 

[ƛƪŜǿƛǎŜΣ ƎǊŜŜƴ ƭƛƎƘǘ ǊŜǾŜǊǎŜǎ ōƭǳŜπƛƴŘǳŎŜŘΣ ŎǊȅǇǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ŀƴǘƘƻŎȅŀƴƛƴ ŀŎŎǳƳǳƭŀǝƻƴǎ ƛƴ 

!ǊŀōƛŘƻǇǎƛǎ ŀƴŘ ƭŜǧǳŎŜ π ŀƴ ŜũŜŎǘ ǘƘŀǘ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ D ƭƛƎƘǘ ǇǊƻǇƻǊǝƻƴǎ ό½ƘŀƴƎ ϧ CƻƭǘŀΣ нлмнύΦ 

Lƴ ŀŘŘƛǝƻƴΣ ŎǊȅǇǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ƘȅǇƻŎƻǘȅƭ ƎǊƻǿǘƘ ƛƴƘƛōƛǝƻƴǎ ǳǇƻƴ ōƭǳŜ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜǎ ōŜŎƻƳŜ 

ǎǘǊƻƴƎƭȅ ǊŜŘǳŎŜŘ ǿƘŜƴ ƭƻƴƎ ǿŀǾŜƭŜƴƎǘƘǎ ƻŦ ƎǊŜŜƴ ƭƛƎƘǘ όҗ рму ƴƳ ό.ƻǳƭȅ Ŝǘ ŀƭΦΣ нллтύΤ җ ррл ƴƳ ό!ƘƳŀŘ 

Ŝǘ ŀƭΦΣ нллнύ ŀǊŜ ŀŘŘŜŘΣ ŀƴŘ ǊŜǎǳƭǘ ƛƴ ǎƛƎƴƛŬŎŀƴǘƭȅ ŜƭƻƴƎŀǘŜŘ ƘȅǇƻŎƻǘȅƭǎ ό[ƛƴ Ŝǘ ŀƭΦΣ мффрύΦ ¢ƘŜǊŜōȅΣ ǘƘŜ 

ŎǊȅǇǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ƘȅǇƻŎƻǘȅƭ ƭŜƴƎǘƘ ŘŜŎǊŜŀǎŜǎ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ .ΥD ǊŀǝƻǎΣ ŀƴŘ ǘƘŜ Ǌŀǝƻ ƛƳǇŀŎǘ ƛǎ 

ƘƛƎƘŜǊ ǳƴŘŜǊ ƘƛƎƘŜǊ ƛǊǊŀŘƛŀƴŎŜǎ ό{ŜƭƭŀǊƻ Ŝǘ ŀƭΦΣ нлмлύΦ  

²ƘŜǘƘŜǊ ǘƘŜǎŜ ŎǊȅǇǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ǊŜǎǇƻƴǎŜǎ ŀǊŜ ǊŜǾŜǊǎŜŘ ǳƴŘŜǊ ƎǊŜŜƴ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ŘǳŜ 

ǘƻ ŎƻƴŦƻǊƳŀǝƻƴŀƭ ŎƘŀƴƎŜǎ ƻŦ ǘƘŜ ǇƘƻǘƻǊŜŎŜǇǘƻǊ ƛǘǎŜƭŦ όaŜƴƎ ϧ wǳƴƪƭŜΣ нлмфΤ {ŜƭƭŀǊƻ Ŝǘ ŀƭΦΣ нлмлΤ .ƻǳƭȅ 

Ŝǘ ŀƭΦΣ нллтΤ .ŀƴŜǊƧŜŜ Ŝǘ ŀƭΦΣ нллтύΣ ōȅ ŀ ǘƘǳǎ ŦŀǊ ǳƴƪƴƻǿƴ ƎǊŜŜƴπǎŜƴǎƛƴƎ ǇƘƻǘƻǊŜŎŜǇǘƻǊ όǎŜŎǝƻƴ мΦоΦнΦнΦрΤ 

½ƘŀƴƎ Ŝǘ ŀƭΦΣ нлммΤ CƻƭǘŀΣ нллпύ ŀƴŘκƻǊ ōȅ ǘƘŜ ŎŀǊƻǘŜƴƻƛŘ ȊŜŀȄŀƴǘƘƛƴ ό¢ŀƭōƻǧ Ŝǘ ŀƭΦΣ нллнΣ CǊŜŎƘƛƭƭŀ Ŝǘ ŀƭΦΣ 

нлллύ ǊŜƳŀƛƴǎ ǘƻ ōŜ ŜȄǇƭƻǊŜŘΦ  

CƛƴŀƭƭȅΣ ƛǘ ǿŀǎ ǎƘƻǿƴ ōȅ aŀ Ŝǘ ŀƭΦ όнлмсύ ǘƘŀǘ ǘƘŜ ŎǊȅǇǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ƘȅǇƻŎƻǘȅƭ ƛƴƘƛōƛǝƻƴǎ 

ōŜŎƻƳŜ ŜƴƘŀƴŎŜŘ ōȅ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜǎ όну ϲ/ύΦ ¢ƘǳǎΣ ŎǊȅǇǘƻŎƘǊƻƳŜ ŀŎǝƻƴ όŀƭƛƪŜ ǇƘȅǘƻŎƘǊƻƳŜ ŀŎǝƻƴύ ƛǎ 

ƛƴƅǳŜƴŎŜŘ ōȅ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴŘƛǝƻƴǎΦ   

 

мΦоΦнΦнΦо tƘƻǘƻǘǊƻǇƛƴǎ 

tƘƻǘƻǘǊƻǇƛƴǎ ŀǊŜ ǇƭŀƴǘπǎǇŜŎƛŬŎ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ǘƘŀǘ ǇŜǊŎŜƛǾŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ƛƴǘŜƴǎƛǘȅ ŀƴŘ ŘƛǊŜŎǝƻƴ ƻŦ ōƭǳŜ 

ƭƛƎƘǘ ŀƴŘ ǊŜƎǳƭŀǘŜ ǊŜǎǇƻƴǎŜǎ ǿƘƛŎƘ Ƴƻǎǘƭȅ ǎŜǊǾŜ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǇƭŀƴǘǎΩ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŜŶŎƛŜƴŎȅ ό/ƘǊƛǎǝŜ 

Ŝǘ ŀƭΦΣ нлмпΤ Cƻƭǘŀ ϧ /ŀǊǾŀƭƘƻΣ нлмрύΦ ¢ŀōƭŜ о ƛƴŘƛŎŀǘŜǎ ƎŜƴŜǊŀƭ ǇǊƻŎŜǎǎŜǎ ŀũŜŎǘŜŘ ōȅ ǇƘƻǘƻǘǊƻǇƛƴǎΦ     
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¢ŀōƭŜ о ς tǊƻŎŜǎǎŜǎ ƛƴǾƻƭǾƛƴƎ ǇƘƻǘƻǘǊƻǇƛƴ ŀŎǝƻƴǎΦм 

Seedling establishment De-etiolation 

Plant stature Phototropism 
 Shade avoidance 

Physiology Stomatal opening 
Chloroplast movement 

м !ƭƭ ǇǊƻŎŜǎǎŜǎ ǊŜǘǊƛŜǾŜŘ ŦǊƻƳ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜǾƛŜǿ ŀǊǝŎƭŜǎΥ _ŀōǳȊ Ŝǘ ŀƭΦ нлннΤ ½ƘŜƴƎ Ŝǘ ŀƭΦ όнлмфύΤ CǊŀǎŜǊ 

Ŝǘ ŀƭΦ όнлмсύΤ Cƻƭǘŀ ϧ /ŀǊǾŀƭƘƻΣ нлмрΤ /ƘǊƛǎǝŜ Ŝǘ ŀƭΦ όнлмпύΤ CǊŀƴƪƭƛƴ ϧ vǳŀƛƭ όнлмлύΤ [ƛ ϧ ¸ŀƴƎ όнллтύΤ /ŀǎŀƭ 

όнлллύΦ 

 

¦ǎƛƴƎ !ǊŀōƛŘƻǇǎƛǎ ƳǳǘŀƴǘǎΣ hƎƛǎƘƛ Ŝǘ ŀƭΦ όнллпύ ǎƘƻǿŜŘ ǘƘŀǘ ǇƘƻǘƻǘǊƻǇƛƴǎ ƛƴŘǳŎŜ ǘƘŜ ŜȄǇŀƴǎƛƻƴ ƻŦ 

ŎƻǘȅƭŜŘƻƴǎ ƛƴ ŘŜπŜǝƻƭŀǝƴƎ ǎŜŜŘƭƛƴƎǎ ŀǘ ƘƛƎƘ ōƭǳŜ ƅǳŜƴŎŜ ǊŀǘŜǎ όптл ҕ ол ƴƳΣ млл ҡƳƻƭ Ƴπн ǎπмύ 

ƛƴŘŜǇŜƴŘŜƴǘƭȅ ƻŦ ōƭǳŜ ƭƛƎƘǘπǎŜƴǎƛƴƎ ŎǊȅǇǘƻŎƘǊƻƳŜǎΦ IŜƴŎŜΣ ŎƻǘȅƭŜŘƻƴ ŜȄǇŀƴǎƛƻƴǎ ŀǊŜ ŎƻƴǘǊƻƭƭŜŘ ōȅ 

ǇƘȅǘƻŎƘǊƻƳŜǎ ŀƴŘ ǇƘƻǘƻǘǊƻǇƛƴǎ ƛƴ ƭƛƎƘǘ ŜƴǾƛǊƻƴƳŜƴǘǎ ŎƻƴǘŀƛƴƛƴƎ wΣ Cw ŀƴŘ . ƭƛƎƘǘΦ    

hǾŜǊ ŀ ōǊƻŀŘ ǊŀƴƎŜ ƻŦ ōƭǳŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ όлΦлмπмлл ҡƳƻƭ Ƴπн ǎπмύΣ ǇƘƻǘƻǘǊƻǇƛƴǎ ŎƻƴǘǊƻƭ ǘƘŜ 

ǇƘƻǘƻǘǊƻǇƛŎ ōŜƴŘƛƴƎ ƻŦ ƭŜŀǾŜǎΣ ƘȅǇƻŎƻǘȅƭǎΣ ǎǘŜƳǎ ŀƴŘ Ǌƻƻǘǎ ǘƻǿŀǊŘǎ ǘƘŜ ŘƛǊŜŎǝƻƴ ƻŦ ƭƛƎƘǘ όCǊŀǎŜǊ Ŝǘ ŀƭΦΣ 

нлмсΤ LƴƻǳŜ Ŝǘ ŀƭΦΣ нллуΤ {ŀƪŀƛ Ŝǘ ŀƭΦΣ нллмΤ /ŀǎŀƭΣ нлллύΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǇƘȅǘƻŎƘǊƻƳŜǎ ŀƴŘ ŎǊȅǇǘƻŎƘǊƻƳŜǎ 

ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ ǘƻ ŎƻπǊŜƎǳƭŀǘŜ ǇƘƻǘƻǘǊƻǇƛƴπƛƴŘǳŎŜŘ ǇƘƻǘƻǘǊƻǇƛǎƳΦ 9ΦƎΦΣ !ǊŀōƛŘƻǇǎƛǎ ǘƘŀƭƛŀƴŀ ǎŜŜŘƭƛƴƎǎ 

ǎƘƻǿ ŜƴƘŀƴŎŜŘ ƘȅǇƻŎƻǘȅƭ ŎǳǊǾŀǘǳǊŜǎ ǘƻǿŀǊŘǎ ōƭǳŜ ƭƛƎƘǘ όпрл ƴƳύ ǿƘŜƴ ŜȄǇƻǎŜŘ ǘƻ ǊŜŘ ƭƛƎƘǘ όссф ƴƳύ 

ǇǊƛƻǊ ǘƻ ǘƘŜ ōƭǳŜ ƭƛƎƘǘ ƛǊǊŀŘƛŀǝƻƴ όWŀƴƻǳŘƛ Ŝǘ ŀƭΦΣ мффтŀύΣ ǿƘƛŎƘ ǎƻƻƴ ŀƊŜǊ ǿŀǎ ǎƘƻǿƴ ǘƻ ōŜ ǊŜƎǳƭŀǘŜŘ ōȅ 

ǇƘȅǘƻŎƘǊƻƳŜǎ όWŀƴƻǳŘƛ Ŝǘ ŀƭΦΣ мффтōύΦ ±ƛŀ !ǊŀōƛŘƻǇǎƛǎ Ƴǳǘŀƴǘǎ ƭŀŎƪƛƴƎ ŎǊȅǇǘƻŎƘǊƻƳŜǎΣ ƛǘ ǿŀǎ ǎƘƻǿƴ ōȅ 

!ƘƳŀŘ Ŝǘ ŀƭΦ όмффуύ ǘƘŀǘ ǘƘŜ ǇƘƻǘƻǘǊƻǇƛŎ ŎǳǊǾŀǘǳǊŜ ƛǎ ǊŜŘǳŎŜŘΣ ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ǘƘŜ ǇƘƻǘƻǘǊƻǇƛƴπŘǊƛǾŜƴ 

ǇƘƻǘƻǘǊƻǇƛŎ ŎǳǊǾŀǘǳǊŜ ǊŜǎǇƻƴǎŜ ƛǎ ŀƭǎƻ ƳƻŘǳƭŀǘŜŘ ōȅ ŎǊȅǇǘƻŎƘǊƻƳŜǎΦ {ƻƻƴ ŀƊŜǊΣ ²ƘƛǇǇƻ Ŝǘ ŀƭΦ όнллоύ 

ŘƛũŜǊŜƴǝŀǘŜŘ ǘƘŜ ƛƴǾƻƭǾŜƳŜƴǘ ƻŦ ŎǊȅǇǘƻŎƘǊƻƳŜǎ ƛƴ ǘƘƛǎ ǊŜǎǇƻƴǎŜΥ ǿƘƛƭŜ ƘƛƎƘ ōƭǳŜ ƅǳŜƴŎŜ ǊŀǘŜǎ                   

όмлл ҡƳƻƭ Ƴπн ǎπмύ ǊŜŘǳŎŜ ǘƘŜ ǇƘƻǘƻǘǊƻǇƛŎ ŎǳǊǾŀǘǳǊŜ ǘƘǊƻǳƎƘ ǘƘŜ ŎƻŀŎǝƻƴ ƻŦ ǇƘƻǘƻǘǊƻǇƛƴǎ ŀƴŘ 

ŎǊȅǇǘƻŎƘǊƻƳŜǎΣ ōƻǘƘ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ŦǳƴŎǝƻƴ ǘƻƎŜǘƘŜǊ ǘƻ ŜƴƘŀƴŎŜ ǇƘƻǘƻǘǊƻǇƛǎƳ ǳƴŘŜǊ ƭƻǿ ōƭǳŜ ƅǳŜƴŎŜ 

ǊŀǘŜǎ ό лΦм ҡƳƻƭ Ƴπн ǎπмύΦ    

Lƴ ŀŘŘƛǝƻƴΣ ŎƘƭƻǊƻǇƭŀǎǘ ƳƻǾŜƳŜƴǘǎ ŀǊŜ ŦǳƴŘŀƳŜƴǘŀƭƭȅ ŎƻƴǘǊƻƭƭŜŘ ōȅ ǇƘƻǘƻǘǊƻǇƛƴǎ ό²ŀŘŀΣ нлмоΣ 

{ŀƪŀƛ Ŝǘ ŀƭΦΣ нллмύΦ ²ƘƛƭŜ ǘƘŜ ǇƘƻǘƻǘǊƻǇƛƴǎΩ ǇŜǊŎŜǇǝƻƴ ƻŦ ƭƻǿ ōƭǳŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ όлΦлмπнл ҡƳƻƭ Ƴπн ǎπмύ 

ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘǎ ǇŜǊǇŜƴŘƛŎǳƭŀǊ ǘƻ ǘƘŜ ŘƛǊŜŎǝƻƴ ƻŦ ǘƘŜ ƭƛƎƘǘ ǎƻǳǊŎŜ ǘƻ ƻǇǝƳƛȊŜ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŜŶŎƛŜƴŎȅΣ ƳƻŘŜǊŀǘŜ ōƭǳŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ όнлπпл ҡƳƻƭ Ƴπн ǎπмύ ƛƴŘǳŎŜ ŀƴ ŀǾƻƛŘŀƴŎŜ 

ǊŜǎǇƻƴǎŜ ōȅ ǊŜƭƻŎŀǝƴƎ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘǎ ŎƭƻǎŜ ǘƻ ǘƘŜ ŎŜƭƭ ǿŀƭƭǎ ǇŀǊŀƭƭŜƭ ǘƻ ǘƘŜ ŘƛǊŜŎǝƻƴ ƻŦ ǘƘŜ ƭƛƎƘǘ ǎƻǳǊŎŜ 

ό_ŀōǳȊ Ŝǘ ŀƭΦΣ нлннΣ YŀƎŀǿŀ Ŝǘ ŀƭΦΣ нллмΣ WŀǊƛƭƭƻ Ŝǘ ŀƭΦΣ нллмύΦ IƛƎƘ ōƭǳŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ                                            

όулπмнл ҡƳƻƭ Ƴπн ǎπмύΣ ƘƻǿŜǾŜǊΣ ǇǊƻƳǇǘ ŀ ōƛǇƘŀǎƛŎ ǊŜǎǇƻƴǎŜ ƛƴ ǿƘƛŎƘ ŀ ǎƘƻǊǘ ǇŀǊǝŀƭ ŎƘƭƻǊƻǇƭŀǎǘ ŀǾƻƛŘŀƴŎŜ 
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ǇǊŜŎŜŘŜǎ ǘƘŜƛǊ ŀŎŎǳƳǳƭŀǝƻƴ ό_ŀōǳȊ Ŝǘ ŀƭΦΣ нлмрΤ [ǳŜǎǎŜ Ŝǘ ŀƭΦΣ нлмлΣ WŀǊƛƭƭƻ Ŝǘ ŀƭΦΣ нллмύΦ 5ŜǎǇƛǘŜ 

ǇƘƻǘƻǘǊƻǇƛƴǎΩ ŜǎǎŜƴǝŀƭ ǊƻƭŜ ƛƴ ǘƘŜǎŜ ŎƘƭƻǊƻǇƭŀǎǘ ǊŜƭƻŎŀǝƻƴ ƳƻǾŜƳŜƴǘǎΣ ǇƘȅǘƻŎƘǊƻƳŜǎ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ 

ǘƻ ǊŜŘǳŎŜ ǘƘŜ ƘƛƎƘ ƭƛƎƘǘ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜ ƻŦ ǇƘƻǘƻǘǊƻǇƛƴǎ ōǳǘ Řƻ ƴƻǘ ŀũŜŎǘ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ŀŎŎǳƳǳƭŀǝƻƴ 

ǊŜǎǇƻƴǎŜ ό[ǳŜǎǎŜ Ŝǘ ŀƭΦΣ нлмлύΦ 

/hн ǳǇǘŀƪŜ ŦƻǊ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŀƴŘ ǿŀǘŜǊ ŜǾŀǇƻǊŀǝƻƴ ŦƻǊ ǘǊŀƴǎǇƛǊŀǝƻƴ ŀǊŜ ǝƎƘǘƭȅ ǊŜƎǳƭŀǘŜŘ ōȅ 

ǎǘƻƳŀǘŀƭ ǇƻǊŜǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ŜǇƛŘŜǊƳƛǎ ƻŦ ƭŜŀǾŜǎΦ ¢ƘŜƛǊ ƻǇŜƴƛƴƎ ƛǎ ǊŜƎǳƭŀǘŜŘ ōȅ ŀ ǇŀƛǊ ƻŦ ǎǳǊǊƻǳƴŘƛƴƎ ƎǳŀǊŘ 

ŎŜƭƭǎ ǿƘƛŎƘ όŀƳƻƴƎ ƻǘƘŜǊ ǎǝƳǳƭƛύ ŀǊŜ ǊŜƎǳƭŀǘŜŘ ōȅ ǇƘƻǘƻǘǊƻǇƛƴǎ ƛƴ ŀ ōƭǳŜ ƭƛƎƘǘπŘŜǇŜƴŘŜƴǘ ƳŀƴƴŜǊΣ 

ƳŜŀƴƛƴƎ ǘƘŀǘ ǘƘŜ ǎǘƻƳŀǘŀƭ ƻǇŜƴƛƴƎ ƛƴŎǊŜŀǎŜǎ ŀǎ ǘƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ōƭǳŜ ƭƛƎƘǘ ƛƴŎǊŜŀǎŜǎ όYƛƴƻǎƘƛǘŀ Ŝǘ ŀƭΦΣ нллмύΦ 

IƻǿŜǾŜǊΣ ƛǘ ǿŀǎ ǎƘƻǿƴ ǘƘŀǘ ŎǊȅǇǘƻŎƘǊƻƳŜ ŦǳƴŎǝƻƴ ŀŘŘƛǝǾŜƭȅ ǿƛǘƘ ǇƘƻǘƻǘǊƻǇƛƴǎ ŦŀŎƛƭƛǘŀǝƴƎ ōƭǳŜ ƭƛƎƘǘπ

ƛƴŘǳŎŜŘ ǎǘƻƳŀǘŀƭ ƻǇŜƴƛƴƎǎ όaŀƻ Ŝǘ ŀƭΦΣ нллрύΦ   

¢ƘŜ ǎƛƎƴƛŬŎŀƴŎŜ ƻŦ ǇƘȅǘƻŎƘǊƻƳŜǎ ƛƴ ǇŜǊŎŜƛǾƛƴƎ ŀƴŘ ǎƛƎƴŀƭƛƴƎ ǳƴŦŀǾƻǊŀōƭŜ ǎƘŀŘŜ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ƛƴ 

ƛƴŘǳŎƛƴƎ ƳǳƭǝǇƭŜ ǎƘŀŘŜπŀǾƻƛŘƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ǳƴŘŜǊ ƛƴŎǊŜŀǎŜŘ ŦŀǊ ǊŜŘ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ Ƙŀǎ ōŜŜƴ ŘŜǎŎǊƛōŜŘ ƛƴ 

ǎŜŎǝƻƴ мΦоΦнΦнΦмΦ ¦ƴŘŜǊ ǾŜǊȅ ƭƻǿ ōƭǳŜ όлΦм ŀƴŘ м ҡƳƻƭ Ƴπн ǎπмύ ŀƴŘ ƭƻǿ ǿƘƛǘŜ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ                            

όнр ҡƳƻƭ Ƴπн ǎπмύ ƘƻǿŜǾŜǊΣ ƛǘ ƛǎ ǘƘŜ ǇƘƻǘƻǘǊƻǇƛƴǎ ǘƘŀǘ ƛƴŘǳŎŜ ǎƛƎƴƛŬŎŀƴǘ ƎǊƻǿǘƘ ŜƴƘŀƴŎŜƳŜƴǘǎ όǘƘǊŜŜŦƻƭŘ 

ŦǊŜǎƘ ǿŜƛƎƘǘ ƛƴŎǊŜŀǎŜǎύ ōȅ ƻǇǝƳƛȊƛƴƎ ŎƘƭƻǊƻǇƭŀǎǘ ŀŎŎǳƳǳƭŀǝƻƴǎΣ ǎǘƻƳŀǘŀƭ ƻǇŜƴƛƴƎǎ ŀƴŘ ƭŜŀŦ ƅŀǧŜƴƛƴƎ 

ό¢ŀƪŜƳƛȅŀ Ŝǘ ŀƭΦΣ нллрύΦ 

Wǳǎǘ ŀǎ ŘŜǎŎǊƛōŜŘ ŦƻǊ ǎƻƳŜ ǇƘȅǘƻπ ŀƴŘ ŎǊȅǇǘƻŎƘǊƻƳŜ ŀŎǝƻƴǎΣ ǇƘƻǘƻǘǊƻǇƛƴπƳŜŘƛŀǘŜŘ ŎƘƭƻǊƻǇƭŀǎǘ 

ƳƻǾŜƳŜƴǘǎ ǳǇƻƴ ōƭǳŜ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜ ŀǊŜ ŀƭǎƻ ŀũŜŎǘŜŘ ōȅ ǘŜƳǇŜǊŀǘǳǊŜΦ ¦ƴŘŜǊ ƭƻǿ ŀƴŘ ƘƛƎƘ ƭƛƎƘǘ 

ƛƴǘŜƴǎƛǝŜǎΣ ƭƻǿ ǘŜƳǇŜǊŀǘǳǊŜǎ ŜƴƘŀƴŎŜ ŀƴŘ ǇǊƻƭƻƴƎ ŎƘƭƻǊƻǇƭŀǎǘ ŀǾƻƛŘŀƴŎŜǎΣ ǊŜǎǇŜŎǝǾŜƭȅ ό_ŀōǳȊ Ŝǘ ŀƭΦΣ 

нлмрύΦ  

 

мΦоΦнΦнΦп ¦± ǊŜǎƛǎǘŀƴŎŜ ƭƻŎǳǎ у ό¦±wуύ 

!ƭǘƘƻǳƎƘ ǳƭǘǊŀǾƛƻƭŜǘ ǊŀŘƛŀǝƻƴ ǊŜǇǊŜǎŜƴǘǎ ŀ Ǌƛǎƪ ǘƻ Ǉƭŀƴǘ ƛƴǘŜƎǊƛǘȅ ƛƴ ƭŀǊƎŜ ǉǳŀƴǝǝŜǎ όIƻƭƭƽǎȅΣ нллнύΣ ǎƳŀƭƭ 

ŘƻǎŜǎ ƻŦ ¦±π! ŀƴŘ ¦±π. ƛƴŘǳŎŜ ƛƳǇƻǊǘŀƴǘ Ǉƭŀƴǘ ōŜƴŜŬǘǎΣ ǎƻƳŜ ƻŦ ǿƘƛŎƘ ŀǊŜ ŘƛǎǝƴŎǘƭȅ ƳŜŘƛŀǘŜŘ ōȅ ǘƘŜ 

¦±wу ǇƘƻǘƻǊŜŎŜǇǘƻǊ Ǿƛŀ ǘǊŀƴǎŎǊƛǇǝƻƴŀƭ ǊŜƎǳƭŀǝƻƴǎ όwŀƛ Ŝǘ ŀƭΦΣ нлмфΤ bŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуΤ WŜƴƪƛƴǎΣ 

нлмпύΦ tǊƻŎŜǎǎŜǎ ƛƴ ǿƘƛŎƘ ¦±wу ƛǎ ŀŎǝǾŜ ŀǊŜ ǇǊƻǾƛŘŜŘ ƛƴ ¢ŀōƭŜ пΦ  

aƻǎǘ ƛƳǇƻǊǘŀƴǘƭȅΣ ¦±wу Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƻ ƛƴŘǳŎŜ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ŀƴŘ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ 

ƅŀǾƻƴƻƛŘǎ ǳǇƻƴ ¦±π. ŜȄǇƻǎǳǊŜ ōȅ ƛƴŘǳŎƛƴƎ ǘƘŜ ƎŜƴŜǝŎ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ŎƘŀƭŎƻƴŜ ǎȅƴǘƘŀǎŜ ό/I{ύΣ ǿƘƛŎƘ 

ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŬǊǎǘ ŜƴȊȅƳŜ ƻŦ ǘƘŜ ƅŀǾƻƴƻƛŘ ōƛƻǎȅƴǘƘŜǝŎ ǇŀǘƘǿŀȅ όbŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуΤ WŜƴƪƛƴǎΣ 

нлмпΣ aƻǊŀƭŜǎ Ŝǘ ŀƭΦΣ нлмоΤ [ƛ Ŝǘ ŀƭΦΣ мффоύΦ .ŜǎƛŘŜǎ ōŜƛƴƎ ƘƛƎƘƭȅ ōŜƴŜŬŎƛŀƭ ǘƻ ƘǳƳŀƴ ƘŜŀƭǘƘ ό.ŀƭƭŀǊŘ ŀƴŘ 

aŀǊƽǎǝŎŀΣ нлмфύΣ ǘƘŜ ¦±πŀōǎƻǊōƛƴƎ ƅŀǾƻƴƻƛŘǎ ǇǊŜǾŜƴǘ ƻǊ ŀǘ ƭŜŀǎǘ ǊŜŘǳŎŜ ŘŀƳŀƎŜǎ ǘƻ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ 

ŀǇǇŀǊŀǘǳǎ ōȅ ǎƘƛŜƭŘƛƴƎ ŀƎŀƛƴǎǘ ǳƭǘǊŀǾƛƻƭŜǘ ǊŀŘƛŀǝƻƴ όwŀƛ Ŝǘ ŀƭΦΣ нлмфΤ bŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуΤ IƻƭƭƽǎȅΣ  
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¢ŀōƭŜ п ς tǊƻŎŜǎǎŜǎ ƛƴǾƻƭǾƛƴƎ ¦± ǊŜǎƛǎǘŀƴŎŜ ƭƻŎǳǎ у ό¦±wуύ ŀŎǝƻƴǎΦм 

Pigmentation Flavonoid biosynthesis 

Plant stature Suppression of elongation and expansion growth 
Inhibition of shade avoidance 

Physiology Stomata development 
 Sinapate biosynthesis 

Resistance Tolerance to ultraviolet radiation 
 Pest resistance 
Photoperiod Entrainment of the circadian clock 
м !ƭƭ ¦±π. ǇƘƻǘƻǊŜŎŜǇǘƻǊ ǇǊƻŎŜǎǎŜǎ ǊŜǘǊƛŜǾŜŘ ŦǊƻƳ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜǾƛŜǿ ŀǊǝŎƭŜǎΥ WƛƴƎ ϧ [ƛƴ όнлнлύΤ 9ƛŎƘƘƻǊƴ 

.ƛƭƻŘŜŀǳ Ŝǘ ŀƭΦ όнлмфύΤ bŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊ όнлмуύΤ CǊŀǎŜǊ Ŝǘ ŀƭΦ όнлмсύΤ WŜƴƪƛƴǎ όнлмпύΤ ¢ƛƭōǊƻƻƪ Ŝǘ ŀƭΦΣ 

нлмоΤ /ŀǎŀƭ όнлллύΦ 

 

нллнΤ ¢ŜǾƛƴƛ Ŝǘ ŀƭΦΣ мффмύΦ {ƛƳƛƭŀǊƭȅΣ ¦±wу ŎƻƴǘǊƻƭǎ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǘƘŜ ǎƛƴŀǇŀǘŜ ōƛƻǎȅƴǘƘŜǝŎ ǇŀǘƘǿŀȅ 

ǳǇƻƴ ¦±π. ŜȄǇƻǎǳǊŜ ό5ŜƳƪǳǊŀ ϧ .ŀƭƭŀǊŞΣ нлмнύΣ ǿƘƛŎƘ όŀǎ ŀ ǇǊŜŎǳǊǎƻǊ ƻŦ ƭƛƎƴƛƴύ ƛǎ ƛƴǾƻƭǾŜŘ ƛƴ ŎŜƭƭ ǿŀƭƭ 

ǎǘǊŜƴƎǘƘŜƴƛƴƎΦ !ǎ ǎƻƳŜ ƅŀǾƻƴƻƛŘǎ ŀƴŘ ǎƛƴŀǇŀǘŜǎ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ ǘƻ ŘŜǘŜǊ ƛƴǎŜŎǘǎ ŦǊƻƳ ŦŜŜŘƛƴƎ ŀƴŘ 

ƻǾƛǇƻǎƛǝƻƴ ό{ƛƳƳƻƴŘǎΣ нллмύ ŀƴŘ ǘƻ ǊŜŘǳŎŜ ƳƻƭŘ ƛƴŦŜŎǝƻƴǎ ƻŦ .ƻǊǘǊȅǝǎ ŎƛƴŜǊŜŀ ό5ŜƳƪǳǊŀ ŀƴŘ .ŀƭƭŀǊŞΣ 

нлмнύΣ ¦±π.πŜȄǇƻǎŜŘ ¦±wу ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ƛƴŘƛǊŜŎǘƭȅ ǎǳǇǇƻǊǘ Ǉƭŀƴǘ ǊŜǎƛǎǘŀƴŎŜǎ ŀƎŀƛƴǎǘ ƛƴǎŜŎǘǎ ŀƴŘ 

ǇŀǘƘƻƎŜƴǎ όbŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуύΦ  

CǳƎƭŜǾŀƴŘ Ŝǘ ŀƭΦ όмффсύ ŀƴŘ ²ŀŘŜ Ŝǘ ŀƭΦ όнллнύ ŘŜƳƻƴǎǘǊŀǘŜŘ ǎȅƴŜǊƎƛǎǝŎ ŜƴƘŀƴŎŜƳŜƴǘǎ ƻŦ /I{ 

ŜȄǇǊŜǎǎƛƻƴǎ ǿƘŜƴ !ǊŀōƛŘƻǇǎƛǎ ǿŀǎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ƛǊǊŀŘƛŀǘŜŘ ǿƛǘƘ ¦±π. ŀƴŘ ōƭǳŜ ƻǊ ¦±π. ŀƴŘ ¦±π!Φ ¢ƻ ǘƘŜ 

ŎƻƴǘǊŀǊȅΣ wŀƛ Ŝǘ ŀƭΦ όнлмфύ ǊŜŎŜƴǘƭȅ ŦƻǳƴŘ ǘƘŀǘ ¦±wуπƳŜŘƛŀǘŜŘ ŀŎŎǳƳǳƭŀǝƻƴǎ ƻŦ ƅŀǾƻƴƻƛŘǎ ǿŜǊŜ 

ŀƴǘŀƎƻƴƛǎǝŎŀƭƭȅ ǊŜƎǳƭŀǘŜŘ ōȅ ŎǊȅǇǘƻŎƘǊƻƳŜǎΦ !ƴŘ ǿƘƛƭŜ ǇƘȅǘƻŎƘǊƻƳŜǎ ƘŀǾŜ ōŜŜƴ ǇǊƻǇƻǎŜŘ ǘƻ ǊŜƎǳƭŀǘŜ 

ǘƘŜ ¦±π. ƛƴŘǳŎǝǾŜ ǇŀǘƘǿŀȅ ŀƴǘŀƎƻƴƛǎǝŎŀƭƭȅ ŀǎ ǿŜƭƭ όWŜƴƪƛƴǎ Ŝǘ ŀƭΦΣ нллмύΣ ǘƘŜȅ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ ǘƻ ōŜ 

ǊŜǉǳƛǊŜŘ ŦƻǊ ŀ ŎǊȅǇǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ƛƴŘǳŎǝƻƴ ƻŦ /I{ ό²ŀŘŜ Ŝǘ ŀƭΦΣ нллнύΦ ¢ƘǳǎΣ ŎƭŀǊƛŬŎŀǝƻƴǎ ŀǊŜ 

ŎŜǊǘŀƛƴƭȅ ƴŜŎŜǎǎŀǊȅ ǘƻ ǳƴǊŀǾŜƭ ǘƘŜǎŜ ŎƻƳǇƭŜȄ ǇƘƻǘƻǊŜŎŜǇǘƻǊ ƛƴǘŜǊŀŎǝƻƴǎ ǳƴŘŜǊƭȅƛƴƎ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ 

ƅŀǾƻƴƻƛŘǎΦ    

¦±wу ŀƭǘŜǊǎ Ǉƭŀƴǘ ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ǘǊŜƳŜƴŘƻǳǎƭȅ ǊŜŘǳŎŜǎ Ǉƭŀƴǘ ƎǊƻǿǘƘ ǳǇƻƴ ¦±π. ŜȄǇƻǎǳǊŜΦ 

DŜƴŜǊŀƭƭȅΣ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ¦±π. ƛƴǘŜƴǎƛǘȅΣ ǘƘŜ ƭŜƴƎǘƘ ŀƴŘ ŀǊŜŀ ƻŦ ƭŜŀǾŜǎ ŘŜŎǊŜŀǎŜ ǿƘƛƭŜ ǘƘŜƛǊ ǘƘƛŎƪƴŜǎǎ 

ƛƴŎǊŜŀǎŜǎΣ ŀƴŘ ŜƭƻƴƎŀǝƻƴǎ ƻŦ ƘȅǇƻŎƻǘȅƭǎΣ Ǉƭŀƴǘ ǎǘŜƳǎ ŀƴŘ ƛƴǘŜǊƴƻŘŜǎ ŀǎ ǿŜƭƭ ŀǎ ǇŜǝƻƭŜǎ ōŜŎƻƳŜ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ǎǳǇǇǊŜǎǎŜŘ ōȅ ¦±wу ŀŎǝǾŀǝƻƴ όWƛƴƎ ϧ [ƛƴΣ нлнлΤ bŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуΤ CǊŀǎŜǊ Ŝǘ ŀƭΦΣ 

нлмсΤ WŜƴƪƛƴǎΣ нлмпύΦ 9ǾƛŘŜƴǘƭȅΣ Ƴŀƴȅ ƻŦ ǘƘŜǎŜ ¦±wуπƳŜŘƛŀǘŜŘ ǇƘŜƴƻǘȅǇƛŎ ŜũŜŎǘǎ ƻǇǇƻǎŜ ǘƘŜ ŜũŜŎǘǎ 

ƛƴŘǳŎŜŘ ōȅ ǎƘŀŘŜ ŀƴŘ ǘƘǳǎΣ ƛǘ ŎƻƳŜǎ ǘƻ ƴƻ ǎǳǊǇǊƛǎŜ ǘƘŀǘ ¦±wу Ŏŀƴ ŘƛǊŜŎǘƭȅ ŀƴǘŀƎƻƴƛȊŜ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ 

ǊŜǎǇƻƴǎŜǎ όCǊŀǎŜǊ Ŝǘ ŀƭΦΣ нлмсΤ IŀȅŜǎ Ŝǘ ŀƭΦΣ нлмпύΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ¦±wу Ƙŀǎ ŀƭǎƻ ōŜŜƴ ǎƘƻǿƴ ǘƻ ōŜ ǊŜǉǳƛǊŜŘ 

ŦƻǊ ǘƘŜ ǇǊƻƎǊŜǎǎƛƻƴ ƻŦ ŜǇƛŘŜǊƳŀƭ ŎŜƭƭ ŘƛũŜǊŜƴǝŀǝƻƴǎΣ ŎƻƳǇŜƴǎŀǘƻǊȅ ƛƴŎǊŜŀǎŜǎ ƛƴ ŜǇƛŘŜǊƳŀƭ ŎŜƭƭ ǎƛȊŜǎ ŀƴŘ 
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ǘƻ ǇǊƻƳƻǘŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎǘƻƳŀǘŀ ǳƴŘŜǊ ¦±π. ŜȄǇƻǎǳǊŜ ό²ŀǊƎŜƴǘ Ŝǘ ŀƭΦΣ нллфύΦ ¢ƘǳǎΣ ¦±wу 

ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ Ǉƭŀȅ ǎƛƎƴƛŬŎŀƴǘ ǊƻƭŜǎ ƛƴ ǊŜƎǳƭŀǝƴƎ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŀǎǇŜŎǘǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǎǳǊǾƛǾŀƭ ǳǇƻƴ ¦±π. 

ŜȄǇƻǎǳǊŜΦ   

[ŀǎǘƭȅΣ ¦±wу ƛǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ǘƘŜ ŜƴǘǊŀƛƴƳŜƴǘ ƻŦ ǘƘŜ ŎƛǊŎŀŘƛŀƴ ŎƭƻŎƪ ǳƴŘŜǊ ¦±π. ƭƛƎƘǘ ŀǎ ǘƘŜ 

ǇƘƻǘƻǊŜŎŜǇǘƻǊ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƻ ƛƴŘǳŎŜ ǘƘŜ ǘǊŀƴǎŎǊƛǇǝƻƴ ƻŦ ǎŜǾŜǊŀƭ ǊƘȅǘƘƳƛŎŀƭƭȅ ŜȄǇǊŜǎǎŜŘ ŎƭƻŎƪ ƎŜƴŜǎ 

ǳƴŘŜǊ ¦±π. ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ό{ŀƴŎƘŜȊ Ŝǘ ŀƭΦΣ нлнлΤ CŜƘŞǊ Ŝǘ ŀƭΦΣ нлммύΦ   

 

мΦоΦнΦнΦр tǳǘŀǝǾŜ ƎǊŜŜƴ ƭƛƎƘǘπǎŜƴǎƛƴƎ ǇƘƻǘƻǊŜŎŜǇǘƻǊ  

!ǎ ǇǊŜǾƛƻǳǎƭȅ ƳŜƴǝƻƴŜŘ όŜΦƎΦΣ CƛƎǳǊŜ сύΣ ŜǾƛŘŜƴŎŜ ŜȄƛǎǘǎ ǘƘŀǘ ǎǳǇǇƻǊǘǎ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ŀ ǘƘǳǎ ŦŀǊ 

ǳƴƛŘŜƴǝŬŜŘ ƎǊŜŜƴπǎŜƴǎƛƴƎ ǇƘƻǘƻǊŜŎŜǇǘƻǊ ό{ƳƛǘƘ Ŝǘ ŀƭΦΣ нлмтΤ Cƻƭǘŀ ϧ aŀǊǳƘƴƛŎƘΣ нллтύΦ Lƴ ŜȄŀƳǇƭŜΣ 

½ƘŀƴƎ Ŝǘ ŀƭΦ όнлммύ ŘŜǘŜŎǘŜŘ ŜƭƻƴƎŀǘŜŘ ǇŜǝƻƭŜǎ ŀƴŘ ƭŜŀŦ ƘȅǇƻƴŀǎǘȅ ƛƴ !ǊŀōƛŘƻǇǎƛǎ ǿƘŜƴ D όрнр ƴƳύ ǿŀǎ 

ŀŘŘŜŘ ǘƻ ōŀŎƪƎǊƻǳƴŘǎ ƻŦ w. όсолκптл ƴƳύΦ ¢ƘŜ ǎŀƳŜ ƎǊŜŜƴπƭƛƎƘǘ ƛƴŘǳŎŜŘ ƳƻǊǇƘƻƎŜƴƛŎ ŜũŜŎǘǎ ǿŜǊŜ 

ƻōǎŜǊǾŜŘ ƛƴ ŎǊȅǇǘƻŎƘǊƻƳŜ όŀƴŘ ǇƘȅǘƻŎƘǊƻƳŜύ Ƴǳǘŀƴǘ ōŀŎƪƎǊƻǳƴŘǎΣ ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ŀƴ ǳƴƪƴƻǿƴ ƭƛƎƘǘ 

ǎŜƴǎƻǊ ƛǎ ǇŀǊǝŎƛǇŀǝƴƎ ƛƴ ǘƘŜ ŀŎŎƭƛƳŀǝƻƴ ǘƻ ƎǊŜŜƴπŜƴǊƛŎƘŜŘ ƭƛƎƘǘ ŜƴǾƛǊƻƴƳŜƴǘǎ ό½ƘŀƴƎ Ŝǘ ŀƭΦΣ нлммύΦ 

{ƛƳƛƭŀǊƭȅΣ Cƻƭǘŀ όнллпύ ŘƛǎŎƻǾŜǊŜŘ ŜƭƻƴƎŀǘŜŘ ƘȅǇƻŎƻǘȅƭǎ ƛƴ !ǊŀōƛŘƻǇǎƛǎ ǎŜŜŘƭƛƴƎǎ ƎǊƻǿƴ ǳƴŘŜǊ wD. 

όсолκрнрκптл ƴƳύ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǎŜŜŘƭƛƴƎǎ ƎǊƻǿƴ ǳƴŘŜǊ w. όсолκптлύ ŀƭƻƴŜΦ !ǎ ǘƘŜ ǊŜǎǇƻƴǎŜ ǇŜǊǎƛǎǘŜŘ 

ƛƴ Ƴǳǘŀƴǘǎ ƭŀŎƪƛƴƎ ŎǊȅǇǘƻŎƘǊƻƳŜπ ŀƴŘ ǇƘƻǘƻǘǊƻǇƛƴπǇƘƻǘƻǊŜŎŜǇǘƻǊǎΣ Ƙƛǎ ǊŜǎǳƭǘǎ ŀǊŜ ŀƭǎƻ ƛƴŘƛŎŀǝǾŜ ƻŦ ŀ ȅŜǘ 

ǳƴŘŜǘŜǊƳƛƴŜŘ D ƭƛƎƘǘπǎŜƴǎƻǊ ǘƘŀǘ ǇǊƻƳƻǘŜǎ ŜŀǊƭȅ ǎǘŜƳ ŜƭƻƴƎŀǝƻƴǎΦ3  

!ƭƭ ƻŦ ǘƘŜǎŜ ƻōǎŜǊǾŜŘ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǎȅƳǇǘƻƳǎ ƛƴ D ŜƴǊƛŎƘŜŘ ƭƛƎƘǘ ŜƴǾƛǊƻƴƳŜƴǘǎ όǘȅǇƛŎŀƭƭȅ 

ƻōǎŜǊǾŜŘ ƛƴ ǇƘȅǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ Cw ƭƛƎƘǘ ŜƴǾƛǊƻƴƳŜƴǘǎΤ ǎŜŎǝƻƴ мΦоΦнΦнΦмύ ŀǇǇŜŀǊ ǘƻ ƛƴŎǊŜŀǎŜ ǿƛǘƘ ōƻǘƘ 

ƛƴŎǊŜŀǎƛƴƎ Dκ. Ǌŀǝƻ ό{ŜƭƭŀǊƻ Ŝǘ ŀƭΦΣ нлмлύ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ƎǊŜŜƴ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ό½ƘŀƴƎ Ŝǘ ŀƭΦΣ нлммΤ CƻƭǘŀΣ 

нллпύΦ 

 

мΦп LƳǇŀŎǘ ƻŦ [95 ƭƛƎƘǝƴƎ ƻƴ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ 

¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ [95πōŀǎŜŘ ǊŜǎŜŀǊŎƘ Ƙŀǎ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ōƛƻƳŀǎǎ ŀƴŘ ŎƻƴŎŜƴǘǊŀǘŜŘ ƻƴ ǘƘŜ 

ŜŶŎƛŜƴǘ ǳǎŜ ƻŦ ǎǇŜŎƛŬŎ ǇƘƻǘƻƴǎ ŦƻǊ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΦ ¢ƘŜǊŜŦƻǊŜΣ ǊŜŘ ŀƴŘ ōƭǳŜ ǇƘƻǘƻƴǎ ƘŀǾŜ ǊŜŎŜƛǾŜŘ ǎǇŜŎƛŀƭ 

ŀǧŜƴǝƻƴ ŀƴŘ ǿƛƭƭ ǘƘŜǊŜŦƻǊŜ ōŜ ŀŘŘǊŜǎǎŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜŎǝƻƴΦ  

 

 

 
3 Nevertheless, keep in mind that hypocotyl length is also strongly controlled by cryptochrome-signaling (as 
described in section 1.3.2.2.2). Hence, hypocotyl growth is under complex light environmental control.  
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мΦпΦм CǊƻƳ ǊŜŘ ǘƻ ǊŜŘκōƭǳŜ [95 ƭƛƎƘǝƴƎ ǎǘǊŀǘŜƎƛŜǎ 

²ƛǘƘ ǘƘŜ ƎǊƻǳƴŘōǊŜŀƪƛƴƎ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǊŜŘ [95ǎ ǿƛǘƘ ǇŜŀƪ ǿŀǾŜƭŜƴƎǘƘǎ ƴŜŀǊ ссл ƴƳ ό.ŀǊǘŀ Ŝǘ ŀƭΦΣ мффнύ 

π ǘƘǳǎΣ ƛƴ ŎƭƻǎŜ ǇǊƻȄƛƳƛǘȅ ǘƻ ǿŀǾŜƭŜƴƎǘƘǎ ŀǘ ǿƘƛŎƘ ƳŀȄƛƳŀƭ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ όCƛƎǳǊŜ рύ ŀƴŘ 

ŎƘƭƻǊƻǇƘȅƭƭ ŀǎǎƛƳƛƭŀǝƻƴ όCƛƎǳǊŜ пύ ŀǊŜ ŦƻǳƴŘ π ŬǊǎǘ Ǉƭŀƴǘ ŜȄǇŜǊƛƳŜƴǘǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ŀƴŘ ǇǊƻǾŜŘ ǘƘŀǘ ŜΦƎΦ 

!ǊŀōƛŘƻǇǎƛǎΣ ƭŜǧǳŎŜ ό[ŀŎǘǳŎŀ ǎŀǝǾŀύ ŀƴŘ ǿƘŜŀǘ ό¢ǊƛǝŎǳƳ ŀŜǎǝǾǳƳ [Φύ ŎƻǳƭŘ ƎǊƻǿ ŀƴŘ ŎƻƳǇƭŜǘŜ ǘƘŜƛǊ 

ŜƴǝǊŜ ƭƛŦŜ ŎȅŎƭŜ ǳƴŘŜǊ ǊŜŘ [95ǎ ŀǎ ǘƘŜ ǎƻƭŜ ǎƻǳǊŎŜ ƻŦ ƛǊǊŀŘƛŀǝƻƴ όDƻƛƴǎ Ŝǘ ŀƭΦΣ мффт ϧ мффуΤ IƻŜƴŜŎƪŜ Ŝǘ 

ŀƭΦΣ мффнύΦ  

IƻǿŜǾŜǊΣ ƛǘ ǿŀǎ ǉǳƛŎƪƭȅ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ōƭǳŜ ƭƛƎƘǘ ƛƳǇǊƻǾŜǎ Ǉƭŀƴǘ ǎǘŀǘǳǊŜ ŀƴŘ ƅƻǿŜǊƛƴƎΦ 

Lƴ ŜȄŀƳǇƭŜΣ IƻŜƴŜŎƪŜ Ŝǘ ŀƭΦ όмффнύ ǎƘƻǿŜŘ ǘƘŀǘ ǳƴŘŜǎƛǊŀōƭŜ ƘȅǇƻŎƻǘȅƭ ŜȄǘŜƴǎƛƻƴǎ ŀƴŘ ŎƻǘȅƭŜŘƻƴ 

ŜƭƻƴƎŀǝƻƴǎ ƻŦ ƭŜǧǳŎŜ ǎŜŜŘƭƛƴƎǎΣ ƛƴŘǳŎŜŘ ōȅ ƳƻƴƻŎƘǊƻƳŀǝŎ ǊŜŘ [95ǎ όссл ҕ ол ƴƳύΣ ŎƻǳƭŘ ōŜ ǇǊŜǾŜƴǘŜŘ 

ǿƘŜƴ ǘƘŜ ǊŜŘ [95 ƛƭƭǳƳƛƴŀǝƻƴ ǿŀǎ ǎǳǇǇƭŜƳŜƴǘŜŘ ǿƛǘƘ ŀǘ ƭŜŀǎǘ мр ҡƳƻƭ Ƴπн ǎπм ƻŦ ōƭǳŜ ƭƛƎƘǘ όпллπрлл ƴƳύ 

ŦǊƻƳ ōƭǳŜΣ ƅǳƻǊŜǎŎŜƴǘ ƭŀƳǇǎ όC[ǎύΦ .Ǌƻǿƴ Ŝǘ ŀƭΦ όмффрύ ŀƭǎƻ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ ǊŜŘ [95ǎ ǎǳǇǇƭŜƳŜƴǘŜŘ 

ǿƛǘƘ ōƭǳŜ ƭƛƎƘǘ όорлπррл ƴƳύ ŦǊƻƳ ōƭǳŜ C[ǎ ƛƳǇǊƻǾŜ ǘƘŜ ŘǊȅ ƳŀǧŜǊ ǇŀǊǝǝƻƴƛƴƎ ƻŦ ǇŜǇǇŜǊǎ ό/ŀǇǎƛŎǳƳ 

ŀƴƴǳƳ [Φύ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǊŜŘ [95 ƛƭƭǳƳƛƴŀǝƻƴ ŀƭƻƴŜΦ ¢ƘŜ ƴǳƳōŜǊ ƻŦ ǇŜǇǇŜǊ ƭŜŀǾŜǎ ǎƛƎƴƛŬŎŀƴǘƭȅ 

ƛƴŎǊŜŀǎŜŘΣ ŀƴŘ ǘƘŜƛǊ ǎǘŜƳ ƭŜƴƎǘƘ ŘǊŀǎǝŎŀƭƭȅ ŘŜŎǊŜŀǎŜŘ ǳƴŘŜǊ ǘƘŜǎŜ ǊŜŘπŀƴŘπōƭǳŜ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΦ !ƭǎƻ 

ǳǎƛƴƎ ōƭǳŜ C[ǎΣ Dƻƛƴǎ Ŝǘ ŀƭΦ мффт ƻōǎŜǊǾŜŘ ƭŀǊƎŜǊ ǿƘŜŀǘ Ǉƭŀƴǘǎ ǿƛǘƘ ƎǊŜŀǘŜǊ ǎŜŜŘ ȅƛŜƭŘǎ ǿƘŜƴ ǘƘŜ ǊŜŘ [95ǎ 

ǿŜǊŜ ǎǳǇǇƭŜƳŜƴǘŜŘ ǿƛǘƘ ōƭǳŜ ƭƛƎƘǘ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ ƳƻƴƻŎƘǊƻƳŀǝŎ ǊŜŘ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴΣ ŀƴŘ ¸ƻǊƛƻ Ŝǘ 

ŀƭΦ όнллмύ ŦƻǳƴŘ ǘƘŀǘ ŘǊȅ ǿŜƛƎƘǘ ŀŎŎǳƳǳƭŀǝƻƴǎ ƻŦ ǊŀŘƛǎƘ όwŀǇƘŀƴǳǎ ǎŀǝǾǳǎ [ΦύΣ ƭŜǧǳŎŜ ŀƴŘ ǎǇƛƴŀŎƘ 

ό{ǇƛƴŀŎƛŀ ƻƭŜǊŀŎŜŀ [Φύ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜŘ ǳƴŘŜǊ ŘƛŎƘǊƻƳŀǝŎ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ǎǳǇǇƭŜƳŜƴǘŜŘ ǿƛǘƘ ōƭǳŜ 

C[ǎ ǘƘŀƴ ǳƴŘŜǊ ƳƻƴƻŎƘǊƻƳŀǝŎ ǊŜŘ [95ǎΦ 

²ƛǘƘ ǘƘŜ bƻōŜƭ ǇǊƛȊŜπǿƛƴƴƛƴƎ ŘƛǎŎƻǾŜǊȅ ƻŦ ƘƛƎƘπōǊƛƎƘǘƴŜǎǎ ōƭǳŜ [95ǎ ό¢ǎŀƻ Ŝǘ ŀƭΦΣ нлмрύ ǿƛǘƘ ŀ ǇŜŀƪ 

 ˂ŀǘ прл ҕ ор ƴƳ όbŀƪŀƳǳǊŀ Ŝǘ ŀƭΦΣ мффпύ ς ǘƘǳǎΣ ŎŜƴǘŜǊƛƴƎ ǘƘŜ ƳŀȄƛƳŀƭ ƭƛƎƘǘ ŀōǎƻǊǇǝƻƴ ƻŦ ŎƘƭ ŀ ŀƴŘ ō 

όCƛƎǳǊŜ пύ ŀƴŘ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ ǎǇŜŎǘǊŀƭ ǊŜƎƛƻƴ ƻŦ ǘƘŜ ǎŜŎƻƴŘ ƘƛƎƘŜǎǘ ǉǳŀƴǘǳƳ ȅƛŜƭŘ ŀŎǝƻƴ ŘǳǊƛƴƎ 

ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ όCƛƎǳǊŜ рύΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ ŜȄǇƭƻǊƛƴƎ ŘƛũŜǊŜƴǘ Ǌŀǝƻǎ ŀƴŘ ƛƴǘŜƴǎƛǝŜǎ ƻŦ ŘƛŎƘǊƻƳŀǝŎ 

ǊŜŘπŀƴŘπōƭǳŜ [95 ŀǊǊŀȅǎ ŦƻǊ ǾŀǊƛƻǳǎ ŎǊƻǇ ǘȅǇŜǎ ŜȄǇƭƻŘŜŘ ŀƴŘ ŎƻƴǝƴǳŜǎ ǘƻ ǊŜƳŀƛƴ ŀ ŦƻŎŀƭ Ǉƻƛƴǘ ƻŦ 

ǇƘƻǘƻōƛƻƭƻƎƛŎŀƭ ǊŜǎŜŀǊŎƘ ŜũƻǊǘǎΦ 

hǾŜǊŀƭƭΣ ŀŘŘƛǝƻƴǎ ƻŦ ƴŀǊǊƻǿ . [95ǎ ǘƻ ƴŀǊǊƻǿ w [95ǎ ŀǊŜ ǎŀƛŘ π ƻǾŜǊπŀƴŘπƻǾŜǊπŀƎŀƛƴ π ǘƻ ƛƳǇǊƻǾŜ 

ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎΣ ǎǘƻƳŀǘŀ ƻǇŜƴƛƴƎǎΣ ŎƘƭƻǊƻǇƘȅƭƭ ŎƻƴǘŜƴǘǎΣ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŜŶŎƛŜƴŎȅ ŀƴŘ ǇƘȅǘƻŎƘŜƳƛŎŀƭ 

ŎƻƴǘŜƴǘǎ όǎǳŎƘ ŀǎ ǇƘŜƴƻƭƛŎǎΣ ŎŀǊƻǘŜƴƻƛŘǎ ŀƴŘ ǾƻƭŀǝƭŜǎύΣ ǘƻ ƛƴƘƛōƛǘ ŜȄŎŜǎǎƛǾŜ ǎǘŜƳ ŜȄǘŜƴǎƛƻƴǎ ŀƴŘ ǘƻ ǊŜŘǳŎŜ 

Ǉƭŀƴǘ ƘŜƛƎƘǘǎ ƛƴ ǾŀǊƛƻǳǎ ƳƻŘŜƭ ƻǊƎŀƴƛǎƳǎΣ ƘƻǊǝŎǳƭǘǳǊŀƭ ŀƴŘ ƻǊƴŀƳŜƴǘŀƭ ŎǊƻǇǎ όŀǎ  ǊŜǾƛŜǿŜŘ ōȅ 9ƛŎƘƘƻǊƴπ

.ƛƭƻŘŜŀǳ Ŝǘ ŀƭΦ όнлмфύΣ .ŀƴǝǎ Ŝǘ ŀƭΦ όнлмуύΣ IŜǊƴłƴŘŜȊ ϧ Yǳōƻǘŀ όнлмсύΣ hǳȊƻǳƴƛǎ Ŝǘ ŀƭΦ όнлмрύ ŀƴŘ 5ŀǊƪƻ 

Ŝǘ ŀƭΦ όнлмпύΦ 
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¦ƴŘŜǊǎǘŀƴŘŀōƭȅΣ ƴƻǘ ƻƴƭȅ ǘƘŜ ŬǊǎǘ ŎƻƳƳŜǊŎƛŀƭ ƘƻǊǝŎǳƭǘǳǊŀƭ [95 ŬȄǘǳǊŜǎ ŎƻƴǘŀƛƴŜŘ ǊŜŘ ŀƴŘ ōƭǳŜ 

ŘƛƻŘŜǎ όǿƛǘƘ ǇŜŀƪ  ˂ŀǘ ссл ŀƴŘ прл ƴƳΣ ǊŜǎǇŜŎǝǾŜƭȅύΣ ōǳǘ ǘƘŜȅ ŀǊŜ ǎǝƭƭ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ŀǇǇƭƛŜŘ ǘƻŘŀȅ όǿƛǘƘ 

рπол ҈ ƻŦ .ύ ƛƴ ƎǊƻǿǘƘ ŎƘŀƳōŜǊǎΣ ƎǊŜŜƴƘƻǳǎŜǎΣ ǾŜǊǝŎŀƭ ŦŀǊƳǎ ŀƴŘ Ǉƭŀƴǘ ŦŀŎǘƻǊƛŜǎ όŀƭǘƘƻǳƎƘ ƴŜŀǊƭȅ млл 

ŘƛũŜǊŜƴǘ [95 ǇŜŀƪ ǿŀǾŜƭŜƴƎǘƘǎ όƳƻǎǘƭȅ ǿƛǘƘƛƴ ǘƘŜ ǇƘƻǘƻōƛƻƭƻƎƛŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴ ǊŀƴƎŜύ ŀǊŜ ŎǳǊǊŜƴǘƭȅ 

ŀǾŀƛƭŀōƭŜύ όYǳǎǳƳŀ Ŝǘ ŀƭΦΣ нлнн ϧ нлнлΤ ²ǳ Ŝǘ ŀƭΦΣ нлнлύΦ   

!ƴŘ ŀǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ ¢ŀōƭŜ рΣ ǿƘƛŎƘ ǎǳƳƳŀǊƛȊŜǎ ǘƘŜ ƭŀǘŜǎǘ ǊŜǎŜŀǊŎƘ ŬƴŘƛƴƎǎ ƛƴǾƻƭǾƛƴƎ ŘƛũŜǊƛƴƎ 

ǊŜŘҌōƭǳŜ [95 ŎƻƳōƛƴŀǝƻƴǎ ǇǳōƭƛǎƘŜŘ ǎƛƴŎŜ нлмтΣ ǘƘŜ ŀǇǇƭƛŜŘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ όIƛƪƻǎŀƪŀ Ŝǘ ŀƭΦΣ нлнмΤ 

tŜƴƴƛǎƛ Ŝǘ ŀƭΦΣ нлнлύΣ ǇŀǊǝŎǳƭŀǊ wκ. Ǌŀǝƻǎ όIƛƪƻǎŀƪŀ Ŝǘ ŀƭΦΣ нлнмΤ tŜƴƴƛǎƛ Ŝǘ ŀƭΦΣ нлмфΤ bŀȊƴƛƴ Ŝǘ ŀƭΦΣ нлмфΤ 

IƻǎǎŜƛƴƛ Ŝǘ ŀƭΦΣ нлмуΤ [ƻōƛǳŎ Ŝǘ ŀƭΦΣ нлмтύ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǎǇŜŎƛŬŎ ƴŀǊǊƻǿ ǇŜŀƪ ǿŀǾŜƭŜƴƎǘƘǎ όwƛƘŀƴ Ŝǘ ŀƭΦΣ 

нлнлύ Ŏŀƴ ǎƛƎƴƛŬŎŀƴǘƭȅ ŀũŜŎǘ ŀǇǇŜŀǊŀƴŎŜΣ ȅƛŜƭŘ ŀƴŘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ŦǳƴŎǝƻƴŀƭ ŀƴŘ ŀǊƻƳŀǝŎ ŎƻƳǇƻǳƴŘǎ 

ƛƴ ǎŜƭŜŎǘŜŘ ƘƻǊǝŎǳƭǘǳǊŀƭ ŎǊƻǇǎΦ Lƴ ƎŜƴŜǊŀƭΣ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŦǳƴŎǝƻƴǎ ǳƴŘŜǊ ŀ 

ǇŀǊǝŎǳƭŀǊ wκ. Ǌŀǝƻ ŀŎŎŜƭŜǊŀǘŜ ŀƴŘ ƛƳǇǊƻǾŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǳƴǝƭ ǘƘŜ ŘƻǎŜπŘŜǇŜƴŘŜƴǘ 

ǊŜǎǇƻƴǎŜ ǇŜŀƪǎΣ ǇƭŀǘŜŀǳǎ ŀƴŘ ŜǾŜƴǘǳŀƭƭȅ ōŜŎƻƳŜǎ ŘŜǘǊƛƳŜƴǘŀƭ ǘƻ ǘƘŜ ǇƭŀƴǘΦ Lƴ ŜȄŀƳǇƭŜΣ ƎǊŜŀǘŜǎǘ ǎǿŜŜǘ 

ōŀǎƛƭ ȅƛŜƭŘǎΣ ŀƴŘ ƘƛƎƘŜǎǘ ǎǘƻƳŀǘŀƭ ŎƻƴŘǳŎǘŀƴŎŜ ǿŜǊŜ ƻōǎŜǊǾŜŘ ǳƴŘŜǊ ŀ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ 

όttC5ύ ƻŦ нрл ҡƳƻƭ Ƴπн ǎπм ōȅ tŜƴƴƛǎƛ Ŝǘ ŀƭΦ όнлнлύΣ ǿƘƻ ǘŜǎǘŜŘ ŬǾŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ǊŀƴƎƛƴƎ ŦǊƻƳ млл ǘƻ   

олл ҡƳƻƭ Ƴπн ǎπмΦ .ŀǎŜŘ ƻƴ ǘƘŜ ǊŜǾƛŜǿ ǇŀǇŜǊǎ ƳŜƴǝƻƴŜŘ ƛƴ ǘƘŜ ǇŀǊŀƎǊŀǇƘ ŀōƻǾŜΣ ƻƴŜ Ƴŀȅ ŜȄǇŜŎǘ ǘƘŀǘ 

ŜΦƎΦΣ ǇƘŜƴƻƭƛŎ ŎƻƳǇƻǳƴŘǎ ǿƻǳƭŘ ƛƴŎǊŜŀǎŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ . ƻǾŜǊ w ǇƘƻǘƻƴǎΣ ƘƻǿŜǾŜǊ ǘƘŀǘ ƛǎ ƴƻǘ ǘƘŜ ŎŀǎŜΦ 

Lƴ ŜȄŀƳǇƭŜΣ ƛƴ ǎǿŜŜǘ ōŀǎƛƭ ŎǳƭǝǾŀǊǎΣ ƘƛƎƘŜǎǘ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ŦƻǳƴŘ ǳƴŘŜǊ ƭƻǿΣ Ŝǉǳŀƭ ŀƴŘ 

ƘƛƎƘ wκ. Ǌŀǝƻǎ ό¢ŀōƭŜ рύΦ {ƛƳƛƭŀǊƭȅΣ ƎǊŜŀǘŜǎǘ ŀƴǝƻȄƛŘŀƴǘ ŀŎǝǾƛǝŜǎ ƻŦ ǇǳǊǇƭŜ ǎǿŜŜǘ ōŀǎƛƭǎ ǿŜǊŜ ǊŜŎŜƴǘƭȅ 

ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ ŀƭƭ ǘƘǊŜŜ ŘƛũŜǊƛƴƎ wκ. Ǌŀǝƻǎ ό¢ŀōƭŜ рύΦ !ƴŘ ƭŀǎǘƭȅΣ ƴƻ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǇƘŜƴƻƭƛŎ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ŦƻǳƴŘ ƛƴ ƴŜƛǘƘŜǊ ƎǊŜŜƴ ƴƻǊ ǊŜŘ ƻŀƪƭŜŀŦ ƭŜǧǳŎŜǎ ǳƴŘŜǊ ŘƛũŜǊƛƴƎ wκ. Ǌŀǝƻǎ ōȅ {ǇŀƭƘƻƭȊ 

Ŝǘ ŀƭΦ нлнл ό¢ŀōƭŜ рύΦ ¢ƻ ōŜ ƘƛƎƘƭƛƎƘǘŜŘ ŀǊŜ ǘƘŜ ǊŜŎŜƴǘ ǊŜǎǳƭǘǎ ōȅ wƛƘŀƴ Ŝǘ ŀƭΦ όнлнлύΣ ǿƘƻ ǎƘƻǿŜŘ ǘƘŀǘ ŀ 

ǎƘƛƊ ƻŦ ǘƘŜ ƴŀǊǊƻǿ . ǿŀǾŜƭŜƴƎǘƘ ŦǊƻƳ прл ƴƳ όŎƻƳƳƻƴƭȅ ŀǇǇƭƛŜŘύ ǘƻ пор ƴƳ ώƛƴ ŎƻƳōƛƴŀǝƻƴ ǿƛǘƘ w 

όссо ƴƳύ ŀƴŘ ƴŜŀǊƭȅ ƛŘŜƴǝŎŀƭ wκ. Ǌŀǝƻǎϐ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƳǇǊƻǾŜǎ ŜΦƎΦΣ ōƛƻƳŀǎǎ ŀƴŘ ŜǎǎŜƴǝŀƭ ƻƛƭ ȅƛŜƭŘǎ ŀǎ ǿŜƭƭ 

ŀǎ ǘƘŜ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ǎǿŜŜǘ ōŀǎƛƭ ό¢ŀōƭŜ рύΣ ŀǎ пор ƴƳ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ƳŀȄƛƳǳƳ ƭƛƎƘǘ ŀōǎƻǊōŀƴŎŜ ǇŜŀƪ ƻŦ 

ƛǘǎ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƛƎƳŜƴǘǎ όǿƘƛŎƘ ǿŀǎ ƳŜŀǎǳǊŜŘ ōŜŦƻǊŜ ŀǎǎŜƳōƭƛƴƎ ǘƘŜ wκ. [95 ŀǊǊŀȅύΦ
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¢ŀōƭŜ р ς 9ũŜŎǘǎ ƻŦ ŘƛũŜǊŜƴǘ ǊŜŘκōƭǳŜ [95 ǊŀǝƻǎΣ ƛƴǘŜƴǎƛǝŜǎ ŀƴŘ ǇŜŀƪ ǿŀǾŜƭŜƴƎǘƘǎ ƻƴ ǎŜƭŜŎǘŜŘ ƘƻǊǝŎǳƭǘǳǊŀƭ ŎǊƻǇǎ ǇǳōƭƛǎƘŜŘ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΦм 

Plant species Effect2 R/B3 
ratio 

tŜŀƪ ˂4 Light 
intensity5 

Photo- 
period 

Reference 

Ocimum basilicum 

Linalool and eugenol were increased under PFD 150; 
DWLeaf, LMArea, PHeight and malformed leaves increased 
under PFD 300. 
ß-carotene was increased under R1B; DWLeaf, LMArea, LA, 
PHeight and malformed leaves were increased under 
R4B1.   

1:4,  
1:1, 
4:1 

665 / 466 
150, 225, 

300 
16 h d-1 

Hikosaka et al. 
2021 

Ocimum basilicum 
 

gs highest under PFD 200-300. 
FWTotal, EUE and LUE are the highest under PFD 250. 
WUE greatest under PFD 250 and 300. 

3:1 669 / 465 
100, 150, 
200, 250, 

300 
16 h d-1 

Pennisi et al. 
2020 

Ocimum basilicum 
FWTotal, PHeight, StemDiam, LNo, LA, gs, Pn, EO yield and LUE 
were reduced under RB 1:1, while increased under RB 
1:1.4. 

1:1, 
1:1.5; 
1:1.4  

663 / 450 
 

663 / 435 
300 16 h d-1 

Rihan et al. 
2020 

Lactuca sativa 
ΨDǊŜŜƴ hŀƪƭŜŀŦΩ ϧ 
ΨwŜŘ hŀƪƭŜŀŦΩ 

Lƴ ΨDǊŜŜƴ hŀƪƭŜŀŦΩΣ C²Total, DWTotal, LA, LNo, LStem, TPC 
indifferent between treatments.   

Lƴ ΨwŜŘ hŀƪƭŜŀŦΩΣ 5²Total reduced under RB 1:4; FWTotal, 
LA, LNo, LStem, TAC indifferent between treatments. 

1:4, 1:1, 
1:4 

659 / 452 200 18 h d-1 
Spalholz et al. 

2020 

Ocimum basilicum 

Chl reduced under R1B2 and R2B1, increased under R3B1. 
While WUE reduced under R1B2, increased under R3B1. 
FWTotal reduced under R1B1, increased under R3B1. 
Fv/Fm, gsΣ ʰ-bergamotene and NUE increased under 
R1B2.  
TFC reduced under R1B2, increased under R3B1. 
Linalool reduced under R1B2, increased under R2B1. 
EUE, AOC and mineral concentrations increased under 
R3B1. 

-hbergamotene reduced under R4B1.  

1:2, 1:1, 
2:1, 3:1, 

4:1 
669 / 465 215 16 h d-1 

Pennisi et al. 
2019 

Lactuca sativa 

Chl b reduced under R4.9B1, increased under R10B1.  
Chl a and chl increased under R10B1. 
AOC increased under R4.9B1, reduced under R19B1. 
Car decreased under R19B1. 

4.9:1, 
10:1, 
19:1 

661 / 449 200 16 h d-1 
Naznin et al. 

2019 



/I!t¢9w м DŜƴŜǊŀƭ LƴǘǊƻŘǳŎǝƻƴ 
 

оо 
 

Spinacia oleracea 

Chl a decreased under R4.9B1. 
AOC increased under R4.9B1, decreased under R19B1. 
Chl b and chl increased under R10B1. 
Car decreased under R19B1. 

4.9:1, 
10:1, 
19:1 

661 / 449 200 16 h d-1 
Naznin et al. 

2019 

Brassica oleracea 
var. sabellica 

FWTotal, chl a, chl b and chl decreased, while car and 
AOC increased under R4.9B1. 
Chl a, chl b and chl increased, while AOC decreased 
under R19B1. 

4.9:1, 
10:1, 
19:1 

661 / 449 200 16 h d-1 
Naznin et al. 

2019 

Ocimum basilicum 

Chl a and chl decreased under R4.9B1, increased under 
R10B1. 
Car increased under R4.9B1, decreased under R19B1. 
Chl b increased under R10B1. 
AOC increased and decreased under R4.9B1 and R19B1 

respectively. 

4.9:1, 
10:1, 
19:1 

661 / 449 200 16 h d-1 
Naznin et al. 

2019 

Capsicum annuum 

PHeight, FWTotal decreased under R4.9B1, increased under 
R19B1. 
Chl a, chl decreased under R4.9B1, increased under 
R10B1. 
Car, AOC increased under R10B1, decreased under R19B1. 
Chl b increased under R10B1. 
DWTotal decreased, but LNo, flower initiation and FruitNo 
increased under R19B1. 

4.9:1, 
10:1, 
19:1 

661 / 449 200 16 h d-1 
Naznin et al. 

2019 

Ocimum basilicum 
DǊŜŜƴ ΨaƻōŀǊŀƪŜΩ 

TAC and methyl chavicol increased under R1B1.  
!h/Σ ¢t/Σ ʰ-pinene and 1,8-cineole increased under 
R2.3B1. 

1:1, 2.3:1 660 / 450 250 16 h d-1 
Hosseini et al. 

2018 

Ocimum basilicum 
tǳǊǇƭŜ Ψ!ǊŘŜǎǘŀƴΩ 

While methyl chavicol increased under R1B1, AOC, TPC, 
¢!/Σ ƭƛƳƻƴŜƴŜΣ ʰ-pinene, fenchone and neral increased 
under R2.3B1. 

1:1, 2.3:1 660 / 450 250 16 h d-1 
Hosseini et al. 

2018 

Ocimum basilicum 
Ψ{ǿŜŜǘ DŜƴƻǾŜǎŜΩ 

Cotyledone size, chl a, car and TFC indifferent between 
treatments. 
FWTotal and TPC reduced under R1B2. 
DWTotal and TPC increased, and TAC decreased under 
R2B1.  

1:2, 1:1, 
2:1 

660 / 450 120 12 h d-1 
Lobiuc et al. 

2017 
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Ocimum basilicum 
ΨwŜŘ wǳōƛƴΩ 

Chl a, car and TFC indifferent between treatments. 
Caffeic and rosmarinic acid increased under R1B2, 
reduced under R2B1. 
TAC increased and AOC decreased under R2B1. 

1:2, 1:1, 
2:1 

660 / 450 120 12 h d-1 
Lobiuc et al. 

2017 

м ¢ƘŜ ǊŜŀŘŜǊ Ƴŀȅ ŀƭǎƻ ōŜ ǊŜŦŜǊǊŜŘ ǘƻ IŜǊƴłƴŘŜȊ ϧ YǳōƻǘŀΣ нлмсΣ YŀƴƎ Ŝǘ ŀƭΦΣ нлмс ŀƴŘ {ƻƴ ϧ hƘΣ нлмр ŎƛǘŜŘ ƛƴ ¢ŀōƭŜ тΤ ½ƘŀƴƎ Ŝǘ ŀƭΦΣ нлннΣ Wƛƴ Ŝǘ ŀƭΦΣ нлнмΣ Wƛ Ŝǘ ŀƭΦΣ 
нлмф ϧ нлнлΣ ½ƻǳ Ŝǘ ŀƭΦΣ нлмфΣ Cŀƴǿƻǳŀ Ŝǘ ŀƭΦΣ нлмфΣ aŜƴƎ ϧ wǳƴƪƭŜΣ нлмфŀΣ YŀƭŀƛǘȊƻƎƭƻǳ Ŝǘ ŀƭΦΣ нлмфΣ aŜƴƎ Ŝǘ ŀƭΦΣ нлмфΣ YƛƳ Ŝǘ ŀƭΦΣ нлмуΣ /ǊŀǾŜǊ Ŝǘ ŀƭΦΣ нлмуΣ tŀǊƪ 
ϧ wǳƴƪƭŜΣ нлмт ϧ нлму ŀƴŘ ½ƘŜƴ ϧ Ǿŀƴ LŜǊǎŜƭΣ нлмт ŎƛǘŜŘ ƛƴ ¢ŀōƭŜ уΤ YŜ Ŝǘ ŀƭΦΣ нлннΣ wƛƘŀƴ Ŝǘ ŀƭΦΣ нлннΣ ½ƘŀƴƎ Ŝǘ ŀƭΦΣ нлму ŀƴŘ Iŀƴ Ŝǘ ŀƭΦΣ нлмт ŎƛǘŜŘ ƛƴ ¢ŀōƭŜ фΤ 
!ǊŀǵƧƻ Ŝǘ ŀƭΦ όнлнмύΣ IǎƛŜ Ŝǘ ŀƭΦ όнлмфύΣ [ŀȊȊŀǊƛƴƛ Ŝǘ ŀƭΦ όнлмуύ ŎƛǘŜŘ ƛƴ ¢ŀōƭŜ млΦ    
н 5ŜǎŎǊƛǇǝƻƴǎ ƻŦ ŀōōǊŜǾƛŀǝƻƴǎ ŀǊŜ ƭƛǎǘŜŘ ƛƴ ŀƭǇƘŀōŜǝŎŀƭ ƻǊŘŜǊΥ !h/ Ґ ŀƴǝƻȄƛŘŀƴǘ ŎŀǇŀŎƛǘȅΣ ŎŀǊ Ґ ŎŀǊƻǘŜƴƻƛŘΣ ŎƘƭ ŀ Ґ ŎƘƭƻǊƻǇƘȅƭƭ ŀΣ ŎƘƭ ō Ґ ŎƘƭƻǊƻǇƘȅƭƭ ōΣ ŎƘƭ Ґ ǘƻǘŀƭ 
ŎƘƭƻǊƻǇƘȅƭƭ ŎƻƴǘŜƴǘΣ 5²[ŜŀŦ Ґ ƭŜŀŦ ŘǊȅ ǿŜƛƎƘǘΣ 5²¢ƻǘŀƭ Ґ ǘƻǘŀƭ ŘǊȅ ǿŜƛƎƘǘΣ 9h ȅƛŜƭŘ Ґ ŜǎǎŜƴǝŀƭ ƻƛƭ ȅƛŜƭŘΣ 9¦9 Ґ ŜƴŜǊƎȅ ǳǎŜ ŜŶŎƛŜƴŎȅΣ CǊǳƛǘbƻ Ґ ƴǳƳōŜǊ ƻŦ ŦǊǳƛǘǎΣ CǾκCƳ 
Ґ ƳŀȄƛƳǳƳ ǉǳŀƴǘǳƳ ŜŶŎƛŜƴŎȅ ƻŦ ǇƘƻǘƻǎȅǎǘŜƳ LLΣ C²¢ƻǘŀƭ Ґ ǘƻǘŀƭ ŦǊŜǎƘ ǿŜƛƎƘǘΣ Ǝǎ Ґ ǎǘƻƳŀǘŀƭ ŎƻƴŘǳŎǘŀƴŎŜ όƳƳƻƭ /hн Ƴπн ǎπмύΣ [! Ґ ƭŜŀŦ ŀǊŜŀΣ [a!ǊŜŀ Ґ ƭŜŀŦ Ƴŀǎǎ ǇŜǊ 
ŀǊŜŀΣ [bƻ Ґ ƴǳƳōŜǊ ƻŦ ƭŜŀǾŜǎΣ [{ǘŜƳ Ґ ǎǘŜƳ ƭŜƴƎǘƘΣ [¦9 Ґ ƭƛƎƘǘ ǳǎŜ ŜŶŎƛŜƴŎȅΣ b¦9 Ґ ƴǳǘǊƛŜƴǘ ǳǎŜ ŜŶŎƛŜƴŎȅΣ tIŜƛƎƘǘ Ґ Ǉƭŀƴǘ ƘŜƛƎƘǘΣ tƴ Ґ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜ                          
όҡƎ ŎƳπн ǎπмύΣ {ǘŜƳ5ƛŀƳ Ґ ǎǘŜƳ ŘƛŀƳŜǘŜǊΣ ¢!/ Ґ ǘƻǘŀƭ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘΣ ¢C/ Ґ ǘƻǘŀƭ ƅŀǾƻƴƻƛŘ ŎƻƴǘŜƴǘΣ ¢t/ Ґ ǘƻǘŀƭ ǇƘŜƴƻƭƛŎ ŎƻƴǘŜƴǘΣ ²¦9 Ґ ǿŀǘŜǊ ǳǎŜ ŜŶŎƛŜƴŎȅΦ   
о wκ.Υ ǊŜŘ ŀƴŘ ōƭǳŜ ƭƛƎƘǘΦ  
п tŜŀƪ ǿŀǾŜƭŜƴƎǘƘ ό˂ύ ƎƛǾŜƴ ƛƴ ƴŀƴƻƳŜǘŜǊǎ ώƴƳϐΦ 
р [ƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƛǎ ŜȄǇǊŜǎǎŜŘ ŀǎ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ όttC5ύ ƎƛǾŜƴ ƛƴ ƳƛŎǊƻƳƻƭŜ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ ŀƴŘ ǎŜŎƻƴŘ όҡƳƻƭ Ƴπн ǎπмύΦ 
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мΦпΦн LƴƅǳŜƴŎŜ ƻŦ ǳƭǘǊŀǾƛƻƭŜǘΣ ƎǊŜŜƴ ŀƴŘ ŦŀǊπǊŜŘ ǿŀǾŜƭŜƴƎǘƘǎ ƻƴ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ 

²ƛǘƘ ǘƘŜ ŀŘǾŀƴŎŜƳŜƴǘǎ ƛƴ [95 ƭƛƎƘǝƴƎ ǘŜŎƘƴƻƭƻƎȅΣ [95πōŀǎŜŘ ǊŜǎŜŀǊŎƘ ǎǘŀǊǘŜŘ ǘƻ ŦƻŎǳǎ ƻƴ [95 ƭƛƎƘǝƴƎ 

ŎƻƳǇƻǎŜŘ ƻŦ ǇƘƻǘƻƴǎ ŦǊƻƳ ǘƘŜ ǳƭǘǊŀǾƛƻƭŜǘ όнулπплл ƴƳύΣ ǘƘŜ ƎǊŜŜƴ όрллπслл ƴƳύ ŀƴŘκƻǊ ǘƘŜ ŦŀǊπǊŜŘ όтллπ

улл ƴƳύ ǊŀƴƎŜ ƻŦ ǘƘŜ ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ ǎŜƴǎŜŘ ōȅ ǇƭŀƴǘǎΣ ŀƴŘ ŦƻǳƴŘ ǘƘŀǘ ƛƭƭǳƳƛƴŀǝƻƴ ŀǘ ǘƘŜǎŜ ǎǇŜŎǘǊŀƭ ǊŀƴƎŜǎ 

Ŏŀƴ ƛƳǇǊƻǾŜ ƛƳǇƻǊǘŀƴǘ ƘƻǊǝŎǳƭǘǳǊŀƭ ƻōƧŜŎǝǾŜǎ ǎǳŎƘ ŀǎ Ǉƭŀƴǘ ȅƛŜƭŘǎΣ ŀǇǇŜŀǊŀƴŎŜǎ ŀƴŘ ƅƻǿŜǊƛƴƎ ǝƳŜǎΣ 

ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŎƻƴǘŜƴǘǎ ŀƴŘ ǘƘŜƛǊ ŘƛŜǘŀǊȅ ǾŀƭǳŜ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǇƭŀƴǘǎΩ ǊŜǎƛǎǘŀƴŎŜǎ ǘƻ ƘŜǊōƛǾƻǊŜǎ ŀƴŘ 

ǇŀǘƘƻƎŜƴǎΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǘƘǊŜŜ ǎŜŎǝƻƴǎ ǿƛƭƭ ǘƘŜǊŜŦƻǊŜ ƎƛǾŜ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ Ƴŀƴȅ ƳƻǊǇƘƻƭƻƎƛŎŀƭΣ 

ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŜũŜŎǘǎ ƳŜŘƛŀǘŜŘ ōȅ ǎǳǇǇƭŜƳŜƴǘŀƭ ¦±Σ D ŀƴŘ Cw ǿŀǾŜƭŜƴƎǘƘǎΦ   

 

мΦпΦнΦм tƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ǘƻ ǳƭǘǊŀǾƛƻƭŜǘ ǊŀŘƛŀǝƻƴ ό ˂нулπплл ƴƳύ 

¦ƭǘǊŀǾƛƻƭŜǘ ό¦±ύ ǊŀŘƛŀǝƻƴ όмллπплл ƴƳύ ƛǎ ƎŜƴŜǊŀƭƭȅ ǎǳōŘƛǾƛŘŜŘ ƛƴǘƻ ¦±π/ όмллπнул ƴƳύΣ ¦±π. όнулπ

омр ƴƳύ ŀƴŘ ¦±π! όомрπплл ƴƳύ ǊŀŘƛŀǝƻƴ ό[ŜŜ Ŝǘ ŀƭΦΣ нлнмύΦ ¢ƘŜ ǎǳƴΩǎ ƘƛƎƘƭȅ ŜƴŜǊƎŜǝŎ ¦±π/ ŜƳƛǎǎƛƻƴǎ ŀǊŜ 

ŎƻƳǇƭŜǘŜƭȅΣ ŀƴŘ ǘƘŜ ǎǳƴΩǎ ¦±π. ŜƳƛǎǎƛƻƴǎ ŀǊŜ Ƴƻǎǘƭȅ ŀōǎƻǊōŜŘ ōȅ ǘƘŜ ŜŀǊǘƘΩǎ ǎǘǊŀǘƻǎǇƘŜǊƛŎ ƻȊƻƴŜ ǎƘƛŜƭŘΦ 

!ǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ ŎƻƳǇŀǊŀǝǾŜƭȅ ǎƳŀƭƭ ŦǊŀŎǝƻƴ ƻŦ ǘŜǊǊŜǎǘǊƛŀƭ ¦± ƭƛƎƘǘ ŦǊƻƳ нул ǘƻ плл ƴƳΣ ǊŜǇǊŜǎŜƴǝƴƎ 

ŀǊƻǳƴŘ р ҈ ƻŦ ǘƘŜ ǘŜǊǊŜǎǘǊƛŀƭ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴΣ Ŏƻƴǎƛǎǘǎ ƻŦ ƻƴƭȅ ŀǊƻǳƴŘ мΦр ҈ ƻŦ ¦±π. ŀƴŘ фуπфф ҈ ƻŦ ¦±π! 

ǊŀŘƛŀǝƻƴ ό[ŜŜ Ŝǘ ŀƭΦΣ нлнмΤ /ƘŜƴ Ŝǘ ŀƭΦΣ нлмфΤ bŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуύΦ IŜƴŎŜΣ ¦±π. ǊŜǇǊŜǎŜƴǘǎ ŀ ƳƛƴƻǊ 

ŀƴŘ ¦±π! ǘƘŜ ƳŀȅƻǊ ǘȅǇŜ ƻŦ ¦± ǊŀŘƛŀǝƻƴ ŀǾŀƛƭŀōƭŜ ǘƻ Ǉƭŀƴǘǎ ƻƴ 9ŀǊǘƘΦ ¢ƘŜǊŜŦƻǊŜΣ ƻƴƭȅ Ǉƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ǘƻ 

¦±π! ŀƴŘ π. ǿƛƭƭ ōŜ ŀŘŘǊŜǎǎŜŘ ƛƴ ŦǳǊǘƘŜǊ ŘŜǘŀƛƭΦ  

²ƘƛƭŜ ŜȄŎŜǎǎƛǾŜ ¦± ǊŀŘƛŀǝƻƴ ƛǎ ƪƴƻǿƴ ǘƻ ōŜ ŘŜǘǊƛƳŜƴǘŀƭ ŀǎ ƛǘ Ŏŀƴ ƭŜŀŘ ǘƻ ǇƘƻǘƻƛƴƘƛōƛǝƻƴǎ ŀƴŘ ǘƘŜ 

ƎŜƴŜǊŀǝƻƴ ƻŦ ǊŜŀŎǝǾŜ ƻȄȅƎŜƴ ǎǇŜŎƛŜǎ όwh{ύΣ ƭƛƳƛǘŜŘ Ǉƭŀƴǘ ƎǊƻǿǘƘǎ ŀƴŘκƻǊ ŘŀƳŀƎŜǎ ƻŦ ǘƘŜ ǇƭŀƴǘǎΩ 5b!Σ 

ǇǊƻǘŜƛƴǎ ŀƴŘ ƭƛǇƛŘǎ όŜΦƎΦ /ƘƻǳŘƘǳǊǊȅ Ŝǘ ŀƭΦΣ нлмтΤ IƛŘŜƎ Ŝǘ ŀƭΦΣ нлмоύΣ ƳǳƭǝǇƭŜ ǊŜǾƛŜǿǎ ƘŀǾŜ ƘƛƎƘƭƛƎƘǘŜŘ 

ǎƻƳŜ ōŜƴŜŬŎƛŀƭ ŜũŜŎǘǎ ƻŦ ƭƻǿΣ ŜŎƻƭƻƎƛŎŀƭƭȅπǊŜƭŜǾŀƴǘ ¦±π! ŀƴŘ ¦±π. ƭŜǾŜƭǎ ƻƴ Ǉƭŀƴǘ ƎǊƻǿǘƘΣ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΣ 

ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ǎŜŎƻƴŘŀǊȅ ƳŜǘŀōƻƭƛǎƳ ό±łȊǉǳŜȊπIŜǊƴłƴŘŜȊ Ŝǘ ŀƭΦΣ нлмфΤ .ŀƴǝǎ Ŝǘ ŀƭΦΣ нлмуΤ bŜǳƎŀǊǘ ϧ 

{ŎƘǊŜƛƴŜǊΣ нлмуΤ ±ŜǊŘŀƎǳŜǊ Ŝǘ ŀƭΦΣ нлмтΤ IǳŎƘŞπ¢ƘŞƭƛŜǊ Ŝǘ ŀƭΦΣ нлмсΤ WŜƴƪƛƴǎΣ нлмпύΦ  

IƻǿŜǾŜǊΣ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŜǎƛƎƴ ƭƛƳƛǘŀǝƻƴǎΣ ŜǎǇŜŎƛŀƭƭȅ ǘƘŜ ǳǎŜ ƻŦ ŘƛũŜǊŜƴǘ Ŏǳǘπƻũ ŬƭǘŜǊǎ ŀƴŘ ¦±π! 

ƭŀƳǇǎ ǿƘƻǎŜ ǎǇŜŎǘǊŀƭ ƻǳǘǇǳǘǎ ŜȄŎŜŜŘ ƛƴǘƻ ǘƘŜ ¦±π. όғ омр ƴƳύ ŀƴŘ . όҔ плл ƴƳύ ǊŀƴƎŜΣ ƘŀǾŜ ƻōǎǘǊǳŎǘŜŘ 

¦±π! ǎǘǳŘƛŜǎ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ƛǘǎ ƅŀƴƪƛƴƎ ǊŜƎƛƻƴǎ ŀƴŘ ǊŜǎǳƭǘŜŘ ƛƴ ƛƴŎƻƴǎƛǎǘŜƴǘ ǊŜǇƻǊǘǎ ƛƴ ǘƘŜ Ǉŀǎǘ ό/ƘŜƴ Ŝǘ 

ŀƭΦΣ нлмфΤ bŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуύΦ 5ǳŜ ǘƻ ǘŜŎƘƴƻƭƻƎƛŎŀƭ [95 ŀŘǾŀƴŎŜƳŜƴǘǎ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǘƘŜ 

ŜȄǇƭƻǊŀǝƻƴ ƻŦ ¦±π! ŜũŜŎǘǎ ƻƴ Ǉƭŀƴǘǎ ƛǎ ŎǳǊǊŜƴǘƭȅ ƎŀƛƴƛƴƎ ƳƻƳŜƴǘǳƳ ό¢ŀōƭŜ сύΣ ŀƴŘ ƴƻǘŀōƭŜ ǇƻǎǎƛōƛƭƛǝŜǎ 

ŀǊŜ ŜƳŜǊƎƛƴƎ ŦƻǊ ǘƘŜ ƘƻǊǝŎǳƭǘǳǊŀƭ ǎŜŎǘƻǊΦ 

¦±π. ƛǊǊŀŘƛŀǝƻƴǎ ǳǎǳŀƭƭȅ ǊŜŘǳŎŜ ǘƘŜ ƘŜƛƎƘǘ ƻŦ Ǉƭŀƴǘǎ ōȅ ǎǳǇǇǊŜǎǎƛƴƎ ǎǘŜƳ ŀƴŘ ƛƴǘŜǊƴƻŘŜ 

ŜƭƻƴƎŀǝƻƴǎ ŀƴŘ ǊŜŘǳŎŜ ǘƘŜ ŜȄǇŀƴǎƛƻƴ ƻŦ ƭŜŀǾŜǎ ς ŜũŜŎǘǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ƻōǎŜǊǾŜŘ ƛƴ ŀƭƭ ƛƴǾŜǎǝƎŀǘŜŘ 
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ƘƻǊǝŎǳƭǘǳǊŀƭ ŀƴŘ ŀƎǊƛŎǳƭǘǳǊŀƭ ŎǊƻǇǎ ό[ŜŜ Ŝǘ ŀƭΦΣ нлнмŀΤ vƛŀƴ Ŝǘ ŀƭΦΣ нлнлΤ bŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуΤ WŜƴƪƛƴǎΣ 

нлмпύ ŀƴŘ ŀǊŜ ǘƻ ōŜ ŀǧǊƛōǳǘŜŘ ǘƻ ¦±wу ǇƘƻǘƻǊŜŎŜǇǘƻǊ ǎƛƎƴŀƭƛƴƎ όŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴ мΦоΦнΦнΦпύΦ 

/ƻƴǎŜǉǳŜƴǘƭȅΣ ōƛƻƳŀǎǎ ǇǊƻŘǳŎǝƻƴǎ ŀǊŜ ŎƻƳƳƻƴƭȅ ǊŜŘǳŎŜŘ ǳƴŘŜǊ ¦±π. ǿŀǾŜƭŜƴƎǘƘǎ όbŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ 

нлмуύΦ  

¢ƘŜ ŜũŜŎǘǎ ƻŦ ¦±π! ƻƴ Ǉƭŀƴǘ ƘŜƛƎƘǘ ŀƴŘ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴ ǊŜǉǳƛǊŜ ŀ ƳƻǊŜ ŘƛũŜǊŜƴǝŀǘŜŘ ǾƛŜǿΣ 

ƘƻǿŜǾŜǊΦ ²ƘƛƭŜ ¦±π! ǊŜǎǳƭǘŜŘ ƛƴ ǊŜŘǳŎŜŘ ǎǘŜƳ ŀƴŘ ƛƴǘŜǊƴƻŘŜ ŜƭƻƴƎŀǝƻƴǎ ƛƴ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ŎŀǎŜ ǎǘǳŘƛŜǎ 

ό¸ŀƴƎ Ŝǘ ŀƭΦΣ нлннΤ vƛŀƴ Ŝǘ ŀƭΦΣ нлнлΤ bŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуύ ŀƴŘ Ŏŀƴ ōŜ ŀǧǊƛōǳǘŜŘ ǘƻ ŎǊȅǇǘƻŎƘǊƻƳŜ 

ǎƛƎƴŀƭƛƴƎ όŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴ мΦоΦнΦнΦнύΣ ŀŘŘƛǝƻƴǎ ƻŦ ¦±π! ǿƛǘƘ ǎ˂ җ осф ƴƳ ǘƻ ŘƛũŜǊƛƴƎ ǎǇŜŎǘǊŀƭ 

ōŀŎƪƎǊƻǳƴŘǎ ƘŀǾŜ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ƘŜƛƎƘǘǎ ƻŦ ƪŀƭŜ ŀƴŘ ōƻƪ ŎƘƻȅ ōŀōȅ ƭŜŀǾŜǎ ό[ƛ Ŝǘ ŀƭΦΣ нлнлŀύΣ ƻŦ ƪŀƭŜ όDŀƻ Ŝǘ 

ŀƭΦΣ нлннύ ŀƴŘ ƻŦ ǘƻƳŀǘƻ ǎŜŜŘƭƛƴƎǎ όYŀƴƎ Ŝǘ ŀƭΦΣ нлмуύΦ Lǘ ƛǎ ǊŜŀǎƻƴŀōƭŜ ǘƻ ōŜƭƛŜǾŜ ǘƘŀǘ ǘƘŜǎŜ ƻōǎŜǊǾŜŘ 

ŜƭƻƴƎŀǝƻƴǎ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ Ǉƭŀƴǘ ŀǎǎƛƳƛƭŀǝƻƴǎ ōŜŎŀǳǎŜ ƭƻƴƎ ǿŀǾŜƭŜƴƎǘƘǎ ƻŦ ¦±π! ŀǊŜ 

ƪƴƻǿƴ ǘƻ ōŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ όŀǎ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ǎŜŎǝƻƴǎ мΦоΦмΦо ŀƴŘ мΦоΦмпύΦ Lƴ ŀŘŘƛǝƻƴΣ ŘƛũŜǊƛƴƎ 

ƛƳǇŀŎǘǎ ƻŦ ¦±π! ƻƴ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘΦ [ŜǧǳŎŜ ƭŜŀŦ ŀǊŜŀǎ ƛƴŎǊŜŀǎŜŘ ǳƴŘŜǊ ŘƛũŜǊŜƴǘ 

ƛƴǘŜƴǎƛǝŜǎ όмлΣ нл ŀƴŘ ол ҡƳƻƭ Ƴπн ǎπмύ ŀƴŘ ŘǳǊŀǝƻƴǎ όмл ҡƳƻƭ Ƴπн ǎπм ŦƻǊ рΣ мл ŀƴŘ мр Řŀȅǎ ǇǊƛƻǊ ƘŀǊǾŜǎǘύ 

ƻŦ ǎǳǇǇƭŜƳŜƴǘŀƭ ¦±π! όоср ƴƳύ ŎƻƳǇŀǊŜŘ ǘƻ ŀ ŎƻƴǘǊƻƭ ƭƛƎƘǝƴƎ ǿƛǘƘƻǳǘ ¦±π! ό/ƘŜƴ Ŝǘ ŀƭΦ нлмфύΦ 

LƴǘŜǊŜǎǝƴƎƭȅΣ ƭŜŀŦ ŀǊŜŀǎ ƻŦ ƳǳǎǘŀǊŘ ƳƛŎǊƻƎǊŜŜƴǎ ƛƴŎǊŜŀǎŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ǿŀǾŜƭŜƴƎǘƘǎ όоссΣ офл ŀƴŘ 

плн ƴƳύ ǿƘŜƴ ŜȄǇƻǎŜŘ ǘƻ мл Ƙ Řπм ōǳǘ ƛƴŎǊŜŀǎŜŘ ƻƴƭȅ ǳƴŘŜǊ плн ƴƳ όҐ ōƭǳŜ ǿŀǾŜƭŜƴƎǘƘύ ǿƘŜƴ ŜȄǇƻǎŜŘ ǘƻ 

мс Ƙ ŘπмΦ Lƴ ŎƻƴǘǊŀǎǘΣ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ƻŦ ŎǳŎǳƳōŜǊ ǎŜŜŘƭƛƴƎǎ ǊŜƳŀƛƴŜŘ ƛƴŘƛũŜǊŜƴǘ ŀƊŜǊ ¦±π! 

ǎǳǇǇƭŜƳŜƴǘŀǝƻƴ ǳƴŘŜǊ ƎǊŜŜƴƘƻǳǎŜ ŎƻƴŘƛǝƻƴǎ ό¸ŀƴ Ŝǘ ŀƭΦ нлннΣ ǎǇŜŎƛŬŎ ¦±π! ǇŜŀƪ ǿŀǾŜƭŜƴƎǘƘǎ ƴƻǘ 

ǇǊƻǾƛŘŜŘΣ ƘƻǿŜǾŜǊύΦ ¢ƘŜ ǎǳǊŦŀŎŜ ŀǊŜŀ ƻŦ ƪŀƭŜ ŀƴŘ ǊŜŘ ƭŜŀŦ ƭŜǧǳŎŜ ƭŜŀǾŜǎ ŀƭǎƻ ǊŜƳŀƛƴŜŘ ǳƴŎƘŀƴƎŜŘ ŀƊŜǊ 

¦±π! ǎǳǇǇƭŜƳŜƴǘŀǝƻƴ ŀǎ ǇǳōƭƛǎƘŜŘ ōȅ Dŀƻ Ŝǘ ŀƭΦ όнлннύ ŀƴŘ {ŀƳƻǳƭƛŜƴŜ Ŝǘ ŀƭΦ όнлнлύΦ ²ƘŜƴ ǎǳǇǇƭƛŜŘ Ƨǳǎǘ 

ǇǊƛƻǊ ǘƻ ƘŀǊǾŜǎǘ ǳƴŘŜǊ ŎƻƴǘǊƻƭƭŜŘ ŎƻƴŘƛǝƻƴǎΣ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ƻŦ ƪŀƭŜ ŀƴŘ ƛŎŜ Ǉƭŀƴǘǎ ŀƭǎƻ ǊŜƳŀƛƴŜŘ 

ƛƴŘƛũŜǊŜƴǘ ŀƊŜǊ ǎǳǇǇƭŜƳŜƴǘŀǝƻƴǎ ǿƛǘƘ ŘƛũŜǊŜƴǘ όосоΣ отрΣ оур ŀƴŘ офр ƴƳύ ƴŀǊǊƻǿ ¦±π!πŜƳƛǩƴƎ [95ǎ 

ŎƻƳǇŀǊŜŘ ǘƻ ŎƻƴǘǊƻƭ ǘǊŜŀǘƳŜƴǘǎ ǿƛǘƘƻǳǘ ŀŘŘƛǝƻƴŀƭ ¦±π! ό/Ƙƻƛ Ŝǘ ŀƭΦ нлннΤ [ŜŜ Ŝǘ ŀƭΦ нлнмύΦ ¢ƘŜǎŜ ŬƴŘƛƴƎǎ 

ǘŀƪŜƴ ǘƻƎŜǘƘŜǊ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ƭŜŀŦ ŀǊŜŀǎ Ŏŀƴ ƛƴŎǊŜŀǎŜ ƛŦ ǎǇŜŎƛŜǎπŘŜǇŜƴŘŜƴǘ ƛƴǘŜƴǎƛǘȅ ŀƴŘκƻǊ ŘǳǊŀǝƻƴ 

ǘƘǊŜǎƘƻƭŘǎ ŀǊŜ ƴƻǘ ŜȄŎŜŜŘŜŘΦ ¢ƘŜǎŜ ŬƴŘƛƴƎǎ ŀƭǎƻ ƛƴŘƛŎŀǝƴƎ ŀ ǿŀǾŜƭŜƴƎǘƘπǎǇŜŎƛŬŎƛǘȅΥ Lǘ ŀǇǇŜŀǊǎΣ ƭŜŀŦ 

ŜȄǇŀƴǎƛƻƴǎ ŎƻƳƳƻƴƭȅ ƛƴŎǊŜŀǎŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ¦±π! ǿŀǾŜƭŜƴƎǘƘǎ ǘƻǿŀǊŘǎ ǘƘŜ ōƭǳŜ ǊŀƴƎŜ ƻŦ ƭƛƎƘǘΣ ǿƘƛŎƘ 

ƛǎ Ƴƻǎǘ ƭƛƪŜƭȅ ǳƴŘŜǊ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ƳǳƭǝǇƭŜ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ όŜΦƎΦΣ ¦±π!πǎŜƴǎƛƴƎ ǇƘȅǘƻŎƘǊƻƳŜǎΣ 

ŎǊȅǇǘƻŎƘǊƻƳŜǎ ŀƴŘ ǇƘƻǘƻǘǊƻǇƛƴǎύ ƪƴƻǿƴ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ ŜȄǇŀƴǎƛƻƴ ƻŦ ƭŜŀǾŜǎ ƛƴ ōƭǳŜ ōŀŎƪƎǊƻǳƴŘǎ όŀǎ 

ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴǎ мΦпΦм ŀƴŘ мΦпΦнΦнύΦ Lƴ ŀŘŘƛǝƻƴΣ ŀǎ ǘƘŜ ǎǇŜŎƛŬŎ ƭŜŀŦ Ƴŀǎǎ όƳƎ ŎƳπнύ ƛƴŎǊŜŀǎŜŘ ƛƴ ƪŀƭŜ 

ŜȄǇƻǎŜŘ ǘƻ Ŏƻƴǝƴǳƻǳǎ ǎǳǇǇƭŜƳŜƴǘŀƭ ¦±π! όнп Ƙ ŜȄǇƻǎǳǊŜ ǿƛǘƘ отл ƴƳ ŀƴŘ оур ƴƳΣ ǊŜǎǇŜŎǝǾŜƭȅύ ŦƻǊ ŬǾŜ 

Řŀȅǎ ǇǊƛƻǊ ǘƻ ƘŀǊǾŜǎǘ ό[ŜŜ Ŝǘ ŀƭΦ нлмфύΣ ƛǘ ƛǎ ŀƭǎƻ ǊŜŀǎƻƴŀōƭŜ ǘƻ ŀǎǎǳƳŜ ǘƘŀǘ Ǉƭŀƴǘǎ ŀŎŎƭƛƳŀǘŜ ǘƻ ŘŀƳŀƎƛƴƎƭȅ 
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ƘƛƎƘ ƛƴǘŜƴǎƛǝŜǎ ƻŦ ¦±π! ōȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǘƘƛŎƪƴŜǎǎ ƻŦ ƛǘǎ ƭŜŀǾŜǎΣ ǿƘƛŎƘ ƛǎ ŀ ǿŜƭƭπƪƴƻǿƴ ŀŎŎƭƛƳŀǝƻƴ 

ǊŜǎǇƻƴǎŜ ƻŦ ¦±π. ŜȄǇƻǎŜŘ Ǉƭŀƴǘǎ όbŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуύΦ   

!ǎ ƻōǎŜǊǾŜŘ ōȅ ¸ŀƴ Ŝǘ ŀƭΦ όнлннύ ŀƴŘ {ŀƳǳƻƭƛŜƴŜ Ŝǘ ŀƭΦ όнлнлύ ƛƴ ŎǳŎǳƳōŜǊ ǎŜŜŘƭƛƴƎǎ ŀƴŘ ǊŜŀŘ ƭŜŀŦ 

ƭŜǧǳŎŜǎΣ ¦±π!πƛƴŘǳŎŜŘ ǎǳǇǇǊŜǎǎƛƻƴǎ ƻŦ ǎǘŜƳ ŜƭƻƴƎŀǝƻƴǎ ŀƴŘκƻǊ ƛƴƘƛōƛǘŜŘ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ǊŜǎǳƭǘ ƛƴ 

ǊŜŘǳŎŜŘ ōƛƻƳŀǎǎŜǎΦ IƻǿŜǾŜǊΣ ƛƴ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ǊŜŎŜƴǘ ǊŜǎŜŀǊŎƘΣ ƛƴŎǊŜŀǎŜŘ ōƛƻƳŀǎǎ ŀŎŎǳƳǳƭŀǝƻƴǎ 

ǳǇƻƴ ¦±π! ŜȄǇƻǎǳǊŜǎ ƘŀǾŜ ōŜŜƴ ŦƻǳƴŘ ŀƴŘ ŀǇǇŜŀǊ ǘƻ ŎƻǊǊŜƭŀǘŜ ǿŜƭƭ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ 

ŀŎǝǾƛǝŜǎ ŀƴŘκƻǊ ǎǘǊǳŎǘǳǊŀƭ Ǉƭŀƴǘ ŀŎŎƭƛƳŀǝƻƴǎ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜǎŜ ǎǘǳŘƛŜǎΥ Lƴ ŜȄŀƳǇƭŜΣ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ¦±π! 

ǿŀǾŜƭŜƴƎǘƘǎΣ /Ƙƻƛ Ŝǘ ŀƭΦ όнлннύ ŘŜǘŜŎǘŜŘ ƛƴŎǊŜŀǎƛƴƎ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜǎ όtƴΣ ҡƳƻƭ /hн Ƴπн ǎπмύ ŀǎ ǿŜƭƭ ŀǎ 

ƛƴŎǊŜŀǎƛƴƎ ǎƘƻƻǘ ŘǊȅ ǿŜƛƎƘǘǎ ƛƴ ƪŀƭŜΦ {ƛƳƛƭŀǊƭȅΣ ǎƘƻƻǘ ŀƴŘ Ǌƻƻǘ ŘǊȅ ǿŜƛƎƘǘǎ ƻŦ ƪŀƭŜ ƛƴŎǊŜŀǎŜŘ ǳƴŘŜǊ ¦±π! 

ŜȄǇƻǎǳǊŜǎ ƻŦ ŘƛũŜǊƛƴƎ ŘǳǊŀǝƻƴ όс ŀƴŘ мн Ƙ Řπмύ όDŀƻ Ŝǘ ŀƭΦΣ нлннύ ŀǎ ǿŜƭƭ ŀǎ ǳƴŘŜǊ ŘƛũŜǊƛƴƎ ǿŀǾŜƭŜƴƎǘƘǎ 

όотл ŀƴŘ оул ƴƳύ ό[ŜŜ Ŝǘ ŀƭΦΣ нлмфύΣ ŀƴŘ ǿŜǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƳǇǊƻǾŜŘ ƳŀȄƛƳǳƳ ǉǳŀƴǘǳƳ ŜŶŎƛŜƴŎƛŜǎ 

όCǾκCƳύ ŀƴŘ ƛƳǇǊƻǾŜŘ ǉǳŀƴǘǳƳ ȅƛŜƭŘ ŜŶŎƛŜƴŎƛŜǎ όʊt{LLύ ƻŦ t{ LL ƛƴ ōƻǘƘ ƛƴŘŜǇŜƴŘŜƴǘ ǎǘǳŘƛŜǎΦ !ƭǎƻ ƛƴ ƛŎŜ 

ǇƭŀƴǘǎΣ ¦±π!πƛƴŘǳŎŜŘ ōƛƻƳŀǎǎ ƛƴŎǊŜŀǎŜǎ ǿŜǊŜ ŎƻƴŎƻƳƛǘŀƴǘ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ tƴǎ ό[ŜŜ Ŝǘ ŀƭΦΣ нлнмύΦ CǳǊǘƘŜǊΣ 

ǘƘƻǳƎƘ ƛƴǘŜǊƴƻŘŜ ƭŜƴƎǘƘǎ ŘŜŎǊŜŀǎŜŘ ƛƴ ¦±π! ŜȄǇƻǎŜŘ ŎǳŎǳƳōŜǊ ǎŜŜŘƭƛƴƎǎΣ ƛƴŎǊŜŀǎŜŘ ǎǘŜƳ ǿŜƛƎƘǘǎΣ ǎǘŜƳ 

ǎǘǳǊŘƛƴŜǎǎΣ ƭŜŀŦ ŀƴŘ Ǌƻƻǘ ǿŜƛƎƘǘǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ōȅ vƛŀƴ Ŝǘ ŀƭΦ όнлнлύΦ !ƭǎƻΣ ǘƘŜ ǎǘǳŘƛŜǎ ōȅ [ƛ Ŝǘ ŀƭΦ όнлнлŀύ 

ŀƴŘ /ƘŜƴ Ŝǘ ŀƭΦ όнлмфύ ƛƴŘƛǊŜŎǘƭȅ ǎǳǇǇƻǊǘ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀŎǝǾƛǝŜǎ ōŜŎŀǳǎŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ƪŀƭŜ ŀƴŘ ōƻƪ ŎƘƻȅ ōŀōȅ ƭŜŀǾŜǎ ŀƴŘ ƭŜǧǳŎŜ ƭŜŀǾŜǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ ƛƴŎǊŜŀǎŜŘ ŘǳŜ ǘƻ ǎǳǇǇƭŜƳŜƴǘŀƭ ¦±π! 

ǊŀŘƛŀǝƻƴΦ ¢Ƙŀǘ ŎƻƴǘŜƴǘǎ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ŀƴŘκƻǊ ŎŀǊƻǘŜƴƻƛŘ ǇƛƎƳŜƴǘǎ Řƻ ƳƻǊŜ ƻƊŜƴ ǘƘŀƴ ƴƻǘ ƛƴŎǊŜŀǎŜ ǳƴŘŜǊ 

ƭƻǿ ¦±π! ǎǳǇǇƭŜƳŜƴǘŀǝƻƴǎ ό¸ŀƴ Ŝǘ ŀƭΦΣ нлннΤ Dŀƻ Ŝǘ ŀƭΦ нлннΤ [ŜŜ Ŝǘ ŀƭΦΣ нлнмΤ {ŀƳǳƻƭƛŜƴŜ Ŝǘ ŀƭΦΣ нлнлΤ [ƛ 

Ŝǘ ŀƭΦΣ нлнлŀΤ aŀƻ Ŝǘ ŀƭΦΣ нлнлύ ŦǳǊǘƘŜǊ ǎǳōǎǘŀƴǝŀǘŜǎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ Ǉƭŀƴǘǎ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜƛǊ ǇƘƻǘƻǎȅƴǘƘŜǝŎ 

ŀǎǎƛƳƛƭŀǝƻƴǎ ǳƴŘŜǊ ¦±π! ǎǳǇǇƭŜƳŜƴǘŜŘ ŎƻƴŘƛǝƻƴǎΦ Lƴ ŎƻƴǘǊŀǎǘΣ ¦±π. ŜȄǇƻǎǳǊŜǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ŀǎǎƻŎƛŀǘŜŘ 

ǿƛǘƘ ƭƻǿ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƛƎƳŜƴǘ ŎƻƴǘŜƴǘǎ ŀƴŘ ŀǎǎƛƳƛƭŀǝƻƴǎ ό[ƛ Ŝǘ ŀƭΦΣ нлнлΤ bŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуύΦ  

!ǎƛŘŜ ŦǊƻƳ ǘƘŜ ŜũŜŎǘǎ ƻŦ ƭƻǿ ¦± ŘƻǎŜǎ ƻƴ Ǉƭŀƴǘ ƳƻǊǇƘƻƭƻƎȅΣ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŀƴŘ ƎǊƻǿǘƘ ŘŜǎŎǊƛōŜŘ 

ŀōƻǾŜΣ ¦± ǊŀŘƛŀǝƻƴǎ ŀǊŜ ƪƴƻǿƴ ǘƻ ǳǇǊŜƎǳƭŀǘŜ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎ ŀƴŘ ƎƭǳŎƻǎƛƴƻƭŀǘŜǎΦ 

tƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎ ǊŜǇǊŜǎŜƴǘ ŜǎǎŜƴǝŀƭ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ŎŜƭƭ ǿŀƭƭǎΣ ǇǊƻǾƛŘŜ ǇǊƻǘŜŎǝƻƴ ŦǊƻƳ ŜȄŎŜǎǎƛǾŜ 

ŀƴŘ ¦± ƛǊǊŀŘƛŀǝƻƴǎΣ ŘŜŦŜƴŘ ŀƎŀƛƴǎǘ ƘŜǊōƛǾƻǊŜǎ ŀƴŘ ǇŀǘƘƻƎŜƴǎ ŀƴŘ ƳŜŘƛŀǘŜ ǇƭŀƴǘπǇƻƭƭƛƴŀǘƻǊ ƛƴǘŜǊŀŎǝƻƴǎ 

ŀǎ ƅƻǊŀƭ ǇƛƎƳŜƴǘǎ ŀƴŘ ǎŎŜƴǘ ŎƻƳǇƻǳƴŘǎ ό5ŜƴƎ ϧ [ǳΣ нлмтύΦ ¢ƘŜȅ ŘŜǊƛǾŜ ŦǊƻƳ ǘƘŜ ǎƘƛƪƛƳŀǘŜ ǇŀǘƘǿŀȅΣ ǘƘŀǘ 

ƛǎ ǳǎŜŘ ōȅ Ǉƭŀƴǘǎ όŀǎ ǿŜƭƭ ŀǎ ōȅ ōŀŎǘŜǊƛŀΣ ŀǊŎƘŀŜŀΣ ŦǳƴƎƛ ŀƴŘ ŀƭƎŀŜύ ǘƻ ǎȅƴǘƘŜǎƛȊŜ ǾƛǘŀƳƛƴ .ф ŀƴŘ ǘƘǊŜŜ 

ŀǊƻƳŀǝŎ ŀƳƛƴƻ ŀŎƛŘǎ όƴŀƳŜƭȅ ǘȅǊƻǎƛƴŜΣ ǘǊȅǇǘƻǇƘŀƴ ŀƴŘ ǇƘŜƴȅƭŀƭŀƴƛƴŜύ όaŀŜŘŀ ϧ 5ǳŘŀǊŜǾŀΣ нлмнύΦ ²ƘƛƭŜ 

ǘƘŜ ƛƴǘŀƪŜ ƻŦ ǘȅǊƻǎƛƴŜ ƛǎ ƴƻƴπŜǎǎŜƴǝŀƭΣ ǘǊȅǇǘƻǇƘŀƴ ŀƴŘ ǇƘŜƴȅƭŀƭŀƴƛƴŜ ǊŜǇǊŜǎŜƴǘ ƛƴŘƛǎǇŜƴǎŀōƭŜ ŀƳƛƴƻ ŀŎƛŘǎ 

ŦƻǊ ƘǳƳŀƴǎ ŀǎ ǿŜ Ŏŀƴƴƻǘ ǎȅƴǘƘŜǎƛȊŜ ǘƘŜƳ ƛƴ ŀŘŜǉǳŀǘŜ ǉǳŀƴǝǝŜǎ όaŀŜŘŀ ϧ 5ǳŘŀǊŜǾŀΣ нлмнΤ Iȅǳƴ Ŝǘ ŀƭΦΣ 

нлммύΦ  
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²ƛǘƘƛƴ ǘƘǊŜŜ ŜƴȊȅƳŀǝŎ ǎǘŜǇǎΣ ǇƘŜƴȅƭŀƭŀƴƛƴŜ ōŜŎƻƳŜǎ ǘǊŀƴǎŦƻǊƳŜŘ ƛƴǘƻ пπŎƻǳƳŀǊȅƭπŎƻŜƴȊȅƳŜπ!Σ 

ǘƘŜ ŎŜƴǘǊŀƭ ƛƴǘŜǊƳŜŘƛŀǘŜ ƛƴ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ƳȅǊƛŀŘǎ ƻŦ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎΣ ƛƴŎƭǳŘƛƴƎ ƅŀǾƻƴƻƛŘǎ ŀƴŘ 

ƘȅŘǊƻȄȅŎƛƴƴŀƳƛŎ ŀŎƛŘǎ ŀƳƻƴƎ Ƴŀƴȅ ƻǘƘŜǊǎ ό5ŜƴƎ ϧ [ǳΣ нлмтύΦ  

.ǳǘ ōŜŦƻǊŜ ¦± ŜũŜŎǘǎ ƻƴ ǎƻƳŜ ƻŦ ǘƘŜǎŜ ƛƴǾŜǎǝƎŀǘŜŘ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ ƳƻǊŜ 

ŘŜǘŀƛƭ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ [ƛ Ŝǘ ŀƭΦ όнлнлύ ŀƴŘ vƛŀƴ Ŝǘ ŀƭΦ όнлмфύ ƻōǎŜǊǾŜŘ ƛƴŎǊŜŀǎŜŘ 

ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴǎ ƻŦ ǘƘŜ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘ ǇŀǘƘǿŀȅ ƛƴ ǇǳǊǇƭŜ ǘŜŀ ŀƴŘ ŎǳŎǳƳōŜǊ ǎŜŜŘƭƛƴƎǎ ŜȄǇƻǎŜŘ ǘƻ 

ǎǳǇǇƭŜƳŜƴǘŀƭ ¦±π! ŀƴŘ ¦±π!κ. ǊŀŘƛŀǝƻƴǎ ς ŀ ǇƘŜƴƻƳŜƴƻƴ ǿŜƭƭπƪƴƻǿƴ ŦƻǊ Ǉƭŀƴǘǎ ŜȄǇƻǎŜŘ ǘƻ ¦±π. 

ǊŀŘƛŀǝƻƴǎ όbŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуύΦ Lƴ ŀŘŘƛǝƻƴΣ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ƭŜǾŜƭǎ ŀƴŘκƻǊ ŜƴȊȅƳŀǝŎ ŀŎǝǾƛǝŜǎ ƻŦ 

ǇƘŜƴȅƭŀƭŀƴƛƴŜ ŀƳƳƻƴƛŀ ƭȅŀǎŜ όt![ύ π ǘƘŜ ŜƴȊȅƳŜ ǘƘŀǘ ŎŀǘŀƭȅȊŜǎ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ƻŦ ǇƘŜƴȅƭŀƭŀƴƛƴŜ ǘƻ 

ŎƛƴƴŀƳƛŎ ŀŎƛŘ ό5ŜƴƎ ϧ [ǳΣ нлмтύ π ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ ƛƴŎǊŜŀǎŜŘ ǳƴŘŜǊ ǎǳǇǇƭŜƳŜƴǘŀƭ ¦±π! ƛƴ ƪŀƭŜΣ ŀƴŘ ǳƴŘŜǊ 

ǎǳǇǇƭŜƳŜƴǘŀƭ ¦±π! ŀƴŘ ¦±π. ƛƴ ŎǳŎǳƳōŜǊ ǎŜŜŘƭƛƴƎǎ ό/Ƙƻƛ Ŝǘ ŀƭΦΣ нлннΤ vƛŀƴ Ŝǘ ŀƭΦΣ нлмфύΦ !ƭǎƻΣ ǘƘŜ ƎŜƴŜǝŎ 

ŜȄǇǊŜǎǎƛƻƴ ƻŦ ŎƛƴƴŀƳŀǘŜ пπƘȅŘǊƻȄȅƭŀǎŜ ς ǘƘŜ ŜƴȊȅƳŜ ǘƘŀǘ ǘǊŀƴǎŦƻǊƳǎ ŎƛƴƴŀƳƛŎ ŀŎƛŘ ƛƴǘƻ ŎƻǳƳŀǊƛŎ ŀŎƛŘ 

ό5ŜƴƎ ϧ [ǳΣ нлмтύ ς ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ƛƴŎǊŜŀǎŜŘ ƛƴ ǘƘŜǎŜ ŎǳŎǳƳōŜǊ ǎŜŜŘƭƛƴƎǎ ǳƴŘŜǊ ōƻǘƘ ǎǳǇǇƭŜƳŜƴǘŀƭ ¦± 

ǘǊŜŀǘƳŜƴǘǎ όvƛŀƴ Ŝǘ ŀƭΦΣ нлмфύΦ        

CƭŀǾƻƴƻƛŘǎΣ ŀƴ ƛƳǇƻǊǘŀƴǘ Ŏƭŀǎǎ ƻŦ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎΣ ƘŀǾŜ ŘƛǾŜǊǎŜ ǊƻƭŜǎ ƛƴ Ǉƭŀƴǘ ǇƘȅǎƛƻƭƻƎȅ ŀƴŘ 

ƘǳƳŀƴ ƘŜŀƭǘƘΥ .ŜǎƛŘŜǎ ǘƘŜ ǾŀǊƛƻǳǎ ǇƛƎƳŜƴǘŀǝƻƴǎ ǘƘŜȅ ǇǊƻǾƛŘŜ ǘƻ ƅƻǿŜǊǎΣ ŦǊǳƛǘǎΣ ǎŜŜŘǎ ŀƴŘ ƭŜŀǾŜǎ ǘƻ 

ŀǧǊŀŎǘ ǇƻƭƭƛƴŀǘƻǊǎ ŀƴŘ ǎŜŜŘ ŘƛǎǇŜǊǎŜǊǎΣ ƅŀǾƻƴƻƛŘǎ ǇǊƻǘŜŎǘ Ǉƭŀƴǘǎ ŀƎŀƛƴǎǘ ŀōƛƻǝŎ ŀƴŘ ōƛƻǝŎ ǎǘǊŜǎǎŜǎ ǎǳŎƘ ŀǎ 

ǘƘǊŜŀǘŜƴƛƴƎ ǊŀŘƛŀǝƻƴǎΣ ƭƻǿ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ǇŀǘƘƻƎŜƴ ƛƴŦŜŎǝƻƴǎ ŀƴŘ ƘŜǊōƛǾƻǊƻǳǎ ŀǧŀŎƪǎΦ ¦Ǉƻƴ ǘƘŜǎŜ 

ŜȄǇƻǎǳǊŜǎΣ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ƅŀǾƻƴƻƛŘǎ ōŜŎƻƳŜǎ ƛƴŘǳŎŜŘ ǘƻ ŀǧŜƴǳŀǘŜ ǇƻǎǎƛōƭŜ 5b!Σ ƭƛǇƛŘ ŀƴŘ ǇǊƻǘŜƛƴ 

ŘŜƎǊŀŘŀǝƻƴǎ όbŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуΤ 5ŜƴƎ ϧ [ǳΣ нлмтύΦ  

²ƘƛƭŜ ¦±π. ƛǊǊŀŘƛŀǝƻƴǎ ŀǊŜ ŀƭǊŜŀŘȅ ǿŜƭƭπƪƴƻǿƴ ǘƻ ŜƴƘŀƴŎŜ ƅŀǾƻƴƻƛŘ ŀŎŎǳƳǳƭŀǝƻƴǎ ƛƴ Ǉƭŀƴǘǎ 

όbŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуύΣ ǎƛƳƛƭŀǊ ŜũŜŎǘǎ ƻŦ ¦±π! ƛǊǊŀŘƛŀǝƻƴǎ ǿŜǊŜ ǇǳōƭƛǎƘŜŘ ǊŜŎŜƴǘƭȅ ŀǎ ǿŜƭƭΦ ¢ƻǘŀƭ 

ƅŀǾƻƴƻƛŘ ŎƻƴǘŜƴǘǎ ό¢C/ύ ƛƴŎǊŜŀǎŜŘ ƛƴ ƪŀƭŜ ǿƘŜƴ ŜȄǇƻǎŜŘ ǘƻ ол ² Ƴπн ƻŦ ŘƛũŜǊŜƴǘ ƴŀǊǊƻǿ ¦±π! ǿŀǾŜōŀƴŘǎ 

ŦƻǊ ǎŜǾŜƴ Řŀȅǎ ǇǊƛƻǊ ǘƻ ƘŀǊǾŜǎǘ ό/Ƙƻƛ Ŝǘ ŀƭΦΣ нлннύ ŀƴŘ ǿƘŜƴ ŜȄǇƻǎŜŘ ǘƻ нл ŀƴŘ ол ҡƳƻƭ Ƴπн ǎπм ƻŦ оср ƴƳ 

ŦƻǊ мо Řŀȅǎ ǇǊƛƻǊ ǘƻ ƘŀǊǾŜǎǘ ό/ƘŜƴ Ŝǘ ŀƭΦΣ нлмфύΦ Lƴ ŀŘŘƛǝƻƴΣ ǘƘƻǳƎƘ ¢C/ ǊŜƳŀƛƴŜŘ ǎǘŀǝǎǝŎŀƭƭȅ ƛƴŘƛũŜǊŜƴǘ ƛƴ 

ƪŀƭŜ ǿƘŜƴ ŜȄǇƻǎŜŘ ǘƻ пл ҡƳƻƭ Ƴπн ǎπм ŦƻǊ ŘƛũŜǊŜƴǘ Řŀƛƭȅ ¦±π! ŘǳǊŀǝƻƴǎ όс ŀƴŘ мн Ƙ Řπм ǿƛǘƘ оул ƴƳύΣ ŀƴ 

ƛƴŎǊŜŀǎƛƴƎ ǘǊŜƴŘ ƛƴ ¢C/ ǿŀǎ ǎǝƭƭ ƻōǎŜǊǾŀōƭŜ όDŀƻ Ŝǘ ŀƭΦΣ нлннύΣ ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ 

ƅŀǾƻƴƻƛŘǎ ǳǇƻƴ ¦±π! ƛǎ ǿŀǾŜƭŜƴƎǘƘπ ŀƴŘ ƛƴǘŜƴǎƛǘȅπŘŜǇŜƴŘŜƴǘΦ Lƴ ŎƻƴǘǊŀǎǘΣ ¢C/ ǿŀǎ ŦƻǳƴŘ ǘƻ ŘŜŎǊŜŀǎŜ ƛƴ 

ǇǳǊǇƭŜ ǘŜŀ ǳǇƻƴ ŦƻǳǊ ƘƻǳǊǎ ƻŦ Řŀƛƭȅ ŜȄǇƻǎǳǊŜǎ ǿƛǘƘ слл Ƴ² Ƴπн ƻŦ ¦±π! ŀƴŘκƻǊ ¦±π. ό[ƛ Ŝǘ ŀƭΦΣ нлнлύ ŀƴŘ 

ǳƴŘŜǊƭƛƴŜǎ ǎǇŜŎƛŜǎπŘŜǇŜƴŘŜƴǘ ǊŜǎǇƻƴǎŜǎ ǘƻ ¦±Φ  

{ƛƳƛƭŀǊƭȅΣ ŎƻƴǘŜƴǘǎ ƻŦ ǎǇŜŎƛŬŎ ōƛƻƭƻƎƛŎŀƭƭȅ ŀŎǝǾŜ ƅŀǾƻƴƻƛŘǎ ǿƛǘƘ ǘǊŜƳŜƴŘƻǳǎ ƘŜŀƭǘƘ ōŜƴŜŬǘǎ ŦƻǊ 

ƘǳƳŀƴǎ ƘŀǾŜ ōŜŜƴ ǊŜǇŜŀǘŜŘƭȅ ŦƻǳƴŘ ǘƻ ƛƴŎǊŜŀǎŜ ǳƴŘŜǊ ¦±π! ǊŀŘƛŀǝƻƴΥ !ƴǘƘƻŎȅŀƴƛƴǎ ς ǎǘǊƻƴƎ ŀƴǝƻȄƛŘŀƴǘǎ 
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ǿƛǘƘ ŀƴǝπƛƴƅŀƳƳŀǘƻǊȅ ŀƴŘ ƴŜǳǊƻǇǊƻǘŜŎǝǾŜ ŜũŜŎǘǎΣ ǇƻǘŜƴǝŀƭǎ ŀƎŀƛƴǎǘ ŎŀƴŎŜǊΣ ƻōŜǎƛǘȅ ŀƴŘ ŘƛŀōŜǘŜǎ ŀƴŘ 

ǿƛǘƘ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ōŜƴŜŬǘǎ ό[ƛ Ŝǘ ŀƭΦΣ нлмрύ ς ƛƴŎǊŜŀǎŜŘ ƛƴ ǘƘŜ ƭŜŀǾŜǎ ƻŦ ǘŜŀΣ ǊŜŘ ŀƴŘ ƎǊŜŜƴ ōƻƪ ŎƘƻȅ ŀǎ 

ǿŜƭƭ ŀǎ ƛƴ ǊŜŘ ŀƴŘ ƎǊŜŜƴ ƭŜǧǳŎŜǎ ǳǇƻƴ ŘƛũŜǊŜƴǘ ¦±π! ŜȄǇƻǎǳǊŜǎ ό[ƛ Ŝǘ ŀƭΦΣ нлнлΤ aŀƻ Ŝǘ ŀƭΦΣ нлнлΤ /ƘŜƴ Ŝǘ 

ŀƭΦΣ нлмфΤ {ŀƳǳƻƭƛŜƴŜ Ŝǘ ŀƭΦΣ нлнлύΦ Lƴ ŀ ƎǊŜŜƴƘƻǳǎŜ ŜȄǇŜǊƛƳŜƴǘ ƘƻǿŜǾŜǊΣ ǘƻǘŀƭ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘǎ ό¢!/ύ 

ǊŜƳŀƛƴŜŘ ƛƴŘƛũŜǊŜƴǘ ƛƴ ƪŀƭŜ ŀƴŘ ōƻƪ ŎƘƻȅ ōŀōȅ ƭŜŀǾŜǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜƛǊ ŎƻƴǘǊƻƭ ǘǊŜŀǘƳŜƴǘǎ ǿƘŜƴ 

ƛǊǊŀŘƛŀǘŜŘ ǿƛǘƘ пл ² Ƴπн ƻŦ ¦±π! όоул ƴƳύ ŦƻǊ ǘǿŜƭǾŜ ƘƻǳǊǎ ŘŀƛƭȅΦ LƴǎǘŜŀŘΣ ¢!/ǎ ƛƴŎǊŜŀǎŜŘ ƻƴƭȅ ǳƴŘŜǊ 

ƴŀǊǊƻǿ . ǿŀǾŜƭŜƴƎǘƘǎ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ό[ƛ Ŝǘ ŀƭΦΣ нлнлŀύΦ /ƻƴǘŜƴǘǎ ƻŦ ǘƘŜ ƅŀǾƻƴƻƛŘ ƭǳǘŜƻƭƛƴ ς ŀ ǎǘǊƻƴƎ 

ŀƴǝŎŀƴŎŜǊ ŀƎŜƴǘ όLƳǊŀƴ Ŝǘ ŀƭΦΣ нлмфύ ς ǿŜǊŜ ƛƴŎǊŜŀǎŜŘ ƛƴ ǊŜŘ ƭŜŀŦ ƭŜǧǳŎŜ ŀƴŘ ǊŜƳŀƛƴŜŘ ƛƴŘƛũŜǊŜƴǘ ƛƴ ƎǊŜŜƴ 

ƭŜŀŦ ƭŜǧǳŎŜ ǳƴŘŜǊ ¦±π! ŜȄǇƻǎǳǊŜǎ ōǳǘ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ ŘŜŎǊŜŀǎŜŘ ǳƴŘŜǊ ¦±π!κ. ŀƴŘ ¦±π. ŜȄǇƻǎǳǊŜǎ ƛƴ 

ōƻǘƘ ƭŜǧǳŎŜ ŎǳƭǝǾŀǊǎ ό[ŜŜ Ŝǘ ŀƭΦΣ нлнмŀύΣ ǎǳƎƎŜǎǝƴƎ ¦± ǿŀǾŜƭŜƴƎǘƘǎπ ŀƴŘ ǎǇŜŎƛŜǎπŘŜǇŜƴŘŜƴŎȅΦ ¢ƘŜ ǎŀƳŜ 

ǎǘǳŘȅ ŦƻǳƴŘ ŀƴŀƭƻƎƻǳǎ ŜũŜŎǘǎ ŦƻǊ ŀǇƛƎŜƴƛƴ ς ŀ ƅŀǾƻƴƻƛŘ ŜũŜŎǝǾŜ ŀƎŀƛƴǎǘ ǾŀǊƛƻǳǎ ǘȅǇŜǎ ƻŦ ŎŀƴŎŜǊΣ ŘƛŀōŜǘŜǎΣ 

ŀǊǘƘǊƛǝǎΣ ƳŜƳƻǊȅ ƭƻǎǎΣ ŘŜǇǊŜǎǎƛƻƴ ŀƴŘ ǎƭŜŜǇƭŜǎǎƴŜǎǎ ό{ŀƭŜƘƛ Ŝǘ ŀƭΦΣ нлмфΤ !ƭƛ Ŝǘ ŀƭΦΣ нлмтύΦ !ƴƻǘƘŜǊ 

ƛƳǇƻǊǘŀƴǘ ƅŀǾƻƴƻƛŘ ƛǎ ǉǳŜǊŎŜǝƴ π ŘǳŜ ǘƻ ƛǘǎ ŎŀǊŘƛƻǇǊƻǘŜŎǝǾŜ ŜũŜŎǘǎ ό5ƳŜƭƭƻ Ŝǘ ŀƭΦΣ нлноύ π ǿƘƛŎƘ ǿŀǎ ŦƻǳƴŘ 

ƛƴ ƛƴŎǊŜŀǎŜŘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǳǇƻƴ ǎǳǇǇƭŜƳŜƴǘŀƭ ¦±π! ǊŀŘƛŀǝƻƴ ƛƴ ǊŜŘ ƭŜŀŦ ƭŜǧǳŎŜ ŀƴŘ ƪŀƭŜ ōŀōȅ ƭŜŀǾŜǎ 

ό[ŜŜ Ŝǘ ŀƭΦΣ нлнмŀΤ [ƛ Ŝǘ ŀƭΦΣ нлнлύΦ IƻǿŜǾŜǊΣ ŀƴ ¦±π! ŜȄǇƻǎǳǊŜ ŘƛŘ ƴƻǘ ŎƘŀƴƎŜ ǘƘŜ ŎƻƴǘŜƴǘ ƻŦ ǉǳŜǊŎŜǝƴ ƛƴ 

ōƻƪ ŎƘƻȅ ōŀōȅ ƭŜŀǾŜǎ ƛƴ ǘƘŜ ǎǘǳŘȅ ōȅ [ƛ Ŝǘ ŀƭΦ όнлнлŀύΦ CƛƴŀƭƭȅΣ ŀƭǎƻ ŎƻƴǘŜƴǘǎ ƻŦ ƪŀŜƳǇŦŜǊƻƭ ς ŀ ƅŀǾƻƴƻƛŘ 

ǿƛǘƘ ōŜƴŜŬŎƛŀƭ ŜũŜŎǘǎ ŀƎŀƛƴǎǘ ŀǎǘƘƳŀΣ ŎŀƴŎŜǊΣ ŘƛŀōŜǘŜǎΣ ƻōŜǎƛǘȅ ŀƴŘ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜǎ όLƳǊŀƴ Ŝǘ ŀƭΦΣ 

нлмуύ ς Ŏŀƴ ōŜ ƛƳǇǊƻǾŜŘ ōȅ ¦±π! ƛƴ ƪŀƭŜ ŀƴŘ ƪŀƭŜ ōŀōȅ ƭŜŀǾŜǎ ό[ŜŜ Ŝǘ ŀƭΦΣ нлмфΤ [ƛ Ŝǘ ŀƭΦΣ нлнлŀύ ŀƴŘ ōȅ ¦±π

!κ. ŀƴŘ ¦±π. ƛƴ ǘƻƳŀǘƻŜǎ ό[ŜŜ Ŝǘ ŀƭΦΣ нлнмŀύΣ ǘƘƻǳƎƘ ƪŀŜƳǇŦŜǊƻƭ ŎƻƴǘŜƴǘǎ ǊŜƳŀƛƴŜŘ ƛƴŘƛũŜǊŜƴǘ ƛƴ ōƻƪ 

ŎƘƻȅ ōŀōȅ ƭŜŀǾŜǎ ŀƴŘ ǘƻƳŀǘƻŜǎ ǳǇƻƴ ¦±π! ŜȄǇƻǎǳǊŜ ό[ŜŜ Ŝǘ ŀƭΦΣ нлнмŀΤ [ƛ Ŝǘ ŀƭΦΣ нлнлŀύΦ ¢ƘŜǎŜ ŬƴŘƛƴƎǎ 

ŎƭŜŀǊƭȅ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ǾŀǊƛƻǳǎ ƘŜŀƭǘƘπǇǊƻƳƻǝƴƎ ƅŀǾƻƴƻƛŘǎ Ŏŀƴ ōŜ ŜƴƘŀƴŎŜŘ ǳƴŘŜǊ ¦±π! 

ŀƴŘκƻǊ ¦±π.Φ ¢ƘƻǳƎƘΣ ǿŀǾŜƭŜƴƎǘƘΣ ƛƴǘŜƴǎƛǘȅ ŀƴŘ ŘǳǊŀǝƻƴ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǎǇŜŎƛŜǎ ŀƴŘ ŎǳƭǝǾŀǊ ŎƭŜŀǊƭȅ 

ƛƴƅǳŜƴŎŜ ǘƘŜ ƻǳǘŎƻƳŜΣ ƎŜƴŜǝŎ ǎǘǳŘƛŜǎ ŎƻƴŘǳŎǘŜŘ ōȅ [ƛ Ŝǘ ŀƭΦ όнлнлύΣ vƛŀƴ Ŝǘ ŀƭΦ όнлмфύ ŀƴŘ /Ƙƻƛ Ŝǘ ŀƭΦ 

όнлннύ ǾŜǊƛŦȅ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ¦±ǎ ƛƴŎǊŜŀǎŜ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ƅŀǾƻƴƻƛŘǎ ōŜŎŀǳǎŜ ǘƘŜ ƎŜƴŜǝŎ ŜȄǇǊŜǎǎƛƻƴ 

ŀƴŘκƻǊ ŜƴȊȅƳŜ ŀŎǝǾƛǘȅ ƭŜǾŜƭǎ ƻŦ ŎƘŀƭŎƻƴŜ ǎȅƴǘƘŀǎŜ όǘƘŜ ŬǊǎǘ ŎƻƳƳƛǧŜŘ ŜƴȊȅƳŜ ƛƴ ƅŀǾƻƴƻƛŘ ōƛƻǎȅƴǘƘŜǎƛǎύΣ 

ƅŀǾƻƴƻƛŘ оπƘȅŘǊƻȄȅƭŀǎŜ ŀƴŘ ŀƴǘƘƻŎȅŀƴƛŘƛƴ ǎȅƴǘƘŀǎŜ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ŜƴƘŀƴŎŜŘ ǳƴŘŜǊ 

ǾŀǊƛƻǳǎ ǎǳǇǇƭŜƳŜƴǘŀƭ ¦± ǘǊŜŀǘƳŜƴǘǎΦ     

!ƴƻǘƘŜǊ ƛƳǇƻǊǘŀƴǘ Ŏƭŀǎǎ ƻŦ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎΣ ǿƘƻǎŜ ŎƻƴǘŜƴǘǎ ŀǊŜ ŀƭǎƻ ƛƴƅǳŜƴŎŜŘ ōȅ ¦± ǊŀŘƛŀǝƻƴ 

ŀǊŜ ƘȅŘǊƻȄȅŎƛƴƴŀƳƛŎ ŀŎƛŘǎΦ ¢ƘŜǎŜ ǇƘŜƴƻƭƛŎ ŀŎƛŘǎ ŀǊŜ ƛƴǘŜǊƳŜŘƛŀǘŜǎ ƛƴ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ƭƛƎƴƛƴΣ ǿƘƛŎƘ 

ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ ƳŀǘŜǊƛŀƭ ƻŦ Ǉƭŀƴǘ ǝǎǎǳŜǎ ŀƴŘ ŎƻƴŦŜǊǎ ǘƘŜ ǊƛƎƛŘƛǘȅ ƻŦ ŎŜƭƭ ǿŀƭƭǎ όIǳƳǇƘǊŜȅ ϧ 

/ƘŀǇǇƭŜΣ нллнύύΦ !ǎ ǊŜǾƛŜǿŜŘ ōȅ /ƻƳŀƴ ϧ ±ƻŘƴŀǊ όнлмфύΣ ǘƘŜǎŜ ƘȅŘǊƻȄȅŎƛƴƴŀƳƛŎ ŀŎƛŘǎ ǿŜǊŜ ŀƭǎƻ ǎƘƻǿƴ 

ǘƻ ōŜ ōŜƴŜŬŎƛŀƭ ǘƻ ƘǳƳŀƴ ƘŜŀƭǘƘΥ /ŀũŜƛŎ ŀŎƛŘ ό/!ύΣ ǘƘŜ Ƴŀƛƴ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ƻŦ ƘȅŘǊƻȄȅŎƛƴƴŀƳƛŎ ŀŎƛŘǎ όŀƴŘ 
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ǇƘŜƴƻƭƛŎ ŀŎƛŘǎ ƛƴ ƎŜƴŜǊŀƭύΣ Ƙŀǎ ǎƘƻǿƴ ŀƴǝƻȄƛŘŀƴǘΣ ŀƴǝπƛƴƅŀƳƳŀǘƻǊȅΣ ŀƴǝπŎŀƴŎŜǊ ŀƴŘ ŀƴǝπIL± ŀŎǝǾƛǝŜǎ 

ό¢ƻǳŀƛōƛŀ Ŝǘ ŀƭΦΣ нлммύΦ Lǘǎ ŎƻƴǘŜƴǘǎ ǿŜǊŜ ŜƭŜǾŀǘŜŘ ǳǇƻƴ ¦±π! ŜȄǇƻǎǳǊŜ ƛƴ ƪŀƭŜ ό[ŜŜ Ŝǘ ŀƭΦΣ нлмфύΦ Lƴ ƭŜǧǳŎŜ 

ƘƻǿŜǾŜǊΣ ¦±π! ŘƛŘ ƴƻǘ ŀƭǘŜǊ /! ŎƻƴǘŜƴǘΦ LƴǎǘŜŀŘΣ ƻƴƭȅ ŜȄǇƻǎǳǊŜǎ ƻŦ ǎǳǇǇƭŜƳŜƴǘŀƭ ¦±π. ŀƴŘ ¦±π!κ. 

ƛƴŎǊŜŀǎŜŘ ǘƘŜ ƭŜǧǳŎŜǎΩ /! ŎƻƴǘŜƴǘǎ ό[ŜŜ Ŝǘ ŀƭΦΣ нлнмŀύΦ Lƴ ǘƘŜ ǎŀƳŜ ǎǘǳŘȅΣ ŎƻƴǘŜƴǘǎ ƻŦ ŎƘƭƻǊƻƎŜƴƛŎ ŀŎƛŘ όŀ 

ŘŜǊƛǾŀǝǾŜ ƻŦ ŎŀũŜƛŎ ŀŎƛŘ ǿƛǘƘ ŀƴǝƻȄƛŘŀƴǘΣ ŀƴǝōŀŎǘŜǊƛŀƭΣ ŀƴǝπǾƛǊŀƭΣ ŀƴǝπƛƴƅŀƳƳŀǘƻǊȅΣ ŦŜǾŜǊπǊŜŘǳŎƛƴƎΣ ŀƴǝπ

ƻōŜǎƛǘȅΣ ƘŜǇŀǘƻπΣ ŎŀǊŘƛƻπ ŀƴŘ ƴŜǳǊƻπǇǊƻǘŜŎǝǾŜ ǇǊƻǇŜǊǝŜǎ όbŀǾŜŜŘ Ŝǘ ŀƭΦΣ нлмуύύ ŀƭǎƻ ǊŜƳŀƛƴŜŘ ƛƴŘƛũŜǊŜƴǘ 

ǳǇƻƴ ¦±π! ŜȄǇƻǎǳǊŜΣ ōǳǘ ŘŜŎǊŜŀǎŜŘ ǳǇƻƴ ¦±π. ŀƴŘ ¦±π!κ.Φ CǳǊǘƘŜǊΣ ōƻǘƘ ŎƻƴǘŜƴǘǎ ƻŦ ŎƘƛŎƻǊƛŎ ŀŎƛŘ 

όŀƴƻǘƘŜǊ ŘŜǊƛǾŀǝǾŜ ƻŦ ŎŀũŜƛŎ ŀŎƛŘ ǿƛǘƘ ŀƴǝƻȄƛŘŀƴǘΣ ŀƴǝπƛƴƅŀƳƳŀǘƻǊȅΣ ŀƴǝπǾƛǊŀƭΣ ŀƴǝπŀƎƛƴƎΣ 

ƴŜǳǊƻǇǊƻǘŜŎǝǾŜ ŀƴŘ ƛƳƳǳƴŜπǎǝƳǳƭŀǝƴƎ ǇǊƻǇŜǊǝŜǎ ό¸ŀƴƎ Ŝǘ ŀƭΦΣ нлннύύ ŀƴŘ ƻŦ ŦŜǊǳƭƛŎ ŀŎƛŘ όŀƭǎƻ ŀ 

ŘŜǊƛǾŀǝǾŜ ƻŦ ŎŀũŜƛŎ ŀŎƛŘ ǿƛǘƘ ŀƴǝƻȄƛŘŀƴǘΣ ŀƴǝπƛƴƅŀƳƳŀǘƻǊȅΣ ŀƴǝπŬōǊƻǎƛǎΣ ŀƴǝπŀǇƻǇǘƻǎƛǎ ŀƴŘ ŀƴǝπǇƭŀǘŜƭŜǘ 

ŜũŜŎǘǎ ό[ƛ Ŝǘ ŀƭΦΣ нлнмύύ ǿŜǊŜ ƛƴŎǊŜŀǎŜŘ ŀƊŜǊ ǎǳǇǇƭŜƳŜƴǘŀƭ ¦±π! ǿŀǎ ŜƳǇƭƻȅŜŘ ƻƴ ǘƻƳŀǘƻŜǎ ό[ŜŜ Ŝǘ ŀƭΦΣ 

нлнмŀύ ŀƴŘ ƪŀƭŜ ό[ŜŜ Ŝǘ ŀƭΦΣ нлмфύΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢Ƙŀǘ ǘƻǘŀƭ ǇƘŜƴƻƭƛŎ ŎƻƴǘŜƴǘǎ ό¢t/ύ ŀƴŘ ŀƴǝƻȄƛŘŀƴǘ 

ŎŀǇŀŎƛǝŜǎ ό!h/ύ όǿƘƛŎƘ ǎǘǊƻƴƎƭȅ ŎƻǊǊŜƭŀǘŜ ǿƛǘƘ ƻƴŜ ŀƴƻǘƘŜǊ όbƻǊŜŜƴ Ŝǘ ŀƭΦΣ нлмтύ ǿŜǊŜ ōƻǘƘ ŦƻǳƴŘ ǘƻ ōŜ 

ƘŜƛƎƘǘŜƴŜŘ ǳǇƻƴ ¦± ǊŀŘƛŀǝƻƴǎ ƛƴ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ǊŜŎŜƴǘ ǎǘǳŘƛŜǎ ŦǳǊǘƘŜǊ ŎƻƴŬǊƳǎ ǘƘŜ ǇƻǘŜƴǝŀƭ ƻŦ ¦± 

ƭƛƎƘǘ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜǎŜ ƘŜŀƭǘƘπǎǳǇǇƻǊǝƴƎ ǇƘȅǘƻŎƘŜƳƛŎŀƭǎΦ  

CƛƴŀƭƭȅΣ ǇǊŜǾƛƻǳǎ ƛƴǾŜǎǝƎŀǝƻƴǎ ƻƴ ƳǳƭǝǇƭŜ ŎŀōōŀƎŜ ǎǇŜŎƛŜǎ όƛƴŎƭǳŘƛƴƎ ōƻƪ ŎƘƻȅΣ ōǊƻŎŎƻƭƛΣ ōǊǳǎǎŜƭ 

ǎǇǊƻǳǘǎ ŀƴŘ ƪŀƭŜύ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ŘƛũŜǊŜƴǘ ¦±π! ǿŀǾŜƭŜƴƎǘƘǎΣ ƛƴǘŜƴǎƛǝŜǎ ŀƴŘ ŘǳǊŀǝƻƴǎ ŎƻǳƭŘ ǇǊƻƳƻǘŜ ǘƘŜ 

ōƛƻǎȅƴǘƘŜǎƛǎ ŀƴŘ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ƎƭǳŎƻǎƛƴƻƭŀǘŜǎ όDŀƻ Ŝǘ ŀƭΦΣ нлннΣ aŀƻ Ŝǘ ŀƭΦΣ нлнлΣ [ƛ Ŝǘ ŀƭΦΣ нлнл ϧ нлнлŀύΦ 

DƭǳŎƻǎƛƴƻƭŀǘŜǎ ƛƳǇŀǊǘ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎ ǇǳƴƎŜƴǘ ǘŀǎǘŜ ŀƴŘ ƅŀǾƻǊ ǘƻ ǘƘŜǎŜ ŎǊǳŎƛŦŜǊƻǳǎ ǾŜƎŜǘŀōƭŜǎ ŀƴŘ 

ŦǳƴŎǝƻƴ ŀǎ Ǉƭŀƴǘ ŘŜŦŜƴǎŜǎ ŀƎŀƛƴǎǘ ŀ ǾŀǊƛŜǘȅ ƻŦ ǇŜǎǘǎ ŀƴŘ ŘƛǎŜŀǎŜǎ ό[ƛǳ Ŝǘ ŀƭΦΣ нлнмύΦ      

¢ƘƻǳƎƘ ŀƭƭ ŘŜǎŎǊƛōŜŘ ¦± ŜũŜŎǘǎ ŀǊŜ ŎƭŜŀǊƭȅ ǿŀǾŜƭŜƴƎǘƘπΣ ƛƴǘŜƴǎƛǘȅ ŀƴŘ ŘǳǊŀǝƻƴπŘŜǇŜƴŘŜƴǘ ŀƴŘ 

Ŏŀƴ ŘƛũŜǊ ōŜǘǿŜŜƴ ǎǇŜŎƛŜǎ ŀƴŘ ŜǾŜƴ ŎǳƭǝǾŀǊǎΣ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ¦± ƭƛƎƘǝƴƎ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǝŀƭ ǘƻ 

ōŜƴŜŬǘ ƴƻǘ ƻƴƭȅ ǘƘŜ ƘƻǊǝŎǳƭǘǳǊŀƭ ƛƴŘǳǎǘǊȅ ōǳǘ ŀƭǎƻ ƘǳƳŀƴ ƘŜŀƭǘƘ ōȅ ƛƳǇǊƻǾƛƴƎ Ǉƭŀƴǘ ǎǘŀǘǳǊŜ ŀƴŘ ǘƘŜƛǊ 

ƴǳǘǊƛǝƻƴŀƭ ǉǳŀƭƛǝŜǎΦ  

²ƘŜƴ ŀǇǇƭƛŜŘ ŀǎ ŀ ƳƛƭŘ ŀōƛƻǝŎ ǎǘǊŜǎǎΣ ¦± ǊŀŘƛŀǝƻƴ Ŏŀƴ ōŜ ǳǎŜŘ ŜũŜŎǝǾŜƭȅ ǘƻ ǇǊƻŘǳŎŜ ǎƘƻǊǘŜǊΣ 

ƳƻǊŜ ŎƻƳǇŀŎǘ ŀƴŘ ǎǘǳǊŘȅ Ǉƭŀƴǘǎ ς ŀ ǇƘŜƴƻǘȅǇŜ ǇǊŜŦŜǊǊŜŘ ƴƻǘ ƻƴƭȅ ŘǳǊƛƴƎ ŎǳƭǝǾŀǝƻƴ ƛƴ ǎǇŀŎŜπƭƛƳƛǘŜŘ 

ƳǳƭǝπƭŜǾŜƭŜŘ Ǉƭŀƴǘ ŦŀŎǘƻǊƛŜǎ ŀƴŘ ŘǳǊƛƴƎ ǎǳōǎŜǉǳŜƴǘ ǘǊŀƴǎǇƻǊǘΣ ōǳǘ ŀƭǎƻ ōȅ ǘƘŜ ŎƻƴǎǳƳŜǊǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ 

ǘƘŜ ǊŜǇŜŀǘŜŘƭȅ ƻōǎŜǊǾŜŘ ¦±πƛƴŘǳŎŜŘ ŜƴǊƛŎƘƳŜƴǘǎ ƻŦ Ƴŀƴȅ ǎŜŎƻƴŘŀǊȅ ƳŜǘŀōƻƭƛǘŜǎ ŎƻǳƭŘ ǎǳōǎǘŀƴǝŀƭƭȅ 

ŎƻƴǘǊƛōǳǘŜ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ Ǿƛǎǳŀƭ ŀǇǇŜŀǊŀƴŎŜ ƻŦ Ǉƭŀƴǘǎ όŜΦƎΦΣ ōȅ ƛƴŎǊŜŀǎƛƴƎ ŀƴǘƘƻŎȅŀƴƛƴ ŀƴŘ ƻǘƘŜǊ ƅŀǾƻƴƻƛŘ 

ǇƛƎƳŜƴǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎύΣ ŜƴƘŀƴŎŜ ǘƘŜ ŀǊƻƳŀ ŀƴŘ ǘŀǎǘŜ ƻŦ ŦǊǳƛǘǎΣ ǾŜƎŜǘŀōƭŜǎ ŀƴŘ ƘŜǊōǎ όŜΦƎΦΣ ōȅ ƛƴŎǊŜŀǎƛƴƎ 

ƎƭǳŎƻǎƛƴƻƭŀǘŜ ŀƴŘ ŀǊƻƳŀǝŎ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘ ŎƻƴǘŜƴǘǎύΣ ōŜǧŜǊ ǘƘŜ ƴǳǘǊƛǝƻƴŀƭ ǉǳŀƭƛǘȅ όŜΦƎΦΣ ōȅ ƛƴŎǊŜŀǎƛƴƎ 

ǇƘŜƴƻƭƛŎ ŀŎƛŘΣ ǾƛǘŀƳƛƴ ŀƴŘ ƴǳǘǊƛŜƴǘ ŎƻƴǘŜƴǘǎύΦ  
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Lƴ ŀŘŘƛǝƻƴΣ ǘƘƻǳƎƘ ¦± ǿŀǾŜōŀƴŘǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ǎǝƭƭ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǿƘŀǘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴ όŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴ мΦоΦмΦпύΣ ǎǳǇǇƭŜƳŜƴǘŀƭ ¦±π! ǿŀǾŜƭŜƴƎǘƘǎ 

όŜǎǇŜŎƛŀƭƭȅ ǿƘŜƴ ƴŜŀǊƛƴƎ ǘƘŜ ōƭǳŜ ǎǇŜŎǘǊǳƳύ ƘŀǾŜ ǊŜǇŜǝǝǾŜƭȅ ǎƘƻǿƴ ǘƻ ŀŎŎŜƭŜǊŀǘŜ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘΦ 

¢ƘǳǎΣ ¦±π! ŎƻǳƭŘ ƘŜƭǇ ƛƴ ǎƘƻǊǘŜƴƛƴƎ ǇǊƻŘǳŎǝƻƴ ŎȅŎƭŜǎΦ    

IƻǿŜǾŜǊΣ ōŜŎŀǳǎŜ ¦±πŜƳƛǩƴƎ [95ǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ƳƻǊŜ ŜȄǇŜƴǎƛǾŜ ŀƴŘ ƭŜǎǎ ŎƻǎǘπŜũŜŎǝǾŜ ǘƘŀƴ 

[95ǎ ǘƘŀǘ ŜƳƛǘ ƭƻƴƎŜǊ ǿŀǾŜƭŜƴƎǘƘǎ όŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴ мΦнύ ŀƴŘ ƎƛǾŜƴ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ŜȄŎŜǎǎƛǾŜ ƭŜǾŜƭǎ ƻŦ 

¦± ǊŀŘƛŀǝƻƴ ŎŀǳǎŜ ŘŀƳŀƎŜǎ ǘƻ ǇƭŀƴǘǎΣ ǎƘƻǊǘπǘŜǊƳ ǎǳǇǇƭŜƳŜƴǘŀƭ ¦± ǊŀŘƛŀǝƻƴǎ Ƨǳǎǘ ǇǊƛƻǊ ǘƻ ƘŀǊǾŜǎǘ ŀǊŜ 

ǊŜŎƻƳƳŜƴŘŜŘΣ ŀƴŘ ƳƛƴƛƳŀƭ ǊŀŘƛŀǝƻƴ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻǳƎƘǘ ǘƻ ōŜ ƛƴǾŜǎǝƎŀǘŜŘΦ  
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¢ŀōƭŜ с ς aƻǊǇƘƻƭƻƎƛŎŀƭΣ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŜũŜŎǘǎ ƳŜŘƛŀǘŜŘ ōȅ ǳƭǘǊŀǾƛƻƭŜǘ ǿŀǾŜƭŜƴƎǘƘǎ ό ˂нулπплл ƴƳύΦ4
 

Plant species Effect1 Light 
spectrum 

Pea
ƪ ˂2 

Light 
intensity 

and 
duration3 

Reference 

Lilium 
candidum 
bulblets 

Under RB+UV-A, LLength, RootNo, ratio of bulbscales regenerating roots and 
car decreased in comparison to RB, bulbletsNo, bulblets diameter, 
RootLength, chl and SugarSol contents tended to decrease, however, number 
and ratio of bulbscales regenerating bulblets with leaves and phenolSol 
content remained indifferent between multichromatic treatments.  

R670, B430, 
R7B3, 

RG528B, 
RBY600, 

RB+UV-A, 
RBFR730,  

W400 -750, FL 

400 
40; 

20 of UV-A 
Palka et al. 

2023 

Cucumis 
sativus 
seedlings 
Ψ¢ƛŀƴƧƛŀƻ bƻΦ рΩ 

In a greenhouse experiment, all supplemental LED light treatments 
reduced HypoLength, PHeight and SLA, and increased LLength and substomatal 
CO2 contents compared to solar light alone (control).  
All supplemental LED treatments but UV-A increased SQI, StemDiam, LWidth, 
LA, mesophyll conductance, FWShoot, DWShoot, FWRoot, DWRoot, RLength, RSA, 
RVolume, RActivity in comparison to control.  
Of all supplemental treatments, UV-A increased chl content, Pn and gS, Tr, 
StemFirmness, cellulose content and decreased stomatal limitation value the 
least. 
Of all supplemental treatments, cytokinin content and LUE were greatest 
under UV-A.  

Sun ± W; 
UV-A; W+B;  
W+UV-A; 

W+B+UV-A 

na 
Sun (128) + 
LED (180);  
15 of UV-A 

Yan et al. 
2022  

Brassica 
oleracea var. 
acephala 

395 and 405 nm improved most of the assessed growth characteristics and 
photosynthetic rates compared to control. 
DWShoot, Pn increased with increasing UV-A wavelength.  
Only 405 nm increased LA in comparison to control.  
375-405 nm increased DWRoot in comparison to control.  
LeafNo remained indifferent between treatments. 
Fv/Fm started to decrease after 1 day of UV exposure; after 5 days, ROS 
increased with decreasing UV-A wavelengths; TPC, TFC and AOC were 

R655 + 
W456/558 + 

B456  
± UV-A 

363, 
375, 
385, 
395, 
405 

150 ± UV-A4 
(for 7 d PTH)  

Choi et al. 
2022 

 
4 The reader may also be referred to the following review articles: Landi et al. (2020), Bantis et al. (2018), Neugart & Schreiner (2018), Verdaguer et al. (2017), 
Huché-Thélier et al. (2016) and Jenkins (2014), to the studies by Semenova et al. (2022) cited in Table 10.  
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increased after 7 days under all UV-A treatments compared to the control 
treatment.  
PAL and CHS gene expression and PAL enzyme activity increased under 
supplemental UV-A treatments in comparison to the control treatment, 
however, remained indifferent between UV-A treatments.       

Brassica 
alboglabra 
Ψ[ǾōŀƻΩ 

Additions of UV-A equally increased FWShoot, DWShoot, DWRoot, SLW, SugarSol, 
Fv/FmΣ ʊPSII, UVR8 gene expression, transcription factor genes and genes 
related to the GL biosynthesis pathway and GL accumulation.   
Compared to control, 12 h UV-A exposure increased PHeight and chl 
contents, and decreased time to flowering and car contents more than 6 h 
UV-A treatment. 
Only 6 h UV-A treatment decreased nitrate contents. 
Only 12 h UV-A treatment increased StemDiam.  
LeafNo, LA, NPQ, qP, qL, ETR, ProteinSol, TPC, TFC, AscAC, AOC and content 
of mineral elements remained indifferent between treatments.  

W350-750 
with 

elevated 
R655 and to 

a lesser 
extent B450  

± UV-A 

380 

250 ± 
40 of UV-A 

(for 
0, 6,  

12 h d-1) 

Gao et al. 
2022 

Mesembryanth
e-mum 
crystallinum 

375-395 nm increased DWShoot, tended to increase FWShoot, LA and chl in 
comparison to control.  
While only 385 and 395 nm increased Pn during the day, all UV-A 
treatments increased Pn during the night.   
All UV-A treatments enhanced TPC, AOC, PAL activity and contents of 
pinitol, myo-inositol and sucrose, decreased Fv/Fm compared to control.  

W400-700 
with 

elevated 
R660 and to 

a lesser 
extent B445 

± UV-A 

365, 
375, 
385, 
395 

200 ± UV-A4 
(for 7 d PTH) 

Lee et al. 
2021 

Lactuca sativa 
ΨbŜǿ wŜŘ CƛǊŜΩ 
ϧ ƎǊŜŜƴ Ψ¢ǿƻ 
{ǘŀǊΩ 

In a greenhouse experiment, FWShoot, DWShoot, chl, car remained indifferent 
between treatments in both cultivars. 
In green leaf lettuce, all UV treatments increased protein concentrations, 
UV-B increased FWRoot, however, DWRoot, LA and AOC remained indifferent 
between all treatments; UV-B and UV-A/B increased caffeic acid contents, 
but decreased chlorogenic acid, luteolin and apigenin contents. 
In red leaf lettuce, all UV treatments inhibited FWRoot, DWRoot, UV-A 
treatment increased TPC (incl. luteolin, quercetin, apigenin), AOC tended 
to increase; UV-B and UV-A/B treatments decreased LA, luteolin, apigenin; 
UV-A/B increased chl b contents.  

Sun ± 
UV-A; 
UV-B; 

UV-A/B 

340, 
313 

Sun (719) + 
UVs4:  
UV-A  

24 h d-1 for 
5 d PTH; UV-
B 2 h d-1 for 
4 d PTH; UV-

AB 2 h d-1 
for 2 d, then 
4 h d-1 for 2 

d PTH) 

Lee et al. 
2021a 
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Solanum 
lycopersicum 
Ψ.Ib-руфΩ 

In a greenhouse experiment, UV-B (6 and 9 h exposure) and UV-A/B (3 and 
9 h exposure) increased TPC in tomato fruits, however, TPC remained 
indifferent under UV-A; chlorogenic acid increased under UV-A and UV-A/B 
(3 h exposure); caffeic acid increased under UV-A/B (3 h exposure), 
however, decreased under 9 h exposure; chicoric acid increased under UV-
A, UV-B (6 h exposure) and UV-A/B (3 and 9 h exposure); luteolin 
decreased under UV-B (3 h) but increased under UV-A/B (3h); apigenin 
increased under UV-A, UV-A/B (3 and 6 h); kaempferol increased under 
UV-B (9 h), UV-A/B (3, 6 and 9 h) in ripe tomato fruits.      
UV-A increased lutein and ß-carotene, while UV-A/B increased lycopene in 
ripe tomatoes.   
Protein and nutrient contents, AOC remained indifferent between all 
treatments.  

Sun + 
UV-A; 
UV-B; 

UV-A/B 

340, 
313 

Sun (719) + 
UVs4:  
UV-A  

24 h d-1 for 
6 d PTH; UV-
B 1.5 h d-1 

for 2, 4 and 
6 d PTH (3, 

6, 9 h);  
UV-AB 

1.5 h d-1 for 
2 d for 2, 4 
and 6 d PTH 
(3, 6, 9 h) 

Lee et al. 
2021a 

Lactuca sativa 
ΨaŀƛƪƻΩ 

While 387 ƴƳ ƛƴŎǊŜŀǎŜŘ ŎŀǊΣ ¢!/ ŀƴŘ ʊPSII, 367 and 402 nm decreased 
TAC. 
While 402 nm tended to increase DWLeaf, 367 and 387 nm tended to 
decrease DWLeaf. 
While 402 nm increased LA, 367 nm decreased, and 387 nm tended to 
decrease LA in comparison to RB alone.  
Pn, gS and LUE increased under 367 and 402 nm and tended to increase 
under 387 nm compared to RB.  
While Tr increased under 367 nm, Tr remained indifferent between other 
treatments.  
367 nm decreased Fv/Fm. 
NPQ remained indifferent between treatments.  
While 402 nm increased and 367 and 387 nm decreased sucrose contents 
compared to RB, fructose and glucose contents increased and raffinose 
decreased under all UV treatments compared to RB. 

R665B447 ± 
UVs 

367, 
387, 
402 

250 ± UVs4 
Samuoliene 
et al. 2020 

Cucumis 
sativus ΨIƛ WŀŎƪΩ 
seedlings 

InternodeLength decreased under both UV treatments, however, decreased 
more under UV-B.  
InternodeDiam decreased under UV-B but remained indifferent between 
UV-A and control.  

Sun + 
HPS ± 

UV-A or UV-
B 

340, 
na 

Sun + 
150-200 

(HPS) ± UVs4 
(for 4 h d-1) 

Qian et al. 
2020 
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Stem weight per unit StemLength and sturdiness increased under UV-A and 
decreased under UV-B compared to control.  
UV-A increased SLM, DWLeaf, DWRoot, however, DWStem remained indifferent 
compared to control.  
UV-B decreased SLM, DWShoot, DWStem, DWRoot and delayed fruiting 
compared to control. 
Fv/Fm, FWFruit remained indifferent between treatments.  

Camellia 
sinensis Ψ½ƛȅŀƴΩ  

All UV treatments increased TAC, enzyme activities of CHS, F3H and ANS, 
and decreased TFC, enzyme activities of LAR and ANR, car and chl 
compared to W in dark purple tea leaves; however, DFR activity remained 
indifferent between treatments.   
UV-A increased TAC the most. 
While UV-A and UV-A/B treatments upregulated structural and regulatory 
genes in the anthocyanin pathway differently, UV-B decreased most 
structural genes involved in the phenylpropanoid and flavonoid pathways 
compared to control.    

Wna ± 
UV-A; 
UV-B; 

UV-A/B 

311; 
365 

200 ± UVs4 
(for 4 h d-1) 

Li et al. 
2020 

Brassica 
alboglabra 
Ψ.ŀƛƭŜȅΩ baby 
leaves 

Lƴ ŀ ƎǊŜŜƴƘƻǳǎŜΣ ŀŘŘƛǘƛƻƴǎ ƻŦ ŀƭƭ ˂ǎ ƛƴŎǊŜŀǎŜŘ C²Leaf, DWLeaf, PHeight, LeafWidth 
and LeafNo compared to control treatment; LeafLength was increased by 
supplemental 380, 430 and 564 nm, however not by 400 nm; Smallest 
differences were observed between 400 nm and control.  
Chl, car, kaempfer, AOC and ProteinSol were increased by all supplemental 
˂ǎΤ ¢!/ ƛƴŎǊŜŀǎŜŘ ōȅ пол ŀƴŘ пср nm only; AscAC and TPC increased under 
ǎǳǇǇƭŜƳŜƴǘŀƭ . ƻƴƭȅ ό˂ǎ җ 400); quercetin and SugarSol increased only 
under 380 and 400 nm; vitamin E remained indifferent between all 
treatments. 
. ˂ǎ όҗ 400) increased total GLs more than UV-A (380 nm) compared to 
control.  
Aƭƭ ˂ǎ ŘŜŎǊŜŀǎŜŘ YΣ /ŀΣ aƎΣ ½ƴ ŀƴŘ CŜ ŎƻƴǘŜƴǘǎ όƎ ƪƎ-1 DW); all 
ǎǳǇǇƭŜƳŜƴǘŀƭ ˂ǎ ōǳǘ пол nm increased P content; S contents remained 
indifferent between all treatments.   

