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!ŎƪƴƻǿƭŜŘƎŜƳŜƴǘ 

¢ƘŜ ƧƻǳǊƴŜȅ ƻŦ ŎƻƳǇƭŜǝƴƎ ǘƘƛǎ tƘ5 Ƙŀǎ ōŜŜƴ ŀƴ ƛƴŎǊŜŘƛōƭŜ ŜȄǇŜǊƛŜƴŎŜΣ ƻƴŜ ǘƘŀǘ ǿƻǳƭŘ ƴƻǘ ƘŀǾŜ ōŜŜƴ 

ǇƻǎǎƛōƭŜ ǿƛǘƘƻǳǘ ǘƘŜ ƎǳƛŘŀƴŎŜΣ ǎǳǇǇƻǊǘΣ ŀƴŘ ŜƴŎƻǳǊŀƎŜƳŜƴǘ ƻŦ Ƴŀƴȅ ǇŜƻǇƭŜ ǘƻ ǿƘƻƳ L ŀƳ ŘŜŜǇƭȅ 

ƎǊŀǘŜŦǳƭΦ 

CƛǊǎǘ ŀƴŘ ŦƻǊŜƳƻǎǘΣ L ǿƻǳƭŘ ƭƛƪŜ ǘƻ ŜȄǇǊŜǎǎ Ƴȅ ǎƛƴŎŜǊŜ ƎǊŀǝǘǳŘŜ ǘƻ Ƴȅ ŀŘǾƛǎƻǊΣ t5 5ǊΦ !ŘǊƛŀƴ YŜƭƭŜǊΣ 

ŦƻǊ Ƙƛǎ ƛƴǾŀƭǳŀōƭŜ ƎǳƛŘŀƴŎŜΣ Ŏƻƴǎǘŀƴǘ ŜƴŎƻǳǊŀƎŜƳŜƴǘΣ ŀƴŘ ǳƴǿŀǾŜǊƛƴƎ ǎǳǇǇƻǊǘ ǘƘǊƻǳƎƘƻǳǘ ǘƘƛǎ 

ǊŜǎŜŀǊŎƘΦ Iƛǎ ƛƴǎƛƎƘǘǎ ŀƴŘ ŜȄǇŜǊǝǎŜ ƘŀǾŜ ǎƘŀǇŜŘ Ƴȅ ŀŎŀŘŜƳƛŎ ƎǊƻǿǘƘΣ ǿƘƛƭŜ Ƙƛǎ ƪƛƴŘƴŜǎǎ ŀƴŘ ǇŀǝŜƴŎŜ 

ƘŀǾŜ ƳŀŘŜ ǘƘƛǎ ƧƻǳǊƴŜȅ ƴƻǘ Ƨǳǎǘ ŀƴ ƛƴǘŜƭƭŜŎǘǳŀƭ ǇǳǊǎǳƛǘ ōǳǘ ŀ ǘǊǳƭȅ ŜƴǊƛŎƘƛƴƎ ŜȄǇŜǊƛŜƴŎŜΦ aƻǊŜ ǘƘŀƴ Ƨǳǎǘ 

ŀ ƳŜƴǘƻǊΣ ƘŜ Ƙŀǎ ōŜŜƴ ŀ ŦǊƛŜƴŘΣ ƻũŜǊƛƴƎ ōƻǘƘ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀŘǾƛŎŜ ŀƴŘ ǇŜǊǎƻƴŀƭ ŜƴŎƻǳǊŀƎŜƳŜƴǘ ǿƘŜƴ 

L ƴŜŜŘŜŘ ƛǘ ƳƻǎǘΦ 

L ŜȄǘŜƴŘ Ƴȅ ƘŜŀǊǜŜƭǘ ǘƘŀƴƪǎ ǘƻ tǊƻŦΦ 5ǊΦ DǳƛŘƻ DǊǳƴŘƳŜƛŜǊ ŦƻǊ ǇǊƻǾƛŘƛƴƎ ƳŜ ǿƛǘƘ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ƭŀō 

ǎǇŀŎŜΣ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ŀ ƴǳǊǘǳǊƛƴƎ ǊŜǎŜŀǊŎƘ ŜƴǾƛǊƻƴƳŜƴǘ ǘƘŀǘ ŀƭƭƻǿŜŘ ƳŜ ǘƻ ŎŀǊǊȅ ƻǳǘ Ƴȅ ǿƻǊƪ 

ǎƳƻƻǘƘƭȅΦ Iƛǎ ǎǳǇǇƻǊǘ Ƙŀǎ ǇƭŀȅŜŘ ŀ ŎǊǳŎƛŀƭ ǊƻƭŜ ƛƴ ŦŀŎƛƭƛǘŀǝƴƎ Ƴȅ ǊŜǎŜŀǊŎƘΣ ŀƴŘ L ŘŜŜǇƭȅ ŀǇǇǊŜŎƛŀǘŜ ǘƘŜ 

ƻǇǇƻǊǘǳƴƛǝŜǎ ǇǊƻǾƛŘŜŘΦ 

L ŜȄǇǊŜǎǎ Ƴȅ ǎƛƴŎŜǊŜ ƎǊŀǝǘǳŘŜ ǘƻ tǊƻŦΦ 5ǊΦ Lƭƪƻ .ŀƭŘ ŦƻǊ ƪƛƴŘƭȅ ŀŎŎŜǇǝƴƎ ǘƘŜ ǊƻƭŜ ƻŦ ŜȄǘŜǊƴŀƭ ǊŜǾƛŜǿŜǊ 

ŦƻǊ Ƴȅ tƘ5 ǘƘŜǎƛǎ ŀƴŘ ŘŜŦŜƴǎŜΦ Lǘ ƛǎ ǘǊǳƭȅ ŀƴ ƘƻƴƻǊ ǘƻ ƘŀǾŜ Ƙƛǎ ǾŀƭǳŀōƭŜ ǇŜǊǎǇŜŎǝǾŜ ŀƴŘ ŜȄǇŜǊǝǎŜ 

ŘǳǊƛƴƎ ǘƘƛǎ ŎǊǳŎƛŀƭ ǎǘŀƎŜ ƻŦ Ƴȅ ŘƻŎǘƻǊŀƭ ƧƻǳǊƴŜȅΦ 

¢ƻ Ƴȅ ŎƻƭƭŜŀƎǳŜǎ ŀƴŘ ŦǊƛŜƴŘǎΣ ǘƘƛǎ tƘ5 ƧƻǳǊƴŜȅ ǿƻǳƭŘ ƴƻǘ ƘŀǾŜ ōŜŜƴ ǘƘŜ ǎŀƳŜ ǿƛǘƘƻǳǘ ȅƻǳǊ 

ŎƻƳǇŀƴƛƻƴǎƘƛǇΣ ŘƛǎŎǳǎǎƛƻƴǎΣ ŀƴŘ ǳƴǿŀǾŜǊƛƴƎ ǎǳǇǇƻǊǘΦ ¢ƘŜ ǎƘŀǊŜŘ ǎǘǊǳƎƎƭŜǎΣ ŎƻǳƴǘƭŜǎǎ ōǊŀƛƴǎǘƻǊƳƛƴƎ 

ǎŜǎǎƛƻƴǎΣ ŀƴŘ ǘƘŜ ƳƻƳŜƴǘǎ ƻŦ Ƨƻȅ ǿŜ ŎŜƭŜōǊŀǘŜŘ ǘƻƎŜǘƘŜǊ ƳŀŘŜ ǘƘƛǎ ŜȄǇŜǊƛŜƴŎŜ ŜǾŜƴ ƳƻǊŜ 

ƳŜƳƻǊŀōƭŜΦ ¢Ƙŀƴƪ ȅƻǳ ŦƻǊ ǎǘŀƴŘƛƴƎ ōȅ ƳŜ ǘƘǊƻǳƎƘ ǘƘŜ ƘƛƎƘǎ ŀƴŘ ƭƻǿǎΣ ŦƻǊ ƳƻǝǾŀǝƴƎ ƳŜ ǿƘŜƴ ǘƘƛƴƎǎ 

ǎŜŜƳŜŘ ǘƻǳƎƘΣ ŀƴŘ ŦƻǊ ōŜƛƴƎ ŀƴ ƛƴǘŜƎǊŀƭ ǇŀǊǘ ƻŦ ǘƘƛǎ ƧƻǳǊƴŜȅΦ 

CƛƴŀƭƭȅΣ L ŀƳ ǇǊƻŦƻǳƴŘƭȅ ƎǊŀǘŜŦǳƭ ǘƻ Ƴȅ ŦŀƳƛƭȅ ŦƻǊ ǘƘŜƛǊ ǳƴŎƻƴŘƛǝƻƴŀƭ ƭƻǾŜΣ ǇŀǝŜƴŎŜΣ ŀƴŘ ǎŀŎǊƛŬŎŜǎΦ 

¸ƻǳǊ ōŜƭƛŜŦ ƛƴ ƳŜΣ ŜǾŜƴ ǿƘŜƴ L ŘƻǳōǘŜŘ ƳȅǎŜƭŦΣ Ƙŀǎ ōŜŜƴ ǘƘŜ ŎƻǊƴŜǊǎǘƻƴŜ ƻŦ Ƴȅ ǇŜǊǎŜǾŜǊŀƴŎŜΦ ²ƻǊŘǎ 

Ŏŀƴƴƻǘ ŜȄǇǊŜǎǎ Ƙƻǿ ƳǳŎƘ ȅƻǳǊ ŜƴŎƻǳǊŀƎŜƳŜƴǘ ŀƴŘ ǎǳǇǇƻǊǘ ƘŀǾŜ ƳŜŀƴǘ ǘƻ ƳŜ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜǎŜ 

ȅŜŀǊǎΦ ¢Ƙƛǎ ŀŎƘƛŜǾŜƳŜƴǘ ƛǎ ŀǎ ƳǳŎƘ ȅƻǳǊǎ ŀǎ ƛǘ ƛǎ ƳƛƴŜΦ 

¢ƻ ŀƭƭ ƻŦ ȅƻǳΣ ǘƘŀƴƪ ȅƻǳ ŦƻǊ ōŜƛƴƎ ǇŀǊǘ ƻŦ ǘƘƛǎ ƧƻǳǊƴŜȅΦ ¢Ƙƛǎ ǘƘŜǎƛǎ ǎǘŀƴŘǎ ŀǎ ŀ ǘŜǎǘŀƳŜƴǘ ǘƻ ǘƘŜ ŎƻƭƭŜŎǝǾŜ 

ǎǳǇǇƻǊǘ ŀƴŘ ŜƴŎƻǳǊŀƎŜƳŜƴǘ L ƘŀǾŜ ǊŜŎŜƛǾŜŘΣ ŀƴŘ L ŘŜŘƛŎŀǘŜ ǘƘƛǎ ƳƛƭŜǎǘƻƴŜ ǘƻ ŜŀŎƘ ƻŦ ȅƻǳΦ 
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!ōǎǘǊŀŎǘ 

¢Ƙƛǎ ǘƘŜǎƛǎ ǇǊŜǎŜƴǘǎ ƛƴπŘŜǇǘƘ ƛƴǾŜǎǝƎŀǝƻƴ ƛƴǘƻ ǘƘŜ ŘȅƴŀƳƛŎ ƛƴǘŜǊŀŎǝƻƴǎ ƻŦ ōƛƻƭƻƎƛŎŀƭ ŜƴǝǝŜǎ ŀǘ ǎƻƭƛŘπ

ƭƛǉǳƛŘ ƛƴǘŜǊŦŀŎŜǎΣ ƛƴǘŜƎǊŀǝƴƎ ƛƴǎƛƎƘǘǎ ŦǊƻƳ 5b! ƴŀƴƻǘŜŎƘƴƻƭƻƎȅΣ ƳƛŎǊƻōƛƻƭƻƎȅ ŀƴŘ ǾƛǊƻƭƻƎȅΦ .ŜƎƛƴƴƛƴƎ 

ǿƛǘƘ ǘƘŜ ǎŜƭŦπŀǎǎŜƳōƭȅ ƻŦ ƘŜȄŀƎƻƴŀƭ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ ƻƴ ƳƛŎŀ ǎǳōǎǘǊŀǘŜǎΣ ǇǊƻŎŜŜŘƛƴƎ ǘƻ Ŏŀǝƻƴ 

ŘŜǇŜƴŘŜƴǘ ŀǎǎŜƳōƭȅ ƻƴ {ƛhн ǎǳǊŦŀŎŜǎΣ ŀƴŘ ŜȄǘŜƴŘƛƴƎ ǘƻ ŀ ŎƻƳǇŀǊŀǝǾŜ ƛƴƅǳŜƴŎŜ ƻŦ ǾŀǊƛƻǳǎ ƻȄƛŘŜ 

ŘŜǇƻǎƛǝƻƴ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ǘƘŜƛǊ ƛƴƅǳŜƴŎŜ ƛƴ ƭŀǩŎŜ ŦƻǊƳŀǝƻƴ Ƙŀǎ ōŜŜƴ ǎǘǳŘƛŜŘ ŀƴŘ ǊŜǎŜŀǊŎƘŜŘΦ Lƴ 

ǇŀǊŀƭƭŜƭΣ ǘƘŜ ǿƻǊƪ ŀƭǎƻ ŜȄǇƭƻǊŜǎ ōŀŎǘŜǊƛŀƭ ŀŘƘŜǎƛƻƴ ŀƴŘ ōŀŎǘŜǊƛƻǇƘŀƎŜ ƛƴŦŜŎǝƻƴ ǇǊƻŎŜǎǎ ŀƴŘ ŜȄŀƳƛƴŜǎ 

ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǾƛǊŀƭ ƛƴŀŎǝǾŀǝƻƴ ƳŜǘƘƻŘǎ ƻƴ ǎǳǊŦŀŎŜ ƛƴǘŜǊŀŎǝƻƴǎ ƻŦ ǾƛǊŀƭ ǇŀǊǝŎƭŜǎΦ 

¢ƘŜ ƛƴƛǝŀƭ ǎǘŀƎŜ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ ƻƴ ƳƛŎŀΦ IƛƎƘπǎǇŜŜŘ 

!ǘƻƳƛŎ CƻǊŎŜ aƛŎǊƻǎŎƻǇȅ ǿŀǎ ǳǝƭƛȊŜŘ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ǊŜŀƭπǝƳŜ ŘȅƴŀƳƛŎǎ ƻŦ ƭŀǩŎŜ ŦƻǊƳŀǝƻƴ ōȅ 

ǾŀǊȅƛƴƎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ 5b! ƻǊƛƎŀƳƛΦ !ǘ ƭƻǿŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴΣ ƛƴŎƻƳǇƭŜǘŜ ƳƻƴƻƭŀȅŜǊ ǿŀǎ 

ƻōǎŜǊǾŜŘ ǿƛǘƘƛƴ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǝƳŜ ŦǊŀƳŜΣ ǿƘŜǊŜŀǎ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƭŜŘ ǘƻ ǊŀǇƛŘ ŦƻǊƳŀǝƻƴ 

ƻŦ ŀ ŎƻƳǇƭŜǘŜ ƳƻƴƻƭŀȅŜǊ ǿƛǘƘƛƴ н ƳƛƴǳǘŜǎΣ ŦƻƭƭƻǿŜŘ ōȅ ŘŜŦŜŎǘ ŎƻǊǊŜŎǝƻƴ ƻǾŜǊ ǘƘŜ ƴŜȄǘ мл ƳƛƴǳǘŜǎΦ 

{ǳōǎŜǉǳŜƴǘƭȅΣ ǘƘŜ Ŏŀǝƻƴ ŘŜǇŜƴŘŜƴǘ ŀǎǎŜƳōƭȅ ƻŦ ƘŜȄŀƎƻƴŀƭ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ ƻƴ {ƛhн ǿŀǎ 

ƛƴǾŜǎǝƎŀǘŜŘΦ 5ƛǾŀƭŜƴǘ ŎŀǝƻƴǎΣ ǎǇŜŎƛŬŎŀƭƭȅ aƎнҌ ŀƴŘ /ŀнҌ ǿŜǊŜ ŜƳǇƭƻȅŜŘ ǘƻ ƳƻŘǳƭŀǘŜ ǘƘŜ ŜƭŜŎǘǊƻǎǘŀǝŎ 

ƛƴǘŜǊŀŎǝƻƴǎ ŎǊƛǝŎŀƭ ŦƻǊ ǘƘŜ ŀŘǎƻǊǇǝƻƴΣ ŘƛũǳǎƛƻƴΣ ŀƴŘ ǎǘŀōƭŜ ƻǊŘŜǊƛƴƎ ƻŦ ǘƘŜ 5b! ƻǊƛƎŀƳƛ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ 

ŀƭƻƴƎ ǿƛǘƘ bŀҌ ŀǎ ŀ ƳƻƴƻǾŀƭŜƴǘ ƛƻƴ ŀǘ ǾŀǊȅƛƴƎ ŎƻƴŎŜƴǘǊŀǝƻƴǎΦ CǳǊǘƘŜǊ ŎƻƳǇŀǊŀǝǾŜ ǎǘǳŘƛŜǎ ƻƴ ǾŀǊƛƻǳǎ 

ǎƛƭƛŎƻƴ ƻȄƛŘŜ ό{ƛhȄύ ǎǳǊŦŀŎŜǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ ǘƘŜ ƻȄƛŘŜ ŘŜƴǎƛǘȅ ŀƴŘ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ ǎƛƎƴƛŬŎŀƴǘƭȅ 

ƛƴƅǳŜƴŎŜ ǘƘŜ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜ ŦƻǊƳŀǝƻƴ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜΦ 

Lƴ ŀŘŘƛǝƻƴ ǘƻ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜ ǎǘǳŘƛŜǎΣ ƳƛŎǊƻōƛŀƭ ƛƴǘŜǊŀŎǝƻƴ ŀǘ ǎƻƭƛŘπƭƛǉǳƛŘ ƛƴǘŜǊŦŀŎŜǎ ǿŀǎ ŜȄǇƭƻǊŜŘΦ 

.ŀŎǘŜǊƛŀƭ ŀŘƘŜǎƛƻƴ ƻƴ ƎƻƭŘ ǎǳǊŦŀŎŜ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ ƛƴŦŜŎǝƻƴ ōȅ ŀ ƭȅǝŎ 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ǇƘŀƎŜ ¢т ǿŀǎ 

ƳƻƴƛǘƻǊŜŘ ǳǎƛƴƎ vǳŀǊǘȊπ/Ǌȅǎǘŀƭ aƛŎǊƻōŀƭŀƴŎŜ ǿƛǘƘ 5ƛǎǎƛǇŀǝƻƴ όv/aπ5ύΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ 

ŎƘŀƴƎŜ ƛƴ ŘƛǎǎƛǇŀǝƻƴ όɲ5ύ ǇǊƻǾƛŘŜŘ ŀ Ǌƻōǳǎǘ ǇŀǊŀƳŜǘŜǊ ŦƻǊ ǘǊŀŎƪƛƴƎ ǘƘŜ ƛƴŦŜŎǝƻƴ ǇǊƻŎŜǎǎ ǊŀǘƘŜǊ ǘƘŀƴ 

ŦǊŜǉǳŜƴŎȅ όɲŦύΦ CǳǊǘƘŜǊƳƻǊŜΣ ŀƴƻǘƘŜǊ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘƛǎ ǘƘŜǎƛǎ ǿŀǎ ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ŜũŜŎǘ ƻŦ ǘƘŜ 

ƛƴŀŎǝǾŀǝƻƴ ǇǊƻŎŜŘǳǊŜǎ ǳǎƛƴƎ .t[ ŀƴŘ Iнhн ƻƴ ½ƛƪŀ ǾƛǊǳǎ ό½LY±ύ ƛƴǘŜǊŀŎǝƻƴ ǿƛǘƘ ǾŀǊƛƻǳǎ ƳƻŘŜƭ 

ǎǳǊŦŀŎŜǎΦ wŜǎǳƭǘǎ ǊŜǾŜŀƭ ǘƘŀǘ Iнhн ƛƴŀŎǝǾŀǝƻƴ ŀƴŘ ŀŎǝǾŜ ǾƛǊǳǎ ƳŀƛƴǘŀƛƴŜŘ ǎƛƳƛƭŀǊ ŀŘǎƻǊǇǝƻƴ ǾŀƭǳŜǎΦ 

Lƴ ŎƻƴǘǊŀǎǘΣ .t[ ƛƴŀŎǝǾŀǝƻƴ ǎƛƎƴƛŬŎŀƴǘƭȅ ŀƭǘŜǊŜŘ ǘƘŜ ǾƛǊŀƭ ǎǳǊŦŀŎŜ ƛƴǘŜǊŀŎǝƻƴǎ ǊŜǎǳƭǝƴƎ ƛƴ ŘƛũŜǊŜƴǘ 

ŀŘǎƻǊǇǝƻƴ ǾŀƭǳŜǎ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ Iнhн ƛƴŀŎǝǾŀǘŜŘ ŀƴŘ ŀŎǝǾŜ ǾƛǊǳǎΦ 

hǾŜǊŀƭƭΣ ǘƘƛǎ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ǿƻǊƪ ōǊƛŘƎŜǎ ǘƘŜ ŬŜƭŘǎ ƻŦ ƴŀƴƻǘŜŎƘƴƻƭƻƎȅΣ ŀƴŘ ƳƛŎǊƻōƛƻƭƻƎȅ ǘƻ ǇǊƻǾƛŘŜ 

ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ōƛƻƭƻƎƛŎŀƭ ƛƴǘŜǊŀŎǝƻƴǎ ŀǘ ǎƻƭƛŘπƭƛǉǳƛŘ ƛƴǘŜǊŦŀŎŜǎΦ  
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[ƛǎǘ ƻŦ tǳōƭƛŎŀǝƻƴǎ 

{ƻƳŜ ǎŜŎǝƻƴǎ ƻŦ ǘƘƛǎ ǘƘŜǎƛǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇǳōƭƛǎƘŜŘ ǿƻǊƪǎΥ 

мΦ tƻǘƘƛƴŜƴƛΣ .Ƙŀƴǳ YƛǊŀƴΤ DǊǳƴŘƳŜƛŜǊΣ DǳƛŘƻΤ YŜƭƭŜǊΣ !ŘǊƛŀƴΥ /ŀǝƻƴπŘŜǇŜƴŘŜƴǘ ŀǎǎŜƳōƭȅ ƻŦ 

ƘŜȄŀƎƻƴŀƭ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ ƻƴ {ƛhн ǎǳǊŦŀŎŜǎΦ bŀƴƻǎŎŀƭŜΣ нлноΣ мр όомύΣ мнуфпςмнфлсΦ 5hLΥ 

млΦмлофκ5оbwлнфнс/Φ 

нΦ tƻǘƘƛƴŜƴƛΣ .Ƙŀƴǳ YƛǊŀƴΤ ¢ƘŜƛƭŜπwŀǎŎƘŜΣ /ƘŀƴǘŀƭΤ aǸƭƭŜǊΣ IŜƴŘǊƛƪΤ DǊǳƴŘƳŜƛŜǊΣ DǳƛŘƻΤ [ƻǎ 

!ǊŎƻǎΣ ¢ŜǊŜǎŀ ŘŜΤ YŜƭƭŜǊΣ !ŘǊƛŀƴΥ 5b! hǊƛƎŀƳƛ !ŘǎƻǊǇǝƻƴ ŀƴŘ [ŀǩŎŜ CƻǊƳŀǝƻƴ ƻƴ 5ƛũŜǊŜƴǘ 

{ƛhȄ {ǳǊŦŀŎŜǎΦ /ƘŜƳƛǎǘǊȅπ ! 9ǳǊƻǇŜŀƴ WƻǳǊƴŀƭΣ нлнрΣ омόмнύΣ ŜнлнплпмлуΦ 5hLΥ 

млΦмллнκŎƘŜƳΦнлнплпмлуΦ 

оΦ tƻǘƘƛƴŜƴƛΣ .Ƙŀƴǳ YƛǊŀƴΤ tǊƻōǎǘΣ wŜƴŞΤ YƛŜŦŜǊΣ 5ƻǊƻǘƘŜŜΤ 5ƻōǊŜǘȊōŜǊƎŜǊΣ ±ŜǊŜƴŀΤ .ŀǊƛǑƛŏΣ LǾŀƴΤ 

DǊǳƴŘƳŜƛŜǊΣ DǳƛŘƻΤ YŜƭƭŜǊΣ !ŘǊƛŀƴΥ aƻƴƛǘƻǊƛƴƎ ǇƘŀƎŜ ƛƴŦŜŎǝƻƴ ŀƴŘ ƭȅǎƛǎ ƻŦ ǎǳǊŦŀŎŜπ

ƛƳƳƻōƛƭƛȊŜŘ ōŀŎǘŜǊƛŀ ōȅ v/aπ5Φ !ƴŀƭȅǝŎŀƭ ŀƴŘ .ƛƻŀƴŀƭȅǝŎŀƭ /ƘŜƳƛǎǘǊȅΣ нлнрΦ 5hLΥ 

млΦмллтκǎллнмсπлнрπлрулоπрΦ 

пΦ tƻǘƘƛƴŜƴƛΣ .Ƙŀƴǳ YƛǊŀƴΤ .ŀǊƴŜǊΣ WǀǊƎΤ /ƻƴǘǊŜǊŀǎΣ 5ŀǾƛŘΤ /ŀǎǘǊŀΣ aŀǊƛƻΤ DǊǳƴŘƳŜƛŜǊΣ DǳƛŘƻΤ 

YŜƭƭŜǊΣ !ŘǊƛŀƴΥ wŀǇƛŘ ŀǎǎŜƳōƭȅ ƻŦ ƘƛƎƘƭȅ ƻǊŘŜǊŜŘ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ ŀǘ ƳƛŎŀ ǎǳǊŦŀŎŜǎΦ 

5ƛǎŎƻǾŜǊ bŀƴƻΣ нлнрΦ ό!ŎŎŜǇǘŜŘύΦ 

hǘƘŜǊ tǳōƭƛŎŀǝƻƴǎ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ǘƘŜǎƛǎ 

мΦ tƻǘƘƛƴŜƴƛΣ .Ƙŀƴǳ YƛǊŀƴΤ YŜƭƭŜǊΣ !ŘǊƛŀƴ όнлноύΥ bŀƴƻǇŀǊǝŎƭŜπ.ŀǎŜŘ CƻǊƳǳƭŀǝƻƴǎ ƻŦ 

DƭȅŎƻǇŜǇǝŘŜ !ƴǝōƛƻǝŎǎΥ ! aŜŀƴǎ ŦƻǊ hǾŜǊŎƻƳƛƴƎ ±ŀƴŎƻƳȅŎƛƴ wŜǎƛǎǘŀƴŎŜ ƛƴ .ŀŎǘŜǊƛŀƭ 

tŀǘƘƻƎŜƴǎΚ !ŘǾŀƴŎŜŘ bŀƴƻ.ƛƻƳŜŘ wŜǎŜŀǊŎƘ нлноΣ оόпύΣ ннллмопΦ 5hLΥ 

млΦмллнκŀƴōǊΦнлннллмопΦ 

нΦ tƻǘƘƛƴŜƴƛΣ .Ƙŀƴǳ YƛǊŀƴΤ YƻƭƭƳŀƴƴΣ {ŀōǊƛƴŀΤ [ƛΣ ·ƛƴȅŀƴƎΤ DǊǳƴŘƳŜƛŜǊΣ DǳƛŘƻΤ 9ǊōΣ 5ŜƴƛǎŜ WΦΤ 

YŜƭƭŜǊΣ !ŘǊƛŀƴ όнлноύΥ !ŘǎƻǊǇǝƻƴ ƻŦ CŜǊǊƛǝƴ ŀǘ bŀƴƻŦŀŎŜǘŜŘ !ƭнhо {ǳǊŦŀŎŜǎΦ LƴǘŜǊƴŀǝƻƴŀƭ 

WƻǳǊƴŀƭ ƻŦ aƻƭŜŎǳƭŀǊ {ŎƛŜƴŎŜǎ нлноΣ нп όмсύΣ мнулуΦ 5hLΥ млΦоофлκƛƧƳǎнпмсмнулуΦ 
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[ƛǎǘ ƻŦ !ōōǊŜǾƛŀǝƻƴǎ 

5b!Υ   5ŜƻȄȅǊƛōƻƴǳŎƭŜƛŎ ŀŎƛŘ 

!CaΥ   !ǘƻƳƛŎ ŦƻǊŎŜ ƳƛŎǊƻǎŎƻǇȅ 

I{π!CaΥ  IƛƎƘ {ǇŜŜŘπ ŀǘƻƳƛŎ ŦƻǊŎŜ ƳƛŎǊƻǎŎƻǇȅ 

v/aπ5Υ   vǳŀǊǘȊ ŎǊȅǎǘŀƭ ƳƛŎǊƻōŀƭŀƴŎŜ ǿƛǘƘ ŘƛǎǎƛǇŀǝƻƴ 

·t{Υ   ·πǊŀȅ ǇƘƻǘƻƴ ǎǇŜŎǘǊƻǎŎƻǇȅ 

{9aΥ   {ŎŀƴƴƛƴƎ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ 

{twΥ   {ǳǊŦŀŎŜ ǇƭŀǎƳƻƴ ǊŜǎƻƴŀƴŎŜ 

ǎǎ5b!Υ   {ƛƴƎƭŜ ǎǘǊŀƴŘŜŘ 5b! 

ƪōΥ   Yƛƭƻ ōŀǎŜǎ 

!ǳbtǎΥ   DƻƭŘ ƴŀƴƻǇŀǊǝŎƭŜǎ 

н5 ŀƴŘ о5Υ  нπ5ƛƳŜǎƛƻƴŀƭ ŀƴŘ оπ5ƛƳŜƴǎƛƻƴŀƭ 

9Φ ŎƻƭƛΥ   9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ 

.Φ ǎǳōǝƭƛǎΥ  .ŀŎƛƭƭǳǎ ǎǳōǝƭƛǎ 

tΦ ŀŜǊǳƎƛƴƻǎŀΥ  tǎŜǳŘƻƳƻƴŀǎ ŀŜǊǳƎƛƴƻǎŀ 

{!aǎΥ   {ŜƭŦ ŀǎǎŜƳōƭŜŘ ƳƻƴƻƭŀȅŜǊǎ 

!/Υ   !ƭǘŜǊƴŀǝƴƎ ŎǳǊǊŜƴǘ 
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ōŀŎǘŜǊƛŀ ƛƴ ƳŜŘƛǳƳΣ Ǉƛƴƪ ς ƳŜŘƛǳƳΣ ƎǊŜŜƴ ς ǇƘŀƎŜǎ ƻǊ ƳŜŘƛǳƳ ό9Φ Ŏƻƭƛ ƻƴƭȅύΦ ōύ /ƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ 

ƴƻǊƳŀƭƛȊŜŘ 5ɻ ŀǘ нпл Ƴƛƴ όƛƴŘƛŎŀǘŜŘ ōȅ ǘƘŜ ōǊƻƪŜƴ ǾŜǊǝŎŀƭ ƭƛƴŜ ƛƴ ŀύ ŀǾŜǊŀƎŜŘ ƻǾŜǊ ŀƭƭ 9Φ Ŏƻƭƛ ƻƴƭȅ 

ŜȄǇŜǊƛƳŜƴǘǎ όπ¢тύ ŀƴŘ ¢т ŜȄǇŜǊƛƳŜƴǘǎ όŀƭƭ ŎƻƴŎŜƴǘǊŀǝƻƴǎΣ Ҍ¢тύΦ ±ŀƭǳŜǎ ŀǊŜ ƎƛǾŜƴ ŀǎ ǘƘŜ ƳŜŀƴ ҕ 

ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴΦ {ǘŀǝǎǝŎŀƭ ǎƛƎƴƛŬŎŀƴŎŜ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘǿƻπǘŀƛƭŜŘ ǘπǘŜǎǘ ŀƴŘ ƛǎ ƛƴŘƛŎŀǘŜŘ ŀǎ ϝϝϝ 

όǇ ғ лΦллмύΦ ............................................................................................................................................ ус 

CƛƎǳǊŜ псΥ ŀύ {ŜŎƻƴŘ ŘŜǊƛǾŀǝǾŜ ƻŦ ǘƘŜ ƴƻǊƳŀƭƛȊŜŘ 5ɻ ǘǊŀŎŜǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ ппŀ ŀƊŜǊ ǘƘŜ Ŭƴŀƭ ƅǳǎƘƛƴƎ 

ǿƛǘƘ ǇƘŀƎŜπŦǊŜŜ ƳŜŘƛǳƳΦ ōΣŎύ /ƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ ǎǳƳ όōύ ŀƴŘ ǘƘŜ ƳŜŀƴ ǾŀƭǳŜǎ όŎύ ƻŦ ǘƘŜ ŎǳǊǾŜǎ ǎƘƻǿƴ 
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ƛƴ ŀύ ŀǾŜǊŀƎŜŘ ƻǾŜǊ ŀƭƭ 9Φ Ŏƻƭƛ ƻƴƭȅ ŜȄǇŜǊƛƳŜƴǘǎ όπ¢тύ ŀƴŘ ¢т ŜȄǇŜǊƛƳŜƴǘǎ όŀƭƭ ŎƻƴŎŜƴǘǊŀǝƻƴǎΣ Ҍ¢тύΦ 

±ŀƭǳŜǎ ŀǊŜ ƎƛǾŜƴ ŀǎ ǘƘŜ ƳŜŀƴ ҕ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴΦ {ǘŀǝǎǝŎŀƭ ǎƛƎƴƛŬŎŀƴŎŜ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘǿƻπ

ǘŀƛƭŜŘ ǘπǘŜǎǘ ŀƴŘ ƛǎ ƛƴŘƛŎŀǘŜŘ ŀǎ ϝϝϝ όǇ ғ лΦллмύΦ ................................................................................... ут 

CƛƎǳǊŜ птΥ ŀύ YƛƴŜǝŎǎ ƻŦ Ƴŀǎǎ ŀŘǎƻǊǇǝƻƴ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǝƳŜ ŦƻǊ ǎǳǊŦŀŎŜ ŦǳƴŎǝƻƴŀƭƛȊŜŘ ǿƛǘƘ ŘƛũŜǊŜƴǘ 

{!a ŦƻǊ ŀŎǝǾŜ ǾƛǊǳǎŜǎΦ ōύ !Ca  ƛƳŀƎŜǎ ƻŦ ǘƘŜ ŦǳƴŎǝƻƴŀƭƛȊŜŘ ǎǳǊŦŀŎŜΣ ǎƘƻǿƛƴƎ ƳƻǊǇƘƻƭƻƎƛŎŀƭ 

ŘƛũŜǊŜƴŎŜǎ ƛƴ ŀŘǎƻǊǇǝƻƴ ōŜƘŀǾƛƻǊ ōŀǎŜŘ ƻƴ ǘƘŜ {!a ŦƻǊ ŀŎǝǾŜ ǾƛǊǳǎŜǎΦ Ŏύ YƛƴŜǝŎǎ ƻŦ Ƴŀǎǎ ŀŘǎƻǊǇǝƻƴ 

ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǝƳŜ ŦƻǊ ǎǳǊŦŀŎŜ ŦǳƴŎǝƻƴŀƭƛȊŜŘ ǿƛǘƘ ŘƛũŜǊŜƴǘ {!a ŦƻǊ Iнhн ƛƴŀŎǝǾŀǘŜŘ ǾƛǊǳǎŜǎΦ Řύ !Ca 

ƛƳŀƎŜǎ ƻŦ ǘƘŜ ŦǳƴŎǝƻƴŀƭƛȊŜŘ ǎǳǊŦŀŎŜΣ ǎƘƻǿƛƴƎ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŘƛũŜǊŜƴŎŜǎ ƛƴ ŀŘǎƻǊǇǝƻƴ ōŜƘŀǾƛƻǊ ōŀǎŜŘ 

ƻƴ ǘƘŜ {!a ŦƻǊ Iнhн ƛƴŀŎǝǾŀǘŜŘ ǾƛǊǳǎŜǎΦ Ŝύ YƛƴŜǝŎǎ ƻŦ Ƴŀǎǎ ŀŘǎƻǊǇǝƻƴ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǝƳŜ ŦƻǊ ǎǳǊŦŀŎŜ 

ŦǳƴŎǝƻƴŀƭƛȊŜŘ ǿƛǘƘ ŘƛũŜǊŜƴǘ {!a ŦƻǊ .t[ ƛƴŀŎǝǾŀǘŜŘ ǾƛǊǳǎŜǎΦ Ŧύ !Ca ƛƳŀƎŜǎ ƻŦ ǘƘŜ ŦǳƴŎǝƻƴŀƭƛȊŜŘ 

ǎǳǊŦŀŎŜΣ ǎƘƻǿƛƴƎ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŘƛũŜǊŜƴŎŜǎ ƛƴ ŀŘǎƻǊǇǝƻƴ ōŜƘŀǾƛƻǊ ōŀǎŜŘ ƻƴ ǘƘŜ {!a ŦƻǊ ǘƘŜ .t[ 

ƛƴŀŎǝǾŀǘŜŘ ǾƛǊǳǎŜǎΦ ............................................................................................................................... фп 
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/ƘŀǇǘŜǊ мΥ CǳƴŘŀƳŜƴǘŀƭǎ 

мΦм {ǘǊǳŎǘǳǊŀƭ ŀƴŘ .ƛƻŎƘŜƳƛŎŀƭ LƴǎƛƎƘǘǎ ƛƴǘƻ 5b! 

5ŜƻȄȅǊƛōƻƴǳŎƭŜƛŎ ŀŎƛŘ ό5b!ύ ƛǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ōƛƻƳƻƭŜŎǳƭŜ ǘƘŀǘ ŎŀǊǊƛŜǎ ŀƭƭ ǘƘŜ ƎŜƴŜǝŎ ƛƴŦƻǊƳŀǝƻƴ ŦƻǊ 

ŘŜǾŜƭƻǇƳŜƴǘΣ ŦǳƴŎǝƻƴƛƴƎ ŀƴŘ ǎǳǊǾƛǾŀƭ ƻŦ ŀƭƭ ǘƘŜ ƻǊƎŀƴƛǎƳǎ ƻƴ ŜŀǊǘƘΦ Lǘ ƛǎ ƳŀŘŜ ǳǇ ƻŦ ǘǿƻ ǎǘǊŀƴŘǎ ǿƘƛŎƘ 

Ŏƻƛƭ ŀǊƻǳƴŘ ŜŀŎƘ ƻǘƘŜǊ ŦƻǊƳƛƴƎ ŀ ƘŜƭƛŎŀƭ ǎǘǊǳŎǘǳǊŜΦ ¢ƘŜ ǎǘǊŀƴŘǎ ŀǊŜ ƳŀŘŜ ƻŦ ƴǳŎƭŜƻǝŘŜǎ όǎŜŜ CƛƎǳǊŜ нύ 

ǿƘƛŎƘ ŀǊŜ ƳŀŘŜ ƻŦ ƴƛǘǊƻƎŜƴƻǳǎ ōŀǎŜǎ ŎŀƭƭŜŘ !ŘŜƴƛƴŜ ό!ύΣ ¢ƘȅƳƛƴŜ ό¢ύΣ /ȅǘƻǎƛƴŜ ό/ύΣ DǳŀƴƛƴŜ όDύ ŀƴŘ 

Ŏƻƴǎƛǎǘ ƻŦ ŘŜƻȄȅǊƛōƻǎŜ ǎǳƎŀǊǎ ŀƭƻƴƎ ǿƛǘƘ ǇƘƻǎǇƘŀǘŜ ƎǊƻǳǇǎΦ Lƴ ŀ ǎƛƴƎƭŜ ǎǘǊŀƴŘΣ ǘƘŜ ƴǳŎƭŜƻǝŘŜǎ ŀǊŜ 

ŎƻƴƴŜŎǘŜŘ ŀǘ ǘƘŜƛǊ ōŀŎƪōƻƴŜ ǘƘǊƻǳƎƘ ŎƻǾŀƭŜƴǘ ōƻƴŘǎ όǇƘƻǎǇƘƻŘƛŜǎǘŜǊ ōƻƴŘǎύΦ !ǎ D ǇŀƛǊǎ ǿƛǘƘ / Ǿƛŀ 

ǘƘǊŜŜ ƘȅŘǊƻƎŜƴ ōƻƴŘǎ ŀƴŘ ¢ ǇŀƛǊǎ ǿƛǘƘ ! Ǿƛŀ ǘǿƻ ƘȅŘǊƻƎŜƴ ōƻƴŘǎ όǎŜŜ CƛƎǳǊŜ оύΣ ǘƘŜ ƴǳŎƭŜƻǝŘŜǎ ƛƴ 

ǘǿƻ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǎƛƴƎƭŜ ǎǘǊŀƴŘǎ Ŏŀƴ ōƛƴŘ ǘƻ ŜŀŎƘ ƻǘƘŜǊΦόмύ !ŘŜƴƛƴŜ ŀƴŘ DǳŀƴƛƴŜ ŀǊŜ ŎƭŀǎǎƛŬŜŘ ŀǎ 

ǇǳǊƛƴŜǎ ŀƴŘ ŎȅǘƻǎƛƴŜ ŀƴŘ ǘƘȅƳƛƴŜ ŀǎ ǇȅǊƛƳƛŘƛƴŜǎΦ 5b! Ŏŀƴ ŦƻǊƳ ǘƘǊŜŜ ƘŜƭƛŎŀƭ ŎƻƴŦƻǊƳŀǝƻƴǎΣ ǿƘƛŎƘ 

ŀǊŜ .πΣ !π ŀƴŘ ½πŦƻǊƳ όǎŜŜ CƛƎǳǊŜ мύΦ .πŦƻǊƳ 5b! ƛǎ ŀ ǊƛƎƘǘπƘŀƴŘŜŘ ƘŜƭƛȄ ǘƘŀǘ ƛǎ ǘȅǇƛŎŀƭƭȅ ŦƻǳƴŘ ƛƴ 

ƎŜƴƻƳŜǎ ǿƘŜǊŜ ƛǘ Ƙŀǎ млΦр ōǇκǘǳǊƴ ǿƛǘƘ ŀ ǎǇŀŎŜ ƻŦ оΦп ) ōŜǘǿŜŜƴ ǘƘŜ ǎǘŀŎƪŜŘ ōŀǎŜǎ ŀƴŘ ŀ ōŀŎƪōƻƴŜ 

ǎǳƎŀǊ ǇƘƻǎǇƘŀǘŜ ōƻƴŘ Ǌƻǘŀǝƻƴ ƻŦ опΦоϲ ŀƭƭƻǿƛƴƎ ōŀǎŜ ǎǘŀŎƪƛƴƎ ǿƛǘƘ ŀ ǘƻǘŀƭ ŘƛŀƳŜǘŜǊ ƻŦ нл )Φ ¢ƘŜ !π 

ŀƴŘ ½πŦƻǊƳǎ ŜȄƛǎǘ ƭŜǎǎ ŎƻƳƳƻƴƭȅ ƛƴ ōƛƻƭƻƎƛŎŀƭ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ƘŀǾŜ ŘƛũŜǊŜƴǘ ŎƘŀǊŀŎǘŜǊƛǎǝŎ 

ǇŀǊŀƳŜǘŜǊǎΦόнύ ¢ƘŜ !πŦƻǊƳ ƛǎ ŀƭǎƻ ŀ ǊƛƎƘǘπƘŀƴŘŜŘ ƘŜƭƛȄ ǿƛǘƘ мм ōǇκǘǳǊƴ ǿƛǘƘ ŀ ǎǇŀŎŜ ƻŦ нΦс ) ōŜǘǿŜŜƴ 

ǘƘŜ ǎǘŀŎƪŜŘ ōŀǎŜǎ ǿƛǘƘ ŀ ŘƛŀƳŜǘŜǊ ƻŦ но ) ŀƴŘ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ŦƻǊƳǎ ƻƴƭȅ ǳƴŘŜǊ ǎŜǾŜǊŜ ŘŜƘȅŘǊŀǝƴƎ 

ŎƻƴŘƛǝƻƴǎΣ ƘƛƎƘ ǎŀƭǘΣ ƻǊ ƛƴ 5b!πwb! ƘȅōǊƛŘǎΦόоύ ¢ƘŜ ½πŦƻǊƳ ƛǎ ŀ ƭŜƊπƘŀƴŘŜŘ ƘŜƭƛȄ ǿƛǘƘ мн ōǇκǘǳǊƴ ǿƛǘƘ 

ŀ ǎǇŀŎŜ ƻŦ оΦт ) ōŜǘǿŜŜƴ ǘƘŜ ǎǘŀŎƪŜŘ ōŀǎŜǎ ǿƛǘƘ ŀ ŘƛŀƳŜǘŜǊ ƻŦ му ) ŀƴŘ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ŦƻǊƳǎ ƻƴƭȅ 

ǳƴŘŜǊ D/πǊƛŎƘ ǊŜƎƛƻƴǎ ŀƴŘ ǳƴŘŜǊ ƴŜƎŀǝǾŜ ǎǳǇŜǊŎƻƛƭƛƴƎ ŎƻƴŘƛǝƻƴǎΦόпΣ рύ CƻŎǳǎƛƴƎ ƻƴ ǘƘŜ .πŦƻǊƳ ƻŦ 

5b!Σ ǘƘŜ ƴǳŎƭŜƛŎ ŀŎƛŘ ǎǘǊŀƴŘǎ ƘŀǾŜ ŀƴ ŜƴŘ ǘƻ ŜƴŘ ŎƘŜƳƛŎŀƭ ƻǊƛŜƴǘŀǝƻƴ όǎŜŜ CƛƎǳǊŜ оύ ƛΦŜΦΣ ǘƘŜ рΩ ŜƴŘ 

Ƙŀǎ ŀ ǇƘƻǎǇƘŀǘŜ ƎǊƻǳǇ ŀƴŘ оΩ ŜƴŘ ŎŀǊōƻƴǎ ƘŀǾŜ ŀ ŦǊŜŜ ƘȅŘǊƻȄȅƭ ƎǊƻǳǇΦ hƴ ǘƘŜ ƻǳǘǎƛŘŜ ƻŦ .πŦƻǊƳ 5b!Σ 

ǘƘŜ ǎǇŀŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ƛƴǘŜǊǘǿƛƴŜŘ ǎǘǊŀƴŘǎ ŦƻǊƳ ǘǿƻ ƘŜƭƛŎŀƭ ƎǊƻƻǾŜǎ ƻŦ ǳƴŜǉǳŀƭ ǿƛŘǘƘǎ ŘŜǎŎǊƛōŜŘ ŀǎ 

ǘƘŜ ƳŀƧƻǊ ƎǊƻƻǾŜ ŀƴŘ ǘƘŜ ƳƛƴƻǊ ƎǊƻƻǾŜΦόсύ 

 

CƛƎǳǊŜ мΥ !ƭƭ 5b! ǎǘǊǳŎǘǳǊŜǎ ŀǊŜ ǎǇŀŎŜ ŬƭƭƛƴƎ ŀƴŘ ŎŀǊǘƻƻƴ ǊŜǇǊŜǎŜƴǘŀǝƻƴǎΦ !Σ . ŀƴŘ /Φ  .Σ ! ŀƴŘ ½π5b! ŎǊȅǎǘŀƭ 
ǎǘǊǳŎǘǳǊŜ ǿƛǘƘ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ƳŀƧƻǊ ŀƴŘ ƳƛƴƻǊ ƎǊƻƻǾŜǎΦ ώwŜǇǊƛƴǘŜŘ ōȅ tŜǊƳƛǎǎƛƻƴ ŦǊƻƳΥ όтύϐ 
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¢ƘŜ 5b! ƎŜƴŜǊŀƭƭȅ ŀǎ ŜȄǇƭŀƛƴŜŘ ŀōƻǾŜ ǘŀƪŜǎ ǳǇ ŀ ƘŜƭƛŎŀƭ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ǘƘŜ ǊŜŀǎƻƴ ŦƻǊ ǘƘƛǎ ƛǎ ǘƘŀǘ ǘƘŜ 

ǎǳƎŀǊ ǇƘƻǎǇƘŀǘŜ ōŀŎƪōƻƴŜ Ƙŀǎ ŀ ŬȄŜŘ ǎǇŀŎƛƴƎ ƻŦ с ) ŀƴŘ ŜŀŎƘ 5b! ōŀǎŜ Ƙŀǎ ŀ ƅŀǘ ǘƘƛŎƪƴŜǎǎ ƻŦ оΦо )Σ 

ŎǊŜŀǝƴƎ ƎŀǇǎ ƻŦ нΦт ) ōŜǘǿŜŜƴ ǘƘŜƳ ŀƴŘ ǘƘŜǎŜ ƎŀǇǎ ŀǊŜ ŜƴŜǊƎŜǝŎŀƭƭȅ ǳƴŦŀǾƻǊŀōƭŜ ŀǎ ǘƘƛǎ ǿƻǳƭŘ ŀƭƭƻǿ 

ǘƘŜ ŜƴǘǊȅ ƻŦ ǿŀǘŜǊ ƳƻƭŜŎǳƭŜǎ ƛƴǘƻ ǘƘŜ ōŀǎŜ ǎǘŀŎƪΦ ¢ƻ ǊŜǎƻƭǾŜ ǘƘŜ ƎŀǇǎ ōŜǘǿŜŜƴ ǘƘŜ ōŀǎŜǎ ŀƴŘ ǘƻ ŎƭƻǎŜ 

ǘƘŜ ǎǇŀŎŜǎ ōŜǘǿŜŜƴ ǘƘŜƳ ŀ ƳƻŘŜƭ ƻŦ 5b! ǿŀǎ ŘƛǎŎǳǎǎŜŘ ŎŀƭƭŜŘ ǎƪŜǿŜŘ ƭŀŘŘŜǊ ƳƻŘŜƭ ǘƻ ǳƴŘŜǊǎǘŀƴŘ 

ǘƘŜ ƘŜƭƛȄ ƳƻŘŜƭ ƻŦ 5b!Φ IŜǊŜΣ ǘƘŜ ǎǳƎŀǊ ǇƘƻǎǇƘŀǘŜ ōŀŎƪōƻƴŜ ǿŀǎ ǝƭǘŜŘ ƻǊ ǎƪŜǿŜŘ ŀǘ ŀƴ ŀƴƎƭŜ ƻŦ олϲ 

όƎƛǾŜƴ ǘƘŜ ƅŜȄƛōƭŜ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ǊƻǘŀǘŀōƭŜ ōƻƴŘǎύ ŦǊƻƳ ǘƘŜ ƘƻǊƛȊƻƴǘŀƭ ǿƘŜǊŜ ŀ Ŏƻƴǎǘŀƴǘ ŘƛǎǘŀƴŎŜ 

ƻŦ с ) ƛǎ ƳŀƛƴǘŀƛƴŜŘ ōŜǘǿŜŜƴ ǘƘŜ ǎǳƎŀǊǎ ŀƴŘ ǿƘŜǊŜ ǘƘŜ ōŀǎŜǎ ŀǊŜ ŎƭƻǎŜƭȅ ǎǘŀŎƪŜŘ όǘƘŜǊƳƻŘȅƴŀƳƛŎŀƭƭȅ 

ŦŀǾƻǊŀōƭŜ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƘȅŘǊƻǇƘƻōƛŎ ŜũŜŎǘ ŀƴŘ Ǿŀƴ ŘŜǊ ²ŀŀƭǎ ƛƴǘŜǊŀŎǝƻƴ  ōŜǘǿŜŜƴ ǘƘŜ ǎǘŀŎƪŜŘ 

ōŀǎŜǎύΦ .ǳǘ ǘƘƛǎ ƳƻŘŜƭ ŎƻǳƭŘƴΩǘ ŀŎŎƻƳƳƻŘŀǘŜ ǘƘŜ ǘƘǊŜŜπŘƛƳŜƴǎƛƻƴŀƭ ŎƻƴǎǘǊŀƛƴǘǎ ƻŦ 5b! ŀƴŘ ŦǳǊǘƘŜǊ 

ǘƘŜ ŀǘƻƳƛŎ ŎƭŀǎƘŜǎ ōŜǘǿŜŜƴ ǘƘŜ ŘƛũŜǊŜƴǘ ƳƻƭŜŎǳƭŜǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘƛǎ ƳƻŘŜƭ ŘƻŜǎƴΩǘ ƳŀǘŎƘ ǘƘŜ 

ƴŀǘǳǊŀƭ ŦƻǊƳ ƻŦ 5b! ŦƻǳƴŘ ƛƴ ƴŀǘǳǊŜΦ {ƻΣ ŦǳǊǘƘŜǊ ŀ ƘŜƭƛŎŀƭ ǘǿƛǎǘ ƳƻŘŜƭ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ ǿƘŜǊŜ ǘƘŜ 

ǎƪŜǿŜŘ ƎŜƻƳŜǘǊȅ ǊŜƳŀƛƴŜŘ ƛƴǘŀŎǘ ōǳǘ ǿǊŀǇǇŜŘ ŀǊƻǳƴŘ ŀ ŎȅƭƛƴŘǊƛŎŀƭ ŀȄƛǎ ŀƴŘ ǘƘƛǎ ǘǿƛǎǘ ǊŜŘǳŎŜŘ ǘƘŜ 

ŀǘƻƳƛŎ ŎƭŀǎƘ ōŜǘǿŜŜƴ ǾŀǊƛƻǳǎ ŀǘƻƳǎΣόуύ ǿƛǘƘ ǘƘŜ ŘƛŀƳŜǘŜǊ ƻŦ ǘƘŜ ŘƻǳōƭŜ ƘŜƭƛȄ ōŜƛƴƎ ŀǊƻǳƴŘ нл )Φ  

 

CƛƎǳǊŜ нΥ /ƘŜƳƛŎŀƭ ǎǘǊǳŎǘǳǊŜ ƻŦ 5ŜƻȄȅŀŘŜƴƻǎƛƴŜ ƳƻƴƻǇƘƻǎǇƘŀǘŜ ǿƛǘƘ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ƛƴŘƛǾƛŘǳŀƭ ŎƻƳǇƻƴŜƴǘǎ 
ǿƛǘƘ ŀŘŜƴƻǎƛƴŜ ŀǎ ƴƛǘǊƻƎŜƴƻǳǎ ōŀǎŜ όǊŜŘύΣ ŘŜƻȄȅǊƛōƻǎŜ ǎǳƎŀǊ όōƭǳŜύ ŀƴŘ ƳƻƴƻǇƘƻǎǇƘŀǘŜ όƎǊŜŜƴύΦ 

 

CƛƎǳǊŜ оΥ /ƘŜƳƛŎŀƭ ǎǘǊǳŎǘǳǊŜ ƻŦ 5b! ǿƛǘƘ !π¢ ōŀǎŜ ǇŀƛǊƛƴƎ ŀƴŘ Dπ/ ōŀǎŜ ǇŀƛǊƛƴƎ ǿƛǘƘ ǊŜǇǊŜǎŜƴǘŀǝǾŜ рϥ ŀƴŘ оϥ ŜƴŘ 
ƻŦ ǘƘŜ ŀƴǝǇŀǊŀƭƭŜƭ ǎǘǊŀƴŘǎΦ ώwŜǇǊƛƴǘŜŘ ōȅ tŜǊƳƛǎǎƛƻƴ ŦǊƻƳΥ όфύϐ 
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¢ƘŜ ǇƘƻǎǇƘŀǘŜ ƎǊƻǳǇǎ ƛƴ ǘƘŜ 5b! ōŀŎƪōƻƴŜ ƘŀǾŜ ŀ ǇYŀ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нΦ !ǘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǇI ǘƘŜȅ 

ŀǊŜ ŘŜǇǊƻǘƻƴŀǘŜŘ ŀƴŘ ǘƘǳǎ ŎŀǊǊȅ ŀ ƴŜƎŀǝǾŜ ŎƘŀǊƎŜΦ ¢Ƙƛǎ ƴŜƎŀǝǾŜ ŎƘŀǊƎŜ ƻŦ ǘƘŜ ǇƘƻǎǇƘŀǘŜ ƎǊƻǳǇ 

ŦŀŎƛƭƛǘŀǘŜǎ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴ ǿƛǘƘ ǇƻǎƛǝǾŜƭȅ ŎƘŀǊƎŜŘ ƛƻƴǎ όŜΦƎΦΣ ƳŀƎƴŜǎƛǳƳ ƻǊ ǎƻŘƛǳƳύ ƻǊ ǇǊƻǘŜƛƴǎ ǿƛǘƘƛƴ 

ŀ ǎƻƭǳǝƻƴ ƭŜŀŘƛƴƎ ǘƻ ǘƘŜ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŘƻǳōƭŜ ƘŜƭƛȄ ŀƴŘ ǎŜǊǾƛƴƎ ƛƴ ƛǘǎ ŦƻǊƳŀǝƻƴΦ ¢ƘŜ ƳŀƧƻǊ ŀƴŘ ƳƛƴƻǊ 

ƎǊƻƻǾŜǎ ŀǊŜ ŦƻǊƳŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ŀƴƎƭŜ ƻŦ ƎƭȅŎƻǎƛŘƛŎ ōƻƴŘǎ ŀǘ ǿƘƛŎƘ ǘƘŜ ǘǿƻ ǎǳƎŀǊǎ ǇǊƻǘǊǳŘŜ ƻǳǘ ŦǊƻƳ 

ǘƘŜ ōŀǎŜ ǇŀƛǊǎΣ ǿƘƛŎƘ ŀǊŜ ŀōƻǳǘ мнлϲ ŦƻǊ ƳƛƴƻǊ ƎǊƻƻǾŜǎ ŀƴŘ нплϲ ŦƻǊ ǘƘŜ ƳŀƧƻǊ ƎǊƻƻǾŜΦ ¢ƘŜ ŜŘƎŜ ƻŦ ŀƴ 

!π¢ ōŀǎŜ ǇŀƛǊ ƛƴ ǘƘŜ ƳŀƧƻǊ ƎǊƻƻǾŜ Ƙŀǎ ŀ ƘȅŘǊƻƎŜƴ ōƻƴŘ ŀŎŎŜǇǘƻǊ ŀǘ bт Ǉƻǎƛǝƻƴ ƻŦ ŀŘŜƴƛƴŜ ό!ύΣ 

ƘȅŘǊƻƎŜƴ ōƻƴŘ ŘƻƴƻǊ ŀǘ ŜȄƻŎȅŎƭƛŎ ŀƳƛƴƻ ƎǊƻǳǇ ƻƴ /с Ǉƻǎƛǝƻƴ ƻŦ ŀŘŜƴƛƴŜ ό!ύΣ ŀ ƘȅŘǊƻƎŜƴ ōƻƴŘ 

ŀŎŎŜǇǘƻǊ ŀǘ ŎŀǊōƻƴȅƭ ƎǊƻǳǇ ƻƴ /п ƻŦ ǘƘȅƳƛƴŜ ŀƴŘ ŀ ƘȅŘǊƻǇƘƻōƛŎ ƎǊƻǳǇ /Iо ƻƴ /р ƻŦ ǘƘȅƳƛƴŜΦ Lƴ ǘƘŜ 

ƳƛƴƻǊ ƎǊƻƻǾŜ ǘƘŜǊŜ ƛǎ ŀƴ ŀŎŎŜǇǘƻǊΣ ƘȅŘǊƻƎŜƴ ŀƴŘ ŀƴƻǘƘŜǊ ŀŎŎŜǇǘƻǊΦ CǳǊǘƘŜǊΣ ƛƴ ŀ ǎƛƳƛƭŀǊ ǇŀǧŜǊƴ ƳŀƧƻǊ 

ƎǊƻƻǾŜǎ ƻŦ Dπ/ ǇŀƛǊ ƘŀǾŜ ŀƴ ŀŎŎŜǇǘƻǊΣ ŀŎŎŜǇǘƻǊΣ ŘƻƴƻǊ ŀƴŘ ŀ ƘȅŘǊƻƎŜƴ ƎǊƻǳǇ ŀƴŘ ǘƘŜ ƳƛƴƻǊ ƎǊƻƻǾŜ 

ƘŀǾƛƴƎ ŀƴ ŀŎŎŜǇǘƻǊΣ ŘƻƴƻǊ ŀƴŘ ŀƴ ŀŎŎŜǇǘƻǊΦ ¢Ƙƛǎ ǎƛƎƴƛŬŜǎ ǘƘŀǘ ǘƘŜ ƳŀƧƻǊ ƎǊƻƻǾŜ Ƙŀǎ ŀōǳƴŘŀƴǘ ŎƘŜƳƛŎŀƭ 

ƛƴŦƻǊƳŀǝƻƴ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ƳƛƴƻǊ ƎǊƻƻǾŜΦ ¢Ƙƛǎ ŎƘŜƳƛŎŀƭ ƛƴŦƻǊƳŀǝƻƴ ŀƭƭƻǿǎ ǘƘŜ ǾŀǊƛƻǳǎ ǇǊƻǘŜƛƴǎ ǘƻ 

ǊŜŎƻƎƴƛȊŜ 5b! ǎŜǉǳŜƴŎŜ ǿƛǘƘƻǳǘ ƘŀǾƛƴƎ ǘƻ ƻǇŜƴƛƴƎ ǘƘŜ ŘƻǳōƭŜ ƘŜƭƛȄΦόмлΣ ммύ 

!ǎ ŘƛǎŎǳǎǎŜŘ ŀōƻǾŜΣ ŘƻǳōƭŜ ƘŜƭƛȄ ƛǎ ǘƘŜ Ƴƻǎǘ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ŦƻǳƴŘ ǎǘǊǳŎǘǳǊŜ ƛƴ ƴŀǘǳǊŜΣ ōǳǘ ƻǘƘŜǊ ǘƘŀƴ 

ŘƻǳōƭŜ ƘŜƭƛȄ ǘƘŜǊŜ ŀǊŜ ƻǘƘŜǊ ǎŜŎƻƴŘŀǊȅ ǎǘǊǳŎǘǳǊŜǎ ŦƻǳƴŘ ƛƴ ƴŀǘǳǊŜΣ ŦƻǊ ŜȄŀƳǇƭŜ ŎǊǳŎƛŦƻǊƳ ǎǘǊǳŎǘǳǊŜǎΣ 

ǘǊƛǇƭŜȄ ǎǘǊǳŎǘǳǊŜΣ DπǘŜǘǊŀǇƭŜȄΣ ŀƴŘ IƻƭƭƛŘŀȅ ƧǳƴŎǝƻƴǎΦόммύ /ǊǳŎƛŦƻǊƳ ǎǘǊǳŎǘǳǊŜǎ όǎŜŜ CƛƎǳǊŜ пŀύ ŀǊŜ 

ŦƻǊƳŜŘ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ƛƴǾŜǊǘŜŘ ǊŜǇŜŀǘǎ ƻŦ ŀ ǎŀƳŜ ǎŜǉǳŜƴŎŜ ǿƘƛŎƘ ŀǊŜ ǎŜƭŦπŎƻƳǇƭŜƳŜƴǘŀǊȅ ǘƻ ŜŀŎƘ 

ƻǘƘŜǊΦ ²ƘŜƴ ǘƘŜǎŜ ǊŜǇŜŀǘŜŘ ǎŜǉǳŜƴŎŜǎ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ǎŀƳŜ ǎǘǊŀƴŘΣ ǘƘŜȅ ŀǊŜ ŎŀƭƭŜŘ ƘŀƛǊǇƛƴ 

ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ǿƘŜƴ ǘƘŜ ǊŜǇŜŀǘŜŘ ǎŜǉǳŜƴŎŜǎ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ƻǇǇƻǎƛǘŜ ǎǘǊŀƴŘǎ ǿƘƛŎƘ ŀǊŜ 

ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǘƻ ŜŀŎƘ ƻǘƘŜǊ ǘƘŜȅ ŀǊŜ ŎŀƭƭŜŘ ŎǊǳŎƛŦƻǊƳ ǎǘǊǳŎǘǳǊŜǎΦ hǘƘŜǊ ǎǘǊǳŎǘǳǊŜǎ ǎǳŎƘ ŀǎ ǘǊƛǇƭŜȄ 

ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ DπǘŜǘǊŀǇƭŜȄŜǎ ŀǊŜ ŦƻǊƳŜŘ ǿƘŜƴ ǘƘŜ ƴǳŎƭŜƻǝŘŜǎ ǇŀǊǝŎƛǇŀǝƴƎ ƛƴ ǘƘŜ ²ŀǘǎƻƴπ/ǊƛŎƪ ōŀǎŜ 

ǇŀƛǊƛƴƎ Ŏŀƴ ŦƻǊƳ ŀŘŘƛǝƻƴŀƭ ƘȅŘǊƻƎŜƴ ōƻƴŘǎ ǿƛǘƘ ǘƘŜ ŎƘŜƳƛŎŀƭ ƎǊƻǳǇǎ ƛƴ ǘƘŜ ƳŀƧƻǊ ƎǊƻƻǾŜ ƻŦ 5b! 

