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Abstract 

¢Ƙƛǎ Ƨƻƛƴǘ tƘ5 ǘƘŜǎƛǎ ōŜǘǿŜŜƴ a{a όaŜŎƘŀƴƛŎǎ ƻŦ {ƻƭƛŘǎ ŀƴŘ aŀǘŜǊƛŀƭǎύ ŀƴŘ aa{ όaŜǘŀƭƭƛŎ aŀǘŜǊƛŀƭǎ 

{ŎƛŜƴŎŜύ ǘŜŀƳǎΣ ǇǊŜǎŜƴǘǎ ŀƴ ƛƴπŘŜǇǘƘ ƛƴǾŜǎǝƎŀǝƻƴ ƛƴǘƻ ǘƘŜ 5ƛǊŜŎǘŜŘ 9ƴŜǊƎȅ 5ŜǇƻǎƛǝƻƴ ǇǊƻŎŜǎǎ ƻŦ 

IƛƎƘπ{ǇŜŜŘ {ǘŜŜƭ aпΦ ¢ƘǊƻǳƎƘ ŀ ōƭŜƴŘ ƻŦ ŎƻƳǇǳǘŀǝƻƴŀƭ ƳƻŘŜƭƛƴƎ όa{aύ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǿƻǊƪ 

όaa{ύΣ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ŜȄǇƭƻǊŜǎ ǘƘŜ ŎƻƳǇƭŜȄ ƛƴǘŜǊǊŜƭŀǝƻƴǎ ōŜǘǿŜŜƴ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎΣ ǘƘŜǊƳŀƭ 

ƘƛǎǘƻǊȅΣ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘŀƴǘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ 595 ǇŀǊǘǎ ŦŀōǊƛŎŀǘŜŘ ƛƴ IƛƎƘ  

{ǇŜŜŘ {ǘŜŜƭ I{{ aпΦ ¢Ƙƛǎ ǎǘǳŘȅ ǿŀǎ ǎǳǇǇƻǊǘŜŘ ōȅ ŀ Cbw{ t5w tǊƻƧŜŎǘ ά[ŀǎŜǊŎƭŀŘŘƛƴƎέ ŀƴŘ ŀŘŘƛǝƻƴŀƭ 

ŦǳƴŘƛƴƎ ŦǊƻƳ ŀƴ ¦[ƛŜƎŜ CŀŎǳƭǘȅ ƎǊŀƴǘΣ ŀƭƻƴƎǎƛŘŜ ŎƻƭƭŀōƻǊŀǝǾŜ ŜũƻǊǘǎ ǿƛǘƘ {LwwL{Φ 

¢ƘŜ ǘƘŜǎƛǎ ōŜƎƛƴǎ ōȅ ŜǎǘŀōƭƛǎƘƛƴƎ ŀ ŦƻǳƴŘŀǝƻƴŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ 595 ǇǊƻŎŜǎǎΣ ŜȄǇƭƻǊƛƴƎ ƛǘǎ 

ǇƻǘŜƴǝŀƭ ŘŜŦŜŎǘǎΣ ŀƴŘ ǳƴŘŜǊǎŎƻǊƛƴƎ ǘƘŜ ƴŜŎŜǎǎƛǘȅ ƻŦ ŀ ƳƻŘŜƭƛƴƎ ǘƻƻƭ ŎŀǇŀōƭŜ ƻŦ ƻǇǝƳƛȊƛƴƎ ǇŀǊŀƳŜǘŜǊǎ 

ǘƻ ƳƛǝƎŀǘŜ ǘƘŜǎŜ ŘŜŦŜŎǘǎΦ /ƘŀǇǘŜǊ н ƛƴǘǊƻŘǳŎŜǎ ŀ н5 ǘƘŜǊƳŀƭ ƳƻŘŜƭΣ ŘŜǾŜƭƻǇŜŘ ǘƻ ŎƻƳǇǊŜƘŜƴŘ ǘƘŜ 

ǘƘŜǊƳŀƭ ŘȅƴŀƳƛŎǎ ǿƛǘƘƛƴ ŀ осπƭŀȅŜǊ ōǳƭƪ ŘŜǇƻǎƛǘ ƻŦ I{{ aпΦ ¢Ƙƛǎ ƳƻŘŜƭΣ ǾŀƭƛŘŀǘŜŘ ŀƎŀƛƴǎǘ ƳŜŀǎǳǊŜŘ 

ǘƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ ŀƴŘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜǎΣ ǇǊŜǎŜƴǘǎ ƻǳǘ ǘƘŜ ōŀǎƛǎ ŦƻǊ ŀ ǎǘǳŘȅ ƛƴǘƻ ǘƘŜǊƳŀƭ ŜũŜŎǘǎ ƻƴ 

ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΦ 

tǊƻƎǊŜǎǎƛƴƎ ǘƻ /ƘŀǇǘŜǊ оΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ǘǊŀƴǎƛǝƻƴǎ ǘƻ ŀ о5 ǘƘŜǊƳƻƳŜŎƘŀƴƛŎŀƭ ƳƻŘŜƭΣ ŎƻƴŦǊƻƴǝƴƎ ǘƘŜ 

ŎƘŀƭƭŜƴƎŜǎ ǇƻǎŜŘ ōȅ ŘŜǾƛŀǝƻƴǎ ƛƴ ƳŜŀǎǳǊŜŘ ǘƘŜǊƳƻǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ŦǊƻƳ ǘƘƻǎŜ ǘǊŀŘƛǝƻƴŀƭƭȅ 

ǊŜǇƻǊǘŜŘ ŦƻǊ Ŏŀǎǘ ƻǊ ŦƻǊƎŜŘ ǎŀƳǇƭŜǎΦ ! ǎŜǊƛŜǎ ƻŦ ŎƻƳǇǊŜǎǎƛƻƴ ǘŜǎǘǎ ŀŎǊƻǎǎ ǾŀǊƛƻǳǎ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ 

ǎǘǊŀƛƴ ǊŀǘŜǎ ŦǳǊǘƘŜǊ ŜƴǊƛŎƘŜǎ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǎǘǊŜǎǎπǎǘǊŀƛƴ ōŜƘŀǾƛƻǊ ƻŦ aп I{{Σ ƭŀȅƛƴƎ ǘƘŜ 

ƎǊƻǳƴŘǿƻǊƪ ŦƻǊ ǎǳōǎŜǉǳŜƴǘ ŀƴŀƭȅǎŜǎΦ 

Lƴ /ƘŀǇǘŜǊ пΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ƻǇǝƳƛȊŀǝƻƴ ƻŦ ǘƘŜ 595 ǇǊƻŎŜǎǎΣ ǎǇŜŎƛŬŎŀƭƭȅ ǘƘǊƻǳƎƘ ǘƘŜ 

ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ŀ ǾŀǊƛŀōƭŜ ƭŀǎŜǊ ǇƻǿŜǊ ǎǘǊŀǘŜƎȅ ŀƛƳŜŘ ŀǘ ŀŎƘƛŜǾƛƴƎ ǳƴƛŦƻǊƳ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ ŀǘ 

ŘƛũŜǊŜƴǘ ŘŜǇƻǎƛǘ ŘŜǇǘƘǎΦ ¢ƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜΣ ǊŜƳŜƭǝƴƎ ŜǾŜƴǘǎΣ ŀƴŘ 

ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƛǎ ŜȄŀƳƛƴŜŘΣ ŜƳǇƭƻȅƛƴƎ ǘƘŜ bŜǿǘƻƴπwŀǇƘǎƻƴ ƛǘŜǊŀǝǾŜ ƳŜǘƘƻŘ ǘƻ ŬƴŜπǘǳƴŜ ǘƘŜ ƭŀǎŜǊ 

ǇƻǿŜǊ ŦǳƴŎǝƻƴ ŦƻǊ ƻǇǝƳŀƭ ƳŜƭǘ Ǉƻƻƭ ŘƛƳŜƴǎƛƻƴǎΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ƛǎ ǾŀƭƛŘŀǘŜŘ ōȅ ǊŜŀƭ ŜȄǇŜǊƛƳŜƴǘǎΣ 

ǿƘƛŎƘ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ƻōǘŀƛƴƛƴƎ ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƛƴ ǘƘŜ ǇǊƻǇŜǊǝŜǎ ƻŦ 

ƳŀǘŜǊƛŀƭǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŘŜǇǘƘ ƻŦ ǘƘŜ ǎŀƳǇƭŜΦ 

¢ƘŜ ǘƘŜǎƛǎ ŎƻƴŎƭǳŘŜǎ ǿƛǘƘ ŀƴ ŜǾŀƭǳŀǝƻƴ ƻŦ ǘƘŜ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ƻǇǝƳƛȊŜŘ ǎŀƳǇƭŜǎΣ 

ǳǝƭƛȊƛƴƎ ƳƛŎǊƻƘŀǊŘƴŜǎǎ ŀƴŘ ƴŀƴƻƛƴŘŜƴǘŀǝƻƴ ǘŜǎǘǎΦ ¢ƘŜǎŜ ŀǎǎŜǎǎƳŜƴǘǎ ǊŜǾŜŀƭ ǎƛƎƴƛŬŎŀƴǘ 

ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ƘƻƳƻƎŜƴŜƛǘȅΣ ŀǧǊƛōǳǘŀōƭŜ ǘƻ ǘƘŜ ǊŜŬƴŜŘ ǘƘŜǊƳŀƭ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ 

ƻǇǝƳƛȊŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ ŘŜǾŜƭƻǇŜŘ ǘƘǊƻǳƎƘ ǘƘƛǎ ǊŜǎŜŀǊŎƘΦ 

¢Ƙƛǎ ǿƻǊƪ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ 595 ǇǊƻŎŜǎǎ ŀƴŘ ƛǘǎ ƛƳǇŀŎǘ ƻƴ I{{ aпΦ Lǘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ŎǊƛǝŎŀƭ ǊƻƭŜ ƻŦ 

ŀŎŎǳǊŀǘŜ ǘƘŜǊƳŀƭ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ƳƻŘŜƭƛƴƎ ƛƴ ŀŘǾŀƴŎƛƴƎ !a ǘŜŎƘƴƻƭƻƎƛŜǎΦ ¢ƘŜ ƛƴǎƛƎƘǘǎ ŀƴŘ 

ƳŜǘƘƻŘƻƭƻƎƛŜǎ ŘŜǾŜƭƻǇŜŘ ƘŜǊŜ ƻũŜǊ ǎǳǇǇƻǊǘ ŦƻǊ ƻƴƎƻƛƴƎ ǿƻǊƪ ƛƴ ōƻǘƘ ǊŜǎŜŀǊŎƘ ǘŜŀƳǎΣ ǇǊƻǾƛŘƛƴƎ ŀ 

ŦƻǳƴŘŀǝƻƴ ŦƻǊ ŦǳǊǘƘŜǊ ŜȄǇƭƻǊŀǝƻƴ ŀƴŘ ƛƴƴƻǾŀǝƻƴ ƛƴ ƳŜǘŀƭ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ 
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Résumé 

/ŜǧŜ ǘƘŝǎŜ ŘŜ ŘƻŎǘƻǊŀǘ ŎƻƴƧƻƛƴǘŜ ŜƴǘǊŜ ƭŜǎ ŞǉǳƛǇŜǎ a{a  όaŞŎŀƴƛǉǳŜ ŘŜǎ {ƻƭƛŘŜǎ Ŝǘ aŀǘŞǊƛŀǳȄύ Ŝǘ 

aa{ ό{ŎƛŜƴŎŜǎ ŘŜǎ aŀǘŞǊƛŀǳȄ aŞǘŀƭƭƛǉǳŜύ ǇǊŞǎŜƴǘŜ ǳƴŜ ƛƴǾŜǎǝƎŀǝƻƴ ŀǇǇǊƻŦƻƴŘƛŜ Řǳ ǇǊƻŎŜǎǎǳǎ ŘŜ 

5ŞǇƾǘ Řϥ;ƴŜǊƎƛŜ 5ƛǊƛƎŞŜ ǎǳǊ ƭϥ!ŎƛŜǊ wŀǇƛŘŜ aпΦ " ǘǊŀǾŜǊǎ ǳƴ ƳŞƭŀƴƎŜ ŘŜ ƳƻŘŞƭƛǎŀǝƻƴǎ 

ŎƻƳǇǳǘŀǝƻƴƴŜƭƭŜǎ όa{aύ Ŝǘ ŘŜ ǘǊŀǾŀǳȄ ŜȄǇŞǊƛƳŜƴǘŀǳȄ όaa{ύΣ ŎŜǧŜ ǊŜŎƘŜǊŎƘŜ ŜȄǇƭƻǊŜ ƭŜǎ 

ƛƴǘŜǊǊŜƭŀǝƻƴǎ ŎƻƳǇƭŜȄŜǎ ŜƴǘǊŜ ƭŜǎ ǇŀǊŀƳŝǘǊŜǎ ŘŜΣ ƭϥƘƛǎǘƻƛǊŜ ǘƘŜǊƳƛǉǳŜΣ Ŝǘ ƭŜǎ ǇǊƻǇǊƛŞǘŞǎ 

ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭŜǎ Ŝǘ ƳŞŎŀƴƛǉǳŜǎ ǊŞǎǳƭǘŀƴǘŜǎ ŘŜ ƭϥI{{ aп ŦŀōǊƛǉǳŞ ǇŀǊ 595Φ /ŜǧŜ ŞǘǳŘŜ ŀ ŞǘŞ ǎƻǳǘŜƴǳŜ 

ǇŀǊ ƭŜ ǇǊƻƧŜǘ Cbw{ t5w [ŀǎŜǊŎƭŀŘŘƛƴƎ Ŝǘ ǳƴ ŬƴŀƴŎŜƳŜƴǘ ǎǳǇǇƭŞƳŜƴǘŀƛǊŜ ŘϥǳƴŜ ōƻǳǊǎŜ ŘŜ ƭŀ CŀŎǳƭǘŞ ŘŜ 

ƭϥ¦[ƛŝƎŜΣ Ŝƴ ŎƻƭƭŀōƻǊŀǝƻƴ ŀǾŜŎ {LwwL{Φ 

[ŀ ǘƘŝǎŜ ŎƻƳƳŜƴŎŜ ǇŀǊ ŞǘŀōƭƛǊ ǳƴŜ ŎƻƳǇǊŞƘŜƴǎƛƻƴ ŦƻƴŘŀƳŜƴǘŀƭŜ Řǳ ǇǊƻŎŜǎǎǳǎ 595Σ ŜȄǇƭƻǊŀƴǘ ǎŜǎ 

ŘŞŦŀǳǘǎ ǇƻǘŜƴǝŜƭǎΣ Ŝǘ ǎƻǳƭƛƎƴŀƴǘ ƭŀ ƴŞŎŜǎǎƛǘŞ Řϥǳƴ ƻǳǝƭ ŘŜ ƳƻŘŞƭƛǎŀǝƻƴ ŎŀǇŀōƭŜ ŘϥƻǇǝƳƛǎŜǊ ƭŜǎ 

ǇŀǊŀƳŝǘǊŜǎ ǇƻǳǊ ŀǧŞƴǳŜǊ ŎŜǎ ŘŞŦŀǳǘǎΦ [Ŝ /ƘŀǇƛǘǊŜ н ƛƴǘǊƻŘǳƛǘ ǳƴ ƳƻŘŝƭŜ ǘƘŜǊƳƛǉǳŜ н5Σ ŘŞǾŜƭƻǇǇŞ 

ǇƻǳǊ ŎƻƳǇǊŜƴŘǊŜ ƭŀ ŘȅƴŀƳƛǉǳŜ ǘƘŜǊƳƛǉǳŜ ŀǳ ǎŜƛƴ Řϥǳƴ ŘŞǇƾǘ Ŝƴ ōƭƻŎ ŘŜ ос ŎƻǳŎƘŜǎ ŘϥI{{ aпΦ /Ŝ 

ƳƻŘŝƭŜΣ ǾŀƭƛŘŞ ŎƻƴǘǊŜ ŘŜǎ ƘƛǎǘƻǊƛǉǳŜǎ ǘƘŜǊƳƛǉǳŜǎ ƳŜǎǳǊŞŜǎ Ŝǘ ŘŜǎ ǘŀƛƭƭŜǎ ŘŜ ōŀǎǎƛƴ ŘŜ ŦǳǎƛƻƴΣ ǇǊŞǎŜƴǘŜ 

ƭŜǎ ōŀǎŜǎ ǇƻǳǊ ǳƴŜ ŞǘǳŘŜ ŘŜǎ ŜũŜǘǎ ǘƘŜǊƳƛǉǳŜǎ ǎǳǊ ƭŀ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΦ 

tǊƻƎǊŜǎǎŀƴǘ ǾŜǊǎ ƭŜ /ƘŀǇƛǘǊŜ оΣ ƭŀ ǊŜŎƘŜǊŎƘŜ ǇŀǎǎŜ Ł ǳƴ ƳƻŘŝƭŜ ǘƘŜǊƳƻƳŞŎŀƴƛǉǳŜ о5Σ ŎƻƴŦǊƻƴǘŀƴǘ ƭŜǎ 
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ŀƴŘ ŘƛŘ ƳŜǘŀƭƭǳǊƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ŀƴŘ ǿŜŀǊ ǘŜǎǘǎ ƻƴ ǘƘŜ ǎǘǳŘƛŜŘ ƳŀǘŜǊƛŀƭǎ όaп ŀƴŘ 

пн/ǊaƻпύΦ {ƘŜ ŀƭǎƻ ǿƻǊƪŜŘ ƻƴ ǎƛƳǳƭŀǝƻƴǎ ōǳǘ ǘƘƛǎ ǘŀǎƪ ǿŀǎ ƴƻǘ ǘƘŜ Ƴŀƛƴ ŦƻŎǳǎ ƻŦ ƘŜǊ 

ǊŜǎŜŀǊŎƘΦ 

²ƛǘƘƛƴ ǘƘŜ ŎǳǊǊŜƴǘ tƘΦ5Φ ŀƴŘ t5w ǇǊƻƧŜŎǘΣ 5ǊΦ WŞǊƾƳŜ ¢ŎƘǳƛƴŘƧŀƴƎ ǇŜǊŦƻǊƳŜŘ ǉǳŜƴŎƘƛƴƎ 

ŘƛƭŀǘƻƳŜǘǊȅ ǘŜǎǘǎ ŀƴŘ ǇǊƻǾƛŘŜŘ ƘŜƭǇ ŦƻǊ ŀƭƭ ǘƘŜ ƳŜǘŀƭƭǳǊƎƛŎŀƭ ǊŜǎǳƭǘ ŀƴŀƭȅǎŜǎΦ CƛƴŀƭƭȅΣ hƭƛǾƛŜǊ 

5ŜŘǊȅ ŘƛŘ ǘƘŜ ƴŀƴƻƛƴŘŜƴǘŀǝƻƴ ǘŜǎǘǎΣ ƻǇǝŎŀƭ ƳƛŎǊƻǎŎƻǇȅΣ ŀƴŘ ǎŎŀƴƴƛƴƎ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ 

ŀƴŀƭȅǎƛǎ ŀǎ ǿŜƭƭ ŀǎ ŘƛƭŀǘƻƳŜǘǊȅ ǘŜǎǘǎΦ 

bƻǘŜ ŀƭǎƻ ǘƘŀǘ ƛƴ ŀŘŘƛǝƻƴ ǘƻ Ƴȅ tƘΦ5Φ ŀŘǾƛǎƻǊǎΣ ±ƝŎǘƻǊ ¢ǳƴƛƴŜǩ ŦǊƻƳ ¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ ƭŀ 

CǊƻƴǘŜǊŀ ŀǎǎƛǎǘŜŘ ǿƛǘƘ ǘƘŜ ǊŜŘŀŎǝƴƎ ŀƴŘ ǊŜǾƛŜǿƛƴƎ ƻŦ ǘƘŜ ƭŀǎǘ ǘǿƻ ŀǊǝŎƭŜǎ όǎŜŜ ŎƻƴǘǊƛōǳǝƻƴ 

ŀǊǝŎƭŜǎ н ŀƴŘ о ƘŜǊŜŀƊŜǊύΦ  

¢ƘŜ tƘΦ5Φ ƻōƧŜŎǝǾŜ ǿŀǎ ǘƻ ŜǎǘŀōƭƛǎƘ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƴǳƳŜǊƛŎŀƭ ƳƻŘŜƭ ǿƛǘƘ ǘƘŜ ŬƴƛǘŜ 

ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎ όC9!ύ ǎƻƊǿŀǊŜ [!D!aLb9Σ ŎŀǇŀōƭŜ ƻŦ ŀŎŎǳǊŀǘŜƭȅ ǇǊŜŘƛŎǝƴƎ ǘƘŜǊƳŀƭ ŬŜƭŘǎ 

ŀŎŎƻǊŘƛƴƎ ǘƻ ŜȄǇŜǊƛƳŜƴǘŀƭ ǾŀƭƛŘŀǝƻƴΣ ǿƛǘƘ ŀ ǎǇŜŎƛŬŎ ŦƻŎǳǎ ƻƴ ǘƘŜ ŜǎǝƳŀǝƻƴ ƻŦ ǘƘŜ 

ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎŜǎ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ ƭŀǎŜǊ ŘƛǊŜŎǘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ 

ǇǊƻŎŜǎǎ ό595ύΦ  

¢ƻ ŀŎƘƛŜǾŜ ǘƘƛǎ ǇǊƻƧŜŎǘΣ ŎŜǊǘŀƛƴ ŀŘŀǇǘŀǝƻƴǎ ƘŀŘ ǘƻ ōŜ ƳŀŘŜ ǘƻ ǘƘŜ [!D!aLb9 ŎƻŘŜ ǘƻ ŀŘŘǊŜǎǎ 

ǘƘŜ ǳƴƛǉǳŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ !aΣ ǎǳŎƘ ŀǎ ƛƳǇƭŜƳŜƴǝƴƎ ŀƴ ŜƭŜƳŜƴǘ ōƛǊǘƘ ǘŜŎƘƴƛǉǳŜ όŘƻƴŜ ƛƴ 

ƛƴǘŜǊŀŎǝƻƴ ǿƛǘƘ ¢Ǌŀƴ IƻŀƴƎ {ƻƴΣ ŀ tƻǎǘ 5ƻŎ ǊŜǎŜŀǊŎƘŜǊ ƻŦ ǘƘŜ a{a ǘŜŀƳύ ŀƴŘ ƛƳǇǊƻǾƛƴƎ 

{ǿƛǘŎƘ Řŀǘŀ ƎŜƴŜǊŀǝƻƴ ǘƻ ƳƻŘŜƭ ǘƘŜ ōƻǳƴŘŀǊȅ ŎƻƴŘƛǝƻƴǎ ƛƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜ ƳƻŘŜƭ ƻŦ ƳŀǘŜǊƛŀƭ 

ŘŜǇƻǎƛǝƻƴΦ LƴǘŜƎǊŀǝƴƎ ŀƴ ƻǇǝƳƛȊŀǝƻƴ ƭƻƻǇ ǘƻ ŎŀƭŎǳƭŀǘŜ ŀ ǾŀǊƛŀōƭŜ ƭŀǎŜǊ ǇƻǿŜǊ ƛƴǇǳǘ ǘƻ ŜƴǎǳǊŜ 

ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ ŀ ƳŜƭǘ Ǉƻƻƭ ƻŦ Ŏƻƴǎǘŀƴǘ ǎƛȊŜ ǿŀǎ ƻƴŜ ǘŀǎƪ ƘŀƴŘƭŜŘ ŀǳǘƻƴƻƳƻǳǎƭȅΦ  



н 

 

aŀƴȅ ŎƻƭƭŀōƻǊŀǝƻƴǎ ǿŜǊŜ ƛƴǾƻƭǾŜŘ ŘǳǊƛƴƎ ǘƘŜ ǊŜǎŜŀǊŎƘ ŀƴŘ ǘƘŜ ŎƻƻǊŘƛƴŀǝƻƴ ƻŦ ŀƭƭ ǘƘŜ ŜƴǝǝŜǎ 

ǿŀǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǘŀǎƪ ǿƛǘƘƛƴ ǘƘŜ tƘΦ5ΦΣ ȅƛŜƭŘƛƴƎ ƛƴǘŜǊŜǎǝƴƎ ǊŜǎǳƭǘǎ ŀǎ ŎƻƴŬǊƳŜŘ ōȅ ǘƘŜ 

ŦƻƭƭƻǿƛƴƎ ƭƛǎǘ ƻŦ ŎƻƴǘǊƛōǳǝƻƴǎΦ 

/ƻƴǘǊƛōǳǝƻƴǎ 
 

CǊƻƳ ǘƘŜ ŎǳǊǊŜƴǘ ǿƻǊƪΣ ǘƘŜǊŜ ǿŜǊŜ о ŀǊǝŎƭŜǎ ŦƻŎǳǎŜŘ ƻƴ aп ŀƴŘ 595 ǇǳōƭƛǎƘŜŘ ŀǎ ŬǊǎǘ ŀǳǘƘƻǊΣ 

ŎŀƭƭŜŘ ƘŜǊŜŀƊŜǊ ŀǊǝŎƭŜ мΣ н ŀƴŘ оΥ 

мύ wΦ ¢Φ WŀǊŘƛƴΣ WΦ ¢ŎƘƻǳŦŀƴƎ ¢ŎƘǳƛƴŘƧŀƴƎΣ [Φ 5ǳŎƘşƴŜΣ IΦπ{Φ ¢ǊŀƴΣ bΦ IŀǎƘŜƳƛΣ wΦ /ŀǊǊǳǎΣ !Φ 

aŜǊǘŜƴǎΣ !Φ aΦ IŀōǊŀƪŜƴΣ ¢ƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ ŀƴŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ ƛƴ 5ƛǊŜŎǘ 9ƴŜǊƎȅ 

5ŜǇƻǎƛǝƻƴ ƻŦ ŀ IƛƎƘ {ǇŜŜŘ {ǘŜŜƭ ǘƘƛŎƪ ŘŜǇƻǎƛǘΣ aŀǘŜǊƛŀƭǎ [ŜǧŜǊǎΣ ±ƻƭǳƳŜ носΣ нлмфΣ 

tŀƎŜǎ пнπпрΣ L{{b лмстπртт·Σ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƳŀǘƭŜǘΦнлмуΦлфΦмртΦ 

нύ wΦ ¢Φ WŀǊŘƛƴΣ ±Φ ¢ǳƴƛƴŜǩΣ WΦ ¢Φ ¢ŎƘǳƛƴŘƧŀƴƎΣ bΦ IŀǎƘŜƳƛΣ wΦ /ŀǊǊǳǎΣ !Φ aŜǊǘŜƴǎΣ [Φ 

5ǳŎƘşƴŜΣ IΦ {Φ ¢ǊŀƴΣ !Φ aΦ IŀōǊŀƪŜƴΦ {ŜƴǎƛǝǾƛǘȅ !ƴŀƭȅǎƛǎ ƛƴ ǘƘŜ aƻŘŜƭƭƛƴƎ ƻŦ ŀ IƛƎƘ 

{ǇŜŜŘ {ǘŜŜƭ ¢Ƙƛƴπ²ŀƭƭ tǊƻŘǳŎŜŘ ōȅ 5ƛǊŜŎǘŜŘ 9ƴŜǊƎȅ 5ŜǇƻǎƛǝƻƴΦ aŜǘŀƭǎ нлнлΣ млΣ мррпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦоофлκƳŜǘмлмммррпΦ 

оύ wΦ ¢Φ WŀǊŘƛƴΣ ±Φ ¢ǳƴƛƴŜǩΣ WΦ ¢ŎƘƻǳŦŀƴƎ ¢ŎƘǳƛƴŘƧŀƴƎΣ [Φ 5ǳŎƘşƴŜΣ bΦ IŀǎƘŜƳƛΣ IΦ {Φ ¢ǊŀƴΣ 

wΦ /ŀǊǊǳǎΣ !Φ aŜǊǘŜƴǎΣ !Φ aΦ IŀōǊŀƪŜƴΣ hǇǝƳƛȊƛƴƎ ƭŀǎŜǊ ǇƻǿŜǊ ƻŦ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ 

ŘŜǇƻǎƛǝƻƴ ǇǊƻŎŜǎǎ ŦƻǊ ƘƻƳƻƎŜƴŜƻǳǎ !L{L aп ǎǘŜŜƭ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΣ  

hǇǝŎǎ ϧ [ŀǎŜǊ ¢ŜŎƘƴƻƭƻƎȅΣ ±ƻƭǳƳŜ мсоΣ нлноΣ млфпнсΣ L{{b ллолπоффнΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƻǇǘƭŀǎǘŜŎΦнлноΦмлфпнсΦ 

!ƴŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƻƴŜǎ ŘŜŀƭƛƴƎ ǿƛǘƘ ƻǘƘŜǊ ƳŀǘŜǊƛŀƭǎ ŀǎ ŎƻπŀǳǘƘƻǊΥ 

ŀύ IΦπ{Φ ¢ǊŀƴΣ WΦ¢Φ ¢ŎƘǳƛƴŘƧŀƴƎΣ IΦ tŀȅŘŀǎΣ !Φ aŜǊǘŜƴǎΣ wΦ ¢Φ WŀǊŘƛƴΣ [Φ 5ǳŎƘşƴŜΣ wΦ /ŀǊǊǳǎΣ WΦ 

[ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ !Φ aΦ IŀōǊŀƪŜƴΣ о5 ǘƘŜǊƳŀƭ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎ  

ƻŦ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎ ǇǊƻŎŜǎǎŜŘ ¢ƛπс!ƭπп± ǇŀǊǘ ǿƛǘƘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŎƻǊǊŜƭŀǝƻƴǎΣ 

 aŀǘŜǊƛŀƭǎ ϧ 5ŜǎƛƎƴΣ ±ƻƭǳƳŜ мнуΣ нлмтΣ tŀƎŜǎ молπмпнΣ L{{b лнспπмнтрΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƳŀǘŘŜǎΦнлмтΦлпΦлфнΦ 

 

ōύ {Φ CŜǘƴƛΣ ¢Φ aŀǳǊƛȊƛ 9ƴǊƛŎƛΣ ¢Φ bƛŎŎƻƭƛƴƛΣ {Φ IΦ ¢ǊŀƴΣ hΦ 5ŜŘǊȅΣ wΦ ¢Φ WŀǊŘƛƴΣ [Φ 5ǳŎƘşƴŜΣ !Φ 

aŜǊǘŜƴǎΣ !Φ aΦ IŀōǊŀƪŜƴΣ н5 ǘƘŜǊƳŀƭ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎ ƻŦ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎ ƻŦ омс[Ҍ²/ 

/ƻƳǇƻǎƛǘŜ ŎƻŀǝƴƎǎΣ tǊƻŎŜŘƛŀ aŀƴǳŦŀŎǘǳǊƛƴƎΣ ±ƻƭǳƳŜ рлΣ нлнлΣ tŀƎŜǎ усπфнΣ L{{b нормπ

фтуфΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǇǊƻƳŦƎΦнлнлΦлуΦлмсΦ 

bǳƳŜǊƻǳǎ ŎƻƴŦŜǊŜƴŎŜǎ ƘŀǾŜ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŜ Ŏƻƴǝƴǳƻǳǎ ǇǊƻƎǊŜǎǎ ƻŦ ǘƘŜ ǿƻǊƪ ŀƴŘ ǘƘŜ 

ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇŜŘ ƴǳƳŜǊƛŎŀƭ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ǿƛǘƘƛƴ a{a ǘŜŀƳ ƻƴ ŘƛũŜǊŜƴǘ 

ƳŀǘŜǊƛŀƭǎ ǎǳŎƘ ŀǎ ¢ƛс!ƭп±Σ !ƭ{ƛмлaƎΣ !L{L aп ƳŀǘŜǊƛŀƭǎΥ  

IŀǎƘŜƳƛΣ {Φ bΦΣ DƛƭƭŜǎΣ DΦΣ WŀǊŘƛƴΣ wΦ ¢ΦΣ ¢ǊŀƴΣ IΦ {ΦΣ aŜǊǘŜƴǎΣ !ΦΣ /ŀǊǊǳǎΣ wΦΣ [ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ 
WΦΣ ϧ IŀōǊŀƪŜƴΣ !Φ όно hŎǘƻōŜǊ нлмрύΦ н5 ¢ƘŜǊƳŀƭ ƳƻŘŜƭ ƻŦ ǇƻǿŘŜǊ ƛƴƧŜŎǝƻƴ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎ ƻŦ 
ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭǎ όI{{ύΦ tŀǇŜǊ ǇǊŜǎŜƴǘŜŘ ŀǘ 9ǳǊƻǇŜŀƴ aŜŎƘŀƴƛŎǎ {ƻŎƛŜǘȅ ό9¦wha9/IύΦ 
ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκмфстот 
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о 

 

¢ǊŀƴΣ IΦ {ΦΣ .ǊǳǎǘŜƴΣ wΦΣ tŀȅŘŀǎΣ IΦΣ 5ǳŎƘŜƴŜΣ [ΦΣ WŀǊŘƛƴΣ wΦ ¢ΦΣ [ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦΣ ϧ IŀōǊŀƪŜƴΣ 
!Φ όнл aŀȅ нлмсύΦ оπ5 ŬƴƛǘŜ ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎ ƻŦ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎ ǇǊƻŎŜǎǎΦ !ǇǇƭƛŎŀǝƻƴ ǘƻ ¢ƛπс!ƭπ
п±Φ tŀǇŜǊ ǇǊŜǎŜƴǘŜŘ ŀǘ LƴǘŜǊƴŀǝƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ /ƻƳǇǳǘŀǝƻƴŀƭ aŜǘƘƻŘǎ ƛƴ 
aŀƴǳŦŀŎǘǳǊƛƴƎ tǊƻŎŜǎǎŜǎ όL/hatΩнлмсύΣ [ƛŜƎŜΣ .ŜƭƎƛǳƳΦ ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκнллофс 
 
WŀǊŘƛƴΣ wΦ ¢ΦΣ ¢ǊŀƴΣ IΦ {ΦΣ IŀǎƘŜƳƛΣ {Φ bΦΣ [ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦΣ /ŀǊǊǳǎΣ wΦΣ ϧ IŀōǊŀƪŜƴΣ !Φ όлр 
Wǳƭȅ нлмсύΦ ! н5 ŀƴŘ о5 ǘƘŜǊƳŀƭ ƳƻŘŜƭ ƻŦ ǇƻǿŘŜǊ ƛƴƧŜŎǝƻƴ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎΦ tŀǇŜǊ ǇǊŜǎŜƴǘŜŘ ŀǘ 
b¦aLChwaΣ ¢ǊƻȅŜǎΣ CǊŀƴŎŜΦ ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκнмпсуп  
 
WŀǊŘƛƴΣ wΦ ¢ΦΣ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ ¢ΦΣ tŀȅŘŀǎΣ IΦΣ /ŀǊǊǳǎΣ wΦΣ aŜǊǘŜƴǎΣ !ΦΣ [ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦΣ 
IŀōǊŀƪŜƴΣ !ΦΣ ϧ ¢ǊŀƴΣ IΦ {Φ όну WǳƴŜ нлмтύΦ ¢ƘŜǊƳŀƭ ƘƛǎǘƻǊȅ ƳƻŘŜƭƛƴƎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ 
ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ ƻōǎŜǊǾŜŘ ƛƴ ǊŜǇŀƛǊ ǘŜŎƘƴƻƭƻƎȅ ƻŦ ¢ƛπс!ƭπп±Φ tŀǇŜǊ ǇǊŜǎŜƴǘŜŘ ŀǘ ²ƻǊƪǎƘƻǇ ƻƴ 
ƳŜǘŀƭ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ [ƻǳǾŀƛƴπƭŀπbŜǳǾŜΣ .ŜƭƎƛǳƳΦ 
ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκнмоопс 
 
¢ǊŀƴΣ IΦ {ΦΣ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ ¢ΦΣ IŀƪŀƴΣ tΦΣ WŀǊŘƛƴΣ wΦ ¢ΦΣ /ŀǊǊǳǎΣ wΦΣ [ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦΣ ϧ 

IŀōǊŀƪŜƴΣ !Φ όнлмтύΦ ¢ƘŜǊƳŀƭ ƘƛǎǘƻǊȅ ƳƻŘŜƭƛƴƎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ ƻōǎŜǊǾŜŘ ƛƴ 
ǊŜǇŀƛǊ ǘŜŎƘƴƻƭƻƎȅ ƻŦ ¢ƛπс!ƭπп±Φ Lƴ 9ȄǘŜƴŘŜŘ !ōǎǘǊŀŎǘ ōƻƻƪ ƻŦ мпǘƘ /ƻƴŦΦ ƻƴ /ƻƳǇǳǘŜǊ aŜǘƘƻŘǎ 
ƛƴ aŀǘŜǊƛŀƭǎ ¢ŜŎƘƴƻƭƻƎȅ YƻƳtƭŀǎ¢ŜŎƘ нлмтΦ ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκнлсунн  
 
aŜǊǘŜƴǎΣ !ΦΣ IŀǎƘŜƳƛΣ {Φ bΦΣ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ ¢ΦΣ 5ŜŘǊȅΣ hΦΣ aƻƴǘǊƛŜǳȄΣ IΦπaΦΣ WŀǊŘƛƴΣ wΦ ¢ΦΣ ¢ǊŀƴΣ 
IΦ {ΦΣ /ŀǊǊǳǎΣ wΦΣ ϧ IŀōǊŀƪŜƴΣ !Φ όлп WŀƴǳŀǊȅ нлмуύΦ [ŀǎŜǊ /ƭŀŘ IƛƎƘ {ǇŜŜŘ {ǘŜŜƭ ǘƘƛŎƪ ŘŜǇƻǎƛǘǎΥ 
/ƻǊǊŜƭŀǝƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ ƭƻŎŀƭ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅΣ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎΣ ŀƴŘ ǘƘŜ ǿŜŀǊ 
ƳŜŎƘŀƴƛǎƳǎΦ tŀǇŜǊ ǇǊŜǎŜƴǘŜŘ ŀǘ LƴǘŜǊƴŀǝƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ tƭŀǎǝŎƛǘȅΣ 5ŀƳŀƎŜ ŀƴŘ CǊŀŎǘǳǊŜ 
нлмуΣ {ŀƴ WǳŀƴΣ tǳŜǊǘƻ wƛŎƻΦ ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκнмттпу 
 
aŜǊǘŜƴǎΣ !ΦΣ IŀǎƘŜƳƛΣ {Φ bΦΣ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ ¢ΦΣ 5ŜŘǊȅΣ hΦΣ aƻƴǘǊƛŜǳȄΣ IΦπaΦΣ WŀǊŘƛƴΣ wΦ ¢ΦΣ ¢ǊŀƴΣ 
IΦ {ΦΣ /ŀǊǊǳǎΣ wΦΣ ϧ IŀōǊŀƪŜƴΣ !Φ όну aŀǊŎƘ нлмуύΦ LƴƅǳŜƴŎŜ ƻŦ ǘƘŜ ƭƻŎŀƭ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅ ŀƴŘ 
ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻƴ ǘƘŜ ǿŜŀǊ ōŜƘŀǾƛƻǊ ƻŦ ƭŀǎŜǊ ŎƭŀŘ ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭ ǘƘƛŎƪ ŎƻŀǝƴƎǎΦ tŀǇŜǊ 
ǇǊŜǎŜƴǘŜŘ ŀǘ мсǘƘ 9ǳǊƻǇŜŀƴ aŜŎƘŀƴƛŎǎ ƻŦ aŀǘŜǊƛŀƭǎ /ƻƴŦŜǊŜƴŎŜΣ bŀƴǘŜǎΣ CǊŀƴŎŜΦ 
ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκннмтму 

 
¢ǊŀƴΣ IΦ {ΦΣ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ ¢ΦΣ tŀȅŘŀǎΣ IΦΣ WŀǊŘƛƴΣ wΦ ¢ΦΣ /ŀǊǊǳǎΣ wΦΣ aŜǊǘŜƴǎΣ !ΦΣ ϧ IŀōǊŀƪŜƴΣ !Φ 
όну aŀǊŎƘ нлмуύΦ tǊŜŘƛŎǘŜŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƛƴ ǊŜǇŀƛǊ ǘŜŎƘƴƻƭƻƎȅ ƻŦ ¢ƛπс!ƭπп±Φ tŀǇŜǊ ǇǊŜǎŜƴǘŜŘ 
ŀǘ мсǘƘ ŜŘƛǝƻƴ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ aŜŎƘŀƴƛŎǎ ƻŦ aŀǘŜǊƛŀƭ /ƻƴŦŜǊŜƴŎŜΣ bŀƴǘŜǎΣ CǊŀƴŎŜΦ 
ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκннолтп 

 
WŀǊŘƛƴΣ wΦ ¢ΦΣ ¢ǊŀƴΣ IΦ {ΦΣ IŀǎƘŜƳƛΣ {Φ bΦΣ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ ¢ΦΣ /ŀǊǊǳǎΣ wΦΣ 5ǳŎƘŜƴŜΣ [ΦΣ aŜǊǘŜƴǎΣ 
!ΦΣ ϧ IŀōǊŀƪŜƴΣ !Φ όнр !ǇǊƛƭ нлмуύΦ н5 C9 {ƛƳǳƭŀǝƻƴǎ ƻŦ IƛƎƘ {ǇŜŜŘ {ǘŜŜƭ [ŀǎŜǊ /ƭŀŘŘƛƴƎ 
tǊƻŎŜǎǎΦ tŀǇŜǊ ǇǊŜǎŜƴǘŜŘ ŀǘ 9{!ChwaΣ tŀƭŜǊƳƻΣ LǘŀƭȅΦ ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκннсртт 
 
WŀǊŘƛƴΣ wΦ ¢ΦΣ IŀǎƘŜƳƛΣ {Φ bΦΣ ¢ǊŀƴΣ IΦ {ΦΣ aŜǊǘŜƴǎΣ !ΦΣ ϧ IŀōǊŀƪŜƴΣ !Φ όну aŀȅ нлмуύΦ {ŜƴǎƛǝǾƛǘȅ 
ŀƴŀƭȅǎƛǎ ƻŦ ƳŜƭǘ Ǉƻƻƭ π CƛƴƛǘŜ 9ƭŜƳŜƴǘ ǇǊŜŘƛŎǝƻƴ ƛƴ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎ ǇǊƻŎŜǎǎ ƻŦ I{{ ƳŀǘŜǊƛŀƭΦ 

tŀǇŜǊ ǇǊŜǎŜƴǘŜŘ ŀǘ оǊŘ ²ƻǊƪǎƘƻǇ ƻƴ aŜǘŀƭ !aΣ [ƛŝƎŜΣ .ŜƭƎƛǳƳΦ 
ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκннснст  
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WŀǊŘƛƴΣ wΦ ¢ΦΣ ¢ǊŀƴΣ IΦ {ΦΣ IŀǎƘŜƳƛΣ {Φ bΦΣ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ ¢ΦΣ /ŀǊǊǳǎΣ wΦΣ aŜǊǘŜƴǎΣ !ΦΣ ϧ IŀōǊŀƪŜƴΣ 

!Φ όмн Wǳƭȅ нлмуύΦ aƻŘŜƭƛƴƎ ǘƘŜ [ŀǎŜǊ /ƭŀŘŘƛƴƎ tǊƻŎŜǎǎ ƻŦ aп IƛƎƘ {ǇŜŜŘ {ǘŜŜƭΦ tŀǇŜǊ 

ǇǊŜǎŜƴǘŜŘ ŀǘ LƴǘŜǊƴŀǝƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ twh/9{{LbD ϧ a!b¦C!/¢¦wLbD hC !5±!b/95 

a!¢9wL![{ tǊƻŎŜǎǎƛƴƎΣ CŀōǊƛŎŀǝƻƴΣ tǊƻǇŜǊǝŜǎΣ !ǇǇƭƛŎŀǝƻƴǎΣ tŀǊƛǎΣ CǊŀƴŎŜΦ 

ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκннссрн  

WŀǊŘƛƴΣ wΦ ¢ΦΣ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ ¢ΦΣ 5ǳŎƘŜƴŜΣ [ΦΣ /ŀǊǊǳǎΣ wΦΣ tŜǎŎƛΣ wΦΣ aŜǊǘŜƴǎΣ !ΦΣ IŀōǊŀƪŜƴΣ !ΦΣ ϧ 
¢ǊŀƴΣ IΦ {Φ όнт aŀȅ нлмфύΦ ¢ƘŜǊƳƻπaŜŎƘŀƴƛŎŀƭ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎ ǎƛƳǳƭŀǝƻƴǎ ƻŦ aп IƛƎƘ {ǇŜŜŘ 

{ǘŜŜƭΦ tŀǇŜǊ ǇǊŜǎŜƴǘŜŘ ŀǘ пǘƘ ǿƻǊƪǎƘƻǇ ƻŦ aŜǘŀƭ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎΣ [ŜǳǾŜƴΣ .ŜƭƎƛǳƳΦ 
ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκнотсот 

 
WŀǊŘƛƴΣ wΦ ¢ΦΣ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ ¢ΦΣ 5ǳŎƘŜƴŜΣ [ΦΣ /ŀǊǊǳǎΣ wΦΣ aŜǊǘŜƴǎΣ !ΦΣ IŀōǊŀƪŜƴΣ !ΦΣ ϧ ¢ǊŀƴΣ IΦ 
{Φ όнлмфύΦ bǳƳŜǊƛŎŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜǊƳŀƭ ǎǘǊŜǎǎ ƛƴ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ƻŦ aп IƛƎƘ {ǇŜŜŘ 
{ǘŜŜƭΦ Lƴ ¸Φ YƻǊƪƻƭƛǎΣ .Φ YƛƴǎŜȅΣ aΦ YƴŜȊŜǾƛŎΣ ΦΦΦ tŀŘƘȅŜΣ tǊƻŎŜŜŘƛƴƎǎ ƻŦ b¦aLChwa нлмфΥ ¢ƘŜ 
моǘƘ LƴǘŜǊƴŀǝƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ bǳƳŜǊƛŎŀƭ aŜǘƘƻŘǎ ƛƴ LƴŘǳǎǘǊƛŀƭ CƻǊƳƛƴƎ tǊƻŎŜǎǎŜǎΦ 

ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκноуофт 
 

IŀōǊŀƪŜƴΣ !ΦΣ aŜǊǘŜƴǎΣ !ΦΣ 5ǳŎƘŜƴŜΣ [ΦΣ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ ¢ΦΣ ¢ǊŀƴΣ IΦ {ΦΣ WŀǊŘƛƴΣ wΦ ¢ΦΣ 5ŜƭŀƘŀȅŜΣ 
WΦΣ 5ŜŘǊȅΣ hΦΣ tŀȅŘŀǎΣ IΦΣ ϧ /ŀǊǊǳǎΣ wΦ όлс 5ŜŎŜƳōŜǊ нлмфύΦ aƛŎǊƻǎǘǊǳŎǘǳǊŜ ǇǊŜŘƛŎǝƻƴ ƛƴ 
ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ό¢!с±Σ !ƭ{ƛмлaƎΣ !L{L aп ƳŀǘŜǊƛŀƭǎύΦ tŀǇŜǊ ǇǊŜǎŜƴǘŜŘ ŀǘ {ŞƳƛƴŀƛǊŜ 

ƳŜƴǎǳŜƭ LƴǘŜƎǊŀǝǾŜ {ȅǎǘŜƳǎҌ5ŜǎƛƎƴ 5ƛǾƛǎƛƻƴΣ !ƴƴ !ǊōƻǊΣ ¦ƴƛǘŜŘ {ǘŀǘŜǎ π aƛŎƘƛƎŀƴΦ 
ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκнпофрн 

 
¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ ¢ΦΣ 5ŜŘǊȅΣ hΦΣ tŀȅŘŀǎΣ IΦΣ WŀǊŘƛƴΣ wΦ ¢ΦΣ /ŀǊǊǳǎΣ wΦΣ IŀōǊŀƪŜƴΣ !ΦΣ ϧ aŜǊǘŜƴǎΣ !Φ 

όнлнмύΦ aƛŎǊƻƳŜŎƘŀƴƛŎŀƭ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ǘƘŜǊƳƻǇƘȅǎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ I{{ aп ŘŜǇƻǎƛǘǎ 
ǇǊƻŎŜǎǎŜŘ ōȅ [ŀǎŜǊaŜǘŀƭ 5ŜǇƻǎƛǝƻƴΣ π ŀ ǇǊŜǊŜǉǳƛǎƛǘŜ ǘƻ ǘƘŜ ǾŀƭƛŘŀǝƻƴ ƻŦ ŀ ǘƘŜǊƳƻƳŜŎƘŀƴƛŎŀƭ 
ƳƻŘŜƭΦ tŀǇŜǊ ǇǊŜǎŜƴǘŜŘ ŀǘ ¢ƘŜǊƳŜŎ нлнм ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκнсмупм 

 
Please note that the ongoing PhD of T.Q.D. Pham and C. Gallo developing the coupling of 

Finite Element approaches with other models such as Deep Learning and Proper orthogonal 

decomposition are still partly relying on some M4 experiments performed during this initial 

Cbw{ t5w tǊƻƧŜŎǘ [ŀǎŜǊŎƭŀŘŘƛƴƎ όнлмрπнлмфύ.  

tƘΦ5Φ ¢ƘŜǎƛǎ ŎƻƴǘŜƴǘ 
 

¢ƘŜ ƛƴƛǝŀƭ ǎŜŎǝƻƴ ƻŦ ǘƘƛǎ ŘƻŎǘƻǊŀƭ ǘƘŜǎƛǎ ό/ƘŀǇǘŜǊ мύ ǇǊƻǾƛŘŜǎ ŀƴ ƛƴǘǊƻŘǳŎǝƻƴ ǘƻ 595 ŀƴŘ ǘƘŜ 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ C9! ƳƻŘŜƭǎ ǎǇŜŎƛŬŎŀƭƭȅ ǘŀƛƭƻǊŜŘ ŦƻǊ 595 ǇǊƻŎŜǎǎŜǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ ƛǘ ŘŜƭǾŜǎ ƛƴǘƻ 

ǘƘŜ ǳƴƛǉǳŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ŀƴŘ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ aп ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭ όI{{ύΦ ¢ƘŜ ƴŜȄǘ ǎŜŎǝƻƴ 

ŜƴŎƻƳǇŀǎǎŜǎ ǘƘŜ ŀǊǝŎƭŜǎ ƎŜƴŜǊŀǘŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘƛǎ tƘ5 ǘƘŜǎƛǎΦ ¢ƘŜȅ ƛƴǾŜǎǝƎŀǘŜ ǾŀǊƛƻǳǎ ŀǎǇŜŎǘǎ 

ǊŜƭŀǘŜŘ ǘƻ 595 ŀƴŘ C9! ƳƻŘŜƭƛƴƎΦ 

This doctoral thesis is structured into different chapters, each aimed at equipping the reader 

with the necessary knowledge and skills to comprehend the methodology for developing an 

FEA model capable of accurately calculating thermal fields. The thermal fields serve as the 

foundation for predicting microstructure (article 1 ς Chapter 2) and residual stresses (article 

2 - Chapter 3). Additionally, a novel method is introduced for generating a variable laser 
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power function, enabling the production of constant-height melt pool for each layer using 

DED (article 3 ς Chapter 4). The effectiveness of this FE approach has been validated through 

experimental investigations. 

CƛƴŀƭƭȅΣ ǘƘŜ ŎƻƴŎƭǳŘƛƴƎ /ƘŀǇǘŜǊ р ǎǳƳƳŀǊƛȊŜǎ ǘƘŜ ŬƴŘƛƴƎǎΣ ƻũŜǊǎ ŎƻƴŎƭǳǎƛƻƴǎΣ ŀƴŘ ǇǊŜǎŜƴǘǎ 

ǇǊƻǎǇŜŎǘǎ ŦƻǊ ŦǳǘǳǊŜ ǊŜǎŜŀǊŎƘ ƛƴ ǘƘŜ ŬŜƭŘΦ  

  



с 

 

 

/ƘŀǇǘŜǊ м π LƴǘǊƻŘǳŎǝƻƴ ǘƻ 595 

 

мΦм ¢ƘŜ ǇǊƻŎŜǎǎ 
 

Additive Manufacturing (AM), also known as 3D printing, has revolutionized the 

manufacturing industry by enabling the production of complex and customized parts with 

unprecedented design freedom. ¢ƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ƳŜǘƘƻŘǎ ƻŦ !a ŎǳǊǊŜƴǘƭȅ ŎƻƴǝƴǳŜ ǘƻ 

ŜȄǇŀƴŘ ƛƴ ǘŜǊƳǎ ƻŦ ŀǇǇƭƛŎŀǝƻƴǎ ŀƴŘ ƳŀǊƪŜǘ ǎƘŀǊŜΣ ŘǊƛǾŜƴ ōȅ ǎŜŎǘƻǊǎ ǎǳŎƘ ŀǎ ŀǳǘƻƳƻǝǾŜΣ 

ƳŜŘƛŎŀƭΣ ŀŜǊƻǎǇŀŎŜΣ ŀƴŘ ǎǇŀŎŜΦ !ǎ ŜȄǇŜŎǘŜŘ ōȅ DŀǳǎŜƳŜƛŜǊΣ нлммΣ ƛǘ Ƙŀǎ ōŜŜƴ ŜȄǘŜƴŘŜŘ ǘƻ 

ƻǘƘŜǊ ǎŜŎǘƻǊǎ ǎǳŎƘ ŀǎ ŘŜŦŜƴǎŜΣ ƧŜǿŜƭǊȅΣ ǎǇƻǊǘǎΣ ǘŜȄǝƭŜǎΣ ŀƴŘ ǘƻƻƭƛƴƎΦ .ƻǘƘ ƛƴŘǳǎǘǊȅ ŀƴŘ 

ƴǳƳŜǊƻǳǎ ŀŎŀŘŜƳƛŎ ƛƴǎǝǘǳǝƻƴǎ ƘŀǾŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜǎŜ 

ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǿƛǘƘ ŀ ǘƻǘŀƭ ƻŦ оΣрлл ǇŀǘŜƴǘǎ ŬƭŜŘ ōŜǘǿŜŜƴ мфтм ŀƴŘ нлмм ό²ŜōŜǊ нлмоύΦ Lƴ 

нлмуΣ ǘƘŜ !a ƳŀǊƪŜǘ όƛƴŎƭǳŘƛƴƎ ƳŀŎƘƛƴŜ ǎŀƭŜǎΣ ƳŀǘŜǊƛŀƭǎΣ ǎƻƊǿŀǊŜΣ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ǎŜǊǾƛŎŜǎύ 

ǿŀǎ ǾŀƭǳŜŘ ŀǘ ϷфΦо ōƛƭƭƛƻƴ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŀƴƴǳŀƭ ǊŜǇƻǊǘ ōȅ {ƳŀǊ¢ŜŎƘ !ƴŀƭȅǎƛǎ ό{ƳŀǊ¢ŜŎƘ 

нлнлύΦ  

Lƴ ǘŜǊƳǎ ƻŦ ǇǊƻŎŜǎǎŜŘ ƳŀǘŜǊƛŀƭǎΣ ǇƻƭȅƳŜǊǎ ƛƴƛǝŀƭƭȅ ŘƻƳƛƴŀǘŜŘ ǘƘŜ ƳŀǊƪŜǘΣ ŀŎŎƻǳƴǝƴƎ ŦƻǊ 

ƴŜŀǊƭȅ сл҈Φ IƻǿŜǾŜǊΣ ǘƘŜ ƳŜǘŀƭ !a ƳŀǊƪŜǘ ƛǎ ŀƭǎƻ ƎǊƻǿƛƴƎΦ Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǘƘŜǊŜ Ƙŀǎ ōŜŜƴ ŀ 

ǘǊŜƴŘ ǘƻǿŀǊŘǎ ǳǎƛƴƎ ƳŜǘŀƭ !a ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ǎǘǊǳŎǘǳǊŀƭ ŎƻƳǇƻƴŜƴǘǎΣ ǇŀǊǝŎǳƭŀǊƭȅ ƛƴ 

ŬŜƭŘǎ ǎǳŎƘ ŀǎ ŀŜǊƻǎǇŀŎŜ ŀƴŘ ŀǳǘƻƳƻǝǾŜ ǎǇƻǊǘǎΣ ǿƘƛŎƘ Ŏŀƴ ōŜƴŜŬǘ ŦǊƻƳ ǎƛƎƴƛŬŎŀƴǘ ǿŜƛƎƘǘ 

ǎŀǾƛƴƎǎ όaŀƘŀƳƻƻŘ нлмпύ ǿƘƛƭŜ ƳƛƴƛƳƛȊƛƴƎ ǘƘŜ ōǳȅπǘƻπƅȅ ǊŀǝƻΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ŜƴǝǊŜ ƘŜŀǘ 

ŜȄŎƘŀƴƎŜǊ ŀǎǎŜƳōƭȅ ƻŦ ǘƘŜ .ƻŜƛƴƎ тттȄ D9ф· ŜƴƎƛƴŜΣ ǿƘƛŎƘ ǳǎŜŘ ǘƻ Ŏƻƴǎƛǎǘ ƻŦ олл ǇŀǊǘǎΣ Ƙŀǎ 

ōŜŜƴ ǊŜŘǳŎŜŘ ǘƻ ŀ ǎƛƴƎƭŜ ŎƻƳǇƻƴŜƴǘ ǘƘŀǘ ƛǎ пл҈ ƭƛƎƘǘŜǊ ŀƴŘ нр҈ ŎƘŜŀǇŜǊ ό.ƭŀƪŜȅπaƛƭƴŜǊ 

нлнмύΦ b!{! ǿƛƭƭ ǎƻƻƴ ǊŜǇƭŀŎŜ ǘƘŜ Ƴŀƛƴ ŜƴƎƛƴŜ ƻŦ ǘƘŜ ǎǇŀŎŜ ǎƘǳǧƭŜ ǿƛǘƘ !a ǇŀǊǘǎ ǘƻ ǊŜŘǳŎŜ 

ǘƘŜƛǊ ǇǊƻŘǳŎǝƻƴ ǝƳŜ ŀƴŘ ǿŜƛƎƘǘ όDǊŀŘƭΣ нлнлύΦ ¢ƘŜ ƳŜŘƛŎŀƭ ǎŜŎǘƻǊ ƛǎ ŀƭǎƻ ƳŀƪƛƴƎ ǳǎŜ ƻŦ !aΣ 

ǿƛǘƘ ǘƘŜ ǎǳŎŎŜǎǎŦǳƭ ǇǊƛƴǝƴƎ ƻŦ ǾŀǊƛƻǳǎ ǝǘŀƴƛǳƳ ǎǳǊƎƛŎŀƭ ƛƳǇƭŀƴǘǎ όWŀƳǊƽȊ нлмуύΦ 

¢ƘǊƻǳƎƘ ŀ ŎƻƭƭŀōƻǊŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ !ƳŜǊƛŎŀƴ {ƻŎƛŜǘȅ ŦƻǊ ¢ŜǎǝƴƎ ŀƴŘ aŀǘŜǊƛŀƭǎ ό!{¢aύ ŀƴŘ 

ǘƘŜ LƴǘŜǊƴŀǝƻƴŀƭ hǊƎŀƴƛȊŀǝƻƴ ŦƻǊ {ǘŀƴŘŀǊŘƛȊŀǝƻƴ όL{hύΣ ǘƘŜ ǎǘŀƴŘŀǊŘ рнфллΥнлмр όL{h 

рнфллΥнлмрύ ǿŀǎ ŘŜǾŜƭƻǇŜŘΣ ŘƛǾƛŘƛƴƎ ƳŜǘŀƭ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ό!aύ ƛƴǘƻ ǘǿƻ Ƴŀƛƴ 

ŦŀƳƛƭƛŜǎΥ 5ƛǊŜŎǘŜŘ 9ƴŜǊƎȅ 5ŜǇƻǎƛǝƻƴ ό595ύ ǇǊƻŎŜǎǎŜǎ ŀƴŘ tƻǿŘŜǊ .ŜŘ Cǳǎƛƻƴ όt.Cύ ǇǊƻŎŜǎǎŜǎ 

όCƛƎǳǊŜ мύΦ 595 ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴǾƻƭǾŜ ŀ Ŏƻƴǝƴǳƻǳǎ ƅƻǿ ƻŦ ŦŜŜŘǎǘƻŎƪ ƳŀǘŜǊƛŀƭ ŀƴŘ ŀ 

ŎƻƴŎŜƴǘǊŀǘŜŘ ŜƴŜǊƎȅ ǎƻǳǊŎŜ ό5ǳǧŀ нлннύΣ ǘȅǇƛŎŀƭƭȅ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƴ ƛƴŜǊǘ ǇǊƻǘŜŎǝǾŜ ƎŀǎΦ 

¢ƘŜ ƛƴǇǳǘ ŜƴŜǊƎȅ ŘŜƴǎƛǘȅ ŜƴŀōƭŜǎ ǘƘŜ Ŧǳǎƛƻƴ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭΣ ƭŜŀŘƛƴƎ ǘƻ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ŀ 

ƳƻƭǘŜƴ Ǉƻƻƭ ό!ǊƳǎǘǊƻƴƎ нлннύΦ ¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ 595 ǇǊƻŎŜǎǎŜǎ όDƛōǎƻƴ нлмрύΣ ǾŀǊȅƛƴƎ ōŀǎŜŘ 

ƻƴ ǘƘŜ ŦƻǊƳ ƻŦ ǘƘŜ ŦŜŜŘǎǘƻŎƪ ƳŀǘŜǊƛŀƭ όǇƻǿŘŜǊ ƻǊ ǿƛǊŜύ ŀƴŘ ǘƘŜ ǘȅǇŜ ƻŦ ŜƴŜǊƎȅ ǎƻǳǊŎŜ όǘƘŜǊƳŀƭ 

π Ŧǳǎƛƻƴ ƻǊ ƪƛƴŜǝŎύΦ Cǳǎƛƻƴ ǎƻǳǊŎŜǎ Ŏŀƴ ƛƴŎƭǳŘŜ ƭŀǎŜǊ ōŜŀƳǎΣ ŜƭŜŎǘǊƻƴ ōŜŀƳǎΣ ƭŀǎŜǊ ǇƭŀǎƳŀΣ ƻǊ 

ŜƭŜŎǘǊƛŎ ŀǊŎǎΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ /ƻƭŘ{ǇǊŀȅ ǇǊƻŎŜǎǎΣ ǇŀǊǝŎƭŜǎ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ƻƴǘƻ ŀ ǎǳōǎǘǊŀǘŜ ŀǘ 

ǳƭǘǊŀǎƻƴƛŎ ǎǇŜŜŘǎΣ ŀƴŘ ǘƘŜ ƪƛƴŜǝŎ ŜƴŜǊƎȅ ƛǎ ŎƻƴǾŜǊǘŜŘ ƛƴǘƻ ǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ǳǇƻƴ ƛƳǇŀŎǘΣ 

ŀƭƭƻǿƛƴƎ ǘƘŜ ǇŀǊǝŎƭŜǎ ǘƻ ŀŘƘŜǊŜ ǘƻ ǘƘŜ ǎǳōǎǘǊŀǘŜ ŀƴŘ ŦƻǊƳ ŀ ŎƻŀǝƴƎ όaƻǊƛŘƛ нлмпύΦ ¢ƘǳǎΣ ŜŀŎƘ 

595 ǇǊƻŎŜǎǎ ǊŜƭƛŜǎ ƻƴ ŀ ŎƻƳōƛƴŀǝƻƴ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ ŦƻǊƳ ŀƴŘ ǘƘŜ ǘȅǇŜ ƻŦ ŜƴŜǊƎȅ ǎƻǳǊŎŜΥ 

ǿƛǊŜκŜƭŜŎǘǊƛŎ ŀǊŎ ό/a¢ ƻǊ ²!!aΣ ¢LDκǇƭŀǎƳŀύΣ ǿƛǊŜκƭŀǎŜǊ ό595π[²ύΣ ǿƛǊŜκŜƭŜŎǘǊƻƴ ōŜŀƳ 



т 

 

ό9.!aύΣ ŀƴŘ ǇƻǿŘŜǊκƭŀǎŜǊ ό595ύΦ t.C ǇǊƻŎŜǎǎŜǎ ŘƛũŜǊ ŦǊƻƳ ǇƻǿŘŜǊπōŀǎŜŘ 595 ǇǊƻŎŜǎǎŜǎ ŀǎ 

ǘƘŜ ǇŀǊǝŎƭŜǎ ŀǊŜ ŬǊǎǘ ŘŜǇƻǎƛǘŜŘ ŀǎ ŀ ǇƻǿŘŜǊ ōŜŘΣ ǳǇƻƴ ǿƘƛŎƘ ŀ ƭŀǎŜǊ ǎƻǳǊŎŜ όŦƻǊƳŜǊƭȅ ƪƴƻǿƴ 

ŀǎ {[aΣ ƴƻǿ ŎŀƭƭŜŘ [t.C ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘŀƴŘŀǊŘύ ƻǊ ŀƴ ŜƭŜŎǘǊƻƴ ōŜŀƳ ό9.aύ ƳƻǾŜǎ 

ŀƴŘ ǎŜƭŜŎǝǾŜƭȅ ŦǳǎŜǎ ǘƘŜ ƳŀǘŜǊƛŀƭΦ 

 

 

CƛƎǳǊŜ м ς 5ƛũŜǊŜƴǘ ƳŜǘŀƭ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎŜǎ ό{[a ƴƻǿ ŎŀƭƭŜŘ [t.CύΣ ŀŘŀǇǘŜŘ ŦǊƻƳ ό[ŜǊƻȅπ5ǳōƛŜŦ нлноύΦ  

 

Among the various AM processes, Laser Directed Energy Deposition (DED), also known as 

Laser Cladding, is the process of interest for this research. It has emerged as a versatile 

technique for manufacturing fully dense parts through the progressive welding of a wire or 

metal powder onto a substrate material. DED offers advantages (Griffth 1999) such as high 

controllability, a high potential in cladding uneven substrates, achieving high cooling rates, 

and generating fine microstructures. Once optimized, the process can minimize distortion and 

produce high-quality deposits. This technique is widely used for manufacturing new parts, 

adding features to existing parts, as well as for cost-effective repair applications. It is also 

suitable for the production of functional prototypes and small series (Pinkerton 2008, Gibson 

2015, Hascoët 2018). !ƴƻǘƘŜǊ ŀŘǾŀƴǘŀƎŜ ƻŦ 595 ƻǾŜǊ ƻǘƘŜǊ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎŜǎ 

ƭƛƪŜ {ŜƭŜŎǝǾŜ [ŀǎŜǊ {ƛƴǘŜǊƛƴƎ ό{[{ύ ƻǊ CǳǎŜŘ 5ŜǇƻǎƛǝƻƴ aƻŘŜƭƛƴƎ όC5aύ ƛǎ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŘŜǇƻǎƛǘ 

ƳǳƭǝǇƭŜ ƳŀǘŜǊƛŀƭǎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ƻǊ ǎŜǉǳŜƴǝŀƭƭȅΦ ¢Ƙƛǎ ŎŀǇŀōƛƭƛǘȅ ŀƭƭƻǿǎ ŦƻǊ ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ 

ƳǳƭǝπƳŀǘŜǊƛŀƭ ƎǊŀŘƛŜƴǘǎΣ ŀƴŘ ǘƘŜ ƛƴŎƻǊǇƻǊŀǝƻƴ ƻŦ ŦǳƴŎǝƻƴŀƭ ŜƭŜƳŜƴǘǎ ǿƛǘƘƛƴ ŀ ǎƛƴƎƭŜ ǇŀǊǘΦ 

!ŘŘƛǝƻƴŀƭƭȅΣ 595 ǇǊƻŎŜǎǎŜǎ ƻũŜǊ ŀ ƘƛƎƘ ŘŜǇƻǎƛǝƻƴ ǊŀǘŜΣ ǘƘǳǎ ŀƭƭƻǿƛƴƎ ŦƻǊ ǊŀǇƛŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 

ŀǇǇƭƛŎŀǝƻƴǎΦ However, certain challenges still need to be overcome, such as microstructure 

monitoring, geometry accuracy, and crack formation at the substrate-deposit interface or 

within the clad itself (Griffth 1999). Achieving accurate predictions of thermal history, 

microstructure evolution, and residual stresses is thus a key to controlling the quality and 

performance of the manufactured parts.  

The DED process begins with a CAD model of the desired part, which is then sliced into layers 

for the deposition process. A high-powered laser is used to melt a wire or powder feedstock 

material projected onto the substrate, or previous layers creating a molten pool. The laser 



у 

 

beam and the powder feeding scan the surface of the substrate, melting the added powder 

material and allowing it to fuse with the previous layers, forming a solid part. During the 

deposition, the laser power, scanning speed, and material feed rate are carefully controlled 

to maintain optimal conditions for bonding and minimize defects. The process is performed 

in a controlled environment, typically with the use of shielding gases to prevent oxidation or 

contamination (Figure 2). After the completion of the deposition, the part might undergo 

post-processing steps such as heat treatment, machining, and surface finishing to achieve the 

desired final characteristics.  

 

 
CƛƎǳǊŜ н π Scheme of Sirris laser cladding equipment used for manufacturing thin wall and bulk specimens. (Hashemi 2017). 

 

¢ƘŜ ǇƻǿŘŜǊ ŘŜƭƛǾŜǊȅ ǎȅǎǘŜƳ Ǉƭŀȅǎ ŀ ŎǊǳŎƛŀƭ ǊƻƭŜ ƛƴ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ŎƻƴǎƛǎǘŜƴŎȅ ƻŦ ǇƻǿŘŜǊ ŦƻŎǳǎ 

ǿƛǘƘ ǘƘŜ ƭŀǎŜǊ ōŜŀƳ ŦƻŎǳǎ ƛƴ 595 ǇǊƻŎŜǎǎŜǎΦ {ŜǾŜǊŀƭ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ ǇƻǿŘŜǊ ŘŜƭƛǾŜǊȅ 

ǎȅǎǘŜƳΣ ƛƴŎƭǳŘƛƴƎ ǇƻǿŘŜǊ ŦŜŜŘ ǊŀǘŜΣ ŘŜƭƛǾŜǊȅ Ǝŀǎ ƅƻǿ ǊŀǘŜΣ ƴƻȊȊƭŜ ǎƛȊŜΣ ǎƘŀǇŜΣ ƭƻŎŀǝƻƴΣ ŀƴŘ 

ǇƻǿŘŜǊ ƛƳǇƛƴƎŜƳŜƴǘΣ ƛƴƅǳŜƴŎŜ ǘƘƛǎ ŎƻƴǎƛǎǘŜƴŎȅΦ ±ŀǊƛƻǳǎ ŎƻƴŬƎǳǊŀǝƻƴǎ ƻŦ ƴƻȊȊƭŜǎ ŦƻǊ 595 

ŜȄƛǎǘΣ ŀǎ ŘŜǇƛŎǘŜŘ ƛƴ CƛƎǳǊŜ о όaƛƭŜǿǎƪƛ нлмтύΦ ¢ƘŜ ǎƛƳǇƭŜǎǘ ŎƻƴŬƎǳǊŀǝƻƴ ƛƴǾƻƭǾŜǎ ŀ ǎƛƴƎƭŜ ǿƛǊŜ 

ƻǊ ǇƻǿŘŜǊ ŦŜŜŘƛƴƎ ƴƻȊȊƭŜ όCƛƎǳǊŜ о ŀ ŀƴŘ ōύΣ ǿƘŜǊŜ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ǇƻǿŘŜǊ 

ŦƻŎǳǎΣ ƭŀǎŜǊ ōŜŀƳΣ ŀƴŘ ƳŜƭǘ Ǉƻƻƭ ƛǎ ǇǊŜŘŜǘŜǊƳƛƴŜŘΦ ¢Ƙƛǎ ǊŜƭŀǝƻƴǎƘƛǇ ƛƴŎƭǳŘŜǎ ǘƘŜ ǇƻǎƛǝƻƴƛƴƎ 

ƻŦ ǘƘŜ ǇƻǿŘŜǊ ŦƻŎǳǎΣ ǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ŀƴŘ ǘƘŜ ŦŜŜŘŜǊΣ ŀƴŘ ǘƘŜ ŀƴƎƭŜ ƻŦ 

ƛƴŎƛŘŜƴŎŜ ƻŦ ǘƘŜ ǇƻǿŘŜǊ ŦƻŎǳǎΦ !ƴȅ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŦƻŎŀƭ Ǉƻǎƛǝƻƴ Ŏŀƴ ŀũŜŎǘ ǘƘŜ ŜƴŜǊƎȅ 

ǇŜƴŜǘǊŀǝƻƴ ŘŜǇǘƘΣ ƭŜŀŘƛƴƎ ǘƻ ǾŀǊƛŀǝƻƴǎ ƛƴ ǘƘŜ Řƛƭǳǝƻƴ ƻŦ ǘƘŜ ōŀǎŜ ƳŀǘŜǊƛŀƭ ŘǳŜ ǘƻ ǘƘŜ 

ŘŜǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ōǳƛƭŘ ƳŀǘŜǊƛŀƭΦ 

 



ф 

 

 

CƛƎǳǊŜ о π 595 bƻȊȊƭŜ /ƻƴŬƎǳǊŀǝƻƴ όaƛƭŜǿǎƪƛ нлмтύΦ 

 

Lƴ 595 ǇǊƻŎŜǎǎŜǎΣ ǘƘŜ ƭŀǎŜǊ ƛǎ ŎƻƳƳƻƴƭȅ ƻǇŜǊŀǘŜŘ ƛƴ Ŏƻƴǝƴǳƻǳǎ ƳƻŘŜΣ ŀƴŘ ǘƘŜ ŜƴŜǊƎȅ 

ŘƛǎǘǊƛōǳǝƻƴ Ŏŀƴ ōŜ Dŀǳǎǎƛŀƴ ƻǊ ¢ƻǇπIŀǘ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƳŀŎƘƛƴŜ ǎŜǩƴƎǎ ƻǊ ƻǇŜǊŀǘƻǊϥǎ 

ǇǊŜŦŜǊŜƴŎŜΦ ²ƘŜƴ ǘƘŜ ǇƻǿŘŜǊ ƛǎ ƛƴ ƅƛƎƘǘΣ ŀ ǇƻǊǝƻƴ ƻŦ ǘƘŜ ƭŀǎŜǊ ŜƴŜǊƎȅ ƛǎ ŀōǎƻǊōŜŘ ōȅ ǘƘŜ 

ǇƻǿŘŜǊ ǇŀǊǝŎƭŜǎΣ ǿƘƛƭŜ ŀƴƻǘƘŜǊ ǇƻǊǝƻƴ ƛǎ ŀōǎƻǊōŜŘ ōȅ ǘƘŜ ǎǳōǎǘǊŀǘŜΣ ǊŜǎǳƭǝƴƎ ƛƴ ǘƘŜ 

ŦƻǊƳŀǝƻƴ ƻŦ ŀ ƳŜƭǘ Ǉƻƻƭ όaŀǊƛƻƴ нлмсύΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ ƭŀǎŜǊ ŜƴŜǊƎȅ ƛǎ ǊŜƅŜŎǘŜŘ ŦǊƻƳ ǘƘŜ 

ǇƻǿŘŜǊ ǇŀǊǝŎƭŜǎ ŀƴŘ ǎǳōǎǘǊŀǘŜΦ ¢ƘŜ ŀƳƻǳƴǘ ƻŦ ƭŀǎŜǊ ŜƴŜǊƎȅ ŀōǎƻǊōŜŘ ōȅ ǘƘŜ ǇƻǿŘŜǊ ǇŀǊǝŎƭŜǎ 

ŘǳǊƛƴƎ ǘƘŜƛǊ ƅƛƎƘǘΣ ƪƴƻǿƴ ŀǎ ƭŀǎŜǊ ŀǧŜƴǳŀǝƻƴΣ ƛǎ ƛƴƅǳŜƴŎŜŘ ōȅ ǾŀǊƛƻǳǎ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ 

ǎǳŎƘ ŀǎ ǇƻǿŘŜǊ ŘŜƴǎƛǘȅΣ ƛƴπƅƛƎƘǘ ŘǳǊŀǝƻƴΣ ŀƴŘ Ǝŀǎ ǾŜƭƻŎƛǘȅ όaŀƴǾŀǘƪŀǊ нлмпύΦ CƛƎǳǊŜ п ǊŜƳƛƴŘǎ 

ŀƭƭ ǘƘŜ ǇƘŜƴƻƳŜƴŀ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ 595 ǇǊƻŎŜǎǎΦ  

 



мл 

 

 

CƛƎǳǊŜ п π tƘȅǎƛŎŀƭ ǇƘŜƴƻƳŜƴƻƴ ŘǳǊƛƴƎ ƭŀǎŜǊ ƳŀǘŜǊƛŀƭ ƛƴǘŜǊŀŎǝƻƴ ƛƴ 595 όaŀǊƛƻƴ нлмсύΦ 

 

Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǎŜǩƴƎ ǳǇ ŀ ƴǳƳŜǊƛŎŀƭ ƳƻŘŜƭ ŦƻǊ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ Ŭƴŀƭ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ 

ŘƛǎǘƻǊǝƻƴ ƻŦ ŀ 595 ǇŀǊǘΣ ƛǘ ƛǎ ŎǊǳŎƛŀƭ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŜȄŀŎǘ ƻǳǘǇǳǘǎΦ CƛƎǳǊŜ р όbŀƛƴΣ нлннύΣ 

ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ Ƴŀƛƴ ǇƘŜƴƻƳŜƴŀ ŀƴŘ ǘƘŜƛǊ ŎƻǳǇƭƛƴƎ ƛƴ 595Φ LŦ ƛƴŘŜŜŘ ǇƭŀǎǝŎ ŘƛǎǎƛǇŀǝƻƴ Ƙŀǎ ŀ 

ǇƻƻǊ ŜũŜŎǘΣ ǘƘŜ ǿŜŀƪ ŎƻǳǇƭƛƴƎ ŀǎǎǳƳŜŘ ƛƴ ǘƘƛǎ ŬƎǳǊŜ ŦƻǊ ƳŜǘŀƭƭǳǊƎƛŎŀƭ ǘǊŀƴǎŦƻǊƳŀǝƻƴ ŀƴŘ 

ƳŜŎƘŀƴƛŎŀƭ ǎǘǊŜǎǎ ŎƻǳƭŘ ōŜ ŘƛǎŎǳǎǎŜŘ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƳŀǘŜǊƛŀƭ ŀƴŘ ǘƘŜ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎΦ  

¢ƘŜ ƭŀǎŜǊπƳŀǘŜǊƛŀƭ ƛƴǘŜǊŀŎǝƻƴ ƎŜƴŜǊŀǘŜǎ ŀ ƳŜƭǘπǇƻƻƭ ŘǳŜ ǘƻ ǘƘŜ ƘƛƎƘ ƭŀǎŜǊ ŜƴŜǊƎȅ ƛƴǇǳǘΦ ¢ƘŜ 

ǊŜǎǳƭǝƴƎ ƳŜƭǘπǇƻƻƭ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ŜȄŎŜŜŘƛƴƎ ǘƘŜ Ŧǳǎƛƻƴ ǘŜƳǇŜǊŀǘǳǊŜΣ ƭŜŀŘ ǘƻ ǘƘŜǊƳŀƭ 

ŜȄǇŀƴǎƛƻƴΦ {ǳōǎŜǉǳŜƴǘƭȅΣ ŀǎ ǘƘŜ ƭŀǎŜǊ ƘŜŀǘ ǎƻǳǊŎŜ ƳƻǾŜǎ ŀǿŀȅΣ ǘƘŜ ŎƻƻƭƛƴƎ Řƻǿƴ 

ǇƘŜƴƻƳŜƴƻƴ ƛƴŘǳŎŜǎ ǘƘŜǊƳŀƭ ŎƻƴǘǊŀŎǝƻƴΦ ¢ƘŜǎŜ ǘƘŜǊƳŀƭ ŜȄǇŀƴǎƛƻƴ ŀƴŘ ǎƘǊƛƴƪŀƎŜ 

ǇƘŜƴƻƳŜƴŀ ƎŜƴŜǊŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ǎǘǊŜǎǎŜǎ ŀƴŘ ǎǘǊŀƛƴǎΣ ǿƘƛŎƘ Ŏŀƴ ŎŀǳǎŜ ŎǊŀŎƪǎ ŀƴŘ ŘƛǎǘƻǊǝƻƴǎ 

ƛƴ ǘƘŜ ǿƻǊƪǇƛŜŎŜΦ !ŘŘƛǝƻƴŀƭƭȅΣ ƛŦ ƳŜǘŀƭƭǳǊƎƛŎŀƭ ǘǊŀƴǎŦƻǊƳŀǝƻƴǎ ƻŎŎǳǊΣ ǘƘŜȅ ŀũŜŎǘ ǘƘŜ 

ŘŜŦƻǊƳŀǝƻƴ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ǿƻǊƪǇƛŜŎŜΣ ǇŀǊǝŎǳƭŀǊƭȅ ŘǳŜ ǘƻ ŘƛũŜǊŜƴǘ 

ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎ ōŜǘǿŜŜƴ ǇƘŀǎŜǎΣ ǎǳŎƘ ŀǎ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭ όI{{ύ όǎŜŜ ōŜƭƻǿΣ 

ǎŜŎǝƻƴ п ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊύΦ CǳǊǘƘŜǊƳƻǊŜΣ ŘǳǊƛƴƎ ǘƘŜ 595 ǇǊƻŎŜǎǎΣ ǇƘŜƴƻƳŜƴŀ ƭƛƪŜ ŀƴƴŜŀƭƛƴƎ 

Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ǎǘǊŜǎǎ ǊŜƭŀȄŀǝƻƴ ŀƴŘ ǊŜŘǳŎŜŘ ŘƛǎǘƻǊǝƻƴΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ Ŭƴŀƭ ǘƘŜǊƳŀƭ ŜȄǇŀƴǎƛƻƴ 

ŀƴŘ ǎƘǊƛƴƪŀƎŜ ŀǊŜ ǎǘǊƻƴƎƭȅ ƛƴƅǳŜƴŎŜŘ ōȅ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƭŀǎŜǊ ŜƴŜǊƎȅ ŀōǎƻǊōŜŘ ŀƴŘ ǘƘŜ 

ŎƻƴŘǳŎǝƻƴ ƘŜŀǘ ǘǊŀƴǎŦŜǊ ƛƴ ǘƘŜ ǿƻǊƪǇƛŜŎŜΣ ŜƳǇƘŀǎƛȊƛƴƎ ǘƘŜ ŎǊƛǝŎŀƭ ǊƻƭŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŀǎ ǘƘŜ 

ŘǊƛǾƛƴƎ ŦƻǊŎŜ ŦƻǊ ǘƘŜ ƳŜŎƘŀƴƛŎŀƭ ŀƴŀƭȅǎƛǎ ƛƴ 595Φ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƻ ŘŜǾŜƭƻǇ ŀƴ ŀŎŎǳǊŀǘŜ 

ƴǳƳŜǊƛŎŀƭ ƳƻŘŜƭΣ ƛǘ ƛǎ ŜǎǎŜƴǝŀƭ ǘƻ ŀŎŎǳǊŀǘŜƭȅ ŎŀǇǘǳǊŜ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŬŜƭŘ ǘƘǊƻǳƎƘ ƘŜŀǘ 

ǘǊŀƴǎŦŜǊ ŀƴŀƭȅǎƛǎ ǘƻ ƻōǘŀƛƴ ǘƘŜ ŎƻǊǊŜŎǘ ŘƛǎǘƻǊǝƻƴ ŬŜƭŘ ǘƘǊƻǳƎƘ ƳŜŎƘŀƴƛŎŀƭ ŀƴŀƭȅǎƛǎΦ ¢Ƙƛǎ ǿƛƭƭ ōŜ 

ŘƛǎŎǳǎǎŜŘ ƛƴ ƳƻǊŜ ŘŜǘŀƛƭ ƛƴ ǎŜŎǝƻƴ о ŘŜǾƻǘŜŘ ǘƻ ƳƻŘŜƭǎΦ 



мм 

 

 

CƛƎǳǊŜ р π 5ƛũŜǊŜƴǘ ǇƘȅǎƛŎŀƭ ǇƘŜƴƻƳŜƴŀ ƘŀǇǇŜƴƛƴƎ ƛƴ 595Φ 5ƻǧŜŘ ƭƛƴŜ ǊŜǇǊŜǎŜƴǘǎ ǿŜŀƪ ŎƻǳǇƭƛƴƎ ŀƴŘ Ŧǳƭƭ ƭƛƴŜ ǊŜǇǊŜǎŜƴǝƴƎ 

ǎǘǊƻƴƎ ŎƻǳǇƭƛƴƎΦ όbŀƛƴ нлннύΦ 

 

мΦн ¢ȅǇƛŎŀƭ 595 ǇǊƻŎŜǎǎ ŘŜŦŜŎǘǎ  
 

5ŜŦŜŎǘǎ ƛƴ 595 Ŏŀƴ ŀǊƛǎŜ ŘǳŜ ǘƻ ǾŀǊƛƻǳǎ ŦŀŎǘƻǊǎΣ ǿƘƛŎƘ Ƴǳǎǘ ōŜ ǘƘƻǊƻǳƎƘƭȅ ǳƴŘŜǊǎǘƻƻŘ ŀƴŘ 

ƳƛǝƎŀǘŜŘ ǘƻ ŀŎƘƛŜǾŜ ƘƛƎƘπǉǳŀƭƛǘȅ ŀƴŘ ǊŜƭƛŀōƭŜ ǇŀǊǘǎΦ ! Ŧǳƭƭ ŘŜǎŎǊƛǇǝƻƴ ƻŦ ŘŜŦŜŎǘǎ ƛƴ 595 Ŏŀƴ ōŜ 

ŦƻǳƴŘ ƛƴ ό¢ŜƳŀǝƻ нлннύΦ hƴŜ ǎǳŎƘ ŘŜŦŜŎǘ ƛǎ ǿŀǊǇƛƴƎΣ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ ǳƴŘǳƭŀǝƻƴ ƻŦ ǘƘŜ 

