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5ƛǇŀǊǝƳŜƴǘƻ Řƛ LƴƎŜƎƴŜǊƛŀ LƴŘǳǎǘǊƛŀƭŜ 5LL 

5ƛǇŀǊǝƳŜƴǘƻ Řƛ {ŎƛŜƴȊŜ /ƘƛƳƛŎƘŜ  

/ƻǊǎƻ Řƛ [ŀǳǊŜŀ aŀƎƛǎǘǊŀƭŜ ƛƴ LƴƎŜƎƴŜǊƛŀ ŘŜƛ aŀǘŜǊƛŀƭƛ 

 

 

 

.ƛŦǳƴŎǝƻƴŀƭ ŘǳŀƭπŀǘƻƳ Ŏŀǘŀƭȅǎǘǎ ŦƻǊ hȄȅƎŜƴ 

9ƭŜŎǘǊƻŘŜ wŜŀŎǝƻƴǎ ƛƴ aŜǘŀƭπŀƛǊ ōŀǧŜǊƛŜǎ 

 

 

 

 

 

wŜƭŀǘƻǊŜΥ tǊƻŦΦ [ŀǳǊŀ /ŀƭǾƛƭƭƻ [ŀƳŀƴŀ 

 

 

[ŀǳǊŜŀƴŘƻΥ DƛƻǾŀƴƴƛ ½ŀǾŀ нлрппто 

 

 

!ƴƴƻ !ŎŎŀŘŜƳƛŎƻ нлноκнлнп 



  



  



 



м 

!ōǎǘǊŀŎǘ 

¢ƘŜ ƛƴŎǊŜŀǎƛƴƎ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ŀƴŘ ǘƘŜ ǇǊŜǎǎƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀǊŜ ǊŜŎŜƴǘƭȅ ƳƻǝǾŀǝƴƎ ǘƘŜ 

ŎƻƴǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ŎƘŀƛƴ ŦǊƻƳ Ŧƻǎǎƛƭ ŦǳŜƭǎ ǘƻ ǊŜƴŜǿŀōƭŜ ǎƻǳǊŎŜǎΦ ¢ƘŜǎŜ ǎȅǎǘŜƳǎΣ 

ƘƻǿŜǾŜǊΣ ŀǊŜ ƭƛƳƛǘŜŘ ōȅ ǘƘŜƛǊ ƛƴǘŜǊƳƛǧŜƴŎŜ ƛƴ ŜƴŜǊƎȅ ǇǊƻŘǳŎǝƻƴΦ ¢Ƙƛǎ ŦŀŎǘ ǇƻǎŜǎ ǘƘŜ ŎƘŀƭƭŜƴƎŜ ƻŦ 

ŬƴŘƛƴƎ ƴŜǿ ŜũŜŎǝǾŜ ǿŀȅǎ ǘƻ ǎǘƻǊŜ ŜƴŜǊƎȅΦ 9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎ ŀǊŜ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ 

ǇǊƻƳƛǎƛƴƎ ǎƻƭǳǝƻƴǎ ǘƻ ǘƘƛǎ ƛǎǎǳŜΦ !ƳƻƴƎ ǘƘŜƳΣ ǎŜŎƻƴŘŀǊȅ ƳŜǘŀƭπŀƛǊ ōŀǧŜǊƛŜǎ ŀǊŜ ŜƭŜŎǘŜŘ ŀǎ ŀ ƪŜȅ 

ŎŀƴŘƛŘŀǘŜ ŘǳŜ ǘƻ ǘƘŜƛǊ ǎŜŎǳǊƛǘȅΣ ǎŎŀƭŀōƛƭƛǘȅΣ ŀũƻǊŘŀōƛƭƛǘȅΣ ŀƴŘ ƛƴǘǊƛƴǎƛŎ ǎǇŜŎƛŬŎ ŜƴŜǊƎȅΦ  

¢ƘŜ ǇŜǊŦƻǊƳŀƴŎŜǎ ƻŦ ǘƘŜǎŜ ǎȅǎǘŜƳǎ ǊŜƭȅ ƻƴ ƻȄȅƎŜƴ ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǝƻƴ ǎƛƴŎŜ ƻȄȅƎŜƴ ŜǾƻƭǳǝƻƴ 

ǊŜŀŎǝƻƴ όh9wύ ŀƴŘ ƻȄȅƎŜƴ ǊŜŘǳŎǝƻƴ ǊŜŀŎǝƻƴ όhwwύ ƻŎŎǳǊ ǊŜǎǇŜŎǝǾŜƭȅ ƛƴ ǘƘŜ ŎƘŀǊƎŜ ŀƴŘ ŘƛǎŎƘŀǊƎŜ 

ƻŦ ǘƘŜ ŎŜƭƭΦ ¢ƻ ǘǊȅ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ǿŜƭƭπƪƴƻǿƴ ǎƭǳƎƎƛǎƘ ƪƛƴŜǝŎǎ ƻŦ ǘƘŜǎŜ ǊŜŀŎǝƻƴǎ ŀƴŘ ǘƻ ƭƛƳƛǘ ǘƘŜ 

ƻǾŜǊǇƻǘŜƴǝŀƭπǊŜƭŀǘŜŘ ŜƴŜǊƎȅ ƭƻǎǎŜǎ ƛƴ ǘƘŜ ŎƘŀǊƎƛƴƎ ŀƴŘ ŘƛǎŎƘŀǊƎƛƴƎ ǇǊƻŎŜǎǎΣ ƴŜǿ ƪƛƴŘǎ ƻŦ 

ōƛŦǳƴŎǝƻƴŀƭ Ŏŀǘŀƭȅǎǘǎ ŀǊŜ ōŜƛƴƎ ŘŜǾŜƭƻǇŜŘΦ !ƳƻƴƎ ǘƘŜƳΣ ǎƛƴƎƭŜπŀǘƻƳ Ŏŀǘŀƭȅǎǘǎ ŀƴŘ ŘǳŀƭπŀǘƻƳ 

ŎŀǘŀƭȅǎǘǎΣ ƳŀŘŜ ōȅ ǎƛƴƎƭŜ ƳŜǘŀƭ ŀǘƻƳǎ ǿŜƭƭπŎƻƻǊŘƛƴŀǘŜŘ ƛƴ ŀ ŎƻƴŘǳŎǝǾŜ ǎǳǇǇƻǊǘΣ ǎŜŜƳ ǘƻ ōŜ ǘƘŜ 

Ƴƻǎǘ ǇǊƻƳƛǎƛƴƎ ǘƻ ǊŜǇƭŀŎŜ ǘƘŜ ǿŜƭƭπǇŜǊŦƻǊƳƛƴƎΣ ǘƘƻǳƎƘ ǎŎŀǊŎŜ ŀƴŘ ŜȄǇŜƴǎƛǾŜΣ ƴƻōƭŜ ƳŜǘŀƭǎ ǎǳŎƘ ŀǎ 

ǇƭŀǝƴǳƳΣ ƛǊƛŘƛǳƳΣ ŀƴŘ ǊƘƻŘƛǳƳΦ  

Lƴ ǘƘƛǎ ǘƘŜǎƛǎΣ ǘƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ŀŎǝǾƛǘȅ ǘƻǿŀǊŘǎ ƻȄȅƎŜƴ ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǝƻƴǎ ƻŦ ǎƛƴƎƭŜ ŀƴŘ Řǳŀƭπ

ŀǘƻƳ Ŏŀǘŀƭȅǎǘǎ ōŀǎŜŘ ƻƴ ƛǊƻƴ ŀƴŘ ƳŀƴƎŀƴŜǎŜ ƻƴ ŀ ƴƛǘǊƻƎŜƴπŘƻǇŜŘ ŎŀǊōƻƴ ƴŀƴƻǘǳōŜ ǎǳǇǇƻǊǘ ǿŀǎ 

ƛƴǾŜǎǝƎŀǘŜŘΦ ¢ƘŜ ǘŜǎǘŜŘ Ŏŀǘŀƭȅǎǘǎ ǿŜǊŜ ƻōǘŀƛƴŜŘ ǘƘǊƻǳƎƘ ŀ ǘƘŜǊƳŀƭ ǎȅƴǘƘŜǎƛǎ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛȊŜŘ 

ǳǎƛƴƎ ǘǊŀƴǎƳƛǎǎƛƻƴ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ό¢9aύΣ ·πǊŀȅ 5ƛũǊŀŎǝƻƴ ό·w5ύΣ ŀƴŘ ·πǊŀȅ tƘƻǘƻŜƭŜŎǘǊƻƴ 

{ǇŜŎǘǊƻǎŎƻǇȅ ό·t{ύΦ ¢ƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ǇǊƻǇƻǎŜŘ Ŏŀǘŀƭȅǎǘǎ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ 

ŜǾŀƭǳŀǝƴƎ ǘƘŜ hww ŀƴŘ h9w ŀŎǝǾƛǘȅ ƛƴ ŀƭƪŀƭƛƴŜ ŜƭŜŎǘǊƻƭȅǘŜ ǳǎƛƴƎ ǊƻǘŀǝƴƎ Řƛǎƪ ŜƭŜŎǘǊƻŘŜ όw59ύ ŀƴŘ 

ǊƻǘŀǝƴƎπǊƛƴƎ Řƛǎƪ ŜƭŜŎǘǊƻŘŜ όww59ύΦ ¢ƘŜ ŜũŜŎǘ ƻŦ ǘƘŜ ƛǊƻƴπǘƻπƳŀƴƎŀƴŜǎŜ Ǌŀǝƻ ƻƴ ǘƘŜ ƳƻǊǇƘƻƭƻƎȅ 

ŀƴŘ ǘƘŜ ŀŎǝǾƛǘȅ ƻŦ ǘƘŜ ǎȅƴǘƘŜǎƛȊŜŘ ƳŀǘŜǊƛŀƭǎ ǿŀǎ ŀƭǎƻ ŜȄŀƳƛƴŜŘΦ  



н 

{ƻƳƳŀǊƛƻ 

[ŀ ŎǊŜǎŎŜƴǘŜ ŘƻƳŀƴŘŀ Řƛ ŜƴŜǊƎƛŀ Ŝ ƭϥǳǊƎŜƴǘŜ ƴŜŎŜǎǎƛǘŁ Řƛ ŎƻƴǘǊŀǎǘŀǊŜ ƛƭ ŎŀƳōƛŀƳŜƴǘƻ ŎƭƛƳŀǝŎƻ 

ǎǘŀƴƴƻ ŀŎŎŜƭŜǊŀƴŘƻ ƭŀ ǘǊŀƴǎƛȊƛƻƴŜ Řŀƛ ŎƻƳōǳǎǝōƛƭƛ Ŧƻǎǎƛƭƛ ŀƭƭŜ Ŧƻƴǝ ŜƴŜǊƎŜǝŎƘŜ ǊƛƴƴƻǾŀōƛƭƛΦ ¢ǳǧŀǾƛŀΣ 

ƭϥƛƴǘŜǊƳƛǧŜƴȊŀ ƴŜƭƭŀ ǇǊƻŘǳȊƛƻƴŜ Řƛ ŜƴŜǊƎƛŀ Řŀ ǉǳŜǎǝ ǎƛǎǘŜƳƛ ǊŀǇǇǊŜǎŜƴǘŀ ǳƴŀ ǎŬŘŀ ǇŜǊ ƭƻ ǎǘƻŎŎŀƎƎƛƻ 

ŜŶŎƛŜƴǘŜ ŘŜƭƭϥŜƴŜǊƎƛŀΦ L ǎƛǎǘŜƳƛ Řƛ ŀŎŎǳƳǳƭƻ ŜƭŜǧǊƻŎƘƛƳƛŎƻ ǎƛ ǇǊƻǇƻƴƎƻƴƻ ŎƻƳŜ ǳƴŀ ǎƻƭǳȊƛƻƴŜ 

ǇǊƻƳŜǧŜƴǘŜ ŜΣ ǘǊŀ ǉǳŜǎǝΣ ƭŜ ōŀǧŜǊƛŜ ǎŜŎƻƴŘŀǊƛŜ ƳŜǘŀƭƭƻπŀǊƛŀ ǎƛ ŘƛǎǝƴƎǳƻƴƻ ǇŜǊ ƭŀ ƭƻǊƻ ǎƛŎǳǊŜȊȊŀΣ 

ǎŎŀƭŀōƛƭƛǘŁΣ ŜŎƻƴƻƳƛŎƛǘŁ ŜŘ ŜƭŜǾŀǘŀ ŘŜƴǎƛǘŁ Řƛ ŜƴŜǊƎƛŀΦ 

[Ŝ ǇǊŜǎǘŀȊƛƻƴƛ Řƛ ǉǳŜǎǘŜ ōŀǧŜǊƛŜ ŘƛǇŜƴŘƻƴƻ ŘŀƭƭŜ ǊŜŀȊƛƻƴƛ ŀƭƭϥŜƭŜǧǊƻŘƻ Řƛ ƻǎǎƛƎŜƴƻΥ ƭŀ ǊŜŀȊƛƻƴŜ Řƛ 

ŜǾƻƭǳȊƛƻƴŜ ŘŜƭƭϥƻǎǎƛƎŜƴƻ όh9wύ ŘǳǊŀƴǘŜ ƭŀ ŎŀǊƛŎŀ Ŝ ƭŀ ǊŜŀȊƛƻƴŜ Řƛ ǊƛŘǳȊƛƻƴŜ ŘŜƭƭϥƻǎǎƛƎŜƴƻ όhwwύ 

ŘǳǊŀƴǘŜ ƭŀ ǎŎŀǊƛŎŀΦ tŜǊ ǎǳǇŜǊŀǊŜ ƭŀ ŎƛƴŜǝŎŀ ƭŜƴǘŀ Řƛ ǉǳŜǎǘŜ ǊŜŀȊƛƻƴƛ Ŝ ƳƛƴƛƳƛȊȊŀǊŜ ƭŜ ǇŜǊŘƛǘŜ Řƛ 

ŜƴŜǊƎƛŀ ƭŜƎŀǘŜ ŀƭ ǎƻǾǊŀ ǇƻǘŜƴȊƛŀƭŜ ŘǳǊŀƴǘŜ ƭŀ ŎŀǊƛŎŀ Ŝ ƭŀ ǎŎŀǊƛŎŀΣ ǎƻƴƻ ƛƴ ŦŀǎŜ Řƛ ǎǾƛƭǳǇǇƻ ƴǳƻǾƛ 

ŎŀǘŀƭƛȊȊŀǘƻǊƛ ōƛŦǳƴȊƛƻƴŀƭƛΦ L ŎŀǘŀƭƛȊȊŀǘƻǊƛ ŀ ǎƛƴƎƻƭƻ ŀǘƻƳƻ Ŝ ŀ ŘƻǇǇƛƻ ŀǘƻƳƻΣ ŎƻƳǇƻǎǝ Řŀ ǎƛƴƎƻƭƛ ŀǘƻƳƛ 

ƳŜǘŀƭƭƛŎƛ ŀƴŎƻǊŀǝ ŀ ǳƴ ǎǳǇǇƻǊǘƻ ŎƻƴŘǳǩǾƻΣ ŀǇǇŀƛƻƴƻ ŎƻƳŜ ƛ ǎƻǎǝǘǳǝ ǇƛǴ ǇǊƻƳŜǧŜƴǝ ǇŜǊ ƛ ƳŜǘŀƭƭƛ 

ƴƻōƛƭƛΣ ŀŘ ŀƭǘŜ ǇǊŜǎǘŀȊƛƻƴƛ Ƴŀ ǊŀǊƛ Ŝ ŎƻǎǘƻǎƛΣ ŎƻƳŜ ǇƭŀǝƴƻΣ ƛǊƛŘƛƻ Ŝ ǊƻŘƛƻΦ 

Lƴ ǉǳŜǎǘŀ ǘŜǎƛ ǎƻƴƻ ŝ ǎǘŀǘŀ ƛƴǾŜǎǝƎŀǘŀ ƭϥŀǩǾƛǘŁ ŜƭŜǧǊƻŎƘƛƳƛŎŀ ǇŜǊ ƭŜ ǊŜŀȊƛƻƴƛ ŀƭƭϥŜƭŜǧǊƻŘƻ Řƛ ƻǎǎƛƎŜƴƻ 

Řƛ ŎŀǘŀƭƛȊȊŀǘƻǊƛ ŀ ǎƛƴƎƻƭƻ Ŝ ŘƻǇǇƛƻ ŀǘƻƳƻ ōŀǎŀǝ ǎǳ ŦŜǊǊƻ Ŝ ƳŀƴƎŀƴŜǎŜ ǎǳ ǎǳǇǇƻǊǝ Řƛ ƴŀƴƻǘǳōƛ Řƛ 

ŎŀǊōƻƴƛƻ ŘƻǇŀǝ Ŏƻƴ ŀȊƻǘƻΦ L ŎŀǘŀƭƛȊȊŀǘƻǊƛ ǎƻƴƻ ǎǘŀǝ ǎƛƴǘŜǝȊȊŀǝ ǘŜǊƳƛŎŀƳŜƴǘŜ Ŝ ŎŀǊŀǧŜǊƛȊȊŀǝ 

ƳŜŘƛŀƴǘŜ ƳƛŎǊƻǎŎƻǇƛŀ ŜƭŜǧǊƻƴƛŎŀ ŀ ǘǊŀǎƳƛǎǎƛƻƴŜ ό¢9aύΣ ŘƛũǊŀȊƛƻƴŜ Řƛ ǊŀƎƎƛ · ό·w5ύ Ŝ ǎǇŜǧǊƻǎŎƻǇƛŀ 

ŦƻǘƻŜƭŜǧǊƻƴƛŎŀ ŀ ǊŀƎƎƛ · ό·t{ύΦ [Ŝ ƭƻǊƻ ǇǊŜǎǘŀȊƛƻƴƛ ŜƭŜǧǊƻŎƘƛƳƛŎƘŜ ǇŜǊ hww Ŝ h9w ǎƻƴƻ ǎǘŀǘŜ ǾŀƭǳǘŀǘŜ 

ƛƴ ŜƭŜǧǊƻƭƛǘŀ ŀƭŎŀƭƛƴƻ ƳŜŘƛŀƴǘŜ ŜƭŜǧǊƻŘƻ ŀ ŘƛǎŎƻ ǊƻǘŀƴǘŜ όw59ύ ŜŘ ŜƭŜǧǊƻŘƻ ŀ ŘƛǎŎƻ ŀŘ ŀƴŜƭƭƻ ǊƻǘŀƴǘŜ 

όww59ύΦ LƴŬƴŜΣ ŝ ǎǘŀǘŀ ŜǎŀƳƛƴŀǘŀ ƭϥƛƴƅǳŜƴȊŀ ŘŜƭ ǊŀǇǇƻǊǘƻ ŦŜǊǊƻπƳŀƴƎŀƴŜǎŜ ǎǳƭƭŀ ƳƻǊŦƻƭƻƎƛŀ Ŝ 

ǎǳƭƭϥŀǩǾƛǘŁ ŘŜƛ ƳŀǘŜǊƛŀƭƛ ǎƛƴǘŜǝȊȊŀǝΦ 

  



о 

LƴŘŜȄ 

!ōǎǘǊŀŎǘ м 

{ƻƳƳŀǊƛƻ н 

/ƘŀǇǘŜǊ м ς LƴǘǊƻŘǳŎǝƻƴ р 

мΦм  9ƴŜǊƎȅ р 

мΦн  wŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ  с 

мΦо  9ƴŜǊƎȅ ǎǘƻǊŀƎŜ т 

мΦп  aŜǘŀƭπ!ƛǊ ōŀǧŜǊƛŜǎ ф 

мΦр  hȄȅƎŜƴ 9ƭŜŎǘǊƻŘŜ wŜŀŎǝƻƴǎ мн 

мΦс /ŀǘŀƭȅǎǘǎ ŦƻǊ {ŜŎƻƴŘŀǊȅ aŜǘŀƭπ!ƛǊ .ŀǧŜǊƛŜǎ мп 

мΦт  {ƛƴƎƭŜ !ǘƻƳ /ŀǘŀƭȅǎǘǎ мр 

/ƘŀǇǘŜǊ н ς aŀǘŜǊƛŀƭǎ {ȅƴǘƘŜǎƛǎ ŀƴŘ /ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ aŜǘƘƻŘǎ мф 

нΦм aŀǘŜǊƛŀƭ {ȅƴǘƘŜǎƛǎ мф 

нΦн tƘȅǎƛŎƻŎƘŜƳƛŎŀƭ /ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ aŜǘƘƻŘǎ нл 

 нΦнΦм ¢ǊŀƴǎƳƛǎǎƛƻƴ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅ нл 

 нΦнΦн ·πǊŀȅ ŘƛũǊŀŎǝƻƴ нн 

 нΦнΦо ·πǊŀȅ tƘƻǘƻŜƭŜŎǘǊƻƴ {ǇŜŎǘǊƻǎŎƻǇȅ нп 

нΦо 9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ /ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ aŜǘƘƻŘǎ нс 

/ƘŀǇǘŜǊ о ς 9ȄǇŜǊƛƳŜƴǘŀƭ wŜǎǳƭǘǎ ом 

оΦм tƘȅǎƛŎƻŎƘŜƳƛŎŀƭ /ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ом 

оΦн 9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ /ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ пф 

 оΦнΦм hȄȅƎŜƴ wŜŘǳŎǝƻƴ wŜŀŎǝƻƴ όhwwύ пф 

 оΦнΦн hȄȅƎŜƴ 9Ǿƻƭǳǝƻƴ wŜŀŎǝƻƴ όh9wύ ру 

/ƻƴŎƭǳǎƛƻƴǎ  со 

wƛŀǎǎǳƴǘƻ ŜǎǘŜǎƻ  сс 

wŜŦŜǊŜƴŎŜǎ   тм 

!ŎƪƴƻǿƭŜŘƎƳŜƴǘǎ  ту 

  



п 

  



р 

/I!t¢9w м ς Lb¢wh5¦/¢Lhb 

мΦм ς 9ƴŜǊƎȅ 

Lƴ ǘƻŘŀȅϥǎ ǿƻǊƭŘΣ ǿŜ ŀǊŜ ŎƻƴŦǊƻƴǘŜŘ ǿƛǘƘ ŀ ŎǊǳŎƛŀƭ ŜƴŜǊƎȅ ŘƛƭŜƳƳŀ ǘƘŀǘ Ŏŀƭƭǎ ŦƻǊ ǳǊƎŜƴǘ ŀŎǝƻƴΦ ²Ŝ 

Ƴǳǎǘ ŀŘŘǊŜǎǎ ǘƘŜ ŎƘŀƭƭŜƴƎŜ ƻŦ ƳƛǝƎŀǝƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǿƘƛƭŜ ŀƭǎƻ ƳŜŜǝƴƎ ǘƘŜ ƎǊƻǿƛƴƎ ŜƴŜǊƎȅ 

ŘŜƳŀƴŘΣ ǿƛǘƘƻǳǘ ŎƻƳǇǊƻƳƛǎƛƴƎ ƘǳƳŀƴ ŘŜǾŜƭƻǇƳŜƴǘΦ ¢Ƙƛǎ ŎƻƳǇƭŜȄ ŜƴŜǊƎȅ ǇǊƻōƭŜƳ ǎǘŜƳǎ ŦǊƻƳ 

ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ƻǳǊ ǊŜƭƛŀƴŎŜ ƻƴ Ŧƻǎǎƛƭ ŦǳŜƭǎΣ ƛƴŜŶŎƛŜƴǘ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎΣ ŀƴŘ ǘƘŜ ƴŜŜŘ ǘƻ ǎƘƛƊ ǘƻǿŀǊŘǎ 

ǊŜƴŜǿŀōƭŜ ǎƻǳǊŎŜǎΦ CƛƎǳǊŜ м ǊŜǇƻǊǘǎ ǘƘŜ ƻǳǘǎǘŀƴŘƛƴƎ ƛƴŎǊŜŀǎŜ ƛƴ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ŦƻǊŜŎŀǎǘ ŦƻǊ нлол 

ōƻǘƘ ƻƴ ǘƘŜ Ǝƭƻōŀƭ ŀƴŘ ǇŜǊπŎŀǇƛǘŀ ƭŜǾŜƭǎΦ DƛǾŜƴ ǘƘŜ ŎǳǊǊŜƴǘ ŜƴŜǊƎȅ ǇǊƻŘǳŎǝƻƴ ǎȅǎǘŜƳǎΣ ōŀǎŜŘ 

ǇǊƛƳŀǊƛƭȅ ƻƴ Ŧƻǎǎƛƭ ŦǳŜƭǎΣ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ƛǎ ǘƻ ōŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ 

ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎ ŀƴŘ /hн ŜƳƛǎǎƛƻƴǎΣ ŀƎƎǊŀǾŀǝƴƎ ǘƘŜ ȅŜǘ ǇǊƻōƭŜƳŀǝŎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ 

Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǘƘŜ ŦƻŎǳǎ ƻƴ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ Ƙŀǎ ƻŎŎǳǇƛŜŘ ŀ ǊŜƭŜǾŀƴǘ Ǉƻǎƛǝƻƴ ƛƴ ǘƘŜ ǎƻŎƛŀƭΣ 

ƳŜŘƛŀǝŎΣ ƎƻǾŜǊƴƳŜƴǘŀƭΣ ŀƴŘ ǎŎƛŜƴǝŬŎ ǎǇƘŜǊŜǎΣ ǊŜƅŜŎǝƴƎ ŀ ƎǊƻǿƛƴƎ ŀǿŀǊŜƴŜǎǎ ƻŦ ǘƘŜ ǳǊƎŜƴǘ ƴŜŜŘ 

ŦƻǊ ŎƻƭƭŜŎǝǾŜ ŀŎǝƻƴ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ƛǎǎǳŜΦ !ǎ ƻǳǘƭƛƴŜŘ ƛƴ ǘƘŜ bŜǘ ½ŜǊƻ {ŎŜƴŀǊƛƻ ōȅ ǘƘŜ LƴǘŜǊƴŀǝƻƴŀƭ 

9ƴŜǊƎȅ !ƎŜƴŎȅ όL9!ύΣ ŀŎƘƛŜǾƛƴƎ ŎŀǊōƻƴ ƴŜǳǘǊŀƭƛǘȅ ōȅ нлрл ƛǎ ƴƻǘ ƻƴƭȅ ƻŦ ǇŀǊŀƳƻǳƴǘ ƛƳǇƻǊǘŀƴŎŜ ōǳǘ 

ŀƴ ŜȄƛǎǘŜƴǝŀƭ ƴŜŎŜǎǎƛǘȅ ǘƻ ǎŀŦŜƎǳŀǊŘ ŀƎŀƛƴǎǘ ŘƛǎŀǎǘǊƻǳǎ ŎƭƛƳŀǘŜ ƛƳǇŀŎǘǎ ŀƴŘ ŜƴǎǳǊŜ ŀ ǎǳǎǘŀƛƴŀōƭŜ 

ŦǳǘǳǊŜ ŦƻǊ ŀƭƭΦ  

hƴŜ ƻŦ ǘƘŜ Ƴŀƛƴ ŦƻŎǳǎŜǎ ƻŦ ǘƘŜ L9! ǊŜǇƻǊǘ ƛǎ ŜƭŜŎǘǊƛŎƛǘȅΦ L9! Řŀǘŀ ǊŜǇƻǊǘ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ 

ǇǊƻŘǳŎǝƻƴ ƻŦ уп҈ ōŜǘǿŜŜƴ нллл ŀƴŘ нлнмΣ ŀƴŘ ŀƴ ŀŘŘƛǝƻƴŀƭ ƛƴŎǊŜŀǎŜ ƻŦ оΦс҈ ƻƴ ŀƴ ŀƴƴǳŀƭ ōŀǎƛǎ 

CƛƎǳǊŜ мΦ tŀǎǘΣ ǇǊŜǎŜƴǘΣ ŀƴŘ ŦƻǊŜŎŀǎǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŜƴŜǊƎȅ ƴŜŜŘǎ ǳǇ ǘƻ нлрл ŀŘŀǇǘŜŘ ŦǊƻƳ ǊŜŦΦ ώмϐ ό¢h9 Ґ ǘƻƴ ƻŦ ƻƛƭ 
ŜǉǳƛǾŀƭŜƴǘύ 



с 

ƛǎ ŦƻǊŜŎŀǎǘŜŘ ǘƘǊƻǳƎƘ нлнс ώнϐ ǿƛǘƘ ŀ ǇǊŜŘƛŎǘŀōƭŜ ŎƻƴǎƛǎǘŜƴǘ ǘǊŜƴŘ ƛƴ ŦǳǘǳǊŜ ȅŜŀǊǎΦ bƻƴŜǘƘŜƭŜǎǎΣ ǘƘŜ 

Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ǊŜōǳƛƭŘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǝƻƴ ǘƻ ōŜ ǇǊƻƎǊŜǎǎƛǾŜƭȅ ŎƭŜŀƴŜǊ ƳƻǝǾŀǘŜǎ ǘƘŜ 

ŜƭŜŎǘǊƛŬŎŀǝƻƴ ƻŦ Ƴŀƴȅ ǎŜŎǘƻǊǎ ǇǊŜǾƛƻǳǎƭȅ ŘƻƳƛƴŀǘŜŘ ōȅ Ŧƻǎǎƛƭ ŦǳŜƭǎΦ {ǳŎƘ ŀ ǎƘƛƊ ƛǎ ƳŀŘŜ ǇƻǎǎƛōƭŜ ōȅ 

ǘƘŜ Řƛũǳǎƛƻƴ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŜƴǎǳǊŜ ǎǳǎǘŀƛƴŀōƭŜ ŀƴŘ ƎǊŜŜƴ ŜƴŜǊƎȅ 

ǇǊƻŘǳŎǝƻƴΦ 

мΦн ς wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ {ƻǳǊŎŜǎ 

wŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǝƻƴ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ƪŜȅ ǇŀǊŀƳŜǘŜǊǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ƭŀǘŜǎǘ L9! Ǝƭƻōŀƭ 

ƎǳƛŘŜƭƛƴŜ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΥ ǘƘŜ bŜǘ ½ŜǊƻ 9Ƴƛǎǎƛƻƴǎ ōȅ нлрл {ŎŜƴŀǊƛƻ όb½9 {ŎŜƴŀǊƛƻύΦ Lǘ 

Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ǇŀǘƘǿŀȅ ŦƻǊ ǘƘŜ Ǝƭƻōŀƭ ŜƴŜǊƎȅ ǎŜŎǘƻǊ ǘƻ ŀŎƘƛŜǾŜ ƴŜǘ ȊŜǊƻ /hн ŜƳƛǎǎƛƻƴǎ ōȅ нлрлΣ ƭƛƳƛǝƴƎ 

ǘƘŜ Ǝƭƻōŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ǊƛǎŜ ǘƻ мΦр  / όǿƛǘƘ ŀǘ ƭŜŀǎǘ ŀ рл҈ ǇǊƻōŀōƛƭƛǘȅύΣ ƛƴ ƭƛƴŜ ǿƛǘƘ ŜƳƛǎǎƛƻƴǎ 

ǊŜŘǳŎǝƻƴǎ ŀǎǎŜǎǎŜŘ ƛƴ ǘƘŜ LƴǘŜǊƎƻǾŜǊƴƳŜƴǘŀƭ tŀƴŜƭ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜ όLt//ύΩǎ {ƛȄǘƘ !ǎǎŜǎǎƳŜƴǘ 

wŜǇƻǊǘΦ ¢ƘŜ b½9 ǎŎŜƴŀǊƛƻ ŀŎŎƻǳƴǘǎ ŦƻǊ ǘƘŜ ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ǘƻ ǘǊƛǇƭŜ ōȅ нлол ŀƴŘ ǘƻ ƎǊƻǿ 

ŜƛƎƘǜƻƭŘ ōȅ нлрлΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нΦ 

/ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŦƻǊŜŎŀǎǘŜŘ ŜƴŜǊƎȅ ƳƛȄΣ ǘƘŜ ŦǊŀŎǝƻƴ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ǎƻƭŀǊ ǇƘƻǘƻǾƻƭǘŀƛŎΣ 

ŀƴŘ ǿƛƴŘ ǿƛƭƭ ǊŜŀŎƘ ǘƘŜ ǾŀƭǳŜ ƻŦ ст҈ ōȅ нлрлΦ ¢ƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ƘƻǿŜǾŜǊ ƛƴǘŜǊƳƛǧŜƴǘΣ 

ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƭƻŎŀƭ ŀƴŘ ǾŀǊƛŀōƭŜ ŎƭƛƳŀǝŎ ŎƻƴŘƛǝƻƴǎΣ ŜȄǇƻǎƛƴƎ ǘƘŜ ǿƘƻƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ŘƛǎǘǊƛōǳǝƻƴ 

ǎȅǎǘŜƳ ǘƻ ƅǳŎǘǳŀǝƻƴǎ ŀƴŘ ŜƴŜǊƎȅ ǎƘƻǊǘŀƎŜǎΦ 

CƛƎǳǊŜ нΦ Dƭƻōŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǝƻƴ ŦƻǊŜŎŀǎǘ ōȅ ǎƻǳǊŎŜ ƛƴ ǘƘŜ bŜǘ ½ŜǊƻ ōȅ нлрл ǎŎŜƴŀǊƛƻ ŀŘŀǇǘŜŘ ŦǊƻƳ ǊŜŦΦ  ώоϐ 



т 

мΦо ς 9ƴŜǊƎȅ ǎǘƻǊŀƎŜ  

¢ƘŜ ŜǾŜǊπƎǊƻǿƛƴƎ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǘƘŜ ƅǳŎǘǳŀǝƻƴǎ ƻŦ ƎǊŜŜƴ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ ƳƻǝǾŀǘŜǎ 

ǘƘŜ ƛƴǘŜǊŜǎǘ ƛƴ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 9ƴŜǊƎȅ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎ ŀƭƭƻǿ ŦƻǊ ōŀƭŀƴŎƛƴƎ ǘƘŜ ǳƴǎǘŀōƭŜ 