ŘƻǳōƭŜ ƘŜƭƛȄΦ ²ƘŜƴ ŀ ŎȅǎǝƴŜ ƛǎ ǇǊƻǘƻƴŀǘŜŘ όŀǘ ŀ ƭƻǿŜǊ ǇIύ ƛǘ Ŏŀƴ ǇŀƛǊ ǿƛǘƘ ŀ DǳŀƴƛŘƛƴŜ ƛƴ ŀ Dπ/ ǇŀƛǊ 

ŀƴŘ ƛƴ ŀ ǎƛƳƛƭŀǊ ǿŀȅ ǘƘȅƳƛŘƛƴŜ Ŏŀƴ ǇŀƛǊ ǿƛǘƘ ŀŘŜƴƻǎƛƴŜ ƛƴ ŀ !π¢ ǇŀƛǊΣ ǘƘƛǎ ǘȅǇŜ ƻŦ ǳƴǳǎǳŀƭ ǇŀƛǊƛƴƎ ƛǎ 

ŎŀƭƭŜŘ IƻƻƎǎǘŜƴ ǇŀƛǊƛƴƎ ŦƻǳƴŘ ōȅ YŀǊǎǘ IƻƻƎǎǘŜƴ ƛƴ мфсоΦ  

 

CƛƎǳǊŜ пΥ ŀύ {ŎƘŜƳŀǝŎ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ŀ ŎǊǳŎƛŦƻǊƳ 5b! ǎŜŎƻƴŘŀǊȅ ǎǘǊǳŎǘǳǊŜΣ ōύ {ŎƘŜƳŀǝŎ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ 
5b! IƻƭƭƛŘŀȅ ƧǳƴŎǝƻƴΦ 
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IƻƭƭƛŘŀȅ ƧǳƴŎǝƻƴǎ όǎŜŜ CƛƎǳǊŜ пōύ ŀǊŜ ŦƻǳǊπǎǘǊŀƴŘŜŘΣ ŎǊƻǎǎ ǎƘŀǇŜŘ ǎǘǊǳŎǘǳǊŜǎ όǘǿƻ ƛƴǘŜǊǎŜŎǝƴƎ ŘƻǳōƭŜ 

ƘŜƭƛŎŜǎύ ǘƘŀǘ ŦƻǊƳ ŘǳǊƛƴƎ ƘƻƳƻƭƻƎƻǳǎ ǊŜŎƻƳōƛƴŀǝƻƴ ƻŦ 5b!Φ  Lƴƛǝŀƭƭȅ ǇǊƻǇƻǎŜŘ ōȅ wƻōƛƴ IƻƭƭƛŘŀȅ ƛƴ 

мфспΣ ƛǘ ǎŜǊǾŜǎ ŀǎ ŀƴ ƛƴǘŜǊƳŜŘƛŀǘŜ ǘƘŀǘ ŜƴŀōƭŜǎ ƎŜƴŜǝŎ ŘƛǾŜǊǎƛǘȅ ǘƘǊƻǳƎƘ 5b! ǎǘǊŀƴŘ ŜȄŎƘŀƴƎŜ ŘǳǊƛƴƎ 

ǊŜŎƻƳōƛƴŀǝƻƴ ŜǾŜƴǘǎΦόмнύ CǳǊǘƘŜǊƳƻǊŜΣ IƻƭƭƛŘŀȅ ƧǳƴŎǝƻƴǎ ǎŜǊǾŜ ŀǎ ŦǳƴŘŀƳŜƴǘŀƭ ōǳƛƭŘƛƴƎ ōƭƻŎƪǎ ŦƻǊ 

ŎǊŜŀǝƴƎ ŎƻƳǇƭŜȄΣ ǇǊƻƎǊŀƳƳŀōƭŜ ŀǊǝŬŎƛŀƭ ƴŀƴƻǎǘǊǳŎǘǳǊŜǎΦ ¢ƘŜ ǎǘŀōƛƭƛǘȅ ŀƴŘ ǎǘǊǳŎǘǳǊŀƭ ǾŜǊǎŀǝƭƛǘȅ ƻŦ 

ǘƘŜǎŜ ŦƻǳǊπǿŀȅ 5b! ƧǳƴŎǝƻƴǎ ƳŀƪŜ ǘƘŜƳ ǇŀǊǝŎǳƭŀǊƭȅ ǾŀƭǳŀōƭŜ ŦƻǊ ŜƴƎƛƴŜŜǊŜŘ ƴŀƴƻǎǘǊǳŎǘǳǊŜǎΦ ¢ƘŜǎŜ 

ƧǳƴŎǝƻƴǎ Ŏŀƴ ŀŘƻǇǘ ŜƛǘƘŜǊ ǊƛƎƛŘ ƻǊ ƅŜȄƛōƭŜ όǿŀǾȅύ ŎƻƴŬƎǳǊŀǝƻƴǎΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ 5b! ǎŜǉǳŜƴŎŜ 

ǎŜƭŜŎǘŜŘΦ ²ƘŜƴ IƻƭƭƛŘŀȅ ƧǳƴŎǝƻƴǎ ŀǎǎǳƳŜ ǊƛƎƛŘ ŎƻƴŦƻǊƳŀǝƻƴǎΣ ǘƘŜȅ ǎŜǊǾŜ ŀǎ ǎǘŀōƭŜ ǎǘǊǳŎǘǳǊŀƭ ƳƻǝŦǎ 

ǎǳƛǘŀōƭŜ ŦƻǊ ŎƻƴǎǘǊǳŎǝƴƎ ƭŀǊƎŜǊΣ ǿŜƭƭπŘŜŬƴŜŘ 5b! ƴŀƴƻǎǘǊǳŎǘǳǊŜǎΦ 

мΦн 5b! bŀƴƻǘŜŎƘƴƻƭƻƎȅ 

мΦнΦм CǳƴŘŀƳŜƴǘŀƭǎ ƻŦ {ǘǊǳŎǘǳǊŀƭ 5b! bŀƴƻǘŜŎƘƴƻƭƻƎȅ 

Lƴ мфунΣ bŀŘǊƛŀƴ /Φ {ŜŜƳŀƴ ǇƛƻƴŜŜǊŜŘ ǘƘŜ ŘƛǎŎƻǾŜǊȅ ƻŦ ŘŜǎƛƎƴ ŀƴŘ ŀǎǎŜƳōƭȅ ƻŦ 5b! ƛƳƳƻōƛƭŜ IƻƭƭƛŘŀȅ 

ƧǳƴŎǝƻƴǎ ŀƴŘ ǘƘŜƛǊ ǳǎŜ ƛƴ ŎǊŜŀǝƴƎ ǇŜǊƛƻŘƛŎ ǘǿƻπŘƛƳŜƴǎƛƻƴŀƭ 5b! ƴŜǘǿƻǊƪǎ ǳǎƛƴƎ ǘƘŜ άǎǝŎƪȅπŜƴŘέ 

ƭƛƎŀǝƻƴ ǘŜŎƘƴƛǉǳŜ ŜǎǘŀōƭƛǎƘƛƴƎ ǘƘŜ ŦƻǳƴŘŀǝƻƴ ŦƻǊ 5b! bŀƴƻǘŜŎƘƴƻƭƻƎȅΦόмоύ [ŀǘŜǊ ƛƴ ǘƘŜ ȅŜŀǊ мфуоΣ 

YŀƭƭŜƴōŀŎƘ Ŝǘ ŀƭΦΣ ŜȄǇŀƴŘŜŘ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ǘƻ ŦǳǊǘƘŜǊ ŜȄǇƭƻǊŜ ƛƳƳƻōƛƭŜ 5b! ƧǳƴŎǝƻƴǎΣ ƛƴƛǝŀƭƭȅ 

ŜƴǾƛǎƛƻƴƛƴƎ ǘƘŜƛǊ ǇƻǘŜƴǝŀƭ ǘƻ ƻǊƎŀƴƛȊŜ ǇǊƻǘŜƛƴǎ ŀƴŘ ƻǘƘŜǊ ƳŀǘŜǊƛŀƭǎ ƛƴǘƻ ǇǊŜŎƛǎŜ ƭŀǩŎŜ ǎǘǊǳŎǘǳǊŜǎΦ  

{ƛƴŎŜ ǘƘŜƴΣ ǘƘŜ ŬŜƭŘ ƻŦ 5b! ƴŀƴƻǘŜŎƘƴƻƭƻƎȅ ŘŜǾŜƭƻǇŜŘ ŜƴƻǊƳƻǳǎƭȅ ŀƴŘ ƭŜŘ ǘƻ ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ ǾŀǊƛŜǘȅ 

ƻŦ ŘƛũŜǊŜƴǘ 5b! ǎǘǊǳŎǘǳǊŜǎ ǿƛǘƘ ǾŀǊƛƻǳǎ ŀǇǇƭƛŎŀǝƻƴǎΦόмпύ  

¢ƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 5b! ƻǊƛƎŀƳƛ όǎŜŜ CƛƎǳǊŜ рύ ǿŀǎ ǇƛƻƴŜŜǊŜŘ ōȅ tŀǳƭ ²ΦYΦ wƻǘƘŜƳǳƴŘ ƛƴ нллсΣ 

ǊŜǇǊŜǎŜƴǝƴƎ ŀ ǇŀǊŀŘƛƎƳπǎƘƛƊƛƴƎ ŘƛǎŎƻǾŜǊȅ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ 5b! ƴŀƴƻǘŜŎƘƴƻƭƻƎȅΦόмрύ ¢ƘŜ ǘŜŎƘƴƛǉǳŜ 

ƛƴǾƻƭǾŜǎ ŀ ƭƻƴƎ ǎƛƴƎƭŜ ǎǘǊŀƴŘŜŘ 5b! ǎŎŀũƻƭŘΣ ŘŜǊƛǾŜŘ ŦǊƻƳ aмоƳǇму ōŀŎǘŜǊƛƻǇƘŀƎŜΣ ǿƘƛŎƘ ƛǎ ŦƻƭŘŜŘ 

ƛƴǘƻ ŎƻƳǇƭƛŎŀǘŜŘ ǘǿƻπŘƛƳŜƴǎƛƻƴŀƭ ǎƘŀǇŜǎ ǳǎƛƴƎ ƘǳƴŘǊŜŘǎ ƻŦ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǎƘƻǊǘ 5b! ǎŜǉǳŜƴŎŜǎ 

ŎŀƭƭŜŘ ǎǘŀǇƭŜ ǎǘǊŀƴŘǎΦόмрύ ¢ƘŜ ǎŎŀũƻƭŘ ƛǎ тнпф ƴǳŎƭŜƻǝŘŜǎ ƭƻƴƎ ŀƴŘ ƻƴƭȅ тмтс ƴǳŎƭŜƻǝŘŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ 

ŦƻǊ ŦƻƭŘƛƴƎ ŀǎ ǘƘŜ ǎŜǉǳŜƴŎŜ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ƘŀƛǊǇƛƴ ǎǘǊǳŎǘǳǊŜ ǿƘƛŎƘ ƛǎ нл ƴǳŎƭŜƻǝŘŜǎ ƭƻƴƎ ŀƴŘ ǎǘŀǇƭŜǎ 

ōƛƴŘƛƴƎ ǘƻ ŀ ƘŀƛǊǇƛƴ ǊŜƎƛƻƴ ǿŀǎ ǳƴƪƴƻǿƴ ǎƻ ŀ то ƴǳŎƭŜƻǝŘŜǎ ǊŜƎƛƻƴ ǿŀǎ ŜȄŎƭǳŘŜŘ ŦƻǊ ŦƻƭŘƛƴƎ ƻŦ 

ƻǊƛƎŀƳƛΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŦƻƭŘƛƴƎ ǇǊƻŎŜǎǎ ƛǎ ŀ ƻƴŜ Ǉƻǘ ǊŜŀŎǝƻƴΣ ŜƳǇƭƻȅƛƴƎ ŀ ƘƛƎƘ ƳƻƭŀǊ ŜȄŎŜǎǎ ƻŦ 

ǎǘŀǇƭŜ ǎǘǊŀƴŘǎ ǘƻ ǎŎŀũƻƭŘ όǘȅǇƛŎŀƭƭȅ ǊŀƴƎƛƴƎ ŦǊƻƳ рπмлл ŦƻƭŘ ƳƻƭŀǊ ŜȄŎŜǎǎΣ ǿƛǘƘ ϤмлπŦƻƭŘ ōŜƛƴƎ ŎƻƳƳƻƴ 

ǇǊŀŎǝŎŜύΦόмсΣ мрΣ мтύ ¢ƘŜ ŜȄŎŜǎǎ ƻŦ ǎǘŀǇƭŜǎ ƎǳŀǊŀƴǘŜŜǎ ǘƘŀǘ ŜǾŜǊȅ ǎŎŀũƻƭŘ ǎŜƎƳŜƴǘ ǊŀǇƛŘƭȅ ŜƴŎƻǳƴǘŜǊǎ 

ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǎǘŀǇƭŜ ǎŜǉǳŜƴŎŜǎΣ ƭŜŀŘƛƴƎ ǘƻ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ŜǉǳƛƭƛōǊƛǳƳ ǘƻǿŀǊŘǎ Ŧǳƭƭȅ ŦƻƭŘŜŘ 5b! 

ƻǊƛƎŀƳƛ ǎǘǊǳŎǘǳǊŜǎΣ ŦǳǊǘƘŜǊƳƻǊŜ ŀƭǎƻ ŘƛǎǇƭŀŎƛƴƎ ǳƴǿŀƴǘŜŘ ǎŜŎƻƴŘŀǊȅ ǎǘǊǳŎǘǳǊŜǎ ǿƘƛŎƘ Ŏŀƴ ōŜ ŎŀǳǎŜŘ 

ōȅ ƛƴŎƻǊǊŜŎǘ ōƛƴŘƛƴƎ ƻŦ ǎǘŀǇƭŜ ǎŜǉǳŜƴŎŜǎΦόмрΣ муύ ¢ƘŜǎŜ ǎƘŀǇŜǎ ŀǊŜ ǊƻǳƎƘƭȅ млл ƴƳ ƛƴ ŘƛŀƳŜǘŜǊ ŀƴŘ 

ƘŀǾŜ ŀ ǎǇŀǝŀƭ ǊŜǎƻƭǳǝƻƴ όǎƳŀƭƭŜǎǘ ǇǊŜŎƛǎŜƭȅ ŘŜŬƴŜŘ ŘƛǎǘŀƴŎŜ ŀǘ ǿƘƛŎƘ ƛƴŘƛǾƛŘǳŀƭ ǎǘǊǳŎǘǳǊŀƭ ŦŜŀǘǳǊŜǎ 

Ŏŀƴ ōŜ ǇƻǎƛǝƻƴŜŘ ŀƴŘ ŘƛǎǝƴƎǳƛǎƘŜŘ ǿƛǘƘƛƴ ǘƘŜ 5b! ƴŀƴƻǎǘǊǳŎǘǳǊŜύ ƻŦ с ƴƳΦ ¢ƘŜ ƻǊƛƎŀƳƛ Ŏƻƴǎƛǎǘǎ ƻŦ 
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ǎŜǉǳŜƴǝŀƭƭȅ ƻǊ ŀŘƧŀŎŜƴǘƭȅ ŀǊǊŀƴƎŜŘ ǇŀǊŀƭƭŜƭ ŘƻǳōƭŜ ƘŜƭƛŎŜǎ ǿƘƛŎƘ ŀǊŜ Ŏǳǘ ƛƴ ƻƴŜ ǎǘǊŀƴŘ ǘƻ ōŜ 

ŎƻƴǎǘǊŀƛƴŜŘ ōȅ ŀƴ ƛƴǘŜƎŜǊ ƴǳƳōŜǊ ƻŦ ǘǳǊƴǎ ƛƴ ƭŜƴƎǘƘΦ ¢ƻ ƘƻƭŘ ǘƘŜǎŜ ƘŜƭƛŎŜǎ ǘƻƎŜǘƘŜǊ ŀƴŘ ǘƻ ŀǾƻƛŘ ǘƘŜƳ 

ŦŀƭƭƛƴƎ ŀǇŀǊǘ ǘƘŜ ŀŘƧŀŎŜƴǘ ŘƻǳōƭŜ ƘŜƭƛŎŜǎ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ǘƘǊƻǳƎƘ ǇŜǊƛƻŘƛŎ ŎǊƻǎǎƻǾŜǊǎ ǊǳƴƴƛƴƎ ŦǊƻƳ ƻƴŜ 

ƘŜƭƛȄ ǘƻ ǘƘŜ ŀƴƻǘƘŜǊ ŀƴŘ ǎƻ ƻƴ ƛƴ ŀƴ ŀƴǝǇŀǊŀƭƭŜƭ ŦŀǎƘƛƻƴΦ ¢ƘŜǎŜ ǇŜǊƛƻŘƛŎ ŎǊƻǎǎƻǾŜǊǎ ƻŎŎǳǊ ŜǾŜǊȅ мΦр 

ǘǳǊƴǎ όмс ōŀǎŜǎύ ŀƭƻƴƎ ǘƘŜ ŀƭǘŜǊƴŀǝƴƎ ǎƛŘŜ ƻŦ ǘƘŜ ƘŜƭƛȄ ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜ ƛƴǘŜǊƘŜƭƛŎŀƭ ƎŀǇ ǘƻ ōŜ м ƴƳ ŀƴŘ 

нΦр ǘǳǊƴǎ ŦƻǊ ŀ ƘŜƭƛŎŀƭ ƎŀǇ ƻŦ мΦр ƴƳ ŀƴŘ ǎƻ ƻƴ ŦƻǊ ŀ ǎƛƴƎƭŜ ƭŀȅŜǊ ƻŦ ƻǊƛƎŀƳƛΦόмсύ 

 

CƛƎǳǊŜ рΥ 5ƛũŜǊŜƴǘ 5b! ƻǊƛƎŀƳƛǎ ŘŜǎƛƎƴŜŘ ōȅ wƻǘƘŜƳǳƴŘΣ ŀύ {ǉǳŀǊŜ ǿƛǘƘ ŀ ƭƛƴŜŀǊ ǎŎŀũƻƭŘΣ ōύ wŜŎǘŀƴƎƭŜ ǿƛǘƘ ŀ 
ŎƛǊŎǳƭŀǊ ǎŎŀũƻƭŘΣ Ŏύ {ǘŀǊ ǿƛǘƘ ŀ ƭƛƴŜŀǊ ǎŎŀũƻƭŘΣ Řύ {ƳƛƭŜȅ ǿƛǘƘ ŎƛǊŎǳƭŀǊ ǎŎŀũƻƭŘΣ Ŝύ ¢ǊƛŀƴƎƭŜ ǿƛǘƘ ŀ ŎƛǊŎǳƭŀǊ ǎŎŀũƻƭŘ 
ŀƴŘ ǊŜŎǘŀƴƎǳƭŀǊ ŘƻƳŀƛƴΣ Ŧύ ¢ǊƛŀƴƎƭŜ ǿƛǘƘ ŀ ŎƛǊŎǳƭŀǊ ǎŎŀũƻƭŘ ŀƴŘ ǘǊŀǇŜȊƻƛŘŀƭ ŘƻƳŀƛƴǎΦ ώwŜǇǊƛƴǘŜŘ ōȅ tŜǊƳƛǎǎƛƻƴ 
ŦǊƻƳΥ όмрύϐ 

Lƴ ƎŜƴŜǊŀƭΣ ǘƘŜ ŎǊƻǎǎƻǾŜǊǎ ƛƴ ŀƴ ƻǊƛƎŀƳƛ Ŏŀƴ ōŜ ŎƭŀǎǎƛŬŜŘ ƛƴǘƻ ǘƘǊŜŜ ǘȅǇŜǎ ƴŀƳŜƭȅ ǎŎŀũƻƭŘ ŎǊƻǎǎƻǾŜǊǎΣ 

ǇŜǊƛƻŘƛŎ ŎǊƻǎǎƻǾŜǊǎ ǿƛǘƘ ƳƛƴƻǊ ƎǊƻƻǾŜǎ ŦŀŎƛƴƎ ǳǇ ŀƴŘ ǇŜǊƛƻŘƛŎ ŎǊƻǎǎƻǾŜǊǎ ǿƛǘƘ ƳƛƴƻǊ ƎǊƻƻǾŜǎ ŦŀŎƛƴƎ 

Řƻǿƴ ƻǊ ǎƻπŎŀƭƭŜŘ ƎƭƛŘŜ ǎȅƳƳŜǘǊȅΦ ¢ƘŜ ǎŎŀũƻƭŘ ŎǊƻǎǎƻǾŜǊǎ ŀǊŜ ŦƻǊƳŜŘ ǿƘŜǊŜ ǘƘŜ 5b! ǘǿƛǎǘ ǇƭŀŎŜǎ ƛǘ 

ŀǘ ŀ ǘŀƴƎŜƴǘ Ǉƻƛƴǘ ōŜǘǿŜŜƴ ƘŜƭƛŎŜǎΦ .ŀǎŜŘ ƻƴ ŀƭƭ ǘƘŜ ŎǊƻǎǎƻǾŜǊǎ ǘƘŜ ǇŀŎƪŀƎƛƴƎ ƻŦ ƘŜƭƛŎŜǎ ƛƴ ǇǊŜŎƛǎŜ 

ǎǇŀǝŀƭ ŎƻƴǎǘǊŀƛƴǘǎ ǘƘŜ ŀǊǊŀƴƎŜƳŜƴǘ ƻŦ ƘŜƭƛŎŜǎ ƛƴ ƻǊƛƎŀƳƛ ƛǎ ŘƛǾƛŘŜŘ ƛƴǘƻ ƘƻƴŜȅŎƻƳō ƭŀǩŎŜ ƻǊ ǎǉǳŀǊŜ 

ƭŀǩŎŜ όǎŜŜ ¢ŀōƭŜ мύ Φ Lƴ ƘƻƴŜȅŎƻƳō ƭŀǩŎŜ ǘƘŜ ŎǊƻǎǎƻǾŜǊǎ ŀǊŜ ǎƛǘǳŀǘŜŘ ŀǘ ŜǾŜǊȅ т ōǇ ŀƭƻƴƎ ǘƘŜ ƘŜƭƛŎŀƭ 

ŀȄƛǎ ƻǊ ƛƴ ƻǘƘŜǊ ǘŜǊƳǎ ŜŀŎƘ ǎǘǊŀƴŘ ƛƴ ǘƘŜ ŘƻǳōƭŜ ƘŜƭƛŎŀƭ ŘƻƳŀƛƴ ƛǎ ǊƻǘŀǘŜŘ ōȅ нплϲ ŀǘ ǿƘƛŎƘ ǘƘŜ 

ŎǊƻǎǎƻǾŜǊǎ ŀǊŜ ǇƭŀŎŜŘ όмлΦр ōǇҐ ослϲπŦƻǊ .πŦƻǊƳ 5b!ύΦ ¢ƘǳǎΣ ŀ ƘŜƭƛŎŀƭ ŘƻƳŀƛƴ Ŏŀƴ ƘŀǾŜ ƻƴƭȅ о ǇƻǎǎƛōƭŜ 

ƴŜƛƎƘōƻǊƛƴƎ ƘŜƭƛŎŀƭ ŘƻƳŀƛƴǎ όǎŜŜ CƛƎǳǊŜ сύΦ ²ƘŜǊŜŀǎ ƛƴ ŀ ǎǉǳŀǊŜ ƭŀǩŎŜΣ ǘƘŜ ŎǊƻǎǎƻǾŜǊ ŀǊŜ ǇƭŀŎŜǎ ŀǘ 

ƛƴǘŜǊǾŀƭǎ ƻŦ мс ōǇ όн5ύ ƻǊ у ōǇ όо5ύ ŘŜǾƛŀǝƴƎ ŦǊƻƳ ǘƘŜ ƴŀǘǳǊŀƭ ǘǿƛǎǘ ƻŦ 5b! όмлΦр ōǇ ǇŜǊ ǘǳǊƴύ ŎŀǳǎƛƴƎ 

ǎƭƛƎƘǘ ǳƴŘŜǊǿƛƴŘƛƴƎ όмлΦст ōǇ ǇŜǊ ǘǳǊƴ ƭŜŀŘƛƴƎ ǘƻ у ōǇ ŎǊƻǎǎƻǾŜǊύ ƻǊ ƻǾŜǊǿƛƴŘƛƴƎ όмлΦп ōǇ ǇŜǊ ǘǳǊƴύ ƛƴ 

ǘƘŜ ŘƻǳōƭŜ ƘŜƭƛŎŜǎ ŀƴŘ ƘŀǾƛƴƎ ŀ ƳŀȄƛƳǳƳ п ǇƻǎǎƛōƭŜ ƴŜƛƎƘōƻǊǎΦ Lƴ ŎŀǎŜ ƻŦ ǳƴŘŜǊǿƛƴŘƛƴƎ ǘƘŜ ōŀŎƪōƻƴŜ 
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ƻŦ ǘƘŜ ŘƻǳōƭŜ ƘŜƭƛŎŜǎ ǊƻǘŀǘŜǎ ǘƻ ŀƴ ŀƴƎƭŜ ƻŦ нтлϲ ŀǘ ŜǾŜǊȅ у ōǇ ŎǊƻǎǎƻǾŜǊ ƭŜŀŘƛƴƎ ǘƻ ǘǿƛǎǝƴƎ ǘƻǊǉǳŜǎ 

ǿƘƛŎƘ Ŏŀƴ ŎŀǳǎŜ ŀ Ǝƭƻōŀƭ ǘǿƛǎǘ ŘŜŦƻǊƳŀǝƻƴ ƻŦ ǘƘŜ ŜƴǝǊŜ ƻǊƛƎŀƳƛΦ Lƴ ŎŀǎŜ ƻŦ ƻǾŜǊǿƛƴŘƛƴƎ ǘƘŜ Ǝƭƻōŀƭ 

ǘǿƛǎǘΣ ŘŜŦƻǊƳŀǝƻƴ Ŏŀƴ ōŜ ŀǾƻƛŘŜŘ ŀǎǎǳƳƛƴƎ ǘƘŜ ƴŜŀǊ ƴŀǘǳǊŀƭ ǘǿƛǎǘ ƻŦ 5b! όǎŜŜ CƛƎǳǊŜ сύΦ   

IƻƴŜȅŎƻƳō [ŀǩŎŜ {ǉǳŀǊŜ [ŀǩŎŜ 

tƻǊƻǳǎ {ǘǊǳŎǘǳǊŜ 5ŜƴǎŜ {ǘǊǳŎǘǳǊŜ 

IŜȄŀƎƻƴŀƭ ǎȅƳƳŜǘǊȅ wŜŎǘŀƴƎǳƭŀǊ ǎȅƳƳŜǘǊȅ 

9ǾŜǊȅ т ōǇ ŎǊƻǎǎƻǾŜǊǎ 9ǾŜǊȅ мсπу ōǇ ŎǊƻǎǎƻǾŜǊǎ 

о ƴŜƛƎƘōƻǊǎ ǇŜǊ ƘŜƭƛȄ п ƴŜƛƎƘōƻǊǎ ǇŜǊ ƘŜƭƛȄ 

¢ŀōƭŜ мΥ 5ƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ IƻƴŜȅŎƻƳō ŀƴŘ {ǉǳŀǊŜ [ŀǩŎŜΦ 

¢ƘŜ ǎǘŀǇƭŜǎ ƴƻǘ ƻƴƭȅ ƘŜƭǇ ƛƴ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ 5b! ƻǊƛƎŀƳƛΣ ōǳǘ ŀƭǎƻ ƛƴ ƛǘǎ ŘŜŎƻǊŀǝƻƴ ǿƛǘƘ ǾŀǊƛƻǳǎ 

ŜƴǝǝŜǎ ǎǳŎƘ ŀǎ ǇǊƻǘŜƛƴǎΣ ǇŜǇǝŘŜǎΣ ŘǊǳƎ ƳƻƭŜŎǳƭŜǎΣ ŀƴǝōƻŘƛŜǎ ŀƴŘ ƅǳƻǊƻǇƘƻǊŜǎ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ 

ŘƛǾŜǊǎŜ ŀǇǇƭƛŎŀǝƻƴǎ ǎǳŎƘ ŀǎ ōƛƻƳŜŘƛŎƛƴŜΣόмфΣ нлύ ƴŀƴƻǇƘƻǘƻƴƛŎǎΣόнмΣ ннύ ƭƛǘƘƻƎǊŀǇƘȅ ƳŀǎƪǎΣόноύ ŘǊǳƎ 

ŘŜƭƛǾŜǊȅΣόнпΣ нрύ ŀƴŘ ōƛƻǎŜƴǎƛƴƎΦόнсΣ нтύ CǳǊǘƘŜǊƳƻǊŜΣ ŀƭƭ ǘƘŜǎŜ ŀǇǇƭƛŎŀǝƻƴǎ ƘŀǾŜ ƭŜŘ ǘƻ ŀ ǎƛƎƴƛŬŎŀƴǘ 

ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ƎǊƻǿǘƘ ƻŦ ǘƘŜ ǿƘƻƭŜ 5b! ƴŀƴƻǘŜŎƘƴƻƭƻƎȅ ŬŜƭŘ ŀƴŘ ŜȄǇŀƴŘƛƴƎ ƛǘǎ ƘƻǊƛȊƻƴǎΦ   

 

CƛƎǳǊŜ сΥ ŀύ /Ǌƻǎǎ ǎŜŎǝƻƴŀƭ ǾƛŜǿ ƻŦ о5 5b! ƻǊƛƎŀƳƛ ƛƴ ǎǉǳŀǊŜ ƭŀǩŎŜ όƭŜƊύ ŀƴŘ ƘƻƴŜŎƻƳō ƭŀǩŎŜ όǊƛƎƘǘύ ǇŀŎƪƛƴƎΦ 
ōύ /Ǌƻǎǎ ƻǾŜǊǎ ŀǊǊŀƴƎŜƳŜƴǘ ƛƴ ŀ ƘŜȄŀƎƻƴŀƭ ƭŀǩŎŜ ŀǘ т ōǇ ǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ ōŀŎƪōƻƴŜ Ǌƻǘŀǝƻƴ ƻŦ нплϲΦ ώwŜǇǊƛƴǘŜŘ 
ōȅ ǇŜǊƳƛǎǎƛƻƴ ŦǊƻƳΥ όмсύϐ 

мΦнΦн 5b! hǊƛƎŀƳƛ [ŀǩŎŜǎ 

¢ƘŜ ǘŜŎƘƴƛǉǳŜ ƻŦ 5b! ƻǊƛƎŀƳƛ ǇǊƻǾƛŘŜǎ ŀ Ǌƻōǳǎǘ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ ƳƻŘǳƭŀǊ 5b! 

ǎǘǊǳŎǘǳǊŜǎ ŎŀƭƭŜŘ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŜƳǇƭƻȅŜŘ ƛƴ ƴǳƳŜǊƻǳǎ ƴŀƴƻǇŀǧŜǊƴƛƴƎ ǘŀǎƪǎ ŀǎ 

ǿŜƭƭ ŀǎ ƛƴ ǘƘŜ ŎƻƴǎǘǊǳŎǝƻƴ ƻŦ ƘƛƎƘŜǊπƻǊŘŜǊ ǎŜƭŦπŀǎǎŜƳōƭȅ ǎȅǎǘŜƳǎΦ ¢ƘŜ ŬǊǎǘ ƘƛŜǊŀǊŎƘƛŎŀƭ ŀǎǎŜƳōƭȅ ƻŦ 

ǇǊƻƎǊŀƳƳŀōƭŜ 5b! ǿŀǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ōȅ {ŜŜƳŀƴ ŜǘΦŀƭΦΣ ǳǎƛƴƎ IƻƭƭƛŘŀȅ ƧǳƴŎǝƻƴǎΣόнуύ ŀƴŘ ǘƘǊŜŜ ǎǇŀŎŜ 
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ǎǇŀƴƴƛƴƎ 5b! ƳƻǝŦǎΦόнфύ ¢ƘŜǎŜ ŜŀǊƭȅ ōǊŜŀƪǘƘǊƻǳƎƘǎ ƛƭƭǳǎǘǊŀǘŜŘ ǘƘŜ ǇƻǘŜƴǝŀƭ ƻŦ 5b! ōŀǎŜŘ ǎǘǊǳŎǘǳǊŜǎ 

ǘƻ ŦƻǊƳ ǿŜƭƭ ŘŜŬƴŜŘΣ ŀŘŘǊŜǎǎŀōƭŜ ǇŀǧŜǊƴǎ ŀƴŘ ƭŀƛŘ ǘƘŜ ƎǊƻǳƴŘǿƻǊƪ ŦƻǊ ǘƘŜ ǊŀǇƛŘ ŜǾƻƭǳǝƻƴ ƻŦ ƴŀƴƻπ

ǇŀǧŜǊƴƛƴƎ ƻŦ ŘƛũŜǊŜƴǘ ǎǳǊŦŀŎŜǎ ǳǎƛƴƎ 5b! ƻǊƛƎŀƳƛΦ ¢ƘŜ ŘȅƴŀƳƛŎǎ ƻŦ ǘƘŜǎŜ ŀǎǎŜƳōƭŜŘ ƴŀƴƻπǇŀǧŜǊƴǎ 

ǊŜƳŀƛƴ ƻƴƭȅ ǇŀǊǝŀƭƭȅ ǳƴŘŜǊǎǘƻƻŘΦ ±ŀǊƛƻǳǎ ŜũƻǊǘǎ ƘŀǾŜ ŦƻŎǳǎŜŘ ƻƴ ŜƭǳŎƛŘŀǝƴƎ  ǘƘŜ ƳŜŎƘŀƴƛǎƳ ƻŦ 

ŀǎǎŜƳōƭȅ ōŀǎŜŘ ƻƴ ǾŀǊƛƻǳǎ ŎƻƴŘƛǝƻƴǎ ǎǳŎƘ ŀǎ ǎǳǊŦŀŎŜ ŀǎǎƛǎǘŜŘ ŀǎǎŜƳōƭȅ ŀƴŘ ōǳƭƪπǎƻƭǳǝƻƴ ŀǎǎŜƳōƭȅ 

ǿƛǘƘ ǘƘŜ ŀƛƳ ƻŦ ŀŎƘƛŜǾƛƴƎ ƎǊŜŀǘŜǊ ŎƻƴǘǊƻƭ ƻǾŜǊ ƭŀǩŎŜ ǉǳŀƭƛǘȅ ŀƴŘ ƻǊŘŜǊΦ  

Lƴ ǘŜǊƳǎ ƻŦ ŘƛũŜǊŜƴǘ ŀǇǇǊƻŀŎƘŜǎΣ ǘƘŜ ōǳƭƪ ǎƻƭǳǝƻƴ ŀǎǎŜƳōƭȅόолΣ омύ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ 5b! ƻǊƛƎŀƳƛ 

ǎǘǊǳŎǘǳǊŜ ƛƴǘŜǊŀŎǝƻƴ ǘƘǊƻǳƎƘ ŀǧǊŀŎǝǾŜ ŦƻǊŎŜǎ ŀŎǝƴƎ ƛƴǘŜǊƳƻƭŜŎǳƭŀǊƭȅΣ ǎǳŎƘ ŀǎ ǎǝŎƪȅ ŜƴŘ ƘȅōǊƛŘƛȊŀǝƻƴ 

όŜȄǘŜƴŘŜŘ ǎŜǉǳŜƴŎŜǎ ƻŦ ƻƴŜ ǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ƘȅōǊƛŘƛȊŜ ǿƛǘƘ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǎŜǉǳŜƴŎŜ ƻŦ ƻǘƘŜǊ 

ǎǘǊǳŎǘǳǊŜύ ŀƴŘ ōƭǳƴǘπŜƴŘ ǎǘŀŎƪƛƴƎ όōŀǎŜ ǎǘŀŎƪƛƴƎ ƻŦ ǘǊǳƴŎŀǘŜŘ ŘǳǇƭŜȄ ŜƴŘǎύΦ ²ƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǎǳǊŦŀŎŜ 

ŀǎǎƛǎǘŜŘ ŀǎǎŜƳōƭȅ ǘƘŜ ƻǊƛƎŀƳƛ ǎǘǊǳŎǘǳǊŜ ŀŘǎƻǊō ƻƴǘƻ ǎƻƭƛŘπƭƛǉǳƛŘ όŜΦƎΦΣ ƳƛŎŀΣ ǎƛƭƛŎƻƴύΣόонςопύ ƭƛǇƛŘπƭƛǉǳƛŘ 

όŜΦƎΦΣ ƭƛǇƛŘ ōƛƭŀȅŜǊύ όорΣ осύ ƻǊ ŀƛǊπƭƛǉǳƛŘ ƛƴǘŜǊŦŀŎŜΦόотύ ¢ƘŜǎŜ ƛƴǘŜǊŦŀŎŜǎ ŎƻƴŬƴŜ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ǘƻ ŀ н5 

ǇƭŀƴŜΣ ŜƴŀōƭƛƴƎ ƭŀǘŜǊŀƭ Řƛũǳǎƛƻƴ ŀƴŘ ƻǊŘŜǊ ƭŀǩŎŜ ŦƻǊƳŀǝƻƴ ǇǊƻǾƛŘŜŘ ǘƘŜǊŜ ƛǎ ǎǳŶŎƛŜƴǘ ŎƻƴŎŜƴǘǊŀǝƻƴ 

ƻŦ ƳƻƴƻƳŜǊǎ ƻŦ ǘƘŜ 5b! ƻǊƛƎŀƳƛΦ 

¢ƘŜ ŀǎǎŜƳōƭȅ ŘȅƴŀƳƛŎǎ ƻƴ ƳƛŎŀ ǎǳǊŦŀŎŜ ŀǎ ŀ ǎǳōǎǘǊŀǘŜ ŦƻǊ ŀŘǎƻǊǇǝƻƴ ƻŦ 5b! ƻǊƛƎŀƳƛ ƛǎ ǾŜǊȅ ǿŜƭƭ 

ǎǘǳŘƛŜŘΦ aƛŎŀ ƛǎ ŀ ƴŜƎŀǝǾŜƭȅ ŎƘŀǊƎŜŘ ǎǳǊŦŀŎŜ ŀƴŘ 5b! ŀƭǎƻ ōŜƛƴƎ ŀ ƴŜƎŀǝǾŜƭȅ ŎƘŀǊƎŜŘ ƳƻƭŜŎǳƭŜ ǘƘŜǊŜ 

ƛǎ ǊŜǇǳƭǎƛǾŜ ŦƻǊŎŜ ŀŎǝƴƎ ōŜǘǿŜŜƴ ǘƘŜƳ ƭŜŀŘƛƴƎ ǘƻ ƴƻ ŀŘǎƻǊǇǝƻƴ ƻŦ ƻǊƛƎŀƳƛ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜΦ .ǳǘ ŘƛǾŀƭŜƴǘ 

ƛƻƴǎ ƭƛƪŜ aƎнҌ ŦƻǊƳǎ ǎŀƭǘ ōǊƛŘƎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ƻǊƛƎŀƳƛ ŀƴŘ ƳƛŎŀ ǎǳǊŦŀŎŜ ŜƴŀōƭƛƴƎ ǘƘŜ ŀŘǎƻǊǇǝƻƴ ƻŦ 

ƻǊƛƎŀƳƛΦ ²ƛǘƘ ǘƘŜ ŀŘŘƛǝƻƴ ƻŦ ƳƻƴƻǾŀƭŜƴǘ ƛƻƴǎ ƭƛƪŜ bŀҌ ǘƘŜǊŜ ƛǎ ǊŜŘǳŎŜŘ ŀǧǊŀŎǝƻƴ ŀƴŘ ŘƛǎǇƭŀŎŜƳŜƴǘ 

ƻŦ aƎнҌ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ŀƴŘ ƻǊƛƎŀƳƛ ƭŜŀŘƛƴƎ ǘƻ Ƴƻōƛƭƛǘȅ ƻŦ ǘƘŜ ƻǊƛƎŀƳƛ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ŜƴŀōƭƛƴƎ ǘƘŜ 

ŘȅƴŀƳƛŎ ŘŜŦŜŎǘ ŎƻǊǊŜŎǝƻƴΣ ǿƘŜǊŜ ǎƳŀƭƭŜǊ ŘŜŦŜŎǘǎ ŀǊŜ ŀƴƴŜŀƭŜŘ ǘƘǊƻǳƎƘ ǊŜǇƭŀŎŜƳŜƴǘ ǿƛǘƘ ƻǘƘŜǊ 

ƻǊƛƎŀƳƛ ƛƴ ǘƘŜ ǎƻƭǳǝƻƴΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ Ŏŀǝƻƴ ŀƴŘ ƳƻƴƻǾŀƭŜƴǘ ƛƻƴ ŀƴŘ ǘƘŜƛǊ ǊŜǎǇŜŎǝǾŜ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ǘƘŜ ǎƻƭǳǝƻƴ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴ ŀƴŘ Ƴƻōƛƭƛǘȅ ŘȅƴŀƳƛŎǎ ƻŦ ǘƘŜ ƻǊƛƎŀƳƛ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ 

ŎƘŀƴƎŜǎ ƭŜŀŘƛƴƎ ǘƻ ŜƛǘƘŜǊ ŀ ƳƻǊŜ ƻǊŘŜǊŜŘ ƭŀǩŎŜ ƻǊ ŘƛǎƻǊŘŜǊŜŘ ƻƴŜΦ CƻǊ ŜȄŀƳǇƭŜΣ YƛŜƭŀǊ ŜǘΦŀƭΦΣ ŦƻǳƴŘ 

ǘƘŀǘ тр Ƴa bŀҌ ŀƴŘ мл Ƴa aƎнҌ ȅƛŜƭŘŜŘ ǘƘŜ Ƴƻǎǘ ƻǊŘŜǊŜŘ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ ǿƛǘƘƻǳǘ ŀƴȅ ōƭǳƴǘ ƻǊ 

ǎǝŎƪȅ ŜƴŘǎΦόоуύ ²ƘŜǊŜŀǎ ƛƴ ŀ ŦƻƭƭƻǿƛƴƎ ǎǘǳŘȅΣ ̧ ŀƴƎ ŜǘΦŀƭΦΣ ǊŜǇƭŀŎŜŘ ǘƘŜ aƎнҌ ǿƛǘƘ /ŀнҌ ƭŜŀŘƛƴƎ ǘƻ ŀ 

ƳǳŎƘ ƘƛƎƘŜǊ ƻǊŘŜǊŜŘ ƭŀǩŎŜΦόопύ  

{ǳǇǇƻǊǘŜŘ ƭƛǇƛŘ ōƛƭŀȅŜǊǎΣ ƳƛƳƛŎƪƛƴƎ ōƛƻƭƻƎƛŎŀƭ ƳŜƳōǊŀƴŜǎΣ ǎŜǊǾŜ ŀǎ ŘȅƴŀƳƛŎ ǎǳōǎǘǊŀǘŜǎ ŦƻǊ 5b! 

ƻǊƛƎŀƳƛ ŀǎǎŜƳōƭȅ όǎŜŜ CƛƎǳǊŜ тύΦ 9ƭŜŎǘǊƻǎǘŀǝŎ ŀƴŘ ƘȅŘǊƻǇƘƻōƛŎ ƛƴǘŜǊŀŎǝƻƴǎ ŦŀŎƛƭƛǘŀǘŜ ŀŘǎƻǊǇǝƻƴΣ 

ŀƭƭƻǿƛƴƎ ǎǘǊǳŎǘǳǊŜǎ ǘƻ ŘƛũǳǎŜ ŀƴŘ ŦƻǊƳ ƻǊŘŜǊŜŘ ƭŀǩŎŜǎΦ 5b! ƻǊƛƎŀƳƛ Ŏŀƴ ōŜ ŦǳƴŎǝƻƴŀƭƛȊŜŘ ǿƛǘƘ 

ƘȅŘǊƻǇƘƻōƛŎ ƳƻƛŜǝŜǎ ƭƛƪŜ ŎƘƻƭŜǎǘŜǊƻƭ ǘƻ ŜƴƘŀƴŎŜ ǎǳōǎǘǊŀǘŜ ƛƴǘŜǊŀŎǝƻƴǎ ŀƴŘ ŎƻƴǘǊƻƭ ƻǊƛŜƴǘŀǝƻƴΦόофύ  
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CƛƎǳǊŜ тΥ {ŎƘŜƳŀǝŎ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ [ƛǇƛŘ .ƛƭŀȅŜǊ ŀǎǎƛǎǘŜŘ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜ ŦƻǊƳŀǝƻƴΦ ώwŜǇǊƛƴǘŜŘ ōȅ 
ǇŜǊƳƛǎǎƛƻƴ ŦǊƻƳΥ όосύϐ 

CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŘȅƴŀƳƛŎǎ ƻŦ ƭŀǩŎŜ ŦƻǊƳŀǝƻƴ Ŏŀƴ ōŜ ŎƻƴǘǊƻƭƭŜŘ ōȅ ŜȄǘŜǊƴŀƭ ǎǝƳǳƭƛ ƭƛƪŜ ǘŜƳǇŜǊŀǘǳǊŜΣ 

ǇIΣ ƭƛƎƘǘ ŀƴŘ ƛƻƴƛŎ ǎǘǊŜƴƎǘƘΦ .ȅ ƛƴŎƻǊǇƻǊŀǝƴƎ ǎǇŜŎƛŬŎ ǘǊƛƎƎŜǊǎ ƛƴǘƻ 5b! ƻǊƛƎŀƳƛ ǎǘǊǳŎǘǳǊŜΣ ǘƘŜǎŜ ƭŀǩŎŜǎ 

Ŏŀƴ ǊŜǾŜǊǎƛōƭȅ ŀǎǎŜƳōƭŜΣ ŘƛǎŀǎǎŜƳōƭŜ ƻǊ ǊŜŎƻƴŬƎǳǊŜ ŜƴŀōƭƛƴƎ ǘƘŜƛǊ ǳǎŜ ƛƴ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ŀǇǇƭƛŎŀǝƻƴǎ 

ƭƛƪŜ ǎŜƴǎƛƴƎ ŀƴŘ ŘƛŀƎƴƻǎǝŎǎΦ ¢ŜƳǇŜǊŀǘǳǊŜ ƛǎ ŀ ŎǊƛǝŎŀƭ ŦŀŎǘƻǊ ŀǎ ǎǝŎƪȅ ŜƴŘ ƘȅōǊƛŘƛȊŀǝƻƴ ŀƴŘ ōŀǎŜ 

ǎǘŀŎƪƛƴƎ ŀǊŜ ǎŜƴǎƛǝǾŜ ǘƻ ǘŜƳǇŜǊŀǘǳǊŜΦ LƴŎǊŜŀǎƛƴƎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ǿŜŀƪŜƴǎ ǘƘƛǎ ƛƴǘŜǊŀŎǝƻƴ ƭŜŀŘƛƴƎ ǘƻ 

ƭŀǩŎŜ ŘƛǎŀǎǎŜƳōƭȅΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ½ƘŀƴƎ Ŝǘ ŀƭΦΣ ŜƳǇƭƻȅŜŘ ǎƘŀǇŜ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ōƭǳƴǘ ŜƴŘ ǎǘŀŎƪƛƴƎ ǘƻ 

ŀǎǎŜƳōƭŜ о5 ǊƘƻƳōƻƘŜŘǊŀƭ ƭŀǩŎŜǎ ŦǊƻƳ άǘŜƴǎŜƎǊƛǘȅ ǘǊƛŀƴƎƭŜǎέ ǘƘŀǘ ŘƛǎƛƴǘŜƎǊŀǘŜŘ ǳǇƻƴ ƘŜŀǝƴƎ ǘƻ ŀ 

ǎǇŜŎƛŬŎ ǘƘǊŜǎƘƻƭŘ όрл ϲ/ύΦόплύ ²ƘŜǊŜŀǎΣ ǇIπǎŜƴǎƛǝǾŜ ƳƻǝŦǎΣ ǎǳŎƘ ŀǎ ƛπƳƻǝŦǎ ŀƴŘ ǘǊƛǇƭŜȄ 5b! 

ǎǘǊǳŎǘǳǊŜǎΣ ŜƴŀōƭŜ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ ǘƻ ǊŜǎǇƻƴŘ ǘƻ ŎƘŀƴƎŜ ƛƴ ǇIΦ ¢ƘŜǎŜ ƳƻǝŦǎ ǳƴŘŜǊƎƻ ǎǘǊǳŎǘǳǊŀƭ 

ǘǊŀƴǎŦƻǊƳŀǝƻƴǎ ōŀǎŜŘ ƻƴ ǎǳǊǊƻǳƴŘƛƴƎ ǇIΣ ŀƭƭƻǿƛƴƎ ŎƻƴǘǊƻƭƭŜŘ ŀǎǎŜƳōƭȅ ŀƴŘ ŘƛǎŀǎǎŜƳōƭȅΦ CƻǊ 

ŜȄŀƳǇƭŜΣ ²ŀƴƎ Ŝǘ ŀƭΦ ŜƳǇƭƻȅŜŘ ŀ ƅŜȄƛōƭŜ ŀƴŘ ǇI ǎŜƴǎƛǝǾŜ ƛπƳƻǝŦ ǎŜǉǳŜƴŎŜ ǘƘŀǘ ŎƻǳƭŘ ŦƻǊƳ ŀ /π

ǉǳŀŘǊǳǇƭŜȄ ŀǘ ƭƻǿ ǇI ƭŜŀŘƛƴƎ ǘƻ ŘŜŎǊŜŀǎŜ ƛƴ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ŀŘƧŀŎŜƴǘ ƻǊƛƎŀƳƛ ǳƴƛǘǎΣ ǘƘŜ /π

ǉǳŀŘǊǳǇƭŜȄ ǿƘŜƴ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ǇI ŎƻǳƭŘ ǘǳǊƴ ōŀŎƪ ƛƴǘƻ ǎǎ5b!Φ .ŀǎŜŘ ƻƴ ǘƘƛǎ ŀǊǊŀƴƎŜƳŜƴǘ ƻŦ ƛπƳƻǝŦ 

ǘƘŜ ƭŀǩŎŜ ƻǊƛŜƴǘŀǝƻƴ ŎƘŀƴƎŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ǇI ƛƴǘƻ ŀ ǎƛƳǇƭŜ ŎǳōƛŎ ŀƴŘ ǎƛƳǇƭŜ ǘŜǘǊŀƎƻƴŀƭ ƭŀǩŎŜΦόпмύ 

CǳǊǘƘŜǊƳƻǊŜΣ ƭƛƎƘǘπǊŜǎǇƻƴǎƛǾŜ ǎȅǎǘŜƳǎ ƘŀǾŜ ŜƳŜǊƎŜŘ ŦƻǊ ŎƻƴǘǊƻƭƭƛƴƎ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎΦ 

tƘƻǘƻǊŜǎǇƻƴǎƛǾŜ ƳƻƭŜŎǳƭŜǎΣ ǎǳŎƘ ŀǎ ŀȊƻōŜƴȊŜƴŜ ŀƴŘ ŀǊȅƭŀȊƻǇȅǊŀȊƻƭŜ Ŏŀƴ ōŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ 5b! 