SUN ± 
B; UV-A 

380, 
400, 
430, 
465 

400-1000 ± 
B; UV-A4 (for 
12 h d-1 for 

10 d)  

Li et al. 
2020a 

Brassica 
campestris 
ΨaŀƪƛƴƻΩ ōŀōȅ 
leaves 

Lƴ ŀ ƎǊŜŜƴƘƻǳǎŜΣ ŀŘŘƛǘƛƻƴǎ ƻŦ ŀƭƭ ˂ǎ ƛƴŎǊŜŀǎŜŘ C²Leaf, DWLeaf, LeafLength and 
LeafNo compared to control treatment; PHeight, TAC, kaempfer and quercetin 
ŎƻƴǘŜƴǘǎ ǿŜǊŜ ƛƴŎǊŜŀǎŜŘ ōȅ ǎǳǇǇƭŜƳŜƴǘŀƭ . ƻƴƭȅ ό˂ җ плл nm); LeafWidth 
was increased by supplemental 380, 430 and 465 nm.  

SUN ± 
B; UV-A 

380, 
400, 
430, 
465 

400-1000 ± 
B; UV-A4 (for 
12 h d-1 for 

10 d) 

Li et al. 
2020a 
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/ƘƭΣ ŎŀǊΣ !h/Σ ¢t/ ŀƴŘ tǊƻǘŜƛƴ{ƻƭ ǿŜǊŜ ƛƴŎǊŜŀǎŜŘ ōȅ ŀƭƭ ǎǳǇǇƭŜƳŜƴǘŀƭ ˂ǎΤ 
vitamin E and SugarSol increased only under 430 nm; AscAC was increased 
by supplemental 380, 430 and 564 nm. 
While supplemental 400 nm increased total GLs, 430 and 465 nm 
decreased total GLs; no difference in GLs between UV-A (380 nm) and 
control.  
!ƭƭ ˂ǎ ŘŜŎǊŜŀǎŜŘ YΣ /ŀΣ aƎΣ ½ƴ ŀƴŘ CŜ ŎƻƴǘŜƴǘǎΤ ŀƭƭ ǎǳǇǇƭŜƳŜƴǘŀƭ ˂ǎ ōǳǘ 
430 nm increased P; S remained indifferent between all treatments.  

Brassica rapa 
(Red and green 
bok choy) 

In a greenhouse, supplemental B and UV-A increased FWTotal, FWShoot, 
FWRoot, DWTotal, DWShoot, DWRoot and ProteinSol contents in both cultivars. 
¢!/ ŀƴŘ !h/ ƛƴŎǊŜŀǎŜŘΣ ŀƴŘ ƴƛǘǊŀǘŜ ŎƻƴǘŜƴǘǎ ŘŜŎǊŜŀǎŜŘ ǿƛǘƘ ŘŜŎǊŜŀǎƛƴƎ ˂ǎ 
in both cultivars.  
In red bok choy, chl increased under 380-430 nm; car increased under 400-
460 nm; TFC increased and SugarSol ŘŜŎǊŜŀǎŜŘ ǳƴŘŜǊ ŀƭƭ ǎǳǇǇƭŜƳŜƴǘŀƭ ˂ǎΤ 
GLs increased under 380, 400 and 460 nm but decreased under 430 nm. 
In green bok choy, chl increased under 400-460 nm; car decreased under 
460 nm; SugarSol content increased only under 430 nm but decreased 
ǳƴŘŜǊ ŀƭƭ ƻǘƘŜǊ ǎǳǇǇƭŜƳŜƴǘŀƭ ˂ǎΤ ¢C/ ƛƴŎǊŜŀǎŜŘ ƻƴƭȅ ǳƴŘŜǊ плл ŀƴŘ 
430 nm; GLs increased under 380 nm but decreased under all other 
treatments. 
In both cultivars, TPC increased only under 400 and 430 nm.   
In general, amino acid and AscAC decreased and/or remained unaffected 
ōȅ ǎǳǇǇƭŜƳŜƴǘŀƭ ˂ǎΦ  

Sun ± 
B; UV-A 

380, 
400, 
430, 
460 

400-1000 ± 
100 of B or 

UV-A 
(12 h d-1 for 
10 d PTH) 

 

Mao et al. 
2020 

Lactuca sativa 
ΨYƭŜŜΩ 

Compared to control, FWShoot, DWShoot, LA, LeafNo, SOD and CAT activity, 
SugarSol, ProteinSol, TAC, AscAC increased under all UV-A intensities, 
however, SLA, S:R ratio, Pn, gS, chl, car remained indifferent between 
treatments.  
20 and 30 µmol m-2 s-1 increased TFC.  
30 µmol m-2 s-1 increased TPC, MDA and decreased Fv/Fm.  
O2

.--generation rate increased with increasing UV-A intensity. 

R665B455FR745 
with 

elevated R 
± UV-A 

365 

237 ± 
10, 20, 30 
(for 13 d 

PTH) 

Chen et al. 
2019 

Lactuca sativa 
ΨYƭŜŜΩ 

Compared to control, FWShoot, DWShoot, LA, LeafNo, TAC, AscAC and SugarSol 
contents increased under all UV-A durations, however, TFC remained 
indifferent.  
Only 10 d UV-A treatment increased TPC.   

R665B455FR745 
with 

elevated R 
 ± UV-A 

365 
237 ± 10 (for 
5, 10 or 15 d 

PTH) 

Chen et al. 
2019 
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Cucumis 
sativus 
ΨIƛ WŀŎƪΩ 

In a greenhouse, UV-A and UV-B upregulated the expression of genes in 
the phenylpropanoid and flavonoid biosynthesis pathway by upregulating 
PAL, C4H and CHS genes.   
CHS was highly upregulated under both UV treatments in the leaves.  
Under UV-A, PALs were upregulated mainly in roots, while PAL was 
upregulated in leaves, stems and roots under UV-B. 
Only under UV-B, C4H was upregulated in all organs. 

Sun + HPS ± 
UV-B;  
UV-A 

na; 
340 

Sun + HPS 
(150-200) ± 

UVs4 

(for 4 h d-1 
for 10 d 

PTH) 

Qian et al. 
2019 

Brassica 
oleracea var. 
acephala 

FWShoot, DWShoot, FWRoot, DWRoot, LA and caffeic acid content increased 
more under 385 nm than 370 nm compared to control, however, ferulic 
acid, H2O2 and O2

.- contents remained indifferent between all treatments.  
SLA and kaempferol content increased under both UV-A treatments 
equally compared to control. 
TPC and AOC increased with decreasing UV-! ˂ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ŘǳǊŀǘƛƻƴ 
compared to control. 
Fv/Fm increased and Pn tended to increase with increasing UV-! ˂ 
compared to control.  
While both UV-A treatments tended to increase transcription levels of PAL, 
CHS and F3H, PAL activity was partially increased only under supplemental 
385 nm.   

FL ± UV-As 
370; 
385 

136 ± UV-A4 
(24 h d-1 for 

5 d PTH) 

Lee et al. 
2019 

Brassica juncea 
ΨwŜŘ [ƛƻƴΩ 

Chl, FWShoot and DWShoot remained indifferent between all treatments in 
mustard microgreens. 
After 10 h UV-A exposures, LA and TPC increased with increasing UV-! ˂Τ 
while AOC increased, TAC and AscAC decreased under all UV-A treatments; 

-hT decreased under 366 nm, increased under 402 nm but remained 
indifferent under 390 nm compared to control; lutein, zeaxanthin and 
nitrate contents increased under 366 and 390 nm but decreased under 
402 nm compared to control; car increased under 366 nm but decreased 
under 390 and 402 nm compared to control; S increased and P, Mg, Na, 
Mn, Fe, Zn, Cu, B decreased under all UV-A treatments; K and Ca 
decreased only under 366 and 402 nm.  
After 16 h UV-A exposures, lutein and zeaxanthin contents increased 
under all UV-! ǘǊŜŀǘƳŜƴǘǎΤ [!Σ !ǎŎ!/ ŀƴŘ ʰ-T increased only under 
402 nm; TPC increased under 390 and 402 nm; nitrate content increased 
only under 366 and 390 nm; AOC decreased under 366 and 390 nm 

R638/665 + 
B447 + FR731  

± UV-As  

366; 
390; 
402 

300 ± 12.4 
of UV-A4 (for 

10 or  
16 h d-1) 

.ǊŀȊŀƛǘȅǘŤ 
et al. 2019 
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compared to control; car increased under 390 nm, decreased under 
366 nm; TAC remained indifferent between all treatments; P, S, Mn 
increased only under 390 and 402 nm; B increased only under 390 nm; K 
increased only under 366 and 390 nm; Mg and Na increased under 402 nm 
but decreased under 366 and 390 nm; Fe decreased under all UV-A 
treatments; Zn increased under 390 and 402 nm but decreased 
under 366 nm; Cu increased under 402 nm, decreased under 366 nm but 
remained indifferent between 390 nm and control; Ca remained 
indifferent between treatments.  

Solanum 
lycopersicum 
Ψ.ŜƛƧƛƴƎ /ƘŜǊǊȅ 
¢ƻƳŀǘƻΩ 
seedlings 

All UV-A treatments increased StemLength compared to control.  
With increasing duration of supplemental UV-A, DWTotal, LA, PnΣ ʊPSII, gS 
increased. 
While 16 h UV-A exposure increased ETR and TPU, 8 and 16 h UV-A 
exposure increased SDAbaxial compared to control. 
PmaxΣ ʰΣ wd, Vc,max, chl, Fv/Fm, LMA, SDAdaxial remained indifferent between 
treatments. 

R650B450 

(9:1)  
± UV-A 

369 
220 ± UV-A4 
(for 4, 8 or 
16 h d-1) 

Kang et al. 
2018 

м 5ŜǎŎǊƛǇǝƻƴǎ ƻŦ ŀōōǊŜǾƛŀǝƻƴǎ ŀǊŜ ƭƛǎǘŜŘ ƛƴ ŀƭǇƘŀōŜǝŎŀƭ ƻǊŘŜǊΥ ʰ Ґ ƭŜŀŦ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŜŶŎƛŜƴŎȅ όҡƳƻƭ ҡƳƻƭπм ǇƘƻǘƻƴǎύΣ πh¢ Ґ ŀƭǇƘŀπǘƻŎƻǇƘŜǊƻƭΣ !b{ Ґ 
ŀƴǘƘƻŎȅŀƴƛŘƛƴ ǎȅƴǘƘŀǎŜΣ !bw Ґ ŀƴǘƘƻŎȅŀƴƛŘƛƴ ǊŜŘǳŎǘŀǎŜΣ !h/ Ґ ŀƴǝƻȄƛŘŀƴǘ ŎŀǇŀŎƛǘȅΣ !ǎŎ!/ Ґ ŀǎŎƻǊōƛŎ ŀŎƛŘ ŎƻƴǘŜƴǘ όǾƛǘŀƳƛƴ /ύΣ . Ґ ōƭǳŜ ƭƛƎƘǘ όпллπрлл ƴƳύΣ . Ґ 
ōƻǊƻƴΣ ōǳƭōƭŜǘǎbƻ Ґ ƴǳƳōŜǊ ƻŦ ōǳƭōƭŜǘǎΣ /пI Ґ ŎƛƴƴŀƳƛŎ ŀŎƛŘ пπƘȅŘǊƻȄȅƭŀǎŜΣ /ŀ Ґ ŎŀƭŎƛǳƳΣ ŎŀǊ Ґ ŎŀǊƻǘŜƴƻƛŘ ŎƻƴǘŜƴǘ όƳƎ ƳπнύΣ /!¢ Ґ ŎŀǘŀƭŀǎŜΣ ŎƘƭ Ґ ŎƘƭƻǊƻǇƘȅƭƭ 
ŎƻƴǘŜƴǘ όƳƎ ƳπнύΣ /I{ Ґ ŎƘŀƭŎƻƴŜ ǎȅƴǘƘŀǎŜΣ /ǳ Ґ ŎƻǇǇŜǊΣ 5Cw Ґ ŘƛƘȅŘǊƻƅŀǾƻƴƻƭ пπǊŜŘǳŎǘŀǎŜΣ 5²[ŜŀŦ Ґ ƭŜŀŦ ŘǊȅ ǿŜƛƎƘǘΣ 5²wƻƻǘ Ґ Ǌƻƻǘ ŘǊȅ ǿŜƛƎƘǘΣ 5²{Ƙƻƻǘ Ґ ǎƘƻƻǘ 
ŘǊȅ ǿŜƛƎƘǘΣ 5²{ǘŜƳ Ґ ǎǘŜƳ ŘǊȅ ǿŜƛƎƘǘΣ 5²¢ƻǘŀƭ Ґ ǘƻǘŀƭ ŘǊȅ ǿŜƛƎƘǘΣ 9¢w Ґ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎǇƻǊǘ ǊŀǘŜΣ CоI Ґ ƅŀǾƻƴƻƛŘ оπƘȅŘǊƻȄȅƭŀǎŜΣ CŜ Ґ ƛǊƻƴΣ C[ Ґ ƅǳƻǊŜǎŎŜƴǘ ƭŀƳǇΣ Cw 
Ґ ŦŀǊ ǊŜŘ όтллπулл ƴƳύΣ CǾκCƳ Ґ ƳŀȄƛƳǳƳ ǉǳŀƴǘǳƳ ŜŶŎƛŜƴŎȅ ƻŦ ǇƘƻǘƻǎȅǎǘŜƳ LLΣ C²CǊǳƛǘ Ґ ŦǊǳƛǘ ŦǊŜǎƘ ǿŜƛƎƘǘΣ C²[ŜŀŦ Ґ ƭŜŀŦ ŦǊŜǎƘ ǿŜƛƎƘǘΣ C²{Ƙƻƻǘ Ґ ǎƘƻƻǘ ŦǊŜǎƘ ǿŜƛƎƘǘΣ 
D Ґ ƎǊŜŜƴ ƭƛƎƘǘ όрллπслл ƴƳύΣ D[ Ґ ƎƭǳŎƻǎƛƴƻƭŀǘŜΣ Ǝ{ Ґ ǎǘƻƳŀǘŀƭ ŎƻƴŘǳŎǘŀƴŎŜ όƳƻƭ /hн Ƴπн ǎπмύΣ IȅǇƻ[ŜƴƎǘƘ Ґ ƘȅǇƻŎƻǘȅƭ ƭŜƴƎǘƘΣ LƴǘŜǊƴƻŘŜ5ƛŀƳ Ґ ƛƴǘŜǊƴƻŘŜ ŘƛŀƳŜǘŜǊΣ Y 
Ґ ǇƻǘŀǎǎƛǳƳΣ [! Ґ ƭŜŀŦ ŀǊŜŀ όŎƳнύΣ ˂ Ґ ǿŀǾŜƭŜƴƎǘƘ ό[ŀƳōŘŀύΣ [!w Ґ ƭŜǳŎƻŀƴǘƘƻŎȅŀƴƛŘƛƴ ǊŜŘǳŎǘŀǎŜΣ [[ŜƴƎǘƘ Ґ ƭŜŀŦ ƭŜƴƎǘƘΣ [a! Ґ ƭŜŀŦ Ƴŀǎǎ ŀǊŜŀ όƎ ƳπнύΣ [¦9 Ґ ƭƛƎƘǘ ǳǎŜ 
ŜŶŎƛŜƴŎȅ όǇƭŀƴǘ ŘǊȅ ǿŜƛƎƘǘ ǇŜǊ ǳƴƛǘ ƻŦ ƛƴŎƛŘŜƴǘ ƭƛƎƘǘ όƎ ƳƻƭπмύΣ [²ƛŘǘƘ Ґ ƭŜŀŦ ǿƛŘǘƘΣ a5! Ґ ƳŀƭƻƴŘƛŀƭŘŜƘȅŘŜ ŎƻƴǘŜƴǘΣ aƎ Ґ ƳŀƎƴŜǎƛǳƳΣ aƴ Ґ ƳŀƴƎŀƴŜǎŜΣ ƴŀ Ґ ƴƻǘ 
ŀǾŀƛƭŀōƭŜΣ bŀ Ґ ǎƻŘƛǳƳΣ btv Ґ ƴƻƴπǇƘƻǘƻŎƘŜƳƛŎŀƭ ǉǳŜƴŎƘƛƴƎΣ t Ґ ǇƘƻǎǇƘƻǊǳǎΣ t![ Ґ ǇƘŜƴȅƭŀƭŀƴƛƴŜ ŀƳƳƻƴƛŀ ƭȅŀǎŜΣ tIŜƛƎƘǘ Ґ Ǉƭŀƴǘ ƘŜƛƎƘǘΣ tƘŜƴƻƭ{ƻƭ Ґ ǎƻƭǳōƭŜ 
ǇƘŜƴƻƭƛŎǎΣ ʊt{LL Ґ ǉǳŀƴǘǳƳ ȅƛŜƭŘ ŜŶŎƛŜƴŎȅ ƻŦ ǇƘƻǘƻǎȅǎǘŜƳ LLΣ tƳŀȄ Ґ ƳŀȄƛƳŀƭ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜ όҡƳƻƭ /hн Ƴπн ǎπмύΣ tƴ Ґ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜ όҡƳƻƭ /hн Ƴπн ǎπмύΣ 
tǊƻǘŜƛƴ{ƻƭ Ґ ǎƻƭǳōƭŜ ǇǊƻǘŜƛƴ όƳƎ Ǝ C²πмύΣ t¢I Ґ ǇǊƛƻǊ ǘƻ ƘŀǊǾŜǎǘΣ ǉ[ Ґ ŦǊŀŎǝƻƴ ƻŦ ƻǇŜƴ t{LL ŎŜƴǘŜǊǎΣ ǉt Ґ ǇƘƻǘƻŎƘŜƳƛŎŀƭ ǉǳŜƴŎƘƛƴƎΣ w Ґ ǊŜŘ ƭƛƎƘǘ όсллπтлл ƴƳύΣ 
w!ŎǝǾƛǘȅ Ґ Ǌƻƻǘ ŀŎǝǾƛǘȅ όƎ ƘπмύΣ w. Ґ ǊŜŘ ŀƴŘ ōƭǳŜ ƭƛƎƘǘΣ wŘ Ґ ŘŀǊƪ ǊŜǎǇƛǊŀǝƻƴ ǊŀǘŜ όҡƳƻƭ Ƴπн ǎπмύΣ wD. Ґ ǊŜŘΣ ƎǊŜŜƴ ŀƴŘ ōƭǳŜ ƭƛƎƘǘΣ w[ŜƴƎǘƘ Ґ Ǌƻƻǘ ƭŜƴƎǘƘΣ wh{ Ґ ǊŜŀŎǝǾŜ 
ƻȄȅƎŜƴ ǎǇŜŎƛŜǎΣ w{! Ґ Ǌƻƻǘ ǎǳǊŦŀŎŜ ŀǊŜŀ όŎƳнύΣ w±ƻƭǳƳŜ Ґ Ǌƻƻǘ ǾƻƭǳƳŜ όŎƳоύΣ { Ґ ǎǳƭŦǳǊΣ {5!ōŀȄƛŀƭ Ґ ŀōŀȄƛŀƭ ǎǘƻƳŀǘŀƭ ŘŜƴǎƛǘȅ όƴǳƳōŜǊ ƳƳπнύΣ {5!ŘŀȄƛŀƭ Ґ ŀŘŀȄƛŀƭ ǎǘƻƳŀǘŀƭ 
ŘŜƴǎƛǘȅ όƴǳƳōŜǊ ƳƳπнύΣ {[! Ґ ǎǇŜŎƛŬŎ ƭŜŀŦ ŀǊŜŀ όŎƳн ƳƎπмύΣ {[² Ґ ǎǇŜŎƛŬŎ ƭŜŀŦ ǿŜƛƎƘǘ όƳƎ ŎƳπнύΣ {h5 Ґ ǎǳǇŜǊƻȄƛŘŜ ŘƛǎƳǳǘŀǎŜΣ {vL Ґ ǎŜŜŘƭƛƴƎ ǉǳŀƭƛǘȅ ƛƴŘŜȄΣ {Υw Ґ 
{ƘƻƻǘπǘƻπǊƻƻǘ Ǌŀǝƻ όǿκǿύΣ {ǘŜƳ5ƛŀƳ Ґ ǎǘŜƳ ŘƛŀƳŜǘŜǊΣ {ǳƎŀǊ{ƻƭ Ґ ǎƻƭǳōƭŜ ǎǳƎŀǊΣ ¢!/ Ґ ǘƻǘŀƭ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘΣ ¢C/ Ґ ǘƻǘŀƭ ƅŀǾƻƴƻƛŘ ŎƻƴǘŜƴǘΣ ¢t/ Ґ ǘƻǘŀƭ ǇƘŜƴƻƭƛŎ 
ŎƻƴǘŜƴǘΣ ¢t¦ Ґ ǘǊƛƻǎŜ ǇƘƻǎǇƘŀǘŜ ǳǝƭƛȊŀǝƻƴ ǊŀǘŜΣ ¢Ǌ Ґ ǘǊŀƴǎǇƛǊŀǝƻƴ ǊŀǘŜ όƳƻƭ Iнh Ƴπн ǎπмύΣ ±ŎΣƳŀȄ Ґ ƳŀȄƛƳǳƳ ŎŀǊōƻȄȅƭŀǝƻƴ ǊŀǘŜ ƻŦ wǳōƛǎŎƻΣ ² Ґ ōǊƻŀŘōŀƴŘ ǿƘƛǘŜ 
ƭƛƎƘǘ ǿƛǘƘƛƴ t!w όǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴΤ пллπтлл ƴƳύΣ ¸ Ґ ȅŜƭƭƻǿ ƭƛƎƘǘ όслл ƴƳύΣ ½ƴ Ґ ȊƛƴŎΦ 
н tŜŀƪ ǿŀǾŜƭŜƴƎǘƘ ό˂ύ ƻŦ ŀǇǇƭƛŜŘ ǳƭǘǊŀǾƛƻƭŜǘ όŀƴŘ ōƭǳŜύ ƭƛƎƘǘΦ  
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о [ƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƛǎ ƎƛǾŜƴ ƛƴ ƳƛŎǊƻƳƻƭŜ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ ŀƴŘ ǎŜŎƻƴŘ όҡƳƻƭ Ƴπн ǎπмύΦ ¦± ƭƛƎƘǘ ŘǳǊŀǝƻƴǎ ŀǊŜ ƎƛǾŜƴ ƛƴ ƘƻǳǊǎ ǇŜǊ Řŀȅ όƘ Řπмύ ŀƴŘκƻǊ ƛƴ Řŀȅǎ όŘύ ƛŦ ǾŀǊƛŀƴǘ 
ǘƻ ƻǘƘŜǊ ŀǇǇƭƛŜŘ ƭƛƎƘǘ ǎƻǳǊŎŜǎΦ   
п /Ƙƻƛ Ŝǘ ŀƭΦ όнлннύΣ [ŜŜ Ŝǘ ŀƭΦ όнлнмύ ŀƴŘ [ŜŜ Ŝǘ ŀƭΦ όнлмфύ ŀǇǇƭƛŜŘ ол ² Ƴπн ƻŦ ¦±π!Τ [ŜŜ Ŝǘ ŀƭΦ όнлнмŀύ ŀǇǇƭƛŜŘ уΦмм ² Ƴπн ƻŦ ¦±π!Σ мΦфт ² Ƴπн ƻŦ ¦±π. ŀƴŘ рΦлуҌмΦрр 
² Ƴπн ƻŦ ¦±π!κ.Τ {ŀƳǳƻƭƛŜƴŜ Ŝǘ ŀƭΦ όнлнлύ ŀǇǇƭƛŜŘ нΦн Ƴ² ŎƳπн ƻŦ ¦±π!Τ vƛŀƴ Ŝǘ ŀƭΦ όнлнлύ ŀǇǇƭƛŜŘ оΦс ² Ƴπн ƻŦ ¦±π! ŀƴŘ уоΦп Ƴ² Ƴπн ƻŦ ¦±π.Τ [ƛ Ŝǘ ŀƭΦ όнлнлύ 
ŀǇǇƭƛŜŘ слл ҡ² ŎƳπн ƻŦ ¦±Τ [ƛ Ŝǘ ŀƭΦ όнлнлŀύ ŀǇǇƭƛŜŘ пл ² Ƴπн ƻŦ ǎǳǇǇƭŜƳŜƴǘŀƭ ¦±π!Τ vƛŀƴ Ŝǘ ŀƭΦ όнлмфύ ŀǇǇƭƛŜŘ оΦс ² Ƴπн ƻŦ ¦±π! ƻǊ уоΦп Ƴ² Ƴπн ƻŦ ¦±π.Τ 
.ǊŀȊŀƛǘȅǘŤ Ŝǘ ŀƭΦ όнлмфύ ŀǇǇƭƛŜŘ пΦл ² Ƴπн ƻŦ осс ƴƳΣ оΦу ² Ƴπн ƻŦ офл ƴƳ ŀƴŘ оΦт ² Ƴπн ƻŦ плн ƴƳΣ YŀƴƎ Ŝǘ ŀƭΦ όнлмфύ ŀǇǇƭƛŜŘ нΦнф ² Ƴπн ƻŦ ¦±π!Φ όCƻǊ ŎƻƳǇŀǊƛǎƻƴΣ 
м ǘƻ о ƪ² Ƴπн Řπм ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀƳōƛŜƴǘ ƭŜǾŜƭǎ ƻŦ ¦± ǊŀŘƛŀǝƻƴ όbŜǳƎŀǊǘ ϧ {ŎƘǊŜƛƴŜǊΣ нлмуύΦ
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мΦпΦнΦн tƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ǘƻ ƎǊŜŜƴ ƭƛƎƘǘ ό ˂рллπслл ƴƳύ 

5ǳŜ ǘƻ ǘƘŜ ƎŜƴŜǊŀƭ ŘƛǇ ŦƻǳƴŘ ƛƴ Ǉƭŀƴǘ ƭŜŀǾŜǎΩ ƭƛƎƘǘ ŀōǎƻǊōŀƴŎŜǎ ŀƴŘ ŘǳŜ ǘƻ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭǎΩ ƎŜƴŜǊŀƭƭȅ 

ƳƛƴƛƳŀƭ ƭƛƎƘǘ ŀōǎƻǊōŀƴŎŜǎ ōƻǘƘ ƻŎŎǳǊǊƛƴƎ ŀǊƻǳƴŘ ррл ƴƳ ƛƴ ǘƘŜ ƎǊŜŜƴ ǊŜƎƛƻƴ ƻŦ t!wΣ ƎǊŜŜƴ ƭƛƎƘǘ όрллπ

слл ƴƳύ Ƙŀǎ ƻƊŜƴ ōŜŜƴ ŘƛǎƳƛǎǎŜŘ ŀǎ ƛƴŜŶŎƛŜƴǘ ŀƴŘ ǳƴƴŜŎŜǎǎŀǊȅ ŦƻǊ Ǉƭŀƴǘ ƎǊƻǿǘƘ όCƛƎǳǊŜ пΤ aŎ/ǊŜŜΣ 

мфтнŀύΦ ¢Ƙƛǎ ǇŜǊŎŜǇǝƻƴ ǊŜǎǳƭǘŜŘ ƛƴ ƎǊŜŜƴ ƭƛƎƘǘ ōŜƛƴƎ ǊŀǊŜƭȅ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ ǳǎŜŦǳƭ ŀŘŘƛǝǾŜ ǘƻ ǘƘŜ 

ŎƻƳƳƻƴƭȅ ŀǇǇƭƛŜŘ ŘƛŎƘǊƻƳŀǝŎ w ŀƴŘ . ƭƛƎƘǘ ōŀŎƪƎǊƻǳƴŘǎ ƛƴ ƘƻǊǝŎǳƭǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘǎΦ IƻǿŜǾŜǊΣ ƛǘ ƛǎ ŀ 

ƳƛǎŎƻƴŎŜǇǝƻƴ ǘƘŀǘ Ǉƭŀƴǘǎ Řƻ ƴƻǘ ƳŀƪŜ ŜŶŎƛŜƴǘ ŀƴŘ ŜũŜŎǝǾŜ ǳǎŜ ƻŦ ǘƘŜ ƎǊŜŜƴ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ t!w 

ǎǇŜŎǘǊǳƳΦ 

Lƴ ŦŀŎǘΣ D ƭƛƎƘǘ ǎǘǊƻƴƎƭȅ ŘǊƛǾŜǎ ƭŜŀŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ όaŎ/ǊŜŜΣ мфтнŀΤ {ǳƴ Ŝǘ ŀƭΦΣ мффуΤ ¢ŜǊŀǎƘƛƳŀ Ŝǘ 

ŀƭΦΣ нллфΤ IƻƎŜǿƻƴƛƴƎ Ŝǘ ŀƭΦΣ нлмнύΦ bƻǘ ƻƴƭȅ aŎ/ǊŜŜ ƘƛƳǎŜƭŦ π ǿƘƻ ŘŜŬƴŜŘ t!w όŀǎ ǇǊŜǾƛƻǳǎƭȅ ŘŜǎŎǊƛōŜŘ 

ƛƴ ǎŜŎǝƻƴ мΦоΦмΦпύ π ƳŜŀǎǳǊŜŘ ƘƛƎƘ /hн ŬȄŀǝƻƴ ǊŀǘŜǎ ƛƴ ŎŀƴǘŀƭƻǳǇŜ ό/ǳŎǳƳƛǎ ƳŜƭƻ [ΦύΣ ŎƻǊƴ ό½Ŝŀ Ƴŀȅǎ [ΦύΣ 

ƻŀǘ ό!ǾŜƴŀ ǎŀǝǾŀ [Φύ ŀƴŘ ǎǳƎŀǊ ōŜŜǘ ό.Ŝǘŀ ǾǳƭƎŀǊƛǎ [Φύ ƭŜŀǾŜǎ ƛƴ ǘƘŜ ƎǊŜŜƴ όрллπслл ƴƳύ ƭƛƎƘǘ ǊŜƎƛƻƴΣ ǿƘƛŎƘ 

ŀƭƭ ŜȄŎŜŜŘŜŘ ǘƘŜ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ƳŜŀǎǳǊŜŘ ƛƴ ǘƘŜ ōƭǳŜ όпллπрлл ƴƳύ ǊŜƎƛƻƴ ƻŦ ǘƘŜ t!w ǎǇŜŎǘǊǳƳ όaŎ/ǊŜŜΣ 

мфтнŀύΦ !ƭǎƻΣ {ǳƴ Ŝǘ ŀƭΦ όмффуύ ŀƴŘ IƻƎŜǿƻƴƛƴƎ Ŝǘ ŀƭΦ όнлмнύ ƻōǎŜǊǾŜŘ ƘƛƎƘŜǊ /hн ŬȄŀǝƻƴ ǊŀǘŜǎ ǳƴŘŜǊ D 

ƭƛƎƘǘ ƛƴ ǎǇƛƴŀŎƘ ό{ǇƛƴŀŎƛŀ ƻƭŜǊŀŎŜŀ [ΦύΣ ŎŀōōŀƎŜ ό.ǊŀǎǎƛŎŀ ƻƭŜǊŀŎŜŀ [Φύ ŀƴŘ ŎǳŎǳƳōŜǊ ό/ǳŎǳƳƛǎ ǎŀǝǾǳǎ [Φύ 

ƭŜŀǾŜǎΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ǘƘŀƴ ǳƴŘŜǊ . ώпммҕрп ƴƳΤ пллπрлл ƴƳϐ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΦ Lƴ ŀŘŘƛǝƻƴΣ IƻƎŜǿƻƴƛƴƎ Ŝǘ 

ŀƭΦ όнлмнύ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ǉǳŀƴǘǳƳ ȅƛŜƭŘ ƭƻǎǎŜǎ ƛƴ ǘƘŜ . ǊŀƴƎŜ ƻŦ ǘƘŜ ƭƛƎƘǘ ŀǊŜ ŘǳŜ ǘƻ ŀōǎƻǊǇǝƻƴǎ ōȅ 

ŎŀǊƻǘŜƴƻƛŘǎ ŀƴŘ ƴƻƴπǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƛƎƳŜƴǘǎΦ LƴǎǘŜŀŘΣ ǘƘŜ ƎǊŜŀǘŜǎǘ ƳŀȄƛƳŀƭ /hн ŬȄŀǝƻƴ ǊŀǘŜǎ ǿŜǊŜ 

ŎŀǳǎŜŘ ōȅ ōǊƻŀŘ ǿƘƛǘŜ όпллπтлл ƴƳύΣ ǊŜŘ όспу ƴƳύ ŀƴŘ ƎǊŜŜƴ όрпп ƴƳύ ƭƛƎƘǘ ό{ǳƴ Ŝǘ ŀƭΦΣ мффуύ ƻƴ ŀ ǿƘƻƭŜ 

ƭŜŀŦ ōŀǎƛǎ ƛƴ ǎǇƛƴŀŎƘΦ {ƛƳƛƭŀǊ ƻōǎŜǊǾŀǝƻƴǎ ǿŜǊŜ ƳŀŘŜ ōȅ IƻƎŜǿƻƴƛƴƎ Ŝǘ ŀƭΦ όнлмнύΣ ǿƘƻ ŘŜǘŜŎǘŜŘ ƳŀȄƛƳŀƭ 

/hн ŬȄŀǝƻƴ ǊŀǘŜǎ ǳƴŘŜǊ ǊŜŘ όсллπтлл ƴƳύΣ ŦƻƭƭƻǿŜŘ ōȅ ƎǊŜŜƴ όрллπслл ƴƳύ ǿŀǾŜƭŜƴƎǘƘǎ ƛƴ ŎǳŎǳƳōŜǊ 

ƭŜŀǾŜǎΦ !ƴŘ ¢ŜǊŀǎƘƛƳŀ Ŝǘ ŀƭΦ όнллфύ ŦƻǳƴŘ ǘƘŀǘ D όррл ƴƳύ ƭƛƎƘǘ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ŬȄŀǝƻƴ ǊŀǘŜ ƻŦ /hн ƛƴ 

ǎǳƴƅƻǿŜǊ όIŜƭƛŀƴǘƘǳǎ ŀƴƴǳǎ [Φύ ƭŜŀǾŜǎ ŜǾŜƴ ƳƻǊŜ ŜŶŎƛŜƴǘƭȅ ǘƘŀƴ ǊŜŘ όсул ƴƳύ ƭƛƎƘǘ ƛƴ ƳƻŘŜǊŀǘŜ ǘƻ ǎǘǊƻƴƎ 

ǿƘƛǘŜ ƭƛƎƘǘΦ     

¢ƘŜ ǊŜŀǎƻƴ ŦƻǊ ǘƘŜǎŜ ŜŶŎƛŜƴǘ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ŦƻǊ /hн ŬȄŀǝƻƴǎ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜǎŜ ŘƛǾŜǊǎŜ Ǉƭŀƴǘ 

ǎǇŜŎƛŜǎ ƛǎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ƎǊŜŜƴ ƭƛƎƘǘ ǘƻ ǇŜƴŜǘǊŀǘŜ ƳǳŎƘ ŘŜŜǇŜǊ ƛƴǘƻ ƭŜŀǾŜǎ ŀǎ ǿŜƭƭ ŀǎ ƛƴǘƻ ǿƘƻƭŜ Ǉƭŀƴǘ 

ŎŀƴƻǇƛŜǎ ŀǎ ǊŜŘ ŀƴŘ ōƭǳŜ ǇƘƻǘƻƴǎ ό.ƛŀƴ Ŝǘ ŀƭΦΣ нлмуΤ {ƳƛǘƘ Ŝǘ ŀƭΦΣ нлмтΤ IƻƎŜǿƻƴƛƴƎ Ŝǘ ŀƭΦΣ нлмнΤ {ǳƴ Ŝǘ 

ŀƭΦΣ мффуύΦ ²ƘƛƭŜ . ƭƛƎƘǘ ƛǎ ǊŀǇƛŘƭȅ ŀōǎƻǊōŜŘ ōȅ ƳǳƭǝǇƭŜ ǇƛƎƳŜƴǘǎ ƛƴ ǘƘŜ ǘƻǇ ƭŀȅŜǊǎ ƻŦ ƭŜŀŦ ŎŜƭƭǎΣ ŀƴŘ w ƭƛƎƘǘ 

ƛǎ ǎǘǊƻƴƎƭȅ ŀōǎƻǊōŜŘ ōȅ ŎƘƭƻǊƻǇƘȅƭƭǎ ƛƴ ǘƘŜ ǘƻǇ ƭŜŀŦ ƭŀȅŜǊǎΣ D ƭƛƎƘǘ Ŏŀƴ ǊŜŀŎƘ ǘƘŜ ōƻǧƻƳ ƭŀȅŜǊǎ ƻŦ Ǉƭŀƴǘ 

ƭŜŀǾŜǎ όCƛƎǳǊŜ тύΦ  
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CƛƎǳǊŜ т ς wŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ƳƻƴƻŎƘǊƻƳŀǝŎ ōƭǳŜΣ ƎǊŜŜƴ ŀƴŘ ǊŜŘ ƭƛƎƘǘ ǇŜƴŜǘǊŀǝƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ǾŜǊǝŎŀƭ 

ǇǊƻŬƭŜ ƻŦ ŀ ƭŜŀŦ ƛƭƭǳƳƛƴŀǘŜŘ ŦǊƻƳ ŀōƻǾŜ ǘƘŜ ŀŘŀȄƛŀƭ ǎǳǊŦŀŎŜΦ όwŜǘǊƛŜǾŜŘ ŦǊƻƳ {ƳƛǘƘ Ŝǘ ŀƭΦΣ нлмтύ 

 

Lǘ Ƙŀǎ ōŜŜƴ ŀǊƎǳŜŘ ǘƘŀǘ ŘǳŜ ǘƻ  

όмύ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭǎΩ ǿŜŀƪŜǊ ŀōǎƻǊǇǝƻƴ ƛƴ ǘƘŜ D όƪƴƻǿƴ ŀǎ ǘƘŜ ΨƎǊŜŜƴ ǿƛƴŘƻǿΩύΣ  

όнύ ǘƘŜ ǎŎŀǧŜǊƛƴƎ ƻŦ D ƭƛƎƘǘ ǿƛǘƘƛƴ ƭŜŀǾŜǎ όƪƴƻǿƴ ŀǎ ǘƘŜ ΨŘŜǘƻǳǊ ŜũŜŎǘΩύΣ ŀƴŘ  

όоύ ǘƘŜ ǇƭŀƴǘǎΩ ǇŀǊǝŀƭ ǊŜƅŜŎǝƻƴǎ ƻŦ D ƭƛƎƘǘ όмлπрл ҈ύ5Σ 

D ǇƘƻǘƻƴǎ ŀǊŜ ŘŜŜǇƭȅ ǘǊŀƴǎƳƛǧŜŘ ƛƴǘƻ ƭŜŀǾŜǎ ŀƴŘ ǎƘŀŘŜŘ ǇŀǊǘǎ ƻŦ ŎŀƴƻǇƛŜǎΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ŎƘƭƻǊƻǇƘȅƭƭǎ 

ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ƭƻǿŜǊ ƭŀȅŜǊǎ ƻŦ ƭŜŀǾŜǎ ŀƴŘ ŎŀƴƻǇƛŜǎ ŀǊŜ ŀōƭŜ ǘƻ ŀōǎƻǊō ǘƘŜǎŜ D ǇƘƻǘƻƴǎΣ ǿƘƛŎƘ ǳƭǝƳŀǘŜƭȅ 

ŜƴƘŀƴŎŜ ǘƘŜ ǇƭŀƴǘǎΩ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŎŀǇŀŎƛǝŜǎ ōȅ ƛƴŎǊŜŀǎƛƴƎ ƴŜǘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜǎ ό.ƛŀƴ Ŝǘ ŀƭΦΣ нлмуΤ 

{ƳƛǘƘ Ŝǘ ŀƭΦΣ нлмтύΦ ¢ƘǳǎΣ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ D ǇƘƻǘƻƴǎ ǘƻ ŜŶŎƛŜƴǘƭȅ ŘǊƛǾŜ ƭŜŀŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ όŜǎǇŜŎƛŀƭƭȅ ƛƴ 

ŘŜŜǇŜǊ ǎŜŎǝƻƴǎ ƻŦ ƭŜŀǾŜǎ ŀƴŘ ƭƻǿŜǊ Ǉƭŀƴǘ ŎŀƴƻǇƛŜǎ ǿƘŜǊŜ . ŀƴŘ w ǿŀǾŜƭŜƴƎǘƘǎ ŀǊŜ ǎŜǾŜǊŜƭȅ ŘŜǇƭŜǘŜŘύ 

ǎƘƻǳƭŘ ƴƻ ƭƻƴƎŜǊ ǊŜƳŀƛƴ ƴŜƎƭŜŎǘŜŘ ƛƴ ƘƻǊǝŎǳƭǘǳǊŀƭ ŀǇǇƭƛŎŀǝƻƴǎΦ  

Lƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜǎŜ ŘŜǘŜŎǘŜŘ ŎƻƴǘǊƛōǳǝƻƴǎ ƻƴ ŎŀǊōƻƴ ŀǎǎƛƳƛƭŀǝƻƴΣ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ƛǎ ǇǳƴŎǘǳŀǘŜŘ 

ǿƛǘƘ ŎŀǎŜǎ ƛƴ ǿƘƛŎƘ ƳƻƴƻŎƘǊƻƳŀǝŎ ŀƴŘ ōǊƻŀŘōŀƴŘ ƎǊŜŜƴ ǿŀǾŜōŀƴŘǎ ŎƭŜŀǊƭȅ ƳƻŘǳƭŀǘŜ Ǉƭŀƴǘ 

ŘŜǾŜƭƻǇƳŜƴǘΦ ¢ŀōƭŜ с όŀǧŀŎƘŜŘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǎŜŎǝƻƴύ ǎǳƳƳŀǊƛȊŜǎ ǎǘǳŘƛŜǎ ƛƴ ǿƘƛŎƘ ŜũŜŎǘǎ ƻŦ D 

ǿŀǾŜƭŜƴƎǘƘǎ ǿŜǊŜ ƛƴǾŜǎǝƎŀǘŜŘΦ aŀƴȅ ƻŦ ǘƘŜ ŬƴŘƛƴƎǎ ŀǊŜ ŘŜǎŎǊƛōŜŘ ŀƴŘ ŀŘŘǊŜǎǎŜŘ ōŜƭƻǿΦ  

tƭŀƴǘǎ ƎǊƻǿƴ ǳƴŘŜǊ ŎƻƴŘƛǝƻƴǎ ŜƴǊƛŎƘŜŘ ƛƴ D ƭƛƎƘǘ ƻƊŜƴ ŜȄƘƛōƛǘ ǎƘŀŘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΦ !ǎ ǎƘƻǿƴ ōȅ 

Cƻƭǘŀ όнллпύΣ ǿƛǘƘƛƴ ƳƛƴǳǘŜǎ ƻŦ ƳƻƴƻŎƘǊƻƳŀǝŎ D όропҕнл ƴƳύ ƛƭƭǳƳƛƴŀǝƻƴǎΣ ǘƘŜ ƘȅǇƻŎƻǘȅƭǎ ƻŦ 

 
5 The partial reflections of green wavelengths are the reason for the green appearance of plants (Smith et al., 
2017). 
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!ǊŀōƛŘƻǇǎƛǎ ǎŜŜŘƭƛƴƎǎ ǊŀǇƛŘƭȅ ŜƭƻƴƎŀǘŜŘΦ ¢ƘŜ ǎŀƳŜ ǎǘǳŘȅ ŀƭǎƻ ǎƘƻǿŜŘ ǘƘŀǘ ǎŜŜŘƭƛƴƎǎ ƎǊƻǿƴ ǳƴŘŜǊ ŀ ŘƛƳ 

ōŀŎƪƎǊƻǳƴŘ ƻŦ w. ǿƛǘƘ ŀŘŘŜŘ D όрнрҕмс ƴƳύ ǿŜǊŜ ǘŀƭƭŜǊ ǘƘŀƴ ǎŜŜŘƭƛƴƎǎ ƎǊƻǿƴ ǳƴŘŜǊ w. ŀƭƻƴŜΣ ƛƴŘƛŎŀǝƴƎ 

ǘƘŀǘ D ƭƛƎƘǘ Ŏŀƴ ŀƴǘŀƎƻƴƛȊŜ ǘƘŜ ƛƴƘƛōƛǝƻƴ ƻŦ ƘȅǇƻŎƻǘȅƭ ƎǊƻǿǘƘ ƻōǎŜǊǾŜŘ ǳƴŘŜǊ w. ƛƭƭǳƳƛƴŀǝƻƴǎΦ {ƻƻƴ ŀƊŜǊΣ 

.ƻǳƭȅ Ŝǘ ŀƭΦ όнллтύ ŀƭǎƻ ǎƘƻǿŜŘ ǘƘŀǘ ƳƻƴƻŎƘǊƻƳŀǝŎ D όрсоҕмл ƴƳύ ƭƛƎƘǘ ŜƭƻƴƎŀǘŜǎ ǘƘŜ ƘȅǇƻŎƻǘȅƭ ƻŦ 

!ǊŀōƛŘƻǇǎƛǎ ǎŜŜŘƭƛƴƎǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ǎǘǳŘȅ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ ǘƘŜ ŀǇǇƭƛŜŘ D ǇƘƻǘƻƴǎ ǊŜǾŜǊǎŜ . ƭƛƎƘǘπ

ƛƴŘǳŎŜŘ ƛƴƘƛōƛǝƻƴǎ ƻŦ ƘȅǇƻŎƻǘȅƭ ŜƭƻƴƎŀǝƻƴǎΦ {ŜƭƭŀǊƻ Ŝǘ ŀƭΦ όнлмлύ ǘƘŜƴ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǘƘŜ ƘȅǇƻŎƻǘȅƭ ƭŜƴƎǘƘǎ 

ƻŦ !ǊŀōƛŘƻǇǎƛǎ ǎŜŜŘƭƛƴƎǎ ƛƴŎǊŜŀǎŜ ƭƛƴŜŀǊƭȅ ǿƛǘƘ ŘŜŎǊŜŀǎƛƴƎ .ΥD Ǌŀǝƻǎ όпотΥрпт ƴƳύ ƻǾŜǊ ŀ ōǊƻŀŘ ǊŀƴƎŜ ƻŦ 

ƅǳŜƴŎŜ ǊŀǘŜǎΦ ! ȅŜŀǊ ƭŀǘŜǊΣ ½ƘŀƴƎ Ŝǘ ŀƭΦ όнлммύ ǊŜƛƴŦƻǊŎŜŘ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŀǘ ǎƘŀŘŜ ǎȅƳǇǘƻƳǎ ŀǊŜ 

ƛƴŘǳŎŜŘ ƛƴ ŀ D ƭƛƎƘǘπŘŜǇŜƴŘŜƴǘ ƳŀƴƴŜǊΥ ²ƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ŀŘŘƛǝƻƴǎ ƻŦ D όрнр ƴƳΤ мл ŀƴŘ пл ҡƳƻƭ Ƴπн ǎπмύ 

ǘƻ ŀ Ŏƻƴǎǘŀƴǘ ōŀŎƪƎǊƻǳƴŘ ƻŦ w. όфл ҡƳƻƭ Ƴπн ǎπмύΣ ƛƴŎǊŜŀǎŜŘ ǎǘŜƳ ŀƴŘ ǇŜǝƻƭŜ ŜƭƻƴƎŀǝƻƴǎ ŀƴŘ ǳǇǿŀǊŘπ

ƻǊƛŜƴǘŀǘŜŘ ƭŜŀǾŜǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƛƴ !ǊŀōƛŘƻǇǎƛǎΦ Lǘ ǎƘŀƭƭ ōŜ ƴƻǘŜŘ ƘŜǊŜ ǘƘŀǘ ǘƘŜ ǎǘǳŘƛŜǎ ōȅ Cƻƭǘŀ όнллпύΣ 

.ƻǳƭȅ Ŝǘ ŀƭΦ όнллтύ ŀƴŘ ½ƘŀƴƎ Ŝǘ ŀƭΦ όнлммύ ŀǊŜ ŀƭƭ ŜȄŀƳǇƭŜǎ ƻŦ ǎƘŀŘŜ ŀŎŎƭƛƳŀǝƻƴ ǊŜǎǇƻƴǎŜǎ ŘŜǎǇƛǘŜ 

ƛƴŎǊŜŀǎŜŘ t!w ƛǊǊŀŘƛŀǝƻƴǎ ŀǎ D ǿŀǎ ŀŘŘŜŘΦ bƻƴŜǘƘŜƭŜǎǎΣ ½ƘŀƴƎ Ŝǘ ŀƭΦ όнлммύ ŀƭǎƻ ƻōǘŀƛƴŜŘ ǘƘŜ ŘŜǎŎǊƛōŜŘ 

ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǇƘŜƴƻǘȅǇŜǎ ǿƘŜƴ t!w ƛƴǘŜƴǎƛǘȅ ǿŀǎ ƪŜǇǘ ǘƘŜ ǎŀƳŜ ōȅ ǊŜŘǳŎƛƴƎ ǘƘŜ ƅǳŜƴŎŜ ǊŀǘŜ ƻŦ w ǘƻ 

ŀŘŘ DΦ  

{ƛƴŎŜ ǘƘŜƴΣ ŦǳǊǘƘŜǊ ǎǘǳŘƛŜǎ ŘŜǘŜŎǘŜŘ ƎǊŜŜƴπƛƴŘǳŎŜŘ ǎȅƳǇǘƻƳǎ ƻŦ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ƛƴ ǾŀǊƛƻǳǎ Ǉƭŀƴǘ 

ǎǇŜŎƛŜǎΥ Lƴ ŜȄŀƳǇƭŜΣ {ƴƻǿŘŜƴ Ŝǘ ŀƭΦ όнлмсύΣ ǿƘƻ ƛƴǾŜǎǝƎŀǘŜŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ǾŀǊƛŜǘȅ ƻŦ ŦƻƻŘ ŎǊƻǇǎ 

ǳƴŘŜǊ ƛƴŎǊŜŀǎƛƴƎ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ D όрллπслл ƴƳύ ƛƴ ŘƛǾŜǊǎŜ ŀǊǝŬŎƛŀƭ ƭƛƎƘǝƴƎ ōŀŎƪƎǊƻǳƴŘǎ όƛƴŎƭǳŘƛƴƎ ƴŀǊǊƻǿ 

ǘƻ ōǊƻŀŘ D ǿŀǾŜōŀƴŘǎ ǿƛǘƘ ŘƛũŜǊƛƴƎ D ǇŜŀƪ ǿŀǾŜƭŜƴƎǘƘǎύΣ ƻōǎŜǊǾŜŘ ŜȄǇŀƴŘƛƴƎ ƭŜŀŦ ŀǊŜŀǎ ƛƴ ǿƘŜŀǘ 

ό¢ǊƛǝŎǳƳ ŀŜǎǝǾǳƳ [ΦύΣ ŎǳŎǳƳōŜǊ ό/ǳŎǳƳƛǎ ǎŀǝǾŀ [Φύ ŀƴŘ ƭŜǧǳŎŜ ό[ŀŎǘǳŎŀ ǎŀǝǾŀύΣ ƭŜƴƎǘƘŜƴƛƴƎ ǎǘŜƳǎ ƛƴ 

ǘƻƳŀǘƻ ό{ƻƭŀƴǳƳ ƭȅŎƻǇŜǊǎƛŎǳƳύΣ ǎƻȅōŜŀƴ όDƭȅŎƛƴŜ ƳŀȄύΣ ǇŜǇǇŜǊ ό/ŀǇǎƛŎǳƳ ŀƴƴǳƳύ ŀƴŘ ƭŜǧǳŎŜΣ ŀǎ ǿŜƭƭ ŀǎ 

ŜƭƻƴƎŀǝƴƎ ǇŜǝƻƭŜǎ ƛƴ ǎƻȅōŜŀƴ ŀƴŘ ǊŀŘƛǎƘ όwŀǇƘŀƴǳǎ ǎŀǝǾǳǎύ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ DΦ ! ǎƛƳƛƭŀǊ 

ǘǊŜƴŘ ǿŀǎ ƻōǎŜǊǾŜŘ ōȅ YŀƛǎŜǊ Ŝǘ ŀƭΦ όнлмфύ ƛƴ ŀ ƎǊŜŜƴƘƻǳǎŜ ǎŜǩƴƎ ŀǎ ƭŜŀŦ ŀǊŜŀǎ ŀƴŘ Ǉƭŀƴǘ ƘŜƛƎƘǘǎ ƻŦ ǘƘŜ 

ƛƴǾŜǎǝƎŀǘŜŘ ǘƻƳŀǘƻŜǎ ǘŜƴŘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ D ƛƴ w. ōŀŎƪƎǊƻǳƴŘǎΦ tŀǊƪ ϧ 

wǳƴƪƭŜ όнлмуŀύΣ ǿƘƻ ƛƴǾŜǎǝƎŀǘŜŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƻǊƴŀƳŜƴǘŀƭǎ ǳƴŘŜǊ w.Σ wD. ŀƴŘ ƳǳƭǝǇƭŜ ² [95 

ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ŀƭǎƻ ŦƻǳƴŘ ǘƘŀǘ ōŜƎƻƴƛŀ ό.ŜƎƻƴƛŀ Ȅ ǎŜƳǇŜǊƅƻǊŜƴǎύΣ ƎŜǊŀƴƛǳƳ όtŜƭŀǊƎƻƴƛǳƳ Ȅ ƘƻǊǘƻǊǳƳύΣ 

ǎƴŀǇŘǊŀƎƻƴ ό!ƴǝǊǊƘƛƴǳƳ ƳŀƧǳǎύ ŀƴŘ ŜǎǇŜŎƛŀƭƭȅ ǇŜǘǳƴƛŀ όtŜǘǳƴƛŀ Ȅ ƘȅōǊƛŘŀύ ƎǊŜǿ ǘŀƭƭŜǊ ǳƴŘŜǊ ŀƭƭ Dπ

ŎƻƴǘŀƛƴƛƴƎ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ w. ǘǊŜŀǘƳŜƴǘ ƭŀŎƪƛƴƎ D ǿŀǾŜōŀƴŘǎΦ !ƭǎƻΣ aŜƴƎ Ŝǘ ŀƭΦ 

όнлмфύ ŎƻƴŬǊƳŜŘ ǘƘŀǘ ƛƴŎǊŜŀǎƛƴƎ ǎǳōǎǝǘǳǝƻƴǎ ƻŦ . ǿƛǘƘ D όрнс ƴƳύ ƛƴ ŀ Ŏƻƴǎǘŀƴǘ w ōŀŎƪƎǊƻǳƴŘ ǘǊƛƎƎŜǊ 

ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ƛƴ ƭŜǧǳŎŜ ŀƴŘ ƪŀƭŜΦ CƛƴŀƭƭȅΣ ŀƭǎƻ {ŎƘŜƴƪŜƭǎ Ŝǘ ŀƭΦ όнлмфύ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ƘŜƛƎƘǘ 

ƻŦ ōŀǎƛƭ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ƭŜƴƎǘƘ ŀƴŘ ǿƛŘǘƘ ƻŦ ƛǘǎ ƭŜŀǾŜǎ ƛƴŎǊŜŀǎŜ ǿƘŜƴ мр ҡƳƻƭ Ƴπн ǎπм ƻŦ ƴŀǊǊƻǿ D όрлр ƴƳύ 

ŀǊŜ ŀŘŘŜŘ ǘƻ ŀ ǿƘƛǘŜ [95 ōŀŎƪƎǊƻǳƴŘ ŀƴŘ ǿƘŜƴ ǘƘŜǎŜ D ǇƘƻǘƻƴǎ ǇŀǊǝŀƭƭȅ ǊŜǇƭŀŎŜ w ŀƴŘ . ǇƘƻǘƻƴǎ όǘƻ 
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ŜǉǳŀƭƛȊŜ t!w ƛƴǘŜƴǎƛǘȅύΦ IƻǿŜǾŜǊΣ ½ƘŀƴƎ Ŝǘ ŀƭΦ όнлннύ ŘƛŘ ƴƻǘ ƻōǎŜǊǾŜ ǎǘŜƳ ŜƭƻƴƎŀǝƻƴǎ ƛƴ ǘƻƳŀǘƻ ό{ƻƭŀƴǳƳ 

ƭȅŎƻǇŜǊǎƛŎǳƳύ Ǉƭŀƴǘǎ ǿƘŜƴ ǇŀǊǝŀƭƭȅ ǊŜǇƭŀŎƛƴƎ ŀƴ w. ōŀŎƪƎǊƻǳƴŘ ǿƛǘƘ нл ҈ ƻŦ D όрнр ƴƳύ ŀƴŘ ƪŜŜǇƛƴƎ ǘƻǘŀƭ 

t!w ŀƴŘ wΥ. Ǌŀǝƻǎ ŎƻƴǎǘŀƴǘΦ LƴǘŜǊŜǎǝƴƎƭȅΣ ƻƴƭȅ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ Cw όƪƴƻǿƴ ǘƻ ƛƴŘǳŎŜ ǎǘŜƳ ŜƭƻƴƎŀǝƻƴǎ 

Ǿƛŀ ǇƘȅǘƻŎƘǊƻƳŜ ŀŎǝƻƴ όǎŜŎǝƻƴ мΦоΦнΦнΦмύ ǊŜŘǳŎƛƴƎ ǘƘŜ wΥCw ǊŀǝƻΣ ǘƘŜ ǇŀǊǝŀƭ ǊŜǇƭŀŎŜƳŜƴǘ ƻŦ w. ǿƛǘƘ D 

ǊŜǎǳƭǘŜŘ ƛƴ ǎƛƎƴƛŬŎŀƴǘƭȅ ŜƭƻƴƎŀǘŜŘ ǎǘŜƳǎ ǿƘƛŎƘ ǿŜǊŜ ŜǾŜƴ ƳƻǊŜ ŜƭƻƴƎŀǘŜŘ ǘƘŀƴ ǳƴŘŜǊ w.ҌCw ŀƭƻƴŜΦ      

¢ƻ ǎƘƛŜƭŘ ǘƘŜƳǎŜƭǾŜǎ ŦǊƻƳ ŘŀƳŀƎƛƴƎ ŎƻƴŘƛǝƻƴǎ ƻŦ ŜȄŎŜǎǎƛǾŜ ƭƛƎƘǝƴƎΣ ƴǳƳŜǊƻǳǎ Ǉƭŀƴǘǎ ŀǊŜ ƪƴƻǿƴ 

ǘƻ ǇǊƻŘǳŎŜ ƴƻƴπǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀƴǘƘƻŎȅŀƴƛƴǎ ǿƘƛŎƘ ǘƘŜƴ ŀŎŎǳƳǳƭŀǘŜ ƛƴ ǘƘŜƛǊ ƭŜŀǾŜǎ όaŀ Ŝǘ ŀƭΦΣ нлнмύΦ 

¢ƘŜǎŜ ŎƻƭƻǊŦǳƭ ǇƛƎƳŜƴǘǎ ǿƛǘƘ ƎǊŜŀǘ ŀƴǝƻȄƛŘŀƴǘ ŎŀǇŀŎƛǝŜǎ όŀǎ ǇǊŜǾƛƻǳǎƭȅ ƳŜƴǝƻƴŜŘ ƛƴ ǎŜŎǝƻƴ мΦоΦнΦнΦнύ 

ƘŀǾŜ ƻƊŜƴ ōŜŜƴ ŦƻǳƴŘ ǘƻ ōŜ ŘƻǿƴπǊŜƎǳƭŀǘŜŘ ƛƴ DπŜƴǊƛŎƘŜŘ ƭƛƎƘǘ ŜƴǾƛǊƻƴƳŜƴǘǎΥ .ƻǳƭȅ Ŝǘ ŀƭΦ όнллтύ ŦƻǳƴŘ 

ŀ ŘŜŎǊŜŀǎŜŘ ŎƻƴǘŜƴǘ ƻŦ ŀƴǘƘƻŎȅŀƴƛƴǎ ƛƴ !ǊŀōƛŘƻǇǎƛǎ ǳƴŘŜǊ ŘƛŎƘǊƻƳŀǝŎ .D ƭƛƎƘǘ ǿƛǘƘ ŀ Ǌŀǝƻ ƻŦ мΥм 

ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŎƻƴǘŜƴǘǎ ŦƻǳƴŘ ǳƴŘŜǊ ƳƻƴƻŎƘǊƻƳŀǝŎ .Σ ŀƎŀƛƴΣ ǎǳƎƎŜǎǝƴƎ ǘƘŀǘ D ƭƛƎƘǘ ƛǎ ŀōƭŜ ǘƻ ǊŜǾŜǊǎŜ 

. ƭƛƎƘǘπƛƴŘǳŎŜŘ ŎǊȅǇǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ ǊŜǎǇƻƴǎŜǎ ǎǳŎƘ ŀǎ ŀƴǘƘƻŎȅŀƴƛƴ ǇǊƻŘǳŎǝƻƴǎ όǎŜŎǝƻƴ мΦоΦнΦнΦнύΦ 

½ƘŀƴƎ ϧ Cƻƭǘŀ όнлмнύ ŀƭǎƻ ŦƻǳƴŘ ǘƘŀǘ ƛƴŎǊŜŀǎƛƴƎ ŀŘŘƛǝƻƴǎ ƻŦ D όрнр ƴƳύ ǘƻ ŀ Ŏƻƴǎǘŀƴǘ ōŀŎƪƎǊƻǳƴŘ ƻŦ w. 

ŘŜŎǊŜŀǎŜŘ ŀƴǘƘƻŎȅŀƴƛƴ ŀŎŎǳƳǳƭŀǝƻƴǎ ƛƴ !ǊŀōƛŘƻǇǎƛǎΦ {ƛƳƛƭŀǊƭȅΣ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ŦƻǳƴŘ 

ǘƻ ŘŜŎǊŜŀǎŜ ƛƴ ƭŜǧǳŎŜ ǿƘŜƴ . ǿŀǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ǎǳōǎǝǘǳǘŜŘ ǿƛǘƘ D όрнс ƴƳύ ƛƴ ŀ Ŏƻƴǎǘŀƴǘ w ōŀŎƪƎǊƻǳƴŘ 

όaŜƴƎ Ŝǘ ŀƭΦΣ нлмфύΦ IƻǿŜǾŜǊΣ ƴƻ ŘƛũŜǊŜƴŎŜǎ ƛƴ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ōȅ aƛȊǳƴƻ Ŝǘ ŀƭΦ 

όнлммύ ǿƘƻ ŎƻƳǇŀǊŜŘ ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŎƻƴǘŜƴǘǎ ƛƴ ǊŜŘ ŀƴŘ ƎǊŜŜƴ ƭŜŀŦ ŎŀōōŀƎŜǎ ŜȄǇƻǎŜŘ ǘƻ ƳƻƴƻŎƘǊƻƳŀǝŎ 

wΣ .Σ D όрнр ƴƳύ ŀƴŘ .D όрлл ƴƳύ ƭƛƎƘǘΦ !ǎ ǘƘŜ ǎǘǳŘȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǳƴŘŜǊ ŀ ƭƻǿ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƻŦ 

рл ҡƳƻƭ Ƴπн ǎπм ŀƴŘ ŜƭƻƴƎŀǘŜŘ ǇŜǝƻƭŜǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ǳƴŘŜǊ ƳƻƴƻŎƘǊƻƳŀǝŎ . όǿƘƛŎƘ ƴƻǊƳŀƭƭȅ ƳŜŘƛŀǘŜǎ 

ƎǊƻǿǘƘ ƛƴƘƛōƛǝƻƴǎ ƛƴǎǘŜŀŘ ƻŦ ŜƭƻƴƎŀǝƻƴǎύ ƛƴ ōƻǘƘ ŎǳƭǝǾŀǊǎΣ ƛǘ ŀǇǇŜŀǊǎ ǘƘŀǘ ǘƘŜ ǎǘǳŘȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǳƴŘŜǊ 

ƛƴǎǳŶŎƛŜƴǘ ƭƛƎƘǝƴƎ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ ƳŀƪŜ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ŀƴǘƘƻŎȅŀƴƛƴǎ ǳƴŦŀǾƻǊŀōƭŜ ǘƻ ōŜƎƛƴ ǿƛǘƘΦ !ƭǎƻΣ 

[ƛ ϧ Yǳōƻǘŀ όнллфύ ŘƛŘ ƴƻǘ ƻōǎŜǊǾŜ ŘƛũŜǊŜƴŎŜǎ ƛƴ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘǎ ƛƴ ōŀōȅ ƭŜŀŦ ƭŜǧǳŎŜǎ ǿƘŜƴ 

ƳƻƴƻŎƘǊƻƳŀǝŎ D όрнс ƴƳύ ǇŀǊǝŀƭƭȅ ǊŜǇƭŀŎŜŘ ŀ ōŀŎƪƎǊƻǳƴŘ ƻŦ ǿƘƛǘŜ ƭƛƎƘǘ ŜƳƛǧŜŘ ŦǊƻƳ Ŏƻƻƭ ǿƘƛǘŜΣ 

ƅǳƻǊŜǎŎŜƴǘ ƭŀƳǇǎΦ IƻǿŜǾŜǊΣ ƛƴ ǘƘƛǎ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎŜǘǳǇΣ ǘƘŜ ǊŜǇƭŀŎŜƳŜƴǘ ƻŦ ōǊƻŀŘ ² ǿƛǘƘ ƴŀǊǊƻǿ D ǿŀǎ 

ŎƻƴŎƻƳƛǘŀƴǘ ǿƛǘƘ ǎƛƎƴƛŬŎŀƴǘ ǊŜŘǳŎǝƻƴǎ ƛƴ ōƻǘƘ w ŀƴŘ . ǇƘƻǘƻƴ ƅǳȄŜǎ όŦǊƻƳ тс ǘƻ пн ŀƴŘ ŦǊƻƳ тм ǘƻ 

пф ҡƳƻƭ Ƴπн ǎπмΣ ǊŜǎǇŜŎǝǾŜƭȅύΣ ǿƘƛŎƘ ŀƎŀƛƴ ǊŜǇǊŜǎŜƴǘǎ ŀ ŎƻƴŘƛǝƻƴ ǳƴŦŀǾƻǊŀōƭŜ ŦƻǊ ŀƴǘƘƻŎȅŀƴƛƴ 

ǇǊƻŘǳŎǝƻƴǎΣ ŀƴŘ ǘƘŜ ² ōŀŎƪƎǊƻǳƴŘ ƭƛƎƘǝƴƎ ŀƭǊŜŀŘȅ ŎƻƴǎƛǎǘŜŘ ƻŦ рн ҈ D όрллπслл ƴƳύ ǿƘƛŎƘ Ƴŀȅ 

ǊŜǇǊŜǎǎŜŘ ŀƴǘƘƻŎȅŀƴƛƴ ǇǊƻŘǳŎǝƻƴǎ ǳƴŘŜǊ ŀƭƭ ǘǊŜŀǘƳŜƴǘǎΦ !ƴƻǘƘŜǊ ŎƻƴǘǊŀǎǝƴƎ ǊŜǎǳƭǘ ǿŀǎ ǇǳōƭƛǎƘŜŘ ōȅ 

WƻƘƪŀƴ Ŝǘ ŀƭΦ όнлмнύΥ LƴǘŜƴǎŜ ƳƻƴƻŎƘǊƻƳŀǝŎ D ƭƛƎƘǘ όҗ плл ҡƳƻƭ Ƴπн ǎπмύ ǿƛǘƘ рмл ƴƳ ǇǊƻƳƻǘŜŘ ǘƘŜ 

ŎƻƴǘŜƴǘ ƻŦ ŀƴǘƘƻŎȅŀƴƛƴǎ ƛƴ ǊŜŘ ƭŜŀŦ ƭŜǧǳŎŜǎ όWƻƘƪŀƴ Ŝǘ ŀƭΦΣ нлмнύ ς ŀ ŬƴŘƛƴƎ ǿƘƛŎƘ Ŏŀƴ ǇǊƻōŀōƭȅ ōŜ 

ŀǧǊƛōǳǘŜŘ ǘƻ ǊŜǎƛŘǳŀƭ ŀōǎƻǊǇǝƻƴǎ ƻŦ ǎƘƻǊǘ D ǿŀǾŜƭŜƴƎǘƘǎ ōȅ ŎǊȅǇǘƻŎƘǊƻƳŜ ŀƴŘ ǘƘǳǎΣ ŀŎǝǾŀǝƻƴǎ ƻŦ 

ŎǊȅǇǘƻŎƘǊƻƳŜǎΣ ǿƘƛŎƘ ŀǊŜ ƪƴƻǿƴ ǘƻ ǘǊƛƎƎŜǊ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ŀƴǘƘƻŎȅŀƴƛƴǎΦ      
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!ǘ ŬǊǎǘΣ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ D ƭƛƎƘǘ ƻƴ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƛƎƳŜƴǘ ŎƻƴǘŜƴǘǎ ŀǇǇŜŀǊǎ ǇŜǊǇƭŜȄƛƴƎΣ ŀǎ 

ǊŜǎŜŀǊŎƘ ǊŜǎǳƭǘǎ ǎǇŀƴ ŦǊƻƳ ŘŜǘǊƛƳŜƴǘŀƭ ŀƴŘ ƴƻƴπƛƴƅǳŜƴǝŀƭ ǘƻ ōŜƴŜŬŎƛŀƭΥ IƛƎƘ ƳƻƴƻŎƘǊƻƳŀǝŎ D όрнл ƴƳύ 

ŀƴŘ ŜǎǇŜŎƛŀƭƭȅ ƳƻƴƻŎƘǊƻƳŀǝŎ ¸ όрфл ƴƳύ ƛƭƭǳƳƛƴŀǝƻƴǎ όонл ҡƳƻƭ Ƴπн ǎπмύ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ ǘƻ ǊŜǎǳƭǘ ƛƴ 

ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀōƴƻǊƳŀƭ ƭŜŀŦ ǝǎǎǳŜ ŎŜƭƭǎ ŀƴŘ ŘȅǎǇƭŀǎǝŎ ŎƘƭƻǊƻǇƭŀǎǘǎ ƛƴ ŎƘŜǊǊȅ ǘƻƳŀǘƻ ƭŜŀǾŜǎ ό·ƛŀƻȅƛƴƎ 

Ŝǘ ŀƭΦΣ нлммύΦ Lƴ ŀŘŘƛǝƻƴΣ ƛƴŎǊŜŀǎƛƴƎ ŦǊŀŎǝƻƴǎ ƻŦ D ƛƴ wD. ōŀŎƪƎǊƻǳƴŘǎ ŀǎ ǿŜƭƭ ŀǎ ƛƴŎǊŜŀǎƛƴƎ ǎǳōǎǝǘǳǝƻƴǎ 

ƻŦ . ǿƛǘƘ D ƛƴ ŀ Ŏƻƴǎǘŀƴǘ w ōŀŎƪƎǊƻǳƴŘ ƘŀǾŜ ōŜŜƴ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ŘŜŎǊŜŀǎƛƴƎ ŎƘƭƻǊƻǇƘȅƭƭ ŎƻƴǘŜƴǘǎ ƛƴ 

ŎǳŎǳƳōŜǊ ŀƴŘ ƭŜǧǳŎŜǎ ό{ƴƻǿŘŜƴ Ŝǘ ŀƭΦΣ нлмсΤ YŀƴƎ Ŝǘ ŀƭΦΣ нлмсΤ aŜƴƎ Ŝǘ ŀƭΦ нлмфύΦ IƻǿŜǾŜǊΣ ƴƻ ŘƛũŜǊŜƴŎŜǎ 

ƛƴ ǘƻǘŀƭ ŎƘƭƻǊƻǇƘȅƭƭ ŀƴŘκƻǊ ŎŀǊƻǘŜƴƻƛŘ ŎƻƴǘŜƴǘǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƛƴ ŎǳŎǳƳōŜǊ ǎŜŜŘƭƛƴƎǎ όIŜǊƴłƴŘŜȊ ϧ 

YǳōƻǘŀΣ нлмсύΣ ǘƻƳŀǘƻŜǎ όYŀƛǎŜǊ Ŝǘ ŀƭΦΣ нлмфύ ŀƴŘ ŀ ǾŀǊƛŜǘȅ ƻŦ ƭŜǧǳŎŜǎ ό{ƻƴ ϧ hƘΣ нлмрΤ [ƛƴ Ŝǘ ŀƭΦΣ нлмоΤ [ƛ 

ϧ YǳōƻǘŀΣ нллфΤ YƛƳ Ŝǘ ŀƭΦΣ нллпύ ŜȄǇƻǎŜŘ ǘƻ w.Σ wD. ŀƴŘκƻǊ C[ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ǿƛǘƘ ŘƛũŜǊƛƴƎ ǇŜǊŎŜƴǘŀƎŜǎ 

ƻŦ D ƭƛƎƘǘΦ !ƭǎƻΣ ƴƻ ŎƘŀƴƎŜǎ ƛƴ ŎŀǊƻǘŜƴƻƛŘ ŎƻƴǘŜƴǘǎ ǿŜǊŜ ŦƻǳƴŘ ƛƴ ǊŜŘ ŀƴŘ ƎǊŜŜƴ ƭŜŀŦ ŎŀōōŀƎŜǎ ŜȄǇƻǎŜŘ ǘƻ 

ƳƻƴƻŎƘǊƻƳŀǝŎ .Σ .D όрлл ƴƳύ ŀƴŘ D όрнр ƴƳύ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΦ Lƴ ŎƻƴǘǊŀǎǘΣ ŎƘƭƻǊƻǇƘȅƭƭ ŀƴŘ ŎŀǊƻǘŜƴƻƛŘ 

ŎƻƴǘŜƴǘǎ ƻŦ ƭŜǧǳŎŜǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ ƛƴŎǊŜŀǎŜŘ ǳƴŘŜǊ ²ҌD όрнн ƴƳύ ŎƻƳǇŀǊŜŘ ǘƻ ƭŜǧǳŎŜǎ ŜȄǇƻǎŜŘ ǘƻ 

²Ҍ¸ όрфс ƴƳύ ό/ƘŜƴ Ŝǘ ŀƭΦΣ нлмсύΦ Lƴ ŀŎŎƻǊŘŀƴŎŜΣ 5ƻǳƎƘŜǊ ŀƴŘ .ǳƎōŜŜ όнллмύ ŦƻǳƴŘ ǘƘŀǘ ƛƴŎǊŜŀǎƛƴƎ 

ǇǊƻǇƻǊǝƻƴǎ ƻŦ ƭƻƴƎ D ǿŀǾŜƭŜƴƎǘƘǎ ōŜǘǿŜŜƴ рулπслл ƴƳ ǎǳǇǇǊŜǎǎŜŘ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ƛƴ 

ƭŜǧǳŎŜ όŀǎ ŜǾŀƭǳŀǘŜŘ Ǿƛŀ {t!5 ƳŜǘŜǊ ǿƘƛŎƘ ƳŜŀǎǳǊŜǎ ǘƘŜ ƭŜŀŦΩǎ ƎǊŜŜƴ ŎƻƭƻǊŀǝƻƴύΦ  

¢ƘŜǎŜ ǾŀǊƛŀōƭŜ ǊŜǎǳƭǘǎ Ƴŀȅ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜ ōǊƻŀŘ ŘŜŬƴƛǝƻƴ ƻŦ D ƭƛƎƘǘ π ǎǇŀƴƴƛƴƎ ŦǊƻƳ рлл ƴƳ ŀƭƭ 

ǘƘŜ ǿŀȅ ŀŎǊƻǎǎ ǘƻ слл ƴƳ ƛǎ ƳƛǎƭŜŀŘƛƴƎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǊŀǘƘŜǊ ǎǳƎƎŜǎǘ ǘƘŀǘ ŀŘŘƛǝƻƴǎ ƻŦ ǎƘƻǊǘ D ǿŀǾŜƭŜƴƎǘƘǎ π  

ǿƘƛŎƘ ŀǊŜ ŀōǎƻǊōŀōƭŜ ōȅ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƛƎƳŜƴǘǎ π Ŏŀƴ ƛƳǇǊƻǾŜ ŎƘƭƻǊƻǇƘȅƭƭ ŀƴŘκƻǊ ŎŀǊƻǘŜƴƻƛŘ ŎƻƴǘŜƴǘǎ 

όǇƻǎǎƛōƭȅ Ǿƛŀ ǊŜǎƛŘǳŀƭ ŎǊȅǇǘƻŎƘǊƻƳŜ ŀŎǝƻƴǎ ƪƴƻǿƴ ǘƻ ƛƴŘǳŎŜ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ŀƴŘκƻǊ ȊŜŀȄŀƴǘƘƛƴ 

ŀŎǝƻƴǎύΣ ŀƴŘ ǘƘŀǘ ŀŘŘƛǝƻƴǎ ƻŦ ƭƻƴƎ D ǿŀǾŜƭŜƴƎǘƘǎ π ǳƴŦŀǾƻǊŀōƭŜ ŦƻǊ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ π ǊŜǎǘǊŀƛƴ ǘƘŜƛǊ 

ǇǊƻŘǳŎǝƻƴ όǇƻǎǎƛōƭȅ Ǿƛŀ ƛƴŀŎǝǾŀǝƻƴ ƻŦ ŎǊȅǇǘƻŎƘǊƻƳŜǎ ŀƴŘκƻǊ ȊŜŀȄŀƴǘƘƛƴ ǎƛƎƴŀƭƛƴƎύ ǳƴǝƭ ƳƻǊŜ ŦŀǾƻǊŀōƭŜ 

ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ŦƻǊ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ƘŀǾŜ ōŜŜƴ ǊŜŀŎƘŜŘ όŦƻƭƭƻǿƛƴƎ DπƛƴŘǳŎŜŘ ŜƭƻƴƎŀǝƻƴ ƎǊƻǿǘƘǎύΦ !ƊŜǊ 

ŎƻƴŘǳŎǝƴƎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƳŜǘŀπŀƴŀƭȅǎƛǎ ƻƴ Ǉƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘƘŜ ǎǇŜŎǘǊŀƭ ǊŀƴƎŜ ōŜǘǿŜŜƴ рлл ŀƴŘ 

слл ƴƳΣ ŀƭǎƻ .ŀǧƭŜ Ŝǘ ŀƭΦ όнлнлύ ǊŜŎŜƴǘƭȅ ǎǳƎƎŜǎǘŜŘ ŀ ǎǳōŘƛǾƛǎƛƻƴ ōŜǘǿŜŜƴ ǎƘƻǊǘ όDύ ŀƴŘ ƭƻƴƎ ό¸ύ 

ǿŀǾŜƭŜƴƎǘƘǎΣ ŀǎ ǘƘŜ ǎƘƻǊǘŜǊ ǿŀǾŜƭŜƴƎǘƘǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ŎƻƳǇƭŜƳŜƴǘ ǿƘƛƭŜ ƭƻƴƎŜǊ ǿŀǾŜƭŜƴƎǘƘǎ ǿŜǊŜ ŦƻǳƴŘ 

ǘƻ ŀƴǘŀƎƻƴƛȊŜ Ƴŀƴȅ .πƛƴŘǳŎŜŘ ǊŜǎǇƻƴǎŜǎΦ  

/ƻƴǘǊŀǎǝƴƎ ŀǊŜ ŀƭǎƻ ǘƘŜ ŬƴŘƛƴƎǎ ƻŦ DπƳŜŘƛŀǘŜŘ ƅƻǿŜǊ ǊŜǎǇƻƴǎŜǎΥ Lƴ ŜȄŀƳǇƭŜΣ ǿƘƛƭŜ D ƭƛƎƘǘ 

όрсо ƴƳύ ǊŜŘǳŎŜŘ . ƭƛƎƘǘπƛƴŘǳŎŜŘ ƅƻǿŜǊƛƴƎ ƛƴ !ǊŀōƛŘƻǇǎƛǎ ό.ŀƴŜǊƧŜŜ Ŝǘ ŀƭΦΣ нллтύΣ ƅƻǿŜǊƛƴƎ ŀŎŎŜƭŜǊŀǘŜŘ 

ƛƴ !ǊŀōƛŘƻǇǎƛǎΣ ǇŜǘǳƴƛŀΣ ŎƘǊȅǎŀƴǘƘŜƳǳƳ ŀƴŘ ƳŀǊƛƎƻƭŘ ǳƴŘŜǊ ƛƴŎǊŜŀǎƛƴƎ ƛƴǘŜƴǎƛǝŜǎ ƻŦ ƳƻƴƻŎƘǊƻƳŀǝŎ D 

ƭƛƎƘǘ όрнм ƴƳύ ŀƴŘ ² ƭƛƎƘǘ ǿƛǘƘ ƘƛƎƘ ǇŜǊŎŜƴǘŀƎŜǎ ŀƴŘ ƛƴǘŜƴǎƛǝŜǎ ƻŦ D ƭƛƎƘǘ όрру ƴƳύ όaŜƴƎ ϧ wǳƴƪƭŜΣ нлмфΤ 

tŀǊƪ ϧ wǳƴƪƭŜΣ нлмуŀύΦ 9ǾƛŘŜƴǘƭȅΣ ƳƻǊŜ ǊŜǎŜŀǊŎƘ ƛǎ ƴŜŜŘŜŘ ǘƻ ŎƭŀǊƛŦȅ ǘƘŜ ƛƳǇŀŎǘ ƻŦ D ƭƛƎƘǘ ƻƴ ƅƻǿŜǊƛƴƎΦ 



/I!t¢9w м DŜƴŜǊŀƭ LƴǘǊƻŘǳŎǝƻƴ 
 

рр 
 

/ƻƴǎƛŘŜǊƛƴƎ ǘƘŀǘ D ƭƛƎƘǘ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƻ ǎǘǊƻƴƎƭȅ ŘǊƛǾŜ ŎŀǊōƻƴ ŬȄŀǝƻƴ ǊŀǘŜǎ ŀƴŘ ǿŀǎ ǎƘƻǿƴ ǘƻ 

ƛƴŘǳŎŜ ŜƭƻƴƎŀǝƻƴ ŀƴŘ ŜȄǇŀƴǎƛƻƴ ƎǊƻǿǘƘǎΣ ƻƴŜ ƳƛƎƘǘ ŜȄǇŜŎǘ ƴƻǝŎŜŀōƭŜ ȅƛŜƭŘ ƛƴŎǊŜŀǎŜǎΣ ƘƻǿŜǾŜǊΣ ƻǇǇƻǎƛƴƎ 

ǊŜǎǳƭǘǎ ǿŜǊŜ ǇǳōƭƛǎƘŜŘΥ ²ƘƛƭŜ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ŀƴŘκƻǊ ǊŜǇƭŀŎŜƳŜƴǘ ǿƛǘƘ D ƛƴ ²Σ w. ŀƴŘκƻǊ w ōŀŎƪƎǊƻǳƴŘǎ 

ǊŜǎǳƭǘŜŘ ƛƴ ƛƴŎǊŜŀǎŜŘ ōƛƻƳŀǎǎ ǇǊƻŘǳŎǝƻƴǎ ƛƴ ōŀǎƛƭ όрлр ƴƳΣ {ŎƘŜƴƪŜƭǎ Ŝǘ ŀƭΦΣ нлмфύΣ ǘƻƳŀǘƻ όром ƴƳΣ YŀƛǎŜǊ 

Ŝǘ ŀƭΦΣ нлмфύΣ ƪŀƭŜ όрнс ƴƳΣ aŜƴƎ Ŝǘ ŀƭΦΣ нлмфύ ŀƴŘ ŘƛǾŜǊǎŜ ǊŜŘ ŀƴŘ ƎǊŜŜƴ ƭŜŀŦ ƭŜǧǳŎŜ ŎǳƭǝǾŀǊǎ όрнс ƴƳΣ 

aŜƴƎ Ŝǘ ŀƭΦΣ нлмфΤ рму ƴƳΣ {ƻƴ ϧ hƘΣ нлмрΤ рор ƴƳΣ YƛƳ Ŝǘ ŀƭΦΣ нллпΤ ōǊƻŀŘōŀƴŘ D рллπслл ƴƳΣ [ƛƴ Ŝǘ ŀƭΦΣ 

нлмоύΣ ƛƴŘƛũŜǊŜƴǘ ȅƛŜƭŘǎ ǿŜǊŜ ŦƻǳƴŘ ƛƴ ŀ ǾŀǊƛŜǘȅ ƻŦ ƻǊƴŀƳŜƴǘŀƭǎ όtŀǊƪ ϧ wǳƴƪƭŜΣ нлмуŀύ ŀƴŘ ŦƻƻŘ ŎǊƻǇǎ 

ό½ƘŀƴƎ Ŝǘ ŀƭΦΣ нлннΤ {ƴƻǿŘŜƴ Ŝǘ ŀƭΦΣ нлмсΤ IŜǊƴłƴŘŜȊ ŀƴŘ YǳōƻǘŀΣ нлмсΤ [ƛ ϧ YǳōƻǘŀΣ нллфύ ǿƛǘƘ D ǇŜŀƪ 

ǿŀǾŜƭŜƴƎǘƘǎ ǊŀƴƎƛƴƎ ŦǊƻƳ рнрπрул ƴƳΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǊŜŘǳŎŜŘ ƭŜǧǳŎŜ ȅƛŜƭŘǎ ǿŜǊŜ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ 

ǇǊƻǇƻǊǝƻƴǎ ƻŦ рулπслл ƴƳ ōȅ 5ƻǳƎƘŜǊ ϧ .ǳƎōŜŜ όнллмύΣ ǿƘƛŎƘ ŀƎǊŜŜǎ ǿƛǘƘ ǊŜǎǳƭǘǎ ŦǊƻƳ YƛƳ Ŝǘ ŀƭΦ όнллпύ 

ǿƘƻ ŀƭǎƻ ŘŜǘŜŎǘŜŘ ŘŜŎǊŜŀǎŜŘ ƭŜǧǳŎŜ ȅƛŜƭŘǎ ǳƴŘŜǊ ² ƭƛƎƘǘ ǿƛǘƘ ƘƛƎƘ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ ¸ ǿƛǘƘ рул ƴƳΦ !ƴŘ 

ŀƎŀƛƴΣ ǘƘŜǎŜ ǊŜǎŜŀǊŎƘ ŬƴŘƛƴƎǎ ŎƻƳōƛƴŜŘ ǎǳƎƎŜǎǘ ŀ ǿŀǾŜƭŜƴƎǘƘ ŘŜǇŜƴŘŜƴŎȅΥ ²ƛǘƘ ƛƴŎǊŜŀǎƛƴƎ άƎǊŜŜƴέ ǇŜŀƪ 

ǿŀǾŜƭŜƴƎǘƘǎ ŦǊƻƳ рлл ǘƻ слл ƴƳΣ ŎǊƻǇ ȅƛŜƭŘǎ ŀǇǇŜŀǊ ǘƻ ŘŜŎǊŜŀǎŜΦ Lƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘƛǎ ǾƛŜǿ ŀǊŜ ǘƘŜ 

ŬƴŘƛƴƎǎ ōȅ /ƘŜƴ Ŝǘ ŀƭΦ όнлмсύΥ ¢ƘƻǳƎƘ ŀŘŘƛǝƻƴǎ ƻŦ w ŀƴŘ . ǘƻ ŀ ōŀŎƪƎǊƻǳƴŘ ƻŦ ² ǿŜǊŜ ŦƻǳƴŘ ǘƻ ƛƴŎǊŜŀǎŜ 

ǘƘŜ ȅƛŜƭŘ ƻŦ ƭŜǧǳŎŜ ƳƻǊŜ ǘƘŀƴ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ D όрнн ƴƳύΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ǘƘŜ ǎŀƳŜ ǎǘǳŘȅ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ 

ŀŘŘƛǝƻƴ ƻŦ D όрнн ƴƳύ ƛƴŎǊŜŀǎŜŘ ōƛƻƳŀǎǎ ƳƻǊŜ ǘƘŀƴ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ¸ όрфс ƴƳύΦ  

CƛƴŀƭƭȅΣ ƛǘ Ƙŀǎ ƭƻƴƎ ōŜŜƴ ƪƴƻǿƴ ǘƘŀǘ ǿŀǾŜƭŜƴƎǘƘǎ ƻŦ пфлπрул ƴƳ ǊŜǾŜǊǎŜ ǘƘŜ . ƭƛƎƘǘπƛƴŘǳŎŜŘ 

ƻǇŜƴƛƴƎ ƻŦ ǎǘƻƳŀǘŀΦ  όCǊŜŎƘƛƭƭŀ Ŝǘ ŀƭΦΣ нлллΣ ¢ŀƭōƻǧ Ŝǘ ŀƭΦΣ нллнύΦ CƛǊǎǘΣ CǊŜŎƘƛƭƭŀ Ŝǘ ŀƭΦ όнлллύ ǎƘƻǿŜŘ ǘƘŀǘ ŀ 

ǎƘƻǊǘ ǇǳƭǎŜ ƻŦ D ƭƛƎƘǘ ǿŀǎ ŀōƭŜ ǘƻ ǎǘƻǇ . ƭƛƎƘǘπƳŜŘƛŀǘŜŘ ǎǘƻƳŀǘŀƭ ƻǇŜƴƛƴƎ ƛƴ ±ƛŎƛŀ Ŧŀōŀ ŜǇƛŘŜǊƳŀƭ ǇŜŜƭǎ 

ŀƴŘ ǘƘŀǘ ǘƘŜ ƭŀǎǘ ƭƛƎƘǘ ǉǳŀƭƛǘȅ ŀǇǇƭƛŜŘ όD ƻǊ .ύ ŘƛŎǘŀǘŜǎ ǘƘŜ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜ ƻŦ ǘƘŜ ǎǘƻƳŀǘŀΦ Lǘ ǿŀǎ 

ŀƭǎƻ ǎƘƻǿƴ ǘƘŀǘ ǘƘŜ .πƛƴŘǳŎŜŘ ǎǘƻƳŀǘŀƭ ƻǇŜƴƛƴƎ ǿŀǎ Ƴƻǎǘ ŜũŜŎǝǾŜƭȅ ǊŜǾŜǊǎŜŘ ōȅ рпл ƴƳΣ ǿƘƛƭŜ ǿŜŀƪŜǎǘ 

ǊŜǾŜǊǎŀƭǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ŀǘ пфл ŀƴŘ рул ƴƳΣ ǊŜǎǇŜŎǝǾŜƭȅ όCǊŜŎƘƛƭƭŀ Ŝǘ ŀƭΦ нлллύΦ ¢ƘŜ ǎŀƳŜ ǊŜǎŜŀǊŎƘ ƎǊƻǳǇ 

ŦƻǳƴŘ ƻǳǘ ǘƘŀǘ ǘƘŜ ŘŜƎǊŜŜ ƻŦ DπƛƴŘǳŎŜŘ ǎǘƻƳŀǘŀƭ ŎƭƻǎǳǊŜ ǿŀǎ ŘƛǊŜŎǘƭȅ ǇǊƻǇƻǊǝƻƴŀƭ ǘƻ ǘƘŜ ŎƘŀƴƎŜ ƛƴ ǘƘŜ 

.ΥD ǊŀǝƻΣ ǿƛǘƘ Ŧǳƭƭ ǊŜǾŜǊǎŀƭ ǿƘŜƴ D ǿŀǎ ǘǿƛŎŜ ǘƘŀǘ ƻŦ . ƭƛƎƘǘ ό¢ŀƭōƻǧ Ŝǘ ŀƭΦΣ нллнύΦ !ǎ ǘƘƛǎ D ǊŜǾŜǊǎŀƭ ŜũŜŎǘ 

ǿŀǎ ŦƻǳƴŘ ƛƴ ŀ ŘƛǾŜǊǎŜ ǎǳƛǘŜ ƻŦ Ǉƭŀƴǘ ǎǇŜŎƛŜǎ ό¢ŀƭōƻǧ Ŝǘ ŀƭΦΣ нллнύΣ ƛǘ ƳƛƎƘǘ ōŜ ŀ ǳƴƛǾŜǊǎŀƭ ŜũŜŎǘ ƛƴ ǘƘŜ 

ƪƛƴƎŘƻƳ ƻŦ ǇƭŀƴǘǎΦ  

/ƭŜŀǊƭȅΣ D ǿŀǾŜōŀƴŘǎ ŀǊŜ ǇǊŜŎƛǎŜƭȅ ǎŜƴǎŜŘ ŀƴŘ ƳƻƴƛǘƻǊŜŘ ōȅ Ǉƭŀƴǘǎ ŀƴŘ Ǉƭŀȅ ŎǊǳŎƛŀƭ ǊƻƭŜǎ ƛƴ 

ǊŜƎǳƭŀǝƴƎ Ǉƭŀƴǘ ƎǊƻǿǘƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƭƛŦŜ ŎȅŎƭŜ ƻŦ ǇƭŀƴǘǎΦ ±ŀǊƛƻǳǎ ŘƛǎŎǊŜǘŜ ǊŜǎǇƻƴǎŜǎ π 

ǎǇŀƴƴƛƴƎ ŦǊƻƳ ŎƻƴǘǊƛōǳǝƴƎ ǘƻ ŎŀǊōƻƴ ƎŀƛƴǎΣ ŀƭǘŜǊƛƴƎ ŜƭƻƴƎŀǝƻƴ ŀƴŘ ŜȄǇŀƴǎƛƻƴ ƎǊƻǿǘƘǎΣ ŀŘƧǳǎǝƴƎ 

ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŎƻƴǘŜƴǘǎΣ ŎƻƴǘǊƻƭƭƛƴƎ ǎǘƻƳŀǘŀƭ ŎƭƻǎǳǊŜǎ ǘƻ ŎƘŀƴƎƛƴƎ ǘƘŜ ǝƳŜ ƻŦ ƅƻǿŜǊƛƴƎ π ƘŀǾŜ ōŜŜƴ 

ŀǧǊƛōǳǘŜŘ ǘƻ D ǿŀǾŜōŀƴŘǎΦ  
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¢ƘŜǎŜ D ƭƛƎƘǘ ŜũŜŎǘǎ ƻƊŜƴ ƻǇǇƻǎŜ ǘƘƻǎŜ ŘƛǊŜŎǘŜŘ ōȅ w ŀƴŘ . ǿŀǾŜōŀƴŘǎΦ ¢ƘŜ ōŜǎǘ ŜȄŀƳǇƭŜ ŦƻǊ ǘƘƛǎ 

ƎŜƴŜǊŀƭƛȊŀǝƻƴ Ƴŀȅ ōŜ ǘƘŜ ŘŜǘŜŎǝƻƴ ƻŦ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǎȅƳǇǘƻƳǎ ǳƴŘŜǊ ƛƴŎǊŜŀǎƛƴƎ D ƭƛƎƘǘ Ǌŀǝƻǎ ƛƴ ŀ 

Ŏƻƴǎǘŀƴǘ ōŀŎƪƎǊƻǳƴŘ ƻŦ w ŀƴŘ . ŘŜǎǇƛǘŜ ŀƴ ƻǾŜǊŀƭƭ ƛƴŎǊŜŀǎŜ ƛƴ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ό½ƘŀƴƎ Ŝǘ ŀƭΦΣ нлммύΦ  

Lǘ ŀǇǇŜŀǊǎΣ D ǿŀǾŜƭŜƴƎǘƘǎ ŀǊŜ ƘŀǊƴŜǎǎŜŘ ŀǎ ŀ ǎƛƎƴŀƭ ǘƻ ǎǘǊŀǘŜƎƛŎŀƭƭȅ ŀŘƧǳǎǘ Ǉƭŀƴǘ ŦƻǊƳΣ ŎƻƳǇƻǎƛǝƻƴ 

ŀƴŘ ǇƘȅǎƛƻƭƻƎȅ ǘƻ ƻǇǝƳƛȊŜ ƭƛƎƘǘ ŎŀǇǘǳǊŜ ŀƴŘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŜŶŎƛŜƴŎȅ ǿƘŜƴ ƭƛƎƘǘ ǉǳŀƴǝǝŜǎ ŀƴŘκƻǊ 

ǉǳŀƭƛǝŜǎ ŀǊŜ ǳƴŦŀǾƻǊŀōƭŜΦ ¢ƘŜ ŦŀŎǘ ǘƘŀǘ Ƴŀƴȅ ǊŜǎǇƻƴǎŜǎ ƘŀǾŜ ōŜŜƴ ŦƻǳƴŘ ǘƻ ōŜ ǘǊƛƎƎŜǊŜŘ ōȅ ǾŜǊȅ ƭƻǿ D 

ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ όŎƻƳƳƻƴƭȅ ŦƻǳƴŘ ǳƴŘŜǊ ŎƻƴŘƛǝƻƴǎ ƻŦ ǎƘŀŘŜύ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘƛǎ ƛŘŜŀΦ  

¢ƘƻǳƎƘ ŎƻƴǘǊŀŘƛŎǝƴƎ ǊŜǎǳƭǘǎ ŜȄƛǎǘΣ D ƭƛƎƘǘ ŎƻǳƭŘ ōŜ ǎǘǊŀǘŜƎƛŎŀƭƭȅ ǳǎŜŘ π ŜǎǇŜŎƛŀƭƭȅ ƛƴ w ŀƴŘ . 

ǎŀǘǳǊŀǘŜŘ ƭƛƎƘǘ ŜƴǾƛǊƻƴƳŜƴǘǎ π ǘƻ ƛƴŎǊŜŀǎŜ ŎƻƴǘŜƴǘǎ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƛƎƳŜƴǘǎΣ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǊŀǘŜǎ ƻŦ 

ŎŀǊōƻƴ ŬȄŀǝƻƴ ŀƴŘ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŀƴŘ ǘƻ ƳƛƴƛƳƛȊŜ ǿŀǘŜǊ ƭƻǎǎŜǎ ōȅ ŎƻƴǘǊƻƭƭƛƴƎ ǎǘƻƳŀǘŀƭ ŀǇŜǊǘǳǊŜǎΦ 

/ƻƴǎŜǉǳŜƴǘƭȅΣ ŀŘŜǉǳŀǘŜ ŀŘŘƛǝƻƴǎ ƻŦ D ƭƛƎƘǘ ŎƻǳƭŘ ǎƛƎƴƛŬŎŀƴǘƭȅ ŎƻƴǘǊƛōǳǘŜ ǘƻ ƛƳǇǊƻǾŜ ŎǊƻǇ ȅƛŜƭŘǎ ŀƴŘ ǿŀǘŜǊ 

ǳǎŜ ŜŶŎƛŜƴŎƛŜǎ ƛƴ ŎƻƴǘǊƻƭƭŜŘπŜƴǾƛǊƻƴƳŜƴǘ ŀƎǊƛŎǳƭǘǳǊŜ ƛƴŘǳǎǘǊƛŜǎΦ   

IƻǿŜǾŜǊΣ ƎǊŜŀǘ ǊŜǎŜŀǊŎƘ ŜũƻǊǘǎ ŀǊŜ ƴŜŎŜǎǎŀǊȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǎǇŜŎƛŬŎ D ǿŀǾŜƭŜƴƎǘƘǎΣ 

ƛƴǘŜƴǎƛǝŜǎ ŀƴŘ Ǌŀǝƻǎ ǘƘŀǘ ŀǊŜ ǊŜǉǳƛǊŜŘ ǘƻ ŬƴŜπǘǳƴŜ ǘƘŜǎŜ ŎǊƻǇǎ ǊŜǎǇƻƴǎŜǎ ōŜƴŜŬŎƛŀƭƭȅΦ  

Lƴ ŎƻƴŎƭǳǎƛƻƴΣ ŀ ƎǊŜŀǘ ǎŎƛŜƴǝŬŎ ŦǊŀƳŜǿƻǊƪ ŜȄƛǎǘǎ ǘƘŀǘ ǎǳǇǇƻǊǘǎ ǘƘŜ ƛƴŎƭǳǎƛƻƴ ƻŦ ƎǊŜŜƴ ƭƛƎƘǘ ƛƴ 

ƘƻǊǝŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǝƻƴ ǎȅǎǘŜƳǎΦ
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¢ŀōƭŜ т ς aƻǊǇƘƻƭƻƎƛŎŀƭΣ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ǇƘȅǘƻŎƘŜƳƛŎŀƭ Ǉƭŀƴǘ ŜũŜŎǘǎ ƳŜŘƛŀǘŜŘ ōȅ ƎǊŜŜƴ ǿŀǾŜƭŜƴƎǘƘǎ ό ˂рллπслл ƴƳύΦ6
 

Plant species Effect1 Light 
spectrum 

B/G2 

ratio 
tŜŀƪ ˂3 Light 

intensity4 
Reference 

Solanum 
lycopersicum 
ΨaƻƴŜȅƳŀƪŜǊΩ 

Partial (20 %) replacement of RB with G did not change PHeight, DWTotal, 
S:R ratio. 
Partial replacement of RB with G in the presence of FR enhanced 
PHeight more than RB with FR alone; however, DWTotal, S:R ratio and LA 
remained indifferent.  

R667B447, 
RBG, 

RBFR730, 
RBGFR 

[R:B 3:1] 

1:1 525 150 
Zhang et al. 

2022 

Solanum 
lycopersicum 
ΨYƻƳŜŜǘǘΩ 

FWTotal increased linearly with increasing % G; FWLeaf, FWShoot, LA, 
PHeight, InternodeNo, chl a tended to increase linearly with increasing 
% G. 
¢ƻǇ ƭŜŀŦ ŎŀƴƻǇȅΥ ʊCO2, gs, LTh unaffected. 
Middle leaf canopy:  chl a:b ratio, car increased with increasing % of 
DΤ ʊCO2, gs, LTh unaffected. 
Chl b higher in leaves of middle canopy than in leaves of top canopy. 

R667B448 + 
Sun 

RGLowB + 
Sun 

RGHighB + 
Sun 

[high R:B] 

 531 171 
Kaiser et al. 

2019 

Ocimum 
basilicum 
ΨaŀǊƛŀƴΩ 

Addition of 15 µmol m-2 s-1 of G 505 nm to WLow increased FWTotal, 
FWLeaf, FWStem, DWTotal, DWLeaf, DWStem, StemLength, StemNo, LLength, LWidth, 
LNo, LM compared to WLow; LA indifferent.   
Partially replacing RB intensity in WHigh with G (W+GHigh) increased 
FWTotal, FWLeaf, FWStem, DWTotal, DWStem, StemLength, LLength, LWidth 
compared to WHigh; DWLeaf, LA, LNo indifferent. 
Chl contents and ratio of LLength:LWidth indifferent between all 
treatments. 

WLow 
WHigh 

W+GHigh 

[W400-700 
with 

elevated 
R633/664] 

 505 
108Low 
123High 

Schenkels et 
al. 

2019 

Lactuca sativa 
ΨwŜȄΩ ϧ 
ΨwƻǳȄŀƛΩΣ 
Brassica 
oleracea var. 
sabellica 
Ψ{ƛōŜǊƛŀƴΩ 

Substituting G for B triggers shade avoidance responses. 
Substitution increased LLength, LA, FWShoot in both crops and PetLength in 
kale, however, decreased chl (more than FR substituting B), TAC and 
AssimilationNet in both crops.  
(Parameters were more strongly or equally affected by FR substituting 
B than G substituting B (Table 7).) 

Elevated 
R664 ± 

B449; G; 
FR733 

ҫ 
with 
ҩ G 

526 
180 incl. 
0, 20, 40, 
60 of G 

Meng et al. 
2019 

 
6 The reader may also be referred to the following review articles: Landi et al. (2020), Smith et al. (2017), Wang & Folta (2013) and Folta & Maruhnich (2007) 
and to the studies by Liu et al. (2017) cited in Table 9, Araújo et al. (2021), Andrade et al. (2017), Carvalho et al. (2016), Noguchi & Amaki (2016), Alvarenga et al. (2015) 

cited in Table 10.  
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LDP: Petunia, 
Ageratum, 
Antirrhinum, 
Arabidopsis 
SDP: 
Chrysanthemu
m, Tagetes 

Flowering accelerated, LNo tended to decrease in LDPs with increasing 
G intensity. 
PHeight of LDPs significantly reduced under G treatments than under 
R+W+FR. 
Flowering delayed, LNo and PHeight tended to increase in SDPs with 
increasing G intensity. 

9 h Sun + 
7 h 

daylight 
extension 
with G or 

with 
R669+W400-

700+FR743 

 521 

0 
2 
13 
25 

Meng & 
Runkle 
2019 

Begonia, 
Pelargonium, 
Petunia, 
Antirrhinum 

LA, FWTotal, DWTotal indifferent between treatments in all species.  
In Snapdragon, PHeight reduced under RB. 
In Petunia, PHeight increased, and flowering accelerated under W with 
high % and intensity of G with 558 nm.  

Multiple 
W400-700, 
R660B447 
(5.7:1), 

RGB 
(1:2:2) 

 
W: 558 

RGB: 531 
160 

Park & 
Runkle 
2018a 

Solanum 
lycopersicum 
Ψ9ŀǊƭȅ ƎƛǊƭΩΣ 
Cucumis sativa 
Ψ{ǿŜŜǘ {ŎƛŎŜΩΣ 
Capsicum 
annum 
Ψ/ŀƭƛŦƻǊƴƛŀ 
²ƻƴŘŜǊΩΣ 
Raphanus 
sativus Ψ/ƘŜǊǊȅ 
.ŜƭƭŜΩΣ Glycine 
max ΨIƻȅǘΩΣ 
Lactica sativa 
Ψ²ŀƭŘƳŀƴƴΩǎ 
DǊŜŜƴΩΣ 
Triticum 
aestivium 
Ψ¦{¦-!ǇƻƎŜŜΩ 

DWTotal indifferent with increasing % of G in all species but radish; at 
high intensity, increasing % of G decreased DWTotal in radish. 
LA indifferent with increasing % of G in all species but wheat, 
cucumber, lettuce; at high intensity, increasing % of G increased LA in 
wheat, cucumber; at low intensity, increasing % of G decreased LA in 
lettuce.  
AssimilationNet indifferent with increasing % of G in all species but 
soybean and cucumber; at low intensity, increasing % of G decreased 
AssimilationNet in soybean and cucumber.  
StemLength indifferent with increasing % of G in all species but tomato, 
soybean, pepper and lettuce; at high intensity, increasing % of G 
increased StemLength in tomato, at low intensity, increasing % of G 
increased StemLength in soybean, pepper, lettuce. 
PetLength increased with increasing % of G in soybean under low 
intensity and in radish under high intensity, indifferent in other 
species and treatments. 
Chl content indifferent with increasing % of G in tomato, radish, 
soybean, wheat; at high intensity, chl content decreased in cucumber; 
at low intensity, chl content decreased in cucumber, pepper and 
lettuce.  

Multiple 
W400-800, 

G, 
R650B450, 

RGB 

 

G in Ws 
580/550; 

525; 
G in RGB 

530 

200 
500 

Snowden et 
al. 

2016 
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Cucumis 
sativus 
seedlings 

Partial replacement of RB by 28 % G had no effect on growth (FWTotal, 
DWTotal, LNo, LMArea, chl concentration), morphology (PHeight, LA), Pn 
and gs in comparison to RB treatments.  

R660, B473, 
RBs 
RGB 

0.7 532 100 
Hernández 
& Kubota 

2016 

Lettuce 

W+G (522 nm): decreased nitrate content, increased SugarSol content 
compared to all other treatments.  
W+Y (596 nm): lettuce appeared sparse and twisted. 
Chl, car, AscAC, SugarSol contents, FWRoot, DWTotal, DWRoot increased 
under W+G in comparison to W+Y; PHeight, FWTotal, StemDiam, LNo 
indifferent.  

W400-900 ±  
B450; G522; 
Y596; R660; 

FR850 

0.7 
522 
596 

135 
Chen et al. 

2016 

Lettuce 

Addition of 10 % G (15 µmol m-2 s-1) decreased Pn; highest under 
R80B20. 
Chl content highest in RGB treatment with B:G ratio of 3:1; however, 
decreased in RGB treatments with B:G ratio of 1:1 and 2:1.  
G had no distinct effect on LLength, LWidth, S:R ratio.  

R625, RB465 
[9:1, 4:1, 

7:3], 
RGBs 
[with 

elevated 
R] 

1:1 
2:1 
3:1 

525 150 
Kang et al. 

2016 

Red and green 
leaf lettuce 

Partial substitution of B with G in the presence of a fixed proportion 
of R enhanced FWShoot and LA; decreased LThick in both cultivars. 
Density of epidermal cells and stomata showed an increasing 
tendency as B was replaced by G in both cultivars.  
TPC and AOC tended to decrease as B was replaced by G in both 
cultivars.  
Chl contents tended to decrease in red leaf lettuce; however, tended 
to increase in green leaf lettuce. 

R655B456 

[9:1, 4:1, 
7:3], 

RG [9:1] 
RGB 

[8:1:1, 
7:1:2]  

0:1 
1:1 
2:1 

518 173 
Son & Oh 

2015 

Lettuce 

Under RGB, FWRoot, FWShoot and DWTotal, SugarSol content higher, LA 
greater, nitrate content and S:R ratio lower than under RB. 
Crispness, sweetness, shape optimized under RGB compared to RB. 
Chl, car and proteinSol contents indifferent. 

R660B454, 
RGB [both 

with 
elevated 

R] 

 

500-600 210 
Lin et al. 

2013 

Red leaf lettuce 

With increasing intensity of G, DWShoot and DWRoot tended to increase, 
PetWidth and Pn increased; LA remained indifferent between G 
intensity treatments; FWTotal, LLength, LWidth and PetLength showed no 
distinct intensity trend; inteƴǎƛǘȅ җ плл ҡƳƻƭ Ƴ-2 s-1 of 510 nm 
promoted TAC. 

G  
510 
524 
530 

100 
200 
300 

Johkan et al. 
2012 
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²ƛǘƘ ƛƴŎǊŜŀǎƛƴƎ D ˂Σ Pn tended to decrease, PetLength tended to 
ƛƴŎǊŜŀǎŜΤ [! ǊŜƳŀƛƴŜŘ ƛƴŘƛŦŦŜǊŜƴǘ ōŜǘǿŜŜƴ D ˂ ǘǊŜŀǘƳŜƴǘǎΤ C²Total, 
LLength, LWidth and PetWidth ǎƘƻǿŜŘ ƴƻ ŘƛǎǘƛƴŎǘ D ˂ ǘǊŜƴŘΦ 

Red and green 
leaf cabbage 

FWTotal, LNo and car indifferent between treatments and cultivars. 
In green leaf cabbage, chl contents tended to increase under B and 
BG; PetLength increased under B; PetLength and StemLength decreased 
under R; LA and TAC remained indifferent. 
In red leaf cabbage, LA tended to increase in both G-containing 
treatments, TAC increased under R; StemLength and chl remained 
indifferent. 

B470, 
BG500, 
G525, 
R660 

 
500 
525 

50 
Mizuno et 

al. 
2011 

Arabidopsis 
Addition of increasing amounts of G light to a constant RB 
background caused shading symptoms, including petiole elongation, 
upward orientation of leaves and decreased TAC. 

R630B470 
[5:4], 
RG525B 
[5:4:1, 
5:4:4] 

4:1 
1:1 

525 

100-130; 
increased 

with 
increasing 

G 

Zhang et al. 
20115 

Cherry tomato 
Pn, StomataNo, LThick increased under RGB; decreased under G and Y. 
Chl abnormal under Y; palisade and spongy tissue cells in leaves 
abnormal under G and Y.  

R640, B450, 
G520, Y590, 
RB [1:1], 

RGB 
[3:1:3] 

3:1 
520 
590 

320 
Xiaoying et 

al. 
2011 

Baby leaf 
lettuce 

TAC, xanthophyll, ß-carotene, chl, TPC, AscAC, FWTotal, DWTotal, LNo, 
StemLength, LLength, LWidth indifferent compared to FL. 

FL + 
UV-A; B; 
G; R; FR 

 526 300 
Li & Kubota 

2009 

Arabidopsis 

HypoLength increased under G and BG (with G 563 nm) compared to 
monochromatic B.  
TAC decreased under BG (with G 582 nm) compared to 
monochromatic B.  

G, 
BG 

 
1:1 

563±10 
582±10 

10 
20 

Bouly 
2007 

Arabidopsis G reduced B-induced early flowering.  G, BG 1:1 563 2 
Banerjee et 

al. 
2007 

Lettuce 

LA, FWTotal and DWTotal enhanced under RB supplemented with 24 % G 
in comparison to RB; Pn and chl contents indifferent. 
LA, FWTotal, DWTotal, Pn and chl contents indifferent under FL with 51 % 
G in comparison to RB.    

RB, 
RB+GFL, 

GFL,  
FL 

 

 
535 
535 
580 

150 
Kim et al. 

2004 
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LA, FWTotal, DWTotal and Pn reduced under GFL with 86 % G in 
comparison to RB; chl content indifferent. 

Arabidopsis 

Monochromatic G rapidly stimulates hypocotyl elongation under 
continues and under a short single pulse. 
Supplemental G antagonizes B and R light inhibition of hypocotyl 
elongation.     

G, 
RGB 

 
534±20 
525±16 

җ 0.1 
җ 1 

Folta 
2004 

Faba bean, 
Arabidopsis 

G light reduced B-induced stomatal opening.  
UV-B, UV-

A, B, G 
 550 500 

Eisinger et 
al. 

2003 

Faba bean, 
Asiatic dayflow
er, Peas, 
Arabidopsis, 
Tabacco, 
Onion, Barley  

Simultaneous exposure to equal intensity of B and G resulted in 50 % 
reversal of normal B-induced stomatal opening. 
Complete reversal occurred when G intensity doubled B intensity.  

B, 
G, 
BG 

1:1 
1:2 
2:1 

540 
5 
10 
15 

Talbott et 
al. 

2002 

Lettuce 
Increasing proportions of 580-600 nm reduced DWTotal, suppressed chl 
or chloroplast formations.  

HPS, 
MH 

 580-600 
200 
500 

Dougher & 
Bugbee 
2001 

Faba bean 

G immediately reversed B-induced stomatal opening. 
B immediately reversed G-induced stomatal closure only when B 
preceded G light pulse. 
Continuous monochromatic G stimulated a slight stomatal opening. 
G reversal on stomatal opening depends on intensity; complete 
reversal occurred when G intensity doubled B intensity. 

Xenon arc 
lamp + B 
Plexiglas 
and/or G 
broad-
band 
filters 

 505-560 5, 10, 20 
Frechilla et 

al. 
2000 

м 5ŜǎŎǊƛǇǝƻƴǎ ƻŦ ŀōōǊŜǾƛŀǝƻƴǎ ŀǊŜ ƭƛǎǘŜŘ ƛƴ ŀƭǇƘŀōŜǝŎŀƭ ƻǊŘŜǊΥ !h/ Ґ ŀƴǝƻȄƛŘŀƴǘ ŎŀǇŀŎƛǘȅΣ !ǎŎ!/ Ґ ŀǎŎƻǊōƛŎ ŀŎƛŘ ŎƻƴǘŜƴǘ όǾƛǘŀƳƛƴ /ύΣ !ǎǎƛƳƛƭŀǝƻƴbŜǘ Ґ ƴŜǘ 
ŀǎǎƛƳƛƭŀǝƻƴ Ґ ŘǊȅ Ƴŀǎǎ ǇŜǊ ǳƴƛǘ ƭŜŀŦ ŀǊŜŀ όƎ ƳπнύΣ . Ґ ōƭǳŜ ƭƛƎƘǘ όпллπрлл ƴƳύΣ .ΥD Ґ ōƭǳŜπǘƻπƎǊŜŜƴ ǊŀǝƻΣ ŎŀǊ Ґ ŎŀǊƻǘŜƴƻƛŘ ŎƻƴǘŜƴǘ όƳƎ ƳπнύΣ ŎƘƭ Ґ ŎƘƭƻǊƻǇƘȅƭƭ 
ŎƻƴǘŜƴǘ όƳƎ ƳπнύΣ 5²wƻƻǘ Ґ Ǌƻƻǘ ŘǊȅ ǿŜƛƎƘǘΣ 5²{Ƙƻƻǘ Ґ ǎƘƻƻǘ ŘǊȅ ǿŜƛƎƘǘΣ 5²{ǘŜƳ Ґ ǎǘŜƳ ŘǊȅ ǿŜƛƎƘǘΣ 5²¢ƻǘŀƭ Ґ ǘƻǘŀƭ ŘǊȅ ǿŜƛƎƘǘΣ C[ Ґ ƅǳƻǊŜǎŎŜƴǘ ƭŀƳǇΣ Cw Ґ ŦŀǊ ǊŜŘ 
ƭƛƎƘǘ όтллπулл ƴƳύΣ C²[ŜŀŦ Ґ ƭŜŀŦ ŦǊŜǎƘ ǿŜƛƎƘǘΣ C²wƻƻǘ Ґ Ǌƻƻǘ ŦǊŜǎƘ ǿŜƛƎƘǘΣ C²{Ƙƻƻǘ Ґ ǎƘƻƻǘ ŦǊŜǎƘ ǿŜƛƎƘǘΣ C²{ǘŜƳ Ґ ǎǘŜƳ ŦǊŜǎƘ ǿŜƛƎƘǘΣ C²¢ƻǘŀƭ Ґ ǘƻǘŀƭ ŦǊŜǎƘ ǿŜƛƎƘǘΣ D 
Ґ ƎǊŜŜƴ ƭƛƎƘǘ όрллπслл ƴƳΤ рнлπрнн ƴƳύΣ Ǝǎ Ґ ǎǘƻƳŀǘŀƭ ŎƻƴŘǳŎǘŀƴŎŜ όƳƳƻƭ /hн Ƴπн ǎπмύΣ It{ Ґ ƘƛƎƘ ǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ ƭŀƳǇΣ IȅǇƻ[ŜƴƎǘƘ Ґ ƘȅǇƻŎƻǘȅƭ ƭŜƴƎǘƘΣ 
LƴǘŜǊƴƻŘŜbƻ Ґ ƴǳƳōŜǊ ƻŦ ƛƴǘŜǊƴƻŘŜǎΣ [! Ґ ƭŜŀŦ ŀǊŜŀΣ  ˂Ґ ǿŀǾŜƭŜƴƎǘƘ ό[ŀƳōŘŀύΣ [5t Ґ ƭƻƴƎπŘŀȅ Ǉƭŀƴǘǎ όǇŜǘǳƴƛŀΣ ŀƎŜǊŀǘǳƳΣ ǎƴŀǇŘǊŀƎƻƴΣ ŀǊŀōƛŘƻǇǎƛǎύΣ [[ŜƴƎǘƘ Ґ ƭŜƴƎǘƘ 
ƻŦ ƭŜŀǾŜǎΣ [a!ǊŜŀ Ґ ƭŜŀŦ Ƴŀǎǎ ǇŜǊ ŀǊŜŀΣ [bƻ Ґ ƴǳƳōŜǊ ƻŦ ƭŜŀǾŜǎΣ [¢ƘƛŎƪ Ґ ƭŜŀŦ ǘƘƛŎƪƴŜǎǎΣ [²ƛŘǘƘ Ґ ǿƛŘǘƘ ƻŦ ƭŜŀǾŜǎΣ aI Ґ ƳŜǘŀƭ ƘŀƭƛŘŜ ƭŀƳǇΣ tŜǘ[ŜƴƎǘƘ Ґ ǇŜǝƻƭŜ ƭŜƴƎǘƘΣ 
tŜǘ²ƛŘǘƘ Ґ ǇŜǝƻƭŜ ǿƛŘǘƘΣ tIŜƛƎƘǘ Ґ Ǉƭŀƴǘ ƘŜƛƎƘǘΣ ʊ/hн Ґ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǉǳŀƴǘǳƳ ȅƛŜƭŘ όҡƳƻƭ /hн ҡƳƻƭ ǇƘƻǘƻƴπмύΣ tƴ Ґ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜ όҡƳƻƭ /hн Ƴπн ǎπмύΣ tǊƻǘŜƛƴ{ƻƭ 
Ґ ǎƻƭǳōƭŜ ǇǊƻǘŜƛƴ όƳƎ Ǝ C²πмύΣ w Ґ ǊŜŘ ƭƛƎƘǘ όсллπтлл ƴƳύΣ w. Ґ ǊŜŘ ŀƴŘ ōƭǳŜ ƭƛƎƘǘΣ wD. Ґ ǊŜŘΣ ƎǊŜŜƴ ŀƴŘ ōƭǳŜ ƭƛƎƘǘΣ {5t Ґ ǎƘƻǊǘπŘŀȅ Ǉƭŀƴǘǎ όŎƘǊȅǎŀƴǘƘŜƳǳƳΣ 
ƳŀǊƛƎƻƭŘύΣ {Υw Ґ ǎƘƻƻǘπǘƻπǊƻƻǘ Ǌŀǝƻ όǿκǿύΣ {ǘŜƳ5ƛŀƳ Ґ ǎǘŜƳ ŘƛŀƳŜǘŜǊΣ {ǘŜƳbƻ Ґ ƴǳƳōŜǊ ƻŦ ǎǘŜƳǎΣ {ǘƻƳŀǘŀbƻ Ґ ƴǳƳōŜǊ ƻŦ ǎǘƻƳŀǘŀΣ {ǳƎŀǊ{ƻƭ Ґ ǎƻƭǳōƭŜ ǎǳƎŀǊΣ ¢!/ Ґ 
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ǘƻǘŀƭ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘΣ ¢t/ Ґ ǘƻǘŀƭ ǇƘŜƴƻƭƛŎ ŎƻƴǘŜƴǘΣ ¦±π! Ґ ǳƭǘǊŀǾƛƻƭŜǘ ! ǊŀŘƛŀǝƻƴ όонлπплл ƴƳύΣ ¦±π. Ґ ǳƭǘǊŀǾƛƻƭŜǘ . ǊŀŘƛŀǝƻƴ όнулπонл ƴƳύ Σ ² Ґ ōǊƻŀŘōŀƴŘ 
ǿƘƛǘŜ ƭƛƎƘǘ ǿƛǘƘƛƴ t!w όǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴΤ пллπтлл ƴƳύΣ ¸ Ґ ȅŜƭƭƻǿ ƭƛƎƘǘ όрфлπрфс ƴƳύΦ 
н .ƭǳŜπǘƻπƎǊŜŜƴ ǊŀǝƻΦ 
о tŜŀƪ ǿŀǾŜƭŜƴƎǘƘ όύ˂ ƻŦ ŀǇǇƭƛŜŘ ƎǊŜŜƴ ƭƛƎƘǘΦ  
п [ƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŀǇǇƭƛŜŘ ƛƴ ƳƛŎǊƻƳƻƭŜ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ ŀƴŘ ǎŜŎƻƴŘ ώҡƳƻƭ Ƴπн ǎπмϐΦ 
р {ǇŜŎƛŬŎŀǝƻƴǎ ƻƴ ŘŜǘŜŎǘŜŘ ŀƴǘƘƻŎȅŀƴƛƴ ŀŎŎǳƳǳƭŀǝƻƴǎ ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎ ŘŜǎŎǊƛōŜŘ ƛƴ ½ƘŀƴƎ Ŝǘ ŀƭΦ όнлммύ ǿŜǊŜ ƭŀǘŜǊ ǇǳōƭƛǎƘŜŘ ƛƴ ½ƘŀƴƎ ϧ Cƻƭǘŀ όнлмнύΦ
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мΦпΦнΦо tƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ǘƻ ŦŀǊπǊŜŘ ƭƛƎƘǘ ό ˂тллπулл ƴƳύ 

hǾŜǊŀƭƭ Cw ǊŀŘƛŀǝƻƴ ƛǎ ƻƊŜƴ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ǇǊƛƳŀǊƛƭȅ ǊŜƅŜŎǘŜŘ ŀƴŘ ǘǊŀƴǎƳƛǧŜŘ ōȅ ƭŜŀǾŜǎ όYŀǎǇŜǊōŀǳŜǊΣ 

мфутύ ŀƴŘ ǘƻ ƘŀǾŜ ƴŜƎƭƛƎƛōƭŜ ƛƳǇŀŎǘ ƻƴ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ōŜŎŀǳǎŜ ƻŦ ƛǘǎ ǇƻƻǊ ŀōǎƻǊǇǝƻƴ ōȅ ǇƘƻǘƻǎȅƴǘƘŜǝŎ 

ǇƛƎƳŜƴǘǎ όCƛƎǳǊŜ пύΣ ƭŜŀǾŜǎ ŀƴŘ ǘƘŜ ǎǘŜŜǇ ŘŜŎƭƛƴŜ ƛƴ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ŦƻǳƴŘ ǿƘŜƴ ŜȄǇƻǎŜŘ ǘƻ 

ƳƻƴƻŎƘǊƻƳŀǝŎ ǿŀǾŜƭŜƴƎǘƘǎ җ сул ƴƳ όCƛƎǳǊŜ рΤ aŎ/ǊŜŜΣ мфтнŀΤ IƻƎŜǿƻƴƛƴƎ Ŝǘ ŀƭΦΣ нлмнύΦ ¢ƘŜ ƳƛƴƛƳŀƭ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŎƻƴǘǊƛōǳǝƻƴ ƻŦ ƴŀǊǊƻǿ ƳƻƴƻŎƘǊƻƳŀǝŎ Cw ǿŀǾŜƭŜƴƎǘƘǎ ǎƘƻǿƴ ōȅ aŎ/ǊŜŜ όмфтнŀύ ǊŜǎǳƭǘŜŘ 

όǿǊƻƴƎŦǳƭƭȅ ŀǎ ǘƘŜ ǊŜŀŘŜǊ Ƴŀȅ ǎŜŜύ ƛƴ ǘƘŜ ŜȄŎƭǳǎƛƻƴ ƻŦ Cw ƛƴ ǘƘŜ ŎƭŀǎǎƛŎ ŘŜŬƴƛǝƻƴ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀŎǝǾŜ 

ǊŀŘƛŀǝƻƴ όt!wύ όaŎ/ǊŜŜΣ мфтнōύΦ    

IƻǿŜǾŜǊΣ ǎƘƻǊǘ ǿŀǾŜƭŜƴƎǘƘǎ ƻŦ Cw ǊŀŘƛŀǝƻƴ ŀǊŜ ŀ ǎǘǊƻƴƎ ƛƴŦƻǊƳŀǝƻƴŀƭ ǎƛƎƴŀƭ ŦƻǊ ǇƭŀƴǘǎΦ Cw ƭƛƎƘǘ 

Ƙŀǎ ƭƻƴƎ ōŜŜƴ ƪƴƻǿƴ ǘƻ ƛƴŘǳŎŜ ǎǳōǎǘŀƴǝŀƭ όǇƘȅǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘύ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŀƴŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ 

ǊŜǎǇƻƴǎŜǎ όŜΦƎΦΣ ±ƛŎȊƛłƴ Ŝǘ ŀƭΦΣ нлмтΤ wǳōŜǊǝ Ŝǘ ŀƭΦ нлмнΤ CǊŀƴƪƭƛƴΣ нллуύΣ ŀƴŘ Ƙŀǎ ǊŜŎŜƴǘƭȅ ōŜŜƴ ǎƘƻǿƴ ǘƻ 

ǊŜƳŀǊƪŀōƭȅ ƛƳǇǊƻǾŜ ǇƘƻǘƻŎƘŜƳƛŎŀƭ ŜŶŎƛŜƴŎȅ ŀƴŘ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ǿƘŜƴ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǎƘƻǊǘŜǊ 

ǿŀǾŜƭŜƴƎǘƘǎ ό½ƘŜƴ ϧ .ǳƎōŜŜΣ нлнлκнлнлŀΤ ½ƘŜƴ Ŝǘ ŀƭΦΣ нлмуΤ ½ƘŜƴ ŀƴŘ Ǿŀƴ LŜǊǎŜƭΣ нлмтΤ tŀǊƪ ϧ wǳƴƪƭŜΣ 

нлмтύΦ  

tƭŀƴǘǎ ŜȄǇŜǊƛŜƴŎŜ ǎǇŀǝŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ǾŀǊƛŀǝƻƴǎ ƛƴ wΥCw Ǌŀǝƻǎ ŀƴŘ ǘƘŜȅ ƘŀǾŜ ŜǾƻƭǾŜŘ ǘƻ ǊŜŎƻƎƴƛȊŜ 

ǘƘŜǎŜ wΥCw ǾŀǊƛŀǝƻƴǎ ŜΦƎΦΣ ǘƻ ǎŜƴǎŜ ǘƘŜ ǎŜŀǎƻƴǎΣ ŘŜǘŜŎǘ ǘƘŜ ǝƳŜ ƻŦ Řŀȅ ŀƴŘ ƛŘŜƴǝŦȅ ƴŜƛƎƘōƻǊƛƴƎ ǾŜƎŜǘŀǝƻƴ 

ό{ƳƛǘƘ Ŝǘ ŀƭΦΣ нлллύΦ Lƴ ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘǎΣ wΥCw Ǌŀǝƻǎ ŘŜŎǊŜŀǎŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ŦǊƻƳ ǘƘŜ ǘƻǇ ǘƻ ǘƘŜ ƳƛŘŘƭŜ 

ŀƴŘ ōƻǧƻƳ ƻŦ Ǉƭŀƴǘ ŎŀƴƻǇƛŜǎΣ ǎƛƴŎŜ ǊŜŘ ǇƘƻǘƻƴǎ ōŜŎƻƳŜ ǎǘǊƻƴƎƭȅ ŀōǎƻǊōŜŘ όŀǎ ǇǊŜǾƛƻǳǎƭȅ ŘŜǎŎǊƛōŜŘ ƛƴ 

ǎŜŎǝƻƴ мΦпΦнΦмύΣ ǿƘƛƭŜ Cw ǇƘƻǘƻƴǎ ŀǊŜ Ƴƻǎǘƭȅ ǊŜƅŜŎǘŜŘ ƻǊ ǘǊŀƴǎƳƛǧŜŘ ōȅ ƭŜŀǾŜǎ ό{ƳƛǘƘ Ŝǘ ŀƭΦΣ нлмтύΦ ¢ƘŜǎŜ 

ƭƻǿ wΥCw Ǌŀǝƻǎ ƻƴ ǘƘŜ ōƻǧƻƳ ƻŦ ŎŀƴƻǇƛŜǎ ǳǎǳŀƭƭȅ ŎƻƛƴŎƛŘŜ ǿƛǘƘ ǊŜŘǳŎŜŘ t!w ŀƴŘ ŘŜƭƛǾŜǊ ŀ ƳŜǎǎŀƎŜ ǘƻ 

Ǉƭŀƴǘǎ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ǇǊƻōŀōƭȅ ǳƴŘŜǊ ŎƻƴŘƛǝƻƴǎ ƻŦ ǎƘŀŘŜΣ ǿƘƛŎƘ ǘƘŜƴ ǘǊƛƎƎŜǊǎ ŀ ǇƭŜǘƘƻǊŀ ƻŦ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ 

ǊŜǎǇƻƴǎŜǎ όwǳōŜǊǝ Ŝǘ ŀƭΦΣ нлмнύ ƛƴ ǇǳǊǎǳƛǘ ǘƻ ƛƳǇǊƻǾŜ ƭƛƎƘǘ ŎŀǇǘǳǊŜΣ ƻǳǘǇŜǊŦƻǊƳ ŎƻƳǇŜǝǝƻƴ ŀƴŘ ŜƴǎǳǊŜ 

ǎǳǊǾƛǾŀƭΦ   

tƭŜŀǎŜ ōŜ ǊŜƳƛƴŘŜŘ ǘƘŀǘ wΥCw Ǌŀǝƻǎ ŀǊŜ ŘŜǘŜŎǘŜŘ ōȅ ǘƘŜ ǇƭŀƴǘǎΩ ǇƘȅǘƻŎƘǊƻƳŜ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ 

όǎŜŎǝƻƴ мΦоΦнΦнΦмύΦ tǊŜǎŜƴǘ wΥCw Ǌŀǝƻǎ ŘȅƴŀƳƛŎŀƭƭȅ ŀũŜŎǘ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ƻŦ ǘƘŜ ǘǿƻ ƛƴǘŜǊŎƻƴǾŜǊǝōƭŜ 

ǇƘȅǘƻŎƘǊƻƳŜ ŦƻǊƳǎ όŀŎǝǾŜ tŦǊ ŀƴŘ ƛƴŀŎǝǾŜ tǊύΦ .ŀǎŜŘ ƻƴ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ƻŦ ǘƘŜǎŜ ǇƘȅǘƻŎƘǊƻƳŜ 

ǇƘƻǘƻǎǘŀǝƻƴŀǊȅ ǎǘŀǘŜǎ π ƳŜŀƴƛƴƎ ǘƘŜ Ǌŀǝƻ ƻŦ ǇƘȅǘƻŎƘǊƻƳŜ ƛƴ ǘƘŜ ŀŎǝǾŜ ǘƻ ǘƘŜ ǘƻǘŀƭ ǇƘȅǘƻŎƘǊƻƳŜ ƛƴ ǘƘŜ 

ŀŎǝǾŜ ŀƴŘ ƛƴŀŎǝǾŜ ǎǘŀǘŜ όtŦǊκόtŦǊҌtǊύΣ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ǊŜƳŀƛƴ ŜƛǘƘŜǊ ƛƴƘƛōƛǘŜŘ ƻǊ ōŜŎƻƳŜ 

ƛƴŘǳŎŜŘΣ ǊŜǎǇŜŎǝǾŜƭȅ ό{ŀƎŜǊ Ŝǘ ŀƭΦΣ мфууύΦ  

¦Ǉƻƴ ƭƻǿ wΥCw ǇŜǊŎŜǇǝƻƴǎΣ ǎƘŀŘŜπŀǾƻƛŘƛƴƎ Ǉƭŀƴǘǎ ǘȅǇƛŎŀƭƭȅ ǇǊƻǾƻƪŜ όǇƘȅǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘύ 

ǊŀǇƛŘ ŎƘŀƴƎŜǎ ƛƴ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴǎ ǘƘŀǘ ǊŜǎǳƭǘ ƛƴ ǊŜǎǇƻƴǎŜǎ ǎǳŎƘ ŀǎ ŀǇƛŎŀƭ ŘƻƳƛƴŀƴŎŜ Ǿƛŀ ƘȅǇƻŎƻǘȅƭΣ 

ƛƴǘŜǊƴƻŘŜ ŀƴŘ ǎǘŜƳ ŜƭƻƴƎŀǝƻƴǎ ŀƴŘ ǎǳǇǇǊŜǎǎŜŘ ōǊŀƴŎƘƛƴƎΣ ǇŜǝƻƭŜ ŜȄǘŜƴǎƛƻƴǎΣ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ŀƴŘ 
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ƘȅǇƻƴŀǎǝŜǎΣ ŀƴŘκƻǊ ŀŎŎŜƭŜǊŀǘŜŘ ƅƻǿŜǊƛƴƎ ƛƴ ŀƴ ŀǧŜƳǇǘ ǘƻ ŜǎŎŀǇŜ ǳƴŦŀǾƻǊŀōƭŜ ŎƻƴŘƛǝƻƴǎ ƻŦ ǎƘŀŘŜ 

ό.ŀƭƭŀǊŞ ϧ tƛŜǊƛƪΣ нлмтΤ CǊŀƴƪƘŀǳǎŜǊ ϧ .ŀǘǎŎƘŀǳŜǊΣ нлмсΤ [ŜŘǳŎ Ŝǘ ŀƭΦΣ нлмпΤ /ŀǎŀƭΣ нлмнΤ wǳōŜǊǝ Ŝǘ ŀƭΦΣ 

нлмнΤ CǊŀƴƪƭƛƴΣ нллуΣ ¢ŀōƭŜ тύ ŀƴŘ ǊŜǇǊŜǎŜƴǘ ŘŜƭƛƎƘǜǳƭ ŜȄŀƳǇƭŜǎ ƻŦ ǇƭŀƴǘǎΩ ǇƘŜƴƻǘȅǇƛŎ ƳŀƭƭŜŀōƛƭƛǘȅΦ  

IƻǿŜǾŜǊΣ ǘƘŜ ǎǇŜŎƛŬŎ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ƛƴŘǳŎŜŘ ōȅ ƭƻǿ wΥCw Ǌŀǝƻǎ ŀǊŜ ǎǇŜŎƛŜǎπ ŀƴŘ ŜǾŜƴ 

ŎǳƭǝǾŀǊπŘŜǇŜƴŘŜƴǘΦ ¢ƘŜ ōŜǎǘ ŜȄŀƳǇƭŜ ƻŦ ǘƘƛǎ ŘŜǇŜƴŘŜƴŎȅ Ƴŀȅ ōŜ ǘƘŜ ǊŜǎŜŀǊŎƘ ŎƻƴŘǳŎǘŜŘ ōȅ .ƻǧƻ ϧ 

{ƳƛǘƘ όнллнύΣ ǿƘƻ ŀƴŀƭȅȊŜŘ ǘƘŜ ŜƭƻƴƎŀǝƻƴ ƻŦ ƘȅǇƻŎƻǘȅƭǎ ŀƴŘ ǘƘŜ ŀŎŎŜƭŜǊŀǝƻƴ ƻŦ ƅƻǿŜǊƛƴƎ όŀǎ ǘǿƻ ƳŀƧƻǊ 

ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ǘȅǇƛŎŀƭƭȅ ƻōǎŜǊǾŜŘ ǳƴŘŜǊ CwπŜƴǊƛŎƘŜŘ ŎƻƴŘƛǝƻƴǎύ ƻŦ ƻǾŜǊ млл ŀŎŎŜǎǎƛƻƴǎ ƻŦ 

ǘƘŜ ƳƻŘŜƭ Ǉƭŀƴǘ !ǊŀōƛŘƻǇǎƛǎ ŀƴŘ ŦƻǳƴŘ ǘƘŀǘ ōƻǘƘ ǎƘŀŘŜ ǊŜǎǇƻƴǎŜǎ ǾŀǊƛŜŘ ǘǊŜƳŜƴŘƻǳǎƭȅ ōŜǘǿŜŜƴ 

ŀŎŎŜǎǎƛƻƴǎΦ ¢ƘƻǳƎƘ ŀƭƭ ƘȅǇƻŎƻǘȅƭǎ ŜƭƻƴƎŀǘŜŘ ǳǇƻƴ Cw ŜȄǇƻǎǳǊŜΣ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ƘȅǇƻŎƻǘȅƭ ŜƭƻƴƎŀǝƻƴǎ ǾŀǊƛŜŘ 

ǿƛŘŜƭȅ ŀƳƻƴƎ ŀŎŎŜǎǎƛƻƴǎΣ ŀƴŘ ǿƘƛƭŜ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ !ǊŀōƛŘƻǇǎƛǎ ŀŎŎŜǎǎƛƻƴǎ ŀŎŎŜƭŜǊŀǘŜŘ ǘƘŜƛǊ ǝƳŜ ǘƻ 

ƅƻǿŜǊƛƴƎΣ ǎŜǾŜǊŀƭ ŀŎŎŜǎǎƛƻƴǎ ǊŜǎǇƻƴŘŜŘ ǊŜŎŀƭŎƛǘǊŀƴǘ ǘƻ ǘƘŜ Cw ǎƛƎƴŀƭΦ Lƴ ŀŘŘƛǝƻƴΣ ƴƻ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ 

ōƻǘƘ ǘǊŀƛǘǎ ǿŀǎ ŦƻǳƴŘΦ  

9ƭƻƴƎŀǝƻƴ ǊŜǎǳƭǘǎ ǳƴŘŜǊ ŀǊǝŬŎƛŀƭ [95 ƭƛƎƘǝƴƎ π ōƻǘƘ ǳƴŘŜǊ ƎǊŜŜƴƘƻǳǎŜ ŎƻƴŘƛǝƻƴǎ ƛƴŎƭǳŘƛƴƎ 

ƴŀǘǳǊŀƭ ǎǳƴƭƛƎƘǘ ŀƴŘ ǳƴŘŜǊ ƘƛƎƘƭȅ ŎƻƴǘǊƻƭƭŜŘ ŎƻƴŘƛǝƻƴǎ ǿƛǘƘ [95ǎ ŀǎ ǘƘŜ ǎƻƭŜπǎƻǳǊŎŜ ƭƛƎƘǝƴƎ π ƘƛƎƘƭȅ ŀƭƛƎƴ 

ǿƛǘƘ ǘƘŜ ŬƴŘƛƴƎǎ ŦǊƻƳ .ƻǧƻ ϧ {ƳƛǘƘ όнллнύΥ {ǇŀƴƴƛƴƎ ŦǊƻƳ ƳƛŎǊƻƎǊŜŜƴǎ ŀƴŘ ƭŜŀŦȅ ƎǊŜŜƴǎ ǘƻ ƻǊƴŀƳŜƴǘŀƭǎ 

ŀƴŘ ŦǊǳƛǘπōŜŀǊƛƴƎ ŎǊƻǇǎΣ ƛƴŎǊŜŀǎƛƴƎ Cw ŀŘŘƛǝƻƴǎ ǘƻ t!wΣ ƛƴŎǊŜŀǎƛƴƎ Cw ǎǳōǎǝǘǳǝƻƴǎ ǿƛǘƘ t!w ŀƴŘ Cw ƭƛƎƘǘ 

ŀǎ ŀƴ ŜƴŘπƻŦπŘŀȅ ǘǊŜŀǘƳŜƴǘΣ ŀƭƭ ǊŜƭƛŀōƭȅ ƛƴŘǳŎŜ ƛƴŎǊŜŀǎƛƴƎ ŜƭƻƴƎŀǝƻƴ ƎǊƻǿǘƘǎ ƛƴ ŀƭƭ ƘƻǊǝŎǳƭǘǳǊŀƭ ŎǊƻǇǎ ǘƘŀǘ 

ǿŜǊŜ ǊŜŎŜƴǘƭȅ ƛƴǾŜǎǝƎŀǘŜŘ ό¢ŀōƭŜ тύΦ  

/ǳǊǊŜƴǘƭȅΣ [95πōŀǎŜŘ ǊŜǎŜŀǊŎƘ ŀŘŘǊŜǎǎƛƴƎ ǇƘƻǘƻōƛƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜǎ ǘƻ Cw ƻƊŜƴ ŎŀƭŎǳƭŀǘŜ ǘƘŜ wΥCw 

Ǌŀǝƻ όǊŜƎŀǊŘƭŜǎǎ ƻŦ ƻǘƘŜǊ ŀǊǝŬŎƛŀƭ ǿŀǾŜƭŜƴƎǘƘǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜƛǊ ǎǘǳŘƛŜǎύ ǘƻ ƛƴŘƛŎŀǘŜ ǘƘŜ ǇƘȅǘƻŎƘǊƻƳŜ 

ǇƘƻǘƻǎǘŀǝƻƴŀǊȅ ǎǘŀǘŜǎ ƻŦ ǘƘŜ ƛƴǾŜǎǝƎŀǘŜŘ ǇƭŀƴǘǎΣ ōŜŎŀǳǎŜ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ǇƘȅǘƻŎƘǊƻƳŜ 

ŦƻǊƳǎ ǿŀǎ ŦƻǳƴŘ ǘƻ ǎǘǊƻƴƎƭȅ ŎƻǊǊŜƭŀǘŜ ǿƛǘƘ wΥCw Ǌŀǝƻǎ όCǊŀƴƪƭƛƴΣ нллуύΦ wŜŎŜƴǘƭȅ ƛǘ ǿŀǎ ǎǳƎƎŜǎǘŜŘ ōȅ 

YǳǎǳƳŀ ϧ .ǳƎōŜŜ όнлнмύ ƘƻǿŜǾŜǊΣ ǘƘŀǘ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ Cw όтлл ǘƻ трл ƴƳύ ǘƻ ǘƘŜ ƻǾŜǊŀƭƭ ǇƘƻǘƻƴǎ όŦǊƻƳ 

плл ǘƻ трл ƴƳύ ōŜǧŜǊ ǇǊŜŘƛŎǘ ǇƭŀƴǘǎΩ ǎǘŜƳ ŜƭƻƴƎŀǝƻƴ ǊŀǘŜǎ όǇƻǎǎƛōƭȅ ōŜŎŀǳǎŜ ƛǘ ŀŎŎƻǳƴǘǎ ŦƻǊ ǇƘȅǘƻŎƘǊƻƳŜπ

ŎǊȅǇǘƻŎƘǊƻƳŜ ŎƻŀŎǝƻƴǎ ƛƴ ǘƘƛǎ ŜȄǘŜƴǎƛƻƴ ǊŜǎǇƻƴǎŜύΦ   

!ƭǎƻΣ ƛƴ ŀƭƛƎƴƳŜƴǘ ǿƛǘƘ .ƻǧƻ ϧ {ƳƛǘƘ όнллнύΣ [95πōŀǎŜŘ ǊŜǎŜŀǊŎƘ ŬƴŘƛƴƎǎ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ƅƻǿŜǊƛƴƎ 

ǊŜǎǇƻƴǎŜ ǘƻ wΥCw Ǌŀǝƻǎ Ŏŀƴ ŘƛũŜǊ ōŜǘǿŜŜƴ ǎǇŜŎƛŜǎ ŀƴŘ ŎǳƭǝǾŀǊǎ ό¢ŀōƭŜ тύΦ ²ƘƛƭŜ ƅƻǿŜǊƛƴƎ ǝƳŜ ǿŀǎ ŦƻǳƴŘ 

ǘƻ ōŜ ǳƴŀũŜŎǘŜŘ ōȅ ŘƛũŜǊŜƴǘ ŦǊŀŎǝƻƴǎ ƻŦ Cw ƭƛƎƘǘ ƛƴ ǎǿŜŜǘ ǇŜǇǇŜǊ ό/ŀǇǎƛŎǳƳ ŀƴƴǳǳƳ [Φ ŎǾΦ CǊŀȊƛŜǊύΣ ōŜƭƭ 

ǇŜǇǇŜǊ ŎǳƭǝǾŀǊǎ ό/ŀǇǎƛŎǳƳ ŀƴƴǳǳƳ [Φ ŎǾΦ aŀǳǊŜƴƻΣ Dƛƴŀ ŀƴŘ 9ǳǊƛȄύ ŀƴŘ ǘƘŜ ƻǊƴŀƳŜƴǘŀƭ ǇƻǩƴƎ Ǉƭŀƴǘǎ 

ƎŜǊŀƴƛǳƳ όtŜƭŀǊƎƻƴƛǳƳ Ȅ ƘƻǊǘƻǊǳƳύ ŀƴŘ ŎƻƭŜǳǎ ό{ƻƭŜƴƻǎǘŜƳƻƴ ǎŎǳǘŜƭƭŀǊƛƻŘŜǎύ ό/ƘŜƴ Ŝǘ ŀƭΦΣ нлннΤ tŀǊƪ ϧ 

wǳƴƪƭŜΣ нлмуōύΣ ƅƻǿŜǊƛƴƎ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ŀŎŎŜƭŜǊŀǘŜŘ ƛƴ ǘƻƳŀǘƻŜǎ ό{ƻƭŀƴǳƳ ƭȅŎƻǇŜǊǎƛŎǳƳ ŎǾΦ 

aƻƴŜȅƳŀƪŜǊ όŀǎ ǎƘƻǿƴ ƛƴ ǘǿƻ ƛƴŘŜǇŜƴŘŜƴǘ ǎǘǳŘƛŜǎύ ŀƴŘ {Φ ƭȅŎƻǇŜǊǎƛŎǳƳ ŎǾΦ YƻƳŜŜǧύΣ ƎǊŀƊŜŘ ǘƻƳŀǘƻŜǎ 
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ό{Φ ƭȅŎƻǇŜǊǎƛŎǳƳ Ȅ {Φ ƘŀōǊƻŎƘŀƛǘŜǎύΣ ƻǊƴŀƳŜƴǘŀƭ ŎƻǊŜƻǇǎƛǎ ό/ƻǊŜƻǇǎƛǎ ƎǊŀƴŘƛƅƻǊŀύΣ Ǉŀƴǎȅ ό±ƛƻƭŀ Ȅ 

ǿƛǧǊƻŎƪƛƴŀύ ŀƴŘ ǇŜǘǳƴƛŀ όtŜǘǳƴƛŀ Ȅ ƘȅōǊƛŘŀ όŀǎ ǎƘƻǿƴ ƛƴ ǘǿƻ ƛƴŘŜǇŜƴŘŜƴǘ ǎǘǳŘƛŜǎύύ όWƛ Ŝǘ ŀƭΦΣ нлнлΣ Wƛ Ŝǘ 

ŀƭΦΣ нлмфΤ YŀƭŀƛǘȊƻƎƭƻǳ Ŝǘ ŀƭΦΣ нлмфΤ YƛƳ Ŝǘ ŀƭΦΣ нлмфΤ /ǊŀǾŜǊ Ŝǘ ŀƭΦΣ нмуΤ tŀǊƪ ϧ wǳƴƪƭŜΣ нлмуōύΦ  

LƴŘŜŜŘΣ ŀŎŎŜƭŜǊŀǘŜŘ ƅƻǿŜǊƛƴƎ ƛƴŘǳŎŜŘ Ǿƛŀ ƭƻǿ wΥCw Ǌŀǝƻǎ ŎƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ǉǳƛŎƪŜǊ ŦǊǳƛǘ ŦƻǊƳŀǝƻƴǎ 

ŀƴŘ ǎŜŜŘ ǇǊƻŘǳŎǝƻƴǎΦ IƻǿŜǾŜǊΣ ǇƘƻǘƻōƛƻƭƻƎƛŎŀƭ ǎǘǳŘȅ ŘŜǎƛƎƴǎ ŀƴŀƭȅȊƛƴƎ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ ōŜȅƻƴŘ ǘƘŜ 

ƅƻǿŜǊƛƴƎ ǎǘŀƎŜ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ǎŎŀǊŜǎΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ƴƻǘŜǿƻǊǘƘȅ ŀǊŜ ǘƘŜ ƛƴǎƛƎƘǘǎ ǊŜŎŜƴǘƭȅ ǇǳōƭƛǎƘŜŘ ƻƴ 

ǇŜǇǇŜǊǎ ŀƴŘ ǘƻƳŀǘƻŜǎΦ  

²ƘƛƭŜ ǘƘŜ ǝƳŜ ƻŦ ƅƻǿŜǊƛƴƎ ǿŀǎ ƛƴŘƛũŜǊŜƴǘ ōŜǘǿŜŜƴ ǎǿŜŜǘ ǇŜǇǇŜǊǎ ό/ŀǇǎƛŎǳƳ ŀƴƴǳǳƳ [Φ ŎǾΦ 

CǊŀȊƛŜǊύ ŜȄǇƻǎŜŘ ǘƻ ŘƛũŜǊƛƴƎ ŦǊŀŎǝƻƴǎ ƻŦ CwΣ ŀƭƭ Cw ǘǊŜŀǘƳŜƴǘǎ ƛƴŘǳŎŜŘ ǳƴŘŜǎƛǊŀōƭŜ ƅƻǿŜǊ ŀƴŘ ŦǊǳƛǘ 

ŀōƻǊǝƻƴǎΣ ǿƘƛŎƘ ǳƭǝƳŀǘŜƭȅ ǊŜǎǳƭǘŜŘ ƛƴ ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎŜŘ ǎǿŜŜǘ ǇŜǇǇŜǊ ȅƛŜƭŘǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǎǿŜŜǘ 

ǇŜǇǇŜǊ ȅƛŜƭŘǎ ƻōǎŜǊǾŜŘ ǳƴŘŜǊ ǘƘŜ ŎƻƴǘǊƻƭ ǘǊŜŀǘƳŜƴǘ ƭŀŎƪƛƴƎ Cw ό/ƘŜƴ Ŝǘ ŀƭΦΣ нлннύΦ ²ƘƛƭŜ [ŀƴƻǳŜ Ŝǘ ŀƭΦ 

όнлннύ ŀƭǎƻ ŦƻǳƴŘ ƴƻ ŜũŜŎǘ ƛƴ ǘƘŜ ǝƳŜ ǘƻ ƅƻǿŜǊƛƴƎ ōŜǘǿŜŜƴ ōŜƭƭ ǇŜǇǇŜǊǎ ŜȄǇƻǎŜŘ ǘƻ ōǊƻŀŘōŀƴŘ ǿƘƛǘŜ 

ƭƛƎƘǘ ŀƴŘ ōŜƭƭ ǇŜǇǇŜǊǎ ŜȄǇƻǎŜŘ ǘƻ ǇǊƻƭƻƴƎŜŘ ŜƴŘπƻŦπŘŀȅ Cw ƭƛƎƘǝƴƎ ƛƴ ǘƘǊŜŜ ŘƛũŜǊŜƴǘ ōŜƭƭ ǇŜǇǇŜǊ ŎǳƭǝǾŀǊǎΣ 

ǘƘŜ ƴǳƳōŜǊ ŀƴŘ ōƛƻƳŀǎǎ ƻŦ ǘƘŜ ǇŜǇǇŜǊǎ ǊŜƳŀƛƴŜŘ ǳƴŀũŜŎǘŜŘ ōȅ ǘƘŜ ŘƛũŜǊƛƴƎ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ όŎƻƴǘǊŀǎǝƴƎ 

ǘƘŜ ŬƴŘƛƴƎǎ ƻŦ /ƘŜƴ Ŝǘ ŀƭΦΣ нлннύΦ   

Lƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǇŜǇǇŜǊǎΣ ǾŜǊȅ ŘƛũŜǊŜƴǘ ƅƻǿŜǊ ŀƴŘ ŦǊǳƛǘ ǊŜǎǇƻƴǎŜǎ ŘǳŜ ǘƻ CwπŜƴǊƛŎƘƳŜƴǘǎ ǿŜǊŜ 

ŦƻǳƴŘ ƛƴ ƳǳƭǝǇƭŜ ƛƴŘŜǇŜƴŘŜƴǘ ǘƻƳŀǘƻ ǎǘǳŘƛŜǎ ŎƻǾŜǊƛƴƎ ŀ ǊŀƴƎŜ ƻŦ ǘƻƳŀǘƻ ŎǳƭǝǾŀǊǎ ό¢ŀōƭŜ тύΦ ¢ƘǊƻǳƎƘƻǳǘ 

ŀƭƭ ǘƻƳŀǘƻ ŎǳƭǝǾŀǊǎΣ ŀŘŘƛǝƻƴǎ ƻŦ Cw ǘƻ ŀ ōŀŎƪƎǊƻǳƴŘ ƻŦ w. ŀƴŘ ² όǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ ƴŀǘǳǊŀƭ ǎǳƴƭƛƎƘǘύ ƻǊ ŀǎ 

ŀƴ ŜƴŘπƻŦπŘŀȅ ǘǊŜŀǘƳŜƴǘ ǊŜǎǳƭǘŜŘ ƛƴ ŀŎŎŜƭŜǊŀǘŜŘ ƅƻǿŜǊ ŦƻǊƳŀǝƻƴǎ ŀƴŘ ŦǊǳƛǘ ǊƛǇŜƴƛƴƎΣ ǿƘƛŎƘ ǎǳōǎŜǉǳŜƴǘƭȅ 

ƭŜŀŘ ǘƻ ƎǊŜŀǘŜǊ ƛƴŘƛǾƛŘǳŀƭ ŀƴŘ ǘƻǘŀƭ ǘƻƳŀǘƻ ŦǊǳƛǘ ȅƛŜƭŘǎΦ !ƭƭ ǊŜǎǇƻƴǎŜǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ƛƴǘŜƴǎƛŦȅ ǿƛǘƘ 

ƛƴŎǊŜŀǎƛƴƎ ŦǊŀŎǝƻƴǎ ƻŦ Cw όWƛ Ŝǘ ŀƭΦΣ нлнлΤ Cŀƴǿƻǳŀ Ŝǘ ŀƭΦΣ нлмфΤ Wƛ Ŝǘ ŀƭΦΣ нлмфΤ YŀƭŀƛǘȊƻƎƭƻǳ Ŝǘ ŀƭΦΣ нлмфΤ 

½ƘŀƴƎ Ŝǘ ŀƭΦΣ нлмфΤ YƛƳ Ŝǘ ŀƭΦΣ нлмфύΦ Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘƻƳŀǘƻ ŦǊǳƛǘǎ όYŀƭŀƛǘȊƻƎƭƻǳ Ŝǘ ŀƭΦΣ нлмфύ 

ŀƴŘ ŦǊǳƛǘ ǎǳƎŀǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ όWƛ Ŝǘ ŀƭΦΣ нлнлΤ Cŀƴǿƻǳŀ Ŝǘ ŀƭΦΣ нлмфύ ǿŜǊŜ ǎƘƻǿƴ ǘƻ ƛƴŎǊŜŀǎŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ 

Cw ŦǊŀŎǝƻƴǎΣ ŀƴŘ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ƎŜƴŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎǳƎŀǊ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ŀƴŘ ƳŜǘŀōƻƭƛǎƳ ǿŜǊŜ ŦƻǳƴŘ 

ǘƻ ōŜ ǳǇǊŜƎǳƭŀǘŜŘ όWƛ Ŝǘ ŀƭΦΣ нлнлύΦ IƻǿŜǾŜǊΣ ŦǊǳƛǘ ǎǳƎŀǊ ŎƻƴǘŜƴǘǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ŘŜŎǊŜŀǎŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ 

Cw ŦǊŀŎǝƻƴǎ ƛƴ ǘƘŜ ǎǘǳŘȅ ōȅ ½ƘŀƴƎ Ŝǘ ŀƭΦ όнлмфύΦ 

¢ƘƻǳƎƘ ŜƴƭŀǊƎŜƳŜƴǘǎ ƻŦ ƭŜŀǾŜǎ ŀǊŜ ŎƻƳƳƻƴƭȅ ƻōǎŜǊǾŜŘ ƛƴ Ƴƻǎǘ ǎƘŀŘŜπŀǾƻƛŘƛƴƎ Ǉƭŀƴǘ ǎǇŜŎƛŜǎ 

ŜȄǇƻǎŜŘ ǘƻ CwπŜƴǊƛŎƘŜŘ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ό5ŜƳƻǘŜǎπaŀƛƴŀǊŘ Ŝǘ ŀƭΦΣ нлмсύ ŀƴŘ ŀǊŜ ƻƊŜƴ ǇǊŜǎǳƳŜŘ ǘƻ 

ƛƴŎǊŜŀǎŜ ǘƘŜ ŎŀǇŀŎƛǘȅ ǘƻ ŎŀǇǘǳǊŜ ƭƛƎƘǘ όŜΦƎΦΣ ½ƻǳ Ŝǘ ŀƭΦΣ нлмфΤ aŜƴƎ ϧ wǳƴƪƭŜΣ нлмфōΤ [ƛ ϧ YǳōƻǘŀΣ нллфύΣ 

ǘƘŜ ǎǇŜŎƛŬŎ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴ ǊŜǎǇƻƴǎŜǎ ǾŀǊȅ ōŜǘǿŜŜƴ ǎǇŜŎƛŜǎ ŀƴŘ ŎǳƭǝǾŀǊǎ ό¢ŀōƭŜ тύΦ        

²ƘƛƭŜ ǘƻƳŀǘƻ ƭŜŀŦ ŀǊŜŀǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ƛƴŎǊŜŀǎŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ŀŘŘƛǝƻƴǎ ƻŦ Cw ōȅ ½ƘŀƴƎ Ŝǘ ŀƭΦ 

όнлннύΣ ½ƘŀƴƎ Ŝǘ ŀƭΦ όнлмфύ ŀƴŘ YŀƭŀƛǘȊƻƎƭƻǳ Ŝǘ ŀƭΦ όнлмфύΣ ƴƻ ǎƛƎƴƛŬŎŀƴǘ ŜũŜŎǘ ƻƴ ƭŜŀŦ ŀǊŜŀ ǿŀǎ ŦƻǳƴŘ ōȅ Wƛ 
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Ŝǘ ŀƭΦ όнлмфύ ǿƘƻ ŎǳƭǝǾŀǘŜŘ ǘƘŜ ǎŀƳŜ ŎǳƭǝǾŀǊ ŀǎ ½ƘŀƴƎ Ŝǘ ŀƭΦ όнлннύΦ ¢ƘŜ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ 

ǎǘǳŘƛŜǎ ŀǊŜ ǘƘŀǘ ½ƘŀƴƎ Ŝǘ ŀƭΦ όнлннύ ƛƴǾŜǎǝƎŀǘŜŘ ŀ ƎǊŜŀǘŜǊ ǊŀƴƎŜ ƻŦ Cw ŀŘŘƛǝƻƴǎ όопΣ пл ŀƴŘ млл ҡƳƻƭ ƻŦ 

Cwύ ǳƴŘŜǊ ƘƛƎƘƭȅ ŎƻƴǘǊƻƭƭŜŘ ŎƻƴŘƛǝƻƴǎΣ ǿƘƛƭŜ Wƛ Ŝǘ ŀƭΦ όнлмфύ ŀŘŘŜŘ ƻƴƭȅ ол ŀƴŘ рл ҡƳƻƭ Ƴπн ǎπм ƻŦ Cw ǳƴŘŜǊ 

ƎǊŜŜƴƘƻǳǎŜ ŎƻƴŘƛǝƻƴǎΦ ¢ƘǳǎΣ ŘƻǎŜπŘŜǇŜƴŘŜƴǘ ŘƛũŜǊŜƴŎŜǎ Ƴŀȅ ƘŀǾŜ ōŜŜƴ ƳŀǎƪŜŘ ōȅ ǘƘŜ ǎƻƭŀǊ ƭƛƎƘǘ ƛƴ ǘƘŜ 

ƭŀǧŜǊ ǎǘǳŘȅΦ !ƴ όǳƴǳǎǳŀƭύ ŘŜŎǊŜŀǎŜ ƛƴ ǘƻƳŀǘƻ ƭŜŀŦ ŀǊŜŀǎ ǿŀǎ ƻōǎŜǊǾŜŘ ōȅ YƛƳ Ŝǘ ŀƭΦ όнлмфύΦ IƻǿŜǾŜǊΣ Cw 

ǿŀǎ ƴƻǘ ŀŘŘŜŘ ōǳǘ ǇŀǊǝŀƭƭȅ ǎǳōǎǝǘǳǘŜŘ w ǊŀŘƛŀǝƻƴ ŀƴŘ ƘŀŘ ŀ ƴŀǊǊƻǿ ǇŜŀƪ ǿŀǾŜƭŜƴƎǘƘ ƻŦ ттл ƴƳ όǿƘƛŎƘ 

ǿŀǎ ǊŜŎŜƴǘƭȅ ǎƘƻǿƴ ǘƻ ōŜ ǇŀǊǘ ƻŦ ǘƘŜ ƛƴŜũŜŎǝǾŜ ǊŀƴƎŜ ƻŦ Cw ǊŀŘƛŀǝƻƴ ό½ƘŜƴ ϧ .ǳƎōŜŜΣ нлнлŀύΦ  

Lƴ ŀŘŘƛǝƻƴΣ ǿƘƛƭŜ ǘƘǊŜŜ ōŜƭƭ ǇŜǇǇŜǊ ŎǳƭǝǾŀǊǎ ǊŜǎǇƻƴŘŜŘ ǿƛǘƘ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ǿƘŜƴ Cw ǿŀǎ ŀǇǇƭƛŜŘ 

ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ Řŀȅ ŦƻǊ у ƘƻǳǊǎ ό[ŀƴƻǳŜ Ŝǘ ŀƭΦΣ нлннύΣ ƭŜŀŦ ǎƛȊŜǎ ǊŜƳŀƛƴŜŘ ƛƴŘƛũŜǊŜƴǘ ƛƴ ǎǿŜŜǘ ǇŜǇǇŜǊǎ 

ǿƘŜƴ Cw ǿŀǎ ŀŘŘŜŘ ŘǳǊƛƴƎ ǘƘŜ Řŀȅ ό/ƘŜƴ Ŝǘ ŀƭΦΣ нлннύΦ ¢ƘǳǎΣ ƛǘ ŀǇǇŜŀǊǎ ǘƘŀǘ ǇŜǇǇŜǊǎ Ŏŀƴ ǊŜǎǇƻƴŘ ǿƛǘƘ ƭŜŀŦ 

ŜȄǇŀƴǎƛƻƴǎΣ ƘƻǿŜǾŜǊΣ ƻƴƭȅ ǾŜǊȅ ƭƻǿ wΥCw Ǌŀǝƻǎ Ƴŀȅ ŜƴŀōƭŜ ǘƘŜ ǊŜǎǇƻƴǎŜΦ  

{ƛƎƴƛŬŎŀƴǘ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ŘǳŜ ǘƻ Cw ŀŘŘƛǝƻƴǎ ŀƴŘκƻǊ ǎǳōǎǝǘǳǝƻƴǎ ƘŀǾŜ ŀƭǎƻ ōŜŜƴ ŦƻǳƴŘ ƛƴ ŀ 

ǾŀǊƛŜǘȅ ƻŦ ƻǊƴŀƳŜƴǘŀƭǎ ƛƴŎƭǳŘƛƴƎ ŎƻǊŜƻǇǎƛǎΣ ǇŀƴǎȅΣ ǇŜǘǳƴƛŀΣ ŎƻƭŜǳǎ ŀƴŘ ǎƴŀǇŘǊŀƎƻƴ ό/ǊŀǾŜǊ Ŝǘ ŀƭΦΣ нлмуΤ 

tŀǊƪ ϧ wǳƴƪƭŜΣ нлмуōύΦ /ƻƴǘǊŀǎǝƴƎ ŀǇǇŜŀǊ ǘƘŜ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴ ǊŜǎǳƭǘǎ ǇǳōƭƛǎƘŜŘ ōȅ tŀǊƪ ϧ wǳƴƪƭŜ όнлмтύ 

ŀƴŘ tŀǊƪ ϧ wǳƴƪƭŜ όнлмуōύ ŦƻǊ ƎŜǊŀƴƛǳƳΣ ŀǎ ƛƴŎǊŜŀǎƛƴƎ ŀƴŘ ƛƴŘƛũŜǊŜƴǘ ƭŜŀŦ ǎƛȊŜǎ ǘƻ ƛƴŎǊŜŀǎƛƴƎ wΥCw Ǌŀǝƻǎ 

ǿŜǊŜ ŦƻǳƴŘΦ IƻǿŜǾŜǊΣ ŀǎ ƛƴŎǊŜŀǎŜŘ ƭŜŀŦ ŀǊŜŀǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ ǘƘŜ ƎǊŜŀǘŜǊ ǊŀƴƎŜ ƻŦ wΥCw Ǌŀǝƻǎ ǘŜǎǘŜŘ 

όtŀǊƪ ϧ wǳƴƪƭŜΣ нлмтύΣ ƎŜǊŀƴƛǳƳΩǎ ƭŜŀŦ ǎƛȊŜ Ŏŀƴ ŎƭŜŀǊƭȅ ōŜ ŀƭǘŜǊŜŘ ōȅ ƳŀƴƛǇǳƭŀǝƴƎ ǘƘŜ Ǌŀǝƻ ƻŦ wΥCwΦ  

CƛƴŀƭƭȅΣ ŀƭƭ ǊŜŎŜƴǘƭȅ ƛƴǾŜǎǝƎŀǘŜŘ ƭŜǧǳŎŜ ŎǳƭǝǾŀǊǎ όό[ƛǳ ϧ Ǿŀƴ LŜǊǎŜƭΣ нлннΣ [ŜƎŜƴŘǊŜ ϧ Ǿŀƴ LŜǊǎŜƭΣ 

нлнмΤ Wƛƴ Ŝǘ ŀƭΦΣ нлнмΣ ½ƻǳ Ŝǘ ŀƭΦΣ нлмфΤ aŜƴƎ ϧ wǳƴƪƭŜΣ нлмфŀΤ aŜƴƎ Ŝǘ ŀƭΦΣ нлмфύύΣ ƪŀƭŜ όaŜƴƎ Ŝǘ ŀƭΦΣ нлмфύ 

ŀƴŘ ōŀǎƛƭ ǎŜŜŘƭƛƴƎǎ όaŜƴƎ ϧ wǳƴƪƭŜΣ нлмфŀύ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ ǘƻ ǊŜǎǇƻƴŘ ǿƛǘƘ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ǿƘŜƴ wΥCw 

Ǌŀǝƻǎ ŘŜŎǊŜŀǎŜΦ  

Lƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜǎŜ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ƭŜŀŦ ǊŜǎǇƻƴǎŜǎΣ ƭƻǿ wΥCw Ǌŀǝƻǎ ƘŀǾŜ ŦǊŜǉǳŜƴǘƭȅ ōŜŜƴ ǎƘƻǿƴ ǘƻ 

ǊŜŘǳŎŜ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ŀƴǘƘƻŎȅŀƴƛƴ ό[ƛǳ ϧ Ǿŀƴ LŜǊǎŜƭΣ нлннΤ aŜƴƎ ϧ wǳƴƪƭŜΣ нлмфŀΤ aŜƴƎ Ŝǘ ŀƭΦΣ 

нлмфύΣ ŎŀǊƻǘŜƴƻƛŘ ό½ƻǳ Ŝǘ ŀƭΦΣ нлмфΤ YŀƭŀƛǘȊƻƎƭƻǳ Ŝǘ ŀƭΦΣ нлмфύ ŀƴŘ ŎƘƭƻǊƻǇƘȅƭƭ ǇƛƎƳŜƴǘǎ ό[ƛǳ ϧ Ǿŀƴ LŜǊǎŜƭΣ 

нлннΤ [ŀƴƻǳŜ Ŝǘ ŀƭΦΣ нлннΤ ½ƻǳ Ŝǘ ŀƭΦΣ нлмфΤ aŜƴƎ ϧ wǳƴƪƭŜΣ нлмфŀΤ YŀƭŀƛǘȊƻƎƭƻǳ Ŝǘ ŀƭΦΣ нлмфΤ aŜƴƎ Ŝǘ ŀƭΦΣ 

нлмфΤ YƛƳ Ŝǘ ŀƭΦΣ нлмфΤ tŀǊƪ ϧ wǳƴƪƭŜΣ нлмтΤ [ƛ ϧ YǳōƻǘŀΣ нллфύ ƛƴ ǘƘŜ ƭŜŀǾŜǎ ƻŦ ƘƻǊǝŎǳƭǘǳǊŀƭƭȅ ǊŜƭŜǾŀƴǘ 

ŎǊƻǇǎ ƛƴŎƭǳŘƛƴƎ ƭŜǧǳŎŜǎΣ ƪŀƭŜΣ ōŜƭƭ ǇŜǇǇŜǊǎΣ ǘƻƳŀǘƻŜǎ ŀƴŘ ǇŜǘǳƴƛŀ ό¢ŀōƭŜ тύΣ ǿƘƛŎƘ ŀǇǇŜŀǊǎ ǘƻ ŎƻƴǘǊŀŘƛŎǘ 

ǘƘŜ ǘƘŜƻǊȅ ǘƘŀǘ ƭŜŀǾŜǎ ŜȄǇŀƴŘ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ƛƴǘŜǊŎŜǇǝƻƴ ƻŦ ƭƛƎƘǘ ǳƴŘŜǊ ŎƻƴŘƛǝƻƴǎ ƻŦ ǎƘŀŘŜΦ IƻǿŜǾŜǊΣ 

ǘƘŜ ǇƛƎƳŜƴǘ ŘŜŎƭƛƴŜ Ƴŀȅ ōŜ ŀ ǘǊŀŘŜπƻũ ǎǘǊŀǘŜƎȅ ƛƴ ƻǊŘŜǊ ǘƻ ŀƭƭƻŎŀǘŜ ƳƻǊŜ ǊŜǎƻǳǊŎŜǎ ƛƴǘƻ ŜƭƻƴƎŀǝƻƴǎ 