ǳǇǇŜǊ ǎǳǊŦŀŎŜ ŎŀǳǎŜŘ ōȅ ŜȄŎŜǎǎƛǾŜ ƭŀǎŜǊ ŜƴŜǊƎȅ ƛƴǇǳǘ ǿƛǘƘƻǳǘ ŜũŜŎǝǾŜ ƘŜŀǘ ŘƛǎǎƛǇŀǝƻƴΣ 

ǊŜǎǳƭǝƴƎ ƛƴ ŀ ŘŜŜǇŜǊ Ŧǳǎƛƻƴ Ǉƻƻƭ όCƛƎǳǊŜ сύΦ !ƴƻǘƘŜǊ ŎƻƳƳƻƴ ŘŜŦŜŎǘ ƛǎ ōƻǊŘŜǊ ŘŜŦŜŎǘǎΣ ǿƘƛŎƘ 

ƻŎŎǳǊ ŘǳŜ ǘƻ ƳŀǘŜǊƛŀƭ ŘŜǇƻǎƛǝƻƴ ŘƛǎŎƻƴǝƴǳƛǘȅ ŀƴŘ ƛƳǇǊƻǇŜǊ ƴƻȊȊƭŜ ǇŀǘƘǎΣ ƭŜŀŘƛƴƎ ǘƻ 

ǎƛƎƴƛŬŎŀƴǘ ŘŜǾƛŀǝƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ ƭŜǾŜƭǎ ƻŦ ǘƘŜ ŜŘƎŜǎ ŀƴŘ ǘƘŜ ŀǾŜǊŀƎŜ ǎǳǊŦŀŎŜ ƭŜǾŜƭ όCƛƎǳǊŜ тύΦ 

¢ƘŜǎŜ ŘŜŦŜŎǘǎ ŀǊŜ ŦǊŜǉǳŜƴǘƭȅ ƻōǎŜǊǾŜŘ ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎ ŀƴŘ ŜƴŘ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ ŘŜǇƻǎƛǝƻƴ 

ǇŀǘƘ ƻǊ ŘǳǊƛƴƎ ŀōǊǳǇǘ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŘƛǊŜŎǝƻƴ ƻŦ ǘƘŜ ƴƻȊȊƭŜ ǇŀǘƘΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǎǳǊŦŀŎŜ 

ǎŀǘŜƭƭƛǘŜǎ όCƛƎǳǊŜ уύΣ ŀǇǇŜŀǊƛƴƎ ŀǎ ƳƻǊŜ ƭƻŎŀƭƛȊŜŘ ǎǇƘŜǊƛŎŀƭ ǇǊƻǘǊǳǎƛƻƴǎ ŎƻƳǇŀǊŜŘ ǘƻ ōƻǊŘŜǊ 

ŘŜŦŜŎǘǎΣ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘ ŀǘ ƻǾŜǊƭŀǇǇƛƴƎ Ǉƻƛƴǘǎ ōŜǘǿŜŜƴ ǘƘŜ ǎǘŀǊǝƴƎ ŀƴŘ ŜƴŘƛƴƎ Ǉƻƛƴǘǎ ƻŦ 

ƳŜǘŀƭ ŘŜǇƻǎƛǝƻƴΦ ¢ƘŜǎŜ ǎǳǊŦŀŎŜ ǎŀǘŜƭƭƛǘŜǎ ƻǊƛƎƛƴŀǘŜ ŦǊƻƳ ǘƘŜ ǎǇƭŀǧŜǊƛƴƎ ƻŦ ǳƴŦǳǎŜŘ ǇƻǿŘŜǊ 

ŀƴŘ ƛǘǎ ŀŎŎǳƳǳƭŀǝƻƴ ŀǘ ǎǇŜŎƛŬŎ Ǉƻƛƴǘǎ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ŎƻƳǇƻƴŜƴǘΦ aƻǊŜƻǾŜǊΣ ǘƘŜ 

ǎƘǊƛƴƪŀƎŜ ƻŦ ƳŀǘŜǊƛŀƭ ƭŀȅŜǊǎ ŘǳǊƛƴƎ ǘƘŜ ŎƻƻƭƛƴƎ ǇǊƻŎŜǎǎ Ŏŀƴ ŎŀǳǎŜ ǘƘŜ ƛƴŎƭƛƴŀǝƻƴ ƻŦ ǘƘŜ ƭŀǘŜǊŀƭ 

ǎǳǊŦŀŎŜǎ ƻŦ ǘƘŜ ŎƻƴǎǘǊǳŎǝƴƎ ŎƻƳǇƻƴŜƴǘΦ ²ŀǊǇƛƴƎΣ ǿƘƛŎƘ ƭŜŀŘǎ ǘƻ ŘŜǘŀŎƘƳŜƴǘ ŦǊƻƳ ǘƘŜ 

ǎǳōǎǘǊŀǘŜΣ ƛǎ ǇǊƛƳŀǊƛƭȅ ŎŀǳǎŜŘ ōȅ ǿŜŀƪ ŀŘƘŜǎƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƳŀǘŜǊƛŀƭ ƭŀȅŜǊ ŀƴŘ ǘƘŜ ǎǳōǎǘǊŀǘŜΣ 

ŎƻƳǇǊƻƳƛǎƛƴƎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŎƻƳǇƻƴŜƴǘκǎǳōǎǘǊŀǘŜ ŎƻƴǘŀŎǘ ŀǊŜŀ ǘƻ ǿƛǘƘǎǘŀƴŘ ǊŜǎƛŘǳŀƭ 

ǎǘǊŜǎǎŜǎ ƎŜƴŜǊŀǘŜŘ ŘǳǊƛƴƎ ǘƘŜ ǇǊƻŎŜǎǎ όCƛƎǳǊŜ ф ŀƴŘ CƛƎǳǊŜ млύΦ ¢Ƙƛǎ ǿŜŀƪ ŀŘƘŜǎƛƻƴ ƛǎ ǘȅǇƛŎŀƭƭȅ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƭƻǿ ƭŀǎŜǊ ǇƻǿŜǊ ƻǊ ƘƛƎƘ ǘǊŀƴǎǾŜǊǎŀƭ ǎǇŜŜŘΣ ǊŜǎǳƭǝƴƎ ƛƴ ŀ Ŧǳǎƛƻƴ Ǉƻƻƭ ǘƘŀǘ ƭŀŎƪǎ 

ǎǳŶŎƛŜƴǘ ǿƛŘǘƘ ŀƴŘ ŘŜǇǘƘ ŦƻǊ ǇǊƻǇŜǊ ŎƻƳǇƻƴŜƴǘπǎǳōǎǘǊŀǘŜ ŀŘƘŜǎƛƻƴΦ ¢ƘŜǊŜŦƻǊŜΣ ŀ 

ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ŜũŜŎǝǾŜ ƳƛǝƎŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ǘƘŜǎŜ ŘŜŦŜŎǘǎ ŀǊŜ 

ŜǎǎŜƴǝŀƭ ƛƴ ƻǇǝƳƛȊƛƴƎ ǘƘŜ ǉǳŀƭƛǘȅ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǇŀǊǘǎ ǇǊƻŘǳŎŜŘ ǘƘǊƻǳƎƘ 595 ǇǊƻŎŜǎǎŜǎΦ 

 



мн 

 

 

CƛƎǳǊŜ с π ²ŀǊǇŀƎŜ ƻŦ ǘƘŜ ǘƻǇ ǎǳǊŦŀŎŜ ƻŦ ŀ 595 ǇŀǊǘ ό[ƛǳ нлнлύΦ 

 

 

CƛƎǳǊŜ т π 9ŘƎŜ ŘŜŦŜŎǘǎ ƻŦ ŀ 595 ǇŀǊǘ όaƛŜŘȊƛƴǎƪƛ нлмтύΦ 

 

CƛƎǳǊŜ у π {ǳǊŦŀŎŜ ǎŀǘŜƭƭƛǘŜǎ ƻƴ ŀ 595 ǇŀǊǘ όaƛŜŘȊƛƴǎƪƛ нлмтύΦ 

 



мо 

 

 

CƛƎǳǊŜ ф π ²ŀǊǇŀƎŜ ƻŦ ŀƴ 595 ǇŀǊǘ ƭŜŀŘƛƴƎ ǘƻ ƛǘǎ ŘŜǘŀŎƘƳŜƴǘ ŦǊƻƳ ǘƘŜ ǎǳōǎǘǊŀǘŜ όaƛŜŘȊƛƴǎƪƛ нлмтύΦ 

 

CƛƎǳǊŜ мл π ²ŀǊǇƛƴƎ ƭŜŀŘƛƴƎ ǘƻ ōǳƛƭŘπǇŀǊǘϥǎ ŘŜǘŀŎƘƳŜƴǘ ŦǊƻƳ ǘƘŜ ǎǳōǎǘǊŀǘŜκōŀǎŜπǇƭŀǘŜ όbŀƛƴ нлннύΦ 

 

мΦо ¢ƘŜ ƳƻŘŜƭǎ 
 

5ƛǊŜŎǘŜŘ 9ƴŜǊƎȅ 5ŜǇƻǎƛǝƻƴ ό595ύ ƛǎ ŀ ǇǊƻƳƛƴŜƴǘ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ό!aύ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ 

ƘƻƭŘǎ ǎǳōǎǘŀƴǝŀƭ ǇǊƻƳƛǎŜǎ ƛƴ ŦŀōǊƛŎŀǝƴƎ ƛƴǘǊƛŎŀǘŜ ǎǘǊǳŎǘǳǊŜǎ ǿƛǘƘ ƛƳǇǊƻǾŜŘ ŜŶŎƛŜƴŎȅ ŀƴŘ 

ǊŜŘǳŎŜŘ ƳŀǘŜǊƛŀƭ ǿŀǎǘŀƎŜΦ ¢ƘŜ ƻǇǝƳƛȊŀǝƻƴ ƻŦ 595 ǇǊƻŎŜǎǎŜǎ ƘŜŀǾƛƭȅ ǊŜƭƛŜǎ ƻƴ ŀŎŎǳǊŀǘŜ 

ƳƻŘŜƭƛƴƎ ŀƴŘ ǎƛƳǳƭŀǝƻƴΦ ¢Ƙƛǎ ǘŜȄǘ ŎƻƳǇƛƭŜǎ ǎǘŀǘŜπƻŦπǘƘŜπŀǊǘ ƪƴƻǿƭŜŘƎŜΣ ŘƛǎŎǳǎǎƛƴƎ ǘƘŜ ǊƻƭŜ ƻŦ 

ǎƛƳǳƭŀǝƻƴ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 595Φ 

{ƛƳǳƭŀǝƻƴ ǘŜŎƘƴƛǉǳŜǎΣ ƛƴŎƭǳŘƛƴƎ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎ όC9!ύ ŀƴŘ ŎƻƳǇǳǘŀǝƻƴŀƭ ƅǳƛŘ 

ŘȅƴŀƳƛŎǎ ό/C5ύΣ ƘŀǾŜ ōŜŜƴ ǇƛǾƻǘŀƭ ƛƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ƻǇǝƳƛȊƛƴƎ 595 ǇǊƻŎŜǎǎŜǎΦ ¢ƘŜǎŜ 

ǎƛƳǳƭŀǝƻƴǎ ŜƴŀōƭŜ ǇǊŜŘƛŎǝǾŜ ŀƴŀƭȅǎŜǎ ƻŦ ƘŜŀǘ ǘǊŀƴǎŦŜǊΣ ƅǳƛŘ ƅƻǿΣ ŀƴŘ ƳŀǘŜǊƛŀƭ ōŜƘŀǾƛƻǊΣ 

ǿƘƛŎƘ ŀƛŘ ƛƴ ŎƻƳǇǊŜƘŜƴŘƛƴƎ ǘƘŜ ŎƻƳǇƭŜȄ ǇƘŜƴƻƳŜƴŀ ƻŎŎǳǊǊƛƴƎ ŘǳǊƛƴƎ ŘŜǇƻǎƛǝƻƴ όtƛƴƪŜǊǘƻƴ 

нллуύΦ wŜǎŜŀǊŎƘŜǊǎ ƘŀǾŜ ŦƻŎǳǎŜŘ ƻƴ ǎŎǊǳǝƴƛȊƛƴƎ ǘƘŜ ŜũŜŎǘǎ ƻŦ ǾŀǊƛƻǳǎ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎΣ 

ǎǳŎƘ ŀǎ ƭŀǎŜǊ ǇƻǿŜǊΣ ǎŎŀƴƴƛƴƎ ǎǇŜŜŘΣ ǇƻǿŘŜǊ ŦŜŜŘ ǊŀǘŜΣ ŀƴŘ Ǝŀǎ ǎƘƛŜƭŘƛƴƎΣ ƻƴ ǘƘŜ ƎŜƻƳŜǘǊƛŎŀƭ 

ŀŎŎǳǊŀŎȅΣ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎΣ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ 595πŦŀōǊƛŎŀǘŜŘ ŎƻƳǇƻƴŜƴǘǎ ό²ŀƴƎ 

нллуύΦ ¢Ƙƛǎ ƪƴƻǿƭŜŘƎŜ ƘŀǎΣ ƛƴ ǘǳǊƴΣ ŀƭƭƻǿŜŘ ƻǘƘŜǊ ǊŜǎŜŀǊŎƘŜǊǎ ǘƻ ƻǇǝƳƛȊŜ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ 



мп 

 

ǘƻ ŀŎƘƛŜǾŜ ŘŜǎƛǊŀōƭŜ ƻǳǘŎƻƳŜǎΣ ƛƴŎƭǳŘƛƴƎ ƳƛƴƛƳƛȊƛƴƎ ŘƛǎǘƻǊǝƻƴΣ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜǊƳŀƭ ƎǊŀŘƛŜƴǘǎΣ 

ŀƴŘ ƻǇǝƳƛȊƛƴƎ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎ όWŀǊŘƛƴ нлмфΣ ¢Ǌŀƴ нлмтύΦ 

CǳǊǘƘŜǊƳƻǊŜΣ ǎƛƳǳƭŀǝƻƴ ǘŜŎƘƴƛǉǳŜǎΣ ǎǳŎƘ ŀǎ ǎƻƭƛŘ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎ όC9!ύ ŀƴŘ 

ŎƻƳǇǳǘŀǝƻƴŀƭ ƅǳƛŘ ŘȅƴŀƳƛŎǎ ό/C5ύΣ ƘŀǾŜ ōŜŜƴ ŜƳǇƭƻȅŜŘ ǘƻ ƳƻŘŜƭ 595 ǇǊƻŎŜǎǎŜǎ ŦƻǊ Ƴŀƴȅ 

ȅŜŀǊǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ !ƭƛƳŀǊŘŀƴƛ Ŝǘ ŀƭΦ ό!ƭƛƳŀǊŘŀƴƛ нллтŀύ ǇǊŜǎŜƴǘŜŘ ŀ о5 ǘƘŜǊƳƻƳŜŎƘŀƴƛŎŀƭ 

ǎƻƭƛŘ C9 ƳƻŘŜƭ ŎŀǇŀōƭŜ ƻŦ ǇǊŜŘƛŎǝƴƎ ǘƘŜ ƎŜƻƳŜǘǊƛŎŀƭ ŀƴŘ ǘƘŜǊƳŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ ŀ ŦƻǳǊπƭŀȅŜǊ 

ǘƘƛƴ ǿŀƭƭ ƻŦ !L{L попл {ǘŜŜƭ ƳŀƴǳŦŀŎǘǳǊŜŘ ōȅ ƭŀǎŜǊ ŀƴŘ ǇƻǿŘŜǊΦ Lƴ нлммΣ [ǳƴŘōŅŎƪ ŀƴŘ 

[ƛƴŘƎǊŜƴ ό[ǳƴŘōŅŎƪ нлммύ ŘŜǎŎǊƛōŜŘ ǿŀƭƭǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ пл ǇŀǎǎŜǎ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ŦƻǊƳŜǊ 

ǿƻǊƪ ŘŜǾŜƭƻǇŜŘ ŦƻǊ ƳǳƭǝπǇŀǎǎ ǿŜƭŘƛƴƎ ό[ƛƴŘƎǊŜƴ нллмύΣ ŀƭǎƻ ǳǝƭƛȊƛƴƎ о5 ǎƻƭƛŘ C9!Φ YŜȅƘƻƭŜ 

ŜǾƻƭǳǝƻƴ ǿƛǘƘƛƴ ǿŜƭŘƛƴƎ ǿŀǎ ŀƭǊŜŀŘȅ ǎǘǳŘƛŜŘ ōȅ /C5 ƛƴ нллн ōȅ Yƛ Ŝǘ ŀƭΦ όYƛ нллнύΦ 

{ǳōǎŜǉǳŜƴǘƭȅΣ 595 Ƙŀǎ ƴŀǘǳǊŀƭƭȅ ōŜŜƴ ǎƛƳǳƭŀǘŜŘ όvƛ нллсύΣ ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ƘŜŀǘ ǘǊŀƴǎŦŜǊΣ 

ǇƘŀǎŜ ŎƘŀƴƎŜǎΣ ŀƴŘ ƅǳƛŘ ƅƻǿ ƛƴ ǘƘŜ ƳƻƭǘŜƴ Ǉƻƻƭ ǿƛǘƘƛƴ ŀ ŎƻƴǘǊƻƭƭŜŘπǾƻƭǳƳŜ ŬƴƛǘŜ ŘƛũŜǊŜƴŎŜ 

ƳŜǘƘƻŘ ǿƘŜǊŜ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ƅǳƛŘ ǾŜƭƻŎƛǘȅ ǿŜǊŜ ǎƻƭǾŜŘ ƛƴ ŀ ŎƻǳǇƭŜŘ ƳŀƴƴŜǊΦ 

hƴŜ ƻŦ ǘƘŜ ŎǊƛǝŎŀƭ ǇŀǊŀƳŜǘŜǊǎ ƛƴ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎ ƛǎ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜΣ ǿƘƛŎƘ Ǉƭŀȅǎ ŀ ǎƛƎƴƛŬŎŀƴǘ 

ǊƻƭŜ ƛƴ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ƻǇǝƳŀƭ ǇǊƻŎŜǎǎ ŎƻƴŘƛǝƻƴǎ ŦƻǊ ŀŎƘƛŜǾƛƴƎ ǘƘŜ ŘŜǎƛǊŜŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ 

ŀƴŘ ǇǊƻǇŜǊǝŜǎ ό[Ŝǿƛǎ нлллύΦ wŜǎŜŀǊŎƘŜǊǎ ƘŀǾŜ ŜȄǘŜƴǎƛǾŜƭȅ ǎǘǳŘƛŜŘ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ǇǊƻŎŜǎǎ 

ǇŀǊŀƳŜǘŜǊǎ ƻƴ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜΣ ǳǎƛƴƎ ŀŘǾŀƴŎŜŘ о5 C9! ƳƻŘŜƭǎ ǘƻ ŀŎƘƛŜǾŜ ŀ ǎǘŜŀŘȅ ƳŜƭǘ 

Ǉƻƻƭ ǎƛȊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ŘƛǎǘǊƛōǳǝƻƴ ŘǳǊƛƴƎ ŘŜǇƻǎƛǝƻƴ ό²ŀƴƎ нллуύΦ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ 

ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ ƛǎ ŎǊǳŎƛŀƭΣ ŀƴŘ C9! ƛǎ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ŦƻǊ ƛǘǎ ǇǊŜŘƛŎǝƻƴ ό̧ŀƴƎ нлмлΣ CŜǘƴƛ нлнмύΦ 

 

¢ƘŜǊƳƻπǇƘȅǎƛŎŀƭ tǊƻǇŜǊǝŜǎ ƻŦ aŀǘŜǊƛŀƭǎ 

¢ƘŜǊƳƻπǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘŜŘ ƳŀǘŜǊƛŀƭΣ ǎǳŎƘ ŀǎ ǘƘŜǊƳŀƭ ŎƻƴŘǳŎǝǾƛǘȅΣ ǎǇŜŎƛŬŎ 

ƘŜŀǘ ŎŀǇŀŎƛǘȅΣ ŀƴŘ ŘŜƴǎƛǘȅΣ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴƅǳŜƴŎŜ ǘƘŜ ƘŜŀǘ ǘǊŀƴǎŦŜǊ ŀƴŘ ǎƻƭƛŘƛŬŎŀǝƻƴ ōŜƘŀǾƛƻǊ 

ŘǳǊƛƴƎ 595Φ ¢ƘŜ ŀŎŎǳǊŀŎȅ ƻŦ 595 ǎƛƳǳƭŀǝƻƴǎ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǇǊŜŎƛǎƛƻƴ ƻŦ ƛƴǇǳǘ ƳŀǘŜǊƛŀƭ 

ǇŀǊŀƳŜǘŜǊǎΦ wŜǎŜŀǊŎƘŜǊǎ ƘŀǾŜ ŦƻǳƴŘ ǘƘŀǘ ǊŜƭȅƛƴƎ ƻƴ ǇǊƻǇŜǊǝŜǎ ƳŜŀǎǳǊŜŘ ƻƴ ǎŀƳǇƭŜǎ 

ǇǊƻŘǳŎŜŘ ōȅ ǘƘŜ ǎǘǳŘƛŜŘ ǇǊƻŎŜǎǎ ƛǎ ŎǊǳŎƛŀƭ ŦƻǊ ŀŎƘƛŜǾƛƴƎ ŀŎŎǳǊŀǘŜ ǊŜǎǳƭǘǎΦ ¢ƘŜ ǎƛƎƴƛŬŎŀƴŎŜ ƻŦ 

ǘƘŜǊƳƻπǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǝŜǎ Ƙŀǎ ōŜŜƴ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘǊƻǳƎƘ ŜȄǇŜǊƛƳŜƴǘǎ ŀƴŘ ƳŜŀǎǳǊŜƳŜƴǘǎ 

όIŜƛƎŜƭ нлмрΣ CŜǘƴƛ нлнмύΦ hōǘŀƛƴƛƴƎ Řŀǘŀ ƛǎ ŎƘŀƭƭŜƴƎƛƴƎΣ ŀǎ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎ Ŏŀƴ ǾŀǊȅ ǿƛǘƘ 

ǘŜƳǇŜǊŀǘǳǊŜΣ ǇƻǿŘŜǊ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΣ ŀƴŘ ǇƻǎǘπǇǊƻŎŜǎǎƛƴƎ ǘǊŜŀǘƳŜƴǘǎΦ ¢ƻ ƛƳǇǊƻǾŜ ǘƘŜ 

ŀŎŎǳǊŀŎȅ ƻŦ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǘȅ Řŀǘŀ ŦƻǊ 595Σ ŀŘǾŀƴŎŜŘ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ǘŜŎƘƴƛǉǳŜǎΣ ƛƴŎƭǳŘƛƴƎ 

ŘƛũŜǊŜƴǝŀƭ ǎŎŀƴƴƛƴƎ ŎŀƭƻǊƛƳŜǘǊȅ ό5{/ύΣ ŘƛũŜǊŜƴǝŀƭ ǘƘŜǊƳŀƭ ŀƴŀƭȅǎƛǎ ό5¢!ύΣ ŀƴŘ ƭŀǎŜǊ ƅŀǎƘ 

ŘƛũǳǎƛǾƛǘȅ ό[C!ύΣ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜǊƳŀƭ ǇǊƻǇŜǊǝŜǎΣ ǎǳŎƘ ŀǎ ǘƘŜǊƳŀƭ ŘƛũǳǎƛǾƛǘȅ 

ŀƴŘ ŎƻƴŘǳŎǝǾƛǘȅΣ ŀǎ ǿŜƭƭ ŀǎ ǎǇŜŎƛŬŎ ƘŜŀǘ ŎŀǇŀŎƛǘȅΦ aƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŀƴŀƭȅǎƛǎ ƳŜǘƘƻŘǎ ƭƛƪŜ 

ƻǇǝŎŀƭ ƳƛŎǊƻǎŎƻǇȅΣ ǎŎŀƴƴƛƴƎ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ό{9aύΣ ŀƴŘ ·πǊŀȅ ŘƛũǊŀŎǝƻƴ ό·w5ύ ƘŀǾŜ ōŜŜƴ 

ŜƳǇƭƻȅŜŘ ǘƻ ǎǘǳŘȅ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŜǾƻƭǳǝƻƴ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ όDƻŎƪŜƭ нлмпύΦ 

¢ƘŜ ŀŎŎǳǊŀǘŜ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ƳŀǘŜǊƛŀƭ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ŀǘ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ǎǳŎƘ ŀǎ 

ǾƛǎŎƻπǇƭŀǎǝŎ ōŜƘŀǾƛƻǊΣ ƛǎ ŀƭǎƻ ŎǊǳŎƛŀƭ ŦƻǊ ǊŜƭƛŀōƭŜ ǎƛƳǳƭŀǝƻƴǎΦ IƻǿŜǾŜǊΣ Ƴƻǎǘ ƳŀǘŜǊƛŀƭ Řŀǘŀ 

ǳǝƭƛȊŜŘ ƛƴ ǘƘŜǊƳƻπƳŜŎƘŀƴƛŎŀƭ ƳƻŘŜƭǎ ŀǊŜ ŘŜǊƛǾŜŘ ŦǊƻƳ ǎŀƳǇƭŜǎ ƴƻǘ ǎǇŜŎƛŬŎŀƭƭȅ ƳŀƴǳŦŀŎǘǳǊŜŘ 

ōȅ 595Φ DŜƴŜǊƛŎ ƳŀǘŜǊƛŀƭ ŘŀǘŀōŀǎŜǎ ŘŜǾŜƭƻǇŜŘ ŦƻǊ ƻǘƘŜǊ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎŜǎΣ ǎǳŎƘ ŀǎ 

ŎŀǎǝƴƎ ƻǊ ŦƻǊƎƛƴƎΣ ŀǊŜ ƻƊŜƴ ƛƴǎǳŶŎƛŜƴǘ ŦƻǊ ŀŎŎǳǊŀǘŜ ǎƛƳǳƭŀǝƻƴǎ ƛƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ 

{ŜƴǎƛǝǾƛǘȅ ŀƴŀƭȅǎŜǎ ƘŀǾŜ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŜ ǎƛƎƴƛŬŎŀƴǘ ƛƳǇŀŎǘ ƻŦ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎΣ ǎǳŎƘ ŀǎ 



мр 

 

ǘƘŜ ǘƘŜǊƳŀƭ ŜȄǇŀƴǎƛƻƴ ŎƻŜŶŎƛŜƴǘ ŀƴŘ ŜƭŀǎǝŎ ƭƛƳƛǘΣ ƻƴ ǘƘŜ ŘƛǎǘƻǊǝƻƴ ŀƴŘ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎŜǎΣ 

ŜƳǇƘŀǎƛȊƛƴƎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŀŎŎǳǊŀǘŜ ƳŀǘŜǊƛŀƭ Řŀǘŀ ǎǇŜŎƛŬŎ ǘƻ 595 ǇǊƻŎŜǎǎŜǎ ŀƴŘ ƳŀǘŜǊƛŀƭǎΦ 

¢ƘŜ ǎƛƎƴƛŬŎŀƴŎŜ ƻŦ ǘƘŜǊƳƻǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻƴ ǎƛƳǳƭŀǝƻƴ ŀŎŎǳǊŀŎȅ ƛǎ ŦǳǊǘƘŜǊ ŜȄǇƭƻǊŜŘ ƛƴ 

/ƘŀǇǘŜǊ оΣ ǇŀǊǝŎǳƭŀǊƭȅ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ aп ŀƴŘ ǎǳōǎǘǊŀǘŜ ƳŀǘŜǊƛŀƭǎΦ 

 

¦ƴŘŜǊǎǘŀƴŘƛƴƎ aƛŎǊƻǎŎŀƭŜ ŀƴŘ aŀŎǊƻǎŎŀƭŜ tƘŜƴƻƳŜƴŀ 

!ǘ ǘƘŜ ƳƛŎǊƻǎŎŀƭŜΣ ƅǳƛŘπōŀǎŜŘ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ƭƛƪŜ /C5 ƘŀǾŜ ǇƭŀȅŜŘ ŀ ŎǊǳŎƛŀƭ ǊƻƭŜ ƛƴ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǇƘŜƴƻƳŜƴŀ ƭƛƪŜ ǘƘŜ ōŀƭƭƛƴƎ ŜũŜŎǘΣ ǇƻǊŜ ŦƻǊƳŀǝƻƴΣ ŀƴŘ ƅŀǿ ƳŜŎƘŀƴƛǎƳǎ ƛƴ 

ǎǇŜŎƛŬŎ ƳŀǘŜǊƛŀƭǎ ό²ŀƴƎ нлнлύΦ ¢ƘŜǎŜ ŀǇǇǊƻŀŎƘŜǎΣ ǿƘƛƭŜ ǳǎŜŦǳƭΣ ŦŀŎŜ ƭƛƳƛǘŀǝƻƴǎ ǿƘŜƴ 

ǎƛƳǳƭŀǝƴƎ ǿƘƻƭŜ ǇŀǊǘǎ ŘǳŜ ǘƻ ŎƻƳǇǳǘŀǝƻƴŀƭ ǝƳŜ ŎƻƴǎǘǊŀƛƴǘǎΦ CƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǎŜƎǊŜƎŀǝƻƴ 

ōŜƘŀǾƛƻǊ ŀƴŘ ǇƘŀǎŜ ƎŜƴŜǊŀǝƻƴΣ ƭƻǿŜǊπǎŎŀƭŜ ƳƻŘŜƭǎ ƭƛƪŜ tƘŀǎŜ CƛŜƭŘ ŀǇǇǊƻŀŎƘŜǎ ŎƻǳƭŘ ōŜ 

ƴŜŎŜǎǎŀǊȅΦ IƻǿŜǾŜǊΣ ŀǎ ŜȄŜƳǇƭƛŬŜŘ ōȅ όWŀǊŘƛƴ нлмфύΣ C9! Ŏŀƴ ŜȄǇƭŀƛƴ Ƙƻǿ ǘƘŜ ǇǊŜŎƛǇƛǘŀǝƻƴ ƻŦ 

ŎŀǊōƛŘŜǎ ǿƛǘƘƛƴ aп ŎƭŀŘŘƛƴƎ ƭŜŀŘǎ ǘƻ ŀ ƘŜǘŜǊƻƎŜƴŜƻǳǎ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŎŀǊōƛŘŜ ǎƘŀǇŜΣ ǎƛȊŜΣ ŀƴŘ 

ƴŀǘǳǊŜ ŀƭƻƴƎ ǘƘŜ ŘŜǇǘƘ ƻŦ ŀ ŎƭŀŘŘŜŘ ǎŀƳǇƭŜΦ ¢ƻ ǎǘǳŘȅ Řƛũǳǎƛƻƴ ǇƘŜƴƻƳŜƴŀΣ ǇƘŀǎŜ ŬŜƭŘ 

ƳŜǘƘƻŘǎ ƘŀǾŜ ōŜŜƴ ŜƳǇƭƻȅŜŘ ƛƴ ¦[ƛŜƎŜ ό5ŜƭŀƘŀȅŜ нлмфύ ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ Řƛũǳǎƛƻƴ ōŜǘǿŜŜƴ 

{ƛ ƛƴŎƭǳǎƛƻƴǎ ŀƴŘ ŀƴ !ƭ ƳŀǘǊƛȄ ƛƴ !ƭ{ƛмлaƎΣ ŀƴŘ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǊǳǇǘǳǊŜ ƭƻŎŀǝƻƴ ƛƴ [t.C 

!ƭ{ƛмлaƎΦ IƻǿŜǾŜǊΣ ŘǳŜ ǘƻ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ŎŀǊōƛŘŜ ǇǊŜŎƛǇƛǘŀǝƻƴ ǇǊŜǎŜƴǘ ƛƴ I{{ ƳŀǘŜǊƛŀƭ 

ǎǳŎƘ ƳŜǘƘƻŘ ƛǎ ŎǳǊǊŜƴǘƭȅ ƴƻǘ ȅŜǘ ŀǇǇƭƛŎŀōƭŜ ŦƻǊ ǘƘƛǎ ǘȅǇŜ ƻŦ ƳŀǘŜǊƛŀƭΦ !ǘ ǘƘŜ ƳŀŎǊƻǎŎŀƭŜΣ 

ƛƴƘŜǊŜƴǘπǎǘǊŀƛƴπōŀǎŜŘ ƳŜǘƘƻŘǎ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ǘƻ ŀƴŀƭȅȊŜ ŎƻƳǇƭŜȄ ǇŀǊǘǎΣ ƻƊŜƴ ǊŜǉǳƛǊƛƴƎ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ŎŀƭƛōǊŀǝƻƴ ό{ŜǝŜƴ нлмуύΦ 5ŜǘŀƛƭŜŘ C9! ƻũŜǊ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 

ǘƘŜ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅΣ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŜǾƻƭǳǝƻƴΣ ŀƴŘ ǊŜǎǳƭǝƴƎ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎŜǎΣ ƛƳǇŀŎǝƴƎ ǘƘŜ 

ǉǳŀƭƛǘȅ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ƳŀƴǳŦŀŎǘǳǊŜŘ ǇŀǊǘǎΦ 

{ƛƳǳƭŀǝƴƎ 595 ǇǊƻŎŜǎǎŜǎ ƛƴǾƻƭǾŜǎ ŎƘƻƻǎƛƴƎ ǾŀǊƛƻǳǎ ƳƻŘŜƭƛƴƎ ǎŎŀƭŜǎΣ ōǳǘ ǘƘŜ ǘƘŜǊƳŀƭ ŬŜƭŘ ƛǎ 

ŎƻƴǎƛǎǘŜƴǘƭȅ ŀ ŘǊƛǾƛƴƎ ŦŀŎǘƻǊΦ aŜǎƻπǎŎŀƭŜ ǎƛƳǳƭŀǝƻƴǎ ƛƴ /C5 ǇǊƻǾƛŘŜ ŘŜǘŀƛƭǎ ŀōƻǳǘ ƅǳƛŘ 

ƳƻǾŜƳŜƴǘǎ ǿƛǘƘƛƴ ǘƘŜ ƳŜƭǘ ǇƻƻƭΣ ŎǊǳŎƛŀƭ ŦƻǊ ǎƛƳǳƭŀǝƴƎ ǇƘŜƴƻƳŜƴŀ ǎǳŎƘ ŀǎ ǇƻǊƻǎƛǘȅ 

ŦƻǊƳŀǝƻƴ ŀƴŘ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ǇǊŜŎƛǇƛǘŀǘŜǎΦ CƛƎǳǊŜ мм ǇǊƻǾƛŘŜǎ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ ƳƻŘŜƭƛƴƎ 

ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ 595 ŀǘ ƳŜǎƻ ŀƴŘ ǇŀǊǘ ǎŎŀƭŜǎ ό.ŀȅŀǘ нлнмύΦ !ǘ ǘƘŜ ƳŀŎǊƻπǎŎŀƭŜΣ C9! ǎƛƳǳƭŀǝƻƴǎ 

ǇǊŜŘƛŎǘ ǇŀǊǘ ŘƛǎǘƻǊǝƻƴǎ ŀƴŘ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎ ŬŜƭŘǎ ōǳǘ ƻƊŜƴ ƻǾŜǊǎƛƳǇƭƛŦȅ ǇƘŜƴƻƳŜƴŀ ǿƛǘƘƛƴ 

ǘƘŜ ƳŜƭǘ ǇƻƻƭΦ ¢ƘŜǎŜ ǎƛƳǇƭƛŬŎŀǝƻƴǎ ƭƛƳƛǘ ǇǊŜŘƛŎǝƻƴǎ ǊŜƎŀǊŘƛƴƎ ǎƻƭƛŘƛŬŎŀǝƻƴ ǎǘŀǘŜǎ ŀƴŘ 

ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŦŜŀǘǳǊŜǎ ƭƛƪŜ ƎǊŀƛƴ ƎǊƻǿǘƘ ŀƴŘ ƳƻǊǇƘƻƭƻƎȅΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜȅ ƭƛƳƛǘ ǘƘŜ 

/t¦ ǝƳŜ ŀƴŘ ŀƭƭƻǿ ƳƻŘŜƭƛƴƎ ǘƘŜ ǿƘƻƭŜ ǇǊƻŎŜǎǎΦ  

 



мс 

 

 

CƛƎǳǊŜ мм π aƻŘŜƭƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ 595 ŀǘ ƳŜǎƻ ϧ ǇŀǊǘ ǎŎŀƭŜ ό.ŀȅŀǘ нлнмύΦ 

 

!ŘǾŀƴŎŜŘ aŜǘŀƭƭǳǊƎƛŎ aƻŘŜƭǎ 

!ŘǾŀƴŎŜŘ ƳŜǘŀƭƭǳǊƎƛŎ ƳƻŘŜƭǎ ǎǳŎƘ ŀǎ tƘŀǎŜ CƛŜƭŘ ƻǊ /ŜƭƭǳƭŀǊ !ǳǘƻƳŀǘŀ ŀǇǇǊƻŀŎƘŜǎ Ŏŀƴ ƳƻŘŜƭ 

ǎƻƭƛŘƛŬŎŀǝƻƴΣ ƎǊŀƛƴ ƴǳŎƭŜŀǝƻƴ ŀƴŘ ƎǊƻǿǘƘΣ ǘŜȄǘǳǊŜ ŦƻǊƳŀǝƻƴ ŀƴŘ ǇƘŀǎŜ ǘǊŀƴǎŦƻǊƳŀǝƻƴΦ ! 

ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ŎƻƳƳŜǊŎƛŀƭ ǎƻƊǿŀǊŜ ǇŀŎƪŀƎŜǎΣ ƛƴŎƭǳŘƛƴƎ ¢ƘŜǊƳƻŎŀƭŎΣ 5L/¢w!Σ WaŀǘtǊƻΣ ŀƴŘ 

aL/w9{{ ƘŀǾŜ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŜǾƻƭǳǝƻƴ ōŀǎŜŘ ƻƴ 

ǘƘŜǊƳƻŘȅƴŀƳƛŎ ƪƴƻǿƭŜŘƎŜ όŦƻǳƴŘ ŦƻǊ ƛƴǎǘŀƴŎŜ ƛƴ /![tI!5 Řŀǘŀ ōŀǎŜύΦ tƘŜƴƻƳŜƴƻƭƻƎƛŎ ƭŀǿǎ 

ǎǳŎƘ ŀǎ WƻƘƴǎƻƴπaŜƘƭπ!ǾǊŀƳƛπYƻƭƳƻƎƻǊƻǾ όWa!Yύ Ŝǉǳŀǝƻƴǎ ƻǊ YƻƛǎǝƴŜƴ aŀǊōǳǊƎŜǊ όYaύ 

Ŏŀƴ ŀƭǎƻ ǇǊƻǾƛŘŜ ƛƴǘŜǊŜǎǝƴƎ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǎƻƭƛŘ ǘǊŀƴǎŦƻǊƳŀǝƻƴǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ /ǊŜǎǇƻΩǎ 

ƳƻŘŜƭ ό/ǊŜǎǇƻ нлмлύ ǊŜƭȅƛƴƎ ƻƴ Wa!Y ŀƴŘ Ya Ƙŀǎ ōŜŜƴ ŀǇǇƭƛŜŘ ƻƴ ¢ƛс!ƭп± 595 ŘŜǇƻǎƛǝƻƴ 

ǿƛǘƘƛƴ 9ǎǘŜǾŀ aŀǎǘŜǊ ǘƘŜǎƛǎ ǇǊŜŘƛŎǝƴƎ ¢ƛс!ƭп± ǇƘŀǎŜǎ ό9ǎǘŜǾŀ нлмуύ ŦƻǊ ŜȄǇŜǊƛƳŜƴǘǎ 

ǇŜǊŦƻǊƳŜŘ ōȅ {ƛǊǊƛǎ ώtŀȅŘŀǎ нлмрϐΦ 

 

C9! ǎƛƳǳƭŀǝƻƴ 

!ǎ ǘƘŜ ǇǊŜǎŜƴǘ ǘƘŜǎƛǎ ŀƛƳǎ ǘƘŜ ǇŀǊǘ ǎŎŀƭŜΣ ǘƘƛǎ ƛƴǘǊƻŘǳŎǝƻƴ ǿƛƭƭ ŘƛǎŎǳǎǎ ƘŜǊŜŀƊŜǊ ǘƘŜ ŘƛũŜǊŜƴǘ 

ŎƘƻƛŎŜǎ ƻŦ ŀ ǘƘŜǊƳŀƭ C9! ŀǇǇǊƻŀŎƘΥ ǘƘŜ ƘŜŀǘ ǎƻǳǊŎŜ ƳƻŘŜƭΣ ǘƘŜ ƳƻǊǇƘƻƭƻƎȅ ƻŦ ǘƘŜ ƭŀȅŜǊ ŀƴŘ 

ǘƘŜ ŎƻǳǇƭƛƴƎ ǿƛǘƘ ŘŜŜǇ ƭŜŀǊƴƛƴƎΦ 



мт 

 

!ōƻǳǘ ǘƘŜ ǘƘŜǊƳƻπƳŜŎƘŀƴƛŎŀƭ ƳƻŘŜƭǎ ŀōƭŜ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ ǇŀǊǘ ŘƛǎǘƻǊǝƻƴǎ ŀƴŘ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎ 

ŬŜƭŘΣ Ƴƻǎǘ ƳƻŘŜƭǎ ǿƻǊƪ ƛƴ ŀ ǎǘŀƎƎŜǊŜŘ ǿŀȅΣ ŬǊǎǘ ǘƘŜ ǘƘŜǊƳŀƭ ŬŜƭŘ ƛǎ ŎƻƳǇǳǘŜŘ ǘƘŜƴ ǘƘŜ 

ƳŜŎƘŀƴƛŎŀƭ ǎǘǊŜǎǎ ŀƴŘ ǎǘǊŀƛƴ ŀǊŜ ǳǇŘŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŬŜƭŘ ŀǎ ƭƻŀŘƛƴƎΦ  

!a ǎƛƳǳƭŀǝƻƴǎ ŀǊŜ ǾŜǊȅ ŎƻƴǎǳƳƛƴƎ ŦǊƻƳ ǘƘŜ /t¦ ǝƳŜ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΣ ŘǳŜ ǘƻ ǘƘŜ ƭƻƴƎ ƭŀǎŜǊ 

ǇŀǘƘ ŀƴŘ ǘƘŜ ǊŜŬƴŜŘ ƳŜǎƘ ŎƭƻǎŜŘ ǘƻ ǘƘŜ ƘŜŀǘ ǎƻǳǊŎŜΦ aŀƴȅ ǘŜŎƘƴƛǉǳŜǎ ŀǊŜ ǳǎŜŘ ǘƻ ǎǇŜŜŘ ǳǇ 

ǘƘŜ ǇǊƻŎŜǎǎŜǎΦ hƴƭȅ ŀ ŦŜǿ ƻŦ ǘƘŜƳ ǿƛƭƭ ōŜ ǇǊŜǎŜƴǘŜŘΦ 

 

IŜŀǘ {ƻǳǊŎŜ aƻŘŜƭǎ ŀƴŘ aŜǘƘƻŘƻƭƻƎƛŜǎ ǘƻ wŜŘǳŎŜ {ƛƳǳƭŀǝƻƴ ¢ƛƳŜ 

¢ƻ ŀŎŎǳǊŀǘŜƭȅ ǎƛƳǳƭŀǘŜ 595 ǇǊƻŎŜǎǎŜǎΣ ƘŜŀǘ ǎƻǳǊŎŜ ƳƻŘŜƭǎ ŀǊŜ ŎǊƛǝŎŀƭΦ ±ŀǊƛƻǳǎ ǎǳǊŦŀŎŜ ŀƴŘ 

ǾƻƭǳƳŜǘǊƛŎ ƘŜŀǘ ǎƻǳǊŎŜǎ ƘŀǾŜ ōŜŜƴ ŀǇǇƭƛŜŘ ōȅ ǊŜǎŜŀǊŎƘŜǊǎΣ ǎǳŎƘ ŀǎ DƻƭŘŀƪϥǎ ŘƻǳōƭŜ ŜƭƭƛǇǎƻƛŘ 

ƘŜŀǘ ǎƻǳǊŎŜ όDƻƭŘŀƪ мфупύΦ wŜǎŜŀǊŎƘŜǊǎ ŀǊŜ Ŏƻƴǝƴǳƻǳǎƭȅ ǊŜŬƴƛƴƎ ǘƘŜǎŜ ƳƻŘŜƭǎ ǘƻ ōŜǧŜǊ 

ŀŎŎƻǳƴǘ ŦƻǊ ǇƘŜƴƻƳŜƴŀ ƭƛƪŜ ƘŜŀǘ ǘǊŀƴǎŦŜǊ ōȅ ŎƻƴǾŜŎǝƻƴ όaŀǊŀƴƎƻƴƛ ƅƻǿύ ό²Ŝƛ нлмрύΦ {ƻƳŜ 

ŀǳǘƘƻǊǎ ŘŜŬƴŜ ƛƴƛǝŀƭ Ƙƻǘ ǘŜƳǇŜǊŀǘǳǊŜǎ ƻŦ ƴŜǿ ƴƻŘŜǎ ƛƴ ǘƘŜ ōƛǊǘƘ ŜƭŜƳŜƴǘ ǘŜŎƘƴƛǉǳŜΣ ƛƴǎǘŜŀŘ 

ƻŦ ǳǎƛƴƎ ƘŜŀǘ ǎƻǳǊŎŜǎ ǘƘŜȅ ǇǊŜŦŜǊ ǎƛƳǇƭƛŎƛǘȅ ǘƻ ŀ ōŜǧŜǊ ŎƻƴǘǊƻƭ ƻŦ ŜƴŜǊƎȅ ƛƴǇǳǘΦ CƻǊ ƭŀǎŜǊ 595 

ǎƛƳǳƭŀǝƻƴǎΣ ¢ŀōƭŜ м ŦǊƻƳ ±Φ bŀƛƴΩǎ tƘ5 ǘƘŜǎƛǎ ώbŀƛƴΣ нлннϐ ǎǳƳƳŀǊƛȊŜǎ ƛƴ ŀ ǎȅƴǘƘŜǝŎ ǿŀȅ ǘƘŜ 

ŘƛǾŜǊǎƛǘȅ ƻŦ ǎǳǊŦŀŎŜ ŀƴŘ ǾƻƭǳƳŜǘǊƛŎ ƘŜŀǘ ǎƻǳǊŎŜǎ ǘƘŀǘ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ŀǇǇƭƛŜŘ ōȅ ƳƻŘŜƭŜǊǎΦ 

Lƴ ǘƘŜǊƳŀƭ ǎƛƳǳƭŀǝƻƴǎΣ ǎƛƳǇƭƛŬŜŘ ŀƴŀƭȅǝŎŀƭ ǎƻƭǳǝƻƴǎ ŦƻǊ ƳƻǾƛƴƎ Ǉƻƛƴǘ ƘŜŀǘ ǎƻǳǊŎŜǎΣ ǎǳŎƘ ŀǎ 

ǘƘŜ wƻǎŜƴǘƘŀƭ Ŝǉǳŀǝƻƴ ƻǊ 9ŀƎŀǊς¢ǎŀƛ ƳƻŘŜƭΣ ƻƊŜƴ ǎŜǊǾŜ ŀǎ ƛƴƛǝŀƭ ŀǇǇǊƻȄƛƳŀǝƻƴǎ ŦƻǊ [t.CΦ 

IƻǿŜǾŜǊΣ ƛƴ 595 ǇǊƻŎŜǎǎΣ ǿƘŜǊŜ ŜƴŜǊƎȅ ƭŜǾŜƭǎ ŀǊŜ ƘƛƎƘŜǊ ŀƴŘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜǎ ǎǳōǎǘŀƴǝŀƭƭȅ 

ŘƛũŜǊΣ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ǘƘŜǎŜ ƳƻŘŜƭǎ ƛǎ ƭƛƳƛǘŜŘΦ ²ŀƴƎ ό²ŀƴƎ нллуύ ƛƴǘǊƻŘǳŎŜŘ ŀ ŎƻƳǇŜƭƭƛƴƎ 

ǊŜŘǳŎŜŘπƻǊŘŜǊ ƳǳƭǝǾŀǊƛŀōƭŜ ƳƻŘŜƭ ŦƻǊ 595Φ ¢Ƙƛǎ ƳƻŘŜƭ ǇŀǊŀƳŜǘŜǊƛȊŜǎ ǘƘŜ ƳŀǘŜǊƛŀƭ ǘǊŀƴǎŦŜǊ 

ǊŀǘŜ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎΣ ƻũŜǊƛƴƎ ƛƳǇǊƻǾŜŘ ǇǊŜŘƛŎǝƻƴǎ ƻŦ ǎǘŜŀŘȅπǎǘŀǘŜ ƳŜƭǘπ

Ǉƻƻƭ ƎŜƻƳŜǘǊȅ ŎƻƳǇŀǊŜŘ ǘƻ ŜȄƛǎǝƴƎ ƭǳƳǇŜŘπǇŀǊŀƳŜǘŜǊ ŀƴŀƭȅǝŎŀƭ ƳƻŘŜƭǎΦ ¢ƘŜ ŀŎŎǳǊŀŎȅ ŀƴŘ 

ǾŀƭƛŘƛǘȅ ƻŦ ²ŀƴƎϥǎ ǇǊŜŘƛŎǝƻƴǎ ǿŜǊŜ ǾŀƭƛŘŀǘŜŘ ǳǎƛƴƎ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ƻōǘŀƛƴŜŘ ŦǊƻƳ ¢!с± 

ŘŜǇƻǎƛǝƻƴ ƻƴ ŀ [ŀǎŜǊ 9ƴƎƛƴŜŜǊƛƴƎ bŜǘ {ƘŀǇƛƴƎ ό[9b{ύ !a ǇǊƻŎŜǎǎΣ ŎƻƳǇƭŜƳŜƴǘŜŘ ōȅ ŬƴƛǘŜ 

ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎΦ 

CƻǊ 595Σ bŀƛƴϥǎ ƳŜǘƘƻŘƻƭƻƎȅ όbŀƛƴ нлннύ ǊŜƭƛŜǎ ƻƴ ŀ ŎƭŀǎǎƛŎŀƭ C9! ǘƘŜǊƳŀƭ ƳƻŘŜƭ ǘƻ ŀƴŀƭȅȊŜ 

ǘƘŜǊƳŀƭ ŬŜƭŘǎ ƛƴ омс[ ǘƘƛƴ ǿŀƭƭǎ ŀŎǊƻǎǎ ǾŀǊƛƻǳǎ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎΦ bŀƛƴϥǎ ƛƴƴƻǾŀǝƻƴ ƛƴǾƻƭǾŜǎ 

ŘŜŬƴƛƴƎ ŀ ǘƘŜǊƳŀƭ ƳŜŀƴ ǎƻǳǊŎŜ ƻǾŜǊ ƭŀǊƎŜǊ ǝƳŜ ƛƴŎǊŜƳŜƴǘǎ ŀƴŘ ǎǇŀǝŀƭ ŘƻƳŀƛƴǎΣ ŜƴŀōƭƛƴƎ 

ǘƘŜ ǳǎŜ ƻŦ ƭŀǊƎŜǊ ǝƳŜ ǎǘŜǇǎ ǘƻ ŜȄǇŜŘƛǘŜ ǘƘŜ ǘƘŜǊƳŀƭ ǇǊƻŎŜǎǎΦ !ƭǘƘƻǳƎƘ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ȅƛŜƭŘǎ 

ŜŶŎƛŜƴǘ ǊŜǎǳƭǘǎΣ ŀ ƴƻǘŀōƭŜ ŘǊŀǿōŀŎƪ ƛǎ ǘƘŜ ŘŜǇŜƴŘŜƴŎŜ ƻƴ ŀ ŎƻǊǊŜŎǝƻƴ ŦŀŎǘƻǊ ǘƘŀǘ Ŏŀƴ ƳƻŘƛŦȅ 

ŜƴŜǊƎȅ ƛƴǇǳǘΦ 



му 

 

¢ŀōƭŜ м π 5ƛũŜǊŜƴǘ ǘȅǇŜ ƻŦ ƴǳƳŜǊƛŎŀƭ ƘŜŀǘ ǎƻǳǊŎŜǎ ǳǎŜŘ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŦƻǊ 595 όbŀƛƴ нлннύ 

 

!ǎ ǿŜ ǘǊŀƴǎƛǝƻƴ ŦǊƻƳ ǘƘŜǊƳŀƭ ǘƻ ǘƘŜǊƳƻπƳŜŎƘŀƴƛŎŀƭ ǎƛƳǳƭŀǝƻƴǎΣ ǘƘŜ ƛƴƘŜǊŜƴǘ ǎǘǊŀƛƴ ƳŜǘƘƻŘ 

ŜƳŜǊƎŜǎ ŀǎ ŀ ǾŀƭǳŀōƭŜ ǘƻƻƭΦ ¢Ƙƛǎ ƳŜǘƘƻŘ ǎƛƳǇƭƛŬŜǎ ǎǘŀƴŘŀǊŘ ƳƻŘŜƭǎΣ ƻũŜǊƛƴƎ ŀ ǊŜƭŀǝǾŜƭȅ ŘƛǊŜŎǘ 

ŀǇǇǊƻȄƛƳŀǝƻƴ ŦƻǊ ŎŀƭŎǳƭŀǝƴƎ ǊŜǎƛŘǳŀƭ ŘƛǎǘƻǊǝƻƴǎ ŀƴŘ ǎǘǊŜǎǎŜǎ ŀƊŜǊ ǘƘŜ !a ǇǊƻŎŜǎǎΦ Lǘ 

ƻǇŜǊŀǘŜǎ ōȅ ǎƻƭǾƛƴƎ ŀ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ƳŜŎƘŀƴƛŎŀƭ ŜǉǳƛƭƛōǊƛǳƳ ǇǊƻōƭŜƳǎ ǳǎƛƴƎ ǘƘŜ ƛƴƘŜǊŜƴǘ 

ǎǘǊŀƛƴ ŀǎ ǘƘŜ ƭƻŀŘƛƴƎ ŬŜƭŘΣ ŀ ǘŜŎƘƴƛǉǳŜ ƛƴƛǝŀƭƭȅ ŘŜǾŜƭƻǇŜŘ ōȅ ¦ŜŘŀ Ŝǘ ŀƭΦ ό¦ŜŘŀ мфтрύ ŦƻǊ 

ǿŜƭŘƛƴƎ ǇǊƻŎŜǎǎŜǎΦ hǾŜǊ ǘƘŜ Ǉŀǎǘ ŘŜŎŀŘŜǎΣ ǘƘŜ ƛƴƘŜǊŜƴǘ ǎǘǊŀƛƴ ƳŜǘƘƻŘ Ƙŀǎ ōŜŜƴ ŜȄǘŜƴŘŜŘ ǘƻ 

!a ǇǊƻŎŜǎǎŜǎΣ ƛƴŎƭǳŘƛƴƎ [t.C ŀƴŘ 595Φ ¢ŜƳŀǝƻ ό¢ŜƳŀǝƻ нлннύ ŎƻƳǇŀǊŜŘ ƛǘ ǘƻ ǘǊŀŘƛǝƻƴŀƭ C9! 

ŀƴŘ ŀŎƘƛŜǾŜŘ ƎƻƻŘ ǎǘǊŜǎǎ ǇǊŜŘƛŎǝƻƴ όCƛƎǳǊŜ мнύΦ 



мф 

 

 

CƛƎǳǊŜ мн ς ±ŀƭƛŘŀǝƻƴ ǘŜǎǘ ŦƻǊ ǘƘŜ ƛƴƘŜǊŜƴǘ ǎǘǊŀƛƴ ƳŜǘƘƻŘΦ wŜǎƛŘǳŀƭ ǎǘǊŜǎǎ ŬŜƭŘ ŀƊŜǊ ōǳƛƭŘƛƴƎ ŀƴ ŜƛƎƘǘ ƭŀȅŜǊ ōƭŀŘŜΦ hƴ ǘƘŜ ƭŜƊΣ 
ǘƘŜ ǊŜǎǳƭǘǎ ŦǊƻƳ C9! ŀƴŘ ƻƴ ǘƘŜ ǊƛƎƘǘ ǘƘŜ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ ƛƴƘŜǊŜƴǘ ƳŜǘƘƻŘ ǎǘǊŀƛƴ ό¢ŜƳŀǝƻ нлннύΦ 

¢ƘŜ ƛƴƘŜǊŜƴǘ ǎǘǊŀƛƴ ƳŜǘƘƻŘΣ ŀƭǘƘƻǳƎƘ ƭŜǎǎ ŀŎŎǳǊŀǘŜΣ ƛǎ ŦǊŜǉǳŜƴǘƭȅ ǳǎŜŘ ǘƻ ǇǊŜŘƛŎǘ ǊŜǎƛŘǳŀƭ 

ŘƛǎǘƻǊǝƻƴǎ ŀƴŘ ǎǘǊŜǎǎŜǎ ό¢ŜƳŀǝƻ нлннύΦ {ŜǾŜǊŀƭ ǾŀǊƛŀƴǘǎ ƻŦ ǘƘƛǎ ƳŜǘƘƻŘ ŜȄƛǎǘΣ ǘƘŜȅ ǾŀǊȅ ōȅ ǘƘŜ 

ǎǘŜǇǎ ŀƴŘ ǘƘŜ ŎǊƛǝŎŀƭ ŀǎǇŜŎǘ ƻŦ ŎƻƳǇǳǝƴƎ ǘƘŜ ƛƴƘŜǊŜƴǘ ǎǘǊŀƛƴ ŬŜƭŘΦ ¢Ƙƛǎ ŬŜƭŘ Ŏŀƴ ōŜ ŘŜǊƛǾŜŘ 

ŦǊƻƳ ǇǊŜǾƛƻǳǎ C9 ǎƛƳǳƭŀǝƻƴǎ ƻǊ ŜȄǘŜƴǎƛǾŜ ƛƴŘǳǎǘǊƛŀƭ ŜȄǇŜǊƛƳŜƴǘǎΦ ²ƘƛƭŜ ǘƘƛǎ ƳŜǘƘƻŘ Ƴŀȅ ƴƻǘ 

ōŜ ŀǇǇƭƛŜŘ ƛƴ ǘƘƛǎ ǎǇŜŎƛŬŎ tƘ5 ǘƘŜǎƛǎΣ ƛǘ ǊŜƳŀƛƴǎ ŀ ǇƛǾƻǘŀƭ ǘƻƻƭ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ŘǳŜ 

ǘƻ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ ŀŘŘǊŜǎǎ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎΣ ŀƭǘƘƻǳƎƘ ǿƛǘƘ ǎƻƳŜ ƭƛƳƛǘŀǝƻƴǎ ƛƴ ŀŎŎǳǊŀŎȅ ŎƻƳǇŀǊŜŘ 

ǘƻ ŘƛǎǘƻǊǝƻƴ ŬŜƭŘǎΦ 



нл 

 

¢ƻ ǊŜŘǳŎŜ ǎƛƳǳƭŀǝƻƴ ǝƳŜΣ ǾŀǊƛƻǳǎ ǘŜŎƘƴƛǉǳŜǎ ƘŀǾŜ ōŜŜƴ ŜƳǇƭƻȅŜŘΦ 5ȅƴŀƳƛŎ ǊŜƳŜǎƘƛƴƎ ŀƴŘ 

ǘƘŜ ǳǎŜ ƻŦ ŀ ǘƘŜǊƳŀƭ ƳŜŀƴ ǎƻǳǊŎŜ ǿƛǘƘ ƭŀǊƎŜǊ ǝƳŜ ƛƴŎǊŜƳŜƴǘǎ ƘŜƭǇ ǎǇŜŜŘ ǳǇ C9! ŎŀƭŎǳƭŀǝƻƴǎ 

όbŀƛƴ нлннύΦ 

5ŜƴƭƛƴƎŜǊ Ŝǘ ŀƭΦ ό5ŜƴƭƛƴƎŜǊ нлмсύΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ŜƳǇƭƻȅ ŘȅƴŀƳƛŎ ǊŜƳŜǎƘƛƴƎ ǘƻ ŜǎǝƳŀǘŜ 

ǘƘŜǊƳŀƭ ŬŜƭŘǎ ŀƴŘ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎŜǎ ƛƴ [t.CΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ǊŜŘǳŎŜǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŘŜƎǊŜŜǎ ƻŦ 

ŦǊŜŜŘƻƳ ŘǳǊƛƴƎ ƛƴŎǊŜƳŜƴǘŀƭ ŎŀƭŎǳƭŀǝƻƴǎΦ !ƴƻǘƘŜǊ ƴƻǘŜǿƻǊǘƘȅ ŀǇǇǊƻŀŎƘΣ ǇǊŜǎŜƴǘŜŘ ōȅ ό[ŜǊƻȅπ

5ǳōƛŜŦ нлноύΣ ƛƴǾƻƭǾŜǎ ŎƻǳǇƭƛƴƎ ŀ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ƳƻŘŜƭ ǿƛǘƘ ŀ ǇǊƻǇŜǊ ƻǊǘƘƻƎƻƴŀƭ 

ŘŜŎƻƳǇƻǎƛǝƻƴ όth5ύ ƳŜǘƘƻŘΦ ¢Ƙƛǎ ǎǘǊŀǘŜƎȅ ƭŜǾŜǊŀƎŜǎ ǘƘŜ ŎȅŎƭƛŎ ǘƘŜǊƳŀƭ ōŜƘŀǾƛƻǊ ƛƴƘŜǊŜƴǘ ƛƴ 

ǘƘŜ ǊŜǇŜǝǝǾŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ !a ǇǊƻŎŜǎǎΦ IƻǿŜǾŜǊΣ ƛǘϥǎ ŎǊǳŎƛŀƭ ǘƻ ǊŜŎƻƎƴƛȊŜ ǘƘŀǘ ǿƘƛƭŜ ŀ ǎƛƴƎƭŜ 

Ŝǉǳŀǝƻƴ Ŏŀƴ ƻũŜǊ ǾŀƭǳŀōƭŜ ƛƴǎƛƎƘǘǎΣ ƛǘǎ ŀǇǇƭƛŎŀōƛƭƛǘȅ ƛǎ ƛƴƘŜǊŜƴǘƭȅ ƭƛƳƛǘŜŘΦ 

5ŜŜǇ [ŜŀǊƴƛƴƎ ό5[ύ !ǇǇƭƛŎŀǝƻƴǎ 

 

CƛƎǳǊŜ мо π tό[ύ ŀƴŘ a ŀǊŜ ǘƘŜ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴ ŀƴŘ ƳŜƭǘ Ǉƻƻƭ ŘŜǇǘƘ ǊŜǎǇŜŎǝǾŜƭȅ ǳǎŜŘ ōȅ ¢ΦvΦ5Φ tƘŀƳ ƛƴ Ƙƛǎ 5[ ŀǇǇǊƻŀŎƘ 
ƛƴ ǘƘŜ aп ōǳƭƪ ǎŀƳǇƭŜ ǎǘǳŘƛŜŘ ƛƴ ŎƘŀǇǘŜǊ п ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǘƘŜǎƛǎΦ ŀύ ŎƻƳǇŀǊƛǎƻƴ ƻŦ tό[ύ ƛŘŜƴǝŬŜŘ ōȅ ŎƭŀǎǎƛŎŀƭ C9 ƻǇǝƳƛǎŀǝƻƴ 

ƻǊ 5[ ŦƻǊ ǘƘŜ ǎŀƳŜ ǘŀǊƎŜǘ ƻŦ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜΣ ōύ ŎƻƳǇŀǊƛǎƻƴ ƻŦ a ŜǾƻƭǳǝƻƴ ǾŜǊǎǳǎ ǘƘŜ ŘƛũŜǊŜƴǘ ƭŀȅŜǊǎ ŎƻƳǇǳǘŜŘ ōȅ ōƻǘƘ ƳŜǘƘƻŘ 
ŀǎǎƻŎƛŀǘŜŘ ǘƻ tό[ύ ŀƴŘ ǾŜǊƛŬŜŘ ōȅ ŜȄǇŜǊƛƳŜƴǘǎΦ 

5ŜŜǇ [ŜŀǊƴƛƴƎ ό5[ύ Ƙŀǎ ŀƭǎƻ ŜƴǘŜǊŜŘ ǘƘŜ ŬŜƭŘ ƻŦ ǎƛƳǳƭŀǝƴƎ !a ǇǊƻŎŜǎǎŜǎΣ ǎŀǾƛƴƎ ǎƛƎƴƛŬŎŀƴǘ 

ŎƻƳǇǳǘŀǝƻƴ ǝƳŜΦ {ǳǊǊƻƎŀǘŜ ƳƻŘŜƭǎΣ ǎǳŎƘ ŀǎ ŦŜŜŘŦƻǊǿŀǊŘ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎ όCCbbύΣ ǇǊƻǾƛŘŜ 

ǊŀǇƛŘ ŀƴŘ ŀŎŎǳǊŀǘŜ ǇǊŜŘƛŎǝƻƴǎ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŜǾƻƭǳǝƻƴǎ ŀƴŘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜǎ όtƘŀƳ нлннŀύΦ 

¢ƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ 5[ ǘƻ 595 ƘŜƭǇǎ ŀƴŀƭȅȊŜ ǳƴŎŜǊǘŀƛƴǘȅ ǇǊƻǇŀƎŀǝƻƴ ŀƴŘ ƻǇǝƳƛȊŜ ƭŀǎŜǊ ǇƻǿŜǊ 

ŦǳƴŎǝƻƴǎ ŦƻǊ ŀ Ŏƻƴǎǘŀƴǘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ όtƘŀƳ нлноύΦ bƻǘŜ ǘƘŀǘ ǘƘŜ ŎǳǊǊŜƴǘ ǘƘŜǎƛǎ ŘŜŬƴŜŘ ǘƘŜ 

ōŀǎƛŎ ǾŀƭƛŘŀǘŜŘ C9 ǎƛƳǳƭŀǝƻƴǎ ǘƘŀǘ ŀƭƭƻǿŜŘ ǘƘŜ tƘ5 ǎǘǳŘŜƴǘ ¢ΦvΦ5 tƘŀƳ ǘƻ ŀǇǇƭȅ ǘƘŜǎŜ 

ǘŜŎƘƴƛǉǳŜǎ ǘƻ ŘŜŬƴŜ ǘƘŜ ǎǳǊǊƻƎŀǘŜ ƳƻŘŜƭ CCbb ƛƴ ŀ ƳŜǘŀƭ ōǳƭƪ ǎŀƳǇƭŜ όос ƘƻǊƛȊƻƴǘŀƭ ƭŀȅŜǊǎύ 

ƳŀƴǳŦŀŎǘǳǊŜŘ ōȅ ǘƘŜ 595 ǇǊƻŎŜǎǎ όtƘŀƳ нлннŀύΦ ¢ƘŜ ǎǇŜŜŘ ƻŦ ǘƘƛǎ ǎǳǊǊƻƎŀǘŜ ƳƻŘŜƭ ŀƭƭƻǿŜŘ 

ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ǳƴŎŜǊǘŀƛƴǘȅ ǇǊƻǇŀƎŀǝƻƴ ƛƴ ǘƘŜ ǎǘǳŘƛŜŘ 595 ǇǊƻŎŜǎǎ όtƘŀƳ нлннōύΦ Cƛƴŀƭƭȅ ƛƴ 

όtƘŀƳ нлноύΣ ǘƘƛǎ ǎǳǊǊƻƎŀǘŜ ƳƻŘŜƭ ŀƭƭƻǿŜŘ ǘƻ ƻǾŜǊŎƻƳŜ ǘƘŜ ŎƻƳǇǳǘŀǝƻƴŀƭ ŎƘŀƭƭŜƴƎŜ ƻŦ ǘƘŜ 

Ǌƻōǳǎǘ ƻǇǝƳƛȊŀǝƻƴ ǳƴŘŜǊ ǳƴŎŜǊǘŀƛƴǘȅΦ !ǎ ŎƻƴŬǊƳŜŘ ōȅ CƛƎǳǊŜ моΣ 5[ Ŏŀƴ ǊŜŎƻǾŜǊ ǘƘŜ 

ƻǇǝƳǳƳ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴ ŀōƭŜ ǘƻ ƎŜƴŜǊŀǘŜ ŀ Ŏƻƴǎǘŀƴǘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ ŘǳǊƛƴƎ ǘƘŜ 595 ōǳƭƪ 

ǇŀǊǘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŦƻǳƴŘ ōȅ ŀ ŎƭŀǎǎƛŎŀƭ C9! ŀǇǇǊƻŀŎƘ ƛƴ ŎƘŀǇǘŜǊ пΦ 



нм 

 

Lƴ ŜǎǎŜƴŎŜΣ ǘƘŜ ƛƴǘŜƎǊŀǝƻƴ ƻŦ 5[ ǘŜŎƘƴƛǉǳŜǎ ƛƴǘƻ !a ǎƛƳǳƭŀǝƻƴ ƴƻǘ ƻƴƭȅ ŜƴƘŀƴŎŜǎ 

ŎƻƳǇǳǘŀǝƻƴŀƭ ŜŶŎƛŜƴŎȅ ōǳǘ ŀƭǎƻ ǇŀǾŜǎ ǘƘŜ ǿŀȅ ŦƻǊ Ǌƻōǳǎǘ ƻǇǝƳƛȊŀǝƻƴ ǿƛǘƘƛƴ ƛƴǘǊƛŎŀǘŜ 

ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎŜǎΦ 

 

¢ƘŜ aƻǊǇƘƻƭƻƎȅ ƻŦ ǘƘŜ [ŀȅŜǊ 

¢ǊŀŘƛǝƻƴŀƭƭȅΣ Ƴŀƴȅ ǘƘŜǊƳŀƭ ŀƴŘ ǘƘŜǊƳƻπƳŜŎƘŀƴƛŎŀƭ C9 ǎƛƳǳƭŀǝƻƴǎ ƛƴ !a ǘǊŜŀǘ ƭŀȅŜǊ 

ƳƻǊǇƘƻƭƻƎȅτǎǇŜŎƛŬŎŀƭƭȅΣ ƘŜƛƎƘǘ ŀƴŘ ǿƛŘǘƘτŀǎ Ŏƻƴǎǘŀƴǘ ƛƴǇǳǘ Řŀǘŀ ōŀǎŜŘ ƻƴ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ƪƴƻǿƭŜŘƎŜΦ IƻǿŜǾŜǊΣ ŦƻǊ ǘƘƛƴ ǿŀƭƭǎ ƎŜƴŜǊŀǘŜŘ ōȅ 595Σ ŀƭǘŜǊƴŀǝǾŜ ŀǇǇǊƻŀŎƘŜǎ ƘŀǾŜ ŜƳŜǊƎŜŘΦ 

!ƭƛƳŀǊŘŀƴƛ ŀƴŘ ŎƻπŀǳǘƘƻǊǎ ό!ƭƛƳŀǊŘŀƴƛ нллтōύΣ ŘǊŀǿƛƴƎ ƛƴǎǇƛǊŀǝƻƴ ŦǊƻƳ ŜŀǊƭƛŜǊ ǿƻǊƪ ōȅ 

¢ƻȅǎŜǊƪŀƴƛ ό¢ƻȅǎŜǊƪŀƴƛ нллрύΣ ŜǎǘŀōƭƛǎƘŜŘ ŀ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ƳŀǘŜǊƛŀƭ ŘŜǇƻǎƛǘ ƭŀȅŜǊ ƘŜƛƎƘǘ 

ŀƴŘ ǾŀǊƛƻǳǎ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎΦ .ǳƛƭŘƛƴƎ ƻƴ ǘƘƛǎ ŦƻǳƴŘŀǝƻƴΣ /Φ 5ǳōƛŜŦπ[ŜǊƻȅϥǎ ǊŜŎŜƴǘ tƘ5 

ǊŜǎŜŀǊŎƘ ό[ŜǊƻȅπ5ǳōƛŜŦ нлноύ όCƛƎǳǊŜ мпύ ƛƴǘǊƻŘǳŎŜŘ ŀ ǇǊŜŘƛŎǝǾŜ ƳƻŘŜƭ ŦƻǊ ƭŀȅŜǊ ƘŜƛƎƘǘ ƛƴ 595 

ǘƘƛƴ ǿŀƭƭǎΦ ¢Ƙƛǎ ƳƻŘŜƭ ƛǎ ŀǇǇƭƛŜŘ ŦƻǊ Ŏƻƴǎǘŀƴǘ ƭŀǎŜǊ ǇƻǿŜǊ ŀƴŘ ǇƻǿŘŜǊ ŦŜŜŘ ǊŀǘŜ ƘƻǿŜǾŜǊ ƛǘ 

ŀƭƭƻǿǎ ŦƻǊ ǾŀǊƛŀǝƻƴ ƛƴ ǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ƭŀǎŜǊπŎƭŀŘΣ ǿƘƛŎƘΣ ƛƴ ǘǳǊƴΣ ŀũŜŎǘǎ ǘƘŜ ƭŀȅŜǊϥǎ 

ƘŜƛƎƘǘΦ 

  



нн 

 

 
ŀύ 

 
ōύ 

 
Ŏύ 
CƛƎǳǊŜ мп ς ŀύ 9ȄǇŜǊƛƳŜƴǘ ŘŜǎƛƎƴΣ ōύ {ŀƳǇƭŜ ƎŜƻƳŜǘǊȅ ŀƴŘ ƭƻŎŀǝƻƴ ƻŦ ƳŜŀǎǳǊŜƳŜƴǘǎΣ Ŏύ /ǳǘ ƛƴ ŀ ǘƘƛƴ ǿŀƭƭ ƛƴ омс[ ƻŦ нл 
ƭŀȅŜǊǎ ƳŀƴǳŦŀŎǘǳǊŜŘ ōȅ 595 ǿƛǘƘ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŜǎƛƎƴ ŘŜǎŎǊƛōŜŘ ƛƴ ŀπ ŀƴŘ ōύ ό5ǳōƛŜŦπ[ŜǊƻȅ нлноύΦ 

5ǳōƛŜŦπ[ŜǊƻȅϥǎ ǿƻǊƪ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǘƘŜ ƭŀȅŜǊ ƘŜƛƎƘǘ ƛǎ ƛƴƅǳŜƴŎŜŘ ōȅ ǘǿƻ ƪŜȅ ǇŀǊŀƳŜǘŜǊǎΥ ǘƘŜ 

ǿƻǊƪƛƴƎ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ƭŀǎŜǊ ŀƴŘ ǘƘŜ ŎƭŀŘ ŀƴŘ ǘƘŜ ƭŀǎŜǊ ƛƴŎǊŜƳŜƴǘ ŘƛǎǇƭŀŎŜƳŜƴǘ ǇŜǊ 

ƭŀȅŜǊΣ ǿƘƛŎƘ ǾŀǊƛŜǎ ŘǳŜ ǘƻ ōŜƴŘƛƴƎ ƛƴŘǳŎŜŘ ōȅ ǘƘŜǊƳŀƭ ƭƻŀŘΦ IƻǿŜǾŜǊΣ ǘƻ ŎƻƳǇǊŜƘŜƴǎƛǾŜƭȅ 

ǳƴŘŜǊǎǘŀƴŘ ŀƴŘ ŀƴǝŎƛǇŀǘŜ ŎǊƛǝŎŀƭ ŘŜŦŜŎǘǎ ƛƴ ǇŀǊǘ ǇǊƻŘǳŎǝƻƴ ƻǊ ƳŀǘŜǊƛŀƭ ƘŜŀƭǘƘΣ ŀ ǘƘŜǊƳŀƭ 

ŀǇǇǊƻŀŎƘ Ƴǳǎǘ ŎƻƳǇƭŜƳŜƴǘ ǘƘƛǎ ƎŜƻƳŜǘǊƛŎ ƳƻŘŜƭΦ 



но 

 

CƻǊ ōǳƭƪ ǎŀƳǇƭŜǎΣ {ŀǊŀŎƛōŀǊϥǎ ŀǇǇǊƻŀŎƘ ό{ŀǊŀŎƛōŀǊ нлмпύΣ ŘǊŀǿƛƴƎ ŦǊƻƳ ŜŀǊƭƛŜǊ ǿŜƭŘƛƴƎ 

ǎƛƳǳƭŀǝƻƴǎ ōȅ [ƛƴŘƎǊŜƴ ό[ƛƴŘƎǊŜƴ нллмύΣ ƳƛƴƛƳƛȊŜǎ ŀƴ ƻōƧŜŎǝǾŜ ŦǳƴŎǝƻƴ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ 

ŘŜǇƻǎƛǘŜŘ ƳŀǘŜǊƛŀƭ ǾƻƭǳƳŜ ŀƴŘ ǎƘŀǇŜΦ ¢Ƙƛǎ ŦǳƴŎǝƻƴ ŎƻƴǎƛŘŜǊŜŘ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ōƻǳƴŘŀǊȅ 

ǎƳƻƻǘƘƴŜǎǎΣ ŜƭŜƳŜƴǘ ŘƛǎǘƻǊǝƻƴΣ ŀƴŘ ǘƘŜ ǾƻƭǳƳŜ ƻŦ ŀŘŘŜŘ ƳŀǘŜǊƛŀƭ όCƛƎǳǊŜ мрŀύΦ Lǘϥǎ ƛƳǇƻǊǘŀƴǘ 

ǘƻ ƴƻǘŜ ǘƘŀǘ ǘƘŜ Ŭƴŀƭ ǾŀƭƛŘŀǝƻƴ ƻŦ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ŘƛŘƴϥǘ ǎƻƭŜƭȅ ǊŜƭȅ ƻƴ ǘƘŜǎŜ ŎǊƛǘŜǊƛŀ όCƛƎǳǊŜ 

мрōύΦ 

 

 

 

 
ŀύ  ōύ  
CƛƎǳǊŜ мр π ŀύ bƻǘŀǝƻƴ ǳǎŜŘ ŦƻǊ ŘŜŬƴƛǝƻƴ ƻŦ ǿŜƭŘ ƎŜƻƳŜǘǊȅ ŀŎŎƻǊŘƛƴƎ ǘƻ ό[ƛƴŘƎǊŜƴ нллмύΤ ōύ ±ŀƭƛŘŀǝƻƴ ǇŀǊǘ ƻŦ ό{ŀǊŀŎƛōŀǊ 
нлмпύΣ ŎƻƳǇƭŜȄ ǘƘƛƴ ǿŀƭƭ ƻŦ мл ƭŀȅŜǊǎΦ 

¢ƘŜ ŎǳǊǊŜƴǘ ǘƘŜǎƛǎ ŀƴŘ {ŀǊŀŎƛōŀǊ ǿƻǊƪΣ ŀǇǇƭȅ ǘƘŜ ōƛǊǘƘ ŜƭŜƳŜƴǘ ǘŜŎƘƴƛǉǳŜΦ ¢Ƙƛǎ ǘŜŎƘƴƛǉǳŜ Ŏŀƴ 

ƭŜŀŘ ǘƻ ŎƻƳǇƭƛŎŀǝƻƴǎ ƛŦ ǘƘŜ ƴƻƴπŀŎǝǾŀǘŜŘ ŜƭŜƳŜƴǘ ǎƘŀǇŜ ƛƴ ǘƘŜ ƛƴƛǝŀƭ ƳŜǎƘ ŘƻŜǎƴϥǘ ƳŀǘŎƘ ǘƘŜ 

ŀŎǘǳŀƭ ƎŜƻƳŜǘǊȅ ŦƻǊƳŜŘ ōȅ ǇǊŜǾƛƻǳǎ ƭŀȅŜǊǎΦ ²ƘƛƭŜ ǘƘŜ ŎǳǊǊŜƴǘ ǘƘŜǎƛǎ ǊŜǎƻƭǾŜŘ ǘƘƛǎ ƛǎǎǳŜ ƎƛǾŜƴ 

ƛǘǎ ǊŜƭŀǝǾŜƭȅ ǎƛƳǇƭŜ ƎŜƻƳŜǘǊȅΣ ¢ŜƳŀǝƻϥǎ tƘ5 ǿƻǊƪ ό¢ŜƳŀǝƻ нлннύ ƻũŜǊǎ ŀƴ ŜƭŜƎŀƴǘ ǎƻƭǳǝƻƴΦ 

¢ŜƳŀǝƻ ŀŘŘǊŜǎǎŜŘ ǘƘƛǎ ǇǊƻōƭŜƳ ǘƘǊƻǳƎƘ ŀ ǘƘŜƻǊŜǝŎŀƭ ŀǇǇǊƻŀŎƘ ƛƴǾƻƭǾƛƴƎ ƭŀǊƎŜ ŘŜŦƻǊƳŀǝƻƴǎ 

ǿƛǘƘƛƴ ǘƘŜ 595 ǇǊƻŎŜǎǎΣ ǳǝƭƛȊƛƴƎ ŀ ŎƻƴŬƎǳǊŀǝƻƴ ƭƛƴƪŜŘ ǘƻ ǘƘŜ /ƻƳǇǳǘŜǊπ!ƛŘŜŘ hǇǝƳƛȊŀǝƻƴ 

ό/!hύ ƎŜƻƳŜǘǊȅ ŀƴŘ ŀƴ 9ǳƭŜǊƛŀƴ ŦǊŀƳŜ ƭƛƴƪŜŘ ǘƻ ǘƘŜ ƭŀǎŜǊ ƭƻŎŀǝƻƴΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ŜũŜŎǝǾŜƭȅ 

ƳŀƴŀƎŜŘ ōƻǘƘ ǘƘŜ ŀŎǝǾŀǘŜŘ ŀƴŘ ƴƻƴπŀŎǝǾŀǘŜŘ ŘƻƳŀƛƴǎΣ ƛƳǇƭŜƳŜƴǝƴƎ ŦŜŀǘǳǊŜǎ ƻŦ 

ƛƴŎƻƳǇǊŜǎǎƛōƛƭƛǘȅ ŀƴŘ ŀ ǇŜƴŀƭǘȅ ŦŀŎǘƻǊ ǘƻ ƳƛǝƎŀǘŜ ŘƛǎǘƻǊǝƻƴΦ 

Lǘϥǎ ŀƭǎƻ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŜ tŀǊǝŎƭŜ CƛƴƛǘŜ 9ƭŜƳŜƴǘ aŜǘƘƻŘ όtC9aύ ŀǎ ŀƴ ŀƭǘŜǊƴŀǝǾŜ 

ǎƻƭǳǝƻƴΦ tC9a ƻũŜǊǎ ŀ ǳƴƛŬŜŘ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ƘŀƴŘƭƛƴƎ ōƻǘƘ ǘƘŜ ǎƘŀǇŜ ƻŦ ŀŘŘŜŘ ƳŀǘŜǊƛŀƭ ŀƴŘ 

ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ǇƻǎŜŘ ōȅ ŘƛǎǘƻǊǘŜŘ ŜƭŜƳŜƴǘǎ ǘƘǊƻǳƎƘ Ŏƻƴǝƴǳƻǳǎ ƳŜǎƘ ŀŘŀǇǘŀǝƻƴΣ ƳŀƪƛƴƎ ƛǘ 

ƘƛƎƘƭȅ ǊŜƭŜǾŀƴǘ ǘƻ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎΣ ŀǎ ǎƘƻǿŎŀǎŜŘ ƛƴ .Φ .ƻōŀŎƘϥǎ tƘ5 ǿƻǊƪ ό.ƻōŀŎƘ 

нлноύΦ 

 

мΦп IƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭ ŀƴŘ 595 C9! 
 