ǎǘǊŀƴŘǎ ǘƻ ŜƴŀōƭŜ ƭƛƎƘǘ ƛƴŘǳŎŜŘ ŎƻƴŦƻǊƳŀǝƻƴŀƭ ŎƘŀƴƎŜǎΦ ¢ƘŜǎŜ ƳƻƭŜŎǳƭŜǎ ǘǊŀƴǎƛǝƻƴ ōŜǘǿŜŜƴ Ŏƛǎ ŀƴŘ 

ǘǊŀƴǎ ŎƻƴŬƎǳǊŀǝƻƴ ǳǇƻƴ ŜȄǇƻǎǳǊŜ ǘƻ ¦± ƻǊ ǾƛǎƛōƭŜ ƭƛƎƘǘΣ ŀƭǘŜǊƛƴƎ ǘƘŜ ƘȅōǊƛŘƛȊŀǝƻƴ ǇǊƻǇŜǊǝŜǎ ƻŦ 5b! 

ǎǘǊŀƴŘǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ̧ ŀƴƎ Ŝǘ ŀƭΦ ǳǎŜŘ ŀȊƻōŜƴȊŜƴŜ ƳƻŘƛŬŜŘ 5b! ǘƻ ŀǎǎŜƳōƭŜ ŀƴŘ ŘƛǎŀǎǎŜƳōƭŜ 

ƘŜȄŀƎƻƴŀƭ 5b! ƻǊƛƎŀƳƛ ǳƴƛǘǎ ƛƴǘƻ м5 ŎƘŀƛƴǎ ōȅ ŀƭǘŜǊƴŀǝƴƎ ¦± ŀƴŘ ǾƛǎƛōƭŜ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜΦόпнύ 

5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ ƘŀǾŜ ōŜŜƴ ŜƳǇƭƻȅŜŘ ƛƴ ŘƛǾŜǊǎŜ ŀǇǇƭƛŎŀǝƻƴǎΣ ƛƴŎƭǳŘƛƴƎ ǇǊƻǘŜƛƴ ǇŀǧŜǊƴƛƴƎΣ 

ƴŀƴƻǇŀǊǝŎƭŜ ŀǎǎŜƳōƭȅΣ ǾŜǎƛŎƭŜ ƳŀƴƛǇǳƭŀǝƻƴΦόпоύ wŀƳŀƪǊƛǎƘƴŀƴ Ŝǘ ŀƭΦ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŜƛǊ ǳǎŜ ŀǎ 

ƭƛǘƘƻƎǊŀǇƘƛŎ Ƴŀǎƪǎ ŦƻǊ ŘƛǊŜŎǝƴƎ ƴƻƴπǎǇŜŎƛŬŎ ǇǊƻǘŜƛƴ ŀōǎƻǊǇǝƻƴΣ ŜƴŀōƭƛƴƎ ǇǊŜŎƛǎŜ ǇŀǧŜǊƴƛƴƎ ƻŦ 

ǇǊƻǘŜƛƴǎ ƭƛƪŜ .{! ŀƴŘ wŜŘʲΦόппύ {ƛƳƛƭŀǊƭȅΣ !ǳbtǎ ŀƴŘ !ǳbwǎ ƘŀǾŜ ōŜŜƴ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ н5 ŀƴŘ о5 5b! 
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мΦоΦм {ǘǊǳŎǘǳǊŜ ŀƴŘ /ƭŀǎǎƛŬŎŀǝƻƴ 

.ŀŎǘŜǊƛŀ ŀǊŜ ǎƛƴƎƭŜπŎŜƭƭ ƻǊƎŀƴƛǎƳǎ ǘƘŀǘ ŀǊŜ ŀōǳƴŘŀƴǘƭȅ ŦƻǳƴŘ ƛƴ ƴŀǘǳǊŜΦ ¢ƘŜȅ ƭŀŎƪ ŀ ƴǳŎƭŜŀǊ ƳŜƳōǊŀƴŜ 

όǇǊƻƪŀǊȅƻǝŎύ ŀƴŘ ŘƛǾƛŘŜ ōȅ ōƛƴŀǊȅ ŬǎǎƛƻƴΦ ¢ƘŜȅ ŜȄƛǎǘ ōƻǘƘ ƛƴ ǇŀǊŀǎƛǝŎ ŦƻǊƳ ŀƴŘ ŦǊŜŜπƭƛǾƛƴƎ ŦƻǊƳΣ ǘƘŜȅ 

ƘŀǾŜ ƛƴŎǊŜŘƛōƭŜ ŎŀǇŀŎƛǘȅ ǘƻ ŀŘŀǇǘ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƴƎŜǎ ŀǊƻǳƴŘ ƻǊ ƛƴ ƻǘƘŜǊ ǘŜǊƳǎ ŜǾƻƭǾŜ ōȅ 

ǎǇƻƴǘŀƴŜƻǳǎ Ƴǳǘŀǝƻƴǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜƛǊ ǎǳǊǾƛǾŀƭΦ ¢ƘŜǎŜ ƻǊƎŀƴƛǎƳǎ ŀǊŜ ŜȄŎŜǇǝƻƴŀƭƭȅ ǎƳŀƭƭΣ 

ƳŜŀǎǳǊƛƴƎ Ƨǳǎǘ ŀ ŦŜǿ ƳƛŎǊƻƴǎ ƛƴ ǎƛȊŜΣ ŀƭǘƘƻǳƎƘ ǘƘŜǊŜ ŀǊŜ ǎƻƳŜ ŜȄŎŜǇǝƻƴǎ ƛƴ ƴŀǘǳǊŜΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ǘƘŜ 

ōŀŎǘŜǊƛǳƳ ¢ƘƛƻƳŀǊƎŀǊǝŀ ƳŀƎƴƛŬŎŀ Ŏŀƴ ǊŜŀŎƘ ŀƴ ŜȄǘǊŀƻǊŘƛƴŀǊȅ ǎƛȊŜ ǳǇ ǘƻ ŀƴ ŀǾŜǊŀƎŜ ƻŦ мл 

ƳƛƭƭƛƳŜǘŜǊǎΦόптύ  

.ŀŎǘŜǊƛŀ ǊŀƴƎŜ ƛƴ ŘƛũŜǊŜƴǘ ǎƘŀǇŜǎ ƴŀƳŜƭȅ ŎƻŎŎƛ όǊƻǳƴŘ ƻǊ ŜƭƭƛǇǎƻƛŘŀƭ ŎŜƭƭǎύΣ ǊƻŘǎ όŜƭƻƴƎŀǘŜŘ ŎŜƭƭǎύΣ 

ǎǇƛǊŀƭΣ ŎƻƳƳŀ ǎƘŀǇŜŘ ŀƴŘ ŬƭŀƳŜƴǘƻǳǎ ōǊŀƴŎƘŜŘ ŎŜƭƭǎΦ CǳǊǘƘŜǊ ōŀŎǘŜǊƛŀ Ŏŀƴ ōŜ ŎƭŀǎǎƛŬŜŘ ŀǎ ƳƻǝƭŜ ŀƴŘ 

ƴƻƴπƳƻǝƭŜ ōŀǎŜŘ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ŀǇǇŜƴŘŀƎŜ ŦƻǊ ƭƻŎƻƳƻǝƻƴ ŎŀƭƭŜŘ ƅŀƎŜƭƭŀ όǘȅǇƛŎŀƭƭȅ рπнл ҡƳ ƭƻƴƎΣ млπ

нл ƴƳ ƛƴ ŘƛŀƳŜǘŜǊύΦόпуΣ пфύ ¢ƘŜǎŜ ƅŀƎŜƭƭŀ ŀǇǇŜƴŘŀƎŜǎ ŀǊŜ ŘƻƳƛƴŀƴǘƭȅ ŦƻǳƴŘ ƻƴ ōŀŎƛƭƭƛ ōŀŎǘŜǊƛŀ ōǳǘ 

ǊŀǊŜƭȅ ƻƴ ŎƻŎŎƛΦόрлύ CǳǊǘƘŜǊƳƻǊŜΣ ǘǿƻ ƻǘƘŜǊ ŎƻƳƳƻƴƭȅ ŦƻǳƴŘ ǎǳǊŦŀŎŜ ŀǇǇŜƴŘŀƎŜǎ ƻƴ ōŀŎǘŜǊƛŀ ŀǊŜ Ǉƛƭƛ 

ŀƴŘ ŬƳōǊƛŀŜΦ tƛƭƛ ŀǊŜ ƭƻƴƎΣ ƅŜȄƛōƭŜΣ ŬƭŀƳŜƴǘƻǳǎ ŀǇǇŜƴŘŀƎŜǎ ŎƻƳǇƻǎŜŘ Ƴŀƛƴƭȅ ƻŦ ǇǊƻǘŜƛƴ ǇƛƭƛƴΦ ¢ƘŜǊŜ 

ŀǊŜ ƎŜƴŜǊŀƭƭȅ ǳǎŜŘ ƛƴ ōŀŎǘŜǊƛŀƭ ŎƻƴƧǳƎŀǝƻƴ όǘǊŀƴǎŦŜǊ ƻŦ 5b! ōŜǘǿŜŜƴ ōŀŎǘŜǊƛŀƭ ŎŜƭƭǎύΣ  ƳƻǝƭƛǘȅΣ ŀƴŘ 

ŀŘƘŜǎƛƻƴ ŀƴŘ ŎƻƭƻƴƛȊŀǝƻƴ ōŀǎŜŘ ƻƴ ǘƘŜ ǘȅǇŜ ƻŦ Ǉƛƭƛ ǇǊƻǘǊǳŘƛƴƎ ŦǊƻƳ ǘƘŜ ōŀŎǘŜǊƛŀΦ όрмύ ²ƘŜǊŜŀǎΣ 

ŬƳōǊƛŀŜ ŀǊŜ ǎƘƻǊǘΣ ǊƛƎƛŘΣ ƘŀƛǊπƭƛƪŜ ǎǘǊǳŎǘǳǊŜǎ ŎƻƳǇƻǎŜŘ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ƻŦ ǘƘŜ ǇǊƻǘŜƛƴ ŬƳōǊƛƭƭƛƴ ŀƴŘ ŀǊŜ 

ǘȅǇƛŎŀƭƭȅ ŦƻǳƴŘ ƳƻǊŜ ƴǳƳŜǊƻǳǎ ǘƘŀƴ Ǉƛƭƛ ŀǎ ǎǳǊŦŀŎŜ ŀǇǇŜƴŘŀƎŜǎΦ ¢ƘŜǊŜ ǇǊƛƳŀǊȅ ǊƻƭŜ ƛƴǾƻƭǾŜǎ ŀŘƘŜǎƛƻƴ 

ŀƴŘ ōƛƻŬƭƳ ŦƻǊƳŀǝƻƴΣ ǿƘƛŎƘ ƛǎ ŎǊǳŎƛŀƭ ŦƻǊ ŎƻƭƻƴƛȊŀǝƻƴ ƻŦ ōŀŎǘŜǊƛŀΦόрмύ ¢ƘŜ ǘŜǊƳ Ǉƛƭƛ ŀƴŘ ŬƳōǊƛŀŜ ŀǊŜ 

ǳǎŜŘ ƛƴǘŜǊŎƘŀƴƎŜŀōƭȅ ōȅ ǇŜƻǇƭŜΦ  

CǳǊǘƘŜǊƳƻǊŜΣ DǊŀƳπǎǘŀƛƴƛƴƎ ŀ ŘƛũŜǊŜƴǝŀƭ ǎǘŀƛƴƛƴƎ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ ŎƻǳƭŘ ŘƛũŜǊŜƴǝŀǘŜ ōŀŎǘŜǊƛŀ ōŀǎŜŘ 

ƻƴ ǘƘŜƛǊ ǎǘŀƛƴƛƴƎ ǇǊƻǇŜǊǝŜǎ ƻŦ ŎŜƭƭ ǿŀƭƭ ŀǎ DǊŀƳπǇƻǎƛǝǾŜ ŀƴŘ DǊŀƳπƴŜƎŀǝǾŜ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ōȅ ŀ 

5ŀƴƛǎƘ ōŀŎǘŜǊƛƻƭƻƎƛǎǘ Iŀƴǎ /ƘǊƛǎǝŀƴ DǊŀƳ ƛƴ муупΦόрнύ ¢ƘŜǎŜ ŘƛũŜǊŜƴŎŜ ƛƴ ǎǘŀƛƴƛƴƎ ǇǊƻǇŜǊǝŜǎ Ŏŀƴ ōŜ 

ŀǧǊƛōǳǘŜŘ ǘƻ ǘƘŜ ŘǊŀǎǝŎ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ƻǊƎŀƴƛȊŀǝƻƴ ƻŦ ŎŜƭƭ ŜƴǾŜƭƻǇŜ ƻǊ ŎŜƭƭ ǿŀƭƭΦ DǊŀƳπǇƻǎƛǝǾŜ 

ōŀŎǘŜǊƛŀ ƘŀǾŜ ŀ ǘƘƛŎƪ ŀƴŘ Ŏƻƴǝƴǳƻǳǎ ǇŜǇǝŘƻƎƭȅŎŀƴ ƭŀȅŜǊ ƻŦ нлπул ƴƳ όǎŜŜ CƛƎǳǊŜ уύ ŀƭǎƻ ŎŀƭƭŜŘ 

ǎŀŎŎǳƭǳǎΦ ¢ƘŜ ǘƘƛŎƪ ǇŜǇǝŘƻƎƭȅŎŀƴ ƭŀȅŜǊ Ŏƻƴǎƛǎǘǎ ƻŦ ǘŜƛŎƘƻƛŎ ŀŎƛŘΣ ǇŜǇǝŘƻƎƭȅŎƻƭƛǇƛŘǎ ŀƴŘ π̡мΣп ƭƛƴƪŜŘ bπ

ŀŎŜǘȅƭƎƭǳŎƻǎŀƳƛƴŜ ŀƴŘ bπŀŎŜǘȅƭƳǳǊŀƳƛŎ ŀŎƛŘ ŘƛǎŀŎŎƘŀǊƛŘŜ ǳƴƛǘǎ ǿƘƛŎƘ ŀǊŜ ŎǊƻǎǎ ƭƛƴƪŜŘ ōȅ ǎƘƻǊǘ 

ǇŜǇǝŘŜǎ ŀƴŘ ŦƻƭƭƻǿŜŘ ōȅ ŀ ƭŀȅŜǊ ƻŦ ƳŜƳōǊŀƴŜΦόроύ Lƴ ǘƘŜ DǊŀƳπƴŜƎŀǝǾŜ ōŀŎǘŜǊƛŀ ǘƘŜ ǇŜǇǝŘƻƎƭȅŎŀƴ 

ƭŀȅŜǊ όтΦрπмл ƴƳύ ƛǎ ǘƘƛƴ ŀƴŘ ǇǊƻōŀōƭȅ ƻƴƭȅ ŀ ƳƻƴƻƭŀȅŜǊ ǘƘƛŎƪΦ hǳǘǎƛŘŜ ǘƘŜ ǇŜǇǝŘƻƎƭȅŎŀƴ ƭŀȅŜǊ ƛǎ ŀƴ 
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ƻǳǘŜǊ ƳŜƳōǊŀƴŜ ƭŀȅŜǊ όƭƛǇƻǇƻƭȅǎŀŎŎƘŀǊƛŘŜǎΣ ǇƻǊƛƴǎύ ǿƘƛŎƘ ƛǎ ƴƻƴŎƻǾŀƭŜƴǘƭȅ ōƻǳƴŘ ǘƻ .ǊŀǳƴΩǎ 

ƭƛǇƻǇǊƻǘŜƛƴǎΣ ŀƴŘ ǿƘƛŎƘ ŀǊŜ ƛƴ ǘǳǊƴ ŎƻǾŀƭŜƴǘƭȅ ōƻǳƴŘ ǘƻ ǇŜǇǝŘƻƎƭȅŎŀƴ ƭŀȅŜǊΦ  

 

CƛƎǳǊŜ уΥ DǊŀƳ ǇƻǎƛǝǾŜ ŎŜƭƭ ǿƛǘƘ ŀ ǘƘƛŎƪ ǇŜǇǝŘƻƎƭȅŎŀƴ ƭŀȅŜǊ ŦƻƭƭƻǿŜŘ ōȅ ǇŜǊƛǇƭŀǎƳƛŎ ǎǇŀŎŜ ŀƴŘ ƛƴƴŜǊ ƳŜƳōǊŀƴŜΣ 
DǊŀƳ ƴŜƎŀǝǾŜ ŎŜƭƭ ǿƛǘƘ ŀƴ ƻǳǘŜǊ ƳŜƳōǊŀƴŜ ŦƻƭƭƻǿŜŘ ōȅ ŀ ǘƘƛƴ ǇŜǇǝŘƻƎƭȅŎŀƴ ƭŀȅŜǊΣ ǇŜǊƛǇƭŀǎƳƛŎ ǎǇŀŎŜ ŀƴŘ ŀƴ 
ƛƴƴŜǊ ƳŜƳōǊŀƴŜΦώwŜǇǊƛƴǘŜŘ ōȅ ǇŜǊƳƛǎǎƛƻƴ ŦǊƻƳΥ όрпύϐ 

CƻƭƭƻǿŜŘ ōȅ ǘƘƛǎ ƛǎ ǇŜǊƛǇƭŀǎƳƛŎ ǎǇŀŎŜ ǿƘƛŎƘ ƛǎ ǘƘŜ ǊŜƎƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƻǳǘŜǊ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ƛƴƴŜǊ 

ƳŜƳōǊŀƴŜ όǇǊƻǘƻǇƭŀǎǘύ ŀƴŘ ƛƴƴŜǊ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ƻǳǘŜǊ ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜΦ ¢Ƙƛǎ ǊŜƎƛƻƴ Ŏƻƴǎƛǎǘǎ ƻŦ 

ƘȅŘǊƻƭȅǝŎΣ ŀƳƛƴƻƎƭȅŎƻǎƛŘŜπƳƻŘƛŦȅƛƴƎ ŀƴŘ ǇƭŀǎƳƛŘ ŜƴŎƻŘŜŘ ƭŀŎǘŀƳŀǎŜǎ ŜƴȊȅƳŜǎΣ ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴǎ ŦƻǊ 

ǘǊŀƴǎǇƻǊǘ ƻŦ ǎǳƎŀǊǎ ŀƴŘ ŀƳƛƴƻ ŀŎƛŘǎ ǘƻ ƛƴƴŜǊ ƳŜƳōǊŀƴŜΦ CƻƭƭƻǿƛƴƎ ǘƘƛǎ ƭŀȅŜǊ ƛǎ ǘƘŜ ƛƴƴŜǊ ƳŜƳōǊŀƴŜ 

ǿƘƛŎƘ Ŏƻƴǎƛǎǘǎ ƻŦ ǇƘƻǎǇƘƻƭƛǇƛŘǎ ŀƴŘ ǇǊƻǘŜƛƴǎ ƛƴ ŀ Ǌŀǝƻ ƻŦ мΥо ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ Ƴŀƛƴ ŦǳƴŎǝƻƴ ƻŦ ǘƘŜ 

ƛƴƴŜǊ ƭŀȅŜǊ ǿƘƛŎƘ ƛǎ ǇǊŜǎŜƴǘ ƛƴ ōƻǘƘ DǊŀƳπǇƻǎƛǝǾŜ ŀƴŘ DǊŀƳπƴŜƎŀǝǾŜ ƛǎ ōŀǎƛŎŀƭƭȅ ŀŎǝǾŜ ǘǊŀƴǎǇƻǊǘ ƻŦ 

ƳƻƭŜŎǳƭŜǎΣ ŜƴŜǊƎȅ ǘǊŀƴǎŘǳŎƛƴƎ ǎȅǎǘŜƳǎ ŀƴŘ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ǇŜǇǝŘƻƎƭȅŎŀƴ ŀƴŘ ŎŀǇǎǳƭŀǊ 

ǇƻƭȅǎŀŎŎƘŀǊƛŘŜǎΦόррΣ рсύ   

мΦоΦм .ƛƻŬƭƳ CƻǊƳŀǝƻƴ ŀƴŘ CŀŎǘƻǊǎ LƴƅǳŜƴŎƛƴƎ ǘƘŜ CƻǊƳŀǝƻƴ 

.ŀŎǘŜǊƛŀƭ ōƛƻŬƭƳǎ ŀǊŜ ǎǘǊǳŎǘǳǊŜŘ ŎƻƳƳǳƴƛǝŜǎ ƻŦ ōŀŎǘŜǊƛŀ ŜƴŎŀǇǎǳƭŀǘŜŘ ǿƛǘƘƛƴ ŀ ǎŜƭŦπǇǊƻŘǳŎŜŘ 

ƘȅŘǊŀǘŜŘ ǇƻƭȅƳŜǊƛŎ ŜȄǘǊŀŎŜƭƭǳƭŀǊ ƳŀǘǊƛȄ ό9t{ύΣ ŎƻƳǇƻǎŜŘ ǇǊƛƳŀǊƛƭȅ ƻŦ ǇƻƭȅǎŀŎŎƘŀǊƛŘŜǎΣ ǇǊƻǘŜƛƴǎΣ 

ŜȄǘǊŀŎŜƭƭǳƭŀǊ 5b! όŜ5b!ύΣ ƭƛǇƛŘǎ ŀƴŘ ƘǳƳƛŎ ŀŎƛŘ ǎǳōǎǘŀƴŎŜǎΦ ¢ƘŜǎŜ ōƛƻŬƭƳǎ ŀŘƘŜǊŜ ŬǊƳƭȅ ǘƻ ǎǳǊŦŀŎŜǎ 

ŀƴŘ ƛƴǘŜǊŦŀŎŜǎ όōƛƻǝŎ ƻǊ ŀōƛƻǝŎύΣ ǇǊƻǾƛŘƛƴƎ ōŀŎǘŜǊƛŀ ŜƴƘŀƴŎŜŘ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘǊŜǎǎΣ 

ŀƴǝƳƛŎǊƻōƛŀƭ ŀƎŜƴǘǎ ŀƴŘ Ƙƻǎǘ ƛƳƳǳƴŜ ǊŜǎǇƻƴǎŜΦόртςрфύ  

¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ ǎǘŀƎŜǎ ƻŦ ōƛƻŬƭƳ ŦƻǊƳŀǝƻƴ όǎŜŜ CƛƎǳǊŜ фύΣ ŀƴŘ ƛǘ Ŧƻƭƭƻǿǎ ŀ ǎŜǉǳŜƴǝŀƭ ǇǊƻŎŜǎǎΥ 

мΦ Lƴƛǝŀƭ ŀǧŀŎƘƳŜƴǘΥ tƭŀƴƪǘƻƴƛŎ ōŀŎǘŜǊƛŀƭ ŎŜƭƭǎ ŀǧŀŎƘ ǊŜǾŜǊǎƛōƭȅ ǘƻ ŀ ǎǳǊŦŀŎŜ Ǿƛŀ ǿŜŀƪ 

ǇƘȅǎƛƻŎƘŜƳƛŎŀƭ ƛƴǘŜǊŀŎǝƻƴǎΦ 

нΦ LǊǊŜǾŜǊǎƛōƭŜ ŀǧŀŎƘƳŜƴǘ ŀƴŘ ƳƛŎǊƻŎƻƭƻƴȅ ŦƻǊƳŀǝƻƴΥ .ŀŎǘŜǊƛŀ ōŜƎƛƴ ǎŜŎǊŜǝƴƎ 9t{Σ ǊŜƛƴŦƻǊŎƛƴƎ 

ǘƘŜƛǊ ŀŘƘŜǊŜƴŎŜ ŀƴŘ ǘǊŀƴǎƛǝƻƴƛƴƎ ǘƻ ƛǊǊŜǾŜǊǎƛōƭŜ ŀǧŀŎƘƳŜƴǘΦ 
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оΦ aŀǘǳǊŀǝƻƴ ŀƴŘ ƎǊƻǿǘƘΥ aƛŎǊƻŎƻƭƻƴƛŜǎ ŜȄǇŀƴŘ ƛƴǘƻ ǎǘǊǳŎǘǳǊŜŘ ōƛƻŬƭƳǎΣ ŘŜǾŜƭƻǇƛƴƎ 

ŎƘŀǊŀŎǘŜǊƛǎǝŎ ŀǊŎƘƛǘŜŎǘǳǊŜ ǿƛǘƘ ƴǳǘǊƛŜƴǘ ŎƘŀƴƴŜƭǎ ŦŀŎƛƭƛǘŀǝƴƎ ŜŶŎƛŜƴǘ ƴǳǘǊƛŜƴǘ ŘƛǎǘǊƛōǳǝƻƴ 

ŀƴŘ ǿŀǎǘŜ ǊŜƳƻǾŀƭΦ  

пΦ 5ƛǎǇŜǊǎƛƻƴΥ aŀǘǳǊŜ ōƛƻŬƭƳǎ ǊŜƭŜŀǎŜ ŎŜƭƭǎΣ ǊŜǘǳǊƴƛƴƎ ǎƻƳŜ ōŀŎǘŜǊƛŀ ǘƻ ǇƭŀƴƪǘƻƴƛŎ ǎǘŀǘŜ ǘƻ 

ŎƻƭƻƴƛȊŜ ƴŜǿ ǎǳǊŦŀŎŜǎΦ όслςснύ  

 

CƛƎǳǊŜ фΥ {ŎƘŜƳŀǝŎ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ǎǘŀƎŜǎ ƻŦ ōƛƻŬƭƳ ŦƻǊƳŀǝƻƴΦ ώwŜǇǊƛƴǘŜŘ ōȅ ǇŜǊƳƛǎǎƛƻƴ ŦǊƻƳΥ όсоύϐ 

CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ ŦŀŎǘƻǊǎ ƛƴƅǳŜƴŎƛƴƎ ōƛƻŬƭƳ ƎǊƻǿǘƘ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ ǎǘǊǳŎǘǳǊŀƭ 

ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΥ 

мΦ {ǳǊŦŀŎŜ ǇǊƻǇŜǊǝŜǎΥ {ǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎΣ ŎƘŜƳƛǎǘǊȅΣ ƘȅŘǊƻǇƘƻōƛŎƛǘȅ ŀƴŘ ŜƭŜŎǘǊƻǎǘŀǝŎ 

ƛƴǘŜǊŀŎǝƻƴǎΦόспύ 

нΦ bǳǘǊƛŜƴǘ ŀǾŀƛƭŀōƛƭƛǘȅΥ bǳǘǊƛŜƴǘ ŎƻƴŎŜƴǘǊŀǝƻƴ ŀƴŘ ǘȅǇŜ ǇǊƻŦƻǳƴŘƭȅ ŀũŜŎǘ ōƛƻŬƭƳ ŘŜƴǎƛǘȅΣ 

ǘƘƛŎƪƴŜǎǎΣ ŀƴŘ ǎǘǊǳŎǘǳǊŀƭ ŎƻƳǇƭŜȄƛǘȅΦ [ƛƳƛǘŜŘ ƴǳǘǊƛŜƴǘǎ Ŏŀƴ ƭŜŀŘ ǘƻ ǘƘƛƴƴŜǊ ōƛƻŬƭƳǎΣ ǿƘŜǊŜŀǎ 

ŀōǳƴŘŀƴǘ ƴǳǘǊƛŜƴǘǎ ǘȅǇƛŎŀƭƭȅ ǘƘƛŎƪŜǊ ōƛƻŬƭƳǎΦόсрύ   

оΦ IȅŘǊƻŘȅƴŀƳƛŎ ŎƻƴŘƛǝƻƴǎΥ {ƘŜŀǊ ŦƻǊŎŜǎ ƎŜƴŜǊŀǘŜŘ ōȅ ƅǳƛŘ ƅƻǿ ŘƛǊŜŎǘƭȅ ƛƴƅǳŜƴŎŜ ōƛƻŬƭƳ 

ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ǎǘǊŜƴƎǘƘΦ ! ƘƛƎƘŜǊ ǎƘŜŀǊ ƅƻǿ ǘȅǇƛŎŀƭƭȅ ǇǊƻŘǳŎŜǎ ŎƻƳǇŀŎǘ ŀƴŘ ǎǘŀōƭŜ ōƛƻŬƭƳ 

ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ 9t{ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǎƛƎƴŀƭƛƴƎ ƳƻƭŜŎǳƭŜǎ ŀƴŘ ǾƛŎŜ ǾŜǊǎŀ ŦƻǊ ŀ ƭƻǿ ǎƘŜŀǊ 

ŎƻƴŘƛǝƻƴǎΦόспύ 

пΦ vǳƻǊǳƳ ǎŜƴǎƛƴƎ όv{ύΥ v{ ƛǎ ŀ ŎŜƭƭπǘƻπŎŜƭƭ ŎƻƳƳǳƴƛŎŀǝƻƴ ƳŜŎƘŀƴƛǎƳ ǿƘŜǊŜ ōŀŎǘŜǊƛŀ 

ŎƻƻǊŘƛƴŀǘŜ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ōŀǎŜŘ ƻƴ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǘȅ ŀƴŘ ǎǳǊǾƛǾŀƭ ƴŜŜŘǎ ŦƻǊ ōƛƻŬƭƳ 

ŘƛũŜǊŜƴǝŀǝƻƴΦ όссΣ стύ 

рΦ tǊŜǎŜƴŎŜ ƻŦ ŀƴǝƳƛŎǊƻōƛŀƭǎ ŀƴŘ ǎǘǊŜǎǎ ŎƻƴŘƛǝƻƴǎΥ {ǳōπƛƴƘƛōƛǘƻǊȅ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ŀƴǝōƛƻǝŎǎ 

ƻǊ ŀƴǝƳƛŎǊƻōƛŀƭǎ ŎƻƳǇƻǳƴŘǎ Ŏŀƴ ǎǝƳǳƭŀǘŜ ōƛƻŬƭƳ ŦƻǊƳŀǝƻƴ ŀǎ ŀ ōŀŎǘŜǊƛŀƭ ŘŜŦŜƴǎŜ 

ƳŜŎƘŀƴƛǎƳΦ όсуύ 
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CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ ǎǘǳŘƛŜǎ ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ǾŀǊƛƻǳǎ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ōŀŎǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎ 

ŀũŜŎǘ ōŀŎǘŜǊƛŀƭ ŀŘƘŜǎƛƻƴ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ ōƛƻŬƭƳ ŦƻǊƳŀǝƻƴ ƛƴ ŘƛũŜǊŜƴǘ ǿŀȅǎΣ ōǳǘ ǘƘŜǎŜ ŎƻƴŎƭǳǎƛƻƴǎ 

ŀǊŜ ŀƭǿŀȅǎ ƭƛƳƛǘŜŘ ǘƻ ŎŜǊǘŀƛƴ ǘȅǇŜǎ ƻŦ ōŀŎǘŜǊƛŀƭ ǎǇŜŎƛŜǎ ŀƴŘ ƴƻǘ ŀƭƭ ōŀŎǘŜǊƛŀ Ŏŀƴ ōŜ ǘǊŜŀǘŜŘ ƛƴ ǘƘŜ ǎŀƳŜ 

ǿŀȅ ǘƻ ƻōǎŜǊǾŜ ǎƛƳƛƭŀǊ ŜũŜŎǘǎ ŀǎ ǘƘŜ 9t{ ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ v{ ƳƻƭŜŎǳƭŜǎ ǿƛƭƭ ŘƛũŜǊ ōŜǘǿŜŜƴ ŘƛũŜǊŜƴǘ 

ǎǇŜŎƛŜǎΦ 

мΦп {ǘǊǳŎǘǳǊŜΣ /ƭŀǎǎƛŬŎŀǝƻƴ ŀƴŘ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ±ƛǊǳǎŜǎ 

±ƛǊǳǎŜǎ ŀǊŜ ƳƛŎǊƻǎŎƻǇƛŎ ŜƴǝǝŜǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ǎƳŀƭƭŜǊ ǘƘŀƴ ōŀŎǘŜǊƛŀ ŀƴŘ ŜǳƪŀǊȅƻǝŎ ŎŜƭƭǎΦ ¢ƘŜ ŬǊǎǘ ǾƛǊǳǎ 

ŜǾŜǊ ŘƛǎŎƻǾŜǊŜŘ ǿŀǎ ƛƴ ǘƘŜ мфǘƘ ŎŜƴǘǳǊȅ όмуфнύ ōȅ wǳǎǎƛŀƴ aƛŎǊƻōƛƻƭƻƎƛǎǘ 5ƳƛǘǊȅ LΦ LǾŀƴƻǾǎƪȅ ǿƘƛƭŜ 

ǎǘǳŘȅƛƴƎ ŀ ŘƛǎŜŀǎŜŘ ǘƻōŀŎŎƻ Ǉƭŀƴǘ ŀƴŘ ǘƘŜ ǾƛǊǳǎ ŦƻǳƴŘ ǿŀǎ ŀ ǘƻōŀŎŎƻ ƳƻǎŀƛŎ ǾƛǊǳǎΦόсфύ ¢ƘŜƛǊ ǎƛȊŜ 

ǊŀƴƎŜǎ ŦǊƻƳ нлπнлл ƴƳΣ ǘƘƻǳƎƘ ǎƻƳŜ Ŏŀƴ ŜȄŎŜŜŘ мллл ƴƳ όŜΦƎΦΣ tƛǘƘƻǾƛǊǳǎ ŀƴŘ tŀƴŘƻǊŀ ǾƛǊǳǎύΦ ±ƛǊǳǎŜǎ 

ǊŜƭȅ ŜƴǝǊŜƭȅ ƻƴ Ƙƻǎǘ ŎŜƭƭǎ ŦƻǊ ǊŜǇƭƛŎŀǝƻƴΣ ŀǎǎŜƳōƭƛƴƎ ƴŜǿ ǾƛǊƛƻƴǎ ŘŜ ƴƻǾƻ ǊŀǘƘŜǊ ǘƘŀƴ ŘƛǾƛŘƛƴƎ ŎŜƭƭǎΦόтлύ 

¢ƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ǾƛǊŀƭ ǇŀǊǝŎƭŜ Ŏƻƴǎƛǎǘǎ ƻŦ Υ  

 

CƛƎǳǊŜ млΥ /ƭŀǎǎƛŬŎŀǝƻƴ ƻŦ ǾƛǊǳǎŜǎ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ƴǳŎƭŜƛŎ ŀŎƛŘ ŎƻƴǘŜƴǘ ŀƴŘ ŎƭŀǎǎƛŬŜŘ ōŀǎŜŘ ƻƴ ŘƛǎǝƴƎǳƛǎƘƛƴƎ 
ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΦ ώwŜǇǊƛƴǘŜŘ ōȅ ǇŜǊƳƛǎǎƛƻƴ ŦǊƻƳΥ όтмύϐ 
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мΦ /ŀǇǎƛŘΥ ! ǇǊƻǘŜƛƴ ǎƘŜƭƭ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ƎŜƴŜǝŎ ƳŀǘŜǊƛŀƭΣ ǘƘŜ ŎŀǇǎƛŘ ŎƻƳŜǎ ƛƴ ǘǿƻ ǇǊŜŘƻƳƛƴŀƴǘ 

ǎƘŀǇŜǎ ƛΦŜΦΣ ƘŜƭƛŎŀƭ ŀƴŘ ƛŎƻǎŀƘŜŘǊŀƭΦ !ƭǘƘƻǳƎƘΣ ǎƻƳŜ ǾƛǊǳǎŜǎ ŜȄƘƛōƛǘ ǳƴƛǉǳŜ ŀǊŎƘƛǘŜŎǘǳǊŜ ǘƘŀǘ 

ŘŜǾƛŀǘŜǎ ŦǊƻƳ ƘŜƭƛŎŀƭ ƻǊ ƛŎƻǎŀƘŜŘǊŀ ǇŀǧŜǊƴǎΦ 

нΦ 9ƴǾŜƭƻǇŜΥ  {ƻƳŜ ǾƛǊǳǎŜǎ ŀǊŜ ŜƴǾŜƭƻǇŜŘ ǿƛǘƘ ƭƛǇƛŘ ƳŜƳōǊŀƴŜ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ Ƙƻǎǘ ŎŜƭƭǎΣ ǿƘƛŎƘ 

ƻǘƘŜǊǎ ŀǊŜ ƴŀƪŜŘ όƴƻƴπŜƴǾŜƭƻǇŜŘύΦ 

9ŀŎƘ ǾƛǊǳǎ ŀƭǎƻ ǇƻǎǎŜǎǎŜǎ ŀ ǾƛǊǳǎ ŀǧŀŎƘƳŜƴǘ ǇǊƻǘŜƛƴ ŜƳōŜŘŘŜŘ ƛƴ ƛǘǎ ƻǳǘŜǊƳƻǎǘ ƭŀȅŜǊ ƛΦŜΦΣ ŎŀǇǎƛŘ ƛƴ 

ǘƘŜ ŎŀǎŜ ƻŦ ƴŀƪŜŘ ǾƛǊǳǎŜǎ ŀƴŘ ǘƘŜ ŜƴǾŜƭƻǇŜ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ŜƴǾŜƭƻǇŜŘ ǾƛǊǳǎŜǎΦ ¢ƘŜǎŜ ǇǊƻǘŜƛƴǎ ŦŀŎƛƭƛǘŀǘŜ 

ǘƘŜ ŘƻŎƪƛƴƎ ƻŦ ǾƛǊǳǎ ǘƻ ǘƘŜ ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜ ƻŦ ǘƘŜ Ƙƻǎǘ ŎŜƭƭΦ  

/ƭŀǎǎƛŬŎŀǝƻƴ ǎȅǎǘŜƳǎ ƭƛƪŜ ǘƘŜ .ŀƭǝƳƻǊŜ ǎŎƘŜƳŜ ŎŀǘŜƎƻǊƛȊŜ ǾƛǊǳǎŜǎ ƛƴǘƻ ǎŜǾŜƴ ŎƭŀǎǎŜǎ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ 

ƎŜƴƻƳŜ ǘȅǇŜ ό9ƛǘƘŜǊ 5b! ƻǊ wb!ύ ŀƴŘ ǊŜǇƭƛŎŀǝƻƴ ǎǘǊŀǘŜƎȅ όǎŜŜ CƛƎǳǊŜ млύΣ ǿƘƛƭŜ ǘƘŜ L/¢± ǎȅǎǘŜƳ ǳǎŜǎ 

ŀ ǘŀȄƻƴƻƳƛŎ ƘƛŜǊŀǊŎƘȅ όƻǊŘŜǊΣ ŦŀƳƛƭȅΣ ƎŜƴǳǎ ŀƴŘ ǎǇŜŎƛŜǎύΦόтлΣ тмύ 

мΦпΦм ½ƛƪŀ ±ƛǊǳǎ 

½ƛƪŀ ǾƛǊǳǎ ό½LY±ύ ƛǎ ŀ ƳƻǎǉǳƛǘƻπōƻǊƴŜ ǇŀǘƘƻƎŜƴ ŬǊǎǘ ƛŘŜƴǝŬŜŘ ƛƴ ¦ƎŀƴŘŀ ŀƴŘ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ŀ ǎŜƴǝƴŜƭ 

ǊƘŜǎǳǎ ƳƻƴƪŜȅ ƛƴ ȅŜŀǊ мфптΦ Lǘ ōŜƭƻƴƎǎ ǘƻ CƭŀǾƛǾƛǊǳǎ ƎŜƴǳǎ ǿƛǘƘ ǘƘŜ CƭŀǾƛǾƛǊƛŘŀŜ ŦŀƳƛƭȅΣ ǎƘŀǊƛƴƎ ƭƛƴŜŀƎŜ 

ǿƛǘƘ ƻǘƘŜǊ ǾƛǊǳǎŜǎ ǎǳŎƘ ŀǎ ŘŜƴƎǳŜΣ ȅŜƭƭƻǿ ŦŜǾŜǊ ŀƴŘ ²Ŝǎǘ bƛƭŜΦ CƭŀǾƛǾƛǊǳǎ ŀǊŜ ǘǊŀƴǎƳƛǧŜŘ Ǿƛŀ 

ƘŜƳŀǘƻǇƘŀƎƻǳǎ ŀǊǘƘǊƻǇƻŘǎ ǎǳŎƘ ŀǎ ǝŎƪǎ ƻǊ ƳƻǎǉǳƛǘƻŜǎ όōŜƭƻƴƎƛƴƎ ǘƻ ƎŜƴǳǎ !ŜŘŜǎύΦ CƭŀǾƛǾƛǊǳǎŜǎ ŀǊŜ 

ǎƳŀƭƭΣ ƭƛǇƛŘ ŜƴǾŜƭƻǇŜŘΣ ŀƴŘ ǘƘŜ ƎŜƴƻƳŜ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ǇƻǎƛǝǾŜ ǇƻƭŀǊƛǘȅ ǎƛƴƎƭŜ ǎǘǊŀƴŘŜŘ wb!Φ ½LY± ƛǎ ŀƴ 

ƛŎƻǎŀƘŜŘǊŀƭ ǾƛǊŀƭ ǇŀǊǝŎƭŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ пл ƴƳ ƛƴ ŘƛŀƳŜǘŜǊΣ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ ǎƳƻƻǘƘ ǎǳǊŦŀŎŜ ŀƴŘ ŀƴ 

wb! ƎŜƴƻƳŜ ƻŦ ŀōƻǳǘ млΦу ƪƛƭƻōŀǎŜǎ όƪōύΦόтнΣ тоύ ¢ƘŜ ǾƛǊŀƭ ƳŜƳōǊŀƴŜ ƛǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ Ƙƻǎǘ ŎŜƭƭ 

ƳŜƳōǊŀƴŜ ŀƴŘ ƛǎ ŜƳōŜŘŘŜŘ ǿƛǘƘ ŜƴǾŜƭƻǇŜ ƎƭȅŎƻǇǊƻǘŜƛƴǎ ό9ύ ŀƴŘ ƳŜƳōǊŀƴŜ ǇǊƻǘŜƛƴǎ όaύ όмул ŎƻǇƛŜǎ 

ŜŀŎƘ ƻŦ 9 ŀƴŘ a ǇǊƻǘŜƛƴύΦ ¢ƘŜ 9 ǇǊƻǘŜƛƴ ŦƻǊƳǎ ŀ ǎƳƻƻǘƘΣ ƘŜǊǊƛƴƎōƻƴŜπƭƛƪŜ ǇŀǧŜǊƴ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ŀƴŘ 

ƛǎ ƎŜƴŜǊŀƭƭȅ ƛƴ ŘƛƳŜǊ ŦƻǊƳ όǎŜŜ CƛƎǳǊŜ ммύΦ ¦Ǉƻƴ ŜƴǘŜǊƛƴƎ ǘƘŜ ƘǳƳŀƴ ōƻŘȅ ½LY± ǘŀǊƎŜǘǎ ŜǇƛŘŜǊƳŀƭ 

ƪŜǊŀǝƴƻŎȅǘŜǎΣ ǎƪƛƴ ŬōǊƻōƭŀǎǘǎ ŀƴŘ ƭŀƴƎŜǊƘŀƴǎ ŎŜƭƭǎΦόтоύ 

 

CƛƎǳǊŜ ммΥ {ǘǊǳŎǘǳǊŜ ƻŦ ½ƛƪŀ ǾƛǊǳǎ ŀǘ ŀ ǊŜǎƻƭǳǝƻƴ ƻŦ оΦм !ƴƎǎǘǊƻƳΦ hǊŀƴƎŜπƻƴŜ ǎǳōǳƴƛǘ ƻŦ ǘƘŜ ŘƛƳŜǊΣ ƎǊŜŜƴπ 
ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǎǳōǳƴƛǘ ƻŦ ǘƘŜ 9πǇǊƻǘŜƛƴ ŘƛƳŜǊΣ ǇǳǊǇƭŜπ a ǇǊƻǘŜƛƴ ōŜƴŜŀǘƘ ǘƘŜ 9πǇǊƻǘŜƛƴ ƭŀȅŜǊ ƛƴǾƻƭǾŜŘ ƛƴ ǾƛǊŀƭ 
ŀǎǎŜƳōƭȅ ŀƴŘ ƳŀǘǳǊŀǝƻƴύ ŀƴŘ ƻǊƎŀƴƛȊŜŘ ƛƴǘƻ ǊŀƊǎΦόтпύ ώt5. L5Υ с/hуϐ 
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²ƘƛƭŜ Ƴŀƴȅ ½LY± ƛƴŦŜŎǝƻƴǎ ŀǊŜ ŀǎȅƳǇǘƻƳŀǝŎΣ ǎȅƳǇǘƻƳŀǝŎ ŎŀǎŜǎ ƻƊŜƴ ǇǊŜǎŜƴǘ ǿƛǘƘ ƳƛƭŘ ŦŜǾŜǊΣ ǊŀǎƘΣ 

ŎƻƴƧǳƴŎǝǾƛǝǎΣ ƳǳǎŎƭŜ ŀƴŘ Ƨƻƛƴǘ ǇŀƛƴΣ ŀƴŘ ƘŜŀŘŀŎƘŜΦ IƻǿŜǾŜǊΣ ½LY± Ƙŀǎ ōŜŜƴ ƭƛƴƪŜŘ ǘƻ ǎŜǾŜǊŜ 

ƴŜǳǊƻƭƻƎƛŎŀƭ ŎƻƳǇƭƛŎŀǝƻƴǎΦόтрΣ тсύ 

мΦпΦн .ŀŎǘŜǊƛƻǇƘŀƎŜǎΥ 5ƛǾŜǊǎƛǘȅΣ /ƭŀǎǎƛŬŎŀǝƻƴΣ ŀƴŘ [ƛŦŜ /ȅŎƭŜ ƛƴ ǘƘŜ tǊƻƪŀǊȅƻǝŎ 

±ƛǊƻǎǇƘŜǊŜ 

.ŀŎǘŜǊƛƻǇƘŀƎŜǎ ōŜƭƻƴƎ ǘƻ ǘƘŜ ǇǊƻƪŀǊȅƻǝŎ ǾƛǊƻǎǇƘŜǊŜ ŀƴŘ ŀǊŜ ŜȄŎŜǇǝƻƴŀƭƭȅ ŘƛǾŜǊǎŜΦ ¢ƘŜȅ ŘƛũŜǊ ǿƛŘŜƭȅ 

ƛƴ ǘƘŜƛǊ ǎƘŀǇŜΣ ǎƛȊŜ ŀƴŘ ƎŜƴƻƳŜ όоΦп π рлл ƪōύΦ ¢ƘŜȅ ǿŜǊŜ ŬǊǎǘ ŘƛǎŎƻǾŜǊŜŘ ƛƴ мфмр ōȅ ²ƛƭƭƛŀƳ ¢ǿƻǊǘ 

ŀƴŘ ƛƴ мфмт ǘƘŀǘ ǘƘŜȅ ƘŀŘ ǘƘŜ ǇƻǘŜƴǝŀƭ ǘƻ ƪƛƭƭ ōŀŎǘŜǊƛŀΦ tƘŀƎŜǎ ƘŀǾŜ ōŜŜƴ ŎƭŀǎǎƛŬŜŘ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ƭƛŦŜ 

ŎȅŎƭŜ ƛƴǘƻ ǘǿƻ ǇƻǎǎƛōƭŜ ǘȅǇŜǎ ŎŀƭƭŜŘ ƭȅǝŎ ŀƴŘ ƭȅǎƻƎŜƴƛŎ ŎȅŎƭŜǎΦ ¢ƘŜ ƭȅǝŎ ŎȅŎƭŜ ƛǎ ǿƘŜǊŜ ǘƘŜ ǇƘŀƎŜ ƛƴŦŜŎǘǎ 

ǘƘŜ ōŀŎǘŜǊƛŀΣ ƳǳƭǝǇƭƛŜǎ ƛǘǎŜƭŦ ōȅ ƛƴǎŜǊǝƴƎ ƛǘǎ ƎŜƴƻƳŜ ƛƴǘƻ ǘƘŜ ōŀŎǘŜǊƛŀƭ ƎŜƴƻƳŜ ŀƴŘ ǘƘŜƴ ƪƛƭƭǎ ǘƘŜ ƘƻǎǘΦ 

Lƴ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜ ƭȅǝŎ ŎȅŎƭŜΣ ǘƘŜ ƭȅǎƻƎŜƴƛŎ ŎȅŎƭŜ ƛƴǾƻƭǾŜǎ ǇƘŀƎŜǎ ƛƴǘŜƎǊŀǝƴƎ ǘƘŜƛǊ ƎŜƴƻƳŜ ƛƴǘƻ ǘƘŜ 

ōŀŎǘŜǊƛŀƭ Ƙƻǎǘ ƎŜƴƻƳŜ ƻǊ ŜȄƛǎǝƴƎ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ŀǎ ǇƭŀǎƳƛŘǎΣ ŀƭƭƻǿƛƴƎ ǊŜǇƭƛŎŀǝƻƴ ŀƭƻƴƎǎƛŘŜ ǘƘŜ 

ōŀŎǘŜǊƛŀƭ 5b! ŦƻǊ ƳǳƭǝǇƭŜ ōŀŎǘŜǊƛŀƭ ƎŜƴŜǊŀǝƻƴǎ ǿƛǘƘƻǳǘ ŎŀǳǎƛƴƎ ƛƳƳŜŘƛŀǘŜ ōŀŎǘŜǊƛŀƭ ŘŜŀǘƘΦ ¦ƴŘŜǊ 

ǎǇŜŎƛŬŎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘǊŜǎǎŜǎ ƻǊ ŜȄǘŜǊƴŀƭ ǘǊƛƎƎŜǊǎΣ ǘƘŜǎŜ ƛƴǘŜƎǊŀǘŜŘ ǇƘŀƎŜǎ Ŏŀƴ ǊŜŀŎǝǾŀǘŜΣ ƛƴƛǝŀǝƴƎ 

ǾƛǊŀƭ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ǘǊŀƴǎƛǝƻƴƛƴƎ ǘƻ ǘƘŜ ƭȅǝŎ ŎȅŎƭŜΦ tƘŀƎŜǎ ŜȄƘƛōƛǝƴƎ ǘƘƛǎ ŎƻƴŘƛǝƻƴŀƭ ōŜƘŀǾƛƻǊ ŀǊŜ 

ǎƻƳŜǝƳŜǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǇǎŜǳŘƻƭȅǎƻƎŜƴƛŎ ǇƘŀƎŜǎΦ ¢ƘŜ ƻǘƘŜǊ ŎƘŀǊŀŎǘŜǊƛǎǝŎ ƻŦ ǘƘŜ ƭȅǎƻƎŜƴƛŎ ǇƘŀƎŜǎ ƛǎ 

ǘƘŜƛǊ ŀōƛƭƛǘȅ ǘƻ ŎƻƴǾŜǊǘ ǘƘŜƛǊ Ƙƻǎǘ ǇƘŜƴƻǘȅǇŜ ōȅ ŎƻŘƛƴƎ ŦƻǊ ƴŜǿ ǇǊƻǘŜƛƴǎ ƻǊ ǘƻȄƛƴǎΦόттύ  

.ŀǎŜŘ ƻƴ ǘƘŜƛǊ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ƎŜƴƻƳŜ ό5b! ŀƴŘ wb!πǎƛƴƎƭŜ ƻǊ ŘƻǳōƭŜ ǎǘǊŀƴŘŜŘύ όǎŜŜ CƛƎǳǊŜ мнύ ǇƘŀƎŜǎ 

ŀǊŜ ŦǳǊǘƘŜǊ ŎƭŀǎǎƛŬŜŘ ŀǎ ǇƻƭȅƘŜŘǊŀƭ όaƛŎǊƻǾƛǊƛŘŀŜΣ /ƻǊǝŎƻǾƛǊƛŘŀŜΣ ¢ŜŎƘǝǾƛǊƛŘŀŜΣ [ŜǾƛǾƛǊƛŘŀŜ ŀƴŘ 

/ȅǎǘƻǾƛǊƛŘŀŜύΣ ŬƭŀƳŜƴǘƻǳǎ όLƴƻǾƛǊƛŘŀŜύΣ ǇƭŜƻƳƻǊǇƘƛŎ όtƭŀǎƳŀǾƛǊƛŘŀŜύ ƻǊ ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ ǘŀƛƭ 

ό/ŀǳŘƻǾƛǊŀƭŜǎύΦόтуύ Lƴ ƎŜƴŜǊŀƭ ǘƘŜ ǊŜǇƭƛŎŀǝƻƴ ŀƴŘ ƭȅǝŎ ŎȅŎƭŜ ƻŦ ōŀŎǘŜǊƛƻǇƘŀƎŜǎ Ŏƻƴǎƛǎǘǎ ƻŦ п ǎǘŀƎŜǎ ƛΦŜΦΣ 

ǊŜŎƻƎƴƛǝƻƴ ƻŦ ŀ ǎǳƛǘŀōƭŜ ƘƻǎǘΣ ǘƘŜ ǘǊŀƴǎŦŜǊ ƻŦ ƎŜƴŜǝŎ ƳŀǘŜǊƛŀƭ ǘƻ ǘƘŜ ƘƻǎǘΣ ǘŀƪŜ ŎƻƴǘǊƻƭ ƻŦ ōŀŎǘŜǊƛŀƭ 

ƳŜǘŀōƻƭƛŎ ƳŀŎƘƛƴŜǊȅ ŦƻǊ ǇǊƻŘǳŎǝƻƴ ƻŦ ƴŜǿ ǇƘŀƎŜǎ ŀƴŘ ƭŀǎǘƭȅ ǘƻ ŜǎŎŀǇŜ ŦǊƻƳ ǘƘŜ Ƙƻǎǘ ōȅ ƭȅǎƛǎΦόтфΣ туύ 

¢ƘŜ ǇƘŀƎŜǎ ƛƴ ƎŜƴŜǊŀƭ ƘŀǾŜ ŀ ƘƛƎƘƭȅ ǎȅƳƳŜǘǊƛŎŀƭ ŎŀǇǎƛŘ ǇǊƻǘŜƛƴ ƭŀȅŜǊ ǿƘƛŎƘ ŜƴǾŜƭƻǇǎ ǘƘŜ 5b! ŀƴŘ ŀŎǘǎ 

ŀǎ ŀƴ ŜȄǘŜǊƴŀƭ ōŀǊǊƛŜǊ ŦƻǊ ǇǊƻǘŜŎǝƻƴ ƻŦ ƛǘǎ ƎŜƴŜǝŎ ƳŀǘŜǊƛŀƭΦ Lƴ ƎŜƴŜǊŀƭΣ ǘƘŜǎŜ ŎŀǇǎƛŘǎ ŀǊŜ ƛŎƻǎŀƘŜŘǊŀƭ 

ƛƴ ǎƘŀǇŜ ōǳǘ ŦŀƳƛƭƛŜǎ ƭƛƪŜ LƴƻǾƛǊƛŘŀŜ ƘŀǾŜ ŀ ŬƭŀƳŜƴǘƻǳǎ ǊƻŘπǎƘŀǇŜŘ ŦƻǊƳ ƻŦ ǘƘŜ ǎŀƳŜΦ CƻƭƭƻǿŜŘ ōȅ ǘƘŜ 

ŎŀǇǎƛŘ ƛǎ ǘƘŜ ƘŜŀŘ ǘƻ ǘŀƛƭ ƛƴǘŜǊŦŀŎŜ ƻǊ ƛƴ ǎƛƳǇƭŜ ǘŜǊƳǎ ŎƻƴƴŜŎǘƻǊ ǿƘƛŎƘ ōǊƛŘƎŜǎ ǘƘŜ ǘŀƛƭ ŀƴŘ ƘŜŀŘ ƻŦ ǘƘŜ 

ǇƘŀƎŜǎ ŀƴŘ ǎŜǊǾŜǎ ƭƛƪŜ ŀ ǾŀƭǾŜ ŦƻǊ ŎƭƻǎƛƴƎ ǘƘŜ ƘŜŀŘ ŀƴŘ ƪŜŜǇƛƴƎ ǘƘŜ ƎŜƴƻƳŜ ƛƴǎƛŘŜ ǘƘŜ ƘŜŀŘ ǳƴŘŜǊ 

ƘƛƎƘ ǇǊŜǎǎǳǊŜΦ CƻƭƭƻǿŜŘ ōȅ ǘƘƛǎ ƛǎ ǘƘŜ ǘŀƛƭ ǿƘƛŎƘ Ŏŀƴ ōŜ ŎƻƴǘǊŀŎǝƭŜΣ ƴƻƴπŎƻƴǘǊŀŎǝƭŜ ŀƴŘ ǎƘƻǊǘ ƻǊ ƭƻƴƎ 

ƛƴ ƛǘǎ ŦƻǊƳ ōŀǎŜŘ ƻƴ ǘƘŜ ōŀŎǘŜǊƛƻǇƘŀƎŜ ƭƛƪŜ ŦƻǊ ŜȄŀƳǇƭŜ tƻŘƻǾƛǊƛŘŀŜ ƘŀǾŜ ǎƘƻǊǘ ǘŀƛƭǎ ŀƴŘ Ŏƻƴǎƛǎǘ ƻŦ 