ƭƻŀŘ ƛƳǇŀŎǘǎ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎƛŜǎΣ ƻũŜǊƛƴƎ ŜȄǘǊŀ ǎŜǊǾƛŎŜǎ ǎǳŎƘ ŀǎ ŦǊŜǉǳŜƴŎȅ ŀƴŘ ǾƻƭǘŀƎŜ ǎǘŀōƛƭƛǘȅΣ 

ƳŀƛƴǘŀƛƴƛƴƎ ŀ ǎǘŀōƭŜ ŜƴŜǊƎȅ ǎǳǇǇƭȅΣ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ŘŜǇŜƴŘŀōƛƭƛǘȅ ŀƴŘ ǎǇǊŜŀŘ ώпϐΦ Lƴ ƎŜƴŜǊŀƭΣ ǎǳŎƘ 

ǎȅǎǘŜƳǎ Ŏŀƴ ōŜ ŎŀǘŜƎƻǊƛȊŜŘ ƛƴǘƻ ŬǾŜ ƎǊƻǳǇǎ ŀŎŎƻǊŘƛƴƎ ǘƻ Ƙƻǿ ŜƴŜǊƎȅ ƛǎ ŜũŜŎǝǾŜƭȅ ǎǘƻǊŜŘΥ 

ƳŜŎƘŀƴƛŎŀƭΣ ǘƘŜǊƳŀƭΣ ŎƘŜƳƛŎŀƭΣ ŜƭŜŎǘǊƛŎŀƭΣ ŀƴŘ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǎǘƻǊŀƎŜΦ aŜŎƘŀƴƛŎŀƭ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎ 

ǊŜƭȅ ƻƴ ŎƻƴǾŜǊǝƴƎ ǘƘŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜ ƛƴǘƻ ƳŜŎƘŀƴƛŎŀƭ ŜƴŜǊƎȅΣ ŜƛǘƘŜǊ ƪƛƴŜǝŎ ƻǊ ǇƻǘŜƴǝŀƭΦ ¢ƘŜ Ƴƻǎǘ 

ŘƛũǳǎŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ǇǳƳǇŜŘ ǎǘƻǊŀƎŜ ƘȅŘǊƻǇƻǿŜǊΣ ŎƻƳǇǊŜǎǎŜŘ ŀƛǊ ǎǘƻǊŀƎŜΣ ŀƴŘ ƅȅǿƘŜŜƭǎΦ 

¢ƘŜǊƳŀƭ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎ ŜȄǇƭƻƛǘ ǘƘŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜ ǘƻ ŀŎŎǳƳǳƭŀǘŜ ǎŜƴǎƛōƭŜ ƻǊ ƭŀǘŜƴǘ ƘŜŀǘ ƻǊ ǘƻ 

ǇǊƻƳƻǘŜ ƘƛƎƘπǘŜƳǇŜǊŀǘǳǊŜ ǘƘŜǊƳƻŎƘŜƳƛŎŀƭ ǊŜŀŎǝƻƴǎΦ Lƴ /ƘŜƳƛŎŀƭ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎ ǘƘŜ ŜƴŜǊƎȅ 

ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ǎƻǳǊŎŜ ƛǎ ŀŎŎǳƳǳƭŀǘŜŘ ƛƴ ǘƘŜ ŎƘŜƳƛŎŀƭ ōƻƴŘǎ ƻŦ ŀ ŦǳŜƭΣ ŎƻƳƳƻƴƭȅ ƳƻƭŜŎǳƭŀǊ 

ƘȅŘǊƻƎŜƴΣ ƘȅŘǊƻŎŀǊōƻƴǎΣ ŀƴŘ ŀƳƳƻƴƛŀΦ 5ƻǳōƭŜπƭŀȅŜǊ ŎŀǇŀŎƛǘƻǊǎ ŀǊŜ ǘƘŜ Ƴƻǎǘ ŘƛũǳǎŜŘ ǘŜŎƘƴƻƭƻƎȅ 

ŎƻƴŎŜǊƴƛƴƎ ŜƭŜŎǘǊƛŎŀƭ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜΦ Lƴ ǘƘŜǎŜ ŘŜǾƛŎŜǎΣ ŜƴŜǊƎȅ Ŏŀƴ ōŜ ǎǘƻǊŜŘ ŀǎ ŎƘŀǊƎŜǎ ƻƴ ǘƘŜ 

ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŘŜǎΦ CƛƴŀƭƭȅΣ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎ ŎƻƴǾŜǊǘ ǘƘŜ ǎǳǇǇƭƛŜŘ 

ŜƭŜŎǘǊƛŎŀƭ ŜƴŜǊƎȅ ƛƴǘƻ ŎƘŜƳƛŎŀƭ ŜƴŜǊƎȅ ǘƘŀǘ ƛǎ ǎǘƻǊŜŘ ǘƘŀƴƪǎ ǘƻ ŀ ǊŜŘƻȄ ǊŜŀŎǝƻƴΦ  

IŀǾƛƴƎ ǎǳŎƘ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ŘƛũŜǊŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻƴ ǿƘƻƳ ǘƘŜȅ ǊŜƭȅΣ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎ ǎƘƻǿ 

ǾŜǊȅ ŘƛũŜǊŜƴǘ ƻǇŜǊŀǝƻƴŀƭ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ǘƘŜƛǊ ƎƻƻŘƴŜǎǎ ŀƴŘ ǎǳƛǘŀōƛƭƛǘȅ 

ŦƻǊ ǿƛŘŜ Řƛũǳǎƛƻƴ ǎƘƻǳƭŘ ōŜ ŜǾŀƭǳŀǘŜŘ ŎƻƴǎƛŘŜǊƛƴƎ ƛƴƛǝŀƭ ƛƴǾŜǎǘƳŜƴǘΣ ŘƛǎŎƘŀǊƎŜ ǝƳŜΣ ǊŜŀŎǝƻƴ ǝƳŜ 

ǊŜǎǇƻƴǎŜΣ ǊŀǘŜŘ ǇƻǿŜǊΣ ŜŶŎƛŜƴŎȅΣ ǎǘŀōƛƭƛǘȅ ƛƴ ǝƳŜΣ ŀƴŘ ŜȄǇŜŎǘŜŘ ƭƛŦŜǝƳŜΦ  

!ǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜƛǊ ƛƴƘŜǊŜƴǘ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΣ ǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ŘŜǾƛŎŜǎ ŀǊŜ ǘƻ ōŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ 

ǘƘŜ ŎƻƳǇŜǝǝƻƴ ǎƛƴŎŜ ǘƘŜȅ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǝƳŜπƭƛƳƛǘŜŘ ǎǘƻǊŀƎŜ ŀƴŘ ŜȄǘǊŜƳŜƭȅ ǇƻƻǊ ŜŶŎƛŜƴŎȅ 

ƻŦ ǘƘŜ ǊŜǾŜǊǎŜ ǊŜŎƻǾŜǊȅ ƻŦ ƘŜŀǘ ƛƴǘƻ ŜƭŜŎǘǊƛŎƛǘȅΦ 9ƭŜŎǘǊƛŎŀƭ ǎȅǎǘŜƳǎ ƛƴǎǘŜŀŘ ŀǊŜ ȅŜǘ ǘƻ ŀŎƘƛŜǾŜ ǎǳŶŎƛŜƴǘ 

ǊŀǘŜŘ ǇƻǿŜǊ ǘƻ ǇǊƻǾƛŘŜ ǿƛŘŜǎǇǊŜŀŘ ŘƛũǳǎƛƻƴΦ !ǎ ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ оΣ ǘƘŜ ōŜǎǘ ǊŜǎǳƭǘǎ ƛƴ ǘŜǊƳǎ 

ƻŦ ŘƛǎŎƘŀǊƎŜ ǝƳŜ ŀƴŘ ǊŀǘŜŘ ǇƻǿŜǊ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎ ƻŦ ǇǳƳǇŜŘ ǎǘƻǊŀƎŜ ƘȅŘǊƻŜƭŜŎǘǊƛŎ ǎȅǎǘŜƳǎΦ 

5ŜǎǇƛǘŜ ǘƘŜƛǊ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ƭƻǿ ƻǇŜǊŀǝƻƴŀƭ ŎƻǎǘΣ ǎǳŎƘ ǎȅǎǘŜƳǎ ŀǊŜ ƭƛƳƛǘŜŘ ōȅ ǎƛǘŜ 

ǎŜƭŜŎǝƻƴ ŀƴŘ ǊŜǉǳƛǊŜ ŀ ƭŀǊƎŜ ƛƴƛǝŀƭ ƛƴǾŜǎǘƳŜƴǘ ŀƴŘ ƭƻƴƎ ŎƻƴǎǘǊǳŎǝƻƴ ǇŜǊƛƻŘǎ ŀǎ ǿŜƭƭ ŀǎ ŀ ƭƻƴƎ 

ǊŜŀŎǝƻƴ ǝƳŜ όǳǇ ǘƻ мл Ƴƛƴύ ώрϐΦ 



у 

hƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǇǊƻƳƛǎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ ǎǘƻǊƛƴƎ ŜȄŎŜǎǎ ŜƴŜǊƎȅ ŦǊƻƳ ǊŜƴŜǿŀōƭŜ ǎȅǎǘŜƳǎ ŘǳǊƛƴƎ 

ƻũπǇŜŀƪ ƘƻǳǊǎ ƛǎ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǎǘƻǊŀƎŜ ƻŦ ƘȅŘǊƻƎŜƴΦ ¢ƘŜǎŜ ǎǘƻǊŀƎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǇǊŜǎŜƴǘ ŀ 

ǇƻǿŜǊ ǊŀǘŜ ǊŀƴƎŜ ƛƴ ǘƘŜ ƻǊŘŜǊ ƻŦ мл a² ŀƴŘ ŀǊŜ ǎǳƛǘŀōƭŜ ŦƻǊ ƭƻƴƎπǘŜǊƳ ǎǘƻǊŀƎŜ ώсϐΦ IƻǿŜǾŜǊΣ ǘƘŜ 

ŎƻƳƳŜǊŎƛŀƭƛȊŀǝƻƴ ƻŦ IȅŘǊƻƎŜƴπōŀǎŜŘ ǎȅǎǘŜƳǎ ǊŜǉǳƛǊŜǎ ŀŘŘǊŜǎǎƛƴƎ ŎƘŀƭƭŜƴƎŜǎ ǊŜƭŀǘŜŘ ǘƻ ǎǘƻǊŀƎŜ 

ƳŜǘƘƻŘǎΣ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ƳƻŘŜǎΣ ŜŶŎƛŜƴŎȅ ƻǇǝƳƛȊŀǝƻƴΣ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ŀŘƻǇǝƻƴǎ ώтϐΦ 

9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎ ƛƴǎǘŜŀŘΣ ǎƘƻǿƛƴƎ ƛƴǘŜǊƳŜŘƛŀǘŜ ǇŜǊŦƻǊƳŀƴŎŜǎ ŀƳƻƴƎ ǘƘŜ ŀǾŀƛƭŀōƭŜ 

ǘŜŎƘƴƻƭƻƎƛŜǎ Ŧŀǎǘ ǊŜŀŎǝƻƴ ǝƳŜΣ ŀƴŘ ƎƻƻŘ ǊŜƭƛŀōƛƭƛǘȅ ŀǊŜ ŜƭŜŎǘŜŘ ǘƻ ōŜ ǘƘŜ ƭŜŀŘƛƴƎ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ 

ǎƻƭǳǝƻƴΦ 

!ƳƻƴƎ ǘƘŜ ǎŜǾŜǊŀƭ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎΣ [ƛǘƘƛǳƳπƛƻƴ ōŀǧŜǊƛŜǎ ŀǊŜ ǊŜƎŀǊŘŜŘ ŀǎ ǘƘŜ Ƴƻǎǘ 

ǾƛŀōƭŜ ƻǇǝƻƴǎ ŦƻǊ ƎǊƛŘπǎŎŀƭŜ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜΦ IƻǿŜǾŜǊΣ ŎǳǊǊŜƴǘ ƭƛǘƘƛǳƳπƛƻƴ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ǎǝƭƭ 

ǎǳũŜǊƛƴƎ ŦǊƻƳ ƛƴǎǳŶŎƛŜƴǘ ŜƴŜǊƎȅ ŘŜƴǎƛǘȅΣ ǊŜƭŀǝǾŜƭȅ ƘƛƎƘ ŎƻǎǘΣ ŀƴŘ ǇƻǘŜƴǝŀƭ ǎŀŦŜǘȅ Ǌƛǎƪǎ ώуϐΦ [ƛǘƘƛǳƳπ

ƛƻƴ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ŀƭǎƻ ƭƛƳƛǘŜŘ ōȅ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ Ǌŀǿ ƳŀǘŜǊƛŀƭǎ ƛƴǾƻƭǾŜŘ ƛƴ ƛǘǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ Lƴ ŦŀŎǘΣ 

ǎŜǾŜǊŀƭ ƻŦ ƛǘǎ ƪŜȅ ŎƻƳǇƻƴŜƴǘǎ ƘŀǾŜ ōŜŜƴ ŎƻƴǎƛǎǘŜƴǘƭȅ ƭƛǎǘŜŘ ŀƳƻƴƎ ǘƘŜ /ǊƛǝŎŀƭ wŀǿ aŀǘŜǊƛŀƭǎ ōȅ ǘƘŜ 

9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΣ ōŜƛƴƎ ǎǳōƧŜŎǘ ǘƻ ǇƻǘŜƴǝŀƭ ǎǳǇǇƭȅ Ǌƛǎƪ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ /ƻōŀƭǘ ŀƴŘ DǊŀǇƘƛǘŜ ƘŀǾŜ 

ōŜƭƻƴƎŜŘ ǘƻ ǘƘƛǎ ƭƛǎǘ ǎƛƴŎŜ нлмл ǿƘƛƭŜ [ƛǘƘƛǳƳ Ƙŀǎ ōŜŜƴ ǇǊŜǎŜƴǘ ǎƛƴŎŜ нлнлΦ ¢ƘŜǎŜ ƳŀǘŜǊƛŀƭǎ ŀǊŜ 

ƳŀǎǎƛǾŜƭȅ ŜƳǇƭƻȅŜŘ ǘƻ ǊŜŀƭƛȊŜ ǘƘŜ ŜƭŜŎǘǊƻŘŜǎ ƛƴ [ƛπƛƻƴ ōŀǧŜǊƛŜǎ ōǳǘ ƻǘƘŜǊ ƪŜȅ ŜƭŜƳŜƴǘǎΣ ǎǳŎƘ ŀǎ ǘƘŜ 

/ƻǇǇŜǊ ŜƭŜŎǘǊƛŎŀƭ ŎƻƴǘŀŎǘǎ ƻǊ ǘƘŜ CƭǳƻǊƛƴŜπōŀǎŜŘ ŜƭŜŎǘǊƻƭȅǘŜǎΣ ŀǊŜ ŀƭǎƻ ŘŜǇƛŎǘŜŘ ƛƴ ǘƘŜ ƭƛǎǘΦ  

¢ƘŜ ƛǎǎǳŜ ƻŦ ǘƘŜ ƭƛƳƛǘŜŘ ǊŜǎŜǊǾƻƛǊ ƻŦ ǘƘŜǎŜ ƳŀǘŜǊƛŀƭǎ ƎǊƻǿǎ ǿƻǊǎŜ ƛŦ ǘƘŜ ŦƻǊŜŎŀǎǘ ƻŦ ōŀǧŜǊȅ ŘŜƳŀƴŘ 

ƛǎ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ L9!Σ ǘƘŜ Dƭƻōŀƭ ƛƴǎǘŀƭƭŜŘ ƎǊƛŘπǎŎŀƭŜ ōŀǧŜǊȅ ǎǘƻǊŀƎŜ ŎŀǇŀŎƛǘȅ ƛƴ 

CƛƎǳǊŜ оΦ tƻǿŜǊ ǊŀǝƴƎǎ ŀƴŘ ŘƛǎŎƘŀǊƎŜ ǝƳŜǎ όƛΦŜΦΣ ŜƴŜǊƎȅ ǊŀǝƴƎǎύ ƻŦ ǾŀǊƛŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀŘŀǇǘŜŘ ŦǊƻƳ ǊŜŦΦ ώрϐ 



ф 

ǘƘŜ bŜǘ ½ŜǊƻ {ŎŜƴŀǊƛƻ ǿƛƭƭ ǊŜǉǳƛǊŜ фст D² ōŀǧŜǊȅ ǎǘƻǊŀƎŜ ŎŀǇŀŎƛǘȅ ƛƴ нлолΦ ¢ƘŜ ƛƴǎǘŀƭƭŜŘ ǾŀƭǳŜ ƛƴ 

нлнн ǿŀǎ ƭƛƳƛǘŜŘ ǘƻ ну D²Φ 

Lƴ ǎǳŎƘ ŀ ŦǊŀƳŜǿƻǊƪΣ ƛǘ ƛǎ ŎǊƛǝŎŀƭ ǘƻ ŬƴŘ ǾŀƭƛŘ ŀƭǘŜǊƴŀǝǾŜǎ ǘƻ [ƛπƛƻƴ ōŀǧŜǊƛŜǎ ǘƻ ǎŀǝǎŦȅ ǘƘŜ ŦƻǊŜǎŜŜƴ 

ǎǘƻǊŀƎŜ ŘŜƳŀƴŘ ǿƘƛƭŜ ŀŎƘƛŜǾƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǘŜǊƳǎ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ǎƻŎƛŀƭ 

ƛƳǇŀŎǘΦ 

мΦп ς aŜǘŀƭπ!ƛǊ ōŀǧŜǊƛŜǎ 

hƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǇǊƻƳƛǎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛǎ aŜǘŀƭπ!ƛǊ ōŀǧŜǊƛŜǎΦ ¢Ƙƛǎ ŎŀǘŜƎƻǊȅ ƻŦ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ŎŜƭƭǎ 

ǿŀǎ ŬǊǎǘ ŘŜǎƛƎƴŜŘ ƛƴ ǘƘŜ мфолǎ ŀǎ ǇǊƛƳŀǊȅ ōŀǧŜǊƛŜǎ ŀƴŘ ƎŜƴŜǊŀǘŜǎ ŜƭŜŎǘǊƛŎŀƭ ŜƴŜǊƎȅ ǘƘǊƻǳƎƘ ǘƘŜ 

ǊŜŀŎǝƻƴ ƻŦ ŀ ƳŜǘŀƭ ŜƭŜŎǘǊƻŘŜ ǿƛǘƘ hȄȅƎŜƴ ŦǊƻƳ ǘƘŜ ŀƛǊΦ ¢ƘŜȅ ŀǊŜ ŎƻƳǇƻǎŜŘ ƻŦ ŀ ǊŜŀŎǝǾŜ ƳŜǘŀƭ όǎǳŎƘ 

ŀǎ ȊƛƴŎΣ ŀƭǳƳƛƴǳƳΣ ǎƻŘƛǳƳΣ ƻǊ ƭƛǘƘƛǳƳύ ŀǎ ǘƘŜ ŀƴƻŘŜ ŀƴŘ ŀƴ ŀƛǊπŜȄǇƻǎŜŘ ŎŀǘƘƻŘŜ ǘƘŀǘ ǊŜŀŎǘǎ ǿƛǘƘ 

ŀǘƳƻǎǇƘŜǊƛŎ ƻȄȅƎŜƴΦ ¢ƘŜ ǘƘŜƻǊŜǝŎŀƭ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ŎŜƭƭ ǇƻǘŜƴǝŀƭΣ ǎǇŜŎƛŬŎ ŜƴŜǊƎȅΣ ŀƴŘ ǎǇŜŎƛŬŎ 

ŎŀǇŀŎƛǘȅ ŘŜǇŜƴŘ ƻƴ ǘƘŜ ŎƘƻƛŎŜ ƻŦ ǘƘŜ ƳŜǘŀƭ ŀǘ ǘƘŜ ŀƴƻŘŜ ŀǎ ǎƘƻǿƴ ƛƴ ¢ŀōƭŜ мΦ 

¢ŀōƭŜ мΦ /ƻƳǇŀǊƛǎƻƴ ƻŦ ŦƻǳǊ ƪƛƴŘǎ ƻŦ aŜǘŀƭ !ƛǊ ōŀǧŜǊƛŜǎ ŀŘŀǇǘŜŘ ŦǊƻƳ ǊŜŦΦ ώфϐ 

!ƴƻŘŜ 

¢ƘŜƻǊŜǝŎŀƭ 

ŎŜƭƭ ǾƻƭǘŀƎŜ 

¢ƘŜƻǊŜǝŎŀƭ ǎǇŜŎƛŬŎ 

ŜƴŜǊƎȅ ŜȄŎƭǳŘƛƴƎ hн 

¢ƘŜƻǊŜǝŎŀƭ ǎǇŜŎƛŬŎ 

ŜƴŜǊƎȅ ƛƴŎƭǳŘƛƴƎ hн 

tǊŀŎǝŎŀƭ ǎǇŜŎƛŬŎ 

ŜƴŜǊƎȅ 

± ² Ƙ ƪƎπм ² Ƙ ƪƎπм ² Ƙ ƪƎπм 

[ƛ оΦмл ммсул орлл нллл 

aƎ оΦлф сулл офмл тлл 

!ƭ нΦтм умор нулл плл 

½ƴ мΦср молл млус нлл 

/ǳǊǊŜƴǘ ǊŜǎŜŀǊŎƘ ŎƻƴǝƴǳŜǎ ǘƻ ōŜ ŦƻŎǳǎŜŘ ƻƴ ƳŀǘŜǊƛŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ǘƻ ƻǾŜǊŎƻƳŜ ǘƘŜ ƭƛŦŜǎǇŀƴ ƭƛƳƛǘǎ 

ƻŦ ǘƘŜǎŜ ǎȅǎǘŜƳǎ ŀƴŘ ŎŜƭƭ ŜƴƎƛƴŜŜǊƛƴƎ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ŜũŜŎǝǾŜƴŜǎǎ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ώмлϐΦ 

aŜǘŀƭπŀƛǊ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ŀƭǊŜŀŘȅ ǇǊŜǎŜƴǘ ƛƴ ŎƻƳƳŜǊŎƛŀƭ ǇǊƻŘǳŎǘǎ ŀǎ ǇǊƛƳŀǊȅ ½ƛƴŎπ!ƛǊ ōŀǧŜǊƛŜǎΦ ¢Ƙƛǎ 

ƪƛƴŘ ƻŦ ŎŜƭƭ ƛǎ ŎƻƳƳƻƴƭȅ ƳŀƴǳŦŀŎǘǳǊŜŘ ŀǎ ōǳǧƻƴ ŎŜƭƭǎ ŀƴŘ ŜƳǇƭƻȅŜŘ ƛƴ ǇƻǊǘŀōƭŜ ŘŜǾƛŎŜǎ ǘƘŀǘ ǊŜǉǳƛǊŜ 

ƭƻƴƎπƭŀǎǝƴƎ ǇƻǿŜǊ ǿƛǘƘ ǎƳŀƭƭ ŎǳǊǊŜƴǘ ŘǊŀƛƴŀƎŜΦ DƛǾŜƴ ǘƘŜƛǊ ŜȄƛǎǝƴƎ ǇǊŜǾŀƭŜƴŎŜ ŀƴŘ ƛƴƘŜǊŜƴǘ 

ǇŜǊŦƻǊƳŀƴŎŜΣ ǘƘƛǎ ǘƘŜǎƛǎ ǿƛƭƭ ŦƻŎǳǎ ƻƴ ½ƛƴŎπ!ƛǊ ōŀǧŜǊƛŜǎΦ  



мл 

tǊƛƳŀǊȅ ½ƛƴŎπ!ƛǊ ŎŜƭƭǎ ǎƘƻǿ ƘƛƎƘ ŜƴŜǊƎȅ ŘŜƴǎƛǘȅΣ Ŏƻƴǎǘŀƴǘ ƻǳǘǇǳǘ ǾƻƭǘŀƎŜ όōŜǘǿŜŜƴ мΦм ŀƴŘ мΦнр Ǿƻƭǘǎ 

ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŘƛǎŎƘŀǊƎŜ ƭƛŦŜ ƻŦ ǘƘŜ ŎŜƭƭύΣ ŜȄŎŜƭƭŜƴǘ ǎƘŜƭŦ ƭƛŦŜΣ ƛƴǘǊƛƴǎƛŎ ǎŀŦŜǘȅΣ ŀƴŘ ƭƻǿ ƻǇŜǊŀǝƴƎ ŎƻǎǘΦ 

¢ƘŜ ƻǇŜǊŀǝƴƎ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀǊŜ ōŜǘǿŜŜƴ л ϲ/ ŀƴŘ рл ϲ/Φ 

¢ƘŜ ŎŜƭƭ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǝƻƴ ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ ŀƴ ŀƴƻŘƛŎ ŀƴŘ ŀ ŎŀǘƘƻŘƛŎ ǎŜƳƛπǊŜŀŎǝƻƴǎΣ ŜŀŎƘ ƻƴŜ 

ǿƛǘƘ ƛǘǎ ǎǘŀƴŘŀǊŘ ǊŜŘǳŎǝƻƴ ǇƻǘŜƴǝŀƭ ὉΦ 

!ǘ ǘƘŜ ŀƴƻŘŜΣ ȊƛƴŎ ƛǎ ƻȄƛŘƛȊŜŘ ǘƻ ŦƻǊƳ ȊƛƴŎ ƘȅŘǊƻȄƛŘŜ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ǘƘŜ ǎƻƭǳōƭŜ ȊƛƴŎŀǘŜ ƛƻƴΦ  

ὤὲ τ ὕὌ O  ὤὲὕὌ ςὩ   Ὁ  ρȢςυ ὠ ὺί ὛὌὉ 

¢ƘŜ ȊƛƴŎ ƘȅŘǊƻȄƛŘŜ ŀŎŎǳƳǳƭŀǘŜǎ ŀǊƻǳƴŘ ǘƘŜ ȊƛƴŎ ǇŀǊǝŎƭŜ ōǳǘ ŘƻŜǎ ƴƻǘ ƛƳǇŜŘŜ ŜƛǘƘŜǊ ƛƻƴƛŎ ƻǊ ǇŀǊǝŎƭŜπ

ǘƻπǇŀǊǝŎƭŜ ŎƻƴŘǳŎǘŀƴŎŜ ǳƴǝƭ ǘƘŜ ȊƛƴŎ ƛǎ Ŧǳƭƭȅ ƻȄƛŘƛȊŜŘΦ  

!ǎ ǘƘŜ ŘƛǎŎƘŀǊƎŜ ǇǊƻŎŜŜŘǎΣ ǘƘŜ ȊƛƴŎŀǘŜ ƛƻƴǎ ŜǾŜƴǘǳŀƭƭȅ ǇǊŜŎƛǇƛǘŀǘŜ ǘƻ ŦƻǊƳ ȊƛƴŎ ƻȄƛŘŜΦ  

ὤὲὕὌ ᴼ ὤὲὕ Ὄὕ  ς ὕὌ 

!ǘ ǘƘŜ ŎŀǘƘƻŘŜΣ ŀǘƳƻǎǇƘŜǊƛŎ ƻȄȅƎŜƴ ƛǎ ǊŜŘǳŎŜŘ ǘƻ ƘȅŘǊƻȄƛŘŜ ƛƻƴǎ ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ŀ ŎŀǘŀƭȅǎǘΦ 

ὕ Ὄὕ  ςὩ  O  ς ὕὌ  Ὁ πȢτπ ὠ ὺί ὛὌὉ 

¢ƘŜ ǿƘƻƭŜ ŎŜƭƭ ǊŜŀŎǝƻƴ ŎƻǳƭŘ ōŜ ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ  

ὤὲ 
ρ

ς
ὕ O ὤὲὕ 

ŀƴŘ Ƙŀǎ ŀ ǎǘŀƴŘŀǊŘ ǇƻǘŜƴǝŀƭ ƻŦ 

Ὁ Ὁ Ὁ  ρȢφυ ὠ ὺί ὛὌὉ 

¢ƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ½ƴπ!ƛǊ ōŀǧŜǊƛŜǎ Ƴŀȅ ōŜ ƎŜƴŜǊŀƭƛȊŜŘ ŀǎ ōŜƛƴƎ ŎƻƳǇƻǎŜŘ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜƭŜƳŜƴǘǎΥ 

όƛύ ŀ ƴŜƎŀǝǾŜ ǇƻƭŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ŎŜƭƭ ŀƴƻŘŜΤ όƛƛύ ŀ ǇƻǎƛǝǾŜ ǇƻƭŜ ŜƭŜŎǘǊƛŎŀƭƭȅ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ 

ŎŀǘƘƻŘŜ ǎƛŘŜΤ όƛƛƛύ ŀ ǎŜǇŀǊŀǘƻǊ ǇƭŀŎŜŘ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ŜƭŜŎǘǊƻŘŜǎΤ όƛǾύ ŀƴ ŜƭŜŎǘǊƻƭȅǘŜ ǘƘŀǘ ŜƴǎǳǊŜǎ 

ǘƘŜ ƛƻƴƛŎ ŎƻƴŘǳŎǝǾƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ ŜƭŜŎǘǊƻŘŜǎΤ ŀƴŘ όǾύ ŀ ƎŀǎƪŜǘΣ ƛƴǎǘŀƭƭŜŘ ǘƻ ǇǊŜǾŜƴǘ ŜƭŜŎǘǊƻƭȅǘŜ 

ƭŜŀƪŀƎŜΣ ŀƭƭ ǇƭŀŎŜŘ ƛƴ ŀ ǎǘŜŜƭ ŎŀƴΣ ǘƘŀǘ ǇǊŜǎŜƴǘǎ ƻƴŜ ƻǊ ƳƻǊŜ ƘƻƭŜǎ ǘƻ ŀƭƭƻǿ ǘƘŜ Řƛũǳǎƛƻƴ ƻŦ 

ŀǘƳƻǎǇƘŜǊƛŎ hȄȅƎŜƴ ǘƻ ǘƘŜ ŎŀǘƘƻŘƛŎ ǎƛǘŜΦ  

 

 



мм 

Lƴ ŎƻƳƳŜǊŎƛŀƭ ǇǊƻŘǳŎǘǎΣ ǘƘŜ ŀƴƻŘŜ ƛǎ ǘȅǇƛŎŀƭƭȅ ŎƻƳǇƻǎŜŘ ƻŦ ŀ ǇƻǿŘŜǊŜŘ ȊƛƴŎ ŀƳŀƭƎŀƳΣ ǿƛǘƘ ŀ ǾŜǊȅ 

ƭƻǿ ƳŜǊŎǳǊȅ ƭŜǾŜƭ ǘƻ ǇǊŜǾŜƴǘ ƛƴǘŜǊƴŀƭ ǇǊŜǎǎǳǊŜ ōǳƛƭŘǳǇ ŘǳŜ ǘƻ ƘȅŘǊƻƎŜƴ ŜǾƻƭǳǝƻƴΦ /ƻƳƳŜǊŎƛŀƭ ŀƛǊ 

ŎŀǘƘƻŘŜǎ ŀǊŜ ƳŀŘŜ ƻŦ ŀ ƳƛȄǘǳǊŜ ƻŦ ŎŀǊōƻƴΣ ¢ŜƅƻƴΣ ŀƴŘ ŀ ǎƳŀƭƭ ŀƳƻǳƴǘ ƻŦ ƳŀƴƎŀƴŜǎŜ ŘƛƻȄƛŘŜ 

ƛƳǇǊŜǎǎŜŘ ƻƴǘƻ ŀ ƴƛŎƪŜƭπǇƭŀǘŜŘ ǎŎǊŜŜƴΦ ¢Ƙƛǎ ƳŀǘŜǊƛŀƭ ƛǎ ǘƘŜƴ ŎƻǳǇƭŜŘ ǿƛǘƘ ŀ ¢Ŝƅƻƴ ƭŀȅŜǊ ƻƴ ƻƴŜ ǎƛŘŜ 

ŀƴŘ ŀ ǎŜǇŀǊŀǝƴƎ ƳŜƳōǊŀƴŜ ƻƴ ǘƘŜ ƻǘƘŜǊΦ ¢ƘŜ ¢Ŝƅƻƴ ƭŀȅŜǊ ŀƭƭƻǿǎ ƎŀǎŜǎΣ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘƭȅ ƻȄȅƎŜƴΣ 

ǘƻ ŘƛũǳǎŜ ƛƴǘƻ ŀƴŘ ƻǳǘ ƻŦ ǘƘŜ ŎŜƭƭΣ ŀƴŘ ǇǊƻǾƛŘŜǎ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ƭŜŀƪŀƎŜΦ ¢ƘŜ ǎŜǇŀǊŀǘƻǊ ŀŎǘǎ ŀǎ ŀƴ ƛƻƴƛŎ 

ŎƻƴŘǳŎǘƻǊ ōŜǘǿŜŜƴ ǘƘŜ ŜƭŜŎǘǊƻŘŜǎ ŀƴŘ ŀǎ ŀƴ ƛƴǎǳƭŀǘƻǊ ǘƻ ǇǊŜǾŜƴǘ ƛƴǘŜǊƴŀƭ ǎƘƻǊǘπŎƛǊŎǳƛǝƴƎΦ .ŜƛƴƎ ǘƘŜ 

ŀƴƻŘŜπŎŀǘƘƻŘŜ ǾƻƭǘŀƎŜ ŘƛũŜǊŜƴŎŜ ƭƛƳƛǘŜŘΣ ǘƘŜ ŜƭŜŎǘǊƻƭȅǘŜ ƛǎ ŀ ŎƻƴŘǳŎǝǾŜ ŀǉǳŜƻǳǎ ǎƻƭǳǝƻƴ 

ŎƻƴǘŀƛƴƛƴƎ ǇƻǘŀǎǎƛǳƳ ƘȅŘǊƻȄƛŘŜ όYhIύ ǿƛǘƘ ŀ ǎƳŀƭƭ ŀƳƻǳƴǘ ƻŦ ȊƛƴŎ ƻȄƛŘŜ ǘƻ ǇǊŜǾŜƴǘ ǎŜƭŦπŘƛǎŎƘŀǊƎŜ 

