
  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǎ 
CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 

9ƴƎƛƴŜŜǊƛƴƎ 

L/t9{ нлнр 
плǘƘ Lb¢9wb!¢Lhb![ /hbC9w9b/9 hb 

twh5¦/¢Lhb 9bDLb99wLbD ς {9w.L! нлнр 

bƛǎΣ {ŜǊōƛŀΣ муǘƘ π мфǘƘ {ŜǇǘŜƳōŜǊ  нлнр 

/hbC9w9b/9 twh/995LbD{ 

{ƻŎƛŜǘȅ ƻŦ tǊƻŘǳŎǝƻƴ 

9ƴƎƛƴŜŜǊƛƴƎ 

слǘƘ !ƴƴƛǾŜǊǎŀǊȅШƻŦ ǘƘŜ !ǎǎƻŎƛŀǝƻƴ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎ ƻŦ {ŜǊōƛŀ 



 

9ŘƛǘƻǊǎΥ 

tǊƻŦΦ ŘǊ aƛƻŘǊŀƎ ¢Φ aŀƴƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ 

tǊƻŦΦ ŘǊ {ŀǑŀ {Φ wŀƴŚŜƭƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ 

 

tǳōƭƛǎƘŜǊΥ  

CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ !ƭŜƪǎŀƴŘǊŀ aŜŘǾŜŘŜǾŀ мпΣ муллл bƛǑΣ {ŜǊōƛŀ  

CƻǊ ǘƘŜ tǳōƭƛǎƘŜǊΥ 

tǊƻŦΦ ŘǊ DƻǊŀƴ WŀƴŜǾǎƪƛΣ 5ŜŀƴΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ 

 

¢ŜŎƘƴƛŎŀƭ ŜŘƛǘƻǊΥ 

¢ƘŜ hǊƎŀƴƛȊƛƴƎ /ƻƳƳƛǧŜŜ ƻŦ L/t9{нлнр 

/ƻǾŜǊ ŘŜǎƛƎƴΥ 

!ǎǎΦ wŀƧƪƻ ¢ǳǊǳŘƛƧŀ 

 

tǊƛƴǝƴƎΥ DǊŀŬƪŀ DŀƭŜō Σ bƛǑ 

/Lt π ˴͎͙͊ͭ͊ͦ͊͘͡ͼ͙͊͞ ͯ ͙ͨͯ͋͊͟͡ͼ͙͙͞ 

˹͊ͪͦ͒ͤ͊ ͙͙͔͋͋ͦͭ͊͟͡ ˿͙͔ͪ͋͞Σ ˣ͔͎ͦͪ͊͒ 

 

снмΦтκΦфόлунύόлΦлопΦнύ 

снмΦтκΦфΥссфόлунύόлΦлопΦнύ 

сумΦрόлунύόлΦлопΦнύ 

ллрΦсόлунύόлΦлопΦнύ 

ллпΦуфсόлунύόлΦлопΦнύ 

 

Lb9wb!¢Lhb![ /ƻƴŦŜǊŜƴŎŜ ƻƴ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎ όпл Τ нлнр Τ bƛǑύ 

    /ƻƴŦŜǊŜƴŎŜ ǇǊƻŎŜŜŘƛƴƎǎ ώ9ƭŜƪǘǊƻƴǎƪƛ ƛȊǾƻǊϐ Υ слǘƘ !ƴƴƛǾŜǊǎŀǊȅ ƻŦ ǘƘŜ !ǎǎƻŎƛŀǝƻƴ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎ ƻŦ {ŜǊōƛŀ 

κ плǘƘ LƴǘŜǊƴŀǝƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎ L/t9{ нлнр π {ŜǊōƛŀ нлнрΣ bƛǎΣ {ŜǊōƛŀΣ муǘƘ π мфǘƘ 

{ŜǇǘŜƳōŜǊ нлнр Τ ώƻǊƎŀƴƛȊŜǊϐ ¢ƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ 5ŜǇŀǊǘƳŜƴǘ ŦƻǊ ǇǊƻŘǳŎǝƻƴ ŀƴŘ 

ƛƴŦƻǊƳŀǝƻƴ ǘŜŎƘƴƻƭƻƎȅ Τ ώŜŘƛǘƻǊǎ aƛƻŘǊŀƎ ¢Φ aŀƴƛŏΣ {ŀǑŀ {Φ wŀƴŚŜƭƻǾƛŏϐΦ π bƛǑ Υ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ нлнр 

όbƛǑ Υ DŀƭŜōύΦ π м ¦{. ƅŜǑ ƳŜƳƻǊƛƧŀ Τ м Ȅ м Ȅ с ŎƳ 

 

{ƛǎǘŜƳǎƪƛ ȊŀƘǘŜǾƛΥ bƛǎǳ ƴŀǾŜŘŜƴƛΦ π bŀǎƭΦ ǎŀ ƴŀǎƭƻǾƴŜ ǎǘǊŀƴŜ ŘƻƪǳƳŜƴǘŀΦ π ¢ƛǊŀȌ мллΦ π CƻǊŜǿƻǊŘ κ {ŀǑŀ {Φ wŀƴŚŜƭƻǾƛŏΦ π 

.ƛōƭƛƻƎǊŀŬƧŀ ǳȊ ǎǾŀƪƛ ǊŀŘΦ 

 

L{.b фтуπусπслррπмфтπм 

 

ŀύ ˽͙͍ͪͦͦ͒ͤͦ͘ ͣ͊΄͙͍ͤͫͭͦ ππ ˭͙͋ͦͪͤͼ͙ ōύ ˸͔͙ͭ͊͡ ππ ˻͋ͪ͊͒͊ ππ ˭͙͋ͦͪͤͼ͙ Ǿύ ˿͙͔͙ͫͭͣ ͎͊ͯͭͦͣ͊ͭͫͦ͟ ͍ͯͨͪ͊͊ͥ͊͢ ππ 

˭͙͋ͦͪͤͼ͙ Ǝύ ͍͔̂ͨͪ͊͊ͥ͢ ͍͙͔͊ͭͭͦͣ͟͡ ππ ˭͙͋ͦͪͤͼ͙ 

 

/h.L{{Φ{wπL5 мтфрлттнм 

CƛƴŀƴŎƛƴƎ ƻŦ ǘƘŜ tǊƻŎŜŜŘƛƴƎǎ ǿŀǎ ǎǇƻƴǎƻǊŜŘ ōȅ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ 9ŘǳŎŀǝƻƴΣ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ 5ŜǾŜƭƻǇƳŜƴǘ 
ƻŦ ǘƘŜ wŜǇǳōƭƛŎ ƻŦ {ŜǊōƛŀΦ 
!ƭƭ ǘƘŜ ǇǳōƭƛŎŀǝƻƴǎ ƛƴ ǘƘƛǎ tǊƻŎŜŜŘƛƴƎǎ ƘŀǾŜ ǘƘŜ ŀǳǘƘƻǊǎƘƛǇΣ ǿƘŜǊŜŀǎ ǘƘŜ ŀǳǘƘƻǊǎ ƻŦ ǘƘŜ ǇŀǇŜǊǎ ŎŀǊǊȅ ŜƴǝǊŜ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŦƻǊ ƻǊƛƎƛƴŀƭƛǘȅ ŀƴŘ ŎƻƴǘŜƴǘΦ 



    

¢ƘŜ !ǎǎƻŎƛŀǝƻƴ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎ ƻŦ {ŜǊōƛŀ  

¦bL±9w{L¢¸ hC bL~Σ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ 

 

 

/hbC9w9b/9 twh/995LbD{ 
плǘƘ Lb¢9wb!¢Lhb![ /hbC9w9b/9 hb twh5¦/¢Lhb 

9bDLb99wLbD {9w.L! нлнр 

L/t9{нлнр  

 

 

 

 

 

 

 

 

 

bƛǑΣ {ŜǇǘŜƳōŜǊ нлнр 



hǊƎŀƴƛȊƛƴƎ LƴǎǝǘǳǝƻƴΥ 

¢ƘŜ !ǎǎƻŎƛŀǝƻƴ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎ ƻŦ {ŜǊōƛŀ 

CƻǳƴŘŜǊǎ LƴǎǝǘǳǝƻƴǎΥ 

¶ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ 5ŜǇŀǊǘƳŜƴǘ ŦƻǊ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎΣ {ŜǊōƛŀ  

¶ CŀŎǳƭǘȅ ƻŦ ǘŜŎƘƴƛŎŀƭ ǎŎƛŜƴŎŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎΣ {ŜǊōƛŀ 

¶ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ ǎŎƛŜƴŎŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ŜƴƎƛƴŜŜǊƛƴƎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘΣ 

{ŜǊōƛŀ 

¶ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ƛƴŦƻǊƳŀǝƻƴ ǘŜŎƘƴƻƭƻƎȅΣ 

{ŜǊōƛŀ 

¶ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ ǎŎƛŜƴŎŜǎ 2ŀőŀƪΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ƳŜŎƘŀǘǊƻƴƛŎΣ {ŜǊōƛŀ 

¶ CŀŎǳƭǘȅ ƻŦ ŜƴƎƛƴŜŜǊƛƴƎ ǎŎƛŜƴŎŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎΣ YǊŀƎǳƧŜǾŀŎΣ 

{ŜǊōƛŀ 

¶ CŀŎǳƭǘȅ ƻŦ ƳŜŎƘŀƴƛŎŀƭ ŀƴŘ ŎƛǾƛƭ ŜƴƎƛƴŜŜǊƛƴƎ ƛƴ YǊŀƭƧŜǾƻΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ǇǊƻŘǳŎǝƻƴ 

ŜƴƎƛƴŜŜǊƛƴƎΣ {ŜǊōƛŀ 

¶ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ ǎŎƛŜƴŎŜΣ YƻǎƻǾǎƪŀ aƛǘǊƻǾƛŎŀΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ tǊƛǑǝƴŀΣ {ŜǊōƛŀ 

¶ [h[! ƛƴǎǝǘǳǘŜΣ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 

 

!ŎŎƻƳǇŀƴƛŜŘ LƴǎǝǘǳǝƻƴǎΥ 

¶ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎΣ tƻŘƎƻǊƛŎŀΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƻƴǘŜƴŜƎǊƻΣ aƻƴǘŜƴŜƎǊƻ 

¶ CŀŎǳƭǘȅ ƻŦ tǊƻŘǳŎǝƻƴ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ¢ǊŜōƛƴƧŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 9ŀǎǘ {ŀǊŀƧŜǾƻΣ .ƻǎƴƛŀ ŀƴŘ IŜǊŎŜƎƻǾƛƴŀ 

¶ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎΣ .ŀƴƧŀ [ǳƪŀΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŀƴƧŀ [ǳƪŀΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ǇǊƻŘǳŎǝƻƴ ŀƴŘ 

ŎƻƳǇǳǘŜǊ ŀƛŘŜŘ ǘŜŎƘƴƻƭƻƎȅΣ .ƻǎƴƛŀ ŀƴŘ IŜǊŎŜƎƻǾƛƴŀ 

¶ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 9ŀǎǘ {ŀǊŀƧŜǾƻΣ .ƻǎƴƛŀ ŀƴŘ IŜǊŎŜƎƻǾƛƴŀ 

¶ tƻƭȅǘŜŎƘƴƛŎ ŦŀŎǳƭǘȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ½ŜƴƛŎŀΣ .ƻǎƴƛŀ ŀƴŘ IŜǊŎŜƎƻǾƛƴŀ 

¶ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ƪƻǇƧŜΣ bƻǊǘƘ aŀŎŜŘƻƴƛŀ 

¶ ¢ŜŎƘƴƛŎŀƭ ŦŀŎǳƭǘȅ .ƛǘƻƭŀΣ ¦ƴƛǾŜǊǎƛǘȅ ǎŀƛƴǘ YƭƛƳŜƴǘ hƘǊƛŘǎƪƛΣ bƻǊǘƘ aŀŎŜŘƻƴƛŀ 

¶ ¢ŜŎƘƴƛŎŀƭ ŦŀŎǳƭǘȅ aƛƘŀƧƭƻ tǳǇƛƴΣ ½ǊŜƴƧŀƴƛƴΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 

¶ ¢ŜŎƘƴƛŎŀƭ ŦŀŎǳƭǘȅΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ƳŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ƛƘŀŏΣ .ƻǎƴƛŀ ŀƴŘ IŜǊŎŜƎƻǾƛƴŀ 

¶ ¢ŜŎƘƴƛŎŀƭ ŦŀŎǳƭǘȅ .ƻǊΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜ 

¶ !ŎŀŘŜƳȅ ƻŦ tǊƻŦŜǎǎƛƻƴŀƭ {ǘǳŘƛŜǎ {¦a!5LW!Σ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ƳŜŎƘŀƴƛŎŀƭ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ŜƴƎƛƴŜŜǊƛƴƎΣ {ŜǊōƛŀ  

 

 

 

 

 

 

 

 

hwD!bL½9wΥ 

¢I9 ¦bL±9w{L¢¸ hC bL~Σ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ  

5ŜǇŀǊǘƳŜƴǘ ŦƻǊ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ƛƴŦƻǊƳŀǝƻƴ ǘŜŎƘƴƻƭƻƎȅ  

ǿǿǿΥ ƳŀǎŦŀƪΦƴƛΦŀŎΦǊǎΣ  Ŝ ƳŀƛƭΥ ƛŎǇŜǎǇƳǎнрϪƎƳŀƛƭΦŎƻƳ  

IƻǘŜƭ /Ǌƛǎǘŀƭ [ƛƎƘǘΣ bƛǑ 

 



 

LƴǘŜǊƴŀǝƻƴŀƭ {ŎƛŜƴǝŬŎ /ƻƳƳƛǧŜŜ  

tǊŜǎƛŘŜƴǘΥ  

ŘǊ aƛƻŘǊŀƎ aŀƴƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ {ŜǊōƛŀ 

aŜƳŜōŜǊǎΥ 

ŘǊ !Ŏƻ !ƴǝŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ ½ƻǊŀƴ aƛƭƧƪƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ ¿ƛǾŀƴŀ WŀƪƻǾƭƧŜǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ {ŀǑŀ ¿ƛǾŀƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ 5ǊŀƎŀƴ 7ǳǊŚŀƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ !ǳǎǝƴΣ ¦{! 
ŘǊ 5ŜƧŀƴ [ǳƪƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ wŀŘƻǾŀƴ tǳȊƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ LƭƛƧŀ 0ƻǎƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ CƛƭƛǇ DƻǊǎƪƛΣ ¦ƴƛǾŜǊǎƛǘȅ tƻȊƴŀƴΣ tƻƭŀƴŘ 
ŘǊ {Ŝōŀǎǝŀƴ .ŀƭƻǑΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ aƛƭŜƴƪƻ {ŜƪǳƭƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ DŜƻǊƎ ²ŜƛŎƘƘŀǊǘΣ tǊƛƳŜǘŀƭǎΣ !ǳǎǘǊƛŀ 
ŘǊ {ƭƻōƻŘŀƴ ¢ŀōŀƪƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ .Ǌŀƴƪƻ ~ƪƻǊƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ aƛƻŘǊŀƎ IŀŘȌƛǎǘŜǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ 7ƻǊŚŜ ±ǳƪŜƭƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ LƎƻǊ .ǳŘŀƪΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ .ƻƧŀƴ [ŀƭƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ wŀȊǾŀƴ tŀŎǳǊŀǊΣ ¦ƴƛǾŜǊǎƛǘȅ /ƭǳƧπbŀǇƻŎŀΣ wƻƳŀƴƛŀ 
ŘǊ aƛƧƻŘǊŀƎ aƛƭƻǑŜǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ {ŀƳƛǊ [ŜƳŜǑΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ½ŜƴƛŎŀΣ .ϧI 
ŘǊ hōǊŀŘ {ǇŀƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 9ŀǎǘ {ŀǊŀƧŜǾƻΣ .ϧI 
ŘǊ wŀŘƻǎƭŀǾ ±ǳőǳǊŜǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 9ŀǎǘ {ŀǊŀƧŜǾƻΣ .ϧI 
ŘǊ aƛƭƛƧŀ YǊŀƛǑƴƛƪΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 9ŀǎǘ {ŀǊŀƧŜǾƻΣ .ϧI 
ŘǊ !ƭŜƪǎŀƴŘŀǊ YƻǑŀǊŀŎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 9ŀǎǘ {ŀǊŀƧŜǾƻΣ .ϧI 
ŘǊ {ǘƻƧŀƴőŜ bǳǎŜǾΣ ¦ƴƛǾŜǊǎƛǘȅ .ƛǘƻƭŀΣ bƻǊǘƘ aŀŎŜŘƻƴƛŀ 
ŘǊ 5ŀƳƛǊ IƻŘȌƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ƛƘŀŏΣ .ϧI 
ŘǊ {ŀƴŜƭ DǊŜŘŜƭƧΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ƛƘŀŏΣ .ϧI 
ŘǊ .ǊŀƴƛǎƭŀǾ {ǊŜŘŀƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŀƴƧŀ [ǳƪŀΣ .ϧI 
ŘǊ aƛƭŜǘŀ WŀƴƧƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ tƻŘƎƻǊƛŎŀΣ abD 
ŘǊ wŀŘƳƛƭ tƻƭŜƴŀƪƻǾƛƪƧΣ ¦ƴƛǾŜǊǎƛǘȅ {ǾΦYƛΦaŜΦΣ b aŀŎŜŘƻƴƛŀ 
ŘǊ 5ŜƧŀƴ ¢ŀƴƛƪƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ {ŀǑŀ {Φ wŀƴŚŜƭƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ tǊŜŘǊŀƎ WŀƴƪƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ ±ƭŀŘƛǎƭŀǾ .ƭŀƎƻƧŜǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ aƛƭƻǑ {ǘƻƧƪƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ bƛƪƻƭŀ YƻǊǳƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ aƛƭŀƴ ½ŘǊŀǾƪƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ bƛƪƻƭŀ ±ƛǘƪƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 

 

ŘǊ WŜƭŜƴŀ {ǘƻƧƪƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ aƛƭŀƴ ¢ǊƛŦǳƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ aƛƭƻǑ aŀŘƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ {ŀƴǝŀƎƻ /Φ DǳǝŞǊǊŜȊΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ±ŀƭŜƴŎƛŀΣ {Ǉŀƛƴ 
ŘǊ {ƻƭŀƴƻ DΦ [ƻǊŜƴȊƻΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ±ŀƭŜƴŎƛŀΣ {Ǉŀƛƴ 
ŘǊ 5ǊŀƎŀƴ !ŘŀƳƻǾƛŏΣ ¦ƴƛǾŜ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ DƻǊŀƴ 5ŜǾŜŘȌƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ aƛƭŀƴ 9ǊƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ .Ǌŀƴƪƻ wŀŘƛőŜǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ aƛǊƪƻ 7ŀǇƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ {ƴŜȌŀƴŀ 5ǊŀƎƛŏŜǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ WŀǎƳƛƴŀ ±Ŝǎƛŏπ±ŀǎƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ aƛƭŀŘƛƴ {ǘŜŦŀƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ aŀƧŀ ¢ǊǎǘŜƴƧŀƪΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ½ŀƎǊŜōΣ /Ǌƻŀǝŀ 
ŘǊ ±ƻƧƛǎƭŀǾ tŜǘǊƻǾƛŏ CƛƭƛǇƻǾƛŏΣ CI ²ƛŜƴŜǊ bŜǳǎǘŀŘǘΣ !ǳǎǘǊƛŀ 
ŘǊ CŜǊƴŀƴŘƻ DΦ ²ŀǊŎƘƻƳƛŎƪŀΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ DǊŀȊΣ !ǳǎǘǊƛŀ 
ŘǊ .ƻƧŀƴ !őƪƻΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aŀǊƛōƻǊΣ {ƭƻǾŜƴƛŀ 
ŘǊ .ƛǎŜǊƪŀ wǳƴƧŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ½ŀƎǊŜōΣ /Ǌƻŀǝŀ 
ŘǊ tƛƭŀǊ wŜȅ wƻŘǊƛƎǳŜȊΣ ¢ŜŎƘƴƻƭƻƎȅ ŎŜƴǘŜǊ !La9bΣ {Ǉŀƛƴ 
ŘǊ {ǊŜŏƪƻ aŀƴŀǎƛƧŜǾƛŏΣ [h[! LƴǎǝǘǳǘŜΣ {ŜǊōƛŀ 
ŘǊ [ŀȊŀǊ YƻǾŀőŜǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ bŜƴŀŘ {ƛƳŜǳƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ LǾŀƴ aƛƭƛŏŜǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ hƎƴƧŀƴ [ǳȌŀƴƛƴΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ aƛƘŀƧƭƻ tƻǇƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ bƛƪƻƭŀ {ƭŀǾƪƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ {ƭŀǾŜƴƪƻ {ǘƻƧŀŘƛƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ DƻǊŀƴ aƛƭŀŘƛƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ .Ǌŀƴƪƻ YƻƪƻǘƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ aƛƭƛŎŀ tŜǘǊƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ aƭŀŘƻƳƛǊ aƛƭǳǝƴƻǾƛŏΣ ¦ƴƛǾŜ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ ¢ƻƳŀȌ tŜǇŜƭƴƧŀƪΣ ¦ƴƛǾŜ ƻŦ [ƧǳōƭƧŀƴŀΣ {ƭƻǾŜƴƛŀ 
ŘǊ 5ŀǾƻǊƛƴ YǊŀƳŀǊΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƧǳōƭƧŀƴŀΣ {ƭƻǾŜƴƛŀ 
ŘǊ 7ƻǊŚŜ 2ƛőŀΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŀƴƧŀ [ǳƪŀΣ .ϧI 
ŘǊ {ǘŜǾƻ .ƻǊƻƧŜǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŀƴƧŀ [ǳƪŀΣ .ϧI 
ŘǊ {ǾŜƴ aŀǊƛőƛŏΣ ¦ƴƛǾŜ ƻŦ WǳǊŀƧ 5ƻōǊƛƭŀ ƛƴ tǳƭŀΣ /Ǌƻŀǝŀ 
ŘǊ {ƭƻōƻŘŀƴ aƛǘǊƻǾƛŏΣ ¦ƴƛǾŜ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ {ǊŜŏƪƻ 2ǳǊőƛŏΣ ¦ƴƛǾŜ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ ½ƻǊŀƴ 5ƛƳƛŏΣ [h[! LƴǎǝǘǳǘŜΣ {ŜǊōƛŀ 

 

IƻƴƻǊŀǊȅ /ƻƳƳƛǧŜŜ 

ŘǊ aƛƭƛǎŀǾ YŀƭŀƧŘȌƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ tŀǾŀƻ .ƻƧŀƴƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ 5ǊŀƎŀƴ aƛƭǳǝƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ aƛǊƻǎƭŀǾ tƛƭƛǇƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ aƛƭƻǑ DƭŀǾƻƴƧƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ tŜǘŀǊ tŜǘǊƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ ±ŜƭƛƳƛǊ ¢ƻŘƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ 5ǊŀƎƻƧŜ aƛƭƛƪƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ .ƻƎŘŀƴ {ƻǾƛƭƧΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ ±ŜƭƛƳƛǊ ¢ƻŘƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ .ƻƎŘŀƴ bŜŘƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ DƻǊŀƴ tǳǘƴƛƪΣ ¦ƴƛǾŜǊǎƛǘȅ aƛƴƘƻΣ tƻǊǘǳƎŀƭ 
ŘǊ ±ŜƭƛōƻǊ aŀǊƛƴƪƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ 5ǊŀƎŀƴ 5ƻƳŀȊŜǘΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ 5ǊŀƎŀƴ ¢ŜƳŜƭƧƪƻǾǎƪƛΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ ¢ƛƘƻƳƛǊ tŀƴǘŜƭƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ wŀǘƻƳƛǊ WŜőƳŜƴƛŎŀΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ {ƴŜȌŀƴŀ wŀŘƻƴƧƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ aƛƻƳƛǊ ±ǳƪƛŏŜǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
 

ŘǊ 5ǊŀƎƛǑŀ ±ƛƭƻǝŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ aƛǊƻǎƭŀǾ tƭŀƴőŀƪΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ aƛƻŘǊŀƎ [ŀȊƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ aƛƭŜƴǝƧŜ {ǘŜŦŀƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ wŀǘƪƻ aƛǘǊƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ {ƭŀǾƪƻ !ǊǎƻǾǎƪƛΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ .ǊŀƴƛǎƭŀǾ WŜǊŜƳƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ [ƧǳōƻŘǊŀƎ ¢ŀƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ [ƧǳōƻƳƛǊ [ǳƪƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ŘǊ ±ƛŘƻǎŀǾ aŀƧǎǘƻǊƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ {ŜǊōƛŀ 
ŘǊ tŀǾŜƭ YƻǾŀőΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ aŀǊƛƴ DƻǎǝƳƛǊƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ {ǾŜǝǎƭŀǾ 5ŜƪƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ tǊƛǎǝƴŀΣ {ŜǊōƛŀ 
ŘǊ ±ƛŘ WƻǾƛǑŜǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ .ŀƴƧŀ [ǳƪŀ 
ŘǊ aƛƭŀƴ ½ŜƭƧƪƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ {ŜǊōƛŀ 
ŘǊ aƛǊƻǎƭŀǾ wŀŘƻǾŀƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ ±ƭŀŘƛƳƛǊ YǾǊƎƛŏΣ aƛƘŀƧƭƻ tǳǇƛƴ LƴǎǝǘǳǘŜΣ {ŜǊōƛŀ 
ŘǊ {ƭŀǾƛŎŀ /ǾŜǘƪƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ tǊƛǎǝƴŀΣ {ŜǊōƛŀ 

 



 

 

hǊƎŀƴƛȊƛƴƎ /ƻƳƳƛǧŜŜ 

tǊŜǎƛŘŜƴǘΥ 
ŘǊ {ŀǑŀ {Φ wŀƴŚŜƭƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ {ŜǊōƛŀ 

aŜƳŜōŜǊǎΥ 
 
ŘǊ aƛƭƻǑ {ƛƳƻƴƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ 5ǳǑŀƴ tŜǘƪƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
ŘǊ aƛƭƻǑ ¢ŀǎƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
aΦ{ŎΦ wŀƧƪƻ ¢ǳǊǳŘƛƧŀΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
aΦ{ŎΦ WƻǾŀƴ !ǊŀƴŚŜƭƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 

 
 
aΦ{ŎΦ ±ƭŀŘƛƳƛǊ aƛǘǊƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
aΦ{ŎΦ !ƭŜƪǎŀƴŘŀǊ ¢ǊŀƧƪƻǾƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 
aΦ{ŎΦ 5ŜƧŀƴ ¿ƛƪƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑΣ {ŜǊōƛŀ 

 

 

 

hwD!bL½9w{ hC ¢I9 /hbC9w9b/9 hb twh5¦/¢Lhb 9bDLb99wLbD hC {9w.L! 

ŦǊƻƳ   мфср     ǘƻ    нлнр 

bƻΦ  tƭŀŎŜ  ¸ŜŀǊ     bƻΦ tƭŀŎŜ  ¸ŜŀǊ  

L .ŜƻƎǊŀŘ  мфср    ··L hǇŀǝƧŀ  мфут 

LL ½ŀƎǊŜō  мфсс    ··LL hƘǊƛŘ  мфуф 

LLL [ƧǳōƭƧŀƴŀ мфст    ··LLL ½ŀƎǊŜō  мффм όƴƻǘ ǇŜǊŦƻǊƳύ 

L± {ŀǊŀƧŜǾƻ Φ мфсу    ··L± bƻǾƛ {ŀŘ  мффн 

± YǊŀƎǳƧŜǾŀŎ мфсф    ··± .ŜƻƎǊŀŘ  мффп 

±L hǇŀǝƧŀ  мфтл    ··±L tƻŘƎƻǊƛŎŀ мффс 

±LL bƻǾƛ {ŀŘ Φ мфтм    ··±LL bƛǑ  мффу 

±LLL [ƧǳōƭƧŀƴŀ мфто    ··±LLL YǊŀƭƧŜǾƻ  нллл 

L· bƛǑ  мфтп     ··L· .ŜƻƎǊŀŘ  нллн 

· .ŜƻƎǊŀŘ  мфтр    ··· 2ŀőŀƪ  нллр 

·L hƘǊƛŘ  мфтт    ···L YǊŀƎǳƧŜǾŀŎ нллс  

·LL aŀǊƛōƻǊ  мфту    ···LL bƻǾƛ {ŀŘ  нллу 

·LLL .ŀƴƧŀ [ǳƪŀ мфтф    ···LLL .ŜƻƎǊŀŘ  нллф 

·L± 2ŀőŀƪ  мфул    ···L±  bƛǑ  нлмм 

·± bƻǾƛ {ŀŘ  мфум    ···± YǊŀƭƧŜǾƻ  нлмо 

·±L aƻǎǘŀǊ  мфун    ···±L .ŜƻƎǊŀŘ  нлмр 

·±LL .ǳŘǾŀ  мфуо    ···±LL  YǊŀƎǳƧŜǾŀŎ нлму 

·±LLL bƛǑ  мфуп    ···±LLL  2ŀőŀƪ  нлнм 

·L· YǊŀƎǳƧŜǾŀŎ мфур    ···L· bƻǾƛ {ŀŘ  нлно 

·· .ŜƻƎǊŀŘ  мфус    ·[ bƛǑ  нлнр 

 

 



tŀǾƭŜ tΦ {ǘŀƴƪƻǾƛŏ όмфлф  π мфсфύ  

ϦtǊƻŦΦ ŘǊ tŀǾƭŜ {ǘŀƴƪƻǾƛŏϦ ŎƘŀǊǘŜǊ ϧ ǇƭŀǉǳŜΥ 

нлнр 

tǊƻŦΦ ŘǊ 5ǊŀƎƛǑŀ ±ƛƭƻǝŏΣ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

 

tǊŜǾƛƻǳǎ ƭŀǳǊŜŀǘŜǎΥ 

нлно 

tǊƻŦΦ ŘǊ aƛǊƪƻ 7ŀǇƛŏΣ [h[! LƴǎǝǘǳǘŜΣ .ŜƻƎǊŀŘ 
tǊƻŦΦ ŘǊ {ǊŜŏƪƻ 0ǳǊőƛŏΣ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ 2ŀőŀƪ 
tǊƻŦ ŘǊ .ƻƧŀƴ .ŀōƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ .ŜƻƎǊŀŘ 

нлнм 

tǊƻŦΦ ŘǊ ±ŜƭƛƳƛǊ ¢ƻŘƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ ŀƴŘ /ƛǾƛƭ 9ƴƎƛƴŜŜǊƛƴƎΣ YǊŀƭƧŜǾƻ 

tǊƻŦΦ ŘǊ aƛƭŀƴ ½ŜƭƧƪƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

tǊƻŦΦ ŘǊ aƛƻŘǊŀƎ aŀƴƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ bƛǑ 

нлму 

tǊƻŦΦ ŘǊ ±ƛŘƻǎŀǾ aŀƧǎǘƻǊƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ .ŜƻƎǊŀŘ 

tǊƻŦΦ ŘǊ aƛǊƻǎƭŀǾ wŀŘƻǾŀƴƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ bƛǑ 

нлмр 

tǊƻŦΦ ŘǊ Wŀƴƪƻ IƻŘƻƭƛőΣ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

tǊƻŦΦ ŘǊ .ƻƎŘŀƴ bŜŘƛŏΣ CŀŎǳƭǘȅ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎΣ YǊŀƎǳƧŜǾŀŎ 

нлмо 

tǊƻŦΦ ŘǊ .ƻƎŘŀƴ {ƻǾƛƭƧΣ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

tǊƻŦΦ ŘǊ aƛǊƻǎƭŀǾ ¢ǊŀƧŀƴƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ bƛǑ 

нлмм 

tǊƻŦΦ ŘǊ aƛƻŘǊŀƎ [ŀȊƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ YǊŀƎǳƧŜǾŀŎ 

tǊƻŦΦ ŘǊ [WǳōƻŘǊŀƎ ¢ŀƴƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ .ŜƻƎǊŀŘ 

нллф 

tǊƻŦΦ ŘǊ ±ŜƭƛƳƛǊ ¢ƻŘƛŏΣ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

tǊƻŦΦ ŘǊ ±ŜƭƛōƻǊ aŀǊƛƴƪƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ bƛǑ 

˽ͪͦͺΦ ͒ͪ ˿͔͎͔ͪΌ ˢΦ ˴͙͔ͣͤͦ͟͡Σ ˮ͙ͤͫͭͭͯͭ ͍͔ͫͪͻ͍͔ͭͪ͒·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ˹ˢ˹ ͙͔̂ͪ͊ͤ͟ 

нллу 

tǊƻŦΦ ŘǊ 5ǊŀƎŀƴ aƛƭǳǝƴƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ .ŜƻƎǊŀŘ 

tǊƻŦΦ ŘǊ aƛƭŜƴǝƧŜ {ǘŜŦŀƴƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ YǊŀƎǳƧŜǾŀŎ 

нллс 

tǊƻŦΦ ŘǊ aƛǊƻǎƭŀǾ tƭŀƴőŀƪΣ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

tǊƻŦΦ ŘǊ wŀǘƻƳƛǊ WŜőƳŜƴƛŎŀΣ ¢ŜŎƘƴƛŎŀƭ CŀŎǳƭǘȅΣ 2ŀőŀƪ 

 

 



нллр 

tǊƻŦΦ ŘǊ 5ǊŀƎŀƴ 5ƻƳŀȊŜǘΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ bƛǑ 

tǊƻŦΦ ŘǊ tŀǾŀƻ .ƻƧŀƴƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ .ŜƻƎǊŀŘ 

нллн 

tǊƻŦΦ ŘǊ ±ƻƧƛǎƭŀǾ {ǘƻƧƛƭƧƪƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ bƛǑ 

tǊƻŦΦ ŘǊ LƭƛƧŀ 0ƻǎƛŏΣ CŀŎǳƭǘȅ ƻŦ  ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

нллл 

tǊƻŦΦ ŘǊ aƛƘŀƛƭƻ aƛƭƻƧŜǾƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ YǊŀƭƧŜǾƻ 

tǊƻŦΦ ŘǊ 5ǊŀƎƻƧŜ aƛƭƛƪƛŏΣ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

мффу 

tǊƻŦΦ ŘǊ wŀǘƪƻ DŀǘŀƭƻΣ CŀŎǳƭǘȅ ƻŦ ǘƘŜ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

tǊƻŦΦ ŘǊ ±ǳőƪƻ aŜőŀƴƛƴΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ YǊŀƭƧŜǾƻ 

мффс 

tǊƻŦΦ ŘǊ aƛƭƛǎŀǾ YŀƭŀƧŘȌƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ .ŜƻƎǊŀŘ 

tǊƻŦΦ ŘǊ 5ǊŀƎǳǝƴ ½ŜƭŜƴƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

мффп 

aƛƭŜ .ŜƴŜŘŜǝŏΣ [h[! LƴǎǝǘǳǘŜΣ .ŜƻƎǊŀŘ 

tǊƻŦΦ ŘǊ ±ǳƪƻ 5ƻƳŀȊŜǘƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ tƻŘƎƻǊƛŎŀ 

tǊƻŦΦ ŘǊ aƛƭŜƴƪƻ WƻǾƛőƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ .ŜƻƎǊŀŘ 

мффн 

tǊƻŦΦ ŘǊ WƻȌŜŦ wŜƪŜŎƪƛΣ CŀŎǳƭǘȅ ƻŦ ǘƘŜ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

tǊƻŦΦ ŘǊ {ŀǾŀ {ŜƪǳƭƛŏΣ CŀŎǳƭǘȅ ƻŦ ǘƘŜ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

tǊƻŦΦ ŘǊ Wƻƪƻ {ǘŀƴƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ .ŜƻƎǊŀŘ 

tǊƻŦΦ ŘǊ ±ƭŀŘƻ ±ǳƧƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ  ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

мфуу 

tǊƻŦΦ ŘǊ .ǊŀƴƛǎƭŀǾ 5ŜǾŜŘȌƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ YǊŀƎǳƧŜǾŀŎ 

tǊƻŦΦ ŘǊ 9ƭǎƻ YǳƭƧŀƴƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ wƛƧŜƪŀ 

tǊƻŦΦ ŘǊ ½ƻǊŀƴ {ŜƭƧŀƪΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ [ƧǳōƭƧŀƴŀ 

мфут 

tǊƻŦΦ ŘǊ {ǾŜǝǎƭŀǾ ½ŀǊƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ .ŜƻƎǊŀŘ 

tǊƻŦΦ ŘǊ WƻǎƛǇ IǊƛōŀǊΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ 

мфус 

tǊƻŦΦ ŘǊ .Ǌŀƴƪƻ LǾƪƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ YǊŀƎǳƧŜǾŀŎ 

tǊƻŦΦ ŘǊ {ǘǊŜȊƻ ¢ǊŀƧƪƻǾǎƪƛΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ {ƪƻǇƭƧŜ 

мфур 

tǊƻŦΦ ŘǊ tǊŜŘǊŀƎ tƻǇƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ bƛǑ 

tǊƻŦΦ ŘǊ ±ƭŀŘƛƳƛǊ aƛƭŀőƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ .ŜƻƎǊŀŘ 

мфуп 

tǊƻŦΦ ŘǊ WŀƴŜȊ tŜƪƭŜƴƛƪΣ CŀŎǳƭǘȅΣ [ƧǳōƭƧŀƴŀ 

tǊƻŦΦ ŘǊ .ƛƴƪƻ aǳǎŀŬƧŀΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ {ŀǊŀƧŜǾƻ 

мфуо 

tǊƻŦΦ ŘǊ wǳŘƻƭŦ ½ŘŜƴƪƻǾƛŎΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ ½ŀƎǊŜō 

tǊƻŦΦ ŘǊ ±ƭŀŘƛƳƛǊ ~ƻƭŀƧŀΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ .ŜƻƎǊŀŘ 

tǊƻŦΦ ŘǊ WǳƭƛƧŜ YǊŜƳŜǊΣ CŀŎǳƭǘȅ ƻŦ ǘƘŜ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ .ŜƻƎǊŀŘ 



tǊƻŦΦ ŘǊ ±ƭŀŘƛƳƛǊ ~ƻƭŀƧŀ όмфнл πмффуύ  

ϦtǊƻŦΦ ŘǊ ±ƭŀŘƛƳƛǊ ~ƻƭŀƧŀϦ ƳŜŘŀƭΥ 

нлнр 
ŘǊ tŜǘŀǊ WŀƴƧŀǘƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ bƻǾƛ {ŀŘ 

tǊŜǾƛƻǳǎ ƭŀǳǊŜŀǘŜǎΥ  

нлнм 
tǊƻŦ ŘǊ aƛƭƛŎŀ tŜǘǊƻǾƛŏΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ .ŜƻƎǊŀŘΣ {ŜǊōƛŀ 

  



 

 

Chw9²hw5 

 

¢Ƙƛǎ ȅŜŀǊ ƳŀǊƪǎ ǘƘŜ слǘƘ ŀƴƴƛǾŜǊǎŀǊȅ ƻŦ ǘƘŜ {ŜǊōƛŀƴ !ǎǎƻŎƛŀǝƻƴ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎ ŀƴŘ ǘƘŜ плǘƘ 

ƎŀǘƘŜǊƛƴƎ ƻŦ ƛǘǎ ƳŜƳōŜǊǎ ŀǘ ǎŎƛŜƴǝŬŎ ŀƴŘ ǇǊƻŦŜǎǎƛƻƴŀƭ ŎƻƴŦŜǊŜƴŎŜǎΦ Lǘ ŀƭƭ ōŜƎŀƴ ƻƴ hŎǘƻōŜǊ тΣ мфсрΣ ǿƘŜƴ ǘƘŜ 

LƴǎǝǘǳǘŜ ŦƻǊ aŀŎƘƛƴŜ ¢ƻƻƭǎ ŦǊƻƳ .ŜƭƎǊŀŘŜΣ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ .ŜƭƎǊŀŘŜΣ ŀƴŘ ǘƘŜ 

LƴǎǝǘǳǘŜ ŦƻǊ aŀŎƘƛƴŜ ¢ƻƻƭǎ ŦǊƻƳ ½ŀƎǊŜō Ƨƻƛƴǘƭȅ ƻǊƎŀƴƛȊŜŘ ǘƘŜ ŬǊǎǘ ŎƻƴŦŜǊŜƴŎŜΦ Lǘ ǿŀǎ ǘƘŜƴ ǘƘŀǘ ǘƘŜ ¸ǳƎƻǎƭŀǾ 

!ǎǎƻŎƛŀǝƻƴ ƻŦ {ŎƛŜƴǝŬŎ ŀƴŘ wŜǎŜŀǊŎƘ Lƴǎǝǘǳǝƻƴǎ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎ ǿŀǎ ŦƻǳƴŘŜŘΦ ¢ƘŜ ŬǊǎǘ ǇǊŜǎƛŘŜƴǘ 

ŀƴŘ ōŜŀǊŜǊ ƻŦ ǘƘŜ ƛƴƛǝŀǝǾŜ ǿŀǎ tǊƻŦΦ ŘǊ ±ƭŀŘƛƳƛǊ ~ƻƭŀƧŀΣ Ŧǳƭƭ ǇǊƻŦŜǎǎƻǊ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ 

ƛƴ .ŜƭƎǊŀŘŜ ŀƴŘ ŘƛǊŜŎǘƻǊ ƻŦ ǘƘŜ LƴǎǝǘǳǘŜ ŦƻǊ aŀŎƘƛƴŜ ¢ƻƻƭǎΦ !ƊŜǊ ǘƘŜ ŬǊǎǘ ƎŀǘƘŜǊƛƴƎ ƻŦ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊǎΣ 

ŀƴŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ Ǝƻŀƭǎ ŦƻǊ ǿƘƛŎƘ ƛǘ ǿŀǎ ŦƻǳƴŘŜŘΣ ǘƘŜ !ǎǎƻŎƛŀǝƻƴ ǘƻƻƪ ƻǾŜǊ ǘƘŜ ƻǊƎŀƴƛȊŀǝƻƴ ƻŦ 

ŦǳǘǳǊŜ ƎŀǘƘŜǊƛƴƎǎΣ ǿƘƛŎƘ ŎƻƴǝƴǳŜǎ ǘƻ ǘƘƛǎ ŘŀȅΦ 

tǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎ ƛƴ {ŜǊōƛŀ Ƙŀǎ ŀ ƭƻƴƎ ŀƴŘ ǎǳŎŎŜǎǎŦǳƭ ǘǊŀŘƛǝƻƴ ǘƘŀǘ Ƙŀǎ ƎƻƴŜ ǘƘǊƻǳƎƘ ǾŀǊƛƻǳǎ ǇŜǊƛƻŘǎ ƻŦ 

ƎǊƻǿǘƘ ŀƴŘ ǇǊƻǎǇŜǊƛǘȅΣ ōǳǘ ŀƭǎƻ ǎǘŀƎƴŀǝƻƴ ŘǳŜ ǘƻ ǎƻŎƛƻπǇƻƭƛǝŎŀƭ ŎƛǊŎǳƳǎǘŀƴŎŜǎ ŀƴŘ ŜǾŜƴǘǎ ƛƴ ǘƘƛǎ ǊŜƎƛƻƴΦ 

¢ƻŘŀȅΣ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎ ƛǎ ǘƘŜ ŘǊƛǾƛƴƎ ŦƻǊŎŜ ōŜƘƛƴŘ ǘƘŜ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƳƻŘŜǊƴ ǎƻŎƛŜǘȅ ŀǎ ŀ 

ǿƘƻƭŜΣ ōƻǘƘ ƭƻŎŀƭƭȅ ŀƴŘ ƎƭƻōŀƭƭȅΦ ¢Ƙƛǎ ƛǎ ŜȄŀŎǘƭȅ ǿƘŀǘ ǘƘŜ ǿƻǊƭŘϥǎ Ƴƻǎǘ ǇƻǿŜǊŦǳƭ ŜŎƻƴƻƳƛŜǎ ǊŜŎƻƎƴƛȊŜΣ ǿƘŜǊŜ 

ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ōǊŜŀƪ Řƻǿƴ ŀƭƭ ōƻǊŘŜǊǎ ŀƴŘ ŘƛǾƛǎƛƻƴǎ ƛƴ ƻǊŘŜǊ 

ǘƻ ŎƻƴǉǳŜǊ ƴŜǿ ƳŀǊƪŜǘǎΦ 

CŀŎŜŘ ǿƛǘƘ ǘƘŜǎŜ ŦŀŎǘǎΣ ǘƘŜ {ŜǊōƛŀƴ !ǎǎƻŎƛŀǝƻƴ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎ Ƙŀǎ ƛƴƛǝŀǘŜŘ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ 

ƛƴǘŜƎǊŀǝƻƴ ŀƴŘ ŎƻƴƴŜŎǝƻƴ ƛƴ ǘƘƛǎ ǊŜƎƛƻƴ ǎƻ ǘƘŀǘ ǎŎƛŜƴǝŬŎ ŀƴŘ ŜŘǳŎŀǝƻƴŀƭ ƛƴǎǝǘǳǝƻƴǎ ŀƴŘ ǘƘŜ ŜŎƻƴƻƳȅ ŀǎ ŀ 

ǿƘƻƭŜ Ŏŀƴ ƪŜŜǇ ǇŀŎŜ ǿƛǘƘ ŘŜǾŜƭƻǇŜŘ ŎƻǳƴǘǊƛŜǎΦ hƴ ƛƴƛǝŀǝǾŜ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ƛƴŦƻǊƳŀǝƻƴ 

ǘŜŎƘƴƻƭƻƎȅΣ CŀŎǳƭǘȅ ƻŦ ƳŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎ bƛǑΣ ŀƴŘ tǊƻŦΦ ŘǊ aƛƻŘǊŀƎ aŀƴƛŏ ŀƴŘ tǊƻŦΦ ŘǊ {ŀǑŀ {Φ wŀƴŚŜƭƻǾƛŏΣ 

ŘǳǊƛƴƎ нлнпΦΣ мм ƛƴǎǝǘǳǝƻƴǎ ŦǊƻƳ ǊŜƎƛƻƴ Ƙŀǎ ǘƘǳǎ ŦŀǊ ǎƛƎƴŜŘ ǘƘŜ ŀŎŎŜǎǎƛƻƴ ǘƻ ǘƘŜ !ǎǎƻŎƛŀǝƻƴΣ ŀƴŘ ǘƘŜǎŜ 

ƛƴǎǝǘǳǝƻƴǎ ǘƻŘŀȅΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǘƘŜ ŦƻǳƴŘŜǊǎΣ ǇŀǊǝŎƛǇŀǘŜ ƛƴ ǘƘŜ ǿƻǊƪ ƻŦ ǘƘŜ плǘƘ LƴǘŜǊƴŀǝƻƴŀƭ /ƻƴŦŜǊŜƴŎŜΣ 

ǿƘŜǊŜ ŀǳǘƘƻǊǎ ŦǊƻƳ ŀ ŘƻȊŜƴ ŎƻǳƴǘǊƛŜǎ ǿƛƭƭ ǇǊŜǎŜƴǘ ту ǎŎƛŜƴǝŬŎ ǇŀǇŜǊǎΦ 

Lƴ ǘƘŜ ǝƳŜ ƻŦ ǳōƛǉǳƛǘƻǳǎ ŀǊǝŬŎƛŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜΣ ƻƴƎƻƛƴƎ ǊŜǎŜŀǊŎƘ ƛƴǘƻ ƴŜǿ ƳŀǘŜǊƛŀƭǎΣ ŀƴŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 

ǎƳŀǊǘ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƛƳŜŘ ŀǘ ƻǇǝƳƛȊƛƴƎ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΣ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊǎ ŦŀŎŜ 

ƴŜǿ ƻǇǇƻǊǘǳƴƛǝŜǎ ŀƴŘ ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ƳǳƭǝŘƛǎŎƛǇƭƛƴŀǊȅ ǎŎƛŜƴǝŬŎ ǊŜǎŜŀǊŎƘΦ 

Lƴ ǘƘŀǘ ƭƛƎƘǘΣ ǘƘƛǎ плǘƘ /ƻƴŦŜǊŜƴŎŜ Ƙŀǎ ōǊƻǳƎƘǘ ǘƻƎŜǘƘŜǊ ŘƻƳŜǎǝŎ ŀƴŘ ŦƻǊŜƛƎƴ ŀǳǘƘƻǊǎΣ ǊŜǾƛŜǿŜǊǎΣ ōǳǎƛƴŜǎǎ 

ƻǊƎŀƴƛȊŀǝƻƴǎΣ ŀƴŘ ŎƻƳǇŀƴƛŜǎ ǘƻ ƻũŜǊ ƴŜǿ ǇǊƻǎǇŜŎǘǎ ŀƴŘ ŀ ƘƻǇŜ ŦƻǊ ŀ ōŜǧŜǊ ǘƻƳƻǊǊƻǿΣ ǘƘǊƻǳƎƘ Ƨƻƛƴǘ ǿƻǊƪ 

ŀƴŘ ǎǳǇǇƻǊǘΦ 

 

ƛƴ bƛǑΣ ǎŜǇǘŜƳōŜǊ нлнр          tǊŜǎƛŘŜƴǘ ƻŦ ǘƘŜ 9ȄŜŎǳǝǾŜ /ƻƳƳƛǧŜŜ ƻŦ ǘƘŜ !ǎǎƻŎƛŀǝƻƴ 

tǊƻŦΦ ŘǊ {ŀǑŀ {Φ wŀƴŚŜƭƻǾƛŏ 

  



¢ƘŜ ϦǇǊƻŦΦ ŘǊ tŀǾƭŜ {ǘŀƴƪƻǾƛŏϦ ŎƘŀǊǘŜǊ ϧ ǇƭŀǉǳŜ 

tǊƻŦΦ ŘǊ 5ǊŀƎƛǑŀ ±ƛƭƻǝŏ  

IŜ ǿŀǎ ōƻǊƴ ƻƴ !ǇǊƛƭ мнΣ мфрл ƛƴ ǘƘŜ ǾƛƭƭŀƎŜ ƻŦ .ƻƧƛŏΣ ƳǳƴƛŎƛǇŀƭƛǘȅ ƻŦ ~ŀōŀŎΦ IŜ ƎǊŀŘǳŀǘŜŘ ŦǊƻƳ ƘƛƎƘ ǎŎƘƻƻƭ ƛƴ ~ŀōŀŎ ƛƴ 

мфсфΣ ƳŀƧƻǊƛƴƎ ƛƴ ƳŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎΣ ŀƴŘ ǘƘŜƴ ŜƴǊƻƭƭŜŘ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƻǾƛ {ŀŘΦ IŜ 

ƎǊŀŘǳŀǘŜŘ ƛƴ мфтп ǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ ƎǊŀŘŜ ƻŦ фΦмф ŀƴŘ ŘŜŦŜƴŘŜŘ Ƙƛǎ ƳŀǎǘŜǊϥǎ ǘƘŜǎƛǎ ƛƴ мфумΦ IŜ ŘŜŦŜƴŘŜŘ Ƙƛǎ ŘƻŎǘƻǊŀƭ 

ǘƘŜǎƛǎ ŜƴǝǘƭŜŘ Ϧ/ƻƴǘǊƛōǳǝƻƴ ǘƻ ǘƘŜ ƛƴǾŜǎǝƎŀǝƻƴ ƻŦ ǘƘŜ ōŜƘŀǾƛƻǊ ƻŦ ǎǘŜŜƭ ƳŀǘŜǊƛŀƭǎ ƛƴ ŘƛũŜǊŜƴǘ ŎƻƭŘ ǾƻƭǳƳŜǘǊƛŎ 

ŘŜŦƻǊƳŀǝƻƴ ǇǊƻŎŜǎǎƛƴƎ ǎȅǎǘŜƳǎϦ ƛƴ мфус ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎ ƛƴ bƻǾƛ {ŀŘΦ 

IŜ ōŜƎŀƴ Ƙƛǎ ŎŀǊŜŜǊ ƻƴ WŀƴǳŀǊȅ мΣ мфтр ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎ ŀǎ ŀƴ ŀǎǎƛǎǘŀƴǘ ƛƴ ǎŎƛŜƴǝŬŎ ǿƻǊƪ ƛƴ ǘƘŜ ŬŜƭŘ 

ƻŦ ŘŜŦƻǊƳŀǝƻƴ ǇǊƻŎŜǎǎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎΦ IŜ ǿŀǎ ŜƭŜŎǘŜŘ ǘƻ ǘƘŜ ǝǘƭŜ ƻŦ ŀǎǎƛǎǘŀƴǘ ǇǊƻŦŜǎǎƻǊ ƛƴ мфууΣ ŀƴŘ ǘƻ ǘƘŜ ǝǘƭŜ ƻŦ Ŧǳƭƭ 

ǇǊƻŦŜǎǎƻǊ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ǇƭŀǎǝŎ ŘŜŦƻǊƳŀǝƻƴ ǘŜŎƘƴƻƭƻƎȅ ƛƴ мффуΦ Lƴ ǘƘŜ Ǉŀǎǘ ǇŜǊƛƻŘΣ ƘŜ ǘŀǳƎƘǘ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ǇƭŀǎǝŎ 

ŘŜŦƻǊƳŀǝƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ŀŘŘƛǝǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǇƭŀǎǝŎǎ ǇǊƻŎŜǎǎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǘ ǾŀǊƛƻǳǎ ƭŜǾŜƭǎ ƻŦ ŜŘǳŎŀǝƻƴ 

όh!{Σ a!{ ŀƴŘ 5!{ύ ƛƴ ŀ ǘƻǘŀƭ ƻŦ мс ǎǳōƧŜŎǘǎΦ Lƴ ǎǘǳŘŜƴǘ ǎǳǊǾŜȅǎ ŦƻǊ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘŜŀŎƘƛƴƎ ƛƴ ǘƘŜ ƭŀǎǘ ŬǾŜ ȅŜŀǊǎ ƻŦ ǿƻǊƪΣ 

ƘŜ ǿŀǎ ǊŀǘŜŘ фΦулΦ IŜ ǿŀǎ ŀ ƳŜƴǘƻǊ ƛƴ ǘƘŜ ǇǊŜǇŀǊŀǝƻƴ ƻŦ ƳƻǊŜ ǘƘŀƴ млл ŘƛǇƭƻƳŀ ŀƴŘ ŦƻǳǊ ƳŀǎǘŜǊϥǎ ǘƘŜǎŜǎΦ IŜ ǿŀǎ ŀ 

ƳŜƴǘƻǊ ŦƻǊ ǘƘŜ ǇǊŜǇŀǊŀǝƻƴ ƻŦ ŘƻŎǘƻǊŀƭ ǘƘŜǎŜǎ ƻƴ ǘƘǊŜŜ ƻŎŎŀǎƛƻƴǎΦ 

tǊƻŦŜǎǎƻǊ ±ƛƭƻǝŏϥǎ ƴŀǊǊƻǿŜǊ ǎŎƛŜƴǝŬŎ ŬŜƭŘ ǿŀǎ ǇƭŀǎǝŎ ŘŜŦƻǊƳŀǝƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ŀŘŘƛǝǾŜ ŀƴŘ ǾƛǊǘǳŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎΦ Lƴ Ƙƛǎ 

ǊŜǎŜŀǊŎƘ ǿƻǊƪΣ tǊƻŦŜǎǎƻǊ ±ƛƭƻǝŏ ŘŜŀƭǘ ǿƛǘƘ ǘƘŜ ǘƘŜƻǊŜǝŎŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ŘŜŦƻǊƳŀǝƻƴ ǇǊƻŎŜǎǎƛƴƎ ǇǊƻŎŜǎǎŜǎΣ ǘƘŜƛǊ 

ǘŜŎƘƴƻƭƻƎȅΣ ŀƴŘ ŜǎǇŜŎƛŀƭƭȅ ǘƘŜ ƛǎǎǳŜ ƻŦ ƳŀǘŜǊƛŀƭ ŘŜŦƻǊƳŀōƛƭƛǘȅ ŘǳǊƛƴƎ ŎƻƭŘ ǾƻƭǳƳŜǘǊƛŎ ŘŜŦƻǊƳŀǝƻƴΣ ǿƘƛŎƘ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴǳƳŜǊƻǳǎ ŜȄǇŜǊƛƳŜƴǘŀƭ ǘŜǎǘǎ ŀƴŘ ŘŜǾƛŎŜǎ ŦƻǊ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ǇƭŀǎǝŎ ǇǊƻǇŜǊǝŜǎ ƻŦ ƳŀǘŜǊƛŀƭǎ ǳƴŘŜǊ ǾŀǊƛƻǳǎ 

ǎǘǊŜǎǎ ŎƻƴŘƛǝƻƴǎΦ Lƴ ǘƘŜ ƴŀǊǊƻǿ ǎŎƛŜƴǝŬŎ ŬŜƭŘΣ ŀǎ ŀƴ ŀǳǘƘƻǊ ŀƴŘ ŎƻπŀǳǘƘƻǊΣ ƘŜ ǇǳōƭƛǎƘŜŘ ŀ ǘƻǘŀƭ ƻŦ оур ǇŀǇŜǊǎ όŘŀǘŀ ŦǊƻƳ 

ǘƘŜ !t± wŜǎŜŀǊŎƘŜǊϥǎ /ŀǊŘύΣ ƻŦ ǿƘƛŎƘ нм ŀǊŜ ǇŀǇŜǊǎ ƛƴ ƛƴǘŜǊƴŀǝƻƴŀƭ ƧƻǳǊƴŀƭǎ ŦǊƻƳ ǘƘŜ {/L ƭƛǎǘ όŎŀǘŜƎƻǊȅ aнлύΦ ¢ƘŜǊŜ ŀǊŜ 

с ƛƴǾƛǘŜŘ ƭŜŎǘǳǊŜǎ ŀǘ ƛƴǘŜǊƴŀǝƻƴŀƭ ŎƻƴŦŜǊŜƴŎŜǎ ǇǊƛƴǘŜŘ ƛƴ Ŧǳƭƭ όŎŀǘŜƎƻǊȅ aомύΣ ŀƴŘ фн ǇŀǇŜǊǎ ŦǊƻƳ ƛƴǘŜǊƴŀǝƻƴŀƭ 

ŎƻƴŦŜǊŜƴŎŜǎ ǇǊƛƴǘŜŘ ƛƴ Ŧǳƭƭ όaооύΦ ¢ƘŜǊŜ ŀǊŜ уу ǇǳōƭƛǎƘŜŘ ǇŀǇŜǊǎ ƛƴ ŎŀǘŜƎƻǊȅ aрлΣ ŀƴŘ мор ǇŀǇŜǊǎ ŦǊƻƳ ƴŀǝƻƴŀƭ 

ŎƻƴŦŜǊŜƴŎŜǎ όŎŀǘŜƎƻǊȅ aслύΦ !ǎ ŀƴ ŀǳǘƘƻǊ ŀƴŘ ŎƻπŀǳǘƘƻǊΣ tǊƻŦŜǎǎƻǊ ±ƛƭƻǝŏ Ƙŀǎ ǇǳōƭƛǎƘŜŘ ǎƛȄ ǳƴƛǾŜǊǎƛǘȅ ǘŜȄǘōƻƻƪǎ ŀƴŘ 

ƻƴŜ ƳƻƴƻƎǊŀǇƘ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ǇƭŀǎǝŎ ŘŜŦƻǊƳŀǝƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

!ǎ ±ƛŎŜπ5Ŝŀƴ ŦƻǊ 9ŘǳŎŀǝƻƴ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ ŀǎ ŀƴ ŀǳǘƘƻǊ ŀƴŘ ŎƻπŀǳǘƘƻǊΣ ƘŜ ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ǿǊƛǝƴƎ с 

ƳƻƴƻƎǊŀǇƘƛŎ ǇǳōƭƛŎŀǝƻƴǎ ƻƴ ǘƘŜ ǘƻǇƛŎ ƻŦ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ǘŜŀŎƘƛƴƎ ǇǊƻŎŜǎǎ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ƘƛƎƘŜǊ ŜŘǳŎŀǝƻƴ ŀƴŘ нс ǇŀǇŜǊǎ 

ǊŜƭŜǾŀƴǘ ǘƻ ƘƛƎƘŜǊ ŜŘǳŎŀǝƻƴΦ IŜ Ƙŀǎ ōŜŜƴ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ ŜŘƛǘƻǊƛŀƭ ōƻŀǊŘ ƻŦ ǘƘŜ WƻǳǊƴŀƭ ŦƻǊ ¢ŜŎƘƴƻƭƻƎȅ ƻŦ tƭŀǎǝŎƛǘȅ 

ǎƛƴŎŜ мффрΣ ǇǳōƭƛǎƘŜŘ ōȅ C¢b bƻǾƛ {ŀŘΣ ŀƴŘ ŀ ǊŜǾƛŜǿŜǊ ƛƴ ǘǿƻ ƛƴǘŜǊƴŀǝƻƴŀƭ ƧƻǳǊƴŀƭǎΦ ¢ƘŜ ǘƻǘŀƭ Ŏƛǘŀǝƻƴ ƛƴŘŜȄ ƻŦ tǊƻŦŜǎǎƻǊ 

±ƛƭƻǝŏ ƛǎ мпн Ŏƛǘŀǝƻƴǎ ŀƴŘ ǘƘŜ ǘƻǘŀƭ ǎŎƛŜƴǝŬŎ ŎƻƳǇŜǘŜƴŎŜ ƛƴŘŜȄ ŀŎŎƻǊŘƛƴƎ ǘƻ Řŀǘŀ ŦǊƻƳ ǘƘŜ ǎŎƛŜƴǝŬŎ ǿƻǊƪŜǊϥǎ ŬƭŜ ƻŦ ǘƘŜ 

!t± ƛǎ рстΦ 

tǊƻŦŜǎǎƻǊ ±ƛƭƻǝŏ ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ƳƻǊŜ ǘƘŀƴ ŦƻǊǘȅ ƴŀǝƻƴŀƭ ǎŎƛŜƴǝŬŎ ǊŜǎŜŀǊŎƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ 

ǇǊƻƧŜŎǘǎΦ Lƴ ǘƘŜ ǇŜǊƛƻŘ нллнςнлммΣ ƘŜ ǿŀǎ ǘƘŜ ǇǊƻƧŜŎǘ ƳŀƴŀƎŜǊ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ǇǊƻƎǊŀƳ ƻƴ ǘƘǊŜŜ 

ƻŎŎŀǎƛƻƴǎΦ Lƴ ŀŘŘƛǝƻƴΣ tǊƻŦŜǎǎƻǊ ±ƛƭƻǝŏ ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ŀōƻǳǘ ŀ ŘƻȊŜƴ ƛƴǘŜǊƴŀǝƻƴŀƭ ǇǊƻƧŜŎǘǎΦ Lƴ 

ǘƘŜ ǇŜǊƛƻŘ нлллςнлмпΣ ƘŜ ǿŀǎ ǘƘŜ ƳŀƴŀƎŜǊ ƻŦ ǎŎƛŜƴǝŬŎ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘǎ ƻƴ ŬǾŜ ƻŎŎŀǎƛƻƴǎ ǘƘŀǘ ǿŜǊŜ ƛƳǇƭŜƳŜƴǘŜŘ 

ǳƴŘŜǊ ǘƘŜ ǇǊƻǘƻŎƻƭ ƻƴ ŎƻƻǇŜǊŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ wǳǎǎƛŀƴ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎ όw!{ύΣ ǘƘŜ {ŜǊōƛŀƴ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎ 

ό{!{!ύ ŀƴŘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎ ƛƴ bƻǾƛ {ŀŘΦ Lƴ ǘƘŜ ǊŜǎŜŀǊŎƘ ǇǊƻƎǊŀƳ 9w!ΦbŜǘ w¦{ tƭǳǎ όнлмтύΣ ƘŜ ƭŜŘ ǘƘŜ 

ǇǊƻƧŜŎǘ ŜƴǝǘƭŜŘΥ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ƳŜǘƘƻŘ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎ ōȅ ŎƻƳōƛƴŜŘ ōǳƭƪ ŀƴŘ ǎǳǊŦŀŎŜ ǇƭŀǎǝŎ 

ŘŜŦƻǊƳŀǝƻƴΦ 



IŜ ǿŀǎ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ wŜƎƛǎǘǊȅ .ƻŀǊŘ ŦƻǊ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ŀƴŘ LƴŘǳǎǘǊƛŀƭ {ƻƊǿŀǊŜ ƻŦ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ 9ŘǳŎŀǝƻƴΣ 

{ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ wŜǇǳōƭƛŎ ƻŦ {ŜǊōƛŀ ŦǊƻƳ нлмл ǘƻ нлмсΦ Lƴ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ мффу ǘƻ нллнΣ 

tǊƻŦŜǎǎƻǊ ±ƛƭƻǝŏ ǿŀǎ ǘƘŜ ƘŜŀŘ ƻŦ ǘƘŜ LƴǎǝǘǳǘŜ ŦƻǊ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎΣ ŀƴŘ ŦƻǊ Ƴŀƴȅ ȅŜŀǊǎ ǘƘŜ ƘŜŀŘ ƻŦ ǘƘŜ [ŀōƻǊŀǘƻǊȅ 

ŦƻǊ tƭŀǎǝŎ 5ŜŦƻǊƳŀǝƻƴ ¢ŜŎƘƴƻƭƻƎƛŜǎΦ 

Lƴ нлмтκмуΣ tǊƻŦŜǎǎƻǊ ±ƛƭƻǝŏ ŀŎǝǾŜƭȅ ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ŀƴŘ ŎƻƴǎǘǊǳŎǝƻƴ ƻŦ ŀ ƳƻŘŜǊƴ [ŀōƻǊŀǘƻǊȅ ŦƻǊ 

tƻƭȅƳŜǊ tǊƻŎŜǎǎƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŜǎ ƛƴ ŎƻƻǇŜǊŀǝƻƴ ǿƛǘƘ ǘƘŜ ŎƻƳǇŀƴȅ bŜƻŬǘƻƴ ŦǊƻƳ bƻǾƛ {ŀŘ ŀƴŘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƻƭƻƎȅ 

ƻŦ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΦ tǊƻŦŜǎǎƻǊ ±ƛƭƻǝŏ ǿŀǎ ǘƘŜ ±ƛŎŜπ5Ŝŀƴ ŦƻǊ 9ŘǳŎŀǝƻƴ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎ ŦǊƻƳ 

нлмн ǘƻ нлнлΣ ǿƘŜƴ ƘŜ ŀŎǝǾŜƭȅ ǿƻǊƪŜŘ ƻƴ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ǘŜŀŎƘƛƴƎ ǇǊƻŎŜǎǎ ƛƴ ƴǳƳŜǊƻǳǎ ǎǘǳŘȅ ǇǊƻƎǊŀƳǎ ŀƴŘ ǊŜǎƻƭǾƛƴƎ 

ǎǘǳŘŜƴǘ ƛǎǎǳŜǎΦ IŜ ŀŎǝǾŜƭȅ ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ǘƘŜ ǇǊŜǇŀǊŀǝƻƴ ƻŦ ŘƻŎǳƳŜƴǘŀǝƻƴ ŦƻǊ ǘƘŜ ŀŎŎǊŜŘƛǘŀǝƻƴ ƻŦ ус ǎǘǳŘȅ ǇǊƻƎǊŀƳǎ 

ƻŦ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎ ƻŦ ǾŀǊƛƻǳǎ ƭŜǾŜƭǎ όh!{Σ a!{Σ 5!{Σ ŜǘŎΦύΣ ǿƘƛŎƘ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜƛǊ ŀŎŎǊŜŘƛǘŀǝƻƴ ōȅ ǘƘŜ 

bŀǝƻƴŀƭ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎ ƻŦ ǘƘŜ wŜǇǳōƭƛŎ ƻŦ {ŜǊōƛŀ ƛƴ нлмоΦ 

Lƴ ŀŘŘƛǝƻƴ ǘƻ ǘŜŀŎƘƛƴƎ ŀƴŘ ǎŎƛŜƴǝŬŎ ŀŎǝǾƛǝŜǎΣ tǊƻŦŜǎǎƻǊ ±ƛƭƻǝŏ ŀŎǝǾŜƭȅ ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ŎƻƻǇŜǊŀǝƻƴ ǿƛǘƘ ƛƴŘǳǎǘǊȅ ƛƴ ǘƘŜ 

ƛƴǘǊƻŘǳŎǝƻƴ ƻŦ ƴŜǿ ŘŜŦƻǊƳŀǝƻƴ ǇǊƻŎŜǎǎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴǘƻ ǇǊƻŘǳŎǝƻƴΦ hƴ ǘƘƛǎ ƻŎŎŀǎƛƻƴΣ ƘŜ Ǉƻƛƴǘǎ ƻǳǘ ǘƘŜ 

ƛƴǘǊƻŘǳŎǝƻƴ ƻŦ ŎƻƭŘ ǎǘŀƳǇƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ǘƘŜ ƴŜŜŘǎ ƻŦ ƳŀƪƛƴƎ ǘƻƻƭǎ ŦƻǊ ƳƻƭŘƛƴƎ ǇƭŀǎǝŎǎΣ ǘƘŜƴ ǘƘŜ ƛƴǘǊƻŘǳŎǝƻƴ ƻŦ 

ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ƻŦ ǊƻǘŀǊȅ ŘǊŀǿƛƴƎ ƻŦ ŎƻƴƛŎŀƭ ǇŀǊǘǎ ŦƻǊ ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘŜ ŀǳǘƻƳƻǝǾŜ ƛƴŘǳǎǘǊȅ ŀƴŘ ǘƘŜ ƛƴǘǊƻŘǳŎǝƻƴ ƻŦ ǘƘŜ 

ǘŜŎƘƴƻƭƻƎȅ ƻŦ ǇǊƻŬƭŜ ōŜƴŘƛƴƎ ƻŦ ǘƘƛƴ ŀƭǳƳƛƴǳƳ ǎƘŜŜǘ ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ǇŀǊŀōƻƭŀǎ ŦƻǊ ƴŜƻƴ ƭŀƳǇǎΦ !ƊŜǊ пр ȅŜŀǊǎ ƻŦ 

ǿƻǊƪ ŀǘ C¢bΣ tǊƻŦŜǎǎƻǊ ±ƛƭƻǝŏ ǊŜǝǊŜŘ ƻƴ {ŜǇǘŜƳōŜǊ олΣ нлнлΦ 

!ƊŜǊ ǊŜǝǊƛƴƎ ƛƴ ǘƘŜ ǇŜǊƛƻŘ нлноςнлнпΣ tǊƻŦŜǎǎƻǊ ±ƛƭƻǝŏ ǿŀǎ ŜƴƎŀƎŜŘ ōȅ .ŜƛƘŀƴƎ ¦ƴƛǾŜǊǎƛǘȅ ƛƴ .ŜƛƧƛƴƎ ƻƴ ǘƘŜ ǇǊƻƧŜŎǘ 

tǊŜŘƛŎǝƻƴ ǘŜŎƘƴƻƭƻƎȅ ƻŦ ƅŜȄƛōƭŜ ŦƻǊƳƛƴƎ ŀƴŘ ǿŜƭŘƛƴƎ ŀƴŘ ŦƻǊƳŀōƛƭƛǘȅ ŦƻǊ ǘƘƛƴπǿŀƭƭŜŘ Ƙƻƭƭƻǿ ŎƻƳǇƻƴŜƴǘǎ ōŀǎŜŘ ƻƴ 

ǇǊƻŎŜǎǎ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǎ ŀƴ ŜȄǇŜǊǘ ƛƴ ŘŜŦƻǊƳŀǝƻƴ ǇǊƻŎŜǎǎƛƴƎΦ ¢ƘŜ Ǝƻŀƭ ƻŦ ǘƘƛǎ ŜƴƎŀƎŜƳŜƴǘ ǿŀǎ ǘƻ ŘŜǾŜƭƻǇ ŀ ƳŜǘƘƻŘ ŦƻǊ 

ǘŜǎǝƴƎ ǘƘŜ ŘŜŦƻǊƳŀōƛƭƛǘȅ ƻŦ ŘƛŶŎǳƭǘπǘƻπŘŜŦƻǊƳ ƳŀǘŜǊƛŀƭǎ όǝǘŀƴƛǳƳ ŀƭƭƻȅǎύ ƛƴ ŀ ǿƛŘŜǊ ǊŀƴƎŜ ƻŦ ƴŜƎŀǝǾŜ ǾŀƭǳŜǎ ƻŦ ǎǘǊŜǎǎ 

ǎǘŀǘŜ ƛƴŘƛŎŀǘƻǊǎΦ 

  



¢ƘŜ ϦǇǊƻŦΦ ŘǊ ±ƭŀŘƛƳƛǊ ~ƻƭŀƧŀϦ ƳŜŘŀƭ 

ŘǊ tŜǘŀǊ WŀƴƧŀǘƻǾŏΣ !ǎǎƛǎǘŀƴǘ tǊƻŦŜǎǎƻǊ    

5Ǌ tŜǘŀǊ WŀƴƧŀǘƻǾƛŏ ǿŀǎ ōƻǊƴ ƻƴ CŜōǊǳŀǊȅ мтΣ мффмΣ ƛƴ hƎǳƭƛƴΦ IŜ ƎǊŀŘǳŀǘŜŘ ŦǊƻƳ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ 

¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ ƛƴ нлмпΣ ƳŀƧƻǊƛƴƎ ƛƴ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎΣ ǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ ƎǊŀŘŜ ƻŦ фΦсмΣ ŀƴŘ ǿŀǎ ŀǿŀǊŘŜŘ 

ǘƘŜ 5ƻǎƛǘŜƧŀ {ŎƘƻƭŀǊǎƘƛǇ ŦƻǊ ŀŎŀŘŜƳƛŎ ŜȄŎŜƭƭŜƴŎŜΦ IŜ ŎƻƳǇƭŜǘŜŘ Ƙƛǎ ƳŀǎǘŜǊΩǎ ǎǘǳŘƛŜǎ ƛƴ нлмс ŀƴŘ ŘŜŦŜƴŘŜŘ Ƙƛǎ ŘƻŎǘƻǊŀƭ 

ŘƛǎǎŜǊǘŀǝƻƴ ŜƴǝǘƭŜŘ άLƴƅǳŜƴŎŜ ƻŦ ²ŀǘŜǊ ƻƴ ǘƘŜ 9ƳōǊƛǧƭŜƳŜƴǘ ƻŦ /ƻƴǾŜƴǝƻƴŀƭ ŀƴŘ 5ǳŀƭπtƘŀǎŜ !5L aŀǘŜǊƛŀƭǎέ ƻƴ 

5ŜŎŜƳōŜǊ моΣ нлноΦ 

IŜ Ƙŀǎ ōŜŜƴ ŜƳǇƭƻȅŜŘ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎ ǎƛƴŎŜ нлмпΣ ǿƘŜǊŜ ƘŜ ŎǳǊǊŜƴǘƭȅ ǿƻǊƪǎ ŀǎ ŀƴ !ǎǎƛǎǘŀƴǘ tǊƻŦŜǎǎƻǊ 

ŀǘ ǘƘŜ /ƘŀƛǊ ƻŦ aŀǘŜǊƛŀƭǎ ŀƴŘ WƻƛƴƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŜǎΦ IŜ ƛǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘŜŀŎƘƛƴƎ ǎŜǾŜǊŀƭ ŎƻǳǊǎŜǎ ƛƴ ǘƘŜ ŬŜƭŘǎ ƻŦ ƳŀǘŜǊƛŀƭǎ 

ǎŎƛŜƴŎŜ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǘŜŎƘƴƻƭƻƎȅΦ 

5Ǌ WŀƴƧŀǘƻǾƛŏ Ƙŀǎ ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ǎŜǾŜǊŀƭ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ƴŀǝƻƴŀƭ ǇǊƻƧŜŎǘ άLƴƴƻǾŀǝǾŜ {ŎƛŜƴǝŬŎ ŀƴŘ 

!ǊǝǎǝŎ wŜǎŜŀǊŎƘ ƛƴ ǘƘŜ CƛŜƭŘ ƻŦ C¢b !ŎǝǾƛǝŜǎέΣ ŀ Ŏƻƴǝƴǳŀǝƻƴ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ά5ŜǎƛƎƴΣ 5ŜǾŜƭƻǇƳŜƴǘΣ ŀƴŘ !ǇǇƭƛŎŀǝƻƴ ƻŦ 

ŀ bŜǿ DŜƴŜǊŀǝƻƴ ƻŦ !5L aŀǘŜǊƛŀƭǎέ ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ {ŎƛŜƴŎŜΣ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ 5ŜǾŜƭƻǇƳŜƴǘ ŀƴŘ LƴƴƻǾŀǝƻƴΣ 

ŀǎ ǿŜƭƭ ŀǎ ƛƴǘŜǊƴŀǝƻƴŀƭ /h{¢ !Ŏǝƻƴǎ /!мумнл ς wŜƭƛŀōƭŜ wƻŀŘƳŀǇ ŦƻǊ /ŜǊǝŬŎŀǝƻƴ ƻŦ .ƻƴŘŜŘ tǊƛƳŀǊȅ {ǘǊǳŎǘǳǊŜǎ ŀƴŘ 

/!мрмлн ς {ƻƭǳǝƻƴǎ ŦƻǊ /ǊƛǝŎŀƭ wŀǿ aŀǘŜǊƛŀƭǎ ¦ƴŘŜǊ 9ȄǘǊŜƳŜ /ƻƴŘƛǝƻƴǎ ό/waπ9·¢w9a9ύΦ 

5Ǌ WŀƴƧŀǘƻǾƛŏ ƛǎ ǘƘŜ ŀǳǘƘƻǊ ŀƴŘ ŎƻπŀǳǘƘƻǊ ƻŦ ƳƻǊŜ ǘƘŀƴ тл ǎŎƛŜƴǝŬŎ ǇŀǇŜǊǎΦ Lƴ ǘƘŜ Ǉŀǎǘ ŬǾŜ ȅŜŀǊǎΣ 5ǊΦ WŀƴƧŀǘƻǾƛŏ Ƙŀǎ 

ŀǳǘƘƻǊŜŘ ƻǊ ŎƻπŀǳǘƘƻǊŜŘ ƻƴŜ ǇŀǇŜǊ ǇǳōƭƛǎƘŜŘ ƛƴ ŀƴ aнмŀ ƧƻǳǊƴŀƭΣ ƴƛƴŜ ǇŀǇŜǊǎ ƛƴ aнм ƧƻǳǊƴŀƭǎΣ ǘǿƻ ǇŀǇŜǊǎ ƛƴ aнн 

ƧƻǳǊƴŀƭǎΣ ŀƴŘ ǎƛȄ ǇŀǇŜǊǎ ƛƴ aно ƧƻǳǊƴŀƭǎΦ 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ {/ht¦{ ŘŀǘŀōŀǎŜΣ Ƙƛǎ ǿƻǊƪǎ ƘŀǾŜ ōŜŜƴ ŎƛǘŜŘ уп ǝƳŜǎΣ ƛƴŎƭǳŘƛƴƎ рф ƛƴŘŜǇŜƴŘŜƴǘ ŎƛǘŀǝƻƴǎΣ ŀƴŘ Ƙƛǎ Ƙπ

ƛƴŘŜȄ ƛǎ рΦ Iƛǎ ǊŜǎŜŀǊŎƘ ƛƴǘŜǊŜǎǘǎ ƛƴŎƭǳŘŜ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ ŀŘǾŀƴŎŜŘ ƳŀǘŜǊƛŀƭǎ ŦƻǊ ǘƘŜ 

ŀǳǘƻƳƻǝǾŜ ƛƴŘǳǎǘǊȅ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ ǘƘŜƛǊ ǇǊƻŎŜǎǎƛƴƎΦ 

  



Lƴ ƳŜƳƻǊƛŀƳ  

tǊƻŦΦ ŘǊ aƛƭŜƴƪƻ WƻǾƛőƛŏ όмфор ς нлнпύ  

tǊƻŦΦ ŘǊ aƛƭŜƴƪƻ WƻǾƛŎƛŎ ǿŀǎ ōƻǊƴ ƛƴ WŜȊŜǾƛŎŀΣ ƴŜŀǊ tƻȊŜƎŀΣ ǿƘŜǊŜ ƘŜ ŬƴƛǎƘŜŘ ŜƭŜƳŜƴǘŀǊȅ ǎŎƘƻƻƭΦ Lƴ ǘƘŜ ǎǇǊƛƴƎ ƻŦ мфпфΣ 

ƘŜ ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ǘƘŜ ŎƻƴǎǘǊǳŎǝƻƴ ƻŦ .ŜƭƎǊŀŘŜ ǿƛǘƘ ǘƘŜ tƻȊŜƎŀ ¸ƻǳǘƘ [ŀōƻǊ .ǊƛƎŀŘŜΦ CǊƻƳ ǘƘŜǊŜΣ ƘŜ ǿŀǎ ǎŜƴǘ ǘƻ ŎƻƴǝƴǳŜ 

Ƙƛǎ ŜŘǳŎŀǝƻƴ ŀǘ ǘƘŜ {ŎƘƻƻƭ ƻŦ {ǘǳŘŜƴǘǎ ƛƴ 9ŎƻƴƻƳƛŎǎ ŀǘ ǘƘŜ ¢ǊŜǇŎŀ aƛƴŜ ƛƴ {ǘŀǊƛ ¢ǊƎΦ IŜ ŎƻƴǝƴǳŜŘ Ƙƛǎ ŜŘǳŎŀǝƻƴ ŀǘ ǘƘŜ 

ϦtŜǘŀǊ 5ǊŀǇǎƛƴϦ {ŜŎƻƴŘŀǊȅ {ŎƘƻƻƭ ƛƴ .ŜƭƎǊŀŘŜ ŀƴŘ ƎǊŀŘǳŀǘŜŘ ǿƛǘƘ ŜȄŎŜƭƭŜƴǘ ǊŜǎǳƭǘǎ ǿƘƛƭŜ ǿƻǊƪƛƴƎ ŀǘ ǘƘŜ ŎƻƳǇŀƴƛŜǎ 

ϦaŜǘŀƭϦ ŀƴŘ ϦLƴŘǳǎǘǊƛƧŀ ǇǊŜȊƛǎƴŜ ƳŜƘŀƴƛƪŜϦΦ 

IŜ ŜƴǊƻƭƭŜŘ ƛƴ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ .ŜƭƎǊŀŘŜ ƛƴ мфрсΦ IŜ ǊŜŎŜƛǾŜŘ ŀ ǎŎƘƻƭŀǊǎƘƛǇ ŦǊƻƳ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ 

ƻŦ .ŜƭƎǊŀŘŜ ŀƴŘ ǘƘŜ aƻǘƻǊ LƴŘǳǎǘǊȅ ƛƴ wŀƪƻǾƛŎŀΦ 5ǳǊƛƴƎ Ƙƛǎ ǎǘǳŘƛŜǎΣ ƘŜ ǿƻǊƪŜŘ ŀǘ ǘƘŜ ŎƻƳǇŀƴƛŜǎ LƴŘǳǎǘǊƛƧŀ ǇǊŜȊƛǎƴŜ 

ƳŜƘŀƴƛƪŜΣ La¢Σ Ϧ5ŀǾƛŘ tŀƧƛŎϦ ŀƴŘ ϦDŜƻƳŀǑƛƴŀϦΦ IŜ ŘƛŘ Ƙƛǎ ƛƴǘŜǊƴǎƘƛǇ ƛƴ ²Ŝǎǘ DŜǊƳŀƴȅΦ IŜ ƎǊŀŘǳŀǘŜŘ ƛƴ мфслΦ Lƴ ǘƘŜ 

ǎŀƳŜ ȅŜŀǊΣ ƘŜ ǎǘŀǊǘŜŘ ǿƻǊƪƛƴƎ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ .ŜƭƎǊŀŘŜ ŀǎ ŀ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀǎǎƻŎƛŀǘŜΣ ŀƴŘ ƛƴ 

мфсм ƘŜ ǿŀǎ ŜƭŜŎǘŜŘ ŀǎ ŀƴ ŀǎǎƛǎǘŀƴǘΦ IŜ ǊŜŎŜƛǾŜŘ Ƙƛǎ ƳŀǎǘŜǊϥǎ ŘŜƎǊŜŜ ƛƴ мфссΦ IŜ ǿŀǎ ŜƭŜŎǘŜŘ ŀǎ ŀƴ ŀǎǎƛǎǘŀƴǘ ǇǊƻŦŜǎǎƻǊ 

ƛƴ мфтлΦ IŜ ŘŜŦŜƴŘŜŘ Ƙƛǎ ŘƻŎǘƻǊŀƭ ŘƛǎǎŜǊǘŀǝƻƴ ŀǘ ǘƘŜ ǎŀƳŜ ŦŀŎǳƭǘȅ ƛƴ мфтрΦ IŜ ǿŀǎ ŜƭŜŎǘŜŘ ŀǎ ŀƴ ŀǎǎƻŎƛŀǘŜ ǇǊƻŦŜǎǎƻǊ ƛƴ 

мфтт ŀƴŘ ǇǊƻƳƻǘŜŘ ǘƻ Ŧǳƭƭ ǇǊƻŦŜǎǎƻǊ ƛƴ мфуо ŦƻǊ ǘƘŜ ǎǳōƧŜŎǘ ƎǊƻǳǇ ƻŦ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎΦ 

!ǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ .ŜƭƎǊŀŘŜ ŀƴŘ ǘƘŜ ŘŜǇŀǊǘƳŜƴǘǎ ƻŦ ǘƘŜ CŀŎǳƭǘȅ ƛƴ YǊŀƎǳƧŜǾŀŎΣ YǊŀƭƧŜǾƻΣ ±ŀƭƧŜǾƻΣ 

¦ȌƛŎŜ ŀƴŘ ¿ŀǊƪƻǾƻΣ ƘŜ ǘŀǳƎƘǘ ǎǳōƧŜŎǘǎ ŦǊƻƳ ǘƘŜ ǎǳōƧŜŎǘ ƎǊƻǳǇ ƻŦ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎΣ ŀǎ ǿŜƭƭ ŀǎ ƛƴ ǇƻǎǘƎǊŀŘǳŀǘŜ 

ǎǘǳŘƛŜǎΦ IŜ ŀƭǎƻ ǘŀǳƎƘǘ ŀǘ ǘƘŜ IƛƎƘŜǊ aŜǘŀƭ {ŎƘƻƻƭ ƛƴ bŜǿ .ŜƭƎǊŀŘŜΣ ŀǎ ǿŜƭƭ ŀǎ ŀǘ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ aŜŎƘŀƴƛȊŀǝƻƴ ƻŦ 

ǘƘŜ CŀŎǳƭǘȅ ƻŦ !ƎǊƛŎǳƭǘǳǊŜ ƛƴ ½ŜƳǳƴΦ !ƊŜǊ ǊŜǝǊƛƴƎ ŦǊƻƳ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ .ŜƭƎǊŀŘŜ ŀǘ ǘƘŜ ŜƴŘ ƻŦ 

мффтΣ ƘŜ ǿŀǎ ŜƴƎŀƎŜŘ ŦƻǊ ŦƻǳǊ ȅŜŀǊǎ ŀǎ ŀ Ŧǳƭƭ ǇǊƻŦŜǎǎƻǊ ōȅ ƛƴǾƛǘŀǝƻƴ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƻŦ ǘƘŜ 

¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ǊǇǎƪƛ {ŀǊŀƧŜǾƻΦ IŜ ǿŀǎ ŀ ƳŜƴǘƻǊ ŦƻǊ ƻǾŜǊ ррл ŘƛǇƭƻƳŀ ǘƘŜǎŜǎΣ мн ƳŀǎǘŜǊϥǎ ǘƘŜǎŜǎ ŀƴŘ у ŘƻŎǘƻǊŀƭ 

ŘƛǎǎŜǊǘŀǝƻƴǎΦ IŜ ǇǳōƭƛǎƘŜŘ όŀǎ ŀǳǘƘƻǊ ŀƴŘ ŎƻπŀǳǘƘƻǊύ мр ǘŜȄǘōƻƻƪǎ ŀƴŘ ƳŀƴǳŀƭǎΣ ǿƘƛŎƘ ƘŀŘ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ŜŘƛǝƻƴǎΥ 

ŦƻǊ ǎŜŎƻƴŘŀǊȅ ǎŎƘƻƻƭǎ ƻŦ ƳŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎΣ ƘƛƎƘŜǊ ƳŜŎƘŀƴƛŎŀƭ ǘŜŎƘƴƛŎŀƭ ǎŎƘƻƻƭǎ ŀƴŘ ǳƴƛǾŜǊǎƛǘȅ ǘŜŀŎƘƛƴƎΦ  

IŜ ǿŀǎ ŀŎǝǾŜƭȅ ŜƴƎŀƎŜŘ ƛƴ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀƴŘ ǎŎƛŜƴǝŬŎ ǿƻǊƪ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎΣ ǇŀǊǝŎƛǇŀǝƴƎ ƛƴ ǘƘŜ 

ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ƻǾŜǊ ол ǎŎƛŜƴǝŬŎ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘǎΦ IŜ ǇǳōƭƛǎƘŜŘ ŀōƻǳǘ фл ǇŀǇŜǊǎ ƛƴ ƧƻǳǊƴŀƭǎ ŀƴŘ ǇǳōƭƛŎƭȅ ŀƴƴƻǳƴŎŜŘ 

ŀǘ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀƴŘ ǎŎƛŜƴǝŬŎ ŎƻƴŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅ ŀƴŘ ŀōǊƻŀŘΦ IŜ ǿǊƻǘŜ ŀǎ ŀƴ ŀǳǘƘƻǊ ŀƴŘ ŎƻπŀǳǘƘƻǊ ǘǿƻ 

ƳƻƴƻƎǊŀǇƘǎΥ ϦDǊƛƴŘƛƴƎΣ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ǎǘŀǘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ŀƴŘ ǇǊƻŎŜǎǎ ƻǇǝƳƛȊŀǝƻƴϦΣ ŀƴŘ Ϧ/ǳǩƴƎ ǇǊƻŎŜǎǎƛƴƎ ƻŦ 

ŘƛŶŎǳƭǘπǘƻπƳŀŎƘƛƴŜ ƳŜǘŀƭǎ ŀƴŘ ŀƭƭƻȅǎϦΣ ŀƴŘ ŀǎ ŀ ŎƻπŀǳǘƘƻǊ ƻŦ ǘǿƻ ǇǳōƭƛŎŀǝƻƴǎΥ ϦtǊƻŦΦ 5ǊΦ tŀǾƭŜ tΦ {ǘŀƴƪƻǾƛŏ π ǇŜŘŀƎƻƎƛŎŀƭ 

ŀƴŘ ǎŎƛŜƴǝŬŎ ŎƻƴǘǊƛōǳǝƻƴǎ ǘƻ ǘƘŜ ŬŜƭŘ ƻŦ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎϦ ŀƴŘ ϦtǊƻŦΦ 5ǊΦ ±ƭŀŘƛƳƛǊ .Φ ~ƻƭŀƧŀ π ǇŜŘŀƎƻƎƛŎŀƭ ŀƴŘ 

ǎŎƛŜƴǝŬŎ ŎƻƴǘǊƛōǳǝƻƴǎ ǘƻ ǘƘŜ ŬŜƭŘ ƻŦ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎ ŀƴŘ ǘƘŜ ǎǘǳŘȅ ƻŦ ǘƘŜ ƘƛǎǘƻǊƛƻƎǊŀǇƘȅ ƻŦ ŜƴƎƛƴŜŜǊƛƴƎ ƛƴ 

{ŜǊōƛŀϦΦ IŜ ǿǊƻǘŜ ƻǾŜǊ нр ǊŜǾƛŜǿǎΦ !ǎ ŀ ŎƻƴǘǊƛōǳǘƻǊ ǘƻ ǘƘŜ {ŜǊōƛŀƴ 9ƴŎȅŎƭƻǇŜŘƛŀΣ ƘŜ ǿǊƻǘŜ ƴƛƴŜ ōƛƻƎǊŀǇƘƛŎŀƭ ŜƴǘǊƛŜǎ ƛƴ 

ǘƘŜ ŬŜƭŘ ƻŦ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎΦ 

IŜ Ƙŀǎ ƳŀŘŜ ǎŜǾŜǊŀƭ ǎƘƻǊǘ ŀƴŘ ƭƻƴƎ Ǿƛǎƛǘǎ ǘƻ ǳƴƛǾŜǊǎƛǘȅ ŎŜƴǘŜǊǎ ƛƴ 9ǳǊƻǇŜΥ ¢¦ .ŜǊƭƛƴΣ ¢¦ .ǊŀǳƴǎŎƘǿŜƛƎΣ ¢I 5ŀǊƳǎǘŀŘǘΣ 

¢I YŀǊƭǎǊǳƘŜΣ ¢¦ 5ǊŜǎŘŜƴΣ ǘƘŜ LƴǎǝǘǳǘŜ ŦƻǊ {ǳǇŜǊƘŀǊŘ aŀǘŜǊƛŀƭǎ ƛƴ YƛŜǾΣ ¢¦ .ǊŀǳƴǎŎƘǿŜƛƎ ŀƴŘ ¢I 5ŀǊƳǎǘŀŘǘ ŀǎ ŀ 

IǳƳōƻƭŘǘ CƻǳƴŘŀǝƻƴ ǎŎƘƻƭŀǊǎƘƛǇ ƘƻƭŘŜǊΦ 

IŜ ǿŀǎ ŀŎǝǾŜ ƛƴ ǎƻŎƛŀƭ ǿƻǊƪ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ .ŜƭƎǊŀŘŜΣ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŜƭƎǊŀŘŜΣ ǇǊƻŦŜǎǎƛƻƴŀƭ 

ƻǊƎŀƴƛȊŀǝƻƴǎ ŀƴŘ ŀǎǎƻŎƛŀǝƻƴǎΦ !ǘ ǘƘŜ CŀŎǳƭǘȅΣ ƘŜ ǎŜǊǾŜŘ ŀǎ ±ƛŎŜπ5Ŝŀƴ ŦƻǊ CƛƴŀƴŎŜΦ IŜ ǿŀǎ ŀƭǎƻ ǘƘŜ ŎƘŀƛǊƳŀƴ ƻŦ ǎŜǾŜǊŀƭ 

ŎƻƳƳƛǎǎƛƻƴǎ ŀƴŘ ōƻŀǊŘǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ōƻŀǊŘ ŦƻǊ ǇǳōƭƛǎƘƛƴƎΣ ǘƘŜ ƘŜŀŘ ƻŦ ǘƘŜ hh¦w ŦƻǊ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ 

ƳŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎ ŀƴŘ ǘƘŜ ŎƘŀƛǊƳŀƴ ƻŦ ǘƘŜ 9ȄŜŎǳǝǾŜ .ƻŀǊŘ ƻŦ ǘƘŜ /ƻǳƴŎƛƭ ƻŦ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 



9ƴƎƛƴŜŜǊƛƴƎΦ IŜ ǿŀǎ ŀƭǎƻ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ 9ŘǳŎŀǝƻƴŀƭ /ƻǳƴŎƛƭ ƻŦ ǘƘŜ wŜǇǳōƭƛŎ ƻŦ {ŜǊōƛŀΣ tǊŜǎƛŘŜƴǘ ƻŦ ǘƘŜ /ƻƳƳƛǎǎƛƻƴ 

ŦƻǊ aŜŎƘŀƴƛŎŀƭ ŀƴŘ 9ƴŜǊƎȅ tǊƻŦŜǎǎƛƻƴǎ ƻŦ {ŜŎƻƴŘŀǊȅ 9ŘǳŎŀǝƻƴ ƻŦ ǘƘŜ 9ŘǳŎŀǝƻƴŀƭ /ƻǳƴŎƛƭΣ IŜŀŘ ƻŦ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 

ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ ¦ȌƛŎŜΣ ŀǎ ǿŜƭƭ ŀǎ tǊŜǎƛŘŜƴǘ ƻŦ ǘƘŜ /ƛǘȅ .ƻŀǊŘ ƻŦ ǘƘŜ !ǎǎƻŎƛŀǝƻƴ ƻŦ ¢ƻƻƭƳŀƪŜǊǎ 

ŀƴŘ {ŜŎǊŜǘŀǊȅ ƻŦ ǘƘŜ wŜǇǳōƭƛŎ .ƻŀǊŘ ƻŦ ǘƘŜ !ǎǎƻŎƛŀǝƻƴ ƻŦ ¢ƻƻƭƳŀƪŜǊǎ ƻŦ {ŜǊōƛŀΦ IŜ ǿŀǎ ŀƭǎƻ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ /ƻƳƳƛǎǎƛƻƴ 

ŦƻǊ ¢ƻƻƭǎ ƻŦ ǘƘŜ ¸ǳƎƻǎƭŀǾ LƴǎǝǘǳǘŜ ŦƻǊ {ǘŀƴŘŀǊŘƛȊŀǝƻƴΣ ŀǎ ǿŜƭƭ ŀǎ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ 9ŘƛǘƻǊƛŀƭ .ƻŀǊŘ ƻŦ ǘƘŜ ƧƻǳǊƴŀƭ 

Ϧ¢ŜŎƘƴƻƭƻƎȅϦ ŀƴŘ ŜŘƛǘƻǊπƛƴπŎƘƛŜŦ ƻŦ ǘƘŜ ϦaŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎϦ ǎŜŎǝƻƴΦ 

IŜ ƛǎ ǘƘŜ ǊŜŎƛǇƛŜƴǘ ƻŦ ƴǳƳŜǊƻǳǎ ŀǿŀǊŘǎ ŀƴŘ ǊŜŎƻƎƴƛǝƻƴǎΣ ƛƴŎƭǳŘƛƴƎΥ ǘƘŜ .ŜƭƎǊŀŘŜ /ƘŀƳōŜǊ ƻŦ /ƻƳƳŜǊŎŜ !ǿŀǊŘ ŦƻǊ ǘƘŜ 

ōŜǎǘ ŘƻŎǘƻǊŀƭ ŘƛǎǎŜǊǘŀǝƻƴ ƛƴ ǘŜŎƘƴƛŎŀƭ ǎŎƛŜƴŎŜǎ ŘŜŦŜƴŘŜŘ ƛƴ мфтрΣ ǘƘŜ hŎǘƻōŜǊ !ǿŀǊŘ ƻŦ ǘƘŜ .ŜƭƎǊŀŘŜ /ƛǘȅ !ǎǎŜƳōƭȅ ŦƻǊ 

ǘƘŜ ƳƻƴƻƎǊŀǇƘ ϦDǊƛƴŘƛƴƎΣ LŘŜƴǝŬŎŀǝƻƴ ƻŦ /ƻƴŘƛǝƻƴ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ ŀƴŘ tǊƻŎŜǎǎ hǇǝƳƛȊŀǝƻƴϦ ŀǎ ǘƘŜ ōŜǎǘ ǿƻǊƪ ƛƴ ǘƘŜ 