¢ƻƻƭ ǎǘŜŜƭǎ ŀǊŜ ŜǎǎŜƴǝŀƭ ŦƻǊ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ƳŀǘŜǊƛŀƭ ǎƘŀǇƛƴƎ ƻǇŜǊŀǝƻƴǎΣ ŜƴŎƻƳǇŀǎǎƛƴƎ 

ƳŀŎƘƛƴƛƴƎΣ ŎƻƭŘ ŀƴŘ Ƙƻǘ ŦƻǊƳƛƴƎΣ ƳƻƭŘƛƴƎΣ ǎǇƛƴƴƛƴƎΣ ŀƴŘ ŜȄǘǊǳŘƛƴƎ ό[ŞǾşǉǳŜΣ нлмоύΦ ¢ƘŜǎŜ 

ǎǘŜŜƭǎ ŜȄƘƛōƛǘ ŎŀǊōƻƴ ŎƻƴǘŜƴǘ ǊŀƴƎƛƴƎ ŦǊƻƳ лΦм҈ ǘƻ ƳƻǊŜ ǘƘŀƴ мΦс҈ ŀƴŘ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ŀƭƭƻȅŜŘ 

ǿƛǘƘ ŜƭŜƳŜƴǘǎ ǎǳŎƘ ŀǎ aƻΣ /ǊΣ ŀƴŘ ± ό.ŀȅŜǊΣ мфуфύΦ ¢ƘŜȅ ŀǊŜ ŎŀǘŜƎƻǊƛȊŜŘ ƛƴǘƻ ŦƻǳǊ ŎƭŀǎǎŜǎ ōŀǎŜŘ 



нп 

 

ƻƴ ǘƘŜƛǊ ŦǳǘǳǊŜ ǳǎŜΥ ƴƻƴπŀƭƭƻȅŜŘ ŀƴŘ ŀƭƭƻȅŜŘ ǘƻƻƭ ǎǘŜŜƭǎ ŦƻǊ ŎƻƭŘ ǿƻǊƪƛƴƎΣ ŀƭƭƻȅŜŘ ǘƻƻƭ ǎǘŜŜƭǎ 

ŦƻǊ Ƙƻǘ ǿƻǊƪƛƴƎΣ ŀƴŘ ƘƛƎƘπǎǇŜŜŘ ǎǘŜŜƭǎ όI{{ύΦ 

5ǳǊƛƴƎ ǎƘŀǇƛƴƎ ƻǇŜǊŀǝƻƴǎΣ ǘƻƻƭǎ ŜƴŘǳǊŜ ŎƻƳǇƭŜȄ ǎǘǊŜǎǎŜǎΣ ƴŜŎŜǎǎƛǘŀǝƴƎ ǎǇŜŎƛŬŎ ǇǊƻǇŜǊǝŜǎ ƛƴ 

I{{Φ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ƘƛƎƘ ƘŀǊŘƴŜǎǎ ǘƻ ǿƛǘƘǎǘŀƴŘ ǎǳǊŦŀŎŜ ŘŜŦƻǊƳŀǝƻƴǎΣ ǿŜŀǊ ŀƴŘ ǎŎǊŀǘŎƘ 

ǊŜǎƛǎǘŀƴŎŜ ǘƻ ƳƛƴƛƳƛȊŜ ŀŘƘŜǎƛƻƴ ŀƴŘ ƳƛŎǊƻ ǎŜǇŀǊŀǝƻƴΣ ǘƻǳƎƘƴŜǎǎ ŀƎŀƛƴǎǘ ƳŜŎƘŀƴƛŎŀƭ ǎƘƻŎƪǎΣ 

ǊŜǎƛǎǘŀƴŎŜ ǘƻ ǘƘŜǊƳŀƭ ǎƘƻŎƪǎ ƛƴ Ƙƻǘ ǊƻƭƭƛƴƎ Ƴƛƭƭǎ ǿƛǘƘ ǎǳŘŘŜƴ ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜǎΣ ŀƴŘ ƘƛƎƘ 

ƘŀǊŘŜƴŀōƛƭƛǘȅ ǘƻ ŜƴǎǳǊŜ ŀ ƘƻƳƻƎŜƴŜƻǳǎ ǎǘǊǳŎǘǳǊŜ ŀƊŜǊ ǉǳŜƴŎƘƛƴƎ ƘŜŀǘ ǘǊŜŀǘƳŜƴǘ ό.ŀȅŜǊΣ 

мфуфΤ [ŞǾşǉǳŜΣ нлмоύΦ !ŎƘƛŜǾƛƴƎ ǘƘƛǎ ǎŜǘ ƻŦ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƛƴǾƻƭǾŜǎ ƛƴŎƻǊǇƻǊŀǝƴƎ ǾŀǊƛƻǳǎ 

ŀƭƭƻȅƛƴƎ ŜƭŜƳŜƴǘǎ ƛƴǘƻ ǘƘŜ ǎǘŜŜƭ ƭƛƪŜ /ŀǊōƻƴΣ ±ŀƴŀŘƛǳƳΣ /ƘǊƻƳƛǳƳΣ ¢ǳƴƎǎǘŜƴΣ aƻƭȅōŘŜƴǳƳΣ 

ŀƴŘ ŀƭǎƻ {ƛƭƛŎƻƴ ŀƴŘ aŀƴƎŀƴŜǎŜ ό.ŀȅŜǊ мфуфΣ [ŞǾşǉǳŜ нлмоΣ .ƻŎŎŀƭƛƴƛ нллмΣ hƪŀƴŜ нллмΣ tŀƴ 

нллпΣ ¢ŎƘǳƛƴŘƧŀƴƎ нлмрύΦ 

¢ƘŜǎŜ ŀƭƭƻȅǎ ŜȄƘƛōƛǘ ƘƛƎƘ ƘŀǊŘƴŜǎǎ όслπтл Iw/ύ ŀǘ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜ ǘƘŀƴƪǎ ǘƻ ǘƘŜ 

ŎƻƳōƛƴŀǝƻƴ ƻŦ ŀ όǘŜƳǇŜǊŜŘύ ƳŀǊǘŜƴǎƛǝŎ ƻǊ ōŀƛƴƛǝŎ ƳŀǘǊƛȄ ǿƛǘƘ ǾŜǊȅ ƘŀǊŘ ŀƭƭƻȅŜŘ ŎŀǊōƛŘŜǎΣ 

ƎŜƴŜǊŀƭƭȅ ƭƻŎŀǘŜŘ ŀǘ ǘƘŜ ƎǊŀƛƴ ōƻǳƴŘŀǊƛŜǎ ό.ƻŎŎŀƭƛƴƛ нллмΣ hƪŀƴŜ нллмΣ tŀƴ нллпΣ ¢ŎƘǳƛƴŘƧŀƴƎ 

нлммΣ ²ŀƴƎ нлноύΦ Lƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ŎƻƴǾŜƴǝƻƴŀƭ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎŜǎ ǎǳŎƘ ŀǎ 

ŎƻƴǾŜƴǝƻƴŀƭ ŎŀǎǝƴƎ όǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ 9{wύ ƻǊ ǎǇƛƴ ŎŀǎǝƴƎΣ ǘƘŜ ǾŜǊȅ Ŧŀǎǘ ŎƻƻƭƛƴƎ ŀƴŘ 

ǎƻƭƛŘƛŬŎŀǝƻƴ ǊŀǘŜǎ ƻŦ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ǇŀǊǝŎǳƭŀǊƭȅ ƻŦ 595 ǇǊƻŎŜǎǎ ǿŜǊŜ 

ŦƻǳƴŘ ǘƻ ƭŜŀŘ ǘƻ ŀ ǎǘǊƻƴƎ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ǊŜŬƴŜƳŜƴǘ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŎŀǊōƛŘŜǎ 

ƳƻǊǇƘƻƭƻƎƛŜǎ ŀƴŘ ŘƛǎǘǊƛōǳǝƻƴ όIŀǎƘŜƳƛ нлмтΣ ²ŀƴƎ нлноύΦ Lƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇŀǊŀƎǊŀǇƘǎΣ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ tƘΦ5Φ ǿƻǊƪ ƻŦ bŜŘŀ IŀǎƘŜƳƛ όIŀǎƘŜƳƛ нлмтύ ŀƴŘ ǘƘŜ ǊŜǎŜŀǊŎƘ 

ǇǊƻƧŜŎǘ wŜŎȅƭŎƭŀŘ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ 595 I{{ ŀǊŜ ǎǳƳƳŀǊƛȊŜŘ ǘƻ ǎŜǘ ǘƘŜ 

ōŀŎƪƎǊƻǳƴŘ ƻŦ ǘƘŜ ǇǊŜǎŜƴǘ tƘΦ5Φ ǘƘŜǎƛǎΦ  

{ǘŀǊǝƴƎ ǿƛǘƘ ŀ ƎŜƴŜǊŀƭ ƻǾŜǊǾƛŜǿ ƻŦ 595 I{{ ŘŜǇƻǎƛǘǎΣ ƻōǎŜǊǾŀǝƻƴǎ ƻŦ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ŀƴŘ ƘŜŀǘπ

ŀũŜŎǘŜŘ ȊƻƴŜ όI!½ύ ǳƴŘŜǊ ƭƛƎƘǘ ƳƛŎǊƻǎŎƻǇŜ ǊŜǾŜŀƭ ǎǳŎŎŜǎǎƛǾŜ ŎƭŀŘ ƭŀȅŜǊǎΣ ǿƛǘƘ ǘƘŜ ƭŀǎǘ ƭŀȅŜǊ 

ŜȄƘƛōƛǝƴƎ ŀ ƎǊŜŀǘŜǊ ƘŜƛƎƘǘ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƭƻǿŜǊ ƭŀȅŜǊǎΦ ¢Ƙƛǎ ƘŜƛƎƘǘ ŘƛũŜǊŜƴŎŜ Ŏŀƴ ōŜ 

ŀǧǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǊŜƳŜƭǝƴƎ ǇǊƻŎŜǎǎ ǘƘŀǘ ƻŎŎǳǊǎ ŘǳǊƛƴƎ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ōŜƭƻǿ ǘƘŜ ǘƻǇ ƭŀȅŜǊΦ ¢ƘŜ 

ƭŀǎŜǊ ǇƻǿŜǊ ŜƳǇƭƻȅŜŘ ƛƴ ǘƘŜ ŘŜǇƻǎƛǝƻƴ ǇǊƻŎŜǎǎ ǊŜƳŜƭǘǎ ǘƘŜ ǇǊŜǾƛƻǳǎ ƭŀȅŜǊǎΣ ǊŜǎǳƭǝƴƎ ƛƴ ŀ 

ŘŜŜǇ ǊŜƳŜƭǘŜŘ ȊƻƴŜΦ CƛƎǳǊŜ мсŀΣ ǎƘƻǿǎ ǘƘŜ ƭŀǎǘ ƭŀȅŜǊ ƳŜƭǘ Ǉƻƻƭ ŀƴŘ ŀǇǇŀǊŜƴǘ ƳŜƭǘ Ǉƻƻƭ ƘŜƛƎƘǘ 

ŦƻǊ ǇǊŜǾƛƻǳǎ ƭŀȅŜǊǎΦ ¢ƘŜ ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƘŜ ƭŀǎǘ ƭŀȅŜǊ ǇǊƻǾƛŘŜǎ ŀ Ǿƛǎǳŀƭ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ǘƘƛǎ 

ǇƘŜƴƻƳŜƴƻƴΦ !ŘŘƛǝƻƴŀƭƭȅΣ ƭŀǘŜǊŀƭ ǎŀƎƎƛƴƎ ŀƴŘ ŎǳǊǾŀǘǳǊŜ ƻŦ ǘƘŜ ŜŘƎŜǎ ƻǊ ǳǇǇŜǊ ŜƴŘǎ ƻŦ ǘƘŜ 

ŘŜǇƻǎƛǘ ŀǊŜ ƻōǎŜǊǾŜŘΣ ǿƘƛŎƘ ŀǊŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ǘƘŜ ǇŀŎƪƛƴƎ ƻŦ ǘƘŜ ƭŀȅŜǊǎ όCƛƎǳǊŜ мс ŀ ϧ ōύΦ 



нр 

 

 

 
 

 

ŀ ō 
CƛƎǳǊŜ мс ς ŀύ ŘŜǇƻǎƛǘ ƻōǎŜǊǾŜŘ ōȅ ōƛƴƻŎǳƭŀǊΣ ōύ ŘŜǇƻǎƛǘ ƻōǎŜǊǾŜŘ ōȅ ƻǇǝŎŀƭ ƳƛŎǊƻǎŎƻǇŜΣ ǎƘƻǿƛƴƎ ǘƘŜ ǊŜƳŜƭǝƴƎ ŜũŜŎǘ ƻŦ ǘƘŜ 
ǎǳōǎǘǊŀǘŜ όǘǊŀƴǎƛǝƻƴ ƻǊ Řƛƭǳǝƻƴ ȊƻƴŜύ όIŀǎƘŜƳƛ нлмтύΦ 

Lƴ CƛƎǳǊŜ мс ōΣ ŀ ǊŜƳŜƭǘŜŘ ȊƻƴŜ ƛǎ ƻōǎŜǊǾŜŘ ŀōƻǾŜ ǘƘŜ ŀǊŎŀŘŜŘ ƭƻǿŜǊ ōƻǊŘŜǊ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘΣ 

ƛƴŘƛŎŀǝƴƎ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ǊŜƳŜƭǝƴƎ ƛƴ ǘƘŜ ǎǳōǎǘǊŀǘŜΦ ²ƛǘƘƛƴ ǘƘƛǎ ȊƻƴŜΣ ŀ ƳƛȄǘǳǊŜ ƻŦ ǎǳōǎǘǊŀǘŜ 

ŀƴŘ ŘŜǇƻǎƛǘ ŎƻƳǇƻǎƛǝƻƴ ƛǎ ƻōǎŜǊǾŜŘΣ ǊŜǎǳƭǝƴƎ ƛƴ ǾŀǊȅƛƴƎ ŎƻƴǘǊŀǎǘ ƭŜǾŜƭǎ ǊŀƴƎƛƴƎ ŦǊƻƳ ŎƭŜŀǊ 

όƛƴŘƛŎŀǝƴƎ ŀƭƳƻǎǘ ǇǳǊŜ ǎǳōǎǘǊŀǘŜύ ǘƻ ŘŀǊƪ ƎǊŜȅ όǊŜǇǊŜǎŜƴǝƴƎ ǇǳǊŜ ŘŜǇƻǎƛǘύΦ ¢Ƙƛǎ ǊŜƎƛƻƴ ƛǎ 

ŎƻƳƳƻƴƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ ǘǊŀƴǎƛǝƻƴ ƻǊ Řƛƭǳǝƻƴ ȊƻƴŜΦ bƻǘŀōƭȅΣ ŀ ŎƻƴǘǊŀǎǘ ŘƛũŜǊŜƴŎŜ ƛǎ ŀƭǎƻ 

ƻōǎŜǊǾŜŘ ōŜǘǿŜŜƴ ǘƘŜ ƭƻǿŜǊ ŎƻƴǘƻǳǊ ŀƴŘ ǘƘŜ ŎƻǊŜ ƻŦ ŜŀŎƘ ŘǊƻǇƭŜǘ όCƛƎǳǊŜ мтύΦ ¢ƘŜ ƭƻǿŜǊ 

ŎƻƴǘƻǳǊ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ IŜŀǘ !ũŜŎǘŜŘ ½ƻƴŜ όI!½ύΣ ǊŜǇǊŜǎŜƴǝƴƎ ǘƘŜ ǇǊŜŜȄƛǎǝƴƎ ƳŀǘŜǊƛŀƭ 

ǘƘŀǘ Ƙŀǎ ōŜŜƴ ŀũŜŎǘŜŘ ōȅ ǘƘŜ ƘŜŀǘ ƅǳȄ ǿƛǘƘƻǳǘ ŎƻƳǇƭŜǘŜ ǊŜƳŜƭǝƴƎΦ ¢ƘŜ I!½ ƛǎ ƭƻŎŀǘŜŘ 

ōŜƴŜŀǘƘ ǘƘŜ ŎƻƳǇƭŜǘŜƭȅ ǊŜƳŜƭǘŜŘ ȊƻƴŜΣ ŀƴŘ ŜŀŎƘ ŘǊƻǇƭŜǘ ƎŜƴŜǊŀǘŜǎ ŀ ŎƻǊǊŜǎǇƻƴŘƛƴƎ I!½ 

ŀƭƻƴƎ ƛǘǎ ¦πǎƘŀǇŜŘ ŎƻƴǘƻǳǊΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ƻǾŜǊƭŀǇǇƛƴƎ ƻŦ ŘǊƻǇƭŜǘǎ ƛǎ ƻōǎŜǊǾŜŘ ōƻǘƘ 

ƭŀǘŜǊŀƭƭȅ ƛƴ ŜŀŎƘ ŀǇǇŀǊŜƴǘ ƭŀȅŜǊ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘ ŀƴŘ ǾŜǊǝŎŀƭƭȅ ōŜǘǿŜŜƴ ǎǳŎŎŜǎǎƛǾŜ ƭŀȅŜǊǎΦ ¢Ƙƛǎ 

ƻǾŜǊƭŀǇǇƛƴƎ ƛǎ ŀ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ ŎƘƻǎŜƴ ƭŀǎŜǊ ǇŀǘƘ ǘƻ ƎŜƴŜǊŀǘŜ ǎƻǳƴŘ ƭŀȅŜǊǎΣ ǿƛǘƘƻǳǘ ŀƴȅ 

ǾƻƛŘǎ ŀƴŘ ŀǎǎǳǊƛƴƎ ŀ ƎƻƻŘ ŎƻƘŜǎƛƻƴ ōŜǘǿŜŜƴ ǘǊŀŎƪǎ ŀƴŘ ƭŀȅŜǊǎΦ CƻǊ ǘƘŜ ōǳƭƪ ǎŀƳǇƭŜǎ ǎǘǳŘƛŜŘ 

ƛƴ ǘƘƛǎ ǘƘŜǎƛǎΣ ǳǇƻƴ ŎƻƳǇƭŜǝƴƎ ƻƴŜ ƭŀȅŜǊΣ ǘƘŜ ƭŀǎŜǊ ŘƻŜǎ ƴƻǘ ǊŜǘǳǊƴ ǘƻ ǘƘŜ ǎǘŀǊǝƴƎ Ǉƻǎƛǝƻƴ ōǳǘ 

ƛƴǎǘŜŀŘ ƳƻǾŜǎ ŀ ŎŜǊǘŀƛƴ ŘƛǎǘŀƴŎŜ ŀƭƻƴƎ ǘƘŜ ½ ŘƛǊŜŎǝƻƴ όŜǉǳƛǾŀƭŜƴǘ ǘƻ ǘƘŜ ǘƘŜƻǊŜǝŎŀƭ ƘŜƛƎƘǘ ƻŦ 

ŀ ǎƛƴƎƭŜ ƭŀȅŜǊύ ŀƴŘ ǎǘŀǊǘǎ ǘƘŜ ƴŜȄǘ ƭŀȅŜǊ ǿƛǘƘ ŀ ǎƘƛƊ ƛƴ ǘƘŜ · ŘƛǊŜŎǝƻƴΣ ǊŜǎǳƭǝƴƎ ƛƴ ǎǘŀƎƎŜǊŜŘ 

ŘǊƻǇƭŜǘǎ ǘƘŀǘ ƭŜŀŘ ǘƻ ŀ ǉǳƛƴŎǳƴȄπƭƛƪŜ ŀǊǊŀƴƎŜƳŜƴǘ ŦƻǊ ŎƻƴǎŜŎǳǝǾŜ ƭŀȅŜǊǎΦ όCƛƎǳǊŜ мс ŀύΦ 

 



нс 

 

 

CƛƎǳǊŜ мт π ½ƻƻƳ ƻƴ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻōǎŜǊǾŜŘ ōȅ ōƛƴƻŎǳƭŀǊΣ ǎƘƻǿƛƴƎ ǘƘŜ I!½ όIŀǎƘŜƳƛ нлмтύΦ 

 

Lƴ όIŀǎƘŜƳƛ нлмтύΣ ǘǿƻ ŘŜǇƻǎƛǘǎ ǿŜǊŜ ŎǊŜŀǘŜŘ ƻƴ ŀ ŎȅƭƛƴŘǊƛŎŀƭ ǎǳōǎǘǊŀǘŜ ƻŦ пн/Ǌaƻп ƻŦ рл ƳƳ 

ƘŜƛƎƘǘ ŀƴŘ млл ƳƳ ŘƛŀƳŜǘŜǊ ǿƛǘƘ ǘƘŜ ǊŜŦŜǊŜƴŎŜǎ [/ . Lолл ŀƴŘ [/ . {нрлΦ CƻǊ [/ . LоллΣ ǘƘŜ 

ǎǳōǎǘǊŀǘŜ ǿŀǎ ǇǊŜƘŜŀǘŜŘ ǘƻ олл ϲ/ ƛƴ ŀƴ ƻǾŜƴ ŀƴŘ ǿǊŀǇǇŜŘ ƛƴ ŀƴ ƛƴǎǳƭŀǘƻǊ ŀƴŘ ŦƻǊ [/ . {нрлΣ 

ǘƘŜ ǎǳōǎǘǊŀǘŜ ǿŀǎ ŘƛǊŜŎǘƭȅ ǇƭŀŎŜŘ ƻƴ ŀ ǎǘŜŜƭ ǇƭŀǘŜ ǿƛǘƘƻǳǘ ŀƴȅ ƛƴǎǳƭŀǘƻǊΣ ŀƊŜǊ ŀ ǇǊŜƘŜŀǝƴƎ ƻŦ 

нрл ϲ/ ǿƛǘƘƛƴ ŀƴ ƻǾŜƴΦ CƛƎǳǊŜ му ǎƘƻǿǎ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ŘŜǇƻǎƛǘǎΦ 

 

 

CƛƎǳǊŜ му π hǾŜǊǾƛŜǿ ƻŦ 595 ŘŜǇƻǎƛǘǎ όIŀǎƘŜƳƛ нлмтύΦ 

 

Lƴ ǘƘƛǎ ǎŜŎǝƻƴΣ ǿŜ ǇǊŜǎŜƴǘ ŀ ŘŜǘŀƛƭŜŘ ŜȄŀƳƛƴŀǝƻƴ ƻŦ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ [/ . {нрл ŀƴŘ [/ 

. Lолл ŘŜǇƻǎƛǘǎ ǿƛǘƘ ŀ ǘƻǘŀƭ ƘŜƛƎƘǘ ƻŦ нс ƳƳΦ ¢ƘŜ ŀƴŀƭȅǎƛǎ ƛǎ ŎƻƴŘǳŎǘŜŘ ƻƴ ǎǇŜŎƛƳŜƴǎ ƛƴ ǘƘŜƛǊ 

ŀǎπōǳƛƭǘ ǎǘŀǘŜ ŀƴŘ ŀǘ ǘƘǊŜŜ ŘƛǎǝƴŎǘ ŘŜǇǘƘǎΦ ¢ƻ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ŎƻƳǇŀǊƛǎƻƴΣ ǘƘŜ ƭŜƊπƘŀƴŘ ƛƳŀƎŜǎ 

όCƛƎǳǊŜ мф ŀΣ ŎΣ ŀƴŘ Ŝύ ŘŜǇƛŎǘ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ [/ . {нрл ŘŜǇƻǎƛǘ όǎŀƳǇƭŜ tртύ 

ŎƻƴǎǘǊǳŎǘŜŘ ǿƛǘƘ ŀ ǎǘŜŜƭ ǇƭŀǘŜΣ ǿƘƛƭŜ ǘƘŜ ǊƛƎƘǘπƘŀƴŘ ƛƳŀƎŜǎ όCƛƎǳǊŜ мф ōΣ ŘΣ ŀƴŘ Ŧύ ƛƭƭǳǎǘǊŀǘŜ ǘƘŜ 

ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ [/ . Lолл ŘŜǇƻǎƛǘ όǎŀƳǇƭŜ tруύ ŎƻƴǎǘǊǳŎǘŜŘ ǿƛǘƘ ŀƴ ƛƴǎǳƭŀǘƻǊΦ 



нт 

 

!ǘ ŜŀŎƘ ŘŜǇǘƘΣ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ǇǊƛƳŀǊƛƭȅ ŎƻƳǇǊƛǎŜǎ ƭŀƳŜƭƭŀǊ ŜǳǘŜŎǝŎ aн/ ŎŀǊōƛŘŜǎΦ ¢ƘŜǎŜ 

aн/ ŎŀǊōƛŘŜǎ ŜȄƘƛōƛǘ ŀ ŘƛǎǝƴŎǝǾŜ ǿƘƛǘŜ ŎƻƴǘǊŀǎǘ ƛƴ .{9 όōŀŎƪǎŎŀǧŜǊŜŘ ŜƭŜŎǘǊƻƴǎύ ƛƳŀƎŜǎΣ 

ƛƴŘƛŎŀǝǾŜ ƻŦ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ƘŜŀǾȅ ŜƭŜƳŜƴǘǎ ǎǳŎƘ ŀǎ aƻ ŀƴŘ ² ό[ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ нллрΤ 

¢ŎƘǳƛƴŘƧŀƴƎΣ нлммŀύΦ bƻǘŀōƭȅΣ ǘƘŜȅ ŦƻǊƳ ŀ ǉǳŀǎƛπŎƻƴǝƴǳƻǳǎ ƴŜǘǿƻǊƪ ŀƭƻƴƎ ǘƘŜ ƎǊŀƛƴ 

ōƻǳƴŘŀǊƛŜǎ ό[ŜŎƻƳǘŜπ.ŜŎƪŜǊǎ нллрΣ [ǳŀƴ нлмлΣ aƻƭƛƴŀǊƛ нллнΣ ¢ŎƘǳƛƴŘƧŀƴƎ нлммΣ ¢ŎƘǳƛƴŘƧŀƴƎ 

нлммŀύΦ Lƴ ǇǊƻȄƛƳƛǘȅ ǘƻ ǘƘŜ ǎǳōǎǘǊŀǘŜΣ ǘƘŜ ŜǳǘŜŎǝŎ aн/ ŎŀǊōƛŘŜǎ ǘŜƴŘ ǘƻ ŀǇǇŜŀǊ ƎǊŜȅ ŘǳŜ ǘƻ 

ǘƘŜ Řƛƭǳǝƻƴ ƻŦ ǘƘŜ I{{ aп ǇƻǿŘŜǊ ǿƛǘƘ ǘƘŜ пн/Ǌaƻп ǎǳōǎǘǊŀǘŜΣ ǊŜǎǳƭǝƴƎ ƛƴ ŀ ƭƻǿŜǊ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ƘŜŀǾȅ ŀƭƭƻȅƛƴƎ ŜƭŜƳŜƴǘǎΦ 

CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ aн/ ŎŀǊōƛŘŜǎ ŀǊŜ ŦƻǳƴŘ ƛƴ ŀǎǎƻŎƛŀǝƻƴ ǿƛǘƘ ±πǊƛŎƘ a/ ŎŀǊōƛŘŜǎΣ ǿƘƛŎƘ Ŏŀƴ 

ŀŘƻǇǘ ǾŀǊȅƛƴƎ ƳƻǊǇƘƻƭƻƎƛŜǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŘŜǇǘƘΦ !ǘ ŀ ŘŜǇǘƘ ƻŦ лΦр ƳƳ ŦǊƻƳ ǘƘŜ ŦǊŜŜ 

ǎǳǊŦŀŎŜΣ ǇǊƛƳŀǊȅ a/ ŎŀǊōƛŘŜǎ ǿƛǘƘ ŀƴƎǳƭŀǊ ŀƴŘ ŎƭƻǾŜǊπǎƘŀǇŜŘ ŦŜŀǘǳǊŜǎ ŀǊŜ ǇǊŜŘƻƳƛƴŀƴǘƭȅ 

ǇǊŜǎŜƴǘΦ IƻǿŜǾŜǊΣ ǊƻŘπƭƛƪŜ ŜǳǘŜŎǝŎ a/ ŎŀǊōƛŘŜǎ ŀǊŜ ŀƭǎƻ ƻōǎŜǊǾŜŘ ƛƴ ƭƛƳƛǘŜŘ ǉǳŀƴǝǝŜǎ ŀǘ ǘƘƛǎ 

ŘŜǇǘƘ όCƛƎǳǊŜ мф ŀ ŀƴŘ ōύΦ !ǘ ƳƛŘπƘŜƛƎƘǘΣ ǘƘŜ [/ . ŘŜǇƻǎƛǘǎ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ŜȄƘƛōƛǘ ŀƴƎǳƭŀǊ 

ǇǊƛƳŀǊȅ a/ ŎŀǊōƛŘŜǎ όCƛƎǳǊŜ мф Ŏ ŀƴŘ ŘύΦ Lƴ ŎƻƴǘǊŀǎǘΣ ŎƻǊŀƭπǎƘŀǇŜŘ ŀƴŘ ǊƻŘπƭƛƪŜ ŜǳǘŜŎǝŎ a/ 

ŎŀǊōƛŘŜǎ ŀǊŜ ǇǊƛƳŀǊƛƭȅ ŦƻǳƴŘ ŀǘ ŘŜǇǘƘǎ ƻŦ пΦр ƳƳΣ сΦр ƳƳΣ ŀƴŘ уΦр ƳƳ ŦǊƻƳ ǘƘŜ ŦǊŜŜ ǎǳǊŦŀŎŜ 

όCƛƎǳǊŜ нлύΦ /ƻŜȄƛǎǘŜƴŎŜ ƻŦ ǇǊƛƳŀǊȅ ŀƴŘ ŜǳǘŜŎǝŎ a/ ŎŀǊōƛŘŜǎ ƛǎ ƻōǎŜǊǾŜŘΣ ǿƛǘƘ ŀǊŜŀǎ ǿƘŜǊŜ 

ŜǳǘŜŎǝŎ a/ ŎŀǊōƛŘŜǎ ŘƻƳƛƴŀǘŜ όCƛƎǳǊŜ нл ŀύΦ Lǘ ƛǎ ƴƻǘŜǿƻǊǘƘȅ ǘƘŀǘ ǘƘŜ ŎƻǊŀƭπǎƘŀǇŜŘ ŀƴŘ ǊƻŘπ

ƭƛƪŜ ŜǳǘŜŎǝŎ a/ ŎŀǊōƛŘŜǎ ŜȄƘƛōƛǘ ŀ ƭƛƎƘǘŜǊ ŀǇǇŜŀǊŀƴŎŜ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǇǊƛƳŀǊȅ a/ ŎŀǊōƛŘŜǎΣ 

ƛƴŘƛŎŀǝƴƎ ŀ ƭƻǿŜǊ ± ŎƻƴǘŜƴǘ ŀƴŘ ŦƻǊƳŀǝƻƴ ŀǘ ƭƻǿŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎΦ ¢Ƙƛǎ ǾŀǊƛŀǝƻƴ ƛǎ ŀǧǊƛōǳǘŜŘ 

ǘƻ ŘƛũŜǊŜƴŎŜǎ ƛƴ ƳŜƭǘ ǎǳǇŜǊƘŜŀǝƴƎ ŎƻƴŘƛǝƻƴǎΣ ǿƘŜǊŜ ǎƻƳŜ ŀǊŜŀǎ ŀƭƭƻǿ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 

±ŀƴŀŘƛǳƳ ŎŀǊōƛŘŜǎ ōŜŦƻǊŜ ʵ ŦŜǊǊƛǘŜ ŦƻǊƳŀǝƻƴΣ ǿƘƛƭŜ ƻǘƘŜǊǎ Řƻ ƴƻǘΦ Lƴ ǘƘŜ ƭŀǧŜǊ ŎŀǎŜΣ ǘƘŜ 

ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ǇǊƛƳŀǊƛƭȅ ŎƻƳǇǊƛǎŜǎ ŜǳǘŜŎǝŎ aн/ ŎŀǊōƛŘŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ŎƻǊŀƭπǎƘŀǇŜŘ ŀƴŘ ǊƻŘπ

ƭƛƪŜ ŜǳǘŜŎǝŎ a/ ŎŀǊōƛŘŜǎ όCƛƎǳǊŜ нл ōύΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ 9.{5 ǇƘŀǎŜ ƳŀǇ ƻŦ CƛƎǳǊŜ нм 

ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ aƻ ŀƴŘ ²πǊƛŎƘ aн/ ŎŀǊōƛŘŜǎ όȅŜƭƭƻǿύΣ ±πǊƛŎƘ a/ ŎŀǊōƛŘŜǎ όǾƛƻƭŜǘύΣ 

ŀƴŘ ǘƘŜ ƳŀǊǘŜƴǎƛǝŎ ƳŀǘǊƛȄ όƎǊŜŜƴύ ǿƛǘƘƛƴ ŘŜǇƻǎƛǘ [/ {олл όǎŀƳǇƭŜ tтсύ όǎƛƳƛƭŀǊ ǇǊƻŎŜŘǳǊŜ ǘƻ 

[/ {нрл ōǳǘ ǿƛǘƘ ŀ ǇǊŜƘŜŀǝƴƎ ƻŦ олл ϲ/Φ 



ну 

 

 

CƛƎǳǊŜ мф π {9a ƳƛŎǊƻƎǊŀǇƘǎ ό.{9ύ ǎƘƻǿƛƴƎ ǘƘŜ ǳƭǘǊŀŬƴŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ н [/ . {нрл όtртύ ŀƴŘ [/ . Lолл όtруύ ŘŜǇƻǎƛǘǎΣ 
ƻōǎŜǊǾŜŘ ƛƴ о ŘŜǇǘƘǎ ŀƴŘ ƛƴ ŀǎπōǳƛƭǘ ǎǘŀǘŜ όIŀǎƘŜƳƛ нлмтύΦ 

 



нф 

 

 
ŀ 

 
ō 

CƛƎǳǊŜ нл π {9a ƳƛŎǊƻƎǊŀǇƘǎ ό.{9ύ ǎƘƻǿƛƴƎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŎƻǊŀƭπǎƘŀǇŜŘ ŀƴŘ ǊƻŘπƭƛƪŜ ŜǳǘŜŎǝŎ a/ ƛƴ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ 
[/ . {нрлΣ ŀύ сΦр ƳƳ ŦǊƻƳ ǘƘŜ ŦǊŜŜ ǎǳǊŦŀŎŜΣ ōύ пΦр ƳƳ ŦǊƻƳ ŦǊŜŜ ǎǳǊŦŀŎŜ όIŀǎƘŜƳƛ нлмтύΦ 

 

 

CƛƎǳǊŜ нм π ŀύ aƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ [/ . {олл ŘŜǇƻǎƛǘ όǎŀƳǇƭŜ tтсύΣ ōύ 9.{5 ǇƘŀǎŜ ƳŀǇ ƻŦ [/ . {олл ŘŜǇƻǎƛǘ ƛƴ ŀǎπōǳƛƭǘ ǎǘŀǘŜΣ 
ǎƘƻǿƛƴƎ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ aƻ ŀƴŘ ²πǊƛŎƘ aн/ όȅŜƭƭƻǿύΣ ±πǊƛŎƘ a/ όǾƛƻƭŜǘύ ŀƴŘ ƳŀǊǘŜƴǎƛǝŎ ƳŀǘǊƛȄ όƎǊŜŜƴύ όIŀǎƘŜƳƛ нлмтύΦ 

Lǘ ƛǎ ŀƭǎƻ ǿƻǊǘƘ ƴƻǝƴƎ ǘƘŀǘ ǘƘŜ ƳƻǊǇƘƻƭƻƎȅ ƻŦ ǘƘŜ ŎŀǊōƛŘŜǎ ƛǎ ǎǘǊƻƴƎƭȅ ŀũŜŎǘŜŘ ōȅ ǘƘŜ ƳŜƭǘ 

ǎǳǇŜǊƘŜŀǝƴƎΦ ¢ƘŜ ǎǳǇŜǊƘŜŀǝƴƎ ƛǎ ŀǎŎǊƛōŜŘ ǘƻ ǘƘŜ ǇƻǎƛǝǾŜ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ƭƛǉǳƛŘǳǎ 

όōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ ǎƻƭƛŘƛŬŎŀǝƻƴύ  ŀƴŘ ǘƘŜ ŀŎǘǳŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ǊŜŀŎƘŜŘ ōȅ ǘƘŜ ƳŜƭǘΦ LƴŘŜŜŘΣ 



ол 

 

ǿƛǘƘƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ƘƛƎƘ ƳŜƭǘ ǎǳǇŜǊƘŜŀǝƴƎ ŎƻƴŘƛǝƻƴǎΣ ŦƻǳƴŘ ǘƘŀƴƪǎ ǘƻ ǘƘŜǊƳŀƭ ǎƛƳǳƭŀǝƻƴǎ 

ƻŦ ǘƘŜ 595 ǇǊƻŎŜǎǎ ŀŎƘƛŜǾŜŘ ǿƛǘƘƛƴ !ǊǝŎƭŜ м ƛƴ /ƘŀǇǘŜǊ нΣ ǘƘŜ ŀƴƎǳƭŀǊ ƳƻǊǇƘƻƭƻƎȅ ƻŦ a/ 

ŎŀǊōƛŘŜǎ ƛǎ ƳŀƛƴǘŀƛƴŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜƛǊ ŘŜǾŜƭƻǇƳŜƴǘΣ ƻǿƛƴƎ ǘƻ ǘƘŜ ŎƻƴǝƴǳŜŘ ǇǊŜǎŜƴŎŜ ƻŦ 

ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ƭƛǉǳƛŘ ǇƘŀǎŜΦ bƻǘŀōƭȅΣ ƛǘ ƛǎ ƻōǎŜǊǾŜŘ ǘƘŀǘΣ ŀǘ ǘƘƛǎ ŘŜǇǘƘΣ ǘƘŜ ǇǊƻǇƻǊǝƻƴ ƻŦ 

ŎŀǊōƛŘŜǎ ƛǎ ŎƻƳǇŀǊŀǝǾŜƭȅ ƘƛƎƘŜǊ ǘƘŀƴ ŀǘ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘΦ IƻǿŜǾŜǊΣ ǘƘŜǎŜ ŎŀǊōƛŘŜǎ 

ŜȄƘƛōƛǘ ŀ ŬƴŜǊΣ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ŜǳǘŜŎǝŎ ŎƘŀǊŀŎǘŜǊΦ 

/ŀǊōƛŘŜ ǘȅǇŜǎΣ ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ǾƻƭǳƳŜ ŦǊŀŎǝƻƴ ŘŜǘŜǊƳƛƴŜǎ ƛƴ ǘǳǊƴ ǘƘŜ ǘǊƛōƻƭƻƎƛŎŀƭ ōŜƘŀǾƛƻǊ 

ƻŦ ǘƘŜ ŘŜǇƻǎƛǘǎΦ LƴŘŜŜŘΣ IŀǎƘŜƳƛ ŘŜƭǾŜŘ ƛƴǘƻ ŀ ŘŜǘŀƛƭŜŘ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘǊŜŜ ŘƛǎǝƴŎǘ 595 

ƳŀǘŜǊƛŀƭǎΣ ǎƘŜŘŘƛƴƎ ƭƛƎƘǘ ƻƴ ǘƘŜ ǊƻƭŜ ǘƘŜ ŘƛũŜǊŜƴǘ ŎŀǊōƛŘŜ ǘȅǇŜǎ ƛƴ ǎƘŀǇƛƴƎ ǘƘŜ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ 

ǇǊƻǘŜŎǝǾŜ ƻȄƛŘŜ ǘǊƛōƻπƭŀȅŜǊΣ ƘŜƴŎŜ ƛƴƅǳŜƴŎƛƴƎ ǘƘŜƛǊ ǿŜŀǊ ōŜƘŀǾƛƻǊǎΦ ²ƘŜƴ ǎǳōƧŜŎǘŜŘ ǘƻ ŀ ƭƻǿ 

ƭƻŀŘ ƻŦ мл bΣ ǘƘŜ ǾŀǊƛƻǳǎ ŎŀǊōƛŘŜǎ ŜȄƘƛōƛǘŜŘ ǊŜǎƛƭƛŜƴŎŜ ŀƎŀƛƴǎǘ ŎǊŀŎƪƛƴƎ ŜǾŜƴ ŀǎ ǎƭƛŘƛƴƎ ǎǇŜŜŘǎ 

ŜǎŎŀƭŀǘŜŘ ǘƻ рл ŎƳκǎΦ bƻǘŀōƭȅΣ ŀƴƎǳƭŀǊ ǇǊƛƳŀǊȅ a/ ŎŀǊōƛŘŜǎ όCƛƎǳǊŜ ннŀύΣ ǊŜƴƻǿƴŜŘ ŦƻǊ ǘƘŜƛǊ 

ŜȄŎŜǇǝƻƴŀƭ ƘŀǊŘƴŜǎǎΣ ǊŜƳŀƛƴŜŘ ŀƴŎƘƻǊŜŘ ǘƻ ǘƘŜ ǎǳǊŦŀŎŜ ŀǘ ǘƘŜ ǎƭƻǿŜǊ ǎƭƛŘƛƴƎ ǎǇŜŜŘ ŘǳŜ ǘƻ 

ƎŜƻƳŜǘǊƛŎ ŎƻƴǎƛŘŜǊŀǝƻƴǎΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ŎƘŀƴƎŜŘ ŀǘ ƘƛƎƘŜǊ ǎƭƛŘƛƴƎ ǎǇŜŜŘǎΣ ŀǎ ǘƘŜǎŜ ŀƴƎǳƭŀǊ 

ŎŀǊōƛŘŜǎΣ ŀƭƻƴƎ ǿƛǘƘ ƻȄƛŘŜǎΣ ǿŜǊŜ ŘƛǎƭƻŘƎŜŘ ŦǊƻƳ ǘƘŜ ǎǳǊŦŀŎŜΦ ¢ƘŜ ŎƭƻǾŜǊπǎƘŀǇŜŘ a/ ŎŀǊōƛŘŜǎ 

όCƛƎǳǊŜ ннōύ ŘŜƳƻƴǎǘǊŀǘŜŘ ōŜǧŜǊ ǊŜǎƛǎǘŀƴŎŜ ŘǳŜ ǘƻ ǘƘŜƛǊ ǎǳǇŜǊƛƻǊ ŀƴŎƘƻǊƛƴƎ ǇǊƻǇŜǊǝŜǎΦ 

{ƛƳƛƭŀǊƭȅΣ ǘƘŜ aн/ ŎŀǊōƛŘŜǎ όCƛƎǳǊŜ нн Ŏ ŀƴŘ ŘύΣ ǘƘŀǘ ŀǊŜ ǝƎƘǘƭȅ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ǘƘŜ ƳŀǘǊƛȄ ŀƴŘ 

ŦƻǊƳƛƴƎ ŀ Ŏƻƴǝƴǳƻǳǎ ƴŜǘǿƻǊƪΣ ǊŜƳŀƛƴŜŘ ŜƳōŜŘŘŜŘ ŜǾŜƴ ŀǘ рл ŎƳκǎ ǎƭƛŘƛƴƎ ǎǇŜŜŘΦ 

LƴǘŜǊŜǎǝƴƎƭȅΣ ǘƘŜ ǊŜƳŀǊƪŀōƭȅ Ǌƻōǳǎǘ ŀƴƎǳƭŀǊ ±πǊƛŎƘ a/ ŎŀǊōƛŘŜǎ όCƛƎǳǊŜ ннŜύ ǎƘƻǿŜŘ ŀ 

ǎǳǇŜǊƛƻǊ ǿŜŀǊ ǊŜǎƛǎǘŀƴŎŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ aн/ ŎŀǊōƛŘŜǎ όCƛƎǳǊŜ нн Ŧ ŀƴŘ Ǝύ ŀǘ ƭƻǿŜǊ ǎƭƛŘƛƴƎ 

ǎǇŜŜŘǎ όмл ŎƳκǎύΣ Ǉƻǎǎƛōƭȅ ōȅ ǇǊƻǘŜŎǝƴƎ ǘƘŜ ǎŀƳǇƭŜǎ ŦǊƻƳ ŘƛǊŜŎǘ ŎƻƴǘŀŎǘ ǿƛǘƘ ǘƘŜ ŎƻǳƴǘŜǊπ

ōƻŘȅΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ŀŘǾŀƴǘŀƎŜ ǿŀƴŜŘ ŀǘ ƘƛƎƘŜǊ ǎƭƛŘƛƴƎ ǎǇŜŜŘǎΣ ǎǳƎƎŜǎǝƴƎ ŀ ŎƻƳǇƭŜȄ ƛƴǘŜǊǇƭŀȅ 

ōŜǘǿŜŜƴ ŎŀǊōƛŘŜ ǇǊƻǇŜǊǝŜǎ ŀƴŘ ǎƭƛŘƛƴƎ ŎƻƴŘƛǝƻƴǎΦ CƛƴŀƭƭȅΣ ǾŀǊƛŀǝƻƴǎ ƛƴ ǘƘŜ ǿŜŀǊ ōŜƘŀǾƛƻǊ ŀǎ 

ŀ ŦǳƴŎǝƻƴ ƻŦ ǘƘŜ ƘŜƛƎƘǘ ǿƛǘƘƛƴ ǘƘŜ ŘŜǇƻǎƛǘǎ ǿŜǊŜ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ƭƻŎŀƭ ǾŀǊƛŀǝƻƴǎ ƻŦ ǘƘŜ ŜȄŀŎǘ 

ǘȅǇŜΣ ƳƻǊǇƘƻƭƻƎȅΣ ŀƴŘ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŎŀǊōƛŘŜǎ ǇǊŜǎŜƴǘΦ 

 



ом 

 

 

CƛƎǳǊŜ нн π {ŎƘŜƳŀǝŎǎ ƻŦ ŎŀǊōƛŘŜǎ ŀƴŘ ǘƘŜƛǊ ōŜƘŀǾƛƻǊ ŘǳǊƛƴƎ ǿŜŀǊ ǘŜǎǘǎ ŀǘ ŀ ǎƭƛŘƛƴƎ ǎǇŜŜŘ ƻŦ рл ŎƳκǎΤ ŀύ ŀƴƎǳƭŀǊ ōƭŀŎƪ ǇǊƛƳŀǊȅ 
ǾŀƴŀŘƛǳƳ ŎŀǊōƛŘŜǎΤ ōύ ŎƭƻǾŜǊ ǎƘŀǇŜ ōƭŀŎƪ ǇǊƛƳŀǊȅ ±πǊƛŎƘ ŎŀǊōƛŘŜǎΤ Ŏύ ²πǊƛŎƘ ŜǳǘŜŎǝŎ aн/ ŎŀǊōƛŘŜǎΤ Řύ ƭŀǊƎŜ a/ ŀƴŘ aн/ 
ŎŀǊōƛŘŜǎΤ Ŝύ ƻȄƛŘŜǎ ŦǊŀƎƳŜƴǘǎ ŀŎǘ ŀǎ ŀ ǘƘƛǊŘ ōƻŘȅ ŀƴŘ ŀƴƎǳƭŀǊ a/ ŎŀǊōƛŘŜǎ ŀǊŜ ŘƛǎŜƳōŜŘŘŜŘ ŦǊƻƳ ǘƘŜ ǘǊŀŎƪ ǎǳǊŦŀŎŜΤ Ŧύ ƻȄƛŘŜǎ 

ŦǊŀƎƳŜƴǘǎ ŀŎǘ ŀǎ ŀ ǘƘƛǊŘ ōƻŘȅΣ ŀƴŘ aн/ ŎŀǊōƛŘŜǎ ǊŜƳŀƛƴ ŜƳōŜŘŘŜŘ ƛƴ ǘƘŜ ƳŀǘǊƛȄ ŀƴŘκƻǊ ǘǊƛōƻƭŀȅŜǊΣ Ǝύ ƻȄƛŘŜǎ ŦǊŀƎƳŜƴǘǎ ŀƴŘ 
ŎǊŀŎƪŜŘ ƭŀǊƎŜ a/ ŀƴŘ aн/ ŎŀǊōƛŘŜǎ ŀŎǘ ŀǎ ŀ ǘƘƛǊŘ ōƻŘȅΦ όIŀǎƘŜƳƛ нлмтύΦ 

 

¢ƘŜ ƳŀƧƻǊ ŜũŜŎǘ ƻŦ ƭƻŎŀƭ ǾŀǊƛŀǝƻƴ ƻŦ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǘƘŜ ƘŜƛƎƘǘ ǿƛǘƘƛƴ ǘƘŜ 

ŘŜǇƻǎƛǘ ƻƴ ǘƘŜ ǇǊƻǇŜǊǝŜǎ ƻŦ 595 I{{ ƛǎ ŦǳǊǘƘŜǊ ŎƻƴŬǊƳŜŘ ōȅ ŎƻƴǎƛŘŜǊƛƴƎ ƘŀǊŘƴŜǎǎ ǇǊƻŬƭŜǎΦ 

IŀǎƘŜƳƛ ŘƛŘ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ŀǎπōǳƛƭǘ ǎǘŀǘŜ ƘŀǊŘƴŜǎǎ ǇǊƻŬƭŜǎ ƻŦ ǘǿƻ 595 ŘŜǇƻǎƛǘǎΣ ƻƴŜ 

ǿƛǘƘ ŀ ǎǘŜŜƭ ǇƭŀǘŜ ǳƴŘŜǊƴŜŀǘƘ ǘƘŜ ǎǳōǎǘǊŀǘŜ ό[/ . {нрл ς tртύ ŀƴŘ ŀƴƻǘƘŜǊ ǿƛǘƘ ŀƴ ƛƴǎǳƭŀǘƻǊ 

ǳƴŘŜǊƴŜŀǘƘ ό[/ . Lолл ς tруύΣ ŀǎ ŘŜǇƛŎǘŜŘ ƛƴ CƛƎǳǊŜ ноΦ ¢ƘŜ ǎǘǳŘȅ ǊŜǾŜŀƭǎ ǘƘŀǘ ǘƘŜ [/ . ŘŜǇƻǎƛǘ 

{нрл ǿƛǘƘ ǘƘŜ ǎǘŜŜƭ ǇƭŀǘŜ ŜȄƘƛōƛǘǎ ƘƛƎƘŜǊ ƘŀǊŘƴŜǎǎ ǘƘŀƴ ǘƘŜ ƻƴŜ ǿƛǘƘ ŀƴ ƛƴǎǳƭŀǘƻǊ ό[/ . LоллύΦ 

¢Ƙƛǎ ŘƛũŜǊŜƴŎŜ ƛǎ ŀǧǊƛōǳǘŜŘ ǘƻ ǘƘŜ ƎǊŀƛƴ ǎƛȊŜΣ ǿƘŜǊŜ ŬƴŜǊ ƎǊŀƛƴǎ ƛƴ ǘƘŜ [/ . {нрл ƭŜŀŘ ǘƻ 

ƛƴŎǊŜŀǎŜŘ ƘŀǊŘƴŜǎǎΦ ¢ƘŜ ƘŀǊŘƴŜǎǎ ǇǊƻŬƭŜ ƻŦ ǘƘŜ [/ . {нрл ŘŜƳƻƴǎǘǊŀǘŜǎ ŀ ƎǊŀŘƛŜƴǘΣ ǎǘŀǊǝƴƎ 

ŀǘ ŀǊƻǳƴŘ тлл I± ŀǘ ǘƘŜ ǳǇǇŜǊ ǇŀǊǘ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ǘƻ ŀōƻǳǘ улл I± ƴŜŀǊ ǘƘŜ ǎǳōǎǘǊŀǘŜΦ Lƴ 

ŎƻƴǘǊŀǎǘΣ ǘƘŜ [/ . ǿƛǘƘ ŀƴ ƛƴǎǳƭŀǘƻǊ ǎƘƻǿǎ ŀ ǊŜƭŀǝǾŜƭȅ ƅŀǘ ƘŀǊŘƴŜǎǎ ǇǊƻŬƭŜΣ ǎǘŀǊǝƴƎ ŀǘ тлл I±Σ 

ŘǊƻǇǇƛƴƎ ǘƻ слл I±Σ ŀƴŘ ǘƘŜƴ ǊƛǎƛƴƎ ŀƎŀƛƴ ŀōƻǾŜ тлл I± ŎƭƻǎŜǊ ǘƻ ǘƘŜ ǎǳōǎǘǊŀǘŜΦ !ŘŘƛǝƻƴŀƭƭȅΣ 

ŀ ǎǇŜŎƛŬŎ Ǉƻƛƴǘ ƛƴ ǘƘŜ ƘŀǊŘƴŜǎǎ ŎǳǊǾŜΣ ǇǊƻōŀōƭȅ ƛƴ ǘƘŜ IŜŀǘπ!ũŜŎǘŜŘ ½ƻƴŜ όI!½ύ ƭƛƴƪŜŘ ǘƻ ǘƘŜ 

ƭŀǎǘ ŘŜǇƻǎƛǘŜŘ ƭŀȅŜǊΣ ǊŜŀŎƘŜǎ улл I±Φ !ƴ ƻōǎŜǊǾŀǝƻƴ ǿƘƛŎƘ ƳƛƎƘǘ ōŜ ŘǳŜ ǘƻ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 

ƭŀǊƎŜǊ ŎŀǊōƛŘŜǎ ǊƛŎƘ ƛƴ ŀƭƭƻȅƛƴƎ ŜƭŜƳŜƴǘǎ ƛƴ ǘƘƛǎ ȊƻƴŜΦ ! ƎŜƴŜǊŀƭ ǘǊŜƴŘ ƻōǎŜǊǾŜŘ ƛƴ ōƻǘƘ ǘȅǇŜǎ 

ƻŦ [/ . ŘŜǇƻǎƛǘǎ ƛǎ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ƘŀǊŘƴŜǎǎ ƴŜŀǊ ǘƘŜ ǎǳōǎǘǊŀǘŜΣ ǿƘƛŎƘ ƛǎ ƭƛƴƪŜŘ ǘƻ ǘƘŜ ŦƻǊƳŀǝƻƴ 

ƻŦ ƳŀǊǘŜƴǎƛǘŜ ƛƴ ǘƘŜ Řƛƭǳǝƻƴ ȊƻƴŜΦ  

 



он 

 

 

CƛƎǳǊŜ но π Hardness of LC B S250 (P57) and LC B I300 (P58) deposits in as-built state. (Hashemi 2017). 

  



оо 

 

мΦр {ǳƳƳŀǊȅ ƻŦ /ƘŀǇǘŜǊ м  
Lƴ ǘƘŜ ŎǳǊǊŜƴǘ tƘ5 ǘƘŜǎƛǎΣ !a ǇǊƻŎŜǎǎ ƛǎ ŜȄŀƳƛƴŜŘ ǿƛǘƘ ŀƴ ŜƳǇƘŀǎƛǎ ƻƴ ǘƘŜ 595 ǘŜŎƘƴƛǉǳŜ 

ŀƴŘ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ǇƘȅǎƛŎŀƭ ǇƘŜƴƻƳŜƴŀΦ ¢Ƙƛǎ ŜȄǇƭƻǊŀǝƻƴ ƛƴŎƭǳŘŜǎ ŀƴ ŜƴǳƳŜǊŀǝƻƴ ƻŦ 

ǇƻǘŜƴǝŀƭ ŘŜŦŜŎǘǎ ƛƴƘŜǊŜƴǘ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎΣ ƘƛƎƘƭƛƎƘǝƴƎ ǘƘŜ ƴŜŎŜǎǎƛǘȅ ŦƻǊ ŀ ƳƻŘŜƭƛƴƎ ǘƻƻƭ 

ŘŜǎƛƎƴŜŘ ǘƻ ƻǇǝƳƛȊŜ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ƳƛǝƎŀǘŜ ǘƘŜǎŜ ŘŜŦŜŎǘǎΦ ! ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǊŜǾƛŜǿ ƻŦ 

ǾŀǊƛƻǳǎ ƳƻŘŜƭƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ƛǎ ǇǊŜǎŜƴǘŜŘΣ ŘŜǘŀƛƭƛƴƎ ǘƘŜ ŎǊƛǝŎŀƭ ŘŜŎƛǎƛƻƴǎ ǊŜǉǳƛǊŜŘ ǘƻ 

ŜũŜŎǝǾŜƭȅ ǇǊŜŘƛŎǘ ǘŜƳǇŜǊŀǘǳǊŜ ŬŜƭŘǎΣ ǎǘǊŜǎǎŜǎΣ ŀƴŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ 

ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǎŜƭŜŎǝƴƎ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ǎƛƳǳƭŀǝƻƴ ǎŎŀƭŜ ƛǎ ǳƴŘŜǊǎŎƻǊŜŘΦ 

¢ƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ŀǊǘ ŀƭǎƻ ŜȄǇƭƻǊŜǎ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƛƴ I{{ aп ǎŀƳǇƭŜǎ 

ǇǊƻŘǳŎŜŘ Ǿƛŀ 595 ŀƴŘ ƛǘǎ ƭƻŎŀƭ ǾŀǊƛŀǝƻƴ ŀǎ ŀ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ƭƻŎŀƭ ŎƘŀƴƎŜ ƛƴ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅ 

ŘǳǊƛƴƎ ŦŀōǊƛŎŀǝƻƴΦ aƻǊŜƻǾŜǊΣ ǘƘƛǎ ŜȄŀƳƛƴŀǝƻƴ ƭƛƴƪǎ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ǘƻ ǘƘŜ 

ƘŀǊŘƴŜǎǎ ŀƴŘ ǿŜŀǊ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭΣ ƻũŜǊƛƴƎ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ ƳŀǘŜǊƛŀƭϥǎ 

ǇŜǊŦƻǊƳŀƴŎŜ ŀǧǊƛōǳǘŜǎΦ 

! ǎƛƎƴƛŬŎŀƴǘ ŦƻŎǳǎ ƛǎ ǇƭŀŎŜŘ ƻƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǊŜŬƴŜƳŜƴǘ ƻŦ ŀ C9! ƳƻŘŜƭΦ ¢Ƙƛǎ ƳƻŘŜƭ 

ƛǎ ƳŜǝŎǳƭƻǳǎƭȅ ŘŜǎƛƎƴŜŘ ǘƻ ŀŎŎǳǊŀǘŜƭȅ ƳƻƴƛǘƻǊ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŬŜƭŘΣ ǘƘŜǊŜōȅ ŦŀŎƛƭƛǘŀǝƴƎ 

ǇǊŜŘƛŎǝƻƴǎ ŀōƻǳǘ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΦ 5ŜǘŀƛƭŜŘ ƛƴ /ƘŀǇǘŜǊ нΣ ǘƘƛǎ ƳƻŘŜƭ ŦƻǊƳǎ ǘƘŜ ŦƻǳƴŘŀǝƻƴ 

ŦƻǊ ǎǳōǎŜǉǳŜƴǘ ƻǇǝƳƛȊŀǝƻƴǎΣ ŀǎ ǇǊŜǎŜƴǘŜŘ ƛƴ /ƘŀǇǘŜǊ пΣ ŀƛƳƛƴƎ ǘƻ ŀŎƘƛŜǾŜ ǳƴƛŦƻǊƳ ƘŀǊŘƴŜǎǎ 

ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŘŜǇǘƘ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭΦ  

 

  



оп 

 

 

мΦс wŜŦŜǊŜƴŎŜǎ ƻŦ /ƘŀǇǘŜǊ м 

 
!ƭƛƳŀǊŘŀƴƛΣ aΦΣ ¢ƻȅǎŜǊƪŀƴƛΣ 9ΦΣ IǳƛǎǎƻƻƴΣ WΦtΦΣ нллтŀΦ ! о5 ŘȅƴŀƳƛŎ ƴǳƳŜǊƛŎŀƭ ŀǇǇǊƻŀŎƘ ŦƻǊ 

ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǘƘŜǊƳŀƭ ǎǘǊŜǎǎ ŘƛǎǘǊƛōǳǝƻƴǎ ƛƴ ƳǳƭǝƭŀȅŜǊ ƭŀǎŜǊ ǎƻƭƛŘ ŦǊŜŜŦƻǊƳ ŦŀōǊƛŎŀǝƻƴ ǇǊƻŎŜǎǎΦ 

hǇǘΦ [ŀǎŜǊǎ 9ƴƎΦ прΣ мммрςммолΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƻǇǘƭŀǎŜƴƎΦнллтΦлсΦлмл  

!ƭƛƳŀǊŘŀƴƛΣ aΦΣ ¢ƻȅǎŜǊƪŀƴƛΣ 9ΦΣ IǳƛǎǎƻƻƴΣ WΦtΦΣ нллтōΦ ¢ƘǊŜŜπŘƛƳŜƴǎƛƻƴŀƭ ƴǳƳŜǊƛŎŀƭ ŀǇǇǊƻŀŎƘ ŦƻǊ 

ƎŜƻƳŜǘǊƛŎŀƭ ǇǊŜŘƛŎǝƻƴ ƻŦ ƳǳƭǝƭŀȅŜǊ ƭŀǎŜǊ ǎƻƭƛŘ ŦǊŜŜŦƻǊƳ ŦŀōǊƛŎŀǝƻƴ ǇǊƻŎŜǎǎΦ WΦ [ŀǎŜǊ !ǇǇƭΦ мфΣ мпςнрΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦнормκмΦнплнрму 

!ƴŎŀΣ !ΦΣ CŀŎƘƛƴƻǩΣ ±Φ5ΦΣ 9ǎŎƻōŀǊπtŀƭŀŦƻȄΣ DΦΣ /ŀǊŘƻƴŀΣ !ΦΣ нлммΦ /ƻƳǇǳǘŀǝƻƴŀƭ ƳƻŘŜƭƭƛƴƎ ƻŦ ǎƘŀǇŜŘ 

ƳŜǘŀƭ ŘŜǇƻǎƛǝƻƴΦ LƴǘΦ WΦ bǳƳŜǊΦ aŜǘƘƻŘǎ 9ƴƎΦ урΣ упςмлсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκƴƳŜΦнфрф 

!ǊƳǎǘǊƻƴƎΣ aΦΣ aŜƘǊŀōƛΣ IΦ Σ ŀƴŘ bŀǾŜŜŘΣ bΦΣ !ƴ ƻǾŜǊǾƛŜǿ ƻŦ ƳƻŘŜǊƴ ƳŜǘŀƭ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 

ǘŜŎƘƴƻƭƻƎȅΦ WƻǳǊƴŀƭ ƻŦ aŀƴǳŦŀŎǘǳǊƛƴƎ tǊƻŎŜǎǎŜǎΣ уп ΥмллмςмлнфΣ 5ŜŎΦ нлннΦ 

.ŀȅŀǘΣ aΦΣ 5ƻƴƎΣ ²ΦΣ ¢ƘƻǊōƻǊƎΣ WΦΣ ¢ƻΣ !Φ/ΦΣ IŀǧŜƭΣ WΦIΦΣ нлнмΦ ! ǊŜǾƛŜǿ ƻŦ ƳǳƭǝπǎŎŀƭŜ ŀƴŘ ƳǳƭǝπǇƘȅǎƛŎǎ 

ǎƛƳǳƭŀǝƻƴǎ ƻŦ ƳŜǘŀƭ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎŜǎ ǿƛǘƘ ŦƻŎǳǎ ƻƴ ƳƻŘŜƭƛƴƎ ǎǘǊŀǘŜƎƛŜǎΦ !ŘŘƛǘΦ 

aŀƴǳŦΦ птΣ млннтуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀŘŘƳŀΦнлнмΦмлннту 

.ŀȅŜǊΣ !ΦaΦΣ .ŜŎƘŜǊŜǊΣ .Φ!Σ ±ŀǎŎƻΣ ¢ΦΣ IƛƎƘπ{ǇŜŜŘ ¢ƻƻƭ {ǘŜŜƭǎΣ !{a IŀƴŘōƻƻƪΣ !{a LƴǘŜǊƴŀǝƻƴŀƭΣ мс 

όмфуфύ рмςрф 

.ƛŜƎƭŜǊΣ aΦΣ DǊŀŦΣ .ΦΣ wŜǘƘƳŜƛŜǊΣ aΦΣ нлмуŀΦ Lƴπǎƛǘǳ ŘƛǎǘƻǊǝƻƴǎ ƛƴ [a5 ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǿŀƭƭǎ Ŏŀƴ 

ōŜ ƳŜŀǎǳǊŜŘ ǿƛǘƘ ŘƛƎƛǘŀƭ ƛƳŀƎŜ ŎƻǊǊŜƭŀǝƻƴ ŀƴŘ ǇǊŜŘƛŎǘŜŘ ǳǎƛƴƎ ƴǳƳŜǊƛŎŀƭ ǎƛƳǳƭŀǝƻƴǎΦ !ŘŘƛǘΦ aŀƴǳŦΦ 

нлΣ млмςммлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀŘŘƳŀΦнлмтΦмнΦллт 

.ƛŜƎƭŜǊΣ aΦΣ aŀǊƪƻΣ !ΦΣ DǊŀŦΣ .ΦΣ wŜǘƘƳŜƛŜǊΣ aΦΣ нлмуōΦ CƛƴƛǘŜ ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎ ƻŦ ƛƴπǎƛǘǳ ŘƛǎǘƻǊǝƻƴ ŀƴŘ 

ōǳƭƎƛƴƎ ŦƻǊ ŀƴ ŀǊōƛǘǊŀǊƛƭȅ ŎǳǊǾŜŘ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ƎŜƻƳŜǘǊȅΦ !ŘŘƛǘΦ 

aŀƴǳŦΦ нпΣ нспςнтнΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀŘŘƳŀΦнлмуΦмлΦллс 

.ƛŜƎƭŜǊΣ aΦΣ 9ƭǎƴŜǊΣ .Φ!ΦaΦΣ DǊŀŦΣ .ΦΣ wŜǘƘƳŜƛŜǊΣ aΦΣ нлнлΦ DŜƻƳŜǘǊƛŎ ŘƛǎǘƻǊǝƻƴπŎƻƳǇŜƴǎŀǝƻƴ Ǿƛŀ 

ǘǊŀƴǎƛŜƴǘ ƴǳƳŜǊƛŎŀƭ ǎƛƳǳƭŀǝƻƴ ŦƻǊ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ {ŎƛΦ ¢ŜŎƘƴƻƭΦ 

²ŜƭŘΦ WƻƛƴΦ нрΣ псуςптрΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκмоснмтмуΦнлнлΦмтпофнт 

.ƭŀƪŜȅπaƛƭƴŜǊΣ .ΦΣ DǊŀŘƭΣ tΦΣ {ƴŜŘŘŜƴΣ DΦΣ .ǊƻƻƪǎΣ aΦΣ tƛǘƻǘΣ WΦΣ [ƻǇŜȊΣ 9ΦΣ [ŜŀǊȅΣ aΦΣ .ŜǊǘƻΣ CΦΣ Řǳ tƭŜǎǎƛǎΣ 

!ΦΦ aŜǘŀƭ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƛƴ ŀŜǊƻǎǇŀŎŜ Υ ! ǊŜǾƛŜǿΦ aŀǘŜǊƛŀƭǎ ϧ 5ŜǎƛƎƴΣ нлф ΥммлллуΣ bƻǾΦ нлнм 

.ƻŎŎŀƭƛƴƛΣ aΦΣ DƻƭŘŜƴǎǘŜƛƴΣ IΦΣ {ƻƭƛŘƛŬŎŀǝƻƴ ƻŦ ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭǎΣ LƴǘΦ aŀǘŜǊΦ wŜǾΦ пс όнллмύ фнςммр 

.ƻōŀŎƘΣ .ΦWΦ нлно ¢ƻǿŀǊŘǎ ǳƴƛŬŜŘ ŦƻǊƳǳƭŀǝƻƴ ŦƻǊ ǘƘŜ ǎƛƳǳƭŀǝƻƴ ƻŦ ǘƘŜǊƳƻǎπƅǳƛŘπǎƻƭƛŘ ǇǊƻōƭŜƳǎ ǿƛǘƘ 

ǇƘŀǎŜ ŎƘŀƴƎŜΣ ¦ƭƛŜƎŜ tƘ5 ŀŘǾƛǎƻǊ WΦtΦ tƻƴǘƘƻǘ ŀƴŘ ±Φ ¢ŜǊǊŀǇƻƴ 

/ǊŜǎǇƻΣ !ΦΣ ±ƛƭŀǊΣ wΦΣ нлмлΣ CƛƴƛǘŜ ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǊŀǇƛŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ ¢ƛ ς с!ƭ ς п± ǇŀǊǘǎ ōȅ 

ƭŀǎŜǊ ǇƻǿŘŜǊ ŘŜǇƻǎƛǝƻƴΣέ ǾƻƭΦ соΣ ǇǇΦ мплςмпо 

5ŜƭŀƘŀȅŜΣ WΦ Τ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ ¢ŎƘƻǳŦŀƴƎ Τ [ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦ Τ wƛƎƻΣ hΦ Τ IŀōǊŀƪŜƴΣ !ΦaΦ Τ aŜǊǘŜƴǎΣ !Φ 

LƴƅǳŜƴŎŜ ƻŦ {ƛ ǇǊŜŎƛǇƛǘŀǘŜǎ ƻƴ ŦǊŀŎǘǳǊŜ ƳŜŎƘŀƴƛǎƳǎ ƻŦ !ƭ{ƛмлaƎ ǇŀǊǘǎ ǇǊƻŎŜǎǎŜŘ ōȅ {ŜƭŜŎǝǾŜ [ŀǎŜǊ 

aŜƭǝƴƎ !Ŏǘŀ aŀǘŜǊƛŀƭƛŀΣ нлмфΣ мтрΣ мслπмтл 
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5ŜƴƭƛƴƎŜǊΣ 9Ǌƛƪ wΦΣ IŜƛƎŜƭΣ WΦ/ΦΣ aƛŎƘŀƭŜǊƛǎΣ tΦΣ tŀƭƳŜǊΣ ¢Φ!ΦΣ нлмрΦ 9ũŜŎǘ ƻŦ ƛƴǘŜǊπƭŀȅŜǊ ŘǿŜƭƭ ǝƳŜ ƻƴ 

ŘƛǎǘƻǊǝƻƴ ŀƴŘ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎ ƛƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ ǝǘŀƴƛǳƳ ŀƴŘ ƴƛŎƪŜƭ ŀƭƭƻȅǎΦ WΦ aŀǘŜǊΦ tǊƻŎŜǎǎΦ 

¢ŜŎƘƴƻƭΦ нмрΣ мноςмомΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧƳŀǘǇǊƻǘŜŎΦнлмпΦлтΦлол 

5ŜƴƭƛƴƎŜǊΣ 9ΦwΦΣ aƛŎƘŀƭŜǊƛǎΣ tΦΣ нлмсΦ 9ũŜŎǘ ƻŦ ǎǘǊŜǎǎ ǊŜƭŀȄŀǝƻƴ ƻƴ ŘƛǎǘƻǊǝƻƴ ƛƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 

ǇǊƻŎŜǎǎ ƳƻŘŜƭƛƴƎΦ !ŘŘƛǘΦ aŀƴǳŦΦ мнΣ рмςрфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀŘŘƳŀΦнлмсΦлсΦлмм 

5ǳǧŀΦ .Φ 5ƛǊŜŎǘŜŘ 9ƴŜǊƎȅ 5ŜǇƻǎƛǝƻƴ ό595ύ ¢ŜŎƘƴƻƭƻƎȅΦ Lƴ CΦ DΦ /ŀōŀƭƭŜǊƻΣ 9ƴŎȅŎƭƻǇŜŘƛŀ ƻŦ aŀǘŜǊƛŀƭǎ Υ 

aŜǘŀƭǎ ŀƴŘ !ƭƭƻȅǎΣ ǇŀƎŜǎ ссςупΦ 9ƭǎŜǾƛŜǊΣ hȄŦƻǊŘΣ WŀƴΦ нлннΦ 

9ǎǘŜǾŀΣ 9Σ aƛŎǊƻǎǘǊǳŎǘǳǊŜ ǇǊŜŘƛŎǝƻƴ ƻŦ ¢ƛс!ƭп± ǇǊƻŎŜǎǎŜŘ ōȅ [ŀǎŜǊ /ƭŀŘŘƛƴƎΣ aŀǎǘŜǊ ǘƘŜǎƛǎΣ ¦ƭƛŝƎŜ 

нлму 

CŀƭƭŀƘΣ ±ΦΣ !ƭƛƳŀǊŘŀƴƛΣ aΦΣ /ƻǊōƛƴΣ {ΦCΦΣ YƘŀƧŜǇƻǳǊΣ !ΦΣ нлммΦ ¢ŜƳǇƻǊŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƳŜƭǘπǇƻƻƭ 

ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ŎƭŀŘ ƎŜƻƳŜǘǊȅ ƛƴ ƭŀǎŜǊ ǇƻǿŘŜǊ ŘŜǇƻǎƛǝƻƴΦ /ƻƳǇǳǘΦ aŀǘŜǊΦ {ŎƛΦ рлΣ нмнпςнмопΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎƻƳƳŀǘǎŎƛΦнлммΦлнΦлму 

CŜǘƴƛ Ŝǘ ŀƭΦΣ ¢ƘŜǊƳŀƭ ƳƻŘŜƭ ŦƻǊ ǘƘŜ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ƻŦ ŎƻƳǇƻǎƛǘŜ ŎƻŀǝƴƎǎ ƻŦ омс[ ǎǘŀƛƴƭŜǎǎ 

ǎǘŜŜƭ ŜƴǊƛŎƘŜŘ ǿƛǘƘ ǘǳƴƎǎǘŜƴ ŎŀǊōƛŘŜǎΣ aŀǘŜǊΦ 5ŜǎΦ όнлнмύΣ нлпΥмлфссм 

DŀǳǎŜƳŜƛŜǊΣ bΦΣ 9ŎƘǘŜǊƘƻũΣ WΦΣ YƻƪƻǎŎƘƪŀΣ aΦΣ ²ŀƭƭΣ aΦΦ ¢ƘƛƴƪƛƴƎ ŀƘŜŀŘ ǘƘŜ CǳǘǳǊŜ ƻŦ !ŘŘƛǝǾŜ 

aŀƴǳŦŀŎǘǳǊƛƴƎ ς !ƴŀƭȅǎƛǎ ƻŦ tǊƻƳƛǎƛƴƎ LƴŘǳǎǘǊƛŜǎΦ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ tŀŘŜǊōƻǊƴΣ tŀŘŜǊōƻǊƴΣ DŜǊƳŀƴȅΣ ƘŜƛƴȊ 

ƴƛȄŘƻǊŦ ƛƴǎǝǘǳǘŜ ŜŘΦ ŜŘƛǝƻƴΣ нлммΦ 

DƛōǎƻƴΣ LΦΣ wƻǎŜƴΣ 5ΦΣ {ǘǳŎƪŜǊΣ .ΦΦ 5ƛǊŜŎǘŜŘ 9ƴŜǊƎȅ 5ŜǇƻǎƛǝƻƴ tǊƻŎŜǎǎŜǎΦ Lƴ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎ 

¢ŜŎƘƴƻƭƻƎƛŜǎΣ ǇŀƎŜǎ нпрςнсуΦ {ǇǊƛƴƎŜǊ bŜǿ ¸ƻǊƪΣ bŜǿ ¸ƻǊƪΣ b¸Σ нлмрŀΦ 

DƛōǎƻƴΣ LΦΣ wƻǎŜƴΣ 5ΦΣ {ǘǳŎƪŜǊΣ .Φ όнлмрōύ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŜǎΣ {ǇǊƛƴƎŜǊ bŜǿ ¸ƻǊƪΣ 

IŜƛŘŜƭōŜǊƎΣ 5ƻǊŘǊŜŎƘǘ [ƻƴŘƻƴΦ 

DƻŎƪŜƭ WΤ .ŜǳǘƘ WΦΣ ¢ŀƳƛƴƎŜǊ YΦΣ LƴǘŜƎǊŀǘŜŘ ŎƻƴǘǊƻƭ ƻŦ ǎƻƭƛŘƛŬŎŀǝƻƴ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ƳŜƭǘ Ǉƻƻƭ 

ŘƛƳŜƴǎƛƻƴǎ ŜƭŜŎǘǊƻƴ ōŜŀƳ ǿƛǊŜ ŦŜŜŘ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ ¢ƛπс!ƭπп±Σ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎ мςп 

όнлмпύ ммфςмнс 

DƻƭŘŀƪΣ WΦΣ /ƘŀƪǊŀǾŀǊǝΣ !ΦΣ .ƛōōȅΣ aΦΣ мфупΦ ! ƴŜǿ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ƳƻŘŜƭ ŦƻǊ ǿŜƭŘƛƴƎ ƘŜŀǘ ǎƻǳǊŎŜǎΦ 

aŜǘŀƭƭΦ ¢ǊŀƴǎΦ . мрΣ нффςолрΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκ.Cлнсстооо 

DǊŀŘƭ tΦ wΦ ŀƴŘ tǊƻǘȊ /Φ {ΦΦ ¢ŜŎƘƴƻƭƻƎȅ ŀŘǾŀƴŎŜƳŜƴǘǎ ŦƻǊ ŎƘŀƴƴŜƭ ǿŀƭƭ ƴƻȊȊƭŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƛƴ ƭƛǉǳƛŘ 

ǊƻŎƪŜǘ ŜƴƎƛƴŜǎΦ !Ŏǘŀ !ǎǘǊƻƴŀǳǝŎŀΣ мтп ΥмпуςмруΣ {ŜǇǘΦ нлнлΦ 

DǊƛŶǘƘΣ aΦ[ΦΣ {ŎƘƭƛŜƴƎŜǊΣ aΦ9ΦΣ IŀǊǿŜƭƭΣ [Φ5ΦΣ hƭƛǾŜǊΣ aΦ{ΦΣ .ŀƭŘǿƛƴΣ aΦ5ΦΣ 9ƴǎȊΣ aΦ¢ΦΣ 9ǎǎƛŜƴΣ aΦΣ .ǊƻƻƪǎΣ 

WΦΣ wƻōƛƴƻΣ /Φ±ΦΣ {ƳǳƎŜǊŜǎƪȅΣ WΦ9ΦΣ IƻŦƳŜƛǎǘŜǊΣ ²ΦIΦΣ ²ŜǊǘΣ aΦWΦΣ bŜƭǎƻƴΣ 5Φ±ΦΣ мфффΦ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ 

ǘƘŜǊƳŀƭ ōŜƘŀǾƛƻǊ ƛƴ ǘƘŜ [9b{ ǇǊƻŎŜǎǎΣ aŀǘŜǊΦ 5ŜǎΦ нлΣ млтπммоΦ  

IŀǎƘŜƳƛΣ bΦΣ нлмтΦ {ǘǳŘȅ ƻŦ IƛƎƘ {ǇŜŜŘ {ǘŜŜƭ ŘŜǇƻǎƛǘǎ ǇǊƻŘǳŎŜŘ ōȅ [ŀǎŜǊ /ƭŀŘŘƛƴƎΥ aƛŎǊƻǎǘǊǳŎǘǳǊŜ ς 

²ŜŀǊ ς ¢ƘŜǊƳŀƭ aƻŘŜƭ όtƘΦ5Φ ¢ƘŜǎƛǎύΦ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƛŝƎŜΣ  ŀŘǾƛǎƻǊǎ  !ƴƴŜ  aŜǊǘŜƴǎΣ  !ƴƴŜ  aŀǊƛŜ  

IŀōǊŀƪŜƴ 

LƴǘŜǊƴŀǝƻƴŀƭ hǊƎŀƴƛȊŀǝƻƴ ŦƻǊ {ǘŀƴŘŀǊŘƛȊŀǝƻƴΦ L{hκ!{¢a рнфлл ΥнлмрΦ 

IŀǎŎƻšǘΣ WΦ¸ΦΣ ¢ƻǳȊŞΣ {ΦΣ wŀǳŎƘΣ aΦΦ !ǳǘƻƳŀǘŜŘ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ŘŜŦŜŎǘ ƎŜƻƳŜǘǊȅ ŦƻǊ ƳŜǘŀƭƭƛŎ ǇŀǊǘ ǊŜǇŀƛǊ 

ōȅ ŀƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎΣ ²ŜƭŘƛƴƎ ƛƴ ǘƘŜ ǿƻǊƭŘΣ сн όнлмуύΣснΣ ннфπнпм 
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IŜƛƎŜƭΣ WΦ/ΦΣ aƛŎƘŀƭŜǊƛǎΣ tΦΣ wŜǳǘȊŜƭΣ 9Φ²ΦΣ нлмрΦ ¢ƘŜǊƳƻπƳŜŎƘŀƴƛŎŀƭ ƳƻŘŜƭ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǾŀƭƛŘŀǝƻƴ 

ƻŦ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ ¢ƛςс!ƭςп±Φ !ŘŘƛǘΦ aŀƴǳŦΦ рΣ фςмфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀŘŘƳŀΦнлмпΦмлΦлло 

WŀƳǊƽȊΣ ²ΦΣ {ȊŀŦǊŀƴƛŜŎΣ WΦΣ YǳǊŜƪΣ aΦΣ ŀƴŘ WŀŎƘƻǿƛŎȊΣ wΦΦ о5 tǊƛƴǝƴƎ ƛƴ tƘŀǊƳŀŎŜǳǝŎŀƭ ŀƴŘ aŜŘƛŎŀƭ 

!ǇǇƭƛŎŀǝƻƴǎ ς wŜŎŜƴǘ !ŎƘƛŜǾŜƳŜƴǘǎ ŀƴŘ /ƘŀƭƭŜƴƎŜǎΦ tƘŀǊƳŀŎŜǳǝŎŀƭ wŜǎŜŀǊŎƘΣ орόфύΥмтсΣ Wǳƭȅ нлмуΦ 

Jardin, R.; Tchuindjang, J.; Duchene, L.; Tran, H. S.; Hashemi, N.; Carrus, R.; Mertens, A.; Habraken, A.. 

Thermal histories, and microstructures in Direct Energy Deposition of a High Speed Steel thick deposit. 

Materials Letters, 236, 42-45., (2019). 