ŀƴŘκƻǊ ŜȄǇŀƴǎƛƻƴǎ ǳƴǝƭ ƳƻǊŜ ŦŀǾƻǊŀōƭŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŎƻƴŘƛǝƻƴǎ ŀǊŜ ǊŜŀŎƘŜŘΦ  

!ƴŘ ƛƴŘŜŜŘΣ ŘƛũŜǊŜƴǘ ŀƭƭƻŎŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ Cw ό¢ŀōƭŜ тύΦ Lƴ 

ŜȄŀƳǇƭŜΣ ǇŜǇǇŜǊǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜ ǘƘŜƛǊ ōƛƻƳŀǎǎ ǇŀǊǝǝƻƴƛƴƎ ǎǘǊƻƴƎƭȅ ǘƻǿŀǊŘǎ ǎǘŜƳǎ ό/ƘŜƴ Ŝǘ ŀƭΦΣ 
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нлннΤ [ŀƴƻǳŜ Ŝǘ ŀƭΦΣ нлннύΦ ¢ƻƳŀǘƻ Ǉƭŀƴǘǎ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƛƴŎǊŜŀǎŜ ǘƘŜƛǊ ōƛƻƳŀǎǎ ǇŀǊǝǝƻƴƛƴƎ 

ǇǊŜŘƻƳƛƴŀƴǘƭȅ ǘƻǿŀǊŘǎ ŦǊǳƛǘǎ όWƛ Ŝǘ ŀƭΦΣ нлнлΤ Wƛ Ŝǘ ŀƭΦΣ нлмфΤ YŀƭŀƛǘȊƻƎƭƻǳ Ŝǘ ŀƭΦΣ нлмфΤ YƛƳ Ŝǘ ŀƭΦΣ нлмфύΣ ǘƻ ŀ 

ƭŜǎǎŜǊ ŜȄǘŜƴǘ ǘƻǿŀǊŘ ǎǘŜƳǎ όWƛ Ŝǘ ŀƭΦΣ нлмфύ ŀƴŘ ǊŜŘǳŎŜ ǇŀǊǝǝƻƴƛƴƎ ǘƻǿŀǊŘǎ ǘƘŜ ƭŜŀǾŜǎ όWƛ Ŝǘ ŀƭΦΣ нлмфΤ YƛƳ 

Ŝǘ ŀƭΦΣ нлмфύΦ IŜƴŎŜΣ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ Cw ǎƛƎƴŀƭǎΣ Ǉƭŀƴǘǎ ŜƳǇƭƻȅ ŘƛũŜǊŜƴǘ ŀƭƭƻŎŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ ōȅ ŘƛǾƛŘƛƴƎ ǳǇ 

ǘƘŜƛǊ ŀǎǎƛƳƛƭŀǘŜǎ ǘƻǿŀǊŘǎ ŘƛũŜǊŜƴǘ ƻǊƎŀƴǎ ƻŦ ǘƘŜ ǇƭŀƴǘΦ     

Lƴ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ŎŀǎŜ ǎǘǳŘƛŜǎΣ ǘƘŜ ŘŜǎŎǊƛōŜŘ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ǳǇƻƴ 

Cw ŀŘŘƛǝƻƴǎ όŜƭƻƴƎŀǝƻƴ ŀƴŘ ŜȄǇŀƴǎƛƻƴ ǊŜǎǇƻƴǎŜǎ ŀōƻǾŜ ŀƭƭΣ ōǳǘ ŀƭǎƻ ǘƘŜ ŀŎŎŜƭŜǊŀǘŜŘ ƅƻǿŜǊƛƴƎ ǿƛǘƘ 

ǎǳōǎŜǉǳŜƴǘƭȅ ƘŀǎǘŜƴŜŘ ǊƛǇŜƴƛƴƎ ƻŦ ŦǊǳƛǘǎύ ŀǊŜ ŀŎŎƻƳǇŀƴƛŜŘ ǿƛǘƘ ǎǳōǎǘŀƴǝŀƭ ȅƛŜƭŘ ƛƴŎǊŜŀǎŜǎ ƛƴ ŀƭƭ 

ƘƻǊǝŎǳƭǘǳǊŀƭ ŎǊƻǇǎ ƛƴǾŜǎǝƎŀǘŜŘ ƭŀǘŜƭȅ ό¢ŀōƭŜ тύΦ  

¢ƘŜǎŜ ǇƻǎƛǝǾŜ Cw ŜũŜŎǘǎ ƻƴ ǘƘŜ ȅƛŜƭŘǎ ƻŦ ǎƻ Ƴŀƴȅ ƘƻǊǝŎǳƭǘǳǊŀƭ ŎǊƻǇǎ ŎƭŜŀǊƭȅ ǎǳƎƎŜǎǘ ǘƘŀǘ Cw 

ǊŀŘƛŀǝƻƴ ƛǎ ŀōƭŜ ǘƻ ŜũŜŎǝǾŜƭȅ ŘǊƛǾŜ Ǉƭŀƴǘ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ǿƘŜƴ ŎƻƳōƛƴŜŘ ǿƛǘƘ t!w ǿŀǾŜƭŜƴƎǘƘǎΦ 

!ƴŘ ƛƴŘŜŜŘΣ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŜƴƘŀƴŎŜƳŜƴǘ ŜũŜŎǘǎ ƻŦ Cw ǿŀǾŜƭŜƴƎǘƘǎ ǿƘŜƴ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǎƘƻǊǘŜǊ 

ǿŀǾŜƭŜƴƎǘƘǎ ƘŀǾŜ ōŜŜƴ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ǇŀǎǘΦ CƛǊǎǘ ŘŜǎŎǊƛōŜŘ ŀǎ ǘƘŜ 9ƳŜǊǎƻƴ ŜƴƘŀƴŎŜƳŜƴǘ ŜũŜŎǘ ƛƴ мфртΣ 

9ƳŜǊǎƻƴ Ŝǘ ŀƭΦ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜ ǿŀǎ ƎǊŜŀǘŜǊ ǿƘŜƴ ǘƘŜ ŦǊŜǎƘǿŀǘŜǊ ƎǊŜŜƴ ŀƭƎŀ 

!ǳȄŜƴƻŎƘƭƻǊŜƭƭŀ ǇȅǊŜƴƻƛŘƻǎŀ όŦƻǊƳŜǊƭȅ ƪƴƻǿƴ ŀǎ /ƘƭƻǊŜƭƭŀ ǇȅǊŜƴƻƛŘƻǎŀύ ǿŀǎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ƛƭƭǳƳƛƴŀǘŜŘ 

ǿƛǘƘ ǿŀǾŜƭŜƴƎǘƘǎ җ сур ƴƳ ŀƴŘ ǎƘƻǊǘŜǊ ǿŀǾŜƭŜƴƎǘƘǎ ǘƘŀƴ ǘƘŜ ǎǳƳ ƻŦ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜǎ ƳŜŀǎǳǊŜŘ 

ǳƴŘŜǊ ōƻǘƘ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ǎŜǇŀǊŀǘŜƭȅ ό9ƳŜǊǎƻƴ Ŝǘ ŀƭΦΣ мфртύΦ [ŀǘŜǊΣ tŜǧŀƛ Ŝǘ ŀƭΦ όнллрύ ŦƻǳƴŘ ǘƘŀǘ Cw 

ǇƘƻǘƻƴǎ ǎǳǇǇƻǊǘ ƻȄȅƎŜƴ ŜǾƻƭǳǝƻƴ ƛƴ ǎǳƴƅƻǿŜǊ όIŜƭƛŀƴǘƘǳǎ ŀƴƴǳǳǎ [Φύ ŀƴŘ ōŜŀƴ όtƘŀǎŜƻƭǳǎ ǾǳƭƎŀǊƛǎ [Φύ 

ƭŜŀǾŜǎ ǳǇ ǘƻ тул ƴƳΦ .ŜǘǿŜŜƴ тллπтул ƴƳΣ ǘƘŜ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ǇŜŀƪ ŀǘ тпр ƴƳΣ 

ǊŜǇǊŜǎŜƴǝƴƎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нл ҈ ƻŦ ǘƘŜ ƳŀȄƛƳǳƳ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ƳŜŀǎǳǊŜŘ ŀǘ срл ƴƳΦ ¢ƘŜƴΣ 

IƻƎŜǿƻƴƛƴƎ Ŝǘ ŀƭΦ όнлмнύ ǇǊƻǾŜŘ ǘƘŀǘ ǿŀǾŜƭŜƴƎǘƘǎ ōŜǘǿŜŜƴ тлл ŀƴŘ тол ƴƳ ŜƴƘŀƴŎŜ ǘƘŜ /hн ǉǳŀƴǘǳƳ 

ȅƛŜƭŘ ƛƴ ŎǳŎǳƳōŜǊ ό/ǳŎǳƳƛǎ ǎŀǝǾǳǎ [Φύ ƭŜŀǾŜǎ ǿƘŜƴ ŀ ōǊƻŀŘōŀƴŘ ƭƛƎƘǘ ŜȄǘŜƴŘǎ ƛƴǘƻ ǘƘŜ ƴŜŀǊ ƛƴŦǊŀǊŜŘ 

ǎǇŜŎǘǊǳƳΦ ²ƘƛƭŜ 9ƳŜǊǎƻƴ ŀƴŘ ƻǘƘŜǊǎ ŀǎŎǊƛōŜŘ ǘƘŜ ŜƴƘŀƴŎŜƳŜƴǘ ƻŦ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ƻŦ ƭƻƴƎ ǿŀǾŜƭŜƴƎǘƘ 

ƭƛƎƘǘ ǘƻ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǎƘƻǊǘ ǿŀǾŜƭŜƴƎǘƘ ƭƛƎƘǘΣ ǘƘŜ ǊŜǾŜǊǎŜ ŜũŜŎǘ ς ǘƘŜ ŜƴƘŀƴŎŜƳŜƴǘ ƻŦ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ 

ƻŦ ǎƘƻǊǘ ǿŀǾŜƭŜƴƎǘƘ ƭƛƎƘǘ ōȅ ŦŀǊπǊŜŘ ƭƛƎƘǘ ǿŀǎ ƛƴǾŜǎǝƎŀǘŜŘ ōȅ ½ƘŜƴ ϧ Ǿŀƴ LŜǊǎŜƭ όнлмтύΥ  

!ǎ ǇǊŜǾƛƻǳǎƭȅ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴǎ мΦоΦмΦм ŀƴŘ мΦоΦмΦнΣ ǘƘŜ ƭƛƎƘǘπŘŜǇŜƴŘŜƴǘ ǊŜŀŎǝƻƴ ƻŦ 

ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ōŜƎƛƴǎ ǿƛǘƘ ǘƘŜ ŜȄŎƛǘŀǝƻƴ ƻŦ t{LL ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ŜȄŎƛǘŀǝƻƴ ƻŦ t{LΦ ²ƘƛƭŜ t{LL ǇǊŜŦŜǊǎ 

ǿŀǾŜƭŜƴƎǘƘǎ ǎƘƻǊǘŜǊ ǘƘŀƴ сул ƴƳ ŦƻǊ ŜȄŎƛǘŀǝƻƴΣ t{L ŦŀǾƻǊǎ ǎƭƛƎƘǘƭȅ ƭƻƴƎŜǊ ǿŀǾŜƭŜƴƎǘƘǎ όтлл ƴƳύ ό9ǾŀƴǎΣ 

мфутΤ bŀōƻǊΣ нлмтΤ IƻƎŜǿƻƴƛƴƎ Ŝǘ ŀƭΦΣ нлмнύΦ ¢ƻ ŀŎƘƛŜǾŜ ƘƛƎƘ ƭƛƴŜŀǊ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎǇƻǊǘ ǊŀǘŜǎ ŦǊƻƳ t{LL ǘƻ 

t{LΣ ōƻǘƘ ǇƘƻǘƻǎȅǎǘŜƳǎ ǎƘƻǳƭŘ ǿƻǊƪ ŀǘ ƳŀǘŎƘƛƴƎ ǊŀǘŜǎΦ IƻǿŜǾŜǊΣ ƭƛƎƘǘ ōŜǘǿŜŜƴ пллπртл ƴƳ ŀƴŘ снлπ

сфл ƴƳ ǘŜƴŘ ǘƻ ƻǾŜǊπŜȄŎƛǘŜ t{LL ŎƻƳǇŀǊŜŘ ǘƻ t{L ό½ƘŜƴ Ŝǘ ŀƭΦΣ нлмуύΣ ǿƘƛŎƘ ƛƴŘǳŎŜǎ ƴƻƴπǇƘƻǘƻŎƘŜƳƛŎŀƭ 

ǉǳŜƴŎƘƛƴƎ όbtv όǘƘŜ ŘƛǎǎƛǇŀǝƻƴ ƻŦ ŜȄŎŜǎǎƛǾŜ ŜȄŎƛǘŀǝƻƴ ŜƴŜǊƎȅύύ ŀƴŘ ǊŜǎǘǊƛŎǘǎ ƻǇǝƳŀƭ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ 
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όŜǎǇŜŎƛŀƭƭȅ ǳƴŘŜǊ ŀǊǝŬŎƛŀƭ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ ŀǊŜ ǎƻƭŜƭȅ ŎƻƳǇƻǎŜŘ ƻŦ . όпллπрлл ƴƳύ ŀƴŘ w όсллπтлл ƴƳύ 

ǊŀŘƛŀǝƻƴύΦ IŜƴŎŜΣ ƛǘ ƛǎ ƻŦ ƎǊŜŀǘ ŎƻƴǎŜǉǳŜƴŎŜ ǘƘŀǘ ½ƘŜƴ ϧ Ǿŀƴ LŜǊǎŜƭ όнлмтύ ǊŜŎŜƴǘƭȅ ǎƘƻǿŜŘ ǘƘŀǘ ŀ 

ǎƛƳǳƭǘŀƴŜƻǳǎ ŜȄǇƻǎǳǊŜ ǘƻ Cw όтор ƴƳύ ŀƴŘ w. ƻǊ ōǊƻŀŘōŀƴŘ ² ƭƛƎƘǘ Ŏŀƴ ōŀƭŀƴŎŜ ǘƘŜ ŜȄŎƛǘŀǝƻƴ ŜƴŜǊƎȅ 

ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ǇƘƻǘƻǎȅǎǘŜƳǎ ōȅ ǇǊŜŦŜǊŜƴǝŀƭƭȅ ŜȄŎƛǝƴƎ t{LΦ ¢ƘŜ ǎŎƛŜƴǝǎǘǎ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ Cw 

ƛƳƳŜŘƛŀǘŜƭȅ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ǉǳŀƴǘǳƳ ȅƛŜƭŘ ƻŦ t{LL όʊt{LLύΣ ǿƘƛŎƘ ƛƴŎǊŜŀǎŜŘ ŜǾŜƴ ŦǳǊǘƘŜǊ ǘƘŜ ƭƻƴƎŜǊ ǘƘŜ 

ƭŜǧǳŎŜ ƭŜŀǾŜǎ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ ǘƘŜ ŀŘŘŜŘ Cw ǊŀŘƛŀǝƻƴΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜǎ ƛƴŎǊŜŀǎŜŘ ŀƴŘ 

btv ŘŜŎǊŜŀǎŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ Cw ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǝŜǎ ǊŀƴƎƛƴƎ ŦǊƻƳ л ǘƻ фл ҡƳƻƭ Ƴπн ǎπм ŀŘŘŜŘ ǘƻ ǘƘŜ 

Ŏƻƴǎǘŀƴǘ ōŀŎƪƎǊƻǳƴŘ ƻŦ w. ŀƴŘ ² όttC5 нлл ҡƳƻƭ Ƴπн ǎπмύΣ ǊŜǎǇŜŎǝǾŜƭȅ ό¢ŀōƭŜ тύΦ {ƻƻƴ ŀƊŜǊΣ ½ƘŜƴ Ŝǘ ŀƭΦ 

όнлмуύ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ Cw ƭƛƎƘǘ ŜƴƘŀƴŎŜǎ ǘƘŜ ǇƘƻǘƻŎƘŜƳƛŎŀƭ ŜŶŎƛŜƴŎȅ ƛƴ ŀ ǿŀǾŜƭŜƴƎǘƘπŘŜǇŜƴŘŜƴǘ 

ƳŀƴƴŜǊ ό¢ŀōƭŜ тύΦ ¢Ƙŀǘ ƛƴŎǊŜŀǎƛƴƎ ǿŀǾŜƭŜƴƎǘƘǎ ŦǊƻƳ сту ǘƻ тло ƴƳ Ŏƻƴǝƴǳƻǳǎƭȅ ƛƴŎǊŜŀǎŜŘ ʊt{LL ƛƴ ǘƘŜ 

ǎǘǳŘƛŜŘ ƭŜǧǳŎŜ ƭŜŀǾŜǎΣ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ƭƻƴƎŜǊ ǿŀǾŜƭŜƴƎǘƘǎ ǿƛǘƘƛƴ ǘƘƛǎ ǊŜƎƛƻƴ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǳǎŜŘ ƳƻǊŜ 

ŜŶŎƛŜƴǘƭȅ ōȅ t{L ǘƘŀƴ ōȅ t{LLΦ IƻǿŜǾŜǊΣ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ōŜǘǿŜŜƴ тло ŀƴŘ тнм ƴƳ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ ǎƛƳƛƭŀǊΣ 

ǘŜƴŘŜŘ ǘƻ ŘŜŎǊŜŀǎŜ ŦǊƻƳ тнм ǘƻ том ƴƳ όǇǊŜǎǳƳŀōƭȅ ŘǳŜ ǘƻ ǊŜŘǳŎŜŘ ƭƛƎƘǘ ŀōǎƻǊōŀƴŎŜ ŀƴŘ ƭƻǿ ǇƘƻǘƻƴ 

ŜƴŜǊƎȅύΣ ǿƘƛƭŜ ŀŘŘƛƴƎ Cw ǿƛǘƘ трн ƴƳ ƘŀŘ ƴƻ ŜũŜŎǘ ƻƴ ʊt{LL ŀƴȅƳƻǊŜΦ  

²ƘƛƭŜ Cw ǿŀǎ ŀŘŘŜŘ ƛƴ ǘƘŜ ŀōƻǾŜƳŜƴǝƻƴŜŘ ǎǘǳŘƛŜǎ ŎƻƴŘǳŎǘŜŘ ōȅ {ƘǳȅŀƴƎ ½ƘŜƴ ŀƴŘ ǇŀǊǘƴŜǊǎΣ 

рл ҡƳƻƭ Ƴπн ǎπм ƻŦ Cw όтол ƴƳύ ǿŜǊŜ ŜƛǘƘŜǊ ƛƴŎƭǳŘŜŘ ƻǊ ŜȄŎƭǳŘŜŘ ƛƴ ŀ ǘƻǘŀƭ ǇƘƻǘƻƴ ƅǳȄ ƛƴǘŜƴǎƛǘȅ ƻŦ орл 

ҡƳƻƭ Ƴπн ǎπм ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŜǎǇƻƴǎŜǎ ƻŦ ƭŜǧǳŎŜǎ ό½ƘŜƴ ϧ .ǳƎōŜŜΣ нлнлύΦ ¢ƘƻǳƎƘ Cw 

ǎǳōǎǝǘǳǝƻƴǎ ŘƛŘ ƴƻǘ ŀũŜŎǘ ŎŀƴƻǇȅ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ŀƴŘ ŎŀǊōƻƴ ǳǎŜ ŜŶŎƛŜƴŎȅΣ ǘƘŜ Cw ǎǳōǎǝǘǳǝƻƴǎ ŘƛŘ ƛƴ 

ŦŀŎǘ ƛƴŎǊŜŀǎŜ ŎŀƴƻǇȅ ǇƘƻǘƻƴ ŎŀǇǘǳǊŜΣ Řŀƛƭȅ ŎŀǊōƻƴ Ǝŀƛƴǎ ŀƴŘ ōƛƻƳŀǎǎ ǘƘǊƻǳƎƘ ƛƴŎǊŜŀǎŜŘ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ 

ό¢ŀōƭŜ тύΦ Lƴ ǘƘŜ ǎŀƳŜ ȅŜŀǊΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ǘŜŀƳ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ Cw ǇƘƻǘƻƴǎ ƛƴŎǊŜŀǎŜ ŎŀƴƻǇȅ 

ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ƻŦ мп ŘƛũŜǊŜƴǘ ƘƻǊǝŎǳƭǘǳǊŀƭ ŎǊƻǇǎ ŀǎ ŜũŜŎǝǾŜƭȅ ŀǎ t!w ǇƘƻǘƻƴǎ ǿƘŜƴ ŎƻƳōƛƴŜŘ ǿƛǘƘ 

ǇƘƻǘƻƴǎ ƻŦ ǎƘƻǊǘŜǊ ǿŀǾŜƭŜƴƎǘƘǎ όпллπтлл ƴƳύ ό½ƘŜƴ ϧ .ǳƎōŜŜΣ нлнлŀύΦ Lƴ ŀƭƭ ǎǇŜŎƛŜǎ όƛƴŎƭǳŘƛƴƎ /о ŀƴŘ /п 

ǎǇŜŎƛŜǎύΣ ŀŘŘƛƴƎ ǳǇ ǘƻ пл ҈ ƻŦ Cw ƛƴ ŀ t!w ōŀŎƪƎǊƻǳƴŘ όw. ƻǊ ²ύ ŀũŜŎǘŜŘ ǘƘŜ ŎŀƴƻǇȅ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ŀƴŘ 

ǘƘŜ ŎŀǊōƻƴ ǳǎŜ ŜŶŎƛŜƴŎƛŜǎ ƛƴ ǘƘŜ ǎŀƳŜ ǿŀȅ ŀǎ ŀŘŘƛƴƎ ǘƘŜ ǎŀƳŜ ŀƳƻǳƴǘ ƻŦ ǘǊŀŘƛǝƻƴŀƭƭȅ ŘŜŬƴŜŘ t!w 

ǇƘƻǘƻƴǎΦ Lƴ ŀŘŘƛǝƻƴΣ ŎǊƻǇ ȅƛŜƭŘǎ ƎŜƴŜǊŀƭƭȅ ƛƴŎǊŜŀǎŜŘ ǿƛǘƘ Cw ǎǳōǎǝǘǳǝƻƴǎ ŘǳǊƛƴƎ ƭƻƴƎπǘŜǊƳ Ǉƭŀƴǘ 

ŎǳƭǝǾŀǝƻƴΦ !ƭƭ ŜũŜŎǘǎ ŘŜŎǊŜŀǎŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ Cw ǿŀǾŜƭŜƴƎǘƘ όтммΣ тонΣ торΣ тпс ƴƳύ ƘƻǿŜǾŜǊ ό¢ŀōƭŜ 

тύΦ ¢ƘŜƛǊ ŬƴŘƛƴƎǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ Cw ǇƘƻǘƻƴǎ ǿƛǘƘ тлл ǘƻ трл ƴƳ ŀǊŜ Ŝǉǳŀƭƭȅ ŜŶŎƛŜƴǘ ƛƴ ŘǊƛǾƛƴƎ 

ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ƛƴ Ǉƭŀƴǘǎ ǿƘŜƴ ŀŎǝƴƎ ǎȅƴŜǊƎƛǎǝŎŀƭƭȅ ǿƛǘƘ пллπтлл ƴƳ ǇƘƻǘƻƴǎΦ 

¢ƘƻǳƎƘ [ƛǳ ϧ Ǿŀƴ LŜǊǎŜƭ όнлннύΣ Wƛƴ Ŝǘ ŀƭΦ όнлнмύΣ Wƛ Ŝǘ ŀƭΦ όнлмфύΣ YŀƭŀƛǘȊƻƎƭƻǳ Ŝǘ ŀƭΦ όнлмфύΣ tŀǊƪ ϧ 

wǳƴƪƭŜ όнлмуōύ ŘŜǘŜŎǘŜŘ ƛƴŘƛũŜǊŜƴǘ ʊt{LL ŀƴŘκƻǊ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜǎ όtƴΤ ҡƳƻƭ /hн Ƴπн ǎπмύ ǿƛǘƘ 

ƛƴŎǊŜŀǎƛƴƎ ŀŘŘƛǝƻƴǎ ƻŦ Cw όтолΣ торΣ тпл ƴƳύ ƻƴ ǎƛƴƎƭŜ ƭŜŀŦ ōŀǎŜǎ ƛƴ ƭŜǧǳŎŜ ŀƴŘ ǘƻƳŀǘƻ ŎǳƭǝǾŀǊǎ ŀƴŘ 

ƻǊƴŀƳŜƴǘŀƭ ǇƭŀƴǘǎΣ ŀƴŘ ½ƻǳ Ŝǘ ŀƭΦ όнлмфύ ƛƴ ŦŀŎǘ ŘŜǘŜŎǘŜŘ ŀ ƭƻǿŜǊ tƴ ƛƴ ƭŜǧǳŎŜΣ ƛƴŎǊŜŀǎŜŘ ƭƛƎƘǘ ƛƴǘŜǊŎŜǇǝƻƴǎ 
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ǘƘǊƻǳƎƘ ŜƛǘƘŜǊ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ŀƴŘκƻǊ ǎƘƻƻǘ ŜƭƻƴƎŀǝƻƴǎ ǊŜǎǳƭǘŜŘ ƛƴ ƛƴŎǊŜŀǎŜŘ ōƛƻƳŀǎǎŜǎ ƛƴ ǘƘŜ ƳŀƧƻǊƛǘȅ 

ƻŦ ǘƘŜǎŜ ǎǘǳŘƛŜǎΦ    

¢ƘŜ Řŀǘŀ ƻŦ ŀƭƭ ǘƘŜǎŜ ǎǘǳŘƛŜǎ ŎƻƳōƛƴŜŘ ǇǊƻǾƛŘŜ ŎƻƳǇŜƭƭƛƴƎ ŜǾƛŘŜƴŎŜ ǘƘŀǘ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜŬƴƛǝƻƴ ƻŦ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴ ǎƘƻǳƭŘ ōŜ ŜȄǘŜƴŘŜŘ ōȅ Cw ǇƘƻǘƻƴǎ ŦǊƻƳ тлл ǘƻ трл ƴƳΦ  

²ƘŜǘƘŜǊ Cw ƛƴŎǊŜŀǎŜǎ ƭƛƎƘǘ ƛƴǘŜǊŎŜǇǝƻƴ ōȅ ŀƭǘŜǊƛƴƎ Ǉƭŀƴǘ ŀǊŎƘƛǘŜŎǘǳǊŜ όŜΦƎΦΣ YŀƭŀƛǘȊƻƎƭƻǳ Ŝǘ ŀƭΦ 

нлмфύ ŀƴŘκƻǊ ōȅ ōŀƭŀƴŎƛƴƎ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ƳŀŎƘƛƴŜǊȅ ό½ƘŜƴ ŀƴŘ Ǿŀƴ LŜǊǎŜƭ нлмтύΣ ǘƘŜ ǇƻǘŜƴǝŀƭ ōŜƴŜŬǘǎ 

ƻŦ ƛƴŎƭǳŘƛƴƎ Cw ƛƴ ƘƻǊǝŎǳƭǘǳǊŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ŀǊŜ ǘǊŜƳŜƴŘƻǳǎΦ 

CǊƻƳ ƭŀǊƎŜǊ ƭŜŀŦȅ ƎǊŜŜƴǎ ŀƴŘ ƘƛƎƘŜǊ ŦǊǳƛǘ ȅƛŜƭŘǎ ŦƻǊ ƘǳƳŀƴ ŎƻƴǎǳƳǇǝƻƴ όǾƛŀ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ŀƴŘ 

ǘƘǊƻǳƎƘ ƛƴŎǊŜŀǎŜŘ ŀǎǎƛƳƛƭŀǘŜ ǇŀǊǝǝƻƴƛƴƎ ǘƻǿŀǊŘǎ ŦǊǳƛǘǎΣ ǊŜǎǇŜŎǝǾŜƭȅύ ǘƻ ǊŜŘǳŎŜŘ ŦǊǳƛǘ ǎǘŀŎƪƛƴƎ ŀƴŘ ǎƛƳǇƭŜǊ 

ƎǊŀƊƛƴƎ όǾƛŀ ǎǘŜƳ ŀƴŘ ƛƴǘŜǊƴƻŘŜ ŜƭƻƴƎŀǝƻƴǎ όŜΦƎΦ [ŀƴƻǳŜ Ŝǘ ŀƭΦΣ нлннΤ /Ƙƛŀ ϧ YǳōƻǘŀΣ нлмлύ ǘƻ ƎǊŜŀǘŜǊ 

ǇǊƻŘǳŎǝƻƴ ǘǳǊƴƻǾŜǊǎ ƻŦ ƻǊƴŀƳŜƴǘŀƭǎ ŀƴŘ ŦǊǳƛǘπōŜŀǊƛƴƎ ŎǊƻǇǎ όōȅ ŀŎŎŜƭŜǊŀǝƴƎ ǝƳŜ ǘƻ ƅƻǿŜǊƛƴƎύ ŀƴŘ 

ƻǾŜǊŀƭƭ ǇǊƻŘǳŎǝƻƴ ȅƛŜƭŘ ƛƴŎǊŜŀǎŜǎ όǘƘǊƻǳƎƘ ƛƴŎǊŜŀǎŜŘ ƭƛƎƘǘ ƛƴǘŜǊŎŜǇǝƻƴǎύΥ ǘƘŜ CwπƛƴŘǳŎŜŘ ƳƻǊǇƘƻƭƻƎƛŎŀƭΣ 

ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŀƴŘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀŘŀǇǘŀǝƻƴǎ Ŏŀƴ ŜũŜŎǝǾŜƭȅ ƛƳǇǊƻǾŜ ƘƻǊǝŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǝƻƴ ǇǊƻŎŜǎǎŜǎ 

ŀƴŘ ōƻƻǎǘ ǇǊƻŘǳŎŜ ȅƛŜƭŘǎΦ  

{ƛƴŎŜ Cw ǇƘƻǘƻƴǎ ŀǊŜ ƳƻǊŜ ŜŶŎƛŜƴǘƭȅ ƎŜƴŜǊŀǘŜŘ ōȅ [95ǎ ǘƘŀƴ ² ƭƛƎƘǘ ǉǳŀƭƛǝŜǎ όYǳǎǳƳŀ Ŝǘ ŀƭΦΣ 

нлнлΣ ǎŜŎǝƻƴ мΦнύΣ /9! ƎǊƻǿŜǊǎ ŎƻǳƭŘ ǇŀǊǝŀƭƭȅ ŜȄŎƘŀƴƎŜ ǘƘŜƛǊ ƭƛƎƘǘ ŜƴǾƛǊƻƴƳŜƴǘǎ ǿƛǘƘ Cw [95ǎ ǘƻ ƛƴŘǳŎŜ 

ǘƘŜ ŘŜǎƛǊŜŘ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ŀƴŘ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜƛǊ ƭƛƎƘǘ ǳǎŜ ŜŶŎƛŜƴŎƛŜǎΦ IŜƴŎŜΣ ǇǊƻŘǳŎǝƻƴ Ŏƻǎǘǎ 

ŎƻǳƭŘ ōŜ ƭƻǿŜǊŜŘΣ ŀƴŘ ǇǊƻŬǘŀōƛƭƛǘȅ ƛƳǇǊƻǾŜŘΦ  

{ƛƴŎŜ ŜƴŘπƻŦπŘŀȅ Cw ǘǊŜŀǘƳŜƴǘǎ όƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ όƻǘƘŜǊύ ǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǇƘƻǘƻƴǎύ Ŏŀƴ 

Ŝŀǎƛƭȅ ǇǊƻǾƛŘŜ ƭƻǿŜǊ ǇƘȅǘƻŎƘǊƻƳŜ ǇƘƻǘƻǎǘŀǝƻƴŀǊȅ ǎǘŀǘŜǎ ǘƘŀƴ ǿƘŜƴ ǘƘŜ ǎŀƳŜ ŀƳƻǳƴǘ ƻŦ Cw ƛǎ ŀǇǇƭƛŜŘ ƛƴ 

ŎƻƳōƛƴŀǝƻƴ ǿƛǘƘ t!w ŘǳǊƛƴƎ ǘƘŜ ŘŀȅΣ ǎƘƻǊǘ Cwπ9h5 ǘǊŜŀǘƳŜƴǘǎ Ƴŀȅ ōŜ ŀōƭŜ ǘƻ ƛƴǾƻƪŜ ǘƘŜ ŘŜǎƛǊŜŘ ǎƘŀŘŜ 

ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ŜƴŜǊƎŜǝŎŀƭƭȅ ƳƻǊŜ ŜŶŎƛŜƴǘƭȅ ǘƘŀƴ ƭƻƴƎ ŘŀȅǝƳŜ Cw ŀǇǇƭƛŎŀǝƻƴǎ όŜΦƎΦΣ ½ƘŀƴƎ Ŝǘ ŀƭΦΣ 

нлмфΤ YŀƭŀƛǘȊƻƎƭƻǳ Ŝǘ ŀƭΦΣ нлмфύΦ   

IƻǿŜǾŜǊΣ ǎƻƳŜ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ƛƴŘǳŎŜŘ ōȅ Cw Ƴŀȅ ƴƻǘ ŀƭǿŀȅǎ ōŜ ōŜƴŜŬŎƛŀƭ ό5ŜƳƻǘŜǎπ

aŀƛƴŀǊŘ Ŝǘ ŀƭΦΣ нлмсύΦ Lƴ ŜȄŀƳǇƭŜΣ ƭƻƴƎ ǎǘŜƳǎ ƛƴ ƅƻǿŜǊƛƴƎ Ǉƻǘ Ǉƭŀƴǘǎ ƻǊ ƭƻƴƎ ǎǘŜƳǎ ŀǘ ǘƘŜ ŜȄǇŜƴǎŜ ƻŦ ǘƘŜ 

ƎǊƻǿǘƘ ƻŦ ƻǘƘŜǊ Ǉƭŀƴǘ ƻǊƎŀƴǎ Ŏŀƴ ōŜ ƘƛƎƘƭȅ ǳƴŘŜǎƛǊŀōƭŜΦ ¢ƻ ŜƴǎǳǊŜ ǉǳŀƭƛǘȅ ŀƴŘ ǇǊƻŘǳŎǝǾƛǘȅΣ ƻǇǝƳŀƭ Cw 

ŀǇǇƭƛŎŀǝƻƴǎ ŦƻǊ ŜŀŎƘ ŎǊƻǇ ƻŦ ƛƴǘŜǊŜǎǘ ƴŜŜŘ ǘƻ ōŜ ƛƴǾŜǎǝƎŀǘŜŘ ǿƛǘƘ ǘƘŜ ǎǇŜŎƛŬŎ ǇǊƻŘǳŎǝƻƴ Ǝƻŀƭǎ ƛƴ ƳƛƴŘΦ
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¢ŀōƭŜ у ς aƻǊǇƘƻƭƻƎƛŎŀƭΣ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ǇƘȅǘƻŎƘŜƳƛŎŀƭ Ǉƭŀƴǘ ŜũŜŎǘǎ ƳŜŘƛŀǘŜŘ ōȅ ŦŀǊπǊŜŘ ǿŀǾŜƭŜƴƎǘƘǎ ό ˂тллπулл ƴƳύΦ7
 

Plant species Effect1 Light 
spectrum 

Pea
ƪ ˂2 

Light 
intensity3 

Reference 

Sweet pepper 

All FR treatments reduced fruit set, induced flower and fruit 
abortions, and reduced FWFruit and DWFruit. 
FR resulted in increased StemLength, FStem and more upright branches.   
Only FR during the daytime increased DWTotal and DWLeaf. 
LA indifferent between all treatments. 

RW; 
RW+FR; 
RW+FR-

EOD 

700-
800 

130 incl. 
0, 50 or 100 

of FR; 
30 (FR-EOD) 

 

Chen et al. 
2022 

Tomato 
FR increased PHeight, DWTotal and LA compared to RB. 
S:R ratio remained indifferent to RB.  

RB; RGB; 
RB+FR; 
RGB+FR 

740 
150 + 

34, 40 or 100 
of FR 

Zhang et al. 
2022 

Lettuce 
cultivars 

¢ƘƻǳƎƘ ƭƛƎƘǘ ƛƴǘŜǊŎŜǇǘƛƻƴǎ ƛƴŎǊŜŀǎŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ CwΣ ʊPSII and Pn 
remained indifferent.  
At 7 DAT, PHeight was found to be increased with increasing FR in all 
three cultivars. 
At 16 DAT, chl content index was found to be decreased with 
increasing FR in all three cultivars; TAC was found to be decreased 
ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ Cw ƛƴ ǊŜŘ ƭŜŀŦ ƭŜǘǘǳŎŜ ŎǾΦ Ψ/ƘŜǊƻƪŜŜΩΦ 
At 20 DAT, LLength was found to be increased with increasing FR in all 
three cultivars, DWShoot was found to be increased with increasing FR 
ƛƴ ŎǾΦ Ψ[ƛǘǘƭŜ DŜƳΩ ŀƴŘ Ψ/ƘŜǊƻƪŜŜΩΦ 
At 21 DAT, LA was found to be increased with increasing FR in cv. 
Ψ[ƛǘǘƭŜ DŜƳΩ ŀƴŘ Ψ/ƘŜǊƻƪŜŜΩΦ 
At 35 DAT, LA was found to be increased with increasing FR in cv. 
ΨDǊŜŜƴ {ŀƭŀŘōƻǿƭΩΣ {ǘŜƳLength was found to be increased with 
ƛƴŎǊŜŀǎƛƴƎ Cw ƛƴ ŎǾΦ ΨDǊŜŜƴ {ŀƭŀŘōƻǿƭΩ ŀƴŘ Ψ/ƘŜǊƻƪŜŜΩΣ 5²Shoot was 
ŦƻǳƴŘ ǘƻ ōŜ ƛƴŎǊŜŀǎŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ Cw ƛƴ ŎǾΦ Ψ/ƘŜǊƻƪŜŜΩ ŀƴŘ Ψ[ƛǘǘƭŜ 
DŜƳΩΦ  

W+FR 730 
204 + 

5-76 of FR 

Liu & van 
Iersel 
2022 

Bell pepper 
cultivars 

FR-EOD increased InternodeLength, PHeight, LA, SLA, decreased LNo and 
chl contents, however, did not affect FruitNo, FWFruit. 

W; 
W+B-EOD; 

734 
DLIs 

remained 
constant 

Lanoue et al. 
2022 

 
7 The reader may also be referred to the following review articles: Landi et al. (2020), Viczián et al. (2017), Demotes-Mainard et al. (2016), Frankhauser & 
Batschauer (2016), Pierik & de Wit (2014), Ruberti et al. (2012) and Franklin (2008) and the study by Carvalho et al. (2016) cited in Table 10. 
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With increasing R:FR ratio, FLeaf decreased, Ftem and InternodeLength 
increased. 

W+B&FR-
EOD; 

W+FR-
EOD 

Lettuce 

With increasing FR under a constant background of W, LLength, LWidth, 
LA, canopy size and DWTotal increased linearly.  
Increasing FR was more effective than increasing PAR at increasing 
incident light and biomass. 

W+FR 
735;  
733 

207 +  
4-28 of FR; 
111-245  

+ 5-33 of FR  

Legendre & 
van Iersel 

2021 

Lettuce 

FR increased FWLeaf, DWLeaf, DWTotal, LA, RUE, LUE, LUEint, however, SLA 
and Pn remained indifferent. 
Effects were plant density-dependent with FR effects stronger at low 
plant density compared to moderate and high plant densities.  

RB;  
RB+FR 

740 
219  

± 52 of FR 
Jin et al. 

2021 

Lettuce 

FR increased canopy photon capture5, daily carbon gain6 and biomass 
in both treatments. 
Canopy quantum yields7 and CUE8 indifferent between treatments.  
Photosynthesis increased linearly with increasing photon capture and 
enhanced in FR-treated lettuces through increased LA.   

RB; W 730 
350 incl. 

± 50 of FR 

Zhen & 
Bugbee 
2020 

14 horticultural 
crops species4 

Adding FR (up to 40 %) in a background of PAR increased canopy 
photosynthesis equal to adding PAR in all species. 
Effect decreases with increasing FR wavelength. 

FR +  
SUN; 
RB; W 

711; 
732; 
735; 
746 

525; 400 + 
40-140 of FR; 
510 + 50 of 

FR 

Zhen & 
Bugbee 
2020a 

Tomato 

FR increased individual and total DWFruit, fruit sugar (fructose & 
glucose) concentration, accelerated fruit ripening time, upregulated 
expression of genes associated with sugar transportation and 
metabolism, however, 
FruitNo, DWTotal, SeedNo, flowering time, sucrose concentration 
remained indifferent. 

RB; 
RB+FR 

735 
150  

± 50 of FR 
Ji et al. 
2020 

Lettuce 

RB+FR increased FWTotal, DWTotal, LA, SLA, canopy size, chl a:b ratio, 
SugarSol content, PNUEmax, Pmax/chl, RUE more than RB+FR-EOD 
compared to RB. 
S:R ratio increased under FR-EOD, however, S:R ratio remained 
indifferent between RB and RB+FR. 
Nitrate content, NPQ increased and Pmax decreased under RB+FR, 
however, remained indifferent between RB and RB+FR-EOD. 

RB; 
RB+FR;  
RB+FR-
EOD 

740 

200; 
+ 50 of FR; 
+ 50 of FR-

EOD 

Zou et al. 
2019 



/I!t¢9w м DŜƴŜǊŀƭ LƴǘǊƻŘǳŎǝƻƴ 
 

тн 
 

RB+FR decreased chl, car and N content, Pn, gS more than RB+FR-EOD 
compared to RB. 
ʊPSII, qP, Rd, h Σ Cv/Fm indifferent between treatments.  

Tomato 
cultivars 

RB+FR increased SugarSol (glucoce, fructose, sucrose) in tomato fruits 
and decreased fruit water content compared to RB, however, malic 
acid contents remained indifferent. 
First, FWFruit was higher under RB, at fruit maturity higher under 
RB+FR. 
First, starch and citric acid content were higher under RB+FR, at fruit 
maturity higher under RB.  
Dilution by soluble and storage compounds indifferent in mature 
tomato fruits under RB and RB+FR. 
RB+RB increased FWFruit in both cultivars compared to HPS+RB, 
increased citric acid content in one cultivar, however, metabolism of 
other fruit biochemical compounds (glucose, fructose, sucrose, starch 
and malic acid) remained indifferent in both cultivars under both 
treatments.  

SUN + 
HPS+RB; 
RB+RB; 

RB; 
RB+FR 

739 

125 + 106; 
106 + 110; 

200; 
200 + 40 of 

FR 

Fanwoua et 
al. 

2019 

Seedlings of 
lettuce 
cultivars and 
basil 

FR increased LLength, FWShoot, DWShoot of all crops (more pronounced 
under high than low B:R ratio). 
FR increased DWRoot in basil and one lettuce cultivar. 
HypoLength and LNo remained indifferent in all treatments. 
FR decreased chl content in lettuce, but not in basil. 
TAC increased with increasing B:R ratio but decreased under FR in red 
leaf lettuce. 

R; B; RBs 
± FR 

732 

R180; B180; 
B30R150; 
B90R90 

± 30 of FR 

Meng & 
Runkle 
2019a 

Lettuce 
cultivars 

Increasing FR increased FWShoot, DWShoot, LLength, HypoLength, however, 
reduced chl content (more under high than low PPFD) under both 
light intensity treatments. 
Increasing FR increased LWidth and LNo only in one cultivar. 
DWShoot, chl and TAC increased with PPFD. 

RB; 
RB+FR 

732 

B90R90; 
B180R180; 

± 30 or 75 of 
FR. 

Meng & 
Runkle 
2019a 

Tomato 

FR increased individual and total DWFruit, FFruit, FStem, flower 
appearance rate and LNo (more pronounced with increasing FR), 
however, decreased FLeaves.  
DWTotal, LA, Pn, FRoot remained indifferent. 
FR reduced resistance against Botrytis cinerea. 

Sun + 
RB; 
W; 

± FR 

735 
150 ±  

30 or 50 of 
FR 

Ji et al. 
2019 
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Tomato 

With increasing FR, LA, DWTotal, FruitNo, individual and total FWFruit, 
petiole angle increased, flowering and fruit ripening accelerated, 
however, leaf absorbance, chl a, chl b, chl a:b ratio, car, gS decreased.  
FRoot and Pn remained indifferent between all treatments. 
FR-EOD resulted in similar results observed under RB+FR treatments, 
however, PHeight was increased, flowering was delayed, individual and 
total FWFruit was reduced. 

Sun + 
RB; 

RB+FR; 
RB+FR-
EOD 

 

730 

150 +  
0, 54, 119 or 
154 of FR; 

17 of FR-EOD 

Kalaitzoglou 
et al. 
2019 

Lettuce and 
Kale 

Substituting FR for B triggers shade avoidance responses. 
Substitution increased LLength, LA, FWShoot in both crops and PetLength in 
kale, however, decreased chl (less than G substituting B), TAC and 
AssimilationNet in both crops.  
(Most parameters were more strongly or equally affected by FR 
substituting B than G substituting B (Table 6).) 

R + 
B, G, FR 

733 
180 incl.  

0, 20, 40, 60 
of FR 

Meng et al. 
2019 

Tomato 

All overhead FR treatments increased InternodeLength, StemLength, LA, 
LLength:LWidth ratio, FWTotal, DWTotal, FWFruit, DWFruit compared to RB 
alone.  
With increasing FR, SugarSol (glucose, fructose) content decreased in 
ripe tomato fruits.  
FR-EOD increased LA more than the long FR treatment during the day. 
DWLeaf, DWStem were increased under 12h FR and 1.5h FR-OED 
treatments, however, not under 0.5 h FR-EOD treatment compared to 
RB-ICL alone.  
Dry matter partitioning remained indifferent between all treatments.  

Sun+RB-
ICL 

+ FR (12 
h); 

+ FRs-EOD 

735 
144  

+ 43 of FR or 
of FRs-EOD 

Zhang et al. 
2019 

Tomato 

FR increased FWFruit, DWFruit, DWLeaf, LThick, FFruit, F:S ratio and 
accelerated flowering and fruiting, decreased LA, chl content, FLeaves, 
FStem, LWC. 
StemLength, LNo, S:R ratio, FWRoot, Pn, gS, remained indifferent between 
all treatments. 
FruitNo, FWFruit increased under LED and HPS treatments compared to 
control; FFruit, F:L ratio increased under LEDs compared to control.  
While LEDs increased FWTotal, individual and total FWFruit and DWFruit 

DWTotal, DWLeaf, LThick, FFruit, F:S ratio compared to HPS, HPS increased 
NodeNo compared to LEDs. 

Sun + 
HPS; 

LED-ICL: 
RB; R; 
R+FRs 

770 230 
Kim et al. 

2019 
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Lettuce 

FR light preferentially excited PSI; RB excites PSII.  
ʊPSII increased with increasing FR wavelengths from 678 to 703 nm; 
ǎƛƳƛƭŀǊ ʊPSII between 703 and 721 ƴƳΤ ʊPSII tended to decrease from 
721 to 731 nm.  
Adding 752 ƴƳ ŘƛŘ ƴƻǘ ŀŦŦŜŎǘ ʊPSII.   

SUN; 
RB+FR 

678-
752 

202 
Zhen et al. 

2018 

Coreopsis, 
Pansy and 
Petunia 

FR increased/tended to increase StemLength, stem caliper, DWShoot, LA, 
time to flower in all three ornamentals (more than G). 
FR did not affect sturdiness. 
FR increased DWRoot and quality index only in coreopsis, decreased 
NodeNo only in petunia, decreased select macro- and micronutrients 
in coreopsis and pansy.   
Stem caliper, DWRoot, DWShoot, sturdiness, quality index of seedlings 
generally increased and StemLength, macro- and micronutrient 
concentrations generally decreased with increasing intensity, 
regardless of light quality. 
NodeNo remained indifferent between different light intensities. 
LA decreased in petunia, remained indifferent in coreopsis and 
increased in pansy with increasing intensity.  
Time to flower decreased in coreopsis and pansy, however, remained 
indifferent in petunia with increasing light intensity. 

RB; 
RB+FR; 
RB+G 

740 

105, 210, 315  
incl. 7 % of 

FR 
or 18 % of G 

Craver et al. 
2018 

Geranium, 
Petunia and 
Coleus 

With decreasing R:FR ratio, StemLength increased in all species; LA, 
DWShoot increased in two ornamentals. 
LNo, DWLeaf, S:R ratio, AssimilationNet, Pn remained indifferent 
between light quality treatments in all species. 
FR promoted flowering, especially under low light intensity, and 
decreased chl concentration only in petunia. 
Under low light intensity, DWRoot decreased with decreasing R:FR ratio 
only in geranium.  
With increasing intensity, AssimilationNet and Pn increased.  

RB ± FR 
with 1:0, 
2:1 and 
1:1 R:FR 

ratio 

731 

B32 + 96 or 
288 of R+FR 
(R64; R64FR32; 

R64FR64; 
R256FR128; 
R256FR256) 

Park & 
Runkle 
2018b 

Geranium, 
Petunia, 
Snapdragon, 
and Impatiens 

With increasing additions of FR, AssimilationNet increased linearly in 
geranium, snapdragon and impatiens, however, remained indifferent 
in petunia. 
With decreasing R:FR ratio, PHeight increased linearly in all species; LA 
increased linearly in geranium and snapdragon, chl content decreased 

RB ± FR 
with 1:0, 
3:1, 1:1, 
8:1, 4:1 

731 

B32 + R+FR 
(R128; 

R128FR16; 
R128FR32; 
R128FR64; 

Park & 
Runkle 
2017 
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linearly in geranium, petunia and snapdragon, however, LA remained 
indifferent in petunia and impatiens, chl content remained indifferent 
in impatiens, DWShoot remained indifferent in geranium and 
snapdragon.   
Inclusion of FR accelerated flowering in snapdragon, however, 
remained indifferent in geranium, petunia and impatiens.   

and 2:1 of  
R:FR ratio 

R96FR32; 

R64FR64) 

Lettuce 

FR addition immediately ƛƴŎǊŜŀǎŜŘ ʊPSII which increased further with 
increasing duration of FR radiation. 
ʊPSII and Pn increased and NPQ decreased with increasing amounts of 
FR (ranging from 0-90 µmol m-2 s-1) under a constant background of 
RB or W with PPFD of 200 µmol m-2 s-1.  
IƻǿŜǾŜǊΣ ʊPSII decreased and NPQ increased with increasing PPFDs.  

RB; W 
+ FRs 

735 0-800 
Zhen & van 

Iersel 
2017 

м 5ŜǎŎǊƛǇǝƻƴǎ ƻŦ ŀōōǊŜǾƛŀǝƻƴǎ ŀǊŜ ƭƛǎǘŜŘ ƛƴ ŀƭǇƘŀōŜǝŎŀƭ ƻǊŘŜǊΥ  hҐ ƭŜŀŦ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŜŶŎƛŜƴŎȅ όҡƳƻƭ ҡƳƻƭπм ǇƘƻǘƻƴǎύΣ !ǎǎƛƳƛƭŀǝƻƴbŜǘ Ґ ƴŜǘ ŀǎǎƛƳƛƭŀǝƻƴ Ґ ŘǊȅ 
Ƴŀǎǎ ǇŜǊ ǳƴƛǘ ƭŜŀŦ ŀǊŜŀ όƎ ƳπнύΣ . Ґ ōƭǳŜ ƭƛƎƘǘ όпллπрлл ƴƳύΣ ŎŀǊ Ґ ŎŀǊƻǘŜƴƻƛŘ ŎƻƴǘŜƴǘ όƳƎ ƳπнύΣ ŎƘƭ Ґ ŎƘƭƻǊƻǇƘȅƭƭ ŎƻƴǘŜƴǘ όƳƎ ƳπнύΣ ŎǾ Ґ ŎǳƭǝǾŀǊΣ 5!¢ Ґ Řŀȅǎ ŀƊŜǊ 
ǘǊŀƴǎǇƭŀƴǘΣ 5[L Ґ Řŀƛƭȅ ƭƛƎƘǘ ƛƴǘŜƎǊŀƭ όƳƻƭ Ƴπн ŘπмύΣ 5²CǊǳƛǘ Ґ ŦǊǳƛǘ ŘǊȅ ǿŜƛƎƘǘΣ 5²[ŜŀŦ Ґ ƭŜŀŦ ŘǊȅ ǿŜƛƎƘǘΣ 5²wƻƻǘ Ґ Ǌƻƻǘ ŘǊȅ ǿŜƛƎƘǘΣ 5²{Ƙƻƻǘ Ґ ǎƘƻƻǘ ŘǊȅ ǿŜƛƎƘǘΣ 5²{ǘŜƳ 
Ґ ǎǘŜƳ ŘǊȅ ǿŜƛƎƘǘΣ 5²¢ƻǘŀƭ Ґ ǘƻǘŀƭ ŘǊȅ ǿŜƛƎƘǘΣ 9h5 Ґ ŜƴŘπƻŦπŘŀȅ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ό/ƘŜƴ Ŝǘ ŀƭΦΣ нлннΥ ол ƳƛƴǳǘŜǎΤ [ŀƴƻǳŜ Ŝǘ ŀƭΦΣ нлннΥ у ƘƻǳǊǎΤ YŀƭŀƛǘȊƻƎƭƻǳ Ŝǘ ŀƭΣ 
нлмфΥ мр ƳƛƴǳǘŜǎΤ ½ƻǳ Ŝǘ ŀƭΦΣ нлмфΥ сл ƳƛƴǳǘŜǎΤ ½ƘŀƴƎ Ŝǘ ŀƭΦΣ нлмфΥ флΣ ол ƳƛƴǳǘŜǎύΣ CCǊǳƛǘ Ґ ŘǊȅ Ƴŀǎǎ ǇŀǊǝǝƻƴƛƴƎ ǘƻ ŦǊǳƛǘǎΣ CΥ[ Ґ ŦǊǳƛǘπǘƻπƭŜŀŦ Ǌŀǝƻ όǿκǿύΣ C[ŜŀǾŜǎ Ґ 
ŘǊȅ Ƴŀǎǎ ǇŀǊǝǝƻƴƛƴƎ ǘƻ ƭŜŀǾŜǎΣ Cw Ґ CŀǊ ǊŜŘ όтллπулл ƴƳύΣ Cwƻƻǘ Ґ ŘǊȅ Ƴŀǎǎ ǇŀǊǝǝƻƴƛƴƎ ǘƻ ǊƻƻǘǎΣ CǊǳƛǘbƻ Ґ ƴǳƳōŜǊ ƻŦ ŦǊǳƛǘǎΣ CΥ{ Ґ ŦǊǳƛǘπǘƻπǎǘŜƳ Ǌŀǝƻ όǿκǿύΣ C{ǘŜƳ Ґ 
ŘǊȅ Ƴŀǎǎ ǇŀǊǝǝƻƴƛƴƎ ǘƻ ǎǘŜƳǎΣ CǾκCƳ Ґ ƳŀȄƛƳǳƳ ǉǳŀƴǘǳƳ ŜŶŎƛŜƴŎȅ ƻŦ ǇƘƻǘƻǎȅǎǘŜƳ LLΣ C²CǊǳƛǘ Ґ ŦǊǳƛǘ ŦǊŜǎƘ ǿŜƛƎƘǘΣ C²[ŜŀŦ Ґ ƭŜŀŦ ŦǊŜǎƘ ǿŜƛƎƘǘΣ C²{Ƙƻƻǘ Ґ ǎƘƻƻǘ 
ŦǊŜǎƘ ǿŜƛƎƘǘΣ D Ґ ƎǊŜŜƴ ƭƛƎƘǘ όрллπслл ƴƳύΣ Ǝ{ Ґ ǎǘƻƳŀǘŀƭ ŎƻƴŘǳŎǘŀƴŎŜ όƳƻƭ /hн Ƴπн ǎπмύΣ IȅǇƻ[ŜƴƎǘƘ Ґ ƘȅǇƻŎƻǘȅƭ ƭŜƴƎǘƘΣ L/[ Ґ ƛƴǘǊŀπŎŀƴƻǇȅ ƭƛƎƘǝƴƎΣ [! Ґ ƭŜŀŦ ŀǊŜŀ 
όŎƳнύΣ  ˂Ґ ǿŀǾŜƭŜƴƎǘƘ ό[ŀƳōŘŀύΣ [[ŜƴƎǘƘ Ґ ƭŜŀŦ ƭŜƴƎǘƘΣ [bƻ Ґ ƴǳƳōŜǊ ƻŦ ƭŜŀǾŜǎΣ [¢ƘƛŎƪ Ґ ƭŜŀŦ ǘƘƛŎƪƴŜǎǎΣ [¦9 Ґ ƭƛƎƘǘ ǳǎŜ ŜŶŎƛŜƴŎȅ όǇƭŀƴǘ ŘǊȅ ǿŜƛƎƘǘ ǇŜǊ ǳƴƛǘ ƻŦ ƛƴŎƛŘŜƴǘ 
t!w όпллπтлл ƴƳύΣ Ǝ ƳƻƭπмύΣ [¦9ƛƴǘ Ґ ƛƴǘŜǊŎŜǇǘŜŘ ƭƛƎƘǘ ǳǎŜ ŜŶŎƛŜƴŎȅ όǇƭŀƴǘ ŘǊȅ ǿŜƛƎƘǘ ǇŜǊ ǳƴƛǘ ƻŦ ƛƴǘŜǊŎŜǇǘŜŘ t!w όпллπтлл ƴƳύΣ Ǝ ƳƻƭπмύΣ [²/ Ґ ƭŜŀŦ ǿŀǘŜǊ ŎƻƴǘŜƴǘΣ 
[²ƛŘǘƘ Ґ ƭŜŀŦ ǿƛŘǘƘΣ b Ґ ƴƛǘǊƻƎŜƴΣ bƻŘŜbƻ Ґ ƴǳƳōŜǊ ƻŦ ƴƻŘŜǎΣ btv Ґ ƴƻƴπǇƘƻǘƻŎƘŜƳƛŎŀƭ ǉǳŜƴŎƘƛƴƎΣ tŜǘ[ŜƴƎǘƘ Ґ ǇŜǝƻƭŜ ƭŜƴƎǘƘΣ tIŜƛƎƘǘ Ґ Ǉƭŀƴǘ ƘŜƛƎƘǘΣ ʊt{LL Ґ ǉǳŀƴǘǳƳ 
ȅƛŜƭŘ ŜŶŎƛŜƴŎȅ ƻŦ t{LLΣ tƳŀȄ Ґ ƳŀȄƛƳŀƭ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜ όҡƳƻƭ /hн Ƴπн ǎπмύΣ tƳŀȄκŎƘƭ Ґ ŎƘƭƻǊƻǇƘȅƭƭ ǳǎŜ ŜŶŎƛŜƴŎȅ ƻŦ ƳŀȄƛƳǳƳ ƭŜŀŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΣ tƴ Ґ 
ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜ όҡƳƻƭ /hн Ƴπн ǎπмύΣ tb¦9ƳŀȄ Ґ ƴƛǘǊƻƎŜƴ ǳǎŜ ŜŶŎƛŜƴŎȅ ƻŦ ƳŀȄƛƳǳƳ ƭŜŀŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΣ ttC5 Ґ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ όҡƳƻƭ Ƴπн 
ǎπмύΣ t{L ϧ t{LL Ґ ǇƘƻǘƻǎȅǎǘŜƳ L ϧ ǇƘƻǘƻǎȅǎǘŜƳ LLΣ t{{ Ґ ǇƘȅǘƻŎƘǊƻƳŜ ǇƘƻǘƻǎǘŀǝƻƴŀǊȅ ǎǘŀǘŜ όǘƘŜ Ǌŀǝƻ ƻŦ ǇƘȅǘƻŎƘǊƻƳŜ ƛƴ ǘƘŜ ŀŎǝǾŜ ǎǘŀǘŜ όtŦǊύ ǘƻ ǘƘŜ ǘƻǘŀƭ 
ǇƘȅǘƻŎƘǊƻƳŜ ƛƴ ǘƘŜ ŀŎǝǾŜ ŀƴŘ ƛƴŀŎǝǾŜ ǎǘŀǘŜ όtŦǊҌtǊύ ό{ŀƎŜǊ Ŝǘ ŀƭΦΣ мфууΤ ǎŜŎǝƻƴ мΦоΦнΦнΦмύΣ ǉt Ґ ǇƘƻǘƻŎƘŜƳƛŎŀƭ ǉǳŜƴŎƘƛƴƎΣ w Ґ ǊŜŘ ƭƛƎƘǘ όсллπтлл ƴƳύΣ w. Ґ ǊŜŘ 
ŀƴŘ ōƭǳŜ ƭƛƎƘǘΣ wŘ Ґ ŘŀǊƪ ǊŜǎǇƛǊŀǝƻƴ ǊŀǘŜ όҡƳƻƭ Ƴπн ǎπмύΣ wΥCw Ґ ǊŜŘπǘƻπŦŀǊπǊŜŘ ǊŀǝƻΣ wD. Ґ ǊŜŘΣ ƎǊŜŜƴ ŀƴŘ ōƭǳŜ ƭƛƎƘǘΣ w¦9 Ґ ǊŀŘƛŀǝƻƴ ǳǎŜ ŜŶŎƛŜƴŎȅ όǇƭŀƴǘ ŘǊȅ ǿŜƛƎƘǘ 
ǇŜǊ ǳƴƛǘ ƻŦ ƛƴŎƛŘŜƴǘ ǊŀŘƛŀǝƻƴΣ Ǝ ƳƻƭπмύΣ {ŜŜŘbƻ Ґ ƴǳƳōŜǊ ƻŦ ǎŜŜŘǎΣ {[! Ґ ǎǇŜŎƛŬŎ ƭŜŀŦ ŀǊŜŀ όƳн ƪƎπмύΣ {Υw Ґ {ƘƻƻǘπǘƻπǊƻƻǘ Ǌŀǝƻ όǿκǿύΣ {ǳƎŀǊ{ƻƭ Ґ ǎƻƭǳōƭŜ ǎǳƎŀǊΣ ¢!/ Ґ 
ǘƻǘŀƭ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘΣ ² Ґ ōǊƻŀŘōŀƴŘ ǿƘƛǘŜ ƭƛƎƘǘ ǿƛǘƘƛƴ t!w όǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴΤ пллπтлл ƴƳύΦ 
н tŜŀƪ ǿŀǾŜƭŜƴƎǘƘ όύ˂ ƻŦ ŀǇǇƭƛŜŘ ŦŀǊπǊŜŘ ƭƛƎƘǘΦ  
о [ƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŀǇǇƭƛŜŘ ƛƴ ƳƛŎǊƻƳƻƭŜ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ ŀƴŘ ǎŜŎƻƴŘ όҡƳƻƭ Ƴπн ǎπмύΦ 
п ¢ƘǊŜŜ ƭŜǧǳŎŜ ŎǳƭǝǾŀǊǎΣ ōŀǎƛƭΣ ǎǇƛƴŀŎƘΣ ƪŀƭŜΣ ǎƻȅōŜŀƴΣ ǘƻƳŀǘƻΣ ǇƻǘŀǘƻΣ ŎǳŎǳƳōŜǊΣ ǎǳƴƅƻǿŜǊΣ ōŜŀƴΣ ǿƘŜŀǘΣ ǊƛŎŜΣ ŎƻǊƴ ŀƴŘ ǎƻǊƎƘǳƳΦ  
р /ŀƴƻǇȅ ǇƘƻǘƻƴ ŎŀǇǘǳǊŜ Ґ ŀōǎƻǊōŜŘ ƳƻƭŜ ǇŜǊ ƳƻƭŜ ƻŦ ƛƴŎƛŘŜƴǘ ǇƘƻǘƻƴǎΦ 
с 5ŀƛƭȅ ŎŀǊōƻƴ Ǝŀƛƴ όƎ Řπмύ Ґ ƴŜǘ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ Ƴƛƴǳǎ ǊŜǎǇƛǊŀǝƻƴ ǊŀǘŜ ŀǘ ƴƛƎƘǘΦ  
т /ŀƴƻǇȅ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ Ґ /hн ŬȄŜŘ ƛƴ ƎǊƻǎǎ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ǇŜǊ ƳƻƭŜ ƻŦ ŀōǎƻǊōŜŘ ǇƘƻǘƻƴǎ ƛƴǘŜƎǊŀǘŜŘ ƻǾŜǊ плл ǘƻ трл ƴƳΦ 
у /¦9 Ґ /ŀǊōƻƴ ǳǎŜ ŜŶŎƛŜƴŎȅ Ґ Řŀƛƭȅ ŎŀǊōƻƴ Ǝŀƛƴ ǇŜǊ ƎǊƻǎǎ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΦ
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мΦр ¢ƻǿŀǊŘǎ ōǊƻŀŘπōŀƴŘǿƛŘǘƘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ǘƻ ƛƳǇǊƻǾŜ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ  

{ƛƴŎŜ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜƛǊ ǝƳŜΣ Ǉƭŀƴǘǎ ƻƴ ŜŀǊǘƘ ƘŀǾŜ ŀŘŀǇǘŜŘ ǘƻ ǘƘŜ ƴŀǘǳǊŀƭ ǎǳƴƭƛƎƘǘ ǎǇŜŎǘǊǳƳ ƛƴ ƛǘǎ 

ŜƴǝǊŜǘȅΦ tƭŀƴǘǎ ƛŘŜƴǝŦȅ ŘŀƛƭȅΣ ǎŜŀǎƻƴŀƭ ŀǎ ǿŜƭƭ ŀǎ ƭƻŎŀƭ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ {ǳƴΩǎ ǎǇŜŎǘǊŀƭ ŎƻƳǇƻǎƛǝƻƴ ǿƛǘƘ ǘƘŜƛǊ 

ŎƻƳǇƭŜȄ ǇƘƻǘƻǊŜŎŜǇǘƻǊ ƴŜǘǿƻǊƪǎ ŀƴŘ ǊŜǎǇƻƴŘ ǿƛǘƘ ƴǳƳŜǊƻǳǎ ŀŘŀǇǘŀǝƻƴ ƳŜŎƘŀƴƛǎƳǎ ƛƴ ƻǊŘŜǊ ǘƻ 

ǳƭǝƳŀǘŜƭȅ ǎŜŎǳǊŜ ǘƘŜ ǎǳǊǾƛǾŀƭ ƻŦ ǘƘŜƛǊ ǎǇŜŎƛŜǎ όCƛƻǊǳŎŎƛ ϧ CǊŀƴƪƘŀǳǎŜǊΣ нлмтύΦ   

!ǎ ȅƻǳ ǊŜŀŘ ƛƴ ǘƘŜ ƭŀǎǘ ǎŜŎǝƻƴǎΣ ǾŀǊƛƻǳǎ Ǉƭŀƴǘ ǊŜŀŎǝƻƴǎ Ŏŀƴ ōŜ ŀǎŎǊƛōŜŘ ǘƻ ŦŀƛǊƭȅ ǎǇŜŎƛŬŎ 

ǿŀǾŜƭŜƴƎǘƘ ǊŜƎƛƻƴǎΦ IƻǿŜǾŜǊΣ ǇǊƻōŀōƭȅ ŘǳŜ ǘƻ ƛƳōŀƭŀƴŎŜŘ ŀŎǝǾŀǝƻƴǎ ƻŦ ǘƘŜ ǇƭŀƴǘǎΩ ǇƘƻǘƻǎȅǎǘŜƳǎ ό½ƘŜƴ 

ϧ Ǿŀƴ LŜǊǎŜƭΣ нлмтύ ŀƴŘ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎΣ ǘƘŜ ǳǎŜ ƻŦ ƻƴƭȅ ƴŀǊǊƻǿ [95 ǿŀǾŜōŀƴŘǎ Ƙŀǎ ƻƊŜƴ ǊŜǎǳƭǘŜŘ ƛƴ 

ŀōƴƻǊƳŀƭ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘǎ όaŀǎǎŀ Ŝǘ ŀƭΦΣ нллуύ ŀƴŘ ƭƛƪŜƭȅ ƭƛƳƛǘǎ ǘƘŜ ŜȄǇƭƻƛǘŀǝƻƴ ƻŦ ǘƘŜ ǇƭŀƴǘǎΩ Ŧǳƭƭ 

ƎŜƴŜǝŎ ǇƻǘŜƴǝŀƭΦ    

¢ƘŜ Ƴŀƴȅ ōŜƴŜŬŎƛŀƭ ƭƛƎƘǘ ŜũŜŎǘǎ ƛƴŘǳŎƛōƭŜ ōȅ ƴŀǊǊƻǿ [95ǎ ŀǎ ŜȄǇƭƻǊŜŘ ƛƴ ǘƘŜ ƭŀǎǘ ǘǿƻ ŘŜŎŀŘŜǎ όŀƴŘ 

ŀŘŘǊŜǎǎŜŘ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǎŜŎǝƻƴύ ƛƴ ŎƻƳōƛƴŀǝƻƴ ǿƛǘƘ [95 ǘŜŎƘƴƻƭƻƎȅ ŀŘǾŀƴŎŜǎ Ƙŀǎ ŜƴŎƻǳǊŀƎŜŘ 

ƛƴǾŜǎǝƎŀǝƻƴǎ ƻŦ ōǊƻŀŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ƻƴ Ǉƭŀƴǘǎ ōȅ ǿƛŘŜƴƛƴƎ w ŀƴŘ . ǿŀǾŜōŀƴŘǎ ŀƴŘ ōȅ ƛƴŎƻǊǇƻǊŀǝƴƎ 

¦±Σ D ŀƴŘκƻǊ Cw [95 ǿŀǾŜƭŜƴƎǘƘǎΦ bƻǘŀōƭŜ [95 ǎǘǳŘƛŜǎ ǘƘŀǘ ƛƴǾŜǎǝƎŀǘŜŘ Ǉƭŀƴǘ ƎǊƻǿǘƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ 

ǳƴŘŜǊ ǎǳŎƘ ōǊƻŀŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ǘƘǳǎ ŦŀǊ ŀǊŜ ǎǳƳƳŀǊƛȊŜŘ ƛƴ ¢ŀōƭŜ ф ŀƴŘ ǿƛƭƭ ōŜ ǘƘŜ ǘƻǇƛŎ ƻŦ ǘƘƛǎ ǎŜŎǝƻƴΦ 

DŜƴŜǊŀƭƭȅ ǎǇŜŀƪƛƴƎΣ ōǊƻŀŘōŀƴŘ [95 ǎǇŜŎǘǊŀ όǿƘƛŎƘ ŜƳƛǘ ƭƛƎƘǘ ǿƛǘƘƛƴ ǘƘŜ ǇƘƻǘƻōƛƻƭƻƎƛŎŀƭƭȅ ŀŎǝǾŜ 

ǊŀƴƎŜ ƘŀǾŜ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ǊŜǎǳƭǘŜŘ ƛƴ ōŜǧŜǊ ŀƴŘκƻǊ ƛƴŘƛũŜǊŜƴǘ Ǉƭŀƴǘ ǇŜǊŦƻǊƳŀƴŎŜǎ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ 

ƴŀǊǊƻǿ ƳƻƴƻŎƘǊƻƳŀǝŎ ŀƴŘ ŘƛŎƘǊƻƳŀǝŎ [95 ǎȅǎǘŜƳǎ ŀƴŘ ƻǘƘŜǊ ǘǊŀŘƛǝƻƴŀƭ ƭƛƎƘǝƴƎ ǎƻǳǊŎŜǎ ǎǳŎƘ ŀǎ 

ƅǳƻǊŜǎŎŜƴǘ ŀƴŘ ƘƛƎƘπǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ ƭŀƳǇǎΦ 

Lƴ ŀ ǳƴƛǉǳŜ ǎǘǳŘȅ ōȅ Iŀƴ Ŝǘ ŀƭΦ όнлмтύΣ ǊŜǎǇƻƴǎŜǎ ƻŦ ƭŜǧǳŎŜ ǿŜǊŜ ƛƴǾŜǎǝƎŀǘŜŘ ǳƴŘŜǊ ŀ ōǊƻŀŘ ² 

[95 ǎǇŜŎǘǊǳƳ ǘƘŀǘ ŎƭƻǎŜƭȅ ǊŜǎŜƳōƭŜŘ ƛǘǎ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀōǎƻǊǇǝƻƴ ǎǇŜŎǘǊǳƳΦ Lƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ 

ƳƻƴƻŎƘǊƻƳŀǝŎ w ŀƴŘ . ǿŀǾŜƭŜƴƎǘƘǎΣ ŀƭƭ ǊŜǎǇƻƴǎŜǎ όƛƴŎƭǳŘƛƴƎ ƴǳƳōŜǊΣ ǎƛȊŜ ŀƴŘ ǿŜƛƎƘǘ ƻŦ ƭŜŀǾŜǎ ŀƴŘ ǘƘŜƛǊ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜύ ǿŜǊŜ ŜƴƘŀƴŎŜŘ ǳƴŘŜǊ ǘƘŜ ǘŀƛƭƻǊŜŘ ² ƭƛƎƘǘ ǎǇŜŎǘǊǳƳΦ ¢ƘƻǳƎƘ Ǌƻƻǘ ƭŜƴƎǘƘ ŎƻƳǇŀǊŜŘ 

ǘƻ ŀ ƳƻƴƻŎƘǊƻƳŀǝŎ w ǘǊŜŀǘƳŜƴǘ ŀǎ ǿŜƭƭ ŀǎ ǎƻƭǳōƭŜ ǎǳƎŀǊ ŀƴŘ ǇƘŜƴƻƭƛŎ ŎƻƴǘŜƴǘǎ ŎƻƳǇŀǊŜŘ ǘƻ ŀ 

ƳƻƴƻŎƘǊƻƳŀǝŎ . ǘǊŜŀǘƳŜƴǘ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ ǊŜŘǳŎŜŘ ǳƴŘŜǊ ŀ ōǊƻŀŘ ² ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ όотлπтрр ƴƳύΣ 

ōŜǎǘ ƛƴ ǾƛǘǊƻ ƳƛŎǊƻǇǊƻǇŀƎŀǝƻƴǎ ƻŦ ƭƛƭȅ ōǳƭōƭŜǘǎ ǿŜǊŜ ŦƻǳƴŘ ǳƴŘŜǊ ǘƘŜ ² ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όtŀƭƪŀ Ŝǘ ŀƭΦΣ нлноύΦ 

{ƛƳƛƭŀǊƭȅΣ ǘƘƻǳƎƘ ƅŀǾƻƴƻƭ ƛƴŘƛŎŜǎ ƻŦ ƎǊŜŜƴ ŀƴŘ ǇǳǊǇƭŜ ōŀǎƛƭΣ ƭŀƳōǎΩ ƭŜǧǳŎŜ ŀƴŘ ƎŀǊŘŜƴ ǊƻŎƪŜǘ ǿŜǊŜ ƘƛƎƘŜǎǘ 

ǳƴŘŜǊ ǎǳǇǇƭŜƳŜƴǘŀƭ ƳƻƴƻŎƘǊƻƳŀǝŎ . ƭƛƎƘǘΣ ŀƴŘ ƭŜŀǾŜǎ ƻŦ ǇǳǊǇƭŜ ōŀǎƛƭ ŀƴŘ ƎŀǊŘŜƴ ǊƻŎƪŜǘ ǿŜǊŜ ƭƻƴƎŜǊ 

ǳƴŘŜǊ ǎǳǇǇƭŜƳŜƴǘŀƭ ƳƻƴƻŎƘǊƻƳŀǝŎ w ƭƛƎƘǘ ŎƻƳǇŀǊŜŘ ǘƻ ŀ ² ǎǇŜŎǘǊǳƳ όпллπтлл ƴƳύΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ŀƭƭ 

ŦƻǳǊ ǎǇŜŎƛŜǎ ŘŜǾŜƭƻǇŜŘ ōŜǎǘ ǳƴŘŜǊ ǘƘŜ ǎǳǇǇƭŜƳŜƴǘŀƭ ² ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ƛƴ ǘŜǊƳǎ ƻŦ Ǉƭŀƴǘ ƘŜƛƎƘǘǎΣ ƭŜŀŦȅ 

ȅƛŜƭŘǎΣ ŎƘƭƻǊƻǇƘȅƭƭ ŎƻƴǘŜƴǘǎ ŀƴŘ ǘƘŜ ƻǾŜǊŀƭƭ ƴǳƳōŜǊ ƻŦ ŘŜǾŜƭƻǇŜŘ ƭŜŀǾŜǎ ƛƴ ǘƘƛǎ ƎǊŜŜƴƘƻǳǎŜ ŜȄǇŜǊƛƳŜƴǘ 

όaŀǘȅǎƛŀƪ ϧ YƻǿŀƭǎƪƛΣ нлмфύΦ !ƴŘ ƭŀǎǘ ōǳǘ ŘŜŬƴƛǘŜƭȅ ƴƻǘ ƭŜŀǎǘΣ ŀƴ ŜȄŎŜǇǝƻƴŀƭ ǎǘǳŘȅ ōȅ {ŀƴƪƘǳŀƴ Ŝǘ ŀƭΦ 
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όнлннύ ƛƴǾŜǎǝƎŀǘŜŘ ǘƘŜ ƭŜŀŦ ōƛƻƳŀǎǎ ƻŦ ǘƘŜ ƳŜŘƛŎƛƴŀƭ Ǉƭŀƴǘ !ǊǘŜƳƛǎƛŀ ŀƴƴǳŀΣ ƛǘǎ ŎƻƴǘŜƴǘǎ ƻŦ ōƛƻŀŎǝǾŜ 

ŎƻƳǇƻǳƴŘǎ ƛƴŎƭǳŘƛƴƎ ŀǊǘŜƳƛǎƛƴƛƴΣ ŀǊǘŜƳƛǎƛƴƛŎ ŀŎƛŘ ŀƴŘ ǘŜǊǇŜƴƻƛŘǎ ǳƴŘŜǊ ŀ ōǊƻŀŘ ² ǎǇŜŎǘǊǳƳ όпллπ

тлл ƴƳ ǿƛǘƘ ƭƛǧƭŜ wύ ŀǎ ǿŜƭƭ ŀǎ ǳƴŘŜǊ ƳƻƴƻŎƘǊƻƳŀǝŎ w ŀƴŘ . ƭƛƎƘǝƴƎ ƛƴ ŀ Ǉƭŀƴǘ ŦŀŎǘƻǊȅΦ ¢ƘƻǳƎƘ ǘƘŜ ƘƛƎƘŜǎǘ 

ŎƻƴǘŜƴǘ ƻŦ ŀǊǘŜƳƛǎƛƴƛŎ ŀŎƛŘ ǿŀǎ ŦƻǳƴŘ ǳƴŘŜǊ ǘƘŜ ƳƻƴƻŎƘǊƻƳŀǝŎ . ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ŀƭƭ ƻǘƘŜǊ ƛƴǾŜǎǝƎŀǘŜŘ 

ǘǊŀƛǘǎ ǿŜǊŜ ƘƛƎƘŜǎǘ ǳƴŘŜǊ ǘƘŜ ² ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ƎǊŜŀǘŜǎǘ ŀƴǝπƳŀƭŀǊƛŀƭ ŀŎǝǾƛǘȅ ŀƎŀƛƴǎǘ 

ǘƘŜ ŘǊǳƎπǊŜǎƛǎǘŀƴǘ ǇŀǊŀǎƛǘŜ tƭŀǎƳƻŘƛǳƳ ŦŀƭŎƛǇŀǊǳƳΦ Lƴ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜ ŀōƻǾŜƳŜƴǝƻƴŜŘ ǎǘǳŘƛŜǎΣ ŀ ōǊƻŀŘ ² 

ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όпллπулл ƴƳύ ǿŀǎ ƻǳǘǇŜǊŦƻǊƳŜŘ ōȅ ƳƻƴƻŎƘǊƻƳŀǝŎ w ŀƴŘ . ƛƭƭǳƳƛƴŀǝƻƴǎΥ CǊŜǎƘ ŀƴŘ ŘǊȅ 

ȅƛŜƭŘǎ ƻŦ ƭŜǧǳŎŜ ŀƴŘ ǎƻƭǳōƭŜ ǎǳƎŀǊ ŎƻƴǘŜƴǘǎ ǿŜǊŜ ƘƛƎƘŜǎǘ ǳƴŘŜǊ ƳƻƴƻŎƘǊƻƳŀǝŎ wΣ ǎƻƭǳōƭŜ ǇǊƻǘŜƛƴΣ 

ǾƛǘŀƳƛƴ / ŀƴŘ ƅŀǾƻƴƻƛŘ ŎƻƴǘŜƴǘǎ ǿŜǊŜ ƘƛƎƘŜǎǘ ǳƴŘŜǊ ƳƻƴƻŎƘǊƻƳŀǝŎ .Σ ŀƴŘ ǳƴŘŜǎƛǊŀōƭŜ ƴƛǘǊŀǘŜ ŀƴŘ 

ŀƳƳƻƴƛǳƳ ŎƻƴǘŜƴǘǎ όŘǳŜ ǘƻ ŦƻƻŘ ǎŀŦŜǘȅ ŎƻƴŎŜǊƴǎ όŜΦƎΦ tŞǊŜȊπ¦ǊǊŜǎǘŀǊŀȊǳ Ŝǘ ŀƭΦΣ нлмфύύ ǿŜǊŜ ƭƻǿŜǎǘ ǳƴŘŜǊ 

ƳƻƴƻŎƘǊƻƳŀǝŎ w ŀƴŘ .Σ ǊŜǎǇŜŎǝǾŜƭȅ ό½ƘŀƴƎ Ŝǘ ŀƭΦΣ нлмуύΦ IƻǿŜǾŜǊΣ ǘƘŜ ² ǎǇŜŎǘǊǳƳ ŀǇǇƭƛŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ 

ǿŀǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǳƴǳǎǳŀƭƭȅ ƘƛƎƘ ŦǊŀŎǝƻƴǎ ƻŦ D ŀƴŘ ¸ ǿŀǾŜƭŜƴƎǘƘΣ ǿƘƛŎƘ Ƴƻǎǘ ƭƛƪŜƭȅ ŜȄǇƭŀƛƴ ǘƘŜ ǊŜŘǳŎŜŘ 

ŀǎǎƛƳƛƭŀǝƻƴ ǊŀǘŜǎΦ  

!ǎ ǇǊŜǾƛƻǳǎƭȅ ŜȄǇƭŀƛƴŜŘ ƛƴ ǎŜŎǝƻƴ мΦпΦмΣ ŎƻƳōƛƴŀǝƻƴǎ ƻŦ w ŀƴŘ . ŀǊŜ ǿƛŘŜƭȅ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ Ƴŀƴȅ 

ƘƻǊǝŎǳƭǘǳǊŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ŘǳŜ ǘƻ ǘƘŜƛǊ ƘƛƎƘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŜŶŎƛŜƴŎƛŜǎ ŀƴŘ ǘƘŜ ŘŜǎƛǊŀōƭŜ Ǉƭŀƴǘ 

ǇŜǊŦƻǊƳŀƴŎŜǎ ǘƘŜȅ ŎŀǳǎŜΦ ¢ƘŜǊŜŦƻǊŜΣ w. ǘǊŜŀǘƳŜƴǘǎ ŀǊŜ ƻƊŜƴ ǳǎŜŘ ŀǎ ŎƻƴǘǊƻƭ ǘǊŜŀǘƳŜƴǘǎ ƛƴ ŎƻƳǇŀǊŀǝǾŜ 

ǇƘƻǘƻōƛƻƭƻƎƛŎŀƭ ǊŜǎŜŀǊŎƘ ǎǘǳŘƛŜǎ ǘƘŀǘ ŀƛƳ ŀǘ ƛƴǾŜǎǝƎŀǝƴƎ ƛƴƅǳŜƴŎŜǎ ƻŦ ǘƘŜǎŜ ƴŜǿ ōǊƻŀŘπōŀƴŘǿƛŘǘƘ [95 

ƭƛƎƘǘ ǎǇŜŎǘǊŀ ƻƴ Ǉƭŀƴǘ ǇŜǊŦƻǊƳŀƴŎŜǎΥ  

!ǎ ƳŜƴǝƻƴŜŘ ŀōƻǾŜΣ ǘƘŜ ōŜǎǘ ƛƴ ǾƛǘǊƻ ƳƛŎǊƻǇǊƻǇŀƎŀǝƻƴ ƻŦ ƭƛƭȅ ōǳƭōƭŜǘǎ ǿŀǎ ŦƻǳƴŘ ǳƴŘŜǊ ² ŀƴŘ 

ǘƘŀǘ ƛƴŎƭǳŘŜŘ ŀ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ŀƴ w. ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ ŀ Ǌŀǝƻ ƻŦ тΥоΣ ǿƘƛŎƘ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 

ƭŜǎǎ ƭŜŀǾŜǎ ǇŜǊ ƭƛƭȅ ōǳƭōƭŜǘ ŎƻƳǇŀǊŜŘ ǘƻ ² όtŀƭƪŀ Ŝǘ ŀƭΦΣ нлноύΦ ¢ƘƻǳƎƘ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜ ŀƴŘ ǊŀŘƛŀǝƻƴ 

ǳǎŜ ŜŶŎƛŜƴŎȅ ǿŜǊŜ ōƻǘƘ ŦƻǳƴŘ ǘƻ ōŜ ƘƛƎƘŜǊ ǳƴŘŜǊ ŀƴ w. ǘǊŜŀǘƳŜƴǘ όǊŀǝƻ фΥмύΣ ƭŜŀŦ ŘŜǾŜƭƻǇƳŜƴǘǎΣ 

ƳƻǊǇƘƻƭƻƎƛŜǎ ŀƴŘ ȅƛŜƭŘǎ ǊŜƳŀƛƴŜŘ ƛƴŘƛũŜǊŜƴǘ ōŜǘǿŜŜƴ ŀ ōǊƻŀŘ ² όпллπулл ƴƳύ ŀƴŘ ǘǿƻ ƴŀǊǊƻǿ w. 

ǘǊŜŀǘƳŜƴǘǎ όфΥм ŀƴŘ оΥмύ ŀƊŜǊ ф ǘƻ мл Řŀȅǎ ƻŦ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜ ƛƴ ǘƻƳŀǘƻ Ǉƭŀƴǘǎ όYŜ Ŝǘ ŀƭΦΣ нлннύΦ ¢ƘŜ ǎŀƳŜ 

ǎǘǳŘȅ ƻōǎŜǊǾŜŘ ƛƴŎǊŜŀǎŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ŎƻƴǘŜƴǘǎ ǳƴŘŜǊ ² ŎƻƳǇŀǊŜŘ ǘƻ ōƻǘƘ w. ǘǊŜŀǘƳŜƴǘǎΦ IƻǿŜǾŜǊΣ 

ǿƘŜǘƘŜǊ ǘƘŜǎŜ ŬƴŘƛƴƎǎ ǿƻǳƭŘ ƘƻƭŘ ǘǊǳŜ ŀƊŜǊ ƭƻƴƎŜǊ ŜȄǇƻǎǳǊŜ ǝƳŜǎ ǊŜƳŀƛƴǎ ǉǳŜǎǝƻƴŀōƭŜΦ aƻǊŜ 

ƛƴŦƻǊƳŀǝǾŜ ƛǎ ǘƘŜ ǎǘǳŘȅ ŦǊƻƳ Wƛ Ŝǘ ŀƭΦ όнлмфύ ƻƴ ǘƻƳŀǘƻ Ǉƭŀƴǘǎ ŀƴŘ ŦǊǳƛǘǎΦ Lƴ ǎƛƳƛƭŀǊƛǘȅ ǘƻ YŜ Ŝǘ ŀƭΦ όнлннύΣ 

ǘƘŜ ǊŜǎŜŀǊŎƘ ǘŜŀƳ ŦƻǳƴŘ ƴƻ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ōǊƻŀŘ ² όпллπтллκтул ƴƳύ ŀƴŘ w. ǎǇŜŎǘǊŀ όǊŜƎŀǊŘƭŜǎǎ 

ƻŦ ƛƴπ ƻǊ ŜȄŎƭǳǎƛƻƴ ƻŦ Cwύ ƛƴ ǘŜǊƳǎ ƻŦ ŘǊȅ Ƴŀǎǎ ǇŀǊǝǝƻƴǎ ǘƻǿŀǊŘǎ ǘƻƳŀǘƻ ŦǊǳƛǘǎΣ ǎǘŜƳǎ ŀƴŘ ǊƻƻǘǎΣ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇŀǊŀƳŜǘŜǊǎ ƴƻǊ ƛƴ ǘŜǊƳǎ ƻŦ .ƻǘǊȅǝǎ ŎƛƴŜǊŜŀ ƛƴŦŜŎǝƻƴ ƭŜǾŜƭǎΦ IƻǿŜǾŜǊΣ ǘƻƳŀǘƻ ŦǊǳƛǘ ȅƛŜƭŘǎ 

ǿŜǊŜ ƛƴŎǊŜŀǎŜŘ ǳƴŘŜǊ ²ҌCw ŎƻƳǇŀǊŜŘ ǘƻ w.ҌCwΣ ŀƴŘ ƭŜŀŦ ǇŀǊǝǝƻƴƛƴƎ ǿŀǎ ŘŜŎǊŜŀǎŜŘ ǳƴŘŜǊ ² ŎƻƳǇŀǊŜŘ 

ǘƻ w.Φ bƻǘŜǿƻǊǘƘȅ ŀǊŜ ǘƘŜ ŬƴŘƛƴƎǎ ŦǊƻƳ ½ƘŜƴ ϧ Ǿŀƴ LŜǊǎŜƭ όнлмтύΣ ǿƘƻ ς ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ŀǇǇƭƛŜŘ ƭƛƎƘǘ 
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ƛƴǘŜƴǎƛǘȅ ƻǊ Cw ǘǊŜŀǘƳŜƴǘǎ π ǇŜǊǎƛǎǘŜƴǘƭȅ ŘŜǘŜŎǘŜŘ ƘƛƎƘŜǊ ǉǳŀƴǘǳƳ ȅƛŜƭŘ ŜŶŎƛŜƴŎƛŜǎ ƻŦ t{LL ŀƴŘ ƘƛƎƘŜǊ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜǎ ŀǎ ǿŜƭƭ ŀǎ Ŏƻƴǝƴǳŀƭƭȅ ƭƻǿŜǊ ƴƻƴπǇƘƻǘƻŎƘŜƳƛŎŀƭ ǉǳŜƴŎƘƛƴƎ ƛƴ ƭŜǧǳŎŜ ǳƴŘŜǊ ŀ ōǊƻŀŘ 

² ǎǇŜŎǘǊǳƳ ŎƻƳǇŀǊŜŘ ǘƻ ŀ ƴŀǊǊƻǿ w. ǎǇŜŎǘǊǳƳΦ [ƛƪŜǿƛǎŜΣ [ŜƻƴŀǊŘƻ Ŝǘ ŀƭΦ όнлмфύ ŎƻƴǎƛǎǘŜƴǘƭȅ ƳŜŀǎǳǊŜŘ 

ƛƳǇǊƻǾŜŘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀŎǝǾƛǝŜǎ ǳƴŘŜǊ ǘǿƻ ŘƛũŜǊŜƴǘ ² [95 ǎǇŜŎǘǊŀ όпллπтлл ƴƳ ǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ 

ŜƭŜǾŀǘŜŘ wύ ŎƻƳǇŀǊŜŘ ǘƻ ŀƴ w. ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ ŜƭŜǾŀǘŜŘ w ƛƴ ŎƘǊȅǎŀƴǘƘŜƳǳƳΦ tŀǊƪ ϧ wǳƴƪƭŜ όнлмуŀύ 

ŘŜǘŜŎǘŜŘ ǾŜǊȅ ŎƻƳǇŀǊŀōƭŜ ƎǊƻǿǘƘ ŀǧǊƛōǳǘŜǎ ƛƴ ōŜƎƻƴƛŀΣ ƎŜǊŀƴƛǳƳ ŀƴŘ ǎƴŀǇŘǊŀƎƻƴ ǎŜŜŘƭƛƴƎǎ ǳƴŘŜǊ ŦƻǳǊ 

² ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ŦǊŀŎǝƻƴǎ ƻŦ w ŀƴŘ ŀƴ w. ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ ŜƭŜǾŀǘŜŘ wΦ tŜǘǳƴƛŀ 

ǎŜŜŘƭƛƴƎǎ ǎǘƻƻŘ ƻǳǘ ƛƴ ǘƘŜƛǊ ǎǘǳŘȅ ŘǳŜ ǘƻ ǘƘŜ ŘŜŎǊŜŀǎƛƴƎ ƴǳƳōŜǊ ƻŦ ƅƻǿŜǊ ōǳŘǎ ŀƴŘ ǘƘŜ ŘŜŎǊŜŀǎƛƴƎ 

ƘȅǇƻŎƻǘȅƭ ƭŜƴƎǘƘ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ w ŦǊŀŎǝƻƴǎ ƛƴ ǘƘŜ ² ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎΣ ǿƘƛŎƘ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ǎŜƴǎƛǝǾƛǘȅ 

ǘƻ ǎǇŜŎǘǊŀƭ ƭƛƎƘǘ ŎƘŀƴƎŜǎ ŘƻŜǎ ǾŀǊȅ ōŜǘǿŜŜƴ ǎǇŜŎƛŜǎΦ LƳǇƻǊǘŀƴǘƭȅ ǘƘƻǳƎƘΣ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ 

ŜŶŎŀŎȅ ǿŀǎ ōŜǎǘ ǳƴŘŜǊ w. ŎƻƳǇŀǊŜŘ ǘƻ ŀƭƭ ōǊƻŀŘ ² ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎΦ !ƴŘ ŀƎŀƛƴΣ ǘƘƻǳƎƘ ƭŜŀŦ ŀǊŜŀǎ ƻŦ 

ƭŜƳƻƴ ōŀƭƳ ǿŜǊŜ ƎǊŜŀǘŜǊ ǳƴŘŜǊ ŀƴ w. ǘǊŜŀǘƳŜƴǘ όмΦсΥм ǊŀǝƻΤ . ǇŜŀƪ  ˂пор ƴƳύ ŎƻƳǇŀǊŜŘ ǘƻ ŀ ōǊƻŀŘ ² 

ǎǇŜŎǘǊǳƳ όотлπтул ƴƳύΣ ŀƴŘ ǘƘƻǳƎƘ ƳŀȄƛƳǳƳ ǉǳŀƴǘǳƳ ŜŶŎƛŜƴŎȅ ƻŦ t{LL ǿŜǊŜ ƎǊŜŀǘŜǊ ǳƴŘŜǊ ŀƭƭ w. 

ǘǊŜŀǘƳŜƴǘǎ όǿƘƛŎƘ ŘƛũŜǊŜŘ ŜƛǘƘŜǊ ƛƴ ǘƘŜƛǊ w. Ǌŀǝƻ ƻǊ ǇŜŀƪ ǿŀǾŜƭŜƴƎǘƘ ƻŦ . όпорκпрл ƴƳύύΣ ƘŜƛƎƘǘΣ ōƛƻƳŀǎǎ 

ŀƴŘ ŜǎǎŜƴǝŀƭ ƻƛƭ ŎƻƴǘŜƴǘ ƻŦ ƭŜƳƻƴ ōŀƭƳ ǿŜǊŜ ƎǊŜŀǘŜǎǘ ǳƴŘŜǊ ² ŎƻƳǇŀǊŜŘ ǘƻ ŀƭƭ ƻǘƘŜǊ w. ǘǊŜŀǘƳŜƴǘǎΣ ŀƴŘ 

ǘƘŜ ƴǳƳōŜǊ ƻŦ ƴƻŘŜǎ ŀǎ ǿŜƭƭ ŀǎ ŎƘƭƻǊƻǇƘȅƭƭ ŎƻƴǘŜƴǘǎ ǊŜƳŀƛƴŜŘ ƛƴŘƛũŜǊŜƴǘ ōŜǘǿŜŜƴ ² ŀƴŘ ŀƭƭ w. 

ǘǊŜŀǘƳŜƴǘǎ όwƛƘŀƴ Ŝǘ ŀƭΦΣ нлннύΦ !ƭǎƻΣ ¸ŀƴ Ŝǘ ŀƭΦ όнлнлύ ǿƘƻ ŎƻƳǇŀǊŜŘ ǘƘŜ ƎǊƻǿǘƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘǿƻ 

ƭŜǧǳŎŜ ŎǳƭǝǾŀǊǎ ǳƴŘŜǊ ǘǿƻ ŘƛũŜǊŜƴǘ ōǊƻŀŘ ² ƭƛƎƘǘ ǎǇŜŎǘǊŀ όпмлπтрл ƴƳ ǿƛǘƘ ŀƴŘ ǿƛǘƘƻǳǘ ŜƭŜǾŀǘŜŘ 

ŦǊŀŎǝƻƴǎ ƻŦ wύ ǿƛǘƘ ŀƴ w. ǘǊŜŀǘƳŜƴǘΣ ŘŜǘŜǊƳƛƴŜŘ ǘƘŀǘ ǘƘŜ ōǊƻŀŘ ² ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ōŜǎǘ ŦƻǊ ǘƘŜ 

ŎǳƭǝǾŀǝƻƴ ƻŦ ƎǊŜŜƴ ƭŜǧǳŎŜ ōŜŎŀǳǎŜ ŎƘƭƻǊƻǇƘȅƭƭΣ ƴƛǘǊŀǘŜ ŀƴŘ ǾƛǘŀƳƛƴ / ŎƻƴǘŜƴǘǎΣ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜǎΣ ƭŜŀŦ 

ŀƴŘ Ǌƻƻǘ ȅƛŜƭŘǎ ŀǎ ǿŜƭƭ ŀǎ ƭƛƎƘǘ ŀƴŘ ŜƴŜǊƎȅ ǳǎŜ ŜŶŎƛŜƴŎƛŜǎ ǿŜǊŜ ŜƛǘƘŜǊ ƛƳǇǊƻǾŜŘ ƻǊ ƛƴŘƛũŜǊŜƴǘ ŎƻƳǇŀǊŜŘ 

ǘƻ ǘƘŜ w. ǘǊŜŀǘƳŜƴǘΦ {ƛƳƛƭŀǊƭȅΣ ǇǳǊǇƭŜ ƭŜǧǳŎŜ ƎǊŜǿ ōŜǎǘ ǳƴŘŜǊ ǘƘŜ ōǊƻŀŘ ² ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ ŜƭŜǾŀǘŜŘ 

w ŦǊŀŎǝƻƴǎΣ ǘƘƻǳƎƘ Ǌƻƻǘ Ƴŀǎǎ ǿŀǎ ƭƻǿŜǊ ǘƘŀƴ ǳƴŘŜǊ w. ǿƛǘƘ ŜƭŜǾŀǘŜŘ w ŦǊŀŎǝƻƴǎΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ² 

ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ ƭƻǿ w ŦǊŀŎǝƻƴǎ ǿŀǎ ƴƻǘ ǎǳƛǘŀōƭŜ ŦƻǊ ǘƘŜ ŎǳƭǝǾŀǝƻƴ ƻŦ ǇǳǊǇƭŜ ƭŜǧǳŎŜ ŀǎ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜǎ 

ŀƴŘ ȅƛŜƭŘǎ ŀƭƻƴƎǎƛŘŜ ƭƛƎƘǘ ŀƴŘ ŜƴŜǊƎȅ ǳǎŜ ŜŶŎƛŜƴŎƛŜǎ ǿŜǊŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎŜŘ ŎƻƳǇŀǊŜŘ ǘƻ w.Φ 

CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŎǳƭǝǾŀǝƻƴ ƻŦ ǊŜŘ ōƻƪ ŎƘƻȅ ŀƴŘ ǊŜŘ ƭŜǧǳŎŜ Ŏŀƴ ōŜƴŜŬǘ ŦǊƻƳ ōǊƻŀŘōŀƴŘ ƭƛƎƘǝƴƎΥ aƛŎƪŜƴǎ 

Ŝǘ ŀƭΦ όнлмфύ ŎƻƳǇŀǊŜŘ ŀ ǾŀǊƛŜǘȅ ƻŦ ² [95 ǎǇŜŎǘǊŀ όпллπулл ƴƳύ ǿƛǘƘ ŀƴ ŀǊǝŬŎƛŀƭ ǎǳƴƭƛƎƘǘ ǊŜǎŜŀǊŎƘ ƳƻŘǳƭŜ 

ό!{waΤ орлπулл ƴƳύ ŀƴŘ ŀƴ w. ǘǊŜŀǘƳŜƴǘ όǊŀǝƻ оΥмύΦ Lƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ w.Σ ǘƘŜȅ ƻōǎŜǊǾŜŘ ŜƛǘƘŜǊ ƎǊŜŀǘŜǊ 

ƻǊ Ŝǉǳŀƭ ƭŜŀŦ ƭŜƴƎǘƘǎΣ ƭŜŀŦ ȅƛŜƭŘǎ ŀƴŘ ŜƭŜƳŜƴǘŀƭ ƴǳǘǊƛŜƴǘ ŎƻƴǘŜƴǘǎ ǳƴŘŜǊ ² ŀƴŘ !{wa ŀǘ ƘŀǊǾŜǎǘΦ IƻǿŜǾŜǊΣ 

ǘƘŜ ŜȄǇŀƴǎƛƻƴ ŀƴŘ ƴǳƳōŜǊ ƻŦ ƭŜŀǾŜǎΣ ǘƘŜƛǊ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ōƻƪ ŎƘƻȅΩǎ ǎƘƻƻǘ ŘƛŀƳŜǘŜǊ 

ǿŜǊŜ ƎǊŜŀǘŜǊ ǳƴŘŜǊ w.Σ ǿƘƛŎƘ Ƴŀȅ ƘŀǾŜ ǊŜǎǳƭǘŜŘ ŦǊƻƳ ǘƘŜ ŜȄŎŜǇǝƻƴŀƭƭȅ ƘƛƎƘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ƅǳŜƴŎŜ ǊŀǘŜ 

ƻŦ w ǳƴŘŜǊ w. ŎƻƳǇŀǊŜŘ ǘƻ ŀƭƭ ƻǘƘŜǊ ǘǊŜŀǘƳŜƴǘǎ ƻƴ ƻƴŜ ǎƛŘŜΣ ŀƴŘ ǘƘŜ ƭƻǿ .ΥD Ǌŀǝƻǎ ǳƴŘŜǊ !{wa ŀƴŘ ² 
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ǘǊŜŀǘƳŜƴǘǎ ƻƴ ǘƘŜ ƻǘƘŜǊΦ Lƴ ǘƘŜ ȅŜŀǊ ōŜŦƻǊŜΣ ǘƘŜ ǎŀƳŜ ǊŜǎŜŀǊŎƘ ǘŜŀƳ ŎƻƳǇŀǊŜŘ ŀ ǎƛƳƛƭŀǊ ǾŀǊƛŜǘȅ ƻŦ ² [95 

ǎǇŜŎǘǊŀ όпллπулл ƴƳύ ǿƛǘƘ ŀƴ w. ǘǊŜŀǘƳŜƴǘ όǊŀǝƻ мΦрΥмύΦ !ƴŘ ŀƎŀƛƴΣ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ w.Σ ōǊƻŀŘ ǿƘƛǘŜ 

ǘǊŜŀǘƳŜƴǘǎ ŜȄŎŜŜŘŜŘ ƻǊ ǊŜǎǳƭǘŜŘ ƛƴ ƛƴŘƛũŜǊŜƴǘ ƭŜŀŦ ƴǳƳōŜǊǎΣ ƭŜǧǳŎŜ ȅƛŜƭŘǎΣ ŎƘƭƻǊƻǇƘȅƭƭ ŀƴŘ ƳƛƴŜǊŀƭ 

ŎƻƴǘŜƴǘǎ ŎƻƳǇŀǊŜŘ ǘƻ w. ǿƛǘƘ ǘƘŜ ŜȄŎŜǇǝƻƴ ƻŦ ƭǳǘŜƛƴ ǿƘƛŎƘ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ŜƴƘŀƴŎŜŘ Ƴƻǎǘ ǳƴŘŜǊ w.Φ 

¢ƘŜ ŀōƻǾŜπƳŜƴǝƻƴŜŘ ǎǘǳŘȅ ōȅ Iŀƴ Ŝǘ ŀƭΦ όнлмтύ π ǿƘƛŎƘ ŀǇǇƭƛŜŘ ŀ ōǊƻŀŘ ² [95 ǎǇŜŎǘǊǳƳ ǘƘŀǘ ŎƭƻǎŜƭȅ 

ǊŜǎŜƳōƭŜŘ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀōǎƻǊǇǝƻƴ ǎǇŜŎǘǊǳƳ ƻŦ ƭŜǧǳŎŜ π ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ǘŀƛƭƻǊŜŘ ǎǇŜŎǘǊǳƳ ǿŀǎ ŀōƭŜ 

ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ƭŜǧǳŎŜΩǎ ƭŜŀŦ ŀǊŜŀ ŀƴŘ ȅƛŜƭŘ ƳƻǊŜ ǘƘŀƴ ǘǿƻ ŘƛũŜǊƛƴƎ w. ǘǊŜŀǘƳŜƴǘǎΣ ƛƴŎǊŜŀǎŜ ǘƘŜ ƴǳƳōŜǊ 

ƻŦ ƭŜǧǳŎŜ ƭŜŀǾŜǎ Ŝǉǳŀƭƭȅ ǘƻ ōƻǘƘ w. ǘǊŜŀǘƳŜƴǘǎ ŀƴŘ ƛƴŎǊŜŀǎŜ ǘƘŜ ǊŀǘŜ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŀƭƛƪŜ ǘƘŜ w. 

ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ ŜƭŜǾŀǘŜŘ wΦ  

IƻǿŜǾŜǊΣ ǘǿƻ ŎƻƳǇŀǊŀǝǾŜ ǎǘǳŘƛŜǎ ŦƻǳƴŘ ƴŀǊǊƻǿ w. ŎƻƳōƛƴŀǝƻƴǎ ǘƻ ōŜ ǎǳǇŜǊƛƻǊ ǘƻ ōǊƻŀŘōŀƴŘ ² 

ǎǇŜŎǘǊŀΥ !ƴ w. ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ ŀƴ ƛƴŎǊŜŀǎŜŘ ǇǊƻǇƻǊǝƻƴ ƻŦ . ǊŜǎǳƭǘŜŘ ƛƴ ōŜǧŜǊ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀŎǝǾƛǝŜǎ 

ŀƴŘ ǊŜǎǳƭǘŜŘ ƛƴ ōƛƎƎŜǊ ƭŜŀǾŜǎΣ ƘƛƎƘŜǊ ōƛƻƳŀǎǎŜǎ ŀƴŘ ŜǎǎŜƴǝŀƭ ƻƛƭ ȅƛŜƭŘǎ ƛƴ ǎǿŜŜǘ ŀƴŘ ōǳǎƘ ōŀǎƛƭǎ ŎƻƳǇŀǊŜŘ 

ǘƻ ² όпллπтул ƴƳύΦ IƻǿŜǾŜǊΣ ǘƘŜ ŀǇǇƭƛŜŘ ² ǘǊŜŀǘƳŜƴǘ ŎƻƴǎƛǎǘŜŘ ƻŦ ǾŜǊȅ ƭƻǿ ǇǊƻǇƻǊǝƻƴǎ ƻŦ w ŀƴŘ ǾŜǊȅ 

ƘƛƎƘ ǇǊƻǇƻǊǝƻƴǎ ƻŦ D ŀƴŘ ¸Φ !ƭǎƻΣ ƛƴ ǘƘŜ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ƭŜǧǳŎŜ ǎǘǳŘȅ ōȅ ½ƘŀƴƎ Ŝǘ ŀƭΦ όнлмуύΣ ŀ ōǊƻŀŘ ² 

ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όпллπулл ƴƳύ ǿŀǎ ƻǳǘǇŜǊŦƻǊƳŜŘ ōȅ w. ǘǊŜŀǘƳŜƴǘǎ όǊŀǝƻǎ фΥм ŀƴŘ пΥмύ ƛƴ ǘŜǊƳǎ ƻŦ ōƛƻƳŀǎǎ 

ŀŎŎǳƳǳƭŀǝƻƴ ŀƴŘ ƴǳǘǊƛǝƻƴŀƭ ŎƻƴǘŜƴǘǎΣ ōǳǘ ŀƎŀƛƴΣ ǘƘŜ ŀǇǇƭƛŜŘ ² ǎǇŜŎǘǊǳƳ ǿŀǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ 

ǳƴǊŜŀǎƻƴŀōƭȅ ƘƛƎƘ ǇǊƻǇƻǊǝƻƴǎ ƻŦ D ŀƴŘ ¸Φ  

.ŜǎƛŘŜǎ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǿƘƛǘŜ ƭƛƎƘǝƴƎ ŎƻƴŘƛǝƻƴǎ ǘǊŜƳŜƴŘƻǳǎƭȅ ƛƳǇǊƻǾŜ Ǿƛǎǳŀƭ ǉǳŀƭƛǘȅ ŀǎǎŜǎǎƳŜƴǘǎ 

ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ƎǊƻǿŜǊǎΩ ƭƛƎƘǘ ŜƴǾƛǊƻƴƳŜƴǘ όŜΦƎΦΣ YŜ Ŝǘ ŀƭΦΣ нлннΤ ¸ŀƴ Ŝǘ ŀƭΦΣ нлмфΤ tŀǊƪ ϧ wǳƴƪƭŜΣ нлмуύΣ ǘƘŜ 

ǊŜǾƛŜǿŜŘ Řŀǘŀ ŎƭŜŀǊƭȅ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ōǊƻŀŘπōŀƴŘǿƛŘǘƘ [95 ƭƛƎƘǝƴƎǎ ǿƛǘƘ ŜƳƛǎǎƛƻƴǎ ǿƛǘƘƛƴ ǘƘŜ 

ǇƘƻǘƻōƛƻƭƻƎƛŎŀƭƭȅ ŀŎǝǾŜ ǊŀƴƎŜ ŀǊŜ ŀōƭŜ ǘƻ ƛƳǇǊƻǾŜ Ǉƭŀƴǘ ǇŜǊŦƻǊƳŀƴŎŜǎΦ ¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǊŜŎŜƴǘ ŬƴŘƛƴƎǎ 

ŀƎǊŜŜ ǿƛǘƘ ¢ŜƎŀǎƘƛƳŀ Ŝǘ ŀƭΦ όнллфύΣ IƻƎŜǿƻƴƛƴƎ Ŝǘ ŀƭΦ όнлмнύ ŀƴŘ ½ƘŜƴ ϧ Ǿŀƴ LŜǊǎŜƭ όнлмтύΣ ǿƘƻ ŀƭƭ 

ŘŜƳƻƴǎǘǊŀǘŜŘ ƛƴŎǊŜŀǎŜŘ ǉǳŀƴǘǳƳ ȅƛŜƭŘǎ ǳƴŘŜǊ ǿƛŘŜƴŜŘ ƭƛƎƘǘ ǎǇŜŎǘǊŀΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘŜ ǎǇŜŎƛŬŎ 

ǿŀǾŜƭŜƴƎǘƘ ŎƻƳǇƻǎƛǝƻƴǎ ƻŦ ǘƘŜ ǘŜǎǘŜŘ ² ƭƛƎƘǘ ǎǇŜŎǘǊŀ ǾŀǊƛŜŘ ǘǊŜƳŜƴŘƻǳǎƭȅ ƛƴ ǘƘŜ ŀōƻǾŜƳŜƴǝƻƴŜŘ 

ǎǘǳŘƛŜǎΦ ¢ƘŜ ŘƛǾŜǊǎŜ ǎǇŜŎǘǊŀƭ ŎƻƳǇƻǎƛǝƻƴǎ ƻŦ ǿƘŀǘ ƛǎ ƭƻƻǎŜƭȅ ŘŜŬƴŜŘ ŀǎ άǿƘƛǘŜ ƭƛƎƘǘέ ǎǘǊƻƴƎƭȅ ƛƳǇŀŎǘŜŘ 

ǘƘŜ ƻǳǘŎƻƳŜǎ ŀƴŘ Ƴǳǎǘ ǊŜŎŜƛǾŜ ǎǇŜŎƛŀƭ ŀǧŜƴǝƻƴΦ  

Lƴ ŀ ōŀǎƛƭ ǎǘǳŘȅΣ ŎƻƴŘǳŎǘŜŘ ōȅ YƛǾƛƳŅŜƴǇŅ Ŝǘ ŀƭΦ όнлннύΣ ǇǊƻǇƻǊǝƻƴǎ ƻŦ ¦±π!Σ . ŀƴŘ D ƭƛƴŜŀǊƭȅ 

ŘŜŎǊŜŀǎŜŘ ǿƘƛƭŜ ǇǊƻǇƻǊǝƻƴǎ ƻŦ w ŀƴŘ Cw ƭƛƴŜŀǊƭȅ ƛƴŎǊŜŀǎŜŘ ƛƴ ǘƘǊŜŜ ŘƛũŜǊŜƴǘ ōǊƻŀŘ ² ƭƛƎƘǘ ǎǇŜŎǘǊŀΦ ¢ƘƻǳƎƘ 

Ƴŀƴȅ ǇŀǊŀƳŜǘŜǊǎ ǊŜƳŀƛƴŜŘ ǳƴŀũŜŎǘŜŘ ōȅ ǘƘŜ ŘƛũŜǊƛƴƎ ² [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀΣ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ǿŜǊŜ ƎǊŜŀǘŜǎǘ 

ǳƴŘŜǊ ǘƘŜ ǎǇŜŎǘǊǳƳ ǿƛǘƘ ŜƭŜǾŀǘŜŘ ¦±π!Σ . ŀƴŘ D ŦǊŀŎǝƻƴǎΣ ŀƴŘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƛƎƳŜƴǘ ŎƻƴǘŜƴǘǎ ǿŜǊŜ 

ƘƛƎƘŜǎǘ ǳƴŘŜǊ ǘƘŜ ƛƴǘŜǊƳŜŘƛŀǘŜ ǎǇŜŎǘǊǳƳΦ Lƴ ŀŘŘƛǝƻƴΣ ǳƴŘŜǊ ǘƘŜ ǎǇŜŎǘǊǳƳ ǿƛǘƘ ŜƭŜǾŀǘŜŘ w ŀƴŘ Cw 

ŦǊŀŎǝƻƴǎΣ ŎƻƴǘŜƴǘǎ ƻŦ ƳŀƧƻǊ ǇƘŜƴƻƭƛŎ ŀŎƛŘǎΣ ƭŜƴƎǘƘǎ ƻŦ ƛƴǘŜǊƴƻŘŜǎ ŀƴŘ ŘǊȅ ȅƛŜƭŘǎ ƻŦ ōŀǎƛƭ ǿŜǊŜ ƛƴŎǊŜŀǎŜŘΣ 
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ŀƴŘ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ŜƳƛǎǎƛƻƴ ǊŀǘŜǎ ƻŦ ƳŀƧƻǊ ǘŜǊǇŜƴƻƛŘǎ ŀƴŘ ǘƘŜ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘ ŜǳƎŜƴƻƭ ǿŜǊŜ 

ŘŜŎǊŜŀǎŜŘΦ ¸ŀƴ Ŝǘ ŀƭΦ όнлннύΣ ŦƻǳƴŘ ǘƘŜ Ƴƻǎǘ ŎƻƳǇŀŎǘ ŎǳŎǳƳōŜǊ ǎŜŜŘƭƛƴƎǎ ǿƛǘƘ ǎǳǇŜǊƛƻǊ ƳŜŎƘŀƴƛŎŀƭ 

ǇǊƻǇŜǊǝŜǎ ŦƻǊ ǘǊŀƴǎǇƻǊǘ ǿƘŜƴ ŀ ² ǎǇŜŎǘǊǳƳ ŎƻƴǎƛǎǘŜŘ ƻŦ ƭƻǿ ǇǊƻǇƻǊǝƻƴǎ ƻŦ ¦±π! ŀƴŘ ŜƭŜǾŀǘŜŘ 

ǇǊƻǇƻǊǝƻƴǎ ƻŦ .Φ ²ƘƛƭŜ ƎǊŜŜƴ ƭŜǧǳŎŜ ǊŜǎǇƻƴŘŜŘ ƛƴǎŜƴǎƛǝǾŜ ǘƻ ǘǿƻ ŘƛũŜǊŜƴǘ ² [95 ǎǇŜŎǘǊŀ ǿƘƛŎƘ Ƴŀƛƴƭȅ 

ŘƛũŜǊŜŘ ƛƴ ǘƘŜƛǊ ǇǊƻǇƻǊǝƻƴǎ ƻŦ D ŀƴŘ wΣ ǇǳǊǇƭŜ ƭŜǧǳŎŜ ǎƘƻǿŜŘ ƛƳǇǊƻǾŜŘ ƭŜŀŦ ŀƴŘ Ǌƻƻǘ ȅƛŜƭŘǎ ǳƴŘŜǊ ǘƘŜ ² 

ǎǇŜŎǘǊǳƳ ǿƛǘƘ ƭƻǿŜǊ DκƘƛƎƘŜǊ w ǇǊƻǇƻǊǝƻƴǎ ό¸ŀƴ Ŝǘ ŀƭΦΣ нлнлύΦ  {ƛƳƛƭŀǊƭȅΣ ŀƴ ƛƳǇǊƻǾŜŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 

ǇǳǊǇƭŜ ƭŜǧǳŎŜ ǿŀǎ ŦƻǳƴŘ ǳƴŘŜǊ ŀ ² ǎǇŜŎǘǊǳƳ όпллπтлл ƴƳύ ǿƛǘƘ ŀƴ ŜƭŜǾŀǘŜŘ w. Ǌŀǝƻ ƻŦ нΦтΦ hƴƭȅ ǘƘŜ 

ǇǳǊǇƭŜ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘ ǿŀǎ ƛƳǇǊƻǾŜŘ ōȅ ŀ ǊŜŘǳŎŜŘ w. Ǌŀǝƻ ƻŦ лΦфΦ ¢ƘŜ ŦƻǊƳŜǊƭȅ ƳŜƴǝƻƴŜŘ ǎǘǳŘƛŜǎ 

ōȅ aƛŎƪŜƴǎ Ŝǘ ŀƭΦ π ǿƘƻ ŎƻƳǇŀǊŜŘ ƳǳƭǝǇƭŜ ² ƭƛƎƘǘ ǎǇŜŎǘǊŀ ǿƛǘƘ ŜƭŜǾŀǘŜŘ ŦǊŀŎǝƻƴǎ ƻŦ ŘƛũŜǊŜƴǘ ǎǇŜŎƛŬŎ 

ƴŀǊǊƻǿ ǿŀǾŜōŀƴŘǎ π ǊŜǾŜŀƭŜŘ ǘƘŀǘ w ǎǳǇǇƭŜƳŜƴǘŀǝƻƴǎ όсор ƴƳύ ƛƴŎǊŜŀǎŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƭŜŀǾŜǎ ŀƴŘ 

ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘǎΣ ǘƘŀǘ . ǎǳǇǇƭŜƳŜƴǘŀǝƻƴǎ όпсл ƴƳύ ƛƴŎǊŜŀǎŜ Ƴƻǎǘ ƳƛƴŜǊŀƭ ŎƻƴǘŜƴǘǎ ŀƴŘ ǘƘŀǘ Cw 

όтпр ƴƳύ ǎǳǇǇƭŜƳŜƴǘŀǝƻƴǎ ŜƭƻƴƎŀǘŜ ǎƘƻƻǘǎΣ ƛƴŎǊŜŀǎŜ ƛǘǎ ŘƛŀƳŜǘŜǊ ŀƴŘ ǘƘŜ ǎǇŜŎƛŬŎ ƭŜŀŦ ŀǊŜŀΣ ƘƻǿŜǾŜǊΣ 

ǊŜŘǳŎŜ ŎƘƭƻǊƻǇƘȅƭƭ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ǊŜŘ ōƻƪ ŎƘƻȅ όaƛŎƪŜƴǎ Ŝǘ ŀƭΦΣ нлмфύΦ ²ƘƛƭŜ ² ǎǳǇǇƭŜƳŜƴǘŜŘ ǿƛǘƘ D 

όрнл ƴƳύ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ƘƛƎƘŜǎǘ ȅƛŜƭŘ ŀƴŘ ǎƘƻƻǘ ŘƛŀƳŜǘŜǊ ƛƴ мпπŘŀȅ ƻƭŘ ǊŜŘ ƭŜǧǳŎŜ ǎŜŜŘƭƛƴƎǎΣ ² 

ǎǳǇǇƭŜƳŜƴǘŜŘ ǿƛǘƘ w όсор ƴƳύ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ƘƛƎƘŜǎǘ ȅƛŜƭŘ ƛƴ нуπŘŀȅ ƻƭŘ ǊŜŘ ƭŜǧǳŎŜǎΦ CǳǊǘƘŜǊΣ ² 

ǎǳǇǇƭŜƳŜƴǘŜŘ ǿƛǘƘ . όпсл ƴƳύ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ǎƳŀƭƭŜǎǘ ƭŜŀǾŜǎΣ ƭƻǿŜǎǘ ƭŜǧǳŎŜ ƘŜƛƎƘǘǎ ŀƴŘ ŘǊȅ ƳŀǧŜǊ ȅƛŜƭŘǎ 

ōǳǘ ǘƘŜ ƘƛƎƘŜǎǘ ƳƛƴŜǊŀƭ ŎƻƴǘŜƴǘǎ ŀƴŘ ǇǳǊǇƭŜ ǇƛƎƳŜƴǘŀǝƻƴǎ ƛƴ ǊŜŘ ƭŜǧǳŎŜ όaƛŎƪŜƴǎ Ŝǘ ŀƭΦΣ нлмуύΦ !ǎ ƻƴŜ ƻŦ 

ǘƘŜ ŬǊǎǘ ǘƻ ǎǘǳŘȅ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ƴŀǊǊƻǿ [95 ǿŀǾŜōŀƴŘǎ ŀŘŘŜŘ ǘƻ ŀ ōŀŎƪƎǊƻǳƴŘ ƭƛƎƘǘ ŎƻƴǎƛǎǝƴƎ ƻŦ ŀ ōǊƻŀŘ 

² [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳΣ /ƘŜƴ Ŝǘ ŀƭΦ όнлмсύ ŦƻǳƴŘ ǘƘŜ ƎǊŜŀǘŜǎǘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƛƎƳŜƴǘ ŎƻƴǘŜƴǘǎ ŀƴŘ ƭŜǧǳŎŜ 

ȅƛŜƭŘǎ ǳƴŘŜǊ ² ǿƛǘƘ ǎǳǇǇƭŜƳŜƴǘŀƭ w όссл ƴƳύ ŀƴŘ . όпрл ƴƳύ ǊŜǎǇŜŎǝǾŜƭȅΣ ƎǊŜŀǘŜǎǘ ƭŜŀŦ ƴǳƳōŜǊ ǳƴŘŜǊ ² 

ǿƛǘƘ ǎǳǇǇƭŜƳŜƴǘŀƭ w ŀƴŘ ƭƻǿŜǎǘ ƴƛǘǊŀǘŜ ŎƻƴǘŜƴǘǎ ǳƴŘŜǊ ² ǿƛǘƘ ǎǳǇǇƭŜƳŜƴǘŀƭ . ŀƴŘ D όрнн ƴƳύΦ ¢ƘŜ ƭŀǧŜǊ 

ŀƭǎƻ ƛƳǇǊƻǾŜŘ ǘƘŜ ǎƻƭǳōƭŜ ǎǳƎŀǊ ŎƻƴǘŜƴǘǎΦ ¢ƻ ǘƘŜ ŎƻƴǘǊŀǊȅΣ ² ǎǳǇǇƭŜƳŜƴǘŜŘ ǿƛǘƘ ¸ όрфс ƴƳύ ƴŜƎŀǝǾŜƭȅ 

ŀũŜŎǘŜŘ Ǌƻƻǘ ŀƴŘ ǎƘƻƻǘ ȅƛŜƭŘǎΣ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƛƎƳŜƴǘ ŎƻƴǘŜƴǘǎ ŀǎ ǿŜƭƭ ŀǎ ǾƛǘŀƳƛƴ / ŎƻƴǘŜƴǘǎΦ !ƭǎƻΣ ² 

ǎǳǇǇƭŜƳŜƴǘŜŘ ǿƛǘƘ Cw όурл ƴƳύ ƴŜƎŀǝǾŜƭȅ ŀũŜŎǘŜŘ ƭŜǧǳŎŜ ƛƴ ǘŜǊƳǎ ƻŦ Ǌƻƻǘ ŀƴŘ ǎƘƻƻǘ ȅƛŜƭŘǎΣ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƛƎƳŜƴǘ ŎƻƴǘŜƴǘǎΣ ƴƛǘǊŀǘŜ ŎƻƴǘŜƴǘǎ ŀƴŘ ǎǘŜƳ ŘƛŀƳŜǘŜǊΣ ƘƻǿŜǾŜǊ ŜƴŀōƭŜŘ ǘƘŜ ƘƛƎƘŜǎǘ 

ǾƛǘŀƳƛƴ / ŎƻƴǘŜƴǘǎΦ IƻǿŜǾŜǊΣ ǿƛǘƘ ŀ ǇŜŀƪ ǿŀǾŜƭŜƴƎǘƘ ŀǘ урл ƴƳΣ ǘƘƛǎ ŦŀǊπǊŜŘ ǿŀǾŜƭŜƴƎǘƘ ŎƭŜŀǊƭȅ ǎǳǊǇŀǎǎŜŘ 

ǘƘŜ ǇƘƻǘƻōƛƻƭƻƎƛŎŀƭƭȅ ŀŎǝǾŜ ǊŀƴƎŜ ƻŦ ǘƘŜ CwπǎŜƴǎƛƴƎ ǇƘȅǘƻŎƘǊƻƳŜ ǎȅǎǘŜƳ όŜΦƎΦΣ ½ƘŜƴ ϧ .ǳƎōŜŜΣ нлнлύΦ 

CǳǊǘƘŜǊΣ ǘƘƻǳƎƘ Ǌƻƻǘ ŘǊȅ ǿŜƛƎƘǘǎ ƻŦ ƭŜǧǳŎŜ ǿŜǊŜ ƛƴŎǊŜŀǎŜŘ ǳƴŘŜǊ ŀ ² ǎǇŜŎǘǊǳƳ όпллπулл ƴƳύ ƭŀŎƪƛƴƎ D 

ŜƳƛǎǎƛƻƴǎ ōŜǘǿŜŜƴ пул ŀƴŘ рсл ƴƳΣ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƛƎƳŜƴǘ ŎƻƴǘŜƴǘǎ ŀƴŘ ǇŀǊŀƳŜǘŜǊǎ ŀǎ ǿŜƭƭ ŀǎ ȅƛŜƭŘǎ 

ǿŜǊŜ ŜƴƘŀƴŎŜŘ ǳƴŘŜǊ ŀ ōǊƻŀŘ ǎǇŜŎǘǊǳƳ ƛƴŎƭǳŘƛƴƎ ǘƘŜǎŜ D ǿŀǾŜƭŜƴƎǘƘǎ ό[ƛǳ Ŝǘ ŀƭΦΣ нлмтύΦ {ƛƳƛƭŀǊƭȅΣ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀǎǎƛƳƛƭŀǝƻƴ ǊŀǘŜǎΣ ǘƘŜ ƴǳƳōŜǊ ŀƴŘ ǎƛȊŜ ƻŦ ƭŜǧǳŎŜ ƭŜŀǾŜǎ ŀǎ ǿŜƭƭ ŀǎ ƻǾŜǊŀƭƭ ƭŜǧǳŎŜ ȅƛŜƭŘǎ 
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ǿŜǊŜ ŦƻǳƴŘ ǘƘŜ ōŜ ƎǊŜŀǘŜǊ ǳƴŘŜǊ ŀ ōǊƻŀŘ ² ǎǇŜŎǘǊǳƳ όпллπулл ƴƳύ ǿƛǘƘ ŀ ƘƛƎƘ w. Ǌŀǝƻ ŎƻƳǇŀǊŜŘ ǘƻ ŀ 

ōǊƻŀŘ ² ǎǇŜŎǘǊǳƳ ǿƛǘƘ ŀ ƭƻǿ w. Ǌŀǝƻ ŀǎ ŜǾŀƭǳŀǘŜŘ ōȅ Iŀƴ Ŝǘ ŀƭΦ όнлмтύΦ   

¢ŀƪŜƴ ǘƻƎŜǘƘŜǊΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ŬƴŘƛƴƎǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ƘƛƎƘ ŦǊŀŎǝƻƴǎ ƻŦ w ŀƴŘ . ŀǎ ǿŜƭƭ ŀǎ ǘƘŜƛǊ Ǌŀǝƻǎ 

ǘƻ ƻƴŜ ŀƴƻǘƘŜǊ ǊŜƳŀƛƴ ƻŦ ƎǊŜŀǘ ƛƳǇƻǊǘŀƴŎŜ ƛƴ ōǊƻŀŘπōŀƴŘǿƛŘǘƘ [95 ƭƛƎƘǝƴƎ ǎǘǊŀǘŜƎƛŜǎΦ Lƴ ŜȄŀƳǇƭŜΣ 

ŜƭŜǾŀǘŜŘ ŦǊŀŎǝƻƴǎ ƻŦ w ƴƻǝŎŜŀōƭȅ ƻƊŜƴ ǊŜǎǳƭǘŜŘ ƛƴ ƘƛƎƘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜǎΣ ǎǳǇŜǊƛƻǊ ȅƛŜƭŘǎΣ ŀƴŘ 

ƳŀǊƪŜŘƭȅ ƻƊŜƴ ǊŜǎǳƭǘŜŘ ƛƴ ƛƳǇǊƻǾŜŘ ƭŜŀŦ ƴǳƳōŜǊǎ ŀƴŘ ǎƛȊŜǎΣ ŀƴŘ ŜƭŜǾŀǘŜŘ ŦǊŀŎǝƻƴǎ ƻŦ . ǎƛƎƴƛŬŎŀƴǘƭȅ 

ƛƳǇǊƻǾŜŘ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ŜǎǎŜƴǝŀƭ ƳƛƴŜǊŀƭǎ ŀƴŘ ǎŜŎƻƴŘŀǊȅ ƳŜǘŀōƻƭƛǘŜǎ όƛƴŎƭǳŘƛƴƎ ƴƛǘǊŀǘŜǎΣ 

ǇƘŜƴƻƭƛŎǎΣ ŀƴǘƘƻŎȅŀƴƛƴǎΣ ǘŜǊǇŜƴƻƛŘǎΣ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎ ŀƴŘ ǾƛǘŀƳƛƴ /ύΦ  

bŜǾŜǊǘƘŜƭŜǎǎΣ Ƴŀƴȅ ōŜƴŜŬŎƛŀƭ ŜũŜŎǘǎ ƻŦ ¦±π!Σ D ŀƴŘ Cw ŎŀƳŜ ǘƘǊƻǳƎƘ ŀǎ ǿŜƭƭΦ Lƴ ŜȄŀƳǇƭŜΣ ¦±π! 

ƛƳǇǊƻǾŜŘ Ǉƭŀƴǘ ǊƛƎƛŘƛǘȅ ŀƴŘ ŎƻƳǇŀŎǘƴŜǎǎΣ D ŜƴŀōƭŜŘ ƛƳǇǊƻǾŜŘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƛƎƳŜƴǘ ŎƻƴǘŜƴǘǎ ŀƴŘ 

ȅƛŜƭŘǎΣ ŀƴŘ Cw ǇŜǊƳƛǧŜŘ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎΣ ǎƘƻƻǘ ŜƭƻƴƎŀǝƻƴǎ ŀƴŘ ƘƛƎƘŜǊ ȅƛŜƭŘǎ ŀǎΦ hƴƭȅ ŀŘŘƛǝƻƴǎ ƻŦ ¸ ƭƛƎƘǘ 

ōŜǘǿŜŜƴ ŀǇǇǊƻȄƛƳŀǘŜƭȅ рфлπслл ƴƳ ŀǇǇŜŀǊ ǘƻ ōŜ ƻŦ ƴŜƎƭƛƎƛōƭŜ ƻǊ ŜǾŜƴ ƻŦ ƴŜƎŀǝǾŜ ƛƴƅǳŜƴŎŜ ŦƻǊ ŜŶŎƛŜƴǘ 

Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ ŀǎ ǇƛƎƳŜƴǘ ŎƻƴǘŜƴǘǎ ŀƴŘ ȅƛŜƭŘǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎŜŘΦ ¢ƘǳǎΣ ǘƘŜ 

ǇǳōƭƛǎƘŜŘ ǊŜǎŜŀǊŎƘ ŬƴŘƛƴƎǎ ǳƴŘŜǊ ōǊƻŀŘ ǿƘƛǘŜ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŀǊŜ ƛƴ ŦŀƛǊƭȅ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ 

ǇǳōƭƛǎƘŜŘ Řŀǘŀ ǳƴŘŜǊ ƴŀǊǊƻǿ ƭƛƎƘǘ ǎǇŜŎǘǊŀΣ ŀƭǘƘƻǳƎƘ ŎǊƻǇ ŀƎŜΣ ǎǇŜŎƛŜǎ ŀƴŘ ŎǳƭǝǾŀǊ ŘŜǇŜƴŘŜƴŎƛŜǎ ƻōǾƛƻǳǎƭȅ 

ŜȄƛǎǘΦ !ƭǎƻΣ ǎǇŜŎƛŀƭ ŜƳǇƘŀǎƛǎ Ƴǳǎǘ ōŜ ƎƛǾŜƴ ǘƻ ǘƘŜ ŜƴŜǊƎȅ ǳǎŜ ŜŶŎƛŜƴŎƛŜǎ ό9¦9ύ ƻŦ ōǊƻŀŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ 

ǿƘƛŎƘ Ŏŀƴ ōŜ ǊŜŘǳŎŜŘ ǳƴŘŜǊ ² ŎƻƳǇŀǊŜŘ ǘƻ w. όtŀǊƪ ϧ wǳƴƪƭŜΣ нлмуŀύΦ IƻǿŜǾŜǊΣ 9¦9 Ŏŀƴ ōŜ ƛƳǇǊƻǾŜŘ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ōȅ ƛƴŎǊŜŀǎƛƴƎ ŦǊŀŎǝƻƴǎ ƻŦ w ό¸ŀƴ Ŝǘ ŀƭΦ нлнлΤ ¸ŀƴ Ŝǘ ŀƭΦ нлмфΤ tŀǊƪ ϧ wǳƴƪƭŜΣ нлмуŀύΦ  

CƛƴŀƭƭȅΣ ǿŜ ǿƛƭƭ ōǊƛŜƅȅ ŀŘŘǊŜǎǎ ǘƻ ǿƘƛŎƘ ŜȄǘŜƴŘ ² ƭƛƎƘǘ ŜƳƛǧŜŘ ŦǊƻƳ [95ǎ Ƙŀǎ ōŜŜƴ ǎǳǇŜǊƛƻǊ ǘƻ 

ǘǊŀŘƛǝƻƴŀƭƭȅ ŀǇǇƭƛŜŘ ƭƛƎƘǘ ǎƻǳǊŎŜǎ ōŀǎŜŘ ƻƴ ǊŜŎŜƴǘ ǇǳōƭƛŎŀǝƻƴǎΦ .ŜǎƛŘŜǎ ǊƻƻǝƴƎ ǇŀǊŀƳŜǘŜǊǎΣ ǘƘŜ ² [95 

ǎǇŜŎǘǊǳƳ ǿŀǎ Ƴƻǎǘƭȅ ōŜǧŜǊ ǘƘŀƴ ƻǊ ƛƴŘƛũŜǊŜƴǘ ǘƻ ǘƘŜ ŎƭŀǎǎƛŎŀƭƭȅ ŀǇǇƭƛŜŘ ƅǳƻǊŜǎŎŜƴǘ ƭŀƳǇǎ ŦƻǊ ǘƘŜ 

ƳƛŎǊƻǇǊƻǇŀƎŀǝƻƴ ƻŦ ƭƛƭȅ ōǳƭōƭŜǘǎ όtŀƭƪŀ Ŝǘ ŀƭΦΣ нлноύΦ ¢ƘƻǳƎƘ ǘƘŜ ƳŀȄƛƳŀƭ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜ ǿŀǎ 

ƳŜŀǎǳǊŜŘ ǘƻ ōŜ ƘƛƎƘŜǊΣ ŀƴŘ ǘƘŜ ǎǘƻƳŀǘŀƭ ŎƻƴŘǳŎǘŀƴŎŜ ǿŀǎ ǘŜƳǇƻǊŀǊƛƭȅ ŦƻǳƴŘ ǘƻ ōŜ ƛƴŎǊŜŀǎŜŘ ǳƴŘŜǊ ƘƛƎƘπ

ǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ όIt{ύ ƭŀƳǇǎ ŎƻƳǇŀǊŜŘ ǘƻ ōǊƻŀŘ ² [95 ƭŀƳǇǎ ƛƴ ǘǿƻ ŘƛũŜǊŜƴǘ hŎƛƳǳƳ ǎǇŜŎƛŜǎΣ ŀƭƭ 

ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǘǊŀƛǘǎ ŀƴŘ ȅƛŜƭŘǎΣ ƛƴŎƭǳŘƛƴƎ ŜǎǎŜƴǝŀƭ ƻƛƭ ȅƛŜƭŘǎΣ ǊŜƳŀƛƴŜŘ ƛƴŘƛũŜǊŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ƭƛƎƘǘ 

ǎƻǳǊŎŜǎ ό!ƭŘŀǊƪŀȊŀƭƛ Ŝǘ ŀƭΦΣ нлмфύΦ IƻǿŜǾŜǊΣ ǘƘŜ ƭƻǿ w ŎƻƴǘŜƴǘ ǿƛǘƘƛƴ ǘƘŜ ŀǇǇƭƛŜŘ [95 ǎǇŜŎǘǊǳƳ ŀƭƭƻǿǎ ǘƘŜ 

ŀǎǎǳƳǇǝƻƴ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ǊƻƻƳ ŦƻǊ ǎǇŜŎǘǊŀƭ ǳǇƎǊŀŘŜǎ ǿƘƛŎƘ ǿƻǳƭŘ ŜȄŎŜŜŘ ǘƘŜ ƴƻƴπŀŘƧǳǎǘŀōƭŜ Ǉƭŀƴǘ 

ŘŜǾŜƭƻǇƳŜƴǘǎ ǳƴŘŜǊ It{Φ !ƭǎƻΣ ŀƭǘƘƻǳƎƘ [ŜƻƴŀǊŘƻǎ Ŝǘ ŀƭΦ όнлмфύ ŘŜǘŜŎǘŜŘ ŀ ŦŜǿ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǎƻƳŜ 

ƳŜŀǎǳǊŜŘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΣ ŀ ² [95 ǎǇŜŎǘǊǳƳ ǿƛǘƘ ƘƛƎƘ ŎƻƴǘŜƴǘ ƻŦ w ǿŀǎ ŀǎ ŜũŜŎǝǾŜ ŦƻǊ 

ŎƘǊȅǎŀƴǘƘŜƳǳƳǎΩ ŎŀǊōƻƴ Ǝŀƛƴ ŀǎ ǘƘŜ It{ ŀƴŘ ƻƴƭȅ ŀ ² [95 ǎǇŜŎǘǊǳƳ ǿƛǘƘ ƭƻǿ w ŎƻƴǘŜƴǘ ǊŜŘǳŎŜŘ ŎŀǊōƻƴ 

ŜũŜŎǝǾŜƴŜǎǎΦ
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¢ŀōƭŜ ф ς aƻǊǇƘƻƭƻƎƛŎŀƭΣ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ǇƘȅǘƻŎƘŜƳƛŎŀƭ Ǉƭŀƴǘ ŜũŜŎǘǎ ƳŜŘƛŀǘŜŘ ōȅ ōǊƻŀŘ ǿƘƛǘŜ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ό ˂орлπулл ƴƳύΦ8
 

Plant species Effect1 Light 
spectrum 

Spectral 
range2 

Light 
intensity3 

Reference 

Lily bulblets 

W translated into the highest efficiency of lily bulblet formation and 
greatest number of bulbs with developed leaves compared to all other 
treatments. 
Ratio of bulbscales generating bulblets, bulbletNo, LLength, RootNo, chl b were 
indifferent between W and the respective light treatments with the best 
outcome. 
However, under W, bulbletDiam, chl a, total chl and car were reduced 
compared to RGB; ratio of bulbscales regenerating roots was reduced 
compared to FL; RootLength was reduced compared to FL, R and RGB; 
PhenolSol was reduced compared to B, RBFR and RGB; SugarSol was reduced 
compared to B.   

R; B; 
R7B3; 
RGB; 
RBY; 

RB+UV-
A; RBFR, 

W, FL 

370-755 40 
Palka et al.  

2023 

Basil  

PHeight, PetLength, FWtotal, Pn, gS, chl b, chl a:b ratio, TAC, leaf anatomical 
traits, SDAbaxial, SDAdaxial, TDAbaxial, TDAdaxial remained indifferent between all 
treatments. 
InternodeLength was increased under C. 
LWidth, LLength, was highest under A, lowest under B. 
DWTotal was highest under C, lowest under B. 
Chl a and car were highest under B, lowest under C.  
Major phenolic acid contents were highest under C, lowest under A. 
Concentrations and emission rates of major terpenoids and the 
phenylpropanoid eugenol were indifferent between A and B, but lower 
under C.  

Ws4 380-800 300 
Kivimäenpä 
et al. 2022 

Cucumber 
seedlings 

In a greenhouse experiment, the combination of W, B and UV-A resulted in 
the most compact growth, superior mechanical properties and most 
preferable growth performances compared to all other treatments. 

Sun ± W; 
UV-A; 
WB;  

na 
Sun + 
180 

Yan et al. 
2022 

 
8 The reader may also be referred to the review article by Landi et al. (2020) and the following studies: Choi et al. (2022), Gao et al. (2022), Lee et al. (2021), Li et al. (2020) and 
Qian et al. (2019) cited in Table 6; Schenkels et al. (2019), Meng & Runkle (2019) and Snowden et al. (2016) cited in Table 7; Chen et al. (2022), Liu & van Iersel (2022), Lanoue et 
al. (2022), Legendre & van Iersel (2021), Zhen & Bugbee (2020; 2020a) and Ji et al. (2019) cited in Table 8; Ahmadi et al. (2021), Araújo et al. (2021), Chaves et al. (2020), Hsie et 
al. (2019), Lazzarini et al (2018), Andrade et al. (2017), Noguchi & Amaki (2016), Batista et al. (2016) in Table 10. 
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W+UV-A; 
WB+UV-

A 

Artemisia 
annua 

FWLeaf, artemisinin, terpenoids and anti-malarial activity were highest 
under W compared to monochromatic R and B.   
Artemisinic acid was highest under B, followed by W and lowest under R.  
W and B exhibited 4 times greater antimalarial activity than GH-grown 
plants.  

W; B; R 400-700 200 ± 10 
Sankhuan et 

al. 2022 

Tomato 

StemLength, LeafNo, light transmittance in the B and R range, chl a:b ratio 
remained indifferent between treatments after 9/10 days of treatment. 
FWTotal, LA, light reflectance, Pn increased with increasing light intensity.  
SLA, RUE, pLUE, light transmittance in the G range, chl a, chl b, total chl 
decreased with increasing light intensity. 

W 400-800 
300, 500, 

700  
Ke et al. 

2022 

Tomato 

LeafNo, FWtotal, LA, light reflectance in the B and R range remained 
indifferent between treatments after 9/10 days of treatment. 
Light reflectance in the G range were reduced, and chl a, chl b and total chl 
were increased under W.  
Pn was highest under R9B1, lowest under R3B1 and intermediate under W.  
StemLength, DWTotal, pLUE were reduced under R3B1. 
RUE was increased and SLA was decreased under R9B1. 

W; R3B1; 
R9B1 

400-800 300 
Ke et al. 

2022 

Lemon balm 

FWTotal, DWTotal, PHeight, and InternodeLength were highest under W. 
LA under W was smaller than under R-rich RB, equal to B-rich RB 
with 435 nm and B-rich RGB with 450 nm, but higher than under B-rich RB 
with 450 nm. 
Fv/Fm and NDVI were equally reduced under W and B-rich RGB treatments. 
EO contents were highest under W and B-rich RGB with 450 nm, but 
lowest under B-rich RB with 435 nm. 
Number of nodes and chl contents remained indifferent between 
treatments. 

W; RBs 
RGB 

380-780 125 ± 10 
Rihan et al. 

2022 

Cucumber 
seedlings 

In a greenhouse experiment, chl, StemDiam, StemFirm increased, SLA 
decreased with increasing supplemental light duration.  
Pn, LLength, LWidth, FWShoot, FWRoot, DWShoot, DWRoot, SQI increased from 0 to 
10 h d-1, but then decreased.  

Sun ± Ws 400-750 

6 h of 287; 
8 h of 208; 
10 of 167; 
12 h of 139 

Yan et al. 
2021 
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Tr, substomatal CO2 concentration and gS increased from 0 to 8 h d-1, but 
then decreased. 
RSA, RVolume and RActivity increased with increasing light duration from 0 to 
8 h d-1, but remained indifferent between 8, 10 and 12 h d-1 of 
supplemental light.  
SOD and CAT activities were reduced under supplemental light treatments 
compared to sunlight treatment without supplemental lighting.  
LUE was reduced under the 12 h d-1 light duration, but was indifferent 
between 6, 8 and 10 h d-1.   

to provide 
equal DLI of 
6 mol m-2 d-1  

Green and 
purple lettuces 

In green lettuce, broad W light treatments resulted in best and/or 
indifferent outcomes with the respective narrow light treatments with the 
best outcome in terms of chl a, chl b, total chl, Pn, FWLeaf, FWRoot, DWLeaf, 
DWRoot, LUE and EUE; Nitrate content was reduced under WR. Vitamin C 
content was highest under W and increased under WR compared to RGB 
and RBFR.  
In purple lettuce, broad W light treatments generally resulted in best 
and/or indifferent outcomes with the respective narrow light treatments 
with the best outcome in terms of chl a, chl b, total chl, Pn, nitrate, vitamin 
C, TAC, FWLeaf, DWRoot, LUE and EUE. Under W however, Pn was reduced 
compared to RB; FWLeaf, DWLeaf, DWRoot, LUE were reduced compared to all 
other treatments; EUE was reduced compared to WR, RB and RBUV-A. 
Under WR, FWRoot was reduced compared to W, RB, RBUV-A, and RBFR; 
DWRoot was reduced compared to RBFR; DWLeaf was reduced compared to 
RB and RB-UV-A. 

W; WR; 
RB; RGB; 
RBUV-A; 

RBFR 

410-750 200 
Yan et al. 

2020 

Sweet and 
bush basil  

For both cultivars, from HPS to W to RB Pmax increased; Fv/Fm was increased 
under RB, PHeight remained indifferent between light treatments.  
In sweet basil, while gS was indifferent between treatments 40 DAS, gS was 
increased from HPS to W to RB after 54 DAS; LA, FWtotal and EO content 
were increased under RB; LEDs improved relative abundance of linalool, 
eugenol, trans-cinnamate; RB increased 1,8-cineole compared to W and 
HPS; abundance of methyl chavicol and DWTotal remained indifferent 
between treatments. 
In bush basil, gS was increased from HPS to W to RB at 40 and 54 DAS; LA 
remained indifferent between light treatments; while FWtotal was increased 

HPS; 
W380-780 

with 
elevated 

B; 
R632B452 

with 
elevated 

B 

400-780 470 
Aldarkazali 
et al. 2019 
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under W 40 DAS, FWtotal was increased under RB 54 DAS; while DWtotal was 
indifferent 40 DAS, DWtotal was increased under RB 54 DAS.  

Green and 
purple basil, 
ƭŀƳōΩǎ ƭŜǘǘǳŎŜΣ 
garden rocket 

For all species, W resulted in best outcome or was indifferent to the 
respective monochromatic light treatment with the best outcome in terms 
of FWShoot, PHeight, LNo, chl.  
While indifferent LLength were observed between supplemental treatments, 
LLength of purple basil and garden rocket were reduced compared to R.   
²ƘƛƭŜ ² ǿŀǎ ƳƻǊŜ ŜŦŦŜŎǘƛǾŜ ǘƘŀƴ w ƛƴ ƛƴŎǊŜŀǎƛƴƎ ŦƭŀǾƻƴƻƭ ƛƴŘŜȄ ƛƴ ƭŀƳōΩǎ 
lettuce and garden rocket, B was most effective in increasing flavonol 
index in all species compared to all other light treatments.    

Sun ±  
W; R; B 

400-700 Sun + 130 
Matysiak & 
Kowalski, 

2019 

Tomato 

When no FR was added, DWFruit, FFruit, FStem, FRoots, PnΣ ʊPSII, ETR and lesion 
area after Botrytis cinerea infection remained indifferent between W and 
RB; FLeaf was increased under RB compared to W. 
When FR was added, FLeaf, FStem, FRoots, PnΣ ʊPSII, ETR and lesion area after 
Botrytis cinerea infection remained indifferent between W and RB; DWFruit 

was increased under W compared to RB;  

Sun +  
R16B1; 

RBFR; W; 
WFR 

400-780 
150 ±  

30 of FR 
Ji et al. 
2019 

Purple lettuce 

In general, LNo, vitamin C content remained indifferent, Pn decreased, and 
LLength increased with increasing R:B ratio under all light intensities. 
Best FWLeaf, FWRoot, DWLeaf, DWRoot were found under W with R:B 2.7. 
The best PC, LUE and EUE were found under W with R:B 2.7 and 3.6.   
Lowest nitrate contents were found under W with R:B 1.8 and 2.7.  
Highest TAC were found under W with R:B 0.9.  
In general, Pn, LNo, FWLeaf, PC increased, and LLength, nitrate content, TAC, 
vitamin C content, LUE, EUE decreased with increasing light intensity. 

Ws with 
differing 
R:B ratios 
(0.9; 1.8; 
2.7; 3.6) 

400-700 
100, 150, 
200, 250, 

300 

Yan et al. 
2019 

Red bok choy 

14 DAS, ShootLength was greatest under ASRM and WFR, FWShoot was 
greatest under RB, followed by ASRM and WFR; chl reduced under ASRM 
and WFR; TAC greatest under RB.   
21 DAS, ShootLength was greatest under ASRM, followed by WFR and RB; chl 
reduced under ASRM, WG-R and WFR; TAC greatest under RB, followed by 
WR.   
28 DAS, LA and TAC greatest under RB; SLA greatest under ASRM, followed 
by RB and WFR; LNo greatest under RB, followed by ASRM, WR and WG-R; 
FWShoot and DWShoot greatest under RB and ASRM; ShootLength greatest 
under ASRM, followed by WFR; ShootDiam greatest under RB, followed by 

W; WR; 
WG-R5; 
WFR; 
R3B1; 
ASRM 

400-800 180 
Mickens et 

al. 
2019 
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ASRM and WFR; Ca, K greatest under W and RB, followed by WR; Mg 
indifferent between treatments; P greatest under W, followed by RB and 
WG-R, S greatest under W and WR, followed by RB; chl reduced under 
WFR; 

Chrysanthemu
m 

All narrow and broad light treatments drove photosynthesis.  
RB and WR were as effective for carbon gain as HPS, however, WUE was 
decreased under RB and WR compared to HPS. 
During long-day photoperiod, Pmax greatest under HPS, followed by Y and 
²Τ ʊPSII greatest under W and HPS, followed by RB and Y; lowest LCP 
found under Y and WR; Pn greatest under HPS, W and Y; gS greatest under 
B and RB; Ci greatest under B, followed by RB; WUE greatest under W, R 
and HPS, Tr and Rd remained indifferent between treatments. 
During short-day photoperiod, Pmax greatest under WR and lowest under B; 
ʊPSII greatest under Y and HPS, followed by W; Pn greatest under HPS and 
W; gS, Ci and Tr greatest under B; WUE greatest under W, WR and R; LCP 
and Rd remained indifferent between treatments. 

HPS; W; 
WR; R; B; 
RB; Y; G 

400-700 0-120 
Leonardos 

et al. 
2019 

Seedlings of 
begonia, 
geranium, 
petunia and 
snapdragon 

PPE was best under RB. 
DWEfficacy increased under WR66%, WR80% and RB in begonia, geranium and 
petunia, but remained indifferent between all treatments in snapdragon. 
LA, FWTotal, DWTotal remained indifferent between all treatments in all 
species.  
PHeight remained indifferent between treatments in begonia and geranium 
but was reduced under RB and RGB in snapdragon.  
In petunia, StemLength and flower bud formation decreased with increasing 
R fraction in W light treatments and was shortest/lowest under RB and 
RGB.  

Ws with 
increasin

g 
fractions 
of R (26; 
44; 66; 
80 %); 
RGB; 
R5.7B1 

400-800 160 
Park & 
Runkle 
2018a 

Lettuce 

FWShoot was greatest under R and reduced most under G, followed by Y, 
then W. 
DWShoot was greatest under R and R4B1 and reduced most under G, 
followed by Y, then W.   
SugarSol was highest under R, followed by R9B1, then R4B1 and reduced 
most under Y, G and B419.  
ProteinSol and vitamin C were highest under B437 and R4B1 and reduced 
most under Y, followed by G, W and R.  

W; B419 

nm, B437 

nm; R; G; 
Y; R9B1; 

R4B1 

400-800 200 
Zhang et al. 

2018 
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TPC was highest under W and B419, lowest under G and R4B1.  
TFC was highest under B437, lowest under Y.  
Nitrate and ammonium contents were lowest under B437, R and R4B1, 
highest under G, followed by B419, then W.  
NRActivity was highest under R4B1, followed by R9B1 and lowest under G, 
followed by Y, then W.  
NiRActivity was highest under R4B1 and lowest under G, followed by R and Y.  

Red lettuce 

14 DAS, WG resulted in greatest, while RB and WB resulted in lowest 
FWTotal and ShootDiam.  
21 DAS, WG, WR and RGBFR resulted in greatest FWTotal; WG, WFR and 
RGBFR resulted in greatest ShootDiam; RB and WB resulted in lowest FWTotal 
and ShootDiam.  
28 DAS, LA was greatest under RGBFR and WFR, lowest under RB, WB and 
W; SLA was highest under RGBFR, lowest under WFR; LNo was highest 
under RGBFR and WFR, indifferent between all other treatments; FWTotal 
was greatest under RGBFR and WR, lowest under RB and W; DWTotal was 
greatest under RGBFR, lowest under RB and WB; PHeight was greatest under 
WFR, lowest under RB and WB; ShootDiam was greatest under RGBFR, WFR 
and WG, lowest under RB; Chl was reduced under WFR and RGBFR and 
indifferent between all other treatments; Highest mineral contents (Ca, K, 
Mg, P) were found under WB, lowest under RGBFR; Lutein was highest 
under RB, lowest under RGBFR; pigmentation was highest under WB and 
RB.       

W; R1.5B1; 
WB; WG; 

WR; 
WFR; 

RGBFR 

400-800 180 
Mickens et 

al. 2018 

Lettuce 

DWRoot, Ic were increased under W lacking G. 
DWShoot, SLA, chl, car, chl:car, absorptance, Pn, gS, Ci, Tr, F, Isat, PmaxΣ ʊPSII, 
Rd, ETR, Vc,max, TPU were increased under W.  
Chl a:b ratio and photorespiration remained indifferent between 
treatments.  

W; W 
minus G 

(480-
560 nm) 

360-710 100 
Liu et al. 

2017 

Lettuce 

LNo is the greatest under RYB, W (high R:B), RB (high R:B) and R, however, 
lowest under B, RB (low R:B), W (low R:B).  
LA is the greatest under RYB, lowest under RB (low R:B), B and W (low R:B).  
FWTotal highest under RYB, followed by R and RB (high R:B), lowest under 
RB (low R:B), followed by B and W (low R:B).  

R; B; RBs 
(high or 
low R:B); 
RYB6; Ws 
(high or 

400-800 150 
Han et al. 

2017 
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Pn highest under RYB and RB (high R:B), lowest under B, W (low R:B), 
followed by RB (low R:B). 

low R:B 
ratio)  

Lettuce 
Regardless of FR treatment and light ƛƴǘŜƴǎƛǘȅΣ ʊPSII, Pn were consistently 
greater, and NPQ was consistently lower under W than under RB.  

RB; W 
± FR 

400-800 0-800 
Zhen & van 

Iersel 
2017 

Lettuce 

PHeight was reduced under WB.  
FWShoot was increased under WR and WB, reduced under WFR. 
FWRoot was increased under W, WR and WB, reduced under WFR and WY. 
DWShoot was increased under WR and WB, reduced under WFR and WY.  
DWRoot was increased under W, followed by WB, reduced under WFR and 
WY. 
StemDiam was increased under WR, reduced under WFR. 
LNo was increased under WR, reduced under WFR. 
S:R ratio was highest under WFR and WR, lowest under W.  
Chl a, chl b, chl and car were highest under WR and WB, followed by W, 
lowest under WFR and/or WY, followed by WG. 
The lowest nitrate content was found under WG and WB, highest under 
WY, followed by WFR. 
AscAC was highest under WFR, followed by WR and WG, lowest under W 
and WY.  
SugarSol was highest under WG, followed by WFR and WR, lowest under W 
and WB.   

W; WB; 
WG; WY; 
WR; WFR 

400-900 135 
Chen et al. 

2016 

м 5ŜǎŎǊƛǇǝƻƴǎ ƻŦ ŀōōǊŜǾƛŀǝƻƴǎ ŀǊŜ ƭƛǎǘŜŘ ƛƴ ŀƭǇƘŀōŜǝŎŀƭ ƻǊŘŜǊΥ !ǎŎ!/ Ґ ŀǎŎƻǊōƛŎ ŀŎƛŘ ŎƻƴǘŜƴǘ όǾƛǘŀƳƛƴ /ύΣ !{wa Ґ ŀǊǝŬŎƛŀƭ ǎǳƴƭƛƎƘǘ ǊŜǎŜŀǊŎƘ ƳƻŘǳƭŜΣ . Ґ ōƭǳŜ ƭƛƎƘǘ 
όпллπрлл ƴƳύΣ ōǳƭōƭŜǘ5ƛŀƳ Ґ ŘƛŀƳŜǘŜǊ ƻŦ ōǳƭōƭŜǘΣ ōǳƭōƭŜǘbƻ Ґ ƴǳƳōŜǊ ƻŦ ōǳƭōƭŜǘǎΣ /ŀ Ґ ŎŀƭŎƛǳƳΣ ŎŀǊ Ґ ŎŀǊƻǘŜƴƻƛŘ ŎƻƴǘŜƴǘΣ /!¢ Ґ ŎŀǘŀƭŀǎŜΣ ŎƘƭ Ґ ŎƘƭƻǊƻǇƘȅƭƭ ŎƻƴǘŜƴǘΣ 
/ƛ Ґ ƛƴǘǊŀŎŜƭƭǳƭŀǊ /hн ŎƻƴŎŜƴǘǊŀǝƻƴΣ 5!{ Ґ Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎΣ 5²CǊǳƛǘ Ґ ŦǊǳƛǘ ŘǊȅ ǿŜƛƎƘǘΣ 5²[ŜŀŦ Ґ ƭŜŀŦ ŘǊȅ ǿŜƛƎƘǘΣ 5²wƻƻǘ Ґ Ǌƻƻǘ ŘǊȅ ǿŜƛƎƘǘΣ 5²{Ƙƻƻǘ Ґ ǎƘƻƻǘ ŘǊȅ 
ǿŜƛƎƘǘΣ 5²¢ƻǘŀƭ Ґ ǘƻǘŀƭ ŘǊȅ ǿŜƛƎƘǘΣ 9h Ґ ŜǎǎŜƴǝŀƭ ƻƛƭΣ 9¢w Ґ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎǇƻǊǘ ǊŀǘŜΣ 9¦9 Ґ ŜƴŜǊƎȅ ǳǎŜ ŜŶŎƛŜƴŎȅΣ C Ґ ǾŀǇƻǊ ǇǊŜǎǎǳǊŜ ŘŜŬŎƛǘ όƪtŀύΣ CCǊǳƛǘ Ґ ŘǊȅ ǿŜƛƎƘǘ 
ǇŀǊǝǝƻƴƛƴƎ ǘƻ ŦǊǳƛǘΣ C[ Ґ ƅǳƻǊŜǎŎŜƴǘ ƭŀƳǇΣ C[ŜŀŦ Ґ ŘǊȅ ǿŜƛƎƘǘ ǇŀǊǝǝƻƴƛƴƎ ǘƻ ƭŜŀŦΣ Cw Ґ ŦŀǊ ǊŜŘ όтллπулл ƴƳύΣ Cwƻƻǘ Ґ ŘǊȅ ǿŜƛƎƘǘ ǇŀǊǝǝƻƴƛƴƎ ǘƻ ǊƻƻǘΣ C{ǘŜƳ Ґ ŘǊȅ ǿŜƛƎƘǘ 
ǇŀǊǝǝƻƴƛƴƎ ǘƻ ǎǘŜƳΣ CǾκCƳ Ґ ƳŀȄƛƳǳƳ ǉǳŀƴǘǳƳ ŜŶŎƛŜƴŎȅ ƻŦ ǇƘƻǘƻǎȅǎǘŜƳ LLΣ C²[ŜŀŦ Ґ ƭŜŀŦ ŦǊŜǎƘ ǿŜƛƎƘǘΣ C²wƻƻǘ Ґ Ǌƻƻǘ ŦǊŜǎƘ ǿŜƛƎƘǘΣ C²{Ƙƻƻǘ Ґ ǎƘƻƻǘ ŦǊŜǎƘ ǿŜƛƎƘǘΣ 
C²¢ƻǘŀƭ Ґ ǘƻǘŀƭ ŦǊŜǎƘ ǿŜƛƎƘǘΣ D Ґ ƎǊŜŜƴ ƭƛƎƘǘ όрллπслл ƴƳύΣ Ǝ{ Ґ ǎǘƻƳŀǘŀƭ ŎƻƴŘǳŎǘŀƴŎŜ όƳƻƭ /hн Ƴπн ǎπмύΣ LŎ Ґ ŎƻƳǇŜƴǎŀǝƻƴ ƛǊǊŀŘƛŀƴŎŜ όҡƳƻƭ Ƴπн ǎπмύΣ Lǎŀǘ Ґ ǎŀǘǳǊŀǝƻƴ 
ƛǊǊŀŘƛŀƴŎŜ όҡƳƻƭ Ƴπн ǎπмύΣ Y Ґ ǇƻǘŀǎǎƛǳƳΣ [! Ґ ƭŜŀŦ ŀǊŜŀ όŎƳнύΣ ˂ Ґ ǿŀǾŜƭŜƴƎǘƘ ό[ŀƳōŘŀύΣ [/t Ґ ƭƛƎƘǘ ŎƻƳǇŜƴǎŀǝƻƴ ǇƻƛƴǘΣ [[ŜƴƎǘƘ Ґ ƭŜŀŦ ƭŜƴƎǘƘΣ [bƻ Ґ ƴǳƳōŜǊ ƻŦ ƭŜŀǾŜǎΣ 
[¦9 Ґ ƭƛƎƘǘ ǳǎŜ ŜŶŎƛŜƴŎȅ όǇƭŀƴǘ ŘǊȅ ǿŜƛƎƘǘ ǇŜǊ ǳƴƛǘ ƻŦ ƛƴŎƛŘŜƴǘ ƭƛƎƘǘ όƎ ƳƻƭπмύΣ [²ƛŘǘƘ Ґ ƭŜŀŦ ǿƛŘǘƘΣ aƎ Ґ ƳŀƎƴŜǎƛǳƳΣ ƴŀ Ґ ƴƻǘ ŀǾŀƛƭŀōƭŜΣ b5±L Ґ ƴƻǊƳŀƭƛȊŜŘ ŘƛũŜǊŜƴŎŜ 
ǾŜƎŜǘŀǝƻƴ ƛƴŘŜȄΣ bƛw Ґ ƴƛǘǊƛǘŜ ǊŜŘǳŎǘŀǎŜΣ btv Ґ ƴƻƴπǇƘƻǘƻŎƘŜƳƛŎŀƭ ǉǳŜƴŎƘƛƴƎΣ bw Ґ ƴƛǘǊŀǘŜ ǊŜŘǳŎǘŀǎŜΣ t Ґ ǇƘƻǎǇƘƻǊǳǎΣ t/ Ґ ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴΣ tIŜƛƎƘǘ Ґ Ǉƭŀƴǘ 
ƘŜƛƎƘǘΣ tƘŜƴƻƭ{ƻƭ Ґ ǎƻƭǳōƭŜ ǇƘŜƴƻƭƛŎǎΣ tŜǘ[ŜƴƎǘƘ Ґ ǇŜǝƻƭŜ ƭŜƴƎǘƘΣ ʊt{LL Ґ ǉǳŀƴǘǳƳ ȅƛŜƭŘ ŜŶŎƛŜƴŎȅ ƻŦ ǇƘƻǘƻǎȅǎǘŜƳ LLΣ Ǉ[¦9 Ґ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ƭƛƎƘǘ ǳǎŜ ŜŶŎƛŜƴŎȅ όƳƳ 
/hн ƳƻƭπмύΣ tƳŀȄ Ґ ƳŀȄƛƳŀƭ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜ όҡƳƻƭ /hн Ƴπн ǎπмύΣ tƴ Ґ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜ όҡƳƻƭ /hн Ƴπн ǎπмύΣ tt9 Ґ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ŜŶŎŀŎȅ όҡƳƻƭ WπмύΣ 
tǊƻǘŜƛƴ{ƻƭ Ґ ǎƻƭǳōƭŜ ǇǊƻǘŜƛƴ όƳƎ Ǝ C²πмύΣ w Ґ ǊŜŘ ƭƛƎƘǘ όсллπтлл ƴƳύΣ w!ŎǝǾƛǘȅ Ґ Ǌƻƻǘ ŀŎǝǾƛǘȅ όƎ ƘπмύΣ w. Ґ ǊŜŘ ŀƴŘ ōƭǳŜ ƭƛƎƘǘΣ wŘ Ґ ŘŀǊƪ ǊŜǎǇƛǊŀǝƻƴ ǊŀǘŜ όҡƳƻƭ Ƴπн ǎπмύΣ 
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wD. Ґ ǊŜŘΣ ƎǊŜŜƴ ŀƴŘ ōƭǳŜ ƭƛƎƘǘΣ w{! Ґ Ǌƻƻǘ ǎǳǊŦŀŎŜ ŀǊŜŀ όŎƳнύΣ w¦9 Ґ ǊŀŘƛŀǝƻƴ ǳǎŜ ŜŶŎƛŜƴŎȅ όƎ ƳƻƭπмύΣ w±ƻƭǳƳŜ Ґ Ǌƻƻǘ ǾƻƭǳƳŜ όŎƳоύΣ {5!ōŀȄƛŀƭ Ґ ŀōŀȄƛŀƭ ǎǘƻƳŀǘŀƭ 
ŘŜƴǎƛǘȅ όƴǳƳōŜǊ ƳƳπнύΣ {5!ŘŀȄƛŀƭ Ґ ŀŘŀȄƛŀƭ ǎǘƻƳŀǘŀƭ ŘŜƴǎƛǘȅ όƴǳƳōŜǊ ƳƳπнύΣ {Ƙƻƻǘ5ƛŀƳ Ґ ǎƘƻƻǘ ŘƛŀƳŜǘŜǊΣ {[! Ґ ǎǇŜŎƛŬŎ ƭŜŀŦ ŀǊŜŀ όŎƳн ƳƎπмύΣ {h5 Ґ ǎǳǇŜǊƻȄƛŘŜ 
ŘƛǎƳǳǘŀǎŜΣ {vL Ґ ǎŜŜŘƭƛƴƎ ǉǳŀƭƛǘȅ ƛƴŘŜȄΣ {Υw Ґ {ƘƻƻǘπǘƻπǊƻƻǘ Ǌŀǝƻ όǿκǿύΣ {ǘŜƳ5ƛŀƳ Ґ ǎǘŜƳ ŘƛŀƳŜǘŜǊΣ {ǘŜƳCƛǊƳ Ґ ǎǘŜƳ ŬǊƳƴŜǎǎΣ {ǳƎŀǊ{ƻƭ Ґ ǎƻƭǳōƭŜ ǎǳƎŀǊΣ ¢!/ Ґ ǘƻǘŀƭ 
ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘΣ ¢5!ōŀȄƛŀƭ Ґ ŀōŀȄƛŀƭ ǘǊƛŎƘƻƳŜ ŘŜƴǎƛǘȅ όƴǳƳōŜǊ ƳƳπнύΣ ¢5!ŘŀȄƛŀƭ Ґ ŀŘŀȄƛŀƭ ǘǊƛŎƘƻƳŜ ŘŜƴǎƛǘȅ όƴǳƳōŜǊ ƳƳπнύΣ ¢C/ Ґ ǘƻǘŀƭ ƅŀǾƻƴƻƛŘ ŎƻƴǘŜƴǘΣ ¢t/ Ґ 
ǘƻǘŀƭ ǇƘŜƴƻƭƛŎ ŎƻƴǘŜƴǘΣ ¢t¦ Ґ ǘǊƛƻǎŜ ǇƘƻǎǇƘŀǘŜ ǳǝƭƛȊŀǝƻƴ ǊŀǘŜ όҡƳƻƭ Ƴπн ǎπмύΣ ¢Ǌ Ґ ǘǊŀƴǎǇƛǊŀǝƻƴ ǊŀǘŜ όƳƻƭ Iнh Ƴπн ǎπмύΣ ¦±π! Ґ ǳƭǘǊŀǾƛƻƭŜǘ ƭƛƎƘǘ όорлπплл ƴƳύΣ ±ŎΣƳŀȄ 
Ґ ƳŀȄƛƳǳƳ ŎŀǊōƻȄȅƭŀǝƻƴ ǊŀǘŜ ƻŦ wǳōƛǎŎƻΣ ² Ґ ōǊƻŀŘōŀƴŘ ǿƘƛǘŜ ƭƛƎƘǘ ǳǎǳŀƭƭȅ ǿƛǘƘƛƴ t!w όǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴΤ пллπтлл ƴƳ ҕ ƅŀƴƪƛƴƎ ǊŜƎƛƻƴǎ 
ƛƴŎƭǳŘƛƴƎ ǳƭǘǊŀǾƛƻƭŜǘ ό¦±ύ ! ŀƴŘκƻǊ CwύΣ ²¦9 Ґ ǿŀǘŜǊ ǳǎŜ ŜŶŎƛŜƴŎȅ όҡƳƻƭ /hн ƳƳƻƭπм IнhύΣ ¸ Ґ ȅŜƭƭƻǿ ƭƛƎƘǘ όрслπспл ƴƳύΦ 
н .ǊƻŀŘ ǿŀǾŜōŀƴŘ ǊŀƴƎŜ ƻŦ ǘƘŜ ŀǇǇƭƛŜŘ ǿƘƛǘŜ ƭƛƎƘǘΦ  
о [ƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƛǎ ƎƛǾŜƴ ƛƴ ƳƛŎǊƻƳƻƭŜ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ ŀƴŘ ǎŜŎƻƴŘ όҡƳƻƭ Ƴπн ǎπмύΦ    
п tǊƻǇƻǊǝƻƴǎ ƻŦ ¦±π!Σ . ŀƴŘ D ƭƛƴŜŀǊƭȅ ŘŜŎǊŜŀǎŜŘΣ ŀƴŘ ǇǊƻǇƻǊǝƻƴǎ ƻŦ w ŀƴŘ Cw ƭƛƴŜŀǊƭȅ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ ! ǘƻ /Σ ǊŜǎǇŜŎǝǾŜƭȅΦ 
р ²ƘƛǘŜ ǿƛǘƘ ŀŘŘƛǝƻƴŀƭ ƳƻƴƻŎƘǊƻƳŀǝŎ ƎǊŜŜƴ [95 ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ǿŀǎ ǎǿƛǘŎƘŜŘ ǘƻ ǿƘƛǘŜ ǿƛǘƘ ŀŘŘƛǝƻƴŀƭ ƳƻƴƻŎƘǊƻƳŀǝŎ ǊŜŘ [95 ƭƛƎƘǘ ŀƊŜǊ нм ŘŀȅǎΦ  
с w¸. ǊŜǇǊŜǎŜƴǘǎ ŀ ōǊƻŀŘ ǿƘƛǘŜ [95 ǎǇŜŎǘǊǳƳ ǿƘƛŎƘ ŎƭƻǎŜƭȅ ǊŜǎŜƳōƭŜǎ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀōǎƻǊǇǝƻƴ ǎǇŜŎǘǊǳƳ ƻŦ ǘƘŜ ƭŜǧǳŎŜ ƛƴǾŜǎǝƎŀǘŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ



/I!t¢9w м DŜƴŜǊŀƭ LƴǘǊƻŘǳŎǝƻƴ 
 

фл 
 

мΦс 9ǎǎŜƴǝŀƭ ƻƛƭǎ ǳƴŘŜǊ [95 ƭƛƎƘǝƴƎ 

!ǊƻƳŀǝŎ Ǉƭŀƴǘǎ ǎȅƴǘƘŜǎƛǎΣ ŀŎŎǳƳǳƭŀǘŜ ŀƴŘ ǎŜŎǊŜǘŜ ŜǎǎŜƴǝŀƭ ƻƛƭǎ ό9hǎύ ƛƴ ǎǇŜŎƛŀƭƛȊŜŘ ŎŜƭƭ ǎǘǊǳŎǘǳǊŜǎ ǎǳŎƘ ŀǎ 

όōǳǘ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻύ ƅƻǊŀƭ ŦǊŀƎǊŀƴŎŜ ƎƭŀƴŘǎ όƻǎƳƻǇƘƻǊŜǎύ ƻǊ ǇŜƭǘŀǘŜ ƎƭŀƴŘǳƭŀǊ ƘŀƛǊǎ όǘǊƛŎƘƻƳŜǎύΣ ǿƘƛŎƘ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ǇƭŀƴǘǎΩ ǎǳǊǾƛǾŀƭ ǎǘǊŀǘŜƎƛŜǎΥ CǊŀƎǊŀƴǘ 9h ŎƻƳǇƻǳƴŘǎ ŀǧǊŀŎǘ ƴƻǘ ƻƴƭȅ ƛƴǎŜŎǘ 

ǇƻƭƭƛƴŀǘƻǊǎΣ ǎŜŜŘ ŘƛǎǇŜǊǎŜǊǎ ŀƴŘ ƴŀǘǳǊŀƭ ŜƴŜƳƛŜǎ ƻŦ ƘŜǊōƛǾƻǊŜǎΣ ōǳǘ ŀǊŜ ŀƭǎƻ ŀ ŦŀǎŎƛƴŀǝƴƎ ƳŜŀƴǎ ƻŦ 

ŎƻƳƳǳƴƛŎŀǝƻƴ ōŜǘǿŜŜƴ ǇƭŀƴǘǎΦ Lƴ ŀŘŘƛǝƻƴΣ 9hǎ ŘŜŦŜƴŘ Ǉƭŀƴǘǎ ŀƎŀƛƴǎǘ ōŀŎǘŜǊƛŀƭ ŀƴŘ ŦǳƴƎŀƭ ǇŀǘƘƻƎŜƴǎΣ 

ǇǊƻǘŜŎǘ ǘƘŜƳ ŦǊƻƳ ŜȄǘǊŜƳŜ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ŎƻƴǎŜǊǾŀǝƻƴ ƻŦ ƳƻƛǎǘǳǊŜ ό.ǳƴǎŜ Ŝǘ ŀƭΦΣ 

нлннΤ wŜƘƳŀƴ Ŝǘ ŀƭΦΣ нлмсύΦ   

CƻǊ ŎŜƴǘǳǊƛŜǎΣ ƘǳƳŀƴǎ ƘŀǾŜ ŀǇǇǊŜŎƛŀǘŜŘ ǘƘŜǎŜ ŀǊƻƳŀπȅƛŜƭŘƛƴƎ Ǉƭŀƴǘǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜƛǊ ŜȄǘǊŀŎǘŜŘ 

ǾƻƭŀǝƭŜ ƻƛƭǎ ŦƻǊ ǘƘŜƛǊ ƳŜŘƛŎƛƴŀƭΣ ŎǳƭƛƴŀǊȅ ŀƴŘ ŦǊŀƎǊŀƴǘ ǇǊƻǇŜǊǝŜǎΦ CƻƭƭƻǿƛƴƎ ƻǊŀƭ ŀƴŘ ŘŜǊƳŀƭ ŀŘƳƛƴƛǎǘǊŀǝƻƴǎ 

ŀƴŘ ƛƴƘŀƭŀǝƻƴǎΣ 9hǎ ŀǊŜ ƴƻǘ ƻƴƭȅ ǳǎŜŘ ǘƻ ǘǊŜŀǘ ŀ ǇƭŜǘƘƻǊŀ ƻŦ ƛƭƭƴŜǎǎŜǎ ŀƴŘ ƛƴƧǳǊƛŜǎΣ ōǳǘ ǘƘŜȅ ŀǊŜ ŀƭǎƻ 

ƛƴŘƛǎǇŜƴǎŀōƭŜ ƛƴƎǊŜŘƛŜƴǘǎ ƻŦ ƘȅƎƛŜƴŜ ŀƴŘ ŘŜƴǘŀƭ ŦƻǊƳǳƭŀǝƻƴǎΦ !ƴŘ ŀǎ ƅŀǾƻǊƛƴƎǎ ŀƴŘ ǇŀǊǘ ƻŦ ǇŜǊŦǳƳŜǎΣ 

ŀŘƘŜǎƛǾŜǎ ŀƴŘ ǇŜǎǝŎƛŘŜǎΣ 9hǎ ǊŜǇǊŜǎŜƴǘ ŎǊǳŎƛŀƭ ŎƻƳǇƻƴŜƴǘǎ ƛƴ ŘƛǾŜǊǎŜ ŦƻƻŘΣ ŎƘŜƳƛŎŀƭ ŀƴŘ ŀƎǊƛŎǳƭǘǳǊŀƭ 

ƛƴŘǳǎǘǊƛŜǎ ό.ǳƴǎŜ Ŝǘ ŀƭΦΣ нлннΤ wŜƘƳŀƴ Ŝǘ ŀƭΦΣ нлмсύΦ            

9hǎ Ƴŀƛƴƭȅ Ŏƻƴǎƛǎǘ ƻŦ ǘŜǊǇŜƴƻƛŘǎΣ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎ ŀǎ ǿŜƭƭ ŀǎ ŀǊƻƳŀǝŎ ŀƭŘŜƘȅŘŜǎΣ ŀƭŎƻƘƻƭǎ ŀƴŘ 

ƪŜǘƻƴŜǎΦ ¢ƘŜǎŜ ƻǊƎŀƴƛŎ ǎǳōǎǘŀƴŎŜǎ ƻǊƛƎƛƴŀǘŜ ŦǊƻƳ ŘƛũŜǊŜƴǘ ǇǊƛƳŀǊȅ ƳŜǘŀōƻƭƛŎ ǇǊŜŎǳǊǎƻǊǎ ŀƴŘ ŀǊŜ 

ƎŜƴŜǊŀǘŜŘ ǘƘǊƻǳƎƘ ǾŀǊƛƻǳǎ ōƛƻǎȅƴǘƘŜǝŎ ǇŀǘƘǿŀȅǎ9Φ ¢Ƙŀƴƪǎ ǘƻ ǘƘŜ ŘƛǾŜǊǎŜ ƳƻƭŜŎǳƭŀǊ ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ 

ƳǳƭǝǘǳŘŜ ƻŦ ŦǳƴŎǝƻƴŀƭ ƎǊƻǳǇǎ ƻŦ ǘƘŜ ŎƻǳƴǘƭŜǎǎ 9h ŎƻƴǎǝǘǳŜƴǘǎΣ 9hǎ Ŏŀƴ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ŀ ǾŀǊƛŜǘȅ ƻŦ όǇǊƻǘŜƛƴύ 

ƳƻƭŜŎǳƭŜǎ όƛƴŎƭǳŘƛƴƎ ǇŜǇǝŘŜǎΣ ŜƴȊȅƳŜǎΣ ǊŜŎŜǇǘƻǊǎΣ ǘǊŀƴǎŎǊƛǇǝƻƴ ŦŀŎǘƻǊǎ ŀƴŘ 5b!ύΦ ¢ƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜǎŜ 

ƭƛǇƻǇƘƛƭƛŎ 9h ŎƻƳǇƻǳƴŘǎ ǘƻ ŎǊƻǎǎ ōƛƻƳŜƳōǊŀƴŜǎ ŀƴŘ ŎŜƭƭǳƭŀǊ ŎƻƳǇŀǊǘƳŜƴǘǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜƛǊ ŎŀǇŀŎƛǘȅ ǘƻ 

ƛƴǘŜǊŀŎǘ ǿƛǘƘ ǘƘŜǎŜ ŘƛǾŜǊǎŜ ƳƻƭŜŎǳƭŜǎ Ǿƛŀ ŀǧŀŎƘƳŜƴǘǎ ŀƴŘκƻǊ ƛƴŎƻǊǇƻǊŀǝƻƴǎ ŀǊŜ ǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭ ǊŜŀǎƻƴ 

ŦƻǊ ǘƘŜƛǊ ŜŶŎƛŜƴǘ ŀōǎƻǊǇǝƻƴ ōȅ ƭƛǾƛƴƎ ƻǊƎŀƴƛǎƳǎ ŀƴŘ ŦƻǊ ǘƘŜƛǊ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ŎƘŜƳƛŎŀƭΣ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ 

ǘƘǳǎΣ ǇƘŀǊƳŀŎƻƭƻƎƛŎŀƭ ŀƴŘ ǘƘŜǊŀǇŜǳǝŎ ŜũŜŎǘǎΣ ǿƘƛŎƘ ǿŜ ƘƻǿŜǾŜǊ ŀǊŜ ƻƴƭȅ ōŜƎƛƴƴƛƴƎ ǘƻ ŦŀǘƘƻƳ ό.ǳƴǎŜ Ŝǘ 

ŀƭΦΣ нлннύΦ     

Lƴ ǘƘŜ ŦƻǊŜŦǊƻƴǘ ƻŦ 9h ǊŜƎǳƭŀǝƻƴǎ ƛǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ŀǊƻƳŀǝŎ Ǉƭŀƴǘǎ ǘƘŜƳǎŜƭŦ ŀǎ ǘƘŜ 

ōƛƻƎŜƴŜǎƛǎ ŀƴŘ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ 9hǎ ŀǊŜ ŜƴŘƻƎŜƴƻǳǎ ǇǊƻŎŜǎǎŜǎΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ 9hǎ ƛǎ 

ǇŀǊǘ ƻŦ ǘƘŜ ǇƭŀƴǘǎΩ ƎŜƴŜǝŎ ŎƻƴǎǝǘǳǝƻƴΦ IŜƴŎŜΣ 9h ȅƛŜƭŘǎ ŀƴŘ ǘƘŜƛǊ ŎƻƳǇƻǎƛǝƻƴǎ ŘŜǇŜƴŘ ƻƴ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ 

Ǉƭŀƴǘ ǎǇŜŎƛŜǎ όǘƘŜ ƎŜƴƻǘȅǇŜύΣ ǘƘŜ ǎǇŜŎƛŬŎ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǎǘŀƎŜ ƻŦ ǘƘŜ ŀǊƻƳŀǝŎ Ǉƭŀƴǘ ŀƴŘ ƛǘǎ ƻǊƎŀƴǎΦ Lƴ 

ŜȄŀƳǇƭŜΣ ŎƭƻǎŜ ŎƻǊǊŜƭŀǝƻƴǎ ōŜǘǿŜŜƴ ƭŜŀŦ ƻƴǘƻƎŜƴŜǎƛǎ ŀƴŘ ƻƛƭ ǎȅƴǘƘŜǎƛǎ ŀƴŘ ŀŎŎǳƳǳƭŀǝƻƴ ƘŀǾŜ ōŜŜƴ 

ǊŜǾŜŀƭŜŘ ƛƴ ǎƻƳŜ ŀǊƻƳŀǝŎ Ǉƭŀƴǘǎ ƻŦ ǘƘŜ [ŀƳƛŀŎŜŀŜ ŦŀƳƛƭȅ ǿƘƛŎƘ ŀǊŜ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǊŜƭŜǾŀƴŎŜΥ hƴƭȅ ǘƘŜ 

 
9 Detailed descriptions of the diverse biosynthetic pathways of essential oil constituents are not an objective of this 
introduction. The reader may be referred to Rehman et al. (2015), Vogt (2010) and Sangwan et al. (2001).    