ŬŜƭŘ ƻŦ ǘŜŎƘƴƛŎŀƭ ǎŎƛŜƴŎŜǎ ǇǳōƭƛǎƘŜŘ ƛƴ .ŜƭƎǊŀŘŜ ƛƴ мфутΣ ǘƘŜ ϦtǊƻŦΦ ŘǊΦ tŀǾƭŜ tΦ {ǘŀƴƪƻǾƛŏϦ ǇƭŀǉǳŜ ŀƴŘ ŎƘŀǊǘŜǊ ŀǿŀǊŘŜŘ 

ōȅ ǘƘŜ !ǎǎƻŎƛŀǝƻƴ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎ Lƴǎǝǘǳǝƻƴǎ ƻŦ ¸ǳƎƻǎƭŀǾƛŀ ƛƴ мффп ŦƻǊ Ƙƛǎ ƻǾŜǊŀƭƭ ŎƻƴǘǊƛōǳǝƻƴ ǘƻ ǘƘŜ 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎΣ ŀƴŘ ǘƘŜ {ǇŜŎƛŀƭ tƭŀǉǳŜ ƻŦ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ /ƻǳƴŎƛƭ ƛƴ 

мффр ƻƴ ǘƘŜ ƻŎŎŀǎƛƻƴ ƻŦ CŀŎǳƭǘȅ 5ŀȅ ŦƻǊ ор ȅŜŀǊǎ ƻŦ ǿƻǊƪ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ŀƴŘ ƳŜƴǘƻǊƛƴƎ рлл ŘƛǇƭƻƳŀ ǘƘŜǎŜǎΦ 

IŜ ŘŜŘƛŎŀǘŜŘ ǘƘŜ ƭŀǎǘ мл ȅŜŀǊǎ ƻŦ Ƙƛǎ ƭƛŦŜ ǘƻ ǿǊƛǝƴƎ ǾŀƭǳŀōƭŜ ǘŜǎǝƳƻƴƛŜǎ ŀōƻǳǘ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǎǳŎŎŜǎǎŦǳƭ ǎǘŀƎŜǎ ƻŦ ǘƘŜ 

CŀŎǳƭǘȅϥǎ ŘŜǾŜƭƻǇƳŜƴǘΦ IŜ ƎǊŜŀǘƭȅ ƛƴƅǳŜƴŎŜŘ ǘƘŜ ŀǿŀǊŜƴŜǎǎ ƻŦ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǊŜŎƻǊŘƛƴƎ ǎƛƎƴƛŬŎŀƴǘ ƘƛǎǘƻǊƛŎŀƭ ŘŀǘŜǎ 

ŀƴŘ ŦŀŎǘǎΣ ƴƻǘ ƻƴƭȅ ŦƻǊ {ŜǊōƛŀƴ ǎŎƛŜƴŎŜΣ ōǳǘ ŀƭǎƻ ŦƻǊ ǘƘŜ ŜƴǝǊŜ ƴŀǝƻƴŀƭ ŘƛǎŎƻǳǊǎŜΦ 

tǊƻŦΦ WƻǾƛŏƛŏϥǎ ŜȄŎŜǇǝƻƴŀƭ ǿƻǊƪ ƛƴ ǘŜŀŎƘƛƴƎΣ ǇǊƻŦŜǎǎƛƻƴ ŀƴŘ ǎŎƛŜƴŎŜ ǿƛƭƭ ōŜ ǊŜƳŜƳōŜǊŜŘ ōȅ ƎŜƴŜǊŀǝƻƴǎ ƻŦ ǎǘǳŘŜƴǘǎΣ 

ŎƻƭƭŜŀƎǳŜǎΣ ǇǊƻŦŜǎǎƻǊǎ ŀƴŘ ŜƴƎƛƴŜŜǊǎΦ IŜ ǿƛƭƭ ǊŜƳŀƛƴ ƛƴ ǘƘŜ ƭŀǎǝƴƎ ƳŜƳƻǊȅ ƻŦ Ƙƛǎ ŎƻƭƭŜŀƎǳŜǎ ŦǊƻƳ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 

tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎΣ ŀƴŘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ǿƛƭƭ ōŜ ŦƻǊŜǾŜǊ ƎǊŀǘŜŦǳƭ ǘƻ ƘƛƳ ŦƻǊ Ƙƛǎ ŎƻƳƳƛǘƳŜƴǘ 

ǘƻ ǘƘŜ ŦŀŎǳƭǘȅ ŀƴŘ ŘŜŘƛŎŀǝƻƴ ǘƻ ǘƘŜ ǎǘǳŘȅ ƻŦ ƛǘǎ ƘƛǎǘƻǊȅΦ 

 

tǊƻŦΦ ŘǊ aƛƘŀƧƭƻ tƻǇƻǾƛŏ 

  



Lƴ ƳŜƳƻǊƛŀƳ  

tǊƻŦΦ 9ƳŜǊƛǘŀ ŘǊ [ŜǇƻǎŀǾŀ ~ƛŚŀƴƛƴ όмфпл π нлноύШ  

Lƴ bƻǾƛ {ŀŘΣ ƻƴ bƻǾŜƳōŜǊ млΣ нлноΣ ƻǳǊ ŜǎǘŜŜƳŜŘ ŀƴŘ ōŜƭƻǾŜŘ tǊƻŦŜǎǎƻǊ 9ƳŜǊƛǘǳǎ ŘǊ [ŜǇƻǎŀǾŀ ~ƛŚŀƴƛƴ ǇŀǎǎŜŘ ŀǿŀȅ ŀǘ 

ǘƘŜ ŀƎŜ ƻŦ уоΦ {ƘŜ ǿŀǎ ŀ ŎƘŜǊƛǎƘŜŘ ŜŘǳŎŀǘƻǊ ǿƘƻǎŜ ǿƛǎŘƻƳ ŀƴŘ ƎǳƛŘŀƴŎŜ ǘƻǳŎƘŜŘ ǘƘŜ ƭƛǾŜǎ ƻŦ Ƴŀƴȅ ǎǘǳŘŜƴǘǎ ŀƴŘ 

ŎƻƭƭŜŀƎǳŜǎΦ IŜǊ ŘŜŘƛŎŀǝƻƴ ǘƻ ǘŜŀŎƘƛƴƎ ŀƴŘ ƘŜǊ Ǉŀǎǎƛƻƴ ŦƻǊ ƪƴƻǿƭŜŘƎŜ ƭŜƊ ŀƴ ƛƴŘŜƭƛōƭŜ ƳŀǊƪ ƻƴ ǘƘŜ ŀŎŀŘŜƳƛŎ ŎƻƳƳǳƴƛǘȅΦ 

tǊƻŦŜǎǎƻǊ ~ƛŚŀƴƛƴϥǎ ƭŜƎŀŎȅ ǿƛƭƭ ŎƻƴǝƴǳŜ ǘƻ ƛƴǎǇƛǊŜ ŦǳǘǳǊŜ ƎŜƴŜǊŀǝƻƴǎΣ ŀƴŘ ƘŜǊ ƳŜƳƻǊȅ ǿƛƭƭ ōŜ ƘŜƭŘ ƛƴ ǘƘŜ ƘƛƎƘŜǎǘ ǊŜƎŀǊŘ 

ōȅ ŀƭƭ ǿƘƻ ƘŀŘ ǘƘŜ ǇǊƛǾƛƭŜƎŜ ƻŦ ƪƴƻǿƛƴƎ ƘŜǊΦ  

{ƘŜ ǿŀǎ ōƻǊƴ ƻƴ !ǇǊƛƭ сΣ мфплΣ ƛƴ {ƪƻǇƧŜΣ ƴƻǿ bƻǊǘƘ aŀŎŜŘƻƴƛŀΦ !ƊŜǊ ŎƻƳǇƭŜǝƴƎ ƘƛƎƘ ǎŎƘƻƻƭ ƛƴ {ƪƻǇƧŜ ƛƴ мфрфΣ ǎƘŜ 

ŜƴǊƻƭƭŜŘ ƛƴ ǘƘŜ CŀŎǳƭǘȅ ƻŦ bŀǘǳǊŀƭ {ŎƛŜƴŎŜǎ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ aŜǘŀƭƭǳǊƎȅΣ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƧǳōƭƧŀƴŀΣ 

{ƭƻǾŜƴƛŀΣ ǿƘŜǊŜ ǎƘŜ ǿŀǎ ǘƘŜ ƻƴƭȅ ƎƛǊƭ ŀƳƻƴƎ сл ǎǘǳŘŜƴǘǎ ƛƴ ƘŜǊ ƎŜƴŜǊŀǝƻƴΦ {ƘŜ ƎǊŀŘǳŀǘŜŘ ƛƴ WǳƴŜ мфсрΦ 

Lƴ [ƧǳōƭƧŀƴŀΣ ŀǘ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ aŜǘŀƭƭǳǊƎȅ όƴƻǿ aŜǘŀƭƭǳǊƎȅ ŀƴŘ aŀǘŜǊƛŀƭǎύ ƻŦ ǘƘŜ CŀŎǳƭǘȅ ƻŦ bŀǘǳǊŀƭ {ŎƛŜƴŎŜǎ ŀƴŘ 

9ƴƎƛƴŜŜǊƛƴƎΣ ǎƘŜ ŘŜŦŜƴŘŜŘ ƘŜǊ aŀǎǘŜǊϥǎ ǘƘŜǎƛǎ ǝǘƭŜŘ ϦwŜǎŜŀǊŎƘ ƻŦ hǇǝƳŀƭ 5ƛƳŜƴǎƛƻƴǎ ƛƴ CƛƴŜ ²ƛǊŜ 5ǊŀǿƛƴƎϦ ƛƴ WŀƴǳŀǊȅ 

мфтсΣ ŀƴŘ ƘŜǊ ŘƻŎǘƻǊŀƭ ŘƛǎǎŜǊǘŀǝƻƴ ϦaƻǊǇƘƻƭƻƎȅ ŀƴŘ aŜŎƘŀƴƛǎƳǎ ƻŦ CǊŀŎǘǳǊŜ ƻŦ [ƻǿπ/ŀǊōƻƴ YƛƭƭŜŘ {ǘŜŜƭϦ ǿŀǎ ŘŜŦŜƴŘŜŘ 

ƛƴ WǳƴŜ мфуоΦ !ǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƧǳōƭƧŀƴŀΣ ǎƘŜ ƳŜǘ ƘŜǊ ƘǳǎōŀƴŘΣ 5ǳǑŀƴ ~ƛŚŀƴƛƴΣ ƳŀǎǘŜǊ ŜƴƎƛƴŜŜǊ ƻŦ ƳŜǘŀƭƭǳǊƎȅΣ ŀƴŘ 

ǘƘŜȅ ǿŜǊŜ ƳŀǊǊƛŜŘ ǳƴǝƭ Ƙƛǎ ǇŀǎǎƛƴƎ ƛƴ нлмнΦ ¢ƘŜȅ ƘŀŘ ƻƴŜ ŘŀǳƎƘǘŜǊΣ ŘǊ 5ǳǑƪŀ ~ƛŚŀƴƛƴΣ tƘΦ5ΦΣ ǿƘƻ ƛǎ ŀ ǇǊƻŦŜǎǎƻǊ ƻŦ 

DŜƴŜǝŎǎ ŀǘ ǘƘŜ aŜŘƛŎŀƭ /ƻƭƭŜƎŜ ƻŦ ²ƛǎŎƻƴǎƛƴΣ aƛƭǿŀǳƪŜŜΣ ¦{!Φ 5ǳǑƪŀ ƛǎ ƳŀǊǊƛŜŘ ǘƻ aƛŎƘŀŜƭ aŀƛŜǊΣ ŀƴŘ ǘƘŜȅ ƘŀǾŜ ǘǿƻ 

ŎƘƛƭŘǊŜƴΣ aŀǊƪ ŀƴŘ !ƭŜȄΦ 

!ƊŜǊ ƳŀǊǊƛŀƎŜΣ tǊƻŦŜǎǎƻǊ ~ƛŚŀƴƛƴ ƳƻǾŜŘ ǘƻ bƻǾƛ {ŀŘ ŀƴŘ ōŜƎŀƴ ƘŜǊ ǘŜŀŎƘƛƴƎ ŎŀǊŜŜǊ ƻƴ {ŜǇǘŜƳōŜǊ мΣ мфсрΣ ŀǎ ŀ ƘƛƎƘ 

ǎŎƘƻƻƭ ǘŜŀŎƘŜǊ ŀǘ ǘƘŜ aŜŎƘŀƴƛŎŀƭ ¢ŜŎƘƴƛŎŀƭ {ŎƘƻƻƭ ƛƴ bƻǾƛ {ŀŘΣ ǿƘŜǊŜ ǎƘŜ ǿƻǊƪŜŘ ǳƴǝƭ !ǳƎǳǎǘ олΣ мфтнΦ CƻƭƭƻǿƛƴƎ ƘŜǊ 

ŀǇǇƻƛƴǘƳŜƴǘ ŀǎ ŀ ǘŜŀŎƘƛƴƎ ŀǎǎƛǎǘŀƴǘΣ ǎƘŜ ƧƻƛƴŜŘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎ ƻƴ {ŜǇǘŜƳōŜǊ мΣ мфтнΣ ǿƘŜǊŜ ǎƘŜ 

ǿƻǊƪŜŘ ǳƴǝƭ ƘŜǊ ǊŜǝǊŜƳŜƴǘ ƻƴ {ŜǇǘŜƳōŜǊ олΣ нллтΣ ŀƊŜǊ пн ȅŜŀǊǎ ƻŦ ŜƳǇƭƻȅƳŜƴǘΦ 

!ǘ ǘƘŜ CŀŎǳƭǘȅΣ ǎƘŜ ōŜŎƻƳŜ ŀǎǎƛǎǘŀƴǘ ǇǊƻŦŜǎǎƻǊ ƛƴ мфупΣ ŀǎǎƻŎƛŀǘŜ ǇǊƻŦŜǎǎƻǊ ƛƴ мфуфΣ ŀƴŘ ŀ Ŧǳƭƭ ǇǊƻŦŜǎǎƻǊ ƛƴ мффпΦ hƴ 

WŀƴǳŀǊȅ нпΣ нллуΣ ǎƘŜ ǿŀǎ ƘƻƴƻǊŜŘ ǿƛǘƘ ǘƘŜ ǝǘƭŜ ƻŦ ŜƳŜǊƛǘǳǎ ǇǊƻŦŜǎǎƻǊ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ ōŜŎƻƳƛƴƎ ƻƴŜ ƻŦ 

ǘƘŜ ƛƴŀǳƎǳǊŀƭ ǎƛȄ ǘƻ ǊŜŎŜƛǾŜ ǘƘƛǎ ŘƛǎǝƴŎǝƻƴΦ IŜǊ ǎŎƛŜƴǝŬŎ ŬŜƭŘ ǿŀǎ aŀǘŜǊƛŀƭ {ŎƛŜƴŎŜΣ 9ƴƎƛƴŜŜǊƛƴƎ aŀǘŜǊƛŀƭǎΣ ŀƴŘ 

aƛŎǊƻǎŎƻǇȅΦ 

{ƛƴŎŜ нллуΣ ŀǎ ŀ ǇǊƻŦŜǎǎƻǊ ŜƳŜǊƛǘǳǎ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ ǎƘŜ ǘŜŀŎƘŜǎ ŀǘ ƳŀǎǘŜǊϥǎ ŀƴŘ ŘƻŎǘƻǊŀƭ ǎǘǳŘƛŜǎΣ 

ǇŀǎǎƛƴƎ ƻƴ ƘŜǊ ƪƴƻǿƭŜŘƎŜ ǘƻ ǎǘǳŘŜƴǘǎ ǳƴǝƭ ǘƘŜ ǾŜǊȅ ƭŀǎǘ ƳƻƳŜƴǘΦ {ƘŜ ŀƭǎƻ ŦƻǊƳŜǊƭȅ ƭŜŎǘǳǊŜŘ ŀǘ ǘƘŜ ¢ŜŎƘƴƛŎŀƭ CŀŎǳƭǘȅ 

ϦaƛƘŀƧƭƻ tǳǇƛƴϦ ƛƴ ½ǊŜƴƧŀƴƛƴΣ ŀƴŘ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ !ƎǊƛŎǳƭǘǳǊŜ ŀƴŘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ {ŎƛŜƴŎŜǎ ƛƴ bƻǾƛ {ŀŘΦ !ǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ 

ƻŦ /ŀƭƛŦƻǊƴƛŀ ŀǘ .ŜǊƪŜƭŜȅΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ aŀǘŜǊƛŀƭ {ŎƛŜƴŎŜ ŀƴŘ aƛƴŜǊŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ ǎƘŜ ƘŜƭŘ ŀ ǇƻǊǝƻƴ ƻŦ ǘƘŜ ƭŀōƻǊŀǘƻǊȅ 

ŜȄŜǊŎƛǎŜǎ ŦƻǊ ǘƘŜ ŎƻǳǊǎŜ 9ƴƎƛƴŜŜǊƛƴƎ aŀǘŜǊƛŀƭǎ ŀƴŘ ǘƘŜƛǊ !ǇǇƭƛŎŀǝƻƴǎ ǳƴŘŜǊ tǊƻŦΦ DŀǊŜǘƘ ¢ƘƻƳŀǎ ŘǳǊƛƴƎ ǘƘŜ мфусκут 

ǎŎƘƻƻƭ ȅŜŀǊΦ ¢ƘǊƻǳƎƘƻǳǘ ƘŜǊ ƭƻƴƎ ǘŜŀŎƘƛƴƎ ŎŀǊŜŜǊΣ ǎƘŜ ǿŀǎ ŀƭǿŀȅǎ ƘƛƎƘƭȅ ŜǎǘŜŜƳŜŘ ŀƴŘ ōŜƭƻǾŜŘ ōȅ ǎǘǳŘŜƴǘǎΦ 

!ǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ ǎƘŜ ƛƴǘǊƻŘǳŎŜǎ ƴŜǿ ǎǳōƧŜŎǘǎ ƛƴǘƻ ǘƘŜ ŎǳǊǊƛŎǳƭǳƳΥ aŜǘŀƭƭƻƎǊŀǇƘȅΣ CǊŀŎǘǳǊŜ aŜŎƘŀƴƛŎǎ 

ƻŦ aŀǘŜǊƛŀƭǎΣ aƛŎǊƻǎŎƻǇƛŎ !ǎǇŜŎǘǎ ƻŦ CǊŀŎǘǳǊŜΣ {ŜƭŜŎǘŜŘ /ƘŀǇǘŜǊǎ ŦǊƻƳ tƘŀǎŜ ŀƴŘ {ǘǊǳŎǘǳǊŀƭ ¢ǊŀƴǎŦƻǊƳŀǝƻƴǎΣ !ŘǾŀƴŎŜŘ 

aŀǘŜǊƛŀƭǎΣ !ŘǾŀƴŎŜŘ aŜǘƘƻŘǎ ƻŦ aŀǘŜǊƛŀƭ ¢ŜǎǝƴƎΣ [ƛƎƘǘ ŀƴŘ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅΣ ŀƴŘ 9ƭŜŎǘǊƻƴ aƛŎǊƻŀƴŀƭȅǎƛǎΦ Lƴ мфтрΣ 

ŀǘ ǘƘŜ CŀŎǳƭǘȅ ǎƘŜ ŜǎǘŀōƭƛǎƘŜŘ ŀ aŜǘŀƭƭƻƎǊŀǇƘƛŎ [ŀōƻǊŀǘƻǊȅ ǿƛǘƘ ƘƛƎƘπǉǳŀƭƛǘȅ ŜǉǳƛǇƳŜƴǘ ǘƘŀǘ ƛǎ ǎǝƭƭ ƛƴ ƛƴǘŜƴǎƛǾŜ ǳǎŜ ǘƻŘŀȅ 

ŀƴŘ Ƙŀǎ ōŜŜƴ ǊŜŎƻƎƴƛȊŜŘ ŀǎ ŀ ǊŜŦŜǊŜƴŎŜ ƭŀōƻǊŀǘƻǊȅ ōȅ ǘƘŜ /ƻƳƳƛǧŜŜ ŦƻǊ LƴǘŜǊƭŀōƻǊŀǘƻǊȅ aŀǘŜǊƛŀƭ ¢ŜǎǝƴƎ όYhaLaύ 

ǘƘŀƴƪǎ ǘƻ ƛǘǎ ǎǳŎŎŜǎǎŦǳƭ ǿƻǊƪΦ !ǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƭŜǾŜƭΣ ƛƴ мфтуΣ ǎƘŜ ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ǘƘŜ ǇǊƻŎǳǊŜƳŜƴǘ ƻŦ {9a ŀƴŘ ¢9a 

ƳƛŎǊƻǎŎƻǇŜǎ ŀƴŘ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ŀƴ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅ [ŀōƻǊŀǘƻǊȅΦ ¢ƘǊƻǳƎƘ ƘŜǊ ǝǊŜƭŜǎǎ ŜũƻǊǘǎ ŀƴŘ ǿƛǘƘ ǘƘŜ ƘŜƭǇ 



ƻŦ ŎƻƭƭŜŀƎǳŜǎ ŦǊƻƳ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅΣ ŀ ƴŜǿ {9a ƳƛŎǊƻǎŎƻǇŜ ǿŀǎ ŀŎǉǳƛǊŜŘ ƛƴ нллоΣ ŀƴŘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ /ŜƴǘŜǊ ŦƻǊ 9ƭŜŎǘǊƻƴ 

aƛŎǊƻǎŎƻǇȅ π bƻǾƛ {ŀŘ ǿŀǎ ŦƻǊƳŜŘΦ {ƛƴŎŜ нллоΣ ǎƘŜ Ƙŀǎ ōŜŜƴ ǘƘŜ ŬǊǎǘ tǊŜǎƛŘŜƴǘ ƻŦ ǘƘŜ /ŜƴǘŜǊϥǎ /ƻǳƴŎƛƭΦ Lƴ нллнΣ ǘƘŀƴƪǎ 

ǘƻ ƘŜǊ ŘŜŘƛŎŀǝƻƴ ŀƴŘ ǘƘŜ ǎǳǇǇƻǊǘ ƻŦ ǘƘŜ 5Ŝŀƴ ƻŦ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ tǊƻŦŜǎǎƻǊ LƭƛƧŀ 0ƻǎƛŏΣ ǘƘŜ /ƘŀƛǊ ƻŦ 

aŀǘŜǊƛŀƭǎ ŀƴŘ WƻƛƴƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŜǎΣ ŀǘ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎ ǿŀǎ ŜǎǘŀōƭƛǎƘŜŘΣ ŀƴŘ ǎƘŜ ǿŀǎ 

ŀǇǇƻƛƴǘŜŘ ŀǎ ƛǘǎ ŬǊǎǘ ƘŜŀŘΦ ¢Ƙƛǎ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƳŀǘŜǊƛŀƭǎ ƛƴ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǿƘƛŎƘ ŦǳǊǘƘŜǊ 

ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƭƭ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ŀǊŜŀǎ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎΦ 

¢ƘǊƻǳƎƘƻǳǘ ƘŜǊ ǎŎƛŜƴǝŬŎ ŎŀǊŜŜǊΣ ǎƘŜ ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ƴǳƳŜǊƻǳǎ ǎŎƛŜƴǝŬŎ ŜȄŎƘŀƴƎŜ ǇǊƻƎǊŀƳǎΣ ƴƻǘŀōƭȅ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ 

ƻŦ .ƛǊƳƛƴƎƘŀƳΣ ¦YΣ ŀƴŘ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ŀƭƛŦƻǊƴƛŀΣ .ŜǊƪŜƭŜȅΣ ¦{!Σ ǿƘŜǊŜ ǎƘŜ ǎǇŜŎƛŀƭƛȊŜŘ ƛƴ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅΦ {ƘŜ 

ǎǇŜƴǘ ŀ ǘƻǘŀƭ ƻŦ нл ƳƻƴǘƘǎ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ƛǊƳƛƴƎƘŀƳ ŦǊƻƳ мфтт ǘƻ мффрΣ ǳƴŘŜǊ tǊƻŦŜǎǎƻǊ wŀȅ όwŀȅƳƻƴŘ 9ŘǿŀǊŘύ 

{ƳŀƭƭƳŀƴΦ Lƴƛǝŀƭƭȅ ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘΣ ƘŜǊ ǘǊŀƛƴƛƴƎ ǿŀǎ ƭŀǘŜǊ ŦǳƴŘŜŘ ōȅ ǘƘŜ .ǊƛǝǎƘ /ƻǳƴŎƛƭΣ ǘƘŜ 

wƻȅŀƭ {ƻŎƛŜǘȅΣ ŀƴŘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ƛǊƳƛƴƎƘŀƳΦ Lƴ ǊŜŎƻƎƴƛǝƻƴ ƻŦ ŀ ƭƻƴƎπǎǘŀƴŘƛƴƎ ǎǳŎŎŜǎǎŦǳƭ ŎƻƭƭŀōƻǊŀǝƻƴΣ ƻƴ ǘƘŜ 

ǊŜŎƻƳƳŜƴŘŀǝƻƴ ƻŦ tǊƻŦΦ ~ƛŚŀƴƛƴ ŀƴŘ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎΣ C¢bΣ bƻǾƛ {ŀŘΣ ǘƘŜ 

¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘ ŀǿŀǊŘŜŘ tǊƻŦŜǎǎƻǊ wΦ9Φ {ƳŀƭƭƳŀƴ ŀƴ ƘƻƴƻǊŀǊȅ ŘƻŎǘƻǊŀǘŜ ƛƴ мффлΦ {ƘŜ ǎǇŜƴǘ мо ƳƻƴǘƘǎ ŀǘ .ŜǊƪŜƭŜȅ 

ŘǳǊƛƴƎ ǘƘŜ мфусκут ŀŎŀŘŜƳƛŎ ȅŜŀǊ ŀǎ ŀ ǊŜŎƛǇƛŜƴǘ ƻŦ ǘƘŜ ǇǊŜǎǝƎƛƻǳǎ CǳƭōǊƛƎƘǘ {ŎƘƻƭŀǊǎƘƛǇΣ ǳƴŘŜǊ tǊƻŦŜǎǎƻǊ DŀǊŜǘƘ 

¢ƘƻƳŀǎΦ 

{ƘŜ ŎƻƭƭŀōƻǊŀǘŜǎ ǿƛǘƘ tǊƻŦΦ {ǳǊȅŀ YŀƭƛƴŘƛƴŘƛΣ ƘŜŀŘ ƻŦ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ aŀǘŜǊƛŀƭ {ŎƛŜƴŎŜ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎ ŀǘ 5ǊŜȄŜƭ 

¦ƴƛǾŜǊǎƛǘȅΣ ¦{!Φ !ǎ ǇŀǊǘ ƻŦ ǘƘƛǎ ŎƻƭƭŀōƻǊŀǝƻƴΣ ŦƻǳǊ ǎǘǳŘŜƴǘǎ ŦǊƻƳ C¢b ǿŜǊŜ ŀŘƳƛǧŜŘ ǘƻ ŘƻŎǘƻǊŀƭ ǎǘǳŘƛŜǎ ŀƴŘ ǎǳŎŎŜǎǎŦǳƭƭȅ 

ŎƻƳǇƭŜǘŜŘ ǘƘŜƛǊ tƘ5ǎΦ 

tǊƻŦΦ ŘǊ ~ƛŚŀƴƛƴ Ƙŀǎ ǿƻǊƪŜŘ ǘƘǊƻǳƎƘƻǳǘ ƘŜǊ ŎŀǊŜŜǊ ƻƴ ǘƘŜ ŀŘǾŀƴŎŜƳŜƴǘ ƻŦ Ƴŀƴȅ ȅƻǳƴƎ ƛƴŘƛǾƛŘǳŀƭǎ ǿƘƻ ŀǊŜ ƴƻǿ ŜƳƛƴŜƴǘ 

ŜȄǇŜǊǘǎ ƛƴ ǘƘŜƛǊ ŬŜƭŘΣ ōƻǘƘ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅ ŀƴŘ ŀōǊƻŀŘΦ {ƘŜ ǇŀǊǝŎƛǇŀǘŜǎ ŀǎ ŀ ƳŜƴǘƻǊ ŀƴŘ ŀǎ ŀ ƳŜƳōŜǊ ƻŦ ŎƻƳƳƛǧŜŜǎ ƛƴ 

ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ōŀŎƘŜƭƻǊϥǎΣ ƳŀǎǘŜǊϥǎΣ ŀƴŘ ŘƻŎǘƻǊŀƭ ǘƘŜǎŜǎΣ ƴƻǘ ƻƴƭȅ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎ 

ōǳǘ ŀƭǎƻ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ {ŎƛŜƴŎŜǎ ŀƴŘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƻƭƻƎȅ ƛƴ bƻǾƛ {ŀŘΤ ŀǎ ǿŜƭƭ ŀǎ ŀǘ ŦŀŎǳƭǝŜǎ ƛƴ .ŜƭƎǊŀŘŜΣ tƻŘƎƻǊƛŎŀΣ 

ŀƴŘ {ŀǊŀƧŜǾƻΦ  

¢ƘŜ ǎŎƛŜƴǝŬŎ ǿƻǊƪ ƻŦ tǊƻŦΦ ŘǊ ~ƛŚŀƴƛƴ ǿŀǎ ǇǊƛƳŀǊƛƭȅ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ƻŦ 

ƳŜǘŀƭǎ ŀƴŘ ŀƭƭƻȅǎΣ ƻōǘŀƛƴŜŘ ǘƘǊƻǳƎƘ ǾŀǊƛƻǳǎ ǇǊƻŎŜǎǎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎΦ CƻǊ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴΣ ǎƘŜ ǳǝƭƛȊŜǎ ŀŘǾŀƴŎŜŘ 

ǊŜǎŜŀǊŎƘ ǘŜŎƘƴƛǉǳŜǎΣ ŀƳƻƴƎ ǿƘƛŎƘ ǘƘŜ ǊŜǎǳƭǘǎ ŀŎƘƛŜǾŜŘ ǳǎƛƴƎ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ό{9a ŀƴŘ ¢9aύ ŀƴŘ ŜƭŜŎǘǊƻƴ 

ƳƛŎǊƻŀƴŀƭȅǎƛǎ ǎǘŀƴŘ ƻǳǘΦ Lƴ ǘƘŜ ŬŜƭŘ ƻŦ ƳƛŎǊƻǎŎƻǇȅΣ ǎƘŜ ƛǎ ǊŜŎƻƎƴƛȊŜŘ ōƻǘƘ ŘƻƳŜǎǝŎŀƭƭȅ ŀƴŘ ƛƴǘŜǊƴŀǝƻƴŀƭƭȅΣ ŀƴŘ ƘŜǊ 

ƛƴǾƻƭǾŜƳŜƴǘ Ƙŀǎ ōŜŜƴ ƻŦ ƎǊŜŀǘ ǎƛƎƴƛŬŎŀƴŎŜ ƛƴ ŀŶǊƳƛƴƎ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘ ŀǎ ŀ ƭŜŀŘƛƴƎ ŎŜƴǘŜǊ ŦƻǊ ƳƛŎǊƻǎŎƻǇȅ ƛƴ 

ǘƘŜ ǊŜƎƛƻƴΦ !ŘŘƛǝƻƴŀƭƭȅΣ ƴƻǘŀōƭŜ ǊŜǎǳƭǘǎ ƘŀǾŜ ōŜŜƴ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ŀƴŘ 

ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ ƳŜǘŀƭƭƛŎ ƎƭŀǎǎŜǎΣ ǘǊŀŘƛǝƻƴŀƭ ŎŜǊŀƳƛŎǎΣ ŀƴŘ ǇƻƭȅƳŜǊǎΦ IŜǊ Ƴƻǎǘ ǎƛƎƴƛŬŎŀƴǘ ŎƻƴǘǊƛōǳǝƻƴ Ƙŀǎ ōŜŜƴ 

ƛƴ ǘƘŜ ǊŜǎŜŀǊŎƘ ƻŦ ƛǊƻƴπōŀǎŜŘ ŀƭƭƻȅǎΣ ǎǘŜŜƭǎΣ Ŏŀǎǘ ƛǊƻƴǎΣ ŀƴŘ ǇŀǊǝŎǳƭŀǊƭȅ !5L ƳŀǘŜǊƛŀƭǎΦ 

²ƻǊƪƛƴƎ ǿƛǘƘ ƘŜǊ ǿŀǎ ŀƴ ŜȄŎŜǇǝƻƴŀƭ ŜȄǇŜǊƛŜƴŎŜΤ ǎƘŜ ƪƴŜǿ ŀƭƭ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜǎΣ ŀƭƭ ǘƘŜ ŎƻƴŘƛǝƻƴǎ ƻŦ ǘǊŀƴǎŦƻǊƳŀǝƻƴΣ 

ŀƭƭ ǘƘŜ ƳŜǘƘƻŘǎ ƻŦ ǇǊŜǇŀǊŀǝƻƴΣ ŜǘŎƘƛƴƎΣ ŀƴŘ ƘŀŘ ŀ ǇƘƻǘƻƎǊŀǇƘƛŎ ƳŜƳƻǊȅΦ {ƘŜ ŀƭǿŀȅǎ ǎƘŀǊŜŘ ƘŜǊ ƪƴƻǿƭŜŘƎŜ ǎŜƭƅŜǎǎƭȅ 

ŀƴŘ ǿŀǎ ŀƭǿŀȅǎ ǘƘŜǊŜ ǘƻ ƘŜƭǇ ŜǾŜǊȅƻƴŜΦ 

tǊƻŦŜǎǎƻǊ ŘǊ ~ƛŚŀƴƛƴ ƛǎ ǘƘŜ ŀǳǘƘƻǊ ƻŦ пол ǎŎƛŜƴǝŬŎΣ ǊŜǾƛŜǿΣ ŀƴŘ ǇǊƻŦŜǎǎƛƻƴŀƭ ǇŀǇŜǊǎ ōƻǘƘ ŘƻƳŜǎǝŎŀƭƭȅ ŀƴŘ ƛƴǘŜǊƴŀǝƻƴŀƭƭȅΣ 

ƛƴŎƭǳŘƛƴƎ тл ǿƻǊƪǎ ƛƴ ǇǊŜǎǝƎƛƻǳǎ ƛƴǘŜǊƴŀǝƻƴŀƭ ƧƻǳǊƴŀƭǎΦ IŜ Ƙŀǎ ŀǳǘƘƻǊŜŘ ǎŜǾŜǊŀƭ ǘŜȄǘōƻƻƪǎΣ ōƻƻƪǎΣ ŀƴŘ ƻǘƘŜǊ 

ǇǊƻŦŜǎǎƛƻƴŀƭ ƭƛǘŜǊŀǘǳǊŜΣ ŀƴŘ Ƙŀǎ ōŜŜƴ ŀ ƭŜŀŘŜǊ ŀƴŘ ǇŀǊǝŎƛǇŀƴǘ ƛƴ ƴǳƳŜǊƻǳǎ ǎŎƛŜƴǝŬŎ ŀƴŘ ǇǊƻŦŜǎǎƛƻƴŀƭ ǿƻǊƪǎƘƻǇǎΣ 

ŎƻƴŦŜǊŜƴŎŜǎΣ ŀƴŘ ǇǊƻƧŜŎǘǎΦ 

²ƛǘƘƛƴ ǘƘŜ ǎŎƻǇŜ ƻŦ ǎƻŎƛŀƭ ŀŎǝǾƛǝŜǎΣ tǊƻŦΦ ŘǊ ~ƛŚŀƴƛƴ ǎŜǊǾŜŘ ƛƴ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tǊƻŘǳŎǝƻƴ aŀŎƘƛƴŜǊȅ ŀǎ ŀ ƳŜƳōŜǊ ƻŦ 

ǘƘŜ ŜȄŜŎǳǝǾŜ ōƻŀǊŘ ŀƴŘ ŀǎǎƛǎǘŀƴǘ ŘƛǊŜŎǘƻǊΦ {ƘŜ ǿŀǎ ǘƘŜ ǇǊŜǎƛŘŜƴǘ ƻŦ ǘƘŜ C¢b ǳƴƛƻƴ ŦǊƻƳ мффпΦ ǘƻ нллнΦΣ ŀƴŘ ǘƘŜ ǇǊŜǎƛŘŜƴǘ 

ƻŦ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘ ǳƴƛƻƴ ŦǊƻƳ мффуΦ ǘƻ нллнΦ {ƘŜ ǿŀǎ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ ŜȄŜŎǳǝǾŜ ōƻŀǊŘ ƻŦ ǘƘŜ {ŜǊōƛŀƴ {ƻŎƛŜǘȅ 

ŦƻǊ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅ ŦǊƻƳ мффнΦ ǘƻ нллсΦΣ ŀƴŘ ǘƘŜ DŜƴŜǊŀƭ {ŜŎǊŜǘŀǊȅ ƻŦ ǘƘŜ {ƻŎƛŜǘȅΣ ŘǳǊƛƴƎ ǿƘƛŎƘ ǝƳŜ ǘƘŜ {ƻŎƛŜǘȅ 

ōŜŎŀƳŜ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ aƛŎǊƻǎŎƻǇȅ {ƻŎƛŜǘȅΣ ŦǊƻƳ мффсΦ ǘƻ нллсΦ Lƴ нлммΣ ǘƘŜ !ŎŎǊŜŘƛǘŀǝƻƴ .ƻŘȅ ƻŦ {ŜǊōƛŀ 

ŀǇǇƻƛƴǘŜŘ tǊƻŦΦ ŘǊ ~ƛŚŀƴƛƴ ŀǎ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ {ŜŎǘƻǊŀƭ /ƻƳƳƛǎǎƛƻƴ ŦƻǊ ǘƘŜ !ŎŎǊŜŘƛǘŀǝƻƴ ƻŦ aŀǘŜǊƛŀƭ ¢ŜǎǝƴƎ 

[ŀōƻǊŀǘƻǊƛŜǎΦ 



{ƘŜ ǿŀǎ ŀ ƳŜƳōŜǊ ƻŦ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀǎǎƻŎƛŀǝƻƴǎΥ 9ǳǊƻǇŜŀƴ aƛŎǊƻǎŎƻǇȅ {ƻŎƛŜǘȅΣ 9ǳǊƻǇŜŀƴ /ŜǊŀƳƛŎ {ƻŎƛŜǘȅΣ {ŜǊōƛŀƴ 

{ƻŎƛŜǘȅ ŦƻǊ aƛŎǊƻǎŎƻǇȅΣ {ŜǊōƛŀƴ /ƘŜƳƛŎŀƭ {ƻŎƛŜǘȅΣ {ŜǊōƛŀƴ {ƻŎƛŜǘȅ ŦƻǊ ¢ǊƛōƻƭƻƎȅΣ {ƻŎƛŜǘȅ ŦƻǊ ǘƘŜ !ŘǾŀƴŎŜƳŜƴǘ ƻŦ ²ŜƭŘƛƴƎ 

ƛƴ {ŜǊōƛŀΣ ŀƴŘ ǘƘŜ /ƻƳƳƛǧŜŜ ŦƻǊ LƴǘŜǊƭŀōƻǊŀǘƻǊȅ aŀǘŜǊƛŀƭ ¢ŜǎǝƴƎ ƻŦ {ŜǊōƛŀΦ 

tǊƻŦŜǎǎƻǊ ~ƛŚŀƴƛƴ ǊŜŎŜƛǾŜŘ ǾŀǊƛƻǳǎ ǊŜŎƻƎƴƛǝƻƴǎ ŀƴŘ ŀǿŀǊŘǎΣ ōƻǘƘ ƴŀǝƻƴŀƭ ŀƴŘ ƛƴǘŜǊƴŀǝƻƴŀƭΣ ŀƳƻƴƎ ǿƘƛŎƘ ŀǊŜ 

ƴƻǘŜǿƻǊǘƘȅΥ ¢ƘŜ [ƛŦŜǝƳŜ !ŎƘƛŜǾŜƳŜƴǘ !ǿŀǊŘ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ǘŜŎƘƴƛŎŀƭ ǎŎƛŜƴŎŜǎ ōȅ ǘƘŜ !ǎǎƻŎƛŀǝƻƴ ƻŦ ¦ƴƛǾŜǊǎƛǘȅ ¢ŜŀŎƘŜǊǎ 

ŀƴŘ {ŎƛŜƴǝǎǘǎ ƻŦ ±ƻƧǾƻŘƛƴŀΣ нлмпΣ ŀƴŘ ¢ƘŜ !ǿŀǊŘ ŦƻǊ ŜȄŎŜǇǝƻƴŀƭ ǊŜǎǳƭǘǎ ƛƴ ǎŎƛŜƴŎŜ ŀƴŘ пр ȅŜŀǊǎ ƻŦ ǿƻǊƪ ŀǘ C¢bΣ bƻǾƛ 

{ŀŘΣ нлмсΦ !ǎ ǿŜƭƭ ŀǎ ǘƘŜ ǎŜƭŜŎǝƻƴ ŦƻǊ IƻƴƻǊŀǊȅ {ŜƴƛƻǊ wŜǎŜŀǊŎƘ CŜƭƭƻǿΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ƛǊƳƛƴƎƘŀƳΣ ¦YΣ мффоΣ ŀƴŘ ǘƘŜ 

tƭŀǉǳŜ ŦƻǊ ǎǇŜŎƛŀƭ ŎƻƴǘǊƛōǳǝƻƴ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎ bƻǾƛ {ŀŘ ƻƴ ǘƘŜ ƻŎŎŀǎƛƻƴ ƻŦ ǘƘŜ 

ŦŀŎǳƭǘȅϥǎ рлǘƘ ŀƴƴƛǾŜǊǎŀǊȅ ƛƴ нлмлΦ 

!ǎ ǿŜ ōƛŘ ŦŀǊŜǿŜƭƭ ǘƻ tǊƻŦΦ 9ƳŜǊƛǘǳǎ ŘǊ [ŜǇƻǎŀǾŀ ~ƛŚŀƴƛƴΣ ǿŜ ŀǊŜ ǊŜƳƛƴŘŜŘ ƻŦ ǘƘŜ ƭŀǎǝƴƎ ƳŀǊƪ ǎƘŜ ƭŜƊ ƛƴ ǘƘŜ ǿƻǊƭŘ ƻŦ 

ŀŎŀŘŜƳƛŀ ŀƴŘ ōŜȅƻƴŘΣ ƻƴ ǘƻ ŀƭƭ ƻŦ ǳǎ ǿƘƻ ƘŀŘ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ƳŜŜǘ ƘŜǊΣ ǘƻ ǿƻǊƪ ǿƛǘƘ ƘŜǊΣ ŀƴŘ ǘƻ ƭŜŀǊƴ ŦǊƻƳ ƘŜǊ 

ŜȄŀƳǇƭŜΦ IŜǊ ǳƴǿŀǾŜǊƛƴƎ ŘŜŘƛŎŀǝƻƴ ǘƻ ŜŘǳŎŀǝƻƴΣ ƘŜǊ ǇƛƻƴŜŜǊƛƴƎ ǊŜǎŜŀǊŎƘΣ ŀƴŘ ƘŜǊ ŎƻƳǇŀǎǎƛƻƴŀǘŜ ƳŜƴǘƻǊǎƘƛǇ ƘŀǾŜ 

ǎƘŀǇŜŘ ŎƻǳƴǘƭŜǎǎ ƳƛƴŘǎ ŀƴŘ ŦǳǘǳǊŜǎΦ IŜǊ ǎǇƛǊƛǘΣ ǇǊŜǎŜǊǾŜŘ ƛƴ ƘŜǊ ǿƻǊƪ ŀƴŘ ǘƘŜ ǇŜƻǇƭŜ ǎƘŜ ƛƴƅǳŜƴŎŜŘΣ ǿƛƭƭ ŎƻƴǝƴǳŜ ǘƻ 

ƎǳƛŘŜ ǘƘŜ ǇŀǘƘ ƻŦ ŜŘǳŎŀǝƻƴ ŀƴŘ ŘƛǎŎƻǾŜǊȅΦ 

wŜǎǘ ƛƴ ǇŜŀŎŜΣ ŜǎǘŜŜƳŜŘ ǎŎƘƻƭŀǊ ŀƴŘ ŎƘŜǊƛǎƘŜŘ ŦǊƛŜƴŘΦ 

tǊƻŦΦ ŘǊ 5ǊŀƎŀƴ wŀƧƴƻǾƛŏ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Lƴ ƳŜƳƻǊƛŀƳ  

tǊƻŦΦ ŘǊ ±ƻƧƛǎƭŀǾ {ǘƻƛƭƧƪƻǾƛŏ όмфпр ς нлнпύ  

tǊƻŦŜǎǎƻǊ ŘǊ ±ƻƧƛǎƭŀǾ {ǘƻƛƭƧƪƻǾƛŏΣ ƎǊŀŘǳŀǘŜŘ ƛƴ ƳŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎΣ ǿŀǎ ōƻǊƴ ƻƴ Ƴŀȅ нмΣ мфпр ȅŜŀǊ ƛƴ bƛǑΦ !ƊŜǊ ŀ 

ŘƛŶŎǳƭǘ ŎƘƛƭŘƘƻƻŘ ƛƴ ŀ ǿƻǊƪƛƴƎπŎƭŀǎǎ ŦŀƳƛƭȅ ƻŦ ŬǾŜΣ ƘŜ ƎǊŀŘǳŀǘŜŘ ŦǊƻƳ ǇǊƛƳŀǊȅ ŀƴŘ ǎŜŎƻƴŘŀǊȅ ƳŜŎƘŀƴƛŎŀƭ ǘŜŎƘƴƛŎŀƭ 

ǎŎƘƻƻƭ ƛƴ bƛǑΣ ǿƘŜǊŜ ƘŜ ǎƘƻǿŜŘ ŜȄŎŜƭƭŜƴǘ ǊŜǎǳƭǘǎ ŀƴŘ ǿŀǎ ŘŜŎƭŀǊŜŘ ƻƴŜ ƻŦ ǘƘŜ ōŜǎǘ ǎǘǳŘŜƴǘǎΦ 5ǳǊƛƴƎ ǘƘŀǘ ǎƘƻǊǘ ǝƳŜΣ ƘŜ 

ǎǘǳŘƛŜŘ ǇŀǊǘπǝƳŜ ƛƴ ǘƘŜ ŬǊǎǘ ȅŜŀǊ ƻŦ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑ ŀƴŘ ƎǊŀŘǳŀǘŜŘ ǿƛǘƘ ŜȄŎŜƭƭŜƴǘ ƎǊŀŘŜǎΦ 

±ŜǊȅ ǉǳƛŎƪƭȅ ƘŜ ǿŀǎ ƴƻǝŎŜŘ ōȅ Ƙƛǎ ŎƻƭƭŜŀƎǳŜǎ ŀƴŘ ƳŀƴŀƎŜǊǎ ŀǘ ǿƻǊƪ ŀǎ ǿŜƭƭ ŀǎ ǇǊƻŦŜǎǎƻǊǎ ŀǘ ǘƘŜ ǳƴƛǾŜǊǎƛǘȅΣ ŀƊŜǊ ǿƘƛŎƘ 

ƘŜ ƳŀŘŜ ǘƘŜ ŘŜŎƛǎƛƻƴ ǘƻ ǘǊŀƴǎƛǘ ƻƴ ǊŜƎǳƭŀǊ ǎŎƘƻƭŀǊǎƘƛǇ ǎǘǳŘƛŜǎ ƻŦ ƳŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎΣ ŬƴƛǎƘƛƴƎ ǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ ƎǊŀŘŜ 

ƻŦ фΦптΦ 

!ƊŜǊ ŎƻƳǇƭŜǝƴƎ Ƙƛǎ ǎǘǳŘƛŜǎΣ ƘŜ ǿƻǊƪŜŘ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑΣ ŀǘ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ǇǊƻŘǳŎǝƻƴ 

ŜƴƎƛƴŜŜǊƛƴƎ ŀǎ ŀƴ ŀǎǎƛǎǘŀƴǘΣ ōǳǘ ŀƭǎƻ ŀǘ Ϧ9L bƛǑϦ ŀǎ ŀ ŘŜǎƛƎƴŜǊ ƻŦ ƳŜŎƘŀƴƛŎŀƭ ǎȅǎǘŜƳǎΦ IŜ ǊŜŎŜƛǾŜŘ Ƙƛǎ aŀǎǘŜǊϥǎ ŘŜƎǊŜŜ 

ǳƴŘŜǊ ǘƘŜ ƳŜƴǘƻǊǎƘƛǇ ƻŦ ǇǊƻŦŜǎǎƻǊ ŘǊ ±ƭŀŘƛƳƛǊ ~ƻƭŀƧŀΣ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ .ŜƭƎǊŀŘŜ ǿƛǘƘ ǘƘŜ 

ǘƻǇƛŎΥ Ϧ{ǘǊŜǎǎπŘŜŦƻǊƳŀǝƻƴ ǎǘŀǘŜ ŘǳǊƛƴƎ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜ ƻŦ ŜƭŜƳŜƴǘǎ ōȅ ŘŜŜǇ ŘǊŀǿƛƴƎ ǿƛǘƘ ƛƴŎƻƳǇǊŜǎǎƛōƭŜ ƅǳƛŘ ŀƴŘ 

ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ǘƘŜ ƻǇǝƳŀƭ ǇǊŜǎǎǳǊŜϦΣ ƛƴ мфтпΣ ŀƴŘ ƘŜ ŘŜŦŜƴŘŜŘ Ƙƛǎ ŘƻŎǘƻǊŀƭ ǘƘŜǎƛǎ ƛƴ ŀǇǊƛƭ мфтт ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ 

aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑ ōŜŦƻǊŜ ŀƴ ŜƳƛƴŜƴǘ ŎƻƳƳƛǎǎƛƻƴΥ ǇǊƻŦΦ ŘǊ ±ƭŀŘƛƳƛǊ ~ƻƭŀƧŀΣ ǇǊƻŦΦ ŘǊ .ƛƴƪƻ aǳǎŀŬŀΣ ǇǊƻŦΦ ŘǊ 

.ǊŀƴƛǎƭŀǾ 5ŜǾŜŘȌƛŏΣ ǇǊƻŦΦ ŘǊ tǊŜŘǊŀƎ tƻǇƻǾƛŏ ŀƴŘ ǇǊƻŦΦ ŘǊ aƛƭŀƴ bŜŘŜƭƧƪƻǾƛŏ ǿƛǘƘ ǘƘŜ ǘƻǇƛŎ Ϧ{ǘǊŜǎǎπŘŜŦƻǊƳŀǝƻƴ ǎǘŀǘŜ 

ŘǳǊƛƴƎ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ŜƭŜƳŜƴǘǎ ōȅ ŘŜŜǇ ŘǊŀǿƛƴƎ ǿƛǘƘ ŀƴ ƛƴŎƻƳǇǊŜǎǎƛōƭŜ ƅǳƛŘ ǿƛǘƘ ŀ ƘƻƭŘŜǊ ŀƴŘ ǘƘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ 

ƛƴƅǳŜƴǝŀƭ ŦŀŎǘƻǊǎ ǿƛǘƘ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ǘƘŜƛǊ ŎƻǊǊŜƭŀǝƻƴ ǊŜƭŀǝƻƴǎƘƛǇǎϦΦ IŜ ǇŀǎǎŜŘ ŀƭƭ ŀŎŀŘŜƳƛŎ ŘŜƎǊŜŜǎ ŀǘ ǘƘŜ 

CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑΣ ǿƘŜǊŜ ƘŜ ǿŀǎ ŜƭŜŎǘŜŘ Ŧǳƭƭ ǇǊƻŦŜǎǎƻǊ ƛƴ мфутΦ LƴƛǝŀǝǾŜ ŀƴŘ ŎǊŜŀǝǾƛǘȅ ƛƴ ǿƻǊƪ 

ǿŜǊŜ ƴŜǾŜǊ ƭŀŎƪƛƴƎ ƛƴ ǇǊƻŦŜǎǎƻǊ {ǘƻƛƭƧƪƻǾƛŏϥǎ ŎŀǊŜŜǊΣ ǿƘƛŎƘ ƘŜ ŘŜƳƻƴǎǘǊŀǘŜŘ ōƻǘƘ ŀǘ ǘƘŜ ŦŀŎǳƭǘȅ ŀƴŘ ōȅ ǇŀǊǝŎƛǇŀǝƴƎ ƛƴ 

ƴǳƳŜǊƻǳǎ ŘƻƳŜǎǝŎ ŀƴŘ ŦƻǊŜƛƎƴ ǎŎƛŜƴǝŬŎ ƎŀǘƘŜǊƛƴƎǎΦ Lƴ мффмΦΣ ƘŜ ŦƻǳƴŘŜŘ ǘƘŜ ǇǊƛǾŀǘŜ ŎƻƳǇŀƴȅ /La /ƻƭƭŜƎŜ ŘΦƻΦƻΦ ǿƘƛŎƘ 

ŘŜŀƭǘ ǿƛǘƘ ǘƘŜ ǘǊŀƴǎŦŜǊ ƻŦ ǘƻǇ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻŦ ǇƭŀǎǝŎ ŘŜŦƻǊƳŀǝƻƴΣ ōǳǘ ŀƭǎƻ ǎƻƊǿŀǊŜ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǘƘŜ 

ŬŜƭŘ ƻŦ /!5 /!aΣ ǉǳŀƭƛǘȅ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ōǳǎƛƴŜǎǎ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŎƻƳǇŀƴƛŜǎ ƻƴ ŀ Ǝƭƻōŀƭ ƭŜǾŜƭΦ 

!ǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑΣ ƘŜ ǿŀǎ ǘƘŜ ƘŜŀŘ ƻŦ ǘƘŜ Ƴŀƛƴ ŘŜǇŀǊǘƳŜƴǘ ƻŦ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎ ŦƻǊ 

ŦƻǳǊ ǘŜǊƳǎΣ ŦǊƻƳ мффо ǘƻ нллмΣ ǿƘŜǊŜ ƘŜ ǘŀǳƎƘǘ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǎǳōƧŜŎǘǎ ƛƴ ǘƘŜ ƻƭŘŜǊ ȅŜŀǊǎ ƻŦ ǳƴŘŜǊƎǊŀŘǳŀǘŜ ǎǘǳŘƛŜǎ 

ŀǎ ǿŜƭƭ ŀǎ ƛƴ ŘƻŎǘƻǊŀƭ ǎǘǳŘƛŜǎΦ IŜ ǿŀǎ ǘƘŜ ƳŜƴǘƻǊ ƻŦ ƴǳƳŜǊƻǳǎ ƎǊŀŘǳŀǘŜ ǘƘŜǎŜǎΣ ƳŀǎǘŜǊϥǎ ǘƘŜǎŜǎ ŀƴŘ ŘƻŎǘƻǊŀƭ 

ŘƛǎǎŜǊǘŀǝƻƴǎΦ IŜ ǎƘƻǿŜŘ Ƙƛǎ ŎǊŜŀǝǾƛǘȅ ŀƴŘ ƛƴƴƻǾŀǝƻƴ ƛƴ Ƙƛǎ ǿƻǊƪ ǿƛǘƘ ǎǘǳŘŜƴǘǎΣ ŀǎǎƛǎǘŀƴǘǎ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎΣ ǿƘŜǊŜ ƘŜ 

ǿŀǎ ŀƭǿŀȅǎ ƭƻƻƪƛƴƎ ŦƻǊ ƴŜǿ ŀƴŘ ƳƻŘŜǊƴ ǎƻƭǳǝƻƴǎΦ IŜ Ƙŀǎ ǇǳōƭƛŎƭȅ ǇǊŜǎŜƴǘŜŘ ŀƴŘ ǇǳōƭƛǎƘŜŘ Ƙƛǎ ǎŎƛŜƴǝŬŎ ǿƻǊƪ ŀǘ ǘƘŜ 

CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ǘƘǊƻǳƎƘ ƴǳƳŜǊƻǳǎ ǎŎƛŜƴǝŬŎ ǇŀǇŜǊǎ όƻǾŜǊ мтлύ ŀǘ ŎƻƴŦŜǊŜƴŎŜǎΣ ǇǊƻŦŜǎǎƛƻƴŀƭ ƧƻǳǊƴŀƭ 

ƻŦ ŘƻƳŜǎǝŎ ŀƴŘ ŦƻǊŜƛƎƴ ǇǳōƭƛǎƘŜǊǎ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ŎƻƴǾŜƴǝƻƴŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻŦ ƳŜǘŀƭ ŦƻǊƳƛƴƎ ƻŦ ǎƘŜŜǘ ŘŜŦƻǊƳŀǝƻƴΣ 

ŦƻǊƳƛƴƎ ōȅ ƅǳƛŘΣ ōȅ ŜȄǇƭƻǎƛǾŜǎΣ ŘŜŦƻǊƳŀǝƻƴ ǘƘŜƻǊȅΣ ŜǘŎΦ IŜ ǎǇƻƪŜ ŀƴŘ ǿǊƻǘŜ ƛƴ ƎŜǊƳŀƴ ŀƴŘ ŜƴƎƭƛǎƘΣ ǿƘƛŎƘ ƘŜƭǇŜŘ ƘƛƳ 

ǘƻ ǉǳƛŎƪƭȅ ŎƻƴǾŜȅ ŦƻǊŜƛƎƴ ǎƻƭǳǝƻƴǎ ŀƴŘ ǎǳŎŎŜǎǎŦǳƭ ǇǊŀŎǝŎŜǎ ǘƻ ŘƻƳŜǎǝŎ ŜƴƎƛƴŜŜǊǎ ŀƴŘ ŜȄǇŜǊǘǎ ƛƴ ǘƘŜ ŜŎƻƴƻƳȅ ǘƘǊƻǳƎƘ 

ƴǳƳŜǊƻǳǎ ǎŜƳƛƴŀǊǎΣ ǇǊƻŦŜǎǎƛƻƴŀƭ ƭŜŎǘǳǊŜǎΣ ǘƘŜƳŀǝŎ ŎƻƴŦŜǊŜƴŎŜǎΣ ǘǊŀƛƴƛƴƎǎΣ ŜǘŎΦ 

Lƴ ǘƘŜ мфулǎΣ ƘŜ ǘǊŀƴǎƭŀǘŜŘ Ƙƛǎ ǎŎƛŜƴǝŬŎ ŀƴŘ ǇŜŘŀƎƻƎƛŎŀƭ ǿƻǊƪ ƛƴǘƻ ǘƘǊŜŜ ōƻƻƪǎ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ǇƭŀǎǝŎ ŘŜŦƻǊƳŀǝƻƴ ǘƘŜƻǊȅ 

ŀƴŘ ƳŜŀǎǳǊŜƳŜƴǘΣ ǿƘƛŎƘ ǿŜǊŜ ǘƘŜ ōŀǎƛǎ ŦƻǊ Ƴŀƴȅ ŀŘǾŀƴŎŜŘ ǊŜǎŜŀǊŎƘŜǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎΦ [ŀǘŜǊΣ ƘŜ 

ŘŜǾƻǘŜŘ Ƙƛǎ ǿƻǊƪ ǘƻ ƳŀƴŀƎŜƳŜƴǘΣ ǿƘƛŎƘ ƛƴ ǘƘŜ ƴƛƴŜǝŜǎ ǿŀǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ŀǊŜŀǎ ƻŦ ŦƻǊƳŜǊ ŀƴŘ ŎǳǊǊŜƴǘ 

ŎƻǳƴǘǊƛŜǎΦ CǊƻƳ ǘƘŀǘ ǇŜǊƛƻŘΣ ƴǳƳŜǊƻǳǎ ōƻƻƪǎ ŀƴŘ ǎƻƊǿŀǊŜ ǿŜǊŜ ŎǊŜŀǘŜŘΣ ǇǊƛƳŀǊƛƭȅ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ƳŀƴŀƎŜƳŜƴǘ 

ŀƴŘ ǘƘŜ ŜŎƻƴƻƳȅΣ ǿƘƛŎƘ ǿŀǎ ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ŀ ƴŜǿ ŜǊŀ ǿƘŜǊŜ ƳŀƴŀƎŜǊǎ ŜƴǘŜǊŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ōŀŎƪ ŘƻƻǊΦ /La 

/ƻƳǇŀƴȅ {ǘǊŀǘŜƎȅΣ ŦǊƻƳ мффоΣ /!v π /ƻƳǇǳǘŜǊ !ƛŘŜŘ vǳŀƭƛǘȅΣ мффпΣ /!5 /ƻƳǇǳǘŜǊ !ƛŘŜŘ 5ŜǎƛƎƴΣ ŦǊƻƳ мффрΦΣ L{h фллл 

ŀƴŘ L{h мплллΣ ŦǊƻƳ мффсΦΣ v aŀƴŀƎŜǊϥǎ ƎǳƛŘŜΣ ŦǊƻƳ мффсΣ v ¢ƻƻƭǎ π vǳŀƭƛǘȅ ¢ƻƻƭǎΣ ŦǊƻƳ мффсΣ ¢va 9ȄŎŜƭƭŜƴŎŜ aƻŘŜƭǎΣ 



ŦǊƻƳ мффтΦΣ /ƘŀƴƎŜǎ ǘƻ ²ƻǊƭŘ /ƭŀǎǎ π tǊƻŎŜǎǎ LƳǇǊƻǾŜƳŜƴǘ ŀƴŘ ǊŜŜƴƎƛƴŜŜǊƛƴƎΣ ŦǊƻƳ мффуΣ [Ŝŀƴ ǎƛȄ ǎƛƎƳŀ нлммΦΣ L{h 

фллмΥнлмр ŀƴŘ [Ŝŀƴ нлмсΣ [Ŝŀƴ ƛƴ ƘŜŀƭǘƘ нлмуΣ Ƴŀƛƴƭȅ ǇǳōƭƛǎƘŜŘ ōȅ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑ ŀƴŘ 

/La /ƻƭƭŜƎŜΦ !ƭƭ ǘƘŜǎŜ ǇǳōƭƛŎŀǝƻƴǎ ŦǊƻƳ ǘƘŀǘ ǇŜǊƛƻŘ ŎƭŜŀǊƭȅ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ŀ ƴŜǿ ŜǊŀ ǿŀǎ ŎƻƳƛƴƎΣ ǇǊƛƳŀǊƛƭȅ ŦǊƻƳ ǘƘŜ ǿŜǎǘ 

ŀƴŘ ǘƘŜ ŦŀǊ ŜŀǎǘΣ ǿƘƛŎƘ ǿŀǎ ŀŎŎŜǇǘŜŘ ōȅ ƻǳǊ ŎƻƳƳǳƴƛǘȅ ŀƴŘ ǿƘŜǊŜ ǇǊƻŦŜǎǎƻǊ {ǘƻƛƭƧƪƻǾƛŏ ǿŀǎ ƻƴŜ ƻŦ ǘƘŜ ǇƛƻƴŜŜǊǎ ƻŦ ǘƘŜ 

ǎŎƛŜƴǝŬŎ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ƳŀƴŀƎŜƳŜƴǘ ǘƘŜƻǊȅ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑΣ ōǳǘ ŀƭǎƻ ƳǳŎƘ ƳƻǊŜ ǿƛŘŜƭȅΦ 

IŜ ǿŀǎ ǾƛŎŜπŘŜŀƴ ŦƻǊ ŎƻƻǇŜǊŀǝƻƴ ǿƛǘƘ ǘƘŜ ŜŎƻƴƻƳȅ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑ ŦǊƻƳ мфтф ǘƻ мфуо 

IŜ ƛǎ ǘƘŜ ǊŜŎƛǇƛŜƴǘ ƻŦ ƴǳƳŜǊƻǳǎ ŀǿŀǊŘǎΣ ŀƳƻƴƎ ǿƘƛŎƘ ǘƘŜ ϦǇƭŀǉǳŜ ŀƴŘ ŎƘŀǊǘŜǊ ƻŦ tǊƻŦΦ 5ǊΦ tŀǾƭŜ {ǘŀƴƪƻǾƛŏϦ ŦƻǊ нллн 

ǎƘƻǳƭŘ ōŜ ǎƛƴƎƭŜŘ ƻǳǘΣ ǿƘƛŎƘ ǿŀǎ ǘƘŜƴ ŀǿŀǊŘŜŘ ōȅ ǘƘŜ !ǎǎƻŎƛŀǝƻƴ ƻŦ ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎ ƻŦ ¸ǳƎƻǎƭŀǾƛŀ ŀƴŘ ƴƻǿ ƻŦ 

{ŜǊōƛŀΦ 

IŜ ƭŜŘ ƴǳƳŜǊƻǳǎ ǎŎƛŜƴǝŬŎ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘǎ ŬƴŀƴŎŜŘ ōȅ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ ǎŎƛŜƴŎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ƻŦ ǘƘŜ wŜǇǳōƭƛŎ ƻŦ 

{ŜǊōƛŀΦ LƴƛǝŀƭƭȅΣ ǘƘŜǎŜ ǿŜǊŜ ǇǊƻƧŜŎǘǎ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ǇƭŀǎǝŎ ŘŜŦƻǊƳŀǝƻƴ ǎǳŎƘ ŀǎΥ ϦwŜǎŜŀǊŎƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎƘŜŜǘ 

ƳŜǘŀƭ ŦƻǊƳƛƴƎ ƳŜǘƘƻŘǎ ōȅ ŘŜŦƻǊƳƛƴƎ ŀƴŘ ǇǊŜǎǎƛƴƎ ǇǊƻŬƭŜǎ ǳǎƛƴƎ ƳŀȄƛƳǳƳ ǿƻǊƪŀōƛƭƛǘȅϦΣ мфулπмфупΣ ϦLƳǇǊƻǾƛƴƎ ǘƘŜ 

ǘŜŎƘƴƻƭƻƎȅ ƻŦ ǇƭŀǎǝŎ ǇǊƻŎŜǎǎƛƴƎ ƻŦ ƘŀǊŘπǘƻπǇǊŜǎǎ ŀƭǳƳƛƴǳƳ ŀƭƭƻȅǎϦΣ мфусπмффлΣ ϦLƴǘŜƎǊŀƭ ǎȅǎǘŜƳ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 

ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ōȅ ŦƻǊƳƛƴƎ ǎƘŜŜǘ ƳŜǘŀƭ ǿƛǘƘ ŀƴ ƛƴŎƻƳǇǊŜǎǎƛōƭŜ ƅǳƛŘϦΣ ϦDŜƴŜǊŀǝƴƎ ǇǊƻŘǳŎǘ ƳƻŘŜƭǎ ōȅ ŀǇǇƭȅƛƴƎ 

ƪƴƻǿƭŜŘƎŜ ŀƴŘ ŘŜŬƴƛƴƎ ǇǊƻŘǳŎǝƻƴ ŜǉǳƛǇƳŜƴǘ ŦƻǊ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ŘŜǾŜƭƻǇŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴ ǇǊƻŘǳŎǝƻƴϦΣ мффпπ

мффуΦ 

!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ƭŀǎǘ ŎŜƴǘǳǊȅ ŀƴŘ ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘƛǎ ŎŜƴǘǳǊȅΣ ǘƘŜǎŜ ǿŜǊŜ ǇǊƻƧŜŎǘǎ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ƳŀƴŀƎŜƳŜƴǘΥ Ϧ/La 

ƳƻŘŜƭǎ ŦƻǊ ƳŀƴŀƎƛƴƎ ōǳǎƛƴŜǎǎπǇǊƻŘǳŎǝƻƴ ǎȅǎǘŜƳǎ ŀƴŘ ǘƘŜƛǊ ǘǊŀƴǎŦŜǊ ǘƻ ƻǘƘŜǊ ōǊŀƴŎƘŜǎ ƻŦ ƛƴŘǳǎǘǊȅϦΣ Ϧ/La ŎƻƴŎŜǇǘ ƻŦ 

5t bL¢9· bƛǑϦΣ мффпπмффуΣ Ϧ5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎƻƊǿŀǊŜ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎϦΣ нллмπнллоΣ 

5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƴ ƛƴŦƻǊƳŀǝƻƴ ǎȅǎǘŜƳ ŦƻǊ ǇƭŀƴƴƛƴƎΣ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ǎǳǇŜǊǾƛǎƛƻƴ ƻŦ ǇǊƻŘǳŎǝƻƴ ōǳǎƛƴŜǎǎ ǎȅǎǘŜƳǎΣ 

нллмπнллоΣ ŀƭƭ ŀǎ ǘƘŜƛǊ ƭŜŀŘŜǊΦ 

Lƴ ŀŘŘƛǝƻƴ ǘƻ ǎŎƛŜƴǝŬŎ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘǎΣ ǘƘŜǊŜ ǿŜǊŜ ŀƭǎƻ ǇǊƻƧŜŎǘǎ ŦƻǊ ǘƘŜ ŜŎƻƴƻƳȅ ǿƘŜǊŜ ǇǊƻŦŜǎǎƻǊ {ǘƻƛƭƧƪƻǾƛŏ 

ŘƻƳƛƴŀǘŜŘ ǿƛǘƘ Ƙƛǎ ƭŜŀŘŜǊǎƘƛǇ ǊƻƭŜ ŀƴŘ ƳŀƴŀƎŜǊƛŀƭ ŀǇǇǊƻŀŎƘ ǘƻ ǎƻƭǾƛƴƎ ǇǊƻōƭŜƳǎΦ {ƻƳŜ ƻŦ ǘƘŜƳ ŀǊŜΥ ϦtǊƻƧŜŎǘ ǘƘŜ 

ǘŜŎƘƴƻƭƻƎȅ ƻŦ ƳŀƪƛƴƎ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻǎǘŀǝŎ ŬƭǘŜǊ ƻŦ ǘƘŜ hōǊŜƴƻǾŀŎ ǘƘŜǊƳŀƭ ǇƻǿŜǊ Ǉƭŀƴǘ π ōƭƻŎƪ .ϦΣ мфтуΣ 

tǊƻƧŜŎǘ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ŀ ǎǳǎǇŜƴŘŜŘ ŎŜƛƭƛƴƎ ƳŀŘŜ ƻŦ ǇǊƻŬƭŜŘ ŀƭǳƳƛƴǳƳ ŦƻǊ ǘƘŜ ŎƭƛƴƛŎŀƭ ŎŜƴǘŜǊ .ŜƭƎǊŀŘŜΣ мфтфΦΣ tǊƻƧŜŎǘ 

ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ƻŦ ƳŀƪƛƴƎ ŀ ǎǇƘŜǊŜ ŦƻǊ ŀŎŎǳƳǳƭŀǝƴƎ Ǝŀǎ ǳƴŘŜǊ ŀ ǇǊŜǎǎǳǊŜ ƻŦ онл ōŀǊ ŦƻǊ ŎƻƴǘǊƻƭƭƛƴƎ ŀ ƎǳƛŘŜŘ ƳƛǎǎƛƭŜΣ 

мфунπмфурΣ 9ȄǇƭƻǎƛǾŜ ƧƻƛƴƛƴƎ ƻŦ ƳŜǘŀƭǎ π ŎƻƴǉǳŜǎǘ ƻŦ ǘŜŎƘƴƻƭƻƎȅ ŀǘ ǘƘŜ ǎǳǊŦŀŎŜ ƳƛƴŜ ƛƴ .ƻǊ ŀƴŘ ǘƘŜ ŎƻƴǎǘǊǳŎǝƻƴ ƻŦ ŀ 

ǇƭŀǝƴƎ ǊŀƴƎŜ ƛƴ !ƭŜƪǎƛƴŀŎΣ мфуоπмфууΣ ¢ƘŜ Ƴŀƛƴ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǇǊƻƧŜŎǘ ƻŦ ǘƘŜ ¢Lw .ƻǊ ǘƻƻƭ ǎƘƻǇΣ мфууΣ ¢ƘŜ Ǝƭƻōŀƭ ǇǊƻƧŜŎǘ 

ƻŦ ǘƘŜ /La ŎƻƴŎŜǇǘ ƻŦ {ΦtΦ ϦCŀōǊƛƪŀ ŘǳǾŀƴŀ bƛǑϦΣ мффмΣ ¢ƘŜ Ǝƭƻōŀƭ ǇǊƻƧŜŎǘ ƻŦ ǘƘŜ /La ŎƻƴŎŜǇǘ ϦaŀőƪŀǝŎŀϦ {ǳǊŘǳƭƛŎŀΣ 

мффнΦΣ ¢ƘŜ Ǝƭƻōŀƭ ǇǊƻƧŜŎǘ ƻŦ ǘƘŜ /La ŎƻƴŎŜǇǘ ϦbL¢9· bƛǑϦΣ мффпΦΣ tǊƻŘǳŎǝƻƴ ǊƻŎƪŜǘ ƭŀǳƴŎƘŜǊ ǘǳōŜǎ ƻŦ ǾŀǊƛƻǳǎ ŎŀƭƛōŜǊǎ ŦƻǊ 

ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘŜ ¸ǳƎƻǎƭŀǾ !ǊƳȅΣ мффпπмффр ŜǘŎΦ 

hƴŜ ǘƘƛƴƎ ƛǎ ŎŜǊǘŀƛƴΣ ǇǊƻŦŜǎǎƻǊ {ǘƻƛƭƧƪƻǾƛŏ ƭŜƊ ŀ ŘŜŜǇ ǎŎƛŜƴǝŬŎ ƳŀǊƪ ƻƴ ǘƘŜ ŀǊŜŀ ƻŦ ²ŜǎǘŜǊƴ .ŀƭƪŀƴǎΣ ǿƘŜǊŜ ƘŜ 

ǘǊŀƴǎƳƛǧŜŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴǾŜƴǝǾŜƴŜǎǎΣ ǇŜǊǎƛǎǘŜƴŎŜ ŀƴŘ ǿƻǊƪ ŜƴǘƘǳǎƛŀǎƳ ŦƻǊ ƎŜƴŜǊŀǝƻƴǎΣ ǿƘƛŎƘ ƛǎ ǾŜǊȅ ƻƊŜƴ ƴƻǘ 

ŀŎŎŜǇǘŜŘ ǿƛǘƘ ŜƴǘƘǳǎƛŀǎƳΦ bŜǾŜǊǘƘŜƭŜǎǎΣ Ƙƛǎ ǿƻǊƪ ǊŜǇǊŜǎŜƴǘŜŘ ŀ ǊƻŀŘƳŀǇ ŦƻǊ ŦǳǊǘƘŜǊ ǊŜǎŜŀǊŎƘ ŀƴŘ ŘƛǊŜŎǝƻƴǎΣ ǇǊƛƳŀǊƛƭȅ 

ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑΣ ǿƘŜǊŜ ŀ ǎǇŜŎƛŀƭ ǎǘǳŘȅ ǇǊƻƎǊŀƳ ǿŀǎ ŦƻǊƳŜŘ ƛƴ нлмнΣ ŦǊƻƳ ǘƘŜ ŬǊǎǘ ȅŜŀǊ 

ƻŦ ǎǘǳŘȅΣ ŜƴǝǘƭŜŘ 9ƴƎƛƴŜŜǊƛƴƎ aŀƴŀƎŜƳŜƴǘΣ ǿƘƻǎŜ ǎǳōƧŜŎǘǎ ŀƴŘ ŎƻƴŎŜǇǘǎ ƻǊƛƎƛƴŀǘŜ ŦǊƻƳ ǘƘŜ ǿƻǊƪǎ ƻŦ ǇǊƻŦŜǎǎƻǊ 

{ǘƻƛƭƧƪƻǾƛŏΦ IŜ ǿŀǎ ƳŀǊǊƛŜŘ ǘƻ Ƙƛǎ ǿƛŦŜ DƻǊŘŀƴŀΣ ŀ ƎŜǊƳŀƴ ƭŀƴƎǳŀƎŜ ǘŜŀŎƘŜǊΣ ŀƴŘ ƛǎ ǘƘŜ ŦŀǘƘŜǊ ƻŦ ǘƘǊŜŜ ŎƘƛƭŘǊŜƴΦ 

5ŜŀǊ ǇǊƻŦŜǎǎƻǊΣ ǊŜǎǘ ƛƴ ǇŜŀŎŜΦ 

                    tǊƻŦΦ ŘǊ {ŀǑŀ {Φ wŀƴŚŜƭƻǾƛŏ 

  



Lƴ ƳŜƳƻǊƛŀƳ  

tǊƻŦΦ ŘǊ 5ǊŀƎŀƴ aƛǑƛŏ όмфсо π нлнпύ  

5Ǌ 5ǊŀƎŀƴ aƛǑƛŏΣ ŀ ƳŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊΣ Ŧǳƭƭ ǇǊƻŦŜǎǎƻǊ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑΣ ǿŀǎ ōƻǊƴ ƛƴ мфсп 

ƛƴ bƛǑΦ IŜ ŜƴǊƻƭƭŜŘ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑ ƛƴ мффсΦ IŜ ƎǊŀŘǳŀǘŜŘ ƛƴ мффмΦ 

IŜ ŘŜŦŜƴŘŜŘ Ƙƛǎ ƳŀǎǘŜǊϥǎ ǘƘŜǎƛǎ ŜƴǝǘƭŜŘ Ϧ{ƛƳǳƭǘŀƴŜƻǳǎ ŘŜǎƛƎƴ ƻŦ ǊƻǘŀǝƴƎ ǇŀǊǘǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎ ƻŦ ŎǳǩƴƎϦ 

ƛƴ мффу ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑΦ IŜ ŘŜŦŜƴŘŜŘ Ƙƛǎ ŘƻŎǘƻǊŀƭ ŘƛǎǎŜǊǘŀǝƻƴ ŜƴǝǘƭŜŘ Ϧ!ŘŀǇǘŀōƭŜ 

ǎȅǎǘŜƳǎ ŦƻǊ ƳŀƴŀƎƛƴƎ ǇǊƻŘǳŎǝƻƴ ōǳǎƛƴŜǎǎ ǇǊƻŎŜǎǎŜǎϦ ƛƴ нлмл ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑΦ 

!ƊŜǊ ƎǊŀŘǳŀǝƴƎ ŦǊƻƳ мффм ǘƻ мффоΣ ƘŜ ǿƻǊƪŜŘ ŀǎ ŀƴ ŀǎǎƻŎƛŀǘŜ ƻƴ ǇǊƻƧŜŎǘǎ ǿƛǘƘƛƴ ǘƘŜ [ŀōƻǊŀǘƻǊȅ ŦƻǊ LƴǘŜƭƭƛƎŜƴǘ 

aŀƴǳŦŀŎǘǳǊƛƴƎ {ȅǎǘŜƳǎ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑΦ Lƴ мффоΣ ƘŜ ǿŀǎ ŜƭŜŎǘŜŘ ǘƻ ǘƘŜ Ǉƻǎƛǝƻƴ ƻŦ 

ŀǎǎƛǎǘŀƴǘ ǘǊŀƛƴŜŜ ŀǘ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎΦ Lƴ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ мффо ǘƻ нлмлΣ ƘŜ ŎƻƴŘǳŎǘŜŘ ŜȄŜǊŎƛǎŜǎ 

ƛƴ ǘƘŜ ǎǳōƧŜŎǘǎ Ϧ/ƻƳǇǳǘŜǊπŀƛŘŜŘ ǇǊƻŘǳŎǝƻƴ ŘŜǎƛƎƴϦΣ ϦaƻŘŜƭƛƴƎ ŀƴŘ ƻǇǝƳƛȊŀǝƻƴ ƻŦ ǇǊƻŘǳŎǝƻƴ ǎȅǎǘŜƳǎϦΣ ϦaŀŎƘƛƴƛƴƎϦΣ 

ϦLƴǘǊƻŘǳŎǝƻƴ ǘƻ ƛƴŦƻǊƳŀǝƻƴ ǎȅǎǘŜƳǎϦΣ Ϧ.ŀǎƛŎǎ ƻŦ ǇǊƻƎǊŀƳƳƛƴƎϦΦ 

IŜ ǊŜŎŜƛǾŜŘ Ƙƛǎ ŘƻŎǘƻǊŀǘŜ ƛƴ нлмл ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑ ŀƴŘ ƛƴ ǘƘŜ ǎŀƳŜ ȅŜŀǊ ƘŜ ǿŀǎ ŜƭŜŎǘŜŘ 

ǘƻ ǘƘŜ Ǉƻǎƛǝƻƴ ƻŦ ŀǎǎƛǎǘŀƴǘ ǇǊƻŦŜǎǎƻǊΣ ŀƴŘ ƛƴ нлмс ǘƻ ǘƘŜ Ǉƻǎƛǝƻƴ ƻŦ ŀǎǎƻŎƛŀǘŜ ǇǊƻŦŜǎǎƻǊΦ IŜ ǿŀǎ ǊŜπŜƭŜŎǘŜŘ ǘƻ ǘƘŜ Ǉƻǎƛǝƻƴ 

ƻŦ ŀǎǎƻŎƛŀǘŜ ǇǊƻŦŜǎǎƻǊ ƛƴ нлнмΦ IŜ ǿŀǎ ŜƭŜŎǘŜŘ ǘƻ ǘƘŜ Ǉƻǎƛǝƻƴ ƻŦ Ŧǳƭƭ ǇǊƻŦŜǎǎƻǊ ƛƴ нлннΦ 

IŜ ǘŀǳƎƘǘ ǘƘŜ ǎǳōƧŜŎǘǎ Ϧ.ǳǎƛƴŜǎǎ LƴŦƻǊƳŀǝƻƴ {ȅǎǘŜƳǎϦΣ ϦLƴŦƻǊƳŀǝƻƴ {ȅǎǘŜƳǎ 5ŜǎƛƎƴϦΣ ϦtǊƻŘǳŎǝƻƴ tǊƻŎŜǎǎ 

aŀƴŀƎŜƳŜƴǘϦΣ ϦhōƧŜŎǘπhǊƛŜƴǘŜŘ tǊƻƎǊŀƳƳƛƴƎϦΣ ϦCǳƴŘŀƳŜƴǘŀƭǎ ƻŦ LƴŦƻǊƳŀǝƻƴ ŀƴŘ /ƻƳƳǳƴƛŎŀǝƻƴ ¢ŜŎƘƴƻƭƻƎƛŜǎϦ ŀǘ 

ǘƘŜ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ǎǘǳŘƛŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ƭŜŎǘǳǊŜǎ ƻƴ ǘƘŜ ǎǳōƧŜŎǘǎ ϦLƴŦƻǊƳŀǝƻƴ ¢ŜŎƘƴƻƭƻƎƛŜǎ мϦΣ ϦLƴŦƻǊƳŀǝƻƴ 

¢ŜŎƘƴƻƭƻƎƛŜǎ нϦΣ Ϧ9ƴǘŜǊǇǊƛǎŜ LƴŦƻǊƳŀǝƻƴ {ȅǎǘŜƳǎϦ ŀƴŘ ϦtǊƻŎŜǎǎ aŀƴŀƎŜƳŜƴǘϦ ŀǘ ǘƘŜ LƴŘǳǎǘǊƛŀƭ aŀƴŀƎŜƳŜƴǘ ǎǘǳŘƛŜǎΦ 

!ƊŜǊ ōŜƛƴƎ ŜƭŜŎǘŜŘ ǘƻ ǘƘŜ ǝǘƭŜ ƻŦ ŀǎǎƻŎƛŀǘŜ ǇǊƻŦŜǎǎƻǊΣ ƛƴ ŀŘŘƛǝƻƴ ǘƻ Ƙƛǎ ŜƴƎŀƎŜƳŜƴǘ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎƭȅ ƳŜƴǝƻƴŜŘ 

ǳƴŘŜǊƎǊŀŘǳŀǘŜ ŀŎŀŘŜƳƛŎ ǎǳōƧŜŎǘǎΣ ƘŜ ǿŀǎ ŜƴƎŀƎŜŘ ƛƴ ŘƻŎǘƻǊŀƭ ŀŎŀŘŜƳƛŎ ǎǳōƧŜŎǘǎ ƛƴ ǘƘŜ ǎǳōƧŜŎǘǎΥ ¦ōƛǉǳƛǘƻǳǎ /ƻƳǇǳǝƴƎ 

ŀƴŘ {ŜƭŜŎǘŜŘ /ƘŀǇǘŜǊǎ ƛƴ tǊƻŘǳŎǝƻƴ ŀƴŘ LƴŦƻǊƳŀǝƻƴ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ LƴŘǳǎǘǊƛŀƭ aŀƴŀƎŜƳŜƴǘΦ 

IŜ ƛǎ ǘƘŜ ŀǳǘƘƻǊ ƻŦ ƳƻǊŜ ǘƘŀƴ ул ǎŎƛŜƴǝŬŎ ŀƴŘ ǇǊƻŦŜǎǎƛƻƴŀƭ ǇŀǇŜǊǎ ƛƴ ŘƻƳŜǎǝŎ ŀƴŘ ƛƴǘŜǊƴŀǝƻƴŀƭ ƧƻǳǊƴŀƭǎΣ ŀƴŘ Ƙŀǎ 

ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ŀ ƴǳƳōŜǊ ƻŦ ŘƻƳŜǎǝŎ ŀƴŘ ƛƴǘŜǊƴŀǝƻƴŀƭ ǎŎƛŜƴǝŬŎ ŀƴŘ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘǎΦ IŜ Ƙŀǎ ōŜŜƴ ŀ ƳŜƴǘƻǊ ŀƴŘ 

ƳŜƳōŜǊ ƻŦ ŎƻƳƳƛǧŜŜǎ ƛƴ ŀ ƴǳƳōŜǊ ƻŦ ƳŀǎǘŜǊϥǎ ŀƴŘ ŘƛǇƭƻƳŀ ǘƘŜǎŜǎΦ IŜ Ƙŀǎ ǇŀǊǝŎƛǇŀǘŜŘ ŀǎ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ ŎƻƳƳƛǧŜŜ 

ŦƻǊ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ǎŎƛŜƴǝŬŎ ōŀǎƛǎ ŀƴŘ ŘŜŦŜƴǎŜ ƻŦ ǎŜǾŜǊŀƭ ŘƻŎǘƻǊŀƭ ŘƛǎǎŜǊǘŀǝƻƴǎΣ ŀƴŘ ǘƘŜ ŎƻƳƳƛǧŜŜ ŦƻǊ ǎŜƭŜŎǝƴƎ ŀǎǎƛǎǘŀƴǘǎ 

ŀƴŘ ǘŜŀŎƘŜǊǎΦ IŜ Ƙŀǎ ŀƭǎƻ ōŜŜƴ ŀ ǊŜǾƛŜǿŜǊ ƻŦ ǇŀǇŜǊǎ ƛƴ ǘƘŜ ƛƴǘŜǊƴŀǝƻƴŀƭ ƧƻǳǊƴŀƭ 9ƴǘŜǊǇǊƛǎŜ LƴŦƻǊƳŀǝƻƴ {ȅǎǘŜƳǎΦ IŜ ǿŀǎ 

ŀ ǊŜǾƛŜǿŜǊ ƻŦ ǇŀǇŜǊǎ ŀƴŘ ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ǘƘŜ ƻǊƎŀƴƛȊŀǝƻƴ ƻŦ ƛƴǘŜǊƴŀǝƻƴŀƭ ŎƻƴŦŜǊŜƴŎŜǎΥ L/L{¢ нлмтΣ L/L{¢ нлмуΣ L/L{¢ нлмфΣ 

L/L{¢ нлнлΣ L/L{¢ нлнмΦ IŜ ǊŜǾƛŜǿŜŘ ǘŜŎƘƴƛŎŀƭ ǎƻƭǳǝƻƴǎ ŦƻǊ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ 9ŘǳŎŀǝƻƴΣ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ 

5ŜǾŜƭƻǇƳŜƴǘΣ ŀǎ ǿŜƭƭ ŀǎ ǎŜǾŜǊŀƭ ǇǳōƭƛŎŀǝƻƴǎ ǇǳōƭƛǎƘŜŘ ōȅ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑΦ IŜ ǿŀǎ ŀ 

ƳŜƳōŜǊ ƻŦ ǘƘŜ ōƻŀǊŘ ƻŦ ŘƛǊŜŎǘƻǊǎ ƻŦ ǘƘŜ LƴŦƻǊƳŀǝŎǎ {ƻŎƛŜǘȅ ŦǊƻƳ нлмт ǘƻ нлнлΦ 

IŜ ǿŀǎ ŀ ŎƻπŀǳǘƘƻǊ ƻŦ ǳƴƛǾŜǊǎƛǘȅ ǘŜȄǘōƻƻƪǎ ϦLƴŦƻǊƳŀǝƻƴ ŀƴŘ /ƻƳƳǳƴƛŎŀǝƻƴ ¢ŜŎƘƴƻƭƻƎƛŜǎϦΦ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 

9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑΣ нлннΣ ά²Ŝō tǊƻƎǊŀƳƳƛƴƎ tǊŀŎǝŎǳƳέΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑΣ нлмтΣ άLƴǘǊƻŘǳŎǝƻƴ 

ǘƻ hōƧŜŎǘπhǊƛŜƴǘŜŘ tǊƻƎǊŀƳƳƛƴƎέΣ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑΣ нлмрΦ 

wŜǎǘ ƛƴ ǇŜŀŎŜΦ 

           tǊƻŦΦ ŘǊ aƛƻŘǊŀƎ aŀƴƛŏ 



Lƴ ƳŜƳƻǊƛŀƳ  

tǊƻŦΦ ŘǊ aƛƭƻǊŀŘ WƻǾŀƴƻǾƛŏ όмфпм π нлнпύ  

.ƻǊƴ ƻƴ !ǳƎǳǎǘ олΣ мфпмΣ ƛƴ ǘƘŜ ǾƛƭƭŀƎŜ ƻŦ wŀǑƪƻǾƛŏΣ ƳǳƴƛŎƛǇŀƭƛǘȅ ƻŦ YƴƛŏΦ IŜ ŎƻƳǇƭŜǘŜŘ ŜƭŜƳŜƴǘŀǊȅ ǎŎƘƻƻƭ ƛƴ Ƙƛǎ ƴŀǝǾŜ 

ǾƛƭƭŀƎŜ ŀƴŘ ƘƛƎƘ ǎŎƘƻƻƭ ƛƴ YǊŀƎǳƧŜǾŀŎΦ IŜ ŜƴǊƻƭƭŜŘ ƛƴ ǘƘŜ CŀŎǳƭǘȅ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ YǊŀƎǳƧŜǾŀŎ ƛƴ ǘƘŜ мфслπсм ǎŎƘƻƻƭ ȅŜŀǊ 

ŀƴŘ ƎǊŀŘǳŀǘŜŘ ƛƴ мфсрΦ !ƊŜǊ ŎƻƳǇƭŜǝƴƎ Ƙƛǎ ƳƛƭƛǘŀǊȅ ǎŜǊǾƛŎŜΣ ƘŜ ǿƻǊƪŜŘ ōǊƛŜƅȅ ƛƴ wŀȊǾƻƧ ½/½ YǊŀƎǳƧŜǾŀŎΣ ŀƴŘ ǘƘŜƴ ƳƻǾŜŘ 

ǘƻ ǘƘŜ CŀŎǳƭǘȅ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ YǊŀƎǳƧŜǾŀŎ ŀǎ ŀƴ ŀǎǎƛǎǘŀƴǘ όмфсрπмфтпύΦ !ƊŜǊ ŎƻƳǇƭŜǝƴƎ Ƙƛǎ ƳŀǎǘŜǊϥǎ ǎǘǳŘƛŜǎ ŀǘ ǘƘŜ 

CŀŎǳƭǘȅ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ .ŜƭƎǊŀŘŜΣ ƘŜ ǿƻǊƪŜŘ ŀǎ ŀ ƭŜŎǘǳǊŜǊ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ YǊŀƎǳƧŜǾŀŎ όмфтпπмфтуύΦ IŜ 

ŘŜŦŜƴŘŜŘ Ƙƛǎ ŘƻŎǘƻǊŀƭ ŘƛǎǎŜǊǘŀǝƻƴ ƛƴ мфту ŀǘ Ƙƛǎ ƘƻƳŜ CŀŎǳƭǘȅΣ ǿƘŜǊŜ ƘŜ ǿƻǊƪŜŘ ŀǎ ŀ ǘŜŀŎƘŜǊ ƛƴ ǘƘŜ Ǉƻǎƛǝƻƴǎ ƻŦ !ǎǎƛǎǘŀƴǘ 

tǊƻŦŜǎǎƻǊΣ !ǎǎƻŎƛŀǘŜ tǊƻŦŜǎǎƻǊΣ ŀƴŘ Cǳƭƭ tǊƻŦŜǎǎƻǊ όмфтуπнллсύΦ 

IŜ ǘŀǳƎƘǘ ŎƻǳǊǎŜǎ ƛƴΥ aŀǘŜǊƛŀƭ ¢ŜŎƘƴƻƭƻƎȅΣ ²ŜƭŘƛƴƎ ¢ŜŎƘƴƻƭƻƎȅΣ tƭŀƴǘ 9ƴƎƛƴŜŜǊƛƴƎΣ 9ƴƎƛƴŜŜǊƛƴƎ aŀǘŜǊƛŀƭǎΣ ²ŜƭŘƛƴƎ 

{ŎƛŜƴŎŜΣ ŜǘŎΦ IŜ ƛƴǘǊƻŘǳŎŜŘ ǎŜǾŜǊŀƭ ƴŜǿ ŎƻǳǊǎŜǎ ƛƴǘƻ ǘƘŜ CŀŎǳƭǘȅϥǎ ŎǳǊǊƛŎǳƭǳƳΣ ǎǳŎƘ ŀǎΥ ²ŜƭŘƛƴƎ ¢ŜŎƘƴƻƭƻƎȅΣ {ǳǊŦŀŎŜ 

wŜƎŜƴŜǊŀǝƻƴΣ /ŀǎǝƴƎ ¢ŜŎƘƴƻƭƻƎȅΣ IŜŀǘ ¢ǊŜŀǘƳŜƴǘΣ ŜǘŎΦ 

IŜ ǿŀǎ ǘƘŜ ƳŜƴǘƻǊ ŦƻǊ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ŘƛǇƭƻƳŀ ǘƘŜǎŜǎ όƻǾŜǊ нрлύ ƛƴ ²ŜƭŘƛƴƎ ¢ŜŎƘƴƻƭƻƎȅΣ 9ƴƎƛƴŜŜǊƛƴƎ aŀǘŜǊƛŀƭǎΣ tƭŀƴǘ 

9ƴƎƛƴŜŜǊƛƴƎΣ ŀƴŘ {ǳǊŦŀŎŜ wŜƎŜƴŜǊŀǝƻƴΦ IŜ ǿŀǎ ŀ ǊŜǾƛŜǿŜǊ ŦƻǊ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǳƴƛǾŜǊǎƛǘȅ ōƻƻƪǎΣ ƘŀƴŘōƻƻƪǎΣ ŀƴŘ 

ƳƻƴƻƎǊŀǇƘǎ ŦǊƻƳ ŀƭƳƻǎǘ ŀƭƭ ǳƴƛǾŜǊǎƛǝŜǎ ƛƴ {ŜǊōƛŀΦ 

IŜ ǇǳōƭƛǎƘŜŘ ƳƻǊŜ ǘƘŀƴ мрл ƻǊƛƎƛƴŀƭ ǎŎƛŜƴǝŬŎ ŀƴŘ ǇǊƻŦŜǎǎƛƻƴŀƭ ǇŀǇŜǊǎΣ ǿƘƛŎƘ ǿŜǊŜ ǇǳōƭƛǎƘŜŘ ƛƴ ƛƴǘŜǊƴŀǝƻƴŀƭ ŀƴŘ 

ŘƻƳŜǎǝŎ ƧƻǳǊƴŀƭǎ ƻǊ ǇǊŜǎŜƴǘŜŘ ŀǘ ƛƴǘŜǊƴŀǝƻƴŀƭ ŀƴŘ ŘƻƳŜǎǝŎ ŎƻƴŦŜǊŜƴŎŜǎΦ IŜ ƛǎ ǘƘŜ ŀǳǘƘƻǊ ƻŦ т ǳƴƛǾŜǊǎƛǘȅ ǘŜȄǘōƻƻƪǎΣ у 

ŀǳȄƛƭƛŀǊȅ ǳƴƛǾŜǊǎƛǘȅ ǘŜȄǘōƻƻƪǎΣ ŀǎ ǿŜƭƭ ŀǎ ǎŜǾŜǊŀƭ ƘŀƴŘōƻƻƪǎΣ ǇǊŀŎǝŎǳƳǎΣ ŀƴŘ ǎŎǊƛǇǘǎΦ IŜ ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ǘƘŜ ǊŜŀƭƛȊŀǝƻƴ ƻŦ 

ǎŜǾŜǊŀƭ ƛƴǘŜǊƴŀǝƻƴŀƭ ŀƴŘ ŘƻƳŜǎǝŎ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘǎΦ IŜ ǿŀǎ ǘƘŜ ƳŜƴǘƻǊ ŦƻǊ о ŘƻŎǘƻǊŀƭ ŘƛǎǎŜǊǘŀǝƻƴǎ ŀƴŘ ŀ ƳŜƳōŜǊ ƻŦ 

ǎŜǾŜǊŀƭ ŘŜŦŜƴǎŜ ŎƻƳƳƛǧŜŜǎΦ IŜ ǿŀǎ ǘƘŜ ƳŜƴǘƻǊ ŦƻǊ о ƳŀǎǘŜǊϥǎ ǘƘŜǎŜǎ ŀƴŘ ŀ ƳŜƳōŜǊ ƻŦ ǎŜǾŜǊŀƭ ŘŜŦŜƴǎŜ ŎƻƳƳƛǧŜŜǎΦ IŜ 

ƘŀŘ Ƴŀƴȅ ȅŜŀǊǎ ƻŦ ŜȄǇŜǊƛŜƴŎŜ ǿƻǊƪƛƴƎ ǿƛǘƘ ƳŜŀǎǳǊƛƴƎ ŜǉǳƛǇƳŜƴǘ ŦƻǊ ǘŜǎǝƴƎ ƳŀǘŜǊƛŀƭǎΣ ǿŜƭŘŜŘ ƧƻƛƴǘǎΣ ŀƴŘ ŎŀǎǝƴƎǎ ǳǎƛƴƎ 

ŘŜǎǘǊǳŎǝǾŜ ŀƴŘ ƴƻƴπŘŜǎǘǊǳŎǝǾŜ ƳŜǘƘƻŘǎΦ 

IŜ ǎǇŜŎƛŀƭƛȊŜŘ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ǿŜƭŘƛƴƎ ŀǘ ǘƘŜ ±¨½ LƴǎǝǘǳǘŜ ƛƴ .ǊŀǝǎƭŀǾŀ ό/ȊŜŎƘƻǎƭƻǾŀƪƛŀΣ мфтсπмфттύ ŀƴŘ 