ŀŘƘŜǎƛǾŜ ŘŜǾƛŎŜǎ ŦƻǊ ōƛƴŘƛƴƎ ǘƻ Ƙƻǎǘ ōŀŎǘŜǊƛǳƳ ŀƴŘ aȅƻǾƛǊƛŘŀŜ ƘŀǾŜ ƭƻƴƎ ŎƻƴǘǊŀŎǝƭŜ ǘŀƛƭǎ ǘƘŀǘ Ŏƻƴǎƛǎǘǎ 

ƻŦ ŘƛũŜǊŜƴǘ ǇǊƻǘŜƛƴǎ ŦƻǊƳƛƴƎ ŀƴ ƛƴƴŜǊ ǊƛƎƛŘ ǘǳōŜ ŀƴŘ ŀƴ ƻǳǘŜǊ ŎƻƴǘǊŀŎǝƭŜ ǎƘŜŀǘƘΦ CƻƭƭƻǿŜŘ ōȅ ǘƘŜ ǘŀƛƭ 
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ƛǎ ǘƘŜ !ŘǎƻǊǇǝƻƴ ŀǇǇŀǊŀǘǳǎ ƭƛƳƛǘŜŘ ǘƻ ǎƻƳŜ ǇƘŀƎŜǎ ƭƛƪŜ ǘƘŀǘ ōŜƭƻƴƎ ǘƻ {ƛǇƘƻǾƛǊƛŘŀŜ ŎŀƭƭŜŘ Řƛǎǘŀƭ ǘŀƛƭ 

ǇǊƻǘŜƛƴǎ ǿƘƛŎƘ ƘŜƭǇ ƛƴ ǊŜŎƻƎƴƛȊƛƴƎ ŀƴŘ ŎƻƴƴŜŎǝƴƎ ōŀŎǘŜǊƛŀΦόулΣ тфύ   

 

CƛƎǳǊŜ мнΥ tƘŀƎŜ ŎƭŀǎǎƛŬŎŀǝƻƴ ōŀǎŜŘ ƻƴ ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ƎŜƴƻƳŜ ǘȅǇŜΦ ώwŜǇǊƛƴǘŜŘ ōȅ ǇŜǊƳƛǎǎƛƻƴ ŦǊƻƳΥ όтуύϐ 
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мΦр {ŜƭŦπ!ǎǎŜƳōƭŜŘ aƻƴƻƭŀȅŜǊǎ 

{ŜƭŦπŀǎǎŜƳōƭŜŘ ƳƻƴƻƭŀȅŜǊǎ ό{!aǎύ ŀǊŜ ƻǊŘŜǊŜŘ ƳƻƭŜŎǳƭŀǊ ŀǎǎŜƳōƭƛŜǎ ǘƘŀǘ ǎǇƻƴǘŀƴŜƻǳǎƭȅ ŦƻǊƳ ǿƘŜƴ 

ǘƘƛƻƭǎΣ ǎƛƭŀƴŜǎ ŀƴŘ ǇƘƻǎǇƘƻƴƛŎ ŀŎƛŘ ǊŜƭŀǘŜŘ ŎƻƳǇƻǳƴŘǎ ŀŘǎƻǊō ƻƴǘƻ ƳŜǘŀƭ ǎǳǊŦŀŎŜǎΦ {!aǎ ŀǊŜ ŎǊǳŎƛŀƭ 

ƛƴ ƴŀƴƻǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ǘŀƛƭƻǊƛƴƎ ƛƴǘŜǊŦŀŎƛŀƭ ōŜƘŀǾƛƻǊ ƻŦ ƳŜǘŀƭǎ ƭƛƪŜ ƎƻƭŘΣ ǎƛƭǾŜǊ ŀƴŘ ǇŀƭƭŀŘƛǳƳΦ ¢ƘŜȅ 

ǊŜǇǊŜǎŜƴǘ ŀƴ ŀŎŎŜǎǎƛōƭŜΣ ƅŜȄƛōƭŜ ǎȅǎǘŜƳ ŦƻǊ ƳƻŘƛŦȅƛƴƎ ǎǳǊŦŀŎŜ ŎƘŜƳƛǎǘǊȅ ŀƴŘ ƭƛƴƪƛƴƎ ƳƻƭŜŎǳƭŀǊ ƭŜǾŜƭ 

ǎǘǊǳŎǘǳǊŜǎ ǘƻ ƳŀŎǊƻǎŎƻǇƛŎ ƛƴǘŜǊŦŀŎƛŀƭ ǇƘŜƴƻƳŜƴƻƴ ǎǳŎƘ ŀǎ ǿŜǩƴƎ ŀƴŘ ŦǊƛŎǝƻƴΦ DŜƴŜǊŀƭƭȅΣ ǘƘŜȅ ŀǊŜ 

ǇǊŜǇŀǊŜŘ ōȅ ƛƳƳŜǊǎƛƴƎ ŎƭŜŀƴ ǎǳōǎǘǊŀǘŜǎ ƛƴ ŘƛƭǳǘŜ ǘƘƛƻƭ ǎƻƭǳǝƻƴǎ ŦƻǊ мнπму ƘΦ ¢ƘŜ ƳƻƭŜŎǳƭŜǎ ŎƘŜƳƛǎƻǊō 

ƻƴǘƻ ǘƘŜ ƳŜǘŀƭ ǎǳǊŦŀŎŜǎ Ǿƛŀ ǎǳƭŦǳǊπƳŜǘŀƭ ōƻƴŘΣ ŦƻǊƳƛƴƎ ŀ ŘŜƴǎŜƭȅ ƻǊŘŜǊŜŘ ƳƻƴƻƭŀȅŜǊΦ ¢ƘŜ ƳƻƭŜŎǳƭŀǊ 

ƻǊƎŀƴƛȊŀǝƻƴ ƛƴ {!a ƛǎ ƘƛƎƘƭȅ ƻǊŘŜǊŜŘ ŀǊǊŀƴƎŜƳŜƴǘ ƻŦ ŀƭƪȅƭ ŎƘŀƛƴǎ όǎŜŜ CƛƎǳǊŜ моύ ǿƛǘƘ ǘƘŜ ǘŜǊƳƛƴŀƭ 

ŦǳƴŎǝƻƴŀƭ ƎǊƻǳǇǎ ŘŜŬƴƛƴƎ ǘƘŜ ǎǳǊŦŀŎŜ ǇǊƻǇŜǊǝŜǎΦόумύ {ƻƳŜ ŜȄŀƳǇƭŜǎ ƛƴŎƭǳŘŜΥ 

мΦ π/IоΥ /ǊŜŀǘŜǎ ƘȅŘǊƻǇƘƻōƛŎΣ ƴƻƴπǇƻƭŀǊ ǎǳǊŦŀŎŜǎΦ 

/ƘŀǊƎŜ ǎǘŀǘŜ ŀǘ ƴŜǳǘǊŀƭ ǇIΥ bŜǳǘǊŀƭ όƴƻƴπƛƻƴƛȊŀōƭŜύΦ 

нΦ πhIΥ LƴŎǊŜŀǎŜǎ ƘȅŘǊƻǇƘƛƭƛŎƛǘȅ ŀƴŘ ŀƭƭƻǿǎ ƘȅŘǊƻƎŜƴ ōƻƴŘƛƴƎΦ 

/ƘŀǊƎŜ ǎǘŀǘŜ ŀǘ ƴŜǳǘǊŀƭ ǇIΥ bŜǳǘǊŀƭ όƴƻƴπƛƻƴƛȊŀōƭŜ ŀǘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǇIύΦ 

оΦ π/hhIΥ CŀŎƛƭƛǘŀǘŜǎ ŎƻǾŀƭŜƴǘ ōƛƴŘƛƴƎ ǘƻ ŀƳƛƴŜǎ ŀƴŘ ōƛƻƳƻƭŜŎǳƭŜǎΦ 

/ƘŀǊƎŜ ǎǘŀǘŜ ŀǘ ƴŜǳǘǊŀƭ ǇIΥ bŜƎŀǝǾŜƭȅ ŎƘŀǊƎŜŘ ό/hhπύΣ ŘŜǇǊƻǘƻƴŀǘŜŘ ŀǘ ǇI ϤтΦ 

пΦ πbIнΥ tǊƻǾƛŘŜǎ ǊŜŀŎǝǾŜ ǎƛǘŜǎ ŦƻǊ ŎƘŜƳƛŎŀƭ ƳƻŘƛŬŎŀǝƻƴǎΦ 

/ƘŀǊƎŜ ǎǘŀǘŜ ŀǘ ƴŜǳǘǊŀƭ ǇIΥ tƻǎƛǝǾŜƭȅ ŎƘŀǊƎŜŘ όbIо
ҌύΣ ǇǊƻǘƻƴŀǘŜŘ ŀǘ ǇI ϤтΦ 

рΦ π/CоΥ !ŘŘǎ ƅǳƻǊƻǇƘƛƭƛŎ ǇǊƻǇŜǊǝŜǎ ŀƴŘ ƛǎ ǳǎŜŘ ƛƴ ŀƴǝπŦƻǳƭƛƴƎ ŀǇǇƭƛŎŀǝƻƴǎΦ 

/ƘŀǊƎŜ ǎǘŀǘŜ ŀǘ ƴŜǳǘǊŀƭ ǇIΥ bŜǳǘǊŀƭ όƴƻƴπƛƻƴƛȊŀōƭŜύΦ 

¢ƘŜ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ǉǳŀƭƛǘȅ ƻŦ {!a ŘŜǇŜƴŘǎ ƻƴ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ǎƻƭǾŜƴǘΣ ǘŜƳǇŜǊŀǘǳǊŜΣ ƛƳƳŜǊǎƛƻƴ ǝƳŜ 

ŀƴŘ ǇǳǊƛǘȅ ƻŦ ǘƘŜ ǘƘƛƻƭ ŎƻƳǇƻǳƴŘǎΦ 9ǘƘŀƴƻƭ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǳǎŜŘ ǎƻƭǾŜƴǘǎ ŦƻǊ ǘƘƛǎ ǇǳǊǇƻǎŜ ōŜŎŀǳǎŜ 

ƻŦ ƛǘǎ ŜŀǎŜ ƻŦ ǳǎŜΦ  

 

CƛƎǳǊŜ моΥ {ŎƘŜƳŀǝŎ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ŀ ǎŜƭŦπŀǎǎŜƳōƭŜŘ ƳƻƴƻƭŀȅŜǊ ό{!aύ ǎǘǊǳŎǘǳǊŜ ƻƴ ŀ ƳŜǘŀƭ ǎǳōǎǘǊŀǘŜΦ ¢ƘŜ 
ǘƘǊŜŜ ǇǊƛƳŀǊȅ ŎƻƳǇƻƴŜƴǘǎ ǊŜǇǊŜǎŜƴǘŜŘ ƘŜǊŜ ŀǊŜΥ ǘŜǊƳƛƴŀƭ ŦǳƴŎǝƻƴŀƭ ƎǊƻǳǇΣ ǘƘŜ ǎǇŀŎŜǊ όŀƭƪŀƴŜ ŎƘŀƛƴύ ŀƴŘ ǘƘŜ 
ƭƛƎŀƴŘ ƻǊ ƘŜŀŘ ƎǊƻǳǇΦ ώwŜǇǊƛƴǘŜŘ ōȅ ǇŜǊƳƛǎǎƛƻƴ ŦǊƻƳΥ όумύϐ 
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aƻǊŜƻǾŜǊΣ ƎƻƭŘ ƛǎ ǿƛŘŜƭȅ ǎǘǳŘƛŜŘ ŀƴŘ Ƴƻǎǘ ǳǎŜŘ ǎǳōǎǘǊŀǘŜ ŦƻǊ {!aǎ ŦƻǊ ƛǘǎ ǳƴƛǉǳŜ ǇǊƻǇŜǊǝŜǎΦ Lǘ ƛǎ 

ŎƘŜƳƛŎŀƭƭȅ ƛƴŜǊǘ ǿƘƛŎƘ ǇǊŜǾŜƴǘǎ ƻȄƛŘŀǝƻƴ ŀƴŘ ǊŜŀŎǝƻƴ ǿƛǘƘ Ƴƻǎǘ ŎƘŜƳƛŎŀƭǎΣ ŀƭƭƻǿƛƴƎ ŦƻǊ ƘŀƴŘƭƛƴƎ 

ǳƴŘŜǊ ƴƻƴπƛŘŜŀƭ ŎƻƴŘƛǝƻƴǎΦ DƻƭŘ ōƛƴŘǎ ǘƘƛƻƭǎ ǎǘǊƻƴƎƭȅ ǿƛǘƘ ŦƻǊƳƛƴƎ ǎǳōǎǝǘǳǝƻƴŀƭ ǎǳƭŬŘŜǎ ŀƴŘ 

ŘƛǎǇƭŀŎŜǎ ǎǳǊŦŀŎŜ ŎƻƴǘŀƳƛƴŀƴǘǎ ŜũŜŎǝǾŜƭȅΦ CǳǊǘƘŜǊƳƻǊŜΣ ƎƻƭŘ ƛǎ ŎƻƳǇŀǝōƭŜ ǿƛǘƘ ǎǇŜŎǘǊƻǎŎƻǇƛŎ ŀƴŘ 

ŀƴŀƭȅǝŎŀƭ ǘŜŎƘƴƛǉǳŜǎ ƭƛƪŜ {twΣ v/a ŀƴŘ ŜƭƭƛǇǎƻƳŜǘǊȅ ŀƴŘ ƛǘ ǎǳǇǇƻǊǘǎ ŎŜƭƭ ŀŘƘŜǎƛƻƴ ŀƴŘ ŦǳƴŎǝƻƴ 

ǿƛǘƘƻǳǘ ǘƻȄƛŎƛǘȅΦόумύ  
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/ƘŀǇǘŜǊ нΥ LƴǎǘǊǳƳŜƴǘ CǳƴŘŀƳŜƴǘŀƭǎ 

нΦм vǳŀǊǘȊ /Ǌȅǎǘŀƭ aƛŎǊƻōŀƭŀƴŎŜ ǿƛǘƘ 5ƛǎǎƛǇŀǝƻƴ όv/aπ5ύΥ tǊƛƴŎƛǇƭŜǎ ŀƴŘ 

!ǇǇƭƛŎŀǝƻƴǎ 

vǳŀǊǘȊ ŎǊȅǎǘŀƭ ƳƛŎǊƻōŀƭŀƴŎŜ ǿƛǘƘ ŘƛǎǎƛǇŀǝƻƴ όv/aπ5ύ ƛǎ ŀ ǘŜŎƘƴƛǉǳŜ ǘƻ ƳŜŀǎǳǊŜ ŎƘŀƴƎŜǎ ƛƴ Ƴŀǎǎ ŀƴŘ 

ŜƴŜǊƎȅ ƭƻǎǎ ƛƴ ŀ ǾƛǎŎƻπŜƭŀǎǝŎ ǎȅǎǘŜƳ ōŀǎŜŘ ƻƴ ǘƘŜ ŎƘŀƴƎŜ ƛƴ ǊŜǎƻƴŀƴŎŜ ŦǊŜǉǳŜƴŎȅ ŀƴŘ ŘƛǎǎƛǇŀǝƻƴ ƻŦ 

ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜΦ ǇǊƻǇŜƭƭŜŘ ǿƛǘƘ ŀ ǇƛŜȊƻŜƭŜŎǘǊƛŎ ǉǳŀǊǘȊ ǿŀŦŜǊΦ 

¢ƘŜ ǇƘŜƴƻƳŜƴƻƴ ƻŦ ǇƛŜȊƻŜƭŜŎǘǊƛŎƛǘȅ ǿŀǎ ƛƴƛǝŀƭƭȅ ŘƛǎŎƻǾŜǊŜŘ ōȅ ǘƘŜ /ǳǊƛŜ ōǊƻǘƘŜǊǎ ƛƴ ǘƘŜ ȅŜŀǊ муулΦ Lƴ 

ǇƛŜȊƻŜƭŜŎǘǊƛŎ ƳŀǘŜǊƛŀƭǎ ǎǳŎƘ ŀǎ ǉǳŀǊǘȊΣ ǿƘŜƴ ǎǘǊŜǎǎ ƛǎ ŀǇǇƭƛŜŘΣ ŀƴ ŜƭŜŎǘǊƛŎ ǇƻƭŀǊƛȊŀǝƻƴ ƛǎ ŎǊŜŀǘŜŘ όŘƛǊŜŎǘ 

ǇƛŜȊƻŜƭŜŎǘǊƛŎƛǘȅύΣ ŀƴŘ ƛƴ ƻǇǇƻǎƛǘŜ ǘƻ ǘƘƛǎ ǿƘŜƴ ŀƴ ŜȄǘŜǊƴŀƭ ŎǳǊǊŜƴǘ ƛǎ ŀǇǇƭƛŜŘΣ ǘƘŜǊŜ ƛǎ ŀƴ ŜȄǇŀƴǎƛƻƴ ƻǊ 

ŎƻƴǘǊŀŎǝƻƴ ƻŦ ǘƘŜ ŎǊȅǎǘŀƭ ƳŜŎƘŀƴƛŎŀƭƭȅ όƛƴǾŜǊǎŜ ǇƛŜȊƻŜƭŜŎǘǊƛŎƛǘȅύΦόунύ ¢Ƙƛǎ ǾŜǊȅ ǇǊƻǇŜǊǘȅ ƻŦ ƛƴǾŜǊǎŜ 

ǇƛŜȊƻŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ǳǎŜŘ ƛƴ ǘƘŜ v/a ǘƻŘŀȅΣ ǿƘŜǊŜ ŀ ǊƻǳƴŘ ŎƘƛǇ ƻŦ ŎǊȅǎǘŀƭƭƛƴŜ ǉǳŀǊǘȊ ƛǎ ǎŀƴŘǿƛŎƘŜŘ 

ōŜǘǿŜŜƴ ǘǿƻ ƳŜǘŀƭ ŜƭŜŎǘǊƻŘŜǎ ŀƴŘ ŀ ǎǳŶŎƛŜƴǘ !/ ǾƻƭǘŀƎŜ ƛǎ ŀǇǇƭƛŜŘ ŎƭƻǎŜ ǘƻ ǘƘŜ ǊŜǎƻƴŀƴǘ ŦǊŜǉǳŜƴŎȅ 

ƻŦ ǘƘŜ ŎǊȅǎǘŀƭ όŦлύΣ ǿƘƛŎƘ ƛǎ ƛƴ ǘǳǊƴ ŀƴ ƻŘŘ ƛƴǘŜƎŜǊ ƻŦ ǘƘŜ ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƘŜ ŎǊȅǎǘŀƭΦόуоύ  

¢ƘŜ ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƘŜ ŎǊȅǎǘŀƭ ŀƴŘ ǘƘŜ ǊŜǎƻƴŀƴǘ ŦǊŜǉǳŜƴŎȅ ŀǊŜ ƛƴǾŜǊǎŜƭȅ ǇǊƻǇƻǊǝƻƴŀƭ ǘƻ ŜŀŎƘ ƻǘƘŜǊΣ 

ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ǘƘŜ ǘƘƛƴƴŜǊ ǘƘŜ ŎǊȅǎǘŀƭΣ ǘƘŜ ƘƛƎƘŜǊ ǘƘŜ ǊŜǎƻƴŀƴǘ ŦǊŜǉǳŜƴŎȅΦ ¢ƘŜ ŎƻƳƳƻƴ ǊŜǎƻƴŀƴǘ 

ŦǊŜǉǳŜƴŎȅ ƛǎ ŀōƻǳǘ р aIȊ ŦƻǊ ŀ !¢ Ŏǳǘ ŎǊȅǎǘŀƭ όǎŜŜ CƛƎǳǊŜ мп!ύΣ ǊŜǇǊŜǎŜƴǝƴƎ ŀ ǘƘƛŎƪƴŜǎǎ ƻŦ 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ оол ҡƳ ƻŦ ǘƘŜ ŎǊȅǎǘŀƭ ŀƴŘ ŀ ŘŜƴǎƛǘȅ ƻŦ ŀǇǇǊƻȄΦ πмтΦт IȊ ƴƎκŎƳнΦόуоύ ¢ƘŜ ǾŜǊȅ ōŀǎƛǎ ƻŦ 

ǘƘƛǎ ǇǊƻǇŜǊǘȅ ƻŦ ǉǳŀǊǘȊ ōŜƛƴƎ ŎƻƳƳŜǊŎƛŀƭƭȅ ǳǎŜŘ ƛƴ v/a ƛǎ ǘƘŜ ƭƛƴŜŀǊ ǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ ŦǊŜǉǳŜƴŎȅ 

ŎƘŀƴƎŜ ŀƴŘ ǘƘŜ Ƴŀǎǎ ŀŘǎƻǊōŜŘ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜΣ ǿƘƛŎƘ ǿŀǎ ŬǊǎǘ ŜǎǘŀōƭƛǎƘŜŘ ōȅ {ŀǳŜǊōǊŜȅ ƛƴ мфрфΦόупύ  

{ŀǳŜǊōǊŜȅ ŜǉǳŀǝƻƴΥ 

Ўά
ὅ

ὲ
ЎὪ 

 

/Ґ Ŏƻƴǎǘŀƴǘ όŘŜƴǎƛǘȅ ƻŦ ŎǊȅǎǘŀƭ ŀǘ р aIȊύΣ ƴҐ ƘŀǊƳƻƴƛŎ ƴǳƳōŜǊΣ  ҟŦҐ ŎƘŀƴƎŜ ƛƴ ŦǊŜǉǳŜƴŎȅ 

¢Ƙƛǎ Ŝǉǳŀǝƻƴ ƛǎ ǾŀƭƛŘΣ ŀǎǎǳƳƛƴƎ ǘƘŀǘ ǘƘŜ ŀŘǎƻǊōŜŘ ƭŀȅŜǊ ƛǎ ǊƛƎƛŘ ŀƴŘ ǘƘŀǘ ƛǘ ƛǎ ŀ ƳƻƴƻƭŀȅŜǊ ŎƻǾŜǊƛƴƎ ǘƘŜ 

ǿƘƻƭŜ ŀŎǝǾŜ ǎǳǊŦŀŎŜΦ ¢ƘŜǎŜ ŀǎǎǳƳǇǝƻƴǎ ŀǊŜ ƻƴƭȅ ǾŀƭƛŘ ŦƻǊ ƎŀǎŜƻǳǎ ǎȅǎǘŜƳǎ ǿƘŜǊŜ ǘƘŜǊŜ ƛǎ ƴƻ ŜƴŜǊƎȅ 

ōŜƛƴƎ ƭƻǎǘ ƻǊ ƎŀƛƴŜŘ ōȅ ǘƘŜ ǎȅǎǘŜƳΦ ²ƘŜǊŜŀǎΣ ƛƴ ƭƛǉǳƛŘ ǎȅǎǘŜƳǎΣ ǘƘŜ ǾƛǎŎƻŜƭŀǎǝŎ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ŀŘǎƻǊōŜŘ 

ƭŀȅŜǊ ŎŀǳǎŜǎ ƛǘǎ ŦǊŜǉǳŜƴŎȅ ǊŜǎǇƻƴǎŜ ƻŦ ǘƘŜ ǎŜƴǎƻǊ ǘƻ ǾŀǊȅΣ ǿƘƛŎƘ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŜƴŜǊƎȅ ŘƛǎǎƛǇŀǝƻƴΦ 

!ǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭ ŀǎǎǳƳǇǝƻƴǎ ƻŦ ǘƘŜ {ŀǳŜǊōǊŜȅ ŜǉǳŀǝƻƴτƴŀƳŜƭȅΣ ǘƘŀǘ ǘƘŜ ŀŘǎƻǊōŜŘ ƭŀȅŜǊ 

ƛǎ ǊƛƎƛŘ ŀƴŘ ŦƻǊƳǎ ŀ ǳƴƛŦƻǊƳ ƳƻƴƻƭŀȅŜǊτŀǊŜ ƴƻ ƭƻƴƎŜǊ ǾŀƭƛŘΦόуоύ  ¢Ƙƛǎ ŜƴŜǊƎȅ ƭƻǎǎ ƛƴ ǘƘŜ ƭƛǉǳƛŘ ǎȅǎǘŜƳ 

ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŘŜŎŀȅ ƻŦ ŎǊȅǎǘŀƭ ƻǎŎƛƭƭŀǝƻƴ ǿƛǘƘ ǘƘŜ ŀŘǎƻǊǇǝƻƴ ƻŦ ŀ ǾƛǎŎƻπŜƭŀǎǝŎ ƭŀȅŜǊΦ  
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aƻǊŜƻǾŜǊΣ ǘƘŜ ƛƴǘǊƻŘǳŎǝƻƴ ƻŦ ǾƛǎŎƻŜƭŀǎǝŎƛǘȅ ŀǎ ŀ ƴŜǿ ǇǊƻǇŜǊǘȅ ƛƴ ƭƛǉǳƛŘ ǎǘǳŘƛŜǎ ōǊƻǳƎƘǘ ŀōƻǳǘ ǘƘŜ 

ŎƻƴŎŜǇǘ ƻŦ ŘƛǎǎƛǇŀǝƻƴ ό5ύΦ ¢ƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ŘƛǎǎƛǇŀǝƻƴ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ŘŜŎŀȅ ƛƴ ǘƘŜ 

ƻǎŎƛƭƭŀǝƻƴ ƻŦ ŎǊȅǎǘŀƭ ƴŜŀǊ ǊŜǎƻƴŀƴǘ ŦǊŜǉǳŜƴŎȅ όǎŜŜ CƛƎǳǊŜ мп/ύΦόурύ ¢Ƙƛǎ ǳƴƛǉǳŜ ǇǊƻǇŜǊǘȅ ǿŀǎ 

ǎǳŎŎŜǎǎŦǳƭƭȅ ŎƻƳƳŜǊŎƛŀƭƛȊŜŘ ōȅ vπǎŜƴǎŜ ƛƴ мффсΣ ŀƭƻƴƎ ǿƛǘƘ ŜƴŀōƭƛƴƎ ǘƘŜ ŜȄŀƳƛƴŀǝƻƴ ƻŦ ōƻǘƘ Ŧ ŀƴŘ 5 

ŀǘ ǾŀǊƛƻǳǎ ƘŀǊƳƻƴƛŎǎ ƻǊ ƻǾŜǊǘƻƴŜǎ όƴҐ оΣ рΣ тΣ ΧΦΦύΦ 

CǳǊǘƘŜǊƳƻǊŜΣ ŀƴƻǘƘŜǊ ǇŀǊǝŎǳƭŀǊ ŀŘǾŀƴǘŀƎŜ ƻŦ v/aπ5 ƛǎ ǘƘŀǘ ƛǘ ƛǎ ŀ ƴƻƴπŘŜǎǘǊǳŎǝǾŜ ǘŜŎƘƴƛǉǳŜ ŦƻǊ ǘƘŜ 

ǎŀƳǇƭŜǎ ǎƻ ƛǘ Ŏŀƴ ōŜ ŎƻƳōƛƴŜŘ ǿƛǘƘ ƻǘƘŜǊ ǘŜŎƘƴƛǉǳŜǎ ǎǳŎƘ ŀǎ 9ƭƭƛǇǎƻƳŜǘǊȅΣόусύ !CaΣ όутύ {9a όууύ 

ŀƴŘ CƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅόуфύ ǘƻ ƻōǘŀƛƴ ŦǳǊǘƘŜǊ ǾƛǎǳŀƭΣ ŘƛŜƭŜŎǘǊƛŎΣ ƻǇǝŎŀƭ ǇǊƻǇŜǊǝŜǎΣ ŀƴŘ ǾŀǊƛƻǳǎ 

ƻǘƘŜǊ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ǎŀƳǇƭŜΦ 

 

CƛƎǳǊŜ мпΥ !ύ LƭƭǳǎǘǊŀǝƻƴǎ ǎƘƻǿƛƴƎ ŀ ōŀǊŜ v/aπ5 ǎŜƴǎƻǊΣ ǎŜƴǎƻǊ ŎƻŀǘŜŘ ǿƛǘƘ ŀ ǘƘƛƴ ǇƻƭȅƳŜǊ ŬƭƳ ƛƴ ŀƛǊ ŀƴŘ ǘƘŜ 
ǎŀƳŜ ǇƻƭȅƳŜǊ ŎƻŀǘŜŘ ǎŜƴǎƻǊ ǎǿƻƭƭŜƴ ƛƴ ƭƛǉǳƛŘΦ . ŀƴŘ /ύ {ŎƘŜƳŀǝŎ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ǘƘŜ ǉǳŀƭƛǘŀǝǾŜ ŎƘŀƴƎŜǎ ƛƴ 
ŦǊŜǉǳŜƴŎȅ ŀƴŘ ŘƛǎǎƛǇŀǝƻƴ ƻŦ ǘƘŜ ǎŜƴǎƻǊ ƻǎŎƛƭƭŀǝƻƴǎΣ ǊŜǎǇŜŎǝǾŜƭȅ ŎŀǳǎŜŘ ōȅ ǘƘŜ ǇƻƭȅƳŜǊ ŎƻŀǝƴƎ ƛƴ ŀƛǊ ŀƴŘ ƛǘǎ 
ǎǳōǎŜǉǳŜƴǘ ǎǿŜƭƭƛƴƎ ƛƴ ƭƛǉǳƛŘΦ 5ύ ! ŎƻƴŎŜǇǘǳŀƭ v/aπ5 ǊŜǎǇƻƴǎŜ ŎǳǊǾŜ ǎƘƻǿƛƴƎ ǘƘŜ ŎƘŀƴƎŜǎ ƛƴ ŦǊŜǉǳŜƴŎȅ όɲŦύ ŀƴŘ 
ŘƛǎǎƛǇŀǝƻƴ όɲ5ύ ŦƻǊ ŀ ǎƛƴƎƭŜ ƻǾŜǊǘƻƴŜ ŀǎ ǘƘŜ ǎŜƴǎƻǊ ƛǎ ŎƻŀǘŜŘ ǿƛǘƘ ǇƻƭȅƳŜǊ ŀƴŘ ƭŀǘŜǊ ŜȄǇƻǎŜŘ ǘƻ ƭƛǉǳƛŘΣ ŎŀǳǎƛƴƎ 
ǎǿŜƭƭƛƴƎΦ ¢ƘŜ {ŀǳŜǊōǊŜȅ ŀƴŘ ǾƛǎŎƻŜƭŀǎǝŎ ƳƻŘŜƭ ǊŜƎƛƳŜǎ ŀǊŜ ƘƛƎƘƭƛƎƘǘŜŘΣ ǿƛǘƘ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ŦǊŜǉǳŜƴŎȅ 
ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǎŜƴǎƻǊϥǎ Ƴŀǎǎ ŀƴŘ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ŘƛǎǎƛǇŀǝƻƴ ǊŜƅŜŎǝƴƎ ǘƘŜ ǎƻƊŜƴƛƴƎ ƻŦ ǘƘŜ 
ǇƻƭȅƳŜǊ ŬƭƳΦ ώwŜǇǊƛƴǘŜŘ ōȅ ǇŜǊƳƛǎǎƛƻƴ ŦǊƻƳΥ όфлύϐ  

aƻǊŜƻǾŜǊΣ ǘƘŜ ǳǝƭƛȊŀǝƻƴ ƻŦ ƭƛǉǳƛŘ ŀǇǇƭƛŎŀǝƻƴǎ Ƙŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ŜȄǇŀƴŘŜŘ ǘƘŜ ǎŎƻǇŜ ƻŦ ǇƻǎǎƛōƭŜ 

ƛƴǾŜǎǝƎŀǝƻƴǎΦ LƴǘŜǊƳŜŘƛŀǘŜ ǎȅǎǘŜƳǎ ƭƛƪŜ ǇǊƻǘŜƛƴ Ŏŀƴ ōŜ ǎǘǳŘƛŜŘ ŦƻǊ ǘƘŜƛǊ ƛƴǘŜǊŀŎǝƻƴ ǿƛǘƘ ƻǘƘŜǊ 

ƳŀǘŜǊƛŀƭǎ ŦƻǊ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ōƛƻƳŀǘŜǊƛŀƭǎΣόфмΣ фнύ ǘƻ ŜǾŀƭǳŀǘŜ ōƛƻŎƻƳǇŀǝōƛƭƛǘȅΣόфоύ ŀƴŘ ǘƻ ǎǘǳŘȅ ǘƘŜ 

ŜũŜŎǘ ƻŦ ǎǳǊŦŀŎŜ ǇƻƭŀǊƛǘȅ ŀƴŘ ǇǊƻǘŜƛƴ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻƴ ǘƘŜ ŀŘǎƻǊǇǝƻƴ ƪƛƴŜǝŎǎόфпΣ фрύ ōŀǎŜŘ ƻƴ ōƻǘƘ 
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Ŧ ŀƴŘ 5 ŀƴŘ Ŏŀƴ ōŜ Ŭǘ ǘƻ {ŀǳŜǊōǊŜȅ ǊŜƭŀǝƻƴΦ .ǳǘΣ ƛƴ ŎƻƳǇƭŜȄ ǎȅǎǘŜƳǎ ǎǳŎƘ ŀǎ ŎŜƭƭǎ ǘƘŜ ǎƘŜŀǊ ǿŀǾŜ ƻŦ 

ƻǎŎƛƭƭŀǝƴƎ ǉǳŀǊǘȊ ƛǎ ŘŀƳǇŜƴŜŘ ƻǳǘ ōŜŦƻǊŜ ŜǾŜƴ ǊŜŀŎƘƛƴƎ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ǘƘŜ ŎŜƭƭΦ ¢ƘŜ ŘƛŀƳŜǘŜǊ ƻŦ ŀ 

ǘȅǇƛŎŀƭ ŎŜƭƭ ƛǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мл ҡƳΣ ǿƘƛŎƘ ƛǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŜ ŘŜŎŀȅ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ǎƘŜŀǊ 

ǿŀǾŜ ƛƴ ǿŀǘŜǊ ŜȄŎƛǘŜŘ ōȅ ŀ р aIȊ !¢πŎǳǘ v/a όǿƘƛŎƘ ƛǎ ŀōƻǳǘ нрл ƴƳύΦ CƻǊ ƛƴǎǘŀƴŎŜΣ [Ŝƛƴƻ Ŝǘ ŀƭΦ 

ŜƭǳŎƛŘŀǘŜŘ ŀ ƴƻǘŜǿƻǊǘƘȅ ōŜƘŀǾƛƻǊ ǿƛǘƘƛƴ ǘƘƛǎ ƛƴǘǊƛŎŀǘŜ ƳŜŎƘŀƴƛǎƳΣ ǿƘŜǊŜ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ōŜƘŀǾƛƻǊ 

ŘƻŜǎ ƴƻǘ ŎƻǊǊŜǎǇƻƴŘ ǿƛǘƘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ōŀŎǘŜǊƛŀƭ ŎŜƭƭǎ ŀŘǎƻǊōŜŘ ƻƴ ǘƻ ǘƘŜ ǎǳǊŦŀŎŜΦόфсύ ¢ƘǳǎΣ ǘƘŜ 

ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŦǊŜǉǳŜƴŎȅ ǎƘƛƊ όɲŦύ ŀƴŘ Ƴŀǎǎ ŘŜǎŎǊƛōŜŘ ōȅ ǘƘŜ {ŀǳŜǊōǊŜȅ Ŝǉǳŀǝƻƴ ǘŜƴŘǎ ǘƻ 

ǳƴŘŜǊŜǎǝƳŀǘŜ ǘƘŜ ŀŎǘǳŀƭ Ƴŀǎǎ ŀŘǎƻǊōŜŘ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜΦ ¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜΣ ǿƘŜƴ ǘƘŜ ŀŘǎƻǊōŜŘ ƭŀȅŜǊ ƛǎ 

ǾƛǎŎƻǳǎΣ ƛƴǘŜǊƴŀƭ ŦǊƛŎǝƻƴ ŀǊƛǎŜǎ ŘǳŜ ǘƻ ŘŜŦƻǊƳŀǝƻƴ ǿƛǘƘƛƴ ǘƘŜ ŀŘƭŀȅŜǊΦ !ŘŘƛǝƻƴŀƭƭȅΣ ŎƘŀƴƎŜǎ ƛƴ ŜƴŜǊƎȅ 

ŘƛǎǎƛǇŀǝƻƴ όɲ5ύ ōŜŎƻƳŜ ǎƛƎƴƛŬŎŀƴǘΣ ŀǎ ǘƘŜ ŀŘǎƻǊōŜŘ Ƴŀǎǎ ƻƊŜƴ ƛƴŎƭǳŘŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿŀǘŜǊΦ ¢ƘŜ ƳƻǊŜ 

ǾƛǎŎƻǳǎ ǘƘŜ ŀŘǎƻǊōŀǘŜΣ ǘƘŜ ƎǊŜŀǘŜǊ ǘƘŜ ŘŜŦƻǊƳŀǝƻƴ ƛǎ ƛƴŘǳŎŜŘ ōȅ ǘƘŜ ǎŜƴǎƻǊϥǎ ƻǎŎƛƭƭŀǝƻƴǎΦ 

hƴŜ ǎƛƎƴƛŬŎŀƴǘ ǇƘŜƴƻƳŜƴƻƴ ƻōǎŜǊǾŜŘ ƛƴ v/aπ5 ƳŜŀǎǳǊŜƳŜƴǘǎ ƛǎ ǘƘŜ άƳƛǎǎƛƴƎ Ƴŀǎǎ ŜũŜŎǘέΣ ǿƘŜǊŜ 

ǘƘŜ ŀǇǇŀǊŜƴǘ Ƴŀǎǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ǎƘƛƊǎ ƛǎ ƭŜǎǎ ǘƘŀƴ ǘƘŜ ŀŎǘǳŀƭ Ƴŀǎǎ ŀŘƘŜǊŜŘ ǘƻ ǘƘŜ ǎŜƴǎƻǊ 

ǎǳǊŦŀŎŜΦ ¢Ƙƛǎ ŜũŜŎǘ ŀǊƛǎŜǎ ŦǊƻƳ ǘƘŜ ǾƛǎŎƻπŜƭŀǎǝŎ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ŬƭƳΣ ŀǎ ǿŜƭƭ ŀǎ ƛƴǘŜǊŀŎǝƻƴ ǿƛǘƘ ǘƘŜ 

ǎǳǊǊƻǳƴŘƛƴƎ ƳŜŘƛǳƳΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ±ƻƛƴƻǾŀ Ŝǘ ŀƭΦ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ ǾƛǎŎƻŜƭŀǎǝŎ ŬƭƳǎ ŜȄƘƛōƛǘ ŘȅƴŀƳƛŎ 

Ƴƻǝƻƴ ǳƴŘŜǊ ŀŎƻǳǎǝŎ ǿŀǾŜǎΣ ǿƘƛŎƘ ǊŜŘǳŎŜ ǘƘŜ ŜũŜŎǝǾŜ Ƴŀǎǎ ŎƻƴǘǊƛōǳǝƴƎ ǘƻ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ǎƘƛƊΦόфтύ 

CǳǊǘƘŜǊƳƻǊŜΣ ƛƴ ƭƛǉǳƛŘπǇƘŀǎŜ ŀǇǇƭƛŎŀǝƻƴǎΣ ǘƘŜ ŘŜƴǎƛǘȅ ŀƴŘ ǾƛǎŎƻǎƛǘȅ ƻŦ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ƭƛǉǳƛŘ ƛƴǘŜǊŀŎǘǎ 

ǿƛǘƘ ǘƘŜ ŬƭƳΣ ŦǳǊǘƘŜǊ ŀǧŜƴǳŀǝƴƎ ǘƘŜ ǎŜƴǎƻǊǎ ǊŜǎǇƻƴǎŜΦόфуΣ ффύ  

!ƴƻǘƘŜǊ ƛƴǘǊƛƎǳƛƴƎ ŀǎǇŜŎǘ ƻŦ v/aπ5 ƛǎ ǘƘŜ ƻōǎŜǊǾŀǝƻƴ ƻŦ ǇƻǎƛǝǾŜ ŦǊŜǉǳŜƴŎȅ ǎƘƛƊǎ ŘŜǎǇƛǘŜ Ƴŀǎǎ ōŜƛƴƎ 

ŀŘǎƻǊōŜŘ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜΦ ²ƘŜǊŜ ǘƘƛǎ ǇƘŜƴƻƳŜƴƻƴ Ŏŀƴ ōŜ ŀǧǊƛōǳǘŜŘ ŀƎŀƛƴ ǘƻ ǘƘŜ ǾƛǎŎƻŜƭŀǎǝŎ 

ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ŬƭƳΦ CƻǊ ŜȄŀƳǇƭŜΣ ǎǝũŜƴƛƴƎ ƻŦ ŀ ƭŀȅŜǊ ŘǳŜ ǘƻ ŘǊȅƛƴƎΣ ŎǊƻǎǎπƭƛƴƪƛƴƎ ƻǊ ŎƻƴŦƻǊƳŀǝƻƴŀƭ 

ŎƘŀƴƎŜǎ Ŏŀƴ ƛƴŎǊŜŀǎŜ ǘƘŜ ǊŜǎƻƴŀƴŎŜ ŦǊŜǉǳŜƴŎȅΣ ŀǎ ǘƘŜ ŜƭŀǎǝŎ ŎƻƴǘǊƛōǳǝƻƴ ŘƻƳƛƴŀǘŜǎ ƻǾŜǊ ǘƘŜ Ƴŀǎǎ 

ƭƻŀŘƛƴƎ ŜũŜŎǘΦόмллύ ²Ŝŀƪ ŀŘƘŜǎƛƻƴ ƻǊ ǇŀǊǝŀƭ ŘŜŎƻǳǇƭƛƴƎ ƻŦ ǘƘŜ ŬƭƳ ŦǊƻƳ ǘƘŜ ǎǳǊŦŀŎŜ Ŏŀƴ ŀƭǎƻ ǊŜŘǳŎŜ 

ŀŎƻǳǎǝŎ ƭƻŀŘƛƴƎΣ ǊŜǎǳƭǝƴƎ ƛƴ ǇƻǎƛǝǾŜ ǎƘƛƊΦ !ŘŘƛǝƻƴŀƭƭȅΣ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ŘƛǎǎƛǇŀǝƻƴ ό5ύ ŎŀǳǎŜŘ ōȅ 

ƛƴŎǊŜŀǎŜŘ ǊƛƎƛŘƛǘȅ ƻŦ ǘƘŜ ƭŀȅŜǊ Ƴŀȅ ŀŎŎƻƳǇŀƴȅ ǎǳŎƘ ǎƘƛƊǎΣ ŀǎ ƻōǎŜǊǾŜŘ ƛƴ ǇǊƻǘŜƛƴ ŀƴŘ ŎŜƭƭ ŀŘǎƻǊǇǝƻƴ 

ǎǘǳŘƛŜǎΦόмлмύ   

нΦн {ŎŀƴƴƛƴƎ tǊƻōŜ aƛŎǊƻǎŎƻǇȅ 

{ŎŀƴƴƛƴƎ ǇǊƻōŜ aƛŎǊƻǎŎƻǇȅ ό{taύ ƛǎ ŀ ǘŜŎƘƴƛǉǳŜ ǿƘŜǊŜ ŀ ǎƘŀǊǇ ǝǇ ƛǎ ǇƘȅǎƛŎŀƭƭȅ ǳǎŜŘ ǘƻ ǎŎŀƴ ŀ ǎŀƳǇƭŜ 

ŀƴŘ ŎƻƭƭŜŎǘ ƛƴŦƻǊƳŀǝƻƴ ƭƛƪŜ ƳŀƎƴŜǝŎΣ ŜƭŜŎǘǊƻƴƛŎΣ ŀƴŘ ŀŘƘŜǎƛǾŜ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ǎŀƳǇƭŜΦόмлнύ ¢ƘŜ 

ǘŜŎƘƴƛǉǳŜ ǿŀǎ ƛƴǾŜƴǘŜŘ ƛƴ мфур ōȅ .ƛƴƴƛƴƎ Ŝǘ ŀƭΦΣΦόмлоύ {ta Ƙŀǎ ōŜŜƴ ŎƭŀǎǎƛŬŜŘ ƛƴǘƻ ǘǿƻ ŦǳǊǘƘŜǊ ǘȅǇŜǎ 

ŎŀƭƭŜŘ {ŎŀƴƴƛƴƎ ǘǳƴƴŜƭƛƴƎ ƳƛŎǊƻǎŎƻǇȅ ό{¢aύόмлпύ ŀƴŘ ŀǘƻƳƛŎ ŦƻǊŎŜ ƳƛŎǊƻǎŎƻǇȅ ό!CaύΦ {ŎŀƴƴƛƴƎ 

ǘǳƴƴŜƭƛƴƎ ƳƛŎǊƻǎŎƻǇȅ ƛǎ ƭƛƳƛǘŜŘ ǘƻ ŎƻƴŘǳŎǝǾŜ ǎŀƳǇƭŜǎΣ ŀƴŘ ǎƳŀƭƭŜǊ ǎŎŀƴ ŀǊŜŀ ŦƻǊ ƛǘǎ ƻǇŜǊŀǝƻƴΣόмлрύ 

ōǳǘ !Ca Ŏŀƴ ǇƘȅǎƛŎŀƭƭȅ ǎŎŀƴ ōƻǘƘ ŎƻƴŘǳŎǝǾŜ ŀƴŘ ƴƻƴπ ŎƻƴŘǳŎǝǾŜ ǎŀƳǇƭŜǎΣ ƭŀǊƎŜǊ ǎŎŀƴ ŀǊŜŀǎ ŀƴŘ 



Dynamics of Natural and Artificial Biological Systems at Solid-Liquid Interfaces 

 

ом 
 

ǿƛǘƘƻǳǘ ŀƴȅ ǾŀŎǳǳƳΦόмлсύ ¢ƘŜ ŜȄǘŜƴǘ ƻŦ ƪƴƻǿƭŜŘƎŜ ƻǊ ƛƴŦƻǊƳŀǝƻƴ ǘƘŀǘ Ŏŀƴ ōŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ōƻǘƘ 

ǘƘŜ ǎȅǎǘŜƳǎ ƛǎ ƛƳƳŜƴǎŜΣ ŘŜǇŜƴŘƛƴƎ ǳǇƻƴ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ōŜƛƴƎ ŎŀǊǊƛŜŘ ƻǳǘΦ Lƴ ǊŜƭŀǝƻƴ ǘƻ ǘƘƛǎ ǘƘŜǎƛǎΣ 

ŀǧŜƴǝƻƴ ƛǎ ŜȄŎƭǳǎƛǾŜƭȅ ŘƛǊŜŎǘŜŘ ǘƻǿŀǊŘǎ !CaΦ  

нΦнΦм !ǘƻƳƛŎ CƻǊŎŜ aƛŎǊƻǎŎƻǇȅ ό!CaύΥ tǊƛƴŎƛǇƭŜǎ ŀƴŘ /ƻƳǇƻƴŜƴǘǎ  

!ǘƻƳƛŎ ŦƻǊŎŜ ƳƛŎǊƻǎŎƻǇȅ ƛǎ ŀ ǇƻǿŜǊŦǳƭ ǘƻƻƭ ŦƻǊ ŜȄǇƭƻǊƛƴƎ ǎǳǊŦŀŎŜ ǘƻǇƻƎǊŀǇƘȅ ŀǘ ƴŀƴƻǎŎŀƭŜ ǿƛǘƘƻǳǘ 

ƴŜŜŘ ƻŦ ŎƻƳǇƭƛŎŀǘŜŘ ǎŀƳǇƭŜ ǇǊŜǇŀǊŀǝƻƴ ǇǊƻŎŜŘǳǊŜǎΦ Lƴ ŀŘŘƛǝƻƴ ǘƻ ƳŀǇǇƛƴƎ ǘƻǇƻƎǊŀǇƘȅΣ ǘƘŜ !Ca 

ǎȅǎǘŜƳ ƛǎ ŎŀǇŀōƭŜ ƻŦ ƻōǘŀƛƴƛƴƎ ǎǳǊŦŀŎŜ ǇǊƻǇŜǊǝŜǎ ǎǳŎƘ ŀǎ ǎǝũƴŜǎǎΣ ŀŘƘŜǎƛǾŜƴŜǎǎΣ ƘȅŘǊƻǇƘƻōƛŎƛǘȅΣ 

ƘȅŘǊƻǇƘƛƭƛŎƛǘȅΣ ŎƻƴŘǳŎǝǾƛǘȅΣ ǾƛǎŎƻπŜƭŀǎǝŎƛǘȅ ŀƴŘ ǎǳǊŦŀŎŜ ǇƻǘŜƴǝŀƭΦόмлсΣ млтύ ¢ƘŜǎŜ ŀǧǊƛōǳǘŜǎ ŀǊŜ 

ŀǇǇƭƛŎŀōƭŜ ƴƻǘ ƻƴƭȅ ǘƻ ƴƻƴπōƛƻƭƻƎƛŎŀƭ ƳŀǘŜǊƛŀƭǎ ōǳǘ ŀƭǎƻ ōƛƻƭƻƎƛŎŀƭ ǎǇŜŎƛƳŜƴǎΦ aƻǊŜƻǾŜǊΣ ŀ ǎƛƎƴƛŬŎŀƴǘ 

ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘƛǎ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ƛǘǎ ǾŜǊǎŀǝƭƛǘȅΣ ŀƭƭƻǿƛƴƎ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƻ ōŜ ŎƻƴŘǳŎǘŜŘ ƛƴ ŘƛǾŜǊǎŜ 

ŎƻƴŘƛǝƻƴǎ ŀǘ ǎƻƭƛŘπŀƛǊΣ ǎƻƭƛŘπƭƛǉǳƛŘ ŀƴŘ ƭƛǇƛŘπƭƛǉǳƛŘ ƛƴǘŜǊŦŀŎŜΦ όмлуΣ млфύ  

¢ƘŜ ƪŜȅ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ !Ca ǎȅǎǘŜƳ ƛƴŎƭǳŘŜ ŀƴ !Ca ǇǊƻōŜ όŎŀƴǝƭŜǾŜǊύΣ ƭŀǎŜǊΣ ½πǎŎŀƴƴŜǊ όǇƛŜȊƻύ 

ŀƴŘ ŀ ǇƘƻǘƻŘƛƻŘŜ όǎŜŜ CƛƎǳǊŜ мрύΦ 

мΦ /ŀƴǝƭŜǾŜǊΥ ¢ƘŜ ŎŀƴǝƭŜǾŜǊ ƛǎ ŀ ǎƳŀƭƭΣ ƅŜȄƛōƭŜ ōŜŀƳ ǿƛǘƘ ŀ ǎƘŀǊǇ ǝǇ ŀǘ ƛǘǎ ŜƴŘ ǿƛǘƘ ǘƘŜ ƻǘƘŜǊ 

ǎƛŘŜ ŎƻŀǘŜŘ ǿƛǘƘ ŀ ǊŜƅŜŎǝǾŜ ƳŜǘŀƭ ŦƻǊ ǘƘŜ ǊŜƅŜŎǝƻƴ ƻŦ ǘƘŜ ƭŀǎŜǊΦ ¢ƘŜ ƅŜȄƛōƭŜ ōŜŀƳ ōŜƴŘǎ ƛƴ 

ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ƳƻƭŜŎǳƭŀǊ ŦƻǊŎŜǎ ƻƴ ǘƘŜ ǎŀƳǇƭŜ ǎǳǊŦŀŎŜΦ 

нΦ [ŀǎŜǊ ǎȅǎǘŜƳΥ ¢ƘŜ ƭŀǎŜǊ ǳǎŜŘ ƛƴ ǘƘŜ !Ca ǎȅǎǘŜƳ ƛǎ ǘȅǇƛŎŀƭƭȅ ƛƴ ǘƘŜ ǾƛǎƛōƭŜ ƻǊ ƴŜŀǊπ ƛƴŦǊŀǊŜŘ 

ǎǇŜŎǘǊǳƳΦ ¢ƘŜ ƭŀǎŜǊ ƛǎ ŘƛǊŜŎǘŜŘ ƻƴ ǘƘŜ ōŀŎƪǎƛŘŜ ƻŦ ǘƘŜ ŎŀƴǝƭŜǾŜǊ ǿƘƛŎƘ ƛǎ ŦǳǊǘƘŜǊ ǊŜƅŜŎǘŜŘ ŀƴŘ 

ƛǎ ƳƻƴƛǘƻǊŜŘ ǿƛǘƘ ŀ ǇƘƻǘƻŘƛƻŘŜΦόммлύ ¢ƘŜ ƭŀǎŜǊ ǎǇƻǘ ƛǎ ƪŜǇǘ ǎƳŀƭƭ ǘƻ ŀŎŎǳǊŀǘŜƭȅ ƳƻƴƛǘƻǊ ǘƘŜ 

ŎŀƴǝƭŜǾŜǊ ŘŜƅŜŎǝƻƴǎ ŀƴŘ ǘƻ ŜƴǎǳǊŜ ƳƛƴƛƳŀƭ ƛƴǘŜǊŦŜǊŜƴŎŜΦ  

оΦ tƘƻǘƻŘƛƻŘŜΥ  ! ǇƘƻǘƻŘƛƻŘŜ ƛǎ ŀ Ǉƻǎƛǝƻƴ ǎŜƴǎƛǝǾŜ ŘŜǘŜŎǘƻǊ ƻŦ ƭŀǎŜǊ ōŜŀƳ ŦǊƻƳ ŎŀƴǝƭŜǾŜǊΦ Lǘ ƛǎ 

ŀ ǉǳŀŘǊŀƴǘ ŎŜƭƭ ŎƻƴǎƛǎǝƴƎ ƻŦ п ǇƘƻǘƻŀŎǝǾŜ ǎŜƎƳŜƴǘǎ όŀƴƻŘŜǎύ  ŜŀŎƘ ǎŜǇŀǊŀǘŜŘ ōȅ мл ҡƳ ǿƛǘƘ 

ŀ ŎƻƳƳƻƴ ŎŀǘƘƻŘŜΦόммлύ ²ƘŜƴ ǘƘŜ ŎŀƴǝƭŜǾŜǊ ƻǎŎƛƭƭŀǘŜǎ ƻǾŜǊ ǘƘŜ ǎŀƳǇƭŜ ǎǳǊŦŀŎŜ ŀƴŘ ōŜŎŀǳǎŜ 

ƻŦ ǘƘŜ ŦƻǊŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ǝǇ ŀƴŘ ǘƘŜ ǎŀƳǇƭŜ ǎǳǊŦŀŎŜΣ ǘƘŜ ǊŜƅŜŎǘŜŘ ƭŀǎŜǊ ǎǇƻǘ ƳƻǾŜǎ ƻƴ ǘƘŜ 

ǇƘƻǘƻŘƛƻŘŜΦ CǳǊǘƘŜǊΣ ǘƘƛǎ ƳƻǾŜƳŜƴǘ ƻŦ ƭŀǎŜǊ ƻƴ ǘƘŜ ǇƘƻǘƻŘƛƻŘŜ ƛǎ ŀ ƳŜŀǎǳǊŜ ƻŦ ōƻǘƘ ƭŀǘŜǊŀƭ 

ŀƴŘ ǾŜǊǝŎŀƭ ŘŜƅŜŎǝƻƴ ƻŦ ǘƘŜ ŎŀƴǝƭŜǾŜǊ ƘŜƭǇƛƴƎ ƛƴ ƎŜƴŜǊŀǝƴƎ ǘƘŜ ǘƻǇƻƎǊŀǇƘȅ ƻŦ ǘƘŜ ǎǳǊŦŀŎŜΦ 

¢ƘŜ ǾŜǊǝŎŀƭ ŀƴŘ ƭŀǘŜǊŀƭ ƳƻǾŜƳŜƴǘ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ ǘŀƪƛƴƎ ŘƛũŜǊŜƴŎŜ ƛƴ ǘƘŜ ǎƛƎƴŀƭ ƭŜǾŜƭǎ 

ƳŜŀǎǳǊŜŘ ƛƴ ŜŀŎƘ ǉǳŀŘǊŀƴǘΦόмммύ 
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CƛƎǳǊŜ мрΥ{ŎƘŜƳŀǝŎǎ ƻŦ ŀƴ !Ca ǎȅǎǘŜƳ ǿƛǘƘ ǘƘŜ ǝǇ ƳƻǳƴǘŜŘ ƻƴ ŀ ǇƛŜȊƻŜƭŜŎǘǊƛŎ ǎŎŀƴƴŜǊΣ ŦǳǊǘƘŜǊ ŀƭǎƻ ǊŜǇǊŜǎŜƴǝƴƎ 
Ƙƻǿ ǘƘŜ ŎƻƴǘǊƻƭƭŜǊ ŀŎǘǎ ƻƴ ǘƘŜ ǎȅǎǘŜƳ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ ƛƳŀƎƛƴƎ ǇǊƻŎŜǎǎΦ ώwŜǇǊƛƴǘŜŘ ōȅ ǇŜǊƳƛǎǎƛƻƴ ŦǊƻƳΥ όммнύϐ 

нΦнΦмΦмΦ ¢ƛǇπ{ŀƳǇƭŜ LƴǘŜǊŀŎǝƻƴǎ ƛƴ !ǘƻƳƛŎ CƻǊŎŜ aƛŎǊƻǎŎƻǇȅ  

!ǎ ǘƘŜ ǝǇ ŀǇǇǊƻŀŎƘŜǎ ǘƘŜ ǎŀƳǇƭŜ ǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǝǇ ŀƴŘ ǎŀƳǇƭŜ ōŜŎƻƳŜǎ ǎƻ ǎƳŀƭƭ ǘƘŀǘ ǘƘŜ 

ǊŜǎƻƴŀƴŎŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ǘƘŜ ŎŀƴǝƭŜǾŜǊ ǎǘŀǊǘǎ ǎƘƛƊƛƴƎ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǝǇ ŀƴŘ 

ǎŀƳǇƭŜΦ ²ƘŜƴ ǘƘŜ ŦƻǊŎŜǎ ŀǊŜ ŀǧǊŀŎǝǾŜ ǘƘŜ ǎƘƛƊ ƛƴ ǊŜǎƻƴŀƴŎŜ ƛǎ ƳƻǊŜ ǘƻǿŀǊŘǎ ŀ ƴŜƎŀǝǾŜ ǊŜƎƛƳŜ ƻǊ ƛƴ 

ƻǘƘŜǊ ǘŜǊƳǎ ƛǘǎ ǊŜŘǳŎŜŘ ŀƴŘ ǿƘŜƴ ƛǘǎ ǊŜǇǳƭǎƛǾŜ ŦƻǊŎŜǎ ŀŎǝƴƎ ǘƘŜ ǎƘƛƊ ƛǎ ƳƻǊŜ ǘƻǿŀǊŘǎ ǘƘŜ ǇƻǎƛǝǾŜ 

ǊŜƎƛƳŜ ƻǊ ƛƴ ƻǘƘŜǊ ǘŜǊƳǎ ǘƘŜ ǊŜǎƻƴŀƴŎŜ ƛƴŎǊŜŀǎŜǎΦόммоύ CǳǊǘƘŜǊΣ ǘƘŜ ŀǧǊŀŎǝǾŜ ŦƻǊŎŜǎ ŀǊŜ ŀƭǎƻ ǘŜǊƳŜŘ 

ŀǎ ǎƘƻǊǘπǊŀƴƎŜ ŦƻǊŎŜǎ ǿƘƛŎƘ ŘŜǾŜƭƻǇǎ ŦǊƻƳ ǘƘŜ ŎƘŜƳƛŎŀƭ ōƻƴŘƛƴƎ ƻŦ ǝǇ ŀƴŘ ǎŀƳǇƭŜΣ ŀƭǎƻ ƛƴŎƭǳŘƛƴƎ 

tŀǳƭƛΩǎ ǊŜǇǳƭǎƛƻƴ ŘǳŜ ǘƻ ǘƘŜ ƻǾŜǊƭŀǇ ƻŦ ŜƭŜŎǘǊƻƴ ŎƭƻǳŘǎ ƻŦ ǘƘŜ ǝǇ ŀƴŘ ǎŀƳǇƭŜ ŀǘƻƳǎΦ ¢ƘŜ ƭƻƴƎπǊŀƴƎŜ 

ŦƻǊŎŜǎ ǎƛƳƛƭŀǊƭȅ ƛƴŎƭǳŘŜ ǘƘŜ Ǿŀƴ ŘŜǊ ²ŀŀƭǎ ŦƻǊŎŜǎ ŀƴŘ ŜƭŜŎǘǊƻǎǘŀǝŎ ŦƻǊŎŜǎΦόммпύ 

нΦнΦмΦн hǇŜǊŀǝƻƴŀƭ aƻŘŜǎ ƻŦ !ǘƻƳƛŎ CƻǊŎŜ aƛŎǊƻǎŎƻǇȅ 

!ǘƻƳƛŎ CƻǊŎŜ aƛŎǊƻǎŎƻǇȅ ό!Caύ ƻǇŜǊŀǘŜǎ ƛƴ ǾŀǊƛƻǳǎ ƳƻŘŜǎ ǘƘŀǘ ŀǊŜ ŎƻƴǝƴƎŜƴǘ ǳǇƻƴ ǘƘŜ 

ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ǘƘŜ ǎŀƳǇƭŜ ǎǳǊŦŀŎŜ ŀƴŘ ǘƘŜ ǎǇŜŎƛŬŎ ƳŜŀǎǳǊŜƳŜƴǘǎ ǊŜǉǳƛǊŜŘΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ 

ƻǇŜǊŀǝƻƴŀƭ ƳƻŘŜǎ Ƴǳǎǘ ōŜ ŀŘƧǳǎǘŜŘ ŀŎŎƻǊŘƛƴƎƭȅΦ 

мΦ /ƻƴǘŀŎǘ aƻŘŜΥ Lƴ ŎƻƴǘŀŎǘ ƳƻŘŜΣ ǎǘŀǝŎ ƳƻŘŜ ƻǊ ǊŜǇǳƭǎƛǾŜ ƳƻŘŜΣ ǘƘŜ ŎŀƴǝƭŜǾŜǊǎ ǝǇ ǎŎŀƴǎ ǘƘŜ 

ǎŀƳǇƭŜ ǎǳǊŦŀŎŜ ǿƘƛƭŜ ōŜƛƴƎ ƛƴ ŘƛǊŜŎǘ ŎƻƴǘŀŎǘ όǎŜŜ CƛƎǳǊŜ мсōύ ǿƛǘƘ ǘƘŜ ǎǳǊŦŀŎŜ ǿƘŜǊŜ ƛǘ 

ƻǇŜǊŀǘŜǎ ƛƴ ǘƘŜ ǊŜǇǳƭǎƛǾŜ ŦƻǊŎŜ ǊŜƎƛƳŜ όƛƴŘƛŎŀǘŜŘ ƛƴ ǇŀƴŜƭ ƻŦ CƛƎǳǊŜ мсŀύΦ 5ǳǊƛƴƎ ǘƘŜ ǎŎŀƴǎ ǘƘŜ 

ƭŀǎŜǊ ƛǎ ŘŜƅŜŎǘŜŘ ƛƴ ȊπŘƛǊŜŎǝƻƴ ŀŎŎƻǊŘƛƴƎ ǘƻ ƘŜƛƎƘǘ ŎƘŀƴƎŜǎ ƻŦ ǘƘŜ ǎŀƳǇƭŜ ǎǳǊŦŀŎŜ ŀƴŘ ŎƘŀƴƎŜǎ 

ƛƴ ǘƘŜ ȊπŘƛǊŜŎǝƻƴ ƻŦ ǘƘŜ ƭŀǎŜǊ ŀǊŜ ǊŜŎƻǊŘŜŘ ƻƴ ǘƘŜ ǇƘƻǘƻŘƛƻŘŜΦ ¢ƘŜ ǇǊƛƳŀǊȅ ƛƴǘŜǊŀŎǝƻƴǎ 

ōŜǘǿŜŜƴ ǘƘŜ ǇǊƻōŜ ǝǇ ŀƴŘ ǘƘŜ ǎŀƳǇƭŜ ǎǳǊŦŀŎŜ ƛƴƛǝŀƭƭȅ ƛƴǾƻƭǾŜ Ǿŀƴ ŘŜǊ ²ŀŀƭǎ ŀǧǊŀŎǝƻƴΣ ǿƘƛŎƘ 

ōŜŎƻƳŜǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ǎƛƎƴƛŬŎŀƴǘ ŀǎ ǘƘŜ ǝǇ ŀǇǇǊƻŀŎƘŜǎ ǘƘŜ ǎǳǊŦŀŎŜΦ ¦Ǉƻƴ ŦǳǊǘƘŜǊ ŀǇǇǊƻŀŎƘΣ 

ŜƭŜŎǘǊƻƴ ŎƭƻǳŘǎ ƻŦ ǘƘŜ ǝǇ ŀƴŘ ǎŀƳǇƭŜ ƻǾŜǊƭŀǇΣ ŎŀǳǎƛƴƎ ǘƘŜ ŀǧǊŀŎǝǾŜ ŦƻǊŎŜǎ ǘƻ ŘƛƳƛƴƛǎƘ ŀƴŘ 
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ǊŜǇǳƭǎƛǾŜ tŀǳƭƛ ŜȄŎƭǳǎƛƻƴ ŦƻǊŎŜǎ ǘƻ ŘƻƳƛƴŀǘŜ ŀƴŘ ŎƻƳǇŜƴǎŀǘŜ ǘƘŜ ŀǧǊŀŎǝǾŜ ŦƻǊŎŜǎΦ ¢Ƙƛǎ 

ǊŜǇǳƭǎƛǾŜ ƛƴǘŜǊŀŎǝƻƴ ŀƭƻƴƎ ǿƛǘƘ ŀǇǇƭƛŜŘ ŜȄǘŜǊƴŀƭ ŦƻǊŎŜ ōȅ ǘƘŜ ŎŀƴǝƭŜǾŜǊ ƭŜŀŘǎ ǘƻ ƳŜŀǎǳǊŀōƭŜ 

ŘŜƅŜŎǝƻƴ ƻŦ ǘƘŜ ŎŀƴǝƭŜǾŜǊΦόммрΣ ммсύ 

 

CƛƎǳǊŜ мсΥ ŀύ LƴǘŜǊŀǘƻƳƛŎ ŦƻǊŎŜ ǾǎΦ ŘƛǎǘŀƴŎŜ ŎǳǊǾŜΦ ōύ/ƻƴǘŀŎǘ ƳƻŘŜΥ ǘƘŜ ǇǊƻōŜ ƭƛƎƘǘƭȅ ŎƻƴǘŀŎǘǎ ǘƘŜ ǎŀƳǇƭŜ ǿƛǘƘ 
Ŏƻƴǎǘŀƴǘ ŦƻǊŎŜΦ Ŏύ bƻƴπŎƻƴǘŀŎǘ ƳƻŘŜΥ ǘƘŜ ǝǇ ƻǎŎƛƭƭŀǘŜǎ ŀōƻǾŜ ǘƘŜ ǎǳǊŦŀŎŜΣ ŘŜǘŜŎǝƴƎ ƭƻƴƎπǊŀƴƎŜ ŦƻǊŎŜǎ ǿƛǘƘƻǳǘ 
ŎƻƴǘŀŎǘΦ Řύ ¢ŀǇǇƛƴƎ ƳƻŘŜΥ ǘƘŜ ŎŀƴǝƭŜǾŜǊ ƻǎŎƛƭƭŀǘŜǎ ƴŜŀǊ ǊŜǎƻƴŀƴŎŜΣ ƛƴǘŜǊƳƛǧŜƴǘƭȅ ŎƻƴǘŀŎǝƴƎ ǘƘŜ ǎŀƳǇƭŜΦ 
ώwŜǇǊƛƴǘŜŘ ōȅ ǇŜǊƳƛǎǎƛƻƴ ŦǊƻƳΥ όммтύϐ 

нΦ bƻƴπŎƻƴǘŀŎǘ ƳƻŘŜΥ Lƴ ƴƻƴπŎƻƴǘŀŎǘ ƳƻŘŜΣ ǘƘŜ ǝǇ ƻǎŎƛƭƭŀǘŜǎ ǿƛǘƘ ŀ ǎƳŀƭƭ ŀƳǇƭƛǘǳŘŜ όғ р ƴƳύ 

ƴŜŀǊ ǘƘŜ ǎŀƳǇƭŜ ǎǳǊŦŀŎŜ όǎŜŜ CƛƎǳǊŜ мсŎύΣ ǿƛǘƘƻǳǘ ǘƻǳŎƘƛƴƎ ƛǘΣ ŀǘ ƻǊ ǎƭƛƎƘǘƭȅ ŀōƻǾŜ ǘƘŜ 

ǊŜǎƻƴŀƴŎŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ǘƘŜ ŎŀƴǝƭŜǾŜǊΦ DŜƴŜǊŀƭƭȅΣ ǘƘŜ ŦƻǊŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ǝǇ ŀƴŘ ǎŀƳǇƭŜ ŀǊŜ 

Ǿŀƴ ŘŜǊ ²ŀŀƭǎ ŦƻǊŎŜǎ ŀƴŘ ǘƘŜǎŜ ŦƻǊŎŜǎ ŎŀǳǎŜ ŀ ǎƘƛƊ ƛƴ ǘƘŜ ǊŜǎƻƴŀƴŎŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ǘƘŜ 

ŎŀƴǝƭŜǾŜǊ ƛƴ ǘƘŜ ŀǧǊŀŎǝǾŜ ǊŜƎƛƳŜΦ ¢Ƙƛǎ ǎƘƛƊ ƛƴ ŦǊŜǉǳŜƴŎȅ ƛǎ ƳŜŀǎǳǊŜŘ ŀƴŘ ǳǎŜŘ ǘƻ ƎŜƴŜǊŀǘŜ 

ŀƴ ǘƻǇƻƎǊŀǇƘƛŎŀƭ ƛƳŀƎŜ ƻŦ ǘƘŜ ǎǳǊŦŀŎŜΦόммпΣ ммуύ  

оΦ ¢ŀǇǇƛƴƎ aƻŘŜΥ Lƴ ǘŀǇǇƛƴƎ ƳƻŘŜΣ ǘƘŜ ŎŀƴǝƭŜǾŜǊ ƻǎŎƛƭƭŀǘŜǎ ƴŜŀǊ ƛǘǎ ǊŜǎƻƴŀƴǘ ŦǊŜǉǳŜƴŎȅΣ ŀƴŘ ǘƘŜ 

ǝǇ ƛƴǘŜǊƳƛǧŜƴǘƭȅ ŎƻƴǘŀŎǘǎ όǎŜŜ CƛƎǳǊŜ мсŘύ ǘƘŜ ǎŀƳǇƭŜ ǎǳǊŦŀŎŜΦ ¢ƘŜǊŜ ŀǊŜ ǊŜŘǳŎŜŘ ƭŀǘŜǊŀƭ 

ŦƻǊŎŜǎ ŎƻƳǇŀǊŜŘ ǘƻ ŎƻƴǘŀŎǘ ƳƻŘŜΣ ǿƘƛŎƘ ǊŜŘǳŎŜǎ ǘƘŜ ǎŀƳǇƭŜ ŘŀƳŀƎŜ ŎŀǳǎŜŘ ōȅ ǘƘŜ ǝǇ ŀƴŘ 

ŦǳǊǘƘŜǊ ǇǊƻǾƛŘŜǎ ƘƛƎƘ ǊŜǎƻƭǳǝƻƴ ǘƻǇƻƎǊŀǇƘƛŎŀƭ ŘŀǘŀΦ CǳǊǘƘŜǊΣ ǘƘŜ ǎȅǎǘŜƳ ŀƭǎƻ ŎŀǇǘǳǊŜǎ ǘƘŜ 

ŎƻƳǇƻǎƛǝƻƴŀƭ ŎƻƴǘǊŀǎǘ ƛƴ ƘŜǘŜǊƻƎŜƴƻǳǎ ǎŀƳǇƭŜǎ ōȅ ǊŜŎƻǊŘƛƴƎ ǘƘŜ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ 

ŜȄǘŜǊƴŀƭ ŜȄŎƛǘŀǝƻƴ ŀƴŘ ǝǇ Ƴƻǝƻƴ ǿƘƛŎƘ ƛǎ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ǇƘŀǎŜ ƛƳŀƎƛƴƎΦ ¢Ƙƛǎ ŎŀƴǝƭŜǾŜǊ 

ƻǎŎƛƭƭŀǘŜǎ ōŜǘǿŜŜƴ ōƻǘƘ ŀǧǊŀŎǝǾŜ ŀƴŘ ǊŜǇǳƭǎƛǾŜ ǊŜƎƛƳŜΦόммфΣ ммуύ 

нΦнΦмΦо {ŜǘǇƻƛƴǘ ŀƴŘ tL5 CŜŜŘōŀŎƪ {ȅǎǘŜƳ ŀƴŘ ǘƘŜƛǊ wƻƭŜ ƛƴ !ǘƻƳƛŎ CƻǊŎŜ aƛŎǊƻǎŎƻǇȅ 

Lƴ !CaΣ ǘƘŜ ǎŜǘǇƻƛƴǘ ƛǎ ŀ ǇǊŜπŘŜŬƴŜŘ ǾŀƭǳŜ ƻŦ ŎŀƴǝƭŜǾŜǊ ŘŜƅŜŎǝƻƴ όƛƴ ŎƻƴǘŀŎǘ ƳƻŘŜύ ƻǊ ŀƳǇƭƛǘǳŘŜ 

ǊŜŘǳŎǝƻƴ όƛƴ ǘŀǇǇƛƴƎκƴƻƴπŎƻƴǘŀŎǘ ƳƻŘŜύ ǳǎŜŘ ŀǎ ŀ ŦŜŜŘōŀŎƪ ǊŜŦŜǊŜƴŎŜ ŘǳǊƛƴƎ ǎŎŀƴƴƛƴƎΦ Lǘ ŘŜǘŜǊƳƛƴŜǎ 
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ǘƘŜ ǎǘǊŜƴƎǘƘ ƻŦ ƛƴǘŜǊŀŎǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ !Ca ǝǇ ŀƴŘ ǘƘŜ ǎŀƳǇƭŜ ǎǳǊŦŀŎŜΦόммоύ 5ǳǊƛƴƎ ǎŎŀƴƴƛƴƎ ǘƘŜ 

ŦŜŜŘōŀŎƪ ǎȅǎǘŜƳ όŜȄǇƭŀƛƴŜŘ ōŜƭƻǿύ Ŏƻƴǎǘŀƴǘƭȅ ŀŘƧǳǎǘǎ ȊπƘŜƛƎƘǘ ǘƻ ƪŜŜǇ ǘƘŜ ŘŜƅŜŎǝƻƴ ƻŦ ƻǎŎƛƭƭŀǝƻƴ 

ŀƳǇƭƛǘǳŘŜ Ŝǉǳŀƭ ǘƻ ǘƘŜ ǎŜǘǇƻƛƴǘΦ ¢ƘŜǎŜ ǾŜǊǝŎŀƭ όȊπŀȄƛǎύ ŀŘƧǳǎǘƳŜƴǘǎ ŀǊŜ ǊŜŎƻǊŘŜŘ ŀǘ ŜŀŎƘ όȄΣ ȅύ Ǉƻǎƛǝƻƴ 

ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ŀƴŘ ǘƘŜ ǊŜǎǳƭǝƴƎ ǘƻǇƻƎǊŀǇƘƛŎŀƭ !Ca ƛƳŀƎŜ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǾŀǊƛŀǝƻƴ ƛƴ ƘŜƛƎƘǘ ǊŜǉǳƛǊŜŘ 

ǘƻ Ƴŀƛƴǘŀƛƴ ǘƘŜ ǎǇŜŎƛŬŎ ƛƴǘŜǊŀŎǝƻƴ ǎǘǊŜƴƎǘƘ όǎŜǘǇƻƛƴǘύ ōŜǘǿŜŜƴ ǘƘŜ ǝǇ ŀƴŘ ǎŀƳǇƭŜΦ ¢ƻƻ ƘƛƎƘ ǎŜǘǇƻƛƴǘ 

Ƴŀȅ ŘŀƳŀƎŜ ǘƘŜ ǎŀƳǇƭŜΣ ŘŜŦƻǊƳ ǘƘŜ ǎǳǊŦŀŎŜ ƻǊ ǇǊŜƳŀǘǳǊŜƭȅ ǿŜŀǊ Řƻǿƴ ǘƘŜ ǝǇ ŀƴŘ ǘƻ ƭƻǿ ǎŜǘǇƻƛƴǘ 

Ƴŀȅ ǊŜǎǳƭǘ ƛƴ ǿŜŀƪ ŎƻƴǘǊŀǎǘ ƻŦ ǘƘŜ ǊŜǎǳƭǝƴƎ ƛƳŀƎŜ ŀƴŘ ƛƴǎǳŶŎƛŜƴǘ ǊŜǎƻƭǳǝƻƴΦ   

¢ƘŜ ǇǊƻǇƻǊǝƻƴŀƭπƛƴǘŜƎǊŀƭπŘŜǊƛǾŀǝǾŜ ŎƻƴǘǊƻƭƭŜǊ ƛǎ ŀ Ƴŀƛƴ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ !Ca ǿƘƛŎƘ ƘŜƭǇǎ ƛƴ 

ƳŀƛƴǘŀƛƴƛƴƎ ŀǇǇǊƻǇǊƛŀǘŜ ŘƛǎǘŀƴŎŜ ƻŦ ǘƘŜ ǇǊƻōŜόмнлύ ŦǊƻƳ ǘƘŜ ǎŀƳǇƭŜ ƻǊ ƛƴ ƻǘƘŜǊ ǘŜǊƳǎ ŀ ǉǳƛŎƪ ǊŜŀŎǝƻƴ 

ǎȅǎǘŜƳ ŦƻǊ ŘŜǘŜŎǝƴƎ ƘŜƛƎƘǘ ŎƘŀƴƎŜǎ όȊπŘƛǊŜŎǝƻƴύ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŘŜƅŜŎǝƻƴ 

ƻǊ ŀƳǇƭƛǘǳŘŜ ƻŦ ǘƘŜ ƭŀǎŜǊ ƻƴ ǘƘŜ ǇƘƻǘƻŘƛƻŘŜ ŦǊƻƳ ǘƘŜ ŎŀƴǝƭŜǾŜǊ ōŜŀƳ ŀƴŘ ŦǳǊǘƘŜǊ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ 

Ŏƻƴǎǘŀƴǘ ƛƴǘŜǊŀŎǝƻƴ ŦƻǊŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ǝǇ ŀƴŘ ǎŀƳǇƭŜΦ ¢ȅǇƛŎŀƭƭȅΣ ƛƴ ǘŜǊƳǎ ƻŦ !Ca ǎƻƊǿŀǊŜ ǘƘŜ ǾŀƭǳŜǎ 

ƻŦ ǘƘŜ ŎƻƴǘǊƻƭƭŜǊ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎƛƳǇƭŜ ǘŜǊƳǎΣ ƴŀƳŜƭȅ ƎŀƛƴΦ IƛƎƘŜǊ Ǝŀƛƴǎ ƭŜŀŘ ǘƻ ǉǳƛŎƪŜǊ ǊŜǎǇƻƴǎŜ 

ƻŦ ǘƘŜ ǎȅǎǘŜƳ ǊŜǎǳƭǝƴƎ ƛƴ ŀ ƴƻƛǎȅ ƛƳŀƎŜΦ ²ƘŜǊŜŀǎ ƭƻǿŜǊ Ǝŀƛƴ ƭŜŀŘǎ ǘƻ ŀ ǎƭƻǿŜǊ ǊŜǎǇƻƴǎŜ ƻŦ ǘƘŜ ǎȅǎǘŜƳ 

ǊŜǎǳƭǝƴƎ ƛƴ ŀ ōƭǳǊǊȅ ƛƳŀƎŜ ŎŀǳǎŜŘ ōȅ ƛƴŎǊŜŀǎŜŘ ŘǿŜƭƭ ǝƳŜǎΦ  

¢ƘŜ ǇǊƻǇƻǊǝƻƴŀƭ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ tL5 ŎƻƴǘǊƻƭƭŜǊ ŀǇǇƭƛŜǎ ŀ ǉǳƛŎƪ ǊŜǎǇƻƴǎŜ ŎƻǊǊŜŎǝƻƴ ǘƘŀǘ ƛǎ 

ǇǊƻǇƻǊǝƻƴŀƭ ǘƻ ǘƘŜ ŜǊǊƻǊ όǘƘŜ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ǾŀƭǳŜǎ ŀƴŘ ǘƘŜ ǎŜǘǇƻƛƴǘύΦ ¢ƘŜ ƛƴǘŜƎǊŀƭ 

ŎƻƳǇƻƴŜƴǘ ƛƴǘŜƎǊŀǘŜǎ ŜǊǊƻǊ ƻǾŜǊǝƳŜ ŀƴŘ ŀǇǇƭȅƛƴƎ ŎƻǊǊŜŎǝƻƴǎ ōŀǎŜŘ ƻƴ ŀƴ ŀŎŎǳƳǳƭŀǘŜŘ ŜǊǊƻǊΦ ¢ƘŜ 

ŘŜǊƛǾŀǝǾŜ ŎƻƳǇƻƴŜƴǘ ŜȄǘǊŀǇƻƭŀǘŜǎ ŜǊǊƻǊ ōȅ ŎŀƭŎǳƭŀǝƴƎ ǘƘŜ ǊŀǘŜ ƻŦ ŎƘŀƴƎŜ ƻŦ ǘƘŜ ŜǊǊƻǊΦ !ƭƭ ǘƘŜǎŜ 

ŎƻƳǇƻƴŜƴǘǎ ǇǊƻǾƛŘŜ Ŏƻƴǝƴǳƻǳǎ ŦŜŜŘōŀŎƪ ŀƴŘ ƛƴŎǊŜŀǎŜ ǘƘŜ ǎȅǎǘŜƳΩǎ ǎǘŀōƛƭƛǘȅΦ  

нΦнΦн IƛƎƘ {ǇŜŜŘ !ǘƻƳƛŎ CƻǊŎŜ aƛŎǊƻǎŎƻǇȅ όI{π!CaύΥ !ŘǾŀƴŎŜƳŜƴǘǎ ŦƻǊ wŜŀƭπ¢ƛƳŜ  

±ƛǎǳŀƭƛȊŀǝƻƴ ƻŦ .ƛƻƭƻƎƛŎŀƭ 5ȅƴŀƳƛŎǎ 

IƛƎƘ ǎǇŜŜŘ !Ca ǿŀǎ ŘŜǾŜƭƻǇŜŘ ƛƴ нллм ōȅ ¢ƻǎƘƛƻ !ƴŘƻ ŦƻǊ ǾƛǎǳŀƭƛȊŀǝƻƴ ƻŦ ŘȅƴŀƳƛŎǎ ƻŦ ōƛƻƭƻƎƛŎŀƭ 

ƳƻƭŜŎǳƭŜǎ ƛƴ ŀŎǝƻƴ ŀǘ ǎǳōπмлл Ƴǎ ǘŜƳǇƻǊŀƭ ǊŜǎƻƭǳǝƻƴ ŀƴŘ лΦм ƴƳ ǾŜǊǝŎŀƭ ǊŜǎƻƭǳǝƻƴΦόмнмςмноύ ¢ƘŜǊŜ 

ŀǊŜ ǎƻƳŜ ƳŀƧƻǊ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ I{π!Ca ǘƻ ǿƻǊƪ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ƴƻǊƳŀƭ !Ca ŀƴŘ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ 

ŀǊŜ ǳƭǘǊŀ ǎƘƻǊǘ ŎŀƴǝƭŜǾŜǊǎ ƛƴ ǊŀƴƎŜ ƻŦ сπмл ҡƳ ƭƻƴƎ ŀƴŘ н ҡƳ ǿƛŘŜ ǿƛǘƘ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ƴƻǊƳŀƭ 

ŎŀƴǝƭŜǾŜǊǎ ǿƘƛŎƘ ǘȅǇƛŎŀƭƭȅ ƘŀǾŜ ŀ ƭŜƴƎǘƘ ǊŀƴƎƛƴƎ мллπрлл ҡƳ ŀƴŘ ǿƛŘǘƘ ƻŦ олπрл ҡƳΣόммнΣ мнпύ ŀ 

ŘȅƴŀƳƛŎ tL5 ŎƻƴǘǊƻƭƭŜǊ ǿƘƛŎƘ Ƙŀǎ ŀ ŦŀǎǘŜǊ ǊŜǎǇƻƴǎŜ ŦŜŜŘōŀŎƪ ŎŀǇŀōƛƭƛǘȅ ŀƴŘ ŀǳǘƻƳŀǝŎ Ǝŀƛƴ ǘǳƴƛƴƎ 

ŘǳǊƛƴƎ ƛƳŀƎƛƴƎ ǘƘŀƴ ŀ ŎƻƴǾŜƴǝƻƴŀƭ tL5όмнрύΣ ƭŀǎŜǊ ŘŜƅŜŎǝƻƴ ŘŜǘŜŎǘƻǊ ƻǇǝƳƛȊŜŘ ŦƻǊ ǎƳŀƭƭŜǊ 

ŎŀƴǝƭŜǾŜǊǎΣ Ŧŀǎǘ ǎŎŀƴƴŜǊ ŀƴŘ ŀƴ ŀŎǝǾŜ ǾƛōǊŀǝƻƴ ŘŀƳǇƛƴƎ  ǘŜŎƘƴƛǉǳŜΦόмннύ CǳǊǘƘŜǊƳƻǊŜΣ !Ca ǘȅǇƛŎŀƭƭȅ 

ŜƳǇƭƻȅǎ ǘŀǇǇƛƴƎ ƳƻŘŜ ǘƻ ƳƛƴƛƳƛȊŜ ŦǊƛŎǝƻƴŀƭ ŦƻǊŎŜǎΣ ŀǾƻƛŘ ƭŀǘŜǊŀƭ ŘǊŀƎΣ ŀƴŘ ǊŜŘǳŎŜ ǎŀƳǇƭŜ ŘŀƳŀƎŜΣ 

ŜǎǇŜŎƛŀƭƭȅ ǿƘŜƴ ƛƳŀƎƛƴƎ ŘŜƭƛŎŀǘŜ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜǎΦ IƻǿŜǾŜǊΣ ǘƘŜ ŎƻƴǘŀŎǘ ƳƻŘŜ Ŏŀƴ ŀƭǎƻ ōŜ 
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ŜƳǇƭƻȅŜŘ ŦƻǊ ƘƛƎƘπǎǇŜŜŘ !Ca ƛƳŀƎƛƴƎΣ ŀƭƭƻǿƛƴƎ ǊŀǇƛŘ ŀŎǉǳƛǎƛǝƻƴ ƻŦ ǘƻǇƻƎǊŀǇƘƛŎŀƭ Řŀǘŀ ŦǊƻƳ ŎŜǊǘŀƛƴ 

Ǌƻōǳǎǘ ǎŀƳǇƭŜǎΦόмнсύ 

!ƴ ǳƭǘǊŀ ǎƘƻǊǘ ŎŀƴǝƭŜǾŜǊ ǿƛǘƘ ƘƛƎƘ ŦǊŜǉǳŜƴŎȅ όŦŎύ ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ ŜƴŀōƭŜ ƘƛƎƘ ǎǇŜŜŘ !CaΦ ¢ƛƴȅ ŎŀƴǝƭŜǾŜǊǎ 

ǎǳŎƘ ǘƘŜǎŜ ƘŀǾŜ ǘȅǇƛŎŀƭƭȅ мκо ƻŦ ŦŎ
ǿŀǘŜǊ ŎƻƳǇŀǊŜŘ ǘƻ ŦŎ

ŀƛǊ ŀƴŘ ǎǳŎƘ ǘƘŀǘ ǘƘŜ ŎŀƴǝƭŜǾŜǊ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ 

ƛƳǇǳƭǎƛǾŜ ŦƻǊŎŜ ōŜŎƻƳŜǎ лΦтн ҡǎΦ CǳǊǘƘŜǊ ǘƘŜ ŎŀƴǝƭŜǾŜǊ ƻƴ ƛǘǎ ǊŜƅŜŎǝǾŜ ǎƛŘŜ ƛǎ ŎƻŀǘŜŘ ǿƛǘƘ ƎƻƭŘ ǿƘƛŎƘ 

ƛƴŎǊŜŀǎŜǎ ǘƘŜ ŦŎ ōȅ млπнл ҈ ŀǎ ǘƘŜǊŜ ƛǎ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǎǝũƴŜǎǎ ƻŦ ǘƘŜ ŎŀƴǝƭŜǾŜǊΣ ŦǳǊǘƘŜǊ ǘƘƛǎ ƭŀȅŜǊ ƻŦ 

ƎƻƭŘ ŎƻŀǝƴƎ ƘŜƭǇǎ ƛƴ ōŜǧŜǊ ǊŜƅŜŎǝƻƴ ƻŦ ƭŀǎŜǊ ƻƴǘƻ ǘƘŜ ǇƘƻǘƻŘƛƻŘŜ ƛƴ ƭƛǉǳƛŘ ƳŜŘƛǳƳΦ  
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/ƘŀǇǘŜǊ оΥ 5b! hǊƛƎŀƳƛ [ŀǩŎŜ CƻǊƳŀǝƻƴ ŀǘ 5ƛũŜǊŜƴǘ {ǳǊŦŀŎŜǎ  

оΦм wŀǇƛŘ !ǎǎŜƳōƭȅ ƻŦ IƛƎƘƭȅ hǊŘŜǊŜŘ 5b! ƻǊƛƎŀƳƛ [ŀǩŎŜǎ ŀǘ aƛŎŀ {ǳǊŦŀŎŜǎ 

оΦмΦм LƴǘǊƻŘǳŎǝƻƴ 

Surface-assisted macromolecular self-assembly(127ς132) is a promising and widely 

investigated strategy for the fabrication of functional surfaces and materials with promising 

applications in biomedicine,(133) biosensing,(134) and molecular electronics.(135) It is based 

on the adsorption of macromolecular building blocks at a solid surfaces under conditions that 

allow them to maintain some 2D mobility. These building blocks then assembly into networks 

and lattices via specific non-covalent interactions among themselves and/or with the surface. 

Various macromolecular building blocks can be used in this approach, including small organic 

molecules,(136) peptides,(137) proteins,(138) and DNA.(139)  

DNA has proven as a particularly versatile material in surface-assisted self-assembly,(140, 141, 

43) as recent advances in DNA nanotechnology enable the controlled assembly of highly 

ordered lattices(34, 33, 142) with various symmetries and unit cells(143ς145, 142) over 

macroscopic surface areas several cm² in size.(146)  Such lattices are typically assembled at 

mica surfaces(147, 34, 146, 143, 145, 38, 148, 144, 149, 32, 150, 142) or supported lipid 

bilayers,(151, 39, 36, 152ς155) but efficient lattice assembly has recently been demonstrated 

also at SiO2 surfaces.(33, 156, 157) Nevertheless, mica is usually favored as a substrate because 

mica-assisted DNA lattice assembly it is not as sensitive to environmental parameters and thus 

more robust, so that lattices with an astonishing degree of order can be fabricated in a 

straightforward and reproducible manner.(156, 34, 38, 33)  In comparison, solution-based self-

assembly of DNA lattices relies solely on attractive interactions between DNA nanostructures 

and thus requires the precise fine-tuning of the connecting sticky or blunt ends (141, 43). 

Furthermore, deposition of 2D lattices assembled in solution on solid substrates usually leads 

to lattice distortions and sometimes even severe lattice damage (158, 159, 15) and the 

resulting surface coverage is usually much lower than in the case of surface-assisted assembly, 

through which homogeneous monolayer lattices have been fabricated over cm² surface areas. 

(146) The surface-assisted assembly of 2D DNA lattices thus is a robust method with various 

potential applications, ranging from the controlled arrangement of proteins (143, 44) and gold 

nanoparticles (160, 150, 161) to the fabrication of etch masks for molecular lithography 

patterning.(157) 

Despite all those advantages, there are still some issues that need to be solved to enable the 

widespread application of DNA lattices assembled at solid surfaces. While the effects of several 
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experimental parameters on lattice assembly have already been investigated and optimized 

toward maximizing lattice order(34, 38, 147) and lattice size,(146) the timescales required for 

lattice assembly are still rather long. Depending on the monomer type and the environmental 

conditions, extended DNA lattices at mica and SiO2 surfaces are typically assembled over 

timespans ranging from about one hour(38) to several days,(145, 144) with longer assembly 

times usually being favored as they result in higher lattice order(38, 34, 147) and larger surface 

coverage.(143, 149) For any real-world applications of DNA lattices, much shorter assembly 

times of the order of minutes would be highly desirable. However, previous studies already 

hinted at the possibility that increasing the monomer concentration may result in equivalent 

or even higher lattice order in shorter time.(44, 34) Therefore,  in this work, we systematically 

investigate the effect of monomer concentration on the assembly and quality of hexagonal 

DNA origami lattices at mica surfaces by high-speed atomic force microscopy (HS-AFM). We 

find that at a rather moderate DNA origami monomer concentration of 6 nM, densely packed 

DNA origami monolayers (MLs) are observed already after about 2 min, compared to 10 min 

at 4 nM. Intriguingly, further increases in DNA origami concentration do not result in faster ML 

formation. At sƘƻǊǘ ƭŜƴƎǘƘ ǎŎŀƭŜǎ όҖ м ҡƳύΣ ƴƻ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ 5b! ƻǊƛƎŀƳƛ 

concentrations are observed once a ML has formed, which implies that high-quality DNA 

origami lattices can be assembled within 2 min at rather moderate DNA origami  

concentrations of 6 to 10 nM. Over larger length scales of a few microns, however, a DNA 

origami concentration of 10 nM results in slightly higher lattice order than other (higher or 

lower) DNA origami concentrations. We thus identified optimum conditions that enable the 

rapid assembly of highly ordered DNA origami lattices within few minutes, which represens a 

highly important step toward the industrial-scale application of DNA-based molecular 

lithography masks. 

3.1.2 Results and Discussion  

To assess the effect of monomer concentration on DNA origami lattice assembly, we used the 

Rothemund triangle(15) as the monomeric building block. For these DNA origami triangles, 

surface-assisted lattice assembly is a result of electrostatic interactions between the charged 

DNA origami nanostructures and the charged mica surface, with surface coverage being 

maximized by arranging the adsorbed triangles in a 2D hexagonal close packed lattice. This 

mechanism does not require any attractive interactions between DNA origami monomers and, 

therefore, can proceed without the formation of nucleation seeds.(38) For this system, lattice 

assembly kinetics and especially lattice order can be optimized by adjusting ionic composition 

of the medium, as the electrostatic interactions between the DNA origami nanostructures and 
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the mica surface depend on the species and concentrations of available monovalent and 

divalent cations.(34, 38) For the experiments, a buffer composition that was found in previous 

work to stimulate the assembly of highly ordered hexagonal lattices on mica surfaces, i.e., 

1xTAE supplemented with 10 mM CaCl2 and 75 mM NaCl.(34) Under these conditions, a DNA 

origami concentration of 2 nM led to the formation of a densely packed ML in about 40 

min.(34) This was verified in the HS-AFM images, which show only a slowly increasing surface 

coverage that does not yield a closed ML within 600 s of incubation. As can be seen in Figure 

18, increasing the DNA origami concentration to 4 nM leads to notably faster assembly 

kinetics, with a densely packed ML being formed in about 600 s. Prolonged incubation beyond 

600 s leads to rearrangements within the ML, which anneals lattice defects and continuously 

improves lattice order.(34, 38)  

At a DNA origami concentration of 6 nM, lattice assembly is further accelerated, with a densely 

packed ML being observed already after 200 s (see Figure 18). Visual inspection does not reveal 

any major differences in lattice quality between the lattice obtained after 600 se at 4 nM and 

that obtained after 200 s at 6 nM. After prolonged incubation for 1000 s, both lattices still 

appear very similar. Even higher DNA origami concentrations up to 12 nM do not lead to faster 

lattice assembly.  

To quantify these visual observations, a topological analysis was performed of all HS-AFM 

images recorded for each experiment. To this end, our previously developed software(34, 146) 

was adapted to enable batch processing of large HS-AFM image stacks. The web app (available 

at https://github.com/mariocastro73/avator) allows to import individual images and fine tune 

the software parameters to obtain a 100% accurate classification of the triangles (Developed 

and Analyzed by Mario Castro and David Contreras, Grupo Interdisciplinar de Sistemas 

Complejos and Instituto de Investigación Tecnológica, Universidad Pontificia Comillas de 

Madrid, Madrid, Spain). However, as the input images differ in coverage, it was necessary to 

calibrate different representative parameters for different time ranges. Then, information 

about the location of the triangles and the coverage can be exported, so that it can be 

processed with another software. 

Figure 19a shows the DNA origami surface coverage as a function of incubation time for the 

different DNA origami concentrations. In agreement with the above qualitative assessment, 

surface coverage increases more slowly at a DNA origami concentration of 4 nM than at the 

higher concentrations, which all show a rather similar behavior. The time to ML formation as 

identified by the saturation of the surface coverage is given in Figure 19b for the different DNA 

origami concentrations. At a DNA origami concentration of 4 nM, ML formation occurs at 

about 600 s. At the higher concentrations, closed MLs are observed already after 100 to 150 s.  

https://github.com/mariocastro73/avator
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This increase in the lattice assembly rate may be related to the probability of the DNA origami 

triangles to form dimers in solution via blunt end stacking at their vertices. Higher monomer 

concentrations may lead to a larger fraction of DNA origami dimers adsorbing on the mica 

surface that can then act as additional nucleation seeds that stimulate lattice growth. There is 

no clear trend in the fraction of adsorbed dimers with monomer concentration. Therefore, it 

was assumed that the observed decrease in the time to form a closed ML is due to an increase 

in the arrival rate of the DNA origami triangles at the surface, even though the limited size of 

the HS-AFM images allows only a very small surface area to be analyzed. The observation that 

a further increase in DNA origami concentration does not result in faster ML formation 

indicates that the rate of DNA origami arriving at the mica surface is diffusion limited. To reach 

a target concentration of 10 nM in these experiments, a 500 µl sample of 20 nM DNA origami 

solution is manually injected into the liquid cell filled with 500 µl of DNA-free buffer. To reach 

the surface, the DNA origami nanostructures have to diffuse along the concentration gradient. 

Therefore, the local DNA origami concentration at the mica-liquid interface gradually increases 

until it reaches the nominal target value of 10 nM. To test this hypothesis, a control experiment 

was conducted, in which 28 µl of a highly concentrated DNA origami sample (360 nM) were 

injected into the liquid cell filled with 972 µl buffer to reach the same target concentration of 

10 nM. Indeed, as can be seen in the AFM images shown in Figure 17, lattice assembly is 

severely delayed in this setting. Therefore, it was assumed that under conditions that are not 

limited by diffusion, lattice assembly will be even faster for DNA origami concentrations of 6 

nM and more. 

 

CƛƎǳǊŜ мтΥ I{π!Ca ƛƳŀƎŜǎ ƻŦ 5b! ƻǊƛƎŀƳƛ ǘǊƛŀƴƎƭŜǎ ŀŘǎƻǊōŜŘ ƻƴ ƳƛŎŀ ǎǳǊŦŀŎŜǎΦ LƴƧŜŎǝƻƴ ƛƴǘƻ ǘƘŜ ƭƛǉǳƛŘ ŎŜƭƭ ǿŀǎ 
ŎŀǊǊƛŜŘ ƻǳǘ ŀǘ ŘƛũŜǊŜƴǘ ǎŀƳǇƭŜπǘƻπōǳũŜǊ ǾƻƭǳƳŜ Ǌŀǝƻǎ ŀǘ ŀ Ŏƻƴǎǘŀƴǘ ǘƻǘŀƭ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ мл ƴaΦ [ŜƊΥ рлл ƭ˃ 
ǎŀƳǇƭŜ όнл ƴaύ ƛƴƧŜŎǘŜŘ ƛƴǘƻ рлл ƭ˃ 5b!πŦǊŜŜ ōǳũŜǊΦ LƳŀƎŜ ǎƛȊŜ м Ȅ м Ƴ˃чΣ ƛƴŎǳōŀǝƻƴ ǝƳŜ мнпн ǎΦ wƛƎƘǘΥ ну ƭ˃ 
ǎŀƳǇƭŜ όосл ƴaύ ƛƴǘƻ фтн ƭ˃ ōǳũŜǊΦ LƳŀƎŜ ǎƛȊŜ о Ȅ о Ƴ˃чΣ ƛƴŎǳōŀǝƻƴ ǝƳŜ нмлл ǎΦ 

To monitor the development of lattice order over time, a Delauney triangulation was 

computed (a dual geometric characterization of the Voronoi tessellation)(34, 146) and 

compute the distribution of triangle angles. For a perfectly packed DNA origami triangle lattice, 
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we would expect a peak distribution at 60°. Of course, randomness in the deposition, as well 

as tiny fluctuations in the automatic triangle discovery provided by our software, will broaden 

this distribution. However, we can expect that the order is related to the height of the 

histogram of angles around 60° (and using ± 5° bin width). Namely, it was denoted as the order 

parameter ƴόɸ60), i.e., the number of angles around 60° per µm². This parameter is less 

sensitive toward boundary effects resulting from the finite size of the AFM images than 

parameters based on the nearest-neighbor distribution that were used previously to quantify 

lattice order.(34, 146) 

CƛƎǳǊŜ мфŎ ǎƘƻǿ ǘƘŜ ŜǾƭƻǳǝƻƴ ƻŦ ƴόɸслύ ƻǾŜǊ ǝƳŜ ŦƻǊ ǘƘŜ ŘƛũŜǊŜƴǘ 5b! ƻǊƛƎŀƳƛ ŎƻƴŎŜƴǘǊŀǝƻƴǎΦ 

LƴǘŜǊŜǎǝƴƎƭȅΣ ǘƘŜ ƻǊŘŜǊ ǇŀǊŀƳŜǘŜǊ Ŧƻƭƭƻǿǎ ǘƘŜ ǎŀƳŜ ǘǊŜƴŘ ŀǎ ǘƘŜ ǎǳǊŦŀŎŜ ŎƻǾŜǊŀƎŜΦ CƻǊ ŀƭƭ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎΣ ƛǘ ƛƴŎǊŜŀǎŜǎ ŀǘ ŜŀǊƭȅ ŀǎǎŜƳōƭȅ ǝƳŜǎ ōǳǘ ǎŀǘǳǊŀǘŜǎ ǳǇƻƴ  ŦƻǊƳŀǝƻƴ ƻŦ ŀ ŎƭƻǎŜŘ a[Φ 

!ƊŜǊ ǘƘƛǎ ǇƻƛƴǘΣ ƛǘ ǊŜƳŀƛƴǎ ƭŀǊƎŜƭȅ Ŏƻƴǎǘŀƴǘ ŀƴŘ ŘƻŜǎ ƴƻǘ ŜȄƘƛōƛǘ ŀƴȅ ƴƻǘŀōƭŜ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ 5b! 

ƻǊƛƎŀƳƛ ŎƻƴŎŜƴǘǊŀǝƻƴǎΦ ¢Ƙƛǎ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŀǘ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ 5b! ƻǊƛƎŀƳƛ ŎƻƴŎŜƴǘǊŀǝƻƴ ǊŜǎǳƭǘǎ ƛƴ 

ŦŀǎǘŜǊ a[ ŦƻǊƳŀǝƻƴ ōǳǘ ŘƻŜǎ ƴƻǘ ŀũŜŎǘ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ŀǎǎŜƳōƭŜŘ ƭŀǩŎŜǎΦ ¢ƘŜǊŜŦƻǊŜΣ ƘƛƎƘπǉǳŀƭƛǘȅ 

5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ Ŏŀƴ ōŜ ŀǎǎŜƳōƭŜŘ ǿƛǘƘƛƴ н Ƴƛƴ ŀǘ ǊŀǘƘŜǊ ƳƻŘŜǊŀǘŜ 5b! ƻǊƛƎŀƳƛ  ŎƻƴŎŜƴǘǊŀǝƻƴǎ 

ƻŦ с ǘƻ мл ƴaΦ 
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CƛƎǳǊŜ муΥI{π!Ca ƛƳŀƎŜǎ όм Ȅ м ҡƳчύ ƻŦ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜ ŀǎǎŜƳōƭȅ ŀǘ ŘƛũŜǊŜƴǘ 5b! ƻǊƛƎŀƳƛ ŎƻƴŎŜƴǘǊŀǝƻƴǎ 
ǊŜŎƻǊŘŜŘ ŀǘ ŘƛũŜǊŜƴǘ ǝƳŜ ǇƻƛƴǘǎΦ ¢ƘŜ ŀǇǇŀǊŜƴǘ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǎǳǊŦŀŎŜ ŎƻǾŜǊŀƎŜ ŀǘ л ǎ Ŏŀƴ ōŜ ŀǧǊƛōǳǘŜŘ ǘƻ 
ƛƴƘƻƳƻƎŜƴŜƻǳǎ ǎǳǊŦŀŎŜ ŎƻǾŜǊŀƎŜ ŀƴŘ ǾŀǊƛŀǝƻƴǎ  ƛƴ ǘƘŜ Ƴŀƴǳŀƭ ƛƴƧŜŎƛǘƻƴ ƻŦ ǘƘŜ ǎŀƳǇƭŜ ǎƻƭǳǝƻƴǎΦ ¢ƘŜ ƛƳŀƎŜǎ 
ǿŜǊŜ ǊŜŎƻǊŘŜŘ ŀǘ м ŦǊŀƳŜ ǇŜǊ ǎŜŎƻƴŘ όŦǇǎύΦ  
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CƛƎǳǊŜ мфΥ όŀύ 9Ǿƻƭǳǝƻƴ ƻŦ ǎǳǊŦŀŎŜ ŎƻǾŜǊŀƎŜ ƻǾŜǊ ǝƳŜΦ ¢ƘŜ п ƴa ŎǳǊǾŜ ƛǎ ǎǘŀǝǎǝŎŀƭƭȅ ŘƛũŜǊŜƴǘ όǇ ғ лΦллмύ ŦǊƻƳ 
ŀƭƭ ƻǘƘŜǊ ŎǳǊǾŜǎΦ όōύ ¢ƛƳŜ ǘƻ ƳƻƴƻƭŀȅŜǊ όa[ύ ŦƻǊƳŀǝƻƴ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘŜ ŎǳǊǾŜǎ ƛƴ ŀύΦ όŎύ 9Ǿƻƭǳǝƻƴ ƻŦ ǘƘŜ ƴǳƳōŜǊ 
ƻŦ ŀƴƎƭŜǎ ŀǊƻǳƴŘ слϲ ǇŜǊ ҡƳчΣ ƴόɸслύΣ ƻǾŜǊ ǝƳŜΦ ¢ƘŜǊŜ ŀǊŜ ƴƻ ǎǘŀǝǎǝŎŀƭƭȅ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘƘŜ Ŭƴŀƭ ƴόɸслύ 
ǾŀƭǳŜǎ ƻōǘŀƛƴŜŘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘǎΦ 

Lƴ ǘƘŜ ŀōƻǾŜ ŜȄǇŜǊƛƳŜƴǘǎΣ ǘƘŜ ƛƳŀƎŜ ǎƛȊŜ ǿŀǎ ƭƛƳƛǘŜŘ ōȅ ǘƘŜ ƘƛƎƘ ŦǊŀƳŜ ǊŀǘŜΣ ǎƻ ƻƴƭȅ ǊŀǘƘŜǊ ǎƳŀƭƭ 

ƛƳŀƎŜǎ ƻŦ м Ȅ м ҡƳч ŎƻǳƭŘ ōŜ ǊŜŎƻǊŘŜŘΦ ¢ƻ ŀǎǎŜǎǎ ƭŀǩŎŜ ǉǳŀƭƛǘȅ ƻǾŜǊ ƭŀǊƎŜǊ ǎŎŀƭŜǎΣ ƻǾŜǊǾƛŜǿ ƛƳŀƎŜǎ 

п Ȅ п ҡƳч ƛƴ ǎƛȊŜ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ŜŀŎƘ ŜȄǇŜǊƛƳŜƴǘΣ ƛΦŜΦΣ ŀōƻǳǘ нр Ƴƛƴ ŀƊŜǊ ǎŀƳǇƭŜ 

ƛƴƧŜŎǝƻƴΦ !ǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ CƛƎǳǊŜ нлΣ ǘƘŜ ƻōǘŀƛƴŜŘ ƭŀǩŎŜǎ ŀǊŜ ǊŀǘƘŜǊ ǎƛƳƛƭŀǊ ƛƴ ŀǇǇŜŀǊŀƴŎŜ ŀƴŘ ŜȄƘƛōƛǘ 

ǘƘŜ ǎŀƳŜ ƎŜƴŜǊŀƭ ŦŜŀǘǳǊŜǎΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ ƭŀǩŎŜǎ ŀǊŜ ǊŀǘƘŜǊ ƘƻƳƻƎŜƴŜƻǳǎ ƻǾŜǊ ǘƘŜǎŜ ƳƛŎǊƻƳŜǘŜǊ 

ƭŜƴƎǘƘ ǎŎŀƭŜǎ ōǳǘ ǎƘƻǿ ǎƻƳŜ Ǉƻƛƴǘ ŀƴŘ ƭƛƴŜ ŘŜŦŜŎǘǎ ŀǘ ǘƘŜ ƎǊŀƛƴ ōƻǳƴŘŀǊƛŜǎΦ {ǳŎƘ ŘŜŦŜŎǘǎΣ ƘƻǿŜǾŜǊΣ 

Ƴŀȅ ǇŜǊǎƛǎǘ ŜǾŜƴ ŦƻǊ ǾŜǊȅ ƭƻƴƎ ǝƳŜǎ ŀƴŘ ŀǊŜ ƻōǎŜǊǾŜŘ ŀƭǎƻ ŦƻǊ ŀǎǎŜƳōƭȅ ǝƳŜǎ ŜȄŎŜŜŘƛƴƎ ƻƴŜ ƘƻǳǊ 

όоуΣ опύΦ 5ŜǎǇƛǘŜ ǘƘŜ ǎƛƳƛƭŀǊ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ǘƘŜ ŘƛũŜǊŜƴǘ ƭŀǩŎŜǎΣ ǘƘŜ Ŧŀǎǘ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳǎ όCC¢ǎύ 



Dynamics of Natural and Artificial Biological Systems at Solid-Liquid Interfaces 

 

по 
 

ǎƘƻǿƴ ƛƴ ǘƘŜ ƛƴǎŜǘǎΣ ǊŜǾŜŀƭ ǎƻƳŜ ŘƛũŜǊŜƴŎŜǎΦ 9ǾŜƴ ǘƘƻǳƎƘ ŀƭƭ CC¢ǎ ŜȄƘƛōƛǘ ǾŜǊȅ ǇǊƻƴƻǳƴŎŜŘ ŎƻǊǊŜƭŀǝƻƴ 

ǇŜŀƪǎ ǿƛǘƘ ƘŜȄŀƎƻƴŀƭ ǎȅƳƳŜǘǊȅΣ ƻƴŜ ƻŦ ǘƘŜ п ƴa ƛƳŀƎŜǎ Ƙŀǎ ŀ ǊŀǘƘŜǊ ƛƴǘŜƴǎŜΣ ŘƛũǳǎŜ ōŀŎƪƎǊƻǳƴŘΦ 

²ƛǘƘ ƛƴŎǊŜŀǎƛƴƎ 5b! ƻǊƛƎŀƳƛ ŎƻƴŎŜƴǘǊŀǝƻƴΣ ǘƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ŘŜŎǊŜŀǎŜǎΣ ǳƴǝƭ CC¢ǎ ǿƛǘƘ 

ŜȄǘǊŜƳŜƭȅ ǿŜƭƭπŘŜŬƴŜŘ ŦŜŀǘǳǊŜǎ ŀǊŜ ƻōǘŀƛƴŜŘ ŀǘ у ŀƴŘ мл ƴa ŎƻƴŎŜƴǘǊŀǝƻƴǎΦ !ǘ мн ƴaΣ ƘƻǿŜǾŜǊΣ ǘƘŜ 

ōŀŎƪƎǊƻǳƴŘ ǊŜŀǇǇŜŀǊǎ ŀƴŘ ǘƘŜ CC¢ ŀƎŀƛƴ ǎŜŜƳǎ ǎƻƳŜǿƘŀǘ ōƭǳǊǊȅΦ ¢Ƙƛǎ ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ ǘƘŜ ƻǊŘŜǊ 

ǇŀǊŀƳŜǘŜǊ ƴόɸслύ ǎƘƻǿƴ ƛƴ ǘƘŜ ōŀǊ ŎƘŀǊǘ ƻŦ CƛƎǳǊŜ мфΣ ǿƘƛŎƘ Ƙŀǎ ǎƭƛƎƘǘƭȅ ƭŀǊƎŜǊ ǾŀƭǳŜǎ ŀǘ у ŀƴŘ мл ƴa 

ǘƘŀƴ ŀǘ ǘƘŜ ƻǘƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎΦ ¢ƘŜǊŜŦƻǊŜΣ ŀƭǘƘƻǳƎƘ ƴƻ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀǊŜ 

ƻōǎŜǊǾŜŘ ŀǘ ǎƳŀƭƭŜǊ ƭŜƴƎǘƘ ǎŎŀƭŜǎΣ ƭƻƴƎπǊŀƴƎŜ ƻǊŘŜǊ ŜȄƘƛōƛǘǎ ŀ ǎƳŀƭƭ ƳŀȄƛƳǳƳ ŀǘ ŀƴ ƛƴǘŜǊƳŜŘƛŀǘŜ 

ƻǇǝƳǳƳ 5b! ƻǊƛƎŀƳƛ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ мл ƴaΦ !ǘ ƭŀǊƎŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎΣ ƴόɸслύ ƛǎ ŘŜŎǊŜŀǎŜŘ ŀƎŀƛƴΦ 

¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƻǊŘŜǊ ǊŜǉǳƛǊŜǎ ǘƘŜ ŀƴƴŜŀƭƛƴƎ ƻŦ ŘŜŦŜŎǘǎ ōȅ ŀ ƭƻŎŀƭ ǊŜŀǊǊŀƴƎŜƳŜƴǘ ƻŦ 

ǘƘŜ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜΣ ǿƘƛŎƘ ƛǎ ƛƴƛǝŀǘŜŘ ŀƊŜǊ ǘƘŜ ǎǇƻƴǘŀƴŜƻǳǎ ŘŜǎƻǊǇǝƻƴ ƻŦ ǎƛƴƎƭŜ ǘǊƛŀƴƎƭŜǎ ŦǊƻƳ 

ƭŀǩŎŜ ǎƛǘŜǎΦόоуΣ мптύ LŦ ǘƘŜ 5b! ƻǊƛƎŀƳƛ ŎƻƴŎŜƴǘǊŀǝƻƴ ƛǎ ǘƻƻ ƘƛƎƘΣ ǘƘƛǎ ǊŜŀǊǊŀƴƎŜƳŜƴǘ ƛǎ ǎǳǇǇǊŜǎǎŜŘ 