/I!t¢9w м DŜƴŜǊŀƭ LƴǘǊƻŘǳŎǝƻƴ 
 

фм 
 

ȅƻǳƴƎŜǎǘ ƭŜŀǾŜǎ ƻŦ ƳŀǊƧƻǊŀƳ όhǊƛƎŀƴǳƳ ƳŀƧƻǊŀƴŀ [Φύ ǇƻǎǎŜǎǎ ƘƛƎƘ ǘŜǊǇŜƴŜπȅƛŜƭŘƛƴƎ ŎŀǇŀŎƛǝŜǎ ό/ǊƻǘŜŀǳΣ 

мфттύΦ {ƛƳƛƭŀǊƭȅΣ Ƴƻǎǘ ǊŀǇƛŘ ǘŜǊǇŜƴŜ ŀŎŎǳƳǳƭŀǝƻƴǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ƻƛƭ ƎƭŀƴŘǎ ƻŦ ƛƳƳŀǘǳǊŜ ƭŜŀǾŜǎ ƻŦ 

ǎŀƎŜ ό{ŀƭǾƛŀ ƻŶŎƛƴŀƭƛǎ [Φύ ŘǳǊƛƴƎ ǘƘŜƛǊ ǇŜǊƛƻŘ ƻŦ ƳŀȄƛƳŀƭ ŜȄǇŀƴǎƛƻƴ ό/ǊƻǘŜŀǳ Ŝǘ ŀƭΦΣ мфумύΣ ŀƴŘ ƛƴ ǘƘŜ 

ƎƭŀƴŘǳƭŀǊ ǘǊƛŎƘƻƳŜǎ ƻŦ ǇŜǇǇŜǊƳƛƴǘ όaŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [ΦύΣ ǘŜǊǇŜƴŜ ǎȅƴǘƘŜǎƛǎ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ǊŜǎǘǊƛŎǘŜŘ ǘƻ 

ƭŜŀǾŜǎ мн ǘƻ нл Řŀȅǎ ƻŦ ŀƎŜ όaŎ/ƻƴƪŜȅ Ŝǘ ŀƭΦΣ нлллύΦ Lƴ ŀŘŘƛǝƻƴΣ ǘƘƻǳƎƘ ƛƴŘƛǾƛŘǳŀƭ ƭŜŀǾŜǎ ǎƘƻǿ ŀ 

ǇǊƻƎǊŜǎǎƛǾŜ ŘŜŎƭƛƴŜ ƛƴ ƻƛƭ ȅƛŜƭŘ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ŘǊȅ ƳŀǧŜǊ ŀƴŘ ŀƎŜ ƻŦ ƭŜŀǾŜǎΣ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ƳŜƴǘƘƻƭ 

όŀǎ ǘƘŜ Ƴƻǎǘ ŘŜǎƛǊŜŘ ǘŜǊǇŜƴŜ ƛƴ Ƴƛƴǘǎύ ƛƴŎǊŜŀǎŜǎ ǘƻǿŀǊŘǎ ƭŜŀŦ ƳŀǘǳǊƛǘȅ ŀƊŜǊ ǿƘƛŎƘ ƛǘ ǎǘŀǊǘǎ ǘƻ ŘŜŎƭƛƴŜ ŀƎŀƛƴ 

ό5ǳǊƛȅŀǇǊŀǇŀƴ ϧ .ǊƛǧŜƴΣ мфунύΦ !ǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜǎŜ ƘƛƎƘƭȅ ǊŜƎǳƭŀǘŜŘ ŀƴŘ ƛƴǘǊƛƴǎƛŎŀƭƭȅ ŎƻƻǊŘƛƴŀǘŜŘ 9h 

ǇǊƻŘǳŎǝƻƴǎΣ ǘƘŜ ǉǳŀƴǝǘȅ ŀƴŘ ǉǳŀƭƛǘȅ ƻŦ ŘŜǎƛǊŜŘ 9hǎ ŦƻǊ ƘǳƳŀƴ ǳǎŜ ǎǳōǎǘŀƴǝŀƭƭȅ ŘŜǇŜƴŘ ƻƴ ǘƘŜ ǝƳŜ ƻŦ 

ƘŀǊǾŜǎǘΦ  

.ŜǎƛŘŜǎ ōŜƛƴƎ ŜȄŜǊǘŜŘ ƛƴ ŀ ŘŜǾŜƭƻǇƳŜƴǘŀƭπǎǇŜŎƛŬŎ ƳŀƴƴŜǊΣ ǘƘŜ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǊŜƎǳƭŀǝƻƴ ƻŦ 9hǎ ƛǎ 

ƘƛƎƘƭȅ ǎǳǎŎŜǇǝōƭŜ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎΦ !ǎ ǿŜƭƭ ǊŜǾƛŜǿŜŘ ŀƴŘ ǎǳƳƳŀǊƛȊŜŘ ōȅ .ǳƴǎŜ Ŝǘ ŀƭΦ όнлннύΣ 

wŜƘƳŀƴƴ Ŝǘ ŀƭΦ όнлмсύ ŀƴŘ {ŀƴƎǿŀƴ Ŝǘ ŀƭΦ όнллмύΣ 9h ŎƻƴǘŜƴǘǎ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴǎ ŀǊŜ ƴƻǘ ƻƴƭȅ ƛƴƅǳŜƴŎŜŘ 

ōȅ ƎŜƻƎǊŀǇƘƛŎ ŘƛǎǘǊƛōǳǝƻƴǎ ŀƴŘ ǎŜŀǎƻƴŀƭ ǾŀǊƛŀǝƻƴǎ ƛƴ ŎƭƛƳŀǘŜ όƛƴŎƭǳŘƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜΣ ƘǳƳƛŘƛǘȅ ŀƴŘ 

ǇǊŜŎƛǇƛǘŀǝƻƴ ŎƻƴŘƛǝƻƴǎύΣ ōǳǘ ōŜŎƻƳŜ ƳƻŘǳƭŀǘŜŘ ǘƘǊƻǳƎƘ ŀƎǊƛŎǳƭǘǳǊŀƭ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǝŎŜǎ όƛƴŎƭǳŘƛƴƎ 

ǎƻƛƭ ŎƻƴŘƛǝƻƴǎΣ ǎŀƭǘ ƭŜǾŜƭǎ ŀƴŘ ŦŜǊǝƭƛȊŜǊ ŀǇǇƭƛŎŀǝƻƴǎύ ŀƴŘ Ŏŀƴ ōŜ ŀƭǘŜǊŜŘ ǳǇƻƴ ǇŜǎǘ ƛƴŦŜǎǘŀǝƻƴǎΦ  

!ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ƭƛƎƘǘǎΩ ƛƴǘŜƴǎƛǘȅ ŀƴŘ ǉǳŀƭƛǘȅ ŀǊŜ ƪƴƻǿƴ ǘƻ ŀũŜŎǘ 9h ȅƛŜƭŘǎ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴǎΣ ŀƴŘ 

ŀ ŦŜǿ ŜȄŀƳǇƭŜǎ Ƴŀȅ ōŜ ƳŜƴǝƻƴŜŘ ƘŜǊŜŀƊŜǊΦ hƴŜ ƳƛƎƘǘ ŜȄǇŜŎǘ ǘƘŀǘ 9h ȅƛŜƭŘǎ ƛƴŎǊŜŀǎŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ 

ǎǳƴƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ǎƛƳǇƭȅ ŘǳŜ ǘƻ ŀŎŎŜƭŜǊŀǘŜŘ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘǎΣ ƘƻǿŜǾŜǊΣ ǘƘŀǘ ƛǎ ƴƻǘ ŀƭǿŀȅǎ ǘƘŜ ŎŀǎŜΦ Lƴ 

ŜȄŀƳǇƭŜΣ ǘƘƻǳƎƘ ƘƛƎƘŜǎǘ 9h ȅƛŜƭŘǎ ǿŜǊŜ ŦƻǳƴŘ ǳƴŘŜǊ Ŧǳƭƭ ǎǳƴƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ƛƴ ǘƘȅƳŜ ό¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ 

[ΦύΣ ƘƛƎƘŜǎǘ 9h ȅƛŜƭŘǎ ǿŜǊŜ ŦƻǳƴŘ ƛƴ ǎŀƎŜ ǿƘŜƴ ŜȄǇƻǎŜŘ ǘƻ ƻƴƭȅ пр ҈ ƻŦ Ŧǳƭƭ ǎǳƴƭƛƎƘǘ ό[ƛ Ŝǘ ŀƭΦΣ мффсύΦ CǳǊǘƘŜǊΣ 

ǿƘƛƭŜ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘ ƛƴ ƻƴŜ ŎƘŜƳƻǘȅǇŜ ƻŦ ǎǇŜŀǊƳƛƴǘ όaŜƴǘƘŀ ǎǇƛŎŀǘŀ [ΦύΣ ŀƴ ŜƴƘŀƴŎŜŘ ¦±π. 

ǎǳǇǇƭŜƳŜƴǘŀǝƻƴ ǎǳōǎǘŀƴǝŀƭƭȅ ƛƴŎǊŜŀǎŜŘ 9h ǇǊƻŘǳŎǝƻƴ ƛƴ ǘƘŜ ƭŜŀǾŜǎ ƻŦ ŀƴƻǘƘŜǊ ǎǇŜŀǊƳƛƴǘ ŎƘŜƳƻǘȅǇŜ ŀǎ 

ƛƴǾŜǎǝƎŀǘŜŘ ƛƴ ŀ Ǉƻǘ ŜȄǇŜǊƛƳŜƴǘ ǳƴŘŜǊ ŬŜƭŘ ŎƻƴŘƛǝƻƴǎ όYŀǊƻǳǎƻǳ Ŝǘ ŀƭΦΣ мффуύΦ !ƭǎƻΣ ǇŜǇǇŜǊƳƛƴǘ ƭŜŀǾŜǎ 

ŜȄǇƻǎŜŘ ǘƻ ¦±π. ǎƘƻǿŜŘ ŜƭŜǾŀǘŜŘ 9h ǇǊƻŘǳŎǝƻƴǎΣ ōǳǘ ƳŜƴǘƘƻƭ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ŎƻƴǎƛŘŜǊŀōƭȅ 

ŘŜŎǊŜŀǎŜŘ ŀƴŘ ƻǘƘŜǊ ŎƻƴǎǝǘǳŜƴǘǎ ǎǳŎƘ ŀǎ ƳŜƴǘƘƻƴŜΣ ƳŜƴǘƘƻŦǳǊŀƴ ŀƴŘ ƳŜǘƘȅƭ ŀŎŜǘŀǘŜ ǿŜǊŜ ƛƴŎǊŜŀǎŜŘΦ 

IŜƴŎŜΣ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ƻƛƭ ǿŀǎ ǎǳōǎǘŀƴǝŀƭƭȅ ŀũŜŎǘŜŘ ōȅ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ƭƛƎƘǘ όaŀũŜƛ ϧ 

{ŎŀƴƴŜǊƛƴƛΣ нлллύΦ  

9ǾŜƴ ǘƘƻǳƎƘ 9hǎ ŀǊŜ ŎǊǳŎƛŀƭ ƛƴƎǊŜŘƛŜƴǘǎ ŦƻǊ ƳǳƭǝǇƭŜ ƛƴŘǳǎǘǊƛŜǎΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŘƛǝƻƴǎ Ŏŀƴ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ƘŀƳǇŜǊ ǇǊƻŘǳŎǝƻƴ ƎƻŀƭǎΣ ǊŜǎŜŀǊŎƘ ŦƻŎǳǎƛƴƎ ƻƴ ŜǎǎŜƴǝŀƭ ƻƛƭ ŎƻƴǘŜƴǘǎ ŀƴŘ ŜǎǇŜŎƛŀƭƭȅ ŜǎǎŜƴǝŀƭ 

ƻƛƭ ŎƻƳǇƻǎƛǝƻƴǎ ƛƴ ƳŜŘƛŎƛƴŀƭ ŀƴŘ ŀǊƻƳŀǝŎ Ǉƭŀƴǘǎ όa!tǎύ ǳƴŘŜǊ ŘƛũŜǊƛƴƎ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŀƴŘ ƛƴǘŜƴǎƛǝŜǎ 
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ŀǊŜ ŦŀƛǊƭȅ ǳƴŜȄǇƭƻǊŜŘ10Φ /ƻƴŎƻƳƛǘŀƴǘƭȅΣ ƻǳǊ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀōƻǳǘ Ƙƻǿ [95 ƭƛƎƘǘǎ Ŏŀƴ ōŜ 

ǳǎŜŘ ǘƻ ƳŀƴƛǇǳƭŀǘŜ ŀƴŘ ƛƳǇǊƻǾŜ ŜǎǎŜƴǝŀƭ ƻƛƭ ŎƻƴǘŜƴǘǎ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴǎ ƛƴ ŀƴ ŜũŜŎǝǾŜ ŀƴŘ ǊŜǇǊƻŘǳŎƛōƭŜ 

ƳŀƴƴŜǊ ƛǎ ǎǝƭƭ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ Ƴŀƴȅ ƎŀǇǎΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜŎǝƻƴ ƛƴŎƭǳŘƛƴƎ ¢ŀōƭŜ мл ǎǳƳƳŀǊƛȊŜǎ ŀƴŘ 

ǊŜǾƛŜǿǎ ǊŜƭŜǾŀƴǘ ƛƴŦƻǊƳŀǝƻƴ ƛƴ ǘƘƛǎ ǊŜƎŀǊŘΦ   

!ǿŀǊŜƴŜǎǎ ƻŦ ŦǳƴŘŀƳŜƴǘŀƭ ǎǇŜŎƛŜǎπ ŀƴŘ ŎǳƭǝǾŀǊπŘŜǇŜƴŘŜƴǘ [95 ǊŜǎǇƻƴǎŜǎ ǘƻ ŘƛũŜǊŜƴǘ [95 ƭƛƎƘǘ 

ǉǳŀƭƛǝŜǎ ŦƻǳƴŘ ƛƴ ǘƘŜ ƭŀǎǘ ŘŜŎŀŘŜ ƛǎ ƻŦ ƎǊŜŀǘ ƛƳǇƻǊǘŀƴŎŜ ŀǎ ǘƘŜǎŜ ŬƴŘƛƴƎǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜǊŜ Ƴŀȅ ƴƻǘ ōŜ 

ƻƴŜ ƭƛƎƘǘ ǎŎŜƴŀǊƛƻ ǘƘŀǘ Ŭǘǎ ŀƭƭΦ  

wŜǇǊŜǎŜƴǝƴƎ ǘǿƻ ǎǇŜŎƛŜǎ ŦǊƻƳ ǘƘŜ ƎŜƴǳǎ {ŀƭǾƛŀ όŎƻƳƳƻƴƭȅ ƪƴƻǿƴ ŀǎ ǎŀƎŜύ ǿƛǘƘƛƴ ǘƘŜ [ŀƳƛŀŎŜŀŜ 

ŦŀƳƛƭȅΣ DƘŀũŀǊƛ Ŝǘ ŀƭΦ όнлмфύ ƛƴǾŜǎǝƎŀǘŜŘ 9h ŎƻƴǘŜƴǘǎ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴǎ ƻŦ tŜǊƻǾǎƪƛŀ ŀōǊƻǘŀƴƻƛŘŜǎ ŀƴŘ tΦ 

ŀǘǊƛǇƭƛŎƛŦƻƭƛŀ ǳƴŘŜǊ ŘƛũŜǊŜƴǘ [95 ƭƛƎƘǘǎ ŀǎ ǿŜƭƭ ŀǎ ǳƴŘŜǊ DI ŎƻƴŘƛǝƻƴǎ ŀǎ ŀ ŎƻƴǘǊƻƭ ǘǊŜŀǘƳŜƴǘΦ LƴǘŜǊŜǎǝƴƎƭȅΣ 

ǳƴŘŜǊ ƳƻƴƻŎƘǊƻƳŀǝŎ wΣ ǘƘŜ ƳŀƧƻǊ όŀƴŘ ǎǘǊƻƴƎƭȅ ŀǊƻƳŀǝŎύ ŎƻƳǇƻǳƴŘ ŎŀƳǇƘƻǊ ǊŜƳŀƛƴŜŘ ŜƛǘƘŜǊ 

ǳƴŘŜǘŜŎǘŜŘ ƻǊ ǿŀǎ ŦƻǳƴŘ ŀǘ ƛǘǎ ƭƻǿŜǎǘ ŎƻƴŎŜƴǘǊŀǝƻƴ όпΦу ҈ύΦ ¢ƘŜ ƘƛƎƘŜǎǘ ǊŜƭŀǝǾŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ 

ŎŀƳǇƘƻǊ όŀƴŘ ƛǘǎ ǇǊŜŎǳǊǎƻǊ ōƻǊƴŜƻƭύ ǿŀǎ ƻōǎŜǊǾŜŘ ǳƴŘŜǊ DI ŎƻƴŘƛǝƻƴǎ όннΦу ŀƴŘ мл ҈ύ ƛƴ tΦ ŀōǊƻǘŀƴƻƛŘŜǎΣ 

ǿƘƛƭŜ ƛƴ tΦ ŀǘǊƛǇƭƛŎƛŦƻƭƛŀ ǳƴŘŜǊ ŀƴ ǳƴǎǇŜŎƛŬŜŘ ǿƘƛǘŜ ό²Κύ [95 ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όнфΦр ŀƴŘ моΦр ҈ύΦ Lƴ ŎƻƴǘǊŀǎǘΣ 

ōƻǊƴŜƻƭ ŀŎŜǘŀǘŜ ŀŎŎǳƳǳƭŀǘŜŘ ǳƴŘŜǊ ǘƘŜ ²Κ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ƛƴ tΦ ŀōǊƻǘŀƴƻƛŘŜǎΣ ǿƘƛƭŜ ǳƴŘŜǊ DI ŎƻƴŘƛǝƻƴǎ 

ƛƴ tΦ ŀǘǊƛǇƭƛŎƛŦƻƭƛŀΦ !ƴŘ ǿƘƛƭŜ ǘƘŜ Ƴŀƛƴ ƳƻƴƻǘŜǊǇŜƴŜǎ πhǇƛƴŜƴŜ Σ πɻоπŎŀǊŜƴŜ όǇƛƴŜȅ ŀƴŘ ǎǿŜŜǘ ŜŀǊǘƘȅ ƛƴ 

ŦǊŀƎǊŀƴŎŜΣ ǊŜǎǇŜŎǝǾŜƭȅύ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ Ƴŀƛƴ ǎŜǎǉǳƛǘŜǊǇŜƴŜǎ ǘǊŀƴǎπŎŀǊȅƻǇƘȅƭƭŜƴŜ ŀƴŘ πhƘǳƳǳƭŜƴŜ όōƻǘƘ 

ƎƛǾƛƴƎ ƻŦ ŜŀǊǘƘȅΣ ǎǇƛŎȅ ŀƴŘ ƘŜǊōŀƭ ǎŎŜƴǘǎύ ǿŜǊŜ ŜƴƘŀƴŎŜŘ ǳƴŘŜǊ ƛŘŜƴǝŎŀƭ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎΣ ōƻǘƘ tŜǊƻǾǎƪƛŀ 

ǎǇŜŎƛŜǎ ǊŜǎǇƻƴŘŜŘ ŘƛũŜǊŜƴǘƭȅ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ƳƻƴƻǘŜǊǇŜƴƻƛŘ мΣуπŎƛƴŜƻƭŜ όŀƭǎƻ ƪƴƻǿƴ ŀǎ ŜǳŎŀƭȅǇǘƻƭύ ŀƴŘ 

ǘƘŜ ƳƻƴƻǘŜǊǇŜƴŜ ŎŀƳǇƘŜƴŜΥ ²ƘƛƭŜ мΣуπŎƛƴŜƻƭŜ ŀŎŎǳƳǳƭŀǘŜŘ Ƴƻǎǘ ǳƴŘŜǊ DI ŀƴŘ . ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ όмрΦф 

ŀƴŘ мпΦп ҈ύ ƛƴ tΦ ŀōǊƻǘŀƴƻƛŘŜǎΣ ǘƘƛǎ ƳƛƴǘπƭƛƪŜ ǎƳŜƭƭƛƴƎ ŀƴŘ ǎǇƛŎȅΣ ŎƻƻƭƛƴƎ ǘŀǎǝƴƎ ŎƻƳǇƻǳƴŘ ŀŎŎǳƳǳƭŀǘŜŘ 

Ƴƻǎǘ ǳƴŘŜǊ DIΣ ²Κ ŀƴŘ w ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ όнмΦоΣ нтΦм ŀƴŘ ом ҈ύ ƛƴ tΦ ŀǘǊƛǇƭƛŎƛŦƻƭƛŀΦ !ƴŘ ǿƘƛƭŜ ŎŀƳǇƘŜƴŜ 

ǿŀǎ ƻƴƭȅ ǊŜŎƻǾŜǊŜŘ ǳƴŘŜǊ DI ŎƻƴŘƛǝƻƴǎ ƛƴ tΦ ŀōǊƻǘŀƴƻƛŘŜǎΣ ŎŀƳǇƘŜƴŜ όǿƛǘƘ ƛǘǎ ǇǳƴƎŜƴǘΣ ŘŀƳǇΣ ŜŀǊǘƘȅΣ 

ƘŜǊōŀƭ ŀǊƻƳŀύ ǿŀǎ ŦƻǳƴŘ ǳƴŘŜǊ wΣ .Σ DI ŀƴŘ w. ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ƛƴ ŘŜŎǊŜŀǎƛƴƎ ǇǊƻǇƻǊǝƻƴǎΣ ŀƴŘ ǊŜƳŀƛƴŜŘ 

ǳƴŘŜǘŜŎǘŜŘ ǳƴŘŜǊ ǘƘŜ ²Κ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΦ Lƴ ŀŘŘƛǝƻƴΣ ōƻǘƘ ǎǇŜŎƛŜǎ ŘƛũŜǊŜŘ ƛƴ ǘƘŜƛǊ ƻǾŜǊŀƭƭ 9h ȅƛŜƭŘǎ ŀǎ 

ŀũŜŎǘŜŘ ōȅ ǘƘŜ ƭƛƎƘǘ ǉǳŀƭƛǝŜǎΥ ²ƘƛƭŜ 9h ȅƛŜƭŘǎ ƻŦ tΦ ŀōǊƻǘŀƴƻƛŘŜǎ ŘŜŎǊŜŀǎŜŘ ǎǳōǎǘŀƴǝŀƭƭȅ ŦǊƻƳ ²Κ όнΦсс ҈ύΣ 

. όмΦт ҈ύΣ w όмΦн ҈ύΣ DI όлΦт ҈ύ ǘƻ w. όлΦп ҈ύΣ 9h ȅƛŜƭŘǎ ƻŦ tΦ ŀǘǊƛǇƭƛŎƛŦƻƭƛŀ ƭŜǎǎŜƴŜŘ ŦǊƻƳ . όмΦф ҈ύ ǘƻ w 

όмΦт ҈ύΣ w. όмΦс ҈ύΣ ²Κ ŀƴŘ DI όмΦр ҈ύ ƛƴ ŀ ƭŜǎǎ ŘǊŀǎǝŎ ƳŀƴƴŜǊΦ  

9ŀǊƭƛŜǊΣ ƻƴŜ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊǎ ŦǊƻƳ ǘƘŜ ŀōƻǾŜ ƳŜƴǝƻƴŜŘ ǎǘǳŘȅ όŀƴŘ ŎƻƭƭŜŀƎǳŜǎύ ŎƻƳǇŀǊŜŘ 9h 

ŎƻƴǘŜƴǘǎ ƻŦ ǘƘǊŜŜ Ƴƛƴǘ ǎǇŜŎƛŜǎ όƎŜƴǳǎ aŜƴǘƘŀ ƛƴ ǘƘŜ [ŀƳƛŀŎŜŀŜ ŦŀƳƛƭȅύ ǳƴŘŜǊ ǘƘŜ ƛŘŜƴǝŎŀƭ [95 ƭƛƎƘǘ 

 
10 Currently, no comprehensive scientific literature reviews about LED lighting affecting essential oil contents and 
compositions exist.  
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ǘǊŜŀǘƳŜƴǘǎ ŀǇǇƭƛŜŘ ƛƴ ǘƘŜ ǎǘǳŘȅ ŀōƻǾŜΣ ŀƴŘ ŀƭǎƻ ƻōǎŜǊǾŜŘ ŘƛǾŜǊƎŜƴǘ 9h ŀŎŎǳƳǳƭŀǝƻƴ ǇŀǧŜǊƴǎΦ ²ƘƛƭŜ 9h 

ȅƛŜƭŘǎ ŘŜŎǊŜŀǎŜŘ ŦǊƻƳ wΣ w. ǘƻ . ŀƴŘ ǿŜǊŜ ƭƻǿŜǎǘ ǳƴŘŜǊ ǘƘŜ ²Κ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ƛƴ aŜƴǘƘŀ ǇƛǇŜǊƛǘŀΣ 9h 

ȅƛŜƭŘǎ ŘŜŎǊŜŀǎŜŘ ŦǊƻƳ .Σ w ǘƻ w. ŀƴŘ ǿŜǊŜ ƭƻǿŜǎǘ ǳƴŘŜǊ ǘƘŜ ²Κ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ƛƴ aŜƴǘƘŀ ǎǇƛŎŀǘŀ ŀƴŘ 

ŘŜŎǊŜŀǎŜŘ ŦǊƻƳ .Σ wΣ ǘƻ ²Κ ŀƴŘ ǿŜǊŜ ƭƻǿŜǎǘ ǳƴŘŜǊ . ƛƴ aŜƴǘƘŀ ƭƻƴƎƛŦƻƭƛŀ ŀƊŜǊ ŀ ŎǳƭǝǾŀǝƻƴ ǇŜǊƛƻŘ ƻŦ сл 

ŘŀȅǎΦ LƳǇƻǊǘŀƴǘƭȅΣ 9h ȅƛŜƭŘǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎŜŘ ƛƴ ŀƭƭ ǘƘǊŜŜ aŜƴǘƘŀ ǎǇŜŎƛŜǎ ǿƘŜƴ ƎǊƻǿƴ 

ǳƴŘŜǊ ŬŜƭŘ ŎƻƴŘƛǝƻƴǎ ŦƻǊ ǘƘŜ ǎŀƳŜ ŘǳǊŀǝƻƴ ό{ŀōȊŀƭƛŀƴ Ŝǘ ŀƭΦ нлмпύΦ   

!ƭǎƻ ōŜƭƻƴƎƛƴƎ ǘƻ ǘƘŜ [ŀƳƛŀŎŜŀŜ ŦŀƳƛƭȅΣ ǘƘŜ ǎŀƳŜ ǊŜǎŜŀǊŎƘ ƎǊƻǳǇ ƛƴǾŜǎǝƎŀǘŜŘ ŦƻǳǊ ǎǇŜŎƛŜǎ ŦǊƻƳ 

ǘƘŜ ƎŜƴǳǎ ¢ƘȅƳǳǎ όŎƻƳƳƻƴƭȅ ƪƴƻǿƴ ŀǎ ǘƘȅƳŜύ ǳƴŘŜǊ ǘƘŜ ǎŀƳŜ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ŀǇǇƭƛŜŘ ƛƴ ōƻǘƘ 

ŀŦƻǊŜƳŜƴǝƻƴŜŘ ǎǘǳŘƛŜǎΦ Lƴ ŎƻƴǘǊŀǎǘ ǘƻ DƘŀũŀǊƛ Ŝǘ ŀƭΦ όнлмфύ ŀƴŘ {ŀōȊŀƭƛŀƴ Ŝǘ ŀƭΦ όнлмпύΣ 9h ŎƻƴǘŜƴǘǎ ǿŜǊŜ 

ŦƻǳƴŘ ǘƻ ŘŜŎǊŜŀǎŜ ŦǊƻƳ w ǘƻ w.Σ ǘƻ ²ΚΣ . ŀƴŘ ŦƻƭƭƻǿŜŘ ōȅ DI ŎƻƴŘƛǝƻƴǎ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘȅƳŜ ǎǇŜŎƛŜǎ 

ό¢ƘȅƳǳǎ ŎŀǊƳŀƴƛŎǳǎΣ ¢Φ ƪƻǘǎŎƘȅŀƴǳǎΣ ¢Φ ƳƛƎǊƛŎǳǎΣ ¢Φ ǾǳƭƎŀǊƛǎύΦ !ƭǎƻΣ ƭƛƳƻƴŜƴŜ όŀ ƳƻƴƻǘŜǊǇŜƴŜ ǿƛǘƘ ƻǊŀƴƎŜπ

ƭƛƪŜ ŦǊŀƎǊŀƴŎŜύ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ǎǳōǎǘŀƴǝŀƭƭȅ ƛƴŎǊŜŀǎŜŘ ŀƴŘ ŘŜŎǊŜŀǎŜŘ ǳƴŘŜǊ w ŀƴŘ DI ŎƻƴŘƛǝƻƴǎ 

ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ǘƘŜ ǎǇŜŎƛŜǎΦ IƻǿŜǾŜǊΣ ƛƴ ŀŎŎƻǊŘ ǿƛǘƘ ŬƴŘƛƴƎǎ ŦǊƻƳ DƘŀũŀǊƛ Ŝǘ ŀƭΦ όнлмфύΣ ǘƘŜ ƻōǎŜǊǾŜŘ 

ŎƻƳǇƻǎƛǝƻƴŀƭ ŎƘŀƴƎŜǎ ƻŦ Ƴŀƛƴ ŎƻƴǎǝǘǳŜƴǘǎ όƛƴŎƭǳŘƛƴƎ ǘƘŜ ƳƻƴƻǘŜǊǇŜƴŜǎ πh ŀƴŘ πɹǘŜǊǇƛƴŜƴŜ όƻƊŜƴ 

ŘŜǎŎǊƛōŜŘ ǿƛǘƘ ŀ ƅƻǊŀƭΣ ŦǊŜǎƘ ŀƴŘ ǿƻƻŘǎȅ ŀǊƻƳŀύΣ ǇπŎȅƳŜƴŜ όǿƛǘƘ ŀ ƳƛƭŘ ǇƭŜŀǎŀƴǘ ŀǊƻƳŀύΣ ŀƴŘ ǘƘŜ 

ƳƻƴƻǘŜǊǇŜƴƻƛŘǎ ǘƘȅƳƻƭ ŀƴŘ ŎŀǊǾŀŎǊƻƭ όŘŜǊƛǾŀǝǾŜǎ ƻŦ ǇπŎȅƳŜƴŜύ ŘƛŘ ƴƻǘ ŀǇǇŜŀǊ ǘƻ Ŧƻƭƭƻǿ ŀ ŎƻƳƳƻƴ 

ǘƘŜƳŜ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŘƛũŜǊŜƴǘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ό¢ƻƘƛŘƛ Ŝǘ ŀƭΦ нлмфύΦ         

.ŀǝǎǘŀ Ŝǘ ŀƭΦ όнлмсύ ǎǘǳŘƛŜŘ ǘƘǊŜŜ ŘƛũŜǊŜƴǘ ŎƘŜƳƻǘȅǇŜǎ11 ƻŦ [ƛǇǇƛŀ ŀƭōŀ [Φ ό±ŜǊōŜƴŀŎŜŀŜύ ǳƴŘŜǊ ƛƴ 

ǾƛǘǊƻ ŎƻƴŘƛǝƻƴǎ ŜȄǇƻǎŜŘ ǘƻ C[Σ ² ŀƴŘ w. ƭƛƎƘǝƴƎΦ ¢ƘƻǳƎƘ ǘƘŜǎŜ ŎƘŜƳƻǘȅǇŜǎ ōŜƭƻƴƎ ǘƻ ǘƘŜ ǎŀƳŜ ǎǇŜŎƛŜǎΣ 

ǘƘŜ ǊŜǎŜŀǊŎƘ ǘŜŀƳ ŦƻǳƴŘ ǘƘŀǘ 9h ŎƻƳǇƻǎƛǝƻƴǎ ǿŜǊŜ ƳƻǊŜ ƛƴƅǳŜƴŎŜŘ ōȅ ǘƘŜ ŎƘŜƳƻǘȅǇŜ ǘƘŀƴ ōȅ ǘƘŜ 

ŘƛũŜǊƛƴƎ ƭƛƎƘǘ ǉǳŀƭƛǝŜǎ ŀƊŜǊ пл Řŀȅǎ ƻŦ ǇǊƻǇŀƎŀǝƻƴΦ Lƴ ŀŘŘƛǝƻƴΣ ǊƘƛȊƻƳŜǎ ƻŦ aŜƭƛǎǎŀ ƻŶŎƛƴŀƭƛǎ [Φ 

ό[ŀƳƛŀŎŜŀŜύΣ ǿƘƛŎƘ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘǿƻ ŘƛũŜǊŜƴǘ ƎŜƻƎǊŀǇƘƛŎ ƭƻŎŀǝƻƴǎ ƻŦ LǊŀƴΣ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ ŜƛǘƘŜǊ 

ƎǊŜŜƴƘƻǳǎŜ όDIύ ƻǊ ŘƛũŜǊŜƴǘ [95 ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΦ 9ǾŜƴ ǘƘƻǳƎƘ ǘƘŜǎŜ ƭŜƳƻƴ ōŀƭƳ ŜŎƻǘȅǇŜǎ12 ōŜƭƻƴƎ ǘƻ 

ǘƘŜ ǎŀƳŜ ǎǇŜŎƛŜǎ ŀƴŘ ǘƘŜ Ƴŀƛƴ ŀǊƻƳŀǝŎ ŎƻƳǇƻǳƴŘ όƭŜƳƻƴπǎŎŜƴǘŜŘύ ŎƛǘǊƻƴŜƭƭŀƭ ŀƴŘ ƻǘƘŜǊ ƳƻƴƻǘŜǊǇŜƴŜǎ 

ǿŜǊŜ ŦƻǳƴŘ ƛƴ ǘƘŜƛǊ ƘƛƎƘŜǎǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǳƴŘŜǊ ƳƻƴƻŎƘǊƻƳŀǝŎ w ŀƴŘ ŘƛŎƘǊƻƳŀǝŎ w. ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ƛƴ 

ōƻǘƘ ŜŎƻǘȅǇŜǎΣ ǘƘŜǎŜ ƳƻƴƻǘŜǊǇŜƴŜǎ ǿŜǊŜ ŀƭǎƻ ŜƭŜǾŀǘŜŘ ǳƴŘŜǊ ² ƛƴ ǘƘŜ ŜŎƻǘȅǇŜ ŦǊƻƳ LƭŀƳΣ ǿƘƛƭŜ ŜƭŜǾŀǘŜŘ 

ǳƴŘŜǊ . ŀƴŘ DI ŎƻƴŘƛǝƻƴǎ ƛƴ ǘƘŜ ŜŎƻǘȅǇŜ ŦǊƻƳ LǎŦŀƘŀƴΦ !ƭǎƻΣ ǿƘƛƭŜ ǎŜǎǉǳƛǘŜǊǇŜƴŜ ŎƻƴǘŜƴǘǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ 

ōŜ ƘƛƎƘŜǎǘ ǳƴŘŜǊ . ƛƴ LƭŀƳǎΩ ƭŜƳƻƴ ōŀƭƳΣ ǘƘŜȅ ǿŜǊŜ ƘƛƎƘŜǎǘ ǳƴŘŜǊ ² ŀƴŘ DI ŎƻƴŘƛǝƻƴǎ ƛƴ LǎŦŀƘŀƴǎΩ ƭŜƳƻƴ 

ōŀƭƳ ό!ƘƳŀŘƛ Ŝǘ ŀƭΦ нлнмύΦ  

 
11 A chemotype describes a morphologically indistinguishable variety within a plant species whose secondary 
metabolite composition is chemically distinct.   
12 An ecotype describes a genetically distinct geographic variety within a plant species, which is genotypically 
adapted to its environment.  
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!ƭǎƻΣ IƻǎǎŜƛƴƛ Ŝǘ ŀƭΦ όнлмуύ ŎƻƳǇŀǊŜŘ ǘǿƻ ŜŎƻǘȅǇŜǎ ƻŦ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ ό[ŀƳƛŀŎŜŀŜύ ŦǊƻƳ 

LǊŀƴƛŀƴ !ǊŘŜǎǘŀƴ ŀƴŘ aƻōŀǊŀƪŜƘΦ ²ƘƛƭŜ ǘƘŜ Ƴŀƛƴ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭ όŀƭǎƻ ƪƴƻǿƴ ŀǎ 

ŜǎǘǊŀƎƻƭŜ ǿƛǘƘ ŀ ƭƛŎƻǊƛŎŜ ƻŘƻǊύ ǿŀǎ ŦƻǳƴŘ ƛƴ ƘƛƎƘŜǎǘ ǊŜƭŀǝǾŜ ŀōǳƴŘŀƴŎŜ ǳƴŘŜǊ ŀ ƳƻƴƻŎƘǊƻƳŀǝŎ . όуфΦу ҈ύΣ 

ŦƻƭƭƻǿŜŘ ōȅ ŀ ƳƻƴƻŎƘǊƻƳŀǝŎ w ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όурΦр ҈ύ ƛƴ ǘƘŜ ƎǊŜŜƴ ōŀǎƛƭ ŜŎƻǘȅǇŜΣ ǘƘŜ ŎƻƳǇƻǳƴŘ ǿŀǎ 

ŦƻǳƴŘ ƛƴ ƘƛƎƘŜǎǘ ǊŜƭŀǝǾŜ ŀōǳƴŘŀƴŎŜ ǳƴŘŜǊ ŀ ² όтмΦф ҈ύΣ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ƳƻƴƻŎƘǊƻƳŀǝŎ w ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ 

όстΦт ҈ύ ƛƴ ǘƘŜ ǇǳǊǇƭŜ ōŀǎƛƭ ŜŎƻǘȅǇŜΦ [ƛƳƻƴŜƴŜΣ ŀǎ ǘƘŜ ǎŜŎƻƴŘ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ŎƻƴǎǝǘǳŜƴǘΣ ǿŀǎ ŜƭŜǾŀǘŜŘ 

ǳƴŘŜǊ ² όоΦт ҈ύ ŀƴŘ ƭƻǿŜǎǘ ǳƴŘŜǊ w όм ҈ύ ƛƴ ǘƘŜ ƎǊŜŜƴ ŜŎƻǘȅǇŜΣ ǿƘƛƭŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜŘ ǳƴŘŜǊ w 

όтΦр ҈ύ ŀƴŘ ƭƻǿŜǎǘ ǳƴŘŜǊ . ŀƴŘ ² όнΦт ҈ ǊŜǎǇŜŎǝǾŜƭȅύ ƛƴ ǘƘŜ ǇǳǊǇƭŜ ŜŎƻǘȅǇŜΦ 

¢ŀƪŜƴ ǘƻƎŜǘƘŜǊΣ ŀƭƭ ƻŦ ǘƘŜ ǎǘǳŘƛŜǎ ŀōƻǾŜ ǎƘƻǿ ƴƻǘ ƻƴƭȅ ǘƘŀǘ ŘƛũŜǊŜƴǘ ǎǇŜŎƛŜǎ ōǳǘ ŀƭǎƻ ŘƛũŜǊƛƴƎ 

ŎǳƭǝǾŀǊǎΣ ŎƘŜƳƻǘȅǇŜǎ ŀƴŘ ŜǾŜƴ ŜŎƻǘȅǇŜǎ ǿƛǘƘƛƴ ǘƘŜ ǎŀƳŜ ǎǇŜŎƛŜǎ ǊŜǎǇƻƴŘ ŘƛũŜǊŜƴǘƭȅ ǘƻ ǾŀǊȅƛƴƎ ƭƛƎƘǘ 

ǉǳŀƭƛǝŜǎΦ Lƴ Ƴŀƴȅ ŎŀǎŜǎΣ ǘƘŜ ǊŜǎǇƻƴǎŜǎ ŜǾŜƴ ŀǇǇŜŀǊ ǘƻ ƻǇǇƻǎŜ ŜŀŎƘ ƻǘƘŜǊΦ ¢ƘǳǎΣ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŀǘ ǘƘŜ 

ŜƴŘƻƎŜƴƻǳǎ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜǎŜ ŘƛǾŜǊǎŜ ŀǊƻƳŀǝŎ Ǉƭŀƴǘǎ ƻƴ ǘƘŜƛǊ ŜǎǎŜƴǝŀƭ ƻƛƭ ŎƻƴǘŜƴǘǎ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴǎ ƛǎ 

ǎǳōǎǘŀƴǝŀƭ ŀƴŘ Ŏŀƴ ōŜ ƎǊŜŀǘŜǊ ǘƘŀƴ ŜũŜŎǘǎ ƛƴŘǳŎŜŘ ōȅ [95 ƭƛƎƘǘ ǎŎŜƴŀǊƛƻǎ όǘŜǎǘŜŘ ǘƘǳǎ ŦŀǊύ ƛǎ ǇŀǊŀƳƻǳƴǘΦ     

¢ƘŜ ƴŜȄǘ ǎŜŎǝƻƴ ǊŜǾƛŜǿǎ ŘƛũŜǊŜƴŎŜǎ ƛƴ 9h ȅƛŜƭŘǎ ŀǎ ŀũŜŎǘŜŘ ōȅ ŘƛũŜǊŜƴǘ ƭƛƎƘǘ ǉǳŀƭƛǝŜǎ13Φ Lƴ ƻƴƭȅ 

ǘƘǊŜŜ ƻŦ ŜƭŜǾŜƴ ǎǘǳŘƛŜǎΣ 9h ȅƛŜƭŘǎ ƻŦ ǘƘŜ ƛƴǾŜǎǝƎŀǘŜŘ a!tǎ ǿŜǊŜ ǎǘŀǘŜŘ ǘƻ ōŜ ƛƴŘƛũŜǊŜƴǘ ōŜǘǿŜŜƴ [95 ƭƛƎƘǘ 

ǘǊŜŀǘƳŜƴǘǎΦ {ŜƳŜƴƻǾŀ Ŝǘ ŀƭΦ όнлннύ ǎǘŀǘŜǎ ƛƴŘƛũŜǊŜƴǘ 9h ŎƻƴǘŜƴǘǎ ǇŜǊ ŦǊŜǎƘ ǿŜƛƎƘǘ όC²ύ ƛƴ ΨwŜŘ wǳōȅΩ ōŀǎƛƭ 

Ǉƭŀƴǘǎ ǳǇƻƴ ŜȄǇƻǎǳǊŜ ǘƻ C[ ǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ ¦±π!Σ ¦±π!. ƻǊ ¦±π/ ǊŀŘƛŀǝƻƴΦ IƻǿŜǾŜǊΣ ƛǘ ǊŜƳŀƛƴǎ ǳƴŎƭŜŀǊ ƛŦ 

ǘƘŜ ƎƛǾŜƴ 9h ŎƻƴǘŜƴǘǎ ǊŜƭŀǘŜ ǘƻ Ŝǉǳŀƭ ŦǊŜǎƘ ǿŜƛƎƘǘǎ όŜΦƎΦΣ 9h ȅƛŜƭŘ ǇŜǊ ƎǊŀƳ ƻŦ C²ύ ƻǊ ǘƻ ǘƻǘŀƭ ŦǊŜǎƘ ǿŜƛƎƘǘǎ 

όŜΦƎΦΣ 9h ȅƛŜƭŘ ǇŜǊ ǘƻǘŀƭ C²ύΦ {ƛƴŎŜΣ ŀƊŜǊ сл Řŀȅǎ ƻŦ ŎǳƭǝǾŀǝƻƴΣ ǎƛƎƴƛŬŎŀƴǘƭȅ ƎǊŜŀǘŜǊ ƭŜŀŦ ŦǊŜǎƘ ǿŜƛƎƘǘǎ ǿŜǊŜ 

ƻōǎŜǊǾŜŘ ǳƴŘŜǊ C[Ҍ¦±π! όмрΦф Ǝύ ŀƴŘ C[Ҍ¦±π!. όфΦо Ǝύ ŎƻƳǇŀǊŜŘ ǘƻ C[ όсΦт Ǝύ ŀƴŘ C[Ҍ¦±π/ όрΦс ƎύΣ ƛǘ Ƴŀȅ 

ōŜ ǊŜŀǎƻƴŀōƭŜ ǘƻ ŀǎǎǳƳŜ ǘƘŀǘ ǘƘŜ ƻǾŜǊŀƭƭ 9h ȅƛŜƭŘǎ ŎƻǳƭŘ ōŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ƎǊŜŀǘŜǊ ǳƴŘŜǊ ōŀǎƛƭǎ ŜȄǇƻǎŜŘ ǘƻ 

ǎǳǇǇƭŜƳŜƴǘŀƭ ¦±π! ŀƴŘ ¦±π!.Φ !ƭƻƴƎ ǘƘŜ ǎŀƳŜ ƭƛƴŜǎΣ !ƘƳŀŘƛ Ŝǘ ŀƭΦ όнлнмύ ǎǘŀǘŜŘ ƛƴŘƛũŜǊŜƴǘ 9h ŎƻƴǘŜƴǘǎ 

ǇŜǊ ƎǊŀƳ ƻŦ ǎƘƻƻǘ ŘǊȅ ǿŜƛƎƘǘ ƛƴ ǘƘŜ ǘǿƻ ŀŦƻǊŜƳŜƴǝƻƴŜŘ aΦ ƻŶŎƛƴŀƭƛǎ ŜŎƻǘȅǇŜǎΦ .ǳǘ ŀƎŀƛƴΣ ǘƘŜ ƎǊŜŀǘŜǊ 

ƻǾŜǊŀƭƭ ǎƘƻƻǘ ȅƛŜƭŘǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǎǳōǎǘŀƴǝŀƭƭȅ ƘƛƎƘŜǊ ƭŜŀŦ Ŏƻǳƴǘǎ ǳƴŘŜǊ ƳƻƴƻŎƘǊƻƳŀǝŎ w όссл ƴƳύ ŀƴŘ 

ŘƛŎƘǊƻƳŀǝŎ w. όссл ŀƴŘ пслΤ тΥо Ǌŀǝƻύ ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǳƴǎǇŜŎƛŬŜŘ ²Σ . ŀƴŘ DI ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ 

ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǎǳƎƎŜǎǘ ǘƘŀǘ 9h ȅƛŜƭŘǎ Ŏŀƴ ōŜ ƛƳǇǊƻǾŜŘ Ǿƛŀ ƘƛƎƘ w ƭƛƎƘǘ ǇǊƻǇƻǊǝƻƴǎΦ CƛƴŀƭƭȅΣ !ǎŎǊƛȊȊƛ 

Ŝǘ ŀƭΦ όнлмуύ ǎǘŀǘŜŘ Ŝǉǳŀƭ 9h ŎƻƴǘŜƴǘǎ ǇŜǊ Ŝǉǳŀƭ ǿŜƛƎƘǘǎ ƛƴ ǇŀǊǎƭŜȅ όtŜǘǊƻǎŜƭƛƴǳƳ ŎǊƛǎǇǳƳΣ [ŀƳƛŀŎŜŀŜύ ŀƊŜǊ 

ŀ ŦƻǳǊπƳƻƴǘƘ ŜȄǇƻǎǳǊŜ ǘƻ C[ ǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ ŦƻǳǊ ƘƻǳǊǎ ƻŦ ƳƻƴƻŎƘǊƻƳŀǝŎ w όссл ƴƳύ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ 

Řŀȅ ό9h5ύΦ !ǎ ǘƘŜ ǎǘǳŘȅ ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ōƛƻƳŀǎǎ ȅƛŜƭŘǎΣ 9h ȅƛŜƭŘǎ ōŀǎŜŘ ƻƴ ƻǾŜǊŀƭƭ ōƛƻƳŀǎǎ 

Ŏŀƴƴƻǘ ōŜ ŜǎǝƳŀǘŜŘΦ IƻǿŜǾŜǊΣ ǎƛƴŎŜ w ŜŶŎƛŜƴǘƭȅ ŘǊƛǾŜǎ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŀƴŘ ǘƘŜ 9h5πǘǊŜŀǘƳŜƴǘ ƛƴŎǊŜŀǎŜŘ 

 
13 To my knowledge, the influence of different LED light intensities on essential oil yields has not been investigated 
yet.  
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ǘƘŜ Řŀƛƭȅ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜ ŦƻǊ ŀ ŘǳǊŀǝƻƴ ƻŦ ŦƻǳǊ ƳƻƴǘƘΣ ōƛƻƳŀǎǎ ȅƛŜƭŘ ŀƴŘ ŎƻƴŎƻƳƛǘŀƴǘƭȅΣ 9h ȅƛŜƭŘǎ ǇŜǊ ǘƻǘŀƭ 

ōƛƻƳŀǎǎ ǿŜǊŜ ǇǊƻōŀōƭȅ ŎƻƴǎƛŘŜǊŀōƭȅ ƘƛƎƘŜǊ ǘƘŀƴ ǳƴŘŜǊ ǘƘŜ C[ ǘǊŜŀǘƳŜƴǘ ǿƛǘƘƻǳǘ ŀŘŘƛǝƻƴŀƭ 9h5πw 

ŜȄǇƻǎǳǊŜΦ    

Lƴ ŎƻƴǘǊŀǎǘΣ ǎƛƎƴƛŬŎŀƴǘ ŎƘŀƴƎŜǎ ƛƴ 9h ȅƛŜƭŘǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ [95 ǎǘǳŘƛŜǎΦ ²ƘƛƭŜ 

ǘƘŜ ǎǘǳŘƛŜǎ ōȅ ¢ƻƘƛŘƛ Ŝǘ ŀƭΦ όнлмфύ ŀƴŘ {ŀōȊŀƭƛŀƴ Ŝǘ ŀƭΦ όнлмпύ ŦƻǳƴŘ ƳƻƴƻŎƘǊƻƳŀǝŎ w όсрлπсср ƴƳύ ǘƻ 

ŜƴŀōƭŜ ƘƛƎƘŜǊ 9h ȅƛŜƭŘǎ ǘƘŀƴ ƳƻƴƻŎƘǊƻƳŀǝŎ . όпслπптр ƴƳύ ƛƴ ŦƻǳǊ ǘƘȅƳŜ ŀƴŘ ǘǿƻ Ƴƛƴǘ ǎǇŜŎƛŜǎΣ ǘƘŜ 

ǎǘǳŘƛŜǎ ōȅ {ŀƴƪƘǳŀƴ Ŝǘ ŀƭΦ όнлннύΣ DƘŀũŀǊƛ Ŝǘ ŀƭΦ όнлмфύ ŀƴŘ {ŀōȊŀƭƛŀƴ Ŝǘ ŀƭΦ όнлмпύ ŘƛǎŎƻǾŜǊŜŘ 

ƳƻƴƻŎƘǊƻƳŀǝŎ . όппрπптр ƴƳύ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ƎǊŜŀǘŜǊ 9h ȅƛŜƭŘǎ ǘƘŀƴ ƳƻƴƻŎƘǊƻƳŀǝŎ w όсрлπсср ƴƳύ ƛƴ 

ƳŜŘƛŎƛƴŀƭ !ǊǘŜƳƛǎƛŀ ŀƴƴǳŀ ό!ǎǘŜǊŀŎŜŀŜύΣ ǘǿƻ ǎŀƎŜ ǎǇŜŎƛŜǎ ŀƴŘ ǎǇŜŀǊƳƛƴǘΦ {ƛƳƛƭŀǊƭȅΣ ƎǊŜŀǘŜǊ 9h ȅƛŜƭŘǎ ǿŜǊŜ 

ǊŜŎƻǾŜǊŜŘ ƛƴ hΦ ōŀǎƛƭƛŎǳƳ ǿƘŜƴ ǘƘŜ ǇǊƻǇƻǊǝƻƴǎ ƻŦ . όпорΤ прл ƴƳύ ǿŜǊŜ ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘŜ ǇǊƻǇƻǊǝƻƴ ƻŦ w 

όссо ƴƳύ ōȅ wƛƘŀƴ Ŝǘ ŀƭΦ όнлнлύΦ  

²ƘƛƭŜ !ƭŘŀǊƪŀȊŀƭƛ Ŝǘ ŀƭΦ όнлмфύΣ DƘŀũŀǊƛ Ŝǘ ŀƭΦ όнлмфύΣ ¢ƻƘƛŘƛ Ŝǘ ŀƭΦ όнлмфύ ŀƴŘ {ŀōȊŀƭƛŀƴ Ŝǘ ŀƭΦ όнлмпύ 

ŘŜǘŜŎǘŜŘ ƎǊŜŀǘŜǊ 9h ŎƻƴǘŜƴǘǎ ǳƴŘŜǊ ƳƻƴƻŎƘǊƻƳŀǝŎ wΣ . ŀƴŘ ŘƛŎƘǊƻƳŀǝŎ w. ǘǊŜŀǘƳŜƴǘǎ ŎƻƳǇŀǊŜŘ ǘƻ ŀ 

²пллπтул ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ ƘƛƎƘ ŦǊŀŎǝƻƴǎ ƻŦ D ŀƴŘ ǳƴǎǇŜŎƛŬŜŘ ² ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ƛƴ ŀ ǾŀǊƛŜǘȅ ƻŦ ǎǇŜŎƛŜǎ 

ōŜƭƻƴƎƛƴƎ ǘƻ ǘƘŜ [ŀƳƛŀŎŜŀŜ ŦŀƳƛƭȅΣ ōǊƻŀŘ ² [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŀƴŘ ŎƻƳōƛƴŀǝƻƴǎ ƻŦ wD. ό. җ прл ƴƳύ 

ƛƳǇǊƻǾŜŘ 9h ȅƛŜƭŘǎ ƳƻǊŜ ǘƘŀƴ Ƴƻƴƻπ ŀƴŘ ŘƛŎƘǊƻƳŀǝŎ [95 ƭƛƎƘǝƴƎǎ ό{ŀƴƪƘǳŀƴ Ŝǘ ŀƭΦ όнлннύΣ wƛƘŀƴ Ŝǘ ŀƭΦ 

όнлннύΣ DƘŀũŀǊƛ Ŝǘ ŀƭΦ όнлмфύΦ   

¢ƘƻǳƎƘ ƻƴƭȅ ǘƘǊŜŜ ƻŦ ǘƘŜǎŜ ƴƛƴŜ ǊŜŦŜǊŜƴŎŜŘ ǎǘǳŘƛŜǎ ǇǊƻŎƭŀƛƳ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ƭŜŀŦπƳƻǊǇƘƻƭƻƎƛŎŀƭ 

ȅƛŜƭŘǎΣ ƛƴŎǊŜŀǎŜŘ 9h ȅƛŜƭŘǎ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ όƭŜŀŦύ ŦǊŜǎƘ ǿŜƛƎƘǘǎΣ ƎǊŜŀǘŜǊ ƭŜŀŦ ƴǳƳōŜǊǎ ŀƴŘ ƭŜŀŦ 

ŀǊŜŀǎ ό{ŀƴƪƘǳŀƴ Ŝǘ ŀƭΦΣ нлннΤ wƛƘŀƴ Ŝǘ ŀƭΦΣ нлмфΣ !ƭŘŀǊƪŀȊŀƭƛ Ŝǘ ŀƭΦΣ нлмфύΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ƛǘ ŀǇǇŜŀǊǎ ǘƘŀǘ 9h 

ȅƛŜƭŘǎ Ŏŀƴ ōŜ ƛƴŘƛǊŜŎǘƭȅ ƛƳǇǊƻǾŜŘ ōȅ ǎǳǇǇƭȅƛƴƎ ƭƛƎƘǘ ǉǳŀƭƛǝŜǎ ǘƘŀǘ ƛƳǇǊƻǾŜ ǘƘŜ ōƛƻƳŀǎǎ ǇŀǊǝǝƻƴƛƴƎ 

ǘƻǿŀǊŘǎ ǘƘƻǎŜ Ǉƭŀƴǘ ƻǊƎŀƴǎ ǿƘƛŎƘ Ŏƻƴǘŀƛƴ ǘƘŜ 9h ƎƭŀƴŘǎΦ !ǎ ǘƻ ǿƘƛŎƘ ƭƛƎƘǘ ǉǳŀƭƛǝŜǎ ŜƴŀōƭŜ ƘƛƎƘ 9h ȅƛŜƭŘǎ 

ǘƘŜ ƳƻǎǘΣ ǘƘŜ ǊŜǾƛŜǿŜŘ ƭƛǘŜǊŀǘǳǊŜ ŎǳǊǊŜƴǘƭȅ Ǉƻƛƴǘǎ ǘƻǿŀǊŘǎ ŘƛŎƘǊƻƳŀǝŎ w. ŀƴŘ ōǊƻŀŘ ² ƭƛƎƘǘ ǎǇŜŎǘǊŀ ǘƘŀǘ 

Ŏƻƴǘŀƛƴ ŜƭŜǾŀǘŜŘ ǇǊƻǇƻǊǝƻƴǎ ƻŦ . ŀƴŘ wΦ  

!ƭǎƻΣ ¦±π! ǊŀŘƛŀǝƻƴ ǎŜŜƳǎ ǘƻ ōŜ ŀ ǇǊƻƳƛǎƛƴƎ ƭƛƎƘǘ ǉǳŀƭƛǘȅ ǘƻ ƛƴŎǊŜŀǎŜ 9h ȅƛŜƭŘǎ ŀǎ ǎƘƻǿƴ ōȅ 

{ŜƳŜƴƻǾŀ Ŝǘ ŀƭΦ όнлннύ ƳŜƴǝƻƴŜŘ ŜŀǊƭƛŜǊΦ IƻǿŜǾŜǊΣ ǘƘŜ ŜƳǇƭƻȅŜŘ ¦± ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ŀŘŘŜŘ ǘƻ ŀƴ C[ 

ŜȄǇƻǎǳǊŜ ǿƘƛŎƘ ŘƛŘ ƴƻǘ ƻƴƭȅ ŎƘŀƴƎŜ ǘƘŜ ƭƛƎƘǘ ǉǳŀƭƛǘȅ ōǳǘ ŀƭǎƻ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ƛƴŎƛŘŜƴǘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƻǾŜǊ 

ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇŜǊƛƻŘ ƻŦ сл ŘŀȅǎΦ !ǎ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ǎŜŎǝƻƴ мΦпΦнΦмΣ ƭƻƴƎ ¦±π! ǿŀǾŜƭŜƴƎǘƘǎ Ŏŀƴ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀŎǝǾƛǘȅΦ IŜƴŎŜΣ ǿƘŜǘƘŜǊ ŀƴŘ ǘƻ ǿƘƛŎƘ ŜȄǘŜƴǘ ¦±π! 

ǎǳǇǇƭŜƳŜƴǘŀǝƻƴǎ όƛƴǎǘŜŀŘ ƻŦ ŀŘŘƛǝƻƴǎύ ǘǊǳƭȅ ŎŀǳǎŜ ƎǊŜŀǘŜǊ 9h ōƛƻǎȅƴǘƘŜǎŜǎ ƛƴ a!tǎ ǊŜƳŀƛƴǎ ǘƻ ōŜ 

ŜȄǇƭƻǊŜŘΦ      
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Lƴ ŀŘŘƛǝƻƴΣ ǘƘŀǘ w ƭƛƎƘǘ ǿŀǎ ŦƻǳƴŘ ǘƻ ƛƴŎǊŜŀǎŜ 9h ŎƻƳǇƻǳƴŘ ŘƛǾŜǊǎƛǘȅ ƳƻǊŜ ǘƘŀƴ . ƭƛƎƘǘ ƛƴ ŦƻǳǊ ƻŦ 

ŬǾŜ ǎǘǳŘƛŜǎ ό{ŀƴƪƘǳŀƴ Ŝǘ ŀƭΦΣ нлнмΤ !ǊŀǵƧƻ Ŝǘ ŀƭΦΣ нлнмΤ [ŀȊȊŀǊƛƴƛ Ŝǘ ŀƭΦΣ нлмуΤ !ƴŘǊŀŘŜ Ŝǘ ŀƭΦΣ нлмтύ ǎǳƎƎŜǎǘǎ 

ǘƘŀǘ w ƭƛƎƘǘ ƳƛƎƘǘ ōŜ ƻƴŜ ƻŦ ǘƘŜ ƳƻǊŜ ŜũŜŎǝǾŜ ǿŀǾŜōŀƴŘǎ ƛƴ ǎǝƳǳƭŀǝƴƎ 9h ōƛƻǎȅƴǘƘŜǎƛǎΦ Lƴ ŜȄŀƳǇƭŜΣ Ǿƛŀ 

ǇǊƻǘŜƻƳƛŎ ǎŜƴǎƛƴƎ ŀ ǘƻǘŀƭ ƻŦ оор ǇǊƻǘŜƛƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘŜǊǇŜƴƻƛŘ ǇŀǘƘǿŀȅǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ 

ƳƻƴƻŎƘǊƻƳŀǝŎ w όссл ƴƳύΣ ǿƘŜǊŜŀǎ ǳƴŘŜǊ . όппр ƴƳύ ƻƴƭȅ нсл ŘƛũŜǊŜƴǝŀƭ ǘŜǊǇŜƴƻƛŘ ǇǊƻǘŜƛƴǎ ǿŜǊŜ 

ŘŜǘŜŎǘŜŘ ό{ŀƴƪƘǳŀƴ Ŝǘ ŀƭΦΣ нлнмύΦ Lƴ ŎƻƴǘǊŀǎǘΣ !ƭǾŀǊŜƴƎŀ Ŝǘ ŀƭΦ όнлмрύ ŘŜǘŜŎǘŜŘ ƻƴŜ 9h ŎƻƳǇƻǳƴŘ ƳƻǊŜ 

ǳƴŘŜǊ ƳƻƴƻŎƘǊƻƳŀǝŎ . ǘƘŀƴ ǳƴŘŜǊ ƳƻƴƻŎƘǊƻƳŀǝŎ wΣ ōǳǘ ǎƛƴŎŜ ǘƘŜ Ƴŀƛƴ ǇŜŀƪ ƻŦ ǘƘŜƛǊ ŀǇǇƭƛŜŘ w ƭƛƎƘǘ 

ǘǊŜŀǘƳŜƴǘ ǿŀǎ ŀǘ сол ƴƳ όƛƴǎǘŜŀŘ ƻŦ ŀǘ ссл ƴƳ ǿƘƛŎƘ ƛǎ ŎƻƳƳƻƴƭȅ ŀǇǇƭƛŜŘ ŀƴŘ ŎƭƻǎŜǊ ǘƻ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭǎΩ 

ƳŀȄƛƳŀƭ ŀōǎƻǊǇǝƻƴ όǎŜŎǝƻƴ мΦоΦмΦоύΣ ǘƘŜƛǊ ŎƻƴǘǊŀǎǝƴƎ ŬƴŘƛƴƎ ŎƻǳƭŘ ōŜ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘƛǎ ǇŜŀƪ ǎƘƛƊ ǘƻǿŀǊŘǎ 

ǘƘŜ ȅŜƭƭƻǿ ǊŀƴƎŜ ƻŦ ǘƘŜ ƭƛƎƘǘ ǎǇŜŎǘǊǳƳΦ ¢Ƙŀǘ ƳƻƴƻŎƘǊƻƳŀǝŎ ¸ ƭƛƎƘǘ ǊŜǎǳƭǘǎ ƛƴ ƭƻǿ ƴǳƳōŜǊǎ ƻŦ 9h 

ŎƻƳǇƻǳƴŘǎ όŀǎ ǎƘƻǿƴ ōȅ !ǊŀǵƧƻ Ŝǘ ŀƭΦ όнлнмύ ŀƴŘ !ƴŘǊŀŘŜ Ŝǘ ŀƭΦ όнлмтύύ ŦǳǊǘƘŜǊ ǎǳōǎǘŀƴǝŀǘŜǎ ǘƘŜ ǇǊƛƻǊ 

ǎǘŀǘŜƳŜƴǘΦ 

!ǎ ŜǾƛŘŜƴǘ ǘƘǊƻǳƎƘƻǳǘ ŀƭƭ [95 ǎǘǳŘƛŜǎ ǎǳƳƳŀǊƛȊŜŘ ƛƴ ¢ŀōƭŜ млΣ 9h ŎƻƳǇƻǎƛǝƻƴǎ Ŏŀƴ ōŜ ŀƭǘŜǊŜŘ ōȅ 

ŘƛũŜǊƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŀƴŘ ƭƛƎƘǘ ǉǳŀƭƛǝŜǎΣ ŀƴŘ ǘƘŜǎŜ ŎƘŀƴƎŜǎ Ŏŀƴ ōŜ ǎǳōǎǘŀƴǝŀƭ ŜǾŜƴ ǿƛǘƘƛƴ ƘƻǳǊǎ ŀƴŘ 

Řŀȅǎ ƻŦ ŜȄǇƻǎǳǊŜΦ Lƴ ŜȄŀƳǇƭŜΣ ƻƴƭȅ ŜƛƎƘǘ ƘƻǳǊǎ ƻŦ ƳƻƴƻŎƘǊƻƳŀǝŎ [95 ŜȄǇƻǎǳǊŜǎ ς ŜǎǇŜŎƛŀƭƭȅ wссуΣ ŦƻƭƭƻǿŜŘ 

ōȅ Cwтрр ς ƛƴŎǊŜŀǎŜŘ ǘƘŜ ŜƳƛǎǎƛƻƴ ƻŦ ƳǳƭǝǇƭŜ ŀǊƻƳŀǝŎ ǾƻƭŀǝƭŜǎ όƛƴŎƭǳŘƛƴƎ ŀƭŘŜƘȅŘŜǎΣ ōŜƴȊŜƴƻƛŘǎ ŀƴŘ 

ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎύ ƛƴ ŜȄŎƛǎŜŘ ǇŜǘǳƴƛŀ ƅƻǿŜǊǎ ό/ƻƭǉǳƘƻǳƴ Ŝǘ ŀƭΦΣ нлмоύΦ ¢ƘŜ ǎŀƳŜ ǊŜǎŜŀǊŎƘ ǘŜŀƳ ŦƻǳƴŘ 

ǘƘŀǘ ǘƘŜǎŜ ŜƛƎƘǘ ƘƻǳǊǎ ƻŦ ƳƻƴƻŎƘǊƻƳŀǝŎ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜ όƛƴŎƭǳŘƛƴƎ .пррύ ǇŀǊǘƭȅ ǊŜŘǳŎŜŘ ǎƻƳŜ Ƴŀƛƴ ǾƻƭŀǝƭŜ 

ŜƳƛǎǎƛƻƴǎ ƛƴ ƘŀǊǾŜǎǘŜŘ ǎǘǊŀǿōŜǊǊƛŜǎ ŀƴŘ ōƭǳŜōŜǊǊƛŜǎΦ ¢ƘƻǳƎƘ ƴŜƎƭƛƎƛōƭŜ ŘǳǊƛƴƎ ǇƻǎǘƘŀǊǾŜǎǘΣ ƻƴƭȅ ǘƘǊŜŜ 

Řŀȅǎ ƻŦ ƳƻƴƻŎƘǊƻƳŀǝŎ w ŀƴŘ . ŜȄǇƻǎǳǊŜ ǇǊƛƻǊ ǘƻ ƘŀǊǾŜǎǘ ǿŀǎ ǎǳŶŎƛŜƴǘ ǘƻ ǇǊƻƳƻǘŜ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ 

ŘƛǾŜǊǎŜ ŀǊƻƳŀǝŎ ŎƻƳǇƻǳƴŘ ŎƭŀǎǎŜǎ όƛƴŎƭǳŘƛƴƎ ǘŜǊǇŜƴŜǎΣ ōŜƴȊŜƴƻƛŘǎ ŀƴŘ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎ όCƛƎǳǊŜ уύύ ŀƴŘ 

ǘƻ ǊŀƛǎŜ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƭŜǾŜƭǎ ƻŦ ŜƴȊȅƳŜǎ ǘƘŀǘ ŎŀǘŀƭȅȊŜ ǘƘŜƛǊ ōƛƻǎȅƴǘƘŜǎƛǎ ƛƴ ǘŜŀ ό/ŀƳŜƭƭƛŀ ǎƛƴŜƴǎƛǎύ ƭŜŀǾŜǎ 

όCǳ Ŝǘ ŀƭΦΣ нлмрύΦ   

Iƻǿ ǎŜǾŜǊŜ ǘƘŜǎŜ ŎƘŀƴƎŜǎ ƛƴ 9h ŎƻƳǇƻǎƛǝƻƴǎ Ŏŀƴ ōŜΣ Ƴŀȅ ōŜ ŜȄŜƳǇƭƛŬŜŘ ōȅ DƘŀũŀǊƛ Ŝǘ ŀƭΦ όнлмфύ 

ŀƴŘ bƎǳȅŜƴ ϧ {ŀƭŜƘ όнлмфύΦ /ŀƳǇƘƻǊ ς ǘȅǇƛŎŀƭƭȅ ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ŀǊƻƳŀ ŎƻƳǇƻǳƴŘ ŦƻǳƴŘ ƛƴ tŜǊƻǾǎƪƛŀ 

ǎǇŜŎƛŜǎ ς ǊŜƳŀƛƴŜŘ ōŜƭƻǿ ǘƘŜ ŘŜǘŜŎǘŀōƭŜ ǘƘǊŜǎƘƻƭŘ ƛƴ tΦ ŀōǊƻǘŀƴƻƛŘŜǎ ŀƴŘ ǿŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎŜŘ ƛƴ tΦ 

ŀǘǊƛǇƭƛŎƛŦƻƭƛŀ όпΦу ҈ύ ŀƊŜǊ ǘǿƻ ƳƻƴǘƘ ƻŦ ƳƻƴƻŎƘǊƻƳŀǝŎ w ƭƛƎƘǘ ŜȄǇƻǎǳǊŜΣ ǿƘƛƭŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ннΦу ŀƴŘ 

нфΦр ҈ ǿŜǊŜ ŦƻǳƴŘ ǳƴŘŜǊ ōǊƻŀŘ ƭƛƎƘǘ ǎǇŜŎǘǊŀ όDƘŀũŀǊƛ Ŝǘ ŀƭΦΣ нлмфύΦ {ƛƳƛƭŀǊƭȅΣ ŜƳƛǎǎƛƻƴǎ ƻŦ ŎŀǊǾƻƴŜ ŀƴŘ 

ƭƛƳƻƴŜƴŜ ς ǘƘŜ ƳŀƧƻǊ ŀǊƻƳŀǝŎ ŎƻƳǇƻǳƴŘǎ ƻŦ ǎǇŜŀǊƳƛƴǘ ς ǊŜƳŀƛƴŜŘ ŜƴǝǊŜƭȅ ǳƴŘŜǘŜŎǘŜŘ ŀƊŜǊ ǘƘǊŜŜ ǿŜŜƪǎ 

ƻŦ ƳƻƴƻŎƘǊƻƳŀǝŎ . ƭƛƎƘǘ ŜȄǇƻǎǳǊŜΣ ǿƘƛƭŜ ǘƘŜƛǊ ŜƳƛǎǎƛƻƴǎ ǊŜƭŜŀǎŜŘ ŀƊŜǊ ǘƘǊŜŜ ǿŜŜƪǎ ƻŦ ƳƻƴƻŎƘǊƻƳŀǝŎ w 

ŀƴŘ D ƭƛƎƘǘ ŜȄǇƻǎǳǊŜǎ ǊŜǎŜƳōƭŜŘ ǘƘŜ ŜƳƛǎǎƛƻƴǎ ǊŜƭŜŀǎŜŘ ǳƴŘŜǊ DI ŎƻƴŘƛǝƻƴǎ όŎŀǊǾƻƴŜ ǳƴŘŜǊ wΣ D ŀƴŘ DI 

ŎƻƴŘƛǝƻƴǎΥ тфΦнΣ трΦо ŀƴŘ умΦф ҈Σ ǊŜǎǇŜŎǝǾŜƭȅΤ ƭƛƳƻƴŜƴŜ ǳƴŘŜǊ wΣ D ŀƴŘ DI ŎƻƴŘƛǝƻƴǎΥ мтΦтΣ муΦм ŀƴŘ 
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мсΦр ҈Σ ǊŜǎǇŜŎǝǾŜƭȅύΦ LƴǎǘŜŀŘΣ ƘƛƎƘ ŜƳƛǎǎƛƻƴǎ ƻŦ ŎŀǊǾƻƴŜ ƻȄƛŘŜ όсрΦн ҈ύ ŀƴŘ мΣуπŎƛƴŜƻƭŜ όннΦл ҈ύ ŀǇǇŜŀǊŜŘ 

ŜȄŎƭǳǎƛǾŜƭȅ ǳƴŘŜǊ ǘƘŜ . ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όbƎǳȅŜƴ ϧ {ŀƭŜƘΣ нлмфύΦ ¢ƘŜ ǎǘǳŘƛŜǎ ōȅ !ƘƳŀŘƛ Ŝǘ ŀƭΦ όнлнмύΣ ¢ƻƘƛŘƛ 

Ŝǘ ŀƭΦ όнлмфύ ŀƴŘ !ǎŎǊƛȊȊƛ Ŝǘ ŀƭΦ όнлмуύ ǊŜǇǊŜǎŜƴǘ ŀŘŘƛǝƻƴŀƭ ŜȄŀƳǇƭŜǎ ƻŦ ƳŀƧƻǊ ŀǊƻƳŀ ŎƻƳǇƻǳƴŘǎ ŜȄƛǎǝƴƎ 

ǳƴŘŜǊ ƻƴŜ ǘǊŜŀǘƳŜƴǘ ǿƘƛƭŜ ƴƻƴπŘŜǘŜŎǘŀōƭŜ ǳƴŘŜǊ ŀƴƻǘƘŜǊ ό¢ŀōƭŜ млύΦ    

 

 

CƛƎǳǊŜ у ς .ƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ƳŀƧƻǊ ǾƻƭŀǝƭŜ ŀǊƻƳŀǝŎ ŎƻƳǇƻǳƴŘǎ ƛƴ Ǉƭŀƴǘǎ14Φ 5ŜǎŎǊƛǇǝƻƴǎ ƻŦ ŀōōǊŜǾƛŀǝƻƴǎ 
όŦǊƻƳ ƭŜƊ ǘƻ ǊƛƎƘǘύΥ a±! Ґ ƳŜǾŀƭƻƴŀǘŜ ǇŀǘƘǿŀȅΣ a9t Ґ ƳŜǘƘȅƭπŜǊȅǘƘǊƛǘƻƭπǇƘƻǎǇƘŀǘŜ ǇŀǘƘǿŀȅΣ 5a!tt Ґ 
ŘƛƳŜǘƘȅƭŀƭƭȅƭ ǇȅǊƻǇƘƻǎǇƘŀǘŜΣ Ltt Ґ ƛǎƻǇŜƴǘŜƴȅƭ ǇȅǊƻǇƘƻǎǇƘŀǘŜΣ Dtt Ґ ƎŜǊŀƴȅƭ ǇȅǊƻǇƘƻǎǇƘŀǘŜΣ Ctt Ґ 
ŦŀǊƴŜǎȅƭ ǇȅǊƻǇƘƻǎǇƘŀǘŜΣ ttt Ґ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘ ǇŀǘƘǿŀȅΣ t![ Ґ ǇƘŜƴȅƭŀƭŀƴƛƴŜΣ /ƛ! Ґ ŎƛƴƴŀƳƛŎ ŀŎƛŘΣ /ƻ! Ґ 
ŎƻǳƳŀǊƛŎ ŀŎƛŘΦ  
 

!ǎ ǎǘŀǘŜŘ ŀōƻǾŜΣ ǘƘŜ ƭƛǎǘ ƻŦ ǎǘǳŘƛŜǎ ǿƘƛŎƘ ŘŜǎŎǊƛōŜ ŎƻƳǇƻǎƛǝƻƴŀƭ ŎƘŀƴƎŜǎ ƛƴ 9hǎ ǳǇƻƴ [95 ƭƛƎƘǘ 

ŜȄǇƻǎǳǊŜ ƛǎ ƎǊƻǿƛƴƎ ό¢ŀōƭŜ млύΣ ōǳǘ ǘƘŜƛǊ ǳƴŘŜǊƭȅƛƴƎ ŎŀǳǎŜǎ ŀƴŘ ǘƘŜ ƳŜŎƘŀƴƛǎƳǎ ƛƴǾƻƭǾŜŘ ŀǊŜ ǿƛŘŜƭȅ 

ǳƴƪƴƻǿƴ ŀƴŘ ƎŜƴŜǊŀƭ ǎǘŀǘŜƳŜƴǘǎ ŀǊŜ ƘŀǊŘƭȅ ǇƻǎǎƛōƭŜ ŀǘ ǘƘƛǎ ǝƳŜΦ Lƴ ŜȄŀƳǇƭŜΣ ǘƘƻǳƎƘ ǾŀǊȅƛƴƎ ŎƘŜƳƛŎŀƭ 

ŎƻƳǇƻǎƛǝƻƴǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘ ƛƴ ǘƘŜ ƭŜŀǾŜǎ ƻŦ !ŜƻƭƭŀƴǘƘǳǎ ǎǳŀǾŜƻƭŜƴǎ όŀƴ !ŦǊƛŎŀƴ Ƴƛƴǘ ǎǇŜŎƛŜǎ ōŜƭƻƴƎƛƴƎ 

ǘƻ ǘƘŜ [ŀƳƛŀŎŜŀŜ ŦŀƳƛƭȅύ ǳƴŘŜǊ ƛƴ ǾƛǘǊƻ ƎǊƻǿǘƘ ŎƻƴŘƛǝƻƴǎ ǿƛǘƘ ŬǾŜ ŘƛũŜǊŜƴǘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ                           

όнлπмоф ҡƳƻƭ Ƴπн ǎπмύ ŜƳƛǧŜŘ ŦǊƻƳ ŀ ōǊƻŀŘ ǿƘƛǘŜ [95 ǘǊŜŀǘƳŜƴǘΣ ƴƻ ŎƭŜŀǊ ǊŜƭŀǝƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ƳŀƧƻǊ 

ŎƻƳǇƻǳƴŘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ tC5ǎ ŎƻǳƭŘ ōŜ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ǊŜǎǳƭǘǎ ό!ǊŀǵƧƻ Ŝǘ ŀƭΦΣ нлнмύΦ 

!ƭǎƻΣ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ǘƘŜ Ƴŀƛƴ ŀǊƻƳŀ ƛƴƎǊŜŘƛŜƴǘǎ ƛŘŜƴǝŬŜŘ ƛƴ ŀƴ ƛƴǾŜǎǝƎŀǘŜŘ ǎǿŜŜǘ ōŀǎƛƭ ŎǳƭǝǾŀǊ ōȅ 

 
14 Included in this simplified depiction are major volatiles detected in the LED studies as summarized in Table 10.    
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Iƛƪƻǎŀƪŀ Ŝǘ ŀƭΦ όнлнмύ ς ǘƘŜ ƳƻƴƻǘŜǊǇŜƴƻƛŘ ƭƛƴŀƭƻƻƭ ŀƴŘ ǘƘŜ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘ ŜǳƎŜƴƻƭ π ǿƘƛŎƘ ŀǊŜ ōƻǘƘ 

ƪƴƻǿƴ ŦƻǊ ǘƘŜƛǊ ǇƭŜŀǎŀƴǘ ōǳǘ ŘƛǎǝƴŎǘ ǎŎŜƴǘǎΣ ŘƛŘ ƴƻǘ Ŧƻƭƭƻǿ ŀ ƭƛƴŜŀǊ ǊŜƭŀǝƻƴǎƘƛǇ ǿƘŜƴ ŜȄǇƻǎŜŘ ǘƻ ƴŜƛǘƘŜǊ 

ƛƴŎǊŜŀǎƛƴƎ tC5ǎ ƴƻǊ ƛƴŎǊŜŀǎƛƴƎ w. ǊŀǝƻǎΦ     

/ǳǊǊŜƴǘƭȅΣ ƛǘ ŀǇǇŜŀǊǎ ŀǎ ƛŦ ƳƻƴƻŎƘǊƻƳŀǝŎ w ŀƴŘ . ƭƛƎƘǘ ŜȄǇƻǎǳǊŜǎ ǊŜǎǳƭǘ ƛƴ ǘƘŜ Ƴƻǎǘ ǇǊƻŦƻǳƴŘ 

ŎƻƳǇƻǎƛǝƻƴŀƭ ŎƘŀƴƎŜǎΣ ƘƻǿŜǾŜǊΣ ōƻǘƘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ Ƴƻǎǘ ƛƴǾŜǎǝƎŀǘŜŘ ǎǇŜŎǘǊŀƭ ƭƛƎƘǘ 

ǊŜƎƛƻƴǎ ǘƘǳǎ ŦŀǊ ό¢ŀōƭŜ млύΦ ¢Ƙŀǘ w. ǘǊŜŀǘƳŜƴǘǎ ǿƛǘƘ ŜƭŜǾŀǘŜŘ ǇǊƻǇƻǊǝƻƴǎ ƻŦ w ƻƊŜƴ ǎƘƻǿ ƴƻǝŎŜŀōƭŜ ŀƴŘ 

ǎǘǊƻƴƎ ƛƳǇŀŎǘǎ ƻƴ 9h ŎƻƳǇƻǎƛǝƻƴǎ ŀǎ ǿŜƭƭΣ ŎƻǳƭŘ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǊŜŘ ƭƛƎƘǘ ǊŜƎƛƻƴǎ Ƴŀȅ ƘŀǾŜ ǘƘŜ ƎǊŜŀǘŜǎǘ 

ŜũŜŎǘ ƻƴ ƳƻŘƛŦȅƛƴƎ 9h ŎƻƳǇƻǎƛǝƻƴǎΦ .ǳǘ ǘƘƛǎ ƛƴǘŜǊǇǊŜǘŀǝƻƴ Ƴǳǎǘ ōŜ ŎƻƴǎƛŘŜǊŜŘ Ŏŀǳǝƻǳǎƭȅ ōŜŎŀǳǎŜ 

ƳƻƴƻŎƘǊƻƳŀǝŎ . ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ Ƴƻǎǘ ƛƳǇŀŎǜǳƭ ƻƴ 9h ŎƻƳǇƻǎƛǝƻƴǎ ƛƴ ǘƘŜ ǎǘǳŘƛŜǎ ōȅ bƻƎǳŎƘƛ ϧ !Ƴŀƪƛ 

όнлмсύΣ [ŀȊȊŀǊƛƴƛ Ŝǘ ŀƭΦ όнлмуύΣ IǎƛŜ Ŝǘ ŀƭΦ όнлмфύ ŀƴŘ bƎǳȅŜƴ ϧ {ŀƭŜƘ όнлмфύΦ CǳǊǘƘŜǊΣ ǉǳƛǘŜ ƻƊŜƴΣ ōǊƻŀŘ 

ǿƘƛǘŜ [95 ǎǇŜŎǘǊŀ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ǎǘǊƻƴƎŜǎǘ ŎƻƳǇƻǎƛǝƻƴŀƭ ŎƘŀƴƎŜǎ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ Ƴƻƴƻπ ŀƴŘ 

ŘƛŎƘǊƻƳŀǝŎ [95 ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎΦ ¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ƘƻǿŜǾŜǊΣ ƛƴ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜǎŜ ŎŀǎŜǎΣ ǘƘŜ ǎǇŜŎƛŬŎ 

ǎǇŜŎǘǊŀƭ ŎƻƳǇƻǎƛǝƻƴǎ ǿŜǊŜ ƴƻǘ ƻǊ ƴƻǘ ŀŘŜǉǳŀǘŜƭȅ ŘŜǎŎǊƛōŜŘ ŀƴŘ ƘŜƴŎŜΣ ŀǊŜ ƴƻǘ ŎƻƴŘǳŎƛǾŜ ŦƻǊ ƴŀǊǊƻǿƛƴƎ 

Řƻǿƴ ǇŀǊǝŎǳƭŀǊƭȅ ƛƴƅǳŜƴǝŀƭ ǿŀǾŜƭŜƴƎǘƘǎΦ !ƴŘ ŀƊŜǊ ŀƭƭΣ ǊŜƭŀǝǾŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ǾƻƭŀǝƭŜ ŀǊƻƳŀǝŎ 

ǘŜǊǇŜƴƻƛŘǎ ŀƴŘ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ōŜ ŀƭǘŜǊŜŘ ōȅ ǘƘŜ ŜƴǝǊŜ ǎǇŜŎǘǊǳƳ ƻŦ ǇƘƻǘƻōƛƻƭƻƎƛŎŀƭƭȅ 

ŀŎǝǾŜ ǊŀŘƛŀǝƻƴ ŜƳƛǧŜŘ ōȅ ŀƴŘ ƛƴǾŜǎǝƎŀǘŜŘ ǳƴŘŜǊ [95ǎ ǘƘǳǎ ŦŀǊΥ {ǳōǎǘŀƴǝŀƭ ŎƘŀƴƎŜǎ ƛƴ 9h ŎƻƳǇƻǎƛǝƻƴǎ 

ǿŜǊŜ ƻōǎŜǊǾŜŘ ǳƴŘŜǊ ŀŘŘƛǝƻƴŀƭ ¦±π! ŀƴŘ ¦±π!. ƛǊǊŀŘƛŀǝƻƴǎ όŜΦƎΦΣ {ŜƳŜƴƻǾŀ Ŝǘ ŀƭΦΣ нлннύΣ ǳƴŘŜǊ ŀƭƭ 

ƳƻƴƻŎƘǊƻƳŀǝŎ [95 ǘǊŜŀǘƳŜƴǘǎ όƛƴŎƭǳŘƛƴƎ .Σ D ŀƴŘ ¸ ό!ǊŀǵƧƻ Ŝǘ ŀƭΦΣ нлнмύΣ w ŀƴŘ Cw ǿŀǾŜƭŜƴƎǘƘǎ όŜΦƎΦΣ 

/ƻƭǉǳƘƻǳƴ Ŝǘ ŀƭΦΣ нлмоύύΣ ŘƛŎƘǊƻƳŀǝŎ w. ό!ƘƳŀŘƛ Ŝǘ ŀƭΦΣ нлнмΤ !ƭŘŀǊƪŀȊŀƭƛ Ŝǘ ŀƭΦΣ нлмфύ ŀƴŘ ǘǊƛŎƘǊƻƳŀǝŎ 

[95 ǘǊŜŀǘƳŜƴǘǎ όŜΦƎΦ wƛƘŀƴ Ŝǘ ŀƭΦΣ нлннύ ŀƴŘ ǳƴŘŜǊ ǾŀǊȅƛƴƎ ōǊƻŀŘ ǿƘƛǘŜ [95 ǘǊŜŀǘƳŜƴǘǎΦ  

Iƻǿ ŎƘŀƭƭŜƴƎƛƴƎ ƛǘ ƛǎ ǘƻ ŀǎǎƻŎƛŀǘŜ ǎǇŜŎƛŬŎ [95 ŎƻƭƻǊǎ ǿƛǘƘ ǎǇŜŎƛŬŎ 9h ŎƻƳǇƻǳƴŘ ŀŎŎǳƳǳƭŀǝƻƴǎ 

Ƴŀȅ ōŜ ŜȄŜƳǇƭƛŬŜŘ ōȅ ǘƘŜ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘ ŜǳƎŜƴƻƭΦ {ƛƴŎŜ ǾƻƭŀǝƭŜ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎ ŀǊŜ ōƛƻǎȅƴǘƘŜǎƛȊŜŘ 

Ǿƛŀ ǘƘŜ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘ ǇŀǘƘǿŀȅ όŀƭƛƪŜ ŜΦƎΦΣ ƅŀǾƻƴƻƛŘǎ ŀƴŘ ǇƘŜƴƻƭƛŎ ŀŎƛŘǎύ ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƻ ōŜ 

ǳǇǊŜƎǳƭŀǘŜŘ ōȅ ¦± ŀƴŘ . ƭƛƎƘǘ ǊŜƎƛƻƴǎ όŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴ мΦпΦнΦмύΣ ƻƴŜ ƳƛƎƘǘ ŜȄǇŜŎǘ ǘƻ ŬƴŘ ŜƭŜǾŀǘŜŘ 

ŜǳƎŜƴƻƭ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿƛǘƘƛƴ ǘƘŜǎŜ ǊŀƴƎŜǎΦ Lƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘƛǎ ǊŜŀǎƻƴƛƴƎΣ ŜǳƎŜƴƻƭ ŀǎ ǘƘŜ Ƴŀƛƴ ŀǊƻƳŀ 

ŎƻƳǇƻǳƴŘ ƛƴ ōŀǎƛƭ ǿŀǎ ŦƻǳƴŘ ƛƴ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿƘŜƴ ŜȄǇƻǎŜŘ ǘƻ ōǊƻŀŘ ǿƘƛǘŜ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ǿƛǘƘ 

ŜƭŜǾŀǘŜŘ ¦±π! ŀƴŘ ōƭǳŜ ǿŀǾŜōŀƴŘǎ ŎƻƳǇŀǊŜŘ ǘƻ ŀ ōǊƻŀŘ ǿƘƛǘŜ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ǿƛǘƘ ŜƭŜǾŀǘŜŘ w ŀƴŘ Cw 

ǿŀǾŜōŀƴŘǎ όYƛǾƛƳŅŜƴǇŅ Ŝǘ ŀƭΦΣ нлннύΦ ¸ŜǘΣ ƛƴ ŀ ŎǳƭǝǾŀǊ ƻŦ aŜƭƛǎǎŀ ƻŶŎƛƴŀƭƛǎΣ ŜǳƎŜƴƻƭ ŎƻƴŎŜƴǘǊŀǝƻƴ ǿŀǎ 

ƎǊŜŀǘŜǊ ǳƴŘŜǊ ƳƻƴƻŎƘǊƻƳŀǝŎ w ǘƘŜƴ ƳƻƴƻŎƘǊƻƳŀǝŎ . ό!ƘƳŀŘƛ Ŝǘ ŀƭΦΣ нлнмύΦ ό¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ /ƻƭǉǳƘƻǳƴ 

Ŝǘ ŀƭΦ όнлмоύ ŀƴŘ /ŀǊǾŀƭƘƻ Ŝǘ ŀƭΦ όнлмсύ ŀǊŜ ŀŘŘƛǝƻƴŀƭ ŜȄŀƳǇƭŜǎ ƻŦ ǾƻƭŀǝƭŜ ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘ ŜƳƛǎǎƛƻƴǎ 

ōŜƛƴƎ ŜƭŜǾŀǘŜŘ ǳƴŘŜǊ w ŀƴŘκƻǊ Cw ǿŀǾŜƭŜƴƎǘƘ ōŀƴŘǎ ƛƴ ǇŜǘǳƴƛŀ ƅƻǿŜǊǎ ŀƴŘ ōŀǎƛƭ ƭŜŀǾŜǎ ŎƻƳǇŀǊŜŘ ǘƻ . 

ƭƛƎƘǘ ǊŜƎƛƻƴǎΦύ 
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9ǾŜƴ ǘƘƻǳƎƘ ǿŜ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ŦŀǊ ŦǊƻƳ ŀǇǇƭȅƛƴƎ [95ǎ ŀǎ ŜũŜŎǝǾŜ ŀƴŘ ǘŀǊƎŜǝƴƎ ǘƻƻƭǎ ǘƻ 

ǇǳǊǇƻǎŜŦǳƭƭȅ ǘŀƛƭƻǊ 9h ȅƛŜƭŘǎ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴǎ ƻŦ ƳŜŘƛŎƛƴŀƭ ŀƴŘ ŀǊƻƳŀǝŎ ǇƭŀƴǘǎΣ ǘƘŜƛǊ ǇǊƻŦƻǳƴŘ ƛƳǇŀŎǘ ƻƴ 

9hǎ ƛǎ ƛƴŘƛǎǇǳǘŀōƭŜ ŀƴŘ ǾŀǊƛƻǳǎ ŀǊŜŀǎ ƻŦ ŀǇǇƭƛŎŀǝƻƴ ŀǊŜ ŜƴǾƛǎƛƻƴŜŘΥ CƛǊǎǘ ŀƴŘ ŦƻǊŜƳƻǎǘΣ ǳƴŘŜǊ /9! 

ŎƻƴŘƛǝƻƴǎ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ǎǇŜŎƛŜǎπƳŀǘŎƘŜŘ [95 ƭƛƎƘǘ ǎŎŜƴŀǊƛƻǎ ŎƻǳƭŘ ŜƴŀōƭŜ ŎƻƴǎƛǎǘŜƴǘƭȅ ƘƛƎƘ 9h 

ǉǳŀƴǝǝŜǎ ǿƛǘƘ ŘŜǎƛǊŜŘ 9h ǉǳŀƭƛǝŜǎΦ hƴ ǘƘŜ ōŀǎƛǎ ƻŦ ƘǳƳŀƴ ǎŜƴǎƻǊȅ ŜǾŀƭǳŀǝƻƴǎΣ [95ǎ Ƴŀȅ ōŜ ǳǎŜŘ ǘƻ 

ƛƳǇǊƻǾŜ ǘƘŜ ǎƳŜƭƭ ŀƴŘ ǘŀǎǘŜ ƻŦ ŀ ǾŀǊƛŜǘȅ ƻŦ ƘŜǊōǎΣ ŦǊǳƛǘǎ ŀƴŘ ǾŜƎŜǘŀōƭŜǎ ǘƻǿŀǊŘǎ ŀǊƻƳŀǝŎ ōƭŜƴŘǎ ǇǊŜŦŜǊǊŜŘ 

ōȅ ŎƻƴǎǳƳŜǊǎΦ ¢ƘŜ ƅƻǿŜǊ ŀƴŘ ǇŜǊŦǳƳŜ ƛƴŘǳǎǘǊȅ Ƴŀȅ ōŜƴŜŬǘ ŦǊƻƳ ƴŜǿ ŦǊŀƎǊŀƴŎŜǎ ŀǊƛǎƛƴƎ ŦǊƻƳ 9h 

ŀƭǘŜǊŀǝƻƴǎ Ǿƛŀ [95 ƭƛƎƘǘ ǎŜǩƴƎǎΦ Lƴ ǘƘŜ ƴŜŀǊ ŦǳǘǳǊŜΣ [95ǎ Ƴŀȅ ōŜ ŀǇǇƭƛŜŘ ŦƻǊ ŀ ǎƘƻǊǘ ǇŜǊƛƻŘ ƻŦ ǝƳŜ ŘǳǊƛƴƎ 

ǇǊŜƘŀǊǾŜǎǘ όCǳ Ŝǘ ŀƭΦΣ нлмрύ ƻǊ ŀǎ ǇƻǎǘƘŀǊǾŜǎǘ ǘǊŜŀǘƳŜƴǘǎ ŘǳǊƛƴƎ ǘǊŀƴǎǇƻǊǘ ŀƴŘκƻǊ ǊŜǘŀƛƭ ǎǘƻǊŀƎŜ ό/ƻƭǉǳƘƻǳƴ 

Ŝǘ ŀƭΦΣ нлмоύΦ !ƭǎƻΣ [95 ƭƛƎƘǘ ǎǘǊŀǘŜƎƛŜǎ ŀǊŜ ŀƴǝŎƛǇŀǘŜŘ ǘƻ ƛƳǇǊƻǾŜ ƳŜŘƛŎƛƴŀƭ ǇǊƻǇŜǊǝŜǎ ό{ŀƴƪƘǳŀƴ Ŝǘ ŀƭΦΣ 

нлннύΣ ŜȄǇŜŎǘŜŘ ǘƻ ƭƻǿŜǊ ƘŜŀǘƘπŎƻƴŎŜǊƴƛƴƎ ŎƻƳǇƻǳƴŘǎ ƻŦ 9h ōƭŜƴŘǎ ό{ŜƳŜƴƻǾŀ Ŝǘ ŀƭΦΣ нлннύ ŀƴŘ ǿƛƭƭ ƭƛƪŜƭȅ 

ōŜ ŜƳǇƭƻȅŜŘ ǘƻ ǇǊƻŘǳŎŜ ƘƛƎƘ ŀƳƻǳƴǘǎ ƻŦ ǎǇŜŎƛŬŎ ŎƻƳǇƻǳƴŘǎ ǿƘƛŎƘ ŀǊŜ ƴŜŜŘŜŘ ōȅ ŘƛǾŜǊǎŜ ƛƴŘǳǎǘǊƛŜǎ 

ό5ŜŘƛƴƻ Ŝǘ ŀƭΦΣ нлннύΦ CƻǊ ǘƘŜ ƳƻƳŜƴǘ ƘƻǿŜǾŜǊΣ ƳǳŎƘ ǇǊƻǎǇŜŎǝǾŜ ǊŜǎŜŀǊŎƘ ŀƴŘ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƳŜǘŀπ

ŀƴŀƭȅǎŜǎ ōŀǎŜŘ ƻƴ ǘƘŜ Ǉƻƻƭ ƻŦ ŜȄƛǎǝƴƎ ŬƴŘƛƴƎǎ ƭƛŜ ŀƘŜŀŘ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ŎŀǳǎŜǎ ŀƴŘ ƳŜŎƘŀƴƛǎƳǎ 

ǘƘŀǘ ƭŜŀŘ ǘƻ ǘƘŜǎŜ ƘƛƎƘƭȅ ŘƛǾŜǊǎŜ 9h ŀƭǘŜǊŀǝƻƴǎΦ 
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¢ŀōƭŜ мл ς 9ǎǎŜƴǝŀƭ ƻƛƭ ŎƻƴǘŜƴǘǎ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴǎ ƻŦ ŀǊƻƳŀǝŎ ŀƴŘ ƳŜŘƛŎƛƴŀƭ Ǉƭŀƴǘǎ ŀǎ ŀũŜŎǘŜŘ ōȅ [95 ƭƛƎƘǝƴƎ ό ˂мллπулл ƴƳύΦ15
 

Plant species Effect1 Light spectrum Light intensity2 Reference 

Acmella oleracea 
 

45 DAS, in vitro cultivation induced the synthesis of more EO compounds 
than pot cultivation after continues light exposure treatments (24 h d-1).  
Regardless of cultivation method, trans-caryophyllene and 2-tridecanone 
increased upon R exposure. 

-hcadinol and 4-epi-cubedol increased upon W light exposure.  

² ˂380-780,  
R ˂ 610-640 

60 
Dedino et 
al. 2022 

Ocimum basilicum 
ΨwŜŘ wǳōȅΩ 

60 DAS, total EO contents (0.15-0.22 % per FW) remained indifferent 
between all treatments. 
Proportion of linalool increased under UV-AB and (to a lesser extent) 
under UV-A;  
UV-C reduced proportions of linalool, sabinene and fenchone, induced 
ŜǳƎŜƴƻƭ ƳŜǘƘȅƭ ŜǘƘŜǊΣ ŀƴŘ ƛƴŎǊŜŀǎŜŘ ǇǊƻǇƻǊǘƛƻƴǎ ƻŦ ʰ-ƎǳŀƛŜƴŜΣ ʲ-
ŎǳōŜōŜƴŜ ŀƴŘ ʰ-bulnesene. 
[60 DAS, UV-A and (to a lesser extent) UV-AB increased FWLeaf, PHeight, 
DW/FW ratio, LA, chl a, compared to control without UV; FWStem increased 
under UV-A; LA reduced under UV-C; TAC increased under UV-C and (to a 
lesser extent) under UV-A, however remained indifferent under UV-AB; chl 
b, car increased under all UV treatments compared to control.]  

FL± 
UV-A; 
UV-AB; 
UV-C 

120 ± 10 
(3.9 of UV-A; 
0.2 of UV-AB 
and UV-C, 

respectively) 

Semenova 
et al. 2022 

Artemisia annua 

3 month old plants were exposed to light treatments for 7 days. 
A total of 289, 260 and 335 terpenoid proteins were detected in the leaves 
after W, B and R exposures, respectively. 
R induced the highest number of differential terpenoid proteins (53) 
followed by B (31), then W (20).  
R resulted in high proportions of sesquiterpene and tetraterpene (car) 
synthases. 
W and B resulted in higher proportions of functional proteins related to 
MVA and MEP pathways and high proportions of sesquiterpene synthases. 
Among the LED spectra, R was most effective for regulating terpenoid 
proteins.  

W (main peaks 
ŀǘ ˂445 and 

5˂44ύΣ w ˂660, B 

4˂45 

200 ± 10 
Sankhuan et 

al. 2021 

 
15 The reader may also be referred to the studies by Hikosaka et al. (2021), Rihan et al. (2020), Pennisi et al. (2019) and Hosseini et al. (2018) cited in Table 5; Kivimäenpä et al. 
(2022), Sankhuan et al. (2022), Rihan et al. (2022), Aldarkazali et al. (2019) cited in Table 9. 
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Melissa officinalis 
ΨLƭŀƳΩ ϧ ΨLǎŦŀƘŀƴΩ 

EO contents remained indifferent between all treatments (0.27-0.32 %). 
Citronellal and other monoterpenes were highest under R and RB in both 
genotypes; linalool highest under RB, lowest under GH conditions in both 
genotypes. 
Lƴ ΨLƭŀƳΩΣ ƳƻƴƻǘŜǊǇŜƴŜǎ ǿŜǊŜ ŀƭǎƻ ŜƭŜǾŀǘŜŘ ǳƴŘŜǊ ²Σ ǿƘƛƭŜ ƛƴ ΨLǎŦŀƘŀƴΩ 
elevated also under B and GH conditions; while sesquiterpene contents 
ǿŜǊŜ ƘƛƎƘŜǎǘ ǳƴŘŜǊ . ƛƴ ΨLƭŀƳΩΣ ǘƘŜȅ ǿŜǊŜ ƘƛƎƘŜǎǘ ǳƴŘŜǊ ² ŀƴŘ DI 
ŎƻƴŘƛǘƛƻƴǎ ƛƴ ΨLǎŦŀƘŀƴΩΦ 
Lƴ ΨLƭŀƳΩΣ ʰ-pinene highest under GH conditions and R; myrcene highest 
under W and GH conditions, lowest under w. ŀƴŘ wΤ ʴ-3-carene highest 
under GH conditions, followed by B, lowest under R; limonene highest 
under W, lowest under R; 1,8-cineole highest under R, lowest under RB 
ŀƴŘ DI ŎƻƴŘƛǘƛƻƴǎΤ ʴ-terpinene highest under W and R, lowest under B; 
cis-sabinene higheǎǘ ǳƴŘŜǊ ² ŀƴŘ wΤ ʲ-thujone highest under GH 
conditions; thymol highest under B, lowest under RB; carvacrol highest 
ǳƴŘŜǊ .Τ ƭƻǿŜǎǘ ǳƴŘŜǊ ² ŀƴŘ w.Τ ʲ-caryophyllene highest under B, lowest 
under RB; eugenol is increased under W, however, nd under R.  
Lƴ ΨLǎŦŀƘŀƴΩΣ ʰ-pinene highest under GH conditions and B, lowest under W 
ŀƴŘ wΤ ƳȅǊŎŜƴŜ ƘƛƎƘŜǎǘ ǳƴŘŜǊ .Σ ƭƻǿŜǎǘ ǳƴŘŜǊ w. ŀƴŘ DI ŎƻƴŘƛǘƛƻƴǎΤ ʴ-3-
carene highest under W, lowest under RB; limonene highest under B; 
lowest under RB; 1,8-cineole highest under W and B, ƭƻǿŜǎǘ ǳƴŘŜǊ w.Τ ʴ-
terpinene highest under RB and GH, lowest under W; cis-sabinene reduced 
ǳƴŘŜǊ ² ŀƴŘ .Τ ʲ-thujone highest under B; thymol highest under W, 
ƭƻǿŜǎǘ ǳƴŘŜǊ w.Τ ŎŀǊǾŀŎǊƻƭ ƘƛƎƘŜǎǘ ǳƴŘŜǊ ² ŀƴŘ wΣ ƭƻǿŜǎǘ ǳƴŘŜǊ w.Τ ʲ-
caryophyllene highest under GH conditions, lowest under W and B; 
eugenol highest under GH conditions and R, lowest under RB and B. 
[In both cultivars, LED treatments generally increased FWShoot, DWShoot, LNo 
ŀƴŘ !h/ ŎƻƳǇŀǊŜŘ ǘƻ DI ǘǊŜŀǘƳŜƴǘΤ ƛƴ ΨLƭŀƳΩΣ C²Shoot increased most 
under RB; ƛƴ ΨLǎŦŀƘŀƴΩΣ C²Shoot increased most under RB and R, followed by 
²Τ Lƴ ΨLƭŀƳΩΣ 5²Shoot increased most under RB, followed by R and W; in 
ΨLǎŦŀƘŀƴΩΣ 5²Shoot increased most under RB, followed by R, then W and GH; 
ƛƴ ΨLƭŀƳΩΣ [No decreased significantly from R.Σ wΣ DIΣ ² ǘƻ .Τ  ƛƴ ΨLǎŦŀƘŀƴΩΣ 
LNo increased most under RB, followed by R, then B and W.]    

DIΣ w ˂660, 
B ˂ 460, RB7:3, 
W ˂ 380-760 

300 
Ahmadi et 
al. 2021 
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Aeollanthus 
suaveolens  

After 40 days under in vitro conditions, number of VOC compounds 
differed between treatments: 24, 25 and 26 VOCs detected under PFD 57, 
78 and 102; 28 VOCs under PFD 20 and 139; relative contents of major 
VOCs differed between treatments: linalool (31.8 %) highest under 
PFD 102; linalool acetate (19.4 %) highest under PFD 20; cis- -̡farnesene 
(36 ҈ύ ŀƴŘ ʰ-sanatalene (6 %) highest under PFD 139; massoia lactone 
(6.7 %) highest under PFD 78. 
[After 40 days under in vitro conditions, SNo, LRoot, DWLeaf, DWShoot, generally 
increased, while chl and car generally decreased with increasing PFD; LShoot, 
RNo, DWRoot greatest under PFD 78, followed by PFD 102 and 139; DWTotal 
highest under PFD 139, followed by PFD 78 and 102; LA highest under PFD 
139 and 78, lowest under PFD 20; SLA lowest under PFD 139, followed by 
PFD 78 and 102.] 

W ˂ 300-800 with 
elevated B ˂ 450 

20, 57, 78, 
102, 139 

Araújo et al. 
2021 

Aeollanthus 
suaveolens 

After 40 days under in vitro conditions, number of VOC compounds 
differed between treatments: 20 VOC detected under FL; 21 under G and 
Y; 24 under R1B2.5, B and R; 25 under R1B1 and R2.5B1, 27 VOC under W; 
relative contents of major VOCs differed between treatments: linalool 
(33.3 %) highest under W; linalool acetate (18.2 ҈ύΣ ʰ-sanatalene (7.1 %) 
and cis- -̡farnesene (39.7 %) highest under FL, massoia lactone (9.6 and 
9.5 %) highest under G and Y respectively. 
[After 40 days under in vitro conditions, LShoot, highest under G, followed by 
Y and R; LNo reduced under Y, R, B, RB2.5:1; RNo highest under FL and W, 
significantly reduced under R, followed by Y; LRoot highest under G and B, 
significantly reduced under R; DWLeaf decreased from W, to FL, to G and 
RBs, then Y, R and B; DWShoot reduced under R, Y, B and RB2.5:1; DWRoot 
decreased from FL to W, to G and RB1:1, to RB1:2.5 and B, followed by RB2.5:1 
and Y, then R; DWTotal decreased from FL and W, to RB1:1 and G, to RB1:2.5, 
followed by RB2.5:1, B, Y and R; chl a highest under Y and G, lowest under B 
and RB1:2.5; chl b highest under W, followed by G, Y and FL, lowest under B 
and RB2.5:1; total chl decreased from Y, to G and W, to FL, R, RB1:1, to B, 
followed by RB2.5:1 and RB1:2.5; car decreased from Y, to G, then RB1:1, to R 
and FL, followed by RB2.5:1, then W, B and RB1:2.5.]  

² ˂300-800 with 
elevated 

B ˂ 450, G ˂ 510, 
Y ˂ 595, B 4˂50, 
R ˂ 660, RB2.5:1; 

1:2.5; 1:1, FL 

42 
Araújo et al. 

2021 

Lippia filifolia 
After 45 days under in vitro conditions, only little differences in mayor 
terpenoid VOC compositions were observed: limonene (6.3 and 4.7 %), 

² ˂400-700 with 
elevated B, 

36 
Chaves et 
al. 2020 
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thujene (17.1 and 17.3 %) and caryophyllene (6.4 and 6.1 %) highest under 
B and RB respectively; while 1,8-cineole (57.1 and 56.4 ҈ύ ŀƴŘ ʴ-terpinene 
(6.1 and 6.3 ҈ύ ǿŀǎ ƘƛƎƘŜǎǘ ǳƴŘŜǊ ² ŀƴŘ wΣ ŀƴŘ ʰ-pinene was highest 
under W and B (12.6 and 12.7 %). 
[After 45 days under in vitro conditions, PHeight greatest under R and W, 
lowest under RB; SNo highest under RB; NSNo highest under RB, lowest under 
R and W; FWTotal highest under RB; chl a highest under W, lowest under B 
and RB; chl b highest under W, lowest under B; total chl highest under W, 
lowest under B; car highest under W, lowest under B and RB; SugarSol 
concentration highest under RB and B, lowest under W; sucrose 
concentration highest under RB, lowest under W; reducing sugar 
concentration highest under RB and R; MDA highest under RB and W, 
lowest under B.] 

B ˂ 450, R ˂ 653, 
RB ˂ 448/664 with 

elevated R 

Lippia rotundifolia 

After 45 days under in vitro conditions, mayor VOC compounds differed 
between light qualities: myrcenone (33.3 %) reduced under B, myrcene 
(23.5 and 21.6 %) highest under R and B respectively, limonene (13.0 %) 
highest under B, cis-ocimene (12.0-15.5 ҈ύΣ ʰ-terpineol (0.6-0.8 %) 
remained indifferent between treatments, linalool (1.7 %) highest under R. 
[After 45 days under in vitro conditions, ShootLength greatest under R, lowest 
under B and R1B2.5; LNo highest under R2.5B1, lowest under R, R1B2.5 and R1B1; 
DWShoot highest under R, R2.5B1 and W, lowest under R1B2.5 and B; DWLeaf 
highest under R1B 1, lowest under R and B; DWRoot and DWTotal reduced 
under B and R1B2.5; chl a reduced most under R1B 1, followed by W; chl b 
highest under W, lowest under R1B 1 and R; total chl reduced under R and 
R1B 1; car highest under B and R, followed by R2.5B1.] 

² ˂400-800 with 
elevated RB, 
R ˂ 660Σ . ˂450, 
RB2.5:1; 1:2.5; 1:1 

42 
Hsie et al. 

2019 

Perovskia 
abrotanoides & 
P. atriplicifolia 

In both cultivars, proportion of major compound camphor was lowest or 
nd ǳƴŘŜǊ wΤ ʰ-pinene was significantly enhanced under GH conditions (7.2 
ŀƴŘ уΦр ҈ ǊŜǎǇŜŎǘƛǾŜƭȅύΤ ʵ-3-carene elevated under B (11.4 and 6.6 % 
respectively) and R (8.1 and 8.6 % respectively); trans-caryophyllene 
highest under W (10.2 and 8.1 % respectively), lowest under GH conditions 
(4.9 and 3.9 ҈ ǊŜǎǇŜŎǘƛǾŜƭȅύΤ ǎƛƳƛƭŀǊƭȅΣ ʰ-humulene highest under W (9.1 
and 7.7 % respectively), lowest under GH conditions (3.9 and 3.3 % 
respectively). 

² ˂380-780,  
w ˂650-665,  

. ˂460-475, RB7:3, 
GH 

300 
Ghaffari et 

al. 2019 
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In P. abrotanoides, EO yield decreased from W (2.66 %), B (1.7 %), R 
(1.2 %), GH (0.7 %) to RB (0.4 %); camphor highest under GH conditions 
(22.8 %); borneol highest under GH conditions (10.0 %), lowest under R 
(4.6 %); borneol acetate highest under W (7.2 %), lowest under R (3.4 %); 
1,8-cineole highest under GH and B (15.9 and 14.4 % respectively) and 
lowest under W (4.2 %), camphene (3.2 %) only present under GH 
conditions;  
In P. atriplicifolia, EO yield decreased from B (1.9 %), R (1.7), RB (1.6 %) to 
W and GH (1.5 % respectively); camphor highest under W (29.5 %); 1,8-
cineole highest under R, W and GH conditions (31.0, 27.1 and 21.3 % 
respectively); borneol highest under W (13.5 %), lowest under RB (5.1 %); 
borneol acetate highest under GH conditions (11.1 %), lowest under W 
(3.7 %); camphene nd under W, but decreasing from R, B, GH to RB (4.0, 
3.4, 2.7 and 2.3 % respectively). 

Thymus 
carmanicus, 
T. kotschyanus, 
T. migricus, 
T. vulgaris  

In all cultivars, EO yields decreased from R, RB, W, B to GH conditions. 
In all species, limonene was substantially increased under R and 
significantly decreased under GH conditions. 
In T. vulgaris and T. kotschyanusΣ ʰ-terpinene were highest under R 
(4.1 and 18 % respectively), lowest under GH conditions (1.9 and 0.2 % 
respectively). However, substantial differences between species were 
observed in terms of EO yields and compositions as well as all other 
components. 
In T. carmanicus, thymol highest under B (52.4 %), lowest under R 
(18.5 %); carvacrol highest under RB and R (10.3 and 8.3 % respectively), 
lowest under GH conditions (2.4 %); p-cymene highest under GH 
conditions (30.1 %), low under all other treatments (0.1-2.7 ҈ύΤ ʴ-
terpinene highest under W (8.4 %), nd ǳƴŘŜǊ .Τ ʰ-terpinene highest under 
W (10.7 %), lowest under B (1.5 %); limonene highest under R (21.3 %), 
lowest under GH conditions (1.3 %); linalool highest under W (15.3 %), 
lowest under RB (0.4 %). 
In T. kotschyanus, thymol highest under W and B (42-44 %), lowest under 
RB; carvacrol highest under B and GH conditions (2.4 % respectively), nd 
under R and W; p-cymene highest under B (5.7 %), nd ǳƴŘŜǊ w ŀƴŘ ²Τ ʴ-
terpinene highest under R and W (12.5 and 11.7 % respectively), lowest 

w ˂650-665,  
. ˂460-475, RB7:3, 
² ˂380-760, GH 

300 
Tohidi et al. 

2019 
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under GH conditions (0.5 %); limonene highest under R and RB (20.0 and 
17 %), lowest under GH conditions (0.2 %); linalool highest under GH 
conditions (21.6 %), lowest under B (1.9 %). 
In T. migricus, thymol highest under R, RB and GH (46-48 %), lowest under 
W (19.6 %); carvacrol increased under GH conditions (3.9 %); p-cymene 
highest under R (3.7 %), lowest under B and GH conditions (1.0 % 
ǊŜǎǇŜŎǘƛǾŜƭȅύΤ ʴ-terpinene highest under R (12.5 %), nd under GH 
ŎƻƴŘƛǘƛƻƴǎΤ ʰ-terpinene highest under R (4.6 %), lowest under B (1.0 %); 
limonene highest under W (31.7 %), lowest under GH conditions (0.3 %); 
linalool highest under W (19 %), lowest under GH conditions (1.6 %). 
In T. vulgaris, thymol was highest under W (65.5 %), lowest under GH 
conditions (39.5 %); carvacrol highest under W (5.5 %), lowest under R 
(2.9 %); p-cymene reduced under W (8.3 ҈ύΤ ʴ-terpinene highest under GH 
conditions and R (11.0 and 10.5 % respectively), lowest under W (2.8 %); 
limonene highest under R (2.2 %), lowest under W and GH conditions 
(0.9 % respectively); linalool highest under GH conditions (2.9 %), lowest 
under B and W (0.8 and 0.9 % respectively.  

Mentha spicata 

Mature spearmint plants were exposed to light treatments for three 
weeks. 
Under R and G, released VOCs were similar to GH conditions (limonene: 
17.7, 18.1 and 16.5 % respectively; carvone: 79.2, 75.3 and 81.9 % 
respectively), however both main VOCs (limonene and carvone) were nd 
under B, instead, carvone oxide (65.2 %), 1,8-cineole (22.0 %) and ocimene 
(7.8 %) appeared (while nd under all other treatments). 

-hǇƛƴŜƴŜΣ ʲ-ǇƛƴŜƴŜΣ ŎŀƳǇƘƻǊΣ ʲ-bourbonene, caryophyllene released in 
higher concentrations under B (4.6, 5.2, 1.3, 1.4, 2.3 % respectively); 
sabinene released in lower concentrations under R (0.1 ҈ύΤ ʲ-bourbonene 
released in lower concentrations under GH conditions (0.1 ҈ύΤ ʴ-
terpinolene remained indifferent between treatments.  

GH, R ˂ 623, 
B ˂ 453, G ˂ 514 

na 
Nguyen & 
Saleh 2019 

Petroselinum 
crispum 

After four month, EO yields (0.05 % per g FW) remained indifferent 
between all treatments. 
w ǎǳǇǇƭŜƳŜƴǘŀǘƛƻƴ ƻƴƭȅ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜŘ ʲ-phellandrene (26 %) and 
decreased carotol (0.9 %) and apiole (10.9 %) compared to FL (17.2, 7.4 
and 15.5 % respectively). 

FL ±  
R ˂ 660;  

12 h of FL, 
then 4 h of R 

as EOD  

60 
Ascrizzi et 
al. 2018 
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EOD-w ŎŀǳǎŜŘ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ʲ-phellandrene (2.4 %), 
appearance of cis- -̡ocimene (2.4 %), methyl carvacrol (2.7 %), 
bicyclogermacrene (4.8 ҈ύΣ ʰ-farnesene (14.8 ҈ύΣ ʵ-cadinene (3.9 %), 7-
epi- -heudesmol (7.4 %); 
an increase in trans- -̡ocimene (4.2 ҈ύΣ ʲ-caryophyllene (1.9 %), trans- -̡
farnesene (3.3 %), germacrene D (13.2 %).   
While nd under EOD-R, terpinolene (7.1, 5.3 %), p-cymene (2.5, 1.8 %), 
1,3,8-p-menthatriene (17.7, 18.3 %), phenylpropanoids myristicin (19.4, 
23.7 %) and apiole (15.5, 10.9 %) are high in relative abundance under FL 
and FL+R.  

Lippia gracilis 

After 30 days under in vitro conditions and differing light qualities, p-
cymene highest under R1B2.5 (32.4 %), lowest under R and B (24.5, 24.9 % 
respectively); carvacrol highest under B (48.1 %), lowest under RBs (41.1-
41.6 ҈ύΤ ʰ-pinene, limonene, umbellulone, thymol methyl ether remained 
nd under B, while indifferent between other light qualities (0.3-0.4, 0.4-
0.5, 03-0.5, 0.3-0.5 % respectively); myrcene (1.7 ҈ύΣ ʰ-terpinene (1.3 %), 
terpinene-4-ol (0.3 ҈ύ ǊŜŘǳŎŜŘ ǳƴŘŜǊ .Τ ʴ-terpinene highest under R 
(7.4 %), lowest under B (3.7 %); cis-sabinene hydrate remained nd under B 
and W, while indifferent between other light qualities (0.2-0.3 %); trans-
caryophyllene highest under B (11.7 ҈ύΤ ʰ-humulene was only detected 
under R (0.3 %). 
Highest number of VOC compounds detected under R (16), lowest under B 
(10).  
[After 30 days under differing light qualities using apical segments for 
micropropagation, LShoot increased from R1B2.5, to R2.5B1, to B and W, to R; 
DWLeaf increased from B and R2.5B1, to R1B2.5, to W, followed by R; DWRoot 
increased from RBs to W, followed by R, then B; chl a highest under B, 
lowest under R and W; chl b highest under B, followed by B and R1B2.5, then 
R2.5B1, lowest under W; total chl highest under B, then R1B2.5, followed by 
R2.5B1 and R, lowest under W; car lowest under W, followed by R1B2.5 and R.   
Using nodal segments under differing light qualities for micropropagation, 
LShoot was increased under R; DWLeaf was increased under B; DWRoot was 
reduced under B and R2.5B1; chl a lowest under R, followed by R1B2.5; chl b 
highest under R2.5B1 and W, lowest under R1B2.5 and R; total chl highest 

W ˂ na, R ˂ na, 
B ˂ na, R2.5B1, 

R1B2.5 
42 

Lazzarini et 
al. 2018 
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under R2.5B1 and W, then B, lowest under R1B2.5; car highest under W, 
lowest under R.   
Regardless of segments used, LRoot increased under W and R, decreased 
under B; DWShoot highest under B, followed by R; DWTotal lowest under 
R2.5B1, followed by R1B2.5 and W; NSNo, LNo remained indifferent between 
light qualities.] 

Hyptis suaveolens 

After 30 days under differing light qualities using nodal segments for 
micropropagation, relative abundance of sabinene was highest under R4B10 
(12.9 %), Y (13.0 %) and B (12.6 %), while reduced under R1B1 (5.8 %), R10B4 
(7.4 %), R (7.5 %) and FL (8.1 ҈ύΤ ʲ-pinene was highest under R (17.4 %), 
R10B4 (14.2 %) and  R1B1 (12.9 %), lowest under B (7.1 %) and R4B10 (8.3 %); 
trans-caryophyllene decreased from FL (22.5 %), R1B1, W, B, R4B10, G, R10B4, 
R, Y (17.4 %); germacrene D highest under Y (19.7 %), R4B10 (17.2 %), 
lowest under R (13.0 %) and R10B4 (13.5 %); bicyclogermacrene highest 
under R1B1, lowest under R10B4 (9.6 ҈ύΤ ʲ-phellandrene remained fairly 
indifferent between treatments (5.5-6.9 %). 
Lƴ ŀŘŘƛǘƛƻƴΣ C[ ƛƴƘƛōƛǘŜŘ мл ±h/ǎ όŎŀƳǇƘŜƴŜΣ ʵ-3-ŎŀǊŜƴŜΣ ʰ-terpinene, cis-
sabiƴŜƴŜ ƘȅŘǊŀǘŜΣ ōƻǊƴŜƻƭΣ ʰ-ǘŜǊǇƛƴŜƻƭΣ ʲ-cubebene, epi-bicycle 
sesquiphellandrene, cis-muurola-3,5-diene, trans-cadina-1,4-diene) 
compared to LED treatments; R inhibited cis-sabinene hydrate and 
caryophyllene oxide, R10B4 inhibited cis-ǎŀōƛƴŜƴŜ ƘȅŘǊŀǘŜ ŀƴŘ ʲ-cubebene. 
Number of VOC compounds decreased from R and R10B4 (38), G and R4B10 

(37), B (36), W (35), R7B7 (33), Y (31) to FL (30).  
[After 30 days under differing light qualities using nodal segments for 
micropropagation, NSNo highest under R10B4, followed by B, R4B10, W and R; 
LShoot highest under G, followed by R and Y, then FL, W and R10B4; LNo 
highest under W and R10B4, followed by R4B10, B, R, then R7B7 and FL; DWLeaf 
highest under W, followed by RBs, lowest under G and Y; DWShoot highest 
under R10B4, R4B10 and W, followed by R and G; DWRoot highest under R4B10, 
R10B4, followed by W, R, then R7B7; DWTotal highest under R10B4, followed by 
W and R4B10, then R7B7 and R.] 

ώn˂a] 
R, B, Y, G, 

R4B10, R10B4, 
R1B1, W, FL 

 

47 
Andrade et 

al. 2017 

Ocimum basilicum 
In the GH and the LED chambers respectively, evaluated parameters 
differed between seasons and between temporal replications.   

R ˂ na, B ˂ 450, 
R1B1, G ˂ 520, 

100  
(R, B, RB, G, Y);  

150  

Carvalho et 
al. 2016 
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VOC emissions changed over time (weekly measurements between 2- and 
6-week old basil) and changed differently under differing light qualities; 
highest diversity of VOCs was found during week 4 (carboxylic acid esters, 
fatty acid esters, fatty alcohols and aldehydes, mono- and 
sesquiterpenoids, phenylpropanoids); only mono- and sesquiterpenoids 
and phenylpropanoids remained relatively high in intensity after week 4.  
Adding a ǘƘƛǊŘ ˂ ǘƻ w. ƛƴŎǊŜŀǎŜŘ ŜƳƛǎǎƛƻƴǎ ƻŦ ǎŜǾŜǊŀƭ Ƴƻƴƻ- and 
sesquiterpenes and phenylpropanoids by at least 1.5-fold in comparison to 
RB and GH conditions; R, B and RB enhanced emissions compared to GH 
conditions; while RYB and RGB increased monoterpenoid emissions, RBFR 
increased phenylpropanoid emissions. 
[LA and FWTotal were maximized when RB was supplemented with G, Y or 
FR.] 

Y ˂ 600, FR 7˂35, 
GH 

(RGB, RYB, 
RBFR) 

Plectranthus 
amboinicus  

Propagated cuttings were exposed to light conditions for 70 days. 
VOC emission analyses were only conducted on the youngest leaves. 
Generally, R increased monoterpene emissions (short RTs); B increased 
sesquiterpene emissions (long RTs), G increased emissions of compounds 
with intermediate RTs. 
Compared to W+RGB, B resulted in the greatest VOC emission changes, 
followed by R. 
²ƘƛƭŜ ²ҌwD. ŀƴŘ . ǊŜƭŜŀǎŜŘ ƳƻǊŜ ʰ-ǘŜǊǇƛƴŜƴŜΣ ƭƛƴŀƭƻƻƭ ŀƴŘ ʲ-farnesene 
than other treatments, B additionally increased release of germacrene D 
and elemene compared to all other treatments. 
²ƘƛƭŜ D ŀƴŘ w ǊŜƭŜŀǎŜŘ ƳƻǊŜ ʰ-ǇƛƴŜƴŜΣ ʲ-pinene, G additionally increased 
release of limonene compared to all other treatments, and R increased 
release of fenchyl acetate and bornyl acetate.   
[PHeight increased under R and G; Lateral SNo increased under G and R, 
reduced under B; LThick and FWLeaf increased under B and R.] 

B ˂ 470, G ˂ 525, 
R ˂ 660, W+RGB 

(3:1:1:1) 
100 

Noguchi & 
Amaki 
20163 

Three 
chemotypes of 
Lippia alba 

After 40 days of in vitro propagation, differences in EO composition were 
more influenced by chemotype than by the light qualities. 
[After 40 days of in vitro propagation, chl and car increased under RB; 
PHeight remained indifferent between chemotypes and light treatments. 
While RB increased FWTotal in BGEN-01 and BGEN-02, RB decreased FWTotal 
in BGEN-42. 

C[Σ ² ˂400-750 
with elevated 
B and low R,  
R450B660 with 
elevated R 

41 
Batista et al. 

2016 
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DWTotal differed strongly between chemotypes and light qualities: While RB 
resulted in greatest DWTotal in BGEN-01, RB and W resulted greatest DWTotal 
in BGEN-02 and FL resulted in greatest DWTotal in BGEN-42.]  

Camellia sinensis  

At preharvest, R and B promoted accumulation of volatile fatty acid 
derivatives VFADs, volatile phenylpropanoids and benzenoids VPBs and 
volatile terpenes VTs within three days of exposure compared to darkness.  
In addition, R and B upregulated expression levels of 9/13-lipoxygenases 
LOX involved in VFAD formations, phenylalanine ammonialyase PAL 
involved in VPB formation and terpene synthase TS involved in VT 
formation.    
R and B had less influence on harvested leaves.  

Dark, B ˂ 470, 
R ˂ 660 

75 
Fu et al. 

2015 

Achillea 
millefolium 

After 45 days of in vitro cultivation of rhizomes, with decreasing broadness 
of the spectrum number of VOCs generally decreased (FL (29), RGB and G 
(28), B (27), R (26)). 
Sabinene was increased under R (30.8 %), decreased under FL (9.6 %); 
borneol was increased under FL (15.7 %), decreased under R (6.0 ҈ύΣ ʲ-
caryophyllene was slightly decreased under RGB and FL; 1,8-cineole was 
slightly decreased under G (5.3 ҈ύΣ ʲ-cubebene was increased under RGB 
(21.6 %) and G (18.5 %), decreased under FL (9.3 %). 
[After 45 days of in vitro cultivation of rhizomes, DWShoot, DWTotal highest 
under B, lowest under G; DWRoot increased under B; LShoot increased under B 
and G; LRoot increased under B and FL, decreased under G; RNo decreased 
from B, to FL, to RGB and R, lowest under G; survival rate was decreased 
under W and G; rooting rate was increased under B but decreased under G; 
chl a and total chl increased under G, decreased under RGB and R; chl b 
increased under G; car increased under G and FL.]   

B ˂ 455, R ˂ 630, 
G ˂ 515, RGB, FL 

25 
Alvarenga 
et al. 2015 

Mentha piperita, 
M. spicata, 
M. longifolia, 
 

After 60 days of cultivation, EO contents of M. piperita were highest under 
R (7 %), followed by RB (5.1 %), then B (3.1 %), W (2.34 %), lowest under 
FCs (1.4 %).  
EO contents of M. spicata were highest under B (5.0 %), followed by R 
(4.3 %), then RB and W (2.6 % respectively), lowest under FCs (0.7 %). 
EO contents of M. longifolia were highest under RB (4.9 %) and R (4.3 %), 
followed by W (3.5 %), FC (3.3 %) and B (3.2 %).  

R ˂ 650-665,  
. ˂460-475, R7B3, 
W ˂ 380-760, FC 

500 
Sabzalian et 

al. 2014 
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[After 60 days of cultivation compared to field conditions, Pn was increased 
under RB and mostly decreased under B, followed by W and R; PHeight and 
FWTotal were decreased, water and EO contents were increased under all 
LED treatments.] 

Petunia x hybrida 
ΨaƛǘŎƘŜƭƭ 5ƛǇƭƻƛŘΩΣ 
Fragaria x 
ananassa 
Ψ{ǘǊŀǿōŜǊǊȅ 
CŜǎǘƛǾŀƭΩΣ 
Vaccinium 
corymbosum 
Ψ{ŎƛƴǘƛƭƭŀΩΣ 
Solanum 
lycopersicum 
ΨaунΩ 
 

In excised petunia flowers exposed to 8 hours of treatment and compared 
to dark treatment, phenylacetaldehyde emissions increased under R and 
FR, followed by FL, then B; benzyl alcohol emissions increased under R and 
FR; 2-phenylethanol emissions increased under R, followed by FR; 
benzaldehyde emissions increased most under R, followed by FR and FL, 
then B; benzyl benzoate emissions increased under R, FR and B, followed 
by FL; isoeugenol emissions increased under FL and R; methyl benzoate 
emissions increased under R, FL and FR, followed by B; eugenol emissions 
increased under FL; methyl salicylate emissions increased under FL, B and 
R.  
In strawberries exposed to 8 hours of treatment and compared to dark 
treatment, ethyl caproate emissions increased under FL but decreased 
under B, FR and R, hexyl butyrate decreased under B, cis-3-hexen-1-ol and 
methyl butyrate emissions remained indifferent.  
In blueberries exposed to 8 hours of treatment, hexanal increased under 
FR, emissions of trans-2-hexenal and 1-hexanol remained indifferent, 
trans-2-hexen-1-ol emissions decreased under FR.  
In tomato fruits exposed to 10 days of treatment, cis-3-hexenal emissions 
increased under FR but decreased under R, 3-methyl-1-butanol and 2-
methyl butanal emissions decreased under all LED treatments, cis-3-
hexen-1-ol decreased under FL, B and R.   

Dark, FL, 
B ˂ 455, R ˂ 668, 

FR ˂ 755 
50 

Colquhoun 
et al. 2013 

Ocimum basilicum 

After 70 days of light treatments, the first, third and fifth leaf was 
harvested for headspace GC analysis.  
Volatile emissions were higher under B (185.6 mg kg-1 FW), followed by W 
(76.0 mg kg-1 FW), indifferent between BG, G and R (50.4, 29.2 and 26,3 
mg kg-1 FW). 
B changed VOC composition the most. 
9Ƴƛǎǎƛƻƴǎ ƻŦ ʰ-ǇƛƴŜƴŜΣ ʲ-pinene and limonene remained indifferent 
between treatments; myrcene and linalool were increased under B (31.3 
and 28.7 mg kg-1 FW) and reduced under G (1.8 and 0.5 mg kg-1 FW) and R 

W ˂ na, B ˂ 470, 
BG ˂ 500, G ˂ 525, 

R ˂ 660 
50 

Amaki et al. 
2011 
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(1.9 and 1.0 mg kg-1 FW); 1,8-ŎƛƴŜƻƭŜ ŀƴŘ ʴ-terpinene were increased 
under B.  