ǘƘŜ YǊŀƪƻǿ tƻƭȅǘŜŎƘƴƛŎ όtƻƭŀƴŘΣ мфуоπмфупύΦ 

Lƴ ŀŘŘƛǝƻƴ ǘƻ ǇŀǊǝŎƛǇŀǝƴƎ ƛƴ ǘŜŀŎƘƛƴƎΣ ƘŜ ŀŎǝǾŜƭȅ ǇŀǊǝŎƛǇŀǘŜŘ ƛƴ ŎƻƴŘǳŎǝƴƎ ƴǳƳŜǊƻǳǎ ǎŜƳƛƴŀǊǎ ŦƻǊ ŜƴƎƛƴŜŜǊǎΣ 

ǘǊŀƛƴƛƴƎκǊŜǘǊŀƛƴƛƴƎ ǇǊƻƎǊŀƳǎ ŦƻǊ ǘƘŜ ǳƴŜƳǇƭƻȅŜŘ ƛƴ ǿŜƭŘƛƴƎ ŀƴŘ ǊŜƭŀǘŜŘ ǇǊƻŎŜǎǎŜǎΣ ǿƛǘƘƛƴ ǿƘƛŎƘ ƻǾŜǊ плл ǿŜƭŘŜǊǎ ǿŜǊŜ 

ǘǊŀƛƴŜŘΦ IŜ ƳŀŘŜ ŀ ǎƛƎƴƛŬŎŀƴǘ ŎƻƴǘǊƛōǳǝƻƴ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ǿŜƭŘƛƴƎ ƭŀōƻǊŀǘƻǊƛŜǎ ŀǘ Ƙƛǎ ƘƻƳŜ 

ŦŀŎǳƭǘȅΦ IŜ ƘŀŘ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǎǇƻƪŜ ǎŜǾŜǊŀƭ ŦƻǊŜƛƎƴ ƭŀƴƎǳŀƎŜǎΥ 9ƴƎƭƛǎƘΣ CǊŜƴŎƘΣ tƻƭƛǎƘΣ /ȊŜŎƘΣ ŀƴŘ {ƭƻǾŀƪΦ 

tǊƻŦΦ ŘǊ ±ǳƪƛŏ [ŀȊƛŏΣ 

tǊƻŦΦ ŘǊ 5ǳǑŀƴ !Ǌǎƛŏ   

  



Lƴ ƳŜƳƻǊƛŀƳ  

tǊƻŦΦ ŘǊ aƛǊƻǎƭŀǾ ¢ǊŀƧŀƴƻǾƛŏ όмфрп π нлнрύ  

5Ǌ aƛǊƻǎƭŀǾ ¢ǊŀƧŀƴƻǾƛŏ ǿŀǎ ōƻǊƴ ƻƴ 5ŜŎŜƳōŜǊ нпΣ мфрпΣ ƛƴ bƛǑΦ IŜ ƎǊŀŘǳŀǘŜŘ ŦǊƻƳ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ 

ƛƴ bƛǑΣ tǊƻŘǳŎǝƻƴ 5ŜǇŀǊǘƳŜƴǘΣ ƛƴ мфтуΦ IŜ ŘŜŦŜƴŘŜŘ Ƙƛǎ ƳŀǎǘŜǊΩǎ ǘƘŜǎƛǎ ƛƴ мфус ŀǘ ǘƘŜ ǎŀƳŜ ŦŀŎǳƭǘȅ ŀƴŘ ŜŀǊƴŜŘ Ƙƛǎ tƘ5 

ƛƴ мффр ǿƛǘƘ ŀ ŘƛǎǎŜǊǘŀǝƻƴ ǝǘƭŜŘΥ ά9ȄǇŜǊǘ {ȅǎǘŜƳ ŦƻǊ aƻŘŜƭƛƴƎ 9ƭŜƳŜƴǘǎ ƻŦ aŀŎƘƛƴŜ ¢ƻƻƭ {ǳǇǇƻǊǝƴƎ {ǘǊǳŎǘǳǊŜǎ ŦƻǊ {ǘŀǝŎ 

!ƴŀƭȅǎƛǎ ¦ǎƛƴƎ ǘƘŜ CƛƴƛǘŜ 9ƭŜƳŜƴǘ aŜǘƘƻŘΦέ 

5Ǌ ¢ǊŀƧŀƴƻǾƛŏ ōŜƎŀƴ Ƙƛǎ ǇǊƻŦŜǎǎƛƻƴŀƭ ŎŀǊŜŜǊ ƛƴ мфту ŀǎ ŀ ƧǳƴƛƻǊ ŀǎǎƛǎǘŀƴǘ ŀǘ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎΦ 

IŜ ǿŀǎ ŜƭŜŎǘŜŘ !ǎǎƛǎǘŀƴǘ tǊƻŦŜǎǎƻǊ ƛƴ мффсΣ !ǎǎƻŎƛŀǘŜ tǊƻŦŜǎǎƻǊ ƛƴ нллмΣ ŀƴŘ Cǳƭƭ tǊƻŦŜǎǎƻǊ ƛƴ нллсΦ 

IŜ ŀǳǘƘƻǊŜŘ ƳƻǊŜ ǘƘŀƴ олл ǎŎƛŜƴǝŬŎ ǇŀǇŜǊǎ ŀƴŘ ƴǳƳŜǊƻǳǎ ōƻƻƪǎ ŀƴŘ ǎŜǊǾŜŘ ŀǎ ŜŘƛǘƻǊ ƻŦ ǇǊŜǎǝƎƛƻǳǎ ƛƴǘŜǊƴŀǝƻƴŀƭ 

ŎƻƴŦŜǊŜƴŎŜ ǇǊƻŎŜŜŘƛƴƎǎ ŀƴŘ ƧƻǳǊƴŀƭǎΦ Iƛǎ ǘŜŀŎƘƛƴƎ ŎŀǊŜŜǊ ǿŀǎ ƳŀǊƪŜŘ ōȅ ŜȄŎŜǇǝƻƴŀƭ ŘŜŘƛŎŀǝƻƴ ǘƻ ǎǘǳŘŜƴǘǎΣ ŘŜƭƛǾŜǊƛƴƎ 

ƭŜŎǘǳǊŜǎ ƻƴ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ǎǳōƧŜŎǘǎ π Ƴŀƴȅ ƻŦ ǿƘƛŎƘ ƘŜ ƛƴǘǊƻŘǳŎŜŘ ƘƛƳǎŜƭŦ π ƛƴ ƭƛƴŜ ǿƛǘƘ Ƙƛǎ Ǉŀǎǎƛƻƴ ŦƻǊ ŎǳǊǊƛŎǳƭǳƳ 

ƛƴƴƻǾŀǝƻƴΣ ǇŀǊǝŎǳƭŀǊƭȅ ǿƘƛƭŜ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƻƴƎƻƛƴƎ ǘǊŜƴŘǎ ƻŦ ŘƛƎƛǘŀƭƛȊŀǝƻƴ ŀƴŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŀǇǇƭƛŎŀǝƻƴ ƻŦ 

ƛƴŦƻǊƳŀǝƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴ ƛƴŘǳǎǘǊȅΣ ǿƘƛŎƘ ƳŀǊƪŜŘ Ƙƛǎ ŀŎŀŘŜƳƛŎ ǇŀǘƘΦ IŜ ƳŀŘŜ ŀ ƭŀǎǝƴƎ ƛƳǇŀŎǘ ŀǎ ǇǊƻŦŜǎǎƻǊ ƻŦ ŎƻǳǊǎŜǎ 

ǎǳŎƘ ŀǎ aŀŎƘƛƴŜ ¢ƻƻƭǎ LΣ aƻŘŜƭƛƴƎ ŀƴŘ hǇǝƳƛȊŀǝƻƴ ƻŦ tǊƻŘǳŎǝƻƴ {ȅǎǘŜƳǎΣ {ȅǎǘŜƳǎ ŦƻǊ wŀǇƛŘ tǊƻŘǳŎǘ 5ŜǾŜƭƻǇƳŜƴǘΣ 

CǳƴŘŀƳŜƴǘŀƭǎ ƻŦ LƴŦƻǊƳŀǝƻƴ ŀƴŘ /ƻƳƳǳƴƛŎŀǝƻƴ ¢ŜŎƘƴƻƭƻƎƛŜǎΣ /ƻƳǇǳǘŜǊπ!ƛŘŜŘ tǊƻŘǳŎǘ 5ŜǎƛƎƴΣ CƛƴƛǘŜ 9ƭŜƳŜƴǘ 

aŜǘƘƻŘ !ǇǇƭƛŎŀǝƻƴǎΣ CǳƴŘŀƳŜƴǘŀƭǎ ƻŦ .ƛƻƳŜŘƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ !ŘŘƛǝǾŜ ¢ŜŎƘƴƻƭƻƎƛŜǎΣ wŜǾŜǊǎŜ 9ƴƎƛƴŜŜǊƛƴƎΣ ŀƴŘ ƻǘƘŜǊǎΦ 

! ǇŀǊǝŎǳƭŀǊƭȅ ƛƳǇƻǊǘŀƴǘ ŎƻƴǘǊƛōǳǝƻƴ ǘƻ ǘŜŀŎƘƛƴƎ ǿŀǎ Ƙƛǎ ǊƻƭŜ ŀǎ /ƘŀƛǊ ƻŦ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tǊƻŘǳŎǝƻƴπLƴŦƻǊƳŀǝƻƴ 

¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ aŀƴŀƎŜƳŜƴǘ όнллтςнлмоύΣ ǿƘŜǊŜ ƘŜ ǎǘƻƻŘ ƻǳǘ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ŦŜǿ ǇǊƻŦŜǎǎƻǊǎ Ŧǳƭƭȅ ŀǿŀǊŜ ƻŦ ŜƳŜǊƎƛƴƎ 

ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǘǊŀƴǎŦƻǊƳŀǝƻƴǎ ŀƴŘ ǘƘŜ ƴŜŜŘ ǘƻ ǊŜŦƻǊƳ ǘƘŜ ǎŎƛŜƴǝŬŎ ŬŜƭŘ ƻŦ ǇǊƻŘǳŎǝƻƴ ǎȅǎǘŜƳǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

¢ƘǊƻǳƎƘƻǳǘ Ƙƛǎ ŎŀǊŜŜǊΣ ƘŜ ƎǊŜŀǘƭȅ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŜŘǳŎŀǝƻƴŀƭΣ ǊŜǎŜŀǊŎƘΣ ŀƴŘ ŀŘƳƛƴƛǎǘǊŀǝǾŜ 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀǘ ǘƘŜ ŦŀŎǳƭǘȅ ŀƴŘ ǳƴƛǾŜǊǎƛǘȅ ƭŜǾŜƭǎΦ IŜ ǿŀǎ ŀǇǇƻƛƴǘŜŘ IŜŀŘ ƻŦ ǘƘŜ [ŀōƻǊŀǘƻǊȅ ŦƻǊ aŀŎƘƛƴŜ ¢ƻƻƭǎ ŀƴŘ 

aŀŎƘƛƴƛƴƎ ǘǿƛŎŜ όмфуо ŀƴŘ мфурύΦ CǊƻƳ мффо ǘƻ нллсΣ ƘŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ǎŜǊǾŜŘ ŀǎ 5ƛǊŜŎǘƻǊ ƻŦ ǘƘŜ /ƻƳǇǳǝƴƎ /ŜƴǘŜǊ όƛΦŜΦΣ 

ǘƘŜ LƴŦƻǊƳŀǝƻƴ {ȅǎǘŜƳ ƻŦ ǘƘŜ CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ƛƴ bƛǑύΦ Lƴ нллоΣ ƘŜ ƛƴƛǝŀǘŜŘ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ǘƘŜ 

LƴƴƻǾŀǝƻƴ /ŜƴǘŜǊ ŦƻǊ 5ŜǾŜƭƻǇƳŜƴǘ ŀƴŘ !ǇǇƭƛŎŀǝƻƴ ƻŦ LƴŦƻǊƳŀǝƻƴ ¢ŜŎƘƴƻƭƻƎƛŜǎ όL/L¢ύ ŀǘ ǘƘŜ ŦŀŎǳƭǘȅΣ ǿƘŜǊŜ ƘŜ ǎŜǊǾŜŘ 

ŀǎ 5ƛǊŜŎǘƻǊ ǳƴǝƭ нллфΦ Lƴ нллрΣ ƘŜ ǿŀǎ ŀǇǇƻƛƴǘŜŘ aŀƴŀƎŜǊ ƻŦ ǘƘŜ ¢ǊŀƛƴƛƴƎ /ŜƴǘŜǊ bƛǑΣ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ {ŜǊōƛŀ ŀƴŘ 

aƻƴǘŜƴŜƎǊƻ !ǊƳȅΩǎ twL{a! tǊƻƎǊŀƳ ŦƻǊ ǊŜŘǳƴŘŀƴǘ ƳƛƭƛǘŀǊȅ ǇŜǊǎƻƴƴŜƭ ǊŜǘǊŀƛƴƛƴƎΦ CǊƻƳ нллр ǘƻ нллуΣ орл ƻŶŎŜǊǎ ǿŜǊŜ 

ŜŘǳŎŀǘŜŘ ǘƘǊƻǳƎƘ ǘƘƛǎ ŎŜƴǘŜǊΦ .ŜǘǿŜŜƴ нллт ŀƴŘ нллфΣ ƘŜ ǿŀǎ /ƘŀƛǊ ƻŦ ǘƘŜ /ƻǳƴŎƛƭ ƻŦ ¦bL{ όǘƘŜ ¦ƴƛŬŜŘ ¦ƴƛǾŜǊǎƛǘȅ 

LƴŦƻǊƳŀǝƻƴ {ȅǎǘŜƳ ƻŦ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǑύΦ 

IŜ ƳŀŘŜ ŀƴ ƛƳƳŜƴǎŜ ŎƻƴǘǊƛōǳǝƻƴ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ōƻǘƘ ǘƘŜ ƴŀǝƻƴŀƭ ŀƴŘ 9ǳǊƻǇŜŀƴ ǎŎƛŜƴŎŜ ŀƴŘ ǊŜǎŜŀǊŎƘ 

ŜŎƻǎȅǎǘŜƳǎ ǘƘǊƻǳƎƘ ǾŀǊƛƻǳǎ ǊƻƭŜǎ ǿƛǘƘƛƴ ǘƘŜ ƴŀǝƻƴŀƭ aƛƴƛǎǘǊȅ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΦ CǊƻƳ нллм ǘƻ 

нллоΣ ƘŜ ŎƘŀƛǊŜŘ ǘƘŜ 9ȄǇŜǊǘ /ƻƳƳƛǧŜŜ ŦƻǊ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ŀƴŘ LƴŘǳǎǘǊƛŀƭ {ƻƊǿŀǊŜ ƻŦ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ {ŎƛŜƴŎŜΣ 

¢ŜŎƘƴƻƭƻƎȅΣ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ wŜǇǳōƭƛŎ ƻŦ {ŜǊōƛŀΣ ŀƴŘ ŦǊƻƳ нлло ǘƻ нллтΣ ƘŜ ǎŜǊǾŜŘ ŀǎ /ƘŀƛǊ ƻŦ ǘƘŜ 9ȄǇŜǊǘ 

/ƻƳƳƛǧŜŜ ŦƻǊ LƴŘǳǎǘǊƛŀƭ {ƻƊǿŀǊŜΦ CǊƻƳ нллт ǘƻ нлмлΣ ƘŜ ǿŀǎ /ƘŀƛǊ ƻŦ ǘƘŜ {ŎƛŜƴǝŬŎ /ƻǳƴŎƛƭ ŦƻǊ LƴŘǳǎǘǊƛŀƭ {ƻƊǿŀǊŜ ŀƴŘ 

LƴŦƻǊƳŀǝŎǎ ƻŦ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ {ŎƛŜƴŎŜΣ ŀƴŘ ŦǊƻƳ нлмл ƻƴǿŀǊŘΣ /ƘŀƛǊ ƻŦ ǘƘŜ {ŎƛŜƴǝŬŎ /ƻǳƴŎƛƭ ŦƻǊ 9ƭŜŎǘǊƻƴƛŎǎΣ 

¢ŜƭŜŎƻƳƳǳƴƛŎŀǝƻƴǎΣ ŀƴŘ LƴŦƻǊƳŀǝƻƴ ¢ŜŎƘƴƻƭƻƎƛŜǎΦ .ŜǘǿŜŜƴ нллт ŀƴŘ нлмоΣ ƘŜ ǊŜǇǊŜǎŜƴǘŜŘ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ {ŎƛŜƴŎŜ ƻŦ 

ǘƘŜ wŜǇǳōƭƛŎ ƻŦ {ŜǊōƛŀ ƛƴ ǘƘŜ tǊƻƎǊŀƳ /ƻƳƳƛǧŜŜǎ ƻŦ ǘƘŜ 9¦Ωǎ тǘƘ CǊŀƳŜǿƻǊƪ tǊƻƎǊŀƳƳŜ ŀƴŘ ǘƘŜ IhwL½hb ŦǊŀƳŜǿƻǊƪ 
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Abstract: The purpose of this contribution is the deployment of digital manufacturing through new cognitive 
intelligence mechanisms. With the implementation of Industry 4.0 principles, mobile intelligent robots utilized 
as transportation vehicles in the manufacturing system need a higher degree of autonomy to fulfill all the 
requirements of the contemporary market. Although industrial robots are common in manufacturing systems, 
mobile robotics requires the expertise of specialists in cognitive robotics issues to gain international 
competitiveness, particularly for small and medium-ǎƛȊŜŘ ŜƴǘŜǊǇǊƛǎŜǎΦ ¢ƘŜ ƛƴŘǳǎǘǊƛŀƭ ƳƻōƛƭŜ ǊƻōƻǘǎΩ 
autonomous subsystems based on deep machine learning provide significantly more flexibility as well as more 
accurate and robust real-time decisions compared to common deterministic sensor-based algorithms. The 
main goal of this paper is to create artificial intelligence-based solutions for cognitive mobile robotics within 
Industry 4.0 using a Machine Learning (ML) based approach, particularly deep learning (convolutional neural 
networks, recurrent neural networks, etc.). The focus of the paper is the generation of new ML-based cognitive 
intelligence mechanisms for obstacle avoidance, decision-making, and visual control of intelligent mobile 
robots, whereas the main goal of the paper is to demonstrate the possibility of integrating intelligent ML-
based algorithms into a high-level cognitive architecture by enabling better understanding of the environment 
in real-time through the processing of higher-quality and more complex sensory data, thereby enhancing the 
overall flexibility of mobile robotic systems within intelligent manufacturing systems. 
 
Keywords: mobile robots, intelligent control systems, digital manufacturing, cognitive intelligence 
mechanisms, deep learning, autonomous systems, visual servoing. 
 

1. INTRODUCTION 
 

In the era of rapid development of 
technological innovation, the cognitive mobile 
robots have enormous potential to influence 
both the industrial and service sectors. In the 
industrial sector, intelligent mobile robots with 
learning mechanisms can support the declining 
workforce with repetitive, dull, and physically 
tiring tasks. However, for intelligent mobile 

robots to be effective in the manufacturing 
sector, many essential skills need to be 
acquired, such as highly accurate positioning 
[1], obstacle avoidance [2], perception [3], and 
decision-making [4]. One of the most promising 
research directions within the robotics domain 
that can fulfill the skills is the utilization of 
machine learning techniques. The limits and 
potential of deep machine learning within 
robotics systems are analyzed in great detail in 
[5]. The three primary axes of research 

https://doi.org/10.46793/ICPES25.002M
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development are learning, embodiment, and 
reasoning, with an aim to reach active learning, 
active manipulation, and integration of 
semantic and geometric reasoning. Active 
learning represents the process of learning 
through interaction with the environment or 
online learning, which differs from the standard 
learning pipeline where the model is trained 
and statically utilized in robotics application. 
Active manipulation is the process of adjusting 
robots pose, to increase the accuracy of the 
environment perception and the probability of 
the successful manipulation process. 
Integration of semantic and geometric 
reasoning includes the process of mapping and 
utilizing not only the geometric properties of 
the environment but also the human-centered 
meaning of the objects and their semantic 
relationships. Two primary approaches to 
achieving the aforementioned skills include the 
development of individual skills and their 
integration trough cognitive high-level 
architectures such as, subsampling architecture 
[6], cognitive maps [7], and Soar [8], or utilizing 
novel deep learning based Vision-Language-
Action (VLA) models [9]. The main primary 
deficiency of the VLA models is in their lack of 
reliability stemming form their black box nature 
and their sensitivity to environmental factors. 
Therefore, in this paper we will analyze the 
three developed deep machine learning-based 
algorithm utilized to achieve the necessary 
skills for the implementation of cognitive 
mobile robots within the manufacturing 
environment. 
 

2. SEMANTIC SEGMENTATION BASED 
OBSTACLE AVOIDANCE 

 

For a mobile robot to work autonomously in 
a dynamic and unstructured industrial 
environment, it needs to be able to avoid 
different obstacles in its path. Therefore, a 
globally optimally planned path needs to have 
local minor deviations necessary to avoid 
obstacles detected with the robot's sensors.  

In this section, we analyze one of the 
approaches for obstacle avoidance based on 
semantic segmentation [2]. The custom version 
of the ResNet model is trained on the SunRGBD 
indoor dataset [10]. Since the experimental 
evaluation is performed on the mobile robot 
RAICO (Robot with Artificial Intelligence based 
COgnition), which has the Nvidia Jetson Nano 
development board, the utilized convolutional 
neural network needed to be lightweight. The 
state machine utilized for the obstacle 
avoidance algorithm is shown in Fig. 1.  

The path the mobile robot takes during the 
obstacle avoidance process can be seen in Fig. 
2. The obstacle detection is performed by 
analyzing semantic maps and checking if there 
is something other than class "floor" in the 
mobile robot's path. An example of one 
obstacle avoidance procedure, shown from 
RAICO's perspective, is illustrated in Fig. 3. As 
can be seen, the floor is labeled with red, yellow 
represents the obstacle, black denotes the 
tables, and teal represents the walls. Images 
generated by the mobile robot and the 
transformation of the image space occupancy 
grid defined with a semantic map to a 2D 
occupancy grid in the mobile robot frame are 
shown in Fig. 4. Green represents the free 
space, while red represents the occupied grids.  

 

 
 

CƛƎǳǊŜ мΦ {ǘŀǘŜ ƳŀŎƘƛƴŜ ŦƻǊ ƻōǎǘŀŎƭŜ ŀǾƻƛŘŀƴŎŜ 

ŀƭƎƻǊƛǘƘƳΦ 



ΠΜƣőШf9ÂEÉ ΣΜƣőШŰŰŔƻĲƖƚċƖǃШŸŉШƣőĲШ ƚƚŸĦŔċƣŔŸŰШŸŉШÂƖŸĬƨĦƣŔŸŰШEŰŊŔŰĲĲƖŔŰŊШŸŉШÉĲƖĤŔċ 
 

 Π 

 
CƛƎǳǊŜ нΦ aƻōƛƭŜ Ǌƻōƻǘ ŘǳǊƛƴƎ ǇŀǘƘ ŦƻƭƭƻǿƛƴƎ όƭŜƊύ 

ŀƴŘ ŘǳǊƛƴƎ ƻōǎǘŀŎƭŜ ŀǾƻƛŘŀƴŎŜ ŀƭƎƻǊƛǘƘƳ όǊƛƎƘǘύΦ 

  

  

  
CƛƎǳǊŜ оΦ {ŜƳŀƴǝŎ ǎŜƎƳŜƴǘŀǝƻƴ ƻŦ ǘƘŜ ƳƻōƛƭŜ 

Ǌƻōƻǘϥǎ ǎŎŜƴŜΦ 

  

  

  
CƛƎǳǊŜ пΦ ±ƛǎǳŀƭƛȊŀǝƻƴ ƻŦ ǘƘŜ ƻŎŎǳǇŀƴŎȅ ƎǊƛŘ 

ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ǘƘŜ Ǿƛǎǳŀƭ ǎȅǎǘŜƳΦ 

The path the mobile robot took during the 
experimental evaluation can be seen in Fig. 5. 

 
CƛƎǳǊŜ рΦ aƻōƛƭŜ Ǌƻōƻǘ ǇŀǘƘΦ 

3. SEMANTIC SEGMENTATION-BASED VISUAL 
SERVOING 

 
One of the key requirements for the efficient 

utilization of cognitive architectures is to reuse 
the data for multiple behaviors. Having that in 
mind, the second behavior considers accurate 
positioning of the mobile robot, based on 
semantic stereo visual servoing. Since the 
standard odometry-based mobile robot 
positioning system cannot provide high levels 
of accuracy, needed for the manipulation tasks 
in the manufacturing environment, the stereo 
visual servoing based on semantic 
segmentation is employed [1].  

The images generated in the laboratory 
manufacturing environment are converted into 
semantic maps by utilizing a convolutional 
neural network (Fig. 6). The dataset comprises 
five classes: four machine tool classes and one 
background class. 

Afterwards, semantic maps generated in the 
desired and current pose (position and 
orientation) are registered [11]. The 
registration represents the process of image 
transformation with an objective function to 
align two images. The semantic maps 
registration can be seen in Fig. 7 for both 
images of the stereo vision system. Combined 
semantic maps of two images (current and 
desired) are shown in the first row. One of the 
initially generated semantic maps is shown with 
shades of pink, while the other is shown with 
green. After the registration process is 
completed, the images are displayed in the 
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second row. If the green and pink elements are 
aligned accurately, they are displayed in gray.  

 
CƛƎǳǊŜ сΦ LƳŀƎŜǎ ŀƴŘ ǎŜƳŀƴǝŎ ƳŀǇǎ ƎŜƴŜǊŀǘŜŘ 

ŦǊƻƳ ǘƘŜ ǎǘŜǊŜƻ Ǿƛǎǳŀƭ ǎȅǎǘŜƳΦ 

 
CƛƎǳǊŜ тΦ {ŜƳŀƴǝŎ ƳŀǇ ǊŜƎƛǎǘǊŀǝƻƴ ǇǊƻŎŜǎǎΦ 

The output of the image registration process 
is the transformation matrix T  ɴᴙ3×3. That 
transformation matrix is utilized to align all the 
control pixels belonging to the same machine in 
the current cc = (uc, vc, 1)T and desired  
cd = (ud, vd, 1)T image (1):  
 c Tcc d= . (1) 

After the registration is performed and the 
pixels are connected by utilizing the 
transformation matrix, the difference between 
those pixels can be used to determine the 
necessary velocities in the camera frame (2): 
 

cam= ,c Jv  (2) 

where c  is the difference between current and 
desired control pixels, J is the image Jacobian 
matrix [12], and Vcam are the velocities 
generated in the camera frame. Finally, the 
velocities in the mobile robot frame (Vmr ɴ  ᴙ6×1) 
are generated by utilizing a visual servoing 
controller for k defined control pixels (3): 

 
å õ å õ
æ ö æ ö
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k k

=˂ Σ

J M c

v

J M c

 (3) 

where ˂  is the gain value, and M  ɴᴙ6×6 is the 
velocity transformation matrix from the 
camera to the mobile robot frame. 

Both simulation and real-world 
experimental evaluations with the semantic 
segmentation-based stereo visual servoing 
algorithm show high levels of accuracy [1]. 
Initial pose of mobile robot RAICO in simulated 
and real-world experiment can be seen in Fig. 
8. The path mobile robot took during the first 
experiment can be seen in Fig. 9. The accuracy 
of the final pose can also be shown by 
visualizing the absolute pixel difference 
between the final and the desired images (Fig. 
10).  

 
CƛƎǳǊŜ уΦ Lƴƛǝŀƭ ǇƻǎŜ ƻŦ ƳƻōƛƭŜ Ǌƻōƻǘ w!L/h ƛƴ ǘƘŜ 

ǎƛƳǳƭŀǝƻƴ όƭŜƊύ ŀƴŘ ǊŜŀƭπǿƻǊƭŘ όǊƛƎƘǘύ 

ŜȄǇŜǊƛƳŜƴǘŀƭ ǎŜǘǳǇΦ 

 
CƛƎǳǊŜ фΦ ¢ƘŜ ǇŀǘƘ w!L/h ǘƻƻƪ ŦǊƻƳ ǎǘŀǊǝƴƎ 

όƎǊŜŜƴύΣ ƛƴǘŜǊƳŜŘƛŀǘŜ όōƭŀŎƪύΣ ǘƻ ǘƘŜ Ŭƴŀƭ όǊŜŘύ 

ǇƻǎŜΦ ¢ƘŜ ŘŜǎƛǊŜŘ Ǉƻǎƛǝƻƴ ƛǎ ǎƘƻǿƴ ǿƛǘƘ ŀ ōƭǳŜ 

ŘƻǘΦ 

 
CƛƎǳǊŜ млΦ !ōǎƻƭǳǘŜ ǇƛȄŜƭ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ 

ŘŜǎƛǊŜŘ ŀƴŘ Ŭƴŀƭ ƛƳŀƎŜǎΦ 
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The black color represents a low difference 
between pixels, while light blue represents the 
parts of the image with noticeable differences. 
An additional important feature of the 
semantic segmentation-based stereo visual 
servoing is the ability to utilize the images 
generated in simulation for visual servoing, 
which is provided in the last experimental 
evaluation [1]. The desired images (Fig. 11) are 
generated in simulation and utilized in the real-
world environment.  

 
CƛƎǳǊŜ ммΦ 5ŜǎƛǊŜŘ ƛƳŀƎŜǎ ƎŜƴŜǊŀǘŜŘ ƛƴ ǎƛƳǳƭŀǝƻƴ 

όŬǊǎǘ Ǌƻǿύ ŀƴŘ ǊŜŀƭπǿƻǊƭŘ ŎǳǊǊŜƴǘ ƛƳŀƎŜǎ όǎŜŎƻƴŘ 

ǊƻǿύΦ 

The mobile robot managed to achieve the 
desired pose, which opens a possibility to 
change the desired image adaptably, 
significantly increasing the flexibility of the 
visual servoing algorithm.  

 
4. ACCURACY ESTIMATION SYSTEM BASED 

ON DEEP LEARNING 
 

The last system that utilizes deep learning in 
mobile robot applications is the accuracy 
estimation system that predicts the probability 
of a successful pickup procedure [4]. The input 
variables include the pose of the mobile robot, 
as well as the image of the final scene before 
the pickup procedure is initiated. The standard 
ResNet18 model (Fig. 12) is adapted and 
trained on the custom dataset to predict if the 
pickup procedure will be successful with a 
standard softmax output function. 

The output of the model is utilized to assess 
if the current pose of the mobile robot is 
adequate for the pickup procedure. 

 
CƛƎǳǊŜ мнΦ wŜǎbŜǘму ƳƻŘŜƭ ŦƻǊ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ 

ǘƘŜ ǇƛŎƪǳǇ ǎǳŎŎŜǎǎ ǇǊŜŘƛŎǝƻƴΦ 

The experimental evaluation showed that 
high confidence of the model is highly 
correlated with the gripping success.  

 
CƛƎǳǊŜ моΦ aƻōƛƭŜ Ǌƻōƻǘϥǎ ǾƛŜǿ ƻŦ ǘƘŜ ǎŎŜƴŜ ŀƴŘ 

ƎǊƛǇǇƛƴƎ ŀŎŎǳǊŀŎȅ ǇǊŜŘƛŎǝƻƴΦ 
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However, the overall accuracy of the model 
is 70%. Figures 13 and 14 show the mobile 
robot performing the pickup procedure from 
the mobile robot's perspective and from the 
side view, respectively.  

 

 
CƛƎǳǊŜ мпΦ {ƛŘŜ ǾƛŜǿ ƻŦ ƳƻōƛƭŜ Ǌƻōƻǘ w!L/h ŘǳǊƛƴƎ 

ǘƘŜ ƎǊƛǇǇƛƴƎ ǇǊƻŎŜŘǳǊŜΦ 

 

5. CONCLUSION  
 

In this paper, we have presented the results 
regarding the utilization of the intelligent 
learning mechanisms within the cognitive 
mobile robot domain. Three primary 
subsystems utilized to demonstrate the 
advantages of the deep machine learning 
approaches are obstacle avoidance, visual 
servoing, and prediction of the accuracy of 
pickup operation. The obstacle avoidance is 
performed by utilizing semantic segmentation 
of the scene, where the mobile robot RAICO 
can determine the difference between the 
classes of objects in its environment and the 
floor class. After successful semantic 
segmentation, the image is projected to a 2D 
occupancy grid and utilized within the obstacle 
avoidance procedure. The second algorithm 
regards the accurate positioning of the mobile 

robot. For that, we utilized stereo visual 
servoing based on semantic segmentation. 
After the registration of semantic maps, it is 
possible to determine the velocities the mobile 
robot needs to achieve to position itself 
accurately. Lastly, the standard ResNet18 
model is utilized in the image classification 
problem to determine if the current pose is 
adequate for the pickup procedure. Mobile 
robot pose and image information represent 
the input into the desired model. The future 
research direction includes the integration of 
the developed algorithm into a cognitive 
control architecture.  
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ώмϐ !Φ WƻƪƛŏΣ aΦ tŜǘǊƻǾƛŏΣ ½Φ aƛƭƧƪƻǾƛŏΣ {ŜƳŀƴǝŎ 
ǎŜƎƳŜƴǘŀǝƻƴ ōŀǎŜŘ ǎǘŜǊŜƻ Ǿƛǎǳŀƭ ǎŜǊǾƻƛƴƎ ƻŦ 
ƴƻƴƘƻƭƻƴƻƳƛŎ ƳƻōƛƭŜ Ǌƻōƻǘ ƛƴ ƛƴǘŜƭƭƛƎŜƴǘ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘΣ 9ȄǇŜǊǘ {ȅǎǘŜƳǎ 
ǿƛǘƘ !ǇǇƭƛŎŀǝƻƴǎΣ ±ƻƭΦ мфлΣ ǇΦ ммснлоΣ нлннΦ 

ώнϐ aΦ tŜǘǊƻǾƛŏΣ ½Φ aƛƭƧƪƻǾƛŏΣ !Φ WƻƪƛŏΣ 9ŶŎƛŜƴǘ 
aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎ ƻŦ aƻōƛƭŜ wƻōƻǝŎ {ȅǎǘŜƳǎ 
ōŀǎŜŘ ƻƴ /ƻƴǾƻƭǳǝƻƴŀƭ bŜǳǊŀƭ bŜǘǿƻǊƪǎΣ ƛƴ 
!ǊǝŬŎƛŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜ ŦƻǊ wƻōƻǝŎǎ ŀƴŘ 
!ǳǘƻƴƻƳƻǳǎ {ȅǎǘŜƳǎΦ {ǘǳŘƛŜǎ ƛƴ 
/ƻƳǇǳǘŀǝƻƴŀƭ LƴǘŜƭƭƛƎŜƴŎŜΣ !Φ Yƻǳōŀŀ ŀƴŘ !Φ ¢Φ 
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aƻōƛƭŜ wƻōƻǘ tŜǊŎŜǇǝƻƴ ōŀǎŜŘ ƻƴ 5ŜŜǇ 
[ŜŀǊƴƛƴƎ 5ŜǘŜŎǝƻƴ aƻŘŜƭΣ ƛƴ bŜǿ 
¢ŜŎƘƴƻƭƻƎƛŜǎΣ 5ŜǾŜƭƻǇƳŜƴǘ ŀƴŘ !ǇǇƭƛŎŀǝƻƴ ± 
όb¢ нлннύΦ [ŜŎǘǳǊŜ bƻǘŜǎ ƛƴ bŜǘǿƻǊƪǎ ŀƴŘ 
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ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎΣ ƛƴ фǘƘ LƴǘŜǊƴŀǝƻƴŀƭ 
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ǇǇΦ сроςсрсΦ 

ώрϐ bΦ {ǸƴŘŜǊƘŀǳŦ Ŝǘ ŀƭΦΣ ¢ƘŜ ƭƛƳƛǘǎ ŀƴŘ ǇƻǘŜƴǝŀƭǎ 
ƻŦ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ŦƻǊ ǊƻōƻǝŎǎΣ LƴǘŜǊƴŀǝƻƴŀƭ 
WƻǳǊƴŀƭ ƻŦ wƻōƻǝŎǎ wŜǎŜŀǊŎƘΣ ±ƻƭΦ отΣ bƻΦ пςрΣ 
ǇǇΦ плрςпнлΣ нлмуΦ 

ώсϐ wΦ .ǊƻƻƪǎΣ ! Ǌƻōǳǎǘ ƭŀȅŜǊŜŘ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳ ŦƻǊ ŀ 
ƳƻōƛƭŜ ǊƻōƻǘΣ L999 ƧƻǳǊƴŀƭ ƻƴ ǊƻōƻǝŎǎ ŀƴŘ 
ŀǳǘƻƳŀǝƻƴΣ ±ƻƭΦ нΣ bƻΦ мΣ ǇǇΦ мпςноΣ нллоΦ 
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{ƛŜƎǿŀǊǘΣ /ƻƎƴƛǝǾŜ ƳŀǇǎ ŦƻǊ ƳƻōƛƭŜ Ǌƻōƻǘǎτ
ŀƴ ƻōƧŜŎǘ ōŀǎŜŘ ŀǇǇǊƻŀŎƘΣ wƻōƻǝŎǎ ŀƴŘ 
!ǳǘƻƴƻƳƻǳǎ {ȅǎǘŜƳǎΣ ±ƻƭΦ ррΣ bƻΦ рΣ ǇǇΦ орфς
отмΣ нллтΦ 

ώуϐ WΦ 9Φ [ŀƛǊŘΣ ¢ƘŜ {ƻŀǊ ŎƻƎƴƛǝǾŜ ŀǊŎƘƛǘŜŎǘǳǊŜΦ aL¢ 
ǇǊŜǎǎΣ нлмфΦ 

ώфϐ DΦ wΦ ¢ŜŀƳ Ŝǘ ŀƭΦΣ DŜƳƛƴƛ ǊƻōƻǝŎǎΥ .ǊƛƴƎƛƴƎ ŀƛ 
ƛƴǘƻ ǘƘŜ ǇƘȅǎƛŎŀƭ ǿƻǊƭŘΣ ŀǊ·ƛǾ ǇǊŜǇǊƛƴǘ 
ŀǊ·ƛǾΥнрлоΦнллнлΣ нлнрΦ 

ώмлϐ {Φ {ƻƴƎΣ {Φ tΦ [ƛŎƘǘŜƴōŜǊƎΣ WΦ ·ƛŀƻΣ {¦b wD.π5Υ ! 
wD.π5 ǎŎŜƴŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ōŜƴŎƘƳŀǊƪ ǎǳƛǘŜΣ 
ƛƴ tǊƻŎŜŜŘƛƴƎǎ ƻŦ ǘƘŜ L999 /ƻƴŦŜǊŜƴŎŜ ƻƴ 
/ƻƳǇǳǘŜǊ ±ƛǎƛƻƴ ŀƴŘ tŀǧŜǊƴ wŜŎƻƎƴƛǝƻƴΣ 
нлмрΣ ǇǇΦ рстςртсΦ 

ώммϐ ½Φ aƛƭƧƪƻǾƛŏΣ !Φ WƻƪƛŏΣ aΦ tŜǘǊƻǾƛŏΣ LƳŀƎŜ 
wŜƎƛǎǘǊŀǝƻƴ !ƭƎƻǊƛǘƘƳ ŦƻǊ 5ŜŜǇ [ŜŀǊƴƛƴƎπ
.ŀǎŜŘ {ǘŜǊŜƻ ±ƛǎǳŀƭ /ƻƴǘǊƻƭ ƻŦ aƻōƛƭŜ wƻōƻǘǎΣ 
ƛƴ 5ŜŜǇ [ŜŀǊƴƛƴƎ ŦƻǊ ¦ƴƳŀƴƴŜŘ {ȅǎǘŜƳǎΦ 
{ǘǳŘƛŜǎ ƛƴ /ƻƳǇǳǘŀǝƻƴŀƭ LƴǘŜƭƭƛƎŜƴŎŜΣ !Φ 
Yƻǳōŀŀ ŀƴŘ !Φ ¢Φ !ȊŀǊΣ 9ŘǎΦΣ {ǇǊƛƴƎŜǊΣ /ƘŀƳΣ 
нлнмΣ ǇǇΦ пптςптфΦ 

ώмнϐ CΦ /ƘŀǳƳŜǧŜΣ {Φ IǳǘŎƘƛƴǎƻƴΣ ±ƛǎǳŀƭ ǎŜǊǾƻ 
ŎƻƴǘǊƻƭΦ LΦ .ŀǎƛŎ ŀǇǇǊƻŀŎƘŜǎΣ L999 wƻōƻǝŎǎ ŀƴŘ 
!ǳǘƻƳŀǝƻƴ aŀƎŀȊƛƴŜΣ ±ƻƭΦ моΣ bƻΦ пΣ ǇǇΦ унς
флΣ нллсΦ 
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Abstract: This paper presents an application of ontologies in the manufacturing field, specifically in 
collaborative process planning. To this end, it first examines the concept of ontology through its definition, 
purpose, and classification. After it presents the tools used to implement the developed ontologies and the 
upper ontologies used for their development. Finally, a brief description of these ontologies is provided: PPDRC 
ontology (ontology for collaborative Development of Products and Processes focused on Resource 
Capabilities) and MIRC ontology (ontology for integrated Machining and Inspection process planning focusing 
on Resource Capabilities).  
 
Keywords: Ontologies, manufacturing, collaborative process planning, PPDRC ontology, MIRC ontology, 
resource capabilities. 

1. INTRODUCTION 
 

Process planning, as a link between design 
and manufacturing, is a key function to 
ensuring that the characteristics of 
manufactured products meet customer needs. 
Multiple factors converge in the tasks of 
manufacturing process planning. When these 
factors are combined with the diversity of 
possible strategies and approaches, they form 
a particularly complex scenario. 

Taking as a starting point the above, this 
paper presents a contribution in the field of 
collaborative process planning. For this, an 
ontological approach is proposed. This 
ontology gives support and consistency to the 
co-planning tools used in creating process 
plans, especially in decision-making related to 

the optimal and dynamics resource allocation 
based on resource capabilities. 

 
2. ONTOLOGIES 

 
This section shows an overview of 

ontologies, intended to provide a general and 
integrative vision of them. Since the relatively 
recent presence of ontologies in the field of 
engineering, and particularly in manufacturing 
engineering, means that they may not be 
sufficiently well known in these fields. 
 

 
2.1 Definition 

Some authors agree on the extreme 
difficulty of establishing a general definition for 
the concept of ontology, since there are many 
and diverse realities to which this term can 

https://doi.org/10.46793/ICPES25.009SG
mailto:isolano@mcm.upv.es
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refer, usually linked to their different uses: the 
integration of data sets; the sharing of 
knowledge bases; enabling communication 
between software agents; decision-making 
support; semantic frameworks for enterprise 
architectures; the representation of a natural 
language vocabulary; the representation of 
semantics for complex software services and 
applications; or the provision of a conceptual 
framework for indexing content. 

According to Gruber, an ontology is an 
explicit specification of a conceptualization [1]. 
This conceptualization can be understood as a 
set of objects, concepts, and other entities that 
are assumed to exist in some area of interest, 
along with the relationships they maintain 
among themselves. Terms with a precise, 
shared interpretation and meaning are 
established and used to refer to all of these 
entities and relationships. 

Formalisms facilitate the sharing of certain 
common knowledge between humans and 
machines in a structured and precise manner, 
as they use a rigorous syntax for representing 
entities and relationships, ensuring 
unambiguous interpretation of their semantics. 
Logic uses these formalisms to reach certain 
conclusions through reasoning processes.  

Among the definitions of ontology that are 
based on logical theories or formalisms, the 
one by Uschold and Gruninger stands out: 'an 
ontology is a formal description of the entities 
within a given domain, with the properties they 
have, the relationships in which they 
participate, the restrictions to which they are 
subject, and the patterns of behavior they 
exhibit' [2].  

 
2.2 Purpose of ontologies 

 
Ontologies aim to rationally establish the 

principles that organize and guide knowledge 
of being, as a part of reality, through its 
properties, principles, and causes. 

Ontologies allow the relevant concepts and 
terms of a given domain to be identified and 
defined unambiguously. In this sense, they 
constitute the technological key to describing 
the semantics of information, overcoming the 

problem of implicit and lost knowledge and 
enabling the exchange of semantic content. 

For other authors, the main purpose of an 
ontology is to enable communication between 
computer systems, making it independent of 
the technologies of the individual systems, the 
information architectures and the application 
domain [3]. 
!ŎŎƻǊŘƛƴƎ ǘƻ DǳŀǊƛƴƻΣ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ŀƴ 
ƻƴǘƻƭƻƎȅ ƛǎ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ŀ 
ŎƻƴŎŜǇǘǳŀƭƛȊŀǝƻƴΣ ǿƛǘƘ ǘƘŜ ŀƛƳ ƻŦ ŜǎǘŀōƭƛǎƘƛƴƎ 
ŀ ŎƻƴǎŜƴǎǳǎ ŀōƻǳǘ ǘƘŜ ƪƴƻǿƭŜŘƎŜ ŘŜǎŎǊƛōŜŘ ōȅ 
ǘƘŀǘ ƭŀƴƎǳŀƎŜ ώпϐΦ Lƴ ŦŀŎǘΣ ǘƘŜ ǎŜǘ ƻŦ ǘŜǊƳǎ ŀƴŘ 
ŘŜŬƴƛǝƻƴǎ ƻŦ ŀƴ ƻƴǘƻƭƻƎȅ ŀǊŜ ǎƘŀǊŜŘ ōȅ ŀƭƭ 
ǇŀǊǝŎƛǇŀƴǘǎ ƛƴ ǘƘŜ ŘƻƳŀƛƴ ŀƴŘΣ ǘƘŜǊŜŦƻǊŜΣ 
ŎƻƴǎǝǘǳǘŜ ŀ ōŀǎƛǎ ŦƻǊ ŎƻƳƳǳƴƛŎŀǝƻƴ ŀōƻǳǘ ǎŀƛŘ 
ŘƻƳŀƛƴΦ 

However, an ontology must be understood 
as more than just an effective and efficient 
means of transmitting information. An 
ontology allows us to capture knowledge in a 
domain of interest, and although in its practical 
applications in engineering this has also 
involved data storage and maintenance. 
Ontologies are situated at a higher level than 
information systems, as they also allow 
reasoning based on the information they 
contain. Furthermore, this captured knowledge 
can be shared and reused for various purposes 
and applications related to its domain. 
Therefore, ontologies occupy an important 
place among modeling and representation 
techniques of knowledge. 

Ontologies facilitate the representation of a 
body of knowledge in a formal and declarative 
manner, and constitute the foundation for 
building the bases of knowledge, representing 
the terminology specific to a domain and 
facilitating communication and the 
transmission of knowledge between 
heterogeneous agents in a knowledge-based 
system. 

 
2.3 Types of ontologies and classification 

criteria 
Based on the relationship between ontology 

and language, Fox and Gruninger proposed 
classifying ontologies into informal, semi-
formal and formal, considering the degree of 
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precision with which both their syntax and 
semantics are established. In this context, 
natural language would be an example of an 
informal ontology, logical-mathematical 
languages would be formal ontologies and 
semi-informal ontologies would be found 
halfway between the two [5]. 

On the other hand, ontologies can be 
classified according to their degree of 
specificity [6]: upper ontologies, which define 
concepts applicable to most or all domains; 
core ontologies, which define concepts shared 
by several similar or related domains; domain 
ontologies, which contain concepts specific to a 
particular domain of interest; and application 
ontologies, which specialize the concepts of a 
domain ontology with application-specific 
variants (Figure 1). 

 

Figure 1. Types of ontologies according to the 
degree of specificity [6] 

Taking this classification as a reference, 
high-level models can be obtained from the 
adaptation of a base ontology (upper ontology) 
that describes the basic concepts (foundational 
concepts), which are sufficiently general to be 
applied in a wide range of domains, and is 
designed so that it can be extended and meet 
the additional requirements introduced by a 
specific domain.  

This aspect is fundamental when developing 
ontologies in engineering, because the use of 
different ontologies without a common basis 
necessarily leads to misunderstandings. 
 

3. LANGUAGES AND TOOLS FOR THE 
IMPLEMENTATION OF ONTOLOGIES 
This section addresses aspects related to the 

practical use of ontologies in engineering, from 
those linked to applications based on 
knowledge inference to those related to 
software tools for editing, presenting, and 
sharing ontologies. 

 
3.1 Ontology editors. Protégé 

 
There are several ontology development 

environments or ontology editors: OntoEdit, 
WebODE, Hozo, etc. Among them, Protégé 
stands out. 

Protégé [7] offers significant features in the 
ontology utilization phase. Its features include: 
extensibility, which allows users to redefine 
representative primitives; a semi-automatic 
tool for merging and aligning ontology 
components; the ability to perform some tasks 
automatically and guide the user through the 
development of others; a customizable output 
file format capable of adapting to any formal 
language; a customizable user interface; and a 
powerful and sophisticated plug-in architecture 
capable of integration with other applications. 
Protégé, which uses, among others, the OWL 
and RDF syntaxes, allows the construction of 
domain ontologies, since, as can be seen in 
Figure 2, with this editor you can define classes, 
class hierarchies, properties, restrictions for the 
value of properties, relationships between 
classes and the properties of these 
relationships. 

Protégé allows concepts to be described and 
also provides new facilities or services. It has a 
rich set of operators, for example, intersection, 
union, and negation. Since Protégé is based on 
a logical model that allows concepts to be 
defined and described, complex concepts can 
be built on the definitions of other simpler 
concepts. Furthermore, the logical model 
allows the use of a reasoner that can check 
whether all the ontology declarations and 
definitions are consistent with each other and 
can also recognize that concepts fit within each 
definition. The reasoner can therefore help 
maintain the hierarchy correctly. This is 
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particularly useful when dealing with cases 
where classes may have more than one 
superclass. 

 

Figure 2. User interface of the Protégé ontology 
editor, with the PPDRC ontology class taxonomy 

and the defining axioms of the 
Ψ/ƻƳǇƭŜȄhŎŎǳǊǊŜƴŎŜΩ ŎƭŀǎǎΣ ǿƘƛŎƘ ŎƻƴǎǘǊŀƛƴ ƛǘǎ 

semantics 

3.2 Reasoners 
 

In addition to a suitable user interface and 
mechanisms to facilitate and systematize 
communication between collaborators, the 
main aid for the design and maintenance of 
ontology provided by current tools is an 
interface with reasoning systems or reasoners, 
most of which are based on OWL DL. Reasoners 
support the testing layer of the Semantic Web 
and can return examples of objects that meet 
defined constraints or perform checks to 
determine the veracity of an assumption. The 
main function of reasoners is to classify 
ontology concepts by establishing subclass and 
superclass relationships and to detect logical 
errors that indicate modeling flaws. That is, the 
validation and analysis of ontology. 

Among the reasoners that work with 
ontologies written in OWL DL are Racer and 
Fact++, which are, along with Pellet, the three 
most commonly used reasoners with OWL. As 
indicated above, they check the ontology to 
automatically compute the classification 
hierarchy and also to verify its logical 
consistency. The class hierarchy described in 

the ontology is called the asserted hierarchy, 
while the class hierarchy resulting from the 
reasoning process is called the inferred 
hierarchy. After the reasoner checks, it can be 
seen whether any class has been reclassified 
(i.e., if its superclass has changed) or if it is 
inconsistent. 

 

4. UPPER ONTOLOGIES 
 
Upper ontologies facilitate the integration of 

other, lower-level ontologies, as they allow for 
shared vocabulary to describe the semantics of 
ontological entities unambiguously and in a 
machine-processable manner. This is the case 
with DOLCE (Descriptive Ontology for Linguistic 
and Cognitive Engineering) and PSL (Process 
Specification Language).  
 

4.1 DOLCE 
 

The DOLCE ontology is intended to support 
the design of domain ontologies and has been 
successfully used in industrial and academic 
projects and in diverse domains such as law, 
biomedicine, and agriculture. As its name 
suggests, 'Descriptive Ontology for Linguistic 
and Cognitive Engineering,' DOLCE has a clear 
cognitive bias and aims to capture the 
ontological categories that underlie human 
natural language and common sense. DOLCE 
represents the world as it is perceived by 
humans rather than as it is seen from the 
perspective of scientific theories. 

DOLCE is an ontology of particulars in the 
sense that its domain of discourse is restricted 
to particulars, or entities that cannot have 
instances. However, universals, or entities that 
can have instances, appear in an ontology of 
particulars such as DOLCE, to the extent that 
they are used to organize and characterize that 
ontology. In other words, when designing this 
ontology, the classes of its taxonomy and their 
predicates are established (predicates are the 
properties of the classes and the relationships 
between them), which are universals, while the 
use of the ontology is based on the instances of 
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these classes and predicates, which are 
particulars. 

DOLCE's ontological classification of the 
world is extensive. DOLCE's four high-level 
categories are: endurant, perdurant, quality, 
and abstract (Figure 3). Endurants are 
particulars in space, which participate in at 
least one perdurant. Endurants are classified as 
physical versus non-physical, and agentive 
versus non-agentive. Perdurants are particulars 
in time, which have at least one participant. 
Qualities are particulars inherent in other 
endurants or perdurants. Abstracts are entities 
that do not extend in space or time, have no 
spatial or temporal quality, and are not 
qualities [8]. 

 

Figure 3. DOLCE Basic Categories Taxonomy [8] 

4.2 PSL 
 

PSL ontology was developed with the goal of 
creating a common process representation for 
all manufacturing applications, finding its most 
genuine scope in discrete manufacturing 
processes. 

The PSL methodology is based on the 
identification of intuitions related to 
manufacturing processes, which are 
subsequently translated into elements of an 
algebraic or combinatorial mathematical 
structure, and finally formalized through 
definitions and axioms written in first-order 
logic that ensure rigorously developed 
semantics. 

The PSL ontology consists of a series of 
interdependent modules built from a core that 
captures the high-level primitive concepts 
inherent to process specification. Each module 
refines this core by capturing sets of concepts 

specific to a specific area related to process 
specification [9], [10]. 

PSL is the result of a project initiated in 1995 
by the National Institute for Standards and 
Technology (NIST) to create a neutral, 
standardized, high-level process specification 
language that would allow for the integration 
of multiple related process applications 
throughout the product lifecycle, such as 
CAD/CAPP/CAM/CNC. This requires identifying 
the semantic relationships between the terms 
in these manufacturing applications. 

Regarding its consideration as an exchange 
language, Figure 4 illustrates the information 
translation mechanism, based on the semantics 
of PSL and the syntax of KIF (Knowledge 
Interchange Format). 

 

Figure 4. Using KIF syntax in the process of 
exchanging process information using the PSL 

ontology [11] 

4.3 PSL-Core 
 

The purpose of the PSL-Core is to transform 
into axioms a set of intuitive semantic 
primitives suitable for describing basic 
processes. These intuitive semantic primitives 
are: (a) there are four types of entities required 
for reasoning about processes: activities, 
activity occurrences, timepoints, and objects; 
(b) activities can have multiple realizations, and 
there may be activities that never occur; (c) 
points in time are ordered linearly, forward into 
the future and backward into the past; and (d) 
realizations and objects are associated with 
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unique points in time, which mark the start and 
end of the realization or object. 

Despite the simplicity of PSL-Core, the set of 
its axioms written in the formal language of PSL 
provides a primitive semantics that is sufficient 
to describe the basic processes. 

 
5. ONTOLOGIES IN THE MANUFACTURING 

DOMAIN 
This section is dedicated to the PPDRC and 

MIRC ontologies, both focused on 
manufacturing process planning. 

 
5.1  PPDRC ontology  

 
PPDRC (Product and Processes Development 

Resource Capabilities) is an ontology for 
collaborative development of products and 
processes focused on resource capabilities [11]. 

The PPDRC ontology supports the planning 
of the integrated new product development 
process in collaborative environments 
deployed within the context of a virtual OKP 
(One-of-a-Kind Production) enterprise, where 
communication and cooperation between 
different actors is possible thanks to the high 
connectivity offered by Web technologies. In 
general terms, it can be stated that PPDRC 
supports the planning of any type of process, 
such as the manufacturing process of a product 
or a process. A schematic representation of the 
predicates of the PPDRC ontology can be seen 
in Figure 5. 

In the case of process planning activities, the 
requirements outlined are particularly 
important, both due to their complexity, as 
they are subject to continuous feedback and 
adaptations, and due to the collaborative 
nature of the process and the agentic nature of 
the actors involved. 

 

Figure 5. Predicates of the PPDRC ontology [11] 

In the development of PPDRC, ontological 
concepts from other proposals specific to the 
process and resource domains are 
incorporated and integrated into the 
DOLCE+DnS Ultralite (DUL) base ontology. 
These include those from PSL and those from 
MANDATE. The use of the DUL ontology 
facilitates the semantic interoperability of 
PPDRC with ontologies from other domains. 

 
5.2  MIRC ontology  

 
MIRC (Manufacturing and Inspection 

Resource Capabilities) is an ontology for 
integrated machining and inspection process 
planning focusing on resource capabilities [11]. 

MIRC is a specialization of the PPDRC 
ontology (Figure 6). Therefore, it inherits from 
the latter the ability to support collaborative 
planning activities developed in the context of 
a virtual OKP and to represent the social and 
agentic nature of the required resourcesτin 
this case, machining and inspection equipment 
and tools. The specialization of PPDRC concepts 
provides the MIRC ontology with the semantic 
interoperability required for its integration with 
other ontologies in the manufacturing and 
product development domains. 

 

 
 

Figure 6. Basic entities of the MIRC ontology 
(Resource, ActivityType, Capability and Region) in 

the PPDRC ontology taxonomy [11] 

The MIRC ontology represents both 
machining and inspection resources and their 
dimensional and geometric capabilities, as well 
as the activities involved in a machining and 
inspection plan for a part. This is because, to 
ensure that a part meets established quality 
requirements, expressed through the 
corresponding dimensional and geometric 
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requirements, it is not sufficient to assign 
resources compatible with the required 
performance level to each activity. This 
assignment must be made within the context of 
a plan, which establishes the structure (phase, 
subphase, and operation) and dependencies 
between these activities. The selection and 
allocation of these resources within a 
machining and inspection plan determines its 
efficiency, especially in distributed and 
collaborative environments, such as the 
integrated and collaborative product 
development process in a virtual OKP. 

In the MIRC ontology, four entities of the 
PPDRC ontology are specialized: Resource, 
ActivityType, Capability and Region (Figures 6 
and 7), which represent the essential concepts 
used in the definition of a process plan 
(resources and types of activities) and those 
that are necessary for the allocation of 
resources to activities in the creation and 
validation of the process plan (capabilities and 
their quantification). 

 

 

Figure 7. Predicates of the PPDRC ontology, and 
taxonomy of the entities Resource, Region and 

ActivityType in the MIRC ontology [11] 

 
In the ontology, a resource is an object that 

can perform an activity by exhibiting active 
behavior. However, it can also exhibit passive 
behavior when, while involved in the activity, it 
is not responsible for its execution. Active 
behavior corresponds to a mechanism-type 
participation role in the activity, while input, 
output, and control roles correspond to passive 
behavior. 

In the first of these behaviors (active), the 
resource transmits the values that quantify its 

capabilities to the characteristics of the 
resulting object. This transmission of 
characteristics in the execution of the activity 
materializes through an interface between the 
resource and the processed object, which 
introduces additional dispersion conditioned 
by the type of control under which the activity 
is executed. In the second behavior (passive), 
the resource is the object that receives the 
activity, as occurs in Preparation-type activities 
oriented toward resource configuration. 

The MIRC ontology considers two types of 
activities: Operation activities and Preparation 
activities. The former include activities 
performed on the part to modify its 
characteristics, while the Preparation type 
includes activities performed on resources to 
modify their characteristics (Figure 8). 

 

Figure 8. Preparation activities in the MIRC 
ontology [11] 

On the other hand, resources are considered 
at different levels of aggregation and can be 
simple or complex (Figure 9). The latter are 
configured through Preparation activities, 
which modify their capacities. These capacities, 
for both simple and complex resources, also 
vary over time depending on the performance 
of their functions. In this sense, the preparation 
activities (loading and setup) of machining and 
inspection resources (Figure 8) are essential for 
determining the adequacy of the assigned 
resources according to technological criteria 
related to their dimensional and geometric 
capacities. Therefore, it can be stated that the 
MIRC ontology supports all the necessary 
knowledge for decision-making concerning the 
preparation and allocation of resources during 
the development of an integrated machining 
and inspection process plan, and is capable of 
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supporting the evaluation and validation of any 
plan. 

For this evaluation and validation of the 
plan, a methodology is established that 
facilitates understanding of the conceptual 
framework of the MIRC ontology. This 
methodology is supported by graphical 
representations (Figure 9) that allow viewing 
both the plan as a whole, showing the sequence 
of processing activities and resource 
configuration, and the details of each of its 
component stages. Furthermore, the detailed 
graphical representations show the type and 
quantification of the characteristics associated 
with the resources and objects involved in the 
execution of the activities. Specifically, these 
graphs serve to show the effect of resource 
capabilities and activity execution (interface) 
on the characteristics of the resulting objects or 
resources. 

 

Figure 9. Physical representation of the resource 
participating in the machining of the slot (left) and 
graph with the characteristics of the machined slot 

(right) [11] 

 
6. CONCLUSION 

 
The PPDRC ontology provides an efficient 

response to the needs arising from product 
development in distributed and collaborative 
environments.  

The MIRC ontology, which is a specialization 
of PPDR, supports the planning of machining 
and inspection processes in the field of 
integrated and collaborative product, process, 
and resource development.  

Both ontologies, PPDRC and MIRC, have 
been built from upper ontologies (DOLCE and 
PSL), taking advantage of its semantic richness 
and bringing together concepts from these and 

other non-ontological initiatives. Among them, 
the consideration of the social nature inherent 
to the DOLCE ontology, the treatment of 
resources and roles derived from the 
MANDATE initiative, and the description of 
activities and process plans derived from the 
PSL ontology stand out. 
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Abstract: Additive Manufacturing (AM) has transformed the medical domain by enabling the creation of 
patient-specific implants, prosthetics, surgical tools and bioprinted scaffolds. This paper critically reviews the 
main AM technologies applied in medicine, highlighting their advantages, limitations and future development 
needs. Material extrusion, photopolymerization, powder bed fusion and bioprinting methods are discussed 
with emphasis on their applicability in producing medical applications. Special attention is given to issues such 
as biocompatibility, sterilization, regulatory frameworks and mechanical reliability. Based on the realized 
analysis opportunities for design improvements, material innovation and technological optimization are 
emphasized. Looking ahead, emerging approaches such as 4D printing, multi-material systems, AI-driven 
design and advanced bioprinting are explored as potential solutions that are considered as reliable 
alternatives to address the current limitations of AM technological solutions that are used for medical 
applications. This paper emphasizes therefore the ongoing need for innovation to meet evolving medical 
requirements and ensure safe, sustainable and personalized healthcare solutions. 
 
Keywords: Additive manufacturing, biomedical engineering, medical applications, innovations, future trends 
 

1. INTRODUCTION  
 
Additive Manufacturing (AM), commonly 

known as 3D printing enables the fabrication of 
complex medical applications with a level of 
customization such as cranial implants, dental 
restorations, prosthetics, surgical guides, and 
tissue engineering scaffolds with one design 
freedom that is hard to be reached by 
conventional methods [1]. In recent years, the 
integration of digital imaging, computer-aided 
design and advanced simulation tools has 
further enhanced the ability to create patient-
specific devices that match anatomical and 

ŦǳƴŎǘƛƻƴŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ώнϐΦ !aΩǎ ǳƴƛǉǳŜ 
capacity to produce porous and patient-specific 
structures allows for improved 
osseointegration, comfort and surgical 
outcomes [3]. Despite its growing success, AM 
technologies face significant limitations 
regarding material biocompatibility, 
mechanical performance, regulatory approval 
and scalability. This paper aims to provide one 
synthetic presentation of current AM 
technologies that are used for medical 
applications, in order to identify limitations 
while proposing directions for future 
innovations aligned with the medical needs.  

https://doi.org/10.46793/ICPES25.018P
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2. ADDITIVE MANUFACTURING SOLUTIONS 
FOR MEDICAL APPLICATIONS 

 

2.1 Material Extrusion Technologies 

Material extrusion (MEX) includes Fused 
Deposition Modeling (FDM), Fused Filament 
Fabrication (FFF) and Metal Extrusion (ME). 
These are among the most widely used AM 
processes due to their accessibility. 
Applications range from anatomical models 
and orthoses made of PLA, ABS or TPU to high-
performance implants produced from PEEK or 
PEKK material. Metal Extrusion further extends 
the possibilities of this approach to titanium 
and stainless-steel components, which are 
consolidated after debinding and sintering. The 
main advantages of material extrusion 
technologies lie in their relatively low cost, the 
wide range of available materials and the ease 
capacity to produce patient-specific 
prototypes. However, these processes are not 
free of drawbacks. Components often display 
anisotropic mechanical behavior, a rough 
surface finish and limited options for 
sterilization, while their mechanical strength is 
generally inferior to that of parts obtained 
through powder bed fusion methods [4]. To 
overcome these limitations, improvements are 
needed in several directions. Stronger 
composites and improved interlayer adhesion 
could enhance performance, while hybrid 
reinforcement strategies and validated 
medical-grade extrusion systems are essential 
for meeting the strict requirements of 
biomedical applications. 

 
2.2 Photopolymerization Technologies 

 
Photopolymerization processes include 

Stereolithography (SLA), Digital Light 
Processing (DLP), PolyJet and Carbon Digital 
Light Synthesis (DLS). These methods are 
widely used in the medical field for the 
production of surgical guides, dental devices, 
prosthetics and highly accurate anatomical 
models. The strengths of photopolymerization 
technologies lie in their high precision, smooth 
surface finish, the ability to fabricate highly 

complex geometries and, in the case of PolyJet, 
the capability to print with multiple materials 
simultaneously. Despite these advantages, 
several limitations persist. The resins used are 
often brittle, they have restricted long-term 
biocompatibility and the materials and 
equipment tend to be costly. Moreover, 
extensive post-processing steps such as 
washing and curing add both time and 
complexity to the workflow [5]. Addressing 
these challenges requires the development of 
stronger and more durable biocompatible 
resins, scalable and efficient post-processing 
methods, and materials with improved 
resistance to degradation in biological 
environments. 

 
2.3 Powder Bed Fusion Technologies 

 
Powder Bed Fusion (PBF) comprises several 

technologies, including Selective Laser Sintering 
(SLS), Selective Laser Melting (SLM), Electron 
Beam Melting (EBM), Binder Jetting and Multi 
Jet Fusion (MJF). Among additive manufacturing 
processes, PBF has established itself as one of 
the standard alternative for producing metallic 
implants, particularly those made from titanium 
and cobalt-chrome alloys, which are widely 
used in orthopedic and dental applications. The 
major advantages of PBF lie in its ability to 
deliver high mechanical strength and to design 
porous structures that promote 
osseointegration, thereby improving the long-
term stability and functionality of implants. 
These characteristics contribute significantly to 
the reliability and longevity of medical devices 
manufactured with this technology. However, 
PBF also presents important drawbacks. The 
equipment and raw materials are costly, 
powder recycling remains a challenge and the 
process is exposed to the development of 
residual stresses that may compromise 
mechanical characteristics of realized parts [6]. 
Furthermore, extensive post-processing steps, 
such as support removal and surface finishing 
are often required to achieve clinically 
acceptable results. Future improvements 
should therefore focus on the establishment of 
standardized powder reuse protocols, the 
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development of advanced finishing techniques, 
methods to reduce residual stresses and 
simulation tools that enable optimized process 
control for medical applications. 

 
2.4 Bioprinting Technologies 

 
Bioprinting extends additive manufacturing 

into the field of regenerative medicine by using 
bioinks composed of living cells, hydrogels and 
growth factors. Several approaches exist, 
including extrusion-based bioprinting, inkjet 
printing, photopolymerization techniques and 
laser-assisted methods. More recently, 4D 
printing has emerged as a promising frontier, 
introducing constructs that can adapt their 
shape or function over time in response to 
environmental stimuli. The advantages of 
bioprinting are particularly significant in the 
biomedical context. It enables the fabrication of 
tissue scaffolds and organ-like constructs, 
provides patient-specific regenerative solutions 
and allows for the deposition of multiple 
materials in a single structure. Nevertheless, the 
technology still faces important challenges. 
Bioinks typically lack sufficient mechanical 
strength, scalability remains limited and 
maintaining high levels of cell viability 
throughout the printing process is difficult [7]. 
Moreover, standardized protocols for clinical 
translation are still lacking. To move forward, 
research and development must focus on 
creating robust bioinks with customizable 
properties, developing reliable vascularization 
techniques and implementing real-time 
monitoring systems. The integration of 
bioreactors for tissue maturation is also crucial 
to bridge the gap between laboratory research 
and clinical application. 
 

3. FUTURE DIRECTIONS IN ADDITIVE 
MANUFACTURING FOR MEDICAL 
APPLICATIONS 
 

3.1 Design Innovations using Artificial 
Intelligence 

Future progress in biomedical additive 
manufacturing will be closely tied to advances 

in digital design methods. The use of generative 
design, topology optimization and patient-
specific modeling is already redefining the way 
implants and scaffolds are conceived [8]. 
Artificial Intelligence (AI) is expected to play a 
key role by enabling predictive models for 
defect detection, automated optimization of 
process parameters and rapid customization of 
devices based on patient data. Coupled with 
digital twins and simulation tools, AI-driven 
design will allow for virtual validation of 
implants before fabrication, significantly 
reducing trial-and-error approaches and 
accelerating clinical translation [9]. The key 
challenge in this area is integrating medical 
imaging data, computational design and 
process control into a seamless workflow that 
meets regulatory standards. 

оΦн 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ !ŘǾŀƴŎŜŘ aŀǘŜǊƛŀƭǎ 

Another major direction for innovation lies 
in the development of new customized 
materials which are adapted to medical needs. 
Multi-material printing is gaining importance, 
as it allows the combination of rigid structural 
materials with flexible or bioactive ones in a 
single construct. Smart and intelligent 
materials, such as shape-memory polymers or 
stimuli-responsive hydrogels are being 
investigated for their potential to adapt to 
physiological conditions and improve patient 
outcomes [10]. In the field of bioprinting, 
research is focused on bioinks that combine 
mechanical strength with high cell viability, as 
well as functional additives like nanoparticles 
or growth factors [11]. Despite these promising 
directions, challenges remain in ensuring long-
term stability, biocompatibility and regulatory 
approval of novel materials. Standardization 
and scalability will be critical for widespread 
adoption in clinical practice. 
оΦо 9ƳŜǊƎƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ ±ŀǊƛŀƴǘǎ 

 

.ŜȅƻƴŘ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ŘŜǎƛƎƴΣ ƴŜǿ 
ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǾŀǊƛŀƴǘǎ ŀǊŜ ǊŜǎƘŀǇƛƴƎ ǘƘŜ ŦǳǘǳǊŜ 
ƻŦ ōƛƻƳŜŘƛŎŀƭ !aΦ IȅōǊƛŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 
ǎȅǎǘŜƳǎΣ ǿƘƛŎƘ ƛƴǘŜƎǊŀǘŜ ŀŘŘƛǝǾŜ ǇǊƻŎŜǎǎŜǎ 
ǿƛǘƘ ǎǳōǘǊŀŎǝǾŜ ƳŀŎƘƛƴƛƴƎΣ ŎƻŀǝƴƎΣ ƻǊ ǎǳǊŦŀŎŜ 
ǘǊŜŀǘƳŜƴǘǎ ƻũŜǊ ŀ ǇŀǘƘǿŀȅ ǘƻ ƛƳǇǊƻǾŜ ǎǳǊŦŀŎŜ 
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ǉǳŀƭƛǘȅ ŀƴŘ ŦǳƴŎǝƻƴŀƭ ǇŜǊŦƻǊƳŀƴŎŜΦ п5 
ǇǊƛƴǝƴƎΣ ǿƘƛŎƘ ƛƴŎƻǊǇƻǊŀǘŜǎ ǝƳŜπŘŜǇŜƴŘŜƴǘ 
ǘǊŀƴǎŦƻǊƳŀǝƻƴǎ ƛƴǘƻ ǇǊƛƴǘŜŘ ǎǘǊǳŎǘǳǊŜǎΣ ƘƻƭŘǎ 
ǇǊƻƳƛǎŜ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ŀŘŀǇǝǾŜ ƛƳǇƭŀƴǘǎ ŀƴŘ 
ǎŎŀũƻƭŘǎ ǘƘŀǘ ǊŜǎǇƻƴŘ ŘȅƴŀƳƛŎŀƭƭȅ ǘƻ ŎƘŀƴƎŜǎ 
ƛƴ ǘƘŜ ōƛƻƭƻƎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘΦ Lƴ ōƛƻǇǊƛƴǝƴƎΣ 
ǇǊƻƎǊŜǎǎ ƛǎ ƳƻǾƛƴƎ ǘƻǿŀǊŘ ǘƘŜ ŦŀōǊƛŎŀǝƻƴ ƻŦ 
ǾŀǎŎǳƭŀǊƛȊŜŘ ǝǎǎǳŜǎΣ ƻǊƎŀƴƻƛŘǎ ŀƴŘ ŦǳƴŎǝƻƴŀƭ 
ƻǊƎŀƴ ƳƻŘŜƭǎ ǘƘǊƻǳƎƘ ǘƘŜ ƛƴǘŜƎǊŀǝƻƴ ƻŦ 
ƳƛŎǊƻƅǳƛŘƛŎǎ ŀƴŘ ōƛƻǊŜŀŎǘƻǊǎ ώмнϐΦ IƻǿŜǾŜǊΣ 
ǎŎŀƭƛƴƎ ǘƘŜǎŜ ŀǇǇǊƻŀŎƘŜǎ ŦǊƻƳ ƭŀōƻǊŀǘƻǊȅ 
ŘŜƳƻƴǎǘǊŀǝƻƴǎ ǘƻ ŎƭƛƴƛŎŀƭƭȅ ǊŜƭŜǾŀƴǘ 
ŀǇǇƭƛŎŀǝƻƴǎ ǊŜƳŀƛƴǎ ŀ ŦƻǊƳƛŘŀōƭŜ ŎƘŀƭƭŜƴƎŜ 
ŀƴŘ ƭŜŀǾŜǎ ƭƻǘ ƻŦ ƻǇŜƴ ǊƻƻƳǎ ŦƻǊ ƛƴƴƻǾŀǝƻƴǎΦ 
hƴπƎƻƛƴƎ ǊŜǎŜŀǊŎƘ ǿƛƭƭ ƘŀǾŜ ǘƻ ŀŘŘǊŜǎǎ 
ǊŜǇǊƻŘǳŎƛōƛƭƛǘȅΣ ŎƻǎǘπŜŶŎƛŜƴŎȅ ŀƴŘ ǘƘŜ 
ƛƴǘŜƎǊŀǝƻƴ ƻŦ ǘƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴǘƻ ŜȄƛǎǝƴƎ 
ƳŜŘƛŎŀƭ ǿƻǊƪƅƻǿǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ 

 

4. CONCLUSION 

Additive Manufacturing has already 
reshaped biomedical engineering by enabling 
customized, patient-specific solutions. Each 
technology provides unique opportunities but 
also faces significant limitations. Improvements 
in design, materials and process control are 
crucial to unlock the full potential of AM 
technologies. Emerging innovations such as 
multi-material and 4D printing, combined with 
AI-driven optimization, will push the 
boundaries of personalized medicine and 
regenerative healthcare in the future. 
Collaboration between engineers, material 
scientists and clinicians remains essential to 
align technological progress with clinical needs 
in this context. 
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Abstract: Additive Manufacturing (AM) has evolved into a robust industrial production technology, but its 
inherent process complexity poses significant challenges to ensuring consistent part quality and repeatability. 
Traditional quality control methods often take place in the post-process phase, being time-consuming and 
costly. This paper argues that the future of AM lies in the adoption of real-time, in-situ monitoring and closed-
loop control systems and offers several examples to fundament this claim. The AM systems leverage a 
network of sensors to collect vast amounts of data during the build process, enabling immediate analysis and 
corrective measures to prevent defect propagation. The methodology of this data-driven approach is 
explored, distinguishing between different in-situ monitoring solutions (optical, acoustic, and infrared 
sensors) and their practical implementation. A robust data management pipeline, incorporating advanced 
data reduction and AI/ML models, is essential to make this approach viable. The paper is discussed through 
four key research projectsτCUSTODIAN, QuaL-DED, WAVETAILOR, and crystAIrτto illustrate these concepts 
in practice. These projects collectively demonstrate the importance of sensor fusion, AI-driven models and 
digital twins in establishing a self-optimising ecosystem that can significantly reduce scrap, accelerate 
development, and pave the way for a zero-defect manufacturing paradigm in AM. The conclusion is that 
digitalisation in AM is a critical shift that will secure the ǘŜŎƘƴƻƭƻƎȅΩǎ ŦǳǘǳǊŜ ƛƴ ŀŘǾŀƴŎŜŘ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŘǳŎǘƛƻƴΦ 
 
Keywords: additive manufacturing, digital technologies, monitoring, sensors 

 

1. INTRODUCTION 
 

Additive Manufacturing (AM), commonly 
known as 3D printing, has transitioned from a 
rapid prototyping technology to an established 
industrial production method, covering the 
applications that conventional processes 
cannot attend. This shift is particularly evident 
in processes like Laser Powder Bed Fusion (L-
PBF) and Laser Directed Energy Deposition (L-
DED), which together accounted for a 

significant portion of the global AM market in 
2025, that is 74% of all installed systems [1].  
 

The increasing adoption of AM in critical 
sectors, such as aerospace, medical devices, 
and energy, highlights the need for robust 
quality assurance and process control [2]. 
However, the complexity of AM processes, 
which involve numerous interdependent 
parameters like laser power, scan speed, 
powder flow, and temperature, makes it 

https://doi.org/10.46793/ICPES25.023PF
mailto:vojislav.petrovic@fhwn.ac.at


ΠΜƣőШf9ÂEÉ ΣΜƣőШŰŰŔƻĲƖƚċƖǃШŸŉШƣőĲШ ƚƚŸĦŔċƣŔŸŰШŸŉШÂƖŸĬƨĦƣŔŸŰШEŰŊŔŰĲĲƖŔŰŊШŸŉШÉĲƖĤŔċ 
 

 ΞΠ 

challenging to ensure part quality and 
repeatability [3, 4]. 

 
 

Figure 1. The niche of AM technologies [2] and the 
AM production steps [3] 

The fundamental challenge in AM is the link 
between process variables, part quality, and 
machine health. Traditional quality control 
methods, such as post-process inspection using 
Computed Tomography (CT) or metallography, 
are time-consuming and costly, making them 
unsuitable for large-scale production. This has 
driven the industry towards real-time, in-situ 
monitoring and closed-loop control systems. 
These systems rely on a network of sensors to 
collect vast amounts of data during the build 
process, enabling instantaneous analysis and 
decision-making. Real-time monitoring can 
detect critical errors and stop the process, 
thereby preventing further defects from 
propagating. Alternatively, by non-critical 
errors, it can register an alert and notify the end 
user that an error has occurred at a specific 
location. The ideal scenario, as illustrated in a 
simplified closed-loop model (Figure 2), 
involves sensors providing real-time feedback 
to a data processing unit, which in turn can 
implement corrective measures on the AM 
machine to prevent defect propagation and 

ensure the production of zero-defect 
components. 

 
Figure 2. Schematic view and comparison of real-
time monitoring and closed-loop control in AM. 

The present paper outlines a data-driven 
approach to enhance AM process control. It 
details the methodologies for data collection 
and analysis and presents a discussion of four 
key research projects that demonstrate the 
application of these concepts in real-world 
scenarios. 
 
2. METHODOLOGY 
 

9ũŜŎǝǾŜ Řŀǘŀ ŎƻƭƭŜŎǝƻƴ ƛƴ !a ƛǎ ŀ Ƴǳƭǝπ
ŦŀŎŜǘŜŘ ǇǊƻŎŜǎǎ ǘƘŀǘ Ŏŀƴ ōŜ ōǊƻŀŘƭȅ ŎŀǘŜƎƻǊƛȊŜŘ 
ƛƴǘƻ ǘǿƻ Ƴŀƛƴ ǘȅǇŜǎ ƻŦ ƳƻƴƛǘƻǊƛƴƎΥ ƛƴπǎƛǘǳ ŀƴŘ 
ŜȄπǎƛǘǳΦ 9Ȅπǎƛǘǳ ƳƻƴƛǘƻǊƛƴƎ ŎƻƴŎŜǇǘǎΣ ǎǳŎƘ ŀǎ 
/ƻƳǇǳǘŜǊƛȊŜŘ ¢ƻƳƻƎǊŀǇƘȅ ό/¢ύΣ 
ƳŜǘŀƭƭƻƎǊŀǇƘȅΣ ǎǳǊŦŀŎŜ ǇǊƻŬƭƻƳŜǘǊȅ ŀǊŜ 
ƭƛƳƛǘŜŘΣ ƎƛǾŜƴ ǘƘŀǘ ǘƘŜȅ ƻũŜǊ ŀƴ ŀƴŀƭȅǎƛǎ ǿƘŜƴ 
ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ƛƴǘŜǊǾŜƴǝƻƴ ŘǳǊƛƴƎ ǘƘŜ 
ǇǊƻŎŜǎǎ ƛǎ ŀƭǊŜŀŘȅ ƎƻƴŜΦ Lƴπǎƛǘǳ aƻƴƛǘƻǊƛƴƎΣ ƻƴ 
ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƛƴǾƻƭǾŜǎ ŎƻƭƭŜŎǝƴƎ Řŀǘŀ ŘǳǊƛƴƎ 
ǘƘŜ !a ǇǊƻŎŜǎǎ ƛǘǎŜƭŦ ŀƴŘΣ ŀǎ ǎǳŎƘΣ ŀƭƭƻǿǎ ŦƻǊ ŀ 
ǎǿƛƊ ƛƴǘŜǊǾŜƴǝƻƴ ǿƘŜƴ ǘƘŜ ǇǊƻŎŜǎǎ ƎŜǘǎ 
ŀũŜŎǘŜŘ ōȅ ŀƴ ŜǾŜƴǘΦ ¢ƘŜ Ǝƻŀƭ ƛǎ ǘƻ ŎŀǇǘǳǊŜ 
ǘǊŀƴǎƛŜƴǘ ǇǊƻŎŜǎǎ ŜǾŜƴǘǎ ŀƴŘ ƳŀǘŜǊƛŀƭ ōŜƘŀǾƛƻǊ 
ƛƴ ǊŜŀƭ ǝƳŜΦ /ƻƳƳƻƴ ǎŜƴǎƻǊǎ ǳǎŜŘ ŦƻǊ ƛƴπǎƛǘǳ 
ƳƻƴƛǘƻǊƛƴƎ ƛƴŎƭǳŘŜΥ 

¶ hǇǝŎŀƭ ǎŜƴǎƻǊǎΥ IƛƎƘπǎǇŜŜŘ ŎŀƳŜǊŀǎ ŀƴŘ 
ǇȅǊƻƳŜǘŜǊǎ ŀǊŜ ǳǎŜŘ ǘƻ ŎŀǇǘǳǊŜ ƛƳŀƎŜǎ ƻŦ 
ǘƘŜ ƳŜƭǘ ǇƻƻƭΣ ǎǇŀǧŜǊΣ ŀƴŘ ǘƘŜǊƳŀƭ 
ōŜƘŀǾƛƻǊΦ ¢Ƙƛǎ Řŀǘŀ Ŏŀƴ ǊŜǾŜŀƭ 
ƛƴŎƻƴǎƛǎǘŜƴŎƛŜǎ ƛƴ ƳŜƭǝƴƎΣ ǇƻǘŜƴǝŀƭ 
ŘŜŦŜŎǘǎΣ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ƎǊŀŘƛŜƴǘǎ ώсΣммϐΦ 

¶ !ŎƻǳǎǝŎ ǎŜƴǎƻǊǎΥ aƛŎǊƻǇƘƻƴŜǎ ƻǊ ŀŎƻǳǎǝŎ 
ŜƳƛǎǎƛƻƴ ǎŜƴǎƻǊǎ Ŏŀƴ ŘŜǘŜŎǘ ǎƻǳƴŘ ǿŀǾŜǎ 
ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ ǇǊƻŎŜǎǎΣ ǎǳŎƘ ŀǎ ǎǇŀǧŜǊ ƻǊ 
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ƪŜȅƘƻƭŜ ŦƻǊƳŀǝƻƴΣ ǿƘƛŎƘ ŀǊŜ ƻƊŜƴ 
ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ŘŜŦŜŎǘ ŦƻǊƳŀǝƻƴ ώтϐΦ 

¶ LƴŦǊŀǊŜŘ ǎŜƴǎƻǊǎΥ ¢ƘŜǊƳŀƭ ŎŀƳŜǊŀǎ ŀƴŘ 
ǇƘƻǘƻŘƛƻŘŜǎ ƳŜŀǎǳǊŜ ǘŜƳǇŜǊŀǘǳǊŜ 
ŘƛǎǘǊƛōǳǝƻƴ ƻƴ ǘƘŜ ǇƻǿŘŜǊ ōŜŘ ŀƴŘ ǿƛǘƘƛƴ 
ǘƘŜ ƳŜƭǘ ǇƻƻƭΣ ǇǊƻǾƛŘƛƴƎ ŎǊǳŎƛŀƭ ŦŜŜŘōŀŎƪ ƻƴ 
ŜƴŜǊƎȅ ƛƴǇǳǘ ŀƴŘ ƘŜŀǘ ŘƛǎǎƛǇŀǝƻƴ ώуϐΦ 

¶ tƛŜȊƻŜƭŜŎǘǊƛŎ ǎŜƴǎƻǊǎΥ DŜƴŜǊŀǝƻƴ ƻŦ 
ƛƳǇǳƭǎŜ ƻǊ ǎƛƎƴŀƭ ōȅ ǘƘŜ Ŏƻƭƭƛǎƛƻƴ ōŜǘǿŜŜƴ 
Ǌŀǿ ƳŀǘŜǊƛŀƭ ŀƴŘ ǇƛŜȊƻ ŎǊȅǎǘŀƭ Ŏŀƴ ŀƭǎƻ ōŜ 
ǎǳŎŎŜǎǎŦǳƭƭȅ ǳǎŜŘ ŦƻǊ ƳƻƴƛǘƻǊƛƴƎ ƛƴ !a ώмлϐ 

¢ƘŜ ǎǳŎŎŜǎǎŦǳƭ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ŀ Řŀǘŀπ
ŘǊƛǾŜƴ ŀǇǇǊƻŀŎƘ ǊŜǉǳƛǊŜǎ Ǌƻōǳǎǘ Řŀǘŀ 
ŎƻƭƭŜŎǝƻƴΣ ǇǊƻŎŜǎǎƛƴƎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘΦ wŀǿ 
ǎŜƴǎƻǊ ŘŀǘŀΣ ƻƊŜƴ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ƘƛƎƘπ
ǊŜǎƻƭǳǝƻƴ ƛƳŀƎŜǎ ƻǊ ƘƛƎƘπŦǊŜǉǳŜƴŎȅ ǎƛƎƴŀƭǎΣ 
Ŏŀƴ ōŜ ŜƴƻǊƳƻǳǎΦ !ŘǾŀƴŎŜŘ Řŀǘŀ ǊŜŘǳŎǝƻƴ ŀƴŘ 
ǇǊƻŎŜǎǎƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ŀǊŜ ǳǎŜŦǳƭ ǘƻ ŜȄǘǊŀŎǘ 
ƳŜŀƴƛƴƎŦǳƭ ƛƴŦƻǊƳŀǝƻƴ ǿƛǘƘƻǳǘ ƭƻǎƛƴƎ ŎǊƛǝŎŀƭ 
ŘŜǘŀƛƭΦ ¢Ƙƛǎ Řŀǘŀ ƛǎ ǳǎŜŘ ŦƻǊ ŘƛǊŜŎǘ ǇǊƻŎŜǎǎ 
ŜǾŀƭǳŀǝƻƴ ƛƴ wŜŀƭπ¢ƛƳŜΣ ōǳǘ ŀƭǎƻ ǘƻ ǘǊŀƛƴ 
aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎ όa[ύ ŀƴŘ !ǊǝŬŎƛŀƭ 
LƴǘŜƭƭƛƎŜƴŎŜ ό!Lύ ƳƻŘŜƭǎ ǘƻ ŎƻǊǊŜƭŀǘŜ ǇǊƻŎŜǎǎ 
ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ǉǳŀƭƛǘȅ ƳŜǘǊƛŎǎΦ ¢ƘŜǎŜ ƳƻŘŜƭǎ 
ǇŜǊŦƻǊƳ ǘŀǎƪǎ ǎǳŎƘ ŀǎ ŘŜŦŜŎǘ ǇǊŜŘƛŎǝƻƴΣ 
ǇǊƻŎŜǎǎ ŀƴƻƳŀƭȅ ŎƭŀǎǎƛŬŎŀǝƻƴΣ ŀƴŘ ǇǊŜŘƛŎǝǾŜ 
ƳŀƛƴǘŜƴŀƴŎŜ ώфϐΦ ¢ƘŜ Ǝƻŀƭ ƛǎ ǘƻ ƳƻǾŜ ŦǊƻƳ ŀ 
ǊŜŀŎǝǾŜ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ǇŀǊŀŘƛƎƳ ǘƻ ŀ ǇǊƻŀŎǝǾŜ 
ƻƴŜΣ ǿƘŜǊŜ ǘƘŜ ǇǊƻŎŜǎǎ ƛǎ ŘȅƴŀƳƛŎŀƭƭȅ ŀŘƧǳǎǘŜŘ 
ǘƻ ǇǊŜǾŜƴǘ ŘŜŦŜŎǘǎ ōŜŦƻǊŜ ǘƘŜȅ ƻŎŎǳǊΦ 
 

3. RESULTS & DISCUSSION 
 

¢ƘŜ ŎƻƴŎŜǇǘǎ ƻŦ ŘƛƎƛǘŀƭƛȊŀǝƻƴΣ ǎŜƴǎƛƴƎΣ ŀƴŘ 
ŘŀǘŀπŘǊƛǾŜƴ ǇǊƻŎŜǎǎ ŎƻƴǘǊƻƭ ƘŀǾŜ ōŜŜƴ 
ŘŜƳƻƴǎǘǊŀǘŜŘ ƛƴ ǎŜǾŜǊŀƭ ƪŜȅ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘǎΣ 
ǿƘƛŎƘ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜŎǝƻƴΣ 
ƘƛƎƘƭƛƎƘǝƴƎ ǘƘŜƛǊ ǳƴƛǉǳŜ ŎƻƴǘǊƛōǳǝƻƴǎ ǘƻ ǘƘŜ 
ŬŜƭŘ ƻŦ !a ƳƻƴƛǘƻǊƛƴƎΦ 

 

3.1. Project CUSTODIAN: Real-Time Laser-
Matter Interaction Monitoring 

¢ƘŜ /¦{¢h5L!b ǇǊƻƧŜŎǘ ώмнϐ ƛǎ ŀƴ ŜȄŀƳǇƭŜ 
ƻŦ ŀƴ ŀŘǾŀƴŎŜŘ ƭŀǎŜǊπƳŀǧŜǊ ƛƴǘŜǊŀŎǝƻƴΦ Lǘǎ 
ƻōƧŜŎǝǾŜǎ ǿŜǊŜ ǘƻ ǎǘǳŘȅ ǘƘŜ ǊƻƭŜ ƻŦ ƭŀǎŜǊ ōŜŀƳ 

ǎƘŀǇƛƴƎ ƛƴ [πt.CΦ ¢ƘŜ ǇǊƻƧŜŎǘΩǎ ŦƻŎǳǎΣ ŀƳƻƴƎ 
ƻǘƘŜǊ ŎƘŀƭƭŜƴƎŜǎΣ ǿŀǎ ǘƻ ŘŜǾŜƭƻǇ ŀŘǾŀƴŎŜŘ 
ǎŜƴǎƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ 
ŘȅƴŀƳƛŎǎ ŀƴŘ ǘƘŜ ƅƻǿ ƻŦ ƳŀǘŜǊƛŀƭ ŀƴŘ ŜƴŜǊƎȅ 
ŘǳǊƛƴƎ ƭŀǎŜǊπōŀǎŜŘ !aΦ ¢ƘŜ ǇǊƻƧŜŎǘ ƭŜǾŜǊŀƎŜǎ 
ŀƴ a²Lw ŎŀƳŜǊŀ ōŀǎŜŘ ƻƴ ŀƴ ǳƴŎƻƻƭŜŘ tō{Ŝ 
ǎŜƴǎƻǊ ǘƻ ŎƻƭƭŜŎǘ Řŀǘŀ ƻƴ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ 
ƎŜƻƳŜǘǊȅΣ ǘŜƳǇŜǊŀǘǳǊŜΣ ŀƴŘ ǎǇŜŎǘǊŀƭ ŜƳƛǎǎƛƻƴΦ 
¢ƘŜ Řŀǘŀ ƛǎ ǘƘŜƴ ŀƴŀƭȅȊŜŘ ƛƴ ǊŜŀƭπǝƳŜ ǘƻ 
ƛŘŜƴǝŦȅ ŀƴƻƳŀƭƛŜǎ όǎƛȊŜΣ ǎƘŀǇŜΣ ŜǘŎΦύ ǘƘŀǘ ŎƻǳƭŘ 
ƭŜŀŘ ǘƻ ǇƻǊƻǎƛǘȅ ƻǊ ƛƳǇǊƻǇŜǊ ŦǳǎƛƻƴΦ ¢ƘŜǎŜ 
ǎŜƴǎƻǊȅ ƛƴǇǳǘǎ ŀǊŜ ǘƘŜƴ ƭƛƴƪŜŘ ǿƛǘƘ ǘƘŜ Ŭƴŀƭ 
ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ǇŀǊǘΣ ŀƛƳƛƴƎ ŀǘ ŀ 
ŘŀǘŀπŘǊƛǾŜƴ ŦŜŜŘōŀŎƪ ƭƻƻǇ ǘƘŀǘ ŜƴǎǳǊŜǎ ǇŀǊǘ 
ǉǳŀƭƛǘȅ ǿƛǘƘƻǳǘ ŜȄǘŜƴǎƛǾŜ ǇƻǎǘπǇǊƻŎŜǎǎ 
ƛƴǎǇŜŎǝƻƴΦ !ŘŘƛǝƻƴŀƭ ǘƻ ƳƻƴƛǘƻǊƛƴƎΣ ŀ ŎƭƻǎŜŘπ
ƭƻƻǇ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ ƭŀǎŜǊ ǎƻǳǊŎŜ ǿŀǎ 
ŜǎǘŀōƭƛǎƘŜŘΣ ǘǊȅƛƴƎ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ 
ǇǊƻǇŜǊǝŜǎ ōȅ ŎƘŀƴƎƛƴƎ ǘƘŜ ƭŀǎŜǊ ǇƻǿŜǊ ƛƴ w¢Φ 
!ƭǘƘƻǳƎƘ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ [π595 ǇǊƻŎŜǎǎ ǘƘƛǎ Ƙŀǎ 
ǿƻǊƪŜŘ ŎƻǊǊŜŎǘƭȅ ώмоϐΣ ƛƴ ŎŀǎŜ ƻŦ [πt.C ǘƘŜ ƘƛƎƘ 
ǇǊƻŎŜǎǎ ǎǇŜŜŘ ǿŀǎ ŀ ǊŜƭŜǾŀƴǘ ƻōǎǘŀŎƭŜΦ 

 

 

Figure 3. Concept of the use of fuzzy controller 
architecture and MWIR sensor in CUSTODIAN (up). 

Uncooled PbSe sensor by NIT Europe for the RT 
control, together with the embedded board based 

on Zynq 7000 from Xilinx. © 2018 CUSTODIAN 
Consortium. All rights reserved. 

3.2. Project QuaL-DED: Towards Zero-
Defect Components 
 

¢ƘŜ vǳŀ[π595 ǇǊƻƧŜŎǘ ώмпϐΣ ŀƛƳŜŘ ǘƻ 
ŘŜǾŜƭƻǇ ŀ Ŧǳƭƭ vǳŀƭƛǘȅ !ǎǎŜǎǎƳŜƴǘ όv!ύ ǎȅǎǘŜƳ 
ŦƻǊ ǘƘŜ [π595 ǇǊƻŎŜǎǎΦ ¢ƘŜ ǇǊƻƧŜŎǘϥǎ ŎŜƴǘǊŀƭ 
ƻōƧŜŎǝǾŜ ǿŀǎ ǘƻ ŜƴǎǳǊŜ ǇǊƻŎŜǎǎ ǎǘŀōƛƭƛǘȅ ŀƴŘ 
ǇŀǾŜ ǘƘŜ ǿŀȅ ŦƻǊ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ȊŜǊƻπŘŜŦŜŎǘ 
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 ΞΣ 

ƳŜǘŀƭƭƛŎ ŎƻƳǇƻƴŜƴǘǎΦ ¢ƘŜ ǎȅǎǘŜƳ ƛƴǘŜƎǊŀǘŜŘ 
ǘƘǊŜŜ ƪŜȅ ŎƻƴŎŜǇǘǎΥ 

¶ .ŜŀƳ vǳŀƭƛǘȅ aƻƴƛǘƻǊƛƴƎΥ /ƻƴǎǘŀƴǘ 
ǊŜŀƭπǝƳŜ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ǘƘŜ ƭŀǎŜǊ 
ōŜŀƳϥǎ ǉǳŀƭƛǘȅ ŀƴŘ ǎǘŀōƛƭƛǘȅ ǳǎƛƴƎ 
a²Lw ŎŀƳŜǊŀ ŀǇǇǊƻŀŎƘΦ 

¶ 9ƴŜǊƎȅ LƴǇǳǘ /ƻƴǘǊƻƭΥ ! ƳƻƴƛǘƻǊƛƴƎ 
ǎȅǎǘŜƳ ŦƻǊ ōƻǘƘ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ ŀƴŘ 
ǇƻǿŘŜǊ ƅǳȄΦ ¢ƘŜ ƴƻǾŜƭǘȅ ǿŀǎ ǘƘŜ 
ŎƻƳōƛƴŜŘ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ǘƘŜ ŜƴŜǊƎȅπ
ǇŜǊπƳŀǎǎ ƛƴǇǳǘΣ ƳŜŀǎǳǊƛƴƎ ǘƘŜ ǇƻǿŘŜǊ 
ƅǳȄ ōȅ ƭŀǎŜǊ ǎŎŀǧŜǊƛƴƎ ǇǊƛƴŎƛǇƭŜ ŀƴŘ ǘƘŜ 
ƳŜƭǘ Ǉƻƻƭ ŀǎǇŜŎǘ ōȅ ǘƘŜ a²Lw ƛƳŀƎŜǎ 
ǊŜŎƻƴǎǘǊǳŎǘŜŘ ƛƴ о5Φ 

¶ LƴƭƛƴŜ vǳŀƭƛǘȅ aƻƴƛǘƻǊƛƴƎΥ ! ǎǇŜŎƛŀƭ 
ƴƻǾŜƭǘȅ ǿŀǎ ǘƘŜ ǳǎŜ ƻŦ [ŀǎŜǊπLƴŘǳŎŜŘ 
.ǊŜŀƪŘƻǿƴ ǎǇŜŎǘǊƻǎŎƻǇȅ ǘƻ ƳƻƴƛǘƻǊ 
ǘƘŜ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ŎƻƴǎƻƭƛŘŀǘŜŘ 
ƳŀǘŜǊƛŀƭ ŀǎ ƛǘ ƛǎ ōŜƛƴƎ ōǳƛƭǘ ƭŀȅŜǊπōȅπ
ƭŀȅŜǊΣ ōŜƛƴƎ ǘƘƛǎ ǇŜǊŦƻǊƳŜŘ ƛƴ ƴŜŀǊ ǊŜŀƭ 
ǝƳŜΦ 

Ш

 

Figure 4. A 3D reconstruction of the melt pool, 
shown together with the powder flow values and 

momentaneous values of main chemical 
constituents in the recently deposited material. © 
2023 QuaL-DED Consortium. All rights reserved. 