ƻŦ ǘƘŜ ŀƴƻŘŜΦ CƛƴŀƭƭȅΣ ŀ ǇƭŀǎǝŎ ǎŜŀƭ ƛǎ ǇƭŀŎŜŘ ƻƴ ǘƻǇ ƻŦ ǘƘŜ ŎŜƭƭ ǘƻ ŀǾƻƛŘ ǎŜƭŦπŘƛǎŎƘŀǊƎŜ ŘǳǊƛƴƎ ǎƘŜƭŦπ

ƭƛŦŜΦ 

wŜŎŜƴǘƭȅΣ ǘƘŜ ƛƴǘŜǊŜǎǘ ƛƴ aŜǘŀƭπ!ƛǊ ōŀǧŜǊƛŜǎ Ƙŀǎ ōŜŜƴ ǊŜƴŜǿŜŘ ōȅ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ƳŀƪƛƴƎ ǎǳŎƘ 

ŘŜǾƛŎŜǎ ǎŜŎƻƴŘŀǊȅ ōŀǧŜǊƛŜǎ ŀƴŘ ǘƘǳǎ ōŜƛƴƎ ǊŜŎƘŀǊƎŜŀōƭŜΦ 

¢Ƙƛǎ ǊŜǎǳƭǘ ŎƻǳƭŘ ōŜ ŀŎƘƛŜǾŜŘ ǿƛǘƘ ǘǿƻ ŘƛũŜǊŜƴǘ ŀǇǇǊƻŀŎƘŜǎΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ 

ƳŜǘŀƭƭƛŎ ŀƴƻŘŜΦ LŦ ǘƘŜ ƳŜǘŀƭ ƛǎ ǇǊƻƴŜ ǘƻ ǇŀǎǎƛǾŀǝƻƴΣ ǘƘŜ ŀŎǝǾŜ ŀƴƻŘƛŎ ǎƛǘŜǎ ŀǊŜ ǊŜŘǳŎŜŘΣ ŀƴŘ ǘƘŜ 

ƻȄƛŘŀǝƻƴ ƻŦ ǘƘŜ ƳŜǘŀƭ ƛǎ ƛǊǊŜǾŜǊǎƛōƭŜΦ ¢Ƙƛǎ ōŜƘŀǾƛƻǊ ƛǎ ǘȅǇƛŎŀƭ ƻŦ aƎ ŀƴŘ !ƭ ōǳǘ ƛǎ ŀƭǎƻ ŎƻƴǎƛŘŜǊŜŘ ǘƻ 

ōŜ ǘƘŜ Ƴŀƛƴ ŎŀǳǎŜ ƻŦ ŜŶŎƛŜƴŎȅ ƭƻǎǎŜǎ ƛƴ ½ƴπ!ƛǊ ŎŜƭƭǎ ŀƊŜǊ ƴǳƳŜǊƻǳǎ ŎȅŎƭŜǎΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ǘƘŜ ǊŜπ

ŎƘŀǊƎƛƴƎ ƻŦ ǘƘŜ ōŀǧŜǊȅ ŎƻǳƭŘ ōŜ ƻōǘŀƛƴŜŘ ōȅ ƳŜŎƘŀƴƛŎŀƭƭȅ ǎǳōǎǝǘǳǝƴƎ ǘƘŜ ƳŜǘŀƭƭƛŎ ŀƴƻŘŜ ǿƛǘƘ ŀ 

ƴƻƴπǇŀǎǎƛǾŀǘŜŘ ŜǉǳƛǾŀƭŜƴǘΦ LŦ ƛƴǎǘŜŀŘ ǘƘŜ ŜũŜŎǘ ƻŦ ǇŀǎǎƛǾŀǝƻƴ Ŏŀƴ ōŜ ƴŜƎƭŜŎǘŜŘΣ ǘƘŜ ŎŜƭƭ Ŏŀƴ ōŜ 

ǊŜŎƘŀǊƎŜŘ ǿƛǘƘƻǳǘ ƛƴǘǊƻŘǳŎƛƴƎ ŀƴȅ ǎǘǊǳŎǘǳǊŀƭ ƳƻŘƛŬŎŀǝƻƴ ōǳǘ ǎƛƳǇƭȅ ŜƴǎǳǊƛƴƎ ǘƘŀǘ ǘƘŜ ŀƴƻŘƛŎ ŀƴŘ 

ŎŀǘƘƻŘƛŎ ǎŜƳƛπǊŜŀŎǝƻƴǎ ŀǊŜ ǊŜǾŜǊǎƛōƭŜΦ !ǇǇƭȅƛƴƎ ǘƘŜƴ ŀ ǎǳŶŎƛŜƴǘ ǾƻƭǘŀƎŜ ŘƛũŜǊŜƴŎŜ ŀƭƭƻǿǎ ǘƻ ƛƴǾŜǊǘ 

ǘƘŜ ǎŜƳƛπǊŜŀŎǝƻƴǎ ŀǘ ŜŀŎƘ ŜƭŜŎǘǊƻŘŜΦ hƴ ǘƘŜ ŎŀǘƘƻŘŜ ǎƛŘŜΣ ǘƘŜ ƻȄȅƎŜƴ ƛǎ ŜǾƻƭǾŜŘ ŀƴŘ ǊŜƭŜŀǎŜŘ ƛƴ 

ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ǿƘŜǊŜŀǎ ƻƴ ǘƘŜ ŀƴƻŘŜ ǎƛŘŜΣ ǘƘŜ ƳŜǘŀƭ ƻȄƛŘŜ ƭŀȅŜǊ ƻƴ ǘƘŜ ƴŜƎŀǝǾŜ ǇƻƭŜ ƛǎ ŘŜǇƭŜǘŜŘ 

ƛƴ ŦŀǾƻǊ ƻŦ ǘƘŜ ǳƴƻȄƛŘƛȊŜŘ ƳŜǘŀƭΦ 

CƛƎǳǊŜ пΦ {ǘǊǳŎǘǳǊŜ ƻŦ ŀ ǇǊƛƳŀǊȅ ½ƛƴŎπ!ƛǊ ōǳǧƻƴ ŎŜƭƭ 



мн 

/ƻƴǎƛŘŜǊƛƴƎ ŀ ǎŜŎƻƴŘŀǊȅ ½ƛƴŎπ!ƛǊΣ ǘƘŜ ƻǾŜǊŀƭƭ ǊŜŀŎǝƻƴ ŎŜƭƭ ōŜŎƻƳŜǎ  

ὤὲ 
ρ

ς
ὕ ᵰ ὤὲὕ 

ǿƘƛŎƘ ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ ǘƘŜ ǎŜƳƛπǊŜŀŎǝƻƴ ŀǘ ǘƘŜ ƴŜƎŀǝǾŜ ǇƻƭŜ όπύ 

ὤὲ τ ὕὌ ᵰ ὤὲὕὌ ςὩ  

ǘƘŜ ǇǊŜŎƛǇƛǘŀǝƻƴκǎƻƭǾŀǘŀǝƻƴ ǊŜŀŎǝƻƴ 

ὤὲὕὌ ᵰ ὤὲὕ Ὄὕ  ς ὕὌ 

ŀƴŘ ǘƘŜ ǇƻǎƛǝǾŜ ǇƻƭŜ όҌύ ǎŜƳƛπǊŜŀŎǝƻƴ 

ρ

ς
ὕ Ὄὕ  ςὩ ᵰ ς ὕὌ 

ǿƘŜǊŜ ƛƴ ŀƭƭ ǘƘŜ ǊŜŀŎǝƻƴǎ ǘƘŜ ƭƻǿŜǊ ŀǊǊƻǿ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŘƛǎŎƘŀǊƎŜ ǇǊƻŎŜǎǎ ǿƘƛƭŜ ǘƘŜ ǳǇǇŜǊ ƻƴŜ 

ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŎƘŀǊƎŜ ǇǊƻŎŜǎǎΦ 

мΦр ς hȄȅƎŜƴ 9ƭŜŎǘǊƻŘŜ wŜŀŎǝƻƴǎ 

¢ƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ aŜǘŀƭπ!ƛǊ ōŀǧŜǊƛŜǎ ƛǎ ǎǘǊƻƴƎƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǝƻƴǎ 

ǘƘŀǘ ƻŎŎǳǊ ƛƴ ǘƘŜ ŎŜƭƭΦ ²ƘƛƭŜ ǘƘŜ ŀƴƻŘƛŎ ƻƴŜ ƻŎŎǳǊǎ ƛƴ ŀ ǎƛƴƎƭŜ ǇŀǘƘǿŀȅΣ hȄȅƎŜƴ 9ƭŜŎǘǊƻŘŜ ǊŜŀŎǝƻƴǎ 

ƛƴ ŀƭƪŀƭƛƴŜ ƳŜŘƛŀ Ƴŀȅ ƻŎŎǳǊ ƛƴ ǘǿƻ ŘƛũŜǊŜƴǘ ǇŀǘƘǿŀȅǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴǎ 

ŜȄŎƘŀƴƎŜŘΦ 

CƻǊ ǘƘŜ ŘƛǊŜŎǘ пπŜƭŜŎǘǊƻƴ ǇŀǘƘǿŀȅ ǘƘŜ ǎǘŀƴŘŀǊŘ ǊŜŘǳŎǝƻƴ ǇƻǘŜƴǝŀƭ ƻŦ hȄȅƎŜƴ ƛƴ ŀƭƪŀƭƛƴŜ ƳŜŘƛŀ ƛǎ 

лΦплм ± Ǿǎ {ǘŀƴŘŀǊŘ IȅŘǊƻƎŜƴ 9ƭŜŎǘǊƻŘŜ ό{I9ύΦ  

ὕ ς Ὄὕ  τὩ ᵰ τ ὕὌ  Ὁ πȢτπρ ὠ ὺί ὛὌὉ 

Lƴ ǘƘŜ нπŜƭŜŎǘǊƻƴ ǇŀǘƘǿŀȅΣ hн ƛǎ ǊŜŘǳŎŜŘ ǘƻ ǇŜǊƻȄƛŘŜ ƛƻƴΣ 

ὕ  Ὄὕ  ςὩ ᵰ ὕὌ  Ὄὕ  Ὁ πȢπχφ ὠ ὺί ὛὌὉ 

ŦƻƭƭƻǿŜŘ ōȅ ŜƛǘƘŜǊ ŦǳǊǘƘŜǊ ǊŜŘǳŎǝƻƴΣ 

Ὄὕ   Ὄὕ ςὩ ᵰ  σ ὕὌ  Ὁ πȢψχψ ὠ ὺί ὛὌὉ 

ƻǊ ŘƛǎǇǊƻǇƻǊǝƻƴŀǝƻƴΣ 

ς Ὄὕ  ᵰ ὕ  ς ὕὌ 



мо 

Lƴ ƴƻƴπǎǘŀƴŘŀǊŘ ŎƻƴŘƛǝƻƴǎΣ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇƻǘŜƴǝŀƭ ƛǎ ŜǎǘŀōƭƛǎƘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ bŜǊƴǎǘ 

ŜǉǳŀǝƻƴΥ 

Ὁ  Ὁ
ὙὝ

ὲὊ
ÌÎ
ὥ

ὥ
 

ǿƘŜǊŜ w ƛǎ ǘƘŜ Ǝŀǎ ŎƻƴǎǘŀƴǘΣ ¢ ƛǎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ YŜƭǾƛƴΣ ƴ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴǎ ǘǊŀƴǎŦŜǊǊŜŘΣ 

C ƛǎ ǘƘŜ CŀǊŀŘŀȅ ŎƻƴǎǘŀƴǘΣ ŀƴŘ ŀ ƛǎ ǘƘŜ ŀŎǝǾƛǘȅ ƻŦ ǘƘŜ ƻȄƛŘƛȊŜŘ ŀƴŘ ǊŜŘǳŎŜŘ ǎǇŜŎƛŜǎΦ 

!ǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ рΣ ŎƻƴǎƛŘŜǊƛƴƎ ŀ ½ƴπŀƛǊ ŎŜƭƭΣ ƻƴŎŜ ŀ ǊŜŘǳŎǝƻƴ ŀƴŘ ŀƴ ƻȄƛŘŀǝƻƴ ǇǊƻŎŜǎǎ ŀǊŜ 

ŎƻǳǇƭŜŘΣ ǘƘŜ Ŝƴǝǘȅ ƻŦ ǘƘŜ ǾƻƭǘŀƎŜ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ŀƴƻŘŜ ŀƴŘ ŎŀǘƘƻŘŜ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ 

ŜȄŎƘŀƴƎŜŘ ŎǳǊǊŜƴǘΦ ¢ƘŜ ƎŜƴŜǊŀǘŜŘ ǇƻǘŜƴǝŀƭ ŘƛũŜǊŜƴŎŜ ŘǳǊƛƴƎ ǘƘŜ ŘƛǎŎƘŀǊƎŜ ǇƘŀǎŜ ǿƛƭƭ ōŜ ƭƻǿŜǊ 

ǘƘŀƴ ǘƘŜ ǘƘŜƻǊŜǝŎŀƭ ǾŀƭǳŜ ƻŦ мΦср ± ǊŜǎǳƭǝƴƎ ƛƴ ƭƻǿŜǊ ŀǾŀƛƭŀōƭŜ ǇƻǿŜǊΦ 5ǳǊƛƴƎ ǘƘŜ ŘƛǎŎƘŀǊƎŜ ǎǘŜǇ 

ƛƴǎǘŜŀŘΣ ǘƘŜ ƛƳǇƻǎŜŘ ǇƻǘŜƴǝŀƭ ŘƛũŜǊŜƴŎŜ ǎƘƻǳƭŘ ƻǾŜǊŎƻƳŜ ǘƘŜ ǎǘŀƴŘŀǊŘ ǇƻǘŜƴǝŀƭ ǾŀƭǳŜΦ ¢ƘŜ 

ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ǾŀƭǳŜǎ ŎŀǳǎŜǎ ŜƴŜǊƎȅ ŘƛǎǇŜǊǎƛƻƴ ŀƴŘ ƭƻǿŜǊ ŜŶŎƛŜƴŎȅΦ  

¢ƘŜ ŘŜǾƛŀǝƻƴ ŦǊƻƳ ƛŘŜŀƭƛǘȅ ƛǎ ŘƛǊŜŎǘƭȅ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ƻǾŜǊǇƻǘŜƴǝŀƭ  ́ƻŦ ǘƘŜ ǘǿƻ ǊŜŀŎǝƻƴǎΣ ŎƻƳǇǳǘŜŘ 

ŀǎ ǘƘŜ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ŀǇǇƭƛŜŘ ǇƻǘŜƴǝŀƭ 9 ŀƴŘ ǘƘŜ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ǇƻǘŜƴǝŀƭ ŦƻǊ ƻȄȅƎŜƴ 

ǊŜŘǳŎǝƻƴ ό9л Ґ мΦно ± Ǿǎ {I9ύΣ 

– Ὁ  Ὁ  

CƛƎǳǊŜ рΦ {ŎƘŜƳŀǝŎ ǇƻƭŀǊƛȊŀǝƻƴ ŎǳǊǾŜǎ ƻŦ ǊŜŎƘŀǊƎŜŀōƭŜ ŀǉǳŜƻǳǎ ½ƴπŀƛǊ ōŀǧŜǊƛŜǎΦ ¢ƘŜ ŜǉǳƛƭƛōǊƛǳƳ ǇƻǘŜƴǝŀƭ ƛǎ мΦср ± ƛƴ 
ŀƴ ŀƭƪŀƭƛƴŜ ǎƻƭǳǝƻƴΦ aƻŘƛŬŜŘ ŦǊƻƳ ǊŜŦ ώммϐ 



мп 

DŜƴŜǊŀƭƭȅΣ ǘƘŜ Ŝƴǝǘȅ ƻŦ ǘƘŜ ƻǾŜǊǇƻǘŜƴǝŀƭ ƛǎ ŎŀǳǎŜŘ ōȅ ǎŜǾŜǊŀƭ ƪƛƴŜǝŎ ƘƛƴŘǊŀƴŎŜǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ 

ǊŜŀŎǝƻƴ ŜƴŜǊƎȅ ōŀǊǊƛŜǊ ƻŦ ŜƭŜƳŜƴǘŀǊȅ ǊŜŀŎǝƻƴ ǎǘŜǇǎ όŀŎǝǾŀǝƻƴ ƻǾŜǊǇƻǘŜƴǝŀƭύΣ ƻƘƳƛŎ ǾƻƭǘŀƎŜ ƭƻǎǎ 

όƻƘƳƛŎ ǊŜǎƛǎǘŀƴŎŜ ƻǾŜǊǇƻǘŜƴǝŀƭύΣ ŀƴŘ Ƴŀǎǎ ǘǊŀƴǎǇƻǊǘ ώммϐΦ ¢Ƙƛǎ ŦŀŎǘ ǇƻǎŜǎ ŀ ǎŜǾŜǊŜ ƭƛƳƛǘŀǝƻƴ ƻƴŎŜ 

hȄȅƎŜƴ 9ƭŜŎǘǊƻŘŜ ǊŜŀŎǝƻƴǎ όhww ŀƴŘ h9wύ ŀǊŜ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ǎƛƴŎŜ ǘƘŜȅ ŀǊŜ ƳŀǎǎπǘǊŀƴǎŦŜǊ 

ŘƻƳƛƴŀǘŜŘ ǊŜŀŎǝƻƴǎ ŘǳŜ ǘƻ ƻȄȅƎŜƴΩǎ ƭƛƳƛǘŜŘ ǎƻƭǳōƛƭƛǘȅ ŀƴŘ ƛǘǎ ƭƻǿ Řƛũǳǎƛƻƴ ŎƻŜŶŎƛŜƴǘ ƛƴ ŀǉǳŜƻǳǎ 

ŜƭŜŎǘǊƻƭȅǘŜǎΦ .ŜƛƴƎ hww ŀƴŘ h9w ƪƛƴŜǝŎŀƭƭȅ ǎƭǳƎƎƛǎƘΣ ŜŶŎƛŜƴǘ ŜƭŜŎǘǊƻŎŀǘŀƭȅǎǘǎ ŀǊŜ ƘƛƎƘƭȅ ǊŜǉǳƛǊŜŘ ǘƻ 

ŀŎŎŜƭŜǊŀǘŜ ǘƘƛǎ ǇǊƻŎŜǎǎΣ ōȅ ŘŜŎǊŜŀǎƛƴƎ ǘƘŜ ƻǾŜǊǇƻǘŜƴǝŀƭǎ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ŜƴŜǊƎȅ ŜŶŎƛŜƴŎȅΦ ώмнϐΦ 

мΦс ς /ŀǘŀƭȅǎǘǎ ŦƻǊ {ŜŎƻƴŘŀǊȅ aŜǘŀƭπ!ƛǊ .ŀǧŜǊƛŜǎ 

! ǾŀǊƛŜǘȅ ƻŦ ŜƭŜŎǘǊƻŎŀǘŀƭȅǎǘ ŎƻƳǇƻǎƛǝƻƴǎ ƘŀǾŜ ōŜŜƴ ǇǊƻǇƻǎŜŘ ŦƻǊ ǘƘŜ ŀƛǊ ŎŀǘƘƻŘŜ hww ŀƴŘ h9w 

ǊŜŀŎǝƻƴǎΦ ¢ƘŜȅ Ŏŀƴ ōŜ ŎƻƳƳƻƴƭȅ ŎƭŀǎǎƛŬŜŘ ƛƴǘƻ ƴƻōƭŜ ƳŜǘŀƭ ŎŀǘŀƭȅǎǘǎΣ ǘǊŀƴǎƛǝƻƴ ƳŜǘŀƭ ƻȄƛŘŜ 

ŎŀǘŀƭȅǎǘǎΣ ǇƘƻǎǇƘƛŘŜǎ ŀƴŘ ǎǳƭŬŘŜǎΣ ƳŜǘŀƭ ǇƘƻǎǇƘŀǘŜǎ ŀƴŘ ōƻǊŀǘŜǎΣ ŎŀǊōƻƴπōŀǎŜŘ ƳŀǘŜǊƛŀƭǎΣ ŀƴŘ 

ƳŜǘŀƭπƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ώмоϐΦ !ǎ ǘƘŜǊŜ ŀǊŜ ǘǿƻ ǊŜŀŎǝƻƴǎ ǿƛǘƘ ŘƛũŜǊŜƴǘ ƳŜŎƘŀƴƛǎƳǎ ƻƴ ŎƘŀǊƎŜ 

ŀƴŘ ŘƛǎŎƘŀǊƎŜΣ ǎƻƳŜ Ŏŀǘŀƭȅǎǘǎ ŀǊŜ ǇǊƻǇƻǎŜŘ ŦƻǊ ŜƛǘƘŜǊ ǘƘŜ hww ƻǊ h9w ǊŜŀŎǝƻƴΣ ǿƘƛƭŜ ƻǘƘŜǊǎ ǘŀǊƎŜǘ 

ōƛŦǳƴŎǝƻƴŀƭ ŎŀǘŀƭȅǝŎ ŀŎǝǾƛǘȅ ώмпϐΦ {ǳŎƘ ŀ ŘŜŬƴƛǝƻƴ Ŏŀƴ ōŜ ƛƴǘǊƻŘǳŎŜŘ ōȅ ŜǾŀƭǳŀǝƴƎ ǘƘŜ 

ƻǾŜǊǇƻǘŜƴǝŀƭ ǾŀƭǳŜ ǎƘƻǿƴ ŦƻǊ ōƻǘƘ ǊŜŀŎǝƻƴǎΦ 

¢ƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǇŜǊŦƻǊƳŀƴŎŜǎ ƻŦ ŜƭŜŎǘǊƻŎŀǘŀƭȅǎǘǎ ǘƻǿŀǊŘǎ hww ŀƴŘ h9w Ŏŀƴ ōŜ Ǿƛǎǳŀƭƭȅ 

ǊŜǇƻǊǘŜŘ ƛƴ ŀ ŎƘŀǊǘΣ ƴŀƳŜŘ ǾƻƭŎŀƴƻ Ǉƭƻǘ όCƛƎǳǊŜ сύΦ Lƴ ŀ ǘȅǇƛŎŀƭ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǾƻƭŎŀƴƻ Ǉƭƻǘ ǘƘŜ Ȅπ

ŀȄƛǎ ǊŜǇǊŜǎŜƴǘǎ ŀ ŘŜǎŎǊƛǇǘƻǊ ƻŦ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ Ŏŀǘŀƭȅǎǘ ŀƴŘ ǘƘŜ ǊŜŀŎǘŀƴǘΣ ǿƘƛŎƘ ŎƻǳƭŘ 

ōŜ ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ ǎǘŀƴŘŀǊŘ ŜƭŜŎǘǊƻŘŜ ǇƻǘŜƴǝŀƭΣ ŀŘǎƻǊǇǝƻƴ ŜƴŜǊƎȅΣ ƻǊ ǎƻƳŜ ƻǘƘŜǊ ǇǊƻǇŜǊǘȅ ǊŜƭŀǘŜŘ 

ǘƻ ǘƘŜ ǎǘŀōƛƭƛǘȅ ƻŦ ǊŜŀŎǝƻƴ ƛƴǘŜǊƳŜŘƛŀǘŜǎΦ ¢ƘŜ ȅπŀȄƛǎ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǊŜŀŎǝƻƴ ǊŀǘŜ ƻŦ ǘƘŜ ǎǇŜŎƛŬŎ 

CƛƎǳǊŜ сΦ ±ƻƭŎŀƴƻ Ǉƭƻǘ ŦƻǊ ŀύ hww ŀƴŘ ōύ h9w ŀŘŀǇǘŜŘ ŦǊƻƳ ǊŜŦΦ ώмрϐ 



мр 

ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǝƻƴ ƛƴ ǘŜǊƳǎ ƻŦ ƻǾŜǊǇƻǘŜƴǝŀƭΣ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅΣ ƻǊ ǎƻƳŜ ƻǘƘŜǊ ƳŜŀǎǳǊŜ ƻŦ 

ǇŜǊŦƻǊƳŀƴŎŜΦ 9ŀŎƘ Ǉƻƛƴǘ ƻƴ ǘƘŜ Ǉƭƻǘ ǊŜǇǊŜǎŜƴǘǎ ŀ ŘƛũŜǊŜƴǘ Ŏŀǘŀƭȅǎǘ ƻǊ Ŏŀǘŀƭȅǎǘ ŎƻƳǇƻǎƛǝƻƴΣ ōŜƛƴƎ 

ǘƘŜ Ƴƻǎǘ ǇŜǊŦƻǊƳŀƴǘ ǘƘŜ ƻƴŜǎ ƭƻŎŀǘŜŘ ŀǘ ǘƘŜ ƳŀȄƛƳǳƳΦ ±ƻƭŎŀƴƻ Ǉƭƻǘǎ ŦƻǊ h9w ŀƴŘ hww ŀǊŜ ǊŜǇƻǊǘŜŘ 

ƛƴ CƛƎǳǊŜ сΦ  

9ǾŜǊȅ ŎŀǘŜƎƻǊȅ ǎƘƻǿǎ ŀŘǾŀƴǘŀƎŜǎ ŀƴŘ ŘƛǎŀŘǾŀƴǘŀƎŜǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǇŜǊŦƻǊƳŀƴŎŜǎΣ 

ǘƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ ǘƘŜ Ǌŀǿ ƳŀǘŜǊƛŀƭǎΣ ǘƘŜƛǊ ŎƻǎǘΣ ǘƘŜ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŀƴŘ ŜƭŜŎǘǊƛŎŀƭ ǇǊƻǇŜǊǝŜǎΣ ŀƴŘ ǘƘŜ 

ŘǳǊŀōƛƭƛǘȅ ŀƴŘ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŎŀǘŀƭȅǎǘΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘƻǳƎƘ ƴƻōƭŜ ƳŜǘŀƭǎ ŀǊŜ ǿŜƭƭπƪƴƻǿƴ ŀƴŘ ǿŜƭƭπ

ǎǘǳŘƛŜŘ ŎƭŀǎǎƛŎ ŎŀǘŀƭȅǎǘǎΣ ǎƘƻǿƛƴƎ ƘƛƎƘ ŎŀǘŀƭȅǝŎ ŀŎǝǾƛǘȅ ƛƴ ƻȄȅƎŜƴ ǊŜŀŎǝƻƴǎ ŀƴŘ ƎǊŜŀǘ ǎǘŀōƛƭƛǘȅΣ ǘƘŜȅ 

ŀǊŜ ƭƛƳƛǘŜŘ ōȅ ǘƘŜƛǊ Ŏƻǎǘ ŀƴŘ ǎŎŀǊŎƛǘȅΣ ǿƘƛŎƘ ƳŀƪŜ ǘƘŜƳ ǳƴǎǳƛǘŀōƭŜ ŦƻǊ ƳŀǎǎπǎŎŀƭŜ ǇǊƻŘǳŎǝƻƴΦ ¢ƘŜ 

ƴƻƴπƳŜǘŀƭ ŘƻǇŜŘ ŎŀǊōƻƴǎ ŀƴŘ ŎŀǊōƻƴπǘǊŀƴǎƛǝƻƴ ƳŜǘŀƭ ƘȅōǊƛŘǎ ŀǊŜ ƴƻǘ ŘǳǊŀōƭŜ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ 

ŎŀǊōƻƴ ŎƻǊǊƻǎƛƻƴ ƻŎŎǳǊǊƛƴƎ ǳƴŘŜǊ ƻǇŜǊŀǝƴƎ ŎƻƴŘƛǝƻƴǎΣ ŎŀǳǎŜŘ ōȅ ƛƴǘŜǊƳŜŘƛŀǘŜǎ ƎŜƴŜǊŀǘŜŘ ƛƴ ǘƘŜ 

ǊŜŀŎǝƻƴΦ ¢Ǌŀƴǎƛǝƻƴ ƳŜǘŀƭ ƻȄƛŘŜǎ ǎƘƻǿ ƛƴǎǳŶŎƛŜƴǘ hww ŀŎǝǾƛǘȅ ŀƴŘ ƘŀǾŜ ƎŜƴŜǊŀƭƭȅ ŀ ǇƻƻǊ ŜƭŜŎǘǊƛŎŀƭ 

ŎƻƴŘǳŎǝǾƛǘȅΦ aƻǊŜƻǾŜǊΣ ƛƴŎƻǊǇƻǊŀǝƴƎ ŎŀǊōƻƴ ŀŘŘƛǝǾŜǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘƛǎ ŎǊƛǝŎŀƭƛǘȅ ŎŀǳǎŜǎ ǘƘŜ ǎŀƳŜ 

ŎŀǊōƻƴ ŎƻǊǊƻǎƛƻƴ ǇǊƻōƭŜƳ ώмсϐΦ 

мΦт ς {ƛƴƎƭŜ !ǘƻƳ /ŀǘŀƭȅǎǘǎ 

hƴŜ ƻŦ ǘƘŜ ǎǘǊŀǘŜƎƛŜǎ ǊŜŎŜƴǘƭȅ ŀŘƻǇǘŜŘ ǘƻ ƻǾŜǊŎƻƳŜ ǘƘŜ ǊŜǇƻǊǘŜŘ ƛǎǎǳŜǎ ƛǎ ǘƘŜ ǳǎŜ ƻŦ ǎƛƴƎƭŜπŀǘƻƳ 

Ŏŀǘŀƭȅǎǘǎ ό{!/ǎύΦ ¢ƘŜǎŜ ƪƛƴŘǎ ƻŦ ƘŜǘŜǊƻƎŜƴŜƻǳǎ Ŏŀǘŀƭȅǎǘǎ ŀǊŜ ŎƻƴǎǝǘǳǘŜŘ ōȅ ƛƴŘƛǾƛŘǳŀƭ ƳŜǘŀƭƭƛŎ ŀǘƻƳǎ 

ŘƛǎǇŜǊǎŜŘ ƻƴǘƻ ŀ ǎǳǇǇƻǊǘΦ ¢ƘŜ ŘƛǎǇŜǊǎƛƻƴ ǇǊƻŘǳŎŜǎ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ƳŜǘŀƭ ŜȄǇƻǎŜŘ ǎǳǊŦŀŎŜ ŀǊŜŀΣ 

ƳŀȄƛƳƛȊƛƴƎ ǘƘŜ ŜŶŎƛŜƴŎȅ ƻŦ ƳŜǘŀƭπŀǘƻƳ ǳǎŜΦ {ǝƭƭΣ ǘƘŜ ǊŜŘǳŎǝƻƴ ƻŦ ŎŀǘŀƭȅǝŎ ǎƛǘŜǎ ǿŀǎ ŀƭǎƻ 

ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ŎŀǘŀƭȅǝŎ ŀŎǝǾƛǘȅ ŀƴŘ ǎŜƭŜŎǝǾƛǘȅ ŎƻƳǇŀǊŜŘ ǘƻ ƴŀƴƻŎƭǳǎǘŜǊǎ ŀƴŘ 

ƴŀƴƻǇŀǊǝŎƭŜǎΦ ¢ƘŜ ǎǳǇǇƻǊǘ Ŏŀƴ ōŜ ŎƻƴǎǝǘǳǘŜŘ ōȅ ŎŀǊōƻƴπōŀǎŜŘ ƳŀǘŜǊƛŀƭǎΣ ǎǳŎƘ ŀǎ ŀŎǝǾŀǘŜŘ ŎŀǊōƻƴΣ 

ƎǊŀǇƘŜƴŜΣ ƻǊ ŎŀǊōƻƴ ƴŀƴƻǘǳōŜǎ ό/b¢ǎύΣ ƳŜǘŀƭ ƻȄƛŘŜǎΣ ƻǊ aŜǘŀƭƻǊƎŀƴƛŎ CǊŀƳŜǿƻǊƪǎ όahCǎύΦ 

¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ {!/ǎ ŀǊŜ ƻƊŜƴ ǳƴǎǘŀōƭŜ ŀƴŘ ǘŜƴŘ ǘƻ ŀƎƎǊŜƎŀǘŜ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƘƛƎƘ ǎǳǊŦŀŎŜ ŜƴŜǊƎȅ 

ƻŦ ǘƘŜ ŀǘƻƳƛŎŀƭƭȅ ŘƛǎǇŜǊǎŜŘ ƳŜǘŀƭ ŀǘƻƳǎΣ ǿƘƛŎƘ ŜƴƘŀƴŎŜǎ ǘƘŜƛǊ Ƴƻōƛƭƛǘȅ ƻƴ ǘƘŜ ǎǳǇǇƻǊǘ ǎǳǊŦŀŎŜ ώмтϐΦ 

¢Ƙƛǎ ŎƻƴŘƛǝƻƴ Ƴŀȅ ōŜ ŀƎƎǊŀǾŀǘŜŘ ŘǳǊƛƴƎ ǘƘŜ Ŏŀǘŀƭȅǎƛǎ ǎǘŀƎŜ ǎƛƴŎŜ ƴŜǿ ƛƴǘŜǊŀŎǝƻƴǎ ŀƴŘ 

ƛƴǘŜǊƳŜŘƛŀǘŜǎ ŀǊŜ ŦƻǊƳŜŘ ŘǳŜ ǘƻ ǘƘŜ ŀǇǇƭƛŜŘ ǇƻǘŜƴǝŀƭΦ ¢ƻ ƛƳǇǊƻǾŜ ǘƘŜ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŎŀǘŀƭȅǎǘΣ ǘƘŜ 

ǎǳǇǇƻǊǘ Ƴǳǎǘ ōŜ ŀōƭŜ ǘƻ ǎǘǊƻƴƎƭȅ ǎǘŀōƛƭƛȊŜ ǘƘŜ ƳŜǘŀƭ ŀǘƻƳǎ ŀǾƻƛŘƛƴƎ ǘƘŜƛǊ ŀƎƎƭƻƳŜǊŀǝƻƴΦ ¢Ƙƛǎ ŎƻǳƭŘ 

ōŜ ŀŎƘƛŜǾŜŘ ōȅ ŜǎǘŀōƭƛǎƘƛƴƎ ǎǘǊƻƴƎ ƳŜǘŀƭπǎǳǇǇƻǊǘ ƛƴǘŜǊŀŎǝƻƴǎΣ ŀƴŘκƻǊ ŘŜŎǊŜŀǎƛƴƎ ǘƘŜ Ƴƻōƛƭƛǘȅ ƻŦ 