м 5ŜǎŎǊƛǇǝƻƴǎ ƻŦ ŀōōǊŜǾƛŀǝƻƴǎ ŀǊŜ ƭƛǎǘŜŘ ƛƴ ŀƭǇƘŀōŜǝŎŀƭ ƻǊŘŜǊΥ !h/ Ґ ŀƴǝƻȄƛŘŀƴǘ ŎŀǇŀŎƛǘȅΣ . Ґ ōƭǳŜ ƭƛƎƘǘ όпллπрлл ƴƳύΣ .D Ґ ōƭǳŜκƎǊŜŜƴ ƭƛƎƘǘ όрлл ƴƳύΣ ŎŀǊ Ґ 
ŎŀǊƻǘŜƴƻƛŘǎΣ ŎƘƭ Ґ ŎƘƭƻǊƻǇƘȅƭƭΣ 5ŀǊƪ Ґ ŘŀǊƪƴŜǎǎΣ 5!{ Ґ Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎΣ 5² Ґ ŘǊȅ ǿŜƛƎƘǘΣ 5²[ŜŀŦ Ґ ƭŜŀŦ ŘǊȅ ǿŜƛƎƘǘΣ 5²wƻƻǘ Ґ Ǌƻƻǘ ŘǊȅ ǿŜƛƎƘǘΣ 5²{Ƙƻƻǘ Ґ ǎƘƻƻǘ ŘǊȅ 
ǿŜƛƎƘǘΣ 5²¢ƻǘŀƭ Ґ ǘƻǘŀƭ ŘǊȅ ǿŜƛƎƘǘΣ 9h Ґ ŜǎǎŜƴǝŀƭ ƻƛƭΣ 9h5 Ґ ŜƴŘπƻŦπŘŀȅ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ C/ Ґ ŬŜƭŘ ŎƻƴŘƛǝƻƴǎΣ C[ Ґ ƅǳƻǊŜǎŎŜƴǘ ƭŀƳǇΣ Cw Ґ ŦŀǊ ǊŜŘ ƭƛƎƘǘ όтллπулл ƴƳύΣ 
C² Ґ ŦǊŜǎƘ ǿŜƛƎƘǘΣ C²[ŜŀŦ Ґ ƭŜŀŦ ŦǊŜǎƘ ǿŜƛƎƘǘΣ C²{Ƙƻƻǘ Ґ ǎƘƻƻǘ ŦǊŜǎƘ ǿŜƛƎƘǘΣ C²¢ƻǘŀƭ Ґ ǘƻǘŀƭ ŦǊŜǎƘ ǿŜƛƎƘǘΣ D Ґ ƎǊŜŜƴ ƭƛƎƘǘ όрллπслл ƴƳύΣ D/ Ґ Ǝŀǎ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅΣ 
DI Ґ ƎǊŜŜƴ ƘƻǳǎŜΣ [! Ґ ƭŜŀŦ ŀǊŜŀΣ ˂ Ґ ǿŀǾŜƭŜƴƎǘƘ ό[ŀƳōŘŀύΣ ƴ˂ŀ Ґ ǿŀǾŜƭŜƴƎǘƘǎ ƴƻǘ ŀǾŀƛƭŀōƭŜΣ [bƻ Ґ ƴǳƳōŜǊ ƻŦ ƭŜŀǾŜǎΣ [h· Ґ фκмоπƭƛǇȄȅƎŜƴŀǎŜΣ [wƻƻǘ Ґ Ǌƻƻǘ ƭŜƴƎǘƘΣ 
[{Ƙƻƻǘ Ґ ǎƘƻƻǘ ƭŜƴƎǘƘΣ [¢ƘƛŎƪ Ґ ƭŜŀŦ ǘƘƛŎƪƴŜǎǎΣ a5! Ґ ƳŀƭƻƴŘƛŀƭŘŜƘȅŘŜΣ a±! Ґ ƳŜǾŀƭƻƴŀǘŜ ǇŀǘƘǿŀȅΣ a9t Ґ ƳŜǘƘȅƭŜǊȅǘƘǊƛǘƻƭ пπǇƘƻǎǇƘŀǘŜ ǇŀǘƘǿŀȅΣ ƴŀ Ґ ƴƻǘ ŀǾŀƛƭŀōƭŜΣ 
ƴŘ Ґ ƴƻǘ ŘŜǘŜŎǘŀōƭŜΣ b{bƻ Ґ ƴǳƳōŜǊ ƻŦ ƴƻŘŀƭ ǎŜƎƳŜƴǘǎΣ t![ Ґ ǇƘŜƴȅƭŀƭŀƴƛƴŜ ŀƳƳƻƴƛŀ ƭȅŀǎŜΣ tC5 Ґ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ όҡƳƻƭ Ƴπн ǎπмύΣ tIŜƛƎƘǘ Ґ Ǉƭŀƴǘ ƘŜƛƎƘǘΣ tƴ Ґ 
ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜΣ w Ґ ǊŜŘ ƭƛƎƘǘ όсллπтлл ƴƳύΣ w. Ґ ǊŜŘ ŀƴŘ ōƭǳŜ ƭƛƎƘǘΣ wD. Ґ ǊŜŘΣ ƎǊŜŜƴ ŀƴŘ ōƭǳŜ ƭƛƎƘǘΣ wbƻ Ґ ƴǳƳōŜǊ ƻŦ ǊƻƻǘǎΣ w¢ǎ Ґ ǊŜǘŜƴǝƻƴ ǝƳŜǎΣ {[! Ґ 
ǎǇŜŎƛŬŎ ƭŜŀŦ ŀǊŜŀ όŎƳн ƳƎπмύΣ {bƻ Ґ ƴǳƳōŜǊ ƻŦ ǎƘƻƻǘǎΣ ¢!/ Ґ ǘƻǘŀƭ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘΣ ¢{ Ґ ǘŜǊǇŜƴŜ ǎȅƴǘƘŀǎŜΣ ¦±π! Ґ ǳƭǘǊŀǾƛƻƭŜǘ ƭƛƎƘǘ όомрπплл ƴƳύΣ ¦±π. Ґ 
ǳƭǘǊŀǾƛƻƭŜǘ ƭƛƎƘǘ όнулπомр ƴƳύΣ ¦±π/ Ґ ǳƭǘǊŀǾƛƻƭŜǘ ƭƛƎƘǘ όмллπнул ƴƳύΣ ±C!5 Ґ ǾƻƭŀǝƭŜ Ŧŀǧȅ ŀŎƛŘ ŘŜǊƛǾŀǝǾŜǎΣ ±h/ Ґ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘΣ ±t. Ґ ǾƻƭŀǝƭŜ 
ǇƘŜƴȅƭǇǊƻǇŀƴƻƛŘǎ ŀƴŘ ōŜƴȊŜƴƻƛŘǎΣ ±¢ Ґ ǾƻƭŀǝƭŜ ǘŜǊǇŜƴŜǎΣ ² Ґ ōǊƻŀŘōŀƴŘ ǿƘƛǘŜ ƭƛƎƘǘ ǳǎǳŀƭƭȅ ǿƛǘƘƛƴ t!w όǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴΤ пллπтлл ƴƳ ҕ 
ƅŀƴƪƛƴƎ ǊŜƎƛƻƴǎ ƛƴŎƭǳŘƛƴƎ ǳƭǘǊŀǾƛƻƭŜǘ ό¦±ύ ! ŀƴŘκƻǊ CwύΣ ¸ Ґ ȅŜƭƭƻǿ ƭƛƎƘǘ όрслπспл ƴƳύΦ 
н [ƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƛǎ ƎƛǾŜƴ ƛƴ ƳƛŎǊƻƳƻƭŜ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ ŀƴŘ ǎŜŎƻƴŘ όҡƳƻƭ Ƴπн ǎπмύΦ    
о ¦ƴƛŘŜƴǝŬŜŘ ŎƻƳǇƻǳƴŘǎ ŀǊŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘƛǎ ǊŜǾƛŜǿΦ 
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нΦ [95пtƭŀƴǘǎ 

²ƛǘƘƛƴ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ LƴƴƻǾŀǝƻƴ tŀǊǘƴŜǊǎƘƛǇ Ψ!ƎǊƛŎǳƭǘǳǊŀƭ tǊƻŘǳŎǝǾƛǘȅ ŀƴŘ {ǳǎǘŀƛƴŀōƛƭƛǘȅΩ 

ό9Ltπ!DwLύ π ŀƴ ƛƴƛǝŀǝǾŜ ƛƴǘŜƴŘŜŘ ǘƻ όмύ ǿŀǊǊŀƴǘ ŦƻƻŘ ǎŀŦŜǘȅ ŀƴŘ ŀǾŀƛƭŀōƛƭƛǘȅΣ όнύ ŘƛǾŜǊǎƛŦȅ ǇǊƻŘǳŎǝƻƴ 

ǎȅǎǘŜƳǎ ƻŦ ŦƻƻŘ ŀƴŘ ƴƻƴπŦƻƻŘ ǇǊƻŘǳŎǘǎΣ όоύ ǎǘǊŜƴƎǘƘŜƴ ǘƘŜƛǊ ƭƻƴƎπǘŜǊƳ ǎǳǇǇƭƛŜǎ ŀƴŘ όпύ ƛƳǇǊƻǾŜ ǾŀƭǳŜ 

ŎƘŀƛƴǎ ƻŦ ǘƘŜ ǇǊƛƳŀǊȅ ǎŜŎǘƻǊ π ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ !ƎǊƛŎǳƭǘǳǊŜΣ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ /ƭƛƳŀǘŜ tǊƻǘŜŎǝƻƴ ƻŦ ǘƘŜ 

DŜǊƳŀƴ {ǘŀǘŜ ƻŦ .ǊŀƴŘŜƴōǳǊƎ ŀƴŘ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴ ŬƴŀƴŎŜŘ ǘƘŜ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ Ψ[95пtƭŀƴǘǎ ς 

ŜŶŎƛŜƴǘΣ ǎǇŜŎƛŬŎ ŎǊƻǇ ǇǊƻŘǳŎǝƻƴ ōȅ [95ǎΩ Ǿƛŀ ǘƘŜ 9ǳǊƻǇŜŀƴ !ƎǊƛŎǳƭǘǳǊŀƭ CǳƴŘ ŦƻǊ wǳǊŀƭ 5ŜǾŜƭƻǇƳŜƴǘ 

ό9!Cw5ύ ōŜǘǿŜŜƴ нлмт ŀƴŘ нлнлΦ   

tǊƻƧŜŎǘ ǇŀǊǘƴŜǊǎ ŦǊƻƳ ǊŜǎŜŀǊŎƘΣ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ƘƻǊǝŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎ ƧƻƛƴŜŘ ǘƻƎŜǘƘŜǊ ǘƻ ŘŜǾŜƭƻǇ 

ŀƴŘ ǘŜǎǘ ǇƭŀƴǘπŀǇǇǊƻǇǊƛŀǘŜ [95πōŀǎŜŘ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŀƴŘ ŀƴ ƛƴƴƻǾŀǝǾŜ ǾŜǊǝŎŀƭ ŦŀǊƳƛƴƎ ǎȅǎǘŜƳ ŦƻǊ ȅŜŀǊπ

ǊƻǳƴŘ ǇǊƻŘǳŎǝƻƴǎ ƻŦ ƘŜǊōǎ ŀƴŘ ƻǊƴŀƳŜƴǘŀƭǎ ƛƴ .ŜǊƭƛƴ ŀƴŘ .ǊŀƴŘŜƴōǳǊƎΦ CǳǊǘƘŜǊ ƻōƧŜŎǝǾŜǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ 

ǿŜǊŜ ǘƻ ǇǊƻǾƛŘŜ ǇǊŀŎǝŎŀƭ ǎǳǇǇƻǊǘ ŦƻǊ ǘƘŜ ƘƻǊǝŎǳƭǘǳǊŀƭ ǎŜŎǘƻǊ ōȅ ŜȄǇƭƻǊƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ȅƛŜƭŘΣ 

ǉǳŀƭƛǘȅ ŀƴŘ ǊŜǎƛǎǘŀƴŎŜ ƻŦ ǎŜƭŜŎǘ ƘƻǊǝŎǳƭǘǳǊŀƭ Ǉƭŀƴǘǎ ŀƴŘ ǘƻ ǎƘƻǊǘŜƴ ŎǳƭǝǾŀǝƻƴ ǇŜǊƛƻŘǎ ǿƛǘƘ ǘƘŜǎŜ Ǉƛƭƻǘ 

ǘŜŎƘƴƻƭƻƎƛŜǎΦ ¢ƘŜ ǇǊƻƧŜŎǘ ŦǳǊǘƘŜǊ ƛƴǘŜƴŘŜŘ ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ŦŜŀǎƛōƛƭƛǘȅ ŀƴŘ ŜƴŜǊƎȅ ŘŜƳŀƴŘǎ ƻŦ ǘƘŜǎŜ 

ƴŜǿƭȅ ŘŜǾŜƭƻǇŜŘ ǎȅǎǘŜƳǎΦ   

 

 

CƛƎǳǊŜ ф ς tǊƻƧŜŎǘ ǇŀǊǘƴŜǊǎ ŀƴŘ ǘƘŜƛǊ ǘŀǎƪǎ ǿƛǘƘƛƴ [95пtƭŀƴǘǎΦ 

! ōǊƛŜŦ ǇǊƻƧŜŎǘ ƻǾŜǊǾƛŜǿ ƛƴ ŦƻǊƳ ƻŦ ŀ ǎƘƻǊǘ ǾƛŘŜƻ ǿŀǎ ŎǊŜŀǘŜŘ ōȅ ǘƘŜ DŜǊƳŀƴ bŜǘǿƻǊƪƛƴƎ !ƎŜƴŎȅ 

ŦƻǊ wǳǊŀƭ !ǊŜŀǎ ό5±{ύ ŀƴŘ Ŏŀƴ ōŜ ŀŎŎŜǎǎŜŘ Ǿƛŀ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƭƛƴƪΥ 

ƘǧǇǎΥκκǿǿǿΦȅƻǳǘǳōŜΦŎƻƳκǿŀǘŎƘΚǾҐIǳр¢ǇaǊwƪ.aΦ 5ŜǘŀƛƭŜŘ ƛƴŦƻǊƳŀǝƻƴ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ Ŭƴŀƭ ǊŜǇƻǊǘ ƻŦ 

ǘƘŜ ǇǊƻƧŜŎǘ ŀǊŜ ŀǾŀƛƭŀōƭŜ ŀǘ ƘǧǇǎΥκκŜƛǇπŀƎǊƛΦōǊŀƴŘŜƴōǳǊƎΦŘŜκŜƛǇπŀƎǊƛκŘŜκǇǊƻƧŜƪǘŜκƭŜŘпǇƭŀƴǘǎπōŜŜƴŘŜǘκΦ Lƴ 

https://www.youtube.com/watch?v=Hu5TpMrRkBM
https://eip-agri.brandenburg.de/eip-agri/de/projekte/led4plants-beendet/


/I!t¢9w м DŜƴŜǊŀƭ LƴǘǊƻŘǳŎǝƻƴ 
 

ммо 
 

ŀŘŘƛǝƻƴΣ ŀ ƳŀǎǘŜǊ ǘƘŜǎƛǎ ǝǘƭŜŘ Ψ{ǘǳŘƛŜǎ ƻƴ ƎǊŜŜƴƘƻǳǎŜ ŎǳƭǝǾŀǝƻƴ ƻŦ ǘǳǊƳŜǊƛŎ ό/ǳǊŎǳƳŀ ƭƻƴƎŀ [Φύ ς 9ũŜŎǘǎ 

ƻŦ ǎǳǇǇƭŜƳŜƴǘŀƭ [95 ƭƛƎƘǝƴƎ ƻƴ ȅƛŜƭŘ ŀƴŘ ǎŜŎƻƴŘŀǊȅ ƳŜǘŀōƻƭƛǘŜǎΩ ŀǊƻǎŜ ŦǊƻƳ ǘƘŜ [95пtƭŀƴǘǎ ǇǊƻƧŜŎǘ 

όaŜƘƭŘŀǳΣ нлнлύ16Φ CǳǊǘƘŜǊƳƻǊŜΣ ǇǊƻƧŜŎǘ ƻǳǘŎƻƳŜǎ ǿŜǊŜ ǇǊŜǎŜƴǘŜŘ ŀǘ ǘƘŜ ¸ƻǳƴƎ {ŎƛŜƴǝǎǘ aŜŜǝƴƎ ŀƴŘ 

ǘƘŜ LƴǘŜǊƴŀǝƻƴŀƭ tƭŀƴǘ {ǇŜŎǘǊƻǎŎƻǇȅ /ƻƴŦŜǊŜƴŎŜ ƛƴ ŦƻǊƳ ƻŦ ǇƻǎǘŜǊǎ όYǀǇǇŜ Ŝǘ ŀƭΦΣ нлмуΤ YǀǇǇŜ Ŝǘ ŀƭΦΣ 

нлмф17ύ ŀƴŘ ŀǘ ǘƘŜ олΦ .ŜǊƴōǳǊƎŜǊ ²ƛƴǘŜǊ {ŜƳƛƴŀǊ ŦƻǊ aŜŘƛŎƛƴŀƭ ŀƴŘ {ǇƛŎŜ tƭŀƴǘǎ ƛƴ ŦƻǊƳ ƻŦ ŀ ǇǊŜǎŜƴǘŀǝƻƴ 

ό¢ŀōōŜǊǘΣ нлнлύΦ    

нΦм [ƛǎǘ ƻŦ ǇǳōƭƛǎƘŜŘ ǇŜŜǊπǊŜǾƛŜǿŜŘ ŀǊǝŎƭŜǎ 

²ƛǘƘƛƴ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ǘƘŜ [95пtƭŀƴǘǎ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘƘǊŜŜ ǇŜŜǊπǊŜǾƛŜǿŜŘ ŀǊǝŎƭŜǎ18 

ƘŀǾŜ ōŜŜƴ ǇǳōƭƛǎƘŜŘ ǳƴŘŜǊ // .¸ ƭƛŎŜƴǎŜǎ όƘǧǇǎΥκκŎǊŜŀǝǾŜŎƻƳƳƻƴǎΦƻǊƎκƭƛŎŜƴǎŜǎκōȅκпΦлκύ  ŀƴŘ ǊŜǇǊŜǎŜƴǘ 

ǘƘŜ ƘŜŀǊǘ ƻŦ ǘƘƛǎ ŘƛǎǎŜǊǘŀǝƻƴΦ 

¢ŀōōŜǊǘΣ WΦaΦΣ {ŎƘǳƭȊΣ IΦ ϧ YǊŅƘƳŜǊΣ !Φ όнлнмύ  

LƴŎǊŜŀǎŜŘ Ǉƭŀƴǘ ǉǳŀƭƛǘȅΣ ƎǊŜŜƴƘƻǳǎŜ ǇǊƻŘǳŎǝǾƛǘȅ ŀƴŘ ŜƴŜǊƎȅ ŜŶŎƛŜƴŎȅ ǿƛǘƘ ōǊƻŀŘπǎǇŜŎǘǊǳƳ 
[95 ǎȅǎǘŜƳǎΥ ! ŎŀǎŜ ǎǘǳŘȅ ŦƻǊ ǘƘȅƳŜ ό¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [ΦύΦ  
tƭŀƴǘǎΦ млΥфслΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦоофлκǇƭŀƴǘǎмллрлфсл19  
 

¢ŀōōŜǊǘΣ WΦaΦΣ {ŎƘǳƭȊΣ IΦ ϧ YǊŅƘƳŜǊΣ !Φ όнлннŀύ  

LƴǾŜǎǝƎŀǝƻƴ ƻŦ [95 ƭƛƎƘǘ ǉǳŀƭƛǝŜǎ ŦƻǊ ǇŜǇǇŜǊƳƛƴǘ όaŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φύ ŎǳƭǝǾŀǝƻƴ ŦƻŎǳǎƛƴƎ ƻƴ 
Ǉƭŀƴǘ ǉǳŀƭƛǘȅ ŀƴŘ ŎƻƴǎǳƳŜǊ ǎŀŦŜǘȅ ŀǎǇŜŎǘǎΦ  
CǊƻƴǘΦ CƻƻŘ {ŎƛΦ ¢ŜŎƘƴƻƭΦ нΥурнмррΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦооуфκŦǊŦǎǘΦнлннΦурнмрр20  
 

¢ŀōōŜǊǘΣ WΦaΦΣ wƛŜǿŜΣ 5ΦΣ {ŎƘǳƭȊΣ IΦ ϧ YǊŅƘƳŜǊΣ !Φ όнлннōύ  

CŀŎƛƴƎ ŜƴŜǊƎȅ ƭƛƳƛǘŀǝƻƴǎ ς !ǇǇǊƻŀŎƘŜǎ ǘƻ ƛƴŎǊŜŀǎŜ ōŀǎƛƭ όhŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φύ ƎǊƻǿǘƘ ŀƴŘ 
ǉǳŀƭƛǘȅ ōȅ ŘƛũŜǊŜƴǘ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŜƳƛǧŜŘ ōȅ ŀ ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ όпллπ
тул ƴƳύΦ  
CǊƻƴǘΦ tƭŀƴǘ {ŎƛΦмоΥмлррорнΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦооуфκŦǇƭǎΦнлннΦмлррорннм 

 

9ŀŎƘ ǇǳōƭƛŎŀǝƻƴ ƛƴŎƭǳŘƛƴƎ ǎǳǇǇƭŜƳŜƴǘŀƭ ƛƴŦƻǊƳŀǝƻƴ ǿƛƭƭ ōŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘƘǊŜŜ ŎƘŀǇǘŜǊǎΦ

 
16 The master thesis was supervised by Jenny Manuela Tabbert, author of this dissertation and reviewed by 
Hartwig Schulz, scientific supervisor of LED4Plants.  
17 During the preparation of this dissertation, I married my husband James Alfred Tabbert III and changed my 
maiden name Köppe into Tabbert.    
18 Copyright: © 2021 by the authors. 
19 Licensee: MDPI, Basel, Switzerland. Disclaimer: MDPI stays neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.  
20,21 Licensee: Frontiers Media SA, Lausanne, Switzerland. Disclaimer: All claims expressed in this article are solely 
those of the authors and do not necessarily represent those of their affiliated organizations, or those of the 
publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be 
made by its manufacturer, is not guaranteed or endorsed by the publisher.  
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/I!t¢9w н  ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ 

ммп 
 

LƴŎǊŜŀǎŜŘ tƭŀƴǘ vǳŀƭƛǘȅΣ DǊŜŜƴƘƻǳǎŜ tǊƻŘǳŎǝǾƛǘȅ ŀƴŘ 9ƴŜǊƎȅ 9ŶŎƛŜƴŎȅ ǿƛǘƘ .ǊƻŀŘπ{ǇŜŎǘǊǳƳ 

[95 {ȅǎǘŜƳǎΥ ! /ŀǎŜ {ǘǳŘȅ ŦƻǊ ¢ƘȅƳŜ ό¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φύ 

 

!ōǎǘǊŀŎǘΥ ! ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜ ό[95ύ ǎȅǎǘŜƳ ŎƻǾŜǊƛƴƎ ǇƭŀƴǘπǊŜŎŜǇǝǾŜ ǿŀǾŜōŀƴŘǎ ŦǊƻƳ ǳƭǘǊŀǾƛƻƭŜǘ ǘƻ ŦŀǊπ

ǊŜŘ ǊŀŘƛŀǝƻƴ όосл ǘƻ тсл ƴƳΣ άǿƘƛǘŜέ ƭƛƎƘǘ ǎǇŜŎǘǊǳƳύ ǿŀǎ ƛƴǾŜǎǝƎŀǘŜŘ ŦƻǊ ƎǊŜŜƴƘƻǳǎŜ ǇǊƻŘǳŎǝƻƴǎ ƻŦ 

¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ .ƛƻƳŀǎǎ ȅƛŜƭŘǎ ŀƴŘ ŀƳƻǳƴǘǎ ƻŦ ǘŜǊǇŜƴƻƛŘǎ ǿŜǊŜ ŜȄŀƳƛƴŜŘΣ ŀƴŘ ǘƘŜ ƭƛƎƘǘǎΩ ǇǊƻŘǳŎǝǾƛǘȅ 

ŀƴŘ ŜƭŜŎǘǊƛŎŀƭ ŜŶŎƛŜƴŎȅ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘΦ !ƭƭ ǊŜǎǳƭǘǎ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ǘƻ ǘǿƻ ŎƻƴǾŜƴǝƻƴŀƭƭȅ ǳǎŜŘ ƭƛƎƘǘ 

ŬȄǘǳǊŜ ǘȅǇŜǎ όƘƛƎƘπǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ ƭŀƳǇǎ όIt{ύ ŀƴŘ ƅǳƻǊŜǎŎŜƴǘ ƭƛƎƘǘǎ όC[ύύ ǳƴŘŜǊ ƴŀǘǳǊŀƭƭȅ ƭƻǿ ƛǊǊŀŘƛŀǝƻƴ 

ŎƻƴŘƛǝƻƴǎ ŘǳǊƛƴƎ Ŧŀƭƭ ŀƴŘ ǿƛƴǘŜǊ ƛƴ .ŜǊƭƛƴΣ DŜǊƳŀƴȅΦ ¦ƴŘŜǊ [95Σ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ ǿŀǎ 

ƘƛƎƘƭȅ ŀŎŎŜƭŜǊŀǘŜŘ ǊŜǎǳƭǝƴƎ ƛƴ ŘƛǎǝƴŎǘ ŦǊŜǎƘ ȅƛŜƭŘ ƛƴŎǊŜŀǎŜǎ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ ōȅ по҈ ŀƴŘ унΦп҈ ŎƻƳǇŀǊŜŘ 

ǘƻ It{ ŀƴŘ C[Σ ǊŜǎǇŜŎǝǾŜƭȅΦ 5Ǌȅ ȅƛŜƭŘǎ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ ŀƭǎƻ ƛƴŎǊŜŀǎŜŘ ōȅ поΦм҈ ŀƴŘ ууΦс҈ ǳƴŘŜǊ [95 

ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ It{ ŀƴŘ C[ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎΦ ²ƘƛƭŜ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘŜǊǇŜƴƻƛŘǎ ǊŜƳŀƛƴŜŘ ǳƴŀũŜŎǘŜŘΣ ǘƘŜƛǊ 

ǉǳŀƴǝǘȅ ǇŜǊ ƎǊŀƳ ƻŦ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜŘ ǳƴŘŜǊ [95 ŀƴŘ It{ ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ C[Φ CǳǊǘƘŜǊΣ 

ǘƘŜ ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴ ŎŀƭŎǳƭŀǝƻƴǎ ǊŜǾŜŀƭŜŘ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ ƻŦ омΦо҈ ŀƴŘ нлΦм҈ ŦƻǊ [95 ŀƴŘ C[Σ 

ǊŜǎǇŜŎǝǾŜƭȅΣ ŎƻƳǇŀǊŜŘ ǘƻ It{Φ Lƴ ŎƻƴŎƭǳǎƛƻƴΣ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ŀ ōǊƻŀŘπǎǇŜŎǘǊǳƳ [95 ǎȅǎǘŜƳ Ƙŀǎ 

ǘǊŜƳŜƴŘƻǳǎ ǇƻǘŜƴǝŀƭ ŦƻǊ ƛƴŎǊŜŀǎƛƴƎ ǉǳŀƴǝǘȅ ŀƴŘ ǉǳŀƭƛǘȅ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ ŘǳǊƛƴƎ ƴŀǘǳǊŀƭƭȅ ƛƴǎǳŶŎƛŜƴǘ 

ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ǿƘƛƭŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎƛƴƎ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǝƻƴΦ 

 

YŜȅǿƻǊŘǎΥ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜΣ Řŀƛƭȅ ƭƛƎƘǘ ƛƴǘŜƎǊŀƭΣ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎΣ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǝƻƴΣ 

Ǉƭŀƴǘ ƳƻǊǇƘƻƭƻƎȅΣ ōƛƻƳŀǎǎ ŜŶŎŀŎȅ 

 

мΦ LƴǘǊƻŘǳŎǝƻƴ 

LƴǎǳŶŎƛŜƴǘ ƴŀǘǳǊŀƭ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŀƴŘ ǎƘƻǊǘ ǇƘƻǘƻǇŜǊƛƻŘǎ ŘǊŀǎǝŎŀƭƭȅ ƭƛƳƛǘ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ ŘǳǊƛƴƎ 

ǿƛƴǘŜǊ ƳƻƴǘƘǎ ƛƴ ƴƻǊǘƘŜǊƴ ǊŜƎƛƻƴǎΦ !ƭǘƘƻǳƎƘ Ƴƻǎǘ ŎƻƳƳƻƴ ƘƻǊǝŎǳƭǘǳǊŀƭ ŎǊƻǇǎ ŘŜǇŜƴŘ ƻƴ Řŀƛƭȅ ƭƛƎƘǘ 

ƛƴǘŜƎǊŀƭǎ ό5[Lǎύ ƻŦ с ǘƻ рл Ƴƻƭ Ƴҍн Řҍм όCŀǳǎǘ Ŝǘ ŀƭΦΣ нлмуύΣ ƻǳǘŘƻƻǊ ǎƻƭŀǊ 5[Lǎ ƻƊŜƴ Řƻ ƴƻǘ ŜȄŎŜŜŘ 

мл Ƴƻƭ Ƴҍн Řҍм ƛƴ ƘƛƎƘŜǊ ƭŀǝǘǳŘŜǎ ŘǳǊƛƴƎ ƭƛƎƘǘπƭƛƳƛǘŜŘ ǿƛƴǘŜǊ ƳƻƴǘƘǎ όYƻǊŎȊȅƴǎƪƛ Ŝǘ ŀƭΦΣ нллнύ ŀƴŘ ŀǊŜ 

ŦǳǊǘƘŜǊ ǊŜŘǳŎŜŘ ōȅ ǳǇ ǘƻ сл ҈ ƛƴǎƛŘŜ ƎǊŜŜƴƘƻǳǎŜǎ όtǊŀƳǳƪ ϧ wǳƴƪƭŜΣ нллрΤ YƻƴƎ Ŝǘ ŀƭΦΣ нлмтΤ aŀǘȅǎƛŀƪ ϧ 

Yƻǿŀƭƪǎƛ Ŝǘ ŀƭΦΣ нлмфύΦ ¢ƘŜǊŜŦƻǊŜΣ ƎǊŜŜƴƘƻǳǎŜ ƛƴŘǳǎǘǊƛŜǎ ŀƴŘ ǊŜǎŜŀǊŎƘ ŦŀŎƛƭƛǝŜǎ ǎŜŀǎƻƴŀƭƭȅ ŀǇǇƭȅ 

ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǘ ǎƻǳǊŎŜǎ ǘƻ ǇǊƻƭƻƴƎ ŎǳƭǝǾŀǝƻƴ ǇŜǊƛƻŘǎ ŀƴŘ ƻǇǝƳƛȊŜ Ǉƭŀƴǘ ƎǊƻǿǘƘǎΦ IƻǿŜǾŜǊΣ ǇƻǘŜƴǝŀƭǎ 

ŦƻǊ όȅŜŀǊπǊƻǳƴŘύ ƘƻǊǝŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǝƻƴǎ ǊŜƳŀƛƴ ǳƴŘŜǊπǳǝƭƛȊŜŘΣ ŀǎ ǘǊŀŘƛǝƻƴŀƭ ƭƛƎƘǘ ǎƻǳǊŎŜǎ ŎƻƴǎǳƳŜ 

ǳƴŦŜŀǎƛōƭŜ ŀƳƻǳƴǘǎ ƻŦ ŜƴŜǊƎȅ όbŜƭǎƻƴ ϧ .ǳƎōŜŜΣ нлмпύ ŀƴŘ ŀǊŜ ƴƻǘ ǘŀƛƭƻǊŜŘ ǘƻ ǘƘŜ ǇƭŀƴǘǎΩ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ 

ό9ƛŎƘƘƻǊƴπ.ƛƭƻŘŜŀǳ Ŝǘ ŀƭΦΣ нлмфύΦ IŜƴŎŜΣ ƴŜǿ ǘŜŎƘƴƻƭƻƎȅΣ ǿƘƛŎƘ ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎŜǎ ŜƭŜŎǘǊƛŎƛǘȅ 
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ммр 
 

ŎƻƴǎǳƳǇǝƻƴ ǿƘƛƭŜ ƛƳǇǊƻǾƛƴƎ ŎǊƻǇ ǾŀƭǳŜΣ ƛǎ ƻŦ ƎǊŜŀǘ ƛƴǘŜǊŜǎǘ ǘƻ ƎǊŜŜƴƘƻǳǎŜ ƛƴŘǳǎǘǊȅ ŀƴŘ ǊŜǎŜŀǊŎƘ ŦŀŎƛƭƛǝŜǎ 

ό5ŀǊƪƻ Ŝǘ ŀƭΦΣ нлмпύΦ  

¢ƻŘŀȅΣ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜǎ ό[95ǎύ ƘŀǾŜ ǘƘŜ ǇƻǘŜƴǝŀƭ ǘƻ ǊŜǇƭŀŎŜ ǘǊŀŘƛǝƻƴŀƭ ƭƛƎƘǘ ǎƻǳǊŎŜǎ ǎǳŎƘ ŀǎ 

ƘƛƎƘπǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ ƭŀƳǇǎ όIt{ύ όaŀǊǝƴŜŀǳ Ŝǘ ŀƭΦΣ нлмнΤ ²ƻƧŎƛŜŎƘƻǿǎƪŀ Ŝǘ ŀƭΦΣ нлмрύ ŀƴŘ ƅǳƻǊŜǎŎŜƴǘ 

ƭƛƎƘǘǎ όC[ύ όtŀǊƪ Ŝǘ ŀƭΦΣ нлмнύΦ ¢ƘŜȅ ǎƘƻǿ ƛƳǇƻǊǘŀƴǘ ǘŜŎƘƴƛŎŀƭ ŀŘǾŀƴǘŀƎŜǎ ǎǳŎƘ ŀǎ ƘƛƎƘ ŜƴŜǊƎȅ ŜŶŎƛŜƴŎȅΣ 

ǎƳŀƭƭ ǎƛȊŜΣ ŘǳǊŀōƛƭƛǘȅΣ ƭƻƴƎ ƻǇŜǊŀǝƴƎ ƭƛŦŜǝƳŜΣ ƭƻǿ ǘƘŜǊƳŀƭ ŜƳƛǎǎƛƻƴΣ ŀƴŘ ŀŘƧǳǎǘŀōƭŜ ǎǇŜŎǘǊŀƭ ǿŀǾŜƭŜƴƎǘƘ 

ǊŀƴƎŜ όǊŜǾƛŜǿŜŘ ƛƴ aŀǎǎŀ Ŝǘ ŀƭΦΣ нллуΤ aƻǊǊƻǿΣ нллуΤ .ƻǳǊƎŜǘΣ нллуύΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ǳǝƭƛȊŀǝƻƴ ƻŦ [95 

ǘŜŎƘƴƻƭƻƎȅ ŀǎ ƘƻǊǝŎǳƭǘǳǊŀƭ ƭƛƎƘǝƴƎ ƛƴŎǊŜŀǎŜǎ όaƛǘŎƘŜƭ Ŝǘ ŀƭΦΣ нлмрύΦ  

IƻǿŜǾŜǊΣ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ [95 ǊŀŘƛŀǝƻƴ ǎǘǳŘƛŜǎ ƻƴ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ ƘŀǾŜ ƻƴƭȅ ƛƴŎƭǳŘŜŘ ƴŀǊǊƻǿ 

ǿŀǾŜōŀƴŘǎ ƻŦ ǊŜŘ όwύ ŀƴŘ ōƭǳŜ ό.ύ ƭƛƎƘǘΣ ŀǎ ǘƘŜǎŜ ǿŀǾŜƭŜƴƎǘƘǎ ŀǊŜ ƳŀȄƛƳŀƭƭȅ ŀōǎƻǊōŜŘ ōȅ ǘƘŜ ǇƭŀƴǘΩǎ ƭƛƎƘǘπ

ŎŀǇǘǳǊƛƴƎ ŎƘƭƻǊƻǇƘȅƭƭǎ όaŎ/ǊŜŜΣ мфтнŀύΦ Lƴƛǝŀƭ [95 ǇƭŀƴǘπƭƛƎƘǝƴƎ ǊŜǎŜŀǊŎƘ ǇǊƻǾŜŘ ǘƘŀǘ Ǉƭŀƴǘǎ ŎƻǳƭŘ 

ŎƻƳǇƭŜǘŜ ǘƘŜƛǊ ƭƛŦŜ ŎȅŎƭŜ ǿƛǘƘ w ƭƛƎƘǘ ŀƭƻƴŜ όDƻƛƴǎ Ŝǘ ŀƭΦΣ мффуύΣ ōǳǘ ǘƘŜ ǇƭŀƴǘǎΩ ƳƻǊǇƘƻƎŜƴŜǎƛǎ ƛƴŎƭǳŘƛƴƎ 

ŎƻƳǇŀŎǘ ƎǊƻǿǘƘ ŀƴŘ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴΣ ŀǎ ǿŜƭƭ ŀǎ ǇƭŀƴǘǎΩ ƅƻǿŜǊƛƴƎΣ ǿŜǊŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƳǇǊƻǾŜŘ ǿƘŜƴ 

ŘƛũŜǊƛƴƎ ǇǊƻǇƻǊǝƻƴǎ ƻŦ . ƭƛƎƘǘ ǿŜǊŜ ƛƴŎƭǳŘŜŘ όIƻŜƴŜŎƪŜ Ŝǘ ŀƭΦΣ мффнΤ !ƘƳŀŘ Ŝǘ ŀƭΦΣ нллнΤ Cƻƭǘŀ ϧ {ǇŀƭŘƛƴƎΣ 

нллмΤ ¸ƻǊƛƻ Ŝǘ ŀƭΦΣ нллмΤ IŜǊƴłƴŘŜȊ ϧ YǳōƻǘŀΣ нлмсύΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǎǇŜŎƛŬŎ . ƭƛƎƘǘ ǇǊƻǇƻǊǝƻƴǎ ǇƻǎƛǝǾŜƭȅ 

ƛƴƅǳŜƴŎŜ ǇƘȅǎƛƻƭƻƎƛŎŀƭ Ǉƭŀƴǘ ǊŜǎǇƻƴǎŜǎ ǎǳŎƘ ŀǎ ǎǘƻƳŀǘŀƭ ƻǇŜƴƛƴƎΣ ŎƘƭƻǊƻǇƘȅƭƭ ŎƻƴǘŜƴǘǎΣ ŀƴŘ ǎŜŎƻƴŘŀǊȅ 

ƳŜǘŀōƻƭƛǎƳ ό5ŀǊƪƻ Ŝǘ ŀƭΦΣ нлмрΤ IŜǊƴłƴŘŜȊ ϧ YǳōƻǘŀΣ нлмсύΦ  

wŜŎŜƴǘƭȅΣ ǎǘǳŘƛŜǎ ƘŀǾŜ ǎǳƎƎŜǎǘŜŘ ŦǳǊǘƘŜǊ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ƛƳǇǊƻǾŜƳŜƴǘǎ ōȅ ŀŘŘƛƴƎ ŦŀǊπǊŜŘ όCwύ 

ǿŀǾŜƭŜƴƎǘƘǎ ǘƻ w ǎǇŜŎǘǊŀΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ƛƴŎǊŜŀǎƛƴƎ Cw ǊŀŘƛŀǝƻƴǎ ǇǊƻƳƻǘŜŘ ƎǊƻǿǘƘ ƻŦ ǎŜŜŘƭƛƴƎǎ ōȅ 

ƛƴŎǊŜŀǎƛƴƎ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴ ŀƴŘ ǿƘƻƭŜπǇƭŀƴǘ ƴŜǘ ŀǎǎƛƳƛƭŀǝƻƴΣ ŘŜŎǊŜŀǎŜŘ ŀƴǘƘƻŎȅŀƴƛƴǎ ŀƴŘ ŎŀǊƻǘŜƴƻƛŘǎΣ ŀƴŘ 

ǊŜŘǳŎŜŘ ŀƴǝƻȄƛŘŀƴǘ ǇƻǘŜƴǝŀƭǎ όtŀǊƪ ϧ wǳƴƪƭŜΣ нлмтΤ {ǘǳǧŜ ϧ 9ŘƴŜȅΣ нллфύΦ !ǎ ǊŜŎŜƴǘ ǎǘǳŘƛŜǎ ŎƻƴŬǊƳΣ 

ƎǊŜŜƴ όDύ ƭƛƎƘǘ Ŏŀƴ ŀƭǎƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ƎǊƻǿǘƘ ό{ŎƘŜƴƪŜƭǎ Ŝǘ ŀƭΦΣ нлнлΤ {ƳƛǘƘ Ŝǘ ŀƭΦΣ 

нлмтΤ WƻƘƪŀƴ Ŝǘ ŀƭΦΣ нлмнύΦ 9ƴƘŀƴŎŜŘ ƭŜǧǳŎŜ ƎǊƻǿǘƘ ǳƴŘŜǊ w. ƛƭƭǳƳƛƴŀǝƻƴ ŎƻƳǇƭŜƳŜƴǘŜŘ ǿƛǘƘ D ƭƛƎƘǘ ŀƴŘ 

ƛƳǇǊƻǾŜŘ ŎǳŎǳƳōŜǊ ƎǊƻǿǘƘ ǳƴŘŜǊ It{ ǎǳǇǇƭŜƳŜƴǘŜŘ ǿƛǘƘ D ƭƛƎƘǘ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ όYƛƳ Ŝǘ ŀƭΦΣ нллпΤ 

YƻƴƎ Ŝǘ ŀƭΦΣ нлмрΤ bƻǾƛŐƪƻǾŀǎ Ŝǘ ŀƭΦΣ нлмнύΦ IƻǿŜǾŜǊΣ D ƭƛƎƘǘ ǎǝƳǳƭŀǘŜǎ ŜŀǊƭȅ ǎǘŜƳ ŜƭƻƴƎŀǝƻƴ ŀƴŘ ǎǘƻƳŀǘŀƭ 

ŎƭƻǎǳǊŜΣ ŀƴǘŀƎƻƴƛȊƛƴƎ ǘƘŜ ǘȅǇƛŎŀƭ ōƭǳŜπƭƛƎƘǘ ƳŜŘƛŀǘŜŘ ƎǊƻǿǘƘ ƛƴƘƛōƛǝƻƴ ŀƴŘ ǎǘƻƳŀǘŀƭ ƻǇŜƴƛƴƎ όCƻƭǘŀΣ нллпΤ 

CǊŜŎƘƛƭƭŀ Ŝǘ ŀƭΦΣ нлллΤ ¢ŀƭōƻǧ Ŝǘ ŀƭΦΣ нллнύΦ  

5ǳŜ ǘƻ ǘƘŜ ƳǳƭǝǘǳŘŜ ƻŦ ǇƘƻǘƻōƛƻƭƻƎƛŎŀƭ ǎǘǳŘƛŜǎ ŎƻƴŘǳŎǘŜŘΣ ƛǘ ƛǎ ƴƻǿ ǿŜƭƭ ŜǎǘŀōƭƛǎƘŜŘ ǘƘŀǘ 

ǿŀǾŜƭŜƴƎǘƘǎ ōŜǘǿŜŜƴ Ϥ осл ŀƴŘ тсл ƴƳ ƛƴƅǳŜƴŎŜ ǇƭŀƴǘǎΩ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΣ ǇƘȅǎƛƻƭƻƎȅΣ ƳƻǊǇƘƻƎŜƴŜǎƛǎΣ ŀƴŘ 

ǇƘȅǘƻŎƘŜƳƛŎŀƭ ŎƻƴǘŜƴǘǎ ό9ƛŎƘƘƻǊƴπ.ƛƭƻŘŜŀǳ Ŝǘ ŀƭΦΣ нлмфύ ŀƴŘ ǘƘŀǘ ǎǇŜŎƛŬŎ ǎǇŜŎǘǊŀƭ ǊŜƎƛƻƴǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ 

ƛƴŘǳŎŜ ǎǇŜŎƛŬŎ Ǉƭŀƴǘ ǘǊŀƛǘǎ ƻŦ ƛƴǘŜǊŜǎǘΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ƴŜƎŀǝǾŜ ǎƛŘŜ ŜũŜŎǘǎ ǊŜǎǳƭǝƴƎ ŦǊƻƳ ƴŀǊǊƻǿ ǿŀǾŜōŀƴŘ 

[95 ŀǇǇƭƛŎŀǝƻƴǎΣ ǎǳŎƘ ŀǎ ǳƴǿŀƴǘŜŘ ǇƘƻǘƻƳƻǊǇƘƻƎŜƴƛŎ ŀƴŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŘƛǎƻǊŘŜǊǎΣ ǇŜǎǘ ŀƴŘ ŘƛǎŜŀǎŜ 
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ммс 
 

ǇǊŜǎǎǳǊŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ŘƛŶŎǳƭǘ Ǿƛǎǳŀƭ ŀǎǎŜǎǎƳŜƴǘ ƻŦ Ǉƭŀƴǘπǎǘŀǘǳǎ ŀōǎŜƴǘ ǳƴŘŜǊ όƴŀǘǳǊŀƭύ ōǊƻŀŘ ƭƛƎƘǘ ǎǇŜŎǘǊŀΣ 

ƘŀǾŜ ǘƻ ōŜ ŦǳǊǘƘŜǊ ƳƛƴƛƳƛȊŜŘ όDƻƛƴǎ Ŝǘ ŀƭΦΣ мффуΤ DƽƳŜȊ ϧ LȊȊƻΣ нлмуύΦ  

Lƴ ŎƻƴǎŜǉǳŜƴŎŜΣ [95 ŬȄǘǳǊŜǎ ǿƛǘƘ ōǊƻŀŘŜǊ ǎǇŜŎǘǊŀƭ ǉǳŀƭƛǘȅ ŎƻǾŜǊƛƴƎ ǘƘŜ ǊŀƴƎŜ ƻŦ ǘƘŜ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴ όt!wύ ōŜǘǿŜŜƴ плл ŀƴŘ тлл ƴƳ όǇŜǊŎŜƛǾŜŘ ŀǎ ǿƘƛǘŜ ƭƛƎƘǘύ ǎƻƳŜǝƳŜǎ 

ƛƴŎƭǳŘƛƴƎ ǘƘŜ ƅŀƴƪƛƴƎ ǊŜƎƛƻƴǎ ƻŦ ¦± όϤослςплл ƴƳύ ŀƴŘ Cw όϤсллςтсл ƴƳύ ǊŀŘƛŀǝƻƴ ŀǊŜ ŜƳŜǊƎƛƴƎ ǊŜŎŜƴǘƭȅ 

όhǳȊƻǳƴƛǎ Ŝǘ ŀƭΦΣ нлмрύ ŀƴŘ ŀǊŜ ōŜŎƻƳƛƴƎ ǇƻǇǳƭŀǊ ŀǎ ǎƻƭŜπǎƻǳǊŎŜ ƭƛƎƘǝƴƎ ŦƻǊ ƘƻǊǝŎǳƭǘǳǊŜ ό/ƻǇŜ ϧ .ǳƎōŜŜΣ 

нлмоΤ .ǳǊŀǩƴƛ Ŝǘ ŀƭΦΣ нлмтύΦ  

CƻǊ ŜȄŀƳǇƭŜΣ {ǇŀƭƘƻƭȊ Ŝǘ ŀƭΦ όнлнлύ ŎƻƳǇŀǊŜŘ ǘƘŜ ǊŜǎǇƻƴǎŜ ƻŦ ǘǿƻ ƭŜǧǳŎŜ ŎǳƭǝǾŀǊǎ ǘƻ ŀ ǎǳƴπ

ǎƛƳǳƭŀǘŜŘ ǎǇŜŎǘǊǳƳ ŀƴŘ ƻǘƘŜǊ ŎƻƳƳƻƴƭȅ ŀǇǇƭƛŜŘ .Υw ǎǇŜŎǘǊŀΣ ǇǊƻǾƛŘƛƴƎ ŀ ōƛƻƭƻƎƛŎŀƭƭȅ ŀŎǝǾŜ ǊŀŘƛŀǝƻƴ 

ōŜǘǿŜŜƴ оллςулл ƴƳ ƻŦ нлл ҡƳƻƭ Ƴҍн ǎҍмΦ ¢ƘŜ ǎǘǳŘȅ ŜƭǳŎƛŘŀǘŜŘ ǳƴƛǉǳŜ ǊŜǎǇƻƴǎŜǎ ƛƴŎƭǳŘƛƴƎ ƎǊŜŀǘŜǎǘ ŦǊŜǎƘπ

ǘƻπŘǊȅ Ƴŀǎǎ ǊŀǝƻΣ ƎǊŜŀǘŜǊ ƭŜŀŦ ŀǊŜŀΣ ŜȄŎŜǎǎƛǾŜ ǎǘŜƳ ŜȄǘŜƴǎƛƻƴΣ ŀƴŘ ƅƻǿŜǊ ƛƴƛǝŀǝƻƴ ǳƴŘŜǊ ǘƘŜ ǎǳƴπ

ǎƛƳǳƭŀǘŜŘ ǎǇŜŎǘǊǳƳ ŘŜǎǇƛǘŜ ŀ ос ҈ ƎǊŜŀǘŜǊ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ όttC5ύ ƛƴ .Υw ǘǊŜŀǘƳŜƴǘǎΦ 

/ƻƛƴŎƛŘƛƴƎ ǊŜǎǳƭǘǎ ǿŜǊŜ ǇǳōƭƛǎƘŜŘ ōȅ Dŀƻ ŀƴŘ ŎƻǿƻǊƪŜǊǎ όнлнлύΣ ǿƘƻ ǘŜǎǘŜŘ ǘƘŜ ŜũŜŎǘǎ ƻŦ ǿƘƛǘŜ ŀƴŘ 

ŘƛũŜǊŜƴǘ ƳƻƴƻŎƘǊƻƳŀǝŎ ό.Σ DΣ ¸Σ wύ [95ǎ ƻƴ ²ŜƭǎƘ ƻƴƛƻƴǎ όDŀƻ Ŝǘ ŀƭΦΣ нлнлύΦ Lƴ ŀŘŘƛǝƻƴ ǘƻ ƛƴŎǊŜŀǎŜŘ Ǉƭŀƴǘ 

ȅƛŜƭŘΣ ƴŜǘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜ ŀƴŘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŜŶŎƛŜƴŎȅ ǿŜǊŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ƘƛƎƘŜǊ ǳƴŘŜǊ ǿƘƛǘŜ ƭƛƎƘǘ 

ǘƘŀƴ ǳƴŘŜǊ ǘƘƻǎŜ ƻŦ ǘƘŜ ƳƻƴƻŎƘǊƻƳŀǝŎ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎΦ aŀǘȅǎƛŀƪ ŀƴŘ Yƻǿŀƭǎƪƛ όнлмфύ ƻōǎŜǊǾŜŘ ƎǊŜŀǘŜǎǘ 

ŦǊŜǎƘ ǿŜƛƎƘǘǎ ǳƴŘŜǊ ² ŀƴŘ w ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ŦƻǊ ƭŀƳōΩǎ ƭŜǧǳŎŜ ŀƴŘ ƎŀǊŘŜƴ ǊƻŎƪŜǘΣ ǿƘŜǊŜŀǎ ŦƻǊ ǘǿƻ ǎǿŜŜǘ 

ōŀǎƛƭ ŎǳƭǝǾŀǊǎΣ ƴƻ ŘƛũŜǊŜƴŎŜǎ ƛƴ ŦǊŜǎƘ ǿŜƛƎƘǘ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ ŀƭƭ ǘŜǎǘŜŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎΦ IƻǿŜǾŜǊΣ 

ǎǳǇǇƭŜƳŜƴǘŀǝƻƴ ǿƛǘƘ . ǊŜǎǳƭǘŜŘ ƛƴ ƳƻǊŜ ŎƻƳǇŀŎǘ ƎǊƻǿǘƘ ƻŦ ƎǊŜŜƴπƭŜŀǾŜŘ ōŀǎƛƭΦ CƻǊ ǊŜŘ ōƻƪ ŎƘƻȅΣ ŀ ǿƘƛǘŜ 

ƭƛƎƘǘ ƛƴŎƭǳŘƛƴƎ ¦± ŀƴŘ Cw ǿŀǎ ŜǾŀƭǳŀǘŜŘ ŀǎ ƛŘŜŀƭ ŦƻǊ ōŜǎǘ ƻǾŜǊŀƭƭ ȅƛŜƭŘ ǇŜǊŦƻǊƳŀƴŎŜ όaƛŎƪŜƴǎ Ŝǘ ŀƭΦΣ нлмфύΣ 

ŀƴŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǿƘƛǘŜ ƭƛƎƘǘ ƻƴ ǎƘƻƻǘ ŀƴŘ Ǌƻƻǘ ŦǊŜǎƘ ǿŜƛƎƘǘǎ ƻŦ ƭŜǧǳŎŜ ǿŀǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ό[ƛƴ Ŝǘ ŀƭΦΣ 

нлмоύΦ  

¢ƘǳǎΣ ƛǘ Ƙŀǎ ōŜŜƴ ŦƻǳƴŘ ǘƘŀǘ ōǊƻŀŘ [95 ǎǇŜŎǘǊŀΣ ŎƻǾŜǊƛƴƎ ŀ ǿƛŘŜǊ ǇƭŀƴǘπǊŜŎŜǇǝǾŜ ǎǇŜŎǘǊŀƭ ǊŀƴƎŜ 

ǊŀǘƘŜǊ ǘƘŀƴ ǎƛƴƎƭŜ ƴŀǊǊƻǿ ōŀƴŘǎΣ ŀƴŘ ŀǘ ōŜǎǘ ƛƴŎƭǳŘƛƴƎ ƅŀƴƪƛƴƎ ǊŜƎƛƻƴǎ ƛƴ ǘƘŜ Cw ŀƴŘ ¦±Σ Ŏŀƴ ƭŜŀŘ ǘƻ ƎǊŜŀǘŜǊ 

Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘΦ {ƻ ŦŀǊΣ ƘƻǿŜǾŜǊΣ ǎǳŎƘ ŀ ōǊƻŀŘ [95 ǎǇŜŎǘǊǳƳ Ƙŀǎ ƴƻǘ ōŜŜƴ ǘŜǎǘŜŘ ǳƴŘŜǊ ƛƴǎǳŶŎƛŜƴǘ 

ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ƛƴ ƎǊŜŜƴƘƻǳǎŜǎΦ ¢ƘŜǊŜŦƻǊŜΣ ƻǳǊ ŀƛƳ ǿŀǎ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŀŘǾŀƴǘŀƎŜǎ ŀƴŘ ŘƛǎŀŘǾŀƴǘŀƎŜǎ ƻŦ 

ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǝƴƎ ŘǳǊƛƴƎ ǘƘŜ ǿƛƴǘŜǊ ǎŜŀǎƻƴ ƛƴ ƴƻǊǘƘŜǊƴ ŎŜƴǘǊŀƭ 9ǳǊƻǇŜ ό.ŜǊƭƛƴΣ DŜǊƳŀƴȅΣ рнΦр ϲbΣ 

мΦоо ϲ9ύ ƛƴ ŀ ǇǊŀŎǝŎŀƭ ŎŀǎŜ ǎǘǳŘȅ ŀƴŘ ǘƻ ŎƻƳǇŀǊŜ ǘƘŜ ǊŜǎǳƭǘǎ ǿƛǘƘ ǘƘŜ ŎƻƳƳƻƴ It{ ŀƴŘ C[ ǎŜǘǳǇǎ ŦƻǳƴŘ ƛƴ 

ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ƛƴŘǳǎǘǊȅ ŀƴŘ ǊŜǎŜŀǊŎƘ ŦŀŎƛƭƛǝŜǎ ǘƻŘŀȅΦ  

!ǎ ŀ ƳƻŘŜƭ ǇƭŀƴǘΣ ǿŜ ŎƘƻǎŜ ƳƻŘŜǊŀǘŜƭȅ ƭƛƎƘǘπŘŜǇŜƴŘŜƴǘ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [ΦΣ ǿƘƛŎƘ ōŜƭƻƴƎǎ ǘƻ ǘƘŜ 

[ŀƳƛŀŎŜŀŜ ŦŀƳƛƭȅ ǊƛŎƘ ƛƴ ƻǘƘŜǊ ƎŜƴŜǊŀ ǎǳŎƘ ŀǎ {ŀƭǾƛŀ ŀƴŘ hǊƎŀƴǳƳ όtŜǊǊƛƴƻ Ŝǘ ŀƭΦΣ нлнмύ ŀƴŘ ǿƘƛŎƘ ƛǎ ǿƛŘŜƭȅ 

ǳǎŜŘ ƛƴ 9ǳǊƻǇŜŀƴ ŎǳƛǎƛƴŜ ŀƴŘ Ŧƻƭƪ ƳŜŘƛŎƛƴŜ ŦƻǊ ƛǘǎ ŜȄǇŜŎǘƻǊŀƴǘΣ ŀƴǝǘǳǎǎƛǾŜΣ ŀƴǝōǊƻƴŎƘƻƭƛǝŎΣ 



/I!t¢9w н  ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ 

ммт 
 

ŀƴǝǎǇŀǎƳƻŘƛŎΣ ŀƴǝƳƛŎǊƻōƛŀƭΣ ŀƴǝƻȄƛŘŀƴǘΣ ŀƴǝπƛƴƅŀƳƳŀǘƻǊȅΣ ŀƴǘƘŜƭƳƛƴǝŎΣ ŎŀǊƳƛƴŀǝǾŜΣ ŀƴŘ ŘƛǳǊŜǝŎ 

ǇǊƻǇŜǊǝŜǎΦ ¢ƘŜ ƳŀƧƻǊ ōƛƻπŀŎǝǾŜ ƳŜǘŀōƻƭƛǘŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ǘƘŜǊŀǇŜǳǝŎ ǇǊƻǇŜǊǝŜǎ ƻŦ ŀǊƻƳŀǝŎ ¢ƘȅƳǳǎ 

ǾǳƭƎŀǊƛǎ [Φ ƛǎ ǘƘŜ ƳƻƴƻǘŜǊǇŜƴŜ ǘƘȅƳƻƭ ό{ŀƭŜƘƛ Ŝǘ ŀƭΦΣ нлмуύΦ  

¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ǘƻ ŎƻƴŘǳŎǘ ŀ ƎǊŜŜƴƘƻǳǎŜ ŜȄǇŜǊƛƳŜƴǘ ŘǳǊƛƴƎ ǿƛƴǘŜǊ ƛƴ ƻǊŘŜǊ ǘƻ ŀǎǎŜǎǎ 

ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘΣ ōƛƻƳŀǎǎΣ ŀƴŘ ƘŜŀƭǘƘπǇǊƻƳƻǝƴƎ ǘŜǊǇŜƴƻƛŘ ȅƛŜƭŘǎ ƻŦ ¢ƘȅƳǳǎ ǳƴŘŜǊ ŀ ǇǊƻǘƻǘȅǇŜ ōǊƻŀŘπ

ǎǇŜŎǘǊǳƳ [95Σ ŀǎ ǿŜƭƭ ŀǎ ǘƻ ƻōǘŀƛƴ ǘƘŜ ǇǊƻǘƻǘȅǇŜǎΩ ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴ ŀƴŘ ŜŶŎŀŎȅΦ ¢ƻ ŦǳǊǘƘŜǊ ŜǾŀƭǳŀǘŜ 

ǘƘŜ ǇǊŀŎǝŎŀƭ ŀǇǇƭƛŎŀōƛƭƛǘȅ ŀƴŘ ǇƻǘŜƴǝŀƭ ŦƻǊ ƎǊŜŜƴƘƻǳǎŜ ōǳǎƛƴŜǎǎŜǎ ŀƴŘ ǊŜǎŜŀǊŎƘ ŦŀŎƛƭƛǝŜǎΣ ǿŜ ŀƛƳŜŘ ŀǘ 

ŎƻƳǇŀǊƛƴƎ ǘƘŜ ōǊƻŀŘπǎǇŜŎǘǊǳƳ [95 ǊŜǎǳƭǘǎ ǿƛǘƘ ǊŜǎǳƭǘǎ ŀǎǎŜǎǎŜŘ ǳƴŘŜǊ It{ ŀƴŘ C[ ŬȄǘǳǊŜǎ ǳƴŘŜǊ ǘƘŜƛǊ 

ŎƻƳƳƻƴ ǎŜǘǳǇ ŎƻƴŘƛǝƻƴǎΦ 

 

нΦ aŀǘŜǊƛŀƭǎ ŀƴŘ ƳŜǘƘƻŘǎ 

нΦм 9ȄǇŜǊƛƳŜƴǘŀƭ ŘŜǎƛƎƴ 

¢ƻ ƛƴǾŜǎǝƎŀǘŜ ōƛƻƳŀǎǎ ȅƛŜƭŘǎ ŀƴŘ ŎƻƴǘŜƴǘǎ ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ό±h/ǎύ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ 

ƎǊƻǿƴ ǳƴŘŜǊ ŀ ōǊƻŀŘπǎǇŜŎǘǊǳƳ [95 ǎȅǎǘŜƳΣ ŀƴŘ ǘƻ ŎƻƳǇŀǊŜ ǘƘŜ ƭƛƎƘǘǎΩ ǇǊƻŘǳŎǝǾƛǘȅ ŀǎ ǿŜƭƭ ŀǎ ŜƭŜŎǘǊƛŎŀƭ 

ŜŶŎƛŜƴŎȅ ǿƛǘƘ ŎƻƴǾŜƴǝƻƴŀƭƭȅ ǳǎŜŘ ƭƛƎƘǝƴƎ ŬȄǘǳǊŜǎ ŦƻǊ ǘƘŜ ŎǳƭǝǾŀǝƻƴ ƻŦ ǘƘȅƳŜ ǳƴŘŜǊ ƴŀǘǳǊŀƭƭȅ ƭƻǿ 

ƛǊǊŀŘƛŀǘŜŘ ƎǊŜŜƴƘƻǳǎŜ ŎƻƴŘƛǝƻƴǎ ŘǳǊƛƴƎ Ŧŀƭƭ ŀƴŘ ǿƛƴǘŜǊ ƛƴ .ŜǊƭƛƴΣ DŜǊƳŀƴȅΣ ŀ ƻƴŜπŦŀŎǘƻǊƛŀƭ ŜȄǇŜǊƛƳŜƴǘ 

ǿƛǘƘ ŀ ǊŀƴŘƻƳƛȊŜŘ ōƭƻŎƪ ŘŜǎƛƎƴ ǿƛǘƘ ǘƘǊŜŜ ŘƛũŜǊŜƴǘ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǘ ǎƻǳǊŎŜǎ ŀƴŘ ŦƻǳǊ ǎǇŀǝŀƭƭȅ 

ƛƴŘŜǇŜƴŘŜƴǘ ǊŜǇƭƛŎŀǝƻƴǎ όb Ґ оупΤ ƴ Ґ он ǘƘȅƳŜ Ǉƭŀƴǘǎ ǇŜǊ ǊŜǇƭƛŎŀǝƻƴύ ǿŀǎ ŎƻƴŘǳŎǘŜŘΦ  

 

нΦн [ƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŀƴŘ ƛƭƭǳƳƛƴŀǝƻƴ ŎƻƴŘƛǝƻƴǎ  

¢ƘǊŜŜ ŘƛũŜǊŜƴǘ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǘ ǎƻǳǊŎŜǎ όόмύ ŦŀƴπŎƻƻƭŜŘ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜ ό[95ύ ό{¦bǘŜŎ ¢ŜŎƘƴƻƭƻƎȅΣ 

C¦¢¦w9[95ϯΣ .ŜǊƭƛƴΣ DŜǊƳŀƴȅΣ ŘƛƳŜƴǎƛƻƴƛƴƎ птΦр Ҏ нмΦр Ҏ мфΦр ŎƳо ύΣ όнύ ƘƛƎƘπǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ όIt{ύ 

ƭŀƳǇǎ όōǳƭōΥ {hb DǊŜŜƴtƻǿŜǊ /D ¢ плл ² 9пл м{[Σ tIL[Lt{Σ IŀƳōǳǊƎΣ DŜǊƳŀƴȅΤ ōŀƭƭŀǎǘΥ I{¢Σ {L[[ 

[ŜǳŎƘǘŜƴϯΣ .ŜǊƭƛƴΣ DŜǊƳŀƴȅΣ ŘƛƳŜƴǎƛƻƴƛƴƎ рл Ҏ ол Ҏ мф ŎƳо ύΣ ŀƴŘ όоύ ƅǳƻǊŜǎŎŜƴǘ ƭŀƳǇǎ όC[ύ ό±9b95LDΣ 

tǊŀŎƘǘϯΣ .ŜǊƭƛƴΣ DŜǊƳŀƴȅΣ ŘƛƳŜƴǎƛƻƴƛƴƎ рл Ҏ рл Ҏ мс ŎƳо ύύ ǿŜǊŜ ƘƻǊƛȊƻƴǘŀƭƭȅ ƳƻǳƴǘŜŘ ƻƴǘƻ ƎƛǾŜƴ ǎǘŜŜƭ 

ŦǊŀƳŜǎ мΦпл Ƴ ŀōƻǾŜ ƎǊŜŜƴƘƻǳǎŜ ōŜƴŎƘŜǎΣ ǊŜǎǳƭǝƴƎ ƛƴ ŘƛǎǘŀƴŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ōƻǧƻƳ ƻŦ ǘƘŜ [95Σ It{Σ 

ŀƴŘ C[ ƭƛƎƘǘ ǎƻǳǊŎŜǎ ŀƴŘ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ōŜƴŎƘŜǎ ƻŦ мΦмпΣ мΦмоΣ ŀƴŘ мΦлф ƳΣ ǊŜǎǇŜŎǝǾŜƭȅΦ .ŀǎŜŘ ƻƴ ǿŜŀǘƘŜǊ 

ǊŜŎƻǊŘƛƴƎǎ ŦǊƻƳ ²ŜǧŜǊYƻƴǘƻǊ όYƻƴǘƻǊΣ нлмуύΣ Ǉƭŀƴǘǎ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ ŀƴ ŀǾŜǊŀƎŜ ƻŦ нΦр Ƙ ƻŦ ǎǳƴǎƘƛƴŜ ǇŜǊ 

Řŀȅ ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΦ Lƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜ ƴŀǘǳǊŀƭ ǎǳƴƭƛƎƘǘΣ Ǉƭŀƴǘǎ ǿŜǊŜ ǎǳōƧŜŎǘ ǘƻ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǝƴƎ 

ŦǊƻƳ сΥлл ŀΦƳΦ ǘƻ уΥлл ǇΦƳΦ ŦƻǊ ŀ ǇƘƻǘƻǇŜǊƛƻŘ ƻŦ мп Ƙ ǇŜǊ Řŀȅ ŘǳǊƛƴƎ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ŜȄǇŜǊƛƳŜƴǘΦ tƭŀǎǝŎ 

ǎƘŜŜǝƴƎ ŜȄǘŜƴŘƛƴƎ ŦǊƻƳ ŀōƻǾŜ ǘƘŜ ƭƛƎƘǘ ŬȄǘǳǊŜǎ ǘƻ ōŜƭƻǿ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ōŜƴŎƘŜǎ ŜƭƛƳƛƴŀǘŜŘ ƴŜƛƎƘōƻǊƛƴƎ 

ƭƛƎƘǘ ǇƻƭƭǳǝƻƴΦ 
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мму 
 

нΦо LǊǊŀŘƛŀƴŎŜ ǇǊƻŬƭŜ ƳŜŀǎǳǊŜƳŜƴǘǎ 

LǊǊŀŘƛŀƴŎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ƭƛƎƘǘ ŬȄǘǳǊŜǎ ǿŜǊŜ ǘŀƪŜƴ ǇǊƛƻǊ ǘƻ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ǳǎƛƴƎ ŀ ǎǇŜŎǘǊŀƭ t!w 

ƳŜǘŜǊ όtDнллbΣ ¦twǘŜƪΣ !ŀŎƘŜƴΣ DŜǊƳŀƴȅύ ŀǘ ƴƛƎƘǘΦ [ƛƎƘǘ ƛƴǘŜƴǎƛǘȅΣ ǎǇŜŎǘǊŀƭ ŎƻƳǇƻǎƛǝƻƴΣ ŀƴŘ ƛǊǊŀŘƛŀƴŎŜ 

ǇǊƻŬƭŜǎ όƭƛƎƘǘ ŘƛǎǘǊƛōǳǝƻƴ ǇŀǧŜǊƴǎύ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ŀƴŘ ǊŜŎƻǊŘŜŘ ŀǘ ōŜƴŎƘ ƭŜǾŜƭ ǳƴŘŜǊ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ŎƻƴŘƛǝƻƴǎΦ ¢ƘŜ ǎƻƊǿŀǊŜ ǇŀŎƪŀƎŜ ƻŦ ǘƘŜ ǎǇŜŎǘǊƻƳŜǘŜǊ όǳ{ǇŜŎǘǊǳƳ t/ ƭŀōƻǊŀǘƻǊȅ ǎƻƊǿŀǊŜύ ŀǳǘƻƳŀǝŎŀƭƭȅ 

ŎŀƭŎǳƭŀǘŜŘ ŀƭƭ ŜƭŜŎǘǊƻƳŀƎƴŜǝŎ ǇŀǊŀƳŜǘŜǊǎ ƛƴŎƭǳŘƛƴƎ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ όtC5 ƛƴ ҡƳƻƭ Ƴҍн ǎ ҍмύ ŀƴŘ ǎǇŜŎǘǊŀƭ 

ƛǊǊŀŘƛŀƴŎŜ ό² Ƴҍн ƴƳҍмύ ōŜǘǿŜŜƴ осл ŀƴŘ тсл ƴƳ ŀƴŘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ όttC5 ƛƴ 

ҡƳƻƭ Ƴҍн ǎҍмύ ōŜǘǿŜŜƴ плл ŀƴŘ тлл ƴƳΦ 5ǳǊƛƴƎ ŀ ǎǳƴƴȅ ŘŀȅΣ ƭƛƎƘǘ ǘǊŀƴǎƳƛǎǎƛƻƴ ōŜǘǿŜŜƴ орл ŀƴŘ улл ƴƳ 

ƻŦ ǘƘŜ ƴŀǘǳǊŀƭ ƛǊǊŀŘƛŀƴŎŜ ǘƘǊƻǳƎƘ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ Ǝƭŀǎǎ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ǘƻ ōŜ ну҈ όҕ р ҈ύ ōȅ ŎƻƳǇŀǊƛƴƎ 

ǘƘŜ ƻǳǘǇǳǘ ƻŦ ǘƘŜ ǎǇŜŎǘǊƻƳŜǘŜǊ ƛƴǎƛŘŜ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ǿƛǘƘ ǘƘŜ ƻǳǘǇǳǘ ƻǳǘǎƛŘŜ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ŀƴŘ 

ǊŜǎǳƭǘŜŘ ƛƴ ŀ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ ƻŦ Ϥ поп ҡƳƻƭ Ƴҍн ǎҍм ŀǘ ōŜƴŎƘ ƭŜǾŜƭΣ ǿƘƛŎƘ ŀƳƻǳƴǘǎ ǘƻ ŀƴ ŀǇǇǊƻȄƛƳŀǘŜ 

ƴŀǘǳǊŀƭ Řŀƛƭȅ ƭƛƎƘǘ ƛƴǘŜƎǊŀƭ ƻŦ оΦф Ƴƻƭ Ƴҍн Řҍм ǿƘŜƴ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǘƘŜ ǿŜŀǘƘŜǊ ǊŜŎƻǊŘƛƴƎǎ ό{ŜŎǝƻƴ нΦнύΦ 

[ƛƎƘǘ ǎǇŜŎǘǊŀ ŀƴŘ ŘŜǘŀƛƭŜŘ ǎǇŜŎǘǊŀƭ ŎƻƳǇƻǎƛǝƻƴǎ ƻŦ ǘƘŜ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŀǊŜ ŘŜǇƛŎǘŜŘ ƛƴ 

CƛƎǳǊŜ мл ŀƴŘ ǎǳƳƳŀǊƛȊŜŘ ƛƴ ¢ŀōƭŜ ммΣ ǊŜǎǇŜŎǝǾŜƭȅΦ  

 

 

CƛƎǳǊŜ мл ς [ƛƎƘǘ ǎǇŜŎǘǊŀ ƻŦ ǘƘŜ ǘƘǊŜŜ ŀǊǝŬŎƛŀƭ ƭƛƎƘǘ ǎƻǳǊŎŜǎ ǳǎŜŘ ŘǳǊƛƴƎ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ŜȄǇŜǊƛƳŜƴǘΦ 
{ƻƭƛŘ ƭƛƴŜΥ [95 Ґ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜΣ ŘŀǎƘŜŘ ƭƛƴŜΥ It{ Ґ ƘƛƎƘπǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ ƭŀƳǇΣ ŘƻǧŜŘ ƭƛƴŜΥ C[ Ґ 
ƅǳƻǊŜǎŎŜƴǘ ƭƛƎƘǘΦ  



/I!t¢9w н  ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ 

ммф 
 

¢ŀōƭŜ мм ς {ǇŜŎǘǊŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǝƴƎ ŬȄǘǳǊŜǎ ǳǎŜŘ ƛƴ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ŦƻǊ ǘƘŜ 
ŎǳƭǝǾŀǝƻƴ ƻŦ ǘƘȅƳŜ ό¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [ΦύΦ  

Parameter1 Supplemental light fixtures2 

 LED HPS FL 

 µmol m-2 s-1 %3 µmol m-2 s-1 % µmol m-2 s-1 % 
PPFD (400ς700 nm) 212 91.2 132 92.5 57 95 
PFD (360ς760 nm) 232 100 143 100 60 100 
PFD-Ultraviolet (360ς399 
nm) 

1.7 0.7 1.6 1.1 0.6 1.0 

PFD-Blue (400ς519 nm) 65.7 28.4 16.9 11.9 8.2 13.6 
PFD-Green (520ς559 nm) 33.5 14.5 7.0 4.9 13.5 22.4 
PFD-Yellow (560ς624 nm) 56.9 24.5 83.6 58.7 27.9 46.4 
PFD-Red (625ς700 nm) 55.3 23.9 24.3 17.1 7.6 12.7 
PFD-Far Red (701ς760 nm) 18.7 8.1 9.0 6.4 2.4 3.9 

R/FR ratio (660/730 nm)4 2.8 2.4 0.1 

DLI (mol mҍ2 dҍ1) 10.6/11.7 6.6/7.2 2.9/3.0 
м ttC5 Ґ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅΣ tC5 Ґ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅΣ wκCw Ǌŀǝƻ Ґ ǊŜŘ ǘƻ ŦŀǊπǊŜŘ ǊŀǝƻΣ 5[L Ґ Řŀƛƭȅ 
ƭƛƎƘǘ ƛƴǘŜƎǊŀƭ   
н [95 Ґ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜΣ It{ Ґ ƘƛƎƘπǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ ƭŀƳǇΣ C[ Ґ ƅǳƻǊŜǎŎŜƴǘ ƭƛƎƘǘΦ  
о ±ŀƭǳŜǎ ǊŜǇǊŜǎŜƴǘ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ ǘƻǘŀƭ tC5Φ  
п wκCw Ǌŀǝƻ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŀōǎƻǊǇǝƻƴ ƳŀȄƛƳŀ ƻŦ ǇƘȅǘƻŎƘǊƻƳŜǎ ŀǘ ссл ŀƴŘ тол ƴƳ όaŀǘƘŜǿΣ нллсύΦ   
р 5[L ōŀǎŜŘ ƻƴ ttC5κtC5Φ 
 

¦ƴŘŜǊ ŜŀŎƘ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳΣ ǘƘŜ ƛǊǊŀŘƛŀƴŎŜ ǇǊƻŬƭŜǎ ǿƛǘƘƛƴ ƻƴŜ ǎǉǳŀǊŜ ƳŜǘŜǊ όǊŜǇǊŜǎŜƴǝƴƎ ǘƘŜ 

ǊŜǇƭƛŎŀǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ Ǉƭƻǘǎ ŘǳǊƛƴƎ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ŜȄǇŜǊƛƳŜƴǘύ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ƻǾŜǊ ŀ ƅŀǘ ǇƭŀƴŜ ōŜƭƻǿ 

ǘƘŜ ŬȄǘǳǊŜǎ ŀǘ ƛƴǘŜǊǾŀƭǎ ƻŦ мл ŎƳ ōŜǘǿŜŜƴ осл ŀƴŘ тсл ƴƳΦ 9ŀŎƘ ƳŜŀǎǳǊŜƳŜƴǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǎǇŜŎǘǊŀƭ 

ƛǊǊŀŘƛŀƴŎŜ ƛƴ ² Ƴҍн ƴƳҍм ŀƴŘ ǿŀǎ ǊŜǇƭƛŎŀǘŜŘ ǘƘǊŜŜ ǝƳŜǎ ŀƴŘ ŀǾŜǊŀƎŜŘΣ ƭŜŀŘƛƴƎ ǘƻ ŀ ǘƻǘŀƭ ŘŀǘŀǎŜǘ ƻŦ млл 

ƳŜŀǎǳǊŜƳŜƴǘǎ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊΦ ¢ƘŜǎŜ ƛǊǊŀŘƛŀƴŎŜ ǇǊƻŬƭŜǎ ŀǊŜ ŘŜǇƛŎǘŜŘ ƛƴ CƛƎǳǊŜ ммΦ 

 

 
CƛƎǳǊŜ мм ς LǊǊŀŘƛŀƴŎŜ ǇǊƻŬƭŜǎ ό² Ƴπн ǎπмύ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ Ǉƭƻǘǎ όм Ƴнύ ǳƴŘŜǊƴŜŀǘƘ ŜŀŎƘ ǎǳǇǇƭŜƳŜƴǘŀƭ 
ƭƛƎƘǝƴƎ ǎȅǎǘŜƳΦ [95 Ґ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜΣ It{ Ґ ƘƛƎƘπǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ ƭŀƳǇΣ C[ Ґ ƅǳƻǊŜǎŎŜƴǘ ƭƛƎƘǘΦ  
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мнл 
 

нΦп tƭŀƴǘ ƳŀǘŜǊƛŀƭ ŀƴŘ ƎǊƻǿǘƘ ŎƻƴŘƛǝƻƴǎ  

{ŜŜŘǎ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ όwǸƘƭŜƳŀƴƴΩǎ YǊŅǳǘŜǊπ ǳƴŘ 5ǳƊǇƅŀƴȊŜƴΣ IƻǊǎǘŜŘǘΣ DŜǊƳŀƴȅύ ǿŜǊŜ ǎƻǿƴ ƛƴ 

мнуπŎŜƭƭ ǇƭǳƎ ǘǊŀȅǎ όq п ŎƳύ ŬƭƭŜŘ ǿƛǘƘ ǇƻǩƴƎ ǎǳōǎǘǊŀǘŜ όCǊǳƘǎǘƻǊŦŜǊ 9ƛƴƘŜƛǘǎŜǊŘŜ ¢ȅǇ tΣ I!²L¢!Σ ±ŜŎƘǘŀΣ 

DŜǊƳŀƴȅύ ƻƴ ф hŎǘƻōŜǊ нлму ŀƴŘ ǇƭŀŎŜŘ ǳƴŘŜǊ ǘƘŜ ŘƛũŜǊƛƴƎ ƭƛƎƘǝƴƎ ŬȄǘǳǊŜǎ ƛƴ ŀ b{πƻǊƛŜƴǘŀǘŜŘ 

ƎǊŜŜƴƘƻǳǎŜ ƭƻŎŀǘŜŘ ƛƴ .ŜǊƭƛƴΣ DŜǊƳŀƴȅ όрнΦр  bΣ моΦо  9ύΦ !ƊŜǊ ǎƛȄ ǿŜŜƪǎ ƻƴ нл bƻǾŜƳōŜǊ нлмуΣ он 

ǊŜǇǊŜǎŜƴǘŀǝǾŜ ǎŜŜŘƭƛƴƎǎ ǿŜǊŜ ǘǊŀƴǎǇƭŀƴǘŜŘ ƛƴǘƻ Ǉƻǘǎ όq ф ŎƳύ ŎƻƴǘŀƛƴƛƴƎ ǎǳōǎǘǊŀǘŜ ǿƛǘƘ ŀƴ ŜƭŜǾŀǘŜŘ 

ƴǳǘǊƛŜƴǘ ŎƻƳǇƻǎƛǝƻƴ όCǊǳƘǎǘƻǊŦŜǊ 9ƛƴƘŜƛǘǎŜǊŘŜ ¢ȅǇ ¢Σ I!²L¢!Σ ±ŜŎƘǘŀΣ DŜǊƳŀƴȅύ ŀƴŘ ŜǾŜƴƭȅ ǇƭŀŎŜŘ 

όǉǳŀŘǊŀǝŎύ ǿƛǘƘƛƴ м Ƴн ǳƴŘŜǊ ŜŀŎƘ ƭƛƎƘǘ ŬȄǘǳǊŜΦ 9ŀŎƘ ǘǊŜŀǘƳŜƴǘ ǿŀǎ ǊŜǇƭƛŎŀǘŜŘ ŦƻǳǊ ǝƳŜǎΣ ǇƻǎƛǝƻƴŜŘ ƛƴ ŀ 

ǊŀƴŘƻƳƛȊŜŘ ōƭƻŎƪ ŘŜǎƛƎƴΣ ŀƴŘ ǎǳǊǊƻǳƴŘŜŘ ōȅ ну ōƻǊŘŜǊ Ǉƭŀƴǘǎ ǘƻ ŀǾƻƛŘ ōƻǳƴŘŀǊȅ ŜũŜŎǘǎΦ {ǘŀǊǝƴƎ 

нт 5ŜŎŜƳōŜǊ нлмуΣ Ǉƭŀƴǘǎ ǿŜǊŜ ŦŜǊǝƭƛȊŜŘ ǿŜŜƪƭȅ ǿƛǘƘ млл Ƴ[ ƻŦ ŀ лΦн҈ όǾκǾύ ƴǳǘǊƛŜƴǘ ǎƻƭǳǝƻƴ όIŀƪŀǇƘƻǎϯ 

.ƭŀǳΣ /hath 9·t9w¢ϯΣ aǳŜƴǎǘŜǊΣ DŜǊƳŀƴȅύ ŎƻƴǘŀƛƴƛƴƎ мр҈ bΣ мл҈ tнhрΣ мр҈ YнhΣ н҈ aƎhΣ лΦлм҈ .Σ 

лΦлн҈ /ǳΣ лΦлтр҈ CŜΣ лΦлр҈ aƴΣ лΦллм҈ aƻΣ ŀƴŘ лΦлмр҈ ½ƴΦ IƻǿŜǾŜǊΣ ŘǳŜ ǘƻ ǘƘŜ ƭƻǿ ōƛƻƳŀǎǎ 

ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ǘƘŜ Ǉƭŀƴǘǎ ƎǊƻǿƴ ǳƴŘŜǊ ǘƘŜ ƅǳƻǊŜǎŎŜƴǘ ƭŀƳǇ ǎȅǎǘŜƳΣ ǘƘŜ Ǉƭŀƴǘ ŦŜǊǝƭƛȊŀǝƻƴ ǿŀǎ ǎǘŀǊǘŜŘ 

ǘǿƻ ǿŜŜƪǎ ƭŀǘŜǊ ǳƴŘŜǊ ǘƘŜ C[ ǘǊŜŀǘƳŜƴǘΦ !ƭƭ ǘƘȅƳŜ Ǉƭŀƴǘǎ ƎǊŜǿ ŦƻǊ ŀ ǘƻǘŀƭ ǇŜǊƛƻŘ ƻŦ му ǿŜŜƪǎ ǳƴǝƭ ƘŀǊǾŜǎǘ 

ƻƴ мн CŜōǊǳŀǊȅ нлмфΦ /ƭƛƳŀǝŎ ŎƻƴŘƛǝƻƴǎ ƛƴŎƭǳŘƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ ƻŦ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ 

ŀƛǊ ǿŜǊŜ Ŏƻƴǝƴǳƻǳǎƭȅ ƳƻƴƛǘƻǊŜŘ ŀǘ ŎŀƴƻǇȅ ƭŜǾŜƭ Ǿƛŀ Řŀǘŀ ƭƻƎƎŜǊǎ ό9[π¦{.ҍнΣ [ŀǎŎŀǊΣ /hbw!5Σ IƛǊǎŎƘŀǳΣ 

DŜǊƳŀƴȅύΦ !ǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜǎ όϲ/ ҕ {5ύ ǳƴŘŜǊ [95Σ It{Σ ŀƴŘ C[ ƭƛƎƘǝƴƎ ǿŜǊŜ нлΦп ҕ мΦпΣ нмΦм ҕ нΦлΣ ŀƴŘ 

нлΦф ҕ мΦнΣ ǿƛǘƘ ŀ ƳŜŀǎǳǊƛƴƎ ŀŎŎǳǊŀŎȅ ƻŦ м /Φ !ǾŜǊŀƎŜ ƘǳƳƛŘƛǝŜǎ ό҈ǊƘ ҕ {5ύ ǳƴŘŜǊ [95Σ It{Σ ŀƴŘ C[ ƭƛƎƘǝƴƎ 

ǿŜǊŜ птΦн ҕ тΦлΣ ппΦн ҕ тΦмΣ ŀƴŘ оуΦу ҕ тΦм ǿƛǘƘ ŀ ƳŜŀǎǳǊƛƴƎ ŀŎŎǳǊŀŎȅ ƻŦ нΦнр҈ǊƘΦ .ƻǘƘ ŎƭƛƳŀǝŎ ŎƻƴŘƛǝƻƴǎ 

ŘƛŘ ƴƻǘ ŘƛũŜǊ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎΦ   

 

нΦр IŀǊǾŜǎǘ ŀƴŘ ŎǊƻǇ ƳŀƴŀƎŜƳŜƴǘ 

¢ƻ ŀƴŀƭȅȊŜ ǘƘŜ ŜũŜŎǘ ƻŦ ǘƘŜ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ƻƴ ǘƘŜ ȅƛŜƭŘΣ ŀƭƭ он ŜȄǇŜǊƛƳŜƴǘŀƭ ǘƘȅƳŜ Ǉƭŀƴǘǎ 

ǿŜǊŜ ƘŀǊǾŜǎǘŜŘ ǎŜǇŀǊŀǘŜƭȅ ŦǊƻƳ ŜŀŎƘ ǘǊŜŀǘƳŜƴǘ ŎƻƴŘƛǝƻƴ ŀƴŘ ǊŜǇƭƛŎŀǝƻƴΦ CǊŜǎƘ ƳŀǧŜǊ όCaύ ƻŦ ǘƘŜ ŀōƻǾŜπ

ƎǊƻǳƴŘ Ǉƭŀƴǘ ǇŀǊǘǎ ǿŀǎ ƛƴŘƛǾƛŘǳŀƭƭȅ ǊŜŎƻǊŘŜŘ ŀǘ ƘŀǊǾŜǎǘ ƻƴ мн CŜōǊǳŀǊȅ нлмфΦ ¢ƻǘŀƭ ŘǊȅ ƳŀǧŜǊ ό5aύ ǿŀǎ 

ƳŜŀǎǳǊŜŘ ŀƊŜǊ ŘǊȅƛƴƎ ǘƘŜ ǎŀƳǇƭŜǎ ƛƴ ŀ ŎƛǊŎǳƭŀǘŜŘ ŘǊȅƛƴƎ ƻǾŜƴ ŀǘ ол ϲ/ ǳƴǝƭ ǎǘŀōƭŜ Ƴŀǎǎ ǿŀǎ ŀǧŀƛƴŜŘ 

όҖ ǎŜǾŜƴ ŘŀȅǎύΦ [ŜŀŦ ŘǊȅ ƳŀǧŜǊ ό[5aύ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ŦƻǊ мс Ǉƭŀƴǘǎ ǎŜƭŜŎǘŜŘ ŦǊƻƳ ŜŀŎƘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ 

ǊŜǇƭƛŎŀǝƻƴΣ ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎƘƻǘ ŘǊȅ ƳŀǧŜǊ ό{5aύ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ōȅ ǎǳōǘǊŀŎǝƴƎ ǘƘŜ [5a ŦǊƻƳ 5aΦ 

!ƭƭ ŘǊƛŜŘ ƭŜŀŦ ǎŀƳǇƭŜǎ ǿŜǊŜ ǾŀŎǳǳƳπǎŜŀƭŜŘ ό±ΦоллϯΣ [ŀƴŘƛƎ Ҍ [ŀǾŀ DƳōI ϧ /ƻ YDΣ .ŀŘ {ŀǳƭƎŀǳΣ DŜǊƳŀƴȅύ 

ŀƴŘ ǎǘƻǊŜŘ ƛƴ ǘƘŜ ŘŀǊƪ ŀǘ п ϲ/ ǳƴǝƭ ŦǳǊǘƘŜǊ ǇǊƻŎŜǎǎƛƴƎΦ 

 

 



/I!t¢9w н  ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ 
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нΦс 9ƴŜǊƎȅ ƳŜŀǎǳǊŜƳŜƴǘǎ 

¢ƘŜ ǇƻǿŜǊ ŘǊŀǿ ƻŦ ŎǳǊǊŜƴǘ όLύ ŀƴŘ ǾƻƭǘŀƎŜ ό¦ύ ŀǎ ǿŜƭƭ ŀǎ ŜƭŜŎǘǊƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƛƴŎƭǳŘƛƴƎ ǊŜŀƭ ǇƻǿŜǊ όtύ 

ŀƴŘ ŀǇǇŀǊŜƴǘ ǇƻǿŜǊ ό{ύ ŦǊƻƳ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ƭŀƳǇǎ ƻŦ ŜŀŎƘ ƭƛƎƘǝƴƎ ǘǊŜŀǘƳŜƴǘ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ǳǎƛƴƎ ŀ 

ǇƻǿŜǊ ƳŜǘŜǊ ό9b9wD¸ ahbL¢hw олллΣ ±h[¢/w!C¢ϯΣ ²ŜǊƴōŜǊƎπYǀōƭƛǘȊΣ DŜǊƳŀƴȅύ ƛƴ ƻǊŘŜǊ ǘƻ ŜǎǝƳŀǘŜ 

ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǝƻƴǎ ŀƴŘ ōƛƻƳŀǎǎ ŜŶŎŀŎƛŜǎ ƻŦ ǘƘŜ ƭƛƎƘǘ ŬȄǘǳǊŜǎΦ ¢ƻ ŎƻǊǊŜŎǘ ŦƻǊ ǘƘŜ ŘŜǘŜŎǘŜŘ ŘƛũŜǊŜƴŎŜ 

ōŜǘǿŜŜƴ t ŀƴŘ { ŘǳŜ ǘƻ ƘŜŀǘ ŘƛǎǎƛǇŀǝƻƴ ƻŦ ǘƘŜ It{ ǎȅǎǘŜƳΣ ǘƘŜ ƳŜŀǎǳǊŜŘ Ŏƻǎ ǇƘƛ ƻŦ лΦфо ǿŀǎ ƛƴŎƻǊǇƻǊŀǘŜŘ 

ƛƴǘƻ ǘƘŜ It{Ω ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴ ŎŀƭŎǳƭŀǝƻƴǎΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǇŜŎƛŬŎŀǝƻƴǎΣ ǘƘŜ It{ 

ǎȅǎǘŜƳ ŀƭƭƻǿǎ ŀ ƘƻƳƻƎŜƴŜƻǳǎƭȅ ƛƭƭǳƳƛƴŀǘŜŘ ŀǊŜŀ ƻŦ мΦрс Ƴн όмΦн Ҏ мΦо ƳύΦ ¢ƘǳǎΣ ǘƘŜ ƳŜŀǎǳǊŜŘ ǇƻǿŜǊ 

ŎƻƴǎǳƳǇǝƻƴǎ ǿŜǊŜ ŀŘƧǳǎǘŜŘ ǘƻ ǘƘŜ ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ ό² Ƴҍнύ Ǿƛŀ ǊǳƭŜ ƻŦ ǘƘǊŜŜΦ bƻ 

ŀŘƧǳǎǘƳŜƴǘǎ ǿŜǊŜ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ǘƘŜ [95 ŀƴŘ C[ ǎȅǎǘŜƳΦ 

 

нΦт /ƘŜƳƛŎŀƭǎ 

tǳǊŜ ǎǘŀƴŘŀǊŘ ǎǳōǎǘŀƴŎŜǎ όπhǇƛƴŜƴŜΣ πh ŀƴŘ πɹǘŜǊǇƛƴŜƴŜΣ π̡ŎŀǊȅƻǇƘȅƭƭŜƴŜΣ ōƻǊƴŜƻƭΣ ŎŀǊǾŀŎǊƻƭΣ ƭƛƳƻƴŜƴŜΣ 

ƭƛƴŀƭƻƻƭΣ ƳȅǊŎŜƴŜΣ ǇπŎȅƳŜƴŜΣ ǎŀōƛƴŜƴŜΣ ǘƘȅƳƻƭΣ ŀƴŘ сπƳŜǘƘȅƭπрπǇŜƴǘŜƴнπƻƴŜύ ǿŜǊŜ ǇǳǊŎƘŀǎŜŘ ŀǎ 

ŀƴŀƭȅǝŎŀƭ ǎǘŀƴŘŀǊŘǎ ǿƛǘƘ ŀ ǇǳǊƛǘȅ ƻŦ ŀǘ ƭŜŀǎǘ фр҈ ŦƻǊ D/ ǊŜŦŜǊŜƴŎŜ ŀƴŀƭȅǎƛǎ ŦǊƻƳ !ƭŦŀ !ŜǎŀǊ όYŀƴŘŜƭΣ 

DŜǊƳŀƴȅύΣ /ŀǊƭ wƻǘƘ όYŀǊƭǎǊǳƘŜΣ DŜǊƳŀƴȅύΣ aŜǊŎƪ YƎŀ! ό5ŀǊƳǎǘŀŘǘΣ DŜǊƳŀƴȅύΣ ŀƴŘ Cƭǳƪŀ ό{ŜŜƭȊŜΣ 

DŜǊƳŀƴȅύΦ LǎƻƻŎǘŀƴŜ όҔ фф҈Σ It[/ ƎǊŀŘŜύ ŦƻǊ ǎƻƭǾŜƴǘ ŜȄǘǊŀŎǝƻƴ ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ǿŀǎ 

ƻōǘŀƛƴŜŘ ŦǊƻƳ ¢ƘΦ DŜȅŜǊ όwŜƴƴƛƴƎŜƴΣ DŜǊƳŀƴȅύΦ 

 

нΦу 9ȄǘǊŀŎǝƻƴ ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ 

¢ƘŜ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ό±h/ǎύ ƻŦ мс Ǉƭŀƴǘǎ ǇŜǊ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŜǇƭƛŎŀǝƻƴ όƴ Ґ спύ ǿŜǊŜ ŜȄǘǊŀŎǘŜŘ 

ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇǊƻŎŜŘǳǊŜΥ млл ƳƎ όҕ н ҈ύ ƻŦ ƎŜƴǘƭȅ ƻǾŜƴπŘǊƛŜŘ ŀƴŘ ǇƻǿŘŜǊŜŘ όо ƛƴǘŜǊǾŀƭǎ ƻŦ 

мл ǎ ŀǘ мрΣллл ǊǇƳ Ǿƛŀ ¢ǳōŜ aƛƭƭ ŎƻƴǘǊƻƭΣ LY!ϯΣ {ǘŀǳŦŜƴΣ DŜǊƳŀƴȅύ ǘƘȅƳŜ ƭŜŀǾŜǎ ǿŜǊŜ ǘǊŀƴǎŦŜǊǊŜŘ ƛƴǘƻ н Ƴ[ 

ǎŎǊŜǿ ŎŀǇ ƳƛŎǊƻ ǘǳōŜǎ ό{!w{¢95¢ !D ϧ /ƻΦ YDΣ bǸƳōǊŜŎƘǘΣ DŜǊƳŀƴȅύ ƛƴŎƭǳŘƛƴƎ ǘǿƻ ǎǘŜŀƭ ƎǊƛƴŘƛƴƎ ōŀƭƭǎ 

όq н ƳƳύΦ ¢ƘŜ Ǉƭŀƴǘ ƳŀǘŜǊƛŀƭ ǿŀǎ ƘƻƳƻƎŜƴƛȊŜŘ ƛƴ мΦл Ƴ[ ƻŦ ƛǎƻƻŎǘŀƴŜ όŎƻƴǘŀƛƴƛƴƎ мΥплΣллл όǾκǾύ сπƳŜǘƘȅƭπ

рπǇŜƴǘŜƴπнπƻƴŜ ŀǎ ƛƴǘŜǊƴŀƭ ǎǘŀƴŘŀǊŘύ ŦƻǊ мл Ƴƛƴ ŀǘ ол ǊǇǎ ǿƛǘƘ ŀ ōŀƭƭ Ƴƛƭƭ όaaпллΣ wŜǘǎŎƘϯΣ IŀŀƴΣ 

DŜǊƳŀƴȅύΦ !ƊŜǊ мл Ƴƛƴ ƻŦ ǳƭǘǊŀπǎƻƴƛŎŀǝƻƴ ό{ƻƴƻǊŜȄ wY млсΣ .!b59[Lb ŜƭŜŎǘǊƻƴƛŎ DƳōI ϧ /ƻΦ YDΣ .ŜǊƭƛƴΣ 

DŜǊƳŀƴȅύ ŀƴŘ мл Ƴƛƴ ƻŦ ŎŜƴǘǊƛŦǳƎŀǝƻƴ ŀǘ моΣллл ǊǇƳ όIŜǊŀŜǳǎϰ [ŀōƻŦǳƎŜϰ плл wΣ ¢ƘŜǊƳƻ {ŎƛŜƴǝŬŎϰΣ 

hǎǘŜǊƻŘŜΣ DŜǊƳŀƴȅύ ŀǘ нн ϲ/ ǊŜǎǇŜŎǝǾŜƭȅΣ ǘƘŜ ǎǳǇŜǊƴŀǘŀƴǘǎ ǿŜǊŜ ǘǊŀƴǎŦŜǊǊŜŘ ƛƴǘƻ D/πǾƛŀƭǎ ŀƴŘ ǎǘƻǊŜŘ ŀǘ 

ҍтл ϲ/ ǳƴǝƭ ŀƴŀƭȅǎƛǎΦ 
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нΦф D/πCL5 ŀƴŘ D/πa{ ŀƴŀƭȅǎƛǎ 

! ǘƻǘŀƭ ƻŦ м ҡ[ ƻŦ ǘƘŜ ƻōǘŀƛƴŜŘ ŜȄǘǊŀŎǘǎ ƻŦ ǾƻƭŀǝƭŜǎ ǿŀǎ ŀƴŀƭȅȊŜŘ ōȅ D/ςCL5 ǳǎƛƴƎ ŀƴ !ƎƛƭŜƴǘ Ǝŀǎ 

ŎƘǊƻƳŀǘƻƎǊŀǇƘ суфлb ŬǧŜŘ ǿƛǘƘ ŀƴ Itπрa{ ŎƻƭǳƳƴ όол Ƴ Ҏ нрл ҡƳ Ҏ лΦр ҡƳύ ƛƴ ǎǇƭƛǘƭŜǎǎ ƳƻŘŜΦ 5ŜǘŜŎǘƻǊ 

ŀƴŘ ƛƴƧŜŎǘƻǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ǿŜǊŜ ǎŜǘ ǘƻ нрл ϲ/Φ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƻǾŜƴ ǘŜƳǇŜǊŀǘǳǊŜ ǇǊƻƎǊŀƳ ǿŀǎ ǳǎŜŘΥ рл ϲ/ 

ŦƻǊ н ƳƛƴΣ ƘŜŀǝƴƎ ŦǊƻƳ рл ǘƻ онл ϲ/ ŀǘ ŀ ǊŀǘŜ ƻŦ р Y ƳƛƴҍмΦ ¢ƘŜ Ŭƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ƘŜƭŘ ŦƻǊ с ƳƛƴΦ 

IȅŘǊƻƎŜƴ ǿŀǎ ǳǎŜŘ ŀǎ ŎŀǊǊƛŜǊ Ǝŀǎ ǿƛǘƘ ŀ Ŏƻƴǎǘŀƴǘ ƅƻǿ ǊŀǘŜ ƻŦ мΦн Ƴ[ ƳƛƴҍмΦ D/πa{ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ 

ŀƴ !ƎƛƭŜƴǘ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘŜǊ рфтр.Σ ƻƴ ŀƴ Itπрa{ ŎƻƭǳƳƴ όǎŜŜ D/ύΣ ƻǇŜǊŀǝƴƎ ŀǘ тл Ŝ± ƛƻƴƛȊŀǝƻƴ ŜƴŜǊƎȅΣ 

ǳǎƛƴƎ ǘƘŜ ǎŀƳŜ ǘŜƳǇŜǊŀǘǳǊŜ ǇǊƻƎǊŀƳ ŀǎ ŀōƻǾŜΦ IŜƭƛǳƳ ǿŀǎ ǳǎŜŘ ŀǎ ŎŀǊǊƛŜǊ Ǝŀǎ ǿƛǘƘ ŀ Ŏƻƴǎǘŀƴǘ ƅƻǿ ǊŀǘŜ 

ƻŦ мΦн Ƴ[ ƳƛƴҍмΦ wŜǘŜƴǝƻƴ ƛƴŘƛŎŜǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ ǳǎƛƴƎ ǊŜǘŜƴǝƻƴ ǝƳŜǎ ƻŦ /сπ/нпπŀƭƪŀƴŜǎ ǘƘŀǘ ǿŜǊŜ 

ƛƴƧŜŎǘŜŘ ǳƴŘŜǊ ǘƘŜ ǎŀƳŜ ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ŎƻƴŘƛǝƻƴǎΦ 

 

нΦмл LŘŜƴǝŬŎŀǝƻƴ ŀƴŘ ǉǳŀƴǝŬŎŀǝƻƴ ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ 

!ƭƭ Ƴŀƛƴ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ƻŦ ǘƘŜ ǾƻƭŀǝƭŜ ŜȄǘǊŀŎǘǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘ ōȅ ŎƻƳǇŀǊƛƴƎ ǘƘŜƛǊ Ƴŀǎǎ ǎǇŜŎǘǊŀ ǿƛǘƘ 

ǘƘƻǎŜ ƻŦ ƛƴǘŜǊƴŀƭ ǊŜŦŜǊŜƴŎŜ ƭƛōǊŀǊƛŜǎ ό!ŘŀƳǎΣ bL{¢ύΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ πhǇƛƴŜƴŜΣ πh ŀƴŘ πɹ

ǘŜǊǇƛƴŜƴŜΣ π̡ŎŀǊȅƻǇƘȅƭƭŜƴŜΣ ōƻǊƴŜƻƭΣ ŎŀǊǾŀŎǊƻƭΣ ƭƛƳƻƴŜƴŜΣ ƭƛƴŀƭƻƻƭΣ ƳȅǊŎŜƴŜΣ ǇπŎȅƳŜƴŜΣ ǎŀōƛƴŜƴŜΣ ŀƴŘ 

ǘƘȅƳƻƭ ǿŀǎ ŎƻƴŬǊƳŜŘ ōȅ ŀǳǘƘŜƴǝŎ ǊŜŦŜǊŜƴŎŜ ǎǘŀƴŘŀǊŘǎ ōȅ ŎƻƳǇŀǊƛƴƎ ǘƘŜƛǊ ƛƴŘƛǾƛŘǳŀƭ ǊŜǘŜƴǝƻƴ ƛƴŘƛŎŜǎΦ 

vǳŀƴǝǘŀǝǾŜ Řŀǘŀ ƻŦ ŜŀŎƘ Ƴŀƛƴ ŎƻƳǇƻǳƴŘ ǿŜǊŜ ƻōǘŀƛƴŜŘ ǿƛǘƘ ǎŜǊƛŀƭ Řƛƭǳǝƻƴǎ ƻŦ ŜȄǘŜǊƴŀƭ ǎǘŀƴŘŀǊŘ 

ǎƻƭǳǝƻƴǎ ǳǎƛƴƎ ŀǘ ƭŜŀǎǘ ǎƛȄ ƪƴƻǿƴ ŎƻƴŎŜƴǘǊŀǝƻƴǎ όπ̡ŎŀǊȅƻǇƘȅƭƭŜƴŜΣ ŎƛǎπǎŀōƛƴŜƴŜ ƘȅŘǊŀǘŜ ŀƴŘ ƭƛƴŀƭƻƻƭΥ лΦрΣ 

мΣ нΣ рΣ млΣ ŀƴŘ рл ƴƎ ҡ[ҍмΤ hπǇƛƴŜƴŜΣ πhǘŜǊǇƛƴŜƴŜΣ ōƻǊƴŜƻƭΣ ƭƛƳƻƴŜƴŜΣ ƳȅǊŎŜƴŜΣ ŀƴŘ ǎŀōƛƴŜƴŜΥ мΣ нΣ рΣ млΣ 

рлΣ ŀƴŘ млл ƴƎ ҡ[ҍмΤ ǇπŎȅƳŜƴŜΥ мΣ нΣ рΣ млΣ рлΣ мллΣ нллΣ ŀƴŘ плл ƴƎ ҡ[ҍмΤ ɹπǘŜǊǇƛƴŜƴŜΥ мΣ нΣ рΣ млΣ рлΣ мллΣ 

нллΣ пллΣ ŀƴŘ слл ƴƎ ҡ[ҍмΤ ŎŀǊǾŀŎǊƻƭΥ мΣ нΣ р млΣ рлΣ мллΣ нллΣ пллΣ сллΣ ŀƴŘ мнлл ƴƎ ҡ[ҍмΤ ǘƘȅƳƻƭΥ рΣ млΣ 

рлΣ мллΣ нллΣ пллΣ сллΣ мнллΣ ŀƴŘ мулл ƴƎ ҡ[ҍмύΣ ǿƘƛŎƘ ŎƻǾŜǊŜŘ ŎƻƴŎŜƴǘǊŀǝƻƴ ǊŀƴƎŜǎ ŘŜǘŜŎǘŜŘ ŦƻǊ ŜŀŎƘ 

ŎƻƳǇƻǳƴŘ ƛƴ ŀƭƭ ǎŀƳǇƭŜǎΦ 

 

нΦмм {ǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎ  

{ǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ DǊŀǇƘtŀŘ tǊƛǎƳ уΦпΦнΦстф ό{ŀƴ 5ƛŜƎƻΣ ahΣ ¦{!ύΦ 5ŀǘŀ ƻŦ ŜŀŎƘ 

ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ǿŜǊŜ ǘŜǎǘŜŘ ŦƻǊ ƴƻǊƳŀƭƛǘȅ Ǿƛŀ !ƴŘŜǊǎƻƴπ5ŀǊƭƛƴƎΣ 5Ω!Ǝƻǎǝƴƻ ŀƴŘ tŜŀǊǎƻƴΣ {ƘŀǇƛǊƻς²ƛƭƪ 

ǘŜǎǘΣ ŀƴŘ YƻƭƳƻƎƻǊƻǾς{ƳƛǊƴƻǾ ǘŜǎǘΦ LŦ ƴƻǊƳŀƭƛǘȅ ǘŜǎǘ ŦŀƛƭŜŘΣ ƻǳǘƭƛŜǊǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘ Ǿƛŀ wh¦¢ ƳŜǘƘƻŘ 

όv Ґ мл ҈ύ ŀƴŘ ǊŜƳƻǾŜŘ ǘƻ ŜǎǘŀōƭƛǎƘ ƴƻǊƳŀƭƛǘȅ ƻŦ ŀƭƭ Řŀǘŀ ǎŜǘǎΦ ¢ƘŜ ƳŜŀƴǎ ƻŦ ŜŀŎƘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ όƴ Ґ 

пύ ǿŜǊŜ ǘŜǎǘŜŘ ŦƻǊ ƴƻǊƳŀƭƛǘȅ ǿƛǘƘ ǘƘŜ {ƘŀǇƛǊƻς²ƛƭƪ ǘŜǎǘΣ ŀƴŘ ŀƭƭ Řŀǘŀ ǎŜǘǎ ǇŀǎǎŜŘ ǘƘŜ ƴƻǊƳŀƭƛǘȅ ǘŜǎǘ ŀǘ  hҐ 

лΦлрΦ CƛƴŀƭƭȅΣ ŀƭƭ Řŀǘŀ ǎŜǘǎ ǿŜǊŜ ǎǘŀǝǎǝŎŀƭƭȅ ŀƴŀƭȅȊŜŘ ǳǎƛƴƎ ŀ .ǊƻǿƴπCƻǊǎȅǘƘŜ ŀƴŘ ²ŜƭŎƘ !bh±! ǘŜǎǘ ŘǳŜ ǘƻ 

ǳƴŜǉǳŀƭ ǾŀǊƛŀƴŎŜǎ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎΦ aǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ Ǿƛŀ 5ǳƴƴŜǧ ¢оΦ ¢ǿƻπǘŀƛƭŜŘ 
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tŜŀǊǎƻƴ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ōƛƻƳŀǎǎŜǎ ŀƴŘ 5[Lǎ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŀƊŜǊ ŬǊǎǘ ŎƻƳǇǳǝƴƎ ƳŜŀƴǎ ƻŦ му 

ǊŜǇƭƛŎŀǘŜǎ ǇŜǊ ǎǇŀǝŀƭƭȅ ƛƴŘŜǇŜƴŘŜƴǘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǘƘŜƴ ŀƴŀƭȅȊƛƴƎ ǘƘƻǎŜ ƳŜŀƴǎ όƴ Ґ мнύΦ .ƛƻƳŀǎǎ 

ŜŶŎŀŎƛŜǎ όƎ ƻǊ ƳƎ ƪ²Ƙҍм Ƴнύ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳŜŘ ǿƛǘƘƛƴ ŀ ǎǉǳŀǊŜ ƳŜǘŜǊ ŘǳǊƛƴƎ 

ǘƘŜ ŎǳƭǝǾŀǝƻƴ ǇŜǊƛƻŘΦ 

 

оΦ wŜǎǳƭǘǎ ŀƴŘ ŘƛǎŎǳǎǎƛƻƴ 

оΦм .ƛƻƳŀǎǎ ȅƛŜƭŘΣ ǇŀǊǝǝƻƴƛƴƎΣ ŀƴŘ ƳƻǊǇƘƻƭƻƎȅ 

¢ƘŜ [95 ǎȅǎǘŜƳ ǊŜǎǳƭǘŜŘ ƛƴ ŘƛǎǝƴŎǘ ȅƛŜƭŘ ƛƴŎǊŜŀǎŜǎΣ ōƛƻƳŀǎǎ ǇŀǊǝǝƻƴƛƴƎΣ ŀƴŘ ŀ ŘƛũŜǊŜƴǝŀǘŜŘ 

ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ It{ ŀƴŘ C[ ǎȅǎǘŜƳǎ όCƛƎǳǊŜǎ мн ŀƴŘ 

моύΦ  

 

 

CƛƎǳǊŜ мн ς .ƛƻƳŀǎǎ ȅƛŜƭŘǎ ŀƴŘ ǇŀǊǝǝƻƴƛƴƎ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ ŎǳƭǝǾŀǘŜŘ ǳƴŘŜǊ ŘƛũŜǊŜƴǘ 
ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŘǳǊƛƴƎ Ŧŀƭƭ ŀƴŘ ǿƛƴǘŜǊ ƛƴ .ŜǊƭƛƴΣ DŜǊƳŀƴȅΦ [95 Ґ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜΣ It{ 
Ґ ƘƛƎƘπǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ ƭŀƳǇΣ C[ Ґ ƅǳƻǊŜǎŎŜƴǘ ƭƛƎƘǘΦ ό!ύ CǊŜǎƘ ƳŀǧŜǊ ȅƛŜƭŘǎ ƛƴ ƎǊŀƳ ǇŜǊ ǇƭŀƴǘмΣ ό.ύ 5Ǌȅ 
ƳŀǧŜǊ ȅƛŜƭŘǎ ƛƴ ƎǊŀƳ ǇŜǊ ǇƭŀƴǘмΣ ό/ύ [ŜŀŦ ŀƴŘ ǎƘƻƻǘ ŘǊȅ ƳŀǧŜǊ ǇŀǊǝǝƻƴƛƴƎ ƛƴ ƎǊŀƳ ǇŜǊ ǇƭŀƴǘнΦ  
м tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ Ǉƭŀƴǘ ȅƛŜƭŘǎ ƻŦ ŦƻǳǊ ƛƴŘŜǇŜƴŘŜƴǘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όƴ Ґ пύ ҕ ǎǘŀƴŘŀǊŘ 
ŘŜǾƛŀǝƻƴ ό{5ύ ƻŦ он ƘŀǊǾŜǎǘŜŘ Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb Ґ оупΣ ƴ Ґ мну Ǉƭŀƴǘǎ ǇŜǊ 
ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ƴ Ґ он Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴύΦ {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ όǇ Җ лΦлмύ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ 
ŀŎŎƻǊŘƛƴƎ ǘƻ 5ǳƴƴŜǧΩǎ ¢о ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŀƊŜǊ .ǊƻǿƴπCƻǊǎȅǘƘŜ ŀƴŘ ²ŜƭŎƘ !bh±! ǘŜǎǘ όǇ Җ лΦллмύΦ 
5ƛũŜǊŜƴǘ ƭŜǧŜǊǎ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎΦ  
н tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ ŘǊȅ ƭŜŀŦ ŀƴŘ ǎƘƻƻǘ ƳŀǧŜǊ ȅƛŜƭŘǎ ƻŦ ŦƻǳǊ ƛƴŘŜǇŜƴŘŜƴǘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όƴ 
Ґ пύ ҕ {5 όǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴύ ƻŦ мс ƘŀǊǾŜǎǘŜŘ Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb Ґ мфнΣ ƴ Ґ сп Ǉƭŀƴǘǎ 
ǇŜǊ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ƴ Ґ мс Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴύΦ {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ όǇ Җ лΦлрύ ǿŜǊŜ 
ŘŜǘŜǊƳƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 5ǳƴƴŜǧΩǎ ¢о ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŀƊŜǊ .ǊƻǿƴπCƻǊǎȅǘƘŜ ŀƴŘ ²ŜƭŎƘ !bh±! ǘŜǎǘ όǇ Җ 
лΦллмύΦ 5ƛũŜǊŜƴǘ ƭŜǧŜǊǎ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎΦ 

 
²ƘƛƭŜ ǘƘŜ [95ǎ ǇǊƻŘǳŎŜŘ ŀ ŦǊŜǎƘ ōƛƻƳŀǎǎ ƻŦ ŀǾŜǊŀƎŜƭȅ нуΦм ҕ нΦл Ǝ ǇƭŀƴǘҍмΣ ǘƘŜ It{ ǎȅǎǘŜƳǎ 

ŀŎŎƻǳƴǘŜŘ ŦƻǊ ŀ ŦǊŜǎƘ ōƛƻƳŀǎǎ ƻŦ мрΦф ҕ нΦо Ǝ Ǉƭŀƴǘҍм ǿƛǘƘƛƴ ǘƘŜ ǎŀƳŜ ŎǳƭǝǾŀǝƻƴ ǇŜǊƛƻŘΦ ¢ƘŜ ƭƻǿŜǎǘ ŦǊŜǎƘ 

ōƛƻƳŀǎǎ ƻŦ пΦф ҕ лΦп Ǝ Ǉƭŀƴǘҍм ǿŀǎ ǇǊƻŘǳŎŜŘ ǳƴŘŜǊ C[ όCƛƎǳǊŜ мн!ύΦ !ŎŎƻǊŘƛƴƎƭȅΣ ŘǊȅ ƳŀǧŜǊ ȅƛŜƭŘǎ ƻŦ ¢ƘȅƳǳǎ 
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ǾǳƭƎŀǊƛǎ [Φ ǿŜǊŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ŜƴƘŀƴŎŜŘ ōȅ ǘƘŜ [95 ǎȅǎǘŜƳ όрΦс ҕ лΦу Ǝ Ǉƭŀƴǘҍмύ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ It{ όоΦн ҕ 

лΦр Ǝ Ǉƭŀƴǘҍмύ ŀƴŘ C[ όлΦс ҕ лΦм Ǝ ǇƭŀƴǘҍмύΣ ǊŜǇǊŜǎŜƴǝƴƎ ŀƴ ƛƴŎǊŜŀǎŜ ƻŦ мΦтрπ ŀƴŘ ŜƛƎƘǘπŦƻƭŘΣ ǊŜǎǇŜŎǝǾŜƭȅ 

όCƛƎǳǊŜ мн.ύΦ ¢ƘŜǊŜōȅΣ ǘƘŜ ǿŜƛƎƘǘ ǇǊƻǇƻǊǝƻƴ ƻŦ ŘǊȅ ƭŜŀǾŜǎ ŘƛŘ ƴƻǘ ŘƛũŜǊ ŦǊƻƳ ǘƘŜ όƳƻǎǘƭȅ ƭƛƎƴƛŬŜŘύ ǿŜƛƎƘǘ 

ǇǊƻǇƻǊǝƻƴ ƻŦ ǎǘŜƳǎ ƛƴ ǘƘȅƳŜ Ǉƭŀƴǘǎ ŎǳƭǝǾŀǘŜŘ ǳƴŘŜǊ ǘƘŜ [95 ŀƴŘ It{ ǎȅǎǘŜƳǎΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¦ƴŘŜǊ C[Σ 

ƘƻǿŜǾŜǊΣ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ŘǊȅ ȅƛŜƭŘ ŎƻƴǎƛǎǘŜŘ ƻŦ ƭŜŀǾŜǎ όуоΦо҈ύ ŀƴŘ ƻƴƭȅ мсΦт҈ ŎƻƴǎƛǎǘŜŘ ƻŦ όǳƴǿƻƻŘŜŘύ 

ǎƘƻƻǘǎ όCƛƎǳǊŜ мн/ύΦ ²ƛǘƘ ŀ tŜŀǊǎƻƴ ŎƻǊǊŜƭŀǝƻƴ ŎƻŜŶŎƛŜƴǘ ƻŦ Ǌ Ґ лΦфт ŀƴŘ wн Ґ лΦфр όǇ ғ лΦллмύΣ ŘǊȅ Ƴŀǎǎ 

ȅƛŜƭŘǎ ǳƴŘŜǊ ǘƘŜ ŘƛũŜǊƛƴƎ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ǿŜǊŜ ƘƛƎƘƭȅ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ Řŀƛƭȅ ƭƛƎƘǘ 

ƛƴǘŜƎǊŀƭǎ ό5[LύΦ 

 

 

CƛƎǳǊŜ мо ς ±ƛǎǳŀƭ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ ŀǘ ƘŀǊǾŜǎǘ ŎǳƭǝǾŀǘŜŘ ǳƴŘŜǊ ŘƛũŜǊŜƴǘ ǎǳǇǇƭŜƳŜƴǘŀƭ 
ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŘǳǊƛƴƎ Ŧŀƭƭ ŀƴŘ ǿƛƴǘŜǊ ƻŦ .ŜǊƭƛƴΣ DŜǊƳŀƴȅΦ [95 Ґ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜΣ It{ Ґ ƘƛƎƘπǇǊŜǎǎǳǊŜ 
ǎƻŘƛǳƳ ƭŀƳǇΣ C[ Ґ ƅǳƻǊŜǎŎŜƴǘ ƭƛƎƘǘΦ 
 

!ǎ ƛƴŘƛŎŀǘŜŘ ƛƴ CƛƎǳǊŜ моΣ ǘƘŜ ǎǘŜƳ ōƛƻƳŀǎǎ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ ǿŀǎ ƎǊŜŀǘƭȅ ƛƴŎǊŜŀǎŜŘ ǳƴŘŜǊ ǘƘŜ 

[95 ǎȅǎǘŜƳ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇŜǊƛƻŘ ŀƴŘ ƭŜǘ ǘƻ ŀ ǇǊƻŦƻǳƴŘƭȅ ŘƛũŜǊŜƴǘ Ǿƛǎǳŀƭ ŀǇǇŜŀǊŀƴŎŜ ƛƴ 

ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘȅƳŜ Ǉƭŀƴǘǎ ƎǊƻǿƴ ǳƴŘŜǊ ǘƘŜ ƻǘƘŜǊ ǘǿƻ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǝƴƎ ŬȄǘǳǊŜǎΦ 5ŜǎǇƛǘŜ ǘƘŜ ƭƻǿŜǎǘ 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƭŜŀŦπǘƻπǎƘƻƻǘ ǊŀǝƻΣ ǿƘƛŎƘ ǿŀǎ лΦф ŦƻǊ [95Σ мΦо ŦƻǊ It{Σ ŀƴŘ р ŦƻǊ C[Σ ǘƘŜ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊ ό[5aύ 

ƻŦ ǘƘȅƳŜ ǿŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜŘ ŀƴŘ ƘƛƎƘŜǎǘ ǳƴŘŜǊ [95 όCƛƎǳǊŜ мн/ύΦ  

¢ƘŜ ǊŜŀǎƻƴ ŦƻǊ ǘƘŜ ƻǳǘǎǘŀƴŘƛƴƎ ōƛƻƳŀǎǎ ŀŎŎǳƳǳƭŀǝƻƴǎ ŀƴŘ ǘƘŜ ŎƻƴŎƻƳƛǘŀƴǘ ǊŀǇƛŘ ǘƘȅƳŜ 

ŘŜǾŜƭƻǇƳŜƴǘ ǳƴŘŜǊ ǘƘŜ [95 ǎȅǎǘŜƳ ƛǎ ŎƭŜŀǊƭȅ ŦƻǳƴŘ ƛƴ ǘƘŜ ƘŜƛƎƘǘŜƴŜŘ 5[L ōŜǘǿŜŜƴ плл ŀƴŘ тлл ƴƳΣ ŀǎ 

ǎƘƻǿƴ ōȅ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ ŎƻŜŶŎƛŜƴǘ ƻŦ Ǌ Ґ лΦфт όwн Ґ лΦфрύΦ ¢Ƙŀǘ ƛƴŎǊŜŀǎƛƴƎ 5[Lǎ ŀŎŎŜƭŜǊŀǘŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ 

ŀƴŘ ƎǊƻǿǘƘ ƻŦ Ǉƭŀƴǘǎ ǳǇ ǘƻ ŀ ŎŜǊǘŀƛƴ Ǉƻƛƴǘ ƛǎ ǿŜƭƭ ŜǎǘŀōƭƛǎƘŜŘ ό/ǊŀǾŜǊ Ŝǘ ŀƭΦΣ нлмфΤ CŀǳǎǘΣ нлнлύΦ ¢ƘŜ 



/I!t¢9w н  ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ 

мнр 
 

ŎƻǊǊŜƭŀǝƻƴ ƻŦ 5[Lǎ ŀƴŘ Ǉƭŀƴǘ ƎǊƻǿǘƘ ƛǎ ƪƴƻǿƴ ǘƻ ōŜ ƭƛƴŜŀǊ ōŜǘǿŜŜƴ ŜŀŎƘ ǎǇŜŎƛŜǎπǎǇŜŎƛŬŎ ƭƛƎƘǘ 

ŎƻƳǇŜƴǎŀǝƻƴ Ǉƻƛƴǘ ŀƴŘ ƭƛƎƘǘ ǎŀǘǳǊŀǝƻƴ Ǉƻƛƴǘ ό9ƛŎƘƘƻǊƴπ.ƛƭƻŘŜŀǳ Ŝǘ ŀƭΦΣ нлмфύΦ Cŀǳǎǘ ǎǘŀǘŜŘ ǘƘŀǘ ƻǇǝƳŀƭ 

5[Lǎ ǾŀǊȅ ŦǊƻƳ с ǘƻ рл Ƴƻƭ Ƴҍн Řҍм ŦƻǊ ǾŀǊƛƻǳǎ ŎǊƻǇǎΣ ŀƴŘ ƳƻŘŜǊŀǘŜƭȅ ƭƛƎƘǘπŘŜǇŜƴŘŜƴǘ ǘƘȅƳŜ ǊŜǉǳƛǊŜǎ ŀ 5[L 

ƻŦ ŀǘ ƭŜŀǎǘ му Ƴƻƭ Ƴҍн Řҍм όCŀǳǎǘΣ нлнлύΦ ¢ƘŜ ƴŀǘǳǊŀƭ ŀǾŜǊŀƎŜ 5[L ƛƴ ƎǊŜŜƴƘƻǳǎŜǎ ŘǳǊƛƴƎ ǿƛƴǘŜǊ ƛƴ ƴƻǊǘƘŜǊƴ 

ƭŀǝǘǳŘŜǎ ƘƻǿŜǾŜǊ ƛǎ ƻƊŜƴ ŀǎ ƭƻǿ ŀǎ м ǘƻ р Ƴƻƭ Ƴҍн Řҍм ŀƴŘ ǊŜŀŎƘŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ оΦф Ƴƻƭ Ƴҍн Řҍм ŘǳǊƛƴƎ 

ƻǳǊ ƎǊŜŜƴƘƻǳǎŜ ǘǊƛŀƭ όtǊŀƳǳƪ ϧ wǳƴƪƭŜΣ нллрΤ YƻƴƎ Ŝǘ ŀƭΦΣ нлмтΤ aŀǘȅǎƛŀƪ ϧ YƻǿŀƭǎƪƛΣ нлмфύΦ IŜƴŎŜΣ 

ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǝƴƎ ƛǎ ŜǎǎŜƴǝŀƭ ŦƻǊ ǿƛƴǘŜǊ ƎǊŜŜƴƘƻǳǎŜ ǇǊƻŘǳŎǝƻƴǎΦ {ƛƴŎŜ C[ǎ ǊŀƛǎŜŘ ǘƘŜ ǘƻǘŀƭ 5[L όƴŀǘǳǊŀƭ 

5[L оΦф Ƴƻƭ Ƴҍн Řҍм Ҍ ǎǳǇǇƭŜƳŜƴǘŀƭ 5[L о Ƴƻƭ Ƴҍн Řҍмύ ƻƴƭȅ ǘƻ ŀǇǇǊƻȄƛƳŀǘŜƭȅ т Ƴƻƭ Ƴҍн Řҍм ŘǳǊƛƴƎ ǿƛƴǘŜǊ 

ǇǊƻŘǳŎǝƻƴΣ ǘƘŜ C[ǎ ŀǊŜ ƴŜƛǘƘŜǊ ǎǳƛǘŀōƭŜ ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ǘƘȅƳŜ ƴƻǊ ǇǊŜǎǳƳŀōƭȅ ŦƻǊ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ 

ƎǊŜŜƴƘƻǳǎŜ ŎǊƻǇǎ ǳƴŘŜǊ ǘƘŜ ƎƛǾŜƴ ŎǳƭǝǾŀǝƻƴ ŎƻƴŘƛǝƻƴǎΦ It{ ŜƭŜǾŀǘŜŘ ǘƘŜ ǘƻǘŀƭ 5[L όƴŀǘǳǊŀƭ 5[L 

оΦф Ƴƻƭ Ƴҍн Řҍм Ҍ ǎǳǇǇƭŜƳŜƴǘŀƭ 5[L т Ƴƻƭ Ƴҍн Řҍмύ ǘƻ ŀƴ ŜǎǝƳŀǘŜŘ ƭŜǾŜƭ ƻŦ мм Ƴƻƭ Ƴҍн ŘҍмΦ ¢ƘŜǊŜǿƛǘƘΣ ǘƘŜ 

ōƛƻƳŀǎǎ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ ƛƴŎǊŜŀǎŜŘ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ C[Τ ƘƻǿŜǾŜǊΣ ǘƘŜ 5[L 

ǊŜƳŀƛƴǎ ƛƴǎǳŶŎƛŜƴǘ ŦƻǊ ŀƴ ƻǇǝƳŀƭ ǘƘȅƳŜ ǇǊƻŘǳŎǝƻƴ ŘǳǊƛƴƎ ǿƛƴǘŜǊΦ ²ƛǘƘ ŀ ǘƻǘŀƭ 5[L ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 

мс Ƴƻƭ Ƴҍн Řҍм όƴŀǘǳǊŀƭ 5[L оΦф Ƴƻƭ Ƴҍн Řҍм Ҍ ǎǳǇǇƭŜƳŜƴǘŀƭ 5[L мм Ƴƻƭ Ƴҍн Řҍмύ ŘǳǊƛƴƎ ǘƘŜ ƭƻǿ ƭƛƎƘǘ ǎŜŀǎƻƴΣ 

ǘƘŜ ǘŜǎǘŜŘ [95 ǎȅǎǘŜƳ ŀŎƘƛŜǾŜŘ ǘƘŜ ƘƛƎƘŜǎǘ 5[L ŀƴŘ ŀǇǇǊƻŀŎƘŜŘ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ 5[L ƻŦ җ му Ƴƻƭ Ƴҍн Řҍм 

ǘƘŜ Ƴƻǎǘ ό¢ŀōƭŜ мм ǳƴŘŜǊ ƳŀǘŜǊƛŀƭ ŀƴŘ ƳŜǘƘƻŘǎύΦ CǳǊǘƘŜǊΣ ƻƴƭȅ ǘƘŜ [95 ǎȅǎǘŜƳ ǿƻǳƭŘ ōŜ ŀōƭŜ ǘƻ ŀŎƘƛŜǾŜ 

ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ 5[L ƻŦ ǘƘŜ ƳƻŘŜǊŀǘŜƭȅ ƭƛƎƘǘπŘŜǇŜƴŘŜƴǘ ǘƘȅƳŜ ōȅ ǎƛƳǇƭȅ ŜȄǘŜƴŘƛƴƎ ǘƘŜ ǇƘƻǘƻǇŜǊƛƻŘ 

ŦǊƻƳ мп ǘƻ мс Ƙ ǇŜǊ Řŀȅ ŘǳǊƛƴƎ ǿƛƴǘŜǊΦ 

 

оΦн /ƻƴǘŜƴǘ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ό±h/ǎύ 

!ǇǇƭȅƛƴƎ D/πa{ ŀƴŀƭȅǎƛǎΣ мн ƳƻƴƻǘŜǊǇŜƴŜǎ ŀƴŘ ƻƴŜ ǎŜǎǉǳƛǘŜǊǇŜƴŜ ǿŜǊŜ ƛŘŜƴǝŬŜŘ ƛƴ ǘƘŜ ƭŜŀŦ 

ŜȄǘǊŀŎǘǎ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [ΦΣ ǊŜǇǊŜǎŜƴǝƴƎ җ фп ҈ ƻŦ ŀƭƭ ŘŜǘŜŎǘŜŘ ǾƻƭŀǝƭŜ ŎƻƴǎǝǘǳŜƴǘǎΦ aŀƧƻǊ ƛŘŜƴǝŬŜŘ 

ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ό±h/ǎύ ƛƴ ǘƘŜ ƭŜŀŦ ŜȄǘǊŀŎǘǎ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ ǳƴŘŜǊ ǘƘŜ ǎǳǇǇƭŜƳŜƴǘŀƭ 

ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ǿŜǊŜ ǘƘȅƳƻƭΣ πɹǘŜǊǇƛƴŜƴŜΣ ŀƴŘ ǇπŎȅƳŜƴŜΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ǿƘƛŎƘ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ǊŜǎǳƭǘǎ 

ƻŦ ŦƻǊƳŜǊ ǊŜǎŜŀǊŎƘ ό¢ƘƻƳǇǎƻƴ Ŝǘ ŀƭΦΣ нллоΤ wƻǘŀ Ŝǘ ŀƭΦΣ нллуύΦ ¢ƘŜǊŜōȅΣ ǘƘŜ ŎƘŜƳƛŎŀƭ ƳŀƪŜǳǇ ǊŜƳŀƛƴŜŘ 

ǳƴŀũŜŎǘŜŘ ōȅ ǘƘŜ ŘƛũŜǊŜƴǘ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎΦ ¢ƘŜ ǘƻǘŀƭ ŎƻƴǘŜƴǘ ƻŦ ±h/ǎ ǇŜǊ Ǝ ƻŦ [5a ƛǎ ƘƛƎƘƭȅ ŜƴƘŀƴŎŜŘ ōȅ 

[95 όнΦт ҈ύ ŀƴŘ It{ όнΦо ҈ύ ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ōȅ C[ όмΦм ҈ύΦ ¢ƘŜ ŘƛũŜǊŜƴŎŜ ƛƴ ǉǳŀƴǝǘȅ ƻŦ ±h/ǎ ǇŜǊ Ǝ ƻŦ [5a 

ōŜǘǿŜŜƴ ǘƘȅƳŜ Ǉƭŀƴǘǎ ŎǳƭǝǾŀǘŜŘ ǳƴŘŜǊ [95 ŀƴŘ It{ ƛǎ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘ όǇ Ґ лΦлууύΦ ¢ƘŜ [95 ŎƻƴǎƛŘŜǊŀōƭȅ 

ƛƴŎǊŜŀǎŜŘ ǘƘŜ ŀƳƻǳƴǘǎ ƻŦ ŀƭƭ мо ŜǾŀƭǳŀǘŜŘ ǘŜǊǇŜƴƻƛŘǎ ƛƴ ǘƘŜ ƭŜŀǾŜǎ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜ 

C[ ǎȅǎǘŜƳΦ ¢ƘŜ It{ ǎȅǎǘŜƳ ŀƭǎƻ ŜƴŀōƭŜŘ ŎƻƴǎƛŘŜǊŀōƭŜ ƛƴŎǊŜŀǎŜǎ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ C[ ǎȅǎǘŜƳΣ ŜǾŜƴ 

ǘƘƻǳƎƘ ǘƘŜ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ŀƳƻǳƴǘǎ ƻŦ πɹǘŜǊǇƛƴŜƴŜ ŀƴŘ ōƻǊƴŜƻƭ ŀǊŜ ƭŜǎǎ ǇǊƻŦƻǳƴŘΣ ǿƛǘƘ Ǉ Ґ лΦлфф 

ŀƴŘ Ǉ Ґ лΦлтрΣ ǊŜǎǇŜŎǝǾŜƭȅΦ 5ƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ [95 ŀƴŘ It{ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ƻƴƭȅ ŘŜǘŜŎǘŜŘ ŦƻǊ πhǇƛƴŜƴŜΣ 
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мнс 
 

ǿƘƛƭŜ ƳȅǊŎŜƴŜ όǇ Ґ лΦлттύ ŀǎ ǿŜƭƭ ŀǎ ƭƛƳƻƴŜƴŜ όǇ Ґ лΦлртύ ŘƛũŜǊŜŘ ƻƴƭȅ ƛƴ ǘŜƴŘŜƴŎȅΦ !ƭƭ ǊŜǎǳƭǘǎ ŀǊŜ 

ǎǳƳƳŀǊƛȊŜŘ ƛƴ ¢ŀōƭŜ мнΦ



/I!t¢9w н    ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ 

мнт 
 

¢ŀōƭŜ мн ς 9ũŜŎǘ ƻŦ ǘƘǊŜŜ ŘƛũŜǊŜƴǘ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ƻƴ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ мо Ƴŀƛƴ ǾƻƭŀǝƭŜ ǎǳōǎǘŀƴŎŜǎ ƻŦ ¢ƘȅƳǳǎ 
ǾǳƭƎŀǊƛǎ [Φ ŎǳƭǝǾŀǘŜŘ ƛƴ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ŘǳǊƛƴƎ Ŧŀƭƭ ŀƴŘ ǿƛƴǘŜǊ ƻŦ .ŜǊƭƛƴΣ DŜǊƳŀƴȅΦ 

Compound  Light-emitting diode  
(LED) 

High-pressure sodium lamp 
(HPS) 

Fluorescent light 
(FL) 

 RI1 %2 µg 100 mg-1 LDM
3 % µg 100 mg-1 LDM % µg 100 mg-1 LDM 

Monoterpene hydrocarbons       
-hpinene 938.0 ± 0.4 0.8 ± 0.1 14.03 ± 0.8a 0.8 ± 0.1 11.41 ± 1.1b 1.0 ± 0.1 7.22 ± 1.1c 

sabinene 977.8 ± 0.4 1.4 ± 0.4 34.21 ± 8.5a 1.5 ± 0.6 33.57 ± 6.4a 1.3 ± 0.5 13.95 ± 1.5b 
myrcene 991.8 ± 0.3 1.6 ± 0.2 35.16 ± 1.8a 1.5 ± 0.2 28.50 ± 3.6a 1.8 ± 0.2 17.19 ± 1.6b 

-hterpinene 1020.8 ± 0.3 1.9 ± 0.4 39.47 ± 4.3a 2.1 ± 0.7 33.43 ± 3.2a 2.2 ± 0.8 19.72 ± 2.1b 
p-cymene 1029.1 ± 0.5 8.5 ± 2.2 157.70 ± 27.4a 8.3 ± 2.5 123.90 ± 8.0a 6.9 ± 2.5 55.16 ± 4.7b 
limonene 1033.1 ± 0.3 0.6 ± 0.1 9.81 ± 0.7a 0.6 ± 0.1 8.22 ± 0.8a 0.6 ± 0.1 4.59 ± 0.5b 
-ɹterpinene 1064.4 ± 0.8 15.2 ± 5.4 323.20 ± 56.7a 16.0 ± 4.7 259.90 ± 49.0ab 20.1 ± 6.3 179.50 ± 22.6b 

Oxygenated monoterpenes       
cis-sabinene hydrate 1071.7 ± 0.4 1.3 ± 0.1 28.41 ± 2.3a 1.4 ± 0.2 25.38 ± 1.6a 1.3 ± 0.3 12.31 ± 0.8b 
linalool 1100.9 ± 0.5 2.6 ± 0.7 61.92 ± 11.3a 2.7 ± 0.8 52.22 ± 11.2a 2.3 ± 0.9 21.25 ± 1.9b 
borneol 1173.6 ± 0.3 0.9 ± 0.4 44.44 ± 2.6a 1.0 ± 0.6 46.50 ± 5.9ab 1.5 ± 0.7 31.75 ± 3.7b 
thymol 1297.6 ± 1.8 54.6 ± 6.9 1134.00 ± 86.3a 52.9 ± 6.4 917.10 ± 142.9a 50.2 ± 7.9 429.90 ± 57.3b 
carvacrol 1304.6 ± 1.1 2.4 ± 0.4 60.82 ± 4.9a 2.3 ± 0.5 48.82 ± 8.2a 2.0 ± 0.6 21.42 ± 2.9b 
Sesquiterpene hydrocarbons       
-̡caryophyllene 1436.6 ± 0.5 3.1 ± 1.3 47.69 ± 7.1a 3.67 ± 1.1 49.50 ± 7.0a 3.32 ± 1.1 21.91 ± 3.4b 

% of total extract[2]  94.93±1.50 94.68±2.22 94.53 ± 1.95 
Total volatiles [% g-1 LDM][4] 2.7±0.22a 2.3±0.25a 1.1 ± 0.10b 
м wŜǘŜƴǝƻƴ ƛƴŘƛŎŜǎ ǊŜƭŀǝǾŜ ǘƻ /сπ/нп ƴπŀƭƪŀƴŜǎ ƻƴ ŀ Itπрa{ ŎƻƭǳƳƴΦ LƴŘƛŎŜǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ƳŜŀƴǎ ҕ {5 ǿƛǘƘ ƴ Ґ мфнΦ 
н tŜǊŎŜƴǘŀƎŜǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ D/πCL5 ¢L/ Řŀǘŀ ŀƊŜǊ ǿŜƛƎƘǘ ŎƻǊǊŜŎǝƻƴ ŀƴŘ ǇǊŜǎŜƴǘŜŘ ŀǎ ƳŜŀƴǎ ҕ {5 ǿƛǘƘ ƴ Ґ спΦ 
о !Ƴƻǳƴǘǎ ƻŦ ƳŀƧƻǊ ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ŘŜƴǎƛǘȅ ŎƻǊǊŜŎǘŜŘ ŎŀƭƛōǊŀǝƻƴ ŦǳƴŎǝƻƴǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǊŜŦŜǊŜƴŎŜ ǎǘŀƴŘŀǊŘǎ ŀƴŀƭȅȊŜŘ ǳƴŘŜǊ ǘƘŜ ǎŀƳŜ 
D/πCL5 ŎƻƴŘƛǝƻƴǎ ŀǎ ǘƘŜ ǎŀƳǇƭŜǎΦ tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ ŀƳƻǳƴǘǎ ƻŦ ǾƻƭŀǝƭŜ ŎƻƳǇƻǳƴŘǎ ώҡƎ млл ƳƎπм [5a όҐ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊύϐ ƻŦ ŦƻǳǊ ƛƴŘŜǇŜƴŘŜƴǘ ǎǇŀǝŀƭ 
ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όƴ Ґ пύ ҕ {5 ƻŦ мс ŎƻƭƭŜŎǘŜŘ ŘǊƛŜŘ ƭŜŀŦ ǎŀƳǇƭŜǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb Ґ мфнΣ ƴ Ґ сп ŘǊȅ ƭŜŀŦ ǎŀƳǇƭŜǎ ǇŜǊ 
ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ƴ Ґ мс ŘǊȅ ƭŜŀŦ ǎŀƳǇƭŜǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴύΦ {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ όǇ Җ лΦлрύ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 5ǳƴƴŜǧΩǎ ¢о ƳǳƭǝǇƭŜ 
ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŀƊŜǊ .ǊƻǿƴπCƻǊǎȅǘƘŜ ŀƴŘ ²ŜƭŎƘ !bh±! ǘŜǎǘ όǇ Җ лΦлнύΦ 5ƛũŜǊŜƴǘ ƭŜǧŜǊǎ ǿƛǘƘƛƴ ŀ Ǌƻǿ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ŀǘ Ǉ Җ лΦлр ŀƴŘ ōƻƭŘ ŀƳƻǳƴǘǎ 
ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ŀǘ Ǉ Җ лΦмΦ  
п tŜǊŎŜƴǘŀƎŜ ƻŦ ǘƻǘŀƭ ǾƻƭŀǝƭŜǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ƛƴǘŜǊƴŀƭ ǎǘŀƴŘŀǊŘ όсπaŜǘƘȅƭπрπǇŜƴǘŜƴπнπƻƴŜύ ǿƘƛŎƘ ǿŀǎ ŎƻπŀƴŀƭȅȊŜŘ ƛƴ ŜŀŎƘ ǎŀƳǇƭŜΦ 
tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ ǇŜǊŎŜƴǘŀƎŜǎ ǇŜǊ Ǝ [5a ώ҈ Ǝπм [5a όҐ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊύϐ ƻŦ ŦƻǳǊ ƛƴŘŜǇŜƴŘŜƴǘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όƴ Ґ пύ ҕ {5 ƻŦ мс ŎƻƭƭŜŎǘŜŘ 
ŘǊƛŜŘ ƭŜŀŦ ǎŀƳǇƭŜǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb Ґ мфнΣ ƴ Ґ сп ŘǊȅ ƭŜŀŦ ǎŀƳǇƭŜǎ ǇŜǊ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ƴ Ґ мс ŘǊȅ ƭŜŀŦ ǎŀƳǇƭŜǎ ǇŜǊ 



/I!t¢9w н    ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ 

мну 
 

ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴύΦ {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ όǇ Җ лΦлрύ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 5ǳƴƴŜǧΩǎ ¢о ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŀƊŜǊ .ǊƻǿƴπCƻǊǎȅǘƘŜ ŀƴŘ ²ŜƭŎƘ 
!bh±! ǘŜǎǘ όǇ Җ лΦллмύΦ 5ƛũŜǊŜƴǘ ƭŜǧŜǊǎ ǿƛǘƘƛƴ ŀ Ǌƻǿ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ŀǘ Ǉ Җ лΦлр ŀƴŘ ōƻƭŘ ŀƳƻǳƴǘǎ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ŀǘ Ǉ Җ лΦмΦ



/I!t¢9w н  ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ 

мнф 
 

DƻǳƛƴƎǳŜƴŜ ŀƴŘ ¢ǳǊƭƛƴƎǎ όнллнύ ǎƘƻǿŜŘ ƛƴ ǘƘŜƛǊ ǎǘǳŘȅ ǘƘŀǘ ȅƻǳƴƎ ŎƻǊƴ Ǉƭŀƴǘǎ ό½Ŝŀ Ƴŀȅǎ [Φύ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜŘ ǘƘŜƛǊ ŜƳƛǎǎƛƻƴǎ ƻŦ ǾƻƭŀǝƭŜǎ ŀǎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƛƴŎǊŜŀǎŜŘ ǳǇ ǘƻ млΣллл ƭǳƳŜƴ όƭƳύΦ 

IƻǿŜǾŜǊΣ ōŜȅƻƴŘ млΣллл ƭƳ ǾƻƭŀǝƭŜ ŜƳƛǎǎƛƻƴǎ ƛƴ ½Ŝŀ Ƴŀȅǎ [Φ ŘƛŘ ƴƻǘ ŜƴƘŀƴŎŜ ŀƴȅ ŦǳǊǘƘŜǊΣ ǎǳƎƎŜǎǝƴƎ ŀ 

ƪƛƴŘ ƻŦ ǎŀǘǳǊŀǝƻƴ ƻǊ ƭƛƳƛǘŀǝƻƴ ǿŀǎ ǊŜŀŎƘŜŘΦ {ǇǊƛƴƎ Ŝǘ ŀƭΦ όмфусύ ŀƴŘ DƭŜƛȊŜǎ Ŝǘ ŀƭΦ όмфулύ ŀƭǎƻ ŘŜǘŜŎǘŜŘ 

ǘƘƛǎ ǇǊƻǇƻǎŜŘ ƭƛƎƘǘ ǉǳŀƴǝǘȅπŘŜǇŜƴŘŜƴŎȅΦ aǳƭǝǇƭŜ ǎǘǳŘƛŜǎ ŀƭǎƻ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘŜǊǇŜƴŜ ǎȅƴǘƘŜǎƛǎ ƛƴǾƻƭǾŜǎ 

ǇƘȅǘƻŎƘǊƻƳŜǎ όό{ǇǊƛƴƎ Ŝǘ ŀƭΦΣ мфусΤ DƭŜƛȊŜǎ Ŝǘ ŀƭΦΣ мфулΤ ¸ŀƳŀǳǊŀ Ŝǘ ŀƭΦΣ мффмΤ ¢ŀƴŀƪŀ Ŝǘ ŀƭΦΣ мфуфύΣ ǊŜŘ ŀƴŘ 

ŦŀǊπǊŜŘ ƭƛƎƘǘπǎŜƴǎƛƴƎ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ όǊŜǾƛŜǿŜŘ ōȅ CǊŀƴƪƭƛƴΣ нллуύύΣ ƳŀƪƛƴƎ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ǘŜǊǇŜƴŜǎ ŀƭǎƻ 

ŘŜǇŜƴŘŜƴǘ ƻƴ ƭƛƎƘǘ ǉǳŀƭƛǘȅΣ ǎǇŜŎƛŬŎŀƭƭȅ ƻƴ ǘƘŜ wκCw Ǌŀǝƻ όYŜƎƎŜ Ŝǘ ŀƭΦΣ нлмоύΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ ǘƘȅƳŜ 

ǎŜŜŘƭƛƴƎǎΣ ǊŜŘ ƭƛƎƘǘ ǎǘǊƻƴƎƭȅ ǇǊƻƳƻǘŜŘ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ Ƴƻƴƻπ ŀƴŘ ǎŜǎǉǳƛǘŜǊǇŜƴŜǎ όǘƘȅƳƻƭΣ πɹǘŜǊǇƛƴŜƴŜΣ 

ǇπŎȅƳŜƴŜ ŀƴŘ ŎŀǊǾŀŎǊƻƭΣ π̡ŎŀǊȅƻǇƘȅƭƭŜƴŜύ ŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŜǎǎŜƴǝŀƭ ƻƛƭπŎƻƴǘŀƛƴƛƴƎ ǘǊƛŎƘƻƳŜǎ ǇŜǊ 

ŎƻǘȅƭŜŘƻƴŜΣ ǘǿƻ ǎǝƳǳƭŀǘƻǊȅ ŜũŜŎǘǎ ǘƘŀǘ ǇǊƻǾŜŘ ǘƻ ōŜ ŎƻƳǇƭŜǘŜƭȅ ǊŜǾŜǊǎƛōƭŜ ōȅ ŀ ǎǳōǎŜǉǳŜƴǘ ŜȄǇƻǎǳǊŜ ǘƻ 

ŦŀǊπǊŜŘ ƛǊǊŀŘƛŀǝƻƴ ό¸ŀƳŀǳǊŀ Ŝǘ ŀƭΦΣ мффмΤ ¢ŀƴŀƪŀ Ŝǘ ŀƭΦΣ мфуфύΦ [ŀǘŜǊΣ ŀ ǇŀǊǝŀƭ ǊŜŘǳŎǝƻƴ ƻŦ ǾƻƭŀǝƭŜ ŜƳƛǎǎƛƻƴǎ 

ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ !ǊŀōƛŘƻǇǎƛǎ ǘƘŀƭƛŀƴŀ ό[Φύ IŜȅƴƘ ŜȄǇƻǎŜŘ ǘƻ ŀ ƭƻǿ wκCw Ǌŀǝƻ ƻŦ лΦн ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ Ǉƭŀƴǘǎ 

ŜȄǇƻǎŜŘ ǘƻ ŀ ƘƛƎƘ wκCw Ǌŀǝƻ ƻŦ нΦн ǿƘŜƴ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ όYŜƎƎŜ Ŝǘ ŀƭΦΣ нлмоύΦ ¢ƘŜǎŜ ŬƴŘƛƴƎǎ 

ŎƻǳƭŘ ŜȄǇƭŀƛƴ ǘƘŜ ŎƻƳǇŀǊŀǝǾŜƭȅ ƭƻǿ ±h/ ŎƻƴǘŜƴǘǎ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘȅƳŜ ƭŜŀǾŜǎ ƎǊƻǿƴ ǳƴŘŜǊ C[Σ ŀǎ ōƻǘƘ ǘƘŜƛǊ 

ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ όtC5 сл ҡƳƻƭ Ƴҍн ǎҍмΣ tC5πw тΦс ҡƳƻƭ Ƴҍн ǎҍмύ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜƛǊ wκCw Ǌŀǝƻ όлΦмύ ǿŜǊŜ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎŜŘ ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ [95 ŀƴŘ It{ ǳƴŘŜǊ ƻǳǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ŎƻƴŘƛǝƻƴǎΦ Lǘ ǿƻǳƭŘ ŀƭǎƻ 

ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ǎƛƳƛƭŀǊ ŎƻƴǘŜƴǘǎ ƻŦ ±h/ǎ ǇŜǊ ƎǊŀƳ ƻŦ ǘƘȅƳŜ ƭŜŀǾŜǎ ŦƻǳƴŘ ǳƴŘŜǊ [95 ŀƴŘ It{ ŀǊŜ ǘƘŜ 

ǊŜǎǳƭǘ ƻŦ ǘƘŜƛǊ ǎƛƳƛƭŀǊ ƘƛƎƘ wκCw Ǌŀǝƻǎ ƻŦ нΦу ŀƴŘ нΦпΣ ǊŜǎǇŜŎǝǾŜƭȅΦ IƻǿŜǾŜǊΣ wκCw Ǌŀǝƻǎ ŘǊŀƳŀǝŎŀƭƭȅ ŘŜŎƭƛƴŜ 

ǳƴŘŜǊ ǾŜƎŜǘŀǝƻƴŀƭ ŎŀƴƻǇƛŜǎΦ !ǎ ŘŜǎŎǊƛōŜŘ ōȅ CǊŀƴƪƭƛƴ όнллуύΣ ŀ ǎƛƴƎƭŜ ƭŜŀŦ ǊŜŘǳŎŜǎ ŀ ƎƛǾŜƴ wκCw Ǌŀǝƻ ƻŦ 

мΦн ǘƻ лΦн ŦƻǊ ǘƘŜ ƭŜŀǾŜǎ ƎǊƻǿƛƴƎ ǳƴŘŜǊƴŜŀǘƘΣ ŀƴŘ ǘƘŜ Ǌŀǝƻ ǊŜŘǳŎŜǎ ŦǳǊǘƘŜǊ ǘƻ лΦм ǳƴŘŜǊƴŜŀǘƘ ŀ ǎŜŎƻƴŘ 

ƭŜŀŦ όCǊŀƴƪƭƛƴΣ нллуύΦ !ǎ ƭŜŀŦ ŀƴŘ ǎƘƻƻǘ ȅƛŜƭŘǎ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜŘ ǳƴŘŜǊ ǘƘŜ [95 

ǎȅǎǘŜƳΣ ƛǘ ƛǎ ǊŜŀǎƻƴŀōƭŜ ǘƻ ōŜƭƛŜǾŜ ǘƘŀǘ ǘƘŜ ŀŎǘǳŀƭ wκCw Ǌŀǝƻ ǳƴŘŜǊƴŜŀǘƘ ǘƘŜ ƳƻǊŜ ŘŜƴǎŜƭȅ ǎǘŀƴŘǎ ƻŦ ǘƘȅƳŜ 

Ǉƭŀƴǘǎ ƎǊƻǿƴ ǳƴŘŜǊ ǘƘŜ [95 ǎȅǎǘŜƳ ǿŀǎ ƳǳŎƘ ƭƻǿŜǊ ǘƘŀƴ ǳƴŘŜǊ ǘƘŜ ƭŜǎǎ ŘŜƴǎŜ ŎŀƴƻǇȅ ƻŦ ǘƘȅƳŜ Ǉƭŀƴǘǎ 

ƎǊƻǿƴ ǳƴŘŜǊ It{Φ ¢Ƙƛǎ ƛŘŜŀ ŎƻƛƴŎƛŘŜǎ ǿƛǘƘ ǘƘŜ ǊŜǎǳƭǘ ŦǊƻƳ YŜƎƎŜ Ŝǘ ŀƭΦ όнлмоύΣ ǿƘƻ ŘŜǘŜŎǘŜŘ ŀ ǊŜŘǳŎǝƻƴ 

ƻŦ ǾƻƭŀǝƭŜ ŜƳƛǎǎƛƻƴǎ ƛƴ Ǉƭŀƴǘǎ ƎǊƻǿƴ ƛƴ ƘƛƎƘ ŘŜƴǎƛǘȅ ǎǘŀƴŘǎΦ !ƴƻǘƘŜǊ ŜȄǇƭŀƴŀǝƻƴ ŦƻǊ ǘƘŜ ǎƛƳƛƭŀǊ ŎƻƴǘŜƴǘǎ 

ƻŦ ±h/ǎ ǇŜǊ ƎǊŀƳ ƻŦ ǘƘȅƳŜ ƭŜŀǾŜǎ ŦƻǳƴŘ ǳƴŘŜǊ [95 ŀƴŘ It{ Ƴŀȅ ōŜ ŦƻǳƴŘ ƛƴ ǘƘŜ ƘƛƎƘ . ƭƛƎƘǘ ǇǊƻǇƻǊǝƻƴ 

ŦƻǳƴŘ ǳƴŘŜǊ ǘƘŜ ōǊƻŀŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳΣ ŀǎ ƛǘ ǿŀǎ ǊŜŎŜƴǘƭȅ ǎƘƻǿƴ ǘƘŀǘ ŜǎǎŜƴǝŀƭ ƻƛƭ ŎƻƴǘŜƴǘǎ ƻŦ ¢ƘȅƳǳǎ 

ǾǳƭƎŀǊƛǎ [Φ ŘŜŎǊŜŀǎŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ǇǊƻǇƻǊǝƻƴǎ ƻŦ ōƭǳŜ ƭƛƎƘǘ ό¢ƻƘƛŘƛ Ŝǘ ŀƭΦΣ нлмфύΦ ¢ƘŜ ŀǎǎƻŎƛŀǘŜŘ 

ǎǳǇǇǊŜǎǎƛƻƴǎ ƻŦ ǘŜǊǇŜƴŜ ǎȅƴǘƘŜǎƛǎ ǳƴŘŜǊ ƭƻǿ wκCw Ǌŀǝƻǎ ŀǎ ǿŜƭƭ ŀǎ ǳƴŘŜǊ ƭƻǿ wκ. Ǌŀǝƻǎ Ƴŀȅ ƘŀǾŜ ōŜŜƴ 

ǇŀǊǝŀƭƭȅ ŎƻƳǇŜƴǎŀǘŜŘ ōȅ ǘƘŜ [95ǎΩ ŜƭŜǾŀǘŜŘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ όtC5 нон ҡƳƻƭ Ƴҍн ǎҍмΣ tC5πw ррΦо ҡƳƻƭ Ƴҍн 

ǎҍмύ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ǘƘŜ It{ ǎȅǎǘŜƳ όtC5 мпо ҡƳƻƭ Ƴҍн ǎҍмΣ tC5πw нпΦо ҡƳƻƭ Ƴҍн ǎҍмύ ƛƴ ƻǳǊ 



/I!t¢9w н  ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ 

мол 
 

ǎǘǳŘȅΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘƻǳƎƘ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ǳƴŘŜǊ ǘƘŜ ƎƛǾŜƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ŎƻƴŘƛǝƻƴǎ ŘƛŘ ƴƻǘ ŘƛũŜǊ 

ōŜǘǿŜŜƴ ǘƘŜ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎΣ ƛǘ ƛǎ ƪƴƻǿƴ ǘƘŀǘ ƭŜŀŦ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴŎǊŜŀǎŜǎ ǳƴŘŜǊ It{ ƭƛƎƘǘǎ 

ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ƻǘƘŜǊ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ όtƻŜƭ ϧ wǳƴƪƭŜΣ нлмтύΦ !ǎ ŜƭŜǾŀǘŜŘ ǘŜƳǇŜǊŀǘǳǊŜǎ ŜǾƛŘŜƴǘƭȅ ƛƴŎǊŜŀǎŜ 

ǘƘŜ ŜƳƛǎǎƛƻƴ ƻŦ ǾƻƭŀǝƭŜǎ όDƻǳƛƴƎǳŜƴŜ ϧ ¢ǳǊƭƛƴƎǎΣ нллнύΣ ŀ ƎǊŜŀǘŜǊ ƭŜŀŦ ǘŜƳǇŜǊŀǘǳǊŜ ǳƴŘŜǊ It{ Ƴŀȅ ƘŀǾŜ 

ōŜŜƴ ǇǊŜǎŜƴǘ ŀƴŘ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǘŜǊǇŜƴŜ ǎȅƴǘƘŜǎƛǎ ƛƴ It{πƎǊƻǿƴ ǘƘȅƳŜ ǇƭŀƴǘǎΦ CǳǊǘƘŜǊΣ ŀǎ ǿŜ ŘƛŘ ƴƻǘ 

ŀŘƧǳǎǘ ŦŜǊǝƭƛȊŀǝƻƴΣ ǘƘƻǳƎƘ ǘƘŜ [95 ǎȅǎǘŜƳ ȅƛŜƭŘŜŘ ƳǳŎƘ ƎǊŜŀǘŜǊ ōƛƻƳŀǎǎŜǎ ǘƘŀƴ C[ ŀƴŘ It{Σ ƛǘ ƛǎ ǇƭŀǳǎƛōƭŜ 

ǘƘŀǘ ŀ ǊŜŘǳŎŜŘ ƴǳǘǊƛŜƴǘ ŀǾŀƛƭŀōƛƭƛǘȅ ŦƻǊ [95πƎǊƻǿƴ ǘƘȅƳŜ Ǉƭŀƴǘǎ ƭƛƳƛǘŜŘ ǘƘŜƛǊ ǇǊƻŘǳŎǝƻƴ ƻŦ ±h/ǎΣ ŀǎ 

ŘŜƳƻƴǎǘǊŀǘŜŘ ōȅ DƻǳƛƴƎǳŜƴŜ ŀƴŘ ¢ǳǊƭƛƴƎǎ όнллнύΣ ǿƘƻ ǎƘƻǿŜŘ ǘƘŀǘ ŦŜǊǝƭƛȊŀǝƻƴ ǊŀǘŜ ǇƻǎƛǝǾŜƭȅ ŜũŜŎǘǎ 

ǾƻƭŀǝƭŜ ŜƳƛǎǎƛƻƴǎΦ  

bŜǾŜǊǘƘŜƭŜǎǎΣ ŀǎ ǘƘŜ [95 ƭƛƎƘǘǎ ǿŜǊŜ ŀōƭŜ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ǾƻƭŀǝƭŜǎ ƛƴ ǘƘȅƳŜ ƭŜŀǾŜǎ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ It{ ƭƛƎƘǘǎΣ ǘƘŜ [95ǎΩ ǾƻƭŀǝƭŜ ǇǊƻŘǳŎǝǾƛǘȅ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ ŘƻǳōƭŜŘ ƛƴ 

ŀōǎƻƭǳǘŜ ǘŜǊƳǎ όнΦр ǾǎΦ мΦо Ǝ Ƴҍнύ ǿƛǘƘ Ǉ ғ лΦлс ό¢ŀōƭŜ моύΦ 

 

¢ŀōƭŜ мо ς CǊŜǎƘ ŀƴŘ ŘǊȅ Ǉƭŀƴǘ ǇǊƻŘǳŎǝǾƛǘȅ ŀǎ ǿŜƭƭ ŀǎ ŎƻƴǘŜƴǘ ƻŦ ǾƻƭŀǝƭŜ ŦǊŀŎǝƻƴ ƻŦ ǘƘȅƳŜ ό¢ƘȅƳǳǎ 
ǾǳƭƎŀǊƛǎ [Φύ ǇŜǊ Ƴн ǳƴŘŜǊ ǘƘǊŜŜ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎΦ 

Light fixture FM per square meter  
[g m-2]1 

DM per square meter  
[g m-2]1 

VC per square meter 
[mg m-2]2 

LED 897.9 ± 64.65a 180.2 ± 24.69a 2472 ± 626.4a 
HPS 509.4 ± 72.88b 102.6 ± 16.87b 1273 ± 334.0a 
FL 158.0 ± 6.73c 20.62 ± 2.06c 199.1 ± 30.98b 

[95 Ґ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜΣ It{ Ґ ƘƛƎƘπǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ ƭŀƳǇΣ C[ Ґ ƅǳƻǊŜǎŎŜƴǘ ƭƛƎƘǘΣ Ca Ґ ǘƻǘŀƭ ŦǊŜǎƘ ƳŀǧŜǊΣ 5a Ґ 
ǘƻǘŀƭ ŘǊȅ ƳŀǧŜǊΣ ±/ Ґ ǘƻǘŀƭ ǾƻƭŀǝƭŜ ŎƻƴǘŜƴǘ ƻŦ ǘƻǘŀƭ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊΦ 
м tǊŜǎŜƴǘŜŘ Řŀǘŀ ŀǊŜ ƳŜŀƴǎ ƻŦ ŎǳƳǳƭŀǘŜŘ ŦǊŜǎƘ ŀƴŘ ŘǊȅ ƳŀǧŜǊ ǇǊƻŘǳŎǝƻƴǎ ƻŦ ŦƻǳǊ ƛƴŘŜǇŜƴŘŜƴǘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ 
ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όƴ Ґ пύ ҕ {5 ƻŦ он ƘŀǊǾŜǎǘŜŘ Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb Ґ оупΣ ƴ Ґ мну 
Ǉƭŀƴǘǎ ǇŜǊ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ƴ Ґ он Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴύΦ {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ όǇ Җ лΦлмύ ǿŜǊŜ 
ŘŜǘŜǊƳƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 5ǳƴƴŜǧΩǎ ¢о ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŀƊŜǊ .ǊƻǿƴπCƻǊǎȅǘƘŜ ŀƴŘ ²ŜƭŎƘ !bh±! ǘŜǎǘ όǇ Җ 
лΦллмύΦ 5ƛũŜǊŜƴǘ ƭŜǧŜǊǎ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎΦ 
н tǊŜǎŜƴǘŜŘ Řŀǘŀ ŀǊŜ ƳŜŀƴǎ ƻŦ ŎǳƳǳƭŀǘŜŘ ǾƻƭŀǝƭŜ ǇǊƻŘǳŎǝƻƴǎ ƛƴ ǘƘȅƳŜ ƭŜŀǾŜǎ ƻŦ ŦƻǳǊ ƛƴŘŜǇŜƴŘŜƴǘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ 
ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όƴ Ґ пύ ҕ {5 ƻŦ мс ƘŀǊǾŜǎǘŜŘ Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb Ґ мфнΣ ƴ Ґ сп ŘǊȅ 
ƭŜŀŦ ǎŀƳǇƭŜǎ ǇŜǊ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ƴ Ґ мс ŘǊȅ ƭŜŀŦ ǎŀƳǇƭŜǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴύΦ {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ 
ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 5ǳƴƴŜǧΩǎ ¢о ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŀƊŜǊ .ǊƻǿƴπCƻǊǎȅǘƘŜ ŀƴŘ ²ŜƭŎƘ !bh±! ǘŜǎǘ 
όǇ Җ лΦллнύΦ 5ƛũŜǊŜƴǘ ƭŜǧŜǊǎ ǿƛǘƘƛƴ ǘƘŜ ŎƻƭǳƳƴ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ŀǘ Ǉ Җ лΦлн ŀƴŘ ōƻƭŘ ŀƳƻǳƴǘǎ ƛƴŘƛŎŀǘŜ 
ŀ ŘƛũŜǊŜƴŎŜ ōȅ ǘǊŜƴŘ ŀǘ Ǉ  лΦлсΦ 

 

оΦо tǊƻŘǳŎǝǾƛǘȅ 

¢ƘŜ ōǊƻŀŘπǎǇŜŎǘǊǳƳ [95 ǎȅǎǘŜƳ ŜƴŀōƭŜŘ ŀ ƘƛƎƘƭȅ ǎƛƎƴƛŬŎŀƴǘ ƛƴŎǊŜŀǎŜ ƛƴ ƭŜŀŦ ŀƴŘ ǎǘŜƳ ǇǊƻŘǳŎǝƻƴ ƻŦ ŦǊŜǎƘ 

ǘƘȅƳŜ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊΣ ǊŜǇǊŜǎŜƴǝƴƎ ƛƴŎǊŜŀǎŜǎ ƻŦ поΦо ҈ ŀƴŘ унΦп ҈ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ It{ ŀƴŘ C[ 

ǎȅǎǘŜƳΣ ǊŜǎǇŜŎǝǾŜƭȅΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ŘǊȅ ƳŀǧŜǊ ǇǊƻŘǳŎǝƻƴǎ ƻŦ It{ ŀƴŘ C[ ǿŜǊŜ ƘƛƎƘƭȅ ǊŜŘǳŎŜŘ ōȅ поΦм ҈ 

ŀƴŘ ууΦс ҈ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ [95 ǎȅǎǘŜƳΦ CǳǊǘƘŜǊΣ ǘƘŜ [95 ǎȅǎǘŜƳ ŜƴŀōƭŜŘ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǇǊƻŘǳŎǝƻƴ 
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мом 
 

ƻŦ ±h/ǎ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ ǳƴŘŜǊ ǘƘŜ ƎƛǾŜƴ ƎǊŜŜƴƘƻǳǎŜ ŎƻƴŘƛǝƻƴǎ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ ŎƻƴǾŜƴǝƻƴŀƭƭȅ 

ǳǎŜŘ It{ ǎȅǎǘŜƳ όŀǘ ǇπǾŀƭǳŜ ƻŦ лΦлрмύΦ .ƻǘƘ ǎȅǎǘŜƳǎ ό[95 ŀƴŘ It{ύ ŎƻƴǎƛŘŜǊŀōƭȅ ǇǊƻƳƻǘŜŘ ǘƘŜ ±h/ 

ǇǊƻŘǳŎǝƻƴ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ C[ ǎȅǎǘŜƳΦ ¢ŀōƭŜ мо ǎǳƳƳŀǊƛȊŜǎ ǘƘŜ ǊŜǎǳƭǘǎΦ 5ŜǎǇƛǘŜ ǘƘŜ ƭƻǿŜǊ ƭŜŀŦπǘƻπ

ǎƘƻƻǘ Ǌŀǝƻ ŦƻǊ [95 ƭƛƎƘǘƴƛƴƎ ƻŦ лΦф ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ōƻǘƘ It{ όмΦоύ ŀƴŘ C[ όрΣ ǎŜŜ ǎŜŎǝƻƴ оΦмύΣ ŀōǎƻƭǳǘŜ [5a 

ŀƴŘ ƻǾŜǊŀƭƭ ǉǳŀƴǝǘȅ ƻŦ ±h/ǎ ǿŜǊŜ ƘƛƎƘŜǎǘ ŦƻǊ [95Φ ¢ƘŜǊŜŦƻǊŜΣ [95 ƭƛƎƘǘƴƛƴƎ ƻũŜǊǎ ŀƴ ŀǧǊŀŎǝǾŜ ŀƭǘŜǊƴŀǝǾŜ 

ŦƻǊ ǘƘȅƳŜ ŎǳƭǝǾŀǝƻƴΣ ōƻǘƘ ŦƻǊ ŜǎǎŜƴǝŀƭ ƻƛƭ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ŘŜƭƛǾŜǊȅ ǘƻ ŦǊŜǎƘ ƳŀǊƪŜǘΦ   

 

оΦп tƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴ ŀƴŘ ōƛƻƳŀǎǎ ŜŶŎŀŎȅ 

¢ƘŜ [95ǎ ŎƻƴǎǳƳŜŘ ǘƘŜ ƭŜŀǎǘ ŜƭŜŎǘǊƛŎƛǘȅ ǿƛǘƘ нртΦт ² ƳҍнΣ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ C[ǎ ǿƛǘƘ ǘƘŜ ǳǎŜ ƻŦ нффΦп ² ƳҍнΣ 

ǿƘŜǊŜŀǎ ǘƘŜ It{ ƭŀƳǇ ŎƻƴǎǳƳŜŘ ǘƘŜ ƘƛƎƘŜǎǘ ŀƳƻǳƴǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǿƛǘƘ отпΦф ² ƳҍнΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ 

ŎǳƭǝǾŀǝƻƴ ǇŜǊƛƻŘΣ ǘƘŜ ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴǎ ǇŜǊ Ƴн ƻŦ [95 ŀƴŘ C[ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳ ǊŜǎǳƭǘŜŘ ƛƴ ƘƛƎƘ ŜƴŜǊƎȅ 

ǎŀǾƛƴƎǎ ƻŦ омΦо ҈ ŀƴŘ нлΦм ҈Σ ǊŜǎǇŜŎǝǾŜƭȅΣ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŎƻƴǎǳƳǇǝƻƴ ƻŦ ǘƘŜ It{ ǎȅǎǘŜƳΦ ²ƘƛƭŜ 

ŜŀŎƘ [95 ǎȅǎǘŜƳ ŜƴŀōƭŜŘ ҕ мΦфн Ǝ ƻŦ ŦǊŜǎƘ ǘƘȅƳŜ ǇŜǊ ƪ²Ƙ ŀƴŘ ǎǉǳŀǊŜ ƳŜǘŜǊΣ ǘƘŜ It{ ŀƴŘ C[ ŜƴŀōƭŜŘ ƻƴƭȅ 

ҕ пл ҈ ŀƴŘ ҕ мс ҈ ƻŦ ǘƘŜǎŜ ȅƛŜƭŘǎ ǇŜǊ ƪ²Ƙ ŀƴŘ ǎǉǳŀǊŜ ƳŜǘŜǊΣ ǊŜǎǇŜŎǝǾŜƭȅΦ !ŎŎƻǊŘƛƴƎƭȅΣ ǘƘŜ ŘǊȅ ǘƘȅƳŜ 

ǇǊƻŘǳŎǝƻƴ ǇŜǊ ƪ²Ƙ ŀƴŘ ǎǉǳŀǊŜ ƳŜǘŜǊ ǳƴŘŜǊ [95 όҕ офсΦо ƳƎύ ǿŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ŘǊȅ ǘƘȅƳŜ 

ǇǊƻŘǳŎǝƻƴ ǳƴŘŜǊ It{ όҕ мррΦн ƳƎύ ŀƴŘ C[ όҕ офΦм ƳƎύΦ CǳǊǘƘŜǊΣ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ±h/ǎ ǇŜǊ ƪ²Ƙ ŀƴŘ 

ǎǉǳŀǊŜ ƳŜǘŜǊ ǿŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ŜƭŜǾŀǘŜŘ ǳƴŘŜǊƴŜŀǘƘ ǘƘŜ [95ǎ όҕ рΦп ƳƎύ ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ It{ όҕ мΦф ƳƎύ 

ŀƴŘ C[ όҕ лΦп ƳƎύΦ wŜǎǳƭǘǎ ŀƴŘ ŎŀƭŎǳƭŀǝƻƴǎ ŀǊŜ ŎƻƳōƛƴŜŘ ƛƴ ¢ŀōƭŜ мпΦ 

hǳǊ ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴ ǊŜǎǳƭǘǎ ŀƴŘ ǘƘǳǎ ǘƘŜ ǇƻǘŜƴǝŀƭ ƻŦ [95ǎ ŦƻǊ ǊŜŘǳŎƛƴƎ ŜƴŜǊƎȅ Ŏƻǎǘǎ ŎƻƛƴŎƛŘŜ 

ǿƛǘƘ ƴǳƳŜǊƻǳǎ ǎǘǳŘƛŜǎ ŀƴŘ ǊŜǾƛŜǿǎ όbŜƭǎƻƴ ϧ .ǳƎōŜŜΣ нлмпΤ aŀǊǝƴŜŀǳ Ŝǘ ŀƭΦΣ нлмнΤ ²ŀƭƭŀŎŜ ϧ .ƻǘƘΣ 

нлмсύΣ ǎǘŀǝƴƎ ŜƴŜǊƎȅ ǊŜŘǳŎǝƻƴǎ ǳǇ ǘƻ тл ҈ ŎƻƳǇŀǊŜŘ ǘƻ ǘǊŀŘƛǝƻƴŀƭ ƭƛƎƘǘ ǎƻǳǊŎŜǎ ǿƘƛƭŜ ǇǊƻŘǳŎƛƴƎ ǎƛƳƛƭŀǊ 

ŎǊƻǇ ȅƛŜƭŘǎ ŀǘ Ŝǉǳŀƭ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎΣ ŀƴŘ ŎƻƴŬǊƳ ǘƘŜ ŎǳǊǊŜƴǘ ǘǊŜƴŘ ƻŦ [95ǎΩ ƛƴŎǊŜŀǎƛƴƎ ǇƘƻǘƻƴ ŜŶŎƛŜƴŎƛŜǎΥ 

²ƘƛƭŜ It{ ŀƴŘ [95 ŬȄǘǳǊŜǎ ƘŀŘ ƴŜŀǊƭȅ ƛŘŜƴǝŎŀƭ ǇƘƻǘƻƴ ŜŶŎƛŜƴŎƛŜǎ ǳƴǝƭ Ϥ нлмр όbŜƭǎƻƴ ϧ .ǳƎōŜŜΣ нлмпΤ 

DƽƳŜȊ ϧ LȊȊƻΣ нлмуύΣ ǘƘŜ ōŜǎǘ ŜǾŀƭǳŀǘŜŘ [95 ŬȄǘǳǊŜ ǿŀǎ пл ҈ ƳƻǊŜ ǇƘƻǘƻƴπŜŶŎƛŜƴǘ ǘƘŀƴ It{ ŘǳŜ ǘƻ 

ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƳǇǊƻǾŜƳŜƴǘǎ ƻŦ [95ǎ ǿƛǘƘƛƴ ǘƘŜ t!w ǊŜƎƛƻƴ ǎƻƻƴ ŀƊŜǊ όDƽƳŜȊ ϧ LȊȊƻΣ нлмуΤ ²ŀƭƭŀŎŜ ϧ 

.ƻǘƘΣ нлмсύΦ ! ŎǳǊǊŜƴǘ ǎǘǳŘȅ ōȅ IŜǊƴŀƴŘŜȊ Ŝǘ ŀƭΦ όнлнлύ ŎƻƴŬǊƳǎ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƛƴŎǊŜŀǎŜ ƛƴ ōƛƻƳŀǎǎ 

ŜŶŎŀŎȅ ƻŦ [95ǎΣ ŀǎ ǘƘŜƛǊ [95 ǘǊŜŀǘƳŜƴǘ ƭŜŘ ǘƻ ŀ нΦп ǘƻ оΦм ǝƳŜǎ ƎǊŜŀǘŜǊ ōƛƻƳŀǎǎ ŜŶŎŀŎȅ ǘƘŀƴ It{Σ ǿƘƛŎƘ 

ƳŀǘŎƘŜǎ ƻǳǊ ŬƴŘƛƴƎǎ όIŜǊƴŀƴŘŜȊ Ŝǘ ŀƭΦΣ нлнлύΦ !ƴƻǘƘŜǊ ǎǘǳŘȅ ƛƴ ǿƘƛŎƘ [95 ŀƴŘ C[ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ 

ŎƻƳǇŀǊŜŘΣ ǊŜǇƻǊǘŜŘ ŀ ōƛƻƳŀǎǎ ŜŶŎŀŎȅ ǘƘǊŜŜ ǘƻ ŬǾŜ ǝƳŜǎ ƘƛƎƘŜǊ ǳƴŘŜǊ [95 ǘƘŀƴ ǳƴŘŜǊ C[ ƭƛƎƘǝƴƎ όtƛƻǾŜƴŜ 

Ŝǘ ŀƭΦΣ нлмрύΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ [95 ǎȅǎǘŜƳ ǳǎŜŘ ƛƴ ǘƘƛǎ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ƎǊŜŀǘƭȅ ŜȄŎŜŜŘǎ ǘƘŜƛǊ ŬƴŘƛƴƎǎΣ ŀǎ ǘƘŜ 

[95 ŜƴŀōƭŜŘ ŀ ōƛƻƳŀǎǎ ŜŶŎŀŎȅ с ǘƻ мл ǝƳŜǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ C[ ǎȅǎǘŜƳ ό¢ŀōƭŜ мпύ ǳƴŘŜǊ ƻǳǊ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ŎƻƴŘƛǝƻƴǎΦ CǳǊǘƘŜǊΣ ƛƴ ƻǳǊ ǎǘǳŘȅΣ Ǉƭŀƴǘ ƎǊƻǿǘƘ Ƴŀȅ ƘŀǾŜ ōŜŜƴ ƭƛƳƛǘŜŘ ōȅ ƴǳǘǊƛŜƴǘ ŀǾŀƛƭŀōƛƭƛǘȅΣ ŀƴŘ ŀƴ 
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мон 
 

ŀŘƧǳǎǘƳŜƴǘ ƻŦ ŦŜǊǝƭƛȊŀǝƻƴ ōŀǎŜŘ ƻƴ ǘƘŜ ŘƛũŜǊƛƴƎ ǘƘȅƳŜ ƎǊƻǿǘƘ ǊŀǘŜǎ Ƴŀȅ ŦǳǊǘƘŜǊ ƛƴŎǊŜŀǎŜ ōƛƻƳŀǎǎ 

ŜŶŎŀŎƛŜǎ ǳƴŘŜǊ It{ ŀƴŘ ŜǎǇŜŎƛŀƭƭȅ ǳƴŘŜǊ ǘƘŜ ōǊƻŀŘπǎǇŜŎǘǊǳƳ [95 ǎȅǎǘŜƳΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǿƘŜƴ ǳǎƛƴƎ ǘƘŜ 

ōǊƻŀŘπǎǇŜŎǘǊǳƳ [95 ƭƛƎƘǝƴƎ ǎȅǎǘŜƳΣ ǘƘŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ƳƻǊŜ ƛƴƘƻƳƻƎŜƴŜƻǳǎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŘƛǎǘǊƛōǳǝƻƴ 

ŎƻƳǇŀǊŜŘ ǘƻ It{ ŀƴŘ C[ ƭŀƳǇǎ όŀǎ ŘŜǇƛŎǘŜŘ ƛƴ ǘƘŜ ƳŀǘŜǊƛŀƭ ŀƴŘ ƳŜǘƘƻŘ ǎŜŎǝƻƴ ƛƴ CƛƎǳǊŜ ммύ Ƴǳǎǘ ōŜ 

ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ ǿƘŜƴ ƭƛƎƘǘ ǳƴƛŦƻǊƳƛǘȅ ƛǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ŀǇǇƭƛŎŀǝƻƴ ŀǎ ƛǘ ŘŜƳŀƴŘǎ ƳƻǊŜ 

[95 ƭƛƎƘǘ ŬȄǘǳǊŜǎ ǇŜǊ ŀǊŜŀΦ 

 

¢ŀōƭŜ мп ς tƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴ ƻŦ ŘƛũŜǊŜƴǘ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǝƴƎ ŬȄǘǳǊŜǎ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ ŦƻǊ ǘƘŜ 
ǇǊƻŘǳŎǝƻƴ ƻŦ ǘƘȅƳŜ ό¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φύ ƎǊƻǿƴ ƛƴ ŀ ƎǊŜŜƴƘƻǳǎŜ ŘǳǊƛƴƎ Ŧŀƭƭ ŀƴŘ ǿƛƴǘŜǊ ƻŦ .ŜǊƭƛƴΣ 
DŜǊƳŀƴȅΦ 

Light 
fixture 

Power 
consumption 
per meter2 

[W m-2][2] 

Power 
consumption 

for thyme 
cultivation 
[kWh m-2] 

Power 
savings 

compared 
to HPS [%] 

Fresh thyme 
production1 
[g kWh-1 m-2] 

Dry thyme 
production1 

[mg kWh-1 m-2] 

VOC 
production2 

[mg kWh-1 m-2] 

LED 257.7 454.6 31.3 1.92 ± 0.15a 396.3 ± 54.31a 5.4 ± 1.4a 

HPS 374.9 661.3 na 0.77 ± 0.11a 155.2 ± 25.5a  1.9 ± 0.5a 

FL 299.4 528.1 20.1 0.30 ± 0.03c 39.1 ± 3.9c 0.4 ± 0.1c 

It{ Ґ ƘƛƎƘπǇǊŜǎǎǳǊŜ ǎƻŘƛǳƳ ƭŀƳǇΣ [95 Ґ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜΣ C[ Ґ ƅǳƻǊŜǎŎŜƴǘ ƭƛƎƘǘΣ ƴŀ Ґ ƴƻǘ ŀǇǇƭƛŎŀōƭŜΦ  
м tǊŜǎŜƴǘŜŘ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǾŜǊŀƎŜ ŦǊŜǎƘ ŀƴŘ ŘǊȅ ǘƘȅƳŜ ǇǊƻŘǳŎǝƻƴǎ ǇŜǊ ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴ ƻŦ ŜŀŎƘ ƭƛƎƘǘ ŬȄǘǳǊŜ 
ǘȅǇŜ ǿƛǘƘƛƴ ŀ ǎǉǳŀǊŜ ƳŜǘŜǊ ŘǳǊƛƴƎ ǘƘŜ ŎǳƭǝǾŀǝƻƴ ǇŜǊƛƻŘ όƎ ƻǊ ƳƎ ǇŜǊ ƪ²Ƙ ŀƴŘ Ƴнύ ƻŦ ŦƻǳǊ ƛƴŘŜǇŜƴŘŜƴǘ ǎǇŀǝŀƭ 
ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όƴ Ґ пύ ҕ {5 ƻŦ он ƘŀǊǾŜǎǘŜŘ Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb Ґ 
оупΣ ƴ Ґ мну Ǉƭŀƴǘǎ ǇŜǊ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ƴ Ґ он Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴύΦ {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ όǇ 
Җ лΦлмύ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 5ǳƴƴŜǧΩǎ ¢о ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŀƊŜǊ .ǊƻǿƴπCƻǊǎȅǘƘŜ ŀƴŘ ²ŜƭŎƘ 
!bh±! ǘŜǎǘ όǇ Җ лΦллмύΦ 5ƛũŜǊŜƴǘ ƭŜǧŜǊǎ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎΦ  
н tǊŜǎŜƴǘŜŘ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǾŜǊŀƎŜ ǇǊƻŘǳŎǝƻƴǎ ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ό±h/ύ ǇŜǊ ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴ ƻŦ ŜŀŎƘ 
ƭƛƎƘǘ ŬȄǘǳǊŜ ǘȅǇŜ ǿƛǘƘƛƴ ŀ ǎǉǳŀǊŜ ƳŜǘŜǊ ŘǳǊƛƴƎ ǘƘŜ ŎǳƭǝǾŀǝƻƴ ǇŜǊƛƻŘ όƳƎ ǇŜǊ ƪ²Ƙ ŀƴŘ Ƴнύ ƻŦ ŦƻǳǊ ƛƴŘŜǇŜƴŘŜƴǘ 
ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όƴ Ґ пύ ҕ {5 ƻŦ мс ƘŀǊǾŜǎǘŜŘ Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ 
όb Ґ мфнΣ ƴ Ґ сп Ǉƭŀƴǘǎ ǇŜǊ ǎǳǇǇƭŜƳŜƴǘŀƭ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ƴ Ґ мс Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴύΦ {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ 
όǇ Җ лΦлрύ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 5ǳƴƴŜǧΩǎ ¢о ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŀƊŜǊ .ǊƻǿƴπCƻǊǎȅǘƘŜ ŀƴŘ ²ŜƭŎƘ 
!bh±! ǘŜǎǘ όǇ Җ лΦллпύΦ 5ƛũŜǊŜƴǘ ƭŜǧŜǊǎ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎΦ 

 

bŜǾŜǊǘƘŜƭŜǎǎΣ ŀǘ ǘƘŜƛǊ ŜŘƎŜǎΣ ǿƘŜǊŜ ǘƘŜ ƭƻǿŜǎǘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ƻŎŎǳǊΣ ǘƘŜ [95ǎ ŀŎƘƛŜǾŜ ǾŀƭǳŜǎ ƻŦ        

мс ² Ƴπн ƴƳπмΣ ǿƘƛŎƘ ŀǊŜ ǎǳŶŎƛŜƴǘ ŦƻǊ ƘƛƎƘπǉǳŀƭƛǘȅ ǘƘȅƳŜ ǇǊƻŘǳŎǝƻƴΦ ¢ƘŜǊŜŦƻǊŜΣ ƛŦ ƘƻƳƻƎŜƴƻǳǎ Ǉƭŀƴǘ 

ŘŜǾŜƭƻǇƳŜƴǘ ƛǎ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ǊŜǉǳƛǊŜŘΣ Ǉƭŀƴǘǎ ƻŦ ƳŀǊƪŜǘŀōƭŜ ǉǳŀƭƛǘȅ ŀǊŜ ŀƭǎƻ ŀǾŀƛƭŀōƭŜ ǿƛǘƘ ǘƘŜ [95 ǎŜǘǳǇ 

ǳǎŜŘ ƘŜǊŜ ǿƛǘƘƻǳǘ ŀŘŘƛǝƻƴŀƭ ƭŀƳǇǎΦ   

 

пΦ /ƻƴŎƭǳǎƛƻƴ 

²ƛǘƘ ƛǘǎ ƻǳǘǎǘŀƴŘƛƴƎ ōƛƻƳŀǎǎ ŀǎ ǿŜƭƭ ŀǎ ǘŜǊǇŜƴƻƛŘ ŜŶŎŀŎȅΣ ǘƘŜ ōǊƻŀŘπǎǇŜŎǘǊǳƳ [95 ǎȅǎǘŜƳ 

ǊŜǇǊŜǎŜƴǘǎ ŀ ǎǘǊƻƴƎ ŎƻƳǇŜǝǘƻǊ ǘƻ ǘƘŜ ŎƻƴǾŜƴǝƻƴŀƭƭȅ ǳǎŜŘ It{ ŀƴŘ C[ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ƛƴ ƎǊŜŜƴƘƻǳǎŜǎ 

ǳƴŘŜǊ ƴŀǘǳǊŀƭƭȅ ƛƴǎǳŶŎƛŜƴǘ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ŀǎ ƛƴǾŜǎǝƎŀǘŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ aŀǊƪŜǘŀōƭŜ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ Ŏŀƴ 
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ōŜ ŀŎƘƛŜǾŜŘ ŦŀǎǘŜǊ ŀƴŘ ǘƘǳǎ ƳƻǊŜ ƻƊŜƴ ǿƘŜƴ ǊŜǇƭŀŎƛƴƎ It{ ŀƴŘ C[ ƭƛƎƘǘ ǎƻǳǊŎŜǎ ǿƛǘƘ ǘƘŜ ǘŜǎǘŜŘ [95 

ǎȅǎǘŜƳΣ ǳƭǝƳŀǘŜƭȅ ǊŜǎǳƭǝƴƎ ƛƴ ƎǊŜŀǘŜǊ ǊŜǾŜƴǳŜǎ ŀǘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ƘƛƎƘƭȅ ǊŜŘǳŎŜŘ ǇǊƻŘǳŎǝƻƴ Ŏƻǎǘǎ ŦƻǊ 

ƎǊŜŜƴƘƻǳǎŜ ƎǊƻǿŜǊǎΦ ¢ƘŜ ŎƻƳǇŀǊŀǝǾŜƭȅ ƘƛƎƘ ƛƴƛǝŀƭ ŎŀǇƛǘŀƭ Ŏƻǎǘǎ ƻŦ [95ǎ ǿƘƛŎƘ ƘŀǾŜ ŘŜƭŀȅŜŘ ǘƘŜƛǊ 

ŜǎǘŀōƭƛǎƘƳŜƴǘ ƛƴ ǘƘŜ Ǉŀǎǘ ŀǊŜ ŘŜŎǊŜŀǎƛƴƎ ό²ŀƭƭŀŎŜ ϧ .ƻǘƘΣ нлмсύΦ .ŀǎŜŘ ƻƴ ƻǳǊ ǊŜǎǳƭǘǎΣ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǘƘŜ 

ǘȅǇƛŎŀƭƭȅ ƭƻǿ ƳŀƛƴǘŜƴŀƴŎŜ ŀƴŘ ƭƻƴƎ ƻǇŜǊŀǝƴƎ ƭƛŦŜǝƳŜ όaƻǊǊƻǿΣ нллуΤ aƛǘŎƘŜƭ Ŝǘ ŀƭΦΣ нлмрΤ ¸ŜƘ ϧ /ƘǳƴƎΣ 

нллфΤ .ŀǊǘŀ Ŝǘ ŀƭΦΣ мффнύΣ ǘƘŜ ƛƴƛǝŀƭ ƛƴǾŜǎǘƳŜƴǘ ƛƴǘƻ [95ǎ ǎƘƻǳƭŘ ǉǳƛŎƪƭȅ ōŜŎƻƳŜ ŀ ǎƻǳǊŎŜ ƻŦ ǇǊƻŬǘ ŦƻǊ 

ƎǊŜŜƴƘƻǳǎŜ ƎǊƻǿŜǊǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ ŘƛũŜǊŜƴǘ ŀŘŀǇǝǾŜ ŎƻƴǘǊƻƭ ŀǇǇǊƻŀŎƘŜǎ ƳŀƪƛƴƎ ǳǎŜ ƻŦ ǘƘŜ ŘƛƳƳŀōƛƭƛǘȅ ƻŦ 

[95ǎ όDƽƳŜȊ ϧ LȊȊƻΣ нлмрΤ ±ŀƴ LŜǊǎŜƭ ϧ DƛŀƴƛƴƻΣ нлмтύ Ŏŀƴ ŦǳǊǘƘŜǊ ŘŜŎǊŜŀǎŜ ǘƘŜ ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴǎ ŀƴŘ 

ƘŜƭǇ ǘƻ ŀŎƘƛŜǾŜ ŎƻƴǎƛǎǘŜƴǘ ƎǊƻǿǘƘ ǊŀǘŜǎ ŀǘ ŀ Řŀƛƭȅ ŀƴŘ ǎŜŀǎƻƴŀƭ ƭŜǾŜƭ ŀǎ ǎƘƻǿƴ ōȅ IŜǊƴŀƴŘŜȊ Ŝǘ ŀƭΦ όнлнлύ 

ŀƴŘ όIŀǊōƛŎƪ Ŝǘ ŀƭΦ όнлмсύΦ hǳǊ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ŀƴ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ŀ ōǊƻŀŘπǎǇŜŎǘǊǳƳ [95 ǎȅǎǘŜƳ ƛƴ 

ƎǊŜŜƴƘƻǳǎŜǎ ŎƻǳƭŘ ǇǊƻǾƛŘŜ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ǘƻ ŎǳƭǝǾŀǘŜ ŀ ƎǊŜŀǘŜǊ ǾŀǊƛŜǘȅ ƻŦ ŎǊƻǇǎ ǿƛǘƘ ƎǊŜŀǘŜǊ 5[Lπ

ǊŜǉǳƛǊŜƳŜƴǘǎ ǳƴŘŜǊ ƴŀǘǳǊŀƭƭȅ ƛƴǎǳŶŎƛŜƴǘ ƭƛƎƘǘ ƭŜǾŜƭǎ ŀǎ ŎƻƴǾŜƴǝƻƴŀƭ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŀǊŜ ŎŀǇŀōƭŜ ƻŦ ǘƻŘŀȅΦ 

CǳǊǘƘŜǊΣ ǘƘŜ ōǊƻŀŘπǎǇŜŎǘǊǳƳ [95 ǎȅǎǘŜƳ ŎƻǳƭŘ ŜȄǘŜƴŘ ƎǊŜŜƴƘƻǳǎŜ ǇǊƻŘǳŎǝƻƴ ǎŜŀǎƻƴǎΣ ǿƘƛŎƘ ŀǊŜ 

ŎǳǊǊŜƴǘƭȅ ŎƻƴǎǘǊŀƛƴŜŘ ōȅ ƭƻǿ ǎǳǇǇƭŜƳŜƴǘŀƭ 5[LǎΣ ŀƴŘ ŀƭƭƻǿ ŀ ȅŜŀǊπǊƻǳƴŘ ǇǊƻŘǳŎǝƻƴ ƻŦ ŀ ǿƛŘŜǊ ǾŀǊƛŜǘȅ ƻŦ 

ǎŜƭŜŎǘŜŘ ƎǊŜŜƴƘƻǳǎŜ ŎǊƻǇǎ ǘƘŜƴ It{ ŀƴŘ C[ ǎȅǎǘŜƳǎ ŀǊŜ ŀōƭŜ ǘƻ ŀǘ ǇǊŜǎŜƴǘΦ IƻǿŜǾŜǊΣ ŦǳǊǘƘŜǊ ǘǊŀƛƭǎ ǿƛǘƘ ŀ 

ǾŀǊƛŜǘȅ ƻŦ ƎǊŜŜƴƘƻǳǎŜ ŎǊƻǇǎ ƴŜŜŘ ǘƻ ōŜ ƛƴǾŜǎǝƎŀǘŜŘ ǘƻ ŎƻƴŬǊƳ ǘƘŜ ǎǳƎƎŜǎǘŜŘ ŀǇǇƭƛŎŀōƛƭƛǘȅ ŦƻǊ ŀ ǊŀƴƎŜ ƻŦ 

ŎǊƻǇǎΦ ¢ƘŜǊŜŦƻǊŜΣ ƛƴ ǇǊƻǎǇŜŎǝǾŜ ōǊƻŀŘπǎǇŜŎǘǊǳƳ [95 ǎǘǳŘƛŜǎΣ ǘƘŜ ŎǊƻǇǎΩ ƛƴŘƛǾƛŘǳŀƭ 5[L ǊŜǉǳƛǊŜƳŜƴǘǎ ƴŜŜŘ 

ǘƻ ōŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ŀƴŘ ŎƻƳǇŀǊŜŘ ǘƻ ŎƻƳƳƻƴƭȅ ŀǇǇƭƛŜŘ Ƴƻƴƻπ ŀƴŘ ŘƛŎƘǊƻƳŀǝŎ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŀǘ Ŝǉǳŀƭ 

ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŦƻǊ ŀŘǾŀƴŎƛƴƎ ƻǳǊ ƪƴƻǿƭŜŘƎŜ ƻƴ ǘƘŜ ƛƳǇŀŎǘ ƻŦ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ƻƴ ƳƻǊǇƘƻƭƻƎƛŎŀƭΣ 

ǇƘȅǎƛƻƭƻƎƛŎŀƭΣ ŀƴŘ ƳŜǘŀōƻƭƛŎ Ǉƭŀƴǘ ǊŜǎǇƻƴǎŜǎΦ Lƴ ŀŘŘƛǝƻƴΣ ƳƻǊŜ ǎǘǳŘƛŜǎ ŜȄŀƳƛƴƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƭƛƎƘǘ 