WƻƘƴǎƻƴΣ YΦ[ΦΣ wƻŘƎŜǊǎΣ ¢ΦaΦΣ ¦ƴŘŜǊǿƻƻŘΣ hΦ5ΦΣ aŀŘƛǎƻƴΣ WΦ5ΦΣ CƻǊŘΣ YΦwΦΣ ²ƘŜǧŜƴΣ {ΦwΦΣ 5ŀƎŜƭΣ 5ΦWΦΣ 

.ƛǎƘƻǇΣ WΦ9ΦΣ нлмуΦ {ƛƳǳƭŀǝƻƴ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ ǘƘŜǊƳƻπƳŜŎƘŀƴƛŎŀƭ ƘƛǎǘƻǊȅ ŀƴŘ о5 

ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŜǾƻƭǳǝƻƴ ƻŦ олп[ ǎǘŀƛƴƭŜǎǎ ǎǘŜŜƭ ǘǳōŜǎ ƳŀƴǳŦŀŎǘǳǊŜŘ ǳǎƛƴƎ [9b{Φ /ƻƳǇǳǘΦ aŜŎƘΦ смΣ 

ррфςртпΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎллпссπлмтπмрмсπȅ 

Yƛ IΣ aƻƘŀƴǘȅ t{Σ aŀȊǳƳŘŜǊ WΦ нллнΣ aǳƭǝǇƭŜ ǊŜƅŜŎǝƻƴ ŀƴŘ ƛǘǎ ƛƴƅǳŜƴŎŜ ƻƴ ƪŜȅƘƻƭŜ ŜǾƻƭǳǝƻƴΣ 

WƻǳǊƴŀƭ ƻŦ [ŀǎŜǊ !ǇǇƭƛŎŀǝƻƴǎΦ мпΥ офπпрΦ 5hLΥ млΦнормκмΦмппфуур 

[ŀōǳŘƻǾƛŎΣ aΦΣ IǳΣ 5ΦΣ YƻǾŀŎŜǾƛŎΣ wΦΣ нллоΦ ! ǘƘǊŜŜ ŘƛƳŜƴǎƛƻƴŀƭ ƳƻŘŜƭ ŦƻǊ ŘƛǊŜŎǘ ƭŀǎŜǊ ƳŜǘŀƭ ǇƻǿŘŜǊ 

ŘŜǇƻǎƛǝƻƴ ŀƴŘ ǊŀǇƛŘ ǇǊƻǘƻǘȅǇƛƴƎΦ WΦ aŀǘŜǊΦ {ŎƛΦ оуΣ орςпфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлноκ!Υмлнммрормофнр 

[ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦΣ ¢ŎƘƻǳŦŀƴƎ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦΣ ¦ǎŜ ƻŦ ƳƛŎǊƻǎŎƻǇȅ ŦƻǊ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ŎƻƳǇƭŜȄ a/Σ 

aн/Σ aт/оΣ aс/ ŀƴŘ aно/с ŎŀǊōƛŘŜǎ ƛƴ ƘƛƎƘπǎǇŜŜŘ ǎǘŜŜƭǎΣ όнллрύ оςпΦ 

[ŞǾşǉǳŜΣ wΦ !ŎƛŜǊǎ Ł ƻǳǝƭǎ π /ƻƳǇƻǎƛǝƻƴ ŎƘƛƳƛǉǳŜ Ŝǘ ǎǘǊǳŎǘǳǊŜΣ ¢ŜŎƘΦ ƭΩLƴƎŞƴƛŜǳǊΣ оо όнлмоύ мςмоΦ 

[ŜǊƻȅ 5ǳōƛŜŦ /Φ /ƻƴǘǊƛōǳǝƻƴǎ Ł ƭŀ ŘŞŦƴƛǝƻƴ ŘŜ ǊŝƎƭŜǎ ŘŜ ŦŀōǊƛŎŀǝƻƴ ǇƻǳǊ ƭŜ ǇǊƻŎŞŘŞ 595π[t ǇŀǊ ǳƴŜ 

ŀǇǇǊƻŎƘŜ ǘƘŜǊƳƛǉǳŜ Ŝǘ ƎŞƻƳŞǘǊƛǉǳŜΣ tƘ5 ǘƘŜǎƛǎΣ ¦bL±9w{L¢; 59 .hw59!¦·Σ ŀŘǾƛǎƻǊ tƛŜǊǊŜ Wƻȅƻǘ Ŝǘ 

CŀōƛŜƴ tƻǳƭƘŀƻƴ мп κлпκнлно 

[ŜǿƛǎΣ DΦYΦΣ {ŎƘƭƛŜƴƎŜǊΣ 9ΦΣ нлллΣ tǊŀŎǝŎŀƭ ŎƻƴǎƛŘŜǊŀǝƻƴǎ ŀƴŘ ŎŀǇŀōƛƭƛǝŜǎ ŦƻǊ ƭŀǎŜǊ ŀǎǎƛǎǘŜŘ ŘƛǊŜŎǘ ƳŜǘŀƭ 

ŘŜǇƻǎƛǝƻƴΦ aŀǘŜǊΦ 5ŜǎΦΣ нмΣΦ пмтςпноΦ 

[ƛƴŘƎǊŜƴΣ [Φπ9ΦΣ IŜŘōƭƻƳΣ 9ΦΣ нллмΣ aƻŘŜƭƭƛƴƎ ƻŦ ŀŘŘƛǝƻƴ ƻŦ ŬƭƭŜǊ ƳŀǘŜǊƛŀƭ ƛƴ ƭŀǊƎŜ ŘŜŦƻǊƳŀǝƻƴ ŀƴŀƭȅǎƛǎ 

ƻŦ ƳǳƭǝǇŀǎǎ ǿŜƭŘƛƴƎΣ /ƻƳƳǳƴƛŎŀǝƻƴǎ ƛƴ bǳƳŜǊƛŎŀƭ aŜǘƘƻŘǎ ƛƴ 9ƴƎƛƴŜŜǊƛƴƎ мтΣ сптςсрт 

[ƛǳΣ aΦΤ YǳǧƻƭŀƳŀŘƻƳΣ aΦΣ нлнлΦ bŀƴƻπǎŎŀƭŜ ƘŀǊŘƴŜǎǎ ŀƴŘ ŀōǊŀǎƛƻƴ ǊŜǎƛǎǘŀƴŎŜ ƻŦ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ 

ŘŜǇƻǎƛǘŜŘ ŎƻπŎǊπƳƻ ōƛƻƳŜŘƛŎŀƭ ŀƭƭƻȅΦ Lƴ LƴǘŜǊƴŀǝƻƴŀƭ aŀƴǳŦŀŎǘǳǊƛƴƎ {ŎƛŜƴŎŜ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎ 

/ƻƴŦŜǊŜƴŎŜΣ ǾƻƭǳƳŜ упнрсΣ ǇŀƎŜ ±ллм¢лр!лннΦ !ƳŜǊƛŎŀƴ {ƻŎƛŜǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊǎΦ 

[ǳΣ ·ΦΣ [ƛƴΣ ·ΦΣ /ƘƛǳƳŜƴǝΣ aΦΣ /ŜǊǾŜǊŀΣ aΦΣ [ƛΣ WΦΣ aŀΣ [ΦΣ ²ŜƛΣ [ΦΣ IǳΣ ¸ΦΣ IǳŀƴƎΣ ²ΦΣ нлмуŀΦ CƛƴƛǘŜ ŜƭŜƳŜƴǘ 

ŀƴŀƭȅǎƛǎ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǾŀƭƛŘŀǝƻƴ ƻŦ ǘƘŜ ǘƘŜǊƳƻƳŜŎƘŀƴƛŎŀƭ ōŜƘŀǾƛƻǊ ƛƴ ƭŀǎŜǊ ǎƻƭƛŘ ŦƻǊƳƛƴƎ ƻŦ ¢ƛπ

с!ƭπп±Φ !ŘŘƛǘΦ aŀƴǳŦΦ нмΣ олςплΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀŘŘƳŀΦнлмуΦлнΦлло 

[ǳŀƴΣ ¸ΦΣ {ƻƴƎΣ bΦΣ .ŀƛΣ ¸ΦΣ YŀƴƎΣ ·ΦΣ [ƛΣ 5ΦΣ 9ũŜŎǘ ƻŦ ǎƻƭƛŘƛŬŎŀǝƻƴ ǊŀǘŜ ƻƴ ǘƘŜ ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ŘƛǎǘǊƛōǳǝƻƴ 

ƻŦ ŜǳǘŜŎǝŎ ŎŀǊōƛŘŜǎ ƛƴ ŎŜƴǘǊƛŦǳƎŀƭ ŎŀǎǝƴƎ ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭ ǊƻƭƭǎΣ WΦ aŀǘŜǊΦ tǊƻŎŜǎǎΦ ¢ŜŎƘƴƻƭΦ нмл όнлмлύ 

росςрпм 

[ǳƴŘōŅŎƪΣ !ΦΣ [ƛƴŘƎǊŜƴΣ [π9Φ нлммΣ aƻŘŜƭƭƛƴƎ ƻŦ ƳŜǘŀƭ ŘŜǇƻǎƛǝƻƴΣ CƛƴƛǘŜ ŜƭŜƳŜƴǘǎ ƛƴ ŀƴŀƭȅǎƛǎ ŀƴŘ 

ŘŜǎƛƎƴΣ Σ ±ƻƭΦпт όмлύΣ ǇΦммсфπммтт 



от 

 

aŀŘƛǊŜŘŘȅΣ DΦΣ [ƛΣ /ΦΣ [ƛǳΣ WΦΣ {ŜŀƭȅΣ aΦtΦΣ нлмфΦ aƻŘŜƭƛƴƎ ǘƘŜǊƳŀƭ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ŎŀƴŎŜƭƭŀǝƻƴ ƻŦ 

ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎ ŦǊƻƳ ƘȅōǊƛŘ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ōȅ ƭŀǎŜǊ ǇŜŜƴƛƴƎΦ bŀƴƻǘŜŎƘƴƻƭΦ tǊŜŎƛǎΦ 9ƴƎΦ нΣ пфς

слΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƴǇŜΦнлмфΦлтΦллм 

aŀƘŀƳƻƻŘΣ wΦ aΦΣ {ƘǳƪƭŀΣ aΦΣ tƛǘȅŀƴŀΣ {ΦΦ [ŀǎŜǊ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƛƴ ǎǳǊŦŀŎŜ ƳƻŘƛŬŎŀǝƻƴ ƻŦ 

ƳŜǘŀƭǎΦ LDL DƭƻōŀƭΣ нлмпΦ 

aŀƴǾŀǘƪŀǊΣ ±Φ5ΦΣ DƻƪƘŀƭŜΣ !Φ!ΦΣ WŀƎŀƴ wŜŘŘȅΣ DΦΣ ±ŜƴƪŀǘŀǊŀƳŀƴŀΣ !ΦΣ 5ŜΣ !ΦΣ нлммΦ 9ǎǝƳŀǝƻƴ ƻŦ aŜƭǘ 

tƻƻƭ 5ƛƳŜƴǎƛƻƴǎΣ ¢ƘŜǊƳŀƭ /ȅŎƭŜΣ ŀƴŘ IŀǊŘƴŜǎǎ 5ƛǎǘǊƛōǳǝƻƴ ƛƴ ǘƘŜ [ŀǎŜǊπ9ƴƎƛƴŜŜǊŜŘ bŜǘ {ƘŀǇƛƴƎ 

tǊƻŎŜǎǎ ƻŦ !ǳǎǘŜƴƛǝŎ {ǘŀƛƴƭŜǎǎ {ǘŜŜƭΦ aŜǘŀƭƭΦ aŀǘŜǊΦ ¢ǊŀƴǎΦ ! пнΣ плулςплутΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎммссмπлммπлтутπу 

aŀƴǾŀǘƪŀǊΣ ±ΦΣ 5ŜΣ !ΦΣ 5ŜōwƻȅΣ ¢ΦΣ нлмпΦ IŜŀǘ ǘǊŀƴǎŦŜǊ ŀƴŘ ƳŀǘŜǊƛŀƭ ƅƻǿ ŘǳǊƛƴƎ ƭŀǎŜǊ ŀǎǎƛǎǘŜŘ Ƴǳƭǝπ

ƭŀȅŜǊ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ WΦ !ǇǇƭΦ tƘȅǎΦ ммсΣ мнпфлрΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлсоκмΦпуфстрм 

aŀǊƛƻƴΣ DΦΣ нлмсΦ aƻŘŞƭƛǎŀǝƻƴ ŘŜ ǇǊƻŎŞŘŞǎ ŘŜ ŦŀōǊƛŎŀǝƻƴ ŀŘŘƛǝǾŜ ŘŜ ǇƛŝŎŜǎ ŀŞǊƻƴŀǳǝǉǳŜǎ Ŝǘ 

ǎǇŀǝŀƭŜǎ Ŝƴ ¢ƛπс!Lπп± ǇŀǊ ŘŞǇƾǘ Ŝǘ Ŧǳǎƛƻƴ ǎŞƭŜŎǝǾŜ ŘΩǳƴ ƭƛǘ ŘŜ ǇƻǳŘǊŜ ǇŀǊ ƭŀǎŜǊ Υ !ǇǇǊƻŎƘŜ ǘƘŜǊƳƛǉǳŜΣ 

ƳŞǘŀƭƭǳǊƎƛǉǳŜ Ŝǘ ƳŞŎŀƴƛǉǳŜ όtƘ5 ǘƘŜǎƛǎύΦ ¦ƴƛǾŜǊǎƛǘŞ tŀǊƛǎ ǎŎƛŜƴŎŜǎ Ŝǘ ƭŜǧǊŜǎΣ ŀŘǾƛǎƻǊǎ DŜƻǊƎŜǎ 

/ŀƛƭƭŜǘŀǳŘΣ /ƘǊƛǎǘƻǇƘŜ /ƻƭƛƴΣ aŀǧƘƛŜǳ aŀȊƛŝǊŜ 

aƛŎƘŀƭŜǊƛǎΣ tΦΣ нлмпΦ aƻŘŜƭƛƴƎ ƳŜǘŀƭ ŘŜǇƻǎƛǝƻƴ ƛƴ ƘŜŀǘ ǘǊŀƴǎŦŜǊ ŀƴŀƭȅǎŜǎ ƻŦ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 

ǇǊƻŎŜǎǎŜǎΦ CƛƴƛǘŜ 9ƭŜƳΦ !ƴŀƭΦ 5ŜǎΦ усΣ рмςслΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŬƴŜƭΦнлмпΦлпΦлло 

aƛŜŘȊƛƴǎƪƛΣ aΦΣ нлмтΦ aŀǘŜǊƛŀƭǎ ŦƻǊ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ōȅ ŘƛǊŜŎǘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴΦ aŀǎǘŜǊΩǎ 

ǘƘŜǎƛǎΣ /I![a9w{ ¦bL±9w{L¢¸ hC ¢9/Ibh[hD¸ DƻǘƘŜƴōǳǊƎΣ {ǿŜŘŜƴ нлмт 

aƛƭŜǿǎƪƛΣ WΦhΦΣ нлмтΦ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ aŜǘŀƭǎΥ CǊƻƳ CǳƴŘŀƳŜƴǘŀƭ ¢ŜŎƘƴƻƭƻƎȅ ǘƻ wƻŎƪŜǘ 

bƻȊȊƭŜǎΣ aŜŘƛŎŀƭ LƳǇƭŀƴǘǎΣ ŀƴŘ /ǳǎǘƻƳ WŜǿŜƭǊȅΣ {ǇǊƛƴƎŜǊ {ŜǊƛŜǎ ƛƴ aŀǘŜǊƛŀƭǎ {ŎƛŜƴŎŜΦ {ǇǊƛƴƎŜǊ 

LƴǘŜǊƴŀǝƻƴŀƭ tǳōƭƛǎƘƛƴƎΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκфтуπоπомфπрунлрπп 

aƻƭƛƴŀǊƛΣ !Σ tŜƭƭƛȊȊŀǊƛΣ aΦΣ .ƛƎƎƛΣ !ΦΣ /ƻǊōƻΣ DΦΣ ¢ǊŜƳŜŀΣ !ΦΣ tǊƛƳŀǊȅ ŎŀǊōƛŘŜǎ ƛƴ ǎǇƛƴŎŀǎǘ I{{ ŦƻǊ Iƻǘ wƻƭƭǎ 

ŀƴŘ ǘƘŜƛǊ ŜũŜŎǘ ƻƴ ǘƘŜ hȄƛŘŀǝƻƴ .ŜƘŀǾƛƻǳǊΣ ƛƴΥ WΦ .ŜǊƎǎǘǊǀƳ 9ŘΦΣ tǊƻŎΦ сǘƘ LƴǘΦ ¢ƻƻƭΦ /ƻƴŦΦΣ YŀǊƭǎǘŀŘ 

¦ƴƛǾŜǊǎƛǘŜǘΣ YŀǊƭǎǘŀŘΣ нллнΣ ǇǇΦ осрςоттΦ 

aƻǊƛŘƛ !ΦΣ IŀǎǎŀƴƛπDŀƴƎŀǊŀƧΣ {Φ aΦΣ DǳŀƎƭƛŀƴƻΣ aΦΣ 5ŀƻΣ aΦΦ /ƻƭŘ ǎǇǊŀȅ ŎƻŀǝƴƎΥ ǊŜǾƛŜǿ ƻŦ ƳŀǘŜǊƛŀƭ 

ǎȅǎǘŜƳǎ ŀƴŘ ŦǳǘǳǊŜ ǇŜǊǎǇŜŎǝǾŜǎΦ {ǳǊŦŀŎŜ 9ƴƎƛƴŜŜǊƛƴƎΣ олόсύΥосфςофрΣ нлмпΦ tǳōƭƛǎƘŜǊΥ ¢ŀȅƭƻǊ ϧ 

CǊŀƴŎƛǎΦ 

aǳƪƘŜǊƧŜŜΣ ¢ΦΣ ½ƘŀƴƎΣ ²ΦΣ 5ŜōwƻȅΣ ¢ΦΣ нлмтΦ !ƴ ƛƳǇǊƻǾŜŘ ǇǊŜŘƛŎǝƻƴ ƻŦ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎŜǎ ŀƴŘ 

ŘƛǎǘƻǊǝƻƴ ƛƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ /ƻƳǇǳǘΦ aŀǘŜǊΦ {ŎƛΦ мнсΣ ослςотнΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎƻƳƳŀǘǎŎƛΦнлмсΦмлΦлло 

bŀƛƴΣ ±ΦΣ нлннΦ 9ŶŎƛŜƴǘ ǘƘŜǊƳƻƳŜŎƘŀƴƛŎŀƭ ƳƻŘŜƭƛƴƎ ƻŦ ƭŀǊƎŜ ǇŀǊǘǎ ŦŀōǊƛŎŀǘŜŘ ōȅ 5ƛǊŜŎǘŜŘ 9ƴŜǊƎȅ 

5ŜǇƻǎƛǝƻƴ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎŜǎ όtƘ5 ǘƘŜǎƛǎύΦ ¦ƴƛǾŜǊǎƛǘŞ .ǊŜǘŀƎƴŜ {ǳŘΣ  ŀŘǾƛǎƻǊ aǳǊƛŜƭ  

/ŀǊƛƴ  ŀƴŘ  ¢ƘƛŜǊǊȅ  9ƴƎŜƭΦ  

bŜŜƭŀΣ ±ΦΣ 5ŜΣ !ΦΣ нллфΦ ¢ƘǊŜŜπŘƛƳŜƴǎƛƻƴŀƭ ƘŜŀǘ ǘǊŀƴǎŦŜǊ ŀƴŀƭȅǎƛǎ ƻŦ [9b{¢a ǇǊƻŎŜǎǎ ǳǎƛƴƎ ŬƴƛǘŜ 

ŜƭŜƳŜƴǘ ƳŜǘƘƻŘΦ LƴǘΦ WΦ !ŘǾΦ aŀƴǳŦΦ ¢ŜŎƘƴƻƭΦ прΣ форςфпоΦ ŘƻƛΥмлΦмллтκǎллмтлπллфπнлнпπф 

hƪŀƴŜΣ ¢ΦΣ ¦ƳŜŘŀΣ ¢ΦΣ LƴǘŜǊŦŀŎŜ ǘŜƳǇŜǊŀǘǳǊŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ aн/ ŀƴŘ aс/ ŜǳǘŜŎǝŎ ŎŀǊōƛŘŜǎ ƛƴ ǘƘŜ 

CŜ π aƻ π / ǎȅǎǘŜƳΣ {ŎƛΦ ¢ŜŎƘƴƻƭΦ !ŘǾΦ aŀǘŜǊΦ н όнллмύ нптςнрм 

tŀƴΣ CΦΣ IƛǊƻƘŀǎƘƛΣ aΦΣ [ǳΣ ¸ΦΣ 5ƛƴƎΣ tΦΣ ¢ŀƴƎΣ !ΦΣ 9ŘƳƻƴŘǎΣ 5Φ ±ΦΣ /ŀǊōƛŘŜǎ ƛƴ ƘƛƎƘǎǇŜŜŘ ǎǘŜŜƭǎ ŎƻƴǘŀƛƴƛƴƎ 

ǎƛƭƛŎƻƴΣ aŜǘŀƭƭΦ aŀǘŜǊΦ ¢ǊŀƴǎΦ !Φ ор! όнллпύ нтртςнтсс 
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оу 

 

tŀȅŘŀǎΣ IΦΣ aŜǊǘŜƴǎΣ !Φ /ŀǊǊǳǎΣ wΦΣ [ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦΣ ¢ŎƘƻǳŦŀƴƎ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦΣ нлмрΣ [ŀǎŜǊ ŎƭŀŘŘƛƴƎ 

ŀǎ ǊŜǇŀƛǊ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ¢ƛπс!ƭπп± ŀƭƭƻȅΥ LƴƅǳŜƴŎŜ ƻŦ ōǳƛƭŘƛƴƎ ǎǘǊŀǘŜƎȅ ƻƴ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ƘŀǊŘƴŜǎǎΣ 

aŀǘŜǊΦ 5ŜǎΦΣ ǾƻƭΦ урΣ ǇǇΦ пфтς рмл 

tŜȅǊŜΣ tΦΣ 5ŀƭΣ aΦΣ th¦½9¢Σ {ŜōŀǎǝŜƴΣ /ŀǎǘŜƭƴŀǳΣ hΦΣ нлмтΦ {ƛƳǇƭƛŬŜŘ ƴǳƳŜǊƛŎŀƭ ƳƻŘŜƭ ŦƻǊ ǘƘŜ ƭŀǎŜǊ 

ƳŜǘŀƭ ŘŜǇƻǎƛǝƻƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎΦ WΦ [ŀǎŜǊ !ǇǇƭΦ нфΣ !ǊǝŎƭŜ ƴǳƳōŜǊ лннолпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦнормκмΦпфуонрм 

tƘŀƳΣ ¢ΦvΦ5ΦΣ IƻŀƴƎΣ ¢Φ ±ΦΣ ±ŀƴ ¢ǊŀƴΣ ·ΦΣ ¢ǳŀƴ tƘŀƳΣ vΦΣ CŜǘƴƛΣ {ΦΣ 5ǳŎƘŜƴŜΣ [ΦΣ ¢ǊŀƴΣ IΦ {ΦΣ ϧ IŀōǊŀƪŜƴΣ 

!Φ όнлнн ŀύΦ Cŀǎǘ ŀƴŘ ŀŎŎǳǊŀǘŜ ǇǊŜŘƛŎǝƻƴ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŜǾƻƭǳǝƻƴǎ ƛƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎ 

ǳǎƛƴƎ ŘŜŜǇ ƭŜŀǊƴƛƴƎΦ WƻǳǊƴŀƭ ƻŦ LƴǘŜƭƭƛƎŜƴǘ aŀƴǳŦŀŎǘǳǊƛƴƎΦ ŘƻƛΥмлΦмллтκǎмлупрπлнмπлмуфсπу 

tƘŀƳΣ ¢Φ vΦ 5ΦΣ IƻŀƴƎΣ ¢Φ ±ΦΣ ¢ǊŀƴΣ ·Φ ±ΦΣ CŜǘƴƛΣ {ΦΣ 5ǳŎƘŜƴŜΣ [ΦΣ ¢ǊŀƴΣ IΦ {ΦΣ IŀōǊŀƪŜƴΣ !Φ όнлнн 

ōύΦ/ƘŀǊŀŎǘŜǊƛȊŀǝƻƴΣ ǇǊƻǇŀƎŀǝƻƴΣ ŀƴŘ ǎŜƴǎƛǝǾƛǘȅ ŀƴŀƭȅǎƛǎ ƻŦ ǳƴŎŜǊǘŀƛƴǝŜǎ ƛƴ ǘƘŜ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ 

ŘŜǇƻǎƛǝƻƴ ǇǊƻŎŜǎǎ ǳǎƛƴƎ ŀ ŘŜŜǇ ƭŜŀǊƴƛƴƎπōŀǎŜŘ ǎǳǊǊƻƎŀǘŜ ƳƻŘŜƭΦ tǊƻōŀōƛƭƛǎǝŎ 9ƴƎƛƴŜŜǊƛƴƎ aŜŎƘŀƴƛŎǎΣ 

сфΣ млонфтΦ ŘƻƛΥмлΦмлмсκƧΦǇǊƻōŜƴƎƳŜŎƘΦнлннΦмлонфт ƘǧǇǎΥκκƘŘƭΦƘŀƴŘƭŜΦƴŜǘκннсуκнфопор 

tƘŀƳ ¢ΦvΦ5ΦΣ IƻŀƴƎ ¢Φ±ΦΣ ¢Ǌŀƴ ·Φ±ΦΣ CŜǘƴƛ {ΦΣ 5ǳŎƘşƴŜ [ΦΣ ¢Ǌŀƴ IΦ{ΦΣ IŀōǊŀƪŜƴ !ΦaΦ όнлноύ ! ŦǊŀƳŜǿƻǊƪ 

ŦƻǊ ǘƘŜ Ǌƻōǳǎǘ ƻǇǝƳƛȊŀǝƻƴ ǳƴŘŜǊ ǳƴŎŜǊǘŀƛƴǘȅ ƛƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ WƻǳǊƴŀƭ ƻŦ aŀƴǳŦŀŎǘǳǊƛƴƎ 

tǊƻŎŜǎǎŜǎ 5hLΥмлΦмлмсκƧΦƧƳŀǇǊƻΦнлноΦлуΦллф 

tƛƴƪŜǊǘƻƴΣ !ΦWΦΣ ²ŀƴƎΣ ²ΦΣ [ƛΣ [Φ /ƻƳǇƻƴŜƴǘ ǊŜǇŀƛǊ ǳǎƛƴƎ ƭŀǎŜǊ ŘƛǊŜŎǘ ƳŜǘŀƭ ŘŜǇƻǎƛǝƻƴΦ tǊƻŎŜŜŘƛƴƎ ƻŦ 

ǘƘŜ Lƴǎǝǘǳǝƻƴ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊǎ tŀǊǘ . WƻǳǊƴŀƭ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎ aŀƴǳŦŀŎǘǳǊŜΣ нллуΣ унтπуос 

tƛǎŎƻǇƻΣ DΦΣ !ǘȊŜƴƛΣ 9ΦΣ {ŀƭƳƛΣ !ΦΣ нлмфΦ ! IȅōǊƛŘ aƻŘŜƭƛƴƎ ƻŦ ǘƘŜ tƘȅǎƛŎǎπ5ǊƛǾŜƴ 9Ǿƻƭǳǝƻƴ ƻŦ aŀǘŜǊƛŀƭ 

!ŘŘƛǝƻƴ ŀƴŘ ¢ǊŀŎƪ DŜƴŜǊŀǝƻƴ ƛƴ [ŀǎŜǊ tƻǿŘŜǊ 5ƛǊŜŎǘŜŘ 9ƴŜǊƎȅ 5ŜǇƻǎƛǝƻƴΦ aŀǘŜǊƛŀƭǎ мнΣ нумфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦоофлκƳŀмнмтнумф 

vƛΣ IΦΣ aŀȊǳƳŘŜǊΣ WΦΣ YƛΣ IΦΤ bǳƳŜǊƛŎŀƭ ǎƛƳǳƭŀǝƻƴ ƻŦ ƘŜŀǘ ǘǊŀƴǎŦŜǊ ŀƴŘ ƅǳƛŘ ƅƻǿ ƛƴ ŎƻŀȄƛŀƭ ƭŀǎŜǊ 

ŎƭŀŘŘƛƴƎ ǇǊƻŎŜǎǎ ŦƻǊ ŘƛǊŜŎǘ ƳŜǘŀƭ ŘŜǇƻǎƛǝƻƴΦ WΦ !ǇǇƭΦ tƘȅǎΦ мр Wǳƭȅ нллсΤ млл όнύΥ лнпфлоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлсоκмΦннлфулт 

{ŀǊŀŎƛōŀǊΣ /ΦΣ [ǳƴŘōŅŎƪΣ !ΦΣ /ƘƛǳƳŜƴǝΣ aΦΣ /ŜǊǾŜǊŀΣ aΦΣ όнлмпύΦ {ƘŀǇŜŘ aŜǘŀƭ 5ŜǇƻǎƛǝƻƴ tǊƻŎŜǎǎŜǎΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκфтуπфпπллтπнтофπтψулу 

{ŜǝŜƴΣ LƷŀƪƛΤ /ƘƛǳƳŜƴǝΣ aƛŎƘŜƭŜΤ Ǿŀƴ 5ŜǊ ±ŜŜƴΣ {ƧƻŜǊŘΤ {ŀƴ {ŜōŀǎǝŀƴΣ aŀǊƛŀΤ DŀǊŎƛŀƴŘƝŀΣ CŜǊƳƝƴΤ 

9ŎƘŜǾŜǊǊƝŀΣ !ƭōŜǊǘƻ 9ƳǇƛǊƛŎŀƭ ƳŜǘƘƻŘƻƭƻƎȅ ǘƻ ŘŜǘŜǊƳƛƴŜ ƛƴƘŜǊŜƴǘ ǎǘǊŀƛƴǎ ƛƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 

/ƻƳǇǳǘŜǊǎ ŀƴŘ aŀǘƘŜƳŀǝŎǎ ǿƛǘƘ !ǇǇƭƛŎŀǝƻƴǎ ƛƴ tǊŜǎǎ WǳƴŜ нлмуΦ 

{ƳŀǊ¢ŜŎƘΦ {ƳŀǊ¢ŜŎƘ !ƴŀƭȅǎƛǎ !ƴƴǳŀƭ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎ aŀǊƪŜǘ {ǳƳƳŀǊȅ wŜǇƻǊǘ {ŀȅǎ !a 

aŀǊƪŜǘ DǊŜǿ ǘƻ hǾŜǊ Ϸмл. ²ƻǊƭŘǿƛŘŜ ƛƴ нлмфΣ !ǳƎΦ нлнлΦ 

¢ŎƘǳƛƴŘƧŀƴƎΣ WΦΣ [ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦΣ {ǘǳŘȅ ƻŦ ǘƘŜ ƻǊƛƎƛƴ ƻŦ ǘƘŜ ǳƴŜȄǇŜŎǘŜŘ ǇŜŀǊƭƛǘŜ ŘǳǊƛƴƎ ǘƘŜ ŎƻƻƭƛƴƎ 

ǎǘŀƎŜ ƻŦ ǘǿƻ Ŏŀǎǘ ƘƛƎƘπǎǇŜŜŘ ǎǘŜŜƭǎΣ {ƻƭƛŘ {ǘŀǘŜ tƘŜƴƻƳŜƴŀ мтнπмтп όнлммŀύ улоςулуΦ 

¢ŎƘǳƛƴŘƧŀƴƎΣ WΦΣ {ƛƴƴŀŜǾŜΣ aΦΣ [ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦΣ LƴƅǳŜƴŎŜ ƻŦ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ ƘŜŀǘ ǘǊŜŀǘƳŜƴǘ ƻƴ 

ƛƴπǎƛǘǳ ǘǊŀƴǎŦƻǊƳŀǝƻƴ ƻŦ aƻπǊƛŎƘ ŜǳǘŜŎǝŎ ŎŀǊōƛŘŜǎ ƛƴ I{{ ŀƴŘ ǎŜƳƛπI{{ ƎǊŀŘŜǎΤ ƛƴΥ WΦ [ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ 

WΦ ¢Φ ¢ŎƘǳƛƴŘƧŀƴƎ ό9ŘǎΦύΣ tǊƻŎŜŜŘƛƴƎǎ ƻŦ !ōǊŀǎƛƻƴ нлммōΣ [ƛŝƎŜΣ нлммŀΣ ǇǇΦ смςтрΦ 

¢ŎƘǳƛƴŘƧŀƴƎ WΦΣ ¢ƻǊǊŜǎΣ LΦΣ CƭƻǊŜǎΣ tΦΣ IŀōǊŀƪŜƴΣ !Φ aΦΣ [ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦΣ tƘŀǎŜ ǘǊŀƴǎŦƻǊƳŀǝƻƴǎ ŀƴŘ 

ŎǊŀŎƪ ƛƴƛǝŀǝƻƴ ƛƴ ŀ ƘƛƎƘπŎƘǊƻƳƛǳƳ Ŏŀǎǘ ǎǘŜŜƭ ǳƴŘŜǊ Ƙƻǘ ŎƻƳǇǊŜǎǎƛƻƴ ǘŜǎǘǎΣ WΦ aŀǘŜǊΦ 9ƴƎΦ tŜǊŦƻǊƳΦ нп 

όнлмрύ нлнрςнлпмΦ 
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¢ŜƳŀǝƻΣ WΦΣ нлннΦ {ƛƳǳƭŀǝƻƴ ƴǳƳŞǊƛǉǳŜ Řǳ ǇǊƻŎŞŘŞ ŘŜ ŦŀōǊƛŎŀǝƻƴ ŀŘŘƛǝǾŜ 595 Υ ǊŞǎƻƭǳǝƻƴ 

ǘƘŜǊƳƻƳŞŎŀƴƛǉǳŜ ƛƴŎǊŞƳŜƴǘŀƭŜ ŎƻƳǇƭŜǘŜ Ŝǘ ƳƻŘŝƭŜǎ ǊŞŘǳƛǘǎ ŘŜ ǘȅǇŜ ϦƛƴƘŜǊŜƴǘ ǎǘǊŀƛƴϦ όtƘ5 ¢ƘŜǎƛǎύΦ 

t{[ ¦ƴƛǾŜǊǎƛǘȅΣ  ŀŘǾƛǎƻǊǎ  aƛŎƘŜƭ  .ŜƭƭŜǘΣ  ¸ŀƴŎƘŜƴƎ ½ƘŀƴƎ 

¢ƻȅǎŜǊƪŀƴƛΣ 9ΦΤ YƘŀƧŜǇƻǳǊΣ !ΦΤ /ƻǊōƛƴΣ {ΦCΦ [ŀǎŜǊ /ƭŀŘŘƛƴƎΤ /w/ tǊŜǎǎΥ .ƻŎŀ wŀǘƻƴΣ C[Σ ¦{!Σ нллпΦ  

¢ǊŀƴΣ IΦΣ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ¢ΦΣ tŀȅŘŀǎΣ IΦΣ aŜǊǘŜƴǎΣ !ΦΣ WŀǊŘƛƴΣ wΦ¢ΦΣ 5ǳŎƘşƴŜΣ [ΦΣ /ŀǊǊǳǎΣ wΦΣ [ŜŎƻƳǘŜπ

.ŜŎƪŜǊǎΣ WΦΣ IŀōǊŀƪŜƴΣ !ΦaΦΣ нлмтΦ о5 ǘƘŜǊƳŀƭ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎ ƻŦ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎ ǇǊƻŎŜǎǎŜŘ ¢ƛπ

с!ƭπп± ǇŀǊǘ ǿƛǘƘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŎƻǊǊŜƭŀǝƻƴǎΦ aŀǘŜǊΦ 5ŜǎΦ мнуΣ молςмпнΦ 

ŘƻƛΥмлΦмлмсκƧΦƳŀǘŘŜǎΦнлмтΦлпΦлфн 

¸ǳƪƛƻ ¦ŜŘŀΣ YŜƛƧƛ CǳƪǳŘŀΣ YŜƛƧƛ bŀƪŀŎƘƻΣ ŀƴŘ {Ŝǘǎǳƻ 9ƴŘƻΦ ! ƴŜǿ ƳŜŀǎǳǊƛƴƎ ƳŜǘƘƻŘ ƻŦ ǊŜǎƛŘǳŀƭ 

ǎǘǊŜǎǎŜǎ ǿƛǘƘ ǘƘŜ ŀƛŘ ƻŦ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ƳŜǘƘƻŘ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ŜǎǝƳŀǘŜŘ ǾŀƭǳŜǎΦ WƻǳǊƴŀƭ ƻŦ ǘƘŜ {ƻŎƛŜǘȅ 

ƻŦ bŀǾŀƭ !ǊŎƘƛǘŜŎǘǎ ƻŦ WŀǇŀƴΣ мфтрόмоуύ ΥпффςрлтΣ мфтрΦ 

²ŀƴƎΣ Wƛƴǘŀƻ ϧ [ƛǳΣ {ƘƻǳǇƛƴƎ ϧ CŀƴƎΣ ¸ǳƴǇŜƴƎ ϧ IŜΣ ½ƘƻƴƎǊǳƛΦ όнлнлύΦ ! ǎƘƻǊǘ ǊŜǾƛŜǿ ƻƴ ǎŜƭŜŎǝǾŜ 

ƭŀǎŜǊ ƳŜƭǝƴƎ ƻŦ Iмо ǎǘŜŜƭΦ ¢ƘŜ LƴǘŜǊƴŀǝƻƴŀƭ WƻǳǊƴŀƭ ƻŦ !ŘǾŀƴŎŜŘ aŀƴǳŦŀŎǘǳǊƛƴƎ ¢ŜŎƘƴƻƭƻƎȅΦ млуΦ 

млΦмллтκǎллмтлπлнлπлррупπпΦ 

²ŀƴƎΣ [ΦΣ CŜƭƛŎŜƭƭƛΣ {ΦΣ нллсΦ !ƴŀƭȅǎƛǎ ƻŦ ǘƘŜǊƳŀƭ ǇƘŜƴƻƳŜƴŀ ƛƴ [9b{¢a ŘŜǇƻǎƛǝƻƴΦ aŀǘŜǊΦ {ŎƛΦ 9ƴƎΦ ! 

порςпосΣ снрςсомΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƳǎŜŀΦнллсΦлтΦлут 

²ŀƴƎΣ [ΦΣ CŜƭƛŎŜƭƭƛΣ {ΦΣ DƻƻǊƻƻŎƘǳǊƴΣ ¸ΦΣ ²ŀƴƎΣ tΦ¢ΦΣ IƻǊǎǘŜƳŜȅŜǊΣ aΦCΦΣ нллуΦ hǇǝƳƛȊŀǝƻƴ ƻŦ ǘƘŜ [9b{ 

ϯ ǇǊƻŎŜǎǎ ŦƻǊ ǎǘŜŀŘȅ ƳƻƭǘŜƴ Ǉƻƻƭ ǎƛȊŜΦ aŀǘŜǊΦ {ŎƛΦ 9ƴƎΦ ! птпΣ мпуςмрсΦ 

ŘƻƛΥмлΦмлмсκƧΦƳǎŜŀΦнллтΦлпΦммф 

²ŀƴƎΣ ¸ǳƧƛŜΣ aŀƻΣ .ƻΣ /ƘǳΣ {ƘǳŀƴƎƧƛŜΣ /ƘŜƴΣ {ŀƛΣ ·ƛƴƎΣ IǳƛΣ ½ƘŀƻΣ IŀƛȅŀƴΣ ²ŀƴƎΣ {ƘǳȅŀƴƎΣ ²ŀƴƎΣ 

¸ǳǉƛŀƴΣ ½ƘŀƴƎΣ WƛŀƻΣ {ǳƴΣ .ŀƻŘŜΦ όнлноύΦ !ŘǾŀƴŎŜŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ ƘƛƎƘπǎǇŜŜŘ ǎǘŜŜƭǎΥ ! ŎǊƛǝŎŀƭ ǊŜǾƛŜǿ 

ƻŦ ǘƘŜ ǇǊƻŎŜǎǎ ŘŜǎƛƎƴΣ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŜǾƻƭǳǝƻƴΣ ŀƴŘ ŜƴƎƛƴŜŜǊƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜΦ WƻǳǊƴŀƭ ƻŦ aŀǘŜǊƛŀƭǎ 

wŜǎŜŀǊŎƘ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΦ нпΣ умфуπунплΣ ŘƻƛΥмлΦмлмсκƧƳǊǘΦнлноΦлпΦнсф 

²ŜōŜǊΣ /Φ tŜƴŀΣ ±ΦΣ aƛŎŀƭƛΣ aΦΣ ¸ƎƭŜǎƛŀǎΣ 9ΦΣ wƻƻŘΣ {ΦΣ {ŎƻǧΣ WΦΣ [ŀƭΣ .ΦΦ ¢ƘŜ wƻƭŜ ƻŦ ǘƘŜ bŀǝƻƴŀƭ {ŎƛŜƴŎŜ 

CƻǳƴŘŀǝƻƴ ƛƴ ǘƘŜ hǊƛƎƛƴ ŀƴŘ 9Ǿƻƭǳǝƻƴ ƻŦ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ bƻǾΦ нлмо 

²ŜƛΣ IΦ[ΦΣ aŀȊǳƳŘŜǊΣ WΦΣ 5ŜōwƻȅΣ ¢ΦΣ нлмрΦ 9Ǿƻƭǳǝƻƴ ƻŦ ǎƻƭƛŘƛŬŎŀǝƻƴ ǘŜȄǘǳǊŜ ŘǳǊƛƴƎ ŀŘŘƛǝǾŜ 

ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ {ŎƛΦ wŜǇΦ рΣ мсппсΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлоуκǎǊŜǇмсппс 

·ƛŜΣ wΦΣ /ƘŜƴΣ DΦΣ ½ƘŀƻΣ ¸ΦΣ ½ƘŀƴƎΣ {ΦΣ ¸ŀƴΣ ²ΦΣ [ƛƴΣ ·ΦΣ {ƘƛΣ vΦΣ нлмфΦ Lƴπǎƛǘǳ ƻōǎŜǊǾŀǝƻƴ ŀƴŘ ƴǳƳŜǊƛŎŀƭ 

ǎƛƳǳƭŀǝƻƴ ƻƴ ǘƘŜ ǘǊŀƴǎƛŜƴǘ ǎǘǊŀƛƴ ŀƴŘ ŘƛǎǘƻǊǝƻƴ ǇǊŜŘƛŎǝƻƴ ŘǳǊƛƴƎ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ WΦ aŀƴǳŦΦ 

tǊƻŎŜǎǎΦ оуΣ пфпςрлмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧƳŀǇǊƻΦнлмфΦлмΦлпф 

·ƛŜΣ wΦΣ {ƘƛΣ vΦΣ /ƘŜƴΣ DΦΣ нлнлŀΦ LƳǇǊƻǾŜŘ ŘƛǎǘƻǊǝƻƴ ǇǊŜŘƛŎǝƻƴ ƛƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǳǎƛƴƎ ŀƴ 

ŜȄǇŜǊƛƳŜƴǘŀƭπōŀǎŜŘ ǎǘǊŜǎǎ ǊŜƭŀȄŀǝƻƴ ƳƻŘŜƭΦ WΦ aŀǘŜǊΦ {ŎƛΦ ¢ŜŎƘƴƻƭΦ рфΣ уоςфмΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧƳǎǘΦнлнлΦлпΦлрс 
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/ƘŀǇǘŜǊ н 
 

¢Ƙƛǎ ŀǊǝŎƭŜ1 ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ a{a ƎǊƻǳǇϥǎ ƛƴƛǝŀƭ ǾŜƴǘǳǊŜ ƛƴǘƻ ƳƻŘŜƭƛƴƎ ǘƘŜ ƳŜǘŀƭ ŀŘŘƛǝǾŜ 

ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎΦ ²Ŝ ŎƻƴǎǘǊǳŎǘŜŘ ŀ н5 ƳƻŘŜƭ ǘƻ ǎƛƳǳƭŀǘŜ ŀ осπƭŀȅŜǊ ōǳƭƪ ŘŜǇƻǎƛǘ ƻŦ aп 

I{{ όǎŀƳǇƭŜ tтсύΦ ¢ƻ ōǳƛƭŘ ǘƘƛǎ ƳƻŘŜƭΣ ǿŜ ǊŜƭƛŜŘ ƻƴ ǎǇŜŎƛŬŎ ǇǊƻǇŜǊǝŜǎ ƭƛƪŜ ǘƘŜǊƳŀƭ 

ŎƻƴŘǳŎǝǾƛǘȅΣ ŘŜƴǎƛǘȅΣ ŀƴŘ ƘŜŀǘ ŎŀǇŀŎƛǘȅΣ ŀƭƭ ƻŦ ǿƘƛŎƘ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ŦǊƻƳ ǘƘŜ ŘŜǇƻǎƛǘ ŀƴŘ 

ǎǳōǎǘǊŀǘŜ ǳƴŘŜǊ ǾŀǊƛŀōƭŜ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴŘƛǝƻƴǎΦ 

Lƴ ƻǊŘŜǊ ǘƻ ŜƴǎǳǊŜ ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ƻǳǊ ǘƘŜǊƳŀƭ ƳƻŘŜƭΣ ǿŜ ǎǘǊŀǘŜƎƛŎŀƭƭȅ ǇƭŀŎŜŘ ǘƘŜǊƳƻŎƻǳǇƭŜǎ 

ƛƴ ǘƘŜ ǎǳōǎǘǊŀǘŜ ŀǘ п ƭƻŎŀǝƻƴǎ Φ ¢ƘŜ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ƛƴŦƻǊƳŀǝƻƴ ƻŦ ǘƘŜǎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ 

ƘŜƭǇŜŘ ǳǎ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ǘƘŜ ǘŀǊƎŜǘ ǘƘŜǊƳŀƭ ŜȄǇŜǊƛƳŜƴǘŀƭ ŎǳǊǾŜΦ  IƻǿŜǾŜǊ ƻƴƭȅ 

ǘƘƻǎŜ ǘŜƳǇŜǊŀǘǳǊŜ ƘƛǎǘƻǊƛŜǎ Ŏŀƴƴƻǘ ȅƛŜƭŘ ŀ ǎƛƴƎƭŜ ǎŜǘ ƻŦ ǇŀǊŀƳŜǘŜǊǎΦ ¢ƘŜ ƳŜŀǎǳǊŜŘ ƳŜƭǘ Ǉƻƻƭ 

ǎƛȊŜ ƻŦ ǘƘŜ ƭŀǎǘ ƭŀȅŜǊ ƛǎ ŀƭǎƻ ƴŜŜŘŜŘ ǘƻ ŎƻƴŬǊƳ ǘƘŜ ƛŘŜƴǝŬŜŘ ǎŜǘ ƻŦ ǇŀǊŀƳŜǘŜǊǎΦ ¢Ƙƛǎ Ǉƻƛƴǘ ǿŀǎ 

ōŜǧŜǊ ǉǳŀƴǝŬŜŘ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘŜŘ ōȅ /Φ Dŀƭƻ ŦƻǊ ǘƘŜ ǎŀƳǇƭŜ tтс όDŀƭƭƻ нлнпύнΣ ōǳǘ ǘƘŜ ƛǎǎǳŜ 

ǿŀǎ ŀƭǊŜŀŘȅ ƻōǎŜǊǾŜŘ ƛƴ ƻǳǊ ǿƻǊƪΦ ¢ƘŜ ǇǊŜŘƛŎǝƻƴǎ ƎŜƴŜǊŀǘŜŘ ōȅ ƻǳǊ ƳƻŘŜƭ ŎƭƻǎŜƭȅ ŀƭƛƎƴŜŘ 

ǿƛǘƘ ǘƘŜ ŀŎǘǳŀƭ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ ŀƴŘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ ƻōǎŜǊǾŜŘ ƛƴ ŜȄǇŜǊƛƳŜƴǘǎΦ 

¢ƻ ŀŎƘƛŜǾŜ ǘƘƛǎ ƭŜǾŜƭ ƻŦ ŀŎŎǳǊŀŎȅΣ ǿŜ ƘŀŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŎƻŜŶŎƛŜƴǘǎ ŦƻǊ ŜƳƛǎǎƛǾƛǘȅ ŀƴŘ 

ŎƻƴǾŜŎǝƻƴΦ LƴǘŜǊŜǎǝƴƎƭȅΣ ǿŜ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ŜƳƛǎǎƛǾƛǘȅ ŎƻŜŶŎƛŜƴǘ ǿŀǎ мΣ ǘƘƻǳƎƘ ƛǘǎ ǇƘȅǎƛŎŀƭ 

ǎƛƎƴƛŬŎŀƴŎŜ ǊŜƳŀƛƴŜŘ ǎƻƳŜǿƘŀǘ ǳƴŎƭŜŀǊΦ ¢Ƙƛǎ ƳƛƎƘǘ ōŜ ŀǧǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǎƛƳǇƭƛŬŎŀǝƻƴ ƻŦ ƻǳǊ 

ƳƻŘŜƭ ǘƘǊƻǳƎƘ ŀ н5 ŀǇǇǊƻŀŎƘΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǎǘǳŘȅƛƴƎ ǘƘŜ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ ǇǊƻǾƛŘŜŘ ǾŀƭǳŀōƭŜ 

ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ ƴƻƴπǳƴƛŦƻǊƳ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻōǎŜǊǾŜŘ ŀǘ ǾŀǊȅƛƴƎ ŘŜǇǘƘǎ ǿƛǘƘƛƴ ǘƘŜ ǎŀƳǇƭŜΦ 

wŜŦŜǊŜƴŎŜ ǎŀƳǇƭŜǎ ǿŜǊŜ ǇǊƻŎŜǎǎŜŘ ǘƻ ǾŀƭƛŘŀǘŜ ōƻǘƘ ǘƘŜ ƳƻŘŜƭǎ ŀƴŘ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀǘ 

ƳŀŎǊƻΣ ƳƛŎǊƻΣ ŀƴŘ ƴŀƴƻ ǎŎŀƭŜǎΣ ǿƘƛƭŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ǇǊŜŘƛŎǝƴƎ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎΣ ŀ ǇƛǾƻǘŀƭ ǎǘŜǇ 

ŘŜǘŀƛƭŜŘ ƛƴ /ƘŀǇǘŜǊ оΣ ŜƴŀōƭŜŘ ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ƳƻǊŜ ŘŜǘŀƛƭŜŘ о5 

ǘƘŜǊƳƻƳŜŎƘŀƴƛŎŀƭ ƳƻŘŜƭ ŀƴŘ ǘƘŜ ƻǇǝƳƛȊŀǝƻƴ ƻŦ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ ŀǎ ŜƭŀōƻǊŀǘŜŘ ƛƴ /ƘŀǇǘŜǊ пΦ 
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!ōǎǘǊŀŎǘ 

¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ н5 CƛƴƛǘŜ 9ƭŜƳŜƴǘ ǘƘŜǊƳŀƭ ǎƛƳǳƭŀǝƻƴǎ ƻŦ 5ƛǊŜŎǘ 9ƴŜǊƎȅ 5ŜǇƻǎƛǝƻƴ ƻŦ ŀ IƛƎƘ 

{ǇŜŜŘ {ǘŜŜƭ ǘƘƛŎƪ ŘŜǇƻǎƛǘ ŜȄǇƭŀƛƴ ǘƘŜ ƻōǎŜǊǾŜŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ƘŜǘŜǊƻƎŜƴŜƛǝŜǎ ƻǾŜǊ ǘƘŜ 

ǿƘƻƭŜ ƘŜƛƎƘǘ ƻŦ ŀ осπƭŀȅŜǊ ŘŜǇƻǎƛǘΦ ¢ƘŜ CƛƴƛǘŜ 9ƭŜƳŜƴǘ ƳƻŘŜƭ ƛǎ ǾŀƭƛŘŀǘŜŘ ōȅ ǘƘŜ ǊŜŎƻǊŘŜŘ 

ǎǳōǎǘǊŀǘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ŘŜǇǘƘ ƻŦ ǘƘŜ ƭŀǎǘ ŎƭŀŘ ƭŀȅŜǊ ŜȄǇŜǊƛƳŜƴǘŀƭƭȅ 

ƳŜŀǎǳǊŜŘΦ ¢ƘŜ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ ŎƻƳǇǳǘŜŘ ǘƘŜǊƳŀƭ ŬŜƭŘǎ ŀƴŘ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ ƻŦ 

ǘƘǊŜŜ Ǉƻƛƴǘǎ ƻŦ ƛƴǘŜǊŜǎǘ ƭƻŎŀǘŜŘ ŀǘ ŘƛũŜǊŜƴǘ ŘŜǇǘƘǎ ǿƛǘƘƛƴ ǘƘŜ ŘŜǇƻǎƛǘ ƛǎ ŎŀǊǊƛŜŘ ƻǳǘΦ ¢ƘŜ ŜũŜŎǘ 

ƻŦ ōƻǘƘ ǘƘŜ ƳŜƭǘ ǎǳǇŜǊƘŜŀǝƴƎ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǘƘŜ ǘƘŜǊƳŀƭ ŎȅŎƭƛŎ ƘƛǎǘƻǊȅ ƻƴ ǘƘŜ ŎŀǊōƛŘŜǎϥ 

ǘȅǇŜΣ ǎƘŀǇŜΣ ŀƴŘ ǎƛȊŜ ƛǎ ŘƛǎŎǳǎǎŜŘΦ 

Keywords: Finite element analysis, Laser deposition, Powder processing, Solidification 

microstructure, Carbide  

LƴǘǊƻŘǳŎǝƻƴ 
 

High Speed Steels (HSS) are widely used in various applications including cutting operations, 
high speed machining, hot stamping, molding, and hot strip mills. They withstand severe 
mechanical and physico-chemical stresses in service, thanks to their alloy design and to their 

carefully tailored microstructure. These alloys belong to the complex Fe-Cr-C-X system, where 
X is a strong carbide-forming element such as V, Nb, Mo, or W [1].  

DED (Direct Energy Deposition) is an additive manufacturing technique where a powder is 
projected on the substrate and melted while passing through a laser beam. Very high cooling 
rates ranging from 103 to 107 °C/s are achieved and yield ultrafine microstructures. 
Advantages such as the reduction of thermal distortions, porosity, cost and machining time 

as well as the possibility of manufacturing material gradients through powder of different 
chemical compositions are the specificities of DED [2]. 

High temperature gradients are generated during DED leading to directional microstructures. 
To understand their genesis, the thermal fields predicted by Finite Element (FE) analyses often 
complement experiments. Yang et al. [3] studied the heat affected zone while Wang et al. [4] 
analyzed the melt pool. Kong et al. [5] investigated the effect of different processing 
parameters on the deposit height while Tran et al. [6] focused on the evolution of the 
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microstructure in the deposit. However, works focusing on the solidification of thick HSS 
deposits processed by DED are innovative. Heat tends to accumulate in such thick deposits 
due to the laser power of 1 to 2 kW, leading to microstructural heterogeneities within the 
deposit height [7]. 

aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘ 
 

¢ƘŜ 595 ŜǉǳƛǇƳŜƴǘ ƻŦ {ƛǊǊƛǎ wŜǎŜŀǊŎƘ /ŜƴǘǊŜ όрπŀȄƛǎ LǊŜǇŀ [ŀǎŜǊ /ƭŀŘŘƛƴƎ ϧ bŘπ̧!D ƭŀǎŜǊ 

ƻǇŜǊŀǝƴƎ ŎƻƴǝƴǳƻǳǎƭȅΣ ƳŀȄƛƳǳƳ ǇƻǿŜǊ нƪ²ύ ǿŀǎ ǳǎŜŘ ǘƻ ƳŀƴǳŦŀŎǘǳǊŜ ǘƘŜ ǎŀƳǇƭŜ όпл Ȅ пл 

Ȅ нтΦр ƳƳшύΦ ¢ƘŜ Ǌŀǿ ƳŀǘŜǊƛŀƭ ŎƻƴǎƛǎǘŜŘ ƻŦ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ I{{ aп ǇƻǿŘŜǊ ǿƛǘƘ ŀ ŎƘŜƳƛŎŀƭ 

ŎƻƳǇƻǎƛǝƻƴ ƻŦ όƛƴ ǿǘ҈ύ мΦор /Σ пΦол /ǊΣ пΦсп aƻΣ пΦмл ±Σ рΦсл ²Σ лΦоп aƴΣ лΦф bƛΣ лΦоо {ƛΣ ŀƴŘ 

ōŀƭŀƴŎŜ CŜΦ ¢ƘŜ ǇŀǊǝŎƭŜ ǎƛȊŜ ǊŀƴƎŜŘ ŦǊƻƳ рл ǘƻ мрл Ƴ˃Φ ¢ƘŜ ƭŀǎŜǊ ǇƻǿŜǊΣ ƴƻȊȊƭŜ ǎŎŀƴƴƛƴƎ 

ǎǇŜŜŘΣ ǇƻǿŘŜǊ ŦŜŜŘ ǊŀǘŜΣ ŀƴŘ ǘƘŜ ǇǊŜπƘŜŀǝƴƎ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ пн/Ǌaƻп ǎǳōǎǘǊŀǘŜ όплƳƳ 

ƘŜƛƎƘǘΣ мллƳƳ ŘƛŀƳŜǘŜǊύ ǿŜǊŜ ŬȄŜŘ ŀǘ ммлл²Σ сΦут ƳƳκǎΣ тсƳƎκǎΣ оллϲ/Σ ǊŜǎǇŜŎǝǾŜƭȅΦ CƻǳǊ 

ǘƘŜǊƳƻŎƻǳǇƭŜǎ ǿŜǊŜ ƭƻŎŀǘŜŘ ŀǘ ǘƘŜ ŦƻǳǊ ŎŀǊŘƛƴŀƭ Ǉƻƛƴǘǎ ǿƛǘƘƛƴ ǘƘŜ ǎǳōǎǘǊŀǘŜΣ р ƳƳ ōŜƭƻǿ ǘƘŜ 

ǎǳǊŦŀŎŜΣ ŀƴŘ ŀǘ нл ƳƳ ŦǊƻƳ ǘƘŜ ŜŘƎŜΦ  

Using conduction-convection-radiation exchanges, the thermal field was computed by the FE 
code Lagamine from the University of Liège. The details of these simulations applied to DED 
can be found in [6]. In the present case of 36 layers, 2D simulations were preferred to save 

computational time. A planar mesh with an element height of 0.764 mm within the deposit 
and coarser elements within the substrate was designed. It simulates a vertical cut in the 
middle of the deposit, parallel to the laser displacement. Within the deposit, the element 
width of 0.75 mm corresponds to half of the laser spot diameter. Based on the experimental 
laser beam velocity, the element birth technique models the heat source movement and the 

addition of material. The ambient temperature is assumed constant at 298 K. 

 

 

 

 

 

 

ŀύ ōύ 
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ŘŜǇƻǎƛǘΦ  
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The thermal conductivity, the density, and the specific heat capacity were measured for 
samples extracted from the deposit and the substrate [8]. The radiation emissivity factor was 
set to 1 and a convection coefficient of 230W/m²K was applied. The liquidus and solidus 
temperatures used in the model, 1677K, and 1503K respectively, were obtained from 
thermodynamical simulation. Laser heat flux was fitted in the 2D model to obtain the range 
of substrate temperature experimentally measured. This inverse approach provides reliable 
results as already shown by [9].  

 

CƛƎΦ нΥ tǊŜŘƛŎǘŜŘ ŎǳǊǾŜǎ ǎƘƻǿƛƴƎ ǘƘŜ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ όŦǳƭƭ ƭƛƴŜǎύ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ǊŀǘŜ όŘŀǎƘŜŘ ƭƛƴŜǎύ ǿƛǘƘƛƴ ǘƘŜ ǘƘǊŜŜ thLǎΦ 

 

wŜǎǳƭǘ ŀƴŘ ŘƛǎŎǳǎǎƛƻƴ 
 

CƛƎΦ мŀ ŎƻƳǇŀǊŜǎ ǘƘŜ ƳŜŀǎǳǊŜŘ ŀƴŘ ǇǊŜŘƛŎǘŜŘ ǘŜƳǇŜǊŀǘǳǊŜ ƘƛǎǘƻǊƛŜǎ ƛƴ ǘƘŜ ǎǳōǎǘǊŀǘŜΣ ŀǘ ƻƴŜ 

ǘƘŜǊƳƻŎƻǳǇƭŜΦ Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ н5 C9 ǎƛƳǳƭŀǝƻƴ όCƛƎΦ мōύ ǇǊŜŘƛŎǘŜŘ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ŘŜǇǘƘ ƻŦ ǘƘŜ 

ƭŀǎǘ ŎƭŀŘ ƭŀȅŜǊΥ нΦо ƳƳΣ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƻƴŜ όнΦп ƳƳύΦ !ǎ ŘƛǎŎǳǎǎŜŘ ƻƴ ŀ 595 ¢ƛπ

ōŀǎŜŘ ŀƭƭƻȅ ώсϐΣ ŘǳŜ ǘƻ ƘƛƎƘ ƘŜŀǝƴƎ ǊŀǘŜǎΣ ŀƴ ǳǇǿŀǊŘ ǎƘƛƊ ƻŦ ǘƘŜ ǎƻƭƛŘǳǎ ǿŀǎ ƻōǎŜǊǾŜŘΣ ǘƻǿŀǊŘ 

ǘƘŜ ƭƛǉǳƛŘǳǎΦ CƛƎΦ н ƎŀǘƘŜǊǎ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ǘŜƳǇŜǊŀǘǳǊŜ ƘƛǎǘƻǊƛŜǎ ŦƻǊ ǘƘŜ ǘƘǊŜŜ Ǉƻƛƴǘǎ ƻŦ ƛƴǘŜǊŜǎǘ 

thLмΣ thLнΣ ŀƴŘ thLоΣ ǿƘƛŎƘ ŀǊŜ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ ǇŀǊǘ ƻŦ ǘƘŜ ŎƭŀŘ ŀǘ ŘƛũŜǊŜƴǘ ŘŜǇǘƘǎ ŦǊƻƳ 

ǘƘŜ ŦǊŜŜ ǎǳǊŦŀŎŜ όCƛƎΦ мōύΦ YŜȅ ǊŜǎǳƭǘǎ ŦƻǊ thLǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ƛƴ ¢ŀōƭŜ мΦ ¢ƘŜ ŎƻƻƭƛƴƎ ǊŀǘŜ ŀŎƘƛŜǾŜŘ 

ŘǳǊƛƴƎ ǎƻƭƛŘƛŬŎŀǝƻƴ όŎƻƭǳƳƴ пύ ǎŜŜƳǎ ǘƻ ōŜ ǎƛƳƛƭŀǊ ŦƻǊ ŀƭƭ ǘƘŜ thLǎΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ƛƴƛǝŀƭ 

ǎǳǇŜǊƘŜŀǝƴƎ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜǊŜŦƻǊŜ ŀǎǎǳƳƛƴƎ ŀ ǎƛƳƛƭŀǊ ƛƴƛǝŀƭ ŎŜƭƭ ǎƛȊŜ ŦƻǊ ŀƭƭ ǘƘŜ thLǎ ƛǎ 

ǊŜŀǎƻƴŀōƭŜΦ IƻǿŜǾŜǊΣ ŘǳŜ ǘƻ ǘƘŜ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ǇŀǊǝŀƭ ƳŜƭǝƴƎ ŜǎǇŜŎƛŀƭƭȅ ŦƻǊ thLм ŀƴŘ thLнΣ 

ǘƘŜƛǊ ǊŜƭŀǘŜŘ ŎŜƭƭ ǎƛȊŜ ƛǎ ǊŜŘǳŎŜŘ ŀǎ ŜȄǇƭŀƛƴŜŘ ƘŜǊŜŀƊŜǊΦ 
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¢ŀōƭŜ мΥ YŜȅ ǇǊŜŘƛŎǘŜŘ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŘƛũŜǊŜƴǘ ŘŜǇǘƘǎΦ 

5ŜǇǘƘ ŦǊƻƳ 

ǘƻǇ ǎǳǊŦŀŎŜ 

όƳƳύ 

tŜŀƪ 

ƴǳƳōŜǊ 

!ǾŜǊŀƎŜ ŎƻƻƭƛƴƎ ǊŀǘŜ 

ōŜǘǿŜŜƴ ǇŜŀƪ ƳŀȄ 

ŀƴŘ Ƴƛƴ ǘŜƳǇŜǊŀǘǳǊŜ 

όYκǎύ 

/ƻƻƭƛƴƎ ǊŀǘŜ ōŜǘǿŜŜƴ 

ƭƛǉǳƛŘǳǎ ŀƴŘ ǎƻƭƛŘǳǎ 

όYκǎύ 

aŀȄΦ ǇǊŜŘƛŎǘŜŘ 

ǎǳǇŜǊ ƘŜŀǝƴƎ 

ǘŜƳǇŜǊŀǘǳǊŜ ¢ ƻŦ 

ǘƘŜ ƳŜƭǘ Ǉƻƻƭ όYύ 

моΦтт  

thLм 

нƴŘ ммпу млнр мфпм 

оǊŘ млмф млмф мсутϝ 

пΦр 

thLн 

оǊŘ млфс млпр мтфпϝ 

пǘƘ млор ψ мссу 

лΦтс 

thLо 

мǎǘ мрсо млнс нтсу 

нƴŘ мнмс млнн нлтрϝ 

ϝ ƭŀǎǘ ƳŜƭǝƴƎ ƻŦ ǘƘŜ thL 

!ǎ ǎƘƻǿƴ ƛƴ CƛƎΦ оΣ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƛǎ ƳŀŘŜ ƻŦ ŎŜƭƭǎ όƳŀǊǘŜƴǎƛǘŜ ǿƛǘƘ ŦŜǿ ǊŜǘŀƛƴŜŘ ŀǳǎǘŜƴƛǘŜύ 

ǎǳǊǊƻǳƴŘŜŘ ōȅ ŀ ǉǳŀǎƛπŎƻƴǝƴǳƻǳǎ ƴŜǘǿƻǊƪ ƻŦ ƛƴǘŜǊŎŜƭƭǳƭŀǊ ŎŀǊōƛŘŜǎ ώмлϐΦ  

.ŀǎŜŘ ƻƴ CƛƎΦ нΣ ƛǘ Ŏŀƴ ōŜ ŀǎǎǳƳŜŘ ǘƘŀǘ ōƻǘƘ thLм ŀƴŘ thLн ŀǊŜ Ŧǳƭƭȅ ƳŜƭǘŜŘ ǘƘǊŜŜ ǝƳŜǎ ǇǊƛƻǊ 

ǘƻ ǘƘŜ ƭŀǎǘ ǎƻƭƛŘƛŬŎŀǝƻƴΣ ǿƘŜǊŜŀǎ thLо ƛǎ ƳŜƭǘŜŘ ǘǿƛŎŜΦ 9ŀŎƘ ŎƻƳǇƭŜǘŜ ƳŜƭǝƴƎ ǎǘŜǇ 

ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǊŜƘŜŀǝƴƎ ŀōƻǾŜ ǘƘŜ ƭƛǉǳƛŘǳǎ όмстт YύΦ Lƴ ŀŘŘƛǝƻƴΣ ǎǳōǎŜǉǳŜƴǘ ǇŀǊǝŀƭ ƳŜƭǝƴƎ 

ǎǘŜǇǎ ŀƭǎƻ ƻŎŎǳǊ ŦƻǊ ōƻǘƘ thLм ŀƴŘ thLнΣ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƴǳƳŜǊƻǳǎ ǇŜŀƪǎ ƘŀǾƛƴƎ ǘƘŜƛǊ 

ƳŀȄƛƳǳƳ ǊŀƴƎƛƴƎ ōŜǘǿŜŜƴ ǘƘŜ ǎƻƭƛŘǳǎ ŀƴŘ ǘƘŜ ƭƛǉǳƛŘǳǎΦ ¢Ƙƛǎ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ǿƛǘƘƛƴ 

ǎƻƭƛŘƛŬŎŀǝƻƴ ǊŀƴƎŜ Ŧƻƭƭƻǿǎ ŀ ŘŜŎǊŜŀǎƛƴƎ ǘǊŜƴŘ όCƛƎΦ нύΦ CƻǊ thLмΣ ǘƘŜ ǇŀǊǝŀƭ ƳŜƭǝƴƎ ǎǘŜǇǎ ǎǘŀǊǘ 

ŀǊƻǳƴŘ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ǘƘŜ ǎƻƭƛŘƛŬŎŀǝƻƴ ǊŀƴƎŜ ōŜŦƻǊŜ ǉǳƛŎƪƭȅ ŘŜŎǊŜŀǎƛƴƎ ōŜƭƻǿ ǘƘŜ ǎƻƭƛŘǳǎΦ CƻǊ 

thLнΣ ǘƘŜ ǇŀǊǝŀƭ ƳŜƭǝƴƎ ǎǘŜǇǎ ŀǊŜ ƳƻǊŜ ǇǊƻƴƻǳƴŎŜŘ ƻǾŜǊ ǝƳŜ ŀƴŘ ǇǊŜǎŜƴǘ ŀ ƘƛƎƘŜǊ ŀǾŜǊŀƎŜ 

ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƳǇŀǊŜŘ ǘƻ thLмΦ {ǳŎƘ ŀ ǇŀǊǝŀƭ ƳŜƭǝƴƎ ǎǘŜǇ ƻŦ ǘƘŜ ŎŜƭƭǎ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ 

ŘŜƴŘǊƛǝŎ ŦǊŀƎƳŜƴǘŀǝƻƴ ǇƘŜƴƻƳŜƴƻƴ ώммϐΦ !Ƴƛƴπ!ƘƳŀŘƛΩǎ ǿƻǊƪ ώмоϐ ŀƭǊŜŀŘȅ ƭƛƴƪŜŘ ǘƘƛǎ 

ǇƘŜƴƻƳŜƴƻƴ ǘƻ 595 ǿƘŜƴ ŦǊŀƎƳŜƴǘŀǝƻƴ ƻŦ ŘŜƴŘǊƛǘŜǎ ŀǇǇŜŀǊǎ ŘǳŜ ǘƻ ŀǇǇƭƛŜŘ ǎǘǊŜǎǎ ŎǊŜŀǘŜŘ 

ōȅ ƳŜƭǘ ƅƻǿ ǿƘƛŎƘ ŘŜŎǊŜŀǎŜǎ ǘƘŜ ƳŜƭǝƴƎ Ǉƻƛƴǘ ƻŦ ŘŜƴŘǊƛǘŜΦ 

CƻǊ thLмΣ ƛǘ Ŏŀƴ ōŜ ŀǎǎǳƳŜŘ ǘƘŀǘ ƻƴƭȅ aн/ ŜǳǘŜŎǝŎǎ ŀǊŜ ƳŜƭǘŜŘ ǿƘƛƭŜ ƪŜŜǇƛƴƎ ǘƘŜ ƛƴǘŜǊŎŜƭƭǳƭŀǊ 

a/ ǳƴƳŜƭǘŜŘ ƻǊ ƻƴƭȅ ǇŀǊǝŀƭƭȅ ƳŜƭǘŜŘΣ ŘǳŜ ǘƻ ǘƘŜƛǊ ƘƛƎƘ ƳŜƭǝƴƎ Ǉƻƛƴǘ ώмпϐΦ CƻǊ thLнΣ ǘƘŜ ƳƻǊŜ 

ǇǊƻƴƻǳƴŎŜŘ ƳŜƭǝƴƎ ǇƘŜƴƻƳŜƴƻƴ ƎŜƴŜǊŀǘŜǎ ǎƳŀƭƭŜǊ ŎŜƭƭǎ ŎƻƴǘŀƛƴƛƴƎ ƛƴǘǊŀŎŜƭƭǳƭŀǊ ŎƻǊŀƭπ

ǎƘŀǇŜŘ a/ ŎŀǊōƛŘŜǎΦ ¢Ƙƛǎ ƻōǎŜǊǾŀǝƻƴ Ŏŀƴ ōŜ ǊŜƭŀǘŜŘ ǘƻ ōŀŎƪ Řƛũǳǎƛƻƴ ƻŦ ŎŀǊōƛŘŜǎ ŦƻǊƳƛƴƎ 

ŜƭŜƳŜƴǘ ǿƛǘƘƛƴ ǘƘŜ ǳƴƳŜƭǘŜŘ ŎŜƭƭǎ ƛƴ ǘƘŜ ǎŜƳƛπǎƻƭƛŘ ǊŜƎƛƳŜ όCƛƎΦ оōύΦ Lǘ ŜȄǇƭŀƛƴǎ ǿƘȅ ǾŜǊȅ ŦŜǿ 

ƛƴǘŜǊŎŜƭƭǳƭŀǊ a/ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ thLнΣ ǿƘŜǊŜŀǎ ƛƴǘǊŀŎŜƭƭǳƭŀǊ a/ ǇǊŜŎƛǇƛǘŀǘŜŘ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǘƘŜ 

ŬǊǎǘ ǎƻƭƛŘ ǳƴŘŜǊ ŀ ŎƻǳǇƭŜŘ ƎǊƻǿǘƘ ǇǊƻŎŜǎǎΦ thLо ŜȄƘƛōƛǘǎ ŀ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ǎƛƳƛƭŀǊ ǘƻ thLмΦ 

IƻǿŜǾŜǊΣ ǘƘŜ ǎƛȊŜ ƻŦ ōƻǘƘ ŎŜƭƭǎ ŀƴŘ ƛƴǘŜǊŎŜƭƭǳƭŀǊ a/ ŎŀǊōƛŘŜǎ ƛǎ ƘƛƎƘŜǊ ƛƴ thLо ǘƘŀƴ ƛƴ thLм 

όCƛƎΦ оŀ ŀƴŘ ŎύΣ ŎƻƴŬǊƳƛƴƎ ǘƘŜ ǊŜŬƴƛƴƎ ǇǊƻŎŜǎǎ ŀŎƘƛŜǾŜŘ ǿƛǘƘ ǇŀǊǝŀƭ ƳŜƭǝƴƎ ǎǘŜǇǎ όCƛƎΦ нύΦ  

¢ƘŜ ǊŜƭŀǝǾŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ŎƻǳƭŘ ōŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ .{9 ƳƻŘŜΦ ¢ƘŜ ŘŀǊƪŜǎǘ a/ ŎŀǊōƛŘŜǎ 

ŦƻǳƴŘ ǿƛǘƘƛƴ ƛƴǘŜǊŎŜƭƭǳƭŀǊ ȊƻƴŜǎ ƻƴ ōƻǘƘ thLм ŀƴŘ thLо ŀǊŜ ŎƭƻǎŜ ǘƻ άǇǳǊŜέ ±/ ǿƘŜǊŜŀǎ ǘƘŜ 

ōǊƛƎƘǘŜǎǘ ƻƴŜǎ ǇǊŜǎŜƴǘ ƛƴ thLн Ŏƻƴǘŀƛƴ ƻǘƘŜǊ ǘǊŀƴǎƛǝƻƴ ŜƭŜƳŜƴǘǎ ƘŜŀǾƛŜǊ ǘƘŀƴ ±Σ ǎǳŎƘ ŀǎ ²Σ 



пр 

 

aƻΣ bō όCƛƎΦ оύΦ ¢Ƙƛǎ ǊŜǎǳƭǘ ƛǎ ƛƴ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ǇǊŜǾƛƻǳǎ ŀǎǎǳƳǇǝƻƴ ƻŦ ŀ ƭƻƴƎŜǊ 

ǊŜǎƛŘŜƴŎŜ ǝƳŜ ǿƛǘƘƛƴ ǘƘŜ ǎŜƳƛπǎƻƭƛŘ ǎǘŀǘŜ ŦƻǊ thLнΦ ¢Ƙƛǎ ǇŜǊƛƻŘ ŀƭƭƻǿǎ ŀ ƴŜŀǊ ǇŀǊǝǝƻƴ 

ŜǉǳƛƭƛōǊƛǳƳ ŦƻǊ Ƴŀƴȅ ŜƭŜƳŜƴǘǎ ƛƴŎƭǳŘƛƴƎ ± ǿƘƛŎƘ ŘƛũǳǎŜ ōŀŎƪ ƛƴǘƻ ǘƘŜ ǳƴƳŜƭǘŜŘ ŎŜƭƭǎ ŀƊŜǊ 

ōŜƛƴƎ ŘƛǎǎƻƭǾŜŘ ŦǊƻƳ ǘƘŜ a/Φ ¢ƘŜ aн/ ƛƴǘŜǊŎŜƭƭǳƭŀǊ ŎŀǊōƛŘŜǎ ǇǊŜǎŜƴǘ ƛƴ ŜŀŎƘ thL ŀǇǇŜŀǊ ǿƘƛǘŜ 

ŀǎ ǘƘŜȅ Ŏƻƴǘŀƛƴ ƘŜŀǾȅ ŜƭŜƳŜƴǘǎ ǎǳŎƘ ŀǎ aƻ ŀƴŘ ²Φ  

ŀύ ōύ Ŏύ 

 CƛƎΦ оΥ {9aπ.{9 ƳƛŎǊƻƎǊŀǇƘǎ ƻŦ ŀύ thLм ǿƛǘƘ ǎǘŀǊπƭƛƪŜ a/ ŀƴŘ ƭŀƳŜƭƭŀǊ ŜǳǘŜŎǝŎ aн/ ƛƴǘŜǊŎŜƭƭǳƭŀǊ ŎŀǊōƛŘŜǎΤ ōύ thLн ǿƛǘƘ 
ŎƻǊŀƭπǎƘŀǇŜŘ ƛƴǘǊŀŎŜƭƭǳƭŀǊ a/Σ ƛƴǘŜǊŎŜƭƭǳƭŀǊ ŜǳǘŜŎǝŎ aн/Σ ŀƴŘ ǊŜŬƴŜŘ ŎŜƭƭǎ ŘǳŜ ǘƻ ƳǳƭǝǇƭŜ ƳŜƭǝƴƎΤ Ŏύ thLо ǿƛǘƘ ŎƻŀǊǎŜ 
ŀƴƎǳƭŀǊ a/ ŀƴŘ ŜǳǘŜŎǝŎ aн/ ǿƛǘƘƛƴ ƛƴǘŜǊŎŜƭƭǳƭŀǊ ȊƻƴŜǎΦ 

 

/ƻƴŎƭǳǎƛƻƴǎ 
 

¢ƘŜ C9 ǘƘŜǊƳŀƭ ŬŜƭŘ ŎƻƳǇǳǘŜŘ ŦƻǊ 595 ƻŦ I{{ aп ǘƘƛŎƪ ŘŜǇƻǎƛǘ ŜȄǇƭŀƛƴǎ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ 

ƎŜƴŜǎƛǎΦ ¢ƘŜ ǎŎƛŜƴǝŬŎ ƴƻǾŜƭǝŜǎ ŀǊŜ ǎǳƳƳŜŘ ǳǇ ŀǎ ŦƻƭƭƻǿǎΥ 

¶ /ƭƻǎŜ ǘƻ ǘƘŜ ŘŜǇƻǎƛǘ ŦǊŜŜ ǎǳǊŦŀŎŜΣ ŀǎ ǿŜƭƭ ŀǎ ŀǘ ƳƛŘπƘŜƛƎƘǘΣ ǘƘŜ ŀƴƎǳƭŀǊπƭƛƪŜ a/ 

ŎŀǊōƛŘŜǎ ǇǊŜŎƛǇƛǘŀǘŜŘ ƛƴ ƛƴǘŜǊŎŜƭƭǳƭŀǊ ȊƻƴŜǎ Ƨǳǎǘ ŀƊŜǊ ǘƘŜ ǇǊƛƳŀǊȅ ŎŜƭƭǎ ǳƴŘŜǊ ƘƛƎƘ 
ǎǳǇŜǊƘŜŀǝƴƎ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ƳŜƭǘ ǇƻƻƭΦ ¢ƘŜ ƛƴŎǊŜŀǎŜŘ ǎǳǇŜǊƘŜŀǝƴƎ ǿƛǘƘƛƴ 
ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ŀǘ ƳƛŘπƘŜƛƎƘǘ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘ ǇǊƻƳƻǘŜǎ ǘƘŜ ŎƻŀǊǎŜƴƛƴƎ ƻŦ ǘƘŜ 
ǎƻƭƛŘƛŬŎŀǝƻƴ ǇƘŀǎŜǎ ƛƴŎƭǳŘƛƴƎ ŎŜƭƭǎ ŀƴŘ ƛƴǘŜǊŎŜƭƭǳƭŀǊ ŎŀǊōƛŘŜǎΦ  

¶ !ǘ ƛƴǘŜǊƳŜŘƛŀǘŜ ŘŜǇǘƘ ŦǊƻƳ ǘƘŜ ŘŜǇƻǎƛǘ ŦǊŜŜ ǎǳǊŦŀŎŜΣ ŀ ƭƻǿŜǊ ǎǳǇŜǊƘŜŀǝƴƎ 
ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ŀ ƘƛƎƘŜǊ ƴǳƳōŜǊ ƻŦ ǊŜπƳŜƭǝƴƎ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ Ǉƻƛƴǘǎ ǇǊƻƳƻǘŜ 
ǘƘŜ ǇǊŜŎƛǇƛǘŀǝƻƴ ƻŦ ŎƻǊŀƭπƭƛƪŜ a/ ŎŀǊōƛŘŜǎ ƛƴǎƛŘŜ ŎŜƭƭǎΦ ¢ƘŜȅ ŀǊŜ ŦƻǊƳŜŘ ǘƻƎŜǘƘŜǊ 
ǿƛǘƘ ǘƘŜ ŬǊǎǘ ǎƻƭƛŘ όƳŀǘǊƛȄύ ǳƴŘŜǊ ŀ ŎƻǳǇƭŜŘ ƎǊƻǿǘƘ ǇǊƻŎŜǎǎΦ 

¶ CƻǊ ŀƭƭ ǘƘŜ ƭƻŎŀǝƻƴǎ ǿƛǘƘƛƴ ǘƘŜ ǘƘƛŎƪ ŘŜǇƻǎƛǘΣ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǎƻƭƛŘƛŬŎŀǝƻƴ ƛǎ 
ǎƛƳƛƭŀǊΣ ƭŜŀŘƛƴƎ ǘƻ ǘƘŜ ǇǊŜŎƛǇƛǘŀǝƻƴ ƻŦ ŜǳǘŜŎǝŎ aн/ ŎŀǊōƛŘŜǎΦ 

!ŎƪƴƻǿƭŜŘƎƳŜƴǘǎ 

¢Ƙƛǎ ǿƻǊƪ ǿŀǎ ǎǳǇǇƻǊǘŜŘ ōȅ ²ŀƭƭƻƻƴ wŜƎƛƻƴ ώw² ммπмπтоор wŜŎȅƭŎƭŀŘϐΣ Cbw{ CΦwΦ{Φ ώt5w 

¢ΦллофΦмп ŀƴŘ Ǉƻǎƛǝƻƴ ƻŦ !a IŀōǊŀƪŜƴϐΣ C959w ώL!²!¢I!ϐΣ /!w9a ¦[ƛŝƎŜΦ 

wŜŦŜǊŜƴŎŜǎ  

ώмϐ aΦ .ƻŎŎŀƭƛƴƛΣ IΦ DƻƭŘŜƴǎǘŜƛƴΣ LƴǘΦ aŀǘŜǊΦ wŜǾΦ пс όнллмύ фнΦ 

ώнϐ 9Φ ¢ƻȅǎŜǊƪŀƴƛΣ !Φ YƘŀƧŜǇƻǳǊΣ {Φ /ƻǊōƛƴΣ [ŀǎŜǊ /ƭŀŘŘƛƴƎΣ /w/ tǊŜǎǎ [[/Σ .ƻŎŀ wŀǘƻƴΣ нллрΦ 

ώоϐ WΦ ¸ŀƴƎΣ {Φ {ǳƴΣ aΦ .ǊŀƴŘǘΣ ²Φ ¸ŀƴΣ WΦ aŀǘŜǊΦ tǊƻŎŜǎǎΦ ¢ŜŎƘƴƻƭΦ нмлπмр όнлмлύ ннмрΦ 

!ƴƎǳƭŀǊ a/ 

 

wƻŘπƭƛƪŜ a/ 

aн/ 

!ƴƎǳƭŀǊ a/ 

wƻŘπƭƛƪŜ a/ 

 /ƻǊŀƭπǎƘŀǇŜŘ a/ 

aн/ 

 

у ҡƳ у ҡƳ у ҡƳ 



пс 

 

ώпϐ [Φ ²ŀƴƎΣ {Φ CŜƭƛŎŜƭƭƛΣ ¸Φ DƻƻǊƻƻŎƘǳǊƴΣ tΦ¢Φ ²ŀƴƎΣ aΦCΦ IƻǊǎǘŜƳŜȅŜǊΣ aŀǘŜǊΦ {ŎƛΦ 9ƴƎΦ !Σ птпπ

м όнллуύΦ 

ώрϐ CΦ YƻƴƎΣ wΦ YƻǾŀŎŜǾƛŎΣ aŜǘŀƭƭΦ aŀǘŜǊΦ ¢ǊŀƴǎΦ .Σ пм όнлмлύ момлΦ 

ώсϐ IΦ ¢ǊŀƴΣ WΦ¢Φ ¢ŎƘǳƛƴŘƧŀƴƎΣ IΦ tŀȅŘŀǎΣ !Φ aŜǊǘŜƴǎΣ wΦ¢Φ WŀǊŘƛƴΣ [Φ 5ǳŎƘşƴŜΣ wΦ /ŀǊǊǳǎΣ !ΦaΦ 

IŀōǊŀƪŜƴΣ aŀǘŜǊΦ 5ŜǎΦ мну όнлмтύ молΦ  

ώтϐ DΦtΦ 5ƛƴŘŀΣ !ΦYΦ 5ŀǎƎǳǇǘŀΣ WΦ aŀȊǳƳŘŜǊΣ {ǳǊŦΦ /ƻŀǘΦ ¢ŜŎƘƴƻƭΦ нлс όнлмнύ нмрнΦ 

ώуϐ bΦ IŀǎƘŜƳƛΣ tƘ5 ǘƘŜǎƛǎ ¦[ƛŝƎŜΣ нлмт ƘǧǇǎΥκκƻǊōƛΦǳƭƛŜƎŜΦōŜκƘŀƴŘƭŜκннсуκнмпоол 

ώфϐ IΦ ¸ƛƴΣ {Φ5Φ CŜƭƛŎŜƭƭƛΣ [Φ ²ŀƴƎΣ WΦ IŜŀǘ ¢ǊŀƴǎŦŜǊΣ молπмл όнллуύ млнмлмΦ 

ώмлϐ bΦ IŀǎƘŜƳƛΣ !Φ aŜǊǘŜƴǎΣ IΦ aƻƴǘǊƛŜǳȄΣ WΦ¢Φ ¢ŎƘǳƛƴŘƧŀƴƎΣ hΦ 5ŜŘǊȅΣ wΦ /ŀǊǊǳǎΣ WΦ [ŜŎƻƳǘŜπ

.ŜŎƪŜǊǎΣ {ǳǊŦΦ /ƻŀǘΦ ¢ŜŎƘƴƻƭΦ омр όнлмтύ рмфΦ  

ώммϐ tΦ DǊƎŀŎΣ aΦ [ƛǇǘŀƪΣ aΦ .ŜƘǳƭƻǾŀΣ [Φ /ŀǇƭƻǾƛŎΣ IΦ DΦ [ƛƴŘŜƴƪǊŜǳȊΣ ²Φ [ǀǎŜǊ aŀǘŜǊΦ {ŎƛΦ 

9ƴƎΦΣ ппф όнллтύ сруΦ 

ώмнϐ WΦ ±ŀƭƭƻǘƻƴΣ 5Φ aΦ IŜǊƭŀŎƘΣ IΦ IŜƴŜƛƴΣ 5Φ {ŜŘƛŀƪƻ aŜǘŀƭƭΦ aŀǘŜǊΦ ¢ǊŀƴǎΦ !Σ пуόмлύΣ όнлмтύ 

пторΦ 

ώмоϐ !Ƴƛƴπ!ƘƳŀŘƛΣ .ΦΣ ϧ !ŀǎƘǳǊƛΣ IΦ WΦ aŀǘŜǊΦ tǊƻŎŜǎǎΦ ¢ŜŎƘƴƻƭΦΣ нмлπмн όнлмлύ мсонΦ 

ώмпϐ !ƛǎƳŀƴΣ 5ΦΣ wǳōŜǎƻǾŀΣ YΦΣ ϧ aŀǎŜƪΣ .Φ Lht /ƻƴŦΦ {ŜǊƛŜǎ aŀǘŜǊΦ {ŎƛΦ 9ƴƎΦммуπм όнлмсύ 

 

  



пт 

 

/ƘŀǇǘŜǊ о 
 

¢Ƙƛǎ ŀǊǝŎƭŜ3 ōǳƛƭŘǎ ǳǇƻƴ ǘƘŜ ƛƴǎƛƎƘǘǎ ƎŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǇǊŜǾƛƻǳǎƭȅ ŘŜǾŜƭƻǇŜŘ ǘƘŜǊƳŀƭ ƳƻŘŜƭ 

ό/ƘŀǇǘŜǊ нύΦ IŜǊŜΣ ǿŜ ŜȄǇƭƻǊŜ ǘƘŜ ƛƴǘǊƛŎŀŎƛŜǎ ƻŦ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀ млπƭŀȅŜǊ ǘƘƛƴπǿŀƭƭ ǎŀƳǇƭŜ ƻŦ 

I{{ aп όǎŀƳǇƭŜ tпн/ύΦ 5ǳǊƛƴƎ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎΣ ƻƴŜ ŜƴŘ ƻŦ ǘƘŜ ǎǳōǎǘǊŀǘŜ ǿŀǎ 

ŎƭŀƳǇŜŘ ǿƘƛƭŜ ǘƘŜ ƻǘƘŜǊ ŜƴŘ ǿŀǎ ƭŜƊ ǇŀǊǝŀƭƭȅ ŦǊŜŜ όƘƻǊƛȊƻƴǘŀƭ Řƛƭŀǘŀǝƻƴ ŀƭƭƻǿŜŘ ōǳǘ ƴƻǘ 

ǾŜǊǝŎŀƭ ƻƴŜύΣ ŀƭƭƻǿƛƴƎ ǳǎ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ǎŀƳǇƭŜΩǎ ǾŜǊǝŎŀƭ ŘƛǎǇƭŀŎŜƳŜƴǘ ŀǘ ƛǘǎ ƳƛŘŘƭŜΦ ¢ƻ 

ŎŀǇǘǳǊŜ ǘƘŜ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅ ŀŎŎǳǊŀǘŜƭȅΣ ǿŜ ǎǘǊŀǘŜƎƛŎŀƭƭȅ ǇƭŀŎŜŘ ǘƘŜǊƳƻŎƻǳǇƭŜǎ ƛƴ ǘƘŜ ǎǳōǎǘǊŀǘŜ 

ŀǘ ƪŜȅ ǇƻǎƛǝƻƴǎΦ {ǳōǎŜǉǳŜƴǘƭȅΣ ǿŜ ŎƻƴŘǳŎǘŜŘ ŀ ǘƘƻǊƻǳƎƘ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǎŀƳǇƭŜΣ ŜƳǇƭƻȅƛƴƎ 

ǎŎŀƴƴƛƴƎ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ŀƴŘ ƻǇǝŎŀƭ ƳƛŎǊƻǎŎƻǇȅ ŦƻǊ ŘŜǘŀƛƭŜŘ ƳŜǘŀƭƭƻƎǊŀǇƘƛŎ 

ƻōǎŜǊǾŀǝƻƴǎΦ 

! ŎƻƳǇǊŜƘŜƴǎƛǾŜ о5 ǘƘŜǊƳƻƳŜŎƘŀƴƛŎŀƭ ƳƻŘŜƭ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŦƻǊ ǘƘƛǎ ǎǘǳŘȅ ǊŜƭȅƛƴƎ ƻƴ 

ƳŜŀǎǳǊŜŘ ǇǊƻǇŜǊǝŜǎ ŦǊƻƳ ŀ ōǳƭƪ ǎŀƳǇƭŜ ƳŀŘŜ ǿƛǘƘ 595 όǎŀƳǇƭŜ tмотύΦ bƻǘŀōƭȅΣ ǘƘŜ 

ƳŜŀǎǳǊŜŘ  ǇǊƻǇŜǊǝŜǎ ŜȄƘƛōƛǘŜŘ ǎƛƎƴƛŬŎŀƴǘ ŘŜǾƛŀǝƻƴǎ ŦǊƻƳ ŜȄƛǎǝƴƎ ƭƛǘŜǊŀǘǳǊŜ ǾŀƭǳŜǎ ƎŜƴŜǊŀƭƭȅ 

ƳŜŀǎǳǊŜŘ ƻƴ Ŏŀǎǘ ƻǊ ŦƻǊƎŜŘ ǎŀƳǇƭŜǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǿŜ ǇŜǊŦƻǊƳŜŘ ǊŀǇƛŘ ǉǳŜƴŎƘƛƴƎ ŀǘ ŀ ŎƻƻƭƛƴƎ 

ǊŀǘŜ ƻŦ нлл ϲ/κǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ŀ ŎƻŜŶŎƛŜƴǘ ƻŦ ǘƘŜǊƳŀƭ ŜȄǇŀƴǎƛƻƴ ŎƭƻǎŜǊ ǘƻ ǘƘŜ ǇǊƻŎŜǎǎ ƻƴŜ 

όŜǾŜƴ ƛŦ ǎǝƭƭ ŦŀǊ ŦǊƻƳ ǊŜŀƭ ǇǊƻŎŜǎǎ ŎƻƻƭƛƴƎ ǊŀǘŜύΦ ¢ƘŜ ǘŜǎǘ ǊŜǎǳƭǘ ŘŜƳƻƴǎǘǊŀǘŜŘ ƴƻǘŀōƭŜ 

ŘƛũŜǊŜƴŎŜǎ ŎƻƳǇŀǊŜŘ ǘƻ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻōǘŀƛƴŜŘ ǳƴŘŜǊ ǎƭƻǿŜǊ ŎƻƻƭƛƴƎ ŎƻƴŘƛǝƻƴǎΦ 

¢ƻ ƛŘŜƴǝŦȅ ǘƘŜ ƳŀǘŜǊƛŀƭϥǎ ōŜƘŀǾƛƻǊ ŘǳǊƛƴƎ ǘƘŜ ǇǊƻŎŜǎǎΣ ǿŜ ŎƻƴŘǳŎǘŜŘ ŀ ǎŜǊƛŜǎ ƻŦ ŎƻƳǇǊŜǎǎƛƻƴ 

ǘŜǎǘǎ ƻƴ ǎŀƳǇƭŜǎ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ŀ ōǳƭƪ 595 ǎŀƳǇƭŜ ŀǘ ǾŀǊƛƻǳǎ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ƛƴŎƭǳŘƛƴƎ ǊƻƻƳ 

ǘŜƳǇŜǊŀǘǳǊŜΣ олл ϲ/Σ рлл ϲ/Σ ŀƴŘ фрл ϲ/Φ ²Ŝ ŀƭǎƻ ŜȄǇƭƻǊŜŘ ŘƛũŜǊŜƴǘ ǎǘǊŀƛƴ ǊŀǘŜǎΣ ŀƭǘƘƻǳƎƘ 

ǿƛǘƘƛƴ ǘƘŜ ŀƴŀƭȅȊŜŘ ǊŀƴƎŜΣ ǘƘŜ ǎǘǊŀƛƴ ǊŀǘŜ ŘƛŘ ƴƻǘ ŀǇǇŜŀǊ ǘƻ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƳǇŀŎǘ ǘƘŜ ǎǘǊŜǎǎπ

ǎǘǊŀƛƴ ōŜƘŀǾƛƻǊ όǎŜŜ !ƴƴŜȄ ς /ƻƳǇǊŜǎǎƛƻƴ ǘŜǎǘ ǊŜǇƻǊǘύΦ 

¢ƘŜ ǘƘŜǊƳŀƭ ƳƻŘŜƭ ǾŀƭƛŘƛǘȅ ǿŀǎ ǎǳŎŎŜǎǎŦǳƭƭȅ ŎƻƴŬǊƳŜŘ ǘƘǊƻǳƎƘ ŎƻƳǇŀǊƛǎƻƴǎ ǿƛǘƘ ǘƘŜǊƳŀƭ 

ƘƛǎǘƻǊƛŜǎ ǊŜŎƻǊŘŜŘ ōȅ ǘƘŜ ǘƘŜǊƳƻŎƻǳǇƭŜǎΣ ŀƴŘ ŎƻǊǊŜƭŀǝƻƴǎ ǿƛǘƘ ǘƘŜ ƻōǎŜǊǾŜŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΦ 

¢ƘŜ ŘƛŶŎǳƭǝŜǎ ǿŜ ƘŀǾŜ ƘŀŘ ǘƻ ǾŀƭƛŘŀǘŜ ǘƘŜ ǎƛƳǳƭŀǝƻƴ ǊŜǎǳƭǘǎ ǿƛǘƘƛƴ ǘƘŜ ǇǊŜ ƘŜŀǝƴƎ ǎǘŀƎŜ 

ƘŀǾŜ ōŜŜƴ ǎƻƭǾŜŘΣ ŜƴƘŀƴŎƛƴƎ ŀƎŀƛƴ ǘƘŜ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘƘŜǊƳƻǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ŀǎǎƻŎƛŀǘŜŘ ǘƻ 

ŀ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΦ ¢ƘŜ ǎǳōǎǘǊŀǘŜ ǇǊƻǇŜǊǝŜǎ ƛƴ ǘƘŜ ǎƛƳǳƭŀǝƻƴǎ ŬǊǎǘ ǊŜƭƛŜŘ ƻƴ ǇǊŜǾƛƻǳǎ ǘŜǎǘǎ 

ǇŜǊŦƻǊƳŜŘ ƻƴ пн/Ǌaƻп ƎǊŀŘŜ ƛƴ .ŀƛƴƛǝŎπaŀǊǘŜƴǎƛǝŎ ǎǘŀǘŜ ŦƻǊ ǘƘŜ ǎǳōǎǘǊŀǘŜ ǳǎŜŘ ŦƻǊ ōǳƭƪ ǎŀƳǇƭŜǎ 

ƻŦ ǇǊŜǾƛƻǳǎ ŎƘŀǇǘŜǊΦ IƻǿŜǾŜǊ ŀ ŎƭƻǎŜǊ ƭƻƻƪ ŀǘ ǘƘŜ ƳŀǘŜǊƛŀƭ ŎŜǊǝŬŎŀǘŜ ƛŘŜƴǝŬŜŘ ŀ ǇŜŀǊƭƛǝŎ ǎǘŀǘŜ ƻŦ 

ǘƘŜ пн/Ǌaƻп ƎǊŀŘŜ ǳǎŜŘ ŀǎ ǎǳōǎǘǊŀǘŜ ƛƴ ǘƘŜ ǎǘǳŘƛŜŘ ǘƘƛƴ ǿŀƭƭǎΦ ¢Ƙƛǎ ǿŀǎ ŎƻƴŬǊƳŜŘ ōȅ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ƻƴ ƻǳǊ ǎǳōǎǘǊŀǘŜΣ ǳǎŜŘ ǘƻ ǾŀƭƛŘŀǘŜ ƻǳǊ ǘƘŜǊƳŀƭ ǇǊŜŘƛŎǝƻƴǎ ǿƛǘƘƛƴ ǘƘŜ ǇǊŜ ƘŜŀǝƴƎ 

ǎǘŀƎŜ όǎŜŜ bǳƳƛŦƻǊƳ ǇǊƻŎŜŜŘƛƴƎ ŀǊǝŎƭŜ WŀǊŘƛƴ нлмфύΦ ¢Ƙƛǎ ƳƻŘƛŬŎŀǝƻƴ ǿŀǎ ŀ ƪŜȅ Ǉƻƛƴǘ ǘƻ ōŜ ŀōƭŜ 

ōȅ ǎƛƳǳƭŀǝƻƴǎ ǘƻ ǊŜŎƻǾŜǊ ǘƘŜǊƳŀƭ ŬŜƭŘǎ ƳŜŀǎǳǊŜŘ ƛƴ ƳǳƭǝǇƭŜ Ǉƻƛƴǘǎ ŘǳǊƛƴƎ ǎǳōǎǘǊŀǘŜ ǇǊŜπƘŜŀǝƴƎΣ 

ǎƘƻǿƛƴƎ ǘƘŜ ƘƛƎƘ ǎŜƴǎƛǝǾƛǘȅ ǘƻ ǘƘŜǊƳƻπǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǝŜǎΦ ¢ƻ ŜƴƘŀƴŎŜ ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ 

ǇǊŜŘƛŎǘŜŘ ǘƘŜǊƳŀƭ ŬŜƭŘǎ Σ ǿŜ ŎƻƴŘǳŎǘŜŘ ŀ ǎŜƴǎƛǝǾƛǘȅ ŀƴŀƭȅǎƛǎΣ ŜȄǇƭƻǊƛƴƎ ǘƘŜ ŜũŜŎǘǎ ƻŦ ǾŀǊƛƻǳǎ 

ǘƘŜǊƳƻǇƘȅǎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎ ƻƴ ǘƘŜ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅ ƛƴ ǘƘŜ ŀǊǝŎƭŜ ǇǊŜǎŜƴǘŜŘ ƘŜǊŜŀƊŜǊΦ 

CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŘŜŦƻǊƳŀǝƻƴ ǇǊŜŘƛŎǝƻƴ ŀŎŎǳǊŀŎȅ ǿŀǎ ƛƴǾŜǎǝƎŀǘŜŘ ōȅ ŎƻƳǇŀǊƛǎƻƴǎ ōŜǘǿŜŜƴ 

ǘƘŜ ƳƻŘŜƭ ǊŜǎǳƭǘ ǿƛǘƘ ǘƘŜ ƳŜŀǎǳǊŜŘ ǾŜǊǝŎŀƭ ŘƛǎǇƭŀŎŜƳŜƴǘ ŀǘ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ǘƘŜ ǎŀƳǇƭŜΣ ŘǳǊƛƴƎ 
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ōƻǘƘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀƴŘ ŎƻƻƭƛƴƎ ǇƘŀǎŜǎΦ ¢ƘŜǎŜ ǾŀƭƛŘŀǝƻƴ ǎǘŜǇǎ ǇƻǎŜŘ ƴƻǘŀōƭŜ ŎƘŀƭƭŜƴƎŜǎΣ 

ǳƴŘŜǊǎŎƻǊƛƴƎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǇǊŜŎƛǎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ŎƻŜŶŎƛŜƴǘ ƻŦ ǘƘŜǊƳŀƭ ŜȄǇŀƴǎƛƻƴ 

ǳƴŘŜǊ ǘƘŜ ǎǇŜŎƛŬŎ ǘƘŜǊƳŀƭ ƎǊŀŘƛŜƴǘǎ ǎǘǳŘƛŜŘΦ !ŘŘƛǝƻƴŀƭƭȅΣ ŀ ǎŜƴǎƛǝǾƛǘȅ ŀƴŀƭȅǎƛǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ 

ŦƻǊ ǘƘŜ ¸ƻǳƴƎ ƳƻŘǳƭǳǎ ŀƴŘ ǘƘŜ ȅƛŜƭŘ ǎǘǊŜǎǎ ǘƻ ŦǳǊǘƘŜǊ ŜȄǇƭƻǊŜ ǘƘŜ ŎŀǇŀōƛƭƛǝŜǎ ƻŦ ǘƘŜ ƳƻŘŜƭΦ 

¢ƘŜ ŘƛǎŎǊŜǇŀƴŎƛŜǎ ōŜǘǿŜŜƴ ǘƘŜ ǎƛƳǳƭŀǝƻƴ ŀƴŘ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ŎƻǳƭŘ ƴƻǘ ōŜ ŘŜŎǊŜŀǎŜŘ ŘǳŜ ǘƻ 

ǘƻƻ ƳǳƭǝǇƭŜ ǳƴŎŜǊǘŀƛƴǝŜǎΦ ¢ƘŜ ŎǳǊǊŜƴǘ tƘ5 ǿŀǎ ŀǘ ƛǘǎ ŜƴŘ ǿƘŜƴ ŀ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ŀǇǇǊƻŀŎƘ Ƙŀǎ 

ōŜŜƴ ƛƴƛǝŀǘŜŘ ƛƴ ŀŘŘƛǝƻƴ ǘƻ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ƳŀǘŜǊƛŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ C9 

ƳƻŘŜƭ ǿƛǘƘ ƴŜǿ ŎƻƭƭŜŀƎǳŜǎΣ ƘƻǿŜǾŜǊ ƛǘ ŘƛŘ ƴƻǘ ǎǳŎŎŜŜŘ ŘǳŜ ǘƻ ƭŀŎƪ ƻŦ ŦǳƴŘƛƴƎΦ 
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Sensitivity analysis in the modelling of a high speed steel 
thin-wall produced by directed energy deposition 

Rúben Tome Jardin 1, Víctor Tuninetti 2,*, Jérôme Tchuindjang 3, Neda Hashemi 3, Raoul 
Carrus 4, Anne Mertens 3, Laurent Duchêne 1, Hoang Son Tran 1, Anne Marie Habraken 1,5,*  

1 Department ArGEnCo-MSM, University of Liège, Quartier Polytech 1, allée de la 
Découverte 9, 4000 Liège, Belgium; ra.tjardin@ulg.ac.be 

2 Department of Mechanical Engineering, Universidad de La Frontera, Francisco Salazar 
01145, 4780000 Temuco, Chile; victor.tuninetti@ufrontera.cl 

3 Department A&MςMMS, University of Liège, Quartier Polytech 1, allée de la Découverte 
9, 4000 Liège, Belgium; anne.mertens@uliege.be 

4 Sirris Research Centre (Liège), Rue Bois St-Jean 12, 4102 Seraing, Belgium; 
raoul.Carrus@sirris.be 

5 Fonds de la Recherche Scientifique ς F.R.S. - F.N.R.S., 1000 Brussels, Belgium; 

anne.habraken@uliege.be  
*  Correspondence: victor.tuninetti@ufrontera.cl; Tel.: + 56452325984 (V.T.), 

anne.habraken@uliege.be, Tel. : +32496607945 (A.M.H.) 