ǎƛƴƎƭŜ ŀǘƻƳǎ ώмуϐΦ Lƴ ƎŜƴŜǊŀƭΣ ŎƻƴǎƛŘŜǊƛƴƎ ǘǊŀƴǎƛǝƻƴ ƳŜǘŀƭǎΣ ǘƘŜ ƳŜǘŀƭ ŀŎǝǾŜ ǎƛǘŜ ŎƻƻǊŘƛƴŀǝƻƴ ǿƛǘƘ 

ǘƘŜ ǎǳǇǇƻǊǘ ƛǎ ŀŎƘƛŜǾŜŘ ǳǎƛƴƎ ƳƻƛŜǝŜǎ ŎƻƴǘŀƛƴƛƴƎ ƘŜǘŜǊƻŀǘƻƳǎ ǎǳŎƘ ŀǎ ƻȄȅƎŜƴΣ ƴƛǘǊƻƎŜƴΣ ŀƴŘ ǎǳƭŦǳǊ 

ώмфϐΦ ¢ƘŜ ƴŀǘǳǊŜ ƻŦ ǎǳŎƘ ŀƴ ŜƴǾƛǊƻƴƳŜƴǘ ŀƭǎƻ ŀũŜŎǘǎ ǘƘŜ ŀŎǝǾƛǘȅ ƻŦ ǘƘŜ {!/ǎ ώнлϐΦ 



мс 

wŜŎŜƴǘƭȅ ǘƘŜ ŜũŜŎǘ ƻŦ ǘƘŜ ƛƴǘǊƻŘǳŎǝƻƴ ƻŦ ŘƛũŜǊŜƴǘ ŀǘƻƳƛŎ ǎǇŜŎƛŜǎ ǿƛǘƘƛƴ ŀ ǎƛƴƎƭŜ ŀǘƻƳ Ƙŀǎ ōŜŜƴ 

ƛƴǾŜǎǝƎŀǘŜŘΦ Lƴ ǘƘƛǎ ƪƛƴŘ ƻŦ ƴƻǾŜƭ ŀǘƻƳƛŎŀƭƭȅ ŘƛǎǇŜǊǎŜŘ ƳŜǘŀƭ Ŏŀǘŀƭȅǎǘǎ όb!5a/ǎύΣ ŀŎǝǾŜ ǎƛǘŜǎ 

ŦŜŀǘǳǊŜ ǘǿƻ ƻǊ ƳƻǊŜ ŎŀǘŀƭȅǝŎ ŎŜƴǘŜǊǎΦ 5ǳŀƭ ŀǘƻƳ Ŏŀǘŀƭȅǎǘǎ ό5!/ǎύ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǎǳŎƘ ŀ ŎŀǘŜƎƻǊȅΦ 

¢ƘŜȅ ŀǊŜ ŎƻƴǎǝǘǳǘŜŘ ōȅ ǘǿƻ ƛƴŘƛǾƛŘǳŀƭ ƳŜǘŀƭ ŀǘƻƳǎ ŘƛǎǇŜǊǎŜŘ ƻƴ ŀ ǎǳǇǇƻǊǘ ƳŀǘŜǊƛŀƭ ŀƴŘ ƛƴǾƻƭǾŜ ǘƘŜ 

ŦƻǊƳŀǝƻƴ ƻŦ ƳŜǘŀƭπƳŜǘŀƭ ōƻƴŘǎ ōŜǘǿŜŜƴ ǘƘŜƳΦ ¢ƘŜ ǇǊŜŎƛǎŜƭȅ ŘŜǎƛƎƴŜŘ ǎǘǊǳŎǘǳǊŜǎ ƻŦ ǘƘŜǎŜ 

ƳǳƭǝŎƻƳǇƻƴŜƴǘ {!/ǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ǎȅƴŜǊƎƛǎǝŎ ƻǇǝƳƛȊŀǝƻƴ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ 

ŜƭŜŎǘǊƻŎŀǘŀƭȅǝŎ ǇŜǊŦƻǊƳŀƴŎŜ ōȅ ōŜƴŜŬŎƛŀƭƭȅ ƳƻŘǳƭŀǝƴƎ ǘƘŜ ŜƭŜŎǘǊƻƴƛŎ ǎǘǊǳŎǘǳǊŜΣ ǘƘŜ ƴŀǘǳǊŜ ƻŦ 

ƻǊōƛǘŀƭ ŬƭƭƛƴƎΣ ǘƘŜ ōƛƴŘƛƴƎ ŜƴŜǊƎȅ ƻŦ ǊŜŀŎǝƻƴ ƛƴǘŜǊƳŜŘƛŀǘŜǎΣ ǘƘŜ ǊŜŀŎǝƻƴ ǇŀǘƘǿŀȅǎΣ ŀƴŘ ǘƘŜ ƭƻŎŀƭ 

ǎǘǊǳŎǘǳǊŀƭ ǘǊŀƴǎŦƻǊƳŀǝƻƴǎ ώнмϐΦ ¢ƘŜǎŜ ŎƻƴǘǊƛōǳǝƻƴǎ ŀƭƭƻǿ ǘƘŜ ƻǾŜǊŀƭƭ ƛƴŎǊŜŀǎŜ ƻŦ ŀŎǝǾƛǘȅΣ ǎŜƭŜŎǝǾƛǘȅΣ 

ǎǘŀōƛƭƛǘȅΣ ŀƴŘ ŜŶŎƛŜƴŎȅ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŎŀǘŀƭȅǎǘ ƻƴŎŜ ŎƻƳǇŀǊŜŘ ǘƻ ŎƻƴǾŜƴǝƻƴŀƭ {!/ǎΦ  

5ǳŜ ǘƻ ƳǳƭǝǇƭŜ ƴŜƛƎƘōƻǊƛƴƎ ŀŎǝǾŜ ǎƛǘŜǎΣ b!5a/ǎ ŎƻǳƭŘ ŀƭǎƻ ŜȄƘƛōƛǘ ƳǳŎƘ ƘƛƎƘŜǊ ŀŎǝǾƛǘȅ ŀƴŘ 

ǎŜƭŜŎǝǾƛǘȅ ǘƘŀƴ {!/ǎΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ŎƻƳǇƭƛŎŀǘŜŘ ǊŜŀŎǝƻƴǎ ǿƛǘƘ ƳǳƭǝπǎǘŜǇ ƛƴǘŜǊƳŜŘƛŀǘŜǎ ώннϐΦ 

b!5a/ǎΣ ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ 5!/ǎΣ ŀǊŜ ǘƘŜƴ ǇŜǊŦŜŎǘ ŎŀƴŘƛŘŀǘŜǎ ǘƻ ōŜ ƛƴǾŜǎǝƎŀǘŜŘ ǘƻǿŀǊŘǎ ǘƘŜ 

ƛƴŎǊŜŀǎŜ ƻŦ hww ŀƴŘ h9w ǇŜǊŦƻǊƳŀƴŎŜǎ ƻŦ ŜƭŜŎǘǊƻŎŀǘŀƭȅǎǘǎΦ   

  

CƛƎǳǊŜ тΦ /ƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ {!/ǎ ŀƴŘ ƳǳƭǝŎƻƳǇƻƴŜƴǘ {!/ǎ ŀŘŀǇǘŜŘ ŦǊƻƳ ǊŜŦ ώмфϐ 



мт 

Lƴ ǘƘƛǎ ǘƘŜǎƛǎΣ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ƻŦ ŀ 5!/ ōŀǎŜŘ ƻƴ LǊƻƴ ŀƴŘ aŀƴƎŀƴŜǎŜ ŀƴŘ ƛǘǎ ŀŎǝǾƛǘȅ ǘƻǿŀǊŘǎ hȄȅƎŜƴ 

ŜƭŜŎǘǊƻŘŜ ǊŜŀŎǝƻƴǎ ǿŀǎ ƛƴǾŜǎǝƎŀǘŜŘΦ CŜ ŀƴŘ aƴ ǿŜǊŜ ŎƘƻǎŜƴ ǘƘŀƴƪǎ ǘƻ ǘƘŜƛǊ ŀƭǊŜŀŘȅ ŘŜƳƻƴǎǘǊŀǘŜŘ 

ŀŎǝǾƛǘȅ ŦƻǊ hww ŀƴŘ h9w ŀƴŘ ŘǳŜ ǘƻ ǘƘŜƛǊ ƎǊŜŀǘ ŀōǳƴŘŀƴŎŜ ŀƴŘ ƭƻǿ ǘƻȄƛŎƛǘȅΦ ¢ƘŜ ŀŎǝǾŜ ǎƛǘŜǎ ǿŜǊŜ 

ŎƘƻǎŜƴ ǘƻ ōŜ ǎǳǇǇƻǊǘŜŘ ƻƴǘƻ bƛǘǊƻƎŜƴπŘƻǇŜŘ ŎŀǊōƻƴ ƴŀƴƻǘǳōŜǎ ǎƛƴŎŜ ǘƘƛǎ ǎǘǊǳŎǘǳǊŜ Ƙŀǎ ŀƴ 

ŜȄŎŜǇǝƻƴŀƭ ǎǇŜŎƛŬŎ ǎǳǊŦŀŎŜ ŀǊŜŀΣ ƎǊŜŀǘ ŎƘŜƳƛŎŀƭ ŀƴŘ ǇƘȅǎƛŎŀƭ ƛƴŜǊǝŀΣ ŀƴŘ ŜȄŎŜƭƭŜƴǘ ŜƭŜŎǘǊƛŎŀƭ 

ŎƻƴŘǳŎǝǾƛǘȅΦ  

¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǿƻǊƪ ǿŀǎ ǘƻ ǇǊƻǇƻǎŜ ŀ ǊŜǾŜǊǎƛōƭŜ Ŏŀǘŀƭȅǎǘ ŦƻǊ h9w ŀƴŘ hww ƛƴ ŀƴ ŜƴǾƛǊƻƴƳŜƴǘ ǎƛƳƛƭŀǊ 

ǘƻ ǘƘŜ ƻƴŜ ǇǊŜǎŜƴǘ ƛƴ ½ƛƴŎπ!ƛǊ ōŀǧŜǊƛŜǎΦ ¢ƘŜ ŎƘƻǎŜƴ ǎȅƴǘƘŜǎƛǎ ǎǘǊŀǘŜƎȅ ǿŀǎ ŀ ǎƛƴƎƭŜπǎǘŜǇ ǘƘŜǊƳŀƭ 

ǇǊƻŎŜǎǎΣ ŀƴǝŎƛǇŀǘŜŘ ōȅ ǘƘŜ ŎƻƻǊŘƛƴŀǝƻƴ ƻŦ ǘƘŜ ƳŜǘŀƭƭƛŎ Ŏŀǝƻƴǎ ǿƛǘƘ ǘƘŜ /b¢ǎΦ ¢ƘŜ ǊŜŀƭƛȊŜŘ ƳŀǘŜǊƛŀƭǎ 

ǿŜǊŜ ǘƘŜƴ ǘŜǎǘŜŘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜƛǊ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ŀŎǝǾƛǘȅ ǘƻǿŀǊŘǎ h9w ŀƴŘ hww ƛƴ ŀƴ 

ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ŎŜƭƭΦ ¢ƘŜ ŜũŜŎǘ ƻŦ ǘƘŜ ƳŜǘŀƭ Ǌŀǝƻ ōŜǘǿŜŜƴ CŜ ŀƴŘ aƴ ǿŀǎ ŀƭǎƻ ŜǾŀƭǳŀǘŜŘΦ 

  



му 

  



мф 

/I!t¢9w н ς aŀǘŜǊƛŀƭǎ {ȅƴǘƘŜǎƛǎ ŀƴŘ /ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ aŜǘƘƻŘǎ 

нΦм ς aŀǘŜǊƛŀƭ {ȅƴǘƘŜǎƛǎ 

aǳƭǝπǿŀƭƭŜŘ ŎŀǊōƻƴ ƴŀƴƻǘǳōŜǎ όa²/b¢ǎύ ǿŜǊŜ ƛƴƛǝŀƭƭȅ ǎǳōŘǳŜŘ ǘƻ ŀ ŦǳƴŎǝƻƴŀƭƛȊŀǝƻƴ ǘǊŜŀǘƳŜƴǘ 

ǘƻ ŎǊŜŀǘŜ ǎǳǇŜǊŬŎƛŀƭ ƘȅŘǊƻǇƘƛƭƛŎ ƎǊƻǳǇǎΦ нлл ƳƎ ƻŦ a²/b¢ǎ ǿŜǊŜ ƛƴƛǝŀƭƭȅ ŘƛǎǇŜǊǎŜŘ ƛƴ ŀ рн Ƴ[ 

ǎƻƭǳǝƻƴ ƻŦ ŎƻƴŎŜƴǘǊŀǘŜŘ Iн{hп ŀƴŘ Ibhо ƛƴ ŀ оΥм ǾƻƭǳƳŜ Ǌŀǝƻ ƛƴ ŀ ǾƻƭǳƳŜǘǊƛŎ ƅŀǎƪ ŀƴŘ ǎƻƴƛŎŀǘŜŘ 

ŦƻǊ ол ƳƛƴǳǘŜǎΦ {ǳōǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ƳƛȄǘǳǊŜ ǿŀǎ ƭŜƊ ǎǝǊǊƛƴƎ ŀǘ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜ ŦƻǊ нп ƘƻǳǊǎΦ !ƊŜǊ 

ŬƭǘŜǊƛƴƎ ŀƴŘ ǎŜǾŜǊŀƭ ǿŀǎƘƛƴƎ ǎǘŜǇǎ ƛƴ Ƴƛƭƭƛπv ǿŀǘŜǊ ǳǇ ǘƻ ƴŜǳǘǊŀƭƛȊŀǝƻƴΣ a²/b¢ǎ ǿŜǊŜ ƻƴŎŜ ŀƎŀƛƴ 

ǎǝǊǊŜŘ ŦƻǊ нп ƘƻǳǊǎ ƛƴ нр Ƴ[ ƻŦ рa IbhоΦ CƻƭƭƻǿƛƴƎ ŬƭǘǊŀǝƻƴ ŀƴŘ ǿŀǎƘƛƴƎ ƛƴ Ƴƛƭƭƛπv ǿŀǘŜǊ a²/b¢ǎ 

ǿŜǊŜ ŘƛǎǇŜǊǎŜŘ ƛƴ Ƴƛƭƭƛπv ǿŀǘŜǊΦ ¢ƘŜ ƳƛȄǘǳǊŜ ǿŀǎ ǘƘŜƴ ŦǊƻȊŜƴΣ ŀƴŘ ǿŀǘŜǊ ǿŀǎ ǊŜƳƻǾŜŘ ōȅ ŦǊŜŜȊŜπ

ŘǊȅƛƴƎΦ ¢ƘŜ ǊŜǎǳƭǝƴƎ ŦǳƴŎǝƻƴŀƭƛȊŜŘ ŎŀǊōƻƴ ƴŀƴƻǘǳōŜǎ ǿŜǊŜ ƭŀōŜƭŜŘ ŀǎ /b¢ƘȅŘǊƻ ŀƴŘ ǿŜǊŜ 

ŜƳǇƭƻȅŜŘ ƛƴ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ƻŦ ŀƭƭ ǘƘŜ ǎǘǳŘƛŜŘ ƳŀǘŜǊƛŀƭǎΦ 

¢ƻ ǎȅƴǘƘŜǎƛȊŜ ǘƘŜ ŀƴŀƭȅȊŜŘ ŎŀǘŀƭȅǎǘǎΣ нл ƳƎ ƻŦ /b¢ƘȅŘǊƻ ǿŜǊŜ ŘƛǎǇŜǊǎŜŘ ǘƻƎŜǘƘŜǊ ǿƛǘƘ со ƳƎ ƻŦ 

aŜƭŀƳƛƴŜ ŀƴŘ ŀ ǾŀǊƛŀōƭŜ ŀƳƻǳƴǘ ƻŦ ƳŜǘŀƭπŎƻƴǘŀƛƴƛƴƎ ǎƻƭǳǝƻƴ ƛƴ рл Ƴ[ ƻŦ Ƴƛƭƭƛπv ǿŀǘŜǊ ŀƴŘ 

ǎƻƴƛŎŀǘŜŘ ŦƻǊ ŀǘ ƭŜŀǎǘ ол ƳƛƴǳǘŜǎΦ ¢ƘŜ ƳƛȄǘǳǊŜ ǿŀǎ ǘƘŜƴ ƭŜƊ ǎǝǊǊƛƴƎ ƻǾŜǊƴƛƎƘǘ όŦƻǊ ŀǘ ƭŜŀǎǘ мр ƘƻǳǊǎύ 

ŀǘ рл ϲ/Σ ŀƴŘ ƻƴŎŜ ŀƎŀƛƴ ǎƻƴƛŎŀǘŜŘ ŦƻǊ н ƘƻǳǊǎΦ !ƊŜǊ ǘƘƛǎΣ ǿŀǘŜǊ ǿŀǎ ǊŜƳƻǾŜŘ ōȅ ŦǊŜŜȊŜπŘǊȅƛƴƎ ǘƻ 

ǇǊŜǎŜǊǾŜ ǘƘŜ ƘƛƎƘ ǎǳǇŜǊŬŎƛŀƭ ŀǊŜŀ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ ƳŀǘŜǊƛŀƭΦ ¢ƘŜ ŘǊƛŜŘ ǇƻǿŘŜǊ ǿŀǎ ǇƭŀŎŜŘ ƛƴ ŀƴ 

ŀƭǳƳƛƴŀ ōƻŀǘ ŀƴŘ ǳƴŘŜǊǿŜƴǘ ŀ ƘƛƎƘπǘŜƳǇŜǊŀǘǳǊŜ ǘǊŜŀǘƳŜƴǘ ƛƴ ŀ ƴƛǘǊƻƎŜƴ ŀǘƳƻǎǇƘŜǊŜΦ {ǳŎƘ 

ǘǊŜŀǘƳŜƴǘ ŎƻƴǎƛǎǘŜŘ ƻŦ ƘŜŀǝƴƎ ǳǇ ǘƻ плл ϲ/ ŀǘ нϲ/κƳƛƴΣ ол ƳƛƴǳǘŜǎ ŀǘ ŀ Ŏƻƴǎǘŀƴǘ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ 

пллϲ/Σ ŦƻƭƭƻǿŜŘ ōȅ ŀ ǎŜŎƻƴŘ ƘŜŀǝƴƎ ǊŀƳǇ ƻŦ рϲ/κƳƛƴ ǳǇ ǘƻ улл ϲ/ ŀƴŘ ǎƻŀƪƛƴƎ ŦƻǊ н ƘƻǳǊǎ ŀǘ ǘƘŜ 

ǎŀƳŜ ǘŜƳǇŜǊŀǘǳǊŜΦ 

¢ƘŜ ǊŜǎǳƭǝƴƎ ǇƻǿŘŜǊ ǿŀǎ ǘƘŜƴ ŜǘŎƘŜŘ ƛƴ ŀ ǎƻƭǳǝƻƴ ƻŦ м a Iн{hп ŀǘ мллϲ/ ǳƴŘŜǊ ǎǝǊǊƛƴƎ ǘƻ ǊŜƳƻǾŜ 

ǘƘŜ ŜǾŜƴǘǳŀƭ ƴŀƴƻǇŀǊǝŎƭŜǎ ŦƻǊƳŜŘ ŘǳǊƛƴƎ ǘƘŜ ƘƛƎƘπǘŜƳǇŜǊŀǘǳǊŜ ǇǊƻŎŜǎǎΦ .ƻǘƘ ǇƘȅǎƛŎƻŎƘŜƳƛŎŀƭ ŀƴŘ 

ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƻƴ ǎŀƳǇƭŜǎ ōƻǘƘ ōŜŦƻǊŜ ŀƴŘ ŀƊŜǊ ǘƘŜ ŜǘŎƘƛƴƎΦ 

CƛǾŜ ŘƛũŜǊŜƴǘ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ŎŀǊōƻƴ ƴŀƴƻǘǳōŜπōŀǎŜŘ Ŏŀǘŀƭȅǎǘǎ ǿŜǊŜ ǎȅƴǘƘŜǎƛȊŜŘΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ 

ǉǳŀƴǝǘȅ ƻŦ LǊƻƴ ŀƴŘ aŀƴƎŀƴŜǎŜ ƛƴ ǘƘŜ ǎŀƳǇƭŜΦ ! ǎŀƳǇƭŜ ǿƛǘƘƻǳǘ ŀƴȅ ŀŘŘŜŘ ƳŜǘŀƭ ǿŀǎ ǎȅƴǘƘŜǎƛȊŜŘ 

ŀǎ ŀ ŎƻƴǘǊƻƭΦ ¢ƘŜ ƳŜǘŀƭ ŎƻƴǘŜƴǘ ƛƴ ǘƘŜ ǎŀƳǇƭŜΣ ǿƘŜǊŜ ǇǊŜǎŜƴǘΣ ǿŀǎ ŬȄŜŘ ǘƻ м ƳƎΣ ƛΦŜΦ рǿǘ҈ ƻŦ ǘƘŜ 

ŎŀǊōƻƴ ƴŀƴƻǘǳōŜǎ ŎƻƴǘŜƴǘΦ ¢ƘŜ ǎŀƳǇƭŜǎ ǿŜǊŜ ƴŀƳŜŘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŀǘƻƳƛŎ Ǌŀǝƻ CŜΥ aƴ ǇǊŜǎŜƴǘ 

ƛƴ ǘƘŜ ƳŀǘŜǊƛŀƭΦ ! ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ƳŜǘŀƭ ŎƻƴǘŜƴǘ ŀƴŘ ǘƘŜ ŘŜǎƛƎƴŀǝƻƴ ƻŦ ŜŀŎƘ ƴƻǘπŜǘŎƘŜŘ ƳŀǘŜǊƛŀƭ 

Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ¢ŀōƭŜ нΦ 



нл 

¢ŀōƭŜ нΦ 5ŜǎƛƎƴŀǝƻƴ ŀƴŘ ƴƻƳƛƴŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ǎȅƴǘƘŜǎƛȊŜŘ ƳŀǘŜǊƛŀƭǎ 

 

aǳƭǝπǿŀƭƭŜŘ ŎŀǊōƻƴ ƴŀƴƻǘǳōŜǎ όҔфу҈ ŎŀǊōƻƴ ōŀǎƛǎύΣ aŀƴƎŀƴŜǎŜ όLLύ /ƘƭƻǊƛŘŜ ǘŜǘǊŀƘȅŘǊŀǘŜ όҔфу҈ύΣ 

LǊƻƴ όLLLύ ŎƘƭƻǊƛŘŜ ƘŜȄŀƘȅŘǊŀǘŜ όҔфу҈ύΣ ƳŜƭŀƳƛƴŜ όфф҈ύΣ tƻǘŀǎǎƛǳƳ ƘȅŘǊƻȄƛŘŜ όфл҈ύΣ bŀŬƻƴ όрǿǘ҈ 

ǎƻƭǳǝƻƴύΣ ƛǎƻǇǊƻǇŀƴƻƭ όҔфф҈ύΣ ŜǘƘŀƴƻƭ όҔффΦф҈ύΣ ǎǳƭŦǳǊƛŎ ŀŎƛŘ όфрΦлπфуΦл҈ύ ŀƴŘ ƴƛǘǊƛŎ ŀŎƛŘ όфф҈ύ 

ǿŜǊŜ ǇǳǊŎƘŀǎŜŘ ŦǊƻƳ {ƛƎƳŀπ!ƭŘǊƛŎƘΦ !ƭƭ ŎƘŜƳƛŎŀƭǎ ǿŜǊŜ ƻŦ ŎƻƳƳŜǊŎƛŀƭ ǇǳǊƛǘȅ ŀƴŘ ǿŜǊŜ ǳǎŜŘ ǿƛǘƘƻǳǘ 

ŦǳǊǘƘŜǊ ǇǳǊƛŬŎŀǝƻƴΦ !ƭƭ ǿŀǘŜǊ ǳǎŜŘ ŦƻǊ ŎƭŜŀƴƛƴƎ ŀƴŘ ǇǊŜǇŀǊƛƴƎ ǘƘŜ ŜƭŜŎǘǊƻƭȅǘŜ ǎƻƭǳǝƻƴǎ ǿŀǎ 

ŘŜƳƛƴŜǊŀƭƛȊŜŘ ŀƴŘ ǳƭǘǊŀŬƭǘŜǊŜŘ ōȅ ŀ aƛƭƭƛǇƻǊŜ aƛƭƭƛπv ǎȅǎǘŜƳ όǊŜǎƛǎǝǾƛǘȅ муΦн aʍύΦ 

нΦн ς tƘȅǎƛŎƻŎƘŜƳƛŎŀƭ /ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ aŜǘƘƻŘǎ 

¢ƘŜ ǎȅƴǘƘŜǎƛȊŜŘ /b¢ǎπōŀǎŜŘ Ŏŀǘŀƭȅǎǘǎ ǿŜǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ǳǎƛƴƎ ·πǊŀȅ ŘƛũǊŀŎǝƻƴΣ ¢ǊŀƴǎƳƛǎǎƛƻƴ 

9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅΣ ŀƴŘ ·πǊŀȅ ǇƘƻǘƻŜƭŜŎǘǊƻƴ {ǇŜŎǘǊƻǎŎƻǇȅΦ ! ōǊƛŜŦ ŘŜǎŎǊƛǇǝƻƴ ƻŦ ŜŀŎƘ ŀƴŀƭȅǎƛǎ 

ǘŜŎƘƴƛǉǳŜ ƛǎ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇŀǊŀƎǊŀǇƘǎΦ 

нΦнΦм ¢ǊŀƴǎƳƛǎǎƛƻƴ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅ 

¢ǊŀƴǎƳƛǎǎƛƻƴ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅ ό¢9aύ ŀƴŘ {ŎŀƴƴƛƴƎ ¢ǊŀƴǎƳƛǎǎƛƻƴ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅ ό{¢9aύ 

ǎŜǊǾŜ ŀǎ ƛƴǎǘǊǳƳŜƴǘŀƭ ǘŜŎƘƴƛǉǳŜǎ ŦƻǊ ǳƴǾŜƛƭƛƴƎ ǘƘŜ ǎǘǊǳŎǘǳǊŜǎ ƻŦ ƳŀǘŜǊƛŀƭǎ ŀǘ ǘƘŜ ŀǘƻƳƛŎ ǎŎŀƭŜ ώноϐΦ 

.ƻǘƘ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ǊŜƭȅ ƻƴ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴ ƻŦ ŀ ƘƛƎƘƭȅ ŜƴŜǊƎŜǝŎ ŜƭŜŎǘǊƻƴ ōŜŀƳ ǿƛǘƘ ŀǘƻƳǎ ŀƴŘ ǘƘŜƛǊ 

ŀǎǎƻŎƛŀǘŜŘ ŜƭŜŎǘǊƻƴ ŎƭƻǳŘǎΦ ¢Ƙƛǎ ōŜŀƳ ƛǎ ƎŜƴŜǊŀǘŜŘ ōȅ ŀƴ ŜƭŜŎǘǊƻƴ Ǝǳƴ ŀƴŘ ǘƘŜƴ ƳŜǝŎǳƭƻǳǎƭȅ 

ŦƻŎǳǎŜŘ ōȅ ŎƻƴŘŜƴǎŜǊ ƭŜƴǎŜǎ ŀƴŘ ŬǊŜŘ ƻƴ ǘƘŜ ŀƴŀƭȅǘŜΣ ǘȅǇƛŎŀƭƭȅ ŀƴ ŜƭŜŎǘǊƻƴπǘǊŀƴǎǇŀǊŜƴǘ ǎƭƛǾŜǊ ƻŦ 

ƳŀǘŜǊƛŀƭ ƻƴƭȅ ǘŜƴǎ ƻŦ ƴŀƴƻƳŜǘŜǊǎ ǘƘƛŎƪ ώнпϐΦ  

CƻǊ ¢9aΣ ŀǎ ǘƘŜ ŜƭŜŎǘǊƻƴǎ ǘǊŀǾŜǊǎŜ ǘƘŜ ǎŀƳǇƭŜΣ ǘƘŜƛǊ ǊŜǎǇƻƴǎŜ ƛǎ ƭƛƴƪŜŘ ǘƻ ǘƘŜ ƭƻŎŀƭ ŘŜƴǎƛǘȅ ŀƴŘ 

ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ ƛǘǎŜƭŦΦ wŜƎƛƻƴǎ ǿƛǘƘ ƘƛƎƘŜǊ ŘŜƴǎƛǘȅ ŀŎǘ ŀǎ ƻōǎǘŀŎƭŜǎΣ ǎŎŀǧŜǊƛƴƎ ƻǊ 

ŀōǎƻǊōƛƴƎ ŀ ƎǊŜŀǘŜǊ ƴǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴǎ ώнрϐΦ /ƻƴǾŜǊǎŜƭȅΣ ŀǊŜŀǎ ǿƛǘƘ ƭŜǎǎ ŘŜƴǎŜ ƳŀǘŜǊƛŀƭǎ ǇŜǊƳƛǘ ŀ 

ƘƛƎƘŜǊ ǇǊƻǇƻǊǝƻƴ ƻŦ ŜƭŜŎǘǊƻƴǎ ǘƻ Ǉŀǎǎ ǘƘǊƻǳƎƘ ǳƴƛƳǇŜŘŜŘΦ hōƧŜŎǝǾŜ ƭŜƴǎŜǎ ǎǳōǎŜǉǳŜƴǘƭȅ ƳŀƎƴƛŦȅ 

ǘƘŜ ǳƴŀƭǘŜǊŜŘΣ ǘǊŀƴǎƳƛǧŜŘ ŜƭŜŎǘǊƻƴǎΣ ǊŜŎƻƴǎǘǊǳŎǝƴƎ ŀƴ ƛƳŀƎŜ ƻŦ ǘƘŜ ǎŀƳǇƭŜϥǎ ƛƴǘŜǊƴŀƭ ǎǘǊǳŎǘǳǊŜΦ 

Material aŜǘŀƭ ŎƻƴǘŜƴǘ όǿǘ҈ύ CŜ όǿǘ҈ύ aƴ όǿǘ҈ύ 

N-CNTs π π π 

N-CNTs-Fe р р π 

N-CNTs-Mn р π р 

N-CNTs-Fe1Mn1 р нΦр нΦр 

N-CNTs-Fe2Mn1 р оΦт мΦо 



нм 

¢ƘŜ ǊŜǎǳƭǝƴƎ ƛƳŀƎŜ ǊŜǾŜŀƭǎ ŀ ǘƻǇƻƎǊŀǇƘƛŎŀƭ ƳŀǇΣ ǿƘŜǊŜ ŘŀǊƪŜǊ ǊŜƎƛƻƴǎ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ŘŜƴǎŜǊ ŀǊŜŀǎ 

ǿƛǘƘƛƴ ǘƘŜ ǎŀƳǇƭŜΦ  

{¢9a ōǳƛƭŘǎ ǳǇƻƴ ǘƘŜ ¢9aΣ ƛƴŎƻǊǇƻǊŀǝƴƎ ŜƭŜƳŜƴǘǎ ŦǊƻƳ {ŎŀƴƴƛƴƎ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅ ό{9aύΦ 

{ƛƳƛƭŀǊ ǘƻ ¢9aΣ {¢9a ŜƳǇƭƻȅǎ ŀƴ ŜƭŜŎǘǊƻƴ Ǝǳƴ ǘƻ ƎŜƴŜǊŀǘŜ ŀ ōŜŀƳΦ IƻǿŜǾŜǊΣ ƛƴ {¢9aΣ ǘƘƛǎ ōŜŀƳ ƛǎ 

ŦǳǊǘƘŜǊ ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴǘƻ ŀƴ ƛƴŎǊŜŘƛōƭȅ ŬƴŜ ǇǊƻōŜ ōȅ ǎǇŜŎƛŀƭƛȊŜŘ ƭŜƴǎŜǎΦ ¢Ƙƛǎ ŦƻŎǳǎŜŘ ǇǊƻōŜ ǘƘŜƴ 

Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŀƴŀƭȅȊŜ ǿƛǘƘ ƘƛƎƘ ǊŜǎƻƭǳǝƻƴ ǘƘŜ ǎŀƳǇƭŜΣ ǎŎŀƴƴƛƴƎ ŀ ǿŜƭƭπŘŜŬƴŜŘ ǊŜƎƛƻƴ ƛƴ ŀ ǊŀǎǘŜǊ 

ǇŀǧŜǊƴΦ !ǎ ǘƘŜ ǇǊƻōŜ ƳŜǝŎǳƭƻǳǎƭȅ ǎŎŀƴǎ ŜŀŎƘ Ǉƻƛƴǘ ƻƴ ǘƘŜ ǎŀƳǇƭŜΣ ŀ ŘŜǘŜŎǘƻǊ ŎƻƭƭŜŎǘǎ ǘƘŜ ƘƛƎƘπ

ŀƴƎƭŜ ǎŎŀǧŜǊŜŘ ŜƭŜŎǘǊƻƴǎΦ ¢ƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ǘƘŜǎŜ ŜƭŜŎǘǊƻƴǎ ŀǘ ŜŀŎƘ ǎŎŀƴƴŜŘ ƭƻŎŀǝƻƴ ŀƭƭƻǿǎ ǘƘŜ 

ŎƻƴǎǘǊǳŎǝƻƴ ƻŦ ŀ ǇƻƛƴǘπōȅπǇƻƛƴǘ ƛƳŀƎŜ ƻŦ ǘƘŜ ǎŀƳǇƭŜ ώнсϐΦ  

¢ƘŜ ŎƻƴǘǊŀǎǘ ƻōǎŜǊǾŜŘ ƛƴ ōƻǘƘ ¢9a ŀƴŘ {¢9a ƛƳŀƎŜǎ ƻǊƛƎƛƴŀǘŜǎ ŦǊƻƳ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ 

ŜƭŜŎǘǊƻƴ ōŜŀƳ ŀƴŘ ǘƘŜ ǎŀƳǇƭŜΦ 9ƭŜƳŜƴǘǎ ǿƛǘƘ ƘƛƎƘŜǊ ŀǘƻƳƛŎ ƴǳƳōŜǊǎ ό½ύ ǇƻǎǎŜǎǎ ƳƻǊŜ ŜƭŜŎǘǊƻƴǎ 

ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜƛǊ ƴǳŎƭŜƛΦ ¢ƘŜǎŜ ŘŜƴǎŜ ŜƭŜŎǘǊƻƴ ǎƘŜƭƭǎ ƛƴǘŜǊŀŎǘ ƳƻǊŜ ǎǘǊƻƴƎƭȅ ǿƛǘƘ ǘƘŜ ƛƴŎƻƳƛƴƎ 

ŜƭŜŎǘǊƻƴǎΣ ƭŜŀŘƛƴƎ ǘƻ ŀ ƎǊŜŀǘŜǊ ŘŜƎǊŜŜ ƻŦ ǎŎŀǧŜǊƛƴƎ ŀƴŘ ŀōǎƻǊǇǝƻƴΦ Lƴ ŀ ¢9a ƛƳŀƎŜΣ ǘƘƛǎ ǘǊŀƴǎƭŀǘŜǎ 

ǘƻ ŘŀǊƪŜǊ ƎǊŀȅ ǾŀƭǳŜǎ ƛƴ ǊŜƎƛƻƴǎ ŎƻƴǘŀƛƴƛƴƎ ƘŜŀǾƛŜǊ ŜƭŜƳŜƴǘǎΦ /ƻƴǾŜǊǎŜƭȅΣ ŜƭŜƳŜƴǘǎ ǿƛǘƘ ƭƻǿŜǊ ½ 

ǎŎŀǧŜǊ ŀƴŘ ŀōǎƻǊō ƭŜǎǎΣ ŀƭƭƻǿƛƴƎ ƳƻǊŜ ŜƭŜŎǘǊƻƴǎ ǘƻ Ǉŀǎǎ ǘƘǊƻǳƎƘ ǳƴƘƛƴŘŜǊŜŘΦ ¢ƘŜǎŜ ȊƻƴŜǎ ŀǇǇŜŀǊ 

ōǊƛƎƘǘŜǊ ǿƛǘƘ ƘƛƎƘŜǊ ƎǊŀȅ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ƛƳŀƎŜΦ Lƴ {¢9a ƛƴǎǘŜŀŘΣ ǎƛƴŎŜ ŜƭŜŎǘǊƻƴǎ ŀǊŜ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ōŜ 

ǊŜƅŜŎǘŜŘ ŦǊƻƳ ŜƭŜƳŜƴǘǎ ǿƛǘƘ ƘƛƎƘ ½Σ ƘŜŀǾƛŜǊ ŜƭŜƳŜƴǘǎ ǿƛǘƘ ǎǘǊƻƴƎŜǊ ǎŎŀǧŜǊƛƴƎ ǿƛƭƭ ǇǊƻŘǳŎŜ ŀ 

ǎǘǊƻƴƎŜǊ ǎƛƎƴŀƭΣ ǊŜǎǳƭǝƴƎ ƛƴ ōǊƛƎƘǘŜǊ ǊŜƎƛƻƴǎ ƛƴ ǘƘŜ Ŭƴŀƭ ƛƳŀƎŜ ώнтϐΦ 

{¢9a ǎȅǎǘŜƳǎ Ŏŀƴ ōŜ ŎƻǳǇƭŜŘ ǿƛǘƘ 9ƴŜǊƎȅπ5ƛǎǇŜǊǎƛǾŜ ·πǊŀȅ {ǇŜŎǘǊƻǎŎƻǇȅ ό95·ύ ǎȅǎǘŜƳǎΦ ¢Ƙƛǎ ǎŜǘǳǇ 

Ŏŀƴ ƳƻƴƛǘƻǊ ǘƘŜ ƭƻŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ǘŜǎǘŜŘ ǎŀƳǇƭŜΣ ŎǊŜŀǝƴƎ ƳŀǇǎ ƻŦ ǘƘŜ ŜƭŜƳŜƴǘŀƭ ŘƛǎǘǊƛōǳǝƻƴ 

ǿƛǘƘƛƴ ǘƘŜ ƛƴǾŜǎǝƎŀǘŜŘ ȊƻƴŜ ώнуϐΦ Lǘ ǊŜƭƛŜǎ ƻƴ ǘƘŜ ŜƳƛǎǎƛƻƴ ƻŦ ·πǊŀȅǎ ŎŀǳǎŜŘ ōȅ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴ ƻŦ ǘƘŜ 

ƘƛƎƘπŜƴŜǊƎȅ ŜƭŜŎǘǊƻƴ ōŜŀƳ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ {¢9a ǿƛǘƘ ǘƘŜ ǎŀƳǇƭŜΦ ¢ƘŜ ŜƭŜŎǘǊƻƴ Ŏŀƴ ƪƴƻŎƪ ƻǳǘ 

ƛƴƴŜǊπǎƘŜƭƭ ŜƭŜŎǘǊƻƴǎ ŎŀǳǎƛƴƎ ǘƘŜ ŘŜŎŀŘŜƴŎŜ ƻŦ ƻǳǘŜǊπǎƘŜƭƭ ŜƭŜŎǘǊƻƴǎ ǘƻ Ŭƭƭ ǘƘŜ ǾŀŎŀƴŎƛŜǎΦ ¢Ƙƛǎ ƛǎ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǊŜƭŜŀǎŜ ƻŦ ŜƴŜǊƎȅ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ·πǊŀȅǎΦ ¢ƘŜǎŜ ·πǊŀȅǎ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎ ƻŦ ǘƘŜ 

ŜƭŜƳŜƴǘǎ ǘƘŀǘ ŜƳƛǘ ǘƘŜƳ ŀƴŘΣ ƳƻƴƛǘƻǊƛƴƎ ǘƘŜƛǊ ŜƴŜǊƎȅΣ ǘƘŜ ŜƭŜƳŜƴǘŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ŀƴŀƭȅȊŜŘ ǎǇƻǘǎ 

Ŏŀƴ ōŜ ƻōǘŀƛƴŜŘΦ 

¢9a ƛƳŀƎŜǎ ǿŜǊŜ ŀŎǉǳƛǊŜŘ ǿƛǘƘ ŀ W9aπCнлл ƳǳƭǝπǇǳǊǇƻǎŜ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇŜΦ ¢ƘŜ ǎŀƳǇƭŜǎ ǿŜǊŜ 

ŘƛǎǇŜǊǎŜŘ ƛƴ ƛǎƻǇǊƻǇŀƴƻƭ ŀƴŘ ŘŜǇƻǎƛǘŜŘ ƻƴ ŀ ¢95 t9[[! [ŀŎŜȅ /ŀǊōƻƴ ƘƻƭŘŜǊ όплл ƳŜǎƘΣ /ƻǇǇŜǊΣ 

ŀǇǇǊƻȄΦ ƎǊƛŘ ƘƻƭŜ ǎƛȊŜΥ пнҡƳύΦ 

 



нн 

нΦнΦн ς ·πǊŀȅ ŘƛũǊŀŎǝƻƴ 

·πǊŀȅ ŘƛũǊŀŎǝƻƴ ƛǎ ŀ ƴƻƴπŘŜǎǘǊǳŎǝǾŜ ŀƴŀƭȅǎƛǎ ǘŜŎƘƴƛǉǳŜ ŜƳǇƭƻȅŜŘ ŦƻǊ ŀƴŀƭȅȊƛƴƎ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ 

ƳŀǘŜǊƛŀƭǎΣ ǇǊƛƳŀǊƛƭȅ ŀǘ ǘƘŜ ŀǘƻƳƛŎ ƻǊ ƳƻƭŜŎǳƭŀǊ ƭŜǾŜƭ ώнфϐΦ Lǘ ǊŜƭƛŜǎ ƻƴ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ·πǊŀȅǎ ƘŀǾŜ 

ǿŀǾŜƭŜƴƎǘƘǎ ƛƴ ǘƘŜ ƻǊŘŜǊ ƻŦ ƴŀƴƻƳŜǘŜǊǎΣ ŎƻƳǇŀǊŀōƭŜ ǿƛǘƘ ǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ŀǘƻƳƛŎ ǇƭŀƴŜǎ ƛƴ 

ŎǊȅǎǘŀƭ ƭŀǩŎŜǎΦ ²ƘŜƴ ·πǊŀȅǎ ǎŎŀǧŜǊ ŦǊƻƳ ŀ ǎǳōǎǘŀƴŎŜ ǿƛǘƘ ǎǘǊǳŎǘǳǊŜ ŀǘ ǘƘŀǘ ƭŜƴƎǘƘ ǎŎŀƭŜΣ 

ƛƴǘŜǊŦŜǊŜƴŎŜ Ŏŀƴ ǘŀƪŜ ǇƭŀŎŜΣ ǊŜǎǳƭǝƴƎ ƛƴ ŀ ǇŀǧŜǊƴ ƻŦ ƘƛƎƘŜǊ ŀƴŘ ƭƻǿŜǊ ƛƴǘŜƴǎƛǝŜǎΦ ¢Ƙƛǎ ǇŀǧŜǊƴ 

ǇǊƻǾƛŘŜǎ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǘƘŜ ƛƴǘŜǊƴŀƭ ǎǘǊǳŎǘǳǊŜ ƻƴ ƭŜƴƎǘƘ ǎŎŀƭŜǎ ŦǊƻƳ лΦм ǘƻ млл ƴƳΦ 

¢ƘŜ ǿƻǊƪƛƴƎ ǇǊƛƴŎƛǇƭŜ ƻŦ ǎǳŎƘ ŀ ǇƘŜƴƻƳŜƴƻƴ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ уΦ ! ƳƻƴƻŎƘǊƻƳŀǝŎ ·πǊŀȅ ǿƛǘƘ 

ǿŀǾŜƭŜƴƎǘƘ  ˂ƛƴŎƛŘŜƴǘ ƻƴ ŀ ŎǊȅǎǘŀƭ ǿƛǘƘ ŀƴ ŀƴƎƭŜ — Ŏŀƴ ōŜ ǊŜƅŜŎǘŜŘ ōȅ ƛƴǘŜǊŀŎǝƴƎ ǿƛǘƘ ŘƛũŜǊŜƴǘ 

ŀǘƻƳƛŎ ǇƭŀƴŜǎΣ ŀǘ ŀ ŘƛǎǘŀƴŎŜ Ὠ  ƻƴŜ ŦǊƻƳ ŀƴƻǘƘŜǊΦ ¢ƘŜ ŘŜǇǘƘ ƻŦ ǎǳŎƘ ƛƴǘŜǊŀŎǝƻƴ ŘŜǘŜǊƳƛƴŜǎ ŀ 

ŘƛũŜǊŜƴŎŜ ƛƴ ǘƘŜ ƻǇǝŎŀƭ ƭŜƴƎǘƘ ǘǊŀǾŜƭŜŘ ōȅ ǘƘŜ ǿŀǾŜΣ ǿƘƛŎƘ ǇǊƻŘǳŎŜǎ ŀ ŘƛũŜǊŜƴŎŜ ƛƴ ǘƘŜ ǇƘŀǎŜ ƻŦ 

ǘƘŜ ǿŀǾŜ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ƻǊƛƎƛƴŀƭ ƻƴŜΦ LŦ ǘƘŜ ǇŀǘƘ ŘƛũŜǊŜƴŎŜ ƛǎ Ŝǉǳŀƭ ǘƻ ŀƴ ƛƴǘŜƎŜǊ ƳǳƭǝǇƭŜ ƻŦ 

ǘƘŜ ǿŀǾŜƭŜƴƎǘƘΣ ǘƘŜƴ ǘƘŜ ǎŎŀǧŜǊŜŘ ǊŀŘƛŀǝƻƴ ǿƛƭƭ ǳƴŘŜǊƎƻ ŎƻƴǎǘǊǳŎǝǾŜ ƛƴǘŜǊŦŜǊŜƴŎŜ ŀƴŘ ǘƘǳǎ ǘƘŜ 

ŎǊȅǎǘŀƭ ǿƛƭƭ ŀǇǇŜŀǊ ǘƻ ƘŀǾŜ ǊŜƅŜŎǘŜŘ ǘƘŜ ·πǊŀŘƛŀǝƻƴΦ  

¢Ƙƛǎ ōŜƘŀǾƛƻǊ ƛǎ ŘŜǎŎǊƛōŜŘ ōȅ .ǊŀƎƎΩǎ [ŀǿ ώолϐ 

ὲ‗ ςὨ ίὭὲ— 

¢Ƙƛǎ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ŘƛũǊŀŎǝƻƴ ŀƴƎƭŜ ŀƴŘ ŀǘƻƳƛŎ ǇƭŀƴŜǎ ŘƛǎǘŀƴŎŜ ŀƭƭƻǿǎ ǳǎ ǘƻ Ǝŀƛƴ ƛƴǎƛƎƘǘǎ ƛƴǘƻ 

ǘƘŜ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ŘƛǎǘŀƴŎŜ Ὠ ǇŜǊŦƻǊƳƛƴƎ ŀ ǎŎŀƴƴƛƴƎ ŎƘŀƴƎƛƴƎ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ŀƴƎƭŜ ǿƘƛƭŜ ƪŜŜǇƛƴƎ 

Ŏƻƴǎǘŀƴǘ ǘƘŜ ǿŀǾŜƭŜƴƎǘƘ ‗Φ {ǳŎƘ ǎŎŀƴƴƛƴƎ ǊŜǎǳƭǘǎ ƛƴ ŀ ǎƻπŎŀƭƭŜŘ ŘƛũǊŀŎǘƻƎǊŀƳ ǘƘŀǘ ǎƘƻǿǎ ǘƘŜ 

CƛƎǳǊŜ уΦ ²ƻǊƪƛƴƎ ǇǊƛƴŎƛǇƭŜ ƻŦ ·w5 



но 

ƛƴǘŜƴǎƛǘȅ ƻŦ ǘƘŜ ŎƻƭƭŜŎǘŜŘ ŎƻƴǎǘǊǳŎǝǾŜ ƛƴǘŜǊŦŜǊŜƴŎŜ ǎƛƎƴŀƭ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǘǿƛŎŜ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ŀƴƎƭŜ 

ς—Σ ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŀƴƎƭŜ ōŜǘǿŜŜƴ ǘƘŜ ƛƴŎƛŘŜƴǘ ōŜŀƳ ŀƴŘ ǘƘŜ ŘƛũǊŀŎǘŜŘ ōŜŀƳΦ 

{ƛƴŎŜ ŜǾŜǊȅ ŎǊȅǎǘŀƭƭƛƴŜ ǇƘŀǎŜ ǎƘƻǿǎ ŀ ŘƛũǊŀŎǝƻƴ ǇŀǧŜǊƴ ŎƻƳǇƻǎŜŘ ƻŦ ǇŜŀƪǎ ƭƻŎŀǘŜŘ ŀǘ ǎǇŜŎƛŬŎ ς— 

ŀƴƎƭŜǎ ώомϐΣ ǘƘŜ ŘŜŎƻƴǾƻƭǳǝƻƴ ƻŦ ŀ ŘƛũǊŀŎǘƻƎǊŀƳ ŀƭƭƻǿǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǇƘŀǎŜǎ ǇǊŜǎŜƴǘ ƛƴǎƛŘŜ 

ǘƘŜ ǘŜǎǘŜŘ ǎŀƳǇƭŜΦ aƻǊŜƻǾŜǊΣ ŎƻƴǎƛŘŜǊƛƴƎ .ǊŀƎƎΩǎ ƭŀǿΣ ǘƘŜ ς— ƭƻŎŀǝƻƴ ƻŦ ǘƘŜ ǇŜŀƪǎ ǇǊƻǾƛŘŜǎ 

ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǘƘŜ ŎǊȅǎǘŀƭ ƭŀǩŎŜ ǎǇŀŎƛƴƎΣ ŀƴŘ ǎƻ ƻƴ ǘƘŜ ŎǊȅǎǘŀƭ ǎǘǊǳŎǘǳǊŜΦ ¢ƘŜ ƎŜƻƳŜǘǊƛŎ 

ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ ŘƛũǊŀŎǝƻƴ ǇŜŀƪǎΣ ǎǳŎƘ ŀǎ ǇŜŀƪ ƛƴǘŜƴǎƛǘȅΣ ǇŜŀƪ ƭƻŎŀǝƻƴ όǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǎǘŀƴŘŀǊŘύΣ 

ŀƴŘ ǇŜŀƪ ōǊƻŀŘŜƴƛƴƎΣ Ŏŀƴ ƎƛǾŜ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ ǉǳŀƴǝǘŀǝǾŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ ǇƘŀǎŜ ƛƴ ǘƘŜ ǎŀƳǇƭŜΣ 

ƻƴ ǘƘŜ ŀǾŜǊŀƎŜ ŎǊȅǎǘŀƭƭƛǘŜ ǎƛȊŜΣ ǘŜȄǘǳǊŜΣ ŀƴŘ ƭŀǩŎŜ ǎǘǊŀƛƴΦ 

¢ƘŜ ·πǊŀȅǎ ŜƳǇƭƻȅŜŘ ŦƻǊ ·w5 ŀƴŀƭȅǎƛǎ Ŏŀƴ ōŜ ƎŜƴŜǊŀǘŜŘ ǳǎƛƴƎ ŘƛũŜǊŜƴǘ ǎƻǳǊŎŜǎΣ ǎǳŎƘ ŀǎ ·πǊŀȅ ǘǳōŜǎΣ 

ǎȅƴŎƘǊƻǘǊƻƴ ǊŀŘƛŀǝƻƴΣ ƻǊ ǊŀŘƛƻƛǎƻǘƻǇŜ {ƻǳǊŎŜǎΦ ·πǊŀȅ ǘǳōŜǎ ŀǊŜ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ǎƻǳǊŎŜǎ 

ǳǎŜŘ ƛƴ ·w5Φ ¢ƘŜȅ ǿƻǊƪ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊƛƴŎƛǇƭŜ ƻŦ ŀŎŎŜƭŜǊŀǝƴƎ ŜƭŜŎǘǊƻƴǎ ǘƻǿŀǊŘǎ ŀ ǘŀǊƎŜǘ ƳŀǘŜǊƛŀƭΦ 

²ƘŜƴ ǘƘŜ ƘƛƎƘπŜƴŜǊƎȅ ŜƭŜŎǘǊƻƴǎ ŎƻƭƭƛŘŜ ǿƛǘƘ ǘƘŜ ǘŀǊƎŜǘΣ ŀ ǎǇŜŎǘǊǳƳ ƛǎ ƎŜƴŜǊŀǘŜŘΦ ¢ƘŜ ǎǇŜŎǘǊǳƳ ƛǎ 

ŎƻƳǇƻǎŜŘ ƻŦ ōǊŜƳǎǎǘǊŀƘƭǳƴƎ ǊŀŘƛŀǝƻƴ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛǎǝŎ ·πǊŀȅ ŜƳƛǎǎƛƻƴǎΦ .ǊŜƳǎǎǘǊŀƘƭǳƴƎ ƛǎ ŎŀǳǎŜŘ 

ōȅ ǘƘŜ ŘŜŎŜƭŜǊŀǝƻƴ ƻǊ ŘŜƅŜŎǝƻƴ ƻŦ ŜƭŜŎǘǊƻƴǎ ŎŀǳǎŜŘ ōȅ ǘƘŜ ǇƻǎƛǝǾŜƭȅ ŎƘŀǊƎŜŘ ŀǘƻƳƛŎ ƴǳŎƭŜƛ ƛƴ ǘƘŜ 

ǘŀǊƎŜǘ ƳŀǘŜǊƛŀƭ ŀƴŘ ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ ·πǊŀȅǎ ǿƛǘƘ ŀ Ŏƻƴǝƴǳƻǳǎ ǎǇŜŎǘǊǳƳ ƻŦ ŜƴŜǊƎƛŜǎΦ ²ƘŜƴ ƛƴǎǘŜŀŘ 

ƛƴŎƻƳƛƴƎ ŜƭŜŎǘǊƻƴǎ ŘƛǎƭƻŘƎŜ ƛƴƴŜǊ ǎƘŜƭƭ ŜƭŜŎǘǊƻƴǎ ŦǊƻƳ ǘƘŜ ǘŀǊƎŜǘ ŀǘƻƳǎΣ ŎŀǳǎƛƴƎ ƻǳǘŜǊ ǎƘŜƭƭ 

ŜƭŜŎǘǊƻƴǎ ǘƻ Ŭƭƭ ǘƘŜ ǊŜǎǳƭǝƴƎ ǾŀŎŀƴŎƛŜǎΣ ŎƘŀǊŀŎǘŜǊƛǎǝŎ ·πǊŀȅǎ ŀǊŜ ŜƳƛǧŜŘΦ ¢ƘŜ ŜƴŜǊƎȅ ƻŦ ǎǳŎƘ Ǌŀȅǎ ƛǎ 

ŘƛǎŎǊŜǘŜ ŀƴŘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ŜƴŜǊƎȅ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ƛƴǾƻƭǾŜŘ ŜƭŜŎǘǊƻƴ ǎƘŜƭƭǎΦ {ƛƴŎŜ ǘƘŜ 

ŜƳƛǎǎƛƻƴ ǎǇŜŎǘǊǳƳ ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ ǎŜǾŜǊŀƭ ŘƛũŜǊŜƴǘ ǊŀŘƛŀǝƻƴǎΣ ŬƭǘŜǊǎΣ ƳƻƴƻŎƘǊƻƳŀǘƻǊǎΣ ŀƴŘ 

ŎƻƭƭƛƳŀǘƻǊǎ ŀǊŜ ƻƊŜƴ ŜƳǇƭƻȅŜŘ ǘƻ ƳŀƪŜ ǘƘŜ ·πǊŀȅǎ ƳƻƴƻŎƘǊƻƳŀǝŎ ŀƴŘ ǘƻ ƴŀǊǊƻǿ ǘƘŜ ōŜŀƳ ƻŦ ·π

ǊŀȅǎΣ ƛƳǇǊƻǾƛƴƎ ǊŜǎƻƭǳǝƻƴ ŀƴŘ ǊŜŘǳŎƛƴƎ ōŀŎƪƎǊƻǳƴŘ ƴƻƛǎŜΦ ¢ƘŜ ǿŀǾŜƭŜƴƎǘƘ ŜƳǇƭƻȅŜŘ ƛƴ ǘƘŜ ·w5 

ŀƴŀƭȅǎƛǎ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ƳŀǘŜǊƛŀƭ ǎƻǳǊŎŜ ŀƴŘ ǘƘŜ ǎŜƭŜŎǘŜŘ ŜƳƛǎǎƛƻƴ ǇŜŀƪΦ ¢ƘŜ Ƴƻǎǘ ǿƛŘŜƭȅ ǳǎŜŘ 

ƳŀǘŜǊƛŀƭǎ ŀǊŜ /ƻǇǇŜǊΣ aƻƭȅōŘŜƴǳƳΣ /ƘǊƻƳƛǳƳΣ ŀƴŘ /ƻōŀƭǘ ŀƴŘ ƎŜƴŜǊŀƭƭȅ ǘƘŜ Yh ǇŜŀƪ ƛǎ ŎƘƻǎŜƴ ǎƛƴŎŜ 

ƛǘ ƛǎ ǘƘŜ Ƴƻǎǘ ǇǊƻōŀōƭŜ ŀƴŘ ōǊƛƎƘǘŜǎǘ ώонϐΦ 



нп 

·w5 Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ŜƛǘƘŜǊ ǘƻ ǇǳǊŜ ŎǊȅǎǘŀƭǎ ƻǊ ǘƻ ǇƻǿŘŜǊǎ ŦƻƭƭƻǿƛƴƎ ŘƛũŜǊŜƴǘ ŎƻƴŬƎǳǊŀǝƻƴǎΦ Lƴ ǘƘŜ 

ŎŀǎŜ ƻŦ ǇƻǿŘŜǊǎ ŀƴŀƭȅǎƛǎΣ ǘƘŜ Ƴƻǎǘ ŜƳǇƭƻȅŜŘ ŎƻƴŬƎǳǊŀǝƻƴ ƛǎ ǘƘŜ .ǊŀƎƎπ.ǊŜƴǘŀƴƻ όʻΥнʻύ ƎŜƻƳŜǘǊȅΣ 

ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ фΦ Lƴ ǘƘƛǎ ǎŜǘǳǇΣ ǘƘŜ ǎƻǳǊŎŜ ƻŦ ǘƘŜ ·πǊŀȅ ōŜŀƳ ŀƴŘ ǘƘŜ ŘŜǘŜŎǘƻǊ ŀǊŜ ǎŎŀƴƴŜŘ 

ǎȅƴŎƘǊƻƴƻǳǎƭȅ ǎǳŎƘ ǘƘŀǘ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ŀƴƎƭŜ ʻ ŀƴŘ ǘƘŜ ŘƛũǊŀŎǘŜŘ ŀƴƎƭŜ нʻ ǊŜƳŀƛƴ ǘƘŜ ǎŀƳŜ 

ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǎŎŀƴƴƛƴƎΦ 

tƻǿŘŜǊ ·πǊŀȅ ŘƛũǊŀŎǝƻƴ ǇŀǧŜǊƴǎ ƻŦ ǎŀƳǇƭŜǎ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ƛƴ .ǊŀƎƎ .ǊŜƴǘŀƴƻ ό̒ Υнʻύ ƎŜƻƳŜǘǊȅ 

ǳǎƛƴƎ ŀ .ǊǳƪŜǊ 5у !ŘǾŀƴŎŜΣ ƻǇŜǊŀǝƴƎ ǿƛǘƘ /ǳ Y hǊŀŘƛŀǝƻƴ ό ˂Ґ лΦмрплс ƴƳύ ƎŜƴŜǊŀǘŜŘ ŀǘ пл ƪ± ŀƴŘ 

пл Ƴ!Φ 

нΦнΦо ς ·πǊŀȅ tƘƻǘƻŜƭŜŎǘǊƻƴ {ǇŜŎǘǊƻǎŎƻǇȅ 

·πǊŀȅ tƘƻǘƻŜƭŜŎǘǊƻƴ {ǇŜŎǘǊƻǎŎƻǇȅ ό·t{ύ ƛǎ ŀ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ ŀƭƭƻǿǎ ǘƘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ǘƘŜ ŜƭŜƳŜƴǘǎ 

ǘƘŀǘ ŎƻƳǇƻǎŜ ŀ ǎǳǊŦŀŎŜ ŀƴŘ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘƭȅ ǘƘŜƛǊ ŎƘŜƳƛŎŀƭ ǎǘŀǘŜǎΦ Lǘ ǘŀƪŜǎ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘŜ 

ǇƘƻǘƻŜƭŜŎǘǊƛŎ ŜũŜŎǘ ŘŜǎŎǊƛōŜŘ ōȅ 9ƛƴǎǘŜƛƴ ƛƴ мфлрΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǿƘƛŎƘ ǘƘŜ ŀǘƻƳǎ ƻŦ ŀ ǎŀƳǇƭŜ 

ƛǊǊŀŘƛŀǘŜŘ ǿƛǘƘ ƘƛƎƘ ŜƴƻǳƎƘ ŜƴŜǊƎȅ ǇƘƻǘƻƴǎ Ŏŀƴ ƛƻƴƛȊŜ ŀƴŘ ŜƳƛǘ ǇƘƻǘƻŜƭŜŎǘǊƻƴǎ ǇǊƻǇƻǊǝƻƴŀƭƭȅ ǘƻ 

ǘƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ǘƘŜ ƛƴŎƛŘŜƴǘ ƭƛƎƘǘΦ LŦ ǘƘŜ ǇƘƻǘƻŜƭŜŎǘǊƻƴ ƛǎ ŜƳƛǧŜŘ ŦǊƻƳ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ǎŀƳǇƭŜ ŀƴŘ 

ŘƻŜǎ ƴƻǘ ǳƴŘŜǊƎƻ ƛƴŜƭŀǎǝŎ ǎŎŀǧŜǊƛƴƎΣ ƛǘǎ ƪƛƴŜǝŎ ŜƴŜǊƎȅ ό+%ύ ƛǎ ƎƛǾŜƴ ōȅ ǘƘŜ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ 

ŜƴŜǊƎȅ ƻŦ ǘƘŜ ƛƴŎƻƳƛƴƎ ǇƘƻǘƻƴǎ όÈʉύΣ ǘƘŜ ŜƴŜǊƎȅ ǿƘƛŎƘ ōƻǳƴŘ ǘƘŜ ŜƭŜŎǘǊƻƴ ǘƻ ǘƘŜ ŀǘƻƳΣ ǘƘŜ ōƛƴŘƛƴƎ 

ŜƴŜǊƎȅ ό"%ύΣ ŀƴŘ ǘƘŜ ǎŀƳǇƭŜΩǎ ǿƻǊƪ ŦǳƴŎǝƻƴ ƛƴ ǾŀŎǳǳƳ ɮ  

+%  Èʉ  "% ɀ ɮ  

¢ƻ ŘŜǘŜŎǘ ǘƘŜ ǇƘƻǘƻŜƭŜŎǘǊƻƴǎ ŀƴ ŀƴŀƭȅȊŜǊΣ ǘƘŀǘ ƳŜŀǎǳǊŜǎ ǘƘŜ ƪƛƴŜǝŎ ŜƴŜǊƎȅ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻƴΣ ƛǎ 

ǊŜǉǳƛǊŜŘΦ ¢ƘŜ ŀƴŀƭȅȊŜǊ ƛǘǎŜƭŦ ǇƻǎǎŜǎǎŜǎ ŀ ǿƻǊƪ ŦǳƴŎǝƻƴ ɮΣ ǿƘƛŎƘ ŎŀǳǎŜǎ ŀ ǎƘƛƊ ƛƴ ǘƘŜ ƳŜŀǎǳǊŜŘ 

CƛƎǳǊŜ фΦ .ǊŀƎƎπ.ǊŜƴǘŀƴƻ ό̒Υн̒ύ ƎŜƻƳŜǘǊȅ ŀŘŀǇǘŜŘ ŦǊƻƳ ǊŜŦΦ ώооϐ



нр 

ǾŀƭǳŜ ƻŦ ƪƛƴŜǝŎ ŜƴŜǊƎȅ +%ᴂ ŦǊƻƳ ƛǘǎ ǊŜŀƭ ǾŀƭǳŜΦ {ƛƴŎŜ ǘƘŜ ·πǊŀȅ ǇƘƻǘƻƴ ŜƴŜǊƎȅ ƛǎ ƪƴƻǿƴΣ ǘƘŜ 

ǇƘƻǘƻŜƭŜŎǘǊƻƴ ƪƛƴŜǝŎ ŜƴŜǊƎȅ ƛǎ ƳŜŀǎǳǊŜŘΣ ŀƴŘ ǘƘŜ ǿƻǊƪ ŦǳƴŎǝƻƴ ƻŦ ǘƘŜ ŀƴŀƭȅȊŜǊ ƛǎ ŜƳǇƛǊƛŎŀƭƭȅ 

ŦƻǳƴŘΣ ǘƘŜ ōƛƴŘƛƴƎ ŜƴŜǊƎȅ ƻŦ ǘƘŜ ǇƘƻǘƻŜƳƛǧŜŘ ŜƭŜŎǘǊƻƴ Ŏŀƴ ōŜ ŘŜǘŜǊƳƛƴŜŘ ŀǎ  

"%  Èʉ  +%ᴂ ɀ ɮ  

/ƻƳǇŀǊƛƴƎ ǘƘŜ ǇŜŀƪǎ ŀǘ ǎǇŜŎƛŬŎ ōƛƴŘƛƴƎ ŜƴŜǊƎƛŜǎ ǘƘŀǘ ŀǊƛǎŜ ŦǊƻƳ ŀ ǎǇŜŎǘǊǳƳ ǿƛǘƘ ǘƘƻǎŜ ƛƴ ƭƛǘŜǊŀǘǳǊŜ 

ώопϐΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ƛŘŜƴǝŦȅ ǿƘƛŎƘ ŜƭŜƳŜƴǘǎ ŀǊŜ ǉǳŀƭƛǘŀǝǾŜƭȅ ŀƴŘ ǉǳŀƴǝǘŀǝǾŜƭȅ ǇǊŜǎŜƴǘ ƛƴ ŀ ǎŀƳǇƭŜΦ 

hȄƛŘŀǝƻƴ ǎǘŀǘŜǎ Ŏŀƴ ōŜ ŘŜǘŜǊƳƛƴŜŘ ŀǎ ǿŜƭƭΦ !ƴ ƻȄƛŘƛȊŜŘ ŜƭŜƳŜƴǘ Ƙŀǎ ŀ ƭƻǿŜǊ ŜƭŜŎǘǊƻƴ ŘŜƴǎƛǘȅ ǘƘŀƴ ƛǘǎ 

ƴŜǳǘǊŀƭ ƻǊ ǊŜŘǳŎŜŘ ŎƻǳƴǘŜǊǇŀǊǘǎΣ ǎƻ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ŜƭŜŎǘǊƻƴǎ ŜȄǇŜǊƛŜƴŎŜ ŀ ƭƻǿŜǊ ǎŎǊŜŜƴƛƴƎ ƻŦ ǘƘŜ ƴǳŎƭŜŀǊ 

ǇƻǎƛǝǾŜ ŎƘŀǊƎŜǎ ŀƴŘΣ ǘƘǳǎΣ ƘŀǾŜ ŀ ƘƛƎƘŜǊ ōƛƴŘƛƴƎ ŜƴŜǊƎȅΦ ¢ƘŜ ƻǇǇƻǎƛǘŜ ƎƻŜǎ ŦƻǊ ŀƴ ŜƭŜƳŜƴǘ ƛƴ ŀ ǊŜŘǳŎŜŘ 

ǎǘŀǘŜΣ ƛƴ ǿƘƛŎƘ ŜƭŜŎǘǊƻƴǎ ǎƘƻǿ ƭƻǿŜǊ ōƛƴŘƛƴƎ ŜƴŜǊƎƛŜǎ ŘǳŜ ǘƻ ŀ ƳƻǊŜ ŜũŜŎǝǾŜ ǎŎǊŜŜƴƛƴƎ ƎƛǾŜƴ ōȅ ǘƘŜ 