ǉǳŀƭƛǝŜǎ ƻƴ ǘŜǊǇŜƴƻƛŘ ōƛƻǎȅƴǘƘŜǎƛǎΣ ŎƻƴǘŜƴǘΣ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴ ŀǊŜ ƴŜŜŘŜŘ ǘƻ ƻǇǝƳƛȊŜ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ 

ŀǊƻƳŀǝŎ Ǉƭŀƴǘ ǎǇŜŎƛŜǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ  
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LƴǾŜǎǝƎŀǝƻƴ ƻŦ [95 ƭƛƎƘǘ ǉǳŀƭƛǝŜǎ ŦƻǊ ǇŜǇǇŜǊƳƛƴǘ όaŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φύ ŎǳƭǝǾŀǝƻƴ ŦƻŎǳǎƛƴƎ ƻƴ 

Ǉƭŀƴǘ ǉǳŀƭƛǘȅ ŀƴŘ ŎƻƴǎǳƳŜǊ ǎŀŦŜǘȅ ŀǎǇŜŎǘǎ 

 

!ōǎǘǊŀŎǘΥ ¢ƻ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ǇŜǇǇŜǊƳƛƴǘ ǊŜǎǇƻƴŘǎ ǘƻ ŘƛũŜǊŜƴǘ [95 ƭƛƎƘǘ ǉǳŀƭƛǝŜǎ ŘǳǊƛƴƎ ǘƘŜ ŜŀǊƭȅ 

ǾŜƎŜǘŀǝǾŜ ǇƘŀǎŜΣ ǇŜǇǇŜǊƳƛƴǘǎ ǿŜǊŜ ƛƭƭǳƳƛƴŀǘŜŘ ǿƛǘƘ ǘƘǊŜŜ ŘƛũŜǊŜƴǘ [95 ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ όw. Ґ wŜŘκ.ƭǳŜΣ 

wD. Ґ wŜŘκDǊŜŜƴκ.ƭǳŜΣ {¦b Ґ ŀǊǝŬŎƛŀƭ ǎǳƴƭƛƎƘǘ ŎƭƻǎŜƭȅ ǊŜǎŜƳōƭƛƴƎ ǘƘŜ ǘŜǊǊŜǎǘǊƛŀƭ ǎǳƴƭƛƎƘǘ ǎǇŜŎǘǊǳƳ 

ōŜǘǿŜŜƴ оул ŀƴŘ тул ƴƳύ ƛƴ ŀƴ ŀǳǘƻƳŀǘŜŘ ǾŜǊǝŎŀƭ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳΦ w. ǊŜǎǳƭǘŜŘ ƛƴ ŎƻƳǇŀŎǘ ƎǊƻǿǘƘΣ 

ǿƘŜǊŜŀǎ ōƻǘƘ ƎǊŜŜƴπŎƻƴǘŀƛƴƛƴƎ ƭƛƎƘǝƴƎ ŎƻƴŘƛǝƻƴǎ ƛƴŘǳŎŜŘ ŜȄŎŜǎǎƛǾŜ ǎǘŜƳ ŀƴŘ ǎƛŘŜ ōǊŀƴŎƘ ŜƭƻƴƎŀǝƻƴǎ 

ŀƴŘ ǎƛƎƴƛŬŎŀƴǘ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎΦ !ƭǘƘƻǳƎƘ ǇŜǇǇŜǊƳƛƴǘ Ǉƭŀƴǘǎ ŀŎƘƛŜǾŜŘ ƳŀǊƪŜǘŀōƭŜ ŀǇǇŜŀǊŀƴŎŜǎ ǊŜƎŀǊŘƭŜǎǎ 

ƻŦ ƭƛƎƘǝƴƎ ŎƻƴŘƛǝƻƴΣ ŜǎǎŜƴǝŀƭ ƻƛƭ ό9hύ ŎƻƳǇƻǎƛǝƻƴǎ ǿƛǘƘ ƘƛƎƘƭȅ ŜƭŜǾŀǘŜŘ ŀƳƻǳƴǘǎ ƻŦ ǇǳƭŜƎƻƴŜ ŀƴŘ 

ƳŜƴǘƘƻŦǳǊŀƴ ŘƛŘ ƴƻǘ ƳŜŜǘ ŎƻƴǎǳƳŜǊ ǎŀŦŜǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎΦ .ƻǘƘ ŀǊǝŬŎƛŀƭ {¦b ŀƴŘ w. ǎǇŜŎǘǊŀ ǎƘƻǿŜŘ 

ƭƻǿŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ǇǳƭŜƎƻƴŜ ƛƴ ǘƘŜ 9h ŀǘ пм ŀƴŘ по҈Σ ǊŜǎǇŜŎǝǾŜƭȅΣ ǘƘŀƴ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ wD. ŀǘ ƳƻǊŜ 

ǘƘŀƴ пф҈Φ wŜŀǎƻƴǎ ŦƻǊ ǘƘƛǎ ǳƴŘŜǎƛǊŀōƭŜ 9h ŎƻƳǇƻǎƛǝƻƴ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ƭƛƎƘǝƴƎ ŎƻƴŘƛǝƻƴǎ 

ŀǇǇƭƛŜŘ ŀƴŘ ǘƘŜ ŜŀǊƭȅ ƘŀǊǾŜǎǘ ǝƳŜΣ ƭŜŀŘƛƴƎ ǘƻ ŀƴ ƛƴŎƻƳǇƭŜǘŜ ǊŜŘǳŎǝƻƴ ƻŦ ǇǳƭŜƎƻƴŜ ǘƻ ƳŜƴǘƘƻƴŜ ŘǳǊƛƴƎ 

ōƛƻǎȅƴǘƘŜǎƛǎΦ .ŀǎŜŘ ƻƴ ǘƘŜǎŜ ŬƴŘƛƴƎǎΣ ŀǊƻƳŀǝŎ ǇŜǇǇŜǊƳƛƴǘ ŎǳƭǝǾŀǝƻƴ ǳƴŘŜǊ [95ǎ Ŏŀƴ ōŜ ƛƳǇǊƻǾŜŘ ǘƻ 

ƳŜŜǘ ǊŜƎǳƭŀǘƻǊȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŀƴŀƭȅǝŎŀƭ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭǎ ǊŜƎŀǊŘƛƴƎ ŎƻƴǎǳƳŜǊ 

ǎŀŦŜǘȅ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŀǇǇƭƛŎŀōƛƭƛǘȅ ƻŦ [95 ƭƛƎƘǝƴƎ ŦƻǊ ŦǊŜǎƘ ƘŜǊō ǇǊƻŘǳŎǝƻƴǎΦ 

 
YŜȅǿƻǊŘǎΥ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜΣ ǇŜǇǇŜǊƳƛƴǘ όaŜƴǘƘŀ ǇƛǇŜǊƛǘŀ [ΦύΣ ŜǎǎŜƴǝŀƭ ƻƛƭΣ Ǉƭŀƴǘ ƳƻǊǇƘƻƭƻƎƛŎŀƭ 
ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΣ ōƛƻƳŀǎǎ 
 

мΦ LƴǘǊƻŘǳŎǝƻƴ 

!ǎ ƳƻŘŜǊƴ ŀƎǊƛŎǳƭǘǳǊŜ ƛǎ ŎƘŀƭƭŜƴƎŜŘ ōȅ ƛǘǎ ƻǿƴ ƴŜƎŀǝǾŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ 

ƛƴŘƻƻǊ ǾŜǊǝŎŀƭ ŦŀǊƳǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǎŜŜƴ ŀǎ ŀƴ ŀƭǘŜǊƴŀǝǾŜ ŦƻƻŘ ǇǊƻŘǳŎǝƻƴ ǎȅǎǘŜƳ ŀǎ ǘƘŜȅ ŎƻǳƭŘ 

ǇǊƛƴŎƛǇŀƭƭȅ ŜƴŀōƭŜ ŀƴ ƛƴŎǊŜŀǎŜŘ ǎǳǇǇƭȅ ƻŦ ƘƛƎƘπǉǳŀƭƛǘȅ ŦƻƻŘǎ ƻƴ ŀ ǊŜƎƛƻƴŀƭ ȅŜŀǊπǊƻǳƴŘ ǎŎŀƭŜ όhǊǎƛƴƛ Ŝǘ ŀƭΦΣ 

нлнлύΦ hƴŎŜ ƻǇǝƳŀƭ ƭƛƎƘǝƴƎ ǎǘǊŀǘŜƎƛŜǎ όŀǎ ǿŜƭƭ ŀǎ ŜŶŎƛŜƴǘ ǿŀǘŜǊΣ ƴǳǘǊƛŜƴǘ ŀƴŘ ŎƭƛƳŀǘŜ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎύ 

ōŜŎƻƳŜ ŀǾŀƛƭŀōƭŜ ŀƴŘ ŎƻƳǇǊŜƘŜƴǎƛǾŜƭȅ ƛƴǘŜƎǊŀǘŜŘΣ ǾŜǊǝŎŀƭ ŦŀǊƳǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ōŜŎƻƳŜ ŀ ǾƛŀōƭŜ ŀƴŘ 

ǎǳǎǘŀƛƴŀōƭŜ ŦƻƻŘ ǇǊƻŘǳŎǝƻƴ ǎȅǎǘŜƳ ŦƻǊ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ŎǊƻǇǎ όYƻȊŀƛ нлмфύΦ  

Lƴ ǘƘŜ ƭŀǎǘ ŘŜŎŀŘŜΣ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜǎ ό[95ǎύ ǇǊƻǾŜŘ ǘƻ ōŜ ƘƛƎƘƭȅ ǾŜǊǎŀǝƭŜ ŀƴŘ ŜƴŜǊƎŜǝŎŀƭƭȅ 

ŜŶŎƛŜƴǘ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎΣ ŀƴŘ ǘƘŜƛǊ ǘŜŎƘƴƛŎŀƭ ŀǎ ǿŜƭƭ ŀǎ ǎǇŜŎǘǊŀƭ ŀŘǾŀƴǘŀƎŜǎ ƻǾŜǊ ǘǊŀŘƛǝƻƴŀƭ ƭƛƎƘǘ ǎƻǳǊŎŜǎ 

ŦƻǊ Ǉƭŀƴǘ ŎǳƭǝǾŀǝƻƴ ƘŀǾŜ ōŜŜƴ ǿŜƭƭ ŘŜǎŎǊƛōŜŘ ό9ƛŎƘƘƻǊƴπ.ƛƭƻŘŜŀǳ Ŝǘ ŀƭΦΣ нлмфύΦ  

!ǎ ǊŜŘ όwύ ŀƴŘ ōƭǳŜ ό.ύ ǿŀǾŜōŀƴŘǎ ŀǊŜ ƳŀȄƛƳŀƭƭȅ ŀōǎƻǊōŜŘ ōȅ ǘƘŜ ǇƭŀƴǘΩǎ ƭƛƎƘǘπŎŀǇǘǳǊƛƴƎ 

ŎƘƭƻǊƻǇƘȅƭƭǎ όaŎ/ǊŜŜ мфтнύΣ Ƴƻǎǘ [95 ǎǘǳŘƛŜǎ ǊŜƳŀƛƴ ŦƻŎǳǎŜŘ ƻƴ ŘƛũŜǊŜƴǘ w. Ǌŀǝƻǎ ǘƻ ƻǇǝƳƛȊŜ Ǉƭŀƴǘ 
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ƎǊƻǿǘƘΣ ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜǎ όŜΦƎΦΣ tŜƴƴƛǎƛ Ŝǘ ŀƭΦΣ нлмфύΦ IƻǿŜǾŜǊΣ ŀŘŘƛǝƻƴ ƻŦ ƻǘƘŜǊ 

ǿŀǾŜƭŜƴƎǘƘǎ ǎƘƻǿǎ ǇƻǘŜƴǝŀƭ ǘƻ ƛƳǇǊƻǾŜ Ǉƭŀƴǘ ǘǊŀƛǘǎ ƻŦ ƛƴǘŜǊŜǎǘ ŜǾŜƴ ŦǳǊǘƘŜǊΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀŘŘƛǝƻƴ ƻŦ ŦŀǊπ

ǊŜŘ ǿŀǾŜƭŜƴƎǘƘǎ όCwΣ Ҕ тлл ƴƳύ Ŏŀƴ ƛƴŎǊŜŀǎŜ ƴŜǘ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ όtŀǊƪ ŀƴŘ wǳƴƪƭŜ нлмтΤ YŀƭŀƛǘȊƻƎƭƻǳ Ŝǘ 

ŀƭΦΣ нлмфύΣ ŀƴŘ ǳƭǘǊŀǾƛƻƭŜǘ ǊŀŘƛŀǝƻƴ ό¦±Σ ғ плл ƴƳύ Ŏŀƴ ǇǊƻƳƻǘŜ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ŎŜǊǘŀƛƴ ǎŜŎƻƴŘŀǊȅ 

ƳŜǘŀōƻƭƛǘŜǎ ό.ŜƘƴ Ŝǘ ŀƭΦΣ нлмлΤ wŜŎƘƴŜǊ Ŝǘ ŀƭΦΣ нлмтύΦ DǊŜŜƴ όDύ ƭƛƎƘǘ όпллςрлл ƴƳύ ǿŀǎ ǊŜǇƻǊǘŜŘ ǘƻ 

ƛƴŎǊŜŀǎŜ ŎƘƭƻǊƻǇƘȅƭƭ ŎƻƴǘŜƴǘǎ ό{ŀŜƴƎǘƘŀǊŀǝǇ Ŝǘ ŀƭΦΣ нлнлύ ŀƴŘ ŎŀǊōƻƴ ŀǎǎƛƳƛƭŀǝƻƴǎ ό¢ŜǊŀǎƘƛƳŀ Ŝǘ ŀƭΦΣ нллфύΣ 

ŀƴŘ ǘƘŜ ƭŀǧŜǊ ǎŜŜƳǎ ǘƻ ōŜ ŀ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ D ƭƛƎƘǘǎΩ ŎŀǇŀōƛƭƛǘȅ ǘƻ ǇŜƴŜǘǊŀǘŜ ŘŜŜǇŜǊ ƛƴǘƻ ǘƘŜ ŎŀƴƻǇȅ 

ǘƘŀƴ w ŀƴŘ . ǿŀǾŜƭŜƴƎǘƘǎ ό¢ŜǊŀǎƘƛƳŀ Ŝǘ ŀƭΦΣ нллфύΦ ¢ƘǳǎΣ ǎŎƛŜƴǝǎǘǎ ƘȅǇƻǘƘŜǎƛȊŜŘ ǘƘŀǘ ŀŘŘƛǝƻƴ ƻŦ D ƭƛƎƘǘ 

ŎƻǳƭŘ ǇƻǘŜƴǝŀƭƭȅ ƛƴŎǊŜŀǎŜ Ǉƭŀƴǘ ȅƛŜƭŘǎ ǳƴŘŜǊ ŀǊǝŬŎƛŀƭ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ό{ǳƴ Ŝǘ ŀƭΦΣ мффуΤ Cƻƭǘŀ нллпΤ {ƳƛǘƘ 

Ŝǘ ŀƭΦΣ нлмтύΦ {ƻ ŦŀǊ ƘƻǿŜǾŜǊΣ ǘƘƛǎ ǘƘŜƻǊŜǝŎŀƭ D ƭƛƎƘǘ ǇƻǘŜƴǝŀƭ Ƙŀǎ ƻƴƭȅ ōŜŜƴ ǎƘƻǿƴ ŦƻǊ ōŀǎƛƭ ŀƴŘ ǘƻƳŀǘƻ 

όYŀƛǎŜǊ Ŝǘ ŀƭΦΣ нлмфΤ {ŎƘŜƴƪŜƭǎ Ŝǘ ŀƭΦΣ нлнлύΦ Lƴ ǘƘŜǎŜ ǘǿƻ ǎǘǳŘƛŜǎΣ ǇŀǊǝŀƭ ǊŜǇƭŀŎŜƳŜƴǘǎ ƻŦ w ŀƴŘ . ǿƛǘƘ D 

ǿŀǾŜƭŜƴƎǘƘǎ ǊŜǎǳƭǘŜŘ ƛƴ ƛƴŎǊŜŀǎŜŘ ōƛƻƳŀǎǎŜǎΣ ǎǘŜƳ ƭŜƴƎǘƘǎ ŀƴŘ ƭŜŀŦ ŀǊŜŀǎΦ  

Lƴ ŀŘŘƛǝƻƴΣ ǊŜŎŜƴǘ [95 ǎǘǳŘƛŜǎ ǳǎƛƴƎ ōǊƻŀŘ ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŎƻǾŜǊƛƴƎ ǘƘŜ ǿƘƻƭŜ ǊŀƴƎŜ ƻŦ ǊŀŘƛŀǝƻƴ 

ǊŜƭŜǾŀƴǘ ŦƻǊ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ όоллςулл ƴƳύ ǎǳƎƎŜǎǘ ŦǳǊǘƘŜǊ ƛƳǇǊƻǾŜƳŜƴǘǎ ŀǎ ƎǊŜŀǘŜǊ Ǉƭŀƴǘ ȅƛŜƭŘǎ ŀƴŘ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜǎ ŀǊŜ ŦƻǳƴŘ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ŘƛŎƘǊƻƳŀǝŎ ǎǇŜŎǘǊŀ όYƻȊŀƛΣ нлмфύΦ  

tŜǇǇŜǊƳƛƴǘ όaŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [ΦύΣ ŀ ƳŜŘƛŎƛƴŀƭ ŀƴŘ ŀǊƻƳŀǝŎ Ǉƭŀƴǘ ŦǊƻƳ ǘƘŜ [ŀƳƛŀŎŜŀŜ ŦŀƳƛƭȅΣ 

ŘƻŜǎ ƴƻǘ ƻƴƭȅ ŘŜƳƻƴǎǘǊŀǘŜ ŀ ǇƭŜǘƘƻǊŀ ƻŦ ǘƘŜǊŀǇŜǳǝŎ ŀŎǝǾƛǝŜǎΣ ƛƴŘǳŎƛƴƎ ŀƴǝƻȄƛŘŀƴǘΣ ŀƴǝǎǇŀǎƳƻŘƛŎΣ 

ŀƴǝǎŜǇǝŎΣ ŀƴǝōŀŎǘŜǊƛŀƭΣ ŀƴǝǾƛǊŀƭΣ ŀƴǝŎŀǊŎƛƴƻƎŜƴƛŎΣ ŀƴǝǘǳƳƻǊƛƎŜƴƛŎΣ ŀƴǝŀƭƭŜǊƎƛŎΣ ŀƴǝπƛƴƅŀƳƳŀǘƻǊȅΣ 

ŀƴǝŦǳƴƎŀƭΣ ŀƴǝƳǳǘŀƎŜƴƛŎ ŀƴŘ ŀƴǝƴŀǳǎŜŀƴǘ ǇǊƻǇŜǊǝŜǎΦ Lǘ ƛǎ ŀƭǎƻ ǿƛŘŜƭȅ ǳǎŜŘ ŀǎ ŀ ǘŜŀ ƛƴŦǳǎƛƻƴΣ ŎǳƭƛƴŀǊȅ 

ƘŜǊō ŀƴŘ ǎǇƛŎŜΣ ƛƴ ŎƻƴŦŜŎǝƻƴǎΣ ŀǎ ŀƴ ŀǊƻƳŀǝŎ ƅŀǾƻǊƛƴƎ ŀƎŜƴǘΣ ŀǎ ǿŜƭƭ ŀǎ ƛƴ ǘƘŜ ŎƻǎƳŜǝŎΣ ǇŜǊǎƻƴŀƭ ƘȅƎƛŜƴŜ 

ŀƴŘ ǇŜǊŦǳƳŜǊȅ ƛƴŘǳǎǘǊȅ ŦƻǊ ƛǘǎ ŦǊŀƎǊŀƴŎŜ ǇǊƻǇŜǊǝŜǎ όaŀƭŜƪƳƻƘŀƳƳŀŘ Ŝǘ ŀƭΦΣ нлмфύΦ  

!ƭǘƘƻǳƎƘ ǇŜǇǇŜǊƳƛƴǘ ǊŜǇǊŜǎŜƴǘǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŜǎǎŜƴǝŀƭ ƻƛƭπōŜŀǊƛƴƎ ƘŜǊōŀƭ Ǉƭŀƴǘǎ 

ǿƻǊƭŘǿƛŘŜ όaŀƘŜƴŘǊŀƴ ŀƴŘ wŀƘƳŀƴ нлнлύΣ ǘƘŜǊŜ ƛǎ ƻƴƭȅ ƭƛƳƛǘŜŘ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ǎǳƛǘŀōƭŜ ǎǳǇǇƭŜƳŜƴǘŀƭ 

ƭƛƎƘǝƴƎ ǇǊƻƎǊŀƳǎ ŦƻǊ ƛǘǎ ŎǳƭǝǾŀǝƻƴΦ ¢ƘƻǳƎƘ ōŀǎŜŘ ƻƴ ŜȄǇŜǊƛƳŜƴǘǎ ŎƻƴŘǳŎǘŜŘ ǿƛǘƘ ŘƛǾŜǊǎŜ ƭƛƎƘǝƴƎ 

ǘŜŎƘƴƻƭƻƎƛŜǎΣ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ǊŀƴƎƛƴƎ ŦǊƻƳ ммо ǘƻ мΣнлл Ƴ˃ƻƭ Ƴҍн ǎҍм ƘŀǾŜ ōŜŜƴ ǎǳƎƎŜǎǘŜŘ ŦƻǊ ŘƛũŜǊŜƴǘ 

Ƴƛƴǘ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǎǘŀƎŜǎ ό.ŜƘƴ Ŝǘ ŀƭΦΣ нлмлΤ {ŀōȊŀƭƛŀƴ Ŝǘ ŀƭΦΣ нлмпΤ !ƭǾŀǊŜƴƎŀ Ŝǘ ŀƭΦΣ нлмуύΣ ŀƴŘ 

ǇƘƻǘƻǇŜǊƛƻŘǎ ƻŦ мпςмс Ƙ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ŜǎǎŜƴǝŀƭ ƻƛƭ ό9hύ ŎƻƴǘŜƴǘ ŀƴŘ ǉǳŀƭƛǘȅ ƻŦ 

aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ ό.ǳǊōƻǧ ŀƴŘ [ƻƻƳƛǎ мфстΤ /ƭŀǊƪ ŀƴŘ aŜƴŀǊȅ мфулύΦ CǳǊǘƘŜǊΣ ¦± ŀŘŘŜŘ ǘƻ ǿƘƛǘŜ 

ōŀŎƪƎǊƻǳƴŘ ƭƛƎƘǝƴƎ ό²ύ ŀǎ ǿŜƭƭ ŀǎ ƳƻƴƻŎƘǊƻƳŀǝŎ w ƭƛƎƘǘ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ ǘƻ ƛƴŎǊŜŀǎŜ 9h ŎƻƴǘŜƴǘǎ ƛƴ 

ǇŜǇǇŜǊƳƛƴǘ ό.ŜƘƴ Ŝǘ ŀƭΦΣ нлмлΤ {ŀōȊŀƭƛŀƴ Ŝǘ ŀƭΦΣ нлмпύΦ IƻǿŜǾŜǊΣ ƳƻƴƻŎƘǊƻƳŀǝŎ . ƭƛƎƘǘ ŀǎ ǿŜƭƭ ŀǎ . ƭƛƎƘǘ 

ŀŘŘŜŘ ǘƻ ² ŘŜŎǊŜŀǎŜŘ ǘƘŜ 9h ŎƻƴǘŜƴǘ ƛƴ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ όaŀũŜƛ ŀƴŘ {ŎŀƴƴŜǊƛƴƛ мфффΤ {ŀōȊŀƭƛŀƴ Ŝǘ 

ŀƭΦΣ нлмпύΦ .Ŝǎǘ ǊŜǎǳƭǘǎ ƛƴ ǘŜǊƳǎ ƻŦ Ǉƭŀƴǘ ƎǊƻǿǘƘ ŀƴŘ 9h ŎƻƴǘŜƴǘ ǿŜǊŜ ŀŎƘƛŜǾŜŘ ǳƴŘŜǊ w. ǿƘŜƴ ŎƻƳǇŀǊŜŘ 
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ǘƻ ƳƻƴƻŎƘǊƻƳŀǝŎ w ŀƴŘ . ƭƛƎƘǘ ǎǳǇǇƭƛŜŘ ōȅ [95ǎ ό{ŀōȊŀƭƛŀƴ Ŝǘ ŀƭΦΣ нлмпύΤ ƘƻǿŜǾŜǊΣ ǘƘŜ ǎǘǳŘȅ ŘƻŜǎ ƴƻǘ 

ƛƴŎƭǳŘŜ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ǘƘǳǎΣ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ 9hΣ ǿƘƛŎƘ ƛǎ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ŘŜǘŜǊƳƛƴŜŘ 

ōȅ ǘƘŜ ǉǳŀƴǝǘȅ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ƛǘǎ ƳƻƴƻǘŜǊǇŜƴƻƛŘ ŎƻƴǎǝǘǳŜƴǘǎΦ IŜǊŜΣ олςрр ҈ ƻŦ ƳŜƴǘƘƻƭΣ мпςон ҈ 

ƻŦ ƛǘǎ ǇǊŜŎǳǊǎƻǊ ƳŜƴǘƘƻƴŜ ŀƴŘ ƭƻǿ ƭŜǾŜƭǎ ƻŦ ǇǳƭŜƎƻƴŜ όғ п ҈ύΣ ƳŜƴǘƘƻŦǳǊŀƴ όмςф ҈ύ ŀƴŘ ƳŜǘƘȅƭ ŀŎŜǘŀǘŜ 

όнΦуςмл ҈ύ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǇŜǇǇŜǊƳƛƴǘ 9hǎ ƻŦ ƘƛƎƘ ǉǳŀƭƛǘȅ ό{ŎƘƳƛŜŘŜƭ нллуύΦ  

wŜƭŀǘŜŘ ǘƻ ǘƘŜ ŀōƻǾŜπƳŜƴǝƻƴŜŘ ǇŜǇǇŜǊƳƛƴǘ ŎǳƭǝǾŀǝƻƴ ŎƻƴŘƛǝƻƴǎ ŀƴŘ Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘŀƭ 

ƛƳǇǊƻǾŜƳŜƴǘǎΣ ǿŜ ŎƻƴŘǳŎǘŜŘ ŀƴ [95πōŀǎŜŘ ƭƛƎƘǝƴƎ ŜȄǇŜǊƛƳŜƴǘ ƛƴ ŀ ǾŜǊǝŎŀƭ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳ ŀǇǇƭȅƛƴƎ 

ǘƘǊŜŜ ŘƛũŜǊŜƴǘ ƭƛƎƘǘ ǉǳŀƭƛǝŜǎ ŀǘ Ŝǉǳŀƭ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅΦ ¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǿƘŜǘƘŜǊ 

ŀ ǇŀǊǝŀƭ ǊŜǇƭŀŎŜƳŜƴǘ ƻŦ w ŀƴŘ . ǿƛǘƘ D ƭƛƎƘǘ όwD.ύ ƻǊ ŀ ōǊƻŀŘ ǿƘƛǘŜ ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ ƛƴŎƭǳŘƛƴƎ ¦± ŀƴŘ Cw 

ό{¦bύ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ǊŜŎŜƴǘƭȅ ǎǳƎƎŜǎǘŜŘ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ǘŜǊƳǎ ƻŦ ōƛƻƳŀǎǎ ŀŎŎǳƳǳƭŀǝƻƴ ŀƴŘ 

ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǘǊŀƛǘǎ ƛƴ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŎƻƳƳƻƴƭȅ ŀǇǇƭƛŜŘ ŘƛŎƘǊƻƳŀǝŎ w. 

ǎǇŜŎǘǊǳƳΦ 9ǾŜƴ ǘƘƻǳƎƘ ƛǘ ƛǎ ƪƴƻǿƴ ǘƘŀǘ ŎǳƭǝǾŀǝƻƴ ŎƻƴŘƛǝƻƴǎ ǎǘǊƻƴƎƭȅ ƛƳǇŀŎǘ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǇŜǇǇŜǊƳƛƴǘ 

9hΣ ƴƻ Řŀǘŀ ƛǎ ŎǳǊǊŜƴǘƭȅ ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ƻƴ ƛǘǎ ŎƻƳǇƻǎƛǝƻƴ ό{ŀƭŜƘƛ Ŝǘ ŀƭΦΣ 

нлмуύΦ ¢ƘŜǊŜŦƻǊŜΣ ǿŜ ƛƴǾŜǎǝƎŀǘŜŘ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘǎΩ 9h ŎƻƳǇƻǎƛǝƻƴ ǿƛǘƘ ǎǇŜŎƛŀƭ ŜƳǇƘŀǎƛǎ ƻƴ ǘƘŜ ƘŀǊƳŦǳƭ 

ƳŜǘŀōƻƭƛǘŜǎ ǇǳƭŜƎƻƴŜ ŀƴŘ ƳŜƴǘƘƻŦǳǊŀƴ ǿƘƛŎƘ ŀǊŜ ǎȅƴǘƘŜǎƛȊŜŘ ŘǳǊƛƴƎ ŜŀǊƭȅ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ Ƴƛƴǘ ƭŜŀǾŜǎ 

ƎǊƻǿƴ ǳƴŘŜǊ ƛƴǎǳŶŎƛŜƴǘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ό/ǊƻǘŜŀǳ Ŝǘ ŀƭΦΣ нллрΤ wƛƻǎπ9ǎǘŜǇŀ Ŝǘ ŀƭΦΣ нллуύΦ 

 

нΦ aŀǘŜǊƛŀƭǎ ŀƴŘ ƳŜǘƘƻŘǎ 

нΦм 9ȄǇŜǊƛƳŜƴǘŀƭ ŘŜǎƛƎƴ 

¢ƻ ƛƴǾŜǎǝƎŀǘŜ ƳƻǊǇƘƻƭƻƎȅΣ ōƛƻƳŀǎǎ ȅƛŜƭŘǎ ŀƴŘ 9h ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǇŜǇǇŜǊƳƛƴǘ ǎŀƳǇƭŜǎ ǳƴŘŜǊ ǘƘǊŜŜ 

ŘƛũŜǊŜƴǘ ǎǇŜŎǘǊŀƭ ƭƛƎƘǝƴƎ ŎƻƴŘƛǝƻƴǎΣ ŀ ƻƴŜπŦŀŎǘƻǊƛŀƭ ŜȄǇŜǊƛƳŜƴǘ ǿƛǘƘ ŀ ǊŀƴŘƻƳƛȊŜŘ ōƭƻŎƪ ŘŜǎƛƎƴ ŀƴŘ ǘƘǊŜŜ 

ǎǇŀǝŀƭƭȅ ƛƴŘŜǇŜƴŘŜƴǘ ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb Ґ нтлΤ ƴ Ґ ол ǇŜǇǇŜǊƳƛƴǘ Ǉƭŀƴǘǎ ǇŜǊ ǊŜǇƭƛŎŀǝƻƴύ 

ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘƘǊŜŜ ǾŜǊǝŎŀƭ ǘƘǊŜŜπƭŜǾŜƭŜŘ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳǎ ŀǘ ǘƘŜ ǎŀƳŜ ǝƳŜΦ 

 

нΦн tƭŀƴǘ ƳŀǘŜǊƛŀƭ ŀƴŘ ƎǊƻǿǘƘ ŎƻƴŘƛǝƻƴǎ 

{ǘƻŎƪ Ǉƭŀƴǘǎ ƻŦ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ ǾŀǊΦ ǇƛǇŜǊƛǘŀ ŎǾΦ aǳƭǝƳŜƴǘƘŀ ǿŜǊŜ ŎǳƭǝǾŀǘŜŘ ŀǘ Wǳƭƛǳǎ YǸƘƴπLƴǎǝǘǳǘŜ 

όWYLύΣ LƴǎǝǘǳǘŜ ŦƻǊ .ǊŜŜŘƛƴƎ wŜǎŜŀǊŎƘ ƻƴ IƻǊǝŎǳƭǘǳǊŀƭ /ǊƻǇǎ όрмΦуϲ bΣ ммΦмϲ 9ύ ǳƴŘŜǊ ŬŜƭŘ ŎƻƴŘƛǝƻƴǎΦ !ǘ WYLΣ 

LƴǎǝǘǳǘŜ ŦƻǊ 9ŎƻƭƻƎƛŎŀƭ /ƘŜƳƛǎǘǊȅΣ tƭŀƴǘ !ƴŀƭȅǎƛǎ ŀƴŘ {ǘƻǊŜŘ tǊƻŘǳŎǘ tǊƻǘŜŎǝƻƴΣ ǎǘƻƭƻƴ ǎŜƎƳŜƴǘǎ όр ŎƳύ 

ŦǊƻƳ ƻƴŜ ŜǎǘŀōƭƛǎƘŜŘ ǎǘƻŎƪ Ǉƭŀƴǘ όǘƻ ŜƴǎǳǊŜ ƎŜƴŜǝŎŀƭƭȅ ƛŘŜƴǝŎŀƭ Ǉƭŀƴǘǎύ ǿŜǊŜ ŎǳƭǝǾŀǘŜŘ ƛƴ ǇǊƻǇŀƎŀǘƻǊ ǘǊŀȅǎ 

ŬƭƭŜŘ ǿƛǘƘ ǇƻǩƴƎ ǎǳōǎǘǊŀǘŜ όCǊǳƘǎǘƻǊŦŜǊ 9ƛƴƘŜƛǘǎŜǊŘŜ ¢ȅǇŜ tΣ I!²L¢!Σ ±ŜŎƘǘŀΣ DŜǊƳŀƴȅύ ƛƴ ŀ ƎǊŜŜƴƘƻǳǎŜ 

όϤнн ϲ/ύ ǳƴŘŜǊ ŀ ƴŀǘǳǊŀƭ ŀǾŜǊŀƎŜ Řŀƛƭȅ ƭƛƎƘǘ ƛƴǘŜƎǊŀƭ ό5[Lύ ƻŦ мнΦс Ƴƻƭ Ƴн όōŀǎŜŘ ƻƴ ǿŜŀǘƘŜǊ ǊŜŎƻǊŘƛƴƎǎ 

ŦǊƻƳ ²ŜǧŜǊYƻƴǘƻǊ όYƻƴǘƻǊΣ нлнмύύ ǎǘŀǊǝƴƎ !ǇǊƛƭ млǘƘ нлмфΦ !ƊŜǊ ǎǇǊƻǳǝƴƎΣ ǳƴƛŦƻǊƳ ƴƻŘŀƭ ǎŜƎƳŜƴǘǎ ǿƛǘƘ 
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ǘƘǊŜŜ Ŝǉǳŀƭƭȅ ŘŜǾŜƭƻǇŜŘ ƭŜŀŦ ǇŀƛǊǎ ǿŜǊŜ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ мнуπŎŜƭƭ ǇƭǳƎ ǘǊŀȅǎ όq п ŎƳύ ŬƭƭŜŘ ǿƛǘƘ ǘƘŜ ǎŀƳŜ 

ǇƻǩƴƎ ǎǳōǎǘǊŀǘŜΣ ŀƴŘ ŎƻǾŜǊŜŘ ǿƛǘƘ ŀ ǇƭŀǎǝŎ ƘƻƻŘ όƭƛƎƘǘ ǘǊŀƴǎƳƛǧŀƴŎŜ җ фл ҈Σ Řŀǘŀ ƴƻǘ ǎƘƻǿƴύ ǘƻ ǇǊƻƳƻǘŜ 

ǊƻƻǝƴƎ ƻƴ aŀȅ сǘƘ нлмф όнс Řŀȅǎ ƻŦ ŎǳƭǝǾŀǝƻƴ ό5h/ύύ ƛƴ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ όϤнн ϲ/ύ ǳƴŘŜǊ ƴŀǘǳǊŀƭ ƭƛƎƘǘ 

ŎƻƴŘƛǝƻƴǎΦ !ƊŜǊ мл ŘŀȅǎΣ ƻƴ aŀȅ мсǘƘ нлмф όос 5h/ύΣ нтл ǊŜǇǊŜǎŜƴǘŀǝǾŜ ǇƭŀƴǘƭŜǘǎ ǿŜǊŜ ǘǊŀƴǎǇƭŀƴǘŜŘ ƛƴǘƻ 

Ǉƻǘǎ όq мн ŎƳύ ŎƻƴǘŀƛƴƛƴƎ лΦсф [ ƻŦ ǎǳōǎǘǊŀǘŜ ǿƛǘƘ ŀƴ ŜƭŜǾŀǘŜŘ ƴǳǘǊƛŜƴǘ ŎƻƳǇƻǎƛǝƻƴ όCǊǳƘǎǘƻǊŦŜǊ 

9ƛƴƘŜƛǘǎŜǊŘŜ ¢ȅǇŜ ¢Σ I!²L¢!Σ ±ŜŎƘǘŀΣ DŜǊƳŀƴȅύ ŀƴŘ ŜǾŜƴƭȅ ǇƭŀŎŜŘ ƻƴ ŜŀŎƘ ƻŦ ƴƛƴŜ ŎǳƭǝǾŀǝƻƴ ǎƘŜƭŦǎ όƭƛƴŜŘ 

ǿƛǘƘ ǿŀǘŜǊπǇŜǊƳŜŀōƭŜ ŘǊŀƛƴŀƎŜ ƅŜŜŎŜ ǘƻ ŀǾƻƛŘ ŎƭƻƎƎƛƴƎ ƻŦ ǘƘŜ ǿŀǘŜǊƛƴƎ ǎȅǎǘŜƳύ ǳƴŘŜǊ ǘƘŜ [95 ƭƛƎƘǝƴƎ 

ŬȄǘǳǊŜǎΣ ǊŜǎǳƭǝƴƎ ƛƴ ол Ǉƭŀƴǘǎ ǇŜǊ ŎǳƭǝǾŀǝƻƴ ǎƘŜƭŦΦ Lƴ ǘƘŜ ƴƛƴŜ ŀǾŀƛƭŀōƭŜ ŎǳƭǝǾŀǝƻƴ ǎƘŜƭŦǎΣ ǘƘǊŜŜ ƭƛƎƘǘ 

ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ǎŜǘ ǳǇ ǘƘǊŜŜ ǝƳŜǎ όол ǇŜǇǇŜǊƳƛƴǘ Ǉƭŀƴǘǎ ǇŜǊ ŎǳƭǝǾŀǝƻƴ ǎƘŜƭŦ ŀƳƻǳƴǘŜŘ ǘƻ ŀ ǘƻǘŀƭ ƻŦ фл 

ǇŜǇǇŜǊƳƛƴǘ Ǉƭŀƴǘǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘύΣ ǊŜǎǳƭǝƴƎ ƛƴ ǘƘǊŜŜ ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ 

ǘǊŜŀǘƳŜƴǘ όCƛƎǳǊŜ мпύΦ  

 

 

CƛƎǳǊŜ мп ς /ƻƴŎŜǇǘǳŀƭ ǇƛŎǘƻƎǊŀƳ ƻŦ ǘƘŜ ŎƻƴŘǳŎǘŜŘ [95 ƭƛƎƘǘ ŜȄǇŜǊƛƳŜƴǘΦ w. Ґ wŜŘκ.ƭǳŜ [95 ƭƛƎƘǘ 
ǘǊŜŀǘƳŜƴǘΣ wD. Ґ wŜŘκDǊŜŜƴκ.ƭǳŜ [95 ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ {¦b Ґ ŀǊǝŬŎƛŀƭ ǎǳƴƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΦм 

м 5ŜǇƛŎǘŜŘ ŀǊŜ ǘƘŜ ǘƘǊŜŜ ǾŜǊǝŎŀƭ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳǎ ό!π/ύ ǳǎŜŘ ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎΣ ǿƘƛŎƘ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ŀƴ 
ŀǳǘƻƳŀǘŜŘ ǿŀǘŜǊ ŀƴŘ ƴǳǘǊƛŜƴǘ ǎǳǇǇƭȅ ǎȅǎǘŜƳ ƛƴŎƭǳŘƛƴƎ ŀ ¦± ŬƭǘŜǊ όōƻǧƻƳ ƭŜƊύΦ 9ŀŎƘ ǾŜǊǝŎŀƭ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳ 
Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘǊŜŜ ǎǘŀŎƪŜŘ ŎǳƭǝǾŀǝƻƴ ƭŀȅŜǊǎΦ 9ŀŎƘ ŎǳƭǝǾŀǝƻƴ ƭŀȅŜǊ ǿŀǎ ŬǧŜŘ ǿƛǘƘ ŀ ŘƛũŜǊŜƴǘ ƭƛƎƘǘ ǉǳŀƭƛǘȅ όw.Σ wD.Σ 
{¦bύ ŀǘ Ŝǉǳŀƭ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ όtƭŜŀǎŜ ƴƻǘŜ ǘƘŜ ŘƛũŜǊŜƴǘƭȅ ǎŎŀƭŜŘ ȅπŀȄŜǎ ƛƴ ǘƘŜ ŘŜǇƛŎǘŜŘ ƭƛƎƘǘ ǎǇŜŎǘǊŀύΦ ол ǇŜǇǇŜǊƳƛƴǘ 
Ǉƭŀƴǘǎ ǿŜǊŜ ƎǊƻǿƴ ƛƴ ŜŀŎƘ ŎǳƭǝǾŀǝƻƴ ƭŀȅŜǊ ǊŜǎǳƭǝƴƎ ƛƴ фл ƛƴǾŜǎǝƎŀǘŜŘ Ǉƭŀƴǘǎ ǇŜǊ ƭƛƎƘǘ ǉǳŀƭƛǘȅ ŘǳǊƛƴƎ ǘƘŜ [95 ƭƛƎƘǘ 
ŜȄǇŜǊƛƳŜƴǘǎΦ   
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¢ƻ ƛƴŘǳŎŜ ōǊŀƴŎƘƛƴƎΣ ǘƘŜ ȅƻǳƴƎŜǎǘ όƴƻǘ Ŧǳƭƭȅ ŘŜǾŜƭƻǇŜŘύ ƭŜŀŦ ǇŀƛǊ ƻŦ ŜŀŎƘ ǇŜǇǇŜǊƳƛƴǘ ǿŀǎ ǇƛƴŎƘŜŘ 

ƻƴ aŀȅ нфǘƘΣ нлмф όпф 5h/ύΦ 5ŀƛƭȅΣ ǇŜǇǇŜǊƳƛƴǘǎ ǿŜǊŜ ŀǳǘƻƳŀǝŎŀƭƭȅ ƛǊǊƛƎŀǘŜŘ Ǿƛŀ ǎǳōƳŜǊǎƛƻƴ ƻŦ Ǉƭŀƴǘ Ǉƻǘǎ 

ŦǊƻƳ фΥлл ǘƻ фΥмр ŀΦƳΦ 9ƭŜŎǘǊƛŎŀƭ ŎƻƴŘǳŎǝǾƛǘȅ ό9/ύΣ ƻȄȅƎŜƴ ŎƻƴǘŜƴǘ όhнύΣ ǇI ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ όϲ/ύ ƻŦ ǘƘŜ 

ǿŀǘŜǊ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ǿƛǘƘ ǘƘŜ ƳǳƭǝπǇŀǊŀƳŜǘŜǊ ƳŜŀǎǳǊƛƴƎ ŘŜǾƛŎŜ ²¢² aǳƭǝопол ό²ŜƛƭƘŜƛƳΣ DŜǊƳŀƴȅύ 

ǘǿƛŎŜ ŀ Řŀȅ ƻƴ ǘƘŜ ŬǊǎǘ ŦƻǳǊ ŎƻƴǎŜŎǳǝǾŜ Řŀȅǎ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ όƴ Ґ уύΥ 9/ Ґ рроΦр ҕ нуΦп {˃ ŎƳҍмΣ hн Ґ уΦл 

ҕ нΦл ƳƎ [ҍмΣ ǇI Ґ тΦс ҕ лΦн ŀƴŘ ϲ/ Ґ ннΦн ҕ пΦмΦ !ƊŜǊ ǊŜŬƭƭƛƴƎ ǘƘŜ ǿŀǘŜǊ ǘŀƴƪ ƻƴ WǳƴŜ мнǘƘΣ нлмфΣ ǘƘŜ ǿŀǘŜǊ 

ǿŀǎ ƳŜŀǎǳǊŜŘ ǘǿƛŎŜ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ŘŜǾƛŎŜ ό9/ Ґ тор ҕ оΦрр {˃ ŎƳҍмΣ hн Ґ рΦф ҕ лΦт ƳƎ [ҍмΣ ǇI Ґ тΦр ҕ лΦм 

ŀƴŘ ϲ/ Ґ нрΦс ҕ лΦрύΦ ¢ƘŜ ǎŀƳŜ ŘŀȅΣ ǇŜǇǇŜǊƳƛƴǘǎ ǿŜǊŜ ŦŜǊǝƭƛȊŜŘ ǿƛǘƘ btY όмрπрπмрύ ƴǳǘǊƛŜƴǘ ǎƻƭǳǝƻƴ 

όtƘȅǘƻƎǊƻǿύ ǎǳǇǇƭƛŜŘ ōȅ Db5 {ƻƭǳǝƻƴǎ DƳōI ό.ŜǊƭƛƴΣ DŜǊƳŀƴȅύ ōȅ ŘƛƭǳǝƴƎ тр Ǝ ƻŦ ŦŜǊǝƭƛȊŜǊ ƛƴ ǘƘŜ ǘŀƴƪΦ 

!ǎ ǘƘŜ ŦŜǊǝƭƛȊŜŘ ǿŀǘŜǊ ǿŀǎ ǊŜǳǎŜŘ Řŀƛƭȅ ōȅ ǘƘŜ ŀǳǘƻƳŀǘŜŘ ǿŀǘŜǊƛƴƎ ǎȅǎǘŜƳΣ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘǎ ǿŜǊŜ 

ŦŜǊǝƭƛȊŜŘ Řŀƛƭȅ ǳƴǝƭ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ όWǳƴŜ муǘƘΣ нлмфύΦ {ŀƭƛƴƛǘȅ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ 

ŘƛǊŜŎǘƭȅ ƛƴ Ƴƻƛǎǘ Ǉƻǘ ǎǳōǎǘǊŀǘŜǎ ǿƛǘƘ ŀƴ ŀŎǝǾƛǘȅ ƳŜŀǎǳǊƛƴƎ ƛƴǎǘǊǳƳŜƴǘ tb¢ оллл ό{¢9t {ȅǎǘŜƳǎ DƳōIΣ 

bǳǊŜƳōǳǊƎΣ DŜǊƳŀƴȅύ ƻƴŎŜ ōŜŦƻǊŜ ŦŜǊǝƭƛȊŀǝƻƴ όлΦно ҕ лΦлн Ǝ [ҍмύ ŀƴŘ ŦƻǳǊ ǝƳŜǎ όŜǾŜǊȅ ƻǘƘŜǊ Řŀȅύ ŀƊŜǊ 

ŦŜǊǝƭƛȊŀǝƻƴ όлΦом ҕ лΦлнΣ лΦол ҕ лΦлпΣ лΦон ҕ лΦлоΣ лΦор ҕ лΦло Ǝ [ҍмΤ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƻƻƪ ǇƭŀŎŜ ƛƴ ǘǿƻ Ǉƻǘǎ 

ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŜǇƭƛŎŀǝƻƴ όƴ Ґ муύ ǘƻ ŀǎǎǳǊŜ ƻǇǝƳŀƭ ŦŜǊǝƭƛȊŀǝƻƴ ǎǘŀǘǳǎΦ ¢ƻ ŜƭƛƳƛƴŀǘŜ ŀǇƘƛŘǎ 

ŘŜǘŜŎǘŜŘ ƻƴ aŀȅ нтǘƘΣ нлмфΣ /ƘǊȅǎƻǇŜǊƭŀ ŎŀǊƴŜŀ ƭŀǊǾŀŜ όƴ Ϥ мΣлллύ ŀƴŘ !ǇƘƛŘƛǳǎ ƳŀǘǊƛŎŀǊƛŀŜ όƴ Ϥ мΣлллΤ 

ǊŜŎƻƳƳŜƴŘŜŘ ŦƻǊ нрл Ƴнύ ǎǳǇǇƭƛŜŘ ōȅ YŀǘȊōƛƻǘŜŎƘ ό.ŀǊǳǘƘΣ DŜǊƳŀƴȅύ ǿŜǊŜ ŀǇǇƭƛŜŘ ƻƴ aŀȅ нфǘƘΣ нлмфΣ 

ŀƴŘ ǊŜǎǳƭǘŜŘ ƛƴ ŀǇƘƛŘ ŜƭƛƳƛƴŀǝƻƴ ōŜŦƻǊŜ WǳƴŜ ммǘƘ нлмфΦ /ƭƛƳŀǝŎ ŎƻƴŘƛǝƻƴǎ ǿŜǊŜ Ŏƻƴǝƴǳƻǳǎƭȅ ƳƻƴƛǘƻǊŜŘ 

ŀǘ ŎŀƴƻǇȅ ƭŜǾŜƭ Ǿƛŀ Řŀǘŀ ƭƻƎƎŜǊǎ ό9[π¦{.πнΣ [ŀǎŎŀǊΣ /hbw!5Σ IƛǊǎŎƘŀǳΣ DŜǊƳŀƴȅύΦ !ǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜǎ 

ό/ϲ ҕ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴύ ǳƴŘŜǊ w.Σ wD. ŀƴŘ {¦b ǿŜǊŜ нрΦс ҕ нΦфΣ нрΦр ҕ нΦу ŀƴŘ нрΦр ҕ нΦуΣ ǿƛǘƘ ŀ 

ƳŜŀǎǳǊƛƴƎ ŀŎŎǳǊŀŎȅ ƻŦ ҕ м ϲ/Φ !ǾŜǊŀƎŜ ƘǳƳƛŘƛǝŜǎ ό҈wI ҕ {5ύ ǳƴŘŜǊ w.Σ wD. ŀƴŘ {¦b ǿŜǊŜ спΦл ҕ тΦлΣ стΦм 

ҕ сΦу ŀƴŘ срΦо ҕ сΦф ǿƛǘƘ ŀ ƳŜŀǎǳǊƛƴƎ ŀŎŎǳǊŀŎȅ ƻŦ нΦнр ҈wIΦ bƻƴŜ ƻŦ ǘƘŜ ŎƭƛƳŀǝŎ ŎƻƴŘƛǝƻƴǎ ŘƛũŜǊŜŘ 

ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎΦ CƻǊ ŎƻƴǘǊƻƭΣ ƎŜƴŜǝŎŀƭƭȅ ƛŘŜƴǝŎŀƭ ǎǘƻƭƻƴ ǎŜƎƳŜƴǘǎ ƻŦ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ ǾŀǊΦ ǇƛǇŜǊƛǘŀ 

ŎǾΦ aǳƭǝƳŜƴǘƘŀ ǿŜǊŜ ƎǊƻǿƴ ǳƴŘŜǊ ŬŜƭŘ ŎƻƴŘƛǝƻƴǎΦ 

 

нΦо /ǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳ 

9ŀŎƘ ƻŦ ǘƘŜ ǘƘǊŜŜ [95 ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳǎ ǿŀǎ мΦур Ƴ ƘƛƎƘ ŀƴŘ ŎƻƴǎƛǎǘŜŘ ƻŦ ǘƘǊŜŜ ǎƘŜƭǾŜǎ όмнп Ҏ рр Ҏ 

сл ŎƳύΦ CƻǊ ŀǳǘƻƳŀǘŜŘ ŜōōπŀƴŘπƅƻǿπǿŀǘŜǊƛƴƎ όŀƴŘ ƴǳǘǊƛŜƴǘ ǎǳǇǇƭȅύΣ ǘƘŜ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ǾŜǊǝŎŀƭ [95 

ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳǎ ǿŜǊŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ ǿŀǘŜǊ ǘŀƴƪ ǿƛǘƘ ŀ ŎŀǇŀŎƛǘȅ ƻŦ олл [Φ .ŜŦƻǊŜ ǿŀǘŜǊ ŜƴǘŜǊŜŘ ōŀŎƪ 

ƛƴǘƻ ǘƘŜ ǿŀǘŜǊ ǘŀƴƪ ŦƻǊ ǊŜπǳǎŜΣ ŀ ¦±πŬƭǘŜǊ ǎǘŜǊƛƭƛȊŜŘ ǘƘŜ ōŀŎƪπƅƻǿƛƴƎ ǿŀǘŜǊ ŀƊŜǊ ǎǳōƳŜǊǎƛǾŜ ƛǊǊƛƎŀǝƻƴ ǿŀǎ 

ŎƻƳǇƭŜǘŜŘ όCƛƎǳǊŜ мпύΦ 
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нΦп [ƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŀƴŘ ƛƭƭǳƳƛƴŀǝƻƴ ŎƻƴŘƛǝƻƴǎ 

¢ǿƻ ǎǳǇǇƭŜƳŜƴǘŀƭ [95 ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŦǊƻƳ C¦¢¦w9[95 DƳōIΣ .ŜǊƭƛƴΣ DŜǊƳŀƴȅ ό!Ǉƻƭƭƻ wм ŀƴŘ 

[ǳƳƛǘǊƻƴƛŎǎ !ƛǊύ ǿŜǊŜ ǳǎŜŘ ǘƻ ǎŜǘ ǳǇ ǘƘǊŜŜ ǎǇŜŎǘǊŀƭ ƭƛƎƘǝƴƎ ŎƻƴŘƛǝƻƴǎ όw. Ґ wŜŘκ.ƭǳŜΣ wD. Ґ 

wŜŘκDǊŜŜƴκ.ƭǳŜΣ {¦b Ґ ŀǊǝŬŎƛŀƭ ǎǳƴƭƛƎƘǘύ ŀǘ Ŝǉǳŀƭ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ όtC5ύΦ !ǘ ǎǘŀǊǘΣ ŀƭƭ Ǉƭŀƴǘǎ ǿŜǊŜ 

ƛƭƭǳƳƛƴŀǘŜŘ ǿƛǘƘ ŀ tC5 ƻŦ мрл Ƴ˃ƻƭ Ƴҍн ǎҍм όŀǘ Ǉƭŀƴǘ Ǉƻǘ ƭŜǾŜƭύΦ ¦ƴŘŜǊ ŜȄŎƭǳǎƛƻƴ ƻŦ ƴŀǘǳǊŀƭ ŘŀȅƭƛƎƘǘΣ Ǉƭŀƴǘǎ 

ǿŜǊŜ ǎǳōƧŜŎǘŜŘ ǘƻ [95 ƭƛƎƘǝƴƎ ƛƴ ŀ ƎǊƻǿǘƘ ǊƻƻƳ ŦǊƻƳ сΥлл ŀΦƳΦ ǘƻ млΥлл ǇΦƳΦ ŦƻǊ ŀ Řŀƛƭȅ ǇƘƻǘƻǇŜǊƛƻŘ ƻŦ 

мс Ƙ ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΦ 

 

нΦр LǊǊŀŘƛŀƴŎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ 

LǊǊŀŘƛŀƴŎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ǘŀƪŜƴ ǳǎƛƴƎ ŀ ǎǇŜŎǘǊŀƭ t!w ƳŜǘŜǊ όtDнллbΣ ¦twǘŜƪΣ !ŀŎƘŜƴΣ DŜǊƳŀƴȅύΦ 

{ǇŜŎǘǊŀƭ ŎƻƳǇƻǎƛǝƻƴΣ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŀƴŘ ǇƘƻǘƻƴ ŘƛǎǘǊƛōǳǝƻƴ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ŀƴŘ ǊŜŎƻǊŘŜŘ ŀǘ Ǉƭŀƴǘ Ǉƻǘ 

ƭŜǾŜƭ ǳƴŘŜǊ ǘǊƛŀƭ ŎƻƴŘƛǝƻƴǎ ǇǊƛƻǊ ǘƻ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ όCƛƎǳǊŜ мрΤ ¢ŀōƭŜ мрύΦ  

 

 

CƛƎǳǊŜ мр ς LǊǊŀŘƛŀƴŎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘǊŜŜ ƭƛƎƘǘ ǎǇŜŎǘǊŀ ōŜǘǿŜŜƴ оул ŀƴŘ тул ƴƳ ŀǘ Ǉƭŀƴǘ Ǉƻǘ ƭŜǾŜƭΦ 
w. Ґ wŜŘκ.ƭǳŜΣ wD. Ґ wŜŘκDǊŜŜƴκ.ƭǳŜΣ {¦b Ґ ŀǊǝŬŎƛŀƭ ǎǳƴƭƛƎƘǘ ǎǇŜŎǘǊŀΦ ό!ύ wŜƭŀǝǾŜ ǎǇŜŎǘǊŀƭ ŎƻƳǇƻǎƛǝƻƴΦм 
ό.ύ [ƛƎƘǘ ƛƴǘŜƴǎƛǘȅΦн ό/ύ tƘƻǘƻƴ ŘƛǎǘǊƛōǳǝƻƴΦо  
м 5ŜǇƛŎǘŜŘ ŀǊŜ ǘƘŜ ǊŜƭŀǝǾŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ώ҈ϐ ǇŜǊ ǿŀǾŜƭŜƴƎǘƘ ώƴƳϐ ōŜǘǿŜŜƴ оул ŀƴŘ тул ƴƳ ƻŦ ǘƘŜ w.Σ wD. ŀƴŘ 
{¦b ƭƛƎƘǘ ǎǇŜŎǘǊŀ ǳǎŜŘ ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΦ  
н tǊŜǎŜƴǘŜŘ ŀǊŜ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǝŜǎ όtC5ύ ώҡƳƻƭ Ƴҍн ǎҍмϐ ƳŜŀǎǳǊŜŘ ŜǾŜǊȅ млл ŎƳн ǿƛǘƘƛƴ ŜŀŎƘ ŎǳƭǝǾŀǝƻƴ ǎƘŜƭŦ 
ǳƴŘŜǊƴŜŀǘƘ w.Σ wD. ŀƴŘ {¦b ƭƛƎƘǘ ǎǇŜŎǘǊŀ όƴ Ґ сл ǇŜǊ ƭƛƎƘǘ ǎǇŜŎǘǊŀύΦ ¢ƘŜ Ǿƛƻƭƛƴ Ǉƭƻǘ ǊŜǇǊŜǎŜƴǘǎ ƳŜŘƛŀƴ όŘŀǎƘŜŘ ƭƛƴŜύ 
ŀƴŘ ǉǳŀǊǝƭŜǎ όŘƻǧŜŘ ƭƛƴŜǎύΦ hǊŘƛƴŀǊȅ ƻƴŜπǿŀȅ !bh±! ŘƛŘ ƴƻǘ ŘŜǘŜŎǘ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ŀƳƻƴƎ ƳŜŀƴǎ ƻŦ ƭƛƎƘǘ 
ǘǊŜŀǘƳŜƴǘǎ όǇ Ҕ лΦффύΦ  
о ±ƛǎǳŀƭƛȊŜŘ ŀǊŜ ƭƛƎƘǘ ŘƛǎǘǊƛōǳǝƻƴ ǇŀǧŜǊƴǎ ƳŜŀǎǳǊŜŘ ŜǾŜǊȅ млл ŎƳн ǿƛǘƘƛƴ ŜŀŎƘ ŎǳƭǝǾŀǝƻƴ ǎƘŜƭŦ ǳƴŘŜǊƴŜŀǘƘ w.Σ 
wD. ŀƴŘ {¦b ƭƛƎƘǘ ǎǇŜŎǘǊŀ όƴ Ґ сл ǇŜǊ ƭƛƎƘǘ ǎǇŜŎǘǊŀύΦ 9ŀŎƘ ƘŜŀǘ ƳŀǇ ŘŜǇƛŎǘǎ ǘƘŜ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǝŜǎ όtC5ύ ώҡƳƻƭ 
Ƴҍн ǎҍмϐΦ 
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¢ŀōƭŜ мр ς {ǇŜŎǘǊŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘǊŜŜ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŀƴŘ ǎƻƭŀǊ ǎǇŜŎǘǊǳƳ ōŜǘǿŜŜƴ оул ŀƴŘ тул ƴƳΦ 
 

 
 
 
 
 
 
 
 
 

 

 

 

 

м tC5 Ґ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅΣ ttC5 Ґ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅΣ ¦± Ґ ǳƭǘǊŀǾƛƻƭŜǘΣ . Ґ ōƭǳŜΣ D Ґ ƎǊŜŜƴΣ w Ґ ǊŜŘΣ CwΣ ŦŀǊπǊŜŘΣ .Υw Ґ ōƭǳŜπǘƻπǊŜŘ 
ǊŀǝƻΣ .ΥD Ґ ōƭǳŜπǘƻπƎǊŜŜƴ ǊŀǝƻΣ wΥCwΣ ǊŜŘπǘƻπŦŀǊπǊŜŘ ǊŀǝƻΦ  
н [ƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎΥ w. Ґ wŜŘκ.ƭǳŜΣ wD. Ґ wŜŘκDǊŜŜƴκ.ƭǳŜΣ {¦b Ґ ŀǊǝŬŎƛŀƭ ǎǳƴƭƛƎƘǘ ǎǇŜŎǘǊŀΦ  
о ¢ŜǊǊŜǎǘǊƛŀƭ ǎƻƭŀǊ ǎǇŜŎǘǊǳƳ ŀǘ Ǝƭƻōŀƭ ǝƭǘ ό!{¢a Dмтоπло wŜŦŜǊŜƴŎŜ {ǇŜŎǘǊŀΤ Řŀǘŀ ŎƻǳǊǘŜǎȅ ƻŦ ǘƘŜ ¦Φ{Φ bŀǝƻƴŀƭ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ [ŀōƻǊŀǘƻǊȅ όbw9[ 
нлнлύΦ  
п tC5 ǇǊŜǎŜƴǘǎ ƳŜŀƴ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ ώŜȄǇǊŜǎǎŜŘ ƛƴ Ƴ˃ƻƭ Ƴҍн ǎҍм ŀƴŘ ƛƴ ǇŜǊŎŜƴǘ ό҈ύϐ ҕ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ ŦǊƻƳ сл ƳŜŀǎǳǊŜƳŜƴǘǎ ǇŜǊ ƭƛƎƘǘ 
ǘǊŜŀǘƳŜƴǘ ǿƛǘƘƛƴ ŀ ŎǳƭǝǾŀǝƻƴ ǎƘŜƭŦ ƳŜŀǎǳǊŜŘ ŜǾŜǊȅ млл ŎƳнΦ

Parameter1 RB2 RGB SUN Solar spectrum3 
 PFD4 % PFD % PFD % % 

PFD (380-780nm) 150 ± 14.9 100 ± 9.9 150 ± 13.8 100 ± 9.2 150 ± 13.4 100 ± 8.9 100 
PPFD (400-700nm) 149.1 ± 9.8 99.4 ± 9.9 148.8 ± 9.1 99.2 ± 9.2 125.9 ± 6.3 83.9 ± 7.5 80.5 

UV (380-400nm) 0.15 ± 0.0 0.1 ± 0.0 0.15 ± 0.0 0.1 ± 0.0 1.2 ± 0.0 0.8 ± 0.1 2.5 
B (400-500nm) 64.1 ± 2.8 42.7 ± 4.4 33 ± 0.8 22.0 ± 2.3 30.2 ± 0.5 20.1 ± 1.8 26.0 
G (500-600nm) 0.8 ± 0.0 0.5 ± 0.0 46.8 ± 1.3 31.2 ± 2.8 45.3 ± 1.2 30.2 ± 2.7 28.2 
R (600-700nm) 84.3 ± 4.7 56.2 ± 5.6 69 ± 2.9 46.0 ± 4.2 50.4 ± 1.5 33.6 ± 3.0 26.0 
FR (700-780nm) 0.8 ± 0.0 0.5 ± 0.0 1.1 ± 0.0 0.7 ± 0.1 23 ± 0.3 15.3 ± 1.3 17.2 

B:R ratio ~ 0.8 
~ 80 

~ 105.4 

~ 0.5 
~ 0.7 
~ 62.7 

~ 0.6 
~ 0.7 
~ 2.2 

~ 1.0 
B:G ratio ~ 0.9 
R:FR ratio ~ 1.5 
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¢ƘŜ ǎƻƊǿŀǊŜ ǇŀŎƪŀƎŜ ƻŦ ǘƘŜ ǎǇŜŎǘǊƻƳŜǘŜǊ όǳ{ǇŜŎǘǊǳƳ t/ ƭŀōƻǊŀǘƻǊȅ ǎƻƊǿŀǊŜύ ŀǳǘƻƳŀǝŎŀƭƭȅ 

ŎŀƭŎǳƭŀǘŜŘ ŜƭŜŎǘǊƻƳŀƎƴŜǝŎ ǇŀǊŀƳŜǘŜǊǎ ƛƴŎƭǳŘƛƴƎ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ όtC5 ƛƴ Ƴ˃ƻƭ Ƴҍн ǎҍмύ ōŜǘǿŜŜƴ оул 

ŀƴŘ тул ƴƳΣ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ όttC5 ƛƴ Ƴ˃ƻƭ Ƴҍн ǎҍмύ ōŜǘǿŜŜƴ плл ŀƴŘ тлл ƴƳΣ ŀƳƻǳƴǘǎ 

ƻŦ ǳƭǘǊŀǾƛƻƭŜǘ όоулςплл ƴƳύΣ ōƭǳŜ όпллςрлл ƴƳύΣ ƎǊŜŜƴ όрллςслл ƴƳύΣ ǊŜŘ όсллςтлл ƴƳύ ŀƴŘ ŦŀǊπǊŜŘ όтллς

тул ƴƳύ ǊŀŘƛŀǝƻƴ όƛƴ Ƴ˃ƻƭ Ƴҍн ǎҍмύ ŀƴŘ ǘƘŜ Ǌŀǝƻǎ ƻŦ ōƭǳŜπǘƻπƎǊŜŜƴ ŀƴŘ ǊŜŘπǘƻπŦŀǊπǊŜŘ ƭƛƎƘǘΦ !ŘŘƛǝƻƴŀƭƭȅΣ 

ǊŜŘπǘƻπōƭǳŜ ƭƛƎƘǘ Ǌŀǝƻ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘΦ 

 

нΦс /ǊƻǇ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ ƘŀǊǾŜǎǘ 

!ƊŜǊ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ ƭƛƎƘǘ ŜȄǇŜǊƛƳŜƴǘΣ Ǉƭŀƴǘ ƘŜƛƎƘǘ όƳŜŀǎǳǊŜŘ ŦǊƻƳ ǘƻǇ ƻŦ ǎƻƛƭ ǘƻ ǝǇ ƻŦ ŀǇƛŎŀƭ ōǳŘύ 

ŀƴŘ ƴǳƳōŜǊ ƻŦ ƭŜŀŦ ǇŀƛǊǎ όҗ м ŎƳύ ǿŜǊŜ ŀǎǎŜǎǎŜŘ ǿŜŜƪƭȅ ƛƴ тπŘŀȅ ƛƴǘŜǊǾŀƭǎ ŀǘ пмΣ пуΣ ррΣ сн ŀƴŘ сф Řŀȅǎ ƻŦ 

ŎǳƭǘǳǊŜ ό5h/ύΦ {ƛŘŜ ǎƘƻƻǘ ƭŜƴƎǘƘǎ ǿŜǊŜ ŀƭǎƻ ŀǎǎŜǎǎŜŘ ǿŜŜƪƭȅ ƛƴ тπŘŀȅ ƛƴǘŜǊǾŀƭǎ ŀǘ ррΣ сн ŀƴŘ сф 5h/ ōȅ 

Ŏƻƴǝƴǳƻǳǎƭȅ ƳŜŀǎǳǊƛƴƎ ǘƘŜ ƭŜƴƎǘƘǎ ƻŦ ǘƘŜ ŬǊǎǘ Ŧǳƭƭȅ ŘŜǾŜƭƻǇŜŘ ǎƛŘŜ ōǊŀƴŎƘŜǎΦ CƻǊ Řŀǘŀ ŀƴŀƭȅǎƛǎΣ ǘƘŜǎŜ ǘǿƻ 

ǎƛŘŜ ōǊŀƴŎƘ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ŀǾŜǊŀƎŜŘ ǇŜǊ ǇŜǇǇŜǊƳƛƴǘ ǇƭŀƴǘΦ .ŜŦƻǊŜ ƘŀǊǾŜǎǘ ƻƴ сф 5h/Σ ŦƻǳǊ 

ǇŜǇǇŜǊƳƛƴǘ ƭŜŀǾŜǎ ŦǊƻƳ мл ǊŀƴŘƻƳƭȅ ǎŜƭŜŎǘŜŘ Ǉƭŀƴǘǎ ǇŜǊ ǊŜǇƭƛŎŀǘŜ όb Ґ флΣ ƴ Ґ ол ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘύ 

ǿŜǊŜ ǎŎŀƴƴŜŘ ό/ŀƴƻ{Ŏŀƴ [ƛ59 пллύ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ƭŜŀǾŜǎΩ ǿƛŘǘƘ ŀƴŘ ƭŜƴƎǘƘ Ǿƛŀ LƳŀƎŜW ǎƻƊǿŀǊŜ ό±ŜǊǎƛƻƴ 

мΦрнŀύΦ ¢ƘŜǊŜōȅΣ ǘƘŜ ŬǊǎǘΣ ǘƘƛǊŘΣ ŬƊƘ ŀƴŘ ǎŜǾŜƴǘƘ ǇŜǇǇŜǊƳƛƴǘ ƭŜŀŦ ŦǊƻƳ ǘƘŜ ŀǇŜȄ ǿŀǎ ǊŜƳƻǾŜŘΦ 

!ŘŘƛǝƻƴŀƭƭȅΣ ŀƭƭ нтл ŜȄǇŜǊƛƳŜƴǘŀƭ ǇŜǇǇŜǊƳƛƴǘ Ǉƭŀƴǘǎ ǿŜǊŜ ƘŀǊǾŜǎǘŜŘ ǎŜǇŀǊŀǘŜƭȅ ǳƴŘŜǊ ŜŀŎƘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ 

ǊŜǇƭƛŎŀǝƻƴ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ŜũŜŎǘǎ ƻŦ ǘǊŜŀǘƳŜƴǘǎ ƻƴ ōƛƻƳŀǎǎ ȅƛŜƭŘǎΦ ¢ƘŜǊŜŦƻǊŜΣ ŦǊŜǎƘ ƳŀǧŜǊ ƻŦ ŀŜǊƛŀƭ Ǉƭŀƴǘ 

ǇŀǊǘǎ ǿŀǎ ƛƴŘƛǾƛŘǳŀƭƭȅ ǊŜŎƻǊŘŜŘ ŀǘ ƘŀǊǾŜǎǘ ŀƴŘ ǘƻǘŀƭ ŘǊȅ ƳŀǧŜǊ ǿŀǎ ƳŜŀǎǳǊŜŘ ŀƊŜǊ ŘǊȅƛƴƎ ǘƘŜ ǎŀƳǇƭŜǎ ƛƴ 

ŀ ŎƛǊŎǳƭŀǘŜŘ ŘǊȅƛƴƎ ƻǾŜƴ ŀǘ олϲ / ŦƻǊ Җ т Řŀȅǎ ǳƴǝƭ ǎǘŀōƭŜ Ƴŀǎǎ ǿŀǎ ŀǧŀƛƴŜŘ όƻǇǝƳŀƭ ŘǊȅƛƴƎ ƳŜǘƘƻŘ ǿŀǎ 

ŎƘƻǎŜƴ ŀƴŘ ǎǘŀƴŘŀǊŘƛȊŜŘ ŀǎ ƛǘ ƘƛƎƘƭȅ ƛƴƅǳŜƴŎŜǎ ǇŜǇǇŜǊƳƛƴǘǎΩ 9h ȅƛŜƭŘǎ ό.ŜƛƎƛ Ŝǘ ŀƭΦΣ нлмуύΦ !ƊŜǊ ǊŜƳƻǾŀƭ 

ƻŦ ǎƘƻƻǘǎΣ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊ ό[5aύ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ŦƻǊ ŀƭƭ ǇƭŀƴǘǎΦ 5ǊƛŜŘ ƭŜŀŦ ǎŀƳǇƭŜǎ ǿŜǊŜ ǾŀŎǳǳƳπǎŜŀƭŜŘ 

ό±ΦоллϯΣ [ŀƴŘƛƎ Ҍ [ŀǾŀ DƳōI ϧ /ƻΦ YDΣ .ŀŘ {ŀǳƭƎŀǳΣ DŜǊƳŀƴȅύ ŀƴŘ ǎǘƻǊŜŘ ƛƴ ǘƘŜ ŘŀǊƪ ŀǘ пϲ/ ǳƴǝƭ ŦǳǊǘƘŜǊ 

ǇǊƻŎŜǎǎƛƴƎΦ 

 

нΦт 9ǎǎŜƴǝŀƭ ƻƛƭ ƛǎƻƭŀǝƻƴ  

CƛǾŜ ƎǊŀƳ ƻŦ ŀƛǊπŘǊƛŜŘ ǇŜǇǇŜǊƳƛƴǘ ƭŜŀǾŜǎ όŎƻƳōƛƴƛƴƎ [5a ƻŦ ǘƘǊŜŜ ǘƻ ŦƻǳǊ Ǉƭŀƴǘ ǎŀƳǇƭŜǎ ƻŦ ǘƘŜ ǎŀƳŜ ǎǇŀǝŀƭ 

ǊŜǇƭƛŎŀǝƻƴύ ǿŜǊŜ ƎǊƻǳƴŘ ŀƴŘ ƘȅŘǊƻŘƛǎǝƭƭŜŘ ŦƻǊ сл Ƴƛƴ ǳǎƛƴƎ ŀ ŎƭŜǾŜƴƎŜǊπǘȅǇŜ ŀǇǇŀǊŀǘǳǎΦ ±ƻƭǳƳŜ όƳƭύ ƻŦ 

ǘƘŜ ƛǎƻƭŀǘŜŘ 9h ǿŜǊŜ ǊŜŎƻǊŘŜŘ ŀƴŘ ǎǘƻǊŜŘ ŀǘ ҍтл ϲ/ ƛƴ ǎŜŀƭŜŘ Ǝƭŀǎǎ Ǿƛŀƭǎ ŦƻǊ ŦǳǊǘƘŜǊ ǇǊƻŎŜǎǎƛƴƎΦ ¢ƘŜ 9h 

ǾƻƭǳƳŜ ǿŀǎ ŘŜƴǎƛǘȅπŎƻǊǊŜŎǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 9ǳǊƻǇŜŀƴ tƘŀǊƳŀŎƻǇƻŜƛŀ ǿƛǘƘ ŦŀŎǘƻǊ лΦфлу ό{ŎƘƳƛŜŘŜƭ 

нллуύΦ 9h ŎƻƴǘŜƴǘ ŀƴŘ ȅƛŜƭŘΣ ŜȄǇǊŜǎǎŜŘ ƻƴ ŀ ŘǊȅ ǿŜƛƎƘǘ ōŀǎƛǎΣ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

ŜǉǳŀǝƻƴǎΥ 9h ŎƻƴǘŜƴǘ ό҈ύ Ґ όŘƛǎǝƭƭŜŘ 9h όƎύκр Ǝύ Ȅ мллΤ 9h ȅƛŜƭŘ όƳƎ Ǝ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊҍм ό[5aύύ Ґ ƳŜŀƴ ƻŦ 



/I!t¢9w о  aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ 

мпн 
 

9h ȅƛŜƭŘ όƳƎ Ǝ [5a
ҍмύ όƴ Ґ у ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴύ Ȅ ǘƻǘŀƭ [5a όƎύΦ ¢ƻ ŘŜǘŜǊƳƛƴŜ ŀ ǇƻǎǎƛōƭŜ ƛƴƅǳŜƴŎŜ ƻŦ ǘƘŜ 

ǘŜƳǇƻǊŀǊȅ ŀǇƘƛŘ ƛƴŦŜǎǘŀǝƻƴ ƻƴ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ƳƻƴƻǘŜǊǇŜƴŜǎΣ ǾƻƭŀǝƭŜǎ ǿŜǊŜ ŜȄǘǊŀŎǘŜŘ 

ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǇǊƻŎŜŘǳǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ ¢ŀōōŜǊǘ Ŝǘ ŀƭΦΣ нлнмΦ 

 

нΦу D/πCL5 ŀƴŘ D/πa{ ŀƴŀƭȅǎƛǎ 

м ҡƭ ƻŦ 9hǎ ǿŀǎ ŘƛƭǳǘŜŘ ƛƴ ƛǎƻƻŎǘŀƴŜ όмΥмΣлллύ ώŎƻƴǘŀƛƴƛƴƎ мΥ плΣллл όǾκǾύ ŎŀǊǾŀŎǊƻƭ ŀǎ ƛƴǘŜǊƴŀƭ ǎǘŀƴŘŀǊŘϐ 

ŀƴŘ ǘǊŀƴǎŦŜǊǊŜŘ ƛƴǘƻ D/πǾƛŀƭǎΦ о ҡƭ ƻŦ ŜŀŎƘ ǎŀƳǇƭŜ ǿŀǎ ŀƴŀƭȅȊŜŘ ōȅ D/ςCL5 ǳǎƛƴƎ ŀƴ !ƎƛƭŜƴǘ Ǝŀǎ 

ŎƘǊƻƳŀǘƻƎǊŀǇƘ суфлb ŬǧŜŘ ǿƛǘƘ ŀƴ ItπLƴƴƻǿŀȄ ŎƻƭǳƳƴ όол Ƴ Ҏ нрл Ƴ˃ Ҏ лΦр Ƴ˃ύ ƛƴ ǎǇƭƛǘ ƳƻŘŜ όǎǇƭƛǘ 

Ǌŀǝƻ млΥмύΦ 5ŜǘŜŎǘƻǊ ŀƴŘ ƛƴƧŜŎǘƻǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ǿŜǊŜ ǎŜǘ ǘƻ нрл ϲ/Φ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƻǾŜƴ ǘŜƳǇŜǊŀǘǳǊŜ 

ǇǊƻƎǊŀƳ ǿŀǎ ǳǎŜŘΥ рл ϲ/ ŦƻǊ н ƳƛƴΣ ƘŜŀǝƴƎ ŦǊƻƳ рл ǘƻ нмл ϲ/ ŀǘ ŀ ǊŀǘŜ ƻŦ о ϲ/ ƳƛƴҍмΦ ¢ƘŜ Ŭƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜ 

ǿŀǎ ƘŜƭŘ ŦƻǊ с ƳƛƴΦ IȅŘǊƻƎŜƴ ǿŀǎ ǳǎŜŘ ŀǎ ŎŀǊǊƛŜǊ Ǝŀǎ ǿƛǘƘ ŀ Ŏƻƴǎǘŀƴǘ ƅƻǿ ǊŀǘŜ ƻŦ мΦн Ƴƭ ƳƛƴҍмΦ D/πa{ ǿŀǎ 

ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ŀƴ !ƎƛƭŜƴǘ рΣфто bŜǘǿƻǊƪ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘŜǊΣ ƻƴ ŀƴ ItπLƴƴƻǿŀȄ ŎƻƭǳƳƴ όǎŜŜ D/ύΣ 

ƻǇŜǊŀǝƴƎ ŀǘ тл Ŝ± ƛƻƴƛȊŀǝƻƴ ŜƴŜǊƎȅΣ ǳǎƛƴƎ ǘƘŜ ǎŀƳŜ ǘŜƳǇŜǊŀǘǳǊŜ ǇǊƻƎǊŀƳ ŀǎ ŀōƻǾŜΦ IŜƭƛǳƳ ǿŀǎ ǳǎŜŘ ŀǎ 

ŎŀǊǊƛŜǊ Ǝŀǎ ǿƛǘƘ ŀ Ŏƻƴǎǘŀƴǘ ƅƻǿ ǊŀǘŜ ƻŦ мΦн Ƴƭ ƳƛƴҍмΦ wŜǘŜƴǝƻƴ ƛƴŘƛŎŜǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ ǳǎƛƴƎ ǊŜǘŜƴǝƻƴ 

ǝƳŜǎ ƻŦ /тπ/плπǎŀǘǳǊŀǘŜŘ ŀƭƪŀƴŜǎ όaŜǊŎƪ YDŀ!Σ 5ŀǊƳǎǘŀŘǘΣ DŜǊƳŀƴȅύ ǘƘŀǘ ǿŜǊŜ ƛƴƧŜŎǘŜŘ ǳƴŘŜǊ ǘƘŜ ǎŀƳŜ 

ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ŎƻƴŘƛǝƻƴǎΦ 

 

нΦф LŘŜƴǝŬŎŀǝƻƴ ŀƴŘ ǉǳŀƴǝŬŎŀǝƻƴ ƻŦ ŜǎǎŜƴǝŀƭ ƻƛƭ ŎƻƳǇƻǳƴŘǎ 

!ƭƭ Ƴŀƛƴ ŎƻƳǇƻǳƴŘǎ ƻŦ ǘƘŜ 9hǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘ ōȅ ŎƻƳǇŀǊƛƴƎ ǘƘŜƛǊ Ƴŀǎǎ ǎǇŜŎǘǊŀ ǿƛǘƘ ǘƘƻǎŜ ƻŦ ǘƘŜ bŀǝƻƴŀƭ 

LƴǎǝǘǳǘŜ ƻŦ {ǘŀƴŘŀǊŘǎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ όbL{¢ύ Ƴŀǎǎ ǎǇŜŎǘǊŀƭ ƭƛōǊŀǊȅ ŀƴŘ ŎƻƴŬǊƳŜŘ ōȅ ŎƻƳǇŀǊƛƴƎ ǘƘŜƛǊ 

ǊŜǘŜƴǝƻƴ ƛƴŘƛŎŜǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ мπƻŎǘŜƴπоπƻƭΣ мΣуπŎƛƴŜƻƭŜΣ оπƻŎǘŀƴƻƭΣ πhǇƛƴŜƴŜΣ πhǘŜǊǇƛƴŜƻƭΣ 

π̡ŎŀǊȅƻǇƘȅƭƭŜƴŜΣ π̡ŦŀǊƴŜǎŜƴŜΣ π̡ƳȅǊŎŜƴŜΣ π̡ǇƛƴŜƴŜΣ πɹǘŜǊǇƛƴŜƴŜΣ ŎŀǊȅƻǇƘȅƭƭŜƴŜ ƻȄƛŘŜΣ ƭƛƳƻƴŜƴŜΣ 

ƎŜǊƳŀŎǊŜƴŜ 5Σ ƛǎƻπƳŜƴǘƘƻƴŜΣ ƭƛƴŀƭƻƻƭΣ ƳŜƴǘƘƻŦǳǊŀƴΣ ƳŜƴǘƘƻƭΣ ƳŜƴǘƘƻƴŜΣ ƳŜƴǘƘȅƭ ŀŎŜǘŀǘŜΣ ƴŜƻπƳŜƴǘƘƻƭΣ 

ƻŎƛƳŜƴŜΣ ǇƛǇŜǊƛǘŜƴƻƴŜΣ ǇƛǇŜǊƛǘƻƴŜΣ ǇǳƭŜƎƻƴŜΣ ǎŀōƛƴŜƴŜΣ ǘŜǊǇƛƴŜƴπпπƻƭ ŀƴŘ ǾƛǊƛŘƛƅƻǊƻƭ ǿŀǎ ŀŶǊƳŜŘ ōȅ 

ŀǳǘƘŜƴǝŎ ǊŜŦŜǊŜƴŎŜ ƳŀǘŜǊƛŀƭǎ όwaǎύ ǿƛǘƘ ŀ ǇǳǊƛǘȅ ƻŦ ŀǘ ƭŜŀǎǘ фр҈Φ CƻǊ ŎƻƳǇƻǳƴŘǎ ƴƻǘ ǾŜǊƛŬŜŘ ōȅ waǎ όŎƛǎπ

ƛǎƻǇǳƭŜƎƻƴŜΣ ǘǊŀƴǎπƛǎƻǇǳƭŜƎƻƴŜΣ πɻǘŜǊǇƛƴŜƻƭ ŀƴŘ ǘǊŀƴǎπǾŜǊōŜƴƻƭύΣ ŀŎŎǳǊŀŎȅ ƻŦ ƛƴǘŜǊƴŀƭ ǊŜŦŜǊŜƴŎŜ ƭƛōǊŀǊȅ 

ƛŘŜƴǝŬŎŀǝƻƴ ǿŀǎ җ ту ҈Φ 9h ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ǉǳŀƴǝŬŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ƪƴƻǿƴ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜ 

ƛƴǘŜǊƴŀƭ ǎǘŀƴŘŀǊŘ όŎŀǊǾŀŎǊƻƭύΦ 

 

нΦмл {ǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎ  

{ǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎŜǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ DǊŀǇƘtŀŘ tǊƛǎƳ уΦпΦоΦсус ό{ŀƴ 5ƛŜƎƻΣ ¦ƴƛǘŜŘ {ǘŀǘŜǎύΦ {ǇŜŎǘǊŀƭ 

ƭƛƎƘǘ ŘƛǎǘǊƛōǳǝƻƴ Řŀǘŀ ǇŀǎǎŜŘ ƴƻǊƳŀƭƛǘȅ Ǿƛŀ 5Ω!Ǝƻǎǝƴƻ ϧ tŜŀǊǎƻƴǎ ƻƳƴƛōǳǎ ƴƻǊƳŀƭƛǘȅ ǘŜǎǘΣ ŀƴŘ ǘƘǳǎ ǿŜǊŜ 



/I!t¢9w о  aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ 

мпо 
 

ŀƴŀƭȅȊŜŘ Ǿƛŀ ƻǊŘƛƴŀǊȅ ƻƴŜπǿŀȅ !bh±! όǇ Ҕ лΦффΣ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘύΦ /ƻƭƭŜŎǘŜŘ Řŀǘŀ ǎŜǘǎ ƻŦ Ǉƭŀƴǘ ƘŜƛƎƘǘΣ ǎƛŘŜ 

ōǊŀƴŎƘ ƭŜƴƎǘƘΣ ǘƻǘŀƭ Ǉƭŀƴǘ ŦǊŜǎƘ ŀƴŘ ŘǊȅ ǿŜƛƎƘǘΣ ƭŜŀŦ ŀƴŘ ǎƘƻƻǘ ŘǊȅ ǿŜƛƎƘǘ όb Ґ нтлΣ ƴ Ґ ол ǇŜǇǇŜǊƳƛƴǘ 

Ǉƭŀƴǘǎ ǇŜǊ ǊŜǇƭƛŎŀǝƻƴΣ ǊŜǎǇŜŎǝǾŜƭȅύ ŀǎ ǿŜƭƭ ŀǎ ƻŦ ƭŜŀŦ ƭŜƴƎǘƘ ŀƴŘ ƭŜŀŦ ŀǊŜŀ όb Ґ флΣ ƴ Ґ ол ǇŜǇǇŜǊƳƛƴǘ Ǉƭŀƴǘǎ 

ǇŜǊ ǊŜǇƭƛŎŀǝƻƴΣ ǊŜǎǇŜŎǝǾŜƭȅύ ŀƴŘ Řŀǘŀ ǎŜǘǎ ƻŦ 9h ŎƻƳǇƻǳƴŘǎ ŀǎ ǿŜƭƭ ŀǎ ƻŦ 9h ŎƻƴǘŜƴǘǎ όb Ґ тнΣ ƴ Ґ у 9hǎ 

ǇŜǊ ǊŜǇƭƛŎŀǝƻƴΣ ǊŜǎǇŜŎǝǾŜƭȅύ ŀƴŘ Řŀǘŀ ǎŜǘǎ ƻŦ 9h ȅƛŜƭŘǎ όόb Ґ фΣ ƴ Ґ о ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘύ ƻŦ ŜŀŎƘ ǎǇŀǝŀƭ 

ǊŜǇƭƛŎŀǝƻƴ όƴ Ґ оύ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όƴ Ґ оύ ǿŜǊŜ ǘŜǎǘŜŘ ŦƻǊ ƴƻǊƳŀƭƛǘȅ Ǿƛŀ 5Ω!Ǝƻǎǝƴƻ ϧ tŜŀǊǎƻƴǎ ƻƳƴƛōǳǎ 

ƴƻǊƳŀƭƛǘȅ ŀƴŘ {ƘŀǇƛǊƻπ²ƛƭƪ ǘŜǎǘΦ LŦ ǘƘŜ ƴƻǊƳŀƭƛǘȅ ǘŜǎǘ ŦŀƛƭŜŘΣ ƻǳǘƭƛŜǊǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘ Ǿƛŀ wh¦¢ ƳŜǘƘƻŘ όv 

Җ мл ҈ύ ŀƴŘ ǊŜƳƻǾŜŘ ǘƻ ŜǎǘŀōƭƛǎƘ ƴƻǊƳŀƭƛǘȅ ƻŦ ŀƭƭ Řŀǘŀ ǎŜǘǎΦ tƭŀƴǘ ƘŜƛƎƘǘΣ ǎƛŘŜ ōǊŀƴŎƘ ƭŜƴƎǘƘΣ ƭŜƴƎǘƘ ŀƴŘ 

ǿƛŘǘƘ ƻŦ ŦǊŜǎƘ ƭŜŀǾŜǎΣ 9h ŎƻƳǇƻǳƴŘǎ ŀƴŘ ŎƻƴǘŜƴǘǎΥ bŜǎǘŜŘ ƻƴŜπǿŀȅ !bh±! ǿŀǎ ǳǎŜŘ ǘƻ ŘŜǘŜŎǘ ŘƛũŜǊŜƴŎŜǎ 

ōŜǘǿŜŜƴ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ όƴŜǎǘŜŘ ŦŀŎǘƻǊΥ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όƴ Ґ оύΦ ²ƘŜƴ ǎƛƎƴƛŬŎŀƴǘ 

όǇ Җ лΦлрύΣ ¢ǳƪŜȅΩǎ ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŀǘ фр ҈ ŎƻƴŬŘŜƴŎŜ ƛƴǘŜǊǾŀƭ ǿŀǎ ŀǇǇƭƛŜŘΦ 9ǉǳŀƭ ǾŀǊƛŀƴŎŜǎ ƻŦ 

Řŀǘŀ ǎŜǘǎ ǿŜǊŜ Ǿƛǎǳŀƭƭȅ ŎƘŜŎƪŜŘ ōȅ ƎǊŀǇƘƛƴƎ ƘƻƳƻǎŎŜŘŀǎǝŎƛǘȅ ǇƭƻǘǎΦ CǊŜǎƘ ƳŀǧŜǊΣ ŘǊȅ ƳŀǧŜǊ ŀƴŘ ƭŜŀŦ ŘǊȅ 

ƳŀǧŜǊ ȅƛŜƭŘǎΥ 5ǳŜ ǘƻ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ όǇ Җ лΦлрύΣ ƳŜŀƴǎ ƻŦ ŜŀŎƘ ǎǇŀǝŀƭ 

ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb Ґ фΣ ƴ Ґ о ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘύ ǿŜǊŜ ǳǎŜŘ ǘƻ ŎƻƴŘǳŎǘ ŀƴ ƻǊŘƛƴŀǊȅ ƻƴŜπ

ǿŀȅ !bh±!Φ bǳƳōŜǊ ƻŦ ƭŜŀŦ ǇŀƛǊǎΥ aŜŀƴǎ ƻŦ ŜŀŎƘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όƴ Ґ оύ ǿŜǊŜ 

ŀƴŀƭȅȊŜŘ Ǿƛŀ YǊǳǎƪŀƭς²ŀƭƭƛǎ ƴƻƴǇŀǊŀƳŜǘǊƛŎ ǘŜǎǘΦ ό!ŘŘƛǝƻƴŀƭƭȅΣ ŀƳƻǳƴǘǎ ƻŦ Ƴŀƛƴ ǾƻƭŀǝƭŜǎ όƳŜƴǘƘƻƴŜΣ 

ǇǳƭŜƎƻƴŜΣ ƳŜƴǘƘƻŦǳǊŀƴύ ƻŦ ǳƴƛƴŦŜǎǘŜŘ ŀƴŘ ǘŜƳǇƻǊŀǊƛƭȅ ŀǇƘƛŘπƛƴŦŜǎǘŜŘ ǇŜǇǇŜǊƳƛƴǘ Ǉƭŀƴǘǎ όb Ґ руύ ǿŜǊŜ 

ŎƻƳǇŀǊŜŘ Ǿƛŀ ǳƴǇŀƛǊŜŘ ǘπǘŜǎǘ ŀƴŘ ŘƛŘ ƴƻǘ ŘƛũŜǊ όǇ җ лΦуύΣ ǊǳƭƛƴƎ ƻǳǘ ŀƴ ƛƴƅǳŜƴŎŜ ƻŦ ŀǇƘƛŘǎ ƻƴ 9h 

ŎƻƳǇƻǎƛǝƻƴΦύ 

 

оΦ wŜǎǳƭǘǎ 

оΦм tƭŀƴǘ ƘŜƛƎƘǘ 

!ƊŜǊ н ǿŜŜƪǎΣ ǇŜǇǇŜǊƳƛƴǘ ƎǊƻǿƴ ǳƴŘŜǊ {¦b ŀƴŘ wD. ŜȄŎŜŜŘŜŘ Ǉƭŀƴǘ ƘŜƛƎƘǘǎ ǊŜŀŎƘŜŘ ǳƴŘŜǊ w. όǇ Ґ лΦло 

ǊŜǎǇŜŎǝǾŜƭȅύΣ ŀǾŜǊŀƎƛƴƎ мфΦп ҕ мΦлΣ ннΦн ҕ лΦс ŀƴŘ ноΦр ҕ мΦс ŎƳ ǳƴŘŜǊ w.Σ wD. ŀƴŘ {¦bΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ²ƛǘƘ 

ŀǾŜǊŀƎŜ Ǉƭŀƴǘ ƘŜƛƎƘǘǎ ƻŦ ооΦл ҕ лΦт ŀƴŘ опΦр ҕ мΦо ŎƳΣ ǇŜǇǇŜǊƳƛƴǘǎ ƎǊƻǿƴ ǳƴŘŜǊ wD. ŀƴŘ {¦b ǿŜǊŜ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ǘŀƭƭŜǊ ǘƘŀƴ ǇŜǇǇŜǊƳƛƴǘǎ ƎǊƻǿƴ ǳƴŘŜǊ w. όнтΦн ҕ мΦн ŎƳύ ŀƊŜǊ о ǿŜŜƪǎ ƻŦ ŎǳƭǝǾŀǝƻƴ όǇ Ґ лΦлмύΦ 

5ƛũŜǊŜƴŎŜ ƛƴ Ǉƭŀƴǘ ƘŜƛƎƘǘ ŦǳǊǘƘŜǊ ƛƴŎǊŜŀǎŜŘ ōŜǘǿŜŜƴ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŀƊŜǊ п ǿŜŜƪǎ ƻŦ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘ όǇ Җ лΦлмύΦ ²ƘƛƭŜ ǇŜǇǇŜǊƳƛƴǘǎ ƎǊƻǿƴ ǳƴŘŜǊ wD. ŀƴŘ {¦b ǊŜŀŎƘŜŘ ŀǾŜǊŀƎŜ Ǉƭŀƴǘ ƘŜƛƎƘǘǎ ƻŦ 

ппΦн ҕ мΦл ŀƴŘ птΦл ҕ лΦо ŎƳ ǊŜǎǇŜŎǝǾŜƭȅΣ ǇŜǇǇŜǊƳƛƴǘǎ ƎǊƻǿƴ ǳƴŘŜǊ w. ǊŜƳŀƛƴŜŘ ǎƛƎƴƛŬŎŀƴǘƭȅ ǎƘƻǊǘŜǊ ǿƛǘƘ 

ŀǾŜǊŀƎŜ ƘŜƛƎƘǘǎ ƻŦ орΦм ҕ мΦн ŎƳ όCƛƎǳǊŜ мс!ύΦ 
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CƛƎǳǊŜ мс ς aƻǊǇƘƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ ǾŀǊΦ ǇƛǇŜǊƛǘŀ ŎǾΦ aǳƭǝƳŜƴǘƘŀ ŀǎ ŜũŜŎǘŜŘ 
ōȅ ƭƛƎƘǘ ǎǇŜŎǘǊŀ ƻǾŜǊ ǝƳŜΦ w. Ґ wŜŘκ.ƭǳŜΣ wD. Ґ wŜŘκ DǊŜŜƴκ.ƭǳŜΣ {¦b Ґ ŀǊǝŬŎƛŀƭ ǎǳƴƭƛƎƘǘ ǎǇŜŎǘǊǳƳΦ ό!ύ 
tƭŀƴǘ ƘŜƛƎƘǘΦм ό.ύ {ƛŘŜ ōǊŀƴŎƘ ƭŜƴƎǘƘΦм ό/ύ bǳƳōŜǊ ƻŦ ƭŜŀŦ ǇŀƛǊǎΦн  
м tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ Ǉƭŀƴǘ ƘŜƛƎƘǘǎ ŀƴŘ ǎƛŘŜ ōǊŀƴŎƘ ƭŜƴƎǘƘǎ ƻŦ ǘƘǊŜŜ ƛƴŘŜǇŜƴŘŜƴǘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ όƴ Ґ 
оύ ҕ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ ό{5ύ ƻŦ нрςол ŀǎǎŜǎǎŜŘ ǇŜǇǇŜǊƳƛƴǘ Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ 
ǘǊŜŀǘƳŜƴǘ όb ƻŦ Ǉƭŀƴǘ ƘŜƛƎƘǘ Ґ нстΤ b ƻŦ ǎƛŘŜ ōǊŀƴŎƘ ƭŜƴƎǘƘ Ґ нроύΦ {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƭƛƎƘǘ 
ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ƴŜǎǘŜŘ ƻƴŜπǿŀȅ !bh±! όϝΥ Ǉ Җ лΦлрΣ ϝϝΥ Ǉ Җ лΦлмΣ ϝϝϝΥ Ǉ Җ лΦллмΣ 
ƴǎΥ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘύ ŦƻƭƭƻǿŜŘ ōȅ ¢ǳƪŜȅΩǎ ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴ ǘŜǎǘ ŀǘ фр ҈ ŎƻƴŬŘŜƴŎŜ ƭŜǾŜƭΦ  
н tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ ƴǳƳōŜǊǎ ƻŦ ƭŜŀŦ ǇŀƛǊǎ ƻŦ ǘƘǊŜŜ ƛƴŘŜǇŜƴŘŜƴǘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ όƴ Ґ оύ ҕ {5 ƻŦ ол 
ŀǎǎŜǎǎŜŘ ǇŜǇǇŜǊƳƛƴǘ Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb Ґ нтлύΦ bƻƴǇŀǊŀƳŜǘǊƛŎ YǊǳǎƪŀƭς
²ŀƭƭƛǎ ǘŜǎǘǎ όǇ җ лΦфύ ǿŜǊŜ ǳǎŜŘ ǘƻ ǘŜǎǘ ŦƻǊ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ όƴǎΥ ƴƻǘ 
ǎƛƎƴƛŬŎŀƴǘύ ŀǘ ŜŀŎƘ ǝƳŜ ǇƻƛƴǘΦ 
 

оΦн .ǊŀƴŎƘ [ŜƴƎǘƘ 

¢ƘǊŜŜ ǿŜŜƪǎ ŀƊŜǊ ǎǘŀǊǘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΣ ǎƛŘŜ ōǊŀƴŎƘŜǎ ǿŜǊŜ ŜƭƻƴƎŀǘŜŘ ǳƴŘŜǊ wD. ŀƴŘ {¦b ŀǎ ŎƻƳǇŀǊŜŘ 

ǘƻ ōǊŀƴŎƘŜǎ ƎǊƻǿƴ ǳƴŘŜǊ w. όǇ Ґ лΦлм ǊŜǎǇŜŎǝǾŜƭȅύΦ .ǊŀƴŎƘ ƭŜƴƎǘƘǎ ǳƴŘŜǊ wD.Σ {¦b ŀƴŘ w. ŀǾŜǊŀƎŜŘ ноΦт 

ҕ лΦуΣ ннΦо ҕ лΦф ŀƴŘ муΦп ҕ мΦл ŎƳΦ !ƊŜǊ п ǿŜŜƪǎΣ ŘƛũŜǊŜƴŎŜǎ ƛƴ ōǊŀƴŎƘ ŜƭƻƴƎŀǝƻƴ ŦǳǊǘƘŜǊ ƛƴŎǊŜŀǎŜŘ όǇ Җ 

лΦлмύ ōŜǘǿŜŜƴ w.π ŀƴŘ wD.πƛƭƭǳƳƛƴŀǘŜŘ ŀǎ ǿŜƭƭ ŀǎ ōŜǘǿŜŜƴ w.π ŀƴŘ {¦bπƛƭƭǳƳƛƴŀǘŜŘ ǇƭŀƴǘǎΣ ŀƴŘ ŀǾŜǊŀƎŜŘ 

олΦр ҕ лΦфΣ оуΦм ҕ мΦм ŀƴŘ осΦу ҕ мΦп ŎƳ ǳƴŘŜǊ w.Σ wD. ŀƴŘ {¦b ǊŜǎǇŜŎǝǾŜƭȅ όCƛƎǳǊŜ мс.ύΦ 

 

оΦо bǳƳōŜǊ ƻŦ ƭŜŀŦ ǇŀƛǊǎ 

bǳƳōŜǊ ƻŦ Ŧǳƭƭȅ ŘŜǾŜƭƻǇŜŘ ƭŜŀŦ ǇŀƛǊǎ ŀƭƻƴƎ ǘƘŜ ǎǘŜƳ ŘƛŘ ƴƻǘ ŘƛũŜǊ ōŜǘǿŜŜƴ ǇŜǇǇŜǊƳƛƴǘǎ ƛƭƭǳƳƛƴŀǘŜŘ ǿƛǘƘ 

w.Σ wD. ƻǊ {¦b ƭƛƎƘǘ ǎǇŜŎǘǊŀ όǇ җ лΦппύΦ ²ƘƛƭŜ ŀƭƭ Ǉƭŀƴǘǎ ŀǾŜǊŀƎŜŘ ǎƛȄ Ŧǳƭƭȅ ŘŜǾŜƭƻǇŜŘ ƭŜŀŦ ǇŀƛǊǎ ŀǘ ǘƘŜ 

ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΣ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘǎ ŀǾŜǊŀƎŜŘ ŜƛƎƘǘ ƭŜŀŦ ǇŀƛǊǎ ŀƭƻƴƎ ǘƘŜ Ƴŀƛƴ ǎǘŜƳ ŦƻǊ ǘƘŜ 

ǊŜƳŀƛƴƛƴƎ ǎǘǳŘȅ ǝƳŜ όCƛƎǳǊŜ мс/ύΦ 

 

оΦп [ŜƴƎǘƘ ŀƴŘ ǿƛŘǘƘ ƻŦ ƭŜŀǾŜǎ 

¢ƘŜ ǘƻǇ ƭŜŀǾŜǎ ƻŦ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘ ŎŀƴƻǇȅ ǿŜǊŜ ŀũŜŎǘŜŘ ōȅ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όCƛƎǳǊŜ мтύΦ ¢ƻǇ ƭŜŀǾŜǎ ǳƴŘŜǊ 

w. ǿŜǊŜ ǎƘƻǊǘŜǊ όсΦу ҕ лΦм ŎƳύ ŀƴŘ ƴŀǊǊƻǿŜǊ όпΦп ҕ лΦн ŎƳύ ǘƘŀƴ ǘƘƻǎŜ ǳƴŘŜǊ wD. όƭŜƴƎǘƘ Ґ тΦп ҕ лΦм ŎƳΣ 

ǿƛŘǘƘ Ґ рΦм ҕ лΦм ŎƳύ όǇ Җ лΦллмΣ Ǉ Җ лΦлм ǊŜǎǇŜŎǝǾŜƭȅύΦ {ƛƳƛƭŀǊƭȅΣ ƭŜƴƎǘƘ ŀƴŘ ǿƛŘǘƘ ƻŦ ǘƻǇ ƭŜŀǾŜǎ ǳƴŘŜǊ w. 
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ǊŜƳŀƛƴŜŘ ǎƘƻǊǘŜǊ ŀƴŘ ƴŀǊǊƻǿŜǊ ǘƘŀƴ ǳƴŘŜǊ {¦b όƭŜƴƎǘƘ Ґ тΦо ҕ лΦн ŎƳΣ ǿƛŘǘƘ Ґ пΦф ҕ лΦм ŎƳύ όǇ Җ лΦлмΣ 

ǊŜǎǇŜŎǝǾŜƭȅύΦ /ƭŜŀǊƭȅΣ ƴƻ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǇŜǇǇŜǊƳƛƴǘ ƭŜŀǾŜǎΩ ƭŜƴƎǘƘ ŀƴŘ ǿƛŘǘƘ ōŜǘǿŜŜƴ ǘƻǇ ƭŜŀǾŜǎ ǳƴŘŜǊ 

wD. ǳƴŘ {¦b ƭƛƎƘǘ ǎǇŜŎǘǊŀ ǿŜǊŜ ŘŜǘŜŎǘŜŘ όǇ җ лΦтнύΦ [ŜŀǾŜǎ ŘŜŜǇŜǊ ǿƛǘƘƛƴ ǘƘŜ ŎŀƴƻǇȅ ǊŜƳŀƛƴŜŘ ƛƴŘƛũŜǊŜƴǘ 

ƛƴ ǎƛȊŜ ŀƊŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όǇ җ лΦмоύΦ 

 

 

CƛƎǳǊŜ мт ς [ŜƴƎǘƘ ŀƴŘ ǿƛŘǘƘ ƻŦ ŦǊŜǎƘ ƭŜŀǾŜǎ ƻŦ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ ǾŀǊΦ ǇƛǇŜǊƛǘŀ ŎǾΦ aǳƭǝƳŜƴǘƘŀ ŀǎ 
ŜũŜŎǘŜŘ ōȅ ŘƛũŜǊŜƴǘ ƭƛƎƘǘ ǎǇŜŎǘǊŀΦ w. Ґ wŜŘκ.ƭǳŜΣ wD. Ґ wŜŘκ DǊŜŜƴκ.ƭǳŜΣ {¦b Ґ ŀǊǝŬŎƛŀƭ ǎǳƴƭƛƎƘǘ 
ǎǇŜŎǘǊǳƳΣ ŬǊǎǘΣ ǘƘƛǊŘΣ ŬƊƘ ŀƴŘ ǎŜǾŜƴǘƘ ƭŜŀŦ ƻƴ ȄπŀȄŜǎ ǊŜǇǊŜǎŜƴǘ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ǘƻǇ ƭŜŀŦ όŬǊǎǘύ ǘƻ ǘƘŜ 
ōƻǧƻƳ ƭŜŀŦ όǎŜǾŜƴǘƘύ ŀƭƻƴƎ ǘƘŜ ǎƘƻƻǘΦ ό!ύ [ŜƴƎǘƘ ƻŦ ǇŜǇǇŜǊƳƛƴǘ ƭŜŀǾŜǎ ŀǎ ŜũŜŎǘŜŘ ōȅ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb 
Ґ тпςуфΣ ƴ Ґ рςмл ƭŜŀǾŜǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘύΦм ό.ύ ²ƛŘǘƘ ƻŦ ǇŜǇǇŜǊƳƛƴǘ ƭŜŀǾŜǎ ŀǎ 
ŜũŜŎǘŜŘ ōȅ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb Ґ тпςуфΣ ƴ Ґ рςмл ƭŜŀǾŜǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘύΦм 

м CƻǊ ŜŀŎƘ ƭŜŀŦ Ǉƻǎƛǝƻƴ όмςпύΣ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ŀŎŎƻǊŘƛƴƎ 
ǘƻ ƴŜǎǘŜŘ ƻƴŜπǿŀȅ !bh±! ǘŜǎǘ όƴǎΥ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘύΦ ²ƘŜƴ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘΣ ¢ǳƪŜȅΩǎ 
ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŦƻƭƭƻǿŜŘ όŘƛũŜǊŜƴǘ ƭŜǧŜǊǎ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƭƛƎƘǘ 
ǘǊŜŀǘƳŜƴǘǎ ŀǘ фр ҈ ŎƻƴŬŘŜƴŎŜ ƭŜǾŜƭύΦ 
 

оΦр .ƛƻƳŀǎǎ ȅƛŜƭŘǎ 

¢ƻǘŀƭ ŦǊŜǎƘ ŀƴŘ ŘǊȅ ƳŀǧŜǊ ȅƛŜƭŘǎ ƻŦ ǇŜǇǇŜǊƳƛƴǘǎ ŎǳƭǝǾŀǘŜŘ ǳƴŘŜǊ w.Σ wD. ŀƴŘ {¦b ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŘƛŘ ƴƻǘ 

ŘƛũŜǊ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ όǇ Ґ лΦтс ŀƴŘ Ǉ Ґ лΦутΣ ǊŜǎǇŜŎǝǾŜƭȅύΦ hƴ ŀǾŜǊŀƎŜΣ ǇŜǇǇŜǊƳƛƴǘǎ ǳƴŘŜǊ 

w.Σ wD. ŀƴŘ {¦b ŀŎŎǳƳǳƭŀǘŜŘ ŀ ŦǊŜǎƘ ǿŜƛƎƘǘ ƻŦ омΦт ҕ тΦлΣ онΦт ҕ сΦн ŀƴŘ олΦм ҕ сΦр Ǝ ǇŜǊ ǇƭŀƴǘΣ 

ǊŜǎǇŜŎǝǾŜƭȅ όCƛƎǳǊŜ му!ύΦ 5Ǌȅ ǿŜƛƎƘǘǎ ǇŜǊ Ǉƭŀƴǘ ǳƴŘŜǊ ǘƘŜ ǎŀƳŜ ƭƛƎƘǘ ǎǇŜŎǘǊŀ όw.Σ wD.Σ {¦bύ ŀǾŜǊŀƎŜŘ оΦр 

ҕ лΦфΣ оΦр ҕ лΦт ŀƴŘ оΦп ҕ лΦф Ǝ ǇŜǊ Ǉƭŀƴǘ όCƛƎǳǊŜ му.ύΦ bƻ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘƻǘŀƭ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊ ǇŜǊ Ǉƭŀƴǘ ǿŀǎ 

ƻōǎŜǊǾŜŘ όǇ Ґ лΦнлύΣ ŀǾŜǊŀƎƛƴƎ нΦл ҕ лΦпΣ мΦф ҕ лΦп ŀƴŘ мΦт ҕ лΦп Ǝ ǇŜǊ Ǉƭŀƴǘ ŦƻǊ w.πΣ wD.π ŀƴŘ {¦bπǘǊŜŀǘŜŘ 

ǇŜǇǇŜǊƳƛƴǘǎ όCƛƎǳǊŜ му/ύΦ 
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CƛƎǳǊŜ му ς .ƛƻƳŀǎǎ ȅƛŜƭŘǎ ƻŦ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ ǾŀǊΦ ǇƛǇŜǊƛǘŀ ŎǾΦ aǳƭǝƳŜƴǘƘŀ ŀǎ ŜũŜŎǘŜŘ ōȅ ŘƛũŜǊŜƴǘ 
ƭƛƎƘǘ ǎǇŜŎǘǊŀΦ w. Ґ wŜŘκ.ƭǳŜΣ wD. Ґ wŜŘκDǊŜŜƴκ.ƭǳŜΣ {¦b Ґ ŀǊǝŬŎƛŀƭ ǎǳƴƭƛƎƘǘ ǎǇŜŎǘǊǳƳΦ ό!ύ CǊŜǎƘ ƳŀǧŜǊ 
ȅƛŜƭŘǎ ƛƴ ƎǊŀƳ Ǉƭŀƴǘҍм ǇŜǊ ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŀƴŘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ όb Ґ нсфύΦм ό.ύ 5Ǌȅ ƳŀǧŜǊ ȅƛŜƭŘǎ ƛƴ ƎǊŀƳ 
Ǉƭŀƴǘҍм ǇŜǊ ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŀƴŘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ όb Ґ нтлύΦм ό/ύ [ŜŀŦ ŘǊȅ ƳŀǧŜǊ ƛƴ ƎǊŀƳ Ǉƭŀƴǘҍм ǇŜǊ ƭƛƎƘǘ 
ǎǇŜŎǘǊŀ ŀƴŘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ όb Ґ нссύΦм  
м tǊŜǎŜƴǘŜŘ ŀǊŜ ƳƛƴƛƳǳƳΣ нрǘƘ ǇŜǊŎŜƴǝƭŜΣ ƳŜŘƛŀƴΣ трǘƘ ǇŜǊŎŜƴǝƭŜ ŀƴŘ ƳŀȄƛƳǳƳ ȅƛŜƭŘǎ ŀǎ ǿŜƭƭ ŀǎ ƻǳǘƭƛŜǊǎ 
όōƭŀŎƪ Řƻǘǎύ ƻŦ ŀƭƭ ŀǎǎŜǎǎŜŘ ǇŜǇǇŜǊƳƛƴǘ Ǉƭŀƴǘǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ όƴ Ґ нфςол Ǉƭŀƴǘǎ 
ǇŜǊ ǊŜǇƭƛŎŀǝƻƴύΦ hǊŘƛƴŀǊȅ ƻƴŜπǿŀȅ !bh±! ǿƛǘƘ ǘƘŜ ƳŜŀƴǎ ƻŦ ŜŀŎƘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ǿŀǎ ǳǎŜŘ ǘƻ ǘŜǎǘ ŦƻǊ 
ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ όƴǎΥ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘύΦ 
 

оΦс /ƻƳǇƻǎƛǝƻƴΣ ŎƻƴǘŜƴǘ ŀƴŘ ȅƛŜƭŘ ƻŦ ŜǎǎŜƴǝŀƭ ƻƛƭ 

!ƴŀƭȅǎƛǎ ƻŦ ǇŜǇǇŜǊƳƛƴǘ ƻƛƭǎ ŜƴŀōƭŜŘ ǘƘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ нп 9h ŎƻƳǇƻǳƴŘǎ ό¢ŀōƭŜ мсύΦ ²ƘƛƭŜ 9h ȅƛŜƭŘǎ 

ǊŜƳŀƛƴŜŘ ǳƴŀũŜŎǘŜŘΣ 9h ŎƻƳǇƻǎƛǝƻƴǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜŘ ōŜǘǿŜŜƴ ǘƘŜ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ŀǇǇƭƛŜŘΦ ²ƘƛƭŜ 

ŘŜǎƛǊŜŘ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ ƳŜƴǘƘƻƴŜ ŀƴŘ ƛǎƻπƳŜƴǘƘƻƴŜ ŀǎ ǿŜƭƭ ŀǎ ǇƛǇŜǊƛǘƻƴŜ ŀƴŘ ǇƛǇŜǊƛǘŜƴƻƴŜ ǿŜǊŜ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ƎǊŜŀǘŜǊ ǳƴŘŜǊ ǘƘŜ {¦b ŀƴŘ w. ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ ǘƘŜ ǳƴŘŜǎƛǊŜŘ ŎƻƳǇƻǳƴŘǎ 

ǇǳƭŜƎƻƴŜ ŀƴŘ ƳŜƴǘƘƻŦǳǊŀƴ ǿŜǊŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ƎǊŜŀǘŜǊ ƛƴ ǇŜǇǇŜǊƳƛƴǘǎ ƎǊƻǿƴ ǳƴŘŜǊ ǘƘŜ wD. ƭƛƎƘǘ 

ǘǊŜŀǘƳŜƴǘΦ CǳǊǘƘŜǊΣ ŀƭƭ [95 ƭƛƎƘǘ ǘǊŜŀǘŜŘ Ǉƭŀƴǘǎ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀƴ ŀǘȅǇƛŎŀƭ 9h ŎƻƳǇƻǎƛǝƻƴ ŦƻǊ 

aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ ǾŀǊΦ ǇƛǇŜǊƛǘŀ ŎǾΦ aǳƭǝƳŜƴǘƘŀ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ƛǘǎ ŎƻƳƳƻƴ 9h ŎƻƳǇƻǎƛǝƻƴ ŘŜǘŜŎǘŜŘ 

ǳƴŘŜǊ ŬŜƭŘ ŎƻƴŘƛǝƻƴǎ ό¢ŀōƭŜ мтΤ {ŎƘǳƭȊ Ŝǘ ŀƭΦΣ мфффΤ {ŎƘǳƭȊ ŀƴŘ YǊǸƎŜǊΣ мфффΤ 5ŀǎ .ǳƴŘŜǎǎƻǊǘŜƴŀƳǘΣ нллнΤ 

tŀƴƪ Ŝǘ ŀƭΦΣ нлмоύΦ ²ƛǘƘ ǇǳƭŜƎƻƴŜ ŀƴŘ ƳŜƴǘƘƻŦǳǊŀƴ ŀǎ ǘƘŜ ŘƻƳƛƴŀǝƴƎ 9h ŎƻƳǇƻƴŜƴǘǎ όŀƴŘ ƻƴƭȅ ǎƳŀƭƭ 

ŀƳƻǳƴǘǎ ƻŦ ƳŜƴǘƘƻƴŜ ŀƴŘ ƳŜƴǘƘƻƭύ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ ŀƭƭ ǘƘǊŜŜ [95 ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΣ ǘƘŜƛǊ 9h ŎƻƳǇƻǎƛǝƻƴǎ 

ŘƛũŜǊ ǎƛƎƴƛŬŎŀƴǘƭȅ ŦǊƻƳ ǘƘŜ ǘȅǇƛŎŀƭƭȅ ƳŜƴǘƘƻƴŜ ŀƴŘ ƳŜƴǘƘƻƭ ŜƴǊƛŎƘŜŘ 9hǎ ƻŦ ǘƘƛǎ ŎǳƭǝǾŀǊ ǳƴŘŜǊ ŬŜƭŘ 

ŎƻƴŘƛǝƻƴǎΦ
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Table 16 ς Effect of three light qualities on the chemical composition of 24 identified essential oil compounds, essential oil content and yield 
of Mentha x piperita var. piperita cv. Multimentha. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
wL Ґ wŜǘŜƴǝƻƴ ƛƴŘŜȄΣ wa Ґ wŜŦŜǊŜƴŎŜ ƳŀǘŜǊƛŀƭΣ a{ Ґ aŀǎǎ ǎǇŜŎǘǊŀΣ w. Ґ wŜŘκ.ƭǳŜΣ wD. Ґ wŜŘκDǊŜŜƴκ.ƭǳŜΣ {¦b Ґ ŀǊǝŬŎƛŀƭ ǎǳƴƭƛƎƘǘ ǎǇŜŎǘǊǳƳ 

No. Compound RI Samples1 Identification RB RGB SUN p-value2 

    Percent (%) of total essential oil composition3  

1 -hPinene 1030 RM, MS 0.45 ± 0.03a 0.48 ± 0.04b 0.45 ± 0.06ab 0.03 
2 -̡Pinene 1120 RM, MS 0.73 ± 0.03a 0.77 ± 0.04b 0.73 ± 0.06a 0.01 
3 Sabinene 1132 RM, MS 0.38 ± 0.02a 0.40 ± 0.02b 0.40 ± 0.03ab 0.01 
4 -̡Myrcene 1175 RM, MS 0.42 ± 0.03a 0.45 ± 0.03b 0.45 ± 0.04b 0.02 
5 Limonene 1212 RM, MS 0.36 ± 0.06 0.42 ± 0.06 0.44 ± 0.06 0.06 (ns) 
6 1,8-Cineole 1221 RM, MS 2.52 ± 0.18 2.54 ± 0.19 2.49 ± 0.23 0.91 (ns) 
7 Trans- -̡Ocimene 1248 RM, MS 0.15 ± 0.02 0.13 ± 0.02 0.14 ± 0.02 0.16 (ns) 
8 3-Octanol 1404 RM, MS 0.18 ± 0.03 0.17 ± 0.02 0.16 ± 0.02 0.16 (ns) 
9 Menthone 1480 RM, MS 26.57 ± 3.14a 19.72 ± 3.94b 28.87 ± 3.53a  0.01 
10 Menthofuran 1502 RM, MS 16.90 ± 1.25ab 18.19 ± 1.06a 15.20 ± 1.92b 0.02 
11 Iso-Menthone 1508 RM, MS 1.75 ± 0.18a 1.39 ± 0.20b 1.96 ± 0.21a  0.01 
12 Linalool 1561 RM, MS 0.26 ± 0.03 0.28 ± 0.03 0.33 ± 0.04 0.06 (ns) 
13 Cis-Isopulegone 1591 MS 0.64 ± 0.08 0.75 ± 0.10 0.60 ± 0.08 0.07 (ns) 
14 Trans-Isopulegone 1603 MS 0.38 ± 0.02 0.37 ± 0.02 0.37 ± 0.02 0.12 (ns) 

15/16 
-̡Caryophyllene &  

Neo-Menthol 
1611 
1615 

RM, MS 
RM, MS 

1.09 ± 0.29ab 0.89 ± 0.27a 1.33 ± 0.32b 0.05 

17 Menthol 1654 RM, MS 1.21 ± 0.31 0.85 ± 0.26 1.05 ± 0.25 0.07 (ns) 
18 Pulegone 1665 RM, MS 43.06 ± 3.42a 49.72 ± 4.36b 41.41 ± 3.25a  0.01 
19 -ɻTerpineol 1687 MS 0.16 ± 0.02 0.15 ± 0.02 0.17 ± 0.03 0.24 (ns) 
20 Trans-Verbenol 1693 MS 0.09 ± 0.06 0.11 ± 0.04 0.09 ± 0.06 0.30 (ns) 
21 -hTerpineol 1712 RM, MS 0.15 ± 0.01 0.17 ± 0.01 0.17 ± 0.01 0.06 (ns) 
22 Germacrene D 1724 RM, MS 0.95 ± 0.27ab 0.79 ± 0.29a 1.12 ± 0.26b 0.05 
23 Piperitone 1745 RM, MS 0.24 ± 0.04a 0.17 ± 0.04b 0.26 ± 0.05a  0.01 
24 Piperitenone 1941 RM, MS 0.24 ± 0.03a 0.26 ± 0.03ab 0.27 ± 0.03b  0.01  

 TOTAL [%]4   98.89 ± 0.34 99.19 ± 0.45 98.66 ± 1.03  

 EO content [%]5   3.21 ± 0.55 3.20 ± 0.54 3.21 ± 0.55 0.99 (ns) 
 EO yield [mg shelf-1]6   65.45 ± 9.63 59.85 ± 6.78 55.83 ± 8.37 0.42 (ns)7 
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м tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ wLǎ ƻŦ ǎŀƳǇƭŜǎ ǳƴŘŜǊ D/πCL5 ŎƻƴŘƛǝƻƴǎ όŘŜǾƛŀǝƻƴ ƻŦ wLǎ ǳƴŘŜǊ D/πa{ ŎƻƴŘƛǝƻƴǎ ǿŜǊŜ Җ лΦр ҈ύΦ  
н {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ƴŜǎǘŜŘ ƻƴŜπǿŀȅ !bh±! ǘŜǎǘ όƴǎ Ґ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘύΦ ²ƘŜƴ ǎƛƎƴƛŬŎŀƴǘΣ ¢ǳƪŜȅΩǎ 
ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŦƻƭƭƻǿŜŘ όŘƛũŜǊŜƴǘ ƭŜǧŜǊǎ ǿƛǘƘƛƴ ŀ Ǌƻǿ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ŀǘ фр ҈ ŎƻƴŬŘŜƴŎŜ ƛƴǘŜǊǾŀƭύ όb Ґ тнΣ ƴ 
Ґ у ŜǎǎŜƴǝŀƭ ƻƛƭǎ ǇŜǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘύΦ 
о tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ ŜǎǎŜƴǝŀƭ ƻƛƭ ŎƻƳǇƻǳƴŘǎ ҕ ǘƘŜƛǊ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴǎ ƻŦ ŀƭƭ ŀƴŀƭȅȊŜŘ ǇŜǇǇŜǊƳƛƴǘ ƻƛƭǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb Ґ тнΣ ƴ Ґ нп 
ŜǎǎŜƴǝŀƭ ƻƛƭǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘύΦ  
п tŜǊŎŜƴǘŀƎŜ ǊŜǇǊŜǎŜƴǘǎ ǘƻǘŀƭ ƻŦ ƛŘŜƴǝŬŜŘ ŎƻƳǇƻǳƴŘǎΦ ό¢ǊŀŎŜǎ ƻŦ ŜƛƎƘǘ ǳƴƛŘŜƴǝŬŜŘ ŀƴŘ ǘǊŀŎŜǎ ƻŦ ǘŜƴ ƛŘŜƴǝŬŜŘ ŎƻƳǇƻǳƴŘǎ όƴŀƳŜƭȅ πɹ¢ŜǊǇƛƴŜƴŜ όwL мнруΣ waΣ 
a{ όфл҈ύмΣнύΣ мπhŎǘŜƴπоπƻƭ όwL мпсоΣ waΣ a{ όпн҈ύύΣ aŜǘƘȅƭ ŀŎŜǘŀǘŜ όwL мртуΣ waΣ a{ όтс҈ύύΣ ¢ŜǊǇƛƴŜƴπпπƻƭ όwL мсмуΣ waΣ a{ όфс҈ύύΣ ¢Ǌŀƴǎπ̡πCŀǊƴŜǎŜƴŜ όwL мстфΣ 
waΣ a{ όпн ҈ύύΣ LǎƻǇƛǇŜǊƛǘŜƴƻƴŜ ϧ /ŀǊǾƻƴŜ όŎƻπŜƭǳŘŜŘΥ a{ όоу҈ύ ŀƴŘ a{ όрф҈ύ ǊŜǎǇŜŎǝǾŜƭȅύΣ /ŀǊȅƻǇƘȅƭƭŜƴŜ ƻȄƛŘŜ όwL мфффΣ waΣ a{ όпм҈ύύΣ ±ƛǊƛŘƛƅƻǊƻƭ όwL нлфуΣ 
waΣ a{ όфо҈ύύΣ {ǇŀǘƘǳƭŜƴƻƭ όwL нмпмΣ a{ όус҈ύύύ ŀǊŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ ǘŀōƭŜΦύ  
р 9h ŎƻƴǘŜƴǘ Ґ 9ǎǎŜƴǝŀƭ ƻƛƭ ŎƻƴǘŜƴǘΤ ǇŜǊŎŜƴǘŀƎŜ ό҈ύ ƛǎ ōŀǎŜŘ ƻƴ ƘȅŘǊƻπŘƛǎǝƭƭŜŘ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊ όǿκǿύΦ   
с 9h ȅƛŜƭŘ Ґ 9ǎǎŜƴǝŀƭ ƻƛƭ ȅƛŜƭŘΤ 9h ȅƛŜƭŘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ ŜǎǎŜƴǝŀƭ ƻƛƭ όƳƎύ ǇŜǊ ǎƘŜƭŦ όлΦс ƳнύΦ 
т {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ƻǊŘƛƴŀǊȅ ƻƴŜπǿŀȅ !bh±! ǘŜǎǘ όƴǎ Ґ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘύ όb Ґ фΣ ƴ Ґ о ǇŜǊ ƭƛƎƘǘ 
ǘǊŜŀǘƳŜƴǘύΦ
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¢ŀōƭŜ мт ς 9ǎǎŜƴǝŀƭ ƻƛƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ ǾŀǊΦ ǇƛǇŜǊƛǘŀ ŎǾΦ aǳƭǝƳŜƴǘƘŀм ŘŜǘŜŎǘŜŘ 
ǳƴŘŜǊ ŬŜƭŘ ŎƻƴŘƛǝƻƴǎ ŀǘ Wǳƭƛǳǎ YǸƘƴ LƴǎǝǘǳǘŜΣ .ŜǊƭƛƴΣ DŜǊƳŀƴȅнΦ 

wL Ґ wŜǘŜƴǝƻƴ ƛƴŘŜȄΣ 9h Ґ 9ǎǎŜƴǝŀƭ ƻƛƭΦ 
м ¢ƘŜ ŬŜƭŘπƎǊƻǿƴ ǇŜǇǇŜǊƳƛƴǘ ƛǎ ƎŜƴŜǝŎŀƭƭȅ ƛŘŜƴǝŎŀƭ ǘƻ ǘƘŜ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ ǾŀǊΦ ǇƛǇŜǊƛǘŀ ŎǾΦ aǳƭǝƳŜƴǘƘŀ ǳǎŜŘ 
ŘǳǊƛƴƎ ǘƘŜ [95 ƭƛƎƘǘ ŜȄǇŜǊƛƳŜƴǘΦ 
н ¢ƘŜ ǘŜǎǘ ǎƛǘŜ ƛǎ ƭƻŎŀǘŜŘ ŀǘ рнΦрϲbΣмоΦоϲ9 ŀƴŘ пр ƳŜǘŜǊǎ ŀōƻǾŜ ǎŜŀ ƭŜǾŜƭΦ ¢ƘŜ ǎƻƛƭ όƭƻŀƳȅ ǎŀƴŘ ǿƛǘƘ ǇŀǊǘƭȅ ŎƘǊƻƳƛŎ 
ƭǳǾƛǎƻƭǎ ƻǾŜǊ ŀ ǘƘƛŎƪ ƭŀȅŜǊ ƻŦ Ŏƭŀȅ ƛƴ ǘǿƻπƳŜǘŜǊ ŘŜǇǘƘύ Ƙŀǎ ŀ ǎƻƛƭ ǉǳŀƭƛǘȅ ƻŦ осπпс ƎǊƻǳƴŘ ǇƻƛƴǘǎΦ ¢ƘŜ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ 
ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǇǊŜŎƛǇƛǘŀǝƻƴ ŀǊŜ уΦу ϲ/ ŀƴŘ Ϥслл ƳƛƭƭƛƳŜǘŜǊǎΣ ǊŜǎǇŜŎǝǾŜƭȅΦ 
о tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ wLǎ ƻŦ ǎŀƳǇƭŜǎ ǳƴŘŜǊ D/πCL5 ŎƻƴŘƛǝƻƴǎ όŘŜǾƛŀǝƻƴ ƻŦ wLǎ ǳƴŘŜǊ D/πa{ ŎƻƴŘƛǝƻƴǎ ǿŜǊŜ Җ 
лΦтн ҈ύΦ  
п tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ ŜǎǎŜƴǝŀƭ ƻƛƭ ŎƻƳǇƻǳƴŘǎ ҕ ǘƘŜƛǊ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴǎ ƻŦ ŦƻǳǊ ŀƴŀƭȅȊŜŘ 
ǇŜǇǇŜǊƳƛƴǘ ƻƛƭǎ ƎǊƻǿƴ ǳƴŘŜǊ ŬŜƭŘ ŎƻƴŘƛǝƻƴǎ ŀǘ Wǳƭƛǳǎ YǸƘƴ LƴǎǝǘǳǘŜΣ .ŜǊƭƛƴΣ DŜǊƳŀƴȅΦ  
р tŜǊŎŜƴǘŀƎŜ ǊŜǇǊŜǎŜƴǘǎ ǘƻǘŀƭ ƻŦ ƛŘŜƴǝŬŜŘ ŎƻƳǇƻǳƴŘǎ όǘǊŀŎŜǎ ƻŦ ŜƛƎƘǘ ǳƴƛŘŜƴǝŬŜŘ ŀƴŘ ǘǊŀŎŜǎ ƻŦ ǘŜƴ ƛŘŜƴǝŬŜŘ 
ŎƻƳǇƻǳƴŘǎΣ ƴŀƳŜƭȅ πɹǘŜǊǇƛƴŜƴŜ όwL мнрсύΣ ŎƛǎπоπƘŜȄŜƴŀƭ όwL мпллύΣ π̡ōƻǳǊōƻƴŜƴŜ όwL мрнсύΣ ƳŜǘƘȅƭ ŀŎŜǘŀǘŜ όwL 
мртпύΣ π̡ŜƭŜƳŜƴŜ όwL мслрύΣ ǘŜǊǇƛƴŜƴπпπƻƭ όwL мсмтύΣ ƴŜƻπƛǎƻπƳŜƴǘƘƻƭ όwL мсппύΣ πɻǘŜǊǇƛƴŜƻƭ όwL мсутύΣ 
ōƛŎȅŎƭƻƎŜǊƳŀŎǊŜƴŜ όwL мтпоύ ŀƴŘ ǾƛǊƛŘƛƅƻǊƻƭ όwL нлфсύ ŀǊŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ ǘŀōƭŜύΦ 

 

 

пΦ 5ƛǎŎǳǎǎƛƻƴ 

!ǎ ƪƴƻǿƴ ŦǊƻƳ ǊŜŎŜƴǘ ǎǘǳŘƛŜǎ ƻƴ ǘƘŜ ƛƳǇŀŎǘ ƻŦ D ǿŀǾŜƭŜƴƎǘƘǎ ƛƴŘǳŎƛƴƎ ǎǘŜƳ ŜƭƻƴƎŀǝƻƴǎ ŀƴŘ ƭŜŀŦ 

ŜȄǇŀƴǎƛƻƴǎ ƛƴ ōŀǎƛƭ ŀƴŘ ǘƻƳŀǘƻ όYŀƛǎŜǊ Ŝǘ ŀƭΦΣ нлмфΤ {ŎƘŜƴƪŜƭǎ Ŝǘ ŀƭΦΣ нлнлύΣ w. ǊŜǎǳƭǘŜŘ ƛƴ ŀ ŎƻƳǇŀŎǘ 

ǇŜǇǇŜǊƳƛƴǘ ƎǊƻǿǘƘΣ ǿƘŜǊŜŀǎ ōƻǘƘ DπŎƻƴǘŀƛƴƛƴƎ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ƛƴŘǳŎŜŘ ǎǘŜƳ ŀƴŘ ǎƛŘŜ ōǊŀƴŎƘ ŜƭƻƴƎŀǝƻƴǎ 

ŀǎ ǿŜƭƭ ŀǎ ǎƛƎƴƛŬŎŀƴǘ ŜȄǇŀƴǎƛƻƴ ƻŦ ǘƻǇ ƭŜŀǾŜǎ ƛƴ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀΦ /ƻƴǘǊŀǊȅ ǘƻ ƻǳǊ ŜȄǇŜŎǘŀǝƻƴǎΣ ǘƘŜǎŜ 

ǇǊƻŦƻǳƴŘ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŘƛũŜǊŜƴŎŜǎ ǿŜǊŜ ƴƻǘ ŀŎŎƻƳǇŀƴƛŜŘ ǿƛǘƘ ōƛƻƳŀǎǎ ŀƴŘ 9h ȅƛŜƭŘ ƛƴŎǊŜŀǎŜǎ ŀǘ ǘƘŜ 

ǝƳŜ ƻŦ ƘŀǊǾŜǎǘΦ IƻǿŜǾŜǊΣ ǘƘŜ ōǊƻŀŘ {¦b ǎǇŜŎǘǊǳƳ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ w. ǎǇŜŎǘǊǳƳ ǎƛƎƴƛŬŎŀƴǘƭȅ ŀũŜŎǘŜŘ ǘƘŜ 

No. Compound RI Samples3 Percent (%) of total EO composition4 

1 -hPinene 1028 0.34 ± 0.07 
2 -̡Pinene 1116 0.51 ± 0.06 
3 Sabinene 1129 0.33 ± 0.03 
4 -̡Myrcene 1174 0.38 ± 0.04 
5 Limonene 1209 0.41 ± 0.18 
6 1,8-Cineole 1216 3.13 ± 0.35 
7 Trans- -̡Ocimene 1246 0.50 ± 0.06 
8 3-Octanol 1406 0.32 ± 0.02 
9 Menthone 1476 51.53 ± 4.40 
10 Menthofuran 1497 2.42 ± 0.90 
11 Iso-Menthone 1503 3.83 ± 0.01 
12 Linalool 1563 0.23 ± 0.06 

13/14 
-̡Caryophyllene & 

Neo-Menthol 
1611 
1615 

2.57 ± 0.33 

15 Menthol 1655 25.78 ± 5.01 
16 Pulegone 1659 1.33 ± 0.89 
17 Germacrene D 1717 1.32 ± 0.07 
18 Piperitone 1739 1.30 ± 0.14 

TOTAL [%]5   96.22 ± 0.003 
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ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ 9hǎ ōȅ ŀŎŎŜƭŜǊŀǝƴƎ ǘƘŜ ǊŜŘǳŎǝƻƴ ƻŦ ǇǳƭŜƎƻƴŜ ǘƻ ƳŜƴǘƘƻƴŜ όŀƴŘ ƛǎƻπƳŜƴǘƘƻƴŜύΣ 

ǊŜǇǊŜǎŜƴǝƴƎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǉǳŀƭƛǘȅπŘŜǘŜǊƳƛƴƛƴƎ ǘǊŀƴǎŦƻǊƳŀǝƻƴ ǎǘŜǇ ŘǳǊƛƴƎ ƳŜƴǘƘƻƭ ōƛƻǎȅƴǘƘŜǎƛǎΦ 

 

пΦм tƭŀƴǘ ƘŜƛƎƘǘ 

Lǘ ƛǎ ǿŜƭƭ ŘƻŎǳƳŜƴǘŜŘ ǘƘŀǘ . ƭƛƎƘǘ ƛƴƘƛōƛǘǎ ƘȅǇƻŎƻǘȅƭ ƎǊƻǿǘƘ ŀƴŘ ǎǘŜƳ ŜƭƻƴƎŀǝƻƴ ό{ŜƭƭŀǊƻ Ŝǘ ŀƭΦΣ нлмлΤ 

tŜŘƳŀƭŜ Ŝǘ ŀƭΦΣ нлмсύΣ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ŘƛũŜǊŜƴǘ w ƭƛƎƘǘ ǇǊƻǇƻǊǝƻƴǎ όIŜǊƴŀƴŘŜȊ ŀƴŘ Yǳōƻǘŀ нлмсΤ {ǇŀƭƘƻƭȊ 

Ŝǘ ŀƭΦΣ нлнлύΦ ¢ƘŜǎŜ ƻōǎŜǊǾŀǝƻƴǎ ŎƻƛƴŎƛŘŜ ǿƛǘƘ ƻǳǊ ŬƴŘƛƴƎǎ ŀǎ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘǎ ŘŜǾŜƭƻǇŜŘ ŀ ƳƻǊŜ ŎƻƳǇŀŎǘ 

ǇƘŜƴƻǘȅǇŜ ǳƴŘŜǊ w. ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ wD. ŀƴŘ {¦bΦ ¢ƻ ǘƘŜ ŎƻƴǘǊŀǊȅΣ ƭƻǿ .κD Ǌŀǝƻǎ ŀǎ ǿŜƭƭ ŀǎ ƭƻǿ wκCw 

Ǌŀǝƻǎ ŀǊŜ ōƻǘƘ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ƪƴƻǿƴ ǘƻ ŜƭƻƴƎŀǘŜ ǎǘŜƳǎ ƛƴ ŀ ǾŀǊƛŜǘȅ ƻŦ ǇƭŀƴǘǎΣ ǊŜǇǊŜǎŜƴǝƴƎ ŀ ǘȅǇƛŎŀƭ Ǉƭŀƴǘ 

ŀŘŀǇǘŀǝƻƴ ƪƴƻǿƴ ŀǎ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǎȅƳǇǘƻƳ ƛƴ ƻǊŘŜǊ ǘƻ ƛƴŎǊŜŀǎŜ ƭƛƎƘǘ ŎŀǇǘǳǊŜ όCǊŀƴƪƭƛƴ нллуΤ ½ƘŀƴƎ 

Ŝǘ ŀƭΦΣ нлммΤ {ƳƛǘƘ Ŝǘ ŀƭΦΣ нлмтύΦ CƻǊ ŜȄŀƳǇƭŜΣ D ƛƴŘǳŎŜŘ ŜȄǘǊŜƳŜ ǎǘŜƳ ŀƴŘ ōǊŀƴŎƘ ŜƭƻƴƎŀǝƻƴǎ ǳƴŘŜǊ ƭƻǿ 

.κD Ǌŀǝƻǎ ƛƴ !ǊŀōƛŘƻǇǎƛǎΣ ōŀǎƛƭΣ ǘƻƳŀǘƻ ŀƴŘ ŘƛũŜǊŜƴǘ ƭŜǧǳŎŜ ŎǳƭǝǾŀǊǎ ό{ŜƭƭŀǊƻ Ŝǘ ŀƭΦΣ нлмлΤ ½ƘŀƴƎ Ŝǘ ŀƭΦΣ 

нлммΤ YŀƛǎŜǊ Ŝǘ ŀƭΦΣ нлмфΤ {ŎƘŜƴƪŜƭǎ Ŝǘ ŀƭΦΣ нлнлΤ {ǇŀƭƘƻƭȊ Ŝǘ ŀƭΦΣ нлнлύΦ !ƭǎƻΣ ƭƻǿ wκCw Ǌŀǝƻǎ ƘŀǾŜ ōŜŜƴ 

ǊŜǇƻǊǘŜŘ ǘƻ ƛƴŘǳŎŜ ǎǘŜƳ ŜƭƻƴƎŀǝƻƴǎ ŜΦƎΦ ƛƴ !ǊŀōƛŘƻǇǎƛǎΣ ōŀǎƛƭ ŀƴŘ ǎǉǳŀǎƘ ό¸ŀƴƎ Ŝǘ ŀƭΦΣ нлмнΤ /ŀǊǾŀƭƘƻ Ŝǘ 

ŀƭΦΣ нлмсΤ tŜŘƳŀƭŜ Ŝǘ ŀƭΦΣ нлмсύΦ Lƴ ƻǳǊ ǎǘǳŘȅ ƘƻǿŜǾŜǊΣ ǘƘŜ ŜȄŎŜǎǎƛǾŜ ǎǘŜƳ ŀƴŘ ǎƛŘŜ ōǊŀƴŎƘ ŜƭƻƴƎŀǝƻƴǎ 

ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ wD. ŀƴŘ {¦b ŎƻƳǇŀǊŜŘ ǘƻ w. ŀǊŜ ƭƛƪŜƭȅ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ƘƛƎƘ D ƅǳŜƴŎŜ ǊŀǘŜǎ ǘƘŜ 

ǇŜǇǇŜǊƳƛƴǘǎ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ όƭƛƪŜƭȅ ōȅ ǎǘǊƻƴƎƭȅ ǎǝƳǳƭŀǝƴƎ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ƘȅǇƻŎƻǘȅƭ ƎǊƻǿǘƘπ

ǇǊƻƳƻǝƴƎ ƎŜƴŜǎ ŀǎ ǇǊƻǇƻǎŜŘ ōȅ tŜŘƳŀƭŜ Ŝǘ ŀƭΦΣ нлмсύΦ ¢Ƙŀǘ ǘƘŜ ǎǳǇǇƭƛŜŘ Cw ƭƛƎƘǘ ǳƴŘŜǊ {¦b ƘŀŘ ƴƻ 

ŀŘŘƛǝƻƴŀƭ ǎǘŜƳπ ƻǊ ōǊŀƴŎƘπŜƭƻƴƎŀǝƴƎ ŜũŜŎǘ ƻƴ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘǎ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ wD. ƭŀŎƪƛƴƎ Cw Ŏŀƴ 

ōŜ ŀǧǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǎǇŜŎƛŬŎ wκCw Ǌŀǝƻ ƻŦ нΦн ǳǎŜŘ ƛƴ ƻǳǊ ǎǘǳŘȅΦ .ŀǎŜŘ ƻƴ ǘƘŜ ǇƘȅǘƻŎƘǊƻƳŜπƳŜŘƛŀǘŜŘ 

ƳƻŘŜƭΣ ǘƘŜ {¦bπǘǊŜŀǘŜŘ ǇŜǇǇŜǊƳƛƴǘǎ ŀōǎƻǊōŜŘ ƳƻǊŜ w ǘƘŀƴ Cw ǇƘƻǘƻƴǎΦ ¢ƘǳǎΣ ǘƘŜ ƛƴǾƻƭǾŜŘ ǇƘȅǘƻŎƘǊƻƳŜπ

ǇƘƻǘƻǊŜŎŜǇǘƻǊ όtƘȅ.ύ ǊŜƳŀƛƴŜŘ ƛƴ ƛǘǎ ŀŎǝǾŜ wπŀōǎƻǊōƛƴƎ ŦƻǊƳΣ ǿƘƛŎƘ ǊŜǎǘǊƛŎǘǎ ŜƭƻƴƎŀǝƻƴ όōȅ ƛƴƘƛōƛǝƴƎ 

ǇƘȅǘƻŎƘǊƻƳŜπƛƴǘŜǊŀŎǝƴƎ ŦŀŎǘƻǊ όtLCύ ŀŎǝǾƛǘȅ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ǘƘŜ ŜƭƻƴƎŀǝƻƴπǇǊƻƳƻǝƴƎ 

ǇƘȅǘƻƘƻǊƳƻƴŜ ŀǳȄƛƴ όCǊŀƴƪƘŀǳǎŜǊ ŀƴŘ .ŀǘǎŎƘŀǳŜǊ нлмсύύΦ 

 

пΦн [ŜŀŦ ƎǊƻǿǘƘ ŀƴŘ ŜȄǇŀƴǎƛƻƴ 

tŜǇǇŜǊƳƛƴǘ ƭŜŀǾŜǎ ƻŦ ǘƘŜ ǳǇǇŜǊ ŎŀƴƻǇȅ ƭŜǾŜƭ όŬǊǎǘ ǘƻ ǘƘƛǊŘ ƭŜŀŦ ǇŀƛǊǎ ŦǊƻƳ ǘƘŜ ǘƻǇύ ǊŜŀŎƘŜŘ ƭŜƴƎǘƘǎ 

ōŜǘǿŜŜƴ рΦт ŀƴŘ тΦр ŎƳ ǳƴŘŜǊ ŀƭƭ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎΣ ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǳǇǇŜǊ ǎƛȊŜ ǊŀƴƎŜ ŘŜǎŎǊƛōŜŘ ŦƻǊ 

ǇŜǇǇŜǊƳƛƴǘΦ !ǎ ǊŜǾƛŜǿŜŘ ōȅ aŀƘŜƴŘǊŀƴ ŀƴŘ wŀƘƳŀƴ όнлнлύΣ ƭŜŀǾŜǎ ƻŦ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ ŀǊŜ ǳǎǳŀƭƭȅ 

ōŜǘǿŜŜƴ н ŀƴŘ т ŎƳ ƭƻƴƎΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴ ǊŜǎǇƻƴǎŜǎ ŘǳŜ ǘƻ ǘƘŜ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ŀǇǇƭƛŜŘΣ ŀƴŘ 

ǊŜǇǊŜǎŜƴǘǎ ŀƴƻǘƘŜǊ ǘȅǇƛŎŀƭ ǎƘŀŘŜ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜ ƻŦ ǘƘŜ ȅƻǳƴƎ ǇŜǇǇŜǊƳƛƴǘǎ όCǊŀƴƪƭƛƴ нллуΤ ½ƘŀƴƎ Ŝǘ 

ŀƭΦΣ нлммΤ {ƳƛǘƘ Ŝǘ ŀƭΦΣ нлмтύΦ  



/I!t¢9w о  aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ 

мрм 
 

CǳǊǘƘŜǊƳƻǊŜΣ ǎƛƎƴƛŬŎŀƴǘ ǘǊŜŀǘƳŜƴǘ ŘƛũŜǊŜƴŎŜǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƻƴ ǘƘŜ Ŧǳƭƭȅ ŜȄǇŀƴŘŜŘ ǘƻǇ ƭŜŀǾŜǎΣ 

ŀǎ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘǎΩ ǘƻǇ ƭŜŀǾŜǎ ǳƴŘŜǊ wD. ŀƴŘ {¦b ǿŜǊŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ƭƻƴƎŜǊ ŀƴŘ ǿƛŘŜǊ ǘƘŀƴ ǘƘŜ ǘƻǇ ƭŜŀǾŜǎ 

ŜȄǇƻǎŜŘ ǘƻ w.Φ ¢Ƙƛǎ ƻǳǘŎƻƳŜ ƛǎ ƛƴ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ƳǳƭǝǇƭŜ ǎǘǳŘƛŜǎ ǘƘŀǘ ǊŜǇƻǊǘŜŘ ƛƴŎǊŜŀǎŜŘ ƭŜŀŦ ŀǊŜŀǎ ǿƘŜƴ 

w. ǎǇŜŎǘǊŀ ǿŜǊŜ ŜƛǘƘŜǊ ǇŀǊǝŀƭƭȅ ǊŜǇƭŀŎŜŘ ǿƛǘƘ D ƭƛƎƘǘ ƻǊ ŎƻƳǇŀǊŜŘ ǘƻ ōǊƻŀŘ ǿƘƛǘŜ ƭƛƎƘǝƴƎ ŎƻƴŘƛǝƻƴǎ ŦƻǊ ŀ 

ǾŀǊƛŜǘȅ ƻŦ Ǉƭŀƴǘ ǎǇŜŎƛŜǎ ό½ƘŀƴƎ Ŝǘ ŀƭΦΣ нлммΤ [ƛƴ Ŝǘ ŀƭΦΣ нлмоΤ /ŀǊǾŀƭƘƻ Ŝǘ ŀƭΦΣ нлмсΤ YŀƛǎŜǊ Ŝǘ ŀƭΦΣ нлмфΤ 

{ŎƘŜƴƪŜƭǎ Ŝǘ ŀƭΦΣ нлнлΤ {ǇŀƭƘƻƭȊ Ŝǘ ŀƭΦΣ нлнлύΦ ¢ƘǳǎΣ ǘƘŜ ƎǊŜŀǘŜǊ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ wD. ŀƴŘ 

{¦b ŎƻƳǇŀǊŜŘ ǘƻ ŜȄǇŀƴǎƛƻƴǎ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ w. Ŏŀƴ ōŜ ŀǧǊƛōǳǘŜŘ ǘƻ ǘƘŜ ƭƻǿ .κD Ǌŀǝƻǎ ǎǳǇǇƭƛŜŘ ōȅ wD. 

ŀƴŘ {¦bΦ 

¢ƻ ƛƴǾŜǎǝƎŀǘŜΣ ƛŦ ǘƘŜ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ŀƭǎƻ ǘŀƪŜ ǇƭŀŎŜ ŘŜŜǇŜǊ ǿƛǘƘƛƴ ǘƘŜ ŎŀƴƻǇȅ ƻŦ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘǎΣ 

ǿŜ ŀŘŘƛǝƻƴŀƭƭȅ ƳŜŀǎǳǊŜŘ ǘƘŜ ƭŜƴƎǘƘǎ ŀƴŘ ǿƛŘǘƘǎ ŦǊƻƳ ǘƘŜ ǘƘƛǊŘΣ ŬƊƘ ŀƴŘ ǎŜǾŜƴǘƘ ƭŜŀŦ ǇŀƛǊ ǳƴŘŜǊƴŜŀǘƘΦ 

/ƻƴǘǊŀǊȅ ǘƻ ƻǳǊ ŜȄǇŜŎǘŀǝƻƴΣ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ƭŜŀŦ ǎƛȊŜ ǳƴŘŜǊ ǘƘŜ DπŎƻƴǘŀƛƴƛƴƎ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ŘŜŜǇŜǊ ǿƛǘƘƛƴ 

ǘƘŜ ŎŀƴƻǇȅ όŀǎ D Ŏŀƴ ǇŜƴŜǘǊŀǘŜ ŘŜŜǇŜǊ ƛƴǘƻ ƭŜŀǾŜǎ ŀƴŘ ŎŀƴƻǇƛŜǎ ǘƘŀƴ w ŀƴŘ . ό{ƳƛǘƘ Ŝǘ ŀƭΦΣ нлмтΤ 

{ŀŜƴƎǘƘŀǊŀǝǇ Ŝǘ ŀƭΦΣ нлнлΤ {ŎƘŜƴƪŜƭǎ Ŝǘ ŀƭΦΣ нлнлύύ ǿŀǎ ƴƻǘ ƻōǎŜǊǾŜŘΦ 

 

пΦо .ƛƻƳŀǎǎ ŀŎŎǳƳǳƭŀǝƻƴ 

D Ƙŀǎ ǘƘŜ ǇƻǘŜƴǝŀƭ ǘƻ ŘǊƛǾŜ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ƳƻǊŜ ŜũŜŎǝǾŜƭȅ ǘƘŀƴ w ŀƴŘ . ōȅ ƛƴŎǊŜŀǎƛƴƎ ŎŀǊōƻƴ ŬȄŀǝƻƴ 

ǳƴŘŜǊ ttC5ǎ ƎǊŜŀǘŜǊ ǘƘŀƴ нлл ˃Ƴƻƭ Ƴҍн ǎҍм ƛƴ ǎǇƛƴŀŎƘ ƭŜŀǾŜǎ ό¢ŜǊŀǎƘƛƳŀ Ŝǘ ŀƭΦΣ нллфύΦ ¢ƘǳǎΣ ǎŎƛŜƴǝǎǘǎ 

ƛƴŎǊŜŀǎƛƴƎƭȅ ǊŜŎƻƳƳŜƴŘ ǘƘŜ ƛƴǾŜǎǝƎŀǝƻƴ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ D ƭƛƎƘǘ ƛƴ ƻǊŘŜǊ ǘƻ ƛƴŎǊŜŀǎŜ ōƛƻƳŀǎǎ 

ŀŎŎǳƳǳƭŀǝƻƴǎ ŀƴŘ ȅƛŜƭŘǎ ǳƴŘŜǊ [95πōŀǎŜŘ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ όCƻƭǘŀ нллпΤ {ƳƛǘƘ Ŝǘ ŀƭΦΣ нлмтύΦ IƻǿŜǾŜǊΣ 

ǎǘǳŘƛŜǎ ŘŜǎŎǊƛōƛƴƎ ȅƛŜƭŘ ƛƴŎǊŜŀǎŜǎ ŘǳŜ ǘƻ ƛƴŎƻǊǇƻǊŀǝƻƴ ƻŦ D ƭƛƎƘǘ ŀǊŜ ǎŎŀǊŎŜ ŀƴŘ ǿŜǊŜ ƻƴƭȅ ŦƻŎǳǎŜŘ ƻƴ ŀ 

ŦŜǿ Ǉƭŀƴǘ ǎǇŜŎƛŜǎ όbƻǾƛőƪƻǾŀǎ Ŝǘ ŀƭΦΣ нлмнΤ [ƛƴ Ŝǘ ŀƭΦΣ нлмоΤ {ŎƘŜƴƪŜƭǎ Ŝǘ ŀƭΦΣ нлнлύΦ CƻǊ ƻǘƘŜǊ ǇƭŀƴǘǎΣ ōƛƻƳŀǎǎ 

ƛƴŎǊŜŀǎŜǎ ǿŜǊŜ ƴƻǘ ƻōǎŜǊǾŜŘ ό{ǇŀƭƘƻƭȊ Ŝǘ ŀƭΦΣ нлнлύΣ ǎǳǇǇƻǊǝƴƎ ƻǳǊ ŬƴŘƛƴƎǎΦ bŜƛǘƘŜǊ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘǎΩ 

ŜȄŎŜǎǎƛǾŜ ǎǘŜƳ ŜƭƻƴƎŀǝƻƴǎ ƴƻǊ ǘƘŜ ǇŀǊǝŀƭ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ƛƴ ǘƘŜ ǳǇǇŜǊ ŎŀƴƻǇȅ ƻōǎŜǊǾŜŘ ƛƴ ƻǳǊ ǎǘǳŘȅ 

ǊŜǎǳƭǘŜŘ ƛƴ ǎƛƎƴƛŬŎŀƴǘ ƛƴŎǊŜŀǎŜǎ ƻŦ ŦǊŜǎƘ ƻǊ ŘǊȅ Ƴŀǎǎ ŀŎŎǳƳǳƭŀǝƻƴǎ ŘǳǊƛƴƎ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘǎΩ ŜŀǊƭȅ 

ǾŜƎŜǘŀǝǾŜ ǇƘŀǎŜ ƛƴ ǘƘŜ ŀǳǘƻƳŀǘŜŘ ǾŜǊǝŎŀƭ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳΦ  

aƻǎǘ ƭƛƪŜƭȅΣ ǘƘŜ ǊŜŎŜƛǾŜŘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŜŀǊƭȅ ǝƳŜ ƻŦ ƘŀǊǾŜǎǘ ŎƻƴǎǘǊŀƛƴŜŘ ǘƘŜ 

ŘŜǘŜŎǝƻƴ ƻŦ ǇƻǎǎƛōƭŜ ŘƛũŜǊŜƴŎŜǎ ƛƴ ōƛƻƳŀǎǎ ȅƛŜƭŘǎΦ IƻǿŜǾŜǊΣ ƛǘ ƛǎ ŀƭǎƻ ǇƻǎǎƛōƭŜ ǘƘŀǘ ǘƘŜ ƘƛƎƘ ǾŀǊƛŀōƛƭƛǝŜǎ ƛƴ 

ǘƘŜ ƭƛƎƘǘ ŘƛǎǘǊƛōǳǝƻƴ ǇŀǧŜǊƴǎ ǿƛǘƘƛƴ ŜŀŎƘ ŎǳƭǝǾŀǝƻƴ ǎƘŜƭŦ όŀǎ ŘŜǇƛŎǘŜŘ ƛƴ CƛƎǳǊŜǎ мр.Σ/ύ ƛƴŎǊŜŀǎŜŘ ǘƘŜ 

ǾŀǊƛŀƴŎŜ ƻŦ ōƛƻƳŀǎǎŜǎ ǇŜǊ Ǉƭŀƴǘ ŀƴŘ ǘƘǳǎΣ ƘƛƴŘŜǊŜŘ ǘƘŜ ŘŜǘŜŎǝƻƴ ƻŦ ǎǘŀǝǎǝŎŀƭ ŜũŜŎǘǎΦ 

 

 

 



/I!t¢9w о  aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ 

мрн 
 

пΦп 9ǎǎŜƴǝŀƭ ƻƛƭ 

tŜǇǇŜǊƳƛƴǘǎΩ 9h ŎƻƴǘŜƴǘ ƛƴŎǊŜŀǎŜǎ ǊŀǇƛŘƭȅ ǿƛǘƘ ƭŜŀŦ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǊŜŀŎƘŜǎ ƛǘǎ ƳŀȄƛƳǳƳ ǿƘŜƴ ǘƘŜ ƭŜŀŦ 

ƛǎ Ŧǳƭƭȅ ŜȄǇŀƴŘŜŘΦ ¢ƘǳǎΣ 9h ŦƻǊƳŀǝƻƴ ƻŦ ǇŜǇǇŜǊƳƛƴǘ ƛǎ ǳƴŘŜǊ ǇǊƻƴƻǳƴŎŜŘ ŜƴŘƻƎŜƴƻǳǎ ŎƻƴǘǊƻƭ 

όDŜǊǎƘŜƴȊƻƴ Ŝǘ ŀƭΦΣ нлллΤ aŎ/ƻƴƪŜȅ Ŝǘ ŀƭΦΣ нлллύΦ !ǎ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘǎΩ ƭŜŀŦ ŘŜǾŜƭƻǇƳŜƴǘ ŀǎ ǿŜƭƭ ŀǎ 

ōƛƻƳŀǎǎŜǎ ǊŜƳŀƛƴŜŘ ƛƴŘƛũŜǊŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ ƭƛƎƘǘ ǉǳŀƭƛǝŜǎΣ ƛǘ ǿŀǎ ƴƻǘ ǎǳǊǇǊƛǎƛƴƎ ǘƘŀǘ ǘƻǘŀƭ 9h ȅƛŜƭŘǎ 

ǊŜƳŀƛƴŜŘ ǳƴŀũŜŎǘŜŘ ǳƴŘŜǊ ǘƘŜ ŀǇǇƭƛŜŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎΦ  

bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘŜ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴƅǳŜƴŎŜŘ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ƻōǘŀƛƴŜŘ 9hǎΦ 

¢ƘŜ ōƛƻǎȅƴǘƘŜǝŎ ǇŀǘƘǿŀȅ ƻŦ ǘƘŜ ǉǳŀƭƛǘȅπŘŜǘŜǊƳƛƴƛƴƎ 9h ŎƻƴǎǝǘǳŜƴǘ ƳŜƴǘƘƻƭ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ ǎŜǊƛŜǎ 

ƻŦ ǿŜƭƭπŘŜǎŎǊƛōŜŘ ǘǊŀƴǎŦƻǊƳŀǝƻƴ ǊŜŀŎǝƻƴǎ ό/ǊƻǘŜŀǳ Ŝǘ ŀƭΦΣ нллрύΦ ²ƛǘƘ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ пмςрл ҈ ŀƴŘ нлς

нф ҈Σ ǇǳƭŜƎƻƴŜ ŀƴŘ ƳŜƴǘƘƻƴŜ ŀǊŜ ǘƘŜ ǘǿƻ Ƴŀƛƴ 9h ŎƻƴǎǝǘǳŜƴǘǎ ŘŜǘŜŎǘŜŘ ŘǳǊƛƴƎ ǘƘŜ ŜŀǊƭȅ ǾŜƎŜǘŀǝǾŜ 

ǇƘŀǎŜ ƻŦ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ ƛƴ ƻǳǊ ǎǘǳŘȅΣ ŀƴŘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ƭŀǎǘ ǘǿƻ ŎŜƴǘǊŀƭ ƛƴǘŜǊƳŜŘƛŀǘŜǎ ŘǳǊƛƴƎ ƳŜƴǘƘƻƭ 

ōƛƻǎȅƴǘƘŜǎƛǎΦ ¢ƘŜ ƳŜǘŀōƻƭƛǘŜ ǇǳƭŜƎƻƴŜ ōŜŎƻƳŜǎ ǊŜŘǳŎŜŘ ǘƻ ƳŜƴǘƘƻƴŜ ōȅ ǇǳƭŜƎƻƴŜ ǊŜŘǳŎǘŀǎŜΦ ¢ƻ ŀ 

ǎƳŀƭƭŜǊ ŜȄǘŜƴǘΣ ǘƘŜ ǎŀƳŜ ŜƴȊȅƳŜ ǊŜŘǳŎŜǎ ǇǳƭŜƎƻƴŜ ǘƻ ƛǎƻπƳŜƴǘƘƻƴŜΦ ¢ƘŜƴΣ ƳŜƴǘƘƻƴŜ ŀƴŘ ƛǎƻπƳŜƴǘƘƻƴŜ 

ŀǊŜ Ŭƴŀƭƭȅ ǊŜŘǳŎŜŘ ǘƻ ƳŜƴǘƘƻƭ ŀƴŘ ƛǎƻπƳŜƴǘƘƻƭ ōȅ ƳŜƴǘƘƻƴŜ ǊŜŘǳŎǘŀǎŜ ό/ǊƻǘŜŀǳ Ŝǘ ŀƭΦΣ нллрύΦ !ǎ 

ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ ǇǳƭŜƎƻƴŜ ŘŜŎǊŜŀǎŜŘ ŀƴŘ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ ƳŜƴǘƘƻƴŜ ŀƴŘ ƛǎƻπƳŜƴǘƘƻƴŜ ǎƛƎƴƛŬŎŀƴǘƭȅ 

ƛƴŎǊŜŀǎŜŘ ǳƴŘŜǊ w. ŀƴŘ {¦bΣ ƻǳǊ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜ ŀƴ ŀŎŎŜƭŜǊŀǘŜŘ ŎƻƴǾŜǊǎƛƻƴ ƻŦ ǇǳƭŜƎƻƴŜ ǘƻ ƳŜƴǘƘƻƴŜ ŀƴŘ 

ƛǎƻπƳŜƴǘƘƻƴŜ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ wD.Φ  

!ǎ w ƭƛƎƘǘ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƻ ǇǊƻƳƻǘŜ 9h ŎƻƴǘŜƴǘ ƛƴ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ ό{ŀōȊŀƭƛŀƴ Ŝǘ ŀƭΦΣ нлмпύΣ ǘƘŜ 

ŀŎŎŜƭŜǊŀǘŜŘ ŎƻƴǾŜǊǎƛƻƴ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ w. Ƴŀȅ ōŜ ŜȄǇƭŀƛƴŜŘ ōȅ ǘƘŜ ŜƭŜǾŀǘŜŘ w ƅǳŜƴŎŜ ǊŀǘŜ ƛƴ ŎƻƳǇŀǊƛǎƻƴ 

ǘƻ ǘƘŜ ǊŀǘŜ ƻŦ w ǎǳǇǇƭƛŜŘ ōȅ ǘƘŜ wD. ǘǊŜŀǘƳŜƴǘ ŘǳǊƛƴƎ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘΦ IƻǿŜǾŜǊΣ ŀǎ ǘƘŜ ŀƳƻǳƴǘǎ ƻŦ wΣ . 