Received: date; Accepted: date; Published: date 

Abstract: This paper reports the sensitivity of the thermal and the displacement histories 
predicted by a finite element analysis to material properties and boundary conditions of a 
directed energy deposition of a M4 high speed steel thin wall part additively manufactured 
on a 42CrMo4 steel substrate. The model accuracy is assessed by comparing the simulation 
results with the experimental measurements such as evolving local temperatures and 
distortion of the substrate. The numerical results of thermal history are successfully 
correlated with the solidified microstructures measured by scanning electron microscope 
technique, explaining the non-uniform cellular type grains depending on the deposit layers. 
Laser power, thermal conductivity and thermal capacity of deposit and substrate are 
considered in the sensitivity analysis in order to quantify the effect of their variations on the 
ƭƻŎŀƭ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅΣ ǿƘƛƭŜ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ ŀƴŘ ȅƛŜƭŘ ǎǘǊŜǎǎ ǾŀǊƛŀǘƛƻƴ ŜŦŦŜŎǘǎ ŀǊŜ ŜǾŀƭǳŀǘŜŘ 
on the distortion response of the sample. The laser power showed the highest impact on the 
thermal history, then comes the thermal capacity, then the conductivity. Considering 

ŘƛǎǘƻǊǘƛƻƴΣ ǾŀǊƛŀǘƛƻƴǎ ƻŦ ǘƘŜ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ ƘŀǾŜ ŀ ƘƛƎƘŜǊ ƛƳǇŀŎǘ ǘƘŀƴ ǘƘŜ ȅƛŜƭŘ ǎǘǊŜǎǎΦ 

Keywords: DED additive process; thin wall deposit experiment; distortion; thermal history; 

finite element simulation; thermomechanical model; M4 steel 
 

1. Introduction 

Within the additive manufacturing (AM) processes, Directed Energy Deposition (DED) is 
a generic name for layered manufacturing of fully dense parts based on progressive welding 
of a wire or metal powder (Figure 1) on a substrate. The energy sources required for melting 
the feed metal in DED processes can be provided by electron beam (EB), laser (L), plasma or 
electric arc. The most known DED processes are Laser cladding (LC) or Laser metal deposition 
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(LMD) such as wire-based laser metal deposition (LMD-W) or powder-based laser metal 
deposition (LMD-P); electron beam melting (EBM) powder or wire-based; plasma 
transferred arc (PTA) deposition; and wire arc additive manufacturing (WAAM) processes 
such as gas tungsten arc welding (GTAW) or gas metal arc welding (GMAW).        

  

 

Figure 1. Scheme of laser metal powder directed energy deposition (LMPDED) equipment 
used for manufacturing thin wall specimens. 

The main advantages of DED processes compared to Powder Bed Fusion (PBF) processes 

(Laser L-PBF or Electron Beam EB-PBF) are their high versatility and controllability. They can 
be used for manufacturing new parts, including directional solidification or single crystal 
cases, for adding features to existing parts and for functionally graded parts [1]. DED is often 
used to provide an effective and minimally invasive approach, preventing the replacement of 

price-sensitive products [2]. Its use in repair operations receives increasing interest in industry 
[3-5]. Production of functional prototypes is another market, alongside with production of 
small series. The variation of powder composition and the process parameter windows allow 

a tight control of chemical composition, melt pool size, thermal gradients and solidification 
rates to control the generated microstructures [6]. Predicting and adapting the temperature 
distribution in parts produced by additive manufacturing processes is the basis for preventing 
distortion, residual stresses and microstructural phenomena. To this end, Graf et al. [7] 
performed numerical analysis to determine the influence of wire feed rate and weld path 

orientation on the temperature evolution of multi-layered steel and magnesium alloy walls 
manufactured by cold metal transfer (CMT) technology, a new form of gas-metal arc-welding 
process. Kiran et al. [8] focused on developing an adapted weld model for DED simulations of 
parts size between centimeters and one-meter with a cost-efficient computational time. 
According to their results, the so called thermal cycle heat input reduces the computational 
time considerably but some limitations with transient heat input model are still required. 
Manufacturing defects such as low forming precision, coarse grains, and pores caused by local 

heat accumulation can be mitigated with vortex online-cooling [9]. Aldalur et al. [10] reported 
the use of oscillatory strategy for building a wall geometry with Gas Metal Arc Welding, 
resulting in an improved flatness and quasi-symmetrical geometry with a more homogenous 
microstructure than the overlap strategy. Despite these improvements, many issues are still 
to be mastered such as geometry accuracy, and microstructure monitoring and control. Crack 
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events during the manufacturing process or during cooling stage either at substrate-deposit 
interface or in the clad can also be an issue.  

 
In order to be cost efficient and avoid expensive experimental work, different models can 

ōŜ ŀǇǇƭƛŜŘΦ tƛƴƪŜǊǘƻƴΩǎ ǊŜǾƛŜǿ ǇŀǇŜǊ ώммϐ ƭƛǎǘǎ ǘǿƻ ǘȅǇŜǎ ƻŦ ƳƻŘŜƭ ǘǊŜƴŘǎΥ ǘƘŜ ŜƳǇƛǊƛŎŀƭ-
statistical models and the physical models devoted to powder flow, melt pool, microstructure, 
stress, distortion or geometry. This article confirms that finite element (FE) analyses can be 
used to predict the thermal history and the distortions during the process, as well as the 
residual stresses or the microstructure at any material point. This quite extensive review [11] 
presents the current low level of knowledge about the DED models related to high speed steel 
with their complex microstructure, while titanium alloys or superalloys have been extensively 
studied. It reminds also that non-equilibrium material state present in DED process prevents 
easy use of classical continuous cooling transformation diagrams.  

 
The simulation targets usually define the model scale. For instance, to prevent balling 

effect and understand pore formation, detailed melt pool modelling and fluid simulations 

cannot be avoided. Note that with such a fluid methodology, in DED, Khairallah et al. [12] 
explains the flaw mechanism for both stainless steel 316L and nickel-based superalloy 
IN738LC, while Heeling et al. [13] presents the optimization of the process parameters for 
stainless steel. However, the micro scale of these models prevents them to address the 
simulations of whole parts, while even lower scale and other type of models, for instance 
Phase Field approach [14,15] would be required to analyze the segregation behavior and the 
generation of phases. As explained by Jardin et al. [16], the precipitation of the carbides within 
M4 cladding results in a heterogeneous distribution of the carbide shape, size and nature 
along the depth of a cladded sample. A phase field model is a further step for ULiège team. 
Another example of the interest of low scale method is the study of the diffusion between Si 
inclusions and Al matrix for AlSi10Mg determining the rupture location [17].  

 
At the macroscopic scale, more adapted to industrial parts, the inherent-strain-based 

method [18] is often used. It assumes incompatible strains from different sources and 
decouples stress components. However, the accuracy of this method for complex parts is not 

guaranteed and a careful calibration is always required either based on direct experiments or 
based on a detailed validated simulation. Detailed FE simulations close to the physical 
phenomena is this paper scope. It provides a deeper understanding of the material history 
within the process and helps to identify its control parameters. However, those simulations 
still present CPU issues, which limits them to simple parts. As demonstrated hereafter, the 

mechanical result accuracy is not guaranteed for complex material as M4 steel deposed on 
42CrMo4 substrate.  

 
As the thermal field is the key factor, numerous 2D and 3D FE simulations at the 

macroscopic scale have been developed for academic samples providing the thermal history 
of deposits. For instance, special focus on the heat affected zone is chosen by Yang et al. [19] 
while the effect of the laser scanning speed on the thermal evolution and on the melt pool 

size is studied by Patil and Yadava [20], of laser power by Yin et al. [21] and of preheating 
temperature by Chiumenti et al. [22]. However, those previous works do not discuss the 
impact of the accuracy of the input material parameter data on their predictions. Often by 
lack of knowledge, strong simplifications are done. A common simple assumption is to neglect 
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the variations of the thermo-physical properties with the temperature [23] or adopting 
constant heat convection coefficient for the boundary conditions [24], while the variation of 
this coefficient with the geometry and the temperature was demonstrated by [25]. The shape 
of the heat input developed by Goldak work [26] intended to model the laser beam heat 
source could be used, however, a constant local value of heat input or a simplified shape is 
often adopted [27,28].  

 
Another cut off from the complex physic concerns the geometry of the added material at 

each track within a new layer of added material. By convenience, it is often a cuboid volume 
related to mean size of the track height and the track width. Within thermo-mechanical solid 
FE simulations, only some models like the one of Lindgren et al. [29] compute the added 
volume shape based on physical assumptions. Another way is chosen by Caiazzo et al. [30] 
which defines it by regression formulas based on an extensive experimental campaign.  

 
Key material information such as visco-plastic behavior within the mechanical model is 

usually based on experimental measurements from samples not manufactured by DED [29]. 

However as pointed by Lu and his co-workers [31], this approach is not reliable to generate 
accurate predictions as mechanical and thermo-physical properties strongly depend on 
microstructures which are different in casting or forging or Additive Manufacturing processes. 
The sensitivity analysis of Lu et al. [31] about the effect of mechanical properties of Ti-6Al-4V 
alloy shows that the distortion and residual stresses strongly depend on the values of the 
ǘƘŜǊƳŀƭ ŜȄǇŀƴǎƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ ŀƴŘ ǘƘŜ ŜƭŀǎǘƛŎ ƭƛƳƛǘΣ ǿƘƛƭŜ ǎƭƛƎƘǘƭȅ ƻƴ ǘƘŜ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎΦ  

 
The present research is focused on a thin wall sample of ten layers of M4 material on a 

substrate in 42CrMo4 steel. Thermo-mechanical finite element simulations compute thermal 
history of the cladded material as well as distortion and local temperature of substrate. As 
shown next, the access to accurate material data for this specific high speed steel (HSS) grade 
is more problematic than CPU issues. A thorough validation of the model results is conducted 
using the predicted displacement and temperature curves of different points in the material, 
which are compared with their corresponding measured values throughout the process, 
including substrate preheating, deposition and cooling. Final microstructure is measured by 

optical and scanning electron microscopy performed at the middle cross-section of the thin 
wall and substrate for further correlation analysis with the thermal history. Note that M4 
material was selected because of its enhanced performances in wear and hardness when 
manufactured by DED [32,33]. However high amount of carbon in the material composition 
combined with thermal and/or phase-transformation stresses generates a high susceptibility 

to crack formation [34,35]. This feature explains why DED of tool steels remains very 
challenging. In addition to the usual process parameters such as laser power, scanning speed, 
powder flow rate and scanning strategy (laser path, idle time, track inter-distance), the 
identification of the pre-heating temperature level is a mandatory step. 

 
The cracks easily appear due to the tensile stress generated in the clad bottom or at the 

clad-substrate interface during the cladding process. The preheating temperature of the 

substrate decreases the space thermal gradient, the cooling rate and minimizes the thermal 
distortions and stresses during the process. As shown by Leunda et al. [36] for CPM 10V and 
Vanadis 4 extra tool steel powders, the crack appearances can be avoided by a preheating 
temperature below the maximum tempering temperature. For M4 powder, Shim et al. [32] 
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specifically analyses the effects of the substrate preheating on the metallurgical and 
mechanical characteristics of the manufactured parts. The results enhance the effect of the 
preheating on the cooling history and solidification rates. Specimens without preheating 
mainly include equiaxial fine grains whereas the induction-heated specimens generate 
columnar grains. However, no significant hardness differences were measured, which could 
be explained by secondary hardening mechanism caused by hard and stable carbides. As 
pointed by Jardin et al. [16], for a preheating of 300 °C and a 36 layer clad of 40 x 40 x 27.5 
mm³ (a bulk sample compared to the thin wall geometry studied here) a strong heterogeneity 
appears within the clad deposit due to different thermal histories. Close to the deposit free 
surface and at mid-height, the angular-like MC carbides precipitated in intercellular zones just 
after the primary cells. The high superheating temperature within the melt pool at mid-height 
of the deposit promotes the coarsening of the solidification phases including cells and 
intercellular carbides. At intermediate depth of 4.5mm from the deposit free surface, a lower 
superheating temperature and a higher number of re-melting of the material points promote 
the precipitation of coral-like MC carbides inside cells. 

 

The present article aims to quantify the variation of the numerical predictions due to 
different material properties such as stress-strain relationship, thermo-physical variables or 
boundary conditions such as convection and radiation flow. The prediction of distortion 
currently achieved lacks precision when compared with experimental results, however, 
forthcoming work on improving predictions, reducing residual stress and increasing 
microstructure homogeneity will be based on numerical optimization. The complexity of the 
multi-phase materials of both the clad and the substrate demonstrates that the model 
sensitivity analysis presented in this work is a required stage for obtaining reliable results.  

 
The paper describes the thin wall experiment in Section 2.1, the metallographic 

observations in Section 2.2, and the FE model in Section 2.3. The results of the material data 
measurements are provided in Sections 3.1 and 3.2. The validation of the model is performed 
through a comparison between thermal history predictions of the substrate with 
experimental results in Sections 4.1. In Section 4.2., the observed microstructure by Optical 
Microscopy (OM) and Scanning Electron Microscopy (EM) are explained based on the 

predicted thermal history of the clad The thermal and thermomechanical sensitivity analysis 
and discussions are given in Sections 4.3 and 4.4, respectively. Finally, Section 5 provides the 
summary of the key results and the perspectives for ongoing research. 

2. Materials and Methods 

2.1. Thin wall experiments 

The composition of the HSS M4 commercial powder with its particle size ranging from 50 
µm to 150 µm is provided in Table 1. The 5-axis Irepa Laser Cladding system with a Nd-YAG 

laser of maximum power capacity of 2000 W from Sirris Research Centre is schematically 
described in Figure 1. The laser has a wavelength of 1064 µm and operates continuously. The 
metal powder is injected with an angle of 45 degrees. The laser has a top-hat energy 
distribution with a mean diameter of 1500 µm (1400 µm at the top and 1600 µm at the 
bottom). The substrate consists in a small rectangular bar of 8 mm height, 10 mm width and 
120 mm length of 42CrMo4 steel (Figure 2b). The bar supports are shown in Figure 2b while 
the thermocouple (TCs) positions are given in Figure 2c. The preheating to prevent the crack 
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appearance in the deposit is performed by preliminary laser passes (red line in Figure 2c). Pre-
heating temperature values from 217 °C to 400 °C were generated. For the lowest pre-heating 
temperature, cracks appear during the deposition of the fifth layer at the extremities of the 
substrate-clad interface (Figure 2a), but when manufactured with a pre-heating of 400 °C 
sound samples were achieved (Figure 2d). Table 2 gives the process parameters of the 
simulated manufacturing cases. The final manufactured thin walls of 40x4x1.5 mm³ are 
centred on the substrate top surface. 
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(a) 

 
(b) 

 
(c) 

 

(d) 

Figure 2. (a) Crack at the fifth layer of the sample; (b) and (c) show geometry, boundary 
conditions and position of the thermocouples (TCs); in (c) both the laser path for preheating 
and deposition stages; (d) global view of the set-up after deposit. 
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Table 1. Chemical composition of HSS M4 (wt. %). 

C Mn Cr Mo V W Ni  Si Fe 

1.35 0.34 4.30 4.64 4.10 5.60 0.9 0.33 Balance 

Table 2. Process parameters and TC2 thermocouple values. 

 

Laser pass 
length for pre-
heating and 

cladding (mm)  

Laser beam 
speed 

(mm/s)  

Laser 
power 

(W) 

Temperature at TC2 
at the end of pre-

heating and at 

beginning of cladding 
(°C) 

Number 
of laser 
passes 

Substrate pre-

heating 1 
40 41.7 260 217 20 

Clad deposition 1 40 8.3 500 134 10 

Substrate pre-
heating 2 

70 41.7 260 400 20 

Clad deposition 2 40 8.3 
600-400 

1 
310 10 

1 The power decreases linearly with the number of layers from 600 W for the first layer to 400 W at 
the end of the clad. 

2.2. SEM and OM metallographic observations 

The samples were mirror polished with OPS finish, followed by etching with ±ƛƭŜƭƭŀΩǎ 
reagent. Figure 3 shows the cross-section observations of the sample obtained by optical 

microscopy (OM) and scanning electron microscopy (SEM). OM images show a dark region of 
the deposit in the lower layers, except for the junction area, and a lighter region at the top, 

specifically in the last two layers. The fine precipitates in the dark areas are not present in the 
light areas as observed in the SEM images. Both zones show a cellular type microstructure 
with eutectic carbides in the cell junctions, as already demonstrated in bulk deposits after 

manufacturing [16], or after tempering [33]. The matrix is of the martensitic type with 
eventual zones of residual unprocessed austenite, as already observed in a similar alloy [37]. 
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Figure 3. Vertical cross-section observations of the thin wall sample obtained by OM and SEM. 

2.3. Finite Element model 

The coupled thermomechanical simulations are performed using LAGAMINE code, a 
finite element software developed at the University of Liège since 1985. It has already been 
applied on many material forming processes. The FE results of Pascon et al. [38] predicted the 
crack events in a continuous casting process. Neira Torres et al. [39] studied the 

manufacturing of bimetallic rolling mill rolls and computed residual stress state validated by 
X-ray diffraction. Guzmán et al. [40] simulated incremental sheet forming and focused on the 

geometry and force predictions with comparison with test measurements.  
 
In Tran et al. [28], a 3D thermal simulations of DED of Ti6Al4V alloy with microstructure 

predictions validated by a measured hardness distribution map and microscopic observations 
was presented. In the present work, an extension of this model to mechanical analysis is used 

where temperature and displacement fields are simultaneously computed within an implicit 
strategy. Note that other thermo-mechanical FE models like the ones of Mukherjee et al. [41] 
or Chew et al. [42] apply sequential analyses where the thermal field is assessed in a first 
stage and applied as static load during the mechanical analysis defining the second step of 
the model. As the final goal is to reach a complete thermo-mechanical-metallurgical model, 
this staggered solution was not selected to prepare the future steps where all the couplings 
will be taken into account as the phase transformation key temperature can be strongly 
impacted by mechanical stresses. 

 
However, currently only thermo-mechanical simulations are performed. The lack of 

material data prevents the activation of the coupled thermo-mechanical-metallurgical 
module able to predict kinetic of solid phase transformations like in previous researches [39]. 

Currently, the thermal expansion coefficients used for the clad and the substrate take into 
account phase transformation events through a multi linear curve depending on temperature. 
The latter is however not related to cooling, heating temperature rates and phase 
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distribution. Without a more accurate input, the measured displacement field could not be 
totally correctly predicted as shown below. However, a reference case was defined to allow 
a sensitivity analysis. The material model of the clad and the substrate is elasto-plastic based 
on von Mises yield locus and multilinear tangent modulus for isotropic hardening. ̧ ƻǳƴƎΩǎ 
modulus, elastic limit and isotropic plastic hardening are temperature dependent. Note that 
the set of associated tangent plastic moduli is kept constant for each curve. Besides, as low 
viscosity effect is confirmed by the mechanical tests (Section 3), the strain hardening model 
is rate-insensitive.  

 
The 8-node 3D brick (BWD3T) thermomechanical finite element implemented in the 

Lagamine code by Zhu et al. [43] is selected. The element is based on the non-linear three-
field HU-WASHIZU variational principle of stress, strain and displacement [44ς46], and uses a 
mixed formulation adapted to large strains and large displacements with a reduced 
integration schemeτonly one integration pointτand an hourglass control technique.  

 
The FE solid model simplifies the physic of all the phenomena present in the melt pool. 

The effect of the latent heat of the fusion (Lf) is integrated in the definition of the thermal 
capacity (cp), defining an apparent property. The effect of the fluid motion due to the thermo-
capillary phenomenon (i.e. Marangoni flow) is not considered. Other solid studies just 
consider a multiplicative factor to enhance the conductivity value within the melt pool 
[42,47]. Such a factor varies according the researches, for instance, Cao et al. [47] uses a value 
of 3 for Ti6Al4V alloy while Bi et al. [48] uses a value of 5 for iron-based martensitic stainless-
steel METCO 42C, respectively. Initially for welding, Lampa et al. [49] suggested a value of 2.5 
for an Austenitic stainless steel. Hereafter, following the arguments of Lindgren et al. [29], no 
multiplicative factor is applied as it counteracts the energy distribution defined in the heat 
source model. Clearly, such assumptions are not independent on the powder laser 
abǎƻǊǇǘƛǾƛǘȅ ŦŀŎǘƻǊ ʲ ǿƘƛŎƘ ƛǎ ǘƘŜ ŎǳǊǊŜƴǘ ǿƻǊƪ ƴǳƳŜǊƛŎŀƭƭȅ ǘǳƴŜŘ ǿƛǘƘƛƴ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴǎ 
process to agree with the observed melt pool size and the measured thermal history.  

 
A second simplification consists in the energy distribution of the heat flow of the laser. 

While the model developed by Goldak defines a double ellipsoidal power density distribution 

[26], a simple circular Gaussian is often considered [27,50]. The model considered in this 
present research is even simpler: the mesh size has been adapted to the laser spot radius. 
The clad finite cubic elements have a 0.75 mm width to model the laser top-hat energy 
distribution with a diameter of 1,5 mm. As only half of the process is simulated by symmetry, 
the final clad volume modelled is 40.5 (length) x 0.75 (width) x 4 (height) mm³. Indeed, the 

mean height of the layers has been measured and corresponds to 0.4 mm. The effect of the 
moving laser beam is taken into account by updating the laser input power within the affected 
nodes, based on the real velocity and the trajectory of the laser processing head.  

 
The 3D mesh of the substrate presents a mesh refinement depending on the space 

position. Refined elements are defined near the clad in order to accurately model heat fluxes, 
while the substrate bottom is meshed coarsely. To generate an accurate mesh, transition 

refinement elements were used as shown in Figure 4. The thermal boundary conditions of the 
model consist in convection and radiation in all surfaces except the symmetry plane and the 
supports where heat is transferred by conduction. Figure 4 also shows the mechanical 
boundary conditions of fixed support and roller support at the end of the substrate bar. 
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Figure 4. Initial symmetric mesh with the stored clad element (green) for future element 
activation, the mechanical boundary conditions in red (on the left, all the displacements x,y,z 

are fixed while on the right, only z displacements are prevented). 

The principle of the element birth technique modeling the addition of material within the process 

is shown in Figure 5 on a simplified mesh. When a new layer is created during the material addition 
process, a group of four solid elements for the complete sample width (two elements, by symmetry 
here) is activated with their boundary conditions. LAGAMINE software applies convection and 

radiation by interface elements that rely on classical thermal equations as described in Tran et al. [28]. 
When the laser beam is ongoing, new solid elements are activated with their new convection and 
radiation surface elements around them while the convection and radiation elements under the new 

solid elements are de-activated. The laser power is directly applied at the top nodes of the activated 
elements. 

The concept of numerical annealing temperature (Tanneal) [51,52] from welding models is applied 
here. It seems physically consistent to neglect any plastic strain performed at higher temperature than 
a well-chosen annealing temperature. In the finite element code, if the temperature of the material 

point (integration point within an element) is higher than Tanneal, the material will lose its hardening 
memory; this effect is taken into account by setting the equivalent plastic strain to zero. When the 
temperature of the material point falls lower than Tanneal, the material can work harden again. For 

instance, several authors [25,31,53ς55] exploit this approach in order to compute the stress field and 
perform a sensitivity analysis to this annealing temperature value. However, the sensitivity of the 

predicted displacement field was lower than that of the stress and it seems not a key feature in the 
current validation. Three different annealing temperatures (527, 727, and 1027 °C) were investigated 
plus a case without annealing. It was observed that the annealing temperature had low impact on the 

thermomechanical model and thus a final temperature of 527 °C was used, as it led to faster 
convergence. 

The thermal boundary conditions considered in the numerical simulations takes into account an 

ŀōǎƻǊǇǘƛƻƴ ŦŀŎǘƻǊ ʲ ǿƘƛŎƘ ŘƛŦŦŜǊǎ ŦƻǊ ǘƘŜ ǇǊŜƘŜŀǘƛƴƎ ǎǘŜǇ ŀƴŘ ǘƘŜ ŎƭŀŘŘƛƴƎ ƻƴŜΦ Lǘǎ ǾŀƭǳŜǎ ŀǊŜ 
respectively 0.65 and 0.4 and were adjusted to recover the thermal measurements. During the pre-

heating the surface is flat compared to the clad deposition, implying a better absorption of the laser 
energy and a higher absorption factor.  
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Figure 5. Schematic representation of the element birth technique. 

3. Material parameters  

3.1. Thermophysical properties 

The thermo-physical properties of the clad samples (Figure 6) manufactured by DED and 

the substrate were measured by He pycnometry, dilatometry (density, )́, differential 
scanning calorimetry (DSC) (thermal capacity, cp), and laser flash analysis (LFA) (thermal 
diffusivity, h ) within a range from 20 to 1100 °C (Appendix). LFA measurements were carried 
out by steps of 100 °C. For the clad material, latent heat was also measured by DSC up to 1410 
°C and added to the thermal capacity cp (J/kg.°C), defining an apparent heat capacity ὧᶻ 

(J/kg.°C): 

ὧᶻ
ὧȟὭὪ ὝὈ 4 Ὕ

  ὧȟέὸὬὩὶύὭίὩ
                            (1) 

where ὒ (J/kg) is the latent heat of fusion, Ὕ  (°C) the starting melting point (solidus 

temperature) and ὝὈ (°C) the ending melting point (liquidus temperature). Finally, the 

thermal conductivity k was obtained using the following equation: 
ὯὝ ‌ὝϽ”Ὕ Ͻὧ Ὕ (2) 

The errors associated with the equipment (Accupyc 1340 Micromeritrics, DIL 402C 
Netzsch, DSC 404C Netzsch, LFA 427 Netzsch) and measurements are 3% for cp, 7% for k and 
2% for ́ . 

To measure the enthalpy of melting, sigmoidal baseline type was used to determine the 
area of the peak (Figure 7). The accuracy of enthalpy measurements is about ±5%. The 
measured values were 1230 °C for Ὕ , 1404 °C for ὝὈ and 313 J/g for the area of enthalpy of 
melting, ὒ. The thermo-physical data identified for M4 can be found as a function of 

temperature in the Appendix. It is worth noting that the measured values are within the range 
of partial results given in [59] for M4 HSS. 

The substrate properties first relied on previous tests performed on 42CrMo4 grade in 

Bainitic-Martensitic state. The used values in simulations were similar to values found in [60]. 
However a closer look at the material certificate identifies a pearlitic state which justifies the 
final use of properties reported in [61], similar to what was finally measured on the substrate 
(Figure 8) where phase transformation occurs. This modification was a mandatory point to be 
able by simulations to recover the thermal field measured during substrate pre-heating, 

showing the high sensitivity to thermo-physical properties. 
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Figure 6. Thermo-physical properties of HSS M4: (a) thermal capacity, cp; (b) thermal 
conductivity, k and; (c) density, ́ . 

 

Figure 7. DSC measurement showing the latent heat of fusion of M4 (scanning rate of 3 

°C/s). 

 

   
(a) (b) (c) 

Figure 8. Thermo-physical properties of 42CrMo4: (a) thermal capacity, cp; (b) thermal 
conductivity, k; (c) density, ́ . Measurements heating and cooling generating pearlite state 

at a rate of 3 °C/s. 
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Thermal expansion coefficients of the clad and the substrate are key issues for distortions 
and the stresses related to thermal gradients. However it should be measured in similar 
conditions as the ones happening in the process to provide correct values related to the real 
microstructure events. As non equilibrium and heterogeneous thermal histories and 
microstructures are known to be present within M4 clad samples [16], the applied 
temperature dependent coefficient should be not related only to temperature value. The 
transformations are affected by temperature heating and cooling rate and succesive 
transformations vary the chemical composition of phases. Finally, the stress state is known to 
shift key temperature features. One should build the dilatation coefficients from knowledge 
related to the kinetics of transformations and representative experiments. Within the 
cladding process, the material is submitted to temperature rates up to 4750 °C/sec during 
cooling for instance, while the available measurements were limited to of 200 °C/s cooling 
rate. This cooling rate is enough to achieve phase transformation without diffusion. Last but 
not least the initial state of the sample affect the results. To be close to real values, samples 
were extracted from bulk samples manufactured by DED process (process parameters: Laser 
power of 1160 W; nozzle speed of 462 mm/min and powder flow of 86 mg/s). Dilatometry 

tests, for cooling down from 1200 °C to room temperature at 120 °C/sec provide Martensite 
start temperature Ms (260 °C) and, for a cooling rate of 0.5 °C/Sec, Bainite start temperature 
Bs (370 °C) is obtained. However the microstructures were different between the thin walls 
and the bulk samples as bainitic, martensite and residual austenite were not in the same 
proportions. So extracted data (Figure 9-10) are still not reliable as the tested samples were 
neither re-melted (maximum temperature in dilatometer is 1100 °C, far from 1404 °C Liquidus 
and superheating temperature experienced within the melt pool not reached) nor submitted 
to correct the cooling rate during the process. Note that the effect from the cooling ratio and 
stress state is actually not taken into account.  

 
Finally, the thermal expansion measured on DED samples (Figure 9) and data found 

within the literature defined a basis to assume the curves plotted in Figure 10 used within the 
reference thermomechanical simulation.  

 

Figure 9. Thermal expansion coefficients for M4 from bulk sample (bainite/martensite) 

obtained with quenching cooling of 200 °C/s. 
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Figure 10. Thermal expansion coefficient used in reference simulations for 42CrMo4. 

Note that those thermal dilatation coefficients follow the classical metallurgist 
definition of: 

‌Ὕ ρὒϳ ὒ ὒ Ὕ  Ὕϳ       (3) 

where index 0 means room temperature and initial sample length L0 = L(T0). 

3.2. Stress strain curves 

Compression tests of cylinders of 8 mm diameter and 10 mm height were carried on HSS 
grade M4 samples at different temperatures and different strain rates in order to determine 
the stress-strain curves. The tests were performed with a Schenck 400 kN machine and a quad 
elliptical radiant furnace 4x2000 W was used for high temperature tests. The compression 

samples were cut using wire electro discharge machine from a part of a bulk deposit produced 
by DED (see Figure 11a and manufacturing conditions defined in Section 3.1). Samples were 

tested at room, moderate and high temperatures (20, 300, 500, 950 °C) and at different 
constant strain rates (2x10-3, 10x10-3 and 50x10-3 s-1). For each combination of temperatures 
and strain rate conditions a minimum of three samples were tested. Note that the very high 
elastic stiffness of the samples compared with the press stiffness at moderate and high 
temperatures often affects the axial displacement actually applied on the samples. This test 

feature must be taken into account to reach an accurate constant strain rate test. An 
approach based on a linear speed of the press plateau decreases the precision of the 
measured elastic limit. The methodology of Tuninetti et al. [62] is applied here to achieve a 
real constant strain rate and an accurate yield stress. 

 

As shown in Figure 12, the effect of strain rate in the analysed range (2x10-3 to 50 x10-3 s-

1) is not very significant. The highest strain rates show the lowest hardening. This effect is 
more obvious at room temperature (Figure 11b). If the plastic range can be trusted, the 
¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ ƛǎ ƴƻǘ ǊŜƭƛŀōƭŜ ƛƴ ǘƘƻǎŜ ŎƻƳǇǊŜǎǎƛƻƴ ǘŜǎǘǎΣ ƛǘ ƛǎ ƳƻǊŜ ŀ ǘrend than an accurate 
characterization and its identification is explained in next paragraph. For the case at 950 °C 
just one sample was successfully tested, however the stress-strain curve measured by Neira 
Torres et al. [39] on a similar composition and forged samples are in close agreement. Based 

on those results, the strain rate sensitivity can indeed be neglected in the DED simulations of 
this material. Within the Lagamine simulations, the mean curves for 2x10-3 s-1 strain rate 
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described by multilinear segments for each measured temperature define the hardening law. 
The intermediate values are interpolated for any strain and temperature.  

 
¢ƘŜ ǾŀƭǳŜ ƻŦ нмсΦо Dtŀ ŦƻǊ ǘƘŜ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ ǊŜƭƛŜǎ ƻƴ ƎǊƛƴŘƻǎƻƴƛŎ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǘ 

ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜΦ !ǘ ƘƛƎƘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ǘƘŜ ¸ƻǳƴƎΩǎ ƳƻŘǳƭƛ ƳŜŀǎǳǊŜŘ ōȅ bŜƛǊŀ ¢ƻǊǊŜǎ Ŝǘ 
al. [39] on high chromium steel heat treated samples are used, the heat treatments provided 
different phase percentages. This input data base allows to correct non-reliable experimental 
¸ƻǳƴƎΩǎ ƳƻŘǳƭƛ ƻŦ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ōȅ a mixture law for the compressed samples. According to 
the observed microstructures of the bainitic bloc (Figure 11a) and of the martensitic thin wall 
(Figure 3), Figure 12d provides more an evolution trend than an accurate characterization of 
ǘƘŜ ¸ƻǳƴƎΩǎ ƳƻŘǳƭƛ with the temperature. For 42CrMo4 mechanical data, the simulations are 
based on the stress-strain curves provided by Habraken and Bouffioux [63].   

 

 

 

 

(a) 

 

(b) 

Figure 11. (a) Compression samples of ø 8mm cut from a LMD-P sample of 196x72x10 mm; 

(b) True stress strain curves for different strain rates at room temperature. 

 

(a) 

 

(b) 
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(c) 

 

(d) 

Figure 12. Stress strain curves at different temperatures and strain rates: (a) 300 °C; (b) 500 
°C; (c) 950 °C; (d) Elastic modulus dependence on temperature for M4 DED material. 

4. Results and discussion 

4.1. Thermal history validation and potential effect on distortion 

The laser absorption, convection and radiation coefficients were inversely identified by 
using the Levenberg Marquardt approach (Table 3). The simulation results of local 
temperature for preheating, cladding and cooling are compared to the measured values at 
the thermocouple points showing good accuracy predictions (Figure 13). The obtained local 
temperature values in the substrate near the cladding are more accurate than those at more 
distant substrate points especially during the cooling stage. These errors could affect the 
thermomechanical predictability of cladding distortion. However, by verifying the substrate 
mechanical boundary conditions (Figure 2 and Figure 4) and the low temperature values at 
TC6 and TC7 (less than 200 °C), the performed analysis indicates that the effect of this error 

on the measured z-displacement can be neglected. This affirmation was investigated through 
extreme fixations conditions and with high extraction of heat in the left fixation part. 

¢ŀōƭŜ оΦ /ƻŜŶŎƛŜƴǘǎ ƻŦ ǘƘŜǊƳŀƭ ōƻǳƴŘŀǊȅ ŎƻƴŘƛǝƻƴǎ ŦƻǊ ŀōǎƻǊǇǝƻƴ ŦŀŎǘƻǊǎ όʲύ ƻŦ лΦср ŘǳǊƛƴƎ ǇǊŜπ
ƘŜŀǝƴƎ ŀƴŘ лΦп ŘǳǊƛƴƎ ŘŜǇƻǎƛǝƻƴ ƛŘŜƴǝŬŜŘ ōȅ ƛƴǾŜǊǎŜ ƳƻŘŜƭƛƴƎΦ 

 Convection coefficient for the clad Convection coefficient 
for substrate 

(W/m².°C)  

Radiation 
coefficient  

Temperature 
(°C) 

Pre-heating and 
deposition (W/m².°C)  

Cooling 
(W/m².°C) 

20 1 1 1  
0.59 500 32 5 5 

950 50 5 5 
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Figure 13. Validation of numerical results with thermal histories computed at the substrate 
thermocouple points TC2, TC6 and TC7. 

4.2. Metallurgic validation 

In Figure 14, red and blue shading zones give the range of temperature variations 
(maximum and minimum) after the last total remelting for material points belonging to the 

1st and 5th layer respectively. The purple line (minimum temperature reached during the 
deposition process) increases until a maximum value of 527 °C. This curve confirms that 
neither bainitic nor martensitic transformations occur during the process time according the 
Bs (370 °C) and Ms (260 °C) temperatures. When the laser processing is switched on, the 
matrix is austenitic. It is transformed totally or partially to martensite at the cooling stage 

when the laser is switched off.  
 

As the solid matrix of a material point remains austenitic during the laser switch on 
period, once the temperature stays under the liquidus, a Pseudo Isothermal Annealing (PIA) 
period can be assumed. Such an approach is inspired from the work achieved on a Ti6Al4V 
alloy processed by DED [28]. For each material point, the PIA temperature is set as the average 
from all the temperature levels contained within the shading domain processing. This 

information helps to generate simplified approach for microstructure predictions based on a 
similar way to what is achieved with TTT diagrams.  

 
In Figure 14, the material point history of the central point of the 1st layer (blue curve) 

presents a first maximum peak (2081 °C), then the peak values gradually decrease with 

successive layer deposition. The situation is different for an intermediate layer such as the 5th 
one. The first peak (2161 °C), slightly higher than within the 1st layer, increases when the 

upper layer (the 6th) is added (2248 °C). These increases are due to the phenomenon of heat 
accumulation. This material point of the 5th layer is melted a third time when the 7th layer is 
deposited, but at a lower temperature. According this thermal computed history, layer 
number 1 melts twice, while layer number 5 melts three times. However, none of the 
recorded points show more than one peak within the solidification interval (liquidus-solidus 

range). In Jardin et al. study [16] that focused on a bulk sample, it was established that 
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temperature fluctuations in this solidification interval strongly modify the solidification 
structure. In particular, it generates a microstructure with intra-granular pseudo-primary 
carbides. For the studied thin wall, the cell structure is such that carbides are present only in 
the cell junctions (inter-granular carbides), and not in the cell core for any layer. 

 
The superheating temperatures of the last complete melting (1825 °C, 1456 °C, 1953 °C 

in layers 1, 5 and 10 respectively) and the cooling rates define the size of the primary grains 
and the cellular type solidification mode. The average size of the solidification cells shows a 
slight variation (see Figure 3), starting with a decrease between layers 1 and 5, and ending 
with an increase in the last deposit.  

 
These observations are consistent with the solidification parameters experimentally 

observed: a cell refinement is favored by the very high cooling rate, the multiple remelting 
cycles and overheating of the liquid metal (Figure 3, 5th layer). 

 

 

Figure 14. Thermal history of the 1st, 5th, and 10th deposits during the thin wall cladding 
process computed at a central point. 

4.3 Sensitivity analysis of thermal response 

This section evaluates the uncertainty of the model results caused by the effect of 
different error sources on input parameters such as power, thermal capacity and conductivity. 

The evolution of temperature over time at the measurement points T2, T7 and T6 are 
evaluated as a function of ±20% variations in the thermal capacity of the cladding and the 
substrate (Figure 15), the conductivity of the substrate (Figure 16) and the laser power (Figure 
17) with respect to the values used in the validated reference simulation. Thermal histories 
computed for independent variations in either the conductivity or the heat capacity of the 
clad revealed an insignificant effect due primarily to the low mass of the thin wall cladding 
compared to the mass of the substrate. The negligible effect of such variations is not shown 
and becomes considerable when bulk deposits are analyzed as reported in [64]. 
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Variations in the thermal capacity of the cladding and substrate significantly affect 

thermal history predictions (Figure 15). The largest temperature difference found with 
respect to the reference simulation is 16% at 27.4 s at the TC6 during the preheating stage. 
Increasing thermal capacity (cp) by +20% produces a decrease in temperature by 
approximately 12% during pre-heating, followed by a linear increase of up to 5% difference 
at the end of the deposition. On the other hand, a negative variation of 20% of cp generates 
a maximum temperature increase of 25% during substrate pre-heating stage, which then 
decreases linearly to 2% above the reference temperature at the end of the clad process. This 
asymmetric temperature behavior can be related to the interaction between conduction and 
heat accumulation, which makes the transient response non-linear with respect to thermal 
capacity. Finally, the results demonstrate that overall temperature is asymmetrically and 
inversely proportional to the thermal capacity. 

 
The sensitivity analysis of thermal history to conductivity (Figure 16) shows different 

trends. Here, the effect of the variation is mainly visible closer to the clad. The phenomena 

observed are expected because with an increased conductivity, heat propagates more easily 
in the substrate. There is less heat concentration close to the deposit (hence lower 
temperature), and far from the deposit there is more heat transmission before being lost by 
convection and radiation. Conversely, lower conductivity increases the temperature near the 
cladding zone because more heat is transferred from the free surface of the substrate to the 
environment. This latter behavior is consistent with the lumped heat capacity of the 
substrate, where internal resistance to heat transfer becomes negligible in comparison to the 
external resistance of convection and radiation. This fact also explains the small effect of 
conductivity on temperature variations at TC7 and TC6 points located far from the clad. From 
figures 15 and 16 it can be concluded that the thermal history of the thin wall of HSS is more 
sensitive to thermal capacity than to conductivity. 

 
Global sensitivity analysis of power (Figure 17) on thermal history is self-explicative. 

Results show that increase in power leads to an increase of temperature and vice-versa. Such 
high sensitivity helps to an easy identification of absorption coefficient.  

 

 

Figure 15. Sensitivity of thermal capacity variation of both clad and substrate on the thermal 

history. 
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Figure 16. Sensitivity of substrate conductivity variation on the thermal history. 

 

 

Figure 17. Effect of 20% positive and negative laser power variations on the computed 
thermal history at the local substrate measurement points T2, T6 and T7. 

4.4 Sensitivity analysis of thermomechanical response 

The identified evolution of thermal expansion coefficients of the clad and the substrate 
(Figure 9 and 10) are essential and highly influential for determining the behaviour of 
deformation and stress fields. However, these coefficient values strongly vary with the phase 
transformation kinetics of both materials. The impact of these phase transformations are not 
assessed in this article, as for that there would be the need to include a metallurgical model. 
Currently, metallurgical data and models for very high heating and cooling rates for high 
speed steel are lacking. Thus, in a pragmatic exploratory research, the assumed average 
ǘƘŜǊƳŀƭ ŜȄǇŀƴǎƛƻƴ ŎǳǊǾŜǎ ƻŦ CƛƎǳǊŜ мл ŀǊŜ ƪŜǇǘ ǘƘŜ ǎŀƳŜ ŀƴŘ Ƨǳǎǘ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ǘƘŜ ¸ƻǳƴƎΩǎ 
modulus and the yield stress accuracy are investigated. 

 
The predicted vertical displacements of the substrate bottom point at mid-length (ZZ 

sensor at Figure 2b) are compared with their measured values (Figure 18a) during the 
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preheating, deposition and cooling processes. Figure 18b shows the sensitivity analysis of the 
elastic modulus (E) and initial yield stress (Sy) on this displacement during the cooling stage. 
Note that the elastoplastic behavior of the material is based on a multilinear isotropic 
ƘŀǊŘŜƴƛƴƎ ƭŀǿΣ ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ōƻǘƘ ǘŜƳǇŜǊŀǘǳǊŜ ŘŜǇŜƴŘŜƴŎŜ ƻŦ ǘƘŜ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ 
and the initial yield stress. The hardening shape defined for each temperature has not been 
modified. The FE predictions are in close agreement with the measured values denoted by 
Exp curve for both the preheating and the first five deposition stages (Figure 18a). Note that 
3 similar experiments were performed with low scattering. The mismatch can be related to 
the microstructure transformations happening within the first layers as their temperature is 
low enough to reach solid-state transformation zones. A zoom on the process last stage, the 
cooling, is shown in Figure 18b.  

 
It has been numerically checked that within preheating and deposition stages, the effect 

ƻŦ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ ŀƴŘ ȅƛŜƭŘ ǎǘǊŜǎǎ ǾŀǊƛŀǘƛƻƴǎ ŀǊŜ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘΦ CƻǊ ǘƘƛǎ ǊŜŀǎƻƴΣ ǘƘŜ 
sensitivity analysis is limited to the cooling stage.  

 

5ŜŎǊŜŀǎƛƴƎ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ όCƛƎǳǊŜ муōύ ƻŦ ǘƘŜ ǎǳōǎǘǊŀǘŜ ōȅ нл҈ ƻŦ ƛǘǎ ǊŜŦŜǊŜƴŎŜ ǾŀƭǳŜ 
ƎƛǾŜǎ ŀ ǎǘǊƻƴƎ ŘŜǾƛŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ½ ŘƛǎǇƭŀŎŜƳŜƴǘΦ bƻǘŜ ǘƘŀǘ ŘŜŎǊŜŀǎƛƴƎ ǘƘŜ ¸ƻǳƴƎΩǎ 
modulus of both materials simultaneously produces similar effect than the variation of the 
substrate only. The latter result gives the conclusion that almost no sensitivity effect of the 
clad elastic property on the vertical displacement of the sample is found, which is expected 
due to the relative strength of the bar (volume of 8x10x120 mm3) compared to the thin wall 
(volume of 4.0x1.5x40mm3 ǿƛǘƘ ǎƛƳƛƭŀǊ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎύΦ ²ƘŜƴ ŘŜŎǊŜŀǎƛƴƎ ǘƘŜ ȅƛŜƭŘ ǎǘǊŜǎǎΣ 
it is observed that the substrate is the main contributor to the observed displacement, with 
the clad having, comparatively a small impact. In this case, a decrease of yield stress leads to 
a smaller elastic region which apparently has a major role on the displacements.   

 
Figure 19 provides a summary of the sensitivity analysis. Thermal capacity, conductivity 

and power deviations affecting thermal history of substrate immediately close to cladding 
zone (TC2) are shown in a radar graph as an average value for the cladding stage (60 to 150 
seconds). The values are the normalized difference between results computed with the +-

20% variation of parameters and the results computed with the reference parameters. 
!ǾŜǊŀƎŜ ŘŜǾƛŀǘƛƻƴ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ǎŜƴǎƛǘƛǾƛǘȅ ŀƴŀƭȅǎƛǎ ƻŦ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳs and yield stress 
affecting deflexion (vertical displacement due to thermal history) are considering the clad and 
ǘƘŜ ǎǳōǎǘǊŀǘŜ ǾŀǊƛŀǘƛƻƴ όŎǳǊǾŜǎ ŎŀƭƭŜŘ ΨōƻǘƘΩ ƛƴ CƛƎǳǊŜ муύ ƛƴ ǘƘŜ ǊŀƴƎŜ ōŜǘǿŜŜƴ мрл ŀƴŘ 500 
seconds. Figure 19 visually shows the main conclusions drawn from each sensitivity analysis: 

i) thermal history is more sensitive to positive and negative variations of power, thermal 
capacity and conductivity, with a decreasing influence in this order; ii) deflections are more 
ǎŜƴǎƛǘƛǾŜ ǘƻ ¸ƻǳƴƎΩǎ ƳƻŘǳlus than yield stress. 
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(a) 

 
(b) 

Figure 18. (a) Correlation between measured and predicted vertical displacements (- down, 
+ up) during the cladding process, including the preheating and cooling stages. (b) Sensitivity 
ŀƴŀƭȅǎƛǎ ƛƴ ǘƘŜ ŎƻƻƭƛƴƎ ǎǘŀƎŜ ǘƻ ƴŜƎŀǘƛǾŜ ǾŀǊƛŀǘƛƻƴǎ ƻŦ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ όE) and the elastic 

limit (Sy) of the clad and the substrate. 

 
(a)                                              (b) 

Figure 19. Summary of sensitivity analysis, expressed as the relative variation with respect 

to the reference case. (a) Thermal history sensitivity of the cladded sample with +-20% 
variations of thermal capacity, conductivity, and power. (b) Deflection sensitivity with -20% 
ǾŀǊƛŀǘƛƻƴ ƻŦ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ ŀƴŘ -20% of yield stress. 
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5. Conclusions 

The identification and the validation of a thermo-mechanical finite element model as well 
as the simulation analysis of a ten layer DED thin wall M4 steel part deposited on a 42CrMo4 
steel substrate were presented. Distortion and temperature measurements of the substrate 
were used for model validation and sensitivity analysis. The result analysis emphasizes the 
following points: 

¶ Predicted thermal history can successfully explain SEM and OM observations of 

solidified microstructure showing variation from the first to the tenth layer of the thin 
wall; 

¶ From the thermal point of view, the most influential factor is laser power, followed by 
thermal capacity and finally thermal conductivity; 

¶ 5ŜŦƭŜŎǘƛƻƴ ƻŦ ǘƘŜ ǎǳōǎǘǊŀǘŜ ŘǳǊƛƴƎ ǘƘŜ ǇǊƻŎŜǎǎ ƛǎ ƳƻǊŜ ǎŜƴǎƛǘƛǾŜ ǘƻ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ 
than to yield stress; 

M4 steel needs pre-heating in DED process and presents solid phase transformations 
(bainite, martensite) sensitive to temperature rate, as well as carbide formations that modify 
austenite composition and martensite temperature start (variation can be higher than 80 °C). 

The accurate thermo-mechanical cladding simulation of this material is still a challenge as 
accurate data on transformation kinetics and associated thermal dilatation curves are still 

missing as well as accurate thermal and phase dependent YƻǳƴƎΩǎ ƳƻŘǳƭǳǎΦ  
Due to the multiple uncertainties, a deep learning approach is currently investigated in 

addition to complementary material characterizations to improve the FE model and its set of 

material parameters. The final research goal is to determine the optimal process conditions 
that generate samples with low residual stresses and a homogeneous material. This last 

feature can be expected through a constant size of the melt pool for each clad layer. 
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Appendix. Measured thermo-physical properties 

Table A1. Thermo-physical properties for M4 HSS material obtained by DED process. 

¢ όϲ/ύ 

 ́

όƪƎκƳшύ 

ŘŜƴǎƛǘȅ 

ŎǇ όWκƪƎΦϲ/ύ 

ǘƘŜǊƳŀƭ 

ŎŀǇŀŎƛǘȅ 

 hόҎмлπс Ƴчκǎύ 

ŘƛũǳǎƛǾƛǘȅ 

ƪ ό²κƳΦϲ/ύ 

ŎƻƴŘǳŎǝǾƛǘȅ 

нл тфрл псл рΦмм муΦрт 

млл тфол ппл рΦнс муΦпн 

нлл тфлл пол рΦпп муΦст 

олл тутл ппл рΦпр муΦтн 

плл тупл псл рΦоп мфΦнн 

рлл тумл пул рΦнл мфΦпл 

слл ттул пфл пΦфо муΦтф 

тлл ттпл рнл пΦмр мсΦсо 

улл ттнл смл пΦрс нмΦот 

флл ттнл спл рΦтф нуΦпр 

мллл тсфл ррл сΦлл нрΦнн 

ммлл тспл слл сΦлф нтΦфф 

 

Table A2. Thermal expansion coefficient for M4 HSS material obtained by DED process. 

¢ όϲ/ύ 
¢ƘŜǊƳŀƭ ŜȄǇŀƴǎƛƻƴ 

ŎƻŜŶŎƛŜƴǘ όмκϲ/ύ 

л рΦлл9πлс 

рл мΦлл9πлс 

млл πсΦом9πлс 

мрл πмΦнс9πлр 

нлл πнΦтм9πлр 

ннс πоΦпу9πлр 

нрл мΦор9πлр 

олл мΦсм9πлр 

орл мΦсо9πлр 

плл мΦрт9πлр 

прл мΦсл9πлр 

рлл мΦро9πлр 

ррл мΦрс9πлр 

слл мΦсн9πлр 
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срл мΦсу9πлр 

тлл мΦтл9πлр 

трл мΦсу9πлр 

улл мΦсф9πлр 

урл мΦтс9πлр 

флл мΦто9πлр 

фрл мΦтп9πлр 

мллл мΦтс9πлр 

млрл мΦум9πлр 

ммлл мΦут9πлр 

ммрл мΦфп9πлр 

 

Table A3. Thermo-physical properties for 42CrMo4 material measured on one substrate bar. 

¢ όϲ/ύ 

 ́

όƪƎκƳшύ 

ŘŜƴǎƛǘȅ 

ŎǇ όWκƪƎΦϲ/ύ 

ǘƘŜǊƳŀƭ 

ŎŀǇŀŎƛǘȅ 

 hόҎмлπс Ƴчκǎύ 

ŘƛũǳǎƛǾƛǘȅ 

ƪ ό²κƳΦϲ/ύ 

ŎƻƴŘǳŎǝǾƛǘȅ 

нр туотΦор пссΦфу мΦом9πлр птΦум 

рл туомΦст пссΦфу мΦом9πлр птΦум 

млл тунлΦнм пссΦфу мΦом9πлр птΦум 

мрл тултΦлс пфнΦлс мΦнм9πлр псΦрп 

нлл ттфнΦрт рлсΦно мΦмр9πлр прΦнс 

нрл тттсΦфт рнмΦор мΦлф9πлр ппΦмн 

олл ттслΦрн росΦмф мΦло9πлр пнΦфу 

орл ттпоΦпс рррΦос фΦсу9πлс пмΦсм 

плл ттнсΦнм ртрΦлу фΦлс9πлс плΦнп 

прл ттлфΦлу рфрΦср уΦпу9πлс оуΦфс 

рлл тсфмΦфт смуΦуп тΦфм9πлс отΦст 

ррл тстпΦсп сптΦрс тΦлр9πлс орΦлр 

слл тсртΦст суоΦмо сΦнл9πлс онΦпо 

срл тспмΦлм тоуΦфу пΦфм9πлс нтΦтм 

тлл тснрΦрм умоΦлп оΦтм9πлс ноΦлл 

трл тсмоΦоп фттΦсу оΦнн9πлс ноΦфу 

улл тсрмΦсс тпмΦрн пΦпл9πлс нпΦфт 

урл тснсΦон ртоΦут рΦсо9πлс нпΦсо 

флл тслнΦнт рснΦпн рΦсу9πлс нпΦол 
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фрл тртфΦуф рслΦпн рΦум9πлс нпΦст 

мллл трруΦнн ртпΦмм рΦтт9πлс нрΦлр 

млрл тросΦуо ртмΦфс сΦлм9πлс нрΦфл 

ммлл трмоΦфо рурΦфс сΦлт9πлс нсΦтп 

мптт трмоΦфо рурΦфс сΦлт9πлс нсΦтп 

мпул трмоΦфо орртΦм мΦлл9πлс нсΦтп 

мрлл трмоΦфо орртΦм мΦлл9πлс нсΦтп 

мрло трмоΦфо рурΦфс сΦлт9πлс нсΦтп 

 

Table A4. Thermal expansion coefficient for 42CrMo4 material measured on one substrate bar. 

T (°C) 
Thermal expansion 
coefficient (1/°C) 

нсΦур мΦнп9πлр 

мнсΦур мΦоп9πлр 

ннсΦур мΦпо9πлр 

онсΦур мΦпу9πлр 

пнсΦур мΦро9πлр 

рнсΦур мΦрф9πлр 

снсΦур мΦсп9πлр 

сусΦур мΦлл9πлр 

тнсΦур мΦру9πлр 

унсΦур нΦнт9πлр 

фнсΦур нΦоп9πлр 

млнсΦур нΦпл9πлр 

ммнсΦур нΦпн9πлр 
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¢ƘŜǎƛǎΣ /ŜƴǘǊŀƭŜ bŀƴǘŜǎΣ CǊŀƴŎŜΣ мрǘƘ {ŜǇǘΦ нлмфΦ 

мсΦ WŀǊŘƛƴΣ wΦ¢ΦΤ ¢ŎƘƻǳŦŀƴƎ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦΤ 5ǳŎƘşƴŜΣ [ΦΤ ¢ǊŀƴΣ IΦπ{ΦΤ IŀǎƘŜƳƛΣ bΦΤ /ŀǊǊǳǎΣ wΦΤ 

aŜǊǘŜƴǎΣ !ΦΤ IŀōǊŀƪŜƴΣ !ΦaΦ ¢ƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ ŀƴŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ ƛƴ 5ƛǊŜŎǘ 9ƴŜǊƎȅ 

5ŜǇƻǎƛǝƻƴ ƻŦ ŀ IƛƎƘ {ǇŜŜŘ {ǘŜŜƭ ǘƘƛŎƪ ŘŜǇƻǎƛǘΦ aŀǘŜǊΦ [ŜǧΦ нлмфΣ носΣ пнςпрΦ 
мтΦ 5ŜƭŀƘŀȅŜΣ WΦΤ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ¢ΦΤ [ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦΤ wƛƎƻΣ hΦΤ IŀōǊŀƪŜƴΣ !ΦaΦΤ aŜǊǘŜƴǎΣ !Φ 
LƴƅǳŜƴŎŜ ƻŦ {ƛ ǇǊŜŎƛǇƛǘŀǘŜǎ ƻƴ ŦǊŀŎǘǳǊŜ ƳŜŎƘŀƴƛǎƳǎ ƻŦ !ƭ{ƛмлaƎ ǇŀǊǘǎ ǇǊƻŎŜǎǎŜŘ ōȅ 
{ŜƭŜŎǝǾŜ [ŀǎŜǊ aŜƭǝƴƎΦ !Ŏǘŀ aŀǘŜǊΦ нлмфΣ мтрΣ мслςмтлΦ 

муΦ {ŜǝŜƴΣ LΦΤ /ƘƛǳƳŜƴǝΣ aΦΤ Ǿŀƴ ŘŜǊ ±ŜŜƴΣ {ΦΤ {ŀƴ {ŜōŀǎǝŀƴΣ aΦΤ DŀǊŎƛŀƴŘƝŀΣ CΦΤ 9ŎƘŜǾŜǊǊƝŀΣ !Φ 

9ƳǇƛǊƛŎŀƭ ƳŜǘƘƻŘƻƭƻƎȅ ǘƻ ŘŜǘŜǊƳƛƴŜ ƛƴƘŜǊŜƴǘ ǎǘǊŀƛƴǎ ƛƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ /ƻƳǇǳǘΦ 

aŀǘƘΦ ǿƛǘƘ !ǇǇƭΦ нлмфΣ туΣ ннунςннфрΦ 
19. Yang, Q.; Zhang, P.; Cheng, L.; Min, Z.; Chyu, M.; To, A.C. Finite element modeling and 

validation of thermomechanical behavior of Ti-6Al-4V in directed energy deposition 
additive manufacturing. Addit. Manuf. 2016, 12, 169ς177. 

нлΦ tŀǝƭΣ wΦ.ΦΤ ¸ŀŘŀǾŀΣ ±Φ CƛƴƛǘŜ ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ǎƛƴƎƭŜ ƳŜǘŀƭƭƛŎ 

ǇƻǿŘŜǊ ƭŀȅŜǊ ŘǳǊƛƴƎ ƳŜǘŀƭ ƭŀǎŜǊ ǎƛƴǘŜǊƛƴƎΦ LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ нллтΣ птΣ млсфςмлулΦ 
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21. Yin, J.; Zhu, H.; Ke, L.; Lei, W.; Dai, C.; Zuo, D. Simulation of temperature distribution in 
single metallic powder layer for laser micro-sintering. Comput. Mater. Sci. 2012, 53, 333ς
339. 

ннΦ /ƘƛǳƳŜƴǝΣ aΦΤ [ƛƴΣ ·ΦΤ /ŜǊǾŜǊŀΣ aΦΤ [ŜƛΣ ²ΦΤ ½ƘŜƴƎΣ ¸ΦΤ IǳŀƴƎΣ ²Φ bǳƳŜǊƛŎŀƭ ǎƛƳǳƭŀǝƻƴ ŀƴŘ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ŎŀƭƛōǊŀǝƻƴ ƻŦ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ōȅ ōƭƻǿƴ ǇƻǿŘŜǊ ǘŜŎƘƴƻƭƻƎȅΦ tŀǊǘ LΥ 

ǘƘŜǊƳŀƭ ŀƴŀƭȅǎƛǎΦ wŀǇƛŘ tǊƻǘƻǘȅǇΦ WΦ нлмтΣ ноΣ ппуςпсоΦ  

ноΦ ¸ŜΣ wΦΤ {ƳǳƎŜǊŜǎƪȅΣ WΦ9ΦΤ ½ƘŜƴƎΣ .ΦΤ ½ƘƻǳΣ ¸ΦΤ [ŀǾŜǊƴƛŀΣ 9ΦWΦ bǳƳŜǊƛŎŀƭ ƳƻŘŜƭƛƴƎ ƻŦ ǘƘŜ 

ǘƘŜǊƳŀƭ ōŜƘŀǾƛƻǊ ŘǳǊƛƴƎ ǘƘŜ [9b{ϯ ǇǊƻŎŜǎǎΦ aŀǘŜǊΦ {ŎƛΦ 9ƴƎΦ ! нллсΣ пнуΣ птςроΦ 
24. He, X.; Yu, G.; Mazumder, J. Temperature and composition profile during double-track 

laser cladding of H13 tool steel. J. Phys. D. Appl. Phys. 2010, 43, 015502. 
25. Heigel, J.C.; Michaleris, P.; Reutzel, E.W. Thermo-mechanical model development and 

validation of directed energy deposition additive manufacturing of Tiς6Alς4V. Addit. 

Manuf. 2015, 5, 9ς19. 
нсΦ DƻƭŘŀƪΣ WΦΤ /ƘŀƪǊŀǾŀǊǝΣ !ΦΤ .ƛōōȅΣ aΦ ! ƴŜǿ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ƳƻŘŜƭ ŦƻǊ ǿŜƭŘƛƴƎ ƘŜŀǘ ǎƻǳǊŎŜǎΦ 
aŜǘŀƭƭΦ ¢ǊŀƴǎΦ . мфупΣ мрΣ нффςолрΦ 

нтΦ ¸ŀƴƎΣ WΦΤ {ǳƴΣ {ΦΤ .ǊŀƴŘǘΣ aΦΤ ¸ŀƴΣ ²Φ 9ȄǇŜǊƛƳŜƴǘŀƭ ƛƴǾŜǎǝƎŀǝƻƴ ŀƴŘ о5 ŬƴƛǘŜ ŜƭŜƳŜƴǘ 
ǇǊŜŘƛŎǝƻƴ ƻŦ ǘƘŜ ƘŜŀǘ ŀũŜŎǘŜŘ ȊƻƴŜ ŘǳǊƛƴƎ ƭŀǎŜǊ ŀǎǎƛǎǘŜŘ ƳŀŎƘƛƴƛƴƎ ƻŦ ¢ƛс!ƭп± ŀƭƭƻȅΦ WΦ 

aŀǘŜǊΦ tǊƻŎŜǎǎΦ ¢ŜŎƘƴƻƭΦ нлмлΣ нмлΣ ннмрςннннΦ 
нуΦ ¢ǊŀƴΣ IΦπ{ΦΤ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ¢ΦΤ tŀȅŘŀǎΣ IΦΤ aŜǊǘŜƴǎΣ !ΦΤ WŀǊŘƛƴΣ wΦ¢ΦΤ 5ǳŎƘşƴŜΣ [ΦΤ /ŀǊǊǳǎΣ wΦΤ 
[ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦΤ IŀōǊŀƪŜƴΣ !ΦaΦ о5 ǘƘŜǊƳŀƭ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎ ƻŦ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎ 
ǇǊƻŎŜǎǎŜŘ ¢ƛπс!ƭπп± ǇŀǊǘ ǿƛǘƘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŎƻǊǊŜƭŀǝƻƴǎΦ aŀǘŜǊΦ 5ŜǎΦ нлмтΣ мнуΣ молς
мпнΦ 

нфΦ [ƛƴŘƎǊŜƴΣ [Φπ9ΦΤ [ǳƴŘōŅŎƪΣ !ΦΤ CƛǎƪΣ aΦΤ tŜŘŜǊǎƻƴΣ wΦΤ !ƴŘŜǊǎǎƻƴΣ WΦ {ƛƳǳƭŀǝƻƴ ƻŦ ŀŘŘƛǝǾŜ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǳǎƛƴƎ ŎƻǳǇƭŜŘ ŎƻƴǎǝǘǳǝǾŜ ŀƴŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƳƻŘŜƭǎΦ !ŘŘƛǘΦ aŀƴǳŦΦ нлмсΣ 

мнΣ мппςмруΦ 

олΦ /ŀƛŀȊȊƻΣ CΦΤ !ƭŬŜǊƛΣ ±Φ {ƛƳǳƭŀǝƻƴ ƻŦ [ŀǎŜǊπŀǎǎƛǎǘŜŘ 5ƛǊŜŎǘŜŘ 9ƴŜǊƎȅ 5ŜǇƻǎƛǝƻƴ ƻŦ !ƭǳƳƛƴǳƳ 

tƻǿŘŜǊΥ tǊŜŘƛŎǝƻƴ ƻŦ DŜƻƳŜǘǊȅ ŀƴŘ ¢ŜƳǇŜǊŀǘǳǊŜ 9ǾƻƭǳǝƻƴΦ aŀǘŜǊƛŀƭǎ ό.ŀǎŜƭύΦ нлмфΣ мнΣ 

нмллΦ 

омΦ [ǳΣ ·ΦΤ [ƛƴΣ ·ΦΤ /ƘƛǳƳŜƴǝΣ aΦΤ /ŜǊǾŜǊŀΣ aΦΤ [ƛΣ WΦΤ aŀΣ [ΦΤ ²ŜƛΣ [ΦΤ IǳΣ ¸ΦΤ IǳŀƴƎΣ ²Φ CƛƴƛǘŜ 

ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǾŀƭƛŘŀǝƻƴ ƻŦ ǘƘŜ ǘƘŜǊƳƻƳŜŎƘŀƴƛŎŀƭ ōŜƘŀǾƛƻǊ ƛƴ ƭŀǎŜǊ 

ǎƻƭƛŘ ŦƻǊƳƛƴƎ ƻŦ ¢ƛπс!ƭπп±Φ !ŘŘƛǘΦ aŀƴǳŦΦ нлмуΣ нмΣ олςплΦ 

онΦ {ƘƛƳΣ 5Φπ{ΦΤ .ŀŜƪΣ DΦπ̧ΦΤ [ŜŜΣ 9ΦπaΦ 9ũŜŎǘ ƻŦ ǎǳōǎǘǊŀǘŜ ǇǊŜƘŜŀǝƴƎ ōȅ ƛƴŘǳŎǝƻƴ ƘŜŀǘŜǊ ƻƴ 

ŘƛǊŜŎǘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ƻŦ !L{L aп ǇƻǿŘŜǊΦ aŀǘŜǊΦ {ŎƛΦ 9ƴƎΦ ! нлмтΣ сунΣ ррлςрснΦ 

ооΦ IŀǎƘŜƳƛΣ bΦΤ aŜǊǘŜƴǎΣ !ΦΤ aƻƴǘǊƛŜǳȄΣ IΦπaΦΤ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦ¢ΦΤ 5ŜŘǊȅΣ hΦΤ /ŀǊǊǳǎΣ wΦΤ 

[ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦ hȄƛŘŀǝǾŜ ǿŜŀǊ ōŜƘŀǾƛƻǳǊ ƻŦ ƭŀǎŜǊ ŎƭŀŘ IƛƎƘ {ǇŜŜŘ {ǘŜŜƭ ǘƘƛŎƪ 

ŘŜǇƻǎƛǘǎΥ LƴƅǳŜƴŎŜ ƻŦ ǎƭƛŘƛƴƎ ǎǇŜŜŘΣ ŎŀǊōƛŘŜ ǘȅǇŜ ŀƴŘ ƳƻǊǇƘƻƭƻƎȅΦ {ǳǊŦΦ /ƻŀǝƴƎǎ ¢ŜŎƘƴƻƭΦ 

нлмтΣ омрΣ рмфςрнфΦ 
опΦ tƛƴŜŘŀ IǳƛǘǊƻƴΣ wΦaΦΤ wŀƳƛǊŜȊ [ƻǇŜȊΣ tΦ9ΦΤ ±ǳƻǊƛƴŜƴΣ 9ΦΤ WŜƴǘƴŜǊΣ wΦΤ YŅǊƪƪŅƛƴŜƴΣ aΦ9Φ 
/ƻƴǾŜǊƎƛƴƎ ŎǊƛǘŜǊƛŀ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ŎǊŀŎƪ ǎǳǎŎŜǇǝōƛƭƛǘȅ ƛƴ ŀ ƳƛŎǊƻπŀƭƭƻȅŜŘ ǎǘŜŜƭ ŘǳǊƛƴƎ 
Ŏƻƴǝƴǳƻǳǎ ŎŀǎǝƴƎΦ aŀǘŜǊΦ {ŎƛΦ 9ƴƎΦ ! нлнлΣ ттнΣ моусфмΦ 

орΦ ²ŀƴƎΣ {ΦπIΦΤ /ƘŜƴΣ WΦπ̧ΦΤ ·ǳŜΣ [Φ ! ǎǘǳŘȅ ƻŦ ǘƘŜ ŀōǊŀǎƛǾŜ ǿŜŀǊ ōŜƘŀǾƛƻǳǊ ƻŦ ƭŀǎŜǊπŎƭŀŘ ǘƻƻƭ 

ǎǘŜŜƭ ŎƻŀǝƴƎǎΦ {ǳǊŦΦ /ƻŀǝƴƎǎ ¢ŜŎƘƴƻƭΦ нллсΣ нллΣ оппсςопруΦ 
осΦ [ŜǳƴŘŀΣ WΦΤ {ƻǊƛŀƴƻΣ /ΦΤ {ŀƴȊΣ /ΦΤ bŀǾŀǎΣ ±ΦDΦ [ŀǎŜǊ /ƭŀŘŘƛƴƎ ƻŦ ±ŀƴŀŘƛǳƳπ/ŀǊōƛŘŜ ¢ƻƻƭ 
{ǘŜŜƭǎ ŦƻǊ 5ƛŜ wŜǇŀƛǊΦ tƘȅǎΦ tǊƻŎŜŘƛŀ нлммΣ мнΣ опрςорнΦ 
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отΦ wŀƘƳŀƴΣ bΦ¦ǊΤ /ŀǇǳŀƴƻΣ [ΦΤ /ŀōŜȊŀΣ {ΦΤ CŜƛƴŀŜǳƎƭŜΣ aΦΤ DŀǊŎƛŀπWǳƴŎŜŘŀΣ !ΦΤ ŘŜ wƻƻƛƧΣ aΦ.ΦΤ 
aŀǧƘŜǿǎΣ 5Φ¢Φ!ΦΤ ²ŀƭƳŀƎΣ DΦΤ DƛōǎƻƴΣ LΦΤ wǀƳŜǊΣ DΦwΦ.Φ9Φ 5ƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ŀƴŘ 
ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ƘƛƎƘπŎŀǊōƻƴ ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭǎΦ !ŘŘƛǘΦ aŀƴǳŦΦ нлмфΣ олΣмллуоуΦ 

оуΦ tŀǎŎƻƴΣ CΦΤ /ŜǎŎƻǧƻΣ {ΦΤ IŀōǊŀƪŜƴΣ !ΦaΦ ! нΦр5 ŬƴƛǘŜ ŜƭŜƳŜƴǘ ƳƻŘŜƭ ŦƻǊ ōŜƴŘƛƴƎ ŀƴŘ 
ǎǘǊŀƛƎƘǘŜƴƛƴƎ ƛƴ Ŏƻƴǝƴǳƻǳǎ ŎŀǎǝƴƎ ƻŦ ǎǘŜŜƭ ǎƭŀōǎΦ LƴǘΦ WΦ bǳƳŜǊΦ aŜǘƘƻŘǎ 9ƴƎΦ нллсΣ суΣ 
мнрςмпфΦ 

офΦ bŜƛǊŀ ¢ƻǊǊŜǎΣ LΦΤ DƛƭƭŜǎΣ DΦΤ ¢ŎƘƻǳŦŀƴƎ ¢ŎƘǳƛƴŘƧŀƴƎΣ WΦΤ CƭƻǊŜǎΣ tΦΤ [ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ WΦΤ 
IŀōǊŀƪŜƴΣ !ΦaΦ C9 ƳƻŘŜƭƛƴƎ ƻŦ ǘƘŜ ŎƻƻƭƛƴƎ ŀƴŘ ǘŜƳǇŜǊƛƴƎ ǎǘŜǇǎ ƻŦ ōƛƳŜǘŀƭƭƛŎ ǊƻƭƭƛƴƎ Ƴƛƭƭ 
ǊƻƭƭǎΦ LƴǘΦ WΦ aŀǘŜǊΦ CƻǊƳΦ нлмтΣ млΣ нутςолрΦ 

плΦ DǳȊƳłƴΣ /ΦCΦΤ DǳΣ WΦΤ 5ǳƅƻǳΣ WΦΤ ±ŀƴƘƻǾŜΣ IΦΤ CƭƻǊŜǎΣ tΦΤ IŀōǊŀƪŜƴΣ !ΦaΦ {ǘǳŘȅ ƻŦ ǘƘŜ 

ƎŜƻƳŜǘǊƛŎŀƭ ƛƴŀŎŎǳǊŀŎȅ ƻƴ ŀ {tLC ǘǿƻπǎƭƻǇŜ ǇȅǊŀƳƛŘ ōȅ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ǎƛƳǳƭŀǝƻƴǎΦ LƴǘΦ WΦ 

{ƻƭƛŘǎ {ǘǊǳŎǘΦ нлмнΣ пфΣ орфпςослпΦ 

41. Mukherjee, T.; Zhang, W.; DebRoy, T. An improved prediction of residual stresses and 
distortion in additive manufacturing. Comput. Mater. Sci. 2017, 126, 360ς372. 

42. Chew, Y.; Pang, J.H.L.; Bi, G.; Song, B. Thermo-mechanical model for simulating laser 
cladding induced residual stresses with single and multiple clad beads. J. Mater. Process. 
Technol. 2015, 224, 89ς101. 