ōŜŎŀǳǎŜ ŀǎ ǎƻƻƴ ŀǎ ŀ ƭŀǩŎŜ ǘǊƛŀƴƎƭŜ ŘŜǎƻǊōǎΣ ƛǘǎ ǎƛǘŜ ƛƴ ǘƘŜ ƭŀǩŎŜ ƛǎ ƻŎŎǳǇƛŜŘ ōȅ ŀ ƴŜǿ ƛƴŎƻƳƛƴƎ 

ǘǊƛŀƴƎƭŜ ŦǊƻƳ ǘƘŜ ōǳƭƪ ǎƻƭǳǝƻƴΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘΣ ƘƻǿŜǾŜǊΣ ǘƘŀǘ CƻǳǊƛŜǊ ŀƴŘ ǘƻǇƻƭƻƎƛŎŀƭ ŀƴŀƭȅǎŜǎ 

ƳŜŀǎǳǊŜ ŘƛũŜǊŜƴǘ ŀǎǇŜŎǘǎ ƻŦ ǿƘŀǘ ƛǎ ƎŜƴŜǊŀƭƭȅ ǘŜǊƳŜŘ ƻǊŘŜǊ όопύΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜȅ ŀǊŜ ƴƻǘ Ŧǳƭƭȅ 

ŎƻƳǇŀǊŀōƭŜ ŀƴŘ Ƴŀȅ ȅƛŜƭŘ ŘƛũŜǊŜƴǘ ŀǎǎŜǎǎƳŜƴǘǎ ƻŦ ƭŀǩŎŜ ƻǊŘŜǊ ŦƻǊ ǘƘŜ ǎŀƳŜ ǎŀƳǇƭŜ όопύΣ ǿƘƛŎƘ 

ŜȄǇƭŀƛƴǎ ǿƘȅ ǘƘŜ ǘǊŜƴŘ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ CC¢ ƛƳŀƎŜǎ ƛƴ CƛƎǳǊŜ нл ƛǎ ƴƻǘ ǊŜǇǊƻŘǳŎŜŘ ƛƴ ŀƭƭ ŘŜǘŀƛƭǎ ƛƴ ǘƘŜ 

ƴόɸслύ ŘŀǘŀΦ 

Lƴ ǘƘŜǎŜ ŜȄǇŜǊƛƳŜƴǘǎΣ ǿŜ ƘŀǾŜ ƳƻƴƛǘƻǊŜŘ ƭŀǩŎŜ ŘȅƴŀƳƛŎǎ ŦƻǊ ŀōƻǳǘ нр ƳƛƴΦ IƻǿŜǾŜǊΣ ǇǊŜǾƛƻǳǎ ǿƻǊƪǎ 

ƘŀǾŜ ǎƘƻǿƴ ǘƘŀǘ ǳƴŘŜǊ ǎƛƳƛƭŀǊ ŎƻƴŘƛǝƻƴǎΣ ƭŀǩŎŜ ƻǊŘŜǊ ƛƴŎǊŜŀǎŜǎ Ŏƻƴǎǘŀƴǘƭȅ ǿƛǘƘ ǝƳŜ ŜǾŜƴ ŀƊŜǊ 

ŦƻǊƳŀǝƻƴ ƻŦ ŀ ŎƭƻǎŜŘ ƳƻƴƻƭŀȅŜǊΣ ŀƭōŜƛǘ ŀǘ ŀ ƭƻǿ ǊŀǘŜ όопΣ мптύΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ƻǊŘŜǊ ǇŀǊŀƳŜǘŜǊǎ 

ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ƛƴπǎƛǘǳ I{π!Ca ƛƳŀƎŜǎ Ƴŀȅ ōŜ ŀũŜŎǘŜŘ ōȅ ǘƘŜ Ŏƻƴǝƴǳƻǳǎƭȅ ǎŎŀƴƴŜŘ !Ca ǝǇΦ Lǘ Ƙŀǎ 

ōŜŜƴ ŘŜƳƻƴǎǘǊŀǘŜŘ ǇǊŜǾƛƻǳǎƭȅ ǘƘŀǘ ƘƛƎƘ ǎŎŀƴ ǊŀǘŜǎ ǎǳŎƘ ŀǎ ǘƘŜ ƻƴŜ ǳǎŜŘ ƘŜǊŜ Ƴŀȅ ƴƻǘŀōƭȅ ŘƛǎǘǳǊō 

ōƛƻƳƻƭŜŎǳƭŀǊ ŘȅƴŀƳƛŎǎ όмснύ ŀƴŘ ǘƘŜǊŜōȅ ƴŜƎŀǝǾŜƭȅ ŀũŜŎǘ ǎǳǊŦŀŎŜπŀǎǎƛǎǘŜŘ ōƛƻƳƻƭŜŎǳƭŀǊ ǎŜƭŦπ

ŀǎǎŜƳōƭȅΦόмсоύ ¦ƴŘŜǊ ǎǘŀǝŎ ŎƻƴŘƛǝƻƴǎ ǿƛǘƘƻǳǘ ŜȄǘŜǊƴŀƭ ŘƛǎǘǳǊōŀƴŎŜǎΣ ǘƘŜ ŦƻǊƳŜŘ ƭŀǩŎŜǎ ƳŀȅΣ 

ǘƘŜǊŜŦƻǊŜΣ ŜȄƘƛōƛǘ ŜǾŜƴ ƘƛƎƘŜǊ ƻǊŘŜǊ ǇŀǊŀƳŜǘŜǊǎΦ ¢ƘŜǊŜŦƻǊŜΣ 5b! ƻǊƛƎŀƳƛ ǘǊƛŀƴƎƭŜǎ ǿŜǊŜ ƛƴŎǳōŀǘŜŘ ŀǘ 

ǘƘŜ ƻǇǝƳǳƳ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ мл ƴa ƻƴ ƳƛŎŀ ŦƻǊ нл ŀƴŘ ст Ƴƛƴ ǿƛǘƘƻǳǘ Ŏƻƴǝƴǳƻǳǎƭȅ ǎŎŀƴƴƛƴƎ ǘƘŜ 

ǎǳǊŦŀŎŜΦ !ƊŜǊ нл Ƴƛƴ ƛƴŎǳōŀǝƻƴΣ ŀƴ ƻǊŘŜǊ ǇŀǊŀƳŜǘŜǊ ƻŦ ƴόɸслύ Ґ ут ҡƳπн ƛǎ ƻōǘŀƛƴŜŘΣ ǿƘƛŎƘ ƛǎ ƛŘŜƴǝŎŀƭ 

ǘƻ ǘƘŜ ƻƴŜ ƻōǎŜǊǾŜŘ ǿƛǘƘ Ŏƻƴǝƴǳƻǳǎ ǎŎŀƴƴƛƴƎ ƛƴ CƛƎǳǊŜ нлΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ Ŏƻƴǝƴǳƻǳǎƭȅ 

ǎŎŀƴƴŜŘ ǝǇ Ƙŀǎ ƻƴƭȅ ŀ ƳƛƴƻǊ ƛƴƅǳŜƴŎŜ ƻƴ ƭŀǩŎŜ ƻǊŘŜǊΦ IƻǿŜǾŜǊΣ ŀƊŜǊ ŀƴ ŀŘŘƛǝƻƴŀƭ пт Ƴƛƴ 

ƛƴŎǳōŀǝƻƴΣ ǘƘŜ ƻǊŘŜǊ ǇŀǊŀƳŜǘŜǊ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ǘƻ ƴόɸслύ Ґ фо ҡƳπнΦ ¢Ƙƛǎ ǾŜǊƛŬŜǎ ǘƘŀǘ ƭƻƴƎŜǊ ƛƴŎǳōŀǝƻƴ 

ǝƳŜǎ ǿƛƭƭ ƛƴŘŜŜŘ ƭŜŀŘ ǘƻ ƛƳǇǊƻǾŜŘ ƭŀǩŎŜ ƻǊŘŜǊ ōȅ ǘƘŜ Ŏƻƴǝƴǳƻǳǎ ŀƴƴŜŀƭƛƴƎ ƻŦ ŘŜŦŜŎǘǎ ŀǎ ƻōǎŜǊǾŜŘ 

ǇǊŜǾƛƻǳǎƭȅ όопΣ мптύΦ ²ƘŜǘƘŜǊ ǎǳŎƘ ŀ ŎƻƳǇŀǊŀōƭȅ ƳƻŘŜǊŀǘŜ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ƭŀǩŎŜ ƻǊŘŜǊ ǿŀǊǊŀƴǘǎ 

ƭƻƴƎŜǊ ŀǎǎŜƳōƭȅ ǝƳŜǎΣ ƘƻǿŜǾŜǊΣ ǿƛƭƭ ŘŜǇŜƴŘ ƻƴ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ŜƴǾƛǎƛƻƴŜŘ ŀǇǇƭƛŎŀǝƻƴΦ 
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CƛƎǳǊŜ нлΥ hǾŜǊǾƛŜǿ !Ca ƛƳŀƎŜǎ όп Ȅ п ҡƳчύ ƻŦ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ ŀǎǎŜƳōƭŜŘ ŀǘ ŘƛũŜǊŜƴǘ 5b! ƻǊƛƎŀƳƛ ŎƻƴŎŜƴǘǊŀǝƻƴǎ 
ǊŜŎƻǊŘŜŘ ŀƊŜǊ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нр Ƴƛƴ ƻŦ ƛƴŎǳōŀǝƻƴΦ ¢ƘŜ ƛƴǎŜǘǎ ƎƛǾŜ ǘƘŜ Ŧŀǎǘ CƻǳǊƛǊŜǊ ǘǊŀƴǎŦƻǊƳǎ όCC¢ǎύ ƻŦ ŜŀŎƘ ƛƳŀƎŜΦ ¢ƘŜ ōŀǊ 
ŎƘŀǊǘ ƎƛǾŜǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŀƴƎƭŜǎ ŀǊƻǳƴŘ слϲ ǇŜǊ ҡƳчΣ ƴόɸслύΣ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ǘƘŜ ŘƛũŜǊŜƴǘ !Ca ƛƳŀƎŜǎΦ 

оΦмΦо /ƻƴŎƭǳǎƛƻƴ  

¢ƘŜ ǎǳǊŦŀŎŜπŀǎǎƛǎǘŜŘ ŀǎǎŜƳōƭȅ ƻŦ ƻǊŘŜǊŜŘ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ ŀǘ ƳƛŎŀ ǎǳǊŦŀŎŜǎ ǿŀǎ ƛƴǾŜǎǝƎŀǘŜŘ ŦƻǊ 

ŘƛũŜǊŜƴǘ 5b! ƻǊƛƎŀƳƛ ŎƻƴŎŜƴǘǊŀǝƻƴǎΦ ¦ǎƛƴƎ ōǳũŜǊ ŎƻƴŘƛǝƻƴǎ ƻǇǝƳƛȊŜŘ ŦƻǊ ƘƛƎƘ ƭŀǩŎŜ ƻǊŘŜǊ ŀƴŘ I{π

!Ca ǘƻ ƳƻƴƛǘƻǊ ƭŀǩŎŜ ŀǎǎŜƳōƭȅ ƛƴ ǎƛǘǳ ŀǘ м ŦǊŀƳŜ ǇŜǊ ǎŜŎƻƴŘΣ ƛǘ ǿŀǎ ƻōǎŜǊǾŜŘ ǘƘŀǘ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ 

ƻǊŘŜǊŜŘ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ ƘŀǇǇŜƴǎ ǿƛǘƘƛƴ ƳƛƴǳǘŜǎΦ !ǘ ŀ ƭƻǿ 5b! ƻǊƛƎŀƳƛ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ п ƴaΣ 

ŦƻǊƳŀǝƻƴ ƻŦ ŀ ǊŜƎǳƭŀǊ ƭŀǩŎŜ ǘŀƪŜǎ ŀōƻǳǘ мл ƳƛƴΣ ǿƘŜǊŜŀǎ ǎƛƳƛƭŀǊ ƭŀǩŎŜǎ ŀǊŜ ƻōǘŀƛƴŜŘ ŀƊŜǊ н Ƴƛƴ ŦƻǊ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ōŜǘǿŜŜƴ с ŀƴŘ мн ƴaΦ hǾŜǊ ǎƘƻǊǘ ƭŜƴƎǘƘ ǎŎŀƭŜǎ ōŜƭƻǿ м ҡƳΣ ǘƘŜ 5b! ƻǊƛƎŀƳƛ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ Řƻ ƴƻǘ ŀũŜŎǘ ƭŀǩŎŜ ƻǊŘŜǊΦ IƻǿŜǾŜǊΣ ŀ мл ƴa ŎƻƴŎŜƴǘǊŀǝƻƴ ǊŜǎǳƭǘǎ ƛƴ ǎƭƛƎƘǘƭȅ ƛƳǇǊƻǾŜŘ 

ƭŀǩŎŜ ƻǊŘŜǊ ŀǘ ƭŀǊƎŜǊ ǎŎŀƭŜǎ ƻŦ ǎŜǾŜǊŀƭ ƳƛŎǊƻƴǎΦ ¢Ƙƛǎ ŎƻƴŎŜƴǘǊŀǝƻƴ ǘƘǳǎ ŀǇǇŜŀǊǎ ǘƻ ōŜ ǘƘŜ ƻǇǝƳǳƳ 

ŦƻǊ ǘƘŜ ǊŀǇƛŘ ŀǎǎŜƳōƭȅ ƻŦ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ ŀǘ ƳƛŎŀ ǎǳǊŦŀŎŜǎΦ  

The observation that increasing the DNA origami concentration from 6 to 12 nM does not result in 

faster lattice assembly kinetics is attributed to the dominant influence of DNA origami diffusion 

through the bulk volume after sample injection, which limits their rate of arrival at the surface. For 

the routine fabrication of DNA origami lattices for molecular lithography or other applications, it is 

thus recommended to use a different experimental setting, in which the substrate is getting immersed 
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in a well-mixed solution that contains the DNA origami nanostructures already at the final target 

concentration of 10 nM. Under such conditions, it can be expected that lattice assembly to occur 

almost instantly within less than 1 min.  

оΦмΦп aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ 

DNA origami assembly and purification 

The DNA origami triangles(15) were assembled using the 7249 nt M13mp18 scaffold (Tilibit) 

and 208 staples strands (Eurofins) at a tenfold staple excess in 1x TAE (Carl Roth) containing 

10 mM MgCl2 (Carl Roth). The solution was heated to 80 oC and subsequently cooled down to 

room temperature over 90 min in a thermocycler Primus 25 Advanced (PEQLAB). The folded 

DNA origami triangles were purified by spin filtering using Amicon Ultra 100K filters (Millipore). 

The molar concentration of the purified DNA origami nanostructures was estimated by UV/Vis 

absorption using an Implen Nanophotometer P330. 

HS-AFM 

HS-AFM was performed using a JPK Nanowizard ULTRA Speed 3 with USC F0.3-k0.3 cantilevers 

(NanoWorld) and a custom-made liquid cell. Different concentrations of DNA origami 

nanostructures suspended in 1x TAE (pH 8.5) containing 10 mM CaCl2 (Merck) and 75 mM NaCl 

(VWR) were injected into the buffer-filled liquid cell to reach the final desired concentration in 

a total sample volume of 1 ml. The first AFM image of each experiment was recorded about 10 

s after injecting the sample. Sample injection was performed manually, resulting in some variation 

between samples. This in particular concerns the exact timespan between injection and start of 

imaging, as well as the rate of injection and the place of injection within the volume of the liquid cell. 

Since the arrival rate of the DNA origami nanostructures at the mica surface is limited by diffusion, 

sample to sample variations of these parameters are responsible for differences in the number of 

adsorbed DNA origami triangles in the beginning of the experiments. For the first 10 min, HS-AFM 

images were recorded with 1 x 1 µm² scan size at a line rate of 200 Hz and a resolution of 200 x 200 

pixels resulting in a frame rate of 1 frame per second (fps). After about 10 min, the resolution was 

increased to 400 x 400 pixels, lowering the frame rate to 0.5 fps. After about another 15 min, overview 

images 4 x 4 µm² in size were recorded at a line rate of 20 Hz and a resolution of 2048 x 2048 pixels. 

Image processing 

The HS-AFM images were flattened using the batch-processing capabilities of the JPK DP Data 

Processing Software, except the overview images in Figure 20, which were processed using 

Gwyddion.(164) For each experiment, between 795 and 880 HS-AFM images were analyzed, 

i.e., 4267 images in total. 
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{ǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎ 

¢ƘŜ ǎǳǊŦŀŎŜ ŎƻǾŜǊŀƎŜ ǾǎΦ ǝƳŜ ŎǳǊǾŜǎ ƛƴ CƛƎǳǊŜ нŀ ǿŜǊŜ ǘŜǎǘŜŘ ŦƻǊ ǎǘŀǝǎǝŎŀƭ ŘƛũŜǊŜƴŎŜ ǳǎƛƴƎ ǘƘŜ 

/ƻƳǇŀǊŜ 5ŀǘŀǎŜǘǎ ŀƴŘ Cƛǘ tŀǊŀƳŜǘŜǊǎ !ǇǇ ƛƴ hǊƛƎƛƴ нлноō όhǊƛƎƛƴ[ŀōύ ƛƴ ǘƘŜ ŘŀǘŀǎŜǘ ǎŜǩƴƎΣ ŀǇǇƭȅƛƴƎ 

ǘƘŜ ǇǎŜǳŘƻπŬǊǎǘ ƻǊŘŜǊ ƳƻŘŜƭ όмсрύΦ ¢ƘŜ ƭŀǩŎŜ ƻǊŘŜǊ ƻōǘŀƛƴŜŘ ŦƻǊ ǘƘŜ ŘƛũŜǊŜƴǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƊŜǊ 

ƛƴŎǳōŀǝƻƴ ŦƻǊ ŀōƻǳǘ нл Ƴƛƴ ǿŀǎ ǘŜǎǘŜŘ ŦƻǊ ǎǘŀǝǎǝŎŀƭ ŘƛũŜǊŜƴŎŜǎ ƛƴ hǊƛƎƛƴ нлноō ōȅ hƴŜ ²ŀȅ !bh±! 

ǳǎƛƴƎ ŬǾŜ ƴόɸслύ ǾŀƭǳŜǎ ŦǊƻƳ ǘƘŜ ƭŀǎǘ рл ǎ ƻŦ ŜŀŎƘ ǝƳŜ ǎŜǊƛŜǎ ƛƴ CƛƎǳǊŜ мфŎΦ 
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оΦн /ŀǝƻƴπŘŜǇŜƴŘŜƴǘ !ǎǎŜƳōƭȅ ƻŦ IŜȄŀƎƻƴŀƭ 5b! ƻǊƛƎŀƳƛ [ŀǩŎŜǎ ƻƴ {ƛhн 

{ǳǊŦŀŎŜǎ 

оΦнΦм LƴǘǊƻŘǳŎǝƻƴ 

In the past 15 years, DNA origami(15) has transformed the field of DNA nanotechnology and is 

now a well-established technology used on a daily basis in hundreds of labs around the 

word.(166) The main reasons for this tremendous popularity lie in the precise tunability of the 

nanoscale shapes and molecular arrangements of the resulting DNA origami 

nanostructures,(167, 168) their straightforward synthesis with high assembly yields,(169, 16) 

and their high mechanical and structural stability under relevant conditions.(170ς172)   

Therefore, DNA origami nanostructures are currently employed in many fields of research, 

including biomedicine,(173) sensing,(174) electronics,(175) and materials science.(176)In a 

materials science context, the possibility to transfer the well-defined shapes of DNA origami 

nanostructures into organic or inorganic materials is a particularly promising approach toward 

nanomaterials synthesis.(177) DNA assisted lithography (DALI) is a technology that exploits 

DNA origami nanostructures as lithography masks in the fabrication of precisely shaped metal 

nanostructures on aluminum oxide or silicon nitride substrates for applications in plasmonics 

and optical sensing.(178) The accessible range of materials combinations has been further 

extended by biotemplated lithography of inorganic nanostructures (BLIN), which enables the 

transfer of DNA origami shapes into arbitrary inorganic materials on arbitrary substrates.(179) 

A central step in both of these technologies is the adsorption of the DNA origami 

nanostructures on an oxidized silicon surface. While DNA origami nanostructures can be 

adsorbed on various surfaces such as mica,(15) gold,(180) diamond-like carbon,(181) and 

graphene,(182) silicon is chosen because of its compatibility with established semiconductor 

processing methods such as HF and reactive ion etching.(183, 184) So far, DALI and BLIN both 

have been used to transfer only individual DNA origami shapes randomly placed on the 

surface. Many relevant applications of these techniques, e.g., the fabrication of photonic 

crystals or plasmonic metamaterials, however, rather require defined arrangements such as 

ordered lattices or patterns.  

Numerous methods have been explored to direct the adsorption of DNA origami 

nanostructures into defined arrangements. On SiO2/Si surfaces, this was achieved using 

substrates that were pre-patterned with top-down(181, 185, 186) or bottom-up(187ς189) 

lithographic techniques. As a more straightforward, one-step approach, highly ordered DNA 

origami lattices can be fabricated on mica surfaces without the need for any pre-patterning 

simply by controlling their electrostatic interactions with the surface.(34, 38, 190, 32, 191, 192, 
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44) This approach utilizes the competition between monovalent and divalent cations for the 

DNA-mica interface, which is tuned to a degree that provides the adsorbed DNA origami 

nanostructures with sufficient mobility to diffuse along the surface and assembly into tightly 

packed, polycrystalline monolayers.(43) In order to create highly ordered lattices in this way, 

the species and concentrations of the  involved monovalent and divalent cation have to be 

carefully optimized.(38, 32, 34) While this enables the homogeneous patterning of wafer-sized 

substrates at low cost,(192) extending it to SiO2 surfaces is not straightforward because mica 

and SiO2 have different zeta potentials and different ion binding properties.(193, 194) 

Additionally, SiO2 also has a larger root-mean-square surface roughness of about 2 Å compared 

to about 0.6 Å of muscovite mica.(195, 196) Nevertheless, Tapio et al. recently achieved highly 

ordered fishnet-type lattices of cross-shaped DNA origami tiles on oxidized silicon 

surfaces.(197) Compared to DNA origami lattice assembly on mica, the authors had to use 

much higher concentrations of monovalent cations and elevated substrate temperatures. 

Furthermore, lattice formation was promoted by blunt-end stacking of the DNA origami tiles. 

In this study, we extend the approach of Tapio et al.(197) to hexagonal DNA origami lattices 

assembled on SiO2 surfaces from DNA origami triangles without the aid of blunt-end stacking. 

A pronouncedly different behavior is observed for this particular system, which does not form 

ordered lattices under conditions equivalent to those used by Tapio et al., i.e., 12.5 mM Mg2+, 

200 ς 600 mM Na+, and temperatures between 30 and 40 °C. Our results thus underscore the 

benefit of attractive interactions between individual DNA origami tiles in the form of blunt-end 

stacking in the assembly of highly ordered lattices on SiO2 surfaces. Nevertheless, ordered 

hexagonal lattices of DNA origami triangles on SiO2 surfaces are obtained upon replacing Mg2+ 

by Ca2+. Under those conditions, the assembled lattices exhibit a degree of order slightly below 

that of equivalent lattices assembled on mica surfaces in the presence of Mg2+ and Na+ ions. 

Successful transfer of the so-assembled DNA origami lattices into the dry state is demonstrated 

as well. 

оΦнΦн wŜǎǳƭǘǎ ŀƴŘ 5ƛǎŎǳǎǎƛƻƴ 

DNA origami lattice assembly on SiO2 surfaces was investigated in situ by time-lapse atomic 

force microscopy (AFM) over a time course of about 3.5 hours. The substrates were p-doped 

Si(100) wafers with hydroxylated surface oxide. Figure 21a shows AFM images recorded in the 

beginning and at the end of lattice assembly at 20 °C in the presence of 200 mM Na+ and 12.5 

mM of either Mg2+ or Ca2+. It was observed that the presence of Mg2+ as the major cation leads 

to an overlapping of neighboring DNA origami triangles from the very beginning. The results in 

the formation of a rather disordered monolayer after about 210 min of incubation. The lack of 
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order is further confirmed by the corresponding fast Fourier transforms (FFTs) of the AFM 

images in the insets of Figure 21a, which do not show any visible rings. Replacing Mg2+ with 

Ca2+ under otherwise identical conditions changes the behavior of the DNA origami triangles 

on the surface, so that no overlapping is observed anymore in the corresponding AFM images 

in Figure 21a. Nevertheless, the DNA origami do not assemble into an ordered lattice but 

rather form a monolayer of randomly oriented triangles. These different behaviors may be 

explained by the rather high Na+ concentration. Both Na+ and Mg2+ can occupy various binding 

sites at the phosphate backbone as well as the minor and major grooves of DNA,(198, 199) so 

that their combined presence may induce a local charge inversion of the DNA origami 

nanostructures and thereby promote DNA origami aggregation. Ca2+, on the other hand, 

interacts more weakly with nucleic acids(200ς202) and is more easily replaced by Na+ than 

Mg2+. Therefore, this system shows a reduced propensity for aggregation.  

The degree of order of the assembling lattices as a function of time was quantified by 

ŎŀƭŎǳƭŀǘƛƴƎ ǘƘŜ ǊŜƭŀǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ˅ ŦƻǊ ŜŀŎƘ !Ca ƛƳŀƎŜ ƛƴ ǘƘŜ ǘǿƻ ǘƛƳŜ ǎŜǊƛŜǎΣ ǿƘƛŎƘ 

is a measure of the average domain size (see experimental section).(38, 203) The results are 

plotted in Figure 21bΦ Lƴ ōƻǘƘ ŎŀǎŜǎΣ ˅ ƛǎ ŦƻǳƴŘ ǘƻ ǎǘŀǊǘ ŀǘ ŀ ǾŀƭǳŜ ŀǊƻǳƴŘ нΦр ˂Σ ǿƛǘƘ ˂ 

ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ǇŜǊƛƻŘƛŎƛǘȅ ƻŦ ǘƘŜ ƭŀǘǘƛŎŜΦ ¢ƘŜƴΣ ˅ ŘŜŎǊŜŀǎŜǎ ǿƛǘƘ ǘƛƳŜ ŀƴŘ ǊŜŀŎƘŜǎ ŀ ǎŀǘǳǊŀǘƛƻƴ 

ǾŀƭǳŜ ƻŦ ŀǊƻǳƴŘ мΦр ˂ ŀǘ ŀōƻǳǘ фл Ƴƛƴ ƛƴŎǳōŀǘƛƻƴΦ ¢ƘŜ ƛƴƛǘƛŀƭ ŘŜŎǊŜŀǎŜ ǎǘŜƳǎ ŦǊƻƳ ǘƘŜ ŦŀŎt that 

surface coverage starts well below one monolayer and increases only slowly, so that the 

concept of correlation lengths and domain sizes does not apply yet. Only when a closed 

ƳƻƴƻƭŀȅŜǊ ƛǎ ŦƻǊƳŜŘΣ ˅ assumes a stable value and does not increase any further with 

incubation time. The latter indicates that surface diffusion is insufficient under the applied 

conditions. On mica surfaces, it was previously observed under optimized assembly conditions 

ǘƘŀǘ ˅ continuously increases with time, which results from the rearrangement of DNA origami 

triangles and the associated dynamic annealing of lattice defects.(34, 191, 38) Nevertheless, it 

can be seen that surface coverage still increases for prolonged assembly times, indicating that 

the lattice is far from static at this point and more DNA origami adsorb with time. 

Unfortunately, this does not result in notable improvements in lattice order. For all time points, 

ǎƭƛƎƘǘƭȅ ƘƛƎƘŜǊ ˅ ǾŀƭǳŜǎ ŀǊŜ ƻōǘŀƛƴŜŘ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ /ŀ2+, which indicates a slightly higher 

surface mobility of the adsorbed DNA origami nanostructures, similar to what was previously 

observed on mica.(34) 
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CƛƎǳǊŜ нмΥ ŀύ !Ca ƛƳŀƎŜǎ όо Ȅ о ҡƳчύ ǊŜŎƻǊŘŜŘ ŀǘ ǝƳŜ Ǉƻƛƴǘǎ л όƭŜƊύ ŀƴŘ Ϥ нмл Ƴƛƴ όǊƛƎƘǘύ ŀǘ нл ϲ/Σ нлл Ƴa bŀҌΣ 
ŀƴŘ мнΦр Ƴa ƻŦ ŜƛǘƘŜǊ aƎнҌ ƻǊ /ŀнҌΣ ǊŜǎǇŜŎǝǾŜƭȅΦ LƴǎŜǘǎ ǎƘƻǿ ǘƘŜ Ŧŀǎǘ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳǎ όCC¢ǎύΦ ōύ wŜƭŀǝǾŜ 
ŎƻǊǊŜƭŀǝƻƴ ƭŜƴƎǘƘǎ ˅κ˂ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ŀƭƭ ǊŜŎƻǊŘŜŘ !Ca ƛƳŀƎŜǎ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ƛƴŎǳōŀǝƻƴ ǝƳŜΦ ¢ƘŜ ǾŜǊǝŎŀƭ 
ƭƛƴŜǎ ƛƴ ōύ ƛƴŘƛŎŀǘŜ ǘƘŜ ǝƳŜ Ǉƻƛƴǘǎ ŀǘ ǿƘƛŎƘ ŎƭƻǎŜŘ ƳƻƴƻƭŀȅŜǊǎ ŀǊŜ ƻōǎŜǊǾŜŘΦ 

.ǳƛƭŘƛƴƎ ƻƴ ǇǊŜǾƛƻǳǎ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜ ŀǎǎŜƳōƭȅ ƻƴ ƳƛŎŀ ǎǳǊŦŀŎŜǎΣόоуύ ǘƘŜ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ bŀҌ ǿŀǎ ƛƴŎǊŜŀǎŜŘ ǘƻ плл Ƴa ƛƴ ƻǊŘŜǊ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǎǳǊŦŀŎŜ Ƴƻōƛƭƛǘȅ ƻŦ ǘƘŜ 

ŀŘǎƻǊōŜŘ 5b! ƻǊƛƎŀƳƛ ƴŀƴƻǎǘǊǳŎǘǳǊŜǎΦ !ǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ CƛƎǳǊŜ ннŀΣ ǘƘƛǎ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ bŀҌ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ŘƛŘ ƴƻǘ ǊŜǎǳƭǘ ƛƴ ŀƴȅ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ƭŀǩŎŜ ƻǊŘŜǊΦ Lƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ aƎнҌΣ ǘƘŜ 

ƻǾŜǊƭŀǇǇƛƴƎ ƻŦ ǘƘŜ 5b! ƻǊƛƎŀƳƛ ǘǊƛŀƴƎƭŜǎ ƛƴ ǘƘŜ ƳƻƴƻƭŀȅŜǊ ǎŜŜƳǎ ǘƻ ƘŀǾŜ ƎƻǧŜƴ ǿƻǊǎŜΣ ǿƘƛŎƘ 

ŀƎǊŜŜǎ ǿƛǘƘ ǘƘŜ ŀōƻǾŜ ƛƴǘŜǊǇǊŜǘŀǝƻƴ ƻŦ ǘƘŜ ŎƻƳōƛƴŀǝƻƴ ƻŦ ƘƛƎƘ bŀҌ ŀƴŘ ƳƻŘŜǊŀǘŜ aƎнҌ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǇǊƻƳƻǝƴƎ 5b! ƻǊƛƎŀƳƛ ŀƎƎǊŜƎŀǝƻƴΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ /ŀнҌ ŀǎ ǘƘŜ ŘƛǾŀƭŜƴǘ ŎŀǝƻƴΣ 

ǘƘŜ ƻōǘŀƛƴŜŘ ƭŀǩŎŜ ƛǎ ǎǝƭƭ ǊŀǘƘŜǊ ǳƴƻǊŘŜǊŜŘ ǿƛǘƘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ CC¢ ƴƻǘ ǎƘƻǿƛƴƎ ŀƴȅ 

ŘƛǎŎŜǊƴŀōƭŜ ǊƛƴƎ ǎǘǊǳŎǘǳǊŜΦ ¢ƘŜ Ƴƻǎǘ ǊŜƳŀǊƪŀōƭŜ ŘƛũŜǊŜƴŎŜ ŎƻƳǇŀǊŜŘ ǘƻ нлл Ƴa bŀҌ ƛǎ ŀ ŘŜƭŀȅ 

ƛƴ ǘƘŜ ŘŜŎǊŜŀǎŜ ƻŦ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ ƭŜƴƎǘƘǎ όǎŜŜ CƛƎǳǊŜ нмō ŀƴŘ CƛƎǳǊŜ ннōύΦ ¢Ƙƛǎ ǊŜǎǳƭǘǎ ŦǊƻƳ 5b! 

ƻǊƛƎŀƳƛ ŀŘǎƻǊǇǝƻƴ ŀǘ ǘƘŜ {ƛhн ǎǳǊŦŀŎŜ ōŜƛƴƎ ǎƭƻǿŜŘ Řƻǿƴ ōȅ ǘƘŜ ƘƛƎƘŜǊ bŀҌ ŎƻƴŎŜƴǘǊŀǝƻƴΣ 

ǇǊŜǎǳƳŀōƭȅ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ǎŎǊŜŜƴƛƴƎ ƻŦ ŜƭŜŎǘǊƻǎǘŀǝŎ ƛƴǘŜǊŀŎǝƻƴǎ ŀǘ ǘƘŜ 5b!π{ƛhн ƛƴǘŜǊŦŀŎŜΦ 
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CƛƎǳǊŜ ннΥ ŀύ !Ca ƛƳŀƎŜǎ όо Ȅ о ҡƳчύ ǊŜŎƻǊŘŜŘ ŀǘ ǝƳŜ Ǉƻƛƴǘǎ όƭŜƊύ ŀƴŘ Ϥ нмл Ƴƛƴ όǊƛƎƘǘύ ŀǘ нл ϲ/Σ плл Ƴa bŀҌΣ 
ŀƴŘ мнΦр Ƴa ƻŦ ŜƛǘƘŜǊ aƎнҌ ƻǊ /ŀнҌΣ ǊŜǎǇŜŎǝǾŜƭȅΦ LƴǎŜǘǎ ǎƘƻǿ ǘƘŜ Ŧŀǎǘ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳǎ όCC¢ǎύΦ ōύ wŜƭŀǝǾŜ 
ŎƻǊǊŜƭŀǝƻƴ ƭŜƴƎǘƘǎ ˅κ˂ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ŀƭƭ ǊŜŎƻǊŘŜŘ !Ca ƛƳŀƎŜǎ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ƛƴŎǳōŀǝƻƴ ǝƳŜΦ ¢ƘŜ ǾŜǊǝŎŀƭ 
ƭƛƴŜǎ ƛƴ ōύ ƛƴŘƛŎŀǘŜ ǘƘŜ ǝƳŜ Ǉƻƛƴǘǎ ŀǘ ǿƘƛŎƘ ŎƭƻǎŜŘ ƳƻƴƻƭŀȅŜǊǎ ŀǊŜ ƻōǎŜǊǾŜŘΦ 

LƴŎǊŜŀǎƛƴƎ ǘƘŜ bŀҌ ŎƻƴŎŜƴǘǊŀǝƻƴ ŦǳǊǘƘŜǊ ǘƻ слл Ƴa ŘƛŘ ƴƻǘ ǊŜǎǳƭǘ ƛƴ ŘǊŀƳŀǝŎ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ 

ŀǎǎŜƳōƭȅ ŀƴŘ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ 5b! ƻǊƛƎŀƳƛ ƳƻƴƻƭŀȅŜǊ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ aƎнҌ όǎŜŜ CƛƎǳǊŜ 

ноύΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ /ŀнҌ ŀǎ ǘƘŜ ŘƛǾŀƭŜƴǘ ŎŀǝƻƴΣ ƘƻǿŜǾŜǊΣ ǘƘŜ CC¢ ƻŦ ǘƘŜ !Ca ƛƳŀƎŜ ƻōǘŀƛƴŜŘ 

ŀƊŜǊ ŀōƻǳǘ нмл Ƴƛƴ ƛƴŎǳōŀǝƻƴǎ ǎƘƻǿǎ  ǿŜŀƪ ǊƛƴƎ ǎǘǊǳŎǘǳǊŜǎ όǎŜŜ CƛƎǳǊŜ ноŀύΣ ƛƴŘƛŎŀǝƴƎ ŀ ǎƭƛƎƘǘ 

ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ƭŀǩŎŜ ƻǊŘŜǊΦ ¢Ƙƛǎ ƛǎ ŦǳǊǘƘŜǊ ǾŜǊƛŬŜŘ ƛƴ ǘƘŜ ŜǾƻƭǳǝƻƴ ƻŦ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ ƭŜƴƎǘƘ 

˅ ƛƴ CƛƎǳǊŜ ноōΣ ǿƘƛŎƘ ŦǊƻƳ ǘƘŜ Ǉƻƛƴǘ ƻŦ ƳƻƴƻƭŀȅŜǊ ŦƻǊƳŀǝƻƴ ǎƘƻǿǎ ƭŀǊƎŜǊ ǾŀƭǳŜǎ ōŜǘǿŜŜƴ н 

ŀƴŘ нΦр ˂Σ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎƭƛƎƘǘƭȅ ƛƳǇǊƻǾŜŘ ƻǊŘŜǊΦ ¢Ƙƛǎ ƛǎ Ƴƻǎǘ ƭƛƪŜƭȅ ŀ ǊŜǎǳƭǘ ƻŦ ŜƴƘŀƴŎŜŘ 

ǎǳǊŦŀŎŜ Řƛũǳǎƛƻƴ ŀƭƭƻǿƛƴƎ ǘƘŜ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜǎ ǘƻ ƻǇǝƳƛȊŜ ǘƘŜƛǊ ŀǊǊŀƴƎŜƳŜƴǘ ǿƛǘƘƛƴ ǘƘŜ 

ƭŀǩŎŜ ŀƴŘ ǘƘǳǎ ŜƴŀōƭŜǎ ǘƘŜƳ ǘƻ ŦƻǊƳ ƭŀǊƎŜǊ ŘƻƳŀƛƴǎΦ !ǎ Ŏŀƴ ŦǳǊǘƘŜǊ ōŜ ǎŜŜƴ ƛƴ CƛƎǳǊŜ ноōΣ ǘƘŜ 

ŎƻǊǊŜƭŀǝƻƴ ƭŜƴƎǘƘ ƻŦ ǘƘƛǎ ǎȅǎǘŜƳ ǎƘƻǿǎ ǎƻƳŜǿƘŀǘ ŜǊǊŀǝŎ ōŜƘŀǾƛƻǊ ǿƛǘƘ ǎǳŘŘŜƴ ƧǳƳǇǎ ǘƻ 

ƘƛƎƘŜǊ ƻǊ ƭƻǿŜǊ ǾŀƭǳŜǎΦ ¢Ƙƛǎ ōŜƘŀǾƛƻǊ ǿŀǎ ŀǧǊƛōǳǘŜŘ ǘƻ ǘƘŜ ŜƴƘŀƴŎŜŘ ǎǳǊŦŀŎŜ Ƴƻōƛƭƛǘȅ ƻŦ ǘƘŜ 

5b! ƻǊƛƎŀƳƛ ƴŀƴƻǎǘǊǳŎǘǳǊŜǎΣ ǿƘƛŎƘ ƭŜŀŘǎ ǘƻ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ŀŘǎƻǊǇǝƻƴ ŀƴŘ ŘŜǎƻǊǇǝƻƴ 

ŜǾŜƴǘǎ ŀƴŘ ǘƘǳǎ ƘƛƎƘƭȅ ŘȅƴŀƳƛŎ ōŜƘŀǾƛƻǊΦ 
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CƛƎǳǊŜ ноΥ ŀύ !Ca ƛƳŀƎŜǎ όо Ȅ о ҡƳчύ ǊŜŎƻǊŘŜŘ ŀǘ ǝƳŜ Ǉƻƛƴǘǎ л όƭŜƊύ ŀƴŘ Ϥ нмл Ƴƛƴ όǊƛƎƘǘύ ŀǘ нл ϲ/Σ слл Ƴa bŀҌΣ 
ŀƴŘ мнΦр Ƴa ƻŦ ŜƛǘƘŜǊ aƎнҌ ƻǊ /ŀнҌΣ ǊŜǎǇŜŎǝǾŜƭȅΦ LƴǎŜǘǎ ǎƘƻǿ ǘƘŜ Ŧŀǎǘ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳǎ όCC¢ǎύΦ ōύ wŜƭŀǝǾŜ 
ŎƻǊǊŜƭŀǝƻƴ ƭŜƴƎǘƘǎ ˅κ˂ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ŀƭƭ ǊŜŎƻǊŘŜŘ !Ca ƛƳŀƎŜǎ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ƛƴŎǳōŀǝƻƴ ǝƳŜΦ ¢ƘŜ ǾŜǊǝŎŀƭ 
ƭƛƴŜǎ ƛƴ ōύ ƛƴŘƛŎŀǘŜ ǘƘŜ ǝƳŜ Ǉƻƛƴǘǎ ŀǘ ǿƘƛŎƘ ŎƭƻǎŜŘ ƳƻƴƻƭŀȅŜǊǎ ŀǊŜ ƻōǎŜǊǾŜŘΦ 

While an increase of the Na+ concentration to 600 mM has resulted in a slightly increased order 

of the assembled DNA origami lattice, the corresponding AFM image in Figure 23a shows also 

the first signs of DNA origami aggregation and multilayer formation (bright spots). Therefore, 

a further increase in Na+ concentration beyond 600 mM does not appear promising. Rather, in 

the next set of experiments, we have increased the substrate temperature from 20 to 30 °C. 

In the recent work of Tapio et al., an elevated substrate temperature of about 30 to 40 °C was 

essential for obtaining large and well- formed DNA origami lattices on SiO2 surfaces mediated 

by blunt-end stacking.(197) As can be seen in Figure 24, this moderate increase in temperature 

did not result in any notable improvement at a Na+ concentration of 200 mM, with the 

correlation lengths of both the Mg2+ and the Ca2+ systems remaining below 2 ˂. This indicates 

that the surface mobility of the DNA origami nanostructure under these conditions was still 

too low. Therefore, higher Na+ concentrations was also evaluated, which had shown slightly 

better results at 20 °C.   
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CƛƎǳǊŜ нпΥ ŀύ !Ca ƛƳŀƎŜǎ όо Ȅ о ҡƳчύ ǊŜŎƻǊŘŜŘ ŀǘ ǝƳŜ Ǉƻƛƴǘǎ όƭŜƊύ ŀƴŘ Ϥ нмл Ƴƛƴ όǊƛƎƘǘύ ŀǘ ол ϲ/Σ нлл Ƴa bŀҌΣ 
ŀƴŘ мнΦр Ƴa ƻŦ ŜƛǘƘŜǊ aƎнҌ ƻǊ /ŀнҌΣ ǊŜǎǇŜŎǝǾŜƭȅΦ LƴǎŜǘǎ ǎƘƻǿ ǘƘŜ Ŧŀǎǘ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳǎ όCC¢ǎύΦ ōύ wŜƭŀǝǾŜ 
ŎƻǊǊŜƭŀǝƻƴ ƭŜƴƎǘƘǎ ˅κ˂ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ŀƭƭ ǊŜŎƻǊŘŜŘ !Ca ƛƳŀƎŜǎ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ƛƴŎǳōŀǝƻƴ ǝƳŜΦ ¢ƘŜ ǾŜǊǝŎŀƭ 
ƭƛƴŜǎ ƛƴ ōύ ƛƴŘƛŎŀǘŜ ǘƘŜ ǝƳŜ Ǉƻƛƴǘǎ ŀǘ ǿƘƛŎƘ ŎƭƻǎŜŘ ƳƻƴƻƭŀȅŜǊǎ ŀǊŜ ƻōǎŜǊǾŜŘΦ 

!ǘ плл Ƴa bŀҌ ŎƻƴŎŜƴǘǊŀǝƻƴΣ CƛƎǳǊŜ нр ƛƴŘŜŜŘ ǊŜǾŜŀƭǎ ǎƻƳŜ ƛƳǇǊƻǾŜƳŜƴǘΦ ²ƘƛƭŜ ǘƘŜ 

ƳƻƴƻƭŀȅŜǊ ŦƻǊƳŜŘ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ aƎнҌ ƛǎ ǎǝƭƭ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƭƻǿ ƻǊŘŜǊ ŀƴŘ ƳǳƭǝƭŀȅŜǊ 

ōǳƛƭŘǳǇΣ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ /ŀнҌ ŦŀŎƛƭƛǘŀǘŜǎ ǘƘŜ ŀǎǎŜƳōƭȅ ƻŦ ŀ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ 

ǉǳŀƭƛǘȅ ŀƴŘ ƻǊŘŜǊΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ CC¢ ǎƘƻǿƴ ƛƴ ǘƘŜ ƛƴǎŜǘǎ ƻŦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ !Ca ƛƳŀƎŜǎ 

ƛƴ CƛƎǳǊŜ рŀ ŘŜǾŜƭƻǇǎ ŀ ǿŜŀƪ ǊƛƴƎ ǎǘǊǳŎǘǳǊŜ ƻǾŜǊ ǝƳŜΦ !ǘ ǘƘŜ ǎŀƳŜ ǝƳŜΣ ŀƭǎƻ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ 

ƭŜƴƎǘƘ ƛǎ ƛƴŎǊŜŀǎƛƴƎ ǿƛǘƘ ǝƳŜ ς ŀƭōŜƛǘ ǿƛǘƘ ǎǘǊƻƴƎ ƅǳŎǘǳŀǝƻƴǎ ς ŀƴŘ ǊŜŀŎƘŜǎ ŀ Ŭƴŀƭ ǾŀƭǳŜ ƻŦ 

ŀōƻǳǘ нΦр ˂ ŀǘ ŀōƻǳǘ нмл ƳƛƴΦ CƻǊ ŎƻƳǇŀǊƛǎƻƴΣ ǳƴŘŜǊ ƻǘƘŜǊǿƛǎŜ ƛŘŜƴǝŎŀƭ ŎƻƴŘƛǝƻƴǎ ŀǘ нл ϲ/ 

ǎǳōǎǘǊŀǘŜ ǘŜƳǇŜǊŀǘǳǊŜΣ ˅ ǊŜƳŀƛƴǎ ōŜƭƻǿ мΦр ˂ όǎŜŜ CƛƎǳǊŜ ноōύΦ 
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CƛƎǳǊŜ нрΥ ŀύ !Ca ƛƳŀƎŜǎ όо Ȅ о ҡƳчύ ǊŜŎƻǊŘŜŘ ŀǘ ǝƳŜ Ǉƻƛƴǘǎ όƭŜƊύ ŀƴŘ Ϥ нмл Ƴƛƴ όǊƛƎƘǘύ ŀǘ ол ϲ/Σ плл Ƴa bŀҌΣ 
ŀƴŘ мнΦр Ƴa ƻŦ ŜƛǘƘŜǊ aƎнҌ ƻǊ /ŀнҌΣ ǊŜǎǇŜŎǝǾŜƭȅΦ LƴǎŜǘǎ ǎƘƻǿ ǘƘŜ Ŧŀǎǘ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳǎ όCC¢ǎύΦ ōύ wŜƭŀǝǾŜ 
ŎƻǊǊŜƭŀǝƻƴ ƭŜƴƎǘƘǎ ˅κ˂ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ŀƭƭ ǊŜŎƻǊŘŜŘ !Ca ƛƳŀƎŜǎ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ƛƴŎǳōŀǝƻƴ ǝƳŜΦ ¢ƘŜ ǾŜǊǝŎŀƭ 
ƭƛƴŜǎ ƛƴ ōύ ƛƴŘƛŎŀǘŜ ǘƘŜ ǝƳŜ Ǉƻƛƴǘǎ ŀǘ ǿƘƛŎƘ ŎƭƻǎŜŘ ƳƻƴƻƭŀȅŜǊǎ ŀǊŜ ƻōǎŜǊǾŜŘΦ  

Increasing the Na+ concentration to 600 mM at 30 °C substrate temperature leads to further 

improvement. For Ca2+, Figure 26a shows the formation of a rather well-ordered DNA origami 

lattice. Despite a considerable number of lattice defects, the corresponding FFT has the form 

of a well-defined ring with vaguely hexagonal shape. This enhanced lattice order is also 

reflected in the correlation length (Figure 26bύΣ ǿƘƛŎƘ ŦǳǊǘƘŜǊ ƛƴŎǊŜŀǎŜǎ ǘƻ ŀōƻǳǘ оΦр ˂ ŀŦǘŜǊ 

about 210 min incubation. While this is a rather pronounced improvement compared to the 

lower temperatures and Na+ concentrations, the obtained correlation length is still lower than 

those achieved on mica surfaces under optimized conditions, which routinely reach values of 

ŀōƻǳǘ р ˂ ōǳǘ Ƴŀȅ Ǝƻ ŀǎ ƘƛƎƘ ŀǎ ŀōƻǳǘ у ˂Φ(34, 38) However, it was seen ǘƘŀǘ ˅ Ƙŀǎ ƴƻǘ ȅŜǘ 

saturated at this time point but is still increasing, so that even higher values may be achievable 

at longer incubation times. Interestingly, the combination of elevated substrate temperature 

and high Na+ concentration also leads to small improvements in the Mg2+ ǎȅǎǘŜƳΦ IŜǊŜΣ ˅ ǾŀƭǳŜǎ 

between 1.5 and 2 are obtained, which is further proof of thermally enhanced surface 

diffusion. Nevertheless, lattice assembly is still hindered by multilayer formation (see 

corresponding AFM image in Figure 26a).  
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CƛƎǳǊŜ нсΥ ŀύ !Ca ƛƳŀƎŜǎ όо Ȅ о ҡƳчύ ǊŜŎƻǊŘŜŘ ŀǘ ǝƳŜ Ǉƻƛƴǘǎ л όƭŜƊύ ŀƴŘ Ϥ нмл Ƴƛƴ όǊƛƎƘǘύ  ŀǘ ол ϲ/Σ слл Ƴa bŀҌΣ 
ŀƴŘ мнΦр Ƴa ƻŦ ŜƛǘƘŜǊ aƎнҌ ƻǊ /ŀнҌΣ ǊŜǎǇŜŎǝǾŜƭȅΦ LƴǎŜǘǎ ǎƘƻǿ ǘƘŜ Ŧŀǎǘ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳǎ όCC¢ǎύΦ ōύ wŜƭŀǝǾŜ 
ŎƻǊǊŜƭŀǝƻƴ ƭŜƴƎǘƘǎ ˅κ˂ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ŀƭƭ ǊŜŎƻǊŘŜŘ !Ca ƛƳŀƎŜǎ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ƛƴŎǳōŀǝƻƴ ǝƳŜΦ ¢ƘŜ ǾŜǊǝŎŀƭ 
ƭƛƴŜǎ ƛƴ ōύ ƛƴŘƛŎŀǘŜ ǘƘŜ ǝƳŜ Ǉƻƛƴǘǎ ŀǘ ǿƘƛŎƘ ŎƭƻǎŜŘ ƳƻƴƻƭŀȅŜǊǎ ŀǊŜ ƻōǎŜǊǾŜŘΦ 

CƛƴŀƭƭȅΣ ǘƘŜ ǎǳōǎǘǊŀǘŜ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ƛƴŎǊŜŀǎŜŘ ŦǳǊǘƘŜǊ ǘƻ пл ϲ/Φ !ǘ нлл Ƴa bŀҌΣ ǘƘƛǎ ŦǳǊǘƘŜǊ 

ƛƴŎǊŜŀǎŜ ŘƻŜǎ ƴƻǘ ƘŀǾŜ ŀƴȅ ǇƻǎƛǝǾŜ ŜũŜŎǘ ƻƴ ƭŀǩŎŜ ŀǎǎŜƳōƭȅ όǎŜŜ CƛƎǳǊŜ нтύΦ hƴ ǘƘŜ ŎƻƴǘǊŀǊȅΣ 

ǳƴŘŜǊ ǘƘŜǎŜ ŎƻƴŘƛǝƻƴǎΣ ǘƘŜ !Ca ƛƳŀƎŜǎ ƛƴ CƛƎǳǊŜ нтŀ ǎƘƻǿ ǘǿƻ ŘƛǎǝƴŎǘ ŘƛũŜǊŜƴŎŜǎ ŎƻƳǇŀǊŜŘ 

ǘƻ ŀƭƭ ǇǊŜǾƛƻǳǎ ŜȄǇŜǊƛƳŜƴǘǎΦ CƛǊǎǘΣ ŀƴ ŜȄŎŜǇǝƻƴŀƭƭȅ ƘƛƎƘ ǎǳǊŦŀŎŜ ŎƻǾŜǊŀƎŜ ƛǎ ƻōǎŜǊǾŜŘ ŀǘ ǘƘŜ 

ǾŜǊȅ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΦ ²ƘƛƭŜ ǘƘƛǎ Ƴŀȅ ǘƻ ǎƻƳŜ ŜȄǘŜƴǘ ōŜ ǊŜƭŀǘŜŘ ǘƻ ŀ ǎƳŀƭƭ ŘŜƭŀȅ 

ōŜǘǿŜŜƴ ǘƘŜ ƛƴƧŜŎǝƻƴ ƻŦ ǘƘŜ 5b! ƻǊƛƎŀƳƛ ǎŀƳǇƭŜ ƛƴǘƻ ǘƘŜ ƭƛǉǳƛŘ ŎŜƭƭ ŀƴŘ ǘƘŜ ǎǘŀǊǘ ƻŦ ǘƘŜ ŬǊǎǘ 

!Ca ǎŎŀƴΣ ƛǘ Ƴŀȅ ŀƭǎƻ ōŜ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ƛƴŎǊŜŀǎŜŘ Řƛũǳǎƛƻƴ ƻŦ ǘƘŜ 5b! ƻǊƛƎŀƳƛ ƛƴ ǘƘŜ ōǳƭƪ 

ǎƻƭǳǝƻƴΦ {ƛƴŎŜ ƻǳǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎŜǩƴƎ ƛǎ Řƛũǳǎƛƻƴ ƭƛƳƛǘŜŘΣ ǎǳŎƘ ŀƴ ƛƴŎǊŜŀǎŜŘ ōǳƭƪ Řƛũǳǎƛƻƴ 

ǿƛƭƭ ƭŜŀŘ ǘƻ ƘƛƎƘŜǊ ŀǊǊƛǾŀƭ ǊŀǘŜ ƻŦ ǘƘŜ 5b! ƻǊƛƎŀƳƛ ŀǘ ǘƘŜ ǎǳǊŦŀŎŜ ŀƴŘ ǘƘŜǊŜōȅ ǘƻ ƛƴŎǊŜŀǎŜŘ 

ŀŘǎƻǊǇǝƻƴΦ ¢ƘŜ ƭŀǧŜǊ ƛƴǘŜǊǇǊŜǘŀǝƻƴ ǿŀǎ ŦǳǊǘƘŜǊ ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ ǎŜŎƻƴŘ ƻōǎŜǊǾŀǝƻƴΣ ƛΦŜΦΣ 

ǊŀǘƘŜǊ ǎǘǊƻƴƎ ƳǳƭǝƭŀȅŜǊ ŦƻǊƳŀǝƻƴ ƴƻǘ ƻƴƭȅ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ aƎнҌ ōǳǘ ŀƭǎƻ ŦƻǊ /ŀнҌΣ ǿƘƛŎƘ 

ǿŀǎ ƴƻǘ ǎŜŜƴ ƛƴ ǘƘŜ ŀōƻǾŜ ŜȄǇŜǊƛƳŜƴǘǎΦ 
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CƛƎǳǊŜ нтΥ ŀύ !Ca ƛƳŀƎŜǎ όо Ȅ о ҡƳчύ ǊŜŎƻǊŘŜŘ ŀǘ ǝƳŜ Ǉƻƛƴǘǎ л όƭŜƊύ ŀƴŘ Ϥ нмл Ƴƛƴ όǊƛƎƘǘύ  ŀǘ пл ϲ/Σ нлл Ƴa bŀҌΣ 
ŀƴŘ мнΦр Ƴa ƻŦ ŜƛǘƘŜǊ aƎнҌ ƻǊ /ŀнҌΣ ǊŜǎǇŜŎǝǾŜƭȅΦ LƴǎŜǘǎ ǎƘƻǿ ǘƘŜ Ŧŀǎǘ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳǎ όCC¢ǎύΦ ōύ wŜƭŀǝǾŜ 
ŎƻǊǊŜƭŀǝƻƴ ƭŜƴƎǘƘǎ ˅κ˂ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ŀƭƭ ǊŜŎƻǊŘŜŘ !Ca ƛƳŀƎŜǎ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ƛƴŎǳōŀǝƻƴ ǝƳŜΦ ¢ƘŜ ǾŜǊǝŎŀƭ 
ƭƛƴŜǎ ƛƴ ōύ ƛƴŘƛŎŀǘŜ ǘƘŜ ǝƳŜ Ǉƻƛƴǘǎ ŀǘ ǿƘƛŎƘ ŎƭƻǎŜŘ ƳƻƴƻƭŀȅŜǊǎ ŀǊŜ ƻōǎŜǊǾŜŘΦ 

Both effects of the increased temperature, i.e., high surface coverage and multilayer formation 

in the presence of Ca2+, are markedly reduced at 400 mM Na+ (see Figure 28a). This indicates 

that the increased Na+ concentrations drastically enhances the surface mobility, and 

particularly the desorption rate of the DNA origami, which now counterbalances the increased 

adsorption rate. The dramatically enhanced surface mobility in the presence of Ca2+ could 

directly been seen in the initial AFM image recorded at 0 min incubation in Figure 28a. Here, 

the DNA origami triangles have a rather blurry appearance because of their rapid motion along 

the surface. A similar observation was made also on mica at room temperature in the presence 

of 75 mM Na+ and 10 mM Ca2+,(34) which was a further indication of the comparably low 

surface mobility of the DNA origami nanostructures on the SiO2 surface. As one would expect, 

the enhanced surface mobility also leads to improved lattice order as demonstrated by the 

corresponding FFT in Figure 28a, which shows a clear ring structure with notably hexagonal 

shape. Furthermore, as can be seen in Figure 28b, the correlation length of the lattice 

assembled in the presence of Ca2+ ǊŜŀŎƘŜǎ ŀ ǾŀƭǳŜ ƻŦ ŀōƻǳǘ пΦр ˂ ŀƭǊŜŀŘȅ ŀŦǘŜǊ мнл Ƴƛƴ 

ƛƴŎǳōŀǘƛƻƴΣ ŀŦǘŜǊ ǿƘƛŎƘ ƛǘ ŦƭǳŎǘǳŀǘŜǎ ōŜǘǿŜŜƴ пΦр ŀƴŘ оΦл ˂Φ ¢ƘŜǎŜ ǊŀǘƘŜǊ ǎǘǊƻƴƎ ŦƭǳŎǘǳŀǘƛƻƴǎ 

could be attributed to the strong dynamics of the lattice, which is characterized not just by 

lateral diffusion of the adsorbed DNA origami along the surface but also many desorption and 

adsorption events. For this condition, it was observed that the largest increase in surface 
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coverage during assembly, i.e., from about 73% upon formation of a closed monolayer to about 

88% at the end of incubation. 