ŀƴŘ D ƭƛƎƘǘ ōŜǘǿŜŜƴ wD. ŀƴŘ {¦b ǿŜǊŜ ŀƭƳƻǎǘ ƛŘŜƴǝŎŀƭΣ ǘƘŜ ƅŀƴƪƛƴƎ ǊŜƎƛƻƴǎ ƛƴŎƭǳŘƛƴƎ ¦±π! ŀƴŘκƻǊ Cw 

ƭƛƎƘǘ Ƴǳǎǘ ƘŀǾŜ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ŜƴƘŀƴŎŜŘ ŎƻƴǾŜǊǎƛƻƴ ŦǊƻƳ ǇǳƭŜƎƻƴŜ ǘƻ ƳŜƴǘƘƻƴŜ όŀƴŘ ƛǎƻπƳŜƴǘƘƻƴŜύ 

ǳƴŘŜǊ {¦b ŀǎ ǿŜƭƭΦ !ǎ Cw ƭƛƎƘǘ ŀŎǘǳŀƭƭȅ ǎǳǇǇǊŜǎǎŜǎ ǘŜǊǇŜƴŜ ǇǊƻŘǳŎǝƻƴ ό¢ŀƴŀƪŀ Ŝǘ ŀƭΦΣ мфуфΤ ¸ŀƳŀǳǊŀ Ŝǘ ŀƭΦΣ 

мффмύΣ ŀƴŘ ǇŀǊǝŀƭƭȅ ǊŜŘǳŎŜǎ ǾƻƭŀǝƭŜ ŜƳƛǎǎƛƻƴǎ ǳƴŘŜǊ ƭƻǿ wκCw Ǌŀǝƻǎ όYŜƎƎŜ Ŝǘ ŀƭΦΣ нлмоύΣ ƛǘ ŀǇǇŜŀǊǎ ǘƘŀǘ 

ǘƘŜ Cw ƭƛƎƘǘ ŦǊŀŎǝƻƴ ǳƴŘŜǊ ǘƘŜ {¦b ǘǊŜŀǘƳŜƴǘ όǿƛǘƘ ŀ ƘƛƎƘ wκCw Ǌŀǝƻύ ǿŀǎ ƴƻǘ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ƻōǎŜǊǾŜŘ 

ƳŀǘǳǊŀǝƻƴ ǇǊƻŎŜǎǎΦ ¢ƘǳǎΣ ǘƘŜ {¦bǎΩ ǇǊƻǇƻǊǝƻƴ ƻŦ ¦±π! Ƴǳǎǘ ƘŀǾŜ ŜȄǇŜŘƛǘŜŘ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ǳƴŘŜǊ ƻǳǊ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ŎƻƴŘƛǝƻƴǎΣ ǿƘƛŎƘ ƛǎ ŦǳǊǘƘŜǊ ǎǳǇǇƻǊǘŜŘ ōȅ ŬƴŘƛƴƎǎ ƻŦ .ŜƘƴ Ŝǘ ŀƭΦ ό.ŜƘƴ Ŝǘ ŀƭΦΣ нлмлύΣ ǿƘƻ 

ǊŜǇƻǊǘŜŘ ŀƴ ŀŎŎŜƭŜǊŀǘŜŘ ƳƻƴƻǘŜǊǇŜƴŜ ǘǊŀƴǎŦƻǊƳŀǝƻƴ ŘǳǊƛƴƎ ƅƻǿŜǊƛƴƎ ƻŦ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ ŜȄǇƻǎŜŘ ǘƻ 

ƭƻǿ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴ ƛƴŎƭǳŘƛƴƎ ¦±π. όŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ƭƻǿ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴ ŜȄŎƭǳŘƛƴƎ ¦±π.ύΦ  

²ƛǘƘ ŀ ǇŜǊŎŜƴǘŀƎŜ ƻŦ мрςму ҈Σ ƳŜƴǘƘƻŦǳǊŀƴ ƛǎ ǘƘŜ ǘƘƛǊŘ Ƴƻǎǘ ŀōǳƴŘŀƴǘ 9h ŎƻƳǇƻƴŜƴǘ ŘŜǘŜŎǘŜŘ 

ǳƴŘŜǊ ŀƭƭ ǎǳǇǇƭƛŜŘ ƭƛƎƘǘ ǉǳŀƭƛǝŜǎΦ !ǎ ƳŜƴǘƘƻŦǳǊŀƴ ǎȅƴǘƘŜǎƛǎ ǊŜǇǊŜǎŜƴǘǎ ŀ ŘƛǾŜǊǎƛƻƴ ŦǊƻƳ ǘƘŜ ŘŜǎƛǊŜŘ 
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ƳŜƴǘƘƻƭ ōƛƻǎȅƴǘƘŜǝŎ ǇŀǘƘǿŀȅ ŀǘ ǘƘŜ ōǊŀƴŎƘ Ǉƻƛƴǘ ƳŜǘŀōƻƭƛǘŜ ǇǳƭŜƎƻƴŜ ό/ǊƻǘŜŀǳ Ŝǘ ŀƭΦΣ нллрύΣ ŀƭƭ ǘƘǊŜŜ 

ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ǎŜǾŜǊŜƭȅ ǊŜŘǳŎŜŘ ƳŜƴǘƘƻƭ ǇǊƻŘǳŎǝƻƴ ǇƻǘŜƴǝŀƭΦ  

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 9ǳǊƻǇŜŀƴ tƘŀǊƳŀŎƻǇƻŜƛŀ ό{ŎƘƳƛŜŘŜƭ нллуύΣ ǘƘŜ ŘŜǘŜŎǘŜŘ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ 

ǇǳƭŜƎƻƴŜ όпмςрл ҈ύ ŀƴŘ ƳŜƴǘƘƻŦǳǊŀƴ όмрςму ҈ύ ƘƛƎƘƭȅ ŜȄŎŜŜŘŜŘ ǘƘŜ ƭŜƎŀƭ ƭƛƳƛǘǎ ƻŦ п ŀƴŘ ф ҈Σ ŀǎ ōƻǘƘ 

ŎƻƳǇƻǳƴŘǎ ƘŀǾŜ ǎƘƻǿƴ ǘƻ ōŜ ƘŜǇŀǘƻǘƻȄƛŎ όaŀƭŜƪƳƻƘŀƳƳŀŘ Ŝǘ ŀƭΦΣ нлмфύΦ !ǎ ƳŜƴǘƘƻŦǳǊŀƴ ŀƴŘ ǇǳƭŜƎƻƴŜ 

ǇǊƻŘǳŎǝƻƴǎ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ ǘƻ ōŜ ŦŀǾƻǊŜŘ ǳƴŘŜǊ Ŏƻƴǝƴǳƻǳǎ ƭƻǿ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŀƴŘ ǎƘƻǊǘ Řŀȅ ƭŜƴƎǘƘǎ 

ό.ǳǊōƻǧ ŀƴŘ [ƻƻƳƛǎ мфстΤ /ƭŀǊƪ ŀƴŘ aŜƴŀǊȅ мфулΤ ±ƻƛǊƛƴ Ŝǘ ŀƭΦΣ мффлΤ /ǊƻǘŜŀǳ Ŝǘ ŀƭΦΣ нллрύΣ ǘƘŜ ƭƻǿ ƭƛƎƘǘ 

ƛƴǘŜƴǎƛǝŜǎ ŀǘ ǘƘŜ ōƻǧƻƳ ƻŦ ǘƘŜ ǎƘŜƭǾŜǎ ǊŜŎŜƛǾŜŘ ōȅ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘǎ όϤнлл Ƴ˃ƻƭҍн ǎҍмύ ǿŜǊŜ ŦŀǊ ǘƻƻ ƭƻǿ 

ŦƻǊ ƻōǘŀƛƴƛƴƎ ŀƴ 9h ƻŦ ŘŜǎƛǊŜŘ ŎƻƳǇƻǎƛǝƻƴŀƭ ǉǳŀƭƛǘȅΦ !ǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ мфΣ [95 ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŘŜŎǊŜŀǎŜ 

ǘǊŜƳŜƴŘƻǳǎƭȅ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ [95 ƭƛƎƘǘ ǎƻǳǊŎŜ όŜΦƎΦΣ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ р ŎƳ ŦǊƻƳ ǘƘŜ ƭƛƎƘǘ 

ǎƻǳǊŎŜΥ Ϥ мΣмрл ˃ Ƴƻƭ Ƴҍн ǎҍмΤ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ мл ŎƳ ŦǊƻƳ ǘƘŜ ƭƛƎƘǘ ǎƻǳǊŎŜΥ Ϥ срл Ƴ˃ƻƭ Ƴҍн ǎҍмύΦ ¢ƘǳǎΣ Ƴƻǎǘ 

ƻŦ ǘƘŜ Ǉƭŀƴǘ ǿŀǎ ŎǳƭǝǾŀǘŜŘ ǳƴŘŜǊ ƭƻǿ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ƻŦ җ мрл Ƴ˃ƻƭ Ƴҍн ǎҍмΦ !ǎ ƻǳǊ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜΣ ǘƘŜǎŜ 

ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ƭŜŀŘ ǘƻ ǘƘŜ ŘƛǾŜǊƎŜƴŎŜ ŦǊƻƳ ŀƴŘ ƛƴŎƻƳǇƭŜǝƻƴ ƻŦ ƳŜƴǘƘƻƭ ōƛƻǎȅƴǘƘŜǎƛǎ ŀƴŘ ǘƘǳǎτŦǊƻƳ ŀ 

ŎƻƴǎǳƳŜǊ ǎŀŦŜǘȅ ǇŜǊǎǇŜŎǝǾŜτǘƻ ƴƻƴπƳŀǊƪŜǘŀōƭŜ ǇŜǇǇŜǊƳƛƴǘ ǇƭŀƴǘǎΦ ¢ƘŜ ŘǊŀǎǝŎŀƭƭȅ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ 

ƛƴǘŜƴǎƛǘȅ όǳǇ ǘƻ ϤмΣнлл Ƴ˃ƻƭ Ƴҍн ǎҍмύ ǿƛǘƘ ŘŜŎǊŜŀǎƛƴƎ Ǉƭŀƴǘ ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ [95 ƭƛƎƘǘ ǎƻǳǊŎŜ ƛƴ ǘƘŜ ǾŜǊǝŎŀƭ 

ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳ ŎƻǳƭŘ ƴƻǘ ŎƘŀƴƎŜ ǘƘŜ ŘƛǊŜŎǝƻƴ ƻŦ ǘƘŜ ōƛƻǎȅƴǘƘŜǝŎ ǇŀǘƘǿŀȅ ŘǳǊƛƴƎ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘΦ ¢ƘŜ 

ƛƳǇŀŎǘ ƻŦ ǘƘŜǎŜ ǎǘŜŜǇ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƎǊŀŘƛŜƴǘǎ ƻŦ [95 ǎȅǎǘŜƳǎ ƴŜŜŘǎ ǘƻ ǊŜŎŜƛǾŜ ƳƻǊŜ ŀǧŜƴǝƻƴ ƛƴ ŦǳǘǳǊŜ 

ǇƭŀƴǘπŘŜǇŜƴŘŜƴǘ ƭƛƎƘǘ ǎǘǳŘƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ŀ ǎǘǊƻƴƎŜǊ ŦƻŎǳǎ ƻƴ 9h ŎƻƳǇƻǎƛǝƻƴΦ {ƻ ŦŀǊΣ Ƴƻǎǘ ǇǳōƭƛǎƘŜŘ ǎǘǳŘƛŜǎ 

ŀŘŘǊŜǎǎƛƴƎ ǘƘŜ ŜũŜŎǘǎ ƻŦ [95 ƭƛƎƘǝƴƎ ƻƴ Ǉƭŀƴǘ ǇŜǊŦƻǊƳŀƴŎŜ ƘŀǾŜ ŦƻŎǳǎŜŘ ƻƴ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǘǊŀƛǘǎ ŀƴŘ 9h 

ŎƻƴǘŜƴǘǎΣ ƘƻǿŜǾŜǊΣ ŀǎ ǎƘƻǿƴ ƛƴ ǘƘƛǎ ǎǘǳŘȅΣ ǘƘŜ ŎƻƳǇƭŜȄ ƛƴǘŜǊŀŎǝƻƴ ƻŦ [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ ŀƴŘ ƛƴǘŜƴǎƛǘȅ ŀƭǎƻ 

ŀũŜŎǘ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴ ƻŦ 9hǎτŀ ǊŜǎŜŀǊŎƘ ǉǳŜǎǝƻƴ ǘƘŀǘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ǘƻƻ ƭƛǧƭŜ ŀǧŜƴǝƻƴ ȅŜǘΦ 

 

CƛƎǳǊŜ мф ς tƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ 
ŘŜǇŜƴŘƛƴƎ ƻƴ ŘƛǎǘŀƴŎŜ ǘƻ ƭƛƎƘǘ ǎƻǳǊŎŜΦ  
 
tǊŜǎŜƴǘŜŘ ŀǊŜ ŀǾŜǊŀƎŜ ǇƘƻǘƻƴ ƅǳȄ 
ŘŜƴǎƛǝŜǎ όtC5ύ ώҡƳƻƭ Ƴҍн ǎҍмϐ ҕ {5 
ōŜǘǿŜŜƴ оул ŀƴŘ тул ƴƳ ǊŜŎƻǊŘŜŘ ƛƴ 
р ŎƳ ƛƴǘŜǊǾŀƭǎ ǎǘŀǊǝƴƎ ŀǘ Ǉƭŀƴǘ Ǉƻǘ ƭŜǾŜƭ 
рл ŎƳ ŦǊƻƳ ǘƘŜ ƭƛƎƘǘ ǎƻǳǊŎŜύ ŦǊƻƳ ƴƛƴŜ 
ǊŜǇǊŜǎŜƴǘŀǝǾŜ Ǉƻǎƛǝƻƴǎ ŀŎǊƻǎǎ ǘƘŜ 
ŎǳƭǝǾŀǝƻƴ ǎƘŜƭŦ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb 
Ґ нтύ ŀǘ ŜŀŎƘ ŘƛǎǘŀƴŎŜΦ 

 

 

 



/I!t¢9w о  aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ 
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рΦ /ƻƴŎƭǳǎƛƻƴ 

5ŜǎǇƛǘŜ ǎǳōǎǘŀƴǝŀƭ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ ŘŜŎǊŜŀǎƛƴƎ ŘƛǎǘŀƴŎŜ ǘƻ [95πƭƛƎƘǘ ǎƻǳǊŎŜǎ ƛƴ ǘƘŜ ǾŜǊǝŎŀƭ 

ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳǎ όǳǇ ǘƻ ϤмΣнлл Ƴ˃ƻƭ Ƴҍн ǎҍмύΣ ǘƘŜ DπŎƻƴǘŀƛƴƛƴƎ ǘǊŜŀǘƳŜƴǘǎ wD. ŀƴŘ {¦b ǿƛǘƘ ǘƘŜƛǊ ƭƻǿ 

.κD Ǌŀǝƻǎ ƛƴŘǳŎŜŘ ǎǳŎƘ ŜȄŎŜǎǎƛǾŜ ǎǘŜƳ ŀƴŘ ōǊŀƴŎƘ ŜƭƻƴƎŀǝƻƴǎΣ ǘƘŀǘ ǇŜǇǇŜǊƳƛƴǘ ŎǳƭǝǾŀǝƻƴ ǊŜƳŀƛƴŜŘ 

ŎƻƴǎǘǊŀƛƴŜŘ ǘƻ ǘƘŜ ǾŜƎŜǘŀǝǾŜ ǇƘŀǎŜΦ Lƴ ŎƻƴǘǊŀǎǘΣ w. ǿƛǘƘ ƛǘǎ ƘƛƎƘ . ƅǳŜƴŎŜ ǊŀǘŜ ƛƴŘǳŎŜŘ ŎƻƳǇŀŎǘ ƎǊƻǿǘƘ 

όŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ǇǊƻƭƻƴƎŜŘ ǎǇŀŎŜπƭƛƳƛǘŜŘ ŎǳƭǝǾŀǝƻƴ ƻŦ ǇŜǇǇŜǊƳƛƴǘύΦ ¢ƘŜ ƛƳǇŀŎǘ ƻŦ D ƭƛƎƘǘ ƻƴ ǇŜǇǇŜǊƳƛƴǘǎΩ 

ǎǘŜƳ ŀƴŘ ōǊŀƴŎƘ ŜƭƻƴƎŀǝƻƴ ƛƴ ǘƘƛǎ ǎǘǳŘȅ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ŦƻǊ ǘƘŜ ŬǊǎǘ ǝƳŜ ŀƴŘ ǘƘǳǎΣ ǎǳǇǇƻǊǘǎ ǘƘŜ Dπ

ƛƴŘǳŎŜŘ ŜƭƻƴƎŀǝƻƴǎ ǊŜǾŜŀƭŜŘ ǊŜŎŜƴǘƭȅ ƛƴ ƻǘƘŜǊ Ǉƭŀƴǘ ǎǇŜŎƛŜǎΦ CǳǊǘƘŜǊΣ ƻǳǊ ǎǘǳŘȅ ǎǳǇǇƻǊǘǎ ǘƘŜ ǇƻǘŜƴǝŀƭ ƻŦ 

D ƭƛƎƘǘ ǘƻ ƛƴŘǳŎŜ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ŀǎ ǊŜŎŜƴǘƭȅ ǎƘƻǿƴ ōȅ ƻǘƘŜǊ ŀǳǘƘƻǊǎΦ IƻǿŜǾŜǊΣ ǘƘŜ ŜȄǇŜŎǘŜŘ ƭŜŀŦ 

ŜȄǇŀƴǎƛƻƴ ŘŜŜǇŜǊ ǿƛǘƘƛƴ ǘƘŜ ŎŀƴƻǇȅ ǿŀǎ ƴƻǘ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ȅƻǳƴƎ ǇŜǇǇŜǊƳƛƴǘ Ǉƭŀƴǘǎ ŀǘ ǘƘŜ ǝƳŜ ƻŦ 

ƘŀǊǾŜǎǘΦ Lƴ ǘƘŜ ŦǳǘǳǊŜΣ ŦǳǊǘƘŜǊ ǘǊƛŀƭǎ ǿƛǘƘ ƳƻǊŜ ƳŀǘǳǊŜ ǇŜǇǇŜǊƳƛƴǘ Ǉƭŀƴǘǎ ŀƴŘ ǘƘǳǎ ǿƛǘƘ ƳƻǊŜ ƳŀǘǳǊŜ 

ƭŜŀǾŜǎ ŘŜŜǇŜǊ ǿƛǘƘƛƴ ǘƘŜ ŎŀƴƻǇȅ ǎƘƻǳƭŘ ōŜ ŎƻƴŘǳŎǘŜŘΣ ƛƴ ƻǊŘŜǊ ǘƻ ŀǎǎŜǎǎ ǘƘŜ D ƭƛƎƘǘ ǇƻǘŜƴǝŀƭ ŦƻǊ ƭŜŀŦ 

ŜȄǇŀƴǎƛƻƴǎ ŘŜŜǇŜǊ ǿƛǘƘƛƴ ǘƘŜ ŎŀƴƻǇȅΦ ¢ƘŜ ŜȄǘǊŜƳŜ ŜƭƻƴƎŀǝƻƴǎ ŀƴŘ ǇŀǊǝŀƭ ƭŜŀŦ ŜȄǇŀƴǎƛƻƴǎ ŘƛŘ ƴƻǘ ǊŜǎǳƭǘ 

ƛƴ ǘƘŜ ŜȄǇŜŎǘŜŘ ōƛƻƳŀǎǎ ŀƴŘ 9h ȅƛŜƭŘ ƛƴŎǊŜŀǎŜǎΣ ŀƴŘ Ƴŀȅ ŀƎŀƛƴ ōŜ ŀǧǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǎƘƻǊǘ ǘǊƛŀƭ ǇŜǊƛƻŘ ŘǳŜ 

ǘƻ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘǎΩ ŜȄŎŜǎǎƛǾŜ ǎǘŜƳ ŜƭƻƴƎŀǝƻƴǎ ƛƴ ǘƘŜ ǾŜǊǝŎŀƭ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳΦ  

CǳǊǘƘŜǊΣ ǘƘŜ ǇǊƻƴƻǳƴŎŜŘ ǾŜǊǝŎŀƭ ƭƻǎǎ ƻŦ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƛƴ ǘƘŜ ǾŜǊǝŎŀƭ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳ ǊŜǎǳƭǘŜŘ ƛƴ 

ƛƴǎǳŶŎƛŜƴǘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ŎǊǳŎƛŀƭƭȅ ŘŜǘŜǊƳƛƴŜŘ ǘƘŜ ŘƛǊŜŎǝƻƴ ƻŦ ƳƻƴƻǘŜǊǇŜƴŜ 

ǘǊŀƴǎŦƻǊƳŀǝƻƴ ǊŜŀŎǝƻƴǎ ƛƴ ǇŜǇǇŜǊƳƛƴǘΦ ¢ƘŜ ƭƻǿ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ƭŜŘ ǘƻ ǳƴǿŀƴǘŜŘ ƘƛƎƘ ǇǳƭŜƎƻƴŜ ŎƻƴǘŜƴǘǎ 

ŀƴŘ ǘǊƛƎƎŜǊŜŘ ǘƘŜ ǳƴŘŜǎƛǊŜŘ ǎȅƴǘƘŜǎƛǎ ƻŦ ƳŜƴǘƘƻŦǳǊŀƴ ǳƴŘŜǊ ŀƭƭ ƭƛƎƘǘ ǉǳŀƭƛǝŜǎΦ ¢ƘǳǎΣ ǘƘŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ 

ǇŜǊŎŜƛǾŜŘ ōȅ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘ Ǉƭŀƴǘǎ ŀǊŜ ƴƻǘ ǎǳƛǘŀōƭŜ ŦƻǊ ƻōǘŀƛƴƛƴƎ ǇŜǇǇŜǊƳƛƴǘ ƻƛƭ ƻŦ ǉǳŀƭƛǘȅ ŀǎ ǎǇŜŎƛŬŜŘ ōȅ 

ǘƘŜ 9ǳǊƻǇŜŀƴ tƘŀǊƳŀŎƻǇƻŜƛŀΦ bŜǾŜǊǘƘŜƭŜǎǎΣ w ŀǎ ǿŜƭƭ ŀǎ ¦±π! ǊŜǇǊŜǎŜƴǘ ǇǊƻƳƛǎƛƴƎ ǎǇŜŎǘǊŀƭ ƭƛƎƘǘ ǊŜƎƛƻƴǎ 

ŦƻǊ ŀŎŎŜƭŜǊŀǝƴƎ ǘƘŜ ǇŜǇǇŜǊƳƛƴǘǎΩ 9h ƳŀǘǳǊŀǝƻƴ ǇǊƻŎŜǎǎ ŀǎ ǊŜŘǳŎǝƻƴǎ ƻŦ ǇǳƭŜƎƻƴŜ ǘƻ ƳŜƴǘƘƻƴŜ 

ŀǇǇŜŀǊŜŘ ǎƛƎƴƛŬŎŀƴǘƭȅ ŜƴƘŀƴŎŜŘΦ  

{ǳōǎŜǉǳŜƴǘ ǎǘǳŘƛŜǎ ǿƛǘƘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ƴŜŀǊ ǘƘŜ ƭƛƎƘǘ ǎŀǘǳǊŀǝƻƴ Ǉƻƛƴǘ ƻŦ ǇŜǇǇŜǊƳƛƴǘ ǎƘƻǳƭŘ ōŜ 

ŎƻƴŘǳŎǘŜŘΣ ǿƛǘƘ ǎǇŜŎƛŀƭ ŜƳǇƘŀǎƛǎ ƻƴ ƘƛƎƘ ǇǊƻǇƻǊǝƻƴǎ ƻŦ wΣ . ŀƴŘ ¦±π!Φ CǳǊǘƘŜǊ ŦǳƴŘŀƳŜƴǘŀƭ ǎǘǳŘƛŜǎΣ 

ƛƴŎƭǳŘƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǎǇŜŎƛŬŎ D ƴŀǊǊƻǿ ǿŀǾŜōŀƴŘǎΣ ƻŦ D ƭƛƎƘǘ ŀǘ ŘƛũŜǊŜƴǘ ttC5ǎ ŀƴŘ ƻŦ ŘƛũŜǊŜƴǘ .κD ŀƴŘ 

wκD Ǌŀǝƻǎ ŀǊŜ ƴŜŎŜǎǎŀǊȅ ǘƻ ƛƳǇǊƻǾŜ ƘƻǊǝŎǳƭǘǳǊŀƭ ŀǇǇƭƛŎŀōƛƭƛǘȅ ƻŦ D ƭƛƎƘǘΦ Lƴ ŀŘŘƛǝƻƴΣ ǳƴƛŦƻǊƳƛǘȅ ƻŦ [95 ƭƛƎƘǘ 

ŘƛǎǘǊƛōǳǝƻƴ ǇŀǧŜǊƴǎ ǊŜƳŀƛƴǎ ŀ ŦƻŎŀƭ Ǉƻƛƴǘ ŦƻǊ ǘŜŎƘƴƛŎŀƭ ƛƳǇǊƻǾŜƳŜƴǘǎ ǘƻ ŜƴǎǳǊŜ ǳƴƛŦƻǊƳ Ǉƭŀƴǘ ƎǊƻǿǘƘ ƛƴ 

ǾŜǊǝŎŀƭ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳǎΦ
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CŀŎƛƴƎ ŜƴŜǊƎȅ ƭƛƳƛǘŀǝƻƴǎ ς ŀǇǇǊƻŀŎƘŜǎ ǘƻ ƛƴŎǊŜŀǎŜ ōŀǎƛƭ όhŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φύ ƎǊƻǿǘƘ ŀƴŘ 

ǉǳŀƭƛǘȅ ōȅ ŘƛũŜǊŜƴǘ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŜƳƛǧŜŘ ōȅ ŀ ōǊƻŀŘōŀƴŘ [95 ǎǇŜŎǘǊǳƳ όпллπ

тул ƴƳύ 

 

!ōǎǘǊŀŎǘΥ .ŀǎŜŘ ƻƴ ǘƘŜ ŎǳǊǊŜƴǘ ǘǊŜƴŘ ǘƻǿŀǊŘǎ ōǊƻŀŘπōŀƴŘǿƛŘǘƘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŦƻǊ ōŀǎƛƭ ǇǊƻŘǳŎǝƻƴǎ ƛƴ 

ƳǳƭǝπǝŜǊŜŘ ŎƻƴǘǊƻƭƭŜŘπŜƴǾƛǊƻƴƳŜƴǘ ƘƻǊǝŎǳƭǘǳǊŜΣ ŀ ǊŜŎŜƴǘƭȅ ŘŜǾŜƭƻǇŜŘ ǿƘƛǘŜ ōǊƻŀŘπōŀƴŘǿƛŘǘƘ [95 ƭƛƎƘǘ 

ǎǇŜŎǘǊǳƳ όпллπтул ƴƳύ ƛƴŎƭǳŘƛƴƎ ŦŀǊπǊŜŘ ǿŀǾŜƭŜƴƎǘƘǎ ǿƛǘƘ ŜƭŜǾŀǘŜŘ ǊŜŘ ŀƴŘ ōƭǳŜ ƭƛƎƘǘ ŦǊŀŎǝƻƴǎ ǿŀǎ 

ŜƳǇƭƻȅŜŘ ǘƻ ŎǳƭǝǾŀǘŜ ōŀǎƛƭΦ CƻǳǊ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ ŎǳƭǝǾŀǊǎ όŎǾΦ !ƴƛǎŜΣ ŎǾΦ /ƛƴƴŀƳƻƴΣ ŎǾΦ 5ŀǊƪ hǇŀƭ ŀƴŘ 

ŎǾΦ ¢Ƙŀƛ aŀƎƛŎύ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ ǘǿƻ ŘƛũŜǊŜƴǘ ǊƛǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŎƻƴŘƛǝƻƴǎ όL[ƻǿ ŀƴŘ LIƛƎƘύΦ Lƴ ŘŜǇŜƴŘŜƴŎŜ 

ƻŦ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ŎǳƭǝǾŀǊπǎǇŜŎƛŬŎ Ǉƭŀƴǘ ƘŜƛƎƘǘ ƛƴŎǊŜŀǎŜ ƻǾŜǊ ǝƳŜΣ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ ƭƛƎƘǘ 

ƛƴǘŜƴǎƛǝŜǎ ƛƴŎǊŜŀǎƛƴƎ ŦǊƻƳ Ϥ млл ǘƻ Ϥ нлл ҡƳƻƭ Ƴπн ǎπм ǳƴŘŜǊ L[ƻǿΣ ŀƴŘ ŦǊƻƳ нлл ǘƻ плл ҡƳƻƭ Ƴπн ǎπм ǳƴŘŜǊ 

LIƛƎƘ όŘǳŜ ǘƻ ǘƘŜ ŜȄǇƻƴŜƴǝŀƭ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ ŘŜŎǊŜŀǎƛƴƎ ǇǊƻȄƛƳƛǘȅ ǘƻ ǘƘŜ [95 ƭƛƎƘǘ ŬȄǘǳǊŜǎύΦ 

²ƛǘƘƛƴ ǘƘŜ ŬǊǎǘ ŜȄǇŜǊƛƳŜƴǘΣ ōŀǎƛƭǎΩ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŘŜǾŜƭƻǇƳŜƴǘǎΣ ōƛƻƳŀǎǎ ȅƛŜƭŘǎ ŀƴŘ ǝƳŜ ǘƻ ƳŀǊƪŜǘŀōƛƭƛǘȅ 

ǳƴŘŜǊ ōƻǘƘ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ǿŜǊŜ ƛƴǾŜǎǝƎŀǘŜŘ ŀƴŘ ǘƘŜ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǝƻƴǎ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ 

ǘƘŜ ōŀǎƛƭǎΩ ƭƛƎƘǘ ǳǎŜ ŜŶŎƛŜƴŎƛŜǎΦ Lƴ ŘŜǘŀƛƭΣ ŎǳƭǝǾŀǊπŘŜǇŜƴŘŜƴǘ ŘƛũŜǊŜƴŎŜǎ ƛƴ Ǉƭŀƴǘ ƘŜƛƎƘǘΣ ƭŜŀŦ ŀƴŘ ōǊŀƴŎƘ 

ǇŀƛǊ ŘŜǾŜƭƻǇƳŜƴǘǎ ƻǾŜǊ ǝƳŜ ŀǊŜ ŘŜǎŎǊƛōŜŘΦ Lƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ L[ƻǿ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΣ LIƛƎƘ ǊŜǎǳƭǘŜŘ ƛƴ 

ŀŎŎŜƭŜǊŀǘŜŘ ŘŜǾŜƭƻǇƳŜƴǘǎ ŀƴŘ ƎǊŜŀǘŜǊ ȅƛŜƭŘǎ ƻŦ ŀƭƭ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ŀƴŘ ŜȄǇŜŘƛǘŜŘ ǘƘŜƛǊ ƳŀǊƪŜǘŀōƛƭƛǘȅ ōȅ оπр 

ŘŀȅǎΦ IƻǿŜǾŜǊΣ ŜȄǇƻǎǳǊŜ ǘƻ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŀōƻǾŜ Ϥ олл ҡƳƻƭ Ƴπн ǎπм ƛƴŘǳŎŜŘ ƭƛƎƘǘ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ƛƴ 

ǘƘŜ ƎǊŜŜƴπƭŜŀŦŜŘ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ŎǾΦ !ƴƛǎŜΣ ŎǾΦ /ƛƴƴŀƳƻƴ ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎΦ Lƴ ŎƻƴǘǊŀǎǘΣ L[ƻǿ ǊŜǎǳƭǘŜŘ ƛƴ 

ŎƻƴǎǳƳŜǊπǇǊŜŦŜǊǊŜŘ Ǿƛǎǳŀƭ ǉǳŀƭƛǝŜǎ ŀƴŘ ƎǊŜŀǘŜǊ ōƛƻƳŀǎǎ ŜŶŎƛŜƴŎƛŜǎ ƻŦ ǘƘŜ ƎǊŜŜƴπƭŜŀŦŜŘ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ŀƴŘ 

ŀǊŜ ŘƛǎŎǳǎǎŜŘ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜƛǊ ŀōƛƭƛǘȅ ǘƻ ŀŘŀǇǘ ǿŜƭƭ ǘƻ ƭƻǿ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΦ /ƻƴǘǊŀǊƛƭȅ ǘƻ ǘƘŜ ƎǊŜŜƴπƭŜŀŦŜŘ 

ŎǳƭǝǾŀǊǎΣ ǇǳǊǇƭŜπƭŜŀŦŜŘ ŎǾΦ 5ŀǊƪ hǇŀƭ ŘŜǾŜƭƻǇŜŘ ƛƴǎǳŶŎƛŜƴǘƭȅ ǳƴŘŜǊ L[ƻǿΣ ōǳǘ ǊŜƳŀƛƴŜŘ ƭƛƎƘǘπǘƻƭŜǊŀƴǘ ǳƴŘŜǊ 

LIƛƎƘΣ ǿƘƛŎƘ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ƛǘǎ ƘƛƎƘ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘǎΦ Lƴ ŀ ǎŜŎƻƴŘ ŜȄǇŜǊƛƳŜƴǘΣ ŎǳƭǝǾŀǊǎΩ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ 

ŎƻƳǇƻǳƴŘ ό±h/ύ ŎƻƴǘŜƴǘǎ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴǎ ƻǾŜǊ ǝƳŜ ǿŜǊŜ ƛƴǾŜǎǝƎŀǘŜŘΦ ²ƘƛƭŜ ±h/ ŎƻƴǘŜƴǘǎ ǇŜǊ ƎǊŀƳ 

ƻŦ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊ ƎǊŀŘǳŀƭƭȅ ŘŜŎǊŜŀǎŜŘ ƛƴ ǇǳǊǇƭŜπƭŜŀŦŜŘ ŎǾΦ 5ŀǊƪ hǇŀƭ ōŜǘǿŜŜƴ ǎŜŜŘƭƛƴƎ ǎǘŀƎŜ ǘƻ 

ƳŀǊƪŜǘŀōƛƭƛǘȅΣ ǘƘŜƛǊ ŎƻƴǘŜƴǘǎ ƎǊŀŘǳŀƭƭȅ ƛƴŎǊŜŀǎŜŘ ƛƴ ǘƘŜ ƎǊŜŜƴ ŎǳƭǝǾŀǊǎΦ wŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ 

ŀǇǇƭƛŜŘΣ ŎǳƭǝǾŀǊπǎǇŜŎƛŬŎ ±h/ ŎƻƳǇƻǎƛǝƻƴǎ ŎƘŀƴƎŜŘ ǘǊŜƳŜƴŘƻǳǎƭȅ ƛƴ ŀ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǎǘŀƎŜπŘŜǇŜƴŘŜƴǘ 

ƳŀƴƴŜǊΦ 

 

YŜȅǿƻǊŘǎΥ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜ ό[95ύΣ ƳƻǊǇƘƻƭƻƎȅΣ ŜǎǎŜƴǝŀƭ ƻƛƭΣ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘ ό±h/ύΣ ŜƴŜǊƎȅ 

ǳǎŜ ŜŶŎƛŜƴŎȅ ό9¦9ύ



/I!t¢9w п  hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ 

мрс 
 

мΦ LƴǘǊƻŘǳŎǝƻƴ 

.ŀǎƛƭ όhŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φύ ƛǎ ōȅ ŦŀǊ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǇƻǇǳƭŀǊ ŎǳƭƛƴŀǊȅ ƘŜǊōǎ ǿƻǊƭŘǿƛŘŜ ŀƴŘ ƛǎ ƘƛƎƘƭȅ 

ŀǇǇǊŜŎƛŀǘŜŘ ŦƻǊ ƛǘǎ ƳŜŘƛŎƛƴŀƭ ŀƴŘ ŀǊƻƳŀǝŎ ǇǊƻǇŜǊǝŜǎΦ !ǎ ǊŜǾƛŜǿŜŘ ōȅ CƛƭƛǇ όнлмтύΣ ōŀǎƛƭ ŜǎǎŜƴǝŀƭ ƻƛƭǎ ƘŀǾŜ 

ŀƴǝǾƛǊŀƭΣ ŀƴǝƻȄƛŘŀƴǘΣ ŀƴǝπƛƴƅŀƳƳŀǘƻǊȅΣ ŀƴǝŘƛŀōŜǝŎ ŀƴŘ ŀƴǝƳƛŎǊƻōƛŀƭ ǇǊƻǇŜǊǝŜǎΦ tǊƻƳƛƴŜƴǘ ƭŜǾŜƭǎ ƻŦ 

ǇƘŜƴƻƭƛŎ ŀŎƛŘǎ όWŀȅŀǎƛƴƎƘŜ Ŝǘ ŀƭΦΣ нллоΤ YǿŜŜ ŀƴŘ bƛŜƳŜȅŜǊΣ нлммύΣ ŀǎ ǿŜƭƭ ŀǎ ǎǳōǎǘŀƴǝŀƭ ŀƳƻǳƴǘǎ ƻŦ 

ŀƴǘƘƻŎȅŀƴƛƴǎ ŦƻǳƴŘ ǎǇŜŎƛŬŎŀƭƭȅ ƛƴ ǇǳǊǇƭŜ ōŀǎƛƭ ǾŀǊƛŜǝŜǎ όCƭŀƴƛƎŀƴ ŀƴŘ bƛŜƳŜȅŜǊΣ нлмпύ ŦǳǊǘƘŜǊ ŎƻƴǘǊƛōǳǘŜ 

ǘƻ ōŀǎƛƭǎΩ ǇƻǘŜƴǘ ŀƴǝƻȄƛŘŀƴǘ ŎŀǇŀŎƛǝŜǎΦ .ŜǎƛŘŜǎ ƛǘǎ ƘŜŀƭǘƘπǇǊƻƳƻǝƴƎ ǇǊƻǇŜǊǝŜǎΣ ōŀǎƛƭ ƛǎ ŎƘŜǊƛǎƘŜŘ ŦƻǊ ƛǘǎ 

ŘƛǎǝƴŎǘ ŀǊƻƳŀ ŀƴŘ ǇƭŜŀǎŀƴǘ ǘŀǎǘŜΦ ²ƛǘƘƛƴ ǘƘŜ ǎǇŜŎƛŜǎΣ ǎƻƳŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŀǊƻƳŀ ŎƻƳǇƻǳƴŘǎ ŀǊŜ 

мΣуπŎƛƴŜƻƭŜΣ ƭƛƴŀƭƻƻƭΣ ǖπŎŀǊȅƻǇƘȅƭƭŜƴŜΣ ŜǎǘǊŀƎƻƭŜ όƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭύΣ ŜǳƎŜƴƻƭΣ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭ ŀƴŘ ƳŜǘƘȅƭ 

ŎƛƴƴŀƳŀǘŜ όaŀƪǊƛ ŀƴŘ YƛƴǘȊƛƻǎΣ нллуΤ {ŎƘǳƭȊ Ŝǘ ŀƭΦΣ нллоύΦ 9ŀŎƘ ŎƻƳǇƻǳƴŘ ƛƳǇŀǊǘǎ ŀ ŘƛǎǝƴŎǘ ŀǊƻƳŀ όtŀǘŜƭ 

Ŝǘ ŀƭΦΣ нлнмύΣ ŀƴŘ ǘƘŜƛǊ ǾŀǊȅƛƴƎ ŀƳƻǳƴǘǎ ǎǘǊƻƴƎƭȅ ƛƴƅǳŜƴŎŜ ǘƘŜ ōŀǎƛƭǎΩ ƅŀǾƻǊ ŀƴŘ ŎƻƴǎǳƳŜǊ ǇǊŜŦŜǊŜƴŎŜǎ 

ό²ŀƭǘŜǊǎ Ŝǘ ŀƭΦΣ нлнмύΦ  

IƻǿŜǾŜǊΣ ǘƘŜ ǇǊƻƎǊŜǎǎƛƴƎ ŎƭƛƳŀǝŎ ŎƘŀƴƎŜǎ ŀƴŘ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ŎƻƴŘƛǝƻƴǎ ŎƻƴǝƴǳŜ ǘƻ ǊŜǎǳƭǘ ƛƴ 

ǾŀǊƛŀōƭŜ ŬŜƭŘπƎǊƻǿƴ ōŀǎƛƭ ǉǳŀƭƛǝŜǎ ŀƴŘ ȅƛŜƭŘǎ ό.ŀǊǳǘ Ŝǘ ŀƭΦΣ нлнмύΦ ¢ƻ ǎǝƭƭ ƳŜŜǘ ǘƘŜ ƛƴŎŜǎǎŀƴǘ ŎƻƴǎǳƳŜǊ 

ŘŜƳŀƴŘ ƻŦ ŦǊŜǎƘ ōŀǎƛƭ όaŀǊƪŜǘ wŜǎŜŀǊŎƘ wŜǇƻǊǘΣ нлннύΣ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ 

ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭπŦǊƛŜƴŘƭȅ ǾŜǊǝŎŀƭ ŦŀǊƳǎ ŀƴŘ Ǉƭŀƴǘ ŦŀŎǘƻǊƛŜǎ ƛƴŎƭǳŘƛƴƎ ƭƛƎƘǘπŜƳƛǩƴƎ 

ŘƛƻŘŜǎ όŜΦƎΦΣ YƻȊŀƛΣ нлмфΤ .ŜƴƪŜ ŀƴŘ ¢ƻƳƪƛƴǎΣ нлмуύ ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ǘƘƛǎ ƘƛƎƘπǾŀƭǳŜ ŎǊƻǇΦ .ȅ 

ŎƻƴŘǳŎǝƴƎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŜŎƻƴƻƳƛŎ ŜǾŀƭǳŀǝƻƴΣ [ƛŀǊƻǎ Ŝǘ ŀƭΦ όнлмсύ ǎƘƻǿŜŘ ǘƘŀǘ ōŀǎƛƭ ŎǳƭǝǾŀǝƻƴǎ ƛƴ 

Ǉƭŀƴǘ ŦŀŎǘƻǊƛŜǎ ŀǊŜ ǇǊƛƴŎƛǇŀƭƭȅ ŦŜŀǎƛōƭŜΦ IƻǿŜǾŜǊΣ ǘƘŜ ŬȄǘǳǊŜǎΩ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǎŜǩƴƎǎ ǿŜǊŜ ŀƳƻƴƎ ǘƘŜ Ƴƻǎǘ 

ƛƴƅǳŜƴǝŀƭ ŦŀŎǘƻǊǎ ƛƳǇŀŎǝƴƎ ƛǘǎ ǇǊƻŬǘŀōƛƭƛǘȅΦ ¢ƘǳǎΣ ǘƘŜ ǎŎƛŜƴǝŬŎ ŎƻƳƳǳƴƛǘȅ ƛǎ ŎǳǊǊŜƴǘƭȅ ƛƴ ǎŜŀǊŎƘ ƻŦ 

ƳƛƴƛƳŀƭ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ƻǇǝƳŀƭ ƭƛƎƘǘ ǉǳŀƭƛǝŜǎ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ Ǿƛŀōƛƭƛǘȅ ƻŦ [95πōŀǎŜŘ 

ƛƴŘƻƻǊ ōŀǎƛƭ ǇǊƻŘǳŎǝƻƴǎΦ  

!ƭǘƘƻǳƎƘ ƭƛƎƘǝƴƎ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ŎƻƳƳŜǊŎƛŀƭ ƛƴŘƻƻǊ Ǉƭŀƴǘ ǇǊƻŘǳŎǝƻƴǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ŀŘƧǳǎǘŜŘ ŘǳǊƛƴƎ 

ŘƛũŜǊŜƴǘ Ǉƭŀƴǘ ǎǘŀƎŜǎ ό/ǳǊǊŜȅ Ŝǘ ŀƭΦΣ нлмтύ ŀƴŘ ƘŜƭǇ ƛƴ ǊŜŘǳŎƛƴƎ ŜƴŜǊƎȅ Ŏƻǎǘǎ ό[ƻǇŜȊ ŀƴŘ wǳƴƪƭŜΣ нллуύΣ 

Ŏƻƴǎǘŀƴǘ όǎǇŜŎǘǊǳƳπŘŜǇŜƴŘŜƴǘύ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ōŜǘǿŜŜƴ мул ŀƴŘ рпр ҡƳƻƭ Ƴπн ǎπм ŀǊŜ ŎǳǊǊŜƴǘƭȅ 

ǊŜŎƻƳƳŜƴŘŜŘ ŦƻǊ ƛƴŘƻƻǊ ōŀǎƛƭ ŎǳƭǝǾŀǝƻƴǎ όtŀǊƪ Ŝǘ ŀƭΦΣ нлмсΤ {ƛǇƻǎ Ŝǘ ŀƭΦΣ нлнмύΦ tŜƴƴƛǎƛ Ŝǘ ŀƭΦ όнлнлύΣ ǿƘƻ 

ŜƳǇƭƻȅŜŘ ŬǾŜ ŘƛũŜǊŜƴǘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ōŜǘǿŜŜƴ млл ŀƴŘ олл ҡƳƻƭ Ƴπн ǎπм ŜƳƛǧŜŘ ōȅ ƴŀǊǊƻǿ ōƭǳŜ ό.ύ ŀƴŘ 

ǊŜŘ όwύ [95ǎ ǿƛǘƘ Ƴŀƛƴ ǇŜŀƪǎ ŀǘ псо ŀƴŘ срт ƴƳΣ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ŀ Ŏƻƴǎǘŀƴǘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƻŦ                            

нрл ҡƳƻƭ Ƴπн ǎπм ƻǇǝƳƛȊŜǎ ōŀǎƛƭ ȅƛŜƭŘ ŀƴŘ ŀǎ ǿŜƭƭ ŀǎ ǿŀǘŜǊ ŀƴŘ ŜƴŜǊƎȅ ǳǎŜ ŜŶŎƛŜƴŎƛŜǎΦ IƻǿŜǾŜǊΣ ŀƴ ƛƴŎǊŜŀǎŜ 

ƛƴ ōŀǎƛƭ ȅƛŜƭŘ ƻŦ нл ҈ ǿŀǎ ǊŜŎŜƴǘƭȅ ƻōǎŜǊǾŜŘ ǿƘŜƴ ǎƘƛƊƛƴƎ ǘƘŜ ƴŀǊǊƻǿ . ǿŀǾŜƭŜƴƎǘƘ ŦǊƻƳ прл ǘƻ пор ƴƳ 

όwƛƘŀƴ Ŝǘ ŀƭΦΣ нлнлύΦ ²ƘƛƭŜ ōŀǎƛƭǎΩ ƻǇǝƳŀƭ w. Ǌŀǝƻǎ ŀǊŜ ǎǝƭƭ ǳƴŘŜǊ ŜȄǘŜƴǎƛǾŜ ƛƴǾŜǎǝƎŀǝƻƴ όwƛƘŀƴ Ŝǘ ŀƭΦΣ 

нлнлΤ tŜƴƴƛǎƛ Ŝǘ ŀƭΦΣ нлмфΤ bŀȊƴƛƴ Ŝǘ ŀƭΦΣ нлмфύΣ ƛƴŎƭǳǎƛƻƴǎ ƻŦ ƻǘƘŜǊ ǿŀǾŜƭŜƴƎǘƘǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ǎƘƻǿ ƎǊŜŀǘ 
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ǇƻǘŜƴǝŀƭǎ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ōŀǎƛƭ ȅƛŜƭŘǎ ŀƴŘ ǉǳŀƭƛǝŜǎ ŀǎ ǿŜƭƭΦ ! ǇŀǊǝŀƭ ǊŜǇƭŀŎŜƳŜƴǘ ƻŦ . ŀƴŘ w ǿƛǘƘ ƎǊŜŜƴ όDύ 

ƭƛƎƘǘ όрллπслл ƴƳύ ǊŜǎǳƭǘŜŘ ƛƴ ƘƛƎƘŜǊ ōŀǎƛƭ ǇǊƻŘǳŎǝƻƴǎ ōȅ ƛƴŘǳŎƛƴƎ ǎǘŜƳ ŀƴŘ ƭŜŀŦ ŜƭƻƴƎŀǝƻƴǎ ό{ŎƘŜƴƪŜƭǎ 

Ŝǘ ŀƭΦΣ нлнлύΦ !ŘŘƛǝƻƴǎ ƻŦ ŦŀǊπǊŜŘ όCwύ ƭƛƎƘǘ όтллπтрл ƴƳύ ƘŀǾŜ ǎƘƻǿƴ ǘƻ ƛƴŎǊŜŀǎŜ ōŀǎƛƭǎΩ ŎŀƴƻǇȅ 

ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ό½ƘŜƴ ŀƴŘ .ǳƎōŜŜΣ нлнлύΣ ŀƴŘ ŜȄǇƭŀƛƴ ǘƘŜ ƛƴŎǊŜŀǎŜŘ ōŀǎƛƭ ȅƛŜƭŘǎ ƻōǎŜǊǾŜŘ ōȅ wŀƘƳŀƴ Ŝǘ 

ŀƭΦ όнлнмύ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ōǊƻŀŘ ǿƘƛǘŜ όпллπтлл ƴƳύ ŀƴŘ ƴŀǊǊƻǿ w. ǎǇŜŎǘǊŀ ǳƴŘŜǊ Ŝǉǳŀƭ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ 

ŎƻƴŘƛǝƻƴǎΦ LƴŎǊŜŀǎŜŘ ŦǊŜǎƘ ǿŜƛƎƘǘǎΣ ƭŜŀŦ ŀǊŜŀǎ ŀǎ ǿŜƭƭ ŀǎ ǘƻǘŀƭ ŀƴǝƻȄƛŘŀƴǘ ŎŀǇŀŎƛǝŜǎ ƻŦ ōŀǎƛƭ ǎŜŜŘƭƛƴƎǎ ǿŜǊŜ 

ŦƻǳƴŘ ǳƴŘŜǊ ŀƴȅ w. ǎǇŜŎǘǊǳƳ ǘƘŀǘ ƛƴŎƭǳŘŜŘ ŜƛǘƘŜǊ ȅŜƭƭƻǿ ό¸Σ Ƴŀƛƴ ǇŜŀƪ ŀǘ слл ƴƳύΣ D όƳŀƛƴ ǇŜŀƪ ŀǘ рнл 

ƴƳύ ƻǊ Cw όƳŀƛƴ ǇŜŀƪ ŀǘ тор ƴƳύ ǿŀǾŜƭŜƴƎǘƘǎ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ w. ŀƭƻƴŜ ό/ŀǊǾŀƭƘƻ Ŝǘ ŀƭΦΣ нлмсύΦ 

IƻǿŜǾŜǊΣ [ƛƴ Ŝǘ ŀƭΦ όнлнмύ ŘŜƳƻƴǎǘǊŀǘŜŘ ŜƴƘŀƴŎŜŘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀŎǝǾƛǝŜǎ ŀƴŘ ƎǊƻǿǘƘ ƻŦ ƎǊŜŜƴ ŀƴŘ 

ǇǳǊǇƭŜ ōŀǎƛƭ ǾŀǊƛŜǝŜǎ ǿƘŜƴ ǘƘŜ ǇǊƻǇƻǊǝƻƴ ƻŦ w ǿŀǎ ƛƴŎǊŜŀǎŜŘ ƛƴ ŀƴ wD. ǎǇŜŎǘǊǳƳΣ ŀƴŘ {ƻƴƎ Ŝǘ ŀƭΦ όнлнлύ 

ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ƛƴŎƭǳǎƛƻƴ ƻŦ . ƛƴŎǊŜŀǎŜŘ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ŀƴŘ ŀƴǝƻȄƛŘŀƴǘ ŀŎǝǾƛǘȅ ƻŦ ǇƻƭȅǇƘŜƴƻƭǎ ŀƴŘ 

ŜǎǎŜƴǝŀƭ ƻƛƭ ŎƻƴǘŜƴǘ ƛƴ ōŀǎƛƭ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ŘƛũŜǊŜƴǘ ŎƻƳōƛƴŀǝƻƴǎ ƻŦ .Σ w ŀƴŘ ² [95 ƭƛƎƘǘΦ ¢ƘǳǎΣ ŀ 

ƎǊƻǿƛƴƎ ōƻŘȅ ƻŦ ǊŜǎŜŀǊŎƘ ǎǳƎƎŜǎǘǎ ƭƛƎƘǘ ǎǇŜŎǘǊŀ ǘƘŀǘ Ŏƻƴǎƛǎǘ ƻŦ ŜƭŜǾŀǘŜŘ w ŀƴŘ . [95ǎΣ ǎǳǇǇƭŜƳŜƴǘŜŘ ǿƛǘƘ 

ōǊƻŀŘ ² [95ǎ ƛƴŎƭǳŘƛƴƎ Cw ǿŀǾŜƭŜƴƎǘƘǎ ό{ƛǇƻǎ Ŝǘ ŀƭΦΣ нлнмύΦ  

.ŀǎŜŘ ƻƴ ǘƘƛǎ ŎǳǊǊŜƴǘ ǘǊŜƴŘ ǘƻǿŀǊŘǎ ōǊƻŀŘπōŀƴŘǿƛŘǘƘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŦƻǊ ōŀǎƛƭ ǇǊƻŘǳŎǝƻƴǎ ƛƴ 

ŎƻƴǘǊƻƭƭŜŘπŜƴǾƛǊƻƴƳŜƴǘ ƘƻǊǝŎǳƭǘǳǊŜΣ ŀ ǿƘƛǘŜ ōǊƻŀŘπōŀƴŘǿƛŘǘƘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ όпллπтул ƴƳύ ǿƛǘƘ 

ŜƭŜǾŀǘŜŘ w ŀƴŘ . ƭƛƎƘǘ ŦǊŀŎǝƻƴǎ ǿŀǎ ŘŜǾŜƭƻǇŜŘΦ Lǘ ŎƻǳƭŘ ōŜ ŀǎǎǳƳŜŘ ǘƘŀǘ ōŀǎƛƭ Ǉƭŀƴǘǎ ŘŜǾŜƭƻǇ ƳƻǊŜ ǊŀǇƛŘƭȅ 

ǳƴŘŜǊ ƛƴŎǊŜŀǎƛƴƎ ƘƛƎƘ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΦ wŜŀŎƘƛƴƎ ƳŀǊƪŜǘ ƳŀǘǳǊƛǘȅ ŜŀǊƭƛŜǊ ŀƭƭƻǿǎ ŦƻǊ ƘƛƎƘŜǊ Ǉƭŀƴǘ ǇǊƻŘǳŎǝƻƴ 

ǇŜǊ ŎǳƭǝǾŀǝƻƴ ǳƴƛǘ ŀƴŘ ƭŜŀŘǎ ǘƻ ƘƛƎƘŜǊ ǇǊƻŬǘŀōƛƭƛǘȅ ŘǳŜ ǘƻ ƘƛƎƘŜǊ ǘƘǊƻǳƎƘǇǳǘΦ !ǘ ǘƘŜ ǎŀƳŜ ǝƳŜΣ ōŀǎƛƭ 

ŘŜǾŜƭƻǇƛƴƎ ǳƴŘŜǊ ǊƛǎƛƴƎ ƭƻǿ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ƭƛƎƘǘ ŎƻƳǇƻǎƛǝƻƴ ŎƻǳƭŘ ǳǎŜ ƭƛƎƘǘ ƳƻǊŜ 

ŜŶŎƛŜƴǘƭȅΣ ǳƭǝƳŀǘŜƭȅ ǊŜǎǳƭǝƴƎ ƛƴ ƎǊŜŀǘŜǊ ǇǊƻŬǘŀōƛƭƛǘȅ ŘǳŜ ǘƻ ƭƻǿŜǊ ŜƴŜǊƎȅ ŎƻǎǘǎΦ {ƛƴŎŜ ƴƻǘ ƻƴƭȅ ƳƻǊǇƘƻƭƻƎȅ 

ōǳǘ ŀƭǎƻ ǎŜƴǎƻǊȅ ǉǳŀƭƛǘȅ ŀǎǇŜŎǘǎ ƘŀǾŜ ǘƻ ōŜ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ŜǾŀƭǳŀǝƻƴ ƻŦ ǇǊƻŬǘŀōƛƭƛǘȅΣ ǘƘŜ 

ŎƻƴǘŜƴǘǎ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴǎ ƻŦ ŜǎǎŜƴǝŀƭ ƻƛƭ όƛƴƅǳŜƴŎƛƴƎ ŀǊƻƳŀ ŀƴŘ ƅŀǾƻǊύΣ ǿƘƛŎƘ ŎƘŀƴƎŜ ŎƻƴǎƛŘŜǊŀōƭȅ ƻǾŜǊ 

ǝƳŜ όƛΦŜΦΣ [ŜǿƛƴǎƻƘƴ Ŝǘ ŀƭΦΣ нлллύΣ ŀƭǎƻ ƘŀǾŜ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘΦ  

¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ǘƻ ŜȄǇƭƻǊŜ ǘƘŜ ǇƘƻǘƻπƳƻǊǇƘƻƭƻƎƛŎŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ŀǎ ǿŜƭƭ ŀǎ 

ǘƘŜ ŎƻƴǘŜƴǘ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ό±h{ύ ƻŦ ŦƻǳǊ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ όŎǾΦ !ƴƛǎŜΣ ŎǾΦ 

/ƛƴƴŀƳƻƴΣ ŎǾΦ 5ŀǊƪ hǇŀƭ ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎύ ƻǾŜǊ ǝƳŜ όŦǊƻƳ ǎŜŜŘ ǘƻ ŎƻƳƳƻƴ ƳŀǊƪŜǘŀōƛƭƛǘȅύ ǳƴŘŜǊ ǘǿƻ 

ŘƛũŜǊŜƴǘ ǊƛǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŎƻƴŘƛǝƻƴǎ όL[ƻǿ ŀƴŘ LIƛƎƘύΦ ²Ŝ ŦǳǊǘƘŜǊ ŀƛƳŜŘ ŀǘ ƛƴǾŜǎǝƎŀǝƴƎ ǘƘŜ ōŀǎƛƭǎΩ 

ōƛƻƳŀǎǎ ŜŶŎƛŜƴŎƛŜǎ ǳƴŘŜǊ ōƻǘƘ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ōŀǎƛƭǎΩ ƭƛƎƘǘ ǳǎŜ ŜŶŎƛŜƴŎƛŜǎ ǳƴŘŜǊ ǘƘŜǎŜ 

ǇǊƻǘƻǘȅǇŜ [95 ƭƛƎƘǘ ŬȄǘǳǊŜǎΦ 
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нΦ aŀǘŜǊƛŀƭǎ ŀƴŘ ƳŜǘƘƻŘǎ 

нΦм 9ȄǇŜǊƛƳŜƴǘŀƭ ŘŜǎƛƎƴ 

¦ǎƛƴƎ ŀ ǊŀƴŘƻƳƛȊŜŘ ōƭƻŎƪ ŘŜǎƛƎƴΣ ŀ ǘƘǊŜŜπŦŀŎǘƻǊƛŀƭ ŜȄǇŜǊƛƳŜƴǘ όƛƴŎƭǳŘƛƴƎ ǘǿƻ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ όL[ƻǿΤ LIƛƎƘύΣ 

ŦƻǳǊ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ όΨ!ƴƛǎŜΩΣ Ψ/ƛƴƴŀƳƻƴΩΣ Ψ5ŀǊƪ hǇŀƭΩΣ Ψ¢Ƙŀƛ aŀƎƛŎΩύ ŀƴŘ ŦƻǳǊ ƴƻƴπŘŜǎǘǊǳŎǝǾŜ ǿŜŜƪƭȅ Ǉƭŀƴǘ 

ŀǎǎŜǎǎƳŜƴǘǎ όŀǘ мпΣ нмΣ ну ŀƴŘ ор Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎ ό5!{ύύ ǿƛǘƘ ŦƻǳǊ ǎǇŀǝŀƭƭȅ ƛƴŘŜǇŜƴŘŜƴǘ ǊŜǇƭƛŎŀǝƻƴǎ 

όҐ ŜȄǇŜǊƛƳŜƴǘŀƭ ōƭƻŎƪǎύ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ǿŀǎ ŎƻƴŘǳŎǘŜŘ όb Ґ ртс Ǉƭŀƴǘ ǇƻǘǎΣ ƴ Ґ тн Ǉƻǘǎ ǇŜǊ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ōƭƻŎƪ ǿƛǘƘ ƴ Ґ му Ǉƻǘǎ ǇŜǊ ōŀǎƛƭ ŎǳƭǝǾŀǊύΦ ¢ƻ ǿŜŜƪƭȅ ŎƻƭƭŜŎǘ Ǉƭŀƴǘ ƳŀǘŜǊƛŀƭ ŦƻǊ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ 

ŎƻƳǇƻǳƴŘ ŀƴŀƭȅǎŜǎΣ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ǿŀǎ ǊŜǇŜŀǘŜŘ ǳƴŘŜǊ ƛŘŜƴǝŎŀƭ ŎƻƴŘƛǝƻƴǎΦ 

 

нΦн tƭŀƴǘ ƳŀǘŜǊƛŀƭ ŀƴŘ ƎǊƻǿǘƘ ŎƻƴŘƛǝƻƴǎ  

{ŜŜŘǎ ƻŦ ŦƻǳǊ ōŀǎƛƭ ŎǳƭǝǾŀǊǎΣ ƴŀƳŜƭȅ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ ŎǾΦ Ψ!ƴƛǎŜΩΣ hΦ ōŀǎƛƭƛŎǳƳ ŎǾΦ Ψ/ƛƴƴŀƳƻƴΩΣ hΦ 

ōŀǎƛƭƛŎǳƳ [Φ ŎǾΦ Ψ5ŀǊƪ hǇŀƭΩ ŀƴŘ hΦ ōŀǎƛƭƛŎǳƳ [Φ ǾŀǊΦ ǘƘȅǊǎƛƅƻǊǳƳ ŎǾΦ Ψ¢Ƙŀƛ aŀƎƛŎΩ ǿŜǊŜ ǇǳǊŎƘŀǎŜŘ ŦǊƻƳ 

wǸƘƭŜƳŀƴƴǎΩǎ YǊŅǳǘŜǊπ ǳƴŘ 5ǳƊǇƅŀƴȊŜƴΣ IƻǊǎǘŜŘǘΣ DŜǊƳŀƴȅΦ Lƴ он ǎŜŜŘ ōƻȄŜǎΣ Ϥ мрл ǎŜŜŘǎ ƻŦ ŜŀŎƘ ōŀǎƛƭ 

ŎǳƭǝǾŀǊ ǿŜǊŜ ǎƻǿƴ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ Ƴƻƛǎǘ ǇƻǩƴƎ ǎǳōǎǘǊŀǘŜ όCǊǳƘǎǘƻǊŦŜǊ 9ƛƴƘŜƛǘǎŜǊŘŜ ¢ȅǇ tΣ IŀǿƛǘŀΣ 

±ŜŎƘǘŀΣ DŜǊƳŀƴȅύΦ CƻǳǊ ǎŜŜŘ ōƻȄŜǎ όŜŀŎƘ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ ǎŜŜŘǎ ƻŦ ƻƴŜ ōŀǎƛƭ ŎǳƭǝǾŀǊ ǊŜǎǇŜŎǝǾŜƭȅύ ǿŜǊŜ 

ǇƭŀŎŜŘ ƛƴ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ŜŀŎƘ ŜȄǇŜǊƛƳŜƴǘŀƭ ōƭƻŎƪ ŀǘ Ŝǉǳŀƭ tC5 όǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅύ ƻŦ Ϥ мрл ҡƳƻƭ Ƴπн ǎπм 

ŀƴŘ ƳƛǎǘŜŘ Řŀƛƭȅ ǘƻ ŀƭƭƻǿ ŦƻǊ ƻǇǝƳŀƭ ƭƛƎƘǘπ ŀƴŘ ƳƻƛǎǘǳǊŜπŘŜǇŜƴŘŜƴǘ ƎŜǊƳƛƴŀǝƻƴΦ {ŜǾŜƴ Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎΣ 

ŦƻǳǊ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ōŀǎƛƭ ǎŜŜŘƭƛƴƎǎ ǇŜǊ ŎǳƭǝǾŀǊ ǿŜǊŜ ǘǊŀƴǎǇƭŀƴǘŜŘ ƛƴǘƻ Ǉƻǘǎ όq Ґ ф ŎƳΣ ƘŜƛƎƘǘ сΦу ŎƳΣ 

ǾƻƭǳƳŜ лΦну [ύ όa·/ фΣ YŀǳǎŜƪΣ aƛǧŜƴǿŀƭŘŜΣ DŜǊƳŀƴȅύΦ 9ŀŎƘ ƻŦ ǘƘŜ ртс Ǉƻǘǎ ŎƻƴǘŀƛƴŜŘ ŀ ƳƛȄǘǳǊŜ ƻŦ лΦну [ 

ǇƻǩƴƎ ǎǳōǎǘǊŀǘŜ όCǊǳƘǎǘƻǊŦŜǊ 9ƛƴƘŜƛǘǎŜǊŘŜ ¢ȅǇ tΣ IŀǿƛǘŀΣ ±ŜŎƘǘŀΣ DŜǊƳŀƴȅύ ŀƴŘ рсл ƳƎ ƻŦ ŀ ǎƭƻǿπǊŜƭŜŀǎŜ 

ŦŜǊǝƭƛȊŜǊ όмрπфπммҌнaƎh Ҍ¢9 όǘǊŀŎŜ ŜƭŜƳŜƴǘǎύύ όhǎƳƻŎƻǘŜ 9ȄŀŎǘ aƛƴƛ оπпaΣ IŜǊƳŀƴƴ aŜȅŜǊ YDΣ 

wŜƭƭƛƴƎŜƴΣ DŜǊƳŀƴȅύ ǘƻ ŜƴǎǳǊŜ ƛŘŜƴǝŎŀƭ ƴǳǘǊƛŜƴǘ ŎƻƴǘŜƴǘǎ ƛƴ ŀƭƭ Ǉƭŀƴǘ ǇƻǘǎΦ 9ƛƎƘǘ ǇŜǊŦƻǊŀǘŜŘ ǇǊƻǇŀƎŀǝƻƴ 

ǘǊŀȅǎ όрл Ȅ он Ȅ с ŎƳύ ό/wt LƳǇƻǊǘ ς 9ȄǇƻǊǘ DƳōIΣ IŀƳōǳǊƎΣ DŜǊƳŀƴȅύ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ƴƛƴŜ Ŝǉǳŀƭƭȅ ǎǇŀŎŜŘ 

ōŀǎƛƭ Ǉƻǘǎ ǿŜǊŜ ǇƭŀŎŜŘ ŜǾŜƴƭȅ ǳƴŘŜǊ ŜŀŎƘ ŜȄǇŜǊƛƳŜƴǘŀƭ ōƭƻŎƪ ǿƛǘƘƛƴ мΦн Ƴн ǳƴŘŜǊ ǘƘŜ ǘǿƻ ŘƛũŜǊŜƴǘ ƭƛƎƘǘ 

ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘǎΦ ¢ƻ ŜƴǎǳǊŜ ǳƴƛŦƻǊƳ ǿŀǘŜǊƛƴƎΣ ǇŜǊŦƻǊŀǘŜŘ ǇǊƻǇŀƎŀǝƻƴ ǘǊŀȅǎ ǿŜǊŜ ǎǳōƳŜǊƎŜŘ ƛƴ 

ǳƴǇŜǊŦƻǊŀǘŜŘ ǇǊƻǇŀƎŀǝƻƴ ǘǊŀȅǎ ŬƭƭŜŘ ǿƛǘƘ Ŝǉǳŀƭ ŀƳƻǳƴǘǎ ƻŦ ǿŀǘŜǊ ŦƻǊ ол ƳƛƴǳǘŜǎ ŘŀƛƭȅΦ 5ǳŜ ǘƻ 

ƛƴƘƻƳƻƎŜƴŜƻǳǎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŘƛǎǘǊƛōǳǝƻƴǎ ǳƴŘŜǊƴŜŀǘƘ ŜŀŎƘ ŜȄǇŜǊƛƳŜƴǘŀƭ ōƭƻŎƪ όCƛƎǳǊŜ нлύΣ ǇǊƻǇŀƎŀǝƻƴ 

ǘǊŀȅǎ ǿŜǊŜ ǊƻǘŀǘŜŘ ŀƴŘ ǊŜπǇƻǎƛǝƻƴŜŘ Řŀƛƭȅ ǘƻ ƳƛƴƛƳƛȊŜ Ǉƻǎƛǝƻƴŀƭ ŜũŜŎǘǎΦ ¢ƻ ǇǊŜǾŜƴǘ ǎŎƛŀǊƛŘ ƅȅ ό{ŎƛŀǊŘŀŜύ 

ƛƴŦŜǎǘŀǝƻƴǎ ŘǳǊƛƴƎ ŜȄǇŜǊƛƳŜƴǘǎΣ ƴŜƳŀǘƻŘŜǎ ό{ǘŜƛƴŜǊƴŜƳŀ ŦŜƭǝŀŜύ όYŀǘȊ .ƛƻǘŜŎƘ!DΣ .ŀǊǳǘƘΣ DŜǊƳŀƴȅύ 

ǿŜǊŜ ǇǊŜǾŜƴǝǾŜƭȅ ŀǇǇƭƛŜŘ ǿŜŜƪƭȅ ŀǎ ǊŜŎƻƳƳŜƴŘŜŘ ōȅ ǘƘŜ ǎǳǇǇƭƛŜǊΦ !ǘ ŀƭƭ ŜƛƎƘǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ōƭƻŎƪǎΣ Řŀǘŀ 

ƭƻƎƎŜǊǎ ό9[π¦{.πнΣ [ŀǎŎŀǊΣ /ƻƴǊŀŘΣ IƛǊǎŎƘŀǳΣ DŜǊƳŀƴȅύ Ŏƻƴǝƴǳƻǳǎƭȅ ƳŜŀǎǳǊŜŘ ŎƭƛƳŀǝŎ ŎƻƴŘƛǝƻƴǎ 

ƛƴŎƭǳŘƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅΦ ²ƛǘƘ ŀǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜǎ όϲ/ ҕ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ ό{5ύύ ƻŦ 
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нмΦс ҕ нΦу ŀƴŘ нмΦн ҕ нΦс όǿƛǘƘ ŀ ƳŜŀǎǳǊƛƴƎ ŀŎŎǳǊŀŎȅ ƻŦ м ϲ/ύ ŀƴŘ ŀǾŜǊŀƎŜ ƘǳƳƛŘƛǝŜǎ ό҈ǊƘ ҕ {5ύ ƻŦ суΦф ҕ 

моΦп ŀƴŘ тлΦу ҕ моΦлн όǿƛǘƘ ŀ ƳŜŀǎǳǊƛƴƎ ŀŎŎǳǊŀŎȅ ƻŦ нΦнр ҈ύ ǳƴŘŜǊ ōƻǘƘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎΣ ŎƭƛƳŀǝŎ 

ŎƻƴŘƛǝƻƴǎ ŘƛŘ ƴƻǘ ŘƛũŜǊ ōŜǘǿŜŜƴ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎΦ 

 

 

CƛƎǳǊŜ нл ς [ƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŘƛǎǘǊƛōǳǝƻƴ ǳƴŘŜǊƴŜŀǘƘ ŜŀŎƘ [95 ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΦм ό!ύ [ƻǿ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ 
ǘǊŜŀǘƳŜƴǘ όL[ƻǿύΣ ό.ύ IƛƎƘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘ όLIƛƎƘύ  
м 9ŀŎƘ ƘŜŀǘ ƳŀǇ ŘŜǇƛŎǘǎ ǘƘŜ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǝŜǎ όtC5ǎύ ōŜǘǿŜŜƴ плл ŀƴŘ тул ƴƳ ώҡƳƻƭ Ƴπн ǎπмϐ ƳŜŀǎǳǊŜŘ ŜǾŜǊȅ 
млл ŎƳн ǿƛǘƘƛƴ ƻƴŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ōƭƻŎƪ όмΦн Ƴнύ ǳƴŘŜǊƴŜŀǘƘ ǘƘŜ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ŀǘ ŎǳƭǝǾŀǝƻƴ ǘŀōƭŜ ƭŜǾŜƭ όƴ Ґ мнл 
ƳŜŀǎǳǊŜƳŜƴǘǎύΦ DǊŀȅ ǎŎŀƭŜǎ ǘƻ ǘƘŜ ǊƛƎƘǘ ƻŦ ŜŀŎƘ ƭƛƎƘǘ ŘƛǎǘǊƛōǳǝƻƴ ǇŀǧŜǊƴ ŀǊŜ ǎŎŀƭŜŘ ŦǊƻƳ ƳƛƴƛƳǳƳ ǘƻ ƳŀȄƛƳǳƳ 
tC5ǎ όтпπноф ҡƳƻƭ Ƴπн ǎπмύ ƳŜŀǎǳǊŜŘ ŀŎǊƻǎǎ ōƻǘƘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎΦ 
 

 

нΦо [ƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŀƴŘ ƛƭƭǳƳƛƴŀǝƻƴ ŎƻƴŘƛǝƻƴǎ  

[ƛƎƘǘ ŜȄǇŜǊƛƳŜƴǘǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ƛƴ ŎƭƛƳŀǘŜπŎƻƴǘǊƻƭƭŜŘ ŎǳƭǝǾŀǝƻƴ ǊƻƻƳǎΦ 9ŀŎƘ ƻŦ ǘƘŜ ŜƛƎƘǘ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ōƭƻŎƪǎ ǇŜǊ ŜȄǇŜǊƛƳŜƴǘ ŎƻƴǎƛǎǘŜŘ ƻŦ ǘǿƻ ǇǊƻǘƻǘȅǇŜ [95 ƭŀƳǇǎ ό!Ǉƻƭƭƻ wмΣ C¦¢¦w9[95ϯΣ .ŜǊƭƛƴΣ DŜǊƳŀƴȅύ 

ǿƘƛŎƘ ǿŜǊŜ ƳƻǳƴǘŜŘ лΦст Ƴ ŀǇŀǊǘ ŦǊƻƳ ŀƴƻǘƘŜǊ ŀƴŘ ƳƻǳƴǘŜŘ ƻƴǘƻ ƎƛǾŜƴ ǎǘŜŜƭ ŦǊŀƳŜǎ ǊŜǎǳƭǝƴƎ ƛƴ мΦлл Ƴ 

ōŜǘǿŜŜƴ ǘƘŜ ŎǳƭǝǾŀǝƻƴ ǘŀōƭŜ ŀƴŘ ǘƘŜ ōƻǧƻƳ ƻŦ ǘƘŜ [95 ƭƛƎƘǘǎΦ ¢ƘŜ ƛƭƭǳƳƛƴŀǘŜŘ ŀǊŜŀ ƻŦ мΦн Ƴн ǳƴŘŜǊƴŜŀǘƘ 

ǘƘŜǎŜ ǘǿƻ ƳǳƭǝǎǇŜŎǘǊŀƭ [95 ƭŀƳǇǎ ǊŜǇǊŜǎŜƴǘŜŘ ƻƴŜ ƻŦ ŜƛƎƘǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ōƭƻŎƪǎ ǇŜǊ ŜȄǇŜǊƛƳŜƴǘΦ tƭŀǎǝŎ 

ǎƘŜŜǝƴƎ ŜȄǘŜƴŘƛƴƎ ŦǊƻƳ ŀōƻǾŜ ǘƘŜ ƭƛƎƘǘ ŬȄǘǳǊŜǎ ǘƻ ōŜƭƻǿ ǘƘŜ ŎǳƭǝǾŀǝƻƴ ǘŀōƭŜǎ ŜƭƛƳƛƴŀǘŜŘ ƴŜƛƎƘōƻǊƛƴƎ 

ƭƛƎƘǘ Ǉƻƭƭǳǝƻƴ ŦǊƻƳ ƻǘƘŜǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ōƭƻŎƪǎΦ [ƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŘƛǎǘǊƛōǳǝƻƴǎΣ ōǊƻŀŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŀƴŘ 

ǎǇŜŎǘǊŀƭ ŎƻƳǇƻǎƛǝƻƴǎ ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎ ŀǊŜ ŘŜǇƛŎǘŜŘ ƛƴ CƛƎǳǊŜǎ нлΣ нм ŀƴŘ ¢ŀōƭŜ муΣ ŀƴŘ ǿŜǊŜ 

ƳŜŀǎǳǊŜŘ ǿƛǘƘ ŀƴ hŎŜŀƴ C·π¦±π±L{ ǎǇŜŎǘǊƻƳŜǘŜǊ όhŎŜŀƴ LƴǎƛƎƘǘΣ hǎǜƛƭŘŜǊƴΣ DŜǊƳŀƴȅύΦ  
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CƛƎǳǊŜ нм ς ²ƘƛǘŜ ōǊƻŀŘπōŀƴŘ 
[95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŀǇǇƭƛŜŘ 
ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎΦ  
 
5ŜǇƛŎǘŜŘ ŀǊŜ ǘƘŜ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ 
ŀǎ tC5ǎ όǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǝŜǎύ   
ώҡƳƻƭ Ƴπн ǎπмϐ ǇŜǊ ǿŀǾŜƭŜƴƎǘƘ ώƴƳϐ 
ōŜǘǿŜŜƴ плл ŀƴŘ тул ƴƳΦ 9ŀŎƘ 
[95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ όL[ƻǿ ƭƛƎƘǘ 
ǘǊŜŀǘƳŜƴǘ Ґ ŘŀǎƘŜŘ ƭƛƴŜΤ LIƛƎƘ ƭƛƎƘǘ 
ǘǊŜŀǘƳŜƴǘ Ґ ǎƻƭƛŘ ƭƛƴŜύ ǊŜǇǊŜǎŜƴǘǎ 
ǘƘŜ ŀǾŜǊŀƎŜ tC5ǎ ǇŜǊ ǿŀǾŜƭŜƴƎǘƘ 
ƻōǘŀƛƴŜŘ ŦǊƻƳ мнл ƳŜŀǎǳǊŜƳŜƴǘǎ 
ŀŎǊƻǎǎ ǘƘŜ ŜƴǝǊŜ ŜȄǇŜǊƛƳŜƴǘŀƭ 
ōƭƻŎƪ όмΦн ƳнύΦ 

 

 

 
 
¢ŀōƭŜ му ς {ǇŜŎǘǊŀƭ ŎƻƳǇƻǎƛǝƻƴǎ ƻŦ ǘƘŜ ǿƘƛǘŜ ōǊƻŀŘπōŀƴŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀΦм 
 ILow IHigh 

 (Photosynthetic) photon flux densities [µmol m-2 s-1]1 

PFD (400~780nm) 102 ± 14 200 ± 26 
PPFD (400~700nm) 96 ± 13 185 ± 24 
B (400~500nm) 50 ± 7 82 ± 11 
G (500~600nm) 21 ± 3 44 ± 6 
R (600~700nm) 25 ± 4 59 ± 8 
FR (700~780nm) 6 ± 1 14 ± 3 

L[ƻǿ Ґ [ƻǿ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘΣ LIƛƎƘ Ґ IƛƎƘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘΣ tC5 Ґ ¢ƻǘŀƭ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ 
όпллπтул ƴƳύΣ ttC5 Ґ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ όпллπтлл ƴƳύΣ . Ґ ōƭǳŜ ǇƘƻǘƻƴǎΣ D Ґ ƎǊŜŜƴ 
ǇƘƻǘƻƴǎΣ w Ґ ǊŜŘ ǇƘƻǘƻƴǎΣ Cw Ґ ŦŀǊπǊŜŘ ǇƘƻǘƻƴǎ 
м tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǝŜǎ ҕ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴǎ ό{5ύ ŜȄǇǊŜǎǎŜŘ ƛƴ ҡƳƻƭ Ƴπн ǎπм ŦǊƻƳ мнл 
ƳŜŀǎǳǊŜƳŜƴǘǎ ǘŀƪŜƴ ŜǾŜǊȅ млл ŎƳн ŀŎǊƻǎǎ ŀƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ōƭƻŎƪ ǳƴŘŜǊ ŜŀŎƘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ŀǘ ŎǳƭǝǾŀǝƻƴ ǘŀōƭŜ 
ƭŜǾŜƭΦ 

 

!ƭƭ ōŀǎƛƭ ǎŜŜŘǎ ŀƴŘ ǎŜŜŘƭƛƴƎǎ ǿŜǊŜ ǎǳōƧŜŎǘ ǘƻ ŀ ōǊƻŀŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ όпллπтул ƴƳύ ǿƛǘƘ 

ŜƭŜǾŀǘŜŘ όwύ ŀƴŘ ōƭǳŜ ό.ύ ǿŀǾŜƭŜƴƎǘƘ ǇǊƻǇƻǊǝƻƴǎ ǳƴŘŜǊ ŀ tC5 ƻŦ Ϥ мрл ҡƳƻƭ Ƴπн ǎπм ŘǳǊƛƴƎ ƎŜǊƳƛƴŀǝƻƴΦ 

{ǘŀǊǝƴƎ ǎŜǾŜƴ Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎΣ ōŀǎƛƭ Ǉƭŀƴǘǎ ǿŜǊŜ ǘƘŜƴ ǎǳōƧŜŎǘ ǘƻ ŜƛǘƘŜǊ ŀ tC5 ƻŦ Ϥ млн ҡƳƻƭπн ǎπм όҐ L[ƻǿύ 

ƻǊ ŀ tC5 ƻŦ Ϥ нлл ҡƳƻƭ Ƴπн ǎπм όҐ LIƛƎƘύ ŀǘ ŎǳƭǝǾŀǝƻƴ ǘŀōƭŜ ƭŜǾŜƭ ŦƻǊ ǘƘŜ ǊŜƳŀƛƴŘŜǊ ƻŦ ǘƘŜ ƭƛƎƘǘ ŜȄǇŜǊƛƳŜƴǘǎΦ 

hǾŜǊ ǝƳŜΣ tC5ǎ ƛƴŎǊŜŀǎŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ƘŜƛƎƘǘ ƻŦ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ όŀǎ ǘƘŜ ŘƛǎǘŀƴŎŜ ƻŦ ǘƘŜ ŎŀƴƻǇȅ ǘƻ ǘƘŜ 

[95 ƭƛƎƘǘ ǎƻǳǊŎŜǎ ŘŜŎǊŜŀǎŜŘύ όCƛƎǳǊŜ ннύΦ tƭŀƴǘǎ ǿŜǊŜ ǎǳōƧŜŎǘ ǘƻ ŀǊǝŬŎƛŀƭ ƭƛƎƘǝƴƎ ŦǊƻƳ сΦлл ŀƳ ǘƻ млΦлл 

ǇƳ ŦƻǊ ŀ ǇƘƻǘƻǇŜǊƛƻŘ ƻŦ мс ƘƻǳǊǎ ǇŜǊ Řŀȅ ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎ όŘǳǊŀǝƻƴ ор ŘŀȅǎύΦ 
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CƛƎǳǊŜ нн ς tƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ŘƛǎǘŀƴŎŜ ǘƻ ƭƛƎƘǘ ǎƻǳǊŎŜΦ 
tǊŜǎŜƴǘŜŘ ŀǊŜ ŀǾŜǊŀƎŜ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǝŜǎ όtC5ύ ώҡƳƻƭ Ƴπн ǎπмϐ ҕ {5 ōŜǘǿŜŜƴ плл ŀƴŘ тул ƴƳ ǊŜŎƻǊŘŜŘ 
ƛƴ мл ŎƳ ƛƴǘŜǊǾŀƭǎ όǎǘŀǊǝƴƎ ŀǘ ŎǳƭǝǾŀǝƻƴ ǘŀōƭŜ ƭŜǾŜƭ млл ŎƳ ŦǊƻƳ ǘƘŜ ƭƛƎƘǘ ǎƻǳǊŎŜύ ŦǊƻƳ ƴƛƴŜ ǊŜǇǊŜǎŜƴǘŀǝǾŜ 
Ǉƻǎƛǝƻƴǎ ŀŎǊƻǎǎ ǘƘŜ ŎǳƭǝǾŀǝƻƴ ŀǊŜŀ όмΦн Ƴнύ ŀǘ ŜŀŎƘ ŘƛǎǘŀƴŎŜΦ 
 
 

нΦп 9ƴŜǊƎȅ ƳŜŀǎǳǊŜƳŜƴǘǎ 

¢ƘŜ ǇƻǿŜǊ ŘǊŀǿ ƻŦ ŎǳǊǊŜƴǘ ό!ύ ŀƴŘ ǾƻƭǘŀƎŜ ό±ύ ŦǊƻƳ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ƭŀƳǇǎ ƻŦ ŜŀŎƘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ǿŜǊŜ 

ƳŜŀǎǳǊŜŘ ǳǎƛƴƎ ŀ ǇƻǿŜǊ ƳŜǘŜǊ ό9b9wD¸ ahbL¢hw олллΣ ±ƻƭǘŎǊŀƊϯΣ ²ŜǊƴōŜǊƎπYǀōƭƛǘȊΣ DŜǊƳŀƴȅύ ǘƻ 

ŜǎǝƳŀǘŜ ǘƘŜ ȅƛŜƭŘ ŜŶŎŀŎȅ ƻŦ ǘƘŜ [95 ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ŦƻǊ ŜŀŎƘ ōŀǎƛƭ ŎǳƭǝǾŀǊΦ 9ƭŜŎǘǊƛŎŀƭ ŎƻƴǎǳƳǇǝƻƴǎ ǿŜǊŜ 

ŎŀƭŎǳƭŀǘŜŘ ōȅ ƳǳƭǝǇƭȅƛƴƎ ǘƘŜ ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴǎ ǿƛǘƘ ǘƘŜ ǊǳƴƴƛƴƎ ƘƻǳǊǎ ƻŦ ǘƘŜ [95 ƭƛƎƘǘ ŬȄǘǳǊŜǎ 

όмс ƘƻǳǊǎ ǇŜǊ ŘŀȅΣ ор Řŀȅǎ ƛƴ ǘƻǘŀƭύΦ .ƛƻƳŀǎǎ ŜŶŎŀŎȅ όǘƻǘŀƭ ŦǊŜǎƘ ȅƛŜƭŘǎ ǇŜǊ ƪ²Ƙ ŀƴŘ ŎǳƭǝǾŀǝƻƴ ŀǊŜŀ 

όмΦн Ƴнύύ ŀǎ ǿŜƭƭ ŀǎ ±h/ ŜŶŎŀŎȅ όǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘ ȅƛŜƭŘǎ ǇŜǊ ƪ²Ƙ ŀƴŘ ŎǳƭǝǾŀǝƻƴ ŀǊŜŀύ ǿŜǊŜ 

ŎŀƭŎǳƭŀǘŜŘ ōȅ ƳǳƭǝǇƭȅƛƴƎ ǘƘŜ ŎǳƭǝǾŀǊǎΩ ŀǾŜǊŀƎŜ ȅƛŜƭŘǎ ǇŜǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǊŜŀ ǿƛǘƘ тн όҐ ƳŀȄƛƳǳƳ ƴǳƳōŜǊ 

ƻŦ Ǉƻǘǎ ǇŜǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ōƭƻŎƪύ ŀƴŘ ŘƛǾƛŘƛƴƎ ǘƘŜǎŜ ȅƛŜƭŘǎ ōȅ ǘƘŜ ǘƻǘŀƭ ƪƛƭƻǿŀǧ ƘƻǳǊǎ ǳǎŜŘ ǇŜǊ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ōƭƻŎƪΦ 

 

нΦр 9ȄǘǊŀŎǝƻƴ ƻŦ ǾƻƭŀǝƭŜǎ  

!ƊŜǊ ǎŀƳǇƭŜǎ ǿŜǊŜ ƎŜƴǘƭȅ ŀƛǊπŘǊƛŜŘ ƛƴ ŀ ŘǊȅƛƴƎ ƻǾŜƴ ŀǘ ол ϲ/ ŦƻǊ Җ т Řŀȅǎ ǳƴǝƭ ǎǘŀōƭŜ Ƴŀǎǎ ǿŀǎ ŀǧŀƛƴŜŘ 

ŀƴŘ ǎƘƻǊǘƭȅ ǎǘƻǊŜŘ ǳƴŘŜǊ ŎƻƻƭΣ ŘǊȅ ŀƴŘ ŘŀǊƪ ŎƻƴŘƛǝƻƴǎΣ ǾƻƭŀǝƭŜ ŎƻƳǇƻǳƴŘǎ ƻŦ ōŀǎƛƭ ƭŜŀǾŜǎ ǿŜǊŜ ŜȄǘǊŀŎǘŜŘ 

ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇǊƻŎŜŘǳǊŜΥ млл ƳƎ όҕ н ҈ύ ƻŦ ŘǊƛŜŘ ŀƴŘ ǇƻǿŘŜǊŜŘ όо ƛƴǘŜǊǾŀƭǎ ƻŦ мл ǎŜŎƻƴŘǎ ŀǘ 

мрΣллл ǊǇƳ Ǿƛŀ ¢ǳōŜ aƛƭƭ ŎƻƴǘǊƻƭΣ LY!ϯΣ {ǘŀǳŦŜƴΣ DŜǊƳŀƴȅύ ōŀǎƛƭ ƭŜŀǾŜǎ ŦǊƻƳ ǘǿƻ ōŀǎƛƭ Ǉƻǘǎ όƻŦ ǘƘŜ ǎŀƳŜ 
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ŎǳƭǝǾŀǊΣ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ƘŀǊǾŜǎǘ ŘŀǘŜ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ōƭƻŎƪύ ǿŜǊŜ ǘǊŀƴǎŦŜǊǊŜŘ ƛƴǘƻ н Ƴ[ ǎŎǊŜǿ ŎŀǇ ƳƛŎǊƻ 

ǘǳōŜǎ ό{ŀǊǎǘŜŘǘ !D ϧ /ƻΦ YDΣ bǸƳōǊŜŎƘǘΣ DŜǊƳŀƴȅύ ƛƴŎƭǳŘƛƴƎ ǘǿƻ ǎǘŜŀƭ ƎǊƛƴŘƛƴƎ ōŀƭƭǎ όq н ƳƳύ ŀƴŘ 

ƘƻƳƻƎŜƴƛȊŜŘ ƛƴ мΦл Ƴ[ ƻŦ ƘƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ ƭƛǉǳƛŘ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ ƎǊŀŘŜ ƛǎƻƻŎǘŀƴŜ ό¢ƘΦ DŜȅŜǊΣ 

wŜƴƴƛƴƎŜƴΣ DŜǊƳŀƴȅύ ώŎƻƴǘŀƛƴƛƴƎ мΥнллл όǾκǾύ ŎŀǊǾŀŎǊƻƭ ŀǎ ƛƴǘŜǊƴŀƭ ǎǘŀƴŘŀǊŘϐ ŦƻǊ мл ƳƛƴǳǘŜǎ ŀǘ ол ǊǇǎ ǿƛǘƘ 

ŀ ōŀƭƭ Ƴƛƭƭ όaaпллΣ wŜǘǎŎƘϯΣ IŀŀƴΣ DŜǊƳŀƴȅύΦ !ƊŜǊ мл ƳƛƴǳǘŜǎ ƻŦ ǳƭǘǊŀπǎƻƴƛŬŎŀǝƻƴ ό{ƻƴƻǊŜȄ wY млсΣ 

.ŀƴŘŜƭƛƴ ŜƭŜŎǘǊƻƴƛŎ DƳōI ϧ /ƻΦ YDΣ .ŜǊƭƛƴΣ DŜǊƳŀƴȅύ ŀƴŘ мл ƳƛƴǳǘŜǎ ƻŦ ŎŜƴǘǊƛŦǳƎŀǝƻƴ ŀǘ моΣллл ǊǇƳ 

όIŜǊŀŜǳǎϰ [ŀōƻŦǳƎŜϰ плл wΣ ¢ƘŜǊƳƻ {ŎƛŜƴǝŬŎϰΣ hǎǘŜǊƻŘŜΣ DŜǊƳŀƴȅύ ŀǘ нн ϲ/ ǊŜǎǇŜŎǝǾŜƭȅΣ ǘƘŜ 

ǎǳǇŜǊƴŀǘŀƴǘǎ ǿŜǊŜ ǘǊŀƴǎŦŜǊǊŜŘ ƛƴǘƻ D/πǾƛŀƭǎ ŀƴŘ ǎǘƻǊŜŘ ŀǘ πтл ϲ/ ǳƴǝƭ ŀƴŀƭȅǎƛǎ όb Ґ нрс ǎŀƳǇƭŜǎύΦ 

 

нΦс D/πCL5 ŀƴŘ D/πa{ ŀƴŀƭȅǎƛǎ 

м ҡ[ ƻŦ ǘƘŜ ƻōǘŀƛƴŜŘ ŜȄǘǊŀŎǘǎ ƻŦ ǾƻƭŀǝƭŜǎ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ōȅ D/ςCL5 ǳǎƛƴƎ ŀƴ !ƎƛƭŜƴǘ Ǝŀǎ ŎƘǊƻƳŀǘƻƎǊŀǇƘ 

суфлb ŬǧŜŘ ǿƛǘƘ ŀ Itπрa{ ŎƻƭǳƳƴ όол Ƴ Ҏ нрл ҡƳ Ȅ лΦр ƳƳύ ƛƴ ǎǇƭƛǘ ƳƻŘŜ όмΥнлύΦ 5ŜǘŜŎǘƻǊ ŀƴŘ ƛƴƧŜŎǘƻǊ 

ǘŜƳǇŜǊŀǘǳǊŜǎ ǿŜǊŜ ǎŜǘ ǘƻ нрл ϲ/Φ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƻǾŜƴ ǘŜƳǇŜǊŀǘǳǊŜ ǇǊƻƎǊŀƳ ǿŀǎ ǳǎŜŘΥ рл ϲ/ ŦƻǊ н ƳƛƴΣ 

ƘŜŀǝƴƎ ŦǊƻƳ рл ǘƻ онл ϲ/ ŀǘ ŀ ǊŀǘŜ ƻŦ р ϲ/ ƳƛƴςмΦ ¢ƘŜ Ŭƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ƘŜƭŘ ŦƻǊ с ƳƛƴΦ IȅŘǊƻƎŜƴ ǿŀǎ 

ǳǎŜŘ ŀǎ ŎŀǊǊƛŜǊ Ǝŀǎ ǿƛǘƘ ŀ Ŏƻƴǎǘŀƴǘ ƅƻǿ ǊŀǘŜ ƻŦ мΦн Ƴ[ ƳƛƴπмΦ D/πa{ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ŀƴ !ƎƛƭŜƴǘ рфтр 

bŜǘǿƻǊƪ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘŜǊΣ ƻƴ ŀ Itπрa{ ŎƻƭǳƳƴ όǎŜŜ D/ύΣ ƻǇŜǊŀǝƴƎ ŀǘ тл Ŝ± ƛƻƴƛȊŀǝƻƴ ŜƴŜǊƎȅΣ ǳǎƛƴƎ 

ǘƘŜ ǎŀƳŜ ǘŜƳǇŜǊŀǘǳǊŜ ǇǊƻƎǊŀƳ ŀǎ ŀōƻǾŜΦ IŜƭƛǳƳ ǿŀǎ ǳǎŜŘ ŀǎ ŎŀǊǊƛŜǊ Ǝŀǎ ǿƛǘƘ ŀ Ŏƻƴǎǘŀƴǘ ƅƻǿ ǊŀǘŜ ƻŦ 

мΦн Ƴ[ ƳƛƴπмΦ wŜǘŜƴǝƻƴ ƛƴŘƛŎŜǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ ǳǎƛƴƎ ǊŜǘŜƴǝƻƴ ǝƳŜǎ ƻŦ /сπ /нпπŀƭƪŀƴŜǎ όaŜǊŎƪ YDŀ!Σ 

5ŀǊƳǎǘŀŘǘΣ DŜǊƳŀƴȅύ ǘƘŀǘ ǿŜǊŜ ƛƴƧŜŎǘŜŘ ǳƴŘŜǊ ǘƘŜ ǎŀƳŜ ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ŎƻƴŘƛǝƻƴǎΦ 

 

нΦт LŘŜƴǝŬŎŀǝƻƴ ŀƴŘ ǉǳŀƴǝŬŎŀǝƻƴ ƻŦ ǾƻƭŀǝƭŜ ŎƻƳǇƻǳƴŘǎ 

!ƭƭ Ƴŀƛƴ ŎƻƳǇƻǳƴŘǎ ƻŦ ǘƘŜ ǾƻƭŀǝƭŜ ŜȄǘǊŀŎǘǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘ ōȅ ŎƻƳǇŀǊƛƴƎ ǘƘŜƛǊ Ƴŀǎǎ ǎǇŜŎǘǊŀ ǿƛǘƘ ǘƘƻǎŜ ƻŦ 

ƛƴǘŜǊƴŀƭ ǊŜŦŜǊŜƴŎŜ ƭƛōǊŀǊƛŜǎ ό!ŘŀƳǎΣ bL{¢ύΦ !ŘŘƛǝƻƴŀƭƭȅΣ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ мΣуπ ŎƛƴŜƻƭŜΣ πhǇƛƴŜƴŜΣ πh

ǘŜǊǇƛƴŜƻƭΣ ǖπŜƭŜƳŜƴŜΣ ǖπƳȅǊŎŜƴŜΣ ǖπǇƛƴŜƴŜΣ ōƻǊƴŜƻƭΣ ŎŀƳǇƘƻǊΣ ŎŀǊǾŀŎǊƻƭΣ ŜǳƎŜƴƻƭΣ ǖπŦŀǊƴŜǎŜƴŜΣ ƭƛƳƻƴŜƴŜΣ 

ƭƛƴŀƭƻƻƭΣ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭΣ ƳŜǘƘȅƭ ŎƛƴƴŀƳŀǘŜΣ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭΣ ƻŎƛƳŜƴŜ ŀƴŘ ǎŀōƛƴŜƴŜ ǿŀǎ ŀŶǊƳŜŘ ōȅ ǇǳǊŜ 

ǎǘŀƴŘŀǊŘ ǎǳōǎǘŀƴŎŜǎ όǇǳǊŎƘŀǎŜŘ ŀǎ ŀƴŀƭȅǝŎŀƭ ǎǘŀƴŘŀǊŘǎ ǿƛǘƘ ŀ ǇǳǊƛǘȅ җ фр ҈ ŦƻǊ D/ ǊŜŦŜǊŜƴŎŜ ŀƴŀƭȅǎƛǎ ŦǊƻƳ 

!ōŎŀƳ ό/ŀƳōǊƛŘƎŜΣ ¦ƴƛǘŜŘ YƛƴƎŘƻƳύΣ !ƭŦŀ !ŜǎŀǊ όYŀƴŘŜƭΣ DŜǊƳŀƴȅύΣ /ŀǊƭ wƻǘƘ όYŀǊƭǎǊǳƘŜΣ DŜǊƳŀƴȅύΣ Cƭǳƪŀ 

ό{ŜŜƭȊŜΣ DŜǊƳŀƴȅύΣ aŜǊŎƪ YDŀ! ό5ŀǊƳǎǘŀŘǘΣ DŜǊƳŀƴȅύ ŀƴŘ ¢/L DƳōI ό9ǎŎƘōƻǊƴΣ DŜǊƳŀƴȅύύ ŀƴŘ 
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ŎƻƴŬǊƳŜŘ ōȅ ŎƻƳǇŀǊƛƴƎ ǘƘŜƛǊ ǊŜǘŜƴǝƻƴ ƛƴŘƛŎŜǎΦ ±ƻƭŀǝƭŜ ŎƻƳǇƻǳƴŘǎ ǿŜǊŜ ǉǳŀƴǝŬŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ƪƴƻǿƴ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜ ƛƴǘŜǊƴŀƭ ǎǘŀƴŘŀǊŘ ŎŀǊǾŀŎǊƻƭΦ 

 

нΦу {ǘŀǝǎǝŎǎ ŀƴŘ ŎŀƭŎǳƭŀǝƻƴǎ 

DǊŀǇƘtŀŘ tǊƛǎƳ όǾŜǊǎƛƻƴ фΦоΦмΦптмΣ {ŀƴ 5ƛŜƎƻΣ ¦{!ύ ǿŀǎ ǳǎŜŘ ŦƻǊ ǎǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎŜǎ ŀƴŘ ƎǊŀǇƘƛŎŀƭ 

ǊŜǇǊŜǎŜƴǘŀǝƻƴǎ ƻŦ ŀƭƭ Řŀǘŀ ǎŜǘǎΦ tƭŀƴǘ ƘŜƛƎƘǘǎΣ ŦǊŜǎƘκŘǊȅ ǿŜƛƎƘǘǎΣ ±h/ ŎƻƴǘŜƴǘǎ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴǎΥ 

bƻǊƳŀƭƛǘȅ ƻŦ Řŀǘŀ ǎŜǘǎ ǿŜǊŜ ǘŜǎǘŜŘ Ǿƛŀ {ƘŀǇƛǊƻπ²ƛƭƪ ƻǊ 5Ω!Ǝƻǎǝƴƻ ϧ tŜŀǊǎƻƴ ǘŜǎǘǎ ǿƛǘƘƛƴ ŀƴŘ ŀŎǊƻǎǎ ǎǇŀǝŀƭ 

ǊŜǇƭƛŎŀǝƻƴǎ ŀǘ  hғ лΦлрΦ ²ƘŜƴ ŘƛǎǘǊƛōǳǝƻƴǎ ŘŜǾƛŀǘŜŘ ŦǊƻƳ ƴƻǊƳŀƭƛǘȅΣ ƻǳǘƭƛŜǊǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘ Ǿƛŀ wh¦¢ 

ƳŜǘƘƻŘ ŀǘ v Ґ мл ҈ ŀƴŘ ǊŜƳƻǾŜŘ ǘƻ ƻōǘŀƛƴ ƴƻǊƳŀƭƛǘȅΦ ²ƘŜƴ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴǎ ό{5ǎύ ƻŦ Řŀǘŀ ǎŜǘǎ ǇŀǎǎŜŘ 

.ǊƻǿƴπCƻǊǎȅǘƘŜ ŀƴŘ .ŀǊǘƭŜǧΩǎ ǘŜǎǘǎ ŀǘ  hғ лΦлрΣ ƻǊŘƛƴŀǊȅ ƻƴŜπǿŀȅ !bh±!ǎ ŦƻƭƭƻǿŜŘ ōȅ ¢ǳƪŜȅΩǎ ƳǳƭǝǇƭŜ 

ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŀǘ фр ҈ ŎƻƴŬŘŜƴŎŜ ƭŜǾŜƭ ό hғ лΦлрύ ǿŜǊŜ ŀǇǇƭƛŜŘΤ ǿƘŜƴ {5ǎ ǿŜǊŜ ƴƻǘ Ŝǉǳŀƭ ōŜǘǿŜŜƴ ƭƛƎƘǘ 

ǘǊŜŀǘƳŜƴǘǎ ŀƴŘ ŎǳƭǝǾŀǊǎΣ .ǊƻǿƴπCƻǊǎȅǘƘŜ ŀƴŘ ²ŜƭŎƘ !bh±!ǎ ŦƻƭƭƻǿŜŘ ōȅ 5ǳƴƴŜǧΩǎ ¢о ƳǳƭǝǇƭŜ 

ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŀǘ фр ҈ ŎƻƴŬŘŜƴŎŜ ƭŜǾŜƭ ό hғ лΦлрύ ǿŜǊŜ ŀǇǇƭƛŜŘ ǘƻ ŀƴŀƭȅȊŜ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƭƛƎƘǘ 

ǘǊŜŀǘƳŜƴǘǎ ŀƴŘ ŎǳƭǝǾŀǊǎΦ ό5ŀǘŀ ǎŜǘ ƻŦ Ǉƭŀƴǘ ƘŜƛƎƘǘΥ b Ґ рссπртрΣ ƴ Ґ мпπму ŀǾŜǊŀƎŜ Ǉƭŀƴǘ ƘŜƛƎƘǘǎ ǇŜǊ ōŀǎƛƭ 

ŎǳƭǝǾŀǊΣ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴΥ ŜŀŎƘ ƴ ǳǎŜŘ ŦƻǊ ǎǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŀǾŜǊŀƎŜ 

Ǉƭŀƴǘ ƘŜƛƎƘǘ ƻŦ ŀƭƭ ŦƻǳǊ ƳŜŀǎǳǊŜŘ ōŀǎƛƭ Ǉƭŀƴǘǎ ǇŜǊ ǇƻǘΤ Řŀǘŀ ǎŜǘǎ ƻŦ ŦǊŜǎƘκŘǊȅ ǿŜƛƎƘǘǎΥ b Ґ ртлκрстΣ ƴ Ґ мрπ

му ǾŀƭǳŜǎ ǇŜǊ ŎǳƭǝǾŀǊΣ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴΤ Řŀǘŀ ǎŜǘǎ ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘ ό±h/ύ 

ŎƻƴǘŜƴǘ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴΥ b Ґ онπспΣ ƴ Ґ пπу ǾŀƭǳŜǎ ǇŜǊ ŎǳƭǝǾŀǊ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘύΦ bǳƳōŜǊ ƻŦ ƭŜŀŦ ŀƴŘ 

ōǊŀƴŎƘ ǇŀƛǊǎΥ !ǎ ƴƻ ŘƛũŜǊŜƴŎŜǎ ǿƛǘƘƛƴ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ŀŎǊƻǎǎ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ŀƊŜǊ 

ŀǇǇƭȅƛƴƎ ŀ YǊǳǎƪŀƭπ²ŀƭƭƛǎ ǘŜǎǘ ŦƻƭƭƻǿŜŘ ōȅ 5ǳƴƴΩǎ ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŀǘ ŎƻƴŬŘŜƴŎŜ ƭŜǾŜƭ фр ҈ 

όt ғ лΦлрύ ŦƻǊ ōŀǎƛƭ Ǉƭŀƴǘǎ ŀǘ ŜŀŎƘ ǝƳŜ Ǉƻƛƴǘ όǇ Ҕ лΦффύΣ Řŀǘŀ ǎŜǘǎ ƻŦ ŀƭƭ ŦƻǳǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ 

ǘǊŜŀǘƳŜƴǘ ŀƴŘ ŎǳƭǝǾŀǊ ǿŜǊŜ ŎƻƳōƛƴŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ǎǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎΦ ¢ƻ ŀƴŀƭȅȊŜ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƭƛƎƘǘ 

ǘǊŜŀǘƳŜƴǘǎ ŀƴŘ ŎǳƭǝǾŀǊǎ ŀǘ ŜŀŎƘ ǝƳŜ ǇƻƛƴǘΣ YǊǳǎƪŀƭπ²ŀƭƭƛǎ ǘŜǎǘǎ ŦƻƭƭƻǿŜŘ ōȅ 5ǳƴƴΩǎ ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ 

ǘŜǎǘ ŀǘ фр ҈ ŎƻƴŬŘŜƴŎŜ ƭŜǾŜƭ όt ғ лΦлрύ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘΣ ǊŜǎǇŜŎǝǾŜƭȅ ό5ŀǘŀ ǎŜǘΥ b Ґ ртсΣ ƴ Ґ тн ŀǎǎŜǎǎŜŘ 

Ǉƻǘǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ŎǳƭǝǾŀǊ ŀƴŘ ǝƳŜ ǇƻƛƴǘΤ ŜŀŎƘ ƴ ǳǎŜŘ ŦƻǊ ǎǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŀǾŜǊŀƎŜ 

ƴǳƳōŜǊ ƻŦ ƭŜŀŦ ǇŀƛǊǎκǎƛŘŜ ōǊŀƴŎƘŜǎ ŦǊƻƳ ŀƭƭ ŦƻǳǊ ŀǎǎŜǎǎŜŘ ōŀǎƛƭ Ǉƭŀƴǘǎ ǇŜǊ ǇƻǘύΦ tǊƛƴŎƛǇŀƭ ŎƻƳǇƻƴŜƴǘ 

ǊŜƎǊŜǎǎƛƻƴǎ όt/wǎύ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǇǊŜŘƛŎǝǾŜ ǇƻǿŜǊ ƻŦ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎ όǇƭŀƴǘ 

ƘŜƛƎƘǘΣ ƴǳƳōŜǊ ƻŦ ƭŜŀŦ ŀƴŘ ōǊŀƴŎƘ ǇŀƛǊǎύ ƻƴ ǘƘŜ ōŀǎƛƭǎΩ ±h/ ŎƻƳǇƻǎƛǝƻƴǎ ōȅ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŀǾŜǊŀƎŜ ǾŀƭǳŜǎ 

ƻŦ ŀƭƭ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ƻōǎŜǊǾŀǝƻƴǎ όŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜǎύ ŀƴŘ ƻŦ ŀƭƭ ŘŜǘŜŎǘŜŘ ±h/ǎ όƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜǎύ 

ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ 5!{Φ ¢ƘǳǎΣ Řŀǘŀ ǎŜǘǎ ƻŦ ŜŀŎƘ ŎǳƭǝǾŀǊ ŎƻƴǎƛǎǘŜŘ ƻŦ ŜƛƎƘǘ ŀǾŜǊŀƎŜ ǾŀƭǳŜǎ ǇŜǊ ŜŀŎƘ ƻŦ 

ǘƘŜ ǘƘǊŜŜ ŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜǎ όŀǎ ŜŀŎƘ ǾŀƭǳŜ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŀǾŜǊŀƎŜ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ƻōǎŜǊǾŀǝƻƴ ǇŜǊ ǝƳŜ 

όмпΣ нмΣ нуΣ ор 5!{ύ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όLIƛƎƘΣ L[ƻǿύ ŀƴŘ ŜƛƎƘǘ ǾŀƭǳŜǎ ǇŜǊ ŜŀŎƘ ƻŦ ǘƘŜ нмπнр ƛƴŘŜǇŜƴŘŜƴǘ 
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ǾŀǊƛŀōƭŜǎ όŀǎ ǿŜ ŘŜǘŜŎǘŜŘ нмΣ ннΣ но ŀƴŘ нр ±h/ǎ ƛƴ ŎǾΦ !ƴƛǎŜΣ 5ŀǊƪ hǇŀƭΣ /ƛƴƴŀƳƻƴ ŀƴŘ ¢Ƙŀƛ aŀƎƛŎΣ 

ǊŜǎǇŜŎǝǾŜƭȅύΦ ¸ƛŜƭŘ ŜŶŎŀŎȅΥ ¢ƘŜ ŀǾŜǊŀƎŜ ŦǊŜǎƘ ǿŜƛƎƘǘǎ ŀƴŘ ƭŜŀŦ ŘǊȅ ǿŜƛƎƘǘǎ ŦǊƻƳ мрπму ƘŀǊǾŜǎǘŜŘ ōŀǎƛƭ 

Ǉƻǘǎ ǇŜǊ ŎǳƭǝǾŀǊ ŀƴŘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ǿŜǊŜ ƳǳƭǝǇƭƛŜŘ ōȅ ŦŀŎǘƻǊ тн ǘƻ ŀǇǇǊƻȄƛƳŀǘŜ ǘƘŜ ōŀǎƛƭ ŎǳƭǝǾŀǊǎΩ 

ŦǊŜǎƘ ǿŜƛƎƘǘ ŀƴŘ ±h/ ǇǊƻŘǳŎǝƻƴǎ ŦƻǊ ǘƘŜ ŜƴǝǊŜ ƛƭƭǳƳƛƴŀǘŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǊŜŀΦ !ǇǇǊƻȄƛƳŀǘŜŘ ǇǊƻŘǳŎǝƻƴ 

ȅƛŜƭŘǎ ǿŜǊŜ ǘƘŜƴ ŘƛǾƛŘŜŘ ōȅ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ ƪƛƭƻǿŀǧ ƘƻǳǊǎ ŎƻƴǎǳƳŜŘ ǳƴŘŜǊ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǊŜŀ ƻŦ мΦн Ƴн 

ōȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ōƛƻƳŀǎǎ ŀƴŘ ±h/ ŜŶŎŀŎƛŜǎΦ ²ƘŜƴ Řŀǘŀ ǎŜǘǎ ǇŀǎǎŜŘ ƴƻǊƳŀƭƛǘȅ 

Ǿƛŀ {ƘŀǇƛǊƻπ²ƛƭƪ ǘŜǎǘ ŀǘ  hғ лΦлрΣ Řŀǘŀ ǎŜǘǎ ǿŜǊŜ ŀƴŀƭȅȊŜŘ Ǿƛŀ ǳƴǇŀƛǊŜŘ ǘ ǘŜǎǘΣ ƻǘƘŜǊǿƛǎŜ Ǿƛŀ ƴƻƴπǇŀǊŀƳŜǘǊƛŎ 

YƻƭƳƻƎƻǊƻǾπ{ƳƛǊƴƻǾ ǘŜǎǘ ŀǘ фр ҈ ŎƻƴŬŘŜƴŎŜ ƭŜǾŜƭ όt ғ лΦлрύΣ ǊŜǎǇŜŎǝǾŜƭȅΦ 

 

оΦ wŜǎǳƭǘǎ ŀƴŘ ŘƛǎŎǳǎǎƛƻƴ 

оΦм /ǳƭǝǾŀǊπŘŜǇŜƴŘŜƴǘ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŘƛũŜǊŜƴŎŜǎ 

¢ƘŜ ǎǇŜŎƛŜǎ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ ŜȄƘƛōƛǘǎ ŀƴ ƛƳƳŜƴǎŜ ǾŀǊƛŜǘȅ ƻŦ ŘƛũŜǊŜƴǘ ŎǳƭǝǾŀǊǎ ŀƴŘ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ 

ŀ ƘƛƎƘ ƛƴǘǊŀπǎǇŜŎƛŬŎ ŘƛǾŜǊǎƛǘȅ ƛƴ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǘǊŀƛǘǎΣ ŀƴŘ ǘƘŜ ǎǇŜŎƛŬŎ ŀǇǇŜŀǊŀƴŎŜǎ ƻŦ ŜŀŎƘ ŎǳƭǝǾŀǊ 

ƻōǎŜǊǾŜŘ ƛƴ ƻǳǊ ǎǘǳŘȅ ŎƻƛƴŎƛŘŜ ǿƛǘƘ ǘƘŜƛǊ ǘȅǇƛŎŀƭ ǇƘŜƴƻǘȅǇŜǎ ŘŜǎŎǊƛōŜŘ ōȅ /ŀǊƻǾƛŏ π{ǘŀƴƪƻ Ŝǘ ŀƭΦ όнлммύ 

ŀƴŘ [ƛƴ Ŝǘ ŀƭΦ όнлнмύΦ CƻǊ ŜȄŀƳǇƭŜΣ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ŎǾΦ !ƴƛǎŜΣ ŎǾΦ /ƛƴƴŀƳƻƴ ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎ ǿŜǊŜ 

ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƎǊŜŜƴ ƭŜŀǾŜǎ ǿƛǘƘ ǇǳǊǇƭŜ ǎǘŜƳǎ ŀƴŘ ƅƻǿŜǊǎΣ ǿƘƛƭŜ ōŀǎƛƭ ŎǾΦ 5ŀǊƪ hǇŀƭ ǿŀǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ 

ōȅ ǘƘŜ ǇǳǊǇƭŜ ŎƻƭƻǊ ƻŦ ŀƭƭ ƛǘǎ ŀŜǊƛŀƭ ǇŀǊǘǎ ŀƴŘ ƛǘǎ ŎƻƳǇŀŎǘ ƎǊƻǿǘƘ όCƛƎǳǊŜ ноύΦ  

²ƛǘƘ ŀƴ ŀǾŜǊŀƎŜ Ǉƭŀƴǘ ƘŜƛƎƘǘ ƻŦ Ϥ нр ŀƴŘ Ϥ нт ŎƳ ŀƴŘ ŀƴ ŀǾŜǊŀƎŜ ƻŦ ŦƻǳǊ ŀƴŘ ŬǾŜ ƭŜŀŦ ǇŀƛǊǎ ŀǎ ǿŜƭƭ 

ŀǎ ōǊŀƴŎƘ ǇŀƛǊǎ ōȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘ όор Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎ ό5!{ύύ ǳƴŘŜǊ L[ƻǿ ŀƴŘ LIƛƎƘ ƭƛƎƘǘ 

ŎƻƴŘƛǝƻƴǎΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ōŀǎƛƭ ŎǾΦ /ƛƴƴŀƳƻƴ ƎǊŜǿ ǘƘŜ ǘŀƭƭŜǎǘ ŀƴŘ ŘŜǾŜƭƻǇŜŘ ǘƘŜ Ƴƻǎǘ ƭŜŀŦ ŀƴŘ ōǊŀƴŎƘ ǇŀƛǊǎ 

ŦǊƻƳ ŀƭƭ ƛƴǾŜǎǝƎŀǘŜŘ ŎǳƭǝǾŀǊǎ ό¢ŀōƭŜ мфΤ CƛƎǳǊŜ нпύΦ Lƴ ŀŘŘƛǝƻƴΣ ǿƘƛƭŜ Ϥ по ҈ ƻŦ ŀƭƭ ƛƴǾŜǎǝƎŀǘŜŘ ŎǾΦ 

/ƛƴƴŀƳƻƴ ōŀǎƛƭ Ǉƭŀƴǘǎ ƘŀŘ ŘŜǾŜƭƻǇŜŘ ƅƻǿŜǊ ōǳŘǎ ōȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ǳƴŘŜǊ LIƛƎƘΣ ƴƻ ƅƻǿŜǊ ōǳŘǎ 

ƘŀŘ ŦƻǊƳŜŘ ǳƴŘŜǊ L[ƻǿ ό¢ŀōƭŜ мфύΦ  

¢ƘƻǳƎƘ ōŀǎƛƭ ŎǾΦ !ƴƛǎŜ ǎƘƻǿŜŘ ǘƘŜ Ƴƻǎǘ ƘƻƳƻƎŜƴŜƻǳǎ ŘŜǾŜƭƻǇƳŜƴǘ όƭƻǿŜǎǘ ǾŀǊƛŀƴŎŜύ ƻŦ ŀƭƭ 

ƛƴǾŜǎǝƎŀǘŜŘ ōŀǎƛƭ ŎǳƭǝǾŀǊǎΣ ŎǾΦ !ƴƛǎŜ ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎ ŘŜǾŜƭƻǇŜŘ ǾŜǊȅ ǎƛƳƛƭŀǊƭȅ ǳƴŘŜǊ ōƻǘƘ [95 ƭƛƎƘǘ 

ŎƻƴŘƛǝƻƴǎ ό¢ŀōƭŜ мфΤ CƛƎǳǊŜ нпύΦ ²ƘƛƭŜ ōƻǘƘ ŎǳƭǝǾŀǊǎ ǊŜŀŎƘŜŘ ŀ Ǉƭŀƴǘ ƘŜƛƎƘǘ ƻŦ Ϥ нл ŎƳ ǳƴŘŜǊ L[ƻǿΣ ǘƘŜ 

ŎǳƭǝǾŀǊǎ ƎǊŜǿ ǎƛƎƴƛŬŎŀƴǘƭȅ ǘŀƭƭŜǊ ǳƴŘŜǊ LIƛƎƘ ŀƴŘ ǊŜŀŎƘŜŘ ƘŜƛƎƘǘǎ ƻŦ Ϥ но ŎƳ ōȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘΦ 

Lƴ ŀŘŘƛǝƻƴΣ ōƻǘƘ ŎǳƭǝǾŀǊǎ ŘŜǾŜƭƻǇŜŘ ǘƘŜ ǎŀƳŜ ƴǳƳōŜǊ ƻŦ ƭŜŀŦ ǇŀƛǊǎ ŀƭƻƴƎ ǘƘŜ Ƴŀƛƴ ǎǘŜƳ ŘǳǊƛƴƎ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘ ŀƴŘ ƘŀŘ ŘŜǾŜƭƻǇŜŘ ŀƴ ŀǾŜǊŀƎŜ ƻŦ ŦƻǳǊ ƭŜŀŦ ǇŀƛǊǎ ŀƭƻƴƎ ǘƘŜ Ƴŀƛƴ ǎǘŜƳ ǳƴŘŜǊ ōƻǘƘ ƭƛƎƘǘ 

ŎƻƴŘƛǝƻƴǎ ōȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΦ CǳǊǘƘŜǊΣ ŀƭƭ ŎǾΦ !ƴƛǎŜ ōŀǎƛƭ Ǉƭŀƴǘǎ ŀƴŘ Ϥ фо ҈ ƻŦ ǘƘŜ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎ 

ōŀǎƛƭ Ǉƭŀƴǘǎ ƘŀŘ ŦƻǊƳŜŘ ƅƻǿŜǊ ōǳŘǎ ǳƴŘŜǊ LIƛƎƘΣ ǿƘŜǊŜŀǎ ƴƻ ƅƻǿŜǊ ōǳŘ ŦƻǊƳŀǝƻƴ ǿŀǎ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ L[ƻǿΦ 
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мср 
 

¢ƘƻǳƎƘ ōǊŀƴŎƘƛƴƎ ƻŦ ŎǾΦ !ƴƛǎŜ ǇǊƻƎǊŜǎǎŜŘ ŦŀǎǘŜǊΣ ōƻǘƘ ŎǳƭǝǾŀǊǎ ŀǾŜǊŀƎŜŘ ǘƘǊŜŜ ŀƴŘ ŦƻǳǊ ōǊŀƴŎƘ ǇŀƛǊǎ ŀǘ ǘƘŜ 

ŜƴŘ ƻŦ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘ ǳƴŘŜǊ L[ƻǿ ŀƴŘ LIƛƎƘΣ ǊŜǎǇŜŎǝǾŜƭȅΦ  

²ƛǘƘ ƘŜƛƎƘǘǎ ƻŦ Ϥ мл ŀƴŘ Ϥ мс ŎƳΣ ŀƴŘ ŀƴ ŀǾŜǊŀƎŜ ƻŦ ƻƴŜ ŀƴŘ ǘǿƻ ōǊŀƴŎƘ ǇŀƛǊǎ ǇŜǊ ōŀǎƛƭ Ǉƭŀƴǘ 

ǳƴŘŜǊ L[ƻǿ ŀƴŘ LIƛƎƘ ŀǘ ƘŀǊǾŜǎǘΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ǘƘŜ ǇǳǊǇƭŜπƭŜŀŦŜŘ ŎǾΦ 5ŀǊƪ hǇŀƭ ǊŜƳŀƛƴŜŘ ǘƘŜ ǎƘƻǊǘŜǎǘ ŀƴŘ ƭŜŀǎǘ 

ōǊŀƴŎƘŜŘ ƻŦ ǘƘŜ ŦƻǳǊ ƛƴǾŜǎǝƎŀǘŜŘ ŎǳƭǝǾŀǊǎ ό¢ŀōƭŜ мфΤ CƛƎǳǊŜ нпύΦ ¢ƘƻǳƎƘ ŎǾΦ 5ŀǊƪ hǇŀƭ ŘŜǾŜƭƻǇŜŘ ǘƘŜ 

ŦŜǿŜǎǘ ƭŜŀŦ ǇŀƛǊǎ ǳƴŘŜǊ ǘƘŜ L[ƻǿ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΣ ƛǘǎ ƭŜŀŦ ǇŀƛǊǎ ŘŜǾŜƭƻǇŜŘ ǊŀǇƛŘƭȅ ǳƴŘŜǊ LIƛƎƘ ōȅ ƎǊƻǿƛƴƎ ŀƴ 

ŀǾŜǊŀƎŜ ƻŦ Ϥ р ƭŜŀŦ ǇŀƛǊǎ ǇŜǊ ōŀǎƛƭ ǇƭŀƴǘΦ 

 

 

CƛƎǳǊŜ но ς ±ƛǎǳŀƭ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ŦƻǳǊ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ ŎǳƭǝǾŀǊǎ ŀǘ ƘŀǊǾŜǎǘΦ ό!ύ hΦ ōŀǎƛƭƛŎǳƳ [Φ ŎǾΦ 
Ψ!ƴƛǎŜΩΣ ό.ύ hΦ ōŀǎƛƭƛŎǳƳ [Φ ŎǾΦ Ψ/ƛƴƴŀƳƻƴΩΣ ό/ύ hΦ ōŀǎƛƭƛŎǳƳ [Φ ŎǾΦ Ψ5ŀǊƪ hǇŀƭΩΣ ό5ύ hΦ ōŀǎƛƭƛŎǳƳ [Φ ŎǾΦ Ψ¢Ƙŀƛ 
aŀƎƛŎΩ ǳƴŘŜǊ ǘƘŜ ƭƻǿ όƭŜƊύ ŀƴŘ ƘƛƎƘ όǊƛƎƘǘύ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ор Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎΦ
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мсс 
 

¢ŀōƭŜ мф ς {ǳƳƳŀǊƛȊŜŘ Ǉƭŀƴǘ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ŦƻǳǊ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ƎǊƻǿƴ ǳƴŘŜǊ ǘǿƻ [95 ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ƻǾŜǊ ǝƳŜ όƛƴŎƭǳŘƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŀǘ 

Ǉƭŀƴǘ ŎŀƴƻǇȅ ƭŜǾŜƭǎύΦ 

Basil cultivar   Ψ!ƴƛǎŜΩ Ψ/ƛƴƴŀƳƻƴΩ Ψ5ŀǊƪ hǇŀƭΩ Ψ¢Ƙŀƛ aŀƎƛŎΩ 
Parameter DAS ILow IHigh ILow IHigh ILow IHigh ILow IHigh 

Plant height [cm]1 

14 1.2 ± 0.2c 1.7 ± 0.3b 2.0 ± 0.3b 2.8 ± 0.4a 1.8 ± 0.4b 2.0 ± 0.4b 1.2 ± 0.3c 1.7 ± 0.4b 

21 3.8 ± 0.4c 5.9 ± 0.8b 6.7 ± 0.8b 8.5 ± 1.0a 3.9 ± 0.6c 5.7 ± 0.8b 4.3 ± 0.8c 6.3 ± 1.1b 

28 9.4 ± 1.2c 14.8 ± 1.3b 14.4 ± 1.6b 17.4 ± 2.0a 6.0 ± 0.9d 9.6 ± 1.1c 9.8 ± 1.4c 14.5 ± 1.7b 

35 19.8 ± 1.4c 22.9 ± 1.4b 25.3 ± 2.2a 26.8 ± 2.3a 10.0 ± 1.3e 15.9 ± 1.2d 19.9 ± 2.5c 22.6 ± 2.1b 

Light intensity at  
canopy level  
[µmol m-2 s-1]2 

14 115 ± 17 230 ± 33 117 ± 17 236 ± 34 117 ± 17 232 ± 34 115 ± 17 230 ± 33 
21 122 ± 18 254 ± 38 130 ± 20 270 ± 40 122 ± 18 253 ± 37 123 ± 19 256 ± 38 
28 138 ± 21 312 ± 48 155 ± 24 331 ± 51 128 ± 19 276 ± 41 140 ± 21 309 ± 47 
35 175 ± 28 376 ± 60 198 ± 32 411 ± 66 140 ± 21 320 ± 49 176 ± 28 373 ± 59 

Leaf pairs [n]1 

14 1.0 ± 0.0b 1.0 ± 0.0b 1.0 ± 0.0b 1.0 ± 0.1a 1.0 ± 0.1b 1.0 ± 0.1b 1.0 ± 0.0b 1.0 ± 0.0b 

21 2.0 ± 0.0c 2.9 ± 0.3a 2.0 ± 0.1c 3.0 ± 0.2a 1.6 ± 0.3d 2.4 ± 0.3b 2.0 ± 0.2c 2.3 ± 0.4b 

28 3.0 ± 0.0e 4.0 ± 0.1ab 3.2 ± 0.3de 4.1 ± 0.2a 2.5 ± 0.3f 3.4 ± 0.4cd 2.9 ± 0.2e 3.7 ± 0.3bc 

35 4.0 ± 0.2de 4.0 ± 0.1de 4.4 ± 0.3bc 5.1 ± 0.4a 3.5 ± 0.3f 4.6 ± 0.4b 3.8 ± 0.3e 4.1 ± 0.3cd 

Branch pairs [n]1 
21 0.7 ± 0.5b 2.0 ± 0.1a 0.8 ± 0.5b 2.0 ± 0.1a 0.0 ± 0.0c 0.0 ± 0.1c 0.6 ± 0.5b 1.9 ± 0.2a 

28 3.0 ± 0.1b 3.7 ± 0.4a 2.0 ± 0.2c 3.0 ± 0.1b 0.0 ± 0.0e 1.1 ± 0.6d 1.9 ± 0.3cd 2.9 ± 0.2b 

35 3.0 ± 0.0d 4.0 ± 0.1c 4.3 ± 0.3b 5.0 ± 0.4a 0.5 ± 0.5f 2.2 ± 0.7e 2.8 ± 0.3e 3.7 ± 0.4d 

Flower buds [%]3 35 0 100 0.0 43.1 0.0 0.0 0.0 93.1 
Fresh weight [g]1 35 13.4 ± 1.2e 18.9 ± 1.6cd 24.0 ± 2.3b 28.7 ± 3.0a 7.1 ± 1.3f 18.5 ± 2.6cd 16.4 ± 2.0de 21.6 ± 2.7bc 

Dry weight [g]1 35 1.2 ± 0.2d 3.0 ± 0.3b 2.1 ± 0.3c 3.7 ± 0.5a 0.5 ± 0.1e 1.6 ± 0.3d 1.5 ± 0.3d 3.2 ± 0.4ab 

Leaf dry weight 
[g]1 

35 0.7 ± 0.1de 1.9 ± 0.2ab 1.4 ± 0.3bc 2.1 ± 0.6a 0.3 ± 0.1e 1.1 ± 0.2cd 0.9 ± 0.2cd 2.2 ± 0.3a 

VOC 
concentration  
[mg g LDM

-1]4 

14 4.0 ± 1.0de 5.4 ± 1.2cde 4.2 ± 0.9e 5.4 ± 1.6cde 8.6 ± 0.5bc 14.8 ± 3.2a 9.6 ± 2.2b 7.6 ± 2.1bcd 

21 7.6 ± 0.9bc 7.3 ± 1.4bc 6.1 ± 0.8c 6.9 ± 2.7bc 11.8 ± 1.6a 11.3 ± 2.3a 9.0 ± 1.9ab 7.4 ± 1.9bc 

28 8.1 ± 1.5bc 9.1 ± 1.8bc 7.0 ± 1.6c 7.8 ± 2.3bc 8.5 ± 2.2bc 8.0 ± 1.8bc 11.6 ± 1.9ab 13.8 ± 4.3a 

35 9.9 ± 1.7ab 9.7 ± 1.3ab 11.4 ± 3.5ab 8.8 ± 2.4b 7.9 ± 1.0b 8.0 ± 2.3b 13.1 ± 2.3a 9.1 ± 3.2b 

VOC yield 
[mg total LDM

-1]5 35 7.2 ± 0.1d 18.6 ± 0.9a 15.6 ± 1.2b 17.8 ± 2.0a 2.6 ± 0.2e 8.5 ± 0.6cd 10.5 ± 0.5c 19.2 ± 0.5a 

5!{Υ Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎΤ L[ƻǿΥ [ƻǿ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘΤ LIƛƎƘΥ IƛƎƘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘΤ ±h/Υ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎΤ [5aΥ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊΤ 5ƛũŜǊŜƴǘ 
ƭŜǧŜǊǎ ǿƛǘƘƛƴ ŀ Ǌƻǿ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ŀǘ t Җ лΦлрΦ 
м tǊŜǎŜƴǘŜŘ ŀǊŜ ŀǾŜǊŀƎŜ ǾŀƭǳŜǎ ҕ {5 ƻŦ ŦƻǳǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ όŜŀŎƘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴ ǇŜǊ ōŀǎƛƭ ŎǳƭǝǾŀǊ Ŏƻƴǎƛǎǘǎ ƻŦ ƴ Ґ мпπму Ǉƭŀƴǘ ǇƻǘǎΣ ŜŀŎƘ ƴ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ 
ƳŜŀƴ ǾŀƭǳŜ ƻŦ ŦƻǳǊ ŀǎǎŜǎǎŜŘ ōŀǎƛƭ Ǉƭŀƴǘǎ ǇŜǊ ǇƻǘύΦ 
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мст 
 

н tǊŜǎŜƴǘŜŘ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǝŜǎ όtC5ǎύ ҕ {5 ŀǘ ŎŀƴƻǇȅ ƭŜǾŜƭ ōŀǎŜŘ ƻƴ ǘƘŜ ŜȄǇƻƴŜƴǝŀƭ ƎǊƻǿǘƘ ǊŀǘŜ ŎŀƭŎǳƭŀǘŜŘ ƛƴ 9ȄŎŜƭ Ǿƛŀ Dwh²¢I ŦǳƴŎǝƻƴ ŦǊƻƳ 
ǘƘŜ ƳŜŀǎǳǊŜŘ Řŀǘŀ Ǉƻƛƴǘǎ ŘŜǇƛŎǘŜŘ ƛƴ CƛƎǳǊŜ ннΦ 
о tǊŜǎŜƴǘŜŘ ŀǊŜ ǇŜǊŎŜƴǘŀƎŜ ǾŀƭǳŜǎ ŀŎǊƻǎǎ ŀƭƭ ŦƻǳǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎΦ 
п tǊŜǎŜƴǘŜŘ ŀǊŜ ŀǾŜǊŀƎŜ ±h/ ŎƻƴǘŜƴǘǎ ҕ {5 ƛƴ ƳƎ Ǝ [5a

πм όƭŜŀŦ ŘǊȅ ƳŀǧŜǊύ όǿκǿύ ŀŎǊƻǎǎ ŀƭƭ ŦƻǳǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎΦ 
р tǊŜǎŜƴǘŜŘ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǾŜǊŀƎŜ ǘƻǘŀƭ ±h/ ǉǳŀƴǝǝŜǎ ҕ {5 ƛƴ ƳƎ ǘƻǘŀƭ [5a

πм όƭŜŀŦ ŘǊȅ ƳŀǧŜǊύ ŀŎǊƻǎǎ ŦƻǳǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎΦ
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CƛƎǳǊŜ нп ς /ƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ŦƻǳǊ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ ŎǳƭǝǾŀǊǎ ǳƴŘŜǊ ǘǿƻ ŘƛũŜǊŜƴǘ ōǊƻŀŘπōŀƴŘǿƛŘǘƘ 

[95 ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ƻǾŜǊ ǝƳŜΦм LIƛƎƘΥ IƛƎƘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘΤ L[ƻǿΥ [ƻǿ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘΤ 

5!{Υ Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎΤ ŘŀǎƘŜŘ ƘƻǊƛȊƻƴǘŀƭ ƭƛƴŜǎ ǊŜǇǊŜǎŜƴǘ ƳŀǊƪŜǘŀōƛƭƛǘȅ όŘŜŬƴŜŘ ŀǎ Ǉƭŀƴǘ ƘŜƛƎƘǘ җ мрŎƳ 

ŀƴŘκƻǊ ƴǳƳōŜǊ ƻŦ ƭŜŀŦ ǇŀƛǊǎ җ пύΤ [5aΥ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊΤ ±h/Υ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘΤ ǎƛƎƴƛŬŎŀƴŎŜ ƭŜǾŜƭǎΥ 

ƴǎ Ґ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘΣ ϝ Җ лΦлрΣ ϝϝ Җ лΦлнΣ ϝϝϝ Җ лΦлмΤ ǇƭŜŀǎŜ ƴƻǘŜ ǘƘŜ ŘƛũŜǊŜƴǘƭȅ ǎŎŀƭŜŘ ¸πŀȄŜǎ ōŜǘǿŜŜƴ 

ŎǳƭǝǾŀǊǎΦ 

м !π5Υ tƭŀƴǘ ƘŜƛƎƘǘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ōŀǎƛƭ ŎǳƭǝǾŀǊ Ψ!ƴƛǎŜΩ ό!ύΣ Ψ/ƛƴƴŀƳƻƴΩ ό.ύΣ Ψ 5ŀǊƪ hǇŀƭΩ ό/ύ ŀƴŘ Ψ¢Ƙŀƛ 

aŀƎƛŎΩ ό5ύ ƻǾŜǊ ǝƳŜ όŘŀǎƘŜŘ ŀƴŘ ŘƻǧŜŘ ƭƛƴŜǎ ǿƛǘƘƛƴ Ǿƛƻƭƛƴ Ǉƭƻǘǎ ǊŜǇǊŜǎŜƴǘ ƳŜŘƛŀƴǎ ŀƴŘ ǉǳŀǊǝƭŜǎ όнрǘƘ 

ŀƴŘ трǘƘ ǇŜǊŎŜƴǝƭŜύ ƻŦ ǘƘŜ Řŀǘŀ ǎŜǘΣ ǊŜǎǇŜŎǝǾŜƭȅΤ ŘŀǎƘŜŘ ƭƛƴŜǎ ƘƻǊƛȊƻƴǘŀƭƭȅ ŀŎǊƻǎǎ ǘƘŜ ƎǊŀǇƘ ǊŜǇǊŜǎŜƴǘ 



/I!t¢9w п  hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ 

мсф 
 

ƳŀǊƪŜǘŀōƛƭƛǘȅ ŀǘ ƘŜƛƎƘǘ җ мрŎƳύΤ 9πIΥ [ŜŀŦ ǇŀƛǊ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ōŀǎƛƭ ŎǳƭǝǾŀǊ Ψ!ƴƛǎŜΩ ό9ύΣ Ψ/ƛƴƴŀƳƻƴΩ όCύΣ Ψ 

5ŀǊƪ hǇŀƭΩ όDύ ŀƴŘ Ψ¢Ƙŀƛ aŀƎƛŎΩ όIύ ƻǾŜǊ ǝƳŜ όŘŀǎƘŜŘ ƭƛƴŜǎ ǊŜǇǊŜǎŜƴǘ ƳŀǊƪŜǘŀōƛƭƛǘȅ ŀǘ ŀ ƴǳƳōŜǊ ƻŦ ƭŜŀŦ 

ǇŀƛǊǎ җ пύΤ Lπ[Υ .ǊŀƴŎƘ ǇŀƛǊ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ōŀǎƛƭ ŎǳƭǝǾŀǊ Ψ!ƴƛǎŜΩ όLύΣ Ψ/ƛƴƴŀƳƻƴΩ όWύΣ Ψ 5ŀǊƪ hǇŀƭΩ όYύ ŀƴŘ Ψ¢Ƙŀƛ 

aŀƎƛŎΩ ό[ύ ƻǾŜǊ ǝƳŜΤ aπtΥ CǊŜǎƘ ǿŜƛƎƘǘ ǇŜǊ Ǉƻǘ ƻŦ ōŀǎƛƭ ŎǳƭǝǾŀǊ Ψ!ƴƛǎŜΩ όaύΣ Ψ/ƛƴƴŀƳƻƴΩ όbύΣ Ψ 5ŀǊƪ hǇŀƭΩ 

όhύ ŀƴŘ Ψ¢Ƙŀƛ aŀƎƛŎΩ όtύ ор Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎ όŀǘ ƘŀǊǾŜǎǘΤ ŘŀǎƘŜŘ ŀƴŘ ŘƻǧŜŘ ƭƛƴŜǎ ǿƛǘƘƛƴ Ǿƛƻƭƛƴ Ǉƭƻǘǎ 

ǊŜǇǊŜǎŜƴǘ ƳŜŘƛŀƴǎ ŀƴŘ ǉǳŀǊǝƭŜǎ όнрǘƘ ŀƴŘ трǘƘ ǇŜǊŎŜƴǝƭŜύ ƻŦ ǘƘŜ Řŀǘŀ ǎŜǘΣ ǊŜǎǇŜŎǝǾŜƭȅύΤ vπ¢Υ ±ƻƭŀǝƭŜ 

ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘ ŎƻƴǘŜƴǘ ǇŜǊ ƎǊŀƳ ƻŦ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊ ƻŦ ōŀǎƛƭ ŎǳƭǝǾŀǊ Ψ!ƴƛǎŜΩ όvύΣ Ψ/ƛƴƴŀƳƻƴΩ όwύΣ Ψ5ŀǊƪ 

hǇŀƭΩ ό{ύ ŀƴŘ Ψ¢Ƙŀƛ aŀƎƛŎΩ ό¢ύ ƻǾŜǊ ǝƳŜΤ ¦π·Υ ¢ƻǘŀƭ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘ ŎƻƴǘŜƴǘ ǇŜǊ ǘƻǘŀƭ ƭŜŀŦ ŘǊȅ 

ƳŀǧŜǊ ƻŦ ōŀǎƛƭ ŎǳƭǝǾŀǊ Ψ!ƴƛǎŜΩ ό¦ύΣ Ψ/ƛƴƴŀƳƻƴΩ ό±ύΣ Ψ 5ŀǊƪ hǇŀƭΩ ό²ύ ŀƴŘ Ψ¢Ƙŀƛ aŀƎƛŎΩ ό·ύ ор Řŀȅǎ ŀƊŜǊ 

ǎƻǿƛƴƎ όŀǘ ƘŀǊǾŜǎǘύΦ 

 

оΦн 9ƴƘŀƴŎŜŘ ōŀǎƛƭ ŘŜǾŜƭƻǇƳŜƴǘ ǳƴŘŜǊ LIƛƎƘ ǊŜǎǳƭǘǎ ƛƴ ŜŀǊƭƛŜǊ ƳŀǊƪŜǘŀōƛƭƛǘȅ ǘƘŀƴ ǳƴŘŜǊ L[ƻǿ 

!ƭƭ ŦƻǳǊ ƛƴǾŜǎǝƎŀǘŜŘ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ ŎǳƭǝǾŀǊǎ ŘŜǾŜƭƻǇŜŘ ƳƻǊŜ ǊŀǇƛŘƭȅ ǳƴŘŜǊ LIƛƎƘ ǘƘŀƴ ǳƴŘŜǊ L[ƻǿ ƭƛƎƘǘ 

ŎƻƴŘƛǝƻƴǎΦ 5ǳǊƛƴƎ ŀƭƭ ǿŜŜƪƭȅ ŀǎǎŜǎǎƳŜƴǘǎΣ ōŀǎƛƭ ƘŜƛƎƘǘǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƭŜŀŦ ŀƴŘ ōǊŀƴŎƘ ǇŀƛǊǎ 

ǿŜǊŜ Ƴƻǎǘƭȅ ƎǊŜŀǘŜǊ ǳƴŘŜǊ LIƛƎƘ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǎǘŀƎŜǎ ǊŜŀŎƘŜŘ ǳƴŘŜǊ L[ƻǿ ŘǳǊƛƴƎ 

ǘƘŜ ǎŀƳŜ ŀǎǎŜǎǎƳŜƴǘ ǿŜŜƪΦ CǳǊǘƘŜǊΣ ǿƘƛƭŜ ōŀǎƛƭ ƅƻǿŜǊ ōǳŘǎ ŘŜǾŜƭƻǇŜŘ ǳƴŘŜǊ LIƛƎƘ ƛƴ ŀƭƭ ǘƘǊŜŜ ƎǊŜŜƴπƭŜŀŦŜŘ 

ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ŘǳǊƛƴƎ ǘƘŜ ƭŀǎǘ ǿŜŜƪ ƻŦ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘΣ ƴƻ ƅƻǿŜǊ ōǳŘ ŦƻǊƳŀǝƻƴǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ǳƴŘŜǊ L[ƻǿΦ 

!ŎŎƻǊŘƛƴƎƭȅΣ ŀƭƭ ŎǳƭǝǾŀǊǎ ƘŀŘ ŀŎŎǳƳǳƭŀǘŜŘ ƎǊŜŀǘŜǊ ǘƻǘŀƭ ŦǊŜǎƘ ŀƴŘ ŘǊȅ ǿŜƛƎƘǘǎ ŀǎ ǿŜƭƭ ŀǎ ƭŜŀŦ ŘǊȅ ǿŜƛƎƘǘǎ 

ǇŜǊ ōŀǎƛƭ Ǉƻǘ ǳƴŘŜǊ LIƛƎƘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ǘƘŀƴ ǳƴŘŜǊ L[ƻǿ ό¢ŀōƭŜ мфΤ CƛƎǳǊŜǎ нп!ςtύΦ  ¢ƘǳǎΣ 

ƳŀǊƪŜǘŀōƛƭƛǘȅ ōŀǎŜŘ ƻƴ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŎǊƛǘŜǊƛŀ όŘŜŬƴŜŘ ŀǎ ōŀǎƛƭ ƘŜƛƎƘǘ җ мр ŎƳ ŀƴŘκƻǊ ƴǳƳōŜǊ ƻŦ ƭŜŀŦ ǇŀƛǊǎ 

ŀƭƻƴƎ ǘƘŜ Ƴŀƛƴ ǎǘŜƳ җ пύ ƻŦ ŎǾΦ /ƛƴƴŀƳƻƴΣ ŎǾΦ !ƴƛǎŜΣ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎ ŀƴŘ ŎǾΦ 5ŀǊƪ hǇŀƭ ǿŀǎ ǊŜŀŎƘŜŘ нтΣ нфΣ 

ол ŀƴŘ он 5!{ ǳƴŘŜǊ ǘƘŜ LIƛƎƘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ǊŜǎǇŜŎǝǾŜƭȅ όCƛƎǳǊŜǎ нп!ςIύΦ ¢ƘƻǳƎƘ ǘƘŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƻŦ 

L[ƻǿ ǊŜǇǊŜǎŜƴǘŜŘ Ϥ рл ҈ ƻŦ LIƛƎƘ ό¢ŀōƭŜ муύΣ ƎǊŜŜƴπƭŜŀŦŜŘ ŎǳƭǝǾŀǊǎ ǿŜǊŜ ƳŀǊƪŜǘŀōƭŜ ƻƴƭȅ оπп Řŀȅǎ ƭŀǘŜǊ ǘƘŀƴ 

ǳƴŘŜǊ LIƛƎƘ ŎƻƴŘƛǝƻƴǎΥ ²ƘƛƭŜ ƳŀǊƪŜǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŎǳƭǝǾŀǊǎ ŎǾΦ /ƛƴƴŀƳƻƴ ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎ ǿŀǎ ǊŜŀŎƘŜŘ 

ǘƘǊŜŜ Řŀȅǎ ƭŀǘŜǊ όол ŀƴŘ оо 5!{Σ ǊŜǎǇŜŎǝǾŜƭȅύΣ ŎǾΦ !ƴƛǎŜ ǊŜŀŎƘŜŘ ƳŀǊƪŜǘŀōƛƭƛǘȅ ǳƴŘŜǊ L[ƻǿ ŦƻǳǊ Řŀȅǎ ƭŀǘŜǊ 

ǘƘŀƴ ǳƴŘŜǊ LIƛƎƘ όоо 5!{ύΦ /ǳƭǝǾŀǊ 5ŀǊƪ hǇŀƭ ŘƛŘ ƴƻǘ ǊŜŀŎƘ ǘƘŜ ŘŜŬƴŜŘ ƳŀǊƪŜǘŀōƭŜ ǎǘŀƎŜ ǳƴŘŜǊ L[ƻǿ ŘǳǊƛƴƎ 

ǘƘŜ ор Řŀȅǎ ƻŦ ŎǳƭǝǾŀǝƻƴΦ IƻǿŜǾŜǊΣ ōŀǎŜŘ ƻƴ ŎǾΦ 5ŀǊƪ hǇŀƭǎΩ ƎǊƻǿǘƘ ŦǳƴŎǝƻƴΣ ƛǘǎ ƳŀǊƪŜǘŀōƛƭƛǘȅ ǳƴŘŜǊ L[ƻǿ 

Ŏŀƴ ōŜ ŜȄǇŜŎǘŜŘ от 5!{ όр Řŀȅǎ ƭŀǘŜǊ ǘƘŀƴ ǳƴŘŜǊ LIƛƎƘύ ŀǎ ǘƘŜ ƭŜŀŦ ǇŀƛǊ ŎǊƛǘŜǊƛǳƳ όҗ п ƭŜŀŦ ǇŀƛǊǎ ŀƭƻƴƎ ǘƘŜ 

Ƴŀƛƴ ǎǘŜƳύ ǎƘƻǳƭŘ ōŜ ǊŜŀŎƘŜŘΦ 

 

оΦо LIƛƎƘ ƛƴŘǳŎŜŘ ƭƛƎƘǘ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ƛƴ ƎǊŜŜƴ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ǿƘƛƭŜ ǇǳǊǇƭŜ ōŀǎƛƭ ǊŜƳŀƛƴŜŘ 

ΨƭƛƎƘǘπǘƻƭŜǊŀƴǘΩ  

!ǎ ŜǾƛŘŜƴǘ ƛƴ CƛƎǳǊŜ нпΣ ǳƴŘŜǎƛǊŀōƭŜ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŀƴŘ ŀƴŀǘƻƳƛŎŀƭ ƭŜŀŦ ŀŘŀǇǝƻƴǎ ǘƻ LIƛƎƘ ōŜŎŀƳŜ ŎƭŜŀǊƭȅ 

ǾƛǎƛōƭŜ ŀǘ ǘƘŜ ǘƻǇ ŎŀƴƻǇȅ ƻŦ ǘƘŜ ƎǊŜŜƴπƭŜŀŦŜŘ ŎǳƭǝǾŀǊǎ ŎǾΦ !ƴƛǎŜΣ ŎǾΦ /ƛƴƴŀƳƻƴ ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎ ŘǳǊƛƴƎ 
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ǘƘŜ ƭŀǎǘ ǿŜŜƪ ƻŦ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘ ǿƘŜƴ tC5ǎ ŜȄŎŜŜŘŜŘ ŀƴ ŀǾŜǊŀƎŜ ƻŦ олл ҡƳƻƭ Ƴπн ǎπм ŀǘ ŎŀƴƻǇȅ ƭŜǾŜƭ 

ό¢ŀōƭŜ мфύΦ Lƴ ŀŘŘƛǝƻƴ ǘƻ ǇǳǊǇƭŜ ǇƛƎƳŜƴǘ ǇǊƻŘǳŎǝƻƴǎ ƻōǎŜǊǾŜŘ ƛƴ ǎƻƳŜ ƭŜŀǾŜǎ ƻŦ ŎǾΦ !ƴƛǎŜ ŀƴŘ 

ŎǾΦ /ƛƴƴŀƳƻƴΣ ŀƭƭ ǘƘǊŜŜ ƎǊŜŜƴπƭŜŀŦŜŘ ŎǳƭǝǾŀǊǎ ŘƛǎǇƭŀȅŜŘ ƭŜŀŦ ŎǳǊƭƛƴƎΣ ǊŜŘǳŎŜŘ ŀƴŘ ŘŜƘȅŘǊŀǘŜŘ ƭŜŀŦ ōƭŀŘŜǎ 

ŀƴŘ ŀ ǇŀƭŜ ƎǊŜŜƴ ƭŜŀŦ ŎƻƭƻǊ ǳƴŘŜǊ ǘƘŜ LIƛƎƘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ǿƘƛŎƘ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǊŜŘǳŎŜŘ ŎƻƴǎǳƳŜǊ 

ǇǊŜŦŜǊŜƴŎŜǎ ό²ŀƭǘŜǊǎ Ŝǘ ŀƭΦΣ нлнмύΦ  

¢ƘŜǎŜ ƭŜŀŦ ŀƭǘŜǊŀǝƻƴǎ ŜȄŜƳǇƭƛŦȅ ǘȅǇƛŎŀƭ ƭƛƎƘǘ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ό[ƻƎŀƴ Ŝǘ ŀƭΦΣ нлмрύΦ ¢ƻ ǇǊƻǘŜŎǘ 

ǘƘŜƳǎŜƭǾŜǎ ŦǊƻƳ ƛǊǊŜǾŜǊǎƛōƭŜ ŘŀƳŀƎŜǎ ŎŀǳǎŜŘ ōȅ ŜȄŎŜǎǎƛǾŜ ƭƛƎƘǘ όǎǳŎƘ ŀǎ ƭƻǎǎ ƻŦ ƻȄȅƎŜƴ ŜǾƻƭǳǝƻƴ ŀƴŘ ƭƻǎǎ 

ƻŦ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎŦŜǊ ŀŎǝǾƛǘȅ ƻŦ ǇƘƻǘƻǎȅǎǘŜƳ LL ό¢ȅȅǎǘƧŅǊǾƛΣ нлмоύΣ ǎŜǎǎƛƭŜ Ǉƭŀƴǘǎ ƘŀǾŜ ŜǾƻƭǾŜŘ ǎƻǇƘƛǎǝŎŀǘŜŘ 

ǎƛƎƴŀƭƛƴƎ ŀƴŘ ǇǊƻǘŜŎǝǾŜ ƳŜŎƘŀƴƛǎƳǎ ǎǳŎƘ ŀǎ ŀƴǘƘƻŎȅŀƴƛƴ ōƛƻǎȅƴǘƘŜǎƛǎ όaŀ Ŝǘ ŀƭΦΣ нлнмύΣ ŎƘƭƻǊƻǇƭŀǎǘ 

ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜ ό²ŀŘŀΣ нлмоύ ŀƴŘ ǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ŘƛǎǎƛǇŀǝƻƴ όDŀǊŎƛŀπtƭŀȊŀƻƭŀ Ŝǘ ŀƭΦΣ нлмнύΦ  

¢ƘŜ ǾƛǎƛōƭŜ ǇǳǊǇƭŜ ǇƛƎƳŜƴǘŀǝƻƴǎ ƛƴ ŎǾΦ !ƴƛǎŜ ŀƴŘ ŎǾΦ /ƛƴƴŀƳƻƴ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘ ǊŜǎǳƭǘ 

ŦǊƻƳ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ƴƻƴπǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀƴǘƘƻŎȅŀƴƛƴǎΦ !ƴǘƘƻŎȅŀƴƛƴ ŀŎŎǳƳǳƭŀǝƻƴǎ ǿŜǊŜ ǇǊƻǾŜƴ ǘƻ 

ōŜ ǎǝƳǳƭŀǘŜŘ ōȅ ƘƛƎƘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ǘƻ ǎƘƛŜƭŘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŀǇǇŀǊŀǘǳǎŜǎ ŦǊƻƳ ŜȄŎŜŜŘƛƴƎ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ 

όDƻǳƭŘ Ŝǘ ŀƭΦΣ нлмуΤ {ǘŜǘǎŜƴƪƻ Ŝǘ ŀƭΦΣ нлнлΤ aŀ Ŝǘ ŀƭΦΣ нлнмύΦ Lƴ ŜȄŀƳǇƭŜΣ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘǎ ƛƴŎǊŜŀǎŜŘ 

ōȅ ƳƻǊŜ ǘƘŀƴ нл ҈ ŀƊŜǊ [95 ƭƛƎƘǘ ŜȄǇƻǎǳǊŜ ǘƻ җ олл ҡƳƻƭ Ƴπн ǎπм ƛƴ ŀ ƎǊŜŜƴπƭŜŀŦŜŘ ƭŜƳƻƴ ōŀǎƛƭ όhΦ ōŀǎƛƭƛŎǳƳ 

Ȅ hΦ ŀƳŜǊƛŎŀƴǳƳύ ό{ǘŜǘǎŜƴƪƻ Ŝǘ ŀƭΦΣ нлнлύΣ ŀƴŘ ǘƘŜƛǊ ǇǊŜǎŜƴŎŜ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǇǊŜǾƛƻǳǎƭȅ ŦƻǊ ōƻǘƘ ŎǳƭǝǾŀǊǎ 

όYǿŜŜ ŀƴŘ bƛŜƳŜȅŜǊΣ нлммΤ /ŀǊƻǾƛŏ π{ǘŀƴƪƻ Ŝǘ ŀƭΦΣ нлммύΦ ¢ƘǳǎΣ ǘƘŜ ŀƴǘƘƻŎȅŀƴƛƴ ŦƻǊƳŀǝƻƴǎ ƻōǎŜǊǾŜŘ ƛƴ 

ǎƻƳŜ ƭŜŀǾŜǎ ƻŦ ŎǾΦ !ƴƛǎŜ ŀƴŘ ŎǾΦ /ƛƴƴŀƳƻƴ ǳƴŘŜǊ LIƛƎƘ όōǳǘ ƴƻǘ ǳƴŘŜǊ L[ƻǿύ ŀǊŜ ƻōǾƛƻǳǎƭȅ ŀ ƭƛƎƘǘπƛƴŘǳŎŜŘ 

ǇƘƻǘƻǇǊƻǘŜŎǝǾŜ ƳŜŎƘŀƴƛǎƳΦ  

Lƴ ŀŘŘƛǝƻƴΣ ŎƻƳǇŀǊŀǝǾŜ ǎǘǳŘƛŜǎ ƛƴǾŜǎǝƎŀǝƴƎ ƘƛƎƘ ƭƛƎƘǘ ǊŜǎǇƻƴǎŜǎ ƛƴ ŀŎȅŀƴƛŎ όƎǊŜŜƴπƭŜŀŦŜŘύ ŀƴŘ 

ŎȅŀƴƛŎ όǇǳǊǇƭŜπƭŜŀŦŜŘύ ōŀǎƛƭ ǾŀǊƛŜǝŜǎ ό[ŀƴŘƛ Ŝǘ ŀƭΦΣ нлмпΤ ¢ŀǩƴƛ Ŝǘ ŀƭΦΣ нлмпΤ [ƻƎŀƴ Ŝǘ ŀƭΦΣ нлмрΤ {ǘŜǘǎŜƴƪƻ Ŝǘ 

ŀƭΦΣ нлнлύ ǇǊƻǾŜ ŀƴŘ ǎǳǇǇƻǊǘ ǘƘŀǘ ǘƘŜ ŎƻƴǎǝǘǳǝǾŜƭȅ ƘƛƎƘ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ǇǳǊǇƭŜ ōŀǎƛƭǎ ŀǊŜ 

ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ƳƛǝƎŀǝƴƎ ƭƛƎƘǘ ǎǘǊŜǎǎ ǊŜǎǇƻƴǎŜǎ όǿƘƛƭŜ ǘƘŜƛǊ ƎǊŜŜƴ ōŀǎƛƭ ŎƻǳƴǘŜǊǇŀǊǘǎ ǎǘŀǊǘ ǘƻ ŘƻǿƴǊŜƎǳƭŀǘŜ 

ǘƘŜƛǊ ǇƘƻǘƻŎƘŜƳƛŎŀƭ ŜŶŎƛŜƴŎȅ ǳƴŘŜǊ Ŝǉǳŀƭ ƭƛƎƘǘ ǎǘǊŜǎǎ ŎƻƴŘƛǝƻƴǎύΦ ¢ƘŜƛǊ ŬƴŘƛƴƎǎ ŜȄǇƭŀƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ 

ǾƛǎƛōƭŜ ǇƘƻǘƻƳƻǊǇƘƻƎŜƴƛŎ ǊŜǎǇƻƴǎŜǎ ŀƴŘ ǘƘǳǎΣ ǘƘŜ ΨƭƛƎƘǘπǘƻƭŜǊŀƴŎŜΩ ƻŦ ǇǳǊǇƭŜπƭŜŀŦŜŘ Ψ5ŀǊƪ hǇŀƭΩ ǳƴŘŜǊ LIƛƎƘ 

ƛƴ ƻǳǊ ǎǘǳŘȅΣ ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘǎ ŀ ŎǳƭǝǾŀǊ ǿƛǘƘ ǾŜǊȅ ƘƛƎƘ ŀƴǘƘƻŎȅŀƴƛƴ ŎƻƴǘŜƴǘǎ ό[ƛƴ Ŝǘ ŀƭΦΣ нлнмύΦ  

¢ƘŜ ǇŀƭŜ ƎǊŜŜƴ ŎƻƭƻǊ ƻŦ ƭŜŀǾŜǎ ƻōǎŜǊǾŜŘ ƛƴ ŀƭƭ ƎǊŜŜƴ ŎǳƭǝǾŀǊǎ ǳƴŘŜǊ LIƛƎƘ ƛǎ ŀ ǘȅǇƛŎŀƭ ǎƛƎƴ ƻŦ ŀ 

ŎƘƭƻǊƻǇƭŀǎǘ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜΥ ²ƘƛƭŜ ǘƘŜ ƎǊŜŜƴ ŎƻƭƻǊπƎƛǾƛƴƎ ŎƘƭƻǊƻǇƭŀǎǘǎ ŘƛǎǘǊƛōǳǘŜ ŀŎǊƻǎǎ ǘƘŜ ǳǇǇŜǊ ŀƴŘ 

ƭƻǿŜǊ ǎƛŘŜǎ ƻŦ ŜŀŎƘ ǇŀƭƛǎŀŘŜ ŎŜƭƭ ǘƻ ŀŎƘƛŜǾŜ ƳŀȄƛƳŀƭ ƭƛƎƘǘ ŀōǎƻǊǇǝƻƴ ǳƴŘŜǊ ƭƻǿ ǘƻ ƻǇǝƳŀƭ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ 

όŜȄǇƭŀƛƴƛƴƎ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎ ƎǊŜŜƴ ƭŜŀŦ ŎƻƭƻǊǎ ǇǊŜǎŜƴǘ ǳƴŘŜǊ L[ƻǿ όCƛƎǳǊŜ ноύΣ ŎƘƭƻǊƻǇƭŀǎǘǎ ƎŀǘƘŜǊ ŀǘ ǘƘŜ 

ǎƛŘŜ ǿŀƭƭǎ ƻŦ ŜŀŎƘ ǇŀƭƛǎŀŘŜ ŎŜƭƭ ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜ ŘŀƳŀƎŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŀōǎƻǊǇǝƻƴ ƻŦ ŜȄŎŜǎǎƛǾŜ ƭƛƎƘǘ 

ŜƴŜǊƎȅ ōȅ ŎƘƭƻǊƻǇƘȅƭƭ ǇƛƎƳŜƴǘǎ όYŀƎŀǿŀ Ŝǘ ŀƭΦΣ нллмΤ ²ŀŘŀΣ нлмоύΦ  
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!ŘŘƛǝƻƴŀƭƭȅΣ ŎƻƳǇŀǊŀōƭŜ ǘƻ ƻǳǊ ƻōǎŜǊǾŀǝƻƴǎΣ ƭŜŀǾŜǎ ƻŦ ƎǊŜŜƴ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ǘŜƴŘ ǘƻ ǊŜŘǳŎŜ ƛƴ ǎƛȊŜ 

ǿƘŜƴ ŜȄǇƻǎŜŘ ǘƻ ŀ Ŏƻƴǎǘŀƴǘ ttC5 ƻŦ олл ҡƳƻƭ Ƴπн ǎπмΣ ǿƘƛŎƘ ǿŀǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŘŜŎǊŜŀǎŜŘ ŎƘƭƻǊƻǇƘȅƭƭ 

ŎƻƴǘŜƴǘǎΣ ǎǘƻƳŀǘŀƭ ŎƻƴŘǳŎǘŀƴŎŜΣ ǎǘƻƳŀǘŀƭ ǎƛȊŜ ŀƴŘ ŘŜƴǎƛǘȅ ƛƴ ǘƘŜ ƎǊŜŜƴ ōŀǎƛƭ ŎǳƭǝǾŀǊ ΨDŜƴƻǾŜǎŜΩ όtŜƴƴƛǎƛ 

Ŝǘ ŀƭΦΣ нлнлύΦ wŜŘǳŎŜŘ ƭŜŀŦ ǎƛȊŜǎ ǿŜǊŜ ŀƭǎƻ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ƎǊŜŜƴ ŎǳƭǝǾŀǊ Ψ¢ƛƎǳƭƭƛƻΩ ǳƴŘŜǊ Ŧǳƭƭ ǎǳƴƭƛƎƘǘ ǿƘŜƴ 

ŎƻƳǇŀǊŜŘ ǘƻ ƭŜŀǾŜǎ ƎǊƻǿƴ ǳƴŘŜǊ ол ҈ ǎǳƴƭƛƎƘǘ ό¢ŀǩƴƛ Ŝǘ ŀƭΦΣ нлмпύΦ  

!ƭƭ ŘŜǎŎǊƛōŜŘ ƭƛƎƘǘ ŀǾƻƛŘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ƻŦ ǘƘŜ ƎǊŜŜƴ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ǳƴŘŜǊ LIƛƎƘ ŘǳǊƛƴƎ ǘƘŜ ƭŀǎǘ ǿŜŜƪ 

ƻŦ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘ ŀǊŜ ǳƴƳƛǎǘŀƪŀōƭŜ ǎƛƎƴǎ ƻŦ ƴƻƴπǇƘƻǘƻŎƘŜƳƛŎŀƭ ǉǳŜƴŎƘƛƴƎ όbtvύΣ ŀ ŦǳƴŘŀƳŜƴǘŀƭ 

ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǇƘƻǘƻǇǊƻǘŜŎǝǾŜ ƳŜŎƘŀƴƛǎƳ ǿƘƛŎƘ ƛƴǾƻƭǾŜǎ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ŀƴŘ ŘƛǎǎƛǇŀǝƻƴ ƻŦ ŜȄŎŜǎǎ 

ŜȄŎƛǘŀǝƻƴ ŜƴŜǊƎȅ ƛƴǘƻ ƘŜŀǘΦ !ǎ btv ǊŜǇǊŜǎŜƴǘǎ ŀ ǇƭŀƴǘǎΩ ǎƘƛƊ ŦǊƻƳ ŀ ǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŜŶŎƛŜƴǘ ǎǘŀǘŜ ǘƻ ŀ 

ǎǘŀǘŜ ƛƴ ǿƘƛŎƘ ŀ ŦǊŀŎǝƻƴ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŜŀŎǝƻƴ ŎŜƴǘŜǊǎ ƛǎ ƴƻƴπŦǳƴŎǝƻƴŀƭΣ btv ŀƭǿŀȅǎ ƻŎŎǳǊǎ ŀǘ ǘƘŜ 

ŜȄǇŜƴǎŜ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŜŶŎƛŜƴŎȅ ŀƴŘ ǊŜǎǳƭǘǎ ƛƴ ƭƛƳƛǘŜŘ ƎǊƻǿǘƘ ŀƴŘ ǊŜŘǳŎŜŘ ŎǊƻǇ ȅƛŜƭŘǎ όDŀǊŎƤŀπ

tƭŀȊŀƻƭŀ Ŝǘ ŀƭΦΣ ȳ нлмнΤ [ƻƎŀƴ Ŝǘ ŀƭΦΣ нлмрύΦ  

Lƴ ŀŘŘƛǝƻƴΣ LIƛƎƘ ŎƻƴŘƛǝƻƴǎ ŀŎŎŜƭŜǊŀǘŜŘ ƅƻǿŜǊ ƛƴƛǝŀǝƻƴ ƛƴ ƎǊŜŜƴ ōŀǎƛƭ ŎǳƭǝǾŀǊǎΦ .ŀǎŜŘ ƻƴ ǘƘŜ ǎŜŜŘ 

ǎǳǇǇƭƛŜǊΣ ŎǾΦ !ƴƛǎŜΣ ŎǾΦ /ƛƴƴŀƳƻƴ ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎ ŀǊŜ ŜƴŘƻƎŜƴƻǳǎƭȅ ǇǊƻƎǊŀƳƳŜŘ ǘƻ ƛƴƛǝŀǘŜ ƅƻǿŜǊƛƴƎ 

ŀƊŜǊ ŜƛƎƘǘΣ ǎŜǾŜƴ ŀƴŘ ǎƛȄ ƴƻŘŜǎ ƘŀǾŜ ōŜŜƴ ŘŜǾŜƭƻǇŜŘΣ ǊŜǎǇŜŎǝǾŜƭȅΦ IƻǿŜǾŜǊΣ ǳƴŘŜǊ LIƛƎƘ ǘƘŜǎŜ ŎǳƭǝǾŀǊǎ 

ƛƴƛǝŀǘŜŘ ƅƻǿŜǊƛƴƎ ŀƊŜǊ ŘŜǾŜƭƻǇƛƴƎ ƻƴƭȅ ŬǾŜΣ ǎƛȄ ŀƴŘ ŬǾŜ ƴƻŘŜǎ όƛƴŎƭǳŘƛƴƎ ŎƻǘȅƭŜŘƻƴǎύΣ ǊŜǎǇŜŎǝǾŜƭȅ ό¢ŀōƭŜ 

мфΤ CƛƎǳǊŜ нпύΣ ǿƘƛŎƘ ƛǎ ŀ ǇƘŜƴƻƳŜƴƻƴ ǘƘŀǘ Ƙŀǎ ǊŜŎŜƴǘƭȅ ōŜŜƴ ŎŀǘŜƎƻǊƛȊŜŘ ŀǎ ǎǘǊŜǎǎπƛƴŘǳŎŜŘ ƅƻǿŜǊƛƴƎ ƛƴ 

ŀƴƎƛƻǎǇŜǊƳǎ ό¢ŀƪŜƴƻΣ нлмсύΦ !ƭǘƘƻǳƎƘ ǎǘǊŜǎǎπƛƴŘǳŎŜŘ ƅƻǿŜǊƛƴƎ Ƙŀǎ ǊŜŎŜƛǾŜŘ ƭƛǧƭŜ ŀǧŜƴǝƻƴ ǎƻ ŦŀǊΣ 

ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ƻŦ {ŀƭǾƛŀΣ /ŀƭŜƴŘǳƭŀΣ ŀƴŘ tƘŀǊōƛǝǎ ƘŀǾŜ ǎƘƻǿƴ ǘƘŀǘ ƛƴǘŜƴǎŜ ƭƛƎƘǘ ǎǘǊŜǎǎ ǘǊƛƎƎŜǊǎ ŀƴ ŜŀǊƭƛŜǊ 

ƅƻǿŜǊƛƴƎ ǇǳƭǎŜ όaƻŎŎŀƭŘƛ ŀƴŘ wǳƴƪƭŜΣ нллтΤ IƛǊŀƛ Ŝǘ ŀƭΦΣ мффпύΦ 

 

оΦп L[ƻǿ ǊŜǎǳƭǘŜŘ ƛƴ ōŜƴŜŬŎƛŀƭ ŀŎŎƭƛƳŀǝƻƴ ǊŜǎǇƻƴǎŜǎ ƛƴ ƎǊŜŜƴ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ǿƘƛƭŜ ǇǳǊǇƭŜ ōŀǎƛƭ 

ǇŜǊŦƻǊƳŜŘ ƛƴǎǳŶŎƛŜƴǘƭȅ  

Lƴ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜ ǳƴŘŜǎƛǊŀōƭŜ ƭƛƎƘǘπŀǾƻƛŘƛƴƎ ƭŜŀŦ ŀŘŀǇǘŀǝƻƴǎ ŀƴŘ ƅƻǿŜǊ ƛƴƛǝŀǝƻƴǎ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ LIƛƎƘ όŀǎ 

ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ ǎŜŎǝƻƴ ŀōƻǾŜύΣ ǘƘŜ ƭƛƎƘǘπƻǊƛŜƴǘŀǘŜŘ ƭŜŀǾŜǎ ƻŦ ǘƘŜ ƎǊŜŜƴ ŎǳƭǝǾŀǊǎ ŎǾΦ !ƴƛǎŜΣ ŎǾΦ /ƛƴƴŀƳƻƴ 

ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎ ǿŜǊŜ Ŧǳƭƭȅ ŜȄǇŀƴŘŜŘΣ ǘƘƛƴ ŀƴŘ ŘƛǎǇƭŀȅŜŘ ǘȅǇƛŎŀƭ ƎǊŜŜƴ ƭŜŀŦ ŎƻƭƻǊǎ ǳƴŘŜǊ L[ƻǿ όCƛƎǳǊŜ нпύΣ 

ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘ ŘŜŎƛǎƛǾŜ ŜȄǘŜǊƴŀƭ ǉǳŀƭƛǘȅ ŀǧǊƛōǳǘŜǎ ŦƻǊ ŎƻƴǎǳƳŜǊǎ όwƻǳǇƘŀŜƭ Ŝǘ ŀƭΦΣ нлмнύΦ !ǎ ƛƴǾŜǎǝƎŀǘŜŘ 

ōȅ ²ŀƭǘŜǊǎ Ŝǘ ŀƭΦ όнлнмύΣ ŎƻƴǎǳƳŜǊǎ ǇǊŜŦŜǊ ōƛƎΣ ŦǊŜǎƘ ōŀǎƛƭ ƭŜŀǾŜǎ ǿƛǘƘƻǳǘ ŘŜǘŜŎǘŀōƭŜ ŘƛǎŎƻƭƻǊŀǝƻƴǎ ŀƴŘ 

ŘŀƳŀƎŜǎ ŀǎ ǿŜƭƭ ŀǎ ΨǎƻƊΩ ƭŜŀŦ ǘŜȄǘǳǊŜǎΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ŀƭƭ Ǿƛǎǳŀƭ ǘǊŀƛǘǎ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ L[ƻǿ ǎǳǇŜǊǎŜŘŜ ǘƘŜ 

ǳƴǎŀǝǎŦŀŎǘƻǊȅ Ǿƛǎǳŀƭ ŀǧǊƛōǳǘŜǎ ƛŘŜƴǝŬŜŘ ǳƴŘŜǊ LIƛƎƘ ŀƴŘ ǘǊŀƴǎƭŀǘŜ ƛƴǘƻ ƘƛƎƘƭȅ ŘŜǎƛǊŀōƭŜ ōŀǎƛƭ ǇǊƻŘǳŎǘǎ ōȅ 

ƳŜŜǝƴƎ ǘƘŜ ŎƻƴǎǳƳŜǊǎΩ ōŀǎƛƭ ǇǊŜŦŜǊŜƴŎŜǎΦ  
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мтн 
 

¢ƘŜǎŜ ŦŀǾƻǊŜŘ ōŀǎƛƭ ƭŜŀŦ ǉǳŀƭƛǝŜǎ ǳƴŘŜǊ L[ƻǿ ǊŜǇǊŜǎŜƴǘ ŀŎŎƭƛƳŀǝƻƴ ǊŜǎǇƻƴǎŜǎ ƻƊŜƴ ŦƻǳƴŘ ƛƴ ƎǊŜŜƴ 

ƭŜŀǾŜǎ ŜȄǇƻǎŜŘ ǘƻ ƭƻǿ ƭƛƎƘǘ ƭŜǾŜƭǎ ǘƻ ƛƴŎǊŜŀǎŜ ƭƛƎƘǘ ŎŀǇǘǳǊŜ ŀƴŘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŜŶŎƛŜƴŎȅ όbŜƳŀƭƛ ŀƴŘ Ǿŀƴ 

LŜǊǎŜƭΣ нллпΤ ²ŀŘŀΣ нлмоΤ {ǘŀƎƴŀǊƛ Ŝǘ ŀƭΦΣ нлмуύΣ ŀƴŘ ŀǊŜ ǘƻ ōŜ ŀǎŎǊƛōŜŘ ǘƻ ǘƘŜ ƎǊŜŀǘ ǇƭŀǎǝŎƛǘȅ ƛƴ ƳƻǊǇƘƻπ

ŀƴŀǘƻƳƛŎŀƭΣ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ōƛƻŎƘŜƳƛŎŀƭ ǘǊŀƛǘǎ ƻŦ ƎǊŜŜƴ ōŀǎƛƭǎΥ !ǎ ǎƘƻǿƴ ōȅ ¢ŀǩƴƛ Ŝǘ ŀƭΦ όнлмпύΣ ǘƘŜ 

ŎŀǇŀōƛƭƛǘȅ ƻŦ ƎǊŜŜƴ ōŀǎƛƭ ŎǾΦ ¢ƛƎǳƭƭƛƻ ǘƻ ƛƴŎǊŜŀǎŜ ƛǘǎ ƭŜŀŦ ŀǊŜŀΣ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƛƎƳŜƴǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ 

/hн ŀǎǎƛƳƛƭŀǝƻƴ ǊŀǘŜǎ ǳƴŘŜǊ ол ҈ ǎǳƴƭƛƎƘǘ ǊŜǎǳƭǘŜŘ ƛƴ ƎǊŜŀǘŜǊ ƴŜǘ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŀƴŘ ƴŜǘ Řŀƛƭȅ ŎŀǊōƻƴ 

Ǝŀƛƴǎ ǘƘŀƴ ŘŜǘŜŎǘŜŘ ƛƴ ŎǾΦ ¢ƛƎǳƭƭƛƻ ǳƴŘŜǊ Ŧǳƭƭ ǎǳƴƭƛƎƘǘΦ ¢ƘŜ ƎǊŜŀǘŜǊ ƭŜŀŦ ǎƛȊŜǎΣ ǘƘŜ ŜǾŜƴƭȅ ŘƛǎǘǊƛōǳǘŜŘ 

ŎƘƭƻǊƻǇƭŀǎǘǎ ŀŎǊƻǎǎ ǘƘŜ ƭŜŀǾŜǎ ƻŦ ŎǾΦ !ƴƛǎŜΣ ŎǾΦ /ƛƴƴŀƳƻƴ ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎ όCƛƎǳǊŜ нпύ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŦŀŎǘ 

ǘƘŀǘ ǘƘŜ ƳŀǊƪŜǘŀōƛƭƛǘȅ ŎǊƛǘŜǊƛŀ ǿŜǊŜ ǊŜŀŎƘŜŘ Ƨǳǎǘ оπп Řŀȅǎ ƭŀǘŜǊ ǳƴŘŜǊ L[ƻǿ όŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴ оΦнύ ŀǊŜ 

Ǌƻōǳǎǘ ǎƛƎƴǎ ǘƘŀǘ ǾŜǊȅ ǎƛƳƛƭŀǊ όōŜƴŜŬŎƛŀƭύ ƭƻǿ ƭƛƎƘǘ ŀŎŎƭƛƳŀǝƻƴ ǊŜǎǇƻƴǎŜǎ ǘƻƻƪ ǇƭŀŎŜ ƛƴ ǘƘŜ ƎǊŜŜƴ ŎǳƭǝǾŀǊǎ 