поΦ ½ƘǳΣ ¸Φ¸ΦΤ /ŜǎŎƻǧƻΣ {Φ ¦ƴƛŬŜŘ ŀƴŘ ƳƛȄŜŘ ŦƻǊƳǳƭŀǝƻƴ ƻŦ ǘƘŜ уπƴƻŘŜ ƘŜȄŀƘŜŘǊŀƭ ŜƭŜƳŜƴǘǎ 

ōȅ ŀǎǎǳƳŜŘ ǎǘǊŀƛƴ ƳŜǘƘƻŘΦ /ƻƳǇǳǘΦ aŜǘƘƻŘǎ !ǇǇƭΦ aŜŎƘΦ 9ƴƎΦ мффсΣ мнфΣ мттςнлфΦ 
44. Belytschko, T.; Bindeman, L.P. Assumed strain stabilization of the 4-node quadrilateral 

with 1-point quadrature for nonlinear problems. Comput. Methods Appl. Mech. Eng. 1991, 
88, 311ς340. 

прΦ 5ǳŎƘşƴŜΣ [ΦΤ 9ƭ IƻǳŘŀƛƎǳƛΣ CΦΤ IŀōǊŀƪŜƴΣ !ΦaΦ [ŜƴƎǘƘ ŎƘŀƴƎŜǎ ŀƴŘ ǘŜȄǘǳǊŜ ǇǊŜŘƛŎǝƻƴ 
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¢ƘŜ ŎǳǊǊŜƴǘ ǿƻǊƪ4 ǎŜŀƳƭŜǎǎƭȅ ŜȄǘŜƴŘǎ ǘƘŜ ǊŜǎŜŀǊŎƘ ŎƻƴŘǳŎǘŜŘ ƛƴ /ƘŀǇǘŜǊ нΦ hǳǊ ŜŀǊƭƛŜǊ 
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Ŏƻƴǎǘŀƴǘ ƭŀǎŜǊ ǇƻǿŜǊ ǎǘǊŀǘŜƎȅ ǿŀǎ ǎƘƻǿƴ ǘƻ ȅƛŜƭŘ ŀ ƴƻƴπǳƴƛŦƻǊƳ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ǘƘǊƻǳƎƘƻǳǘ 

ǘƘŜ ƳŀǘŜǊƛŀƭ ŘŜǇǘƘΣ ǘƘŜ ŦƻŎǳǎ ƻŦ ƻǳǊ ŎǳǊǊŜƴǘ ǿƻǊƪ ǎƘƛƊǎ ǘƻ ŜȄǇƭƻǊƛƴƎ ŀ ǾŀǊƛŀōƭŜ ƭŀǎŜǊ ǇƻǿŜǊ 
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ƘŀǊƴŜǎǎŜŘ ǘƘŜ bŜǿǘƻƴπwŀǇƘǎƻƴ ƛǘŜǊŀǝǾŜ ƳŜǘƘƻŘΣ ŀƴ ƻƭŘ ŦŀǎƘƛƻƴ ōǳǘ ǇƻǿŜǊŦǳƭ ǘƻƻƭ ƛƴ ƻǳǊ 
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όǎŀƳǇƭŜǎ tтст ŀƴŘ tтсуύΦ !ǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀǊǝŎƭŜΣ ǘƘŜȅ ŜƴƘŀƴŎŜ ǘƘŜ ǎŀƳǇƭŜ 
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Ǌƻōǳǎǘ ƻǇǝƳƛȊŀǝƻƴ ǿƘŜǊŜ ǘƘŜ Ŏƻƴǎǘŀƴǘ ƳŜƭǘ Ǉƻƻƭ ŀƴŘ ŀƴ ŜƴŜǊƎȅ ƳƛƴƛƳƛȊŀǝƻƴ ŘŜŬƴŜ ǘƘŜ ƻōƧŜŎǝǾŜ ŦǳƴŎǝƻƴ όtƘŀƳ нлноύΦ ¢ƘŜ 

ǎǘŀǊǘ ƛƴǇǳǘ ƛƴŦƻǊƳŀǝƻƴ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ tƘŀƳΩǎ ǿƻǊƪΦ   

 
4 Published in Optics and Laser Technology, volume 163, 2023, 109426 

5 T.Q.D. Pham, T.V. Hoang, X.V. Tran, Seifallah Fetni, L. Duchêne, H.S. Tran, A.M. Habraken, A framework for the 
robust optimization under uncertainty in additive manufacturing, Journal of Manufacturing Processes, Volume 
103, 2023, Pages 53-63, ISSN 1526-6125, https://doi.org/10.1016/j.jmapro.2023.08.009. 
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hǳǊ ƛƴǾŜǎǝƎŀǝƻƴ ŘŜƭǾŜŘ ƛƴǘƻ ǘƘŜ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎΣ ŜƳǇƭƻȅƛƴƎ ōƻǘƘ 

ƳƛŎǊƻƘŀǊŘƴŜǎǎ ŀƴŘ ƴŀƴƻƛƴŘŜƴǘŀǝƻƴ ǘŜŎƘƴƛǉǳŜǎΦ aƛŎǊƻƘŀǊŘƴŜǎǎ ŀǎǎŜǎǎƳŜƴǘǎ ǊŜǾŜŀƭŜŘ ǘƘŀǘ 

ǎŀƳǇƭŜǎ ǇǊƻŘǳŎŜŘ ǳǎƛƴƎ ǘƘŜ ƻǇǝƳƛȊŜŘ ǾŀǊƛŀōƭŜ ƭŀǎŜǊ ǇƻǿŜǊ ǎǘǊŀǘŜƎȅ ŜȄƘƛōƛǘŜŘ ƎǊŜŀǘŜǊ 

ƘƻƳƻƎŜƴŜƛǘȅ ƛƴ ƘŀǊŘƴŜǎǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƳŀǘŜǊƛŀƭϥǎ ŘŜǇǘƘ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘƻǎŜ ǇǊƻŘǳŎŜŘ 

ǿƛǘƘ ŀ Ŏƻƴǎǘŀƴǘ ƭŀǎŜǊ ǇƻǿŜǊ ŀǇǇǊƻŀŎƘΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ƴŀƴƻƛƴŘŜƴǘŀǝƻƴ ƘŀǊŘƴŜǎǎ ƳŀǇ 

ȅƛŜƭŘŜŘ ƛƴǘǊƛƎǳƛƴƎ ǊŜǎǳƭǘǎ ǘƘŀǘ ǿŀǊǊŀƴǘ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎΦ ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ ŎƻƴŘǳŎǝƴƎ ǎƛƳǳƭŀǝƻƴǎ 

ǿƛǘƘ /ƻƳǇǳǘŀǝƻƴŀƭ CƭǳƛŘ 5ȅƴŀƳƛŎǎ ǎƻƊǿŀǊŜ ŀǘ ǘƘŜ ƳŜǘ Ǉƻƻƭ ƭŜǾŜƭΦ LƴŘŜŜŘ ǿƛǘƘƛƴ ƻǳǊ ǎƻƭƛŘ C9 

ŜƭŜƳŜƴǘ ŀǇǇǊƻŀŎƘ ŀ ŬƴŜǊ ƳŜǎƘ ǿƛƭƭ ƴƻǘ Ǝŀƛƴ ŘŜŜǇŜǊ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ ŀŎŎǳǊŀǘŜ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅ 

ŀŎǊƻǎǎ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ǘƘƛŎƪƴŜǎǎΦ ¢ƘŜ ŜǾŜƴǘǎ ǊŜƭŀǘŜŘ ǘƻ ŎƻƴǾŜŎǝƻƴ ǎǳŎƘ ŀǎ aŀǊŀƴƎƻƴƛ ŜũŜŎǘ 

ǿƛǘƘƛƴ ŀ ƭƛǉǳƛŘ ŀǊŜ ƻǳǘ ƻŦ ǊŀƴƎŜ ƘŜǊŜΦ CƻǊ ǘƘƛǎ ǿƻǊƪΣ ǎŀƳǇƭŜǎ tтссΣ tтст ŀƴŘ tтсу ǿŜǊŜ ǳǎŜŘ 

ŦƻǊ /t όŎƻƴǎǘŀƴǘ ǇƻǿŜǊύΣ [tCм όƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴύ ŀƴŘ [tCн ŎƻƴŬƎǳǊŀǝƻƴǎ ǊŜǎǇŜŎǝǾŜƭȅΦ 
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ǇǊƻŎŜǎǎ ŦƻǊ ƘƻƳƻƎŜƴŜƻǳǎ !L{L aп ǎǘŜŜƭ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ 
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!ōǎǘǊŀŎǘ 
! ŬƴƛǘŜ ŜƭŜƳŜƴǘ ƳƻŘŜƭ ƻŦ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ό595ύ ǇǊƻŎŜǎǎ ǇǊŜŘƛŎǘǎ ǘƘŜ ǘƘŜǊƳŀƭ 
ƘƛǎǘƻǊȅ ŘǳǊƛƴƎ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭ ŎǳōƻƛŘ ǎŀƳǇƭŜǎΦ ¢ƘŜ ǎƛƳǳƭŀǝƻƴ ǊŜǎǳƭǘ 
ǾŀƭƛŘŀǝƻƴ ǊŜƭƛŜǎ ƻƴ ŎƻƳǇŀǊƛǎƻƴǎ ōŜǘǿŜŜƴ ƳŜŀǎǳǊŜŘ ŀƴŘ ǇǊŜŘƛŎǘŜŘ Řŀǘŀ ǎǳŎƘ ŀǎ ǘŜƳǇŜǊŀǘǳǊŜ 
ƘƛǎǘƻǊƛŜǎ ǿƛǘƘƛƴ ǘƘŜ ǎǳōǎǘǊŀǘŜ ŀƴŘ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ŘŜǇǘƘ ƻŦ ǘƘŜ ƭŀǎǘ ŎƻŀǝƴƎ ƭŀȅŜǊΦ LƴǘŜƎǊŀǘŜŘ 
ǿƛǘƘƛƴ ŀƴ ƻǇǝƳƛȊŀǝƻƴ ƭƻƻǇΣ ǘƘŜǎŜ 595 ǎƛƳǳƭŀǝƻƴǎ ƛŘŜƴǝŦȅ ǘǿƻ ǾŀǊƛŀōƭŜ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎ 
ŀōƭŜ ǘƻ ƎŜƴŜǊŀǘŜ ŀ Ŏƻƴǎǘŀƴǘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜΦ ¢ƘŜǎŜ ŦǳƴŎǝƻƴǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ǇǊƻǾƛŘŜ ŀ 
ƘƻƳƻƎŜƴŜƻǳǎ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻǾŜǊ ƭŀȅŜǊǎΦ ¢ƘŜ ŎƻƳǇǳǘŜŘ ǘƘŜǊƳŀƭ ŬŜƭŘǎ ŀƴŘ ǘƘŜ 
ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘǊŜŜ !L{L aп ŜȄǇŜǊƛƳŜƴǘǎ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ ǘƘŜ Ŏƻƴǎǘŀƴǘ ƭŀǎŜǊ 
ǇƻǿŜǊ ŎŀǎŜ ŀƴŘ ǘƘŜ ǘǿƻ ƻǇǝƳƛȊŜŘ ŦǳƴŎǝƻƴǎ ŀǘ ǘƘǊŜŜ Ǉƻƛƴǘǎ ƻŦ ƛƴǘŜǊŜǎǘ ƭƻŎŀǘŜŘ ŀǘ ŘƛũŜǊŜƴǘ 
ŘŜǇǘƘǎ ǿƛǘƘƛƴ ǘƘŜ ŘŜǇƻǎƛǘ ŀǊŜ ŎƻǊǊŜƭŀǘŜŘΦ ¢ƘŜ ŜũŜŎǘ ƻŦ ǘƘŜ ƳŜƭǘ ǎǳǇŜǊƘŜŀǝƴƎ ǘŜƳǇŜǊŀǘǳǊŜ 
ŀƴŘ ǘƘŜ ǘƘŜǊƳŀƭ ŎȅŎƭƛŎ ƘƛǎǘƻǊȅ ƻƴ ƳƛŎǊƻ ŀƴŘ ƴŀƴƻƘŀǊŘƴŜǎǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛǎ ƻōǎŜǊǾŜŘΦ !ǎ ŀ 
ǊŜǎǳƭǘΣ ǘƘŜ ƻǇǝƳƛȊŜŘ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎ ǇǊƻǾƛŘŜ ǎŀƳǇƭŜǎ ǿƛǘƘ ƳƻǊŜ ƘƻƳƻƎŜƴŜƻǳǎ 
ƳƛŎǊƻƘŀǊŘƴŜǎǎ ǘƘŀƴ ǘƘŜ Ŏƻƴǎǘŀƴǘ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴΣ ƘƻǿŜǾŜǊΣ ǘƘŜ ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ 

ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƛǎ ƴƻǘ Ŧǳƭƭȅ ŎƻƴŬǊƳŜŘ ōȅ ǘƘŜ ƴŀƴƻƘŀǊŘƴŜǎǎ ƳŀǇ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŘŜǇƻǎƛǘŜŘ aп 
ǎǘŜŜƭ ƭŀȅŜǊǎΦ 

YŜȅǿƻǊŘǎΥ CƛƴƛǘŜ ŜƭŜƳŜƴǘ ƳƻŘŜƭƛƴƎΤ bǳƳŜǊƛŎŀƭ ƻǇǝƳƛȊŀǝƻƴΤ !ŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΤ 
5ƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴΤ aŜƭǘ Ǉƻƻƭ ǎƛȊŜΤ bŀƴƻƘŀǊŘƴŜǎǎ ƳŀǇΦ  

мΦ LƴǘǊƻŘǳŎǝƻƴ 
 

¢ƻ ƻǾŜǊŎƻƳŜ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ǊŜƭŀǘŜŘ ǘƻ ƛƴŎǊŜŀǎƛƴƎ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎΣ ƴƻƛǎŜ ŀƴŘ ŜƴŜǊƎȅ 
ŎƻƴǎǳƳǇǝƻƴ ƛƴ ŀƛǊ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ǇǊƻŘǳŎǘ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǊŜƭŀǘŜŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƛƴŘǳǎǘǊȅΣ 
ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ό!aύ ǇǊƻŎŜǎǎŜǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ƻƴŜ ƻŦ ǘƘŜ ōŜǎǘ ŜƳŜǊƎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ 
ŎƻƴǘǊƛōǳǝƴƎ ǘƻ ǘƘŜ ŦƻǳǊǘƘ ƛƴŘǳǎǘǊƛŀƭ ǊŜǾƻƭǳǝƻƴΦ ¢ƘŜ ŘƛũŜǊŜƴǘ !a ǘŜŎƘƴƻƭƻƎƛŜǎ ǇǊƻŘǳŎŜ 
ŎƻƳǇƻƴŜƴǘǎ ǿƛǘƘ ǎǇŜŎƛŀƭ ƻǊ ŎƻƳǇƭŜȄ ƳŜǘŀƭ ŀƭƭƻȅǎΣ ƅŜȄƛōƭŜ ŀƴŘ ŦǳƴŎǝƻƴŀƭ ŘŜǎƛƎƴǎΣ ŀƴŘ 
ŎƻƴǎŜǉǳŜƴǘƭȅ ƭƛƎƘǘ ǿŜƛƎƘǘ ώмςрϐΦ Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ !a ǊŜǇŀƛǊ ǘŜŎƘƴƻƭƻƎȅ ŀƭǎƻ 

ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ƛƴŎǊŜŀǎŜ ǎŜǊǾƛŎŜ ƭƛŦŜ ōȅ ǊŜŎƻǾŜǊƛƴƎ ŘŀƳŀƎŜŘ ŎƻƳǇƻƴŜƴǘǎ ώсϐΦ  
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¢ƘŜ ǘǿƻ Ƴŀƛƴ ƪƴƻǿƴ ƎǊƻǳǇǎ ƻŦ !a ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ό595ύ ώтςмпϐ 
ŀƴŘ ǇƻǿŘŜǊ ōŜŘ Ŧǳǎƛƻƴ όt.Cύ ǇǊƻŎŜǎǎŜǎ ώмрςмфϐΦ {ƻƳŜ ŀŘǾŀƴǘŀƎŜǎ ƻŦ 595 ǇǊƻŎŜǎǎ ƻǾŜǊ t.C 
όƭŀǎŜǊ ό[πt.Cύ ƻǊ ŜƭŜŎǘǊƻƴ ōŜŀƳ ό9.πt.Cύύ ŀǊŜ ǘƘŜƛǊ ƘƛƎƘ ǾŜǊǎŀǝƭƛǘȅ ŀƴŘ ŎƻƴǘǊƻƭƭŀōƛƭƛǘȅΣ ƛƴŎǊŜŀǎŜŘ 
ōǳƛƭŘ ǊŀǘŜǎ ŀƴŘ ǾƻƭǳƳŜǎΣ ŀƴŘ ƭƻǿŜǊ ƳŀǘŜǊƛŀƭ ǇƻǿŘŜǊ ǊŜǉǳƛǊŜŘ ώнлϐΦ t.C ǇǊƻŎŜǎǎŜǎ ƎŜƴŜǊŀƭƭȅ 
ŀƭƭƻǿ ōǳƛƭŘƛƴƎ ƘƛƎƘ ǊŜǎƻƭǳǝƻƴ ǇŀǊǘǎ ώнмϐΤ ǿƘƛƭŜ 595 ǇǊƻŎŜǎǎŜǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ǎǳƛǘŀōƭŜ ŦƻǊ ƴŜŀǊ 
ƴŜǘ ǎƘŀǇŜ ǇǊƻŘǳŎǘǎΣ ŎƭŀŘŘŜŘ ǇŀǊǘǎ ƻǇŜǊŀǝƴƎ ƛƴ ŜȄǘǊŜƳŜ ŎƻƴŘƛǝƻƴǎΣ ŀƴŘ ǊŜǇŀƛǊŜŘ ƘƛƎƘπǾŀƭǳŜŘ 
ŎƻƳǇƻƴŜƴǘǎ ώсΣннϐΦ ¢ƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ƛƳǇǊƻǾƛƴƎ 595 ǇŀǊǘ ǉǳŀƭƛǘȅ ōȅ ƻǇǝƳƛȊƛƴƎ 
ǘƘŜ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴ ǘƘŀƴƪǎ ǘƻ н5 ŬƴƛǘŜ ŜƭŜƳŜƴǘ όC9ύ ǎƛƳǳƭŀǝƻƴǎΦ ¢ƘŜ ƻǇǝƳŀƭ ƭŀǎŜǊ ǇƻǿŜǊ 
ŦǳƴŎǝƻƴǎ ƛŘŜƴǝŬŜŘ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ǇǊƻŘǳŎŜ ǇŀǊǘǎ ǿƛǘƘ ƛƳǇǊƻǾŜŘ ƘƻƳƻƎŜƴŜƛǘȅΣ ǿƘƛŎƘ ǿƛƭƭ ōŜ 

ŜǾŀƭǳŀǘŜŘ ŀǘ ǘƘŜ ƳƛŎǊƻǎŎƻǇƛŎ ƭŜǾŜƭ ōȅ ±ƛŎƪŜǊǎ ǇǊƻŬƭŜǎ ŀƴŘ ƴŀƴƻƛƴŘŜƴǘŀǝƻƴ ƳŀǇǇƛƴƎΦ 

!L{L aп ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭ ƎǊŀŘŜ ǎƘƻǿǎ ŀ ƘƛƎƘ ǇƻǘŜƴǝŀƭ ƻŦ ǿŜŀǊ ǇǊƻǇŜǊǝŜǎ όCƛƎΦ мύΦ ¢ƘŜ !L{L aп 
ǿŜŀǊ ōŜƘŀǾƛƻǊ ƻŦ 595 ǎŀƳǇƭŜǎ ƛǎ ǎǘǊƻƴƎƭȅ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǎƛȊŜ ŀƴŘ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ōƻǘƘ 
ǾŀƴŀŘƛǳƳπǊƛŎƘ a/ ŎŀǊōƛŘŜǎ ŀƴŘ ƳƻƭȅōŘŜƴǳƳπǊƛŎƘ aн/ ŎŀǊōƛŘŜǎ ǇǊŜǎŜƴǘ ŀǘ ŎŜƭƭ ōƻǳƴŘŀǊƛŜǎΦ 
¢Ƙƛǎ ǎǘŀǘŜƳŜƴǘ ƛǎ ŎƻƴŬǊƳŜŘ ƛƴ IŀǎƘŜƳƛ Ŝǘ ŀƭΦ ώноϐΣ ǿƘƛŎƘ ŎƻƳǇŀǊŜǎ ǘƘŜ ǿŜŀǊ ōŜƘŀǾƛƻǊ ƻŦ 
ŘƛũŜǊŜƴǘ ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭ ƎǊŀŘŜǎ ό595 ŎǳōƻƛŘ ŘŜǇƻǎƛǘǎ ƻŦ олπор ƳƳ ǎǉǳŀǊŜ ŀƴŘ нлπнр ƳƳ 
ƘƛƎƘ ǾŜǊǎǳǎ Ŏŀǎǘ ǎŀƳǇƭŜǎύΦ 595 ǳƭǘǊŀŬƴŜ ŀƴŘ ŎŜƭƭǳƭŀǊπǘȅǇŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ όCƛƎΦ нόŀύ ŀƴŘ нόōύύ 
ŎƻƴǘŀƛƴƛƴƎ ǊƻǳƴŘŜŘ ǎƘŀǇŜ aн/ ŎŀǊōƛŘŜǎ ƭŜŀŘ ǘƻ ƭƻǿ ǿŜŀǊ ǊŀǘŜǎ όǎŜŜ CƛƎΦ нύ ŎƻƳǇŀǊŜŘ ǘƻ 
ŎƻŀǊǎŜǊ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ όƴƻǘŜ ǘƘŜ ŘƛũŜǊŜƴǘ ƛƳŀƎŜ ǎŎŀƭŜύ ƻōǘŀƛƴŜŘ ǳƴŘŜǊ ŎƻƴǾŜƴǝƻƴŀƭ ŎŀǎǝƴƎ 
ǊƻǳǘŜ όCƛƎΦ мόŎύύΦ ¢Ƙƛǎ Ŏŀǎǘ ƛƳŀƎŜ Ŏƻƴǘŀƛƴǎ ōƻǘƘ ƭŀǊƎŜ a/ ŎŀǊōƛŘŜǎ ƛƴǎƛŘŜ ƎǊŀƛƴǎ ŀƴŘ ŀŎƛŎǳƭŀǊ 
aн/ ŎŀǊōƛŘŜǎ ŀǘ ƎǊŀƛƴ ōƻǳƴŘŀǊƛŜǎΦ Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ ǘƻǇ ƭŀȅŜǊ ǿƛǘƘƛƴ 595 ǎŀƳǇƭŜ Ƙŀǎ ŀ ǎƭƛƎƘǘƭȅ 
ŬƴŜǊ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ǘƘŀƴ ǘƘŜ ŎƻǊŜ ƭŀȅŜǊ ŀǎ ƳŜƴǝƻƴŜŘ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǿƻǊƪ ƻŦ WŀǊŘƛƴ Ŝǘ ŀƭΦ 
ώнпϐΦ ¢Ƙƛǎ ŦŀŎǘ ŎƻǳƭŘ ŜȄǇƭŀƛƴ ǿƘȅ ǘƘŜ ǿŜŀǊ ǊŀǘŜ ƛǎ ŀƭǎƻ ǎƭƛƎƘǘƭȅ ƭƻǿŜǊ ŎƭƻǎŜ ǘƻ ǘƘŜ 595 ǎǳǊŦŀŎŜ 
ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ōǳƭƪ ŦƻǊ 595 ǎŀƳǇƭŜǎ ŀǘ ƭƻǿ ǎƭƛŘƛƴƎ ǎǇŜŜŘ ōǳǘ ŘƻŜǎ ƴƻǘ ƧǳǎǝŦȅ ǘƘŜ ƘƛƎƘŜǊ 
ǿŜŀǊ ǊŀǘŜ ŦƻǊ ƘƛƎƘŜǊ ǎƭƛŘƛƴƎ ǎǇŜŜŘΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘŜ ǿŜŀǊ ǊŀǘŜ ǿƛǘƘƛƴ 595 ǎŀƳǇƭŜǎ ƛǎ ŎƭŜŀǊƭȅ 
ƭŜǎǎ ǎŜƴǎƛǝǾŜ ǘƻ ǎƭƛŘƛƴƎ ǎǇŜŜŘ ŎƻƳǇŀǊŜŘ ǘƻ ŎƻƴǾŜƴǝƻƴŀƭ ŎŀǎǝƴƎΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ƭƻŎŀǝƻƴ 
ǿƛǘƘƛƴ ǘƘŜ ǘƘƛŎƪ ŘŜǇƻǎƛǘΦ ¢Ƙƛǎ ŦŀŎǘ Ǉƻƛƴǘǎ ŀ ƘƛƎƘŜǊ ƘƻƳƻƎŜƴŜƛǘȅ ǿƛǘƘƛƴ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ŀǘ ŀ ƳŀŎǊƻ 
ǎŎŀƭŜ ŦƻǊ 595 ǎŀƳǇƭŜǎΣ ǿƘƛƭŜ ǘƘŜ ƴƻƴπŎƻƴǎǘŀƴǘ ǿŜŀǊ ǇǊƻǇŜǊǝŜǎ ǿƛǘƘ ǘƘŜ ƘŜƛƎƘǘ ƭƻŎŀǝƻƴ ǎǝƭƭ 

ǎǳƎƎŜǎǘǎ ŀ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ƻŦ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ŎƻǳƭŘ ōŜ ƛƳǇǊƻǾŜŘΦ 

 

Fig. 1. Wear properties of AISI M4 DED and casted samples under two different sliding speeds and for DED, at the 
sample surface associated with the last deposit layer and in the core sample. 
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Fig. 2. SEM micrographs (BSE) show the ultrafine and cellular-type microstructures of DED AISI M4 sample 
manufactured with a constant laser power, (a) near the surface (within top layer), (b) at the sample mid height, and (c) 
BSE images of the coarse microstructure of a conventional cast sample (note the lower magnification of c image 

versus a and b ones). 

¢ƘŜ ƘƻƳƻƎŜƴŜƛǘȅ ƛǎǎǳŜǎ ǿƛǘƘƛƴ 595 ǎŀƳǇƭŜǎ ƛǎ ƴƻǘ ƴŜǿΦ CƻǊ ƛƴǎǘŀƴŎŜΣ {ƘƛƳ Ŝǘ ŀƭΦ ώтϐ ŘŜǾŜƭƻǇŜŘ 
ŀ ǇǊƻŎŜǎǎ ŘƛŀƎǊŀƳ ǘƻ ǊŜƭŀǘŜ ǘƘŜ ǎƛƴƎƭŜπƭŀȅŜǊ ƘŜƛƎƘǘ ǘƻ ǘƘŜ ǎǇŜŎƛŬŎ ŜƴŜǊƎȅ ŘŜƴǎƛǘȅ ŀƴŘ ǘƘŜ 
ǇƻǿŘŜǊ ŦŜŜŘ ŘŜƴǎƛǘȅ ƛƴ ƻǊŘŜǊ ǘƻ ƛƳǇǊƻǾŜ ƎŜƻƳŜǘǊƛŎ ŀŎŎǳǊŀŎȅ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ 
ǘƘŜ Ŭƴŀƭ ǇŀǊǘ ƻŦ ƘƛƎƘπǎǇŜŜŘπǘƻƻƭ ǎǘŜŜƭ !L{L aпΦ ¢ƘŜƛǊ ǊŜǎǳƭǘǎ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ŀ ǝƳŜπǾŀǊȅƛƴƎ 

ŜƴŜǊƎȅ ǎǳǇǇƭƛŜŘ ǘƻ ǘƘŜ ƳŜƭǝƴƎ ȊƻƴŜ ŀũŜŎǘǎ ǘƘŜ ŎƻƻƭƛƴƎ ǊŀǘŜ ŀƴŘ ǘƘŜ ǎƻƭƛŘƛŬŎŀǝƻƴ ǊŀǘŜ ƻŦ ǘƘŜ 
ŘŜǇƻǎƛǘŜŘ ƭŀȅŜǊǎΣ ǊŜǎǳƭǝƴƎ ƛƴ ŀƴ ƛƴƘƻƳƻƎŜƴŜƻǳǎ ƳƛŎǊƻπƘŀǊŘƴŜǎǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŘŜǇƻǎƛǘŜŘ 
ǊŜƎƛƻƴΦ ¢ƘŜ ƴƻƴπǳƴƛŦƻǊƳ ƳƛŎǊƻπƘŀǊŘƴŜǎǎ ǿŀǎ ŜȄǇƭŀƛƴŜŘ ōȅ ǾŀǊƛŀǝƻƴ ƛƴ ǘƘŜ ƎǊŀƛƴ ǎƛȊŜ ŀƴŘ ǘƘŜ 
ƳŀǊǘŜƴǎƛǘŜ ŦǊŀŎǝƻƴ ŀǘ ŜŀŎƘ ƭƻŎŀǝƻƴ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘŜŘ ǊŜƎƛƻƴΣ ŎŀǳǎŜŘ ōȅ ǘƘŜ ƘƛǎǘƻǊȅ ƻŦ ǘƘŜ 
ŜƴŜǊƎȅ ƛƴǇǳǘ ƛƴ ǘƘŜ ƳŀǘŜǊƛŀƭΦ Lǘ ƛƴŘŜŜŘ ƎŜƴŜǊŀǘŜǎ ŀ ƴƻƴπǳƴƛŦƻǊƳ ǎƻƭƛŘƛŬŎŀǝƻƴ ǊŀǘŜ ƻŦ ǘƘŜ !L{L 

aп ǎǘŜŜƭΦ Lƴ ŀŘŘƛǝƻƴΣ {ƘƛƳ Ŝǘ ŀƭΦ ώнрϐ ǎǘǳŘƛŜŘ ǘƘŜ ŜũŜŎǘ ƻŦ ǎǳōǎǘǊŀǘŜ ǇǊŜƘŜŀǝƴƎ ōȅ ƛƴŘǳŎǝƻƴ 
ƘŜŀǘŜǊ ƻƴ 595 !L{L aп ǇƻǿŘŜǊΦ ¢ƘŜƛǊ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƘŜ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ǎǳŎƘ ŀǎ 

ƭŀǎŜǊ ǇƻǿŜǊΣ ǇƻǿŘŜǊ ŦŜŜŘ ǊŀǘŜΣ ŀƴŘ ƛƴŘǳŎǝƻƴ ŜƴŜǊƎȅ ǎƘƻǳƭŘ ōŜ Ŏŀǳǝƻǳǎƭȅ ŘŜǎƛƎƴŜŘ ǘƻ ƭƛƳƛǘ 
ǘƘŜ ƳŜƭǝƴƎ Ǉƻƻƭ ǊƛǎŜΣ ǿƘƛŎƘ ǊŜǎǳƭǘŜŘ ƛƴ ŀƴ ƻǾŜǊπŘŜǇƻǎƛǝƻƴ ƭŜŀŘƛƴƎ ǘƻ ŀ ŘƛƳŜƴǎƛƻƴŀƭ ŜǊǊƻǊΦ 

bƻǘŜ ǘƘŀǘ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ƛǎ ƴƻǘ ǘƘŜ ǎƛƴƎƭŜ ǇŜŎǳƭƛŀǊƛǘȅ ƻōǎŜǊǾŜŘ ƛƴ 595 
ǎŀƳǇƭŜǎΦ ²ƛǘƘƛƴ ŀŘŘƛǝǾŜ ǇŀǊǘǎΣ ǘƘŜǊŜ ŀǊŜ ŀƭǎƻ ŦƻǊ ƛƴǎǘŀƴŎŜ ǳƴŎƻƴǘǊƻƭƭŜŘ ǾƻƛŘǎΣ ƳƛŎǊƻπŎǊŀŎƪǎΣ 

ǇŀǊǘ ŘƛǎǘƻǊǝƻƴǎ ŀƴŘ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ ώнсςнуϐ ǿƘƛŎƘ ŀǊŜ ƴƻǘ ǇǊŜǎŜƴǘ ƛƴ ǿǊƻǳƎƘǘ ƳŀǘŜǊƛŀƭǎ 
ώнсΣнфΣолϐΦ !ƳƻƴƎ ǘƘŜ ƴǳƳŜǊƻǳǎ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ŎƻƴŘƛǝƻƴƛƴƎ ǘƘŜ ŦŜŀǎƛōƛƭƛǘȅ ƻŦ ŀ 595 ǇŀǊǘ 
ŀǊŜ ǘƘŜ ƭŀǎŜǊ ǇƻǿŜǊ ŀƴŘ ǎǇƻǘ ǎƛȊŜΣ ǇƻǿŘŜǊ ƅƻǿ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴΣ ǎŎŀƴƴƛƴƎ ǎǇŜŜŘΣ ǿƻǊƪƛƴƎ 
ŘƛǎǘŀƴŎŜΣ ƘŀǘŎƘ ǎǇŀŎƛƴƎ ŀƴŘ ƻǾŜǊƭŀǇΣ ǎŎŀƴƴƛƴƎ ŀƴŘ ǎƭƛŎŜ ǎǘǊŀǘŜƎȅΦ ¢ƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǇŀǊǘ ǉǳŀƭƛǘȅΣ 
ƻƴƭƛƴŜ ǇǊƻŎŜǎǎ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ŎƻƴǘǊƻƭ ƘŀǾŜ ōŜŜƴ ŀǇǇƭƛŜŘ ǘƻ ǾŀǊȅ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ƳŜƭǘ 

ǇƻƻƭΣ ƛǘǎ ǎƛȊŜΣ ǘƘŜ ŘŜǇƻǎƛǝƻƴ ǘƘƛŎƪƴŜǎǎ ŀƴŘ ǘƘŜ ǇƻǿŘŜǊ ƅƻǿΦ CƻǊ ƛƴǎǘŀƴŎŜΣ {ǳ Ŝǘ ŀƭΦ ώомϐ 
ǇǊƻǇƻǎŜŘ ŀ ŎƭƻǎŜŘπƭƻƻǇ ŎƻƴǘǊƻƭ ƳŜǘƘƻŘ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊƻǇƻǊǝƻƴŀƭ ƛƴǘŜƎǊŀǝƻƴ ŀƭƎƻǊƛǘƘƳ όtL5ύ 
ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǿŜŀǊ ǊŜǎƛǎǘŀƴŎŜ ōȅ ǘǳƴƛƴƎ ŀƴŘ ŎƻƴǘǊƻƭƭƛƴƎ ƛƴ ǊŜŀƭ ǝƳŜ ǘƘŜ ƭŀǎŜǊ ǇƻǿŜǊ ŀƴŘ 
ƳƻƭǘŜƴ Ǉƻƻƭ ǎƛȊŜΦ /ƭƻǎŜŘπƭƻƻǇ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ ǊŜŘǳŎǝƻƴ ŎƻƴǘǊƻƭ ŀũŜŎǘǎ ǘƘŜ ŎƻƻƭƛƴƎ ǊŀǘŜΣ 
ǇǊƻƳƻǘŜǎ ǇƘŀǎŜ ǘǊŀƴǎŦƻǊƳŀǝƻƴ ŀƴŘ ƎǊŀƛƴ ǊŜŬƴŜƳŜƴǘΣ ŎƻƴǎŜǉǳŜƴǘƭȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ŘŜǇƻǎƛǘŜŘ 

ǇŀǊǘ ǎǘǊŜƴƎǘƘ ώонϐΦ /ƻƴƎ ŀƴŘ bƛƴƎ ώооϐ ǇǊƻǇƻǎŜŘ ŀƴ ǳƭǘǊŀǎƻƴƛŎ ǾƛōǊŀǝƻƴ ŦƻǊ ǘƘŜ 595 ǇǊƻŎŜǎǎ 
ǘƻ ǊŜŘǳŎŜ ǾƻƛŘǎ ŀƴŘ ŎǊŀŎƪǎΣ ŀŎƘƛŜǾƛƴƎ ƛƳǇǊƻǾŜŘ ƎŜƻƳŜǘǊƛŎŀƭ ŀƴŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ 

ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΣ ŀƴŘ ŎƻƴǎŜǉǳŜƴǘƭȅ ƘƛƎƘŜǊ ƳŜŎƘŀƴƛŎŀƭ ǊŜǎƛǎǘŀƴŎŜ ƛƴ ǎǘŀƛƴƭŜǎǎ ǎǘŜŜƭ ǇŀǊǘǎΦ tŀǊƪ Ŝǘ 
ŀƭΦ ώопϐ ŘŜǾŜƭƻǇŜŘ ŀ ǊŜŀƭπǝƳŜ tƻƛǎǎƻƴϥǎ Ǌŀǝƻ ŀƴŘ ¸ƻǳƴƎϥǎ ƳƻŘǳƭǳǎ ŜǎǝƳŀǝƻƴ ǘŜŎƘƴƛǉǳŜ ŦƻǊ 
ǘƘŜ 595 ǇǊƻŎŜǎǎ ǳǎƛƴƎ ŦŜƳǘƻǎŜŎƻƴŘ ƭŀǎŜǊ ǳƭǘǊŀǎƻǳƴŘΦ CƻǊ ǇǊƻŎŜǎǎ ǊŜǇŜŀǘŀōƛƭƛǘȅΣ ǉǳŀƭƛǘȅ 
ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ ƴƻȊȊƭŜ ƎŜƻƳŜǘǊȅ ǾŀǊƛŀǝƻƴ ŘǳǊƛƴƎ ǎŜǊǾƛŎŜ ƭƛŦŜ ŘǳŜ ǘƻ ǎŎƻǳǊƛƴƎ ŜǊƻǎƛƻƴ ƻŦ 
ǘƘŜ ƛƴƴŜǊ ŎƘŀƴƴŜƭ ƛƴ ŎƻƴǘŀŎǘ ǿƛǘƘ ǘƘŜ ƘƛƎƘπǎǇŜŜŘ ǇƻǿŘŜǊ ǇŀǊǝŎƭŜǎ Ƴǳǎǘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ 

ǊŜǇƻǊǘŜŘ ōȅ ¢ŀƴ Ŝǘ ŀƭΦ ώорϐΦ ¢ƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ƻōǘŀƛƴƛƴƎ ŀŎŎǳǊŀǘŜ ƎŜƻƳŜǘǊȅ Ƙŀǎ ōŜŜƴ ǊŜǇƻǊǘŜŘ 



ур 

 

ōȅ tŜƴƎ Ŝǘ ŀƭΦ ώосϐΣ ǿƘƛƭŜ ƻǘƘŜǊ ǊŜǎŜŀǊŎƘŜǊǎ ƘŀǾŜ ōŜŜƴ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ǇŀǘƘ ǎǘǊŀǘŜƎƛŜǎ ŜũŜŎǝƴƎ 
ǘƘŜ ǇǊƻǇŜǊǝŜǎ ŀƴŘ ǘƘŜ ƎŜƻƳŜǘǊƛŎŀƭ ŘƛƳŜƴǎƛƻƴǎ ƻŦ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ǇŀǊǘǎΦ ²ƻƻ Ŝǘ ŀƭΦ ώотϐ 
ŜȄŀƳƛƴŜŘ ǘƘŜ ǘƘǊƻǳƎƘ ǘƘƛŎƪƴŜǎǎ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΣ ǘƘŜ ǘƘŜǊƳŀƭ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎΣ ŀƴŘ 
ǘƘŜ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎŜǎ ƻŦ ŀ 595 ŦǳƴŎǝƻƴŀƭƭȅ ƎǊŀŘŜŘ ǎǘŜŜƭ όCDaύ ǎǇŜŎƛƳŜƴǎ ŬƴŘƛƴƎ ŀƴ ŜǉǳƛŀȄŜŘ 
ƎǊŀƛƴ ǎǘǊǳŎǘǳǊŜ ŎǊŜŀǘŜŘ ōȅ ǘƘŜ ŜǇƛǘŀȄƛŀƭ ƎǊŀƛƴ ƎǊƻǿǘƘ ŀƭƻƴƎ ǘƘŜ ōǳƛƭŘƛƴƎ ŘƛǊŜŎǝƻƴ ǿƛǘƘ ŀ 
ƳŀȄƛƳǳƳ ǎƛƎƴƛŬŎŀƴǘ ǾŀǊƛŀǝƻƴ ƻŦ фрл atŀ ƻŦ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎŜǎΦ ¢ƘŜ ǎǘǊŜǎǎŜǎ ǿŜǊŜ ǊŜƭŜŀǎŜŘ ǘƻ 
ŀōƻǳǘ пол atŀ ǿƘŜƴ ǘƘŜ CDa ǿŜǊŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ǿƛǘƘ ƻǊǘƘƻƎƻƴŀƭ ƻǊ ƛǎƭŀƴŘ όŎƘŜǎǎōƻŀǊŘύ 
ƛƴǘŜǊƭŀȅŜǊǎ ǎŎŀƴƴƛƴƎ ǎǘǊŀǘŜƎƛŜǎΦ Lƴ .ƛŜƎƭŜǊ Ŝǘ ŀƭΦ ώоуϐΣ ǘǿƻ ŘƛũŜǊŜƴǘ ǇŀǘƘπǇƭŀƴƴƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ 
!L{L омс[ ōǳƭƪȅ ǇŀǊǘǎ ǎǳŎƘ ŀǎ ǘƘŜ ŎƻƴǘƻǳǊπǇŀǊŀƭƭŜƭ ŀƴŘ ǘƘŜ ȊƛƎπȊŀƎ ǿŜǊŜ ŎƻƳǇŀǊŜŘΦ ¢ƘŜ 
ŎƘŀǊŀŎǘŜǊƛǎǝŎ ŜǊǊƻǊǎ ƻōǎŜǊǾŜŘ ŀǘ ŎǳǊǾŜŘ ŀƴŘ ƴŀǊǊƻǿ ŀǊŜŀǎ ŦƻǊ ǘƘŜ ȊƛƎπȊŀƎ ǎǘǊŀǘŜƎȅ ŀƴŘ ŀǘ ǎƘŀǊǇ 
ŀƴƎƭŜǎ ŦƻǊ ǘƘŜ ŎƻƴǘƻǳǊπǇŀǊŀƭƭŜƭ ǎǘǊŀǘŜƎȅ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǇŀǘƘ ƛǎ ƘƛƎƘƭȅ 

ƎŜƻƳŜǘǊȅ ŘŜǇŜƴŘŜƴǘΦ 

Lƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜ ǘƻƻƭǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎ ŘŜǾŜƭƻǇŜŘ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ 595 ǇǊƻŎŜǎǎ ƭƛǎǘŜŘ 
ƘŜǊŜ ŀōƻǾŜΣ ƴǳƳŜǊƻǳǎ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ ƴǳƳŜǊƛŎŀƭ ǊŜǎŜŀǊŎƘŜǎ ƘŀǾŜ ōŜŜƴ ǎǇŜŎƛŬŎŀƭƭȅ 
ŎƻƴŘǳŎǘŜŘ ƻƴ ǘƘŜ ƭƛƴƪǎ ōŜǘǿŜŜƴ ǘƘŜǊƳƻƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎΣ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ 
ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘŜŘ ƳŀǘŜǊƛŀƭ ώнсΣофςпнϐΦ CƻǊ ¢ƛс!ƭп± ƳŀǘŜǊƛŀƭΣ ƛƴ [ǳ Ŝǘ 
ŀƭΦ ώпоϐ ǘƘŜ ƳƛŎǊƻƘŀǊŘƴŜǎǎ ŀƴŘ ǘŜƴǎƛƭŜ ǇǊƻǇŜǊǘȅ ƻŦ ǘƘŜ ǎǇŜŎƛƳŜƴǎ ƻōǘŀƛƴŜŘ ōȅ 595 ǿŜǊŜ 
ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƳǇǊƻǾŜŘ ōȅ ǘƘŜ ƛƴǘŜǊƭŀȅŜǊ ƭŀǎŜǊ ǎƘƻǘ ǇŜŜƴƛƴƎ ǘǊŜŀǘƳŜƴǘΣ ǊŜŀŎƘƛƴƎ ǇǊƻǇŜǊǝŜǎ 
ŜǉǳƛǾŀƭŜƴǘ ǘƻ ǘƘƻǎŜ ŦƻǳƴŘ ƛƴ Ǌŀǿ ¢ƛπс!ƭπп± ώппϐΦ wŀȊŀǾƛ Ŝǘ ŀƭΦ ώнсϐ ǇƻƛƴǘŜŘ ǘƘŜ ƘƛƎƘŜǊ ŎȅŎƭŜ 
ŦŀǝƎǳŜ ǎǘǊŜƴƎǘƘ ƛƴ 595 ǾŜǊǎǳǎ ŦƻǊƎŜŘ ǎŀƳǇƭŜǎΣ ǿƛǘƘ ŘƛũŜǊŜƴŎŜǎ ŀǧǊƛōǳǘŜŘ ǘƻ ƎǊŀƛƴ ǎƛȊŜΦ Lƴ ¢Ǌŀƴ 
Ŝǘ ŀƭΦ ώплϐΣ ŀ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŜǾƻƭǳǝƻƴ ǿŀǎ 
ƻōǘŀƛƴŜŘ ŦǊƻƳ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ǘƘŜǊƳŀƭ ǎƛƳǳƭŀǝƻƴǎ ƻŦ 595 ǇǊƻŎŜǎǎ ƻŦ ¢ƛс!ƭп± ŀƭƭƻȅΦ ²ƘƛƭŜ ŦƻǊ 
ǎǘŜŜƭǎ ǇǊƻŘǳŎŜŘ ōȅ 595 ǇǊƻŎŜǎǎΣ Dǳŀƴ Ŝǘ ŀƭΦ ώпрϐ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ǘƘŜ ŜũŜŎǘ ƻŦ ǘƘŜ ƭŀǎŜǊ ƛƴŎƛŘŜƴǘ 
ŜƴŜǊƎȅ ƻƴ ǘƘŜ ƳƻǊǇƘƻƭƻƎȅ ƻŦ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ ƻŦ мн/Ǌbƛн¸ ŀƭƭƻȅ ǎǘŜŜƭΦ .ŜǊǘǎŎƘ Ŝǘ ŀƭΦ ώпсϐ ŦƻǳƴŘ 
ǘƘŀǘ ǘƘŜǊƳŀƭ ŘƛǎǘƻǊǝƻƴǎ ŘǳǊƛƴƎ ŀŘŘƛǝǾŜƭȅ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ ŀǳǎǘŜƴƛǝŎ ǎǘŀƛƴƭŜǎǎ ǎǘŜŜƭ омс[ ŀǊŜ 
ǘƘŜ ǇǊƛƳŀǊȅ ǊŜŀǎƻƴ ƻŦ ǘƘŜ ŘƛǎƭƻŎŀǝƻƴ ǎǘǊǳŎǘǳǊŜǎΣ ǿƘƛŎƘ ŀǊŜ ŘŜǇŜƴŘŜƴǘ ƻƴ ǘƘŜ ŎƻƴǎǘǊŀƛƴǘǎ 

ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ŀƴŘ ǘƘŜ ǘƘŜǊƳŀƭ ŎȅŎƭƛƴƎΦ  

CƛƴŀƭƭȅΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ŀǊǘ ǇǊŜǎŜƴǘŜŘ ƛƴ /Φ ²ŀƴƎ Ŝǘ ŀƭΦ ώнлϐΣ ŀŘŘƛǝǾŜ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŎƻǳǇƭŜŘ ǿƛǘƘ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ Ŏŀƴ ƛƳǇǊƻǾŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŜǿ ƘƛƎƘπ

ǇŜǊŦƻǊƳŀƴŎŜ ƳŀǘŜǊƛŀƭǎΣ ǘƘŀƴƪǎ ǘƻ ǘƘŜ ƻǇǝƳƛȊŀǝƻƴ ƻŦ ǘƻǇƻƭƻƎƛŎŀƭ ŘŜǎƛƎƴǎ ƻǊ ǇǊƻŎŜǎǎ 
ǇŀǊŀƳŜǘŜǊǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ƻƴ ƭƛƴŜ ǇǊƻŎŜǎǎ ŦƻǊ ŘŜŦŜŎǘ ƳƻƴƛǘƻǊƛƴƎΦ ½ƘŀƴƎ Ŝǘ ŀƭΦ ώптϐ 
ŀǇǇƭƛŜŘ ǘǿƻ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ŀƭƎƻǊƛǘƘƳǎ ǘƻ ǇǊŜŘƛŎǘ ƳŜƭǝƴƎ Ǉƻƻƭ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ ŀ 595 
ǇǊƻŎŜǎǎ ǿƛǘƘ ƘƛƎƘ ŀŎŎǳǊŀŎȅΦ IƻǿŜǾŜǊ ŀǎ ǇƻƛƴǘŜŘ ōȅ tƘŀƳ Ŝǘ ŀƭΦ ώпуΣпфϐ ŀƴ ŀŎŎǳǊŀǘŜ ŘŜŜǇ 
ƭŜŀǊƴƛƴƎ ǎǘǊŀǘŜƎȅ ǊŜǉǳƛǊŜǎ ǎƛƎƴƛŬŎŀƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ƻǊ ǾŀƭƛŘŀǘŜŘ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ǎƛƳǳƭŀǝƻƴ 
ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎ ǘƻ ƎŜƴŜǊŀǘŜ ŀŎŎǳǊŀǘŜ ǇǊŜŘƛŎǝƻƴǎΦ Lƴ tƘŀƳ Ŝǘ ŀƭΦ ώпуϐΣ ŀ ǎƛƳǇƭŜ CCbb 
ŀǊŎƘƛǘŜŎǘǳǊŜ ǿŀǎ ŀǇǇƭƛŜŘ ǘƻ ƳƻŘŜƭ 595 ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ !L{L aп ǎŀƳǇƭŜǎΦ ¢ƘŜ ŘŜǾŜƭƻǇŜŘ 
ǎǳǊǊƻƎŀǘŜ ƳƻŘŜƭ ǿŀǎ мул ǝƳŜǎ ǉǳƛŎƪŜǊ ǘƘŀƴ ŀ C9 ǎƛƳǳƭŀǝƻƴ ŀƴŘ ƛǘ ŀƭƭƻǿŜŘ ǘƻ ǇŜǊŦƻǊƳ ŀƴ 
ǳƴŎŜǊǘŀƛƴǘȅ ǉǳŀƴǝŬŎŀǝƻƴ ŀƴŘ ǎŜƴǎƛǝǾƛǘȅ ŀƴŀƭȅǎƛǎ ƻŦ aп 595 ǎŀƳǇƭŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎΦ 
¢ƘŜ ǊŜǎǳƭǘǎ ŎƻƴŬǊƳŜŘ ǘƘŀǘ ŎƻƴǾŜŎǝƻƴΣ ƭŀǎŜǊ ǇƻǿŜǊΣ ǎŎŀƴƴƛƴƎ ǎǇŜŜŘΣ ŀƴŘ ŎƻƴŘǳŎǝǾƛǘȅ ƛƴŘǳŎŜ 

ǘƘŜ Ƴƻǎǘ ǳƴŎŜǊǘŀƛƴǝŜǎ ƛƴ ƳŜƭǝƴƎ Ǉƻƻƭ ǎƛȊŜǎ ώпфϐΦ  

.ŀǎŜŘ ƻƴ ǇǊŜǾƛƻǳǎ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿΣ ƛǘ ƛǎ ŎƭŜŀǊ ǘƘŀǘ ǘƘŜ Ƴƻǎǘ ǊŜƭŜǾŀƴǘ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ 
ŎƻƴŎŜǊƴƛƴƎ ǘƘŜ ƘŜŀǘ ƛƴǇǳǘ ŀǊŜ ƭŀǎŜǊ ǇƻǿŜǊΣ ǇƻǿŘŜǊ ƅƻǿ ǊŀǘŜΣ ǎŎŀƴƴƛƴƎ ǎǇŜŜŘ ŀƴŘ ǎǇƻǘ ǎƛȊŜΦ Lƴ 
ǘƘŜ ŎǳǊǊŜƴǘ ǊŜǎŜŀǊŎƘΣ ǘƘŜ ŀŦƻǊŜƳŜƴǝƻƴŜŘ ǇŀǊŀƳŜǘŜǊǎ ǿŜǊŜ ŬǊǎǘ ƪŜǇǘ Ŏƻƴǎǘŀƴǘ ƛƴ ǘƘŜ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ 595 ŎǳōƻƛŘ ǎŀƳǇƭŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ŦǊƻƳ aп ǎǘŜŜƭ ǇƻǿŘŜǊΦ Lǘ ŀƭƭƻǿŜŘ 
ǾŀƭƛŘŀǝƴƎ ǘƘŜ C9 ǇǊŜŘƛŎǘŜŘ ǘƘŜǊƳŀƭ ŬŜƭŘ ƘƛǎǘƻǊȅ ǾŜǊǎǳǎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƳŜŀǎǳǊŜŘ ŀǘ ǘƘŜ ƭƻŎŀƭ 
Ǉƻƛƴǘǎ ώнпϐΦ ¢ƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ ƛǎ ƘƛƎƘƭȅ ǎŜƴǎƛǝǾŜ ǘƻ ǘƘŜ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴ 



ус 

 

ŜȄǇƭŀƛƴǎ ǿƘȅ ǘƘŜ ŎǳǊǊŜƴǘ ŀǊǝŎƭŜ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ǘƘƛǎ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊΦ LƴŘŜŜŘΣ ǘƘŜ ǎƻƭƛŘƛŬŎŀǝƻƴ 
ǇǊƻŎŜǎǎ ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ǿƘƛŎƘ ŎƻƴǘǊƻƭǎ ǘƘŜ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎΦ ! Ŏƻƴǎǘŀƴǘ 
ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ ǎƘƻǳƭŘ ǇǊƻǾƛŘŜ Ŏƻƴǎǘŀƴǘ ƘƻƳƻƎŜƴŜƻǳǎ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎ ƛŦ ƴƻ ŦǳǊǘƘŜǊ 
ŜȄǘŜǊƴŀƭ ǇŀǊŀƳŜǘŜǊǎ ŘƛǎǘǳǊōǎ ǘƘŜ ǎȅǎǘŜƳΦ IŜǊŜŀƊŜǊΣ ŀƴ ƻǇǝƳƛȊŀǝƻƴ ƭƻƻǇ ǾŀǊƛŜǎ ǘƘŜ ƭŀǎŜǊ 
ǇƻǿŜǊ ǘƻ ŀŎƘƛŜǾŜ ŀ ƘƻƳƻƎŜƴŜƻǳǎ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ǘƘŀƴƪǎ ǘƻ ŀ Ŏƻƴǎǘŀƴǘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜΦ aп ōǳƭƪ 
ǇŀǊǘǎ ƳŀƴǳŦŀŎǘǳǊŜŘ ōȅ 595 ǿƛǘƘ Ŏƻƴǎǘŀƴǘ ŀƴŘ ƻǇǝƳƛȊŜŘ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎ ŀǊŜ ŎƻƳǇŀǊŜŘΦ 
¢ƻ ǾŀƭƛŘŀǘŜ ǘƘŜ ǇǊƻǇƻǎŜŘ ƳŜǘƘƻŘƻƭƻƎȅ ǘƻ ǊŜŀŎƘ ŀ ƘƻƳƻƎŜƴŜƻǳǎ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΣ ƴŀƴƻ 
ƛƴŘŜƴǘŀǝƻƴ ƘŀǊŘŜƴƛƴƎ ƳŀǇǇƛƴƎǎ ŀƴŘ ƛƳŀƎŜǎ ƻŦ ƻǇǝŎŀƭ ŀƴŘ ǎŎŀƴƴƛƴƎ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ŀǊŜ 

ǇŜǊŦƻǊƳŜŘΦ ¢ƘŜȅ ŀǊŜ ŎƻǊǊƻōƻǊŀǘŜŘ ōȅ ƳŀŎǊƻ ƘŀǊŘƴŜǎǎ ǇǊƻŬƭŜ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǎŀƳǇƭŜΦ  

¢ƘŜ ǇǊŜǎŜƴǘ ŀǊǝŎƭŜ ƛǎ ƻǊƎŀƴƛȊŜŘ ŀǎ ŦƻƭƭƻǿǎΦ {ŜŎǝƻƴ н ŘŜǎŎǊƛōŜǎ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎΣ ǘƘŜ 
ŦŀōǊƛŎŀǘŜŘ ǇŀǊǘǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǎǘǊŀǘŜƎȅ ƻŦ ǇƻǿŜǊ ƻǇǝƳƛȊŀǝƻƴΦ {ŜŎǝƻƴ о ǇǊƻǾƛŘŜǎ ǘƘŜ 
ƴǳƳŜǊƛŎŀƭ ƳƻŘŜƭ ƻŦ ǘƘŜ 595 ǇǊƻŎŜǎǎΣ ǿƘƛƭŜ {ŜŎǝƻƴ п ǇǊŜǎŜƴǘ ǘƘŜ ǊŜǎǳƭǘǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ 
ŘƛũŜǊŜƴǘ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎΥ ƳƻƭǘŜƴ Ǉƻƻƭ ǎƛȊŜǎ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ƘƛǎǘƻǊƛŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ 
ŜȄǇŜǊƛƳŜƴǘŀƭ ƳƛŎǊƻ ŀƴŘ ƴŀƴƻƘŀǊŘƴŜǎǎ ƳŀǇǎ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘŜŘ ƳŀǘŜǊƛŀƭǎ ǿƛǘƘ ǘƘŜƛǊ ǊŜǎǇŜŎǝǾŜ 

ŀƴŀƭȅǎƛǎΦ ¢ƘŜ Ƴŀƛƴ ŎƻƴŎƭǳǎƛƻƴǎ ŀƴŘ ƻƴƎƻƛƴƎ ǿƻǊƪ ŀǊŜ ƭƛǎǘŜŘ ƛƴ ǘƘŜ ƭŀǎǘ {ŜŎǝƻƴ рΦ  

нΦ aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ 
 

нΦмΦ aŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎ  
 

¢ƘŜ ǎŎƘŜƳŀǝŎ ŘŜǇƛŎǝƻƴ ƻŦ ǘƘŜ 595 ǇǊƻŎŜǎǎ ŀǇǇƭƛŜŘ ǘƻ ƳŀƴǳŦŀŎǘǳǊŜ ǘƘŜ aп ǎŀƳǇƭŜǎ ƛǎ ǎƘƻǿƴ 
ƛƴ CƛƎΦ оόŀύΦ ¢ƘŜ рπŀȄƛǎ нƪ² LǊŜǇŀ bŘπ̧!D ƭŀǎŜǊ 595 ƳŀŎƘƛƴŜ ƻŦ {ƛǊǊƛǎ wŜǎŜŀǊŎƘ /ŜƴǘŜǊ ǿŀǎ ǳǎŜŘ 
ǘƻ ƳŀƴǳŦŀŎǘǳǊŜ ǘƘǊŜŜ ǊŜŎǘŀƴƎǳƭŀǊ ŎǳōƻƛŘǎ ŦǊƻƳ aп ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭ ǇƻǿŘŜǊ ƻŦ рл ǘƻ мрл ҡƳ 
ǇŀǊǝŎƭŜ ǎƛȊŜ ό¢ŀōƭŜ мύΦ ¢ƘŜ ǘƻǇπƘŀǘ ƛƴǘŜƴǎƛǘȅ ŘƛǎǘǊƛōǳǝƻƴ ƭŀǎŜǊ ōŜŀƳ ǎǇƻǘ ŘƛŀƳŜǘŜǊ ƛǎ мΦр ƳƳΦ 
hǾŜǊƭŀǇǇƛƴƎ ǘǊŀŎƪǎ ƻŦ мΦп ƳƳ ǿŜǊŜ ŀǇǇƭƛŜŘ ŀƴŘ !ǊƎƻƴ Ǝŀǎ ǿŀǎ ǳǝƭƛȊŜŘ ŦƻǊ ǘƘŜ ǇǊƻǘŜŎǝƻƴ ƻŦ 

ǘƘŜ ǿƻǊƪǇƛŜŎŜΦ ¢ƘŜ ǇǊƻŎŜǎǎƛƴƎ ƘŜŀŘ ƻŦ ǘƘŜ ƳŀŎƘƛƴŜ ƛǎ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ŀ ŎƻŀȄƛŀƭ ǎǳǇǇƭȅ ƻŦ 
ǇƻǿŘŜǊ ǘƻ ǘƘŜ ƭŀǎŜǊ ōŜŀƳ ƛƴ ƻǊŘŜǊ ǘƻ ŀǇǇƭȅ ǘƘŜ ǇƻǿŘŜǊ ǿƛǘƘ мл ƳƳ ƻŦ ǎǘŀƴŘƻũ ŘƛǎǘŀƴŎŜ 

όǎǳōǎǘǊŀǘŜ ǎǳǊŦŀŎŜ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ ƴƻȊȊƭŜ ǝǇύΦ 

¢ƘǊŜŜ ŘƛũŜǊŜƴǘ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǘƘŜ ǘƘǊŜŜ ǘȅǇŜǎ ƻŦ 

ǎŀƳǇƭŜǎΣ ƻƴŜ Ŏƻƴǎǘŀƴǘ ǇƻǿŜǊ ǾŀƭǳŜ ό/tύ ŀƴŘ ǘǿƻ ǝƳŜ ŘŜǇŜƴŘŜƴǘ ŦǳƴŎǝƻƴǎΥ [tCм ŀƴŘ [tCнΣ 
ǿƘƛŎƘ ǿŜǊŜ ƛŘŜƴǝŬŜŘ ōȅ ǘƘŜ ƳŜǘƘƻŘ ŘŜǎŎǊƛōŜŘ ƛƴ {ŜŎǝƻƴ нΦоΦ ¢ƘŜ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ǎǳŎƘ 
ŀǎ ǘƘŜ ƴƻȊȊƭŜ ǎŎŀƴƴƛƴƎ ǎǇŜŜŘΣ ǇƻǿŘŜǊ ŦŜŜŘ ǊŀǘŜΣ ŀƴŘ ǘƘŜ ǇǊŜπƘŜŀǝƴƎ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ 
пн/Ǌaƻп ǎǳōǎǘǊŀǘŜ όпл ƳƳ ƘŜƛƎƘǘΣ млл ƳƳ ŘƛŀƳŜǘŜǊύ ǿŜǊŜ ǎŜǘ Ŏƻƴǎǘŀƴǘǎ ǿƛǘƘ сΦут ƳƳκǎΣ тс 
ƳƎκǎΣ олл ϲ/Σ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ ŘƛƳŜƴǎƛƻƴǎ ƻŦ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ǎŀƳǇƭŜǎ ŀƴŘ ǘƘŜ ƭƻŎŀǝƻƴǎ ƻŦ 

ƘŀǊŘƴŜǎǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ƎƛǾŜƴ ƛƴ ¢ŀōƭŜ нΦ ¢ƘŜ ǘŜƳǇŜǊŀǘǳǊŜ Ǉƻƛƴǘǎ ǊŜŎƻǊŘŜŘ ŘǳǊƛƴƎ ǘƘŜ 
ǇǊƻŎŜǎǎ ōȅ п ǘƘŜǊƳƻŎƻǳǇƭŜǎ ǿŜǊŜ ƭƻŎŀǘŜŘ ǿƛǘƘƛƴ ǘƘŜ ǎǳōǎǘǊŀǘŜ ŀǘ ŀ ŘŜǇǘƘ ƻŦ р ƳƳ ŦǊƻƳ ǘƘŜ 

ǘƻǇ ǎǳǊŦŀŎŜ ŀƴŘ ŀǘ ŀ ŘƛǎǘŀƴŎŜ ƻŦ нл ƳƳ ŦǊƻƳ ǘƘŜ ǎǳōǎǘǊŀǘŜ ŎƛǊŎǳƳŦŜǊŜƴŎŜΦ ¢ƘŜ ŎƭŀŘ ǎŀƳǇƭŜ 
ƎŜƻƳŜǘǊȅ ŀƴŘ ŀȄŜǎ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ CƛƎΦ оόōύ ǿƘƛƭŜ ¢ŀōƭŜ н ǇǊƻǾƛŘŜǎ ǘƘŜ ŀŎŎǳǊŀǘŜ ŘƛƳŜƴǎƛƻƴǎΦ 
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Fig. 3. (a) DED process used for the manufacturing of the bulk M4 samples, (b) Cuboid sample geometry and 

axes. 

¢ŀōƭŜ мΦ aŀǎǎ ŦǊŀŎǝƻƴ ƻŦ ŦŜŜŘǎǘƻŎƪ aп ǇƻǿŘŜǊ ǎǘŜŜƭ ǳǎŜŘ ŦƻǊ ǘƘŜ 595 !a ƻŦ ŎǳōƻƛŘ ǎŀƳǇƭŜǎΦ 
W Mo Cr  V C Ni Mn Si Fe 

0.0560 0.0464 0.043 0.0410 0.0135 0.0090 0.0034 0.0033 Bal. 
 

¢ŀōƭŜ нΦ DŜƻƳŜǘǊȅ ƻŦ ǘƘŜ aп ǎǘŜŜƭ 595 ƳŀƴǳŦŀŎǘǳǊŜŘ ŎǳōƻƛŘ ǇŀǊǘǎ ƛƴŎƭǳŘƛƴƎ ±ƛŎƪŜǊǎ ƘŀǊŘƴŜǎǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ƭƻŎŀǝƻƴǎΦ 

Cuboid parts 

Total height 

(Z direction, 

mm) 

Width  

(X direction, 

mm) 

Length  

(Y direction 

mm) 

Vickers 

Hardness 

profile 

length*  

Position of Vickers 

Hardness profile 

within deposit 

X (mm) Y (mm) 

Constant power (CP) 27.3 41.5 42 15.5 17.6 21.5 
Function 1 (LPF1) 20.8 41.9 43.4 20.5 22.4 22.1 

Function 2 (LPF2) 23.6 41.6 43.1 20.5 20.8 19.2 

ϝ {ǘŀǊǝƴƎ рлл ҡƳ ōŜƭƻǿ ǘƘŜ ǘƻǇ ŎƭŀŘ ǎǳǊŦŀŎŜΦ  

 

нΦнΦ IŀǊŘƴŜǎǎ ƳŜŀǎǳǊŜƳŜƴǘ ŎŀƳǇŀƛƎƴ 
 

¢ƘŜ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ǎǳŎƘ ŀǎ ȅƛŜƭŘ ƭƛƳƛǘ Ŏŀƴ ōŜ ǊŜƭŀǘŜŘ ǘƻ ±ƛŎƪŜǊǎ ƘŀǊŘƴŜǎǎ ǇǊƻŬƭŜǎΦ 
¢ŀōƭŜ н ƎƛǾŜǎ ǘƘŜ ±ƛŎƪŜǊǎ ƳŜŀǎǳǊŜƳŜƴǘ ƭƻŎŀǝƻƴǎ ŀƴŘ CƛƎǳǊŜ уόōύ ǘƘŜ ƘŀǊŘƴŜǎǎ ǇǊƻŬƭŜǎΦ 
±ƛŎƪŜǊǎ ƘŀǊŘƴŜǎǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ǇŜǊŦƻǊƳŜŘ ƻƴ ŀ ǳƴƛǾŜǊǎŀƭ 9a/h a/мл ƳŀŎƘƛƴŜ ŜǉǳƛǇǇŜŘ 

ǿƛǘƘ ŀƴ ŜƭŜŎǘǊƻƴƛŎ ŎŜƭƭ ŦƻǊŎŜ ŀƴŘ ŀ ŎƭƻǎŜŘ ƭƻƻǇ ǊŜƎǳƭŀǝƻƴΣ ǳǎƛƴƎ ŀ ƭƻŀŘ ƻŦ мллbΦ CƻǊ ŜŀŎƘ 
ǎŀƳǇƭŜΣ ŀ ƘŀǊŘƴŜǎǎ ǇǊƻŬƭŜ ƛǎ ƳŀŘŜ ŀƭƻƴƎ ŀ ƭƛƴŜ ǇŀǊŀƭƭŜƭ ǘƻ ǘƘŜ ōǳƛƭŘƛƴƎ ŘƛǊŜŎǝƻƴ ό½ ŀȄƛǎύ ŀƴŘ 
ŎƭƻǎŜ ǘƻ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ǘƘŜ ōƭƻŎƪ όǎŜŜ ¢ŀōƭŜ нύΦ ¢ƘŜǊŜ ƛǎ ƻƴŜ ±ƛŎƪŜǊǎ ƛƴŘŜƴǘ ŜǾŜǊȅ рлл ҡƳ ǎǘŀǊǝƴƎ 
ŦǊƻƳ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘ Řƻǿƴ ǘƻ ǘƘŜ ǎǳōǎǘǊŀǘŜΦ ¢ƘŜ ±ƛŎƪŜǊǎ ƘŀǊŘƴŜǎǎ ƳŜŀǎǳǊŜƳŜƴǘǎ όCƛƎΦ 
уύ ƘŜƭǇ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ŜǾƻƭǳǝƻƴ ƻŦ ǘƘŜ ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ŀǘ ŀ ƳŀŎǊƻ ǎŎŀƭŜ ƛƴ ǘƘŜ 

ŎƻǊŜ ƻŦ ǘƘŜ ǎŀƳǇƭŜΦ 

bŀƴƻƛƴŘŜƴǘŀǝƻƴǎ ǘŜǎǘǎ ŀǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ǳǎƛƴƎ ŀ IȅǎƛǘǊƻƴ ¢ƛ фрл ¢ǊƛōƻƛƴŘŜƴǘŜǊ ǿƛǘƘ ŀ .ŜǊƪƻǾƛŎƘ 
ǝǇΦ ¢ƘŜ ƴŀƴƻ ƛƴŘŜƴǘŀǝƻƴ ƎǊƛŘ ƭƻŎŀǝƻƴǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ƛƴ CƛƎΦ уόŀύ ŀƴŘ ǘƘŜ ƳŜŀǎǳǊŜŘ 
ƴŀƴƻƘŀǊŘƴŜǎǎ ƳŀǇǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ CƛƎΦ ф ŦƻǊ ǘƘŜ ǘƘǊŜŜ ǎŀƳǇƭŜǎΦ 9ŀŎƘ псȄос ƎǊƛŘ ǊŜǎǳƭǘǎ ƛƴ 

мсрс ƛƴŘŜƴǘǎΣ ǿƛǘƘ о ҡƳ ōŜǘǿŜŜƴ ǘǿƻ ŎƻƴǎŜŎǳǝǾŜ ƛƴŘŜƴǘǎΦ ¢ƘŜ ǘŜǎǘǎ ŀǊŜ ǇŜǊŦƻǊƳŜŘ ǳƴŘŜǊ 
ŘƛǎǇƭŀŎŜƳŜƴǘ ŎƻƴǘǊƻƭ ƳƻŘŜΤ ǘƘŜ ǇŜƴŜǘǊŀǝƻƴ ŘŜǇǘƘ ōŜƛƴƎ ǎŜǘ ŀǘ олл ҡƳ ŦƻǊ ŜŀŎƘ ƛƴŘŜƴǘΦ ¢ƘŜ 
ƴŀƴƻƛƴŘŜƴǘŀǝƻƴ ǘŜǎǘǎ ŀǊŜ ƛƴǘŜƴŘŜŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀǘ ŀ ƭƻŎŀƭ 

ǎŎŀƭŜΦ 

  



уу 

 

 

нΦоΦ aƛŎǊƻǎǘǊǳŎǘǳǊŜ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ 
 

¢ƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ǎŀƳǇƭŜ ǿƛǘƘ ŀ Ŏƻƴǎǘŀƴǘ ƭŀǎŜǊ ǇƻǿŜǊ ό/tύ ǿŀǎ 

ŎƘŀǊŀŎǘŜǊƛȊŜŘ ŀǘ ǘƘŜ ǘƻǇ ŀƴŘ ƳƛŘŘƭŜ Ǉƻƛƴǘǎ ƭƻŎŀǘŜŘ ŀǘ тсл mƳ ŀƴŘ моΦу ƳƳ ŦǊƻƳ ǘƘŜ ǳǇǇŜǊ 
ŦǊŜŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ 595 ǎŀƳǇƭŜ ǊŜǎǇŜŎǝǾŜƭȅ όCƛƎΦ пύΦ ¢ǿƻ ƳŀƎƴƛŬŎŀǝƻƴǎ ƻŦ мллл Ȅ ŀƴŘ оллл Ȅ 
ŀǊŜ ǳǎŜŘ ǘƻ ƻōǎŜǊǾŜ ŀ ŎŜƭƭǳƭŀǊπǘȅǇŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ǿƛǘƘ ǎƭƛƎƘǘƭȅ ǾŀǊȅƛƴƎ ǎƛȊŜ ōŜǘǿŜŜƴ ǘƘŜ 

ŘƛũŜǊŜƴǘ ƭŀȅŜǊǎΦ !ǎ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ WŀǊŘƛƴ Ŝǘ ŀƭΦ ώфϐΣ ǘƘŜ ŀǇǇŀǊŜƴǘ ǎŎǊŀǘŎƘŜǎ ǎŜŜƴ ǳƴŘŜǊ ƘƛƎƘ 
ƳŀƎƴƛŬŎŀǝƻƴ ǎƘƻǳƭŘ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǊŜǎƛŘǳŀƭ ŀǳǎǘŜƴƛǘŜ ƴƻǘ ǘǊŀƴǎŦƻǊƳŜŘ ƛƴǘƻ ƳŀǊǘŜƴǎƛǘŜ ƛƴ ǘƘƛǎ 

ŀǎ ōǳƛƭǘ ǎŀƳǇƭŜΦ {ƛƳƛƭŀǊ ƛƳŀƎŜǎ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ŦƻǊ ǎŀƳǇƭŜǎ ƎŜƴŜǊŀǘŜŘ ōȅ [tCм ŀƴŘ [tCнΦ  

 

 

CƛƎΦ пΦ aƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ ŎǳōƻƛŘ ǎŀƳǇƭŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ǿƛǘƘ Ŏƻƴǎǘŀƴǘ 595 ƭŀǎŜǊ ǇƻǿŜǊ ƻōǎŜǊǾŜŘ ŀǘ ǘƻǇ ŀƴŘ ƳƛŘŘƭŜ ƭƻŎŀǝƻƴǎ 

ǿƛǘƘ ǘǿƻ ƳŀƎƴƛŬŎŀǝƻƴǎ мллл Ȅ ŀƴŘ оллл ȄΦ  

оΦ bǳƳŜǊƛŎŀƭ ƳƻŘŜƭ ƻŦ ǘƘŜ 595 ǇǊƻŎŜǎǎ 
 

¢Ƙƛǎ ǎŜŎǝƻƴ ǇǊŜǎŜƴǘǎ ǘƘŜ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ǎƛƳǳƭŀǝƻƴǎ ƻŦ ǘƘŜ 595 ǇǊƻŎŜǎǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ tȅǘƘƻƴ 
ǎŎǊƛǇǘ ŎƻƳǇǳǝƴƎ ǘƘŜ ƻǇǝƳƛȊŀǝƻƴ ƻŦ ǘƘŜ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎ ǘƻ ŀŎƘƛŜǾŜ ŀ ƳŜƭǘ Ǉƻƻƭ ƻŦ 

Ŏƻƴǎǘŀƴǘ ǎƛȊŜ ǿƛǘƘƛƴ ǘƘŜ ŘŜǇƻǎƛǘ ƘŜƛƎƘǘΦ 

оΦмΦ C9 ǎƛƳǳƭŀǝƻƴ ƻŦ 595 ǇǊƻŎŜǎǎ 
 

¢ƘŜ [ŀƎŀƳƛƴŜ C9 ŎƻŘŜ ŘŜǾŜƭƻǇŜŘ ǎƛƴŎŜ мфуп ώрлςрпϐ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƛŜƎŜ ƛǎ ǳǎŜŘ ǘƻ 
ŎƻƳǇǳǘŜ ǘƘŜ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘ ŀƴŘ ǘƘŜ ǎǳōǎǘǊŀǘŜΦ ¢ƘŜ CƻǳǊƛŜǊΩǎ ƭŀǿ ƻŦ ƘŜŀǘ 

ŎƻƴŘǳŎǝƻƴΣ ŀƴŘ ǘƘŜ ǎǳǊŦŀŎŜ ŜƴŜǊƎȅ ōŀƭŀƴŎŜ ŎƻƴǎƛŘŜǊƛƴƎ ŎƻƴǾŜŎǝƻƴ ŀƴŘ ǊŀŘƛŀǝƻƴ ƘŜŀǘ 
ǘǊŀƴǎŦŜǊ Ŝǉǳŀǝƻƴǎ ŀǊŜ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ ǿƛǘƘƛƴ ǘƘŜ ǘǿƻ ŘƛƳŜƴǎƛƻƴŀƭ C9 ǎƛƳǳƭŀǝƻƴǎΦ ¢ƘŜ 



уф 

 

ƳƻŘŜƭ ǊŜƭƛŜǎ ƻƴ ǘƘŜ .[½н¢ ǎƻƭƛŘ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ŀƴŘ ǘƘŜ /hbw! ƛƴǘŜǊŦŀŎŜ ŜƭŜƳŜƴǘǎ όǎŜŜ 
[ŀƎŀƳƛƴŜ ǳǎŜǊ ƎǳƛŘŜ ŦƻǊ ŘŜǘŀƛƭǎ ώрпϐύ Φ ¢ƘŜ ŀŘŘƛǝƻƴ ƻŦ ƳŀǘŜǊƛŀƭ ŘǳǊƛƴƎ ǘƘŜ ŀŘŘƛǝǾŜ ǇǊƻŎŜǎǎ ƛǎ 
ǎƛƳǳƭŀǘŜŘ ōȅ ǳǎƛƴƎ ǘƘŜ ŜƭŜƳŜƴǘ ōƛǊǘƘ ǘŜŎƘƴƛǉǳŜ ώплϐΦ CǳǊǘƘŜǊ ƛƴŦƻǊƳŀǝƻƴ ƻŦ ǘƘŜ ƴǳƳŜǊƛŎŀƭ 
ƳƻŘŜƭƛƴƎ ŀƴŘ ǇǊŜǾƛƻǳǎ ǎƛƳǳƭŀǝƻƴǎ ƻŦ ǘƘŜ ƛƴǾŜǎǝƎŀǘŜŘ !L{L aп 595 ǇǊƻŎŜǎǎ ŀǊŜ ƎƛǾŜƴ ƛƴ WŀǊŘƛƴ 

Ŝǘ ŀƭΦ ώнпϐΦ 

¢ƘŜ C9 ƳƻŘŜƭ ǎƘƻǿƴ ƛƴ CƛƎΦ рόŀύ ŎƻƴǎƛŘŜǊǎ ŀ ǾŜǊǝŎŀƭ Ŏǳǘ ƛƴ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘ ƳŀǘŜǊƛŀƭΦ 
¢ƘŜ ƘƻǊƛȊƻƴǘŀƭ ŀƴŘ ǾŜǊǝŎŀƭ ƳŜǎƘ ŘƛǊŜŎǝƻƴǎ ƻŦ ǘƘŜ ȊƻƻƳ ǇƛŎǘǳǊŜ ƛƴ CƛƎΦ рόŀύ ŀǊŜ ŀƭƛƎƴŜŘ ǿƛǘƘ 
ǘƘŜ ƘƻǊƛȊƻƴǘŀƭ ǘǊŀƧŜŎǘƻǊȅ ƻŦ ǘƘŜ ƭŀǎŜǊ ŀƴŘ ǘƘŜ ōǳƛƭŘƛƴƎ ŘƛǊŜŎǝƻƴ ǊŜǎǇŜŎǝǾŜƭȅΦ Lƴ ƻǊŘŜǊ ǘƻ ǊŜŘǳŎŜ 
ǘƘŜ ŎƻƳǇǳǘŀǝƻƴŀƭ ǝƳŜΣ ǘƘŜ ос ŘŜǇƻǎƛǘŜŘ ƭŀȅŜǊǎ ƻŦ ŀƴ ŀǾŜǊŀƎŜ ǎƛȊŜ ƻŦ лΦтсп ƳƳ ƘŜƛƎƘǘ ŀǊŜ 
ƳƻŘŜƭŜŘ ǿƛǘƘ ōƛŘƛƳŜƴǎƛƻƴŀƭ ŜƭŜƳŜƴǘǎ ŀǎǎǳƳƛƴƎ ƴƻ ǘǊŀƴǎǾŜǊǎŀƭ ǘƘŜǊƳŀƭ ƅƻǿ ƻǳǘǎƛŘŜ ǘƘŜ 
ƳŜǎƘ ǇƭŀƴŜΦ {ǳŎƘ ŀƴ ŀǎǎǳƳǇǝƻƴ Ŏŀƴ ōŜ ǉǳŜǎǝƻƴŀōƭŜ ōǳǘ ŀƭƭƻǿǎ ǊŜŀǎƻƴŀōƭŜ /t¦ ǝƳŜ ǿƘƛŎƘ 
ƛǎ ŀ ƳŀƴŘŀǘƻǊȅ ŎƻƴǎǘǊŀƛƴǘ ŀǎ ŀƴ ƻǇǝƳƛȊŀǝƻƴ ƭƻƻǇ ƛǎ ŀƛƳŜŘΦ ¢ƘŜ ƛƳǇƭƛŎŀǝƻƴ ƻŦ ǘƘƛǎ н5 ŎƘƻƛŎŜ 
ƛǎ ŀ ŎŀǊŜŦǳƭ ŘŜŬƴƛǝƻƴ ƻŦ ǘƘŜ ōƻǳƴŘŀǊȅ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ ŀǊŜ ŀŘƧǳǎǘŜŘ ǘƻ ǊŜŎƻǾŜǊ ōƻǘƘ ǘƘŜ 
ƳŜŀǎǳǊŜŘ ǘƘŜǊƳƻŎƻǳǇƭŜ ƘƛǎǘƻǊƛŜǎ ŀƴŘ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ ƳŜŀǎǳǊŜƳŜƴǘǎΦ ±ŀƭƛŘŀǝƻƴǎ ƻŦ ǘƘƛǎ 
ǎƛƳǇƭƛŬŜŘ ŀǇǇǊƻŀŎƘ ŦƻǊ ǘƘŜ ǎǘǳŘƛŜŘ ǎŀƳǇƭŜ ƎŜƻƳŜǘǊȅ Ƙŀǎ ōŜŜƴ ǇǊƻǾƛŘŜŘ ōƻǘƘ ŦƻǊ !L{L aп 
ƳŀǘŜǊƛŀƭ ώнпϐ ŀƴŘ ŦƻǊ омс[ Ҍ ²/ ώррϐΦ ¢ƻ ƎŜƴŜǊŀǘŜ ŀƴ ƻǇǝƳŀƭ н5 C9 ƳŜǎƘΣ ǘǊŀƴǎƛǝƻƴ 
ǊŜŬƴŜƳŜƴǘ ŜƭŜƳŜƴǘ ƎǊƻǳǇǎ ŀǊŜ ǳǎŜŘ ŀƴŘ ǘƘŜ ƴƻƴπǳƴƛŦƻǊƳ ƳŜǎƘ ǊŜŬƴŜƳŜƴǘ ƎƛǾŜƴ ƛƴ CƛƎΦ рόŀύ 
ƛǎ ŀǇǇƭƛŜŘΦ ¢ƘŜ ǎǳōǎǘǊŀǘŜ ŀũŜŎǘŜŘ ōȅ ǘƘŜ ƭŀǎŜǊ ǎƻǳǊŎŜ ƛǎ ǊŜŬƴŜŘ ǘƻ ŀŎŎǳǊŀǘŜƭȅ ƳƻŘŜƭ ƘŜŀǘ ƅǳȄŜǎΣ 
ǿƘƛƭŜ ǘƘŜ ōƻǧƻƳ ƻŦ ǘƘŜ ǎǳōǎǘǊŀǘŜ ƛǎ ŎƻŀǊǎŜƭȅ ƳŜǎƘŜŘΦ ¢ƘŜ ƘŜŀǘ ƅǳȄ ƭƻŀŘƛƴƎ ǳƴŘŜǊ ǘƘŜ ƭŀǎŜǊ 
ōŜŀƳ ƛǎ ŀǇǇƭƛŜŘ ǘƻ н ǎƻƭƛŘ ŜƭŜƳŜƴǘǎ ōȅ ƴƻŘŀƭ ǇƻǿŜǊ ǾŀƭǳŜǎ ŀƴŘ ŎƻƴǾŜŎǝƻƴ ŀƴŘ ǊŀŘƛŀǝƻƴ 
ƛƴǘŜǊŦŀŎŜ ŜƭŜƳŜƴǘǎ ŀǊŜ ǇƭŀŎŜŘ ƻƴ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ƻŦ ǘƘŜ ǎǳōǎǘǊŀǘŜ ŀƴŘ ǘƘŜ ŘŜǇƻǎƛǘ ǘƻ ƳƻŘŜƭ 
ǘƘŜ ƘŜŀǘ ŜȄŎƘŀƴƎŜǎΦ LƴǎƛŘŜ ǘƘŜ ŘŜǇƻǎƛǘΣ ǘƘŜ ŜƭŜƳŜƴǘ ǿƛŘǘƘ ƻŦ лΦтр ƳƳ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ƘŀƭŦ ƻŦ 
ǘƘŜ ŘƛŀƳŜǘŜǊ ƻŦ ǘƘŜ ƭŀǎŜǊ ǎǇƻǘΦ !ǇǇƭȅƛƴƎ ǘƘŜ ƭŀǎŜǊ ōŜŀƳ ǎǇŜŜŘ ǳǎŜŘ ƛƴ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΣ ǘƘŜ 
ŜƭŜƳŜƴǘ ōƛǊǘƘ ǘŜŎƘƴƛǉǳŜ ƻŦ ǘƘŜ н5 C9 ǎƛƳǳƭŀǝƻƴ ƳƻŘŜƭǎ ǘƘŜ ƳƻǾŜƳŜƴǘ ƻŦ ǘƘŜ ƘŜŀǘ ǎƻǳǊŎŜ 
ŀƴŘ ƳŀǘŜǊƛŀƭ ŀŘŘƛǝƻƴ ǿƛǘƘ ŀƴ ƛŘƭŜ ǝƳŜ ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ƳƛǎǎƛƴƎ ǘǊŀŎƪǎ ƴƻǘ ŎƻƳǇǳǘŜŘ 
ŦƻǊ ŜŀŎƘ ƭŀȅŜǊΦ CƻǊ ǘƘŜ ǎƛƳǳƭŀǝƻƴǎΣ ǘƘŜ ƭŀǎŜǊ ƘŜŀǘ ƅǳȄ ǎŎŀƭŜ ŦŀŎǘƻǊ ōŜǘǿŜŜƴ ǘƘŜ н5 ƳƻŘŜƭ ŀƴŘ 
ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ǿƛǘƘ ŀ Ŏƻƴǎǘŀƴǘ ƭŀǎŜǊ ǇƻǿŜǊ ǿŀǎ ŀŘƧǳǎǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ǎǳōǎǘǊŀǘŜ 
ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ ƻŦ ǘƘŜ ƭŀǎǘ ƭŀȅŜǊΦ {ǳŎƘ ŀ ŘƻǳōƭŜ ŎƘŜŎƪ ƛǎ ƳŀƴŘŀǘƻǊȅ ǘƻ 
ǇǊŜǾŜƴǘ ŀƴȅ ƭŀŎƪ ƻŦ ǊŜǇǊŜǎŜƴǘŀǝǾŜƴŜǎǎ ƻŦ ǘƘŜ ǎƛƳǳƭŀǝƻƴǎ ώрсϐΦ Lƴ ǘƘŜ н5 C9 ƳƻŘŜƭ ƻŦ 595 
ǇǊƻŎŜǎǎΣ ǘƘŜ ǇƘȅǎƛŎŀƭ ƭŀǎŜǊ ǇƻǿŜǊ ǾŀƭǳŜ ŀƴŘ ǘƘŜ ŀōǎƻǊǇǝǾƛǘȅ ŦŀŎǘƻǊ Ŏŀƴ ƛƴŘŜŜŘ ƴƻǘ ōŜ ŘƛǊŜŎǘƭȅ 