ƘƛƎƘŜǊ ŜƭŜŎǘǊƻƴ ŘŜƴǎƛǘȅΦ IŜƴŎŜΣ ōȅ ŘŜŎƻƴǾƻƭǳǝƴƎ ŀ ǇƘƻǘƻŜƳƛǎǎƛƻƴ ǇŜŀƪ ƛƴ ƛǘǎ ŎƻƳǇƻƴŜƴǘǎ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ 

ǘƻ ŘŜŘǳŎŜ ǘƘŜ ŎƘŜƳƛŎŀƭ ǎǘŀǘŜǎ ƻŦ ŀ ƎƛǾŜƴ ǎǇŜŎƛŜǎΦ  

¢ƘŜ ǇƘƻǘƻŜƳƛǎǎƛƻƴ ǇŜŀƪ ǎƘŀǇŜǎ Ŏŀƴ ǾŀǊȅ ƎǊŜŀǘƭȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŀǘƻƳƛŎ ƻǊōƛǘŀƭ ŎƻƴǎƛŘŜǊŜŘΦ 

9ƭŜŎǘǊƻƴǎ ŦǊƻƳ ǎ ƻǊōƛǘŀƭǎ ǎƘƻǿ ƻƴƭȅ ƻƴŜ ƭƛƴŜΣ ǿƘƛƭŜ ŜƭŜŎǘǊƻƴǎ ŦǊƻƳ ǇΣ ŘΣ ŀƴŘ Ŧ ƻǊōƛǘŀƭǎ ŀƭƭ ŜȄƘƛōƛǘ ǘǿƻ 

ŎƻǳǇƭŜŘ ǇŜŀƪǎ ŘǳŜ ǘƻ ǎǇƛƴπƻǊōƛǘ ŎƻǳǇƭƛƴƎΦ ¢ƘŜ ŎƻǳǇƭƛƴƎ ōŜǘǿŜŜƴ ƻǊōƛǘŀƭ ŀƴŘ ǎǇƛƴ ƳƻƳŜƴǘǳƳ ƛǎ 

ŘŜǎŎǊƛōŜŘ ōȅ ǘƘŜ ǉǳŀƴǘǳƳ ƴǳƳōŜǊ Ê Ґ ȿÌ  ÓȿΣ ǿƘŜǊŜ ὰ ŘŜŬƴŜǎ ǘƘŜ ƻǊōƛǘŀƭ ŀƴŘ Ó ǘƘŜ ǎǇƛƴΦ ¢ƘŜ ǎǇƭƛǩƴƎ 

ǘȅǇƛŎŀƭƭȅ ƎǊƻǿǎ ǿƛǘƘ ǘƘŜ ŀǘƻƳƛŎ ƴǳƳōŜǊ ŀƴŘ ǘƘŜ ŘŜƎŜƴŜǊŀŎȅ ƛǎ Ŝǉǳŀƭ ǘƻ нÊ  мΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀ Ǉ 

ƻǊōƛǘŀƭ όÌ  ρύ ǿƛƭƭ ǇǊŜǎŜƴǘ ǘǿƻ ǇŜŀƪǎ Ǉмκн ŀƴŘ Ǉоκн ǿƛǘƘ ŀ Ŏƻƴǎǘŀƴǘ ŀǊŜŀ Ǌŀǝƻ όмΥнύΦ 

¢ƘŜ ǎƘŀǇŜ ƻŦ ŀ ǎƛƴƎǳƭŀǊ ǿŜƭƭπŘŜŬƴŜŘ ǇƘƻǘƻŜƳƛǎǎƛƻƴ ǇŜŀƪ ƛǎ ǘƘŜƻǊŜǝŎŀƭƭȅ ŀ [ƻǊŜƴǘȊƛŀƴ ŦǳƴŎǝƻƴΣ ǿƛǘƘ 

ŀ ƴŀǘǳǊŀƭ ƭƛƴŜ ǿƛŘǘƘ ǘƘŀǘ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ƭƛŦŜǝƳŜ ƻŦ ǘƘŜ ŎƻǊŜ ƘƻƭŜ ǎǘŀǘŜ ƭŜƊ ōȅ ǘƘŜ ǇƘƻǘƻŜƳƛǎǎƛƻƴ 

ǇǊƻŎŜǎǎΦ IƻǿŜǾŜǊΣ ŘǳŜ ǘƻ ǘŜƳǇŜǊŀǘǳǊŜπŘŜǇŜƴŘŜƴǘ ŀǘƻƳƛŎ ǾƛōǊŀǝƻƴǎΣ ŎƻƳǇƭŜȄ Ŭƴŀƭ ǎǘŀǘŜǎΣ ŎƘŜƳƛŎŀƭ 

ŜƴǾƛǊƻƴƳŜƴǘΣ ŀƴŘ ƛƴǎǘǊǳƳŜƴǘŀƭ ōǊƻŀŘŜƴƛƴƎ ƻŦ ǘƘŜ ǇŜŀƪǎΣ ǇƘƻǘƻŜƳƛǎǎƛƻƴ ƭƛƴŜǎ ŀǊŜ ōŜǧŜǊ ŘŜǎŎǊƛōŜŘ 

ōȅ ŀ ŎƻƴǾƻƭǳǝƻƴ ƻŦ ŀ Dŀǳǎǎƛŀƴ ŀƴŘ ŀ [ƻǊŜƴǘȊƛŀƴ ŎǳǊǾŜΦ 

·t{ ƛǎ ŀ ǘŜŎƘƴƛǉǳŜ ǿƛǘƘ ǎƛƎƴƛŬŎŀƴǘ ǎǳǊŦŀŎŜ ǎŜƴǎƛǝǾƛǘȅΦ 9ǾŜƴ ǘƘƻǳƎƘ ·πǊŀȅǎ ǇŜƴŜǘǊŀǘŜ ŀǊƻǳƴŘ ƻƴŜ 

ƳƛŎǊƻƳŜǘŜǊ ƻŦ ƳŀǘŜǊƛŀƭ ŀƴŘ ǎƻ ŜȄŎƛǘŜ ǇƘƻǘƻŜƭŜŎǘǊƻƴǎ ǳƴǝƭ ǘƘŀǘ ŘŜǇǘƘΣ ƻƴƭȅ ǘƘŜ ƻƴŜǎ ŜƧŜŎǘŜŘ ŦǊƻƳ 

ǘƘŜ ƻǳǘŜǊƳƻǎǘ мл ƴƳ Ŏŀƴ ŜƳŜǊƎŜ ŦǊƻƳ ǘƘŜ ǎŀƳǇƭŜ ǿƛǘƘ ŀ ƴƻƴπȊŜǊƻ Y9 ŀƴŘ ǊŜŀŎƘ ǘƘŜ ŀƴŀƭȅȊŜǊΦ IŜƴŎŜ 

·t{ ƛǎ ŘŜŬƴŜŘ ŀǎ ŀ ǎǳǇŜǊŬŎƛŀƭ ŀƴŀƭȅǎƛǎ ǘŜŎƘƴƛǉǳŜΦ 

·πǊŀȅ ǇƘƻǘƻŜƭŜŎǘǊƻƴ ǎǇŜŎǘǊƻǎŎƻǇȅ ό·t{ύ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ŀŎǉǳƛǊŜŘ ƛƴ ŀ ŎǳǎǘƻƳπƳŀŘŜ ¦I± 

ǎȅǎǘŜƳ ǿƻǊƪƛƴƎ ŀǘ ŀ ōŀǎŜ ǇǊŜǎǎǳǊŜ ƻŦ млӇмл ƳōŀǊΣ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ŀƴ hƳƛŎǊƻƴ 9!мнр ŜƭŜŎǘǊƻƴ 

ŀƴŀƭȅȊŜǊ ŀƴŘ ŀƴ ·πǊŀȅ ǎƻǳǊŎŜ ǿƛǘƘ ŀ Řǳŀƭ !ƭπaƎ ŀƴƻŘŜΦ tƘƻǘƻŜƳƛǎǎƛƻƴ ǎǇŜŎǘǊŀ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŀǘ 



нс 

ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜ ǿƛǘƘ ŀ ƴƻƴπƳƻƴƻŎƘǊƻƳŀǝȊŜŘ !ƭ Y h·πǊŀȅ ǎƻǳǊŎŜ όмпусΦо Ŝ±ύΦ {ƛƴƎƭŜ ǎǇŜŎǘǊŀ ǿŜǊŜ 

ŀŎǉǳƛǊŜŘ ǳǎƛƴƎ лΦм Ŝ± ǎǘŜǇǎΣ лΦр ǎ ŎƻƭƭŜŎǝƻƴ ǝƳŜΣ ŀƴŘ нл Ŝ± Ǉŀǎǎ ŜƴŜǊƎȅΦ  

нΦо ς 9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƳŜǘƘƻŘǎ  

/ƻƴǎƛŘŜǊƛƴƎ ŀ ƎŜƴŜǊƛŎ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǝƻƴΣ ǘƘŜ ŘŜǇŜƴŘŜƴŎŜ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ Ὦ ƻƴ ǘƘŜ 

ŀǇǇƭƛŜŘ ǇƻǘŜƴǝŀƭ Ὁ Ƴŀȅ ōŜ ŘŜǎŎǊƛōŜŘ ōȅ ǘƘŜ .ǳǘƭŜǊπ±ƻƭƳŜǊ Ŝǉǳŀǝƻƴ 

Ὦ  Ὦ Ὡὼὴ
ρ ‌ὲὊ–

ὙὝ
Ὡὼὴ

‌ὲὊ–

ὙὝ
 

ǿƘŜǊŜ Ὦ ƛǎ ǘƘŜ ŜȄŎƘŀƴƎŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅΣ ‌ ƛǎ ǘƘŜ ŎƘŀǊƎŜ ǘǊŀƴǎŦŜǊ ŎƻŜŶŎƛŜƴǘΣ ὲ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ŜƭŜŎǘǊƻƴǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ǊŜŀŎǝƻƴΣ Ὂ ƛǎ ǘƘŜ CŀǊŀŘŀȅ ŎƻƴǎǘŀƴǘΣ Ὑ ƛǎ ǘƘŜ ǳƴƛǾŜǊǎŀƭ Ǝŀǎ ŎƻƴǎǘŀƴǘΣ Ὕƛǎ ǘƘŜ 

ŀōǎƻƭǳǘŜ ǘŜƳǇŜǊŀǘǳǊŜΣ ŀƴŘ – ƛǎ ǘƘŜ ƻǾŜǊǇƻǘŜƴǝŀƭ ƎƛǾŜƴ ōȅ ǘƘŜ ŘƛũŜǊŜƴŎŜ ƻŦ ǘƘŜ ŀǇǇƭƛŜŘ ǇƻǘŜƴǝŀƭ 

ŀƴŘ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ƻƴŜ Ὁ Φ ¢ƘŜ ŜȄŎƘŀƴƎŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ƛǎ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ǇŀǎǎƛƴƎ ǘƘǊƻǳƎƘ 

ŀƴ ŜƭŜŎǘǊƻŘŜ ƛƴ ōƻǘƘ ŘƛǊŜŎǝƻƴǎ ǿƘŜƴ ǘƘŜ ƻǾŜǊǇƻǘŜƴǝŀƭ ŀƴŘ ǘƘŜ ƴŜǘ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ŀǊŜ ƴǳƭƭ ŀƴŘ Ŏŀƴ 

ōŜ ŘŜǎŎǊƛōŜŘ ǿƛǘƘ ǘƘŜ Ŝǉǳŀǝƻƴ 

Ὦ ὲὊὅᶻὑÅØÐ 
‌ὲὊὉ Ὁ

ὙὝ
  

ǿƘŜǊŜ ὅᶻ ƛǎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜ ŎƻƴǎǳƳŜŘ ǊŜŀŎǝƴƎ ǎǇŜŎƛŜǎΣ ὑ ƛǎ ǘƘŜ ǎǘŀƴŘŀǊŘ ƪƛƴŜǝŎ Ŏƻƴǎǘŀƴǘ 

ƻŦ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎŦŜǊ ŀƴŘ Ὁ ƛǎ ǘƘŜ ǎǘŀƴŘŀǊŘ ŜƭŜŎǘǊƻŘŜ ǇƻǘŜƴǝŀƭΦ  

Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ŀ ǊŜŀŎǝƻƴ ƴƻǘ ƭƛƳƛǘŜŘ ōȅ Ƴŀǎǎ ǘǊŀƴǎŦŜǊΣ ŦƻǊ ƭŀǊƎŜ ƻǾŜǊǇƻǘŜƴǝŀƭΣ ŜƛǘƘŜǊ ŎŀǘƘƻŘƛŎ ƻǊ 

ŀƴƻŘƛŎΣ ǘƘŜǊŜ ƛǎ ŀ ƭƛƴŜŀǊ ǇǊƻǇƻǊǝƻƴŀƭƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ ƭƻƎŀǊƛǘƘƳ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ŀƴŘ ǘƘŜ 

ƻǾŜǊǇƻǘŜƴǝŀƭ ŀǇǇƭƛŜŘΦ ¢ƘŜ ¢ŀŦŜƭ Ŝǉǳŀǝƻƴ ŘŜǎŎǊƛōŜǎ ǘƘƛǎ ŘŜǇŜƴŘŜƴŎȅΦ  

– ὥ ὦÌÏÇȿὮȿ  

5ŜǎŎǊƛōƛƴƎ ǘƘŜ ƻǾŜǊǇƻǘŜƴǝŀƭ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǘƘŜ ƭƻƎŀǊƛǘƘƳ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǿƛǘƘ ŀ ƭƛƴŜŀǊ ŜǉǳŀǝƻƴΣ ǘƘŜ 

ǎƭƻǇŜ ὦ ƻŦ ǘƘƛǎ Ŝǉǳŀǝƻƴ ƛǎ ŎƻƳƳƻƴƭȅ ŘŜǎŎǊƛōŜŘ ŀǎ ǘƘŜ ¢ŀŦŜƭ ǎƭƻǇŜΦ ¢ƘŜ ŘŜǘŜǊƳƛƴŀǝƻƴ ƻŦ ǘƘŜ ¢ŀŦŜƭ 

ǎƭƻǇŜ ƛǎ ŎǊǳŎƛŀƭ ƛƴ ǘƘŜ ŘŜǎŎǊƛǇǝƻƴ ƻŦ ŀ ǊŜŀŎǝƻƴΩǎ ƪƛƴŜǝŎǎ ǎƛƴŎŜ ǘƘƛǎ ǇŀǊŀƳŜǘŜǊ ƎƛǾŜǎ ŀƴ ŀŎŎƻǳƴǘ ƻŦ ǘƘŜ 

ƳŜŎƘŀƴƛǎƳ ƻŦ ŀƴ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǝƻƴΦ ¢ƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ¢ŀŦŜƭ ǎƭƻǇŜ Ƴŀȅ ŀƭǎƻ ōŜ ŜȄǇƭƻƛǘŜŘ ǘƻ 

ǊŜŦŜǊ ǘƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǊŜŀŎǝƻƴ ǘƻ ƛƴǘŜǊƳŜŘƛŀǘŜ ǊŜŀŎǝƻƴǎ ƻǊ ǎǘŜǇǎΦ ¢ƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ¢ŀŦŜƭ ǎƭƻǇŜΣ 

ƛƴ ŦŀŎǘΣ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ƭŜǎǎ ŦŀǾƻǊŜŘ ǎǘŜǇ ƻŎŎǳǊǊƛƴƎ ƛƴ ǘƘŜ ǊŜŀŎǝƻƴ ŀƴŘ ǘƘŜ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ 

ǘƘŜƻǊŜǝŎŀƭ ǎǘǳŘƛŜǎ ŀƴŘ ǿŜƭƭπƪƴƻǿƴ ƛƴǘŜǊƳŜŘƛŀǘŜ ǊŜŀŎǝƻƴǎ Ƴŀȅ ƛŘŜƴǝŦȅ ǘƘŜ wŀǘŜ 5ŜǘŜǊƳƛƴƛƴƎ {ǘŜǇ 

ƻŦ ǘƘŜ ǊŜŀŎǝƻƴ ώорϐΦ 



нт 

DƻƛƴƎ ƻǳǘǎƛŘŜ .ǳǘƭŜǊπ±ƻƭƳŜǊ ǘƘŜƻǊȅΣ ǘƘŜ Ŝƴǝǘȅ ƻŦ ǘƘŜ ŜǾƻƭǾŜŘ ŎǳǊǊŜƴǘ ŀƭǎƻ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜ ǎǇŜŎƛŜǎ ǇŀǊǝŎƛǇŀǝƴƎ ƛƴ ǘƘŜ ǊŜŀŎǝƻƴ ƛƴ ǘƘŜ ǇǊƻȄƛƳƛǘȅ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŘŜΦ wŜŀŎǝƻƴǎ 

ǿƘŜǊŜ ǘƘŜ ǊŀǘŜ ƻŦ ǘƘŜ ǊŜŀŎǝƻƴ ƛǎ ǇǊƛƳŀǊƛƭȅ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ǘǊŀƴǎǇƻǊǘ ƻŦ ǊŜŀŎǘŀƴǘǎ ƻǊ ǇǊƻŘǳŎǘǎ ǘƻ 

ƻǊ ŦǊƻƳ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǎǳǊŦŀŎŜ ŀǊŜ ƴŀƳŜŘ Ƴŀǎǎ ǘǊŀƴǎŦŜǊπŎƻƴǘǊƻƭƭŜŘ ǊŜŀŎǝƻƴǎΦ Lƴ ǘƘŜǎŜ ǊŜŀŎǝƻƴǎΣ 

ŀǎǎǳƳƛƴƎ ǘƘŀǘ ǘƘŜ ƪƛƴŜǝŎǎ ƻŦ ǘƘŜ ŎƘŀǊƎŜ ǘǊŀƴǎŦŜǊ ŀǊŜ ǊŀǇƛŘΣ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜ ǊŜŘǳŎŜŘ ŀƴŘ 

ƻȄƛŘƛȊŜŘ ǎǇŜŎƛŜǎ Ŏŀƴ ōŜ ŀǎǎǳƳŜŘ ǘƻ ōŜ ƛƴ ŜǉǳƛƭƛōǊƛǳƳ ǿƛǘƘ ǘƘŜ ŀǇǇƭƛŜŘ ǇƻǘŜƴǝŀƭΦ /ƻƴǎƛŘŜǊƛƴƎ ŀ 

ƎŜƴŜǊƛŎ Ƴŀǎǎ ǘǊŀƴǎŦŜǊπŎƻƴǘǊƻƭƭŜŘ ǊŜŀŎǝƻƴΣ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ Ŏŀƴ ōŜ ŘŜǎŎǊƛōŜŘ ǘƘǊƻǳƎƘ ǘƘŜ 

YƻǳǘŜŎƪȅπ[ŜǾƛŎƘ Ŝǉǳŀǝƻƴ ŀǎ  

ρ

Ὦ
 
ρ

Ὦ
 
ρ

Ὦ
 

ǿƘŜǊŜ Ὦ ƛǎ ǘƘŜ ƳŜŀǎǳǊŜŘ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅΣ Ὦ ƛǎ ǘƘŜ ƪƛƴŜǝŎ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅΣ ƳƻŘŜƭŜŘ ōȅ ǘƘŜ .ǳǘƭŜǊ 

±ƻƭƳŜǊ ŜǉǳŀǝƻƴΣ ŀƴŘ Ὦ ƛǎ ǘƘŜ Ƴŀǎǎ ǘǊŀƴǎǇƻǊǘ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŘŜǎŎǊƛōŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 

ǘƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǎŜǘǳǇ ǳǎŜŘΦ hƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǿƛŘŜǎǇǊŜŀŘ ǎŜǘǳǇǎ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ ǘƘƛǎ 

ŎƻƴǘǊƛōǳǝƻƴ ƛǎ ǘƘŜ ǊƻǘŀǝƴƎ Řƛǎƪ ŜƭŜŎǘǊƻŘŜ όw59ύ ǎŜǘǳǇΦ Lƴ ǘƘƛǎ ŎƻƴŬƎǳǊŀǝƻƴ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ǊƻǘŀǘŜǎ 

ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΣ ƛƴŘǳŎƛƴƎ ŀ ƅǳȄ ƻŦ ŀƴŀƭȅǘŜ ǘƻ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŘŜΦ ¢ƘŜ Ƴŀǎǎ ǘǊŀƴǎǇƻǊǘ 

ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ Ŏŀƴ ōŜ ƳƻŘŜƭŜŘ ŀǎ ώосϐ 

Ὦ ὄ ‫Ȣ 

ǿƘŜǊŜ ƛǎ ǘƘŜ ŀƴƎǳƭŀǊ Ǌƻǘŀǝƻƴ ǊŀǘŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ŀƴŘ ὄ ƛǎ ǘƘŜ [ŜǾƛŎƘ ŎƻƴǎǘŀƴǘΣ ŘŜŬƴŜŘ ŀǎ ‫  

ὄ πȢφς ὲ ὊὈȾ’ Ⱦὅ  

ǿƛǘƘ ὲ ōŜƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŜƭŜŎǘǊƻƴǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ǊŜŀŎǝƻƴΣ Ὂ ƛǎ ǘƘŜ CŀǊŀŘŀȅ ŎƻƴǎǘŀƴǘΣ Ὀ ƛǎ ǘƘŜ 

Řƛũǳǎƛƻƴ ŎƻŜŶŎƛŜƴǘ ώὧάί ϐΣ ’ ƛǎ ǘƘŜ ƪƛƴŜƳŀǝŎ ǾƛǎŎƻǎƛǘȅ ώὧάί ϐ ŀƴŘ ὅ ƛǎ ǘƘŜ ŀƴŀƭȅǘŜ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ώάέὰ ὧά Φ 

hww ƛǎ ŀ Ƴŀǎǎ ǘǊŀƴǎŦŜǊπŎƻƴǘǊƻƭƭŜŘ ǊŜŀŎǝƻƴ ŀƴŘΣ ŀǎ ǇǊŜǾƛƻǳǎƭȅ ǎŜŜƴΣ ǘƘƛǎ ǊŜŀŎǝƻƴ Ƴŀȅ ƻŎŎǳǊ ƛƴ ǘƘŜ нπ

ŜƭŜŎǘǊƻƴ ƻǊ ƛƴ ǘƘŜ пπŜƭŜŎǘǊƻƴ ƳŜŎƘŀƴƛǎƳ ƛƴ ŀƴ ŀƭƪŀƭƛƴŜ ŜƴǾƛǊƻƴƳŜƴǘΦ ¢ƻ ƳƻƴƛǘƻǊ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ŜƭŜŎǘǊƻƴǎ ŜȄŎƘŀƴƎŜŘΣ ŀƴŘ ǘƘǳǎ ǘƘŜ ƎƻƻŘƴŜǎǎ ƻŦ ǘƘŜ Ŏŀǘŀƭȅǎǘǎ ǘŜǎǘŜŘΣ ǘƘŜ YƻǳǘŜŎƪȅπ[ŜǾƛŎƘ ŀƴŀƭȅǎƛǎ 

Ŏŀƴ ōŜ ǇŜǊŦƻǊƳŜŘΦ Lƴ ǘƘƛǎ ŀƴŀƭȅǎƛǎΣ ƭƛƴŜŀǊ ǎǿŜŜǇ ǾƻƭǘŀƳƳŜǘǊƛŜǎ ό[{±ǎύ ŀǊŜ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ŀƴ w59 

ŀǘ ŘƛũŜǊŜƴǘ Ǌƻǘŀǝƻƴ ǊŀǘŜǎΦ !ǘ ŀ ŬȄŜŘ ǇƻǘŜƴǝŀƭΣ ǘƘŜ ƛƴǾŜǊǎŜ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜŘ ŎǳǊǊŜƴǘ ŘŜƴǎƛǝŜǎ ŀǘ ŜŀŎƘ 

ŘƛũŜǊŜƴǘ Ǌƻǘŀǝƻƴŀƭ ǎǇŜŜŘ Ƴŀȅ ōŜ ǇƭƻǧŜŘ ŀƎŀƛƴǎǘ ǘƘŜ ƛƴǾŜǊǎŜ ƻŦ ǘƘŜ ǎǉǳŀǊŜ Ǌƻƻǘ ƻŦ ǘƘŜ ŀƴƎǳƭŀǊ 

Ǌƻǘŀǝƻƴ ǊŀǘŜΦ tŜǊŦƻǊƳƛƴƎ ŀ ƭƛƴŜŀǊ ŬǩƴƎ ŦƻǊ ǘƘŜ ǊŜǎǳƭǝƴƎ ŘƛǎǘǊƛōǳǝƻƴΣ ǘƘŜ ǎƭƻǇŜ ǊŜǎǳƭǝƴƎ ŦǊƻƳ ǘƘŜ 



ну 

ŬǩƴƎ Ŏŀƴ ōŜ ŜƳǇƭƻȅŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŜȄŎƘŀƴƎŜŘ ŜƭŜŎǘǊƻƴǎ ǊŜŎŀƭƭƛƴƎ ǘƘŜ ŘŜŬƴƛǝƻƴ ƻŦ 

ὄΦ 

!ƴƻǘƘŜǊ ǿƛŘŜǎǇǊŜŀŘ ǘŜŎƘƴƛǉǳŜ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǇǊŜŦŜǊŜƴǝŀƭ ƳŜŎƘŀƴƛǎƳ ƻŦ ǘƘŜ hww ƛǎ ǘƘŜ ǊƻǘŀǝƴƎ 

ǊƛƴƎπŘƛǎƪ ŜƭŜŎǘǊƻŘŜ όww59ύΦ Lƴ ǘƘƛǎ ǎŜǘǳǇ ǘǿƻ ǿƻǊƪƛƴƎ ŜƭŜŎǘǊƻŘŜǎΣ ǎŜǇŀǊŀǘŜŘ ōȅ ŀ ƴƻƴπŎƻƴŘǳŎǝǾŜ 

ōŀǊǊƛŜǊΣ ŀǊŜ ǇǊŜǎŜƴǘΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ hwwΣ ŀǘ ǘƘŜ ŘƛǎƪΣ ǘƘŜ hww ǊŜŀŎǝƻƴ ƛǎ ǇŜǊŦƻǊƳŜŘ ōȅ ƳŜŀǎǳǊƛƴƎ ǘƘŜ 

ŎǳǊǊŜƴǘ ǿƘƛƭŜ ǾŀǊȅƛƴƎ ǘƘŜ ŀǇǇƭƛŜŘ ǇƻǘŜƴǝŀƭΦ ¢ƘŜ ǊƛƴƎ ƛƴǎǘŜŀŘ ƻǇŜǊŀǘŜǎ ŀǘ ŀ ŬȄŜŘ ǇƻǘŜƴǝŀƭ ŀǘ ǿƘƛŎƘ 

ǘƘŜ ƘȅŘǊƻƎŜƴ ǇŜǊƻȄƛŘŜΣ ŘŜǾŜƭƻǇŜŘ ŀǘ ǘƘŜ Řƛǎƪ ŀƴŘ ǎǳǇǇƭƛŜŘ ǘƻ ǘƘŜ ǊƛƴƎ ōȅ ǘƘŜ ŎŜƴǘǊƛŦǳƎŀƭ ƳƻǝƻƴΣ 

Ŏŀƴ ōŜ ƻȄƛŘƛȊŜŘ ōŀŎƪ ƛƴǘƻ ǿŀǘŜǊΦ ¢ƘŜǊŜ ŀǊŜ Ŝǉǳŀǝƻƴǎ ǘƘŀǘ ŎƻǊǊŜƭŀǘŜ ǘƘŜ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ǊƛƴƎ ŎǳǊǊŜƴǘ Ὅ 

ŀƴŘ Řƛǎƪ ŎǳǊǊŜƴǘ Ὅ ǘƻ ǘƘŜ ƘȅŘǊƻƎŜƴ ǇŜǊƻȄƛŘŜ ȅƛŜƭŘ Ὄὕ Ϸ  

Ὄὕ Ϸ ςππ 
Ὅ

Ὅ ὔ Ὅ
 

ŀƴŘ ǘƻ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŜȄŎƘŀƴƎŜŘ ŜƭŜŎǘǊƻƴǎ ὲ 

ὲ  τ
Ὅ ὔ

Ὅ ὔ Ὅ
 

ǿƘŜǊŜ ὔ ƛǎ ƴŀƳŜŘ ŎǳǊǊŜƴǘ ŎƻƭƭŜŎǝƻƴ ŜŶŎƛŜƴŎȅ ŀƴŘ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ƎŜƻƳŜǘǊƛŎŀƭ Ǌŀǝƻƴǎ ōŜǘǿŜŜƴ 

ŘƛǎƪΣ ǊƛƴƎΣ ŀƴŘ ǘƘŜƛǊ ŘƛǎǘŀƴŎŜ ƛƴ ǘƘŜ ŜƳǇƭƻȅŜŘ ŜƭŜŎǘǊƻŘŜ ǝǇΦ 

¢ƘŜ ŬǊǎǘ ǎǘŜǇ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ǿŀǎ ǘƘŜ ǇǊŜǇŀǊŀǝƻƴ ƻŦ ŀƴ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ƛƴƪ 

ŦƻǊ ŜŀŎƘ ƳŀǘŜǊƛŀƭΦ ¢ƘŜ ƛƴƪ ǿŀǎ ǇǊŜǇŀǊŜŘ ōȅ ŘƛǎǇŜǊǎƛƴƎ мƳƎ ƻŦ ǘƘŜ ǘŜǎǘŜŘ Ŏŀǘŀƭȅǎǘ ƛƴǘƻ нлл [˃ ƻŦ aƛƭƭƛπ

v ǿŀǘŜǊΣ рл [˃ ƻŦ ŜǘƘŀƴƻƭΣ ŀƴŘ о [˃ ƻŦ bŀŬƻƴπŎƻƴǘŀƛƴƛƴƎ ǎƻƭǳǝƻƴ ŀƴŘ ǎƻƴƛŎŀǝƴƎ ŦƻǊ ŀǘ ƭŜŀǎǘ ол 

ƳƛƴǳǘŜǎΦ ¢ƘŜ ǇǊƻŘǳŎŜŘ ƛƴƪ ǿŀǎ ǘƘŜƴ ŘŜǇƻǎƛǘŜŘ ƻƴ ǘƘŜ Ǝƭŀǎǎȅ ŎŀǊōƻƴ ƻŦ ŀ aŜǘǊƻƘƳ w59 όŘƛŀƳŜǘŜǊ 

оƳƳύ ŀƴŘ ww59 όŘƛŀƳŜǘŜǊ рƳƳύ ǘƻ ƻōǘŀƛƴ ŀ ƘƻƳƻƎŜƴŜƻǳǎ ŬƭƳΦ ¢ƘŜ ƭƻŀŘƛƴƎ ƻŦ ǘƘŜ Ŏŀǘŀƭȅǎǘ ǿŀǎ 

ŎƘƻǎŜƴ ǘƻ ōŜ лΦрс ƳƎ ŎƳπн ƛƴ ōƻǘƘ ŎŀǎŜǎΦ 

9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ ŀ ǘƘǊŜŜπŜƭŜŎǘǊƻŘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ŎŜƭƭ ƛƴ YhI 

лΦмa ǎƻƭǳǝƻƴ ƛƴ ŀ ǇƻƭȅǇǊƻǇȅƭŜƴŜ ŎŜƭƭΦ ! Ǝƭŀǎǎȅ ŎŀǊōƻƴ ŎƻŀǘŜŘ ǿƛǘƘ ǘƘŜ Ŏŀǘŀƭȅǎǘ ƛƴƪ ǎŜǊǾŜŘ ŀǎ ǘƘŜ 

ǿƻǊƪƛƴƎ ŜƭŜŎǘǊƻŘŜΣ ǿƘƛƭŜ ŀ tƛƴŜ wŜǎŜŀǊŎƘ IƎκIƎh ŜƭŜŎǘǊƻŘŜ ŀƴŘ ŀ ƎǊŀǇƘƛǘŜ ǊƻŘ ǿŜǊŜ ǳǎŜŘ ŀǎ 

ǊŜŦŜǊŜƴŎŜ ŀƴŘ ŎƻǳƴǘŜǊ ŜƭŜŎǘǊƻŘŜΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ ǎƛƎƴŀƭ ǿŀǎ ŀŎǉǳƛǊŜŘ ǳǎƛƴƎ ŀƴ !ǳǘƻƭŀō tD{¢!¢нлп 

ǇƻǘŜƴǝƻǎǘŀǘ ōȅ aŜǘǊƻƘƳΦ ¢ƘŜ Ǌƻǘŀǝƻƴ ǊŀǘŜ ƻŦ ǘƘŜ ǿƻǊƪƛƴƎ ŜƭŜŎǘǊƻŘŜ ǿŀǎ ƛƳǇƻǎŜŘ ǳǎƛƴƎ ŀ aŜǘǊƻƘƳ 

!ǳǘƻƭŀō aƻǘƻǊ ŎƻƴǘǊƻƭƭŜǊ ǳƴƛǘΦ 

h9w ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ŀƴ w59 ǝǇΣ ǎŀǘǳǊŀǝƴƎ ǘƘŜ ŜƭŜŎǘǊƻƭȅǘŜ ƛƴ ƻȄȅƎŜƴ ŀƴŘ ǊŜŎƻǊŘƛƴƎ ǎǳōǎŜǉǳŜƴǘ 

ŎȅŎƭƛŎ ǾƻƭǘŀƳƳŜǘǊƛŜǎ ό/±ǎύ ŀǘ ŀ ŬȄŜŘ ǊƻǘŀǝƴƎ ǎǇŜŜŘ ƻŦ мслл ǊǇƳΦ ¢ƘŜ /±ǎ ŀŎǉǳƛǊŜŘ ŀ ǎƛƴƎƭŜ ǎŎŀƴ 



нф 

ŦǊƻƳ лΦм ± Ǿǎ ǊŜŦΦ ǘƻ мΦл ± Ǿǎ ǊŜŦ ǿƛǘƘ ŀ рƳ± ǎŜŎπм ǎǘŜǇ ŀƴŘ ǿŜǊŜ ǊŜǇŜŀǘŜŘ ǳƴǝƭ ǘƘŜ ƛπ± ŎǳǊǾŜǎ ǿŜǊŜ 

ǎǘŀōƭŜΦ  

hww ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ŀƴ ww59 ǝǇΦ ¢ƘŜ ŜƭŜŎǘǊƻƭȅǘŜ ǎƻƭǳǝƻƴ ǿŀǎ ŬǊǎǘ ǎŀǘǳǊŀǘŜŘ ƛƴ ƴƛǘǊƻƎŜƴΦ ! 