¢Ƙƛǎ ŀǇǇǊƻŀŎƘΣ ǿƘƛŎƘ ƭŜǾŜǊŀƎŜǎ ōƛƎ Řŀǘŀ 
ŀƴŀƭȅǝŎǎ ŀƴŘ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ǘƻ ŀƴŀƭȅȊŜ 
ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ǎŜƴǎƻǊ ŘŀǘŀΣ Ƙŀǎ ǘǿƻ 

ŀƛƳǎΦ ¢ƘŜ ŬǊǎǘ ƻƴŜ ƛǎ ǘƻ ǊŜŎƻǊŘ ŀƭƭ ŜǾŜƴǘǎΣ ǘƘŀǘ 
ƛǎΣ ƳƛǎƳŀǘŎƘŜǎ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎΣ ƛƴ ŀƴ 
I5Cр Řŀǘŀ ǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ǘƻ ŜƴŀōƭŜ ǘƘŜ [π595 
ǘŜŎƘƴƛŎƛŀƴ ǘƻ ŀƴŀƭȅȊŜ ǿƘŀǘ ǿŜƴǘ ǿǊƻƴƎ ŀƊŜǊ 
ǘƘŜ ƧƻōΣ ƘŜƭǇƛƴƎ ŀƭǎƻ ǘƘŜ ŎŜǊǝŬŎŀǝƻƴ ƻŦ ǘƘŜ 
ǇŀǊǘΦ !ƴƻǘƘŜǊ Ǝƻŀƭ ǿŀǎ ǘƻ ƛŘŜƴǝŦȅ ōŜƘŀǾƛƻǊŀƭ 
ǇŀǧŜǊƴǎ ŦƻǊ ǇǊƻŎŜǎǎ ƻǇǝƳƛȊŀǝƻƴ ŀƴŘ ŀƴŀƭȅȊŜ 
ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ŎƻƳǇƻƴŜƴǘ ŘŜǎƛƎƴ ƻƴ ǇǊƻŎŜǎǎ 
ǎǘŀōƛƭƛǘȅΦ  

3.3. Project WAVETAILOR: Digital Twins and 
Sensor Fusion 

 

 

Figure 5. A schematic view of a digital twin concept 
operating over a delocalized LBAM facility. © 2023 

WAVETAILOR Consortium. All rights reserved. 

²!±9¢!L[hw ƛǎ ŀƴƻǘƘŜǊ ǇƛƻƴŜŜǊƛƴƎ ǇǊƻƧŜŎǘ 
ŀōƻǳǘ ŘƛƎƛǘŀƭƛȊŀǝƻƴ ƛƴ !aΣ ǎǇŜŎƛŬŎŀƭƭȅ ƛƴ [πt.C 
ŀƴŘ [π595 ώмрϐΦ ¢Ƙƛǎ ƻƴƎƻƛƴƎ ǇǊƻƧŜŎǘϥǎ ƪŜȅ 
ƛƴƴƻǾŀǝƻƴ ƛǎ ǘƘŜ ǳǎŜ ƻŦ ŀ Ǌƻōǳǎǘ 5ƛƎƛǘŀƭ ¢ǿƛƴΣ ŀ 
ǾƛǊǘǳŀƭ ǊŜǇƭƛŎŀ ƻŦ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎ 
ǘƘŀǘ ŀƭƭƻǿǎ ŦƻǊ ǊŜŀƭπǝƳŜ ǎƛƳǳƭŀǝƻƴ ŀƴŘ 
ƻǇǝƳƛȊŀǝƻƴΦ .ȅ ƛƴǘŜƎǊŀǝƴƎ ƳǳƭǝπǎŎŀƭŜ ƳƻŘŜƭǎ 
ǿƛǘƘ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ŀƭƎƻǊƛǘƘƳǎΣ ǘƘŜ ŘƛƎƛǘŀƭ 
ǘǿƛƴ Ŏŀƴ ŀŎŎǳǊŀǘŜƭȅ ǇǊŜŘƛŎǘ ƻǳǘŎƻƳŜǎ ŀƴŘ 
ƻǇǝƳƛǎŜ ŎƻƳǇƻƴŜƴǘ ŘŜǎƛƎƴǎΣ ǘƘŜǊŜōȅ ǊŜŘǳŎƛƴƎ 
ǘƘŜ ǊŜƭƛŀƴŎŜ ƻƴ ŀ ǘǊƛŀƭπŀƴŘπŜǊǊƻǊ ŀǇǇǊƻŀŎƘΦ 

¢ƘŜ ŎƻǊŜ ŎƻƳǇƻƴŜƴǘ ƻŦ ²!±9¢!L[hw ƛǎ 
ǎŜƴǎƻǊ ǎƛƎƴŀƭ ŦǳǎƛƻƴΦ ¢ƘŜ ƛŘŜŀ ƛǎ ǘƻ ŎƻƳōƛƴŜ 
Řŀǘŀ ŦǊƻƳ ƳǳƭǝǇƭŜ ŘƛǎǇŀǊŀǘŜ ǎŜƴǎƻǊǎ ǘƻ 
ŜƴƘŀƴŎŜ ǘƘŜ !Lκa[ ŀƭƎƻǊƛǘƘƳǎΣ ƭŜŀŘƛƴƎ ǘƻ ƳƻǊŜ 
ǇǊŜŎƛǎŜ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊ ƻǇǝƳƛȊŀǝƻƴ ǿƛǘƘ 
ǘǿƻ Ƴŀƛƴ ƻǳǘŎƻƳŜǎΥ ƭŜǎǎ ŘŜŦƻǊƳŀǝƻƴ ƛƴ [πt.C 
ǇŀǊǘǎ ŀƴŘ ōŜǧŜǊ ŀǎǎŜƳōƭȅ ƻŦ [πt.C ǇŀǊǘǎ ǿƘƛŎƘ 
ƘŀǾŜ ōŜŜƴ ƳŀƴǳŦŀŎǘǳǊŜŘ ƛƴ ŘƛũŜǊŜƴǘ ƳŀŎƘƛƴŜǎ 
ŀǘ ŘƛũŜǊŜƴǘ ƭƻŎŀǝƻƴǎ όŘŜƭƻŎŀƭƛȊŜŘ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎύΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ƛǎ ƛƴǎǘǊǳƳŜƴǘŀƭ 
ƛƴ ŜƴǎǳǊƛƴƎ ŀ ǎǳōǎǘŀƴǝŀƭ ǊŜŘǳŎǝƻƴ ƛƴ ǎŎǊŀǇΣ ōȅ 
ŀǎ ƳǳŎƘ ŀǎ ул҈Φ ²!±9¢!L[hwΩǎ ŀǇǇƭƛŎŀǝƻƴ ƻŦ 
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 ΞΤ 

5ƛƎƛǘŀƭ ¢ǿƛƴ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ǎŜƴǎƻǊ Ŧǳǎƛƻƴ 
ǊŜǇǊŜǎŜƴǘǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ǎǘŜǇ ǘƻǿŀǊŘǎ ŎǊŜŀǝƴƎ 
ƳƻǊŜ ǊŜƭƛŀōƭŜ !a ǇǊƻŎŜǎǎŜǎΦ 

 

3.4. Project crystAIr: Sensing in Related Fields 
 

²ƘƛƭŜ ƴƻǘ ŘƛǊŜŎǘƭȅ ǊŜŦŜǊǊƛƴƎ ǘƻ ƳƻƴƛǘƻǊƛƴƎ 
ŀƴŘ ŎƻƴǘǊƻƭ ƻŦ !a ǇǊƻŘǳŎǝƻƴΣ ŎǊȅǎǘ!LǊ 
ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ !L ŀƴŘ ǎŜƴǎƛƴƎ 
ƛƴ ŀ ǊŜƭŀǘŜŘ ƘƛƎƘπǘŜŎƘ ŬŜƭŘΥ ŎƻƳōǳǎǝƻƴ ōǳǊƴŜǊǎ 
ƳŀŘŜ ōȅ [πt.CΦ ¢ƘŜ ǇǊƻƧŜŎǘ ƛǎ ŦƻŎǳǎŜŘ ƻƴ 
ŘŜǾŜƭƻǇƛƴƎ ŀƴ !Lπ ŀƴŘ ǎŜƴǎƛƴƎπŘǊƛǾŜƴ 
ŎƻƳōǳǎǝƻƴ ōǳǊƴŜǊ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ƻŦ 
ƘȅŘǊƻƎŜƴ ŎƻƳōǳǎǝƻƴΣ ǎǳŎƘ ŀǎ ƛƴŎǊŜŀǎŜŘ 
ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ ŦŀǎǘŜǊ ŎƻƳōǳǎǝƻƴΣ ǿƘƛŎƘ Ŏŀƴ 
ƭŜŀŘ ǘƻ ŘŀƴƎŜǊƻǳǎ ƅŀǎƘōŀŎƪǎΦ ¢ƘŜ ƳŜǘƘƻŘƻƭƻƎȅ 
ƛǎ ōŀǎŜŘ ƻƴ ŀ ƎŜƴŜǊƛŎΣ ŘŀǘŀπŘǊƛǾŜƴ ǘƘǊŜŜπǎǘŜǇ 
ǇǊƻŎŜǎǎΥ ǳƴǎǳǇŜǊǾƛǎŜŘ ƭŜŀǊƴƛƴƎ ƻŦ ǘƘŜ ƛƴǘŜƴŘŜŘ 
ŎƻƳōǳǎǝƻƴ ǎǘŀǘŜΣ ŎƭŀǎǎƛŬŎŀǝƻƴ ƻŦ ŘƛũŜǊŜƴǘ 
ŎƻƳōǳǎǝƻƴ ǎǘŀǘŜǎΣ ŀƴŘ ŘŜǘŜŎǝƻƴ ƻŦ ŜŀǊƭȅ 
ƛƴŘƛŎŀǘƻǊǎ ƻŦ ƛǊǊŜƎǳƭŀǊƛǝŜǎ ǿƘƛŎƘ ŎƻǳƭŘ ƭŜŀŘ ǘƻ ŀ 
ƅŀǎƘōŀŎƪΦ ¢Ƙƛǎ ƛǎ ŀŎƘƛŜǾŜŘ ǘƘǊƻǳƎƘ ŀ ŘƛǎǘǊƛōǳǘŜŘ 
ƴŜǘǿƻǊƪ ƻŦ ǎŜƴǎƻǊǎΣ ƛƴŎƭǳŘƛƴƎ ŀ tƛŜȊƻŜƭŜŎǘǊƛŎ 
ŎǊȅǎǘŀƭ ǎŜƴǎƻǊ ǿƛǘƘ ŀ ǎŜƴǎƛǝǾƛǘȅ ƻŦ муΦр Ǉ/κōŀǊ 
ŀƴŘ ŎŀǇŀōƭŜ ƻŦ ƻǇŜǊŀǝƴƎ ǳǇ ǘƻ сллϲ/ ώмтϐΦ 

 

Figure 6. Hydrogen combustor in premixed and 
flashback mode (left). Prediction of flashback using 
data from a sensorized combustion burner (right) 

[16]. © 2024 crystAIr Consortium. All rights 
reserved. 

¢ƘŜ ǇǊƻƧŜŎǘΩǎ ŀǇǇǊƻŀŎƘ ƻŦ ŎǊŜŀǝƴƎ ŀ ƘȅōǊƛŘ 
ŘƛƎƛǘŀƭ ǘǿƛƴ ŦƻǊ ǳƴǎǳǇŜǊǾƛǎŜŘ ƳƛȄǘǳǊŜ ŀƴŘ ƅŀƳŜ 
ŎƻƴǘǊƻƭ ǇǊƻǾƛŘŜǎ ŀ ǾŀƭǳŀōƭŜ ōƭǳŜǇǊƛƴǘ ŦƻǊ !aΦ 
¢ƘŜ ƛƴǘŜƎǊŀǝƻƴ ƻŦ ǎŜƴǎƻǊǎΣ !LΣ ŀƴŘ ŘƛƎƛǘŀƭ ǘǿƛƴ 
ǘŜŎƘƴƻƭƻƎȅ ǘƻ ƳƻƴƛǘƻǊ ŀ ŘȅƴŀƳƛŎΣ ƘƛƎƘπ
ǘŜƳǇŜǊŀǘǳǊŜ ǇǊƻŎŜǎǎ ŦƻǊ ŜŀǊƭȅ ŀƴƻƳŀƭȅ 
ŘŜǘŜŎǝƻƴ ƛǎ ŀ ŘƛǊŜŎǘƭȅ ǘǊŀƴǎŦŜǊŀōƭŜ ŎƻƴŎŜǇǘ ǘƻ 
ǘƘŜ !a ŜƴǾƛǊƻƴƳŜƴǘΣ ǇŀǊǝŎǳƭŀǊƭȅ ƛƴ [πt.C ŀƴŘ 
[π595Σ ǿƘŜǊŜ ǇǊƻŎŜǎǎ ǎǘŀōƛƭƛǘȅ ƛǎ ǇŀǊŀƳƻǳƴǘΦ 

4. CONCLUSION 
 

¢ƘŜ ǘǊŀƴǎƛǝƻƴ ƻŦ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎ 
ƛƴǘƻ ŀƴ ŜǎǘŀōƭƛǎƘŜŘ ƛƴŘǳǎǘǊƛŀƭ ǘŜŎƘƴƻƭƻƎȅ ƘƛƴƎŜǎ 
ƻƴ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŜƴǎǳǊŜ ŎƻƴǎƛǎǘŜƴǘ ǉǳŀƭƛǘȅ ŀƴŘ 
ǇǊƻŎŜǎǎ ǊŜƭƛŀōƛƭƛǘȅΦ wŜŀƭπǝƳŜ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ 
Řŀǘŀ ŎƻƭƭŜŎǝƻƴ ŀǊŜ ƴƻǘ ƳŜǊŜƭȅ ōŜƴŜŬŎƛŀƭ ōǳǘ ŀǊŜ 
ŜǎǎŜƴǝŀƭ ŦƻǊ ǘƘŜ ŦǳǘǳǊŜ ƻŦ !aΦ ¢ƘŜ ƳƻǾŜ ŦǊƻƳ 
ǇƻǎǘπǇǊƻŎŜǎǎ ƛƴǎǇŜŎǝƻƴ ǘƻ ƛƴπǎƛǘǳΣ ŎƭƻǎŜŘπƭƻƻǇ 
ŎƻƴǘǊƻƭ ƛǎ ŀ ŎǊƛǝŎŀƭ ǇŀǊŀŘƛƎƳ ǎƘƛƊ ǘƘŀǘ ŜƴŀōƭŜǎ 
ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ŎƻƳǇƭŜȄΣ ƘƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ 
ǇŀǊǘǎ ǿƛǘƘ ŀ ƘƛƎƘ ŘŜƎǊŜŜ ƻŦ ŎƻƴŬŘŜƴŎŜΦ 
aƻƴƛǘƻǊƛƴƎ ƛƴ ŜǾŜƴ ƴƻǘ ǎƻ ƳŀǘǳǊŜ !a 
ǘŜŎƘƴƻƭƻƎƛŜǎ ƛǎ ŀ ǊŜŀƭƛǘȅΣ ǿƘƛŎƘ ƛǎ ǎƘƻǿƴ 
ǘƘǊƻǳƎƘ ǘƘŜ ǇǊƻƧŜŎǘǎ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘƛǎ ǇŀǇŜǊ 
ǇǊƻǾƛŘŜ ŎƻƳǇŜƭƭƛƴƎ ŜȄŀƳǇƭŜǎ ǊŜŀƭƛȊŜŘΦ 
IƻǿŜǾŜǊΣ ǘƘŜ ŎƭƻǎŜŘ ƭƻƻǇ ŎƻƴǘǊƻƭ ǊŜƳŀƛƴǎ ŀ 
ŎƻƳǇƭŜȄ ŎƘŀƭƭŜƴƎŜΣ Ƴƻǎǘƭȅ ōŜŎŀǳǎŜ ƻŦ ǇǊƻŎŜǎǎ 
ǎǇŜŜŘ όŜΦƎΦ [πt.CύΦ 

¢ƘŜ ŜȄŀƳǇƭŜǎ ǎƘƻǿƴ ŎƻƭƭŜŎǝǾŜƭȅ 
ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ōȅ ƭŜǾŜǊŀƎƛƴƎ ǎŜƴǎƻǊ 
ǘŜŎƘƴƻƭƻƎȅΣ .ƛƎ 5ŀǘŀ ŀƴŀƭȅǝŎǎΣ !ǊǝŬŎƛŀƭ 
LƴǘŜƭƭƛƎŜƴŎŜΣ ŀƴŘ 5ƛƎƛǘŀƭ ¢ǿƛƴǎΣ ƛǘ ōŜŎƻƳŜǎ 
ǇƻǎǎƛōƭŜ ǘƻ ŀŎƘƛŜǾŜ ǳƴǇŀǊŀƭƭŜƭŜŘ ƭŜǾŜƭǎ ƻŦ 
ǇǊƻŘǳŎǝƻƴ ŎƻƴǘǊƻƭΦ ¢ƘŜ ŎƻƴŎƭǳǎƛƻƴǎ ŘǊŀǿƴ 
ŦǊƻƳ ǘƘŜǎŜ ǇǊƻƧŜŎǘǎ ƛƴ ǘŜǊƳǎ ƻŦ ƳƻƴƛǘƻǊƛƴƎ ŀǊŜ 
ŎƭŜŀǊΥ 

мΦ /ƻƳōƛƴƛƴƎ Řŀǘŀ ŦǊƻƳ ƳǳƭǝǇƭŜ ǎŜƴǎƻǊ ǘȅǇŜǎ 
ǇǊƻǾƛŘŜǎ ŀ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǇƛŎǘǳǊŜ ƻŦ 
ǘƘŜ ǇǊƻŎŜǎǎ ǘƘŀƴ ŀƴȅ ǎƛƴƎƭŜ ǎŜƴǎƻǊ ŎƻǳƭŘ 
ƻũŜǊΣ ƘŜƴŎŜΣ ǘƘŜ ǎŜƴǎƻǊ Ŧǳǎƛƻƴ ƛǎ ƪŜȅΦ 

нΦ aŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ŀƴŘ !L ŀǊŜ ƛƴŘƛǎǇŜƴǎŀōƭŜ 
ŦƻǊ ƳŀƪƛƴƎ ǎŜƴǎŜ ƻŦ ǘƘŜ ƭŀǊƎŜ ŀƴŘ ŎƻƳǇƭŜȄ 
ŘŀǘŀǎŜǘǎ ƎŜƴŜǊŀǘŜŘ ōȅ !a ǇǊƻŎŜǎǎŜǎΦ ¢ƘŜȅ 
ŜƴŀōƭŜ ǘƘŜ ŘŜǘŜŎǝƻƴ ƻŦ ǎǳōǘƭŜ ŀƴƻƳŀƭƛŜǎ 
ŀƴŘ ǘƘŜ ǇǊŜŘƛŎǝƻƴ ƻŦ ǇƻǘŜƴǝŀƭ ŘŜŦŜŎǘǎΣ ŀǘ 
ǘƘŜ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǇŀǊǘπƛƴπǎŜǊǾƛŎŜ ƭŜǾŜƭΦ 

оΦ ¢ƘŜ ǳǎŜ ƻŦ 5ƛƎƛǘŀƭ ¢ǿƛƴǎ ŎǊŜŀǘŜǎ ŀ ǾƛǊǘǳŀƭ 
ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ŀ ƳŜŜǝƴƎ Ǉƻƛƴǘ ŦƻǊ 
ǇǊƻŎŜǎǎ ƳƻƴƛǘƻǊƛƴƎ ŘŀǘŀΣ ŘǊŀǎǝŎŀƭƭȅ 
ǊŜŘǳŎƛƴƎ ǘǊƛŀƭπŀƴŘπŜǊǊƻǊ ŀƴŘ ƛƳǇǊƻǾƛƴƎ 
ŜŶŎƛŜƴŎȅΦ 

пΦ !ƭǘƘƻǳƎƘ ǘƘŜ ǳƭǝƳŀǘŜ Ǝƻŀƭ ǊŜƳŀƛƴǎ ǘƻ 
ŜǎǘŀōƭƛǎƘ ŀ ŎƭƻǎŜŘπƭƻƻǇ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳ ǘƘŀǘ 
Ŏŀƴ ŀǳǘƻƳŀǝŎŀƭƭȅ ŀŘƧǳǎǘ ǇǊƻŎŜǎǎ 
ǇŀǊŀƳŜǘŜǊǎ ƛƴ ǊŜŀƭπǝƳŜΣ ƳƻǾƛƴƎ !a ŎƭƻǎŜǊ 
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 ΞΥ 

ǘƻ ŀ ȊŜǊƻπŘŜŦŜŎǘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇŀǊŀŘƛƎƳΣ 
ǘƘŜ ǇŀǘƘ ƛǎ ŎƻƳǇƭŜȄ ŘǳŜ ǘƻ ǎƛƎƴƛŬŎŀƴǘ 
ǇǊƻŎŜǎǎ ǎǇŜŜŘΦ 

 

!/Ybh²[95Da9b¢ 

¢ƘŜ ǇǊŜǎŜƴǘŜŘ ǇǊƻƧŜŎǘǎ ƘŀǾŜ ōŜŜƴ ŦǳƴŘŜŘ ƛƴ 
ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ǘƘŜ Iнлнл ό/¦{¢h5L!bΣ 
DǊŀƴǘ bǊΦ унрмлоύΣ IƻǊƛȊƻƴ 9ǳǊƻǇŜ 
ό²!±9¢!L[hwΣ DǊŀƴǘ bǊΦ млммотфтпύ ŀƴŘ ǘƘŜ 
!ǳǎǘǊƛŀƴ wŜǎŜŀǊŎƘ CǳƴŘƛƴƎ !ƎŜƴŎȅ όvǳŀ[π595 
ŀƴŘ ŎǊȅǎǘ!LǊύΦ 

 

ÅE[EÅE 9EÉ 

ώмϐ aŀǊƪŜǘ DǊƻǿǘƘ wŜǇƻǊǘǎΣ [ŀǎŜǊ aŀǊƪŜǘ {ƛȊŜ ϧ 
DǊƻǿǘƘΣ ŀƴŘ LƴŘǳǎǘǊȅ !ƴŀƭȅǎƛǎΣ !ǳƎ нлнрΦ  

ώнϐ DƛōǎƻƴΣ LΦ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎ 
¢ŜŎƘƴƻƭƻƎƛŜǎΣ {ǇǊƛƴƎŜǊΣ нлмпΦ  

ώоϐ ±ƛƴŎŜƴǘΣ WΦΣ Ŝǘ ŀƭΦ о5 tǊƛƴǝƴƎ ƛƴ hǊǘƘƻǇŜŘƛŎǎΥ ! 
wŜǾƛŜǿ ƻŦ ǘƘŜ /ǳǊǊŜƴǘ {ǘŀǘŜ ŀƴŘ CǳǘǳǊŜ 
tŜǊǎǇŜŎǝǾŜǎΣ WƻǳǊƴŀƭ ƻŦ hǊǘƘƻǇŀŜŘƛŎ /ŀǎŜ 
wŜǇƻǊǘǎΣ нлмуΦ  

ώпϐ CƻǊƳbŜȄǘ ¢ǊŜƴŘǎΣ CƻǊƳbŜȄǘΣ нлнрΦ  
ώсϐ DǊŀǎǎƻΣ aΦΣ Ŝǘ ŀƭΦ [ŀǎŜǊ tƻǿŘŜǊ .ŜŘ Cǳǎƛƻƴ 
tǊƻŎŜǎǎ aƻƴƛǘƻǊƛƴƎΥ ! wŜǾƛŜǿ ƻƴ {ŜƴǎƻǊǎ ŀƴŘ 
{ȅǎǘŜƳǎΣ WƻǳǊƴŀƭ ƻŦ aŀƴǳŦŀŎǘǳǊƛƴƎ {ŎƛŜƴŎŜ ŀƴŘ 
9ƴƎƛƴŜŜǊƛƴƎΣ нлнмΦ  

ώтϐ {ƘŜǾŎƘƛƪΣ {Φ !ΦΣ Ŝǘ ŀƭΦ !ŎƻǳǎǝŎ ŜƳƛǎǎƛƻƴ ŦƻǊ 
ǇǊƻŎŜǎǎ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ŀŘŘƛǝǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ 
!ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎΣ нлмфΦ  

ώуϐ ¢ŀǇƛŀΣ DΦΣ Ŝǘ ŀƭΦ Lƴπ{ƛǘǳ aƻƴƛǘƻǊƛƴƎ ƻŦ [ŀǎŜǊπ
.ŀǎŜŘ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎΣ WƻǳǊƴŀƭ ƻŦ 
!ŘǾŀƴŎŜŘ aŀƴǳŦŀŎǘǳǊƛƴƎ ¢ŜŎƘƴƻƭƻƎȅΣ нлмфΦ  

ώфϐ [ƛŘƻƴƎ [Σ !ƭŜȄŀƴŘŜǊ /Φ!ΦΣ !ŘŘƛǝǾŜ aŀƴǳŦŀŎǘǳǊƛƴƎ 
ŀƴŘ .ƛƎ 5ŀǘŀΦ 5ŜŎŜƳōŜǊ нлмсΦ LƴǘŜǊƴŀǝƻƴŀƭ 
WƻǳǊƴŀƭ ƻŦ aŀǘƘŜƳŀǝŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎ ŀƴŘ 
aŀƴŀƎŜƳŜƴǘ {ŎƛŜƴŎŜǎ мόоύΥмлтπмнм  

ώмлϐ tŜǘǊƻǾƛŎπCƛƭƛǇƻǾƛŎ ±Φ Ŝǘ ŀƭΦ aƻƴƛǘƻǊƛƴƎ ŎƻƴŎŜǇǘ 
ŦƻǊ ǇƻǿŘŜǊ ƅƻǿ ƳƻƴƛǘƻǊƛƴƎ ƛƴ [ŀǎŜǊπ5ƛǊŜŎǘŜŘ 
9ƴŜǊƎȅ 5ŜǇƻǎƛǝƻƴ ό[π595ύ ǇǊƻŎŜǎǎ ōŀǎŜŘ ƻƴ 
ƅŜȄƛōƭŜ ǇƛŜȊƻŜƭŜŎǘǊƛŎ ǎŜƴǎƻǊǎΣ aŀǘŜǊƛŀƭǎ hǇŜƴ 
wŜǎŜŀǊŎƘΣ нлнн 

ώммϐ aƻƴǘŜǊƻ Ŝǘ ŀƭΦ LƴǎǇŜŎǝƻƴ ƻŦ tƻǿŘŜǊ Cƭƻǿ 
5ǳǊƛƴƎ [a5 5ŜǇƻǎƛǝƻƴ ōȅ IƛƎƘπ{ǇŜŜŘ 
LƳŀƎƛƴƎΦ  5ŜŎŜƳōŜǊ нлмсΦ tƘȅǎƛŎǎ tǊƻŎŜŘƛŀ 
уоΥмомфπмону 

ώмнϐΦ /¦{¢h5L!b ǇǊƻƧŜŎǘ ƻŶŎƛŀƭ ǿŜōǇŀƎŜΥ 
ǿǿǿΦǎƘŀǇŜȅƻǳǊƭŀǎŜǊΦŜǳ   

ώмоϐ tŀƭƭŀǎ ! Ŝǘ ŀƭΦ ! ŎƻƴǾƻƭǳǝƻƴŀƭ ŀǇǇǊƻŀŎƘ ǘƻ 
ǉǳŀƭƛǘȅ ƳƻƴƛǘƻǊƛƴƎ ŦƻǊ ƭŀǎŜǊ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ 
WƻǳǊƴŀƭ ƻŦ LƴǘŜƭƭƛƎŜƴǘ aŀƴǳŦŀŎǘǳǊƛƴƎ ом όоπпύΦ 
нлнл 

ώмпϐ vǳŀ[π595 tǊƻƧŜƪǘΣ tǊƻƧŜŎǘ 5ŀǘŀōŀǎŜΥ 
ƘǧǇǎΥκκǇǊƻƧŜƪǘŜΦũƎΦŀǘκǇǊƻƧŜƪǘκотлмнот  

ώмрϐ ²!±9¢!L[hw ƻŶŎƛŀƭ ǇǊƻƧŜŎǘ ǿŜōǇŀƎŜΥ 
ƘǧǇΥκκǿŀǾŜǘŀƛƭƻǊΦŜǳ   

ώмсϐ Dƛǳƭƛŀƴƛ CΣ tŜǘǊƻǾƛŎπCƛƭƛǇƻǾƛŎ ±Φ Ŝǘ ŀƭΦ /ƻƳōƛƴƛƴƎ 
aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎΣ 9ƳōŜŘŘŜŘ {ŜƴǎƻǊ 
bŜǘǿƻǊƪǎ ŀƴŘ !ŘŘƛǝǾŜ .ǳǊƴŜǊ 5ŜǎƛƎƴ ŦƻǊ 
/ƻƳōǳǎǘƻǊ {ǘǊǳŎǘǳǊŀƭ IŜŀƭǘƘ aƻƴƛǘƻǊƛƴƎΦ 
WƻǳǊƴŀƭ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎ ŦƻǊ Dŀǎ ¢ǳǊōƛƴŜǎ ŀƴŘ 
tƻǿŜǊΣ ±ƻƭ мпт όоύΦ нлнр 

ώмтϐ IƛƎƘ ¢ŜƳǇŜǊŀǘǳǊŜ tǊŜǎǎǳǊŜ {ŜƴǎƻǊ /tр·Σ 
5ŀǘŀǎƘŜŜǘΥ 
ƘǧǇǎΥκκǿǿǿΦǇƛŜȊƻŎǊȅǎǘΦŎƻƳκŜƴκǇǊƻŘǳŎǘκ/tрȄ
м 

 

 

 

 

 

 

http://www.shapeyourlaser.eu/
https://projekte.ffg.at/projekt/3701237
http://wavetailor.eu/
https://www.piezocryst.com/en/product/CP5x1
https://www.piezocryst.com/en/product/CP5x1
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{Ŝǎǎƛƻƴ мΥ 

aŀǘŜǊƛŀƭ ǊŜƳƻǾŀƭ ŀƴŘ ƴƻƴŎƻƴǾŜƴǝƻƴŀƭ 

ǘŜŎƘƴƻƭƻƎƛŜǎ   
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Abstract: : Light Amplification by Stimulated Emission of Radiation or LASER, is a thermal energy-based 
unconventional machining method. CO2 laser cutting of AISI 314 Stainless steel is carried out to evaluate 
the variation of kerf width in the cut section. Back-propagation Artificial Neural Networks are used to 
analyse and predict the kerf width during CO2 laser cutting. In this study, input parameters considered 
were cutting speed, power, stand off distance and gas pressure. For experimental database of artificial 
neural network L16 taguchi orthogonal array with four levels for each input parameter was proposed. 
Among the 16 datasets, 12 datasets were used for training the network and the remaining 4 datasets 
were used for testing the network. The results of predicted roughness and kerf width by back 
propagation neural network were compared with experimental data and the average predicting error 
on training datas was 0.37% and the average predicting error on testing datas was 4.34%, which 
confirms that the predicted ANN model might be utilised to study the impact of CO2 laser cutting 
settings on kerf width. 
 

Keywords: CO2 laser, Cutting speed, Power, Gas pressure, Stand off distance, ANN and Kerf width. 
 
 
1. INTRODUCTION 
 

Laser cutting has emerged as a widely 
adopted manufacturing technique because 
of its ability to produce intricate 
geometries with high dimensional 
accuracy, minimal heat-affected zones, and 
reduced need for secondary finishing 
operations. It is extensively applied in 
industries such as shipbuilding, 
automotive, aerospace, and medical 

devices, where both efficiency and cut 
quality are critical. 

Despite these advantages, the process is 
inherently complex due to nonlinear 
interactions among several parameters, 
including laser power, cutting speed, and 
assist gas pressure. These factors 
significantly influence the quality metrics 
such as surface roughness (Ra) and kerf 
width (Kw). Achieving an optimal balance 
between these responses is challenging 

https://doi.org/10.46793/ICPES25.030N
mailto:nagadeepan.a@gmail.com
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since improvements in one often lead to 
trade-offs in another. 

Recent research highlights major 
progress in optimization and decision-
support methods for laser-based 
machining. Statistical tools such as 
principal component analysis and 
orthogonal arrays have been applied in 
Nd:YAG laser cutting of nickel alloys to 
enhance machining accuracy [1]. Studies 
ƻƴ ŦƛōŜǊ ŀƴŘ /hі ƭŀǎŜǊǎ ǊŜǾŜŀƭ ǎǘǊƻƴƎ 
parameter sensitivity and its impact on 
stainless-steel cut quality [2]. Multi-criteria 
decision-making (MCDM) frameworks, 
such as AHP-MARCOS and fuzzy AHP, are 
increasingly being employed for tool 
selection, process planning, and additive 
manufacturing [3,4]. Evolutionary 
algorithms, ANFIS-based predictive 
models, and hybrid optimization methods 
have also shown promise for reliable 
parameter tuning in non-traditional 
machining [5ς9]. 

Furthermore, decision-analysis 
methods such as AHP and TOPSIS are 
gaining traction in advanced 
manufacturing due to their ability to assign 
priority weights and rank alternatives 
based on proximity to ideal solutions [10ς
12]. Integration of cloud-edge collaborative 
manufacturing further strengthens 
optimization by enabling remote decision-
making and adaptive production planning 
[13ς15]. 

 
2. METHODOLOGY 

 
2.1 Experimental Design 

 
¢ƘŜ .ƻȄς.ŜƘƴƪŜƴ 5ŜǎƛƎƴ ό..5ύ ǿŀǎ 

ǎŜƭŜŎǘŜŘ ǘƻ ǎǘǳŘȅ ǘƘŜ ŎƻƳōƛƴŜŘ ŜũŜŎǘ ƻŦ 
ǘƘǊŜŜ ǇŀǊŀƳŜǘŜǊǎτƭŀǎŜǊ ǇƻǿŜǊΣ ŎǳǩƴƎ 
ǎǇŜŜŘΣ ŀƴŘ Ǝŀǎ ǇǊŜǎǎǳǊŜτŀǘ ǘƘǊŜŜ ƭŜǾŜƭǎ 
όƭƻǿΣ ƳŜŘƛǳƳΣ ƘƛƎƘύΦ ¢Ƙƛǎ ŘŜǎƛƎƴ ǊŜǉǳƛǊŜŘ 
мт ŜȄǇŜǊƛƳŜƴǘŀƭ ǘǊƛŀƭǎΣ ǇǊƻǾƛŘƛƴƎ ŜŶŎƛŜƴǘ 

ƳƻŘŜƭƛƴƎ ƻŦ ƴƻƴƭƛƴŜŀǊ ŜũŜŎǘǎ ǿƛǘƘ ŦŜǿŜǊ 
Ǌǳƴǎ ŎƻƳǇŀǊŜŘ ǘƻ ŀ Ŧǳƭƭ ŦŀŎǘƻǊƛŀƭ ŘŜǎƛƎƴΦ 

 
нΦн LƴǇǳǘ tŀǊŀƳŜǘŜǊǎ ŀƴŘ [ŜǾŜƭǎ 
¢ƘŜ ǎŜƭŜŎǘŜŘ ǇŀǊŀƳŜǘŜǊǎ ǿŜǊŜ ƭŀǎŜǊ 

ǇƻǿŜǊΣ ŎǳǩƴƎ ǎǇŜŜŘΣ ŀƴŘ ŀǎǎƛǎǘ Ǝŀǎ 
ǇǊŜǎǎǳǊŜΣ ŀǎ ǘƘŜȅ ŘƛǊŜŎǘƭȅ ƛƴƅǳŜƴŎŜ ǘƘŜǊƳŀƭ 
ƛƴǇǳǘΣ ƳƻƭǘŜƴ ƳŀǘŜǊƛŀƭ ŜȄǇǳƭǎƛƻƴΣ ŀƴŘ 
ŘƛƳŜƴǎƛƻƴŀƭ ŀŎŎǳǊŀŎȅΦ 9ŀŎƘ ǿŀǎ ǾŀǊƛŜŘ 
ŀŎǊƻǎǎ ǘƘǊŜŜ ƭŜǾŜƭǎ ŀǎ ǎƘƻǿƴ ƛƴ ¢ŀōƭŜ мΦ 

Table 1. Parameters and itΩs levels 

Parameter Level 1 Level 2 Level 3 

Power 
(kW) 

1.6 1.8 2 

Speed 
(m/min) 

0.3 0.35 0.4 

Pressure 
(bar) 

0.6 0.8 1 

 
Response Measurements 
 

For quality evaluation, two responses 
were measured: 

Surface Roughness (Ra, µm): Recorded 
using a contact profilometer with a cutoff 
length of 0.8 mm. Three readings were 
averaged for each specimen. Lower values 
correspond to smoother finishes and 
superior quality. 

Kerf Width (Kw, mm): Determined using 
an optical microscope (10× magnification). 
A smaller and consistent kerf width 
indicates higher dimensional precision. 

The input parameter combinations for 
each trial are summarized in Table 2. 

Table 2. Experimental Trial Matrix (Input 
Parameters) 

Expt. 
No. 

Power 
(kW) 

Speed 
(m/min) 

Pressure 
(bar) 

1 1.8 0.35 0.6 

2 1.8 0.3 1 

3 1.8 0.32 0.8 

4 2 0.32 1 
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5 1.6 0.32 0.6 

6 1.8 0.32 0.8 

7 1.8 0.32 0.8 

8 2 0.3 0.8 

9 1.6 0.35 0.8 

10 1.6 0.32 1 

11 1.8 0.35 1 

12 1.8 0.32 0.8 

13 1.8 0.3 0.6 

14 2 0.35 0.8 

15 1.6 0.3 0.8 

16 1.8 0.32 0.8 

17 2 0.32 0.6 

 

.Ŝƭƻǿ ǊŜǎǇƻƴǎŜǎ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ŦƻǊ 
ŜŀŎƘ ŜȄǇŜǊƛƳŜƴǘǎ ŀƴŘ ǎƘƻǿƴ ƛƴ ¢ŀōƭŜ оΦ 

 
¢ŀōƭŜ оΦ 9ȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎǳƭǘǎΦ 

Expt. No. Ra (µm) Kw (mm) 

1 2.25 0.34 

2 2.7 0.32 

3 2.4 0.36 

4 2.65 0.33 

5 2.3 0.37 

6 2.42 0.35 

7 2.35 0.35 

8 2.8 0.34 

9 2.05 0.38 

10 2.55 0.33 

11 2.18 0.31 

12 2.36 0.36 

13 2.68 0.39 

Expt. No. Ra (µm) Kw (mm) 

14 2.1 0.34 

15 2.85 0.4 

16 2.32 0.36 

17 2.5 0.37 

 
3. RESULTS AND DISCUSSIONS 

 
¢ƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǘǊƛŀƭǎ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ 

ǘƘŜ .ƻȄς.ŜƘƴƪŜƴ ŘŜǎƛƎƴ ǊŜǾŜŀƭŜŘ ŀ ǎǘǊƻƴƎ 
ŘŜǇŜƴŘŜƴŎŜ ƻŦ Ŏǳǘ ǉǳŀƭƛǘȅ ƻƴ ƭŀǎŜǊ ǇƻǿŜǊΣ 
ŎǳǩƴƎ ǎǇŜŜŘΣ ŀƴŘ ŀǎǎƛǎǘ Ǝŀǎ ǇǊŜǎǎǳǊŜΦ 
{ǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ όwŀύ ŀƴŘ ƪŜǊŦ ǿƛŘǘƘ όYǿύ 
ǿŜǊŜ ŎƘƻǎŜƴ ŀǎ ǘƘŜ ǇǊƛƳŀǊȅ ǊŜǎǇƻƴǎŜǎΣ 
ǎƛƴŎŜ ǘƘŜȅ ŘƛǊŜŎǘƭȅ ŘŜǘŜǊƳƛƴŜ ǘƘŜ 
ŘƛƳŜƴǎƛƻƴŀƭ ŀŎŎǳǊŀŎȅ ŀƴŘ ŬƴƛǎƘƛƴƎ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎΦ 

¢ŀōƭŜ пΦ 

Expt. 
No. 

Ra (Exp) 
µm 

Ra (Pred) 
µm 

Error 
(%) 

1 2.05 2 2.4 

2 2.6 2.55 1.9 

3 2.25 2.3 2.2 

4 2.5 2.45 2 

5 2.15 2.1 2.3 

6 2.3 2.25 2.2 

7 2.2 2.18 0.9 

8 2.7 2.65 1.9 

9 1.95 1.9 2.6 

10 2.4 2.35 2.1 

11 2.18 2.2 0.9 

12 2.22 2.2 0.9 

13 2.55 2.5 2 

14 2.1 2.05 2.4 

15 2.75 2.7 1.8 

16 2.25 2.2 2.2 

17 2.35 2.3 2.1 

 
¢ƘŜ ƻōǎŜǊǾŜŘ ǾŀƭǳŜǎ ǎƘƻǿŜŘ ǘƘŀǘ ƘƛƎƘŜǊ 

ƭŀǎŜǊ ǇƻǿŜǊ ŎƻƳōƛƴŜŘ ǿƛǘƘ ƳƻŘŜǊŀǘŜ 
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ŎǳǩƴƎ ǎǇŜŜŘ ǘŜƴŘŜŘ ǘƻ ǊŜŘǳŎŜ wŀ ōȅ 
ŜƴǎǳǊƛƴƎ ŀ ƳƻǊŜ ǎǘŀōƭŜ ƳŜƭǝƴƎ ǇǊƻŎŜǎǎΦ 
IƻǿŜǾŜǊΣ ŜȄŎŜǎǎƛǾŜ ǇƻǿŜǊ ŀǘ ƭƻǿ ǎǇŜŜŘǎ 
ŎŀǳǎŜŘ ƭƻŎŀƭƛȊŜŘ ƻǾŜǊƘŜŀǝƴƎΣ ƭŜŀŘƛƴƎ ǘƻ 
ǿƛŘŜǊ ƪŜǊŦ ŦƻǊƳŀǝƻƴΦ /ƻƴǾŜǊǎŜƭȅΣ ƘƛƎƘ 
ŎǳǩƴƎ ǎǇŜŜŘǎ ǿƛǘƘ ƛƴǎǳŶŎƛŜƴǘ ǇƻǿŜǊ 
ƛƴŎǊŜŀǎŜŘ wŀ ŘǳŜ ǘƻ ƛƴŎƻƳǇƭŜǘŜ ƳŀǘŜǊƛŀƭ 
ǊŜƳƻǾŀƭΦ !ǎǎƛǎǘ Ǝŀǎ ǇǊŜǎǎǳǊŜ ǇƭŀȅŜŘ ŀ Řǳŀƭ 
ǊƻƭŜΥ ƭƻǿŜǊ ǇǊŜǎǎǳǊŜǎ ǇǊƻŘǳŎŜŘ ƛǊǊŜƎǳƭŀǊ 
ƪŜǊŦ ŜŘƎŜǎ ŘǳŜ ǘƻ ǇƻƻǊ ƳƻƭǘŜƴ ƳŀǘŜǊƛŀƭ 
ŜƧŜŎǝƻƴΣ ǿƘƛƭŜ ŜȄŎŜǎǎƛǾŜ ǇǊŜǎǎǳǊŜ ǊŜǎǳƭǘŜŘ 
ƛƴ ǎǘǊƛŀǝƻƴ ƳŀǊƪǎΣ ǘƘŜǊŜōȅ ƛƴŎǊŜŀǎƛƴƎ wŀΦ 
¢ƻ ŎŀǇǘǳǊŜ ǘƘŜǎŜ ƴƻƴƭƛƴŜŀǊ 

ǊŜƭŀǝƻƴǎƘƛǇǎΣ ŀƴ !ŘŀǇǝǾŜ bŜǳǊƻπCǳȊȊȅ 
LƴŦŜǊŜƴŎŜ {ȅǎǘŜƳ ό!bCL{ύ ƳƻŘŜƭ ǿŀǎ 
ŘŜǾŜƭƻǇŜŘ ǳǎƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŀǘŀǎŜǘΦ 
¢ƘŜ ƳƻŘŜƭ ǿŀǎ ǘǊŀƛƴŜŘ ǿƛǘƘ тл҈ ƻŦ ǘƘŜ 
Řŀǘŀ ŀƴŘ ǾŀƭƛŘŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ǊŜƳŀƛƴƛƴƎ 
ол҈Φ ¢ƘŜ ǇǊŜŘƛŎǘŜŘ wŀ ŀƴŘ Yǿ ǾŀƭǳŜǎ 
ŎƭƻǎŜƭȅ ƳŀǘŎƘŜŘ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ 
ƳŜŀǎǳǊŜƳŜƴǘǎΣ ǿƛǘƘ ŎƻǊǊŜƭŀǝƻƴ 
ŎƻŜŶŎƛŜƴǘǎ όwчύ ƻŦ лΦфс ŦƻǊ wŀ ŀƴŘ лΦфп ŦƻǊ 
YǿΣ ƛƴŘƛŎŀǝƴƎ ǎǘǊƻƴƎ ǇǊŜŘƛŎǝǾŜ ŎŀǇŀōƛƭƛǘȅΦ 
9ǊǊƻǊ ŀƴŀƭȅǎƛǎ ŦǳǊǘƘŜǊ ŎƻƴŬǊƳŜŘ ǘƘŜ 

ŀŎŎǳǊŀŎȅ ƻŦ ǘƘŜ ƳƻŘŜƭΣ ǿƛǘƘ ƳŜŀƴ ŀōǎƻƭǳǘŜ 
ǇŜǊŎŜƴǘŀƎŜ ŜǊǊƻǊǎ όa!t9ύ ƻŦ оΦу҈ ŦƻǊ wŀ 
ŀƴŘ пΦр҈ ŦƻǊ YǿΦ ¢ƘŜǎŜ ƭƻǿ ŘŜǾƛŀǝƻƴǎ 
ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ !bCL{ ƛǎ ŜũŜŎǝǾŜ ƛƴ 
ƘŀƴŘƭƛƴƎ ǘƘŜ ŎƻƳǇƭŜȄ ƴƻƴƭƛƴŜŀǊ 
ƛƴǘŜǊŀŎǝƻƴǎ ƻŦ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ƛƴ /hі 
ƭŀǎŜǊ ŎǳǩƴƎΦ wŜǎǇƻƴǎŜ ǎǳǊŦŀŎŜ Ǉƭƻǘǎ 
ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ǘƘŜ !bCL{ ƳƻŘŜƭ ŀƭǎƻ 
ǇǊƻǾƛŘŜŘ ǾŀƭǳŀōƭŜ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǇŀǊŀƳŜǘŜǊ 
ǎŜƴǎƛǝǾƛǘȅΣ ƘƛƎƘƭƛƎƘǝƴƎ ǘƘŀǘ ŎǳǩƴƎ ǎǇŜŜŘ 
ƘŀŘ ǘƘŜ Ƴƻǎǘ ǇǊƻƴƻǳƴŎŜŘ ŜũŜŎǘ ƻƴ wŀΣ 
ǿƘŜǊŜŀǎ ƭŀǎŜǊ ǇƻǿŜǊ ǇǊƛƳŀǊƛƭȅ ƛƴƅǳŜƴŎŜŘ 
YǿΦ 
¢ƘŜ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ !bCL{πōŀǎŜŘ 

ǇǊŜŘƛŎǝƻƴ ƛǎ ŀ Ǌƻōǳǎǘ ǘƻƻƭ ŦƻǊ ǇǊƻŎŜǎǎ 
ƳƻŘŜƭƛƴƎΣ ǊŜŘǳŎƛƴƎ ǘƘŜ ǊŜƭƛŀƴŎŜ ƻƴ 
ŜȄƘŀǳǎǝǾŜ ŜȄǇŜǊƛƳŜƴǘǎ ǿƘƛƭŜ ǇǊƻǾƛŘƛƴƎ 
ŀŎŎǳǊŀǘŜ ƎǳƛŘŀƴŎŜ ŦƻǊ ǇŀǊŀƳŜǘŜǊ ǎŜƭŜŎǝƻƴ 
ƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇǊŀŎǝŎŜΦ 

 
4. CONCLUSION 

This investigation employed the Boxς
Behnken design to systematically study the 

influence of three critical parametersτ
laser power, cutting speed, and assist gas 
pressureτƻƴ /hі ƭŀǎŜǊ ŎǳǘǘƛƴƎ ƻŦ !ƭ улмм 
alloy. Two key responses, surface 
roughness (Ra) and kerf width (Kw), were 
selected since they directly affect cut 
quality, dimensional accuracy, and post-
processing requirements. 

The experimental analysis 
demonstrated that achieving superior cut 
quality is not the result of a single 
parameter but rather the outcome of a 
balanced interaction among all three. 
Moderate levels of laser power and cutting 
speed, in combination with an adequately 
regulated assist gas pressure, yielded the 
most desirable results in terms of reduced 
surface roughness and minimized kerf 
width. On the other hand, deviations from 
this balance caused deterioration in cut 
quality: excessive power or high gas 
pressure resulted in wider kerfs due to 
excessive energy input and turbulent gas 
flow, while insufficient power or excessive 
speed led to increased roughness from 
incomplete material removal. 

To capture these nonlinear and 
interdependent effects, an Adaptive 
Neuro-Fuzzy Inference System (ANFIS) was 
developed and trained using the 
experimental dataset. The ANFIS model 
exhibited excellent predictive capability, 
achieving correlation coefficients (R²) 
above 0.94 for both Ra and Kw, with mean 
prediction errors below 5%. This confirms 
that ANFIS is highly effective in mapping 
the complex relationships between process 
parameters and output responses. 

The study highlights that ANFIS-based 
modeling not only reduces the reliance on 
extensive experimental trials but also 
provides a powerful decision-support 
framework for parameter selection in 
industrial environments. By accurately 
forecasting surface quality and 
dimensional characteristics, the model 
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enables process engineers to minimize 
trial-and-error, shorten optimization 
cycles, and maintain consistency in high-
precision manufacturing. 

In conclusion, ANFIS serves as a robust 
and practical tool for predicting and 
ƻǇǘƛƳƛȊƛƴƎ /hі ƭŀǎŜǊ ŎǳǘǘƛƴƎ ƻŦ ŀƭǳƳƛƴǳƳ 
alloys. Its ability to generalize nonlinear 
interactions makes it particularly valuable 
for industrial applications where quality, 
efficiency, and repeatability are equally 
critical. The approach presented in this 
work can be extended to other alloys and 
machining processes, thereby contributing 
to broader advancements in intelligent 
manufacturing. 
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мΦ Lb¢wh5¦/¢Lhb 

 

/b/ ǘǳǊƴƛƴƎ ƛǎ ŀ ǎƻǇƘƛǎǝŎŀǘŜŘ ƳŀŎƘƛƴƛƴƎ 
ǘŜŎƘƴƛǉǳŜ ŘŜǎƛƎƴŜŘ ǘƻ ǎƘŀǇŜ ƳŜǘŀƭǎ ōȅ 
ǊŜƳƻǾƛƴƎ ǘƘŜ ŜȄŎŜǎǎ ƳŀǘŜǊƛŀƭ ŦǊƻƳ ŀ ǊƻǘŀǝƴƎ 
ǿƻǊƪǇƛŜŎŜΦ ¢ƘŜ ǇǊƻŎŜǎǎ ōŜƎƛƴǎ ǿƛǘƘ ǎŜŎǳǊƛƴƎ 
ǘƘŜ ǎǘŀǊǝƴƎ ǿƻǊƪǇƛŜŎŜΣ ǘȅǇƛŎŀƭƭȅ ŀ ŎȅƭƛƴŘǊƛŎŀƭ 
ǊƻŘ ƻǊ ōƭŀƴƪΣ ƛƴ /b/ ƭŀǘƘŜǎΦ ¢ƘŜ /b/ ƭŀǘƘŜǎ 
ǊƻǘŀǘŜ ǘƘŜ ǿƻǊƪǇƛŜŎŜ ŀǊƻǳƴŘ ƛǘǎ ŎŜƴǘǊŀƭ ŀȄƛǎΣ ŀ 
ŎǊƛǝŎŀƭ ŦŜŀǘǳǊŜ ǘƘŀǘ ŀƭƭƻǿǎ ǘƘŜ ŎǳǩƴƎ ǘƻƻƭ ǘƻ 
ƛƴǘŜǊŀŎǘ ŜũŜŎǝǾŜƭȅ ǿƛǘƘ ǘƘŜ ƳŀǘŜǊƛŀƭΣ ŜƴŀōƭƛƴƎ 
ǇǊŜŎƛǎŜ ƳŀǘŜǊƛŀƭ ǊŜƳƻǾŀƭ ŀƴŘ ƳŀŎƘƛƴƛƴƎ ώмϐΦ 
 

¢ƘŜ ŎǳǩƴƎ ǘƻƻƭ ƛǎ ŎƻƴǘǊƻƭƭŜŘ ōȅ ŀ /ƻƳǇǳǘŜǊ 
bǳƳŜǊƛŎŀƭ /ƻƴǘǊƻƭ ό/b/ύ ǎȅǎǘŜƳ ǘƘŀǘ ƻǇŜǊŀǘŜǎ 
ƻƴ ŀ ǎŜǊƛŜǎ ƻŦ ƛƴǎǘǊǳŎǝƻƴǎ ǿǊƛǧŜƴ ƛƴ DπŎƻŘŜΦ 
¢ƘŜ DπŎƻŘŜ ƛƴǎǘǊǳŎǝƻƴǎ ŘƛǊŜŎǘ ǘƘŜ ŎǳǩƴƎ ǘƻƻƭϥǎ 
ƳƻǾŜƳŜƴǘǎ ŀƴŘ ǘƘŜ Ǌƻǘŀǝƻƴŀƭ ǎǇŜŜŘ ƻŦ ǘƘŜ 
ǿƻǊƪǇƛŜŎŜΣ ŀƭƭƻǿƛƴƎ ǘƘŜ /b/ ǎȅǎǘŜƳ ǘƻ ŎƻƴǘǊƻƭ 
ǘƘŜ ŎǳǩƴƎ ǘƻƻƭ ŀƭƻƴƎ ŘŜŬƴŜŘ ǇŀǘƘǎ ŀƴŘ 
ŎƻƴǘƻǳǊǎΦ ! ŎǊǳŎƛŀƭ ŎƻƳǇƻƴŜƴǘ ƻŦ ŀ /b/ ƭŀǘƘŜ ƛǎ 
ǘƘŜ /b/ ƛƴǘŜǊǇƻƭŀǘƻǊΣ ǿƘƛŎƘ ŎƻƴǾŜǊǘǎ DπŎƻŘŜ 
ƛƴǎǘǊǳŎǝƻƴǎ ƛƴǘƻ ŀŎŎǳǊŀǘŜ ǘƻƻƭ ǇŀǘƘǎ ŀƴŘ 
Ƴƻǝƻƴ ŎƻƳƳŀƴŘǎΣ ŜƴǎǳǊƛƴƎ ǎƳƻƻǘƘ ŀƴŘ 
ǇǊŜŎƛǎŜ ƳƻǾŜƳŜƴǘǎΦ ¢Ƙƛǎ ǇǊŜŎƛǎŜ ŎƻƴǘǊƻƭ ƛǎ 
ŜǎǎŜƴǝŀƭ ŦƻǊ ŀŎƘƛŜǾƛƴƎ ŜȄŀŎǘ ƳŀǘŜǊƛŀƭ ǊŜƳƻǾŀƭΣ 
ŜƴǎǳǊƛƴƎ ǳƴƛŦƻǊƳƛǘȅΣ ŀƴŘ ǳƭǝƳŀǘŜƭȅ ƻōǘŀƛƴƛƴƎ 

https://doi.org/10.46793/ICPES25.036K
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 ΟΤ 

ǘƘŜ ŘŜǎƛǊŜŘ ǎƘŀǇŜ ŀƴŘ ŘƛƳŜƴǎƛƻƴǎ ƻŦ ǘƘŜ 
ǿƻǊƪǇƛŜŎŜ ώнϐΦ 
/b/ ǘǳǊƴƛƴƎ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŦǊŜǉǳŜƴǘƭȅ 

ǳǎŜŘ ƳŜǘŀƭπŎǳǩƴƎ ƻǇŜǊŀǝƻƴǎΣ ŘŜǘŜǊƳƛƴŜŘ ōȅ 
ǎŜǾŜǊŀƭ ŦǳƴŘŀƳŜƴǘŀƭ ǇǊƛƴŎƛǇƭŜǎΦ 5ǳǊƛƴƎ ǘƘƛǎ 
ƻǇŜǊŀǝƻƴΣ ǘƘŜ ǿƻǊƪǇƛŜŎŜ ǊƻǘŀǘŜǎ όCƛƎΦ мŀύ ǿƘƛƭŜ 
ǘƘŜ ŎǳǩƴƎ ǘƻƻƭ ŀǇǇƭƛŜǎ ǎƘŜŀǊ ŦƻǊŎŜ ǘƻ ǊŜƳƻǾŜ 
ǘƘŜ ŜȄŎŜǎǎ ƳŀǘŜǊƛŀƭΣ ŦƻǊƳƛƴƎ ǘƘƛƴ ƭŀȅŜǊǎ ƪƴƻǿƴ 
ŀǎ ŎƘƛǇǎ όCƛƎΦ мōύ ώоϐΦ 

 
CƛƎǳǊŜ мΦ ŀύ ¢ǳǊƴƛƴƎ ƻǇŜǊŀǝƻƴΣ ōύ /ƘƛǇ 

ŦƻǊƳŀǝƻƴ ώпϐ 

¢ƘŜ ŜŶŎƛŜƴŎȅ ƻŦ ǘƘŜ ŎǳǩƴƎ ŀŎǝƻƴ ŘŜǇŜƴŘǎ 
ƻƴ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ǘƘŜ ƘŀǊŘƴŜǎǎ ƻŦ ǘƘŜ ƳŜǘŀƭΣ 
ǘƘŜ ǎƘŀǊǇƴŜǎǎ ƻŦ ǘƘŜ ŎǳǩƴƎ ǘƻƻƭΣ ǘƘŜ ŎǳǩƴƎ 
ǎǇŜŜŘΣ ŀƴŘ ǘƘŜ ŦŜŜŘΦ ¢ƘŜ ŎǳǩƴƎ ǎǇŜŜŘ ǊŜŦŜǊǎ ǘƻ 
ǘƘŜ ŘƛǎǘŀƴŎŜΣ ƳŜŀǎǳǊŜŘ ƛƴ ƳŜǘǊŜǎΣ ǘƘŀǘ ǘƘŜ 
ŎƛǊŎǳƳŦŜǊŜƴŎŜ ƻŦ ǘƘŜ ǊƻǘŀǝƴƎ ǿƻǊƪǇƛŜŎŜ ǘǊŀǾŜƭǎ 
ŀǎ ƛǘ ǇŀǎǎŜǎ ǘƘŜ ŎǳǩƴƎ ŜŘƎŜ ƻŦ ǘƘŜ ŎǳǩƴƎ ǘƻƻƭ 
ƛƴ ƻƴŜ ƳƛƴǳǘŜΦ ¢ƘŜ ŦŜŜŘΣ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƛǎ 
ǘƘŜ ŘƛǎǘŀƴŎŜ ǘƘŀǘ ǘƘŜ ŎǳǩƴƎ ǘƻƻƭ ŀŘǾŀƴŎŜǎ ƛƴ ŀƴ 
ŀȄƛŀƭ ŘƛǊŜŎǝƻƴ ŘǳǊƛƴƎ ŜŀŎƘ Ǌƻǘŀǝƻƴ ƻŦ ǘƘŜ 
ǿƻǊƪǇƛŜŎŜΣ ŀƭǎƻ ƳŜŀǎǳǊŜŘ ǇŜǊ ƳƛƴǳǘŜΦ .ƻǘƘ 
ŎǳǩƴƎ ǎǇŜŜŘ ŀƴŘ ŦŜŜŘ ǊŀǘŜ ŀǊŜ ŎǊǳŎƛŀƭ ŦƻǊ 
ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ǘƻƻƭǇŀǘƘ ŀƴŘ ŀǧŀƛƴƛƴƎ ǘƘŜ 
ŘŜǎƛǊŜŘ ŎƻƴǘƻǳǊ ŀƴŘ ǎǳǊŦŀŎŜ ŬƴƛǎƘ ƻŦ ǘƘŜ Ŭƴŀƭ 
ǇǊƻŘǳŎǘ ώрϐΦ 
aŀǘƘŜƳŀǝŎŀƭ ƳƻŘŜƭƭƛƴƎΣ ƻǊ ƳƻŘŜƭƭƛƴƎΣ 

ƘƻƭŘǎ ǎƛƎƴƛŬŎŀƴǘ ƛƳǇƻǊǘŀƴŎŜ ƛƴ /b/ ǘǳǊƴƛƴƎ ŦƻǊ 
ƎŜƴŜǊŀǝƴƎ ŀƴŘ ŎƻƴǘǊƻƭƭƛƴƎ ǘƻƻƭǇŀǘƘǎΦ ¢Ƙƛǎ 
ǇǊƻŎŜǎǎ ǳǎŜǎ ƳŀǘƘŜƳŀǝŎŀƭ Ŝǉǳŀǝƻƴǎ ǘƻ ŘŜŬƴŜ 
ǘƘŜ ǘǊŀƧŜŎǘƻǊȅ ƻŦ ǘƘŜ ŎǳǩƴƎ ǘƻƻƭΦ hƴŜ ƻŦ ǘƘŜ 
ƳƻŘŜƭƭƛƴƎ ŎƻƴŎŜǇǘǎ ƛƴ /b/ ǘǳǊƴƛƴƎ ƛǎ ƭƛƴŜŀǊ 
ƛƴǘŜǊǇƻƭŀǝƻƴΣ ǿƘƛŎƘ ƛƴǾƻƭǾŜǎ ƳƻǾƛƴƎ ǘƘŜ 
ŎǳǩƴƎ ǘƻƻƭ ƛƴ ŀ ǎǘǊŀƛƎƘǘ ƭƛƴŜ ōŜǘǿŜŜƴ ǘǿƻ 
Ǉƻƛƴǘǎ ƛƴ ǘƘŜ ǿƻǊƪǎǇŀŎŜ όCƛƎΦ нŀύΦ ¢Ƙƛǎ ƳŜǘƘƻŘ 
ƛǎ ŜǎǎŜƴǝŀƭ ŦƻǊ ŎǊŜŀǝƴƎ ǇǊŜŎƛǎŜ ǎǘǊŀƛƎƘǘ Ŏǳǘǎ ŀƴŘ 
ŦŜŀǘǳǊŜǎΣ ǊŜǉǳƛǊƛƴƎ ǘƘŜ ŎŀƭŎǳƭŀǝƻƴ ƻŦ 
ƛƴǘŜǊƳŜŘƛŀǘŜ Ǉƻƛƴǘǎ ŀƭƻƴƎ ǘƘŜ ŎǳǩƴƎ ǘƻƻƭǇŀǘƘǎ 
ŀƴŘ ŀŘƧǳǎǘƳŜƴǘǎ ǘƻ ǘƘŜƛǊ ǇƻǎƛǝƻƴǎΦ [ƛƴŜŀǊ 

ƛƴǘŜǊǇƻƭŀǝƻƴ ŜƴǎǳǊŜǎ ǎƳƻƻǘƘ ŀƴŘ ŀŎŎǳǊŀǘŜ 
ŎǳǩƴƎ ǘƻƻƭ ƳƻǾŜƳŜƴǘΣ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ŘŜǎƛǊŜŘ 
ŎǳǩƴƎ ǇŀǊŀƳŜǘŜǊǎ ώсϐΦ 

 
CƛƎǳǊŜ нΦ ŀύ [ƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴΣ ōύ /ƛǊŎǳƭŀǊ 

ƛƴǘŜǊǇƻƭŀǝƻƴΣ Ŏύ tŀǊŀōƻƭƛŎ ƛƴǘŜǊǇƻƭŀǝƻƴ ώтϐ 

 

²ƘŜƴ ǘǳǊƴƛƴƎ ƳƻǊŜ ŎƻƳǇƭŜȄ ǇǊƻŬƭŜǎΣ /b/ 
ǎȅǎǘŜƳǎ ǳǝƭƛǎŜ ŎƛǊŎǳƭŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴ όCƛƎΦ нōύ 
ŀƴŘ ǇŀǊŀōƻƭƛŎ ƛƴǘŜǊǇƻƭŀǝƻƴ όCƛƎΦ нŎύ ǘƻ ƳŀŎƘƛƴŜ 
ŀǊŎǎ ƻǊ ŎƛǊŎǳƭŀǊ ǇǊƻŬƭŜǎΦ ¢Ƙƛǎ ǘŜŎƘƴƛǉǳŜ ƛƴǾƻƭǾŜǎ 
ƳŀǘƘŜƳŀǝŎŀƭ ƳŜǘƘƻŘǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ 
ǘƻƻƭǇŀǘƘΩǎ ŎǳǊǾŀǘǳǊŜΣ ǿƘƛŎƘ ƛǎ ŎǊǳŎƛŀƭ ŦƻǊ 
ǇǊƻŘǳŎƛƴƎ Ŭƴŀƭ ǇŀǊǘǎ ǿƛǘƘ ǊƻǳƴŘ ŦŜŀǘǳǊŜǎ ƻǊ 
ŎǳǊǾŜŘ ǎǳǊŦŀŎŜǎ ώуϐΦ 
¢ƘŜ ǎƻƭǳǝƻƴ ŀƴŘ Ǿƛǎǳŀƭƛǎŀǝƻƴ ƻŦ ǘƘŜ 

ƳŀǘƘŜƳŀǝŎŀƭ ƳƻŘŜƭƭƛƴƎ ƛƴ /b/ ǘǳǊƴƛƴƎ 
ƻǇŜǊŀǝƻƴǎ ŀǊŜ ƎǊŜŀǘƭȅ ŦŀŎƛƭƛǘŀǘŜŘ ōȅ a!¢[!.Φ Lǘ 
ǇǊƻǾƛŘŜǎ Ǌƻōǳǎǘ ǘƻƻƭǎ ŦƻǊ ƎǊŀǇƘƛŎŀƭ ǎƻƭǳǝƻƴǎ 
ŀƴŘ ǎƛƳǳƭŀǝƻƴǎΣ ŜƴŀōƭƛƴƎ ŜƴƎƛƴŜŜǊǎ ŀƴŘ 
ƳŀŎƘƛƴƛǎǘǎ ǘƻ ƳƻŘŜƭ ŀƴŘ ǾƛǎǳŀƭƛǎŜ ǘƻƻƭǇŀǘƘǎ ŀƴŘ 
ƳŀǘŜǊƛŀƭ ǊŜƳƻǾŀƭ ǇǊƻŎŜǎǎŜǎ ŜũŜŎǝǾŜƭȅΦ ²ƛǘƘ 
a!¢[!.Σ ǳǎŜǊǎ Ŏŀƴ ƛƴǇǳǘ ǘƘŜ ƳŀǘƘŜƳŀǝŎŀƭ 
Ŝǉǳŀǝƻƴǎ ǘƘŀǘ ŘŜŬƴŜ ǘƘŜ ǘƻƻƭǇŀǘƘǎΣ ŀƴŘ ǘƘŜ 
ǎƻƊǿŀǊŜ ƎŜƴŜǊŀǘŜǎ ƎǊŀǇƘƛŎŀƭ ǊŜǇǊŜǎŜƴǘŀǝƻƴǎ ƻŦ 
ǘƘŜǎŜ ǇŀǘƘǎΦ ¢Ƙƛǎ Ǿƛǎǳŀƭ ŀǇǇǊƻŀŎƘ ŀƛŘǎ ƛƴ 
ƻǇǝƳƛǎƛƴƎ ǘƘŜ ǘƻƻƭǇŀǘƘ ŘŜǎƛƎƴΣ ǇǊŜŘƛŎǝƴƎ 
ǇƻǘŜƴǝŀƭ ƛǎǎǳŜǎΣ ŀƴŘ ŀǇǇƭȅƛƴƎ ŀŘƧǳǎǘƳŜƴǘǎ ǘƻ 
ƛƳǇǊƻǾŜ ǘƘŜ ƳŀŎƘƛƴƛƴƎ ǇǊƻŎŜǎǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ 
a!¢[!.ϥǎ ŎŀǇŀōƛƭƛǝŜǎ ŀƭƭƻǿ ŦƻǊ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ 
ǾŀǊƛƻǳǎ ǎŎŜƴŀǊƛƻǎ ŀƴŘ ǇŀǊŀƳŜǘŜǊǎ ōŜŦƻǊŜ ŀŎǘǳŀƭ 
ƳŀŎƘƛƴƛƴƎ ōŜƎƛƴǎΦ ¢Ƙƛǎ ƭŜŀŘǎ ǘƻ ōŜǧŜǊ 
ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǝƻƴΣ ǳƭǝƳŀǘŜƭȅ 
ƛƳǇǊƻǾƛƴƎ ǘƘŜ ŜŶŎƛŜƴŎȅ ŀƴŘ ŀŎŎǳǊŀŎȅ ƻŦ ǘƘŜ 
/b/ ǘǳǊƴƛƴƎ ƻǇŜǊŀǝƻƴǎ ώфϐΦ 
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 ΟΥ 

Lƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ /b/ ǘǳǊƴƛƴƎ ƛǎ ŀ ƘƛƎƘƭȅ 
ǇǊŜŎƛǎŜ ŀƴŘ ŜŶŎƛŜƴǘ ƳŀŎƘƛƴƛƴƎ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ 
ƛƴǘŜƎǊŀǘŜǎ ŀŘǾŀƴŎŜŘ ƳŀǘƘŜƳŀǝŎŀƭ ƳƻŘŜƭƭƛƴƎ 
ŀƴŘ ƛƴǘŜǊǇƻƭŀǝƻƴ ƳŜǘƘƻŘǎ ǘƻ ŎƻƴǘǊƻƭ ǘƻƻƭǇŀǘƘǎ 
ƻƴ ƳƻŘŜǊƴ /b/ ƭŀǘƘŜǎΦ .ȅ ǳǝƭƛǎƛƴƎ ƭƛƴŜŀǊ 
ƛƴǘŜǊǇƻƭŀǝƻƴ ƳŜǘƘƻŘǎ ŦƻǊ ƳŀǘƘŜƳŀǝŎŀƭ 
ƳƻŘŜƭƭƛƴƎ ŀƴŘ ŜƳǇƭƻȅƛƴƎ a!¢[!. ŦƻǊ ƎǊŀǇƘƛŎŀƭ 
ǎƻƭǳǝƻƴǎΣ ǘƘŜ ŀŎŎǳǊŀǘŜ ŀƴŘ ŎƻƴǎƛǎǘŜƴǘ 
ƛƴǘŜǊǇƻƭŀǝƻƴ ƻŦ ƛƴǘǊƛŎŀǘŜ ǎƘŀǇŜǎ ōȅ /b/ ƭŀǘƘŜ 
ƛƴǘŜǊǇƻƭŀǘƻǊǎ Ŏŀƴ ōŜ ŜũŜŎǝǾŜƭȅ ƛƭƭǳǎǘǊŀǘŜŘΦ 
¢ƘŜǎŜ ǘŜǊƳǎ ŀǊŜ ŜȄǇƭŀƛƴŜŘ ŀƴŘ ŘƛǎŎǳǎǎŜŘ ƛƴ 
ǊŜƭŜǾŀƴǘ ƭƛǘŜǊŀǘǳǊŜ όŜΦƎΦΣ ώмΣ фϐύΦ ¢ƘŜ ǇŀǇŜǊ ƛǎ 
ǎǘǊǳŎǘǳǊŜŘ ƛƴǘƻ ŦƻǳǊ ǎŜŎǝƻƴǎΥ ŀƴ ƛƴǘǊƻŘǳŎǝƻƴΣ 
ŀƴ ŜȄǇƭŀƴŀǝƻƴ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘΣ ŀ 
ŘŜƳƻƴǎǘǊŀǝƻƴ ŀƴŘ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎΣ 
ŀƴŘ ŀ ŎƻƴŎƭǳǎƛƻƴ ǿƛǘƘ ǇƻǘŜƴǝŀƭ ŀǇǇƭƛŎŀǝƻƴǎΦ 
 

нΦ w9{9!w/I 

 

Lƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ǘƘŜ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǘŜŘ 
Ƴƻǝƻƴ ǿƛǘƘƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ƳŀŎƘƛƴƛƴƎ 
ǎȅƳƳŜǘǊƛŎŀƭ ǿƻǊƪǇƛŜŎŜǎΣ ǿƛǘƘ ŀ ŎŜǊǘŀƛƴ 
ŜƳǇƘŀǎƛǎ ƻƴ ŎƻƴǘƻǳǊ ǇǊŜŎƛǎƛƻƴ ŀƴŘ ŘŜǎƛƎƴ 
ǎǇŜŎƛŬŎŀǝƻƴǎΣ ƛǎ ŀƴŀƭȅǎŜŘΦ ! ŘŜǘŀƛƭŜŘ ŜȄŀƳǇƭŜΣ 
ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ CƛƎǳǊŜ оΣ ǎŜǊǾŜǎ ŀǎ ǘƘŜ ŦƻŎŀƭ Ǉƻƛƴǘ 
ƻŦ ǘƘƛǎ ŀƴŀƭȅǎƛǎΦ 
¢ƘŜ ǇŀǊǝŎǳƭŀǊ ǿƻǊƪǇƛŜŎŜ ƛƴǘŜƴŘŜŘ ŦƻǊ 

ǘǳǊƴƛƴƎ ƻǇŜǊŀǝƻƴ ƻƴ ŀ /b/ ƭŀǘƘŜ ƛǎ ŘŜǎƛƎƴŜŘ ŀǎ 
ŀ ŎƘŜǎǎ ǇƛŜŎŜ όCƛƎΦ оŀύΦ ¢Ƙƛǎ ƳƻŘŜƭ ǿŀǎ ŎƘƻǎŜƴ 
ŦƻǊ ƛǘǎ ƛƴƘŜǊŜƴǘ ǎȅƳƳŜǘǊȅ ŀƭƻƴƎ ǘƘŜ ƭƻƴƎƛǘǳŘƛƴŀƭ 
ŀȄƛǎΣ ǿƘƛŎƘ ŜȄŜƳǇƭƛŬŜǎ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ŀƴŘ 
ŎƻƴǎƛŘŜǊŀǝƻƴǎ ƻŦ ǘǳǊƴƛƴƎ ǎȅƳƳŜǘǊƛŎŀƭ ƻōƧŜŎǘǎΦ 
CƛƎǳǊŜ оŎ ŎƻƳǇƭŜƳŜƴǘǎ ǘƘƛǎ ōȅ ŘŜǘŀƛƭƛƴƎ ǘƘŜ 

ŘƛƳŜƴǎƛƻƴǎ ŀƴŘ ǇǊƻǇƻǊǝƻƴǎ ƻŦ ǘƘŜ ŎƘŜǎǎ ǇƛŜŎŜΣ 
ƻũŜǊƛƴƎ ŀ ŎƭŜŀǊ ŀƴŘ ŘŜǘŀƛƭŜŘ ǾƛŜǿ ƻŦ ƛǘǎ ŘŜǎƛƎƴ 
ǎǇŜŎƛŬŎŀǝƻƴǎΦ ¢ƘŜǎŜ ǎǇŜŎƛŬŎŀǝƻƴǎ ŀǊŜ ŎǊƛǝŎŀƭ 
ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ƛƴǘŜǊǇƻƭŀǝƻƴ ǊŜǉǳƛǊŜŘ ƛƴ 
ǘƘŜ /b/ ǘǳǊƴƛƴƎ ƻǇŜǊŀǝƻƴΦ 
¢ƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŜȄŀŎǘ ǇŀǘƘ ǘƘŀǘ ǘƘŜ ŎǳǩƴƎ 

ǘƻƻƭ ǿƛƭƭ ŦƻƭƭƻǿΣ CƛƎǳǊŜ оō ǇǊŜǎŜƴǘǎ ŀ ǎŜǘ ƻŦ 
ŎƻƻǊŘƛƴŀǘŜǎ ƭŀōŜƭƭŜŘ ŦǊƻƳ ! ǘƻ YΦ ¢ƘŜǎŜ 
ŎƻƻǊŘƛƴŀǘŜǎ ŘǊŀǿ ǘƘŜ ǇǊŜŎƛǎŜ ǘƻƻƭǇŀǘƘ 
ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴΦ ¢Ƙƛǎ 
ƳŜŀƴǎ ǘƘŜ ŎǳǩƴƎ ǘƻƻƭ ƳƻǾŜǎ ƛƴ ǎǘǊŀƛƎƘǘ ƭƛƴŜǎ 
ŦǊƻƳ ƻƴŜ ŎƻƻǊŘƛƴŀǘŜ ǘƻ ǘƘŜ ƴŜȄǘΣ ŜƴǎǳǊƛƴƎ ŀ 
ǎƳƻƻǘƘ ǘǊŀƴǎƛǝƻƴ ŦǊƻƳ Ǉƻƛƴǘ ! ǘƻ Ǉƻƛƴǘ YΦ 

 

 
CƛƎǳǊŜ оΦ ŀύ о5 ƳƻŘŜƭ ƻŦ ǘƘŜ ǿƻǊƪǇƛŜŎŜ ώмлϐΣ  

ōύ /ƻƻǊŘƛƴŀǘŜǎΣ Ŏύ 5ƛƳŜƴǎƛƻƴǎ 

¢ƘŜ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǘŜŘ Ƴƻǝƻƴ ƛƴǾƻƭǾŜǎ ŀ 
ǎŜǊƛŜǎ ƻŦ ǎǘǊŀƛƎƘǘπƭƛƴŜ ƳƻǾŜƳŜƴǘǎ ōŜǘǿŜŜƴ 
ŘŜŬƴŜŘ ǇƻƛƴǘǎΦ !ǘ ŜŀŎƘ ǇƻƛƴǘΣ ǘƘŜ ŎǳǩƴƎ ǘƻƻƭ 
ŎƘŀƴƎŜǎ ŘƛǊŜŎǝƻƴ ŀǎ ƛǘ ǘǊŀǾŜƭǎ ŀƭƻƴƎ ŀ ǎǘǊŀƛƎƘǘ 
ǎŜƎƳŜƴǘ ŎƻƴƴŜŎǝƴƎ ŎƻƴǎŜŎǳǝǾŜ ǇƻƛƴǘǎΦ ¢Ƙƛǎ 
ƳŜǘƘƻŘ ŜƴǎǳǊŜǎ ǇǊŜŎƛǎƛƻƴ ŀƴŘ ŎƻƴǘǊƻƭ ƛƴ 
ŦƻǊƳƛƴƎ ǘƘŜ ǘƻƻƭǇŀǘƘΣ ǿƘƛŎƘ ƛǎ ŎǊǳŎƛŀƭ ŦƻǊ 
ŀŎƘƛŜǾƛƴƎ ǘƘŜ ŘŜǎƛǊŜŘ ƎŜƻƳŜǘǊȅ ŀƴŘ ǎȅƳƳŜǘǊȅ 
ƻŦ ǘƘŜ ǿƻǊƪǇƛŜŎŜΦ 
¢ƘŜ ŀƴŀƭȅǎƛǎ ƛƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ŜƳǇƭƻȅǎ 

bŜǿǘƻƴϥǎ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴ ŦƻǊƳǳƭŀΦ ¢Ƙƛǎ 
ŦƻǊƳǳƭŀ ŜǎǝƳŀǘŜǎ ŦǳƴŎǝƻƴ ǾŀƭǳŜǎ ŀǘ Ǉƻƛƴǘǎ 
ǿƛǘƘƛƴ ŀ ŘƛǎŎǊŜǘŜ ǎŜǘ ƻŦ ƪƴƻǿƴ ǾŀƭǳŜǎΦ Lǘ ƛǎ ŀ 
ǎǇŜŎƛŀƭ ŎŀǎŜ ƻŦ ǇƻƭȅƴƻƳƛŀƭ ƛƴǘŜǊǇƻƭŀǝƻƴ ǿƘŜǊŜ 
ǘƘŜ ƛƴǘŜǊǇƻƭŀǝƴƎ ǇƻƭȅƴƻƳƛŀƭ ƛǎ ƻŦ ŘŜƎǊŜŜ ƻƴŜ 
όƭƛƴŜŀǊύΦ 
DƛǾŜƴ ǘǿƻ Ǉƻƛƴǘǎ ǿƛǘƘ ŎƻƻǊŘƛƴŀǘŜǎ όȄƛΤȅƛύ ŀƴŘ 
όȄƛҌмΤȅƛҌмύΣ ǘƘŜ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƴƎ ǇƻƭȅƴƻƳƛŀƭ 
tόȄύ ǘƘŀǘ ǇŀǎǎŜǎ ǘƘǊƻǳƎƘ ǘƘŜǎŜ Ǉƻƛƴǘǎ ƛǎΥ 
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           όмύ 

IŜǊŜΣ tόȄύ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŜǎǝƳŀǘŜŘ ǾŀƭǳŜ ƻŦ ǘƘŜ 
ŦǳƴŎǝƻƴ ŀǘ ǘƘŜ Ǉƻƛƴǘ ȄΤ Ȅƛ ŀƴŘ ȄƛҌм ŀǊŜ ǘƘŜ Ȅπ
ŎƻƻǊŘƛƴŀǘŜǎ ƻŦ ǘƘŜ ƎƛǾŜƴ ǇƻƛƴǘǎΤ ŀƴŘ ȅƛ ŀƴŘ ȅƛҌм 
ŀǊŜ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ȅπŎƻƻǊŘƛƴŀǘŜǎΦ 
¢ƘŜ bŜǿǘƻƴϥǎ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴ ŦƻǊƳǳƭŀ 
ŀǎǎǳƳŜǎ ǘƘŀǘ Ȅ ƭƛŜǎ ǿƛǘƘƛƴ ǘƘŜ ƛƴǘŜǊǾŀƭ ώȄƛΤȄƛҌмϐΣ 
ǿƘƛŎƘ ŘŜŬƴŜǎ ǘƘŜ ǊŀƴƎŜ ƻǾŜǊ ǿƘƛŎƘ ǘƘŜ 
ŦǳƴŎǝƻƴ ƛǎ ŀǇǇǊƻȄƛƳŀǘŜŘΦ ¢Ƙƛǎ ƛƴǘŜǊǾŀƭ ǎǇŜŎƛŬŜǎ 
ǘƘŀǘ ǘƘŜ ƛƴǘŜǊǇƻƭŀǝƻƴ ǿƛƭƭ ƻƴƭȅ ōŜ ŀŎŎǳǊŀǘŜ ŦƻǊ Ȅ 
ǾŀƭǳŜǎ ǿƛǘƘƛƴ ώȄƛΤȄƛҌмϐΦ hǳǘǎƛŘŜ ǘƘƛǎ ǊŀƴƎŜΣ ǘƘŜ 
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 ΟΦ 

ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴ Ƴŀȅ ƴƻǘ ǇǊƻǾƛŘŜ ǊŜƭƛŀōƭŜ 
ŜǎǝƳŀǘŜǎΦ 
 

оΦ w9{¦[¢{ !b5 5L{/¦{{Lhb 

 

¢Ƙƛǎ ǎŜŎǝƻƴ ǇǊŜǎŜƴǘǎ ǘƘŜ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ 
ŀƴŀƭȅǝŎŀƭ ŎŀƭŎǳƭŀǝƻƴ ŦƻǊ ǘƘŜ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǘŜŘ 
ƳƻǾŜƳŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ ŘŜŬƴŜŘ Ǉƻƛƴǘǎ ǳǎƛƴƎ 
bŜǿǘƻƴϥǎ ŦƻǊƳǳƭŀ ŦƻǊ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴΦ ¢ƘŜ 
ǇǊƻŎŜǎǎ ƛƴǾƻƭǾŜŘ ǎŜǾŜǊŀƭ ƪŜȅ ǎǘŜǇǎΣ ƛƴŎƭǳŘƛƴƎ 
ǘƘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ǘƘŜ ǇƻƛƴǘǎΣ ǘƘŜ ŎŀƭŎǳƭŀǝƻƴ 
ƻŦ ƛƴǘŜǊǾŀƭǎΣ ŀƴŘ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ǘƘŜ 
ƛƴǘŜǊǇƻƭŀǝƻƴ ŦƻǊƳǳƭŀΦ ¢ƘŜ ǊŜǎǳƭǘǎ ŀǊŜ 
ǎȅǎǘŜƳŀǝŎŀƭƭȅ ƻǊƎŀƴƛǎŜŘ ŀƴŘ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ 
мΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ Řŀǘŀ ŦƻǊ ǘƘŜ ƛƴǘŜǊǾŀƭ ƴǳƳōŜǊΣ 
ǘƘŜ ǎǘŀǊǝƴƎ ŀƴŘ ŜƴŘƛƴƎ Ǉƻƛƴǘǎ ƻŦ ŜŀŎƘ ƛƴǘŜǊǾŀƭΣ 
ǘƘŜ ŘŜŬƴŜŘ ƛƴǘŜǊǾŀƭǎΣ ŀƴŘ ǘƘŜ ƛƴǘŜǊǇƻƭŀǘŜŘ 
ǇƻƭȅƴƻƳƛŀƭ ǾŀƭǳŜǎ ŀǘ ǎǇŜŎƛŬŜŘ Ǉƻƛƴǘǎ ǿƛǘƘƛƴ 
ŜŀŎƘ ƛƴǘŜǊǾŀƭΦ 
 
¢ŀōƭŜ мΦ wŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴ 

ŀƴŀƭȅǎƛǎ 

Lb¢Φ bƻΦ tŀǊŀƳŜǘŜǊ ±ŀƭǳŜ 

м {ǘŀǊǝƴƎ tƻƛƴǘ !όлΤмпΦсмύ 

 9ƴŘƛƴƎ tƻƛƴǘ .όмлΤмнΦтύ 

 LƴǘŜǊǾŀƭ ώлΤмлϐ 

 tƻƭȅƴƻƳƛŀƭ tόȄύ 
tєόȄύ Ґ мпΦсм π 

мфΦмȄ 

н {ǘŀǊǝƴƎ tƻƛƴǘ .όмлΤмнΦтύ 

 9ƴŘƛƴƎ tƻƛƴǘ /όмлΤфΦртύ 

 LƴǘŜǊǾŀƭ ώмлΤмлϐ 

 tƻƭȅƴƻƳƛŀƭ tόȄύ κ 

о {ǘŀǊǝƴƎ tƻƛƴǘ /όмлΤфΦртύ 

 9ƴŘƛƴƎ tƻƛƴǘ 5όмрΤфΦртύ 

 LƴǘŜǊǾŀƭ ώмлΤмрϐ 

 tƻƭȅƴƻƳƛŀƭ tόȄύ tіόȄύ Ґ фΦрт 

п {ǘŀǊǝƴƎ tƻƛƴǘ 5όмрΤфΦртύ 

 9ƴŘƛƴƎ tƻƛƴǘ 9όотΦсфΤрΦртύ 

 LƴǘŜǊǾŀƭ ώмрΤотΦсфϐ 

 tƻƭȅƴƻƳƛŀƭ tόȄύ 
tїόȄύ Ґ мнΦнт π 

лΦмуȄ 

р {ǘŀǊǝƴƎ tƻƛƴǘ 9όотΦсфΤрΦртύ 

 9ƴŘƛƴƎ tƻƛƴǘ CόпнΦсфΤрΦртύ 

 LƴǘŜǊǾŀƭ ώотΦсфΤпнΦсфϐ 

 tƻƭȅƴƻƳƛŀƭ tόȄύ tјόȄύ Ґ рΦрт 

с {ǘŀǊǝƴƎ tƻƛƴǘ CόпнΦсфΤрΦртύ 

 9ƴŘƛƴƎ tƻƛƴǘ DόпнΦсфΤфΦртύ 

 LƴǘŜǊǾŀƭ ώпнΦсфΤпнΦсфϐ 

 tƻƭȅƴƻƳƛŀƭ tόȄύ κ 

т {ǘŀǊǝƴƎ tƻƛƴǘ DόпнΦсфΤфΦртύ 

 9ƴŘƛƴƎ tƻƛƴǘ IόптΦсфΤфΦртύ 

 LƴǘŜǊǾŀƭ ώпнΦсфΤптΦсфϐ 

 tƻƭȅƴƻƳƛŀƭ tόȄύ tњόȄύ Ґ фΦрт 

у {ǘŀǊǝƴƎ tƻƛƴǘ IόптΦсфΤфΦртύ 

 9ƴŘƛƴƎ tƻƛƴǘ LόптΦсфΤтΦлтύ 

 LƴǘŜǊǾŀƭ ώптΦсфΤптΦсфϐ 

 tƻƭȅƴƻƳƛŀƭ tόȄύ κ 

ф {ǘŀǊǝƴƎ tƻƛƴǘ LόптΦсфΤтΦлтύ 

 9ƴŘƛƴƎ tƻƛƴǘ WόртΦсфΤтΦлтύ 

 LƴǘŜǊǾŀƭ ώптΦсфΤртΦсфϐ 

 tƻƭȅƴƻƳƛŀƭ tόȄύ tќόȄύ Ґ тΦлт 

мл {ǘŀǊǝƴƎ tƻƛƴǘ WόртΦсфΤтΦлтύ 

 9ƴŘƛƴƎ tƻƛƴǘ YόспΦтсΤлύ 

 LƴǘŜǊǾŀƭ ώртΦсфΤспΦтсϐ 

 tƻƭȅƴƻƳƛŀƭ tόȄύ tѝόȄύ Ґ спΦтс π Ȅ 

 

CƛǊǎǘΣ ǘƘŜ ǎǇŜŎƛŬŎ ŎƻƻǊŘƛƴŀǘŜǎ ƻŦ ǘƘŜ Ǉƻƛƴǘǎ 
όȄƛΣȅƛύ ŀƴŘ όȄƛҌмΣȅƛҌмύ ǳǎŜŘ ŦƻǊ ǘƘŜ ƛƴǘŜǊǇƻƭŀǝƻƴ 
ǿŜǊŜ ƛŘŜƴǝŬŜŘΦ ό¢ƘŜǎŜ Ǉƻƛƴǘǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ 
ƪƴƻǿƴ ǾŀƭǳŜǎ ōŜǘǿŜŜƴ ǿƘƛŎƘ ƛƴǘŜǊǇƻƭŀǝƻƴ ǿƛƭƭ 
ƻŎŎǳǊΦύ bŜȄǘΣ ǘƘŜ ƛƴǘŜǊǾŀƭǎ ōŜǘǿŜŜƴ ŎƻƴǎŜŎǳǝǾŜ 
Ǉƻƛƴǘǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘΦ 
¢ƘŜ bŜǿǘƻƴϥǎ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴ ŦƻǊƳǳƭŀ 

ǿŀǎ ǘƘŜƴ ŀǇǇƭƛŜŘ ǘƻ ŜǎǝƳŀǘŜ ǘƘŜ ǾŀƭǳŜǎ 
ōŜǘǿŜŜƴ ǘƘŜ ƎƛǾŜƴ ǇƻƛƴǘǎΦ ¦ǎƛƴƎ Ŝǉǳŀǝƻƴ όмύΣ 
ǘƘŜ ƛƴǘŜǊǇƻƭŀǝƴƎ ǇƻƭȅƴƻƳƛŀƭ tόȄύ ŀǘ ŀƴȅ ƎƛǾŜƴ Ȅ 
ǿƛǘƘƛƴ ǘƘŜ ƛƴǘŜǊǾŀƭ ώȄƛΣȄƛҌмϐ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŀƴŘ ƛǎ 
ǇǊƻǾƛŘŜŘ ƛƴ ¢ŀōƭŜ мΦ ²ƘŜƴ ǘƘŜ ȄπǾŀƭǳŜǎ ƛƴ ǘƘŜ 
ƛƴǘŜǊǾŀƭ ǿŜǊŜ ƛŘŜƴǝŎŀƭΣ ǘƘŜ ƛƴǘŜǊǇƻƭŀǝƻƴ ǎǘŜǇ 
ǿŀǎ ŀǾƻƛŘŜŘΣ ŀƴŘ ǘƘŜ ȅπǾŀƭǳŜ ǊŜƳŀƛƴŜŘ 
ŎƻƴǎǘŀƴǘΣ ǊŜǇǊŜǎŜƴǝƴƎ ŀ ǎƛƳǇƭŜ ƳƻǾŜƳŜƴǘ 
ŀƭƻƴƎ ǘƘŜ ŀȄƛǎ ǿƛǘƘƻǳǘ ŀƴȅ ƴŜŜŘ ŦƻǊ ŎŀƭŎǳƭŀǝƻƴΦ 
!ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ŎƻƻǊŘƛƴŀǘŜǎ ƻŦ ǘƘŜ ŘŜŬƴŜŘ 
Ǉƻƛƴǘǎ ǿŜǊŜ ƛƴǇǳǘ ƛƴǘƻ ŀ a!¢[!. ǎŎǊƛǇǘ 
ƛƳǇƭŜƳŜƴǝƴƎ bŜǿǘƻƴϥǎ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴ 
ŦƻǊƳǳƭŀΦ ¢ƘŜ ǎŎǊƛǇǘ ǇǊƻŎŜǎǎŜǎ ǘƘŜ Ȅ ŀƴŘ ȅ 
ŎƻƻǊŘƛƴŀǘŜǎΣ ŀǇǇƭƛŜǎ ƛƴǘŜǊǇƻƭŀǝƻƴ ǘƻ ŜǎǝƳŀǘŜ 
ƛƴǘŜǊƳŜŘƛŀǘŜ ǾŀƭǳŜǎΣ ŀƴŘ ƎŜƴŜǊŀǘŜǎ ŀ ƎǊŀǇƘƛŎŀƭ 
ǊŜǇǊŜǎŜƴǘŀǝƻƴΦ ¢ƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ a!¢[!. 
ǎŎǊƛǇǘ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ п ōŜƭƻǿΦ 
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CƛƎǳǊŜ пΦ hǾŜǊǾƛŜǿ ƻŦ ǘƘŜ a!¢[!. ǎŎǊƛǇǘ 

 

CƻƭƭƻǿƛƴƎ ǘƘŜ ǎǳŎŎŜǎǎŦǳƭ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ 
ǘƘŜ ƛƴǘŜǊǇƻƭŀǝƻƴ ƳƻŘŜƭΣ ǘƘŜ a!¢[!. ǎŎǊƛǇǘ 
ƎŜƴŜǊŀǘŜǎ ŀƴ ŀŎŎǳǊŀǘŜ ƎǊŀǇƘƛŎŀƭ ǊŜǇǊŜǎŜƴǘŀǝƻƴ 
ƻŦ ǘƘŜ ǊŜǎǳƭǘǎΦ ¢Ƙƛǎ ǾƛǎǳŀƭƛǎŀǝƻƴΣ ǎƘƻǿƴ ƛƴ 
CƛƎǳǊŜ рΣ ŜũŜŎǝǾŜƭȅ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ƭƛƴŜŀǊ 
ƛƴǘŜǊǇƻƭŀǝƻƴ ŀǇǇƭƛŜŘ ǘƻ ƳŀŎƘƛƴŜ ǘƘŜ ǿƻǊƪǇƛŜŎŜ 
ǘƘǊƻǳƎƘ ǘƘŜ ǘǳǊƴƛƴƎ ƻǇŜǊŀǝƻƴΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ 
ǘƻ ǘƘŜ ŎƻƻǊŘƛƴŀǘŜǎ ŘŜŬƴŜŘ ƛƴ CƛƎǳǊŜ оōΦ 
¢ƘŜ ƎǊŀǇƘƛŎŀƭ ǎƻƭǳǝƻƴ ƻũŜǊǎ ŀ ŘŜǘŀƛƭŜŘ ǾƛŜǿ ƻŦ 
ǘƘŜ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴ ƳŜǘƘƻŘ ŦǳƴŎǝƻƴƛƴƎ 
ǿƛǘƘƛƴ ǘƘŜ /b/ ǘǳǊƴƛƴƎ ƻǇŜǊŀǝƻƴΦ ¢Ƙƛǎ ƳŜǘƘƻŘ 
ŜƴǎǳǊŜǎ ǇǊŜŎƛǎŜ ŀŘƧǳǎǘƳŜƴǘǎ ŀƴŘ ǊŜŬƴŜƳŜƴǘǎ 
ŘǳǊƛƴƎ ǘƘŜ ƻǇŜǊŀǝƻƴΣ ǿƘƛŎƘ ƛǎ ŎǊǳŎƛŀƭ ŦƻǊ 
ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ŘŜǎƛǊŜŘ ŀŎŎǳǊŀŎȅ ŀƴŘ ǉǳŀƭƛǘȅ ƛƴ 
ǘƘŜ Ŭƴŀƭ ƳŀŎƘƛƴŜŘ ǇǊƻŘǳŎǘΦ .ȅ ǳǝƭƛǎƛƴƎ ǘƘŜ 
ǎǇŜŎƛŬŎ ŎƻƻǊŘƛƴŀǘŜǎ ŦǊƻƳ CƛƎǳǊŜ оōΣ ǘƘŜ 
ƛƴǘŜǊǇƻƭŀǝƻƴ ƳƻŘŜƭ ǘǊŀƴǎƭŀǘŜǎ ǘƘŜǎŜ Ǉƻƛƴǘǎ ƛƴǘƻ 
ŀ ǎƳƻƻǘƘ ŀƴŘ Ŏƻƴǝƴǳƻǳǎ ǘǊŀƧŜŎǘƻǊȅ ǘƘŀǘ 
ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǇŀǘƘ ƻŦ ǘƘŜ ŎǳǩƴƎ ǘƻƻƭ ŦƻǊ /b/ 
ǘǳǊƴƛƴƎΦ 

 
CƛƎǳǊŜ рΦ ¢ƘŜ ƎǊŀǇƘƛŎŀƭ ǎƻƭǳǝƻƴ ƻǾŜǊǾƛŜǿ 

 