ǳǎŜŘ ώртϐΦ  

¢ƘŜ ǾŀǊƛŀǝƻƴǎ ƻŦ ǘƘŜǊƳŀƭ ŎƻƴŘǳŎǝǾƛǘȅΣ ŘŜƴǎƛǘȅ ŀƴŘ ǎǇŜŎƛŬŎ ƘŜŀǘ ŎŀǇŀŎƛǘȅ ǿƛǘƘ ǘƘŜ 
ǘŜƳǇŜǊŀǘǳǊŜ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ŦǊƻƳ ǎǇŜŎƛƳŜƴǎ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘŜ ŘŜǇƻǎƛǘ ŀƴŘ ŦǊƻƳ ǎǳōǎǘǊŀǘŜ 
ώфϐΦ wŜƎŀǊŘƛƴƎ ǘƘŜ ŜƳƛǎǎƛǾƛǘȅ ŦŀŎǘƻǊ ŦƻǊ ǊŀŘƛŀǝƻƴ ŀƴŘ ŎƻƴǾŜŎǝƻƴ ŎƻŜŶŎƛŜƴǘΣ ǾŀƭǳŜǎ ƻŦ м ŀƴŘ 
нол ²κƳнYΣ ŀǊŜ ǊŜǎǇŜŎǝǾŜƭȅ ǳǎŜŘΦ Lǘ ƛǎ ǿƻǊǘƘ ƳŜƴǝƻƴƛƴƎ ǘƘŀǘ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ǎƛƳǳƭŀǝƻƴǎ 
ό/ŀƭǇƘŀŘύ ŀƭƭƻǿŜŘ ƻōǘŀƛƴƛƴƎ ǘƘŜ ǎƻƭƛŘǳǎ ŀƴŘ ƭƛǉǳƛŘǳǎ ǘŜƳǇŜǊŀǘǳǊŜǎ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ мрло Y 
ŀƴŘ мстт Y ŦƻǊ !L{L aп ƳŀǘŜǊƛŀƭǎΦ !ŎŎƻǊŘƛƴƎ ǘƻ aƻǊŎƘ Ŝǘ ŀƭΦ ώруϐΣ ŦƻǊ ǘƘŜ ƴǳƳŜǊƛŎŀƭ ǎǘŀōƛƭƛǘȅ 
ŀƴŘ ǇƘȅǎƛŎŀƭ ŀŎŎǳǊŀŎȅ ƻŦ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ǘŜƳǇŜǊŀǘǳǊŜ ŬŜƭŘǎΣ ŀ Ŏƻƴǝƴǳƻǳǎ ŜǾƻƭǳǝƻƴ ƻŦ ǘƘŜ 
ǘƘŜǊƳƻπǇƘȅǎƛŎŀƭ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎ ƻǾŜǊ ǘƘŜ ǇǊƻŎŜǎǎ ǘŜƳǇŜǊŀǘǳǊŜ ǊŀƴƎŜ ƛǎ ŜǎǎŜƴǝŀƭΣ ŀ ŦŜŀǘǳǊŜ 

ǘƘŀǘ ǿŀǎ ǊŜǎǇŜŎǘŜŘ ƛƴ ǘƘŜ ƛƴǇǳǘ ƳŀǘŜǊƛŀƭ Řŀǘŀ ǎŜǘΦ 

оΦнΦ hǇǝƳƛȊŀǝƻƴ ǎǘǊŀǘŜƎȅ ǘƻ ǊŜŀŎƘ ŀ Ŏƻƴǎǘŀƴǘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ 
 

²ƛǘƘƛƴ ŀ tȅǘƘƻƴ ǎŎǊƛǇǘΣ ŀǘ ŜŀŎƘ ƴŜǿ ƭŀȅŜǊΣ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ƭŀǎŜǊ ǇƻǿŜǊ ŀǎǎǳƳŜŘ Ŏƻƴǎǘŀƴǘ 
ǿƛǘƘƛƴ ǘƘŜ ƭŀȅŜǊ ƛǎ ŀŘƧǳǎǘŜŘ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ Ŏƻƴǎǘŀƴǘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ όŘŜǇǘƘ ŀƴŘ ƭŜƴƎǘƘύ ǊŜǉǳŜǎǘŜŘ 

ōȅ ǘƘŜ ǳǎŜǊΦ ¢Ƙƛǎ ƻǇǝƳƛȊŀǝƻƴ ƭƻƻǇΣ ōŀǎŜŘ ƻƴ ŀ bŜǿǘƻƴπwŀǇǎƻƴ ƛǘŜǊŀǝǾŜ ƳŜǘƘƻŘ ƳƻŘƛŬŜǎ ǘƘŜ 



фл 

 

ƛƴǇǳǘ ƭŀǎŜǊ ǇƻǿŜǊ ǾŀƭǳŜ ǘƻ ƳƛƴƛƳƛȊŜ ŀƴ ƻōƧŜŎǝǾŜ ŦǳƴŎǝƻƴ ŜȄǇǊŜǎǎƛƴƎ ǘƘŜ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ 
ǘƘŜ ǳǎŜǊ Ŏƻƴǎǘŀƴǘ ǾŀƭǳŜǎ ǊŜǉǳŜǎǘŜŘ ŀƴŘ ǘƘŜ ƻƴŜǎ ŎƻƳǇǳǘŜŘΦ ¢ƘŜ ƅƻǿŎƘŀǊǘ ƻŦ ǘƘƛǎ ƻǇǝƳƛȊŀǝƻƴ 

ǎŎƘŜƳŜ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎΦ рόōύΦ 

 

CƛƎΦ рΦ όŀύ н5 C9 aŜǎƘ ǳǎŜŘ ŦƻǊ 595 ǇǊƻŎŜǎǎ ǎƛƳǳƭŀǝƻƴǎ ŀƴŘ όōύ ƅƻǿŎƘŀǊǘ ƻŦ ǘƘŜ ƭŀǎŜǊ ǇƻǿŜǊ ƻǇǝƳƛȊŀǝƻƴ ǇǊƻŎŜǎǎ ǎǘǊŀǘŜƎȅ 

ŦƻǊ ŀ Ŏƻƴǎǘŀƴǘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜΦ  

пΦ wŜǎǳƭǘǎ ŀƴŘ ŘƛǎŎǳǎǎƛƻƴ 
 

¢ƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ ƳŜǘŀƭǎ ŀƴŘ ŀƭƭƻȅǎ ŀǊŜ ƘƛƎƘƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ ǘƘŜ ǘƘŜǊƳŀƭ ƎǊŀŘƛŜƴǘΣ 
ǎƻƭƛŘƛŬŎŀǝƻƴ ǘŜƳǇŜǊŀǘǳǊŜ ƎǊŀŘƛŜƴǘǎ ŀƴŘ ŎƻƻƭƛƴƎ ǊŀǘŜǎΦ CƻǊ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ 595 ǎŀƳǇƭŜǎΣ 

ǘƘŜ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǘƘŜǊƳŀƭ ŎȅŎƭŜǎ ŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǊŜπƳŜƭǝƴƎ ƻŦ ŜŀŎƘ 
ƭŀȅŜǊ ǿƘƛŎƘ ŀũŜŎǘǎ ǘƘŜ ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ ǘƘŜ ƭƻŎŀƭ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎ ƴŜŀǊ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ 
ōƻǳƴŘŀǊȅΦ .ŀǎŜŘ ƻƴ ǘǿƻ ŘƛũŜǊŜƴǘ Ǌǳƴǎ ǿƛǘƘ ŘƛũŜǊŜƴǘ ǘŀǊƎŜǘǎΣ ǘƘŜ ƻǇǝƳƛȊŀǝƻƴ tȅǘƘƻƴ ǎŎǊƛǇǘ 
ǎǘǊŀǘŜƎȅ ōŀǎŜŘ ƻƴ ǘƘŜ н5 C9 595 ǇǊƻŎŜǎǎ ƳƻŘŜƭ Ƙŀǎ ŘŜǘŜǊƳƛƴŜŘ ǘǿƻ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎ 
ό[tCм ŀƴŘ [tCнύΦ ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎǳƭǘǎ ŎƻƳǇŀǊŜ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ ǘƘŜ 

ǎŀƳǇƭŜǎ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜǎŜ ŦǳƴŎǝƻƴǎ ǿƛǘƘ ǘƘŜ ƻƴŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ǿƛǘƘ ŀ Ŏƻƴǎǘŀƴǘ ƭŀǎŜǊ 

ŦǳƴŎǝƻƴ ό/tύΦ  

пΦмΦ [ŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎΣ ƳƻƭǘŜƴ Ǉƻƻƭ ǎƛȊŜǎ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ƘƛǎǘƻǊƛŜǎ 
 

LǘŜǊŀǝǾŜ ǎǘŜǇǎ ǾŀǊȅƛƴƎ ǘƘŜ ƭŀǎŜǊ ǇƻǿŜǊ ǾŀƭǳŜ ŀǎǎƻŎƛŀǘŜŘ ǘƻ ŜŀŎƘ ƭŀȅŜǊ ƻŦ ǘƘŜ ǎƛƳǳƭŀǘŜŘ 595 

ǎŀƳǇƭŜǎ ŀǊŜ Ǌǳƴ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜŀŎƘ ŀ Ŏƻƴǎǘŀƴǘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ όƭŜƴƎǘƘ ŀƴŘ ŘŜǇǘƘύΦ bǳƳŜǊƛŎŀƭ 
ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ ōȅ ŀǇǇƭȅƛƴƎ ŀ Ŏƻƴǎǘŀƴǘ ǇƻǿŜǊ ǾŀƭǳŜ ŀƴŘ ǘƘŜ ƛŘŜƴǝŬŜŘ ƻǇǝƳƛȊŜŘ 
ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎ ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎΦ сΦ IƻƳƻƎŜƴŜƻǳǎ ƳŜƭǘ Ǉƻƻƭ ŘŜǇǘƘ ŀƴŘ ƭŜƴƎǘƘ ŀǊŜ 

ƛƴŘŜŜŘ ƴǳƳŜǊƛŎŀƭƭȅ ŎƻƳǇǳǘŜŘ ƛƴ ǘƘŜ ǎŀƳǇƭŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ǿƛǘƘ ōƻǘƘ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎ 
[tCм ŀƴŘ [tCнΦ 9ŀŎƘ ǇƻǿŜǊ ŦǳƴŎǝƻƴ ǇǊƻǾƛŘŜǎ ŀ ƘƻƳƻƎŜƴŜƻǳǎ ƳŜƭǘ Ǉƻƻƭ ƻŦ ŀ ŘƛũŜǊŜƴǘ ǎƛȊŜΥ 
мΦп ŀƴŘ мΦу ƳƳ ŦƻǊ ǘƘŜ ŘŜǇǘƘ ŀƴŘ рΦт ŀƴŘ пΦп ŦƻǊ ǘƘŜ ƭŜƴƎǘƘΣ ǊŜǎǇŜŎǝǾŜƭȅΤ ǿƘƛŎƘ ǿŜǊŜ ǘƘŜ ǘǿƻ 

ŘƛũŜǊŜƴǘ ǘŀǊƎŜǘǎ ǿƛǘƘƛƴ ǘƘŜ ƻǇǝƳƛȊŀǝƻƴ ǇǊƻŎŜǎǎΦ  

wŜƎŀǊŘƛƴƎ ǘƘŜ ŎƻƳǇǳǘŜŘ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅΣ ǘƘŜ ǇŜŀƪ ǾŀƭǳŜǎ ƻŦ ǘƘǊŜŜ ǘȅǇƛŎŀƭ ƻōǎŜǊǾŜŘ ȊƻƴŜǎ 
ό.ƻǧƻƳΣ aƛŘŘƭŜΣ ¢ƻǇύ ƛƴ CƛƎΦ т ŀǊŜ ŘƛũŜǊŜƴǘ ŦƻǊ ŜŀŎƘ ǇƻǿŜǊ ŦǳƴŎǝƻƴ ό/tΣ [t.CмΣ [t.CнύΦ !ǎ ƛƴ 
WŀǊŘƛƴ Ŝǘ ŀƭΦ ώнпϐΣ ǘƘŜ н5 ŬƴƛǘŜ ŜƭŜƳŜƴǘ ƳŜǎƘ όCƛƎΦ рόŀύύ ƳƻŘŜƭǎ ǘƘŜ ŎŜƴǘŜǊ ǘǊŀŎƪ ƻŦ ŜŀŎƘ ƭŀȅŜǊ 
ƻŦ ǘƘŜ ŀŎǘǳŀƭ ǇǊƻŎŜǎǎ ŀƴŘ ǘƘŜ C9 ǎƛƳǳƭŀǝƻƴǎ ǇǊƻǾƛŘŜ ǘƘŜ ǘƘŜǊƳŀƭ ŬŜƭŘ ŀǘ ŀƴȅ Ǉƻƛƴǘ ƛƴ ǘƘƛǎ 



фм 

 

ƳƛŘŘƭŜ ǇƭŀƴŜΦ ¢ƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƘƛǎǘƻǊƛŜǎ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ Ǉƻƛƴǘǎ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ƻŦ ǘƘŜ .ƻǧƻƳΣ 
aƛŘŘƭŜ ŀƴŘ ¢ƻǇ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ όǎŜŜ CƛƎΦ уόŀύύ ŀƴŘ ŘŜǇƻǎƛǘŜŘ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ǇƭŀƴŜ ƻŦ ǘƘŜ ǎŀƳǇƭŜ 
ŀǊŜ ǇƭƻǧŜŘ ƛƴ CƛƎΦт ŦƻǊ ŜŀŎƘ ǇƻǿŜǊ ŦǳƴŎǝƻƴ ό/tΣ [tCмΣ [tCнύΦ 9ŀŎƘ ŎǳǊǾŜ ǎƘƻǿǎ ǘƘŜ 
ǘŜƳǇŜǊŀǘǳǊŜ ƻōǎŜǊǾŜŘ ōȅ ŀ ƳŀǘŜǊƛŀƭ ǇƻƛƴǘΥ ŀ ǇŜŀƪ ŀōƻǾŜ ǘƘŜ ƳŜƭǝƴƎ ǘŜƳǇŜǊŀǘǳǊŜ ǿƘƛƭŜ ǘƘŜ 
ƳŀǘŜǊƛŀƭ ƛǎ ŘŜǇƻǎƛǘŜŘΣ ŦƻƭƭƻǿŜŘ ōȅ ŀ ŎƻƻƭƛƴƎ ǎǘŀƎŜ ŀǎ ǘƘŜ ƭŀǎŜǊ ƳƻǾŜǎ ŀǿŀȅΦ ¢ƘŜ ŬǊǎǘ ǊŀǇƛŘ ƭƻŎŀƭ 
ŎƻƻƭƛƴƎ ƛǎ ŘǳŜ ǘƻ ǎƻƭƛŘƛŬŎŀǝƻƴ ŜƴŜǊƎȅΣ ŦƻƭƭƻǿŜŘ ōȅ ŀ ǎƭƻǿŜǊ ƎǊŀŘƛŜƴǘ ŘǳŜ ǘƻ ƘŜŀǘ ƭƻǎǎ ǘƻ ǘƘŜ 
ǿƻǊƪǇƛŜŎŜ ōȅ ŎƻƴŘǳŎǝƻƴ ŀƴŘ ǘƻ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎǎ ōȅ ǊŀŘƛŀǝƻƴ ŀƴŘ ŎƻƴǾŜŎǝƻƴΣ ǿƘŜƴ ǘƘŜ ƭŀǎŜǊ 
ƳƻǾŜǎ ŀǿŀȅΦ ²ƘŜƴ ǘƘŜ ƴŜȄǘ ƭŀȅŜǊ ƛǎ ŘŜǇƻǎƛǘŜŘΣ ǘƘŜǊŜ ƛǎ ŀ ǿŀǊƳƛƴƎ ŀǎ ǘƘŜ ƭŀǎŜǊ ŀǇǇǊƻŀŎƘŜǎ 
ŀƴŘ ǘƘŜ ƳŀǘŜǊƛŀƭ Ǉƻƛƴǘ ƛǎ ƳŜƭǘŜŘ ŀ ǎŜŎƻƴŘ ǝƳŜ ōǳǘ ƛǘǎ ǘŜƳǇŜǊŀǘǳǊŜ ƭŜǾŜƭ ƛǎ ƭƻǿŜǊ ŀƴŘ ŀ ŎƻƻƭƛƴƎ 
ǎǘŀƎŜ ƘŀǇǇŜƴǎ ŀƎŀƛƴ ŀǎ ǘƘŜ ƭŀǎŜǊ ƳƻǾŜǎ ŀǿŀȅΦ ¢Ƙƛǎ ǘƘŜǊƳŀƭ ŎȅŎƭŜ ǊŜǇŜŀǘǎ ƛǘǎŜƭŦ ōŜƛƴƎ 
ŀǧŜƴǳŀǘŜŘ ƳƻǊŜ ŀƴŘ ƳƻǊŜ όǇŀǊǝŀƭ ǘƘŜƴ ƴƻ ǊŜπƳŜƭǝƴƎύΣ ŀǎ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ƭŀȅŜǊǎ ǎŜǇŀǊŀǘŜ ǘƘŜ 
ŀƴŀƭȅȊŜŘ ƳŀǘŜǊƛŀƭ Ǉƻƛƴǘ ŦǊƻƳ ǘƘŜ ƭŀǎŜǊ ŜƴŜǊƎȅ ǎƻǳǊŎŜΦ CƻǊ ǘƘŜ .ƻǧƻƳ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ǇƻƛƴǘΣ 
ǘƘŜ ŜũŜŎǘ ƻŦ ǘƘŜ ƭŀǎǘ ƭŀȅŜǊǎ ƛǎ ƴƻǘ ŀƴȅ ƳƻǊŜ ƴƻǝŎŜŀōƭŜ όƴƻ ǇŜŀƪύΦ ¢ƘŜ ¢ƻǇ ǊŜǇǊŜǎŜƴǘŀǝǾŜ Ǉƻƛƴǘǎ 
ŀǊŜ ŀǘ ǘƘŜ ǎŜŎƻƴŘ ƭŀǎǘ ƭŀȅŜǊ ŦƻǊ ǘƘŜ [tCм ŀƴŘ [tCн ǇƻǿŜǊ ŦǳƴŎǝƻƴǎ ŀǎ ƻƴƭȅ ǘǿƻ ǇŜŀƪǎ ŀǊŜ 
ƻōǎŜǊǾŜŘ όCƛƎΦ т όōύ ŀƴŘ όŎύύ ŀƴŘ н ƭŀȅŜǊǎ ŘŜŜǇŜǊ ŦƻǊ ǘƘŜ Ŏƻƴǎǘŀƴǘ ƭŀǎŜǊ ǇƻǿŜǊ ŎŀǎŜΦ bƻǘŜ ǘƘŀǘ 
ŜŀŎƘ ǎŀƳǇƭŜ Ƙŀǎ ŀ ŘƛũŜǊŜƴǘ ƘŜƛƎƘǘ ŀǎ ŀ ŘƛũŜǊŜƴǘ ƭŀǎŜǊ ǇƻǿŜǊ ǾŀƭǳŜǎ ƎŜƴŜǊŀǘŜǎ ŘƛũŜǊŜƴǘ ƭŀȅŜǊ 

ƘŜƛƎƘǘǎ ǿƘƛŎƘ ŜȄǇƭŀƛƴǎ ǘƘŜ ŘƛũŜǊŜƴǘ ǝƳŜ ŀƴŘ ƭŀȅŜǊ ƴǳƳōŜǊ ŀǎǎƻŎƛŀǘŜŘ ǘƻ ŜŀŎƘ ȊƻƴŜ ƛƴ CƛƎΦ тΦ 
¢ƘŜ ƘƛƎƘŜǎǘ ǇŜŀƪǎ ŀǊŜ ƻōǎŜǊǾŜŘ ŀǎ ŜȄǇŜŎǘŜŘ ƛƴ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ǇŀǊǘ ǿƛǘƘ ǘƘŜ [tCн 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ όƘƛƎƘŜǎǘ ǇƻǿŜǊ ǾŀƭǳŜύΣ ŀƴŘ ǘƘŜ ƳŀȄƛƳǳƳ ǇŜŀƪ ǾŀƭǳŜǎ ƘŀǾŜ ŀǾŜǊŀƎŜ ƻŦ нссл YΦ 
Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘƘŜǊƳŀƭ ŎȅŎƭŜǎ ƛƴŘǳŎƛƴƎ ŀ ǘƻǘŀƭ ǊŜƳŜƭǝƴƎ ƻŦ ŀ ƭŀȅŜǊ ŀƴŘ ǘƘŜ ǾŀƭǳŜ 
ƻŦ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ǊŜŀŎƘŜŘ ŘǳǊƛƴƎ ǘƻǘŀƭ ƻǊ ǇŀǊǝŀƭ ǊŜƳŜƭǝƴƎ ǇǊŜǎŜƴǘ ŎƻƴǎƛŘŜǊŀōƭŜ ŎƘŀƴƎŜǎ 
ǿƛǘƘ ǘƘŜ ƭŀǎŜǊ ǇƻǿŜǊ ŜƴŜǊƎȅ ŦǳƴŎǝƻƴΦ ¢Ƙƛǎ ƴǳƳōŜǊ ƻŦ ǊŜƳŜƭǝƴƎ ǇƘŜƴƻƳŜƴŀ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ 

ǘƘŜ ƭŀǎŜǊ ǇƻǿŜǊΦ 

.ƻǘƘ ǇǊŜǾƛƻǳǎ ǇƘŜƴƻƳŜƴŀΣ ǎǳǇŜǊƘŜŀǝƴƎ ǾŀƭǳŜ ŀƴŘ ƴǳƳōŜǊ ƻŦ ǊŜƳŜƭǝƴƎǎ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘŜ 
ǎƛƳǳƭŀǝƻƴǎ ƻŦ ǘƘŜ 595 ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎ ƘŜƭǇ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ 
ƳƛŎǊƻƘŀǊŘƴŜǎǎ ǇǊƻŬƭŜǎ ŀƴŘ ǘƘŜ ƴŀƴƻƛƴŘŜƴǘŀǝƻƴ ŘƛǎǘǊƛōǳǝƻƴ ƳŀǇǎ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎΣ ŀǎ ǿŜƭƭ ŀǎ 
ǘƘŜ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎŜǎ ǎǘŀǘŜ ǘƘŀǘ ƧǳǎǝŦȅ ǇƻǎǘπƳƻǊǘŜƳ ŎǊŀŎƪǎ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ƴŜȄǘ ǎǳōǎŜŎǝƻƴΦ 
 

 

CƛƎΦ сΦ όŀύ [ŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǇǊƻǇƻǎŜŘ ƳŜǘƘƻŘƻƭƻƎȅΦ όōύ /ƻƳǇǳǘŜŘ ƳƻƭǘŜƴ Ǉƻƻƭ ƻǾŜǊ ǘƘŜ ƭŀȅŜǊǎ ŦƻǊ 

[tCмΣ [tCн ŀƴŘ /tΦ 



фн 

 

 
CƛƎΦ тΦ ¢ƘŜǊƳŀƭ ƘƛǎǘƻǊȅ ƻŦ ǘƘŜ ¢ƻǇΣ aƛŘŘƭŜ ŀƴŘ .ƻǧƻƳ ƭŀȅŜǊǎ ƻōǘŀƛƴŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ǘƘǊŜŜ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎΥ όŀύ /tΣ 

όōύ ƻǇǝƳƛȊŜŘ [tCмΣ ŀƴŘ όŎύ ƻǇǝƳƛȊŜŘ [tCнΦ  

пΦнΦ aƛŎǊƻƘŀǊŘƴŜǎǎ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ  
 

CƛƎΦ уόŀύ ǎƘƻǿǎ ǘƘŜ ŎǊƻǎǎπǎŜŎǝƻƴ ƻŦ ǘƘŜ Ŏǳǘ ǎŀƳǇƭŜǎ ƻōǘŀƛƴŜŘ ǿƛǘƘ ǘƘŜ ŘƛũŜǊŜƴǘ ƭŀǎŜǊ ǇƻǿŜǊ 
ŦǳƴŎǝƻƴǎΦ ¢ƘŜ ŎǳǩƴƎ ƻŦ ǘƘŜ ǎŀƳǇƭŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ōȅ /t ŀƴŘ [tCмΣ ǊŜǉǳƛǊŜŘ ŦƻǊ ƘŀǊŘƴŜǎǎ 
ƳŜŀǎǳǊŜƳŜƴǘǎΣ ǊŜǾŜŀƭŜŘ ŎǊŀŎƪǎ ŀǇǇŜŀǊŀƴŎŜΦ !ǎ ǇǊƻǾŜŘ ōȅ ǘƘŜ ƻōǎŜǊǾŀǝƻƴǎ ƻŦ ŀƭƭ ǘƘŜ ŀǎπōǳƛƭǘ 
ǎŀƳǇƭŜǎΣ ǘƘŜȅ Řƻ ƴƻǘ ǇǊŜǎŜƴǘ ŀƴȅ ŎǊŀŎƪ όCƛƎΦ {ΦмύΦ ¢ƘŜ ƭŀŎƪ ƻŦ ƻȄƛŘŀǝƻƴΣ ŎƻƴŬǊƳŜŘ ōȅ 95· 
ƳŀǇǇƛƴƎ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘƛƴ ǘƘŜ ŎǊŀŎƪǎ ǇǊŜǎŜƴǘ ŀƊŜǊ ŎǳǩƴƎ ƛƴ /t ŀƴŘ [tCм ǎŀƳǇƭŜǎ ǘŜƭƭǎ ǘƘŀǘ 

ǘƘƻǎŜ ŎǊŀŎƪǎ ŀǊŜ Ǉƻǎǘ ƳƻǊǘŜƳ όCƛƎǎΦ {Φн ŀƴŘ CƛƎǎΦ {ΦоύΦ ¢ƘŜȅ ŀǇǇŜŀǊŜŘ ǿƘŜƴ ŎǳǩƴƎ ǘƘŜ ǎŀƳǇƭŜ 
ŀƴŘ ƴƻǘ ŘǳǊƛƴƎ ǘƘŜ 595 ǇǊƻŎŜǎǎΦ 5ǳǊƛƴƎ ǘƘŜ ǇǊƻŎŜǎǎΣ ŎǊŀŎƪǎ ǿƻǳƭŘ ŀƭǎƻ ƘŀǾŜ ōŜŜƴ ƴƻǝŎŜŘ 
ōŜŎŀǳǎŜ ƻŦ ƴƻƛǎŜ ŀƴŘ ƻŦ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ƭŀǎŜǊ 595 ƳŀŎƘƛƴŜ ƛǎ ǇǊƻƎǊŀƳƳŜŘ ǿƛǘƘ ŀ ǎŜŎǳǊƛǘȅ 
ŦŜŀǘǳǊŜ ǿƘƛŎƘ ǎǘƻǇǎ ǘƘŜ ǇǊƻŎŜǎǎ ƛŦ ŀ ƳƛƴƛƳǳƳ ǎǘŀƴŘƻũ ŘƛǎǘŀƴŎŜ όōŜǘǿŜŜƴ ǘƘŜ ƭŀǎŜǊ ŀƴŘ ǘƘŜ 
ŘŜǇƻǎƛǘύ ƛǎ ǊŜŀŎƘŜŘΦ LƴŘŜŜŘΣ ŀ ŎǊŀŎƪ ǊŜŘǳŎŜǎ ǘƘƛǎ ŘƛǎǘŀƴŎŜ ŀƴŘ ƛƴ ŀŘŘƛǝƻƴΣ ǘƘŜ ǎŀƳǇƭŜ ǎƘŀǇŜ 

ǿƻǳƭŘ ƘŀǾŜ ŀƭǎƻ ōŜŜƴ ŀũŜŎǘŜŘ ŘǳŜ ǘƻ ǘƘŜ ƭƻǿŜǊ ŎƻƴŘǳŎǘŜŘ ƘŜŀǘ ŜǎŎŀǇŜΦ {ƻ ŀƭƭ ǘƘŜǎŜ ǊŜŀǎƻƴǎ 
ŎƻƴŬǊƳ ǘƘŜ Ǉƻǎǘ ƳƻǊǘŜƳ ŎǊŀŎƪ ŀǎǎǳƳǇǝƻƴΦ ¢ƘŜ [tCн ǎŀƳǇƭŜ ŜȄƘƛōƛǘǎ ǊŜŘǳŎŜŘ ǊŜǎƛŘǳŀƭ 

ǎǘǊŜǎǎŜǎ ƛƴǎƛŘŜ ǘƘŜ ŎǳōƛŎ ǇŀǊǘ ōǳƛƭǘ ŀŎŎƻǊŘƛƴƎ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŀƴȅ ŎǊŀŎƪƛƴƎ ŘǳǊƛƴƎ ŎǳǩƴƎΦ ¢Ƙƛǎ 
[t.Cн ŎŀǎŜ ƛǎ ƛƴǘŜǊŜǎǝƴƎ ŀǎ ƛǘ ŀǾƻƛŘǎ ŦǳǊǘƘŜǊ ƘŜŀǘ ǘǊŜŀǘƳŜƴǘǎ ώрфϐ ǊŜǉǳƛǊŜŘ ǘƻ ǊŜŘǳŎŜ ǘƘŜ 
ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎŜǎ ƎŜƴŜǊŀǝƴƎ ŎǊŀŎƪǎ ƛƴ ōƻǘƘ /t ŀƴŘ [tCм ǎŀƳǇƭŜǎΦ ¢ƘŜ ƘƛƎƘŜǊ ƘŜŀǘ ŀŎŎǳƳǳƭŀǝƻƴ 

ŀŎƘƛŜǾŜŘ ǿƛǘƘƛƴ ǎŀƳǇƭŜ [tCн όCƛƎΦ тŎύ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǎŀƳǇƭŜǎ /t ŀƴŘ [Ctм όCƛƎΦ тŀ ŀƴŘ ōύΣ 



фо 

 

ŀƴŘ ǘƘŜ ƘƛƎƘŜǊ ƘƻƳƻƎŜƴŜƛǘȅ ƭŜǾŜƭ ǿƛǘƘƛƴ ǘƘŜ ǎŀƳŜ ǎŀƳǇƭŜ Ŏŀƴ ƧǳǎǝŦȅ ŀ ōŜǧŜǊ ǎǘǊŜǎǎ ǊŜƭƛŜŦ ǘƘŀǘ 

ŀǾƻƛŘǎ ŀ ǎǳōǎŜǉǳŜƴǘ ŎƻƭŘ ŎǊŀŎƪƛƴƎ ǇƘŜƴƻƳŜƴƻƴΦ 

.ƻǘƘ ǘƘŜ ƭŜǾŜƭ ŀƴŘ ǘƘŜ ǎŎŀǧŜǊƛƴƎ ƻŦ ǘƘŜ ƳƛŎǊƻƘŀǊŘƴŜǎǎ ǇǊƻŬƭŜǎ ǇǊƻǾƛŘŜ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ǘƘŜ 
ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ǎǘŀǘŜΦ aƻǊŜ ƘƻƳƻƎŜƴŜƻǳǎ ǇǊƻŬƭŜǎ ǿƛǘƘ ǘƘŜ ƻǇǝƳƛȊŜŘ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎ 
[t.Cм ŀƴŘ [t.Cн ŀǊŜ ƻōǘŀƛƴŜŘΣ ŀǘ ŀ ǉǳŀƭƛǘŀǝǾŜ ƭŜǾŜƭΣ ŀŎŎƻǊŘƛƴƎ ǘƘŜ ƘŀǊŘƴŜǎǎ ǎŎŀǧŜǊƛƴƎ 

ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ ŎǳǊǾŜǎ CƛƎΦ уόōύ ŀƴŘ ǘƘŜ ŎƻƳǇǳǘŜŘ ǾŀǊƛŀƴŎŜ όCƛƎΦ уόŎύύΦ 

 

 

CƛƎΦ уΦ όŀύ hǾŜǊǾƛŜǿ ƻŦ ŎǊƻǎǎπǎŜŎǝƻƴǎ ǿƛǘƘ ǘƘŜ ƭƻŎŀǝƻƴ ƻŦ ǘƘŜ ǾŜǊǝŎŀƭ ƘŀǊŘƴŜǎǎ ǇǊƻŬƭŜǎ ŎƭƻǎŜ ǘƻ ǘƘŜ ƳƛŘŘƭŜ ŀȄƛǎ ŦƻǊ ǘƘŜ ǘǊŜŜ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ƻŦ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴ ό/tΣ [tCм ŀƴŘ [tCнύΤ όōύ 9Ǿƻƭǳǝƻƴ ƻŦ ǘƘŜ ƘŀǊŘƴŜǎǎ ǇǊƻŬƭŜ ǿƛǘƘ ǘƘŜ ŘŜǇǘƘ 
ŦǊƻƳ ǘƘŜ ǘƻǇ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎΤ ŀƴŘ ǘƘŜ όŎύ ŎƻƳǇǳǘŜŘ ŀǾŜǊŀƎŜ ǾŀƭǳŜǎ ƻŦ ƳƛŎǊƻƘŀǊŘƴŜǎǎ ±ƛŎƪŜǊǎ I±мл ƳŜŀǎǳǊŜŘ ŀǘ ǘƘŜ 

ŎǊƻǎǎπǎŜŎǝƻƴΦ  

пΦоΦ bŀƴƻƳŜŎƘŀƴƛŎŀƭ ƘŀǊŘƴŜǎǎ ƳŀǇ 
 

¢ƘŜ ƴŀƴƻƛƴŘŜƴǘŀǝƻƴ ƎǊƛŘǎ ǇŜǊŦƻǊƳŜŘ ƛƴ ǘƘŜ Ŏǳǘ ǎŜŎǝƻƴǎ ƻŦ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ǎŀƳǇƭŜǎ ŀǘ ǘƘŜ 

ƭƻŎŀǝƻƴ Ǉƻƛƴǘǎ ƎƛǾŜƴ ƛƴ CƛƎΦ у ŀƭƭƻǿ ōǳƛƭŘƛƴƎ ǘƘŜ ƴŀƴƻƘŀǊŘƴŜǎǎ ƳŀǇǎ ƻŦ CƛƎΦ фΦ ¢ƘŜ ǇŀǊǘ 
ƳŀƴǳŦŀŎǘǳǊŜŘ ǿƛǘƘ Ŏƻƴǎǘŀƴǘ ǇƻǿŜǊ ό/tύ ǎƘƻǿǎ ƴƻƴπƘƻƳƻƎŜƴŜƻǳǎ ƴŀƴƻƘŀǊŘƴŜǎǎ ŬŜƭŘ ǿƛǘƘ 
ƘƛƎƘŜǊ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ȊƻƴŜ ƻŦ ŀǊƻǳƴŘ фΦр DtŀΦ ! ƳƻǊŜ ƘƻƳƻƎŜƴŜƻǳǎ ƘŀǊŘƴŜǎǎ ŬŜƭŘ ƛǎ 
ŦƻǳƴŘ ǿƛǘƘ ǘƘŜ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴ м ό[tCмύ ŎƻƳǇŀǊŜŘ ǘƻ /tΦ IƻǿŜǾŜǊΣ ǘƘŜ ƭƻŎŀƭ ƘŀǊŘƴŜǎǎ ƛƴ 
ǘƘŜ ƳƛŘŘƭŜ ȊƻƴŜ ǎƘƻǿ ƘƛƎƘŜǊ ǾŀƭǳŜǎ ŀƴŘ ǾŀǊƛŀǝƻƴ ǿƘƛŎƘ ƛǎ ƴƻǘ ǘƘŜ ǘŀǊƎŜǘ ŀƛƳ ƻŦ ǘƘƛǎ ǿƻǊƪΦ 

¢Ƙƛǎ ƛǎ ŎƭŜŀǊƭȅ ƴƻǘ ǎŜŜƴ ƛƴ ǘƘŜ ±ƛŎƪŜǊǎ ƘŀǊŘƴŜǎǎ ƳŜŀǎǳǊŜƳŜƴǘǎ όCƛƎΦ уύ ŀƴŘ Ŏŀƴƴƻǘ ōŜ ŜȄǇƭŀƛƴŜŘ 
ōȅ ǘƘŜ ŎƻƳǇǳǘŜŘ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ ǎƛƴŎŜ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ǊŜǎƻƭǳǝƻƴ ƘŜǊŜ ƛǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ 
ŜƭŜƳŜƴǘ ǎƛȊŜΦ Lǘ ǿƻǳƭŘ ǊŜǉǳƛǊŜ ŀ ƳŜǎƘ ǊŜŬƴŜƳŜƴǘ ǿƘƛŎƘ ƛǎ ƴƻǘ ƧǳǎǝŬŜŘ ǎƛƴŎŜ Ƴŀǎǎ ǘǊŀƴǎŦŜǊ 



фп 

 

ŜũŜŎǘǎ ŘǳŜ ǘƻ ŎƻƴǾŜŎǝƻƴ ŀƴŘ aŀǊŀƴƎƻƴƛ ŜũŜŎǘ Ŏŀƴƴƻǘ ōŜ ǊŜǇǊŜǎŜƴǘŜŘ ǿƛǘƘ ǘƘŜ ŎǳǊǊŜƴǘ 
ƛƳǇƭŜƳŜƴǘŜŘ ƳŀŎǊƻǎŎƻǇƛŎ ǎƻƭƛŘ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ƳƻŘŜƭΦ ¢ƘŜ ǘŀǊƎŜǘŜŘ ƘƻƳƻƎŜƴŜƻǳǎ 
ƴŀƴƻƘŀǊŘƴŜǎǎ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ǘƘŜ aƛŘŘƭŜ ȊƻƴŜ ƻŦ ǘƘŜ ǇŀǊǘ ŀǊŜ Ŭƴŀƭƭȅ ƻōǘŀƛƴŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ 
ƻǇǝƳƛȊŜŘ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴ н ό[tCнύ ŘŜŬƴŜŘ ōȅ ǘƘŜ ŘŜǾŜƭƻǇŜŘ ƻǇǝƳƛȊŀǝƻƴ ǎǘǊŀǘŜƎȅΦ ¢ƘŜ 
ǊŜŘǳŎŜŘ ƘŀǊŘƴŜǎǎ ƛƴ ǘƘŜ ǘƻǇ ƭŀȅŜǊ ƛǎ ŀŎǘǳŀƭƭȅ ƴƻǘ ŀƴ ƛǎǎǳŜΣ ōŜŎŀǳǎŜ ǘƘŜ ƭŀǎǘ ŘŜǇƻǎƛǘŜŘ ƭŀȅŜǊ ŀƴŘ 
ŦǊŜŜ ǎǳǊŦŀŎŜǎ ƻŦ ǘƘŜ ǇŀǊǘ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ƳŀŎƘƛƴŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ƻōǘŀƛƴ ŀ ƎƻƻŘ ǎǳǊŦŀŎŜ ŬƴƛǎƘ ŀƴŘ 
ŀŎŎǳǊŀǘŜ Ŭƴŀƭ ǎƘŀǇŜ ƻŦ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ǇŀǊǘΦ 
 

 
CƛƎΦ фΦ bŀƴƻƘŀǊŘƴŜǎǎ ƳŀǇǎ ƻŦ ǘƘŜ ŎǊƻǎǎπǎŜŎǝƻƴ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ ŀǘ ǘƘŜ ǘƻǇΣ ōƻǧƻƳ ŀƴŘ ƳƛŘŘƭŜ ƭƻŎŀǝƻƴ ǇƻƛƴǘǎΦ 

пΦпΦ !ƴŀƭȅǎƛǎ ƻŦ ǊŜǎǳƭǘǎ 
 

¢ƘŜ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ ǎƘƻǿƴ ƛƴ CƛƎΦ т όǘƘŜ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜǎ ƻŦ ǘƘŜ ƳŜƭǘ ǇƻƻƭǎΣ ǘƘŜ ǇŜŀƪ 

ǘŜƳǇŜǊŀǘǳǊŜǎ ƻŦ ǘƘŜ ƭƛǉǳƛŘ ƳŜǘŀƭ ŘǳǊƛƴƎ ǘƘŜ ƭŀǎǘ ǎƻƭƛŘƛŬŎŀǝƻƴǎΣ ǘƘŜ ƴǳƳōŜǊǎ ƻŦ ǘƻǘŀƭ ƻǊ ǇŀǊǝŀƭ 
ǊŜƳŜƭǝƴƎǎύ ǿƛǘƘƛƴ ǘƘŜ ǘƻǇΣ ǘƘŜ ƳƛŘŘƭŜ ŀƴŘ ǘƘŜ ōƻǧƻƳ ȊƻƴŜǎ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎΣ ƻōǘŀƛƴŜŘ ōȅ 
ŀǇǇƭȅƛƴƎ Ŏƻƴǎǘŀƴǘ /tΣ ƻǇǝƳƛȊŜŘ [tCм ŀƴŘ [tCн ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴǎ ŀǊŜ ŀƴŀƭȅȊŜŘ ǘƻ ƛŘŜƴǝŦȅ 

ŀƴȅ ƭƛƴƪǎ ǿƛǘƘ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜǎ ŀƴŘ ǘƘŜ ƳƛŎǊƻ ŀƴŘ ƴŀƴƻƘŀǊŘƴŜǎǎ ǇǊƻŬƭŜǎΦ  

¢ƘŜ ŘƛǎŎǊŜǇŀƴŎƛŜǎ ōŜǘǿŜŜƴ ǘƘŜ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ ŀǎǎƻŎƛŀǘŜŘ ǘƻ ŜŀŎƘ ƭƻŎŀǝƻƴ ŀǊŜ ŎƭŜŀǊƭȅ ƘƛƎƘŜǊ 
ŦƻǊ ǘƘŜ /t ŎŀǎŜ όCƛƎΦ тόŀύύ ǘƘŀƴ ŦƻǊ [tCм ŀƴŘ [tCн ŎŀǎŜǎΣ ǿƘƛŎƘ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ŎƻƳǇǳǘŜŘ 
ƴƻƴπŎƻƴǎǘŀƴǘ ƳŜƭǘ Ǉƻƻƭ ƻŦ /t ŎŀǎŜ ǾŜǊǎǳǎ [tCм ŀƴŘ [tCн ŎŀǎŜǎ όCƛƎΦ сόōύύΦ CƻǊ ǘƘŜ ƭŀǧŜǊ ŎŀǎŜǎΣ 

ǘƘŜ ǾŜǊȅ ǎƳŀƭƭ ǾŀǊƛŀǝƻƴǎ ŀǊƻǳƴŘ ǘƘŜ ǊŜŀŎƘŜŘ Ŏƻƴǎǘŀƴǘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ ŀǊŜ ǎƛƳƛƭŀǊΣ ƘƻǿŜǾŜǊ ǘƘŜ 
ŘƛǎŎǊŜǇŀƴŎƛŜǎ ōŜǘǿŜŜƴ ǘƘŜ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ ƻŦ ǘƘŜ ŘƛũŜǊŜƴǘ ƭƻŎŀǝƻƴ Ǉƻƛƴǘǎ ƛƴ [tCм ŎŀǎŜ όǎŜŜ 

ǘƘŜ ƴǳƳōŜǊǎ ƻŦ ǊŜπƳŜƭǝƴƎ ŜǾŜƴǘǎ ōŜǘǿŜŜƴ ōƻǧƻƳ ŀƴŘ ƳƛŘŘƭŜ ƭƻŎŀǝƻƴǎύ ŀǊŜ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ 
ƻƴŜǎ ƻōǎŜǊǾŜŘ ŦƻǊ [tCнΦ ¢Ƙƛǎ ǊŀƴƪƛƴƎ ƛƴ ǾŀǊƛŀǝƻƴǎ ǿƛǘƘƛƴ ǘƘŜ ƭƻŎŀƭ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ ƻŦ ŜŀŎƘ 

ǎŀƳǇƭŜ ƛǎ ƪŜǇǘ ǿƛǘƘƛƴ ǘƘŜ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ƻŦ ǘƘŜƛǊ ƴŀƴƻ ƛƴŘŜƴǘŀǝƻƴ ƳŀǇǎ όCƛƎΦ фύΦ 

¢ƘŜ ƘƛƎƘŜǊ ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ ǘƘŜ [tCн ǇŀǊǘ ƻōǎŜǊǾŜŘ ƛƴ ƴŀƴƻƘŀǊŘƴŜǎǎ ƳŀǇǎ όCƛƎΦ фύ ŎƻǳƭŘ ōŜ 

ŀǎǎƻŎƛŀǘŜŘ ǘƻ ǘƘŜ ƘƛƎƘŜǎǘ ǇŜŀƪ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ƳŜƭǘ Ǉƻƻƭǎ όǘƘŜ ŀǾŜǊŀƎŜ ǾŀƭǳŜ ƛǎ 
нрсфY ŦƻǊ ǘƘŜ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜύ ŎƻƳǇŀǊŜŘ ǘƻ /t όнпсфYύ ŀƴŘ [t.Cм όнрлрYύ ŎŀǎŜǎΦ Lǘ 
ǇǊƻŘǳŎŜǎ ŀ ƘƛƎƘŜǊ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ƘŜŀǘ ǿƘƛŎƘ ƎŜƴŜǊŀǘŜǎ ǎƭƻǿŜǊ ŎƻƻƭƛƴƎ ǇǊƻŎŜǎǎ όǎŜŜ CƛƎΦ тόŎύύΣ 

ŀƭƭƻǿƛƴƎ ƳƻǊŜ ƘƻƳƻƎŜƴƻǳǎ ǘŜƳǇŜǊŀǘǳǊŜ ǿƛǘƘƛƴ ǘƘŜ ǇŀǊǘǎ ŀǎ ǿŜƭƭ ŀǎ ƭƻǿŜǊ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎŜǎΦ 



фр 

 

bƻ ŎǊŀŎƪ ŀǇǇŜŀǊŜŘ ŘǳǊƛƴƎ ǘƘŜ ǇƻǎǘƳƻǊǘŜƳ ǾŜǊǝŎŀƭ ŎǊƻǎǎπǎŜŎǝƻƴ ƛƴǎǇŜŎǝƻƴΣ ǇǊƻǾƛŘŜŘ ƛƴ CƛƎΦуΣ 
ŦƻǊ [tCн ŎŀǎŜ ŎƻƳǇŀǊŜŘ ǘƻ /t ŀƴŘ [tCм ŎŀǎŜǎΦ ¢ƘŜǎŜ ŎǊŀŎƪǎ ŀǊŜ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŎǊƛǝŎŀƭ ǊŜǎƛŘǳŀƭ 
ǎǘǊŜǎǎŜǎ ƛƴ ǘƘŜ ŀǎπōǳƛƭǘ ŎƻƴŘƛǝƻƴǎΦ ¢ƘŜ ƛƴπǎƛǘǳ ŀƴƴŜŀƭƛƴƎ ŘǳǊƛƴƎ [tCн ǇǊƻŎŜǎǎƛƴƎ ƘŜƭǇǎ 

ŀŎƘƛŜǾƛƴƎ ǎǘǊŜǎǎ ǊŜƭƛŜŦ ǳƴƭƛƪŜ ƛƴ /t ŀƴŘ [Ctм ŎƻƴŬƎǳǊŀǝƻƴǎΦ 

¢ƘŜ /t ǎŀƳǇƭŜ ǎƘƻǿǎ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ōƻǘƘ ŀǘ ǘƘŜ ƳŀŎǊƻ ƭŜǾŜƭ όǎŜŜ ±ƛŎƪŜǊǎ ǇǊƻŬƭŜ CƛƎΦ уύ ŀƴŘ ŀǘ 
ǘƘŜ ƴŀƴƻ ǎŎŀƭŜ όCƛƎΦ фύΦ ¢ƘŜ ŀǾŜǊŀƎŜ ƴŀƴƻƘŀǊŘƴŜǎǎ ƛǎ ƭƻǿ ŀǘ ǘƘŜ ōƻǧƻƳ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘΣ ŀƴŘ 
ƳƻǊŜ ƛƳǇƻǊǘŀƴǘƭȅΣ ƛǘ ǎƘƻǿǎ ǎƻƳŜ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ǿƛǘƘƛƴ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ŀǊŜŀǎΦ CƻǊ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ 
ŘŜǇƻǎƛǘΣ ǘƘŜ ŀǾŜǊŀƎŜ ƘŀǊŘƴŜǎǎ ƛǎ Ǝƭƻōŀƭƭȅ ƭƻǿŜǊΣ ŜǾŜƴ ƛŦ ƛǘ ƛǎ ƳƻǊŜ ƘƻƳƻƎŜƴŜƻǳǎ ǘƘŀƴ ŀǘ ǘƘŜ 
ōƻǧƻƳΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘΣ ǘƘŜǊŜ ƛǎ ŀ ƘƛƎƘŜǊ ƭŜǾŜƭ ƻŦ ƘŀǊŘƴŜǎǎ 
όŀǾŜǊŀƎŜ ƻŦ фΦр Dtŀ ƛƴ ƴŀƴƻƘŀǊŘƴŜǎǎ ŀƴŘ улл I± ƛƴ ±ƛŎƪŜǊǎύΦ /ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎΣ 
ƛǘ Ŏŀƴ ōŜ ƴƻǘŜŘ ǘƘŀǘ ǎǳŎƘ ŀ ƘŀǊŘƴŜǎǎ ŦƻǊ ǘƘŜ ƎƛǾŜƴ ŀƭƭƻȅ Ŏŀƴ ƭŜŀŘ ǘƻ ƛƳǇǊƻǾŜŘ ƳŜŎƘŀƴƛŎŀƭ ώфϐ 
ŀƴŘ ǘǊƛōƻƭƻƎƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ώноϐΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ǿŜŀǊ ǊŜǎƛǎǘŀƴŎŜ ƛƴ ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ ǿŜŀǊ ƭƻǎǎ ǿŀǎ 
ŦƻǳƴŘ ƘƻƳƻƎŜƴŜƻǳǎ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ǎƭƛŘƛƴƎ ǎǇŜŜŘ ǿƛǘƘƛƴ ǘƘƛǎ ƳƛŘŘƭŜ ƭƻŎŀǝƻƴ όǎŜŜ CƛƎΦ мύΦ 
¢Ƙƛǎ ȊƻƴŜ ƻŦ ǘƘŜ /t ǎŀƳǇƭŜ Ŏŀƴ ǘƘŜǊŜŦƻǊŜ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǘƘŜ ŀŘŜǉǳŀǘŜ ƘƻƳƻƎŜƴŜƻǳǎ 

ǎǘǊǳŎǘǳǊŜ ό!I{ύ ǘƻ ŀŎƘƛŜǾŜΦ 

¢ƘŜ [Ctм ǎŀƳǇƭŜ ŜȄƘƛōƛǘǎ ǘƘŜ !I{ ƻƴƭȅ ƻƴ ǘƘŜ ǘƻǇ ǇƻǎƛǝƻƴΣ ǘƘŜ ƳƛŘŘƭŜ ŀƴŘ ǘƘŜ ōƻǧƻƳ 
Ǉƻǎƛǝƻƴ ōŜƛƴƎ ŘƛũŜǊŜƴǘΣ ǿƛǘƘ ƘƛƎƘŜǊ ƘŀǊŘƴŜǎǎ ŀƴŘκƻǊ ŀ ƳƻǊŜ ǇǊƻƴƻǳƴŎŜŘ ƘŜǘŜǊƻƎŜƴŜƛǘȅΦ 
¢ƘŜǊŜŦƻǊŜΣ ŀ ƭƻŎŀƭ ǘƘŜǊƳŀƭ ǇƻǎǘπǘǊŜŀǘƳŜƴǘ ǎƘƻǳƭŘ ōŜ ǊŜǉǳƛǊŜŘ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ !I{ ƛƴ ŀƭƭ ǘƘŜ 

ȊƻƴŜǎΣ ǿƘƛŎƘ ƛǎ ƴƻǘ ŀƴ Ŝŀǎȅ ǘŀǎƪΦ 

¢ƘŜ [Ctн ŎƻƴŬƎǳǊŀǝƻƴΣ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǇǊŜǎŜƴǘǎ ǘƘŜ !I{ ƛƴ ōƻǘƘ ǘƘŜ ōƻǧƻƳ ŀƴŘ ǘƘŜ 
ƳƛŘŘƭŜ ǇƻǎƛǝƻƴǎΦ ¢ƘŜ ǘƻǇ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘΣ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǎƘƻǿǎ ŀ ǎƭƛƎƘǘƭȅ ƭƻǿŜǊ ŀǾŜǊŀƎŜ 

ƘŀǊŘƴŜǎǎΣ ǿƘƛŎƘ ƛǎ ƘƻǿŜǾŜǊ ƴƻǘ ŎǊƛǝŎŀƭ ƛŦ ƳŀŎƘƛƴƛƴƎ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǎǳōǎŜǉǳŜƴǘƭȅΦ 

рΦ /ƻƴŎƭǳǎƛƻƴǎ  
 

¢ƘŜ Ƴŀƛƴ ƻōƧŜŎǝǾŜ ƻŦ ǘƘƛǎ ǿƻǊƪ ǿŀǎ ǘƻ ŘŜǾŜƭƻǇ ŀ ǇǊƻŎŜǎǎ ǎǘǊŀǘŜƎȅ ǘƻ ǊŜŀŎƘ ƘƻƳƻƎŜƴŜƻǳǎ ŀƴŘ 
ƻǇǝƳŀƭ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ǿƘƻƭŜ !L{L aп 595 ŀǎ ōǳƛƭǘ ƳŀǘŜǊƛŀƭ ǇŀǊǘ ǘƻ ŀǾƻƛŘ ƻǊ 
ǊŜŘǳŎŜ ǘƘŜǊƳŀƭ Ǉƻǎǘ ǘǊŜŀǘƳŜƴǘΦ ¢ƘŜ ƴǳƳŜǊƛŎŀƭ ǎǘǊŀǘŜƎȅ ǇǊŜǎŜƴǘŜŘ ƘŜǊŜ ƛǎ ŀ Ŏƻǎǘ ŜũŜŎǝǾŜ 
ƳŜǘƘƻŘ ŦƻǊ ǎŀǾƛƴƎ ǝƳŜ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ǉǳŀƭƛǘȅ ƛƴ ǘƘŜ 595 ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀƴŘ ǊŜǇŀƛǊ ǇǊƻŎŜǎǎŜǎ 
ƻŦ ƳŀŎƘƛƴŜ ǘƻƻƭǎ ŀƴŘ ǇŀǊǘǎΦ ¦ǎƛƴƎ ǾŀƭƛŘŀǘŜŘ н5 C9 ǘƘŜǊƳƻƳŜŎƘŀƴƛŎŀƭ ǎƛƳǳƭŀǝƻƴǎ ƻŦ ǘƘŜ 595 
ǇǊƻŎŜǎǎ ǿƛǘƘƛƴ ŀ bŜǿǘƻƴπwŀǇǎƻƴ ƻǇǝƳƛȊŀǝƻƴ ƳŜǘƘƻŘΣ ŀƴ ƻǇǝƳŀƭ ƭŀǎŜǊ ǇƻǿŜǊ ŦǳƴŎǝƻƴ ǿŀǎ 
ŘŜǘŜǊƳƛƴŜŘ ǘƻ ƎŜƴŜǊŀǘŜ ōǳƭƪ aп ǎǘŜŜƭ ǎŀƳǇƭŜǎ ǿƛǘƘ ŀ Ŏƻƴǎǘŀƴǘ ƳŜƭǘ Ǉƻƻƭ ŀƭƻƴƎ ǘƘŜ ōǳƛƭǘ 

ŘƛǊŜŎǝƻƴΦ 

wŜƎŀǊŘƛƴƎ ǘƘŜ ƭƛƴƪ ǿƛǘƘ ǘƘŜ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅΣ ǘƘŜ ŘƛƳŜƴǎƛƻƴŀƭ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ 
ǊŜŀǎƻƴŀōƭȅ ŀƭƭƻǿǎ ǊŜǇǊƻŘǳŎƛƴƎ ŀǘ ŀƴȅ Ǉƻƛƴǘ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘΣ ŀ ǎƛƳƛƭŀǊ ŎƻƳǇƭŜȄ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅΦ 
Lǘ ŎƻƴǎƛŘŜǊǎ ǘƘŜ ƘŜŀǘ ŀŎŎǳƳǳƭŀǝƻƴ ŘƛǊŜŎǘƭȅ ōǊƻǳƎƘǘ ōȅ ǘƘŜ ǇǊŜƘŜŀǝƴƎΣ ōǳǘ ŀƭǎƻ ǘƘŜ ƻƴŜ 
ƛƴŘǳŎŜŘ ŘǳǊƛƴƎ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎ ōȅ ƭŀȅŜǊǎ ƻǾŜǊƭŀǇǇƛƴƎΦ !ǎ ǇƻƛƴǘŜŘ ōȅ [t.Cм ŀƴŘ 

[t.Cн ŎŀǎŜǎΣ Ŏƻƴǎǘŀƴǘ ƳŜƭǘ Ǉƻƻƭ ƛƴŎǊŜŀǎŜǎ ǘƘŜ ǎŀƳǇƭŜ ƘƻƳƻƎŜƴŜƛǘȅΦ !ŎƘƛŜǾƛƴƎ ƛƴ ŀŘŘƛǝƻƴ 
ŎƭƻǎŜ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ ŀƭƻƴƎ ǘƘŜ ǎŀƳǇƭŜ ŘŜǇǘƘ ȅƛŜƭŘǎ ǘƘŜ ōŜǎǘ ƘŀǊŘƴŜǎǎ ƘƻƳƻƎŜƴŜƛǘȅ ŀǎ ŦƻǊ 
ǎŀƳǇƭŜ [t.CнΦ Lǘ ǊŜƭƛŜǎ ƻƴ ƘƛƎƘ ǇŜŀƪ ǘŜƳǇŜǊŀǘǳǊŜǎ ǿƛǘƘƛƴ ǘƘŜ ƳŜƭǘ ǇƻƻƭΦ ¢ƘŜ Ǉƻǎǘ ƳƻǊǘŜƳ 
ŎǊŀŎƪǎ ǇƘŜƴƻƳŜƴŀ ƛƴ 595 ƳŀƴǳŦŀŎǘǳǊŜŘ ǇŀǊǘǎ Ŏŀƴ ŀƭǎƻ ōŜ ŀǾƻƛŘŜŘ ǿƛǘƘ ǘƘŜǎŜ ƘƛƎƘ 

ǘŜƳǇŜǊŀǘǳǊŜǎ ŀǎ ŀƴ ƛƴπǎƛǘǳ ŀƴƴŜŀƭƛƴƎ ƘŀǇǇŜƴǎΦ 

!ŘŘƛƴƎ ǿƛǘƘƛƴ ǘƘŜ Ŏƻǎǘ ŦǳƴŎǝƻƴ ǘƘŜ ƴŜŜŘ ƻŦ ŀ ƘƛƎƘ ŀǾŜǊŀƎŜ ƻŦ ǇŜŀƪ ǘŜƳǇŜǊŀǘǳǊŜ ǿƛǘƘƛƴ ǘƘŜ 
ƳŜƭǘ Ǉƻƻƭ ǿƛƭƭ ōŜ ǘƘŜ ƴŜȄǘ ǊŜǎŜŀǊŎƘ ǎǘŜǇ ŦƻǊ ǘƘƛǎ ƳŀǘŜǊƛŀƭΦ hƴƎƻƛƴƎ ǿƻǊƪ ƛǎ ōŜƛƴƎ ŎŀǊǊƛŜŘ ƻǳǘ ǘƻ 



фс 

 

ƻǇǝƳƛȊŜ ǘƘŜ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ǳǎƛƴƎ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ǎǘǊŀǘŜƎƛŜǎΦ bƻǘŜ ǘƘŀǘ ǘƘŜ ǘƘŜǊƳŀƭ 
ƘƛǎǘƻǊȅ ǇǊŜŘƛŎǘŜŘ ōȅ ǎƻƭƛŘ C9 ǎƛƳǳƭŀǝƻƴǎ ǿƛƭƭ ƴƻǘ ōŜ ŀōƭŜ ǘƻ ŜȄǇƭŀƛƴ ǘƘŜ ƴŀƴƻƘŀǊŘƴŜǎǎ ǾŀǊƛŀǝƻƴ 
ǿƛǘƘƛƴ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ȊƻƴŜǎΦ ¢ƻ ǘƘƛǎ ŜƴŘΣ aŀǊŀƴƎƻƴƛ ŜũŜŎǘ ǎƘƻǳƭŘ ōŜ ŀŘŘŜŘ ǿƛǘƘƛƴ ǘƘŜ 

ƳƻŘŜƭƭƛƴƎ ǘƘƻǳƎƘ ŎƻƳǇǳǘŀǝƻƴŀƭ ƅǳƛŘ ƳŜŎƘŀƴƛŎǎ ŀƴŘ ŀ ƘƛƎƘŜǊ ƳŜǎƘ ŘŜƴǎƛǘȅΦ 

!ŎƪƴƻǿƭŜŘƎƳŜƴǘǎ 
 

¢Ƙƛǎ ǿƻǊƪ ǿŀǎ ŦǳƴŘŜŘ ōȅ ²ŀƭƭƻƻƴ wŜƎƛƻƴ ǘƘǊƻǳƎƘ ǘƘŜ w² ммπмπтоор wŜŎȅƭŎƭŀŘ ǇǊƻƧŜŎǘΣ Cbw{ 
CΦwΦ{Φ ώt5w ¢ΦллофΦмпϐΣ C959w ώL!²!¢I!ϐΣ ǘƘŜ ŎƻƻǇŜǊŀǝƻƴ ŀƎǊŜŜƳŜƴǘ ².Lκ!D/L5 

{¦.нлмфκпмфлом ό5L9мфπлллрύ ŀƴŘ ¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ [ŀ CǊƻƴǘŜǊŀ ό5LннπллстύΦ !ǎ wŜǎŜŀǊŎƘ 
5ƛǊŜŎǘƻǊ ƻŦ Cw{πCbw{Σ !ΦaΦIΦ ŀŎƪƴƻǿƭŜŘƎŜǎ ǘƘŜ ǎǳǇǇƻǊǘ ƻŦ ǘƘƛǎ ƛƴǎǝǘǳǝƻƴΦ ¢ƘŜ /ŜƴǘŜǊ ŦƻǊ 
!ǇǇƭƛŜŘ wŜǎŜŀǊŎƘ ŀƴŘ 9ŘǳŎŀǝƻƴ ƛƴ aƛŎǊƻǎŎƻǇȅ /!w9a ƻŦ ¦[ƛŝƎŜ ƛǎ ŀƭǎƻ ǘƘŀƴƪŜŘ ŦƻǊ ǇǊƻǾƛŘƛƴƎ 

{9aκ95{ ŦŀŎƛƭƛǝŜǎΦ /ƻƳǇǳǘŀǝƻƴŀƭ ǊŜǎƻǳǊŎŜǎ ǿŜǊŜ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ /ƻƴǎƻǊǝǳƳ ŘŜǎ 
;ǉǳƛǇŜƳŜƴǘǎ ŘŜ /ŀƭŎǳƭ LƴǘŜƴǎƛŦ ό/;/Lύ ŦǳƴŘŜŘ ōȅ ǘƘŜ CΦwΦ{ΦπCbw{Φ ¢ƘŜ ŀǳǘƘƻǊǎ ŀƭǎƻ 

ŀŎƪƴƻǿƭŜŘƎŜ hƭƛǾƛŜǊ 5ŜŘǊȅ ŦƻǊ ǇǊƻǾƛŘƛƴƎ ŀŘŘƛǝƻƴŀƭ ǘƘŜǊƳƻǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǝŜǎ Řŀǘŀ ŀƴŘ 
IŞƭŝƴŜ aƻǊŎƘ ŦƻǊ ǘƘŜ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ǘƘŜ ƻǇǝƳƛȊŀǝƻƴ ƳŜǘƘƻŘΦ 

wŜŦŜǊŜƴŎŜǎ  
 

ώмϐ tΦ !ƭǾŀǊŜȊΣ aΦ#Φ aƻƴǘŜŀƭŜƎǊŜΣ CΦ /ƻǊŘƻǾƛƭƭŀΣ #Φ DŀǊŎƝŀπ.ŜƭǘǊłƴΣ LΦ !ƴƎǳƭƻΣ WΦ[Φ hŎŀƷŀΣ 
5ƛǊŜŎǘ DŜƴŜǊŀǝƻƴ ƻŦ IƛƎƘπ!ǎǇŜŎǘπwŀǝƻ {ǘǊǳŎǘǳǊŜǎ ƻŦ !L{L омс[ ōȅ [ŀǎŜǊπ!ǎǎƛǎǘŜŘ 
tƻǿŘŜǊ 5ŜǇƻǎƛǝƻƴΣ aŀǘŜǊƛŀƭǎ ό.ŀǎŜƭύΦ мо όнлнлύ рстлΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦоофлκƳŀмонпрстлΦ 

ώнϐ /Φ ¢ŀƴΣ WΦ ½ƻǳΣ {Φ [ƛΣ tΦ WŀƳǎƘƛŘƛΣ !Φ !ōŜƴŀΣ !Φ CƻǊǎŜȅΣ wΦWΦ aƻŀǘΣ YΦ 9ǎǎŀΣ aΦ ²ŀƴƎΣ YΦ ½ƘƻǳΣ 
aΦaΦ !ǧŀƭƭŀƘΣ !ŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ ōƛƻπƛƴǎǇƛǊŜŘ ƳǳƭǝπǎŎŀƭŜ ƘƛŜǊŀǊŎƘƛŎŀƭƭȅ 
ǎǘǊŜƴƎǘƘŜƴŜŘ ƭŀǩŎŜ ǎǘǊǳŎǘǳǊŜǎΣ LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ мст όнлнмύ млотспΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлнмΦмлотспΦ 

ώоϐ WΦ IǳŀƴƎΣ [Φ vƛΣ WΦ [ǳƻΣ [Φ ½ƘŀƻΣ IΦ ¸ƛΣ {ǳǇǇǊŜǎǎƛƻƴ ƻŦ ƎǊŀǾƛǘȅ ŜũŜŎǘǎ ƻƴ ƳŜǘŀƭ ŘǊƻǇƭŜǘ 
ŘŜǇƻǎƛǝƻƴ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ōȅ ŀƴ ŀƴǝπƎǊŀǾƛǘȅ ŜƭŜŎǘǊƛŎ ŬŜƭŘΣ LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ мпу 

όнлнлύ млоптпΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлмфΦмлоптпΦ 

ώпϐ !Φ .ƻǊƻǾƪƻǾΣ [Φ aŀǎƭƻǾΣ CΦ ¢ŀǊŀǎŜƴƪƻΣ aΦ ½ƘƳŀȅƭƻΣ LΦ aŀǎƭƻǾŀΣ 5Φ {ƻƭƻǾŜǾΣ 5ŜǾŜƭƻǇƳŜƴǘ 

ƻŦ ŜƭŀǎǝŎςǇƭŀǎǝŎ ƳƻŘŜƭ ƻŦ ŀŘŘƛǝǾŜƭȅ ǇǊƻŘǳŎŜŘ ǝǘŀƴƛǳƳ ŦƻǊ ǇŜǊǎƻƴŀƭƛǎŜŘ 
ŜƴŘƻǇǊƻǎǘƘŜǝŎǎΣ LƴǘΦ WΦ !ŘǾΦ aŀƴǳŦΦ ¢ŜŎƘƴƻƭΦ ммт όнлнмύ нммтςнмонΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎллмтлπлнмπлтпслπмΦ 

ώрϐ 5Φ DǳΣ ·Φ {ƘƛΣ wΦ tƻǇǊŀǿŜΣ 5Φ[Φ .ƻǳǊŜƭƭΣ wΦ {ŜǘŎƘƛΣ WΦ ½ƘǳΣ aŀǘŜǊƛŀƭπǎǘǊǳŎǘǳǊŜπǇŜǊŦƻǊƳŀƴŎŜ 

ƛƴǘŜƎǊŀǘŜŘ ƭŀǎŜǊπƳŜǘŀƭ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ {ŎƛŜƴŎŜ όулπΦ ύΦ отн όнлнмύΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммнсκǎŎƛŜƴŎŜΦŀōƎмпутΦ 

ώсϐ /Φ ¢ŀƴΣ CΦ ²ŜƴƎΣ {Φ {ǳƛΣ ¸Φ /ƘŜǿΣ DΦ .ƛΣ tǊƻƎǊŜǎǎ ŀƴŘ ǇŜǊǎǇŜŎǝǾŜǎ ƛƴ ƭŀǎŜǊ ŀŘŘƛǝǾŜ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ ƪŜȅ ŀŜǊƻŜƴƎƛƴŜ ƳŀǘŜǊƛŀƭǎΣ LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ мтл όнлнмύ 

млоулпΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлнмΦмлоулпΦ 



фт 

 

ώтϐ 5Φπ{Φ {ƘƛƳΣ DΦπ̧Φ .ŀŜƪΣ WΦπ{Φ {ŜƻΣ DΦπ̧Φ {ƘƛƴΣ YΦπtΦ YƛƳΣ YΦπ̧Φ [ŜŜΣ 9ũŜŎǘ ƻŦ ƭŀȅŜǊ ǘƘƛŎƪƴŜǎǎ 
ǎŜǩƴƎ ƻƴ ŘŜǇƻǎƛǝƻƴ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƛƴ ŘƛǊŜŎǘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ό595ύ ǇǊƻŎŜǎǎΣ hǇǘΦ 

[ŀǎŜǊ ¢ŜŎƘƴƻƭΦ ус όнлмсύ сфςтуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƻǇǘƭŀǎǘŜŎΦнлмсΦлтΦллмΦ 

ώуϐ bΦ ¦Ǌ wŀƘƳŀƴΣ [Φ /ŀǇǳŀƴƻΣ {Φ /ŀōŜȊŀΣ aΦ CŜƛƴŀŜǳƎƭŜΣ !Φ DŀǊŎƛŀπWǳƴŎŜŘŀΣ aΦ.Φ ŘŜ wƻƻƛƧΣ 
5Φ¢Φ!Φ aŀǧƘŜǿǎΣ DΦ ²ŀƭƳŀƎΣ LΦ DƛōǎƻƴΣ DΦwΦ.Φ9Φ wǀƳŜǊΣ 5ƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ŀƴŘ 
ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ƘƛƎƘπŎŀǊōƻƴ ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭǎΣ !ŘŘƛǘΦ aŀƴǳŦΦ ол όнлмфύ мллуоуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀŘŘƳŀΦнлмфΦмллуоуΦ 

ώфϐ wΦ¢Φ WŀǊŘƛƴΣ ±Φ ¢ǳƴƛƴŜǩΣ WΦ¢Φ ¢ŎƘǳƛƴŘƧŀƴƎΣ bΦ IŀǎƘŜƳƛΣ wΦ /ŀǊǊǳǎΣ !Φ aŜǊǘŜƴǎΣ [Φ 5ǳŎƘşƴŜΣ 
IΦ{Φ ¢ǊŀƴΣ !ΦaΦ IŀōǊŀƪŜƴΣ {ŜƴǎƛǝǾƛǘȅ !ƴŀƭȅǎƛǎ ƛƴ ǘƘŜ aƻŘŜƭƭƛƴƎ ƻŦ ŀ IƛƎƘ {ǇŜŜŘ {ǘŜŜƭ 
¢Ƙƛƴπ²ŀƭƭ tǊƻŘǳŎŜŘ ōȅ 5ƛǊŜŎǘŜŘ 9ƴŜǊƎȅ 5ŜǇƻǎƛǝƻƴΣ aŜǘŀƭǎ ό.ŀǎŜƭύΦ мл όнлнлύ мррпΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦоофлκƳŜǘмлмммррпΦ 

ώмлϐ {ΦWΦ ²ƻƭũΣ IΦ ²ŀƴƎΣ .Φ DƻǳƭŘΣ bΦ tŀǊŀōΣ ½Φ ²ǳΣ /Φ ½ƘŀƻΣ !Φ DǊŜŎƻΣ ¢Φ {ǳƴΣ Lƴ ǎƛǘǳ ·πǊŀȅ 
ƛƳŀƎƛƴƎ ƻŦ ǇƻǊŜ ŦƻǊƳŀǝƻƴ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ŘȅƴŀƳƛŎǎ ƛƴ ƭŀǎŜǊ ǇƻǿŘŜǊπōƭƻǿƴ ŘƛǊŜŎǘŜŘ 
ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ όнлнмύΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлнмΦмлотпоΦ 

ώммϐ WΦ²Φ aǳǊǊŀȅΣ !Φ {ǇŜƛŘŜƭΣ !Φ WŀŎƪǎƻƴπ/ǊƛǎǇΣ tΦIΦ {ƳƛǘƘΣ IΦ /ƻƴǎǘŀƴǝƴΣ !Φ¢Φ /ƭŀǊŜΣ 
¦ƴǇǊƻŎŜǎǎŜŘ ƳŀŎƘƛƴƛƴƎ ŎƘƛǇǎ ŀǎ ŀ ǇǊŀŎǝŎŀƭ ŦŜŜŘǎǘƻŎƪ ƛƴ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴΣ 
LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ мсф όнлнмύ млоулоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлнмΦмлоулоΦ 

ώмнϐ WΦ¸Φ IŀǎŎƻšǘΣ {Φ ¢ƻǳȊŞΣ aΦ wŀǳŎƘΣ !ǳǘƻƳŀǘŜŘ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ŘŜŦŜŎǘ ƎŜƻƳŜǘǊȅ ŦƻǊ 
ƳŜǘŀƭƭƛŎ ǇŀǊǘ ǊŜǇŀƛǊ ōȅ ŀƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎΣ ²ŜƭŘΦ ²ƻǊƭŘΦ όнлмуύΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎплмфпπлмтπлрноπлΦ 

ώмоϐ IΦ {ƛǾŀ tǊŀǎŀŘΣ CΦ .ǊǳŜŎƪƴŜǊΣ WΦ ±ƻƭǇǇΣ !ΦCΦIΦ YŀǇƭŀƴΣ [ŀǎŜǊ ƳŜǘŀƭ ŘŜǇƻǎƛǝƻƴ ƻŦ ŎƻǇǇŜǊ 

ƻƴ ŘƛǾŜǊǎŜ ƳŜǘŀƭǎ ǳǎƛƴƎ ƎǊŜŜƴ ƭŀǎŜǊ ǎƻǳǊŎŜǎΣ LƴǘΦ WΦ !ŘǾΦ aŀƴǳŦΦ ¢ŜŎƘƴƻƭΦ млт όнлнлύ 
мррфςмрсуΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎллмтлπлнлπлрммтπȊΦ 

ώмпϐ DΦ ·ǳΣ /Φ {ƻƴƎΣ IΦ ½ƘŀƴƎΣ IΦ [ǳΣ 5Φ ²ǳΣ YΦ [ǳƻΣ WΦ [ǳΣ {Ǉŀǝŀƭƭȅ ƘŜǘŜǊƻƎŜƴŜƻǳǎ 
ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƛƴ ƛƴπǎƛǘǳ ¢ƛhπǊŜƛƴŦƻǊŎŜŘ ¢ƛс!ƭп±κомс[ ŦǳƴŎǝƻƴŀƭƭȅ ƎǊŀŘŜŘ ƳŀǘŜǊƛŀƭ 
ŦŀōǊƛŎŀǘŜŘ Ǿƛŀ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴΣ !ŘŘƛǘΦ aŀƴǳŦΦ рф όнлннύ мломтуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀŘŘƳŀΦнлннΦмломтуΦ 

ώмрϐ IΦ /ƘŜƴΣ ¸Φ /ƘŜƴΣ ¸Φ [ƛǳΣ vΦ ²ŜƛΣ ¸Φ {ƘƛΣ ²Φ ¸ŀƴΣ tŀŎƪƛƴƎ ǉǳŀƭƛǘȅ ƻŦ ǇƻǿŘŜǊ ƭŀȅŜǊ ŘǳǊƛƴƎ 
ŎƻǳƴǘŜǊπǊƻƭƭƛƴƎπǘȅǇŜ ǇƻǿŘŜǊ ǎǇǊŜŀŘƛƴƎ ǇǊƻŎŜǎǎ ƛƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ LƴǘΦ WΦ aŀŎƘΦ 

¢ƻƻƭǎ aŀƴǳŦΦ мро όнлнлύ млорроΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлнлΦмлорроΦ 

ώмсϐ !Φ aŀƭŀƪƛȊŀŘƛΣ ¢Φ IŀƧŀƭƛΣ CΦ {ŎƘǳƭȊΣ {Φ /ŜŘŜǊƎǊŜƴΣ WΦ )ƭƎňǊŘƘΣ wΦ aΩ{ŀƻǳōƛΣ 9Φ IǊȅƘŀΣ tΦ 
YǊŀƧƴƛƪΣ ¢ƘŜ ǊƻƭŜ ƻŦ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ŀŘŘƛǝǾŜƭȅ ƳŀƴǳŦŀŎǘǳǊŜŘ !ƭƭƻȅ тму 
ƻƴ ǘƻƻƭ ǿŜŀǊ ƛƴ ƳŀŎƘƛƴƛƴƎΣ LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ мтм όнлнмύ млоумпΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлнмΦмлоумпΦ 

ώмтϐ {ΦaΦIΦ IƻƧƧŀǘȊŀŘŜƘΣ bΦ5Φ tŀǊŀōΣ vΦ DǳƻΣ aΦ vǳΣ [Φ ·ƛƻƴƎΣ /Φ ½ƘŀƻΣ [ΦLΦ 9ǎŎŀƴƻΣ YΦ 
CŜȊȊŀŀΣ ²Φ 9ǾŜǊƘŀǊǘΣ ¢Φ {ǳƴΣ [Φ /ƘŜƴΣ 5ƛǊŜŎǘ ƻōǎŜǊǾŀǝƻƴ ƻŦ ǇƻǊŜ ŦƻǊƳŀǝƻƴ ƳŜŎƘŀƴƛǎƳǎ 
ŘǳǊƛƴƎ [t.C ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎ ŀƴŘ ƘƛƎƘ ŜƴŜǊƎȅ ŘŜƴǎƛǘȅ ƭŀǎŜǊ ǿŜƭŘƛƴƎΣ 
LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ мро όнлнлύ млорррΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлнлΦмлорррΦ 



фу 

 

ώмуϐ ¢Φ CǳǊǳƳƻǘƻΣ {Φ !ōŜΣ aΦ ¸ŀƳŀƎǳŎƘƛΣ !Φ IƻǎƻƪŀǿŀΣ LƳǇǊƻǾƛƴƎ ǎǳǊŦŀŎŜ ǉǳŀƭƛǘȅ ǳǎƛƴƎ 
ƭŀǎŜǊ ǎŎŀƴƴƛƴƎ ŀƴŘ ƳŀŎƘƛƴƛƴƎ ǎǘǊŀǘŜƎȅ ŎƻƳōƛƴƛƴƎ ǇƻǿŘŜǊ ōŜŘ Ŧǳǎƛƻƴ ŀƴŘ ƳŀŎƘƛƴƛƴƎ 
ǇǊƻŎŜǎǎŜǎΣ LƴǘΦ WΦ !ŘǾΦ aŀƴǳŦΦ ¢ŜŎƘƴƻƭΦ ммт όнлнмύ оплрςопмоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎллмтлπлнмπлтуулπȊΦ 

ώмфϐ WΦ [ǳΣ IΦ [ǳΣ ·Φ ·ǳΣ WΦ ¸ŀƻΣ WΦ /ŀƛΣ YΦ [ǳƻΣ IƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ ƛƴǘŜƎǊŀǘŜŘ ŀŘŘƛǝǾŜ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǿƛǘƘ ƭŀǎŜǊ ǎƘƻŎƪ ǇŜŜƴƛƴƎ ςƛƴŘǳŎŜŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŜǾƻƭǳǝƻƴ ŀƴŘ 
ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ ¢ƛс!ƭп± ŀƭƭƻȅ ŎƻƳǇƻƴŜƴǘǎΣ LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ 

aŀƴǳŦΦ мпу όнлнлύ млоптрΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлмфΦмлоптрΦ 

ώнлϐ /Φ ²ŀƴƎΣ ·ΦtΦ ¢ŀƴΣ {Φ.Φ ¢ƻǊΣ /Φ{Φ [ƛƳΣ aŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ƛƴ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΥ {ǘŀǘŜπ
ƻŦπǘƘŜπŀǊǘ ŀƴŘ ǇŜǊǎǇŜŎǝǾŜǎΣ !ŘŘƛǘΦ aŀƴǳŦΦ ос όнлнлύ млмроуΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀŘŘƳŀΦнлнлΦмлмроуΦ 

ώнмϐ 5Φ /ŀǊƭǳŎŎƛƻΣ aΦ .ŜǊƳƛƴƎƘŀƳΣ 5Φ YŜƴǘΣ !ΦDΦ 5ŜƳƛǊΣ .Φ tǊŜǾƛǘŀƭƛΣ aΦ{Φ 5ŀǊƎǳǎŎƘΣ 
/ƻƳǇŀǊŀǝǾŜ {ǘǳŘȅ ƻŦ tǳǊŜ LǊƻƴ aŀƴǳŦŀŎǘǳǊŜŘ ōȅ {ŜƭŜŎǝǾŜ [ŀǎŜǊ aŜƭǝƴƎΣ [ŀǎŜǊ aŜǘŀƭ 
5ŜǇƻǎƛǝƻƴΣ ŀƴŘ /ŀǎǝƴƎ tǊƻŎŜǎǎŜǎΣ !ŘǾΦ 9ƴƎΦ aŀǘŜǊΦ нм όнлмфύ мфлллпфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκŀŘŜƳΦнлмфлллпфΦ 

ώннϐ CΦ {ƻũŜƭΣ 5Φ 9ƛǎŜƴōŀǊǘƘΣ YΦ ²ŜƎŜƴŜǊΣ 9ũŜŎǘ ƻŦ ŎƭŀŘ ƘŜƛƎƘǘΣ ǎǳōǎǘǊŀǘŜ ǘƘƛŎƪƴŜǎǎ ŀƴŘ 
ǎŎŀƴƴƛƴƎ ǇŀǧŜǊƴ ƻƴ ŎŀƴǝƭŜǾŜǊ ŘƛǎǘƻǊǝƻƴ ƛƴ ŘƛǊŜŎǘ ƳŜǘŀƭ ŘŜǇƻǎƛǝƻƴΣ LƴǘΦ WΦ !ŘǾΦ aŀƴǳŦΦ 

¢ŜŎƘƴƻƭΦ ммт όнлнмύ нлуоςнлфмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎллмтлπлнмπлсфнрπтΦ 

ώноϐ bΦ IŀǎƘŜƳƛΣ !Φ aŜǊǘŜƴǎΣ IΦaΦ aƻƴǘǊƛŜǳȄΣ WΦ¢Φ ¢ŎƘǳƛƴŘƧŀƴƎΣ hΦ 5ŜŘǊȅΣ wΦ /ŀǊǊǳǎΣ WΦ 

[ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ hȄƛŘŀǝǾŜ ǿŜŀǊ ōŜƘŀǾƛƻǳǊ ƻŦ ƭŀǎŜǊ ŎƭŀŘ IƛƎƘ {ǇŜŜŘ {ǘŜŜƭ ǘƘƛŎƪ 
ŘŜǇƻǎƛǘǎΥ LƴƅǳŜƴŎŜ ƻŦ ǎƭƛŘƛƴƎ ǎǇŜŜŘΣ ŎŀǊōƛŘŜ ǘȅǇŜ ŀƴŘ ƳƻǊǇƘƻƭƻƎȅΣ {ǳǊŦΦ /ƻŀǝƴƎǎ 
¢ŜŎƘƴƻƭΦ омр όнлмтύ рмфςрнфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǎǳǊŦŎƻŀǘΦнлмтΦлнΦлтмΦ 

ώнпϐ wΦ¢Φ WŀǊŘƛƴΣ WΦ ¢ŎƘƻǳŦŀƴƎ ¢ŎƘǳƛƴŘƧŀƴƎΣ [Φ 5ǳŎƘşƴŜΣ IΦπ{Φ ¢ǊŀƴΣ bΦ IŀǎƘŜƳƛΣ wΦ /ŀǊǊǳǎΣ !Φ 

aŜǊǘŜƴǎΣ !ΦaΦ IŀōǊŀƪŜƴΣ ¢ƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ ŀƴŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ ƛƴ 5ƛǊŜŎǘ 9ƴŜǊƎȅ 
5ŜǇƻǎƛǝƻƴ ƻŦ ŀ IƛƎƘ {ǇŜŜŘ {ǘŜŜƭ ǘƘƛŎƪ ŘŜǇƻǎƛǘΣ aŀǘŜǊΦ [ŜǧΦ нос όнлмфύ пнςпрΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƳŀǘƭŜǘΦнлмуΦлфΦмртΦ 