ǎǘŀōƛƭƛȊŀǝƻƴ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ ǿŀǎ ǘƘŜƴ ǇŜǊŦƻǊƳŜŘ ŀŎǉǳƛǊƛƴƎ рл /±ǎ ƛƴ ǘƘŜ ǊŀƴƎŜ πлΦус π πлΦмт ± Ǿǎ ǊŜŦ 

ŀǘ нлл Ƴ± ǎŜŎπм ŀǘ мслл ǊǇƳΦ ¢ƘǊŜŜ /±ǎ ǿŜǊŜ ǘƘŜƴ ǇŜǊŦƻǊƳŜŘ ƛƴ ǘƘŜ ǊŀƴƎŜ πлΦус π лΦно ± Ǿǎ ǊŜŦ ŀǘ р 

Ƴ± ǎŜŎπм ƛƴ ŀ ǎǘŀǝŎ ŎƻƴŬƎǳǊŀǝƻƴΦ ¢ƘŜ ǎŀƳŜ /±ǎ ƳŜŀǎǳǊŜƳŜƴǘ ǿŀǎ ǘƘŜƴ ǊŜǇŜŀǘŜŘ ŀƊŜǊ ǘƘŜ 

ŜƭŜŎǘǊƻƭȅǘŜ ǎƻƭǳǝƻƴ ǿŀǎ ǎŀǘǳǊŀǘŜŘ ƛƴ ƻȄȅƎŜƴΦ ¢ƘŜ hww ǿŀǎ ƛƴǾŜǎǝƎŀǘŜŘ ǇŜǊŦƻǊƳƛƴƎ [{±ǎ ŀǘ нллΣ пллΣ 

сллΣ фллΣ мнллΣ мсллΣ нлллΣ ннллΣ ŀƴŘ нрлл ǊǇƳ ŦǊƻƳ лΦо ± Ǿǎ ǊŜŦ ǘƻ πлΦф ± Ǿǎ ǊŜŦ ŀǘ р Ƴ± ǎŜŎπмΦ 

¢ƘŜǎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ƴƻ ǇŀǊǝŎǳƭŀǊ ƻǊŘŜǊΦ hȄȅƎŜƴ ǿŀǎ ōǳōōƭŜŘ ƛƴ ǘƘŜ ǎƻƭǳǝƻƴ 

ŦƻǊ сл ǎŜŎƻƴŘǎ ōŜǘǿŜŜƴ ǘǿƻ ŎƻƴǎŜŎǳǝǾŜ [{±ǎ ǘƻ ŜƴǎǳǊŜ ǘƘŜ ǎŀǘǳǊŀǝƻƴ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻƭȅǘŜΦ 5ǳǊƛƴƎ 

ǘƘŜ [{±ǎΣ ǘƘŜ ǇƻǘŜƴǝŀƭ ŀǘ ǘƘŜ tǘ ǊƛƴƎ ǿŀǎ ŬȄŜŘ ŀǘ лΦрр ± Ǿǎ ǊŜŦΦ  

Lƴ ŀƭƭ ƳŜŀǎǳǊŜƳŜƴǘǎΣ ǘƘŜ ǇƻǘŜƴǝŀƭ ǿŀǎ ŎƻǊǊŜŎǘŜŘ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ƻƘƳƛŎ ŘǊƻǇǎ ƛƴ ǘƘŜ ŜƭŜŎǘǊƻƭȅǘŜΦ 

¢ƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ŎƻǊǊŜŎǘŜŘ ǇƻǘŜƴǝŀƭ Ὁ Ⱦ  ǿŀǎ ǘƘŜƴ ŎƻƴǾŜǊǘŜŘ ƛƴ ± Ǿǎ wI9 Ὁ  ǿƛǘƘ ǘƘŜ 

ŦƻƭƭƻǿƛƴƎ ŦƻǊƳǳƭŀ 

Ὁ Ὁ Ⱦ πȢπυως ὴὌ  Ὁ Ⱦ  

ǿŜǊŜ Ὁ Ⱦ  ƛǎ ǘƘŜ ǎǘŀƴŘŀǊŘ ŜƭŜŎǘǊƻŘŜ ǇƻǘŜƴǝŀƭ ŦƻǊ IƎκIƎh όлΦлфу ±ύ ŀƴŘ ǘƘŜ ǇI ǾŀƭǳŜ ǿŀǎ 

ŀǎǎǳƳŜŘ ǘƻ ōŜ моΦ 

¢ƘŜ YƻǳǘŜŎƪȅπ[ŜǾƛŎƘ ŀƴŀƭȅǎƛǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ŀ ǎŜƭŦπǇǊƻŘǳŎŜŘ tȅǘƘƻƴ ǎŎǊƛǇǘΦ ¢ƘŜ ŎŀƭŎǳƭŀǝƻƴ ƻŦ 

ǘƘŜ [ŜǾƛŎƘ Ŏƻƴǎǘŀƴǘ ǿŀǎ ŘƻƴŜ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƛƴǾƻƭǾŜŘ ǇŀǊŀƳŜǘŜǊǎ ŀǎ Ŏƻƴǎǘŀƴǘǎ ǿƛǘƘ ǘƘŜ ǾŀƭǳŜǎ 

ǊŜǎǇŜŎǝǾŜƭȅ ƻŦ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ hн όмΦн Ҏ млπс Ƴƻƭ ŎƳπоύΤ Řƛũǳǎƛƻƴ ŎƻŜŶŎƛŜƴǘ ƻŦ hн όмΦф Ҏ млπр ŎƳн ǎπ

мύΤ ƪƛƴŜƳŀǝŎ ǾƛǎŎƻǎƛǘȅ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻƭȅǘŜ όлΦлм ŎƳн ǎπмύΦ 
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/I!t¢9w о ς 9ȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎǳƭǘǎ 

Lƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ ǘƘŜ ǊŜǎǳƭǘǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ōƻǘƘ ǘƘŜ ǇƘȅǎƛŎƻŎƘŜƳƛŎŀƭ ŀƴŘ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ 

ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ǘƘŜ ǎȅƴǘƘŜǎƛȊŜŘ ƳŀǘŜǊƛŀƭǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀƴŘ ŘƛǎŎǳǎǎŜŘΦ 

оΦм ς tƘȅǎƛŎƻŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ 

¢ƘŜ morphology of the synthesized materials was first investigated by (scanning) transmission 

electron microscopy (STEM and TEM). The functionalized CNTs, CNThydro, were analyzed and the 

results are reported in Figure 10. The TEM image evidences the presence of nanoparticles of a few 

nanometers, preferentially located towards the end of the nanotubes but also situated inside the 

cavity (Figure 10a). To evaluate the elemental composition of the nanoparticle, EDX analysis is 

performed (Figure 10b) highlighting the prevailing presence of Cobalt. The nanoparticles are then 

considered to be a residual of the catalysts employed for the synthesis of MWCNTs that were not 

removed due to being enclosed within the nanotubes. Analyzing the trend in the pixel's gray value 

and performing the Fast Fourier Transform (FFT) of the nanotube wall (region A) and the 

nanoparticle (region B), it is possible to determine the spacing between the crystalline plains. The 

distance between the graphitic layers was 0.34 nm, in agreement with the results reported in the 

literature [37]. The distance of the lattice fringes in region B is around 0.21 nm, which corresponds 

to the cobalt (111) interplane distance [38]. 

¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ bπŘƻǇŜŘ /b¢ǎ ŜƴŦƻǊŎŜŘ ǘƘŜ ǎǘŀōƛƭƛǘȅΣ ǘƘŀǘ ǿŀǎ ǳƴŀƭǘŜǊŜŘ ŀƊŜǊ ǘƘŜ ǘƘŜǊƳŀƭ ǘǊŜŀǘƳŜƴǘΣ 

ŀƴŘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ /ƻ ŎŀǘŀƭȅǎǘǎΦ ¢ƘŜ ƛƴǘǊƻŘǳŎǝƻƴ ƻŦ ƴƛǘǊƻƎŜƴ Ŏŀƴƴƻǘ ōŜ ƳƻƴƛǘƻǊŜŘ ǘƘǊƻǳƎƘ 

CƛƎǳǊŜ улΦ ŀύ ¢9a ƛƳŀƎŜ ƻŦ /ƻōŀƭǘ ōŀǎŜŘ ƴŀƴƻǇŀǊǝŎƭŜ ŀƴŘ ƻŦ /b¢ǎ ǿŀƭƭΦ ¢ƘŜ ƎǊŀȅ ǾŀƭǳŜǎ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ǊŜƎƛƻƴ ! ό/b¢ύ 
ŀƴŘ . όbtύ ŀǊŜ ŀƭǎƻ ǊŜǇƻǊǘŜŘΦ ōύ {¢9a ƛƳŀƎƛƴƎ ƻŦ ǘƘŜ ƛŘŜƴǝŬŜŘ ƴŀƴƻǇŀǊǝŎƭŜ ŀƴŘ ǊŜǎǇŜŎǝǾŜ 95· ǎǇŜŎǘǊǳƳ 



он 

ŎƻƴǘǊŀǎǘ ǎƛƴŎŜ ŎŀǊōƻƴ ŀƴŘ ƴƛǘǊƻƎŜƴ ŀǘƻƳƛŎ ƴǳƳōŜǊǎ ŘƛũŜǊ ƻƴƭȅ ōȅ м ƴƻǊ ōȅ 95· ǎƛƴŎŜ ǘƘŜƛǊ 

ŎƘŀǊŀŎǘŜǊƛǎǝŎ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ǎƛƳƛƭŀǊΦ 

¢ƘŜ ǘȅǇƛŎŀƭ ƳƻǊǇƘƻƭƻƎȅ ƻŦ ǘƘŜ ƳŜǘŀƭπƳƻŘƛŬŜŘ ǎŀƳǇƭŜ ōŜŦƻǊŜ ǘƘŜ ŜǘŎƘƛƴƎ ǘǊŜŀǘƳŜƴǘ ƛǎ ǊŜǇƻǊǘŜŘ ƛƴ 

CƛƎǳǊŜ ммΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ǘƘŜǊŜ ƛǎ ŀ ŎƭŜŀǊ ǇǊŜǎŜƴŎŜ ƻŦ ƴŀƴƻǇŀǊǝŎƭŜǎΣ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ōǊƛƎƘǘ ǎǇƻǘǎ ƛƴ 

CƛƎǳǊŜ ммŀ ŀƴŘ ōȅ ŘŀǊƪ ȊƻƴŜǎ ƛƴ CƛƎǳǊŜǎ ммō ŀƴŘ ммŎΣ ǘƘŀǘ ǎŜŜƳ ǘƻ ŘŜŎƻǊŀǘŜ ǘƘŜ /b¢ǎΦ ¢ƘŜǎŜ 

ƴŀƴƻǇŀǊǝŎƭŜǎ ǎƘƻǿ ŀ ǿƛŘŜ ǾŀǊƛŜǘȅ ƛƴ ǘƘŜƛǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴΣ ǊŀƴƎƛƴƎ ŦǊƻƳ ƴŜŀǊƭȅ нр ƴƳ Řƻǿƴ ǘƻ ƭŜǎǎ 

ǘƘŀƴ мл ƴƳΦ /ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ N-CNTs-Fe2Mn1 ǎŀƳǇƭŜΣ ǘƘŜ ŜǾŀƭǳŀǝƻƴ ƻŦ ǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ 

ŀǘƻƳƛŎ ǇƭŀƴŜǎ ƻŦ ǘƘŜ ƴŀƴƻǇŀǊǝŎƭŜǎ ǊŜǘǳǊƴǎ ŀƴ ŀǾŜǊŀƎŜ ǾŀƭǳŜ ƻŦ лΦнр ƴƳΣ ǿƘƛŎƘ ŀƎǊŜŜǎ ǿƛǘƘ ǘƘŜ 

ƭƛǘŜǊŀǘǳǊŜ ǾŀƭǳŜǎ ŦƻǊ aƴCŜнhп όоммύ ǇƭŀƴŜǎ ώофϐΦ 

5ǳǊƛƴƎ ǘƘŜ ŀƴŀƭȅǎƛǎΣ ŀ ƭŀǊƎŜǊ ƴǳƳōŜǊ ƻŦ ƴŀƴƻǇŀǊǝŎƭŜǎ ŎƻƴŬƴŜŘ ōȅ ǘƘŜ /b¢ǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘΦ ¢ƻ 

ŜǾŀƭǳŀǘŜ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜǎŜ ƴŀƴƻǇŀǊǝŎƭŜǎ ŀƴŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŜƭŜƳŜƴǘŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ 

ƴŀƴƻǇŀǊǝŎƭŜǎ ŀǘ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ /b¢ǎΣ ŀƴ 95· ƳŀǇ ǿŀǎ ŀŎǉǳƛǊŜŘ όCƛƎǳǊŜ мнύΦ 

The EDX mapping allowed us to identify the presence of both Fe and Mn in the nanoparticles (NPs) 

at the surface and in the cavities of the CNTs. ¢ƘŜ ƳŀǇǇƛƴƎ ŀƭǎƻ ŀƭƭƻǿŜŘ ǳǎ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ǇǊŜǎŜƴŎŜ 

ƻŦ ƻȄȅƎŜƴ ƛƴ ǘƘŜ ƴŀƴƻǇŀǊǝŎƭŜǎΣ ƘƛƎƘƭƛƎƘǝƴƎ ǘƘŀǘ ǘƘŜ ƴƻƴπŎƻƴŬƴŜŘ ƻƴŜǎ ǎƘƻǿ ŀ ƘƛƎƘŜǊ ƻȄȅƎŜƴ 

ŎƻƴǘŜƴǘ ŀƴŘ ŀǊŜ ǇǊŜǎǳƳŀōƭȅ ŎƻƴǎǝǘǳǘŜŘ ōȅ ƻȄƛŘŜǎΦ The NPs located in the cavity ƛƴǎǘŜŀŘ ǎƘƻǿ ŀ 

ƭƻǿŜǊ ƻȄȅƎŜƴ ŎƻƴǘŜƴǘ ŀƴŘ ǎƘƻǳƭŘ ǘƘŜƴ ōŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ ǊŜŘǳŎŜŘ ǎǘŀǘŜΣ ŜƛǘƘŜǊ ƳŜǘŀƭƭƛŎ ƻǊ ƭŜǎǎ 

ƻȄƛŘƛȊŜŘ ǎǘŀǘŜΦ CŜ ŀƴŘ aƴ ŀǊŜ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ǇǊŜǎŜƴǘ ƛƴ ǎƻƳŜ ƻŦ ǘƘŜ ƛƴǾŜǎǝƎŀǘŜŘ ƴŀƴƻǇŀǊǝŎƭŜǎΣ 

ǎǳƎƎŜǎǝƴƎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ƳƛȄŜŘ ƻȄƛŘŜǎ ŀƴŘ ŀƭƭƻȅǎΦ {ƻƳŜ ƛƴƴŜǊ ƴŀƴƻǇŀǊǝŎƭŜǎ ǎƘƻǿ ǘƘŜ ǇǊŜŦŜǊŜƴǝŀƭ 

ǇǊŜǎŜƴŎŜ ƻŦ ƻƴŜ ƻŦ ǘƘŜ ƳŜǘŀƭƭƛŎ ǎǇŜŎƛŜǎΦ hǾŜǊŀƭƭΣ ƴƻ ǎǇŜŎƛŬŎ ǇƘŀǎŜ ƛǎ ƛŘŜƴǝŬŜŘΣ ǎƛƴŎŜ ōƻǘƘ ƳƛȄŜŘ ŀƴŘ 

ǇǳǊŜ ƻȄƛŘŜǎ ŀƴŘ ƳŜǘŀƭ ǿŜǊŜ ŘŜǘŜŎǘŜŘΦ ¢ƘŜ 95· ŀƭǎƻ ŜǾƛŘŜƴŎŜǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǎǳƭŦǳǊΦ ¢Ƙƛǎ 

ŎƻƴǘŀƳƛƴŀǝƻƴ Ƴŀȅ ōŜ ŎŀǳǎŜŘ ōȅ ǘƘŜ ǎǳƭŦǳǊƛŎ ŀŎƛŘ ŜƳǇƭƻȅŜŘ ƛƴ ǘƘŜ ŦǳƴŎǝƻƴŀƭƛȊŀǝƻƴ ƻŦ ǘƘŜ /b¢ǎ 

ǿƛǘƘ ƘȅŘǊƻǇƘƛƭƛŎ ƎǊƻǳǇǎΦ {ǳƭŦǳǊ ƛǎ ǇǊŜŦŜǊŜƴǝŀƭƭȅ ōƻƴŘŜŘ ǿƛǘƘ ƳŜǘŀƭǎ ƛƴ ǘƘŜ ƴŀƴƻǇŀǊǝŎƭŜǎΦ Lǘǎ 

CƛƎǳǊŜ ммΦ LƳŀƎŜǎ ƻŦ bπ/b¢ǎπCŜнaƴм ōŜŦƻǊŜ ŜǘŎƘƛƴƎΦ ŀύ {¢9a ƛƳŀƎŜ ōύ ¢9a ƛƳŀƎŜ Ŏύ IƛƎƘ ƳŀƎƴƛŬŎŀǝƻƴ ¢9a ƛƳŀƎŜ 



оо 

ǇǊŜǎŜƴŎŜ ƛǎ ƳƻǊŜ ǊŜƭŜǾŀƴǘ ƛƴ ƴŀƴƻǇŀǊǝŎƭŜǎ ǘƘŀǘ ǎƘƻǿ ŀ ƘƛƎƘ ƳŀƴƎŀƴŜǎŜ ŎƻƴǘŜƴǘΦ ¢ƘŜ ŦƻǊƳŀǝƻƴ ƻŦ 

ǘƘƛǎ ƳŀƴƎŀƴŜǎŜ ǎǳƭŬŘŜ Ƴŀȅ ōŜ ŎŀǳǎŜŘ ōȅ ǘƘŜ ŜȄǇƻǎǳǊŜ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ ǘƻ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜǎ ŘǳǊƛƴƎ 

ǘƘŜ ǘƘŜǊƳŀƭ ǘǊŜŀǘƳŜƴǘΦ 

TEM images were also acquired on samples after the etching treatment. These samples no longer 

present nanoparticles decorating the CNT surface, confirming the success of the acid treatment 

(Figure 13a). However, nanoparticles confined within the nanotubes are still detected by the TEM 

CƛƎǳǊŜ мнΦ 95· ƳŀǇ ƻŦ bπ/b¢ǎπCŜнaƴм ōŜŦƻǊŜ ŜǘŎƘƛƴƎ 

CƛƎǳǊŜ моΦ ¢9a ƛƳŀƎŜǎ ƻŦ ǇƻǎǘπŜǘŎƘŜŘ bπ/b¢ǎπCŜнaƴм ŀύ aƻǊǇƘƻƭƻƎȅ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭΣ ǿƛǘƘ ŎƻƴŬƴŜŘ btǎ ŜƴŎƛǊŎƭŜŘ ƛƴ 
ǊŜŘ ōύ IƛƎƘ ƳŀƎƴƛŬŎŀǝƻƴ ¢9a ƛƳŀƎŜ ƻŦ ŀ ŎƻƴŬƴŜŘ btΦ ¢ƘŜ ƎǊŀȅ ǾŀƭǳŜǎ ŘƛǎǘǊƛōǳǝƻƴǎ ƻŦ ǊŜƎƛƻƴ ! ŀƴŘ . ŀǊŜ ǊŜǇƻǊǘŜŘΦ 



оп 

images (Figure 13b). This result confirms the resilience of these inner nanoparticles to the acid 

treatment and should be related to the barrier provided by the CNTs. 

¢ƘŜ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ǊŜǎƛƭƛŜƴǘ ƴŀƴƻǇŀǊǝŎƭŜǎ ƛǎ ƛƴǾŜǎǝƎŀǘŜŘ ōȅ ǇŜǊŦƻǊƳƛƴƎ ŀƴ 95· ƳŀǇΣ ǎƘƻǿƴ ƛƴ 

CƛƎǳǊŜ мпΦ ¢ƘŜ 95· ŎƻƴŬǊƳǎ ǘƘŜ ŎƻƴǘŜƳǇƻǊŀǊȅ ǇǊŜǎŜƴŎŜ ƻŦ ƳŜǘŀƭƭƛŎ ŀƴŘ ƻȄƛŘŜ ƴŀƴƻǇŀǊǝŎƭŜǎΦ NPs 

with only one or two metals are found. bƻ ǎǳƭŦǳǊ ƛǎ ŘŜǘŜŎǘŜŘ ƛƴ ǎŀƳǇƭŜǎ ŀƊŜǊ ǘƘŜ ŜǘŎƘƛƴƎ ǇƘŀǎŜΣ 

ǇƻƛƴǝƴƎ ƻǳǘ ǘƘŀǘ ǘƘŜ ŎƻƴǘŀƳƛƴŀǝƻƴ ƛǎ ŜũŜŎǝǾŜƭȅ ǊŜƳƻǾŜŘ ǿƛǘƘ ǘƘŜ ŀŎƛŘ ǘǊŜŀǘƳŜƴǘΦ 

¢ƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ŀǘƻƳƛŎ ǇƭŀƴŜǎ ƻŦ ǘƘŜ ƴƻƴπŎƻƴŬƴŜŘ ƴŀƴƻǇŀǊǝŎƭŜǎ ƛǎ ƛƴǾŜǎǝƎŀǘŜŘ ŀǎ 

ǇǊŜǾƛƻǳǎƭȅ ŘƻƴŜΣ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ǾŀǊƛŀǝƻƴ ƻŦ ǘƘŜ ƎǊŀȅ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ǇƛȄŜƭǎ ƛƴ ǘƘŜ ƛƳŀƎŜΣ ŀƴŘ 

ǇŜǊŦƻǊƳƛƴƎ ŀƴ CC¢ ƻŦ ǘƘŜ ȊƻƴŜ ƻŦ ƛƴǘŜǊŜǎǘ όCƛƎǳǊŜ моōύΦ ¢ƘŜ ǎǇŀŎƛƴƎ ǊŜǎǳƭǘŜŘ ƛƴ лΦнс ƴƳΣ ƛƴ 

ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ǾŀƭǳŜ ŦƻǳƴŘ ŦƻǊ ƴƻƴπŎƻƴŬƴŜŘ ƴŀƴƻǇŀǊǝŎƭŜǎ ƛƴ ǘƘŜ ǎŀƳŜ ǎŀƳǇƭŜ ōŜŦƻǊŜ ǘƘŜ 

ŜǘŎƘƛƴƎΣ ŀƴŘ ƻŦ лΦнн ƴƳΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ όпллύ ŎǊȅǎǘŀƭƭƛƴŜ ƻǊƛŜƴǘŀǝƻƴ ŦƻǊ ǘƘŜ ǎŀƳŜ 

ǇƘŀǎŜ ώплϐΦ 

{ƛƴŎŜ ǘƘŜ ŜƳǇƭƻȅŜŘ ¢9a ǿŀǎ ƴƻǘ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ǘƘŜ ŀōŜǊǊŀǝƻƴ ŎƻǊǊŜŎǝƻƴΣ ŘǳǊƛƴƎ ǘƘŜ ¢9a ŀƴŀƭȅǎƛǎ 

ƛǘ ǿŀǎ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǎƛƴƎƭŜ ŀǘƻƳǎΦ ¢Ƙƛǎ ƛƳǇƻǎǎƛōƛƭƛǘȅ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ŀƭǎƻ ǘƻ 

ǘƘŜ 95· ƳŀǇǇƛƴƎ ǎƛƴŎŜ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ǎƘƻǿǎ ŎƻƴǎƛŘŜǊŀōƭȅ ƘƛƎƘ ƴƻƛǎŜ ŦƻǊ ǘƘŜ ƛƴǾŜǎǝƎŀǘŜŘ 

ƳŜǘŀƭƭƛŎ ǎǇŜŎƛŜǎ ǎƛƴŎŜ CŜ ŀƴŘ aƴΣ ŀǎ ǿŜƭƭ ŀǎ /Ǌ ŀƴŘ /ƻΣ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ƳŜǘŀƭƭƛŎ ŀƭƭƻȅ ǘƘŜ ¢9a 

ŎƘŀƳōŜǊ ƛǎ ƳŀŘŜ ƻŦΦ 

CƛƎǳǊŜ мпΦ 95· ƳŀǇ ƻŦ bπ/b¢ǎπCŜнaƴм ŀƊŜǊ ŜǘŎƘƛƴƎ 



ор 

The ǎŀƳǇƭŜǎ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ōȅ ·πǊŀȅ ŘƛũǊŀŎǝƻƴ ό·w5ύ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ different 

crystalline phases present in the materialΦ The XRD diffractograms of the materials before the 

etching treatment are reported in Figure 15.  

¢ƘŜ ·w5 ǇŀǘǘŜǊƴǎ ǎƘƻǿ ǘǿƻ ŎƻƴǎƛǎǘŜƴǘ ǇŜŀƪǎ ŀǘ нʻ ǾŀƭǳŜǎ ƻŦ нсϲ ŀƴŘ пнϲΣ ǿƘƛŎƘ ŀǊŜ ŀǎǎƛƎƴŜŘ ǘƻ ǘƘŜ 

(002) and (101) peaks of carbon and are related to the spacing between the atomic planes of CNTs 

[41]. Metal-modified CNT samples present additional peaks related to the metallic phases. The 

nature and intensity of each peak depend on the metallic elements within the sample and their 

atomic ratio. N-CNTs-Fe presents a sharp peak at 44.6° associated with alpha iron, a few lesser peaks 

at 35.4° related to Fe2O3, and 30° and 36.5°, corresponding to Fe3O4 [42, 43, 44]. In N-CNTs-Mn 

several different secondary peaks are present. The identified crystalline phases are alpha 

manganese (44.6°), MnO (34.7°, 40.6°, 58.6°) and Mn3O4 (28.7°, 30.4°, 32.3°, 36°, 60°) [45]. The N-

CNTs-Fe1Mn1 were affected by higher noise if compared to the others so only the main phases could 

be identified. The nanoparticles in this sample were identified as composed of MnO, Mn3O4, and of 

alpha iron/manganese. It was not possible to identify the presence of single metal species and their 

alloys since they show a very similar crystalline structure and, thus, a practically identical diffraction 

spectrum. Finally, considering N-CNTs-Fe2Mn1 the ratio Fe/Mn (2:1) allowed the preferential 

CƛƎǳǊŜ мрΦ ·w5 ŘƛũǊŀŎǘƻƎǊŀƳǎ ŦƻǊ ƳŀǘŜǊƛŀƭǎ ōŜŦƻǊŜ ŜǘŎƘƛƴƎ 



ос 

formation of a mixed spinel MnFe2O4 whose peaks are located at 30.3° and 35.7° [46]. These peaks 

show some kind of asymmetry, with the higher-angle slope presenting some kind of hump. This 

effect was assumed to be caused by the presence of Fe3O4 whose peak positions are compatible 

with the position of the hump. Since iron and manganese were added with a 2:1 atomic ratio, 

assuming that the cations interact in the same way with CNTs in the impregnation step, the presence 

of a stoichiometric compound and a Fe-only phase allows us to hypothesize the presence of Mn-

only phases, though no peaks associated with these phases were diagnosed in the survey. The 

presence of Mn3O4 itself is not excluded since the dominant peak at 36° could be hidden by the 

mixed spinel one and lesser peaks could be confused with the noise of the measurement. 

Materials after the etching treatment only show the presence of the characteristic diffraction peaks 

of CNTs at 26° and 42° (Figure 16), confirming the removal of the metallic NPs as seen by TEM. These 

samples contain a small amount of metal-based NPs inside the CNTs. Therefore, the absence of the 

diffraction peaks related to these nanoparticles can be justified considering the very low amount of 

these phases.  

CƛƎǳǊŜ мсΦ ·w5 ŘƛũǊŀŎǘƻƎǊŀƳǎ ŦƻǊ ƳŜǘŀƭπƳƻŘƛŬŜŘ ƳŀǘŜǊƛŀƭǎ ŀƊŜǊ ǘƘŜ ŜǘŎƘƛƴƎΦ ¢ƘŜ ǇŀǧŜǊƴ ŦƻǊ bπ/b¢ǎ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ǘƘŜ 
ǎŀƳǇƭŜ ōŜŦƻǊŜ ǘƘŜ ŜǘŎƘƛƴƎΦ 



от 

/ƻƴǎƛŘŜǊƛƴƎ .ǊŀƎƎΩǎ [ŀǿ ǘƘŜǊŜ ƛǎ ŀ ƳŀǘƘŜƳŀǝŎŀƭ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ 

ŀǘƻƳƛŎ ǇƭŀƴŜǎ ŀƴŘ ǘƘŜ ŘƛũǊŀŎǝƻƴ ŀƴƎƭŜΦ Lƴ ǘƘŜ ƘȅǇƻǘƘŜǎƛǎ ƻŦ ŬǊǎǘπƻǊŘŜǊ ŘƛũǊŀŎǝƻƴ όƴҐмύΣ ǿŜ Ŏŀƴ ǎŀȅ 

ǘƘŀǘ  

‗ ςὨ ίὭὲ— 

LƴǾŜǊǝƴƎ ǘƘŜ ǊŜƭŀǝƻƴΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ŀǘƻƳƛŎ ǇƭŀƴŜǎ ƎƛǾŜƴ ǘƘŜ 

ŘƛũǊŀŎǝƻƴ ŀƴƎƭŜ ŀƴŘ ǘƘŜ ǿŀǾŜƭŜƴƎǘƘ ƻŦ ǘƘŜ ǳǝƭƛȊŜŘ ·πǊŀȅ ōŜŀƳΦ .ȅ ŘƻƛƴƎ ǎƻΣ ǳǝƭƛȊƛƴƎ ǘƘŜ ŘƛũǊŀŎǝƻƴ 

ŀƴƎƭŜ ƻŦ ǘƘŜ ƛŘŜƴǝŬŜŘ ǇƘŀǎŜǎ ŘƛǎǘŀƴŎŜǎ ŎƻƳǇŀǊŀōƭŜ ǿƛǘƘ ǘƘƻǎŜ ƻōǘŀƛƴŜŘ ƛƴ ǘƘŜ ¢9a ǎŀƳǇƭŜǎΦ ¢ƘŜ 

ǾŀƭǳŜǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ ŘƛũǊŀŎǝƻƴ ǇŜŀƪ Ǉƻǎƛǝƻƴǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǘƘŜ ƻƴŜǎ 

ŘŜǘŜǊƳƛƴŜŘ ƛƴ ǘƘŜ ¢9a ŀƴŀƭȅǎƛǎ ƛƴ ¢ŀōƭŜ оΦ 

¢ŀōƭŜ оΦ /ǊȅǎǘŀƭƭƛƴŜ ǇƭŀƴŜ ŘƛǎǘŀƴŎŜǎ όŘύ ƛƴ ƴƳ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ·w5 Řŀǘŀ ǘƘǊƻǳƎƘ .ǊŀƎƎΩǎ [ŀǿΣ ŘŜǘŜǊƳƛƴŜŘ ŦǊƻƳ ǘƘŜ ¢9a 

ŀƴŀƭȅǎƛǎ ŀƴŘ ƭƛǘŜǊŀǘǳǊŜΦ 

 

¢Ƙƛǎ ǇǊƻŎŜŘǳǊŜ ŀǇǇƭƛŜŘ ǘƻ ƴŀƴƻǇŀǊǝŎƭŜǎ ŎƻƴŬƴŜŘ ƛƴ ǘƘŜ /b¢ǎ ŀƭƭƻǿǎ ǳǎ ǘƻ ŎƻƴŬǊƳ ǘƘŀǘ ǘƘŜ ǇƘŀǎŜ 

ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ƴŀƴƻǘǳōŜǎ όMnFe2O4ύ ƛǎ ǘƘŜ ǎŀƳŜ ŀǎ ǘƘŜ ƻƴŜ ƛŘŜƴǝŬŜŘ ƛƴ ǘƘŜ ·w5 ŀƴŀƭȅǎƛǎΦ 

  

Crystalline phase tŜŀƪ Ǉƻǎƛǝƻƴ .ǊŀƎƎΩǎ [ŀǿ Ř ¢9a Ř [ƛǘŜǊŀǘǳǊŜ Ř 

CNTs  нрΦф лΦопп лΦоп лΦор 

Cobalt ппΦн ώоуϐ лΦнлр лΦнм лΦнло 

MnFe2O4 (311) орΦс лΦнрн лΦнрΣ лΦнс лΦнр 

MnFe2O4 (400) поΦм лΦнмл лΦнн лΦнм 
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Samples were also analyzed by X-ray photoemission spectroscopy (XPS) to determine the chemical 

species at the surface and the oxidation states. In particular, the C 1s, N 1s, O 1s, Mn 2p, and Fe 2p 

regions were acquired. 

The C 1s spectrum was deconvoluted into five chemically shifted components related to C-C sp2 and 

sp3 bonds, alcohol groups (C-OH), carbonyl groups (C=O), and carboxylic groups (C=OOH). The pi*-

pi transition was also included in the fit since CNTs are a graphitic carbon material. The results of 

the fitting stage of the different materials are then compared considering the BE and the relative 

presence of the species. 

Figure 17 compares the C 1s region for the two non-metalated samples, CNTs hydro and N-doped 

CNTs. Both of them show the most intense peak at 284.3 eV, associated with sp2 hybridized carbon 

atoms, and the peak related to sp3 carbon atoms at around 284.8 eV. These two species are also 

present in the same proportion in the two samples around 76.8 - 78.5 at.% and 7.7 - 7.8 at.%, 

respectively. The C sp2 component in the N-CNTs was expected to shift towards higher BE due to 

the interaction with N, which is more electronegative than C (3.04 of N versus 2.55 of C). This effect 

is not observed in the XPS data due to the low nitrogen content in the material [47]. The increase in 

the BE of the sp3 C for the N-CNTs could be related to the introduction of nitrogen in the material. 