 

CƛƎǳǊŜ нуΥ ŀύ !Ca ƛƳŀƎŜǎ όо Ȅ о ҡƳчύ ǊŜŎƻǊŘŜŘ ŀǘ ǝƳŜ Ǉƻƛƴǘǎ л όƭŜƊύ ŀƴŘ Ϥ нмл Ƴƛƴ όǊƛƎƘǘύ  ŀǘ пл ϲ/Σ плл Ƴa bŀҌΣ 
ŀƴŘ мнΦр Ƴa ƻŦ ŜƛǘƘŜǊ aƎнҌ ƻǊ /ŀнҌΣ ǊŜǎǇŜŎǝǾŜƭȅΦ LƴǎŜǘǎ ǎƘƻǿ ǘƘŜ Ŧŀǎǘ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳǎ όCC¢ǎύΦ ōύ wŜƭŀǝǾŜ 
ŎƻǊǊŜƭŀǝƻƴ ƭŜƴƎǘƘǎ ˅κ˂ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ŀƭƭ ǊŜŎƻǊŘŜŘ !Ca ƛƳŀƎŜǎ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ƛƴŎǳōŀǝƻƴ ǝƳŜΦ ¢ƘŜ ǾŜǊǝŎŀƭ 
ƭƛƴŜǎ ƛƴ ōύ ƛƴŘƛŎŀǘŜ ǘƘŜ ǝƳŜ Ǉƻƛƴǘǎ ŀǘ ǿƘƛŎƘ ŎƭƻǎŜŘ ƳƻƴƻƭŀȅŜǊǎ ŀǊŜ ƻōǎŜǊǾŜŘΦ 

{ƛƳƛƭŀǊ ōŜƘŀǾƛƻǊ Ŏŀƴ ŀƭǎƻ ōŜ ƻōǎŜǊǾŜŘ ƛƴ CƛƎǳǊŜ нф ŀǘ ŀ ƘƛƎƘŜǊ bŀҌ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ слл ƳaΦ 

IŜǊŜΣ ƘƻǿŜǾŜǊΣ ŀƴ ŜǾŜƴ ƘƛƎƘŜǊ ǎǳǊŦŀŎŜ Ƴƻōƛƭƛǘȅ ƭŜŀŘǎ ǘƻ ǎǘǊƻƴƎŜǊ ŘȅƴŀƳƛŎǎΣ ǿƘƛŎƘ ƛƴ ǘǳǊƴ 

ŘŜƭŀȅǎ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ˅Φ  hƴƭȅ ŀƊŜǊ ŀōƻǳǘ нмл ƳƛƴΣ ˅ ǊŜŀŎƘŜǎ ŀ ǾŀƭǳŜ ƻŦ ŀōƻǳǘ п ˂ ŀƴŘ ǘƘŜ 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ CC¢ ƛƴ CƛƎǳǊŜ нфŀ ƛǎ ƭŜǎǎ ŘŜŬƴŜŘ ǘƘŀƴ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƻƴŜ ƻōǎŜǊǾŜŘ ŀǘ плл 

Ƴa όǎŜŜ CƛƎǳǊŜ нуŀύΦ ¢ƘŜ ǎǘǊƻƴƎƭȅ ƛƴŎǊŜŀǎŜŘ ǎǳǊŦŀŎŜ Ƴƻōƛƭƛǘȅ ƛǎ ŀƭǎƻ ŀǇǇŀǊŜƴǘ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ 

ƻŦ aƎнҌΣ ǿƘŜǊŜ ǘƘŜ ŦƻǊƳŜŘ ƭŀǩŎŜ ǊŜŀŎƘŜǎ ŀ ƳŀȄƛƳǳƳ ˅ ǾŀƭǳŜ ƻŦ ŀƭƳƻǎǘ о ˂Φ IƻǿŜǾŜǊΣ ǘƘƛǎ 

ǎȅǎǘŜƳ ǎǝƭƭ ǎǳũŜǊǎ ŦǊƻƳ ƳǳƭǝƭŀȅŜǊ ŦƻǊƳŀǝƻƴΦ 
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CƛƎǳǊŜ нфΥ ŀύ !Ca ƛƳŀƎŜǎ όо Ȅ о ҡƳчύ ǊŜŎƻǊŘŜŘ ŀǘ ǝƳŜ Ǉƻƛƴǘǎ л όƭŜƊύ ŀƴŘ Ϥ нмл Ƴƛƴ όǊƛƎƘǘύ  ŀǘ пл ϲ/Σ слл Ƴa bŀҌΣ 
ŀƴŘ мнΦр Ƴa ƻŦ ŜƛǘƘŜǊ aƎнҌ ƻǊ /ŀнҌΣ ǊŜǎǇŜŎǝǾŜƭȅΦ LƴǎŜǘǎ ǎƘƻǿ ǘƘŜ Ŧŀǎǘ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳǎ όCC¢ǎύΦ ōύ wŜƭŀǝǾŜ 
ŎƻǊǊŜƭŀǝƻƴ ƭŜƴƎǘƘǎ ˅κ˂ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ŀƭƭ ǊŜŎƻǊŘŜŘ !Ca ƛƳŀƎŜǎ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ƛƴŎǳōŀǝƻƴ ǝƳŜΦ ¢ƘŜ ǾŜǊǝŎŀƭ 
ƭƛƴŜǎ ƛƴ ōύ ƛƴŘƛŎŀǘŜ ǘƘŜ ǝƳŜ Ǉƻƛƴǘǎ ŀǘ ǿƘƛŎƘ ŎƭƻǎŜŘ ƳƻƴƻƭŀȅŜǊǎ ŀǊŜ ƻōǎŜǊǾŜŘΦ 

In Figure 30, the correlation lengths of the different lattices obtained after incubation for about 

210 min under the tested conditions are compared. It is observed that increasing either the 

substrate temperature or the Na+ concentration leads to increased lattice order. Furthermore, 

there is an apparent interdependency of these two parameters, i.e., essentially the same 

degree of order that is achieved at 40 °C with 400 mM Na+ can also be obtained at a lower 

temperature of 30 °C if the Na+ concentration is increased to 600 mM. This implies that the Na+ 

concentration essentially acts as an effective temperature with higher concentrations leading 

to increased DNA origami mobility. This confirms previous postulations for DNA origami lattice 

assembly on mica surfaces.(38)  Finally, all these trends were much more pronounced for Ca2+ 

than for Mg2+ as the divalent cation. 
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CƛƎǳǊŜ олΥ /ƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ ǊŜƭŀǝǾŜ ŎƻǊǊŜƭŀǝƻƴ ƭŜƴƎǘƘǎ ˅κ˂ ƻŦ ǘƘŜ ŘƛũŜǊŜƴǘ ƭŀǩŎŜǎ ƻōǘŀƛƴŜŘ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 
aƎнҌ ŀƴŘ /ŀнҌΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ŀƊŜǊ ŀōƻǳǘ нмл Ƴƛƴ ƛƴŎǳōŀǝƻƴΦ 

However, even under optimized conditions, the obtained lattices have a much lower degree 

of order than on mica. For instance, incubation of 3 nM DNA origami triangles in 10 mM Ca2+ 

and 75 mM Na+ on mica for 90 min at room temperature resulted in a highly ordered lattice 

ǿƛǘƘ ŀ ŎƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ˅ > 8 ˂ Φ(34) While this may not be surprising considering the different 

surface properties of mica and SiO2, even higher correlation lengths were obtained for 

tetragonal DNA origami lattices assembled on similar SiO2 surfaces and under similar 

environmental conditions as used here.(197) This was because the lattices of Tapio et al. were 

assembled from Seeman tiles, which are able to participate in blunt-end stacking with 

neighboring tiles. This additional attractive intermolecular interaction appears to be crucial for 

obtaining highly ordered lattices on SiO2 surfaces because it lowers the mobility of DNA origami 

nanostructures incorporated into a growing lattice. For the DNA origami triangles studied here, 

the limiting factor appears to be the high desorption rate that accompanies a high lateral 

mobility of adsorbed DNA origami nanostructures along the SiO2 surface. At the high 

temperatures and Na+ concentrations required for sufficient lateral mobility, continuous DNA 

origami desorption from lattice sites prevents the lattice from approaching a low-energy state 

with optimized packing density. In the presence of blunt-end stacking, however, DNA origami 

monomers have a higher surface mobility and desorption rate than dimers and multimers. 

Lattice assembly under such conditions thus resembles a nucleated crystal growth mechanism 

and leads to much larger single-crystalline lattice domains. 

Finally, an attempt was made to transfer the DNA origami lattices assembled on the SiO2 

surface in the presence of Ca2+ into the dry state, in order to enable further processing steps 

such as growth of an oxide mask by chemical vapor deposition.(184, 178, 204, 179) For DNA 
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origami lattices assembled on mica and SiO2 in the presence of Mg2+, such a transfer was 

achieved previously by addition of Ni2+ either directly to the sample solution after lattice 

assembly or after gentle washing of the substrate surface to remove free DNA origami.(192) 

Ni2+ has a higher affinity for DNA than Mg2+ and Na+ and thereby efficiently fixates the DNA 

origami nanostructures to the surface. For the current hexagonal lattices assembled on SiO2 in 

the presence of Ca2+, however, a more gentle approach was required. While the simple 

addition of Ni2+ to the DNA origami-containing solution after lattice assembly ensured that the 

formed lattice remained essentially intact during subsequent washing, it also resulted in the 

random adsorption of a large amount of DNA origami triangles from solution. This is a general 

issue frequently observed upon lattice transfer into the dry state(192, 197, 44) and may be 

reduced to some extent by additional fine-tuning of environmental parameters.(197)  In the 

present case, it was found that cooling the substrate to 4°C before the addition of Ni2+ led to 

less pronounced DNA origami deposition, probably due to the reduced diffusion of the free 

DNA origami nanostructures suspended in the bulk solution. Figure 31 shows an AFM image of 

the resulting lattice in the dry state. As can be seen, DNA origami deposition is not fully 

suppressed and there are still some triangles from solution adsorbed on top of the lattice. 

Reducing the DNA origami concentration from 4 nM to 3 nM did not result in a notable 

difference. In an attempt to completely suppress DNA origami deposition, we also tried to 

carefully remove the DNA origami-containing solution from the substrate surface before 

addition of Ni2+. However, this destroyed the assembled lattice because of the high mobility of 

the DNA origami nanostructures within the lattice. Despite the remaining DNA origami 

triangles adsorbed on top of the lattice, the image in Figure 31 demonstrates the possibility of 

transferring the DNA origami lattice assembled on the SiO2 surface in the presence of Ca2+ into 

the dry state, which is an important prerequisite for further processing steps. 
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CƛƎǳǊŜ омΥ !Ca ƛƳŀƎŜ όо Ȅ о ҡƳчύ ƻŦ ŀ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜ ŀǎǎŜƳōƭŜŘ ŀǘ пл ϲ/ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ плл Ƴa bŀ/ƭ 
ŀƴŘ мнΦр Ƴa /ŀ/ƭн ŀƊŜǊ ǘǊŀƴǎŦŜǊ ƛƴǘƻ ǘƘŜ ŘǊȅ ǎǘŀǘŜΦ 

оΦнΦо /ƻƴŎƭǳǎƛƻƴ  

In summary, the effects of Mg2+ and Ca2+ on the assembly of hexagonal DNA origami lattices 

on RCA-cleaned silicon surfaces in the absence of attractive intermolecular interactions were 

investigated. Lattice assembly was monitored by time-lapse AFM in dependence of Na+ 

concentration and substrate temperature. Remarkably, in the presence of Mg2+, no ordered 

lattices were obtained, instead the formation of disordered multilayers was observed under 

all the conditions tested. This is most likely related to a partial charge inversion of the DNA 

origami triangles in the presence of Mg2+ and large concentrations of Na+. In the presence of 

Ca2+, on the other hand, assembly of ordered lattices was achieved at substrate temperatures 

of 30 ς 40 °C and Na+ concentrations of 400 to 600 mM. This is attributed to the general weaker 

binding of Ca2+ to DNA so that it is easier to replace by Na+, which provides the adsorbed DNA 

origami nanostructures with enhanced surface mobility. Unfortunately, this enhanced surface 

mobility was  accompanied by an increased desorption rate, which appears to limit the 

maximum degree of lattice order that can be achieved in this way, so that the correlation 

length of the hexagonal lattices assembled in this work on hydroxyl-rich silicon oxide surfaces 

is only about half that of equivalent lattices assembled previously on mica surfaces.(38, 34)  

In the recent work by Tapio et al.,(197) highly ordered tetragonal DNA origami lattices were 

obtained on SiO2 surfaces under similar conditions as employed here. Comparison with our 

results suggests that such high degrees of order requires attractive intermolecular interactions 

such as blunt-end stacking to minimize DNA origami desorption after incorporation into the 
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growing lattice. It should be mentioned, however, that Tapio et al. had assembled their lattices 

in the presence of Mg2+, which in our experiments resulted only in low degrees of order and 

multilayer formation. This suggests that the shape of the DNA origami nanostructures plays a 

role as well. Indeed, Tapio et al. reported that large and well-ordered lattices could be obtained 

only from twist-corrected Seeman tiles whereas non-twist corrected nanostructures formed 

only unordered monolayers. While this was attributed to shape distortions of the non-twist 

corrected Seeman tiles preventing proper blunt-end stacking, our experiments with the non-

twist corrected and thus strongly distorted triangles(205) may indicate that such factors may 

also affect the general surface mobility, the desorption rate, and the aggregation propensity 

of the DNA origami nanostructures. 

Compared to mica surfaces, it appears that DNA origami lattice formation on hydroxylated SiO2 

surfaces is more sensitive toward environmental parameters. Based on our results, the order 

of DNA origami lattices assembled on SiO2 surfaces may be further enhanced in the future by 

two general strategies. First, since DNA origami adsorption at electrolyte/SiO2 interfaces 

involves electrostatic interactions, tuning the charge density of the surface may be used to 

control the interaction strength. This may be achieved for instance by adjusting the pH in 

solution or by surface modification approaches such as ion implantation.(206) However, it 

should also be mentioned that the hydroxyl density and surface energy of SiO2 surfaces 

depends strongly on the nature and history of the substrates,(207) including any applied 

surface cleaning procedures.(208) Alternatively, complex temperature profiles may be applied 

during lattice assembly as they are used for instance in the growth of inorganic mixed 

crystals(209, 210) in order to enable a slow crystallization with gradual immobilization of DNA 

origami nanostructures on lattice sites. Even though exploring all these parameters in a 

systematic way may turn out rather time consuming and be further complicated by non-trivial 

interdependencies, it may lead to optimized protocols for the reproducible fabrication of DNA 

origami-based molecular lithography masks on silicon wafers fully compatible with established 

microfabrication techniques. 

оΦнΦп aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ 

DNA origami assembly and purification 

The DNA origami triangles(15) were prepared using the 7249 nt M13mp18 scaffold (Tilibit) and 

208 staples strands (Eurofins). Staples and scaffold were mixed at tenfold staple excess in 1x 

TAE (Carl Roth) supplemented with 10 mM MgCl2 (Carl Roth). The solution was heated to 80 oC 

in a thermocycler (Primus 25 Advanced, PEQLAB) and subsequently cooled down to room 

temperature over a time span of 90 min. The assembled DNA origami nanostructures were 
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spin filtered to remove the excess unbound staples (Amicon Ultra 100K, Millipore). The molar 

concentration of the synthesized DNA origami nanostructures was estimated by UV/Vis 

absorption using a nanophotometer (Implen Nanophotometer P330) 

Substrate preparation   

Commercial epi-ready p-doped Si(100) wafers (root-mean-square surface roughness ~ 2.6 Å, 

Siegert Wafer) were cut into 2 x 2 cm² pieces and cleaned in RCA-1 solution (1:1:5 35% H2O2, 

25% NH3, H20) for 15 min at 75 oC to remove the organic residues and create a hydrophilic 

hydroxyl-rich surface.(208) 

Time-lapse AFM 

Time-lapse AFM was performed using a JPK Nanowizard ULTRA Speed with USC F0.3-k0.3 

cantilevers (NanoWorld). 4 nM DNA origami nanostructures were suspended in 1x TAE (pH 8.5) 

containing 12.5 mM MgCl2 (Carl Roth) or CaCl2 (Merck) and varying concentrations of NaCl 

(VWR). The silicon substrate was placed in a liquid cell (JPK) with a temperature-controlled 

stage (JPK), after which the cell was manually filled with 1 ml sample solution. The first AFM 

images (indicated as time point 0 min in Figures 21-29) were recorded after 1 to 8 min after 

filling the liquid cell. AFM images were recorded with 3 x 3 µm² scan size at a line rate of 10 Hz 

and a resolution of 512 x 512 pixels resulting in 51.2 s per frame. The measurements were 

carried out over a period of approximately 210 min, during which sets of 8 images were 

recorded at different time points. 

Transfer into the dry state 

The freshly cleaned silicon wafer was placed in a custom-built liquid cell. The liquid cell in turn 

was placed inside a Petri dish containing an open reservoir filled with 10 ml of water. 500 µl of 

1x TAE containing 400 mM NaCl, 12.5 mM CaCl2, and 3 nM or 4 nM DNA origami triangles were 

added to the liquid cell to immerse the silicon wafer. The Petri dish was covered with a lid, 

placed in an incubator (INCU-Line, VWR), and incubated for 3.5 h at 40 °C.  After incubation, 

the liquid cell was taken out of the incubator and placed on ice. After 15 min, 25 µL of 50 mM 

NiCl2 solution was added to the Petri solution in the liquid cell, resulting in a final Ni2+ 

concentration of 2.38 mM. After another 15 min of incubation, the sample was removed from 

the liquid cell, washed with 12 ml of HPLC grade water, and dried in a stream of argon. 

AFM imaging of dried lattices 

The dry samples were imaged in air using a Bruker Dimension ICON in ScanAsyst Peak-Force 

Tapping mode with ScanAsyst Air cantilevers (Bruker).  Images were recorded with 1024 x 1024 

pixels at a scan size of 3 x 3 µm².  

Image processing 
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The images were processed using the open-source software Gwyddion(211) to calculate the 

FFTs and the radial power spectral density functions. The latter were plotted using OriginPro 

2022 and the first correlation peak fitted with a Lorentzian to determine its full-width at half-

maximum (fwhm). The so determined fwhm was then used to calculate the correlation length 

of the lattice.(38, 191, 34, 203) 
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оΦо 5b! hǊƛƎŀƳƛ !ŘǎƻǊǇǝƻƴ ŀƴŘ [ŀǩŎŜ CƻǊƳŀǝƻƴ ƻƴ 5ƛũŜǊŜƴǘ {ƛhȄ {ǳǊŦŀŎŜǎ 

оΦоΦм LƴǘǊƻŘǳŎǝƻƴ 

The past few years have seen increasing interest in the hierarchical self-assembly of DNA origami 

nanostructures into ordered lattices.(43, 212) This interest is motivated mainly by promising 

applications of the resulting lattices in synthetic biology(213ς216) and materials science.(217ς223) In 

contrast to biological applications that often rely on the functionality of the assembled DNA origami 

nanostructures themselves, applications in materials science usually employ the DNA origami 

nanostructures only as templates for the synthesis or assembly of functional inorganic 

nanostructures.(217, 219ς223, 46) This can be achieved by a variety of techniques such as sol-gel 

silicification(219, 221ς223) or the binding of colloidal nanoparticles.(217, 220, 46) Molecular 

lithography approaches are particularly appealing for the fabrication of functional 2D surfaces because 

they are based on well-established nanofabrication methods and thus not only highly versatile but 

also compatible with large-scale, high-throughput production.(224ς226) While being powerful in 

producing functional surfaces for plasmonic and sensing applications,(225, 227, 228) these molecular 

lithography approaches so far utilized only disperse DNA origami nanostructures randomly adsorbed 

at the substrate surface. This is because large-area DNA origami lattices traditionally were fabricated 

only on mica surfaces,(229) whereas molecular lithography relies on silicon processing technology. 

Recently, however, the surface-assisted assembly of DNA origami nanostructures into large and well-

ordered lattices was demonstrated on oxidized silicon wafers,(156, 33) thereby paving the way toward 

the molecular lithography-based fabrication of ordered arrays of arbitrarily shaped inorganic 

nanostructures. 

Compared to surface-assisted DNA origami assembly on mica, lattice assembly on SiO2 surfaces was 

found to be more sensitive toward environmental factors and especially the ionic composition of the 

electrolyte and the substrate temperature.(156, 33) This is mostly because SiO2 surfaces have a lower 

zeta potential than mica(230, 231) and a larger root-mean-square (rms) surface roughness.(232, 233) 

Additionally, however, it is well established that the hydroxylation state and surface energy of SiO2 

surfaces depend critically on the type and history of the specimen, including the fabrication method 

and the storage conditions.(234ς239)  

²ƘƛƭŜ Ƴŀƴȅ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ŀŘǎƻǊōŜŘ 5b! ƻǊƛƎŀƳƛ ƴŀƴƻǎǘǊǳŎǘǳǊŜǎ ƻƴ {ƛhн ǎǳǊŦŀŎŜǎΣ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ 

ǳǎŜŘ ǎƛƭƛŎƻƴ ǿŀŦŜǊǎ ǿƛǘƘ ƴŀǝǾŜ ǎǳǊŦŀŎŜ ƻȄƛŘŜΦόмрсΣ ооΣ нплςнпнΣ мутΣ нпоςнпсύ Lǘ ƛǎ ǘƘǳǎ ǳƴŎƭŜŀǊ 

ǿƘŜǘƘŜǊ ǘƘŜ ǊŜǇƻǊǘŜŘ ǇǊƻǘƻŎƻƭǎ ŦƻǊ 5b! ƻǊƛƎŀƳƛ ŀŘǎƻǊǇǝƻƴ ŀƴŘ ƭŀǩŎŜ ŀǎǎŜƳōƭȅ ƻƴ ǘƘƛǎ ǘȅǇŜ ƻŦ 

ǎǳǊŦŀŎŜ Ŏŀƴ ŀƭǎƻ ōŜ ŀǇǇƭƛŜŘ ǘƻ ƻǘƘŜǊ ǎƛƭƛŎƻƴ ƻȄƛŘŜ ǎǳǊŦŀŎŜǎΦ ¢ƘŜǊŜŦƻǊŜΣ ƛƴ ǘƘƛǎ ǿƻǊƪΣ ǿŜ ƛƴǾŜǎǝƎŀǘŜ 5b! 

ƻǊƛƎŀƳƛ ŀŘǎƻǊǇǝƻƴ ŀƴŘ ƭŀǩŎŜ ŦƻǊƳŀǝƻƴ ƻƴ ŘƛũŜǊŜƴǘ {ƛhȄ ǎǳǊŦŀŎŜǎ ŦŀōǊƛŎŀǘŜŘ ōȅ ǘƘŜǊƳŀƭ ƻȄƛŘŀǝƻƴΣ 

ƳŀƎƴŜǘǊƻƴ ǎǇǳǧŜǊ ŘŜǇƻǎƛǝƻƴ όa{5ύΣ ŀƴŘ ǇƭŀǎƳŀπŜƴƘŀƴŎŜŘ ŎƘŜƳƛŎŀƭ ǾŀǇƻǊ ŘŜǇƻǎƛǝƻƴ όt9π/±5ύΦ !ƭƭ 
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{ƛhȄ ǎǳǊŦŀŎŜǎ ǿŜǊŜ ǿŜǘπŎƘŜƳƛŎŀƭƭȅ ƻȄƛŘƛȊŜŘ ŀƴŘ ƘȅŘǊƻȄȅƭŀǘŜŘ ōȅ w/!м ŘƛǊŜŎǘƭȅ ōŜŦƻǊŜ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘǎΣόмрсύ ŀƴŘ ǘƘǳǎ ƘŀŘ ǎƛƳƛƭŀǊ ƘȅŘǊƻȄȅƭŀǝƻƴ ǎǘŀǘŜǎ ŀǎ ƛƴŘƛŎŀǘŜŘ ōȅ ·πǊŀȅ ǇƘƻǘƻŜƭŜŎǘǊƻƴ 

ǎǇŜŎǘǊƻǎŎƻǇȅ ό·t{ύΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ŘǊŀƳŀǝŎ ŘƛũŜǊŜƴŎŜǎ ƛƴ 5b! ƻǊƛƎŀƳƛ ŀŘǎƻǊǇǝƻƴ ŀƴŘ ƭŀǩŎŜ 

ŀǎǎŜƳōƭȅ ŀǊŜ ƻōǎŜǊǾŜŘΦ hŦ ŀƭƭ ǎǳǊŦŀŎŜǎ ǘŜǎǘŜŘΣ ƻƴƭȅ ǘƘŜ ǘƘŜǊƳŀƭƭȅ ƎǊƻǿƴ {ƛhȄ ŬƭƳ ȅƛŜƭŘǎ ǊŜǎǳƭǘǎ 

ŎƻƳǇŀǊŀōƭŜ ǘƻ ǘƘŜ ƴŀǝǾŜ ǎǳǊŦŀŎŜ ƻȄƛŘŜΦ hƴ ŀƭƭ ƻǘƘŜǊ ǎǳǊŦŀŎŜǎΣ 5b! ƻǊƛƎŀƳƛ ŀŘǎƻǊǇǝƻƴ ƛǎ ƴƻǘŀōƭȅ 

ǊŜŘǳŎŜŘΣ ǿƛǘƘ ǘƘŜ {ƛhȄ ǎǳǊŦŀŎŜǎ ŦŀōǊƛŎŀǘŜŘ ōȅ t9π/±5 ōŀǊŜƭȅ ŀŘǎƻǊōƛƴƎ ŀƴȅ 5b! ƻǊƛƎŀƳƛ 

ƴŀƴƻǎǘǊǳŎǘǳǊŜǎ ŀǘ ŀƭƭΦ ²ƘƛƭŜ ǘƘŜ ƭŀǧŜǊ Ŏŀƴ ōŜ ŀǧǊƛōǳǘŜŘ ǘƻ ǘƘŜ ƘƛƎƘŜǊ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ ƻŦ ǘƘŜ t9π/±5 

ŬƭƳǎΣ ǎǘǊƻƴƎƭȅ ǊŜŘǳŎŜŘ 5b! ƻǊƛƎŀƳƛ ǎǳǊŦŀŎŜ ŎƻǾŜǊŀƎŜ ƛǎ ƻōǎŜǊǾŜŘ ŀƭǎƻ ŦƻǊ ǘƘŜ a{5 ŬƭƳǎ ǿƛǘƘ ǎǳǊŦŀŎŜ 

ǊƻǳƎƘƴŜǎǎ ǾŀƭǳŜǎ ŎƻƳǇŀǊŀōƭŜ ǘƻ ǘƘŀǘ ƻŦ ǘƘŜ ƴŀǝǾŜ ǎǳǊŦŀŎŜ ƻȄƛŘŜΦ ·t{ ǊŜǾŜŀƭǎ ƳƛƴƻǊ ǾŀǊƛŀǝƻƴǎ ƛƴ ǘƘŜ 

ƻȄƛŘŜ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ŘƛũŜǊŜƴǘ ǎǳǊŦŀŎŜǎΣ ǿƘƛŎƘΣ ƘƻǿŜǾŜǊΣ Řƻ ƴƻǘ ŎƻǊǊŜƭŀǘŜ ǿƛǘƘ ǘƘŜ ƻōǎŜǊǾŜŘ 

ŘƛũŜǊŜƴŎŜǎ ƛƴ 5b! ƻǊƛƎŀƳƛ ŀŘǎƻǊǇǝƻƴΦ wŀǘƘŜǊΣ ǿŜ ŀǧǊƛōǳǘŜ ǘƘŜ ƻōǎŜǊǾŜŘ ŘƛũŜǊŜƴŎŜǎ ƛƴ 5b! ƻǊƛƎŀƳƛ 

ŀŘǎƻǊǇǝƻƴ ǘƻ ŘƛũŜǊŜƴŎŜǎ ƛƴ ƻȄƛŘŜ ŘŜƴǎƛǘȅΣ ǿƛǘƘ ŜŶŎƛŜƴǘ 5b! ƻǊƛƎŀƳƛ ƭŀǩŎŜ ŀǎǎŜƳōƭȅ ƻƴ {ƛhȄ ǎǳǊŦŀŎŜǎ 

ǊŜǉǳƛǊƛƴƎ ŀ ƘƛƎƘ ƻȄƛŘŜ ŘŜƴǎƛǘȅ ƛƴ ŀŘŘƛǝƻƴ ǘƻ ŀ ƭƻǿ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎΦ hǳǊ ǊŜǎǳƭǘǎ ǘƘǳǎ ŘŜƳƻƴǎǘǊŀǘŜ 

ǘƘŀǘ ǘƘŜ ŜƳǇƭƻȅŜŘ {ƛhȄ ǎǳǊŦŀŎŜ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀƴ ŀŘŘƛǝƻƴŀƭ ŀƴŘ ƛƳǇƻǊǘŀƴǘ ǇŀǊŀƳŜǘŜǊ ǘƘŀǘ 

Ƴŀȅ ǊŜǉǳƛǊŜ ǘǳƴƛƴƎ ŀƴŘ ƻǇǝƳƛȊŀǝƻƴ ōŜŦƻǊŜ ƘƛƎƘπǉǳŀƭƛǘȅ ƭŀǩŎŜǎ Ŏŀƴ ōŜ ŀǎǎŜƳōƭŜŘΦ  

оΦоΦн wŜǎǳƭǘǎ ŀƴŘ 5ƛǎŎǳǎǎƛƻƴ 

{ǳǊŦŀŎŜ /ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ 

{ƛȄ ŘƛũŜǊŜƴǘ ǎƛƭƛŎƻƴ ƻȄƛŘŜ ǎǳǊŦŀŎŜǎ ƻƴ ƛŘŜƴǝŎŀƭ ǎƛƭƛŎƻƴ ǿŀŦŜǊǎ ǿŜǊŜ ƛƴǾŜǎǝƎŀǘŜŘ ǿƛǘƘ ǘƘŜ ƴŀǝǾŜ ǎǳǊŦŀŎŜ 

ƻȄƛŘŜ όмΦп ƴƳύ ƻŦ ǘƘŜ ǎƛƭƛŎƻƴ ǿŀŦŜǊ όbύ ōŜƛƴƎ ǳǎŜŘ ŀǎ ǘƘŜ ōŜƴŎƘƳŀǊƪΦ ! ол ƴƳ ǘƘŜǊƳŀƭ ƻȄƛŘŜ ŬƭƳ ό¢ύ 

ǿŀǎ ƎǊƻǿƴ ōȅ ǘƘŜǊƳŀƭ ƻȄƛŘŀǝƻƴ ŀǘ мнлл ϲ/ ƛƴ ŀƛǊΦ {ƛhȄ ŬƭƳǎ ƻŦ му ƴƳ ŀƴŘ мм ƴƳ ǘƘƛŎƪƴŜǎǎ ǿŜǊŜ 

ŘŜǇƻǎƛǘŜŘ ōȅ a{5 ǿƛǘƘ όa.ύ ŀƴŘ ǿƛǘƘƻǳǘ όaύ ŀ ōƛŀǎ ǾƻƭǘŀƎŜ ƻŦ πнл ± ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ǎǳōǎǘǊŀǘŜΣ 

ǊŜǎǇŜŎǝǾŜƭȅΦ !ǇǇƭƛŎŀǝƻƴ ƻŦ ŀ ƴŜƎŀǝǾŜ ōƛŀǎ ǘƻ ǘƘŜ ǎǳōǎǘǊŀǘŜ ŘǳǊƛƴƎ a{5 ƛƴŎǊŜŀǎŜǎ ƛƻƴ ōƻƳōŀǊŘƳŜƴǘ 

ŘǳǊƛƴƎ ƎǊƻǿǘƘ ŀƴŘ ǘȅǇƛŎŀƭƭȅ ǊŜǎǳƭǘǎ ƛƴ ŘŜƴǎŜǊ ŀƴŘ ƳƻǊŜ ŎƻƳǇŀŎǘ ŬƭƳǎΦόнооΣ нптύ нл ƴƳ {ƛhȄ όthύ ŀƴŘ 

мт ƴƳ {ƛh/I ŬƭƳǎ όt/ύ ǿŜǊŜ ŘŜǇƻǎƛǘŜŘ ōȅ t9π/±5 ǳǎƛƴƎ ŘƛũŜǊŜƴǘ ƳƛȄǘǳǊŜǎ ƻŦ ŀǊƎƻƴ ŀƴŘ ƻȄȅƎŜƴ Ǝŀǎ 

ŀƴŘ Ia5{h ǾŀǇƻǊΦ !ƭƭ ǎǳǊŦŀŎŜǎ ǿŜǊŜ ǿŜǘπŎƘŜƳƛŎŀƭƭȅ ƻȄƛŘƛȊŜŘ ŀƴŘ ƘȅŘǊƻȄȅƭŀǘŜŘ ōȅ w/!м ǘǊŜŀǘƳŜƴǘ 

ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ƛƳŀƎŜŘ ōȅ ŀǘƻƳƛŎ ŦƻǊŎŜ ƳƛŎǊƻǎŎƻǇȅ ό!CaύΦ !ǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ CƛƎǳǊŜ онΣ ŀƭƭ ǎǳǊŦŀŎŜǎ 

ƘŀǾŜ ŀ ǎƳƻƻǘƘ ǘƻǇƻƎǊŀǇƘȅ ǿƛǘƘƻǳǘ ŀƴȅ ǇǊƻƴƻǳƴŎŜŘ ǘŜȄǘǳǊŜΦ IƻǿŜǾŜǊΣ ǘƘŜ ǎǳǊŦŀŎŜǎ ŦŀōǊƛŎŀǘŜŘ ōȅ t9π

/±5Σ ƛΦŜΦΣ t/ ŀƴŘ ŜǎǇŜŎƛŀƭƭȅ thΣ ŀǇǇŜŀǊ ǘƻ ƘŀǾŜ ŀ ƭŀǊƎŜǊ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎΦ ¢Ƙƛǎ ƛǎ ŎƻƴŬǊƳŜŘ ōȅ ǘƘŜ 

ǊƳǎ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ {ǉΣ ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ !Ca ƛƳŀƎŜǎ ŀƴŘ ƛǎ ƎƛǾŜƴ ŦƻǊ ŀƭƭ ǎƛȄ 

ǎǳǊŦŀŎŜǎ ƛƴ CƛƎǳǊŜ ооΦ ²ƘƛƭŜ ǘƘŜ ƴŀǝǾŜΣ ǘƘŜǊƳŀƭΣ ŀƴŘ a{5 ƻȄƛŘŜ ǎǳǊŦŀŎŜǎ ŀƭƭ ƘŀǾŜ {ǉ ǾŀƭǳŜǎ ōŜǘǿŜŜƴ н 

ŀƴŘ о )Σ ǘƘŜ {ǉ ƻŦ ǎǳǊŦŀŎŜ t/ ƛǎ ƛƴŎǊŜŀǎŜŘ ǘƻ ŀƭƳƻǎǘ р )Φ {ǳǊŦŀŎŜ th Ƙŀǎ ŀƴ ŜǾŜƴ ƘƛƎƘŜǊ {ǉ ƻŦ ƳƻǊŜ ǘƘŀƴ 

у )Φ 
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CƛƎǳǊŜ онΥ !Ca ƛƳŀƎŜǎ ƻŦ ǘƘŜ ŘƛũŜǊŜƴǘ {ƛhȄ ǎǳǊŦŀŎŜǎ ŀƊŜǊ ǿŜǘπŎƘŜƳƛŎŀƭ ƻȄƛŘŀǝƻƴ ōȅ w/!мΦ IŜƛƎƘǘ ǎŎŀƭŜǎ ŀǊŜ с 
ƴƳ ŦƻǊ ŀƭƭ ƛƳŀƎŜǎΦ {ŜŜ CƛƎǳǊŜǎ {о ς {у ŦƻǊ ŀŘŘƛǝƻƴŀƭ !Ca ƛƳŀƎŜǎΦ 

 

CƛƎǳǊŜ ооΥ !ǾŜǊŀƎŜ ǊƳǎ ǊƻǳƎƘƴŜǎǎ {ǉ ƻŦ ǘƘŜ ŘƛũŜǊŜƴǘ {ƛhȄ ǎǳǊŦŀŎŜǎ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ŦǊƻƳ ǘƘŜ !Ca ƛƳŀƎŜǎ όƴ Ґ пύ 
ǿƛǘƘ ǘƘŜ ŜǊǊƻǊ ōŀǊǎ ƛƴŘƛŎŀǝƴƎ ǘƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴǎΦ 

¢ƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ŘƛũŜǊŜƴǘ {ƛhȄ ǎǳǊŦŀŎŜǎ ŀƊŜǊ ǿŜǘπŎƘŜƳƛŎŀƭ ƻȄƛŘŀǝƻƴ ǿŀǎ ƛƴǾŜǎǝƎŀǘŜŘ 

ōȅ ·t{Φ ! ǉǳŀƴǝǘŀǝǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ·t{ Řŀǘŀ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ нΦ ¢ƻ ƛŘŜƴǝŦȅ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ 

ƻŦ ǘƘŜ {ƛhȄ ŬƭƳǎ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ·t{Σ ǘƘŜ hΥ{ƛ ǊŀǝƻΣ ǘƘŜ ǎŜǇŀǊŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ hмǎ ŀƴŘ {ƛнǇ ǇŜŀƪǎΣ 

ŀƴŘ ǘƘŜ Ŧǳƭƭ ǿƛŘǘƘ ŀǘ ƘŀƭŦ ƳŀȄƛƳǳƳ όC²Iaύ ƻŦ ǘƘŜ hмǎ ǇŜŀƪ ǿŜǊŜ ǳǎŜŘΦ ¢ƘŜ ƴŀǝǾŜ ƻȄƛŘŜ ǎǳǊŦŀŎŜ b 

Ƙŀǎ ǘƘŜ ƭƻǿŜǎǘ hΥ{ƛ Ǌŀǝƻ όмΦплΣ ǿƛǘƘƛƴ ǘƘŜ ƻȄƛŘŜ ƭŀȅŜǊύ ƻŦ ŀƭƭ ǎŀƳǇƭŜǎΦ ¢Ƙƛǎ ƛǎ ŦǊŜǉǳŜƴǘƭȅ ƻōǎŜǊǾŜŘ ŦƻǊ 
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ƴŀǝǾŜ ǎǳǊŦŀŎŜ ƻȄƛŘŜǎΣόнооύ ǿƘƛŎƘ ƛƴ ƎŜƴŜǊŀƭ ŀǊŜ ǇŀǊǘƭȅ ǎǳōπǎǘƻƛŎƘƛƻƳŜǘǊƛŎΦόнпуύ ¢ƘŜ th ǎǳǊŦŀŎŜ ǿŀǎ 

ŀƭǎƻ ŦƻǳƴŘ ǘƻ ōŜ ǎƭƛƎƘǘƭȅ ǎǳōπǎǘƻƛŎƘƛƻƳŜǘǊƛŎΣ ǿƛǘƘ ŀ hΥ{ƛ Ǌŀǝƻ ƻŦ мΦсмΦ !ƭƭ ƻǘƘŜǊ ǎǳǊŦŀŎŜǎ ƘŀǾŜ ŀƴ ŀǾŜǊŀƎŜ 

hΥ{ƛ Ǌŀǝƻ ƻŦ нΦлм ҕ лΦмлΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǎǘƻŎƘƛƻƳŜǘǊƛŎ {ƛhнΦ !ŘŘƛǝƻƴŀƭƭȅΣ {ƛhȄ ǿŀǎ ƛŘŜƴǝŬŜŘ ǳǎƛƴƎ 

ǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ hмǎ ŀƴŘ {ƛнǇ ǇŜŀƪǎΣ ɲόhмǎπ{ƛнǇύ ƛƴǎǘŜŀŘ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜŘ ǾŀƭǳŜ ƻŦ ǘƘŜ 

ōƛƴŘƛƴƎ ŜƴŜǊƎƛŜǎ ƻŦ ǘƘŜ ǇŜŀƪǎΣ ōŜŎŀǳǎŜ ǘƘŜ ǘƘƛŎƪŜǊ ƻȄƛŘŜ ŬƭƳǎ ŘƛǎǇƭŀȅŜŘ ŎƘŀǊƎƛƴƎ ŘǳǊƛƴƎ ǘƘŜ ·t{ 

ƳŜŀǎǳǊŜƳŜƴǘΦ ¢ƘŜ ŀǾŜǊŀƎŜ ǎŜǇŀǊŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ hмǎ ŀƴŘ {ƛнǇ ǇŜŀƪǎ ƛǎ пнфΦс ҕ лΦн Ŝ± 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŎƭŜŀǊƭȅ ǘƻ {ƛhнΦόнпфύ ¢ƘŜ C²Ia ƻŦ ǘƘŜ hмǎ ǇŜŀƪ ŀƭǎƻ ǎƘƻǿǎ ƻƴƭȅ ƳƛƴƻǊ ƅǳŎǘǳŀǝƻƴǎ 

ōŜǘǿŜŜƴ ǎǳǊŦŀŎŜǎΣ ǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ ǾŀƭǳŜ ƻŦ мΦтм ҕ лΦлф Ŝ±Φ 9ȄŎŜǇǘ ŦƻǊ ǘƘŜ ǎǳōπǎǘƻƛŎƘƛƻƳŜǘǊƛŎ ƴŀǘǳǊŜ 

ƻŦ ǎǳǊŦŀŎŜǎ b ŀƴŘ thΣ ǘƘŜ ·t{ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǎǳǊŦŀŎŜǎ ǎƘƻǿǎ ƴƻ ƴƻǘŀōƭŜ ŘƛũŜǊŜƴŎŜǎ ƻǊ ǘǊŜƴŘǎ ōŜǘǿŜŜƴ 

ǎŀƳǇƭŜǎΦ 

5b! ƻǊƛƎŀƳƛ ŀŘǎƻǊǇǝƻƴ ƻƴ {ƛhн ǎǳǊŦŀŎŜǎ ƛǎ ǎǘǊƻƴƎƭȅ ƛƴƅǳŜƴŎŜŘ ōȅ ǘƘŜƛǊ ƘȅŘǊƻȄȅƭŀǝƻƴ ǎǘŀǘŜΦόнрлύ ¢Ƙƛǎ 

ǿŀǎ ŀŘŘǊŜǎǎŜŘ ŀƭǎƻ ōȅ ·t{ ōȅ ŀ ǘƘƻǊƻǳƎƘ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ hмǎ ŎƻǊŜ ƭŜǾŜƭΦ ¢ƘŜ ǇŜŀƪ ǿŀǎ ŘŜŎƻƳǇƻǎŜŘ 

ƛƴǘƻ ǘǿƻ ŎƻƳǇƻƴŜƴǘǎΣ ƻŦ ǿƘƛŎƘ ǘƘŜ Ƴƻǎǘ ƛƴǘŜƴǎŜ ŎƻƳǇƻƴŜƴǘ ǿŀǎ ŀǎǎƛƎƴŜŘ ǘƻ hπ{ƛ ōƻƴŘǎΣ ŀƴŘ ǘƘŜ 

ƳǳŎƘ ǎƳŀƭƭŜǊ ŎƻƳǇƻƴŜƴǘΣ ǇƭŀŎŜŘ ŀǘ ŀ ŬȄŜŘ мΦр Ŝ± ƘƛƎƘŜǊ ōƛƴŘƛƴƎ ŜƴŜǊƎȅ ǇƻǎƛǝƻƴΣ ǘƻ πhI ƎǊƻǳǇǎΦόнрмύ 

¢ƘŜ Ǌŀǝƻ hπIΥhπ{ƛ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǘǿƻ ŎƻƳǇƻƴŜƴǘǎ ƛǎ ǎƘƻǿƴ ƛƴ ¢ŀōƭŜ н ŀǎ ǿŜƭƭΦ LƴǘŜǊŜǎǝƴƎƭȅΣ ǘƘŜǊŜ 

ƛǎ ŀ ƴŜƎŀǝǾŜ ƭƛƴŜŀǊ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ hπIΥhπ{ƛ ŀƴŘ hΥ{ƛ όǎŜŜ 

CƛƎǳǊŜ опύΦ ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ǾŀǊƛŀǝƻƴǎ ƛƴ ǘƘŜ hπIΥhπ{ƛ Ǌŀǝƻ ŀǊŜ ƴƻǘ ŎŀǳǎŜŘ ōȅ ŘƛũŜǊŜƴǘ ǎǳǊŦŀŎŜ 

ŘŜƴǎƛǝŜǎ ƻŦ hI ƎǊƻǳǇǎ ōǳǘ ǊŀǘƘŜǊ ōȅ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘƘŜ {ƛhȄ ǎǘƻƛŎƘƛƻƳŜǘǊȅΦ ¢ƘŜǊŜŦƻǊŜΣ ǿŜ ŀǎǎǳƳŜ ǘƘŀǘ 

ŀƭƭ {ƛhȄ ǎǳǊŦŀŎŜǎ ƘŀǾŜ ǎƛƳƛƭŀǊ ƘȅŘǊƻȄȅƭŀǝƻƴ ǎǘŀǘŜǎ ŀƊŜǊ ǿŜǘπŎƘŜƳƛŎŀƭ ƘȅŘǊƻȄȅƭŀǝƻƴΦ 

Sample O1s (O-Si)  

(at%) 

O1s (O-H)  

(at%) 

Si2p (Si-O)  

(at%) 

Si2p (Si-Si) 

 (at%) 

O:Si O-H:O-Si ɲόhмǎ-Si2p)  

(eV) 

O1s (Si-O) FWHM  

(eV) 

N 28.0 1.1 20.0 50.9 1.40 0.039 429.5 1.80 

T 64.7 1.2 34.1 - 1.90 0.019 429.4 1.62 

M 65.2 1.3 33.5 - 1.95 0.020 429.5 1.72 

MB 67.4 0.8 31.8 - 2.12 0.012 429.5 1.70 

PC 66.9 1.0 32.1 - 2.08 0.015 429.6 1.83 

PO 60.4 2.1 37.5 - 1.61 0.035 429.9 1.60 

¢ŀōƭŜ нΥ vǳŀƴǝǘŀǝǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ·t{ ŘŀǘŀΦ ¢ƘŜ hΥ{ƛ Ǌŀǝƻ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ǘƘŜ hмǎ ǇŜŀƪ ŎƻƳǇƻƴŜƴǘ ƻŦ 
{ƛhȄ όhI ŎƻƳǇƻƴŜƴǘ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘύ ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ {ƛнǇ ŎƻƳǇƻƴŜƴǘΦ ¢ƘŜ hIΥhπ{ƛ Ǌŀǝƻ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ 
ǳǎƛƴƎ ǘƘŜ hI ŀƴŘ ǘƘŜ {ƛπh ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ hмǎ ǇŜŀƪΦ ¢ƘŜ hмǎ ǘƻ {ƛнǇ ŀǘ ҈ Ǌŀǝƻǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ 
ǇŜŀƪ ŀǊŜŀǎ ǿƛǘƘ ŀǇǇǊƻǇǊƛŀǘŜ ƴƻǊƳŀƭƛȊŀǝƻƴ ŦŀŎǘƻǊǎΦ 



Dynamics of Natural and Artificial Biological Systems at Solid-Liquid Interfaces 

 

сф 
 

 

Figure 34: Correlation between the O-H:O-Si and the O:Si ratios given in table 1. Colors indicate the different 
samples as shown in Figure 2. The solid line corresponds to a linear fit to the data. 

DNA Origami Lattice Formation 

DNA origami lattice formation on the different SiOx surfaces was investigated using Rothemund 

triangles(15) and a protocol established previously for RCA1-treated silicon wafers with hydroxylated 

native surface oxide.(156) For this, 3 nM DNA origami triangles were incubated for 3.5 h on the 

different surfaces at 40 °C in the presence of 12.5 mM CaCl2 and 400 mM NaCl. Afterwards, the 

adsorbed DNA origami nanostructures were fixed at the surfaces by Ni+ ions and transferred into the 

dry state. Figure 35 shows AFM images of the dried surfaces. Despite the highly similar chemical 

compositions of the six SiOx surfaces, remarkable differences in DNA origami adsorption and lattice 

formation are observed. The native and the thermal oxide surfaces both show DNA origami lattices of 

expected quality(156) with no major differences. For the other four surfaces, however, DNA origami 

coverage is dramatically reduced. Of those surfaces, MB shows the highest DNA origami coverage, 

which, however, is still far from that of a complete monolayer. For surface M, surface coverage is 

further reduced and only very few DNA origami triangles can be identified in the AFM images. For the 

two PE-CVD surfaces, barely any DNA origami nanostructures are visible at all.
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CƛƎǳǊŜ орΥ !Ca ƛƳŀƎŜǎ ƻŦ ǘƘŜ ŘƛũŜǊŜƴǘ {ƛhȄ ǎǳǊŦŀŎŜǎ ŀƊŜǊ 5b! ƻǊƛƎŀƳƛ ŀŘǎƻǊǇǝƻƴ ŀƴŘ ƭŀǩŎŜ ŦƻǊƳŀǝƻƴΦ Lƴ ǘƘŜ 
ƛƳŀƎŜ ƻŦ ǎǳǊŦŀŎŜ t/Σ ǘǿƻ ŀŘǎƻǊōŜŘ 5b! ƻǊƛƎŀƳƛ ǘǊƛŀƴƎƭŜǎ Ŏŀƴ ōŜ ƛŘŜƴǝŬŜŘ όǿƘƛǘŜ ŎƛǊŎƭŜǎύΦ IŜƛƎƘǘ ǎŎŀƭŜǎ ŀǊŜ р ƴƳ 
όbΣ ¢ύΣ оΦр ƴƳ όaύΣ с ƴƳ όa.ύΣ ф ƴƳ όt/ύΣ ŀƴŘ мп ƴƳ όthύ 

DNA origami surface coverage was quantified from the AFM images of the different surfaces and is 

shown in Figure 35. Surfaces N and T have very similar surface coverage larger than 90 % of an ideal 

monolayer (ML), whereas that of surface MB is only about 10 ML%. For the other three surfaces, 

surface coverage is below 1 ML%. The extremely low DNA origami adsorption on both PE-CVD surfaces 

is probably caused by their high surface roughness (see Figure 33). The reasons for the reduced surface 

coverage on the MSD surfaces, however, are less obvious. As can be seen in Figure 33, the M and MB 

surfaces have almost identical Sq values as the N and T surfaces. Furthermore, while XPS did reveal 

variations in the surface chemistry of these four surfaces, they do not follow the same trend as the 

surface coverage (see Table 2). For instance, surfaces T and M have almost identical O:Si and O-H:O-

Si ratios, but very different surface coverage. In contrast, surfaces N and T have almost identical 

surface coverage, but different O:Si and O-H:O-Si ratios, as well as different O1s (Si-O) FWHM. This 

suggests that the differences in DNA origami adsorption are caused not by variations in the chemical 

composition of the different oxides but rather by different physical properties. 

Considering only the two MSD surfaces, surface MB that was produced in the presence of a bias of -

20 V shows a higher DNA origami coverage than surface M, which was produced without bias. Since 

the application of a negative bias during MSD increases the  density of the deposited films,(233, 247) 

it is rather obvious to attribute the enhanced DNA origami adsorption to an increased film density. 
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CƛƎǳǊŜ осΥ !ǾŜǊŀƎŜ 5b! ƻǊƛƎŀƳƛ ǎǳǊŦŀŎŜ ŎƻǾŜǊŀƎŜ ƛƴ ǇŜǊŎŜƴǘ ƻŦ ŀƴ ƛŘŜŀƭΣ ŘŜƴǎŜƭȅ ǇŀŎƪŜŘ ƳƻƴƻƭŀȅŜǊ όa[҈ύ ŀǎ 
ŘŜǘŜǊƳƛƴŜŘ ŦǊƻƳ ǘƘŜ !Ca ƛƳŀƎŜǎ όƴ Ґ пύΦ 

Furthermore, it is well established that thermally grown SiOx films have a higher density than 

sputtered oxides.(252) Therefore, the strong variations in DNA origami coverage observed on the 

different SiOx surfaces can be attributed to two independent parameters, i.e., surface roughness and 

oxide density, with efficient lattice assembly requiring SiOx surfaces of low surface roughness and high 

oxide density. 

оΦоΦо /ƻƴŎƭǳǎƛƻƴ 

We have investigated the influence of the type of the SiOx surface on surface-assisted DNA origami 

lattice assembly. Even though all surfaces were wet-chemically oxidized and hydroxylated prior to the 

experiments and thus were chemically very similar as verified by XPS, we observed strong differences 

in DNA origami adsorption and lattice assembly. Among all surfaces tested, only thermally grown oxide 

films performed similarly well as silicon wafers with native surface oxide, whereas DNA origami 

adsorption was dramatically reduced on SiOx surfaces prepared by MSD and PE-CVD. While the latter 

can be explained by the larger surface roughness of the PE-CVD surfaces, the MSD surfaces are rather 

similar to the native and/or the thermal oxide in terms of surface roughness, film composition, and 

hydroxylation state. Nevertheless, application of a substrate bias during MSD resulted in slightly 

increased DNA origami adsorption, which we attribute to a higher density of the SiOx films deposited 

with bias.(233, 247) In combination with the fact that thermally grown SiOx has a much higher density 

than sputtered oxide films,(252) we conclude that the density of the grown SiOx films is a dominant 

factor with a surprisingly strong influence on DNA origami adsorption and lattice assembly.  

Our results demonstrate that the employed SiOx surface may decide over the outcome of an 

experiment and should be considered as an additional parameter that may require tuning and 

optimization before high-quality lattices can be assembled. In particular, our results suggest that 

efficient DNA origami lattice assembly on SiOx surfaces requires a low surface roughness and a high 
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oxide density. While these requirements may automatically disqualify SiOx surfaces prepared by 

certain techniques, oxide density may be increased either during deposition by appropriate choices of 

experimental parameters such as the application of a negative substrate bias during MSD, or by 

additional post-deposition processing steps such as hydrogen plasma treatment.(253) 

Finally, we would like to note that our results do not necessarily imply that it is impossible to assemble 

ordered DNA origami lattices on the SiOx surfaces fabricated by MSD without additional surface 

treatments. Rather, we assume that different environmental parameters are required to stimulate 

DNA origami adsorption and lattice formation on these surfaces. For this, however, one may have to 

screen a large number of parameters, including species and concentrations of the mono- and divalent 

cations, substrate temperature, DNA origami concentration, and possibly pH of the buffer solution, 

every time DNA origami lattices should be assembled on a new type of SiOx surface. In such cases, it 

may turn out economically more beneficial to develop a protocol for a well characterized and highly 

reproducible SiOx film that can be deposited on various substrates without major changes in its density 

and surface roughness. The viability of this route should be explored in future studies. 

оΦоΦп aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ 

Wafer Preparation 

The substrates for the SiOx films were commercially available epi-ready p-doped Si(100) wafers 

(Siegert Wafer, resistivity 1-мл ҠŎƳΣ ǘƘƛŎƪƴŜǎǎ стр ҕ нр ҡƳΣ ǎƛƴƎƭŜ-side polished). Prior to thermal 

oxidation, MSD, and PE-CVD, the wafers were cleaned in RCA1 solution (1:1:5 35% H2O2, 25% NH3, 

H2O) for 15 min at 75 °C to remove organic contaminants. This cleaning step was repeated with the 

SiOx-coated wafers directly before DNA origami adsorption to generate hydrophilic, hydroxylated 

surfaces as previously reported.(156) 

Thermal Oxidation 

The cleaned wafers were placed in a pre-heated oven (RHF 1500, Carbolite) in ambient atmosphere 

at 1200 °C. After 5 min, the samples were removed from the oven and left at room temperature to 

cool down. 