ƛƴǾŜǎǝƎŀǘŜŘ ƛƴ ƻǳǊ ǎǘǳŘȅΦ  

¢ƻ ǘƘŜ ŎƻƴǘǊŀǊȅΣ ǘƘŜ ŎƻƳǇŀǊŀǝǾŜƭȅ ǎƳŀƭƭ ƭŜŀŦ ǎƛȊŜǎ όŀǎ ŜǾƛŘŜƴǘ ƛƴ CƛƎǳǊŜ но/ύ ŀƴŘ ǘƘŜ ǎƭƻǿ 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎǾΦ 5ŀǊƪ hǇŀƭ ǳƴŘŜǊ L[ƻǿ όŀǎ ŜǾƛŘŜƴǘ ōȅ ǘƘŜ ƎǊŜŀǘ ŘƛũŜǊŜƴŎŜǎ ƛƴ Ǉƭŀƴǘ ƘŜƛƎƘǘΣ ƴǳƳōŜǊ ƻŦ 

ŘŜǾŜƭƻǇŜŘ ƭŜŀŦ ŀƴŘ ōǊŀƴŎƘ ǇŀƛǊǎ ŀƴŘ ǘƘǳǎ ōƛƻƳŀǎǎ ȅƛŜƭŘǎ ό¢ŀōƭŜ мфΣ CƛƎǳǊŜǎ нп/Σ DΣ YΣ hύ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ 

LIƛƎƘ ǎƘƻǿ ŎƭŜŀǊƭȅΣ ǘƘŀǘ ŎǾΦ 5ŀǊƪ hǇŀƭ ǿŀǎ ƴƻǘ ŀōƭŜ ǘƻ ŀŘƧǳǎǘ ŀǎ ǿŜƭƭ ŀǎ ƛǘǎ ƎǊŜŜƴ ōŀǎƛƭ ŎƻǳƴǘŜǊǇŀǊǘǎ ǘƻ ǘƘŜ 

ƎƛǾŜƴ ƭƻǿ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΦ ¢ƘŜ ǊŜŀǎƻƴ ŦƻǊ ŎǾΦ 5ŀǊƪ hǇŀƭǎ ǇƻƻǊ ǇŜǊŦƻǊƳŀƴŎŜ ǳƴŘŜǊ L[ƻǿ Ŏŀƴ ōŜ ŀǎŎǊƛōŜŘ ǘƻ 

ƛǘǎ ƘƛƎƘ ŎƻƴǘŜƴǘ ƻŦ ƭŜŀŦ ŀƴǘƘƻŎȅŀƴƛƴǎ ό[ƛƴ Ŝǘ ŀƭΦΣ нлнмύΣ ǿƘƛŎƘ ǇǊƻǾŜŘ ǘƻ ǘǊŀƴǎƭŀǘŜ ƛƴǘƻ ŀƴ ƛƴǘǊƛƴǎƛŎŀƭƭȅ ƭƻǿ 

ŀōƛƭƛǘȅ ǘƻ ƳŀȄƛƳƛȊŜ ƭƛƎƘǘ ƛƴǘŜǊŎŜǇǝƻƴ ŀƴŘ ǘǊŀƴǎƳƛǎǎƛƻƴ ƛƴ ǘƘŜ ǎƛƳƛƭŀǊ ŀƴǘƘƻŎȅŀƴƛƴπǊƛŎƘ ǇǳǊǇƭŜ ƭŜŀǾŜǎ ƻŦ ōŀǎƛƭ 

ŎǳƭǝǾŀǊ ΨwŜŘ wǳōƛƴΩ ǳƴŘŜǊ ƭƻǿ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ό¢ŀǩƴƛ Ŝǘ ŀƭΦΣ нлмпύΦ ¢ƘŜ ŀƴǘƘƻŎȅŀƴƛƴǎΩ ǊƻƭŜ ƛƴ ǘƘŜ ƻōǎŜǊǾŜŘ 

ƛƴǎǳŶŎƛŜƴǘ L[ƻǿ ǇŜǊŦƻǊƳŀƴŎŜ ƛǎ ŦǳǊǘƘŜǊ ǎǘǊŜƴƎǘƘŜƴŜŘ ōȅ aƛǎȅǳǊŀ Ŝǘ ŀƭΦ όнлмоύ ǿƘƻ ǎƘƻǿŜŘ ǘƘŀǘ 

ŀƴǘƘƻŎȅŀƴƛƴπǊƛŎƘ !ǊŀōƛŘƻǇǎƛǎ ǘƘŀƭƛŀƴŀ Ƴǳǘŀƴǘǎ ƎǊŜǿ ǿƻǊǎŜ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǿƛƭŘ ǘȅǇŜ ǳƴŘŜǊ Ŝǉǳŀƭ ƭƛƎƘǘ 

ŎƻƴŘƛǝƻƴǎΦ 

 

оΦр /ǳƭǝǾŀǊπŘŜǇŜƴŘŜƴǘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ǳƴŘŜǊ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŎƻƴŘƛǝƻƴǎ  

tǊƻǾƛŘƛƴƎ ǇƘƻǘƻƴ ƅǳȄŜǎ ǘƘŀǘ ǎǳǊǇŀǎǎ ǘƘŜ ǇƭŀƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ ŀōǎƻǊō ǘƘŜ ǎǳǇǇƭƛŜŘ ŜƴŜǊƎȅ ŘŜŎǊŜŀǎŜ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǊŀǘŜǎ ŀƴŘ ŎƻƴǎŜǉǳŜƴǘƭȅ ǊŜǎǳƭǘ ƛƴ ŘŜŎǊŜŀǎƛƴƎ ǇƘƻǘƻǎȅƴǘƘŀǘŜ ŀŎŎǳƳǳƭŀǝƻƴǎ ŀƴŘ ōƛƻƳŀǎǎ 

ǇǊƻŘǳŎǝƻƴǎ ό¢ȅȅǎǘƧŅǊǾƛΣ нлмоύΦ IŜƴŎŜΣ ǇƭŀƴǘǎΩ ƭƛƎƘǘ ǎŀǘǳǊŀǝƻƴ Ǉƻƛƴǘǎ όǘƘŜ ƛƴǘŜƴǎƛǘȅ ŀǘ ǿƘƛŎƘ ŀŘŘƛǝƻƴŀƭ 

ƛƴŎǊŜŀǎŜǎ ƛƴ ƭƛƎƘǘ Řƻ ƴƻǘ ƛƴŎǊŜŀǎŜ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎύ ǎƘƻǳƭŘ ƴƻǘ ōŜ ŜȄŎŜŜŘŜŘ ŦƻǊ ƻǇǝƳŀƭ όŀƴŘ ŎƻǎǘπŜũŜŎǝǾŜύ 

Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘΦ  

¢ƘŜ ƭƛƎƘǘ ǎŀǘǳǊŀǝƻƴ Ǉƻƛƴǘ ƻŦ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ ǿŀǎ ǊŜŎŜƴǘƭȅ ŘŜǘŜǊƳƛƴŜŘ ώǳƴŘŜǊ ŀƴ w. ǎǇŜŎǘǊǳƳ 

ǿƛǘƘ ƴŀǊǊƻǿ ǇŜŀƪǎ ŀǘ ссл ŀƴŘ ппр ƴƳΣ Ǌŀǝƻ тΥоΣ ǳǝƭƛȊŜŘ ŎǳƭǝǾŀǊ ƴƻǘ ǇǊƻǾƛŘŜŘϐ ǘƻ ōŜ ōŜǘǿŜŜƴ пнл ŀƴŘ рпр 

ҡƳƻƭ Ƴπн ǎπм όtŀǊƪ Ŝǘ ŀƭΦΣ нлмсύΦ !ƭǎƻΣ .ŜŀƳŀƴ Ŝǘ ŀƭΦ όнллфύ ŘŜǘŜǊƳƛƴŜŘ ώǳƴŘŜǊ Ŏƻƻƭ ǿƘƛǘŜ ƅǳƻǊŜǎŎŜƴǘ ŀƴŘ 
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мто 
 

ƛƴŎŀƴŘŜǎŎŜƴǘ ƭŀƳǇǎϐ ƘƛƎƘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ рлл ҡƳƻƭ Ƴπн ǎπм ŦƻǊ ƻǇǝƳŀƭ ŎǳƭǝǾŀǝƻƴ ƻŦ ƎǊŜŜƴ 

ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ΨLǘŀƭƛŀƴ [ŀǊƎŜ [ŜŀŦΩΣ ΨDŜƴƻǾŜǎŜΩ ŀƴŘ ΨbǳŦŀǊΩΦ Lƴ ŎƻƴǘǊŀǎǘΣ ŀ ŎǳǊǊŜƴǘ ǊŜǾƛŜǿ ōȅ {ƛǇƻǎ Ŝǘ ŀƭΦ όнлнмύ 

ŎƻƴŎƭǳŘŜŘ Ŏƻƴǎǘŀƴǘ ǎǇŜŎǘǊǳƳπŘŜǇŜƴŘŜƴǘ ttC5ǎ ƻŦ ƻƴƭȅ мул ǘƻ олл ҡƳƻƭ Ƴπн ǎπм ǘƻ ōŜ ŀŘŜǉǳŀǘŜ ŦƻǊ ōŀǎƛƭ 

ŎǳƭǝǾŀǝƻƴΦ IƻǿŜǾŜǊΣ ǘƘŜ ǊŜǾƛŜǿ ŘƻŜǎ ƴƻǘ ǘŀƪŜ ŎǳƭǝǾŀǊπŘŜǇŜƴŘŜƴǘ ŘƛũŜǊŜƴŎŜǎ ƛƴǘƻ ŀŎŎƻǳƴǘΣ ŜǾŜƴ ǘƘƻǳƎƘ 

ƻǇǝƳŀƭ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŀǊŜ ƪƴƻǿƴ ǘƻ ǾŀǊȅ ŀƳƻƴƎ ŎǳƭǝǾŀǊǎΦ ό[ŜŜ Ŝǘ ŀƭΦΣ нлмфΤ ±ƛǊǐƛƭŤ Ŝǘ ŀƭΦΣ нлмфύΦ Lƴ ƻǳǊ 

ƛƴǾŜǎǝƎŀǝƻƴΣ ōŀǎƛƭ Ǉƭŀƴǘǎ ŘŜǾŜƭƻǇŜŘ ǳƴŘŜǊ ǊƛǎƛƴƎ όƴƻǘ Ŏƻƴǎǘŀƴǘύ ǇƘƻǘƻƴ ƅǳȄŜǎ ŀǎ ǘƘŜ ōŀǎƛƭ ƎǊŜǿ ǘƻǿŀǊŘǎ 

ǘƘŜ [95 ƭƛƎƘǘ ǎƻǳǊŎŜǎ ƛƴ ǇǊƻȄƛƳƛǘȅ όCƛƎǳǊŜ ннύΦ  

LŦ ƴƻǘ Ŏƻƴǎǘŀƴǘƭȅ ŀŘƧǳǎǘŜŘ ƳŀƴǳŀƭƭȅΣ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƎǊŀŘƛŜƴǘǎ ŀǊŜ ŎƻƳƳƻƴ ǳƴŘŜǊ ǎǇŀŎŜπ

ƭƛƳƛǘŜŘ ƎǊƻǿƛƴƎ ŎƻƴŘƛǝƻƴǎ ŜΦƎΦΣ ƛƴ ǾŜǊǝŎŀƭ ŦŀǊƳǎ ŀƴŘ Ǉƭŀƴǘ ŦŀŎǘƻǊƛŜǎ ό¢ŀōōŜǊǘ Ŝǘ ŀƭΦΣ нлннŀύΣ ŀƴŘ ŎƻǳƭŘ ōŜ 

ǳǎŜŘ ǎǘǊŀǘŜƎƛŎŀƭƭȅ ǎƛƴŎŜ ƭƛƎƘǘ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŀōǎƻǊō ƭƛƎƘǘ ŜƴŜǊƎȅ ƎŜƴŜǊŀƭƭȅ ƛƴŎǊŜŀǎŜǎ ŘǳǊƛƴƎ 

Ǉƭŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ ǳƴǝƭ ǎŀǘǳǊŀǝƻƴ ƛǎ ǊŜŀŎƘŜŘ ό/ǳǊǊŜȅ Ŝǘ ŀƭΦΣ нлмтύΦ CƻǊ ŜȄŀƳǇƭŜΣ ǇǊƻǾƛŘƛƴƎ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ 

ƛƴǘŜƴǎƛǝŜǎ ǊŜǎǳƭǘŜŘ ƛƴ ǎƘƻƻǘ ŘǊȅ ǿŜƛƎƘǘǎ ŀƴŘ ƭŜŀŦ ƴǳƳōŜǊǎ ŀƭƛƪŜ ǘƘƻǎŜ ƎŜƴŜǊŀǘŜŘ ǳƴŘŜǊ Ŏƻƴǎǘŀƴǘƭȅ ƘƛƎƘ 

ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ό[ƻǇŜȊ ŀƴŘ wǳƴƪƭŜΣ нллуΤ hƘ Ŝǘ ŀƭΦΣ нлмлύ ōǳǘ ǳƴŘŜǊ ǊŜŘǳŎŜŘ ŜƴŜǊƎȅ Ŏƻǎǘǎ όtƻǳƭŜǘ Ŝǘ ŀƭΦΣ 

нлмпύΦ  

Lƴ ƎŜƴŜǊŀƭΣ ŀƭƭ ŦƻǳǊ ƻŦ ƻǳǊ ƛƴǾŜǎǝƎŀǘŜŘ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ŘŜǾŜƭƻǇŜŘ ǿŜƭƭ ǳƴŘŜǊ ǊƛǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ 

ŎƻƴŘƛǝƻƴǎ ǿƘƛŎƘ ƛǎ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ {ƻƭƛǎπ¢ƻŀǇŀƴǘŀ ŀƴŘ DƽƳŜȊ όнлмфύΣ ǿƘƻ ŜǾŀƭǳŀǘŜŘ ƎǊƻǿǘƘǎ ŀƴŘ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎ ŎŀǇŀŎƛǝŜǎ ƻŦ ƎǊŜŜƴ ōŀǎƛƭ ŎǳƭǝǾŀǊ ΨDŜƴƻǾŜǎŜ /ƻƳǇŀŎǘΩ ŀƴŘ ǇǳǊǇƭŜ ŎǳƭǝǾŀǊ ΨwŜŘ wǳōƛƴΩ ǳƴŘŜǊ 

ƛƴŎǊŜŀǎƛƴƎ ŀƴŘ Ŏƻƴǎǘŀƴǘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎΦ  

IƻǿŜǾŜǊΣ όŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴ оΦоύ ǘƘŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ǊŜŀŎƘŜŘ ǳƴŘŜǊ LIƛƎƘ ŘǳǊƛƴƎ ǘƘŜ ƭŀǎǘ ǿŜŜƪ 

ƻŦ ƻǳǊ ŜȄǇŜǊƛƳŜƴǘ όнуπ ор 5!{ύ ƭŜŘ ǘƻ ŀŘǾŜǊǎŜΣ ǉǳŀƭƛǘȅπǊŜŘǳŎƛƴƎ ŜũŜŎǘǎ ƛƴ ǘƘŜ ƛƴǾŜǎǝƎŀǘŜŘ ƎǊŜŜƴ ōŀǎƛƭ 

ŎǳƭǝǾŀǊǎΦ !ǾŜǊŀƎŜ tC5ǎ ŀōƻǾŜ омнΣ оом ŀƴŘ олф ҡƳƻƭ Ƴπн ǎπм ǳƴŘŜǊ LIƛƎƘ ōŜŎŀƳŜ ŘŜǘǊƛƳŜƴǘŀƭ ŀƴŘ ǎƘƻǳƭŘ 

ǘƘŜǊŜŦƻǊŜ ƴƻǘ ōŜ ŜȄŎŜŜŘŜŘ ǳƴŘŜǊ ǘƘŜ ŀǇǇƭƛŜŘ ǎǇŜŎǘǊŀƭ ŎƻƳǇƻǎƛǝƻƴ όŀƴŘ ƎǊƻǿƛƴƎ ŎƻƴŘƛǝƻƴǎύΦ Lƴ ŎƻƴǘǊŀǎǘΣ 

ŎǾΦ !ƴƛǎŜΣ ŎǾΦ /ƛƴƴŀƳƻƴ ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎ ƛƴŘƛŎŀǘŜŘ ƴƻ ǳƴŦŀǾƻǊŀōƭŜ ǎƛƎƴǎ ǳƴŘŜǊ ŀǾŜǊŀƎŜ tC5ǎ ƻŦ мтрΣ мфу 

ŀƴŘ мтс ҡƳƻƭ Ƴπн ǎπм ǳƴŘŜǊ L[ƻǿ ōȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ό¢ŀōƭŜ мфύΦ IŜƴŎŜΣ ŜǾŜƴ ǳƴŘŜǊ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ 

ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŎƻƴŘƛǝƻƴǎ ŀǇǇƭƛŜŘ ƛƴ ƻǳǊ ǎǘǳŘȅΣ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ǳǇǇŜǊ ƭƛƳƛǘ ƻŦ олл ҡƳƻƭ Ƴπн ǎπм ŦƻǊ 

ŎƻƳƳŜǊŎƛŀƭ ōŀǎƛƭ ǇǊƻŘǳŎǝƻƴ ǳƴŘŜǊ ŀǊǝŬŎƛŀƭ ƭƛƎƘǝƴƎ ōȅ {ƛǇƻǎ Ŝǘ ŀƭΦ όнлнмύ ƘƻƭŘǎ ǘǊǳŜ ŦƻǊ ǘƘŜ ƛƴǾŜǎǝƎŀǘŜŘ 

ŎǳƭǝǾŀǊǎ Ψ!ƴƛǎŜΩΣ Ψ/ƛƴƴŀƳƻƴΩ ŀƴŘ Ψ¢Ƙŀƛ aŀƎƛŎΩΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ƭƛƎƘǘπǘƻƭŜǊŀƴǘ ǇǳǊǇƭŜ ōŀǎƛƭ ŎǳƭǝǾŀǊ Ψ5ŀǊƪ hǇŀƭΩ 

ŎƻǳƭŘ ōŜ ƎǊƻǿƴ ǳƴŘŜǊ ŀǊǝŬŎƛŀƭ tC5ǎ ƎǊŜŀǘŜǊ ǘƘŀƴ онл ҡƳƻƭ Ƴπн ǎπм ŀǎ ƴƻ ƻōǾƛƻǳǎ ƴŜƎŀǝǾŜ ŜũŜŎǘǎ ǿŜǊŜ 

ŘŜǘŜŎǘŜŘ ŀǘ ǘƘƛǎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŘǳǊƛƴƎ ƘŀǊǾŜǎǘΣ ŀƴŘ ŎƻǳƭŘ ƎŜƴŜǊŀǘŜ ƘƛƎƘŜǊ ȅƛŜƭŘǎ ǘƘŀƴ ƳŜŀǎǳǊŜŘ ƛƴ ƻǳǊ ǎǘǳŘȅΦ 

 IƻǿŜǾŜǊΣ ǿƛǘƘ ǘƘŜ ƘƛƎƘπǉǳŀƭƛǘȅ ƳŀǊƪŜǘπǊŜŀŘȅ ōŀǎƛƭǎ ǿƛǘƘƛƴ олπот 5!{ όCƛƎǳǊŜǎ нп!ςIύ ŘŜǘŜŎǘŜŘ 

ǳƴŘŜǊ L[ƻǿ ǳƴŘŜǊ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ όōŜǘǿŜŜƴ Ϥ млл ŀƴŘ нлл ҡƳƻƭ Ƴπн ǎπм ό¢ŀōƭŜ мфύύ Ƴƻǎǘƭȅ ōŜƭƻǿ 

ǘƘŜ ƭƻǿŜǎǘ ǊŜŎƻƳƳŜƴŘŜŘ Ŏƻƴǎǘŀƴǘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƻŦ мул ҡƳƻƭ Ƴπн ǎπм ŀǎ ǊŜŎŜƴǘƭȅ ǊŜǾƛŜǿŜŘ ōȅ {ƛǇƻǎ Ŝǘ ŀƭΦ 
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όнлнмύΣ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ŀǇǇƭƛŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǎƘƻǿ ǘƘŀǘ ŜǾŜƴ ǿƛǘƘ ƭƻǿŜǊ ǘƘŀƴ ǇǊŜǾƛƻǳǎƭȅ 

ŀǎǎǳƳŜŘ ƭƛƎƘǘ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ƘƛƎƘπǉǳŀƭƛǘȅ ōŀǎƛƭ ǇǊƻŘǳŎǝƻƴǎ ǳƴŘŜǊ ŀǊǝŬŎƛŀƭ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ŀǊŜ ǇƻǎǎƛōƭŜΦ 

 

оΦс /ǳƭǝǾŀǊπǎǇŜŎƛŬŎ ±h/ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŎƘŀƴƎŜ ƻǾŜǊ ǝƳŜ 

¢ƘŜ Ǝŀǎ ŎƘǊƻƳŀǘƻƎǊŀǇƘƛŎ ŀƴŀƭȅǎŜǎ ƻŦ ōŀǎƛƭ ƭŜŀŦ ŜȄǘǊŀŎǘǎ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ от ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ 

ŎƻƳǇƻǳƴŘǎ ό±h/ǎύΣ ǊŜǇǊŜǎŜƴǝƴƎ ƳƻǊŜ ǘƘŀƴ фс ҈ ƻŦ ŀƭƭ ŘŜǘŜŎǘŜŘ ŎƻƳǇƻǳƴŘǎΦ !ƭƭ ƛƴǾŜǎǝƎŀǘŜŘ ŎǳƭǝǾŀǊǎ 

ǎƘƻǿŜŘ ŎƻƳǇƻǎƛǝƻƴŀƭ ǎƛƳƛƭŀǊƛǝŜǎ ŀǎ Ƴŀƴȅ ±h/ ŎƻƳǇƻǳƴŘǎ όŜΦƎΦΣ мΣуπŎƛƴŜƻƭŜΣ ǖπŜƭŜƳŜƴŜ ŀƴŘ ƳŜǘƘȅƭ 

ŜǳƎŜƴƻƭύ ǿŜǊŜ ŦƻǳƴŘ ƛƴ ŀƭƭ ŦƻǳǊ ōŀǎƛƭ ŎǳƭǝǾŀǊǎΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ŎǳƭǝǾŀǊǎ ŎǾΦ !ƴƛǎŜ ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎ ǿŜǊŜ 

ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƘƛƎƘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭ ό¢ŀōƭŜǎ нлΣ нмύΣ ǿƘŜǊŜŀǎ ƭƛƴŀƭƻƻƭΣ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭΣ 

ǘǊŀƴǎπƳŜǘƘȅƭ ŎƛƴƴŀƳŀǘŜ ŀƴŘ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭ ǿŜǊŜ ǘƘŜ ƳŀƧƻǊ ŎƻƳǇƻǳƴŘǎ ƻŦ ŎǳƭǝǾŀǊ Ψ/ƛƴƴŀƳƻƴΩ ό¢ŀōƭŜ ннύΦ 

[ŜŀŦ ŜȄǘǊŀŎǘǎ ƻŦ ǘƘŜ ŎǳƭǝǾŀǊ Ψ5ŀǊƪ hǇŀƭΩ ǿŜǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƘƛƎƘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭΣ ŀǎ 

ǿŜƭƭ ŀǎ мΣуπŎƛƴŜƻƭŜΣ ƭƛƴŀƭƻƻƭ ŀƴŘ ŜǳƎŜƴƻƭ ό¢ŀōƭŜ ноύΦ ¢ƘǳǎΣ ŜŀŎƘ ŎǳƭǝǾŀǊǎΩ ±h/ ŎƻƳǇƻǎƛǝƻƴǎ ŀǎ ŀũŜŎǘŜŘ ōȅ 

ǘƘŜ ŀǊǝŬŎƛŀƭ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ŀǇǇƭƛŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ŀǊŜ ƛƴ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǇǳōƭƛǎƘŜŘ ±h/ ŎƻƳǇƻǎƛǝƻƴǎ 

ƛŘŜƴǝŬŜŘ ǳƴŘŜǊ ƎǊŜŜƴƘƻǳǎŜ ŀƴŘ ŬŜƭŘ ŎƻƴŘƛǝƻƴǎ ό9ƭŀƴǎŀǊȅ ŀƴŘ aŀƘƳƻǳŘΣ нлмпΤ ²Ŝǎƻƭƻǿǎƪŀ ŀƴŘ 

WŀŘŎȊŀƪΣ нлмсΤ aŀƎƎƛƻ Ŝǘ ŀƭΦΣ нлмсΤ ±ŀǊƎŀ Ŝǘ ŀƭΦΣ нлмтΤ 5ŜƘǎƘŜƛƪƘ Ŝǘ ŀƭΦΣ нлнлύΦ  
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 ¢ŀōƭŜ нл ς wŜƭŀǝǾŜ ŀōǳƴŘŀƴŎŜ ƻŦ ƳŀƧƻǊ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ƛŘŜƴǝŬŜŘ ƛƴ ǘƘŜ ƭŜŀǾŜǎ ƻŦ hΦ ōŀǎƛƭƛŎǳƳ [Φ ŎǾΦ Ψ!ƴƛǎŜΩ ŀǎ ŀũŜŎǘŜŘ ōȅ [95 
ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘǎ ƻǾŜǊ ǝƳŜΦ   

No. Compound RI1 ILow IHigh 

   DAS 14 DAS 21 DAS 28 DAS 35 DAS 14 DAS 21 DAS 28 DAS 35 

   Percent (%) of total volatile organic compound composition2 
1 -hpinene 938 - - 0.3±0.0bc 0.3±0.0c - 0.4±0.0ab 0.4±0.0abc 0.4±0.0a 

2 sabinene 978 - - 0.3±0.0c 0.3±0.0c - 0.4±0.0abc 0.3±0.0bc 0.4±0.0a 

3 -̡pinene 982 0.9±0.1a 0.7±0.0c 0.7±0.1c 0.7±0.1c 0.9±0.0a 0.8±0.0ab 0.7±0.1bc 0.9±0.0a 

4 -̡myrcene 992 - - - 0.3±0.0b - - 0.4±0.1b 0.5±0.0a 

5 limonene 1033 - - - 0.3±0.0b - - 0.3±0.0ab 0.3±0.0a 

6 1,8-cineole 1036 8.2±0.5bc 7.0±0.4d 6.8±0.5d 7.2±0.5cd 8.4±0.2b 8.2±0.3b 7.9±0.8bc 9.3±0.3a 

7 trans-ß-ocimene 1050 - 0.5±0.0d 0.7±0.1c 0.9±0.1b - 0.7±0.1c 1.0±0.1b 1.3±0.1a 

8 camphor 1154 1.5±0.1a 1.3±0.1b 1.3±0.1b 1.4±0.1ab 1.4±0.0ab 1.5±0.1a 1.5±0.2a 1.3±0.1b 

9 -hterpineol 1197 - 0.7±0.0cd 0.7±0.0d 0.8±0.0bc 0.8±0.0bc 0.8±0.0b 0.8±0.1b 1.0±0.1a 

10 methyl chavicol 1204 76.9±1.4abc 78.5±0.7a 77.4±1.0ab 74.5±1.2cd 76.2±1.1bc 75.4±1.1cd 74.0±1.9d 68.9±0.8e 

11 cis-methyl cinnamate 1294 - - - 0.3±0.1b - - 0.4±0.1b 0.5±0.1a 

12 trans-methyl cinnamate 1390 0.9±0.1a 0.5±0.0c 0.4±0.0cd 0.3±0.0de 0.6±0.0b 0.4±0.0cde 0.3±0.0e 0.3±0.0e 

13 -̡elemene 1402 - - - 0.4±0.1ab - - 0.4±0.1b 0.5±0.0a 

14 methyl eugenol 1407 - 0.5±0.0c 0.5±0.0c 0.5±0.0c 0.7±0.0a 0.6±0.0b 0.6±0.1abc 0.5±0.0c 

15 aromadendrene  1446 2.4±0.4abcde 1.6±0.2bcd 1.4±0.1de 1.3±0.2e 2.1±0.1a 1.8±0.1b 1.4±0.1de 0.9±0.1f 

16 -̡farnesene 1461 6.2±0.8a 4.7±0.3b 4.2±0.5bc 3.4±0.3de 4.6±0.2b 4.0±0.2cd 3.3±0.4e 2.2±0.3f 

17 -hamorphene 1471 1.6±0.2ab 1.1±0.1abc 0.9±0.0bcd 0.9±0.1cd 1.2±0.1a 0.9±0.1bcd 0.9±0.1bcd 0.8±0.1d 

18 bicyclogermacrene 1498 2.6±0.5bcd 2.1±0.2d 2.8±0.3c 3.6±0.2b 2.1±0.1d 2.5±0.4cd 3.7±0.5b 4.4±0.2a 

19 -ɻcadinene 3 1521 - - - 0.3±0.0b - - - 0.5±0.1a 

20 cis-nerolidol 1529 - 0.4±0.0d 0.7±0.1c 1.0±0.1b - 0.7±0.1c 1.1±0.2b 1.5±0.1a 

21 -hcadinol 1657 - 0.6±0.1d 1.2±0.1c 1.8±0.1b 0.6±0.0d 1.2±0.2c 2.1±0.4ab 2.6±0.2a 

 TOTAL [%]4  100±0.0 100.0±0.0 100.0±0.0 99.8±0.2 99.8±0.2 99.7±0.2 99.8±0.2 98.6±0.3 

 VOC content [%]5  0.4±0.1e 0.8±0.1bcd 0.8±0.1abc 1.0±0.2a 0.5±0.1de 0.7±0.1cd 0.9±0.2abc 1.0±0.1ab 

 VOC content [mg total LDM
-1]6     7.3±0.1b    18.6±0.9a 

wL Ґ ǊŜǘŜƴǝƻƴ ƛƴŘŜȄΤ 5!{ Ґ Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎΤ ŘƛũŜǊŜƴǘ ƭŜǧŜǊǎ ǿƛǘƘƛƴ ŀ Ǌƻǿ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ŀǘ Ǉ Җ лΦрΦ  
м tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ wLǎ ƻŦ ǎŀƳǇƭŜǎ ǳƴŘŜǊ D/πCL5 ŎƻƴŘƛǝƻƴǎ ƻƴ ŀƴ Itπрa{ ŎƻƭǳƳƴ ǊŜƭŀǝǾŜ ǘƻ ŀ ǎŜǊƛŜǎ ƻŦ ƴπŀƭƪŀƴŜǎΦ 
н tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ ǇŜǊŎŜƴǘŀƎŜǎ ҕ {5 ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ƻŦ ŀƭƭ ŀƴŀƭȅȊŜŘ ōŀǎƛƭ ƭŜŀŦ ŜȄǘǊŀŎǘǎ όƴ Ґ у ƭŜŀŦ ŜȄǘǊŀŎǘǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ 5!{ύΦ  
о 5ŀǘŀ ǎŜǘ ǿŀǎ ŀƴŀƭȅȊŜŘ Ǿƛŀ ǳƴǇŀƛǊŜŘ ǘπǘŜǎǘ ǿƛǘƘ ǇπǾŀƭǳŜ Җ лΦлрΦ 
п tŜǊŎŜƴǘŀƎŜ ώ҈ϐ ҕ {5 ǊŜǇǊŜǎŜƴǘǎ ǘƻǘŀƭ ƻŦ ƭƛǎǘŜŘ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎΦ ό¢ǊŀŎŜǎ ƻŦ ŜƛƎƘǘ ƛŘŜƴǝŬŜŘ ŎƻƳǇƻǳƴŘǎ όƴŀƳŜƭȅ ŎƛǎπǎŀōƛƴŜƴŜ ƘȅŘǊŀǘŜ όwL млтнύΣ ōƻǊƴŜƻƭ 
όwL ммтпύΣ ŎƘŀǾƛŎƻƭ όwL мнроύΣ ŜǳƎŜƴƻƭ όwLмоспύΣ πhƘǳƳǳƭŜƴŜ όwL мпрнύΣ ƎŜǊƳŀŎǊŜƴŜ 5 όwL мпулύΣ ǎǇŀǘƘǳƭŜƴƻƭ όwL мртуύ ŜǇƛπhπŎŀŘƛƴƻƭ όwL мсооύ ŀǊŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ 
ǘƘŜ ǘŀōƭŜΦ 
р tǊŜǎŜƴǘŜŘ ŀǊŜ ŀǾŜǊŀƎŜ ±h/ ŎƻƴǘŜƴǘǎ ҕ {5 ƛƴ ǇŜǊŎŜƴǘ ώ҈ϐ ǇŜǊ ƎǊŀƳ ƻŦ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊ όǿκǿύ ŦǊƻƳ ŦƻǳǊ ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΦ  



/I!t¢9w п    hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ 

мтс 
 

с tǊŜǎŜƴǘŜŘ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǾŜǊŀƎŜ ǘƻǘŀƭ ±h/ ŎƻƴǘŜƴǘǎ ҕ {5 ƛƴ ƳƎ ǘƻǘŀƭ [5a
πм όƭŜŀŦ ŘǊȅ ƳŀǧŜǊύ ŀŎǊƻǎǎ ŦƻǳǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ŀǘ ƘŀǊǾŜǎǘ όор 5!{ύ ǇŜǊ ōŀǎƛƭ ǇƻǘΦ 

 
¢ŀōƭŜ нм ς wŜƭŀǝǾŜ ŀōǳƴŘŀƴŎŜ ƻŦ ƳŀƧƻǊ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ƛŘŜƴǝŬŜŘ ƛƴ ǘƘŜ ƭŜŀǾŜǎ ƻŦ hΦ ōŀǎƛƭƛŎǳƳ [Φ ŎǾΦ Ψ¢Ƙŀƛ aŀƎƛŎΩ ŀǎ ŀũŜŎǘŜŘ ōȅ 
[95 ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘǎ ƻǾŜǊ ǝƳŜΦ   

No. Compound RI1 ILow IHigh 
   DAS 14 DAS 21 DAS 28 DAS 35 DAS 14 DAS 21 DAS 28 DAS 35 

   Percent (%) of total volatile organic compound composition2 
1 -hpinene 938 - - 0.3±0.0 0.2±0.0 - - 0.2±0.0 0.2±0.0 
2 -̡pinene 982 - 0.4±0.0 0.3±0.0 0.3±0.0 - 0.4±0.0 0.4±0.1 0.4±0.0 
3 -̡myrcene 992 - - 0.3±0.0 0.3±0.0 - - 0.4±0.1 0.3±0.0 
4 limonene 1033 0.7±0.2abc 0.7±0.1a 0.6±0.0ab 0.5±0.1bc 0.7±0.0a 0.7±0.1ab 0.6±0.1abc 0.5±0.0c 

5 1,8-cineole 1036 2.5±0.5d 3.4±0.4c 3.4±0.4c 3.6±0.3bc 3.9±0.5abc 4.4±0.5a 4.2±0.6ab 3.9±0.4abc 

6 trans-ß-ocimene 1050 0.7±0.1e 0.8±0.1de 1.1±0.1c 1.4±0.2b 1.0±0.1c 0.9±0.1cd 1.7±0.3ab 1.8±0.2a 

7 terpinolene 1095 2.9±0.9a 2.4±0.6a 1.8±0.2b 1.2±0.3c 3.1±0.8a 2.2±0.6a 1.3±0.3c 0.8±0.1c 

8 linalool 1100 - 0.4±0.1c 0.6±0.1bc 0.9±0.3ab - 1.2±0.8abc 1.3±0.4a 1.2±0.3a 

9 camphor 1154 1.1±0.1c 1.3±0.3bc 1.3±0.1bc 1.5±0.2b 1.7±0.4ab 2.0±0.3a 1.9±0.2a 1.4±0.2bc 

10 borneol 1174 - 0.4±0.1 0.5±0.1 0.7±0.1 - 0.5±0.1 0.8±0.2 1.4±0.3 
11 -hterpineol 1197 0.4±0.0c 0.4±0.0c 0.5±0.1bc 0.5±0.0b 0.5±0.1bc 0.5±0.0b 0.7±0.1a 0.7±0.1a 

12 methyl chavicol 1204 69.7±1.9abcde 73.0±2.6abc 73.5±2.0a 71.7±1.1abcd 68.7±4.2cde 68.6±1.8de 66.4±3.3e 70.1±2.3abcde 

13 trans-methyl cinnamate 1390 1.1±0.1a 0.7±0.1b 0.6±0.1c 0.3±0.0de 0.8±0.1b 0.4±0.1cd 0.2±0.0e - 
14 -̡elemene 1403 - - 0.3±0.0b 0.4±0.1b - - 0.4±0.1b 0.7±0.1a 

15 methyl eugenol 1406 7.2±1.8a 3.0±0.4bc 2.2±0.6cd 1.4±0.2d 4.2±0.6ab 2.0±0.4d 1.1±0.1e 0.9±0.2e 

16 -htrans-bergamotene 1437         
17 aromadendrene 1446 4.6±0.1b 4.4±0.8b 4.3±0.3b 5.2±0.8ab 5.4±0.5ab 5.7±0.8ab 6.5±1.1a 5.3±1.1ab 

18 -̡farnesene 1460 3.8±0.7a 2.6±0.3b 2.6±0.4b 2.2±0.3bc 3.5±0.6a 2.1±0.3bc 2.0±0.5bc 1.6±0.4c 

19 bicyclogermacrene 1497 1.0±0.2de 0.8±0.0e 1.1±0.2bcd 1.4±0.1ab 1.2±0.2bcde 1.1±0.2cde 1.6±0.4abc 1.8±0.3a 

20 -ɹcadinene 1514 - - 0.3±0.1c 0.4±0.1bc - - 0.5±0.1ab 0.5±0.1a 

21 -ɻcadinene 1521 - - 0.3±0.1c 0.5±0.2bc - - 0.7±0.1ab 0.9±0.2a 

22 cis-nerolidol 1529 - 0.4±0.0d 0.6±0.1c 0.8±0.1b - 0.8±0.2bc 1.1±0.2ab 1.3±0.2a 

23 spathulenol 1578 0.5±0.1c 1.2±0.5ab 0.7±0.4bc 0.6±0.2bc 1.0±0.2b 2.0±0.5a 0.6±0.2bc 0.6±0.1bc 

24 epi- -hcadinol 1633 - - - 0.3±0.0b - - 0.3±0.0a 0.4±0.1a 

25 -hcadinol 1657 0.4±0.1f 0.7±0.1e 1.1±0.2cd 1.5±0.2bc 0.8±0.2def 1.3±0.3bcd 1.9±0.4ab 2.3±0.3a 

 TOTAL [%]3  96.7±0.7 97.5±0.6 97.9±0.4 97.6±0.4 97.2±0.6 96.6±0.2 96.5±1.1 97.6±0.9 
 VOC content [%]4  0.9±0.1bc 0.9±0.2bc 1.2±0.2abc 1.3±0.2ab 0.8±0.2c 0.7±0.2c 1.4±0.4a 0.9±0.3bc 

 VOC content [mg total LDM
-1]5     10.5±0.5b    19.2±0.5a 

wL Ґ ǊŜǘŜƴǝƻƴ ƛƴŘŜȄΤ 5!{ Ґ Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎΤ ŘƛũŜǊŜƴǘ ƭŜǧŜǊǎ ǿƛǘƘƛƴ ŀ Ǌƻǿ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ŀǘ Ǉ Җ лΦрΦ 
м tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ wLǎ ƻŦ ǎŀƳǇƭŜǎ ǳƴŘŜǊ D/πCL5 ŎƻƴŘƛǝƻƴǎ ƻƴ ŀƴ Itπрa{ ŎƻƭǳƳƴ ǊŜƭŀǝǾŜ ǘƻ ŀ ǎŜǊƛŜǎ ƻŦ ƴπŀƭƪŀƴŜǎΦ 



/I!t¢9w п    hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ 

мтт 
 

н tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ ǇŜǊŎŜƴǘŀƎŜǎ ҕ {5 ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ƻŦ ŀƭƭ ŀƴŀƭȅȊŜŘ ōŀǎƛƭ ƭŜŀŦ ŜȄǘǊŀŎǘǎ όƴ Ґ у ƭŜŀŦ ŜȄǘǊŀŎǘǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ 5!{ύ 
о tŜǊŎŜƴǘŀƎŜ ώ҈ϐ ҕ {5 ǊŜǇǊŜǎŜƴǘǎ ǘƻǘŀƭ ƻŦ ƭƛǎǘŜŘ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎΦ ό¢ǊŀŎŜǎ ƻŦ ƴƛƴŜ ƛŘŜƴǝŬŜŘ ŎƻƳǇƻǳƴŘǎ όƴŀƳŜƭȅ ŎŀƳǇƘŜƴŜ όwL фрпύΣ ǎŀōƛƴŜƴŜ όwL фтуύΣ 
ŎƛǎπǎŀōƛƴŜƴŜ ƘȅŘǊŀǘŜ όwL млтнύΣ ŎƘŀǾƛŎƻƭ όwL мнроύΣ ƴŜǊƻƭ όwL мннтύΣ ŎƛǎπƳŜǘƘȅƭ ŎƛƴƴŀƳŀǘŜ όwL мнфпύΣ ŜǳƎŜƴƻƭ όwL моспύΣ πhƘǳƳǳƭŜƴŜ όwL мпрнύΣ πhŀƳƻǊǇƘŜƴŜ όwL 
мптмύΣ ƎŜǊƳŀŎǊŜƴŜ 5 όwL мптфύΣ ǘǊŀƴǎπŎŀŘƛƴŀπмΣпπŘƛŜƴŜ όwL мропύΣ ǾƛǊƛŘƛƅƻǊƻƭ όwL мрфсύ ŀƴŘ ǘǊŀŎŜǎ ƻŦ ŦƻǳǊ ǳƴƛŘŜƴǝŬŜŘ ŎƻƳǇƻǳƴŘǎ όwL млмрΣ wL ммнлΣ wL мнсмΣ wL 
мрртύ ŀǊŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ ǘŀōƭŜΦύ  
п tǊŜǎŜƴǘŜŘ ŀǊŜ ŀǾŜǊŀƎŜ ±h/ ŎƻƴǘŜƴǘǎ ҕ {5 ƛƴ ǇŜǊŎŜƴǘ ώ҈ϐ ǇŜǊ ƎǊŀƳ ƻŦ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊ όǿκǿύ ŦǊƻƳ ŦƻǳǊ ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΦ  
р tǊŜǎŜƴǘŜŘ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǾŜǊŀƎŜ ǘƻǘŀƭ ±h/ ŎƻƴǘŜƴǘǎ ҕ {5 ƛƴ ƳƎ ǘƻǘŀƭ [5a

πм όƭŜŀŦ ŘǊȅ ƳŀǧŜǊύ ŀŎǊƻǎǎ ŦƻǳǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ŀǘ ƘŀǊǾŜǎǘ όор 5!{ύ ǇŜǊ ōŀǎƛƭ ǇƻǘΦ 

 
¢ŀōƭŜ нн ς wŜƭŀǝǾŜ ŀōǳƴŘŀƴŎŜ ƻŦ ƳŀƧƻǊ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ƛŘŜƴǝŬŜŘ ƛƴ ǘƘŜ ƭŜŀǾŜǎ ƻŦ hΦ ōŀǎƛƭƛŎǳƳ [Φ ŎǾΦ Ψ/ƛƴƴŀƳƻƴΩ ŀǎ ŀũŜŎǘŜŘ ōȅ [95 
ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘǎ ƻǾŜǊ ǝƳŜΦ   

No. Compound RI1 ILow IHigh 
   DAS 14 DAS 21 DAS 28 DAS 35 DAS 14 DAS 21 DAS 28 DAS 35 

   Percent (%) of total volatile organic compound composition2 
1 1,8-cineole 1036 3.0±0.7ab 2.5±0.6ab 2.4±0.8b 3.4±0.7a 3.3±0.7ab 3.1±0.5ab 2.7±0.4ab 2.6±0.6ab 

2 trans-ß-ocimene 1049 0.6±0.0 0.6±0.1 0.5±0.2 0.5±0.1 0.6±0.3 0.7±0.1 0.5±0.0 0.6±0.3 
3 terpinolene 1094 1.6±0.4a 0.9±0.3bc 0.6±0.2bc 0.4±0.1c 1.6±0.4a 1.0±0.4b 0.5±0.1bc 0.5±0.1bc 

4 linalool 1101 7.9±2.2e 13.8±2.5d 18.8±1.8c 23.7±3.1ab 13.6±3.0d 20.1±2.8bc 27.2±3.1a 23.5±5.0abc 

5 camphor 1153 0.8±0.1 0.6±0.1 0.6±0.2 0.5±0.2 0.8±0.1 0.8±0.3 0.5±0.2 0.5±0.2 
6 -hterpineol 1184 0.9±0.1 0.8±0.2 0.9±0.3 0.7±0.2 0.7±0.1 0.9±0.2 0.7±0.3 0.7±0.5 
7 methyl chavicol 1203 26.8±11.3a 20.5±5.4ab 15.3±7.1bc 8.7±5.0c 17.7±10.0abc 12.0±4.8bc 9.1±6.5bc 9.8±4.2bc 

9 eugenol 1364 1.7±1.1 1.6±0.5 3.1±1.6 5.2±4.8 3.8±2.2 1.5±0.7 5.9±5.1 2.1±2.5 
10 trans-methyl cinnamate 1391 8.7±3.8d 30.2±6.0abc 35.1±8.2a 33.3±8.4a 20.2±6.4bcd 34.4±6.2a 27.5±5.6ab 36.9±12.1a 

11 -̡elemene 1403 0.7±0.0 0.5±0.1 0.6±0.2 0.9±0.3 0.4±0.0 0.6±0.2 0.7±0.2 0.9±0.3 
12 methyl eugenol 1406 27.5±10.8a 13.2±3.7abc 6.7±1.9def 4.0±2.9efg 18.2±8.9abcd 7.5±1.6cde 3.3±2.2fg 0.9±0.2g 

13 aromadendrene 1446 2.2±0.6abc 1.4±0.5abcd 1.3±0.2d 1.3±0.4cd 2.3±0.6ab 1.9±1.1bcd 2.0±1.2bcd 0.9±0.3d 

14 -hhumulene 1451 - - 0.4±0.1b 0.6±0.2ab - 0.4±0.0b 0.8±0.3a 0.7±0.2ab 

15 -̡farnesene 1460 5.6±0.7b 4.3±0.5c 3.0±0.5de 2.2±0.5ef 6.7±1.0a 3.5±0.5cd 2.5±0.5def 1.6±0.5f 

16 -hamorphene 1471 3.1±1.0a 1.2±0.3bc 0.8±0.1d - 1.6±0.3ab 1.0±0.2cd 1.0±0.0c 0.6±0.2d 

17 germacrene D 1479 - - - 0.4±0.0b - 0.3±0.0c 0.5±0.0a 0.4±0.1ab 

18 bicyclogermacrene 1497 4.3±0.6ab 3.6±0.3b 3.8±0.2ab 4.3±0.3a 4.0 ±0.5ab 3.8±0.2ab 5.0±0.7a 4.9±0.7ab 

19 -ɹcadinene 1513 0.8±0.2b 1.0±0.2ab 1.1±0.1ab 1.4±0.2a 1.1±0.2ab 1.2±0.1ab 1.6±0.6ab 1.5±0.5ab 

20 -ɻcadinene 1521 - 0.5±0.0b 0.5±0.3b 1.0±0.4ab - 0.6±0.1b 1.3±0.3a 1.0±0.3ab 

21 cis-nerolidol 1529 1.3±0.3c 1.3±0.1c 1.6±0.2bc 2.1±0.2a 1.4±0.2c 1.8±0.3b 2.5±0.1a 2.5±0.4a 

22 epi- -hcadinol 1633 - - 0.4±0.1c 0.6±0.1bc - 0.5±0.1c 0.7±0.1ab 0.7±0.1a 

23 -hcadinol 1657 2.4±0.6d 2.5±0.2d 3.2±0.6cd 4.2±0.5ab 2.6±0.7d 3.4±0.8bcd 5.1±0.8a 5.1±1.0ab 

 TOTAL [%]3  99.6±0.5 100.0±0.0 99.7±0.5 98.4±0.6 99.6±0.7 99.2±0.8 98.6±0.6 97.8±1.0 



/I!t¢9w п    hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ 

мту 
 

 VOC content [%]4  0.4±0.1d 0.6±0.1ab 0.7±0.2ab 1.1±0.4a 0.5±0.2bcd 0.7±0.3abcd 0.8±0.2abcd 0.9±0.2ab 

 VOC content [mg total LDM
-1]5     15.6±1.2b    17.8±2.0a 

wL Ґ ǊŜǘŜƴǝƻƴ ƛƴŘŜȄΤ 5!{ Ґ Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎΤ ŘƛũŜǊŜƴǘ ƭŜǧŜǊǎ ǿƛǘƘƛƴ ŀ Ǌƻǿ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ŀǘ Ǉ Җ лΦрΦ 
м tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ wLǎ ƻŦ ǎŀƳǇƭŜǎ ǳƴŘŜǊ D/πCL5 ŎƻƴŘƛǝƻƴǎ ƻƴ ŀƴ Itπрa{ ŎƻƭǳƳƴ ǊŜƭŀǝǾŜ ǘƻ ŀ ǎŜǊƛŜǎ ƻŦ ƴπŀƭƪŀƴŜǎΦ 
н tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ ǇŜǊŎŜƴǘŀƎŜǎ ҕ {5 ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ƻŦ ŀƭƭ ŀƴŀƭȅȊŜŘ ōŀǎƛƭ ƭŜŀŦ ŜȄǘǊŀŎǘǎ όƴ Ґ у ƭŜŀŦ ŜȄǘǊŀŎǘǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ 5!{ύ  
о tŜǊŎŜƴǘŀƎŜ ώ҈ϐ ҕ {5 ǊŜǇǊŜǎŜƴǘǎ ǘƻǘŀƭ ƻŦ ƭƛǎǘŜŘ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎΦ ό¢ǊŀŎŜǎ ƻŦ ŜƛƎƘǘ ƛŘŜƴǝŬŜŘ ŎƻƳǇƻǳƴŘǎ όƴŀƳŜƭȅ π̡ǇƛƴŜƴŜ όwL фунύΣ ƭƛƳƻƴŜƴŜ όwL млооύΣ 
Ŏƛǎπƭƛƴŀƭƻƻƭ ƻȄƛŘŜ όwL млтмύΣ ōƻǊƴŜƻƭ όwL ммтпύΣ πhǘŜǊǇƛƴŜƻƭ όwL ммфсύΣ ŎƘŀǾƛŎƻƭ όwL мнроύΣ ŎƛǎπƳŜǘƘȅƭ ŎƛƴƴŀƳŀǘŜ όwL мнфоύΣ ǾƛǊƛŘƛƅƻǊƻƭ όwL мрфсύ ŀƴŘ ǘǊŀŎŜǎ ƻŦ ǘǿƻ 
ǳƴƛŘŜƴǝŬŜŘ ŎƻƳǇƻǳƴŘǎ όwL мрсфΣ wL мртпύ ŀǊŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ ǘŀōƭŜΦύ  
п tǊŜǎŜƴǘŜŘ ŀǊŜ ŀǾŜǊŀƎŜ ±h/ ŎƻƴǘŜƴǘǎ ҕ {5 ƛƴ ǇŜǊŎŜƴǘ ώ҈ϐ ǇŜǊ ƎǊŀƳ ƻŦ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊ όǿκǿύ ŦǊƻƳ ŦƻǳǊ ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΦ  
р tǊŜǎŜƴǘŜŘ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǾŜǊŀƎŜ ǘƻǘŀƭ ±h/ ŎƻƴǘŜƴǘǎ ҕ {5 ƛƴ ƳƎ ǘƻǘŀƭ [5a

πм όƭŜŀŦ ŘǊȅ ƳŀǧŜǊύ ŀŎǊƻǎǎ ŦƻǳǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ŀǘ ƘŀǊǾŜǎǘ όор 5!{ύ ǇŜǊ ōŀǎƛƭ ǇƻǘΦ 

 
¢ŀōƭŜ но ς wŜƭŀǝǾŜ ŀōǳƴŘŀƴŎŜ ƻŦ ƳŀƧƻǊ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ƛŘŜƴǝŬŜŘ ƛƴ ǘƘŜ ƭŜŀǾŜǎ ƻŦ hΦ ōŀǎƛƭƛŎǳƳ [Φ ŎǾΦ Ψ5ŀǊƪ hǇŀƭΩ ŀǎ ŀũŜŎǘŜŘ ōȅ [95 
ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘǎ ƻǾŜǊ ǝƳŜΦ   

No. Compound RI1 ILow IHigh 

   DAS 14 DAS 21 DAS 28 DAS 35 DAS 14 DAS 21 DAS 28 DAS 35 

   Percent (%) of total volatile organic compound composition2 
1 -hpinene 938 0.4±0.0cd 0.4±0.0cd 0.4±0.0cd 0.4±0.1bcd 0.4±0.0cd 0.4±0.1cd 0.5±0.0ab 0.5±0.1abc 

2 -̡pinene 982 0.5±0.0c 0.6±0.1bc 0.6±0.1bc 0.7±0.1b 0.7±0.0b 0.6±0.1bc 0.9±0.1a 0.9±0.1a 

3 -̡myrcene 992 - 0.4±0.1f 0.4±0.1def 0.5±0.1bcdef 0.5±0.0ef 0.5±0.1def 0.6±0.0ab 0.7±0.1a 

4 limonene 1033 0.7±0.1abc 0.6±0.1abc 0.6±0.1bc 0.6±0.1abc 0.7±0.0a 0.6±0.1c 0.7±0.1ab 0.6±0.1abc 

5 1,8-cineole 1036 4.4±0.3d 5.2±0.5d 5.6±0.7d 6.6±0.8bcd 6.0±0.0abcd 6.3±0.8d 8.2±1.0abcd 9.5±1.1a 

6 terpinolene 1095 3.3±0.7abcd 2.6±0.3a 2.3±0.2abc 2.2±0.1abc 2.9±0.3a 2.1±0.2bc 2.0±0.2bc 1.3±0.2d 

7 linalool 1101 1.6±0.7e 2.7±0.4e 4.5±0.8d 8.8±1.5c 5.4±0.4d 8.3±1.2c 16.0±2.3b 28.4±5.0a 

8 -hterpineol 1197 - 0.3±0.0f 0.4±0.0e 0.5±0.0cd 0.5±0.0de 0.6±0.1c 0.7±0.1b 1.0±0.1a 

9 nerol 1227 0.9±0.1b 0.9±0.2b 0.9±0.1b 0.9±0.1b 0.9±0.1b 1.0±0.1b 1.5±0.2a 1.7±0.2a 

10 eugenol 1364 - 0.6±0.2g 1.0±0.3fg 3.2±0.8cd 2.1±0.9defg 4.9±1.0bc 4.6±0.3b 9.0±2.5a 
11 -̡elemene 1403 - 0.4±0.1d 0.3±0.2cd 0.3±0.2cd 0.3±0.0d 0.5±0.1c 0.5±0.1bcd 0.8±0.1a 

12 methyl eugenol 1408 75.7±3.2ab 74.2±1.7a 72.3±2.2a 63.0±3.9cd 66.3±1.5bc 61.0±2.7d 48.4±3.8f 25.2±4.3g 
13 -htrans-bergamotene 1437 1.9±0.1a 1.7±0.1bc 1.7±0.1bc 1.7±0.1abc 1.5±0.1c 1.7±0.0abc 1.7±0.1abc 1.9±0.2ab 
14 aromadendrene 1446 0.4±0.1bcd 0.3±0.0f 0.3±0.0ef 0.3±0.0def 0.5±0.1ab 0.4±0.1bcd 0.4±0.1cde 0.4±0.1bcd 

15 -hhumulene 1451 0.4±0.0de 0.3±0.0ef 0.3±0.0ef 0.4±0.0cde 0.2±0.0f 0.4±0.0e 0.5±0.1bc 0.8±0.1a 

16 -̡farnesene 1461 4.4±0.8ab 3.2±0.3ab 3.2±0.2b 3.4±0.3ab 4.0±0.5ab 3.7±0.2a 3.9±0.4a 3.3±0.3ab 

17 -hamorphene 1471 0.8±0.1a 0.5±0.0cd 0.5±0.0de 0.5±0.0e 0.6±0.0bcd 0.5±0.0bcde 0.6±0.1bcde 0.6±0.0bcd 

18 bicyclogermacrene 1498 1.8±0.2f 1.8±0.1f 2.0±0.1cdef 2.1±0.1bc 1.9±0.1cdef 2.1±0.2bcd 2.3±0.2b 3.1±0.2a 

19 -ɹcadinene 1513 0.5±0.0e 0.5±0.0e 0.7±0.1d 1.0±0.1b 0.8±0.1cd 0.9±0.1bc 1.2±0.2abc 1.3±0.2a 

20 -ɻcadinene 1521 - 0.1±0.1f 0.4±0.0e 0.6±0.0bc 0.3±0.0f 0.5±0.1de 0.8±0.1b 1.4±0.1a 

21 cis-nerolidol 1529 0.6±0.0fg 0.6±0.1fg 0.6±0.1efg 0.7±0.0de 0.6±0.0g 0.7±0.0de 0.8±0.1bcd 1.2±0.1a 



/I!t¢9w п    hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ 

мтф 
 

22 -hcadinol 1657 1.1±0.1fg 1.1±0.1g 1.2±0.2efg 1.1±0.0g 1.1±0.0g 1.3±0.1def 1.5±0.2bcde 2.3±0.1a 

 TOTAL [%]3  99.4±0.4 99.4±0.2 99.4±0.1 99.1±0.3 98.8±0.3 98.3±0.4 98.8±0.4 98.3±0.3 

 VOC content [%]4  0.9±0.0bcd 1.2±0.2ab 0.9±0.2cd 0.8±0.1d 1.5±0.3a  1.1±0.2abc 0.8±0.2d 0.8±0.2d 

 VOC content [mg total LDM
-1]5     2.6±0.2b    8.5±0.6a 

wL Ґ ǊŜǘŜƴǝƻƴ ƛƴŘŜȄΤ 5!{ Ґ Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎΤ ŘƛũŜǊŜƴǘ ƭŜǧŜǊǎ ǿƛǘƘƛƴ ŀ Ǌƻǿ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ŀǘ Ǉ Җ лΦрΦ 
м tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ wLǎ ƻŦ ǎŀƳǇƭŜǎ ǳƴŘŜǊ D/πCL5 ŎƻƴŘƛǝƻƴǎ ƻƴ ŀƴ Itπрa{ ŎƻƭǳƳƴ ǊŜƭŀǝǾŜ ǘƻ ŀ ǎŜǊƛŜǎ ƻŦ ƴπŀƭƪŀƴŜǎΦ 
н tǊŜǎŜƴǘŜŘ ŀǊŜ ƳŜŀƴ ǇŜǊŎŜƴǘŀƎŜǎ ҕ {5 ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ƻŦ ŀƭƭ ŀƴŀƭȅȊŜŘ ōŀǎƛƭ ƭŜŀŦ ŜȄǘǊŀŎǘǎ όƴ Ґ у ƭŜŀŦ ŜȄǘǊŀŎǘǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ 5!{ύ  
о tŜǊŎŜƴǘŀƎŜ ώ҈ϐ ҕ {5 ǊŜǇǊŜǎŜƴǘǎ ǘƻǘŀƭ ƻŦ ƭƛǎǘŜŘ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎΦ ό¢ǊŀŎŜǎ ƻŦ ǘŜƴ ƛŘŜƴǝŬŜŘ ŎƻƳǇƻǳƴŘǎ όƴŀƳŜƭȅ ǎŀōƛƴŜƴŜ όwL фтуύΣ Ŏƛǎπƭƛƴŀƭƻƻƭ ƻȄƛŘŜ 
όwL млтмύΣ ōƻǊƴŜƻƭ όwL ммтпύΣ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭ όwL мнлоύΣ ŎƘŀǾƛŎƻƭ όwL мнрсύΣ π̡ŎǳōŜōŜƴŜ όwL моупύΣ ǘǊŀƴǎπƳŜǘƘȅƭ ŎƛƴƴŀƳŀǘŜ όwL мофлύΣ ƎŜǊƳŀŎǊŜƴŜ 5 όwL мптфύΣ 
ǾƛǊƛŘƛƅƻǊƻƭ όwL мрфсύΣ ŜǇƛπhπŎŀŘƛƴƻƭ όwL мсооύ ŀƴŘ ǘǊŀŎŜǎ ƻŦ ǘƘǊŜŜ ǳƴƛŘŜƴǝŬŜŘ ŎƻƳǇƻǳƴŘǎ όwL млмрΣ wL ммнлΣ wL мрпуύ ŀǊŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ ǘŀōƭŜΦύ  
п tǊŜǎŜƴǘŜŘ ŀǊŜ ŀǾŜǊŀƎŜ ±h/ ŎƻƴǘŜƴǘǎ ҕ {5 ƛƴ ǇŜǊŎŜƴǘ ώ҈ϐ ǇŜǊ ƎǊŀƳ ƻŦ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊ όǿκǿύ ŦǊƻƳ ŦƻǳǊ ƛƴŘŜǇŜƴŘŜƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΦ  
р tǊŜǎŜƴǘŜŘ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǾŜǊŀƎŜ ǘƻǘŀƭ ±h/ ŎƻƴǘŜƴǘǎ ҕ {5 ƛƴ ƳƎ ǘƻǘŀƭ [5a

πм όƭŜŀŦ ŘǊȅ ƳŀǧŜǊύ ŀŎǊƻǎǎ ŦƻǳǊ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ŀǘ ƘŀǊǾŜǎǘ όор 5!{ύ ǇŜǊ ōŀǎƛƭ ǇƻǘΦ 



/I!t¢9w п  hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ 

мул 
 

 ¢ƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ±h/ ǇǊƻŬƭŜǎ ƛƴŎǊŜŀǎŜŘ ǿƛǘƘ ǘƘŜ ōŀǎƛƭǎΩ ǇǊƻƎǊŜǎǎƛƴƎ ŘŜǾŜƭƻǇƳŜƴǘΦ Lƴ ŜȄŀƳǇƭŜΣ 

ǿƘƛƭŜ ƭŜŀŦ ŜȄǘǊŀŎǘǎ ƻŦ мпπ ŘŀȅπƻƭŘ ŎǾΦ !ƴƛǎŜ ǎŜŜŘƭƛƴƎǎ ǿŜǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƴƛƴŜ ŀƴŘ ǘǿŜƭǾŜ ƳŀƧƻǊ ǾƻƭŀǝƭŜǎ 

ǳƴŘŜǊ L[ƻǿ ŀƴŘ LIƛƎƘΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ǘƘŜ ǘƻǘŀƭ ƻŦ ŘŜǘŜŎǘŜŘ ±h/ǎ ƛƴŎǊŜŀǎŜŘ ǿŜŜƪƭȅ ŀƴŘ ǊŜŀŎƘŜŘ ǘƘŜƛǊ ƘƛƎƘŜǎǘ 

ǘƻǘŀƭ ƛƴ орπŘŀȅπƻƭŘ ōŀǎƛƭ Ǉƭŀƴǘǎ ό¢ŀōƭŜ нлύΦ  

 wŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŀǇǇƭƛŜŘΣ ŜŀŎƘ ŎǳƭǝǾŀǊ ǳƴŘŜǊǿŜƴǘ ŀƴŀƭƻƎƻǳǎ ŎƻƳǇƻǎƛǝƻƴŀƭ 

ŎƘŀƴƎŜǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘΦ Lƴ ŜȄŀƳǇƭŜΣ ǳƴŘŜǊ ōƻǘƘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘǎΣ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ 

ƭƛƴŀƭƻƻƭ ŀƴŘ ǘǊŀƴǎπƳŜǘƘȅƭ ŎƛƴƴŀƳŀǘŜ ƛƴŎǊŜŀǎŜŘ ŀƴŘ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭ ŀƴŘ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭ 

ŘŜŎǊŜŀǎŜŘ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƛƴƎ Ψ/ƛƴƴŀƳƻƴΩ ŎǳƭǝǾŀǊ ό¢ŀōƭŜ ннύΦ  

 IƻǿŜǾŜǊΣ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴŀƭ ŎƘŀƴƎŜǎ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ŎǳƭǝǾŀǊǎ ǳƴŘŜǊ LIƛƎƘΣ ǘƘŜ 

ǎŀƳŜ ŘƛǊŜŎǝƻƴŀƭ ŎƘŀƴƎŜǎ ƻŎŎǳǊǊŜŘ ǝƳŜπŘŜƭŀȅŜŘ ǳƴŘŜǊ L[ƻǿΦ Lƴ ŜȄŀƳǇƭŜΣ ǿƘƛƭŜ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƳŜǘƘȅƭ 

ŎƘŀǾƛŎƻƭ ǊŜŘǳŎŜŘ ŦǊƻƳ Ϥ мтΦт ҈ ŀǘ мп 5!{ ǘƻ Ϥ мнΦл ҈ ŀǘ нм 5!{ ŀƴŘ Ϥ фΦм ҈ ŀǘ ну 5!{ ǳƴŘŜǊ LIƛƎƘ ƛƴ ǘƘŜ 

ōŀǎƛƭ ŎǳƭǝǾŀǊ Ψ/ƛƴƴŀƳƻƴΩΣ ŀ ŎƻƳǇŀǊŀōƭŜ ŘǊƻǇ ǿŀǎ ƻōǎŜǊǾŜŘ ƻƴŜ ǿŜŜƪ ƭŀǘŜǊ ǳƴŘŜǊ L[ƻǿ ŀǎ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ 

ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭ ŘŜŎǊŜŀǎŜŘ ŦǊƻƳ Ϥ нлΦр ҈ ŀǘ нм 5!{ ǘƻ Ϥ мрΦо ҈ ŀǘ ну 5!{ ŀƴŘ Ŭƴŀƭƭȅ Ϥ уΦт ҈ ŀǘ ор 5!{ 

ό¢ŀōƭŜ ннύΦ Lƴ ǘƘŜ ǎŀƳŜ ƳŀƴƴŜǊΣ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƭƛƴŀƭƻƻƭ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ Ϥ рΦп ҈ ŀǘ мп 5!{ ǘƻ Ϥ уΦо ҈ ŀǘ 

нм 5!{ ǳƴŘŜǊ LIƛƎƘΣ ǿƘƛƭŜ ƭƛƴŀƭƻƻƭ ƛƴŎǊŜŀǎŜŘ ƛƴ ǘƘŜ ǎŀƳŜ ǿŀȅ όŦǊƻƳ Ϥ пΦр ǘƻ Ϥ уΦу ҈ύ ǘǿƻ ǿŜŜƪǎ ƭŀǘŜǊ ōŜǘǿŜŜƴ 

ну 5!{ ŀƴŘ ор 5!{ ǳƴŘŜǊ L[ƻǿ ƛƴ ǘƘŜ ŎǳƭǝǾŀǊ Ψ5ŀǊƪ hǇŀƭΩΣ ό¢ŀōƭŜ ноύΦ  

 {ƻ ŦŀǊΣ ƴƻǘ Ƴŀƴȅ ǎǘǳŘƛŜǎ ƘŀǾŜ ƛƴǾŜǎǝƎŀǘŜŘ ŎƻƳǇƻǎƛǝƻƴŀƭ ŘƛũŜǊŜƴŎŜǎ ƛƴ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ ǳƴŘŜǊ 

ŘƛũŜǊŜƴǘ ό[95ύ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎΣ ōǳǘ ǘƘŜƛǊ ƻǳǘŎƻƳŜǎ ŀǊŜ ƘƛƎƘƭȅ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ƻǳǊ ŬƴŘƛƴƎǎΦ Lƴ ŜȄŀƳǇƭŜΣ 

/ƘŀƴƎ Ŝǘ ŀƭΦ όнллуύ ŀƴŘ ²ŀƭǘŜǊǎ Ŝǘ ŀƭΦ όнлнмύ ǊŜǇƻǊǘŜŘ ƛƴŎǊŜŀǎƛƴƎ ƭƛƴŀƭƻƻƭ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ǘƘŜ ƎǊŜŜƴ ōŀǎƛƭ 

ŎǳƭǝǾŀǊǎ ΨDŜƴƻǾŜǎŜΩ ŀƴŘ ΨbǳŦŀǊΩΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎΣ ǿƘƛŎƘ ŀƎǊŜŜǎ ǿƛǘƘ ƻǳǊ 

ŬƴŘƛƴƎǎ ƛƴ ǘƘŜ ƭƛƴŀƭƻƻƭπŎƻƴǘŀƛƴƛƴƎ ŎǳƭǝǾŀǊǎ Ψ/ƛƴƴŀƳƻƴΩΣ Ψ5ŀǊƪ hǇŀƭΩ ŀƴŘ Ψ¢Ƙŀƛ aŀƎƛŎΩΦ !ƭǎƻΣ ǘƘŜ ƻōǎŜǊǾŜŘ 

ǊŜƭŀǝǾŜ ŘŜŎǊŜŀǎŜ ƻŦ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ƛƴ ŎǾΦ DŜƴƻǾŜǎŜ ό/ƘŀƴƎ Ŝǘ ŀƭΦΣ нллуύ 

ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ǘƘǊŜŜ ŎǳƭǝǾŀǊǎ ǘƘŀǘ ǿŜǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŜƭŜǾŀǘŜŘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭ 

όŎǾΦ /ƛƴƴŀƳƻƴΣ ŎǾΦ 5ŀǊƪ hǇŀƭ ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎύΦ ¢ƘŜ ŀǳǘƘƻǊǎ ŀƭǎƻ ŘŜǎŎǊƛōŜŘ ŦŀƛǊƭȅ Ŏƻƴǎǘŀƴǘ ŀǎ ǿŜƭƭ ŀǎ 

ǎƭƛƎƘǘƭȅ ƛƴŎǊŜŀǎƛƴƎ ǊŜƭŀǝǾŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ мΣуπŎƛƴŜƻƭŜ ƛƴ ŎǾΦ DŜƴƻǾŜǎŜ ŀƴŘ ŎǾΦ bǳŦŀǊΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢Ƙƛǎ ƛǎ 

ŀƭǎƻ ŎƻƴƎǊǳŜƴǘ ǿƛǘƘ ǘƘŜ ƛƴŘƛũŜǊŜƴǘ ǊŜƭŀǝǾŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ мΣуπŎƛƴŜƻƭŜ ƛƴ ǘƘŜ ŎǳƭǝǾŀǊǎ Ψ!ƴƛǎŜΩΣ 

Ψ/ƛƴƴŀƳƻƴΩ ŀƴŘ Ψ¢Ƙŀƛ aŀƎƛŎΣ ŀƴŘ ǘƘŜ ǎƭƛƎƘǘ ǳǇǿŀǊŘǎ ǘǊŜƴŘ ƻŦ мΣуπŎƛƴŜƻƭŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŘŜǘŜŎǘŜŘ ƛƴ ŎǾΦ 

5ŀǊƪ hǇŀƭ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅΦ Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ ƅǳŎǘǳŀǝƴƎ ǊŜƭŀǝǾŜ ŜǳƎŜƴƻƭ ŎƻƴŎŜƴǘǊŀǝƻƴǎ 

ǊŜǇƻǊǘŜŘ ōȅ /ƘŀƴƎ Ŝǘ ŀƭΦ όнллуύ ŀƴŘ ²ŀƭǘŜǊǎ Ŝǘ ŀƭΦ όнлнмύ ǿŜǊŜ ŀƭǎƻ ŘŜǘŜŎǘŜŘ ƛƴ ƻǳǊ ǎǘǳŘȅ ƛƴ ǘƘŜ ŜǳƎŜƴƻƭπ

ŎƻƴǘŀƛƴƛƴƎ ŎǳƭǝǾŀǊǎ Ψ/ƛƴƴŀƳƻƴΩ ŀƴŘ Ψ5ŀǊƪ hǇŀƭΩΦ !ƭƛƪŜ ǘƘŜ ŬƴŘƛƴƎǎ ƻōǎŜǊǾŜŘ ōȅ ²ŀƭǘŜǊǎ Ŝǘ ŀƭΦ όнлнмύ ƛƴ мпπ

ŘŀȅπƻƭŘ ŎǾΦ bǳŦŀǊ ǎŜŜŘƭƛƴƎǎΣ ǿŜ ƻōǎŜǊǾŜŘ ƴƻ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǊŜƭŀǝǾŜ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ōŜǘǿŜŜƴ 

ōƻǘƘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘ ƛƴ ŎǾΦ /ƛƴƴŀƳƻƴ ŀƴŘ ŎǾΦ 5ŀǊƪ hǇŀƭ ŀƴŘ мп 5!{ ƛƴ ŎǾΦ 



/I!t¢9w п  hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ 

мум 
 

!ƴƛǎŜΦ Lƴ ŎƻƴǘǊŀǎǘΣ ŘŜŎǊŜŀǎŜŘ ǊŜƭŀǝǾŜ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǳƴŘŜǊ LIƛƎƘ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƛƴ ƻƭŘŜǊ ŎǾΦ 

!ƴƛǎŜ ŀǘ нмΣ ну ŀƴŘ ор 5!{Φ  

 5ǳǊƛƴƎ ǘƘŜ ƭŀǎǘ ŦŜǿ ȅŜŀǊǎΣ ƎǊŜŀǘ ǇǊƻƎǊŜǎǎ Ƙŀǎ ōŜŜƴ ƳŀŘŜ ƛƴ ǘƘŜ ŜƭǳŎƛŘŀǝƻƴ ƻŦ Ƴƻǎǘ ƻŦ ǘƘŜ ƎŜƴŜǎΣ 

ǘǊŀƴǎŎǊƛǇǝƻƴ ŦŀŎǘƻǊǎΣ ŜƴȊȅƳŜǎΣ ŀƴŘ ǎǳōǎǘǊŀǘŜǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ǘŜǊǇŜƴŜǎ ŀƴŘ 

ǇƘŜƴȅƭǇǊƻǇŜƴŜǎ ŘŜǘŜŎǘŜŘ ƛƴ ƻǳǊ ǎǘǳŘȅΦ ¢Ƙƛǎ ƭŜŘ ǘƻ ŎƻƘŜǊŜƴǘ ǇǊƻǇƻǎŀƭǎ ƻŦ ǘƘŜƛǊ ōƛƻǎȅƴǘƘŜǝŎ ǇŀǘƘǿŀȅǎ ƛƴ 

ǘƘŜ ǇŜƭǘŀǘŜ ƎƭŀƴŘǎ ƻŦ ōŀǎƛƭ όDŀƴƎ Ŝǘ ŀƭΦΣ нллмΤ LƛƧƛƳŀ Ŝǘ ŀƭΦΣ нллпΤ YŀǇǘŜȅƴ Ŝǘ ŀƭΦΣ нллтΤ ½Ǿƛ Ŝǘ ŀƭΦΣ нлмнΤ 5ƘŀǊ 

Ŝǘ ŀƭΦΣ нлнлύΦ Lƴ ǾƛǾƻ ƘƻǿŜǾŜǊΣ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ±h/ ǇǊƻŬƭŜǎ ŘŜǇŜƴŘ ƎǊŜŀǘƭȅ ƻƴ ŜƴȊȅƳŜ ŀōǳƴŘŀƴŎŜ ŀƴŘ 

ŀŎǝǾƛǘȅΣ ǘƘŜƛǊ ǎǳōǎǘǊŀǘŜ ǎǇŜŎƛŬŎƛǘȅ ŀƴŘ ŀǾŀƛƭŀōƛƭƛǘȅ ό[ŜǿƛƴǎƻƘƴ Ŝǘ ŀƭΦΣ нлллΤ aǳƷƻȊπ.ŜǊǘƻƳŜǳ Ŝǘ ŀƭΦΣ нллсΤ 

·ƛŜ Ŝǘ ŀƭΦΣ нллуΤ {ƛƴƎƘ Ŝǘ ŀƭΦΣ нлмрōΤ ̧ ŀƘȅŀŀ Ŝǘ ŀƭΦΣ нлмфύΣ ŀƭƭ ƻŦ ǿƘƛŎƘ Ŏŀƴ ōŜ ƘƛƎƘƭȅ ŀũŜŎǘŜŘ ōȅ ŀōƛƻǝŎ 

ŦŀŎǘƻǊǎ όƛƴŎƭǳŘƛƴƎ ŘǊƻǳƎƘǘ ǎǘǊŜǎǎ όaŀƴŘƻǳƭŀƪŀƴƛ Ŝǘ ŀƭΦΣ нлмтύΣ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ŀƴŘ 

ǘŜƳǇŜǊŀǘǳǊŜ ό/ƘŀƴƎ Ŝǘ ŀƭΦΣ нллрΤ ¢ǳǊǎǳƴ ϧ ¢ŜƭŎƛΣ нлнлύΣ ƴǳǘǊƛŜƴǘǎ ŀƴŘ ōƛƻŦŜǊǝƭƛȊŜǊǎ όIŀƴƛŦ Ŝǘ ŀƭΦΣ нлмтΣ 

5ŜƘǎƘŜƛƪƘ Ŝǘ ŀƭΦΣ нлнлύΣ ƭƛƎƘǘ ǉǳŀƭƛǘȅ ό/ŀǊǾŀƭƘƻ Ŝǘ ŀƭΦΣ нлмсΤ IƻǎǎŜƛƴƛ Ŝǘ ŀƭΦΣ нлмуΤ aƛƭŜƴƪƻǾƛŏ Ŝǘ ŀƭΦΣ нлмфΤ 

¢ŀōōŜǊǘ Ŝǘ ŀƭΦΣ нлннŀύ ŀƴŘ ŜƭƛŎƛǘƻǊǎ ό5ŜǎŎƘŀƳǇǎ ϧ {ƛƳƻƴΣ нллсΤ [ƻƴƛ Ŝǘ ŀƭΦΣ нлнмύύΦ ¢ƘŜ ŘȅƴŀƳƛŎǎ ŀǊŜ ŦǳǊǘƘŜǊ 

ŎƻƳǇƭƛŎŀǘŜŘ ŀǎ ōŀǎƛƭǎΩ ±h/ ŎƻƳǇƻǎƛǝƻƴǎ Řƻ ƴƻǘ ƻƴƭȅ ŘŜǇŜƴŘ ƻƴ ƛƴŘƛǾƛŘǳŀƭ ƭŜŀŦ ƳŀǘǳǊŀǝƻƴ ό[ŜǿƛƴǎƻƘƴ Ŝǘ 

ŀƭΦΣ нлллύ ōǳǘ ŀƭǎƻ ŎƻƴǎƛŘŜǊŀōƭȅ ƻƴ ǘƘŜ Ǉƻǎƛǝƻƴ ƻŦ ǘƘŜ ōŀǎƛƭ ƭŜŀŦ ŀƭƻƴƎ ǘƘŜ ǎǘŜƳ όCƛǎŎƘŜǊ Ŝǘ ŀƭΦΣ нлммύΦ ¢ƘǳǎΣ 

ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ǊŜƎǳƭŀǘŜ ǘƘŜǎŜ ŎƻƳǇƻǎƛǝƻƴŀƭ ŎƘŀƴƎŜǎ ŀǊŜ ŜȄŎŜǇǝƻƴŀƭƭȅ ŎƻƳǇƭŜȄΦ  

 bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘŜ ǿŜŜƪƭȅ ŀǎǎŜǎǎƳŜƴǘǎ ƻŦ ǘƘŜ ōŀǎƛƭǎΩ ±h/ ŎƻƳǇƻǎƛǝƻƴǎ ŎƭŜŀǊƭȅ ǎƘƻǿ ǘƘŀǘ ŜŀŎƘ ōŀǎƛƭ 

ŎǳƭǝǾŀǊ ǳƴŘŜǊƎƻŜǎ ŦǳƴŘŀƳŜƴǘŀƭƭȅ ǿŜƭƭπŎƻƻǊŘƛƴŀǘŜŘ ŎƻƳǇƻǎƛǝƻƴŀƭ ŎƘŀƴƎŜǎΦ !ǎ ǘƘŜ ŘŜǘŜŎǘŜŘ ŎƻƳǇƻǎƛǝƻƴŀƭ 

ŎƘŀƴƎŜǎ ǿŜǊŜ ƛŘŜƴǝŎŀƭ ǳƴŘŜǊ ōƻǘƘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘǎ ŀƴŘ ƻŎŎǳǊǊŜŘ ƻƴƭȅ ǝƳŜπŘŜƭŀȅŜŘ ǳƴŘŜǊ L[ƻǿ ƛƴ 

ŎƻƳǇŀǊƛǎƻƴ ǘƻ LIƛƎƘΣ ƛǘ ōŜŎƻƳŜǎ ŜǾƛŘŜƴǘ ǘƘŀǘ ǘƘŜ ƻōǎŜǊǾŜŘ ŎƻƳǇƻǎƛǝƻƴŀƭ ŘƛũŜǊŜƴŎŜǎ ƛƴ ƻǳǊ ǎǘǳŘȅ όŀǎ ǿŜƭƭ 

ŀǎ ǘƘŜ ŘƛũŜǊŜƴŎŜǎ ƻōǎŜǊǾŜŘ ōȅ /ƘŀƴƎ Ŝǘ ŀƭΦΣ нллу ŀƴŘ ²ŀƭǘŜǊǎ Ŝǘ ŀƭΦΣ нлнмύ ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŎǳƭǝǾŀǊǎΩ 

ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǎǘŀƎŜ ŀƴŘ ǘƘǳǎΣ ƎǊƻǿǘƘ ǊŀǘŜǎΦ ¢ƘŜ ƘƛƎƘ ŎƻǊǊŜƭŀǝƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ ōŀǎƛƭǎΩ ŎƻƳǇƭŜȄ ±h/ 

ǇǊƻŬƭŜǎ ŀƴŘ ǘƘŜƛǊ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǎǘŀƎŜǎ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǇǊƛƴŎƛǇŀƭ ŎƻƳǇƻƴŜƴǘ ǊŜƎǊŜǎǎƛƻƴǎ ό¢ŀōƭŜ нпύ 

ǎǘǊƻƴƎƭȅ ǎǳǇǇƻǊǘ ǘƘƛǎ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǎǘŀƎŜπŘŜǇŜƴŘŜƴŎȅΦ 
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¢ŀōƭŜ нп ς /ƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ōŀǎƛƭǎΩ ŎƻƳǇƭŜȄ ±h/ ǇǊƻŬƭŜǎ ƻǾŜǊ ǝƳŜ ŀƴŘ ǘƘŜƛǊ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǎǘŀƎŜΦ    
Dependent variable Goodness of fit1 

 Ψ!ƴƛǎŜΩ Ψ/ƛƴƴŀƳƻƴΩ Ψ5ŀǊƪ hǇŀƭΩ Ψ¢Ƙŀƛ aŀƎƛŎΩ 

Plant height 0.88 0.87 0.85 0.82 
Number of leaf pairs 0.75 0.96 0.78 0.87 
Number of branch pairs 0.76 0.90 0.90 0.92 
м {ǳƳƳŀǊƛȊŜŘ ŀǊŜ ǘƘŜ ŎƻŜŶŎƛŜƴǘǎ ƻŦ ŘŜǘŜǊƳƛƴŀǝƻƴ όwнύ ǘƘŀǘ ŘŜǎŎǊƛōŜ ǘƘŜ ƎƻƻŘƴŜǎǎ ƻŦ Ŭǘ ƻŦ ǘƘŜ ǎŜƭŜŎǘŜŘ ŘŜǇŜƴŘŜƴǘ 
ǾŀǊƛŀōƭŜ ƻƴ ǘƘŜ ōŀǎƛƭǎΩ ŀǊƻƳŀ ǇǊƻŬƭŜǎ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǇǊƛƴŎƛǇŀƭ ŎƻƳǇƻƴŜƴǘ ǊŜƎǊŜǎǎƛƻƴǎ όt/wǎύΦ       

 

 5ƛũŜǊŜƴǘ ±h/ ŀŎŎǳƳǳƭŀǝƻƴ ǇŀǧŜǊƴǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ōŜǘǿŜŜƴ ǘƘŜ ƛƴǾŜǎǝƎŀǘŜŘ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ 

όCƛƎǳǊŜǎ нпvς¢ύΦ ²ƘƛƭŜ ±h/ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǇŜǊ ƎǊŀƳ ƻŦ ƭŜŀŦ ŘǊȅ ƳŀǧŜǊ ό[5aύ ƎǊŀŘǳŀƭƭȅ ƛƴŎǊŜŀǎŜŘ ƛƴ ǘƘŜ 

ŎǳƭǝǾŀǊǎ Ψ!ƴƛǎŜΩΣ Ψ/ƛƴƴŀƳƻƴΩ ŀƴŘ Ψ¢Ƙŀƛ aŀƎƛŎΩ ǳƴŘŜǊ ōƻǘƘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘǎ ŘǳǊƛƴƎ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘΣ 

ŀ ŘŜŎǊŜŀǎƛƴƎ ǘǊŜƴŘ ƛƴ ±h/ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ ŎǾΦ 5ŀǊƪ hǇŀƭΦ ¢Ƙŀǘ ±h/ ŀŎŎǳƳǳƭŀǝƻƴ ǇŀǧŜǊƴǎ 

ǎǘǊƻƴƎƭȅ ŘŜǾƛŀǘŜ ǿƛǘƘƛƴ ǘƘŜ ǎǇŜŎƛŜǎ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ Ƙŀǎ ŀƭǊŜŀŘȅ ōŜŜƴ ŘŜƳƻƴǎǘǊŀǘŜŘ ōȅ aŀŎŎƘƛŀ Ŝǘ ŀƭΦΣ 

нллс ŀƴŘ {Ȋŀōƽ ϧ .ŜǊƴłǘƘΣ нллнΦ  

 ²ƛǘƘƛƴ ŜŀŎƘ ŎǳƭǝǾŀǊΣ ±h/ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƎŜƴŜǊŀƭƭȅ ŘƛŘ ƴƻǘ ŘƛũŜǊ ōŜǘǿŜŜƴ L[ƻǿ ŀƴŘ LIƛƎƘ ŘǳǊƛƴƎ ŜŀŎƘ 

ƛƴǾŜǎǝƎŀǘŜŘ ǝƳŜ ǇƻƛƴǘΣ ƘƻǿŜǾŜǊΣ ŜȄŎŜǇǝƻƴǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ŎǳƭǝǾŀǊǎ Ψ5ŀǊƪ hǇŀƭΩ ŀƴŘ Ψ¢Ƙŀƛ aŀƎƛŎΩ 

όCƛƎǳǊŜǎ нпvς¢ύΦ ¢ƘŜ ǊŜŀǎƻƴ ŦƻǊ ǘƘŜ ƛƴŘƛũŜǊŜƴǘ ±h/ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻōǎŜǊǾŜŘ ǳƴŘŜǊ ōƻǘƘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ 

ǘǊŜŀǘƳŜƴǘǎ ŀǘ ŜŀŎƘ ǝƳŜ Ǉƻƛƴǘ ŀǊŜ ƭƛƪŜƭȅ ǘƻ ōŜ ŀǧǊƛōǳǘŜŘ ǘƻ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ŜȄŀƳƛƴŜŘ ƭŜŀŦ ŜȄǘǊŀŎǘǎ 

ŎƻƴǘŀƛƴŜŘ ŀƭƭ ŘŜǾŜƭƻǇŜŘ ƭŜŀǾŜǎ ǇŜǊ ōŀǎƛƭ Ǉƭŀƴǘ ƛǊǊŜǎǇŜŎǝǾŜ ƻŦ ƭŜŀŦ ŀƎŜ ŀƴŘ ƳŀǘǳǊŀǝƻƴΥ DŜƴŜǊŀƭƭȅΣ ƎƭŀƴŘǳƭŀǊ 

ǘǊƛŎƘƻƳŜ ŘŜƴǎƛǝŜǎ ŘŜŎƭƛƴŜ ǿƘƛƭŜ ƭŜŀǾŜǎ ŀƎŜ ŀƴŘ ŜȄǇŀƴŘΦ ¢ƘƻǳƎƘ ȅƻǳƴƎ ƭŜŀǾŜǎ ƎŜƴŜǊŀƭƭȅ Ŏƻƴǘŀƛƴ ƭƻǿŜǊ ±h/ 

ǉǳŀƴǝǝŜǎ ǘƘŀƴ ƻƭŘŜǊ ƭŜŀǾŜǎΣ ȅƻǳƴƎŜǊ ƭŜŀǾŜǎ ǘŜƴŘ ǘƻ ƘŀǾŜ ƘƛƎƘŜǊ ±h/ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŘǳŜ ǘƻ ǘƘŜƛǊ ƭƻǿŜǊ 

ǿŜƛƎƘǘ όCƛǎŎƘŜǊ Ŝǘ ŀƭΦΣ нлммύΦ ¢ƘŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ƭƻǿŜǊ ±h/ ŎƻƴŎŜƴǘǊŀǝƻƴ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ L[ƻǿ ƛƴ ŎƻƳǇŀǊƛǎƻƴ 

ǘƻ LIƛƎƘ ŀǘ мп 5!{ ƛƴ Ψ5ŀǊƪ hǇŀƭΩ όCƛƎǳǊŜ нп{ύ Ƴŀȅ ōŜ ŀǎŎǊƛōŜŘ ǘƻ ǘƘŜ ŎǳƭǝǾŀǊǎΩ ƭƛƳƛǘŜŘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ 

ŎŀǇŀōƛƭƛǝŜǎ ǳƴŘŜǊ ƭƻǿ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ŀǎ ŘƛǎŎǳǎǎŜŘ ōŜŦƻǊŜ ƛƴ ǎŜŎǝƻƴ оΦп ŀƴŘ ƘŜƴŎŜΣ ŀ ǇǊŜǎǳƳŀōƭȅ ƭƻǿŜǊ 

ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǇƘƻǘƻǎȅƴǘƘŀǘŜǎ ŦƻǊ ǎŜŎƻƴŘŀǊȅ ƳŜǘŀōƻƭƛǎƳΦ ¢ƘŜ ǎƭƛƎƘǘƭȅ ƛƴŎǊŜŀǎŜŘ ±h/ ŎƻƴŎŜƴǘǊŀǝƻƴ 

ƻōǎŜǊǾŜŘ ǳƴŘŜǊ L[ƻǿ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ LIƛƎƘ ŀǘ ор 5!{ ƛƴ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎ όCƛƎǳǊŜ нп¢ύ Ƴŀȅ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘƛǎ 

ŎǳƭǝǾŀǊ ǊŜŀŎƘŜǎ ƛǘǎ ƳŀȄƛƳǳƳ ±h/ ŀŎŎǳƳǳƭŀǝƻƴ ōŜŦƻǊŜ ƅƻǿŜǊ ōǳŘǎ ŀǊƛǎŜ όCƛƎǳǊŜ но5ύ ŀƊŜǊ ǿƘƛŎƘ ±h/ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŘŜŎǊŜŀǎŜ ς ŀƴ ŀŎŎǳƳǳƭŀǝƻƴ ǇŀǧŜǊƴ ǘƘŀǘ Ƙŀǎ ǇǊŜǾƛƻǳǎƭȅ ōŜŜƴ ŘŜǎŎǊƛōŜŘ ŦƻǊ ǘƘŜ hŎƛƳǳƳ 

ōŀǎƛƭƛŎǳƳ ŎǳƭǝǾŀǊǎ Ψwƛǘπ{ŀǘΩ ŀƴŘ Ψ[ŜƴƎȅŜƭΩ ό{Ȋŀōƽ ϧ .ŜǊƴłǘƘΣ нллнύ ŀǎ ǿŜƭƭ ŀǎ ŦƻǊ hŎƛƳǳƳ ŎƛƭƛŀǘǳƳ 

όaƻƎƘŀŘŘŀƳ Ŝǘ ŀƭΦΣ нлмрύΦ IƻǿŜǾŜǊΣ ŦǳǊǘƘŜǊ ŜȄǇŜǊƛƳŜƴǘǎ ŀǊŜ ƴŜŜŘŜŘ ǘƻ ǇǊƻǾŜ ǘƘŜǎŜ ƘȅǇƻǘƘŜǎŜǎΦ  

 ²ƘŜƴ ŎƻƳǇŀǊƛƴƎ ǘƻǘŀƭ ±h/ ȅƛŜƭŘǎ ǇǊƻŘǳŎŜŘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ όор 5!{ύΣ ŀƭƭ ŎǳƭǝǾŀǊǎ 

ƘŀŘ ŀŎŎǳƳǳƭŀǘŜŘ ǎǳōǎǘŀƴǝŀƭƭȅ ƎǊŜŀǘŜǊ ±h/ ǉǳŀƴǝǝŜǎ ǳƴŘŜǊ LIƛƎƘ ǘƘŀƴ ōŀǎƛƭǎ ƻŦ ǘƘŜ ǎŀƳŜ ŀƎŜ ǳƴŘŜǊ L[ƻǿ 

ŘǳŜ ǘƻ ǘƘŜ ŎǳƭǝǾŀǊǎΩ ƻǾŜǊŀƭƭ ƎǊŜŀǘŜǊ ƭŜŀŦ ōƛƻƳŀǎǎŜǎ ŀŎŎǳƳǳƭŀǘŜŘ ǳƴŘŜǊ LIƛƎƘ ό¢ŀōƭŜ мфΣ CƛƎǳǊŜǎ нп¦ς·ύΦ Lƴ 
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ŎƻƳǇŀǊƛǎƻƴ ǘƻ ±h/ ȅƛŜƭŘǎ ǳƴŘŜǊ L[ƻǿΣ ȅƛŜƭŘǎ ǿŜǊŜ ŜƭŜǾŀǘŜŘ ōȅ Ϥ мнΦпΣ Ϥ прΦсΣ Ϥ слΦу ŀƴŘ Ϥ сфΦн ҈ ǳƴŘŜǊ LIƛƎƘ 

ƛƴ ŎǳƭǝǾŀǊǎ Ψ/ƛƴƴŀƳƻƴΩΣ Ψ¢Ƙŀƛ aŀƎƛŎΩΣ Ψ!ƴƛǎŜΩ ŀƴŘ Ψ5ŀǊƪ hǇŀƭΩΣ ǊŜǎǇŜŎǝǾŜƭȅΦ  

 Lǘ ƛǎ ǿŜƭƭ ƪƴƻǿƴ ǘƘŀǘ ǘƘŜ ƅŀǾƻǊ ƻŦ ōŀǎƛƭ ƛǎ ŘǳŜ ǘƻ ǘƘŜ ǇǊŜǎŜƴŎŜ ŀƴŘ ƛƴŘƛǾƛŘǳŀƭ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ 

ǎǇŜŎƛŬŎ ǘŜǊǇŜƴŜǎ ŀƴŘ ǇƘŜƴȅƭǇǊƻǇŜƴŜǎ όŦƻǊ ōŀǎƛƭ ŀǊƻƳŀ ŘŜǎŎǊƛǇǝƻƴǎ ǎŜŜ tŀǘŜƭ Ŝǘ ŀƭΦΣ нлнмύΦ !ǎ ǘƘŜ ƭŜŀŦ 

ŜȄǘǊŀŎǘǎ ƻŦ ǘƘŜ ŎǳƭǝǾŀǊǎ Ψ!ƴƛǎŜΩ ŀƴŘ Ψ¢Ƙŀƛ aŀƎƛŎΩ ŎƻƴǘŀƛƴŜŘ ƘƛƎƘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭ 

ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƛƴǾŜǎǝƎŀǝƻƴΣ ōƻǘƘ ŎǳƭǝǾŀǊǎ ǎƘƻǳƭŘ ōŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǎǘǊƻƴƎ ŀƴƛǎŜπƭƛƪŜκƭƛŎƻǊƛŎŜ ƅŀǾƻǊǎ 

ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜƛǊ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǎǘŀƎŜ ŀƴŘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘ ŀǇǇƭƛŜŘ ό¢ŀōƭŜǎ нлΣ нмύΦ ²ƛǘƘ ǊŜƭŀǝǾŜ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ мΣуπŎƛƴŜƻƭŜ ōŜǘǿŜŜƴ сΦу ŀƴŘ фΦо ҈Σ Ψ!ƴƛǎŜΩ ǎƘƻǳƭŘ ŀƭǎƻ ƛƴŎƭǳŘŜ ŀ ƴƻǝŎŜŀōƭŜ ŜǳŎŀƭȅǇǘǳǎ 

ŀǊƻƳŀ ό¢ŀōƭŜ нлύΦ IƻǿŜǾŜǊΣ ŀǎ ǎƘƻǿƴ ōȅ [ŜŜ Ŝǘ ŀƭΦ όнлмтύΣ ŀ ǘǊŀƛƴŜŘ ǇŀƴŜƭ ǿŀǎ ŀōƭŜ ǘƻ ŎƭŜŀǊƭȅ ŘƛǎŎǊƛƳƛƴŀǘŜ 

ōŜǘǿŜŜƴ ǘǿƻ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ǘƘŀǘ ŎƻƴǘŀƛƴŜŘ ǘƘŜ ǎŀƳŜ ŀǊǊŀȅ ƻŦ ƅŀǾƻǊƛƴƎ ǾƻƭŀǝƭŜǎ ƛƴ ŘƛũŜǊŜƴǘ ǊŜƭŀǝǾŜ ǊŀǝƻǎΦ 

¢Ƙŀǘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ǎǇŜŎƛŬŎ ƅŀǾƻǊǎ ƻŦ ǘƘŜ ŎǳƭǝǾŀǊǎ Ψ/ƛƴƴŀƳƻƴΩ ŀƴŘ Ψ5ŀǊƪ hǇŀƭΩ Ƴŀȅ ǘǊŜƳŜƴŘƻǳǎƭȅ 

ŎƘŀƴƎŜ ƻǾŜǊ ǝƳŜΥ ²ƘƛƭŜ ǊŜƭŀǝǾŜƭȅ ƘƛƎƘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭ όƛƳǇŀǊǝƴƎ ŀƴ ŀƴƛǎŜπƭƛƪŜκ ƭƛŎƻǊƛŎŜ 

ŀǊƻƳŀύ ŀƴŘ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭ όƛƳǇŀǊǝƴƎ ŀ ǿŜŀƪ ŎƭƻǾŜπƭƛƪŜ ŀǊƻƳŀύ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ŘǳǊƛƴƎ Ψ/ƛƴƴŀƳƻƴǎΩ ŜŀǊƭȅ 

ŘŜǾŜƭƻǇƳŜƴǘΣ ƳƻǊŜ ƳŀǘǳǊŜ Ψ/ƛƴƴŀƳƻƴΩ ōŀǎƛƭǎ ǿŜǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǊŜƭŀǝǾŜƭȅ ƘƛƎƘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ 

ƭƛƴŀƭƻƻƭ όƛƳǇŀǊǝƴƎ ŀ ǎǿŜŜǘ ƅƻǊŀƭ ŀǊƻƳŀύ ŀƴŘ ǘǊŀƴǎπƳŜǘƘȅƭ ŎƛƴƴŀƳŀǘŜ όƛƳǇŀǊǝƴƎ ŀ ŎƛƴƴŀƳƻƴπƭƛƪŜ ŀǊƻƳŀύ 

ό¢ŀōƭŜ ннύΦ {ƛƳƛƭŀǊƭȅΣ ǿƘƛƭŜ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭ όǿŜŀƪ ŎƭƻǾŜπƭƛƪŜ ŀǊƻƳŀύ ŎƭŜŀǊƭȅ ŘƻƳƛƴŀǘŜŘ ƛƴ ȅƻǳƴƎ Ψ5ŀǊƪ hǇŀƭΩΣ 

ǘƘŜ ǊŜƭŀǝǾŜ ŀōǳƴŘŀƴŎŜǎ ƻŦ ƭƛƴŀƭƻƻƭ όǎǿŜŜǘ ƅƻǊŀƭ ŀǊƻƳŀύΣ ŜǳƎŜƴƻƭ όŎƭƻǾŜπƭƛƪŜ ŀǊƻƳŀύ ŀƴŘ мΣуπŎƛƴŜƻƭŜ 

όŜǳŎŀƭȅǇǘǳǎ ŀǊƻƳŀύ ƛƴŎǊŜŀǎŜŘ ƎǊŜŀǘƭȅ ƻǾŜǊ ǝƳŜ ό¢ŀōƭŜ ноύΦ  

 ¢ƘƻǳƎƘ ŎƻƴŎǊŜǘŜ ƘŜŀƭǘƘ Ǌƛǎƪǎ ŦƻǊ ƘǳƳŀƴǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ŎƻƴŬǊƳŜŘΣ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭ όŜǎǘǊŀƎƻƭŜύ 

ŀƴŘ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭ ƘŀǾŜ ǎƘƻǿƴ ǘƻ ƛƴŘǳŎŜ ŘƻǎŜπŘŜǇŜƴŘŜƴǘ ƎŜƴƻǘƻȄƛŎ ŀƴŘ ŎŀǊŎƛƴƻƎŜƴƛŎ ŜũŜŎǘǎ ƛƴ ƳǳƭǝǇƭŜ 

ƛƴŘŜǇŜƴŘŜƴǘ ŀƴƛƳŀƭ ǘǊŀƛƭǎ όb¢tΣ нлллΤ aŀǊǝƴǎ Ŝǘ ŀƭΦΣ нлмнύ ǿƘƛŎƘ ǊŀƛǎŜŘ ǘƻȄƛŎƻƭƻƎƛŎŀƭ ŎƻƴŎŜǊƴǎ ƻŦ ǘƘŜǎŜ 

ƴŀǘǳǊŀƭƭȅ ƻŎŎǳǊǊƛƴƎ ǎǳōǎǘŀƴŎŜǎΦ hƴ ƎǊƻǳƴŘǎ ƻŦ ǘƘŜ ǇǊŜǾŜƴǝǾŜ ǇǊƻǘŜŎǝƻƴ ƻŦ ǇǳōƭƛŎ ƘŜŀƭǘƘΣ ƭŜƎƛǎƭŀǘƻǊǎ 

ōŀƴƴŜŘ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭ ŀƴŘ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭ ŀǎ ŦƻƻŘ ŀŘŘƛǝǾŜǎ ŀƴŘ ǎŜǘ ƳŀȄƛƳǳƳ ƭŜǾŜƭǎ ƻŦ 

ǘƘŜǎŜ ǎǳōǎǘŀƴŎŜǎ ƛŦ ƴŀǘǳǊŀƭƭȅ ǇǊŜǎŜƴǘ ƛƴ ƅŀǾƻǊƛƴƎǎ ŀƴŘ ŦƻƻŘ ƛƴƎǊŜŘƛŜƴǘǎ όwŜƎǳƭŀǝƻƴ bƻ моопΣ нллуύΦ 

/ƻƴǎŜǉǳŜƴǘƭȅΣ ōŀǎƛƭ ǇǊƻŘǳŎŜǊǎ ŀƴŘ ŦƻƻŘ ǇǊƻŎŜǎǎƛƴƎ ƛƴŘǳǎǘǊƛŜǎ ŀǊŜ ƻōƭƛƎŀǘŜŘ ǘƻ ŜȄǇƭƻƛǘ ǇƻǎǎƛōƛƭƛǝŜǎ ǘƻ ƭŀǊƎŜƭȅ 

ƭƻǿŜǊ ǘƘŜǎŜ ǘǿƻ ŎǊƛǝŎŀƭ ŎƻƴǎǝǘǳŜƴǘǎΦ  

 !ǎ ǘƘŜ Ƴŀƛƴ ±h/ ƛƴ ŎǾΦ !ƴƛǎŜ ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎΣ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭ ǿŀǎ ŦƻǳƴŘ ƛƴ ŎƻƴǎƛǎǘŜƴǘƭȅ ƘƛƎƘ 

ǇŜǊŎŜƴǘŀƎŜǎ ǊŜƎŀǊŘƭŜǎǎ ƻŦ 5!{ ŀƴŘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘ ό¢ŀōƭŜ нлΣ нмύΦ IƻǿŜǾŜǊΣ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ǘƘŜ 

ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘΣ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ ƳŜǘƘȅƭ ŎƘŀǾƛŎƻƭ ŀƴŘ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭ Ŏƻƴǝƴǳƻǳǎƭȅ ŘŜŎǊŜŀǎŜŘ 

ŘǳǊƛƴƎ ƻƴǘƻƎŜƴŜǎƛǎ ƻŦ ŎǾΦ /ƛƴƴŀƳƻƴ ό¢ŀōƭŜ ннύΦ ¢ƘǳǎΣ ōȅ ǘƘƻǳƎƘǜǳƭƭȅ ƳŀƴŀƎƛƴƎ ǘƘŜ ǝƳŜ ƻŦ ƘŀǊǾŜǎǘΣ ƭŜǾŜƭǎ 

ƻŦ ōƻǘƘ ŎǊƛǝŎŀƭ ŎƻƴǎǝǘǳŜƴǘǎ Ŏŀƴ ōŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎŜŘΦ CǳǊǘƘŜǊΣ ǿƛǘƘ трΦр ҈ ǳƴŘŜǊ L[ƻǿ ŀƴŘ ссΦо ҈ ǳƴŘŜǊ 

LIƛƎƘ ŀǘ 5!{ мпΣ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭ ŀǊŜ ƛƴŘƛũŜǊŜƴǘƭȅ ƘƛƎƘ ǳƴŘŜǊ ōƻǘƘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ƛƴ ŎǾΦ 



/I!t¢9w п  hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ 

муп 
 

5ŀǊƪ hǇŀƭ ό¢ŀōƭŜ ноύΦ ²ƘƛƭŜ ǘƘŜ ǇŜǊŎŜƴǘ ǎƘŀǊŜ ǊŜŘǳŎŜǎ ƻƴƭȅ ǘƻ со ҈ ǳƴŘŜǊ L[ƻǿΣ ǘƘŜ ǇŜǊŎŜƴǘ ǎƘŀǊŜ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ŘǊƻǇǎ ǘƻ нрΦн ҈ ǳƴŘŜǊ LIƛƎƘ ōȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΦ IŜƴŎŜΣ ŎǳƭǝǾŀǝƴƎ ŎǾΦ 5ŀǊƪ hǇŀƭ 

ǳƴŘŜǊ ƭƻǿ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ƛǎ ƴƻǘ ƻƴƭȅ ǳƴǎǳƛǘŀōƭŜ ƛƴ ǘŜǊƳǎ ƻŦ ƭƻǿ ȅƛŜƭŘ ŀƴŘ ƛƴǎǳŶŎƛŜƴǘ ƳƻǊǇƘƻƭƻƎƛŎŀƭ 

ŘŜǾŜƭƻǇƳŜƴǘΣ ōǳǘ ŀƭǎƻ ǿƛǘƘ ǊŜƎŀǊŘ ǘƻ ƳŜǘƘȅƭ ŜǳƎŜƴƻƭ ŀǎ ŀ ŎƻƳǇƻǳƴŘ ƻŦ ǘƻȄƛŎƻƭƻƎƛŎŀƭ ŎƻƴŎŜǊƴΦ  

 Lƴ ŀŘŘƛǝƻƴΣ ŀǎ ƻōǎŜǊǾŜŘ ƛƴ ŎǾΦ 5ŀǊƪ hǇŀƭΣ Ǿƛŀ ǎǳƛǘŀōƭŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǎŜǩƴƎǎΣ ŎƻƴǘŜƴǘǎ ƻŦ όŎǊƛǝŎŀƭύ 

ŎƻƳǇƻǳƴŘǎ Ŏŀƴ ōŜ ŎƻƴǘǊƻƭƭŜŘ ŀƴŘ ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎŜŘΦ 

 

оΦт Lƴ ŎƻƴǘǊŀǎǘ ǘƻ ǇǳǊǇƭŜ ōŀǎƛƭΣ ƎǊŜŜƴ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ ǳǎŜ ŜƴŜǊƎȅ ƳƻǊŜ ŜŶŎƛŜƴǘƭȅ ǳƴŘŜǊ L[ƻǿ 

5ŜǎǇƛǘŜ ǘƘŜ ŀŎŎŜƭŜǊŀǘŜŘ ōŀǎƛƭ ŘŜǾŜƭƻǇƳŜƴǘ ƻōǎŜǊǾŜŘ ǳƴŘŜǊ LIƛƎƘΣ ǘƘŜ ƎǊŜŜƴπƭŜŀŦŜŘ ŎǳƭǝǾŀǊǎ Ψ!ƴƛǎŜΩΣ 

Ψ/ƛƴƴŀƳƻƴΩ ŀƴŘ Ψ¢Ƙŀƛ aŀƎƛŎΩ ŎƻƴǾŜǊǘŜŘ ǘƘŜ ŀǾŀƛƭŀōƭŜ ƭƛƎƘǘ ŜƴŜǊƎȅ ƳƻǊŜ ŜũŜŎǝǾŜƭȅ ƛƴǘƻ ōƛƻƳŀǎǎ ǳƴŘŜǊ L[ƻǿ 

ǘƘŀƴ ǘƘŜ ōŀǎƛƭ Ǉƭŀƴǘǎ ǘƘŀǘ ǿŜǊŜ ŎǳƭǝǾŀǘŜŘ ǳƴŘŜǊ LIƛƎƘ ό¢ŀōƭŜ нрύΦ LŦ ǘƘŜǎŜ ǘƘǊŜŜ ŎǳƭǝǾŀǊǎ ǿŜǊŜ ǘƻ ōŜ ƎǊƻǿƴ 

ǳƴǝƭ ƳŀǊƪŜǘŀōƛƭƛǘȅ όōŀǎŜŘ ƻƴ ǘƘŜ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŎǊƛǘŜǊƛŀ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴ оΦнύΣ ƳƻǊŜ ǘƘŀƴ рл ҈ ƻŦ 

ŜƭŜŎǘǊƛŎŀƭ ŜƴŜǊƎȅ ŎƻǳƭŘ ōŜ ǎŀǾŜŘ ǳƴŘŜǊ L[ƻǿ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ LIƛƎƘΣ ǿƘƛƭŜ ŎǳƭǝǾŀǊπŘŜǇŜƴŘŜƴǘ ȅƛŜƭŘǎ ǿƻǳƭŘ 

ƻƴƭȅ ōŜ ŘŜŎǊŜŀǎŜŘ ōȅ ŀǇǇǊƻȄƛƳŀǘŜƭȅ оπ мм ҈ ό¢ŀōƭŜ нсύΦ Lƴ ǘƘŜƻǊȅΣ ŀ ƭƛǧƭŜ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ŀŘŘƛǝƻƴŀƭ ŎǊƻǇ 

ŎȅŎƭŜ ǇŜǊ ȅŜŀǊ ŎƻǳƭŘ ōŜ ƎŜƴŜǊŀǘŜŘ ǳƴŘŜǊ LIƛƎƘΦ  

 

¢ŀōƭŜ нр ς .ƛƻƳŀǎǎ ŜŶŎŀŎȅ ƻŦ ŦƻǳǊ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ ŎǳƭǝǾŀǊǎ ƎǊƻǿƴ ǳƴŘŜǊ ǘǿƻ ŘƛũŜǊŜƴǘ ƭƛƎƘǘ 

ƛƴǘŜƴǎƛǘȅ ǘǊŜŀǘƳŜƴǘǎΦ 

Basil cultivar Biomass efficiency 
[g kWh-1]1 

 ILow IHigh P 

Ψ!ƴƛǎŜΩ 5.6 ± 0.1a  3.4 ± 0.6b 0.03 
Ψ/ƛƴƴŀƳƻƴΩ 10.0 ± 1.3a 5.2 ± 0.8b  0.01 
Ψ5ŀǊƪ hǇŀƭΩ 2.9 ± 0.1ns 3.4 ± 0.6ns ns 
Ψ¢Ƙŀƛ aŀƎƛŎΩ 6.7 ± 0.6a 3.9 ± 0.2b 0.01 

5ƛũŜǊŜƴǘ ƭŜǧŜǊǎ ǿƛǘƘƛƴ ŀ Ǌƻǿ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ŀǘ Ǉ Җ лΦлрΤ t Ґ ǎƛƎƴƛŬŎŀƴŎŜ ƭŜǾŜƭΤ ƴǎ Ґ ƴƻǘ 
ǎƛƎƴƛŬŎŀƴǘΦ 
м tǊŜǎŜƴǘŜŘ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǾŜǊŀƎŜ ōŀǎƛƭ ŦǊŜǎƘ ǿŜƛƎƘǘǎ ҕ {5 όƴ Ґ пύ ǇǊƻŘǳŎŜŘ ǇŜǊ ƪƛƭƻǿŀǧ ƘƻǳǊ ŎƻƴǎǳƳŜŘ ǳƴŘŜǊ ǘƘŜ 
ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǊŜŀ ƻŦ мΦн Ƴн ōȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘ όор Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎύ ŦǊƻƳ ŦƻǳǊ ƛƴŘŜǇŜƴŘŜƴǘ ǎǇŀǝŀƭ 
ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΦ  

 

 Lƴ ŎƻƴǘǊŀǎǘΣ ȅŜŀǊπǊƻǳƴŘ ōŀǎƛƭ ŎǳƭǝǾŀǝƻƴǎ ǳƴŘŜǊ L[ƻǿ ǿƻǳƭŘ ǎŀǾŜ Ϥ рт ҈ ƛƴ ŜƴŜǊƎȅ ǳǎŀƎŜ ǿƘƛƭŜ 

ŎǳƭǝǾŀǊπŘŜǇŜƴŘŜƴǘ ǇǊƻŘǳŎǝǾƛǘȅ ƭƻǎǎŜǎ ǿƻǳƭŘ ōŜ ōŜǘǿŜŜƴ мрπмф ҈ ό¢ŀōƭŜ нтύΦ IŜƴŎŜΣ ǘƘŜ ƎǊŜŀǘ ƭƻǿ ƭƛƎƘǘ 

ŀŘŀǇǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƎǊŜŜƴ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ όŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴ оΦпύ ǳƭǝƳŀǘŜƭȅ ǊŜǎǳƭǘŜŘ ƛƴ ƛƳǇǊƻǾŜŘ 

ōƛƻƳŀǎǎ ŜŶŎƛŜƴŎƛŜǎ ǳƴŘŜǊ L[ƻǿ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ōƛƻƳŀǎǎ ŜŶŎƛŜƴŎƛŜǎ ǊŜŀŎƘŜŘ ǳƴŘŜǊ LIƛƎƘΦ Lƴ ŎƻƴǘǊŀǎǘΣ 

ōƛƻƳŀǎǎ ŜŶŎƛŜƴŎƛŜǎ ƻŦ ŎǾΦ 5ŀǊƪ hǇŀƭ ǿŜǊŜ ǎǘŀǝǎǝŎŀƭƭȅ ƛƴŘƛũŜǊŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ 



/I!t¢9w п  hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ 

мур 
 

ǘǊŜŀǘƳŜƴǘǎ ό¢ŀōƭŜ нрύΦ .ŜŎŀǳǎŜ ŎǾΦ 5ŀǊƪ hǇŀƭ ŘƛŘ ƴƻǘ ǊŜŀŎƘ ǘƘŜ ƳŀǊƪŜǘŀōƛƭƛǘȅ ǘƘǊŜǎƘƻƭŘ ǳƴŘŜǊ L[ƻǿ ŘǳǊƛƴƎ 

ǘƘŜ ǘǊƛŀƭ ǇŜǊƛƻŘΣ ŀ ŎǳƭǝǾŀǝƻƴ ǳƴŘŜǊ L[ƻǿ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ǿƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ǘƘŜ ƭƻǿŜǎǘ ƴǳƳōŜǊ ƻŦ ŎǊƻǇ ŎȅŎƭŜǎ 

ǇŜǊ ȅŜŀǊ ŀƴŘ ǘƘŜ ƎǊŜŀǘŜǎǘ ǇǊƻŘǳŎǝǾƛǘȅ ƭƻǎǎŜǎ ƻŦ ŀƭƭ ƛƴǾŜǎǝƎŀǘŜŘ ŎǳƭǝǾŀǊǎ ό¢ŀōƭŜǎ нсΣ нтύΦ 

 

¢ŀōƭŜ нс ς 9ƴŜǊƎȅ ŎƻƴǎǳƳǇǝƻƴ ŀƴŘ ōƛƻƳŀǎǎ ŀǘ ƳŀǊƪŜǘŀōƛƭƛǘȅ ƻŦ ŦƻǳǊ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ ŎǳƭǝǾŀǊǎ 

ƎǊƻǿƴ ǳƴŘŜǊ ǘǿƻ ŘƛũŜǊŜƴǘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎΦ 

Basil cultivar Marketability1 

[DAS] 
Energy 

consumption 
[kWh] at 

marketability 

Energy 
savings 

[%] 

FW [g pot-1] 
at marketability2 

Productivity 
loss [%] 

 IHigh ILow IHigh ILow  IHigh ILow  
Ψ!ƴƛǎŜΩ 29 33 327.9 161.1 50.9 ~ 11.9 ~ 11.5 ~ 9.1 
Ψ/ƛƴƴŀƳƻƴΩ 27 30 305.3 146.4 52.4 ~ 18.7 ~ 17.0 ~ 3.4 
Ψ5ŀǊƪ hǇŀƭΩ 32 na 361.8 na na ~ 14.9 na na 
Ψ¢Ƙŀƛ aŀƎƛŎΩ 30 33 339.2 161.1 52.5 ~ 15.0 ~ 13.4 ~ 10.7 
5!{ Ґ Řŀȅǎ ŀƊŜǊ ǎƻǿƛƴƎΤ C² Ґ ŦǊŜǎƘ ǿŜƛƎƘǘΤ LIƛƎƘ Ґ IƛƎƘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅΤ L[ƻǿ Ґ [ƻǿ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅΤ ƴŀ Ґ ƴƻǘ 
ŀǾŀƛƭŀōƭŜΦ 
м aŀǊƪŜǘŀōƛƭƛǘȅ ƛǎ ŘŜŬƴŜŘ ŀǎ Ǉƭŀƴǘ ƘŜƛƎƘǘ җ мр ŎƳ ŀƴŘκƻǊ ƴǳƳōŜǊ ƻŦ ƭŜŀŦ ǇŀƛǊǎ җ п ώōȅ ƻǳǊ ŎƻƻǇŜǊŀǝƻƴ ǇŀǊǘƴŜǊǎ 
hŘŜǊōǊǳŎƘ aǸƭƭŜǊΣ ŀƴ ƻǊƎŀƴƛŎ ƴǳǊǎŜǊȅ ƛƴ .ŀŘ CǊŜƛŜƴǿŀƭŘŜΣ DŜǊƳŀƴȅϐΤ ǎŜŜ ŀƭǎƻ CƛƎǳǊŜǎ нп!πIΦ  
н .ŀǎƛƭ ŦǊŜǎƘ ǿŜƛƎƘǘǎ ώƎ Ǉƻǘπмϐ ŀǘ ƳŀǊƪŜǘŀōƛƭƛǘȅ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ŜŀŎƘ ŎǳƭǝǾŀǊǎΩ ǇƻƭȅƴƻƳƛŀƭ ōƛƻƳŀǎǎ ǊŀǘŜǎ ǳƴŘŜǊ 
ŜŀŎƘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όwн Ҕ лΦффύΦ   

 

¢ŀōƭŜ нт ς !ŎƘƛŜǾŀōƭŜ ŎǊƻǇ ŎȅŎƭŜǎΣ ōƛƻƳŀǎǎ ǇǊƻŘǳŎǝƻƴΣ ŀƴŘ ƛǘǎ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǝƻƴ ǇŜǊ ȅŜŀǊ ǿƘŜƴ 
ƎǊƻǿƴ ǳƴǝƭ ƳŀǊƪŜǘŀōƛƭƛǘȅΦ  

Basil cultivar Crop cycles 
per year1 

FW 
[kg area-1 y-1]2 

Productivity 
loss [%] 

Energy consumption 
[kWh y-1] 

Energy 
savings [%] 

 IHigh ILow IHigh ILow  IHigh ILow  

Ψ!ƴƛǎŜΩ 12.6 11.1 ~ 10.8 ~ 9.2 ~ 14.8 

4126.6 1781.7 56.8 
Ψ/ƛƴƴŀƳƻƴΩ 13.5 12.2 ~ 18.2 ~ 14.9 ~ 18.1 
Ψ5ŀǊƪ hǇŀƭΩ 11.4 na ~ 12.2 na na 
Ψ¢Ƙŀƛ aŀƎƛŎΩ 12.2 11.1 ~ 13.2 ~ 10.7 ~ 18.9 

C² Ґ CǊŜǎƘ ǿŜƛƎƘǘ 
м CǊƻƳ ǎŜŜŘ ǘƻ ƳŀǊƪŜǘŀōƛƭƛǘȅ όǎŜŜ ŀƭǎƻ ¢ŀōƭŜ нсύΦ 
н CǊŜǎƘ ǿŜƛƎƘǘ ώƪƎϐ ǇŜǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀǊŜŀ όмΦн Ƴнύ ŀƴŘ ȅŜŀǊ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ ƳǳƭǝǇƭȅƛƴƎ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ ŀǾŜǊŀƎŜ 
ŦǊŜǎƘ ǿŜƛƎƘǘǎ ŀǘ ƳŀǊƪŜǘŀōƛƭƛǘȅ ǿƛǘƘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇƻǎǎƛōƭŜ Ǉƭŀƴǘ Ǉƻǘǎ όƴ Ґ тнύ ŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇƻǎǎƛōƭŜ ŎǊƻǇ 
ŎȅŎƭŜǎ ǇŜǊ ȅŜŀǊΦ  

 

оΦу LƳǇǊƻǾŜƳŜƴǘ ƻŦ ōŀǎƛƭ ǇǊƻŘǳŎǝƻƴ Ǿƛŀ ŜǳǎǘǊŜǎǎ ƳŀƴŀƎŜƳŜƴǘ 

Lƴ ƎŜƴŜǊŀƭΣ ōŜƴŜŬŎƛŀƭ ŜũŜŎǘǎ ƛƴŘǳŎŜŘ ōȅ ǎƳŀƭƭ ŘƻǎŜǎ ŀƴŘκƻǊ ŘǳǊŀǝƻƴǎ ƻŦ ǎǘǊŜǎǎ ŦŀŎǘƻǊǎ ŀǊŜ ŎŀƭƭŜŘ ŜǳǎǘǊŜǎǎƻǊ 

ŜũŜŎǘǎ ό±łȊǉǳŜȊπIŜǊƴłƴŘŜȊ Ŝǘ ŀƭΦΣ нлмфύΣ ŀƴŘ ōŀǎƛƭ ǇǊƻŘǳŎŜǊǎ Ƴŀȅ ōŜ ŜƴŎƻǳǊŀƎŜŘ ǘƻ ǇǊƻǾƻƪŜ ǎƭƛƎƘǘ ƭƛƎƘǘ 

ŀƴŘκƻǊ ǎƘŀŘŜ ǎǘǊŜǎǎŜǎ ƛƴ ōŀǎƛƭ ǘƻ ǎǝƳǳƭŀǘŜ ŘƛũŜǊŜƴǘ ōŜƴŜŬŎƛŀƭ ŜũŜŎǘǎ ƻƴ ǘƘŜƛǊ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘκƻǊ ƘǳƳŀƴ 

ƘŜŀƭǘƘΥ 9ǾŜƴ ǘƘƻǳƎƘ ǘƘŜ ƻōǎŜǊǾŜŘ ŀŎŎǳƳǳƭŀǝƻƴǎ ƻŦ ŀƴǘƘƻŎȅŀƴƛƴǎ ƛƴ ǘƘŜ ǘƻǇ ƭŜŀǾŜǎ ƻŦ ŎǾΦ !ƴƛǎŜΣ ŎǾΦ 

/ƛƴƴŀƳƻƴ ŀƴŘ ŎǾΦ ¢Ƙŀƛ aŀƎƛŎ ǳƴŘŜǊ LIƛƎƘ ǊŜǇǊŜǎŜƴǘ ŘƛǊŜŎǘ ǎǘǊŜǎǎ ǊŜǎǇƻƴǎŜǎ ǘǊƛƎƎŜǊŜŘ ōȅ ǘƘŜ ƛƴǘŜƴǎŜ ƭƛƎƘǘ 



/I!t¢9w п  hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ 

мус 
 

ŎƻƴŘƛǝƻƴǎ ǘƘŜȅ ƎǊŜǿ ƛƴǘƻ ǘƻ ǇǊƻǘŜŎǘ ǘƘŜƛǊ ŎƘƭƻǊƻǇƭŀǎǘǎ ŦǊƻƳ ǇƘƻǘƻƛƴƘƛōƛǘƻǊȅ ŀƴŘ ǇƘƻǘƻƻȄƛŘŀǝǾŜ ŜũŜŎǘǎ 

όŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴ оΦоύΣ ƻǘƘŜǊ ŘƛǾŜǊǎŜ ǇǊƻǘŜŎǝǾŜ ǊƻƭŜǎ ŀǊŜ ŀǎŎǊƛōŜŘ ǘƻ ŀƴǘƘƻŎȅŀƴƛƴǎ ŀǎ ƳŜƳōŜǊǎ ƻŦ 

ǘƘŜ ƅŀǾƻƴƻƛŘ ƎǊƻǳǇ ό[ƛƭŀΣ нллпύΦ ¢ƘŜǎŜ ǇƘȅǘƻŎƘŜƳƛŎŀƭǎ ŀǊŜ ƪƴƻǿƴ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǇƭŀƴǘǎΩ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ǘƘŜ 

ŜũŜŎǘǎ ƻŦ ŎƘƛƭƭƛƴƎ ŀƴŘ ŦǊŜŜȊƛƴƎ ŀƴŘ ƛƴŎǊŜŀǎŜ ǘƘŜƛǊ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ƘŜǊōƛǾƻǊŜǎ ŀƴŘ ǇŀǘƘƻƎŜƴǎ όDƻǳƭŘΣ нллпύΦ Lƴ 

ŀŘŘƛǝƻƴΣ ƴǳƳŜǊƻǳǎ ǇǊƻǘŜŎǝǾŜ ǊƻƭŜǎ ǘƻ ƘǳƳŀƴ ƘŜŀƭǘƘ όŦǊƻƳ ŀƴǝƻȄƛŘŀǝǾŜ ŀƴŘ ŦǊŜŜπǊŀŘƛŎŀƭ ǎŎŀǾŜƴƎƛƴƎ 

ŎŀǇŀōƛƭƛǝŜǎΣ ƻōŜǎƛǘȅ ǇǊŜǾŜƴǝƻƴΣ ŀƳŜƭƛƻǊŀǝƻƴ ƻŦ ƘȅǇŜǊƎƭȅŎŜƳƛŀΣ ƴŜǳǊƻǇǊƻǘŜŎǝǾŜ ŜũŜŎǘǎ ǘƻ ǇƻǎƛǝǾŜ 

ƛƴƅǳŜƴŎŜǎ ƻƴ ǾŀǎŎǳƭŀǊ ŦǳƴŎǝƻƴǎύ ƘŀǾŜ ōŜŜƴ ŀǧǊƛōǳǘŜŘ ǘƻ ŀƴǘƘƻŎȅŀƴƛƴǎ όǿŜƭƭ ǎǳƳƳŀǊƛȊŜŘ ōȅ [ƛƭŀΣ нллпύΦ 

Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ ƭƛƎƘǘ ǎǘǊŜǎǎ ǳƴŘŜǊ LIƛƎƘ ǊŜǎǳƭǘŜŘ ƛƴ ŀŎŎŜƭŜǊŀǘŜŘ ōŀǎƛƭ ƎǊƻǿǘƘǎΣ ŀŎŎƻƳǇŀƴƛŜŘ ǿƛǘƘ ŜƴƘŀƴŎŜŘ 

±h/ ƳŀǘǳǊŀǝƻƴǎ ŀƴŘ ƘƛƎƘ ȅƛŜƭŘǎ όŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴǎ оΦмΣ оΦн ŀƴŘ оΦсύΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ǎƘŀŘŜ 

ǎǘǊŜǎǎ ǳƴŘŜǊ L[ƻǿ ǊŜǎǳƭǘŜŘ ƛƴ ŎƻƴǎǳƳŜǊπǇǊŜŦŜǊǊŜŘ ƭŜŀŦ ŀǇǇŜŀǊŀƴŎŜǎ ŀƴŘ ǇǊƻŘǳŎŜǊπǇǊŜŦŜǊǊŜŘ ōƛƻƳŀǎǎ 

ŜŶŎƛŜƴŎƛŜǎ όŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǎŜŎǝƻƴǎ оΦп ŀƴŘ оΦтύΦ IŜƴŎŜΣ ōŀǎƛƭ ǇǊƻŘǳŎŜǊǎ Ƴŀȅ ōŜ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ŎŀǊŜŦǳƭƭȅ 

ƳŀƴŀƎƛƴƎ ƭƛƎƘǘ ŀƴŘκƻǊ ǎƘŀŘŜ ǎǘǊŜǎǎŜǎ ǘƻ ǎǝƳǳƭŀǘŜ ǎǇŜŎƛŬŎ ǇƻǎƛǝǾŜ ŜũŜŎǘǎ ƻŦ ƛƴǘŜǊŜǎǘ ƛƴ ōŀǎƛƭ ŀƴŘκƻǊ ǘƻ 

ƛƳǇǊƻǾŜ ǘƘŜƛǊ ǇǊƻŘǳŎǝƻƴ ŜŶŎƛŜƴŎƛŜǎ ό±łȊǉǳŜȊπIŜǊƴłƴŘŜȊ Ŝǘ ŀƭΦΣ нлмфύΦ 

 

пΦ /ƻƴŎƭǳǎƛƻƴ  

CǊƻƳ ǎŜŜŘ ǘƻ ƳŀǊƪŜǘŀōƛƭƛǘȅΣ ǘƘŜ ōǊƻŀŘπōŀƴŘǿƛŘǘƘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ ƛƴŎƭǳŘƛƴƎ Cw ƭƛƎƘǘ ǿƛǘƘ ŜƭŜǾŀǘŜŘ w 

ŀƴŘ . ƭƛƎƘǘ ŦǊŀŎǝƻƴǎ ŜƴŀōƭŜŘ ŀƴ ŀŘŜǉǳŀǘŜ ƎǊƻǿǘƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƭƭ ŦƻǳǊ ƛƴǾŜǎǝƎŀǘŜŘ ōŀǎƛƭ ŎǳƭǝǾŀǊǎ 

όΨ!ƴƛǎŜΩΣ Ψ/ƛƴƴŀƳƻƴΩΣ Ψ5ŀǊƪ hǇŀƭΩ ŀƴŘ Ψ¢Ƙŀƛ aŀƎƛŎΩύ ǳƴŘŜǊ ōƻǘƘ ǊƛǎƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ŎƻƴŘƛǝƻƴǎ ŀǇǇƭƛŜŘ ƛƴ 

ǘƘƛǎ ǎǘǳŘȅΦ  

Lƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ L[ƻǿ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎΣ LIƛƎƘ ǊŜǎǳƭǘŜŘ ƛƴ ŀƴ ŀŎŎŜƭŜǊŀǘŜŘ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǘƘǳǎ 

ŜȄǇŜŘƛǘŜŘ ƳŀǊƪŜǘŀōƛƭƛǘȅ ƻŦ ŀƭƭ ƛƴǾŜǎǝƎŀǘŜŘ ōŀǎƛƭ ŎǳƭǝǾŀǊǎΦ IƻǿŜǾŜǊΣ ŜȄǇƻǎǳǊŜ ǘƻ ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ ŀōƻǾŜ 

олл ҡƳƻƭ Ƴπн ǎπм ŎŀǳǎŜŘ ŀŘǾŜǊǎŜ ǉǳŀƭƛǘȅπǊŜŘǳŎƛƴƎ ŜũŜŎǘǎ ƛƴ ǘƘŜ ƎǊŜŜƴπƭŜŀŦŜŘ ŎǳƭǝǾŀǊǎ Ψ!ƴƛǎŜΩΣ Ψ/ƛƴƴŀƳƻƴΩ 

ŀƴŘ Ψ¢Ƙŀƛ aŀƎƛŎΩ ŀƴŘ ǎƘƻǳƭŘ ǘƘŜǊŜŦƻǊŜ ƴƻǘ ōŜ ŜȄŎŜŜŘŜŘΦ  

Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ŀǇǇƭƛŜŘ L[ƻǿ ƭƛƎƘǘ ŎƻƴŘƛǝƻƴǎ ǊŜǎǳƭǘŜŘ ƛƴ ŎƻƴǎǳƳŜǊπǇǊŜŦŜǊǊŜŘ ŀǇǇŜŀǊŀƴŎŜǎ ŀƴŘ 

ƎǊŜŀǘŜǊ ōƛƻƳŀǎǎ ŜŶŎƛŜƴŎƛŜǎ ŀƴŘ ŀǇǇŜŀǊ ǘƻ ōŜ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ŀ ƎǊŜŀǘ ƭƻǿ ƭƛƎƘǘ ŀŘŀǇǘŀōƛƭƛǘȅ ƻŦ ƎǊŜŜƴπƭŜŀŦŜŘ 

ōŀǎƛƭ ŎǳƭǝǾŀǊǎΦ 5ŜǎǇƛǘŜ ǘƘŜ ǝƳŜπŘŜƭŀȅŜŘ ƳŀǊƪŜǘŀōƛƭƛǘȅ όōŀǎŜŘ ƻƴ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŎǊƛǘŜǊƛŀύ ǳƴŘŜǊ L[ƻǿ ƛƴ 

ŎƻƳǇŀǊƛǎƻƴ ǘƻ LIƛƎƘΣ ǘƘŜ ǎǳǇŜǊƛƻǊ Ǿƛǎǳŀƭ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ƎǊŜŜƴπƭŜŀŦŜŘ ŎǳƭǝǾŀǊǎ ƛƴ ŎƻƳōƛƴŀǝƻƴ ǿƛǘƘ ǘƘŜ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎŜŘ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǝƻƴǎ ǳƴŘŜǊ L[ƻǿ Ŏŀƴ ǳƭǝƳŀǘŜƭȅ ǊŜǎǳƭǘ ƛƴ ƎǊŜŀǘŜǊ ǊŜǾŜƴǳŜǎ ŦƻǊ ōŀǎƛƭ 

ǇǊƻŘǳŎŜǊǎΦ  

¢ƘƻǳƎƘ ǇǳǊǇƭŜπƭŜŀŦŜŘ ŎǳƭǝǾŀǊ Ψ5ŀǊƪ hǇŀƭΩ ǿŀǎ ŀōƭŜ ǘƻ ƳƛǝƎŀǘŜ ƘƛƎƘ ƛƴǘŜƴǎƛǘȅ ƭƛƎƘǘ ǎǘǊŜǎǎ ǊŜǎǇƻƴǎŜǎ 

ǳƴŘŜǊ LIƛƎƘ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ ƎǊŜŜƴπƭŜŀŦŜŘ ŎǳƭǝǾŀǊǎΣ ƛǘǎ ƛƴŘƻƻǊ ǇǊƻŘǳŎǝƻƴ ǳƴǝƭ ǘƘŜ ŎƻƳƳƻƴ 

ƳŀǊƪŜǘŀōƛƭƛǘȅ ŎǊƛǘŜǊƛŀ όǇƭŀƴǘ ƘŜƛƎƘǘ җ мр ŎƳ ŀƴŘκƻǊ ƭŜŀŦ ǇŀƛǊǎ җ пύ ŀǊŜ ǊŜŀŎƘŜŘ ǊŜƳŀƛƴǎ ǘƘŜ ƭŜŀǎǘ ŜŎƻƴƻƳƛŎŀƭ 



/I!t¢9w п  hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ 

мут 
 

ŘǳŜ ǘƻ ǘƘŜ ƘƛƎƘ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǝƻƴǎ ƴŜŎŜǎǎŀǊȅΣ ǘƘŜ ŎƻƳǇŀǊŀǝǾŜƭȅ ƭƻǿ ȅƛŜƭŘǎ ŀƴŘ ƴǳƳōŜǊ ƻŦ ŀƴƴǳŀƭ ŎǊƻǇ 

ŎȅŎƭŜǎ ǇƻǎǎƛōƭŜΦ  

IƻǿŜǾŜǊΣ ōŀǎƛƭ ŎǳƭǝǾŀǊπǎǇŜŎƛŬŎ ±h/ ŎƻƴǘŜƴǘǎ ŀƴŘ ǇǊƻŬƭŜǎ ǇǊƻǾŜŘ ǘƻ ŎƘŀƴƎŜ ǘǊŜƳŜƴŘƻǳǎƭȅ ƻǾŜǊ 

ǝƳŜ ƛƴ ŀ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǎǘŀƎŜπŎƻǊǊŜƭŀǘŜŘ ƳŀƴƴŜǊΦ ¢ƘǳǎΣ ŎƻƴǎǳƳŜǊ ƅŀǾƻǊ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ ŘƛũŜǊŜƴǘƭȅ ŀƎŜŘ 

ōŀǎƛƭ Ǉƭŀƴǘǎ ǎƘƻǳƭŘ ōŜ ŦǳǊǘƘŜǊ ŜȄǇƭƻǊŜŘΣ ŀƴŘ ǝƳŜ ƻŦ ƘŀǊǾŜǎǘ ǎƘƻǳƭŘ ōŜ ƛƴŘƛǾƛŘǳŀƭƭȅ ǊŜŎƻƴǎƛŘŜǊŜŘ ώŜǎǇŜŎƛŀƭƭȅ 

ŀǎ ǘƘŜ ŘŜƳŀƴŘ ŀƴŘ ǇƻǇǳƭŀǊƛǘȅ ƻŦ ƳƛŎǊƻƎǊŜŜƴǎ ƛǎ ƻƴ ǘƘŜ ǊƛǎŜ όYȅǊƛŀŎƻǳ Ŝǘ ŀƭΦΣ нлмсΤ aƛǊ Ŝǘ ŀƭΦΣ нлмсύϐΦ 

 

 



/I!t¢9w р  DŜƴŜǊŀƭ 5ƛǎŎǳǎǎƛƻƴ 

муу 
 

мΦ DŜƴŜǊŀƭ 5ƛǎŎǳǎǎƛƻƴ 

мΦм 9ũŜŎǝǾŜƴŜǎǎ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇŜŘ ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ŀƴŘ ǎƻƳŜ ǘŜŎƘƴƻƭƻƎƛŎŀƭ 

ŎƘŀƭƭŜƴƎŜǎ ǘƻ ƻǾŜǊŎƻƳŜΦ    

.ŜǎƛŘŜǎ ǘƘŜ ƭƛƎƘǘ ŬȄǘǳǊŜǎΩ ƛƴƘŜǊŜƴǘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ŜŶŎŀŎƛŜǎ όǇŜǊǘŀƛƴƛƴƎ ǘƻ ǘƘŜ ƭŀƳǇ ǎȅǎǘŜƳǎΩ 

ŀōƛƭƛǘȅ ǘƻ ŎƻƴǾŜǊǘ ŜƭŜŎǘǊƛŎŀƭ ŜƴŜǊƎȅ ƛƴǘƻ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ƅǳȄŜǎύΣ ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ ŀƴŘ ƛƴǘŜƴǎƛǘȅ 

ǎŜǩƴƎǎΣ ǇƘƻǘƻǇŜǊƛƻŘǎ ŀƴŘ ǘƘŜ ŀŎŎƻƳǇŀƴȅƛƴƎ ƘƻǊǝŎǳƭǘǳǊŀƭ ȅƛŜƭŘǎΣ ŀǎ ǿŜƭƭ ŀǎ ƭƛƎƘǘ ŘƛǎǘǊƛōǳǝƻƴ ǇŀǧŜǊƴǎ 

ƎŜƴŜǊŀƭƭȅ ƛƴƅǳŜƴŎŜ ǘƘŜ ǳǎŜŦǳƭƴŜǎǎ ƻŦ ǘƘŜ ǇƘƻǘƻƴ ŘŜƭƛǾŜǊȅ ǎȅǎǘŜƳǎ ƛƴ ƘƻǊǝŎǳƭǘǳǊŀƭ ŀǇǇƭƛŎŀǝƻƴǎΦ 

¢ƘŜ ŎƻƴŘǳŎǘŜŘ ƎǊŜŜƴƘƻǳǎŜ ŜȄǇŜǊƛƳŜƴǘ ŘŜƳƻƴǎǘǊŀǘŜŘ ŀ ǊŜƳŀǊƪŀōƭŜ ǇƻǘŜƴǝŀƭ ƻŦ ǘƘŜ ŀǇǇƭƛŜŘ 

ōǊƻŀŘōŀƴŘ [95 ǎȅǎǘŜƳ ŦƻǊ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ƘƻǊǝŎǳƭǘǳǊŀƭ ȅƛŜƭŘǎ ƻŦ ¢ƘȅƳǳǎ ǾǳƭƎŀǊƛǎ [Φ ǿƘƛƭŜ ǊŜŘǳŎƛƴƎ ǘƘŜ 

ŜƴŜǊƎȅ ŎƻƴǎǳƳŜŘ ŘǳǊƛƴƎ ǘƘŜ ƴŀǘǳǊŀƭƭȅ ƭƛƎƘǘπƛƴǎǳŶŎƛŜƴǘ Ŧŀƭƭ ŀƴŘ ǿƛƴǘŜǊ ƳƻƴǘƘǎ ƻŦ DŜǊƳŀƴȅ ƛƴ ŎƻƳǇŀǊƛǎƻƴ 

ǘƻ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ It{ ŀƴŘ C[ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎΦ 5ǳŜ ǘƻ ǘƘŜ ƘƛƎƘ ǇƘƻǘƻǎȅƴǘƘŜǝŎ ǇƘƻǘƻƴ ƻǳǘǇǳǘΣ ǘƘŜ 

ŎƻǊǊŜƭŀǘŜŘ Ŧŀǎǘ ƎǊƻǿǘƘ ŀƴŘ ǘƘŜ ƭƻǿ ŜƴŜǊƎȅ ŘŜƳŀƴŘΣ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ǘƘŜ ƛƴǾŜǎǝƎŀǘŜŘ ōǊƻŀŘōŀƴŘ 

[95 ǎȅǎǘŜƳ ŎƻǳƭŘ ƴƻǘ ƻƴƭȅ ƳŀƪŜ ǇǊƻŬǘŀōƭŜ ǳǎŜ ƻŦ ǘƘŜ ƘƛƎƘƭȅ ǳƴŘŜǊπǳǝƭƛȊŜŘ ƎǊŜŜƴƘƻǳǎŜ ŎŀǇŀŎƛǝŜǎ ŘǳǊƛƴƎ 

ƭƻǿ ƭƛƎƘǘ ǎŜŀǎƻƴǎ ƛƴ ƴƻǊǘƘŜǊƴ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ǿƻǊƭŘΦ Lǘ ŎƻǳƭŘ ŀƭǎƻ ŜƴŀōƭŜ ŀ ƎǊŜŀǘŜǊ ǾŀǊƛŜǘȅ ƻŦ ƘƻǊǝŎǳƭǘǳǊŀƭ 

ǇǊƻŘǳŎǝƻƴǎ ŀǎ ƎǊŜŀǘŜǊ 5[L ǊŜǉǳƛǊŜƳŜƴǘǎ Ŏŀƴ ōŜ ǊŜŀŎƘŜŘ ǿƘƛŎƘ Ŏŀƴƴƻǘ ōŜ ŀǧŀƛƴŜŘ ōȅ ǘƘŜ It{ ŀƴŘ C[ ƭƛƎƘǘ 

ǎƻǳǊŎŜǎΦ   

!ƭǎƻΣ ǘƘŜ ǎǘǳŘȅ ƻŦ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ [Φ ŎǳƭǝǾŀǊǎ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ƴŀǘǳǊŀƭ ƭƛƎƘǘ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǘƘŜ 

ŀǇǇƭƛŜŘ ōǊƻŀŘōŀƴŘ [95 ǎȅǎǘŜƳ όǿƛǘƘ ŜƭŜǾŀǘŜŘ w ŀƴŘ . ǿŀǾŜōŀƴŘǎύ Ŏŀƴ ǉǳƛŎƪƭȅ ȅƛŜƭŘ ōŀǎƛƭ Ǉƭŀƴǘǎ ƻŦ 

ƳŀǊƪŜǘŀōƭŜ ǉǳŀƭƛǘȅΦ CǳǊǘƘŜǊΣ ǘƘŜ ƛƴǾŜǎǝƎŀǝƻƴ ƘƛƎƘƭƛƎƘǘŜŘ ŜƭŜŎǘǊƛŎŀƭ ǎŀǾƛƴƎ ǇƻǘŜƴǝŀƭǎ ǿƘŜƴ ŀǇǇƭȅƛƴƎ ƭƻǿ 

ƭƛƎƘǘ ƛƴǘŜƴǎƛǝŜǎ όŜǾŜƴ ōŜƭƻǿ ǊŜŎƻƳƳŜƴŘŜŘ ƭŜǾŜƭǎύ ŀǎ ƛƳǇǊƻǾŜŘ ƭƛƎƘǘ ǳǎŜ ŜŶŎƛŜƴŎƛŜǎ ƛƴ ǘƘǊŜŜ ƻŦ ŦƻǳǊ ōŀǎƛƭ 

ŎǳƭǝǾŀǊǎ ŎŀƳŜ ǘƻ ƭƛƎƘǘΦ hǇǝƳƛȊƛƴƎ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǎŜǩƴƎǎ ǘƻǿŀǊŘǎ ƘƛƎƘ ƭƛƎƘǘ ǳǎŜ ŜŶŎƛŜƴŎƛŜǎ ƛǎ ǘƘǳǎ ŀ ǾƛŀōƭŜ 

ŀǇǇǊƻŀŎƘ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ŦŜŀǎƛōƛƭƛǘȅ ƻŦ [95πōŀǎŜŘ ƛƴŘƻƻǊ ƘƻǊǝŎǳƭǘǳǊŀƭ ŎǊƻǇ ǇǊƻŘǳŎǝƻƴǎΦ      

IƻǿŜǾŜǊΣ ǳƴǇǳōƭƛǎƘŜŘ ŎŀƭŎǳƭŀǝƻƴǎ ƻŦ ǘƘŜ ǇƘƻǘƻƴ ŜŶŎƛŜƴŎƛŜǎ ƻŦ ǘƘŜ ŘƛŎƘǊƻƳŀǝŎ w.Σ ǘǊƛŎƘǊƻƳŀǝŎ 

wD. ŀƴŘ ǘƘŜ ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊŀ ŀǇǇƭƛŜŘ ƛƴ ǘƘŜ ǾŜǊǝŎŀƭ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳ ŘǳǊƛƴƎ ǘƘŜ 

aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ  ŎǳƭǝǾŀǝƻƴ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜ ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ ƛǎ ŎǳǊǊŜƴǘƭȅ ƴƻǘ ǘƘŜ Ƴƻǎǘ 

ŜŶŎƛŜƴǘ [95 ƭƛƎƘǝƴƎ ǎȅǎǘŜƳ ό¢ŀōƭŜ нуύΥ .ŜǘǿŜŜƴ ǘƘŜ ǿŀǾŜƭŜƴƎǘƘ ǊŀƴƎŜ ƻŦ оул ŀƴŘ тул ƴƳΣ ǘƘŜ ƎǊŜŀǘŜǎǘ 

ƻǳǘǇǳǘ ƻŦ ǇƘƻǘƻƴǎ ǇŜǊ ŜƭŜŎǘǊƛŎŀƭ ƛƴǇǳǘ ǿŀǎ ŀŎƘƛŜǾŜŘ ōȅ ǘƘŜ wD.πŜƳƛǩƴƎ ƭƛƎƘǝƴƎ ǎȅǎǘŜƳ ǿƛǘƘ ŀ ǇƘƻǘƻƴ 

ŜŶŎƛŜƴŎȅ ƻŦ         мΦнр ҡƳƻƭ Wπм ǎΣ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ w.πŜƳƛǩƴƎ ƭƛƎƘǘ ŬȄǘǳǊŜ ǿƛǘƘ ŀƴ ŜŶŎƛŜƴŎȅ ƻŦ мΦмс ҡƳƻƭ Wπ

м ǎ ς ŀƴ ƻǳǘŎƻƳŜ ǘƘŀǘ ŎƻƴǘǊŀǎǘǎ YǳǎǳƳŀ Ŝǘ ŀƭΦ όнлнлύΣ ǿƘƻ ǎǘŀǘŜŘ ǘƘŀǘ ǇƘƻǘƻƴ ŜŶŎƛŜƴŎƛŜǎ ƻŦ w ŀƴŘ . [95ǎ 

ŀǊŜ ŎǳǊǊŜƴǘƭȅ ƎǊŜŀǘŜǊ ǘƘŀƴ ǇƘƻǘƻƴ ŜŶŎƛŜƴŎƛŜǎ ƻŦ D [95ǎ όŀƴŘ Ǉƻƛƴǘǎ ƻǳǘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŎƻƳǇŀǊƛƴƎ ǘƘŜ 

[95 ǎȅǎǘŜƳǎΩ ǎǇŜŎƛŬŎ ǇƘƻǘƻƴ ŜŶŎƛŜƴŎƛŜǎ ǳƴŘŜǊ ƛŘŜƴǝŎŀƭ ŀƴŘ ǎǘŀƴŘŀǊŘƛȊŜŘ ŎƻƴŘƛǝƻƴǎύΦ ¢ƘŜ ƭƻǿŜǎǘ ƴǳƳōŜǊ 

ƻŦ ŜƳƛǧŜŘ ǇƘƻǘƻƴǎ ǇŜǊ ŜƭŜŎǘǊƛŎŀƭ ƛƴǇǳǘ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ǘƘŜ ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ǎȅǎǘŜƳ ǿƛǘƘ ŀ ǇƘƻǘƻƴ 



/I!t¢9w р  DŜƴŜǊŀƭ 5ƛǎŎǳǎǎƛƻƴ 

муф 
 

ŜŶŎƛŜƴŎȅ ƻŦ лΦфф ҡƳƻƭ Wπм ǎΣ ǿƘƛŎƘ ŎƻƛƴŎƛŘŜǎ ǿƛǘƘ YǳǎǳƳŀ Ŝǘ ŀƭΦ όнлнлύΣ ǿƘƻ ǎǘŀǘŜŘ ǘƘŀǘ άǿƘƛǘŜέ [95 

ǎȅǎǘŜƳǎ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ǘƘŜ ƭŜŀǎǘ ǇƘƻǘƻƴ ŜŶŎƛŜƴǘ ǎȅǎǘŜƳǎ21Φ !ƭƭ ǘƘǊŜŜ [95 ƭƛƎƘǝƴƎǎ ŜƴŀōƭŜŘ ǎƛƳƛƭŀǊ ŦǊŜǎƘ 

ǿŜƛƎƘǘǎ ŀƴŘ ŜǎǎŜƴǝŀƭ ƻƛƭ ŎƻƴǘŜƴǘǎ ǇŜǊ ƪƛƭƻǿŀǧπƘƻǳǊΦ IƻǿŜǾŜǊΣ ƭŜŀŦ ŘǊȅ ǿŜƛƎƘǘ ŜŶŎŀŎȅ ǿŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ 

ǊŜŘǳŎŜŘ ǳƴŘŜǊ ǘƘŜ ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ǎȅǎǘŜƳ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ w. ŀƴŘ wD. ƭƛƎƘǝƴƎΦ 

 

 ¢ŀōƭŜ ну ς tƘƻǘƻƴ ŜŶŎƛŜƴŎȅΣ ōƛƻƳŀǎǎ ŀƴŘ ŜǎǎŜƴǝŀƭ ƻƛƭ ŜŶŎƛŜƴŎȅ ƻŦ [95πƭƛƎƘǝƴƎ ŬȄǘǳǊŜǎ ŦƻǊ ǘƘŜ 
ǇǊƻŘǳŎǝƻƴ ƻŦ ǇŜǇǇŜǊƳƛƴǘ ŀǘ Ŝǉǳŀƭ ǇƘƻǘƻƴ ƅǳȄ ŘŜƴǎƛǘȅ όtC5ύ ƛƴ ǘƘŜ ǾŜǊǝŎŀƭ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳΦ 

 RB1 RGB SUN p-value4 

Photon efficiency [µmol J-1 s]2 1.16 1.25 0.99 not applicable 
Fresh weight [g kWh-1]3 13.03 ± 1.73 13.62 ± 1.85 10.44 ± 1.43 0.98 (ns) 
Leaf dry weight [mg kWh-1]3 834.8 ± 76.11a  772.4 ± 74.71a 601.6 ± 42.11b 0.01 
Essential oil [mg kWh-1]3 21.53 ± 3.16 19.76 ± 2.30 15.52 ± 2.33 0.58 (ns) 
м w. Ґ wŜŘκōƭǳŜΣ wD. Ґ wŜŘκƎǊŜŜƴκōƭǳŜΣ {¦b Ґ !ǊǝŬŎƛŀƭ ǎǳƴƭƛƎƘǘ ǎǇŜŎǘǊǳƳΦ  
н aŜŀƴ ǇƘƻǘƻƴ ƻǳǘǇǳǘ ōŀǎŜŘ ƻƴ tC5ǎ22 ǇŜǊ ŜƭŜŎǘǊƛŎŀƭ ƛƴǇǳǘ ƻŦ ƭƛƎƘǘ ŬȄǘǳǊŜ ŜȄǇǊŜǎǎŜŘ ƛƴ ҡƳƻƭ ƻŦ ǇƘƻǘƻƴǎ 
ǇŜǊ ǎŜŎƻƴŘ ŘƛǾƛŘŜŘ ōȅ ƧƻǳƭŜǎ ǇŜǊ ǎŜŎƻƴŘΦ 
о tǊŜǎŜƴǘŜŘ ŀǊŜ ǘƻǘŀƭ ŦǊŜǎƘ ǿŜƛƎƘǘΣ ƭŜŀŦ ŘǊȅ ǿŜƛƎƘǘ ŀƴŘ ŜǎǎŜƴǝŀƭ ƻƛƭ ǇǊƻŘǳŎǝƻƴǎ ҕ {5 ƻŦ aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ 
ǾŀǊΦ ǇƛǇŜǊƛǘŀ ΨaǳƭǝƳŜƴǘƘŀΩ ōŀǎŜŘ ƻƴ ǘƘŜ ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴǎ ƻŦ ŜŀŎƘ [95πƭƛƎƘǝƴƎ ǎȅǎǘŜƳ ǿƛǘƘƛƴ ŀ ǎƘŜƭŦ 
ƻŦ ǘƘǊŜŜ ƛƴŘŜǇŜƴŘŜƴǘ ǎǇŀǝŀƭ ǊŜǇƭƛŎŀǝƻƴǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όƴ Ґ оύ ƻŦ ол ƘŀǊǾŜǎǘŜŘ Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ 
ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘ όb Ґ нтлΣ ƴ Ґ фл Ǉƭŀƴǘǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘΣ ƴ Ґ ол Ǉƭŀƴǘǎ ǇŜǊ ǎǇŀǝŀƭ 
ǊŜǇƭƛŎŀǝƻƴύΦ {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ όǇ Җ лΦлрύ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ¢ǳƪŜȅΩǎ ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ 
ǘŜǎǘ ŀƊŜǊ ƻǊŘƛƴŀǊȅ ƻƴŜπǿŀȅ !bh±! όŦǊŜǎƘ ǿŜƛƎƘǘΥ Ǉ Ґ лΦфуΣ ƭŜŀŦ ŘǊȅ ǿŜƛƎƘǘΥ Ǉ Ґ лΦлмΣ ŜǎǎŜƴǝŀƭ ƻƛƭ ȅƛŜƭŘΥ Ǉ 
Ґ лΦлтύΦ 5ƛũŜǊŜƴǘ ƭŜǧŜǊǎ ǿƛǘƘƛƴ ŀ Ǌƻǿ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎΦ23  
п {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ƻǊŘƛƴŀǊȅ ƻƴŜπǿŀȅ !bh±! 
ǘŜǎǘ όƴǎ Ґ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘύΦ ²ƘŜƴ ǎƛƎƴƛŬŎŀƴǘΣ ¢ǳƪŜȅΩǎ ƳǳƭǝǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ǘŜǎǘ ŦƻƭƭƻǿŜŘ όŘƛũŜǊŜƴǘ ƭŜǧŜǊǎ 
ǿƛǘƘƛƴ ŀ Ǌƻǿ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ŀǘ фр ҈ ŎƻƴŬŘŜƴŎŜ ƛƴǘŜǊǾŀƭύ όb Ґ фΣ 
ƴ Ґ о ǎŀƳǇƭŜǎ ǇŜǊ ƭƛƎƘǘ ǘǊŜŀǘƳŜƴǘύΦ24 

 
21 5ŜǘŀƛƭŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ [95ǎΩ ǇƘƻǘƻƴ ŜŦŦƛŎƛŜƴŎƛŜǎ Ŏŀƴ ōŜ ǊŜǾƛŜǿŜŘ ƛƴ ǎŜŎǘƛƻƴ мΦнΦ   
22 Please bear in mind that LED photon efficiency values highly depend on the proximity to the LED light source at 
which the measurement is taken as the photon output (light intensity) increases greatly with decreasing proximity 
to the light source. Please also keep in mind that photon efficiencies are currently based on photons within what is 
currently defined as PAR which excludes UV and FR light ranges. For these calculations, average PFDs across the 
whole spectrum (380-780 nm) at plant pot level were used (which allows a fair assessment and better comparison 
ƻŦ ǘƘŜ [95 ǎȅǎǘŜƳǎΩ ǇƘoton efficiencies.  
23 In contrast to the thyme and basil studies in which LED exposure began after sowing, the peppermint study 
began 36 days after stolon segments were cultivated under greenhouse conditions. Hence, the efficacy 
calculations do not account for the biomasses that were accumulated prior to the LED exposure.    
24 ¢ƘŜ ǇƻǿŜǊ ŘǊŀǿ ƻŦ ŎǳǊǊŜƴǘ όLύ ŀƴŘ ǾƻƭǘŀƎŜ ό¦ύ ŀǎ ǿŜƭƭ ŀǎ ŜƭŜŎǘǊƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƛƴŎƭǳŘƛƴƎ ǊŜŀƭ ǇƻǿŜǊ όtύ ŀƴŘ 
ŀǇǇŀǊŜƴǘ ǇƻǿŜǊ ό{ύ ŦǊƻƳ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ƭŀƳǇǎ ƻŦ ŜŀŎƘ ƭƛƎƘǝƴƎ ǘǊŜŀǘƳŜƴǘ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ǳǎƛƴƎ ŀ ǇƻǿŜǊ ƳŜǘŜǊ 
ό9b9wD¸ ahbL¢hw олллΣ ±h[¢/w!C¢ϯΣ ²ŜǊƴōŜǊƎπYǀōƭƛǘȊΣ DŜǊƳŀƴȅύ ƛƴ ƻǊŘŜǊ ǘƻ ŜǎǝƳŀǘŜ ǇƘƻǘƻƴ ŜŶŎƛŜƴŎȅ ŀƴŘ 
ōƛƻƳŀǎǎ ŜŶŎŀŎȅ ƻŦ [95πƭƛƎƘǝƴƎ ŬȄǘǳǊŜǎΦ ¢ƻ ŎƻǊǊŜŎǘ ŦƻǊ ŘŜǘŜŎǘŜŘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ t ŀƴŘ { ƻŦ ǘƘŜ [95πǎȅǎǘŜƳǎΣ ǘƘŜ 
ƳŜŀǎǳǊŜŘ Ŏƻǎ ǇƘƛ ƻŦ ŜŀŎƘ ƭƛƎƘǝƴƎ ŎƻƴŘƛǝƻƴ ǿŀǎ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ ǘƘŜ ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴ ŎŀƭŎǳƭŀǝƻƴǎΦ Cƛƴŀƭ 
ŜƭŜŎǘǊƛŎŀƭ ŎƻƴǎǳƳǇǝƻƴǎ ǿŜǊŜ ǘƘŜƴ ŎŀƭŎǳƭŀǘŜŘ ōȅ ƳǳƭǝǇƭȅƛƴƎ ǘƘŜ ǇƻǿŜǊ ŎƻƴǎǳƳǇǝƻƴǎ ǿƛǘƘ ǘƘŜ ƘƻǳǊǎ ŬȄǘǳǊŜǎ ǿŜǊŜ 
ǘǳǊƴŜŘ ƻƴ όмс ƘƻǳǊǎ ǇŜǊ ŘŀȅΤ оо Řŀȅǎ ƛƴ ǘƻǘŀƭύΦ tƘƻǘƻƴ ŜŶŎƛŜƴŎȅ ƻŦ ǘƘŜ ƭƛƎƘǘ ŬȄǘǳǊŜǎΣ ƳŜŀƴƛƴƎ ƭƛƎƘǘ ƻǳǘǇǳǘ ǇŜǊ ǳƴƛǘ 
ŜƭŜŎǘǊƛŎƛǘȅ όҡƳƻƭ WπмύΣ ǿŜǊŜ ŜǎǝƳŀǘŜŘ ōŀǎŜŘ ƻƴ ŀǾŜǊŀƎŜ tC5Φ .ƛƻƳŀǎǎ ŜŶŎŀŎȅ όǘƻǘŀƭ ŦǊŜǎƘ ƻǊ ƭŜŀŦ ŘǊȅ ǿŜƛƎƘǘǎ ǇŜǊ ƪ²Ƙ 
ŀƴŘ ǎƘŜƭŦύ ŀǎ ǿŜƭƭ ŀǎ ŜǎǎŜƴǝŀƭ ƻƛƭ ŜŶŎŀŎȅ όŜǎǎŜƴǝŀƭ ƻƛƭ ŎƻƴǘŜƴǘ ό9hύ ǇŜǊ ƪ²Ƙ ŀƴŘ ǎƘŜƭŦύ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ ŘƛǾƛŘƛƴƎ 
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IŜƴŎŜΣ ǘƘŜ ŜƴŜǊƎȅ ŜŶŎƛŜƴŎȅ ƻŦ ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǝƴƎ ǎȅǎǘŜƳǎ ƴŜŜŘǎ ƛƳǇǊƻǾŜƳŜƴǘ ǘƻ ƛƴŎǊŜŀǎŜ 

ǘƘŜƛǊ Ŏƻǎǘ ŜũŜŎǝǾŜƴŜǎǎ ŀƴŘ ǘƻ ōŜǧŜǊ ƳŜŜǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ Ǝƻŀƭǎ ƛƴ ǘŜǊƳǎ ƻŦ ƳƛƴƛƳƛȊƛƴƎ ǊŜǎƻǳǊŎŜ ƛƴǇǳǘǎΦ hƴŜ 

ƛƳǇǊƻǾŜƳŜƴǘ ŜũŜŎǘ ŎƻǳƭŘ ǊŜǎǳƭǘ ŦǊƻƳ ŜȄŎƭǳŘƛƴƎ ǿŀǾŜōŀƴŘǎ ƎǊŜŀǘŜǊ ǘƘŀƴ трл ƴƳ ƛƴ ŦǳǘǳǊŜ ōǊƻŀŘōŀƴŘ [95 

ƭƛƎƘǘ ŬȄǘǳǊŜǎ ŀǎ ǿŀǾŜōŀƴŘǎ ƎǊŜŀǘŜǊ ǘƘŀƴ трл ƴƳ ƘŀǾŜ ǎƘƻǿƴ ǘƻ ōŜ ǳǎŜƭŜǎǎ ŦƻǊ ŀ ǾŀǊƛŜǘȅ ƻŦ ƘƻǊǝŎǳƭǘǳǊŀƭƭȅ 

ǊŜƭŜǾŀƴǘ Ǉƭŀƴǘ ǎǇŜŎƛŜǎ όŀǎ Ƨǳǎǘ ǊŜŎŜƴǘƭȅ ŜȄǇƭƻǊŜŘ ōȅ ½ƘŜƴ ϧ .ǳƎōŜŜΣ нлнлŀύ όCƛƎǳǊŜ нрύΦ Lƴ ŀŘŘƛǝƻƴΣ ǇŜŀƪ 

ǿŀǾŜƭŜƴƎǘƘǎ ƻŦ Cw ǎƘƻǳƭŘ ǎƘƛƊ ǘƻǿŀǊŘǎ тлл ƴƳ ŀǎ Cw ŜũŜŎǘǎ ŘŜŎǊŜŀǎŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ Cw ǿŀǾŜƭŜƴƎǘƘ 

ό½ƘŜƴ ϧ .ǳƎōŜŜΣ нлнлŀύΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ōȅ ǊŜŘǳŎƛƴƎ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ōǊƻŀŘōŀƴŘ [95 ǎǇŜŎǘǊŀ ǘƻǿŀǊŘǎ ǘƘŜ 

ǇƘƻǘƻǎȅƴǘƘŜǝŎŀƭƭȅ ŀƴŘ ǇƘƻǘƻōƛƻƭƻƎƛŎŀƭƭȅ ǊŜƭŜǾŀƴǘ ǇƘƻǘƻƴǎ ǘƘŀǘ Ŏŀƴ ōŜ ŬȄŜŘ ŀǎ ŎƘŜƳƛŎŀƭ ŜƴŜǊƎȅ ŀƴŘκƻǊ 

ǘƘŀǘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƛƳǇǊƻǾŜ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǘǊŀƛǘǎ ƻŦ ƛƴǘŜǊŜǎǘ ōȅ ŀŎǝǾŀǝƴƎ ǘƘŜ ǇƭŀƴǘǎΩ ǇƘƻǘƻǎŜƴǎƻǊȅ 

ǎȅǎǘŜƳǎΣ ǘƘŜ ǇƘƻǘƻƴ ŜŶŎƛŜƴŎƛŜǎΣ ǘƘŜ ǇƭŀƴǘǎΩ ƭƛƎƘǘ ǳǎŜ ŜŶŎŀŎƛŜǎ ŀƴŘ ǳƭǝƳŀǘŜƭȅ ǘƘŜ Ŏƻǎǘ ŜũŜŎǝǾŜƴŜǎǎ ƻŦ 

ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ŬȄǘǳǊŜǎ Ŏŀƴ ōŜ ƛƳǇǊƻǾŜŘΦ  

²ƘƛŎƘ ƻŦ ǘƘŜ ǘƘǊŜŜ ŀǇǇƭƛŜŘ ōǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ǎȅǎǘŜƳǎ ƛǎ ǘƘŜ ōŜǎǘ ƛƴ ǘŜǊƳǎ ƻŦ ǇƘƻǘƻƴ ŜŶŎƛŜƴŎȅ 

Ŏŀƴƴƻǘ ōŜ ŀƴǎǿŜǊŜŘ ŎƻƴŎǊŜǘŜƭȅ ƛƴ ǊŜǘǊƻǎǇŜŎǘΣ ōǳǘ ŘǳŜ ǘƻ ǘƘŜ ŎǳǊǊŜƴǘƭȅ ƭƻǿ ŜŶŎƛŜƴŎȅ ƻŦ ¦± ƭƛƎƘǘπŜƳƛǩƴƎ 

ŘƛƻŘŜǎ ŀƴŘ ǘƘŜ ƘƛƎƘ ŜŶŎƛŜƴŎȅ ƻŦ ǊŜŘ ŀƴŘ ōƭǳŜ ƭƛƎƘǘπŜƳƛǩƴƎ ŘƛƻŘŜǎ όŜΦƎΦΣ YǳǎǳƳŀ Ŝǘ ŀƭΦΣ нлнлύΣ ǘƘŜ 

ōǊƻŀŘōŀƴŘ [95 ǎȅǎǘŜƳ ǿƛǘƘƻǳǘ ¦± ǿŀǾŜƭŜƴƎǘƘǎ ŀƴŘ ǿƛǘƘ ǘƘŜ ŜƭŜǾŀǘŜŘ w ŀƴŘ . ǿŀǾŜōŀƴŘǎ ŀǇǇƭƛŜŘ ƛƴ ǘƘŜ 

ōŀǎƛƭ ǎǘǳŘȅ Ƴŀȅ ōŜ ǘƘŜ Ƴƻǎǘ ǇƘƻǘƻƴ ŜŶŎƛŜƴǘ ōǊƻŀŘ ǿƘƛǘŜ [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ ƻŦ ǘƘŜ ǘƘǊŜŜΦ CƻƭƭƻǿƛƴƎ ǘƘŜ 

ǎŀƳŜ ŀǊƎǳƳŜƴǘŀǝƻƴΣ ǘƘŜ ƭŜŀǎǘ ǇƘƻǘƻƴ ŜŶŎƛŜƴǘ ǎȅǎǘŜƳ ƛǎ ǇǊƻōŀōƭȅ ǘƘŜ ¦±πŎƻƴǘŀƛƴƛƴƎ ǿƘƛǘŜ [95 ǎȅǎǘŜƳ 

ŀǇǇƭƛŜŘ ƛƴ ǘƘŜ ǾŜǊǝŎŀƭ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳ όCƛƎǳǊŜ нрύΦ  

    

CƛƎǳǊŜ нр ς wŜŘǳŎƛƴƎ Cw ŜƳƛǎǎƛƻƴǎ ǘƻ трл ƴƳ 
Ŏŀƴ ƛƳǇǊƻǾŜ ǘƘŜ ǇƭŀƴǘǎΩ ƭƛƎƘǘ ǳǎŜ ŜŶŎŀŎƛŜǎ ŀƴŘ 
ǘƘŜ [95ǎΩ Ŏƻǎǘ ŜũŜŎǝǾŜƴŜǎǎΦ  
{ƻƭƛŘ ƭƛƴŜΥ .ǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ ŀǇǇƭƛŜŘ 
ƛƴ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ŜȄǇŜǊƛƳŜƴǘ ǿƛǘƘ ¢ƘȅƳǳǎ 
ǾǳƭƎŀǊƛǎ [Φ 
5ŀǎƘŜŘ ƭƛƴŜΥ .ǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ 
ŀǇǇƭƛŜŘ ƛƴ ǘƘŜ ǾŜǊǝŎŀƭ ŎǳƭǝǾŀǝƻƴ ǎȅǎǘŜƳ ǿƛǘƘ 
aŜƴǘƘŀ Ȅ ǇƛǇŜǊƛǘŀ [Φ      
5ƻǧŜŘ ƭƛƴŜΥ .ǊƻŀŘōŀƴŘ [95 ƭƛƎƘǘ ǎǇŜŎǘǊǳƳ 
ŀǇǇƭƛŜŘ ƛƴ ǘƘŜ ƎǊƻǿǘƘ ǊƻƻƳ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ 
ƴŀǘǳǊŀƭ ƭƛƎƘǘ ǿƛǘƘ ŎǳƭǝǾŀǊǎ ƻŦ hŎƛƳǳƳ ōŀǎƛƭƛŎǳƳ 
[Φ  

 
      
 

 
ǘƘŜ ŎǳƳǳƭŀǝǾŜ ŦǊŜǎƘ ǿŜƛƎƘǘ ƻǊ ǘƘŜ ŎǳƳǳƭŀǝǾŜ ƭŜŀŦ ŘǊȅ ǿŜƛƎƘǘǎ ǇŜǊ ǎƘŜƭŦ ǿƛǘƘ ǘƻǘŀƭ ƪƛƭƻǿŀǧπƘƻǳǊǎ ǇŜǊ ǎƘŜƭŦ ŀǎ ǿŜƭƭ ŀǎ 
9h ǇŜǊ ǎƘŜƭŦ ǿƛǘƘ ǘƻǘŀƭ ƪƛƭƻǿŀǧπƘƻǳǊǎ ǇŜǊ ǎƘŜƭŦΦ   