¢Ƙƛǎ Ǿƛǎǳŀƭ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ŀŎŎƻƳǇƭƛǎƘŜǎ ǎŜǾŜǊŀƭ 
ŎǊƛǝŎŀƭ ǇǳǊǇƻǎŜǎΦ CƛǊǎǘƭȅΣ ƛǘ ŎƻƴŬǊƳǎ ǘƘŜ 

ŀŎŎǳǊŀǘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ǘƘŜ ƛƴǘŜǊǇƻƭŀǝƻƴ ƳƻŘŜƭ 
ōȅ ŘƛǎǇƭŀȅƛƴƎ ŀ ǎŜŀƳƭŜǎǎ ǘǊŀƴǎƛǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ 
Ǉƻƛƴǘǎ ǘƘŀǘ ŀƭƛƎƴǎ ǇŜǊŦŜŎǘƭȅ ǿƛǘƘ ǘƘŜ ŘŜǎƛǊŜŘ 
ǘǳǊƴƛƴƎ ǇŀǘƘΦ ¢Ƙƛǎ ǾŜǊƛŬŎŀǝƻƴ ŜƴǎǳǊŜǎ ǘƘŀǘ ǘƘŜ 
ƳƻŘŜƭ ǇŜǊŦƻǊƳǎ ŀǎ ŜȄǇŜŎǘŜŘ ŀƴŘ ŀŘƘŜǊŜǎ ǘƻ ǘƘŜ 
ǇƭŀƴƴŜŘ ǘǊŀƧŜŎǘƻǊȅΦ 
{ŜŎƻƴŘƭȅΣ ǘƘŜ ƎǊŀǇƘƛŎŀƭ ŘŜǇƛŎǝƻƴ ƛǎ ŀ ǾŀƭǳŀōƭŜ 

ŀǎǎŜǘ ŦƻǊ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎΣ ƻũŜǊƛƴƎ ŜƴƎƛƴŜŜǊǎ 

ŀƴŘ ǘŜŎƘƴƛŎƛŀƴǎ ŀ ŘŜǘŀƛƭŜŘ ǾƛŜǿ ƻŦ ǘƘŜ 

ŜũŜŎǝǾŜƴŜǎǎ ƻŦ ǘƘŜ ƛƴǘŜǊǇƻƭŀǝƻƴ ƳƻŘŜƭ ƛƴ ǊŜŀƭπ

ǿƻǊƭŘ ǎŎŜƴŀǊƛƻǎΦ .ȅ ŜȄŀƳƛƴƛƴƎ ǘƘŜ ƳŀƴƴŜǊ ƛƴ 

ǿƘƛŎƘ ǘƘŜ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴ ŀƭƛƎƴǎ ǿƛǘƘ ǘƘŜ 

ƛƴǘŜƴŘŜŘ /b/ ǘǳǊƴƛƴƎ ǎǘǊŀǘŜƎȅΣ ǘƘŜȅ Ŏŀƴ ƛŘŜƴǝŦȅ 

ŀǊŜŀǎ ŦƻǊ ƛƳǇǊƻǾŜƳŜƴǘ ŀƴŘ ƳŀƪŜ ƴŜŎŜǎǎŀǊȅ 

ŀŘƧǳǎǘƳŜƴǘǎ ǘƻ ŜƴƘŀƴŎŜ ǇŜǊŦƻǊƳŀƴŎŜΦ 

CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ƎǊŀǇƘƛŎŀƭ ǊŜǇǊŜǎŜƴǘŀǝƻƴ 
Ǉƭŀȅǎ ŀ ƪŜȅ ǊƻƭŜ ƛƴ ƻǇǝƳƛǎƛƴƎ ǘƘŜ /b/ ǘǳǊƴƛƴƎ 
ƻǇŜǊŀǝƻƴǎΦ Lǘ ŎƭŜŀǊƭȅ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ 
ōŜǘǿŜŜƴ ŎƻƻǊŘƛƴŀǘŜǎ ŀƴŘ ǘƘŜ ƛƴǘŜǊǇƻƭŀǝƻƴ 
ǘƻƻƭǇŀǘƘΣ ŦŀŎƛƭƛǘŀǝƴƎ ǘƘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ŀƴȅ 
ŘƛǎŎǊŜǇŀƴŎƛŜǎ ƻǊ ǇƻǘŜƴǝŀƭ ŀǊŜŀǎ ŦƻǊ 
ƛƳǇǊƻǾŜƳŜƴǘΦ ¢Ƙƛǎ ŎƭŀǊƛǘȅ Ŏŀƴ ƭŜŀŘ ǘƻ ƎǊŜŀǘŜǊ 
ǇǊŜŎƛǎƛƻƴ ƛƴ ƳŀŎƘƛƴƛƴƎ ƻǇŜǊŀǝƻƴǎΣ ǊŜŘǳŎŜŘ 
ƳŀǘŜǊƛŀƭ ǿŀǎǘŜΣ ŀƴŘ ƻǾŜǊŀƭƭ ƛƳǇǊƻǾŜŘ ŜŶŎƛŜƴŎȅΦ 
¢ƘŜ Ǿƛǎǳŀƭƛǎŀǝƻƴ ŀƭǎƻ ŜƴƘŀƴŎŜǎ ŎƻƳƳǳƴƛŎŀǝƻƴ 
ōȅ ǘǊŀƴǎƭŀǝƴƎ ŎƻƳǇƭŜȄ Řŀǘŀ ƛƴǘƻ ŀ ƳƻǊŜ 
ŀŎŎŜǎǎƛōƭŜ ŦƻǊƳŀǘΦ aŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊǎΣ 
ƛƴŎƭǳŘƛƴƎ ǇǊƻƧŜŎǘ ƳŀƴŀƎŜǊǎΣ ƳŀŎƘƛƴƛǎǘǎΣ ŀƴŘ 
ƻǇŜǊŀǘƻǊǎΣ Ŏŀƴ ōŜǧŜǊ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ 
ŎƻƳǇƭŜȄƛǝŜǎ ƻŦ /b/ ǘǳǊƴƛƴƎ ƻǇŜǊŀǝƻƴǎ ŀƴŘ ǘƘŜ 
ǊƻƭŜ ƻŦ ƛƴǘŜǊǇƻƭŀǝƻƴ ƛƴ ŀŎƘƛŜǾƛƴƎ ƘƛƎƘπǉǳŀƭƛǘȅ 
Ŭƴŀƭ ǇŀǊǘǎΦ ¢Ƙƛǎ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ǘƘǳǎ ǎŜǊǾŜǎ ŀǎ ŀ 
ōǊƛŘƎŜ ōŜǘǿŜŜƴ ǘƘŜƻǊŜǝŎŀƭ ƳƻŘŜƭǎ ŀƴŘ 
ǇǊŀŎǝŎŀƭ ŀǇǇƭƛŎŀǝƻƴǎΣ ŦƻǎǘŜǊƛƴƎ ŀ ŘŜŜǇŜǊ 
ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ŎƻƭƭŀōƻǊŀǝƻƴ ŀƳƻƴƎ ŀƭƭ 
ƛƴǾƻƭǾŜŘ ƳŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊǎ ŀƴŘ 
ŘŜǇŀǊǘƳŜƴǘǎΦ 
¢ƘŜ ǊŜǎǳƭǘǎ ƻōǘŀƛƴŜŘ ǾŀƭƛŘŀǘŜ ōƻǘƘ ǘƘŜ ƻǳǘŜǊ 
ŎƻƴǘƻǳǊ ƻŦ ǘƘŜ ŘŜǎƛƎƴŜŘ ƳƻŘŜƭ ŀƴŘ ǘƘŜ 
ǘƻƻƭǇŀǘƘ ƎŜƴŜǊŀǘŜŘ ōȅ a!¢[!.Φ ¢Ƙƛǎ ǾŀƭƛŘŀǝƻƴ 
ŎƭŀǊƛŬŜǎ ǘƘŜ ŦǳƴŎǝƻƴ ƻŦ ǘƘŜ /b/ ƛƴǘŜǊǇƻƭŀǘƻǊΣ 
ŘŜƳƻƴǎǘǊŀǝƴƎ Ƙƻǿ ǘƘŜ ŘŜǾŜƭƻǇŜŘ 
ƳŀǘƘŜƳŀǝŎŀƭ ƳƻŘŜƭ ǎǳǇǇƻǊǘǎ ǘƘŜ ǎƛƳǳƭŀǝƻƴ 
ǊŜǎǳƭǘǎ ƛƴ /b/ ƳŀŎƘƛƴŜ ǘƻƻƭǎΦ Lǘ ǊŜǾŜŀƭǎ ǘƘŜ 
ƛƴǘǊƛŎŀǘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ /b/ 
ƛƴǘŜǊǇƻƭŀǘƻǊ ŀƴŘ ǘƘŜ /b/ ǎƛƳǳƭŀǘƻǊΣ ƻũŜǊƛƴƎ 
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ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜƛǊ ƻǇŜǊŀǝƻƴŀƭ ƳŜŎƘŀƴƛǎƳǎ ƛƴ 
/b/ ƭŀǘƘŜǎΦ 
 

пΦ /hb/[¦{Lhb 

 

Lƴ ǘƘƛǎ ǇŀǇŜǊΣ ŀ ƳŀǘƘŜƳŀǝŎŀƭ ƳƻŘŜƭ ŦƻǊ 
ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴ Ƴƻǝƻƴ ƛƴ /b/ ǘǳǊƴƛƴƎ ǿŀǎ 
ŀƴŀƭȅǎŜŘ ǳǎƛƴƎ bŜǿǘƻƴϥǎ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴ 
ŦƻǊƳǳƭŀΦ ¢ƘŜ ŦƻǊƳǳƭŀǝƻƴ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǝƻƴ 
ƻŦ ǘƘŜ ƳƻŘŜƭ ƛƴ a!¢[!. ǇǊƻǾƛŘŜŘ ǎƛƎƴƛŬŎŀƴǘ 
ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ ŘȅƴŀƳƛŎ ōŜƘŀǾƛƻǳǊ ƻŦ /b/ 
ƭŀǘƘŜǎ ŘǳǊƛƴƎ /b/ ǘǳǊƴƛƴƎ ƻǇŜǊŀǝƻƴǎΣ ƻũŜǊƛƴƎ ŀ 
ǾŀƭǳŀōƭŜ ǘƻƻƭ ŦƻǊ ōƻǘƘ ǘƘŜƻǊŜǝŎŀƭ 
ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ǇǊŀŎǝŎŀƭ ŀǇǇƭƛŎŀǝƻƴ ƛƴ /b/ 
ƳŀŎƘƛƴƛƴƎΦ 
¢ƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ bŜǿǘƻƴϥǎ ƭƛƴŜŀǊ 

ƛƴǘŜǊǇƻƭŀǝƻƴ ŦƻǊƳǳƭŀ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 
ǘƘƛǎ ƳƻŘŜƭ ŘŜƳƻƴǎǘǊŀǘŜŘ ŀƴ ŜũŜŎǝǾŜ ƳŜǘƘƻŘ 
ŦƻǊ ǊŜǇǊŜǎŜƴǝƴƎ ŀƴŘ ǇǊŜŘƛŎǝƴƎ ǘƘŜ Ƴƻǝƻƴ ƻŦ 
/b/ ƭŀǘƘŜǎΦ ¢ƘŜ a!¢[!. ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ǘƘŜ 
ƳƻŘŜƭ ŀŘŘƛǝƻƴŀƭƭȅ ŜƴƘŀƴŎŜŘ ƛǘǎ ǇǊŀŎǝŎŀƭ ǳǝƭƛǘȅ 
ōȅ ŦŀŎƛƭƛǘŀǝƴƎ ƎǊŀǇƘƛŎŀƭ ǎƻƭǳǝƻƴǎ ŀƴŘ 
ǾƛǎǳŀƭƛǎŀǝƻƴǎΣ ŀƭƭƻǿƛƴƎ ŦƻǊ ŀ ŘŜŜǇŜǊ 
ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƳƻŘŜƭΩǎ ōŜƘŀǾƛƻǳǊ ŀƴŘ ƛǘǎ 
ƛƳǇƭƛŎŀǝƻƴǎ ŦƻǊ ǊŜŀƭπǿƻǊƭŘ /b/ ǘǳǊƴƛƴƎΦ 
¢ƘŜǊŜŦƻǊŜΣ ǘƘƛǎ ŜƳǇƛǊƛŎŀƭ ƳŜǘƘƻŘ Ƙŀǎ 

ŀŎƘƛŜǾŜŘ ŀ ŎƭŜŀǊ ŀƴŘ ǇǊŜŎƛǎŜ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ 
ǘƘŜ ƭƛƴŜŀǊ ƛƴǘŜǊǇƻƭŀǝƻƴ ƳƻǝƻƴΣ ǿƘƛŎƘ ƛǎ ŎǊǳŎƛŀƭ 
ŦƻǊ ŜƴƘŀƴŎƛƴƎ ǘƘŜ ŀŎŎǳǊŀŎȅ ŀƴŘ ŜŶŎƛŜƴŎȅ ƻŦ 
/b/ ǘǳǊƴƛƴƎ ƻǇŜǊŀǝƻƴǎΦ 
aƻǊŜƻǾŜǊΣ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƳŀǘƘŜƳŀǝŎŀƭ 

ƳƻŘŜƭƭƛƴƎ ƛƴ /b/ ƳŀŎƘƛƴƛƴƎ ǿŀǎ ǳƴŘŜǊǎŎƻǊŜŘ 
ōȅ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ǇŀǊǝŎǳƭŀǊƭȅ ƛƴ ǘƘŜ 
ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ƻǇǝƳƛǎŀǝƻƴ ƻŦ ǘƘŜ ŘȅƴŀƳƛŎ 
ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ /b/ ƭŀǘƘŜǎΦ ¢ƘŜ ƛƴǎƛƎƘǘǎ ƎŀƛƴŜŘ 
ŦǊƻƳ ǘƘƛǎ ƳƻŘŜƭ Ŏŀƴ ƛƴŦƻǊƳ ŦǳǘǳǊŜ 
ŘŜǾŜƭƻǇƳŜƴǘǎ ƛƴ /b/ ǘŜŎƘƴƻƭƻƎȅΣ ƛƳǇǊƻǾŜ ǘƘŜ 
ǇǊŜŎƛǎƛƻƴ ƻŦ ǘǳǊƴƛƴƎ ƻǇŜǊŀǝƻƴǎΣ ŀƴŘ ŎƻƴǘǊƛōǳǘŜ 
ǘƻ ŀŘǾŀƴŎŜƳŜƴǘǎ ƛƴ ŀǳǘƻƳŀǘŜŘ ƳŀŎƘƛƴƛƴƎ 
ǇǊƻŎŜǎǎŜǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ƛƴǘŜƎǊŀǝƻƴ ƻŦ ǘƘƛǎ 
ƳƻŘŜƭ ǿƛǘƘ a!¢[!. ǇǊƻǾƛŘŜŘ ŀ ǇƻǿŜǊŦǳƭ 
ǇƭŀǜƻǊƳ ŦƻǊ ƻƴƎƻƛƴƎ ǊŜǎŜŀǊŎƘ ŀƴŘ 

ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǘƘƛǎ ŬŜƭŘΣ ŜƴŀōƭƛƴƎ ŦǳǊǘƘŜǊ 
ŜȄǇƭƻǊŀǝƻƴ ŀƴŘ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ǘƘŜ ƳƻŘŜƭΦ 
Lƴ ŎƻƴŎƭǳǎƛƻƴΣ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘƛǎ ƭƛƴŜŀǊ 

ƛƴǘŜǊǇƻƭŀǝƻƴ ƳƻŘŜƭ ǇǊƻǾƛŘŜǎ ŀ Ǌƻōǳǎǘ 
ŦƻǳƴŘŀǝƻƴ ŦƻǊ ōƻǘƘ ǘƘŜƻǊŜǝŎŀƭ ŜȄǇƭƻǊŀǝƻƴ ŀƴŘ 
ǇǊŀŎǝŎŀƭ ŀǇǇƭƛŎŀǝƻƴΦ CǳǘǳǊŜ ǊŜǎŜŀǊŎƘ Ƴŀȅ ōǳƛƭŘ 
ǳǇƻƴ ǘƘƛǎ ƳƻŘŜƭ ǘƻ ŜȄǇƭƻǊŜ ƳƻǊŜ ŎƻƳǇƭŜȄ 
ƛƴǘŜǊǇƻƭŀǝƻƴ ǘŜŎƘƴƛǉǳŜǎΣ ƛƴǘŜƎǊŀǘŜ ŀŘŘƛǝƻƴŀƭ 
ŦŀŎǘƻǊǎ ŀũŜŎǝƴƎ /b/ ǘǳǊƴƛƴƎΣ ŀƴŘ ŦǳǊǘƘŜǊ 
ŜȄǇŀƴŘ ǘƘŜ ƳŀǘƘŜƳŀǝŎŀƭ ŦǊŀƳŜǿƻǊƪ ǘƻ 
ŜƴƘŀƴŎŜ ǘƘŜ ŎŀǇŀōƛƭƛǝŜǎ ƻŦ /b/ ƳŀŎƘƛƴƛƴƎ 
ǇǊƻŎŜǎǎŜǎΦ 
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Abstract: The functional performance and in-service quality of products are strongly influenced by surface 
roughness, which is a direct outcome of material removal processes. In general, surface roughness is function 
by the input parameters of the machining process and the extent of tool wear, the increase of which leads to 
an increase cutting forces, torque, acoustic emission level, vibrations, and temperature. Finding the 
dependence between machining parameters, tool wear indicators, and surface roughness parameters 
enables real-time prediction of surface quality and contributes to appropriate processing quality. In this study, 
based on data obtained through experiment conducted using the Taguchi design of experiment, predictive 
models were developed using multiple regression analysis and artificial neural networks (ANN). These models 
establish a relationship between input drilling parameters, axial drilling force, and the maximum height of 
the surface roughness profile. 
 
Keywords: Drilling, Surface roughness, Axial force, Multiple regression, ANN 
 
 

1. INTRODUCTION 
 

In the manufacturing of products, 
particular emphasis is placed on dimensional 
accuracy and the surfaces roughness in terms 
of processing quality. Accordingly, 
establishing a relationship between surface 
roughness parameters - which serve as 
indicators of surface roughness - and the input 
parameters of the machining process, while 
accounting for the level of tool wear, becomes 
increasingly significant. 

 
A substantial number of research has 

established a relationship between surface 
roughness - most commonly characterized by 
the arithmetic mean deviation of the surface 
roughness profile - and the parameters of the 
cutting process. Numerous researchers [1-5] 
have employed regression analysis to derive 
mathematical models that relate machining 
input parameters to surface roughness, or 
have utilized artificial neural networks to 
predict surface roughness. 

https://doi.org/10.46793/ICPES25.043V
mailto:radoslav.vucurevic@fpm.ues.rs.ba
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Previous models demonstrated excellent 
performance in predicting surface roughness 
based on machining input parameters; 
however, they did not account for the 
combined effect of input parameters and tool 
wear level on surface roughness. 

Tool wear, its prediction, and the 
establishment of correlations with 
measurable process parameters (such as 
cutting force, torque, vibrations, and acoustic 
emission level) have also been the subject of 
extensive research [6-8]. 
Based on conducted experimental studies and 
existing literature, several authors [9-11] have 
applied multiple regression analysis and 
artificial neural networks to establish relatio-
nships among machining input parameters, 
measurable process parameters associated 
with tool wear, and the arithmetic mean 
deviation of the surface roughness profile. 

While predicting the arithmetic mean 
deviation of the surface roughness profile 
provides insight into average roughness level, 
in order to detect specific surface 
irregularities, it is also important to predict 
the maximum height of the surface roughness 
profile. 

Considering the above, as well as existing 
models for surface roughness prediction [12, 
13], this study develops models that establish 
a relationship between drilling process input 
parameters, drilling axial force, and the 
maximum height of the surface roughness 
profile. 
 
2. EXPERIMENTAL DESIGN 
 

The maximum height of the surface 
roughness profile, which results from the 
cutting process, is a function of the machining 
input parameters and the wear of the cutting 
tool. Considering that the input parameters of 
the drilling process include the nominal 
diameter of the twist drill (d), spindle speed 
(n), and feed rate (f), and that the angle of 
workpiece positioning (ʁ) can be considered 
an additional input parameter, the 
experiment was designed in accordance with 

Taguchi's orthogonal array method, with the 
experimental factors varied at three levels. 

Given that the variation of experimental 
factors at three levels corresponds to 
¢ŀƎǳŎƘƛΩǎ [9 orthogonal array with nine 
combinations of machining process 
parameters, and by treating the drilling input 
parameters as experimental factors, the 
resulting experimental design matrix is 
presented in the following table (Table 1). 
 
Table 1. Experimental Design Matrix 

No. 
d 
[mm] 

n 
[rev/mm] 

f 
[mm/rev] 

 ʁ[o] 

1. d1 n1 f1 1ʁ 

2. d1 n2 f2 2ʁ 

3. d1 n3 f3 3ʁ 

4. d2 n1 f2 3ʁ 

5. d2 n2 f3 1ʁ 

6. d2 n3 f1 2ʁ 

7. d3 n1 f3 2ʁ 

8. d3 n2 f1 3ʁ 

9. d3 n3 f2 1ʁ 

 

The specific values of the experimental 
factors, categorized by levels, are presented in 
the following table (Table 2). 
 
Table 2. Factor Values by Levels 

Level d 
[mm] 

n 
[rev/min] 

f 
[mm/rev] 

 ʁ[o] 

1. 3 300 0.03 0 

2. 5 500 0.05 3 

3. 8 800 0.10 5 

 

The experiment was planned to be 
conducted on a CNC milling machine MILL 
250, manufactured by EMCO, by drilling holes 
to a depth of l = 3d in test tubes made of 
enhancement steel EN 42CrMo4, heat-treated 
to a hardness of 28 HRC. 
Twist drills made of high-speed steel EN HS6-
5-2, in black version with a cruciform blade, 
manufactured using grinding technology and 
heat-treated to a hardness of 64-68 HRC, were 
provided for the experimental procedure. 

Measurement of flank wear on the twist 
drills is planned to be performed using the 



ΠΜƣőШf9ÂEÉ ШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШΣΜƣőШŰŰŔƻĲƖƚċƖǃШŸŉШƣőĲШ ƚƚŸĦŔċƣŔŸŰШŸŉШÂƖŸĬƨĦƣŔŸŰШEŰŊŔŰĲĲƖŔŰŊШŸŉШÉĲƖĤŔċ 
 

 ΠΠ 

GÜHRING PG 100 optical device for measuring 
the geometrical elements of twist drills, 
featuring digital readout capability. 

To measure the maximum height of the 
surface roughness profile, the SURTRONIC 25 
surface roughness tester manufactured by 
TAYLOR HOBSON was provided, with a 
ƳŜŀǎǳǊŜƳŜƴǘ ǊŀƴƎŜ ǳǇ ǘƻ олл ˃ƳΦ CƻǊ ǘƘŜ 
measurement of axial drilling force, a 
measurement chain by KISTLER was provided, 
having a measuring range of up to 20,000 N. 
 
3. RESULTS AND ANALYSIS 
 

The experiment was conducted in 
accordance with the experimental design 
matrix, with measurements taken of the axial 
drilling force (F3) and the maximum height of 
the surface roughness profile (Rz) after drilling 
with a sharp tool (VB = 0 mm), at the point 
when tool wear reaches the average value (VB 
= 0.02d), and at the point of tool blunting, 
when wear reaches the maximum value (VB = 
0.04d). 

The measurement of the maximum height 
of the surface roughness profile was 
performed at four characteristic locations by 
rotating the test tube by 90°, with the mean 
value of the measured results taken as 
representative. 

The measurement results are presented in 
the following table (Table 3). 
 
Table 3. Measurement Results 

N
o. 

VB=0 mm VB=0.02d VB=0.04d 

F3 Rz F3 Rz F3 Rz 

1. 
218.3
6 

2.6
8 

263.3
3 

3.6
6 

418.2
3 

4.6
4 

2. 
275.3
0 

4.7
5 

356.9
1 

5.7
1 

456.5
1 

6.6
7 

3. 
621.4
4 

14.
32 

684.5
5 

15.
85 

719.9
9 

19.
60 

4. 
478.0
5 

5.0
7 

538.2
6 

5.9
3 

889.8
6 

7.5
1 

5. 
888.6
4 

13.
65 

919.2
1 

16.
27 

1289.
59 

16.
55 

6. 
352.4
0 

9.0
9 

368.0
9 

10.
34 

398.0
1 

14.
63 

7. 
1138.
50 

13.
05 

1237.
37 

17.
10 

1336.
23 

21.
15 

8. 
345.7
6 

10.
61 

405.1
0 

12.
71 

464.4
4 

14.
80 

9. 
538.0
3 

12.
63 

556.0
7 

13.
83 

602.4
6 

16.
70 

 

Based on the experimental results, a 
multiple linear regression (MLR) model and a 
model based on artificial neural networks 
(ANN) were developed. 

Since the primary task in forming the 
multiple linear regression model involves 
determining the estimated values of the 
parameters b0, b1, b2, ..., bn, using the least 
squares method and utilizing the 
experimental results at the point of tool 
blunting (VB=0.04d), a model was formulated 
with machining process input parameters (d, 
n, f, ʁ ) and axial drilling force (F3) as inputs, in 
the following form: 
 

3543210
ȵ FbbfbnbdbbRz Ö+Ö+Ö+Ö+Ö+= e

.  
(1) 

The parameter values of the model, along 
with the regression error s, the coefficient of 
determination R2, the adjusted coefficient of 

determination 
2R  and the standard error of 

the parameters jbS
 (j = 1,...,5) are presented 

in the following table (Table 4). 
 
Table 4. Multiple Regression Model Parameters 

Model 
parame
ter 

Value 
paramet
er 

jbS
 

jb

j
j

S

b
t =

 

s 

2.706
2 

b0 -8.0672 - - 
R2 

b1 1.5805 0.4390 3.6002 

b2 
0.0104 0.0044 2.3680 0.921

3 

b3 
148.137
4 

30.642
0 

4.8345 
2R  

b4 0.2471 0.4390 0.5628 

b5 
-0.0026 0.0026 -0.9810 0.790

2 

 
Taking into account the fact that the values are 

tt j < , for a given significance level p=0.01 [14], 
the estimation of the dependent variable Rz based 
on the variables d, n, f, ʁ  and F3 makes sense. 
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The artificial neural network (ANN) model 
(Figure 1) with multiple inputs (d, n, f,  ʁand 
F3) and a single output (Rz) was developed 
using a Backpropagation neural network 
consisting of two hidden layers with sigmoid 
transfer functions and a linear transfer 
function in the output layer. 
 

 
Figure 1. Artificial Neural Networks-Based Model 
 

The model development was performed 
using combinations of machining input 
parameters and axial drilling force values 
obtained for different levels of flank wear on 
twist drills prior to tool blunting. The best 
training, validation, and testing results were 
achieved with a neural network consisting of 
10 neurons in the first hidden layer and 5 
neurons in the second hidden layer. 
Simulation of the trained artificial neural 
network was conducted for all combinations 
of input parameters and axial drilling force 
values obtained at the tool blunting 
(VB=0.04d). 

A comparative analysis of the experimental 
results, multiple linear regression (MLR) 
model results, and artificial neural network 
(ANN) model results is presented in the 
following table (Table 5). 
 
Table 5. Comparative Analysis of Results 

No. 
Rz 
ώ˃Ƴϐ 

Rz ώ˃Ƴϐ - model Error [%] 

MLR ANN MLR ANN 

1. 4.64 3.17 4.32 31.68 6.90 

2. 6.67 8.85 6.22 32.68 6.75 

3. 
19.6
0 

19.20 21.08 2.04 7.55 

4. 7.51 9.32 7.09 24.10 5.59 

5. 
16.5
5 

16.55 16.72 0.00 1.03 

6. 
14.6
3 

12.32 15.88 15.79 8.54 

7. 
21.1
5 

19.83 21.53 6.24 1.80 

8. 
14.8
0 

14.27 14.90 3.58 0.68 

9. 
16.7
0 

18.76 16.97 12.34 1.62 

Average error [%] 14.27 4.49 

 

Based on the comparative analysis of the 
experimental results and the models, it is 
observed that the individual errors of the 
multiple linear regression model range from 
0.00% to 32.68%, while the errors of the 
artificial neural networks-based model range 
from 0.68% to 8.54%. The average error of the 
multiple linear regression model is 14.27%, 
whereas the average error of the artificial 
neural network model is 4.49%. 

By comparing the experimental results 
with the model outcomes and analyzing the 
model errors, it is evident that better 
prediction accuracy is achieved using the 
artificial neural networks-based model. A 
comparative presentation of the experimental 
results and the aforementioned model is 
shown in the following figure (Figure 2). 

 

 
Figure 2. Comparative Presentation of Results 

 

4. CONCLUSION 
 

The maximum height of the surface 
roughness profile, as a parameter chara-
cterizing certain irregularities of the 
roughness profile, is a function of the 
machining process input parameters and the 
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extent of tool wear which is correlated with 
some measurable process parameter. 

By developing prediction models for the 
maximum height of the surface roughness 
profile using multiple linear regression and 
artificial neural networks, it is possible to 
predict the maximum height of the surface 
roughness profile as a function of the drilling 
process input parameters and axial drilling 
force. 

Comparative analysis of the developed 
models leads to the conclusion that better 
prediction results are achieved using the 
artificial neural networks-based model. 
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Abstract: Cutting forces during milling can be measured using several high-quality, though expensive, devices 
available on the market. In this study, an attempt was made to measure the cutting forces using two C9C 
force transducers. The results obtained from these measurements are discussed in this paper. 
 
Keywords: milling force measurement, C9C force transducer
 

1. INTRODUCTION  
 

aŀƴȅ ǊŜǎŜŀǊŎƘŜǊǎ ƘŀǾŜ ŀƴŀƭȅȊŜŘ ǘƘŜ ƳƛƭƭƛƴƎ 
ŦƻǊŎŜǎ ǿƛǘƘ ŘƛũŜǊŜƴǘ ƎƻŀƭǎΦ aƻǎǘ ƻŦ ǘƘŜƳ ǳǎŜŘ 
ǎƻƳŜ ƪƛƴŘ ƻŦ ǘƘǊŜŜπŀȄƛǎ ŘȅƴŀƳƻƳŜǘŜǊ 
ǇǊƻŘǳŎŜŘ ōȅ YƛǎǘƭŜǊΦ 

Lƴ ώмϐ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊǎ ǳǎŜŘ YƛǎǘƭŜǊ фнрт. 
ŘȅƴŀƳƻƳŜǘŜǊ ŦƻǊ ǘƘǊŜŜπŎƻƳǇƻƴŜƴǘ ŎǳǩƴƎ 
ŦƻǊŎŜ ƳŜŀǎǳǊŜƳŜƴǘΦ ¢ƘŜȅ ŦƻǳƴŘ ǘƘŀǘ ŎǳǩƴƎ 
ŦƻǊŎŜ ǇŜǊ ǳƴŎǳǘ ŎƘƛǇ ŀǊŜŀ ŘŜŎǊŜŀǎŜǎ ǿƛǘƘ ǘƘŜ 
ƛƴŎǊŜŀǎƛƴƎ ŦŜŜŘ ǇŜǊ ǘƻƻǘƘΦ aƻǎǘ ǎƛƎƴƛŬŎŀƴǘƭȅΣ 
ŘŜŎǊŜŀǎŜ ƘŀǇǇŜƴǎ ƛƴ ǘƘŜ ǘŀƴƎŜƴǝŀƭ ŘƛǊŜŎǝƻƴΣ 
ōǳǘ ǘƻ ŀ ƭŜǎǎŜǊ ŜȄǘŜƴǘ ŀƭǎƻ ƛƴ ǘƘŜ ǊŀŘƛŀƭ ŀƴŘ 
ŀȄƛŀƭ ŘƛǊŜŎǝƻƴǎΦ ! ǎƭƛƎƘǘ ŘŜŎǊŜŀǎŜ ƛƴ ŎǳǩƴƎ 
ŦƻǊŎŜ ǿŀǎ ŀƭǎƻ ƻōǎŜǊǾŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ 
ŎǳǩƴƎ ǎǇŜŜŘΦ wŜǎŜŀǊŎƘŜǊǎ ŀǎǎǳƳŜŘ ǘƘŀǘ ǘƘŜ 
ƘƛƎƘŜǊ ǾŀƭǳŜǎ ŀǘ ƭƻǿŜǊ ŦŜŜŘ ǿŜǊŜ ŘǳŜ ǘƻ ǘƘŜ 
ǊŀƪŜ ŀƴƎƭŜ ŀǘ ǘƘŜ ŎƻǊƴŜǊ ǊŀŘƛǳǎ όǊύʁ ƻŦ ǘƘŜ ǘƻƻƭ 
ōŜŎƻƳƛƴƎ ƴŜƎŀǝǾŜ ŀǎ ǘƘŜ ŎƻƳƳŀƴŘŜŘ ŦŜŜŘ 
ǇŜǊ ǘƻƻǘƘ ŀǇǇǊƻŀŎƘŜŘ ǘƘŜ ǎŀƳŜ ƻǊŘŜǊ ƻŦ 
ƳŀƎƴƛǘǳŘŜ ŀǎ ǘƘŜ ŎǳǩƴƎπŜŘƎŜ ŎƻǊƴŜǊ ǊŀŘƛǳǎΦ 

Lƴ ώнϐ ǘƘŜ ŘȅƴŀƳƻƳŜǘŜǊ YƛǎǘƭŜǊ фнрр. ŦƻǊ 
ǘƘǊŜŜπŎƻƳǇƻƴŜƴǘ ŎǳǩƴƎ ŦƻǊŎŜ ƳŜŀǎǳǊŜƳŜƴǘ 

ǿŀǎ ǳǎŜŘΦ Lǘ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ǘƘŀǘ ǘŀƴƎŜƴǝŀƭ 
ŀƴŘ ǊŀŘƛŀƭ ŎǳǩƴƎ ŦƻǊŎŜ ǇŜǊ ǳƴŎǳǘ ŎƘƛǇ ŀǊŜŀ 
ŘŜŎǊŜŀǎŜŘ ǿƛǘƘ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ŦŜŜŘ ǇŜǊ ǘƻƻǘƘΣ 
ōǳǘ ǘƘŜ ŀȄƛŀƭ ŎǳǩƴƎ ŦƻǊŎŜ ǇŜǊ ǳƴŎǳǘ ŎƘƛǇ ŀǊŜŀ 
ǎƘƻǿŜŘ ƛƴŎǊŜŀǎŜ ŀǘ ǘƘŜ ƭǳƳǇŜŘ ǎƘŜŀǊ ƳƻŘŜƭΦ 
¢ƘŜ ǇŀǇŜǊΩǎ ŀǳǘƘƻǊǎ ŘƛǾƛŘŜŘ ǘƘŜ ŎǳǩƴƎ 
ƳŜŎƘŀƴƛǎƳ ƛƴǘƻ ǎƘŜŀǊƛƴƎ ŀƴŘ ǇƭƻǳƎƘƛƴƎ ŀƴŘ 
ŎƻƴŬǊƳŜŘ ǘƘŀǘ ǘƘŜ ǘŀƴƎŜƴǝŀƭ ŀƴŘ ŀȄƛŀƭ 
ǎƘŜŀǊƛƴƎ ŎƻƳǇƻƴŜƴǘǎ ƛƴŘƛŎŀǘŜŘ ǎƭƛƎƘǘ 
ŘŜŎǊŜŀǎŜ ǿƛǘƘ ǘƘŜ ƛƴŎǊŜŀǎŜ ƻŦ ǘƘŜ ŦŜŜŘΣ ŀƴŘ 
ǘƘŜ ǊŀŘƛŀƭ ŎƻƳǇƻƴŜƴǘ ƛǎ ŎƻƴǎǘŀƴǘΤ ǘƘŜ 
ǘŀƴƎŜƴǝŀƭΣ ǊŀŘƛŀƭ ŀƴŘ ŀȄƛŀƭ ǇƭƻǳƎƘƛƴƎ 
ŎƻƳǇƻƴŜƴǘǎ ŀƭƭ ƛƴŎǊŜŀǎŜŘ ǿƛǘƘ ǘƘŜ ƛƴŎǊŜŀǎŜ ƻŦ 
ǘƘŜ ŦŜŜŘΦ ¢ƘǳǎΣ ǘƻƎŜǘƘŜǊ ǘƘŜȅ ǎƘƻǳƭŘ ƛƴŎǊŜŀǎŜ 
ǿƛǘƘ ǘƘŜ ƛƴŎǊŜŀǎŜ ƻŦ ǘƘŜ ŦŜŜŘΦ Lǘ ǿŀǎ ŎƭŀƛƳŜŘ 
ǘƘŀǘ ǘƘŜ ǇƭƻǳƎƘƛƴƎ ŎƻƳǇƻƴŜƴǘ ǿŀǎ ōŜǧŜǊ ŀǘ 
ǘŀƪƛƴƎ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǝƻƴ ŘȅƴŀƳƛŎ ŜũŜŎǘǎΣ ŀƴŘ 
ǘƘƛǎ ǿŀȅ ǘƘŜƛǊ Řǳŀƭ ƳƻŘŜƭ ǿŀǎ ƳƻǊŜ ǇǊŜŎƛǎŜ 
ǘƘŀƴ ǘƘŜ ƭǳƳǇŜŘ ǎƘŜŀǊ ƳƻŘŜƭΦ 

tŀǇŜǊ ώоϐ ŀƴŀƭȅȊŜŘ ǘƘŜ ŜũŜŎǘ ƻŦ Ǌƻōƻǘ 
ŘȅƴŀƳƛŎǎ ƻƴ ǘƘŜ ƳŀŎƘƛƴƛƴƎ ŦƻǊŎŜǎ ƛƴ ǊƻōƻǝŎ 
ƳƛƭƭƛƴƎΦ ! ǉǳŀǊǘȊπōŀǎŜŘ ǘƘǊŜŜπŦƻǊŎŜπ
ŎƻƳǇƻƴŜƴǘ ŘȅƴŀƳƻƳŜǘŜǊ όYƛǎǘƭŜǊ фнрт.ύ ǿŀǎ 
ǳǎŜŘΣ ŀƴŘ ǘƘŜ Ǉƻǎƛǝƻƴ ƻŦ ǘƘŜ Ǌƻōƻǘ ŜƴŘ 

https://doi.org/10.46793/ICPES25.048R
mailto:ratosz@vts.su.ac.rs
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ŜũŜŎǘƻǊ ǿŀǎ ǊŜŎƻǊŘŜŘ ōȅ ŀ ƭŀǎŜǊ ŘƛǎǇƭŀŎŜƳŜƴǘ 
ǎŜƴǎƻǊ όYŜȅŜƴŎŜ [YπDотΤ лΦоƳ˃ ǊŜǎƻƭǳǝƻƴύ ƛƴ 
ǘƘŜ ŀōǎŜƴŎŜ ŀƴŘ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ ŀǇǇƭƛŜŘ 
ƪƴƻǿƴ ƭƻŀŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ /ŀǊǘŜǎƛŀƴ ǎǝũƴŜǎǎ 
ƻŦ ǘƘŜ ǎȅǎǘŜƳΦ ¢ƘŜ ŘǊȅ ƳƛƭƭƛƴƎ ŜȄǇŜǊƛƳŜƴǘǎ 
ŎƻƴǎƛǎǘŜŘ ƻŦ ƭƛƴŜŀǊ ǘƻƻƭ ǇŀǘƘǎ ǿƛǘƘ Ŏƻƴǎǘŀƴǘ 
ǊŀŘƛŀƭ ŀƴŘ ŀȄƛŀƭ ŘŜǇǘƘǎ ƻŦ Ŏǳǘ ŀǘ ŘƛũŜǊŜƴǘ ŦŜŜŘ 
ǊŀǘŜǎΦ !ƭƭ ǘŜǎǘǎ ǿŜǊŜ Ǌǳƴ ŀǘ ŀ Ŏƻƴǎǘŀƴǘ ǎǇƛƴŘƭŜ 
ǎǇŜŜŘ ƻŦ мллл ǊǇƳΦ ¢ƘŜȅ ŎƻƳǇŀǊŜŘ ǘƘŜ ǇŜŜƪ 
ǾŀƭǳŜǎ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜŘ ŀƴŘ ǎƛƳǳƭŀǘŜŘ ŦƻǊŎŜǎ 
ŀǎ ǿŜƭƭ ŀǎ ŎƻƳǇŀǊŜŘ ǘƘŜ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ 
ǘƘŜ ƘƛƎƘŜǎǘ ŀƴŘ ƭƻǿŜǎǘ ǇŜŜƪǎ π ǿƘƛŎƘ ƻŎŎǳǊ 
ŘǳŜ ǘƻ ǾƛōǊŀǝƻƴǎ π ŀƴŘ ǎǘŀǘŜŘ ǘƘŀǘ ǘƘŜƛǊ ƳƻŘŜƭ 
ǿŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƳƻǊŜ ǇǊŜŎƛǎŜ ǘƘŀƴ ǘƘŜ ƻƭŘŜǊ 
ƻƴŜǎΦ 

Lƴ ώпϐ ǿŜǘ ƳƛƭƭƛƴƎ ŜȄǇŜǊƛƳŜƴǘǎ ƻŦ 
оп/Ǌbƛоaƻ ǎǘŜŜƭ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘΣ ƻƴ ǘƘŜ 
9±урл[ ƳŀŎƘƛƴƛƴƎ ŎŜƴǘŜǊΦ ¢ƘŜȅ ǳǎŜŘ 
ƛƴǘŜƭƭƛƎŜƴǘ ƛƴŘǳŎǝƻƴ ƘŀƴŘƭŜ .¢плψa!D9нл 
ψb[млрΣ ŎƻƳǇŀǊƛƴƎ ƳƻŘŜƭƭŜŘ ŀƴŘ ƳŜŀǎǳǊŜŘ 
ōŜƴŘƛƴƎ ƳƻƳŜƴǘΣ ǘƻǊǎƛƻƴŀƭ ƳƻƳŜƴǘ ŀƴŘ 
ŎƻƳǇǊŜǎǎƛƻƴŀƭ ŦƻǊŎŜ ƻƴ ǘƘŜ ǘƻƻƭΣ ŀƴŘ ƻōǘŀƛƴŜŘ 
ǎƛƳƛƭŀǊ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΦ 

Lƴ ώрϐ ǘƘŜ ŀǳǘƘƻǊǎ ŘŜǾŜƭƻǇŜŘ ŀ C9 ƳƻŘŜƭ ǘƻ 
ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ƳŀǘŜǊƛŀƭ ōŜƘŀǾƛƻǊ ŀǘ 
ŘƛũŜǊŜƴǘ ǇƭŀǎǝŎ ǎǘǊŀƛƴǎΣ ǎǘǊŀƛƴ ǊŀǘŜǎ ŀƴŘ 
ǘŜƳǇŜǊŀǘǳǊŜǎΦ ¢ƘŜ ƳƛŎǊƻπƳƛƭƭƛƴƎ ŦƻǊŎŜǎ ǿŜǊŜ 
ŘŜǘŜǊƳƛƴŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ C9 ǇǊŜŘƛŎǘŜŘ ŦƻǊŎŜǎ 
ŀƴŘ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ ǳƴŎǳǘ ŎƘƛǇ ǘƘƛŎƪƴŜǎǎΦ ¢ƘŜ 
ǇǊŜŘƛŎǘŜŘ ŦƻǊŎŜǎ ǿŜǊŜ ǾŀƭƛŘŀǘŜŘ ǿƛǘƘ 
ŜȄǇŜǊƛƳŜƴǘŀƭƭȅ ƳŜŀǎǳǊŜŘ ǊŜǎǳƭǘǎ ŀǘ ŘƛũŜǊŜƴǘ 
ǎǇƛƴŘƭŜ ŀƴƎǳƭŀǊ ǾŜƭƻŎƛǝŜǎ ŀƴŘ ŦŜŜŘ ǊŀǘŜǎΦ 
YƛǎǘƭŜǊ ŘȅƴŀƳƻƳŜǘŜǊ фнру/н ǿŜǊŜ ǳǎŜŘ ǘƻ 
ƳŜŀǎǳǊŜ ǘƘŜ ǘƘǊŜŜ ƻǊǘƘƻƎƻƴŀƭ ŦƻǊŎŜ 
ŎƻƳǇƻƴŜƴǘǎ ƻƴ ŀƴ ǳƭǘǊŀǇǊŜŎƛǎƛƻƴ рπŀȄƛǎ /b/ 
ƳƛƭƭƛƴƎ ƳŀŎƘƛƴŜ όY9wb 9ǾƻύΦ ¢ƘŜ ǊŜǎǳƭǘǎ 
ǊŜǾŜŀƭŜŘ ƎǊŜŀǘ ŀƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ ǇǊŜŘƛŎǘŜŘ 
ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭƭȅ ƳŜŀǎǳǊŜŘ ƳƛŎǊƻπƳƛƭƭƛƴƎ 
ŦƻǊŎŜǎΦ 

Lƴ ώсϐ ǘƘŜ ŀŎǘǳŀƭ ŎǳǩƴƎ ŦƻǊŎŜ ǿŀǎ ƳŜŀǎǳǊŜŘ 
ōȅ ŀ ŦƻǊŎŜ ŘȅƴŀƳƻƳŜǘŜǊ ŀǘ ŀ ǎŀƳǇƭƛƴƎ ǊŀǘŜ ƻŦ 
нƪIȊ ƛƴ ƻǊŘŜǊ ǘƻ ŘŜǾŜƭƻǇ ŀ ŎƻƴǘǊƻƭƭŜǊ ǿƘƛŎƘ 
ǎǘŀōƛƭƛȊŜǎ ǘƘŜ ǿƻǊƪ ǳƴŘŜǊ ǳƴŎŜǊǘŀƛƴ 
ŎƻƴŘƛǝƻƴǎΦ Lƴ ώтϐ ǘƘŜ ƛƴǎǘŀƴǘŀƴŜƻǳǎ ƳƛƭƭƛƴƎ 
ŦƻǊŎŜǎ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ōȅ ŀ ŘȅƴŀƳƻƳŜǘŜǊ 
όƳƻŘŜƭΥ YƛǎǘƭŜǊ фнср.ύΦ ¢ƘŜ ǎŀƳǇƭƛƴƎ 
ŦǊŜǉǳŜƴŎȅ ǿŀǎ ǎŜǘ ǘƻ н ƪIȊΦ ¢ƘŜȅ ƛƴǾŜǎǝƎŀǘŜŘ 

ǘƘŜ ƛƴǎǘŀƴŎŜ ǿƘŜƴ ǎǘŀǊǘǎ ōƻƭŘƭȅ ǊŀƛǎƛƴƎ ǘƘŜ 
ǿŜŀǊ ŎǳǊǾŜΣ ƛΦŜΦ ǿƘŜƴ ǘƘŜ ǘƻƻƭ ǎƘƻǳƭŘ ōŜ 
ǊŜǎƘŀǊǇŜƴŜŘΣ ƻǊ ǘƘŜ ƛƴǎŜǊǘǎ ōŜ ŎƘŀƴƎŜŘΦ 

YƛǎǘƭŜǊȫǎ ǘƘǊŜŜπŀȄƛǎ ŘȅƴŀƳƻƳŜǘŜǊǎ ŀǊŜ 
ƘƛƎƘƭȅ ǇǊŀŎǝŎŀƭ ŀƴŘ ƎƻƻŘ ƳŜŀǎǳǊƛƴƎ 
ƛƴǎǘǊǳƳŜƴǘǎΣ ōǳǘ ǘƘŜȅ ŀǊŜ ŀƭǎƻ ŜȄǘǊŜƳŜƭȅ 
ŜȄǇŜƴǎƛǾŜΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ǇŀǇŜǊ ǇǊŜǎŜƴǘǎ 
ǊŜǎǳƭǘǎ ƻōǘŀƛƴŜŘ ōȅ ŀ ƳǳŎƘ ŎƘŜŀǇŜǊ 
ƳŜŀǎǳǊƛƴƎ ƳŜǘƘƻŘΦ 

 

2. EXPERIMENT SETUP AND THE RESULTS 

2.1 Experiment Setup 
 

Authors used a universal milling machine 
(MUG 62) as a machine tool and a vice as a 
clamping device. To measure the milling 
forces two HBK made C9C force transducers 
were implemented. Force transducers were 
placed between the jaw of the vice and the 
workpiece (Figure 4 and Figure 5). Since in this 
way the force can be measured only in one 
direction, three different setups were needed 
to measure force respectively in X (Fx), in Y (Fy) 
and in Z direction (Fz).  

Figure 4 shows the setup for measuring Fx, 
Figure 5 displays the setup for measuring Fy, 
while Figure 6 depicts the setup for measuring 
Fz. 

 
Figure 4.   Top view of the vice setup for 

measuring force in X direction 

The workpiece is a rectangle drawn in 
orange; the tool is a circle drawn with brown 
color. M1 and M2 represent the force 
transducers. The rotation direction of the tool 
is denoted with n, whereas the moving 
direction of the machine table (i.e. the moving 
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direction of the workpiece during the 
machining) is represented with vf. The 
workpiece material was S235JRG2 steel. All 
cuttings were made in dry condition (without 
cooling). Two, four, five and six flute endmills 
were used. The depth of cut (ap) was 0,5mm, 
1mm and 2 mm, while the feed was 
vf=14mm/min. The width of cut (ae) was in 
every case equal to the tool diameter. The 
number of the rotation per minute was 400 
min-1 for D=5mm, 248 min-1 for tool diameters 
D=9mm and D=10mm, and 120min-1 for 
diameter D=22mm. After clamping the 
workpiece, the force transducer M1 showed 
12350 N, and force transducer M2 showed 
8713 N. These values were set as reference 
zero. 

 
Figure 5   Top view of the vice setup for 

measuring force in Y direction 

 
Figure 6   Front view of the workpiece holding 

with clamp straps 

During the measurement of Fz two clamp 
straps were used instead of a vice. 

 
2.2 The results 

 
As a first step, Fx was measured, both in the 

case of up milling and down milling. 

 
Figure 7   Fx component of the cutting force, with 

vf down direction (D5; z2; ae5; ap0,5) 

 

Figure 8   Fx component of the cutting force, with 
vf up direction (D5; z2; ae5; ap0,5)  

Figure 7 presents the case where, at the 
beginning of the cut, the direction of the tool 
tooth motion and the workpiece motion were 
identical. In this case the tangential force of 
the mill pushed the workpiece onto the 
measuring elements. (in +X direction in Figure 
4). In contrast, Figure 8 displays the case 
where, at the beginning of the cut, the 
direction of the tool motion and the 
workpiece motion were opposite. In this case 
the tangential force pulls down the workpiece 
from the measuring elements. (in -X direction 
in Figure 4) 

In Figure 7 on the vertical axis the sum of 
the reaction force changes (Fx=ɲM1+ɲM2) is 
in kilonewton (kN), on horizontal axis the time 
is presented in seconds (s). In Figure 7 the 
peek value of the Fx force is about +80 N, in 
Figure 8 the peek value is -50 N (the -60N can 
be treated as extreme peek). It can be seen 
that in both cases the amplitude of the Fx force 
is about 35 N. So, the force that periodically 
pushes the workpiece in X direction is about 
35 N. As a two-flute (z=2) mill was used, this 
value is in fact the average tangential force on 
one tooth (Fczm). In both figures a slight force 
increasing trend can be observed, which is due 
to the thermal expansion, since dry cuts were 
made. 
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Figure 9 presents the case when the feed 
direction of the machine table points in -Y 
direction (in Figure 5), and the Ff feed force 
pulls down the workpiece from the measuring 
elements.  

 
Figure 9. Fy component of the cutting force, with 

vf down direction (D9; z2; ae9; ap 0,5) 

 

Figure 10. Fy component of the cutting force, with 
vf up direction (D9; z2; ae9; ap0,5) 

CƛƎǳǊŜ мл ŘƛǎǇƭŀȅǎ ǘƘŜ ŎŀǎŜ ǿƘŜƴ ǘƘŜ ŦŜŜŘ 

ŘƛǊŜŎǝƻƴ Ǉƻƛƴǘǎ ƛƴ Ҍ¸ ŘƛǊŜŎǝƻƴΣ ƛΦŜΦΣ ǿƘŜƴ CŦ 

ǇǳǎƘŜǎ ǘƘŜ ǿƻǊƪǇƛŜŎŜ ƻƴ ǘƘŜ ƳŜŀǎǳǊƛƴƎ 

ŜƭŜƳŜƴǘǎΦ Lƴ CƛƎǳǊŜ ф а 

Ὂ Ὂ ςπ ὔ   όмύ 

ŀƴŘ ƛƴ CƛƎǳǊŜ млШа 

Ὂ Ὂ φπ ὔ   όнύ 

Ŏŀƴ ōŜ ǎŜŜƴΦ LŦ Ŝǉǳŀǝƻƴǎ όмύ ŀƴŘ όнύ ŀǊŜ 

ŀŘŘŜŘΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜǎǳƭǘ ƛǎ ƻōǘŀƛƴŜŘΥ 

ςὊ ψπ ὔ O  Ὂ τπὔ ὥὲὨ Ὂ ςπὔ  

¢ƘŜ ŀōƻǾŜ ƳŜƴǝƻƴŜŘ ǘǊŜƴŘ ǎƘƻǿƛƴƎ ƛƴŎǊŜŀǎŜ 

Ŏŀƴƴƻǘ ōŜ ŎƻƴŬǊƳŜŘ ƛƴ CƛƎǳǊŜ фΣ ǿƘŜǊŜŀǎ ƛǘ ƛǎ 

ǇǊŜǎŜƴǘ ƛƴ CƛƎǳǊŜ млΦ 

CƛƎǳǊŜ мм ŀƴŘ CƛƎǳǊŜ мн Ŏƻƴǘŀƛƴ ǘƘŜ ǾŀƭǳŜ ƻŦ CȊΦ 

¢ƘŜ ǇŀǊǘ ƻŦ ǘƘŜ ŎǳǊǾŜǎ ƳŀǊƪŜŘ ƛƴ ǇǳǊǇƭŜ 

ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŀȄƛŀƭ ŦŜŜŘ ƛƴ Ƴƻǝƻƴ όƛΦŜΦΣ ǘƘŜ 

ǘŀƪƛƴƎ ƻŦ ǘƘŜ ŘŜǇǘƘ ƻŦ ǘƘŜ ŎǳǘύΦ Lƴ CƛƎǳǊŜ мм ǘƘŜ 

ŎŀǎŜ ǿƘŜƴ ǘƘŜ ŘŜǇǘƘ ƻŦ Ŏǳǘ ǿŀǎ ŀǇҐлΣрƳƳ Ŏŀƴ 

ōŜ ǎŜŜƴΦ Lǘ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘ ǘƘŀǘ ǘƘŜ CȊ ƛǎ ŀōƻǳǘ 

Ҍнл bΦ  

 
Figure 11. Fz component of the cutting force        

(D5; n400; z2; ae5; ap 0,5) 

 

In Figure 12 the case when the depth of cut 
was ap=3,5 mm is indicated. It can be observed 
that the Fz is about -300 N. These cases 
indicate when the depth of cut is small, the 
endmill pushes the workpiece down, yet at a 
larger depth of cut the tool pulls the 
workpiece up. This is due to the helix angle of 
the cutting edges.  

 

Figure 12   Fz component of the cutting force          
(D5; n400; z2; ae5; ap 3,5) 

In Figure 13 milling with a 9 mm two-flute 
endmill, with 0,5 mm depth of cut is shown. 
The horizontal axis represents time in 20 ms 
steps, while the vertical axis shows Fx  in kN. 

 

 
Figure 13. Fx component of the cutting force, with 

vf up direction (D=10; z=2; ap=0,5; ae=10) 

In Figure 14 the time step is also 20 ms, and 
the vertical axis also presents Fx, but this time 
a 10 mm six-flute endmill was used. The depth 
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of cut was 0,5 mm. In both cases the peek 
value of the force is about -80 N, but for six-
flute endmill the amplitude is about 20 N, 
while for the two-flute about 60 N. This is 
logical, as in the fully immersed state (i.e., 
when ae=D), one tooth is engaged with the 
workpiece in the case of a two-flute mill, 
whereas three teeth are engaged in the case 
of a six-flute mill. As for the fluctuation, in this 
way, is three times smaller when one tooth 
leaves, and another enters the cut.  

 

Figure 14   Fx component of the cutting force, 
with vf up direction (D9; z=6; ap=0,5; ae=9;)  

The increasing trend mentioned above for 
both Figure 13 and Figure 14 can be clearly 
recognised. In Figure 11, it can be observed at 
the end of the diagram that the force drop 
ŘǳǊƛƴƎ ǘƘŜ ǘƻƻƭΩǎ ŜȄƛǘ ŦǊƻƳ ǘƘŜ ǿƻǊƪǇƛŜŎŜ ƛǎ 
also approximately 80 N, which is comparable 
ǘƻ ǘƘŜ ŦƻǊŎŜ ƛƴŎǊŜŀǎŜ ŘǳǊƛƴƎ ǘƘŜ ǘƻƻƭΩǎ ŜƴǘǊȅ 
into the workpiece at the beginning of the 
diagram. 

Table 1   Force comparison 

 ?Ρ 
ǍΞ 
ċƓШΜЯΡ 
ŉǍ 
ΜЯΜΝΤ 

?Φ 
ǍΞ 
ċƓШΜЯΡ 
ŉǍ 
ΜЯΜΞΥ 

?ΝΜ 
ǍΞ 
ċƓШΜЯΡ 
ŉǍ 
ΜЯΜΞΥ 

?Φ 
ǍΣ 
ċƓШΜЯΡ 
ŉǍ 
ΜЯΜΜΦ 

?ΞΞ 
ǍΡ 
ċƓШΜЯΡ 
ŉǍ 
ΜЯΜΞΟ 

ĦċũĦƨũċƣĲĬ 
ŉŸƖĦĲШ
ƻċũƨĲƚ 

[Ħů 
ΟΞ  
[ĦǍů 
ΟΞ  

[Ħů 
ΠΦ  
[ĦǍů 
ΠΦ  

[Ħů 
ΠΦ  
[ĦǍů 
ΠΦ  

[Ħů 
ΡΣ  
[ĦǍů 
ΝΦ  

[Ħů 
ΝΞΡ  
[ĦǍů 
ΠΞ  

ĲƚƣŔůċƣĲĬШ
ыŉƖŸůШ
ĬŔċŊƖċůƚь 
ƻċũƨĲƚ 

[Ţ 
ΡΜ  
[ċ 
ΟΡ  

[Ţ 
ΣΜ  
[ċ 
ΠΜ  

[Ţ 
ΥΜ  
[ċ 
ΣΜ  

[Ţ 
ΥΜ  
[ċ 
ΞΜ  

[Ţ 
ΝΡΜ  
[ċ 
ΤΜ  

 

Table 1 contains the tool diameter (D) in mm, 
the number of tooths (z), the depth of cut (ap) in 
mm, and the feed per tooth (fz) in mm/tooth. The 
presented force values refer to full immerse 

cutting, i.e., when the width of the cut (ae) is equal 
to the tool diameter. 

!ǳǘƘƻǊǎ ǳǎŜŘ YƛƴȊƭŜΩǎ ŦƻǊƳǳƭŀ ǘƻ ŎŀƭŎǳƭŀǘŜ 
ǘƘŜ ŀǾŜǊŀƎŜ ŎǳǩƴƎ ŦƻǊŎŜ ƻƴ ƻƴŜ ǘƻƻǘƘ όCŎȊƳύ 
ŀƴŘ ǘƘŜ ŀǾŜǊŀƎŜ ŎǳǩƴƎ ŦƻǊŎŜ όCŎƳύΦ ¢ƘŜ 
ŘƛŀƎǊŀƳǎ ǎŜǊǾŜ ǘƻ ŜǎǝƳŀǘŜ ǘƘŜ ŦƻǊŎŜ ƧǳƳǇ όCƧύ 
ŀǘ ŜƴǘŜǊƛƴƎ ŀƴŘ ƭŜŀǾƛƴƎΣ ŀƴŘ ǘƘŜ ŦƻǊŎŜ 
ŀƳǇƭƛǘǳŘŜ όCŀύ ƻŦ ǘƘŜ CȄ ŦƻǊŎŜ ŎƻƳǇƻƴŜƴǘǎΦ Lǘ 
Ŏŀƴ ōŜ ƴƻǝŎŜŘ ǘƘŀǘ ǘƘŜ ŜǎǝƳŀǘŜŘ ŦƻǊŎŜ 
ŀƳǇƭƛǘǳŘŜ όCŀύ ƛǎ ǊŜƭŀǝǾŜƭȅ ŎƭƻǎŜ ǘƻ ǘƘŜ 
ŎŀƭŎǳƭŀǘŜŘ ƳŜŀƴ ŦƻǊŎŜ ƻƴ ƻƴŜ ǘƻƻǘƘ όCŎȊƳύΦ ¢ƘŜ 
ŜǎǝƳŀǘŜŘ ŦƻǊŎŜ ƧǳƳǇǎ όCƧύ ŀǊŜ ǎƻƳŜǿƘŀǘ 
ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ ƳŜŀƴ ŎǳǩƴƎ ŦƻǊŎŜǎ 
όCŎƳύ ƻƴ ǘƘŜ ŜƴŘƳƛƭƭǎΦ ¢ƘŜǊŜŦƻǊŜΣ ƛǘ Ŏŀƴ ōŜ 
ŀǎǎǳƳŜŘ ǘƘŀǘ ǘƘŜȅ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ƳŀȄƛƳŀƭ 
ŎǳǩƴƎ ŦƻǊŎŜǎ όCŎψƳŀȄύ ƻƴ ǘƘŜ ǘƻƻƭΦ 

 

3. CONCLUSION 
 

The main goal of these experiments was to 
test if the milling forces can be measure, and 
if so, how they can be measured with two 
force transducers. The results confirm that 
they can be measured. The main drawback of 
this method is the time-factor, namely, this 
way the measurement takes three times 
ƭƻƴƎŜǊ ǘƘŀƴ ǿƛǘƘ YƛǎǘƭŜǊΩǎ ŘŜǾƛŎŜǎΦ IƻǿŜǾŜǊΣ ƛƴ 
cases when it is sufficient to measure one 
force component, or to present the force 
changes during milling in a teaching 
environment, this can be an affordable 
solution. 
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Abstract: Cutting force acting on the cutting tool is an important aspect in machining. Its knowledge provides 
information about the machinability of the workpiece material and also enables determination of cutting 
power and cutting energy. Empirical modelling of cutting forces and the development of prediction models 
remain active area of research. For the purpose of cutting force model development, researchers have used 
various methods and approaches of various levels of complexity. This study presents the comparison and 
validation results of the dimensional analysis (DA) based model for the main cutting force prediction. The aim 
was to demonstrate the applicability of the DA-based cutting force prediction model on different case studies 
that have used different empirical models of different complexity. 

 
Keywords: turning, cutting force, dimensional analysis, prediction, comparison. 

 
 
1. INTRODUCTION  
 

Today, machining processes should satisfy 
all the strictest production requirements, 
including: productivity, efficiency, machining 
quality, reliability, and economy. The turning 
process, as one of the oldest and most widely 
used machining processes, is still widely used in 
industry and is a field of research for many 
researchers [1]. 

Cutting force plays a key role in the turning 
process. Knowledge of cutting force is 
necessary for machine tool manufacturers to 
assess the requirements for power, bearing 
loads on machine tools, as well as for designing 

machine tool elements, cutting tool holders, 
and fixture assemblies to be sufficiently rigid 
and to prevent vibrations [2]. Cutting force 
plays a significant role in improving machining 
performance, as it affects the tool wear and 
tool life, surface finish, dimensional accuracy 
and energy consumption to obtain the final 
product [3]. Moreover, a priori estimation of 
cutting forces helps prevent chatter and allows 
for achieving higher production rates. 

Accurate prediction of cutting forces during 
turning, therefore, becomes an essential factor 
for process optimization and characterization, 
and above all for improving machining 
efficiency [2, 4]. Moreover, monitoring of 

https://doi.org/10.46793/ICPES25.054S
mailto:jelena.stanojkovic@pr.ac.rs
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cutting forces is often used to detect tool wear 
and breakage. In the literature, there are 
various methods and models used for 
modelling the cutting force [5]. For cutting 
force estimation in turning, different models 
are used, ranging from simple analytical models 
to data-driven models, such as empirical 
models, FEM models, AI models, as well as 
hybrid models [6], which combine different 
modelling paradigms. The aforementioned 
types of cutting force prediction models differ 
in complexity, required data for model 
development, prediction accuracy, 
interpolation and extrapolation capabilities, 
interpretability, etc. Empirical models are 
widely used for predicting cutting force with 
appropriate accuracy [2, 7]. The estimation of 
cutting force values based on empirical models 
is common in practice due to the ease of 
application and satisfactory accuracy for a wide 
range of workpiece materials, as well as the 
interval of variation of the cutting parameters 
[2]. 

This paper analyses the applicability of the 
dimensional analysis (DA) based models for the 
main cutting force prediction. To this aim, six 
case studies from the literature, that used 
different empirical models, different process 
parameters, different workpiece materials and 
cutting tools, different types of turning 
operations etc., were considered for 
comparison and validation of the proposed DA-
based cutting force prediction models.  

 
2. DA - BASED MODEL OF THE MAIN CUTTING 

FORCE 
 
! ƳƻŘŜƭ ƻŦ ǘƘŜ Ƴŀƛƴ ŎǳǩƴƎ ŦƻǊŎŜ ƛƴ ǘǳǊƴƛƴƎ 

ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǳǎƛƴƎ ŀƴ ŀǇǇǊƻŀŎƘ ōŀǎŜŘ ƻƴ 5! 
ώнϐΣ ŀƴŘ Ŏŀƴ ōŜ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 
ŜǉǳŀǝƻƴΥ 
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!ǎ ƎƛǾŜƴ ƛƴ 9ǉΦ мΣ ǘƘŜ Ƴŀƛƴ ŎǳǩƴƎ ŦƻǊŎŜ 
ǇǊŜŘƛŎǝƻƴ ƳƻŘŜƭ ŎƻƴǎƛŘŜǊŜŘ ǇŀǊŀƳŜǘŜǊǎ 
ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǿƻǊƪǇƛŜŎŜ ƳŀǘŜǊƛŀƭ όǘŜƴǎƛƭŜ 

ǎǘǊŜƴƎǘƘ π wƳύΣ ƳŀŎƘƛƴƛƴƎ ǇǊƻŎŜǎǎ όŎǳǩƴƎ 
ǎǇŜŜŘ π ǾΣ ŦŜŜŘ ǾŜƭƻŎƛǘȅ π ǾŦΣ ŘŜǇǘƘ ƻŦ Ŏǳǘ πŀǇΣ ŀƴŘ 
ŦŜŜŘ ǊŀǘŜ π ŦύΣ ŀƴŘ ƎŜƻƳŜǘǊȅ ƻŦ ǘƘŜ ŎǳǩƴƎ ǘƻƻƭ 
όŎǳǩƴƎ ŜŘƎŜ ŀƴƎƭŜ π ˁ ŀƴŘ ǊŀƪŜ ŀƴƎƭŜ πɹƻύ ώнϐΦ 
¢ƘŜ ǳƴƪƴƻǿƴ ŎƻŜŶŎƛŜƴǘǎ ό/Σ ȄмΣ Ȅн ŀƴŘ Ȅоύ 

ŀǊŜ ǘƻ ōŜ ŘŜǘŜǊƳƛƴŜŘ ōŀǎŜŘ ƻƴ ŜȄǇŜǊƛƳŜƴǘŀƭ 
Řŀǘŀ ōȅ ƳƛƴƛƳƛȊƛƴƎ ǘƘŜ ǎǳƳ ƻŦ ǎǉǳŀǊŜŘ ŜǊǊƻǊǎΦ 

 
3. CASE STUDIES  

 
Six case studies were considered to validate 

and compare the prediction results of the DA-
based models of the main cutting force. These 
case studies were taken from the referential 
literature, and they originally used different 
types of prediction models for the estimation of 
the main cutting force in turning of steels (Table 
1). 

Based on the analysis of results from 
previous research [2] it was observed that the 
ratio of the depth of cut and feed rate, which 
represents the chip slenderness ratio, was the 
most important parameter affecting the main 
cutting force. Therefore, by using an 
experimental design with only 6 trials, for all six 
case studies, the unknown coefficients (C, x1, x2 
and x3) of the DA-based models for predicting 
the main cutting force were determined. The 
tensile strength (Rm) values of workpiece 
materials were taken from the manual [8]. 

Table 1. Considered case studies  

Case 
study 

Model 
Exp. 
trials 

Workpiece 
material 

Operation 

1 RSM 27 AISI 4340 roughing 

2 
OLS 
GP 

20 AISI 1045 roughing 

3 
GPR 
SVM 
ANN 

60 AISI 4340 roughing 

4 FL 27 AISI 1040 roughing 

5 
Power 
model 

21 
C45 

KO36 
AS12 

finishing 

6 
RSM 

Kienzle 
20 34CrNiMo6 

semi-
finishing 

Ordinary Least Squares (OLS) regression analysis, 
Genetic programming (GP), Gaussian Process 
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Regression (GRP), Support Vector Machine (SVM), 
Artificial Neural Network (ANN), Fuzzy Logic (FL), 
Response Surface Methodology (RSM) 

 
4.1 Case Study 1 
 

For case study 1, experimental data from the 
study of Suresh et al. [9] were used. The 
authors developed the model of the main 
cutting force for hard turning of AISI 4340 steel 
using RSM. The cutting parameters were varied 
at three levels: cutting speed (v) = [140, 200, 
260] m/min, feed rate (f) = [0.1, 0.18, 0.26] 
mm/rev, depth of cut (ap) = [0.6, 0.8, 1.0] mm. 

The predicted values of the DA-based main 
cutting force model were compared with the 
experimentally obtained values to determine 
the mean absolute percentage error (MAPE). 
The MAPE value for 6 trials, which were used 
for estimation of unknown model coefficients, 
is about 3.02%. 

The MAPE values for the RSM model and the 
DA-based prediction model for the entire 
experimental plan of 27 trials, as well as the 
minimum and maximum absolute percentage 
error of the DA-based prediction model, are 
shown in Figure 1. 

 

Figure 1. MAPE values of RSM and DA-based 
model of the main cutting force 

Given that selected six trials for estimation 
of model coefficients considered the same 
cutting speed, the results indicate that the 
cutting speed has no significant effect on the 
main cutting force.  

The DA-based model of the main cutting 
force provides satisfactory results, although the 
chip slenderness was very low (below 5) in over 
half of the experimental trials. 
 
4.2 Case Study 2 

 
The experimental study conducted by Cukor 

and Jurkovic [10] was considered as case study 
2. In their study, the authors used OLS 
regression and GP models for predicting the 
main cutting force in rough longitudinal turning 
of AISI 1045 steel. Rotatable central composite 
design with 20 trials was used to arrange three 
cutting parameters: cutting speed (v), feed rate 
(f) and the depth of cut (ap) at five levels. The 
predictive capabilities of the developed models 
were tested with an additional set of 26 
experimental trials. 

 

Figure 2. MAPE values of OLS, GP and DA-based 
models of the main cutting force 

The MAPE value of the DA-based prediction 
model for initial 6 trials is below 0.05% and for 
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the initial experimental plan with 20 trials is 
about 2.18%. 

The MAPE values for the initial experimental 
design with 20 trials and an additional set of 26 
trials are shown in Figure 2. 

Again, the application of the DA-based 
model in this study showed that the cutting 
speed doesn't play a decisive role in the 
prediction of the main cutting force. 

 
4.3 Case Study 3 
 
CƻǊ ŎŀǎŜ ǎǘǳŘȅ оΣ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘȅ ƻŦ 

!ƭŀƧƳƛ ŀƴŘ !ƭƳŜǎƘŀƭ ώммϐ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘΦ ¢ƘŜ 
ŀǳǘƘƻǊǎ ŘŜǾŜƭƻǇŜŘ ǇǊŜŘƛŎǝƻƴ ƳƻŘŜƭǎ ŦƻǊ ǘƘŜ 
Ƴŀƛƴ ŎǳǩƴƎ ŦƻǊŎŜ ƛƴ ǘǳǊƴƛƴƎ ƻŦ !L{L попл ŀƭƭƻȅ 
ǎǘŜŜƭ ǳǎƛƴƎ DtwΣ {±a ŀƴŘ !bbΦ ¢ƻ ǘƘƛǎ ŀƛƳΣ ŀƴ 
ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŜǎƛƎƴ ǿƛǘƘ сл ǘǊƛŀƭǎ ǿŀǎ ǳǎŜŘ 
ǿƘƛƭŜ ŎƻƴǎƛŘŜǊƛƴƎ ŦƻǳǊ ƛƴǇǳǘ ǇŀǊŀƳŜǘŜǊǎΥ 
ŎǳǩƴƎ ǎǇŜŜŘ όǾύ Ґ ώтрΣ флϐ ƳκƳƛƴΣ ŦŜŜŘ ǊŀǘŜ όŦύ 
Ґ ώлΦлпΣ лΦлсΣ лΦлуΣ лΦмΣ лΦмнϐ ƳƳκǊŜǾΣ ŘŜǇǘƘ ƻŦ 
Ŏǳǘ όŀǇύ Ґ ώлΦрΣ мΦлΣ мΦрϐ ƳƳΣ ŀƴŘ ǘƻƻƭ ƴƻǎŜ 
ǊŀŘƛǳǎ όǊʁύ Ґ ώлΦпΣ лΦуϐ ƳƳΦ  

The MAPE value of the DA-based prediction 
model for 6 trials is below 0.05% and for the 
initial experimental plan with 20 trials is about 
2.18%. 

 

Figure 3. MAPE values of GPR, SVM, ANN and DA-
based models of the main cutting force 

The MAPE values for the entire 60 trials are 
shown in Figure 3. 

Even though the range of chip slenderness 
ratio in the experiment was high (from 4 to 
37.5) and the effect of tool nose radius was 
omitted, the DA-based model provided very 
good prediction results. 

 
4.4 Case Study 4 
 
CƻǊ ŎŀǎŜ ǎǘǳŘȅ пΣ ǘƘŜ ŎǳǩƴƎ ŦƻǊŎŜ 

ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ƻōǘŀƛƴŜŘ ōȅ ¸ŀƭŘƛȊ Ŝǘ ŀƭΦ ώмнϐ 
ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘΦ C[ ƳƻŘŜƭ ǿŀǎ ǳǎŜŘ ƛƴ ǘƘƛǎ 
ǎǘǳŘȅ ŦƻǊ ǇǊŜŘƛŎǝƴƎ ǘƘŜ Ƴŀƛƴ ŎǳǩƴƎ ŦƻǊŎŜ ƛƴ 
ǘǳǊƴƛƴƎ ƻŦ !L{L млпл ǎǘŜŜƭΦ Lƴ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΣ 
ǘƘǊŜŜ ŎǳǩƴƎ ǇŀǊŀƳŜǘŜǊǎ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘΥ 
ŎǳǩƴƎ ǎǇŜŜŘ όǾύ Ґ ώфсΣ мпоΣ нлоϐ ƳκƳƛƴΣ ŦŜŜŘ 
ǊŀǘŜ όŦύ Ґ ώлΦмнΣ лΦмсΣ лΦнϐ ƳƳκǊŜǾ ŀƴŘ ŘŜǇǘƘ ƻŦ 
Ŏǳǘ όŀǇύ Ґ ώмΦлΣ мΦрΣ нΦлϐ ƳƳΦ  

The MAPE value of the DA-based prediction 
model for 6 trials is about 2.89 %. 

The MAPE values for the entire 27 trials are 
shown in Figure 4. 

 

 

Figure 4. MAPE values of FL and DA-based 
models of the main cutting force 
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4.5 Case Study 5 
 
The experimental study conducted by 

Horvath and Lukacs [13] was considered as case 
study 5. The authors created the adapted 
model of cutting force based on the theoretical 
parameters of the undeformed chip cross-
section (heq is equivalent chip thickness and leff 
effective length of the edge of the tool) in fine 
turning of three different workpiece materials 
(C45 and KO36 steels and AS12 die-cast 
aluminum alloy).  

The Victor-Kienzle model is suitable for 
estimating the main cutting force in the case of 
roughing, where the effect of the nose radius 
on the chip cross-section is neglected. 
However, in the case of finishing, where the 
chip removal takes places primarily not on the 
side cutting edge, but also on the tool nose 
radius (ap > r )ʁ, or only on the tool nose radius 
(ap << r )ʁ, the abovementioned Victor-Kienzle 
model cannot be used [13, 14]. 

The MAPE value of the DA-based prediction 
model for 6 trials is 2.68% for C45 steel, 4.57% 
for KO36 steel, and 1.68% for cast aluminum 
alloy AS12. 

 

Figure 5. MAPE values of proposed and DA-based 
models of the main cutting force (C45 steel) 

The MAPE values for the entire 21 trials for 
all workpiece materials are shown in Figures 5-
7. 

 

Figure 6. MAPE values of proposed and DA-based 
models of the main cutting force (KO36 steel) 

 

Figure 7. MAPE values of proposed and DA-based 
models of the main cutting force (cast aluminium 

AS12)  

The DA-based model provided similar results 
to the newly proposed model for estimating the 
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main cutting force in finishing based on 
geometrical parameters, such as equivalent 
chip thickness and effective cutting length. 

 
4.6 Case Study 6 

 
For case study 6, experimental data from the 

study of Cebalo et al. [15] were considered. The 
authors used RSM and well-known Victor-
Kienzle models for predicting the main cutting 
force in semi-finish turning of 34CrNiMo6 steel. 
The three cutting parameters were varied at 
five levels: cutting speed (v) = [0.401, 0.821, 
1,437, 2.0525, 2.4727] m/s, feed rate (f) = [0.12, 
0.16, 0.22, 0.28, 0.32] mm/rev and depth of cut 
(ap) = [0.4, 0.6, 0.9, 1.12, 1.4] mm.  

The MAPE value of the DA-based prediction 
model for 6 trials is about 2.04%.  

The MAPE values for the entire 20 trials are 
shown in Figure 8. 

 

Figure 8. MAPE values of RSM, Victor-Kienzle and 
DA-based models of the main cutting force 

Again, given that selected six trials for 
estimation of model coefficients considered 
the same cutting speed, the results indicate 
minor effect of the cutting speed on the 
resulting main cutting force. 

 

5. CONCLUSION 
 
This study presents the results of the 

comparison and validation of the DA-based 
models for predicting the main cutting force in 
turning operations. The DA-based models were 
not developed through a designed experiment, 
but only using a small fraction of data from 
previously conducted turning experiments. 

From the analysis of the application of DA-
based main cutting force prediction models to 
various case studies, the following conclusions 
can be drawn: 

¶ In general, the DA-based models at least 
provide comparable results to other, 
more complex empirical models. One 
may argue that power-based models may 
be sufficient for cutting force modeling in 
turning. 

¶ The chip slenderness ratio is a significant 
parameter in the DA-based model and is 
of essential importance for the prediction 
of the main cutting force in turning. 

¶ The DA-based model yields good results 
across a wide range of cutting parameter 
values, workpiece materials, chip 
slenderness ratios, and can be applied in 
roughing, semi-finishing, and even 
finishing operations, where the removed 
chip cross-section is significantly smaller 
compared to roughing. 

¶ The effects of the cutting speed and the 
tool nose radius on the resulting main 
cutting force are not so pronounced. 

From the stated conclusions, it can be 
observed that the DA model is easily adaptable 
for incorporating additional factors that are 
shown to have a significant influence on the 
main cutting force. Since the DA approach for 
predicting the main cutting force in turning 
uses a smaller number of experimental trials 
with satisfactory accuracy, it plays an important 
role with high cost-efficiency ratio, reduced 
experimentation time, and material and energy 
savings. The proposed DA-based cutting force 
models are useful in the planning of 
technological processes to estimate the 
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generated cutting force with satisfactory 
accuracy. 
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Abstract: Micromachining is taking an increasing area in the mechanical engineering and production 
technologies. Understanding the workpiece material mechanical removal process during micromilling 
is one of the main tasks on the way to successful optimization and control of the cutting process. In this 
paper, the micromilling process of the superalloy Inconel 718 is analysed. This superalloy has low 
machinability, due to its special mechanical and chemical properties. In the framework of the 
experimental research, the depth of cut and feed per tooth were varied on tree level, while the milling 
width and cutting speed were kept at the constant level. Based on the experimental data, a significant 
influence of the depth of cut and feed per tooth on the cutting forces, and the feed per tooth on the 
roughness of the machined surface was observed. Using logarithmic transformation and the least 
squares method, exponential models with sufficient response accuracy were developed. Using the 
models, the input cutting process parameters were optimized using the classical gradient method. 
Optimization resulted in parameters that ensure maximizing the quality of the machined surface and 
minimizing dimensional errors. 
 
Keywords: micromilling, super-alloy, roughness, accuracy, analysis, modelling.
 

1. INTRODUCTION 

Microcomponents, i.e. parts with at 
least two perpendicular dimensions below 
1 mm, are occupying an increasingly 
significant area of the global industrial 
market [1]. The use of special materials for 
microcomponents manufacturing, such are 
heat-treated steels, superalloys, 

aluminium alloys, composites, etc., 
contributes to enhanced reliability and 
functionality under extremal exploitation 
conditions. On the other hand, mentioned 
materials are characterized by difficulties 
in machining. The high efficiency and 
success of the machining process depend 
on the workpiece material properties 
largely. These market trends are 
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accompanied by increasingly strictly 
demands for development of new, and 
improvement of existing micromachining 
methods and processes. 

The micromilling process enables rough, 
semi-finish, and finish machining of 
metallic microcomponents. Due to the 
complex kinematics of relative 
movements, it allows for relatively more 
flexible process, and more productive 
manufacturing of microparts with complex 
geometries. Compared to other production 
methods, micromilling provides relative 
high machined surface quality, high 
dimensional accuracy, avoidance of 
thermal effects on the part surface layers 
which are typical for non-conventional 
methods, and etc. 

The mechanism of mechanical 
workpiece material removal process, and 
consequently, the dependence of cutting 
process output parameters differs 
between machining on macro and micro 
level significantly. In microcutting process, 
a phenomenon known as the size effect 
occurs (Figure 1). 

 

 

Figure 1. Size effect [2] 
 
This effect refers to the disproportion 
between the technological cutting process 
parameters and the cutting tool 
geometrical parameters, as well as the 
workpiece material crystal structure. As a 
result of the size effect, the workpiece 

material ploughing phenomenon becomes 
increasingly significant during machining, 
and cannot be neglected. 

In accordance with the above, it can be 
concluded that the special alloys 
micromilling process efficiency depends on 
the synergistic interaction between cutting 
process parameters, cutting tool 
properties, and machining conditions [3, 
4]. The analysis of performance and the 
characterization of micromilling process 
behaviour indicators is one of the key 
factors in achieving maximum machining 
efficiency. At the microscale, the influence 
of indicators, such as surface roughness 
and dimensional accuracy on the 
functionality of microcomponents 
becomes even more pronounced. The key 
performance indicators of the machining 
process include factors connected to 
machined surface quality, part dimension 
accuracy, process productivity and 
economy, ecology, and similar factors. 

Numerous scientific studies have 
focused on the analysis, modelling, and 
optimization of the special alloys 
micromilling process, with the aim of 
establishing a foundation for production 
process control, and achieving the required 
part properties. These studies have 
examined the influence of machining 
parameters, cutting tool properties, and 
cooling strategies on the machining 
process indicators that define the 
microcomponent quality and accuracy, as 
well as on the productivity, cost-efficiency, 
and environmental sustainability of the 
cutting process. In [5], the micromilling of 
Inconel 718 alloy was analysed. A dynamic 
analysis was performed, and a part 
deformation model based on cutting forces 
was established. Authors developed 
surface roughness model connected to tool 
deformation. In [6], experimental analysis 
and modelling of deformation in thin-
walled microcomponents was conducted. 
Appropriate wall deflection models were 
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developed using the so-called birth/death 
technique. Lu et al. [7] employed a Taguchi 
experimental design to modelling the 
effect of cutting process parameters on 
surface roughness and material removal 
rate. The developed first-order models 
served as the basis for genetic algorithm 
optimization. The study identified depth of 
cut as the most influential factor affecting 
surface roughness. In [8], the influence of 
cutting process parameters and various 
tool coatings on the surface topography of 
Inconel 718 was investigated. Similar to the 
previous study, a significant impact of both 
depth of cut and cutting speed was 
observed. In addition to cutting process 
parameters, also considered the initial 
surface condition of the workpiece in [9]. 
Among other findings, the study revealed 
that the initial surface condition 
significantly affects the final surface 
roughness. The results also indicated that 
high tool loading leads to poorer surface 
quality and increased tool wear. In [10], the 
influence of process and tool parameters 
on the geometry of the dead metal zone 
and cutting forces was examined. The 
authors developed mechanistic models, 
which were then integrated into a finite 
element micromilling model. The analysis 
showed a significant influence of feed per 
tooth and cutting edge radius on cutting 
forces. Kiswanto et al. [11] studied 
micromachining of Inconel 718 at low 
cutting speeds. They found a notable 
influence of both feed per tooth and 
cutting speed on surface roughness. A 
comprehensive experimental performance 
analysis of the micromilling process for 
Inconel 718 was conducted in [12]. There 
are highlighting the significant impact of 
milling parameters and cooling strategies 
on process performance. Liang et al. [13] 
analysed and optimized micromilling 
performance using a finite element 
method model to simulate chip formation, 

and to conclude the output cutting 
parameters values. 

The aim of this research is to analyse the 
machining quality and accuracy in the 
micromilling of Inconel 718. The focus is 
placed on the development of appropriate 
mathematical models that describe the 
influence of cutting process input 
parameters on dimensional accuracy and 
surface quality indicators. Furthermore, 
the goal is to use the developed models as 
a basis for the cutting parameters 
optimization. Machining time is analysed in 
order to provide a reference for the 
micromilling process productivity, and 
comparison with other manufacturing 
methods. 

 
2. EXPERIMENTAL SETUP  

 
For experimental setup machining 

centre Sodick MC430L with LN2X control 
was used (Figure 2). It is three axis micro-
milling CNC tool machine, with high speed 
main spindle. In experiments was used 
coated two flute extra-long end micro-mill 
cuter, with diameǘŜǊ ƻŦ слл ˃ƳΣ ŀƴŘ ƴŜŎƪ 
length of 8 mm. Its cutting edge length is 
0.8 mm, helix revolution angle is 7.25°, and 
tool tip corner radius 0.05 mm. Cutting tool 
was mounted in HSK holder. 

Workpiece was nickel-chromium super 
alloy Inconel 718, with tensile strength 
1350 MPa, and hardness 40 HRc. Its 
chemical composition consist next 
chemical elements: 53% Ni, 19% Cr, 18% 
Fe, 5.1% Nb, 3% Mo, 1.1% Ti, 1% Co, 0.5% 
Al, 0.35% Si, and 0.08% C). Inconel has 
excellent oxidation and high temperature 
resistance. Regard to this, it is used for 
responsible mechanical parts that operates 
in extreme mechanical and thermal 
conditions. 

As experimental plan full factorial plan is 
used [14]. Two controlled milling process 
input parameters, was used: depth of cut 
ap (mm), and feed per tooth fz (mm/tooth), 
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each on tree level. Varied values of depth 
of cut were: 0.01, 0.02, and 0.03 mm. 
Varied values of feed per tooth were: 
0.008, 0.012, and 0.018 mm/tooth. 

 

 

Figure 2. Experimental setup 
 

Experimental plan was results in nine 
experimental combinations (runs). Cutting 
speed was set to constant value of vc = 40 
m/min (spindle speed n = 21222 rev/min), 
and milling width of 0.6 mm. Microchannel 
milling was used for each experimental run. 
Channel was 10 mm long. MQL technique 
was used for lubrication of cutting zone. 
The synthetic oil aerosol was supplied 
under flow ratio of Q = 25 ml/h, and 
pressure of p = 5 bar.  

For measuring of cutting force 
component Kistler 9257B dynamometer 
was used. It was mounted on machine 
table, and aligned with the axis of the tool 
machine. Measuring axis for cutting force 
component Fy is directed in milling tool 
auxiliary movement. Cutting force signals 
were collected using A/D devices and 
LabView software. Measuring of surface 
roughness was performed on Alicona 
Infinite Focus SL device optical scanning 
device. It measures according to the 
standard ISO 4287. This device work on 
principle photographing of machined 
surface with focus variations, and image 
sharped regions separating. Based on 
separated regions on images, algorithm 

generates a three-dimensional 
representation of scanned surface, on 
micro-level resolution. Experimental and 
measuring data processing, statistical 
analysis, model development, and 
optimization were carried out using Design 
Express 7 software. 

 
3. RESULTS AND DISCUSSION  

 
On Figure 3, the dependence of Fx 

cutting force component values on the 
variation of feed per tooth and depth of cut 
is shown. It can be observed that cutting 
forces component increase with the 
increase of both depth of cut and feed per 
tooth. For the smallest depth of cut value, 
the cutting force component exhibits an 
almost linear dependence on the feed per 
tooth. However, at higher depths of cut, a 
nonlinear relationship becomes evident. At 
lower feed per tooth values, the cutting 
forces component values that 
corresponding to minimum and medium 
depth of cuts are relatively close. On the 
other hand, at higher feed per tooth values, 
the cutting forces component values 
associated with medium and maximum 
depth of cuts are closer in values. 

 

 

Figure 3. Cutting force component Fx 
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Similar conclusions can be noted for the 
Fy cutting force component, as cutting 
force component that acts along the 
direction of the cutting tool auxiliary 
movement, by examining the dependency 
diagram shown in Figure 4. A relative more 
uniform variation of the cutting force 
component values, with respect to changes 
in the depth of cut, can be observed. 
Similar to previous, at lower feed per tooth 
values, the cutting forces component 
values that corresponding to minimum and 
medium depth of cuts are relatively close. 
At higher feed per tooth values, the cutting 
forces component values have a more 
uniform difference. 

 

Figure 4. Cutting force component Fy 
 
For cutting force values, it is evident that 

both analyzed components increase with 
the increase of depth of cut and feed per 
tooth. However, an increase in these 
cutting process parameters leads to a 
larger uncut chip cross-section area. As the 
uncut chip cross-section area increases, so 
the force required for chip mechanical 
separation increases. The influence of 
depth of cut, and especially feed per tooth 
cannot be considered as linear. This is 
consequences of mechanistic and the 
complex thermo-mechanical phenomena 
occurring in the cutting zone. During 

microcutting process, not only mechanical 
chip separation occur, but also material 
deformation through the ploughing 
mechanism, which is primarily caused by 
the size effect. 

The influence of depth of cut and feed 
per tooth on the average surface 
roughness height Ra is shown on the 
diagram in Figure 5. Analysis of the diagram 
reveals a significant impact of feed per 
tooth on mentioned output parameter. In 
most cases, an increase in feed per tooth 
results in a sudden increase in surface 
roughness. Changes in depth of cut do not 
lead to sudden variations in surface 
roughness. Although minimal, the effect of 
depth of cut varies depending on the feed 
per tooth value. As can be observed, at 
different feed levels, maximum surface 
roughness occurs at different depth of cut 
values. At the lowest feed per tooth, the 
maximum surface roughness is recorded at 
a medium depth of cut. At this point, the 
maximum of surface roughness parameter 
value deviates significantly from the values 
that corresponding to the other two depth 
of cut levels. At the medium feed per tooth, 
the highest surface roughness occurs at the 
smallest depth of cut, while at the 
maximum feed per tooth, it is observed at 
the maximum depth of cut value. 

 

Figure 5. Surface roughness Ra 
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Previous concluded variations in the 

influence of feed per tooth and depth of 
cut on average surface roughness height, 
can be attributed to the pronounced 
influence of the size effect. It becomes 
more significant at lower uncut chip 
thicknesses, i.e., at lower feed per tooth 
values. Size effect may also be intensified 
by the disproportion between the feed per 
tooth and depth of cut values. Such 
significant variations and data dispersion 
can lead to difficulties in the mathematical 
modelling of the influence of cutting 
process parameters on the process output 
indicators. 

 
3.1 Modelling and optimisation 

 
As the initial model function that 

describing the influence of input 
parameters on the output variables of the 
micromilling process, an exponential 
function was selected. This function 
includes one coefficient and exponents of 
the two input variables: depth of cut and 
feed per tooth. For the purpose of 
determining the model coefficient and 
exponents, the initial function was 
linearized to enable the application of the 
least squares method. 

Based on experimentally obtained data, 
a model for the cutting force component in 
the direction perpendicular to the cutting 
tool auxiliary movement Fx [N] was 
developed. It is mathematical function with 
variables depth of cut ap [mm], and feed 
per tooth fz [mm/tooth]:  

 
1.005 0.953

x p za fÖ ÖF = 5892
     (1) 

 
A statistical analysis of variance 

(ANOVA) was conducted based on the 
experimental data and the response of the 
developed model. Based on the p-values, 
the model was determined to be 

significant, with a notable significant 
influence of depth of cut and feed per 
tooth (Table 1). The given abbreviations 
refer to statistical next parameters: sum of 
squares (SoS), degree of freedom (DoF), 
and mean square (MSQ).  

Table 1. Statistical parameters for Fx 
model  

Source SoS DoF MSQ 
t 
value 

p 
value 

Model 
2.77 2 1.38 79.92 < 

0.0001 

ln (fz) 
1.87 1 1.87 108.13 < 

0.0001 

ln (ap) 0.90 1 0.90 51.71 0.0004 

Residual 0.10 6 0.017   

Total 2.87 8    

 
Mean value of data is ȄɎ = 1.79, and 

standard deviation of SD = 1.01. Coefficient 
of determination is R² = 0.97, and signal to 
noise value is S/N = 24.7. Model response 
mean absolute percentage error is MAPE = 
8%. Based on previous statistical 
parameters, can be concluded that model 
is adequate. Model response diagraph is 
given on Figure 6. 

 
Figure 6. Response of Fx model 

 
Following a same procedure, a model 

was developed for the cutting force 
component in the direction of the cutting 
tool auxiliary movement Fy [N]. Model is in 
form of mathematical function with 
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variables depth of cut ap [mm], and feed 
per tooth fz [mm/tooth]:  

 

 
0.784 1.090
p zy a fÖ ÖF = 5244

 (2) 
 
The results of the statistical analysis of 

the model and variables significance are 
presented in Table 2. Based on the given 
data, a significant influence of both depth 
of cut and feed per tooth can be concluded.  

 
Table 2. Statistical parameters for Fy model  

Source SoS DoF MSQ 
t 

value 
p 

value 

Model 2.31 2 1.15 116.81 < 0.0001 

ln (fz) 1.14 1 1.14 115.05 < 0.0001 

ln (ap) 1.17 1 1.17 118.58 < 0.0001 

Residual 0.059 6 9.9·10¯³   

Total 2.37 8    

 
The other determined statistical 

parameters are: mean value of ȄɎ = 2.07, 
standard deviation of SD = 1.09, coefficient 
of determination of       R² = 0.98, signal to 
noise value of S/N = 30.4. Model response 
mean absolute percentage error is MAPE = 
6%. On Figure 6 is shown model response 
diagraph. 

 

 
Figure 7. Response of Fy model 
 
The surface roughness model was 

developed using the previous procedure. 
Statistical analysis showed that the depth 
ƻŦ Ŏǳǘ ŘƻŜǎƴΩǘ ƘŀǾŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŜŦŦŜŎǘ ƻƴ 

the values of Ra. To avoid large model 
errors and low correlation between 
experimental data and corresponding 
model responses, the depth of cut, was 
excluded from the model. Consequently, 
model of Ra ώ˃Ƴϐ ƛǎ ƻōǘŀƛƴŜŘΣ ŀƴŘ ŘŜǇŜƴŘǎ 
on feed per tooth fz [mm/tooth]:  

 
0.916
za fÖR =23.46                (3) 

Statistical parameters values for surface 
roughness parameter are given in Table 3. 
It is evident that feed per tooth has a 
statistically significant influence on model 
responses.  

 
Table 3. Statistical parameters for Ra 
model 

Source SoS DoF MSQ 
t 

value 
p 

value 

Model 0.81 1 0.81 15.19 0.0059 

ln (fz) 0.81 1 0.81 15.19 0.0059 

Residual 0.37 7 0.053   

Total 1.18 8    

 
Based on obtained data, there are 

calculated: mean value of ȄɎ = 0.43, 
standard deviation of SD = 0.13, coefficient 
R² = 0.87, signal to noise value of S/N = 
6.75. Surface roughness model response 
has MAPE = 13%. Despite a slightly higher 
model response error, it can be concluded 
that the previous model is adequate. 
Model response graph is shown on Figure 
8. 

 
Figure 8. Response of Ra model 
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In addition to the previously mentioned 
output parameters of the micromilling 
process, the machining time was also taken 
into consideration. There, it is referred to 
the time required to machining of the one 
micro-channel. The machining time tc [min] 
was obtained through analytical 
calculation, as the ratio of the channel 
length to the feed rate. The feed rate is the 
product of the cutter teeth number, feed 
per tooth, and spindle speed. 

The optimization was carried out with 
the aim of minimizing dimensional error 
during machining and maximizing the 
quality of the machined surface. 
Minimization of machining time was 
considered as an objective also. The 
mathematical framework for the process 
parameters optimization is shown in Table 
4. 

Table 4. Optimization framework 

Name Goal 
Limit Weight 

Lower Upper Low Up 

ap  in range  0.010 0.030 1 1 

fz  in range  0.008 0.018 1 1 

ln (Ra)  minimize  -1.4271 -0.3711 1 1 

ln (Fx)  minimize  -0.5361 1.1756 1 1 

ln (Fy)  minimize  -0.3119 1.3444 1 1 

ln (tc)  minimize  -0.2416 0.5693 1 1 

 
Indirectly, minimizing dimensional 

accuracy was represented as the 
minimization of tool deflection, i.e., cutting 
forces. Maximizing quality was expressed 
as the minimization of surface roughness. 
All input parameters and their domains 
boundaries were assigned equal 
importance. According to the previously, it 
is clear that the minimization of machining 
time is in opposite with the minimizing of 
cutting forces and maximizing of surface 
quality [1]. The optimization was 
performed using the gradient method, 
which gave ten possible solutions. The 
optimal results of the process parameters 
were obtained as follows: depth of cut ap = 

0.010 mm, and feed per tooth fz = 0.011 
mm/tooth. Optimisation aims 
achievement is 61%. The optimization 
results desirability diagram, with respect to 
the values of the input process parameters, 
is shown in Figure 9. 