MSD (Performed by Chantal Theile-Rasche, Paderborn University, Paderborn, Germany) 

The cleaned wafers were introduced into a magnetron system containing a vacuum chamber, an RF 

generator (bdiscom), an automatic matching network (BDS ANM750, bdiscom), and a mass flow 

controller (EL FLOR SELECT, FLOW-BUS). The system reached a base pressure of 1.6 x 10-5 mbar. The 

ƳŀƎƴŜǘǊƻƴ ό¢Ƙƛƴ CƛƭƳ /ƻƴǎǳƭǘƛƴƎύ ǿŀǎ ŎŀǇǇŜŘ ǿƛǘƘ ŀ ŎƛǊŎǳƭŀǊ {ƛ ǘŀǊƎŜǘ ƻŦ нέ ŘƛŀƳŜǘŜǊ ŀƴŘ р ƳƳ 

thickness (99.999 % purity, Evochem Advanced Materials). The magnetron had an unbalanced 

configuration, and the sample was placed at a distance of about 45 mm from the target. SiOx 
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deposition was performed at a working pressure of 4.6 x 10-3 mbar with an Ar flow of 27 sccm and an 

O2 flow of 3 sccm. The forward power was set to 10 W resulting in a DC Bias of 171 ± 17 V. For surfaces 

MB, a bias voltage of -20 V was applied to the substrate, leading to an increase in DC voltage to 215 ± 

37 V. The deposition rate was determined via a quartz crystal microbalance (QCM) to be about 1.26 

nm/min. A deposition time of 8 min was chosen to generate films with a thickness of approximately 

10 nm. 

PE-CVD (Performed by Hendrick Müller, Paderborn University, Paderborn, Germany) 

The wafers were placed onto a grounded electrode. The base pressure was below 5 x 10-5 mbar while 

the working pressure ranged between 0.2 and 0.5 mbar. As mixture of argon, oxygen and 

hexadimethylsiloxane (HMDSO, 98.5 % purity, Sigma Aldrich) was used in different ratios. For the 

deposition of SiOx, the partial pressure of argon and oxygen was set to 0.1 mbar and 0.3 mbar, 

respectively. The monomer partial pressure was set to 0.05 mbar. The high partial pressure of oxygen 

in a ratio of 3:1 promotes the formation of SiOx films. The plasma voltage was 430 V while the power 

was 1 W. The plasma frequency was 3.5 kHz. For the SiOCH deposition, the partial pressure of argon 

was increased to 0.2 mbar. The plasma voltage was 405 V and the plasma power was 0.9 W. The 

plasma frequency was 3.5 kHz. The thickness of the deposited films was monitored with a QCM. 

Ellipsometry (Performed by Chantal Theile-Rasche, Paderborn University, Paderborn, Germany) 

To determine the thickness of the as-deposited oxide films, a nulling ellipsometer (Nanofilm EP3, 

Accurion) was used. The spectroscopic measurements were performed over a range of wavelengths 

from 363.7 nm to 882.5 nm with an angle of incidence of 75°. The applied optical layer model consisted 

of Si(100), SiO2 and air. The dispersions were obtained from the software database, which are based 

on the public Sopra database (www.sspectra.com/sopra.html). 

XPS (Performed by Chantal Theile-Rasche, Paderborn University, Paderborn, Germany) 

The coated substrates were inserted into the XPS setup shortly after RCA1 treatment with exposure 

times to air ranging from some tens of minutes to three hours for the different samples. XPS was 

performed using a laboratory setup equipped with a Phoibos 150 NAP analyzer from SPECS. The X-ray 

source employed monochromatized Kh radiation (1486.7 eV), generated by a µ-FOCUS 600 NAP 

source. This source produces a spot size of approximately 250 ς 300 µm in diameter and impinges on 

the sample at an angle of 56.5° relative to the surface normal. The detection is done at 0° relative to 

the surface normal. The power used for the measurements was 50 W. The nozzle used for the 

experiments had an aperture of 300 µm, with the nozzle-sample distance ranging between 230 and 

250 µm. The background pressure during the measurements was maintained at 10-8 mbar. All 

measurements were conducted at room temperature. Survey spectra were acquired with a pass 
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energy of 100 eV, while core level spectra were recorded at a pass energy of 40 eV. Under the latter 

conditions, the FWHM of the Au4f7/2 peak was 0.87 eV, at a binding energy of 84.2 eV. 

The evaluation of the data was performed with the Unifit software using a Shirley-type background 

and a convolution of Gauss and Lorentz line shapes. The Si2p peaks were fitted using doublets for the 

Si2p3/2 and Si2p1/2 components. The intensity ratio was 2:1 and the separation between the peaks was 

0.6 eV. 

The O1s peaks were decomposed in two components. The most intense component was assigned to 

O-Si bonds, and the smaller component, placed at a fixed 1.5 eV higher binding energy position, to -

OH groups. In the fit, both components were forced to have the same width. The FWHM of the Gauss 

component was left free to fit, while the FWHM of the Lorentz component was fixed to 0.27 eV. 

DNA Origami Lattice Assembly 

DNA origami triangles were synthesized and purified as previously described(156) using the 7249 nt 

M13mp18 scaffold (Tilibit) and 208 staple strands (Eurofins). For lattice assembly, we used the 

protocol previously established for RCA1-treated silicon wafers with native surface oxide.(156) In 

short, the freshly cleaned substrates were placed in a liquid cell placed inside a Petri dish with a small 

water reservoir to avoid the evaporation of the sample. The liquid cell was filled with 500 µL of 1xTAE 

(Carl Roth) with 400 mM NaCl, 12.5 mM CaCl2 and 3 nM DNA origami triangles. The filled and covered 

Petri dish was incubated for 3.5 h at 40 °C (INCU-Line, VWR). Afterwards, the liquid cell was placed on 

ice for 15 min and 25 µL of 50 mM NiCl2 solution was subsequently added to the sample. After 

incubation for another 15 min, the substrate was removed, washed with 15 mL HPLC-grade water, 

and dried with a stream of argon. 

AFM  

The different surfaces before and after DNA origami adsorption were imaged in air using a Bruker 

Dimension ICON operated in ScanAsyst Peak-Force Tapping mode with ScanAsyst Air cantilevers 

(Bruker). For each surface before and after DNA origami adsorption, four AFM images were recorded 

at different positions with 1024 x 1024 pixels and a scan size of 3 x 3 µm2.  

The AFM images were analyzed using Gwyddion.(254) The rms surface roughness of each image was 

calculated using the Statistical Quantities tool. For surfaces N and T, DNA origami surface coverage 

was determined by thresholding as previously described.(156) Since the other surfaces exhibited a 

much lower surface coverage and a pronounced background topography originating from residual salt 

and, in the case of the PE-CVD surfaces, a higher surface roughness, the thresholding approach 

suffered from large artefacts. Therefore, the adsorbed DNA origami nanostructures for each image 

were counted manually instead. The relative surface coverage and number of DNA origami 



Dynamics of Natural and Artificial Biological Systems at Solid-Liquid Interfaces 

 

тр 
 

nanostructures, respectively, of each image were then normalized to those of an ideal, densely packed 

monolayer. The Rothemund triangle has an outer and inner edge length of about 120 and about 50 

nm, respectively. A densely packed, hexagonally ordered monolayer will thus feature 160 triangles 

per µm2, corresponding to a relative surface coverage of 83 %. 

Statistical Analysis 

The rms roughness and surface coverage values are presented as the mean of four AFM images (n = 

4) ± standard deviation. 
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/ƘŀǇǘŜǊ пΥ LƴǘŜǊŀŎǝƻƴ ƻŦ ±ƛǊǳǎŜǎ ǿƛǘƘ /Ŝƭƭǎ ŀƴŘ {ǳǊŦŀŎŜǎ {ǘǳŘƛŜŘ 

ōȅ v/aπ5  

пΦм aƻƴƛǘƻǊƛƴƎ tƘŀƎŜ LƴŦŜŎǝƻƴ ŀƴŘ [ȅǎƛǎ ƻŦ {ǳǊŦŀŎŜπƛƳƳƻōƛƭƛȊŜŘ .ŀŎǘŜǊƛŀ ōȅ 

v/aπ5 

пΦмΦм LƴǘǊƻŘǳŎǝƻƴ 

.ŀŎǘŜǊƛƻǇƘŀƎŜǎΣ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ōŀŎǘŜǊƛŀƭ ǾƛǊǳǎŜǎΣ ŀǊŜ ƳƛƴǳǎŎǳƭŜ ǇŀǊǝŎƭŜǎ ǘƘŀǘ ƘŀǾŜ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ƛƴŦŜŎǘ 

ōŀŎǘŜǊƛŀ ŀƴŘ ǊŜǇƭƛŎŀǘŜ ŜȄǇƻƴŜƴǝŀƭƭȅ ōȅ ƘƛƧŀŎƪƛƴƎ ǘƘŜ Ƙƻǎǘ ŎŜƭƭΩǎ ƎŜƴŜǝŎ ƳŀŎƘƛƴŜǊȅΦόнррΣ нрсύ tƘŀƎŜǎ 

ŀǊŜ ƻƳƴƛǇǊŜǎŜƴǘ ƛƴ ƴŀǘǳǊŜΣ ŎƻƘŀōƛǝƴƎ ǿƛǘƘ ōŀŎǘŜǊƛŀ ŀƴŘ ǎǳǎǘŀƛƴƛƴƎ ǘƘŜƛǊ ǇƻǇǳƭŀǝƻƴ ǘƘǊƻǳƎƘ ǇŜǊǇŜǘǳŀƭ 

ŎȅŎƭŜǎ ƻŦ ŜǊŀŘƛŎŀǝƻƴΦ Consequently, new phages are continuously discovered in diverse environments 

ranging from the deep sea(257) to human wastewater.(258) While phages contribute to the spreading 

of bacterial virulence(259) and antibiotic resistance genes,(260) they can also be utilized to treat 

antibiotic-resistant bacterial infections in what is called phage therapy.(261) However, while there is 

an increasing number of case studies reporting positive treatment outcomes under compassionate 

use, clinical trials so far had mixed success.(261, 262) The latter is rooted in a number of challenges 

that the clinical implementation of phage therapy faces. Chief among them is the high strain-specificity 

of many phages, which requires the preparation of cocktails of different strain-specific phages that 

can effectively treat a large number of clinical isolates of the target pathogen.(261ς263) To achieve 

this, large collections of hundreds of phages need to be screened.(262, 263) While several methods 

have been developed or adapted for this purpose, ranging from well-established plaque assays(264) 

to more sophisticated techniques such as qPCR,(265) surface plasmon resonance,(266) atomic force 

microscopy,(267) and several fluorescence-based assays,(268, 269) all these approaches have their 

own disadvantages and limitations, in particular regarding response time, universality, ease of use, 

and throughput.(262) Furthermore, phage therapy is considered a promising strategy against biofilm-

related infections that are particularly difficult to treat.(270) Most high-throughput screening 

techniques, however, are compatible only with planktonic cells. Consequently, there is a growing 

demand for surface-sensitive analytical techniques that enable the efficient screening of phages 

against bacterial biofilms. 

vǳŀǊǘȊ ŎǊȅǎǘŀƭ ƳƛŎǊƻōŀƭŀƴŎŜ ǿƛǘƘ ŘƛǎǎƛǇŀǝƻƴ ƳƻƴƛǘƻǊƛƴƎ όv/aπ5ύ ƛǎ ŀ ƭŀōŜƭπŦǊŜŜ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ ŘŜǘŜŎǘǎ 

ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ Ƴŀǎǎ ŀƴŘ ǾƛǎŎƻŜƭŀǎǝŎƛǘȅ ƻŦ ŀ ǘƘƛƴ ŀŘǎƻǊōŀǘŜ ŬƭƳ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ŀ ǇƛŜȊƻŜƭŜŎǘǊƛŎ ǉǳŀǊǘȊ 

ǎŜƴǎƻǊ ƛƴ ǎƛǘǳ ŀƴŘ ƛƴ ǊŜŀƭ ǝƳŜΦ !ƴ !/ ǾƻƭǘŀƎŜ ƛǎ ŀǇǇƭƛŜŘ ŀŎǊƻǎǎ ǘƘŜ ǎŜƴǎƻǊΣ ǿƘƛŎƘ ƛƴ ǊŜǎǇƻƴǎŜ ǳƴŘŜǊƎƻŜǎ 

ŀ ǎƘŜŀǊ ƻǎŎƛƭƭŀǝƻƴ ŀǘ ƛǘǎ ǊŜǎƻƴŀƴŎŜ ŦǊŜǉǳŜƴŎȅ ƛƴ ǘƘŜ aIȊ ǊŀƴƎŜΦ !ŘǎƻǊǇǝƻƴ ƻǊ ŘŜǎƻǊǇǝƻƴ ŜǾŜƴǘǎ ƻƴ 

ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜ ǊŜǎǳƭǘ ƛƴ ǎƘƛƊǎ ƛƴ ǘƘŜ ǎŜƴǎƻǊΩǎ ǊŜǎƻƴŀƴŎŜ ŦǊŜǉǳŜƴŎȅ ɲŦ ŀƴŘ ŜƴŜǊƎȅ ŘƛǎǎƛǇŀǝƻƴ ɲ5Σ 
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ǿƘƛŎƘ Ŏŀƴ ōŜ ǘǊŀƴǎƭŀǘŜŘ ƛƴǘƻ ŎƘŀƴƎŜǎ ƛƴ Ƴŀǎǎ ŀƴŘ ǾƛǎŎƻŜƭŀǎǝŎ ǇǊƻǇŜǊǝŜǎΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ōȅ ǘƘŜ 

ŀǇǇƭƛŎŀǝƻƴ ƻŦ ŀǇǇǊƻǇǊƛŀǘŜ ƳƻŘŜƭǎΦόуоύ .ŜŎŀǳǎŜ ƻŦ ƛǘǎ ŜȄŎŜǇǝƻƴŀƭ Ƴŀǎǎ ǎŜƴǎƛǝǾƛǘȅόнтмύ Řƻǿƴ ǘƻ ŀ ŦŜǿ 

ƴƎκŎƳч ŀƴŘ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ƘƛƎƘƭȅ ŀǳǘƻƳŀǘŜŘ ƳǳƭǝŎƘŀƴƴŜƭ ǎȅǎǘŜƳǎΣόнтнύ v/aπ5 Ƙŀǎ 

ōŜŎƻƳŜ ŀ ǇƻǿŜǊŦǳƭ ƳŜǘƘƻŘ ŦƻǊ ǘƘŜ ǎŎǊŜŜƴƛƴƎ ƻŦ ōƛƻƳƻƭŜŎǳƭŀǊ ŀƴŘ ŎŜƭƭǳƭŀǊ ƛƴǘŜǊŀŎǝƻƴǎΦ !ǎ ǎǳŎƘΣ ƛǘ ƛǎ 

ŜƳǇƭƻȅŜŘ ƛƴ ǾŀǊƛƻǳǎ ōƛƻƳŜŘƛŎŀƭ ǊŜǎŜŀǊŎƘ ŬŜƭŘǎ ǎǳŎƘ ŀǎ ŘǊǳƎ ŘƛǎŎƻǾŜǊȅΣόнтоΣ нтпύ ŘǊǳƎ ŘŜƭƛǾŜǊȅΣόнтрΣ 

нтсύ ŀƳȅƭƻƛŘ ŀƎƎǊŜƎŀǝƻƴΣόнттΣ нтуύ ōŀŎǘŜǊƛŀƭ ŀŘƘŜǎƛƻƴΣόнтфΣ нулύ ŀƴŘ ōƛƻŬƭƳ ŦƻǊƳŀǝƻƴΦόнумΣ нунύ  

Lƴ ǘƘƛǎ ǿƻǊƪΣ ǿŜ ŜǾŀƭǳŀǘŜ ǘƘŜ ǇƻǘŜƴǝŀƭ ƻŦ v/aπ5 ǘƻ ƳƻƴƛǘƻǊ ǇƘŀƎŜ ƛƴŦŜŎǝƻƴǎ ƻŦ ōŀŎǘŜǊƛŀ ƛƴ ǊŜŀƭ ǝƳŜΦ 

¢ƻ ǘƘƛǎ ŜƴŘΣ 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ŎŜƭƭǎ ŀǊŜ ŀŘǎƻǊōŜŘ ƻƴ ǘƘŜ ƎƻƭŘ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ v/aπ5 ǎŜƴǎƻǊ ŀƴŘ 

ǎǳōǎŜǉǳŜƴǘƭȅ ŜȄǇƻǎŜŘ ǘƻ ƛƴŦŜŎǝƻǳǎ ōŀŎǘŜǊƛƻǇƘŀƎŜ ¢т ƻǊ ƴƻƴπƛƴŦŜŎǝƻǳǎ ǇƘŀƎŜ ǇƘƛнфΦ ¢т ǿŀǎ 

ǎǇŜŎƛŬŎŀƭƭȅ ǎŜƭŜŎǘŜŘ ōŜŎŀǳǎŜ ƻŦ ƛǘǎ ǎƘƻǊǘ ƭȅǝŎ ƭƛŦŜ ŎȅŎƭŜ ƻŦ ƻƴƭȅ мт ƳƛƴΦόнуоύ ²Ŝ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ǘƘƛǎ 

ŀǇǇǊƻŀŎƘ ƛǎ ŀōƭŜ ǘƻ ŘƛǎǝƴƎǳƛǎƘ ƛƴŦŜŎǝƻǳǎ ŦǊƻƳ ƴƻƴπƛƴŦŜŎǝƻǳǎ ǇƘŀƎŜǎ ǿƛǘƘƛƴ ŦƻǳǊ ƘƻǳǊǎΦ ²Ŝ ŀƭǎƻ ǎƘƻǿ 

ǘƘŀǘ ǇƘŀƎŜπƛƴŘǳŎŜŘ ƭȅǎƛǎ Ŏŀƴ ōŜ ŘŜǘŜŎǘŜŘ ǳǎƛƴƎ ƻƴƭȅ ŀ ǎƛƴƎƭŜ ƳŜŀǎǳǊŜƳŜƴǘ ǇŀǊŀƳŜǘŜǊΣ ƛΦŜΦΣ ǘƘŜ ǎǇǊŜŀŘ 

ōŜǘǿŜŜƴ ǘƘŜ ŘƛũŜǊŜƴǘ ƻǾŜǊǘƻƴŜǎ ƻŦ ǘƘŜ ɲ5 ǘǊŀŎŜǎΣ ǿƘƛŎƘ ǎǳōǎǘŀƴǝŀƭƭȅ ǊŜŘǳŎŜǎ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘŜ 

ŜǾŀƭǳŀǝƻƴ ƻŦ ǘƘŜ ǎŜƴǎƻǊ ǊŜǎǇƻƴǎŜ ŀƴŘ ǿƛƭƭ ŀƛŘ ŦǳǘǳǊŜ ǇƘŀƎŜ ǎŎǊŜŜƴƛƴƎ ŎŀƳǇŀƛƎƴǎΦ  

пΦмΦн wŜǎǳƭǘǎ ŀƴŘ 5ƛǎŎǳǎǎƛƻƴ 

9Φ Ŏƻƭƛ !ŘǎƻǊǇǝƻƴΣ !ŘƘŜǎƛƻƴΣ ŀƴŘ DǊƻǿǘƘ ƻƴ ǘƘŜ v/aπ5 {ŜƴǎƻǊ {ǳǊŦŀŎŜ 

.ŜŦƻǊŜ ƛƴǾŜǎǝƎŀǝƴƎ ǘƘŜ ŜũŜŎǘǎ ƻŦ ¢т ƛƴŦŜŎǝƻƴ ōȅ v/aπ5Σ CƛƎǳǊŜ отŀΣō ŜǾŀƭǳŀǘŜǎ ǘƘŜ v/aπ5 ǊŜǎǇƻƴǎŜ 

ƻŦ 9Φ Ŏƻƭƛ ŀŘǎƻǊǇǝƻƴ ŀƴŘ ƎǊƻǿǘƘ ƻƴ ǘƘŜ v/aπ5 ǎŜƴǎƻǊ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŀƴȅ ǇƘŀƎŜǎ ŦƻǊ ǘƘŜ ƻǾŜǊǘƻƴŜǎ 

ǘƘǊŜŜ ǘƻ ŜƭŜǾŜƴΦ LƴƧŜŎǝƻƴ ƻŦ ōŀŎǘŜǊƛŀπŎƻƴǘŀƛƴƛƴƎ [. ƳŜŘƛǳƳ ǊŜǎǳƭǘǎ ƛƴ ŀ ǊŀǇƛŘ ŘŜŎǊŜŀǎŜ ƛƴ ɲŦ ŦƻǊ ŀƭƭ 

ƻǾŜǊǘƻƴŜǎΣ ǿƘƛŎƘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ Ƴŀǎǎ ŀƴŘ ǘƘǳǎ ƛǎ ƛƴŘƛŎŀǝǾŜ ƻŦ ǘƘŜ ŀŘǎƻǊǇǝƻƴ ƻŦ 

ōŀŎǘŜǊƛŀ ŀƴŘ ǇƻǎǎƛōƭŜ ƳƻƭŜŎǳƭŀǊ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ƳŜŘƛǳƳ ƻƴ ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜΦ !ǘ ǘƘŜ ǎŀƳŜ ǝƳŜΣ 

ɲ5 ǎƘƻǿǎ ŀ ǊŀǇƛŘ ƛƴŎǊŜŀǎŜΣ ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ǘƘŜ ǎȅǎǘŜƳ ōŜŎƻƳŜǎ ƳƻǊŜ ǾƛǎŎƻŜƭŀǎǝŎ ŘǳŜ ǘƻ ŀŘǎƻǊōƛƴƎ ŀƴŘ 

ŀŘƘŜǊƛƴƎ ǘƻ ōŀŎǘŜǊƛŀΦ .ƻǘƘ ɲŦ ŀƴŘ ɲ5 ǎŀǘǳǊŀǘŜ ǊŀǘƘŜǊ ǉǳƛŎƪƭȅΣ ŀǘ ǿƘƛŎƘ Ǉƻƛƴǘ ǘƘŜƛǊ ƻǾŜǊǘƻƴŜǎ ǎǘŀǊǘ 

ǎŜǇŀǊŀǝƴƎ ŦǊƻƳ ŜŀŎƘ ƻǘƘŜǊΦ CƭǳǎƘƛƴƎ ƻŦ ǘƘŜ ƅƻǿ ŎŜƭƭ ǿƛǘƘ ōŀŎǘŜǊƛŀπŦǊŜŜ ƳŜŘƛǳƳ ǊŜǎǳƭǘǎ ƻƴƭȅ ǘƻ ƳƛƴƻǊ 

ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ɲŦ ŀƴŘ ɲ5 ǘǊŀŎŜǎΣ ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ǘƘŜ ōŀŎǘŜǊƛŀ ǎǘŀōƭȅ ŀŘƘŜǊŜ ǘƻ ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜΦ !ƊŜǊ 

ƅǳǎƘƛƴƎΣ ǘƘŜ ǇǳƳǇ ǿŀǎ ǎǘƻǇǇŜŘΣ ŀƴŘ ǘƘŜ ōŜƘŀǾƛƻǊ ƻŦ ǘƘŜ ŀŘƘŜǊƛƴƎ ōŀŎǘŜǊƛŀ ǿŀǎ ƳƻƴƛǘƻǊŜŘ ǳƴŘŜǊ ǎǘŀǝŎ 

ŎƻƴŘƛǝƻƴǎΦ hǾŜǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘǿƻ ƘƻǳǊǎΣ ōƻǘƘ ɲŦ ŀƴŘ ɲ5 ƛƴŎǊŜŀǎŜ ƛƴ ǾŀƭǳŜΣ ǿƘƛŎƘ ƛǎ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ 

ƛƴŎǊŜŀǎŜŘ ǎǇǊŜŀŘƛƴƎ ōŜǘǿŜŜƴ ǘƘŜ ƻǾŜǊǘƻƴŜǎ ƻŦ ɲ5Φ ¢ƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ɲ5 ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ƭŀǊƎŜ ǎǇǊŜŀŘ 

ōŜǘǿŜŜƴ ƛǘǎ ƛƴŘƛǾƛŘǳŀƭ ƻǾŜǊǘƻƴŜǎ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ōŀŎǘŜǊƛŀ ƎǊƻǿƛƴƎ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜΦ ! ƭŀǊƎŜǊ ƴǳƳōŜǊ 

ƻŦ ŀŘƘŜǊƛƴƎ ōŀŎǘŜǊƛŀ ƭŜŀŘǎ ǘƻ ƳƻǊŜ ŜŶŎƛŜƴǘ ŜƴŜǊƎȅ ŘƛǎǎƛǇŀǝƻƴ ŘǳŜ ǘƻ ǘƘŜƛǊ ƛƴǘǊƛƴǎƛŎ ǾƛǎŎƻŜƭŀǎǝŎƛǘȅ ŀƴŘ 

ǘƘŜ ŜƴƘŀƴŎŜŘ ŎƻǳǇƭƛƴƎ ǘƻ ǘƘŜ ƭƛǉǳƛŘ ǇƘŀǎŜΦ !ǘ ǘƘŜ ǎŀƳŜ ǝƳŜΣ ǘƘŜ ŜũŜŎǝǾŜ ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƘŜ ōŀŎǘŜǊƛŀƭ 

ŬƭƳ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ōŀŎǘŜǊƛŀΣ ǿƘƛŎƘ ŀŎŎƻǳƴǘǎ ŦƻǊ ǘƘŜ ƛƴŎǊŜŀǎŜŘ ǎǇǊŜŀŘ ōŜǘǿŜŜƴ 

ƻǾŜǊǘƻƴŜǎΦ ¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ǘƘŜ ǇŜƴŜǘǊŀǝƻƴ ŘŜǇǘƘ ƻŦ ǘƘŜ ŀŎƻǳǎǝŎ ǎƘŜŀǊ ǿŀǾŜ ƛƴǘƻ ǘƘŜ ƳŜŘƛǳƳ 
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ŘŜŎǊŜŀǎŜǎ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ƻǾŜǊǘƻƴŜ ƴǳƳōŜǊΦόфлύ CƻǊ ǘƘŜ ǘƘƛǊŘ ƻǾŜǊǘƻƴŜΣ ǘƘŜ ǇŜƴŜǘǊŀǝƻƴ ŘŜǇǘƘ ƛƴǘƻ 

ŀƴ ŀǉǳŜƻǳǎ ƳŜŘƛǳƳ ƛǎ ŀōƻǳǘ мпл ƴƳΣ ǿƘƛŎƘ ƛǎ ŎƻƴǎƛŘŜǊŀōƭȅ ǎƳŀƭƭŜǊ ǘƘŀƴ ǘƘŜ ŘƛŀƳŜǘŜǊ ƻŦ ŀƴ 9Φ Ŏƻƭƛ 

ŎŜƭƭΦόнупύ ¢ƘŜ ŜƭŜǾŜƴǘƘ ƻǾŜǊǘƻƴŜΣ ƘƻǿŜǾŜǊΣ Ƙŀǎ ŀƴ ŜǾŜƴ ǎƳŀƭƭŜǊ ǇŜƴŜǘǊŀǝƻƴ ŘŜǇǘƘ ƻŦ ƻƴƭȅ ŀōƻǳǘ 

тл ƴƳΦόфлύ ¢ƘŜǊŜŦƻǊŜΣ ǿƘƛƭŜ ǘƘŜ ƭƻǿŜǊ ƻǾŜǊǘƻƴŜǎ ǎŜƴǎŜ ŀ ŎŜǊǘŀƛƴ ŦǊŀŎǝƻƴ ƻŦ ǘƘŜ ƳƻǊŜ ƭƛǉǳƛŘπƭƛƪŜ 

ōŀŎǘŜǊƛŀƭ ŎȅǘƻǇƭŀǎƳΣ ǘƘŜ ƘƛƎƘŜǊ ƻǾŜǊǘƻƴŜǎ ŀǊŜ ƳƻǊŜ ǎŜƴǎƛǝǾŜ ǘƻǿŀǊŘ ǘƘŜ ǎǝũŜǊ ŎŜƭƭ ŜƴǾŜƭƻǇŜ ŎƭƻǎŜ ǘƻ 

ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜΦ {ǳǊǇǊƛǎƛƴƎƭȅΣ ɲŦ ƛƴŎǊŜŀǎŜǎ ŀǎ ǿŜƭƭ ƛƴ ǘƘƛǎ ǊŜƎƛƳŜΦ !ǘ ŬǊǎǘ ƎƭŀƴŎŜΣ ǘƘƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŜ 

ŘŜǎƻǊǇǝƻƴ ƻŦ ōŀŎǘŜǊƛŀ ƛƴǎǘŜŀŘ ƻŦ ōŀŎǘŜǊƛŀƭ ƎǊƻǿǘƘΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǎǳŎƘ ǇƻǎƛǝǾŜ ǎƘƛƊǎ ƻŦ ɲŦ ŀǊŜ 

ŦǊŜǉǳŜƴǘƭȅ ƻōǎŜǊǾŜŘ ŘǳǊƛƴƎ ōŀŎǘŜǊƛŀƭ ŀŘƘŜǎƛƻƴ ŀƴŘ ōƛƻŬƭƳ ŦƻǊƳŀǝƻƴ ƻƴ ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜΣ ǿƘƛŎƘ 

Ŧƻƭƭƻǿǎ ŀ ŎƻǳǇƭŜŘ ǊŜǎƻƴŀƴŎŜ ƳƻŘŜƭ ƛƴǎǘŜŀŘ ƻŦ ŎƻƴǾŜƴǝƻƴŀƭ {ŀǳǊōǊŜȅ ǘƘŜƻǊȅΦόнумΣ нурΣ нусΣ уфύ Lƴ ǘƘƛǎ 

ŎƻƴǘŜȄǘΣ ƛǘ ǿŀǎ ǎƘƻǿƴ ɲŦ ƛǎ ƴƻǘ ŀ ǊŜƭƛŀōƭŜ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ƴǳƳōŜǊ ƻŦ ōŀŎǘŜǊƛŀƭ ŎŜƭƭǎ ŀŘƘŜǊƛƴƎ ǘƻ ǘƘŜ 

ǎŜƴǎƻǊ ǎǳǊŦŀŎŜΣόнутύ ǎƻ ǘƘŀǘ ŘŜǘŀƛƭŜŘ ŀƴŀƭȅǎŜǎ ƻŦ ǘƘŜƛǊ ōŜƘŀǾƛƻǊ ǎƘƻǳƭŘ ǊŀǘƘŜǊ ōŜ ōŀǎŜŘ ƻƴ ɲ5ΦόнууΣ 

нуфύ  

 

CƛƎǳǊŜ отΥ /ƘŀƴƎŜ ƛƴ ŦǊŜǉǳŜƴŎȅ ɲŦ όŀύ ŀƴŘ ŘƛǎǎƛǇŀǝƻƴ ɲ5 όōύ ŘǳǊƛƴƎ 9Φ Ŏƻƭƛ ŀŘǎƻǊǇǝƻƴ ŀƴŘ ƎǊƻǿǘƘ ƻƴ ǘƘŜ v/aπ5 
ǎŜƴǎƻǊ ǎǳǊŦŀŎŜΦ {ƘŀŘŜŘ ǊŜƎƛƻƴǎ ƛƴŘƛŎŀǘŜ ǘƘŜ ƛƴƧŜŎǝƻƴ ƻŦ ŘƛũŜǊŜƴǘ ƳŜŘƛŀΥ ȅŜƭƭƻǿ ς t.{Σ ƎǊŜȅ ς ōŀŎǘŜǊƛŀ ƛƴ ƳŜŘƛǳƳΣ 
Ǉƛƴƪ ς ƳŜŘƛǳƳΦ Ŏύ {9a ƛƳŀƎŜǎ ƻŦ ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜ ŀƊŜǊ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ŀǘ ǘǿƻ ŘƛũŜǊŜƴǘ ƳŀƎƴƛŬŎŀǝƻƴǎΦ 5ƛǾƛŘƛƴƎ 
ōŀŎǘŜǊƛŀ ŀǊŜ ƘƛƎƘƭƛƎƘǘŜŘΦ 

CƭǳǎƘƛƴƎ ǘƘŜ ƅƻǿ ŎŜƭƭ ƻƴŎŜ ƳƻǊŜ ǿƛǘƘ ƳŜŘƛǳƳ ŀōƻǳǘ мтл Ƴƛƴ ŀƊŜǊ ǘƘŜ ǎǘŀǊǘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ƭŜŀŘǎ 

ǘƻ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ōƻǘƘ ɲŦ ŀƴŘ ɲ5Φ ¢Ƙƛǎ ƛǎ ƛƴŘƛŎŀǝǾŜ ƻŦ ǘƘŜ ŘŜǎƻǊǇǝƻƴ ƻŦ ƭƻƻǎŜƭȅ ōƻǳƴŘ ōŀŎǘŜǊƛŀ ŦǊƻƳ ǘƘŜ 

ǎŜƴǎƻǊ ǎǳǊŦŀŎŜ ŀƴŘ ŀ ǎƛƳǳƭǘŀƴŜƻǳǎ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ŀŘƘŜǎƛƻƴ ƻŦ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ōŀŎǘŜǊƛŀΦ LƳƳŜŘƛŀǘŜƭȅ 

ŀƊŜǊ ƅǳǎƘƛƴƎΣ ōƻǘƘ ɲŦ ŀƴŘ ɲ5 ƛƴŎǊŜŀǎŜ ŀƎŀƛƴ ǳƴǝƭ ǘƘŜȅ ǎŀǘǳǊŀǘŜ ŀōƻǳǘ млл Ƴƛƴ ƭŀǘŜǊΦ Lƴ ǘƘƛǎ ǇƘŀǎŜΣ ǘƘŜ 

ǎǇǊŜŀŘ ōŜǘǿŜŜƴ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ƻǾŜǊǘƻƴŜǎ ƛƴŎǊŜŀǎŜǎ ŀǎ ǿŜƭƭΦ ¢ƘŜǎŜ ōŜƘŀǾƛƻǊǎ ƻŦ ǘƘŜ ɲŦ ŀƴŘ ɲ5 ǘǊŀŎŜǎ 

ŀǊŜ ǘƘǳǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ǊŜǎǳƳŜŘ ƎǊƻǿǘƘ ƻŦ ōŀŎǘŜǊƛŀ ŬǊƳƭȅ ŀǧŀŎƘŜŘ ǘƻ ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜΣ ǿƘƛŎƘ 
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ŎƻƴǝƴǳŜǎ ǳƴǝƭ ǘƘŜ ƳŜŘƛǳƳ ƛƴ ǘƘŜ ƅƻǿ ŎŜƭƭ όǾƻƭǳƳŜ Ϥ пл ҡƭύ ƛǎ ŘŜǇƭŜǘŜŘ ƻŦ ƴǳǘǊƛŜƴǘǎΦ .ŀŎǘŜǊƛŀƭ ƎǊƻǿǘƘ 

ǿŀǎ ŦǳǊǘƘŜǊ ǾŜǊƛŬŜŘ ōȅ {9a ƛƳŀƎƛƴƎ ƻŦ ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜ ŀƊŜǊ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ v/aπ5 ƳŜŀǎǳǊŜƳŜƴǘΦ 

{ŜǾŜǊŀƭ ǎǘŀƎŜǎ ƻŦ ŘƛǾƛŘƛƴƎ ōŀŎǘŜǊƛŀ όǎŜŜ CƛƎǳǊŜ отŎύ Ŏŀƴ ōŜ ƛŘŜƴǝŬŜŘΣ ǿƘƛŎƘ ǇǊƻǾŜǎ ǘƘŀǘ ōŀŎǘŜǊƛŀƭ 

ƎǊƻǿǘƘ ƛǎ ǊŜǎǳƳŜŘ ŀƊŜǊ ŀŘŘƛǝƻƴ ƻŦ ŦǊŜǎƘ ƳŜŘƛǳƳΦ ¢ƘŜ {9a ƛƳŀƎŜǎ ƛƴ CƛƎǳǊŜ оу ŦǳǊǘƘŜǊ ǊŜǾŜŀƭ ǎŜǾŜǊŀƭ 

ƭƻƴƎ ŬƭŀƳŜƴǘƻǳǎ ōŀŎǘŜǊƛŀƭ ŎŜƭƭǎΦ aŀŎ/ƻƴƪŜȅ ŀƴŘ 9a. ŀƎŀǊ ŎǳƭǘǳǊŜǎ όǎŜŜ CƛƎǳǊŜ офύ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜǎŜ 

ŎŜƭƭǎ ŀǊŜ ƴƻǘ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ŎƻƴǘŀƳƛƴŀǝƻƴ ōǳǘ ƛƴŘŜŜŘ ŬƭŀƳŜƴǘƻǳǎ 9Φ Ŏƻƭƛ ŎŜƭƭǎΦ CƛƭŀƳŜƴǘŀǝƻƴ ƻŦ 9Φ Ŏƻƭƛ 

ŀƴŘ ƻǘƘŜǊ ōŀŎǘŜǊƛŀ ƛǎ ŀ ŎƻƳƳƻƴ ǇƘŜƴƻƳŜƴƻƴΦόнфлΣ нфмύ  

 

CƛƎǳǊŜ оуΥ {9a ƛƳŀƎŜ ƻŦ ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜ ŀƊŜǊ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ƛƴ CƛƎǳǊŜ м ǿƛǘƘƻǳǘ ǇƘŀƎŜǎΦ 5ƛǾƛŘƛƴƎ ōŀŎǘŜǊƛŀ 
ǿƛǘƘ ŀƴŘ ǿƛǘƘƻǳǘ ƴƻǘŀōƭŜ ŎŜƭƭ ǎŜǇŀǊŀǝƻƴ ŀǊŜ ƘƛƎƘƭƛƎƘǘŜŘΦ 

²ƘƛƭŜ ƻŎŎǳǊǊƛƴƎ ƴŀǘǳǊŀƭƭȅ ŀǘ ŀ ƭƻǿ ǊŀǘŜΣ ŬƭŀƳŜƴǘŀǝƻƴ ƛǎ ƛƴŘǳŎŜŘ ǳƴŘŜǊ ǎǘǊŜǎǎ ŎƻƴŘƛǝƻƴǎΣ ƛƴŎƭǳŘƛƴƎ 

ǎǘŀǊǾŀǝƻƴΣ ǘŜƳǇŜǊŀǘǳǊŜ ǎƘƻŎƪΣ ŀƴŘ ŀƴǝōƛƻǝŎǎ ŜȄǇƻǎǳǊŜΦόнфнύ IƻǿŜǾŜǊΣ ǎǳǊŦŀŎŜ ƛƳƳƻōƛƭƛȊŀǝƻƴ ŀƴŘ 

ǎƘŜŀǊ ƅƻǿǎ ƘŀǾŜ ŀƭǎƻ ōŜŜƴ ƛŘŜƴǝŬŜŘ ŀǎ ŦŀŎǘƻǊǎ ǘƘŀǘ Ƴŀȅ ǎǝƳǳƭŀǘŜ ŬƭŀƳŜƴǘŀǝƻƴ ƻŦ 9Φ ŎƻƭƛΦόнфоύ Lƴ ƻǳǊ 

ŜȄǇŜǊƛƳŜƴǘǎΣ ǘƘŜ ōŀŎǘŜǊƛŀ ŀǊŜ ƛƳƳƻōƛƭƛȊŜŘ ƻƴ ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜΣ ǎǳōƧŜŎǘŜŘ ǊŜǇŜŀǘŜŘƭȅ ǘƻ ǎƘŜŀǊ ƅƻǿǎΣ 

ŀƴŘ ƎǊƻǿƴ ǳƴŘŜǊ ǎǘŀǝŎ ŎƻƴŘƛǝƻƴǎ ǿƛǘƘ ƭƛƳƛǘŜŘ ƴǳǘǊƛŜƴǘ ŀǾŀƛƭŀōƛƭƛǘȅΣ ŀƭƭ ǿƘƛƭŜ ōŜƛƴƎ ŜȄǇƻǎŜŘ ǘƻ ŀŎƻǳǎǝŎ 

ǎǳǊŦŀŎŜ ǿŀǾŜǎ ƻŦ р aIȊΦ ¢ƘŜ ǎǘǊŜǎǎ ǊŜǎǳƭǝƴƎ ŦǊƻƳ ǘƘƻǎŜ ŎƻƴŘƛǝƻƴǎ Ƴŀȅ ƛƴŘǳŎŜ ŬƭŀƳŜƴǘŀǝƻƴ ƻŦ ǎƻƳŜ 

ƻŦ ǘƘŜ ƛƳƳƻōƛƭƛȊŜŘ ŎŜƭƭǎ ƛƴŘŜŜŘΦ ¢Ƙƛǎ ŬƭŀƳŜƴǘŀǝƻƴ Ƴŀȅ ǘƘŜƴ ŦǳǊǘƘŜǊ ƭŜŀŘ ǘƻ ŀƴ ŀŘŘƛǝƻƴŀƭ ƛƴŎǊŜŀǎŜ ƛƴ 

ŘƛǎǎƛǇŀǝƻƴΦ   
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CƛƎǳǊŜ офΥ ŀύ 9Φ Ŏƻƭƛ ǉǳŀŘǊŀƴǘ ǎǘǊŜŀƪŜŘ ƻƴ aŀŎ/ƻƴƪŜȅ ŀƎŀǊ ǎƘƻǿƛƴƎ Ǉƛƴƪ ƴƻƴπƳǳŎƻƛŘ ŎƻƭƻƴƛŜǎ ƻŦ ƭŀŎǘƻǎŜπ
ŦŜǊƳŜƴǝƴƎ 9Φ ŎƻƭƛΦ ōύ 9Φ Ŏƻƭƛ ǉǳŀŘǊŀƴǘ ǎǘǊŜŀƪŜŘ ƻƴ 9a. ŀƎŀǊ ǎƘƻǿƛƴƎ ŎƻƭƻƴƛŜǎ ǿƛǘƘ ƎǊŜŜƴ ƳŜǘŀƭƭƛŎ ǎƘŜŜƴΦ 

! ƎŜƴŜǊŀƭ ƛǎǎǳŜ ƛƴ v/aπ5 ƛǎ ǘƘŜ ǎǘǊƻƴƎ ŘŜǇŜƴŘŜƴŎŜ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻƴ ǘƘŜ ŜƳǇƭƻȅŜŘ ǎŜƴǎƻǊΣ ǿƛǘƘ 

ǎŜŜƳƛƴƎƭȅ ƛŘŜƴǝŎŀƭ ǎŜƴǎƻǊǎ ƻƊŜƴ ƘŀǾƛƴƎ ǊŀǘƘŜǊ ŘƛũŜǊŜƴǘ ǎŜƴǎƛǝǾƛǝŜǎ ŀƴŘ ǊŜǎǇƻƴǎŜǎΦ Lƴ ǘƘŜǎŜ 

ŜȄǇŜǊƛƳŜƴǘǎΣ ǘƘŜ ǎǘǊƻƴƎŜǎǘ ŘŜǾƛŀǝƻƴǎ ōŜǘǿŜŜƴ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ɲŦ ǘǊŀŎŜǎΣ ǿƘƛŎƘ ƛƴ 

ǎƻƳŜ ŎŀǎŜǎ ǎƘƻǿ ǇƻǎƛǝǾŜ ŦǊŜǉǳŜƴŎȅ ǎƘƛƊǎ ŘǳǊƛƴƎ ōŀŎǘŜǊƛŀƭ ŀŘƘŜǎƛƻƴ ŀƴŘ ƎǊƻǿǘƘΣ ǿƘƛƭŜ ƛƴ ƻǘƘŜǊ ŎŀǎŜǎΣ 

ƴŜƎŀǝǾŜ ǎƘƛƊǎ ŀǊŜ ƻōǎŜǊǾŜŘΦ ¢ƘŜ ɲ5 ŎǳǊǾŜǎΣ ƘƻǿŜǾŜǊΣ Ŧƻƭƭƻǿ ǊŀǘƘŜǊ ǎƛƳƛƭŀǊ ǘǊŜƴŘǎΣ ƛƴ ŦǳǊǘƘŜǊ ǎǳǇǇƻǊǘ 

ƻŦ ɲ5 ōŜƛƴƎ ǘƘŜ ƳƻǊŜ ǊŜƭŜǾŀƴǘ ǇŀǊŀƳŜǘŜǊ ŦƻǊ ŜǾŀƭǳŀǝƴƎ ōŀŎǘŜǊƛŀƭ ŀŘƘŜǎƛƻƴ ŀƴŘ ƎǊƻǿǘƘΦ IŜǊŜΣ ǘƘŜ 

Ƴƻǎǘ ƴƻǘŀōƭŜ ŘƛũŜǊŜƴŎŜǎ ŀǊŜ ƻōǎŜǊǾŜŘ ŀƊŜǊ ǘƘŜ ǎŜŎƻƴŘ ƛƴƧŜŎǝƻƴ ƻŦ ƳŜŘƛǳƳΣ ƛΦŜΦΣ ƛƴ ǘƘŜ ǎŜŎƻƴŘ ƎǊƻǿǘƘ 

ǎǘŀƎŜΦ ²ƘƛƭŜ ƅǳǎƘƛƴƎ ǿƛǘƘ ƳŜŘƛǳƳ ƭŜŀŘǎ ƛƴ ŀƭƭ ŜȄǇŜǊƛƳŜƴǘǎ ǘƻ ŀ ŘǊƻǇ ƛƴ ɲ5 ǘƘŀǘ ƛǎ ŦƻƭƭƻǿŜŘ ōȅ ŀƴ 

ƛƴŎǊŜŀǎŜ ǿƛǘƘ ǎǳōǎŜǉǳŜƴǘ ǎŀǘǳǊŀǝƻƴΣ ǘƘŜ ƻǾŜǊŀƭƭ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜ ƛƴŎǊŜŀǎŜ ŀƴŘ ǘƘŜ ǎŀǘǳǊŀǝƻƴ ƭŜǾŜƭ 

ǾŀǊȅΦ 

 

CƛƎǳǊŜ плΥ wŜǇƭƛŎŀǘŜ ƻŦ ǘƘŜ Řŀǘŀ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ отΦ /ƘŀƴƎŜ ƛƴ ŦǊŜǉǳŜƴŎȅ ɲŦ όŀύ ŀƴŘ ŘƛǎǎƛǇŀǝƻƴ ɲ5 όōύ ŘǳǊƛƴƎ 9Φ 
Ŏƻƭƛ ŀŘǎƻǊǇǝƻƴ ŀƴŘ ƎǊƻǿǘƘ ƻƴ ǘƘŜ v/aπ5 ǎŜƴǎƻǊ ǎǳǊŦŀŎŜΦ {ƘŀŘŜŘ ǊŜƎƛƻƴǎ ƛƴŘƛŎŀǘŜ ǘƘŜ ƛƴƧŜŎǝƻƴ ƻŦ ŘƛũŜǊŜƴǘ 
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ƳŜŘƛŀΥ ȅŜƭƭƻǿ ς t.{Σ ƎǊŜȅ ς ōŀŎǘŜǊƛŀ ƛƴ ƳŜŘƛǳƳΣ Ǉƛƴƪ ς ƳŜŘƛǳƳΦ Ŏύ {9a ƛƳŀƎŜǎ ƻŦ ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜ ŀƊŜǊ ǘƘŜ 
ŜȄǇŜǊƛƳŜƴǘ ŀǘ ǘǿƻ ŘƛũŜǊŜƴǘ ƳŀƎƴƛŬŎŀǝƻƴǎΦ 5ƛǾƛŘƛƴƎ ōŀŎǘŜǊƛŀ ŀǊŜ ƘƛƎƘƭƛƎƘǘŜŘΦ 

 ¢ƘŜ {9a ƛƳŀƎŜǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ от ŀƴŘ CƛƎǳǊŜ пл ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜǎŜ ŘƛũŜǊŜƴŎŜǎ ǊŜǎǳƭǘ ŦǊƻƳ ŘƛũŜǊŜƴǘ 

ƴǳƳōŜǊǎ ƻŦ ōŀŎǘŜǊƛŀ ŀƴŘκƻǊ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ƳƛŎǊƻŎƻƭƻƴƛŜǎ ƻƴ ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜΣ ǿƘƛŎƘ Ƴƻǎǘ ƭƛƪŜƭȅ 

ŀǊŜ ŎŀǳǎŜŘ ōȅ ŘƛũŜǊŜƴǘ ǎǳǊŦŀŎŜ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ƎƻƭŘ ŜƭŜŎǘǊƻŘŜǎΦ 9ǾŜƴ ǘƘƻǳƎƘ !Ca ǊŜǾŜŀƭǎ ǊŀǘƘŜǊ 

ǎƛƳƛƭŀǊ ǎǳǊŦŀŎŜ ǘƻǇƻƎǊŀǇƘƛŜǎ όǎŜŜ CƛƎǳǊŜ пмύΣ ǎǳǊŦŀŎŜ ƛƴƘƻƳƻƎŜƴŜƛǝŜǎ ƻǾŜǊ ƭŀǊƎŜǊ ƭŜƴƎǘƘ ǎŎŀƭŜǎ Ƴŀȅ 

ƭŜŀŘ ǘƻ ƭƻŎŀƭƭȅ ŘƛũŜǊŜƴǘ ōŀŎǘŜǊƛŀƭ ŀŘƘŜǎƛƻƴ ŀƴŘ ƎǊƻǿǘƘΦ 

 

CƛƎǳǊŜ пмΥ !Ca ƛƳŀƎŜǎ ƻŦ ǘƘŜ ƎƻƭŘ ŜƭŜŎǘǊƻŘŜ ǎǳǊŦŀŎŜǎ ƻŦ ǘƘǊŜŜ v/aπ5 ǎŜƴǎƻǊǎ ŦǊƻƳ ŘƛũŜǊŜƴǘ ōŀǘŎƘŜǎΦ IŜƛƎƘǘ 
ǎŎŀƭŜǎ ŀǊŜ нл ƴƳΦ ¢ƘŜ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ǊƻƻǘπƳŜŀƴπǎǉǳŀǊŜ όwa{ύ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ {ǉ ŀǊŜ ƎƛǾŜƴ ƛƴ ǘƘŜ ƛƳŀƎŜǎΦ 

¢т tƘŀƎŜ LƴŦŜŎǝƻƴ ƻŦ 9Φ Ŏƻƭƛ ƻƴ ǘƘŜ v/aπ5 {ŜƴǎƻǊ {ǳǊŦŀŎŜ 

¢ƻ Ŧƻƭƭƻǿ ǇƘŀƎŜ ƛƴŦŜŎǝƻƴ ōȅ v/aπ5Σ ¢т ǇƘŀƎŜǎ ƛƴ ƳŜŘƛǳƳ ǿŜǊŜ ƛƴƧŜŎǘŜŘ ŘǳǊƛƴƎ ǘƘŜ ǎŜŎƻƴŘ ƅǳǎƘƛƴƎ 

ǎǘŜǇ ŀƊŜǊ ŎŀΦ мср Ƴƛƴ όǎŜŜ CƛƎǳǊŜ пнŀΣōύΦ ¢ƘŜ ǇƘŀƎŜǎ ŀǘ ŀ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ŎŀΦ у Ȅ млт tC¦κƳ[ ǿŜǊŜ 

ǇǳƳǇŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ƅƻǿ ŎŜƭƭ ŦƻǊ ол Ƴƛƴ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜƛǊ ōƛƴŘƛƴƎ ǘƻ ǘƘŜ ōŀŎǘŜǊƛŀΦ !ƊŜǊǿŀǊŘǎΣ ǘƘŜ 

ƅƻǿ ŎŜƭƭ ǿŀǎ ƅǳǎƘŜŘ ŀƎŀƛƴ ǿƛǘƘ ǇƘŀƎŜπŦǊŜŜ ƳŜŘƛǳƳ ǘƻ ǊŜƳƻǾŜ ǳƴōƻǳƴŘ ǇƘŀƎŜǎΦ !ǎ ǎƻƻƴ ŀǎ ǘƘŜ ƅƻǿ 

ŎŜƭƭ ƛǎ ƅƻƻŘŜŘ ǿƛǘƘ ǇƘŀƎŜǎΣ ōƻǘƘ ɲŦ ŀƴŘ ɲ5 ǎƘƻǿ ŀ ǊŀǇƛŘ ŘŜŎǊŜŀǎŜ ǘƘŀǘ ŜȄŎŜŜŘǎ ǘƘŀǘ ƻōǎŜǊǾŜŘ ŦƻǊ 

ƅǳǎƘƛƴƎ ǿƛǘƘ ǇƘŀƎŜπŦǊŜŜ ƳŜŘƛǳƳΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ŦƻǊ ǘƘŜ ǘƘƛǊŘ ƻǾŜǊǘƻƴŜΣ ɲŦ ŘǊƻǇǎ ōȅ ŀōƻǳǘ πсл IȊ ǿƘŜƴ 

ǇƘŀƎŜǎ ŀǊŜ ƛƴƧŜŎǘŜŘΣ ōǳǘ ōȅ ƭŜǎǎ ǘƘŀƴ πр IȊ ŦƻǊ ƅǳǎƘƛƴƎ ǿƛǘƘ ǇƘŀƎŜπŦǊŜŜ ƳŜŘƛǳƳ ƛƴ ǘƘŜ ōŀŎǘŜǊƛŀƭ ŎƻƴǘǊƻƭ 

ǿƛǘƘƻǳǘ ǇƘŀƎŜǎ όǎŜŜ CƛƎǳǊŜ отŀύΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǊŀǇƛŘ ŀŘǎƻǊǇǝƻƴ ƻŦ ǇƘŀƎŜǎ ƻƴ ǘƘŜ ōŀŎǘŜǊƛŀ ŀƴŘ ǘƘŜ 

ŦǊŜŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜΦ .ŀŎǘŜǊƛŀπŦǊŜŜ ŎƻƴǘǊƻƭ ŜȄǇŜǊƛƳŜƴǘǎ ǿƛǘƘ ǘƘŜ ǎŜƴǎƻǊǎ ŜȄǇƻǎŜŘ ǘƻ ǇƘŀƎŜǎ ƻƴƭȅ ǊŜǾŜŀƭ 

ŀ ƳǳŎƘ ƭŀǊƎŜǊ ŘǊƻǇ ƛƴ ɲŦ ŘǳŜ ǘƻ ǇƘŀƎŜ ŀŘǎƻǊǇǝƻƴ ƻƴ ǘƘŜ ŦǊŜŜ ƎƻƭŘ ǎǳǊŦŀŎŜΦ ¢Ƙƛǎ ŘǊƻǇ ƛƴ ɲŦΣ ƘƻǿŜǾŜǊΣ 

ƛǎ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ŀ ƭŀǊƎŜ ƛƴŎǊŜŀǎŜ ƛƴ ɲ5Σ ǿƘŜǊŜŀǎ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ōŀŎǘŜǊƛŀ ƻƴ ǘƘŜ ǎŜƴǎƻǊ ǎǳǊŦŀŎŜΣ 

ɲ5 ŘŜŎǊŜŀǎŜǎ ǳǇƻƴ ǇƘŀƎŜ ƛƴƧŜŎǝƻƴ όǎŜŜ CƛƎǳǊŜ пнōύΦ Lƴ ŀŘŘƛǝƻƴΣ ǘƘƛǎ ŘŜŎǊŜŀǎŜ ƛǎ ŀōƻǳǘ ǘǿƛŎŜ ŀǎ ƭŀǊƎŜ 

ŀǎ ǘƘŜ ƻƴŜ ƻōǎŜǊǾŜŘ ƛƴ CƛƎǳǊŜ отō ŦƻǊ ƅǳǎƘƛƴƎ ǿƛǘƘ ǇƘŀƎŜπŦǊŜŜ ōǳũŜǊΦ ¢Ƙƛǎ ǾŜǊƛŬŜǎ ǘƘŀǘ ǘƘŜ ōŜƘŀǾƛƻǊ 

ƻōǎŜǊǾŜŘ ƛƴ CƛƎǳǊŜ пнŀΣō ŘƻŜǎ ƴƻǘ ǊŜǎǳƭǘ ŦǊƻƳ ǎƛƳǇƭŜ ǇƘŀƎŜ ŀŘǎƻǊǇǝƻƴ ƻƴ ǘƘŜ v/aπ5 ǎŜƴǎƻǊ ōǳǘ 

ŀŘŘƛǝƻƴŀƭƭȅ ƛƴǾƻƭǾŜǎ ǎǇŜŎƛŬŎ ƛƴǘŜǊŀŎǝƻƴǎ ōŜǘǿŜŜƴ ǇƘŀƎŜǎ ŀƴŘ ōŀŎǘŜǊƛŀΦ !ƊŜǊ ƅǳǎƘƛƴƎ ǿƛǘƘ ǇƘŀƎŜπŦǊŜŜ 

ƳŜŘƛǳƳΣ ǘƘŜ ɲŦ ŀƴŘ ɲ5 ǘǊŀŎŜǎ ōƻǘƘ ǊŀǇƛŘƭȅ ǎŀǘǳǊŀǘŜ ōŜŦƻǊŜ ŜƴǘŜǊƛƴƎ ŀƴ ŜȄǘŜƴŘŜŘ ǊŜƎƛƳŜΣ ƛƴ ǿƘƛŎƘ ɲŦ 

ǎƘƻǿǎ ŀ ǎƭƛƎƘǘ ōǳǘ Ŏƻƴǝƴǳƻǳǎ ŘŜŎǊŜŀǎŜ ǿƘƛƭŜ ɲ5 ƛƴŎǊŜŀǎŜǎ ŎƻǊǊŜǎǇƻƴŘƛƴƎƭȅ όǎŜŜ CƛƎǳǊŜ пнŀΣōύΦ ¢ƘŜ 




