In fact, NςC (associated with graphitic, pyridinic, and/or pyrrolic nitrogen) is reported to show a BE 

in the range 285.2 - 285.7 eV [48]. The presence of this chemical species can motivate the shift of 

the sp2 C towards higher BE. However, the presence of nitrogen is difficult to determine from the C 

1s peak since the C-N component overlaps with the C-OH one [49]. Since the BE of the C-OH bond 

is the most similar to the range of the NςC bond, this peak will be further identified as C-OH/C-N in 

nitrogen-containing materials. 

The percentage of alcohol, carbonyl, and carboxylic groups, located respectively at 286.2 eV, 287.7 

eV, and 289.0 eV slightly decreases in the N-CNTs sample probably due to the decomposition of the 

oxygenated species during the thermal treatment, and it is confirmed from the elemental 

quantification performed from the XPS results. The atomic fraction of oxygen goes from 4.2 at.% to 

3.7 at.%. This decrease is associated with a reduction in the presence of oxygen-containing groups 

(alcohol, carbonyl, and carboxylic) that undergo a proportional reduction.  
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A further comparison is carried out between samples containing metals before and after the acid 

etching (Figure 18). The BE and the percentage presence of each chemical species are also reported 

in Table 4, together with the peak parameters for CNTs hydro and N-CNTs. 

¢ƘŜ ǎŀƳŜ ŬǾŜ ŎƻƳǇƻƴŜƴǘǎ ǿŜǊŜ ǳǎŜŘ ŦƻǊ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ / мǎ ǊŜƎƛƻƴ ƻŦ ǘƘŜ ƳŜǘŀƭŀǘŜŘ ǎŀƳǇƭŜǎΦ 

bƻ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ .9 ǿŜǊŜ ƻōǎŜǊǾŜŘ ŀƊŜǊ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ǘƘŜ ƳŜǘŀƭǎΦ /ƻƳǇƻƴŜƴǘǎ ǊŜƭŀǘŜŘ ǘƻ / ǎǇнΣ 

/ ǎǇоΣ /πhIκ/πbΣ ŀƴŘ /Ґh ǿŜǊŜ ƻōǎŜǊǾŜŘ ŀǘ нупΦо Ŝ±Σ нупΦу Ŝ±Σ нусΦн Ŝ±Σ ŀƴŘ нутΦс Ŝ±Σ 

ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ /ҐhhI ŎƻƳǇƻƴŜƴǘ ǎƘƻǿǎ ŀ ǿƛŘŜǊ ǾŀǊƛŀǝƻƴ ƻŦ .9 ƛƴ ǘƘŜ ǊŀƴƎŜ нууΦу π нуфΦн Ŝ±Φ 

/ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŜũŜŎǘ ƻŦ ǘƘŜ ŀŎƛŘ ǘǊŜŀǘƳŜƴǘΣ ǿŜ Ŏŀƴ ƴƻǝŎŜ ǘƘŀǘ ŜǘŎƘŜŘ ǎŀƳǇƭŜǎ ǎƘƻǿ ŀ ƘƛƎƘŜǊ 

ǇǊŜǎŜƴŎŜ ƻŦ ό/πhIΣ /πbύΣ /ҐhΣ ŀƴŘ /ҐhhIΦ ¢Ƙƛǎ ŜũŜŎǘ ŎƻǳƭŘ ōŜ ŎŀǳǎŜŘ ōȅ ǘƘŜ ƻȄƛŘƛȊƛƴƎ ŜũŜŎǘ ƻŦ 

ǎǳƭŦǳǊƛŎ ŀŎƛŘ ŀƴŘ ŦŀǾƻǊŜŘ ōȅ ǘƘŜ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ ŘǳǊƛƴƎ ǘƘŜ ŜǘŎƘƛƴƎ ǇǊƻŎŜǎǎΦ wŜƎŀǊŘƛƴƎ ǘƘŜ 

ǎǘƻƛŎƘƛƻƳŜǘǊȅΣ ŀ ǎƭƛƎƘǘ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ / ǎǇо ŎƻƳǇƻƴŜƴǘ ƛǎ ƻōǎŜǊǾŜŘ ŀƊŜǊ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ǘƘŜ ƳŜǘŀƭǎΦ 

 

CƛƎǳǊŜ мтΦ /мǎ ·t{ ǊŜƎƛƻƴΣ ŀƴŘ ƛǘǎ ŘŜŎƻƴǾƻƭǳǝƻƴ ƛƴǘƻ ŎƘŜƳƛŎŀƭƭȅ ǎƘƛƊŜŘ ŎƻƳǇƻƴŜƴǘǎΣ ŦƻǊ ŀύ /b¢ǎ ƘȅŘǊƻ ŀƴŘ ōύ bπ/b¢ǎ 
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Table 4. BE (in eV) and atomic percentage (%) of carbon chemical species from the analysis of the C 1s XPS region 

 

 

aŀǘŜǊƛŀƭ 
/ ǎǇн / ǎǇо /πhIΣ /πb /Ґh /ҐhhI 

.Φ9Φ ҈ .Φ9Φ ҈ .Φ9Φ ҈ .Φ9Φ ҈ .Φ9Φ ҈ 

CNThydro нупΦо тсΦу нупΦф тΦт нусΦн млΦр нутΦт оΦр нуфΦн мΦр 

N-CNTs нупΦо туΦр нупΦу тΦу нусΦн фΦо нутΦс оΦм нуфΦл мΦо 

N-CNTs-Fe нупΦо ттΦн нупΦф уΦр нусΦн фΦф нутΦт оΦс нуфΦн лΦу 

N-CNTs-Fe etched нупΦо ттΦр нупΦф уΦп нусΦн фΦо нутΦт оΦп нуфΦн мΦр 

N-CNTs-Mn нупΦо туΦр нупΦф тΦф нусΦн фΦп нутΦт оΦо нууΦф мΦл 

N-CNTs-Mn 

etched 
нупΦо тсΦт нупΦф тΦр нусΦн млΦл нутΦт оΦт нуфΦн нΦм 

N-CNTs-Fe1Mn1 нупΦо ттΦл нупΦф фΦо нусΦн фΦн нутΦт оΦс нууΦф мΦл 

N-CNTs-Fe1Mn1 

etched 
нупΦо тпΦм нупΦф фΦу нусΦн млΦс нутΦс пΦм нуфΦл мΦп 

N-CNTs-Fe2Mn1 нупΦо туΦр нупΦф фΦм нусΦн уΦт нутΦт нΦо нууΦу мΦп 

N-CNTs-Fe2Mn1 

etched 
нупΦо тсΦр нупΦф фΦп нусΦн фΦн нутΦт оΦо нуфΦл мΦт 
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CƛƎǳǊŜ муΦ /мǎ ·t{ ǊŜƎƛƻƴΣ ŀƴŘ ƛǘǎ ŘŜŎƻƴǾƻƭǳǝƻƴ ƛƴǘƻ ŎƘŜƳƛŎŀƭƭȅ ǎƘƛƊŜŘ ŎƻƳǇƻƴŜƴǘǎΣ ŦƻǊ ƳŀǘŜǊƛŀƭǎ ōŜŦƻǊŜ όǘƻǇ ǇŀƴŜƭǎύ 
ŀƴŘ ŀƊŜǊ όōƻǧƻƳ ǇŀƴŜƭǎύ ǘƘŜ ŜǘŎƘƛƴƎ ǘǊŜŀǘƳŜƴǘ ŀύ bπ/b¢ǎπCŜ ōύ bπ/b¢ǎπaƴ Ŏύ N-CNTs-Fe1Mn1 Řύ N-CNTs-Fe2Mn1 
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The analysis of the N1s spectrum is carried out by identifying four different nitrogen species: 

pyridinic, pyrrolic, graphitic, and oxidized nitrogen. The results of the fitting stage of the different 

materials are then compared considering the BE and the relative presence of the species. 

First, the N-doped CNT sample was analyzed, before and after the etching treatment, to determine 

the effect of the acid treatment (Figure 19). For both samples, the N 1s region is separated into four 

components at 398.2 eV, 399.4 eV, 400.6 eV, and 402.2 eV related to pyridinic, pyrrolic, graphitic, 

and oxidized N species, respectively. Before the acid treatment, the dominant species was pyridinic 

N (44.9 at.%), followed by pyrrolic (27.3 at.%), graphitic (20.5 at.%), and oxidized (7.3 at.%). After 

the treatment, a slight decrease of the pyridinic component and an increase of the other ones is 

observed. This result can be ascribed to the hydrogenation and protonation of the pyridinic N 

species during the acid treatment. It is reported that the hydrogenated pyridinic N shows a BE 

similar to the one of pyrrolic N, while the protonated one has a BE close to the one of the oxidized 

N [50]. ¢Ƙƛǎ ōŜƘŀǾƛƻǊ ǎƘƻǳƭŘ ōŜ ǊŜƳƛƴŘŜŘ ƻƴŎŜ ǘƘŜ ŎƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ ƳŜǘŀƭπŎƻƴǘŀƛƴƛƴƎ ǎŀƳǇƭŜǎ 

ōŜŦƻǊŜ ŀƴŘ ŀƊŜǊ ǘƘŜ ŜǘŎƘƛƴƎ ƛǎ ǇŜǊŦƻǊƳŜŘΦ 

CƛƎǳǊŜ мфΦ b мǎ ·t{ ǊŜƎƛƻƴ ŀƴŘ ƛǘǎ ŘŜŎƻƴǾƻƭǳǝƻƴ ƛƴǘƻ ŎƘŜƳƛŎŀƭƭȅ ǎƘƛƊŜŘ ŎƻƳǇƻƴŜƴǘǎ ŦƻǊ ŀύ bπ/b¢ǎ ŀƴŘ ōύ ŜǘŎƘŜŘ bπ
/b¢ǎ 
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¢ƘŜ b мǎ ·t{ ǎǇŜŎǘǊŀ ƻŦ ǎŀƳǇƭŜǎ ǿƛǘƘ CŜ ŀƴŘ aƴΣ ōŜŦƻǊŜ ŀƴŘ ŀƊŜǊ ǘƘŜ ŀŎƛŘ ǘǊŜŀǘƳŜƴǘΣ ŀǊŜ ǊŜǇƻǊǘŜŘ 

ƛƴ CƛƎǳǊŜ нл, while the results from the analysis are iƴ ¢ŀōƭŜ рΦ The Fe-N and Mn-N interactions in 

single metal atom samples are reported at оффΦм Ŝ± ώрмϐ ŀƴŘ оффΦу Ŝ± ώрнϐΣ ǊŜǎǇŜŎǝǾŜƭȅΦ These 

components partially overlap with the pyrrolic N species, therefore its identification could be 

difficult.  

¢ƻ ǘǊȅ ǘƻ ŘŜǘŜŎǘ ǘƘŜǎŜ ƳƻƛŜǝŜǎ ǘƘŜ .9 ŀƴŘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ ǇȅǊǊƻƭƛŎ b ǎƘƻǳƭŘ ōŜ ŎƻƳǇŀǊŜŘ 

ōŜǘǿŜŜƴ ǘƘŜ ƳŜǘŀƭπŎƻƴǘŀƛƴƛƴƎ ǎŀƳǇƭŜǎ ŀƴŘ ǘƘŜ bπ/b¢ǎΦ Lƴ ŦŀŎǘΣ ǘƘŜ ǾŀǊƛŀǝƻƴ ƻŦ ǘƘŜ ŬǧŜŘ ǾŀƭǳŜ ƻŦ 

ǘƘŜ .9 ŜƴŜǊƎȅ ƻŦ ǘƘƛǎ ǇŜŀƪ Ŏŀƴ ǊŜǾŜŀƭ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ŀ ŘƛũŜǊŜƴǘ ŎƘŜƳƛŎŀƭ ǎǇŜŎƛŜǎΦ  

¢ƘŜ b мǎ ·t{ ǊŜƎƛƻƴ ƻŦ ǘƘŜ ƳŜǘŀƭŀǘŜŘ ǎŀƳǇƭŜǎ ǿŀǎ ŘŜŎƻƴǾƻƭǳǘŜŘ ǳǎƛƴƎ ǘƘŜ ǎŀƳŜ ŦƻǳǊ ŎƻƳǇƻƴŜƴǘǎ 

ŘŜǎŎǊƛōŜŘ ŀōƻǾŜ ŦƻǊ ǘƘŜ bπ/b¢ǎ ǎŀƳǇƭŜΦ !ƭǎƻ ŦƻǊ ǘƘŜǎŜ ǎŀƳǇƭŜǎΣ ŀ ǎƭƛƎƘǘ ǎƘƛƊ ƻŦ ǘƘŜ ǇȅǊǊƻƭƛŎπb 

ŎƻƳǇƻƴŜƴǘ ƛǎ ƻōǎŜǊǾŜŘ ŀƊŜǊ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ǘƘŜ ƳŜǘŀƭΣ ǿƘƛŎƘ ƛǎ ǳǎǳŀƭƭȅ ƳƻǊŜ ŜǾƛŘŜƴǘ ŀƊŜǊ ǘƘŜ ŀŎƛŘ 

ǘǊŜŀǘƳŜƴǘΦ ¢Ƙƛǎ ǎƘƛƊ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ ƳŜǘŀƭπb ŎƻƳǇƻƴŜƴǘ ǘƘŀǘ ƻǾŜǊƭŀǇǎ ǿƛǘƘ 

ǘƘŜ ǇȅǊǊƻƭƛŎ b ŎƻƳǇƻƴŜƴǘ ŀƴŘ ǘƘŀǘ ƛǎ ƳƻǊŜ ŜǾƛŘŜƴǘ ǿƘŜƴ ƻƴƭȅ ŀ ǎƛƴƎƭŜ ƳŜǘŀƭ ǎǘŀōƛƭƛȊŜŘ ōȅ b ŀǘƻƳǎ 

ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ǎŀƳǇƭŜΦ IƻǿŜǾŜǊΣ ǘƘŜ ƘȅŘǊƻƎŜƴŀǝƻƴ ƻŦ ǘƘŜ ǇȅǊƛŘƛƴƛŎ b ǎǇŜŎƛŜǎ Ŏŀƴƴƻǘ ōŜ 

ŜȄŎƭǳŘŜŘΦ ¢ƘŜǊŜŦƻǊŜΣ ƛǘ ƛǎ ŘƛŶŎǳƭǘ ǘƻ ǇǊƻǾŜ ǘƘŜ ƳŜǘŀƭπƴƛǘǊƻƎŜƴ ƛƴǘŜǊŀŎǝƻƴǎ ŦǊƻƳ ǘƘŜǎŜ ǊŜǎǳƭǘǎΦ  

Table 5. BE (in eV) and atomic percentage (%) of nitrogen chemical species from the analysis of the N 1s XPS region 

aŀǘŜǊƛŀƭ 
b ǇȅǊƛŘƛƴƛŎ b ǇȅǊǊƻƭƛŎ b ƎǊŀǇƘƛǝŎ b ƻȄƛŘƛȊŜŘ 

.Φ9Φ ҈ .Φ9Φ ҈ .Φ9Φ ҈ .Φ9Φ ҈ 

N-CNTs офуΦн ппΦф оффΦп нтΦо пллΦс нлΦр плнΦн тΦо 

N-CNTs etched офуΦн отΦм оффΦр омΦу пллΦс нмΦф плнΦн фΦн 

N-CNTs-Fe офуΦм пнΦф оффΦо олΦс пллΦт ннΦм плнΦн пΦп 

N-CNTs-Fe etched офуΦм плΦс оффΦр отΦу пллΦу нмΦл плоΦм лΦс 

N-CNTs-Mn офтΦф осΦф оффΦо опΦу пллΦу мфΦп плоΦо уΦф 

N-CNTs-Mn etched офуΦл омΦу оффΦр ппΦн пллΦу мсΦс плнΦл оΦп 

N-CNTs-Fe1Mn1 офуΦн рмΦр оффΦс нтΦф плмΦм мрΦф плоΦп пΦт 

N-CNTs-Fe1Mn1 

etched 
офуΦн офΦу оффΦп омΦт пллΦт нлΦр плнΦр уΦл 

N-CNTs-Fe2Mn1 офуΦн птΦр оффΦт нфΦн пллΦф муΦп плоΦн пΦф 

N-CNTs-Fe2Mn1 

etched 
офуΦо оуΦп оффΦт орΦм пллΦу муΦр плнΦп уΦл 
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CƛƎǳǊŜ нлΦ bмǎ ·t{ ǊŜƎƛƻƴΣ ŀƴŘ ƛǘǎ ŘŜŎƻƴǾƻƭǳǝƻƴ ƛƴǘƻ ŎƘŜƳƛŎŀƭƭȅ ǎƘƛƊŜŘ ŎƻƳǇƻƴŜƴǘǎΣ ŦƻǊ ƳŀǘŜǊƛŀƭǎ ōŜŦƻǊŜ όǘƻǇ ǇŀƴŜƭǎύ 
ŀƴŘ ŀƊŜǊ όōƻǧƻƳ ǇŀƴŜƭǎύ ǘƘŜ ŜǘŎƘƛƴƎ ǘǊŜŀǘƳŜƴǘ ŀύ bπ/b¢ǎπCŜ ōύ bπ/b¢ǎπaƴ Ŏύ N-CNTs-Fe1Mn1 Řύ N-CNTs-Fe2Mn1 



пр 

To determine the metal species present at the surface of the catalysts, the Fe 2p and Mn 2p regions 

ǿŜǊŜ ŀƴŀƭȅȊŜŘ ŀŎŎƻǊŘƛƴƎ ǘƘŜ .ƛŜǎƛƴƎŜǊΩǎ ǿƻǊƪ [53]. Since for a generic metal Me, the spinel structure 

is given by the coordination of MeO and Me2O3, the fit of the 2p regions of Fe and Mn is limited to 

the 2+ and 3+ oxides and, only in the case of Fe, to metallic Fe(0). Only the 2p3/2 peak is analyzed 

since it gives the same chemical information as the 2p1/2 one. 

¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ CŜ нǇ ǊŜƎƛƻƴ όCƛƎǳǊŜ нмύ ǎƘƻǿǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ CŜόлύΣ CŜhΣ ŀƴŘ Fe2O3 ƛƴ ŀƭƭ ǘƘŜ 

ƛǊƻƴπŎƻƴǘŀƛƴƛƴƎ ǎŀƳǇƭŜǎΣ in agreement with the XRD resultsΦ The amount of metallic iron is very 

small in all the samples since XPS is a surface-sensitive technique and, therefore, it is expected to 

be more sensitive to the oxides present in the surface of the nanoparticles. ¢ƘŜ ŜũŜŎǝǾŜ ǇǊŜǎŜƴŎŜ 

ƻŦ Fe2O3 ƻǊ Fe3O4 ƻǊ ōƻǘƘ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǊŜƭŀǝǾŜ ǇǊŜǎŜƴŎŜ ƻŦ CŜh ŀƴŘ Fe2O3 

ŎƻƳǇƻƴŜƴǘǎ ƛƴ ǘƘŜ ŬǩƴƎ ǎǘŀƎŜΦ {ƛƴŎŜ ǘƘŜ ǎǇƛƴŜƭ ǎǘǊǳŎǘǳǊŜ Ŏŀƴ ŀƭǎƻ ōŜ ŦƻǊƳŜŘ ōȅ ŎƻƻǊŘƛƴŀǝƴƎ aƴh 

ƛƴǎǘŜŀŘ ƻŦ CŜhΣ ǘƘŜ ŎƻƴŬǊƳŀǝƻƴ ƻŦ ǘƘŜ ǇƘŀǎŜǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ōƛƳŜǘŀƭƭƛŎ ǎŀƳǇƭŜǎ ƛǎ ƎƛǾŜƴ ŀƊŜǊ ǘƘŜ 

ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǎǇŜŎǘǊŀ ƻŦ aƴнǇΦ 

Considering the Fe 2p spectrum for N-CNTs-Fe (CƛƎǳǊŜ нмŀύ, the main component is Fe2O3, with a 

lower amount of FeO. Recalling the XRD measurement of this material, we can correctly identify the 

presence of Fe2O3 and Fe3O4, formed by the coordination of FeO and Fe2O3. Since from the XRD 

these phases were present in approximately the same amount, the high amount of Fe2O3 present 

can be justified considering the oxidation of the outer layer of alpha-Fe nanoparticles, that are 

exposed to the atmosphere form Fe2O3. 

¢ƘŜ aƴ нǇ ǊŜƎƛƻƴ ŦƻǊ N-CNTs-Mn is represented in Figure 22a. For this material, the fit of the signal 

gives back the contemporary presence of Mn2O3 and MnO. This result can be associated with the 

presence of Mn3O4 detected in the XRD. The higher amount of MnO also justifies the presence of 

this phase as single crystallites in the XRD. No presence of metallic Mn is detected from the XPS. 

¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ N-CNTs-Fe1Mn1 is done considering the Fe2p and Mn2p spectra of this material 

(Figures 21b and 22b). In this case, all the metallic phases identified in the XRD diffractogram are 

found also in the XPS, with the spinel structures being formed by the coordination of respective 2+ 

and 3+ oxides. A wide presence of a mixed spinel is excluded since the great amount of MnO 

detected in the XPS fitting can be directly associated with this phase in the XRD of the material.  
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N-CNTs-Fe2Mn1 ·t{ ǎƛƎƴŀƭǎ ŀǊŜ ǇƻǊǘǊŀȅŜŘ ƛƴ CƛƎǳǊŜǎ нмŎ ŀƴŘ ннŎΦ ¢ƘŜ ŀōǎŜƴŎŜ ƻŦ Mn3O4 Ŏŀƴ ōŜ 

Ŝŀǎƛƭȅ ƴƻǝŎŜŘ ŦǊƻƳ ǘƘŜ aƴнǇ ǎǇŜŎǘǊǳƳΣ ǿƘƛŎƘ ƛǎ ŎƻƳǇƭŜǘŜƭȅ ŘŜǎŎǊƛōŜŘ ōȅ aƴhΦ {ƛƴŎŜ ǘƘŜ ·w5 

ǇŀǧŜǊƴ ƻŦ ǘƘƛǎ ƳŀǘŜǊƛŀƭ ŘƻŜǎ ƴƻǘ ǊŜǇƻǊǘ ǘƘŜ ŎǊȅǎǘŀƭƭƛƴŜ ǇƘŀǎŜ ƻŦ aƴhΣ ǿŜ Ŏŀƴ ŎƻƴŬǊƳ ǘƘŀǘ 

ƳŀƴƎŀƴŜǎŜ ƳƻƴƻȄƛŘŜ ƛǎ ŎƻƻǊŘƛƴŀǘŜŘ ōȅ Fe2O3 ŦƻǊƳƛƴƎ ǘƘŜ aƴCŜнhп ǎǇƛƴŜƭ ǿƘƻǎŜ ǇǊŜǎŜƴŎŜ ƛǎ 

ŀǎǎŜǊǘŜŘ ƛƴ ǘƘŜ ·w5 ŀƴŀƭȅǎƛǎΦ ¢ƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ CŜh ƛƴ ǘƘŜ Ŭǘ ƻŦ CŜнǇ ŀƭǎƻ Ƙƛƴǘǎ ŀǘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 

Fe3O4Σ ƛƴ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǘƘŜ ƛŘŜƴǝŬŜŘ ŎǊȅǎǘŀƭƭƛƴŜ ǇƘŀǎŜǎ ƛƴ ǘƘŜ ·w5 ŀƴŀƭȅǎƛǎΦ The considerations 

made for N-CNTs-Fe on the amount of metallic Fe and Fe2O3 can be repeated also in the case of 

both bimetallic samples. 

CƛƎǳǊŜ нмΦ CŜнǇ ·t{ ǊŜƎƛƻƴ ŀƴŘ ƛǘǎ ŘŜŎƻƴǾƻƭǳǝƻƴ ƛƴ ŎƘŜƳƛŎŀƭƭȅ ǎƘƛƊŜŘ ŎƻƳǇƻƴŜƴǘǎ ŦƻǊ ŀύ bπ/b¢ǎπCŜ ōύ N-CNTs-Fe1Mn1 
Ŏύ N-CNTs-Fe2Mn1 before the etching. 
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No peaks related to Fe and Mn can be observed in the XPS measurements carried out on the 

materials after the etching. Being the metals noticed in etched samples through the TEM/EDX 

analysis, we can assert that these elements are present below the detection limit of XPS. 

 

 

 

CƛƎǳǊŜ ннΦ aƴ нǇ ·t{ ǊŜƎƛƻƴ ŀƴŘ ƛǘǎ ŘŜŎƻƴǾƻƭǳǝƻƴ ƛƴ ŎƘŜƳƛŎŀƭƭȅ ǎƘƛƊŜŘ ŎƻƳǇƻƴŜƴǘǎ ŀύ bπ/b¢ǎπaƴ ōύ N-CNTs-Fe1Mn1 
Ŏύ N-CNTs-Fe2Mn1 before the etching. 
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¢ƘŜ ǎǳǊŦŀŎŜ ǎǘƻƛŎƘƛƻƳŜǘǊȅ Ŏŀƴ ōŜ ŘŜǘŜǊƳƛƴŜŘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŀǊŜŀ ƻŦ ǘƘŜ ·t{ ǊŜƎƛƻƴǎ ŀƴŘ ǘƘŜ 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎŜƴǎƛǝǾƛǘȅ ŦŀŎǘƻǊǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ с ǎƘƻǿ ŀ ƭƻǿŜǊ ŀƳƻǳƴǘ ƻŦ ƳŜǘŀƭ 

ǘƘŀƴ ǘƘŜ ƴƻƳƛƴŀƭ ƻƴŜΦ IƻǿŜǾŜǊΣ ǘƘŜ CŜΥaƴ Ǌŀǝƻ ƛǎ ƳŀƛƴǘŀƛƴŜŘ ƛƴ ǘƘŜ Ŭƴŀƭ ƳŀǘŜǊƛŀƭǎΣ мΥм ŀƴŘ нΥмΦ 

¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ƴƻǘ ŀƭƭ ǘƘŜ ƳŜǘŀƭǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ǿŜǊŜ ŬȄŜŘ ƛƴ ǘƘŜ /b¢ǎ ǎǳǇǇƻǊǘ ƻǊ ǘƘŀǘ 

ǇŀǊǘ ƻŦ ǘƘŜ ƳŜǘŀƭǎ ǿŜǊŜ ǇǊŜǎŜƴǘ ƛƴǎƛŘŜ ǘƘŜ /b¢ǎ ŎŀǾƛǘȅ ŀƴŘ Ŏŀƴƴƻǘ ōŜ ŘŜǘŜŎǘŜŘ ōȅ ·t{Φ 

¢ŀōƭŜ сΦ vǳŀƴǝǘŀǝǾŜ ǇǊŜǎŜƴŎŜ ƻŦ /Σ hΣ bΣ CŜΣ ŀƴŘ aƴ ƛƴ ǘƘŜ ǎŀƳǇƭŜ όŘŀǘŀ ƛƴ ǿǘΦ҈ύ 

 

  

Material / h b CŜ aƴ 

CNTs hydro фрΦм пΦф π π π 

N-CNTs фпΦп пΦо мΦо π π 

N-CNTs-Fe фоΦм оΦп мΦо нΦм π 

N-CNTs-Fe etched фпΦт пΦм мΦн π π 

N-CNTs-Mn фмΦо пΦм мΦф π нΦт 

N-CNTs-Mn etched фоΦп рΦм мΦр π π 

N-CNTs-Fe1Mn1 фмΦр оΦп мΦт мΦт нΦл 

N-CNTs-Fe1Mn1 etched фнΦо рΦф мΦу π π 

N-CNTs-Fe2Mn1 флΦс рΦт лΦф мΦу мΦл 

N-CNTs-Fe2Mn1 etched фпΦо пΦр мΦн π π 
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оΦн ς 9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ 

¢ƘŜ Ŏŀǘŀƭȅǎǘǎ ǇǊŜǇŀǊŜŘ ƛƴ ǘƘƛǎ ƳŀǎǘŜǊ ǘƘŜǎƛǎ ǿŜǊŜ ǘŜǎǘŜŘ ŀǎ hww ŀƴŘ h9w ŎŀǘŀƭȅǎǘǎΣ ǊŜŀŎǝƻƴǎ ǘƘŀǘ 

ǘŀƪŜ ǇƭŀŎŜ ŘǳǊƛƴƎ ǘƘŜ ŘƛǎŎƘŀǊƎŜ ŀƴŘ ŎƘŀǊƎŜ ǇǊƻŎŜǎǎŜǎ ƻŦ ŀ ƳŜǘŀƭπŀƛǊ ōŀǧŜǊȅ ŀǘ ǘƘŜ ŎŀǘƘƻŘŜ ǎƛŘŜΦ ¢ƘŜ 

ǊŜǎǳƭǘǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀƴŘ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎΦ 

оΦнΦм ς hȄȅƎŜƴ wŜŘǳŎǝƻƴ wŜŀŎǝƻƴ όhwwύ 

First, cyclic voltammetries (CVs) in nitrogen-saturated electrolyte were recorded to identify the 

redox processes associated with the samples. The results are presented in Figure 23.  

CƛƎǳǊŜ ноΦ /±ǎ ƛƴ ƴƛǘǊƻƎŜƴ ǎŀǘǳǊŀǘŜŘ лΦм a YhI ŦƻǊ ƳŀǘŜǊƛŀƭǎ ŀύ ōŜŦƻǊŜ ŜǘŎƘƛƴƎ ŀƴŘ ōύ ŀƊŜǊ ŜǘŎƘƛƴƎΦ N-CNTs is reported 
as reference. 
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The CV for N-doped CNTs is characterized by the absence of redox peaks as expected for a carbon 

material [54]. The voltammograms of materials containing Mn, before the etching step (Figure 23a), 

show different reduction and oxidation peaks. These peaks can be univocally ascribed to Mn since 

the N-CNT-Fe sample does not show any peak. The different peaks were indexed as Red1 and Red2 

for the reduction/cathodic peaks, and Ox1 and Ox2 for the oxidation/anodic ones. Red2 and Red1 

peaks are attained at around 0.7 V and 0.5 V vs RHE, respectively, whereas the anodic peaks take 

place at around 0.65 V (Ox2) and 0.85 V vs RHE (Ox1). The current density of the reduction peaks is 

directly proportional to the amount of Mn, but the ratio of the oxidation peaks varies with the 

sample composition.  

The ongoing reactions associated with each peak can be identified by comparing the obtained 

results with theoretical studies and literature. Considering first the thermodynamic stability of 

manganese oxides and hydroxides through the Pourbaix diagram for manganese (Figure 24) in the 

working potential window, we can correlate the different peaks with the transition from one species 

to another. Starting from 1.1 V vs RHE in the cathodic scanning, the peak Red1 is associated with the 

conversion of Mn2O3 to Mn3O4, and its subsequent reduction to manganese hydroxide in 

correspondence with the peak Red2. Once the potential step is inverted the hydroxide is oxidized 

back to Mn3O4 at peak Ox2 and then converted into Mn2O3 at peak Ox1.  

The overall proposed mechanism could be summarized as 
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Considering the composition of the metal NPs in the Mn-based samples, it can be concluded that 

Mn in the MnFe2O4 spinel is very stable and, therefore, the current densities observed for the N-

CNT-Fe2Mn1 are very small. The oxidation peak at 0.9 V seems to be related to the presence of 

Mn3O4 since it is the main component in the N-CNT-Mn sample. This suggests that the Mn2+ ions in 

this structure tend to oxidize and form Mn2O3. 
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The different subpeaks present in correspondence with Ox1 refer to the same reaction, the 

conversion of Mn3O4 to Mn2O3, though they occur at different potential values. This could be related 

to the presence of both inner and outer metallic nanoparticles. The CNT-confined manganese oxide 

particles are facile to form lower oxidation-state species compared to exterior particles, thus the 

manganese oxides encapsulated inside the CNTs are oxidized at relatively higher potential 

compared to outer ones [55]. The lower potential subpeaks Ox1 can then be associated with outer 

nanoparticles while the higher potential one is associated with inner nanoparticles.  

The comparison between samples before and after the etching treatment (Figure 23b) underlines 

that the acid effectively removed exposed nanoparticles from the CNTs, thus eliminating the RedOx 

peaks of the metals and their oxides. No signals related to SACs or the nanoparticles within the CNTs 

can be identified.  

CƛƎǳǊŜ нпфΦ tƻǳǊōŀƛȄ ŘƛŀƎǊŀƳ ŦƻǊ aƴΦ tƻǘŜƴǝŀƭ ƛǎ ǊŜŦŜǊŜƴŎŜŘ ƛƴ ± Ǿǎ {I9Φ ¢ƘŜ ǘŜǎǘŜŘ ǇƻǘŜƴǝŀƭ ǊŀƴƎŜ ƛǎ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴ 
ǊŜŘ 



рн 

The CVs in oxygen oxygen-saturated electrolytes are reported in Figure 25. In the presence of 

oxygen, a sharp reduction peak is present at potential values around 0.83 V vs RHE. The comparison 

of the voltammograms in presence and absence of oxygen allows us to attribute this peak to the 

reduction of oxygen.  

N-CNT-Mn and N-CNT-FeMn samples also show the redox peaks identified above in absence of 

oxygen. It has to be highlighted that the peaks associated with Mn(OH)2 are not observed in 

presence of oxygen since it oxidizes the material and, therefore, the formation of the hydroxide is 

not favored in this media [56].  

CƛƎǳǊŜ нрΦ /±ǎ ƛƴ ƻȄȅƎŜƴ ǎŀǘǳǊŀǘŜŘ лΦм a YhI ŦƻǊ ƳŀǘŜǊƛŀƭǎ ŀύ ōŜŦƻǊŜ ŜǘŎƘƛƴƎ ŀƴŘ ōύ ŀƊŜǊ ŜǘŎƘƛƴƎΦ N-CNTs is reported 
as reference. 