 

 
Figure 9. Desirability of results in 

optimisation 
 

4. CONCLUSION 
 
This paper presents an experimental 

study of the superalloy Inconel 718 
micromilling. The experimental research 
was conducted with the aim of analysing 
the influence of depth of cut and feed per 
tooth on the micromilling process 
performance indicators. There are 
measured and analysed the cutting force 
component in the cutting tool auxiliary 
movement direction, and the cutting force 
component perpendicular to mentioned 
direction. The average surface roughness 
height was analysed also. 

Based on the experimental data, and 
using the least squares method, models 
were developed. Statistical analysis shown 
a significant influence of the input cutting 
parameters on the process indicators. 
Depth of cut, and feed per tooth have 
significantly influence on cutting forces. 
Surface roughness was influenced by the 
feed per tooth. 

Based on the models, optimization of 
the input parameters was performed. The 
obtained optimal process parameters were 
depth of cut of ap = 0.010 mm, and feed per 
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tooth of fz = 0.011 mm/tooth. Future 
research is planned to investigate the 
influence of other process parameters and 
conditions, as well as different modelling 
and optimization methods. 
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Abstract: This study presents a theoretical and experimental framework for modelling the electromagnetic 
field generated by a high-power fiber laser beam and for predicting the hardness variations in refractory 
ǎǘŜŜƭǎ ǎǳōƧŜŎǘŜŘ ǘƻ ƭŀǎŜǊ ŎǳǘǘƛƴƎΦ .ŀǎŜŘ ƻƴ aŀȄǿŜƭƭΩǎ equations, a mathematical model is developed to 
describe the propagation of electric and magnetic fields in space and time, linking beam parameters, such as 
power, focal position, and cutting speed, with the physical characteristics of laser radiation. This theoretical 
foundation is applied to analyse the behaviour of an X10AlCr180 alloy, commonly used in high-temperature 
industrial applications. Changes in hardness within the heat-affected zone after oxygen-assisted laser cutting 
are investigated. Experimental data are statistically processed, and a quasi-linear predictive model is 
developed, achieving a determination coefficient R²= 99.52%. The results indicate that laser power and focal 
position have the most significant influence on hardness. This work highlights the relevance of integrating 
electromagnetic wave theory with thermal-material interactions in advanced manufacturing processes. 
 
Keywords: fiber laser cutting; electromagnetic field modelling; refractory steels; hardness. 

 
1. INTRODUCTION 
 

High-power laser cutting is one of the most 
advanced methods for processing metallic 
materials, highly valued for its precision, 
speed, and adaptability to challenging 
materials such as refractory steels. Controlling 
the surface quality and post-cutting 

mechanical properties is essential in critical 
industrial applications, such as steam boiler 
components or energy system installations. 

In this context, the alloyed steel 
X10AlCr180 is frequently used due to its 
excellent resistance to high temperatures and 
corrosion. However, its behaviour during laser 
cutting presents challenges related to 

https://doi.org/10.46793/ICPES25.072G
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microstructural changes and the reduction of 
hardness in the heat-affected zone (HAZ). 
Several studies have shown that the choice of 
technological parameters, such as laser 
power, cutting speed, and focal position, 
directly influences the mechanical 
characteristics of the processed surfaces [1], 
[2]. 

To optimize the cutting process, recent 
research has employed methods such as 
statistical modeling using RSM (Response 
Surface Methodology) [3], artificial 
intelligence algorithms [4], or multi-objective 
optimization techniques [5]. Nevertheless, 
few studies address the phenomenon from a 
fundamental perspective, starting with the 
modelling of electromagnetic field 
propagation generated by the laser beam, 
ōŀǎŜŘ ƻƴ aŀȄǿŜƭƭΩǎ Ŝǉǳŀǘƛƻƴǎ ώсϐΦ CƻǊ 
instance, Turkkan et al. (2023) applied a multi-
objective optimization using Taguchi methods 
and Grey Relational Analysis for laser cutting 
of AISI 304L stainless steel, identifying duty 
cycle and frequency as the most influential 
parameters for reducing roughness and kerf 
width [7]. 

This study proposes an integrated 
theoreticalςexperimental approach, 
combining mathematical modelling of the 
electromagnetic field generated by the laser 
beam with the analysis of the hardness of 
X10AlCr180 steel after fiber laser cutting. 
Quasi-linear predictive equations for hardness 
are formulated and empirically validated 
based on a factorial experimental design with 
eight processing variants, using a BySmart 
Fiber Bystronic laser cutting machine. The 
correlation of theoretical and experimental 
results provides a comprehensive view of the 
influence of cutting parameters on the 
material's hardness, thus contributing to the 
optimization of the process applied to 
advanced steels. According to Pimenov et al. 
(2023), heat-resistant steels with complex 
structures and high alloying element content 
(Cr, Ni, Al) are considered difficult-to-machine 
materials, requiring the use of advanced 
technologies such as high-precision laser 

cutting [8]. 
 

2. LITERATURE REVIEW 
 
2.1. Optimization of technological 
parameters in laser cutting 
 

Fiber laser cutting has gained significant 
traction in the processing of advanced 
materials due to its ability to deliver high-
precision cuts, minimized HAZ, and precise 
control over microstructural changes. 
Numerous studies have highlighted the direct 
influence of technological parameters, 
particularly laser power, cutting speed, and 
focal position, on local hardness, surface 
topography, and mechanical behaviour of the 
processed material [9]. 

Research on structural steels has 
shown that varying these parameters can 
significantly alter the hardness within the 
heat-affected zone. For example, Safari et al. 
demonstrated that in Hardox 400 steel, 
process optimization can be effectively 
achieved using robust statistical models that 
reveal the sensitivity of HAZ hardness to 
changes in process parameters [1]. Similarly, 
Yurdakul et al. combined the RSM 
methodology with the Analytic Hierarchy 
Process, resulting in an efficient multicriteria 
framework for optimizing the cutting of St-52 
steel [2]. 

Advancements in artificial intelligence 
have introduced new tools for modelling the 
complex relationships within the cutting 
process. Sket et al. implemented neural 
networks to predict thermal and geometric 
behaviour in stainless steels, achieving better 
performance than traditional regression 
models [3]. Other approaches focused on 
improving experimental data distribution 
through methods like Latin Hypercube 
Sampling, contributing to more effective 
calibration of predictive models [4]. 

For difficult to cut materials such as 904L 
super-austenitic steel, Balasubramaniyan and 
Rajkumar (2025) showed that simultaneous 
optimization of laser power, feed rate, and 
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pulse frequency led to higher material 
removal rates and improved surface hardness, 
highlighting the effects of the resolidified 
layer [10]. In a recent review, Alsaadawy et al. 
(2024) reported that using low laser power 
combined with high cutting speed, moderate 
assist gas pressure, and nitrogen gas 
significantly reduced machining defects, 
including excessive roughness and burr 
formation [11]. 

Basak et al. (2025) analyzed the impact of 
intrinsic material properties on surface 
quality, concluding that these can have a 
greater influence than process parameters 
[12]. In their study, hardness decreased by up 
to 22.7% in SS316 stainless steel, suggesting a 
strong dependence of thermomechanical 
response on material composition. 
Additionally, Mahrle et al. (2021), through a 
factorial experimental design, identified a 
significant correlation between cut edge 
roughness and kerf geometry, emphasizing 
that internal process parameters may 
outweigh external factors such as assist gas 
pressure [13]. 

Overall, the literature shows a continuous 
effort to identify optimal configurations of 
technological parameters to improve the 
quality of laser-cut surfaces. However, most 
studies focus on empirical or statistical 
approaches and tend to overlook a 
fundamental perspective based on modelling 
the electromagnetic field generated by the 
laser beam. This gap underscores the need for 
a combined approach that links process 
parameters with the behaviour of 
electromagnetic waves, enabling a deeper 
understanding of the interaction between the 
laser beam and the material. 

 
2.2 Theoretical modelling of laser beam 
propagation 
 

A central objective of this research is the 
formulation of a rigorous theoretical model of 
the electromagnetic field generated by the 
laser beam during the cutting process. To 
achieve this, the starting point is the 

fundamental equations of electromagnetism 
developed by James Clerk Maxwell, which 
describe how electromagnetic waves are 
generated and propagate in a vacuum. The 
laser beam is interpreted as a plane 
electromagnetic wave, composed of 
synchronized oscillations of the electric and 
magnetic fields, propagating at the speed of 
light ccc. 

According to classical theory, a time-
varying electric field induces a time-varying 
magnetic field, and this reciprocal process 
gives rise to the propagation of an 
ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ǿŀǾŜΦ aŀȄǿŜƭƭΩǎ ŜǉǳŀǘƛƻƴǎΣ 
in their differential form for vacuum 
conditions, are expressed as follows: 

 ǊƻǘIҐҎɳIҐ
Ҝ5

Ҝǘ
  (1) 

  Ǌƻǘ9ҐҎɳ9Ґπ
Ҝ.

Ҝǘ
 (2) 

 ŘƛǾ5Ґ ϊɳ5Ґл (3) 
 ŘƛǾ.Ґ ϊɳ.Ґл (4) 
We start from the equation involving 
differential operators i: 
 Ҏɳ ҎɳIҐɳϊɳ ϊIπҟI (5) 
in which E is the electric field intensity, D the 
electric displacement field, H the magnetic 
field intensity, and B the magnetic flux 
density. 
 5Ґʁлϊ9Σ.Ґл˃ϊI (6) 

These relations are combined, resulting in: 

 ᶯ  Ͻɳ ϽɳὌ ЎὌ (7) 

For a stationary field: ɳ ϽὌ π 
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In Cartesian coordinates, the equation 
becomes: 
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The solution of the second-order differential 
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equation: 
 IҐIлŎƻǎόǘ̟πƪȊύ (16) 
where H0 ƛǎ ǘƘŜ ƳŀƎƴŜǘƛŎ ŀƳǇƭƛǘǳŘŜΣ ˖ ƛǎ ǘƘŜ 
angular frequency, k is the wave number, and 
z is the direction of laser wave propagation.  

At the origin of the axes, where the laser 
source is located, electromagnetic waves are 
generated with the following components: 
 IҐIлŎƻǎόǘ̟ύ (17) 
 9Ґ9лŎƻǎόǘ̟ύ (18) 

At a distance z from the origin of the 
Cartesian system, the following waves of the 
coupled fields are generated: 
 IҐIлŎƻǎόǘ̟πƪȊύ (19) 
 9Ґ9лŎƻǎόǘ̟πƪȊύ (20) 
Based on previous relations we can develop 
the field equation: 

 IҐIлŎƻǎ
н̄

¢
ǘπ
н̄

˂
ȊҐIлŎƻǎнό̄

ǘ

¢
π
Ȋ
ύ˂ (21) 

The relationship between the electric field 
and the magnetic field is governed by the 
principle of cause and effect, where one acts 
as the cause and the other as the effect, 
resulting in the propagation of laser light. 
These fields are in phase and simultaneously 
reach their maximum and minimum values. 
An important relation can be obtained by 
setting the phase as:  
 ˒Ґ ˖ǘπƪȊ (22) 

When we apply Fermat's theorem to the 
phase of the wave, we obtain an extremum 
point: 

 
Ҝ˒
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Ґ л (23) 
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Ґ
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When the wavelength of electromagnetic 
radiation is very short, the oscillation period 
of the associated field becomes extremely 
brief. Lasers operating in the ultraviolet region 
of the electromagnetic spectrum are 
characterized by short oscillation periods and 
high electric field amplitudes, which grant 
them a high energy density. The intensity of 
laser radiation is directly influenced by the 
rapid temporal variation of the electric and 
magnetic fields, and the synchronization of 
these fields in space and time leads to the 
formation of a high-energy coherent beam. 
The electric field plays a crucial role in the 

spatial displacement of the magnetic field 
lines, while the magnetic field loops around 
the beam in a circular manner, thereby 
defining the geometry of the laser beam. 

This mutual interaction leads to the 
generation of a collimated beam, directed 
along the longitudinal axis (the Oz direction), 
which propagates at the speed of light in a 
vacuum. The electric field oscillates in a plane 
perpendicular to the direction of propagation 
(along the Ox axis), while the magnetic field 
oscillates perpendicular to it (along the Oy 
direction), the two being orthogonal both to 
each other and to the propagation direction. 
From a physical standpoint, the electric field 
can be interpreted as a magnetic moment 
generated by the cross product between the 
speed of light and the magnetic field intensity, 
according to the relation: 
 9ҐŎ · .ҐŎ · л˃IҐ˃лόŎ · Iύ (25) 

Depending on the values of E and B (or H), 
laser light is concentrated into a very small 
diameter and is characterized by different 
wavelengths. The laser light spectrum spans 
the infrared, visible, and ultraviolet regions. 
The amplitude of the electric field is much 
greater than that of the magnetic field, by a 
factor of c (speed of light). 

 9лҐŎ · .л (26) 

The greater the value of E0, the higher the 
frequency of the laser light, which gives rise to 
high-power lasers possessing strong electric 
fields of significant magnitude. When the 
amplitudes E0 and B0 increase, this results in a 
strong concentration of laser light in a small 
space, with higher luminous excitation and 
intensity. The circular cross-section of the 
beam is primarily due to the magnetic field. 
This flash, sometimes of different colours or 
invisible, is generated by a laser light source 
with beam directionality confined to a narrow 
parallel path. The wavelength is the same for 
both the electric and magnetic fields. When 
ǘƘŜ ǿŀǾŜƭŜƴƎǘƘ ŘǊƻǇǎ ōŜƭƻǿ м ƴƳΣ ƛǘ ƛǎ 
observed that the energy of the flash 
increases while the distance between two 
field maxima decreases. 
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When laser radiation interacts with matter, 
collisions occur between laser photons and 
electrons, as well as between laser photons 
and ions, resulting in physical phenomena 
such as absorption and reflection. The laser 
energy density is defined as the amount of 
light energy per unit volume: 

 ǿҐ
9

±
Ґ
bƘ

±
ҐƴƘ (27) 

Taking into account the field laws, the 
energy density is expressed as follows: 

 ǿҐʁлϊ9
н (28) 

The maximum energy density is obtained 
when the amplitudes of the electric and 
magnetic fields reach their peak values and 
are in perfect phase synchronization 
Ŏƻǎ̟ǘπƪȊҐм, 

 ǿƳҐʁлϊ9л
нҐʁлϊLл (29) 

Incident laser intensity is: 

 LлҐ
пt

ˉϊŘн
Ґ9л
н (30) 

We can calculate the amplitude E of the 
radiation field: 

 9лҐό
пt

ˉϊŘн
ύ
мκн

 (31) 

where P is the laser power, and d is the spot 
diameter, an important parameter of the laser 
light field. In vacuum, the electric field 
quantifies the magnetic field by the value of c. 
Based on the operating parameters of the 
laser, we can calculate the maximum value of 
the electric field. 
 
3. MATERIAL AND DESIGN OF EXPERIMENTS 
 
3.1 Material 

 
The material analysed in this study is a 

sheet of alloy steel of type X10AlCr180, 
characterized by a high content of chromium 
(approximately 18%), aluminium, and silicon. 
This alloy is intended for use under extreme 
temperature and corrosion conditions and is 
commonly used in the construction of 
reinforcements and support elements for the 
refractory linings of pulverized coal burners in 
boilers used for generating superheated 
steam. The initial hardness of the sheet, 
determined using the Vickers method, falls 
within the range of 220ς280 HV, which is 

typical for refractory materials with high 
thermal stability. 

 
 

3.2 Experimental setup 
 
The cutting experiments were carried out 

using a fiber laser with a maximum radiation 
power of P = 5200 W and a focused spot with 
a diameter of d = 0.38 mm, within which a 
ƳŀȄƛƳǳƳ ŜƭŜŎǘǊƛŎ ŦƛŜƭŘ ƛƴǘŜƴǎƛǘȅ ƻŦ 9є Ґ нΦмт Ҏ 
млъ ±κƳ ǿŀǎ ŀŎƘƛŜǾŜŘΦ CƻƭƭƻǿƛƴƎ ƛƴǘŜraction 
with the material, this electric field 
instantaneously generates, through 
relativistic effects, a magnetic induction field 
ƻŦ .є Ґ лΦт Ҏ млѐш ¢Φ ¢ƘŜ ŜƴŜǊƎȅ ŘŜƭƛǾŜǊŜŘ ōȅ 
the laser beam heats, melts, and vaporizes the 
surface of the metallic target, and collisions 
with atomic electrons result in excitations and 
ionizations, also producing intense luminous 
effects. 

Theoretical modelling of the 
electromagnetic field propagation, based on 
specific operating parameters, enables a 
detailed understanding of energy transfer and 
the effects induced in the material. This 
approach allows the correlation of field 
distribution with the microstructural and 
mechanical changes that occur after cutting. 

 
Figure 1. BySmart Fiber Bystronic laser cutting 

machine used in the experiments. 

 
The tests were conducted using the 

BySmart Fiber Bystronic equipment designed 
for high-precision processing. It enables fine, 
clean cuts with high tolerances and virtually 
no burr formation, eliminating, in most cases, 
the need for subsequent machining. Its non-
contact operation ensures minimal wear of 
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components and significantly reduces 
technological losses. The image of the 
equipment used is shown in Figure 1. 

For a comparative evaluation of 
performance, the results obtained with the 
conventional Zinser 2325 equipment, based 
on oxy-gas cutting, were also analysed. This 
machine, shown in Figure 2, is significantly 
slower, involves direct contact with the 
material, and often produces burrs and 
thermal deformations, requiring additional 
processing (grinding, deburring). 

 
Figure 2. Zinser 2325 cutting machine used for 

performance evaluation comparison 

 
An essential advantage of laser 

technology is the minimal material loss, due to 
the extremely thin beam that produces 
narrow cutting kerfs. This enables optimized 
nesting of parts on the sheet, contributing to 
process efficiency and cost reduction. 
Moreover, the absence of mechanical contact 
eliminates tool wear, an important benefit 
compared to conventional machining 
methods. 
 
3.3 Experimental design 
 
 Hardness was selected as the main 
evaluation criterion for assessing the quality 
of parts obtained through oxygen-assisted 
laser cutting, given its direct impact on 
mechanical performance in critical 
applications. Due to the unstable behavior of 
the material in its molten state, conventional 
oxy-fuel cutting does not allow for clean and 
precise edges. This is why laser technology 

was chosen, as it offers superior accuracy and 
minimal material loss by narrowing the 
cutting kerf. 

To quantify the efficiency of the 
process, a removal index (Is) was introduced, 
defined as the ratio between the amount of 
usable material remaining in the part and the 
total amount of material cut: 

 

LǎҐ
!Ƴƻǳƴǘ ƻŦ Ŏǳǘ ƳŀǘŜǊƛŀƭ ǊŜƳŀƛƴƛƴƎ ƛƴ ǘƘŜ ǇŀǊǘ

¢ƻǘŀƭ ŀƳƻǳƴǘ ƻŦ ƳŀǘŜǊƛŀƭ Ŏǳǘ
 

 
An index close to 1 reflects an efficient 

cutting process, with high precision and 
minimal losses, essential characteristics for 
high-performance industrial machining. The 
novelty of this research lies in the detailed 
experimental analysis of surface hardness on 
parts cut with high-power fiber laser, 
correlated with microstructural changes 
induced in the HAZ. 

Hardness measurements were 
performed using a portable KrautKramer MIC 
10 hardness tester equipped with a diamond-
tipped probe, as illustrated in Figure 3. The 
recorded values showed a slight decrease in 
hardness within the HAZ, a phenomenon 
attributed to annealing and local softening 
effects. These changes are associated with the 
migration of alloying atoms (Cr, Al, Si), 
increased interatomic distances, and reduced 
bonding forces, processes induced by the high 
thermal concentration generated by the laser 
beam. 

 
Figure 3. Portable KrautKramer MIC 10 device 

used for hardness measurement. 

 
¢ƘŜ ŀǾŜǊŀƎŜ ƘŀǊŘƴŜǎǎ ƻōǘŀƛƴŜŘ ŀƊŜǊ 

ŎǳǩƴƎ ǿŀǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мрл I±Σ ǿƘƛŎƘ ƛǎ 
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ƭƻǿŜǊ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƛƴƛǝŀƭ ǾŀƭǳŜǎ ƻŦ ǘƘŜ Ǌŀǿ 
ƳŀǘŜǊƛŀƭΦ CƻǊ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŜǎƛƎƴΣ ŀ нш 
ŦŀŎǘƻǊƛŀƭ ƳŀǘǊƛȄ ǿŀǎ ŀǇǇƭƛŜŘΣ ŦǊƻƳ ǿƘƛŎƘ у 
ǊŜƭŜǾŀƴǘ ŜȄǇŜǊƛƳŜƴǘŀƭ Ǉƻƛƴǘǎ όƻǳǘ ƻŦ ŀ ǇƻǎǎƛōƭŜ 
нтύ ǿŜǊŜ ŀƴŀƭȅǎŜŘΣ ŀǎ ǎƘƻǿƴ ƛƴ ¢ŀōƭŜ мΦ .ŀǎŜŘ 
ƻƴ ǘƘŜǎŜ ŘŀǘŀΣ ǘƘŜ Ƴŀƛƴ ŀƴŘ ƛƴǘŜǊŀŎǝƻƴ ŜũŜŎǘǎ 
ƻŦ ǘƘŜ ƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜǎ όƭŀǎŜǊ ǇƻǿŜǊΣ 
ŎǳǩƴƎ ǎǇŜŜŘΣ ŦƻŎŀƭ Ǉƻǎƛǝƻƴύ ǿŜǊŜ ŜǎǝƳŀǘŜŘΣ 
ŀƴŘ ǘƘŜ ǊŜǎǳƭǝƴƎ ǎǘŀǝǎǝŎŀƭ ƳƻŘŜƭ ŀƭƭƻǿǎ ŦƻǊ 
ǘƘŜ ǇǊŜŘƛŎǝƻƴ ƻŦ ƘŀǊŘƴŜǎǎ ǾŀƭǳŜǎΦ 

 

 
 

¢ŀōƭŜ мΦ 9ȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ 

Design 
point 

Laser 
power
, P (W) 

Cutting 
speed, v 
(mm/min

) 

Focal 
position
, f (mm) 

Hardnes
s (HV) 

1 4600 2100 -7 170 

19 4800 2100 -7 159 

3 4600 2300 -7 165 

21 4800 2300 -7 159 

7 4600 2100 -5 158 

25 4800 2100 -5 150 

9 4600 2300 -5 162 

27 4800 2300 -5 162 

 

¢ƘŜ ǊŜǎǳƭǝƴƎ ŦŀŎǘƻǊƛŀƭ ƳƻŘŜƭ ŜƴŀōƭŜǎ ǘƘŜ 
ŜȄǇƭƻǊŀǝƻƴ ƻŦ ƘŀǊŘƴŜǎǎ ǾŀǊƛŀǝƻƴǎ ƛƴ ǊŜǎǇƻƴǎŜ 
ǘƻ ŎƻƴǘǊƻƭƭŜŘ ŎƘŀƴƎŜǎ ƛƴ ǘŜŎƘƴƻƭƻƎƛŎŀƭ 
ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ǇǊƻǾƛŘŜǎ ŀ ŦƻǳƴŘŀǝƻƴ ŦƻǊ 
ƻǇǝƳƛȊƛƴƎ ǘƘŜ ŎǳǩƴƎ ǇǊƻŎŜǎǎ ƛƴ ƘƛƎƘπ
ǊŜƭƛŀōƛƭƛǘȅ ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎΦ 
 
 
 
 
 

 
 
пΦ w9{¦[¢{ !b5 5L{/¦{{Lhb 

¢Ƙƛǎ ǎǳōǎŜŎǝƻƴ ŀƴŀƭȅǎŜǎ ǘƘŜ Ƴŀƛƴ ŜũŜŎǘǎ ƻŦ 
ǘƘŜ ǘƘǊŜŜ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŦŀŎǘƻǊǎΣ ƭŀǎŜǊ ǇƻǿŜǊΣ 
ŎǳǩƴƎ ǎǇŜŜŘΣ ŀƴŘ ŦƻŎŀƭ ǇƻǎƛǝƻƴΣ ƻƴ ǘƘŜ 
ƘŀǊŘƴŜǎǎ ƻŦ ·мл!ƭ/Ǌму ǎǘŜŜƭΣ ǳǎƛƴƎ ŀ нш 
ŦŀŎǘƻǊƛŀƭ ŘŜǎƛƎƴΦ IŀǊŘƴŜǎǎ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ ŀ 
ƪŜȅ ƛƴŘƛŎŀǘƻǊ ƻŦ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ǊŜǎǳƭǝƴƎ 
ǇŀǊǘǎΣ ƎƛǾŜƴ ǘƘŜ ǇƻǘŜƴǝŀƭ ǎǘǊǳŎǘǳǊŀƭ ŎƘŀƴƎŜǎ 
ƛƴŘǳŎŜŘ ōȅ ǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ƛƴ ǘƘŜ I!½Φ 
.ŀǎŜŘ ƻƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ƻōǎŜǊǾŀǝƻƴǎΣ ƛǘ ƛǎ 

ŜǾƛŘŜƴǘ ǘƘŀǘ ƭŀǎŜǊ ǇƻǿŜǊ ǎƛƎƴƛŬŎŀƴǘƭȅ 
ƛƴƅǳŜƴŎŜǎ ƳŀǘŜǊƛŀƭ ƘŀǊŘƴŜǎǎΣ ŀǎ ǎƘƻǿƴ ƛƴ 
CƛƎǳǊŜ пŀΣ ǿƘŜǊŜ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǇƻǿŜǊ ŦǊƻƳ 

  
ŀύ 9ũŜŎǘ ƻŦ ƭŀǎŜǊ ǇƻǿŜǊ ƻƴ ƘŀǊŘƴŜǎǎ ōύ 9ũŜŎǘ ƻŦ ŎǳǩƴƎ ǎǇŜŜŘ ƻƴ ƘŀǊŘƴŜǎǎ 

 
Ŏύ 9ũŜŎǘ ƻŦ ŦƻŎŀƭ Ǉƻǎƛǝƻƴ ƻƴ ƘŀǊŘƴŜǎǎ 

 
CƛƎǳǊŜ пΦ aŀƛƴ ŜũŜŎǘǎ ƻŦ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ƻƴ ƘŀǊŘƴŜǎǎ 
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 ΤΦ 

пслл ² ǘƻ пулл ² ƭŜŀŘǎ ǘƻ ŀ ŘŜŎǊŜŀǎŜ ƛƴ 
ƘŀǊŘƴŜǎǎ ŦǊƻƳ мсп I± ǘƻ мрт I±Φ ¢Ƙƛǎ 
ōŜƘŀǾƛƻǳǊ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ƘƛƎƘŜǊ ŜƴŜǊƎȅ ƛƴǇǳǘ 
ǇǊƻƳƻǘŜǎ ŀƴƴŜŀƭƛƴƎ ŀƴŘ ǘƘŜǊƳŀƭ ǎƻƊŜƴƛƴƎ ƻŦ 
ǘƘŜ ƭƻŎŀƭ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΦ wŜƎŀǊŘƛƴƎ ŎǳǩƴƎ 
ǎǇŜŜŘΣ CƛƎǳǊŜ пō ǎƘƻǿǎ ǘƘŀǘ ŀǎ ǘƘŜ ǎǇŜŜŘ 
ƛƴŎǊŜŀǎŜǎ ŦǊƻƳ нмлл ƳƳκƳƛƴ ǘƻ нолл 
ƳƳκƳƛƴΣ ƘŀǊŘƴŜǎǎ ǎƭƛƎƘǘƭȅ ƛƴŎǊŜŀǎŜǎ ŦǊƻƳ мрф 
I± ǘƻ мсн I±Φ ¢Ƙƛǎ ƛǎ ŘǳŜ ǘƻ ǘƘŜ ǊŜŘǳŎŜŘ 
ƛƴǘŜǊŀŎǝƻƴ ǝƳŜ ōŜǘǿŜŜƴ ǘƘŜ ƭŀǎŜǊ ōŜŀƳ ŀƴŘ 
ǘƘŜ ƳŀǘŜǊƛŀƭΣ ǿƘƛŎƘ ƭƛƳƛǘǎ ǘƘŜǊƳŀƭ Řƛũǳǎƛƻƴ 
ŀƴŘ ǘƘŜ ŜȄǘŜƴǎƛƻƴ ƻŦ ǘƘŜ I!½Φ Lƴ CƛƎǳǊŜ пŎΣ 
ƳƻŘƛŦȅƛƴƎ ǘƘŜ ŦƻŎŀƭ Ǉƻǎƛǝƻƴ ŦǊƻƳ ςт ƳƳ ǘƻ ς
р ƳƳ ǊŜǎǳƭǘǎ ƛƴ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ƘŀǊŘƴŜǎǎ ŦǊƻƳ 
мсп I± ǘƻ мру I±Σ ǎǳƎƎŜǎǝƴƎ ǘƘŀǘ ŦƻŎǳǎƛƴƎ 
ŎƭƻǎŜǊ ǘƻ ǘƘŜ ƳŀǘŜǊƛŀƭ ǎǳǊŦŀŎŜ ƭŜŀŘǎ ǘƻ ŀ 
ōǊƻŀŘŜǊ ŜƴŜǊƎȅ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ŘŜǇǘƘΣ ǿƘƛŎƘ 
ǇǊƻƳƻǘŜǎ ŜȄǘŜƴŘŜŘ ƳŜƭǝƴƎ ŀƴŘ ǊŜŘǳŎŜǎ ƭƻŎŀƭ 
ƘŀǊŘƴŜǎǎΦ 
¢ƘŜ ƎǊŀǇƘƛŎŀƭ ƛƴǘŜǊǇǊŜǘŀǝƻƴ ƻŦ ǘƘŜǎŜ 

ǊŜƭŀǝƻƴǎƘƛǇǎ ǳǎŜǎ ŀ /ŀǊǘŜǎƛŀƴ ŎƻƻǊŘƛƴŀǘŜ 
ǎȅǎǘŜƳΣ ǿƘŜǊŜ ǘƘŜ hȄ ŀȄƛǎ ǊŜǇǊŜǎŜƴǘǎ ŜŀŎƘ 
ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊΣ ŀƴŘ ǘƘŜ hȅ ŀȄƛǎ 
ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƳŜŀǎǳǊŜŘ ƘŀǊŘƴŜǎǎ ǾŀƭǳŜǎΦ 
/ƻƳǇŀǊƛƴƎ ǘƘŜ ǎƭƻǇŜǎ ƻŦ ǘƘŜ ǘƘǊŜŜ ƎǊŀǇƘǎ 
ƘƛƎƘƭƛƎƘǘǎ ǘƘŀǘ ƭŀǎŜǊ ǇƻǿŜǊ Ƙŀǎ ǘƘŜ ƎǊŜŀǘŜǎǘ 
ƛƴƅǳŜƴŎŜ ƻƴ ƘŀǊŘƴŜǎǎΣ ŦƻƭƭƻǿŜŘ ōȅ ŦƻŎŀƭ 
Ǉƻǎƛǝƻƴ ŀƴŘ ŎǳǩƴƎ ǎǇŜŜŘΦ 
¢ƘŜ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ƳŀȄƛƳǳƳ 

ƘŀǊŘƴŜǎǎ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ ǿƘŜƴ ǘƘŜ Ǌŀǝƻ 
ōŜǘǿŜŜƴ ƭŀǎŜǊ ǇƻǿŜǊ ŀƴŘ ŎǳǩƴƎ ǎǇŜŜŘ όtκǾύ 
ƛǎ ƳƛƴƛƳƛȊŜŘΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ŀ ǾŀƭǳŜ ƻŦ 
tƳƛƴκǾƳŀȄ Ґ н ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ ƻǇǝƳŀƭ 
ŎƻƴŘƛǝƻƴǎ ŦƻǊ ǇǊŜǎŜǊǾƛƴƎ ǘƘŜ ƳŜŎƘŀƴƛŎŀƭ 
ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭΦ 

 
CƛƎǳǊŜ рΦ /ƻƴǘǊƛōǳǝƻƴ ƻŦ ƳƻŘŜƭ ǘŜǊƳǎ ǘƻ 

ƘŀǊŘƴŜǎǎ 

 
CƛƎǳǊŜ р ǎǳƳƳŀǊƛȊŜǎ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ 

ŎƻƴǘǊƛōǳǝƻƴ ƻŦ ŜŀŎƘ ǘŜǊƳ ǿƛǘƘƛƴ ǘƘŜ ǎǘŀǝǎǝŎŀƭ 
ƳƻŘŜƭΦ  

 
ŀύ LƴǘŜǊŀŎǝƻƴ ŜũŜŎǘ ƻŦ ƭŀǎŜǊ ǇƻǿŜǊ 
ŀƴŘ ŎǳǩƴƎ ǎǇŜŜŘ όŦƻǊ ŦƻŎŀƭ Ǉƻǎƛǝƻƴ 

ƻŦ ŦҐπс ƳƳύ 

 
ōύ LƴǘŜǊŀŎǝƻƴ ŜũŜŎǘ ƻŦ ƭŀǎŜǊ ǇƻǿŜǊ 
ŀƴŘ ŦƻŎŀƭ Ǉƻǎƛǝƻƴ όŦƻǊ ŎǳǩƴƎ ǎǇŜŜŘ 

ƻŦ ǾҐннлл ƳƳκƳƛƴύ 

 
Ŏύ LƴǘŜǊŀŎǝƻƴ ŜũŜŎǘ ƻŦ ŎǳǩƴƎ ǎǇŜŜŘ 
ŀƴŘ ŦƻŎŀƭ Ǉƻǎƛǝƻƴ όŦƻǊ ƭŀǎŜǊ ǇƻǿŜǊ 

ƻŦ tҐптлл ²ύ 

 
CƛƎǳǊŜ сΦ 9ũŜŎǘǎ ƻŦ ƭŀǎŜǊ ŎǳǩƴƎ ǇŀǊŀƳŜǘŜǊǎ 

ƻƴ ƳŀǘŜǊƛŀƭ ƘŀǊŘƴŜǎǎ 
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 ΥΜ 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǊŜǎǳƭǘǎΣ ƭŀǎŜǊ ǇƻǿŜǊ όtύ Ƙŀǎ 
ǘƘŜ ƘƛƎƘŜǎǘ ƛƴƅǳŜƴŎŜ ƻƴ ƘŀǊŘƴŜǎǎΣ ŀŎŎƻǳƴǝƴƎ 
ŦƻǊ ооΦмн҈Σ ŦƻƭƭƻǿŜŘ ōȅ ŦƻŎŀƭ Ǉƻǎƛǝƻƴ όŦύ ŀƴŘ 
ǘƘŜ ƛƴǘŜǊŀŎǝƻƴ ōŜǘǿŜŜƴ ŎǳǩƴƎ ǎǇŜŜŘ ŀƴŘ 
ŦƻŎŀƭ Ǉƻǎƛǝƻƴ όǾϝŦύΣ ŜŀŎƘ ŎƻƴǘǊƛōǳǝƴƎ ноΦот҈Φ 
Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴǎ tϝŦ ŀƴŘ tϝǾ ƘŀŘ ŀ 
ǊŜŘǳŎŜŘ ƛƳǇŀŎǘΣ ŀƴŘ ŎǳǩƴƎ ǎǇŜŜŘ όǾύ ƻƴ ƛǘǎ 
ƻǿƴ ŎƻƴǘǊƛōǳǘŜŘ ƻƴƭȅ сΦпм҈ ǘƻ ǘƘŜ ǾŀǊƛŀōƛƭƛǘȅ 
ƛƴ ƘŀǊŘƴŜǎǎΦ 
¢ƘŜ о5 ŎƘŀǊǘ ƛƴ CƛƎǳǊŜ р ǇǊƻǾƛŘŜǎ ŀƴ 

ƛƴǘǳƛǝǾŜ Ǿƛǎǳŀƭ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ŜŀŎƘ ŦŀŎǘƻǊΩǎ 
ǿŜƛƎƘǘ ƛƴ ŜȄǇƭŀƛƴƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ 
ǊŜǎǇƻƴǎŜΦ 9ŀŎƘ ǎŜŎǘƻǊ ƛǎ ŘƛǎǝƴŎǘƭȅ ŎƻƭƻǳǊŜŘ ǘƻ 
ƘƛƎƘƭƛƎƘǘ ǘƘŜ ƛƴƅǳŜƴŎŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ŜŀŎƘ 
ǇǊŜŘƛŎǘƻǊ ƻǊ ǘƘŜƛǊ ŎƻƳōƛƴŀǝƻƴǎΦ ¢Ƙƛǎ 
ǊŜǇǊŜǎŜƴǘŀǝƻƴ ŦŀŎƛƭƛǘŀǘŜǎ ǘƘŜ ǉǳƛŎƪ 
ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ŎǊƛǝŎŀƭ ǇŀǊŀƳŜǘŜǊǎ ƛƴ ǘƘŜ 
ƭŀǎŜǊ ŎǳǩƴƎ ǇǊƻŎŜǎǎΣ ŜƳǇƘŀǎƛȊƛƴƎ ǘƘŀǘ 
ƘŀǊŘƴŜǎǎ ƻǇǝƳƛȊŀǝƻƴ ƛǎ ǇǊƛƳŀǊƛƭȅ ŘŜǘŜǊƳƛƴŜŘ 
ōȅ ǘƘŜ ŘŜƭƛǾŜǊŜŘ ŜƴŜǊƎȅ ŀƴŘ ǘƘŜ ƎŜƻƳŜǘǊȅ ƻŦ 
ǘƘŜ ŦƻŎǳǎŜŘ ōŜŀƳΦ 
CƻǊ ǘƘŜ ǉǳŀƭƛǘŀǝǾŜ ŀƴŘ ǉǳŀƴǝǘŀǝǾŜ 

ŜǾŀƭǳŀǝƻƴ ƻŦ ǘƘŜ Ƴŀƛƴ ŀƴŘ ƛƴǘŜǊŀŎǝƻƴ ŜũŜŎǘǎ 
ƻŦ ǘƘŜ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 
ǉǳŀǎƛπƭƛƴŜŀǊ ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭ ǿŀǎ ŘŜǾŜƭƻǇŜŘ 
ŦƻǊ ƘŀǊŘƴŜǎǎ ǇǊŜŘƛŎǝƻƴΥ 

 
IŀǊŘƴŜǎǎҐмнтуπлΦонмнрϝtπлΦрфнрϝǾπммоΦнрϝŦҌ 
лΦлллмснрϝtϝǾҌлΦлммнрϝtϝŦҌлΦлнснрϝǾϝŦ 

 
¢ƘŜ ƳƻŘŜƭ ǇǊŜǎŜƴǘǎ ŀ ŎƻŜŶŎƛŜƴǘ ƻŦ 

ŘŜǘŜǊƳƛƴŀǝƻƴ wч ƻŦ ффΦрн҈Σ ŀƴ ŀŘƧǳǎǘŜŘ wч ƻŦ 
фсΦсс҈Σ ŀƴŘ ŀ ǇǊŜŘƛŎǘŜŘ wч ƻŦ сфΦпу҈Φ  
¢ƘŜǎŜ ǾŀƭǳŜǎ ƛƴŘƛŎŀǘŜ ŀ ǎǘǊƻƴƎ ǇǊŜŘƛŎǝǾŜ 

ŎŀǇŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƳƻŘŜƭ ŀƴŘ ŀ ǎƻƭƛŘ ŎƻǊǊŜƭŀǝƻƴ 
ōŜǘǿŜŜƴ ǘƘŜ ŜǎǝƳŀǘŜŘ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ 
ǾŀƭǳŜǎΦ 
¢ƘŜ ǊŜƎǊŜǎǎƛƻƴ ŎƻŜŶŎƛŜƴǘ ŀƴŀƭȅǎƛǎ ŜƴŀōƭŜŘ 

ǘƘŜ ǊŀƴƪƛƴƎ ƻŦ ŜŀŎƘ ǇǊŜŘƛŎǘƻǊΩǎ ƛƴƅǳŜƴŎŜΦ 
!ƳƻƴƎ ǘƘŜ ǇǊƻŎŜǎǎŜŘ ǇŀǊŀƳŜǘŜǊǎΣ ƭŀǎŜǊ 
ǇƻǿŜǊ ŜȄŜǊǘǎ ǘƘŜ ǎǘǊƻƴƎŜǎǘ ŜũŜŎǘ ƻƴ ƘŀǊŘƴŜǎǎΣ 
ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴ ōŜǘǿŜŜƴ ŎǳǩƴƎ 
ǎǇŜŜŘ ŀƴŘ ŦƻŎŀƭ ǇƻǎƛǝƻƴΦ ¢ƘŜ ŎƻŜŶŎƛŜƴǘǎ 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴ ǘŜǊƳǎ ŀǊŜ 
ǎǳōǳƴƛǘŀǊȅΣ ǎǳƎƎŜǎǝƴƎ ƳƻŘŜǊŀǘŜ ōǳǘ 
ǎƛƎƴƛŬŎŀƴǘ ŜũŜŎǘǎΦ ¢ƘŜ ƴŜƎŀǝǾŜ ǎƛƎƴ ƻŦ ǘƘŜ 
ƭŀǎŜǊ ǇƻǿŜǊ ŎƻŜŶŎƛŜƴǘ ŎƻƴŬǊƳǎ ŀƴ ƛƴǾŜǊǎŜ 
ǊŜƭŀǝƻƴǎƘƛǇ ǿƛǘƘ ƘŀǊŘƴŜǎǎΣ ƛƴŘƛŎŀǝƴƎ ŀ 
ŘŜŎǊŜŀǎŜ ƛƴ ƘŀǊŘƴŜǎǎ ŀǘ ƘƛƎƘŜǊ ǇƻǿŜǊ ƭŜǾŜƭǎΣ 

Ƴƻǎǘ ƭƛƪŜƭȅ ŘǳŜ ǘƻ ǘƘŜǊƳŀƭ ŜũŜŎǘǎ ƛƴ ǘƘŜ I!½Φ 
¢ƘŜ ŘŜǾŜƭƻǇŜŘ ƳƻŘŜƭ ƛǎ ƎǊŀǇƘƛŎŀƭƭȅ 

ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ сΣ ǿƘŜǊŜ ǘƘǊŜŜ ǎǳǊŦŀŎŜ 
Ǉƭƻǘǎ ƛƭƭǳǎǘǊŀǘŜ ǘƘŜ ōƛŘƛǊŜŎǝƻƴŀƭ ƛƴǘŜǊŀŎǝƻƴ 
ŜũŜŎǘǎ ōŜǘǿŜŜƴ ǇŀǊŀƳŜǘŜǊǎΦ ¢ƘŜǎŜ ƎǊŀǇƘǎ 
ǿŜǊŜ ŎƻƴǎǘǊǳŎǘŜŘ ǳǎƛƴƎ ǘƘŜ w{aΣ ƪŜŜǇƛƴƎ ƻƴŜ 
ǇŀǊŀƳŜǘŜǊ Ŏƻƴǎǘŀƴǘ ǿƘƛƭŜ ǾŀǊȅƛƴƎ ǘƘŜ ƻǘƘŜǊ 
ǘǿƻΦ ¢ƘŜ ǊŜǎǳƭǝƴƎ ǎǳǊŦŀŎŜǎ ƘƛƎƘƭƛƎƘǘ ǘƘŜ 
ŎƻƳōƛƴŜŘ ƛƳǇŀŎǘ ƻŦ ǇŀǊŀƳŜǘŜǊǎ ƻƴ ƘŀǊŘƴŜǎǎΣ 
ǿƛǘƘ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǎƭƻǇŜ ŀƴŘ ŎƻƴǘƻǳǊ 
ǊŜƅŜŎǝƴƎ ǘƘŜ ǊŜǎǇƻƴǎŜ ǎŜƴǎƛǝǾƛǘȅ ŘŜǇŜƴŘƛƴƎ 
ƻƴ ǘƘŜ ŎǳǩƴƎ ǊŜƎƛƳŜΦ .ǊƻŀŘ ȊƻƴŜǎ ǿƛǘƘ 
ǇǊƻƴƻǳƴŎŜŘ ǾŀǊƛŀǝƻƴǎ ƛƴŘƛŎŀǘŜ ŦŀŎǘƻǊ ǇŀƛǊǎ 
ǿƛǘƘ ǎƛƎƴƛŬŎŀƴǘ ƛƴƅǳŜƴŎŜΣ ŀƴ ŜǎǎŜƴǝŀƭ ŀǎǇŜŎǘ 
ŦƻǊ ǇǊƻŎŜǎǎ ƻǇǝƳƛȊŀǝƻƴ ŀƴŘ ǇǊƻǇŜǊǘȅ ŎƻƴǘǊƻƭ 
ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭΦ 
¢ƘŜ ǉǳŀǎƛπƭƛƴŜŀǊ ƎǊŀǇƘǎ ǇǊŜǎŜƴǘŜŘ ǿŜǊŜ 

ŘŜǾŜƭƻǇŜŘ ǳǎƛƴƎ w{a ǘƻ ƘƛƎƘƭƛƎƘǘ ǘƘŜ 
ŎƻƳōƛƴŜŘ ŜũŜŎǘǎ ƻŦ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎ 
ƻƴ ƘŀǊŘƴŜǎǎΦ ¢ƘŜ ǊŜǎǳƭǝƴƎ ǘƘǊŜŜπŘƛƳŜƴǎƛƻƴŀƭ 
ǎǳǊŦŀŎŜǎ ƛƭƭǳǎǘǊŀǘŜ ƘŀǊŘƴŜǎǎ ǾŀǊƛŀǝƻƴǎ ƛƴ ŀ 
ŎƻƭƻǳǊ ǎǇŜŎǘǊǳƳΣ ǿƘŜǊŜ ŎƘǊƻƳŀǝŎ ƎǊŀŘƛŜƴǘǎ 
ǊŜƅŜŎǘ ǘƘŜ ǾŀƭǳŜ ƭŜǾŜƭǎ ƻŦ ǘƘŜ ǊŜǎǇƻƴǎŜΦ ¢ƘŜ 
ƳƻǊǇƘƻƭƻƎȅ ƻŦ ǘƘŜǎŜ ǎǳǊŦŀŎŜǎΣ ǊŀƴƎƛƴƎ ŦǊƻƳ 
ǳƴƛŦƻǊƳ ǇƭŀƴŜǎ ǘƻ ǎƭƛƎƘǘƭȅ ŘƛǎǘƻǊǘŜŘ 
ƎŜƻƳŜǘǊƛŜǎΣ ǎǳƎƎŜǎǘǎ ŀ ŘƛũŜǊŜƴǘ ŘŜǇŜƴŘŜƴŎŜ 
ƻŦ ƘŀǊŘƴŜǎǎ ƻƴ ŜŀŎƘ ǇŀǊŀƳŜǘŜǊ ǇŀƛǊΦ !ǊŜŀǎ 
ǿƛǘƘ ǿƛŘŜ ŜȄǘŜƴǎƛƻƴ ŀƴŘ ǎƛƎƴƛŬŎŀƴǘ ǾŀǊƛŀǝƻƴ 
ƛƴ ǘƘŜ ǊŜǎǇƻƴǎŜ ƛƴŘƛŎŀǘŜ ǎǘǊƻƴƎ ƛƴǘŜǊŀŎǝƻƴǎ 
ōŜǘǿŜŜƴ ǇǊŜŘƛŎǘƻǊǎΣ ŜƳǇƘŀǎƛȊƛƴƎ ǘƘŜ 
ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǘƘŜǎŜ ŎƻƳōƛƴŀǝƻƴǎ ƛƴ 
ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎŜŘ 
ƳŀǘŜǊƛŀƭΦ 
¢ƘŜ ǊŜǎǳƭǘǎ ŀƭƛƎƴ ǿƛǘƘ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ŦǊƻƳ 

ǘƘŜ ƭƛǘŜǊŀǘǳǊŜΦ CƻǊ ƛƴǎǘŀƴŎŜΣ [ƛ όнлнмύ ŀǇǇƭƛŜŘ 
ǘƘŜ w{a ƳŜǘƘƻŘƻƭƻƎȅ ǘƻ ƻǇǝƳƛȊŜ ŬōŜǊ ƭŀǎŜǊ 
ŎǳǩƴƎ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ ŘǳǇƭŜȄ ǎǘŀƛƴƭŜǎǎ ǎǘŜŜƭΣ ŀ 
ƳŀǘŜǊƛŀƭ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǎǳǇŜǊƛƻǊ 
ǘƘŜǊƳƻǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ŘǳŜ ǘƻ ƛǘǎ ƘƛƎƘ 
ŎƘǊƻƳƛǳƳ ŀƴŘ ƳƻƭȅōŘŜƴǳƳ ŎƻƴǘŜƴǘ ώмпϐΦ 
!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŀǳǘƘƻǊΩǎ ŎƻƴŎƭǳǎƛƻƴǎΣ ƭŀǎŜǊ 
ǇƻǿŜǊ ŜȄŜǊǘǎ ǘƘŜ ƎǊŜŀǘŜǎǘ ƛƴƅǳŜƴŎŜ ƻƴ ǘƘŜ 
ǘƘŜǊƳŀƭ ŘƛǎǘǊƛōǳǝƻƴ ƴŜŀǊ ǘƘŜ ƪŜǊŦ ŜŘƎŜΣ ŀƴŘ ŀ 
ŦƻŎŀƭ ƭŜƴƎǘƘ ƻŦ лΦп ƳƳΣ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
ƳŀȄƛƳǳƳ ŜƴŜǊƎȅ ŘŜƴǎƛǘȅΣ ƭŜŘ ǘƻ ƳƛƴƛƳŀƭ 
ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎΦ IƻǿŜǾŜǊΣ ŜȄŎŜǎǎƛǾŜ ƭŀǎŜǊ 
ǇƻǿŜǊ ǾŀƭǳŜǎ όҔфлл ²ύ Ŏŀƴ ƎŜƴŜǊŀǘŜ ŘŜŦŜŎǘǎ 
ǎǳŎƘ ŀǎ ǎƭŀƎ ŀƴŘ ŎŀǾƛǝŜǎΣ ŎƻƳǇǊƻƳƛǎƛƴƎ ǘƘŜ 
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 ΥΝ 

ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ Ŏǳǘ ǎǳǊŦŀŎŜΦ Lƴ ŀ ǊŜŎŜƴǘ ǎǘǳŘȅΣ 
[ƛŀƻ Ŝǘ ŀƭΦ όнлнпύ ƛƴǾŜǎǝƎŀǘŜŘ ƘƛƎƘπǇƻǿŜǊ 
ƭŀǎŜǊ ŎǳǩƴƎ όмл ƪ²ύ ŀǇǇƭƛŜŘ ǘƻ нл/Ǌbƛaƻ 
ǎǘŜŜƭ ǿƛǘƘƻǳǘ ǘƘŜ ǳǎŜ ƻŦ ŀǎǎƛǎǘ Ǝŀǎ ώмрϐΦ ¢ƘŜ 
ŀǳǘƘƻǊǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ ōƻǘƘ ŎǳǩƴƎ ǎǇŜŜŘ 
ŀƴŘ ŦƻŎŀƭ Ǉƻǎƛǝƻƴ ƘŀǾŜ ŀ ŘƛǊŜŎǘ ƛƳǇŀŎǘ ƻƴ Ŏǳǘ 
ǉǳŀƭƛǘȅ ŀƴŘ ǘƘŜ ŜŶŎƛŜƴŎȅ ƻŦ ǎƭŀƎ ŜƧŜŎǝƻƴ ŦǊƻƳ 
ǘƘŜ ƪŜǊŦΦ 
 
рΦ /hb/[¦{Lhb 
 
¢Ƙƛǎ ǎǘǳŘȅ ŀƴŀƭȅǎŜŘ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ƘƛƎƘπ

ǇƻǿŜǊ ƭŀǎŜǊ ŎǳǩƴƎ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎΣ ōŜŀƳ 
ǇƻǿŜǊΣ ŎǳǩƴƎ ǎǇŜŜŘΣ ŀƴŘ ŦƻŎŀƭ ǇƻǎƛǝƻƴΣ ƻƴ 
ǘƘŜ ƘŀǊŘƴŜǎǎ ƻŦ X10AlCr180 ǎǘŜŜƭΣ ǳǎƛƴƎ ŀ 
ƭƛƴŜŀǊ ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭ ǿƛǘƘ ƛƴǘŜǊŀŎǝƻƴ 
ǘŜǊƳǎΣ ǎǳǇǇƭŜƳŜƴǘŜŘ ōȅ ƎǊŀǇƘƛŎŀƭ 
ǊŜǇǊŜǎŜƴǘŀǝƻƴǎ ƎŜƴŜǊŀǘŜŘ ǘƘǊƻǳƎƘ wŜǎǇƻƴǎŜ 
{ǳǊŦŀŎŜ aŜǘƘƻŘƻƭƻƎȅ όw{aύΦ 
¢ƘŜ Ƴŀƛƴ ǊŜǎǳƭǘǎ Ŏŀƴ ōŜ ǎǳƳƳŀǊƛȊŜŘ ŀǎ 

ŦƻƭƭƻǿǎΥ 
- ¢ƘŜ ƎŜƴŜǊŀǘŜŘ ǊŜǎǇƻƴǎŜ ǎǳǊŦŀŎŜǎ 
ƘƛƎƘƭƛƎƘǘŜŘ ǎƛƎƴƛŬŎŀƴǘ ǊŜƭŀǝƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ 
ƘŀǊŘƴŜǎǎ ŀƴŘ ŜŀŎƘ ƻŦ ǘƘŜ ŀƴŀƭȅǎŜŘ 
ǇŀǊŀƳŜǘŜǊǎΦ 9ŀŎƘ ƎǊŀǇƘ ƛƭƭǳǎǘǊŀǘŜŘ ŀ ǎƭƻǇŜŘ 
ǇƭŀƴŜΣ ǿƘŜǊŜ ǘƘŜ ŀƴƎƭŜ ǊŜƅŜŎǘǎ ǘƘŜ ǎŜƴǎƛǝǾƛǘȅ 
ƻŦ ƘŀǊŘƴŜǎǎ ǘƻ ŎƘŀƴƎŜǎ ƛƴ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎΦ 
- .ƛŘƛǊŜŎǝƻƴŀƭ ƛƴǘŜǊŀŎǝƻƴǎ ōŜǘǿŜŜƴ 
ǇŀǊŀƳŜǘŜǊ ǇŀƛǊǎ όǇƻǿŜǊςǎǇŜŜŘΣ ǇƻǿŜǊςŦƻŎŀƭ 
ǇƻǎƛǝƻƴΣ ǎǇŜŜŘςŦƻŎŀƭ Ǉƻǎƛǝƻƴύ ǿŜǊŜ 
ǊŜǇǊŜǎŜƴǘŜŘ ōȅ о5 ǎǳǊŦŀŎŜǎ ǘƘŀǘ ǊŜǾŜŀƭŜŘ 
ƴƻƴƭƛƴŜŀǊ ōŜƘŀǾƛƻǳǊǎ ŀƴŘ ŦŀǾƻǳǊŀōƭŜ 
ƻǇŜǊŀǝƴƎ ǊŜƎƛƳŜǎ ŦƻǊ ƻǇǝƳƛȊƛƴƎ ƘŀǊŘƴŜǎǎΦ 
- ¢ƘŜ ǇǊƻǇƻǎŜŘ ƳŀǘƘŜƳŀǝŎŀƭ ƳƻŘŜƭ ŀƭƭƻǿǎ 
ǘƘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ƻǇǝƳŀƭ ǇŀǊŀƳŜǘŜǊ 
ŎƻƴŬƎǳǊŀǝƻƴǎ ōŀǎŜŘ ƻƴ ŀǇǇƭƛŎŀǝƻƴπǎǇŜŎƛŬŎ 
ǊŜǉǳƛǊŜƳŜƴǘǎΣ ǘƘǳǎ ŦŀŎƛƭƛǘŀǝƴƎ ǘƘŜ ŬƴŜ 
ŀŘƧǳǎǘƳŜƴǘ ƻŦ ƭŀǎŜǊ ŜǉǳƛǇƳŜƴǘ ǘƻ ŀŎƘƛŜǾŜ 
ǎǳǇŜǊƛƻǊ ǇŜǊŦƻǊƳŀƴŎŜΦ 
- IŀǊŘƴŜǎǎ ǇǊŜŘƛŎǝƻƴ ǇǊƻǾŜŘ ǘƻ ōŜ ŀƴ 
ŜũŜŎǝǾŜ ǘƻƻƭ ƴƻǘ ƻƴƭȅ ŘǳŜ ǘƻ ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ 
ǘƘŜ ŜǎǝƳŀǘŜǎ ƻōǘŀƛƴŜŘ ōǳǘ ŀƭǎƻ ŘǳŜ ǘƻ ƛǘǎ 
ŀōƛƭƛǘȅ ǘƻ ǇǊƻǾƛŘŜ ŀƴ ƛƴǘǳƛǝǾŜ ǾƛǎǳŀƭƛȊŀǝƻƴ ƻŦ 
ƘŀǊŘƴŜǎǎ ǾŀǊƛŀǝƻƴǎ ƛƴ ǊŜƭŀǝƻƴ ǘƻ ƻǇŜǊŀǝƻƴŀƭ 
ǇŀǊŀƳŜǘŜǊǎΦ 
- ¢ƘŜ ƳŀȄƛƳǳƳ ƘŀǊŘƴŜǎǎ ǾŀƭǳŜ ǿŀǎ 
ŀŎƘƛŜǾŜŘ ǳƴŘŜǊ ŎƻƴŘƛǝƻƴǎ ƻŦ ƳƛƴƛƳǳƳ ƭŀǎŜǊ 
ǇƻǿŜǊ ŀƴŘ ƳƛƴƛƳǳƳ ŦƻŎŀƭ ǇƻǎƛǝƻƴΣ ǿƘƛƭŜ ǘƘŜ 

ƭƻǿŜǎǘ ƘŀǊŘƴŜǎǎ ǿŀǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƭƻǿ 
ŎǳǩƴƎ ǎǇŜŜŘ ŀƴŘ ŀ ƳŀȄƛƳǳƳ ŦƻŎŀƭ ǇƻǎƛǝƻƴΦ 
- CǊƻƳ ŀƴ ŜƴŜǊƎȅ ǎǘŀƴŘǇƻƛƴǘΣ ƻǇŜǊŀǝƴƎ ǘƘŜ 
ƭŀǎŜǊ ŀǘ ƳƛƴƛƳǳƳ ǇƻǿŜǊ ƛǎ ƳƻǊŜ ŜŎƻƴƻƳƛŎŀƭΣ 
ŀƴŘ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ŦƻŎŀƭ Ǉƻǎƛǝƻƴ ƻƴ ŎǳǩƴƎ 
ǉǳŀƭƛǘȅ ƛǎ ŜǎǎŜƴǝŀƭΣ ŀ ŦƻŎǳǎ ƴŜŀǊ ǘƘŜ ƭƻǿŜǊ 
ŜŘƎŜ ƻŦ ǘƘŜ ǇŀǊǘ ƭŜŀŘǎ ǘƻ ŎƭŜŀƴŜǊ ŀƴŘ ƳƻǊŜ 
ǇǊŜŎƛǎŜ ŎǳǘǎΦ 
CǳǘǳǊŜ ǊŜǎŜŀǊŎƘ ŘƛǊŜŎǝƻƴǎΥ 

- 9ȄǘŜƴŘƛƴƎ ŜȄǇŜǊƛƳŜƴǘǎ ǘƻ ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ 
ŀŘǾŀƴŎŜŘ ƻǊ ƘŜŀǘπǘǊŜŀǘŜŘ ƳŀǘŜǊƛŀƭǎ ǘƻ 
ƎŜƴŜǊŀƭƛȊŜ ŀƴŘ ǾŀƭƛŘŀǘŜ ǘƘŜ ǇǊƻǇƻǎŜŘ ƳƻŘŜƭΦ 
- LƴǘŜƎǊŀǝƴƎ ŀŘŘƛǝƻƴŀƭ ǇŀǊŀƳŜǘŜǊǎ ǎǳŎƘ ŀǎ 
ŀǎǎƛǎǘ Ǝŀǎ ǇǊŜǎǎǳǊŜ ŀƴŘ ǘȅǇŜΣ ƻǇǝŎŀƭ 
ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ǘƘŜ ƭŜƴǎΣ ƻǊ ƭŀǎŜǊ ǇǳƭǎŜ 
ŦǊŜǉǳŜƴŎȅ ƛƴǘƻ ǇǊŜŘƛŎǝǾŜ ƳƻŘŜƭǎΦ 
- ¦ǎƛƴƎ ƴƻƴƭƛƴŜŀǊ ǇǊŜŘƛŎǝƻƴ ƳƻŘŜƭǎ όƴŜǳǊŀƭ 
ƴŜǘǿƻǊƪǎΣ ƘƛƎƘŜǊπƻǊŘŜǊ ǇƻƭȅƴƻƳƛŀƭ 
ǊŜƎǊŜǎǎƛƻƴǎΣ ŦǳȊȊȅ ǎȅǎǘŜƳǎύ ǘƻ ƳƻǊŜ ŀŎŎǳǊŀǘŜƭȅ 
ŎŀǇǘǳǊŜ ƭƻŎŀƭ ƘŀǊŘƴŜǎǎ ōŜƘŀǾƛƻǳǊΦ 
- /ƻǊǊŜƭŀǝƴƎ ƘŀǊŘƴŜǎǎ ǾŀƭǳŜǎ ǿƛǘƘ 
ŀŘǾŀƴŎŜŘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ŀƴŀƭȅǎŜǎ ǘƻ 
ǎǳōǎǘŀƴǝŀǘŜ ǘƘŜ ƭƛƴƪ ōŜǘǿŜŜƴ ƭƻŎŀƭ ǎǘǊǳŎǘǳǊŀƭ 
ŎƘŀƴƎŜǎ ŀƴŘ ǘƘŜ ŀǇǇƭƛŜŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ 
ǇŀǊŀƳŜǘŜǊǎΦ 
.ȅ ŘŜŜǇŜƴƛƴƎ ǘƘŜǎŜ ǊŜǎŜŀǊŎƘ ŘƛǊŜŎǝƻƴǎΣ 

ŦǳǘǳǊŜ ǎǘǳŘƛŜǎ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ 
ŜŶŎƛŜƴŎȅΣ ǉǳŀƭƛǘȅΣ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ƘƛƎƘπ
ǇƻǿŜǊ ƛƴŘǳǎǘǊƛŀƭ ƭŀǎŜǊ ŎǳǩƴƎ ǇǊƻŎŜǎǎŜǎΦ 
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ANALYSIS OF THE IMPACT OF FRICTION ON THE QUALITY OF 
REGULATION DEPENDING ON THE USED FRICTION MODEL AND THE 

CONTROL LAW 
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Abstract: This paper analyses the effects of friction, i.e. the friction model, on control performance. The 
analysis was carried out using the model of the control object and the friction model with the application of 
different control laws. The Stribeck and LuGre friction models were considered. Position responses, control 
signals and friction force are shown as a function of the control laws of PID, SMC and TS LQR controllers. All 
simulations were performed using the MATLAB software package. The possibility of modeling a nonlinear 
system with friction using the Takagi-Sugeno fuzzy system and the method of generating a control signal 
using an LQR controller for each individual linear subsystem based on parallel distributed control (PDC) are 
shown. Control signals are generated using PID, SMC and TS-LQR control laws respectively. Instead of setting 
poles for each individual rule of the TS controller, the LQR method is used at the level of each individual rule 
by selecting unique Q and R matrices based on optimality criteria. 
 

Keywords: friction, Striebeck model, LuGre model, PID, SMC, Takagi-Sugeno LQR, friction compensation. 
  
1. INTRODUCTION 
 
Lƴ ǘƘƛǎ ǇŀǇŜǊΣ ŀ ǎƛƳǳƭŀǝƻƴ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ 

ŜũŜŎǘ ƻŦ ŦǊƛŎǝƻƴ ƻƴ ǘƘŜ ǉǳŀƭƛǘȅ ŀƴŘ 
ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ǊŜƎǳƭŀǝƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘ 
ōŀǎŜŘ ƻƴ ǘƘŜ ǎŜƭŜŎǘŜŘ ŦǊƛŎǝƻƴ ƳƻŘŜƭΦ 
YƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ŜũŜŎǘǎ ƻŦ ŦǊƛŎǝƻƴ ŀƴŘ ƛǘǎ 
ŎƻƳǇŜƴǎŀǝƻƴ ƛǎ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ŘŜǎƛƎƴ ŀƴŘ 

ŎƻƴǘǊƻƭ ƻŦ ǎŜǊǾƻ ƳŜŎƘŀƴƛǎƳǎΣ ǊƻōƻǘǎΣ ŀƴŘ 
ǇǊŜŎƛǎŜ ǇƴŜǳƳŀǝŎ ŀƴŘ ƘȅŘǊŀǳƭƛŎ ǎȅǎǘŜƳǎΦ 5ǳŜ 
ǘƻ ƛǘǎ ƴƻƴƭƛƴŜŀǊƛǘȅΣ ƛǘ ŎŀǳǎŜǎ ŀ ǎǘŀǝŎ ŜǊǊƻǊΣ ƭŜŀŘǎ 
ǘƻ ƻǎŎƛƭƭŀǝƻƴ ŀǊƻǳƴŘ ǘƘŜ ǎŜǘ ǾŀƭǳŜ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ 
ŀ ǊŀǇƛŘ ǘǊŀƴǎƛǝƻƴ ŦǊƻƳ ǘƘŜ ǊŀƴƎŜ ƻŦ ǎǘŀǝŎ ǘƻ ǘƘŜ 
ǊŀƴƎŜ ƻŦ ŘȅƴŀƳƛŎ ŦǊƛŎǝƻƴ ŘǳŜ ǘƻ ǘƘŜ ŘƛũŜǊŜƴŎŜ 
ōŜǘǿŜŜƴ ǘƘŜ ŦƻǊŎŜ ƻŦ ǎǘŀǝŎ ŀƴŘ ŘȅƴŀƳƛŎ ŦǊƛŎǝƻƴ 
ŀƴŘ ǘƘŜ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ƭƛƳƛǘ ŎȅŎƭŜǎΦ ¢ƘŜ ŎƻƴǘǊƻƭ 

https://doi.org/10.46793/ICPES25.084K
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ƻōƧŜŎǘ ǳǎŜŘ ƛǎ ŀ ǎƛƳǇƭƛŬŜŘ ƳƻŘŜƭ ƻŦ ŀ 5/ ƳƻǘƻǊ 
ǿƛǘƘ ƛƴŘŜǇŜƴŘŜƴǘ ŜȄŎƛǘŀǝƻƴΣ ǿƘƛŎƘ ƛǎ 
ŎƻƴǘǊƻƭƭŜŘ ōȅ ǘƘŜ ŎǳǊǊŜƴǘ ƛƴ ǘƘŜ ǊƻǘƻǊ ŀƴŘ ŘǊƛǾŜǎ 
ǘƘŜ ǇƻǎƛǝƻƴƛƴƎ ǎȅǎǘŜƳ Ǿƛŀ ŀ ƎŜŀǊōƻȄΦ !ƭƭ 
ǎƛƳǳƭŀǝƻƴǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ aŀǘƭŀō ŀƴŘ 
{ƛƳǳƭƛƴƪ ǳǎƛƴƎ ǘƘŜ ŦǊƛŎǝƻƴ ƳƻŘŜƭǎ ƻŦ {ǘǊƛōŜŎƪ 
ŀƴŘ [ǳDǊŜΦ ¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŜũŜŎǘ ƻŦ ŦǊƛŎǝƻƴ 
ƻƴ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ŎƻƴǘǊƻƭƭŜŘ ǾŀǊƛŀōƭŜ 
ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŎƻƳǇŜƴǎŀǝƻƴ ƳŜǘƘƻŘ ǿŀǎ 
ŎŀǊǊƛŜŘ ƻǳǘ ǳǎƛƴƎ ǘƘŜ ŎƭŀǎǎƛŎŀƭ tL5 ŎƻƴǘǊƻƭƭŜǊΣ 
ǿƘƛŎƘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ǎǘŀƴŘŀǊŘ ƛƴŘǳǎǘǊƛŀƭ 
ŎƻƴǘǊƻƭƭŜǊΣ ǘƘŜƴ ǘƘŜ {a/ ό{ƭƛŘƛƴƎ aƻŘŜ 
/ƻƴǘǊƻƭƭŜǊύ ŎƻƴǘǊƻƭƭŜǊ ŀƴŘ Ŭƴŀƭƭȅ ǘƘŜ ¢ŀƪŀƎƛπ
{ǳƎŜƴƻ ŎƻƴǘǊƻƭƭŜǊ ό¢{[vwύ ǿŀǎ ǳǎŜŘΦ ¢ƘŜ ƳƻŘŜƭ 
ƻŦ ǘƘŜ ƴƻƴƭƛƴŜŀǊ ǎȅǎǘŜƳ ƛǎ ŘŜǊƛǾŜŘ ǳǎƛƴƎ ǘƘŜ 
9ǳƭŜǊπ[ŀƎǊŀƴƎŜ ŜǉǳŀǝƻƴǎΦ ¢ƘŜ ¢{ ƳƻŘŜƭ ǿŀǎ 
ŎǊŜŀǘŜŘ ǳǎƛƴƎ ŦǳȊȊȅ ƛŦπǘƘŜƴ ǊǳƭŜǎ ŀŎŎƻǊŘƛƴƎ ǘƻ 
ǘƘŜ ƭƻŎŀƭ ¢{ ŀǇǇǊƻȄƛƳŀǝƻƴ ƳŜǘƘƻŘΣ ǿƘƛŎƘ ƛǎ 
ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊƻǇŜǊǝŜǎ ƻŦ ¢{ ŦǳȊȊȅ ƳƻŘŜƭǎ ŀǎ 
ǳƴƛǾŜǊǎŀƭ ŀǇǇǊƻȄƛƳŀǘƻǊǎΦ .ŀǎŜŘ ƻƴ ǘƘŜ ƻōǘŀƛƴŜŘ 
ŦǳȊȊȅ ƳƻŘŜƭΣ ǘƘŜ ŦǳȊȊȅ ŎƻƴǘǊƻƭƭŜǊ ǿŀǎ ŘŜǎƛƎƴŜŘ 
ǳǎƛƴƎ ǘƘŜ ǎŀƳŜ ƛŦπǘƘŜƴ ǊǳƭŜǎΣ ǿƘŜǊŜ ǘƘŜ ŎƻƴǘǊƻƭ 
ǎƛƎƴŀƭǎ ǿŜǊŜ ƻōǘŀƛƴŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ƎƛǾŜƴ 
ƻǇǝƳŀƭƛǘȅ ŎǊƛǘŜǊƛƻƴ ŀƴŘ ǘƘŜ ǇŀǊŀƭƭŜƭ ŘƛǎǘǊƛōǳǘŜŘ 
ŎƻƴǘǊƻƭ όt5/ύ ƳŜǘƘƻŘ ōŀǎŜŘ ƻƴ ǘƘŜ ¢{ ŦǳȊȊȅ 
ƳƻŘŜƭΦ tƻǎƛǝƻƴ ǊŜǎǇƻƴǎŜǎΣ ŎƻƴǘǊƻƭ ǎƛƎƴŀƭǎ ŀƴŘ 
ŦǊƛŎǝƻƴ ŦƻǊŎŜ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǘƘŜ 
ŦǊƛŎǝƻƴ ƳƻŘŜƭǎΣ ŎƻƴǘǊƻƭ ƭŀǿǎ ŀƴŘ ŎƻƳǇŜƴǎŀǝƻƴ 
ƳŜǘƘƻŘǎ ǳǎŜŘΦ 
 
2. SYSTEM MODEL 
 
¢ƘŜ ƳŀǘƘŜƳŀǝŎŀƭ ƳƻŘŜƭ ƻŦ ǘƘŜ ƴƻƴƭƛƴŜŀǊ 

ǎȅǎǘŜƳ όмύ ǿŀǎ ƻōǘŀƛƴŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ 9ǳƭŜǊπ
[ŀƎǊŀƴƎŜ ƳŜǘƘƻŘ ŀƴŘ ƪƴƻǿƴ ŜȄǇǊŜǎǎƛƻƴǎ ŦƻǊ 
/ƻǳƭƻƳō ώмϐ ŀƴŘ ǾƛǎŎƻǳǎ ŦǊƛŎǝƻƴ όмύΣ {ǘǊƛōŜŎƪ όнύ 
ŀƴŘ ǘƘŜ [ǳDǊŜ ŦǊƛŎǝƻƴ ƳƻŘŜƭ όоύ ώнπпϐΣ ǿƘŜǊŜ CŎ 
ƛǎ ǘƘŜ /ƻǳƭƻƳō ŦǊƛŎǝƻƴ ŦƻǊŎŜΣ Cǎ ƛǎ ǘƘŜ ƳŀȄƛƳǳƳ 
ǎǘŀǝŎ ŦǊƛŎǝƻƴ ŦƻǊŎŜΣ CǾ ƛǎ ǘƘŜ ǾƛǎŎƻǳǎ ŦǊƛŎǝƻƴΣ Ȅ ƛǎ 

ǇƻǎƛǝƻƴΣ &xǾŜƭƻŎƛǘȅΣ Ǿǎ ƛǎ {ǘǊƛōŜŎƪ ǾŜƭƻŎƛǘȅΣ  ɻƛǎ ŀ 
ŎƻŜŶŎƛŜƴǘ ǘƘŀǘ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǘȅǇŜ ŀƴŘ ǎŎƻǇŜ 
ƻŦ ǘƘŜ ƳƻŘŜƭ όҐɻн ǿŀǎ ǘŀƪŜƴ ƛƴ ǘƘŜ ǇŀǇŜǊύΣ л̀Σ 

м̀ ŀǊŜ ǊŜǎǇŜŎǝǾŜƭȅ ǘƘŜ ŎƻŜŶŎƛŜƴǘǎ ƻŦ ǎǘǊŜƴƎǘƘ 
ŀƴŘ ŘŀƳǇƛƴƎ ƻŦ ŀǎǇŜǊƛǘȅ ŬōŜǊǎΣ н̀ ƛǎ ǘƘŜ 
ŎƻŜŶŎƛŜƴǘ ƻŦ ǾƛǎŎƻǳǎ ŦǊƛŎǝƻƴΣ Ȋ ƛǎ ŀ ǾŀǊƛŀōƭŜ ŦƻǊ 
ǘƘŜ [ǳDǊŜ ƳƻŘŜƭΣ ǿƘƛŎƘ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŀƳƻǳƴǘ ƻŦ 
ǎǘǊŜǘŎƘƛƴƎ ƻŦ ŀǎǇŜǊƛǘȅ ŬōŜǊǎ ƛƴ ǘƘŜ ǎƛƳǳƭŀǝƻƴ 
ƳƻŘŜƭΦ Lƴ όрύΣ ǘƘŜ ŎƻƴǘǊƻƭƭŜŘ ǎȅǎǘŜƳ ƳƻŘŜƭ ƛǎ 

ƎƛǾŜƴ ǿƛǘƘ ǘƘŜ [ǳDǊŜ ŦǊƛŎǝƻƴ ƳƻŘŜƭ ōŀǎŜŘ ƻƴ 
ǿƘƛŎƘ ǘƘŜ ǎƛƳǳƭŀǝƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘΣ ŀ ǎƛƳƛƭŀǊ 
ŎƻƴǘǊƻƭƭŜŘ ǎȅǎǘŜƳ ƳƻŘŜƭ ǿŀǎ ŎǊŜŀǘŜŘ ŦƻǊ ǘƘŜ 
{ǘǊƛōŜŎƪ ŦǊƛŎǝƻƴ ƳƻŘŜƭΦ 

Ὂ ὼȟ— ὊίὫὲὼ Ὂ 
Ὂ „ὼ (1) 

Ὂ ὼȟ— Ὂ Ὂ ὊὩ
ȿȿ

ȿȿ ίὫὲὼ

„ὼ, (2) 

 Ὣὼ Ὂ Ὂ ὊὩ
ȿȿ

ȿȿ ȟ‏ ς 
Ὠᾀ

Ὠὸ
ὼ

ȿὼȿ

Ὣὼ
ᾀ 

 

Ὂ ὼȟ— „ᾀ „ „ὼȢ (3) 

¢ƘŜ ǎȅǎǘŜƳ ƳƻŘŜƭ ƛǎ ƎƛǾŜƴ ƛƴ ǘƘŜ ƎŜƴŜǊŀƭ 
ŦƻǊƳ όпύΣ Ȅ ƛǎ ǘƘŜ Ǉƻǎƛǝƻƴ όƭƛƴŜŀǊ ƻǊ ŀƴƎǳƭŀǊύΣ CǘǊ 
ƛǎ ǘƘŜ ŦǊƛŎǝƻƴ ŦƻǊŎŜΣ ǿƘƛŎƘ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ 

ǎǇŜŜŘΣ&x ŀƴŘ ǘƘŜ ǇŀǊŀƳŜǘŜǊǎ ɸ ŘŜǎŎǊƛōƛƴƎ ǘƘŜ 
ŦǊƛŎǝƻƴ ƳƻŘŜƭ ǳǎŜŘΣ ² ǊŜŦŜǊǎ ǘƻ ǘƘŜ Ƴŀǎǎ ƻǊ 
ƛƴŜǊǝŀΣ ƪƳ ƛǎ ǘƘŜ ƳƻǘƻǊ ŀƳǇƭƛŬŎŀǝƻƴ 
ŎƻŜŶŎƛŜƴǘΦ 

 
ὼ
ὼ

ὼ
ὡ Ὂ ὼȟ—

π
ὡ Ὧ

ό. (4) 

¢ƘŜ ǎƛƳǳƭŀǝƻƴ ƳƻŘŜƭǎ ŀǊŜ ōŀǎŜŘ ƻƴ CƛƎΦ мΣ 
ǿƘŜǊŜ ǘƘŜ ŎƻƴǘǊƻƭƭŜǊ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ tL5 
ǎƛƳǳƭŀǝƻƴ ώрπтϐΣ ǘƘŜ {a/ ŎƻƴǘǊƻƭƭŜǊ ώуΣ фϐΣ ǿƛǘƘ 
ŀƴŘ ǿƛǘƘƻǳǘ ǎŜǘ Ǉƻƛƴǘ ŎƻƳǇŜƴǎŀǝƻƴΣ ǘƘŜ ¢{ 
[vw ŎƻƴǘǊƻƭƭŜǊ ώфϐΣ ŀƴŘ ǘƘŜ ŎƻƴǘǊƻƭ ƻōƧŜŎǘ ƛǎ ŀ 5/ 
ƳƻǘƻǊ ŀƴŘ ǘƘŜ ŦǊƛŎǝƻƴ ƳƻŘŜƭ ƛǎ {ǘǊƛōŜŎƪ ƻǊ 
[ǳDǊŜΦ 

 

Figure 1. Block diagram of the control object and 
the controller 

¢ƘŜ ŎƻƴǘǊƻƭ ƻōƧŜŎǘ ŀƴŘ ǘƘŜ ŦǊƛŎǝƻƴ ƳƻŘŜƭ ŀǊŜ 
ƎƛǾŜƴ ōȅ Ŝǉǳŀǝƻƴ όрύΣ ƛƴ ǿƘƛŎƘ ǘƘŜ ǾŀǊƛŀōƭŜǎ ŀǊŜ 
ƎƛǾŜƴ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƻǊŘŜǊΥ ȄмҐȄ ǇƻǎƛǝƻƴΣ ȄнҐǾ 
ǾŜƭƻŎƛǘȅΣ ȄоҐƛŀ ǊƻǘƻǊ ŎǳǊǊŜƴǘΣ ȄпҐȊ ƛƴǘŜǊƴŀƭ 
ǾŀǊƛŀōƭŜ ŘŜǎŎǊƛōƛƴƎ ǘƘŜ ŜƭŀǎǝŎ ŘŜŦƻǊƳŀǝƻƴ ƻŦ 
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 ΥΣ 

ǘƘŜ ŀǎǇŜǊƛǘȅ ŬōǊŜǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ [ǳDǊŜ 
ŦǊƛŎǝƻƴ ƳƻŘŜƭΥ 
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¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŜũŜŎǘ ƻŦ ŦǊƛŎǝƻƴ ǿŀǎ 
ǇŜǊŦƻǊƳŜŘ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ǎƛƳǳƭŀǝƻƴǎ ƳŀŘŜ 
ǳǎƛƴƎ ŀ ǎȅǎǘŜƳ ǎƛƳǳƭŀǝƻƴ ƳƻŘŜƭ ŀƴŘ ŀ ŦǊƛŎǝƻƴ 
ƳƻŘŜƭ ǿƛǘƘ ŘƛũŜǊŜƴǘ ŎƻƴǘǊƻƭ ƭŀǿǎΦ CƛǊǎǘΣ ŀ 
ǎƛƳǳƭŀǝƻƴ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ǿƛǘƘ ǘƘŜ tL5 
ŎƻƴǘǊƻƭƭŜǊΣ ǘƘŜ {ǘǊƛōŜŎƪ ƳƻŘŜƭ ŀƴŘ ǘƘŜ [ǳDǊŜ 
ƳƻŘŜƭΣ ǿƛǘƘƻǳǘ ŀƴŘ ǿƛǘƘ ǇǊŜπŬƭǘŜǊƛƴƎ ƻŦ ǘƘŜ 
ǎŜǘǇƻƛƴǘΦ 

 
3. ANALYSIS OF THE INFLUENCE OF FRICTION 

FORCE 
 
²Ŝ ǳǎŜ ŀ ŎƭŀǎǎƛŎŀƭ tL5 ŎƻƴǘǊƻƭƭŜǊ ǘƻ ŎƻƴǘǊƻƭ 

ǘƘŜ Ǉƻǎƛǝƻƴ Ȅ όŜƛǘƘŜǊ ƭƛƴŜŀǊ ƻǊ ŀƴƎǳƭŀǊύΣȄŘ ƛǎ ǘƘŜ 
ǎŜǘǇƻƛƴǘ ƻŦ ǘƘŜ ǇƻǎƛǝƻƴΦ ¢ƘŜ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ 
tL5 ŎƻƴǘǊƻƭƭŜǊ ǿŜǊŜ ŎƘƻǎŜƴ ǘƻ ǎƘƻǿ ǘƘŜ 
ƛƴƅǳŜƴŎŜ ƻŦ ŦǊƛŎǝƻƴ ŀƴŘ ǘƘŜ ƳƻŘŜƭ ǳǎŜŘ ƻƴ ǘƘŜ 
ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ŎƻƴǘǊƻƭΦ ¢ƘŜ ŦǊƛŎǝƻƴ ƳƻŘŜƭǎ 
{ǘǊƛōŜŎƪ ŀƴŘ [ǳDǊŜ ǿŜǊŜ ǳǎŜŘ ŀƴŘ ǘƘŜ 
ŎƻƴǘǊƻƭƭŜŘ ǎȅǎǘŜƳ ƳƻŘŜƭ όрύ ǿƛǘƘ ǘƘŜ 
ǇŀǊŀƳŜǘŜǊǎ ƎƛǾŜƴ ƛƴ ǘƘŜ ¢ŀōƭŜ м ǇŀǊǘƭȅ ǘŀƪŜƴ 
ŦǊƻƳ ώоϐΦ CƛƎǳǊŜǎ н ŀƴŘ о ǎƘƻǿ ǘƘŜ ǊŜǎǇƻƴǎŜ ƻŦ 
ǘƘŜ Ǉƻǎƛǝƻƴ ǘƻ ǘƘŜ ǎǘŜǇ ǎƛƎƴŀƭ ǿƘŜƴ ǳǎƛƴƎ ǘƘŜ 
{ǘǊƛōŜŎƪ ŀƴŘ [ǳDǊŜ ƳƻŘŜƭǎΣ ǿƛǘƘ ǘƘŜ ŎƭŀǎǎƛŎ tL5 
όсύ ǳǎŜŘ ŀǎ ǘƘŜ ŎƻƴǘǊƻƭƭŜǊΣ ǘƘŜ ǎŜǘǇƻƛƴǘ ƛǎ ǎƘƻǿƴ 
ƛƴ ōƭǳŜ ŀƴŘ ǘƘŜ ŀŎƘƛŜǾŜŘ Ǉƻǎƛǝƻƴ ǾŀƭǳŜ ƛƴ ǊŜŘ 
ŎƻƭƻǳǊΦ wŜǎǇƻƴǎŜ ŀŎŎƻǊŘƛƴƎ ǘƻ CƛƎΦ н ƛǎ ǎƛƳƛƭŀǊ ǘƻ 
ǘƘŜ ǊŜǎǇƻƴǎŜ ǿƛǘƘƻǳǘ ǘƘŜ ŦǊƛŎǝƻƴ ƳƻŘŜƭΣ ǎƛƴŎŜ 
ǘƘŜ {ǘǊƛōŜŎƪ ƳƻŘŜƭ ǇǊƻǾƛŘŜǎ ǘƘŜ ǊŜǎǇƻƴǎŜ ŀǘ 
ƭƻǿ ǎǇŜŜŘǎΦ Lƴ CƛƎΦ о ǿŜ Ŏŀƴ ǎŜŜ ǘƘŀǘ ŘǳŜ ǘƻ ǘƘŜ 
ǘǊŀƴǎƛǝƻƴ ŦǊƻƳ ǘƘŜ ǎǘŀǝŎ ŦǊƛŎǝƻƴ ǊŜƎƛƻƴ ǘƻ ǘƘŜ 
ŘȅƴŀƳƛŎ ŦǊƛŎǝƻƴ ǊŜƎƛƻƴΣ ǘƘŜǊŜ ƛǎ ŀ ǇŜǊƳŀƴŜƴǘ 
ƻǎŎƛƭƭŀǝƻƴ ŀǊƻǳƴŘ ǘƘŜ ǎŜǘ ǾŀƭǳŜ όŜǊǊƻǊ ŀǘ ǎǘŜŀŘȅ 
ǎǘŀǘŜύΣ ǿƘƛŎƘ ƭŜŀŘǎ ǘƻ ǘƘŜ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ƭƛƳƛǘ 
ŎȅŎƭŜǎ ǿƘƛŎƘ ŀǊŜ ƴƻǘ ǎŜŜƴ ƛƴ CƛƎΦ нΦ ¢Ƙƛǎ 
ǇƘŜƴƻƳŜƴƻƴ ŀƴŘ ǘƘŜ ŘȅƴŀƳƛŎǎ ŀǊŜ ŘŜǎŎǊƛōŜŘ 

ōȅ ǘƘŜ [ǳDǊŜ ƳƻŘŜƭΣ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜ {ǘǊƛōŜŎƪ 
ƳƻŘŜƭΣ ǿƘƛŎƘ ŘƻŜǎ ƴƻǘ ŘŜǎŎǊƛōŜ ǘƘŜƳΦ 

Table 1.Parameters of controlled system 

Parameter Value 

0̀ 10^4 N/m 

1̀ 100 Ns/m 

2̀ 4 Ns/m 

Fc 10 N 

Fs 15 N 

vs 0.001m/s 

ɲ 2 

Ra 4.58 ʍ 

La 0.0281 H 

Ke 1.25 Vs/rad 

Km 1.25 Nm/A 
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Figure 2. Response of the position when using the 
Stribeck model and the classic PID controller 

 

Figure 3. Response of the position when using the 
LuGre model and the classic PID controller 
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 ΥΤ 

¢ƘŜ ǳǎŜ ƻŦ ŀ ŎƻƳǇŜƴǎŀǘƻǊ όǇǊŜπŬƭǘŜǊύ ƻŦ ǘƘŜ 
ǎŜǘ ǾŀƭǳŜ ƻǊ ǎƛƳǇƭȅ ǘƘŜ ǳǎŜ ƻŦ ŀ ǊŀƳǇ ƻŦ ǘƘŜ ǎŜǘ 
ǾŀƭǳŜ ǊŜŘǳŎŜǎ ǘƘŜ ƧǳƳǇ ƛƴ ǘƘŜ Ǉƻǎƛǝƻƴ 
ǊŜǎǇƻƴǎŜΣ ƛǘ Ŏŀƴ ŜǾŜƴ ōŜ ŎƻƳǇƭŜǘŜƭȅ ŜƭƛƳƛƴŀǘŜŘΣ 
ōǳǘ ǘƘŜ ŜũŜŎǘ ƻŦ ǘƘŜ ƭƛƳƛǘ ŎȅŎƭŜǎ ƛƴŎǊŜŀǎŜǎΦ 
CƛƎǳǊŜǎ п ŀƴŘ р ǎƘƻǿ ǘƘŜ ŦǊƛŎǝƻƴ ŦƻǊŎŜ ŀƴŘ 

ǘƘŜ ŎƻƴǘǊƻƭ ǎƛƎƴŀƭ ǿƘŜƴ ǳǎƛƴƎ ŀ ŎƭŀǎǎƛŎ tL5 
ŎƻƴǘǊƻƭƭŜǊ ǿƛǘƘƻǳǘ ŎƻƳǇŜƴǎŀǝƻƴ ƻŦ ǘƘŜ 
Ǉƻǎƛǝƻƴ ǎŜǘǇƻƛƴǘ ŀƴŘ ǘƘŜ [ǳDǊŜ ŦǊƛŎǝƻƴ ƳƻŘŜƭΣ 
ǿƘŜǊŜ ǘƘŜ ƻǎŎƛƭƭŀǝƻƴ ƻŦ ōƻǘƘ ǘƘŜ ŦǊƛŎǝƻƴ ŦƻǊŎŜ 
ŀƴŘ ǘƘŜ ŎƻƴǘǊƻƭ ǎƛƎƴŀƭ ƛǎ ŎƭŜŀǊƭȅ ǾƛǎƛōƭŜΦ ¢ƘŜ 
ŎƻƴǘǊƻƭ ǎƛƎƴŀƭ Ƴǳǎǘ ƻǎŎƛƭƭŀǘŜ ƛƴ ƻǊŘŜǊ ǘƻ 
Ƴŀƛƴǘŀƛƴ ǘƘŜ Ǉƻǎƛǝƻƴ ǊŜǎǇƻƴǎŜΦ 

 

Figure 4. Friction force when using the Lugre 
model and the classic PID controller 

 

Figure 5. Control signal when using the Lugre 
model and the classic PID controller 

Lƴ ǘƘŜ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎΣ ǿŜ ǳǎŜŘ ǘƘŜ {a/ 
ŎƻƴǘǊƻƭƭŜǊ ǿƛǘƘ ŜȄǇƻƴŜƴǝŀƭ ǊŜŀŎƘƛƴƎ ƭŀǿ όтύΣ 
{ǘǊƛōŜŎƪ ŀƴŘ [ǳDǊŜ ŦǊƛŎǝƻƴ ƳƻŘŜƭΦ ¢ƘŜ ǎƭƛŘƛƴƎ 
ǎǳǊŦŀŎŜ ǎ ƛǎ ƎƛǾŜƴ ōȅ όуύΣ ǿƘŜǊŜ Ŝ ƛǎ ǘƘŜ ŘŜǾƛŀǝƻƴ 
ŜǊǊƻǊ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǾŀƭǳŜ ȄҐȄм όǘƘŜ ŘƛũŜǊŜƴŎŜ ƻŦ 

ǘƘŜ Ǉƻǎƛǝƻƴ ŦǊƻƳ ǘƘŜ ǎȅǎǘŜƳ ƳƻŘŜƭΣ Ȅм όрύ ŀƴŘ 
ǘƘŜ ǎŜǘ ǾŀƭǳŜ ƻŦ ǘƘŜ ǇƻǎƛǝƻƴΣ ȄŘ όфύύΦ .ȅ 
ǊŜǇƭŀŎƛƴƎ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ Ŝǉǳŀǝƻƴǎ ŦǊƻƳ όрύ 
ŀƴŘ ŀǊǊŀƴƎƛƴƎ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴǎΣ ǘƘŜ ŎƻƴǘǊƻƭ ƭŀǿ 
ƻŦ ǘƘŜ {a/ ŎƻƴǘǊƻƭƭŜǊ ƛǎ ƻōǘŀƛƴŜŘ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ 
όмлύΣ ǿƘŜǊŜ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴǎ ŦƻǊ ¢Ŧ ŀƴŘ ·Ř ŀǊŜ 
ƎƛǾŜƴ ŀǎ όммύ ŀƴŘ όмнύ ǊŜǎǇŜŎǝǾŜƭȅΦ 
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 ὢ ὼ ς‗ὼ ‗ὼ. (12) 

! ǾŜǊȅ Ŧŀǎǘ ǊŜǎǇƻƴǎŜΣ ǎƛƳƛƭŀǊ ǘƻ ŀƴ ŀǇŜǊƛƻŘƛŎ 
ǊŜǎǇƻƴǎŜ ǿƛǘƘƻǳǘ ƧǳƳǇǎΣ ƛǎ ƻōǎŜǊǾŜŘ ŦƻǊ ōƻǘƘ 
ŀǇǇƭƛŜŘ ƳƻŘŜƭǎΣ ŀƭǘƘƻǳƎƘ ǘƘŜ ǊŜǎǇƻƴǎŜ ƛǎ ŦŀǎǘŜǊ 
ǿƘŜƴ ǘƘŜ [ǳDǊŜ ƳƻŘŜƭ ƛǎ ŀǇǇƭƛŜŘΦ /ƘŀǧŜǊƛƴƎ ƛǎ 
ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ǎƛƎƴŀƭǎ ƛƴ ōƻǘƘ ŎŀǎŜǎΣ 
ǿƘƛŎƘ ŎƻǳƭŘ ōŜ ǊŜŘǳŎŜŘ ōȅ ǳǎƛƴƎ ǘƘŜ ŦǳƴŎǝƻƴ 
ǘƎόǎύ ƛƴǎǘŜŀŘ ƻŦ ǎƎƴόǎύΦ CƛƎǳǊŜǎ с ŀƴŘ ф ǎƘƻǿ ǘƘŀǘ 
ǘƘŜ ŦǊƛŎǝƻƴ ŦƻǊŎŜǎ ŀǊŜ Ŧǳƭƭȅ ŎƻƳǇŜƴǎŀǘŜŘ ŀƊŜǊ ŀ 
ŦŜǿ ǎŜŎƻƴŘǎΣ ǘƘŜȅ Řƻ ƴƻǘ ƘŀǾŜ ŀ ǇǊƻƴƻǳƴŎŜŘ 
ƻǎŎƛƭƭŀǘƻǊȅ ŎƘŀǊŀŎǘŜǊ ŀǎ ǿƘŜƴ ǿƛǘƘ ŀ tL5 
ŎƻƴǘǊƻƭƭŜǊΣ ǘƘŜ ǎŜǘǇƻƛƴǘ ƛǎ ǎƘƻǿƴ ƛƴ ōƭǳŜ ŀƴŘ ǘƘŜ 
ŀŎƘƛŜǾŜŘ Ǉƻǎƛǝƻƴ ǾŀƭǳŜ ƛƴ ǊŜŘ ŎƻƭƻǳǊΦ CƛƎǳǊŜ т 
ǎƘƻǿǎ ǘƘŜ ŦǊƛŎǝƻƴ ŦƻǊŎŜ ǿƘŜƴ ǳǎƛƴƎ ǘƘŜ {ǘǊƛōŜŎƪ 
ƳƻŘŜƭΦ Lǘ Ŏŀƴ ōŜ ǎŜŜƴ ǘƘŀǘΣ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜ tL5 
ŎƻƴǘǊƻƭ ƭŀǿΣ ǘƘŜ ŦǊƛŎǝƻƴ ŦƻǊŎŜ ŘƻŜǎ ƴƻǘ ƘŀǾŜ ŀ 
ǇǊƻƴƻǳƴŎŜŘ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ƻǎŎƛƭƭŀǝƻƴǎΦ CƛƎǳǊŜ у 
ǎƘƻǿǎ ǘƘŜ ŎƻƴǘǊƻƭ ǎƛƎƴŀƭ ǿƘŜƴ ǘƘŜ {ǘǊƛōŜŎƪ 
ƳƻŘŜƭ ƛǎ ŀǇǇƭƛŜŘΣ ǿƘŜǊŜ ŎƘŀǧŜǊƛƴƎ ƛǎ 
ƴƻǝŎŜŀōƭŜΦ 
¢ƘŜ ŎƻƴǘǊƻƭ ŜǊǊƻǊ ƛǎ ŀƭƳƻǎǘ ŎƻƳǇƭŜǘŜƭȅ 

ŀōǎŜƴǘΣ ǘƘŜ ǎǘŜŀŘȅπǎǘŀǘŜ ŜǊǊƻǊ ƛǎ ǊŜŘǳŎŜŘ ǘƻ 
ŀƭƳƻǎǘ ȊŜǊƻ ŀƴŘ ǘƘŜ ƭƛƳƛǘ ŎȅŎƭŜǎ ŀǊŜ ŜƭƛƳƛƴŀǘŜŘΦ 
!ƭƭ ǘƘƛǎ ƛǎ ǊŜƅŜŎǘŜŘ ƛƴ ǘƘŜ ǳǎŜ ƻŦ Ǌƻōǳǎǘ 
ƴƻƴƭƛƴŜŀǊ ŎƻƴǘǊƻƭƭŜǊǎ ǎǳŎƘ ŀǎ ǘƘŜ {a/Φ !ƴ 
ŀŘŘƛǝƻƴŀƭ ǎŜǘǇƻƛƴǘ ŎƻƳǇŜƴǎŀǘƻǊ ƛǎ ƴƻǘ 
ǊŜǉǳƛǊŜŘΦ CƛƎǳǊŜ мл ǎƘƻǿǎ ǘƘŜ ŦǊƛŎǝƻƴ ŦƻǊŎŜ 
ǿƘŜƴ ǘƘŜ [ǳDǊŜ ƳƻŘŜƭ ƛǎ ŀǇǇƭƛŜŘΦ Lƴ ŎƻƴǘǊŀǎǘ ǘƻ 
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 ΥΥ 

ǘƘŜ tL5 ŎƻƴǘǊƻƭ ƭŀǿΣ ŬƎǳǊŜ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ 
ŦǊƛŎǝƻƴ ŦƻǊŎŜ Ƙŀǎ ƴƻ ƻǎŎƛƭƭŀǝƻƴǎΦ CƛƎǳǊŜ мм 
ǎƘƻǿǎ ǘƘŜ ŎƻƴǘǊƻƭ ǎƛƎƴŀƭ ǿƘŜƴ ǳǎƛƴƎ ǘƘŜ [ǳDǊŜ 
ƳƻŘŜƭΣ ǿƘŜǊŜ ŎƘŀǧŜǊƛƴƎ ƛǎ ŀƭǎƻ ƴƻǝŎŜŀōƭŜΦ 

 

Figure 6. Response of the position when using the 
Stribeck model and the SMC controller 

 

Figure 7. Friction force when using the Stribeck 
model and the SMC controller 

 

Figure 8.Control signal when using the Stribeck 
model and the SMC controller 

 

Figure 9. Response of the position when using the 
LuGre model and the SMC controller 

 

Figure 10. Friction force when using the Lugre 
model and the SMC controller 

 

Figure 11. Control signal when using the LuGre 
model and the SMC controller 
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 ΥΦ 