ώнрϐ 5Φπ{Φ {ƘƛƳΣ DΦπ̧Φ .ŀŜƪΣ 9ΦπaΦ [ŜŜΣ 9ũŜŎǘ ƻŦ ǎǳōǎǘǊŀǘŜ ǇǊŜƘŜŀǝƴƎ ōȅ ƛƴŘǳŎǝƻƴ ƘŜŀǘŜǊ ƻƴ 
ŘƛǊŜŎǘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ƻŦ !L{L aп ǇƻǿŘŜǊΣ aŀǘŜǊΦ {ŎƛΦ 9ƴƎΦ !Φ сун όнлмтύ ррлςрснΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƳǎŜŀΦнлмсΦммΦлнфΦ 

ώнсϐ {ΦaΦWΦ wŀȊŀǾƛΣ CΦ .ŜǊǘƻΣ 5ƛǊŜŎǘŜŘ 9ƴŜǊƎȅ 5ŜǇƻǎƛǝƻƴ ǾŜǊǎǳǎ ²ǊƻǳƎƘǘ ¢ƛπс!ƭπп±Υ ! 
/ƻƳǇŀǊƛǎƻƴ ƻŦ aƛŎǊƻǎǘǊǳŎǘǳǊŜΣ CŀǝƎǳŜ .ŜƘŀǾƛƻǊΣ ŀƴŘ bƻǘŎƘ {ŜƴǎƛǝǾƛǘȅΣ !ŘǾΦ 9ƴƎΦ aŀǘŜǊΦ 

нм όнлмфύ мфллннлΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκŀŘŜƳΦнлмфллннлΦ 

ώнтϐ wΦ!Φ wŀƘƳŀƴ wŀǎƘƛŘΣ aΦ!Φ WŀǾŜŘΣ /Φ .ŀǊǊΣ {Φ tŀƭŀƴƛǎŀƳȅΣ bΦ aŀǧƘŜǿǎΣ aΦ{Φ 5ŀǊƎǳǎŎƘΣ 
9ũŜŎǘ ƻŦ ƛƴ ǎƛǘǳ ǘŜƳǇŜǊƛƴƎ ƻƴ ǘƘŜ ƳŜŎƘŀƴƛŎŀƭΣ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŀƴŘ ŎƻǊǊƻǎƛƻƴ ǇǊƻǇŜǊǝŜǎ 
ƻŦ омс[ ǎǘŀƛƴƭŜǎǎ ǎǘŜŜƭ ƭŀǎŜǊπŎƭŀŘŘŜŘ ŎƻŀǝƴƎ ƻƴ ƳƛƭŘ ǎǘŜŜƭΣ LƴǘΦ WΦ !ŘǾΦ aŀƴǳŦΦ ¢ŜŎƘƴƻƭΦ 
ммт όнлнмύ нфпфςнфруΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎллмтлπлнмπлтуусπтΦ 

ώнуϐ ¢Φ 5ŜƴƎΣ WΦ [ƛΣ ½Φ ½ƘŜƴƎΣ CǳƴŘŀƳŜƴǘŀƭ ŀǎǇŜŎǘǎ ŀƴŘ ǊŜŎŜƴǘ ŘŜǾŜƭƻǇƳŜƴǘǎ ƛƴ ƳŜǘŀƭ ǎǳǊŦŀŎŜ 
ǇƻƭƛǎƘƛƴƎ ǿƛǘƘ ŜƴŜǊƎȅ ōŜŀƳ ƛǊǊŀŘƛŀǝƻƴΣ LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ мпу όнлнлύ млоптнΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлмфΦмлоптнΦ 

ώнфϐ ±Φ ¢ǳƴƛƴŜǩΣ DΦ DƛƭƭŜǎΣ tΦ CƭƻǊŜǎΣ DΦ tƛƴŎƘŜƛǊŀΣ [Φ 5ǳŎƘşƴŜΣ !ΦaΦ IŀōǊŀƪŜƴΣ LƳǇŀŎǘ ƻŦ 
ŘƛǎǘƻǊǝƻƴŀƭ ƘŀǊŘŜƴƛƴƎ ŀƴŘ ǘƘŜ ǎǘǊŜƴƎǘƘ ŘƛũŜǊŜƴǝŀƭ ŜũŜŎǘ ƻƴ ǘƘŜ ǇǊŜŘƛŎǝƻƴ ƻŦ ƭŀǊƎŜ 
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ŘŜŦƻǊƳŀǝƻƴ ōŜƘŀǾƛƻǊ ƻŦ ǘƘŜ ¢ƛс!ƭп± ŀƭƭƻȅΣ aŜŎŎŀƴƛŎŀΦ рп όнлмфύ муноςмуплΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎммлмнπлмфπлмлрмπȄΦ 

ώолϐ ±Φ ¢ǳƴƛƴŜǩΣ tΦ CƭƻǊŜǎΣ aΦ ±ŀƭŜƴȊǳŜƭŀΣ DΦ tƛƴŎƘŜƛǊŀΣ /Φ aŜŘƛƴŀΣ [Φ 5ǳŎƘşƴŜΣ !ΦπaΦ 
IŀōǊŀƪŜƴΣ 9ȄǇŜǊƛƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ǘƘŜ ŎƻƳǇǊŜǎǎƛǾŜ ƳŜŎƘŀƴƛŎŀƭ ōŜƘŀǾƛƻǳǊ ƻŦ 
¢ƛс!ƭп± ŀƭƭƻȅ ŀǘ Ŏƻƴǎǘŀƴǘ ǎǘǊŀƛƴ ǊŀǘŜǎ ƻǾŜǊ ǘƘŜ Ŧǳƭƭ ŜƭŀǎǘƻǇƭŀǎǝŎ ǊŀƴƎŜΣ LƴǘΦ WΦ aŀǘŜǊΦ 

CƻǊƳΦ мо όнлнлύ тлфςтнпΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎмннуфπлнлπлмрпоπнΦ 

ώомϐ ¸Φ {ǳΣ ½Φ ²ŀƴƎΣ IΦ [ǳΣ YΦ [ǳƻΣ WΦ [ǳΣ LƳǇǊƻǾŜŘ ǿŜŀǊ ǊŜǎƛǎǘŀƴŎŜ ƻŦ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ 

ŘŜǇƻǎƛǘŜŘ CŜπbƛπ/Ǌ ŀƭƭƻȅ Ǿƛŀ ŎƭƻǎŜŘπƭƻƻǇ ŎƻƴǘǊƻƭƭƛƴƎ ƭŀǎŜǊ ǇƻǿŜǊΣ WΦ aŀƴǳŦΦ tǊƻŎŜǎǎΦ тр 
όнлннύ улнςумоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧƳŀǇǊƻΦнлннΦлмΦлптΦ 

ώонϐ ¸Φ {ǳΣ ½Φ ²ŀƴƎΣ ·Φ ·ǳΣ YΦ [ǳƻΣ WΦ [ǳΣ 9ũŜŎǘ ƻŦ ŎƭƻǎŜŘπƭƻƻǇ ŎƻƴǘǊƻƭƭŜŘ ƳŜƭǘ Ǉƻƻƭ ǿƛŘǘƘ ƻƴ 
ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ǘŜƴǎƛƭŜ ǇǊƻǇŜǊǘȅ ŦƻǊ CŜπbƛπ/Ǌ ŀƭƭƻȅ ƛƴ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴΣ WΦ 

aŀƴǳŦΦ tǊƻŎŜǎǎΦ ун όнлннύ тлуςтнмΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧƳŀǇǊƻΦнлннΦлуΦлпфΦ 

ώооϐ ²Φ /ƻƴƎΣ CΦ bƛƴƎΣ ! ŦǳƴŘŀƳŜƴǘŀƭ ƛƴǾŜǎǝƎŀǝƻƴ ƻƴ ǳƭǘǊŀǎƻƴƛŎ ǾƛōǊŀǝƻƴπŀǎǎƛǎǘŜŘ ƭŀǎŜǊ 

ŜƴƎƛƴŜŜǊŜŘ ƴŜǘ ǎƘŀǇƛƴƎ ƻŦ ǎǘŀƛƴƭŜǎǎ ǎǘŜŜƭΣ LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ мнм όнлмтύ смςсфΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлмтΦлпΦллуΦ 

ώопϐ {ΦπIΦ tŀǊƪΣ tΦ [ƛǳΣ YΦ ¸ƛΣ DΦ /ƘƻƛΣ YΦπ̧Φ WƘŀƴƎΣ IΦ {ƻƘƴΣ aŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ŜǎǝƳŀǝƻƴ 
ƻŦ ŀŘŘƛǝǾŜƭȅ ƳŀƴǳŦŀŎǘǳǊŜŘ ƳŜǘŀƭ ŎƻƳǇƻƴŜƴǘǎ ǳǎƛƴƎ ŦŜƳǘƻǎŜŎƻƴŘ ƭŀǎŜǊ ǳƭǘǊŀǎƻƴƛŎǎ 

ŀƴŘ ƭŀǎŜǊ ǇƻƭƛǎƘƛƴƎΣ LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ мсс όнлнмύ млотпрΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлнмΦмлотпрΦ 

ώорϐ IΦ ¢ŀƴΣ /Φ ½ƘŀƴƎΣ ²Φ CŀƴΣ CΦ ½ƘŀƴƎΣ ·Φ [ƛƴΣ WΦ /ƘŜƴΣ ²Φ IǳŀƴƎΣ 5ȅƴŀƳƛŎ ŜǾƻƭǳǝƻƴ ƻŦ 
ǇƻǿŘŜǊ ǎǘǊŜŀƳ ŎƻƴǾŜǊƎŜƴŎŜ ǿƛǘƘ ǇƻǿŘŜǊ ŦŜŜŘƛƴƎ ŘǳǊŀǝƻƴǎ ƛƴ ŘƛǊŜŎǘ ŜƴŜǊƎȅ 

ŘŜǇƻǎƛǝƻƴΣ LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ мрт όнлнлύ млослсΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлнлΦмлослсΦ 

ώосϐ [Φ tŜƴƎΣ WΦ {ƘŜƴƎǉƛƴΣ ½Φ ·ƛŀƻȅŀƴΣ IΦ vƛŀƴǿǳΣ ·Φ ²ŜƛƘŀƻΣ 5ƛǊŜŎǘ ƭŀǎŜǊ ŦŀōǊƛŎŀǝƻƴ ƻŦ ǘƘƛƴπ
ǿŀƭƭŜŘ ƳŜǘŀƭ ǇŀǊǘǎ ǳƴŘŜǊ ƻǇŜƴπƭƻƻǇ ŎƻƴǘǊƻƭΣ LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ пт όнллтύ ффсς

мллнΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнллсΦлсΦлмтΦ 

ώотϐ ²Φ ²ƻƻΣ 5ΦπYΦ YƛƳΣ 9ΦWΦ YƛƴƎǎǘƻƴΣ ±Φ [ǳȊƛƴΣ CΦ {ŀƭǾŜƳƛƴƛΣ aΦwΦ IƛƭƭΣ 9ũŜŎǘ ƻŦ ƛƴǘŜǊƭŀȅŜǊǎ ŀƴŘ 

ǎŎŀƴƴƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ƻƴ ǘƘǊƻǳƎƘπǘƘƛŎƪƴŜǎǎ ǊŜǎƛŘǳŀƭ ǎǘǊŜǎǎ ŘƛǎǘǊƛōǳǝƻƴǎ ƛƴ ŀŘŘƛǝǾŜ 
ƳŀƴǳŦŀŎǘǳǊŜŘ ŦŜǊǊƛǝŎπŀǳǎǘŜƴƛǝŎ ǎǘŜŜƭ ǎǘǊǳŎǘǳǊŜΣ aŀǘŜǊΦ {ŎƛΦ 9ƴƎΦ !Φ тпп όнлмфύ смуςснфΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƳǎŜŀΦнлмуΦмнΦлтуΦ 

ώоуϐ aΦ .ƛŜƎƭŜǊΣ WΦ ²ŀƴƎΣ [Φ YŀƛǎŜǊΣ aΦ wŜǘƘƳŜƛŜǊΣ !ǳǘƻƳŀǘŜŘ ¢ƻƻƭπtŀǘƘ DŜƴŜǊŀǝƻƴ ŦƻǊ wŀǇƛŘ 

aŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎ 5ƛǊŜŎǘŜŘ 9ƴŜǊƎȅ 5ŜǇƻǎƛǝƻƴ DŜƻƳŜǘǊƛŜǎΣ 
{ǘŜŜƭ wŜǎΦ LƴǘΦ фм όнлнлύΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκǎǊƛƴΦнлнллллмтΦ 

ώофϐ ¢Φ aŀǳǊƛȊƛ 9ƴǊƛŎƛΣ hΦ 5ŜŘǊȅΣ CΦ .ƻǎŎƘƛƴƛΣ WΦ¢Φ ¢ŎƘǳƛƴŘƧŀƴƎΣ !Φ aŜǊǘŜƴǎΣ aƛŎǊƻǎǘǊǳŎǘǳǊŀƭ 
ŀƴŘ ¢ƘŜǊƳŀƭ /ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ омс[ Ҍ ²/ /ƻƳǇƻǎƛǘŜ /ƻŀǝƴƎǎ hōǘŀƛƴŜŘ ōȅ [ŀǎŜǊ 

/ƭŀŘŘƛƴƎΣ !ŘǾΦ 9ƴƎΦ aŀǘŜǊΦ нн όнлнлύ нлллнфмΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκŀŘŜƳΦнлнлллнфмΦ 

ώплϐ IΦπ{Φ ¢ǊŀƴΣ WΦ¢Φ ¢ŎƘǳƛƴŘƧŀƴƎΣ IΦ tŀȅŘŀǎΣ !Φ aŜǊǘŜƴǎΣ wΦ¢Φ WŀǊŘƛƴΣ [Φ 5ǳŎƘşƴŜΣ wΦ /ŀǊǊǳǎΣ WΦ 
[ŜŎƻƳǘŜπ.ŜŎƪŜǊǎΣ !ΦaΦ IŀōǊŀƪŜƴΣ о5 ǘƘŜǊƳŀƭ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ŀƴŀƭȅǎƛǎ ƻŦ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎ 
ǇǊƻŎŜǎǎŜŘ ¢ƛπс!ƭπп± ǇŀǊǘ ǿƛǘƘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŎƻǊǊŜƭŀǝƻƴǎΣ aŀǘŜǊΦ 5ŜǎΦ мну όнлмтύ молς

мпнΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƳŀǘŘŜǎΦнлмтΦлпΦлфнΦ 



млл 

 

ώпмϐ WΦLΦ !ǊǊƛȊǳōƛŜǘŀΣ !Φ [ŀƳƛƪƛȊΣ aΦ /ƻǊǝƴŀΣ 9Φ ¦ƪŀǊΣ !Φ !ƭōŜǊŘƛΣ IŀǊŘƴŜǎǎΣ ƎǊŀƛƴǎƛȊŜ ŀƴŘ 
ǇƻǊƻǎƛǘȅ ŦƻǊƳŀǝƻƴ ǇǊŜŘƛŎǝƻƴ ƻƴ ǘƘŜ [ŀǎŜǊ aŜǘŀƭ 5ŜǇƻǎƛǝƻƴ ƻŦ !L{L олп ǎǘŀƛƴƭŜǎǎ 
ǎǘŜŜƭΣ LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦ мор όнлмуύ роςспΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƛƧƳŀŎƘǘƻƻƭǎΦнлмуΦлуΦллпΦ 

ώпнϐ WΦ ½ƘŀƴƎΣ [Φ ¸ŀƴƎΣ ½Φ [ƛΣ vΦ ½ƘŀƴƎΣ aΦ ¸ǳΣ /Φ CŀƴƎΣ IΦ ·ƛŀƻΣ ¢ǊŀƴǎǇƻǊǘ ǇƘŜƴƻƳŜƴƻƴΣ ƅƻǿ 
ŬŜƭŘΣ ŀƴŘ ŘŜǇƻǎƛǝƻƴ ŦƻǊƳƛƴƎ ƻŦ ƳŜǘŀƭ ǇƻǿŘŜǊ ƛƴ ǘƘŜ ƭŀǎŜǊ ŘƛǊŜŎǘ ŘŜǇƻǎƛǝƻƴ ǿƛǘƘ 
ŘŜǎƛƎƴŜŘ ƴƻȊȊƭŜΣ LƴǘΦ WΦ !ŘǾΦ aŀƴǳŦΦ ¢ŜŎƘƴƻƭΦ ммп όнлнмύ мотоςмоуоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎллмтлπлнмπлсфмоπȄΦ 

ώпоϐ IΦ [ǳΣ [Φ ²ǳΣ IΦ ²ŜƛΣ WΦ /ŀƛΣ YΦ [ǳƻΣ ·Φ ·ǳΣ WΦ [ǳΣ aƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŜǾƻƭǳǝƻƴ ŀƴŘ ǘŜƴǎƛƭŜ 
ǇǊƻǇŜǊǘȅ ŜƴƘŀƴŎŜƳŜƴǘ ƻŦ ǊŜƳŀƴǳŦŀŎǘǳǊŜŘ ¢ƛс!ƭп± ǳǎƛƴƎ ƘȅōǊƛŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ ƭŀǎŜǊ 
ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ǿƛǘƘ ƭŀǎŜǊ ǎƘƻŎƪ ǇŜŜƴƛƴƎΣ !ŘŘƛǘΦ aŀƴǳŦΦ рр όнлннύ млнуттΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀŘŘƳŀΦнлннΦмлнуттΦ 

ώппϐ /Φ wƻƧŀǎπ¦ƭƭƻŀΣ /Φ .ƻǳŶƻǳȄΣ !ΦCΦ WŀǊŀƳƛƭƭƻΣ /ΦaΦ DŀǊŎƝŀπIŜǊǊŜǊŀΣ ¢Φ IǳǎǎŀƛƴΣ [Φ 5ǳŎƘşƴŜΣ 
DΦ wƛǳΣ WΦ WƻǎŜǇ wƻŀΣ tΦ CƭƻǊŜǎΣ !Φ aŀǊƛŜ IŀōǊŀƪŜƴΣ ±Φ ¢ǳƴƛƴŜǩΣ bŀƴƻƳŜŎƘŀƴƛŎŀƭ 
/ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ǘƘŜ 5ŜŦƻǊƳŀǝƻƴ wŜǎǇƻƴǎŜ ƻŦ hǊǘƘƻǘǊƻǇƛŎ ¢ƛςс!ƭςп±Σ !ŘǾΦ 9ƴƎΦ 
aŀǘŜǊΦ όнлнмύΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκŀŘŜƳΦнлнллмопмΦ 

ώпрϐ ¢Φ DǳŀƴΣ {Φ /ƘŜƴΣ ·Φ /ƘŜƴΣ WΦ [ƛŀƴƎΣ /Φ [ƛǳΣ aΦ ²ŀƴƎΣ 9ũŜŎǘ ƻŦ ƭŀǎŜǊ ƛƴŎƛŘŜƴǘ ŜƴŜǊƎȅ ƻƴ 
ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ мн/Ǌbƛн¸ ŀƭƭƻȅ ǎǘŜŜƭ ōȅ ŘƛǊŜŎǘ ƭŀǎŜǊ 
ŘŜǇƻǎƛǝƻƴΣ WΦ aŀǘŜǊΦ {ŎƛΦ ¢ŜŎƘƴƻƭΦ ор όнлмфύ офрςплнΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧƳǎǘΦнлмуΦмлΦлнпΦ 

ώпсϐ YΦaΦ .ŜǊǘǎŎƘΣ DΦ aŜǊƛŎ ŘŜ .ŜƭƭŜŦƻƴΣ .Φ YǳŜƘƭΣ 5ΦWΦ ¢ƘƻƳŀΣ hǊƛƎƛƴ ƻŦ ŘƛǎƭƻŎŀǝƻƴ ǎǘǊǳŎǘǳǊŜǎ 
ƛƴ ŀƴ ŀŘŘƛǝǾŜƭȅ ƳŀƴǳŦŀŎǘǳǊŜŘ ŀǳǎǘŜƴƛǝŎ ǎǘŀƛƴƭŜǎǎ ǎǘŜŜƭ омс[Σ !Ŏǘŀ aŀǘŜǊΦ мфф όнлнлύ 

мфςооΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀŎǘŀƳŀǘΦнлнлΦлтΦлсоΦ 

ώптϐ ½Φ ½ƘŀƴƎΣ ½Φ [ƛǳΣ 5Φ ²ǳΣ tǊŜŘƛŎǝƻƴ ƻŦ ƳŜƭǘ Ǉƻƻƭ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ 
ŘŜǇƻǎƛǝƻƴ ǳǎƛƴƎ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎΣ !ŘŘƛǘΦ aŀƴǳŦΦ от όнлнмύ млмсфнΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀŘŘƳŀΦнлнлΦмлмсфнΦ 

ώпуϐ ¢ΦvΦ5Φ tƘŀƳΣ ¢Φ±Φ IƻŀƴƎΣ ·Φ ±ŀƴ ¢ǊŀƴΣ vΦ¢Φ tƘŀƳΣ {Φ CŜǘƴƛΣ [Φ 5ǳŎƘşƴŜΣ IΦ{Φ ¢ǊŀƴΣ !ΦπaΦ 
IŀōǊŀƪŜƴΣ Cŀǎǘ ŀƴŘ ŀŎŎǳǊŀǘŜ ǇǊŜŘƛŎǝƻƴ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŜǾƻƭǳǝƻƴǎ ƛƴ ŀŘŘƛǝǾŜ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎ ǳǎƛƴƎ ŘŜŜǇ ƭŜŀǊƴƛƴƎΣ WΦ LƴǘŜƭƭΦ aŀƴǳŦΦ όнлннύΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎмлупрπлнмπлмуфсπуΦ 

ώпфϐ ¢ΦvΦ5Φ tƘŀƳΣ ¢Φ±Φ IƻŀƴƎΣ ·Φ±Φ ¢ǊŀƴΣ {Φ CŜǘƴƛΣ [Φ 5ǳŎƘşƴŜΣ IΦ{Φ ¢ǊŀƴΣ !ΦaΦ IŀōǊŀƪŜƴΣ 
/ƘŀǊŀŎǘŜǊƛȊŀǝƻƴΣ ǇǊƻǇŀƎŀǝƻƴΣ ŀƴŘ ǎŜƴǎƛǝǾƛǘȅ ŀƴŀƭȅǎƛǎ ƻŦ ǳƴŎŜǊǘŀƛƴǝŜǎ ƛƴ ǘƘŜ ŘƛǊŜŎǘŜŘ 
ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ǇǊƻŎŜǎǎ ǳǎƛƴƎ ŀ ŘŜŜǇ ƭŜŀǊƴƛƴƎπōŀǎŜŘ ǎǳǊǊƻƎŀǘŜ ƳƻŘŜƭΣ tǊƻōŀōƛƭƛǎǝŎ 
9ƴƎΦ aŜŎƘΦ сф όнлннύ млонфтΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǇǊƻōŜƴƎƳŜŎƘΦнлннΦмлонфтΦ 

ώрлϐ {Φ /ŜǎŎƻǧƻΣ wΦ /ƘŀǊƭƛŜǊΣ CǊƛŎǝƻƴŀƭ ŎƻƴǘŀŎǘ ŬƴƛǘŜ ŜƭŜƳŜƴǘǎ ōŀǎŜŘ ƻƴ ƳƛȄŜŘ ǾŀǊƛŀǝƻƴŀƭ 
ǇǊƛƴŎƛǇƭŜǎΣ LƴǘΦ WΦ bǳƳŜǊΦ aŜǘƘƻŘǎ 9ƴƎΦ ос όмффоύ мсумςмтлмΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκƴƳŜΦмснлосмллрΦ 

ώрмϐ !ΦaΦ IŀōǊŀƪŜƴΣ {Φ /ŜǎŎƻǧƻΣ /ƻƴǘŀŎǘ ōŜǘǿŜŜƴ ŘŜŦƻǊƳŀōƭŜ ǎƻƭƛŘǎΥ ¢ƘŜ Ŧǳƭƭȅ ŎƻǳǇƭŜŘ 
ŀǇǇǊƻŀŎƘΣ aŀǘƘΦ /ƻƳǇǳǘΦ aƻŘŜƭΦ ну όмффуύ мроςмсфΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{луфрπ
тмттόфуύллммрπлΦ 



млм 

 

ώрнϐ {Φ ¸ǳŀƴΣ [Φ 5ǳŎƘşƴŜΣ /Φ YŜƭƭŜǊΣ 9Φ IǳƎΣ /Φ CƻƭǘƻƴΣ 9Φ .ŜǘŀƛŜōΣ hΦ aƛƭƛǎΣ !ΦπaΦ IŀōǊŀƪŜƴΣ 
aŜŎƘŀƴƛŎŀƭ ǊŜǎǇƻƴǎŜ ƻŦ ƴƛŎƪŜƭ ƳǳƭǝŎǊȅǎǘŀƭǎ ŦƻǊ ǎƘŜŀǊ ŀƴŘ ǘŜƴǎƛƭŜ ŎƻƴŘƛǝƻƴǎ ŀǘ ǊƻƻƳ 
ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ рто YΣ aŀǘŜǊΦ {ŎƛΦ 9ƴƎΦ !Φ улф όнлнмύ мплфутΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƳǎŜŀΦнлнмΦмплфутΦ 

ώроϐ {Φ ¸ǳŀƴΣ [Φ 5ǳŎƘşƴŜΣ /Φ YŜƭƭŜǊΣ 9Φ IǳƎΣ !ΦπaΦ IŀōǊŀƪŜƴΣ ¢ǳƴŀōƭŜ ǎǳǊŦŀŎŜ ōƻǳƴŘŀǊȅ 
ŎƻƴŘƛǝƻƴǎ ƛƴ ǎǘǊŀƛƴ ƎǊŀŘƛŜƴǘ ŎǊȅǎǘŀƭ ǇƭŀǎǝŎƛǘȅ ƳƻŘŜƭΣ aŜŎƘΦ aŀǘŜǊΦ мпр όнлнлύ млоофоΦ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƳŜŎƘƳŀǘΦнлнлΦмлоофоΦ 

ώрпϐ a{a ϧ D9D ό¦[ƛŜƎŜύΣ [ŀƎŀƳƛƴŜ ǎƻƊǿŀǊŜΣ ¦ƴƛǾΦ [ƛŜƎŜΦ όнлннύΦ 
ƘǧǇΥκκǿǿǿΦƭŀƎŀƳƛƴŜΦǳƭƛŜƎŜΦōŜκŘƻƪǳǿƛƪƛκŘƻƪǳΦǇƘǇ όŀŎŎŜǎǎŜŘ !ǇǊƛƭ мнΣ нлннύΦ 

ώррϐ {Φ CŜǘƴƛΣ ¢ΦaΦ 9ƴǊƛŎƛΣ ¢Φ bƛŎŎƻƭƛƴƛΣ IΦ{Φ ¢ǊŀƴΣ hΦ 5ŜŘǊȅΣ [Φ 5ǳŎƘşƴŜΣ !Φ aŜǊǘŜƴǎΣ !ΦaΦ 
IŀōǊŀƪŜƴΣ ¢ƘŜǊƳŀƭ ƳƻŘŜƭ ŦƻǊ ǘƘŜ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŘŜǇƻǎƛǝƻƴ ƻŦ ŎƻƳǇƻǎƛǘŜ ŎƻŀǝƴƎǎ ƻŦ 

омс[ ǎǘŀƛƴƭŜǎǎ ǎǘŜŜƭ ŜƴǊƛŎƘŜŘ ǿƛǘƘ ǘǳƴƎǎǘŜƴ ŎŀǊōƛŘŜǎΣ aŀǘŜǊΦ 5ŜǎΦ нлп όнлнмύ млфссмΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƳŀǘŘŜǎΦнлнмΦмлфссмΦ 

ώрсϐ .Φ!Φ YƘŀƳƛŘǳƭƭƛƴΣ LΦ±Φ ¢ǎƛǾƛƭǎƪƛȅΣ !ΦLΦ DƻǊǳƴƻǾΣ !ΦYΦ DƛƭƳǳǘŘƛƴƻǾΣ aƻŘŜƭƛƴƎ ƻŦ ǘƘŜ ŜũŜŎǘ ƻŦ 
ǇƻǿŘŜǊ ǇŀǊŀƳŜǘŜǊǎ ƻƴ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎ ǳǎƛƴƎ ŎƻŀȄƛŀƭ ƴƻȊȊƭŜΣ {ǳǊŦΦ /ƻŀǝƴƎǎ ¢ŜŎƘƴƻƭΦ осп 

όнлмфύ полςппоΦ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǎǳǊŦŎƻŀǘΦнлмуΦмнΦллнΦ 

ώртϐ IΦ ¸ƛƴΣ [Φ ²ŀƴƎΣ {Φ5Φ CŜƭƛŎŜƭƭƛΣ /ƻƳǇŀǊƛǎƻƴ ƻŦ ǘǿƻπŘƛƳŜƴǎƛƻƴŀƭ ŀƴŘ ǘƘǊŜŜπŘƛƳŜƴǎƛƻƴŀƭ 

ǘƘŜǊƳŀƭ ƳƻŘŜƭǎ ƻŦ ǘƘŜ [9b{ϯ ǇǊƻŎŜǎǎΣ WΦ IŜŀǘ ¢ǊŀƴǎŦŜǊΦ мол όнллуύ мςтΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмммрκмΦнфроносΦ 

ώруϐ IΦ aƻǊŎƘΣ [Φ 5ǳŎƘşƴŜΣ wΦ IŀǊȊŀƭƭŀƘΣ ±Φ ¢ǳƴƛƴŜǩΣ !ΦaΦ IŀōǊŀƪŜƴΣ 9ŶŎƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜ 
ŘŜǇŜƴŘŜƴŎŜ ƻŦ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ ǘƘŜǊƳƻπƳŜŎƘŀƴƛŎŀƭ ŬƴƛǘŜ ŜƭŜƳŜƴǘ ƳƻŘŜƭƛƴƎ ƻŦ ŀƭƭƻȅ 

нолΣ 9ǳǊΦ WΦ aŜŎƘΦ π !κ{ƻƭƛŘǎΦ ур όнлнмύ млпммсΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜǳǊƻƳŜŎƘǎƻƭΦнлнлΦмлпммсΦ 

ώрфϐ {Φ vǳΣ ¸Φ DƻƴƎΣ 9ũŜŎǘ ƻŦ ƘŜŀǘ ǘǊŜŀǘƳŜƴǘ ƻƴ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ 
ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ омс[ ǎǘŀƛƴƭŜǎǎ ǎǘŜŜƭ ǇŀǊǘǎ ŦŀōǊƛŎŀǘŜŘ ōȅ ƘȅōǊƛŘ ŀŘŘƛǝǾŜ ŀƴŘ ǎǳōǘǊŀŎǝǾŜ 

ǇǊƻŎŜǎǎΣ LƴǘΦ WΦ !ŘǾΦ aŀƴǳŦΦ ¢ŜŎƘƴƻƭΦ ммт όнлнмύ опсрςоптрΦ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎллмтлπлнмπлттусπǿΦ 

  



млн 

 

/ƘŀǇǘŜǊ р ς /ƻƴŎƭǳǎƛƻƴǎ ŀƴŘ tŜǊǎǇŜŎǝǾŜǎ 
 

 /ƻƴŎƭǳǎƛƻƴǎ 
 

¢Ƙƛǎ tƘ5 ǘƘŜǎƛǎ ŜȄǇƭƻǊŜǎ ǘƘŜ ǘƻǇƛŎ ƻŦ ƳŜǘŀƭ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ǎǇŜŎƛŬŎŀƭƭȅ ŦƻŎǳǎƛƴƎ ƻƴ 

ǘƘŜ 595 ǇǊƻŎŜǎǎ ƻŦ ŎƻƳǇƭŜȄ ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭ ŀƭƭƻȅǎΦ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŦǊǳƛǘ ƻŦ 

ŜȄǘŜƴǎƛǾŜ ƛƴǾŜǎǝƎŀǝƻƴǎΣ ōƻǘƘ ƛƴ ǘŜǊƳǎ ƻŦ ƳƻŘŜƭƛƴƎ ŜũƻǊǘǎΣ ŀƴŘ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀǝƻƴΣ ŀƭƭ ŀƛƳŜŘ 

ŀǘ ǎƘŜŘŘƛƴƎ ƭƛƎƘǘ ƻƴ ǘƘŜ ƛƴǘǊƛŎŀǘŜ ƛƴǘŜǊǇƭŀȅ ƻŦ ǾŀǊƛŀōƭŜǎ ǘƘŀǘ ŘŜŬƴŜ ǘƘŜ 595 ǇǊƻŎŜǎǎ ŀƴŘ ƛǘǎ 

ǇǊƻŦƻǳƴŘ ƛƳǇŀŎǘ ƻƴ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎΦ 

/ƘŀǇǘŜǊ н ǎŜǊǾŜŘ ŀǎ ŀ ŦƻǳƴŘŀǝƻƴŀƭ ǇƛƭƭŀǊΣ ǿƘŜǊŜ ǿŜ ƛƴƛǝŀƭƭȅ ŘŜǾŜƭƻǇŜŘ ŀ н5 ǘƘŜǊƳŀƭ ƳƻŘŜƭ ǘƻ 

Ǝŀƛƴ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅ ƻŦ ŀ осπƭŀȅŜǊ ōǳƭƪ ŘŜǇƻǎƛǘ ƻŦ aп I{{Φ ¢Ƙƛǎ ƳƻŘŜƭ 

ǇǊƻǾƛŘŜŘ ǳǎ ǿƛǘƘ ǾŀƭǳŀōƭŜ ƎƭƛƳǇǎŜǎ ƛƴǘƻ ǘƘŜ ƛƴǘǊƛŎŀǘŜ ǘƘŜǊƳŀƭ ŘȅƴŀƳƛŎǎ ǿƛǘƘƛƴ ǘƘŜ 

ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎΦ aƻǊŜƻǾŜǊΣ ƛǘ ŀƭƭƻǿŜŘ ǳǎ ǘƻ ŎŀƭƛōǊŀǘŜ ŀƴŘ ǾŀƭƛŘŀǘŜ ǘƘŜ ƳƻŘŜƭ ōȅ 

ŎŀǊŜŦǳƭƭȅ ƳŜŀǎǳǊƛƴƎ ƪŜȅ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎ ŀƴŘ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜǎΣ ŜƴƘŀƴŎƛƴƎ ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ 

ƻŦ ǘƘŜ ǇǊƻŎŜǎǎΦ 

/ƘŀǇǘŜǊ о ƳŀǊƪŜŘ ŀ ǎƛƎƴƛŬŎŀƴǘ ǇǊƻƎǊŜǎǎƛƻƴΣ ŀǎ ǿŜ ǘǊŀƴǎƛǝƻƴŜŘ ǘƻ ŀ о5 ǘƘŜǊƳƻƳŜŎƘŀƴƛŎŀƭ 

ƳƻŘŜƭΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ǘǊŀƴǎƛǝƻƴ ǿŀǎ ƴƻǘ ǿƛǘƘƻǳǘ ƛǘǎ ŎƘŀƭƭŜƴƎŜǎΦ ¢ƘŜ ǘƘŜǊƳƻǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǝŜǎ 

ǿŜ ƳŜŀǎǳǊŜŘ ŘǳǊƛƴƎ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎ ǘǳǊƴŜŘ ƻǳǘ ǘƻ ōŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘ ŦǊƻƳ 

ǘƘƻǎŜ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ōŀǎŜŘ  ƻƴ  Ŏŀǎǘ  ƻǊ  ŦƻǊƎŜŘ  ǎŀƳǇƭŜǎΦ !ƭǎƻΣ ŀ ǊƛƎƻǊƻǳǎ 

ŎƻƳǇǊŜǎǎƛƻƴ ǘŜǎǘ ŎŀƳǇŀƛƎƴ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǘƻ ŜƭǳŎƛŘŀǘŜ ǘƘŜ ǎǘǊŜǎǎπǎǘǊŀƛƴ ōŜƘŀǾƛƻǊ ƻŦ aп 

ŀŎǊƻǎǎ ŀ ǊŀƴƎŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ ǎǘǊŀƛƴ ǊŀǘŜǎΦ 

¢ƘŜ ŎǳƭƳƛƴŀǝƻƴ ƻŦ ƻǳǊ ǊŜǎŜŀǊŎƘ ƛƴ /ƘŀǇǘŜǊ п ǳƴŘŜǊǎŎƻǊŜŘ ǘƘŜ ŎǊǳŎƛŀƭ ǊƻƭŜ ǇƭŀȅŜŘ ōȅ ǘƘŜ 

ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅ ƛƴ ŘƛŎǘŀǝƴƎ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΦ ²Ŝ ǊŜŎƻƎƴƛȊŜŘ ǘƘŀǘ ŀ Ŏƻƴǎǘŀƴǘ ƭŀǎŜǊ ǇƻǿŜǊ 

ǎǘǊŀǘŜƎȅ ƻƊŜƴ ǊŜǎǳƭǘŜŘ ƛƴ ŀ ƴƻƴπǳƴƛŦƻǊƳ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƳŀǘŜǊƛŀƭ ŘŜǇǘƘΦ !ǎ ŀ 

ǊŜǎǇƻƴǎŜΣ ǿŜ ŜƳōŀǊƪŜŘ ƻƴ ŀƴ ƛƴǾŜǎǝƎŀǝƻƴ ƛƴǘƻ ŀ ǾŀǊƛŀōƭŜ ƭŀǎŜǊ ǇƻǿŜǊ ǎǘǊŀǘŜƎȅ ŀƛƳŜŘ ŀǘ 

ŀŎƘƛŜǾƛƴƎ ǎǇŜŎƛŬŎΣ ŘŜǎƛǊŜŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ ŀǘ ǾŀǊȅƛƴƎ ŘŜǇǘƘǎ ǿƛǘƘƛƴ ǘƘŜ ōǳƭƪ ǎŀƳǇƭŜΦ hǳǊ 

ŬƴŘƛƴƎǎ ŜƳǇƘŀǎƛȊŜŘ ǘƘŜ ŘƛǊŜŎǘ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜ ŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ǊŜƳŜƭǝƴƎ ŜǾŜƴǘǎΣ ǳƭǝƳŀǘŜƭȅ ƛƴƅǳŜƴŎƛƴƎ ǘƘŜ ǊŜǎǳƭǝƴƎ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΦ ¢ƻ ƻǇǝƳƛȊŜ ƭŀǎŜǊ ǇƻǿŜǊ 

ŦƻǊ ǇǊŜŎƛǎŜ ŎƻƴǘǊƻƭ ƻǾŜǊ ƳŜƭǘ Ǉƻƻƭ ǎƛȊŜΣ ǿŜ ƘŀǊƴŜǎǎŜŘ ǘƘŜ bŜǿǘƻƴπwŀǇƘǎƻƴ ƛǘŜǊŀǝǾŜ ƳŜǘƘƻŘΦ 

Lƴ ƻǳǊ ǉǳŜǎǘ ǘƻ ŎƻƳǇǊŜƘŜƴǎƛǾŜƭȅ ŜǾŀƭǳŀǘŜ ǘƘŜ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎΣ ǿŜ ŜƳǇƭƻȅŜŘ ŀ 

ŎƻƳōƛƴŀǝƻƴ ƻŦ ƳƛŎǊƻƘŀǊŘƴŜǎǎ ŀƴŘ ƴŀƴƻƛƴŘŜƴǘŀǝƻƴ ǘŜŎƘƴƛǉǳŜǎΦ aƛŎǊƻƘŀǊŘƴŜǎǎ ŀǎǎŜǎǎƳŜƴǘǎ 

ǳƴŘŜǊǎŎƻǊŜŘ ǘƘŜ ōŜƴŜŬǘǎ ƻŦ ǘƘŜ ƻǇǝƳƛȊŜŘ ǾŀǊƛŀōƭŜ ƭŀǎŜǊ ǇƻǿŜǊ ǎǘǊŀǘŜƎȅΣ ǊŜǾŜŀƭƛƴƎ ŜƴƘŀƴŎŜŘ 

ƘƻƳƻƎŜƴŜƛǘȅ ƛƴ ƘŀǊŘƴŜǎǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƳŀǘŜǊƛŀƭ ŘŜǇǘƘΦ aŜŀƴǿƘƛƭŜΣ ƴŀƴƻƛƴŘŜƴǘŀǝƻƴ ǊŜǎǳƭǘǎ 

ƻũŜǊŜŘ ƛƴǘǊƛƎǳƛƴƎ ƛƴǎƛƎƘǘǎ ǿŀǊǊŀƴǝƴƎ ŦǳǊǘƘŜǊ ƛƴǾŜǎǝƎŀǝƻƴ ŀƴŘ ǊŜŬƴŜŘ ǎƛƳǳƭŀǝƻƴǎΣ 

ǇŀǊǝŎǳƭŀǊƭȅ ŎƻƴŎŜǊƴƛƴƎ ǘƘŜǊƳŀƭ ƘƛǎǘƻǊȅ ŀŎǊƻǎǎ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ǘƘƛŎƪƴŜǎǎΦ 

¢ƘŜ ƧƻǳǊƴŜȅ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘƛǎ ǘƘŜǎƛǎ ǊŜƅŜŎǘǎ ƴƻǘ ƻƴƭȅ ǘƘŜ ǇǊƻƎǊŜǎǎ ŀƴŘ ŀŎƘƛŜǾŜƳŜƴǘǎ ōǳǘ ŀƭǎƻ 

ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ŎƻƳǇƭŜȄƛǝŜǎ ƛƴƘŜǊŜƴǘ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ƳŜǘŀƭ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ 

ŜǎǇŜŎƛŀƭƭȅ ǿƛǘƘƛƴ ǘƘŜ 595 ǇǊƻŎŜǎǎΦ Lǘ ǳƴŘŜǊǎŎƻǊŜǎ ǘƘŜ ŎǊǳŎƛŀƭ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŀ ƘƻƭƛǎǝŎ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜǊƳŀƭ ŘȅƴŀƳƛŎǎΣ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŜǾƻƭǳǝƻƴΣ ŀƴŘ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎΦ ¢Ƙƛǎ 

ǊŜǎŜŀǊŎƘ Ƙŀǎ ǇǊƻǾƛŘŜŘ ǾŀƭǳŀōƭŜ ŎƻƴǘǊƛōǳǝƻƴǎ ǘƻ ǘƘŜ ƪƴƻǿƭŜŘƎŜ ōŀǎŜ ŀƴŘ ƻǇŜƴǎ ŘƻƻǊǎ ǘƻ 



мло 

 

ŦǳǊǘƘŜǊ ŜȄǇƭƻǊŀǝƻƴ ŀƴŘ ŀŘǾŀƴŎŜƳŜƴǘǎ ƛƴ ǘƘŜ ŦŀǎŎƛƴŀǝƴƎ ǿƻǊƭŘ ƻŦ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ ²Ŝ 

ŀƴǝŎƛǇŀǘŜ ǘƘŀǘ ǘƘŜ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ƛƴǎƛƎƘǘǎ ƎŀƛƴŜŘ ƘŜǊŜƛƴ ǿƛƭƭ ǎŜǊǾŜ ŀǎ ŀ ǎǘŜǇǇƛƴƎ ǎǘƻƴŜ ŦƻǊ 

ŦǳǘǳǊŜ ƛƴƴƻǾŀǝƻƴǎ ŀƴŘ ōǊŜŀƪǘƘǊƻǳƎƘǎ ƛƴ ǘƘŜ ŜǾŜǊπŜǾƻƭǾƛƴƎ ƭŀƴŘǎŎŀǇŜ ƻŦ ƳŜǘŀƭ ŀŘŘƛǝǾŜ 

ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ  

tŜǊǎǇŜŎǝǾŜǎ 
 

¢ƘŜ ǊŜǎŜŀǊŎƘ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘƘƛǎ ǘƘŜǎƛǎ Ƙŀǎ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ŀ ŘŜŜǇŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ 595 

ǇǊƻŎŜǎǎΣ ǇŀǊǝŎǳƭŀǊƭȅ ƛƴ ƛǘǎ ŀǇǇƭƛŎŀǝƻƴ ǘƻ I{{Φ IƻǿŜǾŜǊΣ ŀǎ ǿƛǘƘ ŀƴȅ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǎǘǳŘȅΣ ǘƘƛǎ 

ŜȄǇƭƻǊŀǝƻƴ Ƙŀǎ ŀƭǎƻ ǳƴŎƻǾŜǊŜŘ ŀǊŜŀǎ ǘƘŀǘ ŀǊŜ ǊƛǇŜ ŦƻǊ ŦǳǊǘƘŜǊ ƛƴǾŜǎǝƎŀǝƻƴΦ ¢ƘŜ ƴŀǘǳǊŜ ƻŦ 

ǎŎƛŜƴǝŬŎ ƛƴǉǳƛǊȅ ƛǎ ǎǳŎƘ ǘƘŀǘ ŀƴǎǿŜǊƛƴƎ ƻƴŜ ǎŜǘ ƻŦ ǉǳŜǎǝƻƴǎ ƻƊŜƴ ƭŜŀŘǎ ǘƻ ǘƘŜ ŜƳŜǊƎŜƴŎŜ ƻŦ 

ƴŜǿΣ ǎƻƳŜǝƳŜǎ ƳƻǊŜ ŎƻƳǇƭŜȄ ǉǳŜǎǝƻƴǎΦ Lƴ ǘƘƛǎ ǎǇƛǊƛǘΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƛǎ ŀ ƴƻƴπŜȄƘŀǳǎǝǾŜ ƭƛǎǘ 

ƻŦ ǘƻǇƛŎǎ ǘƘŀǘ ǇǊƻƳƛǎŜ ǘƻ ŜƴǊƛŎƘ ƻǳǊ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ 595 ǇǊƻŎŜǎǎ ŀƴŘ ƛǘǎ 

ƛƳǇƭƛŎŀǝƻƴǎ ŦƻǊ I{{Φ ¢ƘŜǎŜ ǘƻǇƛŎǎ ƴƻǘ ƻƴƭȅ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ƴŜȄǘ ƭƻƎƛŎŀƭ ǎǘŜǇǎ ƛƴ ƻǳǊ ƻƴƎƻƛƴƎ 

ǉǳŜǎǘ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ōǳǘ ŀƭǎƻ ƻǇŜƴ ŘƻƻǊǎ ǘƻ ƴŜǿ ǇƻǎǎƛōƛƭƛǝŜǎ ŀƴŘ ŀŘǾŀƴŎŜƳŜƴǘǎ ƛƴ ǘƘƛǎ 

ŜȄŎƛǝƴƎ ŀǊŜŀ ƻŦ ǊŜǎŜŀǊŎƘΦ 

!ŘǾŀƴŎŜŘ aŀǘŜǊƛŀƭ /ƘŀǊŀŎǘŜǊƛȊŀǝƻƴΥ CǳǘǳǊŜ ǊŜǎŜŀǊŎƘ Ŏŀƴ ƛƴǾŜǎǝƎŀǘŜ ƛƴ ŘŜǇǘƘ ǘƘŜ 

ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ƳŀǘŜǊƛŀƭǎ ǳǎŜŘ ƛƴ 595 ǇǊƻŎŜǎǎŜǎΦ LƴǾŜǎǝƎŀǘŜ ŀ ōǊƻŀŘŜǊ ǊŀƴƎŜ ƻŦ 

ǘƘŜǊƳƻǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ǳƴŘŜǊ ǾŀǊȅƛƴƎ ŎƻƴŘƛǝƻƴǎ ǘƻ ōǳƛƭŘ ŀ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŘŀǘŀōŀǎŜΦ 

¢Ƙƛǎ Ŏŀƴ ƛƴŎƭǳŘŜ ǇǊƻǇŜǊǝŜǎ ƭƛƪŜ ǘƘŜǊƳŀƭ ŎƻƴŘǳŎǝǾƛǘȅΣ ŘŜƴǎƛǘȅΣ ŀƴŘ ǎǇŜŎƛŬŎ ƘŜŀǘ ŎŀǇŀŎƛǘȅΦ 

aǳƭǝπtƘȅǎƛŎǎ aƻŘŜƭƛƴƎΥ 9ȄǇŀƴŘ ǘƘŜ ƳƻŘŜƭƛƴƎ ŜũƻǊǘǎ ǘƻ ŜƴŎƻƳǇŀǎǎ ƳǳƭǝπǇƘȅǎƛŎǎ ǎƛƳǳƭŀǝƻƴǎΦ 

LƴŎƻǊǇƻǊŀǘŜ ƴƻǘ ƻƴƭȅ ǘƘŜǊƳŀƭ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ŀǎǇŜŎǘǎ ōǳǘ ŀƭǎƻ ƅǳƛŘ ŘȅƴŀƳƛŎǎ ŀƴŘ ǇƘŀǎŜ 

ŎƘŀƴƎŜǎ ǿƛǘƘƛƴ ǘƘŜ 595 ǇǊƻŎŜǎǎΦ ¢Ƙƛǎ Ŏŀƴ ƭŜŀŘ ǘƻ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ǇǊŜŘƛŎǝǾŜ ƳƻŘŜƭǎΦ 

Lƴ {ƛǘǳ aƻƴƛǘƻǊƛƴƎΥ 5ŜǾŜƭƻǇ ƛƴ ǎƛǘǳ ƳƻƴƛǘƻǊƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ǘƻ ƻōǎŜǊǾŜ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 

ǇǊƻŎŜǎǎ ƛƴ ǊŜŀƭπǝƳŜΦ LƳǇƭŜƳŜƴǘ ŀŘǾŀƴŎŜŘ ǎŜƴǎƻǊǎ ŀƴŘ ƛƳŀƎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƻ ŎŀǇǘǳǊŜ 

ǘƘŜǊƳŀƭ ƘƛǎǘƻǊƛŜǎΣ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŜǾƻƭǳǝƻƴΣ ŀƴŘ ŘŜŦŜŎǘǎ ŀǎ ǘƘŜȅ ƻŎŎǳǊΦ ¢Ƙƛǎ ǊŜŀƭπǝƳŜ ŦŜŜŘōŀŎƪ 

Ŏŀƴ ŜƴŀōƭŜ ǇǊƻŎŜǎǎ ŎƻƴǘǊƻƭ ŀƴŘ ƻǇǝƳƛȊŀǝƻƴΦ 

aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎ LƴǘŜƎǊŀǝƻƴΥ 9ȄǇƭƻǊŜ ǘƘŜ ƛƴǘŜƎǊŀǝƻƴ ƻŦ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ŀƭƎƻǊƛǘƘƳǎ ǘƻ 

ƻǇǝƳƛȊŜ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ŘȅƴŀƳƛŎŀƭƭȅΦ ¦ǝƭƛȊŜ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ŘǳǊƛƴƎ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 

ǇǊƻŎŜǎǎ ǘƻ ƳŀƪŜ ǊŜŀƭπǝƳŜ ŀŘƧǳǎǘƳŜƴǘǎ ŦƻǊ ŀŎƘƛŜǾƛƴƎ ŘŜǎƛǊŜŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ǇǊƻǇŜǊǝŜǎΦ 

!ŘǾŀƴŎŜŘ /ƻƻƭƛƴƎ {ǘǊŀǘŜƎƛŜǎΥ LƴǾŜǎǝƎŀǘŜ ƛƴƴƻǾŀǝǾŜ ŎƻƻƭƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ ǘƘŜǊƳŀƭ 

ƎǊŀŘƛŜƴǘǎ ŀƴŘ ǎƻƭƛŘƛŬŎŀǝƻƴ ǊŀǘŜǎΦ 5ŜǾŜƭƻǇ ǎǘǊŀǘŜƎƛŜǎ ǎǳŎƘ ŀǎ ŘƛǊŜŎǘŜŘ ŜƴŜǊƎȅ ŎƻƻƭƛƴƎ ƻǊ ƭƻŎŀƭ 

ƘŜŀǘ ǘǊŜŀǘƳŜƴǘ ǘƻ ǘŀƛƭƻǊ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎ ǿƛǘƘ ǇǊŜŎƛǎƛƻƴΦ 

aƛŎǊƻǎǘǊǳŎǘǳǊŜπtǊƻǇŜǊǘȅ wŜƭŀǝƻƴǎƘƛǇǎΥ 5ŜŜǇŜƴ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ 

ōŜǘǿŜŜƴ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎΦ /ƻƴŘǳŎǘ ŜȄǘŜƴǎƛǾŜ ƳŜŎƘŀƴƛŎŀƭ ǘŜǎǝƴƎ 

ǳƴŘŜǊ ǾŀǊƛƻǳǎ ŎƻƴŘƛǝƻƴǎ ǘƻ ŜǎǘŀōƭƛǎƘ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŘŀǘŀōŀǎŜǎ ƭƛƴƪƛƴƎ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ 

ŦŜŀǘǳǊŜǎ ǘƻ ƳŀǘŜǊƛŀƭ ōŜƘŀǾƛƻǊΦ 

IȅōǊƛŘ aŀƴǳŦŀŎǘǳǊƛƴƎΥ 9ȄǇƭƻǊŜ ƘȅōǊƛŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ǘƘŀǘ ŎƻƳōƛƴŜ 595 ǿƛǘƘ 

ƻǘƘŜǊ ŀŘŘƛǝǾŜ ƻǊ ǎǳōǘǊŀŎǝǾŜ ǇǊƻŎŜǎǎŜǎΦ LƴǾŜǎǝƎŀǘŜ Ƙƻǿ ǎǳŎƘ ƘȅōǊƛŘ ŀǇǇǊƻŀŎƘŜǎ Ŏŀƴ ŜƴƘŀƴŎŜ 

ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎΣ ŀŎŎǳǊŀŎȅΣ ŀƴŘ ǇǊƻŘǳŎǝƻƴ ŜŶŎƛŜƴŎȅΦ 



млп 

 

tǊƻŎŜǎǎ hǇǝƳƛȊŀǝƻƴ !ƭƎƻǊƛǘƘƳǎΥ 5ŜǾŜƭƻǇ ŀŘǾŀƴŎŜŘ ƻǇǝƳƛȊŀǝƻƴ ŀƭƎƻǊƛǘƘƳǎ ǘƻ ŀǳǘƻƳŀǝŎŀƭƭȅ 

ŘŜǘŜǊƳƛƴŜ ƻǇǝƳŀƭ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ōŀǎŜŘ ƻƴ ŘŜǎƛǊŜŘ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎ ŀƴŘ 

ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎΦ /ƻƴǎƛŘŜǊ ƎŜƴŜǝŎ ŀƭƎƻǊƛǘƘƳǎΣ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎΣ ƻǊ ƻǘƘŜǊ ƻǇǝƳƛȊŀǝƻƴ 

ǘŜŎƘƴƛǉǳŜǎΦ 

LƴŘǳǎǘǊƛŀƭ !ǇǇƭƛŎŀǝƻƴǎΥ 9ȄǘŜƴŘ ǊŜǎŜŀǊŎƘ ƛƴǘƻ ǇǊŀŎǝŎŀƭ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ 595Φ 

/ƻƭƭŀōƻǊŀǘŜ ǿƛǘƘ ƛƴŘǳǎǘǊȅ ǇŀǊǘƴŜǊǎ ǘƻ ƛƳǇƭŜƳŜƴǘ ŬƴŘƛƴƎǎ ƛƴ ǊŜŀƭπǿƻǊƭŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 

ǎŎŜƴŀǊƛƻǎΣ ŜƴǎǳǊƛƴƎ ǘƘŜ ǎŎŀƭŀōƛƭƛǘȅ ŀƴŘ ŦŜŀǎƛōƛƭƛǘȅ ƻŦ ǇǊƻǇƻǎŜŘ ǎƻƭǳǝƻƴǎΦ 

{ǘŀƴŘŀǊŘƛȊŀǝƻƴ ŀƴŘ vǳŀƭƛǘȅ /ƻƴǘǊƻƭΥ /ƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ǎǘŀƴŘŀǊŘƛȊŜŘ 

ǇǊƻŎŜŘǳǊŜǎ ŀƴŘ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ƳŜŀǎǳǊŜǎ ŦƻǊ 595 ǇǊƻŎŜǎǎŜǎΦ ²ƻǊƪ ǘƻǿŀǊŘǎ ŜƴǎǳǊƛƴƎ 

ŎƻƴǎƛǎǘŜƴŎȅΣ ǊŜƭƛŀōƛƭƛǘȅΣ ŀƴŘ ǊŜǇŜŀǘŀōƛƭƛǘȅ ƛƴ ƳŜǘŀƭ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ 

{ƛƳǳƭŀǝƻƴ {ƻƊǿŀǊŜ 5ŜǾŜƭƻǇƳŜƴǘΥ /ƻƭƭŀōƻǊŀǘŜ ǿƛǘƘ ǎƻƊǿŀǊŜ ŘŜǾŜƭƻǇŜǊǎ ǘƻ ŎǊŜŀǘŜ ǳǎŜǊπ

ŦǊƛŜƴŘƭȅ ǎƛƳǳƭŀǝƻƴ ǘƻƻƭǎ ǘŀƛƭƻǊŜŘ ŦƻǊ 595 ǇǊƻŎŜǎǎŜǎΦ ¢ƘŜǎŜ ǘƻƻƭǎ Ŏŀƴ ŀǎǎƛǎǘ ŜƴƎƛƴŜŜǊǎ ŀƴŘ 

ƳŀƴǳŦŀŎǘǳǊŜǊǎ ƛƴ ƻǇǝƳƛȊƛƴƎ ǘƘŜƛǊ ŘŜǎƛƎƴǎ ŀƴŘ ǇǊƻŎŜǎǎŜǎ 

 

 

  



млр 

 

!ƴƴŜȄ 
 

/ƻƳǇǊŜǎǎƛƻƴ ¢Ŝǎǘ ǊŜǇƻǊǘ 
 

/ƻƳǇǊŜǎǎƛƻƴ ǘŜǎǘǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ƻƴ ƘƛƎƘ ǎǇŜŜŘ ǎǘŜŜƭ όI{{ύ ƎǊŀŘŜ aп ǎŀƳǇƭŜǎ ŀǘ 

ŘƛũŜǊŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ ŘƛũŜǊŜƴǘ ǎǘǊŀƛƴ ǊŀǘŜǎΦ ¢ƘŜ ǘŜǎǘǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ŀ {ŎƘŜƴŎƪ плл 

ƪb ƳŀŎƘƛƴŜ όCƛƎǳǊŜ нрŀύ ŀƴŘ ŀ ǉǳŀŘ ŜƭƭƛǇǝŎŀƭ ǊŀŘƛŀƴǘ ŦǳǊƴŀŎŜ пȄнллл ² ǿŀǎ ǳǎŜŘ ŦƻǊ ƘƛƎƘπ

ǘŜƳǇŜǊŀǘǳǊŜ ǘŜǎǘǎΦ ¢ƘŜ ŎƻƳǇǊŜǎǎƛƻƴ ǎŀƳǇƭŜǎ ǿŜǊŜ Ŏǳǘ ǳǎƛƴƎ ŀ ǿƛǊŜ ŜƭŜŎǘǊƻπŘƛǎŎƘŀǊƎŜ ƳŀŎƘƛƴŜ 

ŦǊƻƳ ŀ ǇŀǊǘ ƻŦ ŀ ŀǎπōǳƛƭǘ ōǳƭƪ ŘŜǇƻǎƛǘ όCƛƎǳǊŜ нрōύ ǇǊƻŘǳŎŜŘ ōȅ ƭŀǎŜǊ ŎƭŀŘŘƛƴƎ ŦƻǊ ǘƘŜ w9/¸/[!5 

ǇǊƻƧŜŎǘ ό{ŀƳǇƭŜ tмосΣ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜΥ [ŀǎŜǊ ǇƻǿŜǊ ƻŦ ммсл ²Τ ƴƻȊȊƭŜ ǎǇŜŜŘ ƻŦ псн 

ƳƳκƳƛƴ ŀƴŘ ǇƻǿŘŜǊ ƅƻǿ ƻŦ ус ƳƎκǎύΦ ¢ƘŜ ŎƻƳǇǊŜǎǎƛƻƴ ǎŀƳǇƭŜ ŘƛƳŜƴǎƛƻƴǎ ǿŜǊŜ у ƳƳ ƛƴ 

ŘƛŀƳŜǘŜǊ ŀƴŘ мл ƳƳ ƛƴ ƘŜƛƎƘǘΦ 

 

 

ŀύ ōύ 
CƛƎǳǊŜ нр ς ŀύ {ŎƘŜƴŎƪ плл ƪb ƳŀŎƘƛƴŜΤ ōύ 5ŜǇƻǎƛǘ ŦǊƻƳ ǿƘŜǊŜ ǘƘŜ ǎŀƳǇƭŜǎ ǿŜǊŜ ǊŜƳƻǾŜŘΦ 

 {ŀƳǇƭŜǎ ǿŜǊŜ ǘŜǎǘŜŘ ŀǘ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜ ŀǎ ǿŜƭƭ ŀǎ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ όоллΣ рллΣ фрл 

ϲ/ύ ŀǘ ŘƛũŜǊŜƴǘ ǎǘǊŀƛƴ ǊŀǘŜǎ όнȄмлπоΣ мл ȄмлπоΣ ŀƴŘ рл Ȅмлπо ǎπмύΦ CƻǊ ŜŀŎƘ ŎƻƳōƛƴŀǝƻƴ ƻŦ 

ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ ǎǘǊŀƛƴ ǊŀǘŜ ŎƻƴŘƛǝƻƴǎΣ ŀ ƳƛƴƛƳǳƳ ƻŦ ǘƘǊŜŜ ǎŀƳǇƭŜǎ ǿŜǊŜ ǘŜǎǘŜŘΦ 

/ƻǊǊŜŎǝƻƴ ǇǊƻŎŜŘǳǊŜ 
 

 !ǎ ǾŀƭƛŘŀǘŜŘ ƛƴ ±Φ ¢ǳƴƛƴŜǩ tƘΦ5Φ ǘƘŜǎƛǎ όώмϐύ ŀƴŘ ŀƭǊŜŀŘȅ ŀǇǇƭƛŜŘ ƛƴ LΦ bŜƛǊŀϥǎ tƘΦ5Φ 

ǘƘŜǎƛǎ όώнϐύ ŦƻǊ ŀ ǎƛƳƛƭŀǊ ƎǊŀŘŜ ƳŀǘŜǊƛŀƭΣ ŀ ƳŜǘƘƻŘƻƭƻƎȅ ǘƻ ǊŜŀŎƘ ŀ Ŏƻƴǎǘŀƴǘ ǎǘǊŀƛƴ ǊŀǘŜ ǿŀǎ 

ƛƳǇƭŜƳŜƴǘŜŘΦ 



млс 

 

 ¢ƘŜ ŘƛǎǇƭŀŎŜƳŜƴǘ ƳŜŀǎǳǊŜŘ ōȅ ǘƘŜ ǇǊŜǎǎ ŜƭŜŎǘǊƻƴƛŎ ǎȅǎǘŜƳ ƛǎ ǘƘŜ Ǝƭƻōŀƭ ŘƛǎǇƭŀŎŜƳŜƴǘ 

ǘƘŀǘ ŀŎŎƻǳƴǘǎ ŦƻǊ ǘƘŜ ƳŀŎƘƛƴŜ ŀƴŘ ǘƘŜ ǎŀƳǇƭŜ ŘƛǎǇƭŀŎŜƳŜƴǘΦ CƻǊ ŜŀŎƘ ŎƻƳōƛƴŀǝƻƴ ƻŦ 

ŎƻƴŘƛǝƻƴǎΣ ŀ ŎƻƳǇǊŜǎǎƛƻƴ ǘŜǎǘ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ǿƛǘƘƻǳǘ ŀ ǎŀƳǇƭŜΣ ǿƘŜǊŜ ǘƘŜ ǘƻƻƭǎ ǿŜǊŜ 

ǇǊŜǎǎŜŘ ŀƎŀƛƴǎǘ ŜŀŎƘ ƻǘƘŜǊ ǘƻ ƻōǘŀƛƴ ǘƘŜ ƳŀŎƘƛƴŜ ǊƛƎƛŘƛǘȅΦ [ŀǘŜǊΣ ǘƘŜ ǊŜŎƻǊŘŜŘ Řŀǘŀ ǿŀǎ 

ŎƻƴǾŜǊǘŜŘ ǘƻ ƳŀŎƘƛƴŜ ƅŜȄƛōƛƭƛǘȅΦ ¢ƘŜ ƻōǘŀƛƴŜŘ ǎŜǘ ƻŦ Ǉƻƛƴǘǎ ǿŀǎ ƛƴǘŜǊǇƻƭŀǘŜŘ ōȅ ŀ ǎƛȄǘƘ ƻǊŘŜǊ 

ǇƻƭȅƴƻƳƛŀƭ ǘƘŀǘ ǎƘƻǿŜŘ ŀƴ ŜǊǊƻǊ wч ҔлΦфу ŦƻǊ ǘƘŜ ǿƻǊǎǘ ŬǩƴƎΦ !ƴ ŜȄŀƳǇƭŜ ƻŦ ǊƻƻƳ 

ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǎǘǊŀƛƴ ǊŀǘŜ ƻŦ рл Ȅмлπо ǎπм ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ нсΦ 

 

CƛƎǳǊŜ нс ς aŀŎƘƛƴŜ ƅŜȄƛōƛƭƛǘȅ ŀǘ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜ ŦƻǊ ŀ ǎǘǊŀƛƴ ǊŀǘŜ ƻŦ рл9πо ǎπм 

 [ŀǘŜǊ ǘƘŜ ƳŀŎƘƛƴŜ ŘƛǎǇƭŀŎŜƳŜƴǘ ǿŀǎ ǊŜƳƻǾŜŘ ŦǊƻƳ ǘƘŜ Ǝƭƻōŀƭ ŘƛǎǇƭŀŎŜƳŜƴǘ ǘƻ ƻōǘŀƛƴ 

ǘƘŜ ǎŀƳǇƭŜ ŘƛǎǇƭŀŎŜƳŜƴǘΦ !ƴ ŜȄŀƳǇƭŜ ƻŦ ǘƘƛǎ ŀǇǇƭƛŎŀǝƻƴ ŦƻǊ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǎǘǊŀƛƴ ǊŀǘŜ 

ƻŦ рл9πо ǎπм ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ нтΦ 

 

CƛƎǳǊŜ нт ς {ǳōǘǊŀŎǝƻƴ ƻŦ ǘƘŜ ƳŀŎƘƛƴŜ ŘƛǎǇƭŀŎŜƳŜƴǘ ƻǾŜǊ ǘƘŜ Ǝƭƻōŀƭ ŘƛǎǇƭŀŎŜƳŜƴǘ ŀǘ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ рл9πо ǎπм 



млт 

 

 CƛƴŀƭƭȅΣ ƭƻƎŀǊƛǘƘƳƛŎ ǎǘǊŀƛƴ ōŀǎŜŘ ƻƴ ǘƘŜ ǎŀƳǇƭŜ ŘƛǎǇƭŀŎŜƳŜƴǘ ǿŀǎ ŎƻƳǇǳǘŜŘΦ 

 ¢ƘŜ ŎŀƭŎǳƭŀǘŜŘ ǊŜŀƭ ǎǘǊŜǎǎ ǘƻƻƪ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǝƻƴ ǘƘŜ ōŀǊǊŜƭƭƛƴƎ ŜũŜŎǘ ǘƘǊƻǳƎƘ ŀ 

ŘŜŘǳŎǘŜŘ ŦƻǊƳǳƭŀ ŘŜǾŜƭƻǇŜŘ ōȅ hǊƻǿŀƴ ό±ΥξtǊƻƧŜǘǎξ[ƛƴƎƻǇǝ Ŝǘ 

ǎǳƛǘŜξ[LbDht¢LξwŀǇǇƻǊǘǎξόǊŀǇǇƻǊǘ ƛƴǘŜǊƳŞŘƛŀƛǊŜ ƴϲтύ π 9ǎǎŀƛǎ ŘŜ ŎƻƳǇǊŜǎǎƛƻƴ Ł ŎƘŀǳŘύΤ 

ƳŜŀƴƛƴƎ ǘƘŀǘ ǘƘŜ ǎǘǊŜǎǎ ŎŀƭŎǳƭŀǘŜŘ ǘŀƪŜǎ ƛƴ ŎƻƴǎƛŘŜǊŀǝƻƴ ǘƘŜ ǊŜŀƭ ǎŜŎǝƻƴ ƻŦ ǘƘŜ ǎŀƳǇƭŜΦ Lƴ 

9ǉΦмΣ ˋ ƛǎ ǘƘŜ ǊŜŀƭ ǎǘǊŜǎǎΣ C ƛǎ ǘƘŜ ŦƻǊŎŜ ŀƴŘ ὶ  ƛǎ ǘƘŜ ǾŀƭǳŜ ƻŦ ǊŀŘƛǳǎ ŎƻƴǎƛŘŜǊƛƴƎ ōŀǊǊŜƭƭƛƴƎ 

ŀƴŘ Ř ƛǎ ǘƘŜ ŘƛǎǇƭŀŎŜƳŜƴǘΦ CƻǊ 9ǉΦнΣ ὶ ƛǎ ǘƘŜ ǾŀƭǳŜ ƻŦ ǊŀŘƛǳǎ ŀǎǎǳƳƛƴƎ ƴƻ ōŀǊǊŜƭƭƛƴƎ όƧǳǎǘ 

ƴƻǊƳŀƭ ǾƻƭǳƳŜ ŎƻƴǎŜǊǾŀǝƻƴ Č ˄ҐлΦрύΣ Ὠ  ƛǎ ǘƘŜ ƭŀǎǘ ƳŜŀǎǳǊŜŘ ŘƛǎǇƭŀŎŜƳŜƴǘΣ ὶ ȟ  ƛǎ 

ǘƘŜ ƭŀǎǘ ǊŀŘƛǳǎ ŎƻƳǇǳǘŜŘ ŀǎǎǳƳƛƴƎ ōŀǊǊŜƭƭƛƴƎ ŀƴŘ ὶȟ  ƛǎ ǘƘŜ ƭŀǎǘ ǊŀŘƛǳǎ ŀǎǎǳƳƛƴƎ ǾƻƭǳƳŜ 

ŎƻƴǎŜǊǾŀǝƻƴΦ CƛƴŀƭƭȅΣ ŦƻǊ 9ǉΦо ὶ Σ Ὤ  ŀƴŘ Ὤ  ŀǊŜΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ǘƘŜ ƛƴƛǝŀƭ ǊŀŘƛǳǎΣ 

ƛƴƛǝŀƭ ƘŜƛƎƘǘΣ ŀƴŘ Ŭƴŀƭ ƘŜƛƎƘǘ ƻŦ ǘƘŜ ǎŀƳǇƭŜΦ 
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 CƻǊ ŜŀŎƘ ǘŜǎǘΣ ǘƘŜ ǎǘǊŜǎǎπǎǘǊŀƛƴ ŎǳǊǾŜ ǿŀǎ ƎŜƴŜǊŀǘŜŘ όCƛƎǳǊŜ нуŀύ ǘƘŜƴ ŀƴ ŀǾŜǊŀƎŜ ŎǳǊǾŜ 

ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ ǾŀƭƛŘ ǎŀƳǇƭŜǎΦ !ǎ ŀƴ ŜȄŀƳǇƭŜΣ ƛǘ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нуŀ ǘƘŜ ŀǇǇƭƛŜŘ 

ǇǊƻŎŜǎǎΣ ŎƻƴǎƛǎǝƴƎ ƛƴ ǊŜƳƻǾƛƴƎ ŀƴȅ ƻǳǘƭƛŜǊΣ ǿƘƛŎƘ ƛƴ ǘƘƛǎ ŎŀǎŜ ǿŀǎ ǎŀƳǇƭŜ оуΣ ŀƴŘ ŀƊŜǊ ǘƘŜ 

ŀǾŜǊŀƎŜ ŎǳǊǾŜ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ǿƛǘƘ ǘƘŜ ŜǊǊƻǊ ōŀǊǎ όCƛƎǳǊŜ нуōύΦ  

  

ŀύ ōύ 
CƛƎǳǊŜ ну ς ŀύ ¢ǊǳŜ ǎǘǊŜǎǎ ǘǊǳŜ ǎǘǊŀƛƴ ŎǳǊǾŜǎ ƻŦ ŀƭƭ ǘƘŜ ǘŜǎǘŜŘ ǎŀƳǇƭŜǎ ŀǘ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ŀ ǎǘǊŀƛƴ ǊŀǘŜ ƻŦ рлȄмлπо ǎπмΤ ōύ 
ŀǾŜǊŀƎŜ ŎǳǊŜ ǿƛǘƘ ŜǊǊƻǊ ōŀǊǎ ŦǊƻƳ ǘƘŜ ǎŀƳǇƭŜǎ отΣ офΣ ŀƴŘ плΦ  

 CƛƴŀƭƭȅΣ ǘƘŜ ŜƭŀǎǝŎ ǇŀǊǘ ǿŀǎ ŎƻǊǊŜŎǘŜŘ ōȅ ǊŜǇƭŀŎƛƴƎ ǘƘŜ ŎƻƳǇǳǘŜŘ ƻƴŜ ǿƛǘƘ ǘƘŜ ǾŀƭǳŜ 

ƳŜŀǎǳǊŜŘ ōȅ DǊƛƴŘƻǎƻƴƛŎ όƳŜŀǎǳǊŜƳŜƴǘǎ ŘƻƴŜ ōȅ ǘƘŜ aa{ ǘŜŀƳύ ό±ΥξtǊƻƧŜǘǎξt5w 

[ŀǎŜǊŎƭŀŘŘƛƴƎξwŜǇƻǊǘǎύ ŦƻǊ ǘƘŜ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜ ŎŀǎŜΣ ǿƛǘƘ ŀ ǾŀƭǳŜ ƻŦ нмсΦо DtŀΦ !ǘ ƘƛƎƘ 



млу 

 

ǘŜƳǇŜǊŀǘǳǊŜǎΣ ǘƘŜ ǾŀƭǳŜ ƳŜŀǎǳǊŜŘ ōȅ LΦ bŜƛǊŀ ŦƻǊ ƘŜǊ tƘΦ5Φ ǘƘŜǎƛǎ ƻƴ ƘƛƎƘ ŎƘǊƻƳƛǳƳ ǎǘŜŜƭ ǿŀǎ 

ŎƻƴǎƛŘŜǊŜŘ ό¢ŀōƭŜ нύΦ 

¢ŀōƭŜ н ς ̧ƻǳƴƎ ƳƻŘǳƭƛ ǾŀƭǳŜ ƻōǘŀƛƴŜŘ ōȅ ŎƻƳǇǊŜǎǎƛƻƴ ǘŜǎǘǎ 

¢ŜƳǇŜǊŀǘǳǊŜ όϲ/ύ {ŀƳǇƭŜǎ aƛŎǊƻǎǘǊǳŎǘǳǊŜ 9 ƛƴ ŎƻƳǇǊŜǎǎƛƻƴ ǘŜǎǘ όDtŀύ 

олл !ǳǎǘŜƴƛǘŜ 
!ƴƴŜŀƭŜŘ ǎŀƳǇƭŜǎ ŎƻƻƭŜŘ 

όмлл҈!ǳύ 

мусΦмпҕмпΦом 

тлл туΦтпҕсΦн 

фрл рлΦфуҕфΦпу 

нл aŀǊǘŜƴǎƛǘŜ 
vǳŜƴŎƘŜŘ ǎŀƳǇƭŜǎ ƘŜŀǘŜŘ 

όмлл҈aŀύ 

мфлΦнпҕрΦул 

ул мстΦсҕмΦул 

мрл мутΦрҕрΦул 

 

5ƛǎŎǳǎǎƛƻƴ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎ 
 

  
ŀύ ōύ 

  
Ŏύ Řύ 
CƛƎǳǊŜ нф ς {ǘǊŜǎǎπǎǘǊŀƛƴ ŎǳǊǾŜǎ ŀǘ ŘƛũŜǊŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ ǎǘǊŀƛƴ ǊŀǘŜǎΦ ŀύ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜΤ ōύ олл ϲ/Τ Ŏύ рлл ϲ/Τ Řύ фрл 
ϲ/Φ 

 !ǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нфΣ ǘƘŜ ŜũŜŎǘ ƻŦ ǎǘǊŀƛƴ ǊŀǘŜΣ ƛƴ ǘƘŜ ŀƴŀƭȅǎŜŘ ǊŀƴƎŜ όнȄмлπо ǘƻ рл Ȅмлπ

о ǎπмύΣ ƛǎ ƴƻǘ ǾŜǊȅ ǎƛƎƴƛŬŎŀƴǘΦ hǾŜǊŀƭƭΣ ƛǎ ǎƘƻǿƴ ǘƘŀǘ ǘƘŜ ƘƛƎƘŜǊ ǘƘŜ ǎǘǊŀƛƴ ǊŀǘŜΣ ǘƘŜ ƭƻǿŜǊ ǘƘŜ 

ƘŀǊŘŜƴƛƴƎΦ ¢Ƙƛǎ ŜũŜŎǘ ƛǎ ƳƻǊŜ ƻōǾƛƻǳǎ ŀǘ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜ ŎǳǊǾŜǎ ƘŜǊŜ ŘŜǇƛŎǘŜŘ ŘƛŘƴΩǘ 

ƘŀǾŜ ǘƘŜƛǊ ŜƭŀǎǝŎ ƳƻŘǳƭǳǎ ŀŘƧǳǎǘŜŘ ŦǊƻƳ ǘƘŜ ǾŀƭǳŜǎ ƻŦ DǊƛƴŘƻǎƻƴƛŎ ŀƴŘ ƭƛǘŜǊŀǘǳǊŜ ŦǊƻƳ LΦ bŜƛǊŀ 

tƘ5 ǘƘŜǎƛǎΦ 



млф 

 

 CƻǊ ǘƘŜ ŎŀǎŜ ŀǘ фрл ϲ/ Ƨǳǎǘ ƻƴŜ ǎŀƳǇƭŜ ǿŀǎ ǎǳŎŎŜǎǎŦǳƭƭȅ ǘŜǎǘŜŘΦ ¢ƘŜ ǇǊƻōƭŜƳ ƛǎ ǘƘŀǘ ŀǘ 

фрл ϲ/Σ ǘƘŜ ŦǳǊƴŀŎŜ ǎǘŀǊǘŜŘ ǘƻ ƭƻǎŜ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ŎƻǳƭŘ ōŀǊŜƭȅ ǊŜŀŎƘ ǘƘŜ ǘŀǊƎŜǘŜŘ 

ǘŜƳǇŜǊŀǘǳǊŜΣ ŦƻǊ ǘƘŜ ƴŜȄǘ ǘǊƛŀƭǎΣ ƛǘ ŎƻǳƭŘƴΩǘ Ƴŀƛƴǘŀƛƴ ǘƘŜ фрл ϲ/Φ !ƭǎƻΣ ǘƘŜ ŎƻƳǇǊŜǎǎƛƻƴ ǘƻƻƭǎ 

όƳŀŘŜ ƻŦ ǘǳƴƎǎǘŜƴ ŎŀǊōƛŘŜύ ǎǘŀǊǘŜŘ ǘƻ ŘŜŎŀǊōǳǊƛȊŜΣ ŘŜǘŜǊƛƻǊŀǝƴƎ ǘƘŜƛǊ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎΦ 

{ƻΣ ƻƴƭȅ ƻƴŜ ǎŀƳǇƭŜ ƛǎ ŀǾŀƛƭŀōƭŜ ŀƴŘ ƛǘ ǿŀǎ ǳǎŜŘ ŀǎ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ōŜƘŀǾƛƻǊ ŀǘ фрл ϲ/Φ ²ƘŜƴ 

ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ ǎǘǊŜǎǎπǎǘǊŀƛƴ ŎǳǊǾŜ ŀǘ фрл ϲ/ ŦǊƻƳ bŜƛǊŀ tƘΦ5Φ ŀ ŎƭƻǎŜ ŀƎǊŜŜƳŜƴǘ ƛǎ ǊŜŀŎƘŜŘΦ 

 

  
ŀύ ōύ 

 
Ŏύ 

CƛƎǳǊŜ олπ  {ǘǊŜǎǎπǎǘǊŀƛƴ ŎǳǊǾŜǎ ŀǘ ŘƛũŜǊŜƴǘ ǎǘǊŀƛƴ ǊŀǘŜǎΦ ŀύ нȄмлπоΤ ōύ млȄмлπоΤ Ŏύ рлȄмлπоΦ 

 

CƛǩƴƎ ŦƻǊ bǳƳŜǊƛŎŀƭ ƳƻŘŜƭ 
 

 ¢ƘŜ ŜƭŀǎǘƻǇƭŀǎǝŎ ƭŀǿ ŎǳǊǊŜƴǘƭȅ ǳǎŜŘ ŀƭƭƻǿǎ ǘƘŜ ƛƴǇǳǘ ƻŦ ǎŜǾŜǊŀƭ Ǉƻƛƴǘǎ ǘƻ ŘŜŬƴŜ ǘƘŜ 

ǇƭŀǎǝŎ ǎǘǊŀƛƴ ǊŀƴƎŜ ōŜƘŀǾƛƻǊΦ ! ǎȅǎǘŜƳŀǝŎ ŬǩƴƎ ǿŀǎ ŘƻƴŜ ŦƻǊ ǘƘŜ ǇƭŀǎǝŎ ǇŀǊǘ ƛƴ ǘƘŜ ǎǘǊŜǎǎπ

ǎǘǊŀƛƴ ŎǳǊǾŜǎ ƻōǘŀƛƴŜŘ όCƛƎǳǊŜ омύΦ !ƭǎƻΣ ¢ŀōƭŜ о ƎƛǾŜǎ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ǘŀƴƎŜƴǘ ƳƻŘǳƭƛ ŦƻǊ 

ǇƭŀǎǝŎƛǘȅΣ ŀƴŘ ¢ŀōƭŜ п ǘƘŜ ǾŀƭǳŜǎ ƻŦ ¸ƻǳƴƎ ƳƻŘǳƭƛ ŀƴŘ ȅƛŜƭŘ ǎǘǊŜǎǎ ŀǘ ŘƛũŜǊŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜǎΦ 

 0

 500

1 000

1 500

2 000

2 500

3 000

3 500

4 000

0 0,02 0,04 0,06 0,08 0,1 0,12

S
tr

e
ss

 (
M

P
a
)

Strain

2x10-3

20 °C 2E-3

300 °C 2E-3

500 °C 2E-3

950 °C 2E-3

 0

 500

1 000

1 500

2 000

2 500

3 000

3 500

4 000

0 0,02 0,04 0,06 0,08 0,1 0,12

S
tr

e
ss

 (
M

P
a
)

Strain

10x10-3

20 °C 10E-3

300 °C 10E-3

500 °C 10E-3

 0

 500

1 000

1 500

2 000

2 500

3 000

3 500

0 0,02 0,04 0,06 0,08 0,1 0,12

S
tr

e
ss

 (
M

P
a
)

Strain

50x10-3

20 °C 50E-3

300 °C 50E-3

500 °C 50E-3



ммл 

 

  
ŀύ ōύ 

  
Ŏύ Řύ 
CƛƎǳǊŜ ом ς CƛǩƴƎ ƻŦ ǘƘŜ ǎǘǊŜǎǎ ǎǘǊŀƛƴ ŎǳǊǾŜǎ ŀǘ ŀύ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜΤ ōύ олл ϲ/Τ Ŏύ рлл ϲ/Τ Řύ фрл ϲ/Φ 

¢ŀōƭŜ о ς ¢ŀƴƎŜƴǘ ƳƻŘǳƭƛ ƛƴ ǇƭŀǎǝŎƛǘȅ όƛƴ tŀύ ŀǘ ŘƛũŜǊŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜǎΦ 

 

{ǘǊŀƛƴ ƭŜǾŜƭǎ 

лΦлм лΦлн лΦло лΦлс лΦмм 

нл ϲ/ мΦлл9Ҍмм сΦрл9Ҍмл оΦлл9Ҍмл мΦол9Ҍмл тΦлл9Ҍлф 

олл ϲ/ уΦлл9Ҍмл рΦрл9Ҍмл нΦрл9Ҍмл тΦлл9Ҍлф пΦлл9Ҍлф 

рлл ϲ/ уΦлл9Ҍмл сΦлл9Ҍмл нΦрл9Ҍмл сΦлл9Ҍлф нΦрл9Ҍлф 

фрл ϲ/ мΦтл9Ҍмл нΦлл9Ҍлф мΦлл9Ҍлф мΦлл9Ҍлу рΦлл9Ҍлт 

 

¢ŀōƭŜ п ς ̧ƛŜƭŘ ǎǘǊŜǎǎ ŀƴŘ ¸ƻǳƴƎ ƳƻŘǳƭƛ ŀǘ ŘƛũŜǊŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜǎΦ 

 ¸ƛŜƭŘ ǎǘǊŜǎǎ όtŀύ ¸ƻǳƴƎ ƳƻŘǳƭƛ όtŀύ 

нл ϲ/ мΦср9Ҍлф нΦмс9Ҍмм 

олл ϲ/ мΦср9Ҍлф мΦус9Ҍмм 

рлл ϲ/ мΦнл9Ҍлф мΦон9Ҍмм 

фрл ϲ/ мΦп9Ҍлу рΦмл9Ҍмл 

 

wŜŦŜǊŜƴŎŜǎ 
 

ώмϐ ±Φ ¢ǳƴƛƴŜǩΣ ά9·t9wLa9b¢![ !b5 b¦a9wL/![ {¢¦5¸ hC ¢I9 v¦!{Lπ{¢!¢L/ .9I!±Lhw hC ¢ƛς

с!ƭςп±Σέ tƘΦ5Φ ¢ƘŜǎƛǎΣ нлмпΦ 



ммм 

 

ώнϐ LΦ bΦ ¢ƻǊǊŜǎΣ άaƻŘŜƭƭƛƴƎ ƻŦ ǘƘŜ ŎƻƻƭƛƴƎ ŀƴŘ ǘƘŜǊƳŀƭ ǘǊŜŀǘƳŜƴǘ ƻŦ ōƛƳŜǘŀƭƭƛŎ ǊƻƭƭƛƴƎ Ƴƛƭƭ ǊƻƭƭǎΣέ 

tƘΦ5Φ ¢ƘŜǎƛǎΣ нлмрΦ 
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