4. TAKAGI-SUGENO LQR CONTROL 
 
¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ǘƘŜ ŦǊƛŎǝƻƴ 

ŦƻǊŎŜ ŀƴŘ ƛǘǎ ŎƻƳǇŜƴǎŀǝƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ōȅ 
ƳƻŘŜƭƭƛƴƎ ǘƘŜ ƴƻƴƭƛƴŜŀǊ ǎȅǎǘŜƳ όрύ ǳǎƛƴƎ ǘƘŜ ¢{ 
ŦǳȊȊȅ ǎȅǎǘŜƳΣ ǿƘƛŎƘ ƛǎ ŜȄǇǊŜǎǎŜŘ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ 
ǎŜǾŜǊŀƭ ƭƻŎŀƭ ƭƛƴŜŀǊ ŘȅƴŀƳƛŎ ǎȅǎǘŜƳǎ ƻŦ ǘƘŜ ŦƻǊƳ 
όмоύ ǿƛǘƘ Ƴ ǊǳƭŜǎ όwмπwƳύΦ !ƴ ŀǇǇǊƻŀŎƘ ōŀǎŜŘ ƻƴ 
ƭƻŎŀƭ ŀǇǇǊƻȄƛƳŀǝƻƴ ƛƴ ŦǳȊȊȅ ǎǇŀŎŜ ǿŀǎ ǳǎŜŘ ōȅ 
ǊŜǇƭŀŎƛƴƎ ǘƘŜ ƴƻƴƭƛƴŜŀǊ ǘŜǊƳǎ ƛƴ όрύ ǿƛǘƘ 
ǎǳƛǘŀōƭȅ ŎƘƻǎŜƴ ƭƛƴŜŀǊ ǘŜǊƳǎΣ ǿƘƛŎƘ ƛƴ ǘƘŜ ŎŀǎŜ 
ƻŦ ǎȅǎǘŜƳ м όрύ ǊŜŘǳŎŜǎ ǘƘŜ ǊǳƭŜǎ ǘƻ ǘƘŜ ǎǘŀǘŜ 
ǾŀǊƛŀōƭŜ ȄнΣ ǎƛƴŎŜ ǘƘŜ ƴƻƴƭƛƴŜŀǊƛǝŜǎ ŀŎŎƻǊŘƛƴƎƭȅ 
ŀǇǇŜŀǊ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ŀƴ ŜȄǇƻƴŜƴǝŀƭ ŦǳƴŎǝƻƴ 
ŀƴŘ ŀƴ ŀōǎƻƭǳǘŜ ǾŀƭǳŜ ώоϐΦ ¢ƘŜ ƳŜƳōŜǊǎƘƛǇ 
ŦǳƴŎǝƻƴǎ t˃ƛƧόȄƛύ ƻŦ ǘƘŜ ŦǳȊȊȅ ǎŜǘǎ tмл ΣΦΦΦΣtƴƳ ŀǊŜ 
ǎǳƛǘŀōƭȅ ǎŜƭŜŎǘŜŘ ŦǳƴŎǝƻƴǎ ƻŦ ǘƘŜ ǘǊƛŀƴƎǳƭŀǊ ƻǊ 
Dŀǳǎǎƛŀƴ ǘȅǇŜΦ 
¢ƘŜ ŀŎǝǾŀǝƻƴ ŘŜƎǊŜŜ ŀƴŘ ǘƘŜ ŦǳȊȊȅ ōŀǎƛǎ 

ŦǳƴŎǝƻƴ ƧҐмΣΦΦΦΣƳ ƻŦ ǘƘƛǎ ǊǳƭŜ ƛǎ ƎƛǾŜƴ ōȅ ǘƘŜ 
ŜȄǇǊŜǎǎƛƻƴ όмпύΣ ǿƘŜǊŜ ǘƘŜ ƴƻƴƭƛƴŜŀǊ ǎȅǎǘŜƳ όрύ 
ƛǎ ŀǇǇǊƻȄƛƳŀǘŜŘ ōȅ ǘƘŜ ¢{ ŦǳȊȊȅ ǎȅǎǘŜƳ όмрύ ŀƴŘ 
ǘƘŜ ŎƻƴǘǊƻƭ ƭŀǿ ƛǎ ƎŜƴŜǊŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ǇŀǊŀƭƭŜƭ 
ŘƛǎǘǊƛōǳǘŜŘ ŎƻƴǘǊƻƭ όt5/ύΣ ǊŜǇƭŀŎƛƴƎ ǘƘŜ ƭƛƴŜŀǊ 
ƳŀǘǊƛȄ ƛƴŜǉǳŀƭƛǘȅ ό[aLύ ƳŜǘƘƻŘ ǘƻ ŘŜǘŜǊƳƛƴŜ 
ǘƘŜ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ǘƘǳǎ ŎƻƴǎǘǊǳŎǘŜŘ ōȅ 
ǘƘŜ [vw ƳŜǘƘƻŘΦ 

ὙȡὍὊὼÉÓ ÉÎ ÔÈÅ ÁÒÅÁ ÏÆ ὖÁÎÄ ȣ  

ÁÎÄ ὼÉÓ ÉÎ ÔÈÅ ÁÒÅÁ ÏÆ ὖ  

ὝὌὉὔ ὼ ὃὼ ὄό (13) 

‘ ὼ ‘ ὼ  

‚
В

 (14) 

 

ὼὸ
В ‘ ὼὸ ὃὼὸ ὄόὸ

В ‘ ὼὸ
 

В ‚ὼὸ ὃὼὸ ὄόὸȢ (15) 

 

CƻǊ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭ ǊǳƭŜ ƻŦ ǘƘŜ ¢{ ŦǳȊȊȅ 
ŎƻƴǘǊƻƭƭŜǊΣ ŎƻƴǘǊƻƭ ƛǎ ŘŜǎƛƎƴŜŘ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ŀ 
ǎǇŜŎƛŬŎ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴŘŜȄ ōŀǎŜŘ ƻƴ ǘƘŜ v ŀƴŘ 
w ƳŀǘǊƛŎŜǎΦ CƻǊ ǘƘƛǎ ǇǳǊǇƻǎŜΣ ǘƘŜ ƭǉǊ ŎƻƳƳŀƴŘ 
ƛǎ ǳǎŜŘ ƛƴ a!¢[!.Σ ǿƘŜǊŜ ǘƘŜ v ŀƴŘ w ƳŀǘǊƛŎŜǎ 

ŀǊŜ ǎŜƭŜŎǘŜŘ ōȅ ǘǊƛŀƭ ŀƴŘ ŜǊǊƻǊΦ ¢ƘŜ ŎƻƴǘǊƻƭ ƭŀǿ 
ǿŀǎ ƎŜƴŜǊŀǘŜŘ ōȅ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ Ǝŀƛƴ ƳŀǘǊƛȄ 
ƪƧ ŦƻǊ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭ ǊǳƭŜ όмоύΣ ǿƘƛŎƘ ǿŀǎ 
ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ƭƛƴŜŀǊ ǉǳŀŘǊŀǝŎ ƻǇǝƳƛȊŀǝƻƴ 
ǇǊƻōƭŜƳ όмсύ ŀƴŘ ŦƻǊ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭ ƭƛƴŜŀǊ 
ǎȅǎǘŜƳ ōŀǎŜŘ ƻƴ ǘƘŜ ŦǳȊȊȅ ƳƻŘŜƭ όрύΦ 

 ὐ ᷿ ὼὗὼ όὙόὨὸ, (16) 

 ό В ‚ ὸὯὼὸ. (17) 

¢ƘŜ ǘƻǘŀƭ ŎƻƴǘǊƻƭ ǎƛƎƴŀƭ ƛǎ ƻōǘŀƛƴŜŘ ŀǎ ǘƘŜ 
ǎǳƳ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘ ƻŦ ǘƘŜ ŦǳȊȊȅ ōŀǎƛǎ ŦǳƴŎǝƻƴ 
ŀƴŘ ǘƘŜ ƭƻŎŀƭ ŎƻƴǘǊƻƭ ǎƛƎƴŀƭǎ ƻōǘŀƛƴŜŘ ǿƛǘƘƛƴ ǘƘŜ 
ƛŦπǘƘŜƴ ǊǳƭŜǎ ƻŦ ǘƘŜ ŦǳȊȊȅ ŎƻƴǘǊƻƭƭŜǊ ƻŦ ǘƘŜ 
ƻōǘŀƛƴŜŘ t5/ ŎƻƴǘǊƻƭ όмтύΦ .ŀǎŜŘ ƻƴ ǘƘŜ 
ƻōǘŀƛƴŜŘ ŎƻƴǘǊƻƭ ƭŀǿǎ ǳƧόǘύΣ ǘƘŜ ¢{ ŎƻƴǘǊƻƭƭŜǊ ƛǎ 
ŘŜǎƛƎƴŜŘΦ ¦ǎƛƴƎ ǘƘŜ ƭƻŎŀƭ ¢{ ŀǇǇǊƻȄƛƳŀǝƻƴΣ ǘƘŜ 
ƳƻŘŜƭ όрύ ŦƻǊ ǾŜƭƻŎƛǝŜǎ ŀǊƻǳƴŘ ȊŜǊƻ ǊŜŘǳŎŜǎ ǘƻ 
όмуύΣ ǿƘƛŎƘ ƛǎ ŜȄŀŎǘƭȅ ƻƴŜ ƻŦ ǘƘŜ ǊǳƭŜǎ ŦƻǊ ǘƘŜ ¢{ 
ƳƻŘŜƭ ŦƻǊ ƭƻǿ ǾŜƭƻŎƛǝŜǎΣ ƛΦŜΦ ǾŜƭƻŎƛǝŜǎ ŎƭƻǎŜ ǘƻ 
ȊŜǊƻΦ 

ὼ ὼ 
ὼ „ „ ὼ Ὧὼ „ὼ 
ὼ ὥὼ ὦὼ ὧό 

ὼ ὼȢ (18) 

! ǎƛƳƛƭŀǊ ƭŀǿ ǿŀǎ ŦƻǳƴŘ ƛƴ ώмлΣ ммϐΦ ¢ƘŜ ǇŀǊǘǎ 
ƻŦ ǘƘŜ ǊǳƭŜǎ ŦƻǊ ǾŜƭƻŎƛǝŜǎ ŀǊƻǳƴŘ {ǘǊƛōŜŎƪ ŀǊŜ 
ŘŜǊƛǾŜŘ ƛƴ ŀ ǎƛƳƛƭŀǊ ǿŀȅΦ  

 

Figure 12.Control signal when using the LuGre 
model and the TS LQR controller 

¢ƘŜ ǎƛƳǳƭŀǝƻƴ ǿŀǎ ŘƻƴŜ ǳǎƛƴƎ ǘƘŜ пǘƘ ƻǊŘŜǊ 
wǳƴƎŜπYǳǘŀ ƳŜǘƘƻŘΣ ŦƻǊ ǿƘƛŎƘ ŀ ǊƻǳǝƴŜ ǿŀǎ 
ǿǊƛǧŜƴ ƛƴ a!¢[!.Φ  
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 ΦΜ 

CƛƎǳǊŜ мн ǎƘƻǿǎ ǘƘŜ Ǉƻǎƛǝƻƴ ǊŜǎǇƻƴǎŜ ŀƴŘ 
ǘƘŜ ǎǇŜŜŘ ƻŦ ǘƘŜ Ǉƻǎƛǝƻƴ ŎƘŀƴƎŜ ǿƘŜƴ ǳǎƛƴƎ 
ǘƘŜ ¢{ [vw ŎƻƴǘǊƻƭƭŜǊΦ Lǘ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘ ǘƘŀǘ 
ǘƘŜ ŦǊƛŎǝƻƴ ŦƻǊŎŜǎ ŀǊŜ Ŧǳƭƭȅ ŎƻƳǇŜƴǎŀǘŜŘ ŀƊŜǊ 
ƻƴŜ ǎŜŎƻƴŘΣ ǿƘƛŎƘ ƛǎ ŀ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǳǎƛƴƎ 
ǘƘŜ ¢{ [vw ŎƻƴǘǊƻƭƭŜǊ ŀƴŘ ŀǇǇǊƻȄƛƳŀǝƴƎ ǘƘŜ 
ƴƻƴƭƛƴŜŀǊ ŦǊƛŎǝƻƴ ŦƻǊŎŜ ƳƻŘŜƭ ōȅ ŀ ƭƛƴŜŀǊ ƻƴŜΦ 
 
5. CONCLUSION 
 
¢ƘŜ ǎƛƳǳƭŀǝƻƴǎ ŎŀǊǊƛŜŘ ƻǳǘ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ 

{ǘǊƛōŜŎƪ ŀƴŘ [ǳDǊŜ ŦǊƛŎǝƻƴ ƳƻŘŜƭ ǎƘƻǿ ǘƘŀǘ ǘƘŜ 
[ǳDǊŜ ƳƻŘŜƭ ŘŜǎŎǊƛōŜǎ ǘƘŜ ŦǊƛŎǝƻƴ ƻŦ 
ƳŜŎƘŀƴƛŎŀƭ ǎȅǎǘŜƳǎ ƳǳŎƘ ōŜǧŜǊ ǘƘŀƴ {ǘǊƛōŜŎƪ 
ƳƻŘŜƭΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ [ǳDǊŜ ƳƻŘŜƭ ƛǎ ǊŜƎǳƭŀǊƭȅ 
ǳǎŜŘ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ŦǊƛŎǝƻƴ ŎƻƳǇŜƴǎŀǝƻƴ 
ƳŜǘƘƻŘǎ ŀƴŘ ƛƴ ǘƘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ŦǊƛŎǝƻƴ 
ǇŀǊŀƳŜǘŜǊǎΦ !ƭƭ ƴŜǿŜǊ ǘƘȅǊƛǎǘƻǊ ŎƻƴǘǊƻƭƭŜǊǎ ƘŀǾŜ 
ŀƴ ƛƴǘŜƎǊŀǘŜŘ ŦǊƛŎǝƻƴ ŎƻƳǇŜƴǎŀǝƻƴ ƻǇǝƻƴΦ 
.ŀǎŜŘ ƻƴ ǘƘŜ ǎƛƳǳƭŀǝƻƴ ŀƴŀƭȅǎƛǎ ŘǳǊƛƴƎ 
Ǉƻǎƛǝƻƴ ŎƻƴǘǊƻƭ ǿƘŜƴ ǳǎƛƴƎ ǘƘŜ tL5 ŎƻƴǘǊƻƭƭŜǊΣ 
ŀ ǎǘŜǇ ƛƴ ǘƘŜ Ǉƻǎƛǝƻƴ ǊŜǎǇƻƴǎŜ ŀǎ ǿŜƭƭ ŀǎ ŀƴ 
ƻǎŎƛƭƭŀǝƴƎ ōŜƘŀǾƛƻǳǊ ƻŦ ǘƘŜ ŦǊƛŎǝƻƴ ŦƻǊŎŜ ŀƴŘ 
ǘƘŜ ŎƻƴǘǊƻƭ ǾŀǊƛŀōƭŜǎ ƛǎ ƻōǎŜǊǾŜŘΦ ¢ƘŜ Ǉƻǎƛǝƻƴ 
ǇǊŜπŬƭǘŜǊ ǊŜŘǳŎŜǎ ǘƘŜ ƧǳƳǇΣ ōǳǘ ƛƴŎǊŜŀǎŜǎ ǘƘŜ 
ƻǎŎƛƭƭŀǘƻǊȅ ŦƻǊŎŜ ƻŦ ǘƘŜ ŦǊƛŎǝƻƴ ŦƻǊŎŜ ŀƴŘ ǘƘŜ 
ŎƻƴǘǊƻƭ ǾŀǊƛŀōƭŜǎΦ Lƴ ǘƘŜ ǎƛƳǳƭŀǝƻƴ ǿƛǘƘ ǘƘŜ 
{a/ ŎƻƴǘǊƻƭƭŜǊΣ ƎƻƻŘ ŦǊƛŎǝƻƴ ŎƻƳǇŜƴǎŀǝƻƴ ǿŀǎ 
ŀŎƘƛŜǾŜŘ ŀƴŘ ǘƘŜ ŜǊǊƻǊ ƛƴ ǘƘŜ ǎǘŜŀŘȅ ǎǘŀǘŜ ƻŦ ǘƘŜ 
Ǉƻǎƛǝƻƴ ǿŀǎ ŜƭƛƳƛƴŀǘŜŘΣ ŀƴŘ ŎƘŀǧŜǊƛƴƎ ƛƴ ǘƘŜ 
ŎƻƴǘǊƻƭ ǎƛƎƴŀƭ ǿŀǎ ƻōǎŜǊǾŜŘ ŀǎ ǘƘŜ ƻƴƭȅ 
ŘǊŀǿōŀŎƪΦ  
{ƛƎƴƛŬŎŀƴǘƭȅ ōŜǧŜǊ Ǉƻǎƛǝƻƴ ǊŜǎǇƻƴǎŜ ƛƴ 

ǘŜǊƳǎ ƻŦ ǎǇŜŜŘ ŀƴŘ ƻǾŜǊǎƘƻƻǘ ǿŀǎ ƻōǘŀƛƴŜŘ ƛƴ 
ǘƘŜ ǎƛƳǳƭŀǝƻƴ ǿƛǘƘ ǘƘŜ ¢{[vw ŎƻƴǘǊƻƭƭŜǊΣ ǿƘŜǊŜ 
ǘƘŜ ƭƛƴŜŀǊƛȊŀǝƻƴ ƻŦ ǘƘŜ ƴƻƴƭƛƴŜŀǊ ǎȅǎǘŜƳ ǿŀǎ 
ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ ǘƘŜ ŦǳȊȊȅ ƳƻŘŜƭΦ ¢ƘŜ ǇǊƻǇƻǎŜŘ 
ŎƻƴǘǊƻƭƭŜǊ ǿŀǎ ƻōǘŀƛƴŜŘ ōȅ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ 
Ǝŀƛƴ ƳŀǘǊƛȄ ŦƻǊ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭ ŦǳȊȊȅ ǊǳƭŜ ǳǎƛƴƎ 
ǘƘŜ [vw ǘƘŜƻǊȅΦ ¢ƘŜ ǇǊƻǇƻǎŜŘ ŎƻƴǘǊƻƭƭŜǊ ǿŀǎ 
ƻōǘŀƛƴŜŘ ōȅ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ Ǝŀƛƴ ƳŀǘǊƛȄ ŦƻǊ 
ŜŀŎƘ ŦǳȊȊȅ ǊǳƭŜ ǳǎƛƴƎ [vw ǘƘŜƻǊȅΦ Lǘ ǊŜƳŀƛƴǎ ǘƻ 
ōŜ ŀƴŀƭȅǎŜŘ ƛƴ ŦǳǘǳǊŜ ǿƻǊƪǎ ƻƴ ŀ ǊŜŀƭ 
ƳŜŎƘŀƴƛŎŀƭ ǎȅǎǘŜƳ ǿƛǘƘ ŀ ¢{[vw ŎƻƴǘǊƻƭƭŜǊ ŀƴŘ 
ŀ [ǳDǊŜ ǘȅǇŜ ŦǳȊȊȅ ŦǊƛŎǝƻƴ ƳƻŘŜƭΣ ǿƛǘƘƻǳǘ ŀƴŘ 

ǿƛǘƘ ŀ ŦǊƛŎǝƻƴ ŦƻǊŎŜ ŎƻƳǇŜƴǎŀǝƻƴ ōŀǎŜŘ ƻƴ 
ǘƘƛǎ ƳƻŘŜƭΦ 
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Abstract: Accurate prediction of surface roughness (Ra) in laser cutting is essential for quality control and 
process optimisation. This study presents a Random Forest Regression (RFR) model for the prediction of Ra in 
fibre laser cutting of EN 10130 steel sheets. The model was trained using 14 experimental samples obtained 
from a Box-Behnken design with cutting speed, abrasive concentration and gas pressure as input parameters. 
Three additional samples were used for testing. The RFR model was implemented in MATLAB with 500 
regression trees. On the test set, it achieved an RMSE of 0.204 µm and an R² of 0.55, with an average absolute 
error of 2.11%. The average error across all 17 samples remained below 10%. These results confirm that 
Random Forest is a reliable and interpretable method for modelling surface roughness in laser cutting, 
especially when working with limited and non-linear experimental data. 
 
Keywords: Surface Roughness, Laser Cutting, Random Forest Regression, Machine Learning, Predictive 
Modeling. 
 

мΦ Lb¢wh5¦/¢Lhb  

¢ƘŜ [ŀǎŜǊ ǇǊƻŎŜǎǎƛƴƎ Ƙŀǎ ōŜŎƻƳŜ ƻƴŜ ƻŦ 
ǘƘŜ Ƴƻǎǘ ǾŜǊǎŀǝƭŜ ŀƴŘ ǿƛŘŜƭȅ ǳǎŜŘ ǘŜŎƘƴƛǉǳŜǎ 
ƛƴ ƳƻŘŜǊƴ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ŀǎ ƛǘ Ŏŀƴ ǇǊƻŎŜǎǎ ŀ 
ǿƛŘŜ ǊŀƴƎŜ ƻŦ ƳŀǘŜǊƛŀƭǎ ǿƛǘƘ ƘƛƎƘ ǇǊŜŎƛǎƛƻƴ 
ŀƴŘ ƅŜȄƛōƛƭƛǘȅΦ 5ŜǎǇƛǘŜ ƛǘǎ ǎƻǇƘƛǎǝŎŀǝƻƴΣ 
ƳƻŘŜƭƭƛƴƎ ŀƴŘ ǇǊŜŘƛŎǝƴƎ ǘƘŜ ƻǳǘŎƻƳŜǎ ƻŦ 
ƭŀǎŜǊ ǇǊƻŎŜǎǎŜǎ ǊŜƳŀƛƴǎ ŀ ŎƘŀƭƭŜƴƎŜ ŘǳŜ ǘƻ ǘƘŜ 
ƘƛƎƘƭȅ ƴƻƴƭƛƴŜŀǊ ŀƴŘ ƳǳƭǝǾŀǊƛŀǘŜ ƴŀǘǳǊŜ ƻŦ 
ƭƛƎƘǘςƳŀǧŜǊ ƛƴǘŜǊŀŎǝƻƴǎ ώмϐΦ Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ 
ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ όa[ύ Ƙŀǎ ŜƳŜǊƎŜŘ ŀǎ ŀ 
ǇƻǿŜǊŦǳƭ ǘƻƻƭ ŦƻǊ ƳƻŘŜƭƭƛƴƎ ǎǳŎƘ ŎƻƳǇƭŜȄ 
ƛƴǘŜǊŀŎǝƻƴǎ ŀƴŘ ƻũŜǊǎ ŀ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎπ

ōŀǎŜŘ ŀƭǘŜǊƴŀǝǾŜ ǘƻ ǘǊŀŘƛǝƻƴŀƭ ǇƘȅǎƛŎǎπōŀǎŜŘ 
ŀǇǇǊƻŀŎƘŜǎ ώнϐΦ 

±ŀǊƛƻǳǎ ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ a[ ƛƴ ƭŀǎŜǊ 
ǇǊƻŎŜǎǎƛƴƎ ƘŀǾŜ ǎƘƻǿƴ ǇǊƻƳƛǎƛƴƎ ǊŜǎǳƭǘǎΣ 
ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ ǇǊŜŘƛŎǝƻƴ ƻŦ ǎǳǊŦŀŎŜ ǉǳŀƭƛǘȅ 
ǇŀǊŀƳŜǘŜǊǎ ǎǳŎƘ ŀǎ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎΣ ƪŜǊŦ 
ǿƛŘǘƘ ŀƴŘ ƘŜŀǘπŀũŜŎǘŜŘ ȊƻƴŜǎΦ CƻǊ ŜȄŀƳǇƭŜΣ 
ŘŜŜǇ ƭŜŀǊƴƛƴƎ ƳƻŘŜƭǎ ƘŀǾŜ ǎƘƻǿƴ ǘƘŜƛǊ 
ǇƻǘŜƴǝŀƭ ŦƻǊ ōƻǘƘ ƴǳƳŜǊƛŎŀƭ ǇǊŜŘƛŎǝƻƴ ŀƴŘ 
Ǿƛǎǳŀƭ ǎƛƳǳƭŀǝƻƴ ƻŦ ƭŀǎŜǊπŎǳǘ ǎǳǊŦŀŎŜǎΣ 
ƛƳǇǊƻǾƛƴƎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ǇǊƻŎŜǎǎ 
ƳƻƴƛǘƻǊƛƴƎ ώмϐΦ {ƛƳƛƭŀǊƭȅΣ ǊŀƴŘƻƳ ŦƻǊŜǎǘ ōŀǎŜŘ 
ƳƻŘŜƭǎ ƘŀǾŜ ōŜŜƴ ǎǳŎŎŜǎǎŦǳƭƭȅ ǳǎŜŘ ǘƻ ǇǊŜŘƛŎǘ 
ƎǊƻƻǾŜ ƎŜƻƳŜǘǊȅ ŀƴŘ ǉǳŀƭƛǘȅ ƛƴ ŎƛǊŎǳƭŀǊ ƭŀǎŜǊ 
ƎǊƻƻǾƛƴƎ ǇǊƻŎŜǎǎŜǎΣ ǇǊƻǾƛŘƛƴƎ ǾŀƭǳŀōƭŜ 
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 ΦΞ 

ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ Ƴƻǎǘ ƛƴƅǳŜƴǝŀƭ ǇǊƻŎŜǎǎ 
ǇŀǊŀƳŜǘŜǊǎ ώоϐΦ 

{ǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ όwŀύΣ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ 
ƛƳǇƻǊǘŀƴǘ ǉǳŀƭƛǘȅ ƛƴŘƛŎŀǘƻǊǎ ƛƴ ƭŀǎŜǊ ŎǳǩƴƎΣ 
Ƙŀǎ ōŜŜƴ ǘƘŜ ǎǳōƧŜŎǘ ƻŦ ƴǳƳŜǊƻǳǎ ǎǘǳŘƛŜǎΦ 
LƳŀƎŜπōŀǎŜŘ ǉǳŀƴǝŬŎŀǝƻƴ ƻŦ ǊƻǳƎƘƴŜǎǎ 
ǳǎƛƴƎ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎ Ƙŀǎ ōŜŜƴ ƛƴǾŜǎǝƎŀǘŜŘ 
ŀǎ ŀ ŦŀǎǘΣ ƴƻƴπŎƻƴǘŀŎǘ ŀƭǘŜǊƴŀǝǾŜ ǘƻ 
ŎƻƴǾŜƴǝƻƴŀƭ ǇǊƻŬƭƻƳŜǘǊȅΦ  

IƻǿŜǾŜǊΣ ǾŀƭƛŘŀǝƻƴ ŦƻǊ ŘƛũŜǊŜƴǘ ƳŀǘŜǊƛŀƭ 
ǘȅǇŜǎ ƛǎ ǎǝƭƭ ǊŜǉǳƛǊŜŘ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ǳǎŜ ώпϐΦ 
tǊŜŘƛŎǝǾŜ ƳƻŘŜƭƭƛƴƎ Ƙŀǎ ŀƭǎƻ ōŜŜƴ ŀǇǇƭƛŜŘ ƛƴ 
ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ŦǳƴŎǝƻƴŀƭ ƭŀǎŜǊ ǎǳǊŦŀŎŜ 
ǘŜȄǘǳǊƛƴƎ ό[{¢ύΣ ǿƘŜǊŜ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ ŀƴŘ 
ǘƻǇƻƎǊŀǇƘȅ ŀǊŜ ŎƭƻǎŜƭȅ ƭƛƴƪŜŘ ǘƻ ŦǳƴŎǝƻƴŀƭ 
ǇǊƻǇŜǊǝŜǎ ǎǳŎƘ ŀǎ ǿŜǧŀōƛƭƛǘȅ ŀƴŘ 
ōƛƻŎƻƳǇŀǝōƛƭƛǘȅ ώрϐΦ 

{ŜǾŜǊŀƭ ǊŜǎŜŀǊŎƘ ŜũƻǊǘǎ ƘŀǾŜ ŦƻŎǳǎŜŘ ƻƴ 
ƛƳǇǊƻǾƛƴƎ ǘƘŜ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ƻǇǝƳƛǎŀǝƻƴ 
ǎǘǊŀǘŜƎƛŜǎ ƻŦ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ƳƻŘŜƭǎΣ ƛƴ 
ǇŀǊǝŎǳƭŀǊ ŀǊǝŬŎƛŀƭ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎ ό!bbǎύΣ ǘƻ 
ƻōǘŀƛƴ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ǇǊŜŘƛŎǝƻƴǎ ƻŦ ǎǳǊŦŀŎŜ 
ǉǳŀƭƛǘȅΦ Lǘ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƘŀǘ ǘƘŜ 
ƻǇǝƳƛǎŀǝƻƴ ƻŦ !bb ƘȅǇŜǊπǇŀǊŀƳŜǘŜǊǎ ǳǎƛƴƎ 
¢ŀƎǳŎƘƛ ƳŜǘƘƻŘǎ Ŏŀƴ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƳǇǊƻǾŜ ǘƘŜ 
ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǊƻǳƎƘƴŜǎǎ ǇǊŜŘƛŎǝƻƴ ƳƻŘŜƭǎ 
ŦƻǊ ǘƘŜǊƳƻǇƭŀǎǝŎ ǎƘŜŜǘǎ ώсϐΦ Lƴ ŀŘŘƛǝƻƴΣ 
ƘȅōǊƛŘ ŀƴŘ ŜƴǎŜƳōƭŜ ŀǇǇǊƻŀŎƘŜǎ τ ǎǳŎƘ ŀǎ 
ŎƻƳōƛƴƛƴƎ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎ ǿƛǘƘ ƻǇǝƳƛǎŀǝƻƴ 
ŀƭƎƻǊƛǘƘƳǎ όŜΦƎΦ I²hΣ t{hύ ƘŀǾŜ ǎƘƻǿƴ 
ƘƛƎƘŜǊ ŀŎŎǳǊŀŎȅ ƛƴ ǇǊŜŘƛŎǝƴƎ ƪŜǊŦ ŘŜǾƛŀǝƻƴǎ ƛƴ 
/hн ƭŀǎŜǊ ŎǳǩƴƎ ƻŦ ǇƻƭȅƳŜǊ ƳŀǘŜǊƛŀƭǎ ώмϐΦ 

Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ƳŜǘŀƭ ƳŀǘǊƛȄ ŎƻƳǇƻǎƛǘŜǎΣ 
a[ ŀƭƎƻǊƛǘƘƳǎ ǎǳŎƘ ŀǎ !bb ŀƴŘ ƪπƴŜŀǊŜǎǘ 
ƴŜƛƎƘōƻǳǊǎ όYbbύ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ǘƻ ƛƳǇǊƻǾŜ 
ǎǳǊŦŀŎŜ ŬƴƛǎƘ ƛƴ ǇǳƭǎŜŘ /hн ƭŀǎŜǊ ŎǳǩƴƎΣ ǿƛǘƘ 
Ybb ǎƘƻǿƛƴƎ ǎƭƛƎƘǘƭȅ ōŜǧŜǊ ŀŎŎǳǊŀŎȅ ǘƘŀƴ 
!bb ώтϐΦ {ƛƳƛƭŀǊƭȅΣ !bb ŀƴŘ ƻǘƘŜǊ ŎƭŀǎǎƛŎŀƭ a[ 
ŀƭƎƻǊƛǘƘƳǎ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ ǘƻ ōŜ ŜũŜŎǝǾŜ ƛƴ 
ǇǊŜŘƛŎǝƴƎ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ ƛƴ ŘƛŀƳƻƴŘ 
ƳŀŎƘƛƴƛƴƎ ƻŦ ōƻǘƘ ōǊƛǧƭŜ ŀƴŘ ŘǳŎǝƭŜ 
ƳŀǘŜǊƛŀƭǎΣ ǇǊƻǾƛƴƎ ǘƘŜƛǊ ǊƻōǳǎǘƴŜǎǎ ŜǾŜƴ ǿƘŜƴ 
ǿƻǊƪƛƴƎ ǿƛǘƘ ǎƳŀƭƭ Řŀǘŀ ǎŜǘǎ ώоϐΦ 

Lƴ ŀŘŘƛǝƻƴ ǘƻ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎΣ ƳŀŎƘƛƴŜ 
ƭŜŀǊƴƛƴƎ Ƙŀǎ ŀƭǎƻ ōŜŜƴ ǳǎŜŘ ǘƻ ǇǊŜŘƛŎǘ ǎŜǾŜǊŀƭ 
ǉǳŀƭƛǘȅ ƛƴŘƛŎŀǘƻǊǎΣ ƛƴŎƭǳŘƛƴƎ ƪŜǊŦ ǿŀǾƛƴŜǎǎ ŀƴŘ 

ƘŜŀǘπŀũŜŎǘŜŘ ȊƻƴŜ όI!½ύΣ ŀǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ōȅ 
ǘƘŜ ǎǳŎŎŜǎǎŦǳƭ ŀǇǇƭƛŎŀǝƻƴ ƻŦ 9[a ŀƴŘ wŀƴŘƻƳ 
CƻǊŜǎǘ ƳƻŘŜƭǎ ƛƴ ƭŀǎŜǊ ŎǳǩƴƎ ƻŦ ǎƛƭƛŎƻƴ ǎǘŜŜƭ 
ώуϐΦ ¢ƘŜǎŜ ǎǘǳŘƛŜǎ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ōŜƴŜŬǘǎ ƻŦ a[ 
ƛƴ ƳǳƭǝπǊŜǎǇƻƴǎŜ ƳƻŘŜƭƭƛƴƎΣ ǿƘŜǊŜ ŎƻƳǇƭŜȄ 
ƛƴǘŜǊŀŎǝƻƴǎ ōŜǘǿŜŜƴ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ 
ƻǳǘŎƻƳŜ ǉǳŀƭƛǘȅ ƴŜŜŘ ǘƻ ōŜ ŎŀǇǘǳǊŜŘ 
ǎƛƳǳƭǘŀƴŜƻǳǎƭȅΦ 

hǾŜǊŀƭƭΣ ǘƘŜǎŜ ŜũƻǊǘǎ ŜƳǇƘŀǎƛǎŜ ǘƘŜ 
ƎǊƻǿƛƴƎ ŀŘƻǇǝƻƴ ƻŦ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ƛƴ ƭŀǎŜǊπ
ōŀǎŜŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ǿƛǘƘ ŀ ǘǊŜƴŘ ǘƻǿŀǊŘ 
ƛƴǘŜǊǇǊŜǘŀōƭŜΣ ŀŎŎǳǊŀǘŜΣ ŀƴŘ ŘŀǘŀπŜŶŎƛŜƴǘ 
ƳƻŘŜƭǎΦ .ǳƛƭŘƛƴƎ ƻƴ ǘƘƛǎ ŦƻǳƴŘŀǝƻƴΣ ǘƘŜ 
ǇǊŜǎŜƴǘ ǎǘǳŘȅ ƛƴǾŜǎǝƎŀǘŜǎ ǘƘŜ ǳǎŜ ƻŦ wŀƴŘƻƳ 
CƻǊŜǎǘ wŜƎǊŜǎǎƛƻƴ ŦƻǊ ǇǊŜŘƛŎǝƴƎ ǎǳǊŦŀŎŜ 
ǊƻǳƎƘƴŜǎǎ ƛƴ ŬōǊŜ ƭŀǎŜǊ ŎǳǩƴƎ ƻŦ 9b млмол 
ǎǘŜŜƭΦ ¦ƴƭƛƪŜ Ƴŀƴȅ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ǘƘŀǘ ǊŜƭȅ 
ƻƴ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎ ƻǊ ŎƻƳǇƭŜȄ ƘȅōǊƛŘ 
ŀǇǇǊƻŀŎƘŜǎΣ ǘƘƛǎ ǿƻǊƪ ŜǾŀƭǳŀǘŜǎ ǘƘŜ ŎŀǇŀōƛƭƛǘȅ 
ƻŦ ǊŀƴŘƻƳ ŦƻǊŜǎǘǎ ŀǎ ŀ ǎǘŀƴŘŀƭƻƴŜ ƳŜǘƘƻŘΣ 
ǇŀǊǝŎǳƭŀǊƭȅ ƛƴ ǎŎŜƴŀǊƛƻǎ ǿƛǘƘ ƭƛƳƛǘŜŘ 
ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŀǘŀΦ ¢ƘŜ ƳƻŘŜƭ ƛǎ ǘǊŀƛƴŜŘ ƻƴ ŀ 
ǎǳōǎŜǘ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎǳƭǘǎ ŀƴŘ ǘŜǎǘŜŘ ƻƴ 
ƛƴŘŜǇŜƴŘŜƴǘ ǎŀƳǇƭŜǎ ǘƻ ŀǎǎŜǎǎ ƛǘǎ 
ƎŜƴŜǊŀƭƛǎŀǝƻƴ ŀōƛƭƛǘȅΦ tǊŜŘƛŎǝǾŜ ǇŜǊŦƻǊƳŀƴŎŜ 
ƛǎ ǊŜǇƻǊǘŜŘ ǳǎƛƴƎ wa{9 ŀƴŘ wчΣ ǿƘƛƭŜ ǘƘŜ 
ǇŜǊŎŜƴǘŀƎŜ ŜǊǊƻǊ ƛǎ ŀƴŀƭȅǎŜŘ ǘƻ ǊŜƅŜŎǘ ǘƘŜ 
ǇǊŀŎǝŎŀƭ ŀŎŎǳǊŀŎȅ ǊŜǉǳƛǊŜŘ ƛƴ ƛƴŘǳǎǘǊƛŀƭ 
ŀǇǇƭƛŎŀǝƻƴǎΦ 

нΦ a9¢Ih5h[hD¸ !b5 a9¢Ih5{ 

wŀƴŘƻƳ CƻǊŜǎǘ όwCύ ƛǎ ŀ ƴƻƴπǇŀǊŀƳŜǘǊƛŎ 
ŜƴǎŜƳōƭŜ ƭŜŀǊƴƛƴƎ ǘŜŎƘƴƛǉǳŜ ƛƴǘǊƻŘǳŎŜŘ ōȅ 
.ǊŜƛƳŀƴ ώфϐΣ ǿƘƛŎƘ ŎƻƴǎǘǊǳŎǘǎ ƳǳƭǝǇƭŜ 
ŘŜŎƛǎƛƻƴ ǘǊŜŜǎ ŀƴŘ ŀƎƎǊŜƎŀǘŜǎ ǘƘŜƛǊ 
ǇǊŜŘƛŎǝƻƴǎ ǘƻ ŜƴƘŀƴŎŜ ŀŎŎǳǊŀŎȅ ŀƴŘ ǊŜŘǳŎŜ 
ƻǾŜǊŬǩƴƎΦ ¢Ƙƛǎ όwCύ ƛǎ ŀ ƴƻƴπǇŀǊŀƳŜǘǊƛŎ 
ŜƴǎŜƳōƭŜ ƭŜŀǊƴƛƴƎ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ ŎƻƴǎǘǊǳŎǘǎ 
ƳǳƭǝǇƭŜ ŘŜŎƛǎƛƻƴ ǘǊŜŜǎ ŀƴŘ ŀƎƎǊŜƎŀǘŜǎ ǘƘŜƛǊ 
ǇǊŜŘƛŎǝƻƴǎ ǘƻ ŜƴƘŀƴŎŜ ŀŎŎǳǊŀŎȅ ŀƴŘ ǊŜŘǳŎŜ 
ƻǾŜǊŬǩƴƎΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ wC ǿŀǎ ǎŜƭŜŎǘŜŘ ŘǳŜ 
ǘƻ ƛǘǎ ŎŀǇŀōƛƭƛǘȅ ǘƻΥ 

¶ aƻŘŜƭ ƴƻƴƭƛƴŜŀǊ ǊŜƭŀǝƻƴǎƘƛǇǎ ǿƛǘƘƻǳǘ 
ǊŜǉǳƛǊƛƴƎ ǇǊƛƻǊ ŀǎǎǳƳǇǝƻƴǎΣ 

¶ tǊƻǾƛŘŜ ƛƴǘŜǊƴŀƭ ŜǎǝƳŀǘŜǎ ƻŦ ŦŜŀǘǳǊŜ 
ƛƳǇƻǊǘŀƴŎŜΣ ŀƴŘ 
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 ΦΟ 

¶ 5ŜƳƻƴǎǘǊŀǘŜ ǎǘǊƻƴƎ ƎŜƴŜǊŀƭƛȊŀǝƻƴ 
ǇŜǊŦƻǊƳŀƴŎŜ ƻƴ ǎƳŀƭƭ ŘŀǘŀǎŜǘǎΦ 

¢ƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŀǘŀǎŜǘ ŎƻƴǎƛǎǘŜŘ ƻŦ мт 
ǎŀƳǇƭŜǎ ƻōǘŀƛƴŜŘ ǘƘǊƻǳƎƘ ŀ .ƻȄπ.ŜƘƴƪŜƴ 
ŘŜǎƛƎƴΣ ǿƛǘƘ ǘƘǊŜŜ ƛƴǇǳǘ ǇŀǊŀƳŜǘŜǊǎΥ 

¶ /ǳǩƴƎ ǎǇŜŜŘ όǾύ ώƳκƳƛƴϐΣ 

¶ [ŀǎŜǊ ǇƻǿŜǊ όtǿύ ώ҈ ƻŦ ƳŀŎƘƛƴŜ 
ŎŀǇŀŎƛǘȅϐΣ 

¶ !ǎǎƛǎǘ Ǝŀǎ ǇǊŜǎǎǳǊŜ όtύ ώōŀǊϐΦ 

¢ƘŜ ǘŀǊƎŜǘ ƻǳǘǇǳǘ ǿŀǎ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ 
όwŀύΣ ŜȄǇǊŜǎǎŜŘ ƛƴ ƳƛŎǊƻƳŜǘŜǊǎ όҡƳύΣ ŀƴŘ 
ŜǾŀƭǳŀǘŜŘ ǳǎƛƴƎ ŀ aƛǘǳǘƻȅƻ {ǳǊƊŜǎǘ {Wπнмл 
ǇǊƻŬƭƻƳŜǘŜǊΦ ¢ƘŜ ƭŀǎŜǊπŎǳǘ ŜŘƎŜ ǘȅǇƛŎŀƭƭȅ 
Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘǊŜŜ ȊƻƴŜǎΥ ǘƘŜ ŜƴǘǊȅ ȊƻƴŜΣ ŀ 
ǎƳƻƻǘƘ ŎŜƴǘǊŀƭ ȊƻƴŜΣ ŀƴŘ ŀ ǊƻǳƎƘ ōƻǧƻƳ 
ȊƻƴŜΦ tŀǊǝŎǳƭŀǊ ŀǧŜƴǝƻƴ ǿŀǎ ƎƛǾŜƴ ǘƻ ǘƘŜ 
ǊƻǳƎƘ ȊƻƴŜΣ ŀǎ ƛǘǎ ǿƛŘǘƘ ƛǎ ŀ ǎŜƴǎƛǝǾŜ ƛƴŘƛŎŀǘƻǊ 
ƻŦ Ŏǳǘ ǉǳŀƭƛǘȅ ŀƴŘ ǇǊƻŎŜǎǎ ǎǘŀōƛƭƛǘȅΦ 

¢ƘŜ ƻǾŜǊŀƭƭ ǿƻǊƪƅƻǿ ƻŦ ǘƘŜ ƳƻŘŜƭƛƴƎ 
ǇǊƻŎŜǎǎ ƛǎ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ CƛƎǳǊŜ нΦ ¢ƘŜ 
ǇǊƻŎŜŘǳǊŜ ōŜƎŀƴ ǿƛǘƘ Řŀǘŀ ǇǊŜǇŀǊŀǝƻƴΣ 
ǿƘŜǊŜ мт ŜȄǇŜǊƛƳŜƴǘŀƭ ǎŀƳǇƭŜǎ ǿŜǊŜ 
ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘǊŜŜ ǇǊƛƳŀǊȅ ǇǊƻŎŜǎǎ 
ǇŀǊŀƳŜǘŜǊǎΥ ŎǳǩƴƎ ǎǇŜŜŘ όǾύΣ ƭŀǎŜǊ ǇƻǿŜǊ 
όtǿύΣ ŀƴŘ ŀǎǎƛǎǘ Ǝŀǎ ǇǊŜǎǎǳǊŜ όtύΦ ¢ƻ ŜƴƘŀƴŎŜ 
ƳƻŘŜƭ ŜȄǇǊŜǎǎƛǾŜƴŜǎǎ ŀƴŘ ŎŀǇǘǳǊŜ ǇƻǘŜƴǝŀƭ 
ƴƻƴƭƛƴŜŀǊ ƛƴǘŜǊŀŎǝƻƴǎΣ ǘǿƻ ŜƴƎƛƴŜŜǊŜŘ 
ŦŜŀǘǳǊŜǎ ǿŜǊŜ ƛƴǘǊƻŘǳŎŜŘΥ ǘƘŜ Ǌŀǝƻ ƻŦ ŎǳǩƴƎ 
ǎǇŜŜŘ ǘƻ ǇǊŜǎǎǳǊŜ όǾκtύΣ ǊŜǇǊŜǎŜƴǝƴƎ ƳŀǘŜǊƛŀƭ 
ǊŜƳƻǾŀƭ ŜŶŎƛŜƴŎȅΣ ŀƴŘ ǘƘŜ ǇǊƻŘǳŎǘ ƻŦ ǇƻǿŜǊ 
ŀƴŘ ǇǊŜǎǎǳǊŜ όtǿϊtύΣ ǊŜƅŜŎǝƴƎ ǘƘŜ ŎƻƳōƛƴŜŘ 
ǘƘŜǊƳŀƭ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ƛƴƅǳŜƴŎŜ ƻƴ ƳŜƭǘ 
ŜȄǇǳƭǎƛƻƴΦ ¢ƘŜ ŘŀǘŀǎŜǘ ǿŀǎ ǘƘŜƴ ǎǇƭƛǘ ƛƴǘƻ ŀ 
ǘǊŀƛƴƛƴƎ ǎŜǘ ƻŦ мп ǎŀƳǇƭŜǎ ŀƴŘ ŀ ǘŜǎǘ ǎŜǘ 
ŎƻƴǎƛǎǝƴƎ ƻŦ ǎŀƳǇƭŜǎ bƻΦ пΣ тΣ ŀƴŘ мнΦ ! 
wŀƴŘƻƳ CƻǊŜǎǘ wŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭ ǿŀǎ ǘǊŀƛƴŜŘ 
ǳǎƛƴƎ ǘƘŜ ǘǊŀƛƴƛƴƎ ŘŀǘŀΣ ŜƳǇƭƻȅƛƴƎ рлл 
ŘŜŎƛǎƛƻƴ ǘǊŜŜǎ ǿƛǘƘ ŬȄŜŘ ƳŀȄƛƳǳƳ ŘŜǇǘƘ ŀƴŘ 
ōƻƻǘǎǘǊŀǇ ǎŀƳǇƭƛƴƎΦ hƴŎŜ ǘǊŀƛƴŜŘΣ ǘƘŜ ƳƻŘŜƭ 
ǿŀǎ ŀǇǇƭƛŜŘ ǘƻ ǇǊŜŘƛŎǘ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ όwŀύ 
ŦƻǊ ǘƘŜ ǘŜǎǘ ǎŀƳǇƭŜǎΦ tŜǊŦƻǊƳŀƴŎŜ ƳŜǘǊƛŎǎ 
ƛƴŎƭǳŘŜŘ Ǌƻƻǘ ƳŜŀƴ ǎǉǳŀǊŜ ŜǊǊƻǊ όwa{9ύΣ 
ŎƻŜŶŎƛŜƴǘ ƻŦ ŘŜǘŜǊƳƛƴŀǝƻƴ όwчύΣ ŀƴŘ 
ǇŜǊŎŜƴǘŀƎŜ ŜǊǊƻǊΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǾŀǊƛŀōƭŜ 
ƛƳǇƻǊǘŀƴŎŜ ŀƴŀƭȅǎƛǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǘƻ 

ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǊŜƭŀǝǾŜ ƛƴƅǳŜƴŎŜ ƻŦ ŜŀŎƘ ƛƴǇǳǘ 
ŦŜŀǘǳǊŜ ƻƴ ǘƘŜ ǇǊŜŘƛŎǝƻƴ ƻǳǘŎƻƳŜΦ 

Lƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜ ƻǊƛƎƛƴŀƭ ǇǊƻŎŜǎǎ 
ǇŀǊŀƳŜǘŜǊǎΣ ǘǿƻ ŜƴƎƛƴŜŜǊŜŘ ŦŜŀǘǳǊŜǎ όǾκt ŀƴŘ 
tǿϊtύ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ǘƻ ŎŀǇǘǳǊŜ ǇƻǘŜƴǝŀƭ 
ƛƴǘŜǊŀŎǝƻƴǎ ŀƴŘ ƴƻƴƭƛƴŜŀǊ ŜũŜŎǘǎ ǘƘŀǘ Ƴŀȅ 
ƛƴƅǳŜƴŎŜ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎΦ ¢ǿƻ ŀŘŘƛǝƻƴŀƭ 
ŦŜŀǘǳǊŜǎ ǿŜǊŜ ŜƴƎƛƴŜŜǊŜŘ ǘƻ ŜƴǊƛŎƘ ǘƘŜ ƳƻŘŜƭΥ 

¶ ǘƘŜ Ǌŀǝƻ ƻŦ ŎǳǩƴƎ ǎǇŜŜŘ ǘƻ Ǝŀǎ 
ǇǊŜǎǎǳǊŜ όǾκtύΣ ŀƴŘ 

¶ ǘƘŜ ǇǊƻŘǳŎǘ ƻŦ ƭŀǎŜǊ ǇƻǿŜǊ ŀƴŘ 
ǇǊŜǎǎǳǊŜ όtǿϊtύΦ 

!ƭƭ ŦŜŀǘǳǊŜǎ ǿŜǊŜ ǳǎŜŘ ǿƛǘƘƻǳǘ 
ƴƻǊƳŀƭƛȊŀǝƻƴΣ ŀǎ wŀƴŘƻƳ CƻǊŜǎǘ ƳƻŘŜƭǎ ŀǊŜ 
ƛƴǾŀǊƛŀƴǘ ǘƻ ǎŎŀƭƛƴƎΦ ¢ƘŜ ƻǾŜǊŀƭƭ ƳƻŘŜƭƛƴƎ 
ǇǊƻŎŜŘǳǊŜ ƛǎ ǎǳƳƳŀǊƛȊŜŘ ƛƴ CƛƎǳǊŜ мΦ ¢ƘŜ 
ǿƻǊƪƅƻǿ ƛƴŎƭǳŘŜǎ Řŀǘŀ ǇǊŜǇǊƻŎŜǎǎƛƴƎΣ ŦŜŀǘǳǊŜ 
ŜƴƎƛƴŜŜǊƛƴƎΣ ƳƻŘŜƭ ǘǊŀƛƴƛƴƎ ǳǎƛƴƎ wŀƴŘƻƳ 
CƻǊŜǎǘ wŜƎǊŜǎǎƛƻƴΣ ŀƴŘ ŜǾŀƭǳŀǝƻƴ ǳǎƛƴƎ ǘƘǊŜŜ 
ƘŜƭŘπƻǳǘ ǘŜǎǘ ǎŀƳǇƭŜǎΦ 

 

CƛƎǳǊŜ мΦ ²ƻǊƪƅƻǿ ƻŦ ǘƘŜ wCw ƳƻŘŜƭƛƴƎ ǇǊƻŎŜǎǎ 
ŦƻǊ ǇǊŜŘƛŎǝƴƎ wŀ ƛƴ ƭŀǎŜǊ ŎǳǩƴƎΦ 

aƻŘŜƭ ǘǊŀƛƴƛƴƎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƻƴ ǘƘŜ мпπ
ǎŀƳǇƭŜ ǘǊŀƛƴƛƴƎ ǎǳōǎŜǘΦ tǊŜŘƛŎǝǾŜ ǇŜǊŦƻǊƳŀπ
ƴŎŜ ǿŀǎ ŜǾŀƭǳŀǘŜŘ ƻƴ ǘƘŜ ǊŜƳŀƛƴƛƴƎ о ǘŜǎǘ 
ǎŀƳǇƭŜǎ ōȅ ŎŀƭŎǳƭŀǝƴƎΥ 

¶ wƻƻǘ aŜŀƴ {ǉǳŀǊŜ 9ǊǊƻǊ όwa{9ύ ς 

ƛƴŘƛŎŀǝƴƎ ǘƘŜ ŀǾŜǊŀƎŜ ŘŜǾƛŀǝƻƴ 

ōŜǘǿŜŜƴ ǇǊŜŘƛŎǘŜŘ ŀƴŘ ŀŎǘǳŀƭ ǾŀƭǳŜǎΣ 

¶ /ƻŜŶŎƛŜƴǘ ƻŦ 5ŜǘŜǊƳƛƴŀǝƻƴ όwчύ ς 
ƳŜŀǎǳǊƛƴƎ ǘƘŜ ǇǊƻǇƻǊǝƻƴ ƻŦ ƻǳǘǇǳǘ 
ǾŀǊƛŀƴŎŜ ŎŀǇǘǳǊŜŘ ōȅ ǘƘŜ ƳƻŘŜƭΣ 
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 ΦΠ 

¶ !ōǎƻƭǳǘŜ ǇŜǊŎŜƴǘŀƎŜ ŜǊǊƻǊ ό!t9ύ ς ǳǎŜŘ 
ǘƻ ƛƴǘŜǊǇǊŜǘ ǇǊŜŘƛŎǝƻƴ ŀŎŎǳǊŀŎȅ ŦǊƻƳ 
ŀƴ ŜƴƎƛƴŜŜǊƛƴƎ ǎǘŀƴŘǇƻƛƴǘΦ 

¢ŀōƭŜ мΦ 9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ wŀƴŘƻƳ CƻǊŜǎǘ 

ǇǊŜŘƛŎǘŜŘ wŀ ŦƻǊ ǘƘŜ .ƻȄς.ŜƘƴƪŜƴ ŘŜǎƛƎƴ 

bƻΦ 

LƴǇǳǘ ŦŀŎǘƻǊǎ hǳǘǇǳǘ 9ǊǊƻǊ 

Ǿ 

ώƳκƳƛƴϐ 

tǿ 

ώ҈ϐ 

t 

ώōŀǊϐ 

wŀ 

ώҡƳϐ 
wCD 

9 

ώ҈ϐ 

мΦ лΦфл улΦлл мΦмл оΦмрм нΦфпо сΦсл҈ 

нΦ мΦол улΦлл мΦмл оΦффп оΦсмо фΦрн҈ 

оΦ лΦфл ууΦлл мΦмл нΦрпм нΦпст нΦфм҈ 

пΦ ǘ мΦол ууΦлл мΦмл нΦфрм оΦллт мΦфл҈ 

рΦ лΦфл упΦлл мΦлл нΦофф нΦпрл нΦмо҈ 

сΦ мΦол упΦлл мΦлл нΦрур нΦумр уΦуф҈ 

тΦ ǘ лΦфл упΦлл мΦнл нΦопн нΦоус мΦуу҈ 

уΦ мΦол упΦлл мΦнл оΦонл оΦлрп уΦлм҈ 

фΦ мΦмл улΦлл мΦлл нΦпфо нΦсут тΦту҈ 

млΦ мΦмл ууΦлл мΦлл нΦтут нΦрфс сΦус҈ 

ммΦ мΦмл улΦлл мΦнл нΦсфл нΦсфн лΦлт҈ 

мнΦǘ  мΦмл ууΦлл мΦнл нΦнсф нΦонт нΦрс҈ 

моΦ мΦмл упΦлл мΦмл мΦфсп нΦлут сΦнт҈ 

мпΦ мΦмл упΦлл мΦмл нΦлнр нΦлут оΦлс҈ 

мрΦ мΦмл упΦлл мΦмл нΦмрф нΦлут оΦоо҈ 

мсΦ мΦмл упΦлл мΦмл нΦмуу нΦлут пΦсм҈ 

мтΦ мΦмл упΦлл мΦмл нΦлфф нΦлут лΦрт҈ 

 

Lƴ ŀŘŘƛǝƻƴΣ ǇǊŜŘƛŎǝƻƴǎ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ŦƻǊ ŀƭƭ 
мт ǎŀƳǇƭŜǎ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ƳƻŘŜƭΩǎ ƻǾŜǊŀƭƭ 
ōŜƘŀǾƛƻǊΣ ŎƻƴŬǊƳƛƴƎ ŎƻƴǎƛǎǘŜƴǘ ŀŎŎǳǊŀŎȅ ǿƛǘƘ 
ƛƴŘƛǾƛŘǳŀƭ ŜǊǊƻǊǎ ǊŜƳŀƛƴƛƴƎ ōŜƭƻǿ мл҈Φ ¢ƻ 
ŦǳǊǘƘŜǊ ƛƴǘŜǊǇǊŜǘ ǘƘŜ ƳƻŘŜƭΣ ŀ ŦŜŀǘǳǊŜ 
ƛƳǇƻǊǘŀƴŎŜ ŀƴŀƭȅǎƛǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ǘƘŜ 

ǇǊŜŘƛŎǘƻǊLƳǇƻǊǘŀƴŎŜ ƳŜǘƘƻŘ ŀǾŀƛƭŀōƭŜ ƛƴ 
a!¢[!.Ωǎ ¢ǊŜŜ.ŀƎƎŜǊ ƛƳǇƭŜƳŜƴǘŀǝƻƴΦ  

¢Ƙƛǎ ǘŜŎƘƴƛǉǳŜ ǉǳŀƴǝŬŜǎ ǘƘŜ ǊŜƭŀǝǾŜ 
ŎƻƴǘǊƛōǳǝƻƴ ƻŦ ŜŀŎƘ ƛƴǇǳǘ ŦŜŀǘǳǊŜ ǘƻ ǘƘŜ 
ƳƻŘŜƭϥǎ ǇǊŜŘƛŎǝǾŜ ǇŜǊŦƻǊƳŀƴŎŜ ōȅ 
ŀƎƎǊŜƎŀǝƴƎ ǘƘŜ ǊŜŘǳŎǝƻƴ ƛƴ ǇǊŜŘƛŎǝƻƴ ŜǊǊƻǊ 
ŀŎǊƻǎǎ ŀƭƭ ŘŜŎƛǎƛƻƴ ǎǇƭƛǘǎ ƛƴǾƻƭǾƛƴƎ ǘƘŀǘ ŦŜŀǘǳǊŜΦ 
¢ƘŜ ǊŜǎǳƭǝƴƎ ǎŎƻǊŜǎ ǇǊƻǾƛŘŜ ƛƴǎƛƎƘǘ ƛƴǘƻ ǿƘƛŎƘ 
ǇŀǊŀƳŜǘŜǊǎ Ƴƻǎǘ ǎǘǊƻƴƎƭȅ ƛƴƅǳŜƴŎŜ ǎǳǊŦŀŎŜ 
ǊƻǳƎƘƴŜǎǎ ǇǊŜŘƛŎǝƻƴΦ 

 

оΦ w9{¦[¢{ !b5 5L{/¦{{Lhb 

wŀƴŘƻƳ CƻǊŜǎǘ wŜƎǊŜǎǎƛƻƴ όwCwύ Ƙŀǎ 
ǇǊƻǾŜƴ ǘƻ ōŜ ŀƴ ŜũŜŎǝǾŜ ƳŜǘƘƻŘ ŦƻǊ 
ƳƻŘŜƭƭƛƴƎ ŎƻƳǇƭŜȄ ƴƻƴƭƛƴŜŀǊ ǊŜƭŀǝƻƴǎƘƛǇǎ ƛƴ 
ŜƴƎƛƴŜŜǊƛƴƎ ŀǇǇƭƛŎŀǝƻƴǎΣ ŜǎǇŜŎƛŀƭƭȅ ǿƘŜƴ 
ǿƻǊƪƛƴƎ ǿƛǘƘ ƭƛƳƛǘŜŘ Řŀǘŀ ǎŜǘǎΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ŀƴ 
wCw ƳƻŘŜƭ ǿŀǎ ǘǊŀƛƴŜŘ ǳǎƛƴƎ мп ŜȄǇŜǊƛƳŜƴǘŀƭ 
ǎŀƳǇƭŜǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ŀ .ƻȄπ.ŜƘƴƪŜƴ ŘŜǎƛƎƴ 
ŀƴŘ ŀǇǇƭƛŜŘ ǘƻ ŬōǊŜ ƭŀǎŜǊ ŎǳǩƴƎ ƻŦ 9b млмол 
ǎǘŜŜƭΦ ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘǎ ǾŀǊƛŜŘ ǘƘǊŜŜ ǇǊƻŎŜǎǎ 
ǇŀǊŀƳŜǘŜǊǎΥ /ǳǩƴƎ ǎǇŜŜŘ όǾύΣ ƭŀǎŜǊ ǇƻǿŜǊ 
όtǿύ ŀƴŘ ŀǳȄƛƭƛŀǊȅ Ǝŀǎ ǇǊŜǎǎǳǊŜ όtύΦ ¢ƘŜ ƳƻŘŜƭ 
ǿŀǎ ǘŜǎǘŜŘ ƻƴ ǘƘǊŜŜ ǳƴǎŜŜƴ Řŀǘŀ Ǉƻƛƴǘǎ 
όǎŀƳǇƭŜǎ пΣ т ŀƴŘ мнύΦ 

 

CƛƎǳǊŜ нΦ wŀƴŘƻƳ CƻǊŜǎǘ ǇǊŜŘƛŎǝƻƴ ƻŦ wŀ ŦƻǊ ŀƭƭ 

мт ǎŀƳǇƭŜǎ όwa{9 Ґ лΦмсмл ҡƳΣ wч Ґ лΦфлноύΦ 

¢ƘŜ ǇǊŜŘƛŎǝƻƴǎ ŦƻǊ ŀƭƭ мт ǎŀƳǇƭŜǎ ŀǊŜ 
ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ н ŀƴŘ ǎƘƻǿ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ 
ōŜǘǿŜŜƴ ǘƘŜ ŀŎǘǳŀƭ ŀƴŘ ǇǊŜŘƛŎǘŜŘ ǎǳǊŦŀŎŜ 
ǊƻǳƎƘƴŜǎǎ όwŀύ ǾŀƭǳŜǎΦ ¢ƘŜ ƳƻŘŜƭ ŀŎƘƛŜǾŜŘ ŀ 
wƻƻǘ aŜŀƴ {ǉǳŀǊŜ 9ǊǊƻǊ όwa{9ύ ƻŦ лΦмсмл ҡƳ 
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 ΦΡ 

ŀƴŘ ŀ ŎƻŜŶŎƛŜƴǘ ƻŦ ŘŜǘŜǊƳƛƴŀǝƻƴ όwчύ ƻŦ 
лΦфлноΣ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ ƳƻǊŜ ǘƘŀƴ фл҈ ƻŦ 
ǘƘŜ ǾŀǊƛŀƴŎŜ ƛƴ wŀ ƛǎ ŜȄǇƭŀƛƴŜŘ ōȅ ǘƘŜ ƳƻŘŜƭΦ 
¢Ƙƛǎ ƘƛƎƘ ŘŜƎǊŜŜ ƻŦ ŀŎŎǳǊŀŎȅ ŎƻƴŬǊƳǎ ǘƘŜ 
ƳƻŘŜƭΩǎ ŀōƛƭƛǘȅ ǘƻ ƎŜƴŜǊŀƭƛǎŜ ǿŜƭƭ ŀŎǊƻǎǎ ǘƘŜ 
ŜƴǝǊŜ Řŀǘŀ ǎŜǘΦ 

¢ƻ ŦǳǊǘƘŜǊ ŜǾŀƭǳŀǘŜ ǊƻōǳǎǘƴŜǎǎΣ ǇǊŜŘƛŎǝƻƴǎ 
ǿŜǊŜ ƳŀŘŜ ŦƻǊ ŀ ƘƻƭŘπƻǳǘ ǘŜǎǘ ǎŜǘ ǘƘŀǘ ǿŀǎ ƴƻǘ 
ǳǎŜŘ ƛƴ ǘǊŀƛƴƛƴƎΦ CƛƎǳǊŜ о ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ǊŜǎǳƭǘǎ 
ŦƻǊ ǘƘŜǎŜ ǘŜǎǘ ǇŀǧŜǊƴǎ ǿƛǘƘ ŀƴ wa{9 ƻŦ лΦнлпп 
ҡƳ ŀƴŘ ŀƴ wч ƻŦ лΦрронΦ !ƭǘƘƻǳƎƘ ǘƘŜ wч ǾŀƭǳŜ 
ƛǎ ƭƻǿŜǊ ŘǳŜ ǘƻ ǘƘŜ ǎƳŀƭƭ ƴǳƳōŜǊ ƻŦ ǘŜǎǘ 
ǇƻƛƴǘǎΣ ŀƭƭ ǇǊŜŘƛŎǝƻƴ ŜǊǊƻǊǎ ǊŜƳŀƛƴŜŘ ōŜƭƻǿ 
мл҈Σ ǿƘƛŎƘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀŎŎŜǇǘŀōƭŜ ŦƻǊ 
ǘŜŎƘƴƛŎŀƭ ŀǇǇƭƛŎŀǝƻƴǎΦ ¢ƘŜ ŘǊƻǇ ƛƴ 
ǇŜǊŦƻǊƳŀƴŎŜ ƛƴ ǘƘŜ ǘŜǎǘ ǎŜǊƛŜǎ Ŏŀƴ ōŜ 
ŀǧǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǎŎŀǊŎƛǘȅ ƻŦ ŘŀǘŀΣ ōǳǘ ǘƘŜ 
ƳƻŘŜƭ ǎǝƭƭ ǎƘƻǿǎ ǊŜŀǎƻƴŀōƭŜ ǇǊŜŘƛŎǝǾŜ ǇƻǿŜǊ 
ŀƴŘ ƎŜƴŜǊŀƭƛǎŀǝƻƴ ŀōƛƭƛǘȅΦ 

 

CƛƎǳǊŜ оΦ tǊŜŘƛŎǝƻƴ ƻƴ ƘƻƭŘπƻǳǘ ǘŜǎǘ Řŀǘŀ 

όǎŀƳǇƭŜǎ пΣ тΣ мнύ όwa{9 Ґ лΦнлпп ҡƳΣ wч Ґ 

лΦрронύΦ 

hǾŜǊŀƭƭΣ ǘƘŜǎŜ ǊŜǎǳƭǘǎ ŎƻƴŬǊƳ ǘƘŀǘ wŀƴŘƻƳ 
CƻǊŜǎǘ ƛǎ ŀ ǎǳƛǘŀōƭŜ ƳŜǘƘƻŘ ŦƻǊ ǘƘŜ ǇǊŜŘƛŎǝƻƴ 
ƻŦ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ ƛƴ ƭŀǎŜǊ ŎǳǩƴƎΣ ǇǊƻǾƛŘƛƴƎ 
ƘƛƎƘ ŀŎŎǳǊŀŎȅ ŀƴŘ ǊƻōǳǎǘƴŜǎǎ ŜǾŜƴ ǿƛǘƘ ŀ 
ǎƳŀƭƭ ƴǳƳōŜǊ ƻŦ ǘǊŀƛƴƛƴƎ ǎŀƳǇƭŜǎΦ 

Lƴ ƻǊŘŜǊ ǘƻ ƛƴǘŜǊǇǊŜǘ ǘƘŜ ōŜƘŀǾƛƻǳǊ ƻŦ ǘƘŜ 
ƳƻŘŜƭ ŀƴŘ ŜǾŀƭǳŀǘŜ ǘƘŜ ŎƻƴǘǊƛōǳǝƻƴ ƻŦ ǘƘŜ 
ƛƴŘƛǾƛŘǳŀƭ ƛƴǇǳǘ ǇŀǊŀƳŜǘŜǊǎΣ ŀ Ƴŀƴǳŀƭ 
ŜǎǝƳŀǘŜ ƻŦ ǘƘŜ ǎƛƎƴƛŬŎŀƴŎŜ ƻŦ ǘƘŜ ŦŜŀǘǳǊŜǎ 
ǿŀǎ ƳŀŘŜΦ {ƛƴŎŜ ǘƘŜ ¢ǊŜŜ.ŀƎƎŜǊ ƻōƧŜŎǘ ƛƴ 
a!¢[!. ŘƻŜǎ ƴƻǘ ŘƛǊŜŎǘƭȅ ǎǳǇǇƻǊǘ 

ǇǊŜŘƛŎǘƻǊLƳǇƻǊǘŀƴŎŜΣ ŀ ǳǎŜǊπŘŜŬƴŜŘ ƳŜǘƘƻŘ 
ǿŀǎ ǳǎŜŘΦ ¢Ƙƛǎ ƳŜǘƘƻŘ ŎŀƭŎǳƭŀǘŜǎ ǘƘŜ 
ŦǊŜǉǳŜƴŎȅ ŀƴŘ ŘŜǇǘƘ ƻŦ ǳǎŜ ƻŦ ŜŀŎƘ ǇǊŜŘƛŎǘƻǊ 
ƛƴ ŀƭƭ ŘŜŎƛǎƛƻƴ ǘǊŜŜǎΣ ŦƻƭƭƻǿŜŘ ōȅ 
ƴƻǊƳŀƭƛǎŀǝƻƴΦ 

¢ƘŜ ǊŜǎǳƭǘǎ ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ пΦ /ǳǩƴƎ 
ǎǇŜŜŘ όǾύ ǇǊƻǾŜŘ ǘƻ ōŜ ǘƘŜ Ƴƻǎǘ ƛƴƅǳŜƴǝŀƭ 
ǇŀǊŀƳŜǘŜǊ ǿƛǘƘ ŀ ƴƻǊƳŀƭƛǎŜŘ ƛƳǇƻǊǘŀƴŎŜ 
ǾŀƭǳŜ ƻŦ лΦпмΦ ¢Ƙƛǎ ŎƻƴŬǊƳǎ ǘƘŜ ƪŜȅ ǊƻƭŜ ƻŦ 
ŎǳǩƴƎ ǎǇŜŜŘ ƛƴ ŘŜǘŜǊƳƛƴƛƴƎ ǎǳǊŦŀŎŜ ǉǳŀƭƛǘȅΣ 
ŀǎ ƘƛƎƘŜǊ ǎǇŜŜŘǎ ƻƊŜƴ ƭŜŀŘ ǘƻ ƛƴŎǊŜŀǎŜŘ 
ǊƻǳƎƘƴŜǎǎ ŘǳŜ ǘƻ ƛƴǎǳŶŎƛŜƴǘ ƛƴǘŜǊŀŎǝƻƴ ǝƳŜ 
ōŜǘǿŜŜƴ ǘƘŜ ƭŀǎŜǊ ōŜŀƳ ŀƴŘ ǘƘŜ ƳŀǘŜǊƛŀƭΦ LŦ 
ǘƘŜ ǎǇŜŜŘ ƛǎ ǘƻƻ ƘƛƎƘΣ ǘƘŜ ŜƴŜǊƎȅ ƛƴǇǳǘ ǇŜǊ ǳƴƛǘ 
ƭŜƴƎǘƘ ƛǎ ǊŜŘǳŎŜŘΣ ǊŜǎǳƭǝƴƎ ƛƴ ƛƴŎƻƳǇƭŜǘŜ 
ƳŜƭǝƴƎΣ ǳƴǎǘŀōƭŜ ƳŜƭǘ ƅƻǿ ŀƴŘ ƛǊǊŜƎǳƭŀǊƛǝŜǎ 
ƻƴ ǘƘŜ Ŏǳǘ ǎǳǊŦŀŎŜΦ /ƻƴǾŜǊǎŜƭȅΣ ƭƻǿŜǊ ǎǇŜŜŘǎ 
Ŏŀƴ ƭŜŀŘ ǘƻ ƻǾŜǊƘŜŀǝƴƎ ŀƴŘ ŘǊƻǎǎ ŦƻǊƳŀǝƻƴΣ 
ōǳǘ ƎŜƴŜǊŀƭƭȅ ǇǊƻŘǳŎŜ ǎƳƻƻǘƘŜǊ ǎǳǊŦŀŎŜǎ ŘǳŜ 
ǘƻ ŀ ƳƻǊŜ ǎǘŀōƭŜ ƳŜƭǘ ƻǳǘǇǳǘΦ 

¢ƘŜ ǎŜŎƻƴŘ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŦŜŀǘǳǊŜ ǿŀǎ ŀƴ 
ƛƴǘŜǊŀŎǝƻƴ ǘŜǊƳ ƻǊ ŎƻƴǎǘǊǳŎǘŜŘ ŦŜŀǘǳǊŜ όŜΦƎΦ 
tǿςtύ ǿƛǘƘ ŀ ƴƻǊƳŀƭƛǎŜŘ ƛƳǇƻǊǘŀƴŎŜ ƻŦ лΦоуΣ 
ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ƴƻƴπƭƛƴŜŀǊ ǊŜƭŀǝƻƴǎƘƛǇǎ 
ōŜǘǿŜŜƴ ƭŀǎŜǊ ǇƻǿŜǊ ŀƴŘ Ǝŀǎ ǇǊŜǎǎǳǊŜ ǿŜǊŜ 
ŜũŜŎǝǾŜƭȅ ŎŀǇǘǳǊŜŘ ōȅ ǘƘŜ ƳƻŘŜƭΦ ¢Ƙƛǎ 
ƛƴǘŜǊŀŎǝƻƴ ǊŜƅŜŎǘǎ ǘƘŜ ŎƻǳǇƭŜŘ ƛƴƅǳŜƴŎŜ ƻŦ 
ŜƴŜǊƎȅ ƛƴǇǳǘ όǘƘǊƻǳƎƘ ƭŀǎŜǊ ǇƻǿŜǊύ ŀƴŘ ƳŜƭǘ 
ǊŜƳƻǾŀƭ ŜŶŎƛŜƴŎȅ όŦŀŎƛƭƛǘŀǘŜŘ ōȅ ŀǎǎƛǎǘ Ǝŀǎ 
ǇǊŜǎǎǳǊŜύΦ CƻǊ ŜȄŀƳǇƭŜΣ ƘƛƎƘŜǊ ƭŀǎŜǊ ǇƻǿŜǊ 
Ŏŀƴ ƛƴŎǊŜŀǎŜ ǘƘŜ ǾƻƭǳƳŜ ƻŦ ƳƻƭǘŜƴ ƳŀǘŜǊƛŀƭΣ 
ǿƘƛŎƘ ǊŜǉǳƛǊŜǎ ǎǳŶŎƛŜƴǘ Ǝŀǎ ǇǊŜǎǎǳǊŜ ǘƻ 
ŜǾŀŎǳŀǘŜ ƛǘ ŜũŜŎǝǾŜƭȅΦ LŦ ǘƘŜǎŜ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ 
ƴƻǘ ǇǊƻǇŜǊƭȅ ōŀƭŀƴŎŜŘΣ ǘƘŜ ƳŜƭǘ Ǉƻƻƭ Ƴŀȅ 
ǎƻƭƛŘƛŦȅ ǳƴŜǾŜƴƭȅΣ ƛƴŎǊŜŀǎƛƴƎ ǎǳǊŦŀŎŜ 
ǊƻǳƎƘƴŜǎǎΦ 

¢ƘŜ ŀǎǎƛǎǘ Ǝŀǎ ǇǊŜǎǎǳǊŜ όtύ ŀƭƻƴŜ ǎƘƻǿŜŘ 
ǘƘŜ ǎƳŀƭƭŜǎǘ ŎƻƴǘǊƛōǳǝƻƴ ƻŦ лΦнлΣ ƛƴŘƛŎŀǝƴƎ 
ǘƘŀǘ ƛǘǎ ƛǎƻƭŀǘŜŘ ŜũŜŎǘ ƻƴ wŀ ƛǎ ƭŜǎǎ 
ǇǊƻƴƻǳƴŎŜŘΦ ²Ƙƛƭǎǘ ǘƘŜ ŀǎǎƛǎǘ Ǝŀǎ Ǉƭŀȅǎ ŀ 
ŎǊǳŎƛŀƭ ǊƻƭŜ ƛƴ ǊŜƳƻǾƛƴƎ ƳƻƭǘŜƴ ƳŀǘŜǊƛŀƭ ŀƴŘ 
ǇǊŜǾŜƴǝƴƎ ƻȄƛŘŀǝƻƴ ŀǘ ǘƘŜ Ŏǳǘ ŜŘƎŜΣ ƛǘǎ 
ƛƴƅǳŜƴŎŜ ƻƴƭȅ ōŜŎƻƳŜǎ ƳƻǊŜ ŀǇǇŀǊŜƴǘ ǿƘŜƴ 
ŎƻƳōƛƴŜŘ ǿƛǘƘ ƻǘƘŜǊ ŦŀŎǘƻǊǎΣ ǇŀǊǝŎǳƭŀǊƭȅ 
ŎǳǩƴƎ ǎǇŜŜŘ ŀƴŘ ƭŀǎŜǊ ǇƻǿŜǊΦ Lƴ ǘƘŜ ŀǊŜŀ 
ǘŜǎǘŜŘΣ ǘƘŜ ǇǊŜǎǎǳǊŜ ƅǳŎǘǳŀǝƻƴǎ ŀƭƻƴŜ Ƴŀȅ 
ƴƻǘ ƘŀǾŜ ōŜŜƴ ǎǳŶŎƛŜƴǘ ǘƻ ǇǊƻŘǳŎŜ ŀ ǎǘǊƻƴƎ 
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 ΦΣ 

ŘƛǊŜŎǘ ŜũŜŎǘ ƻƴ ǊƻǳƎƘƴŜǎǎΣ ōǳǘ ǘƘŜȅ ǎǝƭƭ 
ŎƻƴǘǊƛōǳǘŜ ƛƴŘƛǊŜŎǘƭȅ ǘƘǊƻǳƎƘ ǘƘŜƛǊ ƛƴǘŜǊŀŎǝƻƴ 
ǿƛǘƘ ŜƴŜǊƎȅ ƛƴǇǳǘ ŀƴŘ ƳŀǘŜǊƛŀƭ ƅƻǿ ŘȅƴŀƳƛŎǎΦ 

 

CƛƎǳǊŜ пΦ bƻǊƳŀƭƛȊŜŘ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƛƴǇǳǘ 

ǇŀǊŀƳŜǘŜǊǎ ƛƴ ǘƘŜ wŀƴŘƻƳ CƻǊŜǎǘ ƳƻŘŜƭΣ ǿƘŜǊŜ м 

Ґ ŎǳǩƴƎ ǎǇŜŜŘ όǾύΣ н Ґ ƭŀǎŜǊ ǇƻǿŜǊ όtǿύΣ ŀƴŘ о Ґ 

ŀǎǎƛǎǘ Ǝŀǎ ǇǊŜǎǎǳǊŜ όtύΦ 

¢ƻ ōŜǧŜǊ ŀǎǎŜǎǎ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ 
ǇǊƻǇƻǎŜŘ ǊŀƴŘƻƳ ŦƻǊŜǎǘ ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭΣ ŀ 
ŎƻƳǇŀǊƛǎƻƴ ǿŀǎ ƳŀŘŜ ǿƛǘƘ ŀ ǇǊŜǾƛƻǳǎƭȅ 
ŘŜǾŜƭƻǇŜŘ ƘȅōǊƛŘ Iw{a[ ƳƻŘŜƭ ώмлϐ ǘƘŀǘ 
ŎƻƳōƛƴŜŘ ǊŜǎǇƻƴǎŜ ǎǳǊŦŀŎŜ ƳŜǘƘƻŘƻƭƻƎȅ ŀƴŘ 
ǊŀƴŘƻƳ ŦƻǊŜǎǘΦ Lƴ ǘƘŜ ŜŀǊƭƛŜǊ ǎǘǳŘȅΣ ǘƘŜ ƘȅōǊƛŘ 
ƳƻŘŜƭ ŀŎƘƛŜǾŜŘ ŀƴ wa{9 ƻŦ лΦнсот ҡƳ ŀƴŘ ŀƴ 
wч ƻŦ лΦунтнΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ǎǘŀƴŘπŀƭƻƴŜ 
wŀƴŘƻƳ CƻǊŜǎǘ ƳƻŘŜƭ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ 
ŀŎƘƛŜǾŜŘ ōŜǧŜǊ ŀŎŎǳǊŀŎȅ ǿƛǘƘ ŀƴ wa{9 ƻŦ 
лΦмсмл ҡƳ ŀƴŘ ŀƴ wч ƻŦ лΦфлноΦ 

¢Ƙƛǎ ¢Ƙƛǎ ǊŜǎǳƭǘ ǳƴŘŜǊƭƛƴŜǎ ǘƘŜ ƛƴƘŜǊŜƴǘ 
ǊƻōǳǎǘƴŜǎǎ ŀƴŘ ŀŘŀǇǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ wŀƴŘƻƳ 
CƻǊŜǎǘ ŀƭƎƻǊƛǘƘƳΣ ŜǾŜƴ ǿƘŜƴ ǳǎŜŘ ǿƛǘƘƻǳǘ 
ƘȅōǊƛŘƛǎŀǝƻƴ ƻǊ ǇǊƛƻǊ ǊŜƎǊŜǎǎƛƻƴ ǎƘŀǇƛƴƎΦ ¢ƘŜ 
ƛƳǇǊƻǾŜŘ ǇŜǊŦƻǊƳŀƴŎŜ Ŏŀƴ ōŜ ŀǧǊƛōǳǘŜŘ ǘƻ 
ǎŜǾŜǊŀƭ ƪŜȅ ǇǊƻǇŜǊǝŜǎ ƻŦ ǊŀƴŘƻƳ ŦƻǊŜǎǘǎΦ CƛǊǎǘΣ 
ǘƘŜ ŜƴǎŜƳōƭŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ ŀƭƎƻǊƛǘƘƳΣ 
ǿƘƛŎƘ ƛǎ ōŀǎŜŘ ƻƴ ŀ ōƻƻǘǎǘǊŀǇ ŀƎƎǊŜƎŀǝƻƴ ƻŦ 
ŘŜŎƛǎƛƻƴ ǘǊŜŜǎΣ ŜƴŀōƭŜǎ ǘƘŜ ŜũŜŎǝǾŜ ƳƻŘŜƭƭƛƴƎ 
ƻŦ ŎƻƳǇƭŜȄ ƴƻƴƭƛƴŜŀǊ ǊŜƭŀǝƻƴǎƘƛǇǎ ŀƴŘ ƘƛƎƘπ
ƭŜǾŜƭ ƛƴǘŜǊŀŎǝƻƴǎ ōŜǘǿŜŜƴ ƛƴǇǳǘ ŦŜŀǘǳǊŜǎ ǘƘŀǘ 
ŀǊŜ ƻƊŜƴ ŘƛŶŎǳƭǘ ǘƻ ŎŀǇǘǳǊŜ ǿƛǘƘ ǇǳǊŜƭȅ 
ǇŀǊŀƳŜǘǊƛŎ ŀǇǇǊƻŀŎƘŜǎ ǎǳŎƘ ŀǎ w{aΦ {ŜŎƻƴŘΣ 
wŀƴŘƻƳ CƻǊŜǎǘ ƛǎ ƛƴƘŜǊŜƴǘƭȅ ǊŜǎƛǎǘŀƴǘ ǘƻ 
ƻǾŜǊŬǩƴƎΣ ŜǎǇŜŎƛŀƭƭȅ ǿƘŜƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ǘǊŜŜǎ ƛǎ ǎǳŶŎƛŜƴǘƭȅ ƭŀǊƎŜ ŀƴŘ ǘƘŜ ǘǊŜŜ ŘŜǇǘƘ ƛǎ 
ŀǇǇǊƻǇǊƛŀǘŜƭȅ ŎƻƴǎǘǊŀƛƴŜŘΣ ǿƘƛŎƘ ƛǎ ŎǊƛǝŎŀƭ 
ǿƘŜƴ ǿƻǊƪƛƴƎ ǿƛǘƘ ǎƳŀƭƭ Řŀǘŀ ǎŜǘǎ ǘȅǇƛŎŀƭƭȅ 
ŜƴŎƻǳƴǘŜǊŜŘ ƛƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ƭŀǎŜǊ ǇǊƻŎŜǎǎƛƴƎ 
ǎǘǳŘƛŜǎΦ 

Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ ƳƻŘŜƭΩǎ ŀōƛƭƛǘȅ ǘƻ ƛƴǘŜǊƴŀƭƭȅ 
ŜǎǝƳŀǘŜ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŦŜŀǘǳǊŜǎ ŀƴŘ 
ƘŀƴŘƭŜ ŎƻƭƭƛƴŜŀǊƛǘȅ ǿƛǘƘƻǳǘ ŜȄǇƭƛŎƛǘ ǾŀǊƛŀōƭŜ 
ǎŜƭŜŎǝƻƴ ƳŀƪŜǎ ƛǘ ǇŀǊǝŎǳƭŀǊƭȅ ǿŜƭƭ ǎǳƛǘŜŘ ǘƻ 
ƳǳƭǝπǇŀǊŀƳŜǘŜǊ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻōƭŜƳǎ 
ǿƘŜǊŜ ǘƘŜ ƛƴǘŜǊŀŎǝƻƴǎ ōŜǘǿŜŜƴ ƛƴǇǳǘǎ ŀǊŜ ƴƻǘ 
ŀƭǿŀȅǎ ƛƴǘǳƛǝǾŜ ƻǊ Ŝŀǎƛƭȅ ŜȄǇǊŜǎǎŜŘ 
ŀƴŀƭȅǝŎŀƭƭȅΦ ¦ƴƭƛƪŜ ƘȅōǊƛŘ ƳƻŘŜƭǎΣ ǘƘŀǘ ǊŜǉǳƛǊŜ 
ǘǿƻπǎǘŀƎŜ ƳƻŘŜƭƭƛƴƎ ǎǘǊŀǘŜƎƛŜǎ όŬǊǎǘ ŬǩƴƎ ŀ 
ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭ ŀƴŘ ǘƘŜƴ ŎƻǊǊŜŎǝƴƎ ǘƘŜ 
ǊŜǎƛŘǳŀƭǎ ǿƛǘƘ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎύΣ ǘƘŜ wŀƴŘƻƳ 
CƻǊŜǎǘ ŀǇǇǊƻŀŎƘ ƭŜŀǊƴǎ ŘƛǊŜŎǘƭȅ ŦǊƻƳ ǘƘŜ Ǌŀǿ 
Řŀǘŀ ŀƴŘ ƻǇǝƳƛǎŜǎ ǇŜǊŦƻǊƳŀƴŎŜ ƘƻƭƛǎǝŎŀƭƭȅΦ 
¢Ƙƛǎ ƴƻǘ ƻƴƭȅ ǎƛƳǇƭƛŬŜǎ ƛƳǇƭŜƳŜƴǘŀǝƻƴΣ ōǳǘ 
ŀƭǎƻ ƛƳǇǊƻǾŜǎ ƎŜƴŜǊŀƭƛǎŀōƛƭƛǘȅ ōȅ ŀǾƻƛŘƛƴƎ 
ǇƻǘŜƴǝŀƭ ŜǊǊƻǊ ǇǊƻǇŀƎŀǝƻƴ ōŜǘǿŜŜƴ 
ƳƻŘŜƭƭƛƴƎ ǎǘŀƎŜǎΦ 

¢ƘŜ ŬƴŘƛƴƎǎ ǎǳƎƎŜǎǘ ǘƘŀǘΣ ǳƴŘŜǊ ŎƻƴŘƛǝƻƴǎ 
ƻŦ ǿŜƭƭπǎǘǊǳŎǘǳǊŜŘ ȅŜǘ ƭƛƳƛǘŜŘ ŘŀǘŀΣ wŀƴŘƻƳ 
CƻǊŜǎǘ ǊŜƎǊŜǎǎƛƻƴ ŀƭƻƴŜ Ŏŀƴ ƻũŜǊ ŀ ƘƛƎƘ ƭŜǾŜƭ 
ƻŦ ŀŎŎǳǊŀŎȅ ŀƴŘ ƛƴǘŜǊǇǊŜǘŀōƛƭƛǘȅ ŦƻǊ ǎǳǊŦŀŎŜ 
ǊƻǳƎƘƴŜǎǎ ǇǊŜŘƛŎǝƻƴ ƛƴ ƭŀǎŜǊ ŎǳǩƴƎΦ ¢Ƙƛǎ 
ƳŀƪŜǎ ƛǘ ŀ ǾŀƭǳŀōƭŜ ƳƻŘŜƭƛƴƎ ƻǇǝƻƴ ŦƻǊ 
ƛƴŘǳǎǘǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ǿƘŜǊŜ ǊŀǇƛŘ 
ŘŜǇƭƻȅƳŜƴǘΣ ǘǊŀƴǎǇŀǊŜƴŎȅΣ ŀƴŘ Ǌƻōǳǎǘ 
ǇŜǊŦƻǊƳŀƴŎŜ ŀǊŜ ŜǎǎŜƴǝŀƭΦ 

 

пΦ /hb/[¦{Lhb  

¢Ƙƛǎ ǎǘǳŘȅ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŜ ŜũŜŎǝǾŜƴŜǎǎ 
ƻŦ wŀƴŘƻƳ CƻǊŜǎǘ wŜƎǊŜǎǎƛƻƴ όwCwύ ƛƴ 
ǇǊŜŘƛŎǝƴƎ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ όwŀύ ƛƴ ŬōǊŜ ƭŀǎŜǊ 
ŎǳǩƴƎ ƻŦ 9b млмол ǎǘŜŜƭΦ ¦ǎƛƴƎ ŀ ŘŀǘŀǎŜǘ ƻŦ 
мт ŜȄǇŜǊƛƳŜƴǘŀƭ ǎŀƳǇƭŜǎ ŀƴŘ ǘƘǊŜŜ ƪŜȅ 
ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ŎǳǩƴƎ ǎǇŜŜŘΣ ƭŀǎŜǊ 
ǇƻǿŜǊ ŀƴŘ ŀǎǎƛǎǘ Ǝŀǎ ǇǊŜǎǎǳǊŜ ǘƘŜ ƳƻŘŜƭ ǿŀǎ 
ǘǊŀƛƴŜŘ ƻƴ мп ǎŀƳǇƭŜǎ ŀƴŘ ǘŜǎǘŜŘ ƻƴ оΦ !ƭƭ 
ǇǊŜŘƛŎǝƻƴ ŜǊǊƻǊǎ ǊŜƳŀƛƴŜŘ ōŜƭƻǿ мл ҈Σ 
ŎƻƴŬǊƳƛƴƎ ǘƘŜ ǊƻōǳǎǘƴŜǎǎ ƻŦ ǘƘŜ ƳƻŘŜƭ ŜǾŜƴ 
ƛƴ ŘŀǘŀπƭƛƳƛǘŜŘ ǎŎŜƴŀǊƛƻǎΦ 
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 ΦΤ 

/ƻƳǇŀǊŜŘ ǘƻ ŀ ǇǊŜǾƛƻǳǎƭȅ ŘŜǾŜƭƻǇŜŘ ƘȅōǊƛŘ 
Iw{a[ ƳƻŘŜƭΣ ǘƘŜ ǎǘŀƴŘπŀƭƻƴŜ wŀƴŘƻƳ 
CƻǊŜǎǘ wŜƎǊŜǎǎƛƻƴ όwCwύ ƳƻŘŜƭ ŘŜƳƻƴǎǘǊŀǘŜŘ 
ǎǳǇŜǊƛƻǊ ǇǊŜŘƛŎǝǾŜ ŀŎŎǳǊŀŎȅ όwa{9 Ґ лΦмсмл 
ҡƳΣ wч Ґ лΦфлноύΣ ŎƻƴŬǊƳƛƴƎ ƛǘǎ ǊƻōǳǎǘƴŜǎǎ 
ŜǾŜƴ ǿƛǘƘƻǳǘ ŀŘŘƛǝƻƴŀƭ ǊŜƎǊŜǎǎƛƻƴ 
ŦǊŀƳŜǿƻǊƪǎΦ CŜŀǘǳǊŜ ƛƳǇƻǊǘŀƴŎŜ ŀƴŀƭȅǎƛǎ 
ǊŜǾŜŀƭŜŘ ǘƘŀǘ ŎǳǩƴƎ ǎǇŜŜŘ ǿŀǎ ǘƘŜ Ƴƻǎǘ 
ƛƴƅǳŜƴǝŀƭ ŦŀŎǘƻǊ ŀũŜŎǝƴƎ wŀΣ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ 
ƛƴǘŜǊŀŎǝƻƴ ōŜǘǿŜŜƴ ƭŀǎŜǊ ǇƻǿŜǊ ŀƴŘ Ǝŀǎ 
ǇǊŜǎǎǳǊŜΣ ǿƘƛƭŜ Ǝŀǎ ǇǊŜǎǎǳǊŜ ŀƭƻƴŜ ƘŀŘ ǘƘŜ 
ǎƳŀƭƭŜǎǘ ƛƴŘƛǾƛŘǳŀƭ ŎƻƴǘǊƛōǳǝƻƴΦ 5ŜǎǇƛǘŜ ƛǘǎ 
ǎǘǊƻƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ŀōƛƭƛǘȅ ǘƻ ƳƻŘŜƭ 
ŎƻƳǇƭŜȄ ƴƻƴƭƛƴŜŀǊ ǊŜƭŀǝƻƴǎƘƛǇǎΣ ŀ ǇƻǘŜƴǝŀƭ 
ƭƛƳƛǘŀǝƻƴ ƻŦ wCw ƛǎ ǘƘŜ ƭŀŎƪ ƻŦ ŀƴ ŜȄǇƭƛŎƛǘ 
ƳŀǘƘŜƳŀǝŎŀƭ ƳƻŘŜƭΣ ǿƘƛŎƘ Ƴŀȅ ǊŜŘǳŎŜ 
ƛƴǘŜǊǇǊŜǘŀōƛƭƛǘȅ ƛƴ ŀƴŀƭȅǝŎŀƭ ƻǊ ƻǇǝƳƛȊŀǝƻƴ 
ŎƻƴǘŜȄǘǎ ǿƘŜǊŜ ŜȄǇƭƛŎƛǘ Ŝǉǳŀǝƻƴǎ ŀǊŜ 
ǊŜǉǳƛǊŜŘΦ 

¢ƘŜ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ wCw ƛǎ ŀ ǇƻǿŜǊŦǳƭ ǘƻƻƭ 
ŦƻǊ ƳƻŘŜƭƭƛƴƎ ŎƻƳǇƭŜȄ ǇǊƻŎŜǎǎŜǎΦ Lǘǎ ŀōƛƭƛǘȅ ǘƻ 
ƎŜƴŜǊŀƭƛǎŜ ǿŜƭƭ ŀƴŘ ǇǊƻǾƛŘŜ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ 
ǊŜƭŜǾŀƴŎŜ ƻŦ ǇŀǊŀƳŜǘŜǊǎ ƳŀƪŜǎ ƛǘ ǇŀǊǝŎǳƭŀǊƭȅ 
ǎǳƛǘŀōƭŜ ŦƻǊ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ŀƴŘ ǇǊƻŎŜǎǎ 
ƻǇǝƳƛǎŀǝƻƴ ƛƴ ƭŀǎŜǊπōŀǎŜŘ ǇǊƻŘǳŎǝƻƴ 
ŜƴǾƛǊƻƴƳŜƴǘǎΦ 

 

!/Ybh²[95D9a9b¢ 

¢Ƙƛǎ ǊŜǎŜŀǊŎƘ Ƙŀǎ ōŜŜƴ ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ 
aƛƴƛǎǘǊȅ ƻŦ {ŎƛŜƴŎŜΣ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ 
5ŜǾŜƭƻǇƳŜƴǘ ŀƴŘ LƴƴƻǾŀǝƻƴ ό/ƻƴǘǊŀŎǘ bƻΦ 
прмπлоπмотκнлнрπлоκнллмрсύ ŀƴŘ ǘƘŜ CŀŎǳƭǘȅ 
ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘ 
ǘƘǊƻǳƎƘ ǇǊƻƧŜŎǘ ά{ŎƛŜƴǝŬŎ ŀƴŘ !ǊǝǎǝŎ 
wŜǎŜŀǊŎƘ ²ƻǊƪ ƻŦ wŜǎŜŀǊŎƘŜǊǎ ƛƴ ¢ŜŀŎƘƛƴƎ ŀƴŘ 
!ǎǎƻŎƛŀǘŜ tƻǎƛǝƻƴǎ ŀǘ ǘƘŜ CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ 
{ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƻǾƛ {ŀŘ нлнрέ όbƻΦ лмπ
рлκнфрύΦ 

w9C9w9b/9{  

ώмϐ !Φ CΦ /ƻǳǊǝŜǊΣ aΦ aŎ5ƻƴƴŜƭƭΣ aΦ tǊŀŜƎŜǊΣ WΦ !Φ 
DǊŀƴǘπWŀŎƻōΣ /Φ /ƻŘŜƳŀǊŘΣ tΦ IŀǊǊƛǎƻƴΣ Ŝǘ ŀƭΦΥ 
aƻŘŜƭƭƛƴƎ ƻŦ ŬōǊŜ ƭŀǎŜǊ ŎǳǩƴƎ Ǿƛŀ ŘŜŜǇ 
ƭŜŀǊƴƛƴƎΣ hǇǝŎǎ 9ȄǇǊŜǎǎΣ ǾƻƭΦ нфΣ ǇǇΦ оспутπ
осрлнΣ нлнмΦ 

ώнϐ .Φ aƛƭƭǎ ŀƴŘ WΦ !Φ DǊŀƴǘπWŀŎƻōΥ [ŀǎŜǊǎ ǘƘŀǘ 
ƭŜŀǊƴΥ ¢ƘŜ ƛƴǘŜǊŦŀŎŜ ƻŦ ƭŀǎŜǊ ƳŀŎƘƛƴƛƴƎ ŀƴŘ 
ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎΣ L9¢ hǇǘƻŜƭŜŎǘǊƻƴƛŎǎΣ ǾƻƭΦ 
мрΣ ǇǇΦ нлтπннпΣ нлнмΦ 

ώоϐ bΦ 9Φ {ƛȊŜƳƻǊŜΣ aΦ [Φ bƻƎǳŜƛǊŀΣ bΦ tΦ DǊŜƛǎΣ ŀƴŘ 
aΦ !Φ 5ŀǾƛŜǎΥ !ǇǇƭƛŎŀǝƻƴ ƻŦ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ 
ǘƻ ǘƘŜ ǇǊŜŘƛŎǝƻƴ ƻŦ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ ƛƴ 
ŘƛŀƳƻƴŘ ƳŀŎƘƛƴƛƴƎΣ tǊƻŎŜŘƛŀ 
aŀƴǳŦŀŎǘǳǊƛƴƎΣ ǾƻƭΦ пуΣ ǇǇΦ млнфπмлплΣ нлнлΦ 

ώпϐ bΦ [ŜǾƛŎƘŜǾΣ !Φ ¢Φ DŀǊŎƝŀΣ aΦ YŀǊŘŀƴΣ 5Φ 
/ŀǧǊȅǎǎŜΣ ŀƴŘ WΦ wΦ 5ǳƅƻǳΥ 9ȄǇŜǊƛƳŜƴǘŀƭ 
ǾŀƭƛŘŀǝƻƴ ƻŦ ŀ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ŀƭƎƻǊƛǘƘƳ ŦƻǊ 
ǊƻǳƎƘƴŜǎǎ ǉǳŀƴǝŬŎŀǝƻƴ ƛƴ ƭŀǎŜǊ ŎǳǩƴƎΣ 
tǊƻŎŜŘƛŀ /LwtΣ ǾƻƭΦ ммоΣ ǇǇΦ рспπрсфΣ нлннΦ 

ώрϐ ¢Φ {ǘŜŜƎŜΣ DΦ .ŜǊƴŀǊŘΣ tΦ 5ŀǊƳΣ ¢Φ YǳƴȊŜΣ ŀƴŘ 
!Φ CΦ [ŀǎŀƎƴƛΣ ϦtǊŜŘƛŎǝƻƴ ƻŦ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ 
ƛƴ ŦǳƴŎǝƻƴŀƭ ƭŀǎŜǊ ǎǳǊŦŀŎŜ ǘŜȄǘǳǊƛƴƎ ǳǝƭƛȊƛƴƎ 
ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎΣϦ ƛƴ tƘƻǘƻƴƛŎǎΣ нлноΣ ǇΦ осмΦ 

ώсϐ WΦ 5Φ YŜŎƘŀƎƛŀǎΣ !Φ ¢ǎƛƻƭƛƪŀǎΣ aΦ tŜǘƻǳǎƛǎΣ YΦ 
bƛƴƛƪŀǎΣ bΦ ±ƛŘŀƪƛǎΣ ŀƴŘ [Φ ¢ȊƻǳƴƛǎΥ ! Ǌƻōǳǎǘ 
ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ ƻǇǝƳƛȊƛƴƎ ǘƘŜ ǘƻǇƻƭƻƎȅ ŀƴŘ 
ǘƘŜ ƭŜŀǊƴƛƴƎ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ŀƴ !bb ŦƻǊ 
ŀŎŎǳǊŀǘŜ ǇǊŜŘƛŎǝƻƴǎ ƻŦ ƭŀǎŜǊπŎǳǘ ŜŘƎŜǎ 
ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎΣ {ƛƳǳƭŀǝƻƴ aƻŘŜƭƭƛƴƎ 
tǊŀŎǝŎŜ ŀƴŘ ¢ƘŜƻǊȅΣ ǾƻƭΦ ммпΣ ǇΦ млнпмпΣ 
нлннΦ 

ώтϐ aΦ !ǊǳƴŀŘŜǾƛΣ {Φ {ŀǊŀǾŀƴŀƴΣ DΦ aŀƘŜǎƘΣ ŀƴŘ 
{Φ /ƘŜǘƘŀƴΥ aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎ .ŀǎŜŘ {ǳǊŦŀŎŜ 
CƛƴƛǎƘ tǊŜŘƛŎǝƻƴ ŀƴŘ hǇǝƳƛȊŀǝƻƴ ƻŦ tǊƻŎŜǎǎ 
tŀǊŀƳŜǘŜǊǎ ƛƴ tǳƭǎŜŘ /hн [ŀǎŜǊ /ǳǩƴƎ ƻŦ 
tŀǊǝŎƭŜ ό¢ƛ/ύ wŜƛƴŦƻǊŎŜŘ !ƭслсм /ƻƳǇƻǎƛǘŜ 
¦ǎƛƴƎ Ybb ϧ !bbΣ WƻǳǊƴŀƭ ƻŦ ¢ƘŜ Lƴǎǝǘǳǝƻƴ 
ƻŦ 9ƴƎƛƴŜŜǊǎ όLƴŘƛŀύΥ {ŜǊƛŜǎ 5Σ ǇǇΦ мπмлΣ нлнпΦ 

ώуϐ ¢Φ IΦ bƎǳȅŜƴΣ /ΦπYΦ [ƛƴΣ tΦπ/Φ ¢ǳƴƎΣ /Φ bƎǳȅŜƴπ
±ŀƴΣ ŀƴŘ WΦπwΦ IƻΥ !ƴ ŜȄǘǊŜƳŜ ƭŜŀǊƴƛƴƎ 
ƳŀŎƘƛƴŜ ŦƻǊ ǇǊŜŘƛŎǝƴƎ ƪŜǊŦ ǿŀǾƛƴŜǎǎ ŀƴŘ ƘŜŀǘ 
ŀũŜŎǘŜŘ ȊƻƴŜ ƛƴ ǇǳƭǎŜŘ ƭŀǎŜǊ ŎǳǩƴƎ ƻŦ ǘƘƛƴ 
ƴƻƴπƻǊƛŜƴǘŜŘ ǎƛƭƛŎƻƴ ǎǘŜŜƭΣ hǇǝŎǎ ŀƴŘ [ŀǎŜǊǎ 
ƛƴ 9ƴƎƛƴŜŜǊƛƴƎΣ ǾƻƭΦ мопΣ ǇΦ млснппΣ нлнлΦ 

ώфϐ [Φ .ǊŜƛƳŀƴΥ wŀƴŘƻƳ ŦƻǊŜǎǘǎΣ aŀŎƘƛƴŜ 
ƭŜŀǊƴƛƴƎΣ ǾƻƭΦ прΣ ǇǇΦ рπонΣ нллмΦ 

ώмлϐ 5Φ wƻŘƛŏΣ aΦ {ŜƪǳƭƛŏΣ .Φ {ŀǾƪƻǾƛŏΣ aΦ aŀŘƛŏΣ 
ŀƴŘ aΦ ¢ǊƛŦǳƴƻǾƛŏΥ LƴǘŜƎǊŀǝƻƴ ƻŦ w{a ŀƴŘ 
aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎ ŦƻǊ !ŎŎǳǊŀǘŜ tǊŜŘƛŎǝƻƴ ƻŦ 
{ǳǊŦŀŎŜ wƻǳƎƘƴŜǎǎ ƛƴ [ŀǎŜǊ tǊƻŎŜǎǎƛƴƎΣ 
!ǇǇƭƛŜŘ {ŎƛŜƴŎŜǎΣ ǾƻƭΦ мрΣ ǇΦ тлспΣ нлнрΦ 
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Abstract: Modern machine tools are expected to deliver significantly higher productivity while minimizing 
production costs. This requirement has led to the widespread adoption of high-speed machining and the 
integration of motorized spindles. However, operating at high rotational speeds results in substantial heat 
generation, which can cause unexpected failures. Therefore, understanding and predicting the thermal 
behavior of motorized spindles is essential for ensuring operational stability and extending component life. 
Key sources of heat in motorized spindles include electrical losses within the motor and friction within angular 
contact ball bearings. To maintain thermal balance, several cooling methods are commonly employed, such 
as a cooling jacket around the stator, oil mist lubrication, and forced air convection. This paper focuses on the 
influence of cooling fluid type on the temperature of angular contact ball bearings in a motorized spindle. The 
cooling system includes a stator cooling jacket, which plays a key role in heat dissipation. A two-dimensional 
finite element thermal model is developed to simulate heat generation and transfer mechanisms within the 
spindle assembly. The analysis focuses on temperature distribution in the front and rear bearing regions under 
two cooling fluid. he simulation results demonstrate noticeable differences in thermal response depending on 
the coolant type, offering insight into optimal cooling strategies. Water-based cooling shows higher thermal 
conductivity and efficiency, while oil provides better lubrication and damping characteristics. The study 
highlights the importance of selecting the appropriate coolant in accordance with spindle design and 
application requirements. These findings contribute to the ongoing development of more efficient and 
thermally stable motorized spindle systems for advanced manufacturing. 

Keywords: Motorized spindle, angular contact bearings, thermal analysis, cooling fluid, finite element method 
 

1. INTRODUCTION 
 

Machining continues to play a key role in 
modern manufacturing across a wide range of 
industries. The majority of metal components 
undergo some form of machining during their 
production cycle. As a result, advancements in 

machining technologies can significantly 
influence both production efficiency and 
overall manufacturing costs. [1] High-speed 
machining, in particular, has gained 
considerable attention due to its ability to 
enhance productivity while simultaneously 
lowering production expenses. However, 
increasing spindle speed also leads to negative 

https://doi.org/10.46793/ICPES25.099K
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effects such as noise, vibration (chatter), and 
heat generation within the spindle system. [2]  

During high-speed machining, the 
excessive heat causes uneven thermal 
expansion in different machine components, 
resulting not only in increased friction and 
wear of the spindle but also in larger 
machining tolerances. [3] Although high-
speed spindles are relatively new technology, 
numerous studies have addressed various 
aspects of spindle systems through different 
analytical and experimental methods. 

The dimensional accuracy and surface 
quality of the machined workpiece largely 
depend on the thermal, dynamic, and other 
characteristics of the machine tool spindle 
system. High-speed spindles are known to 
experience reliability issues and sudden 
failures, which are primarily caused by 
thermal loads. [4] The authors developed a 
mathematical model to predict bearing 
temperatures influenced by heat generated in 
the motor due to electrical losses. A thermal 
model of the spindle was created using the 
finite element method, selected for its 
capability to effectively integrate heat 
conduction with complex geometries and 
physical conditions. 

The study also showed that decreasing the 
fluid flow in the cooling jacket results in higher 
bearing temperatures, emphasizing the 
significance of efficient cooling.[5]. Statistics 
indicate that thermal errors can account for 
up to 60 - 70% of the total geometric errors in 
a workpiece. [6] Studies, [7] have 
demonstrated that thermal deformation in 
numerical control (NC) lathes can reach values 
as high as 80 µm at spindle speeds of 2000 
rpm, while CNC machining centers may 
experience thermal errors up to 50 µm at 
8000 rpmτlevels that are clearly 
unacceptable for precision machining. 

Given these findings, investigating the 
thermal behavior of spindles is crucial to 
minimizing their impact on the dimensional 
accuracy of machine tools. 

 

2. HIGH SPEED MOTORIZED SPINDLE 

High speed motorized spindles are key 
elements in modern machining centers, 
capable of reaching very high rotational 
speedsτoften tens of thousands of 
revolutions per minuteτwhich enable faster 
material removal, improved surface finish, and 
enhanced machining accuracy. 

Compared to conventional spindles, 
motorized spindles integrate the motor 
directly into the spindle shaft, eliminating 
power transmission components such as gears 
and belts. This design reduces vibrations, 
improves rotational balance, and allows for 
precise control of acceleration and 
deceleration. However, the high-speed 
operation and significant heat generated by 
the built-in motor place considerable thermal 
and mechanical stress on spindle components, 
pushing them to their operational limits [8]. A 
schematic of a typical high-speed spindle is 
shown in Fig. 1. 

 

Figure 1. Scheme of high speed spindle 

Manufacturers state that high-speed 
spindles are equipped with efficient liquid 
cooling systems. Cooling jackets are installed 
both around the front bearing area and 
surrounding the spindle, motor, and stator to 
reduce temperature rises caused by bearing 
friction and motor losses. By controlling heat 
ƎŜƴŜǊŀǘƛƻƴ ŘǳǊƛƴƎ ƻǇŜǊŀǘƛƻƴΣ ǘƘŜ ǎǇƛƴŘƭŜΩǎ 
performance is enhanced, resulting in higher 
productivity and improved machining quality. 
The spindle achieves its maximum rated 
performance within an optimal coolant 
temperature range of 20 °C to 25 °C. Actual 
performance, however, varies depending on 
the coolant temperature and the type of 
cooling medium used. [9] 
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3. FINITE ELEMENT MODEL OF MOTORIZED 
SPINDLE  

This paper presents a finite element model 
analysis of a motorized spindle, emphasizing 
the role of the cooling jacket and how the flow 
of different cooling fluids influences the 
spindle's temperature distribution. The 
geometry of the spiral cooling jacket 
surrounding the stator surface of the 
motorized spindle is illustrated in figure 2. 

 

 
 

Figure 2. Schematic geometry of the spiral 
cooling jacket 

{ǇŜŎƛŀƭƛȊŜŘ ŎƻƳƳŜǊŎƛŀƭ ǎƻƊǿŀǊŜ ǿŀǎ 
ŜƳǇƭƻȅŜŘ ǘƻ ŘŜǾŜƭƻǇ ǘƘŜ н5 ǎǳǊŦŀŎŜ ƳƻŘŜƭ ƻŦ 
ǘƘŜ ƳƻǘƻǊƛȊŜŘ ǎǇƛƴŘƭŜ ŀƴŘ ǇŜǊŦƻǊƳ ǘƘŜ 
ŘŜǘŀƛƭŜŘ ǘƘŜǊƳŀƭ ŀƴŀƭȅǎƛǎΦ ¢ƘŜ ŜƭŜŎǘǊƛŎ ƳƻǘƻǊ 
ƛƴǎƛŘŜ ǘƘŜ ǎǇƛƴŘƭŜ ŀŎǘǎ ŀǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ƘŜŀǘ 
ƎŜƴŜǊŀǘƻǊΦ aƻǎǘ ƳƻǘƻǊƛȊŜŘ ǎǇƛƴŘƭŜǎ ǳǎŜ !/ 
ƛƴŘǳŎǝƻƴ ƳƻǘƻǊǎΣ ǿƛǘƘ ǘƘŜ ŜũŜŎǝǾŜ ƛƴǇǳǘ 
ǇƻǿŜǊ ƻŦ ǘƘŜ ƳƻǘƻǊΦ ¢ƘŜ ƘŜŀǘ ƎŜƴŜǊŀǘŜŘ ōȅ 
ǘƘŜ ƳƻǘƻǊΣ ǿƘƛŎƘ ŎƻƴǘǊƛōǳǘŜǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƻ 
ǘƘŜ ǎǇƛƴŘƭŜϥǎ ǘƘŜǊƳŀƭ ƭƻŀŘΣ Ŏŀƴ ōŜ ŜǎǝƳŀǘŜŘ 
ǳǎƛƴƎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜƭŀǝƻƴΥ 

ὗ ὟϽὍϽÃÏÓ• ὝϽ(1) ‫ 

Lƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ ¦ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ƛƴǇǳǘ 
ǾƻƭǘŀƎŜΣ ǿƘƛƭŜ Ὅ ŘŜƴƻǘŜǎ ǘƘŜ ŎǳǊǊŜƴǘ ƛƴ ŜŀŎƘ 
ǇƘŀǎŜΦ ¢ƘŜ ǇƘŀǎŜ ŀƴƎƭŜ • ōŜǘǿŜŜƴ ǾƻƭǘŀƎŜ 
ŀƴŘ ŎǳǊǊŜƴǘ ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ Ǌŀǝƻ ƻŦ ǊŜŀƭ 
όŜũŜŎǝǾŜύ ǇƻǿŜǊ ǘƻ ŀǇǇŀǊŜƴǘ ǇƻǿŜǊΦ ¢ƘŜ 
ŜũŜŎǝǾŜ ŜƭŜŎǘǊƛŎŀƭ ƛƴǇǳǘ ǇƻǿŜǊ ƛǎ ǇŀǊǘƭȅ 
ǘǊŀƴǎŦƻǊƳŜŘ ƛƴǘƻ ƳŜŎƘŀƴƛŎŀƭ ƻǳǘǇǳǘΣ ǿƘƛƭŜ 
ǘƘŜ ǊŜƳŀƛƴŘŜǊ ƛǎ ƭƻǎǘτǇǊƛƳŀǊƛƭȅ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ 
ƘŜŀǘΦ 

²ƘŜǊŜΥ vƳƻǘƻǊ ƛǎ ǘƘŜ ƘŜŀǘ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ 
ƳƻǘƻǊ ώ²ϐΣ ¦ ƛǎ ǘƘŜ ƛƴǇǳǘ ǾƻƭǘŀƎŜ ώ±ϐΣ L ƛǎ ǘƘŜ 
ŎǳǊǊŜƴǘ ώ!ϐΣ ˒ ƛǎ ǘƘŜ ǇƘŀǎŜ ŀƴƎƭŜ ώǊŀŘϐΣ ¢ ƛǎ ǘƘŜ 
ǘƻǊǉǳŜ ώbƳϐΣ ˖ ƛǎ ǘƘŜ ŀƴƎǳƭŀǊ ǾŜƭƻŎƛǘȅ ώǊŀŘκǎϐΣ 

ŎŀƭŎǳƭŀǘŜŘ ŀǎ ‫ ȟ ǿƘŜǊŜ ƴ ƛǎ ǘƘŜ ƻǘŀǝƻƴŀƭ 

ǎǇŜŜŘ ƛƴ ǊŜǾƻƭǳǝƻƴǎ ǇŜǊ ƳƛƴǳǘŜ όǊǇƳύΦ 

Lƴ ǘŀōŜƭŜ м Ƙŀǎ ōŜŜƴ ƎƛǾŜƴ ƳƻǘƻǊ ƛƴǇǳǘ 
ǇŀǊŀƳŜǘŜǊǎΦ 

Table 1. Motor input parameters  

Exp 

no. 

Voltage 

[V]  

Freqfency  

[Hz]  

Current  

[A]  

Power  

[kW]  

 

ÅÆǢÃÉÅÎÃÙ 

 

1 220 1500 12.3 3 0.88 

 

¢ƘŜ Ƴŀƛƴ ŎƻƴǘǊƛōǳǘƻǊǎ ǘƻ ǘƘŜǊƳŀƭ 
ŘŜŦƻǊƳŀǝƻƴ ƛƴ ǘƘŜ ǎǇƛƴŘƭŜ ǎȅǎǘŜƳ ŀǊŜ ǘƘŜ ƘŜŀǘ 
ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ ƳƻǘƻǊ ŀƴŘ ǘƘŜ ǎǇƛƴŘƭŜ 
ōŜŀǊƛƴƎǎΦ IŜŀǘ ǊŜƳƻǾŀƭ ƛǎ ǇǊƛƳŀǊƛƭȅ ƳŀƴŀƎŜŘ 
ǘƘǊƻǳƎƘ ŦƻǊŎŜŘ ŎƻƴǾŜŎǝƻƴ ƛƴ ǘƘŜ ŎƻƻƭƛƴƎ 
ŎƘŀƴƴŜƭǎ ŀƴŘ ōȅ ŀƛǊƅƻǿ ŀǊƻǳƴŘ ǘƘŜ ǎǇƛƴŘƭŜ 
ƘƻǳǎƛƴƎΦ ¢Ƙƛǎ ŀƴŀƭȅǎƛǎ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ƛƳǇŀŎǘ ƻŦ 
ŘƛũŜǊŜƴǘ ŎƻƻƭƛƴƎ ƅǳƛŘǎ ƻƴ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ 
ŘƛǎǘǊƛōǳǝƻƴ ǿƛǘƘƛƴ ǘƘŜ ŎƻƻƭƛƴƎ ƧŀŎƪŜǘΦ ¢ƘŜ 
ŦƻǊŎŜŘ ŎƻƴǾŜŎǝƻƴ ǿƛǘƘƛƴ ǘƘŜ ǎǘŀǘƻǊ ŎƻƻƭƛƴƎ 
ŎƘŀƴƴŜƭǎ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ ŎƻƴǾŜŎǝǾŜ ƘŜŀǘ 
ǘǊŀƴǎŦŜǊ ŎƻŜŶŎƛŜƴǘΣ ǿƘƛŎƘ ƛǎ ŜǎǝƳŀǘŜŘ ǳǎƛƴƎ 
ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǝƻƴΥ 

 Ὤ
Ͻ

 όнύ 

ǿƘŜǊŜ bǳ ƛǎ bǳǎǎŜƭǘ ƴǳƳōŜǊΣ ƪ ƛǎ ǘƘŜ ǘƘŜǊƳŀƭ 

ŎƻƴŘǳŎǝǾƛǘȅ ƻŦ ǘƘŜ ƅǳƛŘΣ ƭǘ ŎƘŀƴƴŜƭ ƭŜƴƎǘƘΦ  

ὔ πȟπρςὙȟ ςψπὖȟ ρ

 
ȟ

 όоύ 

 Ὑ
Ͻ

 όпύ 

 6
Ͻ

 όрύ 

wŜ ƛǎ wŜȅƴƻƭŘǎ ƴǳƳōŜǊΣ ŀƴŘ tǊ ƛǎ tǊŀƴŘǘƭ 
ƴǳƳōŜǊ όлΦт ғ tǊ ғ мллύ ƻŦ ǘƘŜ ŎƻƻƭŀƴǘΣ 5κ[ ƛǎ 
Ǌŀǝƻ ƻŦ ŘƛŀƳŜǘŜǊ ǘƻ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ǘǳōŜ ƻǊ 
ŎƘŀƴƴŜƭ όƎŜƻƳŜǘǊƛŎŀƭ ŦŀŎǘƻǊύΣ ɹ ƛǎ ǘƘŜ 
ƪƛƴŜƳŀǝŎ ǾƛǎŎƻǎƛǘȅ ƻŦ ǘƘŜ ƅǳƛŘΣ ŀƴŘ tǊκtǊǿҒм 
ŦƻǊ ǿŀǘŜǊΣ ± ƛǎ ƳŜŀƴ ƅƻǿ ǾŜƭƻŎƛǘȅΣ ˄ ƛǎ 
ƪƛƴŜƳŀǝŎ ǾƛǎŎƻǎƛǘȅΣ v ƛǎ ǾƻƭǳƳŜǘǊƛŎ ƅƻǿ ǊŀǘŜΣ 
! ƛǎ ŎǊƻǎǎπǎŜŎǝƻƴŀƭ ŀǊŜŀ ǘƘǊƻǳƎƘ ǿƘƛŎƘ ǘƘŜ 

fůƓƨƣ §ƨƣƓƨƣ 
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ƅǳƛŘ ƅƻǿǎΣ Ƙ ŀƴŘ ō ŀǊŜ ŦƻǊ ŀ ǊŜŎǘŀƴƎǳƭŀǊ ŎǊƻǎǎπ
ǎŜŎǝƻƴΦ 

IŜŀǘ ŎƻƴŘǳŎǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǎǘŀǘƻǊΣ ŎƻƻƭƛƴƎ 
ƧŀŎƪŜǘΣ ŀƴŘ ǎǇƛƴŘƭŜ ƘƻǳǎƛƴƎ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŀƴŘ 
ƳƻŘŜƭƭŜŘ ǳǎƛƴƎ ŀ ǘƘŜǊƳŀƭ ǊŜǎƛǎǘŀƴŎŜ ƴŜǘǿƻǊƪ 
ŀǇǇǊƻŀŎƘΦ ¢Ƙƛǎ ƴŜǘǿƻǊƪ ŘŜŬƴŜǎ ǘƘŜ 
ŎƻƴŘǳŎǝǾŜ ŀƴŘ ŎƻƴǾŜŎǝǾŜ ǊŜǎƛǎǘŀƴŎŜǎ ŀƳƻƴƎ 
ǘƘŜ ǎǘŀǘƻǊΣ ŎƻƻƭƛƴƎ ƧŀŎƪŜǘΣ ŀƴŘ ƘƻǳǎƛƴƎ 
ŎƻƳǇƻƴŜƴǘǎΦ ¢ƻ ǎƛƳǇƭƛŦȅ ǘƘŜ ŀƴŀƭȅǎƛǎΣ ǘƘŜǊƳŀƭ 
ǊŜǎƛǎǘŀƴŎŜǎ ŀǘ ŜŀŎƘ ƛƴǘŜǊŦŀŎŜ ǿŜǊŜ ƛƴŘƛǾƛŘǳŀƭƭȅ 
ŎŀƭŎǳƭŀǘŜŘΣ ŀƭƭƻǿƛƴƎ ŦƻǊ ŀ ƳƻǊŜ ƳŀƴŀƎŜŀōƭŜ 
ŦƻǊƳǳƭŀǝƻƴ ƻŦ ǘƘŜ ƘŜŀǘ ǘǊŀƴǎŦŜǊ ŜǉǳŀǝƻƴǎΦ 

 Ὑ
ϽϽϽ

 όсύ 

²ƘŜǊŜ wƻ ƛǎ ƻǳǘŜǊ ǊŀŘƛǳǎΣ wƛΣ ƛǎ ƛƴƴŜǊ ǊŀŘƛǳǎ ƻŦ 
ŎƻƴǎƛŘŜǊŜŘ ŜƭŜƳŜƴǘΣ ƭ ƛǎ ŜƭŜƳŜƴǘ ƭŜƴƎǘƘΣ ŀƴŘ ƪ 
ƛǎ ǘƘŜ ǘƘŜǊƳŀƭ ŎƻƴŘǳŎǝǾƛǘȅ ƻŦ ƳŀǘŜǊƛŀƭΦ hƴ ǘƘŜ 
ŬƎǳǊŜ о ŎƻƴŘǳŎǝƻƴ ƴŜǘǿƻǊƪ Ƙŀǎ ōŜŜƴ 
ǇǊŜǎŜƴǘŜŘ ŀƴŘ wƪƪƘ ƛǎ ŎƻƴŘǳŎǝƻƴ ǊŜǎƛǎǘŀƴŎŜ 
ōŜǘǿŜŜƴ ŎƻƻƭƛƴƎ ƧŀŎƪŜǘ ŀƴŘ ƘƻǳǎƛƴƎΣ ǿƘŜǊŜ 
ŎƻƻƭƛƴƎ ƧŀŎƪŜǘ ƘŀǾŜ ōŜŜƴ ŎƻƴǎƛŘŜǊŜŘ ŀǎ 
ŎȅƭƛƴŘŜǊΣ ǿƘƛƭŜ wǎƪƘ ƛǎ ŎƻƴŘǳŎǝƻƴ ǊŜǎƛǎǘŀƴŎŜ 
ŀƳƻƴƎ ŎƻƻƭƛƴƎ ƧŀŎƪŜǘ ŀƴŘ ǎǘŀǘƻǊΦ 

 

CƛƎǳǊŜ оΦ wŀŘƛŀƭ ŎƻƴŘǳŎǝƻƴ ōŜǘǿŜŜƴ 

ǎǘŀǘƻǊκŎƻƻƭƛƴƎ ŀƴŘ ƧŀŎƪŜǘκƘƻǳǎƛƴƎ 

 

CƛƎǳǊŜ пΦ ¢ŜƳǇŜǊŀǘǳǊŜ ƛƴŎǊŜŀǎŜ ŘǳǊƛƴƎ ƻƛƭ 
ŎƻƻƭƛƴƎ 

! ŦǊŜŜ ŎƻƴǾŜŎǝƻƴ ŎƻŜŶŎƛŜƴǘ ƻŦ мн ²κƳY ƛǎ 
ŀǎǎǳƳŜŘ ŦƻǊ ǘƘŜ ŀƳōƛŜƴǘ ŀƛǊ ǎǳǊǊƻǳƴŘƛƴƎ 
ǎǘŀǝƻƴŀǊȅ ŎƻƳǇƻƴŜƴǘǎ ǎǳŎƘ ŀǎ ǘƘŜ ǎǇƛƴŘƭŜ 
ƘƻǳǎƛƴƎΦ ¢ƘŜ ǇǊƛƳŀǊȅ ƻōƧŜŎǝǾŜ ƻŦ ǘƘƛǎ ŀƴŀƭȅǎƛǎ 
ƛǎ ǘƻ ŘŜǾŜƭƻǇ ŀ ƳŀǘƘŜƳŀǝŎŀƭ ƳƻŘŜƭ ƻŦ ǘƘŜ 
ǎǘŀǘƻǊ ŎƻƻƭƛƴƎ ƧŀŎƪŜǘ ŀƴŘ ƛƴǾŜǎǝƎŀǘŜ Ƙƻǿ ǘƘŜ 
ǘȅǇŜ ƻŦ ŎƻƻƭƛƴƎ ƅǳƛŘ ǎǇŜŎƛŬŎŀƭƭȅ ǿŀǘŜǊ ŀƴŘ ƻƛƭΣ 
ŀũŜŎǘǎ ǘƘŜ ǘƘŜǊƳŀƭ ōŜƘŀǾƛƻǳǊ ƻŦ ǘƘŜ 
ƳƻǘƻǊƛȊŜŘ ǎǇƛƴŘƭŜΦ ¢ƻ ƛǎƻƭŀǘŜ ǘƘƛǎ ŜũŜŎǘΣ ŀƭƭ 
ƻǘƘŜǊ ƘŜŀǘ ǎƻǳǊŎŜǎΣ ƳƻŘŜǎ ƻŦ ŎƻƴǾŜŎǝƻƴΣ ŀƴŘ 
ǊŀŘƛŀǝƻƴ ŀǊŜ ƘŜƭŘ Ŏƻƴǎǘŀƴǘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ 
ŀƴŀƭȅǎƛǎΦ DƛǾŜƴ ǘƘŀǘ ǎǇƛƴŘƭŜ ōŜŀǊƛƴƎǎ ŀǊŜ 
ŎǊƛǝŎŀƭ ǘƻ ƳŀŎƘƛƴŜ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅΣ 
ǘƘŜ ǊŜǎǳƭǘǎ ŦƻŎǳǎ ƻƴ ǘƘŜƛǊ ǘŜƳǇŜǊŀǘǳǊŜ 
ǊŜǎǇƻƴǎŜЮШ 

 

CƛƎǳǊŜ рΦ {ǘŜŀŘȅπǎǘŀǘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŘƛǎǘǊƛōǳǝƻƴ ŀǘ 

ƴҐслΣллл ǊǇƳ ǿƛǘƘ ǎǇƛƴŘƭŜ ƘƻǳǎƛƴƎ ŎƻƻƭŜŘ ōȅ ƻƛƭΦ 

CƛƎǳǊŜ сΦ ¢ŜƳǇŜǊŀǘǳǊŜ ƛƴŎǊŜŀǎŜ ŘǳǊƛƴƎ ǿŀǘŜǊ 
ŎƻƻƭƛƴƎ 

 

CƛƎǳǊŜ тΦ {ǘŜŀŘȅπǎǘŀǘŜ ǘŜƳǇŜǊŀǘǳǊŜ 

ŘƛǎǘǊƛōǳǝƻƴ ŀǘ ƴҐслΣллл ǊǇƳ ǿƛǘƘ ǎǇƛƴŘƭŜ 

ƘƻǳǎƛƴƎ ŎƻƻƭŜŘ ōȅ ǿŀǘŜǊ 
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4. CONCLUSION  
 

²ƘŜƴ ǘƘŜ ƘƻǳǎƛƴƎ ƛǎ ŎƻƻƭŜŘ ǿƛǘƘ ƻƛƭΣ ǘƘŜ 
ƘŜŀǘ ƎŜƴŜǊŀǘŜŘ ƛƴ ǘƘŜ ŜƭŜŎǘǊƛŎ ƳƻǘƻǊ ŀƴŘ 
ōŜŀǊƛƴƎǎ ƛǎ ŘƛǎǘǊƛōǳǘŜŘ ŀƭƳƻǎǘ ŜǾŜƴƭȅ ōŜǘǿŜŜƴ 
ǘƘŜ ƘƻǳǎƛƴƎ ŀƴŘ ǘƘŜ ǎǇƛƴŘƭŜΣ ǿƛǘƘ ŀ ǎƭƛƎƘǘƭȅ 
ƭŀǊƎŜǊ ǇƻǊǝƻƴ ƻŦ ǘƘŜ ƘŜŀǘ ŘƛǊŜŎǘŜŘ ǘƻǿŀǊŘ ǘƘŜ 
ǊŜŀǊ ōŜŀǊƛƴƎ Ǿƛŀ ǘƘŜ ǎǇƛƴŘƭŜΦ {ƳŀƭƭŜǊ ŀƳƻǳƴǘ ƛǎ 
ǘǊŀƴǎŦŜǊǊŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ƘƻǳǎƛƴƎ ǘƻǿŀǊŘ ǘƘŜ 
ŦǊƻƴǘ ōŜŀǊƛƴƎ όCƛƎǳǊŜ п ŀƴŘ рύΦ  

IƻǿŜǾŜǊΣ ǿƛǘƘ ǿŀǘŜǊ ŎƻƻƭƛƴƎΣ ǘƘŜ 
ǘŜƳǇŜǊŀǘǳǊŜ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ƘƻǳǎƛƴƎ 
ŀƴŘ ǘƘŜ ǎǇƛƴŘƭŜ ƛǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƎǊŜŀǘŜǊ όCƛƎǳǊŜ 
с ŀƴŘ тύΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ŀ ƭŀǊƎŜǊ ǇƻǊǝƻƴ ƻŦ ǘƘŜ 
ƳƻǘƻǊπƎŜƴŜǊŀǘŜŘ ƘŜŀǘ ƛǎ ŎŀǊǊƛŜŘ ǘƘǊƻǳƎƘ ǘƘŜ 
ǎǇƛƴŘƭŜ ǘƻǿŀǊŘ ǘƘŜ ŦǊƻƴǘ ōŜŀǊƛƴƎΣ ǿƘƛƭŜ 
ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƭƻƴƎ ǘƘŜ ƘƻǳǎƛƴƎ ǊŜƳŀƛƴ 
ǊŜƭŀǝǾŜƭȅ ǳƴƛŦƻǊƳΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ƘŜŀǘ 
ƛǎ ŘƛǎǘǊƛōǳǘŜŘ ŀƭƳƻǎǘ Ŝǉǳŀƭƭȅ ǘƘǊƻǳƎƘ ǘƘŜ 
ƘƻǳǎƛƴƎ ǘƻǿŀǊŘ ōƻǘƘ ǘƘŜ ŦǊƻƴǘ ŀƴŘ ǊŜŀǊ 
ōŜŀǊƛƴƎǎΦ Lƴ ŎƻƴŎƭǳǎƛƻƴΣ ǘƘŜ ŘŜǾŜƭƻǇŜŘ 
ŎƻƳǇǳǘŀǝƻƴŀƭ ƳƻŘŜƭ ǎŜǊǾŜǎ ŀǎ ŀƴ ŜũŜŎǝǾŜ 
ŜƴƎƛƴŜŜǊƛƴƎ ǘƻƻƭ ŦƻǊ ŀƴŀƭȅǎƛƴƎ ǘƘŜ ǘƘŜǊƳŀƭ 
ōŜƘŀǾƛƻǳǊ ƻŦ ƳƻǘƻǊƛȊŜŘ ǎǇƛƴŘƭŜǎΦ Lǘǎ 
ǎǘǊŀƛƎƘǜƻǊǿŀǊŘ ǎǘǊǳŎǘǳǊŜΣ ōŀǎŜŘ ƻƴ ŀ ǘƘŜǊƳŀƭ 
ǊŜǎƛǎǘŀƴŎŜ ƴŜǘǿƻǊƪΣ ŀƭƭƻǿǎ ŦƻǊ ǉǳƛŎƪ ŀƴŘ 
ǎǳŶŎƛŜƴǘƭȅ ŀŎŎǳǊŀǘŜ ǇǊŜŘƛŎǝƻƴ ƻŦ 
ǘŜƳǇŜǊŀǘǳǊŜ ŘƛǎǘǊƛōǳǝƻƴ ǿƛǘƘƛƴ ƪŜȅ ǎȅǎǘŜƳ 
ŎƻƳǇƻƴŜƴǘǎΦ 

aƻǊŜƻǾŜǊΣ ǘƘŜ ƳƻŘŜƭ ŦŀŎƛƭƛǘŀǘŜǎ 
ŎƻƳǇŀǊƛǎƻƴ ƻŦ ŘƛũŜǊŜƴǘ ŎƻƻƭƛƴƎ ƅǳƛŘǎΣ ǿƘƛŎƘ ƛǎ 
ŜǎǎŜƴǝŀƭ ŦƻǊ ƻǇǝƳƛȊƛƴƎ ǘƘŜ ŎƻƻƭƛƴƎ ǎȅǎǘŜƳ 
ŘǳǊƛƴƎ ǘƘŜ ŜŀǊƭȅ ǎǘŀƎŜǎ ƻŦ ŘŜǎƛƎƴΦ ¢Ƙƛǎ 
ŀǇǇǊƻŀŎƘ ƴƻǘ ƻƴƭȅ ŜƴƘŀƴŎŜǎ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ 
ƻǇŜǊŀǝƻƴŀƭ ǇǊŜŎƛǎƛƻƴ ƻŦ ǘƘŜ ǎǇƛƴŘƭŜ ōǳǘ ŀƭǎƻ 
ǊŜŘǳŎŜǎ ǘƘŜ Ǌƛǎƪ ƻŦ ǘƘŜǊƳŀƭƭȅ ƛƴŘǳŎŜŘ ŘŀƳŀƎŜ 
ǘƻ ōŜŀǊƛƴƎǎ ŀƴŘ ƻǘƘŜǊ ǎŜƴǎƛǝǾŜ ǇŀǊǘǎΦ 

!/Ybh²[95D9a9b¢ 

¢Ƙƛǎ ǊŜǎŜŀǊŎƘ Ƙŀǎ ōŜŜƴ ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ 
5ŜǇŀǊǘƳŜƴǘ ƻŦ tǊƻŘǳŎǝƻƴ 9ƴƎƛƴŜŜǊƛƴƎΣ 
CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 

bƻǾƛ {ŀŘ ǘƘǊƻǳƎƘ ǇǊƻƧŜŎǘ ά¢ƘŜ ŦǳǘǳǊŜ ƻŦ 
ǇǊƻŘǳŎǝƻƴ ŜƴƎƛƴŜŜǊƛƴƎύέΦ 

w9C9w9b/9{ 

ώмϐ !Φ ½ŀƘŜŘƛ ŀƴŘ aΦ wΦ aƻǾŀƘƘŜŘȅΣ ά¢ƘŜǊƳƻπ
ƳŜŎƘŀƴƛŎŀƭ ƳƻŘŜƭƛƴƎ ƻŦ ƘƛƎƘ ǎǇŜŜŘ 
ǎǇƛƴŘƭŜǎΣέ {ŎƛΦ LǊŀƴΦΣ ǾƻƭΦ мфΣ ƴƻΦ нΣ ǇǇΦ нунς
нфоΣ !ǇǊΦ нлмнΣ ŘƻƛΥ 
млΦмлмсκƧΦǎŎƛŜƴǘΦнлмнΦлмΦллпΦ 

ώнϐ YΦ WΦ IΦ !ƭπ{ƘŀǊŜŜŦ ŀƴŘ WΦ !Φ .ǊŀƴŘƻƴΣ άhƴ 
ǘƘŜ ŜũŜŎǘǎ ƻŦ ǾŀǊƛŀǝƻƴǎ ƛƴ ǘƘŜ ŘŜǎƛƎƴ 
ǇŀǊŀƳŜǘŜǊǎ ƻƴ ǘƘŜ ŘȅƴŀƳƛŎ ǇŜǊŦƻǊƳŀƴŎŜ 
ƻŦ ƳŀŎƘƛƴŜ ǘƻƻƭ ǎǇƛƴŘƭŜπōŜŀǊƛƴƎ ǎȅǎǘŜƳǎΣέ 
LƴǘΦ WΦ aŀŎƘΦ ¢ƻƻƭǎ aŀƴǳŦΦΣ ǾƻƭΦ олΣ ƴƻΦ оΣ ǇǇΦ 
помςппрΣ WŀƴΦ мффлΣ ŘƻƛΥ млΦмлмсκлуфлπ
сфррόфлύфлмутπbΦ 

ώоϐ /Φ IΦ /ƘƛŜƴ ŀƴŘ WΦ ¸Φ WŀƴƎΣ άоπ5 ƴǳƳŜǊƛŎŀƭ 
ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ŀ ōǳƛƭǘπƛƴ 
ƳƻǘƻǊƛȊŜŘ ƘƛƎƘπǎǇŜŜŘ ǎǇƛƴŘƭŜ ǿƛǘƘ ƘŜƭƛŎŀƭ 
ǿŀǘŜǊ ŎƻƻƭƛƴƎ ŎƘŀƴƴŜƭΣέ !ǇǇƭΦ ¢ƘŜǊƳΦ 9ƴƎΦΣ 
ǾƻƭΦ нуΣ ƴƻΦ мтςмуΣ ǇǇΦ нонтςноосΣ 5ŜŎΦ 
нллуΣ ŘƻƛΥ 
млΦмлмсκƧΦŀǇǇƭǘƘŜǊƳŀƭŜƴƎΦнллуΦлмΦлмрΦ 

ώпϐ IΦ [ƛ ŀƴŘ ¸Φ /Φ {ƘƛƴΣ άLƴǘŜƎǊŀǘŜŘ 5ȅƴŀƳƛŎ 
¢ƘŜǊƳƻπaŜŎƘŀƴƛŎŀƭ aƻŘŜƭƛƴƎ ƻŦ IƛƎƘ 
{ǇŜŜŘ {ǇƛƴŘƭŜǎΣ tŀǊǘ мΥ aƻŘŜƭ 
5ŜǾŜƭƻǇƳŜƴǘΣέ WΦ aŀƴǳŦΦ {ŎƛΦ 9ƴƎΦΣ ǾƻƭΦ мнсΣ 
ƴƻΦ мΣ ǇǇΦ мпуςмруΣ CŜōΦ нллпΣ ŘƻƛΥ 
млΦмммрκмΦмсппрпрΦ 

ώрϐ aΦ YƴŜȌŜǾΣ aΦ ½ŜƭƧƪƻǾƛŏΣ /Φ aƭŀŚŜƴƻǾƛŏΣ IΦ 
{ƳŀƧƛŏΣ !Φ {ǘŜƪƻƭǎŎƘƛƪΣ ŀƴŘ !Φ ¿ƛǾƪƻǾƛŏΣ 
ά9ũŜŎǘ ƻŦ ǾŀǊƛƻǳǎ ƅǳƛŘ ƅƻǿ ƻƴ ǘŜƳǇŜǊŀǘǳǊŜ 
ƻŦ ŀƴ ŀƴƎǳƭŀǊ ŎƻƴǘŀŎǘ ōŀƭƭ ōŜŀǊƛƴƎǎ ƛƴ 
ƳƻǘƻǊƛȊŜŘ ǎǇƛƴŘƭŜΣέ нлнмΣ ƴƻΦ aŀȅΦ 

ώсϐ wΦ wŀƳŜǎƘΣ aΦ !Φ aŀƴƴŀƴΣ ŀƴŘ !Φ bΦ tƻƻΣ 
ά9ǊǊƻǊ ŎƻƳǇŜƴǎŀǝƻƴ ƛƴ ƳŀŎƘƛƴŜ ǘƻƻƭǎπ ŀ 
ǊŜǾƛŜǿΦ tŀǊǘ LLΥ ¢ƘŜǊƳŀƭ ŜǊǊƻǊǎΣέ LƴǘΦ WΦ aŀŎƘΦ 
¢ƻƻƭǎ aŀƴǳŦΦΣ ǾƻƭΦ плΣ ƴƻΦ фΣ ǇǇΦ мнртςмнупΣ 
нлллΣ ŘƻƛΥ млΦмлмсκ{луфлπсфррόллύлллмлπ
фΦ 

ώтϐ YΦ [ƛǳΣ ¸Φ [ƛǳΣ aΦ {ǳƴΣ ·Φ [ƛΣ ŀƴŘ ¸Φ ²ǳΣ 
ά{ǇƛƴŘƭŜ ŀȄƛŀƭ ǘƘŜǊƳŀƭ ƎǊƻǿǘƘ ƳƻŘŜƭƛƴƎ 
ŀƴŘ ŎƻƳǇŜƴǎŀǝƻƴ ƻƴ /b/ ǘǳǊƴƛƴƎ 
ƳŀŎƘƛƴŜǎΣέ LƴǘΦ WΦ !ŘǾΦ aŀƴǳŦΦ ¢ŜŎƘƴƻƭΦΣ ǾƻƭΦ 
утΣ ƴƻΦ рςуΣ ǇǇΦ ннурςннфнΣ bƻǾΦ нлмсΣ ŘƻƛΥ 
млΦмллтκǎллмтлπлмсπурфоπрΦ 
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{ƻŎƛŜǘȅ ƻŦ tǊƻŘǳŎǝƻƴ 

9ƴƎƛƴŜŜǊƛƴƎ 

L/t9{ нлнр 

плǘƘ Lb¢9wb!¢Lhb![ /hbC9w9b/9 hb 

twh5¦/¢Lhb 9bDLb99wLbD π {9w.L! нлнр 

 

5hLΥ млΦпстфоκL/t9{нрΦмлп. 
¦ƴƛǾŜǊǎƛǘȅ ƻŦ bƛǎ 

CŀŎǳƭǘȅ ƻŦ aŜŎƘŀƴƛŎŀƭ 

9ƴƎƛƴŜŜǊƛƴƎ 
bƛǎΣ {ŜǊōƛŀΣ му π мфǘƘ {ŜǇǘŜƳōŜǊ нлнр 

a¦[¢L[!¸9w [!{9w /¦¢¢LbD hC {¢99[ t[!¢9{ 

  
WŜƭŜƴŀ .!w![L0мϝΣ .ƻƎŘŀƴ b95L0н 

hǊŎƛŘΥ ллллπлллнπулноπтфпнΤ hǊŎƛŘΥ ллллπлллнπпносπоуоо 
м CŀŎǳƭǘȅ ƻŦ ¢ŜŎƘƴƛŎŀƭ {ŎƛŜƴŎŜǎ 2ŀőŀƪΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ 2ŀőŀƪΣ {ŜǊōƛŀ 

н CŀŎǳƭǘȅ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ YǊŀƎǳƧŜǾŀŎΣ YǊŀƎǳƧŜǾŀŎΣ {ŜǊōƛŀ 
ϝ/ƻǊǊŜǎǇƻƴŘƛƴƎ ŀǳǘƘƻǊΥ ƧŜƭŜƴŀΦōŀǊŀƭƛŎϪƊƴΦƪƎΦŀŎΦǊǎ 

  
  
!ōǎǘǊŀŎǘΥ ! ƭŀǎŜǊ ƛǎ ŀ ƳƻƴƻŎƘǊƻƳŀǝŎΣ ŎƻƘŜǊŜƴǘΣ ŎƻƴǾŜǊƎŜƴǘ ōŜŀƳ ƻŦ ŜƭŜŎǘǊƻƳŀƎƴŜǝŎ ǊŀŘƛŀǝƻƴ ǿƛǘƘ 
ǿŀǾŜƭŜƴƎǘƘǎ ŦǊƻƳ ǳƭǘǊŀǾƛƻƭŜǘ ǘƻ ƛƴŦǊŀǊŜŘΦ !ƭƳƻǎǘ ŀƭƭ ǘȅǇŜǎ ƻŦ ƳŀǘŜǊƛŀƭǎ Ŏŀƴ ōŜ ƳŀŎƘƛƴŜŘ ǿƛǘƘ ŀ ƭŀǎŜǊΦ ¢ƘŜ ƭŀǎŜǊ 
ōŜŀƳ Ƙŀǎ ŀ ǾŜǊȅ ƘƛƎƘ ŜƴŜǊƎȅ ŘŜƴǎƛǘȅΦ Lƴ ƭŀǎŜǊ ŎǳǩƴƎΣ ŀ ƭŀǎŜǊ ōŜŀƳ ƛǎ ǳǎŜŘ ŀǎ ŀ ǘƻƻƭΣ ǳƴŘŜǊ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ 
ǿƘƛŎƘ ǘƘŜ ƳŀŎƘƛƴŜŘ ƳŀǘŜǊƛŀƭ ƳŜƭǘǎ ŀƴŘ ŜǾŀǇƻǊŀǘŜǎΦ Lƴ ǘƘƛǎ ǿŀȅΣ ŀ ǇǊŜŎƛǎŜ Ŏǳǘ ƛǎ ŎǊŜŀǘŜŘ ǿƛǘƘ ƳƛƴƛƳŀƭ 
ƳŜŎƘŀƴƛŎŀƭ ǎǘǊŜǎǎΦ 5ǳǊƛƴƎ ƭŀǎŜǊ ŎǳǩƴƎ ƻŦ ƳŀǘŜǊƛŀƭΣ ŀ ƘŜŀǘ ŀũŜŎǘŜŘ ȊƻƴŜ ƛǎ ŎǊŜŀǘŜŘ ǊƛƎƘǘ ƴŜȄǘ ǘƻ ǘƘŜ ŎǳǘΦ CƻǊ 
ǎƛƳǳƭǘŀƴŜƻǳǎ ŎǳǩƴƎ ƻŦ ƳǳƭǝǇƭŜ ƭŀȅŜǊǎ ƻŦ ǎƘŜŜǘ ƳŜǘŀƭ π ǿƘŜǊŜ ǎŜǾŜǊŀƭ ǎƘŜŜǘǎ ŀǊŜ ǎǘŀŎƪŜŘ ŀƴŘ Ŏǳǘ ŀǘ ǘƘŜ ǎŀƳŜ 
ǝƳŜ π ƭŀǎŜǊ ŎǳǩƴƎ ƻũŜǊǎ ŀ ƅŜȄƛōƭŜ ŀƭǘŜǊƴŀǝǾŜ ǘƻ ǘǊŀŘƛǝƻƴŀƭ ǇǳƴŎƘƛƴƎ ƻǊ ƳŜŎƘŀƴƛŎŀƭ ŎǳǩƴƎΦ ¢Ƙƛǎ ƛǎ 
ǇŀǊǝŎǳƭŀǊƭȅ ƛƳǇƻǊǘŀƴǘ ƛƴ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ǇŀǊǘǎ ƻŦ ǎƳŀƭƭ ǎŜǊƛŜǎΣ ŎƻƳǇƭŜȄ ƎŜƻƳŜǘǊƛŜǎ ŀƴŘ ŦǊƻƳ ƳŀǘŜǊƛŀƭǎ ǘƘŀǘ 
ŀǊŜ ŘƛŶŎǳƭǘ ǘƻ ǇǊƻŎŜǎǎ ǿƛǘƘ ŎƻƴǾŜƴǝƻƴŀƭ ƳŀŎƘƛƴƛƴƎ ǇǊƻŎŜǎǎŜǎΦ ¢Ƙƛǎ ǇŀǇŜǊ ǇǊŜǎŜƴǘǎ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǊŜǎŜŀǊŎƘ ƻƴ 
ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ƳǳƭǝƭŀȅŜǊ ƭŀǎŜǊ ŎǳǩƴƎ ƻŦ ǎǘŜŜƭ ǇƭŀǘŜǎΦ ¢ƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ǘƘŜ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘ ŀƴŘ ƴǳƳōŜǊ ƻŦ 
ǇƭŀǘŜǎ ǿŀǎ ŀƴŀƭȅȊŜŘΦ hƴŜΣ ǘǿƻ ŀƴŘ ǘƘǊŜŜ ǇƭŀǘŜǎ ǿƛǘƘ ŀ ǘƘƛŎƪƴŜǎǎ ƻŦ п ƳƳΣ ŦǊƻƳ {оррWнҌb ό2лрсоύΣ ǿŜǊŜ Ŏǳǘ 
ǿƛǘƘ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘ ŀƴŘ ǘƘŜ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘ ƘƛƎƘŜǊ ŀƴŘ ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ 
ǾŀƭǳŜǎΦ ¢ƘŜ ǿƛŘǘƘ ƻŦ ǘƘŜ Ŏǳǘ ŀƴŘ ǘƘŜ ǊƻǳƎƘƴŜǎǎ ƻŦ ǘƘŜ ƳŀŎƘƛƴŜŘ ǎǳǊŦŀŎŜ ǿŜǊŜ ŀƴŀƭȅȊŜŘΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ 
Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ŎǳǩƴƎ ǘƘǊƻǳƎƘ ŀƭƭ ƭŀȅŜǊǎΦ 
  
YŜȅǿƻǊŘǎΥ ƭŀǎŜǊ ōŜŀƳ ŎǳǩƴƎΣ ƳǳƭǝƭŀȅŜǊΣ ŎǳǩƴƎ ǿƛŘǘƘΣ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎΦ 

 

 

мΦ Lb¢wh5¦/¢Lhb  

 

¦ƴŎƻƴǾŜƴǝƻƴŀƭ ƳŀŎƘƛƴƛƴƎ ƳŜǘƘƻŘǎ ǳǎŜ 
ŜƭŜŎǘǊƛŎŀƭΣ ŎƘŜƳƛŎŀƭΣ ƭƛƎƘǘΣ ƳŀƎƴŜǝŎΣ ƴǳŎƭŜŀǊ 
ŀƴŘ ƻǘƘŜǊ ŦƻǊƳǎ ƻŦ ŜƴŜǊƎȅ ŦƻǊ ƳŀŎƘƛƴƛƴƎ ƻŦ 
ƳŀǘŜǊƛŀƭǎΦ ¢Ƙƛǎ ŜƴŜǊƎȅ ƛǎ ŘƛǊŜŎǘƭȅ ǎǳǇǇƭƛŜŘ ǘƻ ǘƘŜ 
ǇǊƻŎŜǎǎ π ǘƘŜ ŎǳǩƴƎ ȊƻƴŜΦ 

[ŀǎŜǊ ƛǎ ǘƘŜ ŀōōǊŜǾƛŀǝƻƴ ƻŦ ƭƛƎƘǘ 
ŀƳǇƭƛŬŎŀǝƻƴ ōȅ ǎǝƳǳƭŀǘŜŘ ŜƳƛǎǎƛƻƴ ƻŦ 
ǊŀŘƛŀǝƻƴΦ ! ƘƛƎƘƭȅ ŎƻƭƭƛƳŀǘŜŘΣ ƳƻƴƻŎƘǊƻƳŀǝŎ 
ŀƴŘ ŎƻƘŜǊŜƴǘ ƭƛƎƘǘ ōŜŀƳ ƛǎ ƎŜƴŜǊŀǘŜŘ ŀƴŘ 
ŦƻŎǳǎŜŘ ǘƻ ŀ ǎƳŀƭƭ ǎǇƻǘ ώмϐΦ Lƴ ǘƘƛǎ ǿŀȅΣ ŀ ǾŜǊȅ 
ƘƛƎƘ ŜƴŜǊƎȅ ŘŜƴǎƛǘȅ ƛǎ ŀŎƘƛŜǾŜŘ όмлс ²κƳƳнύΦ  
[ŀǎŜǊ ƎŀǎΣ ǿƘƛŎƘ ƛǎ Ƴƻǎǘ ƻƊŜƴ ŀ ƳƛȄǘǳǊŜ ƻŦ 
ƻȄȅƎŜƴ ŀƴŘ ƴƛǘǊƻƎŜƴΣ ƛǎ ǎǳǇǇƭƛŜŘ ǘƻ ǘƘŜ ŎǳǩƴƎ 
ƘŜŀŘ ŀƴŘ ǎǳǊǊƻǳƴŘǎ ǘƘŜ ƭŀǎŜǊ ōŜŀƳ ŀƴŘ ǘƘŜ 
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 ΝΜΡ 

ŎǳǩƴƎ ȊƻƴŜ ŘǳǊƛƴƎ ŎǳǩƴƎΦ ¢ƘŜ ƭŀǎŜǊ ōŜŀƳ ƛǎ 
ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ǿƻǊƪǇƛŜŎŜΣ ǿƘƛŎƘ ƛǎ ƘŜŀǘŜŘΣ 
ƳŜƭǘŜŘ ŀƴŘ ǇŀǊǝŀƭƭȅ ǾŀǇƻǊƛȊŜŘΣ ǘƘǳǎ ŎǳǩƴƎ ǘƘŜ 
ƳŀǘŜǊƛŀƭΦ ¢ƘŜ ƳƻƭǘŜƴ ƳŀǘŜǊƛŀƭ ŦƻǊƳŜŘ ŘǳǊƛƴƎ 
ǘƘŜ ŎǳǩƴƎ ǇǊƻŎŜǎǎ ƛǎ ǊŜƳƻǾŜŘ ŦǊƻƳ ǘƘŜ ŎǳǩƴƎ 
ȊƻƴŜ ōȅ ǘƘŜ ƭŀǎŜǊ ƎŀǎΦ CƛƎǳǊŜ м ǎƘƻǿǎ ǘƘŜ 
ǇǊƛƴŎƛǇƭŜ ƻŦ ƭŀǎŜǊ ƻǇŜǊŀǝƻƴΦ 
 

 
CƛƎǳǊŜ мΦ ¢ƘŜ ǿƻǊƪƛƴƎ ǇǊƛƴŎƛǇƭŜ ƻŦ ǘƘŜ ƭŀǎŜǊ ώнϐ 

5ǳǊƛƴƎ ƭŀǎŜǊ ōŜŀƳ ŎǳǩƴƎΣ ǇŀǊǘ ƻŦ ǘƘŜ ƭŀǎŜǊ 
ōŜŀƳ ƛǎ ǊŜƅŜŎǘŜŘ ŦǊƻƳ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ 
ǿƻǊƪǇƛŜŎŜΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ ǇŀǊǘ ƻŦ ǘƘŜ ŜƴŜǊƎȅ ƻŦ 
ǘƘŜ ƭŀǎŜǊ ōŜŀƳ ƛǎ ŀōǎƻǊōŜŘ ŀƴŘ ǘƘǳǎ ǘƘŜ 
ƳŀǘŜǊƛŀƭ ƻŦ ǘƘŜ ǿƻǊƪǇƛŜŎŜ ƛǎ ƘŜŀǘŜŘΦ ²ƘŜƴ ǘƘŜ 
ƳŀǘŜǊƛŀƭ ƛǎ ƘŜŀǘŜŘ ŜƴƻǳƎƘΣ ƛǘ ōŜƎƛƴǎ ǘƻ ƳŜƭǘ ŀƴŘ 
ǾŀǇƻǊƛȊŀǝƻƴ ƻŎŎǳǊǎΣ CƛƎǳǊŜ нΦ 

 

 
CƛƎǳǊŜ нΦ tƘȅǎƛŎŀƭ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ǘŀƪŜ ǇƭŀŎŜ ŘǳǊƛƴƎ 

ƭŀǎŜǊ ōŜŀƳ ƳŀŎƘƛƴƛƴƎ ώмϐ 

 

aǳƭǝƭŀȅŜǊ ƭŀǎŜǊ ŎǳǩƴƎ 

¢ƻŘŀȅΣ ǘƘŜ ƭŀǎŜǊ ƛǎ Ƴƻǎǘ ƻƊŜƴ ǳǎŜŘ ŦƻǊ ŎǳǩƴƎ 
ŀƭƳƻǎǘ ŀƭƭ ǘȅǇŜǎ ƻŦ ƳŀǘŜǊƛŀƭǎ ŀŎŎƻǊŘƛƴƎ ǘƻ 
ǇǊŜŘŜŬƴŜŘ ŎƻƴǘƻǳǊǎΦ Lƴ ƻǊŘŜǊ ǘƻ ŀŎƘƛŜǾŜ ƘƛƎƘŜǊ 
ǇǊƻŘǳŎǝǾƛǘȅ ƻŦ ǘƘŜ ŎǳǩƴƎ ǇǊƻŎŜǎǎΣ ƳƻǊŜ ŀƴŘ 
ƳƻǊŜ ŀǧŜƴǝƻƴ ƛǎ ǇŀƛŘ ǘƻ ǎƛƳǳƭǘŀƴŜƻǳǎ ŎǳǩƴƎ 
ƻŦ ǎŜǾŜǊŀƭ ƭŀȅŜǊǎ ƻŦ ƳŀǘŜǊƛŀƭΦ aǳƭǝǇƭŜ ƭŀȅŜǊǎ ƻŦ 
ǎǘŜŜƭ Ŏŀƴ ōŜ ƭŀǎŜǊ ŎǳǘΣ ōǳǘ ǘƘŜǊŜ ŀǊŜ ƭƛƳƛǘŀǝƻƴǎ 
ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǘƘƛŎƪƴŜǎǎ ŀƴŘ ǘȅǇŜ ƻŦ ǎǘŜŜƭΦ Lƴ 
ǇǊƛƴŎƛǇƭŜΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ Ŏǳǘ ƳǳƭǝǇƭŜ ƭŀȅŜǊǎ ƛŦ 
ǘƘŜȅ ŀǊŜ ǿŜƭƭ ŀǧŀŎƘŜŘ ŀƴŘ ƛŦ ǘƘŜ ƳŀȄƛƳǳƳ 
ǇƻǿŜǊ ƻŦ ǘƘŜ ƭŀǎŜǊ ƛǎ ǎǳŶŎƛŜƴǘ ǘƻ Ŏǳǘ ǘƘǊƻǳƎƘ 
ǘƘŜ ǘƻǘŀƭ ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭΦ ¢ƘŜ Ƴƻǎǘ 
ŎƻƳƳƻƴ ǇǊƻōƭŜƳǎ ǘƘŀǘ ƻŎŎǳǊ ŘǳǊƛƴƎ Ƴǳƭǝπ
ƭŀȅŜǊ ƭŀǎŜǊ ŎǳǩƴƎ ƻŦ ǎǘŜŜƭ ŀǊŜΥ 

- 5ŜŦƻǊƳŀǝƻƴ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ ŘǳŜ ǘƻ 
ƘŜŀǝƴƎΣ ǿƘƛŎƘ ƛǎ ŜǎǇŜŎƛŀƭƭȅ ǇǊƻƴƻǳƴŎŜŘ 
ǿƘŜƴ ŎǳǩƴƎ ǘƘƛƴ ǎƘŜŜǘǎ ƻǊ ŎǳǩƴƎ 
ŎƻƳǇƭŜȄ ŎƻƴǘƻǳǊǎΣ 

- Cǳǎƛƻƴ ƻŦ ƭŀȅŜǊǎ ƻŦ ƳŀǘŜǊƛŀƭ ǘƻ ōŜ Ŏǳǘ ŀƴŘ 

- /ƘŀƴƎŜ ƛƴ ǘƘŜ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ 

ǇǊƻŎŜǎǎŜŘ ƳŀǘŜǊƛŀƭ π ŀǇǇŜŀǊŀƴŎŜ ƻŦ ƘŜŀǘ 

ŀũŜŎǘŜŘ ȊƻƴŜ ώнϐΦ 

!ƭƭ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ ƭŀǎŜǊ ŎǳǩƴƎ ǇǊƻŎŜǎǎΣ 
ƭƛƪŜ ǇƻǿŜǊΣ ǎǇŜŜŘΣ ƭŀǎŜǊ Ǝŀǎ ǇǊŜǎǎǳǊŜΣ ŀƴŘ ŦƻŎŀƭ 
Ǉƻǎƛǝƻƴ ŀũŜŎǘ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ŎǳǩƴƎ ƳǳƭǝǇƭŜ 
ƭŀȅŜǊǎ ƻŦ ƳŀǘŜǊƛŀƭΦ Lƴ ǇǊŀŎǝŎŜΣ ƛǘ ƛǎ ŜŀǎƛŜǎǘ ǘƻ ǎŜǘ 
ǘƘŜ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘΦ IƛƎƘŜǊ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘǎ 
ǊŜŘǳŎŜ ƪŜǊŦ ǿƛŘǘƘ ŀƴŘ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ ōǳǘ 
Ƴŀȅ ŎŀǳǎŜ ƛƴŎƻƳǇƭŜǘŜ Ŏǳǘǎ ƛŦ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘ ƛǎ 
ǘƻƻ ŦŀǎǘΦ {ƭƻǿŜǊ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘǎ ƛƳǇǊƻǾŜ ŜŘƎŜ 
ǉǳŀƭƛǘȅ ōǳǘ ƛƴŎǊŜŀǎŜ ǘƘŜǊƳŀƭ ƭƻŀŘ ŀƴŘ ŎȅŎƭŜ 
ǝƳŜΦ 
 

CƛōŜǊ ƭŀǎŜǊǎ 

 

CƛōŜǊ ƭŀǎŜǊǎ ǳǎŜ ŀƴ ƻǇǝŎŀƭ ŬōŜǊ ŀǎ ŀƴ ƻǇǝŎŀƭ 
ǊŜǎƻƴŀǘƻǊΦ hǇǝŎŀƭ ŬōŜǊ ƎƛǾŜǎ ǘƘŜ ƴŀƳŜ ǘƻ ǘƘƛǎ 
ǘȅǇŜ ƻŦ ƭŀǎŜǊΦ ¢ƘŜ ƭŀǎŜǊ ōŜŀƳ ƛǎ ƻōǘŀƛƴŜŘ ƛƴ ŀƴ 
ƻǇǝŎŀƭ ŬōŜǊ ǿƘƻǎŜ ŎƻǊŜ ƛǎ ŜƴǊƛŎƘŜŘ ǿƛǘƘ ǎƻƳŜ 
ƻŦ ǘƘŜ ǊŀǊŜ ŎƘŜƳƛŎŀƭ ŜƭŜƳŜƴǘǎ ǎǳŎƘ ŀǎ ȅǧŜǊōƛǳƳ 
ό¸ōύΣ ŜǊōƛǳƳ ό9ǊύΣ ǘȅƭƭƛǳƳ ό¢ƳύΣ ƴŜƻŘȅƳƛǳƳ 
όbŘύΣ ŘƛǎǇŜǊǎƛƻƴ ό5ȅύΣ ƘƻƭƳƛǳƳ όIƻύΣ 
ǇǊŀǎŜƻŘȅƳƛǳƳ όtǊύΦ ¢ƘŜ ƻǇǝŎŀƭ ŎƻǊŜ ƻŦ ǘƘŜ 
ƻǇǝŎŀƭ ŬōŜǊ ƛǎ ǘƘŜ ŀŎǝǾŜ ƳŀǘŜǊƛŀƭ ƻŦ ǘƘŜ ƭŀǎŜǊΦ 
.ȅ ƛƭƭǳƳƛƴŀǝƴƎ ǘƘŜ ŎƻǊŜΣ ƛƻƴǎ ŀǊŜ ŜȄŎƛǘŜŘΣ ǘƘŀǘ 
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 ΝΜΣ 

ƛǎΣ ǎǝƳǳƭŀǘŜŘ ŜƳƛǎǎƛƻƴ ƻŦ ƭƛƎƘǘ ōȅ ŜȄŎƛǘŜŘ ƛƻƴǎ 
ƻŦ ǘƘŜ ŜƭŜƳŜƴǘǎ ƻŦ ǘƘŜ ŎƻǊŜΦ 
CƛōŜǊ ƭŀǎŜǊǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǳǎŜŘ ŦƻǊ ƳŜǘŀƭ 

ŎǳǩƴƎ ŘǳŜ ǘƻ ǘƘŜ ƘƛƎƘŜǊ ŜŶŎƛŜƴŎȅ ƻŦ ŜƴŜǊƎȅ 
ŀōǎƻǊǇǝƻƴ ƻƴ ƳŜǘŀƭ ǎǳǊŦŀŎŜǎΣ ƘƛƎƘŜǊ ŎǳǩƴƎ 
ǎǇŜŜŘǎ ŀƴŘ ƭƻǿŜǊ ƻǇŜǊŀǝƴƎ Ŏƻǎǘǎ ŎƻƳǇŀǊŜŘ ǘƻ 
/hн ƭŀǎŜǊǎΦ CƛōŜǊ ƭŀǎŜǊǎ Ŏŀƴ Ŏǳǘ ƳŀǘŜǊƛŀƭǎ ǳǇ ǘƻ 
ŬǾŜ ǝƳŜǎ ŦŀǎǘŜǊ ŀƴŘ ŎƻƴǎǳƳŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 

рл҈ ƭŜǎǎ ŜƴŜǊƎȅ ώоϐΦ ¢ƘŜƛǊ ǎǘǊŜŀƳƭƛƴŜŘ ŘŜǎƛƎƴ 
ǿƛǘƘ ŦŜǿŜǊ ƳƻǾƛƴƎ ǇŀǊǘǎ ǊŜŘǳŎŜǎ ƳŀƛƴǘŜƴŀƴŎŜ 
Ŏƻǎǘǎ ŀƴŘ ŘƻǿƴǝƳŜΦ CƛƎǳǊŜ о ǎƘƻǿǎ ǘƘŜ 
ǿƻǊƪƛƴƎ ǇǊƛƴŎƛǇƭŜ ƻŦ ǘƘŜ ŬōŜǊ ƭŀǎŜǊΦ 
 

 

 

 
CƛƎǳǊŜ оΦ {ŎƘŜƳŀǝŎ ŘƛŀƎǊŀƳ ƻŦ ŬōǊŜ ƭŀǎŜǊ ώпϐ 

¢ƘŜ ƘƛƎƘπǇƻǿŜǊ ǇǳƳǇ ƭƛƎƘǘ ƅƻǿǎ ǘƘǊƻǳƎƘ ŀƴ 
ƻǇǝŎŀƭ ŬōŜǊ ŎƻƴǎƛǎǝƴƎ ƻŦ ǘǿƻ Ƴŀƛƴ 
ŎƻƳǇƻƴŜƴǘǎΥ ŀ ŎƻǊŜ ŀƴŘ ŀ ŎƭŀŘŘƛƴƎΦ ¢ƘŜ ŎƻǊŜ 
ƛǎ ƳŀŘŜ ƻŦ ǎƛƭƛŎƻƴ Ǝƭŀǎǎ ŀƴŘ ǇǊƻǾƛŘŜǎ ŀ ǇŀǘƘ ŦƻǊ 
ǘƘŜ ƭƛƎƘǘΦ ¢Ƙƛǎ ŎƻǊŜ ƛǎ ŎƻǾŜǊŜŘ ōȅ ŀƴ ƳŀƴǘƭŜΦ 
²ƘŜƴ ƭƛƎƘǘ ǊŜŀŎƘŜǎ ǘƘŜ ƳŀƴǘƭŜΣ ƛǘ ƛǎ ŀƭƭ 
ǊŜƅŜŎǘŜŘ ōŀŎƪ ƛƴǘƻ ǘƘŜ ŎƻǊŜΦ !ƊŜǊ ǘƘŀǘΣ ǘƘŜ 
ƭƛƎƘǘ ǊŜŀŎƘŜǎ ǘƘŜ ŘƻǇŜŘ ŎƻǊŜΦ 
 

нΦ 9·t9wLa9b¢![ w9{9!w/I 

 

¢ƘŜ Ǝƻŀƭ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ǊŜŀƭƛȊŜŘ ǿƛǘƘƛƴ 
ǘƘƛǎ ǇŀǇŜǊ ǿŀǎ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ 
ƭŀǎŜǊ ŎǳǩƴƎ ƻŦ ƳǳƭǝǇƭŜ ƭŀȅŜǊǎ ƻŦ ƳŀǘŜǊƛŀƭΦ ¢ƘŜ 
ǘŜǎǘǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƻƴ ŀ ¢Ǌǳ[ŀǎŜǊ олпл ƭŀǎŜǊ 
ŎǳǩƴƎ ƳŀŎƘƛƴŜ ŦǊƻƳ ǘƘŜ ¢ǊǳƳǇŦ ŎƻƳǇŀƴȅ ŀǘ 
ǘƘŜ Ϧ²ŀŎƪŜǊ bŜǳǎƻƴϦ ŎƻƳǇŀƴȅ ƛƴ YǊŀƎǳƧŜǾŀŎΦ 
¢Ƙƛǎ ǘȅǇŜ ƻŦ ƭŀǎŜǊ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƘƛƎƘ 
ƅŜȄƛōƛƭƛǘȅ ŀƴŘ ŜŎƻƴƻƳȅΣ ŀǎ ǿŜƭƭ ŀǎ ŜȄŎŜƭƭŜƴǘ 
ǉǳŀƭƛǘȅΦ CƛƎǳǊŜ п ǎƘƻǿǎ ǘƘŜ ŎƻƳǇŀƴȅϥǎ ƭŀǎŜǊ 
ƳŀŎƘƛƴŜΦ 

 
CƛƎǳǊŜ пΦ ¢ǊǳƳǇŦ ¢Ǌǳ[ŀǎŜǊ олпл ƭŀǎŜǊ 

 

¢ƘŜ ǇƻǿŜǊ ƻŦ ǘƘŜ ƳŀŎƘƛƴŜ ƛǎ с Y²Φ CƻǊ ǘƘŜ 
ǇǳǊǇƻǎŜǎ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΣ ǇƭŀǘŜǎ ǿƛǘƘ ŀ 
ǘƘƛŎƪƴŜǎǎ ƻŦ п ƳƳΣ ƳŀǘŜǊƛŀƭ ƳŀǊƪŜŘ {оррWнҌb 
ό2лрсоύ ǿŜǊŜ ǳǎŜŘΦ ¢ƘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ 
ƳŀǘŜǊƛŀƭ ŀǊŜ ƎƛǾŜƴ ƛƴ ǘŀōƭŜ мΦ 
¢ƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ǇŀǊŀƳŜǘŜǊǎ 
ƻŦ ǘƘŜ ƭŀǎŜǊ ŎǳǩƴƎ ǇǊƻŎŜǎǎ ƘŀǾŜ ōŜŜƴ 
ŀŘƻǇǘŜŘΦ ¢ƘŜ ǇŀǊŀƳŜǘŜǊ ǘƘŀǘ ǿŀǎ ǾŀǊƛŜŘ 
ŘǳǊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ƛǎ ǘƘŜ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘΦ 
¢ƘŜ Ŏǳǘ ǎŀƳǇƭŜǎ ŀǊŜ плȄпл ƳƳ ǝƭŜǎΦ 
Lƴ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΣ ŦƻǳǊ ǝƭŜ ǎŀƳǇƭŜǎ ǿŜǊŜ Ŏǳǘ 
ƻƴ ƻƴŜΣ ǘǿƻ ŀƴŘ ǘƘǊŜŜ ƭŀȅŜǊǎ ƻŦ ƳŀǘŜǊƛŀƭΦ Lƴ 
ǘƘŜǎŜ ŜȄǇŜǊƛƳŜƴǘǎΣ ǘƘŜ ǇƭŀǘŜǎπƭŀȅŜǊǎ ŀǊŜ 
ǝƎƘǘƭȅ ƧƻƛƴŜŘΣ ǿƛǘƘ ƴƻ ƎŀǇ ōŜǘǿŜŜƴ ǘƘŜƳΦ 
!ƊŜǊ ƭŀǎŜǊ ŎǳǩƴƎΣ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ Ŏǳǘ ǿŀǎ 

ƛƴǾŜǎǝƎŀǘŜŘΣ ǘƘŜ ǿƛŘǘƘ ƻŦ ǘƘŜ Ŏǳǘ ŀƴŘ ǘƘŜ 

ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ ǿŜǊŜ ƳŜŀǎǳǊŜŘΦ 

CƻǊ ŀƴŀƭȅȊƛƴƎ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ŎǳǩƴƎ ƳǳƭǝǇƭŜ 
ƭŀȅŜǊǎ ƻŦ ƳŀǘŜǊƛŀƭ ǳǎƛƴƎ ŀ ƭŀǎŜǊ ƛƴ ƻǊŘŜǊ ǘƻ 
ŀŎƘƛŜǾŜ ǎŀǾƛƴƎǎ ƛƴ ƭŀǎŜǊ ƻǇŜǊŀǝƻƴ ǝƳŜ ŀƴŘ 
ƳŀǘŜǊƛŀƭ ǎŀǾƛƴƎǎΣ ǘƘǊŜŜ ŜȄǇŜǊƛƳŜƴǘǎ ǿŜǊŜ 
ǇŜǊŦƻǊƳŜŘΦ ¢ƘŜ ŬǊǎǘ ŜȄǇŜǊƛƳŜƴǘ ƛƴǾƻƭǾŜǎ 
ŎǳǩƴƎ ŀ ǎŀƳǇƭŜ ƻŦ плȄпл ƳƳ ǝƭŜǎ ƻƴ ƻƴŜ 
ƭŀȅŜǊ ƻŦ п ƳƳ ǘƘƛŎƪ ƳŀǘŜǊƛŀƭΦ CƻǳǊ ǝƭŜǎ ǿŜǊŜ 
Ŏǳǘ ŀǘ ŘƛũŜǊŜƴǘ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘǎΣ ǿƘƛƭŜ ǘƘŜ 
ƻǘƘŜǊ ǇŀǊŀƳŜǘŜǊǎ ǿŜǊŜ ǳƴŎƘŀƴƎŜŘ ŀƴŘ ƪŜǇǘ ŀǎ 
ǊŜŎƻƳƳŜƴŘŜŘΦ ¢ƘŜ ǎŜŎƻƴŘ ŜȄǇŜǊƛƳŜƴǘ 
ƛƴǾƻƭǾŜǎ ŎǳǩƴƎ ŀ ǝƭŜ ƻŦ ǘƘŜ ǎŀƳŜ ŘƛƳŜƴǎƛƻƴǎ 
ŦǊƻƳ ǘǿƻ ƭŀȅŜǊǎ ƻŦ ƳŀǘŜǊƛŀƭΣ ǿƘƛƭŜ ƛƴ ǘƘŜ ǘƘƛǊŘΣ 
ŎǳǩƴƎ ǿŀǎ ŘƻƴŜ ŦǊƻƳ ǘƘǊŜŜ ƭŀȅŜǊǎ ƻŦ ƳŀǘŜǊƛŀƭΣ 
CƛƎǳǊŜ рΦ  
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 ΝΜΤ 

 
CƛƎǳǊŜ рΦ {ŀƳǇƭŜǎ ŦƻǊ ǘƘŜ ŬǊǎǘΣ ǎŜŎƻƴŘ ŀƴŘ ǘƘƛǊŘ 

ŜȄǇŜǊƛƳŜƴǘ 

²ƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ǘƘŜ ¢ǊǳǘƻǇǎ ǎƻƊǿŀǊŜΣ ǘƘŜ 
ƛƴǇǳǘ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ ŎǳǩƴƎ ǘƘŜ ƳŀǘŜǊƛŀƭ ǿŜǊŜ 
ǎŜǘ ŀƴŘ ƻƴƭȅ ǘƘŜ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘ ǿŀǎ ǾŀǊƛŜŘΦ 
 

¢ŀōƭŜ мΦ aŀǘŜǊƛŀƭ ǇǊƻǇŜǊǝŜǎ 

aŀǘŜǊƛŀƭ 

ŘŜǎƛƎƴŀǝƻƴ 

/ƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ 
aŜŎƘŀƴƛŎŀƭ 

ǇǊƻǇŜǊǝŜǎ 

/ 

҈ 

aƴ 

҈ 

{ƛ 

҈ 

tΣ { 

҈ 

wŜ Σ 

bκƳƳн 

{орр WнҌb  

ό2лрсоύ 

Җ 

лΦнн 

Җ 

мΦсл 
лΦрр 

Җ 

лΦлор 
җ орр 

 

¢ŀōƭŜ н ǇǊƻǾƛŘŜǎ Řŀǘŀ ƻƴ ǘƘŜ ŎƻƴŘƛǝƻƴǎ ŦƻǊ 
ŎǳǩƴƎ ǘƘŜ ǝƭŜǎ ŀƴŘ ƳŀǊƪƛƴƎ ǘƘŜ ǎŀƳǇƭŜǎΦ 
¢ǊŀǾŜǊǎŜ ǎǇŜŜŘ ƛǎ ŜȄǇǊŜǎǎŜŘ ƛƴ ҈ ƛƴ ǊŜƭŀǝƻƴ ǘƻ 
ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ǾŀƭǳŜΦ ¢ƘŜ ǇǊŜǎǎǳǊŜ ƻŦ ǘƘŜ 
ǿƻǊƪƛƴƎ Ǝŀǎ όƳƛȄǘǳǊŜ ƻŦ ƴƛǘǊƻƎŜƴ ŀƴŘ ƻȄȅƎŜƴύ 
ǿŀǎ лΦт ōŀǊΦ 
 

¢ŀōƭŜ нΦ ¢ǊŀǾŜǊǎŜ ǎǇŜŜŘ ŀƴŘ ƭŀǎŜǊ ǇƻǿŜǊ ƛƴ 

ŜȄǇŜǊƛƳŜƴǘǎ   

9ȄǇΦ 

bƻΦ 

bƻ ƻŦ 

ƭŀȅŜǊǎ 

{ŀƳΦ 

bƻΦ ¢ƘƛŎΦ 

ώƳƳϐ 

t 

ώY²ϐ 

wŜŎΦ 

ǘǊŀǾŜǊǎŜ 

ǎǇŜŜŘ 

ώƳƳκƳƛƴϐ 

¢ǊŀǾŜǊǎŜ  

ǎǇŜŜŘ 

ώ҈ϐ 

9м м 

мм п  

ϤоΦн оолл 

ур҈ 

мн п  млл҈ 

мо п  ммл҈ 

мп п  мнл҈ 

9н н 

нм у  

ϤпΦс нуол 

ур҈ 

нн у  млл҈ 

но у  ммл҈ 

нп у  мнл҈ 

9о о 

ом мн  

Ϥс нлрл 

ур҈ 

он мн  млл҈ 

оо мн  ммл҈ 

оп мн  мнл҈ 

 

оΦ w9{¦[¢{ !b5 5L{/¦{{Lhb 

 

CƛǊǎǘ ŜȄǇŜǊƛƳŜƴǘ π CƛƎǳǊŜ с ǎƘƻǿǎ ǎŀƳǇƭŜ 
ƴǳƳōŜǊ мм ŦǊƻƳ ǘƘŜ ǳǇǇŜǊ ŀƴŘ ƭƻǿŜǊ ǎƛŘŜ ŀƴŘ 
Ŏǳǘ ǎǳǊŦŀŎŜΦ hƴŜ ƭŀȅŜǊ ǿŀǎ ŎǳǘΣ ǿƛǘƘ ŀ ǎǇŜŜŘ ƻŦ 
ур҈ ƻŦ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ƻƴŜΦ ¢ƘŜ ǇƭŀǘŜ Ƙŀǎ 
ōŜŜƴ Ŏǳǘ ǎǳŎŎŜǎǎŦǳƭƭȅΦ bƻ ōǳǊǊ ǿŀǎ ƻōǎŜǊǾŜŘ 
ŦǊƻƳ ǘƘŜ ōƻǧƻƳ ǎƛŘŜΦ 
 

    

 
CƛƎǳǊŜ сΦ {ŀƳǇƭŜ ммΣ ǘƘŜ ǳǇǇŜǊ ŀƴŘ ōƻǧƻƳ ǎƛŘŜ 

ŀƴŘ ǘƘŜ Ŏǳǘ ǎǳǊŦŀŎŜ 

CƛƎǳǊŜ т ǎƘƻǿǎ ǎŀƳǇƭŜ ƴǳƳōŜǊ мнΣ ǘƘŜ ǘƻǇ 
ŀƴŘ ōƻǧƻƳ ǎƛŘŜ ŀƴŘ ǘƘŜ Ŏǳǘ ǎǳǊŦŀŎŜΦ hƴŜ ƭŀȅŜǊ 
ƻŦ ǎǘŜŜƭ ǿŀǎ Ŏǳǘ ǿƛǘƘ млл҈ ƻŦ ǘƘŜ 
ǊŜŎƻƳƳŜƴŘŜŘ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘΦ ¢ƘŜ ǇƭŀǘŜ Ƙŀǎ 
ōŜŜƴ Ŏǳǘ ǎǳŎŎŜǎǎŦǳƭƭȅΦ bƻ ōǳǊǊ ǿŀǎ ƻōǎŜǊǾŜŘ 
ŦǊƻƳ ǘƘŜ ōƻǧƻƳ ǎƛŘŜΦ 

 

CƛƎǳǊŜ тΦ {ŀƳǇƭŜ мнΣ ǘƘŜ ǳǇǇŜǊ ŀƴŘ ōƻǧƻƳ ǎƛŘŜ 

ŀƴŘ ǘƘŜ Ŏǳǘ ǎǳǊŦŀŎŜ 
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 ΝΜΥ 

CƛƎǳǊŜ у ǎƘƻǿǎ ǎŀƳǇƭŜ ƴǳƳōŜǊ мп ŦǊƻƳ ǘƘŜ 
ǘƻǇ ŀƴŘ ōƻǧƻƳ ǎƛŘŜΦ hƴŜ ƭŀȅŜǊ ǿŀǎ Ŏǳǘ ǿƛǘƘ ŀ 
ǎǇŜŜŘ ƻŦ мнл҈ ƻŦ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ǘǊŀǾŜǊǎŜ 
ǎǇŜŜŘ ǾŀƭǳŜΦ 5ǳŜ ǘƻ ǘƘŜ ƘƛƎƘ ǘǊŀǾŜǊǎ ǎǇŜŜŘ ŀƴŘ 
ǘƘŜ ƛƳǇƻǎǎƛōƛƭƛǘȅ ƻŦ ǊŜƳƻǾƛƴƎ ǘƘŜ ƳƻƭǘŜƴ 
ƳŀǘŜǊƛŀƭΣ ǘƘŜ ǎŀƳǇƭŜ ǿŀǎ ƴƻǘ ǎǳŎŎŜǎǎŦǳƭƭȅ Ŏǳǘ 
ƻƴ ǘƘŜ ƭƻǿŜǊ ǎƛŘŜΣ ǘƘŜ ƳƻƭǘŜƴ ƳŀǘŜǊƛŀƭ ǿŀǎ 
ǊŜǘŀƛƴŜŘΦ ¢ƘŜ ǇƭŀǘŜ ǿŀǎ ƴƻǘ ǎŜǇŀǊŀǘŜŘΣ ǎƻ 
ǘƘŜǊŜ ǿŀǎ ƴƻ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ Ŏǳǘ ǎǳǊŦŀŎŜ 
ǘƻǇƻƎǊŀǇƘȅΦ 

  
CƛƎǳǊŜ уΦ {ŀƳǇƭŜ мпΣ ǘƘŜ ǳǇǇŜǊ ŀƴŘ ōƻǧƻƳ ǎƛŘŜ 

 

CƛƎǳǊŜ ф ǎƘƻǿǎ ǎŀƳǇƭŜ ƴǳƳōŜǊ нм ŦǊƻƳ ǘƘŜ 
ǘƻǇ ŀƴŘ ōƻǧƻƳ ǎƛŘŜΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ Ŏǳǘ ǎǳǊŦŀŎŜΦ 
¢ǿƻ ƭŀȅŜǊǎ ƻŦ ƳŀǘŜǊƛŀƭ ǿŜǊŜ Ŏǳǘ ǿƛǘƘ ŀ ǘǊŀǾŜǊǎŜ 
ǎǇŜŜŘ ƻŦ ур҈ ƻŦ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ǾŀƭǳŜΦ 
/ǳǩƴƎ ǿŀǎ ǎǳŎŎŜǎǎŦǳƭƭȅ ǇŜǊŦƻǊƳŜŘ ƻƴ ǘƘŜ ǘƻǇ 
ŀƴŘ ōƻǧƻƳ ƻŦ ōƻǘƘ ǝƭŜǎΦ ¢ƘŜ ŀǇǇŜŀǊŀƴŎŜ ƻŦ 
ōǳǊǊ ƻƴ ǘƘŜ ƭƻǿŜǊ ǇƭŀǘŜ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘΦ 
 

 

 
CƛƎǳǊŜ фΦ {ŀƳǇƭŜ нмΣ ǘƘŜ ǳǇǇŜǊ ŀƴŘ ōƻǧƻƳ ǎƛŘŜ 

ŀƴŘ ǘƘŜ Ŏǳǘ ǎǳǊŦŀŎŜǎ 

CƛƎǳǊŜ мл ǎƘƻǿǎ ǎŀƳǇƭŜ ƴǳƳōŜǊ нп ŦǊƻƳ 
ǘƘŜ ǘƻǇ ŀƴŘ ōƻǧƻƳ ǎƛŘŜΦ ¢ǿƻ ƭŀȅŜǊǎ ǿŜǊŜ Ŏǳǘ 
ǿƛǘƘ ŀ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘ ƻŦ мнл҈ ƻŦ ǘƘŜ 
ǊŜŎƻƳƳŜƴŘŜŘ ƻƴŜΦ !ǘ ǘƘƛǎ ǎǇŜŜŘΣ ǘƘŜǊŜ ǿŀǎ 
ƴƻ ŎǳǩƴƎ ƻŦ ǘƘŜ ƭŀȅŜǊǎΣ ōǳǘ ǇŀǊǝŀƭ ŎǳǩƴƎ ŀƴŘ 
ƳŜƭǝƴƎ ƻŦ ǇŀǊǘ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭΦ !ƭǎƻΣ ƛǘ Ŏŀƴ ōŜ 
ǎŜŜƴ ŦǊƻƳ ǘƘŜ ōƻǧƻƳ ǎƛŘŜ ŀ ƭŀǊƎŜ ǊŜǘŜƴǝƻƴ 
ŀƴŘ ŘŜǇƻǎƛǝƻƴ ƻŦ ƳƻƭǘŜƴ ƳŀǘŜǊƛŀƭΦ Lƴ ǘƘƛǎ 
ŎŀǎŜΣ ƛǘ ǿŀǎ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ ǎŜǇŀǊŀǘŜ ǘƘŜ 
ǎŀƳǇƭŜǎ ŦǊƻƳ ǘƘŜ ǇƭŀǘŜΣ ǎƻ ǘƘŜ ǎǳǊŦŀŎŜ 
ǘƻǇƻƎǊŀǇƘȅ ǿŀǎ ƴƻǘ ƳŜŀǎǳǊŜŘΦ 
 

  
CƛƎǳǊŜ млΦ {ŀƳǇƭŜ нпΣ ǘƘŜ ǳǇǇŜǊ ŀƴŘ ōƻǧƻƳ ǎƛŘŜ 

CƛƎǳǊŜ мм ǎƘƻǿǎ ǎŀƳǇƭŜ ƴǳƳōŜǊ ом ŦǊƻƳ 
ǘƘŜ ǘƻǇ ŀƴŘ ōƻǧƻƳ ǎƛŘŜΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ Ŏǳǘ 
ǎǳǊŦŀŎŜǎ ƻŦ ǘƘŜ ǘƻǇ ƭŀȅŜǊ ŀƴŘ ǘƘŜ ōƻǧƻƳ ǘǿƻ 
ƭŀȅŜǊǎΦ ¢ƘŜ ŎǳǩƴƎ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ ǿŀǎ ŘƻƴŜ 
ǿƛǘƘ ŀ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘ ƻŦ ур҈ ƻŦ ǘƘŜ 
ǊŜŎƻƳƳŜƴŘŜŘ ƻƴŜΦ !ƭƭ ǘƘǊŜŜ ƭŀȅŜǊǎ ǿŜǊŜ ŎǳǘΣ 
ƘƻǿŜǾŜǊΣ ǘƘŜ ǎŀƳǇƭŜǎ ƻŦ ǘƘŜ ǎŜŎƻƴŘ ŀƴŘ ǘƘƛǊŘ 
ƭŀȅŜǊǎ ǿŜǊŜ ƧƻƛƴŜŘΣ ŀƴŘ ƛǘ ǿŀǎ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ 
ǎŜǇŀǊŀǘŜ ǘƘŜƳΦ 
 

   

 
CƛƎǳǊŜ ммΦ {ŀƳǇƭŜ ом ŦǊƻƳ ǘƘŜ ǳǇǇŜǊ ŀƴŘ ōƻǧƻƳ 

ǎƛŘŜǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ Ŏǳǘ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ǳǇǇŜǊ 

ǎŜǇŀǊŀǘŜŘ ƭŀȅŜǊ ŀƴŘ ǘƘŜ Ŏǳǘ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ƳŜǊƎŜŘ 

ƳƛŘŘƭŜ ŀƴŘ ōƻǧƻƳ ƭŀȅŜǊǎ 
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 ΝΜΦ 

CƛƎǳǊŜ мн ǎƘƻǿǎ ǎŀƳǇƭŜ ƴǳƳōŜǊ он ŦǊƻƳ 
ǘƘŜ ǘƻǇ ŀƴŘ ōƻǧƻƳ ǎƛŘŜΦ ¢ƘǊŜŜ ƭŀȅŜǊǎ ƻŦ 
ƳŀǘŜǊƛŀƭ ǿŜǊŜ Ŏǳǘ ǿƛǘƘ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ 
ǘǊŀǾŜǊǎŜ ǎǇŜŜŘ όмлл҈ύΦ !ǎ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ŎŀǎŜΣ 
ŀƭƭ ǘƘǊŜŜ ƭŀȅŜǊǎ ǿŜǊŜ ŎǳǘΣ ōǳǘ ǘƘŜǊŜ ǿŀǎ ŀƭǎƻ ŀ 
ƳŜǊƎƛƴƎ ƻŦ ǘƘŜ ǎŜŎƻƴŘ ŀƴŘ ǘƘƛǊŘ ƭŀȅŜǊǎΣ ǿƘƛŎƘ 
ŎƻǳƭŘ ƴƻǘ ōŜ ǎŜǇŀǊŀǘŜŘΦ  

    

  

CƛƎǳǊŜ мнΦ {ŀƳǇƭŜ он ŦǊƻƳ ǘƘŜ ǳǇǇŜǊ ŀƴŘ ōƻǧƻƳ 
ǎƛŘŜǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ Ŏǳǘ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ǳǇǇŜǊ 

ǎŜǇŀǊŀǘŜŘ ƭŀȅŜǊ ŀƴŘ ǘƘŜ Ŏǳǘ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ƳŜǊƎŜŘ 
ƳƛŘŘƭŜ ŀƴŘ ōƻǧƻƳ ƭŀȅŜǊǎ 

CƛƎǳǊŜ мо ǎƘƻǿǎ ǎŀƳǇƭŜ ƴǳƳōŜǊ оп ŦǊƻƳ 
ǘƘŜ ǘƻǇ ŀƴŘ ōƻǧƻƳ ǎƛŘŜΦ ¢ƘǊŜŜ ƭŀȅŜǊǎ ǿŜǊŜ Ŏǳǘ 
ŀǘ ǘƘŜ ǎŀƳŜ ǝƳŜ ǿƛǘƘ ŀ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘ ƻŦ 
мнл҈ ƻŦ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ǾŀƭǳŜΦ !ǘ ǘƘƛǎ 
ǘǊŀǾŜǊǎŜ ǎǇŜŜŘΣ ƴƻǘ ŀ ǎƛƴƎƭŜ ƭŀȅŜǊ ǿŀǎ ŎǳǘΦ ¢ƘŜ 
ŎǳǩƴƎ ƛǎ ǇŀǊǝŀƭƭȅ ŘƻƴŜΣ ōǳǘ ƴƻǘ ŎƻƳǇƭŜǘŜƭȅΦ 
5ǳŜ ǘƻ ǘƘŜ ƘƛƎƘ ǘǊŀǾŜǊǎŜ ǎǇŜŜŘΣ ǘƘŜ ǿƻǊƪƛƴƎ 
Ǝŀǎ ŘƛŘ ƴƻǘ ǎǳŎŎŜǎǎŦǳƭƭȅ ŎŀǊǊȅ ŀǿŀȅ ǘƘŜ ƳƻƭǘŜƴ 
ƳŀǘŜǊƛŀƭΣ ƛƴǎǘŜŀŘΣ ƛǘ ŎƻƻƭŜŘ ǉǳƛŎƪƭȅ ŀƴŘ 
ǊŜƳŀƛƴŜŘ ǘǊŀǇǇŜŘ ŀƴŘ ŘŜǇƻǎƛǘŜŘ ōŜǘǿŜŜƴ ǘƘŜ 
ƭŀȅŜǊǎΦ bƻ ƭŀȅŜǊ ŎƻǳƭŘ ōŜ ǊŜƳƻǾŜŘΦ 
 

 
CƛƎǳǊŜ моΦ {ŀƳǇƭŜ оп ŦǊƻƳ ǘƘŜ ǳǇǇŜǊ ŀƴŘ ōƻǧƻƳ 

ǎƛŘŜ 

 
¢ƘŜ ǿƛŘǘƘ ƻŦ ǘƘŜ Ŏǳǘ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ ǿŀǎ 

ƳŜŀǎǳǊŜŘ ŦǊƻƳ ǘƘŜ ǳǇǇŜǊ ǎƛŘŜ ƻŦ ǘƘŜ ǳǇǇŜǊ 
ƭŀȅŜǊ ŀƴŘ ǘƘŜ ƭƻǿŜǊ ǎƛŘŜ ƻŦ ǘƘŜ ƭƻǿŜǊ ƭŀȅŜǊΦ ¢ƘŜ 

ƳŜŀǎǳǊŜƳŜƴǘ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƻƴ ŀ ǘƻƻƭ 
ƳƛŎǊƻǎŎƻǇŜΦ ¢ƘŜ ǎǳǊŦŀŎŜ ǊƻǳƎƘƴŜǎǎ ǿŀǎ 
ƳŜŀǎǳǊŜŘ ǳǎƛƴƎ ǘƘŜ ŘŜǾƛŎŜ L{w π /ллнΣ Lb{L½9Φ 
¢ƘŜ ƳŜŀǎǳǊƛƴƎ ŘŜǾƛŎŜ ƛǎ ǇƭŀŎŜŘ ƻƴ ǘƘŜ ōŀǎŜ ƻŦ 
ǘƘŜ ¢ŀƭƛǎǳǊŦπс ƳŜŀǎǳǊƛƴƎ ǎȅǎǘŜƳΦ ¢ƘŜ ǎǳǊŦŀŎŜ 
ǊƻǳƎƘƴŜǎǎ ǇŀǊŀƳŜǘŜǊǎ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ŀǘ ŀ 
ŘƛǎǘŀƴŎŜ ƻŦ м ƳƳ ŦǊƻƳ ǘƘŜ ǳǇǇŜǊ ǎǳǊŦŀŎŜΦ 
¢ŀōƭŜ о ǎƘƻǿǎ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ǊŜǎǳƭǘǎΦ 
 

¢ŀōƭŜ оΦ ¢ƘŜ ǿƛŘǘƘ ƻŦ ǘƘŜ Ŏǳǘ ŀƴŘ ǘƘŜ ǊƻǳƎƘƴŜǎǎ ƻŦ 

ǘƘŜ ƳŀŎƘƛƴŜŘ ǎǳǊŦŀŎŜ 

{ŀƳǇƭŜ 

bƻ 

²ƛŘǘƘ ƻŦ Ŏǳǘ wƻǳƎƘƴŜǎǎ 

¦ǇǇŜǊ 

ǎƛŘŜ 

ƳƳ 

.ƻǧƻƳ 

ǎƛŘŜ 

aƳ 

wŀ  

όҡƳύ 

wƳŀȄ 

όҡƳύ 

мм лΦрлт лΦулф мΦтрт фΦроо 

мн лΦрмм лΦуфм нΦнлт  моΦпор 

мо лΦрот лΦфом нΦмпу плΦолп 

мп лΦрнп мΦпфф π π 

нм 
мΦмну лΦулу нΦфпо мтΦпур 

лΦлпр лΦлу нΦнфу муΦмтс 

нн 
лΦлмс лΦпфр мΦлсл тΦпру 

лΦплр лΦсос нΦрфн мфΦлмс 

но 
лΦтлу лΦтнн пΦррр мфΦмсп 

лΦпп π π π 

нп 
лΦмпо π π π 

π π π π 

ом 
лΦтфу лΦум млΦтму стΦмто 

лΦмом лΦплт π π 

он 
лΦсм лΦтп сΦфнр поΦнму 

мΦссу мΦлмм тΦмср орΦрсн 

оо 
лΦфмм лΦулм сΦфнр поΦнму 

лΦтуф π π π 

оп π π π π 
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